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observed while calculating yellow labeled features 
running average 
Screen Backlight: 
AC Voltage Auto-olf in 40 sec. 
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electricity from radiowaves 3 


Glass housing \ 


feluri (fig. ITI.9), schemele fiind echi- 
valente cu reprezentarea de baza din 
fig. I1L.8. Diodele sint legate in serie, 
gn form’ de patrulater, dowd avind 
comun anodul (punctul 2), iar cele- 
lalte doud catodul (punctul 4). Ten- 
siunea alternativa de intrare se aplicé 
pe diagonala 7—3, iar consumatorul 
se conecteazi pe diagonala 2—4. 
Pentru a urmari functionarea pun- 
tii, si presupunem c& prima alternanta 
sosité in nodul 7 este pozitiva. Ea 
blocheazi dioda D, si o deschide pe 
D,, debitind prin Rs un curent 7, 
(sagetile pline), care se fntoarce la 


tice’sau cu parametri cit mai apro- 
+ 


JIT.9. Puntea redresoare fu diferite repre- 
zentiri. 


circuits used on LC "RadioWaves" 
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Insulated Aluminium Plate 


Plate dimensions 58x43cm 
Plate insulated with tape 
2.5mm solid copper wire 
Earth is 1.5m copper pipe 


4 snsignl Douce an a.Full Wave Rectifier) 


47uF 250v capacitor 
% Pd Le 


H—- 16 cm length——4 


aluminium 


Ee 4mm thickness, 
4cm width, 


Germanium Diode 


IN34 or IN34A 


You can use 
electrolytic capacitor! 
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Aluminum electrolytic capacitors 
with non-solid electrolyte 
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Germanium Diode 


IN34 or IN34A 
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Ceramic arr 


Germanium Diode 


Capacitor IN34 or IN34A 
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AMBIENT POWER MODULE 


(C) - GROUNDLOOP 2012 


Circuit Diagram 


Antenna 


Parts List 
All Diodes are 1N4148 


C1---C8 = 0.22uF/100V mylar 


C9----C16 = 33uF/25V electrolytic 
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Crystal 
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L1/Ground link 


Ri/Ground link 


Diode 
1 pa 


Resistor ot 
Varlaole Capacitor 47m > —.00tuf == Ceramic 


L Capacitor Earphone 
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Ground = td. 
Varlable Capacitor Top Side 


0®o 


Antennawire 
Tic Tac Radio 
Earphone 


Antenna lead in 
Polywaricon tuning 


capadtor  —— 


Ground wire 


TO AERIAL, AT LEAST 20 METRES 

(60FT) OF WIRE MOUNTED 7 METRES CRYSTAL 
lI 

(20FT) MINIMUM ABOVE THE GROUND: EARPIECE 


DIODE LOAD RESISTOR, RX, IS ONLY 
REQUIRED IF CRYSTAL RECEIVER IS 
CONNECTED TO HEADPHONE AMPLIFIER. 


= 


uu = JACK PLUG 
AND 
Cae —— = 
AWG) Bes SOCKET 


TO EARTH, BISCUIT TIN OR 1M COPPER 
PIPE IN DAMP GROUND. CONNECTION TO 
CENTRAL HEATING PIPEWORK WILL OFTEN 
SUFFICE. 


Step 1: LED+RF Diode 


7 
yo 


First Solder the led parallel to the Rf diode 
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Step 2: RF Diode+ LED+ Wires 


Lep NS net 


diode 


1 wavelength loop 
ca. 30 cm total 


7.5 cm per side 


~7.5em 


resonant at 
ca. 1000 MHz 
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Driven Element 
28mm Sides 


5-15 Trimmer 
Capacitor 


Reflector Element 
30mm Sides 


Diode 


1000pF 
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DIY Wireless Power - Part 2: Simple Wireless Power Transmission! (CB) 
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DIY Wireless Power - Part 1: TV/FM Antenna,1N34/Germanium Diode 


The simplest FM Crystal Radio Circuit - http://billydiy.blogspot.hk 


Antenna - Extendable Radio 1.8 meter. That also serves as tuning 


1N34A,1N48,AA112, ISS86, ISS106 


Dd2 
3.5mm Mono earphone Jack for Crystal earphone 


Simple crystal receiver for FM 


FM Crystal Radio Circuit 


Simple FM Crystal Radio Circuit | gcnsis6 


Copper Wire 
1N60 Germanium 


Output to 
Amplifier 


tums. 12mm inside 
diameter. 


Parts List (some of these parts you can buy from our online store) 


* 1N60 Germanium Diode 
* 15pF Ceramic Capacitor 

© 5OpF Variable Capacitor 

e 150K Ohm Resistor 

«© #16 & #18 Copper wire 


f) 


~~ IY; 
We 5G 


4 Ny 4 


L- 4 turns #18 copper or silver wire, 12mm inside diameter, tapped at 2.5 turns 
Ant - 7 inches of #18 bare copper wire 

Cl - 18 pf ceramic capacitor 

C2 - 50 pf air variable capacitor 

D - 1N34 diode or rock crystal 

R - 150K resistor 


All passive components 


Two 50v capacitors (0.22 microfarad). These two 
capacitors do NOT have a positive or negative lead. 


Make sure a the diodes are all facing the same 


# A= positive 
- (anode) side. 


be C =negative 
(cathode) side 


enrages! capacitors (100 
microfarad). Each has a positive and 
negative lead. The negative leadis on _ 
the side of the capacitor with the “-” sign. 
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tade to the twisted ends of the ceramic capacitors. When soldering the leads of the 1N34 diodes, care must be taken t 


FIG. 9 TERMINAL STRIP 


OUTPUT emma, 
+ TERMINALS as 


ANTENNA 
TERMINAL 


TERMINAL 


Positive Negative 
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Ground Antenna 


Amplifier circuit. The crystal radio used for example purposes is the crystal radio made from scraps here. 


The crystal radio 
in the dotted box 
can be pretty 
much any crystal 
radio. 


capacitor 0.001uF 


resistor 82kQ 


_ capacitor 


resistor 

10MQ ¢) uF 
tesistor Ti 
-100kO O¢ transistor 


te 2N4401 


Capacitor t 
~10uF 


Capacitor 
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earpiece 


Antenna Antenna 


Transmission 
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Rectifier Circuit 


4. Results and Analysis 


‘The simulated and measured results at the output voltage 
of voltage multiplier circuit are shown graphically in 
Figure 8. From the graph analysis, the simulated and the 
measured results agree considerably with each other. The 
measured results are shown to be better than the simula- 
tion results. The reason behind this may be due to the 
uncertainty in series resistance value of the diode ob- 
tained from SPICE parameters in modeling as explained 
in Equation (5). This resistance vale of diodes in practi- 
cal circuit may be lower than in the model, which pro 
vides fast discharge path, in turn rise in voltage as passes 


increasing to 1.4 V, 1.67 V, 1.87 V and 2.12 V for 4, 5, 6 
and 7 stages respectively compared to 2 mS as shown in 
[10]. Figure 12 shows that the conversion ratio of 22 is 
achieved at 0 dBm input power and drops to 2.5 at 40 
dBm. The highest value at 0 dBm is due to the innate 
characteristics of the zero bias Schottky diodes which 
conduct fairly well at higher input voltages. 


5. Conclusion 
From the experimental results, it is found that the pro- 


Table 2. Component used in 7 stage voltage multiplier. 


through the stages and reaches to final output. In this ‘Name of component Label ‘Value 

work, the DC output voltages obtained through simula- ‘Stage capacitors C-Gn 33aF 

tion and measurement at 0 dBm re 2.12 V and 5.0 V re= pace inci sian a) 

spectively. These results are comparatively much better : 

than in ref. [9], where in at 0 dBm, 900 MHz they achieved Wiereapaiior a oe, 

05 V and 0.8 V through simulation and measurement Load resister Re 100 ka. 
Input SMA Connector Schottky Diodes ‘Stage Capacitors: Output SMA Connector 


Fier Circuit 


Figure 7. Photograph of assembled circuit board. 


sign in this paper uses a capacitor across the load to store 
and provide DC leveling of the output voltage and its 
value only affects the speed of the transient response. 
Without a capacitor across the load, the output is not a 
good DC signal, but more of an offset AC signal. 

In addition to the above, an equivalent load resistor is 
connected at the final node. The output voltage across the 
load decreases during the negative half cycle of the AC 
input signal. The voltage decreases is inversely propor- 
tional to the product of resistance and capacitance across 


the first stage was 3.3 nF, the second stage was 1.65 nF, 
third stage was 825 pF, fourth stage was 415 pF and so 
on. But keeping in view of testing, the capacitance values 
were chosen to have a close match with the standard 
available values in the market. 

Simulation was carried out through 4 to 9 voltage 
doubler stages. Based on results obtained a 7 stage doub- 
ler is best to implemented for this application. 

The design of the printed circuit board (PCB) was car- 
ried out using DipTrace software. The material used to 
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Figure 6. Schematic of 7 stage voltage multiplier. 


Copyright © 2012 SciRes. 


Fig. 9. Configuration of a single shunt diode (Class F) rectifier with a dipole 
antenna. 


To antenna 


Fig. 10, Configuration ofthe proposed rectifier on coplanar striplines (CPS). 


TABLE MIL 
CIRCUTT CoMPoNENTS USED IN THE DESIGN 


Comet mal ake Pataber npr 
Dr ‘Schottky diode 'SMS7630-079LF, Skyworks: 
u 47 nH chip inductor 0603H1PATN, Coierat 
cl 100 GRMISSR7IHIOMIANSD, 
chip capacitor Moras 


antenna have a radius of $0 mm and a circumference angle of 


respectively. While the imaginary part of the proposed OCFD 
is around 0 0 at resonant frequencies 0.6 GHz, 1.2 GHz and 2.4 
GHz, which are fo, 2fo, and 4forespectively. These results have 
demonstrated that the simulated results agree with the OCFD 
theory as discussed in Section III-A. Furthermore, the 
imaginary part of the impedance of the antenna over the 
resonant frequency band from 1.4 to 2 GHz turns from negative 
values (for the reference antenna) to positive values (for the 
proposed antenna). As shown in Fig. 7(b), the value of the 
imaginary part of the proposed antenna impedance varies 
between 0 and 300 Q over the desired frequency band. This 
feature could help the proposed antenna to produce a better 
conjugate matching with the rectifier, since the imaginary part 
of the impedance of the rectifier normally varies between -700 
and 0 Q.as we discussed earlier. The simulated 3D radiation 
patterns of the proposed antenna at the frequencies of interest 
are depicted in Fig. 8. The 2D polar plots of antenna patterns in 
Ezplane and H-plane are shown as well. Here we have only 
showed the directivity (maximum gain) of the antenna (without 
taking the mismatch loss into account). From Fig. 8, it can be 
seen that the antenna has symmetrical patterns about YOZ 
plane with a maximum directivity of 1.8 dBi at 0.9 GHz, 3.5 
Bi at 1.8 GHz and 3.3 dBi at 2.4 GHz. The antenna is more 
directive towards the long arm direction at 1.8 GHz and 2.4 
GHz with the half-power beam-widths (HPBW) of around 174° 
and 185° respectively. The HPBW is about 96° at 0.9 GHz. 

Therefore, the proposed broadband OCFD antenna has 
obtained high impedance over a wide frequency range. The 
proposed design is just an example to illustrate the proposed 
new method. The details of the dipole could be modified 
according to the frequency of interest. 


IV. RECTENNA INTEGRATION 


A. Rectifier Configuration 

‘The proposed high impedance OCFD antenna may directly 
conjugate match with the input impedance of a rectifier over a 
wide frequency band. The rectifier should only consist of few 
circuit components for rectification, DC storage and output. A 
single shunt diode rectifier is selected due to its very simple 
The 


structure and high conversion efficiency [33]. 
configuration of the i 


ace and it can be sent in an envelope. I made tens of them and sect them to politicians, newspapers, universities. I gave some to local people, together with a user 
‘ater version, that can be rolled up im an envelope tht fis the conditions fo be sent with only one stamp 


arson 8AT62 iba 


in 
ay 


ATE acim pice BATE inp er fi en yy fining SITE lr et le snfedey ape MMSDTITI ik a dy and pov ci i ga Sch SD she we 
‘on epesn wa oun otc swath scaling el fas ped oan aa dns nvr ape Beh sk ew 


‘Brbspomeyry wert usec nh wits in ere re iL, ale in athe te roe Tbh uD 
DeLana eh dees Shige ia aie 


Fahne of975 12S cmt, ay sare in it cpp ido. Aas gl ws 
‘Fh o bo sae greeter a 


ria wt Ys hig ca hf concn. Thee int tg cn te Wa mn lt tlh th ka Sma. De ac yt 


Asati of my svn abs, i sores andar inate; DC Tunney he mai mt heii hy 0 an hig 42900 ale dhe pig 


Lead Free Status Lead Free 


RoHS Status RoHS Compliant 


‘The MMSD301T1, and MMSD7011 devices are spin-offs of our popular MMBD301LT1, and MMBD701LT1 SOT-23 devices. They are designed for high- 
efficiency UHF and VHF detector applications. Readily available to many other fast switching RF and digital applications, 


Extremely Low Minority Carrier Lifetime Very Low Capacitance Low Reverse Leakage AEC Qualified and PPAP Capable S Prefix for Automotive and Other 
Applications Requiring Unique Site and Control Change Requirements These Devices are Pb-Free, Halogen Free/BFR Free and are RoHS Compliant” 
200 G = Specific Device Code SMMSD701T1G = Date Code = Pb-Free Package 


Rating Reverse Voltage MMSD701T1G, SMMSD701T1G Forward Current (DC) Continous Forward Power Dissipation = 25C Junction Temperature Storage 
Temperature Range Symbol VR Value to +150 Unit Vde MG 
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2.n4148 Diode x(2) 
2. A bright good quality LED 
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Tesla Free Energy Air Circuit 
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Tesla Free Energy Air Circuit 
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Tesla Free Energy Air Circuit 


_-— 40 turns of plastic coated wire tapped 
every 5 turns on a Quaker Oats Box 
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Clip 


To Antenna 


7 — diode 


CTs 


Fahnestock Clips 
(typical) 


Ceramic / 


Earphone 


To Ground 
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Ricevitore a cristallo per FM 


Un progetto di 


Seguendo I'invito di Leonardo ho realizzato questo semplice ricevitore a cristallo per FM (fare clic sullo 
schema qua sotto per vederlo ingrandito). 


SD Parerclip Finished probe 


Figure 1: Magnetic field probe build from a paper clip. 
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Another Prototype similar to the Heathkit using toroid coil 


E> 


This is a dual tuned crystal set made in a box like the CR-1, just a fun prototype I made a few years back. It pulls in AM stations loud and clear. 
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New idea - You can make Solar Cell from LED (Free Energy ) 


Instructions for using 
Philmore Crystal Radio Detector 
AERIAL 


TEADIN WIRE 


I OPEN TYPE 


CRYSTAL 


es 
‘ee 
i 


‘under’ the 
ie io aned sk what the 


fre hook-up will 


iy ndervtende 


Unscrew to remove 
or turn crystal 


Crystal holder Cat’s whisker 


Ball - rotates in housing 


Shaft- slides 


lbs through ball 
: Terminal Operoting 
fe om >| handle 
ee 


Modern diode (7:5 X 2-5 mm) 


Majoritatea componentelor active folosite in circui- 
tele electronice moderne sint dispozitivele bazate pe 
semiconductoare. 

Cel mai simplu dispozitiv este dioda punctiforma cu 
germaniu. Ea are proprietatea de bazi de a se com- 
porta ca si cum este conectata direct la o sursd electricaé 
de curent continuu (plusul sursei la plusul diodel) si 
ca un izolator, cind este conectaté invers la aceeasi 
surs& (plusul sursei Ja minusul diodei), ca in figura 2.9. 


-PN- Dioda stabilizatoare 
PH Diods varicap 


+p Dioda luminiscenté LED 
4 
PE Fotodiods 


FIG. 2.10. 


Tipuri de diode semiconductoare 


FIG, 2.9. 


Dioda punctiform’ cu germania 


PIG. 2.11. 


Puntea redresoare 


Antenna 


5O0mt 


90 spire su rocchetto diam 9 


50 affiancare e 
40 sovrapposte 


sul lato interno 


Catswisker 


Lead sulfide crystals, also called "galena” 
= 


Crystal detector, the lever was used to position the spring contact on a crystal face 
capable of performing the radio signal detection. 


Yeah , but how does a galena radio work? Here is the constructive scheme of a receiver of this kind, obtained from a book of popular radio commt 
to the knowledge of the radio, ed. Hepep 1943): 


ANTENNA 


Fig. 13.5, ~ Realizzazione pratien dello schema di fig. 13.3 con aggiunta delis bobina d’antenna, 


Many of the younger generation never had the pleasure to have, or to even see 
a real beautiful crystal detector as shown on Picture 1. A detector like that was 
the product of the early 1920's, and it was an expensive, quality, well made 
product. They were usually hands assembled with machine made components. 


This particular "Ernest Roger” detector device is built on an insulated base, 
either wood or most likely of Bakelite, the most widely used and only available 
plastic material at the times. 


OddMix.com 
= : Many of the younger generation never had the pleasure to have, or to even see a 
Picture 1. "Emest Roger" Crystal eal beautiful crystal detector as shown on Picture 1. The new generations are 
detector from 1920 much too involved with technology and playing on their computers or going to an 
online University. This excellent detector holder used copper, brass and bronze generously for the crystal holder and for 
all of the electrodes. 


The most often used crystal in this and similar detectors - then and now - was pyrite or galena as shown in the 1925 listing 
ina table in the “American Mineralogist” publication, that has a listing of thirty three minerals catalogued with rectifying 
detector properties. 


Among the very first commercially produced diodes is the 1N21B shown 
on Picture 2. It is more than curious, that this "diode" is enclosed in a case 
on which there is a slotted screw-head is just visible on the wide side 
(ower right). That screw is connected to a fine "cats whisker" steel wire, a 
few tums of a spring-like device, terminating in a point that is in touch of 
the germanium semiconductor material connected to the top left diode 
terminal 


The arrangement is much smaller, and more diode like, then the detector 
on Picture 1., but it made in a very similar arrangement, which has 


became known as the point contact diode. From these and similar OddMix.com 

germanium diodes, evolutionary progress leads us to current PN junction 

Silicon, Gallium Arsenide or other more exotic semiconductor materials Picture 2. Early point contact diode with 
Which are the achievement of the latest scientific age and many years of adjustable srew 


steady experimentation, research and development. 


Doren gE con Picture 3 shows the cross section of a hermetically glass enclosed, point contact, 
ceanract wae cages 


diode. If the left side, point contact terminal would be attached to a screw and a 
short spring, and the glass envelope would have a threaded metal part in it, the 
Picture 2 and Picture 3 devices would be nearly identical. 


These point contact "cat's whisker” devices, are still made occasionally because 
of their very smalll capacitance. As it was discovered early on, they are highly 
OddMix.com| usetul in high frequency electronics. All the way up to microwave frequencies 
they useable. The simplest radar detectors usually made with a simple horn 
Picture 3. Point contact diode antenna, a diode similar to Picture 2 and Picture 3 and a transistor amplifier. If 
the designer keeps it simple, and don't use a local oscillator, such radar detectors 
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FiG3 WIRING DIAGRAM AND DETAILS OF RECEIVING SET 


I 
~ FIG 2. RECLIVING SET, WITH ANTENNA AND GROUND CONNECTIONS 


J- LEAD-IN WIRE 
K-LICHTNING SWITCH 
L- GROUND WIRE 

N- LEAD TO RECEIVING SET 
O- INSULATING TUBE 
P- RECEIVING SET 

Q- GROUND FOR RECEIVING SET 


FIG.& 


Leesa EYE H-ROPE 
B-ROP! 1 - SCREW EYE 
sitey J-LEADAN WIRE 


Age 


K- PNG WTC: 
B= INSULATOR L-GROUN 
F-ANTENNA M- CROUND 
G- INSULATOR N-LEADTO RECEIVING SET 


O-INSULATING TUBE 


Plastic borrel stereo 
(Mains) line socket (see Fig.11) Wooden 
terminal block board 


Fig. 14 Suggested component arrangement for elementary crystal set 


(Wires not connected) 


8.1, 
eee Headphones 
indicates “© 80, 
variable 
* + 
ba 3 Newies connected) 
(i) Circuit 
Stout copper wires 
Turn number o 5 101520... (0-8-1:0 mm)* 
a ESOR ‘as connexions and support 
4m 
diam. 
tube 
5 Winding 
"y'k'4'4" (Ends cleaned 
Sturns and tinned) Terminal block 


(ii) Coil tagpings and mounting 


Fig. 16 Circuit with topped inductor 


Soldered 
Flexible lead 
Terminal ba 


(iii) Alternative mounting 


To variable capacitor (see Fig. 14) 
fixed plates 
moving plates 


Connections to inductor 


Turnnumber—-0 5 15 25 35 


leads when 
inductor 

supported on 
receiver base 


=—— 
Headphones 
(low impedance) 


(iv) Suggested component arrangement 


Flexible lead 


* 21-19 SWG, 20-18 AWG 


required) and a flying lead for the diode, these components 
are shown in Fig.16(iv). This is doing the job properly, there 
no reason however (except for unreliability of contact) why 
both aerial and diode flying leads should not terminate on 
crocodile clips and be clipped onto the chosen taps as 
required. 


Earth is connected to terminal 1 and the headphones to 11 
and 12. Both the aerial and the diode lead are tried at 
terminals 2 — 9, a game of “poke and hope” but one which 
can be rewarding. Remember that generally but not always, 
the tappings with the lower numbers reduce loudness but 
increase selectivity. Aerial to terminal 8, diode to 9 brings us 
back to Fig.13(i) of course. 


5.2. SWITCHED SELECTIVITY 


A technique of selection of aerial and diode tapings by means 


of rotary switches has much to recommend it especially if 
setting changes are likely to be needed for reception of 
different stations. In this case two single-pole 8-way switches 
are required, usually obtainable as 12-way so leaving 4 spare. 
The drawing symbol shown in Fig.17 speaks for itself with 
regard to its action and it may be found from catalogues that 
there are two types of action, by which is meant the manner 
in which the switch changes over from one contact to the 
adjoining one. Break before make switches disconnect one 
circuit before the next is connected and make before break 
have a change-over period during which both circuits are 
connected at once for a short time. Either type is suitable for 
us. A knob to rotate each switch is also required, a small one, 


say 2 cm diameter or less is ample, if with an indicator line or 
pointer, so much the better. The modifications to Fig.16 for 
switching are given in Fig. 17. 


With such rotary switches a search for the optimum arrange- _ 


Fig. 17 - Switching aerial and diode leads 


variable capacitor, the two switches and the headphone socket, 


the latter must then be of the chassis type. A pair of terminals 
for aerial and earth completes the receiver. On the panel the 
two rotary switches are easily labelled 1 — 8 but we are still 
uncertain about a tuning dial because we may not have the 
right variable capacitor for the inductor, this is the subject 
of the next section. 


5.3. GETTING THE RANGE RIGHT 


This is where we pause in receiver construction to remove 
some of the confusion which may still exist with regard to 
the tuning ingredients, wavelength, frequency, inductance 
and capacity, each of which has some bearing on the others, 
to fit together these four pieces of the puzzle, so to speak. 
For most crystal sets the inductance is fixed according to 

the variable capacitor available and we tune the receiver over 
the range bv rotating the variable capacitor knob over half a 
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Frequency (kHz)! 


Wavelength H 
in brackets ; 


Capacitance (pF): 


Capacitor plates Capacitor plates 
fully open (0°) fully meshed (180°) 


Fig. 18 Approximate capacitance and frequency values for 365 pF variable capacitor and 230 uH coil 


[sd beesosesy” Position 2 (shifted left) 


(i) Circuit (iii) Moving inductor Ly 


To variable capacitor C, To variable capacitor To variable capacitor Co 
(first section, fixed plates) (moving plates) (second section, fixed plates) 


Diode ond 


transformer 
as in Fig. 16(iv) 


3 4 i Terminal block 
(movable) (fixed) 
(ii) Arrangement of inducto 


Fig. 21 A double-tuned crystal receiver 


(i) Outdoor Aerial 


Lead-in 
(or free end) 
Gii) Attaching aerial to insulator 


Several turns 
of wire 


(finally secured 
by hose clip) 


(iv) Earth connection to water pipe 


Fig. 12 Aerial/earth systems 


(iii) Room aerial 


(v) Leod bolted to earth spike 


Jack plug 


Fig. 11 Matching a high impedance receiver to low impedance headphones 


RADIO 6ALENA 
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Up next T 
Radio Galena en la practica (con diodo detector) —-. 
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Up next 
Radio de Galena com Antena de Quadro - UTFPR - TD ee 


FABines ~ 


GABRIiel —+- 
Gvitherme -=- 
Mathias ~c- 
-T 
/HOMAS -G- 


1 Watt Nuclear Generator - Free Energy 


le Gadget Addict 
ry ed | M | 53K 138,050 vie" 


Shop "tritium battery" 


Voltage Balun / "Magnetic Balun" 
From GWOVMR's plan 


aulm aouendde 
AOPT PIOYeSNOH 


Rod 
15 to 20cm long 


10 man fo cece per iempand 


a 


COwvh PAPEA fibeavetee 46 wit 


TOROIDE T200-2 Reso “> 
49 Shine BIFILAR) 
filo sracraro rae BA mm 


BALUN 2: Antenne Long Wire 


Beverage antenna 
Antenna Long Wire 


9 spire trifilari 
filo rame smaltato 1mm A 


Antenna Long Wire or Beverage 
(450 - 550 @) 


to Beveroge 
Antenna 


RTX 50-75 ohm 


Bal-Un 2:1 per antenna DELTA-LOOP 


Autoformer, not a 
parallel transmission 
line — Ruthroff balun 


(voltage) 
ae 


One or more parallel transmission 
Son lines, connected various ways — 
Guanella balun (current) — core is 
used solely for choking action 


Baluns W7KVI 03/16 21 


F/B: 0.00 dB; Rear Azim. 120 deg, Elev 60 deq 


Coax i is Wibakanced sends 


COAXIAL CABLE 


foil shield 


braided shield 


center conductor 


. Ladder line is balanced 


| Steve Nichols GOKYA 


Coax is unbalanced, while ladder line and open wire feeder is 
balanced, as long as it is used properly and is kept away from 
metal and “earthy” materials 


—< 


Convert parallel —— = 
feedline oto 
Types of Parallel Line 
— Open Feeder or Ladde 
line 
* Typ 450 and 600 ohm 
— Twin Lead 


* Common for (old) 
outdoor TV antennas 


— Window line 


* Commonly available 
today 


[Formula LUNGHEZZA DELTALOOP | Esempio 14.00 MHz (20 metri) 


Lunghezza TOTALE del LOOP 


| Velocita’Luce : Freq MHz 0.97=L | 299.8 VL: 14.100 MHz x 0,97 


20.624 metri totale loop 


300.000 , 
[ieee xoor IGIBE 


| Formula LUNGHEZZA stub coax 75 Ohm | Esempio 14.00 MHz (20 metri) 


Lunghezza TOTALE cavo 75 Ohm 


[___tunghezza Loop x 0.66: 4 | 20.624 x 0.66 :4 


3.402 Metri coax RG-59 


AG spire file d4.5 
su tubo plastica J 2,5 
4 


1a) 
@| 
bf 
2 
Fe) 
: ALLA 
& DeltaLoop 
x Bilanciato 
s 
2 
> 
E4 
4 | 
u 


$0289 


inagesso 50 2 
sbilanciate 


Delta Loop 


bilanciato 


$0239 sbilanciato 


BALUN 24:1 


JOIBE 


Choke RFI 
» toroide 
cavo RG-58 


5+5 spire 
controfase 


BOCCHETTONE 
INGRESSO ANTENNA 
S0-255 


2.Insert metal electrodes and attach multimeter leads [cop- 
per (+), aluminum (-)] For measuring direct current voltage: 

set multimeter function switch to “DCV: 20” take a reading 
in volts DC. for measuring direct current: set multimeter func- 
tion switch to “DCA: 20m” take a reading in milliamps (mA) 
Dc. 


Lawn battery (summer). INSET: Marsh mud battery. (Circles show position of electrodes.) 


Calculating Earth Battery Power (W = 1 * V) 


EXAMPLE: A lawn battery in late summer (little rain) 
produces a 0.65V, 0.2mA current. A battery power 
calculation of 0,00013W (0.13mW). 


F/8. 0.00 dB, Rear Aim. 120 den, Elev. 60'dea 


1:1 Ruthroff Voltage Balun 


BALANCED 


UNBALANCED 


* 450 Ohm ladderline 


The Ruthroff or voltage balun is another type. Voltage baluns 
balance the voltages. Current balance is considered to be superior 
to voltage balance. Voltage baluns should not be used in lines with 
high SWR. They have the narrowest impedance and frequency 
range of any balun type. Properly designed voltage baluns have 
low common mode impedance. Properly designed current baluns 
have high common mode impedance, and provide better balance. 
If you want to stop common mode currents flowing on your coax a 
current balun is a better choice. But in the Carolina Windom, which 
uses the vertical coax as a radiator you WANT common mode 
currents, so a Ruthroff voltage balun is better. 


F/B: 0.00 dB; Rear Azim. 120 deg, Elev. 60 dea 


1:1 Guanella current balun 


BALANCED 


UNBALANCED 


* 450 Ohm ladderline 


A Guanella or current balun is very common. Current baluns stop 
RF from coming back down the outside of the coax shield, and are 
so called that because they "force equal currents in each side of a 
dipole" 


2mm Tel 
8 Tur Sar 


OAZEGa.com 


\<<=— Insulated Wire 


ae — _ 
\ lon Emitters =<—— 


— | 


Multimeter 


Earth Electrical 
Ground Connection 


\ <== 130 ft (39.62m) 


Remote Field|R&D Lab 


Electrically Isolated 
(UM Treu-wan Cable Pass 


Tay 


} 1 
e€é ¢ 
1 


Capacitor Storage Bank 


<=] iigh Voitage Dropline 


Towers 130 R (38.624m) o>) 


Giant Test Fixture located at lon Power Group's Florida R&D Test Site 
Four (4) towers 130 ft (39.624m) high - approx 330 ft between towers 


WO Tete CET SEDHY Coe 
snow i 


bic te 


lon Power Group’s new method of 
coupling to atmospheric electricity is 
vastly different from all previous 
techniques by virtue of our patented 
breakthrough revealing that carbon 
nanomaterials such as Graphite (and 
Graphene) microscopic shown at left, 
macroscopic shown at right are 
significantly more effective at coupling 
to airborne charge carriers (ions) than 
metal. The use of carbon based 
nanomaterials distinguishes lon Power 
Group from all other researchers. 


I cut a hole in the side of the balun then cut the end off a piece of coax cable I had and soldered it to the contacts of the coax connection. 


EXAMPLE: W1JR (Reisert) Cross-Winding Method 


BALANCED 


UNBALANCED 


Balun 1: 1 for HF 


I] Voltage balun (*Ruthroté") 


we 


10-15 teibilor burns on ferrite rod. 


pr 


S02. 
Unbalanced 


Rye @) 
Balanced 


1:1 Voltage Balun on Ferrite Rod - MDUKD 


How to convert seawater into drinking water [Class 6, Chapter 14,.. @ 2 @ 


SUBSCRIBE 


Pm RD 214/249 f © Youtube 02 


How to convert seawater into drinking water,[Class 6, Chapter14,. @ a2 @ 
/ \f 


SUBSCRIBE 


Pb RY 109/249 fo Youtube £3 


Emergency: DIY Water Distillation for Survival Bug-Out Bag 
I. pS V2 ae E} AS Deg 


x 


g ~ 
mat" 22" Copsy\* 
; 


- 


Gléan/Fres Water 


RY 259/327 icc eo} YouTube ta 


Solar Water Distilling 


simple Survival Water’ Distilling ESO 


Solar Still 


Turns sea water or impure water into drinking water 
[EE] Remove trom pack and retain pack to top up salt water in still 
WA Lay out Soler Stat and inftate vaive © on floatation ning by mouth 
oF by leraft of dinghy pump. 
HE) inate clear dome to obtain shape using vatve Q in base 
Do not over inflate it may be necessary to manually reguiate 
ome pressure during high temperatures. 
HZ) Attach tapered bag Q anc attachment cord @ to boat or liters. 


GE) Pour 5 tres of sea water into tapered bag Q using pack 
which holds $ litres (appro) Close valve @ after filling 


HH) Ensure both vatves@ are open in reservoir teed tube and 
Grinkable weter wil start to collect in reservoir @. A may & 
need to be squeezed out to assist collection of water ° 


Ensure the Solar Stull ts kept in direct suntight whenever 
possibee 


GE) AeA Solar St and infiate deflate dome 


IMPORTANT } 
(0 OER BACH MATEMAL SALTS UF PL, OTH SEA 
(ATER AND AGITATE TO CLEAR GALT CRYSTALS AND 
HD) «Daily - Agitate Sotar Stitt to dampen tabric. ——_ a 
sae sae 


(NGTRUCTIONS UNTER, SALT 1 MO LONGER PRESENT 1 NO 
CRCASTANCES ORD WATER TAT TASTES OF Sant 


EX} Shetter Sotar Suit during bed weather. 
AQUAMATE sienna 


P.O. Box 6032 Dunmow CME 3AS UK. Tel: +44 (0/1371 830 216 Fax: 831 733 e-mail: aquamatesales@eol.com 


Image of a patented Ion Collector made of carbon/graphite weighing approximately 1 ounce. 


Large aluminum collection grid ( Mesh type } 
grid must not touch the earth, place it on 
plastic or wooden poles. 


8 Gauge outdoor electrical 
wire runs to home and DC 
Fuse breaker box 


CORONA OE 
BLUISH GREEN 
LIGHT: 


2 660,000 VeLTs - 1927 . Sates) 
16,000,000 Vals EXPEC oe TEST. HoT 660 rREF FxoM 
SPARK GA= 


Science and Euvention for June, 1928 Mm 


Remarkable European Experiments with Atmospherie Electrical 
Discharges with Potentials ae High as 3,000,000 Volts 
By HENRY ‘LOWNSEND 


clorton of $0) 4, and thes stots oF Intra ov Flecrcal Engine. Acca 
hurl clectoeal plletomens have found 3 ag to lr Peek's ceserchy 
able Toeasiaw in Ue slp, 
tes a apd ect ee oan 
Lone, a eizoug sro eable Fev 
aboot SMU Zt, This abies 
hove the intervening valley, 
daring have 
Cad @ guar ele 0 which 
yh ett electrical en 
sheet fi aunt, 
i th. pares, the wire net is spy 
omevis sliacp potats w ald 21 culleeciag 
she curveut trom tie ain. 
‘AS (ise accompa 


1s. 
eta fighioing Mask, say 
id on prge 158) 


hotweraahs af the 


actual appara e cable wed last 
Jerr chomp aUjustable spark sap 
PF renside By provided. By ar 


pte vatioss Kinet, 


fisting hs 
Y the vohage of the 


W. Peele Jr5 tin well known 
<r 1a the” reat ae igh 
lave mueasueuenls, toxeliee with other 
euginiers, hue provid toitsted sta ane 
es iar saciins lengths of bod ads 
fd spleens ty ‘As eis a the 
vest fs = simple 
(w caleuliip the yoiteee When @ cet= 
Nh oF gup is. sed, The engines 
checks the Jeagth cf the gap on the 
charts fe then follows @ lise liosizoatally 
fngay the esp lent, oy ehire it iateepsets 
ROL sate tne'on the chacts at 
the pert 
Tine dusts to 
eben Tar nocd 


eto bore 


pote, ett, sheowe the 
pete Mtonbiaas 
that ie the fie Se 
Beha alee 


Scene arto wakes 
The spear lump 


thes the elztacierivic care om 
Wipmetcalle s chreght ele Ter 
Spe gape the daradteriage farve ta, tle 
Suing worans gan Tony a carved ln 
esc Hu lik volltge, measure: 


‘Below ae coo suns.co 


le spare zap wctied Ca 
uy tables. a chars io 


Ruler of the Avericat 


Agua utah of ho cxpsimental ad 
ue pactune fae 


En bes 2 
Eon "iae suatapiece, No 
Eoin 


| 


= 


Flat Earth CON SPIRES! Cathedral Spires Are Secretly Atmospheric Electricity Ma 


> Plo 1:02/10:38 


~ 


Pm pl Mi) 1:45/9:25 


Pm Pl Mt) 0:32/2:24 


Charaing from the power lines. 
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Modern lightning conductors: an illustrated 


0 MODERN LIGHTNING CONDUCTORS. 


surface of the joint need not necessarily exceed that of the cross 
section of the conduc- 
tors. The joint should 
be put together pre- 
viously by screws or 
rivets, and the soklered 
joint, especially if used 
jn underground work, 
should be carefully pro- 
tected from local elec 
ical action by tarred 
rope, Stranded iron con- 
ductors ean be connected 
(as previously described) 
by use of a box joint ; 
the box, Fig. 28, must 
bbe of the same metal as 


articular 
attention must be paid to 
the necessity of making 
2 permanent joint to the 
spindle. A clamp is 
Prepared of the same 
material as the spindle, 
and is furnished with 
two bolts to tighten ; if 
fron is used it is well to 
Tine the clamp with a 
piece of sheet lead, ‘The 
conductor is sweated into 
a socket which is fitted 
with an eye, through 
Which one of the tighten 
bolts passes, In the 


is s7-—manan o Yont oF Am Aten YOR Pics 28 


EARTH CONNECTIONS. a 


ease of the vanes of churches and those fixed in inaccessible 
positions, two separate clamps should be ased. 

Internal Masses of Metal.—Roof troses fitted with 
longitudinal iron tie rods will, as a rule, be found to be electrically 
‘connected, but should this not be the case cach truss must be 
joined to the conductors. All large and long masses of metal, such 
‘as beams, girders, roof trusses, tie rods, hot water systems, traveller 
ways, hoisting crabs, engines, boilers, large machines, and. ventilators 
fixed in the interiors of buildings, should be connected to all con- 
ductors that pass near them, and as far as possible with one another, 
‘The discontinuous parts of traveller rails should be connected by 
straps, or in some eases tramway bonds might be used, If electric 
light wires are run in tubes, such as the “SIMPLEX,” this should be 
earthed. Metalic contact between lead or zine sheeting and flashings 
should be carefully studied, and for special work strips of sufficient size 
should be either burnt on to lead or soldered in such a way that the 
joint wil stand rough usage, and allow for expansion or contraction. 

Earth Connection. —*/¢ is essential that the lower extremity 
of the condnctor be buried in permanently damp soil; hence proximity to 
‘rainetater pipes, and to drvins, is desirable. It is a very good plan to 
‘make the conductor bifurcate dese tele the surface of the ground, and 
adopt t100 of the folowing methods for seeuring. the escape of the 
lightning into the curth. A strip of expper tape may be led from the 
bottom of the rod tothe nearest gas or water main—wot merely £8 0 lead 
‘pipe—and be soldered to it; or a tape may be soldered toa shet of exper 
‘fet by 3 fect and dq inch thick, buried in permanently wet earth, and 
surrounded by cinders or coke: or mumy pares of the tape may be laid in 
(4 trench filled with coke, taking care that the surfaces of capper are, as 
in the previons cass, mot less than 18 sguare fet. Where iron is used for 
‘the rod, galvanised iron plate of similar dimensions should be employed. 

"The use of cinders or coke appears to be questionable owing to 
the chemical or electrolytic effect on copper of iron. Charcoal or 
‘pulverised carbon (such as ends of arc-light rods) is better. A tubular 
‘earth consisting of a perforated steel spike driven tightly into moist 
‘ground and lengthened up to the surface, the conductor reaching to 
the bottom and being packed with granulated charcoal, gives as much 
‘effective arom a: x plate of larger surface, and can easily be kept 
moist by connecting it to the nearest rainewater pipe. The resistance 
‘of a tubular earth on this plan should be very low and practically 
constant."—Lightning Research Committee, 1905. 


Washinaton Monument is an Atmospheric Electricity Mast 


Figure 2.3. The lightning rod that ‘Toaldo de- 
signed for the church of San Marco in Venice. 
GiuseppeToaldo, “Del conduttore elettrico posto 
nel campanile” (Padua, 1776). Franklin Collec- 
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Gilded Temples Are Secretly Atmospheric Electricitv Masts 
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From R.G. Harrison, Surveys in Geophysics, 2004 


Blyant med ledning tilsluttet grafitten 


Stel hornindforing 


tesla radiant collector/ion collector with pencil 


Keeping the two wires together, make a few 
more turns through the center. 


Keep winding until you fit as many turns as 
will fit in a single layer around the toroid, 
typically 7-10 turns with thin insulated 
wire. 
Clip the wire leads down. Note that we 
have two pairs of wires: one coming out the 
front, and one coming out the back. 
\ Strip the wire ends. Take one wire from 
each pair of different color and attach 
them together. 


+ es 
battery battery wrapped with 
1.5 volts _ voltage transistor two coils of wire 


resistor 


e— ILI 


Emitter 


LED - needs 1.85 volts 
(Light Emitting Diode) 
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D 7GR = Joule- t ie! 
January 2009 


Two wires 
different colours 


A npn transistor 
This one is « 8C337-40 - 
bat any kind will do 


A light emitting diode (LED) 
Any colour, but not flashing 


Solder the kQ Resistor to 
either of the unsoldered wires 
coming from the inductor 


Solder the other end of the 

resistor to the base lead of the rlasue 
transistor 

ON the transistor used here, T0-92 


that is the middle lead, i ee .. 
Cut of f the spare ends of 2 ne y 
leads. : 


Solder the anode of the LED 
(the longer leg) to the collector 
lead of the transistor AND the 
remaining wire from the 
inductor, 

Cut off the ends of the leads. 


Solder the other leg of the LED 
(the cathode) to the emitter 
lead of the transistor 
Do NOT cut off the LED leg, 
(Don't wory if you have cut it off - youll 
Just need to solder ohather wire to this 
leg so that you can connect it to the 
) 


First you need q ‘dead’ battery 
~ that means ohe where the 


voltage is less than 1.3V. 

You can see that the batte 

used here has a Voltage ve 
over IV. 


Connect the two soldered wires 
coming from the inductor to 
the positive (+) side of the 
battery. 

Connect the uncut LED leg (the 
athode) to the negative (-) side 
of the batteru. 


Cappels www.proiecis.cappels.ora 


2XxSC380 


ANODE 


The chip is soldered onto the legs of the 
LED and then the wire between pins 1 and 
2 is cut out so there is no connection. The 
inductor is then soldered so as to bridge 
pins 1 and 2. I soldered the inductor on 
before cutting out the wire but it might be 
easier to try some other method. 


As I said previously, this is a tedious 
solder job, and the SOT23 IC is easily 
damaged (ask me how I know!) It takes 
patience and a steady hand to assemble 
these few parts. 


This circuit would work for the LED 
indicator in the 1.5v boosters and would 
most likely be a better choice than the 
Joule Thief that I posted previously. 


Amplified power output :) 


| + 


2n3904 


Transistor 
1k Resistor 
! 
2 
3 
= 
$ 
- : 
Toroid bead Toroid 


V4 


On/Off 


The CIRCUIT 

The circuit is very simple. All the work is done by the 5252F chip. 

It contains an oscillator, a high speed diode and a power transistor. All these components 
inside the "IC" that looks like a 4-leaded transistor! 

This IC is smaller and cheaper than all the parts individually and is less expensive than the 
competition (that costs 70 cents). 

We can produce a complete project for a few dollars and it has two "test features.” 

You can place a LED across one of the LEDs on the board and find out the colour as many 
LEDs come in a "clear-as-glass" package and you cannot tell the colour until they are 
illuminated. 

The other feature is INDUCTOR TESTING. 

The current taken by the circuit changes according to the value of the inductor. 

You just need a few reference values and you can work out the value of an inductor within the 
range of the inductors you have used as samples, or slightly higher or lower values. 


white LED 


white LED 


The layout using component pictures. 


Using a 220uH, the circuit takes 13mA and illuminates 2 white LEDs very brightly. 
Using 100uH the circuit takes 30mA and the LEDs are really the same brightness. 
Using 33uH the circuit takes 80mA and the LEDs are just about the same brightness. 


Obviously the 220uH creates the most efficient circuit. 
The QXA252F is cannhle of deliverina mare than 100mA ta the | Fs hirt we. anly neod 


Transistor 


Switch 


Resistor 


(ut 


D Collector 


Watson's 2 Transistor "Joule Thief’ V. Booster 


Uses 2N3904 for output. Coil is 180 microhenry, 
2.5 ohm RF choke (green blob) 


Fee a 180 uH, 2.5. ohm 
see _* RF choke 


bypass 
capacitor 


White LED 


current 
sense 
resistors 


www.rustybolt. info 
Jan 29, 2012 


Watson's Version of "1 :5v Joule Thief -Blinks Led" = 
Taken from http:/Awww.youtube. com/watch?v=GVP2QGpkSKE' -Nov.14, 2012 - : 


My version does boost oe : eta Set 
the voltage and light the 
LED, but it doesn't blink. 


Two 180 uH in 
parallel =90 uH 


This wiring Diagram: is 
fh: Watson's Corrected Version, at - ~ 
¥, “http: //rustybolt. info/wordpress/?p=4934 
1,5V AA cell below - > Se : < 


Watson's Joule Thief Pictorial Diagram 
http://rustybolt.info/wordpress/?p=128 2011 Dec 07 


' <A 
Coil 
Core = #()® a“ 


Fair-Rite 1.5 Volt AA Cell 
2673002402 Aes ie aaa 
12 Turns 
24 AWG 1k 1000 ohms Emi 
/ mitter 
Bifilar brown, black, red, gold ae! 
Wound they, 


if _ Transistor, 
as NPN General 
ector Purpose, 
PN2222A, 
2N4401 


Battery +> 


Joule Thief Pictorial Wiring Diagram Dec 11, 2009 


FERRITE 
TOROID 


Flat spot 


for 2N4401 


AA or AAA cell www.rustybolt.info 


Watson's True 2N2222 Joule. Thief: - Oct 31,2010 Boo! 
Not very good performance from'an expensive:transistor® | 


Resistor is, 820° j Wisek a real 9ND3294 iA nthe 
ohms, with a "102": TO-48 metal-can: package: 
“4000 SF speedup.» -* - JatSto 10:times the’pricé 
“capacitor in ©; ey Of thé plastic package: -.” 
je parallel. A rE tyr 4 £G ee TNs Oe a 


Watson's Tiny Toroid Conventional Joule Thief - 
Nov 18, 2009 Not much bigger than the transistor! 
www .rustybolt.info 


-~ Blue or 
hite LED 


TT bh Le 


Three windings 30 AWG, each about 6 inches long, trifilar wound 
on 0.229 inch O.D. toroid, 2 in parallel for main winding. 


| took this photo just before Halloween back in 1on's Solderless 9 Joule Thiet 


Tr 


2010, after | made this Joule Thief without 
solder and without a toroid. It shows that you 
don't have to know how to solder and you 
don't have to have a toroid to make a working 
Joule Thief — all you need is a screwdriver. 
So do your thing and experiment a bit, and 
see what you can come up with 


Each screw (except for one) has two washers 
to hold the wires. Putting two or more wires under the screw head without the washers will be 
difficult and the wires will try to come loose. Two or three washers makes it easier and the wires 
are held much firmer. The wood block is a piece of solid oak that is about a half inch (12mm) 
thick. The oak is very hard and the screw holes have to be drilled out before the screws are put 
in. This also makes it possible to use small screws with a flat end which were used for holding 
plastic parts together. The screw size is about #3 by 3/8 inch long, with coarse threads like a 
sheet metal screw. 


The LED is not very bright because it's a cheap 3 mm white LED | got from an eBay seller, and it 
has been used a bit so it has dimmed. Use a decent LED and this circuit will be as bright as a 
toroid JT. 


Another Joule Thief | put together is shown in 
the second photo. This uses the bare wires to 
wrap around the joints in place of solder. The 
joints are not as mechanically strong as 
solder but for a quick experiment they should 
work okay. If the JT is going to be used, the 
wire joints may become intermittent or loose. 
The solder joints are a much better 
connection. 


Watson's Solderless . Joule Thief Oct 25 2010 


‘ Coil consists of two 10 foot 
White or blue LED | lengths of insulated 
2N4401 NPN transistor 1) telephone wire wound 
1000 ohm resistor e around a AA cell and tied 

, with wire ties. 


Watson's 'Toroid Free’ Air Core Joule Thief 


Sg 22k Red: 


rustybolt.info/wordpress/?p=2872 May 21, 2012 


Watson's Nearly Disposable Joule Thief Light 
rustybolt. infoAwordpress/?p=2133 — Fri. Apr 13 2012 


Completed circuit ready for coating of silicone sealant. 
Transistor is a BC337. If it was a PN2222A or 2N4401, 


the flat side would be facing up. 


Watson's Solderless Joule Thief 


http://rustybolt.info/wordpress/?p=5210 


at 


25290 Ts NPH Tromistor 


2N3904 NPN Tromistor 


Terminals 


Transistor Terminals 


ers 2N3904 
(NPN Transistor) 


LED Terminals 
Negative Side (Cathode) 


FlatEdge —___ D 


a 


\ 
Postive Side (Anode) 
Long Wire 


Round NPM Tronsicor —_,IK Resttor “ep 
Ferrite (Guso4) (aw -Bx-nE0) White) 
Toroid ’ 
| + 


en 


Wire, 


Ferrite toroid core 
with two lengths of 
small diameter wire 
e.g. 26 gauge, 

30 gauge, - 


resistor 
1kQ 


one leg Is longer 


AA battery flat side is facing than the other 


out of the page 


transistor LED (Light Emitting Diode) 


2N4401 


(C - Collector, B - Base, E - Emitter) 


2n3904 
Transistor 


1k Resistor 


Toroid bead 


On/Off 


Round NPM Tronsicor —_,IK Resttor “ep 
Ferrite (Guso4) (aw -Bx-nE0) White) 
Toroid ’ 
| + 


en 


Wire, 


3* Axial lead inductor 82uH 1/4W 
1° 10nf ceramic capacitor 103 
2* AO90 Germanium signal diode 

1* 2N2222 NPN Transistor bipolar 0.6A 40V 
1* RESISTOR 5.6K Ohm 1/4W 

3* 5mm white Emitting led Diode 20 mA 3.2 V 


Make Super Efficient Joule Thief DIY-Circuit! 
Ee x >| 


MORE VIDEOS 


Pm ®) 225/3:06 % Youtube ¢ 


Ferrite toroid core 
with two lengths of 
small diameter wire 
@.9. 26 gauge, 

30 gauge, 


resistor 
1kQ 


one leg is longer 
AAbattery flat side is facing than the on 


out of the page 


transistor LED (Light Emitting Diode) 


2N4401 


(C - Collector, B - Base, E - Emitter) 


A conventional joule thief, shows a 
components and how they are 
connected. This example uses a red 
LED. A ferrite toroid is wound to form a 
coil with primary (white) and feedback 
(green) windings. A 2N2222A transistor 
and 1000 ohm resistor are used. 


The Joule Thief 


1k resistor 


1.5v AA or AAA battery 


Transistor shown (T) is 2N3904 (can also use 2N2222). 

Note LED pins - negative is shorter and has flat on bulb edge. 
2 wires round ferrite ring are wound together, then start of one 
joined to end of other. 

Try adding more and more LEDs... 


Jo 


ule Thief 


Its a Rubbish Challenge 
Dog Light 

Joule Thief 

electronics circuit 


46 


AlIZ. 
y S 


¢ 
resistor ~= 
+ ia ta a> 
“— J 
> \ 4] {| Bs 
~ a Py . 
—— ferrite toroid core 
ba ety wrapped with 
5 volts _ two coils of wire 
Emitter 


3" Axial lead inductor 82uH 1/4W 
1° 10nf ceramic capacitor 103 
2* AOSO Germanium signal diode 
1° 2N2222 NPN Transistor bipolar 0.6A 40V 
1" RESISTOR 5.6K Ohm 1/4W 

3* 5mm white Emitting led Diode 20 mA 3.2 V 


The joule thief circuit 


Ferrite toroid core 
with two lengths of 
small diameter wire 
e.g. 26 gauge, 

30 gauge 


resistor 


one leg is longer 


flat side is facing 
AAbattery citetenace c than the other 


transistor LED (Light Emitting Diode) 


2N4401 


(C - Collector, B - Base, E - Emitter) 


Transistor - The legs of the transistor can be determined by noticing that there's a flat side to the transistor case. See the diagram above. A large number of 
transistors have been reported to work: 2N4401, NET123AP, BC547B, 2SC2500, BC337, PN2222, to name just a few. 


LED - One leg of the LED is longer than the other leg. Use this to determine which one goes where. See the diagram above. 


Resistor - The diagram says use a 1 kilo ohm resistor but I've used an 820 ohm one just fine. I've also seen a 2 kilo ohm one in use. Use whatever works for 
you. You can also use a potentiometer (a variable resistor) so that you can easily adjust it to select the resistance that gives the best light. 


Toroid ferrite core - Some people have gotten these by opening up compact fluorescent lightbulbs (CFLs). | took mine out of some device whose original 
function | don't know. To get it working, my first one had just 13 turns for each wire and | used a 30 gauge wire and a 26 gauge wire. The wire must be 
insulated. A variety of number of turns will work. This is something you can play with, Look at the diagram carefully to determine where the wires connect to. 


Superglue four pads to the 
PC board. Make sure they 
are not touching each 
other. You should have 
roughly 1/8 inch between 
the pads. Apply a small 
drop of superglue on the 
board and press the pad 
onto the board with the 
small dimple up. Use a 
small screwdriver to hold 
pressure on the pad until 
the glue dries (about 10 
seconds). 


Solder the 1,000 ohm resistor 
onto pads 1 and 3. When 
soldering all components, 
place a 90-degree bend on the 
ends of the component where 
they touch the pad to allow 
better soldering. There is no 
polarity on a resistor. 


Solder the LED to the board. 
VERY IMPORTANT: Solder the 
long lead to pad 2 and the short 
lead directly to the PC board. 
The LED will not illuminate of 
you put it in backwards. If you 
look into the LED, the anvil 
shaped part is the lead that gets 
soldered to the PC board. 


Solder the 
transistor to the 
board. With the 
flat part facing 
you the left lead 
(emitter) is 
soldered directly 
to the PC board. 
The center lead 
(base) is soldered 
to pad 1. The 
right lead 
(collector) is 
soldered to pad 2. 
Failure to install 
this part correctly 
will prevent the 
Joule Thief from 

_ working. 


Take the two 
pieces of wire and 
untwist them if 
they are twisted. 
The toroid 
requires 12 inches 
of wire. You will 
wind the toroid 
with this pair of 
wires side by side. 


Wind the toroid with 9 
turns of the wire. Each 
turn through the hole in 
the center counts as one 
turn. VERY 
IMPORTANT: You must 
take one wire from 


each side of the 
winding and twist them 
together. This makes 
the transformer 
windings out of phase. 
This is critical to 
operation. Connect one 
wire of each color. 


Solder the twisted 
wires on the toroid 
| to pad 4. Solder one 
of the other toroid 
wires (doesn’t 
matter which one) 
to pad 2. 


Solder the other 
wire on the toroid 
to pad 3. 


Solder the battery 
holder. Connect a 
short piece of 
wire from the 
positive terminal 
(the one without 
the spring) to pad 
4. Solder the 
negative terminal 
(the one with the 
spring) directly to 
the PC board 
using a short 
piece of wire. Use 
hot glue or some 
other glue to 
secure the battery 
holder to the PC 


Step 1— Wound the Toroid 


Take the two strands of plastic insulated wire and hold them together. Start off by sticking 
then through the middle of the toroid until you have 2 cm of wire left to make a connection 
with later. Keep the two wires together and wrap them around the toroid until you have 
covered the whole toroid. If you have wire left you can continue until you have about 2 cm 
of wire free on either side. Remove about a 0.5 cm of the plastic insulation on all four of 
the wires as in the photo. You have now wound your toroid and we are ready to continue. 


Step 2 — Join the two coils of Toroid 

The next step is to join the two coils or windings of the toroid. You 
may have noticed the two dots next to the toroid windings in the 
circuit diagram. These two dots indicate the polarity of the 
transformer and as you can see the two windings are opposite to 
each other. To make sure that the polarity of our toroid windings 
are correct we must do the following: 


= Ifwe look at the toroid we noticed that we have two wires of 
different colours sticking out at both ends of the toroid. 

« Take one wire of a specific colour (green in the example) on the 
one side of the toroid and one wire of the other colour (white in 
the example) on the other side of the toroid and connect (or 
solder) them together. These two wires forms the top pole of 
the toroid as in the circuit diagram and is connected to the positive terminal of the 
battery. 


A conventional joule thief, shows co 
components and how they are 
connected. This example uses a red 
LED. A ferrite toroid is wound to form a 
coil with primary (white) and feedback 
(green) windings. A 2N2222A transistor 
and 1000 ohm resistor are used 


—_— =_ 


A joule thief with two axial inductors © 
replacing the ferrite toroid, shown on a 
solderless breadboard 


Step 2: Schematic Diagrams 


gle Battery Cell: Hand-wound 
line, NiCD, NiMH ferrite toroid 
3- 1.5 V typ.) 


IPN Transistor) 
'D Terminals 
2 


2N3904 


23904 NPN Tromistor 


Terminals 


i 


EBC 
E <Emitter 
B= Bas 
C= Collector 


hese toy (212 tei toreids wom Watson's Tiny Toroid Conventional Joule Thief - 
Surplussales.com are high permeability so it Nov 18, 2009 Not much bigger than the transistor! 
doesn't take much wire to make a good Joule www.rustybolt.info 
Thief coil. The core is less than a quarter inch 
diameter (here is a data sheet in .PDF.). Six 
inches of 30 AWG magnet wire trifillar wound, 


Optional 
2.2 ahm curr 


with two of the windings connected in parallel 
for the primary winding. 


The transistor is a BC337-25. | put a 2.2 ohm Three windings 30 AWG, each about 6 inches long, trflar wound 
on 0.229 inch O.D. toroid, 2 in parallel for main winding 


resistor in series with the circuit to measure 
the battery current. It can be put there temporarily and removed when the LED current is what 
you want. How do you change the LED current? Change the 1k resistor to a different value. 
Higher values will reduce the LED current. With the BC337-25 and 1k resistor, the LED current 
should be close to 20 milliamps so it’s probably not wise to go much below 1k. If you use another 
transistor, especially the pipsqueak 2N3904, you may have a hard time getting it to put out 20 
milliamps. 


CURRENT VOLTAGE 


3* Axial lead inductor 82uH 1/4W 

1* 10nf ceramic capacitor 103 

2* AO90 Germanium signal diode 

1* 2N2222 NPN Transistor bipolar 0.6A 40V 
1* RESISTOR 5.6K Ohm 1/4W 


ANT19 ANT20 ANT21 ANT23 ANT24 Bute 4 


ANT7 ANTS ANTS ANTI0 ANT22 an 


ANT13ANT14 ANT15 ANT16 ANT17 ANT18 


2.2 HSMS286F 


1.3 
Matching circuit 


12 


1 8.1 
* clase F load 


(a) 


(b) 


Figure 4.1: Proposed positive output voltage rectifier. (a) Structure and size. 
(b) Photograph. 


264 IEEE ANTENNAS AND WIRELESS PROPAGATION LETTERS. VOL. 10. 2011 


3 = 

8 z 

Antenna g = 
Port a 3 

§ -0 & 

We 2 8 

° Shorting vias 2 = 
- Zero-bias diodes 3 -s 5 
DC load 3 3 

_ Ceramic capacitors = e 


Layout of the rectifier prototype, printed on RO3206. wy = 72 mil, 
5 mil, and L; = 171 mil. Fabricated sample is shown in top left, and 
the impedance matching stub is encircled. 


24 245 25 2.55 26 
Frequency (GHz) 


0 


* 11 ¥s. Power ~ Cale.{7] 
118. Power ~ Meas, 
S|] eee S, , vs. Power ~ Meas. 


Fig. 5. Measured | 511| performance and total realized gain (at boresight) of 
the proposed antenna, Fabricated sample is shown in bottom left. 


AB) 


\ 
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Place the transformer on the frame, fix it with two M4x16 screws, 2 rings and 2 nuts 

The wire of the 68 nF capacitor must stick through the "0" connection of the transformer, and is then soldered. 
Solder the OA95 diode between tuning capacitor and the "0.625W" connection of the transformer. 

The green band on the diode must point towards the transformer. 


Solder the two wires from the transformer to the headphone socket (see for detail: next picture). 


Solder the two wires from the tuning capacitor to the terminal posts. 
The wire with the red line on it, comes on the upper (antenna) connection. 
The wire without red line, comes on the lower (ground) connection. 


Detail of the wires on the headphone socket. 
The wire without red line comes on the ground connection. 
The wire with the red line comes on the two signal pins, so these two signal pins are connected together. 


Mount the extension shaft and the knob on the tuning capacitor. 
In the middle position, the pointer on the knob must point upwards. 


2 
@ $1,000,000 
LL $100 bills 


$1 Billion 


$10, 000 
in $100 bills 


. $100 Million 


4 in $100 bills 


$1 Trillion 
in $100 


USB Type A Female Field Termination Connector 


Roll over image to zoom in 


L-com Item # USBAFT 


List Price $7.24 
Your Price 1-9 $7.24 
10-24 $6.81 

25-99 $6.37 

100 + Call Us 


Availability: In Stock 
Available for Same Day Shipping 


Quantity 1 ADD TO CART 
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1 LED azul 
(con tension entre 3V y 3,6V) 


USB +5V-+\. J =USB GND 
(negro) 


1 LED rojo 
(con tension entre 1,8V y 2,1V) 


USB +5V-- =USB GND 
(negro) 
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Addie's super foxhole radio schematic 


magnet wire \ / 
120-200 winds 
safety pin / 
jammed into 


#2 pencil lead 
shorter the 
the better 


ground: 


can be combined 
with 1/4" jack 


1/2 blued razor 
other half connected 
to inductor coil 


1/4" jack or pickup 
to be plugged into amp 


A 


The PO-102, Crystal Radio Kit, w/Slider-Tuning! 
Perfect for parents, grandparents, 
and teachers to build with kids! 
Also a super starter kit for the 
beginning adult builder! Includes 
small coil form, wire, slider 
assembly, capacitors, and diode. 
Easy parts layout guide provided 
for kids, Excellent performance for such a simple but elegant 
classic slider. Earplug included. 


PO-102, w/Crystal Earphone 


PO-102, Chassis Assembly, Top-View. > 


FIRE KIT EXAMPLE 
COMPRESSED TRIOXANE 


WATER PROOF CASE 


WATERPROOF MATCHES 
IN WATERPROOF CASE 


CHEM-LIGHTS 


FOR STARTING ‘ir 


FARRO ROD 
KEY CHAI 


FOR FARRO ROD 


. Anglo Arms Rambo Knife 
Anglo Arms Machete 
Austrian Ex-Military Water Flask 
. BCB Trekker Lifesaver Pack 
BCB Compact Fishing Kit 
Canadian Gas Mask w/ Filters 
Feit Electric 500 LED Torch 
French Military Mess Tins 


44. Highlander Survival Bag 


12. Highlander Solid Fuel Cooker 
13. Highlander Trekker Hammock 
14. Highlander Folding Saw 

15. Kombat UK W/proof Matches 
16. Kombat UK 40! Molle Bag 

47. Kombat UK Fire Starting Kit 
18. Kombat UK Compass 

19. Kombat UK Throwing Axe 

20. Oasis Water Purification Tablets 
21 Pro Force Survival Saw 

22. Sawyer Mini Water Filter 

23. Sharpening Stone 

24. Survival Mirror 

25. Turboflame Lighter 

26. UST Survival Poncho 
27.Wateproof Rucksack Liner 
28. Wind Up Solar Tore! 

29. Wooden Deluxe Knife w, 

30. 100ft Paracord 


HIGHEANDER 
SURVIVAL BAG 


34. 24hr Ration Pack “= 2 8) 


Rem Description 


1: Solar Panel Charger 

#2: Tactics! Troume KR #1 

#3 BLED Head Lamp Stver 

84: 40041 Dynamo Energy Radio 

#5 100" Stack Parachute Cord 

#5: One (1) Amerighow 6° Light Sick 

57; Magnesium Fire Starting Toot 

#8 Sabre 31N-1 Detonse Spray 

#9. Emergency Survival Stantet 

#10: Spork OD 

#11: New Wire Hendie Canteen Cup 

#12 Canteen wi Cover OD ist 03827 
#13: Wise Emergency Food Kit 72 17278 
#14: Medium Transport Pack Block czas 
#15: Adventurer Knife Kt 20363 
£16 Tnp Wire: Yolow & Groen 019917 
£17: Waterproof Storage Box or91s2 
#18: 10h Hand snd Body Warmers (x3) 08015 
#19: Coin Towels 4p Tubes (x3) or9ets 
£20: 34M Compass Whesse e113 
#21; 3UN-1 Waterproof Match Tube 018759 
#22: Marching Lensatic Army Compass 007127 
#23 Woterproot Matches or6379 
#24: Water Purticaton PA+Pts Tabs 012838 
£25. 11 Fonction Survival Tool orgt4s 
£26: German Folding Stwe w Fost 003023 


Total Bug Out Bag = TO 
Weight: 12.4ibs 


#18 - #19 


Bug out Bag 


Handwarmers 
Cotton Balls 
Fire Starter 

Knife 
Matches , 


First Aid Kit WPQui 
Israeli Banda; 


- Water Bottle w/ Charcoal Filte’ 


Aquamira Tablets 


70 oz Camelbak Bladder in bag 


BG Parang 
Fenix Flashlight w/ 
CR123 Batteries 


Fi 


/ 
» Spare Co ts 4 


ther P99 w/ 130 rds 
of9mm 
Baby Wipes 


G EMERGENCY USES FOR PARACORD 


1 onare ASrishing 


A single length of paracord has been tested 
drap to handle 550 Ibs of weight. Net 


2 SHing 
Line 


SS Helten, 


656ear bag 


There are seven internal 
strands, each of which comes 
apart into two, so there's 14 
thin lines. 


5 WAY TAG STRIP 36 WAY TAG STRIP - TWO ROWS 


e wired together ,with a little ingenuity, with the component wires being held together in the grip of solderless crocodile clips, whereby the conne 
older. 


2x circuits a plastic Terminal Block (sometimes referred to as a choc' or chocolate block) can be utilised very effectively indeed. These are used 
15 Amp and 30 Amp. The 5 and 15 Amp Terminal Blocks | have found to be the most suitable. The various component wires can be trappec 
makes it easy to change the components around when experiment with different circuits. See The EXPERMENTAL CRYSTAL SET for more del 


RE dd 


‘CHOCOLATE’ TERMINAL BLOCK 


Where to connect to the earbud jack. 
For connecting to one earbud only. 


transformer 
WYWANADAS 
wwvy 


oneearbud | 


thectherearbud |; ; 


For connecting to both earbuds 


transformer 
AAAMAS 
fVVWY 


The current-limiting resistors are part of the cardboard circuit. The black spots are where | used the Bare Conductive 
paint 


The micro:bit is plotting the analog values on the 5x5 LED matrix, which represent the noise level in the room. 


All you need to get started is @ roll of copper tape, a few components and conductive paint. One roll of tape and tube of 
paint can make about 200 circuits. 
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7 LOGIC GATES & 4 USEFUL COMBINATIONS 


Standard Logic Gates Preceding NOT Gate on One Input 


XOR s) >—< 
XNOR A) ec 


( ] 


Copyright 2012 PicoKit 


8 for AND, NAND, OR, NOR Gates 
NOT r—>o—s ea 
AB AB C 
is y) 
A 
avo ST fi 
A 
nano S[>—c i 
A 
- =D 
A 
NOR A) ec LH 


TYPENF SMAM PAL/BELLING LEE F 


S 


TYPE FF 


MCX MALE 
% 6 J (OTHER END) 


BNC F SMAF 


eB™ 


TYPE NF SMAM PAL/BELLING LEE F 


UHF F TYPE FF 


MCX MALE 
(OTHER END) 


BNC F SMAF 


DIODE 
k 


no. 
, connection 


Ps 
a 


in 
pe 
schematic symbol 


direction ofcurrent flow 
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7. 555 Timer Projects 


In this section we will make : 
7.1 4 Key Piano 7.7 Knight Rider 


7.2 Light sensitive music circuit 7.8 Cricket Game : gram of $55 
7.3 Light controlled Police Siren 7.9 Multipurpose circuit SB ees, aaa 
7.4 Touch Switch 7.10 Johnson counter in Video CD ROM 
7.5 Timer 
7.6 Continuity Tester 
threshold 6 © 
“> What is it about ? control § © 


applications like timer, pulse generation and oscillators. This is a low 
cost, stable and widely available chip which makes it favorite for hobby- 
ists. The internal components of 555 as shown in figure consists of 2 comparators 
and a flip flop. All of these components contain 25 transistors and 15 resistors tagger 2 O 
packed in the IC. 
‘The three highlighted 5k resistors shown in figure are the reason why this 
ICisnamed as 555. 


. 4 555 timer integrated circuit (IC) is a very popular chip used in variety of votage 


Pin Name Purpose 


- 1 GND Ground reference voltage, low level (0 V) 
¥ 2 TRIG The OUT pin goes high and a timing interval starts when this input falls below 1/2 of CTRL voltage 
(which is typically 1/3 of Vec, when CTRL is open). 
3 OUT This outputis driven to approximately 1.7V below +Vec or GND. 
4 RESET A timing interval may be reset by driving this input to GND, but the timing does not begin again until 
RESET rises above approximately 0.7 volts. Overrides TRIG which overrides THR. 
Picase wate thenotch 5 CTRL Provides "control" access to the internal voltage divider (by default, 2/3 Vec). 
near first pin. This is 6 THR The timing (OUT high) interval ends when the voltage at THR is greater than that at CTRL. 
made to indentify the , a aaah dias = r a oe wh 
siren i DIS Open collector output which may discharge a capacitor between intervals, In phase with output, 
rst pin of IC. 


8 Vec Positive supply voltage, which is usually between 3 and 15 V depending on the varia 


0 kK Black Black 
4 | Brown Brown Brown 
| 2 | Red Red Red 
| 4 | 
\s | Greer Green 
| 6 | Blue Blue Blue 
| 7 Violet Violet Violet 
| 8 | 
Pe | White 

Ist 


Multiplier 


Black 


Tolerance 


120 ohm 5% 


Brown 


Red 


Orange 


Green 
Blue 


Violet 


Brown 1% 
Red 2% 
5% 
10%| 


4.7k ohm 1% 


| a ELECTROMAGNETIC RADIATION SPECTRUM _ | 
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2 football field baseball 


CS 
103 707 roa 10% 407 10% 40° 10° fo"! 10-2 


lonization — DNA Dama: 
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108 = 10° 
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Mobile Phones RADAR 
900MH2-24GHz 1-100 GHz 


aggage Screen 
160 keV 


Frequency Bands 


TV Broadcast Wi 
54.700 MHz 


Sources and Uses of 


MANS) 
63.86 MHz 


11 #4 Bone scan 
1007 pm “i 140 kev 


Microwav 
2.4GH, 


Smanw ter 


light emitting diodes photodiodes , 


—_ = 


zener diodes 


shottkey diode 
oe diode 


=* a 


varactor diodes PIN di 6 


—— 
| re / 
~ constant < current . Ss % 


transient voltage 
Supression diodes 


super barrier 
diode 


point contact, 
diode 


\@ vaccum diode 


LASER diodes \y 


silicon controueat GD peter diodes 


crystal diode avalanche dinde rectiner 


Types of Diode 


called “can electrolytic” 


the line is 
negative !!! blll 
surface mount electrolytic the line is positive ! 


G [S ols surface mount capacitor — green cap 
yell Se negative 
Caine pate e 
di 


“pig tail" electro 
louble-ended electro 


X2 capacitor 
called “mains capacitor” 
electrolytic 2 


‘® 
a: ended electro 
@ @ 
“green cap” f P/ ‘\ ne \< 
but RED !!! / / // / P| monolythic i de 
high veltage'ceramic’ high vile bial capacitor caperkor 
(ceramic) (ceramic) 


tantalum capacitors can 
“go up in smoke* “bead” tantalum 


Electronics 
Reference Sheet v1.1b 


wy Resistor oa Multiplier Tolerance 
te REGULATOR a 
- + LED CAPACITOR (e.g. LM78xx) Se ; a am 
Vo Black or 
Pe 8 Brown 1 10 att 
Se Red 2 100 a2 
og Orange s&k 
Yellow 4 10 . 
7 Green MBs tox ane 
“clare Blue 6 1M 1025% 
vin VOUT Violet 7 jo ants 
te = ec = 
eN NOISE (CAP) = 


DIODE —¢- a 
1st Digit 1st Digit 
2nd Digit 2nd Dis Digit 
Multiplier Multiplier 


NPN transistor (Current sink) Tens 


(e.g. PN2222) vec N-channel MOSFET 
w vec 
To-s2  SOT-23 sorzs 
paar a = 
INPUT 
en: alli Gas HM source 6 
5 . | INPUT 
1 Drain 
GND = 
PNP transistor (Current source) 
(e.g. PN2907) P-channel MOSFET oe 
vec 
70-92 SOT-23 t 


EBC 


v 
c wer, - INPUT ol 
=a " - ; 
Bre Gate ffl) souce 
- 


@ Ss 
GND 


GND 
* Please note that some components may have a dtferent pinout than the one showed above. you shauld always chack the 
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Reich's Orgone Accumulator Box 


Key: 4p Positive Orgone (Etheric) Energy (a.k.a, “OR"/ “POR” 
| Deadly Orgone (Negative Etheric) Energy (aka. “DOR”? 


@rgonite.info 


How to build a Don Croft ORGONITE CLOUD BUSTER 


Refer to ( Part 1 - 2) How to Make an Orgonite CloudBuster: 
http://www.youtube.com/watch?v=cCn1DO2Rj6k 


Third 


‘Six 5' lengths of copper pipe 

When the orgonite base of the 

cloud buster Is complete, fix 

the top pipes to the bottom ones Teseelle| 
using pipe connectors, then 

fix the top spacer in place 

to provide stability. 


Six 1" lengths of copper pipe 
(1" diameter pipe) 


2 Gallon ......plastic bucket 
(8" bottom-interior diameter, 


9° top interior diameter) or 


Double Treminated Ci 
{secured nto hose with glue) 


Section of 

garden hose 

3/4" -1" piece 
(glued into end cap 
with silicone glue) 


fits into its end cap 
Dinstacie metawmtne (aunt Tepe or an anykindte stop resin 
‘cardinal dvections Seeping into e 


itl Ss 
3 phase a 
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WN, TESLA. 
ATPARATOS FoR TRaWeMATTING ELECTAIOAL ENTAOT, 
APrLIOATION FTLED 143.18, 1988, REEEWED MAT 4, 114, 


1,119,732. Patented Dec. 1, 1914. 
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RARE NOTES FROM TESLA ON WARDENCLYFFE 


New York, Aug. 30:h, 1901 
45 8 48 Fast Houston St: 


Me Steford White 
160 ith Ave, 
New York City 


My Dear Stanton 
Many thanks for your suggestions. am writng to Mr Powell 
day Parhaps he wil be able to clear the land altogether 

‘want you to understand that! went to the Amerian 
Bridge Company simply because of my anxiety to have the 
‘work pushed through as fast a practicable. am only too gad 
to folow your advice 
absolutly fre in your. 
this work 


v5 bag you to consider yourself 
ce and arrangements regarcing 


New York, Sep. 12th, /901 
46 8 48 East Houston Ste 


Babcock 8 Wikcox Ca 
85 Lberty Sree 
New York City 


Gentlemen 
Under enciosre | forward sketch shawing your twa Baers 
as they willbe paged in my bulking and 
relative to ad exact estance fram the chimney The sale i 
A inch toa foet 

‘You wil really eblge me by furnshing the drawings of the 
fuesleacng 1 the chimney and the postion ofthe breech, as 


the builder cannot process without this formation 


Yours very uly 
End, 


“Anyone familiar with the Wardenclyfie Tower 
knows it to have been a colossal structure. Yer, few 
realize that it was supposed to have been even larger. 
Although the exact figures are not revealed, Tesla 
‘must have drastically underestimated the cost of 
building his stcucture as is evidenced by the follow- 
‘ing response to White. 
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Fig. 6 Oscilatng electrostaticlly charged dome. 


Lelester, North Carolina 26748 USA. 7 


TESLA 
APPARATUS POR TRANSMITTING ELECTRICAL ENERGY. 
APPLICATION FILED JAN. 18, 1902. RENEWED MAY 4, 1907, 


1,119,732. Patented Dec. 1, 1914. 
SPHERICAL METAL 
Pe SPHERICAL METAL 
PLATES —__—"" PLATES 
TERMINAL ae 
TERMINAL 
HIGH PRESSURE - (Voltage) 
RESERVOIR 
This patent was the result of Tesla’s 
many high voltage transmission ex- 
periments at Colorado Springs dur- 
jing the carly 1900’s. It served as the connucTOR 
basis for the construction of the B 
famous:-‘‘Waldencliff Tower,’ 
which was intended to become a 
transmission station for wireless elec- 
trical power. ways DRUM CONDUCTENG 
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(WITH SHORT WAVE} RGK, 2007 
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WATCH YOUR ACTIONS: 
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ECE Dept 
Indian Institute of Science 
Bangalore 560012 


ECE Dept, Indian Institute of Scien 


+ Vision Statement: Excellence in Theoretical and Experimental Research in 
Communications, Signal Processing, Microelectronics and RF/Photonics. 


+ Faculty: 24; Fellows of IEEE: 4; Fellows of INAE: 8 


+ Active in Publications: Books, Book Chapters, Journal & Conference Papers; 
Patents; Standardization etc 


+ Collaborative research 


People 
Masters Students 


[ME, MSc> Mtech, Mtech(Res) } 
PhD Students 
Project Staff 


ECE: Microwave Engineering 


KJ. Vinoy 


Low-Actuation Voltage Capacitive RF 
MEMS Switch (<10V) 
= Low-complexity fabrication process to 
enhance process yield 
= High reliability: no failure even up to 10 
million cycles of operation tested 
Meso-scale Electrostatic Phase 
Shifter on microwave Laminate 
(MEPL) 
= Utilizes modern printed circuit board 
fabrication technology. 


= X-band monolithic antenna array system 
‘on the microwave laminate board 
demonstrated. 


Wideband group delay engineering in RF circuits for radar, 
medical imaging, and spectrum sensing. 

— Demonstration uses two stage All - Pass Networks; can be extended 
cover multiple stages to obtain a higher bandwidth and/or higher group 
delay slope. 

RF energy harvesting circuits 

— Integrated with RF transmitters and sensors for practical loT nodes 

= High efficiency RF-DC converter which can operate at input power of - 
20dBm (10W) at 2.4GHz using UMC 130nm process MOSFETs. 

FEM based algorithms for Electromagnetic circuits & 
components (periodic structures such as metamaterials) 

— _ Fast computation of electromagnetic propagation characteristics 

— _ Especially suited for evaluation of processes uncertainties 


Setting the stage.... 


* Introduction 
— Wireless Power Transfer 
* Energy Harvesting 
— Internet of Things 
¢ Highlights of Recent Development (Hardware) 
— Powering wireless terminals 


Wane Ongoing Research Challenges 
— RFID with integrated sensors 


Wireless Power Transfer (W 


* Indicates transfer of electric energy remotely 


* WPT has along history! 


— Tesla demonstrated it in 1899 by wirelessly powering 
fluorescent lamps 40 kms away from the power source. 


— Had multiple patents in early 1900s. 


« In 1960s W.C. Brown coined the term Rectenna, 
which he used to directly converts incoming 
microwaves to DC. 


— He demonstrated its ability to power a helicopter solely 
through microwaves for 10 hours continuously. 


* These demonstrations involved dedicated sources 
with large power to transmit over long distances. - 
http://mainland.cctt.ors/istf2008/brown.asp- 


SSPS 


* Space Solar Power Satellites 


+ WPT is widely investigated for putting solar power generating satellites into space 
and transmitting power to Earth stations. (Mainly in Japan) 


Microwave 


Pilot Beam 


http://www.jspacesystems.or.jp/en_project_ssps/ 6 


Near field Wireless Power Transfer 


* Recent demonstration by MIT to transfer high RF power (Watts) transferred 
across meters. 


* Resonant coils are used 
* Typically at 100 kHz to 10's of MHz 


* Many new applications emerged 


Mi Theory 
a From experimental « 
Experiment 


A 5 > 8 
Ke K Kr 
it ——- M20 3” 
Vf £06 
N 


75 100 125 150 175 200 225 
Distance (cm) 


André Kurs et al, Wireless Power Transfer via Strongly Coupled Magnetic Resonances , 
Science, Vol. 317 no. 5834 pp. 83-86. 6 July 2007. z 


System Schematic Qi 


Typical inductive power system 


[Power 


| ; Sten 


Source: Texas Instruments Qi Development kit 


Far > Near in WPT 


* Free space loss factor is a major bottleneck for power transfer at large distances 


¢ Short distance/ Near field options 
— MIT demonstration (2007) 
Qi Standard 


— Phone charging solutions 


| 


— Vehicles running on wireless power 
* Two extremes in WPT 

- mw <> MW 

— mm € > 1000s km 

— 100kHz € > 2.4/5.8GHz 
10cm x 10cm < > km x km 


Commercial vs bluesky 


ar Field Transfer of RF Ener, 


¢ Focus of this talk 


+ Applications: RFID tags, Wireless Sensor Network nodes, biomedical equipment, 
home automation and structural monitoring can benefit from RF energy harvesting. 


* Block diagram and a design example: 


Rectifying element 
(For example: Schottky diode) 
Storage capacitor 


Antenna 
Matching circuit 

(Microstrip (For example: 0805 package 100pF) 
transmission lines) 


‘Antenna 


RF-DC 


Le 


L) Matching Li} pectifier bp Storage 
circuit element 


A New Paradigm: Internet of Things (loT) 


* loT refers to uniquely identifiable objects and their virtual representations in an 
Internet-like structure. 


Connects Anytime, Anyplace for Anyone (ICT) 


AAA + for Anything  (loT) 


+ loT is ascheme for connecting things: sensors, actuators, and other smart 
technologies, thus enabling person-to-object and object-to-object communications. 


* Continuous availability of power is crucial for their 
deployment 
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loT Applications 


Smart 
environments 


Transportation 
and logistics 


Heathcare Futuristic 


Comfortable 
homes/offices networking 


Logistics Robot taxi 


Tracking 


City 


Industrial Historical 
plants queries 


Assisted 
driving 


Identification, 


authentication information 


model 


Mobile 
ticketing 


Enhanced 
game room 


Smart museum 


Data collection andgym 


Losses 


Environment 


monitoring Thefts 


Augmented 
maps 


L. Atzori , A. lera, G. Morabito, The Internet of Things: A survey Computer Networks 54 (2010) 2787-2805 
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Comparison of different wireless protocols 


Today, a lot can be done at low power!! 


Characteristics of key 2.4GHz ISM Band Radios studied : 


Zigbee WLAN 


Topologies P2P,, Star P2P , Star, tree, mesh P2P,, Star 
Modulation GFSK GFSK DsSs (802.11b) 


Max data rate Mbps 12.8-60 Kbps 
Throughput 305 kbps 20Kbps 
Range (in m) 10-100(0-10dBm) 30 (@ OdBm) 
‘Max nodes in piconet | 7 65533 
Battery life 1-2 years (coin cell) | 1-2years (coin cell) 


Key Aspects : 


BLE is robust and has lowest power consumption but cannot natively form mesh networks, 


Zigbee can support large mesh networks, power consumption is higher than BLE and 
throughput is lower: It is suitable for low data rate, low power, large size networks. 


WLAN is primarily suitable for transferring bulk data at high speeds, Not suitable for low 
power applications. 


Power Requirements in Common WSN 


Crossbow MICAz Intel IMote2 Jennic JN5139 
Radio standard 1EEE802.15.4/ZigBee ||EEE802.15.4 |IEEE802.15.4/ZigBee 
Typical range 100m (outdoor), 30m ikm 
30m (indoor) 
Data rate (kbps) | 250 kbps 250 kbps 250 kbps 
Sleep mode (deep sleep) [15 pA 390 pA 2.8 UA (1.6uA) 
Processor only 8mA active mode 31-53mA* 2.7+0.325mMA/MHz 
[ax—$——_____ | 19.7mA’ 44mA 34mA 
17.4mA (+0dbm) 44mA 34mA (+3 dBm) 
Supply voltage (mini z E 5 
Average | 2.8mw 12mw 3mw 


in of Energy Harvesting Systems for Wireless Sensor Networks, 
)5(4), October 2008, 334-347 


J lbert* F. Balouchi, Compari 
International Journal of Automation and Computii 


Ti- CC430 Zarlink 
‘ZL70250 
Active mode current at 1GMHz [mA] 4 a2) 


Deep sleep current [nA] 


Transmission current [mA]@Tx-power [48m] 15@2.5 


Transmit frequency 


Wakeup time [ms] 


Energy consumption for a transmission cycle of 2ms [ji] 


Power supply voltage [V] 


In perspective 


¢ Energy requirements in different Device type Power consumption 
. ‘Smartphone 1w 
devices/systems MP3 decoder chip 58 mW 
Hearing ai imw 


* 6 orders of magnitude variation!!! Wireless sensor node 700 iW 


RF receiver chip 


: . 6D motion sensor 14.4 mW 
¢ Energy requirements in WSN Cell phone (standby) 8.1 mW 
. PPG sensor 1.473 mw 
— Depends on the complexity/ standard/ range] Humidity imw 
Pressure 0.5 mW 
— eg 90 pW to power a pulse oxymeter 3D accelerometer 0.324 mw 
sensor, to process data and to transmit Tehmporatiars 27 pW 
them at intervals of 15 s Wristwatch 7 LW 
Trtemen-Ran | 
A-D conversion 1 yw 


J Yun, S. Patel, M.Reynolds, G. Abowd “A Quantitative Investigation of Inertial Power Harvesting 
for Human-powered Devices,” UbiComp’08, September 21-24, 2008, Seoul, Korea. 


RJ.M. Vullers, et.al, Micropower energy harvesting, Solid-State Electronics 53 (2009) 684-693 15 


Power Density 


Ambient RF <1 uWiem? 

Ambient light 100 mW/cm? (directed toward bright sun) 
100 pW/cm:? (illuminated office) 
Thermoelectric 60 pW/cm2 

Vibrational 4 yW/cm3 (human motion ~Hz) 
microgenerators | 800 yW/cms (machines ~kHz) 

Ambient airflow —|1 mW/cm? 


Push buttons 50 yJ/N 
Hand generators | 30 W/kg 
Heel strike Up tp 7 W for 1 cm deflection 


Power requirements in conventional sensor network nodes may 
not be met by harvesting alone! 


J Yun, S. Patel, M.Reynolds, G. Abowd “A Quantitative Investigation of Inertial Power Harvesting 
for Human-powered Devices,” UbiComp’08, September 21-24, 2008, Seoul, Korea. 16 


Electromagnetic: Solar > RF 


* PVisagood source of energy. Recall, 


Ambient light 100 mW/cm? (directed toward bright sun) 
100 W/cm? (illuminated office) 


* However, it light is not always available. 
— Atnight 


— Specific scenarios: in a closed chamber, or mine. 


« RFis an alternative 
— Unlike others, RF sources may be ambient or intentional. 
— Ambient sources such as base stations or broadcast stations 


— Special sources: RF ID reader, Phone charger, special beacons 
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Demand and Supply 


* The peak currents needed during transmit and receive operation is not 
achievable using the harvester alone. 


* Buffering is also needed to ensure continuous operation during times without 
power generation. 


* The combination of an energy harvester with a small-sized storage is the 
best approach to enable energy autonomy of the network over the entire 
lifetime. 


— Rechargeable battery 


— Thin film batteries 
* can be integrated directly in Integrated Circuit (IC) packages in any shape or size, 
* Flexible when fabricated on thin plastics 
* Thin film batteries have high impedance; 
* Low discharge efficiency compared to Li-ion batteries 
— super capacitor 
+ Leakage in super capcitors depends on the voltage. Low at low voltage 
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Internet of Things (lo 


Embedding short-range mobile transceivers into a wide array of gadgets and everyday items, enabling 
new forms of communication between people and things, and between things themselves. 


Introduction to RFID 


* The reader converts incident field and returns useful data 


* In passive RFID systems reader transmits EM energy that "wakes up“ the 
tag and provides power for the tag to respond to the reader. 


to host / 
network 


host computer 


ID read 
from tag 


Backscatter Communication 


¢ Backscatter is the reflection of signals back towards their 
source. 


— In this scheme, two devices communicate using incident (or ambient) RF 
as the source of power. 


— Backscattering is achieved by changing the impedance of a receiver in 
the presence of an incident signal. 


— When waves encounter a new media that have different impedances, a 
part of the wave is reflected. 


— The reflection depends on the difference in the impedances. 

* By modulating the impedance at the receiver port, one can 
control the scattered RF energy, hence enabling information 
transmission. 


abc.cs.washington.edu/files/comm153-liu.pdf 


iN) 
iN) 


RFID > loT 


« RFID 
— Uses radio waves for identifying or tracking the object. 
— Proven to be a simple and cost effective system 


— Tags are very cheap and is possible to be attached to everyday objects. 
* RFID is considered a prerequisite of Internet of Things. 


¢ Example: RFID tags can be integrated with sensors 


— When a reader reads a tag, the sensor information will be sent to the reader 
along with the identity of the object. 


iN) 
Oo 


S Exampl 


S-TAG = 
Keone 


Generic y_ 
sensor Yeas So 
Mis ano 
on) 4p ‘on 


Discrete Element Based Chips with 12C / SPI 


WISP (Wireless Identification Sensing Multi-Chip Based S-tag SPARTACUS / RAMSES (Self-Powered Augmented RFID 
Platform) ‘Tag for Autonomous Computing and Ubiquitous Sensing / 
RFID Augmented Module for Smart Environmental Sensing) 


Single IC Based Sensing Tags Printed Chipless RFID Tag 


WISP 


+ Wireless Identification Sensor Platform (2009) 


WISPs are a wireless, battery-free sensing and computation platform, powered by 
harvested energy from off-the-shelf UHF RFID readers. 


To a RFID reader, a WISP is a EPC gen1 or gen2 tag; but inside the WISP, the 
harvested energy is operating a 16-bit general purpose microcontroller. 

The microcontroller can perform computing tasks, including sampling sensors, and 
communicate to the RFID reader. 


WISPs have been built with various sensors, WISPs can write to flash and perform 
cryptographic computations. 


Acollaboration between Intel Research Seattle and the University of 
Washington. 


http://wisp.wikispaces.com/Wisp+4.1+DL 


iN) 
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RFID Sensors (Products) 


+  |D operation is passive; yet most sensors require power sources 


* Powercast has a wireless sensor that is battery-less. Uses RF energy harvesting. 


+ Harvesting schemes works at power as low as -12dBm. (RF-DC conversion efficiency 
above 40% only above -8dBm) 


+ Harvested power >0.4mW for RF in of >. 

+ Multiple custom ICs and discretes Sensor Tag Developme ol 
Credit card 
form factor 


+— Programming 


* Other suppliers include interface 


— Phase IV Charging licon Labs 
capacitor ~~ 7 

— RFID sensor systems 7 Wireless MCU 

- etc —915MHz 


RF Powerharveste Data Antenna 


915MHz 
Power Antenna 


(pProwercasy 


"i 7 


http://www.powercastco.com/uhf-rfid-sensing-passive-rfid-wireless-sensor-tags/ 26 


Battery-less Wireless Terminals 


¢ Most of our work in this direction was towards battery-less terminals 
¢ Long life terminals without wiring 
* These are useful when 

— Terminals are embedded within structures (or body) 

— Devices to be deployed in hostile environments 


— Use of battery is not allowed (potential cause for explosion) 


Other factors 
— Cost, weight, etc. 


« Primary focus: use of radio frequencies (ambient/intentional) 
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Ambient RF Sources 

Several sources: 
— WIiFiAccess points (mW) [2.4/.6GHz] 
— Cellular Tower (W) [900/1800 MHz] 


— FM broadcast (kW) [90-108MHz] 


* Ingeneral 
— Lower frequencies help non-line-of sight propagation 


— Power availability from ambient sources is limited and varies from place to place. 


« Note 


- Unlike other sources, most practical RF harvesters (eg in RF ID) depend on intentionally 
generated energy. 


- This is called wireless power transfer (WPT) in the conventional RF/Microwave parlance. 


Wireless Communication System 


¢ Power transfer scheme is no different!! 


Transmitter Receiver 
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Antenna Fundamentals: Directivity 


This is the ratio of the radiation intensity in a given direction 
to the radiation intensity averaged over all direction 


rad 


Average radiation intensity, U, = 
Directivity, 
U(G,d) _47U (0,9) 


aaa Uo Prad 


» If direction is not specified, it implies the direction of maximum radiation intensity 


=m Dy, =10log D 


Maximum directivity and Maximum effective area 


The radiated power 


density by a transmitter at 
a distance R 


_ PD, 
‘ AqR? 


SS 


Power received 


P=W.A, = AO 
or, D,.A, =—.4aR° . De D, if, D, =max. directivity 
. 7 A - A, A,, = max. effective area 
By reversing the transmission this can be generaliz ed by 
direction DD, 40 
D,A=—=-4aR? AA F 


P 


Frii’s Transmission Equation 


The radiation intensity for an als 


isotropic radiator is W,= a BK 
For an antenna of gain G, (or directivity D,) (0,8 WS 
rs ay 


Ww, = PehelBeibe) _ 4 PeDe(ebr) —_—_—>__*& 
: 4nR? t amr? 


: os es 4 
The effective aperture of a receiving antenna is given by A=, Dr(Op, Py) = 
Therefore, 


=erD, (81, b= =W.= =e “ DekG Oe (Or Pr) ae |B Br? 
a 
Pp = €,€,De (Op, bt) Dy (6; br) za ani Pe Brl? 
P, Be a ae 
P €cat@car(1 — Wel?) — WP) De (Oe be) Dr (Or br) Gam? [Be-Brl? 
When the antennas are pointing towards each others’ peak radiation 


direction, 7 
A= GoeGor (45) 


Ta 2 


Some numbers on Radiative form of WPT... 


* Practical systems will have 
— Operational frequencies in ISM bands. 
— Most terminals are compact. 
— Antenna efficiency is compromised. 


— Nearly isotropic radiations expected. 


* Main bottleneck is the physical limits in transmission. 
P, = P#G*G*(A/4 nr)? 
— At 1 GHz (A=30cm) r=1m; Antenna gain @OdBm, free space loss factor is about 
0.06% 


— Even with a moderate gain transmitter antenna (6dBi) power received @1m for 1W 
transmission, is just 2mW. 
+ Drops to 23uW at 10m !! 
+ The voltage of the signal is low!! 


¢ In radiative power transfer, Distance from transmitter is a major concern. 


Some questions addressed in our work 


* Harvesting of ambient radiations or Radiative transfer of energy 
addressed 


— Is it possible to harvest the RF energy from base stations 


— Are there other viable sources of RF energy 


* Can low power communication systems be designed to operate entirely 
from harvested energy 


— Integrate sensors, control, etc 


* Can we use RF EH/ WPT to increase the range of backscatter 
communication (RFID scenario) 
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Design of Rectifie 


Required for converting incoming RF into DC power. 


The challenge lies in maximizing the power conversion efficiency for low input 
power and minimizing the dimensions. 


* RF to DC conversion by rectification of the incident RF signal by a Schottky 
diode 


— Most diodes have a finite cut-in voltage 
— Diode is a non-linear device (performance depends on current or load) 
— Impedance matching required between antenna and diode 


— In most cases, the input voltage needs to be boosted 


YY H_HH 


c; 
ge) = a 
RFin Antenna Impedance Rectifier Load 


matching D; 
network 


Conceptual diode based Rectenna Voltage doubler 35 


Voltage magnification in Matching circuit 


* Matching circuit is required to provide impedance match between antennas 
(50Q typical) to diode terminated with high impedance load (capacitor and/or 
high R in parallel). 

— LC matching networks provide voltage magnification. 
— This helps the diode conduct a good fraction of half cycle. 

* The higher the voltage across the diodes, the more efficient the rectifier gets. 
— Inpractice Q is limited 


— Applications requiring higher voltages, a voltage multiplier configuration is used. 


oes 
ee 7 <—Dt vod Ve =Vinx Joe I 
o i = R+ joL+—~ 
: jaC 
At resonance, 
Ve =Vnx—+— =~ jOVin 


j@oCR 
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Tuned Rectifier at RF 


¢ Atuned rectifier implemented using discrete components 


L=65nH_ = HSMS 
2852 Rectified 


RF in pad output 
stub  C=100pF 

P_in> -10dBm | -13dBm | -16dBm -20dBm | -25dBm 
Freq. J 

930MHz 917mV 664mV 469mV 281mV 131mV 
945MHz 1o1émv |_736mV_ | 515mV_ | 300mV | 132mV 
955MHz 1038mV | 747mV 513mV, 289mV 122mV 
960MHz 1032mvV | _736mV 499mV_ 276mV_ 114mV 
Peak efficiency 51% AT% 39% 33% 20% 


K. J. Vinoy, T. V. Prabhakar, A Universal Energy Harvesting Scheme for Operating Low-Power Wireless Sensor Nodes 
Using Multiple Energy Resources, pp. 453-466, Micro and Smart Devices and Systems, Springer 2014. 


pical Performance of Rectifier 


“TSB 


‘Vout (mV) 


Taam 


Time (us) 


Efficiency asa function of output votage | 
0x8 


efficiency factor 


i) 


RF-DC Conversion efficiency depends on 
various conditions 


eee I fay 
po mH a HO tO 100 38 
votage (mi) 


Gaurav sifigh Rahul 


Power level Charging | Efficiency (%) 
(dBm) time (ms) 

0 40 64.11 
-2 55 63.77 
-3 67.5 63.5 
5 90 63 
7 230 59.89 
-10 370 56.78 

-12 500 53.89 
-15 900 45 
-18 2000 20.56 


K. J. Vinoy, T. V. Prabhakar, A Universal Energy Harvesting Scheme for Operating Low-Power Wireless Sensor Nodes 
Using Multiple Energy Resources, pp. 453-466, Micro and Smart Devices and Systems, Springer 2014. 


Aditya Mitra, Chaithanya (2011-12) 
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Scavengi bile Tower Radiatio 


Microconvoller 
with Wireless 
Radio Converter 
Circuit 


G. Singh, R. Ponnaganti,T- V. Prabhakar, and K.J. Vinoy, “A tuned rectifier for RF energy harvesting from ambient radiations,” 
Int. J. Electronics & Communications, vol. 67, no. 7, pp. 564-569, July 2013 


Gaurav Singh, Rahul P (2010-11) 40 
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Gaurav Singh, Rahul P (2010-11) 


haracterization in La 


¢ Using various antennas 


Distance from Transmitter [m] 1.5 2 2.5 3 
Power received by dipole antenna [dBm] -20.5 |-22.1 |-23.9 -25.2 
Calculated power density [uW/cm?] 0.078 |0.055 |0.035 |[0.03 
Power received by patch antenna [dBm] -15.1 |-16.1 [-17.6 -19.2 
Transmit interval [mm:ss] 07:26 [12:13 |25:00 | never 
Power received by biquad antenna [dBm] -11.8 |-13.2 [-14.9 -15.9 
Transmit interval [mm:ss] 02:20 [03:25 |7:10 10:33 


G. Singh, R. Ponnaganti, T. V. Prabhakar, and K.J. Vinoy, “A tuned rectifier for RF energy harvesting from ambient radiations,” 
Int. J. Electronics & Communications, vol. 67, no. 7, pp. 564-569, July 2013 
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Universal Energy Harvesting Platform 


\V Antenna for 
wireless module 
Tuned 


Harvesting | Rectifier RF 
jemenne Transceiver 
Switching 
Network Micro 
controller 


DC-DC Boost 


Thermo- Converter Sensor 


Rectifier + 


x Rechargeable 
Voltage Storage DC-DC Boost Bi 
Converter Battery 


Harvesting Doubler 


Solar panel 


Antenna 2 


ly a small thin film battery is used > 
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different source 


Solar RE TEG 
Light Intensity | Duty Cycle of | Power Level | Duty Cycle of | Temperature | Duty Cycle 
(Lux) operation (s) (dBm) Operation (s) | Differential | of Operation 
(ec) (s) 
1000 7 0 3 55 9 
300 11 5 6 45 13 
200 20 7 20 35 240 
100 42 -10 50 : - 
: : =12 240 E : 


An incident RF power of -7dBm (~0.2mW) performs similarly as at low light PV. 


An appropriately oriented 20mW source with a high gain antenna (~10dB) can reach this RF 
power at a low gain rectenna (eg using PIFA) at 1 m distance. 
Power levels within emission guidelines... 


K. J. Vinoy, T. V. Prabhakar, A Universal Energy Harvesting Scheme for Operating Low-Power Wireless Sensor Nodes 
Using Multiple Energy Resources, pp. 453-466, Micro and Smart Devices and Systems, Springer 2014. 


Aditya Mitra, Chaithanya (2011-12) 


Other Possibilities using Wireless Power Transfer 


¢ Power transfer by radiation is not efficient 
* Waveguiding systems can ensure better transmission of power 

— Loss in waveguide is a small fraction of a dB/m (~0.2dB/m) 

— Metal ducts may carry higher order modes with higher losses 

— Extended to conducting ducts, Tunnels, mine shafts etc with some compromise 
* Other possibilities 

— Surface wave 


— Focusing of fields 


+ Empty enclosures with metallic walls 
— Containers, tanks, airplane cabin, trains, etc 


— Other objects in the path may reduce the efficiency! 


3: Antenna for RFID sensors 


* Work involved design of antenna for RF harvesting sensors 
— These fuel level sensors to be deployed in a fuel tank of aircrft. 
— Optimization of design should focus on efficiency 


— High gain or directivity is not required. 
¢ EH platform to be used with RFID sensors deployed inside fuel tank 


* Requirements/Assumptions: 


— Incident energy is of random polarity and direction. 


Operating frequency is 902MHz-928MHz. 


Antenna must operate in air (relative permittivity = 1) and fluid (relative 
permittivity = 2.1) 


(o; 
— Dimensions of planar antenna board: ANS 


+ Target dimensions: 3in. x 2in, 
+ Maximum dimensions: 6 in. x 4 in. 46 


tenna Desi dimensions 


85mm 
< 
Coaxial Feed 
Ground plane 
| 10.3mm 
Patch 
< > 
61mm 
< > 
85mm 
Feed 
48mm 
Ground 45mm 
plane 38 
mm 
61mm 


Vivekanand M, Harikiran M 


After Integrating with 
Sensor and RFID board; 


Measured in a room and 
reverberation chamber 


ae 1 aan ANRC 
Resolution of fluid height measurement to within 0.25”. a 
1W maximum transmit power. 
aoe a cD AT 9 


Uses a modified reader protocol. 


A. Robb, J. Bommer, R. Martinez, J. Harrigan, S. Ramamurthy , H. Muniganti, V. Mannangi, and KJ Vinoy, “Wireless Aircraft 
Fuel Quantity Indication System,” 2014 IEEE Sensors Applications Symposium - , Feb 18-20, 2014, Queenstown, Newzealand. 


4. RFID Integrated with Sensor 


Power regulation 


5 Digital Section 
and supervisory 


arts of Fabricated System 


f) cm DC-DC Boost 
Converter 
RF-DC Conversion 


Sandeep Rana 2014-15 


Sandeep Rana, TV Prabhakar, KJ Vinoy, An Efficient Architecture for Battery-less Terminals for Internet of Things, Applied 
Computational Electromagnetic Conference, Guwahati, Dec 28-21, 2015 


RFID Reader 


Circularly polarized antenna 8 dbi 

Polarization loss 3 dbi 

Monopole Antenna 5 dbi 

PIFA antenna 1 dbi 

Meander Antenna 0.4 dbi 
Monopole 40 7.5 mtr 7 mtr 
PIFA 36 Smtr 5.5 mtr 
Meander Line 35.4 4.5 mtr 4.5 mtr 

A= 34.5cm Prx= EIRP * Gr + ()? 


Efficiency worked out for -10 dbm 
RF-DC efficiency — 20 % and DC-DC efficiency — 80% 


Sandeep Rana 2014-15 Overall efficiency — 16% 


5. Harvesting at 2.4GHz 


Output voltage vs Input power 


‘Output voltage(V) 


14 


2 18 16 14 12 40 8 6 4 


Input power(dbmn) 


Sanjeev K. 2014-15 


Frequency(GHz) 


RICOH 
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Comparison of Efficiencies 


<€ Power 


SOOMHz 2400MHz 
-15dbm Efficiency=47% Efficiency =17% 
Output voltage=0.29V Output voltag: 2V 
Load resistor=6K Load resistor=6K 
-20dbm Efficiency=31% Efficiency=5% 
Output voltage=0.15V Output voltage=0.1V 
Load resistor=6K (0.153V unloaded) 
Load resistor=6K 
Used HSMS 2852 Used HSMS 2862 
Diode connected MOS with high Q matching 
QOOMHZ 2400MHz 
-14dbm Efficiency=6.2% Efficiency=2% 
Output voltage=1.1V Output voltage=0.632V 
Load resistor=500K Load resistor=500K 
-Zodbm Efficiency=1.8% Efficiency=0.2% 
Output voltage=0.3V Output voltage=0.118V 
Load resistor=500K Load resistor=500K 
Zero V;,, CMOS 
900MHz 2400MHz 
-15dbm Efficiency=4.6% Efficiency=3.79% 
Output voltage=0.86V Output voltage=0.774V 
Load resistor=500K Load resistor=500K 
-25dbm Efficiency=2.4% Efficiency=1.7% 


Output voltage=0.198V 
Load resistor=500K 


Output voltage=0.165V 
Load resistor=500K 


Frequencies > 


€ Technologies 


Cross-coupled Rectifiers for Low Power 


* CMOS integration requires diodes using MOSFETs. 

¢ Simple diode connected configurations are not effective at low 
power/voltage levels 

* In Cross Coupled Rectifiers 


— Biasing of MOSFETs by charge stored in capacitors. This is a way of 
threshold compensation. 


— Low ON resistance due to high overdrive voltage. 


— In both cycles of input, output 
capacitor is charged. Although DCP 
uses both cycles, only alternate 
cycles charges the output capacitor 
and the other cycle charges the 
input capacitor. 


ty 
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« Low loss switched capacitor DC-DC converter: 


sc sc sc pe 
doubler doubler double: 


Non- 
Ring oscillator overlapping 
clock 


DC-DC block 
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Full system block diagram 


Ve O15V 


Non- 
Ring oscillator overlapping Driver 
ck 


DC-DC block 


1. Output capacitor of RF-DC supplies DC-DC 
2. Enable generator logic constructed using back to back inverters 


3. 5 MOSFETs added to limit supply voltage to ring oscillator RICOH 


imagine. change 


Sanjeev K, Manjunath M, TV Prabhakar, KJ Vinoy, Some Practical Considerations of RF to DC Converter using Low Vth 
CMOS Rectifier, Applied Computational Electromagnetic Conference, Guwahati, Dec 28-21, 2015 56 


Full system simulations 


Output capacitor of RF-DC loaded heavily when clocks transition, so ripples 
exist in RF-DC output. 


Below 0.5V at clock transitions, above 0.5V between clock transitions 


Time step is 8ps for RF-DC simulation and DC-DC has to run for hundreds 


of us or few ms, so simulations times are large. 


27 /1,6x10° 


Output voltage=2V across a load of 1.6MQ, which gives Efficiency = > = 25% 


57 


ummary with IC Design 


Low Vth NMOS based DCP gives 42.3% efficiency. 


FGCCR gives 55% efficiency. 


The overall system efficiency is 25%. 


Higher than efficiency reported in literature for RF-DC converter operating at 
-20dBm, 2.4GHz in 130nm technology. 


Reference This work [5] 7] [6] 
Power level -20dBm -25.7dBm -22.6dB -20dBm 
Frequency 2.4GHz 2.45GHz 906MHz 2.4GHz 
Efficiency 55%(simulated) | 37%(measured) | 10%(measured) —_| 36%(simulated) 
Rectifier FGCCR in UMC DCP in 0.5um DCP with floating | FGCCR in 130nm 
130nm CMOS Silicon on gate transistors in | CMOS 
Sapphire 0.25m CMOS 


53 


. ASIC Design for |OT 


* Working on a 3-chip architecture 
— Our chip to enable sensing, and control functions 


— Communication using an external Monza chip 


¢ Fabricated chip using commercial services!! 


‘ON-Chip 


Voltage 
Umiter 


3 ee 
Master 
Module 


apc he— Sensor 


— Power Lines 


— Signal Lines 


— Clock Lines 
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attery-less Sensor node for BLE 
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Bharat Hegde & Syed Younis 2015-16 Power (dBm) ’ 


Summa 


* Most low power wireless terminals operate intermittently 
* These require anywhere 50uW to about 10mW for their operation. 
— Batteries limited: cost, size, stored energy 


— Solar: not dependable through 


* WPT and RF EH can enable wide use of loT 
— Main challenges in the design is the low incident energy/power/voltage 


— High Quality factor components may help 


* Several fabricated examples discussed here: All can transmit data to an 
aggregator wirelessly 


— Different standards implemented. 
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Free Energy From Air Circuit 


Last year | found a United States Patent that showed how ta collect ambient energy right from the air. I finally decided to build 
this curcuft just to see what it could do. 


[protected] 
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“The abave images are from the circuit | built. Most of the text and info comes direct from the US4628299filed by Joseph Tate. 
us4628299, 


‘The Amazing Ambient Power Module 
Parts List for the APM-2 


Four 1N34 germanium diodes (Radio shack #276-1123) ~ Figure 1, X2, X2, X3, & x4 
‘Two 0.2 mfd 50 V ceramic capacitors ~ Figure 1, Cl & C2 

‘Two 100 mfa SOV electrolytic capacitors (Radio Shack #272-1016) ~ Figure 1, C3 & C4 
Copper wire for antenna & ground connections 


Introduction 


The Ambient Power Module (APM) is a simple electronic circuit which, when connected to antenna and earth ground, will 
deliver low voltage up to several milliwatts. The amount of voltage and power will be determined by local radio noise levels 
and antenna dimensions 


Generally a long wire antenna about 100" long and elevated in a horizontal position about 30' above ground works best. A 
longer antenna may be required in some locations. Any type copper wire, insulated or not, may be used for the antenna. More 
details about the antenna and ground will be discussed further on. 


‘The actual circuit consists of two oppositely polarized voltage doublers (Figure 1). The DC output of each doubler is connected 
In series with the other to maximize voltage without using transformers. Single voltage doublers were often found in older TV 
‘sets for converting 120 VAC to 240 VDC. In the TV circuit the operating frequency is 60 Hz. 


FIG.1 
APM-2 SCHEMATIC DIAGRAM 
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‘The APM operates at radio frequencies, receiving most of its power from below 1 MHz. The basic circuit may be combined with 
a variety of voltage regulation schemes, some of which are shown in Figure 2. Using the APM-2 to charge small NiCad 


batteries provides effective voltage regulation as well as convenient electrical storage. This is accomplished by connecting the 
‘APM-2 as shown in Figure 26. 


VOLTAGE REGULATORS 


4 x + 


oa 


anptent 
Power |1NS221A y 


a 
MODULE ' —.-° 
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Ae 
2 — | rower 2.2 wr-caD 
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‘Charging lead acid batteries is not practical because their internal leakage is too high for the APM to keep up with. Similarly, 
this system will not provide enough power for incandescent lights except in areas of very high radio noise. 


It can be used to power small electronic devices with CMOS circuitry, like clocks and calculators. Smoke alarms and low 
voltage LEDs also can be powered by the APM. 


Figure 3 is a characteristic APM power curve measured using various loads from 0-19 kOhm. This unit was operating from a 
1100’ horizontal wire about 25° high in Sausalito CA. As can be seen from the plot, power drops rapidly as the load resistance 
decrease from 2 kOhm. This means that low voltage, high impedance devices, like digital clocks, calculators and smoke 
alarms are the most likely applications for this power source. Some applications are shown in Figures 4 through 7. 
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FIG. 3 AMP Power Envelope 
Volts vs. Resistance 
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Figure 4 ~ A digital clock is shown powered by the APM-2. The 1.5 volt clack draws 28 microamps. Its position on the power 
‘envelope curve would be off the scale to the right and almost on the bottom line, dissipating only 42 microwatts. 


FIG. 4 Clock powered by APM 
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FIG. 5 APM charging a battery 


Figure 6 shows a clock which has the APM.2 built into it soit is only necessary to connect the antenna and ground wires 
directly to the clock. The antenna for this clock, which is a low frequency marine type, is shown in Figure 7.These antenna are 
expensive, not generally available, and usually don't work any better than the long wire mentioned above. But it may be 
necessary to use them in urban areas where space Is limited and radio noise is high 


Building the Module 
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‘The builder has a choice of wiring techniques which may be used to construct the module. It may be hand wired onto a 


terminal strip, laid out on a bread board, experiment board, or printed circuit. Figure 8 shows some of the different ways of 
constructing the APM-2. 


Figure 8A is constructed on a screw strip terminal; Figure 8B is constructed on a perforated breadboard; Figure &C is built on a 
standard experiment board; Figures 8D, 8E, and 8F are all printed circuits; Figure 8F is made up on a solder strip terminal. 


rN. 04,U,U,U,5,1%y 


IF you wish to make only one or two units, hand wiring will be most practical, either on a terminal strip or breadboard. 
‘Assembly on the terminal strip (Figure 8A) can be done easily and without soldering, Itis important to get the polarity correct, 
on the electrolytic capacitor. The arrow printed on the side of the capacitor points to negative. 


Figure 9 is a closer view of the terminal strip with an illustration of the components and how they are connected. 
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‘The breadboard unit is shown in Figure 10 with all components on one side and all connections on the other. All you need is a 
2" x 2" piece of perforated breadboard (Radio Shack #276-1395) and the components on the parts list. Push component wires 
through the holes and twist them together on the other side. Just follow the pattern in the photo, making sure to observe the 
correct polarity on the electrolytic capacitors and the diodes. The ceramic capacitors may be inserted in either direction. 


‘The experiment board unit is assembled by simply pushing the component leads into the board as shown in Figure 11. This 
Unit is powering a small red LED indicated by the arrow. 
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FIG. 11 EXPERIMENT BOARD 


GROU 


‘The solder strip unit is made up on a five terminal strip. The antenna connection is made to the twisted ends of the ceramic 
capacitors. When soldering the leads of the 1N34 diodes, care must be taken to avold overheating. Clip a heat sink onto the 
lead between the diode and the terminal as shown in Figure 12 


FIG. 12 SOLDER STRIP UNIT 
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FIG. 13 


EF low 


Figure 14 shows the front and back view of the completed printed circuit. 


Patent 
Pending 


‘A small switch may be installed on the board to activate the zener regulator (Figure 15). This board was designed for use in 


clocks. 
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FIG. 15 


Antenna Requirements 


‘The antenna needs to be of sufficient size to supply the APM with enough RF current to cause conduction in the germanium. 
diodes and charge the ground coupling capacitors. it has been found that a long horizontal wire works best. It will work better 
when raised higher. Usually 20-30 feet is required. Lower elevations will work, but a longer wire may be necessary. 


In most location, possible supporting structures already exist. The wire may be stretched between the top of a building and 
‘some nearby tree or telephone pole. If live wires are present on the building or pole, care should be taken to keep your 
antenna and body well clear of these hazards. 


To mount the wire, standard commercial insulators may be sued as well as homemade devices. Plastic pipe makes an 
‘excellent antenna insulator. Synthetic rope also works very well, and has the advantage of being secured simply by tying 
knot. It is convenient to mount a pulley at some elevated point so the antenna wire may be pulled up to it using the rope 
which doubles as an insulator (Figure 16), 


page 1O7IE 


VoltsXamps | Free Energy From Air Circuit 
Copyright Jeff McDaniels webmastersof@gmail.com 
http://www. voltsxamps.com/?p=245 


Figure 17 is an illustration of a horizontal wire antenna using a building and tree for supports. 


Grounding 


Usually a good ground can be established by connecting a wire to the water or gas pipes of a building. Solder or screw the 
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wire to the APM-2 ground terminal. In buildings with plastic pipes or joints, some other hookup must be used. A metal rod or 
pipe may be driven into the ground in a shady location where the earth usually is damper. Special copper coated steel rods 
are made for grounds which have the advantage of good bonding to copper wire. A ground of this type usually is found within 
the electrical system of most buildings. 


Conduit is @ convenient ground provided that the conduit is properly grounded. This may be checked with an chmmeter by 
testing continuity between the conduit and system ground (ground rod). Just as with the antenna, keep the ground wire away 
form the hot wires. The APM's ground wire may pass through conduit with other wires but should only be installed by qualified 
personnel 


Grounding in extremely dry ground can be enhanced by burying some salts around the rod. The slats will increase the 
conductivity of the ground and also help retain water. More information on this subject may be found in an antenna handbook. 


Good luck getting your Ambient Power Module working. Itis our hope that experimenters will ind new applications and 
Improve the power capabilities of the APM. 


CopyRight joseph Tate 


Inventors: Tate, Joseph B. (Sausalito, CA) 
Brown, David E. (Mill Valley, CA) 


‘Application Number: 06/695632 


Publication Date: 12/09/1986 


Filing Date: 01/28/1985 NOTE: The images maybe hard to see as they were originally scanned and uploaded in black and 
white. If it helps you to replicate this device you may want to check the images of the one | built at the very top (in color) Here 
are some more photos of my completed unit for your review. 


page 12718 


VoltsXamps | Free Energy From Air Circuit 
Copyright Jeff McDaniels webmastersof@gmall.com 
http://www. voltsxamps.com/?p=245 


c) VoltsXAmps.com 
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FM Crystal Radios? 


SS sss Ss 


1 have heard, even from a physicist, that it is impossible to build FM crystal radios. On the other hand some experimenters 
claim that they have built them, This argument intrigued me to try and build an FM crystal radio, which I have done 
successfully. To my surprise, the result is an astounding performer, pulling in four local stations in Tucson, When 
connected as a receiver to a good sound system the sound fidelity is as good or better than more expensive AM radios. In 
fact, it sounds "high-fidelity" 


This picture shows the Solomon FM Crystal Set in an acrylic display case. I made the set specifically to fit inside this case 
(the case came first). 


My definition of a crystal radio is one that is not powered, except by the radio transmission itself and employs a crystal 
detector. So, it should work without any batteries or AC power. An FM crystal receiver must be able to detect and receive 
FM signals well enough to be heard in earphones without any such extra power. 


This FM receiver is an amazing performer. It has crystal clear reception (pun intended), good sensitivity, but only 

fair selectivity. This set was a discovery for me. I started out by designing and building the normal AM sets. Then 

one day while testing the "Mystery" set (see my other web links), to my surprise, in addition to the expected 

panoply of AM stations, I heard a very faint signal that I could not tune out. At first, it seemed too weak to identify. 

‘When I tuned out all the AM stations, I was astonished to hear the announcement "KiiM FM, 99.5"! This is a 
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country music FM station here in Tucson. It was all over the dial, untunable, but the much louder AM signal 
masked it when they were tuned in. 


set myself the task of trying to improve the FM reception, I tried some simple circuit modifications that did not 
seem to improve anything. Then I connected a dipole antenna instead of the AM antenna I normally use. Suddenh 
the FM signal was much clearer, although still weak. By using the audio output and sound system amplifier, I was 
even more amazed that four different FM stations came in loud (or rather medium) and clear. I found that changing 
the telescoping antenna length and position I could tune the stations in and out. They were KRQ, KLPX, KiiM, and 
KHYT all local FM stations with transmitters nearby. Their reception was also affected by the length and position 
of the audio output cable. 


After doing some research, I discovered that there was a physical theory that claimed that FM reception was 
possible and even probable using the same circuit as an AM receiver. The theory is called "slope detection”. So, I set 
out to find circuit improvements. A web search yielded little, mostly theory. But there was enough information that 
I thought I could make some modifications to the AM circuits to make them more tunable to FM signals and less 
tunable to AM. Since FM operates at higher frequencies, all I had to do, I thought, was make the coil and caps 
smaller. After much "tinkering" I arrived at the current circuit. 


The circuit looks identical to a classic AM crystal circuit but is even simpler to build. The components were reduced in 
dimension to resonate at higher frequencies. This was done by experimenting with smaller and smaller coils and capacitors, 
The antenna is also much reduced in size (from that of AM) to resonate at higher frequencies (the antenna is crucial). The 
air variable capacitor I used has two trimmers in it which should be adjusted for best reception. have found that a 
commonly available vernier dial and knob will fit the capacitor nicely. See end of article for a picture of the variable, C3 is 
ceramic capacitor of 18 pf, but may be anywhere from 10 to SOpf. A detected FM signal is converted to AM due to an 
effect called slope detection that modulates amplitude, 


This FM Crystal Set works best near the transmitter (I have not tested it beyond about 10 miles), Secondly, the sound level 
is quiet, especially without an amplifier. A quiet room is needed for listening with earphones, One must be willing to move 
the set around to find a location for the best reception of signals. However, in addition to listening with high impedance 
earphones (crystal or otherwise), the set can be connected directly to an audio amplifier's low level magnetic input which 
can then play amplified through a sound system at any volume -- sounds GREAT. In fact, I recommend starting tests with 
the FM crystal set by connecting it to the low-level phono inputs of a receiver or preamplifier. (Nowadays, many receivers 
don't even have a phono input!) That way you can crank up the volume, which makes it more likely to find the FM stations. 
If no signals are detected, | also recommend connecting an external "rabbit ear" antenna or hanging a short wire (12 inches 
or So) in various positions next to the internal antenna, The variable length of rabbitt ears can help to tune in stations. 


No additional wiring or antenna is necessary (the antenna is optimized in length for FM.) 
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L- 4 turns #18 copper or silver wire, 12mm inside diameter, tapped at 2.5 turns 
Ant 7 inches of #18 bare copper wire 

Cl - 18 pf ceramic capacitor 

C2 - 50 pf air variable capacitor 

D- 1N34 diode or rock crystal 

R- 150K resistor 


The diode is tapped directly to the antenna. The vernier dial fits directly on the tuning capacitor. The antenna parallels the 
perimeter of the acrylic face plate. "Military style" #18 AWG wiring is used without any insulation, It is important to keep 
the components physically close together, The component specifications are the same as in circuit #2. The coil is silver 
rather than copper, but copper does just as well. I think that the contrast of the silver and copper is beautiful. The coil was 
wrapped around a Sharpie Permanent Marker, then slipped off and expanded slightly. The wooden base is made from 
lacquered, polyurethane padouk, 


consider this set a work of art as well as science and think it is the most elegant crystal receiver I have created. I love the 
contrast of the silver coil, the copper antenna, the clear acrylic faceplate, the black vernier dial, the white and 

transparent variable capacitor, and the subtle colorings on the resistor, the diode, and the lucite base. Yet the circuit is so 
ridiculously simple that some will not believe it is possible without building it themselves. No shielding is necessary, and 
there is no problem with hand capacitance. However, the output cable position may affect reception sensitivity. 


Photos of wired circuit 
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A hand is included in this photograph to show seale. Note the military style wiring, diode, and antenna. I wanted the wiring 
to create a modern design similar to a Mondrian painting. Not only is this set beautiful, it works! No power and no long 
antenna! It looks like a work of fiction. 
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Is this thing imaginary ~ science fiction? Well, imagination did play a part, but itis definitely not science fiction. This shot 
shows the elegance of the FM set best, I think. There is only one resistor and one fixed capacitor. 
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The inside of the tuning capacitor and the phono jack/output can be seen here. Can you spot the fixed ceramic capacitor? 
‘Note the polished edge of the face plate and the reflection in the wooden base. 
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A quarter-inch piece of lucite was fitted under the tuning capacitor to anchor it. Note the two tiny trimmers on the back of 
the tuning capacitor, Brass screws were used to enhance appearance, 
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The vernier dial is large to accomodate ease of tuning, and the vernier makes it easy to separate stations, Two golden 
(brass) wood screws fix the face plate to the base. Holes for the face plate were made with special plastic drills, but 
ordinary drills may be used if drilled very SLOWLY. The knob is removable. 


SS ee SS 
FM Crystal Circuit #2 
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175mm (7 inch) antenna 


L- 5 turns AWG#18 bare copper or silver wire, 12mm inside diameter, tapped at 2.5 turns 
D- 1N34 or rock erystal diode 

Cl - 82 pf capacitor 

C2 - 80 pfair variable capacitor 

C3 - 18 pf capacitor 

R- 150K resistor 


The following photographs show the circuit wired with the handmade Saturn Dial. and knob. It is perhaps not as visually 
striking as set No. 1, but it works just as well. In fact, this set was the original version, Notice that all the wiring and coil 


are copper. 
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‘The Saturn dial and knob were fashioned from a "doll’s head" from Michael's Arts and Crafts, a piece of lucite cut with 
two circle cutters, and a brass paper fastener, The knob is fixed to the tuning capacitor with a small machine screw that fits, 


in the hole below the brass fastener. The most difficult part of this was fashioning "Saturn's rings". This must be done very 
carefully and slowly. The inside edge should be cut slightly undersized and then sanded with a drum sander to fit snugly. 
The outside edges can be sanded with fine sandpaper and polished with a plastic polisher. 
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FM Crystal Radio 


The air variable capacitor may be obtained from Electronix Express at http://www.elexp.com/. Part number 14VCRF10- 
280P, The 80 pf side is recommended for the second circuit, contacts 2-3. Contacts 1 and 3 were used for the first circuit 
(50pf). 

+ OSC: 5-59 pf 

+ ANT: 5-142 pf 

= OSC and ANT Trimmer 1Opf range 
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FREE ENERGY FROM THIN AIR! 


Technology (/technology/) > Science by DrewPaulDesigns (/member/DrewPaulDesigns/) Follow 


79,181 RB — 230 
Posted May. 24, 2016 | 


"Free energy from the air?, Yea, right!" Sardonic skepticism was my first reaction to 
this unusual concept, as well. 


Though, its not so far out there, in fact. Light can be converted to DC current with 
solar panels, electricity can be converted to magnetism as | did in my last article 
(https://www.instructables.com/id/DIY-Electro-Magnetic-Levitation/), in a 
microphone sound waves are converted to an electrical signal (by vibrating a 
magnet near a coil (http://hyperphysics.phy-astr.gsu.edu/hbase/audio/mic.html)), 
solar rays can even be focused and converted to heat in awesome devices like this! 

http://www.gosunstove.com/) When we think about it, energy is all around us and 
can be harvested in an enumerable many of ways. 
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p 
specifically designed to sense and capture a particular band of energy which is all 
around us. 


The earth is magnetic and anyone who has ever used a compass knows this. 
Magnetic bodies in motion produce electricity, we can see this in any alternator, like 
the one in your car. So, therefore the earth is electric as well as magnetic, by 
definition. 


Can we detect this energy? Yes, we sure can! Ever turn on a radio in the middle of 
nowhere and heard static? That is your radio picking up naturally occurring energy 
in the RF spectrum! 


Can we use this energy to do work? Absolutely! This has been known for a long 
time. Crystal radios (https://en.wikipedia.org/wiki/Crystal_radio) have been around 


since before the 1930's and can run with no input energy other than the radio 
signal. Even when completely isolated, but from the atmosphere, a crystal radio will 
produce a voltage in the earpiece resulting in a sound (albeit and undesirable one). 


Well, this is where it gets interesting... 


Can we replicate this effect? Yea, and with modern components like the high quality 
crystals found in germanium diodes, we can even increase efficiency. By applying 
this concept as a Crystal Energy Receiver we can take advantage of a wide range 
of energetic frequencies rather than tuning in to just one. 


Can we scale it up? Definitely. Things like micro germanium diodes, high efficiency 
antennas and compact contemporary capacitors make the components that are 
required to build a crystal receiver fit in the palm of your hand. While there may or 
may not be a more efficient way, this renewable energy solution is simple to employ 


and can be scaled up, or dayyn,, indefinitely. f 7) 


It sounds like we can build a Crystal Energy Receiver. Let's give it a shot... 
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Step 1: What You'll Need 
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One of the reasons this particular renewable energy harvesting method is so viable 
is the relatively few and easy to obtain materials required. 


The simplest crystal receiver design needs no power and can be built with only 
three parts: a coil, a crystal and a resistor. We're going to optimize that design in 
order to produce a cleaner and more reliable output signal by first polarizing the 
input amplitude, then rectifying and filtering the signal. Then we'll add an antenna, 


case and connections. 


Get the circuit diagram here (http://www.drewpauldesigns.com/crystal-enerqy- 


itm. 


receive 
Get the kit here (http://www.drewpauldesigns.com/crystal-energy-receiver-kit.html) 


The parts for the circuit Maced 2 


aya 10-18 gauge eae Wire 

(2-12+) Ceramic Capacitors (matched) 

(2-6+) Electrolytic Capacitors (matched) 
*note various types of capacitors can be used 
(4) Germanium Crystal Diodes (1A+) 


Total Unit Cost: +/- $0.40 (USD, scaled for volume of 1,000+ units ) 


In addition, you'll probably want to get: 

(1) Project box (optional) 

(1) Antenna (a loop antenna or elevated antenna is recommended and can be 
made with copper wire) 


The tools you'll need are: 

Soldering Iron/ Solder (optional) 

Multimeter 

Oscilloscope (http://www.seeedstudio.com/depot/DSO-Nano-v3-p-1358.html? 


cPath=63_ 65) (optional) 


That's it. Yup, that's all. Once we've got it all, let's begin. 
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Step 2: Build the Circuit 
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We're going to build the simplest version of this circuit variation in order to 
understand how each component interacts and as a proof of concept. 


There are three simple systems at work in the circuit that are composed of 
capacitors, which store energy, and diodes that direct it. 


Energy in the band of radio waves, among others, will vibrate a wire antenna on an 
atomic level, sending a discernible signal to its lead. This signal will then meet the 
junction between two ceramic capacitors wired in series. This junction will force 
positive charge from the wave to travel in one direction and negative charge in the 
other direction which, when collected again, makes the signal uniform and polar. 
Connecting the two capacitors in series creates leads on each end; the now 
positively charged side of one and the now negatively charged side of the other 


creates a two cell battery. jovntoad f v — 


This next stage of the circuit takes a signal with a net value of zero, adds the 
absolute values of the positive and negative amplitudes with respect to the origin 
and produces a positive integer. This concept can be thought of as taking: 


(+1) + (-1) + (#1) + (-1) =0 
and converting it to: 


I[+1) + 4) | =2 
“+ 

11-1) + (1) = 2 
=4 


Isn't math fun? 


To each of these leads from our two capacitors in series, we will connect two crystal 
diodes, one facing each direction, to form what is called a bridge rectifier. A bridge 
rectifier is a configuration which will convert an alternating current to a direct one by 
cleverly rerouting the signal. 


By connecting the bridge rectifier as shown in the circuit diagram, this direct current 
from the diodes then charges the electrolytic capacitors. This stage normalizes the 
amplitude, making the current constant and usable. 


Components can easily be twisted together for testing and then soldered to a circuit 
board to secure. 
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Step 3: Test.and, Optimize Your,Circuit 


To test and analyze our circuit, we'll be using a digital voltmeter and oscilloscope. 


By connecting a voltmeter to the output, we'll immediately begin to see a small 
voltage climbing in the 10-100mV range. If not, we'll want to check our connections 
and make sure the circuit is not isolated from the environment by taking it outside to 
a clear area. 


Then, by connecting an oscilloscope to the outside leads of our two ceramic 
capacitor bank, we will see the the polarized signal being captured from the air 
around us. We can then connect after the diodes to see our varying direct current 
and then to after the electrolytic capacitors to see a normalized, usable direct 
current at our output. 


We can then optimize the input resistance in two ways. Firstly, we can add 
additional ceramic capacitors in parallel to our original two and make sure our 
soldered connections are consistent and thick in this area. 


We can optimize the circuit's capacity by adding electrolytic capacitors in parallel to 
our original two which will allow this circuit to charge slightly when not in use. For 
this purpose, a charging circuit can also be added here in order to incorporate an 
optional battery bank. 


We can optimize the antenna by. attaching loopsgand coils af copper wire in various 
, store-bought antennas or by stringing some wire up to the highest point 


you can reach. 


We don't have to stop there, either. We can now connect multiple circuits in series 
to increase voltage or in parallel to increase current. This can be done indefinitely. 


Add Tip Ask Question 


Step 4: Add a Case and Antenna 


After choosing an antenna in the last step we'll now want to permanently wire it. 
Whether you choose a compact antenna for portability or a tall fixed antenna for 
power and range, we will wire it in the same manner according to the diagram in 
the previous step. Note that the input on the configuration here is grounded to the 
metallic case, and thus the users hand, and incorporation of longer antennas will 


require proportionally more substantial grounding. 
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electrical device or charging circuit and battery bank. 

Next, we will add a case, making sure to isolate exposed leads with non-conductive 
material especially if mounting in a conductive case. A piece of cardboard secured 
with glue is sufficient for the circuit's bottom and shrink wrap or electrical tape can 
be used in the case of any additional exposed leads. Drill two holes in your 
enclosure, one for the antenna or antenna lead and another for your output 
terminals. You can then insert your components, fasten the enclosure and your 
device is ready to use! 
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Step 5: Your Crystal Energy Receiver Is Complete! 


Your Crystal Energy Receiver is now complete and ready to use! 


| built a portable version, for proof of concept and demonstration purposes. 
However, you can go as big as you want- to passively charge batteries or run 
equipment remotely; or go as small as you want- to power sensors, RFID devices, 
small electronics and more. 


| used this harvested energy to easily power a low-consumption quartz clock, a 
digital chronograph with integrated circuits and LCD and was even able to 
momentarily rotate a small dc motor. 


Because of its simplicity this device is a durable, efficient and reasonably effective 
method of harvesting radiant energy in a simple, replicable and sustainable way. | 
humbly hope that the contributions made here, and by those reading, can be one 

day used by people worldwide to conveniently capture free energy. 


Thanks for checking out my project and | look forward to seeing everyone's 
variations, suggestions and improvements! 


Add Tip Ask Question 


instructables,) Featured (featured!) _Wite an Insiructabib6abatirutoge) | Sion Up /accountgoore) 


‘DEAUTODESKYplake-syttnd(RtpriNAAkdtodesk.com) 


No resume needed. Just show us you can code. 


TRIPLEBY TE 


BY 


~ Germanium Diode ie 
IN34 or IN34A START NOW 
3 Easy Steps: 


1. Click ‘Start Now’ 


2. Free Access 
No Sign Up! 


3. Get Free Download 


Germanium de 


IN34 or IN34A CEM suite 


About This Instructable 


@ 2,351 views u 
46 favoritos 


GEORGE CHANIOTAKIS 
Be (imomber/GEORGE+CHA 
SURE into: youtube samt 


(member GeoRte onan raKisy 


Bio: A big helo to all mankind! This is my 
channel | hope you can find here various 
Interesting things on in Renawable Energy 
Technologies and .. More » 
((mamberiGEORGE%20CHANIOTAKIS/) 


More by GEORGE CHANIOTAKIS: 


UigIMAKE- 
PERMANENT] 

MAGNET. 

‘SYNCHRONOUS!Maks- 

MOTOR- —Wind- ——_(d/High- 
GENERATORMurbine!) —_Voltage-Die/) 


How to Make a Electrostatic RF Detector or Ghost Detector, Hunting Solution. 
‘Much cheaper and easier than you may think For Under $5 ! A simple 
description is that IN34 or IN34A RF Germanium Diodes for Crystal Radio can 
take "Ambient" or "Radio Waves" to turns them into DC energy. | would like to 
show the Tesla Coil Transmitter, where | made an homemade "RF Detector” this 
is the simplest detector! without any batteries or hardships circuit, only with IN34 
diodes and Ether to Earth!.. Stay Tuned and Enjoy! Please click the "ike" button, 
subscribe my channel, and share this with your friends... To support my "work" 
every ttle bit helps! Watch the "ADS* THANKS. 


+ See the original video hitps:/www.youtube.com/wateh\ 


Step 1: 


Get Complete RFIC Guide 


You Should Never Shop On Amazon nese (>) 
Without Using This Tek Hore’ Why 


Comments 


telonstenencrmmte: yas e@Ainapes.[PoxtConmen | 


LazaroGé (/memberiLazaroG4/) 2017-11-44 Rey 
| can't download and | was doing it before. | now need to go premium. This why 
i do not give any of my own files for the idea i have posted for free on You Tube. 


sorry for the not using of file and | have integrity and will not copy and paste as 
many do for free. 


# Moce Comments 


How to Make a Electrostatic RF Detector or Ghost Detector ty 


(OE UAT AN gi FUR_BPEUNEETUMASIU ANID!) IM OOS VIECINOOONBRH Ug 
load $f dligtdomntontabp-yeildetamiat olRB@tectr-or-Ghost-D/Who Wilape (about) 


project, eases, and conta, nstuctabies (asi), 
whey you ear owt make ating! eee reads Favor we Sharee 
: Jobs VcommuntyPostons-avalabatinaiiitath —_ 
ue oma Ton — 
[secret vee) ping ead 
Find Us Resources 

Facebook (hitp:/hwww.facebook comlinstructables) For Teachers (/leachers!) r 

‘Youtube (hp:hwwnyoutb.comseringtucablasy) __—_-Resdancy Program erretency 

uit psa Git Premium Account Vaecounghe sour 

Prorat peters comnstucabies) fone (epcunty invari aie 

was (tagtype question so 
Google (hts: goog con/nstctabes 
(hana onedl ‘Sitemap (/sitemap/) 


“Terms of Service (ntplusa.autodk comiadeklsrletiten2staiD=1251128id=21050721) | 

Privacy Statement (htp:iusa. autodesk comiadsklsardtitan?stl0=12311 2821252079) | 

Lega Nosces& Trademarks (hipusa audesk conega-nacssrademark!) | Mobie Ste (nips:/wuminsinctabies 
A (itpsusa autodesk comladshserdetipcindex?e-20781545&steID=123112) 


(© 2017 Autodesk, Ine. 


John Lewis 


Build a Homebrew Radio Telescope 


Explore the basics of radio astronomy with this easy to construct telescope. 


Mark Spencer, WA8SME. 


here are many ham radio related activ- 

| ities that provide a rich opportunity to 

explore and learn mare about the sei- 

ence of radio, One of those opportunities is 
radio astronomy. 

All matter emits radio frequency (RF) 
energy dependent on the temperature and 
makeup of the matter, including the matter 
in space, The foundation of radio astronomy 
is to study the heavens by collecting and 
analyzing the RF energy that is emitted 
by bodies in space, very much as optical 
astronomers use light energy collected by 
telescopes. It sounds complicated, While 
professionals use very sophisticated and 
expensive equipment, you can, with some 
simple equipment and a litle investment, 
build a radio telescope that will allow you to 
learn and explore the fundamentals of radio 
astronomy. 


‘A Homemade Radio Telescope 

In this article 1 will build on an existing 
design ofa radio telescope made from one of 
those ubiquitous TV dish antennas that you 
see around your neighborhood, The radio 
telescope (RT) project described here can 
easily be reproduced, Although this is not 
«fully capable RT, it can provide a wonder- 
ful leaming opportunity for you, or perhaps 
students in your local school 

Figure 1 shows the radio telescope setup. 
‘The major components include a mov 
‘TV dish antenna mounted on a wooden sup- 
port structure to allow pointing the antenna, a 
‘commercial satellite signal strength detector 
that displays the signal stength of sig 
collected by the dish on a meter and an inter- 
face that coaverts the signal strength into a 
tamplitude modulated tone, The tone is fed 
into a computer sound card and finally a 
computer and software graphically displays 
the signal strength asa function of time, 

The TV dish modifications are structural, 
and any available TV dish system ean be 
used. The signal strength detector costs 
between $40 and $65 and is widely available 
from Web retailers. The interface circuit, 
which will be described shortly, is easily 
duplicated and costs approximately $20. 
‘Finally, the display software is free 


als 


Figure 1 — Radio 
telescope system based 
‘onTV dish antenna, 


Figure 2 — Dual 
LNB mount. 
ote two coax / 
connectors. 


What it Can Do 
The following is just a sample of what 

you can do with this simple RT 

Use the sun to study and determine the 
beamwidth of the dish and verify the 
‘mathematic formula that is used to predict 
dish antenna performance 


Figure 3 — Homemade 
plastic single LNB, 
mounting Bracket. 


Measure the radiation intensity of the 
‘Sun and perhaps detect changes in solar 
activity 

m= Measure the relative changes in the sur- 
face temperature of the moon, 

‘Learn about and explore a common radio 
astronomy collection technique called the 
drift scan. 
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Figure 4 — Dual 
coax connector 
‘configured LNB. 
Terminate one 
connector with a 
dummy load. 


= Explore the fundamental principle of 
‘energy emission as a function of tempera- 
ture by detecting the relative differences 
between the temperatures of emitting 
bodies 

Detect satellites parked along the Clarke 
Belt in geosynchronous erbit and illustrate 
hhow crowded space has become. 


Figure 5 — CM satelite signal strength meter. 


‘Detect the Earth's rotation around the Sun 
and the Earth's spin on its axis by compa: 
ing daily drift scans of the horizon, 


Antenna Subsystem 

The basic RT system is based on the “Ity- 
Bint" design that is described in two Web 
pages.'2 The TV dish is an offset 18 inch 
dish that has down converter(s) mounted at 
the focal point of the dish, The down con- 
verteris called alow noise block (LNB). The 
LNB is a preamplifier/down converter that 
converts the satellite signals from around 
12 GHz down to around 2.4 GHz. Most 
modem dishes have two or more LNBs to 
access more than one TV satellite at a time 
without changing the pointing of the dish 


"Notes appear on page 45, 
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Figure 6 — SkyPlpe screen showing 
‘antenna response. 


(Figure 2). The LNBs are mounted to share 
the focal point of the dish, Since only one 
LNB is required for the RT, I made a minor 
adjustment to the published Iiy-Bitty design 
to position the single LNB at the dish foc: 
point. Mounting the single LNB. atthe foc: 
point really helps in pointing the antenna, 
Tused the existing LNB housing and 
‘mounting bracket asa template to determine 
the distance between the edge of the mount- 
ng arm to the mounting hole of the LNB. 
then used a piece of plastic to fabricate a 
new mounting bracket forthe LNB as shown 
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Figure 7 — AT Interface circult diagram. 
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Uniy Gain Suter 


‘Votage Sealer 


oat Specs 


Computer Sound Card 
‘and Resa SHPipe 


AD Sit ital Pot 


Figure 8 — AT Interface block diagram. 


in Figure 3. The dimensions are not super 
critical, but eareful placement certainly will 
improve the RT performance, 

‘Some LNBs have two coax connec: 
tors, Only one will be used in the RT 
(Figure 4). Its a good idea to terminate the 
extra coax connector with a 75 Q dummy 
load plug to balance the load on the LNB. 
‘The dummy loads for F type TV coax con- 
rectors are readily available from electronic 
parts retailers 

Note that the dish is mounted upside 
down. Though this orientation is not ideal 
for receiving satelite signals, this arrange- 
‘ment helps with pointing the dish in its radio 
telescope roe, 


Satellite Detector 
The detector used in this project is the 
‘Channel Master (CM) satellite signal level 
meter model 10041FD (Figure )-"The CM 
is connected to the LNB. Poser is supplied 
to the LNB through the coax connection 
from the CM. The CM detects t 
coming from the LNB and gives a meter 
indication of the signal strength and also 
varies the frequency of an audio tone to 
help technicians point the dish atthe desired 
satellite. As you move the dish through the 
beam coming from the satellite the meter 
indication will increase and then decrease 
at with the pitch of the audio tone 
“The lty-Bitty plans detail how to connect 
paver fo the CM and in turn connect power 
{o the LNB (this power connection is han- 
led by the interface inthis project). Though 
somewhat effective, the CM meter and 
variable frequency tone indications provide 
limited uty in detecting changes in signal 
strengths required for radio astronomy. 


Display 

To really study the signals received by 
the RT, you will need to see them displayed 
‘graphically on a strip chart, There is an 
excellent software package called Radio- 


SkyPipe that is posted on radio astronomy 
Web sites The free version of this software 
is a good place to start. SkyPipe uses the 
‘computer sound card to measure the incom- 
ing signal sength and graphically displays 
the signal strength as a function of time. 
Figure 6 is illustrative of a signals detected 
by the RT. SkyPipe is very easy to use but 
some study of the HELP files will make it 
‘easier for you to fully tap into the capabili: 
ties ofthis software 

‘SkyPipe requires audio signals to be fed 
into the sound card MICROPHONE jack. The 
‘output of the CM detector is either an ana- 
log meter reading or a frequency modulated 
(constant amplitude) tone that is not really 
compatible with SkyPipe, Aw interface is 
required, 


Interface 

What is required to make the CM output 
‘work with SkyPpe and a sound card isto con 
‘ert the signal level into an amplitude varying 
audio tone, The interface designed to do this 
is shown in Figure 7 and as a block diagram 
in Figure 8, Refer tothe block diagram during 
the description of the interface function. 

The unity-gain op-amp is used as a buf- 


fer hetween the CM meter driver circuit 


and the analog meter, The other op-amp is 
used as a voltage multiplier to scale the CM 
‘meter driver output voltage to match the 
'5'V reference voltage of the following analog 


Figure 10 — CM with intertace board. 


Figure 9 — Power and ground connection 
10 CM board. 


to digital converter (ADC). The variable resis- 
tor in this voltage multiplier citeuit is used 
to calibrate the CM to SkyPipe. The vollage 
from the multiplier is fed to a programmable 
interface controller (PIC) that is programmed 
as a 9-bit ADC to covert the analog voltage 
that is a function of received signal strength 
toa -bit digtal word that is used to control 
a digitally controlled variable resistor. The 
interface includes a simple Twin-T audio 
oscillator circuit that provides a tone of 
approximately 800 Hz that is fed to the com- 
puler sound card. The amplitude of this audio 
‘oscillator is varied by the digital pot that is 
being controlled by the PIC. The result isthe 
audio amplitude being varied in step with the 
signal strength detected by the CM. 

"The circuit provides power to the CM und 
the LNB. A 12 V source in the CM is tapped 
through an RE choke and this is connected 
to the LNB coax connector inside the CM 
(Figure 9). The 12 V isalso regulated 105 V to 
provide power tothe interface, Though prob- 
ably not required, there are two 5 V sources, 
‘one forthe digital components ofthe interface, 
tnd the other for the analog components with 
‘one common ground point. This arrangement 
is used to isolate potential digital and analog 
noise sources within the circuit. 

‘The interface is built on a circuit 
board and mounted right 
inside the CM box 
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Figure 11 — Aiming the RT at the Sun, note 
LNB shadow location. 


(Figure 10). Though I made an etched circuit 
board for the circuit, the hand wired. pro- 
totype worked equally well for those who 
\would rather roll their own. The PIC firm= 
ware is available on the OST Web site.* 


RT in Action 
The first thing you need to do is learn 
how to point the RT antenna, The best place 


Sy ~ 


Figure 13 — Drift sean of the Sun 
Indicating antenna’s azimuth pattern. 


to start i to connect the CM to the antenna 
and point the antenna at the Sun, Caution: 
Do not look into the Sun as you do this, or 
at any time, Adjust the pointing angle and 
elevation until you get peak signal strength 
as indicated on the CM meter or hear the 
highest pitch audio tone. With the antenna 
pointed directly atthe Sun, take note of the 
position of the shadow of the LNB on the 
surface of the dish (left in Figure 11). If you 
Jook from behind the dish, along the LNB 
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Figure 14— Sequential drift scans. Note the time offsets between the peaks. 
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supporting arm (between the arm and the 
rim of the dish), you will see the Sun being 
blocked by the LNB. 

‘Once you have the RT set up, it needs 
to be calibrated to match the output of the 
CM to ShyPipe, I have developed an Excel 
spreadsheet template to help with the cali- 
bation and a few of the other activities that 
{you can accomplish with the RT (also avail- 
able from the QST Web site). Turn the RT 
to a signal source, the Sun, or the side of a 
building would work, Turn the gain control 
of the CM to set the meter to maximurn, 
Run SkyPipe and adjust the variable resistor 
fn the interface board until you get a read- 
ing on the SkvPipe graph vertical (y) axis 
of approximately 32,000, With the maxi- 
‘mum value set, adjust the CM gain control 
through the voltage range (0 to 100 mV) in 
10 mV steps and record the corresponding 
yy axis value on SkyPipe. This data is entered 
into the Excel spreadsheet to compute the 
calibration curve between voltage and y axis 
value. Both voltage and y axis values are 
used in analyzing recorded signal strength 


‘A good first activity is to do a deft sean 
of the Sun, A deift sean means that you set 
the antenna azimuth (AZ) and elevation 
(EL to some fixed pointing angle and allow 
the Earth to serve as the rotator to drag the 
‘antenna across the sky, To doa drift scan of 
the Sun, frst set the elevation and azimuth to 
point difectly at the Sun (maximum signal) 
and then move the azimuth toward the west 
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Figure 15 — Clarke Belt plot — tracking 
down satellites. 


(eave the elevation set) until you are off the 
peak signal. Now start SkyPipe. In about 
15 minutes, the Sun will pass through the 
‘antenna pattern beam width and the result 
‘ill be as illustrated in Figure 13, You ean 
also use this collection technique to explore 
the antenna performance parameters. 

\ good second activity isto do two deift 
scans of the night sky on two consecutive 
nights (beginning the scans atthe same time 
each night) using the same fixed antenna 
aimuth (AZ) and elevation (EL). Figure 14 
shows two such drift seans. Although at fist 
lance they may not seem similar, there are 
some interesting features that are pointed 
tw by arrows. If you compare the time that 
these two peaks occurred, the time differ 
fence is about 4.5 minutes. This shift isthe 
result of the distance the Earth had traveled 
during the 24 hours between collections. 


‘This illustrates that the Earth's rotation as 
well as its travel in orbit needs to be consid 
‘ered when comparing drift scans, Enough to 
‘make your head spin (pun intended)? 

‘A final good starting activity is to point 
the antenna toward the Clarke Belt and find 
all the satellites in geosynchronous orbit 
‘wansmitting on 12. GHz. f you record signal 
strength peaks and AZ and EL for each peak, 
you will develop agraph of the Clarke belt as 
iMustrated in Figure 15, 

Thave only scratched the surface, and the 
sky isthe limit ofthis litle project. The RT 
project can certainly broaden your horizons 
and expand your understanding of our uni 
verse. Ifyou would like more detail than ean 
be presented here, please contact the author 


Notes 
‘swww.setileague.org/articies/ibt pa. 
Swww.aoc.nrae.edulepo/teachersiitybity/ 
procedure.html 
Swhvw.petintornational.com/channelmas- 
terl06i2/satelite.html, 
‘radiosky.convskypipeishere.html 
en.wikipedia. org/wiki/Geostationary. 
Swww.arr.orgfilesiqst-binaries! 


Mark Spencer, WASSME, is ARRL Education 
tind Technol Program Coordinator He i 
ARRL member an holds an Amat Exra 
Clas license, You can each Mark a 
F7A Basie Rd Colville, CA 96107 or at 
wwatameGarrLorg. 
‘id you sroy te aca? 
act your voto at 
eevartonmanten oy) 
inv ton 
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Simple demonstration to explore the radio waves 
generated by a mobile phone. 


Dr Jonathan Hare, Sussex University, Department of Physics, Falmer, Brighton. BNI 9QH 
Note: this article has been published: Simple demonstration to explore the radio waves generated by a mobile phone 
JP Hare, 2010, Journal of Physics Education, Institute of Physics, 45, p. 481 45 481 


Also see the brief full article at: mobile phone detector 


IMPORTANT NOTE: this device works very well on the old style mobile phones (as shown in the photo above). 
However, it does not always work well with modern smart phones. This may be because modern phones use higher 
frequencies, less power and use the power in a slightly different way (e.g. spread spectrum). Some smart phones do 
work and success may be due to the signal strength of the local mobile phone mast nearby. If you are in a low signal 
area the phone will create more power to ensure reliable communications. If you are in a very strong signal area (very 
near the local network) your phone will drop its output power and consiquently there will be less power to pick-up 
and to convert to a voltage to light the LED. 


Described is a simple low cost home-made device that converts the radio wave energy from a mobile phone signal into 
electricity to light an LED, No battery or complex circuitry is required. The device can form the basis of a range of 
interesting experiments on the physics and technology of our mobile phones. 


Len NS | One 


diode 


1 wavelength loop 
ca. 30 cm total 


7.5 em per side neeer 


resonant at 
ca 1000 MHz 


Fig. 1: left: mobile phone radio wave detector and right: the simple schematic 
Introduction 

Electromagnetic radiation (EMR) is at the heart of modern mobile phone data communications networks. The way a mobile 
phone and local base stations (the antenna covered masts you see dotted all around the place) communicate between each 
other is by using EMR in the radio wave part of the spectrum [1,2,3]. On switch-on your mobile sends digital information 
pulses by rapidly switching on and off the radio waves rather like a fast Morse code signal. Your text or voice is also 
converted into a series of digital pulses and sent across the network to be decoded (reassembled) by another mobile phone 
you dialled. 
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EM radiation and radio waves 
Mobiles make use of various bands of radio frequencies to communicate between the mobile to base and the base to mobile: 
in Europe these include 900 and 1800 MHz (850 and 1900 MHz in the USA and Canada) [2, 3]. 


The relationship between wavelength, speed of light and the frequency follows the well known formula 
Wavelength  (m) = speed / frequency = ¢ (ms"') / v (Hz) 

2. (m) = 300,000,000 / v (Hz) oF approximately: 

4. (m) = 300//v (MHZ)... Equation 1 


So for a mid-range of about 1000 MHz (1 GHz) we get a typical mobile phone wavelength of about: 
4. = 300/ 1000 = 0.3 m= 30 em. 


Simple radio wave detector 
The loop consists of about a wavelength of wire, ca. 30 cm so each side is about 30/4 = 7.5 em. The dimensions are not 
critical. The two ends are connected directly to a simple series circuit consisting of a high brightness LED and a germanium 
diode. They need to be connected correctly. All these components are cheap and readily available from electronic stores [4]. 
The loop can be made from a piece of copper wire roughly bent into a square (although a circular loop or rectangle will also 
work). If the wire is insulated remember to scrap off the insulation and solder-tin the ends. Simply solder the germanium 
diode and LED into circuit as shown in the diagram. 

On a new LED the long lead is the positive (anode) while the short lead is the negative (cathode). The germanium diode has 
a line (band) around the end which is the cathode. When correctly wired the LED and the germanium diodes are connected 
so they both allow current to pass in the same direction, i.e. in the circuit diagram the arrows point in the same direction. In 
practice this means the LED and germanium diode are joined at the cathode of one and the anode of the other. 

In my prototypes I used an insulator between the loop ends (light coloured cylinder in the photo) to make the whole thing 
more sturdy but this was purely for mechanical reasons and is not needed for the circuit to function properly. Note: a much 
more sensitive version using a x10 and x100 DC amplifier is described on my web site [6] 


How it works and how to use it 
When a radio wave passes across a metal object the EM fields cause the charged electrons in the metal to oscillate and this, 
causes small AC currents at the same frequency to be induced into the metal. If'a mobile is brought near to the loop and a 
call or text is made [5] the radio waves emitted from the phone pass across the loop. This induces a voltage into the antenna 
(the loop) and if it is close enough will be large enough to light the LED. As the loop is about one wavelength in size itis 
resonant and so there is a good transfer of power (low reactance) between the radio wave and LED. 


The mobile phone automatically tests the network and adjusts its transmission power to maximise the battery life and 
minimise network interference. As a result the brightness of the LED will depend on the data being sent (the average signal), 
the local signal strength and how close the loop is to the phone. Why the second diode? - It’s curious why the germanium 
diode is needed at all. The LED is a Light Emitting Diode after all and one would not think that another diode would help. 
However my initial experiments failed because I had not included it. The LED will have a relatively high capacitance which 
at these frequencies will tend to de-tune the loop and short out the LED. The germanium diode however is made up of a tiny 
wire which only makes a point-of-contact onto a piece of semiconducting germanium so it's ‘self capacitance is very low 
keeping the loop resonant. 


The germanium diode will rectify the AC signal from the loop forming a series of DC pulses that will be nicely smoothed by 


the LED's capacitance. Without the diode however the raw AC signal from the loop will tend to be averaged to zero by the 
LED's capacitance. 
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Fig. 2: Three loops in a row of varying size. The one described here and shown in Fig. 1 is shown in the middle. 
‘Smaller ones may well work better for higher frequencies such as the 3G networks (see below). 


Other size loops 
Fig. 2 shows a set of three loop devices with edge lengths of roughly 3.7, 7.5 and 15 em. You can find out for yourself that 
the best match to the mobile signal is with the full wave loop of ca. 7.5em per side. The other loops do work to varying 
degrees however (smaller ones may work better for the 3G network). The larger loop works well for the '70 cm’ amateur 
radio bands, 


‘The electric and magnetic fields making up the EM wave are orthogonal (they are at right angles to each other as they pass 
through space) to each other but depending how they are generated by the transmitting antenna can arrange themselves in 
any orientation with respect to the ground. If the electric field is parallel with the ground we say the wave is ‘horizontally 
polarised’ while if its normal to the ground we say its 'vertically polarised! The loop antenna will respond best to one type of 
polarisation (depending on its orientation) so it's worth experimenting with the orientation of the mobile (or the loop) to get 
the strongest signal - brightest LED. 


Mobile antenna 
Inside your mobile phone is a transmitter / receiver and antenna. Many mobiles have this antenna at the top of the phone but, 
some of the PDA type phones have it at the bottom, As a result you can locate the position of the antenna by moving it 
around the center of the loop till you get maximum LED brightness. 


Networks 
There are various different networks that a mobile may use both in the UK and abroad. It may be that you need to adjust the 
network phone settings on your mobile i.e. change from "automatic select” to set for "GSM" so as it get the strongest signal 
to light the LED. Note: the 3G network might not be powerful enough to light the LED. As the GMS network is currently the 
main network over the UK the device should work anywhere where you can get a signal as long as you check the correct 
selection on your mobile menus [5, 7]. The 3G network operates on a higher frequency (smaller wavelength) so you might 
find a smaller loop will work better than the main one described here. See ‘other experiments’ section below. 


‘Test signals 
In order to pick up the radio wave energy from the phone it obviously needs to be transmitting a signal, There are a few ways 
to do this: 


1) On switch ‘on’ (or change of network) you can see that the mobile initially transmits for a few seconds to the network to 
tell it it's there (especially if you have moved since turning it off). You don't actually need to dial a number to detect these 
signals. 

2) Even if don't text or call, throughout the day the mobile will send out data to "keep up’ with the network, especially if you 
are moving around (going through train tunnels etc. see below). 


3) When you make a phone call you will transmit, Initially there is quite a lot of data being sent but in a few seconds data / 
power only gets transmitted when you speak. So to light the LED continuously you need to talk or provide some background 
sound continuously. Your service provider voicemail might be a good free phone number to try for these experiments [5]. 
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4) Texting is the easiest way to show the radio wave power being transmitted. Long texts will light the LED for longer than 
short texts. 


5) Finally set up the mobile on the loop and use another phone to text or phone the mobile. Even though you are not directly 
using the phone you will see that even on 'receive' the mobile phone transmits data to and fro. Ring off before you get 
charged. 


Note: If you can use a free phone number it will save you money [5] 


to meter, 
headphones 


or data logger 
+ screened cable 


;-—— or twisted pair 


OA91 
diode 


I 
rest of loop 


Fig. 3: Adding a capacitor and coax (or twin) lead so that headphones, a meter or a data logger can be connected 
(Note: diode is reverse wired compared to Fig. 1). 


Other experiments: 

Hearing data - if headphones are wired across the LED they will convert the voltages into sound and you can ‘heat’ the clicks 
of the digital data being transmitted. These are the same clicks that so easily get picked up by sensitive electronics such as a 
stereo amp or recording equipment when making a video for example. Hence - 'no phones on’ when filming 


Logging data - if a meter, or better still a stand-alone data logger, is attached across the LED then one can monitor the EMR 
from the phone. For example even if you are not making a call your mobile will send signals too (and receive signals from) 
the network while travelling around. Fig. 3 shows a simple modification using a de-coupling capacitor so that a coax cable 
(or twisted pair) can be used to go to headphones, meter or data logger. Note the diode has been reversed so that the logger 
has the correct + and — connections for a unipolar input logger. The capacitor should help average the signal and stop radio 
frequencies going down to the logger. If one is available a few turns of the wire can be wound within a ferrite ring near to the 
logger so that maximum immunity to the mobile phone signal can be obtained for the logger electronics. 
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Fig. 4: Typical mobile phone data signals sent out onto the network while travelling around. These were recorded by a 
data logger from a mobile using the loop (no calls or text were made) while travelling on the train from Brighton to 
London Victoria (and then around London and return). Many of these peaks were the phone sending out 'I am here’ 
data after coming out of one of the many long tunnels under the South Downs during the journey. 


Out and about - Once you can log data you can discover all sorts of interesting things your mobile phone is doing without 
you realising it. Fig. 4 shows the plot over a few hours of travelling between Brighton and London (and within London) on 
the train. The detector was simply placed near to a phone that was not making or receiving a phone call or text, but was 
turned on. 


The graph shows that the mobile sends out signals to tell the network where it is as it travels along and in particular goes in 
and out of long train tunnels. The peak heights vary because of the different powers the mobile transmits at depending on the 
signal strength of the local network and also because of the way the data logger 'snatches' a reading from the circuit every 
few seconds. As your phone sends out data onto the network to ensure the very best communications as you move around, so 
your mobile and the network obviously knows where you are and where you have been. Thieves and criminals beware the 
police can track you! 


The inverse square law - If the transmitting mobile phone is moved away from the loop one would expect the signal to drop 
off. Unfortunately because both diodes need a certain threshold before they conduct the detector is not sensitive to small 
signals and not very linear. Therefore it's not very easy to use the device to measure the inverse square law (drop in signal v 
distance away) but of course you can see the signal go down. You could perhaps use the device to plot isobars - i.e. plot the 
equal intensity signals around the phone / nearby objects. 


Changing the resonant frequency of the loop - you might be able to make some simple sliding mechanism (e.g. a small 
trombone-like mechanism) out of metal tube for example to tune the loop device for different frequencies. Then you can use 
it to find the average wavelength and so determine the center frequency by adjusting the size for maximum brightness of the 
LED. The wavelength can be determined by measuring the total distance around the loop. If we assume the antenna is one 
wavelength in total length then the frequency can be established by rearranging Equation I, i.e. v (MHz) = 30,000 / L (cm), 
where L is the length around the loop (em), 
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Note: You will need to allow the transmitted digital signal to ‘settle down’ i.e. make measurements only after a few seconds 
after dialling / pick up so that only the sound data is being transmitted rather than the initial connection data. A constant 
sound will also need to be made so that the mobile phone continuously transmits data. It's worth playing music near to the 
phone or constantly whistling to keep sound coming into the phones microphone. 


Mobile phone detector - teachers who want to know if the students / pupils really have turned-off their mobile phones 
(rather than just put on’silent’) ean wire the loop device into the class room white-board speakers. Any mobile that is on in 
the class will send out signals which (if you are close enough) you will hear the data going to and fro - you will have your 
very own 'who's got their mobiles on’ device which might be useful for exams etc. 


Fig. 5: The SEPNet 'deluxe' printed circuit board version (peb) on a perspex stand where the loop is composed of a 
peb copper track and the diode and LED soldered onto the board (top) [8.9]. 


Summary 
Allin all then, for such a simple easy to make device I hope you agree that there is a lot of scope for interesting science / 
technology investigations with your mobile phone. The device would make a good science week project (for radio amateur 
clubs etc.) A ‘deluxe! pcb version (Fig. 5) on a perspex display case (Fig. 5) is currently going around the southem UK as 
part of the SEPnet outreach work, see the ‘Radiation Exhibition’ [8] and also as part of my on-going lecture series [9]. 


Post publication additions 
(What follows was not included in the published article as this calculation was worked out later). A full wave loop is 
resonant and so looks purely resistive to the radio waves. Such a loop will have a resistance of about 100 ohms (Note: this is 
the AC resistance and not the DC resistance which will be very low). Now power P = V x I (V = voltage and I = current) and 
resistance = R = V/ I therefore P = V7 / R or rearranging V = \(P x R) which means that the voltage created by a power level 
of say 50mWW (say for argument that roughly half the mobile phone power) arriving at the antenna will be about V = \(100 x 
05) which is aprox. V = 2V, enough to light an LED. 
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This cireuit uses a two transistor darlington driver to amplify the signal from the loop and diode making the detector 
‘much more sensitive, The LED will be much brighter using this circuit. Note: the circuit needs a battery to power it 
(e.g. a PP39V) 


References 
[1] These ultra high frequencies (UHI 
[2] wiki pages 

[3] Elektor Electronics magazine, June 2005 

[4] order codes for the germanium diode and LED are: 

e.g, Germanium diode: Maplin Electronics: QH71N, Rapid Electronics: 47-3114 

e.g, LED: Maplin Electronics: UF72P , Rapid Electronics: $5-0085 

[5] to save money use your voice mail service (often you simply dial 121), 

[6] for details of an amplified detector see: wavemeter 

[7] select ‘network setting’ from the mobile phone ‘settings’ menu and then go to ‘network mode’ and select ‘GSM 90/1800" 
rather than ‘automat 
[8] SEPnet mobile phone device on display throughout southern UK. [9] for details of my talks see: talks and workshops 


> 1000 MHz) are also often called microwaves. 
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Simple demonstration to show mobile phones emit 
radio waves 


Dr Jonathan Hare, Sussex Universit 
Note: this article is in press: 


Department of Physics, Falmer, Brighton. BN1 9QH 
lektor Magazine, July-August 2010, p. 56-57 


For other experiments with this device please see my full article at: mobile phone detector 
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left: mobile phone radio wave detector and right: the simple schematic, Below: detail of the LED and 
germanium diode. 
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IMPORTANT NOTE: this device works very well on the old style mobile phones (as shown in the photo 
above). However, it does not always work well with modern smart phones. This may be because modern 
phones use higher frequencies, less power and use the power in a slightly different way (e.g. spread 
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spectrum). Some smart phones do work and success may be due to the signal strength of the local mobile 
phone mast nearby. If you are in a low signal area the phone will create more power to ensure reliable 
communications. If you are in a very strong signal area (very near the local network) your phone will 
drop its output power and consiquently there will be less power to pick-up and to convert to a voltage to 
light the LED. 


This is a very simple and cheap device that demonstrates mobile phones (‘cell phones' or 'handies') generate 
radio waves, We have a 30 cm (7,5 cm per side) full-wavelength loop antenna (a 'Quad' to radio amateurs) 
connected to a germanium diode and a hyper-bright LED. The loop can be made of copper wire, thin sheet metal 
ora track ona peb. The diodes need to be wired correctly. | think the germanium diode is needed as the LED 
probably has too great a self-capacitance to perform at the very high AC frequencies generated by the phone (ca 
900 or 1800 Hz) but will work well with the DC pulses from the germanium diode (which has a very small 
capacitance). 


To show the mobile generates radio waves put the mobile near to the loop and dial a number (use a free phone 
number, ¢.g. your voice mail) or text, The radio waves will induce a voltage into the loop, large enough to light 
the LED. The LED will flash indicating the digital data being sent by the mobile phone transmitter. You may 
need to set your phone to 'GSM 900/180" rather than the ‘3G’ network in the settings menu. 


Maplin Electroni 
LED: Maplin Electronics: UF72P or 


s: QH7IN or Rapid Electronics: 47-3114 
-apid Electronics: 55-0085 


‘A very simple connector block version and a circular 1 wavelength loop 


THE CREATIVE SCIENCE CENTRE 
Dr Jonathan Hare, Brighton, East Sussex. BNI 9QJ. 


home | diary | whats on | CSC summary | latest news 


hitp:aaww.creative-science.org.ukimabile_LED_simple.himl 


as 


4019112017 ‘The Creative Science Centre - by Dr Jonathan P. Hare 


hitptawn.creative-science.org.ukimabile_LED_simple. html a4 


sae017 ‘The Creative Science Centra - by Dr Jonathan P. Hare 


BACK TO G1 


RADIO PAG 


EPAD MOSFET - 'near zero' and 'zero' threshold 
devices 
(e.g. the ALD110900) 


I will add more details to this page later on but for the moment it gives links to important and inspiring sites 


ARTICLES 
1) High Sensitivity Crystal sets, Technical Topics, Pat Hawker, Rad Com, p. 77-78, May 2007 

2) A novel kind of ‘crystal set’ radio, Giles Read, Rad Com, p. 60-61, June 2007 

3) also see Pat Hawker, Technical Topics, Rad. Com, January 200, page 53-57. 

4) High Sensitivity Crystal Set by By Bob Culter (N7FK1) 

generation Zero-Threshold Voltage EPAD™ design enables circuits with greater operating range in low 


LINKS ABOUT THE CHIPS / DEVICES 

1) Advanced Linear Devices web site 

2) EPAD MOSFET (ALD web site! 

3) ALD110800 and ALD110900 page (ALD web site! 
4) ALD110802 and ALD110802 page (ALD web site 


ORDERING THE CHIPS / DEVICES 
1) mouser.com (USA) 


'CRYSTAL SET' RADIO'S - DIFFEREN 
DETECTORS 
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‘Top: the medium wave (MW) test radio with a selection of ‘detectors’ (selected by the croc clip lead) 
Bottom: the short wave (SW) version with a ALD110900 detector 
(on each circuit board the connections are: antenna - top left, Earth - bottom left, audio output 
(heaphones / amp) - far right.) 


RADIO AND RADIO WAVES 
The simplest ‘radio’ can be a piece of wire attached to the input of an amplifier. Why does this pick up radio 
signals? Well in principle it should not be able to pick up anything but in reality poor solder joints in the 
amplifier circuitry, as well as point contact effects between the ends of the anenna wire going into the input 
socket of the amp as well as other effects mean that you do often hear radio signals, 


Radio waves are electromagnetic waves as they pass through a metal they induce small voltages into it. Any 
piece of metal e.g. metal fram specs, tape measures, metal window frames, a piece of wire ete, will act as an 
antenna and have tiny voltages induced into them, These voltages will be due to natural radio waves (from Space 
as well as the Sun and Earth), radio stations, satellites, mobile phones, garage door remote controls, microwave 
ovens..... the list goes on and on, 


In the case of long, medium and short wave radio stations the amplitude of the radio wave signal is modified by 
the music, voice or program - we call it Amplitude modulation AM. Here the strength of the radio waves varies 
as the tones, loudness and pitch of the program vary. As a result the voltages induced in the metal object 
antennas distant from the radio wave stations also vary in accord this program information or modulation. 


To actually hear the programs on the radio waves you cant actually take this tiny signal and listen to it directly 
(say with headphones or an amplifier). This is because the signal is a very high frequency signal out of the range 
of human hearing. To get the audible information - the program - ‘of? the radio signal you need a device known 
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as a ‘detector’. This is usually a diode but lots of other thin; 
mineral called galena, coke (burnt coal) ... as well as rusty 
ampilfier mentioned above apparently picks up radio signals 


can act as inefficent detectors for example a 
crews and bad solder joints which is how the 


In the early days of radio crystals of galina were used as diodes and so these radios became known as ‘crystal set 
radios’. They did not have any amplifiers and did not require any battery to work, They got all their power from 
that induced into the (of very long) antenna by the radio signal(s). The radio detector is an extremely important 
part of the radio and its proper function determines how well the radio works 


The radio signal is an AC signal. A speaker or headphones can not resonate at such high frequencies as radio 
waves and if you try to wire in the RF to the headphones the diaphram just averages the power. As half the time 
the RF is positive and half the time negative, in an AC signal, the average is zero and so you dont hear anything. 
The diode or detector is a device called a diode which only conducts electricity in one direction. So it only 
allows the positive, or negative half (one half but but not both) of the AC signal to go through (depending on 
which way it is wired). After the diode the average is now no longer zero its actually a changing signal 
dependant on the modulation of the radio wave - which is the information we want to hear. As this is at audio 
frequencies, and as the diaphram can move at audio frequencies, you hear the information on the detected RF 
signal - the music, voice or what ever. 


Why should some detectors (diodes) be ‘better’ than others? The answer is not that s 
‘magnifying’ the signals but rather that each diode requires a certain threshold voltage in order to start 
conducting (one way). Signals below this level will not get passed through and a signal only slightly larger will 
therefore only pass through weekly (the diode unfortunatly absorbing the majority of the signal). As a result for 
large signals you wont expect to see much difference between different detectors but for weak signals there can 
be a great deal of difference. In an ideal world the diode would start to (forward) conduct at just above zero volts 
and this ideal detector (which does not conduct at all in reverse) would produce the greatest signal possible for 
the particular strength signal applied to it. 


me are better at 


Recently I was playing around with OA91 germanium diodes for a mobile phone detector. I made a simple 10cm 
per side square loop and wired it directly to an LED. I was hoping that if I brought the mobile near to the loop 
and texted, or made a phone call, the RF should be picked up by the loop (which is almost resonant) and the 
LED should light - it didnt work! But putting an OA91 in series I did get it to work. So why did I need the OA91 
diode when the LED is itselfa diode? 


It can't be due to the threshold voltage in this case as I am still using the LED and I did get it to work with the 
same signal! So I guess it because the capacitance of the LED is very high compared to the point-contact 
germanium diode. If we extend this thinking to the crystal set radio I guess the germanium diodes have very 
little capacitance and so dont allow any of the 'wrong' half of the AC signal through and so act as a more perfect 
detector. An LED would have a high capacitance and so let some of the wrong half of the AC signal through 
which on averaging by headphones would be nearer zero (see above) - hence less sound, 


A low threshold (turn-on) voltage and a low self capacitance are crucial things in a good detector. Point contact 
germanium diodes having a very small area (a point of contact) have low capacitance and the germanium 
semiconductor-metal junction of the contact has a low turn on voltage. EPAD Mosfets also have low 
capacitance, high input resistance (low loading of the signal) and low turn on voltage. 
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MEDIUM WAVE TEST CIRCUIT (top in photo) 
As a simple test circuit to compare detectors I made up a simple ei 


antenna (long wire). This capacitor helps to reduce the effect of the antennas own capacitance and inductance 
from modifying the resonant frequency of the tuned circuit. Ideally this all a capacitance as you 
can get away with but too small a value will reduce the radios sensitivity 


‘An earth was connected to the ground connection of the circuit, Instead of taking the antenna end of the resonant 
circuit to a diode detector (as many simple crystal sets do) I used a ca. 10 turn coupling coil around the coil. This 
was done to limit the loading on the resonant circuit by the detector. It should help keep the tuning sharp and. 
also help to keep the overall (band) spread of tuning as large as possible. 


Because of the reduction in turns (ca. 100 turns : 10 turns, i.e. 10:1) the coupling coil reduces the signal that is 
available to drive the detector. For example if I use a standard silicon diode (e.g. a IN4148) which require 
about 0.6V to conduct then we might need ca. 10 x 0.6 = 6V of RF to be developed in the resonant circuit! A 
high Q resonant circuit might do this with a long antenna coupled to it but without such a generious antenna 
such a set-up wont be very sensitive. 


RESULTS 
I tried an array of 'erystal set’ type diodes to campare them. Typii 
This was with an Earth and about 3-4m of antenna wire randomly 
set up really - a good test). 


1 rough results are shown in the table below. 
‘ung near to ground level (so its a pretty bad 


The EPAD MOSFET data sheets described how the gate and drain of one of the MOSFETS can be joined 
together to form the anode of a diode the source then forms the cathode. I tried this arangement with the 
ALD110900 in order to make up a ‘crystal set! diode from this MOSFET but it didnt perform well. 
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Then I tried the alternative arrangement as described in the references above. In these articles they dont use the 
MOSFETS as diodes but connect the gate directly to the resonant circuit. As the input resistance is extremely 
high (c.a. 1E12 ohms) and the input capacitance is very low (c.a 3pf) it does not load the tuned circuit by any 
appreciable amount, The source and drain are then wired between the coupling coil and filter just as the usual 
diode detector is in a crystal set radio. In this configuration the MOSFET is working more as a gate voltage 
controlled resistor rather than a diode i.e ‘of? for half an RF cycle and ‘on! for the rest - this lets the envelope 
through and you hear the music or sound. One article describes the arrangement as a synronious detector. As 
there are two MOSFETS in one package the two are wired in parallel i.e. gate to gate, drain to drain (there is a 
‘common source) ete. 


DETECTOR TYPE | AF voltage produced 
after filtering 
1N4148 sai 
silicon no signa 
OA9I iat 
germanium 
IN@BA, nae 
germanium 
1N6O ae 
germanium 
‘AAZIT <= 
germanium 
ALD110900 
EPAD MOSFET <ImV 
wired as diode 
ALD110900 
EPAD MOSFET lomv 
wired as syne. dete, 


‘Typical results of the AF voltages produced by the detector (for use by headphones or amplifier) for an 
Earth connection, small (ca. 3-4m antenna wire near ground level) and the prototype ‘crystal set’ radi 


For the simple set-up described above there was not enough signal to get the silicon diode to work at all 
(although a much longer wire did provide a very small signal). A simple listening test and measurement of the 
AF prodiced by each diode showed that their was very little difference between the various germanium diodes. 
‘The MOSFET simply wired as a diode (gate wired directly the drain) was a poor detector - better than a silicon 
but not nearly so good as any of the germanium diodes. Finally the EPAD MOSFET wired as a syncronious 
detector worked really very well apparently producing ca. 10 times the signal (in other words it has much less 
loss than a germanium diode) for this particular set up and station than the germanium diodes. 


‘As the syncronious arrangement was so succesful it got me thinking about this circuit. As the gate goes straight 
in on the main resonant circuit where the voltages, in a good Q circuit, might well be relatively high I thought I 
would try a standard FET (2N3819) and MOSFET (VN10KM) instead - and they worked! (they are a lot 
cheaper than an EPAD MOSFET chip and easier to get). Some FETS have a larger input capacitance so it helped 
to put a 10pf capacitor in series to the gate (a 10M ohm from gate to earth might reduce S0Hz pick up). 
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‘They were not as good as the EPAD MOSFET (although I only tried a single device) but the arrangment was 
still better than a simple ‘crystal set’ diode. For weak signals the EPAD MOSFET should perform better as it is 
able to keep going while the FET and the standard MOSFET will start to trail off as the resonant circuit voltage 
drops below the relatively higher gate voltage required for these devices. However it was interesting to see that it 
seems to be possible to get a more efficent set-up for a ‘crystal’ radio using a standard FET or MOSFET than 
with the standard germanium diode detector. 


By the way I recently re-tried the 1N4148 diode but wired a 1.5V AA battery with a 100k resistor across it to 
forward bias it - and it worked ! It seemed to work better than a QA91! 


SHORT WAVE ‘CRYSTAL SET RADIO (bottom in photo) 

The bottom circuit shown in the photo above is my own short wave version of the 'erystal set’ radio but based on 
the references above, It's the same circuit as the MW radio but has a reduction drive tuning capacitor and 
different coil. I used about 7 turns (ca. 4cm diameter) for the resonant circuit and a couple of turns of insulated 
wire (white) for the coupling coil. I guess the radio tunes from about 3-8 MHz - I havent tried a sig gen on it yet. 


I made this in the summer months (not the best time for listening on this part of the spectrum), Using an Earth 
and few meters of wire for antenna I heard 2 or 3 stations from around the world during the day while at night 
there were at least 7 including the voice of Russia world service, Radio Thailand as well as German and French 
speaking stations. 
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Design Issues in Radio Frequency Energy 
Harvesting System 


Chomora Mikeka and Hiroyuki Arai 
Yokohama National University 
Japan 


1. Introduction 


Emerging self powered systems challenge and dictate the direction of research in energy 
harvesting (EH). State of the art in energy harvesting is being applied in various fields using 
different single energy sources or a combination of two or more sources. In certain 
applications like smart packaging, radio frequency (RF) is the preferred method to power 
the electronics while for smart building applications, the main type of energy source used is 
solar, with vibration & thermal being used increasingly. The main differences in these 
power sources is the power density; for example RF (0.01 ~ 0.1 «W/cm, Vibration (4 ~ 100 
uW/em?), Photovoltaic (10 uW/cm?~ 10mW/em) and Thermal (20 4 W/cm2~ l0mW/ene), 
Obviously RF energy though principally abundant, is the most limited source on account of 
the incident power density metric, except when near the base stations, Therefore, in general, 
RF harvesting circuits must be designed to operate at the most optimal efficiencies, 


‘This Chapter focuses on RF energy harvesting (EH) and discusses the techniques to 
optimize the conversion efficiency of the RF energy harvesting circuit under stringent 
conditions like arbitrary polarization, ultra low power (micro or nanopower) incidences and 
varying incident power densities. Harvested power management and application scenarios 
are also presented in this Chapter. Most of the design examples described are taken from the 
authors’ recent publications, 


The Chapter is organised as follows, Section 2.1 is the introduction on RF energy sources. 
Section 22 presents the antenna design for RF EH in the cellular band as well as DTV band, 
The key issue in RF energy harvesting is the RF-to-DC conversion efficiency and is 
discussed in Section 2.3, whereas Section 2.4 and 25 present the design of DTV and cellular 
energy harvesting rectifiers, respectively. The management of micropower levels of 
harvested energy is explained in Section 2.6. Performance analysis of the complete RF EH 
system is presented in Section 3.0, Finally, conclusions are drawn in Section 4.0. 


41.1 RF energy sources, 
These include FM radio, Analogue TV (ATV), Digital TV (DTV), Cellular and Wi-Fi. We will 
present a survey of the measured E-field intensity (V/m) for some of these RF sources as 
shown in Table 1, [1}-[2]. Additionally, measured RF spectrums for DTV and Cellular 
signals are presented as shown in Fig. 1 to show on the potential for energy-harvesting,in 
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these frequency bands. In general, many published papers on RF-to-DC conversion, have 
presented circuits capable of converting input or incident power as low as -20dBm. This 
‘means that, if an RF survey or scan finds signals in space, with power spectrum levels 
around -20dBm, then, it is potentially viable to harvest such signal power. In Fig. 1 (left 
side), the spectrum level is well above -20dBm and hence, a higher potential for energy 
harvesting. In Fig. 1 (right side), while the spectrum level is below -20dBm, what we observe 
is that the level increases with decrease in the distance toward the base station (BTS). Using 
free space propagation equation with this data, it was calculated that at a distance 1.4.m 
from the BTS, the spectrum level could measure OdBm, An example calculation and plot for 
the estimated received power level, assuming (dBi transmitter (BTS) and receiver antenna 
gains and free space propagation loss (FSPL) for FM and DTV is presented in Section 2.1.1 
For the example estimation in Section 2.1.1, we select FM and DTV because they measured 
witha higher level than cellular and Wi-Fi for example. 


Source Wa aia Reference ] 
FM radio 

Age ‘Asami et al. 

Digital TV ‘Asamietal —[Araretal 
Cellular ‘Mikeka and Arai 

WiFi 


Table 1. RF energy sources, measured data, 


In Table 1, FM radio has the highest E-field intensity implying the highest potential for 
energy harvesting. However, due to the requirements for a large antenna size and the 
challenges for simulations and measurements at the FM frequency ie. 100 MHz or less (See 
Section 2.23, example FM antenna at 80 MHz), this Chapter will focus on DTV (470-770 
MHz band) and Cellular (2100 MHz band) energy harvesting. 
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Fig. 1. DTV signal spectrum measured in Tokyo City (left side graph) and Cellular signal 
spectrum measured in Yokohama City (right side graph). 


‘The received DTV signal power is high and also wide band, presenting high potential for 
increased energy harvesting unlike in cellular signals. We demonstrated in [2] that the total 
RF-to-DC converted power is roughly the integral over the DTV band (1), and is 
significantly larger than in the case of narrow band cellular energy harvesting, 
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Pocworv) =4 J BPoc(f)aF » a 
Where «is the attenuation factor on the rectifying antenna’s RF-to-DC conversion efficiency 
due to multiple incident signal excitation, 8Poc isthe small converted DC power from each 
ofthe single DTV signals in the 470 MHz to 770 MEtz band. 
In detail, we derive (1) from fundamentals as follows. 


‘The incident power density on the rectifying antenna (rectenna), $(0,¢, f,), is a function of 
incident angles, and can vary over the DIV spectrum and in time. The effective area of the 
antenna, Ag(0,4,f), will be different at different frequencies, for different incident 
polarizations and incidence angles. The average RF power over a range of frequencies at any 
instant in time is given by: 


fay tg 


eases “Faz | | SO# Laon HOHf co) 


Pre(t)= 
The DC power for a single frequency ( f.) input RF power, is given by 


Proc (fi) = Par fit)-a( Pee (fit) erZoe) io) 


where 1 is the conversion efficiency, and depends on the impedance match 
‘p(Feef) between the antenna and the rectifier circuit, as well as the DC load impedance. 
The reflection coefficient in tum is a nonlinear function of power and frequency. 


The estimated conversion efficiency is calculated by Pye /Poc . This process should be done 
at each frequency in the range of interest. However, DC powers obtained in that way cannot 
be simply added in order to find multi-frequency efficiency, since the process is nonlinear. 
‘Thus, if simultaneous multi-frequency or broadband operation like in DTV band is required, 
the above characterization needs to be performed with the actual incident power levels and 
spectral power density. In this Chapter, we shall demonstrate DTV spectrum power harvest, 
given a rectenna than has been characterised in house at each single frequency in the DTV 
band. 


4.1.4 An example calculation and plot for the estimated received power level, 


In this example we consider Tokyo's DTV and FM base stations (BS) as the RF sources. Both 
DTV and FM BS transmitter power (P,) equals 10 kW (70dBm). The antenna gains are 
assumed OdBi in both cases but also at the points of reception for easiness of calculation but 
‘with implications as follows. Assuming OdBi antenna at each reception point, demands that 
we specify the frequency of the transmitted signal. For this reason we specify DTV signal 
frequency to be equal to 550 MHz while the FM signal frequency equals 80 MHz (Tokyo FM). 


‘The received power, P,is calculated using the simplest form of Friis transmission equation 
given by 


va intechopen com 


238 Sustainable Energy Harvesting Technologies ~ Past, Present and Future 


P.=P4G, 


| +ESPL, O) 


where F, = 70dBm, G,=G, = OdBi. G, is the receiving antenna gain while FSPL is the free- 
space path loss given by 


FSPL(dB) = 20l0g() + 20log(f) +3245 , 6 


where d is in (km) and fis in (MHz). The plot for the received power as a function of 
distance from the DTV and FM base stations is shown in Fig. 2. 


Distance from BS) 


Fig. 2. DIV and FM received signal power level against distance. 


With respect to Fig. 2, FM registers higher received power level than DTV at every reception 
point due to its lower transmit frequency and hence lower free-space path loss. For example 
at 1 km distance, FM received power level is -051dBm while for DTV, the received power is 
“17.26dBm. The important thing however, is that the received power level is frequency 
independent. It means that P, is the transmitter power and the received power level at the 


postion of distance dis 7, However if we assume OdBi antenna at each reception point 


as in the above example, the power level is different because the antenna size of OdBi is 
frequency dependent. As a result, high transmit power level is favorable for RF energy 
harvesting, Also near the base station is favorable, 


1.2 Antenna design for the proposed RF energy harvesting (EH) system 


It is well known that RF EH system requires the use of antenna as an efficient RF signal 
power receiving circuit, connected to an efficient rectifier for RF-to-DC power conversion, 
Depending on whether we want to harvest from cellular or DTV signals, the antenna design 
requirements ate different. We will discuss the specific designs in the following sub sections. 


41.2.4 Cellular energy harvesting antenna design 


We propose a circular microstrip patch antenna (CMPA) for easy integration with the 
proposed rectifier (Section 25.1), However, the use of circular microstrip patch antennas 
(CMPA) is often challenged by the need for impedance matching, circular polarization (CP) 
and higher order harmonic suppression. 
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To address the above concerns, we create notches on the circular microstrip patch antenna. 
In our approach, we use only two, thin, fully parameterized triangular notches to achieve 
higher order harmonic suppression, impedance matching and circular polarization, all at 
once. This is the novelty in our proposed antenna. Our proposed CMPA is shown in Fig. 3. 
We study the behaviour of CMPA surface current vectors when notches (triangles ABC) are 
created on the structure at a= 451 and a = 225i, 


(C= aby) 


xa =P 


ke 
2mm 


Fig, 3. Cellular energy harvesting antenna structure. 
Notch parameters d and ft in Fig. 3 were investigated by calculation using CST microwave 
Studio, 


Without notches, the CMPA’s input is not matched at = 215 GHz as shown in Fig. 4 (loft 
side). However, with notches, matching is achieved. The parameter combination d = 7 and lt 
= 6 offers a matched and widest band input response and hence we adopt it for cellular 
energy harvesting applications. 


oT 


si 


Frese (He) Frequency [GHz] 
Fig. 4. Left side: d and ht parameter investigation. Right side: Comparison between (cal.) and 
(mca. Si at fy = 2.175 GHz, 2fy = 435 GHz and 3fp = 6.53 GHz. The adopted notch 
parameters are d=7 mm while l= 6 men. 
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The comparison between calculated and measured Si is shown in Fig. 4 (right side). The 2! 
and 3°! harmonics are suppressed as required by design. The comparison between 
calculated and measured radiation patterns is shown in Fig. 5, where Ey = E, due to the 45? 
tilted surface current vector. Ordinarily, without notches, the surface current vector is 
parallel to the microstrip feeder axis. In conclusion, our proposed CMPA is sufficiently able 
to suppress higher order harmonics while simultaneously radiating a circularly polarized 
(CP) wave. The CP is required to efficiently receive the arbitrary polarization of the incident 
cellular signals at the rectenna, 


Fig. 5. Cellular energy harvesting antenna pattern at f= 215 GHz. 


1.2.2 DTV energy harvesting antenna design 


Unlike in the cellular energy harvesting antenna, the DTV energy harvesting antenna must 
bbe wideband (covering 470 MHz to 770 MHz), horizontally polarized and omni-directional. 


The proposed antenna is typically a square patch (57 mm x 76 mm) with a partial ground 
plane (9 mm x 100 mm). The patch is indirectly fed by a strip line (9 mm x 3 mm). The 
proposed antenna geometry is shown in Fig. 6. The partial ground plane is used to achieve 
‘ommni-diteetivity and a certain level of wide bandwidth. To tune the impedance of this 
antenna as well as to adjust the bandwidth within the target band, a “throttle” with stepped 
for graded structures is used between the microstrip feed line and the square patch, as 
shown in Fig. 6 (left-side), 


JESSSSEESSSS 


Fig. 6. Proposed DTV antenna geometry. Left side: Front view. Right side: Back view. The 
antenna is printed on FR4 substrate; t= 1.6mm, é: = 4.4 
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The input response for the proposed antenna is shown in Fig. 7 (left side). The omni 
directivity is confirmed by measurement at 500 MHz, 503 MHz, and 570 MHz as shown in 
Fig. 7 (right side). The radiation patterns shown in Fig. 7 are for the xz plane, which happens 
to be the vertical polarization for the antenna. DTV signals are horizontally polarized and 
therefore, when using this antenna, the orientation must be in such a way as to efficiently 
receive the DTV signal. Simply a 90 degree rotation of the antenna along the z axis achieves 
this requirement. 


rene [a] 


Fig. 7. Proposed DTV antenna performance. Left sie:'The antenna‘s measured input 
performance. Right side: The omni directivity in the vertical plane is confirmed at 500 MHz, 
503 MHz, and 570 MHz. The outermost, black solid and dotted line patterns represent 503 
‘MHz and 500 MHz directivity, respectively. The innermost dotted line pattern is the 
directivity at 570 MHz 


1.2.3 Example design for an 80 MHz FM half-wave dipole antenna 


‘A half-wave dipole is the simplest practical antenna designed for picking up 
clectromagnetic radiation signals, see Fig, 8 (courtesy of Highfields Amateur Radio Club), 
Calculating the optimal antenna length to pick up a certain frequency signal is fairly 
straightforward because antenna physics demand that the total length of wire used in the 
antenna be equal to one wavelength of the type of electromagnetic radiation it will be 
picking up. This means that the total length of the antenna should be equal to half the 
desired wavelength. By converting the 80 MHz frequency into a wavelength, you can thus 


bain our ate fength as 187m by using the magic equation, =. Honevey, he 
actual length is typically about 95% of a half wavelength in free space, hence a half-wave 


dipole for this frequency should be 1.788m long, which would make each leg of the dipole 
0.894m in length. 


41.3 RF-to-DC conversion effi 


provement techniques 
A Schottky diode circuit connected to an antenna is used for RF-to-DC power conversion. To 
convert more of the antenna surface incident RF power to DC power, high RF-to-DC 
conversion efficiency is required of the rectifying circuit. Many authors have shown that the 
efficiency depends on several factors like Schottky diode type, harmonics suppression 
capability, load resistance selection, and the capability to handle arbitrary polarized incident 
waves, What is missing in most of these published works is the efficiency optimization for 
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Fig. 8. Half-wave dipole, Left side: Antenna structure. Right side: Typical deployment. 


ultra low power incident waves and the explanation of the physical phenomena behind 
_most of the recommended efficiency optimization approaches. 


‘This Chapter will show for example that a Schottky diode that delivers the highest efficiency 
at OdBm incidence may not necessarily deliver the highest efficiency at lower power 
incidence e.g. -20dBm. We will therefore classify which diodes perform better at given 
power incidences; of course, this will also be compared to the diode manufacturers’ 
application notes. Simulations in Agilent’s ADS using SPICE and equivalent circuit models 
will compare the performance of few selected Schottky diodes namely; HSMS-2820, HSMS- 
2850, HSMS-2860, HSC-276A, and SMS7630, Moreover, the effect of the Schottky diode's 
junction capacitance (C) and junction bias resistance (R)) on the conversion efficiency will be 
shown from which, special techniques for Schottky diode harmonic suppression and 
rectifying circuit loading for maximum efficiency point tacking will be presented, 


41.3.4 The schottky diode 


‘The classical jn junction diode commonly used at low frequencies has a relatively large 
junction capacitance that makes it unsuitable for high frequency application [3]. The 
Schottky barrier diode, however, relies on a semiconductor-metal junction that results in a 
‘much lower junction capacitance. This makes Schottky diodes suitable for higher frequency 
conversion applications like rectification (RF-to-DC conversion) [3]. We will demonstrate the 
effects of junction capacitance and resistance in the following sub section, 


4.3.2 The effect of Schottky diode's C; and R; on the conversion efficiency 


We have studied Schottky diode’s C, and R, and published our results in [4]. In this work, 
we designed a rectifying antenna tuned for use at 2 GHz. The circuit proposed in [4] is a 
voltage doubler by configuration, but we replaced the amplitude detection diode (series 
diode) with its equivalent circuit adapted from [5]. The results of this investigation show 
that variation of C, shifts the tuned frequency position and also introduces a mismatch in the 
resonant frequency, see Fig. 9 (left side graph). Therefore for this circuit at 2 GHz, we 
recommend using a Schottky diode having C= 0.2pF. In general, a smaller value of C, is 
desirable at higher frequencies. Similarly, for R, investigation, a smaller value is desirable for 
better matching at 2 GHz for example. If the Rj is increased towards 10kO, there is a 
‘mismatch in the resonant frequency but no shift in the frequency, see Fig. 9 (right side 
graph). Another approach to the study of Schottky diodes for higher frequency and 
efficiency rectenna design is presented in [6] 
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Fig, 9. Schottky diode’s CG effect (Left) and R, effect (Right) on 2 GHz rectenna’s input 

response, 


41.4 Rectifying circuit for DTV energy harvesting 


In the design of a DTV energy harvesting circuit, several basic design considerations must 
be paid attention to, First is the antenna; it must be wideband (covering 470 MHz to 770 
MHz), horizontally polarized and omni-directional. Secondly is the rectifier; it must also be 
wideband, and optimized for RF-to-DC conversion for incident signal power at least - 
40dBm. Until recently, very few authors have published on DTV energy harvesting citcuit. 
For the few publications, the antenna could not meet all those three requirements and a 
discussion on the performance of the harvesting circuit for ultra low power incidences has 
‘been neglected. In this Chapter we will present such a rectenna with conversion efficiencies 
above 0.4% at -40dBm, above 18.2% at -20dBm and over 50% at -5dBm signal power 
incidence. We will closely compare simulated and measured performance of the rectenna 
and discuss any observed disparities. 


Agilent’s ADS will be used to simulate the nonlinear behaviour of the rectifying circuit 
based on harmonic balance tuning methods. To simulate the multiple incident waves, a 
‘mull-tone excitation in the DTV band will be invoked. The wideband input characteristic 
will be achieved by the input matching inductors and capacitors. 


The generic version of our proposed DTV energy harvesting circuit is shown below in Fig. 
10. The implementation, however, is in two phases or scenarios as follows. First, we 
investigate the class called “ultra low power” DTV band rectenna. Secondly, we introduce 
the “medium power” DTV band rectenna, 


Fig, 10. Genes 


version of our proposed DTV energy harvesting circuit. 
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41.44 Ultra low power DTV rectenna 


We define an ultra low power rectenna as one impinged by RF power incidence in the range 
between - 40dBm and -15dBm. Below in Fig. 11 is the circuit we designed; optimized for - 
20dBm input. The matching network is complex so as to achieve a wide band input 
characteristic. The fabricated circuit was well matched for the frequency range between 470 
MHz and 600 MHz. More details about the circuit design can be found ia [7] 


Fig. 1. Ultra low power DTV band rectenna circuit, SMS7630 Schottky diode by 
SKYWORKS offered the best performance 


The RF-to-DC conversion efficiency for this circuit is shown in Fig, 12 where at input power 
equal to -l0dBm, efficiency is at least 0.4% and rectified voltage equals ImV; at -20dBm, we 
have at least 18.2% by measurement and a rectified voltage of 61.7mV. The level of rectified 
voltage is too low and disqualifies this circuit for purposes of charging capacitors or 
batteries to accumulate such micropower over time. Instead, boosting the low voltage to 
usable levels is the option available and we shall discuss this ata later stage, (in Section 2.6) 
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Fig, 12. Ultra low power DTV band rectenna efficiency 


41.4.2 Medium power DTV rectenna 


We define a medium power rectenna as one impinged by RF power incidence in the range 
between - 5d8m and OdBm, Below in Fig, 13 is the circuit we designed, optimized for -SdBim 
input. The matching network is simpler than as shown in section 2.4.1 since we require a 
narrow band around 550 MHz, with received peak power spectrum levels at least -5dBm. 
The circuit in Fig, 13 is a modification of Greinacher’s doubler rectifier. In the circuit, Cy 
equals 1 pF and is used to block DC current against flowing towards the source. The shunt 
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capacitance, Caw equals 3300 pF and is used to set the input bandwidth. The grounding 
inductance, L, equals 56nH (optimal) and is used to improve the RF-to-DC conversion 
efficiency by cancelling the Schottky diodes (Dp and Dp) capacitive influence; thereby 
‘minimizing the harmonic levels (harmonic suppression). We used HSMS2850 diodes in 
these circuits for their better performance at this level of incident power. 


HR 


Fig. 13. Medium power DTV rectenna circuit. HSMS 2850 or 2820 from Hewlett-Packard 
offered the best performance. 


The RF-to-DC conversion efficiency for this circuit is shown in Fig. 14 where at input power 
equal to SdBm, we achieve at least 50% conversion efficiency by measurement, equivalent 
to 12 V DC rectified at 82k2 optimal load. If we change the load to 47kQ, over 2 V DC is 
rectified. This reetenna circuit is ideal for powering small sensors that run on 1.5 V or 22 V 
and draw around 6A nominal current. If we need to power sensors demanding more 
power, say at least 22 V and 0.3mA to 147m current consumption, we have to accumulate 
the power in a capacitor over time, 
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Fig. 14. Medium power DTV band rectenna efficiency. 
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41.4.3 DTV energy harvesting scenario and apy 


Using the medium power DTV band rectenna, connected to a gold capacitor as an 
accumulator, energy harvesting was initiated as shown in Fig, 15. Details about the gold 
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capacitor, which include its charge function, backup time and leakage losses are presented 
in [8]. For the scenario shown in Fig. 15, the accumulated voltage by measurement ie. 
capacitor charge function follows the path; 


53881n(!) + 14681 6 


Where Vax is the accumulated voltage in volts and ¢ the time in hours. It takes 4.5 hours to 
accumulate 225 V, given a rectified charging voltage and current of 24 V and S51,A, 
respectively, supplied by the DTV band rectenna instantaneously 


With this rectenna, it was possible to power up many different kinds of sensors. Sensors 
with ultra low power consumption were powered directly, without need to accumulate the 
power in a capacitor, as shown in Fig, 16. 


« 


Fig. 15. DTV energy harvesting in a park at some line of sight from the base station, 


Fig. 16. Directly powering a thermometer mounted on a car park wall (right picture). The 
‘maximum instant voltage rectification on record equals 37 V (left picture. 


41.5 Rectifying circuit for cellular energy harvesting 


Unlike in the DTV energy harvesting circuit, for cellular energy harvesting, the antenna 
must be narrowband (50 MHz bandwidth is acceptable), and circularly polarized even 
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though cellular signals are vertically polarized. The circular polarization is desired to 
‘maximize the RF-to-DC conversion efficiency of the arbitrary polarization incident signals in 
the multipath environment. Similarly, the rectifier must be narrowband, and optimized for 
RF-to-DC conversion over a wide range of incident signal power. 


‘Thinking about the potential applications for cellular energy harvesting is useful. Other 
authors have reported on powering a scientific calculator or a temperature sensor from GSM 
energy harvesting. In this Chapter we will present a special application for energy 
harvesting in the vicinity of the W-CDMA cellular base station and analyze the system 
performance by calculation from experimental data. A cellular energy harvesting circuit 
optimized for over 50% RF-to-DC conversion efficiency given approximately OdBm 
incidence will be presented. 


4.5.1 Cellular band rectenna 


Below in Fig. 17 is the circuit we designed, optimized for OdBm input. Simple input 
‘matching network is ideal since we require a narrow band response around 2.1 GHz. The 
‘optimum value for Ly equals 5.6nH, where Ly is used to improve the RF-to-DC conversion 
efficiency as earlier discussed. HSMS2850 diode was used, 


ie 


Fig. 17. Shunt rectifier configuration for the cellular band. The matching elements Ly = 
3.2nH, while Cin =2.5pF. The load resistance is fixed at RL = 2.1kQ. 
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Fig. 18. Conversion efficiency as a function of input power (P,,) in the cellular band. 
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The RF-to-DC conversion efficiency for this circuit is shown in Fig. 18 where at input power 
equal to OdBim, we achieve at least 601% conversion efficiency by measurement, given a 
2.1k0 optimal load. This rectenna circuit is ideal for powering small sensors that run on 1.5 
Vor 22,V and 6A nominal current consumption. If we need to power sensors demanding 
‘more power, say at least 22 V and 03mA to 147mA, we have to accumulate the power ina 
capacitor over time as discussed in section 2.4.3 above. 


4.5.2 Cellular energy harvesting application example 


Environmental power generation in the neighbourhood of a cellular base station to power a 
temperature sensor i proposed as shown in Fig, 19 below. Electric field strength 
‘measurements in the base station neighbourhood have demonstrated the potential for 
environmental power generation, and the proposed temperature sensor system is designed 
based on these values. The rectenna described in Section 2.5.1 is used as the RF-to-DC 
rectifying circuit with the notched circular microstrip patch antenna (CMPA) proposed in 
Section 2.2.1. RF-to-DC conversion efficiency equal to 53.8% is obtained by measurement, 
‘The temperature sensor made for trial purposes clarifies the capability for temperature data 
wireless transmission for 20 seconds per every four hours in the base station 
neighbourhood, 
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Fig, 19. Application example in the vicinity of the cellular base station. 


1.6 Micropower energy harvesting management 


‘A rectifying antenna circuit for -40dBm incident power harvesting generates ImV at 2k 
load, given 0.4% efficiency as presented in Section 24.1. At -20dBm incidence and at least 
18.2% efficiency, 61.7mV is generated given a 2k0 load [7]. The generated DC power in both 
ff these two cases is in the 4W range, hence the micropower definition. To manage such 
micropower, power accumulation or energy storage is required. Storage devices may either 
be a gold capacitor, super capacitor, thin film battery or the next generation flexible paper 
batteries. These storage devices have specific or standard maximum voltage and trickle 
charging current minimum requirements. Typically, gold capacitors have voltage ratings 
like 27 V, 55 V for 100 WA, 10mA or 100mA maximum discharge current. On the other 
hand, standard ratings for batteries are 18 V, 2 V, 33 V and 41 V. Therefore, to directly 
charge any of these storage devices from ImV, or 61.7mV DC is impractical 
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Published works have demonstrated the need for a DC-to-DC boost converter placed 
between the rectifying antenna circuit (rectenna) and the storage device. Recent efforts 
have demonstrated that a 40mV rectenna output DC voltage could be boosted to 4.1 V to 
trickle charge some battery. A Coileraft transformer with turns ratio (N.: Ny) equal to 100 
was used in the boost converter circuit. An IC chip leading manufacturer (Linear 
Technology Corp., LT Journal, 2010) has released a linear DC-to-DC boost regulator IC 
chip capable of boosting an input DC voltage as low as 20 mV and supplying a number of 
possible outputs, specifically suited for energy harvesting applications, While this IC is a 
great milestone, readers and researchers need to understand the techniques to achieve 
such ICs and also the limitations that apply. In the following sub section, we will describe 
the methods toward designing a DC-DC boost converter, suitable for micropower RF 
energy harvesting, 


In the design, we will attempt to clarify the parameters that affect the DC-DC conversion 
efficiency. For this design, Envelope simulation in Agilents’s ADS is used. This simulation 
technique is the most efficient for the integrated rectenna and DC-DC boost converter 
circuits, 


41.6.1 DC-DC boost converter design theory and operation 


‘The DC-DC boost converter design theory and actual implementation are presented in this 
section. The inequality Vi&Vyuy defines the boost operation. In this Chapter, our boost 
converter concept is illustrated in Fig. 20. A small voltage, Vi is presented at the input of the 
boost converter inductive pump which as a result, generates some output voltage, Vous. The 
‘output voltage is feedback to provide power for the oscillator. The oscillator generates a 
square wave, Fosc that is used for gate signalling at the N-MOSFET switch. 


Lath) 


Fig. 20. Boost converter concept. 


The drain signal of the N-MOSFET is used as the switch node voltage, Vi, at the anode of 
the diode inside the boost converter circuit block. From the concept presented in Fig, 20, the 
actual implemented circuit is shown in Fig, 21. The circuit was designed in Agilent’s ADS 
and fabricated for investigation by measurement. 


‘The circuit in Fig. 21 is proposed for investigation. Since a DC-DC boost converter is 
supposed to connect to the rectenna’s output, it therefore, becomes the load to the rectenna 
circuit. This condition demands that the input impedance of the boost converter cizcuit 
emulates the known optimum load of the rectenna circuit. This has the benefit of ensuring 
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raximum power transfer and hence higher overall conversion efficiency from the ectenna 
input (RF power) to the boost converter output (DC power. In this investigation, as shown 
in(7], the optimum load forthe rectenna is around 2K. In general, emulation resistance Ren 


Fig. 21. The proposed boost converter circuit diagram. Designed in Agilent’s ADS and 
{fabricated for investigation by measurement 


a 


here L is the inductance equal to 330uH as shown in Fig. 20,M =, Tis the period of 


Vin 
Fose, ts the switch"ON” time for the N-MOSFET, and k is a constant that according to [3] 
is a low frequency pulse duty cycle if the boost converter is run in a pulsed mode and 
typically, k may assume values like 0.06 or 0.0483. With reference to (7), we select L as the 
Key parameter for higher conversion efficiency while Vis = 0.4 V DC is selected as the lowest 
start up voltage to achieve oscillations and boost operation. Computing the DC-DC boost 
conversion efficiency against different values of L, we have results as shown in Fig, 22 


From the results above, L = 100uH is the optimum boost inductance that ensures at least 
165% DC-DC conversion efficiency, given R. = 5.60. 


Now having selected the optimum boost inductance given some load resistance, the 
emulation resistance shown in Fig. 23 is evaluated from the ratio of voltage versus current at 
the boost converter circuit's input 


The results show a constant resistance value against varying inductance. In general, we can 
say that this boost converter circuit has a constant low input impedance around 82.50. This 
impedance is too small to match with the optimum rectenna load at 2kO. This directly 
affects the overall RF-to-DC conversion efficiency. 
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The results show a constant resistance value against varying inductance. In general, we can 
say that this boost converter circuit has a constant low input impedance around 82.59. This 
impedance is too small to match with the optimum rectenna load at 2kO. This directly 
affects the overall RF-to-DC conversion efficiency. 
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Fig. 22. Boost inductance variation with DC-DC conversion efficiency for a5.6 k® load. 
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Fig. 23. Boost converter’s input impedance: the emulation resistance, 


Another factor, which affects the overall conversion efficiency is the power lost in the 
oscillator circuit. Unlike the circuit proposed in [9], which uses two oxillators; a low 
frequency (LF) and high frequency (HE) oscillator; in Fig. 21, we have attempted to use a 
single oscillator based on the LTCIS40 comparator, externally biased as an astable 
‘multivibrator. 


The power loss in this oscillator is the difference in the DC power measured at Pin 7 
(supply) to the power measured at pin 8 (output). We term this loss, Lox; converted to heat 
or sinks through the 10M load. A comparison of the oscillator power loss to the power 
available at the boost converter output is shown in Fig. 24 


Looking at Fig. 24; we notice that the power loss depends on whether the oscillator output is 
high or low. The low loss corresponds to the quiescent period where the power lost is 
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almost negligible. However, during the active state, the lost power (power consumed by the 
oscillator) nearly approaches the DC power available at the boost converter output. This 
results in low operational efficiency. 
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Fig. 24. The power loss in the oscillator. 


To confirm whether or not the circuit of Fig. 21 works well, we did some measurements and 
compared them with the calculated results. Unlike in calculation (simulation), during 
‘measurement, L = 330uH was used due to availability. All the other component values 
remain the same both in calculation and measurement. In Fig. 25 (left side graph) and (right 
side graph), we see in general that the input voltage is boosted and also that the patterns of 
Faw and Vig are comparable both by simulation and measurement. To control the duty cycle 
of the oscillator output (Fox), and the level of ripples in the boost converter output voltage 
(Vou), we change the value of the timing capacitance, Cine in the circuit of Fig. 21. 
Simulations in Fig. 25 (left side graph) show that Cin: = 520pF realizes a better performance 
i.e. nearly constant Vous level (very low ripple). 
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Fig. 25. Voltage characteristics of the developed boost converter circuit. The left side graph 
represents simulation while the right side graph is for measurements, 


Generally, we observe that with this kind of boost converter circuit topology, itis difficult to 
start up for voltages as low as 61.7mV DC generated by the rectenna at -20dBm power 
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incidence and at least 182% rectenna RF-to-DC conversion efficiency. Self starting is the 
issue for this topology at very low voltages. 


‘At least 113% DC-DC conversion efficiency was recorded by measurement and is 
comparable to the calculation in Fig. 22. During measurement it was clearly revealed that 
the boost converter efficiency does depend on the value of L and the duty cycle derived 
from t. To efficiently simulate the complete circuit, from the RF input to the DC output, 
envelope transient simulation (ENV) in Agilent’s ADS was used. The (ENV) tool is much 
more computationally efficient than transient simulation (Tran). This simulation is 
appropriate for the boost converter circuit's resistor emulation task. Moreover, the boost 
converter’s DC-DC conversion efficiency, and the overall RF-to-DC conversion efficiency 
can be calculated at once with a single envelope transient simulation. 


In summary, though not capable to operate for voltages as low as 61.7mV DC, the proposed 
boost converter has by simulation and measurement demonstrated the capability to boost 
voltages as low as 400mV DC, sufficient for battery or capacitor recharging, assuming that 
the battery or the capacitor has some initial charge or energy enough to provide start-up to 
the boost converter circuit 


The limitations of our proposed boost converter circuit include; low efficiency, lack of self 
starting at ultra low input voltages, and unregulated output. To address these limitations, 
circuit optimization is required. Moreover, alternative approaches which employ a flyback 
transformer to replace the boost converter inductance must be investigated. A regulator 
circuit with Low Drop Out (LDO) is necessary to fix the boost converter output voltage 
commensurate with standard values like 22 V DC for example. For further reading, see [7] 


2. Performance analysis of the complete RF energy harvesting sensor 
system 


To demonstrate how one may analyze the performance of an RF energy harvesting system 
including its application, we extend the discussion of Section 2.52 to this Section. We propose 
a transmitter assembled as in Fig. 6 for temperature sensor wireless data transmission. 
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Fig. 26. The assembly and test platiorm for the proposed battery-free sensor transmitter. 
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The transmitter consists of one-chip microcomputer (MCU) PICI6F877A and wireless 
‘module nRE24LO1P for the control, and MCU can be connected with an outside personal 
computer using ICD-U40 or RS232 cable. The wireless module operates in transmission and 
reception mode, and controls power supply on-off, transmitting power level, the receiving 
mode status, and transmission data rate via Serial Peripheral Interface (SP). Figure 27 
shows the operation flow when transmitting, 


Fig. 27. Operation flow during transmission, 


‘The experimental system composition is shown in Fig. 28 to transmit acquired data by the 
temperature sensor with WLAN at 24 GHz. (ISM band). An ISM band sleeve antenna is 
used for the transmission. Using the cellular band rectenna shown and discussed in Section 
25.1, at least 3.14 V is stored in the electric double layer capacitor over a period of four 
hours. To harvest a maximum usable power for the overall system, we charge the capacitor 
up to 5V. The operation voltage for the wireless module presented in Fig, 26 above is 
between 1.9V and 3.6V. 


‘The signal was transmitted from the wireless module while a sleeve antenna, same like the 
cone for transmission was used with the spectrum analyzer and the reception experiment 
‘was performed. Received signal level equal to -43.4dBm was obtained at a distance 35m 
between transmitter and reception point. The capacitor’s stored voltage was used to supply 
the wireless module in the above-mentioned experiment, Successful transmission was 
possible for 5.5 minutes after which, the capacitor terminal voltage decreased from 3.16V to 
L47V, and the transmission ended. The sending and receiving distance of data can be 
estimated to be about 10m when the sensitivity of the receiver is assumed to be -60dBm, 
given 0dBm maximum transmit power. 


Hereafter, the overall system examination is done by environmental power generation using 
the transmitted electric waves from the cellular phone base station, proposed based on the 
above-mentioned results. First ofall, the power consumption shown in Fig. 29 is based on 
the fact that 120mW (V, 24mA) is saved in the electric double layer capacitor by 
environmental power generation, achieved by calculation as discussed earlier. 
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Fig. 28. Indoor measurement setup for received traffic from the sensor radio transmitter. 
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Fig. 29. Power management scheme for the cellular energy-harvesting sensor node, 


The sensor data packet is transmitted wirelessly in ShockBurst mode for energy efficient 
‘communication. The data packet format includes a pre-amble (1 byte), address (3 bytes), and 
the payload ic. temperature data (1 byte). The flag bit is disregarded for easiness, and cyclic 
redundancy check (CRC) is not used. 


The operation of the proposed system is provisionally calculated. When the rectenna is set 
up in the place where power incidence of OdBm is obtained in the base station 
neighbourhood (as depicted in Section 2.52), an initially discharged capacitor accumulates 
up to 33V by a rectenna with 53.8% conversion efficiency (presented in Section 25.1). At 
this point, it takes 15 minutes to start and to initialize a wireless module, and the voltage of 
the capacitor decreases to 2V. This trial calculation method depends on the capacitor’s back 
up time discussed in [8]. After this, when the wireless module is assumed to be in sleep 
mode, the capacitor is charged by a 0.28mA charging current for four hours whereby the 
capacitor’s stored voltage increases up to 5V. The power consumption in the sleep mode or 
standby is 33nW (1.5V, 2p), 


‘When the wireless module starts, after data transmission and the confirmation signal is sent, 
the voltage of the capacitor decreases by 0,6V, and consumes the electric power of 7 4mW. 


va.intechopen com 


256 Sustainable Energy Harvesting Technologies ~ Past, Present and Future 


The voltage of the capacitor decreases to 2V when 3.2mW is consumed to the acquisition of the 
sensor data, and the operation time of MCU is assumed to be one minute to the data storage in 
the wireless module ete. As for the capacitor Voltage, when the wireless module continuously 
transmits data for 20 seconds, it decreases from 2V to 14V and even the following operation 
saves the electric power. Therefore, a temperature sensing system capable of transmitting 
wireless data in every four hours becomes feasible by environmental power generation from 
the cellular phone base station if we consider intermittent operation by sleep mode. 


3. Conclusion 


‘This Chapter has given an overview of the present energy harvesting sources, but the focus 
has stayed on RF energy sources and future directions for research. Design issues in RF energy 
harvesting have been discussed, which include low conversion efficiency and sometimes low 
rectified power. Solutions have been suggested by calculation and validated by measurement 
where possible, while highlighting the limitations of the proposed solutions. Potential 
applications for both DTV and cellular RF energy harvesting have been proposed and 
demonstrated with simple examples. A discussion is also presented on the typical 
performance analysis for the proposed RF energy harvesting system with sensor application, 
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Multi-Service Highly Sensitive Rectifier for 
Enhanced RF Energy Scavenging 


Negin Shariati, Wayne S. T. Rowe, James R. Scott & Kamran Ghorbani 
School of Electrical and Computer Engineeting, RMIT Unversy, Melbourne, VIC 3001, Ausrli 


‘Due to the growing implications of energy costs and carbon footprints, the need to adopt inexpensive, green 
energy harvesting strategies are of paramount importance for the long-term conservation of the 
environment and the global economy. To address this, the feasibility of harvesting low power density 
ambient RF energy simultaneously from multiple sources is examined. A high efficiency multi-resonant 
rectifier is proposed, which operates at two frequency bands (478-496 and 852-869 MHz) and exhibits 
favorable impedance matching over a broad input power range (—40 to ~10 dBm). Simulation and 
experimental results of input reflection coefficient and rectified output power are in excellent agreement, 
demonstrating the usefulness of this innovative low-power rectification technique. Measurement results 
indicate an effective efficiency of 54.3%, and an output DC voltage of 772.8 mV is achieved for a multi-tone 
input power of —10 dBm, Furthermore, the measured output DC power from harvesting RF energy from 
‘multiple services concurrently exhibits 3.14 and 7.24 fold increase aver single frequency rectification at 490 
and 860 MHz respectively. Therefore, the proposed multi-service highly sensitive rectifier is a promising 
technique for providing a sustainable energy source for low power applications in urban environments. 


energy source for future growth and protection of the environment. Considerable research effort has been 

directed toward low-profile low-power, energy efficient and self-sustainable devices aiming to harvest 
‘energy from inexhaustible sources such as solar energy, thermal, biomass, mechanical sources (eg. wind, kinetic, 
vibration, and ocean waves) wastewater, and microwave energy. A thorough set of reviews is given in the 
literature’ Among these green energy sources, there has been a growing interest for radio frequency (RE) 
energy scavenging, as the availability of ambient RF energy has increased due to advancements in broadcasting 
and wireless communication systems. Furthermore, the development of wireless power transmission (WPT) 
technologies that allow micro sensors’, mobile electronic devices’, wireless implantable neural interfaces* and 
far-field passive RFID (Radio-Frequency Identification) systems? to operate without batteries has triggered 
impetus for RE energy harvesting. 

Efficient RF energy harvesting isa very challenging issue, as it deals with the very low RE power levels available 
in the environment. Furthermore, the scavengeable power level can vary unpredictably, depending on several 
factors such asthe distance from the power source, the transmission media, the telecommunication tralfic density 
and the antenna orientation. The majority of available literature on RF rectification has been dedicated to 
narrowband rectennas, which essentially operate at a single frequency and hence provide low DC output 
power". Various topologies, such as voltage doublers or multipliers have been employed in order to increase 
the RF to DC conversion efficiency and the output DC voltage for specific applications'*", However, from an 
ambient RF scavenging perspective, harvesting energy from various available Irequencies could maximize power 
collection and hence increase the output DC povser. Ultra-wideband and broadband rectenna arrays have been 
proposed as a potential solution'”**. However in some cases, simulation and experimental results were not 
provided to demonstrate the findings". A broadband rectenna consisting of a dual-cireularly polarized spiral 
rectenna array operating over a frequency range of 2-18 GHz was demonstrated", The rectified DC power was 
characterized as a function of DC load, RF frequency and polarization for power densities between 10-* and 
10! mW/em*, However, the proposed rectenna was matched ata single input RF power level for a specified load 
resistance forthe characterization. Also, due tothe low Q value of the rectifier circuit, the conversion efficiency 
‘was fraction of 1% at ~15.5 dBm. From design point of view, while itis relatively easy to achieve a broadband 
antenna, itis very challenging to realize a broadband rectenna due to the non-linearity ofthe rectifier impedance 
with input power across the frequency band” 

‘To address this, a promising approach isto use a dual-band or multi-band configuration. This can maximize 
the power conversion efficiency (PCE) at the specific frequencies where the maximum ambient signal level is 


A MBIENT energy harvesting is attracting widespread interest asit has the potential to provide a sustainable 
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available. Various dual-band RF energy harvesting systems has been 
demonstrated", however large signal analysis of the rectifier was 
commonly not provided over a broad input power range. A dual 
band RF energy harvesting using frequency limited “dual-band 
impedance matching has been proposed and the PCE was shown, 
over a high power range of 0 to 160 mW, however it was only 
‘matched at a single input power level (10 dBm). A CMOS dual 
narrowband energy harvester circuit was modeled at environmental 
power levels. Again, the rectifier efliciency was demonstrated with 
only single input power levels of ~19 and — 19.3 dBm at2 GHzand 
900 Mriz respectively, and a large signal analysis was not presented. 
‘A.compact dual-band rectenna operating at 915 MHz and 2.45 GH. 
hhas been demonstrated and the PCE was shown for input power 
levels of -15, ~9 and —3 dm, However, the reflection coefficient 
was evaluated at a single incident power level. Furthermore, the 
clficiency results with dual-tone excitation simultaneously and si 
sle-tone excitation (at 915 MHz) ae very similar, hence the impact, 
of applying a dual-band technique does not demonstrate a clear 
advantage over a single band. A dual-frequency rectenna for WPT 
hhas heen proposed which achieved a conversion efliciency of 84.4% 
and 82.7% at 245 and5.8 GHz with a high input power level of 8.84 
and 49.09 mW respectively, These power levels far exceed ambient 
levels in the environment™. A conformal hybrid solar and electro 
‘magnetic (EM) energy harvesting rectenna has been presented and, 
the PCE was provided with —30 05 dim input power, achieving an 
eifciency up to 40% at 1.85 GHz for higher input power levels (above 

5 Bim), However the rellection coelficient was not provided atlow 
input power range. 

‘A mulli-resoniant rectenna that uses a multi-layer antenna and: 
rectifier has been evaluated for a —16 dBm to +8 dim RE received 
power level, but the rectifier circuit layout and large signal analysis 
vere not provided to claily the findings". Furthermore, a rectenna 
for triple band biotelemetsy communications has been proposed 
using a iple-band antenna and single frequency rectifier, 
However, this rectenna is not suitable for RF energy scavenging, 
due to the law efficiency at lower input power levels. Another tiple 
band rectenna presented an RF-DC efliciency aver the input power 
range of ~14 to +20 dBm", however the reflection coefficient 
results were only evaluated at a single input power level. This rec: 
enna was shown to harvest 7.06 uW of DC power from three 
sources simultaneously at a high input power level of +10 dBm. A. 
‘multi-band harvesting system has also been proposed where four 
individual harvesters are designed to cover four frequency bands" 
However, a large signal analysis was not provided over a broad input 
power range. Furthermore, the proposed harvesting system has a 
‘minimum sensitivity of ~25 dBm, whilst in real environment more 
sensitive systems are required as the available RF power levels are 
very low" 

‘Tunable impedance matching networks have been demonstrated 
in order to collect RF signals from vatious sources and convert them 
toDC power”. However from an application point of view, thsi still, 
single frequency rectification and itis not widely applicable to envi 
‘onmental RP energy scavenging where the available power is very 
low. 

In order to increase the amount of RF energy scavenged by a 
rectenna, itis crucial to identify and harvest multiple ambient fre 
{quency sources over their realistic available energy range, Our pre 
vious research has demonstrated the feasibility of RF energy 
harvesting through RE field investigations and maximum available 
power analysis in metropolitan areas of Melbourne, Australia”. The 
‘maximum available power for different frequency bands based on 
antenna aperture and number of antennas in a given collection area 
was analyzed. Measured results and analysis indicated that celular 
systems and broadcast sources are well suited to harvesting, with 
scavengeable RF power ranging fom ~40 to ~10 dBm. This iden: 
lifes wo important considerations in the design of ellcientrectenna 


lor RF energy harvesting: the scavengeable ambient RF power 
sources available, and the significant variance ofthis power. 

‘The RF to DC rectifier solutions proposed in recent literature have 
focused on maximizing the system elliciency at a given, and often 
{quite high, input pawer level This neglects the issues related to input 
power Variation which can lead to unexpected variations in the 
‘matching network due to diode non-linearily. Also, the scavangeable 
levels of ambient RF power have been shown to be orders of mag. 
nitude lower. Therefore, based on our previous research outcomes 
and recommendations”, an elficient power harvesting solution 
could encompass a mult-band matching circuit at the specific fre 
{quencies where maximum signal power is available, enabling greater 
power harvesting due to the combination of RF signals. This also 
results in a higher power being fed to a single rectifier, utilizing the 
diode function more efficiently. 

‘This paper presents an RF energy harvesting method that can 
scavenge a wide range of ambient power levels which are orders of 
‘magnitude lower than previous reported techniques inthe literature. 
An efficient dual resonant rectifier cireut is proposed, matched to a 
500 input port at 490 and 860 MHz over a broad low input RF 
power range from —40 to ~10 dim. The proposed dual resonant 
‘matching network operates efficiently at two identified harvesting 
lrequeney bands over a wide input power range, maximizing DC 
ppovver by scavenging two sources simultaneously 

‘The remainder ofthis paper is organized as follows, Firs, the key 
results for the rellection coeflicient and oulput DC power are pre- 
sented, Subsequently, the Discussion section summarizes the results 
and demonstrates their potential implications, the imitations ofthis 
study, open questions and future research, Finally, the Method sec- 
tion deseribes the proposed rectifier design. 


Results 

‘A dual resonant rectifier was fabricated on a 1.58 mm FR-4 substrate 
with a dielectric constant ¢, = 4.5 anda loss tangent 8 ~ 0.025. These 
substrate parameters were measured using the Nicolson-Ross 
‘method so accurate values could be used in the rectifier design. A. 
photograph of the fabricated dual resonant rectifier is shown in Fig. 1 
Which depicts input RF port, dual-band matching network lumped 
components, Schottky diodes and the output terminal. The perform. 
ance of the rectifier was verified by measuring the input reflection 
properties, and the output power was calculated from the measured 
‘output DC voltage for the input povsers from ~40 to —10 dBm, 


Reflection Coefficient. The |$,;| ofthe rectifier was evaluated using 
a vector network analyzer (VNA). The VNA was re-calibrated for 
cach input power level. Figure 2 compares the simulated and 
measured |S), versus frequency for the dual resonant rectifier 
circuit at four different input power levels from ~40 to ~10 dB. 
“The measured results show very good agreement to the simulations 
Slighlly higher relletion was observed for the resonant frequencies 
at the lower part of the input power range (due to the diode 
characteristics). However, the proposed rectifier circuit is well: 
matched ([S);| < —10 dB) at the desired frequency bands of 


Lumped Components Output 


Input RF Port Schottky Diodes 


Figure 1| Fabricated rectifier prototype, 
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Figure 2| Simulated and measured |S, as function of frequency and input RE power forthe proposed dual resonant rectifier circuit (a) —10 dim, 


(b) ~20 dBm. (c) 30 dBm. (4) ~40 dBm. 


478-496 MHzand 852-869 MHzover the broad range of input powers 
from ~40 to ~10 dBm, The small difference between simulation and 
‘measurement is due to the parasitic extraction accuracy. 


Output DC Power. Inthe frequency domain, the Harmonic Balance 
method of analysis provides a comprehensive treatment of a 
sultispectral problem". The method intrinsically takes into account 
the DC component and a specified number of harmonics, while 
allowing the ability to specily the source impedance and harmonic 
lerminalions. A Harmonic Balance simulation was used to numerically 
evaluate the output DC voltage of the dual resonant rectifier for both a 
single and two tone input, The output DC voltage across the load 
resistor yas also measured and used to calculate output DC power, 
‘Measurements were performed using a Wiltron 68247B synthesized 
signal generator as a RF power source for the rectifier circuit 
Recording of the output DC voltage across the load resistance was 
achieved with a Fluke 79111 digital voliage meter. The RF source 
power was initially set at ~10 dBm, and decreased in 2 dB steps. In 
the dual-band measurement case, two RF signal generators were fed to 
the rectifier circuit simultaneously via a power combiner. 

‘The simulation and measurement results for single and dual input 
tonesare summarized in Fig. 3(a) and (b). A measured DC voltage of 
772.8 mV is achieved with two simultaneous input tones a an input 
power of ~10 dBm. For single tone measurements, DC voltages of 
436 mV and 286 mV at 490 MH and 860 MHz. respectively are 
produced. The comparison between the 490 and 860 MHz single 
rectifiers highlights the impact of the input frequency on the PCE, 


‘A higher amount of DC voltage can be generated at the lower fee 
‘quency. This difference comes from decreasing diode performance at 
the higher frequency due to the higher junction capacitance of the 
diode" 

Importantly, a slightly higher DC voltage can be generated with 
the dual resonant rectifier as compared to the sum of output voltage 
from the two single bands, particularly at the lower input power 
levels as can be seen in Fig. 3(b) which shows the lower power 
section of Fig. 3(a) in more detail. By maximizing power collection 
from various sources of different frequencies and delivering the 
combined power to the rectification circuit, the diode conversion, 
cfliciency is enbanced which results in a higher level of rectified 
voltage. Figure 4 compares the simulated and measured output 
DC power for the dual resonant rectifier circuit with both single 
and dual input tones. A measured DC power of 17.3 iW and 
7.5 WW can be generated at 490 MHz and 860 MHz respectively 
with a single tone input of ~10 dBm (100 uW). This represents 
true elficiencies of 17.3% and 7.5% for the individual single band 
rectification (see Fig. 5). However, the measured DC output power 
with two concurrent input tones of ~10 dBim is 54.3 IW which 
corresponds to an elective efliciency of 54.3% for the dual-band 
rectifier (see Fig. 6). This represents a 3.14 and 7.24 times increase in 
‘output DC power over the single tone excitation at 490 MHz or 
860 MHz respectively. This trend is evident down to low input 
power levels (around 40 uW). Furthermore, there is a significant 
inerease in the PCE of the dual resonant rectifier for lower input 
power levels (<40 4W), 


5 | $9655 | DOL 10.1038/srep09655 


o 


Dual Resonator 


‘Output DC Voltage (mV) 


Input RF Power (48m) 


9 
== Simulation 

8) @ Measurement 

7 

6 


mv) 


Dual Resonator 


Input RF Power (dBm) 


Figure 3| Output DC voltage asa function of input RF power for single 
input tone at both 490 Milz and 860 MHz and for dual input tones 
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Figure 4| Output DC power asa function of input RE power for single 
and dual inpat tones. 
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Figure 5 RFto DC conversion efficiency as. function of input RE power 
{or single band rectification. 


Here, the elfectve efficiency is defined as the ratio of output DC 
power tothe available input RF power rather than the power deliv 
ered to the diodes (equation (1)). The available power level is assoc- 
ited with the signal source. For the single resonator, the available 
input power is 10 dBm and the delivered power is also ~10 dBm. 
{assuming no loss). However, by creating a dual resonant matching 
network the power delivered to the diodes is ~7 dBm (combined 
total input power from two signal generators) but the available power 


is sill ~10 dBm, 
(eZ 
po_ \Ri, 


n=Be AB o 
i PB By 


‘Therefore, combining input RE signals into a single rectification 
stage results in high sensitivity rectifier, which is widely applicable to 
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Figure 6| Effective RF to DC conversion efficiency a a function of input 
[RE power for dual resonant rectification. 
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Table 1 | Recifer performance comparison 


(490 and 860 Miz) 


Ret Technology Measured Eficiency (3) RF power aritin in PCE avalction) Rectification Technique 
3 Schotky diode 82050 0 WA Single resonator 
16 Schotky diode 44@-10 dBm N/A Single resonator 
18 Schotky diede 2080.07 mW/em* 10-*t010) mW/em® Broad band 
0.185%10= mW/en* 
20 Schotky diode 77.13@22 dBm (158.49 mW) 012 160 mW. Dual resonator 
21 (CMOS 9.1@-19.3 dm (900 MHz}, N/A Dual resonator 
890-19 dim (2 Giz} 
22 Schotky diode 37/915 MHz|@-9 dim =40 120 dim Dual resonator 
30 (2.45 MHz}@—9 dBm 
23 Schotky diode 84.4@89,84 mW (2.45 GHz), 042 100 mW. Dual resonator 
82.7@49.09 mW (5.8 GH} 
27 Schotky diode 80810 dim [940 Mita) ~ 141020 dim “Triple cesonator 
4788 dBm (1.95 GH} 
43016 dim (2.44 GHz) 
29 Schotky diode 500-5 dim ~25 120 dm Dual resonator with tunable input responce 
This work Schatiey diode 54,3010 dim = 40 ta 10 dim Dual resonator 
11.25@-18 dBm 


Table 2 | Environmental measurement resus 


Measured DC 
Suburb Availoble equencis (MHz) Respective avilable RF power (dim) [iW] power (iW) 
Bayswater 486, 488, 409, 490, A91, 867, 868, —19[12.5], -20[10), ~17[19.95], ~15]S1-62), ~22]6.3], 3938 
1869, 870, 871, 872, 873, 874 ~3710,199), -37[0.199), -30[}}, —24[3.98}, ~20|10), 
~30[1}, ~37(0.199}, 400.1] 
Bentleigh 491, 492, 494, 495, 865, 866, 867, ~12[63.09], -46(0.02], ~42[0.063], ~57[0.001], -27[1.99), 309 
1868, 869, 870, 871 =27[1.99}, ~30}1}, ~37(0.199), ~40(0.1], ~40fo. 1}, 
~41}0.07] 
RMIT Universiy 487, 488, 489, 490, 491, 851, 861, —301], ~22[6.3], ~291 25], ~22[6.3], -20]10}, ~23{5.01}, 145 
[Melbourne CBD) 862, 866, 867, 868, 869 =21[? 94], 2117-94], ~30(1], ~35[0.31], ~40}0.1], ~ 4010.1) 


real environmental RF energy scavenging. This multi-band tech 
nique can provide higher DC power than combining two separate 
single frequency rectifier circuits operating atthe same frequencies, 
‘This is due to the fact that harvesting RF energy from various avail 
able sources simultaneously increases the delivered power to the 
rectifier, which improves the diode conversion efficiency and conse 
quently enhances the output DC power. Table 1 summarizes this 
‘work as compared to previous published work. 

In order to provide a realistic scenario fr the proposed dul-baed 
rectifier, measurement results were taken in three suburbs of 
Melbourne, Australia, congruent with our previous research out 
comes", Table 2 summatizes these environmental measurement 
results. It should be noted that the lower band (478-496 MHz) has a 
3.67% fractional bandwidth and the higher band (852-869 MEz) has 
around 2% fractional bandwidth, Hence, vatious RE frequencies from. 
different sources can be harvested within these two bands. The envir 
‘onmental measurement results demonstrate the feasibility of harvest. 
ing ambient EM energy from multiple sources simultaneously 


Discussion 
‘The feasibility of harvesting ambient EM energy from multiple 
sources simultaneously is investigated in this paper. The proposed. 
dual resonant recfier operates at two frequency bands (478-496 and. 
852-869 MHz), which are used for broadcasting and cellular systems 
respectively. The dual resonant rectifier exhibits favorable imped. 
ance matching over a broad input power range(—40to ~10 dBm) at 
these two bands. The achieved sensitivity and dynamic range dem: 
‘onstrate the usefulness of this innovative low input power rectfics 

tion technique. Simulation and experimental results of input 
reflection coeflicient and rectified output power are in excellent 
agreement, The measurement results demonstrate that a two tone 


input to the proposed dual-band RF energy harvesting system can 
generate 3.14 and 7.24 times more power than a single tone at 490 oF 
‘860 MHz respectively, resulting in a measured eflecive efficiency of 
54.3% fora dual-tone input power of ~ 10 dBm. Iis evident that this 
dual resonant rectification technique increases the RF to DC effective 
conversion efficiency, and hence the recoverable DC power for low 
power applications. Furthermore from a design and economic per 
spective utilizing large number of components (eg antennas, diodes) 
to realize individual rectifier cireuits for each frequency band creates 
additional expense, In order to provide more realistic measurement 
results, the proposed dual-band rectifier was tested in three suburbs of 
Melbourne, Australia. Therefore, this dual-band technique offers a 
simple and cost-electve solution which is of paramount importance 
{or environmental power harvesting systems, This innovative tech- 
nique has the potential to generate a viable perpetual energy source 
{or low power applications in urban environments 


Limitation of the study, open questions and future work: 
Utilizing diodes which are more suitable to lowe power applications 
(P< ~20 dBi) could increase the voltage sensitivity, resulting ina 
higher RF-DC conversion eficiency™. Applying a power optimized 
waveform excitation to the rectifier circuit in these frequency bands 
higher amount of DC power can be generated when compared with 
4 single and dual tone excitations with the same input power" 
However this technique fs not applicable to energy harvesting where 
the input waveform fs arbitra. 

Uulizing our proposed dual resonant rectification technique to 
combine resonant circuits for any ollier arbitrary frequency bands 
‘ouldlead 10 PCE improvement, provided that suitable diodes for the 
desired frequency bands are selected, Note that by increasing the 
‘operating ffequency the rectification performance degrades due 1o 
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Broad Band/ Multi Band! Dual Band Antenna 


Figure 7 | General block diagram of the RF energy harvesting system. 


the higher junction capacitance of the diode, Henee, lower output 
voltage is expected at higher frequency band 

Itisthe object of our future work to design « multi-band rectenna 
array for enhanced RF energy harvesting. Furthermore, increasing 
the bandwidth, sensitivity and efficiency will also be investigated, 


Methods 
‘The majo goal ia desing a feat RF harvesting s)tem so produc igh DC 
‘apt power. Toward isola igh sensi setifis crcl for optic RE 
scavenging. ignicant ctor governing he wnat ofa rete lhe tread 
‘ellage of the diode ured for eetiextions The dle mst beable to “evitch on” fr 
‘ey low ambien energy level, 

“Toads ths sensi su. sytem hat scavenge power fm mile 
Aequeny bands and eorblas thers to actvate a reiseaion chet propeced 
‘The genera block igeare of the propo ter epic in ig 7. Various ei 
sent RF eesgy sources of diferent frequencies at collet by a appropesely 
‘kil aicana and delivered to the recesion ccs wa sland mating, 
‘ermek. The rectification cul converts the combination a Rigas powe 
forlow- power appicalions- The escent ia th paper eae 3 dual eons, 
tmaching che as transhion between a 0 O neal ates gpa nd then 
linea resiation device at 490 and Mtl, asad on the Austral Radisequency 
Spectra, dhs bans are alte to Broadcasting evel cellar tern 


Deece Selection, Duet the very law ambient power aval in real 
avizonmenta ver low threshold walageectieation device segue in oder 10 
Incresse seri. Fo his reason, Schatky odes (GaAs o i) ae commonly 
employed for RE energy harvesting In this work a microwave Schothy detector 
HEMSED0 (Gp = 07 PER = 6 2 = 22e~ A)lschowen doe totes igh 
FRequency performance low secs essance (Rand juncio espactance (Cad 
lo theaold voltage with high-stration caren Tha aw threboldyllage 
(15-03 V) supports recticauon at ow spat power eves 


Propane Rectifer Design, In ede ta design an fen RE harvesting ster he 
oatinearty ofthe sete impedance eh eguency and appr should be 
fmatched tothe 30 ouput ofthe antno a the desired fequcnc bands, Therefore, 
the die np impedance a incon of equency and dierent power level were 
talelated and analyzed In order to match the input impedance otherecier othe 
50.0 output ofthe antenna, the tol load pedance fr diferent input power and 
ffequences should be dterslned Alsat consisting apa of Schothy Baier 
Diodes (SBD) terminated witha lead ress (Rau; 1K) and a output bypass 
‘apacioe (C2 ~ 68 pF was slated using Apicn ADS sotvare Figure shows 
the proposed giomery ofthe yltge dale apology" The vlage doubler 
rece tructrebeerployed fr the deagn of the RE-DC power conversion pte, 
this topelogy ell sited tow power elation, The redo and expactor at 
the ouput wl er high frequencies. The igh loud vesistor (11 KO) was chosen 10 
tdscve x resonable ous vols at ry law catent Using Large Sigal 
Parameters snap a pleat ADS sta, the led inpedaace ad bypass 
tapactor were determined and optimized 

The vllge doubles ecifera gtcondst of penk recs formed by D2 and 
Iypass capacitor C2 (6 pF) and a oliage clamp formed by DI and C1 (tl eae 
‘une of He rams lines and Uade’s paste capacance (,) Inthe 


C1 Node1 HSMS 2820 


Figure 8 | Schematic ofa voltage-double rectifier without matching 
rework, 


negative phate ofthe current Naws though D1 whe D2 cto The voage 
‘cows Di stays constant round (thread vlage td the vlage at 0d 1 i 
hare to —V where Vg is the threshold valage ofthe D)- At the negative 
peak the voltage rss C1 Vp Va (hee Van the ample of theta 
Sql). Lathe posite phase of tint caeent ows irough 2 whe Ds el 
"The voitage croatia the se athe provous phase becauseitha be ayo 
lscage- At the postive pea, the volage across D1 2Vany ~ Vas, Since D2 
‘ceding curent a charge C2, the volage at the culpa Vy 

. 


a= Vat 


“Fhe DC equivalent ret ofthe SBD voltage source inser wit the unction 
sesso whi obtained by dilereniting the dodevalge-cument ch 


‘sand given y equation 2) 


Where 6 the diode Meaty factor is the Boltzmann's constant, Ts the 
temperature ln degrees Kelvin ithe cron chrge, is he diode tration 
rent and Jy the external bas custen. At low power levl, dhe saturation 
Current very small, = 22 eA) an fr a zero biased dade, I~ 0 
‘Therefore the resulng value of junction resistance a room temperature is 
approuimately 17 ME Since the saturation carent highly temperature 
Aependent K, wl be even higher at lower temperatures which tends to decrease 
{he output valage- Ae the lap power icreuc some culling elie current 
tel eae adr i the vale off, aod thi phenomenon wil increase the vale af 
‘the DC output wollage,Futterove. i worth to hghlght that the retiied 
cutent produced bythe fst dade (D1 in Fig constitutes the exer bas 
urn! ofthe second diode (D2) which wl help to eedace the Rand hence the 
“etction senstiaty is improved. Therefore, depending en the sount of tala 
bas caren, varying (equation (2), bene the matching network is changing 
‘which pacts the amount of delivered power ta the diode tad rate ferent 
tales of PCE. 

A Schottky bars dlde canbe madeled by the nea equivalent clei shown da 
‘ig 9, where Ly and Cy ar the dlode's paras inductance and capreltnce 
espectivly dul to packaging (0, ~ 2H and, ~ 018 pF) which are generally 
‘canted, The liter rode sted fr determing the diode npedunce ta ven 
{put power. 

The diode impedance analyzed using 2 Harmonic Balance nulator ands noe 
lunar model ofthe odes ver the fequency range of 400 to 900 Met vais 
‘apa power evs ig 10). Due othe are uscton resto at oe pt RE power 
levels the ection devices sraed ff in abuence ofan apprpelate aching 
‘network Large Sigal Sparaneter analy ws conduit ane higher input power 
(Gsscited wth the igal source) i applied det to he Schotky odes coi 
tration a Fig which does not cade matching networkin onde otra nthe 
diodes (educethe ale of 8) andere ppeosimate np mpedance ale uF 
Sang poison desig ofa matching network Avie can be Sen a ag 10, Wi 
{ncreang the source power, the diode impelance varying and i Beginalg 12 
‘ich ont Hence, the input impedance neds to be determined when the dade 
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Figure 9| HSMS 2820 Schottky diode equivalent citcuit. 
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Figure 10| Diode input impedance calculated with Large Signal 
S-parameter analysis aver the frequency range of 400 10 900 MEIz with 
‘various unmatched input power levels. 
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Abstract: This work presents the optimization of antenna captured low power radio 
frequency (RF) to direct current (DC) power converters using Schottky diodes for 
powering remote wireless sensors, Linearized models using scattering parameters show 
that an antenna and a matched diode rectifier can be described as a form of coupled 
resonator with different individual resonator properties. The analytical models show that 
the maximum voltage gain of the coupled resonators is mainly related to the antenna, diode 
and load (remote sensor) resistances at matched conditions or resonance. The analytical 
models were verified with experimental results. Different pas 


ive wireless RF power 
harvesters offering high selectivity, broadband response and high voltage sensitivity are 
presented, Measured results show that with an optimal resistance of antenna and diode, it is 
possible to achieve high RF to DC voltage sensitivity of 0.5 V and efficiency of 20% at 
~30 dBm antenna input power. Additionally, a wireless harvester (rectenna) is built and 
tested for receiving range performance. 


Keywords: RF energy harvesting; wireless power transmission; coupled resonators; 
Schottky diode; RF to DC power converter; impedance matching; PI-matching; 
L-matching; reetenna 
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1. Introduction 


For autonomous powering of sensor nod sible areas, wireless power transfer 
provides the only viable option to power them from an energy source. Due to the low power density of 
ambient RF at far-field from transmitters, there is a need to optimize each aspect of a wireless RF 
energy harvester for possible realistic applications. Today remote autonomous sensors are mostly 


powered by batteries, which have limited lifespan. Renewable powering has the potential to power 


in remote or inac 


autonomous sensors perpetually. Due to the expansion of telecommunications technology ambient 
electromagnetic (EM) power is among the most common sources of ambient energy. There are power 
transmitters/receivers scattered in practically any society, ranging from television transmission stations 
to cell phone transmitters and even wirele: s/offices or mobile phones. These 
transmitters in our environment and others which are on special dedicated frequencies produce ambient 


routers in our hom 


RF power (on the order of microwatts) which can be used as a source for powering remote microwatt 
budget sensors through wireless energy harvesting. This work presents different matching techniques 


based on different application requirements using Schottky diode-based RF to DC power converting 
circuits for wireless remote EM energy harvesting around 434 MHz and 13.6 MHz. Generalized 


analytical models and limitations of the matched RF to DC power converters are discussed. A wireless 
RF energy harvester consisting of an antenna and a matched diode rectifier is then realized and 
its performance tested. Passive wireless energy harvesting also finds applications in near field 


communications (NFC) [1], RFID tags [2-5], implantable electronics [6,7], and environmental 
monitoring [8], among others. 


LL. State of the Art 


Hertz was the fi 


to demonstrate the propagation of EM waves in free space and to demonstrate 
other properties of EM waves such as reflection using parabolic reflectors [9]. Wireless power 


transmission was then investigated and demonstrated for possible wireless remote powering by Tesla. 
Electromagnetic power beaming for far field wireless power transfer using collimated EM waves was 
proposed in the 1950s [9]. Recent advances in ultralow power sensors means ambient omni-directional 
EM power can be used as a source for powering remote sensors without the need to collimate the EM 


power through the wireless space. Mickle [10] and MeSpadden [11] have presented earlier work on 


wireless energy harvesting s nbient 


RF power into DC power wa 


ems using Schottky diodes and rectennas where the usability of a 
shown. Sample [12] presented a wireless harvester which can harvest 


EM power from TV and radio base stations transmitting 960 kW of effective radiated power; 60 1 W 
was harvested at a range of about 4 km, Umeda [13] and Le [14] have presented more integrated 
energy harvesters based on CMOS RF to DC rectifying circuits. CMOS-based rectifying 
power converters provide full compatibility with standard CMOS technologies and have advantages in 
batch proc production. The drawback of CMOS-based diode connected transistors 


wireles 


's for m: the 


need to bias the gate of the transistors for the rectifying circuits to effectively function. This gate bias 
is provided externally, which makes the system not passive. Without the injection of external charges 


or a biasing of the transistor gate, the circuit has low efficiency, especially when the amplitude of the 
input voltage is low [15]. Shameli [2] presented a passive CMOS RF to DC power converter with a 
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voltage sensitivity of 1 V at ~14.1 dBm input, but the circuit efficiency was only 5 %. Zbitou [16] 
presented an RF to DC converter based on Schottky diodes and achieved 68 % efficiency at 20 dBm 
RF input power. Ungan [17,18] presented antennas and high quality factor RF to DC power converters 


at 24 MHz and 300 MHz for RF wireless energy harvesting at -30 dBm input power. The power 
converter used high quality factor resonators for impedance matching the EM source and the diodes 
and achieved high open circuit voltage sensitivity of 1 V/tW. Boquete [19] presented a risk 


ment system for calculating insurance premiums by monitoring mobile phone usage while 
driving. This was done by harvesting EM power from detected mobile phone usage during driving for 


on different substrates at 2. 


sk assessment. Heikkinen [20] presented rectenna: 
transmisson lines to match the antennas output res 


GHz using 
ince (at resonance) to the rectifying diodes. 


Akkermans [21] presented a rectenna design by complex conjugating impedance provided by a 
microstrip structure to a diode so that resonance may be achieved for a working frequency. This design 
approach may need sophisticated tools to realize and the dominant resonance frequency of the rectenna 
can be unpredictable in practice. Hagerty [22] presented rectenna arrays for broadband ambient EM 
harvesting and characterized the harvesters from 2 GHz to 18 GHz; rectennas combine impedance 
matching the RF rectifying circuit and the antenna into one compact device, but an array of rectennas 
may increase the overall size of an EM harvester. Herb [23] and Vullers [24] have provided a 
comprehensive state of the art for micro energy harvesting and have explored the va 
used for harvesting ambient renewable energy. 


jous techniques 


2. RF to DC Power Converter 
2.1, Diode Rectifier 


A junetion diode equivalent circuit and simple Schottky diode rectifier are shown in Figure 1. Ros is 
the diode resultant series resistance, Cps is the diode resultant series capacitance, Rop is the diode 


resultant parallel resistance, Cpp is the diode resultant parallel capa 
voltage and Vc is the voltage across the capacitor. 


ince, Vs is the sinusoidal source 


Figure 1. (a) Diode series equivalent model, (b) Diode parallel equivalent model, 
(©) Simple diode detector. 


pacitive impedance is mainly due to the junction capacitances provided by the metal, 


vation and the semiconductor forming the diode. AC power incident on a forward biased 
diode input is converted to DC power at the output. The current-voltage behavior of a single 
metal/semiconductor diode is described by the Richardson equation [25] as in Equation (1): 
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io) 


where / is the current through the diode, /s is the saturation current, q is the charge of an electron, Vp is 
the voltage across the diode, 7’is the temperature in degrees Kelvin and K is Boltzmann constant. The 
voltage equation around the loop can be derived from Figure 1(c) and is given in Equation (2); 


Vy =Vs—Ve Q) 


Since the same current flows through the diode and the capacitor, one can find the average current 
through the circuit by integrating Equation (1) over a time period. By substituting Equation (2) into 
Equation (1), Vc can be expressed in terms of Vs by averaging the diode current to zero. T 


in Equation (3) [26] 
22F bia 
nL : 


where 9, is the series expansion of the s 


dal source voltage. Equation (3) can further be 


simplified for very small amplitude Vs as Equation (4); 


(4) 


Equation (4) shows that for a small voltage source, the circuit output voltage is proportional to the 
square of the input sinusoidal voltage; hence it’s so-called square law operation. Extensions of this 


model for voltage multipliers and other input signals are presented in [27] and [28]. Equation (4) 
further confirms that for low input voltage (power < 10 dBm), an impedance matching network 
between the source and the diode is ne, 


sary to improve the detected output voltage and efficiency. 
2.2. Impedance Matching 


‘The maximum power transfer theorem states that the highest power is transferred to the load when 
the source resistance is the same as the load resistance. For systems with both resistive and reactive 
impedances from source and load, the source and the load impedance should be adjusted in a way that 
they are the complex conjugate of each other through impedance matching. For the purposes of this 
work, a 50 Q resistive source is chosen as reference for load impedance matching. The antenna which 
captures the ambient RF signals is tuned to provide this source resis 


tance at resonance for the 


ince of the 


rectifying circuit in a complete EM wireless remote harvester. The load is the res 
Schottky diodes and the actual connected resistance (remote sensor). The specific type of matching 
network which can be used for complex conjugation depends on the nature of load or source 
impedance, the desired RF to DC converter functionality and other factors like circuit size, cost, etc. 
The response of a matched RF to DC power converter depends on the matching network used as well 
the source or load component quality factors and impedances, 
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2.3. Diode Impedance 


Schottky diodes HSMS-285C and HSMS-286C from Avago [29,30] are used to build the RF to DC 
power converters. The HSMS-285* or 286% series diodes can be operated as zero biased with 
relatively low forward junction potential. This allows for the realization of completely passive RF to 
DC power converters for wireless energy harvesting. The HSMS-285C or 286C is a pair of 
series connected Schottky diodes in a SOT-323 package. The impedance of the HSMS-285C and 
HSMS-286C diodes was first measured so it can be matched to the resistance (50 9) of the antenna 
source. This is done by connecting the input of the diodes to a network analyzer and measuring the 


scattering parameters. These scattering parameters are then converted to the corresponding 
impedances. The input impedance of a diode depends mainly on the resistive and capacitive impedance 
provided by the junction of the diode and its connected load. For a couple of diodes arranged in a 
package such as the HSMS-285C or 286C, the input impedance is the vector sum of the impedances 
provided by each diode in the package arrangement, the extra impedance associated with the 
packaging and the connected load, The diode measuring board is as shown in Figure 2. The diodes 
‘were measured at room temperature for an input power of -30 dBm at a diode connected load of 1 MQ 
with a 100 pF filter capacitor. For the sake of this work, the input impedance of the diodes will always 
be referred to at these connected load conditions. 


Figure 2. (left) Reference circuit layout for measuring diodes 


input impedance, 
(right) measuring printed circuit board (PCB) for diodes input impedance on 1 mm FR4 
substrate. 
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Figure 3. Measured input impedance (A resistive, 0 capacitive) of HSMS-285C (left) and 
HSMS-286C (right) diodes at —30 dBm input with 1 MQ load and 100 pF filter. 
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The board is fabricated such that components are soldered directly one into another to prevent 
additional impedances introduced by copper route. The PCB backside had the ground layer. An 
example of measured input impedance for HSMS-285C and HSMS-286C is shown in Figure 3. 

The diodes quality factor is given by X,,R,,', where Xps is the resultant series capacitive 
impedance of the diodes. At an input power of ~30 dBm, the measured input impedance of the 
HSMS-285C diodes is 72-j501 9 at 434 MHz and 587-j1239 Q at 13.6 MHz, For HSMS-286C 
diodes, it is 10-jS03 Q at 434 MHz and ~1.5-j8.1 kQ at 13.6 MHz for ~30 dBm input. The measured 
impedance of the HSMS-286C diodes at low frequencies (< 60 MHz) shows pronounced fluctuations. 


The low-frequency excess flicker noise and the shot noise observed in the HSMS-286C have been 
studied by several authors [31-33]. The pronounced presence of trap states in the depletion region of 


the semiconductor, mobility fluctuations in carriers, edge effects among other reasons is reported to 


cause deviations from the ideal Schottky diode behavior and hence generation-recombination noise for 


some diodes such as the HSMS-286C [34]. When a diode rectifier is matched at a reference operating 
condition, the matching network may function less effectively at other input power levels, connected 
load and other operating frequencies. This is due to possible changes in the diode input impedance. 


Throughout this work the imperfections of the matching circuit at other operating conditions away 
from the matched reference conditions are accepted without changes to the matching network. 


2.4. Voltage Doubler 


The Delon voltage doubler and Greinacher doubler are both used to realize the RF to DC power 
converters presented in this work, The Delon voltage doubler and Greinacher doubler are shown in 
Figure 4. The diodes output voltage (V..) is doubled what is detected by a simple detector circuit 
shown in Figure 1. Both doublers produce the same output performance, the only difference is that the 
Delon doubler has an instantaneous input ground which is not shared with the output. 


Figure 4, Circuit diagram of voltage doubler, (a) Delon doubler and (b) Greinacher doubler. 


HSMS-285C 
L i 
mre 


co) (b) 


2.5. Matching Techniques for Antenna Source and RF to DC Power Converter 
2.5.1, L-match RF to DC Power Converter 


An L-match network converts a source series impedance to its equivalent load parallel impedance or 
vice-versa and tunes out by subtracting or adding any surplus reactance from the load or source with 
the counter impedance, Series impedance is converted to its parallel equivalent impedance using 
Equations (5-7): 
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(6) 


=> (6) 


where Xs is the total series reactive impedance, Rs is the total series resistance, Rp is the total parallel 
resistance, Xp is the total parallel reactive impedance, Qs and Qp are the series and parallel quality 
factors respectively: 

Rp x Xp 


Ro + IX, = 
Rpt 


a) 


Equation (7) is the equation of a series sum of impedances and a parallel sum of impedances. It is 
interesting to note that Qs and Qp from an L-matched network may be different from the individual 
component quality factors as a result of the inherent resistive and reactive impedances in that 
component. By virtue of Equation (7), Qs and Qp must be equal in an L-matched network. Using 
Equations (5,6) and (7), the ratio of the parallel resistance (or reactance) to the series resistance (or 
reactance) can be derived in terms of the quality factors Qp or Qs [35]. Since at match conditions, only 
the resistive impedances dissipate power, the loaded quality factor Q, of the L-matched network can be 
expressed as in Equation (8): 


Ry = (Q + DR (8) 


Using Equations (5,6) and (8), series impedance can be converted to its parallel equivalent for a fixed 
frequency and power level. As an example; a series impedance 72-j501 9 (HSMS-285C at 434 MHz 
for -30 dBm input power) is easily converted to ~j510(3519)/(-j510 + 3519) Q as its parallel 
equivalent with a component quality factor of 6.96. The source resistance is taken as part of the 
parallel matching network in an L-match circuit if the source series equivalent resistance is greater 


than the load series equivalent resistance. On the other hand, the load resistance is taken as part of the 
parallel matching network if the load series equivalent resistance is greater than the source series 
equivalent resistance. For the purpose of this work, inductors were only used for series impedance 


matching and capacitors as shunts. This prevents power seeping through any shunt inductor used for 
impedance matching due the short circuit provided by a shunt inductor to ground and resulting in less 
output efficiency. Re 


(ors were not used for impedance matching. 


2.5.2. L-match RF to DC Converter Generalized Analytical Model 


‘The clas 
resistance of the antenna to the res 


al matching technique using Equations (5,6) and (8) is first used to L-match the 50 2 
ince of the HSMS-286C diodes (and load) at 434 MHz for 
~30 dBm input and then the generalized model is discus: 


sed. The antenna source res 


ance was 
L-matched to the resistance of the diodes (and load). The 50 Q resistance of the antenna is taken as the 
parallel matching component and the diodes 10 Q resistance is the series matching component. The 
loaded @ is found as 2 between the 50 Q antenna source resistance and the 10 Q diode series resistance 
using Equation (8). From this loaded Q, a shunt capacitive impedance of 25 Q (14.6 pF at 434 MHz) 
using Equation (6) and a series inductive impedance of 20 © (7.3 nH at 434 MHz) using Equation (5) 
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will match the 50 Q source to the 10 © HSMS-286C diodes (and load) series resistance at -30 dBm 
input, Since the HSMS-286C diodes inherently provides 503 series capacitive impedance at 
~30 dBm, a resultant series inductive impedance of 523 9 (192 nH at 434 MHz) is needed to tune the 
50 © resistive source to the complete HSMS-286C diodes impedance at 434 MHz for ~30 dBm input. 
‘The L-matched HSMS-286C diodes rectifier is as shown in Figure 5(a). 


Figure 5. (a) L-match RF to DC harvester using the HSMS-286C diodes at 434 MHz for 
=30 dBm input. (b) Small signal impedance model of a generalized L-matched RF to DC 
power converter as capacitive coupled series RLC resonator with different resonator elements. 
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Cris the tuning capacitance, Lr is the tuning inductance, Xz, is the tuning inductive impedance, Cns 
is the diodes series capacitance, Xns is the diodes series capacitive impedance, Vs is the antenna 
captured ambient EM voltage, R, is the resistance of antenna, L, is the inductance of antenna, C, is the 
capacitance of antenna, R,. is the resultant series resistance from the diodes and the connected load 
resistance, Vis the resistive load voltage. From Figure 5(a) the power dissipated in the resistance of 
the diodes (and connected load); P,, is given by Equation (9), where Ry is the series resistance of the 
diodes and load: 


(9) 


The source power; Ps is given by Equation (10), where Vs* is the root mean squared (RMS) 
stance of the diodes 


antenna captured source voltage. Half of the source power is transferred to the res 
(and connected load) at match conditions as described by the maximum power transfer theorem: 


(10) 
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Equating P; and half RMS Ps gives a condition of maximum voltage gain for the matched RF to DC 
power converter shown in Figure 5(a): 


1 fR 
2\R, ay 


From Equation (8), substituting the series and parallel resistance ratio into Equation (11) the voltage 
gain can be expressed in terms of the loaded quality factor as in Equations (12) and (13), where Q is 
the loaded quality factor of the RF to DC power converter: 


(12) 


Equation (12) 
connected load) is part of the series matching network and the resis is part 
of the parallel matching network as in Figure 5(a). If the resistance of the diodes is part of the parallel 


the voltage gain in-terms of the loaded Q if the resistance of the diodes (and 


ance of the antenna source 


matching network, then Equation (13) may be written as the voltage gain in-terms of the loaded Q in 
an L-matched circuit 


iA Lp ae 
Spl ee (13) 


Fe 


Equations (12) and (13) shows that the maximum voltage gain is directly related to the relative 
differences between the diodes (and connected load) resistance and source resistance at matched 
conditions or the circuit loaded quality factor. It is interesting to note that the circuit shown in Figure 5(a) 
has a loaded Q of 2, but an HSMS-286C unloaded quality factor of 50 (at 434 MHz for 30 dBm), 
Figure 5(a) is generally modeled as capacitive coupling of two series RLC resonators with a voltage 
source. This linearized model can be made at any defined frequency and power level. The model 
however neglects the metal/semiconductor physics of the diode’s junction potentials which results 
in a Schottky barrier. The first series RLC resonator is modeled as impedance from the antenna with 


or without some passive matching components. The voltage source Vs, is the antenna captured 
electromagnetic voltage. The second series RLC resonator is the impedance from the diodes (at a 


defined condition), connected resistance and some passive matching components. Ck is modeled as the 
coupling element between the two series RLC resonators. Figure 5(b) gives a more general look 


at the special scenario shown in Figure 5(a). The voltage equations in the two loops are given by 
Equations (14,15) according to Kirchhoff’s voltage loop laws, where o is the angular frequency and 
Jy, 12 are the currents in the first loop and second loop, respectively: 


(4) 


(is) 


Using Cramers rule, /> can be expressed as 
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l= 


(16) 
Ry + jol, ~~ 
OC, a, 
The voltage across R, is Vi; given by LR, 
v= 
‘1 : (7) 
R, + jot,-~-- |r, + jot, - 1-4 — 
WC, OC, WC, OC, | oz 
The voltage gain of the coupled resonator can be expressed as in Equation (18): 
Vi = 
y. (18) 
§ JR, + jal, -—~ - £ u 
OC, Cy 


At resonance, there is no resultant reactance in the RLC resonators or the capacitive and inductive 
impedances become equal; hence Equation (19) can be written: 


dips eg Mle gang SULT, Deg “sy 
@\C, Cy Gig Gy 


Equations in Equation (19) can be used to find the resonant frequencies of the s 
resonator. The voltage gain of the coupled resonator at resonance can then be exp 
Equation (20): 


sed as in 


Se a Va (20) 


where Veain is the voltage gain. Vian at resonance is a function of the resistance of the source and load 
and the coupling element. The maximum of Equation (20) is obtained when: 


Woon 
aC, en 
This gives the results as in Equation (22) 
Wig j2R, 
an PR ine y 
a, oC i eer 2) 


Equation (22) can be simplified to find Cxjmay 


(23) 
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where Cknox is the value of the coupling clement where maximum power transfer from the first 


resonator to the second resonator occurs, Using Equations (19) and (23) the unknown optimal 


matching impedances can be found from the known impedances just like the classical L-matched 


procedure using Equations (5,6) and (8), By substituting Cima into Equation (20) and taking the 
magnitude of Vin gives the maximum voltage gain of the coupled series resonator at resonance: 

[R. i 
— or simply 
R, ply 


(24) 


For wireless harvesters consisting of an antenna and a diode rectifying circuit, the diode resistive 
impedance at any condition is dependent on the diode realized parameters, signal frequency, connected 
load and the input power level. The source impedance is determined by the impedance of the antenna. 
For maximum efficiency, the ratio of the source resistance to the load resistance must tend to zero at 
matched conditions. The efficiency 7 of the circuit is given by Equation (25): 


in > 1 when ®4 _, 9 (25) 


2.5.3. L-Match RF to DC Converter Experimental Results and Discussion 


‘The presented circuit was L-matched between the 50 Q resistance of the antenna source and the 
ince of the HSMS-28SC diodes (and load) at 434 MHz for ~30 dBm input as shown in Figure 6. 
Since the series equivalent resistance of the HSMS-28SC diodes and load (72 Q) is greater than the 


re: 


50 Q series resistive antenna source, the diode is taken as parallel matching network with a parallel 
equivalent impedance of ~j510(3519)/(-j510 + 3519) Q. The analysis follows the same procedure as in 
Section 2.5.2 after this step. Figure 6(b) shows the resultant L-matched RF to DC power converter. 


Cop* is the resultant shunt matching capacitance, 


Figure 6. (a) L-matched impedance circuit for matching the HSMS-285C diodes at 
434 MHz for ~30 dBm input. (b) Resultant network, (c) PCB layout of the L-matched 
Delon doubler with adjusted values on FR4 substrate (d) Fabricated PCB of the L-network 


matched Delon voltage doubler. 
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Figure 6. Cont. 


© @ 


Figure 6(a,b) assume perfect characteristic impedance between the various components in the 
matched circuit, When a copper route is introduced between components and on a material substrate, it 
must be accounted for in the total impedance as seen by the source or load. This PCB impedance 
compensation is carried out in Advance Design Systems (ADS) from Agilent [36]. ADS has extensive 
models for microstrip substrates to account for its impedances. The optimized layout using ADS 


microstrip models and its compensated values in the passive tuning components for a Delon doubler is 
shown in Figure 6(c). 

The circuit reflection coefficient (Si) and input impedance at open circuit are shown in Figure 7. 
There is high return loss and resonance around 434 MHz, The circuit input impedance at open circuit 
conditions is ~38.@ at resonance for ~40 dBm and ~17 Q at ~10 dBm input. 

‘The measured L-matched circuit efficiency and voltage sensitivity is shown in Figure 8. The 
maximum measured L-matched efficiency at -30 dBm is 22% at ~20 kQ load and an open circuit 
voltage of 124 mV. At -10 dBm, the maximum efficiency and open circuit voltage is 47% and 2 V 
respectively. At the optimal load of ~20 kQ, the detected voltage is $8 mV and 1 V at ~30 dBm and 
=10 dBm respectively, 


Figure 7. Measured open circuit $1; of the L-matched Delon circuit at different input 
power levels from a 50 Q source (left), measured open circuit input impedance at ~10 dBm 
and —40 dBm of the L-matched circuit (right). 
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The open circuit voltage gain is 25 at —30 dBm and 40 at 10 dBm. The maximum measured 
efficiency at 35 dBm is 27%. This is higher than that of -30 dBm due to the better matched circuit 
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impedance at ~35 dBm (35 Q) than at —30 dBm (27 ©) input. The L-matched RF to DC power 
converter has a loaded Q, sensitivity and efficiency determined mainly by the diodes resistance, diodes 
junction potential, connected resistance and antenna source resistance at matched conditions. 


Figure 8. Measured L-matched circuit efficiency vers 
power levels at 434 MHz (left), measured open ci 
input power at 434 MHz (right). 
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2.5.4. Pl-match RF to DC Power Converter 


A highly selective or small frequency bandwidth RF power converter is realized with a Pl-network 
in-between the source impedance from the antenna and the diode rectifier. A Pl-network is a ‘back to 
back’ L-network that are both configured to match the load and source impedance to an invisible 


resistance lox 


ted at the junction between the two L-networks [37]. The quality factor of the L-network 
with the parallel resistance is given by Equation (26): 


Qy = 


where Rp is the parallel res 


tance, R* is a virtual resistance and Q»* is the quality factor of the 
L-network with the parallel resistance. The quality factor of the L-network with the series resistance is 
given by Equation (27): 


[R, 


(7) 


where Qs* is the quality factor of the L-network with the series resistance. The unloaded qua 


ty factor; 
Qs* or Op* is set higher than what is normally achieved with a single L-network [37] to realize the small 
frequency bandwidth circuit, The resistance of the load is assigned the parallel network in a Pl-matched 
circuit if its series equivalent r 


‘stance is higher than the source series equivalent resistance; the 
opposite is true if the source is higher than the load. Equation (26) and Equation (27) are synonymous 
to Equation (8), except the lowest resistive impedance in Equation (8) is substituted with the virtual 
resistance which is dependent on the newly desired circuit selectivity. From Equations (26) and (27) the 
loaded quality factor of the Pl-matched circuit can be written as Equation (34) in terms of Qs* and Op*: 
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(28) 


where Q is the loaded quality factor of the Pl-network. Qs* or Qp* are the unloaded quality factors of 
the Pl-matched network. The larger value among the unloaded quality factors result in small frequency 
bandwidth response which is desired when matching a source and load impedance with a Pl-network. 
Some authors approximate the highest value of Qs* or Qp* or their algebraic sum as the loaded quality 
factor of the Pl-network as in [35] and [37], but Equation (28) gives the exact loaded Q of the 
Pl-matched circuit in terms Qs* and Qp*. This allows for the correct estimation of the maximum 


voltage gain from the loaded quality factor. 
2.5.5. Selectivity RF to DC Converter Generalized Analytical Model 


An example of a Pl-matched RF to DC converter using the HSMS-285C diodes operating at 
434 MHz for 30 dBm input is presented first and then the generalized model is discussed. The circuit 
is matched for Qp* of 60 between the antenna and the resistance of the diodes as shown in Figure 9. 


Figure 9. Impedance diagram of Pl-matched RF power converter; (a) Impedance diagram 
of 50 Q source and the HSMS-285C diodes at 434 MHz, (b) Resultant PI matched network 
between the antenna source and load resistance. 
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Figure 9(b) can 
general look at such a cireuit is shown in Figure 10, as an inductive coupling of two parallel RLC 


be modeled as an inductive coupling of two parallel RC circuits. A more 


resonators with a current source. 
Figure 10. Inductive coupled parallel RLC small signal model of a generalized Pl-matched 
antenna and diode rectifier. 
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The first parallel RLC resonator is modeled as impedance from the antenna and some passive 
matching components. The 
linea 


second parallel RLC resonator is modeled as i 
ive matching components 


ypedance from the 
I 
induced current, Vs this time is the voltage across the parallel Ry and XK; is the coupling element 
between the two parallel resonators. Using Kirchoff’s current laws, the node equations can be 


ized diodes, its is the antenna 


connected load and some pass 


expressed as Equations (29) and (30): 


iV, 

+R (29) 
i 

e £4] 30) 


Load voltage (Vi) and the source voltage (Vs) at resonance are given by the equations in 
Equation (31). The resonance frequencies are given by Equation (32): 


+ 
and Vy 7 G1 
Se 
RR, 
bfa. i Lft 4 
oC, - + 4+ + th =oand oCy-+4+ +4h=0 
on a nee a Ltd} @2) 
From / and Vs in Equation (31), the voltage gain at resonance can be expressed as: 
VY, a R, 
V, 70K, G2) 
The maximum of Equation (33) is obtained when: 
joK, > 0 or Ry > 64) 


Since joK; is restricted by the conditions in Equation (32) to attain resonance, one cannot 
manipulate joK; alone without changing the resonance conditions. What can drive the voltage gain is 
if R, is very large at resonance conditions. If the input impedance (Vy/) of the coupled resonator is 
maximum at resonance, conditions in Equation (35) hold: 


Vs ‘ ‘h 
TF] > maximum when (35) 


Equation (36) may be assumed when 0: 


Ry (36) 


Under these conditions and an optimal coupling coefficient Kmayy the ma 


imum voltage gain of the 


parallel coupled resonator can be written a 


in Equation (37), where Kina: is given by Equation (38): 
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y, 
| > Pe (37) 
K yous) (38) 


The analysis of Section 2.5.2 and parallel coupled RLC resonators show that any antenna and 


matched rectifying diode can be described as an equivalent circuit of a coupled resonator at a defined 
operating point. This general model can be applied to optimize other harvesters with complex output 
impedance such as piezo-harvesters or vibration harvesters for maximum transfer of power or voltage 
to its connected load. The model can also be applied to near field magnetically coupled antennas/coils 
for optimization. 


2.5.6. Broadband RF to DC power converter 


A broadband network is preferred when an RF to DC power converter is to be operated for a wide 
range of frequencies. A broadband converter is realized by connecting ive L-networks together 


in a multi-network between the antenna source and the rectifying diodes. The result is broadband or 
multiband RF power converter around certain frequencies. This can be deduced from the general 
model of a coupled resonators that by choosing certain passive components between a source and the 
load, it is possible to have more frequencies () fulfilling Equation (32) and hence a result of multiple 
resonant frequencies or broader bandwidth at match conditions. For a two stage L-connected match, 


the quality factor of the L-network with the parallel resistance is given by Equation (39): 


Qn 39) 
The quality factor of the L-network with the series resistance is given by Equation (40): 
QO. (40) 


From Equations (39) and (40) the loaded quality factor of the two stage L-connected broadband 
network may be written as Equation (41) in terms of the unloaded quality factors; Qs* and Qp* 


@ = (0, +0Q) +)} 


Re in this case may be chosen if it is larger than Rs and lower than the Rp. The highest possible 


1 cn) 


ive load is found for a virtual resistance (R*) given in 
Equation (42) [37] 


(42) 


For complex loads such as rectifying diodes or transistors, the largest achievable bandwidth 
prescribed by Equation (42) is limited by the load or source component quality factor, since Equation (42) 


does not take into jated with the source or load. 


tive impedance a 
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2.5.7. Broadband-Match RF to DC Converter Results and Discussion 


The antenna source resistance was broadband matched to the HSMS-285C diodes (and load) 
resistance at 30 dBm input around 434 MHz, For a desired Qp* and Qs* of 2.7 there is ~0.4 pF 
inherent diode capacitance which is un-tuned using a two stage L-matching network [Figure 11(b)]. 
This is because the HSMS-285C diodes provides an inherent component quality factor of 6.96 at 
434 MHz for ~30 dBm input, hence a broadband circuit with Qp* lower than this inherent component 
quality factor of the diodes (and load) is difficult to achieve without trade-off’. However, connected 
L-networks with Qp* as high as the diode component quality factor may perform worse than a single 
L-matched network with similar loaded quality factor. This is due to redundant components of the 
connected L-networks which have inherent | 


ses, 


Figure 11. Impedance diagram of broadband RF power converter; (a) Broadband match 
around 434 MHz. with loaded Q of 2.7, (b) Resultant impedance matching network with 
un-turned capacitance of 0.4 pF. 
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Figure 12. Measured open circuit $1, of the broadband circuit around 434 MHz at different 
input power levels from a 50 Q source (left), measured open circuit input impedance at 
=10 dBm and ~40 dBm of the broadband circuit (right). 
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Therefore the broadband circuit is matched for Qp* of 2.7, notwithstanding the un-tuned shunt 
capacitance as can be seen in Figure 11(b). Figure 12 shows the circuit Sj; at various input power 
levels and input impedance at open circuit conditions. From Figure 12 (left) there is 3 dB return loss 
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from 200 MHz to 500 MHz providing an operating band of ~300 MHz. The impedance of the circuit 
shows resonances at ~290 MHz and ~450 MHz as shown in Figure 12(right), A third resonance occurs 
around 356 MHz at 10 dBm as the frequency of highest harvester input resistance (~350 ©) and 
where the reactive impedances approach their extremes. Figure 12 show that a wireless EM harvester 
can exhibit different resonance scenarios depending on the dominant instantaneous conditions, The 
efficiency and voltage sensitivity of the broadband matched wireless EM harvester are shown in 
Figure 13. The average open circuit voltage is 47 mV and 1.1 V at ~30 dBm and -10 dBm, 
respectively, when operating from 200 MHz to 500 MHz. 


Figure 13. Measured open circuit voltage versus frequency sweep from 200 MHz to 
500 MHz for ~10 dBm and ~30 dBm (left), measured efficiency at 17 kQ load ve 
frequency sweep for ~10 dBm and ~30 dBm (right) 
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‘The broadband circuit achieves average efficiency of 5% at 17 k@ load for ~30 dBm and 30% at 
17 kQ load for ~10 dBm input power from 200 MHz to 500 MHz, Figure 13 further confirm a direct 
link between frequency response and the unloaded quality factors. For Qs* and Qo* of ~2.7, the circuit 
response is broadband around 434 MHz. 


2.6. High Voltage Sensitive RF to DC Converter 


‘The current state of the art low power remote sensors would require a DC voltage supply of about 
1 V and DC current of about 30 A for operation. Therefore, the issue is not only how efficient a 
wireless EM harvester is in converting RF to DC power, but also what the output DC voltage and 
current of the EM harvester are at the RF input power level [38]. Equations (11,24) and (33) show that 
the maximum voltage sensitivity of a coupled resonator system or an RF to DC power converter is 


mostly related to the load and the source resistances at resonance. Therefore high voltage sens! 
wireless EM harvester can be achieved with a diode voltage doubler with a very high input resi 


tive 


tance 


relative to the antenna source without the need to cascade the diodes as in voltage multipliers. If the 
diodes been used for the RF to DC power conversion cannot provide high resistive impedance at the 
working frequency relative to the antenna source, then a DC-DC converter can be applied after the EM 
harvester as presented in [39] or the diodes may be cascaded by way of multipliers as presented in our 
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earlier work [40] and by several other authors [3,5,14]. In case of multipliers, the input voltage ought 
to be high enough to overcome the junction potential of the several diodes in the multiplier network. If 
frequency is not a constraint, then a frequency sweep versus impedance for the diodes can be made and 
the frequency where the diodes exhibits high resistive impedance can be used to realize high voltage 
sensitive wireless RF harvester. For Schottky diodes, high resistive impedance occurs mostly at lower 
frequencies (see Figure 3). The measured voltage gain of a high resistive diode pair (voltage doubler) 
is presented in the next results. 


2.6.1. High Voltage Sensitive RF to DC Converter Results and Discussion 


‘The presented result was L-matched using 50 © resistance of the antenna source and the resistance 
of the HSMS-286C diodes (and load). The HSMS-286C diodes do provide high resistive impedance at 
low frequencies; notwithstanding the flicker noise which causes its resistive (and reactive) impedance 
to fluctuate, The HSMS-286C has low forward junction potential (~350 mV at 1 mA) per diode and 
series impedance of ~1.5-j8.1 kQ or parallel impedance of ~-j8.3(46.3)(-j83 + 46.3) kQ at 
13.6 MHz for ~30 dBm input, Even though the HSMS-286C diodes unloaded component quality 
factor at 13,6 MHz is similar to that of the HSMS-285C diodes at 434 MHz, the elevated resistive 
impedance at 13.6 MHz fulfills the condition for high voltage sensitivity relative to a 50 Q antenna 


source at resonance conditions. 


Figure 14, (a) L-matched impedance diagram for matching the HSMS-286C diodes at 
13.6 MHz at -30 dBm input, (b) Resultant network, (¢) PCB layout of the L-matched 
Greinacher doubler with adjusted values due to impedances provided by copper route on 
FR4 substrate with thickness of 1 mm. (d) Fabricated PCB of the L-matched RF to DC 
power converter. 
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The high voltage sensitive EM harvester operating at 13.6 MHz is as shown in Figure 14. On the 
realized PCB is a Greinacher doubler. An inductance of 15 wH and a shunt capacitance of 5.6 pF were 
the adjusted values after the microstrip contributions. 
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‘The measured $1; and input impedance at open circuit are shown in Figure 15. There is high return 


loss and resonance around 13.6 MHz. The circuit input impedance at open circuit conditions is 8 Q at 


resonance for both —40 dBm and ~10 dBm. 


Figure 15. Measured open circuit S11 of the L-matched HSMS-286C diodes at 13.6 MHz 
for different input power levels from a 50 Q source (left), measured open circuit input 
npedance at 10 dBm and —40 dBm of the L-matched HSMS-286C diode at 13.6 MHz 
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‘The efficiency and voltage sensitivity of the high voltage sensitive wireless EM harvester are shown 
in Figure 16. 


Figure 16. Measured circuit efficiency versus load at various input power levels at 
13.6 MHz (left), measured open circuit voltage and at 200 k@ load versus input power at 
13.6 MHz (right). 
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‘The maximum measured efficiency at ~30 dBm is 20% for ~200 kQ load and an open circuit 
voltage of 0.5 V. At —10 dBm, the maximum efficiency and open circuit voltage are 54% and 5.4 V 
respectively. At the optimal load of ~200 kQ, the detected voltage is 0.2 V and 2.9 V at ~30 dBm and 
~10 dBm respectively. The open circuit voltage gain is 100 at ~30 dBm and 108 at—10 dBm, 
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Even though the RF to DC converter presented in Section 2.5.3 is the same as the L-match circuit 
realized with the HMSM-286C diodes at 13.6 MHz, the voltage gain is increased by a factor of 4 due 
to the large difference between the diodes (and load) resistance and source resistance so that at 
matched conditions high voltage gain occurs. The loaded Q of the L-matched circuit is 30 which 
results in small frequency bandwidth just like a Pl-matched diode rectifier presented in our earlier 
work [40]. From this result and the results from our earlier presented Pl-matched EM harvester, it can 
be inferred that all high loaded Q RF to DC circuits have high selectivity but not all highly selective 
RF to DC circuits have high loaded Q. The voltage sensitivity of the matched HSMS-286C diode at 
13.6 MHz can be improved if its resistive impedance is not lowered by the flicker n 


se. 
3. Wireless EM Power Harvester 


A wireless EM harvester, consisting of a rectifying antenna (rectenna) was designed to find a 
compromise between size and performance of its antenna. The rectenna is shown in Figure 17. 


Figure 17. Rectenna realized on a Duroid 5880, 1.57 mm substrate. (a) Backside of the 
rectenna, (b) cross-section of antenna output coplanar stripline dimensions (e) frontside of 
the rectenna. 


‘The antenna (planar) part of the rectenna is based on our earlier work [41]. In contrast to the earlier 
presented antenna, this rectenna is realized on a Duroid [42] substrate of thickness 1.57 mm, Duroid 
5880 has lower loss tangent of 0.0004 at 1 MHz compared to 0,025 at 1 MHz for FR4. This means 
there is less loss in the transmission of signals on a Duroid PCB at this frequency range. The antenna 
part is fabricated to resonate around 434 MHz; hence its dimensions of 5 x 5.2 cm make it electrically 
small, The antenna is tuned with a chip inductor and a capacitor to achieve the resonance frequency 
around 434 MHz [Figure 17(c)]. This is done at a cost of reduced antenna radiation efficiency. An 


antenna is one of the few components the size of which is related to the operating frequency. Thus, if 
the size of an antenna is fixed, resonance frequency reduction of the antenna can only be achieved with 
penalty factors [10]. The antenna’s output impedance is tuned with the dimensions of the coplanar 
stripline as shown in Figure 17(b). 
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HESS [43] was used to simulate the presented antenna and to find the correct capacitive and 


inductive components for frequency tuning before the optimized design was fabricated. Thi 
antenna resonances occur at 438 MHz and 445 MHz. At these frequencies, the radiation efficiency is 
20% and a peak gain of ~6 dBi, The rectifying part of the rectenna consists of L-matched HSMS-285C 
diodes (Figure 17(c)). The L-matched HSMS-285C part of the rectenna can be engineered to be as 
small as possible if required. The separate parts of the rectenna were characterized by terminating their 


nulated 


ends and measuring the individual reflection coefficients jus 
Section 2. Figure 18 shows the measured antenna and matched rectifier individual 8}; and impedance. 


like the power converters presented in 


Figure 18 (left) also show the HFSS simulated S;; results, From Figure 18 (right), the measured 
antenna resonance where the input impedance is at maximum is ~434 MHz. At ~434 MHz, 
the antenna input resistance is 376 Q and the reactive impedances approach their extreme (so called 
anti-resonance). The other resonance occurs when the input resistance is ‘finite’ and the reactive 
impedance is zero; at ~441 MHz. The input resistance is $7 @ at ~41 MHz, The rectifier circuit is 


matched for the antenna’s resistance at ~441 MHz. 


Figure 18. Antenna HFSS simulated, antenna measured, and measured L-matched diode 
rectifier S11 on a Duroid S880 PCB for 30 dBm input (left), Measured open circuit input 
impedance of antenna and rectifier at 30 dBm input (right) 
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3.1, EM Range Results and Discussion 


At far field between wireless EM tra 


smitting and receiving antenna, the coupling mechanism 
between the transmitting and receiving antenna is neither capacitive nor inductive as is the case for the 
RF to DC converters. The coupling is radiative which can be described by the Friis equation of 
transmission on the assumption that the transmitting and receiving antenna are in free space [44]. 


A modified Friis equation for a transmitting and receiving antenna at far-field (R >> 2 and 
R >> transmitting antenna largest dimension) to each other at a specified direction is given by 
Equation (43) [45]. Equation (43) a 


mes real world open space conditions: 


(43) 
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where Pr is the power at the receiving antenna port, Pr is the power supplied at the transmitting 
antenna port, Fons is a factor accounting for environmental effects as such ground reflections among 


others, Gt and Gr are the transmitting and receiving antenna gain (at specified direction) respectively. 


R is the distance between the transmitting and receiving antenna and 2 is the wavelength of the 
transmitting EM wave. The rectenna receiving range measurements were carried out in an open space 
(hall) with the antennas 2 m aboye ground level. The transmitting and receiving antennas were 
arranged in the direction of their peak gain, The rectenna range performance is shown in Figure 19. 
According to Equation (43), the efficiency of RF power transferred between a sending and receiving 
antenna depends on controllable factors like the gain of the antennas in the arranged direction and the 
radiation efficiency of the antennas. Since the receiving/transmitting antenna’s incorporated in remote 
they tend 


harvesters for sensor powering are normally small in relation to their operating frequenci 
to be less efficient 


Figure 19. Rectenna receiving range performance by sending 17 dBm (50 mW) at a gain 
of 6 dBi at 437 MHz, Output DC voltage versus receiving distance for different loads 
(left), loads output power versus receiving distance (right). 
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's antenna is 


The efficiency of the rectenn: ~20% at resonance, A ‘perfectly’ matched RF to DC 
power converter operating in its square law region has efficiencies in the region of 20% as depicted in 
Section 2, The transmitting antenna was the same as the antenna incorporated in the rectenna, By 
transmitting the EM power with a small antenna (5 cm x 5.2 em) at 437 MHz with efficiency of ~20% 
and at a gain of ~6 dBi, the power delivered by the rectenna is generally low at far-field from the 
transmitter as can be seen in Figure 19. A mediocre transmitting antenna was used to transmit the EM 
waves due to limitations in the European Union about transmitting EM power at certain frequencies; so 
the goal in the rectenna range experiment is to show the lowest limit functionality of such a harvester. 
At 4.2 m from the electrically small transmitting antenna transmitting at 17 dBm, the rectenna 
harvested DC voltage and power are 9 mV and 5 nW respectively for 10 k@ load. It can be seen from 
Figure 19 that the harvested voltage/power generally degrades as an inverse square of distance from 
transmitter as described by Friis equation, The measured received power however alternate along this 
R® fit as shown in Figure 19, This anomaly is accounted for by Fons [Equation (43)] as influence of 
ground reflections 


and polarization in real world open field measurements [45]. For any particular 
distance R, the signals reflected from ground can be constructive with the direct signal to the rectenna, 
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in which case the measured power may be higher than that predicted by the original Friss equation as 
in [44]. The ground effect can also be destructive, in which case the measured power will be lower 
than what is predicted by the original Friis equation. 


4. Conclusions 


Optimization of Schottky diode-based RF to DC power converters using different matching 
techniques for wireless EM energy harvesting applications is presented. Using scattering parameters 


for small signal modeling, it 
coupled resonators with efficiencies and maximum voltage sensitivity depending mostly on the source 


and load resistances under matched conditions. The analytical models allow systematic control in the 


design of passive wireless EM harvesters. Based on these analyses, a rectenna is built and tested for 


lower limit functionality from harvesting ambient EM waves. The analysis presented in this work may 


also be applied to optimize derivatives of wireless EM harvesters like RFID tags, NFC, wireless 
chargers efc., for efficient powering of their sensors or integrated circuits. Generally, most energy 


harvesters and their matched loads can be described as coupled resonators and thus may be optimized 
with the methods presented in this work. 
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Appendix A: Measuring Setup for RF Rectifier Efficiency and Voltage Sensitivity 
‘The measuring setup is as shown in Figure Al. 


Figure Al. RF to DC Power converter characterization setup. 
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The RF to DC circuit efficiency and voltage sensitivity measurements were made with a Keithley 
2400 source meter and Keithley 6514 system electrometer with an Agilent £4432B signal generator 
providing 50 Q RF signal into the circuit board. 

The closed circuit current drawn by the RF to DC power converter (without load) from the 
generator is first determined by the Keithley 2400 source meter; then starting from this current, the 
value of the current is decreased at set intervals to creates virtual load resistances to the circuit for up 
toa lowest current of 0.1 A. The 6514 system electrometer is used to measure the output voltage. The 
number of data point is set through LabView [46] as well as the measurements. Additionally open 
cireuit voltage or at specific loads and frequency sweep can be made through the LabView program. 
At 40 dBm input power and below, the detected voltages and currents were difficult to measure 
accurately with the measuring setup; hence measurements were made up to a minimum of -35 dBm 
input power. The circuit layout for the efficiency and voltage sensitivity measurements. is 
schematically shown in Figure A2. 
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Figure A2. RF to DC power converter characterization circuit. 
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Antenna Research 


STANDARD ANTENNA TERMS 


AND RELATED FORMULAS 


The “IEEE Standard Definitions of Terms for Antennas" (IEEE STD-145) represents a consistent and 
comprehensive vocabulary suited for the effective communication and understanding of antenna theory. General 
use of these definitions of terms would eliminate much of the wide-spread inconsistency concerning antenna 
characteristics, particularly with regard to the basic parameters of gain, beamwidth, polarization and efficiency. 
For convenience, IEEE antenna terms of general interest are listed here. Wherever these terms appear in this, 
catalog, the definitions given below apply. Other commonly used terms, not covered by the IEEE standard, are 


shown with an 


ANTENNA APERTURE. A surface, near or on an 
antenna, on which it is convenient to make 
assumptions regarding the field values for the 
purpose of computing fields at extemal points. 
Note: The aperture is often taken as that portion of 
a plane surface near the antenna, perpendicular to 
the direction of maximum radiation, through which 
the major part of the radiation passes. 


ANTENNA EFFICIENCY OF APERTURE - TYPE 
ANTENNA. For an antenna with a specified planar 
aperture, the ratio of the maximum effective area of 
the antenna to the aperture area. 


* ANTENNA FACTOR. That quantity by which the 
voltage developed across the output of an antenna 
is related to the incident field strength in which the 
antenna is immersed. Note: Applicable to low 
frequency antennas and usually refers to a 50 ohm 
output. 


AFE (dB m" 


E (dB V/m) - V (dB V) 


AFE = Electric Field Antenna Factor 
E = Electric Field Strength at antenna 
V = Voltage at terminals of antenna 


AFH (dB AV" m |) =H (dB A/m)~ V(db V) 


‘AFH = Magnetic Field Antenna Factor 
H = Magnetic Field Strength at antenna 

\V = Voltage at terminals of antenna 

AFE (dBm) = AFH (dB AV m )+51.53 
fora plane wave in free space. 


AFB (BED 
Ww 


B (dBpT) - V_(dBuV) 
° 


AFB = Magnetic flux Antenna Factor 
B = Magnetic flux at the antenna 

pT: picoTesla units 

\V = Voltage at the terminals of the antenna 


AB (B22) = AFH (4B 
WwW 


+2 


Vm 


APERTURE ILLUMINATION. The field over the 
aperture as described by amplitude, phase, and 
polarization distributions. 


APERTURE ILLUMINATION EFFICIENCY. For a 
planar antenna aperture, the ratio of its directivity to 
the directivity obtained when the aperture 
illumination is uniform, 


BEAM. The major lobe of the radiation pattern. 


CIRCULAR POLARIZATION. It may be either right 
hand circular polarization (RHCP) or left hand 
circular polarization (LHCP). The sense of 
Polarization is determined by observation of the 
direction of rotation of the electric field vector from a 
point behind the source, RHCP and LHCP 
correspond to clockwise and counter-clockwise 
respectively. Note: RHCP transmit requires a like 
polarization to receive. 


CO-POLARIZED. The polarization which the 
antenna is intended to radiate or receive. Also “like 
polarization’. 


* CROSS POLARIZATION DISCRIMINATION 
(XPD). Cross polarization discrimination is the 
measure of the antenna’s ability to differentiate 
between the vertical and the horizontal polarization 
of an antenna. This difference, shown in relative 
signal level, is indicated on directional pattern 
envelopes (DPE’s). 


‘© Fax 301-937-2795 © 


Rilpywwware-inc.com © sales@ara-inc.com 


15 


16 


QAQA 


Antenna Research 


STANDARD ANTENNA TERMS 
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* DIRECTIONAL PATTERN ENVELOPES (DPE'S). 
In accordance with standard practice, radiation 
characteristics in any given plane of polarization are 
measured and plotted using 360-degree polar 
coordinate systems. The resultant Directional Pattem 
Envelope is the smoothed composite of all these 
measurements. The purpose of these DPE’s is to 
emphasize the worst composite condition. 


DIRECTIVE GAIN. Ina given direction, 4 times the 
ratio of the radiation intensity in that direction to the 
total power radiated by the antenna. 


DIRECTIVITY. The value of the directive gain in the 
direction of its maximum value. 


EFFECTIVE AREA OF AN ANTENNA. In a given 
direction, the ratio of power available at the terminals, 
of a receiving antenna to the power per unit area of a 
plane wave incident on the antenna from that 
direction, polarized coincident with the polarization 
that the antenna would radiate, 


FAR FIELD REGION. That region of the field of an 
antenna where the angular field distribution is 
essentially independent of the distance from a 
specified point in the antenna region 


*  FRONT-TO-BACK RATIO. The ratio of the 
maximum directivity of an antenna to its directivity in 
a specified rearward direction 


* Gain, dBi. The gain expressed in decibels 
relative to an isotropic radiator that is linearly 
polarized. 


eal 


G(dBi)=10log(G)  G=10 © 
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* GAIN, dBic. The gain expressed in decibels relative 
to an isotropic radiator that is circularly polarized. 


HALF-POWER BEAMWIDTH. In plane containing the 
direction of the maximum of a beam, the angle between 
the directions in which the radiation intensity is one half 
the maximum value of the beam. 


HALF-WAVE DIPOLE. A half wavelength antenna, 
center fed so as to have equal current distribution in both 
halves. Mounted vertically, it has a doughnut shaped 
pattern, circular in the horizontal plane. It is an antenna 
that can be constructed. It has some inherent losses. 
When used as a gain reference, the half-wave dipole has 
a power gain of about 1.7 dBi. 


* ISOLATION. Refers to the ability of one port of a dual 
polarized feed to discriminate against a signal fed into the 
other port 


ISOTROPIC RADIATOR. A hypothetical antenna having 
equal radiation intensity in all directions. Note: An 
isotropic radiator represents a convenient reference for 
expressing the directive properties of actual antennas. 


NEAR-FIELD REGION. The spherical region of space 
between the antenna and the far field region 


NULL. The region of a radiation pattern, either 
computed or measured, where the amplitude goes 
through a minimum value. Note: (1) It represents the 
angular position where the phase or the far field pattern 
crosses the zero axis if the pattem is plotted as a phasor 
instead of a scalar value. Note: (2) The region outside 
the main beam of a directive antenna pattern consists of 
a seties of minor lobes separated by nulls 


PARALLEL POLARIZATION. The condition where the 
electric vector is parallel to the local conducting surface. 
Note: Over the earth, this is usually referred to as being 
horizontal polarization, 


PHASE CENTER. The location of a point associated 
with an antenna such that, if itis taken as the center of a 
sphere whose radius extends into the far-field, the phase 
of a given component over the surface of that radiation 
sphere is essentially constant, at least over the portion of 
the sphere where the radiation is significant. 
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POLARIZATION. The polarization of an antenna is 
defined as the polarization of the electromagnetic. 
wave as described by the shape and orientation of 
an ellipse, which is the locus of the extremity of the 
field vector, and the sense in which the ellipse is 
traversed with time. The elliptical locus is called 
the polarization ellipse and the wave is said to 
eliptically polarized. Circular polarization and linear 
polarization are degenerate cases of elliptical 
polarization. 


POWER DENSITY AT A POINT 
S = 

av amr? 
Say = Time average power density in W/m 


Power transmitted in watts 
= Antenna gain relative to an isotrope 
= Distance from antenna to point in meters 


POWER DENSITY TO VOLTS/METER IN FREE 
SPACE 


E? (V/m) = 377 Say (W/m?) 


Say (W/m?) = E? (V/m)/ 377 


1V/m=2.65 mW /m? 


POWER GAIN. In a given direction, 4 times the 
ratio of the radiation intensity in that direction to the 
net power accepted by the antenna from the 
connected transmitter. Note: (1) When the 
direction is not stated, the power gain is usually 
taken to be the power gain in the direction of its 
maximum value. (2) Power gain does not include 
reflection losses arising from mismatch of 
impedance. 


POWER GAIN IN PHYSICAL MEDIA. In a given 
direction and at a given point in the far field the 
ratio of the power flux per unit area from an 
antenna to the power flux per unit area from an 
isotropic radiator at a specified location with the 
same power input as the subject antenna, 
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Note: The isotropic radiator must be within the 
smallest sphere containing the antenna. Suggested 
locations are antenna terminals and points of 
symmetry, if such exist. 


POWER GAIN REFERRED TO A SPECIFIED 
POLARIZATION. The power gain of an antenna, 
reduced by the ratio of that portion of the radiation 
intensity corresponding to the specified polarization 
to the radiation intensity. 


POWER TRANSMISSION FORMULAS 


GG# 
F,+P 
ro Gary 


P, (dB W) = P; (dB W) + G (dBi) + G (dBi) 
= 20 log r- 20 log f + 27.56 


P, (dB W) = Pj (dB W) - AFE; (dB m=!) 
= AFE (dB m-!) - 20 log r + 20 log f - 32 


P, = Power received 
Pt = Power transmitted 
Gain of receiving antenna 

Gain of transmitting antenna 
Frequency in MHz, = Wavelength 

jistance between antennas in meters 
FE of receiving antenna 
AFE of transmitting antenna 


AFE, 
AFE, 


RADIATOR. Any antenna or radiation element that is 
a discrete physical and functional entity 


RADIATION, ELECTROMAGNETIC. The emission 
of energy in the form of electromagnetic waves. 


RADIATION INTENSITY. In a given direction, the 
power radiated from an antenna per unit solid angle. 


RADIATION LOBE. A portion of the radiation pattern 
bounded by regions of relatively weak radiation 
intensity 


RADIATION PATTERN (ANTENNA PATTERN). A 
graphical representation of radiation properties of the 
antenna as a function of space coordinates. Note: 
(1) In the usual case the radiation pattern is 
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determined in the far-field region and is 
represented as a function of _ directional 
coordinates. (2) Radiation properties include power 
flux density, field strength, phase, and polarization. 


* RADIATION RESISTANCE OF AN 
ELECTRICALLY SMALL LOOP ANTENNA. The 
resistive component of an antenna's input 
impedance that results from the coupling of the 
antenna to its environment. This resistance 
dissipates the power that is actually radiated from 
the antenna, 


R_ = 20(2n/A) ‘nA’ ohms 
r 


number of turns 
A =area of the loop 


REALIZED GAIN. The power gain of an antenna in 
its environment, reduced by the losses due to the 
mismatch of the antenna input impedance to a 
specified impedance. 


* REALIZED RADIATOR EFFICIENCY. The 
efficiency of an antenna in its environment reduced 
by all losses suffered by it, including: ohmic losses, 
mismatch losses, feediine transmission losses, and 
radome losses. 


RELATIVE POWER GAIN. The ratio of the power 
gain in a given direction to the power gain of a 
reference antenna in its reference direction. 
Note: Common reference antennas are half-wave 
dipoles, electric dipoles, magnetic dipoles, 
monopoles, and calibrated hom antennas. 


RETURN LOSS. The reflection coetticient of a 
mismatch expressed in decibels. Note: Modern 
swept VSWR techniques actually sense the 
reflected component which is normalized to the 
forward component to yield retum loss. A 2:1 
VSWR is equivalent to 9.5 dB return loss. 


VSWR. The voltage standing wave ratio of a 
component such as an antenna. It is referred to 
the characteristic impedance of the transmission 
line being used. Note: The most common. 
characteristic impedance is 50 ohms, but 75 and 
300 ohms are frequently used in coaxial or twin 
lines for VHF, UHF applications. 
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STANDARD ANTENNA TERMS 
AND RELATED FORMULAS 


NOTES: 
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InPart 1, oscilloscope operation was covered for making basic voltage, time and frequency measurements. In this part, 
we'll continue with some more advanced uses of a scope, and in particular, how to use a scope for testing and 
troubleshooting ham radio ORP transceivers in the homebrewer s workshop. 


Receiver Filter Bandwidth. 
This procedure uses a scope (a DVM can be used with less accuracy) for determining the overall filter bandwidth (or selectivity) 
of areceiver.Itis basically measured by plotting output voltage vs. audio frequency to construct a picture of the filter response. 


Connect scope to the receiver audio output (speaker or phone jack); measurement will be based on peak-to-peak voltages (Vp) 
‘ona scope, or rms voltage (Vrms) ona DVM. 


Using a signal generator, set the frequency for the band of interest on your radio, For example, on a general coverage shortwave 
receiver, You might set it for 10 MHz (top end of the 31M band), or perhaps to 7.040 MHz on a 40M ham radio 
receiver/transceiver. Tune the receiver to the signal generator signal. If you don’t have a signal generator, you can also tune to a 
steady carrier or station to produce a hetrodyne audio “pitch.” Tune in the signal to the pitch that causes the maximum peak-to- 
peak display. Adjust the scope and volume control to produce a 2Vpp display (4 divisions). This is the peak response of the overall 


filtering stagesas shown in Fig. 13 


Now determine the audio frequency at this peak response by 
measuring the time period between cycles and covert to frequency. 
In the example to the right, the period of one cycle is 1.7mS, which 
is an audio tone of 750Hz(1/.001 7sec). A frequency counter on the 
output can also be used. 


Next, tune the receiver such that the sidetone pitch goes UP in 
frequency and the peak-to-peak signal will decrease in magnitude. 
Tune to the point where the signal is exactly 1Vpp on the scope. See 
Fig. 12 


This is the -64B point of the high end of the filter (20log 1v/2v 
=6dB). Determine the frequency of the audio pitch as before. In 
the example, this is 1100 Hz. Record the data. 


From these two data points, the ~6dB bandwidth can be estimated. 
The bandwidth from the filter peak (750 Hz) to the ~6dB point 
(1100 Hz) is 350 Hz. The bandwidth (BW) between the two -6dB 
points is usually twice this value, or 700 Hz. A filter with a 6dB 
BW of 700Hz is a mediocre filter for CW reception, and way too 
narrow for SSB or AM, 


Of course you can determine the exact -6dB BW by tuning the 
receiver back to the 2Vpp peak response, and continue tuning 
DOWNward in frequency until the audio is again exactly 1Vpp. 
Determine this frequency and record. In this example, it should 
‘occur around 400 Hzif the filter shape is symmetrical. 


Plot these three data points on a sheet of graph paper as shown in 
Fig. 15 to construct the filter shape. Return to the upper -64B point 
(1T00Hz in the example) and continue tuning upwards in audio 
pitch, recording the frequency at 0.5v (12 dB), 0.25v (-18 4B), 
125mV (24 dB), etc. Everytime you “halve the voltage,” itis a6 
B change. The more points you collect, the more accurate your 
filter response plot willbe. 


Fig. 13 — Displaying Filter Peak Response 


VERT: 0.5v/div ACV 
HOR: 1.0mS/div 


—-- Set peak filter 
response for 
2Vpp vertical 
display, then 

—*- determine the 
audio freq. 


VERT: 0.5v/div ACV 
HOR: 1.0mS/div 


Tune receiver 
until vertical 
display is 1/2 
of 2Vpp peak, 
5 —— or 1Vpp, for 
the -6dB point. 


=900uS = 1100 Hz Audio Tone 


Of interest to proper rig alignment is to repeat the above SSS Sai 
using the output of the product detector, To maximize the Fig. 15 — Plotting Audio Response 


effectiveness of the filtering, the receive offset frequency set 
by the BFO should be adjusied to the same frequency a the ene 3dB loss due to 
peak frequency response of the audio. In this example, with 
the peak audio response occuring at 7S0Hz, if your BFO is 
set fora sidetone frequency of 700 Hz, you are loosing 2-3 
4B, since this is in Your filter skirt. This is shown on the 
response plot in Fig. 15 by the dashed lines. By adjusting 
Your BPO fora sidetone frequency of 750 Tz, you will pick 
up 3-4dB of overall gain in your receiver, plus increase the 
selectivity a bitas well. Why? Because nearby stations, such 
as one at §00-900Hz tone, could actually be louder than the 
7OOHz tone signal you are trying to copy, since the gain of 
the receiver is greater at those tones than at 700Hz, as shown 
intheplot 


"incorrect sidetone 
od 


N 
S 
2 


2 


-3dB 


-6dB 


4+ 
~18dB 


Opposite Sideband Rejection 8 8 = g & 8 3 
A supethet receiver is supposed to pass just one sideband ‘Audio Frequency (Hz) 

and reject the other. Poor opposite sideband rejection could 
indicate the crystals in your IF filter are not well matched or 
other problems. It is measured almost identical to plotting 
the filter response just described. First, you tune the receiver Fig. 16 
to the test signal to find the peak response frequency, or : 
730Hzin this example. Set the scope display for 2Vpp. Now Calculating prose eiueband siecion 
tune downward in audio pitch, passing 2ero-beat, and —750H2z beat 750H2 
continue tuning and you should hear the test signal, much 
weaker, now rising again in tone. This is the opposite 
sideband. Measure the peak-to-peak voltage, if you can. For 
example, say it is 80mVpp, as shown in Fig. 16. Calculate 
the opposite sideband rejection by: 


‘Audio Output Voltage 
5 
2 


2 


rejection = 20log 80MV _ sOmV __, 
. "2.0. ~ 2000mv ~~*848 


If you can’t hear the opposite sideband, then obviously you 


‘Audio Output Voltage 


have excellent filter rejection, If you can just barely hear it, ov! = 

you may have to increase the sensitivity of your scope (set 8 3 83383 
Vertical gain to 20 or 50 mV/div). In this example, -284B Ga e 28 
rejection of the opposite sideband is quite good. A —30dB iAudio Erequiency (2) 


rejection means the opposite sideband is only 1/1000th of the 
desired sideband, a very suitable attenuation of the opposite 
sideband. 


These tests are important to perform on your rig for documenting it’s current performance, and repeated periodically to detect 
unfavorable changes or for troubleshooting when a problem is evident. For homebrewing, these tests can allow you to evaluate 
different circuits or when experimenting with different components or part values. 


Oscillator Phase Noise 

When homebrewing a basic oscillator circuit, such as a VFO, looking at the oscillator output on a scope can reveal several 
problems. One is to check for excessive phase noise. Phase noise is small variations of the oscillator frequency that causes power 
inthe close-in sidebands, usually measured on laboratory equipment within 100KHz, or even within 10 KHz. 


To check for oscillator phase noise, connect the oscilloscope to the oscillator output, loading the output of the oscillator as little 
possible. Most scopes have sufficiently high input impedances where this shouldn’t be a problem, but some cheaper scopes can 
Toad an oscillator circuit. If you suspect your scope is loading the oscillator, couple the scope to the circuit with a small value 
capacitor, less than 20pF. 


Display 2-3 cycles of the oscillator output as shown on the scope 
display shown in Fig. 17. Properly focus the scope and carefully 
observe if the waveform appears in focus at the peaks, butslightly 
out-of-focus at the zero-crossing points, that is, on the rising and 
falling edges of the sine wave, 


If it appears out-of-focus, this is excessive phase noise jittering 
the signal and “smearing” the waveform along the time 
(horizontal) axis. Extreme phase noise may show 2-3 sine waves 
very close to each other, as shown in the exagerated waveform to 
the right —assuming you have your scope properly triggered. 


Phase noise is random, instantaneous changes in the oscillator 


Fig. 17 - Checking Oscillator Phase Noise 


Check for a clean, 
+ focused signal here 


<— Check for an 
out-of-focus or 
thicker signal here 


frequency that smears the display. If you can see this ona scope, the phase noise Is excessive! If you can tsee if, t doesn tmean the 
oscillator has no phase noise (all oscillators have some phase noise), it just means it is not excessive enough to see on a scope. A 
scope is nota good instrument for checking phase noise, but for homebrew circuits, it isa check to ensure you do not havea serious 
oscillator problem. 


Excessive oscillator phase noise in receivers can cause [MD products and noise in the audio range at the output of the mixer(s), 
including the product detector. In a transmitter, excessive oscillator phase noise will put power in the close-in sidebands of your 
carrier, not only wasted power for lower transmitter efficiency, but may produce strange sounds (buzzing or chirping) to the 
receiving station, A few causes of phase noise are excessive current in the oscillator transistor, low-Q coil(s), high dissipation in 
the tuning caps or poor power supply filtering at the oscillator frequency. 


AM (Amplitude) Noise 
Another oscillator problem may be AM noise, or amplitude modulated noise. It is an opposite effect on a scope when displaying 
the oscillator output —the sine wave appears out-of-focus or thicker at the peaks, and in-focus elsewhere as shown in Fig. 18, 


If you detect AM noise, slow down the scope’s sweep rate to the 
audio frequencies or slower to see if you can notice a lower 
frequency component. A commion cause of AM oscillator noise is, 
60 Hz from the power mains leaking into the circuits. This is 


Fig. 18 — Checking for AM Oscillator Noise 


Check for an 


particularly true if using a power supply off of 120v 60 Hz, or 
sometimes itcan be due to the AC lighting above your head! Ifthe 
AM noise seems to be at the same frequency as the audio output 
tone, it means audio is getting into the Vee bus, likely due to poor 
bypass filtering at the audio amplifier stages (particular if using 


<= outoffocus or 
thicker signal here 


<— Check fora clean, 
focused signal here 


an LM386 or similar), 


If you can’t find a low frequency component, the AM noise may 
be random, which may indicate poor voltage regulation, a noisy 
voltage regulator, or pethaps a circuit in VEIF oscillation, If the 
AM noise seems to occur on key-down only on a transmitter, the transmit current may be loading the power supply, the voltage 
regulator is under-rated, or just simply loading the oscillator, In the case of loading the power supply or regulator(s), perhaps a 
separate voltage regulator or zener circuit should be used, dedicated for the oscillator(s). In the case of transmit loading, adding a 
buffer amplifier or emitter follower to isolate the load from the oscillator may help. 


Much of this can be diagnosed also with the scope, by looking at the AC ripple on the DC power lines. You should have less than 
50mV of any AC component on the 8-12v DC wiring, whether 60Hz, audio or RF. If >SOmV, then additional low or high 
frequency filtering on the DC power isneeded, 


Monitoring Transmitter RF Output 

RF Power (in watts) is E'/R, where E is in rms and R=50O. The voltage displayed on the scope (peak-to-peak) must be converted 
toms by Erms=.707(Epp/2). To measure properly, the transmitter should be on a 502 dummy load using the normal hi-Z scope 
input, If your scope has a selectable “50” input, itcan be the transmitter dummy load directly, providing it can tolerate the SOV pp 
input. (Always know what the maximum p-p input voltage your oscope will tolerate. Its often stated on your scope at the vertical 
channel inputs. SOVpp to 100Vpp are typical). 


Measuring Transmitter RF Output Power 

Figure 19 shows how you can use an oscilloscope to fairly accurately 
‘measure output power from a low power transmitter (generally 1OW 
or less with a 1X probe and 20-30W with a 10X probe). Connect 
transmitter output to a 50Q dummy load, Connect the scope lead to 
the transmitter output (after the low pass filters) or directly to the 
dummy load, Do not connect the scope leads to the collector or drain 
of the final PA transistor. The displayed voltage in this case will be 
erroneous. 


In the example, the output transmit voltage across the dummy load 
‘measures 24Vpp. Convert this voltage to Vrms, then use the equation 
(Vrms squared divided by the load resistance) to calculate the power 
in watts, In the example, 24Vpp, the output power is 1.4 watts. ASW 
QRPtransmitter should produce about 45Vpp. 


The accuracy of your power measurements depend upon the 

condition of your oscilloscope: 

1) Ensure yourscope’s vertical sensitivity (volts/division) is 
properly calibrated (see Part!) 

2) Ensure your vertical sensitivity is properly calibrated with the IX 
or 10X probe you are using 


Fig. 19 -Oscilloscope as a Power Meter 


24Vpp 
across 
502 load 
1, Measure output voltage. 24Vpp 
2, Convert Vpp to Vrms 
\Vims=.707(Vpp/2) 8.5VIms 


3. Calculate power in watts 


Vims* _ 8.5v" 
R 502 


1.4W 


3) Ensure that the transmitter frequency is well within the bandwidth of your scope. A 100 MHz scope should give 


reliable readings on all HF bands, A'50 MHz scope should be reliable on all HF bands except 


Checking Transmitter Purity 


ight errors at 28MHz. 


Phase Noise of the transmitter is measured identically to the phase noise checks on page 2-3. With the scope properly triggered 
and focused, you are looking for an out-of-focus “fuzziness” around zero crossing. If it appears phase noise exists, the fault is 
generally at the beginning of the transmit chain. That is, seldom does the PA transistor add phase noise; it’s merely amplifying 
What itis given. Phase noise on the transmitter output is more likely due to the transmit oscillator, or the transmit mixer if used. 


Harmonic Power can also be detected on a scape while looking at 
the transmitter RF output power. In Fig. 20, notice the “dips” or thetwo 
“peaks” on the top and bottom of each sine wave. This is caused by 
excessive 2nd harmonic output power. The rule-of-thumb is — if you 
‘can see any 2nd harmonic power (a dip or flattening at the peaks), then 
youare right at or exceeding the -30dBe FCC harmonic specification. 
‘A clean sine wave implies FCC compliance, providing the 2nd 
harmonic is within your scope’s bandwidth. Obviously, a spectrum 
analyzer should be used for accurate harmonic evaluation, but a scope 
can be used to indicate if you have a problem, If you build your own 
transmitter, it is your responsibility to ensure it is compliant, An 
approximate method of estimating 2nd harmonic attenuation is shown. 


—30dBe means the 2nd harmonic power is 1/1000th of the fundamental 
power. For a SW transmitter, this means the 2nd harmonic power 
should be SmW or less, or about 1Vpp. In displaying a SW signal on a 
scope (45Vpp), it would be difficult to resolve much less than a 1 Vpp 
dip or ripple. 


Cone 


Fig. 20 ~Checking 2nd Harmonic Power 


1. Measure output voltage. 
2. Measure ripple voltage. 


24Vpp 
1Vpp 
3. Calculate dBc of 2nd harmonic ripple 


v2 tv 
= -27.6 dBe 
200g YF = 20log 


of, not quite FCC compliant! 


ion. This concludes the NASN “Handiman’s Guide to Oscilloscopes.” Hopefully, it has helped you to understand your 


oscilloscope to make simple measurements, and with some practice, perform the more advanced meastirements discussed. An 
oscilloscope is a very powerful tool that is invaluable on the homebrewer’s workbench. If there is a particular measurement you 


feel l omitted, please let me know and | will add it when time permits, 


73, Paul Harden, NASN (naSn@zianet.com or pharden@nrao.edu) 
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When in the course of human events, it becomes necessary to look at neat signals floating around your radio, you go to a hamfest 
and buy that $50 0-scope. Now what? This two part article will attempt to explain basically how an oscilloscope works, operator 
functions, basic measurements, and some advanced applications, An o-scope is a powerful tool in any shack — even a real 
“cheapie” with limited bandwidth. 


HOW AN OSCILLOSCOPE WORKS 

A block diagram of a typical o-scope is shown in Fig. 1. The test probe usually plugs into the scope via a BNC connector, then 
passes through a switch to determine whether the input signal will be dc or ac coupled (to remove any de component). Often this 
switch will have a "ground position for setting the zero-volts reference, Next is the input attenuators. The vertical input amplifier 
is quite sensitive, designed for 20-50mV of input. For larger input voltages, the signal is applied to attenuators comprised of sim- 
ple voltage dividers. This is the first area of concern for cheap o-scopes, as the input attenuators may not be very linear or accurate. 
For example, if you appy a 10Vpp signal on the 1Ov/division setting, the signal should be | division high. Switching to Iv/div., the 
signal should be 10 divisions (usually full-scale) high. If itis not exactly 10 divisions, the attenuator for that setting needs adjust- 
ing. Some scopes have internal adjustments for fine-tuning each attenuator setting, 


Following the attenuators, the signal is applied to 
the first vertical amplifier, which converts the ones 
input to a differential signal. This differential sig- as sie 
nal is amplified up to high voltages for the oscillo- 

scope deflecting plates ~ moving the beam up and 
down (inthe vertical axis). 


Input Display tube 


‘The sweep generator is usually a constant current 
source charging a capacitor to make a sawtooth 
‘waveform that eventually deflects the beam in the 


horizontal axis. The frequency of the sawtooth J 
determines how fast the beam travels from the left Trover} gateval.,,  Qiager 
to the right side of the tube, and is controlled by the Time/division i intemai| 


sweep control, usually calibrated 
milli-seconds or miero-seconds per di 
is the second area of concern for an oscilloscope — 1 . 
how linear the sawtooth waveform is generated. es @--- 
For example, a sawtooth with a nonlinear ramp 
‘will cause the signal displayed in the central por- 
jon of the tube to be expanded or compressed 
compared tothe signal atthe ends. 


P Seela 
pend (gen Pte cone 


(uSidiv) 1 extemal fern 


Tigger 
input 


FIG. 1 - Basic block diagram of an Oscilloscpe 


‘The sawtooth ramp is amplified to high voltages, applied to the oscope tube, to deflect the beam from left to right. An important 
task of an oscope is when the horizontal deflection begins. Normally a switch labeled "Trigger Source” determines what initiates 
the sawtooth ramp. In the "Internal" position, a sample of the input signal (in the vertical amplifiers) is sampled, with a variable 
resistor setting the level. When the input signal exceeds the "Trigger Level.” a pulse is generated to start the sawtooth ramp and 
hence the horizontal sweep. The purpose of triggering is to keep the input waveform synchronized to the sweep so it appears 
stationary oneach sweep. The trigger source usually has a "Line" position, which simply triggers the sweep off of 60H from the 
power supply. This synchronizes the sweep to the AC power frequency and is useful for checking television signals, which are 
synchronized to the power mains. Also, an "External" position may be present, which connects an external input signal (viaa BNC 
connector) to trigger the sweep generator, 


Other features your oscope may have are two vertical channels for dual trace operation, various modes to display both waveforms 
(alternate, chopped, A+B added, etc.) delayed sweep features, dual sweep time bases, builtin calibrators, etc, 


CALIBRATING YOUR OSCILLOSCOPE, 
‘The first thing you should do upon acquiring an o-scope is to check its calibration. 


‘The vertical amplfiers can be checked with a known voltage source or 9v transistor radio battery. Measure the output voltage 
of the battery with an accurate voltmeter, Let's say itjust happens to be +9v exactly. Set the input coupling to ground (Ov) and move 
the trace to the bottom division. Switch the input coupling to DC and set the attenuators to Iv/div. The deflection should be 9 


divisions. Switching to 10v/div., deflection should be 0.9 divisions. Internal to the oscope (or pethaps accessible from the outside) 
are adjustments for the vertical amplifier gain. Adjust this for 9 divisions of deflection in the Iv/diy. range. Procedure can be 
repeated witha 1 Sv flashlight battery (assuming you know the exact voltage from a DVM). 


‘The horizontal amplifiers should be checked/calibrated using a signal generator. For example, a MHz signal has a period of 
1uS. Setting the sweep rate to 1.OuS/div., a 1MHz signal should take exactly I division per cycle. Set the horizontal width control 
properly to ensure the beam starts at the first division and ends at the last division. If the sweep rate appears incorrect, an internal 
adjustment (Sweep gain or similar) can be set for proper display of the test signal. 


‘The main operator controls are: 

“Intensity - controls the brightness of the beam. NOTE: Too bright a beam can damage to the CRT tube! 
+ Focus - adjusts the beam for the thinnest and sharpest display. 

+ VERT & HOR Position - controls the vertical and horizontal position of the display respectively 

+ VERT V/div - controls the vertical sensitivity of the display, ie., how many volts (or mV) per division. 
HOR Sweep Speed - sets the horizontal sensitivity. i, how many mS or uS per division. 

+ VERT & HOR yernier allows the vertical and horizontal sensitivity settings to be varied in small steps, 


Other adjustments you may find on your scope are: 


Astigmatism - With the scope intensity and focus properly set, this adjustment compensates for the curvature of the CRT tube by 
‘making it in-focus across the sweep. If your trace is out-of-focus in certain areas, but in-focus elsewhere, the astigmatism needs to 
beadjusted. See Fig. 2 


‘Trace Rotation ~is a small coil around the CRT that skews the trace to ensure itis perfectly horizontal. On scopes without this ad- 
justment, the trace is leveled by physically rotating the CRT to align the trace to the graticle grid, See Fig. 2 


DCBAL (DC Balance) -isadc offset in the vertical amplifiers that 
causes a shift in the trace baseline when changing vertical scales. It 
is most obvious when measuring ac voltages. For example, you are 
displaying a 10Vpp sine wave, centered on the center graticle, at 
2vidiv. Changing to Sv/div, the sine wave shifts off the center 
praticle... thats, itassumes a de bias error. The DC BAL isadjusted 
until the shift no longer occurs when changing vertical scales. 


HV ADJ. - is the high voltage that controls the intensity of the 
trace. Turn up the Intensity control to its brightest position, then 
adjust the HV ADJ for a trace slightly brighter than normal | [ES aes ee 
intensity. The Intensity control now has the proper range. The HV 
ADJ might have to be re-adjusted to acquire proper focus. 


NOTE: Very bright trace displays can cause permanent 
damage to the CRT, particularly ona well-used scope. 


LET'S MAKE SOME MEASUREMENTS 


Itis assumed you have your scope relatively calibrated and familiar with the front panel 
controls. The sample o-scope displays are based on cight vertical and ten horizontal 

divisions on the CRT screen, typical to most oscilloscopes. Most waveforms are actual 

displays of the signal cited, photographed from my trusty Tektronix 475 oscilloscope. 


First...a word on TRIGGERING. 

‘Most oscilloscopes have a knob or two for “Triggering.” This tells the oscilloscope when to 
start the sweep. When the Triggering Slope is placed in the (+) position, the scope will 
begin its trace when the input signal goes positive. Likewise, when (-) triggering is 
selected, the trace will begin when the input signal goes negative, as shown in Fig. 3. Often 
there will be the option to chose the Triggering Source, such as “CH.1” or “LINE.” Line 
‘means the scope is triggered off the 60H2 line voltage. and is useful when synchronizing on 
television signals or looking at 60Hz power supply noise. CH.1 or CH.2 means the scope 
will trigger off the signal on channel | or 2 respectively. Trigger Level is at what voltage of 
the input signal triggering begins. For example, if set high, triggering may not begin until 
the input signal reaches several volts. When set around zero, it will trigger the moment the 
signal goes positive (if set for (+) triggering). This setting can be troublesome if noise exists 
onthe signal. Adjust for stable triggering, 


DC Voltages. +8V 
Say you want to check the transmit-receiver (T-R) switch in your QRPrig, or other digital signal. 
See Fig. 4. The key line is the input to the HCT240 inverter to form the OV TX—on key-downand | 2.2K. 
the Ov RX—on key- up. This switches the rig between transmit and teceive (T-R Switch). Itisa | BN Re 
logic function, thats, a voltage to represent ON or OFF. ey. 


TH 


1 
Place the scope lead on pin 13 at 10v/div. and you should see the waveform like the top trace in 7h CTSHCT240 
Fig. 4... about +6v on key-up and Oy on key down. Move the scope lead to pin 7 and you should 
see Ov on key-up and about +8v on key-down (bottom trace). If the output does not go "HI" | Fig. 4 - 38-Special 
(48v) on key-down, or does not go to a Solid "LO" (<1) on key-up, the inverter is not working TR Switch 


properly. (It's busticated). Many shortwave receivers use similar schemes for switching filters 
orattenuators, 


While this test could be done with a DVM, the integration time is slow, requiring long key- 
downs to get the voltages, A scope will also show you how clean the switchingis, or ifthere isan 
ac voltage (or RF noise) riding onthe T-R voltage. 


Scopes are thus good de voltmeters, with about a 5% reading accuracy. 


AC Voltages. 

Here is where an oscilloscope pays for itself by making AC voltage (and frequency) measure- VERT: 1Ovidiv DC 
ments. You must remember, AC voltages are displayed on a scope as peak-to-peak voltages, HOR: 500mS/div 
while a voltmeter measures in rms. RMS voltages are about 1/3 the p-p voltage read on a scope 

orspecifically: 


VERT: 0.5v/div ACV 


Vrms=A(.707 x Vpp) = 0.354 x Vpp Ge te 


For example, let's measure the output voltage and frequency from 9.8 divisions 
the sidetone oscillator in your QRP rig. Place the scope lead on the peak-to-peak 
audio amplifier output. On key-down, you get the waveform shown times 0.5v/div 


in Fig. 5. The transmit sidetone audio is 1.9Vpp. .9Vpp 
.67 Vrms. 

AC Frequency Measurement. 
With this waveform, we might as well see what frequency our Fig. 5 
sidetone or transmit-offset frequency is. Most operators prefer the z 
sidetone to be about 700-750Hz. Trigger the scope for a stable 
waveform and set the time-base (sweep) todisplay 2or3eycles.as | Big, g 
shown in Fig. 6. Center the waveform between two horizontal di E 
sions so zero volts on the waveform is on a graticle line, then move | ERT: O.5vjdiv ACV 
the horizontal position so the first "zero crossing" isalsoon.adivi- | OR: Q.5mS/div 
sion line as 

Ov 


Measure the time it takes to make one complete sine wave from one 
zero-crossing to the next. In this example, itis 1.5 divisions, at !mS 


per division, or 1.SmS. Frequency is simply the reciprocal of time, First "Zero 
such thatthe sidetone frequency is Crossing" 
1 i 
> wt oo = BET HE pies 
7 > Tams 3 divisions between 


"zero-crossings” 
For some, this may be about right. For others, this may be a little 
low to your liking. To raise ito 700H2z, calculate the time period of 


700Hz (1/700 = 1.4mS). At L.0mS/div, you can adjust your Fig.7 
sidetone or transmit offset until zero-crossings for a single 

sinewave is 1.4 divisions. This will be about 700 Hz. (Sidetone may 

not be adjustable on some rigs). Example of 


Waveform Quality 
All frequency measurements are made in this fashion, by measur- 
ing the distance between zero-crossings (or from one peak to the 
next) and converting the time period to frequency. This should em- 
phasize the importance of ensuring your sweep speed is calibrated; 
as any error in the time base will cause a corresponding error in the 
accuracy of your time or frequency measurements, 


VERT: 2vi/div ACV 
HOR: 1.0mS/div 


i 7 ‘ r é FIG 8 — Full Scale 
Quality of the waveform is another feature of a scope that is unsurpassed since you are Signal Display 


Seeing” the waveform in real time. Two examples of waveform quality are shown in Fig. 7. 


The top trace shows the sidetone frequency with distortion, perhaps due to improper time- 

constant on the coupling capacitors or improperly biased audio amplifiers. The bottom trace 

would be a raspy sounding side tone, due to the amplifier being over-driven and in 

compression (clipping). The o-scope is an invaluable tool for detecting and diagnosing such 

impurities in the signal quality. 

MORE NIFTY MEASUREMENTS, — 


i ‘Actual display 
Amplifier Gain. scram 
‘The gain of an amplifier can be measured in terms of voltage or decibels, 

(dB). For voltage gain, it is simply Vout/Vin of the amplifier. For exam- 
ple, if the input is IVpp and the output is 4Vpp, then the amplifier has a Fig. 9 — Volt. vs. dB relationship 
voltage gain of 4. 


Gain in 4B is often more useful and is how the gains of amplifiers are usu- 
ally expressed. With dB's, every-time you double the AC voltage, you add 
6dB of gain, Itis the ratio of output to the input, and this ratio is easy to 
measure onascope. 


Itis often easier to start with the output. Set the vertical amplifier gain to 
display the amplifier output as a full-scale signal as shown in Fig. &. Now 
move the scope probe to the amplifier input without disturbing the scope 
gain, You will of course have a much smaller signal, and the ratio of the 
put to the output will be the gain in dB. In our example of using eight 7ar6 
visions for full-scale, then four divisions would be 6db, 2 divisions | Graggingg 
124B, etc. as shown in Fig. 9. You may want to add your own dB scale 

along your scope display 16 remind you of this relationship. Note: thisis | py 
voltage gain (Av=20log x Vout/Vin). In this example, with 4Vpp output ig. 10 
and IVpp input (Av=4),then the gain is dB=20log(4) = 20(0,602)= 12dB, | Measuring 
ras shown directly on the CRT tube. Since this is arelative measurement, | Phase 
the absolute Vin or Vout voltage does not need to be determined. Shifts 


Insertion Loss. 

Insome circuits, such as filters or attenuators, the /oss in the circuit needs 
tobe measured, and like circuit gain—expressed in dB. The loss through a 
circuit is called the insertion loss. It is determined in the same way as 
amplifier gain just presented, except start with the input (the highest AC 
voltage) as the full-scale or reference display, then measure the output AC voltage (the 
lowest level). The ratio is the insertion loss in dB. 


Fig. 11 -Phase Shift 
by imposition 


For example, with a signal generator connected to your receiver, you want to measure the 
insertion loss through the IF erystal filter. At the filter input, you can just barely squeek out 2 

divisions of input signal on your scope at its most sensitive setting. The output from the 

crystal filteris 1.5 divisions. The insertion loss would be 20log(11.5/2.0 div.) =-2.5 dB. I'the 

output were only 1.0 division (50% reduction), the insertion loss would be 6dB. 

Measuring Phase Shifts. 

Phase relationships between two signals at the same frequency can be measured with 2-5” 

accuracy with a scope. although more suited for a dual-trace scope. The reference signal is 

applied to CH. 1 and the signal to be measured to CH. 2, For proper phase measurements, wie 


ensure your dual trace display isin the chopped mode, notalternate mode for proper phased 
referenced triggering. 


‘There are many methods to do this. One isto stretch out the signal so it takes 4 horizontal divisions, such that each division is 90° of 
phase. as shown in Fig. 10, By measuring from acommon point on one signal (zero-crossing or from peak-to-peak) to the next, the 
phase can be measured, For example, say you are making a phased-array antenna in which one feedline must cause a 90° delay. 
You calculate the electrical length fora 444, [L=(246/t) x Velocity Factor] and cut the coax to that length. You are now working on 
blind faith that you have exactly 90°. With a scope, you can measure it fairly accurately by injecting a signal into one end with a 
signal generator (at the frequency of interest) and a 50Q load on the other. Connect the scope CH. | to the coax (signal) input and 
CH.2to the load end and measure the phase. In the Fig. 10 example, the CH.2 signal is delayed by 1.6 divisions, at 90" /div is 145 

Your delay line is too long! Cut off an inch or two ata time until the CH.2 signal is 90" from CH. | for precise tuning of the delay 


line, (While departing from o-scopes for a moment, the sharp null of a phased array is astounding when exactly 90" delay is 
achieved. More than 10-15° in error causes a very “mushy” null with litte difference over a single vertical antenna. Most errors in 
achieving exactly 90° by the "measure-and-cut" method are due to uncertainties in the stated velocity factor of the coax), 


Another method is to superimpose the two signals on top of eachother. Make one signal larger than the other so you know which 
one is What, as shown in Fig. 11. In this example, the smaller signal lags the larger signal by about 100", estimated by where they 
cross. For more accurate determination, use the time base to measure the time period of one cycle (Tl), then the time period one 
signal lags (or leads) the other (2). The phase shiftis then @=(T2/T1)x360". 


Phase measurements can be made on a single trace scope as well. First, connect the reference signal, uisng aBNC."T," to both the 
external trigger and the normal vertical input, Adjust the trigger level so the zeto-crossing occurs at the beginning of the trace 
(left-hand graticle). Remove the reference from the vertical input, but not the exfermal trigger, and apply the signal to be tested to 
the vertical input — without altering the time base or trigger level. The distance of zero-crossing of the test signal is from the left- 
hand graticle can now be measured to determine the phase, though with slightly less accuracy than using a dual-trace scope. 


An interesting experiment is to measure the phase shift of the audio signal at different frequencies as it travels through the stages in 
a CW, SSB or AM active filter. What is the phase shift of the wanted vs unwanted frequencies? 


‘Measuring Rise and Fall Times. 

Indigital circuits, itis sometimes important to know the rise and fall times ofa signal through a 
gate, In amateur radio transceivers, this same interest could be applied to how fast the T-R 
switch switches. On key-down, if the transmitter turns on slightly before the receiver is turned 
off, itcan produce an annoying "thump" in the receiver. Rise and fall times are measured by 
triggering on the edge of the signal of interest, then increase to a faster sweep speed to measure 
the time it takes the signal to reach 90% of its final level. The signal to be measured is shown in. 
Fig. 12 on the top trace, and the expanded version on the bottom. For proper rise times, the 
signal being measured should be well within the bandwidth of your scope and using a low 
capacity probe. 


For example, in Fig, 12 (bottom trace), the rise time is about 1/4th of a division, If the sweep 
speed is 100nS/division, the rise time would then be about 25n8, 


USING LIMITED BANDWIDTH SCOPES 


‘Today's scopes have 200-500MHz bandwidths. Likely your scope is much less than that. A limited bandwidth scope is still very 
useful to the amateur or homebrewer, Say the bandwidth of your scope is SMHz. This does not mean you can't see 7MHz signals, 
Itjust means the peak-to-peak value has lost meaning, and will likely be very weak, since itis beyond the bandwidth of the scope. 
(Like other bandwidth measurements in electronics, the “bandwidth” of a scope is usually based on the “3dB bandwidth.” Thatis, 
at the maximum bandwidth, you are already at the ~3dB point, or a 25% reduction in the peak-to-peak voltage display). You can 
still resolve individual cycles higher than the cited bandwidth to a certain degree and make gain and phase measurements, since 
they are based on ratios. 


Most of the examples in this article explore many regions of a communications receiver or ham transceiver without the benefit of 
any great bandwidth, Experiment with your scope to learn its imitations. Use a good scope probe and make measurements with a 
good ground to get the most out of the bandwidth you have. 


For the homebrewer building circuits in the HF bands, a 50 MHz scope with good calibration will yield fairly accurate 
‘measurements up to 30 MHz with little concern for accuracy. The old 465 or 475 series of Tektronix scopes, with 100/200 MHz 
bandwidths, make an excellent oscilloscope for the amateur or experimenter. They can often be found at hamfests today for 
$100-150, and tend to maintain a fairly good calibration almost regardless of how much use they have seen. 


In Part 2 ~ we'll probe (bad pun) into some advanced measurement techniques, even with a simple scope ... such as measuring 
sideband rejection, filter responses, VCO phase noise, etc. (and what itall means). 
72, Paul NASN 


naSn@zianet.com 
pharden@nrao.edu 
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Hi there! This Instructable is all about building a basic crystal radio set that is so 
simple to build and understand, that a child could do it - with help from mum or dad 
- or even at school, as a class project. Parts can be bought "off the shelf" at Jaycar 
Electronics and other suppliers, or purchased online via Ebay and Paypal. 


| built my first ever crystal set when | was 9 years old, but that was a different world. 
We're going to build a 21st century style radio with all modern components which 
are relatively easy to obtain at your local electronics store or on the Internet. 


The radio is contained inside a Tic Tac box, and is called "The Nic Nac Tic Tac 
Radio". It is built on a square of matrix board, with the component leads poked 
through the holes in the board, and joined underneath. It is a very simple crystal 
set, designed to initially receive only one station, but you can expand the tuning 
range with the addition of only one extra component. 


The Tic Tac radio can be constructed by simply twisting the component leads 
together, underneath the matrix board and attaching antenna/ground wires as well 
as the earphone wires to the board, using that same technique. You don't have to 


solder any wires, but there is another way to join them all together - more on that 
later. 


The Tic Tac Radio is a very easy set to put together - you don't need to wind bulky 
coils or use heavy tools and screw strange looking parts onto a large breadboard. 
See step 1 for the parts list you will need. 


Add Tip Ask Question 


Step 1: Parts and Tools You Will Need 


Matrix Boacd ia 


Resistor pa 
Geoctor 
{wduckor <o— 


You will need to acquire the following components from a local electronics shop or 


an online electronics business. 


| am adding the catalogue numbers for Jaycar Electronics, so if you live in Australia 
or North America, you may be able to visit a Jaycar store and buy the parts over 
the counter, if not then you may be able to do an online mail order via Paypal: 


Parts List 
Resistor - 47k - yellow-purple-black-red and brown - RR 0612 (pkt of 8) 


Capacitor - 68pF - ceramic x 2 - RC 5322 (pkt of 2) and a 100 or 120 pF value as 
well for experiments. 


Inductor - 220 uH - red-red-brown silver - LF 1538 (resistive type) 
Polyvaricon tuning capacitor - 220 pF - RV 5728 - with knob and mounting screws 


Diode - BAT46 - ZR 1141 (You can also use a 1N34A Germanium Diode too if you 
have one at home) 


Ceramic Earphone - AS 3305 * 


A 25 meter roll of yellow hook up wire for the Antenna wire and a 3 meter length of 
wire for the Ground wire. 


Please note that some Jaycar parts come in multiples of 2 or more per packet. And 
please note the following: 


PLEASE NOTE: THIS PROJECT/KIT CONTAINS SMALL PARTS THAT MAY 
FORM A CHOKING HAZARD FOR SMALL CHILDREN OR PETS. NOT SUITABLE 
FOR CHILDREN UNDER FIVE (5) YEARS OLD. 


*A normal crystal radio earphone is OK, but if you can't get one of these, or if the 
one you bought goes dead (as they sometimes do,) you can use a substitute, such 
as the Murata PKM44EW passive transducer (see picture above) which is available 
from an old Telstra TF200 touchphone, (the one on the left in the diagram above,) 
or an equivalent, such as the ARIO transducer, from an old Telstra T1000 
pushbutton phone. 


The ARIO unit is soldered to the phone's pc board so you'll need to be able to 
unsolder the three mounting pins underneath the board, or find someone in the 
neighbourhood who is able. 


Take the back off the TF200 (if you've obtained one of these phones,) and you'll 
see a black disc shaped object 2" round by 1/2' thick - with a red and black wire. 
Unplug the wires from the circuit board, and unscrew any retaining screws and 
remove the transducer. Cut the mini plug off, carefully strip the insulation from the 
ends of the wires and extend them by about 18" with 2 thin lengths of hookup wire. 
These pietzo devices make good earphones for crystal sets and can be housed in 
an old pair of ear muffs. 


Miscellaneous Materials: 
A Tic Tac box (smaller size) 


A piece of matrix board at least 7 holes long by 8 holes across. Cut the board to fit 
neatly inside the Tic Tac box. 


A short length of 2 differently coloured wires 60 mm in length and 2 crocodile clips 
with red and black plastic covers 


A length of antenna wire at least 25 metres long and a 3 metre length of a different 
colour for the Ground wire. 


A metal rod or cold water pipe for the ground stake. Be careful which pipes you 
connect your Ground wire to. 


You will need a small sharp object for punching holes in the Tic Tac box. 


A small pair of wire cutters for cutting and stripping wires. 


Add Tip Ask Question 


Step 2: How a Crystal Radio Works 


Untineslineln ineteintablan AAMTE® HOKIOAIIVAVNIELI 


Radio signals consists of two parts - the ‘carrier wave' which is the AM radio 
station's frequency of operation, and the 'program signal’ which is mixed with the 
carrier wave for transmission. 


Radio waves travel out from the AM transmitter tower through the atmosphere. We 
want to capture one specific frequency so we can listen to it, so we need the 
antenna/ground wire system to capture that signal. We also need a ‘tuned circuit’ 
that will filter out the desired AM signal, and discard the rest, so that all the other 
unwanted radio signals pass out through the ground wire to earth. 


Two components in our circuit will perform that task for us. The capacitor C1, 
together with L1 inductor, form a basic 'series tuned' circuit. Their respective values 
will determine just which local AM radio station we will capture. 


We also need a diode to ‘detect’ the voice and music, so we can hear them in our 
earphone, which transduces electrical signals into sound waves that we can hear. 


In the photo above you can see a completed Tic Tac crystal radio. It is already 
inside the box. The other set is connected to the antenna/ground wire circuit, 
undergoing a 'soak test’. It is necessary to do this to ensure that the radio will work 
once inside the box! 


The first diagram shows a typical antenna wire installation. Coming out of a 
window, the wire is anchored to the building and then over some distance (10 
metres +) to a nearby tree or other building. 


You must take great care not to erect antenna wires near to power or telephone 
cables, near your home! 


The ground wire comes out the same window and is anchored to a metal 
pipe/water pipe or metal ground stake, embedded in soft, moist soil. 


You must not connect ground wires to electrical mains wiring installations, including 
wall power outlets! 


Another electrical hazard to consider is lightning strikes! Although it is very rare for 
anyone to be seriously injured or die from a lightning strike it is not impossible. So, 
if you hear a thunderstorm coming your way (you may hear the lightning 'crashes' 
in your earphone first,) then disconnect your antenna wire immediately, connect it 
to the ground wire and put it well up out of the way. Stay well clear of this temporary 
antenna/ground connection until the storm has completely passed away from your 
general area - miles away! 


Add Tip Ask Question 


Step 3: How to Build the Tic Tac Crystal Radio Set 


D1/La/Crjoin 


Intine-Hndn inetnininhins anmIECAINNABILY ROBVANIECANNRALVAGBVAN | ABLE 
1. Take the components and lay them out on a clean surface. 


2. Take the square of matrix board (this is also called 'perf board' because of all the 
holes or perforations in the material) and beginning with the 220UH (UH = micro- 
Henry) and place it as shown in the diagram. 


3. Then take the diode, capacitor and resistor and place them in the places shown 
for them, making sure that the coloured band at one end of the diode joins with the 
resistor wire, as shown 


4. Then take each junction where wires come together through their respective 
holes and gently twist them together, until they form a neat, tight bundle. Take your 
side cutters and cut off any excess length, taking care not to cut any one wire too 
short, so that it comes undone from the join. 


.5. Take the link wire, strip 2 centimetres of insulation from each end of the wire and 
install that wire between the free ends of the inductor and resistor, and the matrix 
board construction is complete. 


6. Then take the ceramic earphone, cut the plug off the end, and strip the 2 wire 
ends about 1.5 centimetres in length. Wrap each earphone wire around each end 
of the resistor component, underneath the matrix board. 


7. Finally, strip the insulation off both ends of the 60mm long differently coloured 
wires, and attach them to the matrix board - one goes to the inductor/link wire 
junction and this will be the Ground connection wire. Attach the other one to the 
free end of capacitor C1 and this will be the antenna wire connection. Both 
connections are made underneath the matrix board. The Nic Nac Tic Tac Crystal 
Radio is now ready for testing. 


Add Tip Ask Question 


Step 4: Final Checks and Installation of Wires 


When you've finished constructing the matrix board circuit and have clipped all the 
excess component leads off, puncture three (3) holes in the Tic Tac box - 2 small 
holes on the top lid of the box, about an inch (24mm) apart, so that your antenna 
and ground wire leads can come through the box lid, and be connected to the 
matrix board at those 2 points. 


Feed the wires through the holes and then tie small knots in each one, near the 
underside of the box lid, so that they won't pull back out if strained, and disconnect 
themselves from the matrix board. 


Then make one larger hole in the centre of the bottom of the box (clear part) so that 
your earphone wires can be fed through to the connecting points on that part of the 
matrix board. Tie a larger knot in the earphone lead so as to prevent it from pulling 


out of the box if it is strained. Strip the insulation off the earphone leads, and wrap 
them around the matrix board leads at those 2 points. You are now ready to test out 
the Nic Nac Tic Tac Crystal Radio. 


Add Tip Ask Question 


Step 5: Testing Out the Tic Tac Radio 
fae ord Ste Eg 


Ground 


Take your finished Tic Tac Radio (with the lid part gently pushed back inside the top 
of the box) and connect your Antenna and Ground wires to the lead outs from the 
box lid. Place the earphone in/over your ear,and listen carefully for a local AM radio 
station. This crystal radio is a simple one, and you may have to make one or two 
adjustments to the components, before you succeed in receiving one or more local 
AM radio stations, in your area. 


If you can't hear anything in the earphone, don't panic. It might just be a simple 
wiring mistake, which is easily fixed. Go back over all of the steps, making sure that 
you have the right value components from the electronics store. Make sure that 
each component is in the right place on the matrix board, (don't confuse the L1 
inductor with the R1 resistor - they look a lot like each other!) and that no 
component wires have come undone from the twisted joins you have just made. I'll 


be writing up a troubleshooting step soon, so if you run into any problems, post 
your questions in the 'comments' section down at the bottom of the page, and I'll try 
and answer them as soon as possible. 


Make sure that your antenna and ground wires aren't snagged on anything metal or 
anything dangerous! 


If you have ANY doubts about the electrical safety of your antenna or ground wires, 
then consult a licensed electrical trades person, who will be able to advise you on 
electrical safety principles and procedures! 


Always remember that electrical safety is your responsibility! If you don't think it is 
safe to proceed, then don't! 


You will need at least 10 to 15 metres of antenna wire, strung between 2 insulating 
points (not connected to anything metallic, or that gets wet,) at least 2 to 3 metres 
in height - anything less than this minimum arrangement may mean that you cannot 
receive any signals at all. 


Some places are regarded as 'radio dead spots’, so you may need to try an open 
space, such as a park or a remote corner of a beach. If you do erect antenna and 
ground wires in public places, hang some streamers or balloons off of them, to alert 
people to their presence, otherwise people going past may become entangled with 
them - and get cranky with you!!! 


As a final word for now, you'll be happy to know that the completed "Nic Nac Tic 
Tac Radio" shown in the picture above, picked up local AM radio station 1116 khz 
4BC here in Brisbane, with a very clear signal and quite good volume. It works! So 
be safe kids, have some fun and look forward to more... mk484 
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Step 6: Nic Nac Extras 


If you've built your Tic Tac crystal set and found that you can't receive a local AM 
radio station yet - don't panic - help is in on the way. You have just built the simplest 
version of the Tic Tac crystal radio and you may need to add one more component 
part for it to work properly. This is called a 'polyvaricon’ - a miniature tuning 
capacitor, which can vary the frequency that your radio will receive at. You can see 
a picture of one up above - the small white box with the black knob next to it. It has 
3 connecting tags - the one in the middle ('G') goes to the moving plates and the 
shaft, while the 2 outer tags ('O' and 'A’) go to 2 sets of fixed plates. the smaller set 
of plates has a value of 60pF - pF is short for 'picoFarad' - a unit of measurement 
for capacitance. The larger set of plates is valued at 160 pF so that the combined 
value of the polyvaricon is 220 pF - or 220 picoFarads. 


The other picture shows you what happens inside a basic tuning capacitor. there 
are 2 sets of metal plates - one set is fixed and the other set moves on a rotating 
shaft, connected to the tuning knob of your radio set. Both sets of plates are 

mounted on an insulating frame so that they won't 'short out' by touch each other. 


The fixed capacitor C1, was chosen to tune somewhere close to the middle of the 
AM radio band. This band of frequencies starts at 531 kilohertz (Khz) and goes as 
far as 1701 Khz here in Australia. So we need a combination of coil and capacitor 
which will tune across all of those frequencies. Our simple Tic Tac radio is known 
as a'series tuned’ set. If you look at the circuit diagram, you can see electronic 
symbols for all components in the radio set.If you start at the top with the antenna 
symbol, you can see the capacitor C1 underneath that, the inductor L1 underneath 
C1 and then finally, the ground symbol - all wired in series with each other. 


The diode D1 detector, the resistor and the earphone plus the link wire, can be 
considered as one block - the "detector unit". The Antenna wire, ground wire, 
inductor/coil and capacitor/polyvaricon, can be also be considered as another block 
- the "tuned circuit". So joining both blocks together, we have the tuned circuit that 
tunes in only one frequency, passing all other unwanted signals out through the 
ground wire to earth. This one ‘tuned frequency’ passes through the diode detector, 
which strips away the ‘carrier wave’ and leaves only the 'program signal’ (voice, 


music etc,) behind, which is then fed via the resistor into the earphone. The 
earphone changes electrical impulses from the diode detector, into sound waves 
that we can hear. You need the R1 resistor to provide a pathway for the signals 
going through the diode, out to the ground wire connection. Without this resistor, 
the signals would sound very distorted and you couldn't hear the program signal 
very Clearly. 
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Step 7: Adding the Polyvaricon Tuning Capacitor 


If you want to expand the tuning range of your Tic Tac Radio, than all you have to 
do is a simple modification (change) to the circuit of your radio set. You can see. 
from the 2 pictures above, that there's an alternative way of building the crystal 
radio - you can use the matrix board method or you can use a 4 way screw terminal 
strip. 


To use the screw terminal version, cut yourself a 4 way strip of terminals as shown 
in the diagram and pictures. Undo the screws right out as far as they will go without 
falling out of the strip. Connect the component leads and wires from the 
antenna/ground system as well as the earphone wires. Cut off any excess from 
component leads that you don't need. Wrap thin wires from the antenna/ground 
system and the earphones, around the thicker component leads before screwing 
the screws in tight. 


Regardless of which method you have used, all we will now wire up the tuning 
capacitor between the actual Antenna wire and the junction (join) where the diode 
D1, the fixed capacitor C1 and one end of the inductor meet. Remove the capacitor 
from the matrix board, and connect the Antenna lead out wire straight to the join of 
the diode and inductor. Then take the polyvaricon and another piece of wire. Strip 
both ends of that wire and join the two outer tags (tagged 'O' and 'A' - the centre on 
is tagged 'G') and then connect you actual Antenna wire to one of the outer tags. 
Connect the antenna lead out wire, coming out of the box, to the 'G' (middle) tag of 
the tuning capacitor,so that the antenna wiring now looks like the picture up above. 


If you're having problems following the pictures, then refer to the diagrams, which 
clearly shows all of the connections Make sure your ground wire is connected to 
the set, and then, listening with your earphone in/over your ear, slowly turn the 


tuning cap's flat knob, until you hear one or more stations. Congratulations - you 
now have a "tuneable" Tic Tac crystal set! Happy listening! And don't forget to post 
in your results, questions, problems etc... mk484 :) 
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Step 8: Tic Tac One Transistor Amplifier - Use Your Earbuds 
and Hear Great Sound... 


| 
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PRAGA DB Cranacas/rat ose 


Hi there folks - this isn't really an extra 'Step' as such - it's a sneak preview at a 
picture of my upcoming Instructable for a one transistor amplifier, which will connect 
to the Tic Tac Radio - and give you some really good volume - in your Iphone 


earbuds! 


Yes, it's entirely possible nowadays, with modern circuit design, to fit a one 
transistor amp in such a small space (yes kiddies - it WILL fit inside the smaller Tic 
Tac box...) and at the same time, get that great sound that comes from those 
"inside your ear" type earbuds. 


This circuit took me about a half hour to complete, uses only 3 electronic 
components, costing about $1.00, a stereo earphone jack and a 1.5 volt AAA 
battery and plastic holder costing about another $3 to $4, so you can build the 
amplifier for about $5 all up - don't forget to shop around and - mums and dads - 
cheap batteries will be OK for this project, and the battery can simply be replaced 
without soldering or undoing half a dozen screws.... 


| can hear my Tic Tac Radio with great volume and clarity - and so will you, so "stay 
tuned" (ha ha ha) to this series of Instructables, and you will hear great sound too... 
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go to: Talking Electronics Website 


For any enquiries email Colin Mitchell 
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TWO MULTIMETERS 
There are basically two different types of MULTIMETER. ANALOGUE and DIGITAL 
Analogue Multimeters have a NEEDLE or POINTER that moves across a scale. 
Digital Multimeters have a numeric display of 3 or more digits. A Digital Multimeter with 
3Y4 digits means the first digit shows only "." 


‘You really need both types to cover the number of tests needed for designing and 
repair-work. We will discuss how they work, how to use them and some of the 
differences between them. 


The black (negative lead) ALWAYS stays in the 
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black hole and the red lead changes to the 
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other red hole to measure 10 amps 


BUYING A MULTIMETER 

There are many different types on the market. 

‘The cost is determined by the number of ranges and also the extra features such as | 
diode tester, buzzer (continuity), transistor tester, high DC current and others. 

Since most multimeters are reliable and accurate, buy one with the greatest 

number of ranges at the lowest cost. The cheapest multimeters are on eBay. 

This article explains the difference between an analogue meter and a digital meter. 


Multimeters are sometimes called a "meter", a "VOM" (Volts-Ohms-Milliamps or 
'Valt Ohm Meter) or "multi-tester” or even "a tester" - they are all the same. 


One term used to describe a DIGITAL MULTIMETER is 34/2 digits. 

‘This is the number of digits on the display. The first digit is usually made from two 
pixels and can only produce "1." This is called a half-digit. The other digits are full 
digits. The cheapest digital multimeters have 3¥% digits. This will produce a reading 
of 1999 and the decimal point can produce values fram 1.999 to 19.99 to 199.9 to 
1999. 

[Another term is DISPLAY COUNTS. This is connected with the accuracy of the 
display, but since digital meters are accurate to 1% or less and we are using 
resistors with an accuracy of 5%, even a $10.00 digital meter will be perfect. 
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USING A MULTIMETER 

Analogue and digital multimeters have either a rotary selector switch or push 
buttons to select the appropriate function and range. Some Digital Multimeters 
(DMMs) are auto ranging; they automatically select the correct range of voltage, 
resistance, or current when doing a test. However you need to select the function. 


Before making any measurement you need to know what you are checking. If you 
are measuring voltage, select the AC range (10v, 50v, 250v, or 1000v) or DC range 
(0.5v, 2.5v, 10v, 50v, 250v, or 1000v). If you are measuring resistance, select the 
Ohms range (x1, x10, x100, x1k, x10k). If you are measuring current, select the 
appropriate current range DCmA'0.5mA, 50mA, 500mA, 10A. Every multimeter is 
different however the photo below shows a low cost Analogue multimeter with the 
basic ranges. 


htp:taww talkingelectronis.com/projects/BasicElectronics-tA/BasicElectronics-1A_ Pago7 hil 


38 


srareo18 Basic Electronics 1A, 


‘An ANALOGUE MULTIMETER 


The most important point to remember is this: 

You must select a voltage or current range that is bigger or HIGHER than the 
maximum expected value, so the needle does not swing across the scale and hit the | 
"end stop." 

If you are using a DMM (Digital Multi Meter), the meter will indicate if the voltage or 
current is higher than the selected scale, by showing "OL" - this means "Overload." 
If you are measuring resistance such as 1M on the x10 range the "OL" means 
"Open Loop" and you will need to change the range. Some meters show "1' on the 
display when the measurement is higher than the display will indicate and some 
flash a set of digits to show over-voltage or over-current, A"-1" indicates the leads 
should be reversed for a "positive reading.” 

If it is an AUTO RANGING meter, it will automatically produce a reading, otherwise 
the selector switch must be changed to another range. 


A typical DIGITAL Multimeter 
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The Common (negative) lead ALWAYS fits into 
the "COM" socket. The red lead fits into the 
red socket for Voltage and Resistance. 
Place the red lead (red banana plug) 
into "A" (for HIGH CURRENT "Amps") 

‘or mA,uA for LOW CURRENT. 


‘The black "test lead" plugs into the socket marked "=" "Common", or "Com," and 
the red "test lead" plugs into the meter socket marked "+" or "V-W-mA." The third 
banana socket measures HIGH CURRENT and the positive (red lead) plugs into this. 
You DO NOT move the negative "=" lead at any time. 

‘The following two phatos show the test leads fitted to a digital meter. The probes 
land plugs have "guards" surrounding the probe tips and also the plugs so you can 
measure high voltages without getting near the voltage-source. 


Analogue meters have an "Ohms Adjustment" to allow for the change in voltage of 
the battery inside the meter (as it gets old). 
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is also called "ZERO SET" 
The sensitivity of this meter is 20,000ohms/volt 
on the DC ranges and 5k/v on the AC ranges 


Before taking a resistance reading (each time, for any of the Ohms scales) you 
need to "ZERO SET" the scale, by touching the two probes together and adjust the 
pot until the needle reads "0" (swings FULL SCALE). If the pointer does not reach 
full scale, the batteries need replacing. Digital multimeters do not need "zero 
adjustment." 


to Index 


[ANALOGUE Vs DIGITAL 

You cannot say one meter is better than the other because BOTH have advantages 
and disadvantages. 

[An analogue multimeter is the “old style" and it puts a load on a circuit and this 
may change the reading to give an incorrect readout, but it has the advantage of 
ithe needle moving across the scale fairly quickly so you can sometimes see if the 
voltage is fluctuating. 

It also gives a more-accurate result in some high frequency circuits as it does not 
pick up stray fields and produce a false reading. 

Digital meters put almost no load on a circuit and produce accurate readings from 
both low-impedance and high-impedance circuits. 

Digital meters can display very low resistances. 

You must remember to turn a Digital meter OFF to prevent the battery going flat. 


If you are testing a circuit containing a high-frequency oscillator, use BOTH an 
|ANALOGUE and DIGITAL meter to check the reading. Sometimes the leads of a 
Digital multimeter will pick up signals and create a false reading. 

Sometimes you will get a voltage reading with a Digital multimeter due to a high 
resistance leak and a zero reading with an Analogue meter. This is why you need 
BOTH meters. 
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MEASURING VOLTAGE 

Most of the readings taken with a multimeter will be VOLTAGE readings. 

Before taking a reading, you should select the highest range and if the needle does 
not move up scale (to the right), you can select another range. 

[Always switch to the highest range before probing a circuit and keep your fingers 
away from the component being tested. 

If the meter is Digital, select the highest range or use the auto-ranging feature, by 
selecting "V." The meter will automatically produce a result, even if the voltage is 
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|AC or DC. 
If the meter is not auto-ranging, you will have to select Y= if the voltage is from a 
DC source or V~ if the voltage is from an AC source. DC means Direct Current (but 
{this does not mean you select the CURRENT range - you are taking a voltage 
reading that is not rising and falling. That's why we say it is DC and do not say the 
words "direct current"). The voltage is coming from a battery or supply where it is 
steady and not "rising and falling." 

You can measure the voltage at different points in a circuit by connecting the black 
probe to chassis. This is the Ov reference and is commonly called "Chassis" or 
"Earth" or "Ground" or "Ov." 

‘The red lead is called the "measuring lead" or "measuring probe" and it can 
measure voltages at any point in a circuit. Sometimes there are "test points" on a 
circuit and these are wires or loops designed to hold the tip of the red probe (or a 
red probe fitted with a mini clip). 

'You can also measure voltages ACROSS A COMPONENT. In other words, the reading 
is taken in PARALLEL with the component. It may be the voltage across a transistor, 
resistor, capacitor, diode or coil. In most cases this voltage will be less than the 
supply voltage. 

If you are measuring the voltage in a circuit that has a HIGH IMPEDANCE, the 
reading will be inaccurate, up to 90% !1!, if you use a cheap analogue meter. 


Here's a simple case. 

‘The circuit below consists of two 1M resistors in series. The voltage at the mid point 
will be 5v when nothing is connected to the mid point. But if we use a cheap 
analogue multimeter set to 10v, the resistance of the meter will be about 100k, if 
the meter has a sensitivity of 10k/v and the reading will be incorrect. 

Here how it works: 

Every meter has a sensitivity. The sensitivity of the meter is the sensitivity of the 
movement and is the amount of current required to deflect the needle FULL SCALE. 
This current is very small, normally 1/10th of a milliamp and corresponds to a 
sensitivity of 10k/volt (or 1/30th mA, for a sensitivity of 30k/v). 

If an analogue meter is set to 10v, the internal resistance of the meter will be 100k 
for a 10k/v movement. 

If this multimeter is used to test the following circuit, the reading will be inaccurate. 
The reading should be 5v as show in diagram A. 

But the analogue multimeter has an internal resistance of 100k and it creates a 
circuit shown in C. 

The top 1M and 100k from the meter create a combined PARALLEL resistance of 
90k. This forms a series circuit with the lower 1M and the meter will read less than 
iv 

If we measure the voltage across the lower 1M, the 100k meter will form a value of 
resistance with the lower 1M and it will read less than 1v 

If the multimeter is 30k/v, the readings will be 2v. See how easy it is to get a totally 
inaccurate reading. 
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10v 10v 10v 
1M 1M 100k 1M 
(100k) 
1M 1M 4M 
A B Ee . 
10v 10v 
1M 4M 
(100k) 
1M 100k 1M 
D E 


If the reading is taken with a Digital Meter, it will be more accurate as a DMM does 
not take any current from the circuit (to activate the meter). In other words it has a 
very HIGH input impedance. Most Digital Multimeters have a fixed input resistance 
(impedance) of 10M - no matter what scale is selected. That's the reason for 
Choosing a DMM for high impedance circuits. It also gives a reading that is accurate 
{to about 1%. 
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MEASURING VOLTAGES in a CIRCUIT 

You can take many voltage-measurements in a circuit. You can measure “across” a 
component, or between any point in a circuit and either the positive rail or earth rail 
(Ov rail). In the following circuit, the 5 most important voltage-measurements are 
shown. Voltage "A" is across the electret microphone. It should be between 20mV 
and 500mV. Voltage "B" should be about 0.6v. Voltage "C" should be about half-rail 
voltage. This allows the transistor to amplify both the positive and negative parts of 
ithe waveform. Voltage "D" should be about 1-3v. Voltage "E" should be the battery 
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MEASURING CURRENT 


'You will rarely need to take current measurements, however most multimeters have 
DC current ranges such as 0.5mA, 50mA, 500mA and 10Amp (via the extra banana 
socket) and some meters have AC current ranges. Measuring the current of a 
circuit will tell you a lot of things, If you know the normal current, a high or low 
current can let you know if the circuit is overloaded or not fully operational. 


Current is always measured when the circuit is working (i.e: with power applied). 
It is measured IN SERIES with the circuit or component under test. 

‘The easiest way to measure current is to remove the fuse and take a reading across 
{the fuse-holder. Or remove one lead of the battery or turn the project off, and 
measure across the switch. 

If this is not possible, you will need to remove ane end of a component and 
measure with the two probes in the "opening." 

Resistors are the easiest things to desolder, but you may have to cut a track in 
some circuits. You have to get an "opening" so that a current reading can be taken. 
‘The following diagrams show how to connect the probes to take a CURRENT 
reading. 

Do not measure the current ACROSS a component as this will create a "short- 
circuit." 

The component is designed to drop a certain voltage and when you place the 
probes across this component, you are effectively adding a "link" or "jumper" and 
the voltage at the left-side of the component will appear on the right-side. This 
voltage may be too high for the circuit being supplied and the result will be 
damage. 
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Measuring the current of a globe 


Do NOT measure the CURRENT of a battery 
(by placing the meter directly across the terminals) 
A battery will deliver a very HIGH current 
and damage the meter 


Do not measure the "current a battery will deliver" by placing the probes across the 
terminals. It will deliver a very high current and damage the meter instantly. There 
are special battery testing instruments for this purpose. 
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When measuring across an “opening” or "cut," place the red probe on the wire that 
supplies the voltage (and current) and the black probe on the other wire. This will 
produce a "POSITIVE" reading. 

‘A positive reading is an UPSCALE READING and the pointer will move across the 
scale - to the right. A "NEGATIVE READING" will make the pointer hit the "STOP" at 
{the left of the scale and you will not get a reading. If you are using a Digital Meter, 
[a negative sign "-" will appear on the screen to indicate the probes are around the 
wrong way. No damage will be caused. It just indicates the probes are connected 
incorrectly. 

If you want an accurate CURRENT MEASUREMENT, use a digital meter. 
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MEASURING RESISTANCE 

‘Turn a circuit off before measuring resistance. 

If any voltage is present, the value of resistance will be incorrect. 

In most cases you cannot measure a component while it is in-circuit. This is because the 
meter is actually measuring a voltage across a component and calling it a "resistance." 
The voltage comes from the battery inside the meter. If any other voltage is present, the 
meter will produce a false reading. 

If you are measuring the resistance of a component while still "in circuit," (with the 
Power off) the reading will be lower than the true reading. 


Measuring resistance 
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Measuring resistance of a heater 
(via the leads) 


resistance 
wire 


\ 


Power must be 


Measuring the resistance of a resistor 
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Do not measure the “Resistance of a Battery" 


1. Do not measure the "resistance of a battery." The resistance of a battery (called the 
Internal impedance) is not measured as shown in the diagrams above. It is measured by 
creating a current-flow and measuring the voltage across the battery. Placing a 
multimeter set to resistance (across a battery) will destroy the meter. 

2. Do not try to measure the resistance of any voltage or any "supply." 


Resistance is measured in OHMs. 

The resistance of a 1cm x icm bar, one metre long is 1 ohm. 

If the bar is thinner, the resistance is higher. If the bar is longer, the resistance is higher. 
If the material of the bar is changed, the resistance is higher. 

When carbon is mixed with other elements, its resistance increases and this knowledge 
is used to make RESISTORS. 

Resistors have RESISTANCE and the main purpose of a resistor is to reduce the 
CURRENT FLOW. 

It's a bit like standing on a hose. The flow reduces. 

When current flow is reduced, the output voltage is also reduced and that why the water 
does not spray up so high. Resistors are simple devices but they produce many different 
effects in a circuit. 

[A resistor of nearly pure carbon may be 1 ohm, but when non-conducting "impurities" 
are added, the same-size resistor may be 100 ohms, 1,000 ohms or 1 million ohms. 
Circuits use values of less than 1 ohm to more than 22 million ohms. 


Resistors are identified on a circuit with numbers and letters to show the exact value of 
resistance - such as 1k 2k2 4M7 

The letter Q. (omega - a Greek symbol) is used to identify (or express) (or represent) 

the word "Ohm." 

But this symbol is not available on some word-processors, so the letter "R" is used. The 
letter "E" is also sometimes used and both mean "Ohms." 

A one-ohm resistor is written "1R" or "1E." It can also be written "1RO" or "1E0. 

[A resistor of one-tenth of an ohm is written "OR1" or "QE1.” The letter takes the place 
of the decimal point. 

10 ohms = 10R 

100 ohms = 100R 
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1,000 ohms = 1k (k= kilo = one thousand) 
10,000 ohms = 10k 

100,000 ohms = 100k 

1,000,000 ohms = 1M (M = MEG = one million) 


The size of a resistor has nothing to do with its resistance. The size determines the 
wattage of the resistor - how much heat it can dissipate without getting too hot. 
Every resistor is identified by colour bands an the body, but when the resistor is a 
surface-mount device, numbers are used and sometimes letters. 

You MUST learn the colour code for resistors and the following table shows all the 
colours for the most common resistors from 1/10th of an ohm to 22 Meg ohms for 
resistors with 5% and 10% tolerance. 


190 9 ‘oun 
J | oes» —/'| | Qyas% i acd band is gold, Divide by 10 


MER =— BIMBO If Srd band is siver, Divide by 100 


SS KL to et 20hms ee) 


COLOR CODES FOR THE WHOLE E12/E24 RANGE OF RESISTORS 
‘The twelve add rows-1, 3, 5... represent values available in the E12 range only,plus 10M 
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MAKE YOUR OWN RESISTOR 


Make your own variable resistor that changes resistance according to the pressure. 
Use a piece of conductive foam used to package Integrated Circuits. You can ask at 
an electronics shop. 

Use two coins or pieces of printed circuit board or aluminium foil for the top and 
bottom conductors. 

You can solder wires to the PC board or fold the aluminium foil over a few times to 
hold the wires. 

The resistance of the foam will reduce as you press on the "cell." 

‘The actual resistance-values will depend on the size of the foam, the thickness and 
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pressure. 
This cell is a very simple cell called a LOAD CELL. 


‘The top and bottom "plates" 


‘The foam is placed between the plates. 


The complete LOAD CELL 
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‘The fully loaded resistance can be as low as 9,330 ohms 
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MEASURING CONTINUITY 

CONTINUITY js the same as ZERO OHMS or the resistance of a short length of 
wire. It can also mean the resistance through a switch or globe or a low-value 
resistor. 

It basically means a "PATH" and sometimes refers to a whole circuit when the 
switch is closed. In other words CONTINUITY means we have a “circuit.” We have 
"current flowing" and generally refers to a low-resistance circuit. 

Both ANALOGUE and DIGITAL multimeters can measure CONTINUITY and you have 
ito work out the approximate value of resistance for the circuit you are testing, - 
BEFORE TAKING A READING. 

If the reading is above 300 ohms or contains a diode, you cannot use a DIGITAL 
MULTIMETER as the buzzer on the continuity setting will not respond. 


‘The project being tested must not have the power applied as the resistance ranges 
on a multimeter are actually measuring a voltage across the leads and any voltage 
on the circuit or contained in any electrolytics, will upset the reading. 


‘To take a reading with an ANALOGUE multimeter, select the x1 setting and the 
pointer will move across the scale to the actual value of resistance. 

It it move full scale, you have ZERO OHMS resistance and this can mean a short- 
circuit or continuity via a wire. 

If a diode is in the circuit you must also reverse the leads to get a reading 

‘The resistance of a globe will be very low when it is not illuminated, so don't think a 
fault is present. 

Measuring CONTINUITY is the same as measuring LOW RESISTANCE. 
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To take a reading with a DIGITAL multimeter, select the buzzer setting. It will 
respond if the resistance is less than 300 ohms. It will not respond if a diode is in 
{the circuit. 


Meter set to BUZZER - CONTINUITY 


You can also use the x1 resistance setting to get an accurate value of resistance. 
‘Touch the probes together to get the initial reading and subtract this value from the 
final reading. 

When probing a circuit containing electrolytics, you may get a beep from the buzzer. 
This indicates the resistance is low because the multimeter is charging the 
electrolytic and it will beep until the electrolytic is charged to about 0.7v. 

‘The same applies when probing across the power rails of a circuit. The circuit may 
contain electrolytics that will charge when probing and the buzzer will beep. 

The Digital multimeter is actually detecting a voltage less than 0.7v across the 
probes and is created by a voltage-divider network inside the meter. 

‘The voltage divider put 2v across the probes and when this drops to less than 0.5v, 
{the buzzer is activated. That why it odes not buzz when testing a diode as the diode 
drops the voltage to 0.6v. 
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MEASURING A DIODE 

/A diode can be measured to see if it is "open" or "damaged" or "working" by placing 
ithe probes across the component. 

If the diode is "open" (it will not work), the needle will NOT swing across the scale 
when touching the component with the probes in one direction or when the probes 
are reversed. 

If the diode is "damaged" (does not work), the needle will swing fully across the 
scale when touching the component with the probes in one direction or when the 
probes are reversed. 

If the diode is FUNCTIONAL, (works) the needle will swing about mid-way when 
touching the leads of the diode in one direction and it will not move when the 
probes are reversed. 


WHY? 

‘The positive of the battery inside an analogue multimeter comes out the black 
probe and that is why you will get a reading when the probers are "around the 
wrong way." The needle will swing a different amount for each resistance setting on 
{the dial as the needle represents 0.6v drop and NOT an actual resistance. 


There are two things you must remember. 
1. When the diode is measured in one direction, the needle will will not move at 
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all, The technical term for this is the diode is reverse 
current to flow. Thus the needle will not move. 

When the diode is connected around the other way, the needle will swing to the 
right (move up scale) to about 80% of the scale. This position represents the 
voltage drop across the junction of the diode and is NOT a resistance value. If you 
change the resistance range, the needle will move to a slightly different position 
due to the resistances inside the meter. The technical term for this is the diode is 
forward biased. This indicates the diode is not faulty. 

The needle will swing to a slightly different position for a "normal diode" compared 
{to a Schottky diode. This is due to the different junction voltage drops. 

However we are only testing the diode at very low voltage and it may break-down 
when fitted to a circuit due to a higher voltage being present or due to a high 
current flowing 


sed. It will not allow any 


2. The leads of an Analogue Multimeter have the positive of the battery 
connected to the black probe and the readings of a "good diode" are shown in the 
following two diagrams: 


The diode is REVERSE BIASED in the 
diagram above and diodes not conduct. 


Here is the equivalent ciccuit: 


‘The diode is FORWARD BIASED in the 
diagram above and it conducts 
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[TESTING A DIODE ON A DIGITAL METER 

A Digital multimeter will measure the voltage-drop across the diode when the 
probes are connected in one direction (approx 0.640 on the scale) and a high 
reading (1) in the other direction. You need to select the "DIODE" setting on the 
dial as the other settings will produce a meaningless reading. 


cathode (k) 


cathode a 


Some DIGITAL MULTIMETERS will show mV drop 
across the diode when the setting on the meter is 
"diode" or the "x1" or "x10" resistance range. 
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TESTING A LED 

Some multimeters will test LEDs. 

It depends on the voltage of the battery inside the case of the multimeter. 

Many analogue multimeters have a single 1.5v cell and these cannot test LEDs. 
‘Analogue Multimeters with 3v (for the resistance ranges) can test some LEDs. 
White LEDs need about 3.6v and they may not illuminate on 3v. 
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cathode (k) 


The negative lead of an ANALOGUE meter is POSITIVE! 
The multimeter must have 3v (2 cells) 


Digital multimeters have a Qv battery and they wil illuminate all colour LEDs when the leads are 
placed as shown in the diagram: 


A Digital meter will illuminate all LEDs and the black probe 
touches the cathode. 


to Index 


TESTING A TRANSISTOR WITH A DIGITAL METER 

Testing a transistor with a Digital Meter must be done on the "DIODE" setting as a 
digital meter does not deliver a current through the probes on some of the 
resistance settings and will not produce an accurate reading. 

‘The "DIODE" setting must be used for diodes and transistors. It should also be 
called a "TRANSISTOR" setting. 


TESTING A TRANSISTOR WITH AN ANALOGUE METER 
The first thing you may want to do is test an unknown transistor for COLLECTOR, 


BASE AND EMITTER. You also want to perform a test to find out if it is NPN or PNP. 
That's what this test will provide. 


You need a cheap multimeter called an ANALOGUE METER - a multimeter with a 
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scale and pointer (needle). 

It will measure resistance values (normally used to test resistors) - (you can also 
test other components) and Voltage and Current. We use the resistance settings. It 
may have ranges such as "x10" "xi00" "xik" "x10" 

Look at the resistance scale on the meter. It will be the top scale. 

‘The scale starts at zero on the right and the high values are on the left. This is 
opposite to all the other scales. 

When the two probes are touched together, the needle swings FULL SCALE and 
reads "ZERO." Adjust the pot on the side of the meter ta make the pointer read 
exactly zero 


How to read: "x10" "x10" “xtk" “x10” 
Up-scale from the zero mark is "1" 

When the needle swings to this position on the "x10" setting, the value is 10 ohms, 
When the needle swings to "1" on the "x100" setting, the value is 100 ohms. 

When the needle swings to "1" on the "xik" setting, the value is 1,000 ohms = 1k, 
When the needle swings to "1" on the "x10k" setting, the value is 10,000 ohm: 
10k. 

Use this to work out all the other values on the scale. 

Resistance values get very close-together (and very inaccurate) at the high end of 
the scale. [This is just a point to note and does not affect testing a transistor.] 


[Step 1. - FINDING THE BASE and determining NPN or PNP 
Get an unknown transistor and test it with a multimeter set to "x10" 

‘Try the 6 combinations and when you have the black probe on a pin and the red 
probe touches the other pins and the meter swings nearly full scale, you have an 
NPN transistor. The black probe is BASE 

If the red probe touches a pin and the black probe produces a swing on the other 
[two pins, you have a PNP transistor. The red probe is BASE 

If the needle swings FULL SCALE or if it swings for more than 2 readings, the 
transistor is FAULTY. 


This is an NPN transistor Thisis a RNP. transistor 
The black probe isthe BASE Thered probe is the BASE 


[Step 2. - FINDING THE COLLECTOR and EMITTER 
Set the meter to "x10k." 

For an NPN transistor, place the leads on the transistor and when you press hard on 
{the two leads shown in the diagram below, the needle will swing almost full scale. 
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Set to "x10k" 


Thisis the This isan 
POSITIVE via NPN 
ofthe battery Pre Wansistor 


the meter 


This is the NEGATIVE 
of the battery in the meter 


Here is the equivalent circuit: 


+0} The fingeris 


2 | “turning OW 
— the transistor" 
oe 


collector 


emitter 
You have found the Collector Base and Emitter 


swing almost full scale. 


Set to “x10k" 


This is the This isa 
POSITIVE PNP 
ofthe battery transistor 


inthe meter 


This is the NEGATIVE 
ofthe battery in the meter HERE 
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Here is the equivalent circu 


The fingeris 
“turning OM 
the transistor" 


emitter 


collector . 


‘You have found the Collector Base and Emitter 


to Index 
For more details on testing components with a multimeter, see: 
Testing Electronic Components 
to Index 
MULTIMETER TEST 
1. What is the reading on the multimeter: 
Answer 
to Index 


[2. What is the reading on the multimeter: 
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Answer 


to Index 


3. What is the reading on the multimeter: 


Aw 
| 
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Answer 
to Index 
[4. What is the voltage between the following points: 
Temina block 
x! Teminal block 
ieee 
geet, 
es 
ss} MS 
Battery /| 
@ volts) Light bulb 
Between 1&3 Between 5&7 Between 38 Between 187 
Answer Answer Answer Answer 
to Index 


5. What is the voltage on each multimeter: 


os] 


+ 


switch closed [4 


Meter B Meter C 
Answer Answer Answer 


to Index 


6. What is the voltage on each multimeter: 
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Meter A Meter B Meter C 
Answer Answer Answer 
Twindex 
7. What Is the reading on the multimeter: 
Switch ON 
G 
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Answer 


to Index 


|8. The multimeter has three resistance ranges: x1 ohms x100 ohms x10k ohms. 
How far across the scale will the needle move on each range for a 4K7 resistor: 


xt x100 x10k 
Answer Answer Answer 


to Index 


[9. The resistance ranges on an ANALOGUE multimeter use the battery inside the case to move 
the pointer. if the multimeter is left on "ohms range” with the probes apart, will the battery go 


flat? 
Answer 


to Index 


to Index 


PCB CAD, 
Fabrication 


& Assembly 
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This eBook shows you how to TEST COMPONENTS. 
To do this you need "TEST GEAR." The best item of Test Gear is a 


MULTIMETER. It can test almost 90% of all components. And that's what we 


will do in this eBook: 


CONTENTS 


Analogue Multimeter 


‘Multimeters 


Audio Stages 
Batteries - testing 
Burnt Resistor 
Buying A Multimeter 


Non-polar Capacitor (electrolytic) 
Open Circuit 
“Open” Resistor - damaged 


Opto-couplers 


Capacitors 


Capacitors - decoupling caps 


Parallel - resistors 
Parallel and Series Capacitors 


Capacitors in Parallel 


Piezo Diaphragms 


Capacitor Substitution Box 


Piezo Buzzers 


Cells - batteries 
Circuit Symbols 
Co-Ax Cables 


Colour Code (Resistor) 


ils 


Continuity 
Creating any value of R 


Potentiometers 

Pots - testing 

Power Diodes 

Power Supply -see Basic Electronics 1A 
Reed Switch 


Remote Controls 


Current - measuring 
Current Sensing Resistors 


Resistor Colour Code 
Resistor Networks 


Current Transformer 


Resistors - series 


Damper Diodes 
Darlington Transistors 


Resistor Substitution Box 
Ripple Factor 


Digital Chips Schottky Diodes 
Digital Multimeter SCRs 

Digital Transistors Short Circuit 
Diodes replacing a diode Signal Injector 


Discharge a Capacitor 


Silicon diodes 


Earth Leakage Detectors 


Soldering 


Electrolytics 
FETs 


Fingers - to feel temperature 
Focus pots 

Fuses and 100mA fuses 
Germanium Diodes 


Spark Gaps 

Speaker 

Substitution Box 

Super Probe MkII 
Surface Mount - Packs 
Surface-Mount Resistors 


Heatsinks 
impedance - of a stage 


Surface-Mount Resistor Markings 
Switches 


IC's - also called Digital Chips | Symbols 
ICs - Analogue Chips Test Equipment 

n-Circuit" testing Testing A Circuit 

inductors Testing A Resistor 

inductors - measuring Testing Components “In-Circuit" 
Integrated Circuits Transformers - current transformer 


Isolation Transformer 


Transformer Ratings 28v-0-28v 


Latching Reed Switch 


Transistor Outlines 


LEDs 
Logic Probe MklIB 


Transistors 
Transistors Digital 


Logic Probe - Simple 
Logic Probe - using CD4001 


Triacs 
Unknown resistors - testing 


Logic Probe - using CD4011 


Using A Multimeter 


Making your own components 


Voltage Divider 


Measuring Resistance 


Voltage Regulators 


Measuring Voltage 


Voltages on a circuit 


Mica Washers and Insulators 


Wire Wound Resistor 


Motor - testing 
MOSFETs 


Yokes 

Zener Diodes 

4-Band Resistors 
Band Resistors 

10-Turn Pots 


Use your "brain, knowledge and your fingers." 
Before we start, fixing anything is a combination of skill, luck and good diagnosis. 
Sometimes you can fix something by letting it run until it finally fails. 

Some things start to work as soon as you touch them. 


Some things can never be fixed. 


But some things can be fixed by feeling the temperature rise and deciding if it is 


getting too hot. 


Sometimes you can smell something getting too hot. 


Sometimes you can see SMOKE. 


All these things make you a very clever technician and about 50% of faults will be 
fixed by looking for dry joints, burnt parts, overheating and carefully inspecting an 


item before you disturb it. 


By simply touching different items you can quite often feel a hot item and home-in 
‘on the fault - at a saving of hours of work. 

Servicing is not "A bull at a gate" approach. 

You may be able to service something by turning it on and leaving it for hours - and 
start thinking. 

It may take you a day to come up with the answer. 

Believe me. That's how it worked for me - while fixing over 35,000 TV's. 


TEST EQUIPMENT 

Everyone thinks TEST EQUIPMENT will "solve the problem.” 

This is a big big MISTAKE. 

Test equipment can help solve a problem and it can "lead to frustration,’ 
incorrect answer," "mess you up," and make things worse. 

You have to be very careful with test equipment and especially EXPENSIVE 
equipment because it is very sensitive and can detect pulses and glitches and 
voltages that are not affecting the operation of the circuit. 

You will learn a lot of tricks when reading through this article, but let me say two 
things. 

There are lots of faults and components that you cannot test with "test equipment” 
because they are either intermittent or the equipment does not load the device to 
the same extent as the circuit. 

And secondly you need both an ANALOGUE multimeter and a DIGITAL meter to 
cover all the situations. 

And if you are working on a car, you only need a $5.00 analogue meter becausi 
will be dropped or fall into a crack, and you will only lose $5.00 

You will learn that a digital meter will pick up spikes and signals on a line and show 
an incorrect reading. 

That's why you need to back-up your readings with an analogue meter. 

When you charge a battery it gets a "floating voltage” and this will be higher than 
the actual voltage, when the battery is fitted to a project. An analogue meter will 
draw a slight current and remove the "floating voltage." 

Component testers can also give you a false reading, either because the component 
is out of range of the tester or intermittent and you need to be aware of this. 
Oscilloscopes can also display waveforms that are parts of glitches or noise from 
other chips and these do not affect the operation of the part of the circuit you are 
investigating. 

Sometimes you cannot pickup a pulse because it is not regular and the trigger on the 
oscilloscope does not show it on the screen. You may think it is missing. 

It all depends on the "speed of the oscilloscope" - it's maximum frequency of 
operation. 

Lastly- Power Supplies. You cannot test globes and motors on a power supply 
because the starting current can be 5 times more than the operating current. The 
power supply may not be able to deliver this high current and thus you will think the 
motor or globe is faulty. 


igive an 


MULTIMETERS 


There are two types: 

DIGITAL and ANALOGUE 

A Digital Multimeter has a set of digi 
has a scale with a pointer (or needle). 
You really need both types to cover the number of tests needed for designing and 
repair-work. We will discuss how they work, how to use them and some of the 
differences between them. 


s on the display and an Analogue Multimeter 


DIGITAL AND ANALOGUE MULTIMETERS 


BUYING A MULTIMETER 

There are many different types on the market. 

The cost is determined by the number of ranges and also the extra features such as 
diode tester, buzzer (continuity), transistor tester, high DC current and others. 
Since most multimeters are reliable and accurate, buy one with the greatest number 
of ranges at the lowest cost. 

This article explains the difference between a cheap analogue meter, an expensive 
analogue meter and a digital meter. You will then be able to work out which two 
meters you should buy. 


Multimeters are sometimes called a "meter", a "VOM" (Volts-Ohms-Milliamps or 
Volt Ohm Meter) or "multi-tester” or even "a tester" - they are all the same. 


USING A MULTIMETER 

Analogue and digital multimeters have either a rotary selector switch or push buttons 
to select the appropriate function and range. Some Digital Multimeters (DMMs) are 
auto ranging; they automatically select the correct range of voltage, resistance, or 
current when doing a test. However you need to select the function. 


Before making any measurement you need to know what you are checking. If you 
are measuring voltage, select the AC range (10v, 50v, 250v, or 1000v) or DC range 
(0.5v, 2.5v, 10v, 50v, 250v, or 1000v). If you are measuring resistance, select the 
Ohms range (x1, x10, x100, x1k, x10k). If you are measuring current, select the 
appropriate current range DCmA 0.5mA, 50mA, S00mA. Every multimeter is 
different however the photo below shows a low cost meter with the basic ranges. 


Em Se 


The most important point to remember is this: 
You must select a voltage or current range that is bigger or HIGHER than the 
maximum expected value, so the needle does not swing across the scale and hit the 
"end stop.” 

If you are using a DMM (Digital Multi Meter), the meter will indicate if the voltage or 
current is higher than the selected scale, by showing "OL" - this means "Overload." If 
you are measuring resistance such as 1M on the x10 range the "OL" means "Open 
Loop” and you will need to change the range. Some meters show "1" on the display 
when the measurement is higher than the display will indicate and some flash a set 
of digits to show over-voltage or over-current. A"-1" indicates the leads should be 
reversed for a "positive reading." 

If it is an AUTO RANGING meter, it will automatically produce a reading, otherwise 
the selector switch must be changed to another range. 


The Common (negative) lead ALWAYS fits into 
the "COM" socket. The red lead fits into the 
red socket for Voltage and Resistance. 
Place the red lead (red banana plug) 
into "A" (for HIGH CURRENT "Amps") 
or mA,uA for LOW CURRENT. 


The black "test lead" plugs into the socket marked "-" "Common", or "Com," and 
the red "test lead” plugs into meter socket marked "+" or "V-W-mA."_ The third 
banana socket measures HIGH CURRENT and the positive (red lead) plugs into this. 
You DO NOT move the negative "-" lead at any time. 

The following two photos show the test leads fitted to a digital meter. The probes 
and plugs have "guards" surrounding the probe tips and also the plugs so you can 
measure high voltages without getting near the voltage-source. 


What's the difference between sensitivity, 
resolution, and accuracy? 


SENSITIVITY, 


The amallast 
‘change in the input 


RESOLUTION: 


‘The emallest portion 
of the signal that 
‘can be measured 
‘and displayed on any 
Fangs. Ts rse01480 
fon ths Mode! DMMTS10 
75-agit Dum, 1oomV 
range is 10nv- On ine 
AV range te 100nN 


tignal that can be 
detected. On te 
‘oom range, thc 
Dl is capabie of 


ACCURACY AND REPEATABILITY 
‘Accuracy is getting the same reading 


‘A Tektronix Company 


The question above applies to both (every) type of multimeter and the type of meter 
you use depends on the accuracy you need. Sometimes you are looking for 1mV 
change on a 20v rail. Only a DMM will (or a CRO) will produce a result. 


Analogue meters have an "Ohms Adjustment" to allow for the change in voltage of 
the battery inside the meter (as it gets old). 


also called "ZERO SET" 
ity of this meter is 20,0000hms/volt 
on the DC ranges and Sk/v on the AC ranges 


Before taking a resistance reading (each time on any of the Ohms scales) you need 
to "ZERO SET" the scale, by touching the two probes together and adjust the pot 
until the needle reads "0" (swings FULL SCALE). If the pointer does not reach full 


scale, the batteries need replacing. 
adjustment.” 


igital multimeters do not need "zero 


FIXING A MULTIMETER 

‘A multimeter can get "broken" "damaged" and go “faulty.” 

I don't know why, but eventually they stop working. 

It can be something simple like a flat battery, corroded battery contacts, broken 
switch or something complex, like the circuitry failing. 

Multimeters are so cheap, you can buy a new one for less than $10.00 

These meters can have a 10 amp range, transistor tester and measure up to 2 meg 
ohms. 

That's why I suggest buying a $10.00 meter. They are just as good as a $60.00 
meter and the cheapest meters last the longest. 

Dropping an analogue meter can cause the hair spring to loop over one of the 
supports and the needle will not zero correctly. You will need to open the cover on 
the movement and lift the spring off the support with a needle. 

A faulty meter can be used in a battery-charger circuit to measure the current or 
voltage if that scale is still reading-correctly. 

Otherwise keep the leads and throw the meter out. It is too dangerous keeping a 
meter that shows an incorrect reading. 


MEASURING FREQUENCY 


Before we cover the normal uses for a multimeter, it is interesting to note that some 
Digital Multimeters (DMM) have features such as Capacitance, Frequency and 
measuring the gain of a transistor as well as a number of other features using probes 
such as a temperature probe. The VICHY VC99 meter above is an example and costs 
about $40.00. 


Basic function | Range 
Dev 600mV/6V/G0V/600V/1000V 
ACV j6v/60/600/1000V 
DCA 500UA/6000uA/60mA/600MAIGAIZ0A 
citance 
MHZ. 


fa0°C=1000°C 


Temperature 
as 332: 


MEASURING VOLTAGE 

Most of the readings you will take with a multimeter will be VOLTAGE readings. 
Before taking a reading, you should select the highest range and if the needle does 
not move up scale (to the right), you can select another range. 

Always switch to the highest range before probing a circuit and keep your fingers 
away from the component being tested. 

If the meter is Digital, select the highest range or use the auto-ranging feature, by 
selecting "V." The meter will automatically produce a result, even if the voltage is AC 
or DC. 

If the meter is not auto-ranging, you will have to select V=if the voltage is from a 
DC source or V~if the voltage is from an AC source. DC means Direct Current and 
the voltage is coming from a battery or supply where the voltage is steady and not 
changing and AC means Alternating Current where the voltage is coming from a 
voltage that is rising and falling. 

You can measure the voltage at different points in a circuit by connecting the black 
probe to chassis. This is the Ov reference and is commonly called "Chassis" or 
"Earth" or "Ground" or "Ov." 

The red lead is called the "measuring lead” or "measuring probe" and it can measure 
voltages at any point in a circuit. Sometimes there are "test points” on a circuit and 
these are wires or loops designed to hold the tip of the red probe (or a red probe 
fitted with a mini clip or mini alligator clip). 

You can also measure voltages ACROSS A COMPONENT. In other words, the reading 
is taken in PARALLEL with the component. It may be the voltage across a transistor, 
resistor, capacitor, diode or coil. In most cases this voltage will be less than the 
supply voltage. 

If you are measuring the voltage in a circuit that has a HIGH IMPEDANCE, the 
reading will be inaccurate, up to 90% !!!, if you use a cheap analogue meter. 


Here's a simple case. 

The circuit below consists of two 1M resistors in series. The voltage at the mid point 
will be 5v when nothing is connected to the mid point. But if we use a cheap 
analogue multimeter set to 10v, the resistance of the meter will be about 100k, if 
the meter has a sensitivity of 10k/v and the reading will be incorrect. 

Here how it works: 

Every meter has a sensitivity. The sensitivity of the meter is the sensitivity of the 
movement and is the amount of current required to deflect the needle FULL SCALE. 
This current is very small, normally 1/10th of a milliamp and corresponds to a 
sensitivity of 10k/volt (or 1/30th mA, for a sensitivity of 30k/v). 

If an analogue meter is set to 10v, the internal resistance of the meter will be 100k 
for a 10k/v movement. 

If this multimeter is used to test the following circuit, the reading will be inaccurate. 
The reading should be Sv as show in diagram A. 

But the analogue multimeter has an internal resistance of 100k and it creates a 
circuit shown in C. 

The top 1M and 100k from the meter create a combined PARALLEL resistance of 90k. 
This forms a series circuit with the lower 1M and the meter will read less than 1v 

If we measure the voltage across the lower 1M, the 100k meter will form a value of 
resistance with the lower 1M and it will read less than 1v 

If the multimeter is 30k/v, the readings will be 2v. See how easy it is to get a totally 
inaccurate reading. 


10v 


e ‘tov tov 

i a. 100k 1M 
100k) 

by (100k) 


1M 1M 4M 
A B Ee 
10v 10v 
1M 4M 
(100k) 
1M 100k 1M 


HIGH IMPEDANCE CIRCUIT and "RESISTORS in SERIES and PARALLEL. 


If the reading is taken with a Digital Meter, it will be more accurate as a DMM does 
not take any current from the circuit (to activate the meter). In other words it has a 
very HIGH input impedance. Most Digital Multimeters have a fixed input resistance 
(impedance) of 10M - no matter what scale is selected. That's the reason for 
choosing a DMM for high impedance circuits. It also gives a reading that is accurate 
to about 1%. 


MEASURING VOLTAGES IN A CIRCUIT 

You can take many voltage-measurements in a circuit. You can measure "across" a 
component, or between any point in a circuit and either the positive rail or earth rail 
(Ov rail). In the following circuit, the 5 most important voltage-measurements are 
shown. Voltage "A" is across the electret microphone. It should be between 20mV 
and 500mV. Voltage "B" should be about 0.6v. Voltage "C" should be about half-rail 
voltage. This allows the transistor to amplify both the positive and negative parts of 
the waveform. Voltage "D" should be about 1-3v. Voltage "E” should be the battery 
voltage of 12v. 


HE 


a + 
Etectrat 
A Mic 
MEASURING VOLTAGES IN A CIRCUIT 
MEASURING CURRENT 


You will rarely need to take current measurements, however most multimeters have 
DC current ranges such as 0.5mA, 50mA, S0OmA and 10Amp (via the extra banana 
socket) and some meters have AC current ranges. Measuring the current of a circuit 
will tell you a lot of things. If you know the normal current, a high or low current 
can let you know if the circuit is overloaded or not fully operational. 


Current is always measured when the circuit is working (i.e: with power applied). 
It is measured IN SERIES with the circuit or component under test. 

The easiest way to measure current is to remove the fuse and take a reading across 
the fuse-holder. Or remove one lead of the battery or turn the project off, and 
measure across the switch. 

If this is not possible, you will need to remove one end of a component and measure 
with the two probes in the "opening." 

Resistors are the easiest things to desolder, but you may have to cut a track in some 
circuits. You have to get an "opening" so that a current reading can be taken. 

The following diagrams show how to connect the probes to take a CURRENT reading. 
Do not measure the current ACROSS a component as this will create a "short- 
circuit.” 

The component Is designed to drop a certain voltage and when you place the probes 
across this component, you are effectively adding a "link" or "jumper" and the 
voltage at the left-side of the component will appear on the right-side. This voltage 
may be too high for the circuit being supplied and the result will be damage. 


\g current through a resistor 


Lamp 


the current of a globe 


Do NOT measure the CURRENT of a battery 
(by placing the meter directly across the terminals) 
A battery will deliver a very HIGH current 
and damage the meter 


Do not measure the "current a battery will deliver" by placing the probes across the 
terminals. It will deliver a very high current and damage the meter instantly. There 
are special battery testing instruments for this purpose. 

When measuring across an "opening" or "cut," place the red probe on the wire that 
supplies the voltage (and current) and the black probe on the other wire. This will 
produce a "POSITIVE" reading. 


A positive reading is an UPSCALE READING and the pointer will move across the 
scale - to the right. A "NEGATIVE READING" will make the pointer hit the "STOP" at 
the left of the scale and you will not get a reading. If you are using a Digital Meter, a 
negative sign "-" will appear on the screen to indicate the probes are around the 
wrong way. No damage will be caused. It just indicates the probes are connected 
incorrectly. 

If you want an accurate CURRENT MEASUREMENT, use a digital meter. 


MEASURING RESISTANCE 

Turn a circuit off before measuring resistance. 

If any voltage is present, the value of resistance will be incorrect. 

In most cases you cannot measure a component while it is in-circuit. This is because 
the meter is actually measuring a voltage across a component and calling it a 
"resistance." The voltage comes from the battery inside the meter. If any other 
voltage is present, the meter will produce a false reading. 

If you are measuring the resistance of a component while still "in circuit," (with the 
power off) the reading will be lower than the true reading. 


Measuring resistance 


Measuring resistance of a heater 
(via the leads) 


resistance 
wire 


Measuring the resistance of a piece of resistance-wire 


Power must bs 
disconnect 
‘rom the circuit 


Measuring the resistance of a resistor 


Do not measure the “Resistance of a Battery” 


1, Do not measure the "resistance of a battery.” The resistance of a battery (called 
the Internal impedance) is not measured as shown in the diagrams above. It is 
measured by creating a current-flow and measuring the voltage across the battery. 


Placing a multimeter set to res 
battery) will destroy the meter. 

5%. Do not try to measure the resistance of any 
voltage or any "supply." 


tance (across a 


Resistance is measured in OHMs. 
The resistance of a icm x 1cm bar, one metre long is 1 ohm. 

If the bar is thinner, the resistance is higher. If the bar is longer, the resistance is 
higher. 

If the material of the bar is changed, the resistance is higher. 

When carbon is mixed with other elements, its resistance increases and this 
knowledge is used to make RESISTORS. 

Resistors have RESISTANCE and the main purpose of a resistor is to reduce the 
CURRENT FLOW. 

It's a bit like standing on a hose. The flow reduces. 

When current flow is reduced, the output voltage is also reduced and that why the 
water does not spray up so high. Resistors are simple devices but they produce 
many different effects in a circuit. 

A resistor of nearly pure carbon may be 1 ohm, but when non-conducting 
"impurities" are added, the same-size resistor may be 100 ohms, 1,000 ohms or 1 
fn ohms. 

Circuits use values of less than 1 ohm to more than 22 million ohms. 


Resistors are identified on a circuit with numbers and letters to show the exact value 
of resistance - such as 1k 2k2. 4M7 

The letter. Q (omega - a Greek symbol) Is used to identify the word "Ohm." 

but this symbol is not available on some word-processors, so the letter "R" is used. 
The letter "E" is also sometimes used and both mean "Ohms." 

A one-ohm resistor is written "1R" or "1E." It can also be written "1RO" or "1E0." 
A resistor of one-tenth of an ohm is written "OR1" or "OE1." The letter takes the 
place of the decimal point. 

10 ohms = 10R 

100 ohms = 100R 

1,000 ohms = 1k (k= kilo = one thousand) 

10,000 ohms = 10k 

100,000 ohms = 100k 

1,000,000 ohms = 1M (M = MEG = one million) 


The size of a resistor has nothing to do with its resistance. The size determines the 
wattage of the resistor - how much heat it can dissipate without getting too hot. 
Every resistor is identified by colour bands on the body, but when the resistor is a 
surface-mount device, numbers are used and sometimes letters. 

You MUST learn the colour cade for resistors and the following table shows all the 
colours for the most common resistors from 1/10th of an ohm to 22 Meg ohms for 
resistors with 5% and 10% tolerance. 


If 3rd band is gold, Divide by 10 
If 3rd band is silver, Divide by 100 
(to get 0.220hms etc) 


Row sven 


COLOR CODES FOR THE WHOLE E12/E24 RANGE OF RESISTORS 
‘The twelve add rows-1, 3, 5... represent values available in the E12 range only,plus 10M 


Reading 4-band resistors 

The most "common" type of resistor has 4 bands and is called the 10% resistor. It 
now has a tolerance of 5% but is still called the "10% type" as the colours increase 
by 20% so that a resistor can be 10% higher or 10% lower than a particular value 
and all the resistors produced in a batch can be used. 

The first 3 bands produce the resistance and the fourth band is the "tolerance" band. 
Gol 5% 

(Silver =10% but no modern resistors are 10%!! - they are 5% 2% or 1%) 
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Resistor Color Code System 


Here is another well-designed resistor colour code chart: 


HH Color Codes 
Fle Help 


Resistors S band: |__Capacitore | _fand C calc 


em fee 
White White 


Color Code Search 
Unit Nearest value [E12 s 


Value © ohms Tolerance {%) 47 ohms 


ra @ k-ohms 10] 


No decimal) ©‘ M-ohms iew Colors 


Download the program and save it on your desk-top for future reference: 
ColourCode.exe (520KB) 
ColourCode.zip (230KB) 
ColourCode.rar (180KB) 


RESISTORS LESS THAN 10 OHMS 

When the third band is gold, it indicates the value of the "colors" must be divided by 
10. 

Gold = "divide by 10" to get values 1R0 to 8R2 

When the third band is silver, it indicates the value of the "colors" must be divided 
by 100. (Remember: more letters in the word "silver" thus the divisor is "a larger 
division.") 

Silver = "divide by 100" to get values R1 to R82 

e.g: OR1 = 0.1 ohm —0R22 = point 22 ohms 

See 4th Column above for examples 


The letters "R, k and M" take the place of a decimal point. 

e.g: 1R0=10hm 2R2=2point2 ohms 22R = 22 ohms 
2k2 = 2,200 ohms 100k = 100,000 ohms 

2M2 = 2,200,000 ohms 


HOW TO REMEMBER THE COLOUR CODE: 

Each colour has a "number" (ar divisor) corresponding to it. 

Most of the colours are in the same order as in the spectrum. You can see the 
spectrum in a rainbow. It is: ROY G BIV and the colours for resistors are in the 
same sequence, 


black 
brown = colour of increasing temperature 


red 
orange 

yellow 

green 

blue 

(indigo - that part of the spectrum between blue and violet) 
violet 


gray 
white 


Resistor - 4 Bands Resistor - 5 Bands 


| | Mutiptier 
3rd Digit Tolerance 


2nd Digi 
Tolerance 4st Digit 


Here are some common ways to remember the colour code: 


Bad Beer Rots Our Young Guts, But Vodka Goes Well 
Bright Boys Rave Over Young Girls But Violet Gets Wed 
Bad Boys Rave Over Young Girls But Violet Gets Wed with Gold and Silver. 


Reading 5-band resistors: 

S-band resistors are easy to read if you remember two simple points. The first three 
bands provide the digits in the answer and the 4th band supplies the number of 
zero's. 


Reading "STANDARD VALUES" (on 5-band resistors) 

S-band resistors are also made in "Standard Values" but will have different colours to 
4-band "common' resistors - and will be confusing if you are just starting out. For 
instance, a 47k 5% resistor with 4-bands will be: yellow-purple-orange-gold. For a 
47k 1% resistor the colours will be yellow-purple-black-red-brown. The brown 
colour-band represents 1%. 

The first two colour-bands for a STANDARD VALUE or "common value" in 1% or 5% 
will be the SAME. These two bands provide the digits in the answer. 

It's the 3rd band for a 5% resistor that is expanded into two bands in a 1% resistor. 
But it's easy to follow. 

For a standard value, the 3rd band in a 1% resistor Is BLACK. This represents a 
ZERO in the answer. (For 5-band resistors BLACK represents a ZERO when in the 
third band. This is different to 4-band resistors where black represents the word 
OHMS! If the third band is BROWN, the answer will be 1). 

So the 4th band has to represent one-less ZERO and is one colour UP THE COLOUR 
CHART! In other words the 3rd and 4th bands (combined) on a 1% resistor 
produces the same number of zero's as the 3rd band on a 5% resistor! 


Resistors come in a range of values and the two most common are the E12 and E24 
series, The E12 series comes in twelve values for each decade. The E24 series comes 
in twenty-four values per decade. 


E12 series - 10, 12, 15, 18, 22, 27, 33, 39, 47, 56, 68, 82 


E24 series - 10, 11, 12, 13, 15, 16, 18, 20, 22, 24, 27, 30, 33, 36, 39, 43, 47, 51, 56, 62, 68, 75, 
82, 91 


Here is the complete list of 1% 1/4watt resistors from 
CIRCUIT SPECIALISTS. The following list covers 10 ohms (10R) to 1M. 
To buy 1% resistors from Circuit Specialists, click: HERE. 


foR fi2iR = aoeR = ak8s—7kis «= tak? ~—39k2_— 121k 


12R1 |150R~—*|825R_—[3k92_——| 7K. 15k © |40k2_— ‘| 147k 
15R —(|182R += f909R_~— ako? |7kB7 =| t6kB | 44k2 ©] 150k 
18R2_|200R_—| 1kO Jak22 0 |71k5|16K9 | |aGk4 | 182K. 
22R1 j221R_ | kat faked = akos = f17k4 [47K 200k 
a7R4 |2g0R =| 1k5 l4k75|8k25 | |47k8 = |a7kS 212k 
30R1 |249R_— |] 1k82— dak jak45 182 J49k9 221k 
33R2  |274R | 2k l4k87 —|8k66— «| 20k Btki | 226k 


36R5 |301R ~—|2k21—fakog = ake? §=—|22k1|5ak6 © | 249k 
g9R2 332k — | 2k2 5k11 9x09 = |22K6 = |s6k2 274k 
47R5  |348R =~ |2k43.—f5k23—fok31 = |23k7 © |61k9 =~ «| 301k 
agro |302R + |2k49. = fék36 = fok53 = [24k9 = féak1 | 332k 
b1R1 —|402R + |2k67 —fbkag = fok76 = |27k4 = |69kB «=~ | 357k 
B6R2—|475R_~— | 2k74—|5k62_—*| 10k l2ok4 —|75k0. | 392k. 
6sR1|499R | 3k01fok76 = |14k. 30k1 |82k5 (| 475k 
75R —-|565R —|3k32——|5k9 12k 33k2 [90k 487k 
@2Rs — /e04R | 3k48—fekoa =| 12k1—[34k8 = |90K9 | 499k 
fsoRo jesiR = |3k57—fékt9 «=| 12k4 «= |36k5 = |95k3 | 562k 
100R |750R_~—*|3k74 681 | 43k. 38k3 100k ~—| 604k 
1M 


Here is the list of 1% resistors from suppliers (such as Famell) 


tro /43R_—Jé8R—3G0R ake jak la7k 
1R2 |15R = |75R_~—[390R | 2k0. 40k Bik 
1R5 /16R_~—f82R_—|4BOR_— 2k 14k 56k 
2R2 |18R «= ot fa7OR 2k 42k [62k 
2R7 —-|20R_~—|100R_-—f510R_~—|2k7 43k [68k 
sR3 j2aR_~=|140R = f560R [3k 15k | 75k. 
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1206 and 0805 SURFACE MOUNT RESISTORS 
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4-digit Surface Mount resistors on a PC board 


The photo above shows surface mount resistors on a circuit board. The components 


that are not marked are capacitors (capacitors are NEVER marked). 

All the SM resistors in the above photos conform to a 3-digit or 4-digit code. But 
there are a number of codes, and the 4-digit code caters for high tolerance resistors, 
50 it's getting very complicated. 

Here is a basic 3-digit SM resistor: 


The first two digits represent the two digits in the answer. The third digit represents 
the number of zero's you must place after the two digits. The answer will be OHMS. 
For example: 334 is written 33 0 000. This is written 330,000 ohms. The comma can 
be replaced by the letter "k". The final answer is: 330k. 

222 = 22 00 = 2,200 = 2k2 

473 47k 

474 470,000 = 470k 

105 = 10 00000 = 1,000,000 = 1M = one million ohms 

There is one trick you have to remember. Resistances less than 100 ohms are 
written: 100, 220, 470. These are 10 and NO zero's = 10 ohms = 10R 

or 22 and no zero's = 22R or 47 and no zero's = 47R. Sometimes the resistor is 
marked: 10, 22 and 47 to prevent a mistake. 


Remembe 

R= ohms 

ohms = 1,000 ohms 

M = Meg = 1,000,000 ohms 

The 3 letters (R, k and M) are put in place of the decimal point. This way you cannot 
make a mistake when reading a value of resistance. 


Surface Mount CURRENT SENSING Resistors 

Many new types of CURRENT SENSING surface-mount resistors are appearing on the 
market and these are creating lots of new problems. 

Fortunately all resistors are marked with the value of resistance and these resistors 
are identified in MILLIOHMS. A miili ohm is one thousandth or an ohm and is written 
0.001 when writing a normal mathematical number. 

When written on a surface mount resistor, the letter R indicates the decimal point 
and it also signifies the word "OHM" or "OHMS" and one milli-ohm is written ROO 
Five milliohms is ROOS and one hundred milliohms is R100 

Some surface mount resistors have the letter "M" after the value to indicate the 
resistor has a rating of 1 watt. e.g: R100M These surface-mount resistors are 
specially-made to withstand a high temperature and a surface-mount resistor of the 
same size is normally 250mW or less. 

These current-sensing resistors can get extremely hot and the PC board can become 
burnt or damaged. 

When designing a PC board, make the lands very large to dissipate the heat. 
Normally a current sensing resistor is below one ohm (1R0) and it is easy to identify 
them as R100 etc. 

You cannot measure the value of a current sensing resistor as the leads of a 
multimeter have a higher resistance than the resistor and few multimeters can read 
values below one ohm. 

If the value is not visible, you will have to refer to the circuit. 

Before replacing it, work out why it failed. 

Generally it gets too hot. Use a larger size and add tiny heatsinks on each end. 

Here are some surface=mount current-sense resistors: 


| ROOS 


3 milli-ohm 


16 milli-ohm 


9 point 1 milli-ohm 


220 milli-ohm 


50 milli-ohm 1% 


10 milli-ohm 


dawatt 7777 


THE COMPLETE RANGE OF SM RESISTOR 
MARKINGS 


Click to see the complete range of SM resistor markings for 3-digit code’ 
Click to see the complete range of SM resistor markings for 4-digit code’ 
0000 is a value on a surface-mount resistor. It is a zero-ohm LINK! 


Resistances less than 10 ohms have 'R' to indicate the position of the decimal point. 
Here are some examples: 


Anew coding system has appeared on 1% types. This is known as the EIA-96 
marking method. It consists of a three-character code. The first two digits signify the 
3 significant digits of the resistor value, using the lookup table below. The third 
character - a letter - signifies the multiplier. 


| [code |value| |code |value| [code |value | |code 
33 49 [316 | [65 [464 | | 81 
34 [221 | | 50 | 324 | | 66 | 475 | | 82 
35 [226 | [ 51 [332 | | 67 [487 | | 83 
36 | 232 | | 52 | 340 | | 68 [499 | | 24 
37 [237 | | 53 | 348 | | 69 | 511 | | 85 
38 [aaa| [54 [5r"| [70 [S2H| | 86 [7e8 | 
39 [2aa_| [55 [aes| [71/536 | [67 
40 56 72 | 549 | | 88 
‘41 [261 | | 57 [383 | [ 73 [562 | [ 69 
42 58 [392 | | 74 | 576 | | 90 
43 [274 | | 59 [402 | | 75 | 590 | | 91 
44 | 260 | | 60 | 412 | | 76 | 604 | | 92 
45 61 [422 | | 77 | 619 | | 93 
46 62 | 432 | | 78 | 634 | | 94 
63 [442 | [ 79 95 [953 | 
64 | 453 | | 80 | 665 | | 96 


22A is a 165 ohm resistor, 6BC is 2 49900 ohm (49k9) and 43E a 2740000 (2M74). 
This marking scheme applies to 1% resistors only. 


A similar arrangement can be used for 2% and 5% tolerance types. The multiplier letters are 
identical to 1% ones, but occur before the number code and the following code is used: 


[Ey 


[code value 
o1 [400 [00 | [ 37 [330 | 
o2 | 110° [10 | | 38 | 360 
o3 | 120° [120 | | 39 | 390 
o4 | 130 (930) | 40 | 430 | 
05 | 150 [450 | [ 41 
06 [7607 (607) [42 [10 | 
(180 [480 | | 43 | 660 


agnee 
8 
BEE 


8) a) 8/88 
BEEBE 
B55) af 
egaee 


With this arrangement, C34 is 5%, 18000 ohm (18k), and D18 is 510000 ohms (510k) 2% 
tolerance. 
Always check with an ohm-meter (a multimeter) to make sure, 


Chip resistors come in the following styles and ratings: 
Style: 0402, 0603, 0805, 1206, 1210, 2010, 2512, 3616, 4022 

Power Rating: 0402(1/16W), 0603(1/10W), 0805(1/8W), 1206(1/4W), 1210(1/3W), 2010(3/4W), 
2512(1W), 3616(2W), 4022(3W) 

Tolerance: 0.1%, 0.5%, 1%, 5%. 

‘Temperature Coefficient: 25pm S0ppm 100ppm 


EIA marking code for surface mount (SMD) resistors 
TOR [oiA= voor [oiC= te ore oF 
sore |oza = 1028 [020 = 102 2 
{Rs {ose = 1058 [03C = 15 oF 
40R7 loss = 1078 [bac = 10K7 
43R. |osa = 1108 [05C = 11k ‘0F =20m 
19R3 [oon = 1138 lose = 1a 
4Rs lora=115R lore = 1s 
43R6 loos = 1168 ae 
42Rt loon = 1218 ‘et 
sane |108 = 1248 aa 
4n7 [tia = 127k 247 
‘aR. [128 = 1908 ak 
4Rs [198 = 1338 13k 
4R7 [4a = 137k Kr 
tap. {58 = 1408 tak 
44R3 [68 = 1438 aka 
ware |s7a=147R sak 
5p. [88 = 1508 15x 
‘sR [08 = 1548 15a 
15 [20a = 158% 208 
tor? [21a = 1628 216 = 1M62 
46Rs [22a = 1658 226 = iss 
oR [238 = 1698 236 = 1Me9 
7p [oan = 174R [ae = N74 
47R6 [25a = 1788 25E = IMT 
are [aon = 1828 266 = Mee 
1aR7 [ara =s07R 
49R [2ea = 1018 
49R6 [20a = 1968 
20R0 
2085 
Pino 
PRS 
ZR 
26 
Re 
baer 
2aR3 
249 
255 oe 
20Rt ae 
2oRr 
ZR 
2080 
barr 
2a 
sort 
3089 

{oR =31R6 
‘50 =20R 
SiR =30R2 
S2R = 24R0 
[59R = 248 


[SiR =aRT 


(64R = 45R3 
lesr = 46R4 
‘56R = 4785 


'6aR = 4989 
leon = Sint 


OR =52R3 


[AIR =68R1 
leon = Gone 
aR =71RS 


lseR = 7688 


‘99R = 95R3 
(965 =9R76 |96R = O7RE 966 = 9476 960 = 976k |96E = aM76 


Ifyou want an accurate RESISTANCE measurement, remove the resistor from the circuit 
and use a Digital meter. 


SURFACE MOUNT COMPONENTS - PACKS 


Talking Electronics has packs of components for the repairman. The following packs are 
available: 


SURFACE MOUNT RESISTOR PACK consists of 1 off each standard value 
40 ohms to 1M & 2M2 (60 resistors) 
$14.20 including pack and post 


SURFACE MOUNT CAPACITOR PACK consists of: 
2-10p 5-47p 5-100p 5-470p 5-1n 5-10n 5-22n 5-100n 
5- tu 16v electrolytic 5 - 10u 16v electrolytic 

(40 components) 

$23.80 including pack and post 


‘SURFACE MOUNT DIODE PACK consists of: 
5 - 1N 4148 (marked as "A6") 
$10.00 including pack and post 


SURFACE MOUNT TRANSISTOR PACK consists of: 


5 - BC 848 (marked as "1K") NPN 
5-BC858 PNP 
$10.00 including pack and post 


email Colin Mitchell for details on how to pay by credit card or PayPal 


CREATING ANY VALUE OF RESISTANCE 

Any value of resistance can be created by connecting two resistors in PARALLEL or 
SERIES 

You can also create a higher wattage resistor by connecting them in SERIES OR 
PARALLEL. 

We are only going to cover two EQUAL VALUE resistors in SERIES or in PARALLEL. 

If you want to create a "Special Value," simply connect two resistors and read the 
value with a Digital Meter. Keep changing the values until you get the required value. 
We are not going into series or Parallel formulae. You can easily find a value with a 
multimeter. 


‘TWO EQUAL-VALUE RESISTORS IN SERIES 
Two equal-value resistors IN SERIES creates a value of DOUBLE. You simply ADD the 
values. 

This can be done with any to two values as shown. Three equal-value resistors in 
series is three times the value. 


1k 1k 1k 10k 
total = 2k total = 11k 
22 212 22. Ed 
total = 4kd total = 619 
a ae a 100k. 
total =9k4 (10K) total = 104K7 
100k 100k 100k 1h 


total = 1M 


TWO EQUAL-VALUE RESISTORS IN PARALLEL 
Two equal-value resistors IN PARALLEL creates a value of HALF. Three equal-value resistors in 
parallel is equal to one-third the value. 


1k 212 
total = 470R total = 1k1 
1k 212 
Kz 100k 
— total=2K5 |— —J totat=50k | 
aT 100k 
220k 1M 
total = 110k total = 470k 
220K 1M 
Ifyou want a particular value and it is not available, here is a chart. 
Use 2 resistors in series or parallel as shown: 
Required Series! [> | Actual 
Value Parallel value 


There are other ways to combine 2 resistors in parallel or series to get a particular 
value. The examples above are just one way. 4R7 = 4.7 ohms 


TESTING A RESISTOR 

To check the value of a resistor, it should be removed from the circuit. The surrounding 
components can affect the reading and make it lower. 

Resistors VERY RARELY change value, but if it is overheated or damaged, the resistance can 
increase. You can take the reading of a resistor “in-circuit" in one direction then the other, as the 
surrounding components may have diodes and this will alter the reading 

You can also test a resistor by feeling its temperature-rise. It is getting too hot if you cannot hold 
your finger on it (some “metal film” resistors are designed to tolerate quite high temperatures), 


TESTING AN "AC" RESISTOR 

‘There is no such thing as an "AC" resistor. Resistors are just "resistors" and they can be in AC 
circuits or DC circuits. Resistors can be given names such as "Safety Resistor" "Ballast 
Resistor’ "LOAD Resistor" "Feed Resistor". "Dropper Resistor" or "Supply Resistor." These are 
just normal resistors with a normal resistance - except a "Safety Resistor.” 

A safety resistor is made of a flame-proof material such as metal-oxide-fim and not carbon- 
composition. itis designed to "burn out” when too much current flows BUT NOT CATCH FIRE. 
Itis a low-value resistor and has a voltage-drop across it but this is not intentional. The voltage- 
drop is to create a “heating-effect" to burn out the resistor. n all the other types of resistor, the 
voltage-drop is intentional. 

A Ballast resistor is a normal resistor and can be called a Power resistor, Dropper resistor, Supply 
resistor or Feed resistor. It is designed to reduce the voltage from one source and deliver a lower 
voltage. Its a form of: “in-line” resistor. 

A.Load Resistor is generally connected across the output of a circuit and tums the energy it 
receives, into heat. 


RESISTOR NETWORKS 

To reduce the number of resistors in a circuit, some engineers use a set of identical resistors in 
package called a Single-In-Line (SIL) resistor network. Itis made with many resistors of the 
same value, all in one package. One end of each resistor is connected all the other resistors and 
this is the common pin, identified as pin 1 and has a dot on the package. 

‘These packages are very reliable but to make sure all the resistors are as stated, you need to 
locate pin 1. All values will be identical when referenced to this pin. 


RESISTOR NETWORKS 


‘Some resistor networks have a "4S" printed on the component. The 4S indicates the package 
contains 4 independent resistors that are not wired together inside. The housing has eight leads 
as shown in the second image. 

Independent resistors have an even number of pins and measuring between each pair will 
produce identical values. Resistance between any pair will indicate leakage and may be a fault. 


WIRE WOUND RESISTOR 
‘Awire wound resistor is also called a POWER RESISTOR. This type of resistor can have a 
resistance as low as 0.1 ohms (one-tenth of an ohm) or as high as about 10k. 
‘The image shows a 0.68 ohm resistor as the letter "R" represents the DECIMAL POINT and R68 
is the same a .68 and this is 0.68 ohms. The wattage is 9 watts 
This resistor will allow xxx amps to flow. To work out the current, use the formula: 
Power = Current x Current x resistance 
9 = Current x Current x.68 
Divide both sides by 0.68 
13.2. = Current x Current 
Find the square root of 13.2 
Current = 3.6 amps 


When 3.6 amps flow through the resistor, the voltage appearing across it will be: 
V= current x resistance 

36 x 0.68 

2.5 and the wattage (heat) loss will be 9 watts. 


‘The purpose of a resistor like this is to stop or reduce “ripple.” Ripple is the noise or hum in an 
amplifier when the sound is tumed up. 

‘There are many reasons why you need to reduce the level of hum and this resistor will remove 
ripple as large as 2.5v when 3.6 amps is flowing, provided you have filter electrolytics on both 
side of the resistor to assist in removing the ripple. 


If the letter "R” is in a different position, the value of resistance would be: 
68R = 680 


6R8 = 6.80 
R68 = 0.680 


If you replace the R68 resistor a 6R8 resistor by mistake, the voltage across it will rise to 25v and 
if 3.6 amps flows, the wattage will be: 90 watts!!! 
The resistor will glow red and burn out. 


TESTING A POSISTOR 


‘A Posistor is a resistor that connects in series with the degaussing coil around the 
picture tube or Monitor. When cold, it has a very low resistance and a large current flows 
When the monitor or TV is switched on. This current heats up the Posistor and the resistance 
increases. This causes the current to decrease and any magnetism in the shadow mask is 
removed. The posistor can one or two elements and it is kept warm so the resistance remains 
high. Many Posistors have a second element inside the case that connects directly to the supply 
to keep the Positive Temperature Coefficient resistor high so that the current through the 
degaussing coil falls to almost zero. This constant heat eventually destroys the package. 

‘The heavy current that flows when a set is turned ON also causes the posistor to crack and break 
and this results in poor purity on the screen - as the shadow mask gradually becomes magnetic. 
Posistors have different resistance values from different manufacturers and must be replaced 
with an identical type. 

They can be checked for very low resistance when cold but any loose pieces inside the case will 
indicate a damaged component. 


A"“BURNT" RESISTOR - normal 
resistor. 

The resistance of a "burnt" resistor can sometimes be determined by scraping away 
the outer coating - if the resistor has a spiral of resistance-material. You may be able 
to find a spot where the spiral has been damaged. 


and technically called a "burnt-out" 


A normal tk resistor 


“burntsection 


A “burnt” resistor 


The number of spirals has nothing to with the resistance. 
It is the amount of carbon particles in the "track" that 
determines the resistance. It is also the thickness and width 
of the track that determines the resistance. 

And then it is the overall size of the resistor that determines the wattage. 
And then the size of the leads, the closeness to the PCB and 
the size of the lands that eventually determines how hot the resistor 
will get. 


Clean the "spot" (burnt section of the spiral) very carefully and make sure you can 
get a good contact with the spiral and the tip of your probe. Measure from one lead 
of the resistor to the end of the damaged spiral. Then measure from the other lead 
to the other end of the spiral. 

‘Add the two values and you have an approximate value for the resistor. You can add 
a small amount for the damaged section. 

This process works very well for damaged wire-wound resistors. They can be pulled 
apart and each section of the resistance-wire (nichrome wire) measured and added 
to get the full resistance. 


There is another way to determine the value of a damaged resistor. 
Get a set of resistors of the same wattage as the damaged component and start with 
a high value. It's handy to know if the resistor is in the range: 100hm to 100ohms or 
1k to 10k etc, but this is not essential. 

Start with a very high value and turn the circuit ON. You can perform voltage tests 
and if you know the expected output voltage, decrease the resistance until this, 
voltage is obtained. 

If you do not know the expected voltage, keep reducing the value of resistance until 
the circuit works as designed. 

This is the best advice in a situation where you do not know the value of a resistor. 


There is a third way to determine the value and this requires measuring the voltage 
drop across the resistor and the current-flow. By multiplying the two you will get a 
wattage and this must be less than the wattage of the resistor being replaced. 


TESTING POTENTIOMETERS (variable resistors) 

To check the value of a variable resistor, it should be removed from circuit or at least 
2 legs should be removed. A Rheostat is a variable resistor using only one end and 
the middle connected to a circuit. 

The resistance between the two outside pins is the value marked on the component 
and the centre leg will change from nearly zero to the full resistance as the shaft is 
rotated. 

"Pots" generally suffer from "crackle" when turned and this can be fixed by spraying 
up the shaft and into the pot via the shaft with a tube fixed to a can of "spray- 
lubricant” (contact cleaner). 

"Pre-set pots" and "trim pots" are miniature versions of a potentiometer and they are 
all tested the same. The photo shows a pot, two mini pots and 3 mini trim pots. 


10-Turn POTs 

‘A 10-turn pot is one of the worst items to be designed. I remove them immediately 
from any design. 

You don't know the position of the wiper. You don't know which way you are turning 
the wiper and you can't remember which way you turned the post "the last time.” 
The screwdriver always falls out of the slot. 

If you need fine adjustment, place fixed resistors on each side of the pot and use a 
normal mini trim pot with much less resistance. 


FOCUS POTS 

Focus pots quite often get a spot of dirt where the wiper touches the track. Cleaning 
with spray fixes the bad focus but if the pot is leaking to chassis from inside the pot 
(due to the high voltage on the terminals) simply remove it from the chassis and 
leave it floating (this will restore the high voltage to the picture tube) or you can use 
one from an old chassis. 


MAKING YOUR OWN RESISTOR, CAPACITOR, INDUCTOR 
or DIODE 


Quite often you will not have the exact value of resistance or capacitance for a 
repair. 
We have already covered placing resistors and capacitors in parallel and series: 


Resistors in Parallel and/or Series 
Capacitors in Parallel and/or Series 


Here are some extras: 
RESISTORS 
Two 1k 0.Swatt resistors in parallel produces a 470R iwatt resistor. 


Two 1k 0.Swatt resistors in series produces a 2k 1watt resistor. 


CAPACITORS 
Two 100n 100v capacitors in series produces a 50n capacitor @200v 


INDUCTORS: Two inductors in series - ADD THE VALUES 


DIODES: Two 1Amp 400v diodes in series produces a 1Amp 800v diode 
Two 1Amp 400v diodes in parallel produces a 2Amp 400v diode 


ZENER DIODES: Zener diodes can be connected in series to get a 
Two 12v zener diodes in series produces a 24v zener. 


igher voltage. 


CONTINUITY 

Some multimeters have a "buzzer" that detects when the probes are touching each 
other or the resistance between the probes is very LOW. This is called a CONTINUITY 
TESTER. 

You can use the resistance scale "x1" or "x10" to detect low values of resistance. 
Set the pointer to "0" (right end of the scale) by touching the probes together and 
adjusting the "zero ohms" control. 

When taking a reading, you will have to decide if a low value of resistance is a short- 
circuit or an "operating value.” 

For instance, the cold resistance of a 12v car globe is very low (about 2 ohms) and it 
increases (about 6 times) to 12 ohms when hot. 

The "resistance of a circuit" may be very low as the electrolytics in the circuit are 
uncharged. This may not indicate a true "short-circuit." 

The measurement across a diode is not a resistance-value but a "voltage-drop" and 
that is why the needle swings nearly full-scale. 

Leads and wires and cords have a small resistance and depending on the length of 
the lead, this small resistance may be affecting a circuit. 

Remember this: 

When a circuit takes 1 amp, and the resistance of the leads is 1 ohm, the voltage 
drop across the leads will be 1v. 

That's why a 12v battery supplying a circuit with these leads will have 11v at the 
circuit. 

Note: 

Turn off the equipment before making any continuity tests. The presence of even a 
small voltage (from an electrolytic) can give a false reading. 

You can determine the resistance of a lead very accurately by taking the example 
above and applying it to your circuit. 

If the battery is 12.6v and the voltage across the circuit is 10v, when the current is 
2.6 amps, the resistance of the "leads" is 12.6 - 10 = 2.6 R=V/I = 2.6/2.6 = 
ohm. By making the lead shorter or using thicker wire, the resistance will be less 
and the voltage on the project will increase. 

When taking readings in a circuit that has a number of diodes built-into IC's 
(Integrated Circuits) and transistors, some Continuity Testers will beep and give a 
false reading. 

The following circuit has the advantage of providing a beep when a short-circuit is 
detected but does not detect the small voltage drop across a diode. This is ideal 
when testing logic circuits as it is quick and you can listen for the beep while 


concentrating on the probe. Using a multimeter is much slower. 
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CONTINUITY TESTER 


You can build the circuit on Matrix Board and add it to your Test Equipment. 
You will need lots of "Test Equipment" and they can be built from circuits in this 
eBook. 


TESTING FUSES, LEADS AND WIRES 

All these components come under the heading TESTING for CONTINUITY. Turn off all 
power to the equipment before testing for shorts and continuity. Use the low 
resistance "Ohms Scale" or CONTINUITY range on your multimeter. All fuses, leads 
and wires should have a low, very low or zero resistance, This proves they are 
working. 


A BLOWN FUSE 

The appearance of a fuse after it has "blown" can tell you a lot about the fault in the 
circuit. 

If the inside of the glass tube (of the fuse) is totally blackened, the fuse has been 
damaged very quickly. This indicates a very high current has passed through the 
fuse. 

Depending on the rating of the fuse, (current rating) you will be able to look for 
components that can pass a high current when damaged - such as high power 
transistors, FETS, coils, electrolytics. Before re-connecting the supply, you should 
test the "SUPPLY RAILS" for resistance. This is done by measuring them on a low 
OHMs range in one direction then reverse the leads to see if the resistance is low in 
the other direction. 

A reading can be very low at the start because electrolytics need time to charge-up 
and if the reading gradually increases, the power rail does not have a short. An 
overload can occur when the supply voltage rises to nearly full voltage, so you 
sometimes have to fit a fuse and see how long it takes to "blow." 

If the fuse is just slightly damaged, you will need to read the next part of this eBook, 
to see how and why this happens: 


FAST AND SLOW BLOW FUSES 

There are many different sizes, shapes and ratings of a fuse. They are all current 
ratings as a fuse does not have a voltage rating. Some fuses are designed for cars as 
they fit into the special fuse holders. A fuse can be designed for 50mA, 100mA, 
250mA, 315mA, 500mA, 1Amp, 1.5amp, 2amp, 3amp, 3.15amp Samp, 10amp, 
15amp, 20amp, 25amp, 30amp, 35amp, 50amp and higher. 

Some fuses are fast-blow and some are slow-blow. 

‘A"normal” fuse consists of a length of thin wire. Or it may be a loop of wire that is 
thin near the middle of the fuse. This is the section that will "burn-out." 

"normal" fuse is a fast-blow fuse. For instance, a 1amp fuse will remain intact 
when up to 1.25 amp flows. When a circuit is turned on, it may take 2-3 amps for a 
very short period of time and a normal 1 amp fuse will get very hot and the wire will 
stretch but not "burn-out." You can see the wire move when the supply turns on. 

If the current increases to 2amps, the fuse will still remain intact. It needs about 3 
amp to heat up the wire to red-hot and burn out. 


If the current increases to 5 amp, the wire VOLATILISES (burns-out) and deposits 
carbon-black on the inside of the glass tube. 

A slow-blow fuse uses a slightly thicker piece of wire and the fuse is made of two 
pieces of wire joined in the middle with a dob of low-temperature solder. Sometimes 
‘one of the pieces of wire is a spring and when the current rises to 2.5 amp, the heat 
generated in the wire melts the solder and the two pieces of wire "spring apart." 

A slow-blow fuse will allow a higher current-surge to pass through the fuse and the 
wire will not heat up and sag. 

Thus the fuse is not gradually being damaged and it will remain in a perfect state for 
a long period of time. 

A fuse does not protect electronic equipment from failing. It acts AFTER the 
equipment has failed. 

It will then protect a power supply from delivering a high current to a circuit that has 
failed. 

If a slow-blow fuse has melted the solder, it could be due to a slight overload, slight 
weakening of the fuse over a period of time or the current-rating may be too low. 
You can try another fuse to see what happens. 

You can replace a fast-acting fuse (normal fuse) with a slow blow if the fast-acting 
fuse has been replaced a few times due to deterioration when the equipment is 
turned on. 

But you cannot replace a slow-blow fuse with a fast acting fuse as it will be damaged 
slightly each time the equipment is turned on and eventually fail. 


100mA FUSES 

Fuses below about 100mA are very hard to make and very unreliable. 

Many circuits take a high current when turned to charge the electrolytics and a 100mA (or 50mA 
or 63mA fuse) will bow and stretch and change shape, every time the equipment is turned ON. 
Eventually it wll break, due to it heating-up and stretching, 

To produce a reliable fuse below 100mA, some manufacturers have placed a resistor inside the 
fuse and connected it to a spring. One end of the resistor is soldered to a wire with low- 
temperature metal and when the resistor gets hot, the metal softens and the spring pulls the 
resistor away from the wire. 

Quite often you can heat up the metal and connect the wire and the fuse is perfect. 

This type of fuse is called a DELAY fuse and the current rating is shown on the end-cap. 

‘The value of the resistor determines the current rating. 

There is a small voltage across this type of fuse and it means the circuit sees a slightly lower 
voltage than the supply voltage. 

The third photo shows the pot of solder or low-temp metal and a wire connected to a spring. The 
heat generated in the wire is passed to the solder and it softens. The spring pulls the two 
components apart. You can smash the glass and set up the fuse in the two fuse-holders and 
repair the fuse while you wait for a new fuse to arrive. 


TESTING COILS, INDUCTORS and YOKES 


Coils, inductors, chokes and yokes are just coils (turns) of wire. The wire may be 
wrapped around a core made of iron or ferrite. 

It is labeled "L" on a circuit board. 

You can test this component for continuity between the ends of the winding and also 
make sure there is no continuity between the winding and the core. 

The winding can be less than one ohm, or greater than 100 ohms. A coil of wire is 
also called an INDUCTOR and it might look like a very simple component, but it can 
operate in a very complex way. 

The way it works is a discussion for another eBook. It is important to understand the 
turns are insulated but a slight fracture in the insulation can cause two turns to touch 
each other and this is called a "SHORTED TURN” or you can say the inductor has 
"SHORTED TURNS." 

When this happens, the inductor allows the circ 
causes the fuse to "blow." 

The quickest way to check an inductor is to replace it, but if you want to measure the 
inductance, you can use an INDUCTANCE METER. You can then compare the 
inductance with a known good component. 

‘An inductor with a shorted turn will have a very low or zero inductance, however you 
may not be able to detect the fault when it is not working in a circuit as the fault 
may be created by a high voltage generated between two of the turns. 

Faulty yokes (both horizontal and vertical windings) can cause the picture to reduce 
in size and/or bend or produce a single horizontal line. 

ATV or monitor screen is the best piece of Test Equipment as it has identified the 
fault. It is pointless trying to test the windings further as you will not be able to test 
them under full operating conditions. The fault may not show up when a low voltage 
(test voltage) is applied. 


MEASURING AND TESTING INDUCTORS 

Inductors are measured with an INDUCTANCE METER but the value of some 
inductors is very small and some Inductance Meters do not give an accurate reading. 
The solution is to measure a larger inductor and note the reading. Now put the two 
inductors in SERIES and the values ADD UP - just like resistors in SERIES. This way 
you can measure very small inductors. VERY CLEVER! 


to draw MORE CURRENT. This 


Question from a reader: Can I add an inductor to stop a fuse blowing? 


Basically, an inductor NEVER prevents a fuse blowing because an inductor prevents 
spikes on one lead (we will call the INPUT lead), appearing on its other lead. 

This is the detection and prevention of current that exists for a very short period of 
time. 

A fuse detects an excess of current that occurs over a very long period of time and 
they are entirely two different "detectors." 

‘One cannot assist the other in any way. 


‘An inductor is basically a coil of wire. It may be thick or thin wire. The value of the 
inductor is a combination of the number of turns and the material on which the wire 
is wound. 

The value of an inductor does not change over say a period of 20 years but it can go 
faulty by the enamel cracking and two turns touching. This can also be due to the 
difference in voltage between the two turns creating a spark between the turns and 
creating a "short." 

When you test it, the high voltage is not present and it will test ok. 

You may not think a few turns of wire will have any effect on improving a circuit, but 
spikes are very high frequency and the inductor will have a very big effect on 
reducing them. 

‘An inductor (say 100uH) can be produced in many different sizes and the thickness 
of the wire will be important as it determines the current that can flow through the 
inductor. 

The term "inductor" also includes those with two or more windings and these 
components are called TRANSFORMERS. These devices can get "shorts" and "leaks" 
between the windings and sparks can be seen between the windings. These sparks 
do not occur when you are testing them on test-equipment so the only way to 


guarantee success is to replace it with an identical replacement. 


TESTING SWITCHES and RELAYS 

Switches and relays have contacts that open and close mechanically and you can test 
them for CONTINUITY. However these components can become intermittent due to 
dirt or pitting of the surface of the contacts due to arcing as the switch is opened. 

It is best to test these items when the operating voltage and current is present as 
they quite often fail due to the arcing. A switch can work 49 times then fail on each 
50th operation. The same with a relay. It can fail one time in 50 due to CONTACT 
WEAR. 

If the contacts do not touch each other with a large amount of force and with a large 
amount of the metal touching, the current flowing through the contacts will create 
HEAT and this will damage the metal and sometimes reduce the pressure holding the 
contact together. 

This causes more arcing and eventually the switch heats up and starts to burn. 
Switches are the biggest causes of fire in electrical equipment and households. 


A relay also has a set of contacts that can cause problems. 

There are many different types of relays and basically they can be put into two 
groups. 

1. An electromagnetic relay is a switch operated by magnetic force. This force is 
generated by current through a coil. The relay opens and closes a set of contacts. 
The contacts allow a current to flow and this current can damage the contacts. 
Connect Sv or 12v to the coll (or 24v) and listen for the “click” of the points closing. 
Measure the resistance across the points to see if they are closing. 

You really need to put a load on the points to see if they are clean and can carry a 
current. 

The coil will work in either direction. 

If not, the relay is possibly a CMOS relay or Solid State relay. 


2. An electronic relay (Solid State Relay) does not have a winding. It works on the 
principle of an opto-coupler and uses a LED and Light Activated SCR or Opto-TRIAC 
to produce a low resistance on the output. The two pins that energise the relay (the 
two input pins) must be connected to Sv (or 12v) around the correct way as the 
voltage is driving a LED (with series resistor). The LED illuminates and activates a 
light-sensitive device. 


Solid-state relay Load 


LED Opto-TRIAC 


TESTING REED SWITCHES. 


A reed switch is generally contained in a long glass tube: 


Inert Gas 


Contact Plating 


Glass Capsule Contact Gap 


blade 


blade 


Overlap 


wire (or lead) wire (or lead) 


Awire or lead comes out each end for soldering to the reed switch to the project. 
The two "blades" inside the switch are made from a material that can be magnetised 
but does not retain its magnetism. This effect is called "temporally magnetised” (not 
permanently magnetised) and really only "passes" magnetism from one end to the 
other when in the presence of a magnet. One of the blades is made of a soft material 
and it will bend very easily. The other one is much stiffer. 
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When a magnet is placed under the two blades (or on top), the magnetism from the 
magnet is passed to the two blades (INDUCTION or MUTUAL INDUCTION - commonly 
called INDUCED) and it produces a very weak magnet (in the blade) that is identical 
to the powerful magnet as far as the position of the north and south poles are 
concerned). Initially it produces a N-S and N-S set of poles and this makes the two 
blades click together because the top blade will be South at the contact and the 
bottom blade will be North. 

When the two blades click together the magnetism runs through the two blades and 
keeps them together. The two blades attract and the switch is closed. When the 
magnet is removed, the magnetism in the two blades ceases and the two blades 
move apart. 

Since there is a very small amount of movement in the top blade, this switch has a 
limited number of operations. Eventually it will fail. It is a mechanical device and is 
not suited for detecting a spinning shaft as 100,000 revolutions will very quickly 
weaken the switch. 

If the switch does not make contact or remains closed, the moveable blade can be 
cracked or broken. This can be very hard to see. So replace the switch. 


LATCHING REED SWITCH 

"normal" reed switch can be converted into a LATCHING REED SWITCH by 
carefully placing a magnet below the switch and moving it away so the two blades 
open. Now move it slightly closer but do not allow the blades to close. 

This is called putting a "SET" on the switch and the two blades will have a small 
magnetic effect "induced" in them but not enough to close the contacts: 
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Now bring a strong magnet up to the reed switch on the other side of the glass tube 
with the north pole above the north of the lower magnet. This effect will increase the 
INDUCED MAGNETISM in the blades and close the contacts 
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Remove the top magnet and the lower magnet wi 
the blades to keep them closed: 


<4 


N pole EEE I'S pole 


induce enough magnetism into 


Now bring the upper magnet near the reed switch with the south pole above the 
north pole of the lower magnet. (In other words: AROUND THE OTHER WAY) This will 
have the effect of reducing the induced magnetism in the blades and a point will be 
reached when the two contacts will separate: 
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Remove the top magnet and the switch will remain separated because the lower 
magnet will not have sufficient influence on the blades to close the contact: 
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CAPACITORS 

Capacitors are one of the most difficult things to test. That's because they don't give 
2 reading on a multimeter and their value can range from 1p to 100,000u. 

A faulty capacitor may be "open" when measured with a multimeter, and a good 
capacitor will also be "open." 


You need a piece of test equipment called a CAPACITANCE METER to measure the 
value of a capacitor. 


HOW A CAPACITOR WORKS 
There are two ways to describe how a capacitor works. Both are correct and you 
have to combine them to get a full picture. 

A capacitor has INFINITE resistance between one lead and the other. 

This means no current flows through a capacitor. But it works in another way. 
Suppose you have a strong magnet on one side of a door and a piece of metal on the 
other. By sliding the magnet up and down the door, the metal rises and falls. 

The metal can be connected to a pump and you can pump water by sliding the 
magnet up and down. 

A capacitor works in exactly the same way. 

If you raise a voltage on one lead of a capacitor, the other lead will rise to the same 
voltage. This needs more explaining - we are keeping the discussion simple. 

It works just like the magnetic field of the magnet through a door. 

The next concept is this: 
Capacitors are equivalent to a tiny rechargeable battery. 

They store energy when the supply-voltage is present and release it when the supply 
drops. 

These two concepts can be used in many ways and that's why capacitors perform 
tasks such as filtering, time-delays, passing a signal from one stage to another and 
create many different effects in a circuit. 


CAPACITOR VALUES 
The basic unit of capacitance is the FARAD. (C) This is the value used in all 
equations, but it is a very large value. A one FARAD capacitor would be the size of a 
car if made with plates and paper. Most electronic circuits use capacitors with smaller 
values such as 1p to 1,000u. 1p is about equal to two parallel wires 2cm long. 1p is 
one picofarad. 


The easiest way to understand capacitor values is to start with a value of 1u. This is 
‘one microfarad and is one-millionth of a Farad. A 1 microfarad capacitor is about 
‘cm long and the diagram shows a 1u electrolytic. 


Smaller capacitors are ceramic and they look like the following. This is a 100n 
(0.1u)cerar 


To read the value on a capacitor you need to know a few facts. 


The basic value of capacitance Is the FARAD. 
1 microfarad is one millionth of 1 farad. 

1 microfarad is divided into smaller parts called nanofarad. 
1,000 nanofarad = 1 microfarad 

Nanofarad is divided into small parts called picofarad 
1,000 picofarad = 1 nanofarad. 


Recapping: 
1p = 1 picofarad. 1,000p = 1n ( 1 nanofarad) 
1,000n = 1u (1 microfarad) 

1,000u = 1millifarad 

1,000,000u = 1 FARAD. 


Examples: 
All ceramic capacitors are marked in "p" (puff") 
A ceramic with 22 is 22p = 22 picofarad 

A ceramic with 47 is 47p icofarad 

A ceramic with 470 is 470p = 470 picofarad 

A ceramic with 471 is 470p = 470 picofarad 

A ceramic with 102 is 1,000p = 1n 

A ceramic with 223 is 22,000p = 22n 

A ceramic with 104 is 100,000p = 100n = 0.1u 


TYPES OF CAPACITOR 
For testing purposes, there are two types of capacitor. 
Capacitors from 1p to 100n are non-polar and can bi 
either way. 

Capacitors from 1u to 100,000u are electrolytics and are polarised. They must be 
fitted so the positive lead goes to the supply voltage and the negative lead goes to 
ground (or earth). 

There are many different sizes, shapes and types of capacitor. They are all the same. 
They consist of two plates with an insulating material between. The two plates can 
be stacked in layers or rolled together. 

The important factor is the insulating material. It must be very thin to keep things 
small. This gives the capacitor its VOLTAGE RATING. 

Ifa capacitor sees a voltage higher than its rating, the voltage will "jump through" 
the insulating material or around it. 

If this happens, a carbon deposit is left behind and the capai 
very low resistance, as carbon is conductive. 
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CERAMIC CAPACITORS 


Nearly all small capacitors are ceramic capacitors as this material is cheap and the 
capacitor can be made in very thin layers to produced a high capacitance for the size 
of the component. This is especially true for surface-mount capacitors. 

All capacitors are marked with a value and the basic uni " for "puff" However 
NO surface mount capacitors are marked and they are very difficult to test. 
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POLYESTER, POLYCARBONATE, POLYSTYRENE, MYLAR, METALLISED POLYESTER, 
("POLY"), MICA and other types of CAPACITOR 

There are many types of capacitor and they are chosen for their reliability, stability, 
temperate-range and cost. 

For testing and repair work, they are all the same. Simply replace with exactly the 
same type and value. 


wound 
" polyester | 
metallised 
polypropylene 
“film cap (42) 
‘or 
metallised metallised 
polyester polyester 
polyester 
layer 


metallised 
polypropylene 


box-type 
polyester 


polyester or mylar 
“green cap” 


polystyrene 
surface mountsizes 


Capacitor Colour Code Table 
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Pico Farads (pF) _|Nano Farads (nF) _|Micro Farads (uF) 
1 0.001 0.000001 
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ELECTROLYTIC and TANTALUM CAPACITORS 

Electrolytics and Tantalums are the same for testing purposes but their performance 
is slightly different in some circuits. A tantalum is smaller for the same rating as an 
electrolytic and has a better ability at delivering a current. They are available up to 
about 1,000u, at about 50v but their cost is much higher than an electrolytic. 


Electrolytics are available in 1u, 2u2 3u3 4u7 10u, 22u, 47u, 100u, 220u, 330u, 
470u, 1,000u, 2,200u, 3,300u, 4,700u, 10,000u and higher. 

The "voltage" or "working voltage” can be: 3.3v, 10v, 16v, 25v, 63v, 100v, 200v and 
higher. 

There is also another important factor that is rarely covered in text books. It is 
RIPPLE FACTOR. 

This is the amount of current that can enter and leave an electrolytic. This current 
heats up the electrolytic and that is why some electrolytics are much larger than 
others, even though the capacitance and voltage-ratings are the same. 

If you replace an electrolytic with a "miniature" version, it will heat up and have a 
very short life. This is especially important in power supplies where current (energy) 
is constantly entering and exiting the electrolytic as its main purpose is to provide a 
smooth output from a set of diodes that delivers "pulsing DC." (see "Power Diodes") 
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PARALLEL and SERIES CAPACITORS 

Capacitors can be connected in PARALLEL and/or SERIES for a number of reasons. 

1. If you do not have the exact value, two or more connected in parallel or series can 
produce the value you need. 

2. Capacitors connected in series will produce one with a higher voltage rating. 

3. Capacitors connected in parallel will produce a larger-value capacitance. 


Here are examples of two equal capacitors connected in series or parallel and the 
results they produce 


4m 2000 
10» soy 10n 500 
total 2n 2000 a | 
Sn 1000 
4n 2000 
tn 500 
fm 200 47m 2000 
total: 100n 50 = = 
ain 500 


NON-POLAR CAPACITORS (ELECTROLYTICS) 

Electrolytics are also available in non-polar values. It sometimes has the letters "NP" 
‘on the component. Sometimes the leads are not identified. 

This is an electrolytic that does not have a positive and negative lead but two leads 
and either lead can be connected to the positive or negative of the circuit. 

These electrolytics are usually connected to the output of an amplifier (such as in a 
filter near the speaker) where the signal is rising and falling. 

A non-polar electrolytic can be created from two ordinary electrolytics by connecting 
the negative leads together and the two positive leads become the new leads. 

For example: two 100u 63v electrolytics will produce a 47u 63v non-polar 
electrolytic. 
In the circuit below, the non-polar capacitor is replaced with two electrolytics. 
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Anormal electrolytic must be connected the correct way in a circuit because it has a thin 
insulating layer covering the plates that has a high resistance. 

Ifyou connect the electrolytic around the wrong way, this layer "breaks-down" and the resistance 
of the electrolytic becomes very small and a high current flows. This heats up the electrolytic and 
the current increases. Very soon the capacitor produces gasses and explodes. 

‘One big mistake in many text books shows how to make a non-polar electrolytic by connecting 
two "back-to-back." 

They claim 2 x 100u connected back-to-back is equal to 47u. 

This appears to be case when testing on a meter but the meter simply charges them for a short 
period of time to get a reading. 

If you allow them to charge fully you will find the reverse electrolytic has a very small voltage 
across it. 

‘Secondly, when you are charging them, you are putting a high current through the reverse 
electrolytic and damaging the layer. 

To prevent this, you need to add two diodes as shown in the diagram. 

In addition, 2 x 100u "back-to-back" is very near 100u. 


Here is a question from a reader: 


Ihave an amplifier with 2 x2,200u electrolytics on the output of a bridge. Can | replace 
them with a single 10,000u? 
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You need to look at the circuit of your amplifier. The two 2,200u electrolytics are possibly 
connected as shown in the circuit above and you will notice they are joined to produce a positive 
rail and a negative rail with zero (called earth) in the centre. 

This forms two different circuits with the top electrolytic filtering the positive rail and the bottom 
electro filtering the negative rail. They must be connected to the zero volts rail 

single 10,000u cannot be connected to the Ov rail and cannot be substituted for the two 
electro's. 

You can easily determine of the two electro’s are connected as shown above 

Test the positive terminal of each electro by placing the negative of the meter on the chassis. 

If the positive of one electro have zero volts, it will be the lower electro in the diagram above. The 
negative terminal of the electro will have a minus voltage on it. 


VOLTAGE RATING OF CAPACITOR 
Capacitors have a voltage rating, stated as WV for working voltage, or WVDC. This, 
specifies the maximum voltage that can be applied across the capacitor without 
puncturing the dielectric. Voltage ratings for "poly," mica and ceramic capacitors are 
typically 50v to 500 VDC. Ceramic capacitors with ratings of 1kv to Skv are also 
available. Electrolytic capacitors are commonly available in 6v, 10v 16v, 25v, 50v, 
100v, 150v, and 450v ratings. 


‘THE SIZE OF A CAPACITOR - RIPPLE FACTOR 

The size of a capacitor depends on a number of factors, namely the value of the 
capacitor (in microfarads etc) and the voltage rating. But there is also another factor 
that is most important. It is the RIPPLE FACTOR. Ripple Factor is the amount of 
voltage-fluctuation the capacitor (electrolytic) can withstand without getting too hot. 
When current flows in and out of an electrolytic, it gets hot and this will eventually 
dry-out the capacitor as some of the liquid inside the capacitor escapes through the 
seal. It's a very slow process but over a period of years, the capacitor looses its 
capacitance. 

If you have two identical 1,000u 35v electrolytics and one is smaller, it will get 
hotter when operating in a circuit and that's why it is necessary to choose the largest 
electrolytic. 


CAUTION 

Ifa capacitor has a voltage rating of 63v, do not put it in a 100v circuit as the 
insulation (called the dielectric) will be punctured and the capacitor will "short 
circuit.” It's ok to replace a 0.22uF SOW capacitor with 0.22uF 250WVDC. 


SAFETY 

A capacitor can store a charge for a period of time after the equipment is turned off. 
High voltage electrolytic caps can pose a safety hazard. These capacitors are in 
power supplies and some have a resistor across them, called a bleed resistor, to 
discharge the cap after power is switched off. 

If a bleed resistor is not present the cap can retain a charge after the equipment is 
unplugged. 


How to discharge a capacitor 

Do not use a screwdriver to short between the terminals as this will damage the 
capacitor internally and the screwdriver. 

Use a 1k 1 watt or 3watt or Swatt resistor on jumper leads (or held with pliers) and 
keep them connected for up to 15 seconds to fully discharge the electro. 

Test it with a voltmeter to make sure all the energy has been removed. 


Before testing any capacitors, especially electrolytics, you should look to see if any 
are damaged, overheated or leaking. Swelling at the top of an electrolytic indicates 
heating (and pressure inside the case) and will result in drying out of the electrolyte. 
Any hot or warm electrolytic indicates leakage and ceramic capacitors with portions 
missing indicates something has gone wrong (such as it being "blown apart”). 


Here is a 120u 330v electrolytic from a fiash circuit in an old-fashioned film camera. 
If the flash does not "fire," the electrolytic will be charged to about 350 volts !! 

Use a 1k resistor (held with pliers) to slowly discharge it. It may take 15 seconds to 
fully discharge. 


TESTING A CAPACITOR 
There are two things you can test with a multimeter: 
1. A short-circuit within the capacitor 

2. Capacitor values above 1u. 


You can test capacitors in-circuit for short-circuits. Use the x1 ohms range. 
To test a capacitor for leakage, you need to remove it or at least one lead must be 
removed. Use the x10k range on an analogue or digital multimeter. 

For values above 1u you can determine if the capacitor is charging by using an 
analogue meter. The needle will initially move across the scale to indicate the cap is 
charging, then go to "no deflection.” Any permanent deflection of the needle will 
indicate leakage. 

You can reverse the probes to see if the needle moves in the opposite direction. This 
indicates it has been charged. Values below 1u will not respond to charging and the 
needle will not deflect. 

This does not work with a digital meter as the resistance range does not output any 
current and the electrolytic does not charge. 


Rather than spending money on a capacitance meter, it is cheaper to replace any 
suspect capacitor or electrolytic. 

Capacitors can produce very unusual faults and no piece of test equipment is going 
to detect the problem. 

In most cases, it is a simple matter to solder another capacitor across the suspect 
component and view or listen to the result. 

This saves all the worry of removing the component and testing it with equipment 
that cannot possibly give you an accurate reading when the full voltage and current 
is not present. 

It is complete madness to even think of testing critical components such as 
capacitors, with TEST EQUIPMENT. You are fooling yourself. If the Test Equipment 
says the component is ok, you will look somewhere else and waste a lot of time. 


FINDING THE VALUE OF A CAPACITOR 

If you want to find the value of a surface-mount capacitor or one where the markings 
have been removed, you will need a CAPACITANCE METER. Here is a simple circuit 
that can be added to your meter to read capacitor values from 10p to 10u. 

The full article can be found HERE. 


ADD-ON CAPACITANCE METER 


CAPACITOR SUBSTITUTION BOX 


You can get a kit or a ready-made piece of test gear called CAPACITOR 
SUBSTITUTION BOX and also RESISTOR SUBSTITUTION BOX. 

I bought one of each 30 years ago and I have only used them ONCE. 

They appear to be very handy but when you are testing a circuit, you want the 
component next to the other parts. 

It is just as easy to pick the component you need from your junk box and connect it 
to the circuit via jumper leads. 


REPLACING A CAPACITOR 

Always replace a capacitor with the exact same type. 

A capacitor may be slightly important in a circuit or it might be extremely critical. 
‘A manufacturer may have taken years to select the right type of capacitor due to 
previous failures. 

A capacitor just doesn't have a "value of capacitance." 

It may also has an effect called "tightening of the r 
In other words, a capacitor has the ability to react quickly and either absorb or 
deliver energy to prevent spikes or fluctuations on the rail. 

This is due to the way it is constructed. Some capacitors are simply plates of metal 
film while others are wound in a coil. Some capacitors are large while others are 
small. 

They all react differently when the voltage fluctuates. 

Not only this, but some capacitors are very stable and all these features go into the 
decision for the type of capacitor to use. 

You can completely destroy the operation of a circuit by selecting the wrong type of 
capacitor. 

No capacitor is perfect and when it gets charged or discharged, it appears to have a 
small value of resistance in series with the value of capacitance. This is known as 
"ESR" and stands for EQUIVALENT SERIES RESISTANCE. This effectively makes the 
capacitor slightly slower to charge and discharge. 

We cannot go into the theory on selecting a capacitor as it would be larger than this 
eBook so the only solution is to replace a capacitor with an identical type. 

However if you get more than one repair with identical faults, you should ask other 
technicians if the original capacitor comes from a faulty batch. 

The author has fixed TV's and fax machines where the capacitors have been inferior 
and alternate types have solved the problem. 

Some capacitor are suitable for high frequencies, others for low frequencies. 


DECOUPLING CAPACITORS 

‘A Decoupling Capacitor can severe one, two or three functions. You need to think of 
a decoupling capacitor as a miniature battery with the ability to deliver a brief pulse 
of energy when ever the line-voltage drops and also absorb a brief pulse of energy 
when ever the line voltage rises (or spikes). 

Decoupling capacitor can range from 100n to 1,000u. 

100n capacitors are designed to absorb spikes and also have the effect of tightening- 


up the rails for high frequencies. They have no effect on low frequencies such as 
audio frequencies. 

These capacitors are generally ceramic and have very low internal impedance and 
thus they can operate at high frequencies. 

Capacitors above about 10u are used for decoupling and these are nearly always 
electrolytics. 

Decoupling means "tightening-up the power rails." The electrolytic acts just like a 
miniature rechargeable battery, supplying a small number of components in a circuit 
with a smooth and stable voltage. 

The electrolytic is usually fed from a dropper resistor and this resistor charges the 
electrolytic and adds to the ability of the electrolytic to create a "separate power 
supply.” 

These two components help remove spikes as an electrolytic cannot remove spikes if 
connected directly to the supply rails - it's internal impedance is high and the spikes 
are not absorbed. 

Decoupling capacitors are very difficult to test. 

They rarely fail but if a project is suffering from unknown glitches and spikes, it is 
best to simply add more 100n decoupling caps on the underside of the board and 
replace all electrolytics. 

Some small electrolytics will dry out due to faulty manufacture and simply replacing 
every one on a board will solve the problem. 

Some of the functions of a decoupling capacitor are: 

Removing ripple - hum or buzz in the background of an amplifier 

Removing glitches or spikes. 

Separating one stage from another to reduce or remove MOTORBOATING - a low 
frequency sound due to the output putting a pulse on the power rails that is picked 
up by the pre-amplifier section and amplified. 


TESTING DIODES 

Diodes can have 4 different faults. 
1. Open circuit in both directions. 

2. Low resistance in both directions. 
3. Leaky. 

4. Breakdown under load. 


TESTING A DIODE ON AN ANALOGUE METER 

Testing a diode with an Analogue Multimeter can be done on any of the resistance 
ranges, [The high resistance range is best - it sometimes has a high voltage battery 
for this range but this does not affect our testing] 

There are two things you must remember. 

1. When the diode is measured in one direction, the needle will not move at all. 
The technical term for this is the diode is reverse biased. It will not allow any 
current to flow. Thus the needle will not move. 

When the diode is connected around the other way, the needle will swing to the right 
(move up scale) to about 80% of the scale. This position represents the voltage drop 
across the junction of the diode and is NOT a resistance value. If you change the 
resistance range, the needle will move to a slightly different position due to the 
resistances inside the meter. The technical term for this is the diode is forward 
biased. This indicates the diode is not faulty. 

The needle will swing to a slightly different position for a "normal diode" compared to 
a Schottky diode. This is due to the different junction voltage drops. 

However we are only testing the diode at very low voltage and it may break-down 
when fitted to a circuit due to a higher voltage being present or due to a high current 
flowing. 


2. The leads of an Analogue Multimeter have the positive of the battery connected 
to the black probe and the readings of a "good diode" are shown in the following two 
diagrams: 


The diode is REVERSE BIASED in the 
diagram above and diodes not conduct. 


Here is the equivalent ciccuit: 


aaa 


‘The diode is FORWARD BIASED in the 
diagram above and it conducts 


TESTING A DIODE ON A DIGITAL METER 
Testing a diode with a Digital Meter must be done on the "DIODE" setting as a digital 
meter does not deliver a current through the probes on some of the resistance 
settings and will not produce an accurate reading 
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The best thing to do with a "suspect" diode is to replace it. This is because a diode 
has a number of characteristics that cannot be tested with simple equipment. Some 
diodes have a fast recovery for use in high frequency circuits. They conduct very 
quickly and turn off very quickly so the waveform is processed accurately and 


efficiently. 
If the diode is replaced with an ordinary diode, it will heat up as does not have the 
high-speed characteristic. 

Other diodes have a low drop across them and if an ordinary is used, it will heat up. 
Most diodes fail by going: SHORT-CIRCUIT. This can be detected by a low resistance 
(x1 or x10 Ohms range) in both directions. 

A diode can also go OPEN CIRCUIT. To locate this fault, place an identical diode 
across the diode being tested 

A leaky diode can be detected by a low reading in one direction and a slight reading 
the other direction. 

However this type of fault can only be detected when the circuit is working. The 
output of the circuit will be low and sometimes the diode heats up (more than 
normal). 

A diode can go open under full load conditions and perform intermittently. 

Diodes come in pairs in surface-mount packages and 4 diodes can be found in a 
bridge. 

They are also available in pairs that look like a 3-leaded transistor. 

The line on the end of the body of a diode indicates the cathode and you cannot say 
"this is the positive lead.” The correct way to describe the leads is to say the 
"cathode lead." The other lead is the anode. The cathode is defined as the electrode 
(or lead) through which an electric current flows out of a device. 

The following diagrams show different types of diodes: 
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POWER DIODES 

To understand how a power diode works, we need to describe a few things. This has 
NEVER been described before, so read carefully. 

The 240v AC (called the "mains") consists of two wires, one is called the ACTIVE and 
the other is NEUTRAL. Suppose you touch both wires. You will get a shock. The 
neutral is connected to an earth wire (or rod driven into the ground or connected to 
a water pipe) at the point where the electricity enters the premises and you do not 
get a shock from the NEUTRAL. 


But the voltage on the active is rising to +345v then goes to -345v at the rate of 50 
times per second (for a complete cycle). 

345v is the peak voltage of 240v. You never get a 240v shock. (It is a 345v shock.) 
In other words, if you touch the two wires at a particular instant, you would get a 
POSITIVE 345v shock and at another instant you would get a negative 345v shock. 
This is shown in the diagram below. 

We now transfer this concept to the output of a transformer. The diagram shows an 
‘AC waveform on the output of the secondary. 

This voltage is rising 15v higher than the bottom lead then it is 15v LOWER than the 
bottom lead. The bottom lead is called "zero volts.” You have to say one lead or wire 
is not "rising and falling” as you need a "reference" or starting-point” or "zero point" 
for voltage measurements. 

The diode only conducts when the voltage is "above zero” (actually when it is 0.7v 
above zero) and does not conduct (at all) when the voltage goes below zero. 

This is shown on the output of the Power Diode. Only the positive peaks or the 
Positive parts of the waveform appear on the output and this is called "pulsing DC.” 
This is called "half-wave" and is not used in a power supply. We have used it to 
describe how the diode works. The electrolytics charge during the peaks and deliver 
energy when the diode is not delivering current. This is how the output becomes a 
steady DC voltage. 

Power supplies use FULL WAVE rectification and the other half of the AC waveform is 
delivered to the output (and fills in the "gaps") and appears as shown in "A." 
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ONE FAULTY DIODE 
‘One diode in a bridge can go open (any of the 4 diodes will produce the same effect) 
and produce an output valtage that can be slightly lower than the original voltage. 


The actual "voltage-drop" will depend on the current taken by the circuit and the 
ability of the transformer to produce the required voltage and current during half- 
wave operation. The voltage during each half cycle (when none of the diodes is 
delivering any energy to the circuit) is maintained by the electrolytic and its size 
(relative to the current taken by the circuit) will determine the size of the ripple that 
will result when the diode fails. The ripple will be 100 to 1,000 times greater after 
the failure of a diode, depending on the value of the filter capacitor. 

To locate the faulty diode, simply get a diode and place it across each of the diodes 
in the bridge (in turn) when the circuit is working. 

For a bridge rectifier, the ripple-frequency will be twice the mains frequency and its 
ripple will be very small if the electrolytic is the correct value. When a diode fails, the 
ripple-frequency will be equal to mains-frequency and the amplitude will increase 
considerably. You may even hear background hum from audio equipment. 

If you cannot find a faulty diode, the filter capacitor will be at fault. Turn off the 
equipment and connect an electrolytic across the filter capacitor via jumper leads. 
Turn the power ON and see if the hum has reduced. 
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DAMPER DIODES 

‘A damper diode is a diode that detects a high voltage and SQUELCHES IT (reduces it 
~ removes it). The signal that it squelches is a voltage that is in the opposite 
direction to the "supply voltage" and is produced by the collapsing of a magnetic 
field. Whenever a magnetic filed collapses, it produces a voltage in the winding that 
is opposite to the supply voltage and can be much higher. This is the principle of a 
flyback circuit or EHT circuit. The high voltage comes from the transformer. 

The diode is placed so that the signal passes through it and less than 0.5v appears 
acros: 

‘A damper diode can be placed across the coil of a relay, incorporated into a 
transistor or FET or placed across a winding of a flyback transformer to protect the 
driving transistor or FET. 

It can also be called a "Reverse-Voltage Protection Diode," "Spike Suppression 
Diode," or "Voltage Clamp Diode." 

The main characteristic of a Damper Diode is HIGH SPEED so it can detect the spike 
and absorb the energy. 

It does not have to be a high-voltage diode as the high voltage in the circuit is being 
absorbed by the diode. 


SILICON, GERMANIUM AND SCHOTTKY DIODES 

When testing a diode with an analogue meter, you will get a low reading in one 
direction and a high (or NO READING) in the other direction, When reading in the 
LOW direction, the needle will swing nearly full scale and the reading is not a 
resistance-value but a reflection of the characteristic voltage drop across the junction 
of the diode. As we mentioned before, a resistance reading is really a voltage reading 
and the meter is measuring the voltage of the battery minus the voltage-drop across 
the diode. 

Since Silicon, Germanium and Schottky Diodes have slightly different characteristic 
voltage drops across the junction, you will get a slightly different reading on the 
scale. This does not represent one diode being better than the other or capable of 
handling a higher current or any other feature. 

The quickest, easiest and cheapest way to find, fix and solve a problem caused by a 


faulty diode is to replace it. 

There is no piece of test equipment capable of testing a diode fully, and the circuit 
you are working on is actually the best piece of test equipment as it is identifying the 
fault UNDER LOAD. 


Only very simple tests can be done with a multimeter and it is best to check a diode 
with an ANALOGUE MULTIMETER as it outputs a higher current though the diode and 
produces a more-reliable result. 

A | meter can produce false readings as it does not apply enough current to 
activate the junction. 

Fortunately almost every digital multimeter has a diode test mode. Using this, a 
silicon diode should read a voltage drop between 0.5v to 0.8v in the forward 
direction and open in the reverse direction. For a germanium diode, the reading will 
be lower, around 0.2v - 0.4v in the forward direction. A bad diode will read zero volts 
in both directions. 


REPLACING A DIODE 

It is alway best to replace a diode with the same type but quite often this is not 
possible. Many diodes have unusual markings or colours or "in-house" letters. 
This is only a general guide because many diodes have special features, especially 
when used in high-frequency circuits. 

However if you are desperate to get a piece of equipment working, here are the 
steps: 

Determine if the diode is a signal diode, power diade, or zener diode. 

For a signal diode, try 1N4148. 

For a power diode (1 amp) try 1N4004. (for up to 400v) 

For a power diode (3 amp) try 1N5404. (for up to 400v) 

For a high-speed diode, try UF4004 (for up to 400v) 


If you put an ordinary diode in a high-speed application, it will get very hot very 
quickly. 

To replace an unknown zener diode, start with a low voltage such as 6v2 and see if 
the circuit works. 

The size of a diode and the thickness of the leads will give an idea of the current- 
capability of the diode. 

Keep the leads short as the PC board acts as a heat-sink. 

You can also add fins to the leads to keep the diode cool. 


LIGHT EMITTING DIODES (LEDs) 

Light Emitting Diodes (LEDs) are diodes that produce light when current flows from 
anode to cathode. The LED does not emit light when it is revered-biased. It is used 
as a low current indicator in many types of consumer and industrial equipment, such 
as monitors, TV's, printers, hi-fi systems, machinery and control panels. 

The light produced by a LED can be visible, such as red, green, yellow or white. It 
can also be invisible and these LEDs are called Infrared LEDs. They are used in 
remote controls and to see if they are working, you need to point a digital camera at 
the LED and view the picture on the camera screen. 

‘An LED needs about 2v - 3.6v across its leads to make it emit light, but this voltage 
must be exact for the type and colour of the LED. The simplest way to deliver the 
exact voltage is to have a supply that is higher than needed and include a voltage- 
dropping resistor. The value of the resistor must be selected so the current is 
between 2mA and 25mA. 

The cathode of the LED is identified by a flat on the side of the LED. The life 
expectancy of a LED is about 100,000 hours. LEDs rarely fail but they are very 
sensitive to heat and they must be soldered and de-soldered quickly. They are one of 
the most heat-sensitive components. 

Light emitting diodes cannot be tested with most multimeters because the 
characteristic voltage across them is higher than the voltage of the battery in the 
meter. 

However a simple tester can be made by joining 3 cells together with a 220R resistor 
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Connect the clips to a LED and it will illuminate in only one direction. 

The colour of the LED will determine the voltage across it. You can measure this 
voltage if you want to match two or more LEDs for identical operation. 

Red LEDs are generally 1.7v to 1.9v. - depending on the quality such as "high- 
bright” 

Green LEDs are 1.9v to 2.3v. 

Orange LEDs are about 2.3v and 

White LEDs and IR LEDs are about 3.3v to 3.6v. 

The illumination produced by a LED is determined by the quality of the crystal. It is 
the crystal that produces the colour and you need to replace a LED with the same 
quality to achieve the same illumination 

Never connect a LED across a battery (such as 6v or 9v), as it will be instantly 
damaged. You must have a resistor in series with the LED to limit the current. 


ZENER DIODES 

All diodes are Zener diodes. For 
its reverse breakdown voltage. 
‘And a zener diode can be used as an ordinary diode in a circuit with a voltage that is 
below the zener value. 

For instance, 20v zener diodes can be used in a 12v power supply as the voltage 
never reaches 20v, and the zener characteristic is never reached. 

Most diodes have a reverse breakdown voltage above 100v, while most zeners are 
below 70v. A 24v zener can be created by using two 12v zeners in series and a 
normal diode has a characteristic voltage of 0.7v. This can be used to increase the 
voltage of a zener diode by 0.7v. See the diagram above. It uses 3 ordinary diodes 
to increase the output voltage of a 3-terminal regulator by 2.1v. 

To tests a zener diode you need a power supply about 10v higher than the zener of 
the diode. Connect the zener across the supply with a 1k to 4k7 resistor and 
measure the voltage across the diode. If it measures less than 1v, reverse the zener. 
If the reading is high or low in both directions, the zener is damaged 


stance a 1N4148 is a 120v zener diode as this is 


Here is a zener diode tester. The circuit will test up to S6v zeners. 
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ZENER DIODE TESTER 


TRANSFORMERLESS POWER SUPPLY 
Here's a circuit that uses zener diodes in a power supply to show how they work. 
This clever design uses 4 diodes in a bridge to produce a fixed voltage power supply 
capable of supplying 35mA. 

If we put 2 zener diodes in a bridge with two ordinary power diodes, the bridge will 
break-down at the voltage of the zener. This is what we have done. If we use 18v 
zeners, the output will be 17v4. 


240v AC 


neutral 


SUPPLY USING ZENER DIODES 


When the incoming voltage is positive at the top, the left zener provides 18v limit 
(and the other zener produces a drop of 0.6v). This allows the right zener to pass 
current just like a normal diode. The output is 17v4, The same with the other half- 
cycle. 

You cannot use this type of bridge in a normal power supply as the zener diode will 
"short" when the input voltage reaches the zener value. The concept only warks in 
the circuit above. 


VOLTAGE REGULATORS 

A Voltage Regulator takes a high input voltage and delivers a fixed output voltage. 
Providing the input voltage is 4v above the output voltage, the regulator will deliver 
a fixed output voltage with almost no ripple. 

Voltage regulators are also called "3-TERMINAL REGULATORS" or "REGULATOR IC's" 
- although this name is not generally used. 

In most cases, a voltage regulator gets quite hot and for this reason it has a high 
failure-rate 

If a regulator is not getting hot (or warm) it has either failed or the circuit is not 
operating. 

Arregulator can only decrease the voltage. It cannot increase the current. This 
means the current being supplied to a circuit must also be available from the circuit 
supplying the regulator. 

All regulators have different pin-outs, so you need to find the input pin and output 
pin and make sure the voltage-difference is at least 4v. Some regulators will work 
with a difference as low as 1v, so you need to read the specifications for the type 
you are servicing. 

Some regulators are called “negative voltage regulators” and the input voltage will 
be negative and the output will be negative. 

You need to test a voltage regulator with the power "ON". 

Make sure you do not allow the probes to short any of the pins together as this will 
destroy the regulator or the circuit being supplied. 

With the power turned off or the regulator removed from the circuit, you can test it 
with a multimeter set to resistance to see if it is ok. If any resistance readings are 
very low or zero ohms, the regulator is damaged. 


TRANSFORMERS 


All transformers and coi 


are tested the same way. This includes chokes, coils, 


inductors, yokes, power transformers, EHT transformers (flyback transformers), 
switch mode transformers, isolation transformers, IF transformers, baluns, and any 
device that has turns of wire around a former. All these devices can go faulty. 

The coating on the wire is called insulation or "enamel" and this can crack or become 
overheated or damaged due to vibration or movement. When two turns touch each 
other, a very interesting thing happens. The winding becomes two separate windings. 


We will take the case of a single winding such as a coil. This is shown in the first 
diagram above and the winding is wound across a former (a former is a bobbin or 
plastic molding or something to hold the winding) and back again, making two 
layers. The bottom and top layers touch at the point shown in the diagram and the 
current that originally passed though A, B, C, D now passes though A & D. 


Winding B C becomes a separate winding as shown in the second diagram. 
In other words the coil becomes a TRANSFORMER with a SHORT CIRCUIT on the 
secondary winding as shown in the third diagram. 

When the output wires of a transformer are shorted together, it delivers a very high 
current because you have created a SHORT-CIRCUIT. This short-circuit causes the 
transformer to get very hot. 

That’s exactly what happens when any coil or transformer gets a “shorted turn.” 
The shorted turns can be a single turn or many turns. 

It is not possible to measure a fault like this with a multimeter as you don’t know the 
exact resistance of a working coil or winding and the resistance of a faulty winding 
may be only 0.001 ohms less. 

However when a transformer or coil is measured with an inductance meter, an 
oscillating voltage (or spike) is delivered into the core as magnetic flux, then the 
magnetic flux collapses and passes the energy into the winding to produce a 
waveform. The inductance meter reads this and produces a value of inductance in 
Henry (or millienry or microHenry.) 

This is done with the transformer removed from the circuit and this can be a very 
difficult thing to do, as most transformers have a number of connections. 

If the coil or transformer has a shorted turn, the energy from the magnetic flux will 
pass into the turns that are shorted and produce a current. Almost no voltage will be 
detected from winding. 

The reading from the inductance meter will be low or very low and you have to work 
out if it is correct. 

However there is one major problem with measuring a faulty transformer or coil 

It may only become faulty when power is applied. 

The voltage between the turns may be sparking or jumping a gap and creating a 
problem. A tester is not going to find this fault. 

Secondly, an inductance meter may produce a reading but you do not know if the 
reading is correct. An improved tester is a RING TESTER. 

The circuit for a ring tester can be found here: 


http://www. flippers.com/pdfs/k7205.pdf 


It sends a pulse to the coil and counts the number of returning pulses or “rings.” A 
faulty coil (or winding) may return one pulse but nearly all the energy will be passed 
to the shorted turns and you will be able to see this on the scale. You will only get 
one or two return pulses, whereas a good winding will return more pulses. 


‘One way to detect a faulty power transformer is to connect it to the supply and feel 
the temperature-rise (when nothing is connected to the secondary). 

It should NOT get hot. 

Detecting shorted turns is not easy to diagnose as you really need another identical 


component to compare the results. 
Most transformers get very hot when a shorted turn has developed. It may deliver a 
voltage but the heat generated and a smell from the transformer will indicate a fault, 


ISOLATION TRANSFORMER 

An isolation transformer is a piece of Test Equipment that provides "Mains Voltage” 
but the voltage is "floating." You will still get a shock if you touch the two output 
leads, but it has a special use when testing unknown equipment. 

Many electrical appliances are fully insulated and only have two leads connected to 
the mains. 

When you take these appliances apart, you do not know which end of say a heating 
element is connected to the "live" (active) side of the mains and which end connects 
to the neutral. 

Tam not suggesting you carry out the following tests, but they are described to show 
how an isolation transformer works. 

If you touch a soldering iron on the "live" (active) end of the heating element it will 
create a short-circuit, 

However when the appliance is connected to the mains via an isolation 
transformer, you can touch an earthed soldering iron on either end of the heater as 
both leads from the isolation transformer are “floating.” 

Note: As soon as you earth one lead of the output an isolation transformer, the other 
lead becomes "active." 

You can make your own Isolation Transformer by connecting two identical 
transformers "back-to-back." 

The following diagram shows how this is done: 
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You can use any transformers providing the primary and secondary voltages are the 
same. The current capability of the secondary winding does not matter. However if 
you want a supply that has almost the same voltage as your "Mains," you need two 
transformers with the same voltages. 

This handy isolation transformer will provide you with "Mains Voltage" but with a 
limited current. 

In other words it will have a limited capability to supply "wattage." If you are using 
two 15VA transformers, you will only be able to test an appliance rated at 15 watts. 
This has some advantages and some disadvantages. 

If you are working on a project, and a short-circuit occurs, the damage will be 
limited to 15 watts. 

If you are using two transformers with different VA ratings, the lower rating will be 
the capability of the combination. 

If the secondaries are not equal, you will get a higher or lower "Mains Voltage." 

If you get two transformers from TVs or Monitors, with a rating on the compliance 
plate of 45 watts, or 90 watts, you can assume the transformers are capable of 
delivering this wattage and making an isolation transformer will enable you to test 


similar items with the safety of being isolated from the mains. 

Colin Mitchell designs a lot of "LED lighting lamps" that are connected directly to the 
mains. He always works with an isolating transformer, just to be safe. Working on 
exposed "mains" devices is extremely nerve-wracking and you have to be very 
careful. 

The isolation transformer will prevent a BIG EXPLOSION. 


DETERMINING THE SPECS OF A TRANSFORMER 

Suppose you have a "mains transformer" with unknown output voltages and 
unknown current capability. 

You must be sure it is a mains transformer designed for operation on SOHz or 60Hz. 
Switch-Mode transformers operate at frequencies 40kHz and higher and are not 
covered in this discussion. 

To be on the safe-side, connect the unknown transformer to the output of your 
isolating transformer. 

Since the transformer will take almost no current when not loaded, the output 
voltages it produces will be fairly accurate. Measure the input AC voltage and output 
AC voltage. 

If the transformer has loaded your isolating transformer it will be faulty. 

Mains transformers are approx 15VA for 500gm, 30VA for 1kgm SOVA for 2kgm 
and and 100VA for 2.5kgm. 

VA stands for Volts-Amps and is similar to saying watts. Watts is used for DC 
circuits, while VA refers to AC circuits. 

‘Once you have the weight of the transformer and the output voltage, you can work 
‘out the current capability of the secondary. 

For transformers up to 30VA, the output voltage on no-load is 30% higher than the 
final "loaded voltage.” 

This is due to the poor regulation of these small devices. 

If the transformer is 15VA and the output voltage is 15v AC, the current will be 1 
amp AC. 

You can check the "quality" of the transformer, (the regulation) by fully loading the 
output and measuring the final voltage. If the transformer has a number of 
secondaries, the VA rating must be divided between all the windings. 


240v to 110v ISOLATION TRANSFORMER 

Here's how to create a 110v isolating transformer: 

Find a 240v:12v transformer. 

Now find a transformer that has two secondary windings, such as 240v:12v+12v. 
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Connect the two transformers as shown in the circuit above. If the output is zero, 
connect ONE of the 12v windings of the second transformer around the other way. 


110v to 240v ISOLATION TRANSFORMER 
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‘A 110v to 240v isolation transformer can be created by connecting 3 identical 
transformers as shown in the diagram above. If the output is zero, connect one of 
the outputs around the other way. 


TRANSFORMER RATINGS 

Question from a reader: 

Ihave a 28v - 0 - 28v transformer @3amps. Does this mean each side is 1.5 amps? 
The transformer is called CENTRE TAPPED and is shown in figures B and C. 

It is designed to be connected to two diodes so each winding takes it in turn to 
deliver the current as shown in diagram C and the output will be 28v AC at 3 amps. 
The 28v and 3 amp are both AC values. 

If you connect across both outside wires, the output will be S6v at 1.5 amp. 

This is because the transformer has a VA rating of 28 x 3 = 84VA. This is very similar 
to the term "watts." 

When the 28v AC is rectified and smoothed, it becomes 28 x 1.4 = 39v (minus 0.6v 
across the diode) and since the transformer has a rating of 84 VA, the current must 
be reduced to 84/39 = 2.1 amps to maintain the VA rating. 

Some transformers are specified as say: 12v - 0 - 12v, but the wiring diagram is 
shown as "A." This transformer should be specified as 12v + 12v as the secondaries 
are separate. 

12v - 0 - 12v means the two secondary windings are NOT separate. 

It does not make any difference to the output voltage and current, if the windings 
are separate or joined. The only difference is 12v +12v can be turned into two 
separate 12v outputs. 

If you do not know the output current for a particular transformer, go to the website 
of electronic parts suppliers and compare the weight of your transformer with others. 
This will give you a VA rating and you can work out the current, once you know the 
output voltage. 

Note: the output current finishes up ONLY 60% of the rating on the transformer tag 
because the rating is an AC RATING. 

With 2 separate secondaries, you can parallel the outputs to get double the current, 
but don't forget 12v + 12v @ 3amp means 12v in parallel with 12v will provide 
2amp DC and the DC voltage will be about 17v. 
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CURRENT TRANSFORMER 

A Current Transformer is really an ordinary transformer. 

All transformers produce a CURRENT output and a VOLTAGE output. 

If you put an ammeter across the secondary, the current will increase through the 
meter when the primary voltage is increased. 

This is because the output voltage will increase and this voltage will allow a higher 
current to flow. 

WHY DETECT CURRENT? Why not voltage? 

Because the voltage of say the "240v AC" is always 240v but the current can 
increase from say 1 amp to nearly 15 amps, depending what appliance is connected. 
So it is pointless measuring voltage. 

A Current Transformer is a step-up transformer. When we say step-up and step- 
down, we are referring to the voltage - comparing the primary voltage to the 
secondary voltage. (Most transformers on the "mains" are step-down transformers 
and are used as power supplies to laptops, phone chargers etc.) Even a welding 
transformer is a step-down device and produces about 20v to 70v, while the current 
can be as high as 100 amps. This current is higher than the mains will deliver and is 
needed to melt the metal at the point of contact of the probe and the item being 
welded, 

A Current Transformer is a step-up transformer. The primary consists of a single turn 
(or maybe 2 - 5 turns) and the secondary has 100 turns (or more). 

This means the voltage seen by the primary will be increased 100 times and appear 
as anything from a few hundred millivolts to a few volts, depending on the quality of 
the coupling. (the magnetic coupling between the wire through the centre of the 
core, the quality of the core to transfer this magnetic flux to the secondary turns.) 
This voltage is then passed to a low value resistor, where the voltage is reduced to a 
level that suits the detection circuit and the resulting millivolts is Interpreted as 
current in the wire being tested. 

Recapping: 

The reading on the secondary has no relation to the current in the primary. We need 
to add a LOAD RESISTOR and create a table before we can use the transformer. 
There is no such thing as a CURRENT TRANSFORMER. It is really an INSTRUMENT 
TRANSFORMER and the scale has been marked in units of CURRENT after 
measurements have been made. (INSTRUMENT TRANSFORMER means it is a device 
that helps us to produce a connection between current flowing through a wire and a 
reading on a meter or display). 

If we connect a load to the secondary, (say an ammeter), it will produce a reading 
that increases when the current through the single primary turn is increased. That's 
because the ammeter is a LOAD. But the reading is meaningless until be calibrate 
the scale. 
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Now, lets look at the primary. 
‘A wire (or cable) through the centre of the core is counted as one turn. If the turn is 
wrapped around the core, the coupling will be improved, but if we always use a 
straight wire, it does not matter where it is positioned inside the centre of the core. 
It does not matter if the magnetic interaction of the flux from the wire is good or 
bad, we just have to keep to the same way of using the transformer. 

The calibration can be done with any poor coupling and the result will be accurate for 
all future readings. 

If a low-value resistor is placed across the secondary, the voltage across this resistor 
will increase and also the current through it will increase. But we are not going to 
measure the current through the resistor. We are going to measure the voltage 
across the resistor and by taking lots of reading we will finish up with a scale or table 
and this is called CALIBRATION. The results will be equated to the current flowing 
through the primary wire (primary turn). 

A clamp meter uses a current transformer and the jaws must be closed completely 
and cleanly for the flux to flow around the core and produce a reading in the 
secondary 

Dirt in the jaws will reduce the reading considerably. 

You cannot measure the current in a "power cord” because it contains both the 
active and neutral wires. 

Even though the current is a maximum in both conductors at the same time, the 
current is flowing in two different directions and the magnetic flux produced by one 
conductor is clockwise and the other is anticlockwise and they are cancelled by each 
other. 


1turn 1 turn 
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Identifying ONE TURN. 
The quality (the coupling) of a single STRAIGHT wire 


through the centre of a core is very poor 
but if all readings are taken with this amount 
of coupling, the readings will be accurate, as the 
calibrations have been done with this arrangement. 


OPTO ISOLATORS and OPTO COUPLERS 
Opto Isolators and Opto Couplers are the same thing. A common opto-coupler is 
N35. It is used to allow two circuits to exchange signals yet remain electrically 
isolated. The signal is applied to the LED, which shines on a silicon NPN photo- 
transistor in the IC. 

The light is proportional to the signal, so the signal is transferred to the photo 
transistor to turn it on a proportional amount. Opto-couplers can have Light 
Activated SCR's, photodiades, TRIAC’s and other semiconductor devices as an 
output. The 4N35 opto-coupler schematic is shown belo 
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An opto-Coupler using a TRIAC 
Note: the pinout is different to 4N35 


TESTING AN OPTO COUPLER 

Most multimeters cannot test the LED on the input of an opto-coupler because the 
‘ohms range does not have a voltage high enough to activate the LED with at least 
2ma. 

You need to set-up the test-circuit shown above with a 1k resistor on the input and 
1k5 on the output. When the 1k is connected to 12v, the output LED will illuminate. 
The opto-coupler should be removed from circuit to perform this test. 


TRANSISTORS 

Transistors are solid-state devices and although they operate completely differently 
to a diode, they appear as two back-to-back diodes when tested. 

There are basically 2 types of transistor NPN and PNP. 

A transistor is sometimes referred to as BJT (Bi-polar Junction Transistor) to 
distinguish it from other types of transistor such as Field Effect transistor, 
Programmable Unijunction Transistor and others. 


In the following diagram, two diodes are connected together and although the 
construction of a transistor is more complex, we see the transistor as two diodes 
when testing it. 
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ATRANSISTOR APPEARS AS TWO DIODES WHEN TESTING IT 


All transistors have three leads. Base (b), Collector (c), and Emitter (e). 
For an NPN transistor, the arrow on the emitter points away from the base. 

It is fortunate that the arrow on both symbols points in the direction of the flow of 
current (Conventional Current) and this makes it easy to describe testing methods 
using our simplified set of instructions. The symbols have been drawn exactly as 
they appear on a circuit diagram. 


All transistors are the same but we talk about digital and analogue transistors. 
There is no difference between the two. 

The difference is the circuit. And the only other slight difference between transistors 
is the fact that some have inbuilt diodes and resistors to simplify the rest of the 
circuit, 

All transistors work the same way. The only difference is the amount of amplification 
they provide, the current and voltage they can withstand and the speed at which 
they work. For simple testing purposes, they are all the same. 


NPN transistors are the most common and for an NPN transistor, the following 
applies. 

(the opposite applies for PNP) 

To test a transistor, there is one thing you have to know: 

When the base voltage is higher than the emitter, current flows though the 
collector-emitter leads. 

As the voltage is increased on the base, nothing happens until the voltage reaches 
0.55v. At this point a very small current flows through the collector-emitter leads. As 
the voltage Is increased, the current-flow increases. At about 0.75y, the current-flow 
is a MAXIMUM. (can be as high as 0.9v). That's how it works. A transistor also needs 
current to flow into the base to perform this amplifying function and this is the one 
feature that separates an ordinary transistor from a FET. 


If the voltage on the base is Ov, then instantly goes to 0.75v, the transistor initially 
passes NO current, then FULL current. The transistor is said to be working in its two 
states: OFF then ON (sometimes called: "cut-off" and "saturation"). These are called 
digital states and the transistor is said to be a DIGITAL TRANSISTOR or a 
SWITCHING TRANSISTOR , working in DIGITAL MODE. 


If the base is delivered 0.5v, then slowly rises to 0.75v and slowly to 0.65v, then 


0.7, then 0.56v etc, the transistor is said to be working in ANALOGUE MODE and 
the transistor is an ANALOGUE TRANSISTOR. 

Since a transistor is capable of amplifying a signal, it is said to be an active device. 
Components such as resistors, capacitors, inductors and diodes are not able to. 
amplify and are therefore known as passive components. 


In the following tests, use your finger to provide the TURN ON voltage for the base 
(this is 0.55v to 0.7v) and as you press harder, more current flows into the base and 
thus more current flows through the collector-emitter terminals. As more current 
flows, the needle of the multimeter moves UP-SCALE 


TESTING A TRANSISTOR ON A DIGITAL METER 

Testing a transistor with a Digital Meter must be done on the "DIODE" setting as a 
digital meter does not deliver a current through the probes on some of the resistance 
settings and will not produce an accurate reading. 

The "DIODE" setting must be used for diodes and transistors. It should also be called 
a "TRANSISTOR" setting. 


TESTING AN unknown TRANSISTOR 
The first thing you may want to do is test an unknown transistor for COLLECTOR, 
BASE AND EMITTER. You also want to perform a test to find out if it is NPN or PNP. 
That's what this test will provide. 

You need a cheap multimeter called an ANALOGUE METER - a multimeter with a 
scale and pointer (needle). 

It will measure resistance values (normally used to test resistors) - (you can also 
test other components) and Voltage and Current. We use the resistance settings. It 
may have ranges such as "x10" "x100" "xk" "x10" 

Look at the resistance scale on the meter. It will be the top scale. 

The scale starts at zero on the right and the high values are on the left. This is 
opposite to all the other scales. 

When the two probes are touched together, the needle swings FULL SCALE and reads 
"ZERO." Adjust the pot on the side of the meter to make the pointer read exactly 
zero. 


How to read: "x10" "x10" “xtk" "x10" 
Up-scale from the zero mark is "1" 

When the needle swings to this position on the "x10" setting, the value is 10 ohms. 
When the needle swings to "1" on the "x10" setting, the value is 100 ohms. 

When the needle swings to "1" on the "x1k" setting, the value is 1,000 ohms = 1k. 
When the needle swings to "1" on the "x10k" setting, the value is 10,000 ohms 
10k. 

Use this to work out all the other values on the scale. 

Resistance values get very close-together (and very inaccurate) at the high end of 
the scale. [This is just a point to note and does not affect testing a transistor.] 


Step 1 - FINDING THE BASE and determining NPN or PNP 
Get an unknown transistor and test it with a multimeter set to "x10" 

Try the 6 combinations and when you have the black probe on a pin and the red 
probe touches the other pins and the meter swings nearly full scale, you have an 
NPN transistor. The black probe is BASE 

If the red probe touches a pin and the black probe produces a swing on the other 
two pins, you have a PNP transistor. The red probe is BASE 

If the needle swings FULL SCALE or if it swings for more than 2 readings, the 
transistor is FAULTY. 
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Step 2 - FINDING THE COLLECTOR and EMITTER 
Set the meter to "x10k." 


For an NPN transistor, place the leads on the transistor and when you press hard on 
the two leads shown in the diagram below, the needle will swing almost full scale. 
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For a PNP transistor, set the meter to "x10k" place the leads on the transistor and 
when you press hard on the two leads shown in the diagram below, the needle will 


swing almost full scale. 
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Here is the equivalent circuit: 
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SIMPLEST TRANSISTOR TESTER 

The simplest transistor tester uses a 9v battery, 1k resistor and a LED (any colour), 
Keep trying a transistor in all different combinations until you get one of the circuits 
below. When you push on the two leads, the LED will get brighter. 

The transistor will be NPN or PNP and the leads will be identified: 


Here is the equivalent circuit 
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Here is the equivalent circuit: 
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The leads of some transistors will need to be bent so the pins are in the same 
Positions as shown in the diagrams. This helps you see how the transistor is being 
turned on. This works with NPN, PNP transistors and Darlington transistors. 
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HEATSINKING 

Heat generated by current flowing between the collector and emitter leads of a 
transistor causes its temperature to rise. This heat must be conducted away from the 
transistor otherwise the rise may be high enough to damage the P-N junctions inside 
the device. Power transistors produce a lot of heat, and are therefore usually 
mounted on a piece of aluminium with fins, called a HEATSINK. 

This draws heat away, allowing it to handle more current. Low-power signal 
transistors do not normally require heat sinking. Some transistors have a metal body 
or fin to connect to a larger heatsink. If the transistor is connected to a heatsink with 
a mica sheet (mica washer), it can be damaged or cracked and create a short-circuit. 
(See Testing Mica Washers). Or a small piece of metal may be puncturing the mica. 
Sometimes white compound called Heatsink Compound is used to conduct heat 
through the mica. This is very important as mica Is a very poor conductor of heat 
and the compound is needed to provide maximum thermal conduction. 


TRANSISTOR FAILURE 

Transistor can fail in a number of ways. They have forward and reverse voltage 
ratings and once these are exceeded, the transistor will ZENER or conduct and may 
fail. In some cases a high voltage will "puncture" the transistor and it will fail 
instantly. In fact it will fail much faster via a voltage-spike than a current overload. 


It may fail with a "short" between any leads, with a collector-emitter short being the 
most common. However failures will also create shorts between all three leads. 

A shorted transistor will allow a large current to flow, and cause other components to 
heat up. 

Transistors can also develop an open circuit between base and collector, base and 
emitter or collector and emitter. 

The first step in identifying a faulty transistor is to check for signs of overheating. It 
may appear to be burnt, melted or exploded. When the equipment is switched off, 
you can touch the transistor to see if it feels unusually hot. The amount of heat you 
feel should be proportional to the size of the transistor's heat sink. If the transistor 
has no heat sink, yet is very hot, you can suspect a problem 

DO NOT TOUCH A TRANSISTOR IF IT IS PART OF A CIRCUIT THAT CARRIES 240VAC. 
Always switch off the equipment before touching any components. 


TRANSISTOR REPLACEMENT 
If you can't get an exact replacement, refer to a transistor substitution guide to 
identify a near equivalent. 


The important parameters are: 
- Voltage 
~ Current 
- Wattage 
- Maximum frequency of operation 


The replacement part should have parameters equal to or higher than the original. 


Points to remember: 

- Polarity of the transistor i.e. PNP or NPN. 

- At least the same voltage, current and wattage rating. 

- Low frequency or high frequency type. 

~ Check the pinout of the replacement part 

- Use a desoldering pump to remove the transistor to prevent damage to the 
printed circuit board, 

- Fit the heat sink. 

~ Check the mica washer and use heat-sink compound 

ighten the nut/bolt - not too tight or too loose. 

- Horizontal output transistors with an integrated diode should be replaced with the 
same type. 


DIGITAL TRANSISTORS 

There is no such thing as a DIGITAL TRANSISTOR or an AUDIO TRANSISTOR. 

All transistors are just "TRANSISTORS" and the surrounding components as well as 
the type of signal, make the transistor operate in DIGITAL MODE or ANALOGUE 
MODE. 

But we have some transistors that have inbuilt resistors to make them suitable for 
connecting to a digital circuit without the need for a base resistor. 

Here is the datasheet for an NPN transistor BCR135w and PNP datasheet for 
BCR18Sw. 

These transistors are called "Digital Transistors" because the "base lead” can be 
connected directly to the output of a digital stage. This "lead" or "pin" is not really 
the base of the transistor but a 4k7 (or 10k) resistor connected to the base allows 
the transistor to be connected to the rest of a digital circuit. 

You cannot actually get to the base. The resistor(s) are built into the chip and the 
transistor is converted into a "Digital Transistor" because it will accept Sv on the "b" 


lead. 
The 47k is not really needed but it makes sure the transistor is fully turned OFF if the 
signal on the "b" lead is removed (in other words - if the input signal is converted to 
a high-impedance signal - see tri-state output from microcontrollers for a full 
explanation). 

This transistor is designed to be placed in a circuit where the input changes from low 
to high and high to low and does not stop mid-way. This is called a DIGITAL SIGNAL 
and that is one reason why the transistor is called a digital transistor. (However you 
could stop half-way but the transistor may heat up and get too hot). 

Any transistor placed in a digital circuit can be called a “digital transistor” but it is 
better to say it is operating in DIGITAL MODE. 
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I transistor has two resistors included inside the case 
R1 is about 10k and R2 is approx 47k 
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Equivalent circuit of the digital transistor 


These transistors can be made to work in analogue circuits 
because they are ordinary transistors with a 10k base resistor, 
but you will have to know what you are doing. 
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“high” input “low” output 
Transistor in saturation 


The circuit above shows the digital transistor is designed to allow a voltage of Sv to 
be supplied to the "base" pin and the transistor will Fully Conduct. 

This type of transistor saves putting a base resistor on the PC board. 

It can be tested just like a normal transistor but the resistance between base and 
emitter will be about 5k to 50k in both directions. If the collector-emitter is low in 
both directions the transistor is damaged. 

Here's how to look at how the transistor works: 

The 10k resistor on the base will allow 0.5mA to flow into the base. But the 47k will 
reduce this to 0.4mA. If the transistor has a gain of 100, the collector-emitter 
current can be 40mA. 

To determine the current capability of the transistor, connect 100R load and turn the 
transistor ON. This will allow about 100mA for the collector-emitter current. Measure 
the collector-emitter voltage. If it is more than 0.5y, the transistor is OVER- 
LOADED. 


DARLINGTON TRANSISTORS 

‘A DARLINGTON TRANSISTOR is two transistors in a single package with three leads. 
They are internally connected in cascade so the gain of the pair Is very high. This 
allows a very small input signal to produce a large signal at the output. They have 
three leads (Base, Collector and Emitter and can be PNP or NPN) and are equivalent 
to the leads of a standard individual transistor, but with a very high gain. The second 
advantage of a Darlington Transistor is its high input impedance. It puts very little 
load on the previous circuit, 

Some Darlington transistors have a built-in diode and/or built-in resistor and this will 
Produce a low reading in both directions between the base and emitter leads. 
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Darlington transistors are tested the same as an ordinary transistor and a multimeter 
will produce about the same deflection, even though you will be measuring across 
two junctions, (and a base-emitter resistor is present). 


HORIZONTAL OUTPUT TRANSISTORS, SWITCH-MODE 
TRANSISTORS, FLYBACK TRANSISTORS, POWER 
TRANSISTORS, VERTICAL TRANSISTORS .... 


These are all names given to a transistor when it is used in a particular circuit. ALL 
these transistors are the same for testing purposes. 

We are not testing for gain, maximum voltage, speed of operation or any special 
feature. We are just testing to see if the transistor is completely faulty and 
SHORTED. 

A transistor can have lots of other faults and the circuit using the transistor is the 
best piece of TEST EQUIPMENT as it is detecting the fault. 


TESTING MOSFETs and FETs 

MOSFETs and JFETs are all part of the FET family. 
MOSFET stands for Metal Oxide Semiconductor Field Effect Transistor. 

FETs operate exactly the same as a “normal” transistor except they have different 
names for the input and output leads and the voltage between the gate and the 
source has to between 2v to Sv for the device to turn on fully. A FET requires almost 
NO CURRENT into the Gate for it to turn on and when it does, the voltage between 
drain and source is very low (only a few mV). This allows them to pass very high 
currents without getting hot. There is a point where they start to turn on and the 
input voltage must rise higher than this so the FET turns on FULLY and does not get 
hot. 

Field Effect Transistors are difficult to test with a multimeter, but "fortunately" 
when a power MOSFET blows, it is completely damaged. All the leads will show a 
short circuit. 99% of bad MOSFETs will have GS, GD and DS shorted. 

The following symbols show some of the different types of MOSFETs: 


D Drain 


Gate N-channel 


“| c 


[Source 


& 
ac 


D D 
S 
G 
Is Is 
Is s s s s 
s GS 
ID ID 


6 Pochannel 
Ls i) D 
JFET MOSFET MOSFET enhanced MOSFET 
enhancement without buk (body terminal) shown depletion 
made mode 


Most MOSFET transistors cannot be tested with a multimeter. This due to the fact 
that the Gate needs 2v - Sv to turn on the device and this voltage is not present on 
the probes of either meter set to any of the ohms ranges. 

You need to build the following Test Circuit: 
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Touching the Gate will increase the voltage on the Gate and the MOSFET will turn ON 
and illuminate the LED. Removing your finger will turn the LED off. 

Large devices such as the TO-220 types shown above do not like static electricity on 
the gate and you have to be careful not to "spike" the gate with any static. Generally 
this type of device is not "super sensitive” and you can use your finger or a large 
value resistor. 

When replacing one of these devices, there are 2 things to match-up. 

Voltage and Current. 

In most cases, the "turn-ON" resistance (the resistance between Source and Drain) 
will be the same (something like 22 milli ohms) and the speed of operation will be 
ok. 

Check the voltage needed to turn the gate ON and make sure you can supply the 
required voltage. 


SILICON CONTROLLED RECTIFIERs (SCR) 

The Silicon Controlled Rectifier (SCR) is a semiconductor device that is a member 
of a family of control devices known as Thyristors. It is a 3-leaded device and when 
a small current enters the Gate, the thyristor turns on. AND STAYS ON. It only 
conducts current between Anode and Cathode in one direction and it is mainly only 
used in DC circuits. When it is used with AC, it will only conduct for a maximum of 
half the cycle. 
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To understand how an SCR "latches" when the gate is provided with a small current, 
we can replace it with two transistors as shown in diagram B above. When the ON 
button is pressed, the BC547 transistor turns on. This turns ON the BC5S7 and it 
takes over from the action of the switch. 

To turn the circuit off, the OFF button removes the voltage from the base of the 
BCS47. 


Testing an SCR 

‘An SCR can be tested with some multimeters but a minimum current Anode-to- 
Cathode is needed to keep the device turned on. Some multimeters do not provide 
this amount of current and the SCR Tester circuit above is the best way to test 
these devices. 

Shorted SCRs can usually be detected with an ohmmeter check (SCRs usually fail 
shorted rather than open). 

Measure the anode-to-cathode resistance in both the forward and reverse direction; 
a good SCR should measure near infinity in both directions. 

Small and medium-size SCRs can also be gated ON with an ohmmeter (on a digital 
meter use the Diode Check Function). Forward bias the SCR with the ohmmeter by 
connecting the black ( - ) lead to the anode and the red ( + ) lead to the cathade 


(because the + of the battery is connected to the negative lead, in most analogue 
multimeters). Momentarily touch the gate lead to the anode while the probes are still 
touching both leads; this will provide a small positive turn-on voltage to the gate and 
the cathode-to-anode resistance reading will drop to a low value. Even after 
removing the gate voltage, the SCR will stay conducting. Disconnecting the meter 
leads from the anode or cathode will cause the SCR to revert to its non-conducting 
state. 

When making the above test, the meter impedance acts as the SCR load. On larger 
SCRs, it may not latch ON because the test current is not above the SCR holding 
current. 


Using the SCR Tester 
Connect an SCR and press Switch2. The lamp should not illuminate. If it illuminates, 
the SCR is around the wrong way or it is faulty. 

Keep Switch 2 PRESSED. Press Swi very briefly. The lamp or motor will turn ON and 
remain ON. Release Sw 2 and press it again. The Lamp or motor will be OFF. 


TRIACs 

A triac is a bidirectional, three-terminal dual, back-to-back thyristor (SCR) switch. 
This device will conduct current in both directions when a small current is constantly 
applied to the Gate. 

If the gate is given a small, brief, current during any instant of a cycle, it will remain 
triggered during the completion of the cycle until the current though the Main 
Terminals drops to zero. 

This means it will conduct both the positive and negative half-cycles of an AC 
waveform. If it Is tuned on (with a brief pulse) half-way up the positive waveform, it 
will remain on until the wave rises and finally reaches zero. If it is then turned on 
(with a brief pulse) part-way on the negative wave, the result will be pulses of 
energy and the end result will be about 50% of the full-energy delivered at a rate of 
100 times per second for a SOHZ supply. 

TRIACS are particularly suited for AC power control applications such as motor speed 
control, light dimmers, temperature control and many others. 
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Using the TRIAC Tester 

Connect a TRIAC and press Switch2. The lamp should not illuminate. If it illuminates, 
the TRIAC is faulty. 

Keep Switch 2 PRESSED. Press Sw1 very briefly. The lamp or motor will turn ON and 
remain ON. If the lamp does not turn on, reverse the TRIAC as the current into the 
gate must produce a slight voltage between Gate and Main Terminal 1. 

Release Sw 2 and press It again. The Lamp or motor will be OFF. 
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MICA WASHERS AND INSULATORS. 

Plastic insulating sheets (washers) between a transistor and heatsink are most often 
made from mica but some are plastic and these get damaged over a period of time, 
turn dark and become cracked. 

The plastic eventually becomes carbonized and conducts current and can affect the 
operation of the appliance. You can see the difference between a mica sheet 
(washer) and plastic by looking where it extends from under the transistor. Replace 
all plastic insulators as they eventually fail 


SPARK GAPS 

Some TV's and monitors with a CRT (picture tube), have spark gaps either on the 
socket at the end of the tube or on the chassis. 

These can consist of two wires inside a plastic holder or a glass tube or special 
resistive device. 

The purpose of a spark gap is to take any flash-over (from inside the tube), to earth. 
This prevents damage to the rest of the circuit. 

However if the tube constantly flashes over, a carbon track builds up between the 
wires and effectively reduces the screen voltage. This can cause brightness and/or 
focus problems. Removing the spark-gap will restore the voltage. 

These are not available as a spare component and it's best to get one from a 
discarded chassis. 


CO-AX CABLES 

Co-Ax cables can produce very high losses and it seems impossible that a few metres 
of cable will reduce the signal. The author has had a 3 metre cable reduce the signal 
to "snow" so be aware that this can occur. Faults can also come from a splitter 
and/or balun as well as dirty plugs and sockets. This can result in very loud bangs in 
the sound on digital reception. 


TESTING EARTH LEAKAGE DETECTORS or 

Residual Current Devices or 

Ground Fault Circuit Interrupters or GFCI 

‘An Earth Leakage Detector or Sensor is a circuit designed to continuously monitor 
the imbalance in the current in a pair of load carrying conductors. 

These two conductors are normally the Active and Neutral. Should the imbalance 
current reach 30mA the sensor will "trip" and remove the voltage (and current) from 


the line being monitored. 

Some detectors will trip at 15mA. 

You cannot alter the sensitivity of the device however there are a number of faults in 
these devices that can be fixed. 

In some devices the contact pressure for the 10Amp or 15 Amp contacts is very 
weak and they arc and produce an open circuit. The result is this: When you press 
the rest button, power is not restored to the output. 

Clean the contacts with a small file and bend the metal strips to the contacts so they 
make a very strong contact. 

The other fault is the trip mechanism. 

The magnetism from the coil does not allow the pin to move and "trip" the contacts. 
It may be due to a small metal filing or the pin not moving freely enough. 

All good Earth Leakage Detectors have a TEST BUTTON. This connects a resistor 
between the active line and earth so that 15mA or 30mA flows. 

The detector should trip immediately. Make sure the trigger mechanism trips when 
the test button is pressed. 

None of the electronics in the detector can be replaced however you can test the 
mechanical operation and the pressure on the contacts when the unit is removed 
from the power. Do not work on the device when it is connected to the mains. 


TESTING CELLS AND BATTERIES 

There is an enormous number of batteries and cells on the market and a number of 
"battery testers.” Instead of buying a battery tester that may give you a false 
reading, here is a method of testing cells that is guaranteed to work. 

There are two types of cell: a rechargeable cell and a non rechargeable cell. 


The easiest way to test a rechargeable cell is to put a group of them in an 
appliance and use them until the appliance "runs down" or fails to work. If you 
consider the cells did not last very long, remove them and check the voltage of each 
cell. The cell or cells with the lowest voltage will be faulty. You can replace them with 
new cells or good cells you have in reserve. 

There is no other simple way to test a rechargeable cell. 

You cannot test the "current of a cell” by using an ammeter. A rechargeable cell can 
deliver 10 amps or more, even when nearly discharged and you cannot determine a 
good cell for a faulty cell. 


Dry cells are classified as "non-rechargeable" cells, 

DRY CELLS and MANGANESE CELLS are the same thing. These produce 1.5v per cell 
(manganese means the Manganese Dioxide depolariser inside the cell. All "dry cells" 
Use manganese dioxide). 

ALKALINE CELLS produce between 2 - 10 times more energy than a "dry cell" and 
produce 1.5v per cell. 

Alkaline cells can fail for no reason at any stage in their life and are not 
recommended for emergency situations. 

The output voltage of some Alkaline cells can fall to 0.7v or 0.9v for not apparent 
reason. 

There are lots of other cells including "button cells," hearing-aid cells, air cells, and 
they produce from 1.2v to 3v per cell. 


Note: 

Lithium cells are also called "button cells" and they produce 3v per cell. 

Lithium cells are non-rechargeable (they are generally called "button cells") but 
some Lithium cells can be recharged. These are Lithium-ion cells and generally have 
a voltage of 3.6v. Some Lithium-ion cells look exactly like 3v Lithium cells, so you 
have to read the data on the cell before charging. 


You cannot test the voltage of a cell and come to any conclusion as to the age of the 
cell or how much energy remains. The voltage of a cell is characteristic to the 
chemicals used and the actual voltage does not tell you its condition. 

Some "dry cells" deliver 1.5v up to the end of their life whereas others drop to about 
1.1v very quickly. 


‘Once you know the name of the cell that drops to 1.1V, avoid them as the operation 
of the equipment "drops off" very quickly. 


However if you have a number of different cells and need to know which ones to 
keep, here's the solution: 


1. Check the voltage and use those with a voltage above 1.1v 

2. Next, select 500mA or 10A range on a meter and place the probes on a cell. For a 
‘AAA or AA cell, the current should be over S00mA and the needle will swing full scale 
very quickly. 

Keep the testing short as you are short-circuiting the cell but it is the only way to 
determine the internal impedance of the cell and this has a lot to do with its stage- 
of-charge. 

This will give you a cell with a good terminal voltage and a good current capability. 


This also applies to button cells, but the ma: 
less. 

If you want to get the last of the energy out of a group of cells they can be used in 
the following circuits: 
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TESTING PIEZO DIAPHRAGMS and PIEZO BUZZERS 

There are two types of piezo devices that produce a sound. 

They are called PIEZO DIAPHRAGMS and PIEZO BUZZERS. 

A piezo diaphragm consists of two metal plates with a ceramic material between. 
The ceramic expands and contracts when an alternating voltage is placed on the two 
plates and this causes the main plate to "dish" and "bow." 

This creates a high-pitched sound. There are no other components inside the case 
and it requires an AC voltage of the appropriate frequency to produce a sound. 

A piezo buzzer has a transistor and coil enclosed and when supplied with a DC 
voltage, the buzzer produces a sound. 

Both devices can look exactly the same and the only way to tell them apart is by 
connecting a 9v battery. One device may have "+' and "=" on the case to indicate it 
is a piezo buzzer, but supplying 9v will make the buzzer produce a sound while the 
piezo diaphragm will only produce a “click.” 


PIEZO DIAPHRAGM PIEZO BUZZER 


A piezo diaphragm will produce a click 
when connected to 9v DC. 
A piezo buzzer will produce a tone when 
connected to a DC voltage. 


How a PIEZO BUZZER WORKS 
A Piezo Buzzer contains a transistor, coil, and piezo diaphragm and produces sound 
when a voltage is applied. The buzzer in the circuit above is a PIEZO BUZZER. 


The circuit starts by the base receiving a small current from the 220k resistor. This produces a 
‘small magnetic flux in the inductor and after a very short period of time the current does not 
increase. This causes the magnetic flux to collapse and produce a voltage in the opposite 
direction that is higher than the applied voltage. 

3 wires are soldered to pieces of metal on the top and bottom sides of a ceramic substrate that 
expands sideways when it sees a voltage. The voltage on the top surface is passed to the small 
electrode and this positive voltage is passed to the base to tum the transistor ON again. This 
time itis turned ON more and eventually the transistor is fully tumed ON and the current through 
the inductor is not an INCREASING CURRENT by a STATIONARY CURRENT and once again 
the magnetic flux collapses and produces a very high voltage in the apposite direction. This, 
voltage is passed to the piezo diaphragm and causes the electrode to “Dish” and produce the 
characteristic sound. At the same time a small amount is "picked-off” and sent to the transistor to 
create the next cycle, 


TESTING A SPEAKER 


A speaker (also called a loud speaker) has coil of wire wrapped around a magnet but it does not 


touch the magnet as it is wound on a thin cardboard former so that the coil will be pulled closer to 
the magnet when a current flows in the coil 

When the current flows in the other direction, the coil moves away from the magnet. 

The coil is called voice coil and it is connected to a sheet of thin card called a CONE and as the 
cone vibrates, the speaker reproduces music or noise. 

Use a multimeter on a low ohms scale to read the value of resistance of the coil 

It can be as low as 2 ohms or as high as 100 ohms. 

Most speakers have an 8R voice coil and the actual resistance may be slightly lower than this. 
‘Some speakers have a resistance of 16R, 32R or 50R and even 75 ohms. 

‘You would think putting a 16R speaker in place of 8 would reduce the sound output, but this is 
not always the case. 

You can even use 50R or 75R and get the same performance 

This may sound amazing, but here is the reason. 

‘The cone is deflected a certain amount due to the current flowing and the number of turns. 

‘These two values are multiplied together to produce a value called AMP-TURNS. 

If we have an 8R speaker with 80 tums and 100mA, the result is 0.1 x 80 
If we use a 16R speaker, the average current flow will be 50mA and the number of turns will be 
about 160. The multiplication of 0.05 x 160 
‘The author then tried a 50R speaker and the sound output was equal to 8R and the same with 
75R speaker. 

This might not apply in all situations, but the 75R speaker was slightly larger and the ticking 
sound form the Metal Detector kit was louder than using an 8R mini speaker. 


To see if the cone of a speaker is undamaged, push it slightly and it will move towards the 
magnet. Ifit does not move, it is bent or damaged. If the cone is scratchy when pushed, itis 
rubbing against the magnet. 

‘cone should be able to be pushed and pulled from its rest-state. If not, it will produce a distorted 
sound. 


TESTING A CIRCUIT 

Whenever you test a circuit, the TEST EQUIPMENT puts "a load" or "a change" on it. 
It does not matter if the test equipment is a multimeter, Logic Probe, CRO, Tone 
Injector or simply a LED and resistor. 

There are two things you need to know. 

1, The IMPEDANCE of the circuit at the location you are testing, and 

2. The amount of load you are adding to the circuit via the test equipment. 


There is also one other hidden factor. The test equipment may be injecting "hum" 
due to its leads or the effect of your body at absorbing hum from the surroundings or 
the test equipment may be connected to the mains. 

These will affect the reading on the test equipment and also any output of the circuit. 
Sometimes the test equipment will prevent the circuit from working and sometimes it 
will just change the operating conditions slightly. You have to be aware of this. 

The last section of this eBook covers High and Low Impedance and understanding 
impedance is something you need to know. 

The point to note here is the fact that the equipment (and the reading) can be upset 
by hum and resistance/capacitance effects of test equipment. This is particularly 
critical in high impedance and high frequency circuits. 


TESTING INTEGRATED CIRCUITS (IC's) 

Integrated Circuits can be tested with a LOGIC PROBE. A Logic Probe will tell you if a 
line is HIGH, LOW or PULSING. 

Most logic circuits operate on Sv and a Logic Probe is connected to the Sv supply so 
the readings are accurate for the voltages being tested. 

A Logic Probe can also be connected to a 12v CMOS circuit. 

You can make your own Logic Probe and learn how to use it from the following link: 


http://www talkingelectronics.com/projects/L ogicProbe MKIIB/LogicProbeMk-11B.htm! 
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LOGIC PROBE with PULSE 


This is a very simple transistor circuit to provide HIGH-LOW-PULSE indication for digital circuits. 
It can be built for less than $5.00 on a piece of matrix board or on a small strip of copper clad 
board if you are using surface mount components. The probe will detect a HIGH at 3v and thus 
the project can be used for 3v, 5v and CMOS circuits. 


Probe 


LOGIC PROBE using CD4001 and CD4011 

Here is a simple Logic Probe using a single chip. The circuits have been designed for 
the CD4001 CMOS quad NOR gate and CD4011 CMOS NAND gate. The output has 
an active buzzer that produces a beep when the pulse LED illuminates (the buzzer is 
not a piezo-diaphragm but an active buzzer containing components). 


+Ver Power. 


cD 4001 


a 


(pt90n 


lis 


i 
Pa 


3y-12y pezo buzzer 


Pulse 
yellow 
Led 


| 
xy 
I! 


Vee 


TE 


TE 


cD 4011 


a 


3v-12vpiezo buzzer T 


Wy yelow 


POWEE 6 cli 
LED 
ovPower 
‘li 


SUPER PROBE MkII has 20 different features including a Logic Probe, capacitance 


tester, Inductance tester, and more 
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SUPER PROBE Mill Circuit 


‘SUPER PROBE Mkil 


To test an IC, you need a circuit diagram with waveforms. These diagrams will show 
the signals and are very handy if a CRO (cathode ray Oscilloscope ) is used to 
diagnose the problem. The CRO will reproduce the waveform and prove the circuit is 
functioning correctly. 

A Logic Probe will just show activity and if an output is not producing a “pulse” or 
"activity," you should check the power to the IC and test the input line. 

It is beyond the scope of this eBook to explain how to diagnose waveforms, however 
it is important to know if signals are entering and exiting an IC and a Logic Probe is, 
designed for this. 


SIGNAL INJECTOR 

This circuit is rich in harmonics and is ideal for testing amplifier circuits. To find a 
fault in an amplifier, connect the earth clip to the Ov rail and move through each 
stage, starting at the speaker. An increase in volume should be heard at each 
preceding stage. This Injector will also go through the IF stages of radios and FM 
sound sections in TV's. 


TESTING AUDIO AMPLIFIERS and AUDIO IC's 

The Super Probe MII described above has a "noise" function and a tone function 
that allows you to inject a signal into an audio stage, amplifier (made from discrete 
components) or an audio chip, and detect the output on a speaker. 

‘Audio stages are very difficult to work-with if you don't have a TONE GENERATOR or 
SIGNAL INJECTOR. 

The signals are very small and not detected by a multimeter. 

You can start anywhere in an amplifier and when a tone is heard, you can keep 
probing until the signal is not present or louder. From this you can work out which 
way the signal is travelling, 

A Signal Injector is very handy for finding shorts and broken wires in switches, plugs, 
sockets and especially leads to headphones. 

You can determine the gain of a stage (amplification) by probing before and after a 
chip or transistor and listen for the relative increase in volume from the speaker. 
You can also use your finger to produce "hum" or "buzz" if a Signal Injector is not 
available. 

Nearly all audio problems are plugs, sockets and cracks in the PC board, but finding 
them takes a lot of time and skill. 


TESTING IC's - also called "CHIPS" 


An Integrated Circuit is also called a "chip." It might have 8 pins or as many as 40. 
‘Some chips are ANALOGUE. This means the input signal is rising and falling slowly 
and the output produces a larger version of the input. 

Other chips are classified as DIGITAL and the input starts at Ov and rises to rail 
voltage very quickly. The output does exactly the same - it rises and falls very 
quickly. 

You might think the chip performs no function, because the input and output voltage 
has the same value, but you will find the chip may have more than one output and 
the others only go high after a number of clock-pulses on the input, or the chip may 
be outputting when a combination of inputs is recognised or the output may go HIGH 
after a number of clock pulses. 


ANALOGUE CHIPS (also see above) 

Analogue chips are AUDIO chips or AMPLIFIER chips. 

To test these chips you will need three pieces of test equipment: 
1. A multimeter - this can be digital or analogue. 

2. A Signal Injector 

3. A Mini Bench Amplifier. 


The Mini Bench Amplifier is available as a 


MINI BENCH AMPLIFIER 


MINI BENCH AMPLIFIER CIRCUIT 


Start by locating the power pin with a multimeter. 

If the chip is receiving a voltage, you can use the Mini Bench Amplifier to detect an 
output. 

Connect the Ground Lead of the Mini Bench Amplifier to Ov and touch the Probe tip 
on each of the pins. 

You will hear faint audio on the Input pin and very loud audio on the Output pin. 

If no input is detected, you can use a Signal Injector to produce a tone. 


Connect the clip of the Signal Injector to Ov and the probe to the input pin of the 
amplifier chip. At the same time, connect the Mini Bench Amplifier to the output pin 
and you will hear a very loud tone. 

These pieces of test equipment can also be used to diagnose an amplifier circuit 
constructed with individual components. 

Amplifier circuits using discrete components are very hard to trouble-shoot and these 
pieces of test equipment make it very easy. 


DIGITAL CHIPS 

It is always best to have data on the chip you are testing, but if thi 
you will need three pieces of equipment: 

1. A multimeter - this can be digital or analogue. 

2. A Logic Probe, 

3. A logic Pulser. 

Firstly test the chip to see if power is being delivered. This might be anything from 
3v3 to 15v. 

Place the negative lead of the multimeter on the earth rail of the project - this might 
be the chassis, or the track around the edge of the board or some point that is 
obviously Ov. 

Try all the pins of the chip and if you get a reading, the chip will have "supply." 
Identify pin 1 of the chip by looking for the "cut-out" at the end of the chip and you 
may find a small dimple below the cut-out (or notch). This is pin 1 and the "power 
pin" can be directly above or any of the other pins. 

Next you need to now if a signal is entering the chip. 

For this you will need a LOGIC PROBE. 

A Logic Probe is connected to the same voltage as the chip, so it will detect a HIGH 
and illuminate a red LED. 

Connect the Logic Probe and touch the tip of the probe on each pin. 

You will not know if a signal is an input or output, however if you get two or more 
active pins, you can assume one is input and the other is output. If none of the pins 
are active, you can assume the signal is not reaching this IC. 

If only one pin is active, you can assume the chip is called a CLOCK (or Clock 
Generator). This type of chip produces pulses. If more than two pins are active, you 
can assume the chip is performing its function and unless you can monitor all the 
pins at the same time, you don't know what is happening. 

This is about all you can do without any data on the chip. 


not available, 


If you have data on the chip, you can identify the input(s) and output(s). 

‘A Logic Probe on each of these pins will identify activity 

A Logic Probe has 3 LEDs. Red LED indicates a HIGH, Green indicates a LOW and 
Orange indicates a PULSE (activity). 

Some Logic Probes include a piezo and you can hear what is happening, so you don't 
take your eyes off the probe-tip. 

It is important not to let the probe tip slip between the pins and create a short- 
circuit. 


LOGIC PULSER 

If you have a board or a single chip and want to create activity (clock pulses), you 
can use a Logic Pulser. This piece of test equipment will produce a stream of pulses 
that can be injected into the clock-line (clock input) of a chip. 

You can then use a Logic Probe at the same time on the outputs to observe the 
operation of the chip. 


You can also use the Mini Bench Amplifier to detect "noise" or activity on the inputs 
and outputs of digital chips. 

This only applies if the frequency is in the audio range such as scanning a keyboard 
or switches or a display. 


This is how to approach servicing/testing in a general way. There are thousands of 
digital chips and if you want to test a specific chip for its exact performance, you will 
need to set-up a "test-bed." 


REMOTE CONTROLS 

There are two types of remote control - Infrared and RF. Infrared is used for short- 
range, line-of-sight for TV's DVD's etc. 

A few faults can be fixed, but anything complex needs a new remote control 

Check the batteries and battery-contacts. See if the IR LED is illuminating by 
focusing it into a digital camera and looking on the screen for illumination. 

The only other things are a sticky button, a worn-out button or a crack in the PC 
board. Water damage is generally too much work to repair. 

RF remote controls for cars, garage doors etc need a second working unit to check 
the power output. 

Here is a simple circuit that can be connected to an analog multimeter to detect the 
signal strength at a very close range: 
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To hear the tone from a transmitter, the Mini Bug Detector circuit can be used 
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MINI BUG DETECTOR 


Any further investigation requires a circuit diagram so you can work out what is 
actually being sent from the transmitter. 

Most of the time it is a faulty switch, battery or contacts. Make sure the setting is 
correct on the "dip switches” and use a working unit to compare all your testing. 


TESTING VOLTAGES ON (in) A CIRCUIT 

There are basically two different types of circuit. 

1, ANALOGUE CIRCUIT 

‘An analogue circuit can also be called an AUDIO CIRCUIT and the voltages at 
different points in a circuit can be measured with a multimeter but the changes (the 
waveforms) will be quite small or changing at a rapid rate and cannot be detected by 
a multimeter. 

You need a CRO to "see" the signals or a Signal Injector to inject a waveform into 
the circuit and hear the result on the circuit's speaker. 


2. DIGITAL CIRCUIT 
A digital circuit can also be called a "Computer Circuit" or "Logic Circuit" and some of 


the voltages can be measured with a multimeter (such as supply voltages) but the 
"signal lines" will be be changing from HIGH to LOW to HIGH very quickly and these 
signals are detected with a Logic Probe. 


Here are some circuits with details of how to test the voltages. 
Most circuits do not show voltages at various different points and we will explain 
what to expect on each "stage." 


A"STAGE" 

A stage is a set of components with a 
a "Building Block." 

Sometimes it has a capacitor on the input and one on the output. 

This means the stage is completely isolated as far as DC is concerned. 

The stage has a supply (a DC supply) and it is producing its own voltages on various 
points on the "stage." It can only process (amplify) "AC." (signals). 

Sometimes the stage can be given a name, such as small-signal amplifier, push-pull 
amplifier or output. 

If the stage has a link or resistor connected to a previous stage, the previous stage 
will have a "DC effect" on the stage. In other words it will be biasing or controlling 
the voltages on the stage. The stage may be called a "timer" or "delay" or "DC 
amplifier.” 


input and output. A "stage" can also be called 


It is important to break every circuit into sections. This makes testing easy. If you 
have a capacitor at the input and output, you know all the problems lie within the 
two capacitors. 

Ina digital circuit (no capacitors) you need to work on each IC (integrated Circuit) 
and test the input for activity and all the outputs. 


‘Once you have determined if the circuit is Analogue or Digital, or a combination of 
both, you have to look at the rail voltage and work out the size or amplitude of the 
voltage or waveform. 

This is done before making a test, so your predictions are confirmed. 

You will need a multimeter (either Digital or Analogue) a Logic Probe and a Signal 
Injector (Tone Generator). An analogue meter has the advantage that it wil 
detect slight fluctuations of voltage at a test-point and its readings are faster than a 
digital meter. A digital meter will produce an accurate voltage-reading - so you 
should have both available. 


HIGH IMPEDANCE AND LOW IMPEDANCE 

Every point in a circuit has a characteristic called "IMPEDANCE." This has never been 
discussed before in any text book. That's why it will be new to you. 

In other words, every point will be "sensitive to outside noise." 

‘An audio amplifier is a good example. If you put your finger on the active input, it 
will produce hum or buzz in the speaker. This is because it is a HIGH IMPEDANCE 
line or high impedance section of the circuit. 

The same applies to every part in a circuit and when you place Test Equipment on a 
line for testing purposes, the equipment will "upset" the line. It may be very slight 
but it can also alter the voltage on the point CONSIDERABLY. 

We have already mentioned (above) how a cheap multimeter can produce a false 
reading when measuring across a 1M resistor. That's why you need high impedance 
test Equipment so you do not "load" the point you are testing and create an 
inaccurate reading. 

The word Impedance really means resistance, but when you have surrounding 
components such as diodes, capacitors, transistors, coils, Integrated Circuits, supply- 
voltages and resistors, the combined effect is very difficult to work out as a 
“resistance” and that's why we call it "Impedance." 

The term "High and Low Impedance" is a relative term and does not have any 
absolute values but we can mention a few points to help you decide 

In general, the base of a transistor, FET input of an IC are classified as HIGH 
IMPEDANCE. 

The output of these devices are LOW IMPEDANCE. 


Power rails are LOW IMPEDANCE. 

‘An oscillator circuit and timing circuit are HIGH IMPEDANCE. 

LOAD is low impedance. 

And it gets tricky: An input can be designed to accept a low-impedance device 
(called a transducer or pick-up) and when the device is connected, the circuit 
becomes LOW impedance, but the input circuitry is actually high impedance. 

The impedance of a diode or LED is HIGH before the device sees a voltage higher 
than the junction voltage and then it becomes LOW Impedance. 

Impedance is one of the most complex topics however it all comes down to testing a 
circuit without loading it. 

That's why test equipment should have an input impedance higher than 1M. 


The first circuit we will investigate is the Mini Bug Detector, shown above and 
below. Points on the circuit have been labelled A, B, C etc: 


Point A - The first transistor is "self-biased" and will have 0.6v on the base. The 
antenna is connected to a 20 turn coil and you might think the coil will "short" the 
signals to earth. 

But the coil and 470p capacitor form a circuit that oscillates at a high frequency 
when the antenna wire picks up stray signals. The coil and capacitor actually amplify 
the signals (see Talking Electronics website: Soy Circuits to see how a TANK CIRCUIT 
works) and these signals enter the base of the first transistor. 

This is classified as a HIGH Impedance section because the signals are small and 
delicate and any loading via test equipment will kill them. The first transistor 
amplifies the signals about 70 times and they appear at Point B. 


The signal passes though a 22n to Point C and the transistor amplifies the signal 
about 70 times to point D. Point C is classified as high impedance as any voltage 
measurement at this point will upset the biasing of the stage as a few millivolts 
change in base-voltage will alter the voltage on the collector considerably. Point D is 
classified as low impedance as any voltage-testing will not alter the voltage 
appreciably. 

The output of the second stage passes through a capacitor to the join of two diodes. 
These two diodes are not turned on because the voltage at Point E can never rise 
above 0.7v as this is the voltage produced by the base-emitter of the third 
transistor. 

The purpose of the two diodes is to remove background noise. Background noise is 
low amplitude waveforms and even though the transistor is turned on via the 220k, 
low amplitude signals will not be received. The third transistor works like this: It 
cannot be turned ON any more because any waveform from the 22n will be "clipped" 
by the bottom diode and it will never rise above 0.6v. 

So, the only signal to affect the transistor is a negative signal - to turn it OFF. 

Firstly we have to understand the voltage on the 22n. When the second transistor is 
sitting at mid-rail voltage, the 22n gets charged via the 2k2 and lower diode. When 


the transistor gets tuned ON, the collector voltage falls and the left side of the 22n 
drops. The right side of the 22n also drops and when it drops 0.6v, the top diode 
starts to conduct and when the voltage on the 22n drops more than 0.6v the third 
transistor starts to turn OFF. This effect is amplified by the transistor at least 100 
times and appears at Point F. All the voltages around the two diodes are classified 
as HIGH Impedance as any piece of test equipment will upset the voltage and 
change the output. 

There are some losses in amplitude of the signal as it passes through the 22n 
coupling capacitors but the end result is a very high strength signal at point G. The 
4th transistor drives a 10mH choke and the mini piezo is effectively a 20n capacitor 
that detects the “ringing” of the inductor to produce a very loud output. 

The 22n capacitor on the collector eliminates some of the background noise. The 
choke and piezo form an oscillatory circuit that can produce voltages above 15v, 
even though the supply is 3v. 

The 47n capacitor at Point J is to keep the supply rails "tight" (to create a LOW 
Impedance) to allow weak cells to operate the circuit. 

The "Power-ON" LED tells you to turn the device off when not being used and Point 
Lis the power supply - a low impedance line due to the 47u electrolytic. 


Testing the Mini Bug Detector 
To test the Mini Bug Detector, you will need a Signal Injector. 

Place the Injector on Point G and you will hear a tone. Then go to E, C and A. The 
tone will increase in volume. If it does not increase, you have pin-pointed the faulty 
stage. 


The next circuit is a combination of digital and analogue signals. It is a Logic Probe: 
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The voltage on a circuit (to be tested) is detected by the probe at Point A of the 
circuit above and the "tip" is classified as "reasonably high impedance” as it has a 
220k resistor between the tip and Ov rail. The 1M reduces the impedance by about 
20% but the inputs of the two inverters have no effect on the "tip" impedance as 
they are extremely high input-impedance devices. 

The 1M trim pot is designed to put put a voltage on point B that is slightly higher 
than mid-rail so the green LED is turned off. 

Point A will see a voltage below mid-rail and point C will be HIGH. Point C and F 
are low-impedance outputs. 

When the tip of the probe is connected to a LOW voltage, Point B sees a LOW and 
Point F goes LOW to illuminate the green LED. At the same time it removes the 
"jamming voltage" produced by the diode between pin 4 of the 4049 and pin 3 of the 


74C14 and the oscillator between points H and J produces a low-tone via the 100k 
resistor and 22n to indicate a LOW. 

When the probe tip sees a HIGH, a lot more things happen. 

Point C goes LOW and turns on the red LED. At the same time the 100p is in an 
uncharged state and the right lead goes LOW. This takes the left lead LOW as the left 
lead connects to a HIGH Impedance line and pin 9 goes LOW. This makes point E 
HIGH 

and since the 1u is in an uncharged state, pin 11 goes HIGH. This makes point G 
LOW and the diode between pins 9 and 12 keeps pin 9 LOW and takes over from the 
pulse from the 100p. The yellow LED is illuminated. The 1u starts to charge via the 
470k and when it is approx half-charged, pin 11 sees a HIGH and point G goes low. 
This creates the length of pulse for the yellow LED. 

At the same time, Point L goes LOW because the "jamming diode" from pin 2 of the 
4049 goes low and allows the inverter between point L and N to produce a tone for 
the piezo 

In addition, Point I goes HIGH and quickly charges a 1u electrolytic. This removes 
the effect of the jamming diode on pin 5 of the 74C14 and a low frequency oscillator 
made up of 68k and 1u between pins 5&6 turns on and off an oscillator between 
points O and R to get a beep. The mini piezo is driven n bridge mode via the two 
gates between points QT and PS. 

Point U is a 1u electrolytic to reduce the impedance of the power rail and Point V is, 
a protection diode to prevent damage if the probe is connected to the supply around 
the wrong way. 


Testing the Logic Probe 
You can test the Logic Probe with the simple Logic Probe with Pulse project described 
above. It will let you know if each point in the circuit is HIGH or LOW. You will also 
find out the difficulty in testing the points that are HIGH Impedance, as the Probe 
will upset the voltage levels and the reading may be inaccurate. 


More circuits will be added here in the future. 


THE VOLTAGE DIVIDER - this topic could fill a book. 

You need to read lots of other sections in this eBook, including the section on 
measuring across a resistor with a multimeter, and high impedance circuits, to fully 
understand the complexities of a VOLTAGE DIVIDER CIRCUIT. 

It is one of the most important BUILDING BLOCKS to understand. Even though it 
may consists of two components, you have to understand what is happening 
between these two components. You have to realise there is a voltage at their join 
that will be rising and falling due to one of the components changing RESISTANCE. 
Sometimes you can work out the voltage at the join by using Ohm's LAW but quite 
often it will be impossible as it is changing (rising and falling) during the operation of 
the circuit. 

At the beginning of this discussion we will only dealing with DC circuits and the 
voltage across a particular component will be due to its RESISTANCE. We are not 
going into any formulas, as it is very easy to measure the voltages with a multimeter 
set to VOLTS and you will have an accurate result. 

The simplest two components in series are resistors. They always have the same 
resistance during the operation of a circuit and the voltage across each will not 
change. 

Ina further discussion we will cover "resistors" that change value according to the 
temperature. These are called THERMISTORS. And we have "resistors" that change 
value according to the light they receive. These are called LIGHT DEPENDENT 
RESISTORS (LDR's) or PHOTO RESISTORS. 

A transistor that is partly or fully turned ON can be considered to be similar to a 
resistor. 

In these 3 cases we need to measure the voltage at the join with a voltmeter as it 
will be a lot of work to measure the resistance and work out a value. 

You can also keep a voltmeter on the joint and watch the voltage change. 

Finally we have some components that produce a fixed voltage across them (or 
nearly fixed) and the remaining voltage is dropped across a resistor. These 


components MUST have a resistor connected in series to limit the current and allow 
the component to pass the specified in the datasheet. 

These devices include LEDs, diodes and zener diodes. A LED will have a fairly fixed 
voltage across it from 1.7v to 3.6v depending on the colour. A diode will have a 
voltage of 0.7v across it when it is connected to a voltage via a resistor. And a zener 
diode will have a fixed voltage across it when it is connected with the cathode to the 
Positive rail via a resistor. The voltage across it will be as marked on the zener. 

The concept of a VOLTAGE DIVIDER is very simple, but it takes a lot of 
understanding because both VOLTAGE and CURRENT are involved in the 
UNDERSTANDING-PROCESS. 

Each component has a resistance and this can be measured with a multimeter. When 
two components are connected in series, a current will flow and a voltage will 
develop across each item. 

More voltage will develop across the item with the higher resistance and the addition 
of each voltage will always equal the supply voltage. 

That's the simple answer. 

There is a little more involved . . . It is the word CURRENT. Here is an explanation: 
Suppose we have a 1k and 2k resistor on a 12v supply. The voltage at the join will 
be 4v. 

In other words, there will be 4v across the 1k and 8v across the 2k. 

If we have a 10k and 20k resistors in series, the voltage will also be 4v at the join. 
If we have a 100k and 200k resistors, the voltage will also be 4v at the join. 

The voltage will be the same in all cases, but the current will be different. The 
current in the second case will be one-tenth and only one hundredth in the third 
case. 

If you want to go further, place a one ohm and two ohm in series and get 4v. But the 
resistors will get very hot and burn out very quickly. 


SOLDERING 

Here are three 30-minute videos on soldering 
1, TOOLS 

2, Soldering components 

3. Soldering SURFACE MOUNT components 


TESTING A MOTOR 

Strictly speaking, a motor is not an electronic component, but since a website gave a 
useless description on testing motors, I have decided to supply the correct 
information. 

The only REAL way to test a motor is to have two identical motors and check the 
torque by connecting them to a low voltage and trying to stop the shaft with your 
fingers. This will give you two results. Firstly it will let you know the torque of the 
motor. 

This is the twisting effect of the shaft. There is no way to determine the torque by 
knowing the voltage or current. 

The unknown factor is the strength of the field magnets (permanent magnets) and 
this determines the torque. 

Secondly, feeling the shaft will let you know if the torque is even for a complete 
revolution 

By having two identical motors, you can see if one has a lower torque. 

Almost nothing can go wrong with a motor except for the brushes. If the brushes 
wear out, additional resistance will be produced at the interface between the brush 
and commutator and this can be detected by allowing the shaft to rotate slowly and 
feeling the resistance as it revolves. A 3-pole motor will have three places where the 
strength is greatest and each should have the same feeling. A 5-pole motor will have 
five places of strength. 

If the strength is weak or not uniform, the motor is faulty. 

You cannot test a motor with a multimeter as the resistance of the armature winding 
is very low and if the motor is allowed to spin, the back voltage produced by the 
spinning, increases the reading on the meter and is false. 


Micro motors have a coreless armature. This means the 3 windings for the armature 
are wound on a machine then bent slightly into shape and glued. A circular magnet 
with 3 poles is in the centre and the armature rotates around this. 

This type of motor is reasonably efficient because the armature is the greatest 
distance from the point of rotation, and the motor reaches full RPM very quickly 
because the armature has very little inertia. 

Thave not heard of the armature-winding flying apart but if you hear any scraping 
noise, it may be the winding. 

3-pole, 5-pole and micro motors can be found in printers, eject mechanisms of CD 
players, toys, RC helicopters, cars etc and rarely fail. 

Motors do not work on "voltage." They actually work on CURRENT and as you 
increase the voltage, more current will flow and produce a stronger magnetic field 
(by the winding on each pole). This magnetic field will be attracted by the permanent 
Magnet surrounding the armature and repelled by the surrounding permanent 
magnet, depending on where the face of the pole is, during each revolution. 

If the permanent magnet is not very strong, the repulsion part of the interaction 
be very weak and thus the torque will be small. 

Because motors work on “current” you must have a high current available when you 
increase the voltage as the motor will require short bursts of high current during 
each revolution. 

It is the combination of voltage and current (called watts) that gives the motor 
"strength" (torque) as well as the "strength" of the permanent magnets (called the 
field magnets) and the number of turns of wire on each pole (and the gauge of wire). 
Basically, if a motor is hard to spin, and has 3 "hard spots” on each revolution, it will 
be powerful. 

A 2-pole motor does not self-start and will spin in either direction. But a 3-pole 
motor will self-start and you can determine the direction of rotation. 

A 5-pole motor has a lower RPM. It is slightly smoother in output but is not more 
powerful than a 3-pole version. 

‘A motor with "permanent magnets" is called a DC motor as it will not work on AC. If 
the magnets are replaced with a coil, it will work on AC and it will be called a "shunt 
wound" motor of the field coil is connected across the same terminals as the brushes 
or a "series wound" motor if the field coil is in series with the armature. 


TESTING COMPONENTS "IN-CIRCUI 
You can test components while they are IN CIRCUIT, but the surrounding 
components will have an effect on the results. 

You can get all sorts of "In-Circuit” testers. They are expensive and offer little more 
accuracy than a multimeter. 

In-Circuit testing with a multimeter can give you the same results as a tester. 

All you have to do is turn the project ON and use a multimeter (set to voltage) to 
determine the voltage at various points. It is best to have a circuit of the equipment 
so you can what to expect at each point. 

‘Only major departures from the expected can be located in this way. 

Obviously the first thing to look for is burnt-out components. Then feel components 
such as transistors for overheating. 

The look for electrolytics that may be dry. Sometimes these have changed colour or 
are slightly swollen. 

If they are near hot components, they will be dry. 

For the cost of a few dollars I change ALL THE ELECTROLYTICS in some pieces of 
equipment, as a dry electrolytic is very difficult to detect. 

Testing a transistor "in-circuit" is firstly done with the supply ON. That's because it is 
quicker. 

Measure the voltage between ground and collector. 

In most cases you should get a voltage of about half-rail. If it is zero, or close to rail 
voltage, you may have a problem. 

Turn off the supply and use the multimeter on low-ohms to measure alll six 
resistances between the leads. 

A low resistance in both directions on two leads will indicate a fault. 

Resistors almost NEVER go "HIGH." For instance, a 22k will never go to 50k. 
However a low-value resistor will "burn-out" and you will read the value of the 
surrounding components. 


Don't forget, some low-value resistors are designed to burn-out (called fusible 
resistors) and anytime you find a damaged low-value resistor, you will need to look 
for the associated semiconductor. 

You can replace the resistor quickly and turn the circuit ON to see it burn out again. 
Alternatively you can trace though the circuit and find the shorted semiconductor. 
It's always nice to "see the fault" then "fix the fault.” 

Sometimes a transistor will only break-down when a voltage is present, or it may be 
influenced by other components. 

When the piece of equipment is turned OFF, you can test for resistance values. The 
main thing you are looking for is "dry joints” and continuity. Dry joints occur around 
the termination of transformers and any components that get hot. Rather than 
wasting time checking for dry joints, it is better to simply go over the connections 
with a hot iron and fresh solder. 

You may need to check the continuity of a track (trace) and it may go from one side 
of the PC board to the other. 

Use a multimeter set to low-ohms and make sure the needle reads "zero-ohms." 

It is very dangerous to do any testing on a project using a multimeter set to "amps" 
or "milliamps." 

You cannot test "current flowing through a component" by placing the probes across 
a component. You will simply over-load the rest of the circuit and create a problem. 
To find out if current is flowing though a circuit or a low-value resistor, turn the 
project ON and measure the voltage either across the component or the voltage on 
‘one end then the other. 

A voltage-drop indicates current is flowing. 

That's about it for testing "in-circuit." Use the rest of this eBook to help you with 
diagnosis. 

Don't think an IN-CIRCUIT COMPONENT TESTER is going to find a fault any faster 
than a multimeter. They all use a multimeter principle. 


SHORT CIRCUIT 

Nearly every component can fail and produce an effect called a SHORT CIRCUIT. 
This basically means the component takes more current than normal and it may fail 
completely or simply take more current and the operation of the circuit may be 
reduced only a small amount. 

The resistance of the component may reduce a very small amount but this may have 
a very large effect on the operation of the circuit. 

For instance, two turns in the horizontal or vertical winding of a yoke on the picture 
tube or monitor may arc and weld together and reduce the size of the picture on the 
screen, but measuring the winding will not detect the difference in resistance. 

The same with the windings on a motor and a short between two winding in a 
transformer. 

If the "short" is between two near-by turns, the change in resistance will be very 
small. If the "short" is between to different layers, the resistance will be reduced and 
it may be detected. 

When a "short" occurs, the winding turns into a transformer. To be exact, an AUTO- 
TRANSFORMER. 

In the following diagram you can see a normal winding in fig A: 


Fig B shows two turns touching each other and if the wire is enamelled, the coating 
has been damaged so the copper wire from the two turns is touching. This is called a 
SHORTED TURN. 

In fig C you can see two turns touching. 

In fig D the shorted-turn has been moved to the other side of the symbol to show 
the effect it has on the operation of the winding. 

The shorted-turn is exactly like the secondary of a transformer with a "jumper" 
across the output. 

This will produce a very high current in the secondary. 

A very high current flows through the shorted turn and this changes the operation of 
the rest of the winding. 


1, In most cases a SHORT CIRCUIT can be detected by feeling the additional heat 
generated by the component. 

2. Next, turn off the supply and measure the resistance of the component. If it is 
lower than expected, the component will be faulty. 

3. Next, measure the voltage across the component. If it is lower than normal, the 
component will be faulty. 

4. Next, measure the current taken by the component. If it is higher than normal, 
the component will be faulty. 

5. If the component is an inductor, such as a motor, coil or transformer, you can use 
an inductance meter. Compare a good winding with a faulty winding. Sometimes the 
fault will disappear because an arc develops across the fault when the component is 
operating. 


INTERNAL AND EXTERNAL SHORTS, 

An internal short refers to two windings shorting together and the winding has a 
very high resistance between the winding and the frame on which it is wound. An 
external short refers to a winding shorting to the frame of the component - such as 
one of the armature windings shorting to the metal core, around which the wire is 


wound. 

This may not be important unless another winding shorts to the metal frame and 
creates "inter winding" problems (inner winding problems is within the same 
winding). 


The opposite to a short circuit is an OPEN CIRCUIT. 


This is generally a broken lead or contact or a wire that has "burnt-out" or been 
"eaten-away" by acid attack or galvanic action by water and voltage (current). 

1. No current will flow when an OPEN CIRCUIT exists. 

2. The voltage on each end of the OPEN CIRCUIT will not be the same. 

3. Measure the current across the OPEN CIRCUIT and determine if excess current is 
flowing. 

4. Join the two ends of the OPEN CIRCUIT and see if the circuit operates normally. 


> HEATSINKS 

This is not an electronic component but it can certainly affect the operation of a 
circuit. 

If you cannot hold your fingers on a heatsink, it is getting too hot. This is because 
the actual location where the heat is being generated is much hotter than the part 
you are touching. 

Transistors and IC's can withstand a high temperature but if they go above this 
temp, they BLOW UP. 

They also have a shorter life when operating at a high temperature. 

The secret to a good heatsink is called an INFINITE HEATSINK. 

This is the metal frame of a case 

There are lots of charts and data on choosing a heatsink but they don't take into 
account two factors 

Sometimes a circuit takes a very high current for a short time and this creates a high 
temperature gradient. This will cause the transistor to get very hot and fail. 

The solution is to have two or more transistors in parallel to separate the "heat 
spots.” 

The second problem with designing a heatsink is the unknown location of the 
heatsink and the air-flow. Products placed on a shelf or in a cupboard will get very 
little air-flow. 

Remember: some transistors are mounted on thermal insulators. This means the 
transistor will have a voltage on it but the heatsink will be zero voltage. 

The temperature of the transistor will be MUCH HIGHER than the heatsink under the 
transistor and the transfer of the heat from the transistor to the heatsink will be very 
slow. This can be the cause of the transistor failing. Sometimes the transistor will fail 
because insulation is high temp plastic and it gets brittle. The plastic can carbonise 
and leak and sometimes a voltage can flash through the insulator. Some amazing 
things have happened under these transistors and you may need to pull it apart and 
replace all the insulation. 

Finally, feel the heatsink after 15 minutes and feel right up to the transistor. If you 
cannot touch the transistor, increase the thickness of the heatsink or use two 
transistors to dissipate the heat. 

To design a heatsink, you have to have some idea of the size of a heatsink for the 
application. 

Charts and data can send you in the wrong direction. 

Start with a heatsink twice the recommended size and feel the temp after 15 
minutes. Put the project in a cupboard and see how the temperature rises. 

If possible, connect the heatsink to the metal case to get added dissipation and if 
you include fan-cooling, remember the fan will eventually gather dust and reduce its 
efficiency. 

It is very difficult to explain how heat passes through a mica washer or plastic 
washer, but if the transistor has a copper base, the heat transfer has a value of 400. 
For aluminium it is 200. If it is steel, the transfer has a value of 50. For a mica sheet 
itis 1 and for plastic it is 0.1 

Even though the sheet is very thin, the transfer is a lot less than metal-to-metal 
transfer. 


Most references state the temperature difference is about one degree C for each watt 
of heat generated by the transistor. 

Don't believe anything you read. 

Feel the temperature yourself and if you cannot hold your finger on the transistor, fix 
the problem. 


Plastic Package 
Semiconductor Die 


Serew 
Cc 


<— Metal Case 
+ Mica Insulator 


‘Metal Washer 
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In the end, use a heatsink 50% larger than recommended. 


THE END 

This is not the full story to learning about servicing. It is just the beginning. 

We have only covered the simplest tests and shown how 90% of faults can be found 
by checking voltages, waveforms and looking for obvious things such as burnt out 
components, cracks in PC boards. 

The author has fixed over 35,000 TV's, radios, stereos, VCRs and all those things 
that were on the market 30 years ago. 

Things have not changed. It's just that some repairs cost nearly as much as buying a 
new product and half the customers opt for dumping a faulty item and buying the 
latest "flat screen” version. That's why you have to get things through the workshop 
as fast and as cheaply as possible, to make a living. 


Ifyou want any more devices added to this list, email Colin Mitchell, 


To help with understanding how a transistor circuit works, we have produced an 
eBook: The Transistor Amplifier. It covers a whole range of circuits using a 
transistor. 


Not copyright by Colin Mitchell 
You can use any of this material. Please pass this eBook to your friends and let them know that 
everything on the web is FREE. | have looked at all the "Pay Sites" and found the information 
they “sell” is available on the web at NO COST. 

Nearly all text books are also downloadable for free on "Download.com" etc and when you see a 
used copy of a $74.00 textbook on Amazon for $12.00 you realise many users have already 
discarded their copy. A good textbook never gets thrown aut or sold for $12.00!!! 


See the enormous amount of information on Talking Electronics website 
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More chapters of this eBook on: Talking Electronics.com 


For any enquiries email Colin Mitchell 


BASIC ELECTRONICS 


(this is the Basic Electronics section i.e. Page 1) 
(Chapters 1 and 3 are available as .pdf ) 


Quick Quiz - to see how much you know 
Encyclopedia of Components - this is excellent !!! 


Page 1: Basic Electronics (this page) - .pdf (1.2MB) or .Zip 

The capacitor - how it works 

The Diode - how the diode works 

Circuit Symbols - EVERY Circuit Symbol 
Soldering - videos 
Page 2: The Transistor 
NP or NPN Transistor TEST 

Page 2a: The 555 IC 

The 555 - 1 


3 
The 555 TEST 


Page 3: The Power Supply download as .pdf (900kB) 
3a: - Constant Current 


3b: - Voltage Regulator 
3c: - Capacitor-fed Power Supply 
Page 4: Digital Electronics 
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4a: - Gates Touch Switch Gating 


Ab: 
Page 5: Oscillators 


The DELAY CIRCUIT 


Page 6: Test - Basic Electronics (50 Questions) 


Page 


The Multimeter - using the Multimeter 


Page 8: Constructing a Project 


Page 9: Inductance 


Remember: the ani 


ions do not work in .pdf 


the site is being constantly updated 
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AND Gate 
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Battery - Internal Resistance 
Battery Boost 

Battery Booster - for a flat battery 
Battery Current 
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Capacitors in Parallel 
Capacitors in Series - non-polar 
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Passive Components 

Piezo 

Plant Watering Circuit 
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Power and Energy 
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Potentiometer 
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Charging A Capacitor 

Capacitor Charging 

Capacitor Charging - more details 
Capacitors on Volume Control 


Protection Diode 
Questions 


Regeneration 
Resistance - Multimeter 


Resistor Colours 


Capacitor - values 
Characteristic Voltage drop - LED 
Chass 
Circui 
Circuit - Drawing 

Component - Symbols more 


Resistors In Parallel 
Resistors in Series 
Resistor Wattage 
Robot Man 

Robot Man Animation 
Schematic 


Current - milliamp 
Current Divider Circuit 
Cutoff and Saturation 
Damage A LED 
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Diode 

Diode - how a diode works 
Drawing A Circuit 
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Speaker 
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Test A Cell 

Testing A LED 
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How to Solder 
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Time Delay 

Time Delay Animation 

Toggle Switch 

Tolerance - resistors 
Transformer Feedback 

3 - Transistor Circuit 
Transistor NPN and PNP 
Transistor - how it works 
Transistor Tester 

‘Turning ON a Transistor 
Variable Capacitors 

Variable resistor - potentiometer 
Voltage 

Voltage - Analogue Multimeter 


Memory Cell 
Microphone - Electret 
Milliamp - current 
Multimeters 


LEDs in Series Voltage - Digital Multimeter 
LED Resistors Voltage Divider Circuit 

LED Voltages Wattage of a Resistor 

Light Dependent Resistor White LED Voltage 

Load Resistor Wire 


50 Questions 


KIT OF PARTS 


Talking Electronics supplies a kit of parts that can be used to build the majority ofthe circuits in this 


eBook, 
The kit costs $15.00 plus postage. 


Kit for Transistor Circuits - $15.00 


AA kit of components to make many of the circuits 
ETOAC") described in this eBook is available for $15.00 plus 
$7.00 post. 
(Or email Colin Mitchell: talking@tpo.com.au 


The kit contains the following components 
(plus extra 30 resistors and 10 capacitors for 
experimenting), plus: 


47R 
= Z20R 
470R 
4k 
= 4k7 
40k 
- 3k 
- 100k 
“1M 
= 10k mini pot 
400k mini pot 
= 10n 
400n 
- 10u electrolytics 
- 100u electrolytics 


hitp:Jtaww talkingelectronics.com/project/BasicElectronics-tA/BasicElectronics-1A_ Pagot. him! 


aia 


so018 Basic Electonics 1 


5 - 1N4148 signal diodes 
}6 - BC547 transistors - NPN - 100mA 

2 - BCS5B7 transistors - PNP - 100mA 

4 - BC338 transistor - NPN - 800mA 

3 - BD679 Darlington transistors - NPN - 4amp 

5 - red LEDs 

5 - green LEDs 

5 - orange LEDs 

2 - super-bright WHITE LEDs - 20,000med 

4/- 3mm flashing LED 

1+ mini 8R speaker 

1/- mini piezo 

1.- LOR (Light Dependent Resistor) 

1 electret microphone 

Am - 0,25mm wire 

Am - 0.5mm wire 

1- 10mH inductor 

41 - push button 

5 - tactile push buttons 

1 - Experimenter Board (will take 8, 14 and 16 pin chips) 
5 - mini Matrix Boards: 7 x 11 hole, 

11x 15 hole, 6 x 40 hole, surface-mount 6 x 40 hole board and 
others. 


Photo of kit of components. 
Each batch is slightly different: 


‘There are more components than you think. . . plus an extra bag of 
/approx 30 components. The & little components are switches and the 
LDR and flashing LED is hiding. 

In many cases, a resistor or capacitor not in the kit, can be created 
by putting two resistors or capacitors in series or parallel or the next 
higher or lower value can be used. 
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BEFORE WE START 


Too many text books start with the physics of the atom and have equations and mathematics to 
[show how smart the author i. 

Don't worry, we wont have any physics or equations. 

The reason 

This is not a physics course. It is a practical electronics course to teach the basics as quickly as 
possible. There are no equations because most transistor circuits cannot be worked out 
mathematically as the gain of a transistor changes according to the current-flow and these gain- 
[values are never provided. So the mathematics is worthless. 

To get an answer, all you have to do its build the circuit and measure the values with a 
multimeter. 

[Aiso lots of discussions in text books will never be used in your next 40 years of electronics, 0 
{this course doesn't have any unnecessary material and is much-more concentrated than 
anything you have read before. 

Every frame contains important points - especially the animations - as they show you how a 
circuit works in slow-motion - something that has NEVER been done before. 


ELECTRONICS BLOCKS 


Here is an idea from Instructables to produce blocks with screws, containing a single component 
can be connected with jumper leads (alligator clips). 


Use a slotted head for the negative screw and a philips head for the positive screw. 


Leam electronics from the beginning 


START HERE: 


‘All electrical and electronic components need wire 
‘to connect them to the circuit. 

In a diagram called a CIRCUIT DIAGRAM, the 
wires are drawn as lines. 

‘When the wires (or lines) cross, they may be 
joined or just passing. 

Itis VERY IMPORTANT to show the difference 
between lines that are JOINED and lines that are 
NOT JOINED. 


‘When the lines are joined, itis best to place a dat 
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WIRE 


wires joined 
be example 


wires not joined 


Fig 1. The wire in a circuit diagram 


Basie Electonics 1A 
on the connection to PROVE the lines are joined 
‘When the lines are just crossing, a gap should be 
made so itis obvious that one wire goes under the 
other and does not touch 

Lines should be “across the page” or *up and 
down." Very few lines should be at 45°, 

You can make a line thicker to indicate a power rail 
or a wire that will be thick in reality 


to index 
# |. #p: & * Next we need a battery. A battery consists of 
Fe Se Fb Evo crore cals. The positive terminal ofa 
T = battery isthe long line in the diagram and you 
tool T T ‘must add the voltage (of the cell or battery) to the 
2cells T symbol as a single cells can be 1.2v, 1.5v, 2.2v or 
Jealts: any up to 3.6v. 
cells. ‘The symbol does not let you know the voltage. 
“The positive is always at the top and is the longest 
Fig 2 A single Cell and many Cells line on the battery symbol. 


to Index 


- 


globe 
Fig 3: A Globe 


Next we need a globe. A globe has two connections (a fine 
wire inside a glass bulb glows when the globe is connected to 
a battery). 


to Index 


o; 


+ 
globe 5, 


battery] 
wire 


Fig 4: A circuit 


(With a globe, battery and wire we have produced a CIRCUIT. 
[A CIRCUIT is a complete path and we say the “electricity” the 
CURRENT emerges from the positive of the battery, moves 
{through the globe and returns to the battery via the wire 

Ifthe globe is a “3v GLOBE" it will glow when connected to a 
3v battery. 

The globe can be connected either way around 

The circuit we have shown is called a SCHEMATIC and 
[consists of symbols: a globe symbol and a battery symbol 
The line connecting the two components is called WIRE. 


to Index 


Switch Fy = 


Fig 5:Adding a SWITCH 


on off off gy on 
au 
battery not uses 
SWITCH 


‘To turn the globe ON and OFF we need a SWITCH. 
The switch may be a push button, a toggle switch (a "click" action) or a slide switch. You could 
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twist the wires together and untwist them. The result is the same. We say the circuit is "broken" 
Via the switch and the lamp does not glow. Closing the switch turns ON the globe. 


to Index 


‘Supply Rail or Power Rail 


Ov Rail 
Fig 6: Naming the RAILS 


The top rail of the CIRCUIT DIAGRAM is called the 
/SUPPLY RAIL or POWER RAIL. 

‘The lower rail is called the Ov Rail or EARTH RAIL. 

Do not connect the Supply rail (+12v) to the Ov rail as this 
wil cause a high current to flow and is called a SHORT 
CIRCUIT: 


SHORT 
CIRCUIT 


to Index 


Earth Rail 


Earth or Chassis 
Fig 7: The EARTH RAIL 


The lower rail is also called the Chassis. 

This comes from the “old days" when electronics 
constructors build radios on a metal chassis (metal 
box) and it was connected via wire to a pipe in the 
ground to help the radio pick up distant radio 
stations. 

The term also comes from car and truck wiring 
where one side of each globe is connected to the 
{frame or chassis so that only one wire is needed to 
each globe and the return "path is via the 

chassis. 


to Index 


[Some circuits identify the "Ground Lead” 


‘y 


LOR 


Jor "Ground Wire" of a project to show 
where all the signals have been 
"referenced to.” In other words, all the 
signals rise and fall above and below this 
"Ground wire" or "Ground Lead.” This 
ead may not be at earth potential as the 
project may be in a plastic box but it 
identifies where the earth lead of a 
[Cathode Ray Oscilloscope or the negative 
lead of a multimeter is connected. 

[On some printed circuit boards, the 
negative terminal of the battery (the Ov 
wire or terminal) is connected to a very 
large area of copper and this is called the 
EARTH PLANE or GROUND PLANE. It is 
designed to prevent signals travelling 


ifies: "Ground 
lead for the signals 


Fig 7a: Ground 


sig 


=the zero 


along the tracks (called traces) being 


Nv radiated and also prevents outside 


interference upsetting the project. It also 
"tightens-up" the earth rail 


to Index 


The circuit shows a 12v globe connected 
{to a 12v battery and the circuit appears to 
be "broken" (not continuous). 

But the current returns via the earth 
[connection 
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We talk about the CURRENT 

A RETURNING. We don't say: the voltage 
returning, 

Switch The voltage of the globe must be the same 

as the battery voltage, otherwise it will not 

glow fully or it will burn out ifitis say a 

6v globe. 


Ry 
globe 


Fig 8: EARTH Return 


to index 
The circuit shows a 12v Motor. 

i” Itis turned ON when the push-switch is 
Push pressed. 
Switch 

or 

Push 

Button 


Fig 9: Connecting a Motor 
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If the wires are connected to the motor 
around the other way,” the motor will 
reverse direction 


Fig 10: Reversing a Motor 
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VOLTAGE AND CURRENT 

What is voltage and what is current? 

Here is a very simple description. 

[A battery produces a voltage called DC. (This is a very confusing name because the letter 
actually refer to Direct Current, so we just say DC Voltage). 

[A battery also produces current called DG - Direct Current. We say DC current. 


VOLTAGE CURRENT 
Voltage is a value produced by an electrical You cannot feel current with your tongue so 
‘component called a battery or cell we have to carry out another experiment: 


Asingle cell produces one and a half volts. (1.5v) 
and although this is not a high voltage, when cells 
are connected together we get higher voltages. 

If 6 cells are connected in series we get Qv. 

Here is a Qv battery: 
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negative terminal 
positive terminal 


: 


L 
} 
il Place a 22 ohm or 47 ohm resistor across 

the terminals of the battery and hold your 
dS fingers on the resistor. It will get hot. This is 
the result of current flowing through the 
‘Touch the two terminals with your tongue. You get resistor and heating it up. The current will 
a tingle. This is a 9v tingle. Now you have “felt” be about half an amp and the voltage is 9v, 
electricity. This is a 9v tingle. 0 the wattage will be about 2 to 4 watts. 
Feel the heat produced, 


Milli. ~ miti means 1/1,000th (one thousanath) - such as one miliamp or one milivat. 
In other words one thousand miilliamps is equal to 1 amp. 

|One volts is not a very large value as a battery produces 9v and a cell produces 1.5v to 3.6v 
(depending on the type of cel 

But 1 amp is a large quality when talking about electronic circuits involving LEDs, motors and 
transistors. 

‘The globe used in the experiments above requires about 300mA. (1,000m) 
The 3v motor used in the experiments requires about 250mA 

‘The LEDs used in the experiments require about 20mA. 

Transistors can pass about 100mA to 800mA via the collector-emitter. 

In most cases currentiow in the circuits we will be discussing will be less than 1/amp and wil 
be shown as 25mA, 100mA, 350mA etc. 


WATTAGE and CAPACITY 
[A Qv battery has 6 very small cells and they will not last very long 
/A“AAA’ cell is larger and a "D" cell is much larger. 


1amp) 


A large cell is said to have a LARGE 
CAPACITY. This means it will deliver a larger 
current for a longer period of time. 

‘The WATTAGE of a cell is the multiplication of 
the voltage x current. The answer is milliwatts 
or watts 

‘The CAPACITY of a cell is the wattage x 
hours. The answer is miliwatt-hours or watt- 
hours. This is also called watt-hours. 

You can determine the capacity of a cell (such 
as a rechargeable cell) by connecting it to a 
clock-mechanism that has a 4R7 connected 
across the terminals. The resistor will take a 
considerable current and deplete the cell in a 
few hours. The clock will let you know exactly 
how long the cell delivered the current. You 
can then compare other cells. 


4R7 


‘The simplest electrical circuit consists of a 
battery and resistor. The current flowing through the 
circuit will depend on the voltage of the battery and the resistance of the resistor R. 
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‘The formula connecting these three quantities is: 


I 
1X 
R 

Ohm's Law 
i -— Resistor 

= 12 
v 12 
Ee R 1-8 

I= 4 amps 


This is called Ohm's Law. Suppose you have a 12 
battery and the resistor is 3 ohms. The current flowing 
through the resistor will be 4 amps. 

Increasing the resistance will decrease the current ifthe voltage remains fixed. 


All the above circuits are called ELECTRICAL CIRCUITS because they contain electrical 
components (such as a motor, globe, relay, switch) 

When the circuit contains an ELECTRONIC component such as a diode, transistor, LED, itis 
called an ELECTRONIC CIRCUIT or ELECTRONIC SCHEMATIC. 
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POWER and ENERGY 

Here's an easy way to remember the difference between POWER and ENERGY: 

‘A Sv alkaline battery has enough ENERGY to start a car. But it does not have enough POWER 
strength) 

{Energy Is effectively the strength of the battery (and this isthe vltage andthe current it an 
deliver) multiplied by the time it can deliver this energy. When the answer is obtained, it consists 
lof three factors ((3 quantities) VOLTS, AMPS and TIME. 

This results in an answer called xxxx WATT-HOURS, 

For a 9v battery the quantities are: 9 volts, 500mA and the battery will deliver this 9x0.5 
4.5watts for about 1 hour. This is equal to 4.5 x 60 x 60 = 16,200 watt-seconds, 

To start a car requires 250 amps from a 12v battery for 5 seconds. 

This is: 12 x 250 x 5 = 18,000 watt-seconds, 

This means the energy stored in a 9v battery could start a car if all the energy could be 
delivered in 5 seconds. 

This is not possible however the FACT is this: A 9v battery has enough stored energy to START 
|ACAR. 
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BATTERY BOOSTER 

[One of the simplest things we can do is start a 
‘car with a flat battery with the assistance of a 
BATTERY BOOSTER. 

This consists of a 12v rechargeable battery in a 
handy case with leads to connect to the flat 
battery in your car. 

This simple operation puts two 12v batteries in 
parallel, but no-one has actually described what 
happens and why. 

‘That's because the explanation is very complex. 
| || We have included it here to show that a simple 
‘explanation involves a lot of technical terms and 
‘you will understand more after reading the 
course. 


The flat battery in the car is not fully charged but it has some percentage of charge and when it 
sits for a period of time in a non-fully charged condition, the voltage drops from 12.6v to less 
than 12v as the battery gradually self-discharges due to the potential at the top of the cell being 
different to that at the bottom of the cell and the specific gravity of the electrolyte being different 
at the top and bottom. This causes an intemal current to flow within the cell and slowly 
discharge the cell. But if you try to start the car, the voltage drops to less than 7v because the 
[electrolyte cannot carry the high current and a slight potential is developed across the liquid. 
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The result is the starter-motor does not crank the car. 
The reason is this: When the battery is fully charged, the current taken by the starter motor is 
[about 300 amps. This is about 11v x 300 amps = 3300 watts = 4.4Horsepower. 

But when the voltage drops to 7v, the current will drop to 190 amps to deliver 1336 watts = 
4.8HP. This is only 40% of normal and that’s why the car does not start. The engine needs 4HP 
{to overcome the pressure in the cylinders due to the compression of the air during the “fring 
stroke." 

Let's put it this way. If we have a brand new 7y battery, the car will not start. The starter-motor 
‘will only accept 190 amps when the supply is 7v. 

So, we have to increase the voltage. 

[We do this by placing a 12v battery across the flat battery. The voltage of the flat battery will 
immediately rise to 12.6v. It might take 2 minutes but the flat battery will take a small current (1 
{0 10amps) from the battery in the "booster" and the output of the combination will be 12.6v. The 
current-carrying capacity of the electrolyte will improve very quickly and you have effectively 
{given the “fat battery" a very quick charge. 

‘The starter-motor will now accept 300 amps from the combination and SURPRISINGLY the cells, 
lof the “flat battery" will deliver about 200 amps and the booster battery will deliver about 100 
/amps. The actual sharing of current will depend on the two batteries but the secret behind the 
success is the increase in voltage we call TERMINAL VOLTAGE. The voltage on the terminals 
(the alligator clips) 

‘The capacity of the booster battery is not important. It can be from 7AHT to 40AHr. We are just 
using a very small amount of its capacity to start the car and nearly all batteries will provide 200 
Amps for a short period of time 

The voltage of the car battery is very important. The Horsepower taken by the starter-motor is, 
defined by the formula: Pwatts = V/R_ Since the resistance remains constant, a voltage of 7 
volts will produce 7x7=49 units and a voltage of 11v will produce 124units. This gives the ratio of 
40% to 100% as explained above 
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BATTERY BOOST 
[Continuing from the previous frame where we showed the effect of placing a 
\weak battery in parallel with a good battery, we can show what happens. 
|when a weak cell is placed IN SERIES with a good cell 
weak _||This also applies when you have 6 good cells and one weak cell 

cell _||Basically, the weak cell will reduce the current. In other words, ifthe 5 cells 

are driving a motor and supplying 250mA, the 5 cells and 1 weak cell will 

deliver 200mA or less, depending ifit is weak or very weak. The current 
F {lowing through the weak cell will have the effect of giving it a small charge - 
in other words, you will be charging the weak cell from the good cells when 
the motor is operating 


good |IpuT.... 
cell _||There is a way to use weak cells. Ifyou have say 6 weak cells driving a 
motor and the RPM is reducing, you can add 2 more weak cells to increase 
the RPM, 


The effect is this: The voltage from the 8 cells will be higher than from 6 
cells and this will allow a higher current to flow. Sometimes the cells will 
[provide this higher current and thus more of the energy will be delivered and 
you will get the last of the energy from the cells. 
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INTERNAL RESISTANCE 

All batteries and also all individual cells have a *secret, hidden" value of 
resistance inside each cell due to the resistance of the chemicals. This 
resistance is very small when the cell is new but it increases as the cell gets 
older. 

Itis very easy to measure this value. Simply put an ammeter directly across 
the cell and measure the current. Use Ohm's law to work out the resistance, 
But this not always a wise thing to do as some cells will deliver 10 amps and 
/some will deliver 100 amps and damage the meter. 

‘The diagram opposite shows a large internal resistance for the weak cell 
land a small internal resistance for the good cell. 

Ifa call did not have any INTERNAL RESISTANCE it would deliver 
thousands of amps. Its the Internal Resistance that limits the current. 


hip: tw talkingelectronies.com/projects/BasicElectronics-tA/BasicElectronics-1A_ Paget. ml 


174 


sr072018 Basic Elactoics 1A 
In most cases we neglect (do not consider) the value of internal resistance 
when making tests and when using a battery in a project. 
eaereal But when a battery gets old, it cannot deliver a high current and the internal 
Internal [resistance gets so high that the output voltage drops from say 9v to 7v, 
leven when the battery isnot connected to a circuit. 
This is the result of the INTERNAL RESISTANCE of the chemicals 
increasing to a point where they become noticeable and what we call 
poisoning” of the chemicals due to the cell “aging” and new chemicals 
weak [being produced in the call that have a high resistance. Some of the terms 
J|__fte.use are: “crying out and sulphating. Some cells produce spikes or 
cel needles that completely short-circuit the cell and make it totally useless. 
Internat 
good 
cell 
to index 
RESISTOR WATTAGE 
Resistor Wattage means two things. 
1=4amps 1. The physical size of a resistor tells you number of watts itis 


12v 


[capable of dissipating. This is called RESISTOR WATTAGE. It 
is really RESISTOR-SIZE or RESISTOR-CAPABILITY, 

2. The multiplication of the voltage across a resistor and the 
[current flowing though it will produce a value called WATTAGE. 
This is also called RESISTOR-WATTAGE or RESISTOR-LOSS 
lor RESISTOR-DISSIPATION or HEAT-LOSS. 

In the circuit shown, the wattage being lost in the resistor is 
12x 4 = 48 watts 

Most of the resistors we will be using in our projects are 


3R 


This resistor is dissipating 


0.25watts. This means they will dissipate 250miliwatts, 
however the actual wattage being dissipated may be only 70, 
milliwatts and the resistor will not get hot 


48 watts. 
[As a comparison, a /0.25watts is the maximum wattage it can dissipate without 
‘soldering iron is dissipating || overheating 

about 10 to 20 watts. If itis dissipating 400mitiiwatts, it will be VERY HOT. 


The wattage itis dissipating (the heat itis getting rid of) will 
idepend on the supply voltage and the value of the surrounding 
[components, 
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This simple ELECTRONIC CIRCUIT contains a 


Resistor 


ght 


ing Wr 


Diode 


LIGHT EMITTING DIODE (LED), RESISTOR and 
battery, 


‘The circuit is classified as electronic because the 
= LED is not an electrical item (such as a globe) but 

more-complex, as it produces light when current 
lows through a crystal and the crystal produces 
the colour. 


Fig 11, The LED 
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Fig 12. The Resistor 


A RESISTOR must be included in the circuit to 
prevent the LED being damaged. 

‘The resistor in this circuit must be 220 ohms. 
This is shown by the colours on the resistor. The 
colours for 220 ohms: red - red - brown. The 4th 
band is gold - indicating a tolerance of 5%. 

‘A resistor has RESISTANCE. 

Itreduces the current from the battery to 
equired amount to prevent the LED glowing too 
bright 

‘A resistor is just like putting your foot on a hose. 
‘The water trickles out the end. The resistor 
“resists” the high current-flow that the battery is 
able to deliver. 
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Fig 12a. The Resistor Colours 


There are hundreds of different resistors because 
the resistance-values need to cover the range one 
ohm to 10 million ohms. 

There are also small, medium and large resistors. 
The resistors on the left are just a few in the range. 
(See the full range below). They show colour 
bands for 1 ohm to 8.2 ohms and 1 million ohms to 
8.2 milion ohms. All the other values are shown 
below. 

‘An electronics engineer does not have the room to 
store 10 million different resistors so they make 
each resistor 5% or 10% higher than the previous. 
This reduces the number to about 100 to 200. 


TOLERANCE 

‘The first 3 bands indicate the value of the resistor 
and the 4th band indicates either % or 10% 
tolerance. 

All modem resistors are 5% or 2% or 1%. The 
“old” 10% resistors are no longer made. 
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Fig 13. The Resistor and LED 


The LIGHT EMITTING DIODE is called an 
electronic component (mainly because it is more 
complex than a globe and it produces light by a 
more-complex means than heating a wire). 

‘ALED must be connected around the correct way. 
twill not illuminate if connected around the wrong 
way. 

‘All LEDs have one lead longer than the other. The 
SHORT lead is called the CATHODE (). 

All LEDs have a flat on one side and this is the 
CATHODE lead. 

‘The arrows on the diagram indicate light is “given 
off” (emitted - produced), 
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Flat spot 


short lead. 


Fig 14. The LED - showing the flat spot 
|A close-up of a red LED. The cathode lead is the short lead and next to a flat side on the LED. 
DO NOT show *+" or ™" on a diagram. Only show the letter “k to indicate cathode. 

‘The symbols "+" and -" are used when a component produces a voltage or is connected 
directly to "+" and 

"-" A LED is connected via a resistor. 
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[When a LED is connected to a circuit, (and the 
correct-value resistor is included). a voltage will be 
‘develop across the LED called the 
CHARACTERISTIC VOLTAGE DROP. 

This voltage is due to the colour of the LED and 
the crystal inside the LED that produces the colour. 
‘The diagram on the left shows the approximate 
voltage developed for each LED. 

‘The voltage does not change for small, medium, 
surface-mount, or large LEDs. 


‘orange green” 3.6¥ 
2.1v 23N 


Fig 15. LED VOLTAGES 
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When a LED is 
connected to 3v 
battery, the following 
CHARACTERISTIC 
VOLTAGE DROPS will 
develop across each 
LED. 

‘You will notice we 
have not changed the 
value of the resistor. It 
is 220. 

‘The LED creates the 
‘voltage and if the 
value of resistance is 
decreased, the LED 
will luminate 
BRIGHTER. 

Ifthe LED illuminates 
too bright it will be 
DAMAGED. 


hitp:tvww talkingelectronics.com/projects/BasicElectronics-tA/BasicElectronics-1A_ Pagot him! 


144 


sro72018 Basic Elacroies 1A 
ee 220 ohm 
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i 2Av 
20 ohm 220 ohm 
Resistor + Resistor + 
= wv = wv 
kL — 
] 23v | 23v 
Fig 16. LED VOLTAGES 
to index 
Tf we connect WHITE LED to Sv supply, itwill not 
illuminate because it needs a supply higher than 
20 ohm 3.6. 
Resistor + 
=e “The resistor in series with the LED is called a 
8 = EURRENT UMITRG RESISTOR 


In this circuit no current flows because the supply 
is not high enough. 


i 3.60 


Fig 18. 


WHITE LED VOLTAGE 


Fig 17. WHITE LED VOLTAGE 
to Index 
‘When the supply is increased to 4.5v, the 220R 
resistor will allow a current to flow through the 
220 ohm white LED and it will develop a 
Resistor + CHARACTERISTIC VOLTAGE DROP of 3.6v 
a ae across it. 


The supply (the voltage of the battery) must be 
higher than the CHARACTERISTIC VOLTAGE 
DROP of the LED so the resistor will allow the 

correct amount of current to flow. 

The ideal current for a LED is 20mA, however 

some LEDs will work when 1mA flows, so you 

have to know what you are doing, 
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Fig 19. Testing A LED 

Now connect either the 1k, 470R or 220R and determine the brightness you need. 
[As the brightness increases, the current will be higher 

You can use 3v supply for all LEDs except blue and white. 


HOW TO TEST A LED 
Some clear LEDs produce red or orange and some LEDs do not have the cathode lead clearly 
identified 

Here's how to find the colour, cathode lead and the current. 

'You need a Gv battery, 10k resistor, 1k resistor, 470R resistor and 220R resistor. 

Connect the 6v battery and 10k resistor to the LED and it will only illuminate when the cathode 
is connected to the negative of the battery. This is the short lead, 


to index 
TZ Do not connect a 3v baltery direclly across a LED. 
Bs! iE twill be DAMAGED. You MUST include a resistor. 
“ME 
k 
EY 
Fig 20. Damage a LED 
to index 


hitp:tvww talkingelectronies.com/projects/BasicElectronics-tA/BasicElectronics-1A_Pagot him! 


sein 


sono Basic Electronics 1A, 


|A LED IS CURRENT DRIVEN 

‘You may have seen this statement and tried to work out what it means. 

Basically it means an increase in current will make the LED brighter. 

But a LED needs 2 things: 

Itneeds a voltage that is EXACTLY the voltage required to produce illumination. And this 
{voltage depends on the colour of the LED. 

/As soon as you supply the exact voltage, the crystal will begin to glow and as you increase the 
‘current, the illumination will increase. 

But doing this is VERY VERY difficult. 

Itis very easy to supply an exact voltage such as 1.7v or 3.4v, but delivering a current such as 
410mA or 20mA at the same time is very difficult. You cannot get a 1.7v battery and deliver 10mA 
to a LED. 

[As we have shown above, you need a simple components such as a resistor between the 
battery and LED to achieve the desired result. 

A LED is CURRENT DRIVEN but firstly you need to provide a VOLTAGE that is exactly the 


[connect value for the colour of the LED and then the current can be increased, 
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Fig 21. All the resistor values 
Here are all the colours and values for the resistors you will using in this course. Just match-up the 
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colours on your resistor with the resistors above and you will find the value. 
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Resistor values are always OHM values. One ohm is a small value. It might be the resistance of 
a length of wire 3 metres long 
When a switch is open the resistance is infinite - millions and millions of ohms. 
The resistance of your body from one hand to the other will be about 70,000 ohms. 
The resistance between two wires dipped in water will be about 1,000 to 100,000 ohms 
(depending on the dissolved-salts in the water - pure water has a very high resistance) 
The resistance of the filament of a 3v globe will be about 30 ohms 
The resistance of the winding of a 3v motor will be about 3 ohms. 
Resistors are made with values from less than one ohm to more than 10 million ohms by adding 
[carbon to the mixture inside the resistor (and cutting a track around the outside of the resistor) 
{then connecting a lead to each end. Adding more carbon reduces the value of resistance 
[Carbon has a low resistance. 
Resistance-values are measured with the RESISTANCE settings on a MULTIMETER. 
This is called the "Ohms Range.” Sometimes with the symbol: Q 
|A Multimeter will have 2, 3 4 or more scales to cover the range one ohm to 10 milion ohms. 
Low value resistors (from 1 ohm to 999 ohms) are written as 1R, 220R, 470R, 999R. with the 
letter "R" indicating Resistance (ohms). You can also use the symbol “omega” (Q) 

they are written as: 1k, 2k2, 4K7, 10k, 100k, 
indicating "kilo" (thousand). 
4M = 1,000,000 - one milion ohms 1M2, 2M2, 4M7, 10M. 
The letters "R, k and M" are placed so they take the place of the decimal point. This prevents 
[any mistake, as a decimal point can be missing in a poor photocopy. 
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MULTIMETERS 

There are two types of MULTIMETER. The top two are called DIGITAL MULTIMETERS (DMM) 
Jand show numbers on a display. 

The lower two meters are called ANALOGUE MULTIMETERS and have a pointer and scale. 
All meters come with a set of red and black leads. 
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[on a circuit will upset the resistance reading, 


The red lead is always connected to the positive of the battery or the positive on a project and 
the black lead is connected to the negative or earth or chassis. 

When making a resistance measurement, the leads can be around either way. 

Resistance measurements are always made with the power removed from a circuit. Any voltage 
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Fig 22. Resistance Measurement 
with Analogue Multimeter 


The resistance of a resistor is measured by | 
placing the leads of the multimeter on the 
lends of a resistor and turning the dial on’ 
the analogue multimeter to the resistance 
/scale to make the pointer move to about 
the centre of the scale. 

The resistance scale is marked with a high 
value on the left and 0 ohm an the right. 
This is opposite to all the other scales, 

'You must get the pointer to move to the 
middle of the scale as it is not accurate at 
left-end, 

[Analogue multimeters are only suitable for 
reading values from 1 ohm to 100,000 
lohms. The scale is too hard to read above 
100k. 

‘To find the value of a resistor, you can 
Jcompare the colours with the table above, 
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Fig 23. Resistance Measurement 
‘with 


aDMM 


[A digital multimeter produces a more- 
accurate reading of resistance. 

Itis accurate from 1 ohm to 10M ohms. 
[Select the scale that provides a reading, 
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6v 


Fig 24. Connecting LEDs in series 

LEDs can be placed in series provided the total CHARACTERISTIC VOLTAGE DROP across 
the LEDs is LESS than the supply voltage. 

In this case the voltage across the LEDS is 1.7v + 1.7v+ 1.7v=5.1v 

[The supply is 6v and this allows 0.9v for the CURRENT LIMITING RESISTOR. 

The LEDs will not be very bright with 220R. 

Change the resistor to 47R, 

If you connect 4 LEDs in series, the total CHARACTERISTIC VOLTAGE DROP will be 6.8v and 
NO LEDs will illuminate because the total is higher than the 6v supply. 
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Different-colour LEDs can be connected in series. 
Add up the total Characteristic Voltage for the 5 
LEDs and see if itis less than 12y. 


220R 
“The 220R resistor will have to be reduced to 47R 
rea to make the LEDs bright. 
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Fig 25. Connecting LEDs in series 
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LEDs can be connected in parallel if they are the 
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Fig 26. Connecting LEDs in parallet 


Basic Electronics 1A, 
same colour. 

In the diagram a red LED drops a 
CHARACTERISTIC VOLTAGE of 1.7v and if they 
are from the same manufacturer or the same 
batch, they will work ok. 

Although we say the characteristic voltage for a 
red LED is 1.7v, this can change slightly from 
different manufacturers and one LED may glow 
brightly while the other is dul. 

You have to build the circuit and see the result 
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Fig 27. Connecting LEDs in parallet 


Different colour LEDs cannot be connected in 
parallel. The voltage across a red LED is 1.7v. 
This becomes the "Supply Voltage" for the green 
LED and itis too low. The green LED needs a 
supply of 2.1v to 2.3v, 

Only the red LED wil iluminate. 
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100 ohm 8 
Resistor 


red wr > red 
te ¥ Yo ie 


LED 


Fig 28. Connecting Resistors in Series 


‘Suppose you don't have a 220 ohm resistor. 
You can make a 220 ohm resistor with two 
resistors in series. The total resistance will be 200 
ohms, but resistors are not accurate and the result 
will be very close to 220R. 

Electronic circuits are not very critical. You will not 
be able to see the difference in brightness between 
200 ohms and 220 ohms. 


When resistors are connected in 
series, the total resistance is found by 
adding the resistance of each resistor. 


Reotat 


R,+R,+R, + 
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aon OR + 


= iw 


I 
red Wr > ted 
LED ¥ ¥ie 


LED 


You can create a 220 ohm resistor by connecting 
two resistors in Parallel 

When two equal-value resistors are connected in 
Parallel, the total resistance across the 
combination is HALF. 

470R in parallel with 470R produces 235R. 

This is very close to 220R. 

We are not going into the formula as itis very 
complex. 

‘Three equal-value resistors in parallel produce a 
total of one-third, 

Simply get two resistors and connect them in 
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Fig 29. Connecting Resistors in Parallel ||parallel and measure them with a multimeter. 


Basic Elecronies 14, 


to Index 


Figure A shows three resistors. It looks hard to 
solve so the middle resistor is turned so it 
connects directly to the top and bottom rail. Now 
you can see the circuit is three resistors in 
Parallel. The result is one-third of an ohm. 


Figure C shows twelve 6 ohm resistors. Replace 
each group with a 2 ohm resistor, because three 
6 ohm resistors in parallel is equal to 2 ohms. 


The two left resistors create | 


T TT 4 ohms and the two right, 
ie 2 resistors create 4 ohms. 
sw The result of two 4 ohm 
resistors in parallel is 2 
ohms. 
The resistance of the circuit | 
2 2 does not change if 


the 
switch is open or closed. 
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Fieshing ” Horesistor needed 


LD 
Fig 30. Flashing LED 


[There are some special LEDs that can be 
Jconnected to 3v to Sv and they flash or 
produce a range of colours 

These LEDs have a chip and resistor inside 


3vto 9¥ || the body of the LED to produce the effect and 


allow the LED to operate on a voltage without 
{the need for a current limiting resistor. 


to Index 
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Fig 31. These diagrams show the resistor needed to produce 1mA to 25mA current through 
a single LED on Sy, 5v, 9v and 12v supply. 
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Fig 31a. Voltage Divider Circuit. 


THE VOLTAGE DIVIDER 

In the circuits above, the resistor and LED are 
forming a VOLTAGE DIVIDER. 

‘A red LED is dropping 1.7v across it and the 
resistor is dropping the remaining voltage. 
Whenever two (or more) components are placed 
across a battery, they form a VOLTAGE DIVIDER. 
‘Sometimes we want a 6v supply and only have 12v. 
‘We can produce the 6v supply by putting two 
equal-value resistors across the 12v as shown in 
the circuit opposite. 

We are not going into the mathematics because the 
selection of the correct value is very complex and 
the circuit is very wasteful 
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THE CURRENT DIVIDER 


‘The CURRENT DIVIDER CIRCUIT is actually a 
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LOAD SHARING CIRCUIT. 
‘Suppose you are testing a Power Supply and need 
10 watt LOAD. But you only have 5 watt 

resistors. 

Placing two Swatt resistors in parallel across the 
output of the power supply will allow haif the 
current to flow though each resistor. This is called 
CURRENT SHARING or LOAD SHARING and the 
current is divided (or passed) through each resistor 
according to the value of resistance. 


to Index 


motor motor 
does nat 
works — does ne 


Fig 32, The DIODE 


THE DIODE 
‘The next simple electronic component is the 
DIODE. 

tonly works when connected correctly. 

‘A DIODE allows current to flow through it when it 
is connected as shown in the diagram. 

‘A Diode is similar to a one-way water valve. 
When the diode is “facing down," the motor spins. 
When itis “facing up" the motor does not spin. 


The diagram shows the “current path* around the 
circuit. The current is measured in AMPS and we 
discuss current as CONVENTIONAL CURRENT. 
This is the way current was thought to flow when 
electricity was born and they said it flows out the 
POSITIVE TERMINAL of the battery, around the 
circuit and into the NEGATIVE TERMINAL. 

‘The arrow on the diode shows the current will flow 
through the diode and allow the motor to spin. 

‘The diode is said to be FORWARD BIASED. 


There is no flow of current because the diode 
prevents any current-flow when connected as 
shown. 

‘The motor DOES NOT WORK. 

‘The diode is said to be REVERSE BIASED. 
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There are hundreds of different types of 
diodes. 

Power diodes, signal diodes, low voltage 
diodes, high voltage diodes, high-speed diodes 
Jand many other types. 

They all do one thing. 

They pass current in one direction and if turned 
around, they do not pass any current. 
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signal diode 


powerdiode 7 


Ne 


diode symbol 


re 


current will floy 


diode 


this direction 


Fig 33. A Signal diode and a Power 
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X¥ 


be 


How a diode works 
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current 


Diodes perform 
‘many function in 


k fag Bocurent |electical and 
wotgage etn 
iode Here is an 

application as a 
PROTECTION 
DIODE. 
It protects the 
ampltier Ifthe 12v 
battery is 


Fig 34. A Protection diode 


connected around 
the wrong way, no 
current will flow. 
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current 


Wdav_k ig tv 


gol, 


Fig 35. Diode "Voltage Drop" 


protection 


diode + 


Ry 


‘When a diode is placed in a circuit (and current is, 
flowing), a small voltage develops across the 
diode. This voltage is called the FORWARD 
VOLTAGE DROP. 

This voltage is approximately 0.6v. 

This is due to a junction inside the diode where 
two different materials are joined. 

Normally, this voltage is not important because it is 
only smail, but sometimes you need to take it into 
account. 

For the circuit above, the amplifier only gets 11.4v 


to Index 


Voltage is measured with a 
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VOLTMETER. 

Multimeters have 2 or 3 
voltage ranges so you can 
measure low voltage (Ov to 
/20v), medium voltages (Ov to. 
!200v and high voltages (Ov to 


500v) 

‘A voltmeter is placed across 

protection {the component being tested, 
diode [as shown in the diagram. 


The Digital Multimeter is 
12v_||detecting 11.4v across the 


amplifier 
Fig 36. Measuring Voltage with a Digit 
Multimeter 
to Index 
if you place the 
probes of a digital 
‘multimeter around the 
wrong way ana 
component, the 
display will show a "=" 
‘The meter will not be 
damaged 
Fig 37. Measuring Voltage with a Digital Multimeter 
to index 


[An analogue Multimeter must 
be connected around the 
[correct way to make the 
Pointer move “up scale.” 
Select the range that will allow 
the pointer to show 
[somewhere in the middle of 
the scale. 


Fig 38. Measuring Voltage with an Analogue 
Multimeter 
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[ewe is measured by 
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Multimeter 


Fig 39. Measuring Current with an Analogue 
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"breaking into the circuit” 
land inserting the leads so 
the positive probe is 
closest to the positive of 
the battery 

If you connect the leads 
around the other way, the 
needle will not move but it 
will hit the “end stop" and 
you may have to "bump" 
the meter to get the pointer 
to move from its jammed 
position 
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Diode 


Fig 39a. The Solar Panel and the Blocking 


‘A DIODE is also used with a solar 
panel to prevent the battery 
discharging into the solar panel when 
the sun is not shining. 

When the solar panel is not receiving 
any light it becomes a resistor with a 
large value and a small current can 
flow through it from the battery. The 
diode prevents this current-flow. The 
diode is called a BLOCKING 

DIODE. 


to Index 


Blocking 
ZS Diode 


Bypass 
ZS Diode 


Bypass 
Z Diode 


Fig 39b. The Solar Panel with diodes 


Diodes are given different names, 
[according to their function. They all 
perform the same job by passing current 
in one direction and prevent current-flow 
in the opposite direction. 

(When the top solar panel is shaded by a 
cloud, it generates less current and this 
‘will reduce the current into the battery 
By placing a diode across the panel, the 
diode will pass the current produced by 
the lower panel to the battery. 

‘These diodes are called BYPASS 
DIODES. 
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called BLOCKING DIODES and 
BYPASS DIODES. 
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‘The next component we cover is 

the CAPACITOR. 

‘There are thousands of different 

types of capacitor. 

Each value of capacitor can have a 

low voltage rating, medium voltage 

8 lornigh vatage 

|) |[Eapacitors can be very smal in size 
and shape or very stable with 

temperature-rise or simply very 

cheap to make. 

i ‘A capacitor consists of two thin 

| 


sheets of metal such as aluminium 
‘with a thin sheet of plastic between 
‘The sheets may be rolled up in a 
cylinder or laid on top of each other. 
‘metal does not touch the bottom 
sheet. This is shown in the symbol 
‘The resistance between the two 
terminals is INFINITE. 
‘The 6th capacitor in the top row is 
called a MONOBLOCK. 
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[A capacitor gets bigger as its value 
increases. 

It also gets bigger when the voltage-rating 
increases. 

The basic unit of capacitance is the 
FARAD. A one-farad capacitor would be 
the size of a house. To make the 
[capacitor smaller the sheets are etched to 
increase the surface-area and different 
insulating materials are used between the 
sheets. 

The result is @ capacitor called an 
ELECTROLYTIC. itis a bit ike a 
rechargeable battery. It stores a lot of 
Jenergy in a small space. 

The negative lead is shorter and has a 
biack stripe on the side of the electrolytic. 


Fig 41. Electrolytic Capacitor 


to Index 


‘One FARAD is too big to handle. We use smaller values. 
The middle of the range is one microfarad. This is written as 1u. (sometimes you see uF) 

This is one-milionth of a FARAD. 

The smallest value of capacitance is one picofarad. This is one millionth of a microfarad. 

Itis written as 4p. 

Capacitors are broadly separated into two groups. 1p to 1u and 1u to 100,000u 

[Capacitors 1p to tu are ceramic, polyester, air, styroseal, monoblock and other names. 
Capacitors 1u to 100,000u are electrolytic or tantalum. A tantalum is the same as an electrolytic 
for testing purposes - it is a more-compact electrolytic. 
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1 microfarad is one millionth of 4 farad. 

1 microfarad is divided into smaller parts called nanofarad. 

41,000 nanofarad = 1 microfarad 

Nanofarad is divided into small parts called picofarad 

1,000 picofarad = 1 nanofarad. 


Recapping: 
picofarad. 1,000p 
‘u (1 microfarad) 
000u = ‘milifarad 
1,000,000u = 1 FARAD. 


in (1 nanofarad) —_1,000,000p = tu 


Examples: 
All ceramic capacitors are marked in "p* (puff) 

A ceramic with 22 is 22p = 22 picofarad 

A ceramic with 47 is 47p = 47 picofarad 

A ceramic with 470 is 470p = 470 picofarad 

A ceramic with 471 is 470p = 470 picofarad 

[A ceramic with 101 is 100p (it can also be 100) 

A ceramic with 102 is 1,000p = 1 

A ceramic with 223 is 22,000p = 22n 

‘A ceramic with 104 is 100,000p = 100n = 0.1u A common 100n is called a MONOBLOCK. 
A ceramic with 105 is 1u 


TYPES OF CAPACITOR 
For testing purposes, there are two types of capacitor. | 
Capacitors from 1p to 100n are non-polar and can be inserted into a circuit around either way. 
Capacitors from ‘u to 100,000u are electrolytics (or tantalum) and are polarised. They must be | 
ited so the postive lead goes to the supply voltage and the negative lead goes to ground (or 
jearth) 
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(little) energy is stored in a 100u 
electrotytic 

When the siide-switch is in position "B", the 
4100u is charged by the 6v battery. 

When the slide switch is maved to position 
"A" the electrolytic supplies eneray to 
iluminate the red LED via the 220R | 
resistor. It will illuminate for a short period of | 
time. 

[By moving the switch back and forth, you 
[can keep the LED illuminated 


Ha a an spernent nats howe | 
| 
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Fig 42. Charging a Capacitor | 


Capacitors can be connected in Series or 
Parallel to obtain a value of capacitance you | 
may not have available. 

ey are also connected in series to increase | 
the effective VOLTAGE RATING. 

However when two equal-value capacitors | 
are connected in series, the final value is | 
HALF, and thus you need two with double the 
inal-value to get a value with an increased 
voltage-rating, | 
Wien two equal-value capacitors are 
connected in series, the result is HALF. || 
(Thisis the opposte i connecting resistors) | 
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Sov 50v 


470p 470p 
200v 200 
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25v 63v 
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a TT tw TT 
sou 1100 
Sov 1260 


Fig 43. Capacitors in Series 


SAHHE— = 2p 100 


SHE = 2p 400 
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100u 
25v 


non-polar 
Fig 43a. Non-polar Capacitor 


Non-polar Capacitor 
(electrolytic) 

‘A normal electrolytic must be connected 
the correct way in a circuit because it has a 
thin insulating layer covering the plates 
that has a high resistance 


if you connect the electrolytic around the wrong 
‘way, this layer “breaks-down" and the resistance of 
the electrolytic becomes very small and a high 
current flows. This heats up the electrolytic and the 
current increases. Very soon the capacitor 
produces gasses and explodes. 

One big mistake in many text books shows how to 
make a non-polar electralytic by connecting two 
"back-to-back." 

‘They claim 2 x 100u connected back-to-back is 
equal to 47u 

This appears to be case when testing on a meter 
but the meter simply charges them for a short 
period of time to get a reading 

Ifyou allow them to charge fully you will find the 
reverse electrolytic has a very small voltage across 
it 

Secondly, when you are charging them, you are 
putting a high current through the reverse 
electrolytic and damaging the layer. 

To prevent this, you need to add two diodes as 
shown in the diagram. 

In addition, 2 x 100u "back-to-back" is very near 
100u. 
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[Capacitors can be 
connected in Parallel to 
obtain a value of 
[capacitance you may 
not have available, 

(This does not change 
the VOLTAGE RATING.) 
When two equal-value 
capacitors are 
[connected in parallel, 
the result is DOUBLE. 
(This is the opposite to 
[connecting resistors) 

If one electrolytic is 25v 
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land the other 63v, the | 
100p 100u Janswer is the LOWER 
ik py VOLTAGE = 25v. 
= 200u 
1k sie # 25v 
tuop tou 
50v 25v 
470p 
2200 
400v 20H 
{I Es 
940p = Mou 
ik 400v + 63v 
470p 
400v an 
Cita = C1 + Cot Ct 
Fig 44, Capacitors in Parallel | 
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‘Trimmer Capacitor 


renter ag 
2 = 
‘ 7 ir trimmer 
Vertical Horizontal 


Air Trimmer 


trim-pot 


‘t0-turn Mini Tuning 
pot pot Capacitor 
Fig 45. Variable Capacitors and Resistors 


The value of a capacitor or resistor 
may need to be increased or 
decreased in a circuit to tune in 
radio stations or increase and 
decrease the volume of a speaker. 
‘The symbol for these components | 
have an arrow to show they can be 
adjusted 

‘The resistance of a potentiometer 
ican be from 1 ohm to 5M 

‘They come in many different 

shapes and sizes to suit the PC 
board or front-panel layout. 

‘The *T* represents a trimmer 
capacitor and this can be from 1p to | 
about 120p. 

[A variable capacitor will be from 
about 10p to 415p, 
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[Simple CIRCUITS 
We have covered enough | 
[symbols and components 
to create a number of 
simple circuits 

‘These circuits will show 
how to connect a motor, a | 
LED, (how to make it 
right or dull) and how to 
connect 4 cells to make a 
battery 


Note: The flashing LED 
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does not need a resistor 

because a resistor and 

chip are inside the LED, to 

oh make it fash and contol 
the cutent 


4cell batteryholder 


eke 
negative [Connect all the 


components around the 

Is comect way and then 
connect them around the 

wrong way to see what 


red 


4cells connected in SERIES happens. 
toproduce 1.50x 4= 6 [Connect the flashing LED 
in series with a red LED 
= land see what happens. 
i — 
ww = C) = 6v 
tk = bv = 
Flashing > 
LED reverse connections 


to motortoreverse 
direction ofrotation| 


20 chm é 

Resistor = 
red Ws a 
LED ¥ 


Fig 46. Simple Circuits 
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QUESTIONS 

1. Explain why the Flashing LED circuit has no extemal resistor. 
12. How many 1.5v cells are needed to produce a 6v battery 

3. Explain what happens when you reverse the leads to a motor. 
4. Identify the positive terminal: 


al. 


r 


5. Can 3 green LEDs be connected in series to a 6v supply? 
6. A variable resistor is also called: 

7. The combined resistance of two 1k resistors in series Is: 

8. The combined resistance of two 1k resistors in parallel is: 
19. Name the short lead on a LED 

10. Name the type of multimeter with a pointer and scale: 

11. The total capacitance of two 100u electrolytics in series is: 
12. The total capacitance of two 100u electrolytics in series is: 
13, Write these values in words: 


1000 
14, How many 1:5 cells in a Sv battery? 
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15, The red probe is: (positive/negative) 
16. Conventional current flows from (positive to negative / negative to positive) 
1T. Make a 470u electrolytic with two electrolytic: 

18. What is the voltage drop across a diode? 

49. Name the component that only allows current to flow in one direction: 

120. Name this symbol 


Lr 


21. When resistors are connected in series, the resistance of the combination: 
(increases / decreases) 
}22. When two capacitors are connected in parallel, the voltage-rating of the combination: 
(increases / equal to the capacitor with the lowest valtage-rating) 

123. Draw two 2k2 resistors in parallel. 
124. Which is larger: 470R or 22k 
125. What is the value of this combination: 

atu 

t6v 

+ 


+ 


in 
t6v 
126. What is the name of the resistor in series with a LED: 
127. What is the voltage across the amplifier: 
k 


128. Identify the fault with these circuits: 


am IK 
+ 
‘We groon = bv a 
oo = 
red 
ten 4 
aT 
tev 
+ + 
A 1 6v 
+ : t 
aT 
16v 
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Passive Components 
All the components shown 
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Jon the left are called 
PASSIVE COMPONENTS. 


au L ‘This means they do not 
a oO a amply 


Name these components: 


Tt a Le = ee rane ese eet 
a= # F 
5 
yi Piielaaeems 


The Potentiometer is a variable 

resistor. 

It consists of a curved carbon track 

=, with a wiper that touches the track and 

mY S, ‘can be tured via a screwdriver or 
an 


i knob. 
tL ‘The wiper is the middle wire on the 


wo oT circuit symbol and it moves up and 
When the thee leads are connected 
the symbol is called a potentiometer. 


When two leads are connected it is a 
variable resistor. 

When the resistance increases, less 
BC 338 current flows through the pot. 


2N22220, 


Fig 47a. The Potentiometer in action 


to Index 


— There is a difference in operation between a 
Variable Resistor and a Potentiometer. 

+H ca Both will increase or decrease the sound level as a 
volume control or the speed of a motor or the 

brightness of a globe, but a Potentiometer will 

guarantee zero volume or zero brightness when 

the pot is turned fully anticlockwise (as shown in 

the animation). 

This is because the output will be zero volts, but 

the variable resistor may stil deliver some "energy" 

(voltage and current) to the circuit when turned 

Fig 47b. The Variable Resistor {uly anticlockwise 

and Potentiometer 


variable potentiometer 
resistor 


to Index 


Potentiometers come in values from 100 ohms to 5 Meg ohms (500R, 1k, 2k, 5k, 10k, 60k, 
100k, 200k, 250k, 500k, 1M are most popular). 

They come as linear, or logarithmic where the resistance of the track (per mm) is higher at one 
Jend. Because our hearing is not linear, these pots can be used as volume controls to produce a 
[gradual (very nearly linear) increase in volume. 

Selecting the correct value of resistance for a circuit is VERY complex. If the value is not correct, 
the volume will not be loud or it wll drop to zero before the pot is tured fully anticlockwise. Or 
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the motor will drop to zero at mid-turn of the pot or it will not reduce in RPM to the desired 
[amount 

The simple answer is to copy a circuit. 

Or you can try the whole range of pots and you will find one value is the best. 

[A Potentiometer can be used in hundreds of different circuits to produce hundreds of different 
effects, but the actual “thing” that flows between the input and output is @ percentage of the 
‘voltage. At the same time the current will also be passed to the output at a reduced value. A pot 
actually delivers BOTH reduced values at the same time and the receiving circuit will be 
[designed to “look for" the change in voltage or current. If the supply voltage is not rising or 
falling, the "values" are called DC values. 

The voltage can also be in the form of a signall (volume). This is called an AC signal 
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F The TRANSISTOR 
smitten collector A TRANSISTOR is an ACTIVE 

nas ee device. It AMPLIFIES. 
‘There are many types of transistor 
(over 20,000 different types) from 

collector emitter hundreds of manufacturers and 
they have many different names. 
PNP Transistor NPN Transistor We are going to study the simplest. 


thas the technical name BIPOLAR 
JUNCTION TRANSISTOR (BJT) 
» UNION TrANSIST 
5s TRANSISTOR. 


‘There are two types in this group: 
PNP and NPN. 


emitter 


PHP type 
NPH type PNP type ‘The type we will study is also called 
NPH type Base a SMALL-SIGNAL TRANSISTOR. 
yp 
PHP type 
PH type You cannot tell an NPN transistor 


Fig 48. The TRANSISTOR ee ce oer antl You must 


In Fig 65 you will make a 
‘Transistor Tester project, but first 
some basic facts: 


collector ||| emitter 
LL 
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ecpe. current The first type of transistor we are 
{going to study is the NPN. 
A transistor has three leads: 
BASE, COLLECTOR and 
Loan EMITTER 

resistor Basically, a small current enters the 
emell base and a large current flows 
current through the collector-emitter leads 


collector} [as shown in the diagram. 
hase 


‘The resistor in the collector lead is 
called the LOAD Resistor. 
‘Sometimes the load is a speaker. 


emitter 


Fig 49. The NPN TRANSISTOR in a Circuit 
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The transistor is similar to 
the diagram opposite. A 
small drop of water entering 
the base is amplified to 
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This tap is the base-bias resistor, feeding 
a small current into the base of the 


Each drop of water 
turns the transistor 
ON and produces a 
"thump" from the 
speaker. 


Fig 50. The Water TRANSISTOR 


pump. 


— 


to a water 


Basic Electronics 1A, 


produce a loud DRIP from 
the speaker. 
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NPH Transistor [emitter 


BC 547 242222 


Fig 51. One Transistor Circuit 


In this experiment we will construct 
a ONE TRANSISTOR circuit 
similar to the WATER, 
TRANSISTOR above and observe 
the resulls. 

Make sure the two leads DO NOT 
TOUCH. If they touch, the 
transistor will be DESTROYED. 


The transistor is amplifying the 
current through your finger via the 
two leads and it will be very dim. 


ANIMATION 

The lower diagram shows the 
transistor turning ON when a finger 
is pressed against the two wires. 
‘The finger produces a resistance 
that turns the transistor ON and 
this turns the transistor into a 
smaller and smaller resistor. That's 
how more and more current flows, 
through the LED and it gets 
brighter and brighter. 
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By adding another 
transistor we amplify the 
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Fig 52. Two Transistor Circuit 


jcurrent through the finger 
[about 200 times and now 
the LED will glow bright. 


Make sure the bare wires 
[do nat touch each other 
as this will destroy BOTH 
transistors. 


ANIMATION 

The lower diagram shows 
both transistors turning 
JON when a finger is 
pressed against the two 
wires, 

‘They both becomes 
‘smaller and smaller 
resistors. 

The first transistor allows 
[more current to flow into 
the base of the second 
{transistor and this is how 
the second transistor 
turns on more and more. 
This allows more current 
to flow through the LED. 
Jand it gets brighter and 
brighter. 
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= © © 
piece of metal mE woe 5 aan 
orcopper-clad 

a 


printed 
circuit board 


B collector 


BC S47 
2 2222 


oranyHPH transistors hese) 


emitter 


This circuit has 
lenormous gain. 

Each transistor has a 
gain or more than 200, 
and the final gain will 
be more than: 

200 x 200 x 200 
8,000,000 

8 MILLION! 


The circuit is very 
sensitive to static 
voltages in the air or 
electrical waves such 
as the waveform 
produced by the 
electrical wiring in a 
house, 

Move the project 
around a room and 
detect all the electrical 
signals. 
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Fig 53. Three Transistors 


to Index 


[You can see the effect of one transistor. It does not do much. 

The two transistor circuit allows the resistance of your finger to deliver current into the base of 
the first transistor and this transistor delivers more current into the base of the second transistor. 
The result is more collector-emitter current and the LED illuminates. 

The three transistor circuit produce an ENORMOUS effect. 

It will pick up STATIC ELECTRICITY and all forms of electro-magnetic energy (radiation) and 
illuminate the LED. 
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By adding a piezo 


diaphragm to the 
| & output you will be able 

piece ofmetal (MF 100k 20ne Le = to hear the hum of the 

orcopper-clad es mains. 

printed a8 This is the frequency 


of the supply into your 
house. It will be either 
50 cycles per second, 
or 60 cycles per 
second. 
The term: “cycles per 
collector second is given the 
fe name HERTZ after 
Heinrich Rudolf 
base Hertz, who was the 
emitter first to prove the 
existence of 
electromagnetic 


Fig 54. Adding a PIEZO Mees 


circuit board 


red We 


|; LED 


BC S47 
26 2222 


oranyHPH transistors 
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The Piezo diaphragm is held around 
the outer edge inside a plastic case 
and when a voltage is applied to the 
two leads, the thin plate curves very 
slightly. 

When the voltage is removed, the plate 
retums to its flat shape. 

If the voltage is reversed, the plate 
‘curves in the opposite direction. 


‘The curving is due to a thin layer of 
ceramic material under the plate and 
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Pastecase  PlezO 


Leads 7 


Piezocerdmic Plate 


Zim thin plate curves 


when a voltage is applied. 


Blestrode (over) Brass Plate 


Fig 55. The Piezo 
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then a film of metal is deposited onto 
the ceramic so a lead can be soldered. 


‘There is infinite resistance between the 
two leads as the ceramic material is an 
INSULATOR. 

‘The capacitance between the two 
leads is approx 22n 

‘The Piezo is a passive device. It needs 
‘a pulse or frequency for it to produce 
an output. 
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collector 


emitter 


Fig 56. Plant Needs Water 


The ONE 
CT TRANSISTOR 


CIRCUIT above 
can be turned 
aiiy into a detector to 
i show when a 
transistor plant needs 
water. 
3v | Place the two 
probes into the 
soil and water 
the plant. The 
LED will turn off. 
‘As the water 
evaporates the 
LED will turn ON 
tolet you know 
the plant needs 
‘watering. 
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This proves 


Fig 57. Tap the Piezo 


This experiment produces a pulse from the piezo 
‘when it is tapped and the LED illuminates briefly 


a ‘The LED can be connected either way around, 


the diaphragm flexes when a voltage 


is applied and also in the reverse situation. A 
voltage is produces when the diaphragm is tapped 
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‘A flashing LED is not very bright. 
Itcan be connected to a transistor 
and the transistor will drive a very 
ann moreiaet te 
‘The transistor is an amplifier. 
WwW *. Itis amplifying the current flowing 
Ww wi through the flashing LED and 


Flashing y LED supplying a higher current for the 
LED Be ‘white LED. 
‘We cannot discuss any further 
: PH Transistor details of the circuit at the moment 
BC 547 2N 2222 because the actual operation of 
208 fe the circutt is quite complex. 


‘At the moment we just need to 
experiment with simple transistor 
circuits. 


Fig 58. Flashing LED and White LED 
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Fig 59. Soldering Iron 

We now come to the point of HELPING YOU WITH CONSTRUCTION. 

We have already shown you 6 different circuits and there are many ways to build them. 

You can: 

1. Solder them. 

2. Build them on an Experimenter Board 

3. Connect the components with clips or twist the leads together. 

it does not matter how you build the circuits. 

The fact is this: YOU MUST START BUILDING. 

‘The best soldering iron for a beginner is a CONSTANT TEMPERATURE soldering iron. 

Ithas a dial that can be tured to set the desired temperature, 

[An ordinary soldering iron GETS TOO HOT. Itis not suitable for soldering electronic circuits. 
This is something that no-one has mentioned before. An ordinary soldering iron will melt the 
|solder TOO QUICKLY and burn the resin inside the solder and make soldering very difficult for a 
beginner. 

Soldering must be done slowly so the resin in the middle of the solder gets hot and cleans the 
leads of the components so the solder will "stick." 

‘That's why you must apply the solder to the leads you are soldering and allow the resin to 
attack" the leads and clean them. 

The cheapest TEMPERATURE CONTROLLED soldering Iron is available on eBay for les than 
$10.00 (post FREE). 

You will also need a small roll of solder (0.9mm) and a soldering Iron stand. 

Email Colin Mitchell for links to eBay. (talking@tpg.com.au) 

[A whole book could be written on the ART OF SOLDERING 

Look on the web for articles and videos on SOLDERING. 


hitp:4vww talkingelectronics.com/projects/BasicElectronics-tA/BasicElectronics-1A_ Paget. hm 


aor 


snor018 Basic Electonics 18 
to Index 


SOLDERING 


1. Soldering is very easy and very simple. You just need a Temperature Controlled Soldering 
Iron, Fine solder and clean components. 

/2. Remember this: It is NOT the solder you need for a joint, but the FLUX. And the flux lasts for 
lonly 2 seconds. When the flux is HOT it attacks and cleans the joint so that the solder will stick. 
}3. Turn ON the Temperature Controlled Soldering Iron to a low temperature. Put solder on the 
tip. It will not melt. Turn up the temperature slightly. Try more solder. As soon as the solder starts 
to melt, this is your starting point. Turn up the temperature slightly MORE and this is the correct 
{temperature for small, delicate, fine soldering 

4. Place a component through a hole and bend the lead slightly so the component does not 
move. Turn the board over and touch the iron on the component and bring the solder FROM 
THE OTHER SIDE so the solder melts and flows towards the iron. 

From start-to-finish, count one-two-three and remove the solder. Count four-five and remove the 
iron. You will have a perfect joint. 

If you are soldering thick leads or large pads on a circuit board, you will need to turn the 
{temperature UP slightly 

[You must add enough solder to make the joint “bulge” slightly. 

Fine solder (1mm or 0.8mm or 0.8mm) makes the best joint because itis easier to use. 

Use a wet sponge to clean the tip or a ball of "Stee! Wool." Steel wool is the best. 

Here is the steel wool, bending the leads and some examples of poor joints due to insufficient 
solder: 


=F, 
Steel wool cleans the tip 
beautifully 


The joints do not have enough solder 
and that's why they fractured. 
Called a DRY JOINT. 


More "Dry Joints. 


This is the cheapest and 
simplest soldering iron 
stand, 
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This stand is very messy 
‘as the spring grabs the iron 
land makes it difficult to 
remove from the stand. 
Test the stand before 
buying. You will se why not 
to buy this type of soldering 
stand, Get one with a "wide 
mouth” and a heavy stand 
is best as it does not move. 


This photo clearly shows how to hold a 
soldering iron and solder. 


This is NOT a temperature-controlled 
soldering iron and you can see itis too 


hot as itis burning off the flux too 
quickly. 

‘Temperature Controlled Soldering 
Irons are now cheaper than the JUNK 
soldering iron shown in the photo. See 
eBay for prices. 
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BREADBOARD 


The term BREADBOARD refers to any 
piece of wood or plastic containing pins 
‘or pegs or clips or holes where you can 
build a circuit 

‘The components can be soldered, 
twisted clipped or fitted into holes. 
Breadboard also means the circuit 
be easily pulled apart. 

Some breadboards do not have two 
rows for the positive and negative rails. 
Connections under the board for the 
postive ral is shown with a black line in 
the photo. Connections on the main 
‘section of the board are shown with 
blue lines. Your breadboard MUST look 
Photo shows a number of components _||exacll like the photo opposite. 


fitted to the breadboard. Other breadboards are quite useless. 
‘The breadboard in the photo can be 


purchased on eBay for less than $5.00 


a 


(post FREE). 
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Fig 60. BREADBOARD and Components 
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Fig 61. Jumpers 


[The components on the 
BREADBOARD are fitted 
Jdown the holes and metal 
strips under the board join 
Jeach column of 5 holes. if you 
want to join one hole with 
/another, you can use 0.5mm 
tinned copper wire or 
JUMPERS. See photo 
opposite. Jumpers can be 
purchased on eBay for less 
{than $3.00 posted 


Email Colin Mitchell for links to 


jeBay. (talking@Ipg.com.au) 
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Fig 62. Breadboard with Nails 

I you don't have a soldering iron or experimental breadboard, you can make your own board 
‘with nails. See the photo above. Itis a multivibrator circuit and we will be presenting this circuit 
in a moment. The components can be twisted around the nails and bare wire used to join some 


lof the nails to complete the circuit. 
[Another method of connecting the components is called BIRD-NESTING. This involves 
[soldering the components “in the air” as shown in the 27MHz transmitter circuit below: 


[Another way to connect the component( if you don't have a soldering iron), is to wind 6 turns of 
bare wire around each connection and leaving all the components "in the air.” The bare wire can 
be obtained from hook-up flex. This is plastic coated "wire" containing up to 15 fine strands of 
\wire. Use a single strand for the connections. None of the components will touch each other BY 
MISTAKE and the circuit will work perfectly. Bird-nesting is a good way to build a quick circuit 
Jand test its performance. It might look messy but you can easily change any component. 


to Index 
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piece of metal 
orcopper-clad 
printed 

rcuit board 


Fig 63. Wiring the 3-Transistor Circuit using BC547 Transistors 
The diagram shows how to connect 3 x BC 547 transistors. 
The leads of a transistor can be collector-base-emitter OR 
|emitter-base-collector and that's why we have provided 2 different wiring diagrams. 
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piece of metal 
orcopper-clad 
printed 
circuit board 


2N2222 
b 


foal 
E 220R 
I 


2N2222 
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Fig 64. Wiring the 3-Transistor Circuit using 2N2222 Transistors 
The diagram shows how to connect 3 x 2N2222 transistors. 


2N2222 
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Af 
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Fig 65. Transistor Tester 

This handy transistor and LED tester can be built to test LEDs and both PNP and NPN 
transistors. 

The project consists of two identical circuits, one for NPN and one for PNP. 

You can build just the NPN section and then build the PNP section later. 


LED VOLTAGE 

We have shown a LED needs at least 1.7v supply for ito operate. 

This circuit works on 1.5v and thus the action of the transistor and coil (called a Transformer) 
MUST be increasing the voltage for the LED to illuminate 

This circuit works on two “actions.” 

1. Transistor ACTION - this is the action of a transistor providing gain to make the circuit 
oscillate. 

2. Transformer ACTION - this is the action of a coil of wire producing a voltage higher than the 
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supply voltage when itis turned off 


This circuit is very technical and very complex. 
We will be explaining it in a very simple way because this is a Basic Electronics Course. 


THE TRANSFORMER - the two coils of wire on the left and the two coils of wire on the 
right. 

When the voltage (actually the current) is switched off, the 40 tun coil in either of the circuits in 
this project; the voltage across the coll rises to more than the 1.5v supply and is in the opposite 
direction to the voltage of the supply. 

The circuit looks to be very simple but it uses an air-cored transformer to produce the voltage 
needed to illuminate the LED indicators and the circuit only works when the transistor is 
[connected correctly. There are two separate circuits, one for NPN transistors and one for PNP 
transistors. We will cover the NPN section: 

The circuit turns ON when the NPN transistor is fitted and the current through the 30 turn coil and 
1k5 resistor turns ON the transistor and produces expanding flux in the 40 turn coil. This flux cuts 
the tums of the 30 turn coil and produces a voltage in the coil that adds to the supply voltage and 
increases the current into the base. This tums the NPN transistor ON more. This action continues 
Until the transistor is fully turned ON. At this point the current in the 40 tur coil is @ maximum but 
itis not expanding flux and the 30 turn coil ceases to see the extra voltage. Thus the current into 
the base reduces and this turns the transistor OFF slightly. The flux produced by the 40 turn coil 
now becomes collapsing (or reducing ) flux and it produces a voltage in the opposite direction to 
[greatly reduce the current into the base. In a very short period of time the transistor becomes 
TURNED OFF and itis effectively removed from the circuit. The flux in the 40 turn coil collapses 
[quickly and it produces a voltage in the 40 turn coi that is higher than the supply voltage and is in 
the opposite direction. This means the voltage produced by the 40 turns ADDS to the supply 
voltage and is delivered to the LEDs to illuminate them. 

‘The NPN circuit has two LEDs in series so that a LED of any colour (including white) can be 
[connected to the TEST LED terminals and it wil iluminate. You can use any colour LED for any 
lof the LEDs, however itis best to use either green or yellow or white for the single LED. 

The two "coils" are wound on a 10mm dia pen with 0.1mm wire (very fine wire). The loops of 
tinned copper wire holding the coils on the board are connected to separate lands under the 
board and MUST NOT produce a complete loop as this will create a “Shorted Turn” and the 
circuit WILL NOT WORK 

If the LEDs do not illuminate, simply reverse the wires to the 30 tur coil 

The circuit does not need an ON/OFF switch because the LEDs require a voltage of over 2v to 
illuminate (the orange LED) and the supply is only 1.5v. A red LED needs about 1.5v to 1.7v to 
Joperate but when it isin series with a green LED, this voltage is over 3.5v. 

All the components fit on a small matrix board 5 holes x 18 holes. A kit of parts for the project is 
available for $4.00 plus $3.00 postage and ordering details can be obtained by emailing Colin 
Mitchell. (talking @tpq.com.au} 

Build the circuit and test your transistors and LEDs, 

We will be covering more on the action of a transistor and the action of a transformer in the 
discussion below, but itis important to build the circuit and see it working. 

Itis your first piece of TEST EQUIPMENT. 


Questions 

1. Identify the letters "c" *b" and "e" 

2. What type of transistor is tested in the first set of hollow pins? 

3. Put a PNP transistor into the first set of hallow pins and try all positions. Does the red and 
jgreen LEDs illuminate? 

4. When both the red and green LEDS illuminate, what is the approximate voltage across the 
pair? 

5, When you fit a red LED to the test-socket, what is the approximate voltage across it? 

16. When you fita red LED to the test-socket, why does the red LED and green LED on the PC 
board tum off? 

7. Why doesn't the project need an on/off switch? 

18. The two coils for the circuit on the left is called a TRANSFORMER. Do the connections of the 
windings have to be connected to the circuit around a particular way? 
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ROBOT MAN 


‘This multivibrator circuit will flash | 
the Robot Man's eyes as shown | 
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Fig 66. ROBOT MAN 
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in the photo. The kit of 
components is available from 
Talking Electronics for $8.50 
plus postage. Send an email to 
find out the cost of postage: 
talking@too.com.au 
‘The photo shows the LEDs 
flashing. 
The circuit is called an 
ASTABLE MULTIVIBRATOR 
and this means it is not stable 
but keeps switching from one 
&  |transistor to the other. 
Itis also called a FLIP FLOP 
circuit 


‘The ASTABLE MULTIVIBRATOR or "free- 


[running” multivibrator. 
toindex 
The TIME DELAY circuit consists of a Resistor 
R and Capacitor C in SERIES. 
ul ‘When the switch is closed, the electrolytic (called 
R sw the CAPACITOR) charges slowly because the 


resistor only allows a small amount of current to 
flow. 

Its just ike charging your mobile phone. The 
battery takes time to charge because there is @ 
resistor in the circuit to limit the current. If we 
remove the resistor in the mobile phone, the 
battery will get too hot when it is being charged but 
in the TIME DELAY circuit, we want the capacitor 
to charge slowly, because we want a TIME 
DELAY. 


to Index 


capacitor is the same as 
building a brick wall. 


‘CHARGING A CAPACITOR 

‘The capacitor in Fig 67 charges via the resistor R. 
But the voltage on the capacitor does not rise at a 
‘constant rate. 

It starts off charging very quickly and as the voltage 
across it get higher, the voltage increases at a slower 
and slower rate. 

In the photo | am building a brick wall 

| am working at a constant rate. 

When | started building the brick wall, | laid 5 rows of 
bricks (5 courses) in the first hour. 

{As the wall increased in height, | had to climb the 
ladder and | could only lay 3 courses an hour and 
finally the wall was so high | could only lay 1 course 
per hour. 

This is exactly the same as a capacitor charging. 
When the capacitor is uncharged, the supply voltage 
allows a high current to pass through the resistor R 
and the energy quickly fills the capacitor. This results 
in a rapidly increasing voltage on the capacitor. But as 
the voltage on the capacitor increases, the difference 
in voltage between that on the capacitor and the 
supply is very small and only a small current will pass 
through the resistor. This means the voltage on the 
‘capacitor increases at a slower rate, 


to Index 
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Itreally does not matter how fast or slow or 
luneven a capacitor charges because most 
circuits detect a voltage on a capacitor and 
the time taken to reach this voltage is 
called the TIME DELAY. 
But to prevent you thinking the capacitor 
charges "smoothly" we have to explain 
what actually happens. 
[The graph on the left shows the capacitor 
[charging. You can see it charges quickly at 
{the beginning and then charges slowly and 
then very slowly. 
‘You can see the first part of the graph is 
fairy “straight” (constant charging) - NOT 
"straight up and down" but a straight line - 
land this applies to a voltage of about 63%. 
The time taken to reach this voltage is 
called ONE TIME UNIT - also called ONE 
TIME CONSTANT. The graph continues for 
3 [another 4 “time units" (time-constants) and 
ARC ARC BAC ARC SRC the final voltage is very nearly 100%. (It 
this is called “time units” never reaches 100%.) 


100% 


Voltage across the Capacitor 


Fig 69. Time Units 
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A TIME DELAY circuit needs three things: 
1. Resistor (R) 

12. A Capacitor (C) 

3. A "Detection Point.” 


[When the switch is pressed, capacitor (C) 


| 4 
+ 


LED {takes time to charge via resistor (R) and after 
R =| short period of time the voltage at the 
QV || DETECTION POINT is 0.6v and the transistor 
st fis TURNED ON. The LED illuminates. 
This is the 
“detection. Build the circuit wth 100u and 100k and see 
point i how long it takes before the LED illuminates. 
fe 
Fig 70. Time Delay Circuit 
to index 
In the ROBOT MAN project 
you can see the "TIME 
a J G DELAY" circuit made up of 
| e| S the 100u, 10k resistor and the 
base of the transistor. 
red red wy 
Wri io Wey This is one of the most 
k k = important BUILDING. 
QV ||BLocks in electronics 
= Itis the basis of all oscillators 
and will be discussed below, 
atter we explain a few more 
etails, 
b ~y + 
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Fig 74. The "TIME DELAY" 
Project 


in the ROBOT MAN 
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100k k 


This is the. 
“detection \\| 


[We will use the TIME DELAY circuit to tum 
the transistor ON 

Make sure the 100u is uncharged by touching 
both leads (both ends of the capacitor) at the 
|same time with a JUMPER - this is a piece of 
‘wire shown in Fig 61 

Push the switch and noting happens. After a 
short period of time the LED starts to glow and 
then comes on fully. 

This shows two things: 

1. The transistor is not tumed ON when the 
base voltage is zero, 

2. The base voltage must be 0.6v for the 
{transistor to start to turn ON and when the 
voltage is 0.65v the transistor is turned ON 
FULLY. 
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100k _ 


This is the. 


Here is an explanation of how the LED turns 
ON. 

When the circuit is first assembled and the 
/switch is not pressed, the transistor is not, 
{turned on and itis just like the diagram 
lopposite. The LED is not connected to the 
transistor. 
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100k 


This is the. 
“detection \| 


Fig 74. The LED turned ON 


[When the switch is pushed, the transistor 
{urs ON (after a few seconds) and it pulls the 
lower lead of the LED down towards the Ov 
rail and this action turns the LED ON. 
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to Index 
Push 
Switch When the LED is fully turned ON, the lower 
lead of the LED is almost directly connected to 
the Ov rail 
100k In other words: 
\When the transistor is FULLY TURNED ON, 
the lower lead of the LED is almost directly 
This is the Jconnected to the Ov ral 
“detection | ‘The voltage between the lead of the LED and 
ve ov rails 0.2v. This is the characteristic voltage 
+ across the collector-emitter terminals of a 
‘100uE3 Iansistor when itis TURNED ON. 
Fig 75. The LED fully turned ON 
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in the three diagrams above you can see the LED is changed from an OFF condition to an ON 
[condition by the action of the transistor. 

The transistor is acting LIKE A SWITCH. 

‘This action is one of the most important actions in electronics. 

Itis called: "The Transistor as a SWITCH" 

It is the basis to ALL Digital Circuits. 

Itis the basis because of these two facts: 

1. When the transistor is OFF, the circuit is taking no current and no power is being lost or 
wasted. 

12. When the transistor is ON, the LED is almost at Ov and no resistor isin the lower lead to 
jwaste any power. 

‘Thus we can turn things ON and OFF without wasting and power. 

This is the basis to DIGITAL ELECTRONICS 


to Index 


DIGITAL ELECTRONICS revolves around circuits that are either FULLY ON or FULLY 
JOFF. This means they take almost no power and we can combines lots of circuits and still take 
almost no power. 

This means they do not get hot and it also means they will last @ long time. 

You may not think turning a transistor ON and OFF will achieve any worthwhile outcome but a 
[circuit can be designed to use two transistors (similar to the ROBOT MAN above). The circuit 
Jdoes not Flip-Flop but requires a switch and when the switch is pressed, the circuit changes 
[state. The two transistors are connected together and it takes two presses of the switch to make 
the output of the second transistor change state ONCE. 

The circuit is a divider. Iis called a: divide-by-two and is the basis of all counting in a 
Icomputer. 

By adding more “divide-by-two" circuits we can get “divide by 4, divide by 8 etc. Two 
{transistors don't do much but when you combine milions of transistors we have a COMPUTER. 
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Two transistors can do one 
more thing. They can 
"REMEMBER." 

Here is a manual circuit. 
Pressing Switch A turns the 
LED ON and pressing switch B 
tums the LED OFF. 

The circuit "remembers" or 
remains in each state called a 
stable state. 
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The technical name for this 

circuit is: 

R BISTABLE MULTIVIBRATOR 

Ry 4 or BISTABLE SWITCH or 
BISTABLE LATCH. 


This is the basis to all the 
memory in a computer. 


A qo B 


Switch A Jswitch 8 


Fig 76. The "MEMORY CELL" 

When Switch A is pressed, the voltage on the base is 
removed and transistor A turns OFF. 

Transistor B turns ON via resistors Ry and Ry and the LED is 
tured ON. 

When the switch is released, the voltage on the collector of 
{transistor B is less than 0.6v and the two transistors remain 
in this state. 

Pressing switch B tums the LED OFF. (\ransistor A turns 
ON via Rs, Ry and the LED - very litle current flows through 
the LED and you can hardly see it glowing). The voltage on 
the collector of transistor A is less than 0.6v and the two 
{transistors remain in this state. 
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Tn electronics, we talk about the DIGITAL TRANSISTOR and ANALOGUE TRANSISTOR. 
This is just an ordinary transistor (called a Bipolar Junction Transistor) in a DIGITAL CIRCUIT or 
ANALOGUE CIRCUIT. 

We are now discussing the DIGITAL CIRCUIT - The Multvibrator - Astable Multivibrator and 
Bistable Multivibrator (Memory Circuit) 

The DIGITAL CIRCUIT has 2 STATES. 

The ON STATE and the OFF STATE. 

It is conducting in the ON STATE and the LED is illuminated. 

In the OFF STATE, the LED is not illuminated 

In the ON STATE the transistor is said to be CONDUCTING or BOTTOMED. 

In the OFF STATE the transistor is said to be "CUT OFF or "OFF.” 

These two states are reliable and guaranteed. They are not "half on" or “quarter on* or "75% 
oft” 

These states are easy to transmit “down a wire." The ON STATE is transmitted as "1" (voltage 
present) and the OFF STATE is transmitted as "0" (voltage not present). 

These are the two DIGITAL STATES. 


The ROBOT MAN is a DIGITAL CIRCUIT. 
Each LED is ON or OFF. 
‘The waveform on the output of each transistor is called a DIGITAL SIGNAL. 


The waveform is said to be DIGITAL or SQUARE WAVE. 
The top line of the graph represents the LED OFF. 

The bottom line of the graph represents the LED ON. The LED is ON when the collector voltage 
is LOW because we are pulling the lead of the LED to the Ov rail as shown above. 

The circuit changes from one state to the other very quickly and this is called the RISE TIME. 
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LED OFF 
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[Going over the two 
DIGITAL STATES for a 
transistor. 


Switch qf 


Inthe first diagram the 
[switch is not pressed and 
the base does not see a 
Voltage to turn the 
transistor on. The 
transistor is "OFF" (not 
Jconducting) and itis not 
grabbing® the LED. The 
LED is not illuminated 

In the second diagram the 
base of the transistor sees 
a voltage via the switch 
land it is TURNED on. The 
LED is illuminated, 


100k 


OFF 


Fig 77. The two Di 
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TE 
Tk 
TE 

Te 


Fig 78. ROBOT MAN Animation 
[This animation shows how a transistor grabs a LED and pulls it towards the Ov rail to turn it ON. 


to Index 


htp:tvwn talkingelectronics.com/project/BasicElectronics-tA/BasicElectronics-1A_ Paget. ml sara 


snor2018 Basic Electronics 1A, 


Fig 79. TIME DELAY Animation 

The animation in Fig 78 shows the two transistors turning the LEDs ON and OFF in a FLIP 
FLOP circuit. 

We know the 10k and 100u components form a TIME DELAY to create the time for each LED to 
be illuminated. The timing for one LED plus the other LED creates a CYCLE and this is the 
FREQUENCY OF OPERATION for the circuit. It is measured in cycles per second - Hertz - Hz 
‘We will now go into more detail of how the TIMING COMPONENTS create the TIME DELAY for 
jeach LED. 

The circuit is more-complex than you think. 

The 100u is already charged from a previous cycle and we show how it gets discharged via the 
10k and charged in the opposite direction by the 10k to create a TIME DELAY. 
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THE CAPACITOR 


The capacitor can perform many different functions and 
input produce many different effects, depending on its value 
a Leng oe piooar 
In this circuit the capacitors on the input and output 
waluine output prevent DC on the volume control creating "scratchy 
control | [OF sounds" when the volume is altered 
This is called "DC blocking 
The AC (the signal) passes through the capacitors but 
the DC voltage on the input is blocked. 
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CHARGING A CAPACITOR Part! 


It is easy to see how a capacitor charges via a resistor in the TIMING CIRCUIT (Delay Circuit) 
Jabove but many capacitors are not connected to the Ov rail 

They are connected as show in the animation below and their "job" is to pass a waveform. 

/When they pass the waveform they CHARGE and DISCHARGE. 

The waveform is called an AC SIGNAL and the output is smaller than the input. 

The circuit is taken from the circuit above, but the same effect applies to all capacitors that "pass 
a signal" 

Here's why: 
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Ov rail 


The capacitor charges slightly during the rise of the signal and the right-plate of the capacitor 
[does not rise as high as the left-plate. That's why the output signal is not as large as the input 
signal 

If the capacitor did not charge, the output would be as large as the input. if you use a capacitor 
with a large value, it will not charge and thus the output will be as large as the input. 

That's why you use a large capacitor!!! 
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CHARGING A CAPACITOR Part Il! 


Here is another CAPACITOR in action 


The animation shows a capacitor charging (via a 
resistor). The initial current is LARGE and this turns the 
transistor FULLY ON and the globe illuminates. As the 
capacitor charges, the base current reduces and the 
transistor starts to turn OFF. Eventually the capacitor is 
fully charged and the voltage on the base falls to Ov, 
turing the transistor OFF. 


This animation shows three features: 
4. The initial charging current is HIGH 

2. It gradually falls to zero. 

3.The voltage on the base drops below 0.6v and the 
transistor turns OFF, 


BC 338 
2N22220, 
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NEGATIVE VOLTAGE 


You will be surprised to learn that many circuits produce a negative voltage or negative spike at 
|some point (when doing circuit-analysis, each location or point or join of components is called a 
NODE) on the circuit. In other words the voltage will be LESS than the Ov rail of the circu. 

This is due to the presence of a capacitor and the animation shows how a capacitor can 
produce a negative voltage: 
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When a charged capacitor is "lowered from one position in a circuit" the positive lead may be 
lowered by say 3v. This means the other lead will be lowered by 3v. We are assuming the 
[capacitor can be lowered and is not directly connected to the Ov ral 


You can see the electrolytic produces a NEGATIVE VOLTAGE on the base in the following 
animation, when the two transistors change states: 


TR 
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The Electret Microphone 

‘The most common type of microphone is the 
ELECTRET MICROPHONE. 

Itis incorrectly termed the "Capacitor Microphone" or 
Condenser Microphone.” "Capacitor Microphone” 
descriptions make no mention of a FET as the 
amplifying device and a polarized diaphragm to detect 
the audio, so they are something different 

‘The electret microphone consists of a FET (transistor) 
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irholes metal housing 


\ very thin charged 
plastic sheet 


FET 


Source Drain 


ELECTRET MICROPHONE 


load 
resistor 
“output c= 


INSIDE AN 
ELECTRET MICROPHONE 
load 


resistor 


NFET HHL 


ete ee van > 


CONNECTING A FET 
TO THE SUPPLY RAILS 


Woy 


2k2| | 


100K 
aos mal _— 
tor 

senstivity [ 100" 


electret Besa? 
microphone 
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inside an aluminium case with a very thin Mylar film at | 
the front. This is charged and when it moves (due to 

the audio it receives via a small hole in the front of the 
case), it vibrates and sends a very small voltage to the 
GATE lead of the Field Effect Transistor. This transistor || 
amplifies the signal and produces a waveform of about 
2mV to 20mV at the output. 

‘The electret microphone requires about 0.5mA and will 
operate from 1.5v supply with 4k7 LOAD RESISTOR. 
For 3v supply, the Load Resistor can be 22k to 47k. 

For higher supply voltages the resistor will be 68k or 
higher. 

Electret microphones are extremely sensitive and will 
detect a pin-drop at 3 metres, 


This lead 
connects to 
the case 
(negative) 


Most electret microphones have two leads. One lead is 
connected to the case and this lead goes to the Ov rail 
‘The other lead goes to a LOAD RESISTOR (4K7 to 

168k - depending on the voltage of the project) | 
Reducing the value of the load resistor will increase the || 
sensitivity until the background noise is very 

noticeable. 

‘They are used in Hearing Aids and are more-sensitive 
than the human ear. 

They are very small, low-cost and very sensitive. 
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resistance. 


The Speaker 


‘The most common speaker is about 30mm to 60mm diameter and 8 
‘chm impedance. This means the voice coil is about 8 ohms 


‘The two leads can be connected either way to a circuit 
‘The speaker shown is 32mm diameter and has a realistic wattage of | 
100mW (NOT 4watt). | 
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These speakers have a Mylar cone and the magnet is a "super 
magnet" and very small. That's why itis so flat 


‘A speaker can be used as a microphone 
(called a Dynamic Microphone) and a 
‘ag circuit to connect the speaker (mic) to an 
ampifier can be found on Talking 
Electronics website. It is not as sensitive 
as an electret microphone and does not 
Speaker Symbol produce the 


same output amplitude, but it is an emergency microphone. 


LDR and Light Alarm Circuit 


to index 
Light Dependent 
Resistor 

(LDR) 


‘Aiso called PHOTOCELL or PHOTO RESISTOR 
‘A Light Dependent Resistor is a 2-leaded 
component containing a layer of semiconductor 
material 

‘The top contains two interleaving combs of 
conducting wires with a path of semiconductor 
material between. When light falls on the 
component, the resistance of the semiconductor 
material decreases, 

In darkness the LDR will be about 300k. In very 
bright light the resistance will be about 200 

ohms. 

Butif the light changes only a very small amount, 
the resistance CHANGE is VERY SMALL. For a 
large change, see Photo Transistor. 

‘The Light Alarm circuit will produce a squeal 
‘when light falls on the LOR. 
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Photo Transistor 
‘The Photo Transistor is very 
sensitive to changes in 
illumination. Its about 100 times 
more sensitive than the LDR 

‘The Photo Transistor is also 
available as a DARLINGTON. 
‘The Darlington Photo-transistor 
is 100 x 100 times (10,000) more 
sensitive than the LR 


‘The Photo Transistor and Photo 
Darlington Transistor are 
connected just like a normal 
transistor but the base lead is not 
connected. Ifthe value of the 
LOAD RESISTOR is large, the 
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f) Ne 
): “@) 
Phojo Transistor 2 


Lens Photo Darlington 
Transistor 


collector bast 


(Q5E114 Photatransister 
(atrchild) 


& 


BPWA6 photo transistor emitter 


SFH 300 


(ram Siemens deta) 
photo transistor 


FPT100 Photo Darlington Transistor 
[The FPT-100 Darlington Photo Transistor is available from 
Talking Electronics for $1.00 each plus postage. 


Basic Electronics 14, 
transistor will not be very sensitive. 
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The Inductor 

Also called "coil," or "Choke." 
‘An Inductor consists of one to 
many tums of wire wrapped 
around a former (tube of 
Cardboard). The wire can be 
|jumble-wound or wound in 
layers. The resultis the same 
This is called an air-cored coil 
or air-cored inductor. 

‘The centre can be filed with a 
metal such as iron or 
laminations (thin sheets of 
metal) or a ferite material 
Different cores operate at higher 
frequencies. 

‘The core can be circular 
(doughnut) of rectangular and it 
is called a MAGNETIC CIRCUIT 
(when itis a closed loop) 
|Additional tums or increasing 
the diameter ofthe turns wil 
increase the inductance. 

‘A coil with a magnetic core can 
be used to pick up nails and 
‘metal items. It is called an 
electromagnet. It can be 
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3 F ik 


Aircored Aircored Iron-cored Iron-cored 
variable transformer 


Ferrite-cored — Ferrite-cored Ferrite-cored 
variable transformer 


surface-mount 
inductor 27uH 
yes 27uH 


Ke 
= 


‘The emerging magnetic lines of force from an inductor 
produce the NORTH POLE - this is just "convention," a 
simple way to explain things - to get the explanation started. 
When two or more coils are wound near each other, the 
inductor is called a TRANSFORMER (but not the armature 
above). 


operated on AC or DC. 
When the metal core is loose 
and gets pulled into the coil itis, 
called a SOLENOID or 
ACTUATOR or LINEAR 
ACTUATOR. It can be operated 
on AC or DC. 

‘The way an inductor works is, 
very complex but we can say it 
resists any rise or fall in voltage 
by turning the rise or fall into 
magnetic flux. 

If the applied voltage is suddenly 
‘tured off, the inductor produces, 
a very high voltage of 
opposite polarity (these are the 
two most important things for 
you to remember). 


Index 


The Antenna 


FM transmitter. 


The first time you will need an antenna is when making an 


The antenna is usually a length of wire equal to half the 
|wavelength of the transmitter. The frequency is about 
400MHz and the wavelength is 3 metres. 

A half-wave antenna is 1.5metres, 

‘The length is important but the height is more important. 


The wire should be as high as possible and "up-and-down" 
ifthe antenna on the radio is vertical, to get the maximum 
range. 

This is called an end-fed half-wave antenna or half-wave 


hitp:tvww talkingelectronics.com/projectsBasicElectronics-tA/BasicElectronics-1A_ Paget. ml 


errs 


snoror8 


Antenna 
symbol 


Fit transmitter 
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Monopole. 
‘The transmitting circuit should have a good ground-plane 

Jsuch as connection to large batteries so the signal can be 
pushed and pulled into and out of the antenna, 

This signal is then radiated as electromagnetic radiation to 
the surroundings. 
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con — 


t 


Won Core 


/single-throw). 


/a motor), 


Toload 
= Contacts, 


Tt 


Or a single pair of contacts can consist of 3 pins - called 
[change-over or SPDT (single-pole double-throw). 

A double set of contacts consists of 6 pins, called DPDT 
(double-pole, double-throw). This is also called a CHANGE: | 
OVER RELAY or REVERSING RELAY (when connected to | 


|The RELAY 


‘The word Relay comes from the 

days of Morse Code where a coil 

of wire (an electromagnet) closed | 

a switch to allow the Morse code | 

to travel further down the 

telegraph line. 

Itwould “relay” or “pass-on" the 

information. 

Arelay allows a “weak circuit” 

(one with low current) to operate 

@ LOAD that needs a large 

current. also separates the two 

circuits electrically and prevents 

a voltage such as 240v 

connecting to a 12v circuit. The 

coil is separated from the 

||contacts and this gives the two 
circuits isolation. 

|| double-pole double-throw relay 


uouics O-+ 


uado Ayeu0U oT FT 
Ess 


pasoye Ayeurs0u O-F 


Toload 


A single contact consists of 2 pins -called SPST (single-pole ||can be used to reverse a motor 


|| as shown here: 
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Driving A Relay 

(Powering A Relay) 

The first thing you must decide is the voltage of the relay 
This will depend on the voltage(s) available. The relay 
‘will be driven (activated) by a transistor and the base of 
the transistor only needs a signal (less than about 1V). 
This means the project can be operated on a voltage 
from 3y to 12v and the relay can be connected to a Sv to 
412v supply 
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Driving A Relay 


The armature is drawn 
towards the coil when a 
current flows through the 
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Next you need to know the current-rating of the contacts. | 
This will depend on the current taken by the LOAD. The 
rating of most relays is: 1 amp, 5 amp or 10 amp. 

Finally you need to know how many contacts are 
required. 

For a single circuit you will need 2 pins and for two 
circuits you will need 4 pins (but relays only come with 6 
pins 

Kc can gt relays that ied a vary smal cure for 
activation. These are called CMOS relays. But most 
relays need about 100mA. 

‘To protect the driving-transistor from spikes when the 
relay is turned off, you will need a diode across the coil 
‘The top animation shows a “single set of change-over 
contacts." 

‘The lower animation shows the ARMATURE being 
drawn to the electromagnet. The electromagnet is the 
coil with a core of magnetic material that becomes a 
magnet (an electromagnet) when a current flows through 
the coil 


[close the contacts. 


ov 


‘When the circuit is turned ON, the voltage across the 2,200u electrolytic is zero and it gradually 
[charges. When the voltage is about 8y, the coil has enough voltage across it to pull the armature | 
Jand open the contacts. The electrolytic supplies voltage to the coil for about 1 second and then 
the electromagnet does not have sufficient magnetism to hold the armature and it returns to 
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GATES 
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[Animations of GATES and more details of their operation is covered in DIGITAL 
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a—_" 
A B 


famp 


AND GATE 


— 
A 


a 
B 


OR GATE famp 


Fig 80. The "AND" GATE and 
'OR" GATE with switches 


The next BUILDING BLOCK we will cover is 
called the GATE. 

In its simplest form itis an electrical circuit 
consisting of switches, 

Its just two or more switches connected in series 
or parallel 

We give each circuit a name so we can talk about 
it and explain its action with a single word 

Later we will cover the electronic version and show 
how diodes and a transistor are needed to perform 
a GATING FUNCTION. 

‘The type of GATE we are talking about is a 
LOGIC GATE. 

The circuit performs an operation called a 
LOGICAL OPERATION on an input or a number 
of inputs and creates a single output - called a 
LOGICAL OUTPUT. 

LOGICAL means "understandable" or "correct" 
and in this case it means DIGITAL - the signal will 
rise to full rail voltage or fall to zero voltage. The 
output will not be half rail or quarter-rail vollage. 
The diagram show an "AND" GATE and “OR” 
GATE with switches. 

For the AND GATE close switch A AND switch B 
for the lamp to illuminate, 

For the OR GATE close switch A OR switch B for 
the lamp to illuminate, 
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NAND GATE 


a—"* 
A B 


INVERSION 

Inversion produces the opposite effect to 
the results above. 

/Suppose we want to turn OFF a lamp 
]when one or two switches are pressed. 
We need a transistor 

The technical word for Inversion is NOT. 
Its simplified to the letter "N." 


For the NAND GATE close switch A 
PLUS switch B for the lamp to turn OFF, 


For the NOR GATE close switch A OR 
[switch B for the lamp to turn OFF. 


NOR GATE 


a 
A 

a 
B 


These gates are only demonstration- 
|gates to show how one or two switches 
‘will turn a lamp OFF. 


Fig 81. The "NAND" GATE and "NOR' 
GATE with switches and a transistor 
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Fig 82. The "NOT" GATE 
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NOT GATE 

A single switch and transistor produces a 
NOT GATE, 

‘This is simply an INVERSION. 


The resistor tums the transistor ON and 
the lamp illuminates. The switch removes 
the voltage on the base and the transistor 
turns OFF. 

This is only a demonstration circuit to 
[show how a switch can turn a lamp OFF. 
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The 5 gates above form the basis to turning a circuit ON and OFF. We will discuss these gates 


later in the digital section. 
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AND GATE with DIODES 


tt 
wan A 
\ 


< 
~ 


B 


tamp 


OR GATE with DIODES 


Fig 83. "AND and "OR" gate with diodes 


The next building block is the 
GATING DIODE. 

We have shown a diode allows 
current to flow when the diode is 
correctly placed in a circuit and 
blocks current when itis reversed, 
‘The 5 gates above are electrical 
circuits but an electronic circuit 
works in a slightly different way. 

The electronic circuit will be covered 
later in the DIGITAL section. 

For the moment we will explain how 
a diode can be used to create a 
GATE. 

In other words it creates a ONE- 
WAY PATH to allows signals to pass 
from one stage to another and 
prevents signals passing in the 
opposite direction. 

In the AND GATE circuit, both inputs 
are LOW and current flows through 
the resistor (it will get HOT). When 
one input is taken HIGH, current stil 
flows through the other diode and, 
the lamp does not illuminate. 

When BOTH inputs are HIGH, 
current flows through the resistor to 
illuminate the lamp. No current flows 
through the diodes 

In the OR GATE, when one input is 
taken HIGH, current flows through 
the diode to illuminate the lamp. 

‘This can be done with EITHER 
input. 
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[ANAND and NOR gate 
[can be made with 
diodes and a transistor. 
‘This time we the output 
is either HIGH or LOW. 
We are gradually 
producing circuits that 
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are electronic, rather 


LOAD 
output 


{than electrical circuits. 
In the NAND GATE 
circuit, taking one of the 
inputs HIGH will still, 
allow the other input to 
prevent the transistor 
turning ON. 

When BOTH inputs are 
HIGH, the transistor 
turns on via resistor R 
land the output is LOW. 


NAND GATE with DIODES and Transistor 


In the NOR GATE 
circuit, taking one of the 
inputs HIGH will turn the 


LOAD 


output 


{transistor ON and the 
output will be LOW. 


transistor. 


NOR GATE with DIODES and Transistor 
Fig 84. "NAND" and "NOR" gate with diodes and a 
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Drawing A Circul 
A circuit must be drawn according to 
simple rules so itcan be instantly 
recognised 

JAn electronics engineer can “see a 
circuit working” when itis drawn 
correctly and can see itis drawn 
correctly; ifthe parts-values are correct 
Jand can use the circuit to assist in 
Jiagnosing a problem with a faully 
ircut 


The top circuit on is very difficult to 
visualise because itis not drawn in the 
normal way. 

All the components have to be "turned 
around in your mind,” to see what the 
circuit is doing 
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signifies: "Ground" - the zero 
lead for the signals Nv 
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4, What is the approximate characteristic voltage that develops 
across a red LED? 


1 
3.4v 
ogy 
av help 


5. If two resistors are placed in series, is the final resistance: 
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| Cannot be determined help 
6. Which is not a “common” value of resistance: 


Gaxr 
141M 
330k 
Gara help, 


T. Which value of resistance, placed across a 9v battery 
will get hot: 


| 22k 
Oar 
0 220k help 


8. If the voltage on the base of a transistor increases, does it: 


1 Turn on 
tum off 

| Not enough information 
Remain the same help 


9. The resistor identified in brown is called the: 


Base Bias Resistor 
Load Resistor 
“Emitter Feedback Resistor 


— 
) Bypass Resistor 
( yp 


help 


10. The first three colour bands on a resistor are: 
yellow - purple - orange 


147k 
| aK7 
1 470k 

Oar7 help 


11. A resistor with colour bands: red-red-red-gold, has the value: 


122k 5% 
Gare 5% 
|220R 5% 
D22R 5% help 


12, The lead marked with the arrow is: 
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1 The Collector 
The Base 
‘@) |The Emitter 
|The case help 


13. A 10k resistor in parallel with 10k produces: 


} 40k 
5k 
20k 

© Cannot be determined help 


14, The symbol is: 


| NPN Transistor 
QE) | Gene transistor 


Ss __ Photo Transistor 
“Field Effect Transistor help 


15, Two 3v batteries are connected as shown. 
‘The output voltage is: 


av 
Dov 
De help 


16. 4 resistors in ascending order are: 


22R 270k 2k2 1M 
4k7 10k 47R 330k 
13R3 4R7 22R 5k6 
100R 10k 1M 3k3 help 


17. The closest value for this combination is: 


Daxr 
axa 
oka help 


18. Which LED will illuminate: 


Green 
—— Both 

ty green —S— 6y |) RED 
ji: al al None 


red 
LED 


19. The four symbols are: 
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EZEE | Capacitor, Micraphone, Potentiometer, Electrolytic 
Electrolytic, Microphone, Resistor, Capacitor 


| Capacitor, Piezo, Resistor, Electrolytic 
4 Electrolytic, Coil, Resistor, Capacitor help 


20. The closest value of the combination is: 


10k 
Oaks 
Os 


21. Which motor will work: 


22. Aresistor and capacitor in series is called a: 


Pulse Circuit 
Timing Circuit/Time Delay Circuit 
Oscillator Circuit/Frequency Circuit 
Schmitt Circuit help, 


23. A red-red-red-gold resistor in series with an 
orange-orange-orange-gold resistor produces: 


1 5k5 
} 35,200 ohms 

) 55k 

J None of the above help 


24, Name the 4 components: 


&) 


| Transistor, mercury switch, piezo, inductor 
| Photo transistor, reed switch, piezo, coil 
“) Photo Darlington transistor, switch, piezo, inductor help 


25. To obtain a higher value of resistance, resistors are 
connected in: 


| Reverse 
| Forward 
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Parallel 
Series help 
26. Which LED will illuminate: 


A 
B 
Both 
+ None 
= 


Basic Electronics 1A, 


28. 


29. 


30. 


34. 
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Light Dependent Resistor 
piezo 
speaker help 


What is 1,000p? 


o.01n 
0.0001u 

o.1n 

tn help 


The current in a circuit is 45mA. This is: 


0.045Amp 
0.000458, 

0.00458 

0.458 help 


‘A.100n capacitor can be expressed as: 


O.1uu="microfarad 
o.otu 

o.00tu 

none of the above help 


‘4mA is equal to: 
0.0018 
0.000018, 


0.018 
O.1A help 


27. Name the component that detects light: 


@*5®@ 


mini trim pot 


rors 
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32. 1,200mV is equal to: 


Giz 
G12 
lo.t2v 
So.ooray help 


33. The approximate current for a toy 3v motor is: 


}10mA 
| t00mA to 300mA 
Ot amp 


36. Identify the correct statement: 


‘The cathode lead is longer. It goes to the negative rail 
-| The cathode lead is shorter. It goes to the negative rail 
© The cathode lead is shorter. It goes to the positive rail 

‘The cathode lead is longer. t goes to the positive rail help 


37. The current requirement of a LED i 


Between 3 and 35mA, 
esma help 


38, The multimeter is measuring 
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voltage 
O current 
Gi Resistance 


protection 


39. The purpose of the 
ode + 


two capacitors: 


To pass AC from the input to the output 
To allow the signal to oscillate 

To pass DC from the input to the output 
To amplify the signal help 


40. The direction of conduction for a diode is: 


A 
iB 
Gc help 


41. ADC voltage . 


Crises and falls 


isa sinewave 
remains constant 
is an audio waveform help 


42, Arrange these in ascending order: k, R, M 
{as applied to resistor values) 

Rik, M 

MRK 

KM, 

MAR help 


43. A battery produces AC current: 


true 
false 


44, The tolerance bands: gold, silver, represent: 


5%, 10% 
10%, 5% help 


45. 223 on a capacitor represents: 
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rama 


sonore 
(0.0220 _u=microfarad 
22n nanofarad 
22,000p p= picofarad 

All of the above help 


46, Arrange these in ascending order: n, p, u 
{as applied to capacitor values) 


Pun, 
nu 
pn help 


47. What is the resistance of this resistor: 


© 100% 
OK 
Om 
O100R 


48. The number "104" on a capacitor indicates: 


lou 
100n 

tn 

10n help. 


49, What is the multimeter detecting: 


© Voltage 
] Current 
| Resistance 


50. For the LEDs, what is the characteristic voltage for the red and white LEDs: 


| 


Ki) Ki) kl) oki) KI] ky 


red orange yellow green. blue white 


13.6y, 1.7v 
2.4, 3.3v 
01.7, 3.6v 
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Cannot be determined 
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100 more Crystal Set plans 


Everyone wants to make a RADIO. 


‘The simplest radio is a CRYSTAL SET. (Sometimes called a Crystal-Set Radio or Xtal Radio 
Set or Crystal Diode Radio.) 


However a Crystal Set needs a number of components that are very hard to get: (tuning 
capacitor with knob) and (crystal earpiece for $1.25). 

The “air’ TUNING CAPACITOR (20p to 415p) is not easily available and the postage is 
expensive. The germanium diode is a special component and the aerial coil wound on a ferrite 
slab is difficult to obtain, 


But you don't need these components. They can be substituted. 


‘There are hundreds of websites on the internet describing the CRYSTAL SET and if you want to 
build a “normal set, you can Google these sites or 100 more Crystal Set plans. Many of 
them sell kits too. 


But this article is different. 


We are going to have all the fun of making a CRYSTAL SET but with modern components and 
easy-to-make components and with an amplifier stage. The output is loud so you don't need a 
long antenna. And we are going to make our own TUNING CAPACITOR and a very simple aerial 
coil (called a FRAME AERIAL) as well as replacements for the germanium diode (use a TRF radio 
IC or a transistor) and in place of hi-impedance headphones (use a piezo diaphragm) and a 
crystal earpiece equivalent (a piezo diaphragm), 

Its even better to have one of each type of component so you can compare the performance, so 
‘no matter how many parts your get, nothing will be wasted, 


We are also going to explain the fundaments of how the circuit works as even the simplest circuit 
has a number of very important features that are used in many other circuits. 


But first we are going to learn about the components and how they combine to make the circuit 
work. 

When two or more components are connected together they sometimes produce a completely 
different result to the capabilities of either item. 

This is the case with a capacitor and inductor in parallel. An inductor is simply a coll - tums of wire 
‘ona cardboard tube - called a former and the centre of the coil is AIR. Its called an air-cored coil 
or air-cored inductor. 

Each component (the coil and capacitor) is called a PASSIVE DEVICE - in other words it does not 
amplify, but when the are connected together they create a result very near to amplification. And 
they also produce a result of picking up a huge number of signals and only allowing one signal to 
appear across the pair. A truly amazing result. 


We start by placing a capacitor across the coll 
‘There is so much activity in the air, from radio, TV, taxi and mobile phone usage that the air is 
filed with electromagnetic radiation, 

This radiation will cut the turns of the inductor (the coil) and produce a microscopic voltage in the 
tums. This is enough to start the two components passing energy back and forth at a rate 
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determined by their values. This is the basis of our frst discussion. 
‘These two components are called a TUNED CIRCUIT and make up our first building block called 
‘THE FRONT END. 


THE FRONT END 

This consists of a coil and capacitor. These two components are in PARALLEL and the signal 
led the RADIO SIGNAL or RADIO WAVE) passes through the centre of the coil and produces 

‘a voltage in the tums of the coil. The electromagnetic wave has to pass through the centre of the 

coil. 

This voltage is the result of a mass of signals that are interfering with each other and producing a 

signal called BACKGROUND NOISE. 

The voltage can be increased by an external aerial (called an ANTENNA) and it consists of ALL 

THE LOCAL radio stations (and everything else). 

The voltage is a mass of signals and is absolutely useless as it represents all the stations AT THE. 

‘SAME TIME. 

However, across the coil is a capacitor and these signals charge the capacitor with the very small 

voltage produced by the energy of the signals. When the capacitor is charged, it delivers its 

voltage to the coil. The coil accepts the energy and converts it to magnetic flux. 

After a very short period of time the capacitor becomes discharged and the magnetic flux 

collapses and produces a voltage in the coil of the opposite polarity to charge the capacitor again 

in the opposite direction. 

‘These two components keep oscillating back and forth, using the tiny amount of energy from the 

stations, 

‘There is a natural frequency for the capacitor and coil to pass energy back and forth and one of 

the stations will provide energy to assist this natural frequency. 

When this happens, the amplitude of the signal increases and the signals from all the other 

stations cancel themselves out and only one signal (waveform) remains. 

This signal is called the NATURAL FREQUENCY OF RESONANCE and it corresponds exactly to 

‘one of the radio stations. 


The end result is a waveform that is the exact same frequency as one of the radio stations and 
when Voice or music is played, the amplitude of the waveform increases and decreases. This will 
be the signal you hear in the earpiece or speaker. 

itis called an AMPLITUDE MODULATED signal and that is where we get AM RADIO from. 


Understanding the concept of a CAPACITOR and INDUCTOR in parallel is very important. They 
form a TUNED CIRCUIT that has a natural RESONANT FREQUENCY. 

Here is a very similar analogy. You have a heavy metal ball on a long string attached to the gutter 
‘on your house - just like a pendulum. You can push the ball very lightly with a finger and after a 
number of pushes you will be able to get the heavy ball swinging in a very large arc. 

‘The only way to keep it swinging is to push it very lightly at exactly the right time. if you push it at 
the wrong time it will eventually stop swinging. 

The parallel tuned circuit is exactly like the ball. It wants to oscillate at a particular frequency. 
Allthe radio stations are pushing and pulling the circuit at the wrong times and nothing is 
happening. But one radio station pushes at exactly the right time and the circuit starts to oscillate. 
All the other stations are fighting each other just like one person pushing the ball sideways and 
‘another pushing the ball from the opposite side. The results cancel each other and you are the 
only one assisting the swing. 

‘The TUNED CIRCUIT can also be called a FILTER with a very narrow BAND-PASS frequency but 
‘our simple explanation describes the operation much more clearly. 


‘There are a few other terms used to describe the components in the font end: 


LOOP STICK ANTENNA -This is an alternate name given to the coil of wire wound on a ferrite 
‘od or slab. It also has the name ROD ANTENNA or FERRITE ROD ANTENNA. 

‘The winding can be enamelled wire or flexible wire called LITZ WIRE. This is very fine strands of 
‘enamelled wire twisted together and covered in cotton. The purpose of changing a thick wire to 
lots of very thin wires is to prevent the radio signals creating loops of signals within the wire and 
these signals will cancel each other and not produce a signal out the end of the wire. 

In our experiments, we have not noticed any difference in a coil made with ordinary enamelled 
wire and Litz wire. 
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Here is a set of components to make your own Crystal set from Scott's Electronic Parts: 
‘You can see the rod antenna, germanium diode, crystal earpiece, capacitor and resistor. The kit 
costs about $9.00 plus postage and includes knob, clips and screws but no board to mount the 


paris. 


Here is the circuit for a Crystal Set: 


oG A 
Connect Long Antenna Here 1 ff 


‘Short Antenna Connect Here | 0 ©) © 


1N34A 


Ceramic 


This is the FRONTEND 
or TUNED CIRCUIT 


Here are the components mounted on a board called BREADBOARD: 
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The top clip connects to a long antenna. The left clip connects to ground and the right clip 
‘connects to a short antenna. 


Let me clear up a point. You do not need a ferrite rod antenna for the coil. You can use an 


‘ordinary coil wound on a cardboard tube and it will work just as well if you are using an outside 
antenna. 


Here is the circuit using a home-made coil. 
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_~ 4$ turns enamelled wire 
0.25mm aia to 0.5mm dia 
_- onstrong earboard tube 
Binet 400mm diameter 
tapped every turns 


‘Thea goes ts 
scream the back 
the "ane of he 
tariale capacitor 


(365 pf 
Nana Capatier 


"There are 4 take" (anon each se) 
(Cream fhe variable Capa, 
Eon 


\ can connect to wry on of these 
the" They areal connected i he 
same place. 


The tapings on the coil allow a wide band of radio stations to be tuned. 
Each tapping allows a different portion of the band to be covered. 


The next part to understand is this: 
The coil and capacitor must not be LOADED. in other words, you cannot connect anything to this 
‘combination because the signal itis producing will be "taken away" or "temoved" or “considerably 
reduced” by the item you are connecting to the circuit. 

‘These two components are called a TUNED CIRCUIT and when they are not loaded they pick up 
all the radio stations, one station at a time, when the natural resonant frequency of the coil and 
capacitor exactly match the frequency of the radio station. The circuit actually “rejects” all the 
radio stations except one. Because all the other stations are trying to make the Tuned Circuit 
oscillate at a different frequency and it does not do this. 

The result of the TUNED CIRCUIT oscillating under NO LOAD conditions produces a waveform 
that is very high and this gives the circuit GOOD SELECTIVITY. The circuit can select one station 
‘and reject nearby stations. 

Italso has good SENSITIVITY as it can pick up weak stations. 

Ifyou load the circuit, only the strongest signal will be detected and it will be spread across the full 
range of the tuning capacitor. 

‘Obviously the theory is more-complex but we are explaining the end-result. 

Theory talks about the “Q" value of the coil and this is its ability to produce a very good output 
when the magnetic flux collapses and the “Q" value increases when the circuit is not loaded. . 
Although these voltages are very small (in the order of microvolts or milivolts) the result is very 
important as the rest of the circuit will be amplifying this waveform a few thousand times. 

‘As we explained above, pushing the weight on a string only needs a push of 1 cm and eventually 
the weight will swing 1 metre. This is @ gain of 100:1 The same thing happens with the tuned 
circuit. The incoming radio signal isin the order of microvolts, but the coll and capacitor will 
produce a signal as high as 500 millivolts. This is an improvement or "gain* of more than 1,000 
and is referred to as the "Q" of the circuit. 

‘You will also notice the TUNED CIRCUIT is not connected to any supply voltage. It does not have 
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be connected. It generates its own waveform from the signals in the air. 

It should not have any DC current flowing through it via the supply as this would put a load on the 
circuit and reduce its operation. 


However we must "pick-off the signal so it can be amplified 
This must be done with a very high impedance circuit. 


THE CONVERTER (detector) - THE DIODE 

‘The next part of the circuit is the CONVERTER. Commonly called the DETECTOR. 

Itconverts the RADIO FREQUENCY signal to an AUDIO FREQUENCY signal 

This is the job of the DIODE. 

The radio frequency signal is a very high frequency signal (say one million cycles per second) and 
itis sending a tone of one thousand cycles per second through the air-waves. 

What is happening is this: The one megahertz signal has a certain amplitude and over a range of 
the first one-thousand cycles, the amplitude gradually decreases and then increases again. If you 
look at the tops of this 1,000 cycles you will see a waveform that corresponds to the one kilo- 
Hertz signal. 

‘The 1MHz signal is picked up by the coil and capacitor in the front end and makes it oscillate. 

The radio frequency signal is gradually getting larger over 500 cycles then smaller over the next 
500 cycles and this increase and decrease represents the 1,000 cycles per second tone. 

This is the waveform (the signal) that passes through the diode. This will be explained further in 
‘a moment. 

The diode does not pass any signals less than 200mV as the first 200mV is lost in the junction of 
the diode. This means the signals start to appear on the other end of the diode when they are 
above 200mV. 


This is how the diode works: 
Across the crystal earpiece is a capacitor. The capacitor gets charged via the diode. 

The diode is present to stop the capacitor getting discharged when the waveform is in the wrong 
direction. (by this we mean - when the waveform is lower or smaller in amplitude than the voltage 
‘on the capacitor), 

‘And the waveform is in the wrong direction about 50% of the time. To charge the capacitor for 
‘one-half-cycle requires 500 “litle increments" in voltage with each increment adding a 
microscopic increase in voltage. We don't want this voltage to reduce when the waveform is 
reversing direction and the diode stops the voltage flowing back to the Tuned Circuit. 

During the next haif of the cycle when the pulses are getting smaller and smaller, the voltage on 
the capacitor is “bled off" by the load resistor. 

The crystal earpiece detects this voltage. What we mean, is the diode allows the voltage to rise 
(increase) on the capacitor via lots of litle ‘pulses" and the voltage increases in the form of a 
sinewave to a maximum amount. This voltage is passed to the crystal earpiece. 

‘Once the voltage rises to a maximum, the little pulses of energy are not quite as strong, and the 
voltage on the capacitor reduces to form the second portion of the sinewave. This voltage is, 
‘always being passed to the crystal earpiece and you can hear it as an audio signal 


GERMANIUM OR SILICON DIODE 

‘The preferred type of diode for a Crystal Set is germanium. This is because it drops only about 
0.3v. 

Buta silicon diode can be used, even though it drops about 0.7y, ifthe radio stations are very loud 
(close by) 

‘You have to remember, you need a very good aerial (and a water-pipe earth) to get any results 
with a Crystal Set because you are asking the signal to provide the energy to drive the earpiece. 
By simply adding a transistor, you are improving the performance 100 times and the long antenna 
‘can be reduced to a FRAME ANTENNA and the earth can be the metal frame of your soldering 
iron. 


THE EARPIECE or EARPHONE 
also The Magnetic Earpiece or CRYSTAL EARPIECE 


‘The earphone or earpiece used in a Crystal Set must be a high impedance device because the 
crystal set does not produce a high current and cannot drive a low-impedance earpiece. That's 
why a CRYSTAL EARPIECE is ideal. 

Ithas a crystal glued to the back of the earpiece and connected to its top surface is an aluminium 
diaphragm. When the crystal expands and contracts as a result of a voltage applied via two 
electrodes, the diaphragm moves and you can hear the signal. It exhibits a very high impedance 
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because it consists of a crystal and no coil of wire is contained inside the case. 

Ifyou do not have a Crystal Earpiece, you can make your own from the shell of an 8 ohm 
earpiece and a piezo diaphragm. Only the front part of the earpiece is used. 


Make your own Crystal Earpiece 


Hit the 8 ohm earpiece on the side and the front comes off. Glue the front onto a piezo diaphragm 
with hot-melt glue. See photo above. 

The piezo diaphragm is a ceramic substrate that deflects in the presence of a voltage. Itis quite 
sensitive and you can hear the audio quite clearly. 

‘The waveform emerging from the diode in a Crystal Set is called AUDIO and although it has an 
amplitude of a few hundred milivolts, it does not have any current associated with it. The crystal 
earpiece and the piezo diaphragm react to this voltage. 


THE 80hm EARPIECE 
The 8 ohm earpiece can be used with our Sohm Buffer stage shown below. 


16o0hm 32 ohm and 64 ohm EARPIECE(s) 

Earpieces and headsets from mobile phones are 16 ohm or 32 ohm per earpiece and are 
terminated via a stereo 2.5mm or 3.5mm plug. The earpieces are connected in SERIES to get 
the best coupling to our radio circuits and you need to find the two pins on a stereo socket to 
produce series connection. Get a multimeter and switch to "ohms." Try all the pins and you will get 
a click in the left ear then the right ear. Keep searching until you get a click in both earpieces at 
the same time. Use these two pins. 
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A 


= ‘ 


TIP SLEEVE 
(LEFT (GROUND) 
CHANNEL) 
RING 
(RIGHT CHANNEL) 


Stereo mobile phone headset - unusually 32R or 64R. 


64 ohms 


PROBLEMS 

The biggest problem with a Crystal Set is the need for a long antenna. 

The first 200mV to 300mV of a signal is ost in the diode and you need a long antenna to pick up a 
signal so the output of the TUNED CIRCUIT has enough voltage to drive the high-impedance 
earpiece. 

This requires an outside aerial 5 metres long and 3 metres high. 

This is not practical for most hobbyists so we will be adding an amplifying stage to the crystal set 
80 a shorter (smaller) aerial can be used. 


THE FRAME AERIAL or FRAME ANTENNA or FRAME COIL 

The aerial coil shown in the photo above is a ferrite slab with about 80 turns of Litz wire. You can 
find one of these in an old broken AM radio or from a parts-shop. In the instructions below we 
‘show how to make your own Ferrite Rod Antenna 

‘An equally-good substitute is a frame antenna made by winding insulated wire in a rectangle 
around wooden sticks. 
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FRAME ANTENNA 
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One of the earliest Frame Antennas 


The Frame Aerial can be as large as 100cm x 10cm or as small as 10cm x 10cm around a 
plastic chocolate box. 


Here are two FRAME ANTENNAS: 


This will work just as good as a ferrite slab antenna. The slab antenna is just 100 times smaller. 
The slab antenna was invented so a transistor radio could be built in a small case. But if it is not 
available, you can wind 20 tums around a plastic chocolate box and it will work just as good. 


‘Alternately you can wind 20 turns around a biscuit tin. Put a pencil on the tin and wind the turns 
‘over the pencil too. Remove the pencil and it wll be easy to remove the tums. Use tape to keep 
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the tums together. 


‘The FRAME AERIAL does two things. It picks up the radio waves and it becomes the coil (called 
the INDUCTOR) in the TUNED CIRCUIT. It must be placed away from metal objects, such as a 
refrigerator. 


BASKET WEAVE COIL 

There is no point making a complex BASKET WEAVE COIL as it will not work any better than 
‘simply jumble winding all the turns at the maximum circumference of the coil, because the energy 
capturing capability of the coil relies entirely on the amount of flux lines passing through the centre 
of the coil 

By increasing the centre of the coil, the amount of flux is increased for the same coil size. 

In fact, the simplest and cheapest is to wind turns around a box, as explained later in this article, 
‘or make a frame antenna as shown above. Technically speaking, a round coil has the best 
performance but only by a few percent. 


THE VARIABLE INDUCTANCE TUNING COIL 

Whenever the size or shape of the coil is changed, (or the number of turns), the natural frequency 
of the Tuned Circuit will change and a different radio station will be picked up. 

This means tuning across the band can be done by altering the characteristics of the coil while 
keeping the value of the capacitor fixed. 

‘Changing the inductance can be done in many different ways. 

The coil can have taps every 5 tums and an alligator clips selects the correct tap. But very few 
radio stations will correspond exactly to each tap. 

‘Another way is to have a slider move up and down the turns as shown in the following image: 


‘The slider makes contact where the insulation has been removed. But it may touch two turns at 
the same time and create a “shorted tum” and reduce the "A" of the coil. 


‘Another way is to move a ferrite bar (rod) in and out of the coil: 


THE SLUG TUNED COIL 
To tune across the radio band, the natural frequency of oscillation of the TUNED CIRCUIT must 


be adjusted (changed). This can be done by changing the value of the capacitor or the value of 
the inductor. 


hip: tlkingelectronics. com/projecs/CrystaiSetRadiolCrystalSet him! 


1104 


412872018 Crystal Set 
‘The value of the inductor can be changed by adding or removing tums or changing the amount of 
‘magnetic material in the centre of the coil. 

A ferrite bar can be screwed in and out of the coil or sid in and out and this component is called a 
‘SLUG TUNED COIL. 

The following diagram shows a SLUG TUNED CRYSTAL SET: 


120 turns a UNE 


diode 
TT 
{Earphone 


By changing the value of the 100p capacitor, different parts of the band can be picked up. 


The photo shows a slug tuned coil using 60 turns of insulated wire on a 10mm tube (or any tube 
that will fit over a 8-10mm ferrite rod) and a circuit containing an AM radio chip plus a buffer driver 
transistor: 


Eiomr = 
4 


oe 


A SLUG-TUNED RADIO 


The circuit above is has a broad-band amplifier consisting of 10 transistors (IC1) and they are 
directly coupled (connected) to each other because it is not possible to “manufacture” a capacitor 
inside the IC. The IC has 3 terminals (pins, legs) and it looks like an ordinary transistor. 
Experimenting with this type of IC has shown that itis no better than 2 ordinary transistors 
‘connected in a direct-coupling arrangement. 
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Seas ber 


Io1 ig 


is the address of the site for the slug-tuned radio. 
www kristalradio.nl/ 

Unfortunately the site is in Dutch and the kit is not available, However the photos give a clear 
picture of the how the parts are connected. 


The inductance of the coil can also be altered by winding another coil and placing it near the first 
coil so that the magnetic field interacts with each other and changes the inductance of the circuit. 
This is called a VARIABLE INDUCTANCE TUNING COIL. 

‘You can have one coil inside the other, two coils near each other or two flat coils side-by-side. Any 
two coils will interact with each other. 


An Inductive TUNING COIL called a VARIOMETER: 


MAKING YOUR OWN FERRITE ROD ANTENNA 

‘You can make your own FERRITE ROD ANTENNA by winding 60 to 80 turns of 0.25mm 
‘enamelled wire onto a 9mm ferrite rod or slab. If you wind it on a paper sleeve, you can move the 
coil along the rod to get the best performance. When the rod is slid out of the coil, the inductance 
changes considerably. However the inductance does change very slightly when the coil is moved 
along the rod. 
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f sosteh 


ADtuns O.25mmenamelled wire TP 


Make your own ferrite antenna 


Now we come to the tuning capacitor: 


THE TUNING CAPACITOR 

‘The “C" in the "LC" TUNED CIRCUIT can be fixed or variable. When itis variable, itis called a 
TUNING CAPACITOR. The sheets of aluminium in the air tuning capacitor below are called 
PLATES and the moving plates are called VANES. The fixed plates make up the STATOR. 

‘The space between the plates is AIR. The photo shows a single capacitor. If two capacitors are 
connected to the same shaft itis called a GANGED CAPACITOR. 

The plates do not come fully out of mesh and that's why the capacitor has a minimum value. The 
maximum capacitance is when the plates are fully meshed. The odd shape of the plates is 
designed to produce a fairly constant increase in capacitance as the plates are engaged. 


‘An air tuning capacitor: 


Air Tuning Capacitor 
(Variable Capacitor) 


‘The capacitor can be made much smaller by using thinner vanes and placing plastic between the 
vanes. Plastic increases the capacitance about 3 times to 10 times, 
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‘Tuning Capacitor as found in a pocket radio 


‘The tuning capacitor can be replaced with a home-made equivalent that will work just the same. 
‘You need: 

4 sheets of aluminium foil (cooking foil) 10cm x 100m. 

4 sheets of thin cardboard 15cm x 20cm (cut Ad sheets in half). 


HOME-MADE CAPACITOR 


Tape a sheet of aluminium foil to each sheet of cardboard with sticky-tape around all 4 sides. Take 
‘one strand of wire from a length of hook-up flex and sticky-tape the end to each sheet of 
aluminium to make good contact. Place 2 sheets on top of each other and move the top sheet 
slightly to the left and sticky-tape the edge so they don't move. Do this with the other two sheets 
but move the top sheet to the right. Now interleave the sets. Connect the wire from the first sheet 
to the third sheet. Connect the wire from the second sheet to the fourth sheet. 

The cardboard (or paper) between the aluminium sheets increases the capacitance three times. 
‘The capacitance decreases when the sheets are moved apart and the capacitance increases 
when the sheets are moved in. The capacitance also INCREASES when the sheets are squashed 
together such as when a book is placed on them. 

You can also make a smaller capacitor by making each sheet smaller and using 6 sheets. You 
‘can then add a 100p or 220p in parallel with the home-made capacitor, to select the lower part of 
the band. 


EACH CIRCUIT 


Each circuit we describe in the following set of circuits is an improvement or advancement on the 
previous. We also offer a number of different types of aerial coils, amplifying stages and 
earphones. Some of the circuits use easy-to-obtain components and home-made equivalents for 
hard-to-get items. There will be something in this section for everyone to build. 


In all radio circuits you will encounter TWO MAIN PROBLEMS: 
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Ifthe FRONT END (the Coil and Capacitor) is loaded too much by the "pick-off" of the amplifying 
stages, you will only get one station. 

I you get squealing or "motor-boating," try a different circuit and layout as the components you 
are using, plus the voltage of the battery, will need changing. 

‘You cannot always increase the voltage of the supply and get a louder output. Sometimes the 
increased voltage will stop the circuit working or it may introduce too much gain that the circuit 
starts to squeal. 

‘The Radio IC (2N414) DOES NOT WORK on a voltage above 1.5v and some of the transistor 
circuits completely stop working with a higher voltage. This has to do with the biasing 
arrangements and if the circuit is designed for a low voltage, you need to keep to the suggested 
voltage and experiment with a slight increase in voltage and see what happens. 

Building a radio is not easy as the enormous amount of amplification of the combined stages 
‘creates a feedback loop via the power rail that sets the circuit into oscillation. This effect gets 
worse with a higher supply voltage and we will explain this further with each of the circuits. 


MAKING A CRYSTAL SET 

‘You can buy a CRYSTAL SET kit (see the photo of the kit, above) or the individual components (a 
kitis the cheapest) or use the replacement for the FERRITE ANTENNA COIL (16 turns to 20 
tums on a 150mm biscuit tin) and/or the TUNING CAPACITOR made from aluminium foil and 
cardboard sheets. 

‘You will need an outside antenna and an earth (such as a water tap or the frame of your soldering 
iron) to pick up the radio stations. 

Ifyou cannot put up an outside antenna, you will need to add one or more amplifying stages and 
this will allow you to reduce the length of the antenna and increase the volume of the audio. 


ADDING AMPLIFYING STAGES TO A CRYSTAL SET 

‘You can add two different types of amplifying stages to a crystal set. 

You can connect amplifying stage(s) to the FRONT END and these will be designed to put less 
load on the front end so the sensitivity and selectivity increases. These stages work at the 
frequency of the radio signal and they are called RF STAGES (Radio Frequency Stages). 

‘You can build these stages out of individual components or use a chip called a RADIO CHIP or 
RADIO IG (integrated circuit) for less than $2.00. 

The chip contains 5 stages of amplification and these are RF stages (or RF AMPLIFYING 
STAGES) and the concept is called TRF. (Tuned Radio Frequency). 

Itis not easy to get this type of amplifier working because the stages produce a very high overall 
gain and you get a lot of "motor-boating” and squealing if the gain is not controlled. The gain must 
be reduced when a strong signal is being passed through the circuit because a strong signal will 
produce a large output and this will be so large that some of the waveform will find its way to the 
front of the amplifier via the power rail and start to be amplified again. To prevent the output 
getting too large, the circuit has a negative feedback line - called the AGC line - Automatic Gain 
Control. 

Itwould be very difficult to reproduce these 5 stages of amplification with discreet components 
and that’s why itis best to use an IC. 


‘The next stage is a DIODE to convert the RF (Radio Frequency) to AF (Audio Frequency). This 
‘can be done with the diode-characteristics of a base-emitter junction in a transistor and we will 
show the alternatives. 


‘Any stages after the diode are AUDIO STAGES or AUDIO AMPLIFIER STAGES. 
‘The main job of the AUDIO AMPLIFIER is to increase the DRIVE CAPABILITY. 

In other words, increase the current capability of the circuit for an 8 ohm speaker or Bohm 
earpiece (or 16 or 32 ohm). 

This is a very dificult thing to do and requires at least 2 stages. 

‘The LOAD you can put on a Grystal Set must be 10,000 ohms or higher. (if you put a lower 
resistance (impedance) on the output, you will load the FRONT END and reduce its ability to 
separate the stations. 

That's why a crystal earpiece is normally used with a crystal set. It puts almost NO LOAD on the 
circuit. 

Ifyou puta load on the circuit the result will be only one or two stations across the whole dial and 
only the most powerful station will be received. 


Ifyou don't have a crystal earpiece, you will have to use an 8 ohm earpiece. This will require an 
IMPEDANCE CONVERTING CIRCUIT of 1,250:1 
This is a simple way of saying we want the 8 ohm earpiece to appear as 10,000 ohms to the 
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crystal set. 

To produce an overall gain of 1250, we need two stages of amplification 

Ifa transistor has a gain of 70, it will it will produce an impedance conversion of 70 times. This is a 
realistic value. Transistors with a gain of 200 will have a gain of about 70 when fitted to a circuit. 
This means the other transistor needs to have a gain of about 20 and that is easy to achieve, 


ADDING AMPLIFYING STAGES TO THE FRONT OF A CRYSTAL 
SET 

‘Adding stages to the front of a crystal set are called RF STAGES (Radio Frequency Stages) 
because they amplify the RADIO STATION SIGNAL 

Itdoes not matter if you amplify RF signals or AF signals. The result is the same. 

The only difference is this: The frequency of RF signals is much higher (1,000 times higher) and 
the coupling capacitors can be much smaller. 

This allows an RF amplifier to be built into an IC - called a Radio Chip. 

‘One of the most popular Radio IC's is ZN414 or YS414. This chip has been copied by other 
manufacturers as: MK484, TA7642 and LMF501T. 

All the chips are the same but the pinout is different. 

‘These chips work on a 1.5v supply and if the voltage is increased above 1.5v, the gain of the 
stages increases to a point of total distortion, 

To prevent strong signals producing distortion on 1.5v supply, the output is passed back to the 
input via @ 150k resistor. This feedback line is called the AGC (Automatic Gain Control). 

The chip contains 5 stages of amplification plus a stage that converts the RF signal to AF 
(Detector Stage). This means the signal diode in a Crystal Set is not needed. 


Here is the circuit of the TA7642 Radio Chip. It performs the same as the ZN414 Radio Chip. 


Here is the BLOCK DIAGRAM of the ZN414 Radio Chip: 


0 1.5v 
100K S414 
znd 
ground 
i ZN414 aoe 
t out 


‘The ZN414 chip can be purchased from Talking Electronics for $1.00 plus postage 
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USING THE ZN414 RADIO IC 

By using the ZN414 radio IC (or any if the equivalents) you can create a POCKET RADIO to drive 
‘a headphone or speaker. 

But itis not easy to use the chip. The main problem is receiving the strong signals without 
producing distortion and then being able to pick up the weak stations. 

AA fixed 100k feedback resistor does not provide adequate control and a TRF radio has limited 
capabilities. 

That's why radio manufacturers make SUPERHETRODYNE receivers. Even though they are 
more complex, the result is far superior. 

However a simple TRF set can be made with the Radio IC and a few stages of audio 
amplification 


The following circuit uses just the Radio IC and a crystal earpiece or the home-made earpiece 
described above: 

You can use a home-made FRAME ANTENNA or a home-made FERRITE ROD ANTENNA and 
‘a home-made VARIABLE CAPACITOR. 


The Simplest ZN414 Radio 


Connecting the ground (Ov rail) to the frame of your soldering iron or a water tap will increase the 
‘output volume. The circuit above shows a Crystal Earpiece. Using a Crystal Earpiece may 
require adding a 10n across the earpiece to improve the output volume. The substitute Piezo 
Earpiece is effectively a 20n capacitor and an additional capacitor is not needed. 


2 TRANSISTOR RADIO 

Here is a simple 2-Transistor radio, 

‘The secret to its performance is the 7 turn “pick-off” from the FRONT END (the TUNED. 
CIRCUIT). 

The ratio of 7 tums to 60 tums means a small percentage of the voltage generated in the tuned 
circuit is passed to the transistor. Thus it puts a small load on the TUNED CIRCUIT. 

I'don't want to go into any mathematics. The turns ratio is 60:7 = 8 but the effect of the 7 turns 
“pick-off” has an effect called the IMPEDANCE EFFECT and this is the SQUARE OF THE 
TURNS RATIO. Thus the IMPEDANCE EFFECT is 8 x 8 = 64. This means the “pick-off” (the 
LOADING EFFECT) is just a few percent. The front end can produce voltages as high as 500mV 
because a crystal set can produce a voltage high enough to pass through a diode (350mV) and 
have sufficient to drive a crystal earpiece, 

Even though the front end has a "step-down" ratio, the voltage out the 7 turns will be sufficient to 
drive the first transistor, 

The "transformer" does 2 things: It reduces the loading on the tuned circuit ENORMOUSLY and it 
produces an output with a higher current than is circuiting in the front end. Even though the 
transistor is turned ON and biased by the 33k, itis classified as a low-impedance load as far as 
the front end is concerned and the input signal has to be accompanied by a certain amount of 
‘current, otherwise the transistor will not respond to the voltage. The 7-tum “pick-off is able to 
provide this current. 

Both transistors are biased ON via the 33k base-bias resistors and thus the first transistor 
responds to the slightest milivolt signal 

This circuit was tested and had the same performance as the Simplest ZN414 Radio Circuit 
above. It can be operated on 1.5v to 6v and the strongest stations tend to overload on Gv. A 
short antenna is needed. 
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SIMPLEST 2-TRANSISTOR RADIO 
using a very-high-impedance earpiece 
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SIMPLEST 2-TRANSISTOR RADIO 
using a crystal earpiece 


ADDING AN IMPEDANCE MATCHING STAGE 

You can add an IMPEDANCE MATCHING STAGE to the output of the circuit above so a low- 
impedance earpiece can be used. 

We call it an IMPEDANCE MATCHING STAGE because this is the correct technical term. itis an 
AMPLIFYING stage but it amplifies the CURRENT because the second transistor cannot drive an 
8 ohm LOAD. 8 ohms is a very low resistance and if is connected directly to the second 
transistor, the output will be almost zero. 

The reason for this is covered in our discussion: The Transistor Amplifier. 

This stage will not increase the volume but simpiy match the 8 ohm load to the circuit above. 

Itis very difficult to connect a LOAD to this type of circuit because it wll take more current from 
the battery and cause the supply voltage to fluctuate. These fluctuations will be passed to the first 
stage and cause variations in the signal. This will be amplified by the first and second transistors 
in the form of a low-frequency buzzing called MOTOR-BOATING. 

The only way to reduce or remove this noise is to add an electrolytic across the power rails and 
reduce the supply voltage. The third transistor simply takes the waveform on the output of the 
‘second transistor and delivers it to the earphone with a higher current. Its called an IMPEDANCE 
MATCHING STAGE as it effectively increases the 8 ohm load by a factor of about 100. 


c 


re 


3-TRANSISTOR RADIO with buffer stage for 8 ohm earpiece 
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The 3rd transistor converts the 8R to about 800R 


You can use 16 ohm, 32 ohm or 64 ohm in place of the 8R earpiece and these will give better 
performance as they will take less current and improve the stability of the circuit. 
Low-impedance earphones create “motor-boating" due to the peaks of current and this can be 
very hard to fix. 


A 2-TRANSISTOR RADIO with REGENERATION 

‘The next stage in our discussion to get better performance is a feature called REGENERATION 
Regeneration sends a small output signal back to a previous stage in the form of POSITIVE 
FEEDBACK to INCREASE the original signal. The signal on the emitter of the first transistor is the 
‘same amplitude as the signal entering the base but the FRAME ANTENNA has a turns ratio of 
5:15 and this increases the signal on the receiving section of the antenna by up to 3 times, But we 
want the returning signal to be just above the amplitude of the receiving signal and so a resistive 
adjustment (attenuator) is provided on the emitter to deliver just the right amplitude. 

This has the effect of increasing the amplitude on the TUNED CIRCUIT and is just like reducing 
the load on the circult 

‘As we have mentioned above, when the tuned circuit is lightly loaded, it will pick up a station at 
the exact frequency of transmission and if the dial is changed slightly, the station will disappear. 
This quality is called SELECTIVITY. 

‘At the same time, the Tuned Circuit will pick up weak stations and this is called SENSITIVITY. 
The quality of a receiver depends on the loading of the TUNED CIRCUIT. 


Here is the original circuit from Elektor Magazine with the prototype made on matrix board and 
fixed to a base-board with a frame antenna made from two sticks of wood. The photo shows a 
speaker but the output is so low that you really need headphones. 
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2 TRANSISTOR REGENERATIVE RADIO from Elektor Magazine 


The circuit is very complex and the output will be very low as the circuit cannot drive a low- 
impedance earphone via a 4k7 load resistor. The 4k7 resistor is actually driving the speaker (the 
transistor is simply discharging the 220u). The 4k7 only allows 32/4700 x 9 = 61m\ to appear 
across the earphone - a very poor result 

The skill of designing a transistor stage is covered in our comprehensive eBook: The Transistor 
Amplifier and you wont make a mistake like this I! 

‘The circuit above can be simplified and we can add the REGENERATIVE feature to our Simplest 
2-Transistor Radio circuit: 


‘Our circuit uses a 15 turn circular FRAME ANTENNA 15cm diameter and a § turn 
REGENERATION coil. 


home-made 
piezo earpiece 


m 
5p 


2 TRANSISTOR RADIO with REGENERATION 


‘The regeneration coil is brought near the main coil and as it gets closer you can hear the audio 
‘get louder. If this does not happen, turn the coil around, 

Early radios used this technique and the operator had to adjust the coil by hand. No-one minded 
because radio was a fascination and the simplest radio cost more than a weeks wages. To listen 
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to a broadcast through headphones was an amazement and listeners would sit all night with 
headphones listening to music. 

This is very fiddly and by adding an extra buffer stage, we can use a Frame Antenna with a very 
clever “pick-off that does not load the front end. This gives the circuit very good sensitivity and 
selectivity without regeneration 


3 TRANSISTOR RADIO 


Here is our final design for the simplest self-contained 3-Transistor Radio using our home-made 
Tuning Capacitor and 250mm x 350mm Frame Antenna. It picks up the local stations and drives a 
low-impedance earphone or set of earphones (from a mobile phone). 
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3-TRANSISTOR RADIO 


The circuit performs very well and uses readily-available components. The 22n across the output 
is essential to stop squealing 

‘The secret to sensitivity and selectivity is the turns-ratio on the Frame Antenna. The 3-tum "pick- 
off" puts very litle load on the front end and this allows the stations to be tuned with our home- 
made Tuning Capacitor. 

The circuit contains all the features we have discussed above and only needs a 1.5v supply. 
Build this circuit before you buy any expensive tuning capacitors, IC's or ferrite slab antennas as 
you will not get any better results. 

This is called a TRF circuit and because the stages operate at Radio Frequency or Audio 
Frequency. Due to the high amount of amplification, the circuit can start to squeal (feedback, 
motorboat) due to the layout. 

‘You may need to shorten or lengthen the leads or move the parts slightly - it's that critical 
However the result is a portable radio that needs no earth and will pick up the strong stations. 
You can try connecting the Ov rail to the metal part of a soldering iron to increase the number of 
stations. 


LOADING 


‘The whole success of picking up a radio station is the RECEIVING CIRCUIT. The receiving circuit 
is the coil and the signal in the air (from the radio station) must go down the centre of the coil 
Itcannot pass over the top or the bottom of the coil. Only the signal that goes down the centre of 
the coil is received 

‘As you can see, the centre of the coil is not very big and it is amazing that the signal can pass 
down the centre, But it does, and that is the only signal that will be amplified. 

This signal is passed to the capacitor and we have explained how the signal is gradually 
increased and increased in amplitude until itis as large as S00mV. The signal from the radio 
station may be as small as a few millivolts, but as it keeps pushing the “swing” back and forth, the 
amplitude get larger and larger. 

Ifyou put your finger on the "swing" you will prevent it get larger and larger and it only requires the 
slightest touch of your finger to prevent the swing gaining full amplitude. 

In electronic terms, your finger is called LOADING THE CIRCUIT and since we have to pass the 
signal to further stages of amplification, we need to "tap" or “load” or “pick-off a signal. 

The aim is to load the circuit as least as possible because the actual energy entering the circuit is 
very small 

In fact, this is all the energy we can remove as that is all the energy entering it. 

Because a very small amount of energy is entering the “front-end” we classify it having a very 
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high impedance. It is very difficult to provide a value of impedance for this circuit because 
impedance has the term "2" and the circuit is operating a very high frequency so resistance 
values are not the same as impedance values. 

The actual resistance of the circuit is ONE OHM but the impedance is more like 10,000 ohms to 
100,000 ohms. 

We can explain its high impedance if we put a 100,000 ohm resistor across the circuit. The 
waveform will be reduced very slightly. If we put a 10,000 ohm resistor across the circuit, the 
signal will be reduced a reasonably large amount. If we put 1,000 ohms across the circuit it will 
stop working, 

This means a load of 100,000 ohms will have the least effect. 

In a crystal set, the diode creates NO LOAD until a voltage of 350mV is reached. It then passes 
‘excess voltage to a crystal earpiece that has a very high impedance. That's why a crystal set will 
produce a good output. The LOADING is very small 

When a transistor is connected to the TUNED CIRCUIT, it starts to put a load on the circuit after 
600mV and this load is VERY HIGH. The "resistance" of the base-emitter junction is about 1k and 
the signal will find it very difficult to rise above 600mV because the incoming energy is not 
sufficient to increase the voltage. 

‘Adding a capacitor between the base and the front end allows the transistor to be self-biased and 
get a turn-on voltage of about 600m from a base-bias resistor. 

‘The FRONT END is now separated from the transistor and ANY voltage itis producing will be 
passed to the transistor via the capacitor. 

Whereas, with the crystal set, the first 350mV could be produced without any loading, the circuit is 
now loaded AT ALL TIMES. 

This means we have to load the circuit as lightly as possible to be able to pick up individual 
stations. 

The only way we can do this is to use a capacitor of the smallest practical value and this has to be 
worked out by trying different values. If the value is too small, the transistor will not detect a small 
signal. ifthe value is too large, the circuit will stop working. 

Values such as in, 10n and 100n are suitable. 

Values such as tu, or 10u will be too large. 

The CRYSTAL SET loading and a transistor load are completely different. 

The transistor loads the front end ALL THE TIME and that's why you need to use a transformer or 
‘other ways to reduce the loading. Sometimes a Field Effect Transistor is used as it puts almost no 
load on the front end. 
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Page fram "The Bays Third Book of Radio and Elecronice by Alfred P. Morgan 


Back Story: 


In the Summer of 1966 1 was 10 1/2 years old and one of my favorite TV shows was "Get Smart”. It was a show about a bumbling secret 
agent named Maxwell Smart who had all sorts of gadgets at his disposal. My friend Billy Meyers and I decided we wanted to be secret 
agents, like Max. One of the "secret agent” things we'd do was to pick out a guy with a briefcase walking home from work and declare him a 
Soviet spy. Then we would "tal” him for a few blocks, making up stories about him. 


Billy and I had na way to communicate with each other after we had to come in forthe night. He lived half a block away. Kids didn't use 
the phone back then. There was only ane phone in the house and I don't remember using it before I was about 14 years old, Maxwell Smart 
had a phone In the sole of his shoe. We needed something like that! 


Maxwell Smart (Don Adams) Agent 86. 
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Remco "Monkey Division” Wrist Radios. 


ne thing 1 DID have was a set of Monkey Division Wrist Radios. These were pawered by a single C battery in the "Master" unit, which 
also had a button on it that would buzz the other receiver to get the users attention (apparently, the other user was unworthy of a button). 
‘A metallic speaker doubled as a microphone. The sound was very tinny, but you could make it out. Unfortunately, they were wired to each 
other. There was nathing "radia" about them. 


| remember taking them outside with my brother Rob, and I could see and hear him talking at the same time his voice was coming over 
the wrist radio, They were pretty much useless, unless you like running around with a wire connecting you to your brother. 


BUT... with some extra wire strung across the driveway, dawn the backs of the houses and into Bill's bedraom, Billy and 1 would be able 
to talk to each other! I immediately presented this great idea to my mom with a request the she fund the cost of the wire, and she 
immediately refused and told me the electric company would just come out and take the wire down. 


Location of my house and Billy's house (actually his grandparent’s house) The wire would have to be strung across the driveway. 
This is part of the West Oak Lane section of Philadelphi 


‘There was only one thing left to do. Build a radio. 1 went down the basement and connected a battery to a speaker and used a coat 
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hhanger as an antenna. This was similar to the wrist radio, but the coat hanger antenna replaced the wire, It didn't work! All it did was make 
Clicking sounds in the speaker. I had to wait for my dad to come home from work and ask him why. 


\When my dad came home I shoved him the setup and he said, "You don't have a detector." I asked him what a detector was and he 
told me to go the library and get a book on radio. The next day I had a copy of "The Boys’ Second Book of Radio and Electronics" by 
‘fred P. Morgan. Chapter 2, page 15 was titled "Building Your Fist Radio Receiver. I wouldn't be able to talk to Bily with it, but that was 
OK. My mom wouldn't buy me a secret agent coat, we didn't have any gadgets, and our secret agent days were coming to an end, 


Now there was another problem. None of the parts needed to build anything in the book could be found around my dad's workbench. 
‘There was a store on Ogontz Avenue named REE Electronics, so 1 headed up there with a list of parts. The store sold stereo equipment and 
fortunately for me, also repaired stereo equipment. I asked the man in the store if he sold diodes or "capacitaters" and he sent me into the 
back of the place. There were two guys back there and bins of parts along the wall. 


REE Electronics was located at 7709 - 7711 Ogontz Avenue in Philadelphia, The entie block has been razed and rebuilt, and is no longer 
recognizable. The picture above is the 7900 block of Ogontz Avenue. The store on the left is the only one that retains its original 
‘appearance, with the glass store window and the apartment overhead. This Is how REE Electronics looked in 1966. 


“The two guys were prety cool I announced that I would ikea "three hundred and sist five micro micro farad variable capacitater". 
‘They asked me a couple of questions and told me to come back with the book. They had all the parts I needed except the col. No problem, 
1 would just build the set with no col I came home with Fahnestock dips, 2 1N34 Germanium diode, a variable capacitor and a crystal 
earplug. 
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‘A Syvania IN34A Germanium diode (top) from 1949 and its modern counterpart. The new diodes are Iterally @ dime a dozen, less 
than one cent each, The 1949 Sylvania diode cost me $9.00 in 2015, Its a duplicate ofthe ane I bought at REE Electronics in 1966. 


‘The diode was 65 cents in 1966. I can't use the $9.00 diode because I don't want to bend the leads, so I sort of just look at it 


Of course the radia didn't work without a coil. It did pick up the slightest whisper of KYW AM 1060 mingled with WIBG AM 990, There 
seemed to be some buzzing associated with it, as what I could hear sounded distorted. I HEARD something, that was the really, really neat 
part. It made such an impression on me that I remember the date. July 26, 1966. 


‘The "problem" with the Alfred P. Morgan books was that they were not written for anybody as dumb as I was. Morgan didn't write, "If 
you can't find the coll you can make one." He just sald to go buy a coil, Not only that, but there were no photographs in the baok, though 
there were excellent drawings on almost every page. Since I had never seen some of the parts in real ife,I didn’t know exactly what the 
coll looked lke, and I didn’t understand what it did. That's because I didn't read the book! I was stuck on page 15. 


This is the picture of the col fram the book. I didn't know what I was looking at. 


{returned the book to the library and came home with "The Boys' Third Book of Radio and Electronics.” I found a simple radio on 
page 104 and soon headed back to REE Electronics. This time, they DID have the coill I can't remember how much time passed after the 
first non-functioning radio was built. Probably a month or so. 


1 asked my dad to cut me a wooden base for the radio. I started building the radio and, if I remember correctly, it took me a fong time. 1 
didn’t have a drill, so any holes in the base were made with the point of a compass. There were three connections that needed soldering. 1 
{got some solder from the basement, and the tweezers and alcohol lamp from my chemistry set. The tweezers were heated in the flame of 
the lamp tll the tips began to glow, then I would quickly solder the joint. 


(One day a friend from school named Leo Pound stopped by on his bicycle. This was a bit unusual because Leo lived miles away. I don't 
even know how he knew where I lived. He recently told me (via Facebook) that he remembers helping me build the radio. Odd that it was 
the one and only time he came by. Apparently, we got the radio working that very day. 
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Here is the base of the radio made in 1966, 


| found all the original parts except for the tuning capacitor. However, it looked like this one. It's just sitting on the base in this photo, but 
the radio pretty much looked exactly like this. My dad gave me the big tuning knob, The smaller knab came fram a lamp in my bedroom. 1 
didn’t tell my mom you could no longer turn on the lamp, but eventually I found a lamp in somebody's trash and took the knob off to replace 
the one on my lamp. 
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Original coil, diode and main tuning knob from the 1966 radio. The wires on the coil were soldered with a pair of red hot tweezers. 


‘My dad gave me the large knob for the tuning capacitor. He had a second job on the weekends at "John Cusimina’s Moving and Storage.” 
I've always wondered if he pulled that knob off of somebody's radio while they were maving. I hope nat. He probably did. 
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CRYSTAL SETS 5 
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Crystal Sets 
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CRYSTAL SETS 5: EXPERIMENTAL CRYSTAL SETS 


Picture 1 - The Complete Experimental Crystal Set 


THE POPULARITY of the crystal radio arises from its simplicity, and the fact that it needs no power supply. The 
circuit here allows for easy experiments with tuning, aerial and diode coupling, and frequency coverage. Wrong 
connections can cause no damage to any components. 


A Crystal Set is more often than not used for the reception of medium and long wave radio, but short wave 
reception is also quite feasible. It will normally be possible to receive some of the stronger international radio 
stations. 


This is adapted from an article that appeared in the 1970's in Everyday Electronics, and gave me almost endless 
hours of fun! 


BASIC CIRCUIT 
The basic circuit is shown in Picture 2 below. The coil L1 can be air cored, or have a ferrite rod placed in its 
winding. The variable capacitor C1, in conjunction with aerial-earth capacitance, tunes the circuit to resonate with 


the wanted radio station frequency. The diode D1 "detects" or demodulates the radio signal so that the programme 
is heard in the earpiece. 


This basic circuit can be modified in various ways to obtain better performance. 
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EARPHONE 


‘As most constructors will be using a Crystal Earpice to listen to the crystal set it is essential that a 47k Ohm resistor 
is connected across the earphone terminals (TB1/1 and TB1/2 in the diagram), i.e. in parallel with the earphone, 
otherwise results will be very quiet. 


A High Impedance headset of 20k Ohms (20,000 Ohms) may give even better results, but these are very difficult to 
obtain , so unless you happen to already own such a headset the Crystal Earphone with 47k resistor will be the only 
option. An ordinary magnetic earpiece or Walkman headphones will not work with a crystal set 


ASSEMBLY 


Construction is of a ‘breadboard’ type using a wooden board of about 165 x 130 mm. A 12-way block connector, 
TBI, is used to connected together the components and this is screwed onto the wooden board. The use of a 
block connector provides an easy method of connecting the components together and then subsequently 
rearranging them as the experiments progress. 


Tuning capacitor C1 is screwed to a bracket made of some scrap metal which is then also screwed firmly down to 
the baseboard, see Picture 1 above. Thin plywood screwed to the front edge of the baseboard would also provide 
a suitable method of fixing the tuning capacitor to the base. A knob with pointer is fitted to C1, and a scale is drawn 
and fitted behind this. 


Except for C1, all connections are made by the terminals of the 12-way terminal block as shown in Picture 4. 
Loosen the screws with a small screwdriver, insert the bared ends of the wires, and tighten the screws. The various 
locations on the terminal block, TB1, are also shown in the circuit diagram, Picture 2. 


AERIAL AND EARTH 


Crystal receivers need a long wire aerial preferably strung outside and about 25m long, or as long as is possible to 
install. If this is outside it should be high and clear of earthed objects as this will improve performance. 


An earth is absolutely essential for a crystal set to work properly. The earth lead can be run to an earth rod or spike 
that is buried to a depth of about 1 meter into damp soil. Or it may be soldered to a bare metal can which is buried 
in damp soil. 

It is feasible, though not recommended, that the earth lead can be connected to the earthing terminal of a hi-fi 
system or even to the bare metal case of a personal computer that is plugged into an earthed mains outlet, but is 
switched OFF. 


Stranded, insulated wire, or purpose made aerial wire can be used for the aerial and earth leads. 


Picture 2 - The Basie Circuit Picture 3 - Photo Of The General Layout 
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INDUCTORS (The Tuning Coils) 


The following four coils are suggested for initial use as L1 


Coil 1: Make a thin card tube to slide on a 10mm diameter ferrite rod, and on this tube wind about 105 turns of 32 
s.wQ. enamelled copper wire, side by side. Secure ends with sticky tape. 


Coil 2: Make a similar coil to to coil 1 having about 15 turns of 24 s.w.g. enamelled wire on the card tube. Loops of 
cotton will help hold the ends in place. 


Coil 3: Wind 9 turns of 20 s.w.g. bare tinned copper wire on an object about 20mm in diameter. Remove and stretch 
to separate the turns, to obtain a coil about 25mm long. 


Coil 4: Make a similar coil to coil 3, but with 5 turns. 
‘The Ferrite Rod 


It will be necessary to have a ferrite rod of about 60mm to 75mm long available. Coils 1 and 2 will provide 
reception of medium wave and the longer short wave bands. Coil 3 should cover about 3 - 10MHz shortwave with 
the ferrite placed in it, or about 6 - 18MHz with the ferrite rod removed. Coil 4 should cover about 6 -13MHz with 
the rod in, and about 9 - 20MHz without the’ rod. 


It will be noted that as the ferrite rod is inserted, any particular signal has to be re-tuned by opening Cl. This arises 
because the ferrite increases the inductance of the winding, so less parallel capacitance is needed for the same 
resonant frequency. 


EFFICIENCY CHECKS 


Tune in a m.w. transmission using coil 1 which gives good headphone volume. Place a microammeter or multi- 
range meter on a sensitive range in series with the headphones. A reading of 50-100uA or more may be obtained, 
depending on aerial, earth, earphone resistance and resistor value, coil and detector efficiency and strength of 
signals at your locality. 


Placing the ferrite rod in the coil and re-tuning should boost the meter reading to some extent. Surplus or other 
detector diodes can be tried by substituting them in turn and noting the meter reading. Improvements to the aerial 
(or earth) will also show up as a rise in meter reading. 


If experimenting with a crystal earpiece, which gives no direct current circuit, the meter may be clipped across the 
phone leads, i.e. D1 cathode to earth. 
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Picture 4 - Baseboard Layout Of The Crystal Set 
AERIAL COUPLING 


The aerial loads the tuned circuit heavily when connected directly to the top of the tuned circuit, as in Picture 2. 
This damps the tuning action and it can be found that stations spread out all over the dial, which is unsatisfactory. 


The series capacitor, C2 connected in Picture 5(a) reduces the loading and thus improves the sharpness of the 
tuning. A variable or pre-set capacitor of about 250pF maximum is most suitable. for this role, though it is possible 
to experiment with a variety of fixed value capacitors in this range also. 


Connecting the aerial to a tapping on the coil, as in Picture 5 (b) also sharpens tuning. It may also increase 
volume. Try about 2 tums from earth for coil 4, or 4 tums from earth for coil 3. 


Another method is to have a coupling primary, as in Picture 5 (c). This consists of a second coil, with about one 
third the turns of the original wound on top of the existing coil 


You can even combine these methods to find what arrangement best suits the aerial in use. 
The diode can be disconnected from the end of L1 and taken to a spare position on TB1 for example location 
‘TB1/9. You can then run a fiying-lead fitted with a crocodile clip from this position, connecting it to various tappings 


on the coil as required as in Picture 5 (d). This method also reduces loading on the tuned circuit. 


Coils with spaced tums of bare wire are readily tapped. For other coils, small loops can be made every ten tums or 
So, and crocodile clips can be attached to these when selecting tapping points. 
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Picture 5 - Alternative Methods Of Aerial Coupli 
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SHORT WAVES 


For shortwave reception, a good efficient outdoor aerial is certainly recommended. Evening listening in the region 


(Crystal Sats 5 - Experimental Crystal Set 


around 5 - 9MHz in often proves to be the most fruitful 


Since there is no amplification, as with a valve or transistor receiver, certain frequencies will seem to be completely 
dead at particular times of day. So if the crystal receiver works satisfactorily on medium wave and longwave, but no 


shortwave signals are heard, check again in the evening, or after dark, when condi 


PARTS REQUIRED 


ns are different. 


ci 


B65pF or 500pF Air Spaced Tuning 
(Capacitor 


Dr 


[0A47, IN34, OA81, OA90, O91, IN94 or 
Bimilar point contact small signal 
[Germanium Diode 

Jf The OA4? willbe of particular interest since it has the 
| 

| 


lowest forward bias voltage of any of these diodes which 
ill make the crystal set somewhat more sensitive and 
jerefore louder. The US equivalent of the British OA47 
js the N34 


TLt 


IHigh Impedance Headphones (20,000 
Ohms) 
lor Crystal Earphone 


TBI 


[12-Way Plastic Screw Block Terminal 


‘Also Required: 


[a7 k Ohm Resistor for Crystal Earphon 
lEnamelled Copper Wire: 32 and 24 s.. 
IL1: 20 s.w.g. tinned wire for L1: Ferrite Rod| 
1omm diameter x 75 mm long: 25m of wire 
jor aerial: Wire and rod or spike etc for 
learth: Wood for base e.g. 10mm x165mm x 
130mm: Scrap of metal of thin plywood for 
IC1 bracket/front panel: Knob: Crocodile 
ilip(s) 


Adapted from an article in Everyday Electronics magazine, November 1981, By F.G. Rayer. 


HERE ARE A COUPLE OF VERY INTERESTING CRYSTAL SET DESIGNS 
SENT IN BY KRYSATEC - "THE RAT" - FROM THE CZECH REPUBLIC 
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11. Using old coils from old bulb radio for MW and LW band. Though it would be straightforward to wind the coils - 
one for Long Wave, one for Medium Wave and a coupling coil. Variable capacitor is 2 x 500pF only one half is 
used: 500pF. For the crystal earphone a resistor of about 82k ohm in parallel is required. This set also uses two 
Ge diodes as a multiplier in the quest for for higher audio signal output. 
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2. If signals are not strong signal in your location, then the above circuit design can be considered. A simple 
transistor amplifier is used. A variable resistor M22 is used for better sensitivity which can be adjusted for poor 
signals. This crystal radio is aversion from cca 1960 - 1970 y. 
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‘Minilabs' Crystal Radio 


BELOW: Ian Tomlinson kindly sent in a photograph of the box that contained the kit for his John Adams Toys 
'Minilabs' Crystal Radio. 


Itis a very simple circuit consisting of the coil (inductor) with a sliding contact that provides variable tapping points, 
a diode and crystal earphone. All that is added is the aerial and earth. There is no variable tuning capacitor for 
simplicity and to keep costs down. 


The coil provides the inductance required for tuning into a certain frequency (wavelength). These days a variable 
“tuning” capacitor is normally wired in parallel across the inductance (coil) in order to vary the resonance of the 
tuned circuit and therefore enable to easily tune into various transmitters on different frequencies. This crystal is 
tuned varying the number of turns on the coil (ie varying the inductance) by tapping off at different points using the 
sliding contact ("ball"). 


The crystal earpiece, or high Z headphone, is connected between the output of the detector diode (the other end 
from the coil) and earth. The volume from a crystal earpiece may be considerably improved by connecting a 
resistor of - somewhere between - 4.7 k and 47k ohms in parallel with the earpiece. A crystal earpiece cannot 
directly allow current to flow through it and the parallel resistor therefore allows current to better flow through the 
circuit. 
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Make a radio complete with tuning coll 
antenna and earpi 


"Minilabs’ crystal set by John Adams Toys 


‘A discussion on configurations for Crystal Sets by Felix Scerri VK4FUQ 


This discussion, by Felix Scerri VK4FUQ, was posted at this address which no longer appears on the web 
www. taro.org.au/techinfo2.htm (error 404) so here it is reproduced: 


Crystal Set design is one of my passions closely allied with my obsession for audio and high fidelity. 


My main interest in crystal sets, apart from the wonder of a radio receiver that does not require a power source, is 
the potential excellence of the recovered audio quality from normal AM broadcast stations. 


Personally, itis one of my great laments that most people have never heard how good wideband AM can sound. A 
high performance crystal set or similar TRF approach is, in my opinion,the only way to do it. There are a few people 
around who have heard the audible results of my efforts,and can only agree. 


| have often wondered,given the ultimate simplicity of the crystal set, being essentially a tuned cirouit,a diode 
detector and some form of output device, what it takes to achieve optimum performance. What follows are my 
thoughts on the matter. 


Crystal Set optimisation, is in my opinion, all about reduction of circuit losses. Essentially this means high "Q" tuned 
circuits and high quality detectors. Efficient output devices also help too. But as we will see, there are some trade- 
offs required as well. A high "Q” tuned circuit is always benefical, as a high "Q" tuned circuit has lowest RF 

losses, highest potential selectivity.and highest voltage at resonance, which is very useful for the diode being fed 
from the tuned circuit. Variable capacitors, even the "modern" miniature variable capacitors (although the older air 
dielectric units, as used in old valve receivers are more desirable) for various reasons,are generally quite efficient, 
and a higher "Q" coil will produce the most worthwhile improvements.The best (highest "Q") coils are wound with 
"Litz” wire, which is a multistranded woven wire with all strands insulated from each other. The performance of Litz 
wire wound coils is spectacular, unfortunately, although | know Litz wire is still being made, from personal 
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experience, it is VERY rare in Australia. 


Efficient coil design can be quite complex and all my coils are wound on ferrite rods. There seems to be.at least for 
ordinary single wire windings (close wound), an optimum wire thickness for optimum coil "Q". | have determined 
315 mm winding wire to be about optimum for simple (single wire) coils on ferrite rods. Thicker wire is NOT better, 
believe it or not. 


Lacking Litz wire, an interesting winding approach | have developed is to use two slightly thinner wires wound as a 
bifilar winding connected together at the beginning and end of the coil, yields considerably higher "Q" compared to 
a simple single wire winding. | have found 0.25 mm winding wire optimum in this application. 


Whilst high "Q” coils are beneficial from the RF point of view, there is a possible downside. If one is interested in 
maximum selectivity and sensitivity, there is no problem, but remember highest "Q” results in a narrowed audio 
band-width as a simple consequence of band-width. For high fidelity applications this could be a disadvantage 
under some circumstances, although there are clever ways around this. 


Regardless of ultimate coil "a", selectivity is a major issue with crystal sets generally. Here another trade-off is 
evident. For the maximum voltage into the diode, connecting the diode to the high impedance end of the coil (i.e. 
the top) yields the greatest voltage but the selectivity is usually terrible, because of severe "loading" by the diode 
circuit. For this reason, tapping well own the coil improves selectivity at the expense of signal volume (reduced 
voltage). Once again there are ways around this. As described in my "Double Tuned Crystal Set Tuner” article in 
"Amateur Radio” magazine, March 2002, the use of two separately tuned coupled resonant circuits allows top 
connection into the diode without compromising overall selectivity, thanks to the use of a second tuned circuit which 
is fed from the external antenna. The whole network forms a double tuned input bandpass filter and in practice this 
approach works very well. For single coil crystal sets | recommend the use of an un-tuned "antenna" winding 
adjacent to the "hot" end of the main coil, preferably adjustable (old paper reels from sewing cotton threads are 
ideal). This allows the degree of coupling to be optimised under actual listening conditions. The double tuned set up 
is best, yielding superb selectivity, but the un-tuned antenna coil arrangement also works quite well, especially if the 
diode is tapped well down the main coil. Tapping halfway works well. 


The other method of performance improvement involves the use of the most effective detector system possible. 
Here things get very interesting. In fact the temptation is to use more complex circuitry, but that gets away from the 
charming simplicity of the crystal set. As an example, my own crystal set tuner has at times mutated into a TRF 
tuner complete with FET RF preamplifiers, active(powered) detectors and other enhancements. These 
modifications do work well, but loses the simplicity of a basic crystal set. In actuality, a simple diode detector can 
work extremely well, subject to some qualification. Diodes like to work with a reasonable level of RF input voltage. 
Audio distortion can result under conditions of low signal level, due to diode transfer curve non linearity and other 
factors, such as the widespread use of broadcast station "processing. The actual type of diode makes a difference. 
The 1N34A germanium diode is very popular for crystal set use, although in my experience just about ANY 
germanium diode will work, although it is worth trying different specimens. Some are definitely better than others. 
Even from a pack of twenty 1N34A’s from the same source, some were definitely better than others. Measuring the 
average value of rectified output voltage across the diode load resistor will show which diodes are best. By the way, 
I regard a diode load resistor as being mandatory. | find a value of about 47K about right, especially if a crystal 
earpiece is being used or the crystal set is being used as a tuner feeding an audio pre-amplfier and following 
amplifier. If using high impedance magnetic type headphones, the headphones provide the diode DC load. 


Another type of diode that is very interesting, is the hot carrier diode. There seem to be a lot of different hot carrier 
diodes around these days. There are even hot carrier diodes now being sold as "germanium diode equivalents”. | 
have tried them and they do work acceptably well, but they are not quite as good as genuine germanium diodes 
such as the 1N34A. Typical UHF mixer hot carrier diodes, such as the 1N5711 will not work well in crystal set 
service simply because their "turn on voltage"s too high, similar to silicon diodes such as the 1N4148/914 series, 
which require a lot of RF input to function adequately as RF detectors, however a simple technique can be used to 
turn hot carrier diodes such as the 1N5711 into superlative detectors. 


| guess we are cheating a little, because the technique is to use a little voltage bias supplied via a 1.5v battery, 
through a simple potentiometer voltage divider arrangement, with capacitor (for DC isolation) fed into the diode from 
the tuned circuit. With applied adjustable bias, | find the 1N5711 diodes absolutely superlative detectors under ANY 
signal strength conditions. | find the detection quality also superlative, with a clarity and low noise profile unmatched 
by any other diode arrangement. In my opinion, hot carrier diodes, running bias,are the best detectors overall 


Regarding other detector arrangements, the diode "voltage doubler” is often recommended, however my own 


hito:wwn.nds975.co.ukIContentlerystalsets5.him! 921 


‘ysr20%8 Crystal Sats 5 - Experimental Crystal Sot 


experiments with the doubler arrangement have been inconclusive and slightly disappointing overall. | have found 
no real advantage in their use over a simple (one) diode detector, believe it or not. 


Yes, they do work, but they're nothing special, at least in my opinion. 


Any comments on this general subject of crystal set optimisation would be welcome. 


73's Felix Scerri VK4FUQ. 
22nd July 2002 
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Above: CRYSTAL SET BASED CIRCUIT PROVIDING A HIGH QUALITY PROGRAMME SOURCE 
IMPROVED VERSION OF THE ABOVE CONCEPT !! New update from Felix Scerri February 2010: 
New ‘two FET infinite impedance AM detector’ 


I've developed a new version of my old favourite FET ‘infinite impedance’ AM detector that | think sounds very nice. 
|include a short audio of one of our local AM stations. | picked this station as it is my reference ‘torture test AM 
station’ as they run very heavy ‘processing’ which normally sounds yuck with all my other (diode and non diode) 
detectors! However it's quite clean with this detector. What do you reckon? ll do up a circuit if you'd like to feature 
it in your TRF radio section. A general draft article follows. 


"A favourite non diode based AM detector that I've built and used many times over the years is the FET based 
infinite impedance detector, offering very good general AM detector performance, especially under weak RF signal 
conditions where diode based detectors do not perform well, especially in terms of audio distortion. 


However one of the slightly strange things I've noticed about the simple FET based infinite impedance detector is 
the variable audio quality noted, even when using the same type of FET. Some I've built have sounded good and 
others slightly fuzzy when used with an audio preamp and fed into a high quality audio system. I've been giving this 
a considerable bit of thought of late and I've wondered if the audio distortion might be a result not necessarily of the 
detection process itself, but the FET stage in its guise as a ‘source follower’ audio stage which essentially, itis. 


Ihave long been aware that as a simple audio buffer stage, the FET based ‘source follower’ can exhibit a 
considerable amount of audio distortion, and a technique I've long used to greatly reduce this audio distortion is to 
use a second FET in the source lead of the first FET as a ‘constant current source’ which serves to ‘linearise’ and 
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greatly reduce audio distortion in the buffer stage overall. So, to test the theory | built a simple one FET infinite 
impedance AM detector which worked well, but with just a hint of audio fuzziness’ on received AM stations. So | 
added a second FET in the source lead of the first FET wired as a constant current source, taking the output from 
the source of the first RF detector FET and the source resistor and RF bypass capacitor off the source lead of the 
second FET ‘constant current source’. The result, totally clean audio! The theory seems proved! | call this 
modified detector the "Two FET infinite impedance detector’ 


y V). 
tywo FEC tHPCUITE yapenpntie At 
PET ECL. 
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This detector has been a real eye opener for me in terms 
of its excellent performance, especially considering its _ 
circuit simplicity. Indeed in the past | have designed other 

more complex FET based infinite impedance circuits that 
do not quite work as well in practical terms as this latest 
circuit, at least according to my well calibrated ears! 


I do not have access to any precise test equipment but my 
well calibrated ears tell me this 'two FET infinite 
impedance detector’ is a beauty, surpassing practically 
every other AM detector I've built even at low RF input, 
and that's rather a impressive claim and the audio quality 
when used as an AM tuner feeding a high quality audio 
system is quite remarkable. Possibly the best thing about 
this detector is its excellent performance under weak 
signal conditions. Diode based detectors also work 
beautifully, but the use of an RF stage to ensure detection 
over a linear portion of the diode’s curve is mandatory! 
This compound infinite impedance detector works 


hit: 4vww.nds975,c0.ukiContentlerystalsets5.himl 1121 


vazo%8 Crystal Sats 5 - Experimental Crystal Sot 
beautifully on the sniff of a useable RF signal 


Just add a high Q tuned circuit and that's it! 


Felix Scerri 
VK4FUQ 


A better FET for the ‘basic’ Infinite Impedance Detector: 


Quite recently by accident, I've realised the MPF 102 FET that I've long used in my FET based infinite impedance 
detectors is possibly not the best FET to use. This was the reason why | developed the ‘two FET’ infinite 
impedance detector some time ago which works very well. 


However I've found the choice of a more suitable FET works beautifully in the basic FET based infinite impedance 
detector circuit, which has appeared for many years in many editions of the ARRL Handbook. 


| use the 2N5457 and others of the same ‘family’ may be equally suitable, but | haven't tried them! However with a 
2N5457 in place of an MPF 102, the basic infinite impedance detector has became my AM detector of choice. It 
works beautifully even at low signal input with lovely and clean low distortion audio along with a very high input 
impedance for good tuning selectivity. It's a beauty! The basic generic circuit is attached, courtesy of Rod Elliot's 
ESP website. 


73 Felix VK4FUQ 
10/02/2012. 
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The basic generic circuit is attached, courtesy of Rod Elliott's ESP website 
Felix Scerri VK4FUQ 


As often happens with me, my renewed interest in FET based ‘infinite impedance detectors' of late has led to some 
interesting new research and I may have considerably improved the two FET infinite impedance detector’ as a 
result. 


My research suggests that although the use of a CCS (constant current source) reduces audio distortion in an 
audio stage, the value of the ‘source resistor’ in the CCS stage is somewhat critical for best results. 


By using a potentiometer in lieu of a fixed resistor | have found that a resistance value of around 470 kohms 
cleaned up all overall audio distortion. | used an MPF102 as the CCS in this circuit. An interesting and worthwhile 
little circuit refinement, 


73 Felix VK4FUQ 

21/02/2012. 

A Minimum Component Count High Quality AM Detector 

| was generally messing around with various circuit ideas and | came up with this AM detector circuit, a simple 
diode detector along with a FET stage. It was an attempt to provide good performance along with minimum number 


of components. Actually I've been pleasantly surprised at the excellent level of general performance and the best 
of all, it sounds great! 
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The circuit is quite conventional being a BAT 46 diode detector feeding an MPF 102 FET buffer! common source 
amplifier stage. | would ordinarily use a FET source buffer stage in this application, but opted to use a simple low 
gain FET ‘common source amplifier stage instead, with excellent results. | also used a BAT 46 Schottky diode 
instead of an ordinary germanium signal diode. 


This was done for several reasons. Firstly, germanium diodes are now very hard to find but in any case these 
"germanium diode equivalent’ Schottky diodes are actually a superior diode, having very low noise, almost zero 
back leakage and an essentially complete absence of carrier storage effects and very good weak signal sensitivity. 
| call these diodes high fidelity diodes as they sound wonderful as RF detectors. 


ait ut Dralcea 


Minimum Component Count AM Detector by Felix Scerri 
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‘A Closer View 


The high impedance of the FET's gate circuit is perfect for optimal buffering of the diode detector, something very 
important for good low distortion diode detector performance. Apart from providing slight voltage gain, the use of 
the common source FET amplifier is a new idea, as this prevents the possibility of incidental RF rectification 
occurring in a FET source follower stage, which can happen. A 1 uf plastic film capacitor may be added in series 
with the audio ‘hot’ output lead to block the DC offset out of the FET drain, if required. 


Despite no additional RF stage ahead of the diode, audio quality on even relatively weak RF strength stations is. 
actually very good, and of course the audio quality will be even better with increasing RF signal strength, something 
which will also increase the audio output level. Just on this, for a long time | was somewhat negative regarding 
diode detectors, as one AM station locally (the strongest one) was always distorted when using a diode detector. 


| strongly suspected a transmitter fault, but my complaints were ignored, until one day some time ago when alll 
audio distortion suddenly disappeared! Nothing was ever ‘said’, but I realised that my suspicions of a long standing 
transmitter fault were correct, after alll 


73 Felix 
VK4FUQ 
02 March 2012 


Voltage Doubler Detector 


This is an AM detector circuit that I've long known about and which worked ok, but never seemed to work as well as 
it should have. However I spent some time late last night trying to optimise the circuit, with some success. 


Its a curious circuit being essentially a ‘voltage doubler’ originally developed for power supply applications, and its 
use as an AM detector is hard to analyse! It seems that the component values in the circuit are somewhat critical 
for good performance and if not, the performance is rather ‘ordinary’. The circuit that | eventually came up with 
uses a 150 picofarad ‘input capacitor’ with a 150 kohm ‘load’ resistor and loaded into a FET common source voltage 
amplifier stage (as previously described) through a coupling capacitor with a 1 Mohm input resistance. 
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With these circuit values, it all works ‘quite well’, Give it a go! It's an interesting AM detector with quite good 
‘sensitivity’ and clean audio quality, and it seems to work well at low signal levels. 


73 Felix 
vk4fug, 


16th April 2012. 


‘Simple AM detectors: What works best? A practical experimenters viewpoint. 

| have written a lot about simple AM detectors for use as tuners for feeding into an audio amplifier, and it has been 
a long time interest. These days | use either diode based or ‘infinite impedance’ types of AM detectors. In this 
location our ‘local’ AM stations are quite distant and are therefore quite weak in terms of signal strength 


As such I find infinite impedance detectors based on field effect transistors give consistently better results for tuner 
applications due to their lower apparent overall detector distortion. Diode based detectors are quite fussy’ as they 
require both optimal output buffering (AC/DC ratio) and an ‘adequate’ (beyond the diode knee) level of RF signal 
injection. http://www.tonnesoftware.com/appnotes/demodulator/diodedemod. html 


Diode based detectors will happily ‘detect’ at very low signal levels, however the (inevitable) audio distortion that 
results, can be extremely irritating to the ear! Under these conditions | find infinite impedance detectors (even 
without additional RF preamplification and subject to individual FET characteristics), generally sound ‘cleaner’ and 
more pleasant to the ear. 


FET's of course require a power source for operation whereas diodes are passive (un-powered) detectors (most of 
the time), however this is of no real advantage in a tuner application as an ‘active’ audio amplifier stage will 
generally be required anyway for audio level boosting, buffering etc. 


In the end it will come down to a consideration of prevailing RF signal levels and other related circuit considerations 
at one’s location. If local RF levels are strong, a well designed diode detector will give excellent results. If not, an 
‘infinite impedance’ type of detector is most likely the better option unless one goes towards the option of additional 
RF preamplification prior to the diode detector. 


73 Felix 
vkéfug, 
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17th April 2012. 


ANOTHER DETECTOR by Felix Scerti ! 


I've tried diode based ‘voltage doubler’ (or more correctly ‘diode integrator’) AM detectors before with indifferent 
results, however the other day, just trying a few ideas | came up with this version that works rather well, with low 
audio distortion, high audio output and really ‘nice’ audio quality and the best of all, it seems to work very at very 
low RF input level. 


The two diode ‘voltage doubler’ detector using two BAT 46 silicon schottky diodes feed directly into a MPF102 
source follower stage set at 1 Megohm input resistance. The ‘input’ capacitor feeding the diodes from a tuned 
circuit is 68 picofarads. 


Ihave the simple RF filter right on the output of the FET stage. In that respect this circuit is vaguely similar to the 


old ‘Selstead-Smith’ valve AM detector of the past. An interesting one! | am very happy with its general 
performance. Regards, Felix vk4fug. 11/04/2013 
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Felix Scerri VK4FUQ 


UPDATE - JUNE 2013 
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G'day all, readers may recall the two FET infinite impedance detector | developed some time ago. That circuit 
worked well, but some samples of the MPF102 regretfully produced distorted output. However a recent discovery 
has resulted in an improved version that has truly exemplary performance. 


‘The MPF102 js in all honesty a device essentially designed for VHF applications, but is often used in simple audio 
applications albeit with occasionally indifferent results, due to general device parameter ‘spread’. More or less by 
empirical trial and error | have found that a simple change in source resistor value to 100 k (from a much lower 
value), pretty well fixes everything. 


In a FET source follower circuit this is interesting as the output impedance is actually a lot lower than 100 k due to 
the action of the FET's transconductance. It is similar to the action of a bipolar transistor emitter follower circuit. In 
fact a simple infinite impedance detector with a 100 k source resistor actually works very well and will be good 
enough for many applications, however the addition of a second FET as a constant current source does markedly 
reduce overall audio distortion in the stage overall, and produces very clean and low distortion audio quality and 
also reduces the output impedance considerably (good for tuner applications), so take your pick! 


Regards, Felix vk4fug 02/08/2013. 
UPDATE - JANUARY 2014 


A simple modification to the basic FET ‘infinite impedance’ AM detector that dramatically improves 
performance. 
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G'day all, over the Christmas break just messing around I worked out (mostly by accident), a simple modification for 
the simple FET based ‘infinite impedance’ detector circuit that dramatically improves weak signal performance and 
also greatly reduces audio distortion. 


Essentially by the addition of another FET ‘buffer’ stage, another source follower, capacitively coupled from the first 
detector stage. The circuit is actually a simplified version of the circuit that | described in this link, 
http://sound.westhost.com/articles/am-radio.htm (figure 6) and testing the two head to head, they both sound 
superb and the simpler version is actually somewhat easier to build. | cannot get over how low distortion and ‘nice’ 
the recovered audio sounds. It is a joy to listen to! 
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Diodes for ‘weak signal’ crystal set applications. 


‘As lam primarily interested in using crystal sets as AM tuners for feeding into a preamplifier/amplifier and 
loudspeakers, the actual type of diode can be relatively critical. In a strong signal area, not so much, but in a weak 
signal area such as where I reside, definitely. A diode with a good ‘square law’ performance (the area below the 
‘knee’ in the diode curve), generally results in much cleaner and lower distortion than other good performing diodes, 
and believe me diode distortion under weak conditions, even with optimised diode ‘buffering’ used is very nasty 
sounding to the ear! 


Testing many, many diodes in actual working crystal sets and listening critically to the audio output, it seems to me 

that the best diodes to use under weak signal conditions are the so called ‘gold bonded’ germanium diodes. | have 
sampled many different gold bonded germanium diodes and they all work well in this specific application, although 

sometimes the rectified output voltage may not be as high as other germanium or silicon schottky diodes, however 
the audio quality is much cleaner and shows much less apparent distortion! 


Ihave tried OAS, OA47, IN141 and several ‘CG' gold bonded germanium diodes with consistently excellent results. 
Other ‘ordinary’ germanium diodes may also work well under weak signal conditions, but they will need to be tested 
individually to check actual performance in a working circuit. One thing that | have noticed about germanium diodes 
is that due the ‘point contact’ nature of their construction, even diodes of the same specific type can exhibit rather 
different levels of performance! 


The otherwise very good BAT46 silicon schottky diode works extremely well at good RF input level but not so well 
at weak RF input, especially when heavy broadcast ‘processing’ (commonplace these days), is used. New ‘gold 
bonded’ germanium diodes are probably no longer made although | am aware that they can be purchased through 
vendors over the internet. Apart from that, they may be found in old gear. As stated earlier, ordinary germanium 
diodes may be quite good but will need to be checked individually. Diodes are complex things! 


Felix (vk4fug). 29/01/2014. 


Just when | thought that I've tried everything | realised that I've not tried a voltage doubler (diode integrator) 
detector with an RF stage in front. It is an unfortunate fact that all diode detectors ‘need’ a good RF injection level 
(and buffering) or audio distortion becomes ‘bad’ (an understatement!) 


Consider yourself very lucky if you live in a strong signal areal (unfortunately | don't). Anyway I quickly built a 
couple of prototypes which worked ok but not as well as hoped. Initially | tried using a source follower buffer (no 
voltage gain), but converting it to a common source amplifier (with appreciable voltage gain), seemed no better, 
which was strange. 


After staring at my prototype for what seemed like forever with my magnifiers on, | (finally) realised my mistake. A 
common source stage takes its output off the ‘drain’ terminal of the FET, not the ‘source’ terminal as it does with the 
FET source follower buffer stage. | shifted one wire, and all worked as expected and it sounds fantastic! All diode 
detectors (one diode envelope detectors, doubler detectors etc), need good RF input and a simple untuned FET RF 
gain stage works very well. As to the sound, it sounds great. 


73 vk4fug 10/03/2014. 
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Felix Scerri's FET Crystal Set with Voltage Doubler 
A ‘nice sounding’ AM detector - update October 2015 


Looking through these pages the other day | was slightly shocked to realize that I've completely forgotten about 
some of the circuits that I've contributed in earlier days! They all work pretty well, however in my advancing older 
age and a little like my tastes in high fidelity generally, I'm starting to show a particular preference for ‘nice 
sounding’ bits of audio gear. 


| guess that this also means low noise/low distortion too, although with AM broadcasting, at least in this country and 
probably elsewhere in the world too, the very common use of broadcasting ‘processing’ tends to make it hard for 
‘AM detectors generally, often resulting in a ‘hard/compressed'’ sort of sound although still low in distortion, is not 
‘nice sounding’, if that makes any sense! 

‘Well of all the AM detectors that I've tried and/or developed, only one sounds ‘nice’ when confronted by heavy 
broadcast processing and that is an AM detector ‘based’ on a voltage doubler/diode integrator cirouit (similar to the 
above circuit, actually the 68 pf capacitor should be changed to .1 uf, for slightly greater output). 

Ithas taken me a very long time (years) to ‘optimise’ this circuit, but as it presently stands this is my favourite ‘nice 
sounding’ AM detector, and gets most use for general high quality listening on the AM broadcast band. It sounds 
really good! It somewhat reminds me of an old O47 gold bonded diode detector from years ago before such 
abhorrent ‘processing’ became commonplace! 

Ah yes the OA47.....now that is a lovely sounding detector diode! 


Regards, Felix vkafug. 17/ 10 / 2015. 


That's it for crystal sets. | hope you try building one, it's easy and great fun! 
See some useful links below.... 


73's 
Mike 


Crystal Sets (Part) | Build Your Own Crystal Set (Part 2) 


Spider's Web Crystal Set (Part 3) | Crystal Set By Kenneth Rankin (Part 4) | Crystal Radio Links 
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Amateur Radio 


M@MTJ___ Visit my amateur radio pages MOMTJ 


Visit my Amateur Radio Pages > 


No AM radio stations or transmitters in your locality or country? 


er 


Has your local medium wave broadcast station closed or been moved to VHF/FM or Digital? Don't worry. You can 
still build and experiment with crystal sets and TRF radios by also buying or even building a simple low power AM 
transmitter. So, not only can you use your crystal sets but you can also run your own radio station that can be 
heard in and around your home - playing the music or programmes that you want to hear! 


SSTRAN AMT3000 Superb high fidelity medium wave AM transmitter kits from SSTRAN. Versions available for 
10kHz spacing in the Americas (AMT3000 or AMT3000-SM) and 9kHz spacing in Europe and other areas 
(AMT3000-9 and AMT3000-8SM). Superb audio quality and a great and well designed little kit to build: 


http:/www.sstran.com/pages/products.htm! 


Other AM transmitters available: 


Spitfire & Metzo Complete, high quality ready built medium wave AM Transmitters from Vintage Components: 
http://www.veomp.co.uklindex.htm Vintage Components offer a choice of the high quality Spitfire and Metzo 
transmitters: 


SPITFIRE AM Medium Wave Transmitter with 100 milliwatt RF output power: 
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‘http://www. vcomp.co.uk/spitfire/spitfire,htm 
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METZO AM Medium Wave Transmitter with built in compressor: 


‘AMB8 LP A basic AM transmitter kit from North County Radio. 
jorth radio. jes/am88 tr 


LINKS: _ Fine links to more Crystal Radio websites here 


Component Suppliers: Links to electronic component suppliers here 


Amateur Radio 


M@MTJ _ Visit my amateur radio pages MOMTI 


Visit my Amateur Radio Pages > 


Crystal Sets (Part) | Build Your Own Crystal Set (Part 2) 
| Crystal Set By Kenneth Rankin (Part 4) | Crystal Radio Links 


Spider's Web Crystal Set (Part 3) 


‘Top Of Page 


www.mds975.co.uk © 2004 - 2015 
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CRYSTAL SETS 2 


Some Practical Designs 


MAKE YOUR OWN 
CRYSTAL SET I! 


Home | Contact | SiteMap | Radio Stations & Memorabilia | Amateur Radio 
Crystal Sets Introduction | Resistor & Capacitor Conversion Tables 


Crystal Sets (Part1) | Spider's Web Crystal Set (Part 3 
Crystal Set by Kenneth Rankin (Part 4) | Experimental Crystal Sets (Part 5) | Crystal Radio Links 


hope that you attempt building one or two of these crystal set designs and I really do recommend that the components 
are carefully connected up using soldered joints onto a piece of tag-strip for reliability. However if you are new to 
constructing such electronic circuits then some simple solder-less techniques could be employed and these are 
suggested at the bottom of the page. Also see Crystal Sets Part 5 for more ideas on experimenting with crystal sets. 


An early and very basic crystal set would have been nothing 
more than a coil of wire, perhaps 50 -100 turns, wound around 
a cardboard tube about 3 inches (7om) in diameter, a detector 
(or cats whisker) and a pair of special High Impedance 
headphones (as discussed in part 1). 


There would be a very large aerial strung up around the 
garden and the all important connection to earth. 


The coil would have tapping points (connection points) at 
intervals of around 5 or 10 tus. See the circuit diagram on 
the right for details of who the set is wired together. 


The tapping points on the coil allow the set to be tuned to 
different frequencies by adjusting the position of tap B. Tap B 
would be connected to the coil at differently positions by way 
of a crocodile clip. The fewer tums between the top (aerial 
end) of the coil and tap B, the shorter the wavelength received 
(ie the higher the frequency). Tap A would allow the detector 
to be connected at different positions to vary performance. 
‘There is an additional component drawn in the above diagram, 
the capacitor (value 1000pF), this is included in crystal sets 
that used the High Impedance magnetic headphones, and 
bypassed any remaining radio frequencies (RF) to earth. 


Detector 


1685p 


hitp/Imds975.co.uk/Contentlerystalsets2 html 


| have not built the set described above as it is so basic. Such 
a crystal set above would probably have been adequate in 
1920 - 1923 when there would have been only one local 
transmitter receivable. 


When the BBC expanded transmissions and it became 
possible to hear more than a single station it would have 
became necessary to include a more convenient means of 
tuning the set. 


This was achieved by including a Variable Tuning Capacitor, of 
about 500pF (0.0005uF) connected in parallel with the tuning 


ane 
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coil forming a tuned circuit. The tuning capacitor would have a 


aa Bakelite knob on the spindle to aid tuning. 


Standard 
Crystal Set 


at 4 


The Standard Crystal Set 


Because of the simplicity of crystal sets, it is often difficult to separate stations. When tuned into one station it is often 
possible to hear another close by station in the background, this is due to lack of selectivity. This can be reduced 
somewhat by adjusting the positions of the Aerial Tap and Detector Tap. Moving them closer to the bottom of the coil, the 
earthy end, reduces the load on the tuned circuit and this improves selectivity, however it does also reduce sensitivity 
which can make the station quieter. Headphones will often swamp a tuned circuit and reduce its selectivity (Q factor), so 
moving the tapping point lower down improves this situation. Every circumstance is bound to be different though so the 
best balance has to be found by experimentation. My crystal set has both the diode and the aerial connected to the 
same tapping point on the coil, about a quarter of the way down. 


The modern ‘standard crystal set’ shown above uses a Crystal Earphone, since suitable high impedance magnetic 
headphones (of 2000 to 4000 ohms) are no longer widely available. When using a crystal earpiece the 1000pF capacitor 
shown in the first diagram can usually be omitted an in its place a 47k ohm resistor is connected, this ensures that the 
Crystal Earphone will work at its most efficient i.e. the sounds will be as loud as possible. The resistor allows DC current 
to flow through the circuit efficiently - this would otherwise be blocked when using a crystal earphone. In a modem 
crystal set the detector used is a Diode. Suitable diodes include OA80, OA81, OA90 OA91 and IN94 which are usually 
available from component stockists. 


A Better Diode For Increased Efficiency 


The OA47 will be of particular interest since it has the lowest 
forward bias voltage of any of these diodes which will make 
the crystal set somewhat more sensitive and therefore louder. 
The US equivalent of the British O47 is the IN34. 


On the right you will see my real working example of a 
crystal set 


The large plastic knob on the front tums the variable tuning 
capacitor. This set receives the three UK national stations and 
also three local radio stations very well at my location. 


There is a small 3.5mm jack socket mounted on the front of 
the plastic case (MBS from Maplin Electronics) that the crystal 
earphone plugs into. 
‘The coil can be seen inside the case, itis 70 tums of 30 gauge no battery or maize power. 

enamelled copper wire wound around the centre of a toilet roll 
and tapped every 10 tums, by scraping off the enamel 
insulation and making a small twist. The croc’ clips can be 
seen clipped on to these twists to connect to the aerial and 
detector tap points 
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PHOTO SHOWING THE INSIDE OF 
‘THE COMPLETED CRYSTAL SET 


Medium Wave Coil 


The number of tums of wire required on the coil will vary 
depending on the size of the former (in this case the inside 
toilet roll) and the thickness of the wire. So to obtain the 
correct coverage of the medium wave band may need a little 
experimentation. 


| usually find that between 50 to 90 tums is right and | 


generally use enamelled copper wire that is between 30 s.w.g. 
and 26 s.w.g (i.e. 0.315mm and 0.45mm diameter), 50 it's best 
to start with too many turns and then work down. 


‘The more tums that you use the lower the frequency range will 
be, i.e. too many and the coverage of the top end of medium 
wave around 1500 - 1600 kHz will be lost, while too few and 
the coverage down to 500 kHz will be lost. 


It is also important that the coil former is non conducting, i.e 
not metallic. It could be wood or cardboard or a short piece of 
PVC piping and with a diameter of between 1% and 4 inches 
(4 to 15 cm) are common sizes. You could try using a ferrite 
rod too, see below. 


This particular set has a coil wound onto a toilet roll tube which consists of 70 tus of 30 s.w.g. (0.315mm dia) 


enamelled copper wire tapped at every 10 tums. It also has the additional small trimmer capa 
aerial to the tuned circuit thereby improving selectivity, see below. 


that helps match the 


The aerial coil could be wound onto a ferrite rod. 


A piece of 10mm diameter ferrite rod of between 3 and 6 inches long (80 to 150mm) will be most suitable and 


require between 50 and 90 tums of enamelled copper wire to provide coverage of the medium wave band: First make 
paper tube that is held together with sticky tape that will easily slide up and down the ferrite rod. Then wind the coil 


over this with the windings neatly side by side. 


tapping points can be adjusted. 


Make tapping points every 10 or 15 turns so that the aerial and diode 


Adjustments to the tuning range can be made by removing some wire from the coil so it is best to start off with too many 
tums and then work down. Fine adjustments can be made to the completed coil by sliding it up and down the ferrite 


rod. 


The crystal set above also has one small, but significant, 
improvement over the standard crystal set and that is an Aerial 
Trimmer. A trimmer is a variable capacitor, very similar to the 
tuning capacitor, except smaller and adjusted with a 
screwdriver. 


The value of the trimmer is usually around 10 - 50pF, but if a 
small tuning capacitor is available that will probably be just as 
effective. In the absence of such a variable capacitor, 
idual fixed ceramic capacitors of e.g. 10pF, SOpF and 
100pF can be tried in this position to judge which gives the 
best results with the particular aerial being used. 


The trimmer capacitor adjusts the coupling to the tuned circuit, 
reducing the load of the aerial on the tuned circuit will improve 
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the selectivity (Q), and it will be easier to separate stations. 
Again tapping points are used and | find this to be an excellent 
arrangement. 
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Improved Crystal Set design, with good selectivity 


‘The picture on the right shows the general layout of the crystal 
set above. The coil is of approximately 70 turns is wound on 
the centre of a toilet roll, and has tapping points at 10 turn 
intervals. 


The trimmer is soldered between the Aerial terminal and the 
piece of 5-way tag strip, and a wire goes from there to a croc’ 
clip which is clipped onto a tap on the coil. The Diode is also 
soldered onto the tag strip, one end connected to a piece of 
wire going to a second croc’ clip & connected to a tapping 
point on the coil, the other end of the diode is connected to the 
3.5mm jack socket that the Crystal Earphone plugs into. 


The 47k resistor is also connected to the earphone end of the 
diode and goes to earth, the earth terminal wie is soldered to 
the tag strip at this point too. The tuning capacitor has two 
terminals, one connected to each end of the coil, and one of 
” although this is gotdered tem is also connected to earth as shown. [Where the wires 
Case t eenaee ta taeerip wnayah ns soldered cross over in the diagram, they do not touch and are not 
tegethag er sraation fe noe meat ta See fa. conpooted together] 

with serews. Se article below. 


In most areas around Europe and certainly around much of the UK you will be able to hear a Long Wave station. To 
receive Long Wave on a crystal set will require an aerial coil with a greater number of tums to increase its inductance. 


As a good general guide a coil wound on a piece of 10mm diameter ferrite rod will require about 250 turns of enamelled 
copper wire: First make a paper tube that is held together with sticky tape that will slide up and down the ferrite rod. 
Then wind the 250 turn coil over this, the windings will have to be made over the top of each other. Make tapping 
Points at, say, 50, 75 and 100 turns to tap the aerial and diode to. 


As with the medium wave ferrite rod aerial, adjustments to the tuning range can be made by adding or removing some 
wire from the coil, and fine adjustments can be made to the completed coil by sliding it up and down the ferrite rod. The 
longer the ferrite rod the better and anything between 3 and 6 inches long (80 to 150mm) will be very good. 


If you like experimenting, then reducing the number of turns on the coil to say 10 to 
30 will allow reception of the higher frequencies, the Short Waves. | have found 
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that winding the coil around a ‘ferrite rod’ often works even better with short wave 
reception. 


Obtain a ferrite rod about 7 to 15 om long and about cm in diameter. Make a 
couple of small tubes of card, about 4cm long, that will ft tightly over the rod. | 


On one tube wind two coils using 0.5mm diameter enamelled copper wire - one coil 
of about 30 turns and a second one of 2 or 3 tums wound over the top of the first. 
‘Secure the windings in place with Sellotape. 


On the other card tube wind a similar col, but use about 15 turns for the fist coll by oy 4 ee connect 
and for the second coil wind about 3 to 4 turns over the top, and secure With block to wire up a crystal set 
Sellotape tape. 


These coils will provide coverage of short wave in two bands using the first coll for the longer wavelengths, typically 60 to 
31 metre bands and the second coil for the shorter wavelengths typically 25 to 19 metre band. Wire up the circuit as 
shown in the circuit diagram below. 


Even better selectivity performance can be achieved by winding the inductors (coils) on a ferrite toroids (T50-2 yellow, or 
green will do). The aerial trimmer need not be used if selectivity and sensitivity is found to be adequate. I's all about 
experimenting, and | find it best to use a trimmer or small coupling capacitor to obtain the best selectivity 


Up to 30 turns of 0.5mm enamelled copper wire can be used for the longer short waves below 10 MHz, while a winding 
of around 15 turns will provide coverage of the shorter short waves above 10MHz. 


Onerial Terminal 


Cryctal 
Earphone 


Okarth terminal 


A completed 
the main winding has a tap to allow the switch to short part 


Thi itdi f the Short Wave Crystal Set 
ae of the winding and thereby give two ranges. 


Moving back to the Medium Waves, here is a circuit for a very 
interesting Australian design that promises extremely good station 
separation (selectivity), and having built it | can vouch for that claim, 
its really excellent, 


| receive three national stations and three local stations at my location 

with excellent clarity using a modest antenna and standard crystal 

earphone. 

different to the other crystal sets described above, it is 
516 


The coil 
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‘much bigger at 3% inches (8cm) diameter and Sinches (12cm) long. | 
‘made my coil former out of the cardboard from a breakfast cereal box 
- just ike Blue Peter! 


The design is often referred to as The Mystery Crystal Set, by Proton. 


e front panel of the 


Two distinct coils are wound on it, the first one consists of about 50 
tums of 24 s.w.g (approx) enamelled copper wire. The second coil is 
25 tums, very close wound right over the top of the first coil using 30 
5.4. (approx) wire, try to get this second coil wound in between the 
windings of the first, for better inductive coupling, 


Then carefully wire up the set according to the diagram. Notice that 
the tuned circuit is not connected to earth and has no direct 
connection to the detector circuit. The detector circuit is connected to 
earth however. The two aerial terminals offer alternative selectivity 


performance, terminal A gives very good selectivity while B is very 
wide. I never bother with B. 


‘SELECTIVE pUSTRALION 
ERYSTOL SET 


AERIAL 
Tera 


ane a9 

nnn 

cons’ pesrsror| | ‘Make the coil carefully and wire up this crystal 
7% Om set according to the circuit diagram opposite 

and you will be rewarded with a really high 

performance crystal set of a type that was used 

in the very early days of broadcasting in 1930's 

in Australia 

JES This is probably my favourite crystal set! 


The PPC1 coil was a commercially manufactured by Denco Clacton Ltd and was popular among hobbyists not keen on 
going to the bother of winding their own fiddly little coils. As a child | wanted try one of these coils and sent away for 


one by mail order. It arrived a few days later in a little cloth bag, like a miniature pump bag, with protective wrapping 
inside. 


The coil windings are entirely enclosed in what | can only describe as a cylindrical ferrite ‘shell’, the four very thin 
connecting wires exiting, two either side, from small apertures in the ‘shell’. The performance of the circuit shown bel 
seem to remember was quite pleasing. Unfortunately | cannot find the set or the PPC1 coil at the moment, but here is, 
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a reproduction of the circuit diagram and data: 


* Crystal Receiver oa 
| Medium Wave Coil Type PCC.1 

ve rox testy econ cots tho 

eres ae reset ettenmessshes sane 


Rr aratsty cies hae Mewever ty eaaces te 
ily mates ty ft sommes en as e 


ftir ap ane crys tt cue ese iy nee acts Us 

[Roper te and tren agra sve ows brews 
auNING 
S00pF solid 


Dielectrics 


1s Solid Diclectric 
Variable Condenser...» 
SeWay Tag Strip + 


tat, write ect ts company # e Eilon 


| 


Bence Cetin Ls. 
Beja oreo 
lactones 


BAETH! AERIAL Ene 
) viamc tavour Te: clin DT 2 
Bassesteuata arc at Geen, ae te 
ca ar hy recommonded. acy ks Frode flee aoe 
tence len esse varie expat 
fet se mative bod et oes, Many af eve OEE CO™ 


| recently rediscovered an old Repanco DRR2 
Longwave / Mediumwave coil that must have sree wew 
been kicking around in my junk box since the 

1970's. 


The DRR2 coil was made by Repanco in 
Coventry. It came with a page of suggested 
circuit diagrams which | thought had been lost to 
the mists of time, but it recently came to light 
again, so | have now copied it below. 


leevsran 


Once again | included an aerial trimmer which 
can be adjusted to improve selectivity. 


The circuit diagram of the crystal set using the Repanco DRR2 coil 


Repanco Ltd was formed by two ex-army signals engineers and from 
the earliest days of radio supplied crystal set kits and coils to radio 
construction enthusiasts. 


The Repanco DRR2 coil was for medium wave and long wave 
intended for use in when building simple crystal set and valve radio 
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Alash-up’ of the Repanco crystal set 
‘The Repanco DDR2 coil was provided with a simple Foolscap size information sheet that showed four different radio 
circuits. Sadly the sheet does not give a huge amount of information and my copy is now rather tatty and faded - it is 


copied below: 
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circuits. 


It consists of three coils; a Medium Wave coil at the top that includes 
a tapping point (for the aerial); a coupling coil or tickler in the middle; 
a lower coil which can be connected in series with to top coil to 
provide Long Wave reception. 


| have built a quick crystal set with the coil and it provides good 
reception with excellent selectivity, so it must have a very good Q 
factor. 


ane 
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PRRZ auth Sel Cweal 
+ 


1K 
erso 


Dieden nernol Gevesamem —_|l 


tpg tos DRRA Coils 


Feeder Unit 


F The larger the coopling condarser the halter 


athe coopling + the gpenter the selectily. 
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Valve circulls using the Repanco Tall 


Repanco Ltd no longer produces radio coils and crystal set kits for the radio construction enthusiast, as it did in the early 
days of radio. In 1986 it was renamed Repanco Bartlett Ltd when it merged with Bartlett Electronics. The company 
24, Albion industrial Estate, Endemere Road, Coventry CV6 SNT and now 


specialises in transformers and wound components and can design and manufacture to commercial customer 
requirements, their website 


: http://www.repancobartlett.co.uk/ 
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Here is a good idea and well worth trying, to maximise the use of sound 
output from your crystal set why not use dual crystal earphones? Having an 
earphone in each ear helps to block out extraneous noises helping the 
listener to better concentrate on any weaker stations received. 


Using the circuit below, one earphone makes use of one half cycle of the 
radio wave while the second earphone uses the other half cycle of the wave 
that would have previously gone to waste when using just one diode. Ensure 
that the diodes are connected up according to the diagram i.e. one diode is 
connected the opposite way round to the other. 


Also try to make sure that the diodes and crystal earphones are similar to 
obtain the best results. (You could simply connect two crystal earphones to 
the same terminals of the single diode, but this would not be as efficient and 
the sounds would be much quieter.) 


DIODE SYMBOL, 


nove ‘carHone 


ACTUAL DIODE 


BETTER RESULTS WITH TUN CRYSTAL EARPHONES 


Made 2 
naa 


Ensure thet: the Diodes 
are connected as shout 
Te. one isthe 
opposite uay around 
fo tha other 


hone 


ae 


Earth 


A note about Crystal Earphones: It will be worthwhile buying several different ones from different sources as 
performance varies between manufacturers quite markedly. | have found the ones marked ‘Japan’ on the back are the 
most sensitive and therefore loudest, whereas ones marked ‘Receiver’ ‘Taiwan’ are often a little less sensitive and 


therefore quieter and sometimes more ‘tinny’ sounding. 


‘As mentioned previously it has been noted that the OA47 diode will be of particular interest since it has the lowest 
forward bias voltage of any of the common diodes available. This will make the crystal set somewhat more sensitive and 


therefore louder. The US equivalent of the British O47 is the IN34. 


Here is an interesting concept sent in by Chris Dora of the Vught North Scouts in the Netherlands. tis a crystal set 
made out of a coil wound in the form of a spiders web: 


See more HERE. 
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Detail of the germanium diode 


Close up of Chris Dorna’s Spider Coil 


A crystal set can also be made that does not need a large long wire aerial. If you have ever made a loop aerial for 
medium wave or long wave DX-ing, then itis a simple matter to add a diode, resistor and a socket to connect a crystal 
earphone that will allow reception of nearby stations. 


‘See my section on Loop Aerials and ATU's for more constructional details. 
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LOOP CRYSTAL SET 


Diode 


Tuning Range 


sulteh 
The circuit diagram of the Loop Crystal Set. The loop is 10 turns of 7/0.2mm 
‘hook-up’ wire wound on a 40cm (17") former made of attractive plastic edging 
strip available from many DIY stores. ‘The loop is very directional in its pick up 

“ pattern, which can help eliminate interference from some stations by rotating the 
A portable loop aerial, loop. The switch and additional capacitor allow tuning of the lower medium wave 
incorporates a crystal set band from about 650 to 520 kHz. Having a loop with 50 to 60 tums of wire will 
{une into the Long Wave band. 


DIODES - For Crystal Set Use - some notes by Felix Scerri 
Germanium diodes for crystal set use. 


Although I'm a fan of these new silicon schottky BAT 46 diodes, good germanium diodes still have a lot to offer, 
especially in terms of ‘weak signal sensitivity. Last night I did an experiment. 


| sorted through quite a few of my hundreds of acquired random germanium diodes looking for particularly ‘sensitive’ 
ones. | tested this by tuning in a weak AM station and comparing the detected DC output level and also the apparent 
‘loudness’ of the audio signal 


Even amongst germanium diodes of the same type, there was enormous variation all the way from excellent to poor! For 
very weak signals, germanium diodes ‘detect’ in the ‘square law’ region below the diode conduction ‘knee’, in a rather 
different part of the curve than with much stronger signals (way beyond the diode knee). 


‘When testing germanium diodes for weak signal sensitivity, the inherent capacitance of the diodes is also a factor, and 
the ‘tuning’ may change somewhat and will need to be readjusted with every diode tested! 


In the end, out of a large number of germanium diodes tested, | found three or four germanium diodes with excellent 
weak signal sensitivity and the rest were poor. One other interesting thing, good germanium diodes ‘sound’ different, 
rather more ‘rounded and smoother’ than the schottky's which tend to sound mercilessly clean, almost clinical. | also 
found almost no variation in weak signal sensitivity with my BAT 46 schottky diodes. Take your pick! 


Regards, Felix Scerri VK4FUQ 14/03/2012 


For a novice the use of a soldering iron may seem a bit daunting at first and while the most reliable results will 
be obtained with a good soldered joint using a tag strip as shown below, the circuits can still be made without 
the use of a soldering iron. 


‘SWAY TAG STRIP 36 WAY TAG STRIP - TWO ROWS 
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The very simplest circuits could be wired together ,with a little ingenuity, with the component wires being held together in 
the grip of solderless crocodile clips, whereby the connecting hook-up wire is fixed to the croc’ clip by a screw rather 
than solder. 


For more the slightly more complex circuits a plastic Terminal Block (sometimes referred to as a choc! or chocolate 
block) can be utilised very effectively indeed. These are used in mains wiring and are available in various sizes; 2 Amp, 
5 Amp, 15 Amp and 30 Amp. The 5 and 15 Amp Terminal Blocks | have found to be the most suitable. The various 
‘component wires can be trapped securely with the screw at each junction point. This method also makes it easy to 
change the components around when experiment with different circuits. See The EXPERMENTAL CRYSTAL SET for 


more details in Part 5. 


“CHOCOLATE” TERMINAL BLOCK 


The Ladybird book called "Making A Transistor Radio’ (also shown on the TRF Radio pages) detailed a very novel 
approach using brass screws with screw-cups to trap the component wires at each junction point: 


‘THE BRASS SCREW AND SCREW-CUP METHOD OF —_AVERY SIMPLE CRYSTAL SET USING THE BRASS SCREW AND CUP 
‘CONSTRUCTION ‘METHOD 


Crystal Sets Part Part 3 > 


No AM radio stations or transmitters in your locality or country? 
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Spittice 


Has your local medium wave broadcast station closed or been moved to VHF/FM or Digital? Don't worry. You can still 
build and experiment with crystal sets and TRF radios by also buying or even building a simple low power AM 
transmitter. So, not only can you use your crystal sets but you can also run your own radio station that can be heard in 
and around your home - playing the music or programmes that you want to hear! 


SSTRAN AMT3000: Superb high fidelity medium wave AM transmitter kits from SSTRAN. Versions available for 10kHz 
spacing in the Americas (AMT3000 or AMT3000-SM) and 9kHz spacing in Europe and other areas (AMT3000-9 and 
‘AMT3000-8SM). Superb audio quality and a great and well designed little kit to build: 
hitp:/www.sstran.com/pages/products.htm! 


Other AM transmitters av: 


ble: 
Spitfire & Metzo: Complete, high quality ready built medium wave AM Transmitters from Vintage Components: 
http://www.vcomp.co.uk/index.htm Vintage Components offer a choice of the high quality Spitfire and Metzo 
transmitters: 


SPITFIRE AM Medium Wave Transmitter with 100 milliwatt RF output power: 


splttice 
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kimetzo/metzo. 


wow. veomy 


AM88 LP: A basic AM transmitter kit from North County Radio. 
hitpy/www.northcountryradio.com/Kitpages/amss.hi 


LINKS: 


BOWOOD ELECTRONICS - A friendly, helpful and very speedy source for many of your electronic components at prices 
that won't frighten your wallet! 


THE FOXHOLE and P.0.W RADIOS - Simple crystal set receivers used by soldiers during the war and by prisoners of 
war (PO.W’s). 


VINTAGE COMPONENTS - A great resource for crystal sets, components, valve radio kits and medium wave AM 
transmitters! 
8V6 - Electronic Nostalgia and Vintage Components 


Crystal Sets Part 3 > 


Amateur Radio 


M@MTJ__Visit my amateur radio pages MOMTJ 


www.mds975.co.uk © 2004 - 2014 
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Mike's Electronic Parts, LLC 
Simple Crystal Radio Kit 2 


Vanes Connect Long Antenna Here 
h 


ittps://www.mikeselectronicparts.com/ 
Connect Short Antenna Here 


3 ° Pron 7 
5 cur 
= LL ‘ ee 
: wes © 
z A 
: SX; Variable Capacitor 47k ootuf = ine 
é e af par 
yecO™ 
*aKe> ° 
o GA 


Ground 


Top Side 
Parts List 

1- Ferrite Loopstick Antenna °@e 
1 - Variable Capacitor 

1 - Germanium Diode 1N34A 

1 - .001uf Capacitor Marked 102 

1- 47K Resistor 

1-20 Million Ohm Ceramic Earphone 

Antenna and Ground wire not include with parts 


Variable Capacitor 


For short antenna connect a 15ft to 30ft length of wire to "1". For long antenna 40ft to 
100ft connect to "4". It is best to use a long wire antenna. If you are not using the taps 
do not cut the wires. Doing so will cause the coil not to work. Various connections are, 
Connect 1 to 3 or Connect 2 to 3. Most volume can be had at 1 to 3 less volume but 
better selectivity connect 2 to 3 and the antenna connected at 1. It is best to solder the 
coil wire, not doing so may cause a bad connection and the radio will not work. 

Drawn By: Scott Lowe 

This Kit can be bought at my web site Part Number CRK#2 Kit. 


https://www.mikeselectronicparts.com/ 


THE SMITHSONIAN INSTITUTION 


‘The Smithsonian Institution is home to more than 141 million objects, ranging in 
size from insects and diamonds to locomotives and spacecraft. It is the world’s 
largest museum complex, comprising 15 museums and galleries and the National 
Zoo in Washington DC, and two additional museums in New York City. Millions of 
visitors each year visit the nation’s capital to view such treasures as the Hope 
Diamond, the Star Spangled Banner, and the Wright Flyer. Abroad range of exhibits 
ensures a fun and educational experience for young and old alike. 


‘Onc of the world’s leading scientific research centers, the Institution has facilites in 
ight states and the Republic of Panama. Research projects inthe arts, history and 
science are carried out by the Smithsonian all over the world. Some of the 
Smithsonian's research centers include the Smithsonian Astrophysical Observatory 
in Cambridge, Massachusetts, the Smithsonian Marine Station at Link Port in 
Florida, and the Smithsonian Tropical Research Institute, in Panama. 


For membership information of pre-visit planning material, write or call the Visitor 
Information and Associates Reception Center, Smithsonian Institution, Washington, 
D. C., 20560, (202) 357-2700 (voice), (202) 357-1729 (TTY). You may also visit 
the Smithsonian through our web site, www.si.edu, 


HISTORY 
James Smithson (1765 ~1829), a British scientist, drew up his will in 1826 naming 
his nephew, Henry James Hungerford, as beneficiary. Smithson stipulated that, 
should the nephew die without heirs (as he did in 1835), the estate would go tothe 
United States to found “at Washington, under the name of the Smithsonian 
Institution, an establishment for the increase and diffusion of knowledge...” 


‘On July 1, 1836, Congress accepted the legacy bequeathed to the nation by James 
‘Smithson, and pledged the faith of the United States tothe charitable trust. In 1838, 
following approval of the bequest by the British courts, the United States received 
‘Smithson s estate—bags of gold sovereigns—then the equivalent of $515, 16Y. 
Eight years later, on August 10, 1846, an Act of Congress signed by President James 
K. Polk, established the Smithsonian Institution in its present form and provided for 
the administration of the trust, independent of the government itself, by a Board of 
Regents and Secretary of the Smithsonian. 


SMPPHSONE YS MUSEUMS, GALLERIES. AND ZO0S, 


ees SMITHSONIAN” 
Qrw 
CRYSTAL RADIO 


WARNING: 
ONLY FOR USE BY CHILDREN 
OVER 8 YEARS OLD. 


READ THE INSTRUCTIONS BEFORE USE, 
FOLLOW THEM AND 
KEEP THEM FOR REFERENCE. 


STORE THE SET OUT OF REACH 
OF SMALL CHILDREN. 
PLEASE KEEP A NOTE OF OUR NAME INst SIMM GambH 
AND ADDRESS DETAILS FOR FUTURE CE acerca orene 
REFERENCE. IN EUROPE CONTACT: $5-0724-9504-116 


PLEASE BE SURE TO READ THE ADVISE 
FOR SUPERVISING ADULTS 
AND THE SAFETY RULES. 
CONTAINED IN THIS BOOKLET. 


(©2002 SMITHSONIAN® INSTITUTION 
NATURAL SCIENCE INDUSTRIES, LTO, 
{910 ORLANDO AVE. 

WEST HEMPSTEAD, NY. 11552 


PRINTED IN USA ITEM NO. 3261-08 


ADVICE FOR SUPERVISING ADULTS: 


¢ READ AND FOLLOW THESE SAFETY INSTRUCTIONS, 
THE SAFETY RULES AND KEEP THEM FOR REFERENCE. 


SUPERVISING ADULTS SHOULD DISCUSS ANY WARNINGS 
AND SAFETY INFORMATION WITH THE CHILD BEFORE 
COMMENCING THE ACTIVITIES. 


SAFETY RULES: 

+ DO READ THE INSTRUCTIONS BEFORE USE, FOLLOW THEM 
AND KEEP THEM FOR REFERENCE. 

¢ DO KEEP YOUNG CHILDREN AND ANIMALS AWAY FROM THE 
ACTIVITY AREA. 

© DO STORE THE SET OUT OF REACH OF YOUNG CHILDREN. 


Radio Technology 


Several inventors receive credit for developing a “crystal detector", a 
device which can pass current better in one direction than the other in 
an electrical circuit, In Germany, in the 1870s, Karl F. Braun noticed 
this property in certain mineral substances. Commercial development 
required a technology that would be suitable. This came with the advent 
of wireless communication and radio after 1900. 

tn Japan, Wich! Tortkats investigated many minerals, including zincite 
pyrolusite, iron pyrites and galena. In the United States, Greenleaf W. 
Pickard. associated with the Wireless Specialty Apparatus Co. of 
Boston, conducted extensive experiments as well. He became well 
known for the PERIKON Detector which employed zincite and 
chalcopyrite. The early 20th century work was generally done between 
1900 and 1912 Included among the scientists is General H.H.C. 
Dunwoody of the US Army who developed a carborundum detector. 

Until radio broadcasting began in 1920 (Station KDKA. Pittsburgh) 
experimenters utilized the crystal detector for radiotelephone 
communications and for reception of certain Morse Code signals. There 
‘was also extensive use by the U.S. Navy and other maritime services. 

‘The moder crystal diode, such as provided with your set, is a spin-off 
of radar technology developed during World War Il. The basic principle, 
however. remains the same..ie. to remove the AUDIO (speech, music 
‘or Morse-Code) from the radio frequency carrier wave. In one early 
Pickard crystal design (let) a stiff metal point is adjustable over the 
‘crystal surface. In a later version a “Catswhisker” spring impinged on a 
piece of galena (nght) and was varied to give a louder signal. 


Your Smithsonian Smart Lab Crystal Radio Set 
contains the following items 


Shown below Is a typical wiring diagram 
of your crystal radio. 


TUNED 
crcurr 


The signal is called a MODULATED wave. You will notice that each of 
the waves is the seme length, but the heights vary. Since the height of a 
wave is called ts AMPLITUDE, The type of trenamiasion that WXYZ uses is 
called AMPLITUDE MODULATION. Thats why WXYZ ie called an AM 
station, 


vp of a coll of wire and a varisble capactor connected together. As you 
move the tuning knob, you are able to selec, or lolta, the particlar 


‘This signal is then DEMODULATED by the diode, separating the voice 
(eudio) wave from the corrier wave. 


‘The voice (audio) weve then moves to the earphone, where it ie changed 
bback into sound waves that you can hear. 


Learn the basic electronic 


Before starting to assemble your Smart Lab Crystal Radio 
please learn the basic electronic symbols that 
are shown on the plastic base. 


Variable Capacitor - It is used to tune the radio to a station. The 
leads that are soldered to the lugs are used to connect it to the circuit. 


Diode - A small crystal is sealed inside with leads connected to it. Pay 
careful attention to the position of the black bands painted on the diode 
close to one end. 

Collt- This is a radio-tuning COIL. It was made by winding enameled 
copper wire around a paper core 80 times. The leads have been 
stripped and tinned so it can be connected to the circuit. 

Earphone - It contains a small crystal that can make enough electricity 
to drive a metal diaphragm to produce sound. The leads have been 
stripped and tinned so it can be connected to the circuit. 


Antenna - This is a wire used for radiating or receiving radio waves. 


‘Ground - This is a wire used to make a electric connection with the 
earth or other type of grounding source to create a common return for 
an electric circuit. 


DEAR CUSTOMER: 


Wwe made an ertor and let something out of this set, ori 
something is demaged, we are sony and wish to correct 


Pieage’DO NOT return the set to the store where 
ferchoped athe sre det ot hve paca a 


We will do our best to satisfy you. 
Send your letter to: ‘AVENUE 
WEST HEMPSTEAD, N.Y. 11552-3942 
ATTENTION: QUALITY CONTROL DEPT. 


Before starting, it's important to assemble the parts correctly. 
Carefully read the following instructions step by step 
and have fun . . . half the fun is knowing you made 
your very own crystal radio. 


(2) SPRING’ CONNECTORS 
ISHOWNIN PLACED 


A. Locate the three Spring Connectors. 
B. Insert one of the Spring Connectors 
(tapered end first) into one of the 

three holes on the Base 
C. Push down on the Spring Connector 


‘and twist to the right until the DD. Insert the remaining two 


Spring 
Connector is approximately half way ‘Connectors into the holes on Base 


through the base. the same way. 


Radio Technology 


Now that you have your crystal radio assembled and working, 
it is time to take a brief look at how it works. To do this 
{you are going to take an imaginary trip to a 
‘radio station WXYZ, in anytown,USA. 
When you arrive at WXYZ, you are met by the station's general manager 
Mr. Smith, who is going to show you around 


First, Mr. Smith takes you to a STUDIO, a special room that a program 
comes from. There is a lot of equipment, inchding dials and switches, 
record players, lots and lots of records, and microphones. 


Mr. Smith tells you that when you talk into one of the microphones, your 
words go into the station's electronic equipment. There. itis mixed with the 
station's carrier wave, and sent out into the air through the station’s 
transmitting antenna - that tall tower you saw on top of the radio station 
building, 

‘Then Mr. Smith takes a piece of paper and a pencil, and draws diagrams 
to show you what happens. He begins by saying that all energy travels ir 
‘waves, and since the sound we make when we talk is a form of energy. it 
‘might look something lke this: 


‘Sound Wave 


‘The station's carrier wave is a radio wave, which is also a form of energy. 
‘which looks something like this: 


How to properly operate your Smart Lab 
Crystal Radio and troubleshoot 
After you have attached all the wires, carefully read the 


following instructions to make sure your crystal 
radio operates properly. 


‘A. Place the earphone in your ear and 
turn the Tuning Knob clockwise and 
counterclockwise until you pick up 
the strongest signal 

Note:lf you do not pick up a strong signal 

‘or do not hear anything, please read some 

ofthe troubleshooting shkion explained 


TROUBLESHOOTING HINTS 


. There may be a bad connection caused by improper assembly 
of your radio. Check all the spring connectors to make sure the 
wires are attached correctly, If a wire is loose or the bare wire is 
not making good contact with the spring connector, the radio 
may not work. 


If the uninsulated part of the Antenna wire touches anything 
other than the Antenna Connection on the radio, the radio may 
work improperly or not at all 


.If the bare stripped end of the Ground wire is not wrapped 
tighily around a water pipe (so that it makes good contact), try 
taping the wire to the shiny part of the pipe using dict tape if 
the pipe is dull or rusty, use a piece of sandpaper to gently sand 
the area where the wire makes contact. Also make sure the wire 
doesn't touch anything other than the Ground Connection or 
the radio may not work properly. 


. You may live in an area where radio reception is generally poor. 
Instead of trying to use your radio during the day, try at night 
when many radio stations are received better. 


5. The Antenna on your radio is a very important component. 
Make the Antenna as long and high above the ground as 
possible. If you live in a multtstory dwelling the highest floor 
should be used when operating the radio. Insulated bell-wire, 
which is available in hardware stores, makes a very good 
substitution for your present Antenna 


How to assemble cour Crustal Radio (cont'd) 


For this step you will need the variable capacttor, (3) screws 
and turning knob. Be carefull not to misplace the 
small screws when assembling. 


(2) SMALL 


‘A. First place the Variable Capacitor up 
into the base so the holes on the 
capacitor ine up with the holes on 
the base. B. Next insert the two small screws 
Note: When you do this be sure the into the holes on top of the Base 
‘wire leads face inward toward the and tighten using 8 small philips 
‘base as shown and lug faces upward, screwdriver. 


AA. Place the Tuning Knob into 
‘position on top of the rectangular 
tug on the Base 

‘B. Insert a small screw into the 
hole in the Knob and tighten 
Using a phillips screwdriver. 


How to assemble your Crystal Radio (cont'd) 


Step (4) For this step turn the Base upside down, 


‘A. Tum the Basa upside down. 

1B Connect one wire othe Antenna 
‘spring connector by bending 
spring slightly to one side and 
Inserting the wire through as 


GROUND 


C. Connect the other wire to the Ground 
ing connector in the same manner. 
NOTE:Do not connect any of the wires 
to the Diode spring connector or your 
crystal set will not work properly. 


‘A. Next place the Coil inthe well of 
Base with the wires hanging loosely 
toward the connectors 

B. Connect one ofthe plated ends of 
Coil wires to the Ground Connector 
by bending the Spring Connector 


{a8 shown in inset. Connect the other 


Coil wire to the Antenna Connector. 


C. Place the Diode between the Diode 
and Antenna Connections 
‘noting the black bands face 
the Diode Connection. 

D. Connect ends of Diode wires to 
Antenna and Diode spring 
connectors shown. 


How to attach the earphones 


| ‘TAPE YELLOW 
Dy — ANTENNA WIRE 


‘CONNECTION 


A. Locate the Red Ground and Yellow 
‘Antenna wire. 

B. Attach the stripped end of Yellow 
‘Antenna wire to the Antenna 
Connection on the Base. 

Note: The Anienna should be strung 
in a straight line away from power 
lines and large metal objects. We 
suggest taping it high up on a 
wall using masking tape as shown. 


CC. Next attach the short stripped end 
‘of the Ground wire to the Ground 
Connection. 

1D. Attach the Long stripped end to a metal 
cold water pipe, metal radiator pipe, 
etc., near where the radio will be used. 
Have a adult help you with this since 
some pipes may be hot. 

Note: If there is not enough stripped, bare 
wire to wrap around a pipe then ask 
an adult fo strip more insulation off the 
end using a pair of wire strippers. 


Germanium ys Silicon Diode Testing: Read this document carefully, so you will not be the vietim of 
cheap knock-off or the wrong type diodes. 


The general rule is that SILICON diodes have a voltage drop across the Anode to Cathode of 0.7 V (7/10 
tenths), and the GERMANIUM diodes have a voltage drop of 0.3 V (3/10 tenths) more or li 
diode voltage drop (silicon or germanium) will display a reading within approximately 
readings. 


£7 (1/40 vot drop 
across CATHODE to 
‘ANODE. 


ow 
-<siLicon 


test voltage drop 
ross the diode, 


measuring forward bias voltage. This setting will tell you immediately if the diode is a germanium, or 
silicon diode. You need to set the selector switch on your meter to the diode test symbol WF. 


Measuring Forward Bias Voltage 


‘To measure the forward bias voltage characteristic you connect the black probe of your meter to the 
cathode terminal. The cathode terminal is on the end with a band. You then connect the red probe to the 
anode terminal. 


Set your DVM/DMM to the diode test mode PF, it should provide you with the respective voltage drop. 
If the figure is 0.3 V or less, the diode is a germanium type. If the voltage drop is 0.7 V or less the diode 
is a silicon diode. 


Sensitivity and Forward Bias Characteristics: 

The sensitivity of a diode to radio waves depends upon its forward bias voltage. This is the voltage across the diode terminals 
When it falls below this threshold value, the diode will stop conducting. Obviously, the lower this threshold value is, the 
greater the sensitivity of the diode to the weak radio signals. 


CONCLUSIONS: 


When comparing germanium diodes with silicon diodes of similar forward bias voltage, silicon diodes do 
not perform as well as the germanium. 


Germanium has many properties that silicon diodes do not have. Germanium requires very little forward 
current, Forward current in a germanium diode is in the microampere region, while silicon diodes require 
amperes, This makes germanium a much better choice for both medium and high frequency radio 
signals. 


Germanium also exhibits a very low, poi junction capacitance, while the silicon diode has 
much higher capacitance. A low junction capacitance allows germanium diodes to operate more 
effectively at high RF frequencies. 


agnitude of 1000, much more than 
de much more effective for RF 


In addition, reverse leakage current for germanium diodes is in the 
silicon. This makes the non-linear characteristics of the germanium 
detection and demodulation than silicon. 


Therefore, our conclusions are; germanium diodes provide the best performance in crystal radios, RF 
probes, HF, and VHF signal detection. 


Antenna ia NV wwrowse Level 3, Crystal Radio 
caa,tete.gystl Rado | » 
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‘simple Crystal Radio 
BuxComm High Quality, CRYSTAL RADIO ANTENNA KIT, $14.95 cat# 50CRAK 


This Crystal Radio Antenna kit cor 
wire, two heavy-duty, Delrin, UV res 


s of 50 feet of #16 AWG insulated & stranded copper antenna 
tant antenna insulators and instruction sheet. 
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“The ale hel creat 


Ferite toroid core 
vith two lengths of 
‘small diameter wire 
e.g 26 gauge 

30 gauge 


resistor 
1k 
{HT 


‘one leg is longer 
innate flat side is facing than the other 


‘out of the page: [m4 


<.J 


transistor LED (Light Emiting Diode) 


2Nagot 


(C - Collector, B - Base, E - Emitter) 


‘Transistor - The logs ofthe transistor can be determined by ncticing that thore's a fat side to the transistor case. See the diagram above, A large number of 
transistors have been reported to work: 2N44D%, NET 123A, BCS47B, 28C2500, BC337, PNZ222. to name jut a fe 


LED One lag ofthe LED i longer than the other leg. Use tis to determine which one goes where, See the diagram above 


Resistor The dlagram says use a 1 ko ohm resistor but Ive used an 820 ohm one just ne. ve also seen a 2 ko ohm one in use. Use whatever works for 
you. You can also use a potentiometer (a variable resistor) so thal you can easly agust to select te resistance tha gives the best ight. 


“oral ferrite ore - Some people have gotten these by opening up compact fuorescent lightbulbs (CFL). took mine out of some device whose viginal 


funtion I dot know. Ta get working, my stone had just 13 turns foreach wie and | used a 30 gauge wire and a 26 gauge wie. The wire most be 
Insulated, & variety of numberof tums wil work, Ths fs something you can play with, Look at the dagram carefuly to determine where the wires connect to 
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Its a Rubbish Challenge 
Dog Light 

Joule Thief 

electronics circuit 


Ferrite toroid core 
with two lengths oF 
small diameter wire 
eg. 26 gauge, 

30 gauge, 


resistor 
1k 


one leg is longer 


AAbattery flat side is facing than the other 


out of the page 


transistor LED (Light Emitting Diode) 


2N4401 


(C - Collector, B - Base, E - Emitter) 
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MAKING A SIMPLE JOULE THIEF (MADE EASY) 


Technology (/technology/) > Leds | by ASCAS (/member/ASCAS/) Follow 


195,601 OSB 165 


Posted Dec. 24, 2011 | [i 
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Today | am showing you how to make a very simple joule thief. A joule thief has 
many applications, the best gadget that | made with was a "Water Powered Lamp", 
soon I'm going to post on a guide about it but first | need to post this guide. | used 
an iPhone 4S as my camera :))) 


What Is A Joule Thief ? 


To simplify everything, a "joule thief" is a circuit that helps drive an LED light even 
though your power supply is low. What can we do with it? We can use it to squeeze 
the life out of our old, almost drained, non functioning batteries. This project can 
also be considered as a green and environmental experiment, we can also use it as. 
a flashlight that can be ran by an old, weak, almost drained battery. | even tried to 
use my water powered battery from my previous instructable the "Water Powered 
Calculator (https://www.instructables.com/id/Water-Powered-Calculator/)", the 


project was featured and displayed in instructable's front page in the "Technologies" 
category. 


My Next Projects That Involves A Joule Thief: (soon to be posted) 
- Water Powered Lamp 

- Water Powered Flash Light 

- Dead Battery Drainer Lamp 


Here's A Video From Make Magazine: 


Add Tip Ask Question 


Step 1: Parts and Materials 
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The Parts Needed Are: (click the item to know where to 
find/ buy) 


- Round Ferrite Toroid (can be found in old CFL bulbs) 

- Old/ Used Batteries (can be found in garbage cans) 

- NPN Transistor (2N3904) (http://www.radioshack.com/product/index.jsp? 
productld=2062609) 

- 1K Resistor (BRN-BLK-RED) (http://www.radioshack.com/product/index.jsp? 
productld=2062343. 

- LED Light (http://www.radioshack.com/product/index.jsp?productld=3096133) 
- Battery Tester (http://www.tooldistrict.com/Ulta-Lit-Battery-Tester-5001- 
p/901233.htm) (optional) 

- Soldering Lead (http://www.radioshack.com/product/index.jsp? 
productld=2062717 


- Copper Wire/ Magnet Wire (http://www.radioshack.com/product/index.isp? 
productld=2036277 

- Battery Case/ Holder (http://www.radioshack.com/product/index.jsp? 
productld=2062247. 


| want to share something. Here in the Philippines electronic parts are extremely 
cheap, they are extremely far cheaper from 

radio shack, for example one transistor costs (2 phil. pesos - 6 US cents), a LED 
cost (9 phil. peso - 29 US cents) and a 1K resistor cost (25 phil. cents - 0.8 US. 
cents). | usually buy thing from Deeco or Alexan. Usually prices here are 15x 
cheaper from radio shack. Price conversion - $1 US Dollar = P0.31 Philippine 
Peso (12/24/11). 


Add Tip Ask Question 


Step 2: Schematic Diagrams 


Hand-wound 


Single Battery Cell: ferrite tecsid 


Alkaline, NiCD, NiMH 
(0.3 - 1.5 V typ.) 


2N3904 


; LED. Transistor Terminals 


ery 2N3904 
(NPN Transistor) 


BV aiieace: LED Terminals 


23904 
Transistor 


T (Cathode) 
mI i FP 
g¥ 
oo \ 
Pa Toroid bead 


On/Off je (Anode) 


a Jomog — 


Here are the schematic diagrams that are involved with the joule thief circuit. 


Add Tip Ask Question 


Step 3: Winding Wire at the Toroid 


WERT! OO/E! PL ICNIVEWERTI 00 | ADRE inn 


LIPFEN WICANINGNADOIETE 


First, connect both ends of the copper wire before wounding, be sure to remove the 
insulation. Then try to solder the ends so it would not split up. Second, wind the 
wire until you run out of space in the round ferrite toroid. | have some tips for you, 
try to use a gauge #22 enamel coated copper wire for better performance, oh! my 
last tip is that "the more you wind the wire to the ferrite toroid the better". 


Add Tip Ask Question 


Step 4: Soldering the Resistor 
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Solder the resistor with one end of the wounded ferrite toroid's wire. Oh! also don't 
forget to level the other end of the resistor with the other unused wire from the 
wounded ferrite toroid. 


Add Tip Ask Question 


Step 5: Soldering the Transistor 


2.N3904 NPN Tromistor 
Terminals 


Ditineslinde inelmintahine namiEEANIV4ICMIERT! OFIEEAAAACINERT OF | ABE ined 


Solder the proper connections to the transistor. For the emitter - connect another 
wire, the wire will be connected to the negative part of the battery. For the base - 
solder the other end of the resistor to the base. For the Collector Solder the unused 
wire of the ferrite toroid. 


Add Tip Ask Question 


Step 6: Soldering the LED 


Solder the shorter wire of the LED to the tansistor's emitter and the longer part of 
the LED to the transistor's collector. After all that, you can now trim the excess 
wires. 


Add Tip Ask Question 


Step 7: Time to Look for Old Batteries 


Use your battery tester to confirm that your battery is close to death. The tester is 


only an optional tool, it's just used to determine the battery's remaining power. 


Add Tip Ask Question 


Step 8: Time to Test It - You're Done !! 
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The wire connected to the transistor's emitter should be connected to the battery's 
negative side and the remaining wire of the ferrite toroid should be connected to the 
battery's positive side. Oh! one more thing, | advise everyone to use a battery case 
or attach a conductive magnet for each wire, so you wouldn't hold it all the time. 


Add Tip Ask Question 
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"Joule Thief" LED Night Light 
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Workshop 


[Authorsledartist My Blog 
work with LEDs and microcontroller to create beaut objects, 


Intro: "Joule Thief" LED Night Light 


‘have many used bateries around. Remote controls, cameras, many electric gadgets all use balleres, mosly AA size. always fel quit for throwing away the used 
batleros. hnow thera are rechargeable batteries, but many electronics dan' work wel with rechargeables. 


| alzo know that those “used” ar “spent” batlerios usualy have some juice lat in them. Soto come up witha good use of used balleres, Ive ereated a LED night light 


ke having a litle righ ight on when | slop. LEDs are perlct fr this purpose, because thay are energy a 


fen, and good a providing low intensity ilumination. 


‘This LED night ight operates with just one battery. It ullizesa ite crcult called Joule The! to boast voltage aut of an AA battery. also added alight sensor to turn ton 
automaticaly when the surounding is dark 


‘The circuits energy ecient, and requires very lw voltage to work. Sot efecively sucks every bit of energy out of batores. Ths type af circuits oten alld "Joule 
“hie”, because it works as though stealing ever bit of energy (Joule is a unit fr energy out of atlary 


Fm cling this project Night Joule The. 


Step 1: Features 


Hore are the highlights ofthe Night Joule Tie. 


‘© Compact &streamined desion 
{User only one AA batlary (or any 1-5V battery you can hook up to) 

{asi adaptabe to lifrent size balteries - hook up holes fo allach home made clips 
+ Two white LEDs 

‘Auomatc turn an via a ight sensor (adjustable sansvity level) 

{Energy effeant- works even wth a run-down batery, down Io 0.6 

‘Choice of through-hole only components ar SMD - mix & match onthe same PCB 


Image Notes Image Notes 


1. Through hole version. {AAA batory inserted witha hop of small magne. 
2. SM (Surface Mount Device) version. Hard to belive thi isthe same circu, 2. SMD versign- vty low profil 
but it works exactly the same as one onl. Ok, the LEDs are sighly less bright. 3. Standard AA batery snugly ft inthe clips. 


Image Notes 
1- Other sizes, such as D call can be atlached by making a pai of ile metal clips. 
Just cut and bend paper clips. 


Step 2: Technical Overview 
“Joule Thi” eeu is an inductor based voltage booster circuit to ight LEDs with aw supply vallaga. As most of you know LEDs need higher han 2V (SV for white 
LEDs}, so usually at least two bateres are needed fo bght them. The "Joule Thief” ecu was published in 1999 and has been quie popular. You ean see the principe of 
the circuit here. niipilen wikipedia orqwiki Joule tet 


[My versions a variation that uses single col inductor to make the inductor easily obtainable. | design the circuit using realy avaiable parts any, to make it an ideal OY 
project, 


Circuit 


‘The L1, 02, 03, C1, F2, nd LEDs D1 & D2 make the Joule Thiel. And the Qt, and the rest ofthe parts form the light sensor. GS isthe device that actually senses the 
light and change is resistance accordingly. When the surauncing of CdS is bight, thas low resstance (anywhere around 1k to 3k ohm), and when the sutouncing is 
dark, the resistance goes up to 100k fo 3M ohm range. Soin his creul, ths base vollage of Otis contolid by the ambent igh level. When the base vaage ol O1 goes 
‘more than 6.6V below the power supply(battery) vltage, curent goes through Fi, turing the Joule Thiet ccuit on, 


‘The Joule Thiet cicut is boosting the battery voltage upto over BV to light wo LEDS in series. LEDS light up with he batleryvotlage as low as 0.6V! Amazing! 


PCE layout can be downloaded as an editable POF, so you can elch your awn board you tke. Custom 2 layer PC and kt are avalable forsale as Wall The 2 layer 
PCBs have extra front pads for SMD where possible, so you can bul the same circuit with SMD parts as you wish 


Part List 
1 CdS Photoresistor (ated 34 -0.3M ohm) (COSt) 
1 Tat (1) 

4 100k abm (2) 

1 10k ahem (3) 

11: 50k ohm tim pot (VE) 

142008 (Ct) 


1i¢47QUH (L) (anywhere between 22 -47QWH would work - might have ta reduce the C1 value however) 
1 2NS40t or equivalent (21) (or ust about any goneral purpose PNP transistor, such as PN2907. 2NG806, ac.) 

2 MPSA or equivalent (22, 23) (or just about any general purpose NPN transistor, such as PN2222A, 2NG908, 2N4400, ec... 
2c LED (01, 02) {Just about any LEDs can be usec} 

2 Battery Clips 


u 


ot at 
a 
ces) tk al 
‘sy o2 
vat 23 ln 
2 CI 
a 
4 
Image Notes 


{Light senor cicult with senstviy adjust 


File Downloads 


a pal (54 KB) 


INOTE: When saving, i you S06. mp as the fle ext. rename i to NightJouleThiet- PCB pt] 


Assembly 
‘The assembly is very straightforward. Insert the pars ino the PCB, and solder them. Start with small companenis, low the order below. 


Pars List (in assombly order) 
te thom (1) 

4 100k ab (72) 

1 10k ahem (3) 

1x Photoresstr (raed 3k -0.5M ohm) (CDSt) 
1150 ohm tim pot (VE) 

142008 (Ct) 

4x470uH (LI) 

1x 2N5401 or equivalent (21) 

2 MPSADE or equivalent (22, 03) 

2c LED (01,02) 

2 Battery Clips 


‘Transistors, and LEDs have polaris, so make sure to inser! them inthe correct orientation Bator holders need a bit of force fo snap into the holes. Thay attach rom 
the back sie of PCE as you can see inthe picture. 


(Once everything is soldered in place, double check 
PCB. 

Ityou dori see the LEDS ight up, dorit wor. The room is probably foo bright. Take a plove of black paper or tape and block the ight from hiting CdS light sensor. 
{andioe darken the room) ithe LEDs stil dani come on, um the immer tha ila orange thing) with & screw diver, counterclockwise Thi makes the sensor less 
Sensitive o light, so the LEDs wil come on by just placing the sensor under shade, or turning olf the room ight 


pat placement, orentation and solder joins. Then insert a battery. The pala i= marked onthe trant sie of 


L_ ©eniartesaueruer ©) 


Image Notes 
1 Resictors soldered in 


Step 4: Performance 


‘This litle right light perorms vary wal, For starter, the brightness is nt bad for using just one AA battery. Ive bean using these as lashlights as wel 


The ight sensor also works vor well. Once adjusted, the light is steady off during the day, even when you put the sensor under shade. Only when you block the sensor 
by a black object, the ight would tum on. Yet after dus, the light would come on when you turn of the room ight 


‘Arash battery lasts for weeks if only used asa right light. And the best use ofthis light is fo revive" used batteries. Those batteries trom remote controls, cameras, et. 
‘usualy have quite bt fice etn them, ule Thiet sucks the juice out of those batteries il tha last crop Is tke geting tree energy whan you ean use something 
that were going fo be thrown aut 


Step 5: PCB & Kit 
Ifyou are handy, you ean elch your own PCB, and build this night ight entirely D1. 


However ta spread the goodness of Joule Thief and to contribute fo the greener earth, |am puting together the PCE kit avaliable, 


The details can be found here: hip /wminstructabes. comico 


unity oule-Thie-LED-Night-Light Kit PCB) 


Image Notes 
1. Through-hole version 

2. SMD (Surface Mount Device) version. Hard to baliave his isthe same circu 
‘bu twarks exactly the same as one ont. Ox the LEDS are sighly lass beg 
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Comments 
EXE 2 comment 

tosacj says: Sep 4, 2011. 10:47 AM REPLY 


Great idea. Let me know when the kt becomes avaiable 


ledartist says: ‘Sep 4, 2017. 12:38 PM REPLY 
| post the information an “Kits” section ofthe forum and an my blog (theLEDart.cm). The kt & PCB are schedule tobe ready in mid September 
Thanks, Aki 


haxcess says: ‘Sop 5, 2011. 8:18 AM REPLY 


‘This isa very neat application ofthe joule thie. | am wondering it would be possible to replace the ight-sensor circuit wth a smal baer charging circuit 
(solar suppose Vat would run Ine beaut frm factr you have here 


apalacios2 says: 
cele! cicut May remove the CdS circuit and use a button swich instead (thru the resistor connected tothe transistor)? 
fing great that it uses aca instead of a torid anslormer. Kudos! 


7 AM REPLY 


ledartist says: ‘Sop 5, 2011.7.28 AM REPLY 
Yes, you can In aot | made sure that you can ft 6mm tactile switch in place ol immer pot. You can omit the CdS, and solder a swatch in place of 
tinmar pot 


You can also remove Qt and put a switch there as wel, bul my PCB wont accommodate that 
‘Yeah | Yound having ta wind my own inductor a hale, xo | designed this circuit to use of.the-shelf inductors 


AK 


bhvm says: 
Excellent Bul! 
1 How many mA does this circuit give? Can we use a single 150mA power LED in place of 2x Sm LEDS? 


ledartist sae: Sep 5,2011.7:20 AM REPLY 


‘The curtent through the LEDS is about 20mA or less peak i's pulsed current in about SOkHz) 
‘So you won't gat ary more ight by using a high power LED. By using only ane LED, you do gata bit more brighiness per LED though. However jst a 
regular LED wil va you the same brighiness as a high power LED because you are not diving the LED with high current anyway. 


ts not hat you cant drive high curent LED, but this circuit is designed to run wit a tle power as possible 


AK 
= abbtech says Sep 4, 2011. 7:10 PM REPLY 
SIRS Great looking projec 
ledartist says: Sep 4, 2011. 7:18 PM REPLY 
Thanks! 
vruiz3 says: Sep 4, 2011.1:56 PM REPLY 


laid of he night272 0 


timotet says: ‘Sep 4, 2011.1:21 PM REPLY 
reat ob! 


PXS snatptiotis says: Sep 3 


FMM Cant we hack laptops battrios thal way to perform mare? Is i only leting through a small amount of amps? 


1.998 PM REPLY 


ledartist says: Sep 4, 2011. 1:17 PM REPLY 
Laptops and many other “high-tech” gadget has many of inductor based boostbuck (to reduce voltage) vollage converter cuit in them. Especially LED 
back light sereens use voltage converter to efficient dive LEDS. 

Sain a way the battery le is already enhanced. (Some gadgets are bettr than others, of course.) 


a 
jolshetsky says Sep 4, 2011. 619 AM REPLY 


‘Yes, but only i you wanted to use your batteries once. Once athium rechargeable (ike in laptops) Is discharged past a certain pont, itcan no longer be 
recharged. So there is avays some energy let na laptop battery even when isays i's doad — alba energy you cant use without ing the Baey, 


stoobers says: Sep 4, 2011. 7:29PM REPLY 
Ive heard this theory. Have you done any experiments thal might vada this theory? 
jamwaffles says: Sep 4, 2011.6:14 AM REPLY 


This might not be 100% accurate but yes, tha's why we cant use the same technique for lantops. Joule thieves ramp the voltage up, bul the currant 
108s down due to V = IR, assuming the load is constant which ti fis the same laptop) 


jamwaffles says: Sep 4, 2011. 6:15 AM REPLY 
‘A vary professional looking product. This sa great idea the amount of power saved using old batteries instead of a herd of plugin right ights, as wel asthe 
‘amount of battens re-used is incredbl. 


Just out of interest, how lang do these right hts lst on ane “averagely discharged” battery? 


ledartist says: Sep 4,20 
‘The batlory lasts very long, most tkely much longer than you might think 


's hard la define “average dlchargec" but | had one cal thal was already at 0.7V (to low tobe used with anything), and the although the LEDs were 
ddim, they lighted fr over 48 hours. 


With my “dead” batteries coming ou ota wireless mouse sil have aver 1V, have plenty af ight 


110 PM REPLY 


AK 


YakAttack says: ‘Sep 4, 2011.8:24 AM REPLY 
‘eancur! 
(@ledarts: Any tests on battery ite sa far? 


nymgeek says: Sop 4, 2011.72 AM REPLY 


‘Are those PCBs made by Lacn at dorkbot pax? 


ledartist says: Sep 4.2011. 1:04 PM REPLY 
Yup. They are very good 


acmetixer says: ‘Sop 4, 2011. 10:08 AM REPLY 
| should have said in my previous comment tha his does not mean ther is anything rang ith your ecu think | would change G2 and Q3 to an easiar 
to obtain transistor such as @ 2N4401 of PNZ222A. Ci could be & 2N3905 or ust about any PNP transistor. if these changes are made, the resistors, 
‘especially Re, might need io be reduced, Thanks. 


ledartist says: Sep 4.2011. 1:08 PM REPLY 
‘Yes, you can use just about any general pupose transistors. R2 shouldbe fine with most transistors, but 47k ohm might work better with some of them. 
AK 


acmetixer says Sep 42017. 1000 AM REPLY 
Unfortunatly the nk you gave ta Joule The in Wikipedia sor a poo writen and oa inadaquatedeinon. The authors apparenyeoveral aver me) 
do nat have afm understanding of how aT works and tuthermore, ey have made a mass of Ihave adied common in he Gecuselon and ome 
ors have been deleted, but sth unwarhy of use ora rlernce. 


‘leo, by deinton, the original blackng asclator ecu laler given the Joule Thiet name used only single transistor. Your crcl isnot aon transistor 
blocking osciator and bears litle resemblance fo he original JT, s0 ' dan" belove it should use the same name, 


ledartist says: ‘Sop 4, 2011. 12559 PM REPLY 
know the orignal circuit only uses one ransstr, but he two conductor inductor is harder/expensive lo purchase, and winding own inductors is abit ot 
Work. | think using one extra transistor isa good rade of for not having to wind an inductor by hand. also makes economical sense, (ransistors are 
very cheap, so are single col inductors.) 


did mention that my version is a. 
result can be ingpratonal 


ritlon_of original, which find very alten on the net. | alsa think that showing ferent ways ta achiove the same 


| also contacted the person who named the circuit “oule Thiel” (Big ive) and he oid not have a problem wih me using the name. 
AK 


StoryAddict says: Sep 4, 2011. 125 


Joule Thiet lave a clover pun! 


PM REPLY 


MikeDel says ‘Sep 4, 2011. 10:21 AM REPLY 
Los good, m interested! 


ke your “green” thinkin, 
[also use a oul hit in my expedition fght 


= ‘Admiral Aaron Ravensdale says: ‘Sep 4.2011.7:30 AM REPLY 


|lam very glad that you wil provide the parts as a kt cause many hits are able fo solder a circuit but etching a lite bit oo dangerous for them, 


“Thanks for your endeavour fo make this instructables buyabl fo many people 


kevinhannan says: 
fantasic project and incredibly wal explained, 


UOS says: 


Great Instructable! Waling the kt version fo buy one but also fim gonna make mine rom scratch :D 


tphillips2 says: 


‘You ara #0 inventive! Cool dea and great looking light! 


ledartist says: 
Thanks! 


GORE gweeds says: 


SURE What a great idea! must build one and see how long t gets out of a “used'sh’ battery 


Sep 


Sep 


8:07 AM REPLY 


2:18 AM REPLY 


4:41AM REPLY 


r Featured (featured!) Write an Instructable qéabatieeatoge) | Sion Up /accounvgopro) 


iPeAUTOBESKy pave aNvtions (eA kltodesk com) 


7 


Tektronix 


LOW LEVELS, 
HIGH ACCURACY 


Ultra-low measurements 
using Keithley sensitive 
instruments 


Macc) SLA DINAN Mhbics al bodl casos a 


this is my version of the famous joule thief. there's alot of these things out there 
0 i did alot of research and made it as simple as i can without soldering or 
complicated math. i harvested these parts from an older dell computer that was 
given to me to scrap. there is only a few parts needed to build this project: 


1: toroid bead (ferrite core) 
2: 1k ohm resister (brown black red) 
3: npn transistor (i used the 2n3904) apvaions iisenast 


4: thin wire —— 
© 23 favorites 


About This Instructable 


Step 1: Wind the C joerben 
fep 1: Wind the {Imertberortayamp/) 


i (itp:sttpsimw facebook com 


Foto 
(membertiorayamay 


Bio: | ove building things, and tm a twin, 
We both are electrical engineers and 
Inventors. Feel rae to ask anything else 


More by floriayamp: 


GialTaKe-A- 
(igHow-— Ghost-—_{eiVolage- 
Twins- ——_Pleture-With- doubler fr- 
Change-Oll- AlmestAny- winds 

In-A-Jeepi) Cameral) generators!) 


i wound a couple sizes of these things using the same wire. the type of wire i 
used came from an ethernet cat6 cable. {lke it because its a solid core wire that 
stays in place where I put it. {have 11 tums of wire in the orange one and 13 in 
the green one. i looked all over the internet to find the reason for the number of 
tums but couldnt find an exact answer, and 11 winds is all the smaller (orange 
one) could take, and the green one i just put the 13 turns in it from the same 
length of wire. the orange coll is half the size (about the size of a dime) of the 
green one (little bit smaller than a 50cent coin) 


Step 2: Connect the Resistor 


once the coil is wound, cut off the excess wire but make sure to leave enough to 
work with, strip the ends of all four wires, then take 1 wire of opposite color 
from each side and twist them together. then since | didnt solder any wire, i cut 
up several small wires to piece the rest of it together. unless you want to solder it 
you can skip this part. but I took a piece of wire and attached it to one of the 
single wires on the coil it doesnt matter which one) and attach the other end of 
the piece of wire to the 1k ohm resister, then take another piece of wire and 
attach it to the other single wire which will go to the collector leg of the 
transistor. the final piece of wire for this step attaches to the twisted pair of wires 
Which will become the positive input for the circuit. 


Step 3: Connect the Transistor 


next take a piece of wire and attach it to the other side of the resistor, and then 
take the other end of the piece of wire and attach it to the base leg of the 
transistor. next, as i mentioned in the previous step, take the open piece of wire 
from the coil and attach it to the collector leg of the transistor, also i attached 
another piece of wire to this leg for the positive output side . last of all connect 
two wires to the emitter leg which will be the negative side of the circuit. (one 
Wire to negative on battery, then one to the negative output side of an LED light 
or whatever else you put on it). 


Step 4: Hook It Up and Enjoy! 


time to hook it up! the positive wire from the double twisted wire on the coil goes 
to the positive power source, and one of the negative wires on the transistor go 
to the negative side on the power source. the positive wire on the transistor and 
the other negative wire on the transistor go to the output power. once its all 
Wired up its ready for use. as you can see in the picture, i hooked up a new AA 
battery and got about 5 volts! not bad for a 1.5v to 5v boost. and the orange coil 
circuit i also made produces about 2.5v from a 1.5v source, so this orange one 
only produces another volt while the green one produces alot more. i dont know 
why this is really. my only guess is the size of the toroid coil and the 2 winding 
difference. other than that its all the same parts. below is the results of some 
playing around with it 


green coil circuit: 
1: 1.5v AA produces 5 volts 

2: 2A 3v produces 20 valts 

3: 3v input can power a 12v .26a computer fan. 
4; 1.5y lights 3 green LED lights. 


orange coil circuit, 
41: 1.5v AA produces 2.5 volts 

2: 2. AA 3y produces 8 volts 

3: 3v input also powers same 12v computer fan for 5 seconds... 


very inconsistent results between the two but thats what is going on. thanks for 
looking and hope this helps with your project. 


Rugged Intel’-Based » 
Single Board Computers 
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‘ToXICATOM (/momber/ToXICATOM) 2014-02-01 | Resy 
can i use 22222 transistor? 


kyooby (Imemberikyooby/) > ToXICATOM (/memberToXICATOM/) eey 


2N3904 = GP NPN Bi-Polar transistor commonly found in toys 7°"*°%27 


and small radios. Otherwise you can get them at radio shack, fry's, 
electronics or order them online. 


Other compatible ones are: 
NPN 
2n2222 
2N22224 
2ntet3 
Bc107 
anit 
2n2369 
2n2484 
2N3704 
2N3705 
2N3706 
2N3003 
2N3004 


Aliso, if you use a 2N4401 or 8C337 transistor, your LED will be brighter 
because they can handle more amps. 


You can get the toroid and transistor from a dead CFL; the transistor is 


usually labeled 12002 


florlayamp (Imemberilorlayampl) > ToXICATOM (ImamberTeXICATOM!) Rey 


2014.02.01 


| tried that transistor also and | couldnt get it to output anything, 
| think the internal circuits inside it are backwards for a joule thief. 
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Series addition & the Riemann Zeta Function 


The second series addition of the Reimann Zeta function is where x=2: (piA2)/6=1+1/24241/3A2+1/4N2+... 
(the sum of the reciprocals of the squares) 


es, 1 
60 Dp W=piptgtpt 


f(n) = 1/r? 


/W4 


co 
y 1 
n* POON 
1 V9 Ane\ od AJ 


Inmathematics, the Riemann zeta function, isa prominent function of great significance in number theory, It is a named after German mathematician Bemhard Riemann, 
Itisso important because ofits relation to the distribution of prime numbers. Italso has applications in other areas such as physics, probability theory, and applied statistics 


1/: UE) pil He Vi SA 
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The mystery of prime numbers 
‘Question: which natural numbers are prime? how are they distributed among natural numbers? 


Primes are basic building blacks for natural numbers: We don't know how to predict where the prime numbers are: 
any natural number is @ product of prime numbers “Prime numbers grow like weeds among the natural numbers, 
a prime number is only divisible by itself and by 1: seeming te obey no other law than that of chance but also exhibit 


(itcannot be further simplified) stunning regularity" (Don Zagier, number theorist) 
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‘Aading the odd numbersin order produces the square numbers ‘Apart fom 2a primes are odd numbers 
thedlfference between twa consecutive squares being ocd, 
‘very prime can be expressed a the cfference between two squares 


‘SPECTRAL LINES . ws KEM ENERGIES 
vst 
Primes can be modelled as Bosons wel Primes can be expressed as Bosons 
[ODD number energy momenta geometries] 0494 [the difference of two squared energies] 


naan fan 
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The difference of two squares s (n+)? <1? = (ni-+2n+1)-n? = 2n+1 


ot aa!-48"1 


aeacncbeavouancsswuranee 50: i 


In-tl all energy quanta create normal distributions 


Prime number /\ Distributions 


JBN 


‘causes a natural geometric convergence 


Every twin prime parent 
for some natural number 
‘nmustendino, 


bers 


ime num 


The Digital roots of Pr 


Archimedes is given credit for the first calculus. Archimedes infinite series Today's calculus was published by Newton, 


14+ 3/4 + 3/16 + 3/64 + 3/256 + 3/1024 +..... 14.75 + .1875 + 046875 + .01171875 +... 


seep See Bree We Bee 8a 8 
8+ptwtpte ob qtptptatcah 


Nested convergent infinite series 


0 Summing a convergent infinite series 


hy, nv 
V2 + 2" 1/2? +72" + 1/2" + 


V4 + U4 ?+ WA + 14S + UAE + soesesoe 


Yi ty = yay +a +-- 


n= 


ODDS = 2n-1 


Summing the dissimilar coloured equilateral triangles gives unity 


V3 «1/3 1/3 


1/3 1/3 


Summing the dissimilar coloured equilateral triangles gives unity 


V2 + 1/24 1/2*+ 1/2" + 2+ 


4+ V4" V4" + V4 + 1/4 + 


DY an = 09+ a1 + ap ++ 
= 


0 Summing a divergent infinite series 


peo Meng The Basel Problem tesa Er 


‘The Basel problem is a famous problem in mathematical analysis with relevance to number theory, 
first posed by Pietro Mengoll in 1644 and solved by Leonhard Euler in 1735. 


(15 April 1707 — 18 Sept 1783) 


‘The Basel problem asks for the precise summation of the reciprocals of the squares of the natural numbers, 
ice. the precise sum of the infinite series, 


f(n) = 1/r° 


A A 


Integration isa micro adding of CONTINUOUS quantities. 


iE F(x) 


Integration 2 special case of summation. 


gration s defined asthe init fa summation 
‘asthe number of elements appraches infinity while 
apart of ther respective value appronches era 


‘Summation isthe finite sum of multiple, fixed values. 


Co 


XxX 
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‘Summation is a macro adding of DISCRETE quantities. 


Integrals of mass-energy 


‘s amsanso fining scalar areas using summation and is. 


‘The summation of equilateral energy momenta quanta 
with respect to their linear vector components 


dy 


1x ne 


‘The Integral ofthe continuous area under the curve 
Isthe summation ofan inte number af discrete 
rectangular measurements made toa specified limit 


{An integration isn'ta simple summation, 
but the limit of a sequence of summations 


All Planck energies are discrete 
equilateral geometries 


hy 


A.time 


Integrating the energy quanta contained within equilateral charge geometry 
gives the variable Force required to acheive changes in motion 
Energy, work, acceleration} 


second, 


mass the surface integra of 
EMeneray geometries 
per unit of time 


vector Force 


Scalar Energy "The calculus of infinitesimals" 


‘The fundamental theorem of calculus 
simply states that the sum of infinitesimal changes ina quantity aver time 
adds up to the net change in the quantity. 


Lelbniz's vis viva ‘Much of Newton's work 
(Latin for living force) centred around momentum 
term, Vv and changes to t 
sy? [2xkinetic energy] [massveloctty] 


E=mv: F = midvict] 


ottired Wilhelm yon Labniz 


uly 1, 1646 November 14,1716) (0545-1727) 


integral calculus differential calculus 
eee Tie fdamental theorem of caus is a theorem tha inks edsjateva teas 


cftheintega tan nite sum of the concept of the integral with the derivative of a function, ‘the derivative sa measure ofhow 
rectanglesofinfinkesimal width function changes as npt changes 
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Make a "Joule Thief" and Create Zombie Batteries for More 
Power After Death 


ust about every household gadget we own runs on 1 volt batteries of one size or another, Wouldnt it be great if you could reuse all of those 
dead AA, AAA, and D batteries after they've passed on? It turns out you can make a simple crcult called a Joule Thief to reanimate the undead 
‘ech of your deceased batteries and create a zombie battery. 


ter Any Phone Number Now. Get Ful SBE 
1|Find Who Owns This Number Geile tthd cine S) 


2 [Start Download fal DuwUpate™ Sup? Sean Sepa (5) 


Materials 


+ LED 

+ tk tesistor 

+ mgo4 transistor 

+ Thin magnet wire 

+ Solder 

+ Soldering ion 

+ Battery clip 
Forte core 


+ Dead battery 


hits:imad-science.wonderhowto.comhow-tolmake-joule-thie-and-create-zomble-batteies-fr-more-power-after-death-0134326) 9 
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Lefbbn iz Energy momentum Newton 
scalar energies linear momentum 


linear moment isthe square root vector force 
ofthe scalar energy required to do. set amount of work 


232 E-p: 


Energy momentum 
kepsy 


geometries 


d{mv]/dt = dp/dt = ma 


Tetryonics 87.07 


modeling the geometric forces of a 
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tina momentum i the square root vector force S = 
(inca aurp pada rxacandietantk d[mv]/dt = dp/dt = ma 


p 


linear momentum 


kgm 


Lefloniz Newton 


scalar energies 


E = mv’ 


mass-energy momenta 
relationship 


“square root equilateral eneroy 
‘slinear mementum 


seconds 


Planck quatita and their vector near momentum 
Tieat go degrees to the angle use in the graphs of motion in calculus 


87.08 - Tetryanic Planck geometries in calculus 


Differentiation 
Differentiation is concerned with things like speeds and accelerations, slopes and curves etc, 
alclserectpriedttenenroerremer er 


om) 


AVA- 
ANO/\\e 
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An increase in a force 


An increase in a force 


opposing an object's in line with an object's 
vector velocity results in B vector velocity results in 
DECCELERATION 5 Wi ACCELERATION 


A body in uniform motion remains in motion 
unleds. acted upon by an outside Force 
A linear measure of Forces acting on physical systems at 
resulting in changes to distance covered per unit of time 


A scalar measure of Forces acting on physical systems 
resulting in changes to their rate of motion 


v= F=ma elon 


At Inphysis the derivative ofthe displacement of a moving body with respect to tne’ the velo of the body, At 
dd the derivative o ect with respect oie acceleration, 


_ dp _ dv jdm 
Ee ae ae ae = m/s? 


Newton's second aw of motion states that the derivative ofthe momentum ofa body equals the force applied tothe body. 


=m/s 


Visualising the geometric half-truths of relativistic physics 


A 


The source of all the physical relationships Energy geometries within Physics including 
of mass-energy momenta and the constants 2 Special Relativity with its Lorentz corrections 
in Physics is the Equilateral Triangle have historically been incorrectly illustrated 
(and all texts must be corrected) nN through the geometry of right angled triangles 

c a | 

4 Physics is geometry, 


‘one cannot be separated from the other 


Equilateral geomutries lead to a intuitive understandings of Physics, 
Chemistry, Electrodynamics and Gravitation along 
with all the other apsects of Nature. 


mv?= E=hyv? 
i ee ENERGY 
F 6.629432673 e-34) 
[mov 
r= mY = ma nes 
Bawa momentum 


p’ = mv’ 


Velocity 


physics, velocity isthe measurement of the rate and lection of changein the positon ofan cbjact 


Velocity 11 
V Velocity 5 


s 


Speed is the scalar value of the 
Distance traveled per unit of Time 


jen 
at’ 


Velocity is the vector value of the 
Distance traveled per unit of Time 


ae 
m 
Ss 
hy, 


Velocity squared is the scalar value of the 
Distance traveled per unit of Time squared, 
(Energy of a given spatial volume) 


All divergent Energy possesses a vector direction 
and an associated scalar area 
whose energy content is quantised 


sec : 


020 
radial Space-time 
MEASUREMENT 


Velocity squared 
nm 


m 
Ss 


“en a Acceleration 
tea20 
Spherical Spacetime 
MEASUREMENT m 


[2n]+1 
Deceleration Acceleration 


[2n]-1 


hy, 


Force 
acceleration ig a measure of 
vector Force aising clang. tine 
ina spatial volume 

e* “s 
seconds’ 


However since velocity 


In Stunits, acceleration is me 


Acceleration 


Inpphysics, acceleration is the rate of change of velocity over time [at] 


In one dimension, acceleration isthe rate at which something speeds up or slows down, 


tor, acceleration describe the rate of change of both the 
magoitude and the ditection of velocity, 


Acceleration has the dimensi 
ren 


[LengthyiTime Squared 


peer second squared (mi/s‘2}. 


Inclassical mechanics, for a body with constant mass, 
‘the acceleration of the body is praportional to the net force acting on it 
(Newton's second law) 


‘Additionally, fora mass with constant velocity, 

(ie an inertial frame) 
the energy of motion is expressed as its momentum 
(acceleration causes changes in Energy-momentum) 


p=kgm 
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i Momentum 
kgm momentum p 
s 


Inclassical mechanics, momentum (pl. momenta; SI unit kg-m/s, oF, equivalently, Ns) 
Isthe product of the mass and velocity of an abject (p). 


Vv Like veloc, momentum isa vector quantity possessing a drecton as well ata maghitude, 


Momentum isa conserved quartity (law of conservation of linear momentum, 
‘meaning that fa closed system isnot affected by external forces, 
its total momentum cannot change 


Momentum should be referred to in its specific forms to distinguish it inits various forms 
[Quantised Angular Linear, Rotational anc quantum/nuclear momentum 


p =hv?= mv 
Vv 


Although orignaly zxpressed in Newton's Second Law, the consenation ef momentum 

alsohalds in special rlatty and with appropiate definitions, a (generazed) momentum 

Conservation law hols in slectrodynaries, quantum mechanics quantum fed theory. and 
‘general rt, 


‘in reativstic mechani, nrelatstic momentur further multiple by the Lorente faci, 


p7= E=mv: 


Linear momentum is the vector square root F 
of the mass-energy in any [K]EM field geometry kg Mm 


* and produces a vector velocity 


equilateral Planck energy momenta 


Lsecond 
mov? 


Quantum Mechanics 


h=-— 
v 


Energy-momentum relationship 


The total number of equilateral Planck quanta [quantised mass-energy momenta] 
is direcily elated to the square of its linear momentum [mass-velocity] 


v 


hy. v2 


Quantised Energy momenta is related to 
Scalar mass energy momenta through 
the equilateral geometry of Planck's constant 


mov? = E, = mv? 


Newtonian physics 


Scalar energy 
linear momentum 


pv 


quantised moment of inertia 


Inertial resistance to Force x 
ansehen 
ad 
Scapa eal haa ieee 
require a corresponding produces a change in an 
shone ton gus KES 2 Ee 
byl 
hy 
= KEM = Mv? 
Matter in motion 
se gearoetie. cnet Intum propor has Kinetic Energies 
changes to KEM mass and momenta components in addition to invariant 
rest mass-Bnergy 
F=ma 
‘The ‘inductive resistance’ of Charge quanta fields to KE=RE-rest Matter 
changes in their mass-energy momenta content 
is what we term Inertia 
i 
(vy) 


‘Any change ton object's velocity results in a 


aalamlea cay ianee customne ores 
p’=E=mv" 


Inertial mass can be related to Charge through inductive Planck quanta oo) ofits 
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Quantised Angular momentum 


As tsa physical [equilateral] geometry QAM is conservative in any system where there are no external Forces 
‘and serves as the foundational geometric source fr all the conservation laws of physics 


™m 


Quantised Angular Momenta _* i 


...J. second." 


‘Angular momentum is sometimes described as the rotational analog of linear momentum, 
In Tetryonics itis revealed to be the equilateral geometry of quantised mass-energy momenta 
‘within any defined space-time co-ordinate system 


Tetryonics 


8 


classical rotational 
‘angular momentum 


{in quantum mechanics, angular momentum quantised ~that tant vary continuously, 
butenlyinO00 number "quantum step otwoon the allowed SQUARE nuclat Energy levels 


Inphysics, angular momentum, moment of momentum, 
fF rotational momentum isa conserved vector quantity 
that can be used to describe the ayeral state of a physical system, 


When applied to specific mass-Energy-Matter systems 


(QAM reveals the true quantum geometry and 
nature of Eneray in our universe 


"Normally viewed as an expression of rotational momentum 


‘Quantised Angular Mamentum [QAM] isin facta result of 
‘the equilateral geornetric quantization of mass-energy 


mQ 


mass x QAM 


Planck’s Constant 


9.01 - Quantised Angular Momentum 
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Place the LED 


‘The LED isa polarized component. This means it will only work when i is facing the right way In our ecult. The positive lead af the LED Is 
usually longer. Below, the postive lead ison the left, the shorter negative lead Is on the right. 


hittps:maé-science.wonderhowto.comihow-tolmake-joule-thif-and-create-zombie-batteies-fr-more-power-after-death-0134326) 


Charged geometries 


All charge geometries are nett divergent 


Q 


ivy] 


All charge geometries are comprised of finite equilateral energy momenta quanta 


Convergent 
energy momenta 


1) 
1 


3 


1on 


Renormalisat 


The problem of infnities frst aro 


developed in 


Renormal 


ity inthe earl 


In Tetryonics 
Infinities do not 


In QED 
Infinities must 


be cancelled 


Tetryonics solves the problem by 
clearly differentiating between EM mass 
and Matter and using finite equilateral 

geometries for all Matter in motion 


the mass-energy in its electrostatic field 


(Electromagnetic mass) which in turn would 


‘The mass of a charged particle should include 
approach infinity as the electron radius decreases. 


onsistent toc 


and self-c 


tant 


Mapping 3D spaces 
2 
2D space [c?| using Recti-linear co-ordinates 


The adjective Cartesian refers to the French Cartesian coordinates can be defined as the positions of the perpendicular projections 
mathematician and philosopher René Descartes of a point onto the two or more axes, expressed as signed distances from the origin. 
who developed the coordinate system in 1637 


Since then many other coordinate systems have been developed 
such as the polar coordinates for the plane, and 
the spherical and cylindrical coordinates 
for three-dimensional space. 


Cartesian coordinates are the foundation of analytic geometry, 
and provide enlightening geometric interpretations for many 
other branches of mathematics, such as linear algebra, complex 3D Cartesian co-ordinate [c3] systems 
analysis, differential geometry, multivariate calculus, group theory, a : : 
and more are distinct from spherical co-ordinate [c*] systems 


Action Dynamics 
Cctv tate vd en tin Cosine 


by using locally invertible anstormation that maps one pointto another in both systems 


Metric Tensors 


Polar co-ordinates 


es 
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Gravitational acceleration 


Polar or curvilinear co-ordinate 
systems are used extensively by Einstein 
in his theory of General Relavtivity 


In geometry, curvilinear coordinates are a coordinate system for 5 3 a 
Euclidean space in which the co-ordinate lines may be curved. Reimannian curved space-time 


Co-ordinate transformations 


‘There are many different possible coordinate systems for desctibing geometrical figures and they can all be related to one another, 


Such relations are described by coordinate transformations which give formulas for the coordinates in one system. 
In terms of the coordinates in another system 


Converting between 
Polar and Cartesian 
coordinates 


_ _ opposite 
tané = 


= tan‘(5/I2) = Vi69 
= 22.619 ; 


solving for the triangle 
using trigometric functions 


Spherical 


Spatial co-ordinate systems 


Spacetime is any mathematical co-ordinate system or model that 
‘combines space and time into a single continuum. 


Spacetime is usually interpreted with space as being three-dimensional with 
time playing the role of a fourth dimension that is ifferent from the spatial dimensions, 


From Euclidean space perspective, the universe has three spatial dimensions 
and one dimension of time reflected by quantised angular momentum), 


Tetryonics maps spatial co-ordinates a 
through the momenta vectors of seconds 
equilateral Energy . 
Tetryonic Space-Time 
[LLL LLL 
— iss = 
x Mma ENERGY momenta 


sre equilateral gcometies 


{— Mapping equilateral Energy geometries onto 
reculor curvilinear spatial co-ordinate systems 
introduces mathematical complexity 
t to.a otherwise simplistic geometry for all 
| | | EM mass-Energy-Matter interactions 


ay 


In physics spatial co-ordinates to date have been based on Cartesian co-ordinates when in fact Energy momenta follow a Tri-Linear co-ordinate geometry 


vectors 


sE 
mm rc rmass-Matter Tw 
lid ‘mass-energy equivalence m=M energy-Matter equivalence 
Euclidean c MeE 
equivalence = 
ct 
5 Cartesian co-ordinates GR fats differentiate beeweerm 
1 Dimensional EM mass ENERGY. Mauer 


q Mie Rie een ae ‘unlike Tetryonic theory 
velocity 4 


Te f Spherical 


2 Dimensions H 
velocity squared } a 
y¥ 


3 Dimensions 
velocity cubed 


Space-time co-ordinates 


The propagation of Energy momenta forms 
distinct spatial co-ordinate systems 


3 Dimensions 
orradians rad, where 360° ~2r rad ~ radians, quadrature velocity 


Where angles are typically measured in degrees (*) 


Tetryonic co-ordinate systems 


~ byl a 
planar 


Planar mass-energy geometries have no z-components 


Differentiation between 2D mass-energy & 3D Matter 


is key to extending our understanding of physics 


Matter topologies have z-components 


M 
EW. 


Proton 


3D Matter 
topologies 


Neutron 


square roots 


opp SQUARE 


hy, 


v2 


[eae SF we ee a 
normal distributions 


Quantum probability distributions 


‘The equilateral geometry and distribution of quantised Energy momenta provides the bass for ll statistical probabilities in 
‘Quantum mechanics, thermodynamic & information entropy - including a solution to Helsenberys Uncertainty Principle 
thus paving the way forward for a new understanding, and manipulation of physical phenomena at the quantum level 
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Normal distributions are extremely important in statistics. and are often wsed in the natural and 
‘social sciences for real-valued random variables whose distributions are not known EUS TEE 


Quantum Probability Distributions 


The normal distribution is a probability distribution. 
It is also called Gaussian distribution because it was discovered by Carl Friedrich Gauss. 


x, /n? square root momenta >»; x/ in? 


Probabilities are All probabilities 


the square of the are re-normalisable 


Amplitude and sum to Unity 
n ] 
Planck Square 
quanta 7 - energies 


78987654321 

tot to 
Normal Distribution 

C2 
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Btep 1) Enter Phone # Step 2) View Uncensored Results . 


Place the LED on the transistor as shown belo 


, with the positive side facing to the right. 


Nov, solder the LED to the transistor. 
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Quantum Levels Quanta Di stributions Quantum Probabilities 
longitudinal 


ahv = E=hf pintone 


Wavefunctions 
h KEM fields 


Longitudinal Photons 


‘uantiaed Angular Moment lectroMagnetic Waves 


Velocity ‘Amplitude Probabilities 


Linea momentum Squared energies 


Energy miomenta 
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Quantum 


Waveforms 


Normal Distributions 


The Gaussian distribution sometimes informally called the bell curve nha Eu 


‘Abell shaped curve defines the standard normal distribution, 


‘a1 000 numbers are In which the probability of observing a point is greatest near the average, 
a?- b? =[a-b].[a+b] and declines rapidly as one moves away from the mean, 
shane fs aes The Normal Debtion Thelawoffro 
ihe Yo X BE Randorn venta = standard deviation 


d= WgeWt0 
0 = ons 


Central Limit Theoter 
Inthe inf eg uma, 
thesumaf depen 
Fandomvaiabes te 
Scalar Energy ‘ermal asta 


[SQUARE aumnbest 


hy, v3 x ~ 
“ 1 xt to Sere rerr ye 
(normal stir Th igi poe Mate 


{Im probability theory, the normal (or Gaussian) distribution isa continuous probability distribution that has a bell-shaped probability density function, known as the Gaussian function 


Fundamental theorem of Energy momenta 


Anth level scalar energy momenta waveform has exactly n linear momentum in unit circle co-ordinate systems 
(with Longitudinal and Transverse equilateral Planck waveforms being orthogonal to each other) 


4 


scalar energies 
Longitudinal EM waveforms are the waves, 
produced by spark gap discharges 
ae a. 
2 
mv 
; f 
“Transverse EM waveforms are the waves: 
‘produced by accelerating charges 
mv 
‘Their energy momenta are orthagonal to 4 
the direction of wave propagation linear momentum 


[Mathematics] i or ap [Electrical theory] 


square root of negative one 


Velocity and Time dependent EM fields 


SQUARE ROOT 
momenta 


EVEN number 


Wave probabilities 
PHOTONS 


Quantum levels 


| SQUARE number 
i ENERGIES 


ODD number 
BOSONS 


‘Matrices are a key tool in linear algebra. Further developing equilateral Matrices and tensor mathematics to 
One use of matrices is to represent linear transformations, a reflec the 2D geometry of EM, KEM and GEM quantum fields 
which are higher dimensional analogs of linear functions Matrices along withthe geometric quantisation of mass-energiy momenta 


of the form ffx) = cx, where cis a constant; mazrix multiplication and their energy distributions allows for field interactions 
corresponds to composition of linear transformations to be accurately visualised and modelled 
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‘Tensors are geometric entities introduced into mathematics and physics to extend the notion of scalars, geometric vectors, 
‘and matrices to increasingly higher orders. 


‘Modifying Square matrices to reflect the equialteral geometries of Tetryonic fields allows forthe accurate geometric modeling 
‘of all Scalar & Vector fields along with their varied intrinsic quantum energies and physical properties 


momenta 
(a property of Energy) 
is converative 


Energy momenta Tensors Matter 


(a geometric property) 
‘SNOT conservative 
P, — (E, pt, p2, p3, p4). 
All standing-wave Matter topologies can be modelled 
using its Tetryonic charge energy momenta Tensors 
with an additional Kinetic EM energy-momenta tensor 
required for Matter in motion 
Pray 7 (E P95). 


2044 [Sl] macc-energy momenta can hefoldedino-3Ds1 (GR Matter 


E=DE p=Dp 


Mes 2 ttsis 
Energy of a masive particle \ Total Momentum 
1s the tal ofall Planck quanta 5, fethe total of ll quate 
Positivestanding-wave—(compion frequency) ina 3D geametry tivear Momema ina 5D particle Negative standing wave 
Matter Matter 


Relativistic Matter 


inmotion 
y 


hv 


I=1 ‘ : 


Relativistic Matter 
altfaxcia ‘inmotion 
PaaS eve dlsins Energy momen FA 
te lf ne pact 1s the 30 Tetrahedral topologies thar 
ina 3D particle ul provides a definative basis for Maitet 
asin momenta 
tensors 
Tetryonic Energy momenta tensors should not be confused with Four vector tensors 
v2 which map energy-momenta vectors in 5D spatial{cartesian| co-ordinate systemts hy 
c 


‘CIs the maximum velocity achelvable through the electrical acceleration of particles 
| IsNOT the maximum velocity possible for Matter In motion 


hv Vv 
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Linear correction factor Scalar correction factor 
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TimeDiation 
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Place the Resistor 


Place one end ofthe resistor on the middle pin ofthe transistor. Make sure the components stay in contact whlle you solder them. 


hitps:imaé-science. wonderhowto.com/how-tolmake-joule-thif-and-create-zomble-batteries-fr-more-power-after-death-0134326) 4i9 


Equilateral energies 


Bosons Energy Rapiremnta lane ies tee anes 


Photons 


_foro the basis forall charged 
energy geometries and their 
associated quanta distributions 


er wleles mame eau Wie2esmsusmsaret a 


i Electromagnetic mass 
aD mass-energy isthe surface integral of sD Mater 
Bosons Energy 
I yt 


Photons 
e 


Time specific measurements of 
quilateral ENERGY momenua geometries 
forms the bass for EM mass 


Bosons Energy 


I, “v2 


Photons 
cs 


‘The equilateral mass- ENERGY content of 
gn Tetrahedrl sanding-wave topologies 
forms the bass of Matter 


Standing-wave Matter 
Matter is a higher order 3D topology created by standing wave mase-energies 


Periodic element nuclei 
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“Joule Thief and Create Zombie Batteries for More Power After Death « Mad Seiance :: WondarHowTo 


Find Who Owns This Number 


Enter Any Phone Number Now. Gat Full Owner nfo. Try Free! 


Wrap the Coil 


This ls where the dark magle happens. Wt 
and a brighter LED. When you have wt 
right. Splay the ather pal 


p two enamel coated wites around the edge ofa ferrite 


Mote wire will mean a stionget joule thi 
hould have two palts of end wires. Connect one pair together at shown below on the 


Attach Coil 


Rem 


mber to burn away the enamel on the end of the thin wire with a lighter. With the wires burned and exposed, solder one free oll wire to the 
‘Wctesstar, Solder the ather fre coll wie to the positive side ofthe LED. 


Below, we have to solder a coll wite to the intersection of the transster and the positive leg ofthe LED. 
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Below, notice thatthe end of the green enameled wie is exposed because the enamel was burned off 


Solder Clip 


Now that the main joule dhe is dane, we can attach a battery cl 


sasy use. The joule thief will work without the battery clip, but only If you. 
hold the wires in place with your 8 
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Each shal consists of one oF mare subshll and 
each abshell convas of one of more atomic crits 


Electron Shells 


R 
Q 
P 
©) : 
N 
™M 
L 
K 


VALENCE SHELLS 
“The electrons in thepartily filled 
‘utermost [er highest energy! 
shell determine the chemical 
‘ropertesoftheatom 


Periodic element geometries 


‘An electron shell may be thought of as an orbit followed by electrons around an atom’s nucleus. 
The closest shell to the nucleus f called the " shell also called "K shel", followed by the 


"2 shel” or "L shell, then the 3 shell" lorM shell), and so.an further and further from the nucleus, 


The shell letters K, LM, ~ are alphabetical 


f d° ¢ e p od £ 
+3 +20 41 ie) -1 D 3 
Sub-orbital: 


Each shellcan cantain only an integer 
‘numberof whale deuterium nucle 
TProtor, Neutron &lecion] 


Principal Quantum Numbers 


Esch atomic shell equates to specie 
Energy levelfr the dueterum nucle! 
that comprise in tumafeting the 

angular momentum af eletronsin that shell 


Periodic Harmonic motions 


x=Acos (wt + @) Much of the math in of modern physics 
is predicated on the assumption that 
Circular motion [where it appears] is related to 


the properties of a circle 


Simple harmonic mation can be visualized asthe pojecton of uniform cular mation ont.one aks 


24° 
ee Principal Quantum Numbers 
circular harmonic simple harmonic 
motion 8 motion 
Q 7 
P 6 
n°) 5 3 
Greular motions describe Les 5 * chet pershul ni elernentsfonlows 
the motion of a body L 2 a'periodic summation rule’ 
with a changing velocity vector K 1 that is reflective of 
{the result of an acceleration force]. photonic energies 


Subvorbitals 


nas E cistron, Atomic nuclei mass-energies 
sia lan 


of Bary nein the Each element's weight [mass-Matter in a gravitational field] 


A Hine energies of elas hv2 is the result of the total quanta comprising that element 
In-1e19v 


73,728 
69,192 


64,800 


60,552 
‘The nucle forming each atomic shell have specifi mass-energy quanta 


Baryon rest masses lepton rest mass KEM 


a [ [72(n)*]+[12e19]+[m.v"] | 


Deuterium mass-energy per shell 


Despite having differing mass-energies each Deuterium nuclei 
has the same velocity invariant Matter geometry [84] 


spin orbital coupling in synchronous quantum convertors 
Electrons act as quantum scale rotating armatures in atomic nuclei 
cand can only have specific energies reflective of the electron orbital 
energy level ofthe Baryons in which they are found 
‘Compton frequencies ‘electron rest Matter They acheive these energy levels by absorbing or emitting photons 
to acheive the specific angular momentum required 


Baryons KEM fields electrons 


930.947MeV + 13.525 ev + 496.519 keV 
Mapping Planck mass-energy contributions to elementary Matter and isotopes 


Schrodinger's quantum numbers 


2-4 ie, oe 


E=hv 


w+v+e=Z 


general orm quatre equation 


ax?+ bx t+co=Z 


polar aufbau 


-nwfudsn o 


E=nhv 


Bohr's atomic orbitals 


Identifying electron rest Matter topologies as velocity invariant we can re-arrange the 
component Planck mass-energy geometry formulation of periodic elements to 


hjzwa, + wy, + 1 age20v] 


reveal a quadratic formulation for all Z numbers 


=) Dy yo 


Periodic Summation 


same Pree summation aan deer yon her stePTwo 
10 model the geometric sees addton of Zin energy level ‘ 
Periodic summation follows the Douterium nuclei that form the periodic elements Pertodic elatnents btitidlup; 


atomic shell electron config following the aufbau sequence 
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z Protons (24-12) Pencil 
Za Jove : = 


THeLiSofthenetation determine the number of aud! n each atomicshell, fiom the peradim 


Each periodic element is made of 
Z [ntenergy] deuterium nuclei 


zNeutrons [18-18] of rest Matter topologies for each periodic element 
z electrons 0-12] 


Proton - Neutron Curve 


The graph below is a plot of neutron number against proton number. 
It is used as rule to determine which nuclei are stable or unstable. 


140/- Plot of Baryon numbers: 
faved on encearneuton 

Bok ‘node ef pert ements 

120 

oe stability Ine Deviation from Tetryonic 


plot isthe result of the intrinsic 
took ‘mass energies of each particle 
comprising the atomic nucleus 


ES unstable 
90 oH 
80 Pott Baryonc race numbers 


based on Tetryonc topologies 
‘ofperodlc elements 


Neutron Number [Z] 


% 10 20 30 40 50 60 70 80 90 100 
Proton Number [Z] 


Historically, Protor 
inneutral 
being th 


result of ‘excess or extra’ Neu! 


Atomic Nuclei Numbers 


All periodic elements have an EQUAL raumber of 
Protons, Neutrons & Electrons with their molar mass-Matter 
being determined by their quantum level mass-energies 


energy levels 


nehtuan @ 


orbitals 


Tetryontic modelling of the charged mass-ENERGY- Matter topologies 
of elementary atoms and the muclei that comprise them, reveals a DIRECT 
LINEAR relationship for the number of Protons-electrons-Neutrons 
in all periodic elements and nuclear isotopes 


Planck mass-energy contributions to elementary Matter and isotopes 


Z,__Tremass-eneray content of Deuterium nucel cates the malar mas of elements 
Inot extra neutrons in excess of the elemental number] 


Schrodinger's quantum numbers 
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2-8-18-32-+32-18-8-2 Bohr's atomic orbitals 


nuclei number per shell 


Baryons electrons KEM fields 


930.947MeV + 496.519keV + 13.525 ev 


The mass-energy content of Matter topologies is velocity invariant 


Elementary 
nuclei 


are comprised of equal numbers of 
Protons Neutrons & electrons 
‘wth varying energy levee The mass-energy content of Baryons determines the KEM field of electrons 


All elements are comprised of n level Duetrium nuclei 


Baryons KEMfields electrons sik Y 
The atomic shell energy levels 2 2 
of Deuterium nuclei in elements Z([72n7] + [12v?] + [1.2e20] (72n'] iMev'] 
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The relativistic rest mass-energy-Matter of all periodic elements & 
Determines the spectral ine is the sum of the mass-energies of all atomic nuclei and spectral lines the rest mass-Matter of 
IKEM field energies] that comprise its mass-Matter topology as measured in bound photo-electrons is 


of electrons bound to them any spatial co-ordinate system per unit of time velocity invariant 


lonisation energies 


Fractional quantum differentials ‘ Ps 
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Element numbers Principal Quantum Numbers lonisation energies 


‘Nuclei per shell in elements follow 
2'periodic summation rule 
that is reflective of 
photonic energies 


electron shells 


energy levels 
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Periodic mass-ENERGY-Matter 
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quantum wavefiunctions can be described with Tetryonic geometries 
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Je that both wites in the pair ate soldered tothe red wie. 


For those who need the schematics, this is what we just built! 


Single Batery Cel 
Allaline, NICD, NiMH ferrite toroid 


(03-15 V 9p) 


‘When the current flows through the coll and around the magnet, t produce an electromagnetic field (EME). When the col isnot powered, the field 
collapses and produces an EMF kick in the coll that ls of a higher voltage than the source was. The last ofthe electricity gets stored up inthe field 
‘and released in large bursts to ficker the LED, The magnet fed oscillates so qulckly thatthe blinking LED appeats solid to the naked eye 


[Now, just plug your dead battery info the cicult and enjoy the eerie unblinking glow ofthe undead watching you as you sleep. This project works 
‘great for night lights and even garden path lights when palted with alight sensor, 


‘What could you light up with all your zombie batteries? Post your deas and discussion inthe forum, 


Diagram image from Bvil Mad Sctontst Laboratories 
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Spectral line differentials 


\hv 


Ryberg's formula is 
a mathematical description 
of Tetryonic energy geometry 


46 a8 


vex) 


aso v5) 


All of the transitions of photo-electrons 
bound to Hydrogen atoms can now be 
revealed in the fractional geometry 
of KEM field energies 


Fermat’s method of Factoring 


also known as‘the difference of two squares'is used to factorise large numbers 


) [xy]. Poy] 


All 
spectral 
lines transitions 
are an example of 


Fermat's 
difference of two squares 
in action at the quantum level 


leading in turn to Rybera's formula 


Fermat knew that every odd number could be written as the difference of two squares 
or as revealed geometrically through Tetryonic theory's equilateral geometry, 
¥ 16 every SQUARE’ number is the sequential sum of ODD numbers AOA 64 
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Fractions 
3/4 A Afraction is a number that shows how many equal parts there are BS, 40/49 


In quantum mechanics fractions appear in quantum steps 
sae as a result of the equilateral geometry of Planck energy momenta PAYANAVAVAN 
14/25 Sy \ 
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V32 


Tetryonic geometry explains the fractional mathematics of Rydberg’s formula 


Lyman spectral transitions 
Ahy = KEM = hcR 
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Balmer spectral transitions 
Ahv = KEM = hcR 


3.381 eV Rydberg 
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Brackett spectral transitions 


Aly = KEM = hcR 
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Humphreys spectral transitions 


Ahy = KEM 


0.375 eV 


Tetryonics 96.09 - Humphreys transitions 
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Quantum Electrodynamics 


Spectral lines Photo-electrons 
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White light Fractal antennas 
[EM radiation] are tuned to specific 
is comprised of many wavelength-frequencies 
superpositioned to match the equilateral 
frequencies geometry of photons 
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Triangular dissection of an equilateral triangle 


isa way of dividing up a original triangle into smaller equilateral triangles, 
such that none of the smaller triangles overlap 


lowest order perfect equilateral triangle dissected by equilateral triangles lowest order perfect dissected equilateral triangle, an isomer ofthe fist 


Golden mean Spirals 


Golden Mean Spiral ~ This spiral is derived via the golden rectangle, a unique rectangle which has the golden ratio. 
This form is found everywhere in nature: the Nautilus Shell, the face of a Sunflower, fingerprints, our DNA, and the shape of the Milky Way 


0° Golden spiral 0, 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89, 144, .. Golden spirals 


270°| 


Continued fractions and the Fibonacci sequence 


The convergence of the continued fractions 


bee. are: 
2, 3, 5, BL Aa, 2h, BA, SS, 88, 288, 28a R77, BAN, 
12:35 8 13 21 34 55 89 144 233 377 


The Golden Ratio (Golden Mean, Golden Section) 
is defined mathematically as: 


14+V5 


= 1.61803 39887... .. 


Koch fractal Curve 


\NielsFablan Helge von Koch (January 25, 1870 March 11, 1924) was a Swedish mathematician 
who gave his name to one of the earliest fractal curves ever known, 


He described the Koch curve, or Koch snowflakes as it popularly known, in 8 1904 paper entitled 
“On a continuous curve without tangents constructible from elementary geometry’ 


Von Koch wrote several papers on number theory. A ‘The Koch snowflake (or Koch stay) isa mathematical curve 
One of his results was a 1901 theorem proving that and ane of the earliest fractal curves to have been described. 


the Riemann hypothesis is equivalent toa strengthened 
form of the prime number theorem, ‘Actually Koch described what is now known as the Koch curve, 
which isthe same as the now popular snowflake, except it starts 


Three Koch curves form the snowflake. With a line segment instead of an equilateral triangle. 


se 12 


‘The Koch curve is a special case of the Cesaro curve where: 


which isin turn a special case of the de Rham curve. 
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Unit circles - SINE WAVES - Photons 


Maxwell's Equations 


Classic model of a photon Poe Nps 
si eit/4 os electric fields 
ef. er 
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ei (87/4) 


$ [ote Tetryonic model of a photon 


Magnetic waveforms are 90 degrees out of phase with Electric waveforms 


Boson distributions in monochromatic EM waves 
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detected interference pattern produced by quantum distributions 
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normal distribution of Planck energy momenta 
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boson-photon distribution in KEM field waveform 


1 


oR 


9 093 078 062 046 


2M 962 078 093 .109 


on 


Probability distributions of monochromatic EM waves 
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Microstrip patch antennas by kai fong lee Categories 
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(2011), pp 4. 124-130 International 
Journal Applied Scionces Technology 
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APPLICATION NOTE] 
421318-WIRELESS-05/201% 4 Figura 2-2 retum aes 3 pla typical 45-gherescnant 20-28 mm, 
depending thickness 187 useful about muliband collected anlennaslmultiand dxzona frequency range 
application preduct image lapered slot array mid band (2-Ggh) active phased ew high (6~18ghz) 
‘civ. Transmigelon Lines Companents Tzong-Lin Department Electrical Engineering National Taiwan 
University int k IEEE Transactions on Antannas and Propagation includes theoratical expermental 
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‘Aso, lesser dagree component design a. Antenna Applications feeding methods (method for diving 
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Wave interference patterns —“snatatceity tm peducngyestr waves thatthe superposition 
each other to produce interference patterns: 


Equilateral superpositioned KEM waves produce 
constructive and destructive interference waves 


Tels na the Parle posng hough both ss that have historically been interpreted = —* 
‘hat rode amines pater as being circular wavefronts 
its the purl’ amoctatad Fa 
‘KIEM] wave 
w 


sarqisuaun uoxoyd anem yay W0.s322/2-o04d 


w 
‘The Compton frequency of any [XJEM uN 
waves comprised of idencal wavelength 
Photons whch can combine to produce Any detctor placed afier the primary screen 


‘will remove energy from the secondaryKEM fields = 
‘and affect the imerference patterns produced 


Ione slit is observed for the passage of the electron in order to determine 
Its physical state then the its KEM field wave will be absorbed by the detector 
resulting in only one wave remaining, enforcing a classical particle outcome 
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Quantum computing via EM wave super-positioning 


BY superpositioning two beams 
‘of EM radiation the resultant'colours! 
will perform quantum level computations 
that can be read via the resultant 
interference patterns produced 


constructive interference 


adv in-phase EM waves 


Out of phase 
—— Various basic operations, such as 
ADDITION, SUBTRACTION and 
destructive interference PAA ‘SQUARE ROOTS ete 
subtractive out-of phase EM waves PARAS are all easily computed using 


EM wave super-positioning 


The lines of Force 


quanta intensities 


By utilising the statiscal distribution of equilateral Planck energy momenta quanta in EM waves 
“etryonic theory provides a practical geomet solution to quantum computing problems 
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Analgorithm of contplexity 0(2") ullises exponential quanta; 2n 2 An algorithm of complexity O(n?) utilisés quadratic quanta, 


increasing n by Twill double the quanta requited ‘meaning that ifyou doublen it will use four times as many quanta, 


n 


Unlike Math treatise on P vs Np that require exponential polynomial time O(n#)Tetryonic geometry of EM fields utilfse exponential energies per second 


2hv ... 1 Secon hf 


By relating p tothe numberof equilateral wave lds in ay EM wave very large [pri? datasets can be modelled and processed every second 


Quantum Computing 


The Proton/Neutron geometries of atomic nuclei can be built at the quantum scale 
to create an atomic nuclei that can operate as a Opto-memory-transistive computing element, 
many elements can then be combined in lattices to create super computers no larger than bacterium 


Energy can be gated through individual nuclei 


Spin Uu P using the centre Baryon as the base transistor element, S pin D OW N 


in turn effecting the energies of bound photo-electrons 


SQUARE ROOTS, 


opps SQUARES 


PROBABILITIES 


Q bits 


photo-electronic transitions can be used to directly recieve 
] or emit memory states through the absorption and emission Oo 
of spectral photons of specific energy momenta 


Scalar mass-energies Quantum distributions 


mass quantum 


ENERGY 3D Matter 
vai ry 
Equilateral energy mementa 


has a mass equivalence 


per unit of Time 


v 


Planck Constant Matter quantum 
6.629432672 €-34 J.s 


Planck's constant ~ the quantum of Action 


all ideal quantum inductive loops all equilateral energy momenta 


res to thei produce vector 


y level: 


er s ‘orces 
INERTIAL mass a quantum of WORK 


The two sides of Planck's Constant 


EM fields 


photons 


mass geometries 


bosons 


tetryons 
quarks 


leptons 


Baryons 


Magnetic fields 


All squared energies have equilateral geometries 
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coupled indirect are 
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Clean, limitless Energy Unlimited resources 


The geometric field equation of mass-ENERGY-Matter 


spatial Planck 


E U}./ m6 XV 


impedance mass 


Unifying Science and Religion 


Tetryonic Th eory 


AIlEM mass, energy momenta & Matter can be measured and 
geometrised with respect to equilateral Quantised Angular Momenta 


Electrodynamit 


eat [i mav4|] 
2D radiant 
mass-energy 


The application of equilateral QAM geometries ‘ 
geometries 


covers all of the Physical disciplines 


TETRYONICS 


The equilateral geometry underpinning the mathematics of Physics 


Geometry and the Theory of Everything 
DIFFERENT TYPE OF GEOMETRIES 


3D 3D 


SPucne SADDLE 


veld 


(aus by mar Khayyam Grolamo Sache Bernhard Remann = . 
ea2e-248.80) (330-2758, . 3008), 


The Socratic tradition was not particularly congenial to mathematics, as may be gathered from Socrates’ inability to convince himself that 1 plus 1 equals 2, 
‘but it seems that his stucent Plato gained an appreciation for mathematics after a series of conversations with his friend Archytas in 388 BC. 


(One ofthe things that most caught Plata’ imagination was the existence and uniqueness of what are now called the five ‘Platonic solids" 


Itsuncertain who first described all five ofthese shapes- it may have been the early Pythagorean but some sources (including Euclid) 
indicate that Theaetetus (another friend of Plato's) wrote the first complete account ofthe five regular solids 


Presumably this formed the basis of the constructions ofthe Platonic slids that constitute the concluding Book Xl of Euclc's Elements, 
In any case, Plato was mightily impressed by these five definite shapes that constitute the only perfectly symmetrical arrangements of 3 
set of (non-planar) points in space, and late in life he expounded a complete "theory of everything’ 


in the treatise called Timaeus, based explicitly on these five solids, 


Interestingly, almost 2000 years later, Johannes Kepler was similarly fascinated by these flv shapes, and developed his own cosmology from them 


Tetractys 


The Greek Tetractys sa ha iaincky Neca pile thf alr ‘The tetrad was the name given to 
triangular figure consisting of ten paints pectic Mipeainnned the number four 
arranged in four rows stvditierelatlonchip Rorween Farris in Pythagorean philosophy 
aril the poset costed yy GOD there were four seasons 
‘one, two, three, and four points in each row, and four element 
\Which isthe geometrical representation of the and the number was also associated 
fourth triangular number. v with planetary motions and music 


Asa mystical symbol, it was very Important to 
the secret worship of the Pythagorean, 


Sacred numbers 


‘Asa mystical symbol, it was very important to 
the secret worship of the Pythagoreans, 


The Tetractys can be re-organised to represent the 
space-time geometries of 
all EM mass-ENERGY. Matter 


C2 


The single triangle in the frst row represents 2ero-dimensions (a point) 
A vector direction in one dimension can be represented asa line between amy two points 
The second row represents a Boson (two-dimensions ina plane defined by « rhombus of three triangles) 
The whole figure folded represents three-dimensions (a tetrahedron defined by four apex points) 
Photons of ElectroMagnetic mass-Fnergy quanta are represented by two opposing triangles 


The Greek Zodiac 


The Greek Elements 
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Equilateral Triangles 


‘An equilateral triangle isa triangle in which al three sides are equal 


¥ 


‘Equlatral tangles are 


synmetrialin ‘Anysit equilateral triangles 
__ many ferent vaye Jed can make aheragen, 
The 
tesselation of 
odd numbered 


It is unique in that itis the only polygon 
that can be tiled (or divided] and produce 
only identical geometries and squares numbers 


equilateral triangles 
creates square numbers 


Thats, 


The equilateral triangle isc canes 

is eminently suited for NOP scabsie gsomevies 143454749411 

the construction of fractals 143454749411413 = 49 

14345474749411413415 = 64 
etc 


hy. 


‘An equilateral triangle is simply a specific case of a regular polygon with 3 sides 


ation. 


Pythagoras of Samos 


The Pythagorean Di ceusal 


hough attributed to Pythagoras it is not certain that he was the fst person to p In any right triangle, 
the area of the square whose side is the hypotenuse 
The fist now (the side opposite the right angle) is equal to 


the sum of the areas of the squares 


whose sides are the two legs 
| 2 2 (the two sides that meet ata right angle) 


‘Te square of the hypotenuse ofa triangle sequal tothe sum of the squares ofits sides. 


PythagoreanTetractys 


Since Greek times 
squared numbers 
have incorrectly 
been identified with 
square geometries 


‘The Pythagorean equation is at the core of much of geometry, 
Its links geometry with algebra, 
and isthe foundation of trigonometry. 


Without it, accurate surveying, mapmaking, and navigation 
would be impossible, 


Equilateral triangles are also 


butts application to the eneray- momenta geometries 
squared number geometries 


of ElectroMagnetic fields and Matterin motion in Physics 
is erroneous and must be corrected for science to advance 


Energy geometries 


Atomic nuclei geometries 


Hexagons canbe ted or tesstated ina regular pattem 
‘on fat two-dimensional plane 


Hexagons 


A regular hexagon can be subdivided 
into six equilateral triangles 


Heragors are the only regular polygon that 
canbe subsvded into another regular polygon 


‘An interesting relationship between circular and heragonal 
‘geometry is that hexagonal pattems aften appeat spontaneously 
wen natural forcesare tying to approximate ces 


Heragonsare the unique regular polygon such that 
the distance between the center andeach vrtae 
Is equal tothe length of eachside 


‘Six is a highly composite number, 
the second-smallest composite number, 
and the first perfect number. 


30 oragona tation toplogcl denial 
That ls, 1"2°3=1424+3=6 to the clase packing of circles ona plane 
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's Classic RF Probe 


(click on any picture to see larger version) 


‘NOTE: 'NSFC' is my former call. 


The RF Probe is one of the handiest accessories you can have around the shack. Using only 3 electronic 
components, it may rank as one of the simplest and cheapest homebrew projects. The one featured here cost 
about $10 in parts and supplies, not counting the wire, which I scrounged. When used with a high-impedance 
DC Voltmeter, it can be used to measure RF voltage (and power), trace RF signals in a new design, and 
troubleshoot malfunctioning RF circuits, It has its limits, of course, and welll discuss those here. But once you 
understand how it’s used, and how easy it is to build, you'll wonder why you never built one before. 


What's an RF probe, and how does it work? 


You might think of an RF probe as a special test lead that converts your regular ol’ DC voltmeter to a RF reading 
voltmeter. Why not just read it using your trusty voltmeter, set on AC? Well, because most voltmeters wont read 
AC signals having a frequency above 10 or 100 KHz, and RF is way above that. [You can buy special RF- 
reading voltmeters, but they're very expensive... a homebrew RF probe is dirt-cheap]. Let's examine how an RF 
Probe works. 


Classic Peak Rectifier Simplified RF Probe 


Above left, we see the schematic of a classic half-wave peak rectifier, commonly seen in power supplies. It's 
pupose is to take an AC signal at the input (usually from a transformer or the AC line), rectify it, and charge a 
capacitor. If you don't take a lot of power from the circuit (i.e., if your load doesn't draw a lot of current), the 
capacitor charges up to the peak voltage of the AC signal, and stays prettty much constant, Notice the simplicity 
of the circuit: not counting the load, we see it is an AC Source, a diode, and a capacitor in series. 


Above right, we see a simplified schematic of the RF Probe. At first glance, it looks quite different from the 
circuit at the left. But notice: just like the first, it consists of an AC Source, a diode, and a capacitor in series. It's 
pupose is to take an AC signal at the input (usually from a circuit under test), rectify it, and charge a capacitor. 
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Platonic Solids 


FIRE “The Pythagercans new that there were ony fe regular convex lich, 


AIR 


the tetahedon, cube, octahedron icosohedren and dedeahedron 
and each one could be accurtelycrcumscibed bya sphere. 


EARTH 


4A tangles meetto form 
‘retranedion 8 vangles meet to form 


30ctahedron 


tetryons 4 ee So one 


regular dltahedions regilardetchedions 


leptons 12 F-E+V=2 20 Baryons 
faces edges —_vertexs 
‘2 pemtagons rie fo nia owes oet fom 


ae 
THE HEAVENS rae asta eicemenat WATER 


the essential elements ofthe universe 


+tetryon Tetryonic Solids 


Despite their unique topologies Tetryonic solids 
are not unlike Platonic solids save that their toplogies are 
comprised entirely from complex hitherto undescribed 
Anz equilateral Planck mass-energy momenta geometries 2 
that also match the Euler numbers of Platonic solids 
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12 leptons 127 


2 4m temyons Ar z a 3 
§ 

z ie & A 8x quarks 127 2 
& deltahedrons 3 apa regular 3 
g 8 2 deltahedrons 3 
E z 5 a 


20n Baryons 367 


K 
| 
Their equilateral topologies are best described 
as reqular topologic-deltahedrons: Lr 


12 faces neutrino 2 
Po inva electron tetra-delta-hedrals ‘tetryons 4m external charge fascia 


octa-delta-hedrals quarks. ==‘ &rexternal charge fascia 
dodeca-delta-hedrals leptons 12 external charge fascia 
icoso-delta-hedrals Baryons 20 external charge fascia 


note: 
Charged mass-energy fascia geometries and edges become 
"hidden" upon the meshing of delta-hedra to forrm Matter topologies 


Euclidean geometry 


ABSs27S BEALE RCh ‘Arguably the most influential Mathematics book ever writen is Euclid’ The Elements! 


In alt it contains 465 theorems and proofs, 
described in a clear, logical and elegant style, and 
using only a compass and a straight edge. 


The Elements -Book 1 - Definition 20, 


Ofthe trilateral figures, an equilateral triangle is that 
‘hich hasits three EQUAL sides 


Euclid’ Elements- Book 1- Proposition 1 
Method of constructing an Equateral tangle 


Euclid’s five general axioms were: 


‘Things which are equal to the same thing 
are equal to each other. 


IFequals are added to equals, 
the wholes (sums) are equal, 


IFequals are subtracted from equals, 
the remainders (ferences) are equal. 


Things that coincide with one another 
are equal to one another, 


The whole is greater than the part 
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“The number nisa mathematical constant that's 
Archimedes ‘the ratio of acitce's circumference to Rs diameter, 
Fn As its definition relates tothe circle, a 
111s found in many formulae in trigonometry and geometry, a 
‘especially those concerning circles, ellipses, or spheres. 


Itis also found in formulae from other branches of science, 
suchas cosmology, number theory, statistics, fractals, Pi 
thermodynamics, mechanics, and electromagnetism 


Incorrect identification of Pi [c/d] as opposed to Pi radians a | 


in Physics has led to the inappropriate association Peer poco 
of spherical particles to the physical sciences 
Whereas equilateral triangles & tetrahedra 

e(2a78c-2.212 8) formits true geometry 
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3.141592654....104 
Proof of the fact that C=2nr and how Archimedes proved it 
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“The more sides we drawon our polygon. the closer we will gett the real value of pi(3.14159.tc). 
Using polygon with 96 sides, Archimedes was able to eaculte that n was tle bigger than 3.1408 
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Hudson River Psychiatrie Centar ithe erly 1980s 
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The Golden Rhombus vector velocities 
Applying the golden ratio (9) to quantum scale vs 
tected ynarle geometry wcan gle y deter it 
the Ineat Romentu and feegnete moment vecors of photons magnetic vector 


‘&EM waves can also be expressed asa golden ratio 


Golden ratio phi 
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divided inte 12 equal semitones 
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Cartesian co-ordinates 
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Orbits 


Conservation 
Laws 


Matter 
topologies 


B___Prthagoras's created with the dcovery that the intervals between harmoniousmuscal notes alwayshave wholenumberaties. (> 
An equilateral [square] triangle 
divided into 6 equal semitones 
and 6 equal quarter tones 
‘ah an Equateral ange aw ines ete cantar of the cele ach vertex and each midpont creating sgh angles shown wth sy dferant colored tangles 
ch ight age aa i halofaside ofthe orginal lane fr 
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Equilateral Fifths 


CDEFGABC 


do re mi fa sola tido 


Musical Notes 


2D radiated - , Mass-energies 


ODD numbers : SQUARED numbers 


Equilateral _: 5 —. Octaves 


Viv 
provide (hom 


slineat) coordinates for ternary diagram: 


forre quantities A,8,C whose sum is aconstant 


ich can be normalized to unit). 


Ternary diagrams 
should NOT be used 
to model EM field 
strengths 


A ternary diagram is simply a triangular coordinate system in which the 3 edges correspond to the axes. 


Ttinear charts are commenty sed for dng the result of mking three components (such 2 gases chemical compounds, al ol et) that addte TOO ofa quanti. 
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And just like the first circuit, If you don't take a lot of power from the circuit (i.e., if your load doesn't draw a lot 
of current), the capacitor charges up to the peak voltage of the AC signal, and stays prettty much constant. 


What's the difference between these two circuits, then? One small little thing, really. In the first circuit (the half- 
wave peak rectifier), any positive DC component gets added to the voltage at the output. In the second circuit 
(the RF Probe), the circuit is insensitive to positive DC components. This is good for an RF probe, because we're 
going to be testing circuits with DC biases applied, and we don't want those biases to affect our readings (we're 
interested in the AC only, i., the RF) 


In both these circuits, if we place a DC (not AC) voltmeter at the place where it says "+" and "=" we'll read a DC 
voltage that is approximately equal to the peak of the applied AC voltage. If we knew our applied AC w: 
sinusoidal signal (or sine wave), then we could divide our reading by 1.414 to obtain the RMS value, which is 
the way we usually measure AC voltages. Even if it's not a sinusoid, at least we know what the peak voltage is, 
and that's something we didn't know before we started, 


We'll do one more little trick to make the RF Probe more useful, and it will only cost us the addition of a 2-cent 
resistor, So that we don't have to manually divide our readings by 1.414, we'll use a resistor to create a voltage 
divider that will do it for us. Here's a classic voltage divider, added to our RF Probe circui 


‘As we know from elemental electronic theory, the voltage across the second resistor (where it says "+" and "=") 
is equal to the applied voltage multiplied times the ratio of the second resistance divided by the total resistance 
in series. In our case, for a sinusoidal input, we know the applied DC voltage is equal to the PEAK of the AC 
voltage. We would like the resistor divider to divide by 1.414, which means that the total resistance in series 
(including the second resistor) needs to be equal to 1.414 times the second resistance. In our example circuit, 
shown above, the second resistor is 11 Megohms, and the total series resistance is 11 Megohms PLUS 4.7 
megohms, or 15.7 Megohm: , about 1.427, closer than the typical resistor 
tolerances. 


But wait! I said we would add one resistor, not two! What's up with that? Well, the 11 Megohms is the typi 
input resistance of a high-impedance voltmeter, like an electronic VTVM or a digital voltmeter. As long a 
10-11 Megohms, itll give results close enough for government work (HI). Obviously, it's important to know 
what your voltmeter's input resistance is, and you can find this out in your voltmeter’s specifications, or measure 
it (I wont get into that). And really, accuracy is often not that important, especially when you're signal-tracing. 


Enough! Let's get real... let's build something! 


Here's a complete schematic of the classic RF Probe. Simple, eh? 
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The Pythagorean theorem 


a’+ b= 


The orbit of every planet is an ellipse 
with the Sun at one of the two foci. 


A line joining a planet and the Sun sweeps 
out equal areas during equal intervals of time. 


The algebraic form of the Eutrigon Theorem, (lie the algebraic form of Pythagoras’ Theorem), 
is proven to be special case of the Cosine Rule... 


Since Greek times 


square numbers have 
been incorrectly 
acme Tetryonic theory reveals the equilateral [square] energy geometry 
that reveals the ‘harmonics at play’ in physical laws 
Equilatera triangles also form such as the second law of Kepler, and in many other phenomena in 
‘square number geometries physics, chemistry, cosmology, biochemistry and number theory 


thus providing the foundation for the mathematics of quantum mechanics 


Number theory va 


Real Algebraic 


mee A 


Integer 


TY 


It has only been in recent centuries that 
mathematics has begun to explore the 
higher order irrational numbers 


“The Pythagoreans also established the foundations ef number theory, 
with their investigations of wiangulay, square and aso perfect numbers 
numbers thatare the sum of their divisors 
Tetryonics takes this investigation to new levels 
with the identification of equilateral geometries 
{as the foundation of transcendental numbers and 

the physics of fields and particles in mation 


They discovered several new properties of square numbers, 
Such as thatthe square of number ns equal to the 
sum of the frstn odd numbers (ea. 1+3+5+7= 16) 


What mathematics has failed to appreciate is 
the significance application of equilateral geometries 
to the‘square’ numbers of physics and science in general 
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SQUARED energies in quantum mechanics are EQUILATERAL geometries 
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Square 


Equilateral 


area = s*= [100] area = (3*b)*h 


Circles 


Triangles 


\ 


15.0 
can be created by a number of planar geometries 


For a long time it has been assumed by scientists (and mathematicians) 
that circular [and squared) geometries are the geometric foundation of all physics, 
leading to a serioulsy flawed model of particles and forces in quantum mechanics 
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Tetryonic theory now reveals that quantised equilateral 


of all the mass-Energy-Matter & forces of physics — 
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Integers 


‘The integers (from the Latin integer), literally "untouched hence "whole" 
in Tetryonics itis the basis for the Planck charge quantum, 
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Triangular numbered Equilateral geometries 
geometries are NOT form SQUARE number 
equialteral geometries geometries 
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Equilateral energy quanta form a normal longitudinal distribution 


Viewed as a subset of the real numbers, they are numbers that can be written without a fractional or decimal component 


Bosons are a transverse measure of scalar energy momenta 


ODD numbers 


An odd number is an integer which is not 2 multiple of two. 


Bosons have 
ODD number 
quanta 


Quantum Levels 
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An odd number, when divided by two, will result in a fraction 
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Around the whole outside ofa cil, 
‘there aabout 6.203 radlane-ofTauradans 
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Tisa more‘natural'radian system for geometric physics than TT 
Tau = 2 = 360 degree rotation about a point 


historically defined asthe 
rato of a circles circumference to its DIAMETER 
should be redefined in physies to 


the ratio oft cicumference tots RADIUS 


Indoing so many of the x/2 terms common to physics 
will re automatically rationalised and will better reflect 
the Tetryonic geometry of mass-ENERGY-Matter in motion 
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Photons are a longitudinal measure of scalar energy momenta 


EVEN numbers 


‘Aninteger thats not an odd rumberisan even number 


EM waves are 


Photons are ‘ 
EVEN number comprised of EVEN 
quantums numbered quanta 


Ifan even number is divided by two, the result is another whole number 
wimnm2nmzmhemhamZunQ2unin 
fan odd number is divided by two, the result is a fractional number 


Triangular numbers 


Historically, triangular number counts quanta that can pack together to forman equilateral triangle 
1,3, 6, 10, 15, 21, 28, 36, 45, 55,.... 


this form af geometric counting of same charges over-complicated the simpler physical reality 
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Equilateral chords or Equilateral geometries 
quantum levels are form SQUARE numbered 
ODD numbers geometries 


1,3,5:715, 1.99, 95,97, 19,210 149,16 25,49, 68,81, 100,121,144, — 
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Triangular energy quanta form normal distributions 
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NSFC 2001 


TO VM + 


TO VM - 


To 
cKT 
GND 


CLASSIC RF PROBE 


Reads RMS Equivalent Voltage in test circuit, if Voltmeter is 10-11 Meg Input Impedance; 
Reads 4X RMS Equiv Voltage if Vi is 1Meg Input Impedance (Set VM to measure DCV) 


We've added a few things from our theoretical disc s s 
we need a "probe". (Hey! No wonder I get paid the big bucks...). We add a SHORT lead with an alligator clip. 
The alligator clip goes to our circuit "ground" and the probe goes to our test circuit, where we're probing. 
Brilliant! We don't want either of these to be long leads, because we're talking RF here, and long leads = 
antennas, and we don't want to be picking up stray signals or broadcasting them. 10-12 inches for our ground 
lead is sufficient for circuits to up to 30 MHz. 


‘As shown in the schematic, we'll need to shield the RF Probe circuit, or else our hand and body will pick up 
stray RF and couple it into the ci 
the Voltmeter, as shown, for the same reason. At the far end of the shielded wire, we'll mount banana plugs (or 
whatever will fit our DC Voltmeter) 


In case you're tempted, don't make poor substitutions for the diode. We chose the IN34A because it had the 
following key characteristics: Reverse Breakdown Voltage greater than 40 Volts, forward voltage (barrier 
potential) of less than 0.3 Volts, and good RF qualities. Any diode with these qualities (example, the IN458A) 
would work as well, but the IN34A is readily available (at Radio Shack and others). Silicon and Shottky (hot- 
carrier) diodes, while good RF devices, have higher barrier voltages, and will not work as well at low RF 
voltages. The IN34A is a germanium device, and with a barrier voltage of around 0.25 V, provides about the 
best performance you can get with this simple circuit. 


For best accuracy, 


size the resistor to match your DC Voltmeter's input impedance: 
R= 4.7 Meg for Zin = 11-Meg; 

R= 4.3 Meg for Zin = 10-Meg; 

R = 430 K for Zin = 1-Meg; 


Here's one cheap-and-easy approach to building the RF Probe: 
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, for "probing" 


cuit, causing erroneous readings. We'll also shield our leads all the way back to 
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Squared numbers 


A square number, sometimes also called a perfect square, ODD 
is the result of an integer multiplied by itself 


Quantum Energies 


Square numbers real fom 
thesumming of consecutive 
‘ODD numbers 
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Energy levels have 
SQUARE number 
quanta 
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Vv? Compton Frequency 


In Tetryonics Square numbers produce equilateral geometries 


Square roots 


‘A square root of a number is a number that, when itis multiplied by itself (squared) , 
gives the first number again, 
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Root of positive one Root of negative one 


Square roots of negative numbers 
have a basis in physical reality 


They reflect the real non-negative 
linear momentum of a system 


Awhole number with a square root that is also a whole number is called a perfect square 
in Tetryonic theory they are actually equilateral geometries 


numbers include all the rational numbers, 
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NORMAL DISTRIBUTION 


Basic Properties of nested scribed Equilateral Triangles 


Given an equilateral triangle of side s 
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Tetryonic [equilateral] geometry 
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All triangles are i 
flat euclidean 
mradian 
geometries 
[1807] 


An equilateral triangle is the most symmetrical triangle, 
having 3 lines of reflection and rotational symmetry of order 3 about its center 


Energy CHARGE 


Scribed equilateral geometries 


reflect space-time’s geometric relationship with charged mass-energy 


QAM 


Energy per 


Inscribed QAM per 
spatial unit Triangles 


spatial unit 
mass “™ * seconds 
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Circumscribed Triangles 
reflect Energy's relationship with Time 


BY 


Positive Planck Charge Negative Planck Charge 


‘The perimiter of an equilateral triangle is The radius of the circumscribed circle is 


p= 3a 


‘The equilateral triangle has the smallest area of all those circumscribed around a given circle 


Tetryanies 83.04 - Cin 


nbed Triangles 


Circumscribed circles 


By Euler's inequality, the equilateral triangle has the smallest ratio Rt 
Of the circumradius to the inadius of any triangle: spectically, R/r= 2 
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The ratio of the area of the incircle 
to the area of an equilateral triangle 


The ratio of the area to the square of 
the perimeter of an equilateral triangle 


Equilateral triangles and Tetrahedrons 
will scale at exactly the same proportion 
as Circles and Spheres scribing them 


CCharge isthe result of quantised 


[the inscribed circular fu of energy inequlateral geomet] 


inscribed 


It is the equilateral geometry 
of energy nota classical vector 
rotation that creates QAM 


Charged mass-ENERGIES 


angular momenta 


Times a measure of changing quantised angular momenta 


tthe ctcumscribed spatial co-ordinate ofequlateral energy geometties) 


‘Charged mass-energies can be describedas ; 


a vector measure of scalar Energy momenta-per unit of time 
[inscribed circular fuxed of equilateral eneray per circumstfibed temporal geometry] 


circumscribed 


time 


Scalar EM mass is a measure of 
equilateral Planck energy per 
spatial co-ordinate system 
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Click on the image above to see a larger 


nrc 2000 


Take a small piece of scrap double-sided printed-circuit board, about 1-1/2 x 1/2 inches, Groove it on one side 
only, similiar to the image above, to create pads for soldering, but leave the back side as a "ground plane", 
Mount your diode, capacitor, and resistor as shown, soldering to the pads you made. One side of the diode (the 
non-banded isde) gets connected to the ground plane (drill a hole through to the other side and solder it), Try to 
fit all the components neatly inside the edges of the pc board. Solder the braid of the shielded wire (3-4 ft long) 
to the ground plane, and the center conductor to the pad with the resistor. Also, solder a 10-12 inch hook-up wire 
to the ground plane. Check that there are no shorts between the center conductor and the ground-plane. Solder 
the probe tip to the pad with the capacitor (I used a discarded probe tip from a broken test probe). 

Here's where we get creative: packaging! One way or another, whatever method we use, it's important to s 
the probe circuit, yet without shorting any part of the circuit to our shield (except the ground plane). I was on a 
kick of using copper pipe, which is very cheap, so I built my shield out of 1/2-inch copper pipe and end caps, 
commonly available at your local hardware store, I drilled a hole in the end of each end-cap, to pass the shielded 
cable and the probe tip. I used a shouldered washer to insulate the probe tip from the end cap, but a small rubber 
grommet would have worked as well. Stuff the assembly inside the copper pipe, and you end up with a 
completed probe that looks like the following: 


eld 


~ 


— 


Click on the image above to see a larger version 


So, how do we use this thing? 


Before we use it, a few precautions are in order. Don't use the probe in any circuit where the highest DC supply 
voltage is greater than the diode's reverse-breakdown voltage, For the IN34A, this is 50 Volts. Same goes for the 
capacitor, which should be rated at least 50 Volts. This probably means that the probe cannot be used in most 
tube circuits. Also, don't try to measure RF power in circuits where the peak voltage will exceed 50 Volts. What 
will happen if you exceed these voltages by a little? Well, probably nothing; possibly, the diode or capacitor will 
fail open or short. 
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Trigometric functions 


Standard trigometric functions must be carefully applied to 
‘measurements of equilateral Planck mass-energy geometries 
in scribed circular space-time co-ordinate systems 
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The roots of scribed equilateral triangles 


Scalar equilateral energies map directly onto circular space-time co-ordinates 
‘through their square root linear momentum 


0.866 r 


The ratio of the 
side of an equilateral triangle 
to the radius of 
its incribed circle 
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The ratio of the is sqr (31/2 
circumscribed circle of 
an equilateral triangle a 


toitsinscribed circle 
is2:1 


d 


The ratio of the 
side of an equilateral triangle 
to the radius of 
its circumscribed circle 
is sqr [3] 


1.732 d 


Equilateral triangles and scribed circles 


All the relativistic relationships historically attributed to circularised energies 
and modelled through the use of the math of right angled triangles 1-4) 
are in fact the result of equilateral, scalar geometries 
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‘Whereas infinite sequences and series continue Indefitely 


‘The Basel problem isa famous problem in mathematical analysis 
with relevance to number theory ist posed by Pietro Mengli 
{In 1644 and solved by Leonhard Euler in 1735. 
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a ‘The entire sum of the series is equal to 
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which is equal to the largest circle circumscribing the triangular series. 
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fields 
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2D spatial 
co-ordinates 


Irrational numbers 


an irrational number cannot be represented as a simple fraction. 
Irrational numbers are those real numbers that cannot be represented as terminating or repeating decimals 


sin(x)=-square root of (3)/2 0,866025403...... 


linear momentum 
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Pythaggras’ theoreom 
and irratignal numbers expressed in terms of right-angled triangles in Physics 
offer a ‘half truth’ regarding the equilateral geometry of Energy 


vector forces 


Leibniz er Newton 


Newton focused his work on 
linear momentum which he developed 
into his famous laws of motion 
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ag physics shaped our sclentlic concepts of 
Hi Hy force, energy, and momentum 
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Scalar Energy 
E=mv2 c p=mv 
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Geometric Square Roots 


Ingeometrical terms the square root function maps the area ofa square tots sielenath 
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Tetryonics 84.03 - Square root geometry 


Square Roots in Physics 


In mathematics, a square root of a numbera isa number [nl such that [n]2 =x, 
oF, in other words, a number [n] whose square (the result of multiplying the number by itself, or in x nl} is x. 
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Modern calculators use the 
Square Root Algorithm. 
to calculate the value 


Tetryonics uses the 
geometric Square Root 
to calculate the value 


It is an approximate numerical value It is an exact geometric value 
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survaate NSESE’s Classic RF Probe 


The first thing you'll always do in using the RF Probe is to connect the banana-plug end to the +/- jacks of your 
DC Voltmeter; set the Voltmeter to DC-Volts (not AC). 


To use the RF Probe for signal tracing in a malfunctioning RF circuit or a homebrew circuit, connect the aligator 
clip to a convenient "ground" or "common" point in your circuit. Often this is the chassis. Most of the time, 
you'll be probing at the base/gate, emitter/source, or collector/drain of a transistor, one either side of a coupling 
‘capacitor or transformer, or at the input or output of an IC. Because the circuit's RF must overcome the diode’s 
barrier potential (of 0.25Y, for our IN34A), voltages much less than that won't read at all, and voltages less than 
about a volt won't read very accurately. Typically, RF and post-mixer-amps in receivers don't have enough RF 
voltage, unless you inject a very strong signal at the input. 


I recently used my RF probe to troubleshoot my dead TenTee Scout, which had suddenly quit transmitting in 
mid-QSO. I connected the rig to a dummy load, then keyed it while probing. Using the probe, I was able to 
follow a steadily increasing RF signal through the transmit chain, from the oscillator through the transmit mixer, 
to the pre-driver, and the driver. The actual voltage measurements weren't important, just that they were 
increasing from stage to stage where expected. Then, (whoops!) the driver's base circuit had 6 Volts, but the 
collector circuit only had only 0.1 Volts! The driver transistors had gone south! 


You can also use the RF probe to measure RF power with reasonable accuracy, up to about 50 watts in a 50-ohm 
circuit. By 50-ohm circuit, I mean a 50-ohm antenna system at 1:1 SWR (higher SWRs are not 50 ohms), or a 
50-ohm dummy load. Assuming the resistor in your RF probe is sized to match your DC Voltmeter's input 
impedance (as explained above), you will get quite reasonably accurate measurements using the following 
formula: 


PWR=(V(reag) + 0.25)? 


Rooad) 


For example, I want to measure the power out of my TenTec 1340 40-Meter QRP transceiver. I place it on a 50- 

‘ohm dummy load, and key down. I generally use a BNC-Tee adapter to gain to the output line, but I could 
as easily pop the cover off. Using the RF probe (alligator clip to chassis ground), I measure12.2 Volts (DC) (and 

the same RF RMS Volts). Plugging this into the formula above I have PWR= (12.2 + 0.25) * (12.2 + 0.25) / 50 = 
3.1 Watts. The rated power for this rig is 3 Watts, so I've verified everything is hunky-dorey. 


We've added the potential barrier to the measured voltage above, but that little trick doesn't work so well when 
you get down around a volt, and for voltages less than about a volt, the measurement accuracy suffers greatly. 
‘Also, the diode's response is severely non-linear below the barrier potential, and will generally read much less 
than expected in circuits where the RF voltage is less than 1/4 volt. So if you see tiny readings in circuits where 
it's normal to have voltages less than 1/4 volt RF, don't get too spun-up about the low readings... it may mean 
everything is normal. My rule of thumb for guessing at this is as follows: For collector/drain circuits in 
oscillators or transmit-chain amplifiers in key-down, expect RF Voltages about 20-50% of the applied DC 
(supply) voltage. This depends on the circuitry, of course, but it’s a reasonable gesstimate. Base/gate and 
emitter/source circuits will generally be much less, maybe 5-10%. Circuit impedance will affect this too. 


How good is this thing? 


Well, we're not talking high performance test equipment here, but we are talking very useful. If you account for 
the barrier voltage, the readings can be quite accurate when measuring most low-impedance circuits (20-200 
ohms), provided that the voltage is above 1 or 2 volts. How accurate? +/-10% from 200 KHz to 150 MHz would 
be a reasonable expectation, Also, the voltage divider is only accurate for sinusoidal signals. If you want "peak" 
measurements, simply multiply your reading by 1.414. The "peak" measurement should be good regardless of 
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Euler’s Formula 
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The Square root of Negative 1 


Positive fields are Magnetic fields are 
out of phase with out of phase with 
Negative fields Electric fields 


Leonhard Euler 


(05 April 1707 1@September 1703) 


Geometric means 


- ‘The geometric mean of two numbers, isthe square root oftheir product 2 
geometric square root geometric square root 
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|n physics, the geometric mean of two superpositioned fields produces a vector square root Force 


Itis generally stated that 
the geometric mean applies 
only to positive numbers. 


In Tetryonic geometry 
the geometric mean applies 
to positive & negative fields. 


Superpositioning 


When two or more waves traverse the same space, AT ATAYAN A 
the net amplitude at each point is the constructive interference 

sum of the amplitudes of the individual waves. PAA 

PPAAY 


Out of phase 


3 When two or more waves traverse the same space, 
destructive interference PPAAA if the summed variation has a smaller amplitude 
PPRAAY 


than the constiuent component variations. 


The lines of Force 


Tetryonic Multiplication table 


‘A multiplication table Is mathematical grid used to define a multiplication operation and its results 
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aieletislslalebl= 


Historically Multiplication tables 
have 


In Tetryonics multiplication tables can 
also be based on EQUILATERAL geometries 


been based on Square geometries 


90 108 126 14 
99) 7 
1007 .120/ 140 160 0 
70\/90 VF 10\ / 130. 150. 170\, 190 
2345 67 8 9100 12 13 14 15 1617 18 19 
The integer multiplicitors are colour coded 


i 2 as 
246 8 
36 9 1215 
4 8 1 16 2 
5 10 t 2 25 
6 12 1 24 30 
7 4 2 2 35 
8 16 a2 40 
9 1M 36 45 
10 20 5) 40 50 


at 
ba 73 
72/8190 
$a 96. 108 1 


85 102 119 136 


Photonic Root Tables 


Tetryonic mulpcaton table can tae numberof geomet forms 
Square root median Integer median 


123 @ 5 oF Bo 
2 4 © 8 10 12 14 16 18 20 
3 6 9 12 15 18 21 24 2 30 
4 @ (2 16 20 24 28 32 36 40 
5 10 iS 20 25 30 35 40 45 50 
6 12 1) 24 30 36 42 48 54 60 
7 14 2) 28 35 42 49 56 63 70 
8 16 2 32 40 48 56 64 72 80 
9 18 27 36 45 54 63 72 81 90 


Table read from centre 
to outside edge then down 


Table read diagonally 


5 
8 


As Ay AX Ay A Ad 
® BA A A AM Ad 


IESG 
IIE 


Kd kddde 
Kddédade 
KG EG EE < 
KG ERK KEKE 
AGERE KEK 
AGE RR KEE 
Akh dde< 
KG ERRKEE 


Irrational Numbers 


{An irrational number is defined to be any number that is the part of the real number system that cannot be written as a complete ratio of two integers 


One well known irrational Irratianal numbers can be 


easily represented geometrically 


viveate NSESE’s Classic RF Probe 


whether the waveform is sinusoidal. Regarding ultimate accuracy, your results may vary, and you may want to 
compare it to a laboratory instrument at the frequency of interest if you're really interested in accuracy. If you 
shield it well, and keep the ground clip lead reasonably short, it should be good in low-impedance circuits up 
into the VHF region, and down into the upper-audio region, In higher-impedance circuits, the junction 
capacitance of the diode may cause a low-pass effect at higher frequencies, and you're most likely to see this as a 
loss of measurement accuracy (ie., low readings) at frequencies above 30 MHz. This doesn't mean it's not 
useful; it just means it reads low. Also, the capacitance of the probe may affect some sensitive RF circuits. For 
example, if you're probing a LC-tuned oscillator circuit, it may stop oscillating or change frequency or become 
unstable, Actually, most any probe will do this. Also, as we said before, the barrier voltage becomes a bigger 
part of the measurement error as the circuit voltage drops below a volt or so, and becomes dominant as you 
approach the barrier voltage. Jus sin mind as one of it's limits 


Enjoy, good luck, and 73! 
monty NSESE 


Overseer: Monty Northrup leave e-mail . 


our regular (non-ham, but very popular) homepage 
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1 Exponentials & Logarithms 


10 €and the Natural Log are inverse functions of each other: 


100 e* isthe amount of continuous GROWTH after a certain amount of time. 
Natural Log (In) is the amount of TIME of continuous growth to reach a certain level 
1,000 


Wn oOo 


10,000 = 10* log (10,000) = 4 


In 


How much growth ater units of time Ing ets ws plugin continuous growth 


‘and 10 contac grow ‘get thet woul ake, 
e = lim (1+2/n)", In(x) = im. n(cl/" — 1) 


GROWTH A PERIOD 


seconds 
time 


Exponential growth 
GEOMETRIC growth = @ = lim(1+ 7)’ GROWTH 


€ represents the idea that all continually growing systems 


3.141592654 are scaled versions of a common rate 2.718281828 


R.A 


Plis the ratio betwe 
circumference and diameter 
shared by all circles, 


eis the base rate of growth 
shared by all continually arowing processes. 


@ lets you take a simple grawth rate 
here all the change happens alll at once 
at the end of a period of time -ie quantised growth) 


Itisa fundamental ratio Inherent in all circles 
and therefore impacts any calculation of 
circumference, area, volume, and surface areas 


shows up whenever systems grow 
exponentially and continuously. 
radioactive decay, interest calculations 
and populations 


Piradians are equally important and show 
all quantised equilateral eneray geometries 
are related to their scribed circles 


changing quantum energy per second 


sec 


EM fields 


tetryons quarks 


é can be applied to the equilateral energy geometries of physical systems 
leptons only where the rate of increase is a integer factor of a squared number Baryons 


Nu cl lear En ergy ] evel s Exponential energy levels bisietes 
follow exponential curves 
determined by the Tetryonic 
topology of the sub-atomic, 


particle families 


Quantum Levels 


400000 


Baryons, 


350000 


300000 


250000 4 


200000 + 


150000 + Baryons 


Proton 
ee Neutron 
50000 4 
Leptons 
ee antiNeutron 
antiProton 


Particle families 


The emission and absorption of bosons and Photons 367 [| [e, y1},{m nv] 
within sub-atomic nuclei ‘Baryons: 


eeNgei e 
Increase and decrease in integer amounts 
according to the charged Tetryonic topologies 
of the particles involved 


Electron 
Positron 


ia [[ealfmav] 


Strange 
Charmed 
Top 
Bottom 


Pek quanta 


4 [[e]fmav4] 


Positive 
Negative 
Neutral 


Series addition & the Riemann Zeta Function 


The second series addition of the Reimann Zeta function is where x=2: (piA2)/6=1+1/24241/3A2+1/4N2+... 
(the sum of the reciprocals of the squares) 


es, 1 
60 Dp W=piptgtpt 


f(n) = 1/r? 


/W4 


co 
y 1 
n* POON 
1 V9 Ane\ od AJ 


Inmathematics, the Riemann zeta function, isa prominent function of great significance in number theory, It is a named after German mathematician Bemhard Riemann, 
Itisso important because ofits relation to the distribution of prime numbers. Italso has applications in other areas such as physics, probability theory, and applied statistics 


1/: UE) pil He Vi SA 
VA A A, ky vay 
/ KOOOO,  AOEOO 
LLBEYSSA 
ay 7 PAV ASAVAVAVAV NOP AV AVA AV AVAVYN 


The mystery of prime numbers 
‘Question: which natural numbers are prime? how are they distributed among natural numbers? 


Primes are basic building blacks for natural numbers: We don't know how to predict where the prime numbers are: 
any natural number is @ product of prime numbers “Prime numbers grow like weeds among the natural numbers, 
a prime number is only divisible by itself and by 1: seeming te obey no other law than that of chance but also exhibit 


(itcannot be further simplified) stunning regularity" (Don Zagier, number theorist) 
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‘Aading the odd numbersin order produces the square numbers ‘Apart fom 2a primes are odd numbers 
thedlfference between twa consecutive squares being ocd, 
‘very prime can be expressed a the cfference between two squares 


‘SPECTRAL LINES . ws KEM ENERGIES 
vst 
Primes can be modelled as Bosons wel Primes can be expressed as Bosons 
[ODD number energy momenta geometries] 0494 [the difference of two squared energies] 


naan fan 


[2n-1] sea) sine 
tnse15) tet n’-[n-1 
amy weet 


20) 


as) rao) 
lava) 4 


aaa) 


BUACATATATASATAVAVAT ATA ata 
25 


ARATE rar 


(30829) 


as 
peas") 
bb7364) 
‘1400 fo397) 


78 aaa) 


aos asta") 


. a 
Lae iba AT ATATATATATAYAVATAVAS WANA AAS 3 
The difference of two squares s (n+)? <1? = (ni-+2n+1)-n? = 2n+1 


ot aa!-48"1 


aeacncbeavouancsswuranee 50: i 


In-tl all energy quanta create normal distributions 


Prime number /\ Distributions 


JBN 


‘causes a natural geometric convergence 


Every twin prime parent 
for some natural number 
‘nmustendino, 


bers 


ime num 


The Digital roots of Pr 


Archimedes is given credit for the first calculus. Archimedes infinite series Today's calculus was published by Newton, 


14+ 3/4 + 3/16 + 3/64 + 3/256 + 3/1024 +..... 14.75 + .1875 + 046875 + .01171875 +... 


seep See Bree We Bee 8a 8 
8+ptwtpte ob qtptptatcah 


Nested convergent infinite series 


0 Summing a convergent infinite series 


hy, nv 
V2 + 2" 1/2? +72" + 1/2" + 


V4 + U4 ?+ WA + 14S + UAE + soesesoe 


Yi ty = yay +a +-- 


n= 


ODDS = 2n-1 


Summing the dissimilar coloured equilateral triangles gives unity 


V3 «1/3 1/3 


1/3 1/3 


Summing the dissimilar coloured equilateral triangles gives unity 


V2 + 1/24 1/2*+ 1/2" + 2+ 


4+ V4" V4" + V4 + 1/4 + 


DY an = 09+ a1 + ap ++ 
= 


0 Summing a divergent infinite series 


svrvante NSESE’s Ballpoint RF Probe 


NSESE's Ballpoint RF Probe 


This is one of those afternoon projects that can really be both rewarding to build and useful to have. Electrically, 
it's identical to the Classic RF Probe described elsewhere (where you can also find the theory discussion for this, 
one). Like the Classic RF Probe, this one is used in conjunction with a high-impedance-input Voltmeter or 
Digital Voltmeter (DVM). See the schematic below. Cost? About $5, if you can scrounge the ballpoint pen, heat 
shrink, shielded cable, and copper tape. 


NSFC 2001 


TO VM + 


TO VM - 


To 
cKT 
GND 


CLASSIC RF PROBE 


Reads RMS Equivalent Voltage in test circuit, if Voltmeter is 10-11 Meg Input Impedance; 
Reads 4X RMS Equiv Voltage if Vi is 1Meg Input Impedance (Set VM to measure DCV) 


What makes this probe unique is that it's built inside the shell of a regular o!' ballpoint pen, Besides being 
conveniently compact, the unit sports a needle-probe suitable for use in probing surface-mount circuits, and 
good overall shielding. The pen cap protects the needle probe when not in use. When measuring sinusoidal 
signals, it should provide RMS-corrected readings, using a 10 or 11-Meg input impedance VTVM or DVM. 
With a I-Meg DVM, it reads 25% of the sinusoidal RMS voltage. Reasonable accuracy (+/- 10%) can be 
expected over the HF/VHF range (2-150 MHz), although this hasn't been verified. When used to measure non- 
sinusoidal signals, the accuracy will be unknown, but it still affords good relative measurements, and most of the 
time, that’s all that's required. It makes an excellent, compact, and portable accessory for troubleshooting or 
homebrewing QRP equipment with peak voltages less than 50 Volts (i.e., most solid-state equipment) 
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peo Meng The Basel Problem tesa Er 


‘The Basel problem is a famous problem in mathematical analysis with relevance to number theory, 
first posed by Pietro Mengoll in 1644 and solved by Leonhard Euler in 1735. 


(15 April 1707 — 18 Sept 1783) 


‘The Basel problem asks for the precise summation of the reciprocals of the squares of the natural numbers, 
ice. the precise sum of the infinite series, 


f(n) = 1/r° 


A A 


Integration isa micro adding of CONTINUOUS quantities. 


iE F(x) 


Integration 2 special case of summation. 


gration s defined asthe init fa summation 
‘asthe number of elements appraches infinity while 
apart of ther respective value appronches era 


‘Summation isthe finite sum of multiple, fixed values. 


Co 


XxX 


n 


‘Summation is a macro adding of DISCRETE quantities. 


Integrals of mass-energy 


‘s amsanso fining scalar areas using summation and is. 


‘The summation of equilateral energy momenta quanta 
with respect to their linear vector components 


dy 


1x ne 


‘The Integral ofthe continuous area under the curve 
Isthe summation ofan inte number af discrete 
rectangular measurements made toa specified limit 


{An integration isn'ta simple summation, 
but the limit of a sequence of summations 


All Planck energies are discrete 
equilateral geometries 


hy 


A.time 


Integrating the energy quanta contained within equilateral charge geometry 
gives the variable Force required to acheive changes in motion 
Energy, work, acceleration} 


second, 


mass the surface integra of 
EMeneray geometries 
per unit of time 


vector Force 


Scalar Energy "The calculus of infinitesimals" 


‘The fundamental theorem of calculus 
simply states that the sum of infinitesimal changes ina quantity aver time 
adds up to the net change in the quantity. 


Lelbniz's vis viva ‘Much of Newton's work 
(Latin for living force) centred around momentum 
term, Vv and changes to t 
sy? [2xkinetic energy] [massveloctty] 


E=mv: F = midvict] 


ottired Wilhelm yon Labniz 


uly 1, 1646 November 14,1716) (0545-1727) 


integral calculus differential calculus 
eee Tie fdamental theorem of caus is a theorem tha inks edsjateva teas 


cftheintega tan nite sum of the concept of the integral with the derivative of a function, ‘the derivative sa measure ofhow 
rectanglesofinfinkesimal width function changes as npt changes 
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Lefbbn iz Energy momentum Newton 
scalar energies linear momentum 


linear moment isthe square root vector force 
ofthe scalar energy required to do. set amount of work 


232 E-p: 


Energy momentum 
kepsy 


geometries 


d{mv]/dt = dp/dt = ma 


Tetryonics 87.07 


modeling the geometric forces of a 
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tina momentum i the square root vector force S = 
(inca aurp pada rxacandietantk d[mv]/dt = dp/dt = ma 


p 


linear momentum 


kgm 


Lefloniz Newton 


scalar energies 


E = mv’ 


mass-energy momenta 
relationship 


“square root equilateral eneroy 
‘slinear mementum 


seconds 


Planck quatita and their vector near momentum 
Tieat go degrees to the angle use in the graphs of motion in calculus 


87.08 - Tetryanic Planck geometries in calculus 


Differentiation 
Differentiation is concerned with things like speeds and accelerations, slopes and curves etc, 
alclserectpriedttenenroerremer er 


om) 


AVA- 
ANO/\\e 
wAAAW AA 


An increase in a force 


An increase in a force 


opposing an object's in line with an object's 
vector velocity results in B vector velocity results in 
DECCELERATION 5 Wi ACCELERATION 


A body in uniform motion remains in motion 
unleds. acted upon by an outside Force 
A linear measure of Forces acting on physical systems at 
resulting in changes to distance covered per unit of time 


A scalar measure of Forces acting on physical systems 
resulting in changes to their rate of motion 


v= F=ma elon 


At Inphysis the derivative ofthe displacement of a moving body with respect to tne’ the velo of the body, At 
dd the derivative o ect with respect oie acceleration, 


_ dp _ dv jdm 
Ee ae ae ae = m/s? 


Newton's second aw of motion states that the derivative ofthe momentum ofa body equals the force applied tothe body. 


=m/s 


Visualising the geometric half-truths of relativistic physics 


A 


The source of all the physical relationships Energy geometries within Physics including 
of mass-energy momenta and the constants 2 Special Relativity with its Lorentz corrections 
in Physics is the Equilateral Triangle have historically been incorrectly illustrated 
(and all texts must be corrected) nN through the geometry of right angled triangles 

c a | 

4 Physics is geometry, 


‘one cannot be separated from the other 


Equilateral geomutries lead to a intuitive understandings of Physics, 
Chemistry, Electrodynamics and Gravitation along 
with all the other apsects of Nature. 


mv?= E=hyv? 
i ee ENERGY 
F 6.629432673 e-34) 
[mov 
r= mY = ma nes 
Bawa momentum 


p’ = mv’ 


Velocity 


physics, velocity isthe measurement of the rate and lection of changein the positon ofan cbjact 


Velocity 11 
V Velocity 5 


s 


Speed is the scalar value of the 
Distance traveled per unit of Time 


jen 
at’ 


Velocity is the vector value of the 
Distance traveled per unit of Time 


ae 
m 
Ss 
hy, 


Velocity squared is the scalar value of the 
Distance traveled per unit of Time squared, 
(Energy of a given spatial volume) 


All divergent Energy possesses a vector direction 
and an associated scalar area 
whose energy content is quantised 


sec : 


020 
radial Space-time 
MEASUREMENT 


Velocity squared 
nm 


m 
Ss 


“en a Acceleration 
tea20 
Spherical Spacetime 
MEASUREMENT m 


[2n]+1 
Deceleration Acceleration 


[2n]-1 


hy, 


Force 
acceleration ig a measure of 
vector Force aising clang. tine 
ina spatial volume 

e* “s 
seconds’ 


However since velocity 


In Stunits, acceleration is me 


Acceleration 


Inpphysics, acceleration is the rate of change of velocity over time [at] 


In one dimension, acceleration isthe rate at which something speeds up or slows down, 


tor, acceleration describe the rate of change of both the 
magoitude and the ditection of velocity, 


Acceleration has the dimensi 
ren 


[LengthyiTime Squared 


peer second squared (mi/s‘2}. 


Inclassical mechanics, for a body with constant mass, 
‘the acceleration of the body is praportional to the net force acting on it 
(Newton's second law) 


‘Additionally, fora mass with constant velocity, 

(ie an inertial frame) 
the energy of motion is expressed as its momentum 
(acceleration causes changes in Energy-momentum) 


p=kgm 
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i Momentum 
kgm momentum p 
s 


Inclassical mechanics, momentum (pl. momenta; SI unit kg-m/s, oF, equivalently, Ns) 
Isthe product of the mass and velocity of an abject (p). 


Vv Like veloc, momentum isa vector quantity possessing a drecton as well ata maghitude, 


Momentum isa conserved quartity (law of conservation of linear momentum, 
‘meaning that fa closed system isnot affected by external forces, 
its total momentum cannot change 


Momentum should be referred to in its specific forms to distinguish it inits various forms 
[Quantised Angular Linear, Rotational anc quantum/nuclear momentum 


p =hv?= mv 
Vv 


Although orignaly zxpressed in Newton's Second Law, the consenation ef momentum 

alsohalds in special rlatty and with appropiate definitions, a (generazed) momentum 

Conservation law hols in slectrodynaries, quantum mechanics quantum fed theory. and 
‘general rt, 


‘in reativstic mechani, nrelatstic momentur further multiple by the Lorente faci, 


p7= E=mv: 


Linear momentum is the vector square root F 
of the mass-energy in any [K]EM field geometry kg Mm 


* and produces a vector velocity 


equilateral Planck energy momenta 


Lsecond 
mov? 


suivante NSESE’s Ballpoint RF Probe 


Construction 


‘The figure below shows the parts required to build the Ballpoint RF Probe. Click on the image to open an larger, 
annotated image with parts labled, and construction notes, Pick a ballpoint pen with a non-metalized plastic 
body, and plenty of room inside. The Papermate Flexgrip model I used had an inside diameter a little over 1/4- 
inch, We'll use an itty-bitty scrap of double-sided printed-circuit-board to mount the electronic components, 
Trim the PC board to about 2-12" long and 3/16" wide; don't make it too wide, or it won't fit inside the ballpoint 
pen. Notch or file a little out of the middle of the pe board, so the IN34A diode will fit easily inside the pen 
body. then, on one side only, groove in two places, so as to create 3 lands on the "top" side of the board. In 
addition to the parts shown, you'll need a 2-1/2" piece of heat-shrinkable tubing to cover the electronic assembly 
(although electrical tape would do instead), and about a foot of 1/4"-wide adhesive-backed copper tape, 
commonly available in rolls of 200-300 inches at large hobby stores (like Michaels, and Hobby Lobby). 
Although a chip capacitor is shown in the photo, a very small dise capacitor will do as well. 


Click on the image above to see a larger, annotated image 


In the next image (below), we get a close-up of the electronics assembly. You can see the input capacitor 
straddling the front-to middle lands, and the 4.7 Meg resistor straddling the middle-to-rear lands. The diode, 
which snuggles into the notch, connects from the middle land to the ground plane on the rear side of the pe 
board. The diode's banded end goes to the middle land. Break the sewing needle in half, using two needle nose 
pliers. WARNING! Use eye and face protection!! ALSO NOTE: Don't try to cut a sewing needle with wire- 
cutters... you'll ruin the cutters. Avoid straight pins, which dont have the hardness to perform well as probes. 
Then, solder the sewing needle to the front land, centering it carefully. You might benefit from burnishing the 
solder-half of the sewing needle with some fine grit sandpaper, to make it take solder a little better, Center it up 
nicely, as that will make for a professional-looking probe. Solder the shielded cable to the top/bottom of the pe 
board, center conductor to the rear land on top, and shield to the ground plane on the bottom. Be careful to aviod 
straggling shield-wires which could short the electronics. Also,solder a 10-12" pigtail of good, flexible insulated 
wire onto the ground plane, pigtailed rearward. This will be used as the ground wire in our test circuit. Before 
you shrink the tubing over the electronic assembly, check for shorts between lands and from lands to ground 
plane, make sure you have the diode polarity correct, and check that the needle is making solid electrical contact, 
and is mechanicaily secure. 


‘Click on the image above to see a larger, annotated image 


See the next image, below. After the electronic assembly has been heat-shrunk overall, wrap the copper tape all 
around the electronic assembly. This will be our shield. Near the rear of the electronic assembly, solder the 
electonic assembly's ground to the copper tape, near or on the cable shield. Alternative shielding methods can be 
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Quantum Mechanics 


h=-— 
v 


Energy-momentum relationship 


The total number of equilateral Planck quanta [quantised mass-energy momenta] 
is direcily elated to the square of its linear momentum [mass-velocity] 


v 


hy. v2 


Quantised Energy momenta is related to 
Scalar mass energy momenta through 
the equilateral geometry of Planck's constant 


mov? = E, = mv? 


Newtonian physics 


Scalar energy 
linear momentum 


pv 


quantised moment of inertia 


Inertial resistance to Force x 
ansehen 
ad 
Scapa eal haa ieee 
require a corresponding produces a change in an 
shone ton gus KES 2 Ee 
byl 
hy 
= KEM = Mv? 
Matter in motion 
se gearoetie. cnet Intum propor has Kinetic Energies 
changes to KEM mass and momenta components in addition to invariant 
rest mass-Bnergy 
F=ma 
‘The ‘inductive resistance’ of Charge quanta fields to KE=RE-rest Matter 
changes in their mass-energy momenta content 
is what we term Inertia 
i 
(vy) 


‘Any change ton object's velocity results in a 


aalamlea cay ianee customne ores 
p’=E=mv" 


Inertial mass can be related to Charge through inductive Planck quanta oo) ofits 
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Quantised Angular momentum 


As tsa physical [equilateral] geometry QAM is conservative in any system where there are no external Forces 
‘and serves as the foundational geometric source fr all the conservation laws of physics 


™m 


Quantised Angular Momenta _* i 


...J. second." 


‘Angular momentum is sometimes described as the rotational analog of linear momentum, 
In Tetryonics itis revealed to be the equilateral geometry of quantised mass-energy momenta 
‘within any defined space-time co-ordinate system 


Tetryonics 


8 


classical rotational 
‘angular momentum 


{in quantum mechanics, angular momentum quantised ~that tant vary continuously, 
butenlyinO00 number "quantum step otwoon the allowed SQUARE nuclat Energy levels 


Inphysics, angular momentum, moment of momentum, 
fF rotational momentum isa conserved vector quantity 
that can be used to describe the ayeral state of a physical system, 


When applied to specific mass-Energy-Matter systems 


(QAM reveals the true quantum geometry and 
nature of Eneray in our universe 


"Normally viewed as an expression of rotational momentum 


‘Quantised Angular Mamentum [QAM] isin facta result of 
‘the equilateral geornetric quantization of mass-energy 


mQ 


mass x QAM 


Planck’s Constant 


9.01 - Quantised Angular Momentum 


Charged geometries 


All charge geometries are nett divergent 


Q 


ivy] 


All charge geometries are comprised of finite equilateral energy momenta quanta 


Convergent 
energy momenta 


1) 
1 


3 


1on 


Renormalisat 


The problem of infnities frst aro 


developed in 


Renormal 


ity inthe earl 


In Tetryonics 
Infinities do not 


In QED 
Infinities must 


be cancelled 


Tetryonics solves the problem by 
clearly differentiating between EM mass 
and Matter and using finite equilateral 

geometries for all Matter in motion 


the mass-energy in its electrostatic field 


(Electromagnetic mass) which in turn would 


‘The mass of a charged particle should include 
approach infinity as the electron radius decreases. 


onsistent toc 


and self-c 


tant 


Mapping 3D spaces 
2 
2D space [c?| using Recti-linear co-ordinates 


The adjective Cartesian refers to the French Cartesian coordinates can be defined as the positions of the perpendicular projections 
mathematician and philosopher René Descartes of a point onto the two or more axes, expressed as signed distances from the origin. 
who developed the coordinate system in 1637 


Since then many other coordinate systems have been developed 
such as the polar coordinates for the plane, and 
the spherical and cylindrical coordinates 
for three-dimensional space. 


Cartesian coordinates are the foundation of analytic geometry, 
and provide enlightening geometric interpretations for many 
other branches of mathematics, such as linear algebra, complex 3D Cartesian co-ordinate [c3] systems 
analysis, differential geometry, multivariate calculus, group theory, a : : 
and more are distinct from spherical co-ordinate [c*] systems 


Action Dynamics 
Cctv tate vd en tin Cosine 


by using locally invertible anstormation that maps one pointto another in both systems 


Metric Tensors 


Polar co-ordinates 


es 
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Gravitational acceleration 


Polar or curvilinear co-ordinate 
systems are used extensively by Einstein 
in his theory of General Relavtivity 


In geometry, curvilinear coordinates are a coordinate system for 5 3 a 
Euclidean space in which the co-ordinate lines may be curved. Reimannian curved space-time 


Co-ordinate transformations 


‘There are many different possible coordinate systems for desctibing geometrical figures and they can all be related to one another, 


Such relations are described by coordinate transformations which give formulas for the coordinates in one system. 
In terms of the coordinates in another system 


Converting between 
Polar and Cartesian 
coordinates 


_ _ opposite 
tané = 


= tan‘(5/I2) = Vi69 
= 22.619 ; 


solving for the triangle 
using trigometric functions 


Spherical 


Spatial co-ordinate systems 


Spacetime is any mathematical co-ordinate system or model that 
‘combines space and time into a single continuum. 


Spacetime is usually interpreted with space as being three-dimensional with 
time playing the role of a fourth dimension that is ifferent from the spatial dimensions, 


From Euclidean space perspective, the universe has three spatial dimensions 
and one dimension of time reflected by quantised angular momentum), 


Tetryonics maps spatial co-ordinates a 
through the momenta vectors of seconds 
equilateral Energy . 
Tetryonic Space-Time 
[LLL LLL 
— iss = 
x Mma ENERGY momenta 


sre equilateral gcometies 


{— Mapping equilateral Energy geometries onto 
reculor curvilinear spatial co-ordinate systems 
introduces mathematical complexity 
t to.a otherwise simplistic geometry for all 
| | | EM mass-Energy-Matter interactions 


ay 


In physics spatial co-ordinates to date have been based on Cartesian co-ordinates when in fact Energy momenta follow a Tri-Linear co-ordinate geometry 


vectors 


sE 
mm rc rmass-Matter Tw 
lid ‘mass-energy equivalence m=M energy-Matter equivalence 
Euclidean c MeE 
equivalence = 
ct 
5 Cartesian co-ordinates GR fats differentiate beeweerm 
1 Dimensional EM mass ENERGY. Mauer 


q Mie Rie een ae ‘unlike Tetryonic theory 
velocity 4 


Te f Spherical 


2 Dimensions H 
velocity squared } a 
y¥ 


3 Dimensions 
velocity cubed 


Space-time co-ordinates 


The propagation of Energy momenta forms 
distinct spatial co-ordinate systems 


3 Dimensions 
orradians rad, where 360° ~2r rad ~ radians, quadrature velocity 


Where angles are typically measured in degrees (*) 


ynvao%e NNSESE’s Baipint RF Probe 
tried, for example, you might pull the shield out of a piece of RG-59, and sleeve it over the electronic assembly, 


soldering it to the ground plane. Whatever you do, be certain that the shield cannot unravel and short against the 
probe itself or any of the electronics. 


Although not shown in the picture, we drill a small hole about 2/3 back on the pen casing, threading the ground 
pigtail through the hole. This really tests your hand-to-eye coordination, If the pen has a threaded-in rear-cap, 
drill a hole in it just big enough to accommodate your main shielded cable. Thread the whole cable into the pen 
casing, and out the other side, and if you had a threaded rear-cap, like I did, thread it on. Pull the electronic 
assembly gently back into the casing, so that the needle probe sticks out about 1/2 inch. Mix some clear 5- 
minute epoxy, and let it thicken ever so slightly. Then , while holding the assembly vertically (i.e., probe-tip up), 
and using a small toothpick or screwdriver, drop epoxy into the probe area, sealing the electronics and probe into 
place, Allow to dry thoroughly before applying any pressure to the assembly. 


When dry, attach your favorite ground-clip to the pigtail, and banana plugs on the end of the shielded cable (red 
to the center-conductor, black to the shield, to match your Voltmeter) 


Click on the image above to see a larger, annotated image 


See the next image, below, which shows the completed assembly, annotated. Sometimes, seeing the entire 
assembly makes everything perfectly clear. Place the pen cap over the needle probe to protect the assembly 
when not in use. 
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‘Click on the image above to see a larger, annotated image 


And speaking of use, here's our lovely model (OK...XYL) making a measurement in the NOSS Noise Generator. 
She has the ground clip connected to a convenient place in the circuit's ground, and the probe touches the test 
point we want to measure. As you can see, we read 0,710 Volts. Since this is broadband noise, the actual voltage 
reading is not accurate, but it was seen to be much greater than the previous stage, as we expected, 
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Tetryonic co-ordinate systems 


~ byl a 
planar 


Planar mass-energy geometries have no z-components 


Differentiation between 2D mass-energy & 3D Matter 


is key to extending our understanding of physics 


Matter topologies have z-components 
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3D Matter 
topologies 
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normal distributions 


Quantum probability distributions 


‘The equilateral geometry and distribution of quantised Energy momenta provides the bass for ll statistical probabilities in 
‘Quantum mechanics, thermodynamic & information entropy - including a solution to Helsenberys Uncertainty Principle 
thus paving the way forward for a new understanding, and manipulation of physical phenomena at the quantum level 
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Normal distributions are extremely important in statistics. and are often wsed in the natural and 
‘social sciences for real-valued random variables whose distributions are not known EUS TEE 


Quantum Probability Distributions 


The normal distribution is a probability distribution. 
It is also called Gaussian distribution because it was discovered by Carl Friedrich Gauss. 
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Probabilities are All probabilities 
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Quantum Levels Quanta Di stributions Quantum Probabilities 
longitudinal 


ahv = E=hf pintone 


Wavefunctions 
h KEM fields 
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Quantum 


Waveforms 


Normal Distributions 


The Gaussian distribution sometimes informally called the bell curve nha Eu 


‘Abell shaped curve defines the standard normal distribution, 


‘a1 000 numbers are In which the probability of observing a point is greatest near the average, 
a?- b? =[a-b].[a+b] and declines rapidly as one moves away from the mean, 
shane fs aes The Normal Debtion Thelawoffro 
ihe Yo X BE Randorn venta = standard deviation 
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{Im probability theory, the normal (or Gaussian) distribution isa continuous probability distribution that has a bell-shaped probability density function, known as the Gaussian function 


Fundamental theorem of Energy momenta 


Anth level scalar energy momenta waveform has exactly n linear momentum in unit circle co-ordinate systems 
(with Longitudinal and Transverse equilateral Planck waveforms being orthogonal to each other) 
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scalar energies 
Longitudinal EM waveforms are the waves, 
produced by spark gap discharges 
ae a. 
2 
mv 
; f 
“Transverse EM waveforms are the waves: 
‘produced by accelerating charges 
mv 
‘Their energy momenta are orthagonal to 4 
the direction of wave propagation linear momentum 
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square root of negative one 


Velocity and Time dependent EM fields 


SQUARE ROOT 
momenta 


EVEN number 


Wave probabilities 
PHOTONS 


Quantum levels 
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svivant8 NSESE’s Ballpoint RF Probe 


(Click on the image above to see a larger, more readable image 
Let me know if you build one of these... and send me a picture! 
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Return to NSESE home page 


Overseer: Monty Northrup leave e-mail 
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‘Matrices are a key tool in linear algebra. Further developing equilateral Matrices and tensor mathematics to 
One use of matrices is to represent linear transformations, a reflec the 2D geometry of EM, KEM and GEM quantum fields 
which are higher dimensional analogs of linear functions Matrices along withthe geometric quantisation of mass-energiy momenta 


of the form ffx) = cx, where cis a constant; mazrix multiplication and their energy distributions allows for field interactions 
corresponds to composition of linear transformations to be accurately visualised and modelled 
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‘Tensors are geometric entities introduced into mathematics and physics to extend the notion of scalars, geometric vectors, 
‘and matrices to increasingly higher orders. 


‘Modifying Square matrices to reflect the equialteral geometries of Tetryonic fields allows forthe accurate geometric modeling 
‘of all Scalar & Vector fields along with their varied intrinsic quantum energies and physical properties 


momenta 
(a property of Energy) 
is converative 


Energy momenta Tensors Matter 


(a geometric property) 
‘SNOT conservative 
P, — (E, pt, p2, p3, p4). 
All standing-wave Matter topologies can be modelled 
using its Tetryonic charge energy momenta Tensors 
with an additional Kinetic EM energy-momenta tensor 
required for Matter in motion 
Pray 7 (E P95). 
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Tetryonic Energy momenta tensors should not be confused with Four vector tensors 
v2 which map energy-momenta vectors in 5D spatial{cartesian| co-ordinate systemts hy 
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‘CIs the maximum velocity achelvable through the electrical acceleration of particles 
| IsNOT the maximum velocity possible for Matter In motion 
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Bosons Energy Rapiremnta lane ies tee anes 


Photons 


_foro the basis forall charged 
energy geometries and their 
associated quanta distributions 
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i Electromagnetic mass 
aD mass-energy isthe surface integral of sD Mater 
Bosons Energy 
I yt 


Photons 
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Time specific measurements of 
quilateral ENERGY momenua geometries 
forms the bass for EM mass 


Bosons Energy 
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Photons 
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‘The equilateral mass- ENERGY content of 
gn Tetrahedrl sanding-wave topologies 
forms the bass of Matter 


Standing-wave Matter 
Matter is a higher order 3D topology created by standing wave mase-energies 


Periodic element nuclei 
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A Coax Switch 


Cheap slide switch in a standard 54 x 50 x 26 mm box. 
THE SWITCH 


Fig » shows a proven inexpensive 
home-made antenna selection switch. 
Tf you question the use of a cheap slide 
switch and SO239 coax sockets, read 
on. Measurements in a physics lab 
showed there to be practically no 
reflection on HF and even on 70 cm the 
SWR was below 1.3 : 1! That is 
explained as follows: 


@ The contacts in the slide switch have larger contact surfaces than many a bought 
coaxial switch. 


@ The wiring and switch contacts, between the top and bottom of the metal case, act as 
the centre conductor of a coax of near 50 ?. 


It is a standard box measuring 54 x 50 x 26 mm (I x w x h) and the wiring between the 
switch and the coax sockets is done in 2 mm silver plated wire. 


POWER HANDLING CAPABILITY 
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snore Antenna eoaxclal switeh 


If the switching is done with power off, the switch can stand 800 W. I have used this 
switch for more than 15 years and even with 1500 W there have been no problems. 


—H ANTI 
™ ca |F While building this switch, you might as well add a test 
as ANT2 point, e.g. to connect a ‘scope’ or frequency counter. 
Zp The capacitors of 10 and 220 pF make a capacitive 


voltage divider and the extra loading, 9.6 pF, does not 
affect performance on HF. In fact, on 10 m it improves 
the SWR as the extra capacity, in combination with the 
wiring it makes a filter which favours that frequency. 


Freg counter ete 


This shows how the switch is used in my station. 
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VALENCE SHELLS 
“The electrons in thepartily filled 
‘utermost [er highest energy! 
shell determine the chemical 
‘ropertesoftheatom 


Periodic element geometries 


‘An electron shell may be thought of as an orbit followed by electrons around an atom’s nucleus. 
The closest shell to the nucleus f called the " shell also called "K shel", followed by the 


"2 shel” or "L shell, then the 3 shell" lorM shell), and so.an further and further from the nucleus, 


The shell letters K, LM, ~ are alphabetical 
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Principal Quantum Numbers 


Esch atomic shell equates to specie 
Energy levelfr the dueterum nucle! 
that comprise in tumafeting the 

angular momentum af eletronsin that shell 


Periodic Harmonic motions 


x=Acos (wt + @) Much of the math in of modern physics 
is predicated on the assumption that 
Circular motion [where it appears] is related to 


the properties of a circle 


Simple harmonic mation can be visualized asthe pojecton of uniform cular mation ont.one aks 


24° 
ee Principal Quantum Numbers 
circular harmonic simple harmonic 
motion 8 motion 
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n°) 5 3 
Greular motions describe Les 5 * chet pershul ni elernentsfonlows 
the motion of a body L 2 a'periodic summation rule’ 
with a changing velocity vector K 1 that is reflective of 
{the result of an acceleration force]. photonic energies 
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of Bary nein the Each element's weight [mass-Matter in a gravitational field] 


A Hine energies of elas hv2 is the result of the total quanta comprising that element 
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‘The nucle forming each atomic shell have specifi mass-energy quanta 


Baryon rest masses lepton rest mass KEM 
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Deuterium mass-energy per shell 


Despite having differing mass-energies each Deuterium nuclei 
has the same velocity invariant Matter geometry [84] 


spin orbital coupling in synchronous quantum convertors 
Electrons act as quantum scale rotating armatures in atomic nuclei 
cand can only have specific energies reflective of the electron orbital 
energy level ofthe Baryons in which they are found 
‘Compton frequencies ‘electron rest Matter They acheive these energy levels by absorbing or emitting photons 
to acheive the specific angular momentum required 


Baryons KEM fields electrons 


930.947MeV + 13.525 ev + 496.519 keV 
Mapping Planck mass-energy contributions to elementary Matter and isotopes 


Schrodinger's quantum numbers 
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general orm quatre equation 
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Bohr's atomic orbitals 


Identifying electron rest Matter topologies as velocity invariant we can re-arrange the 
component Planck mass-energy geometry formulation of periodic elements to 
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reveal a quadratic formulation for all Z numbers 
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Each periodic element is made of 
Z [ntenergy] deuterium nuclei 


zNeutrons [18-18] of rest Matter topologies for each periodic element 
z electrons 0-12] 


Proton - Neutron Curve 


The graph below is a plot of neutron number against proton number. 
It is used as rule to determine which nuclei are stable or unstable. 
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Atomic Nuclei Numbers 


All periodic elements have an EQUAL raumber of 
Protons, Neutrons & Electrons with their molar mass-Matter 
being determined by their quantum level mass-energies 


energy levels 
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orbitals 


Tetryontic modelling of the charged mass-ENERGY- Matter topologies 
of elementary atoms and the muclei that comprise them, reveals a DIRECT 
LINEAR relationship for the number of Protons-electrons-Neutrons 
in all periodic elements and nuclear isotopes 


Planck mass-energy contributions to elementary Matter and isotopes 
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The mass-energy content of Matter topologies is velocity invariant 


Elementary 
nuclei 


are comprised of equal numbers of 
Protons Neutrons & electrons 
‘wth varying energy levee The mass-energy content of Baryons determines the KEM field of electrons 
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quantum wavefiunctions can be described with Tetryonic geometries 


Spectral line differentials 
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Ryberg's formula is 
a mathematical description 
of Tetryonic energy geometry 
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All of the transitions of photo-electrons 
bound to Hydrogen atoms can now be 
revealed in the fractional geometry 
of KEM field energies 


Fermat’s method of Factoring 


also known as‘the difference of two squares'is used to factorise large numbers 
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All 
spectral 
lines transitions 
are an example of 


Fermat's 
difference of two squares 
in action at the quantum level 


leading in turn to Rybera's formula 


Fermat knew that every odd number could be written as the difference of two squares 
or as revealed geometrically through Tetryonic theory's equilateral geometry, 
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Tetryonic geometry explains the fractional mathematics of Rydberg’s formula 
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Abstract 


Detail experimental measurements of a 2.4 GHz printed dipole antenna for wireless communication systems 
is presented and discussed. A group of printed dipoles with integrated balun have been designed and con- 
structed on a dielectric substrate. This paper is based on modifications of the known printed dipole architec- 
ture. The corresponding printed dipole antennas have differences on their forms that are provided by two es- 
sential geometry parameters, The first parameter / is related to the bend on microstrip line that feeds the di- 
pole and the second w corresponds to the form of the dipole’s gap. The impact of these parameters on reflec- 
tion coefficient and radiation pattern of antenna has been investigated. The corresponding measured results 
indicate that the return loss and radiation pattern of a printed dipole antenna are independent of the w pa- 
rameter. Instead, variations in the value of the / parameter in the dipole’s structure affect the form of the cor 
responding return loss. These observations are very important and provide interesting considerations on af- 


fecting design and construction of antenna elements at frequency range of 2.4 GHz. 


Keywords: Printed Dipole, Scattering Parameters, Radiation Pattern 


1. Introduction 


Modern wireless communications offer higher bit rates, 
and efficient quality of services. The majority of the 
equipment used today introduces requirements for bet- 
ter performance and lower cost. Antennas with quite 
small sizes, low profiles and versatile features repre- 
sent interesting solutions that provide modern wireless 
applications. The printed dipole antenna with inte- 
grated balun is widely used as a radiation element on 
communication systems because of its omni-directional 
features, narrowband character and simple structure 
[I-4]. This type of antenna because of its small size 
can be integrated on the same PCB with other elec- 
tronics circuits and devices, For the same reason, it can 
also be used as element on antenna array architecture, 
The last feature is very interesting and attractive in 
MIMO modern wireless systems. This printed dipole 
architecture offers versatile characteristics for design 
and implementation of antenna arrays on both ends of a 
MIMO wireless system. 


‘ey applicable sponsor’ bere. sponsors) 


In the present paper, we will study and discuss the ef- 
fect of the variation of the two geometrical parameters 
(1, w) of the printed dipole antenna structure. The first 
corresponds to a discontinuity on microstrip line of 
printed dipole and the second is related to the discon- 
tinuity in the gap. Details of structure concept and de- 
sign process are presented in Section 2; the experi- 
‘mental results for return loss and radiation pattern for 
cach of the printed dipoles are presented and discussed 
in Section 3, The paper concludes in Section 4. 


2. Design and Structure Aspects 


‘As mentioned above, the proposed analysis is based on 
geometrical characteristics of a prototype printed dipole 
antenna with integrated balun, This kind of printed di- 
pole antenna is considered for use in many applications 
[I-3]. In our study the geometrical parameters of the 
printed dipole antenna were modified to achieve better 
performance in the frequency range of 2.4 GHz. This 
modified design and the corresponding parameters are 
shown in Figure | while the values summarized in Table 1 
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isa way of dividing up a original triangle into smaller equilateral triangles, 
such that none of the smaller triangles overlap 


lowest order perfect equilateral triangle dissected by equilateral triangles lowest order perfect dissected equilateral triangle, an isomer ofthe fist 


Golden mean Spirals 


Golden Mean Spiral ~ This spiral is derived via the golden rectangle, a unique rectangle which has the golden ratio. 
This form is found everywhere in nature: the Nautilus Shell, the face of a Sunflower, fingerprints, our DNA, and the shape of the Milky Way 


0° Golden spiral 0, 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89, 144, .. Golden spirals 
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The convergence of the continued fractions 
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The Golden Ratio (Golden Mean, Golden Section) 
is defined mathematically as: 
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= 1.61803 39887... .. 


Koch fractal Curve 


\NielsFablan Helge von Koch (January 25, 1870 March 11, 1924) was a Swedish mathematician 
who gave his name to one of the earliest fractal curves ever known, 


He described the Koch curve, or Koch snowflakes as it popularly known, in 8 1904 paper entitled 
“On a continuous curve without tangents constructible from elementary geometry’ 


Von Koch wrote several papers on number theory. A ‘The Koch snowflake (or Koch stay) isa mathematical curve 
One of his results was a 1901 theorem proving that and ane of the earliest fractal curves to have been described. 


the Riemann hypothesis is equivalent toa strengthened 
form of the prime number theorem, ‘Actually Koch described what is now known as the Koch curve, 
which isthe same as the now popular snowflake, except it starts 


Three Koch curves form the snowflake. With a line segment instead of an equilateral triangle. 
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‘The Koch curve is a special case of the Cesaro curve where: 


which isin turn a special case of the de Rham curve. 
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Figure 1. Geometry of printed dipole, 
‘Table 1. Printed dipole dimensions, 


Parameter 


Dipote strips 


Microstrip Balun 


Via radius 


Ground plane 


Side of microstrip bend variable (O mm 3 mm) 
"Ww arial (0 mum —3 


Side of dipoe's arms nthe gap ai 


Figure 2. Prototype printed dipole antenna: Top Layer (left) 
Bottom Layer (eight). 


‘An Fr-4 substrate with thickness of 1.5 mm and per- 
mitivity , =4.4 has been used for the fabrication of the 
dipoles. Figure 2 shows the top and bottom layer for the 
fone of them. It also presents the dipole’s arms and gap, 


Copyright © 2010 SciRes. 


the balun, the ground plane and the microstrip line that 
interface the dipole with the coaxial feed line via sma 
connector. 

From this Figure, we can also see the right angle at the 
microstrip line and the other two right angles at the di- 
pole’s gap. It is known that the presence of right angles 
in conductors cause discontinuities that leads to degrada- 
tion in circuit performance [5]. Microwave theory sug- 
gests that these angles introduce parasitic reactances 
Which can lead to phase and amplitude errors, input and 
output mismatch and possibly spurious coupling [5-7] 
In order to reduce this effect it is proposed to modify 
these discontinuities directly, by mitering the conductor. 
ur investigation and the experimental measurements 
show the effect of mitering these discontinuities. At firs, 
4 prototype printed dipole antenna with unaffected geo- 
‘metrical parameters has been designed and constructed. 
Secondly, we constructed and measured six different 
printed dipoles. Three of them had w = 0 mm and differ- 
ent { values (1 mm, 2 mm, 3 mm) and the other three 
dipoles had / = 0 mm and different values of w (1 mm, 2 
mm, 3 mm). All these seven dipoles we constructed, the 
unaffected one and the mitered ones were measured in an 
anechoie environment. Figures 3 and 4 show a printed 
dipole for != 2 mm and w = 0 mm and for != 0 mm and 
Ww = 3 mm, respectively. The aim of this study is to in- 
vestigate the return loss coefficient and radiation pattern 
in each of these seven dipole’s forms. The next section 
discusses the obtained results and presents the significant 
observations. 


3. Results and Discussion 


‘The return loss of the prototype dipole and the six dif- 
ferent modified printed dipole antenna we constructed 
are measured using a Network Analyzer. These results 
are shown in two Figures. The first (Figure 5) corre- 
sponds to / parameter's variations keeping the w pa- 
rameter equal to zero. The second (Figure 6) shows the 
return loss curves where w parameter varies but the / 
parameter equals to zero. In both figures we can see the 
return loss curve that belongs to the prototype printed 
dipole (Land w equal to 0 mm), 

From these curves, it seems that this dipole antenna 
design has a resonance point at 2.4 GHz with $00 MHz — 


Figure 3. Printed dipole antenna for {= 2 mm and w = 0 mm 
‘Top Layer (left)~ Bottom Layer (right). 
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Figure 4, Printed dipole antenna for /= 0 mm and w= 3mm 
‘Top Layer (left) — Bottom Layer (right). 


Figure 5. Measured return loss of printed dipole for each 
value of f parameter and w= 0 mm, 
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PrquenyGHe 
Figure 6. Measured return loss of printed dipole for each 
value of w parameter and /= 0 mm, 


10 dB bandwidth. The last frequency range has center 
frequency close to 2.4 GHz which is the frequency value 
that the retum loss is minimized. For these frequencies 
the corresponding values of return loss are smaller or 
equal to -10 dB. From Figure 5, it is obvious that as the 
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value of J parameter inereases, the form of the corre- 
sponding return loss curve changes and becomes more 
flat at the resonance frequency range. On the other hand, 
the value of w parameter does not affect the form of the 
rotum loss curve. Each of these seven forms of printed 
dipole antenna has quite similar return loss curves and 
introduces narrowband operation at the frequency range 
of 2.4 GHz, Moreover, for a wircless application that re- 
quires design and construction of many identical printed 
dipoles, itis recommended to choose / parameter equals 
to 2 mm and w parameter equals to 0 mm for better per- 
formance. As it can be seen from Figure 5 the above in- 
vestigation ensures that the printed dipole antennas will 
have quite identical return loss curves and performance 
as elements in an antenna array configuration 

For deeper analysis on this topic, experimental meas- 
‘urements on radiation pattern of these antennas have also 
bbeon made, Measurements were carried out in a RF an- 
echoic chamber using a calibrated measuring system. In 
particular, Figure 7 shows the measurements of radiation 
patiemn in E- plane and in H ~ plane for each dipole 


= 10mm] 


w= 0mm i 
‘each case 


o 
Figure 7. Radiation pattern of dipole for each yalue of / 
parameter (a) E— plane, (b) H -plane. 
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Figure 8 Radiation pattern of dipole for each value of w 

parameter (a) E — plane, (b) H— plane. 


‘with w parameter equals to 0 mm and / parameter equals 
to integer values that ranging from 0 mm to 3 mm, Fig- 
ure 8 shows the corresponding results for each dipole 
with / parameter equals to 0 mm and w parameter's inte- 
ger values ranging from 0 mm to 3 mm. All these dipole 
structures introduce radiation characteristics that corre- 
spond to a fundamental dipole antenna [6,7]. Each of 
them has a measured peak gain that equals to quite 2 dBi 
and introduces omni-directional features. Quite small 
variations on these curves are on the limits of measure- 
‘ments’ accuracy. For this reason, it can be observed that 
the radiation characteristics of the printed dipole antenna 
are not affected by the variations on / and w geometrical 
parameters. Therefore, the radiation diagrams of them 
are independent of the / and w parameters, 


4. Conclusions 


‘A number of printed dipole antennas with integrated 


Copyright © 2010 SciRes. 


balun are constructed and studied in terms of return loss 
and radiation pattern, Each of them has a defined form 
and geometry. Starting from a dipole antenna we mitered 
the angles introducing the parameters / and w that we 
varied. Experimental measurements on return loss pro- 
vide the obtained results. These are quite similar and also 
introduce a resonance point at frequency range of 2.4 
GHz with narrow resonance bandwidth. The form of this 
resonance range is affected only by the / parameter. The 
radiation pattern of these dipoles is also investigated. The 
corresponding radiation diagrams are independent of 
these geometrical parameters (J, ) and are similar to that 
of the fundamental dipole. These observations on printed 
dipole architecture are very crucial for wireless commu- 
nication engineering and antenna design. This is because 
they introduce the ability of constructing a group of 
identical dipoles choosing an appropriate value of ! pa- 
rameter (/ =2 mm) with quite identical resonance and 
radiation characteristics. 
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ABSTRACT 


‘This paper presents an optimization of the voltage doubler stages in an energy conversion module for Radio Frequency 
(RF) energy harvesting system at 900 MHz band. The function of the energy conversion module is to convert the (RF) 
signals into direct-current (DC) voltage at the given frequency band to power the low power devices/circuits. The de- 
sign is based on the Villard voltage doubler circuit, A 7 stage Schottky diode voltage doubler circuit is designed, mod- 
led, simulated, fabricated and tested in this work. Multisim was used for the modeling and simulation work. Simulation 
and measurement were carried out for various input power levels at the specified frequency band. For an equivalent 
incident signal of —40 dBm, the circuit can produce 3 mV across a 100 kO load. The results also show that there is a 
‘multiplication factor of 22 at 0 dBm and produces DC output voltage of 5.0 V in measurement. This voltage can be used 


to power low power sensors in sensor networks ultimately in place of batteries. 


Keywords: Energy Conversion; RF; Schottky Diode; Villard; Energy Harvesting 


1. Introduction 


RF energy harvesting is one type of energy harvesting 
that can be potentially harvested such as solar, vibration 
and wind. The RF energy harvesting uses the idea of 
capturing transmitted RF energy at ambient and either 
using it directly to power a low power circuit or storing it 
for later use. The concept needs an efficient antenna 
along with a circuit capable of converting RF signals to 
DC voltage. The efficiency of an antenna mainly depends 
‘on its impedance and the impedance of the energy con- 
verting circuit. If the two impedances aren't matched 
then it will be unable to receive all the available power 
from the fice space at the desired frequency band. Match- 
ing of the impedances means that the impedance of the 
antenna is the complex conjugate of the impedance of the 
circuit (voltage doubler circuit, 

‘The concept of energy harvesting system is shown in 
Figure 1, which consists of matching network, RF-DC 
conversion and load circuits. The authors in [1], used a 
2.4 GHz operating frequency with an integrated zero bias 
detector circuit using BICMOS technology which pro- 
duced an output voltage of 1 V into a | MQ load at an 
input power level of 0 dBm, H. Yan and co-authors re- 
vealed that a DC voltage of 0.8 volts can be achieved 
from a -20 dBm RF input signal at $68.3 MHz through 
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simulation results [2]. In [3], work was carried out on a 
firm frequency of 900 MHz by matching to a 50 Q im- 
pedance and resonance circuit transformation in front of 
the Schottky diode which yields an output voltage of over 
300 mV at an input power level of 2.5. W. J. Wang, L. 
Dong and Y. Fu [4] used a Cockeroft-Walton multiplier 
circuit that produced a voltage level of 1.0 V into a 200 
MQ load for an input power level of less than -30 dBm 
ata fixed frequency of 2.4 GHz. 

‘The energy conversion module designed in this paper 
is based on a voltage doubler circuit which can be able to 
output a DC voltage typically larger than a simple diode 
rectifier circuit as in [5], in which switched capacitor 
charge pump circuits are used to design two phase volt- 
age doubler and a multiphase voltage doubler. The mod- 
ule presented in this can function as an AC to DC con- 
verter that not only rectifies the input AC signal but also 
clevates the DC voltage level. The output voltage of the 
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Figure 1. Schematic view of a RF energy harvesting system, 
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energy conversion module can be used to energize the 
low power devices for example sensors for a sensor net- 
‘work in application to agriculture. 

Section 2 of this paper discusses on the theoretical 
background of the voltage doubler circuit. Section 3 pre- 
sents the simulation study and implementation of the 
circuit design. Section 4 provides the results and analysis. 
Section 5 concludes with discussion on the findings 
from the simulated and measured results. 


2. Voltage Multiplier 


‘There are various voltage multiplier circuit topologies. 
‘The design used in this module is derived from the func- 
tion of peak detector or a half wave peak rectifier. The 
Villard voltage multiplier circuit was chosen in the cir- 
cuit design of this paper because it produces two times of 
the input signal voltage towards ground at a single output 
and can be cascaded to form a voltage multiplier with an 
arbitrary output voltage and its design simplicity. 


2.1. Diode Modeling 


‘The voltage multiplier circuit in this design uses zero 
bias Schottky diode HSMS-2850 from Agilent. The at- 
tractive feature of these Schottky diodes are low sub- 
strate losses and very fast switching but leads to a fabri- 
cation overhead. This diode has been modeled for the 
energy harvesting circuit which comes in a one-diode 
configuration, The modeling parameters for these diodes 
are given by Agilent in their data sheets. These parame- 
ters are used in Multisim for its own modeling purposes. 
‘The modeling is done by transforming the diode into an 
equivalent circuit using passive components which are 
described by the SPICE parameters in Table 1 [6]. 

‘The diode used in this design is shown in Figure 2 and 
its equivalent model is shown in Figure 3. The special 
features of HSMS-2850 diode is that it provides a low 
forward voltage, low substrate leakage and uses the non 


‘Table 1. SPICE parameters. 
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Figure 2. Schottky diode. 
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Figure 3. Linear circuit model of the Schottky diode [6]. 


symmetric properties of a diode that allows unidirec- 
tional flow of current under ideal condition 
‘The diodes are fixed and are not subject of optimiza 
tion or tuning. This is described using the following deri- 
vations. By neglecting the effect of diode substrate, an 
equivalent linear model that can be used for the diode as 
shown in Figure 3. When CG; is the junction capacitance 
and R; is the junction resistance, the admittance Y, of the 
linear model is given by 
% 


Ye, +, o) 


Equation (1) related to the frequency of operation is 
given by 


L 
¥, = jwC,+— 2) 
a NG @) 
JwC,R, +1 
oY 3 
R @) 
‘The impedance Z of the linear model is given by 
R 
a @ 
T+ JWR C, 
The total impedance Zr is given by 
R 
2,=R+— 1 (6) 
Te JWR C, 


where Re is the seties resistance of the circuit and R, is 
given by 
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bias current in A; 
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jemperature (K); 
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N= ideality factor. 
In Equation (5), R, and C; are constants and the fre- 
quency of operation (w) is the only variable parameter, 
‘As the frequency increases, the value of Z is almost neg- 
ligible compared to the series resistance Rs of the diode. 
From this itis concluded that the function of the diode is 
independent of the frequency of operation. 


2.2, Single Stage Voltage Multiplier 


Figure 4 represents a single stage voltage multiplier cir- 
cuit. The circuit is also called as a voltage doubler be- 
cause in theory, the voltage that is arrived on the output 
is approximately twice that at the input, The circuit con- 
sists of two sections; each comprises a diode and a ca- 
pacitor for rectification. The RF input signal is rectified 
in the positive half of the input cycle, followed by the 
negative half of the input cycle. But, the voltage stored 
con the input capacitor during one half cycle is transferred 
to the output capacitor during the next half cycle of the 
input signal. Thus, the voltage on output capacitor is 
roughly two times the peak voltage of the RF source mi- 
thus the turn-on voltage of the diode, 

‘The most interesting feature of this circuit is that when 
these stages are connected in series. This method behaves 
akin to the principle of stacking batteries in series to get 
‘more voltage at the output. The output of the first stage is 
not exactly pure DC voltage and it is basically an AC 
signal with a DC offset voltage. This is equivalent to a 
DC signal superimposed by ripple content. Due to this 
distinctive feature, succeeding stages in the circuit ean 
get more voltage than the preceding stages. If a second 
stage is added on top of the first multiplier circuit, the 
‘only waveform that the second stage receives is the noise 
of the first stage. This noise is then doubled and added to 
the DC voltage of the first stage. Therefore, the more 
stages that are added, theoretically, more voltage will 
come from the system regardless of the input. Each in- 
dependent stage with its dedicated voltage doubler circuit 
ccan be seen as a single battery with open circuit output 
voltage Vp, internal resistance Ry with load resistance Ry, 
the output voltage, Via is expressed as in Equation (7). 
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Figure 4. Single stage voltage multiplier circuit [7}. 


Copyright © 2012 SciRes, 


ET AL. 


=p © 

RR, 

When n number of these circuits are putin series and 
connected to load of Rin Equation (6) the output volt- 
age Vo obtained is given by this change in RC value will 
rake the time constant longer which in turn retains the 
‘multiplication effect of two in this design of seven stage 
voltage doubler. 


V, 


o 


‘The mumber of stages in the system has the greatest 
effect on the DC output voltage, as shown from Equa- 
tions (6) and (7). 

It is inferred that the output voltage Vay is determined 
by the addition of R,/R, and. lfm, if Vp is fixed. From 
this analysis it is observed that Vj, Ry and R, are all con- 
stants, Assume that Vj=1'V, R,/R, =025,n=2,3.4, 
5, 6 and 7, the output voltage Vay ~ 1.33 V, 1.72 V, 2.0 V, 
2.22 V, 243 V and 2.56 V respectively when substituted 
analytically in the Equation (7). This analysis can be 
compared with the results obtained in the circuit design 
of this module. In simulation at m= 4, Vou = 1.42. V, 0 = 
5, Vou = 1.67 V3 n = 6, Vou = 1.92; 2 = 7, Vou = 2.15 Vi 

8, Vou = 1.92 V; n= 9, Vay = 1.81 V. Also in measure- 
ment, form = 4, Vax 5. Vous =2.9° V3 1 
Voy = 3.72 V3 and 


ot V. As m increases, the 
increase in output voltage will be almost double the input 
voltage up to some number of stages. But at some point, 
i.e, beyond seven stages, in this circuit the output voltage 
Jined (8 and 9 stages) will be negligible as shown in 
Figure 5. 

‘The capacitors are charged to the peak value of the 
input RF signal and discharge to the series resistance (R.) 
of the diode. Thus the output voltage across the capacitor 
of the first stage is approximately twice that of the input 
signal. As the signal swings from one stage to other, 
there is an additive resistance in the discharge path of the 


stage 
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Figure 5. Normalized output voltage multiplier versus num- 
ber of stages. 
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diode and increase of capacitance due to the stage ca- 
pacitors, 


2.3. Seven Stage Voltage Multiplier 


‘The seven stage voltage multiplier circuit design imple- 
‘mented in this paper is shown in Figure 6. Starting on 
the left side, there is a RF signal source for the circuit 
followed by the first stage of the voltage multiplier cir- 
cuit. Each stage is stacked onto the previous stage as 
shown in the Figure 6, Stacking was done from left to 
right for simplicity instead of conventional stacking from 
bottom to top. 

‘The circuit uses eight zero bias Schottky surface-mount 
Agilent HSMS-285X series, HSMS-2850 diodes. The 
special features of these diode is that, it provides a low 
forward voltage, low substrate leakage and uses the non- 
symmetric properties of a diode that allows unidirec- 
tional flow of current under ideal conditions. The diodes 
are fixed and are not subject of optimization or tuning. 
This type of multiplier produces a DC voltage which 
depends on the incident RF voltage. Input to the circuit is 
1 predefined RF source. The voltage conversion can be 
effective only if the input voltage is higher than the 
Schottky forward voltage, 

‘The other components associated with the circuit are 
the stage capacitors. The chosen capacitors for this cir- 
cuit are of through-hole type, which make it easier to 
‘modify for optimization, where in [8] the optimization 
‘was accomplished at the input impedance of the CMOS 
chip for a three stage voltage multiplier. The circuit de- 
sign in this paper uses a capacitor across the load to store 
and provide DC leveling of the output voltage and its 
value only affects the speed of the transient response. 
Without a capacitor across the load, the output is not a 
good DC signal, but more of an offset AC signal. 

In addition to the above, an equivalent load resistor is 
connected at the final node. The output voltage across the 
load decreases during the negative half cycle of the AC 
input signal. The voltage decreases is inversely propor- 
tional to the product of resistance and capacitance across 
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the load, Without the load resistor on the cireuit, the 
voltage would be hold indefinitely on the capacitor and 
look like a DC signal, assuming ideal components. In the 
design, the individual components of the stages need not 
to be rated to withstand the entire output voltage. Each 
component only needs to be concemed with the relative 
voltage differences directly across its own terminals and 
of the components immediately adjacent to it. In this type 
of circuitry, the circuit does not change the output volt- 
age but increases the possible output current by a factor 
of two, The number of stages in the system is directly 
proportional to the amount of voltage obtained and has 
the greatest effect on the output voltage as explained in 
the Equation (7) and shown in Figure 5, 


3. Simulation and Implementation 


Multisim software was chosen for modeling and simula- 
tion which is a circuit simulation tool by Texas Instru- 
‘ments, The simulation and practical implementation were 
carried out with fixed RF at 945 MHz + 100 MHz, which 
are close to the down link center radio frequency (947.5 
MHz) of the GSM-900 transmitter. The voltages ob- 
tained at the final node Voc of the multiplier circuit were 
recorded for various input power levels from —40 dBm - 
+5 dBm with power level interval (spacing) of 5 dBm. 

‘The simulations were also carried out using same stage 
capacitance value (3.3 nF) and then with a varied capaci- 
tance value for all stages from 4 stages through 9 stages 
[9]. The capacitance value was varied in such a way that, 
from one stage to the next, it was halved. For example, if 
the first stage was 3.3 nF, the second stage was 1.65 nF, 
third stage was 825 pF, fourth stage was 415 pF and so 
‘on, But keeping in view of testing, the capacitance values 
were chosen to have a close match with the standard 
available values in the market 

Simulation was carried out through 4 to 9 voltage 
doubler stages. Based on results obtained a 7 stage doub- 
ler is best to implemented for this application. 

‘The design of the printed circuit board (PCB) was car- 
ried out using DipTrace software. The material used to 


Figure 6. Schematic of 7 stage voltage multiplier. 
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electron orbitals 


BUILDING THE ELEMENTS 


‘manufacture the printed circuit board (PCB) is the stan- 
dard Fiberglass Reinforced Epoxy (FR4), with the thick- 
ness of 1.6 mm and dielectric constant of 3.9. The topol- 
ogy is constructed on the PCB with the dimensions of 98 
mm * 34:mm (W * H). The Sub Miniature version A 
(SMA) connectors are used at the input and output of 
PCB to carry out the measurements, The circuit compo- 
nents consist of active and passive components. The 
component used in circuit is shown in Table 2 

Special handling precautions have been taken to avoid 
Electro Static Discharge (ESD), while assembling of the 
surface-mount zero bias Schottky diodes. Also special 
attention has been given to mount other components and 
the SMA connectors on to the PCB. The Photograph of 
‘Assembled circuit board I shown in Figure 7. 


4. Results and Analysis 


‘The simulated and measured results at the output voltage 
of voltage multiplier circuit are shown graphically in 
Figure 8. From the graph analysis, the simulated and the 
‘measured results agree considerably with each other, The 
‘measured results are shown to be better than the simula- 
tion results. The reason behind this may be due to the 
uncertainty in series resistance value of the diode ob- 
tained from SPICE parameters in modeling as explained 
in Equation (5). This resistance vale of diodes in practi- 
cal circuit may be lower than in the model, which pro- 
vides fast discharge path, in turn rise in voltage as passes 
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respectively. 

Figures 9 and 10 show the result of a 4 stage voltage 
doubler circuit with equal and varied capacitance values 
between the stages as described in Section 3 

From the analysis of these two simulations, it can be 
observed that the resulting output voltages are equal. The 
only difference between these two graphs is the rise time 
of the circuit with varied capacitance value is a little bit 
slower. But, overall result on the performance of rise 
time is still under 20 ys to 24 us and the difference is 
negligible. From these results, the use of equal stage ca- 
pacitance of each being 3.3 nF was hence considered for 
the design of the multiplier. 

‘The results from Figure 11, shows that the output 
voltage reaches to 1.0 V within 20 uS and then uniformly 
increasing to 1.4 V, 1.67 V, 1.87 V and 2.12 V for 4, 5. 6 
and 7 stages respectively compared to 2 mS as shown in 
[10]. Figure 12 shows that the conversion ratio of 22 is 
achieved at 0 dBm input power and drops to 2.5 at ~40 
dBm. The highest value at 0 dBm is due to the innate 
characteristics of the zero bias Schottky diodes which 
conduct fairly well at higher input voltages. 


5. Conclusion 


From the experimental results, it is found that the pro- 


‘Table 2. Component used in 7 stage voltage multiplier. 


through the stages and reaches to final output. In this "Name af component Tabet Vatue 
wor, the DC on voltages obtained rough silee Saeco a oF 
tion and measurement at 0 dBm re 2.12 V an re ns 
spectively. These results are comparatively much better caanead mete aac 
than in ref. [9], wherein a 0 dBm, 900 MHz they achieved Ei epecioe a ‘pte 
0.5 V and 0.8 V through simulation and measurement Loa resister R roo ket 
Input SMA Comector Sehotky Diodes Stage Capaiors ‘Ouput SMA Comecior 


Filer Cirouit 


Figure 7. Photograph of assembled circuit board, 
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Dalton Model 


Quantum Model 


Thomson Model Rutherford Model 


en 


Tetryonic charge geometry has finally revealed the 
true quantum topology of all atoms 


&) Piston seedy Viewrcseals epricrical objec 


Element numbers 


The rule dictating haw many nuclei form ea 


The physica 


‘The maximum periodic elemental number is 120 


The number of nuclei per quantum level 
is reflective of photonic energy levels and 
provides the foundational geometry 
for all of the periodic elements 


‘The number of possible nuclei in each Quantum level 
follows aufbau principle ‘numbers’ which can be 
determined using the following summation formula 


18 
2+6r10+14~ 32 


246110014 32 
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Deuterium is the building block of all elements 


Each element has equal numbers of Protons, electron & Neutrons 


with their stored mass-energies making up the molar masses 


of clements not excess neutron as currently modelled 


1 Sub-Ori (2 electrons marl os Aufbau Princip] le Od 5 Sub-Onhits(10.lectons mes 
(Nuclei number and position) 
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2 2 8 
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246410 18 6 
246410414 32 53 
246410414 32 4 
246410 18 3 
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‘A spectic nuclea enesylsassocited wth each electron configuration and, 
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Aufbau construction 
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Atomic Weights 


[Molar mass-energies] 
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Baryon 
mass-energies 


930 Mev 
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The quantum level mass-energies 
‘of Baryons determines te 
inetc energies eetrons 
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1.2620 


electron rest Matter 
Compton frequencies iaylsdyievalant 
496 keV 


electron, 
KEM field 


hve 


spectral frequencies 


13.6 eV 


Atomic nuclei mass-energies 


Each clement’s weight [mass-Matter in a gravitational field] 
is the result of the coral quanta comprising that element 


‘Thenuclel forming eachatomic shell have specfic mass-energy quanta 


Baryon rest masses —_lep est mass KEM 


ni [72(n)*]s[12e19}+[mv']] 


Deuterium mass-energy per shell 


Despite having differing mass-energies each Deuterium nuclei 
hhas the same velocity invariant Matter geometry [847] 


spin orbital coupling in synchronous quantum convertors 
Electrons act as quantum scale rotating armatures in atomic nuclei 
and can only have specific exergies reflective ofthe electron orbital 
energy level ofthe Baryons in which they are found 


They acheive these energy levels by absorbing or emitting photons 
to acheive the specific angular momentum required 
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The'unified atomic mass unit’ currently in use 
is known to be inaccurate and must be corrected 
in order to bring clarity & increased accuracy 
to the atomic weights of all elements 
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Hydrogen 


Defining Hydrogen as having an exact 
atomic Planck mass of 22512n quanta 
provides uniformity with Tetryonics 


Deuterium is the building block 
of all elements in the period table 


Defining Deuterium as having an exact 
atomic Planck mass of 45012 quanta 
reflects the true charged geometries 
of all Elements & their topologies 
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DC Ousput Voltage (V) 


Et =e sd 
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Power (dBm) 


Figure 8, Simulated and test DC output voltage of multi- 
plier as a function of input power. 
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Figure 9. DC output voltage verses rise time of 4 stage volt- 
age doubler circuit with equal stage capacitance (8). 
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Figure 10, DC output voltage verses rise time of 4 stage 
voltage doubler with varied stage capacitance [8]. 


posed voltage multiplier circuit operates at the frequency 
‘of 945 MHz with the specified input power levels. The 
results have shown that there is multiplication of the in- 
put voltage. From Figure 12, it is shown that at 0 dBm 
input power, the multiplication factor is 22. This is sig- 
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Time(s) 

Figure 11. DC output voltage verses rise time of voltage 

doubler circuit through 4 - 7 stages with equal stage ca- 

ppacitance. 


Conversion Ratio 
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Figure 12. Conversion ratio as a function of input power. 


nificant, as the work shows that RF energy in the GSM- 
900 band can be harvested from the ambient RF source 
using the Villard circuit topology. The power density 
levels from a GSM base station is expected from 0.1 
mW/n? to | mW/m? for a distance ranging from 25 m - 
100 m. These power levels may be elevated by a factor 
between one and three for the GSM-900 downlink fre- 
quency bands depending on the traffic density [10]. The 
next phase of the research work is to interface the voltage 
multiplier circuit through a matching network to the an- 
tenna at the input side and a low power device to power 
from the system at the output side to complete the RF 
nergy harvesting system, 
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Planck ™Mass-energy contributions to the measured 


weights of periodic, elementary mass-Matter topologies 


Baryons have 2,25e23 Planck quanta 
comprising their rest Matter topologies 
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[4965 keV] 
Leptons have 1.2 e20 Planck quanta 
comprising their rest Matter topologies 


[4965 keV 
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Photons are planar geometries [Matter-less] 
(purely Kinetic mass-Energy and momenta) 


Electron quantum level energies 
are determined by the energy of 
the Nuclei they bind to in elements 
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but are themselves Matterless 
[2D zero rest mass-energies} 


Photons are 2x charge mass-energy 
geometries 
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Mapping photo-electron transition energies 
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Proton - Neutron Curve 


The graph below is a plot of neutron number against proton number. 
Itis used as rule to determine which nuclei are stable or unstable. 
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Proton Number [Z] 


Historically, Proton-electron numbers are viewed as being equivalent 
in neutral elementary matter with the excess molar mass measured 
being the result of ‘excess or extra’ Neutronsin the atom 


Atomic Nuclei Numbers 


All periodic elements have an EQUAL number of 
Protons, Neutrons & Electrons with their molar mass-Matter 
being determined by their quantum level mass-energies 


atomic shells 
energy levels 
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Tetryonic modelling of the charged mass-ENERGY-Matter topologies 
of elementary atoms and the nuclei that comprise them, reveals a DIRECT 
LINEAR relationship for the number of Protons-electrons-Neutrons 
inall periodic elements and nuclear isotopes 


Planck mass-energy contributions to elementary Matter and isotopes 
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The mass-energy content of Deuterium nucle createsthe molar mass of elements 
[nct extra neutronsin excess ofthe elemental number} 
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nuclei number per shell 


Baryone electrons KEM fiolde 


930.947MeV + 496.519keV + 13.525 ev 


‘The mass-energy content of Matter topologies is velocity invariant 


The mass-energy content of Baryons determines the KEM field of electrons 


Baryons KEM fields electrons 
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Mapping Planck mass-energy contributions to elementary Matter and isotopes 
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Bolt’s atomic orbital 


Identifying electron rest Matter topologies as velocity invariant we can re-arrange the 
component Planck mass-energy geometry formulation of periodic elements to 
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reveal a quadratic formulation for all Z numbers 
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Determines the spectral line 
[KEM field energies} 
of electrons bound to them 
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All elements are comprised of n level Duetrium nuclei 
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ABSTRACT 


‘The design, fabrication, and characterization of the microstrip circular antenna arrays were presented. The proposed an- 
tennas were designed for single band at 2.45 GHz and dual bands at 3.3 - 3.6 and 5.0 - 6.0 GHz to support 
WLAN/WiMAX applications. The proposed single and dual band antennas showed omnidirectional radiation pattern 
with the gain values of 3.5 dBi at 2.45 GHz, 4.0 dBi at 3.45 GHz, and 3.3 dBi at 5.5 GHz. The dual band antenna array 
‘was placed on both top and bottom layers to obtain the desired antenna characteristics. The proposed double-sided dual 
band antenna provides omnidirectional radiation pattern with high gain, 


Keywords: Antenna Arrays; Circular Patch; Dual Band: Single Band; Omnidirectional; WLAN/WiMAX Applications; 


UWB 


1. Introduction 


Ultra-wideband (UWB: 3.1 to 10.6 GHz) frequency spec- 
trum has been approved by the US Federal Communi 
cations Commission (FCC) for unlicensed short rang 
wireless communications since 2002. In this frequency 
range, wireless local-area network (WLAN) IEEE802.11a 
and HIPERLAN/2 WLAN operates in 5.0 - 6.0 GHz band. 
In some European and Asian countries, world interop- 
crability for microwave access (WiMAX) service is pro- 
vided in the frequency range of 3.3 - 3.6 GHz [1-4]. To 
support the WLANAWiMAX application, antenna arrays 
that provide omnidirectional radiation pattern are required. 
To respond to this need, recent antenna design efforts 
‘were focused on omnidirectional antennas with high gain 
and no sidelobes [5-8]. Rectangular arrays are common 
type used for antenna arrays, Studies on dual band an- 
tennas employing rectangular arrays were reported [9-12] 
Compared to rectangular patch antenna arrays, there are 
limited numbers of studies performed on circular patch 
antenna arrays due to difficulties in fabrication [13]. Ad- 
vantages of circular antenna array include high gain and 
narrow beam width [13], 

In this paper, a new microstrip circular antenna arrays 
were designed, fabricated, and characterized to provide 
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omnidirectional radiation pattern for WLAN/WiMAX 
applications. Two antenna arrays were designed—one for 
single band at 2.45 GHz and the other for dual bands at 
3.3 - 3.6 GHz and 5.0 - 6.0 GHz. For single band opera- 
tion, circular patch array was placed on the top layer of 
the microtrip and a small rectangular patch was placed on 
the bottom layer for ground connection. For dual band 
‘operation, similar circular patch array was placed on both 
top and bottom layers of the microstrip with larger rec- 
tangular patch placed on the bottom layer. Both single 
band (single sided) and dual band (double-sided) micro- 
strip antenna arrays provided desirable antenna charac- 
teristics for the intended application. 


2. Design and Simulation 
2.1, Single-Band Antenna at 2.45 GHz 


‘The configuration of the proposed single band antenna at 
2.45 GH is shown in Figure 1. It consists of six circular 
patches which are placed only on the top layer. The small 
rectangular patch is placed on the bottom layer for ground 
connection, 

‘The directivity for the circular patch antenna is 
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Figure 1, Configuration of the proposed antenna for single 
‘band at 2.45 GHz: (a) Top layer; (b) Bottom layer; (c) Top 
and bottom layers overlaid. 
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where a, is the effective radius, a is the actual radius 
6, is the relative permittivity of the microstrip dielecti 
substrate, fh is the height of the microstrip substrate, 
and J,and J; are Bessel functions. 

‘The gain of the antenna was calculated using 


Gain = Antenna Efficiency Direetivity(D,) (7) 


Total Efficiency 


‘Antenna Efficiency =— 10 Ficiency _ 
Reflection Efficiency 


8) 


‘The variable corresponding to cach dimensions and 
values for the dimensions of the proposed antenna are 
shown in Figure 2 and Table 1, respectively. Here, L, W, 
and R represent the length, the width, and the radius of 
the circular patch, respectively. 

‘The gain of the proposed antenna shown in Figure 1 
‘was calculated using (1) - (8) and the dimensions were 
optimized using ADS [14] which resulted in gain of 3.5 
dBi at 2.45 GHz. 


2.2. Dual-Band Antenna at 3.3 - 3.6 and 5.0 - 
GHz 


‘The configuration for the doubled-sided microstrip dual 
band antenna is shown in Figure 3. The proposed micro- 
strip antenna has circular arrays both on the top and bot- 
tom layers. It consists of three circular patched on each 
layer. 
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Figure 2. Variables corresponding to each dimension of the 
proposed single band antenna: (a) Top layer; (b) Bottom 
layer. 


‘Table 1. Dimensions for the proposed single band antenna 
Gin, 
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Figure 3, Configuration of the proposed antenna for dual 
band at 3.3 - 3.6 and 5.0 - 6.0 GHz: (a) Top layer; (b) Bot- 
tom layer; (c) Top and bottom layers overlaid. 
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‘The configuration in Figure 3(a) is similar to the top 
layer of the single band antenna as shown in Figure 1(a) 
but with less circular patches. However, the bottom layer 
in Figure 3(b) is different compared to the bottom layer 
of the single band antenna shown in Figure 1(b). The 
double-side nature of the antenna provides dual band 
characteristics. Identical equations were used for the sin- 
le band antenna were employed in the design process. 
‘The variable corresponding to each dimensions and the 
dimensions for the proposed dual band antenna are 
shown in Figure 4 and Table 2, respectively. 

Simulation was performed using ADS for the configu- 
ration shown in Figure 3(c). The simulated gains of the 
proposed dual band antenna were 4.0 dBi at 345 GHz 
and 3.3 dBi at 5.5 GHz. The double-sided configuration 
of the antenna provided higher gain compared to the sin- 
gled-sided antenna. 


3. Measurement Results and Discussions 
3.1. Single-Band Atmenna at 2.45 GHz 


‘The antennas were fabricated using LPKF Protomat [15] 
on FR-4 material with height of 1.524 mm. The photos of 
the fabricated single band antenna are shown in Figure 5 
which has a size of 6.7 4.4 (in em). 

Figure 6 shows the comparison between the simulated 
and the measured S,, results. 

‘The measured operating frequency is close to 2.45 
Gt¥z with S;, value below —15 dB. The 3 dB bandwidth 
at 2.45 GHz was approximately 18%. The measurement 
and simulation are in fairly good agreement, and the dif- 
ferences are due to microstrip loss and fabrication errors, 

Figure 7 shows the comparison between the simulated 
and measured radiation pattern in xy-plane at 2.45 GHz 
hich is close to omnidirectional pattern, 


® % 


o 


Figure 4. Variables corresponding to each dimension ofthe 
proposed dual-band antenna: (a) Top layer; (b) Bottom 
layer. 


‘Table 2, Dimensions for the proposed dual band antenna at 
33-36 and5.0- 6.0 GHz, 
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Figure 5. Photo of the fabricated single-band antenna: (a) Top layer; (b) Bottom layer. 
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Figure 6, Simulated and measured return loss for the proposed single-band antenna. 
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Figure 7 Simulated and measured radiation pattern in xy-plane (coordinate system shown in Figure 5) at 245 GHz, 
3.2. Dual-Band Antenna at 3.3 - 3.6 and 5.0 - 6.0 on double-sided FR-4 materials. The photos of the fabri- 
GHz cated dual band antenna are shown in Figure 8 which 
has a size of 6.6 = 5.2 (in cm). 
‘The antennas were fabricated using LPKF Protomat [15] Figure 9 shows the comparison between the simulated 
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Figure 8, Photo of the fabricated dual-band antenna: (a) Top layer; (b) Bottom layer. 
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Figure 9, Simulated and measured return loss for the dual band antenna. 


and the measured S,, results. 
‘The measured Sy; shows dual band near the designed 
bands with Si, values below ~10 dB for both bands. The 
simulated and measured results give fairly good agree- 
‘ment, and the differences are due to board loss and fab- 
rication errors. 
Figure 10 shows the comparison between the simu- 
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lated and measured radiation pattem in xy-plane at 3.45 
and 5.5 GHz which is close to omnidirectional patter. 


4. Conclusion 


‘A microstrip circular antenna arrays were presented for 
single band at 2.45 GHz and dual bands at 3.3 - 3.6 and 
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Figure 10. Simulated and measured radiation pattern in xy-plane (coordinate system shown in Figure 8) at (a) 3.45 GHz and 
(0) 5.5 GH. 
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5.0 - 6.0 GHz for WLAN/WIMAX applications. Both 
antennas were designed with ADS, fabricated on a FR-4 
‘microstrip material, and characterized. Both single band 
(single sided) and dual band (double-sided) antenna ar- 
rays provided omnidirectional pattern with desired gain, 


REFERENCES. 


[1] C-¥, Pan, T-S. Hong, WS. Chen and CHL. Huang, 
“Dual Wideband Printed Monopole Antenna for WLAN) 
WIMAX Applications,” IEEE Antennas and Wireless 
Propagation Letters, Vol. 6, 2007, 

[2] A.C. Rao and R, Pandeeswari,“A CPW-Fed Antenna for 
Dual Band WiMAX/WLAN Applications." IEEE Inver- 
rational Conference on Recent Trends in Information 
Technology ICRTIT, 2011 

[3] H-Y. Lai, Z-¥. Lei, YJ. Xie, GL. Ning and K. Yang, 
“UWB Antenna with Dual Band Rejection for WLAN) 
WIMAX Bands Using CSRRs,” Progress in Electromag- 
netics Research Letters, Val. 26, 2011, pp. 69-78. 


[4] D. Parkash and R. Khanna “Design of a Dual Band Mo- 
popole Antenna for WLAN/WiMAX Applications.” IEEE 
Wireless and Optical Communications Networks, 2010. 

[5] L. Wang, K. Wei, J. Feng, Z. Zhang and Z. Feng, “A 
Wideband Omnidirectional Planar Microstrip Antenna for 
WLAN Applications,” IEEE, 2011 

[6] J. Li, “An Omnidirectional Microstrip Antenna for Wi 
MAX Applications,” IEEE Antennas and Wireless Pro- 
pagation Leters, Vol, 10, 2011 

[7] 0. Te-Meng and T. K. Geok, “A Dual-Band Omni-Di- 
rectional Microstrip Antenna,” Progress in Electromag- 


3 © 2013 SciRes. 


(8) 


0) 


(19) 


oy 


112] 


03] 


14] 


us) 


netics Research, Vol. 106, 2010, pp. 363-376. 
dois10.2528/PIER 10052411 

M. B. Biver and A. Akdagli, “A Novel Mictostrip-Fed 
Monopole Antenna for WLAN/WIMAX Applications,” 
Journal of Electromagnetic Waves and Applications, Vol 
26, No. 7, 2012, pp. 904-913. 
‘dois10,1080/09205071,2012.710372 

N. AbWahab, Z. Bin Maslan, W. N. W. Mubamad and N. 
Hamzah, “Microstrip Rectangular 4 » 1 Patch Array An- 
fenna at 25 GHz for WiMAX Application,” 2nd Inierna- 
tional Conference on Computational Intelligence, Com- 
‘munication Systems and Networks, 2010. 

Z. Zhong-xiang, C. Chang, W. Xian-liang and F. Ming- 
gang, “A 24 GHz Mictostrip Array Antenna with Low 
Side Lobe,” Springer, Berlin, 2012, 

A. K. Sahu and M.R, Das, “4 « 4 Rectangular Patch Ar- 
ray Antenna for Bore Sight Application of Consial Scan 
S-Band Traching Radar,” Antenna Week (IAW), 201 

J. Das, T. A. Khan and MK. Pal, “Rectangular Pate 
‘Antenna Array for Wireless Application,” International 
Journal of Engineering Science and Technology, 2012. 
T_1. Huque, A. Chowdhury, K. Hosain and S. Alam, 
“Performance Analysis of Corporate Feed Rectangular 
Pate Element and Circular Patch Element 4» 2 Micro- 
strip Array Antennas,” International Journal of Advanced 
Computer Science and Applications, Vol. 2, No.7, 2011, 
pp. 74-79, 
bhup://www-home.agilent.com/enipe-129711/advanced-d 
esign-system 

bttp:/www-IpkE-com/protomat 


JEMAA 


é 
2 


J. Electromagnetic Analysis & Applications, 2011, 3, 43-46 


‘doi:10.4236/jemaa,2011.32008 Published Online February 2011 (husp:/www-ScIRP org/joumal/jemaa) 


eee Scientific 
Research 


Back to Back Combined Single Feed Proximity 
Coupled Antenna with Dumbbell Shaped DGS 


Ashwini Kumar Arya, Amalendu Patnaik, Machavaram V. Kartikeyan 


Department of Electrons & Computer Engineering, ITT Roorkee, Roorkee, india, 


Email: ashwinlaryalitr@ gmail.com, (apatnaik, kartk} @ieee.org 


Received November 128, 2010; revised December 10%, 2010; accepted January 5", 2011 


ABSTRACT 


Use of defected ground structure (DGS) to reduce the size of patch antenna is presented in this paper. n order to get a 
dipole like radiation pattern for some specific application a dumbbell shaped DGS is used in the common ground plane 


of back to back combined single fed proximity coupled antenna. A 


ize reduction of about 60% is achieved. Parametric 


analysis has been done to see the resonance behavior of the antenna with DGS. 


Keywords: Defected Ground structure, Microstrip Antennas, Proximity Coupling 


1. Introduction 


‘The continuous shrinking size of electronic equipments 
demands similar size antenna elements in order to fit 
properly in wireless devices without compromising the 
other radiation properties of the antenna. In this respect 
microstrip patch antennas are quite an obvious choice 
because of its other benefits like low profile, light weight, 
low cost and easy fabrication 

But as far as size of these patches concerned, the patch 
length should be around half-a-wavelength for the struc- 
ture to act as a good radiator, Different techniques have 
already been used for the antenna size reduction such as 
using the substrate with high dielectric constant [1] , edge 
shorted patches with shorting plates or shorting walls, use 
of the shorting pin atthe suitable position etc [2,3] 

AAs far as our understanding goes much has not been 
reported regarding the use of DGS for size reduction of 
microstrip antennas, although its application have been 
reported for harmonic reduction [4], cross-polarization 
suppression [5] and mutual coupling reduction [6] in an- 
tenna arrays etc. Although the back to back geometries 
have been reported by the various researchers [7,8] but 
here @ new coupling method i.e. proximity coupling with 
the defected ground structure is used for the considera- 
tion of the increased bandwidth. 

‘This paper presents the application of DGS for size 
reduction of microstrip antennas. A dumbbell shaped 
DGS is used in the common ground plane of a back to 
back combined single feed proximity coupled microstrip 
antenna, 
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2. Defected Ground Structure 


Recently there has been an increasing interest in the use 
of DGSs for performance enhancement of microstrip an- 
tennas and arrays, These are realized by etching off a 
simple shape defect from the ground plane of the planer 
circuits, 

‘Although various complicated DGSs were reported in 
the literature, but the simplest one is the dumbbell shaped 
DGS. Figure 1(a) shows the simple and mostly used 
dumbbell shaped DGS that is etched in the ground plane 
below the microstrip line, in which both the areas (L,*W) 
and the slot gap (g) play a very important role to find the 
resonance behavior of the DGS. 

‘The head areas (L,*W,) is very useful for the variation 
in the inductance (L) and the slot (g) produces the ca- 
pacitance (C). The L and C may be calculated from the 
formulae given below [9] 


) 


Figure 1. (a) Dumbbell shaped DGS, and (b) DGS Equiva- 
lent Circuit, 
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‘When this DGS is applied to the antenna, the equiva~ 
lent inductive part due to the DGS increases and produces 
equivalently the high effective dielectric constant, thereby 
decreasing the resonant frequency when the DGS is in- 
comporated in the ground plane of a micro strip antenna. 


3. Antenna Design with DGS 


In this section, the design approach and the performance 
of the basic antenna and the antenna with DGS is de- 
scribed. At the outset, the single patch antenna was de- 
signed and simulated using the CST Microwave studio 
{10}, for the operating frequency at 5.0 GHz. Then an- 
other patch of the same size was added in the opposite 
side of the ground plane and fed in the same way as the 
first one. The configuration seems as two patch antennas 
having a common ground plane working at the same fre- 
quency. Next the feed lines were combined for the an- 
tenna for single feed design. For this purpose the antenna 
feed lines W; = 0.934 mm with d= 1.5 mm were de- 
signed of 100 ohm and for matching to the 50 ohm 
transmission line (If, = 3.86 mm) a quarter wave length 
transformer (IV, ~ 2 mm) was used to give proper match- 
ing (Figure 2) 

‘The cross-sectional view of the single fed back to back 
combined proximity coupled antenna is shown in the 
Figure 2(a). The layouts of matching networks only are 
emphasized in this Figure 2(b) for convenience. It is 
observed that the antenna designed in this configuration 
s the bandwidth of 137 MHz whereas single antenna 
gives a bandwidth of 67 MHz. This is due to the fact that 
as the antenna height increases the quality factor decreases, 
and the bandwidth increases. This becomes a multilayer 
antenna with more height and higher bandwidth as com- 
pared to the single patch antenna, 

‘The simple transmission line model was used for the 
antenna size calculation. The dielectric constant was 
taken as 3.38 with the loss tangent 0.0025 and of 1.524 
‘mm thickness, The patch lengths L, and widths W, are 15 
‘mm and 19 mm respectively, The feed line has been in- 
serted inside the dielectric at a height equal to the half of 
the height (/~ 3.048 mm) of the antenna on either side. 
‘The dumbbell shaped DGS with dimensions L, = W, = 
86 mm and g = 0.76 mm was created in the ground plane 
of the antenna as shown in the Figure 2(c). A small slot 
‘was also created for making the antenna with single feed. 
‘The two feed lines were connected with a metal strip 
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which goes through the small slot in the ground plane. 
‘The fabricated antenna is shown in Figure 2(d). 
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Figure 2. (a) Cross-sectional view of antenna configuration, 
(b) Feeding Network, (c) Top-View of the antenna, (d) F 
rieated Antenna, 


4. Results and Discussion 


At first the antenna without the DGS in the common 
ground was simulated and was found to resonate at 5 
(GHz with 137 MHz Bandwidth, 

‘Then the structure was simulated with the dumbbell 
shaped DGS, Before reaching to the final size of the DGS, 
a parametric study was done by varying L., W, and g of 
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the DGS. As shown in Figure 3, with the increase in the 
value of Z,, the resonant frequency of the antenna is de- 
creasing, Infect, increase in the length of the DGS head 
gives increasing inductance which in turn decreases the 
resonant frequency of the antenna. 

At this point the increment in the (g) was not possible 
due to the accuracy in fabrication, so for this reason the 
other dimension (g) was kept constant for the require- 
‘ment of the desired frequency (2 GHz). The size of the 
DGS single square head for the antenna to resonate at 2 
GHz (UHF Band) was found to be 8,6 mm » 86 mm, 
‘The return loss (S11 [4B}) plot of the structure with and 
without DGS is shown in Figure 4(a). Figure 4(b) 
shows the measured S11 parameter using the HP 8720 B 
network analyzer. The market's position near to peak 
shows the resonance frequency 2.08 GHz with return 
loss of -13 dB. The result shows good agreement with 
the simulation results. The measured -10 dB bandwidth 


is about 60 MHz. The maximum size reduction achieved 
is about 60%, 
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Figure 3. S11 Vs, Frequency response by varying DGS 
ngth (Lg). 
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Figure 4, Antenna Return Loss (a) simulated (b) measured. 
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Figure 5. Antenna radiation pattern (measured and simu- 


lated) at 2 GHz Frequency. 


‘The measured and simulated power patterns of the an- 
tenna are shown in Figure 5. It can be observed that the 
E-plane radiation pattern is similar to the pattern for a 
dipole antenna, Measurement errors are mainly due to the 
spurious radiation created by the feeding end and the im- 
proper coupling of the elements, However the gain 
measured experimentally for the proposed antennas with 
DGS is about -6.9 dB and -7.8 dB (where simulated gain 
with DGS is 3.8 dB and 5.7 dB is for the antenna without 
DGS, for both the planes) in both the E and H plane re- 
spectively, which is consistent with the size reduction of 
the antenna 


5. Conclusion 


Microstrip patch antenna size reduction with DGS is car- 
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[Back to Back Combined Single Feed Proximity Coupled Antenna with Dumbbell Shaped DGS 


ried out in this work, A dumbbell shaped DGS in the 
common ground plane of a back to back microstrip 
structure was found to give a size reduction of about 60% 
and shifts the resonance frequency from 5 GHz to 2 GHz, 
with 60 MHz bandwidth facilitating the antenna, to be 
used for UHF band applications 
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ABSTRACT 


Now a day's accidents are very common due to increased population of vehicle. In order to ensure safety measures in 
the vehicle this paper has proposed some methodologies regarding careful driving by automatically scanning and ana- 
lyzing the blind spot area of an intelligent mobile vehicle. A vehicular antenna with minimum perturbation is proposed 
to be fitted on the vehicle and collect information of the concern area which would ensure visibility of the operator i.e. 
‘masked or integrated within the car body. This paper has dealt with the design of Tchebyscheff polynomial based pro- 
totype planar microstrip phased array antenna and also redesigned the same when implemented in the body of the car 
being considered as an electromagnetically large element, Both the design has been experimentally verified with the 
‘measurement, The simulated and the measured results in both the cases are found to be in good agreement. More than 
11 4B gain was observed at perfectly 30° angles from its broad side direction as desired for blind spot detection with 


minimum amount of electromagnetis 


terference inside the car. 


Keywords: Intelligent Transportation System; Microstrip Phased Array Antenna; Tchebyscheft Polynomial; 


Electromagnetic Interference 


1. Introduction 


Intelligent Transport System (ITS) ensures mobility com- 
fort and safety in transportation system. It also absorbs 
the hazards due to environmental impact. With the pro- 
‘gress of the information processing technology, control 
systems to minimize accidents for the roadways have 
also been advanced hence one approach to improve the 
traffic safety is found and that is automatic collection of 
data by scanning the blind spot area of the vehicle [1] as 
shown in Figure 1. Many methods were proposed to 
detect the blind spot area but all of them had certain 
limitations. Devices like dynamic angling side view mir- 
ror [2], side view camera model [3], and shadow or edge 
features detector [4] were used for detecting blind spot 
‘area but their performance was affected during bad 
‘weather, fog or mist. Also we know that the mechanical 
systems, response time is more and the system is prone to 
‘wear and tear. 

‘A radio frequency method has been proposed in this 
paper to scan the blind spot zone efficiently, Four rec- 
angular microstrip antennas (RMSA) are arranged in 
linear configuration with optimal spacing between the 
patch elements to construct the phased array radar. A 
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corporate feed network is used to feed the patch element 
unequally and a progressive phase shifter is designed 
with 108° delay elements to tilt the main beam in the 
desired direction and then the total unit is simulated and 
experimented after placing it on the car body which is 
electromagnetically a large element. The antenna works 
in the Dedicated Short-Range Communication Service 
(DSRCS) frequency band [5]. The design of the micro- 
strip phased array antenna is discussed in Section 2 and 
afler that to place the antenna; the design of the entire car 
is given in Section 3. Results and discussion are por- 
trayed in Section 4 along with conclusion in Section 5. 


2, Design of Microstrip Phased Array 
Antenna 


‘The microstrip phased array antenna is designed for 
Dedicated Short Range Communication Service at 5.88 
GHz with dielectric constant of 2.32 and substrate thick- 
ness of 0.785 mm, Firstly the dimension of the rectangu- 
lar patch is computed as 16.322 mm by 19,8 mm using 
the method outlined in [6]. With computed inset feed 
length of 3.8 mm and for the above dimensions of the 
rectangular patch the return loss is found to be -8.09 dB 
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Figure 1. Surrounding regions of a vehicle, 


with (30.1 + j26.7) ohm impedance at the feed position. 
‘The RMSA jis simulated and optimized using Ansoft 
HFSS™, After optimization the final length is found to 
be 164363 mm with inset feed length of 4.8225 mm 
keeping the width of the patch unchanged as shown in 
Figure 2 

By considering the above designed patch element, a 
four clement linear array is realized and powered by 
‘Tehebyscheff current distribution. The spacing between 
the elements is kept considering the desired maximum 
scan angle in order to eliminate the grating lobes within 
the visible space of the phased array antenna. To opti- 
‘mize the performance of the antenna in respect of its side 
lobe level (SLL), mutual coupling and gain of the an- 
tenna array, the spacing between the elements is studied 
parametrically [7]. The results of the said study are tabu- 
lated in Table 1. 

‘After optimization it is found that the optimum spac- 
ing between the elements is 0.6 2 while considering, the 
main lobe to side lobe ratio below 20 dB, optimum mu- 
tual coupling and overall gain, 

From Figure 1, it is observed that the beam of the an- 
tenna array is required to be tilted by an angle 30° away 
from the broad side direction. In view of the above a 
progressive phase shifter of 108° is designed with the 
help of 11.16 mm feed line length. The actual line length 
is considered as mx, where m= 0, 1, 2,3 

To enhance the gain by maintaining the beam width and 
‘main lobe to side lobe ratio, the antenna elements are ex- 
cited by Dolph Chebyshev current distribution. The array 
consist of four elements, thus third order Tchebyscheft 
polynomial is calculated. Hence the polynomial is solved 
and relative current ratio is computed as 1:1.7795:1.7795:1 
Both equal and unequal power dividers are designed along 
‘with the progressive phase shifter. 

For equal power division, a 3 dB equal power divider 
is designed whose vertical arm is of 50 Q line and two 
horizontal quarter-wavelength branch-lines are of 70.71 
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Table 1, Effect on mutual coupling and gain due to vari- 
ation in spacing (d) between the elements, 


Gain 
(i) 
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Figure 2. Photograph of the rectangular microstrip antenna 
clement. 


is used [8]. It is shown in Figure 3(a) 

To get the unequal current distribution, both the hori- 
zontal arm of the microstrip unequal power divider 
should be of different resistance and it is calculated as 
46.368 © and 82.49 ©. The structure is shown in Figure 
300) 

Generally for practical design purpose the gap between 
the corporate feed networks is taken small but the value 
of the gap less than 0,11 Zo disturbs the frequency re- 
sponse of overall antenna array. The effects of the feed 
network on the side-lobes are significant in the E-plane 
pattern. The influence on the H-plane is less important 
due to the orthogonality of the drive current and the 
symmetry of all the other currents in this cut [9]. By 
‘maintaining the SLL and the surface wave loss, the gaps 
are taken as 011 2p as portrayed in Figure 4 


3. Placement of Antenna on the Vehicle 


In order to compute the electromagnetic effect of the 
body of the car on the antenna performance, the entire 
structure of the car is designed in Ansoft HFSS™, The 
complete structure of the car consist of hood, roof, trunk, 
left and right side doors, left and right side quarter panel 
for front and rear side which are made up of conducting 
‘material but the bumpers and wheels are assigned by 
layered impedance due to their hard rubber and polyester 
materials as shown in Figure 5. 

‘After going through the typical requirement for scan- 
ning the blind spot, the antenna is placed just beside the 
side view mirror. The following problems in the designed 
are addressed while simulating the effect of the radiation 
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FUNDAMENTUM QUANTUM MECHANICA 


| TETRYONICS | 


A fundamental re-interpretation of the 
geometry of quantised angular momentum x 
is required to complete the physics of 
‘The Standard model’ 


Mathematics is the language of Physics, 
and Geometry is its grammar 
Phlocophise Natale Princip geometiae 


hy, hy 


Everyone sentiled to theicown opinions 
[butNO-ONE senile tothe own facts 


1¢ scientist makes use of a whole arsenal of concepts ForANY plysical model tobe valid 
which he imbibed practically with his mother’s milk; and SR ASME, 
3 seldom if everis he awore of the eternally problematic 
i  chewadter of his cance Hle ses thls Cancoptia} ¢ 
eae material or, speaking more exactly, theseconcegtual iss 
100s of thought, as something obviously, immutably 
given; something having an objective value of truth which 
ishardly even, and in any case not seriously, to be pcs n ty atl = 
a ee ee OEY, aie Science is born from observation, 
anything that remains, however improbable, ‘and dver apalito engage inthe altiquecfthese and the reasoning of inown facts 
must be the truth fandamental concepts inorder that we may not insearch of underlying truths 
unconsciously be ruled by them” 


Having removed the impossible 


[Albert Einstein] 


pages the true geometry of quantum mechanies is revealed, leading scientific endeavour into new realms of understanding 


mass-ENERGY-Matter y 
The a-priori revelation of Tetryonic theory is 
that all square mass-energies possess 
equilateral momenta geometries 


v 


hy, v7 
s 


The quantum mechanics of 


The equilateral Quantised velocity, quanta, EM fields 


Angular Momentum intrinsic | ke ny and mass-Energy-Matter can be 
to Planck mass-energy momenta s fully revealed through their 
produces charged geometries equilateral geometries 
v, v3 
me 
mace QAM. 
time 


A long hidden 


topology is revealed 


mass-ENERGY mass-MATTER 
geometry Equilateral triangles are the foundational geometry for all topology 
Ped mass-ENERGY-Matter topologies and physical Force interactions ct 


SQUARED energies in quantum mechanics are EQUILATERAL geometries 


\ 


tom 


S 
32, 
2 
Square Equilateral 
area - s*= [100] area = (3*b)*h 
Circles Triangles 
15.197 
can be created by a number of planar geometries Ni 
3, 
Ve 
For a long time it has been assumed by scientists (and mathematicians) 
that circular [and squared] geometries are the geometric foundation of all physics 
leading to a serioulsy flawed model of particles and forces in quantum mechanics 
- . Tetryonic theory now reveals that quantised equilateral b h 
RUBE angular momenta creates the foundational geometry [.5x15.197] x 13.160 


of all the mass-Energy-Matter & forces of physics — 
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Integers 
The integers (from the Latin integer), literally “untouched”, hence "whole’ 
in Tetryonics it is the basis for the quantum 
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Viewed as a subset of the real n ‘are numbers that can be written without a fractional or decimal component. 


ODD numbers 


An odd number is an integer which is not a multiple of two. 


Anodd number, when divided by two, will result in a fraction 


Tetryonics 00.05 - ODD numbers 


n+ 


Bosons have 
ODD number 
quanta 
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EVEN numbers 


An integer that is not an odd number is an even number. 


2n 


Photons have EM waves are 
EVEN number comprised of EVEN 
quanta numbered quanta 
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Square numbers 


A square number, sometimes also called a perfect square, 
is the result of an integer multiplied by itself 
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Quantum levels 
have ODD number 7 
geometries 


~2n-1 


SQUARE numbers 
are the sum of successive 
ODD numbers 


Square 
numbers 


In Tetryonics SQUARE numbers are EQUILATERAL geometries 


00.07 - SQUARE Numbers 


Square roots 


A square root of a number is a number that, when it is multiplied by itself (squared) , gives the first number again. 
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Awhole number with a square root that is also a whole number is called a perfect square 


Against Mathematical convention, 
square roots of negative numbers 
are real numbers 


Real Numbers 


‘a quantity along a continuous line. 
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Figure 3. (a) Photograph of the equal microstrip power 
divider; (b) Photograph of the unequal microstrip power 
divider. 


Figure 4, Photograph of the antenna array with corporate 
feed network. 


Figure 5, The entire structure of the car along with the an- 
‘enna array. 
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na for Dedicated Short Range Communication Service 


characteristics of the antenna after placing it on the vehi- 
le: 

1) Spans a large computational domain compared to 
the wavelength; 

2) Requires a fine grid resolution to resolve the de- 
tailed antenna structure; 

3) Contains largely non-conformal PEC and dielectric 
structures. 


4, Results and Discussion 


For obtaining the scattering parameter characteristics, the 
microstrip antenna has been simulated over the frequency 
bandwidth ranging from 5.5 GHz to 6.5 GHz and two 
different circumstances is observed. The first experi- 
ments involve the design, simulation and measurement 
aficr fabrication of an individual clement and then the 
array with the same without involving the effect of the 
car, Both of them should used for optimized perfor- 

‘The scattering parameter is measured by Agilent Tech- 
nology Vector Network Analyzer model no. NS320A (10 
MHz - 20 GHz) and the radiation pattern is measured by 
Hittite HMC-T2100 synthesized signal generator (10 
MHz - 20 GHz) and Krytar 9000 B power meter (10 
MHz - 40 GHz) with 9530 B power sensor (10 MHz - 20 
GHz) as shown in Figure 6, From Figure 7, it is found 


o 


Figure 6. (a) Experimental set-up to measure the radiation 
pattern of the antenna array; (b) Experimental set-up to 
‘measure the radiation pattern of the antenna array after 
placing it on the ear. 
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Figure 7. (a) Return loss a single patch before and after 
‘optimization; (b) Gain of a single patch before and after 
optimization. 


that after optimization a perfect match is obtained exactly 
at 5.88 GHz and gain is also improved from 6.33 dB to 
7.01 dB with a very good return loss of 47 dB. The cur- 
rent distribution and the radiation pattern of a single 
RMSA is portrayed in Figure 8 

‘A parametric study of the return loss of antenna array 
with different spacing between the elements of the cor- 
porate feed network is done and is compared in Figure 9. 
‘The results of the computational model of the entire an- 
tenna array with feed network were compared with the 
‘measured data and a good agreement is observed in Fig- 
ure 10. 

‘After getting the satisfactory results, next the same ar- 
ray antenna is experimented again with considering the 
electromagnetic effect of the car, In order to test the an- 
tenna array in association with the vehicle, a numerical 
‘model of the car is created using Ansoft HFSS™ and the 
simulated data is compared with the measured in Figure 
AA, Figure 12 graphically represents the 3D radiation 
pattern of the antenna array in presence of the computa- 
tional model of the vehicle. From Figure 13, it is clear 
that the inside electric field strength is not more than 15 
Volt per meter which is very less compare to the standard 


Figure 8 Current distribution and the radiation pattern of 
the rectangular microstrip antenna, 


eter (8) 


Figure 9, Parametric study of return loss of the antenna 


array with different spacing between the elements of cor- 
porate feed network. 
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Figure 10. (a) Return loss of the antenna array; (b) Radia- 
ton pattern of the antenna array. 
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Figure 11. Normalized radiation pattern of the antenna 
array after placing it on the body of the car. 


Figure 12. aD radiation pattern of the antenna array after 
placing it on a vehicle body. 


Figure 13, Inside electric field interference of the array af- 
ter placing it on a vehicle body. 


electromagnetic hazards, 


5. Conclusion 
A Tehebyscheff polynomial based microstrip phased 


array antenna is designed to detect the blind spot area of 
the intelligent mobile vehicle. The design is further si- 
mulated in Ansoft HFSS™ after placing the antenna on 
the body of the car and the results are observed. The re- 
sult of the computational model of the entire antenna 
array is compared with the measured data before and 
afier placing the said antenna array on the body of the car 
and found to be in good agreement. An overall 11 dB 
gain is obtained while measuring in the desired direction 
with minimum amount of electromagnetic interference 
inside the car. 
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ABSTRACT 


Fractal antennas are characterized by space filling and self-similarity properties which results in considerable size re- 
duction and multiband operation as compared to conventional microstrip antenna. This paper outlines a multiband an- 
tenna design based on fractal concepts. Fractal antennas show multiband behavior due to self-similarity in their struc~ 
ture. The plus shaped fractal antenna has been designed on a substrate of dielectric constant € ~ 4.4 and thickness 1.6, 
‘mm. The proposed antenna is characterized by a compact size and it is microstrip feed fractal patch of order 1/3. It is 
observed that the antenna is radiating at multiple resonant frequencies. The resonant frequency is reduced from 2.2 GHz 
to 900 MHz after I & II iterations respectively. Thus considerable size reduction of 81.77% & overall bandwidth of 
12.92% are achieved. The proposed antenna is simulated using the method of moment based commercial software 
(13D) and it is found that simulated results are in good agreement with the experimental results, 


Keywords: Fractal Antenna; Multi Frequency; Size Reduction; Wireless Application; Plus Shape Antenna; Slotted 
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1. Introduction 


In the study of antennas, fractal antenna theory is a rela- 
tively new area, The emergence of antennas with fractal 
geometries has given an answer to two of the main limi- 
tations started by Werner (1999) of the classical antennas, 
‘which are single band performance and dependence be- 
tween size and operating frequency. The term “fractal” 
‘means broken or irregular fragments, It was originally 
coined by Mandelbrot (1983) to describe a family of 
complex shapes that possess an inherent self-similarity or 
self-affinity in their geometrical structure, Jaggered 
(1990) defined fractal electrodynamics as an area in 
which fractal geometry was combined with electromag- 
netic theory for the purpose of investigating a new class 
of radiation, propagation and scattering problems, One of 
the most promising area fractal electrodynamics re- 
searches isin its application to antenna theory and design. 
‘There are varieties of approaches that have been devel- 
coped over the years, which can be utilized to archive one 
for more of these design objectives. The development of 
fractal geometry came largely from an in depth study of 
the pattern nature, with the advance of wireless commu- 
nication system and their increasing importance wide 
band and low profile antennas are in great demand for 
both commercial and military applications [1]. A fractal 
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is a rough or fragmented geometric shape that can be 
split into parts, each of which is a reduced-size copy of 
the whole and this property is called self-similarity. 
Fractal [2] geometries are composite designs that repeat 
themselves or their statistical characteristics and are thus 
“self-similar” fractal geometry finds a variety of applica- 
tions in engineering. Fractal geometry is space filling 
contours of regular or irregular shapes [3-6], and is super 
imposed of too much iteration and they describe the 
self-similar property of fractal geometry [7]. Fractals are 
2 class of shapes which have not characteristic size. Each 
fractal is composed of multiple iterations of a single ele- 
‘mentary shape the iteration can continue infinitely, thus 
forming a shape within a finite boundary but of infinite 
length or area. Fractal has the following features 1) It has 
a finite structure at arbitrarily small scales; 2) It is too 
irregular to be easily described in traditional Euclidean 
geometric; 3) It is self-similar; 4) Simple and recursive 
[8], Modem telecommunication systems require the antenna 
with wider bandwidth and smaller dimension than con- 
ventionally possible. This has initiated antenna research 
in various directions, are of witich is by using fractal 
shaped antenna elements. In recent years several fractal 
‘geometries have been introduced for antenna application 
with varying degree of success in improving antenna 
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characteristics. Some of these geometries have been par- 
ticularly useful in reducing the size of the antenna, while 
other designs aim at incorporating multiband characteris 
tics. These are low profile antennas with moderate gain 
and can be made operative at multiple frequency bands 
and hence are multifunctional (9]. In our present work 
wwe focus on generation of multifrequency which yields 
increases the bandwidth and size reduction of antenna. A 
plus shape patch is taken as a base shape anc! in first it- 
eration four other plus shape patches of the order of 1/3 
of base shape are placed touching the base shape. Simi- 
larly second iterations are taken by further placing plus 
shaped patches at even reduced scales. It is found that as 
the iteration number and iteration factor increases, the 
resonance frequencies become lower than those of the 
zero iteration, which represents a conventional plus 
shape patch, 


2. Design Consideration 


‘The base shape of the plus shaped slotted fractal antenna 
is designed on a dielectric substrate having a relative 
dielectric constant €, = 4.4 and thickness 1.6 mm as 
shown in Figure 1. This is the reference antenna or base 
shape antenna. Further this base shape antenna is modi- 
fied by inserting horizontal slots on both sides with re- 
spect to center of patch as shown in Figure 2 and it is 
named as antennal. The length of the slot Ls is varied on 
either side of the edge as S mm, 10 mm, 15 mm, 20 mm, 
21,175 mm, 21.675 mm and the frequency variation has 
been studied. The optimum length obtained is Ls — 
21,675 mm i.e, the distance between slots q = 2 mm is 
considered for further design. 

‘The first iteration patch is designed with four plus 
shapes of order (1/3) of base shape are placed touching 
the base shape as shown in Figure 3 and it is named as 
antenna 2 and same procedure is repeated for second 
iteration, This antenna is as shown in Figure 4 and itis 
named as antenna 3. For each iteration plus shapes of the 
order of (1/3)" of base shape are taken, where n is the 
‘number of iterations. The dimension of first iteration can 


be calculated as 
e= (1/3) a & g= (1/3) calso f = (1/3) b &h = (1/8) d, 
1/3) € & k= (1/3) g also j= (1/3) f & L = (1/3) h 
So with optimized design the dimensions obtained are 
a= 45.3 mm, b = 15.1 mm, c= 35.4 mm, d= 11.8 mm, 
‘The length of the slot is Ls = 21.675 mm and width of 
the slot Ws ic, r= 2 mm, The dimension of the ground 
plan is 55 mm * 85 mm. A SO ohm SMA connector is 
used to feed the antenna by using microstrip feed tech- 
nique, Optimized microstripline with following dimen- 
sion, m= 0.5 mm, n= 18.55 mm, 0 = 3.05 mm, p= 18.4 
‘mm. The suitable feed location is obtained through opti- 
mization process by using the IE3D software. The fabric 
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Figure 1. Geometry of base antenna, 


Figure 2. Geometry of antenna 1. 


cated photographic view of all proposed antennas is 
shown from Figures 5(a)-(e). 


3. Results and Discussion 


‘The characteristic of the fractal antenna with slot and 
with iterations has been studied by using IE3D software. 
Also the results have been verified practically with by 
using Vector Network Analyzer model Rohde and sche- 
warz, German make ZVK model No.8651. 
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Figure 4. Geometry of antenna 3. 


‘The modified base shape antenna with slots as been 
optimized by varying slot length Ls. The variation of Ls 
‘with resonant frequency of the antenna is shown in Table 
‘Land same is presented in graphical form in Figure 6. 
From the tabular results it is found that by increasing slot 
length Ls on both sides from the edge of the patch, reso- 
nant frequency decreases. The lowest possible resonant 
frequency 1.27 GHz is obtained for Ls = 21.675 mm (i.e, 
distance between the slots q = 2 mm) & this is taken as 
optimized length of the slot for further iteration. 
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‘The results of all proposed antennas are shown in Ta- 
ble 2. The simulated and measured return loss character- 
istics of proposed antennas are shown from Figures 7(a)- 
@. 

From the results it is clear that the resonant frequency 
of the antenna 1 ie., modified base antenna with slot is fr 

1.27 GHz which is lower compared to the base antenna 
without slot (fr = 2.199 GHz). So the size reduction ob- 
tained is 66.85%, The antenna 2 ie, the modified antenna 
with slots and first iteration gives multiple bands with 
lower frequency of 0.99 GHz. The size reduction ob- 
tained for antenna 2 is 79.88%, Further antenna 3 i.e., 
‘with slot and second iteration gives multiple bands with 
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Figure 5, (a) Photograph of top view of base antenna; (b) 
Photograph of bottom view of base antenna; (c) Photograph 
of antenna 1; (4) Photograph of antenna 2; (e) Photograph 
of antenna 3. 
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‘Table 1, Variation of slot length v/s resonant frequency. 
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Figure 6. Variation of resonant frequency vis slot length. 


lower resonant frequency of 0.90 GHz. The size reduc 
tion obtained for antenna 3 is 81.77% which is more 
‘compared to all other proposed antennas. 

Further the bandwidths of proposed antennas have 
been studied through simulation and measurements and 
the results are shown in Table 2. From the results itis 
clear that the bandwidths of modified antenna with stot, 
first & second iteration are more compared to base an- 
tenna. The measured bandwidth of antenna 1 is 106 MHz 
(4.895%), antenna 2 is 190 MHz (11.93%) and antenna 3 
is 215 MHz (12.92%). The radiation patterns of all pro- 
posed antennas are studied and all are giving broadside 
radiation. Splitting of beam i.e. dip is found in Figure 
£8(a) of simulated radiation patter of base shape at 2.19 
GHz, In Figure 8(b) splitting of beams merged into 
broadside pattern at 0.91 GHz at second iterations this 
results into broadside radiation pattern 


4. Conclusion 


‘This paper presents a new plus shape slotted fractal an- 
tenna with first and second iterations, The antenna.3 i.e. 
slotted fractal antenna with second iteration gives size 
reduction of 81.77% and band width of 12.92% with 
broad side radiation pattern. So from the results we con- 
clude that the modified base antenna with slots of second 
iterations gives a good size reduction and enhanced band 
‘width compared to that of modified base antenna with 


‘Table 2, Results of proposed antennas, 
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is equal to the charge enclosed divided by the permittivity” 
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under the influence of an electric field. 
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Figure 7. (a) Return loss characteristic of antenna 1 with q = 2 mm; (b) Return loss characteristic of base antenna 2 with q = 
‘2mm; (c) Return loss characteristic of antenna 2 with q = 2 mm; (A) Return loss characteristic of antenna 3 with 
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Figure 8 (a) Simulated radiation pattern of base shape at 2.19 GHs;(b) Simulated radiation pattern at 0.91 GHz for second 
iteration, 


Copyright © 2012 SciRes. wer 


magnetostatic fields 


re K Magnetic field Forces é 
m?-kg_ J _ Wb _s?_V-s_J/C-s_ Jes? _ m?-kg 
oO, Og fe ene nt sO. 
attractive magnetic forces oi nse tes repulsive magnetic forces 


Magnetic moments of 
same charges moving in 
the same direction 


Magnetic moments of 
same charges moving in 
opposite directions 


len. 


SPpPy Wd eur} 


(07 December 1757 ~13 May 1878) 


Magnetic field lines 
Magnetic field lines were introduced! —o 
Michal Faraday (17914867) who named them Magnetostatic Dipole 
“lines of force” 


Michael Faraday 


External to the dipole 
field lines run from 
North to South 


‘Tetryonic geometry reveals 
the true source of all 


Internal to the dipole 
ae field lines run from 
EM field lines of force EX South to North 
Pay 
‘Magnetic North Poles have 
divergent north vectors and 
Permanent Magnets can be viewed as Sa si 
‘neutal charge Electrostatic aa taaoeas 


EM fields 


lar to conventional vs electron current flows 
lagnetic field vectors can be modelled with 
two directions of ‘magnetic fhix’ 


Michael Faraday 


(22Septenber 791 = 25 August 1807) 


Met tint ofa octet nd wl cso ces pe 
Magnetics of cet nvr cosione athe 
Parle! mognetelinesof force traveling the some dncin repel one anther. 
erated sags nat acs bara cppesh redone sad oa wth” 
each other and form into single lines traveling ina direction determined by the 
_. Magneskc poles creating the lines offorce. - 
‘Magnetic lines of force tend to shorten themselves. 
TerefoethmagnetiTnes face edger two ull poe ese 
thepoe fo beled together 


Mogretic Ines ofrce pass trou motels, bth agnet ard noagnt. 
MogneticIoesctfre days nt or haa magneemateaatightanglst> 


Ahesurtace 


Parallel 
Magnetic Dipoles 


James Clerk Maxsvell 


Maxwell had studied and commented en thefeld cf elcticity and 
© mageetise aseaty as 1855.6 when*On Fads ines of force was 
Feadto the Cambridge Philosophical Society 
“ “Thee presented 
simplified mode! of faradays work ané how the two phenomena 
were related He reseed al ofthe current knowedoe into alinked set of 
__eifferential equations with 9 equationsin 20 variables. (Quarterons), 


Thiswork waslater published as 
“On physical ins of force"in March 1851. 


{nis 1264 paper A dmamical theory ofthe electromagnetic fel, 
Mazqell wrote, "The agreement of the resuft seems to show that 
lighitand magnetism afe effectors ofthe sime substance, and 
‘thit ight is an elecromagnetic csturtance propagated through 

“hefek ecconang welectoegnec ks 


‘Maxwell showed that te equations precct the existence of waves of 
oselating éectricand magnetic feds that revel through empty space 
ints speed of 37074000005, 


is fanousequtons inet mod ff four tia erential 
 caubtions,frstappeate in filly develope form in is textbook 
' Treatise on Electricity and Magnetsm in 1873, 


The spect feaunes of Fareday’s field concep. ts Javourie'and most comple orm, are dha force fsa substance. thai the ony subsiance and dat al forces are ierconvertible through vrfous mao ofthe les of ree 
‘These eaturescf Faraday's favourite notion’ were not carried on by Masel in his approach to the prblem of finding a mathematical representation forthe continuous ransnision of eketric and magne forces. 
‘Masel considered these electric and magnetic ces tobe states of stressand sain it a mechanical aether a notin further advanced by lacy theory witht ‘tres nergy” tensor sath 


‘Tearyonics reveals lines of Force to be a direc result of the various superpositioned EM field geometries of equilateral mass-energy momenta 


Copyright ABRAHAM 


\ 


f sf xAaw—en~r \ 


all rights 1 


ti s~—~™ 


Anti-Parallel Magnetic Dipoles 


Tetryonies 04.17 - Anti-Parallel Magnetic dipoles 


Lyne fs | 


84 


Magnetic Moments 
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‘ideal quantum inductor elements’ 
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Plus Shape Slowed Fractal Antenna for Wireless Applications 


slot of first iteration, These antennas may find applica- 
tion in wireless communication systems. 
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New Antenna Array Architectures 
for Satellite Communications 


Miguel A. Salas Natera et al.” 
Universidad Politécnica de Madrid, 
Spain 


1. Introduction 


Ground stations which integrate the control segment of a satellite mission have as a 
common feature, the use of large reflector antennas for space communication, Apatt from 
‘many advantages, large dishes pose a number of impairments regarding their mechanical 
complexity, low flexibility, and high operation and maintenance costs. hus, reflector 
antennas are expensive and requite the installation of a complex mechanical system to track 
only one satellite at the same time reducing the efficiency of the segment (Torre et al., 2006), 

With the increase of new satelite launches, as well as new satellites and constellation of low 
earth orbit (LEO), medium earth orbit (MEO), and geostationary earth orbit (GEO), the data 
download capacity will be saturated for some satellite communication systems and 
applications. Thus, the feasibility of other antenna technologies must be evaluated to 
improve the performance of traditional earth stations to serve as the gateway for satellite 
tracking, telemetry and command (TT&C) operation, payload and payload message or data 
routing (Tomasi et al., 2002). One alternative is the use of antenna arrays with smaller 
radiating elements combined with signal processing and beamforming (Godara, 1997). 

‘Main advantages of antenna arrays over large reflectors are the higher flexibility, lower 
production and maintenance cost, modularity and a more efficient use of the spectrum, 
‘Moreover, multi-mission stations can be designed to track different satellites simultaneously 
by dividing the array in sub-arrays with simultaneous beamforming processes. However, 
some issues must be considered during the design and implementation of a ground station 
antenna array: first ofall, the architecture (geometry, number of antenna elements) and the 
beamforming process (optimization criteria, algorithm) must be selected according to the 
specifications of the system: gain requirements, interference cancellation capabilities, 
reference signal, complexity, etc. During implementation, deviations will appear as 
compared to the design due to the manufacturing process: sensor location deviation and 
sensor gain and phase errors (Martinez & Salas, 2010). In an antenna array, the computation 
‘of a close approach of the direction of arrival (DoA) and the correct performance of the 
beamformer depends on the calibration procedure implemented. 


‘Andrés Garcia-Aguilar, jonathan Mora-Cuevas,Jost-Manuel Fernéndez Gonzalez, Pablo Padilla de la 
Torre Javier Garcia-Gasco Trujillo, Ramon Martinez Rodriguez-Osorio, Manuel Sierra Pérez, Leandro 
de Haro Arie and Manuel Sierra Castane, 

Universidad Poitcnica de Madrid, Spain 
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This chapter is organized with the following sections. Section 2, introduces the relationship 
between applications and antenna design architectures, Section 3, introduces the new 
antenna array architectures for satellite communication including motivation and explains 
experimental examples. Section 4, explains adaptive antenna array and receiver 
architectures for adaptive antennas systems considering the beamforming with 
synchronization algorithms. Finally, Section 5 explains the A3TB concept. 


2. Ap 


In recent effort, new antenna array architectures have been under analysis and 
development. In (Tomasic et al., 2002) a highly effective, multi-function, low cost spherical 
phased array antenna design that provides hemispherical coverage is analyzed. This kind of 
novel architecture design, as the geodesic dome phased array antenna (GDPAA) presented 
in (Tomasic et al., 2002) preserves all the advantages of spherical phased array antennas 
while the fabrication is based on well-developed, easily manufacturable, and affordable 
planar array technology (Liu et al, 2006; Tomasic, 1998). This antenna architecture consists 
‘of a number of planar phased sub-arrays arranged in an icosahedral geodesic dome 
configuration. 

In contrast to the about 10 m diameters dome of the GDPAA, there is the geodesic dome 
array (GEODA) (Sierra et al, 2007) with 5 m diameters dome. This antenna, presented in Fig. 
1, has two geometrical structure parts. The first one, is based on a cylinder conformed by 30 
triangular planar active arrays, and the second is a half dodecahedron geodesic dome 
conformed by 30 triangular planar active arrays. The GEODA is specified in a first version 
for satellite tracking at 17 GHz, including multi-mission and multi-beam scenarios 
(Martinez & Salas, 2010). Subsequently, the system of the GEODA has been upgraded also 
{or transmission (Arias et al., 2010) 


ions and antenna design architectures 


Fig. 1a) The GEODA, b) The active sub-array demonstration, and c) The 45 elements planar 
active sub-array. 


‘The antenna arrays technology in the user segment for satellite communications will 
substitute reflectors providing a more compact and easy to install antenna system, which is 
aan interesting solution e.g. for satellite on the move (GQTM) system. There is a great 
diversity of solutions for fixed and mobile satellite communication systems including a large 
number of applications. Inmarsat broadband global area network (Inmarsat-BGAN) 
(Franchi et al, 2000) is the most representative example among mobile satellite systems 
(MSS), which gives land, maritime and aeronautical high speed voice and data services with 
slobal coverage using GEO satellites at L-band. 
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MSS services are divided into two groups, those that offer a regional coverage usually with 
GEO satellites, and those which offer a global coverage based on LEO o MEO satellite 
constellations. Depending on the coverage, there are some examples for MSS with regional 
coverage as the mobile satellite system (MSA) in EEUU, Canada and South America, Optus 
in Australia, N-Star in Japan, Asia cellular satellite (ACeS) in Asia or Thuraya in the Middle 
East and in the North of Africa. While for MSS of global coverage there are some examples 
as Iridium, ICO Global Communications, Globalstar, Teledesic, ete. (Evans, 2009; Wu, 1994) 
‘Most of the MSSs work at L and § band, new applications on satellite to mobile terminal 
links work at X, Ku and Ka band, and satellite to base station connections work at L, Sand C 
band. A number of applications is broad and lead terrestrial telecommunications market to 
offer a wider coverage: high speed voice and data (internet access, SMS, VoIP), digital video 
broadcasting by satellite 2 (DVB-S2) and digital video broadcasting satellite services to 
handhelds (DVB-SH), global position system (GPS) and Galileo, security, control and 
‘machinery monitoring on ships and aircrafts, teleeducation or telemedicine. 

These modern satellite communications systems require new antenna solutions for base 
stations, aeronautical applications or personal communications services (PCS) on-the- 
move (Fujimoto & James, 2001). Within these applications, antenna array systems are 
potentially the best choice due to, as discussed above, its capability to perform 
electronically steering or beamforming, increase the antenna gain, and conform over 
curved or multifaceted surfaces the radiating elements. Portable antennas for PCS must be 
easy to install and mechanically robust, besides compact and lightweight (Garcia et al., 
2010) as the antenna array presented in Fig. 4.a. The design of antenna systems to provide 
high data rates for reliable PCS boarded on ships is not so strict in term of the geometrical 
requirements because it does not have space limitations (Geissler et al, 2010). However, in 
the case of land oF airborne vehicles, geometrical and mechanical constraints are more 
severe. Antennas for terrestrial vehicles must be low profile, and for airborne vehicles 
aerodynamic shapes must be considered (Baggen et al., 2007; Vaccaro et al., 2010), 
Moreover, for the civil market conformal antenna arrays (Schippers, 2008; Kanno et al., 
11996), or multi-surface arrays (Khalifa & Vaughan, 2007) are suitable choices to deal with 
the system aesthetic partiality 

‘Technological challenges have been faced during the implementation of satellite 
communication systems in the last decades. The design of a Test-Bed flexible and modular 
for testing or debugging beamforming algorithms and receiver architectures is an invaluable 
contribution in the educational, research and development area on satellite communication 
systems. The adaptive antenna array Test-Bed (A3TB) concept is based on the use of antenna 
arrays with beamforming capability to receive signals from LEO satellites alas et al., 2008), 
‘The scope of the A3TB is to probe the concept of antenna arrays applied to ground stations 
instead of reflectors for different applications, such as telemetry data downloading. Its also 
‘a good chance for Universities and Research Centers aiming to have their own ground 
station sited in their installations, 

‘The A3TB ground station relies on the use of an antenna array to smartly combine the 
received signals from the satelite thanks to the implementation based on software defined 
radio (SDR) technology. The advantages of the SDR implementation is that A3TB 
architecture can be used to process any received signal from LEO satellites in the band 
imposed by the radio frequency (RF) circuits. Moreover, most of the processing is performed 
in software, so that appropriate routines can be used to process any received signal. The 
ASTB can be used to analyze the feasibility of different receivers and beamformer 
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algorithms, regarding the capability to switch the receiver architecture in terms of the 
synchronizer algorithm configuration Salas et al, 2007). 

‘The current version has been developed to track The National Oceanic and Atmospheric 
Administration (NOAA) satellites in the very high frequency (VHF) band, in particular, the 
automated picture transmission (APT) channel (Salas et al,, 2008). Previous versions of A3TB 
dealt with low rate picture transmission (LRPT) signals from the meteorological operational 
satellite-A (MetOp-A), where a complete receiver with beamforming and synchronization 
stages has been implemented (Salas et al, 2007; Martinez et al., 2007). 


3. Antenna arrays for satellite communications 


Satellite applications require compactness, lightweight and low cost antenna systems to be 
‘mounted on a terrestrial vehicle, an aircraft or a ship, of as a portable man-pack or a 
handset, and to be competitive against ground systems. Its major advantage is the 
possibility of getting a wider or even a global coverage. For such purposes, antenna arrays 
offer the technology to get a directive system whose steering direction can be electronically 
and/or mechanically controlled. However, planar arrays usually cannot steer more than 60°- 
70° from the normal direction of the antenna (Mailloux, 2005). Thus, when a wider angular 
‘coverage is required conformal arrays are an appropriate option (Josefsson & Persson, 2006), 
‘Arrays can approximate conformal shapes, such as spheres or cylinders, using several 
planar arrays, simplifying fabrication of active components Sierra et al., 2007). 

Since the low cost and low weight specifications are of importance, micro-strip antennas are 
mostly used, due to its capacity to be printed over a dielectric substrate with 
photolithography techniques. Low cost and low permittivity substrates are usually used 
such as FR4 or PTFE with different quantities of glass or ceramic impurities. For more 
demanding applications, ceramics, like alumina or high/low temperature co-fired ceramics 
(HTCC/LTTO) allow the use of smaller components thanks to its high permittivity, and give 
robustness against mechanical stresses and high temperatures, 


3.1 Geodesic antenna array for satellite tracking in ground station 
The aim of using a single antenna for tracking many satellites at the same time avoiding. 
‘mechanical movements as well as its inexpensive cost make these antennas an altemative to 
be considered (Salas et al, 2008). Multi-beam ability and interference rejection are facilitated 
thanks to the electronic control system of such antennas that improves the versatility of the 
‘ground stations, 

The GEODA is a conformal adaptive antenna array designed for MetOp satellite 
communications with specifications shown in Table 1. This antenna was conceived to 
receive signals in single circular polarization (Montesinos et al., 2009). Subsequently, in 
recent efforts the system has been upgraded also for transmission and double circular 
polarization (Arias et al, 2010). Hence, operating at 1.7 GHz with double circular 
polarization it can communicate with several LEO satellites at once in Downlink and 
Uplink Current structure is the result of a comprehensive study that valued the ability to 
cover a given spatial range considering conformal shape surface and a given beamwidth 
(Montesinos et al., 2009). As Fig. 1 shows, GEODA structure consists of a hemispherical 
dome placed on a cylinder of 15 meters height. Both cylinder and dome are conformed by 
30 similar triangular planar arrays (panels). Each panel consists of 15 sub-arrays of 3 
tlements (cells). The radiating element consists of 2 stacked circular patches with their own 
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RF circuits. The principal patch is fed in quadrature in 2 points separated 90° in order to 
‘obtain circular polarization. The upper coupled patch is used in the aim of improving the 
bandwidth. 

Each panel is able to work itself as an antenna since they have a complete receiver that 
drives the 1.7 GHz signal to an analog to digital converter (ADC). In order to adapt the 
signal power to the ADC, it is mandatory to implement a complete intermediate 
frequency (IF) receiver consisting of heterodyne receiver with an automatic gain control 
block. Hence, each triangular array has active pointing direction control and leads the 
signal to a digital receiver through an RF conversion and filtering process. To follow the 
signal from the satellite, the main beam direction has to be able to sweep an angle of 60°. 
In this way, it is needed a phase shift in the feeding currents of the single radiating 
element, Previous calculations have demonstrated that 6 steps of 60 degrees are needed to 
achieve the required sweeping angle. An adaptive digital system allows the adequate 
signal combination from several triangular antennas. The control system is explained in 
(Galas et al,, 2010) 


Parameter Specification Parameter Specification 
Frequency range [GH2] Sluice 
Te] rastorzs | Molatombemeen te] ay 
Re] 16510175 
Dual circular for 
Polarization | Tx and Rx vewr| 121 
bands 
G/r np) 
For elevation >30° 3 sutjasy] 11 
For elevation 5° 6 
EIRP [dBW] 36 Ske(m)| 15050 
3B beamwidth [deg 5 ‘Accuracy stering [deg] | #14 
Coverage [dee 
Maximum gain [4Bi) 2» ‘Azimuth | 360 
Hlevation| —>5" 
Efficiency 96] 30 


Table 1. Main specifications for GEODA antenna, 


3.1.1 Cell radiation pattern 
Based on the study presented in (Sierra et al, 2007), the single radiating element is a double 
stacked circular patch that works at 1.7 GHz with 100 MHz bandwidth. In order to obtain 
circular polarization, the lower patch, which has 90 mm diameter, is fed by 2 coaxial cables 
in quadrature. Both coaxial cables connect the patch with a hybrid coupler to transmit and 
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receive signals with both, right and left, circular polarizations. The upper patch is a circular 
plate with 78.8 mm diameter, and it is coupled to the lower patch increasing the bandwidth 
bby overlapping both resonant frequencies tuning the substrate thickness and the patch 
diameter size. Fig. 2.a shows the radiating element scheme and main features of the layer 
structure are specified in (Montesinos et al, 2009). 

‘A coll sub-array of 3 radiating elements shown in Fig. 2b is considered the basic module to 
build the planar triangular arrays. The whole cell fulfills radiation requirements since it has 
2 good polar to crosspolar ratio and a very low axial ratio. Likewise, as it is presented in Fig. 
2c, the radiation pattern shows symmetry and low side lobes for full azimuth, 


in - : 
: . la lallale 


Fig. 2a) Assembly of the single radiating element, b) Cell scheme, and ¢) Cell radiation 
pattern. 


3.1.2 Transmission and Reception (T/R) module and cell distribution 
Different T/R module configurations have been considered, providing either single or 
double polarization (Arias et al, 2010). T/R module allows amplifying and controlling the 
phase shift between signals, received and transmitted, providing an adaptive beam and 
steering direction controller in the whole working pointing range. As Fig. 3 shows, the 
design implemented contains a hybrid coupler, enabling double circular polarization; a 
double pole double throw (DPDT) switch, selecting polarization associated with 
‘transmission and reception way; 2 low noise amplifiers (LNAs), which amplify the signal 
received or transmitted; a single pole double throw (SPDT) switch, choosing transmission or 
reception way; and phase shifters, introducing multiples of 22.5° relative shift phases to 
form the desired beam. These surface mount devices have been chosen in order to reduce 
space and simplify the design. 

Signals transmitted/received by the 3 T/R modules placed in a cell are 
divided combined thanks to a divider/combiner circuit composed of 3 hybrid couplers 
that leads the signal to a general T/R module where signal is amplified, Due to 
transmission and reception duality, 2 SPDT switches are used to select the amplification 
way. Furthermore, each T/R module has associated a -25dB directional coupler that is 
used to test T/R modules in the transmission mode. Additionally, reception mode is 
tested by measuring signal in the divider/combiner circuit. A single pole 6 throw (SP6T) 
switch selects the path that is tested. 
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Fig, 3. Cell sub-array and RF circuit, 


3.1.3 Control system 
‘The control system has two main parts (Salas et al, 2010), the hardware structure and the 
control software. The two level hardware structure has the lowest possible number of 

ements, making the control simpler in contrast to the previous in (Salas et al., 2010) 
Finally, an inter-integrated circuit (I2C) expander is used to govern T/R modules 
individually, and one more cover cell needs (LNA of call and test). A multipoint serial 
standard RS-485 is used to connect the computer with the panels. 


3.2 Portable antenna for personal satellite services 
New fix and mobile satellite systems (Evans, 2000) require antenna systems which ean be 
portable, low profile and low weight. Planar antennas are perfect candidates to fulfill these 
specifications. Usually slots (Sierra-Castafer et al, 2005) and printed elements (Garcia et al, 
2010) are most used as radiating elements, 


3.2.1 Antenna system structure 
In this subsection it is introduced a printed antenna for personal satellite communications at 
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‘Table 2 Portable antenna specifications. 
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‘This is a planar, compact, modular, low loss and dual citculae polarized antenna, for Tx and 
Rx bands, simultaneously. It is made up by a square planar array of 16x16 double stacked 
micro-strip patches, fed by two coaxial probes. A hybrid circuit allows the dual circular 
polarization (Garg et al., 2001). Elements are divided in 16 sub-arrays excited by a global 
power distribution network of very low losses, minimizing the losses due to the feeding 
network and maximizing the antenna efficiency. In order to reduce side lobe levels (SLL), 
the signal distribution decreases from the centre to the antenna edges, keeping symmetry 
with respect to the main antenna axes. The antenna works at X band from 7.25 up to 84 
GHe with a 14.7% relative bandwidth for a 14:1 VSWR and a maximum gain of 25 dBi 


22.2 Sub-areny configuration 

sub-array configuration can be seen in Fig. 4.a, It makes possible to separate the 
Eaoteaton Oh Shen peb-eroys leo the global distribution network, simplifying the 
corporative network and getting a modular structure suitable for a serial fabrication process, 
Each sub-array is a unique multilayer board, where PTFE-Glass substrate of very low losses 
hhas been used as base material. The power distribution network is connected to each sub- 
array through (SMP-type) coaxial connectors. 


Fig. 4a) Dual polarized portable printed antenna for satellite communication at X band, b) 
Sub-array perspective view, and c) Side view and multilayer scheme. 


Fig. 5a and Fig, 5.b show the sub-array unit cell. In order to obtain better polarization 
purity, each element is rotated 90° and excited by a 90° phase-shifted signal. Moreover, in 
Fig. 5c is showed a miniaturized braneh-line coupler (BLC) of three branches working as a 
‘wide band hybrid circuit (Garcia et al, 2010; Tang & Chen, 2007). 


Fig. 5. Unit cell test board, a) Unit cell test board 2x2 stacked patches, b) Micro-strip feeding. 
network, and ¢) Miniaturized BLC Prototype, 


av. intechopen com 


Unified Energy momenta geometry 


m= nt [ [en mova] i Planck quanta E- on[[m<v}'] 
i Ay v= ima] A 


Pirrerrrerrsrecnrs nent pte eerton 


v2 
mass Energy 
B=([¥] B= [¥] 
Linear we Cc 
Lorents. factor scalar 
Lorentz factor 
c 
© 
ve 
ef 
Collapsed waveform. 
“4 Tetryonic’s equilateral geometries model ape 
Photons ry q! ge ¢ 


EM mass-ENERGY momenta 
in all its forms 


E,- 2nflelmciv] Pe m= an efmco] 


Copyright ABRAHA 


Squared Energy EM mass-energy 
distributions vom unnnai cra 
1 1 TRI n = (n/2) x (n+1) 
4 a Quantum numbers are not 
oa praied 
ie 4 | TETRAn = (n/6) (n+1) (n+2) 
25 5 
‘36 6 
49 ¥ 
64 8 


Transverse EM mats-nergies 


Odd number sequence 


Lengituinal EM mass-Enegies 


Number of quanta 


per geometry Evennumber sequence 
=(2n-1 
n=(@n1) Number of quanta 
per geometry 
n=(2n) 
hv J v 


PES AS ET BOW RDM WOU ANION DMMB NDAM WEIS UNNI GT HS eI ET 


[n-1] ‘Transverse Quanta Distributions n-1] 


Tetryonics 15.02 - Squared Ene. 


Tetryonic Energy and Charge relationships 


‘mass-Energy-Matter relationships The Energy density of a particle's 


Scalar energies 
(are ‘squared’ numbers) 


OYnunaWN Ag 


charged fascia geometry 


Charged mass-energy geometry & Matter topology 
m determines a particle's physical characteristics M 
(Type, Family, generation, mass etc) 


tmass-Matter 
e- 


8.851486 €-31 KG 


1 arg 1875x differing Matter 
geometries a Proton i topologies 


[242] 1.65965 €-27 KG 
we NPN sases “By 


determines its mass 


ivy] 


Planck mass-energy 


Planck's energy momenta quantum 


z= =| 


v= quanti of Charge 


omental charge 
Tae 


E- nergy quantum 


1X10" semernene 


299792458 x10" 


221134 x10" ms 


Planck's constant is the equilbtersl geometry of rest mass-energy momenta in standing wave Matier topologies 


19 (Carbon) - 252-252) C (gh 2roni72 
‘Im{Carbon|- 270,072 42 22,506 


tte ma na 2 gow 


(hase by 12th man ean eet 


radlation, 
ket energles and energles of measurement and avoiding weighed masses 


(ing ah nba rt ra gen nto ety 
ras hrogedr rb the eae os ue 


Molar mass = Hi Atomic mass 
Avagadro’s No. 


001 
6.022141579x 10" 


rest mass Hydrogen = 1,660538841 x10” om 


HW. /M[H]= 1.660738412x 10" 


mass Hu/AV = 


22,512 
n Planck mass = 7.376238634 x 10” % 


Ua he oe ee 


int EM wave geometries 


2 
2 
é 
E 
2 
5 


Nuclear Energy levels 


400000 


Exponential energy levels 


| Quantum Levels 


Baryons 


350000 

300000 

250000 + 
200000 
150000 
100000 
50000 
Cy) 


Leptons 


Particle families 


Pld Pea 


ooott [ [ew,][mav7]] 


stryoc mae 


ar [lev 


Linear energy levels 


Bosons 


oiatali 


ie1ov=M = serge 
y 


hy, yy? 


Tk [Inia ]] 


Hiliti 


ies 
1e particles involved 


r || 


Radioactive Decays 
follow exponential curves 
determined by the Tetryonic 
topology of the particle families 


| Proton 
| Neutron 


antiNeutron 
_antiProton 


Electron 
Positron 


Neutrino 


Quarks and Leptons | y, 


Down 
Stange 
Charmed 
Top 


[gion 


| Positive 
Negative 
| Neutral 


| Bosons 


Energy momenta geometry 


m — @) 


All mass-energies have RE 
equilateral geometries 


FHanck, quanta 


fm 


mass velocity 


1 second? 


Sv mv?= E=hv? 


mM Velocity Square rect Momentum. 


mass 


mass is a measure of Energy 
per spatial co-ordinate system 


Electromagnetic energy isa 


mass-En ergy mom enta scalar measurement of mass 


Photons are 


Longitudinal masses 


Photons €> 


mass-ENERGY-Matter 
12 LEPTONS equivalence 


[0.13] 


KG 


kg EM mass quanta in Matter 


f 


oo [loulfrmav'] 


3m 4m 


ae TecrMagntic mine —velcky 


B=m [] Lorentz velocity corrections 
c [result from the measurement of EM mass-eneray quanta in a planar spatial co-ordinate system) 


m = E— =| BS) = mpfedimavy] 


po» - [E}- 


= mv’ = 4nn[ [eu rae 
E mv? cz ne [ee) [me] 
EM Feld —" sone! 


KE v2Mv2 = vafa[ mov} J] 7 on [eafnovy] 2m] 


‘Now Antenna Array Architectures for Satlite Communications 175 


‘A conventional configuration takes up an area of 13.3 cm? which is big compared to the 
radiating element and the sub-array subsystem size. Therefore, a miniaturization of the BLC 
is needed using the equivalence between a }/4 transmission line and a line with an open- 
ended shunt stub. An area reduction about 35% is achieved and the hybrid circuit behaves 
like a conventional BLC. In Fig, 6.b and Fig. 6c measurement results for the BLC in Fig, 5.¢ 
are shown compared with simulations. 

Fig. 7 depicts some sub-array measurements. The copular to crosspolar ratio is better than 25 
{dB and axial ratio is under 0.9 dB in the whole bandwidth. 


Fig. 6. Miniaturized BLC, Measured and simulated S-parameters in: a) Amplitude, and b) 
Phase. 


Fig. 7. 4x4 patch sub-array measurements, a) Radiation pattern at 7.75 GHz, and c) Axial 
ratio for righthanded circular polarization. 


3.2.3 Low losses power distribution network 
‘The global feeding network presented in Fig, 8 is a protected strip-line, where foam sheets 
cof high thickness are used to get low losses, Such a kind of feeding network allows keeping 
a trade-off between the simplicity of exciting the radiating elements using printed circuits 
and the loss reduction when the distribution network is separated in a designed structure to 
have low losses. Losses in the structure are around 0.6 dB/m which yields to 0.3 dB of losses 
in the line. Two global inputs/outputs using SMA-type connectors, one for each 
polarization, excite the strip-line networks, 

‘Vertical transitions have to be treated carefully and must be protected to avoid undesired 
higher order mode excitation. Thereby, it has been design a short-ended pseudo-waveguide, 
addling some extra losses about 03 dB, for two kinds of vertical transitions, as can be seen in 
Fig. 8b and Fig, 8. 
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b c 
Fig. 8. a) Protected strip-line global corporative network for one polarization, b) Transitions 


{from strip-line to SMA-type connector, and c) Transitions from strip-line to SMP-type 
connector, 


3.2.4 Antenna performance 
Fig. 9 depicts measured radiation pattern at 7.75 GHz, gain and axial ratio for the antenna 
system. It is shown a maximum gain of 25 dBi in the lower band and about 22 dBi in the 
upper band, and a SLL around 11 dB. Copolar to crosspolar ratio is better than 30 dB and 
axial ratio is under 0.7 dB. Total losses are about 4 dB in the working band. 


Fig. 9. Antenna measurements results, a) Radiation pattern at 7.75 GHz, and c) Axial ratio 
{for right-handed circular polarization, 


3.3 Electronically steerable antennas for mobile and fixed portable systems 
At present, two types of eleciric steerable antenna systems can be used to access the 
satellite communication services (Bialkwoski et al,, 1996). These are: fixed position 
portable systems and mobile systems such as those installed on a land vehicle. The fixed 
portable antenna system is relatively easy to be accomplished by the antenna designer. 
‘The design involves standard procedures that concern the operational bandwidth, 
polarization and moderate gain (Garefa et al,, 2010). One drawback of the fixed position 
portable system is that they require the user to be stationary with respect to the ground, 
‘This inconvenience can be overcome with the mobile antenna system. A mobile user 
complicates the scenario since the ground mobile antenna needs to track the satellite 
(Alonso et al, 1996). The design of such a system is more challenging as new features 
associated with the mobility of the system have to be incorporated (Fernandez et al., 
2009). The requirement leads to a narrow beamwidth, for which satellite tracking is 
required as the vehicle moves around. Electronically steerable antennas enable the 
development of reconfigurable antennas for satellite applications. 
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3.3.1 Steerable antenna for fixed position portable systems 
‘This antenna is a fixed satellite communication system with high gain at X band, consisting 
of an antenna array that integrates 32 2x2 sub-array modules in the complete antenna, as 
shown in Fig. 10. It i a planar and dual circular polarized antenna for Tx and Rx bands 
simultaneously. It is made up by a planar array of double stacked circular micro-strip 
ppatches, fed by 2 coaxial probes to generate circular polarization. A hybrid circuit allows the 
dual circular polarization as shown in Fig, 10.. 


Fig. 10. Active multi-beam antenna, a) Top view, b) Feeding network of the complete 
antenna, and c) Beamforming network of the 2x2 sub-array module 


‘The antenna has the same design parameters, structure and configuration as the antenna 
explained in Section 3.2 but with a different feeding network, as previously shown, In this 
case, the beamforming network requires changes in the feeding phase in the 2x2 sub-arrays, 
which can be achieved by phase shifters (6) associated with different sub-arrays (Fig. 10.) 
All these sub-arrays are connected toa feeding network, in Fig. 10.b, formed by 
‘transmission lines with low losses in strip-line, General specifications of the steerable 
antenna for fixed position portable systems are provided in Table 3.(a), 


3.3.2 Automatic steerable antenna for mobile systems 
‘A broadband circularly polarized antenna for satellite communication in X band is 
presented in Fig. 11 and specified in Table 3(b). The arrangement features and 
compactness are required for highly integrated antenna arrays, It is desired to get a low- 
gain antenna for mobile satellite communications with low speed of transmission. In this 
system, the antennas are formed by 5 planar 4x4 arrays of antennas, which form a 
truncated pyramid with a pointing capability in a wide angular range, so thatamong the 5 
planar arrays the complete antenna can cover any of the relative positions between the 
‘mobile system and the satellite in a practical way. The scheme of the active antenna can be 
seen in Fig. 11 

As it can be observed in Fig. 11a, the antenna terminal is a multi-beam printed antenna 
shaped as a trunk pyramid capable of directing a main beam in the direction of the satelite. 
‘The antenna steering system consists of a multi-beam feeding structure with switches that 
lets combine the feed of each 4x4 arrays to form multiple beams, Switching the different 4x4 
arrays, it is achieved different multiple beams and the variation of the steering, direction, 
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‘The complete antenna consists of a Tx and Rx module that works independently in the 2 
frequency bands, 

‘The antenna has multiple beams covering the entire space to capture the satellite signal 
without moving the antenna. The signal detected in each of the beams is connected to a 
switch, which, by comparison, is chosen the most appropriate 4x4 array. The steering 
direction of the 4x4 array can vary between a range of directions that covers a cone angle 
range of 90°, To obtain the required gain and cover the indicated range, itis required around 
15 beams, which can be obtained by integrating the beamforming networks with switches in 
the design as presented in (Fernandez etal, 2008), 


> 


Fig. 11. Complete antenna structure, a) Radiating element of the 4x4 arrays, and b) 
Prototype top view. 


b 


‘The radiating element of the 4x4 array is one 2 crossed dipoles with a stacked circular patch 
as shown in Fig. ILa and Fig, 11.b. In Fig, 12 the cross-section of the radiating element 
structure is presented, 


Fig. 12. Cross-section scheme of the radiating element, 


‘The key element of the radiating element feeding structure (Fig. 14.b) is a resonant micro- 
strip feed ring that has been implemented, as well as a micro-strip 9° branch-line coupler to 
obtain the desired right hand or left hand circular polarizations (RHCP or LHCP) which 
ensures adequate port coupling isolation. The S-parameters in amplitude and phase of the 
‘micro-strip feeding structure are shown in Fig. 13.a and Fig. 13.. 

Fig. L.a depicts the S-parameters of the radiating element with the micro-strip feed 
structure and they fulfill the specification, in Table 3,(b. In Fig. 14, the radiation pattern of 
the radiating element at 7.825 GHz is shown and in Fig, L4.d the radiation pattern of the 4x4 
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On a geometric basis all Leptons are in fact spin 3 particles 
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arrays is presented. It is shown a maximum gain of 19.4 dBi at the center frequency band 
(7.825 GHz). Copolar (CP) to crosspolar (XP) ratio is better than 17 dB and the axial ratio is 
under -34B. 


Fig. 13. Micro-strip feeding structure, a) Amplitude of S-parameters, and b) Phase of S- 
parameters. 


Fig. 14. a) S-parameters, b) Resonant ring + 90° branch-line coupler, c) radiation pattern at 
7.825 GHz, and d) 4x4 array radiation pattern. 
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Spin orbital coupling mechanics 
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Tetryonic theory shows mass-charge ratios are a measure of mass-energy geometries in Matter topologies 
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Parameter Value (a) Value (b) ‘Comments 
Freq. range [GHz] Rx 7.25-7.75 725-775 aaa 
nl gees oat | Microwave applications 
G/T (in Ry [4B /K] 7 
EIRP (in Tx) [dBW 32 22 
Beamwidth at -34B [deg] 4 20 
Polarization} circular circular un es i eet ane 
Gain [4Bi]] —_>28 >15 
‘Axial ratio [4B] <1 3 ts) Beever 


(b) Between 245°, 


vswr|< 14:1 (15.6 dB) [< 1.5: (43.9 4B) 


Isolation between ports| 


us| <7 <5 
Radiation pattern [deg] 35 290 Steering direction tilt, 
Dimensions [em}]  40x40x4 20x20K15 


Table 3. (a) General specifications of the steerable antenna for fixed position portable 
systems , and (b) General features of the automatic steerable antenna for mobile systems. 


3.4 Transmit-array-type lens antenna for terrestrial and on board receivers 
Technology in satellite communications has revealed an increasing interest in novel smart 
antenna designs. Phased-array based designs are basic in electronically reconfigurable 
devices for satellite applications, which are more and more demanding. The strict 
requirements in terms of architecture, shape and robustness are important constraints for 
the development of planar lens-type devices. Regarding the usage and location, lens-type 
devices are useful for either terrestrial or on board receivers, in vehicular technology. Some 
clear examples are satellite communications for aircrafts preserving the fuselage 
aerodynamics oF for some other kind of vehicles such as trains, et 


3.4.1 Introduction to lens-type structures 
Ina general view, in lens-type a particular signal is received (in our case, an electromagnetic 
wave with specific features in terms of frequency, wave-front, etc), it is processed (either 
complex signal processing techniques or only phase correction tasks can be considered in 
this interface), and finally, the processed signal is retransmitted. 

Regarding the lens configuration, a transmitarray lens consists of three well distinguished 
interfaces: the first one for signal reception, one interface for signal processing, and the last 
‘one for processed signal re-radiation, as depicted in Fig. 15. 
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(13 June 1851-5 November 1879) 
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The magnitude of the electrostatic force between two point electric charges 
is directly proportional to the product of the magnitudes of each of the charges 
and inversely proportional to the square of the distance between the two charges. 
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Ampere’s Law 


In classical electromagnetism, Ampére's circuital law, 
relates the integrated magnetic field around a closed loop 
tothe electric current passing through the loop. 
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Fig. 15. a) Multi-user scheme with different receivers and transmitters, and b) Adaptive 
scheme with DoA determination, 


‘These structures are intimately related to reflectarray ones, where the reception and 
transmission interfaces are turned to be the same interface, with a reflection-type behavior 
(Encinar & Zornoza, 2001). Although in an equal output phase configuration a transmit- 
array device behavior would be similar to the one obtained with a reflect-array, the 
transmit-array offers the advantage of removing the feed blockage. 

In a transmission scheme, depending on the transmitter position regarding the lens, a 
different steering direction is achieved and a different user is pointed. In the case of 
reception, the situation is the same: the user position configures the direction of arrival, 
which determines the receiver position around the lens (Padilla et al, 2010a). In adaptive 
schemes, applying the proper processing algorithm to the signal received in the different 
receivers around the lens, itis possible to develop an adaptive steering vector, in terms of 
the desired direction of arrival. 


3.4.2 Transmit-array lens architecture and design 

Lens-type structures provide two fundamental advantages. First, phase error correction due 
to spherical wave front coming from the feeding antenna. Fig. 16.a shows this effect, Second, 
new radiation patterns configuration. Fig, 16.b depicts this fact. 
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a b 
Fig. 16. a) Phase error correction, and b) Radiation pattern reconfiguration, 


3.4.3 Electronically reconfigurable devices for active transmit-array lenses. 

‘The addition of reconfigurability on transmit-array devices requires the possibility of 
controlling the phase response of the transmitted signal at each cell of the lens. Electronic 
control of phase signal may be added in two different ways: First, electronic tuning of the 
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One Watt, defined as one joule per second, 
measures the rate of energy conversion, 
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radiating element phase response (Padilla et al, 2010a): Modifications in the radiating 
element circuital behavior lead to changes in phase response (arg[Sai)). Fig. 17 shows an 
electronically reconfigurable microwave patch antenna for this purpose, along with the 
equivalent circuit and prototype outcomes in terms of phase, 

Second, electronic tuning of phase shifters in transmission lines (Padilla et al,, 2010) 
‘Modifications in the phase response of the phase shifters lead to corresponding changes in 
phase response. Some options are applied for these devices, such as hybrid couplers, ete. 
Fig. 18 shows a microwave phase shifter prototype for this purpose, along with the working 
scheme and its outcomes in phase. 


Fig. 17. Electronically reconfigurable antenna, a) Patch antenna prototypes, b) Equivalent 
circuit, and c) Phase behavior in frequency. 


Fig. 18. Electronically reconfigurable phase shifter, a) Phase shifter prototype, b) Working 
scheme, and ¢) Phase behavior in frequency. 


3.4.4 Electronically reconfigurable active transmit-array prototype 
One electronically reconfigurable prototype is presented in Fig. 19 and detailed in this 
section. The prototype design implies the use of microwave phase shifters according to the 
design specified in section 3.4.3. This transmit-array lens prototype operates at 12 GHz, 
‘Main specifications are provided in Table 4 


av. intechopen com 


Capacitance 


Any two electrical conductors separated by a non-conducting (or very high resistance) medium is a capacitor 
[these can be plates, conductive wires or coaxial cables etc] 


Capacitance is a function only of the physical dimensions (geometry) Coaxial cables 
of conductors and the permittivity of the dielectric separating them 
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Capacitance is the C= Any object that can be 
ability of a body to electrically charged 
store an electrical charge. exhibits capacitance 


‘A1 farad capacitor when charged witht coulomb of electrical charge 
will have a potential difference of 1 volt between its plates. 
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‘A coulomb is the quantity of charge transported by one amp in one second, 
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An ampere is one coulomb per second 
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The best-known and simplest example of Ampére's force law, which underlies the definition of the ampere, 
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The Lorentz force is the force on a charged particle due to external electromagnetic fields. 
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All charges in motion are subject to extemal EM forces or theit KEM fields 
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All Matter in motion produces a secondary interactive KEM field 
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The Electric constant, commonly called 
the vacuum permittivity, or permittivity of free space, 
relates the units for electric charge to 
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Electrical Permittivity Constant 
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Gauss’ Law: 
“The total of the electric flux out of @ closed surface 
is equal to the charge enclosed divided by the permittivity” 


This applies equally to any integral geometry chosen to 
tessellate a surface area 
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The permeability of free space, LL, 


also called absolute permeability. 
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The magnetic field generated by & steady current 

(a constant flow of electric charges in which charge 

Isneitheraccumulating nor depleting at any poirt) 
as described by the Biot-Savartlaw 
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Parameter Value Comments 
Frequency range [GHz] T2E03 | Microwave applications, 
Polarization Linear _| In both, reception and transmission, 
Directivity [ab] 3a 

‘Axial ratio [4B] =1_ | Between 23 elevation, 

Su [ab] <2 


“Radiation pattern [deg] 


‘Steering direction tit, for both H and V planes, 


Feeding antenna {em 120 _ | Corrugated horn linearly polarized 
Phase shifters [deg] 


Tall phase range variation 


“Transmit-aray elements 36 _| exbarray topology, 


‘Separation between elements | 07h | Related tothe wavelength 


‘Table 4. Main features of the electronically reconfigurable transmit-array prototype. 


a D 
Fig, 19. Transmit-array core, a) Transmit-array prototype, b) Distribution networks, and c) 
Phase shifter integration, 

‘The electronically controllable steering capabilities are tested and assured for a range of 


307%n each main axis. An example of radiation pattern is provided in Fig. 20, for 9 tilt in one 
‘of the main axes, 


a b c 
Fig. 20, a) Complete transmit-array with feeder and control circuits; and transmit-array 


‘measurement results for 9 til in one axis, b) H plane, and c) 3D plot 
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Electric forces Magnetic forces 
The coulomb (unit symbol: C) is the SI derived unit of electric charge (symbol: Qor q). 
Coulombs Its defined as the charge transported by a steady current of one ampere in one second: Amperes 
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‘Voltage [emf] is a measure of the energy momenta per coulomb 
available to exert a force on charged Matter in a circuit 
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The electrical resistance ofa conductor is 2 measure ofhow much it opposes the passage of an olectric current through it 
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Power is the amount of current times 
the voltage level at a given point 
measured in watts, 


Georg Simon Ohm 
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Electrical power propagates at the speed of light in an electrical circuit [dependent on the voltage source] 
electrons have a vastly slower ‘drift’ velocity resulting from their inertial interaction with energy momenta of the Voltage [emf] field 
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4, Adaptive antenna array 


Adaptive antennas can be described as systems usually based on three main parts: the 
antenna array, the receiver architecture and the beamforming scheme. Thus, adaptive 
antennas have those advantages owing to those three main parts. The system capabilities 
inerease as complexity and development cost do. Furthermore, since signal processing is the 
basement of the adaptive antenna concept itis important to analyze the design challenges in 
terms of hardware architecture and components such as processors and embedded systems, 
‘The antenna array provides the capability of performing the antenna pattern meeting the 
environment requirement under study. Besides, receiver architectures have some interesting 
advantages depending on the implemented receiver arraying technique such as signal to 
noise ratio (SNR) and bit error rate (BER) performance enhancement. Furthermore, symbol 
synchronization and carrier recovery can be used increasing the receiver complexity but 
providing higher performances. Finally, beamforming schemes use multiple antennas in 
‘order to maximize the strength of the signals being sent and received while eliminating, or 
at least reducing, interference as discussed in Section 43, 

‘Adaptive antenna arrays are often called Smart Antennas because they have some key 
benefits over traditional antennas, by adjusting traffic patterns, space diversity or using 
‘multiple access techniques. The main four key benefits are: First, enhanced coverage 
‘through range extension by increasing the gain and steering capability of the ground station 
antenna; Second, enhanced signal quality through multi-target capability and reduction of 
interferences; finally, adaptive antennas improve the data download capacity in the ground 
segment of satellite communication by increasing the coverage range (Martinez et al,, 2007), 


4.1 Design and architecture based on software defined radio 
For design there is the well known waterfall life eyclie model (Royce, 1970) that can be used 
to manage main aspects of the design of architectures. Thus, some tasks must be fulfilled 
subsequently as follow in Fig, 21. 

Fig. 21.b shows the design schemes resulting of the requirement analysis. stage 
corresponding software and hardware system specifications. In the depicted scheme, there 
are some system components such as the radiating element and RF circuits that are often 
designed under iterative prototyping model 


Tas bon ray 


|| &a| cs 


Fig. 21. a) Water life cyclic model of the adaptive antenna array design, and b) Simplified 
design scheme of adaptive antenna arrays. 
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1.2 €20 Skin effect is the tendency of an alternating electric current (AC) to distribute itself within a conductor 
rest Matter with the current density being largest near the surface ofthe conductor, decreasing at greater depths 
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Regarding the hardware implementation, tables presented in (Martinez et al,, 2007) show 
the hardware resource consumption in the field programmable gate array (FPGA) Virtex- 
for the least mean squared (LMS) beamforming algorithm with full spectrum combining 
(ESC) receiver architecture and SIMPLE beamforming algorithm with symbol combining 
(GC) receiver architecture. Both scheme designs have an antenna array of 2 elements. The 
algorithm based on correlation requires less hardware. The main difference can be 
appreciated in the amount of digital signal processing oriented component (DSP48) 
resources, typically used for filtering applications (Martinez et al., 2007), 


4.2 Receiver architectures based on algorithms type 
Several receiver architectures can be implemented, and they are frequently based on the 
type of the beamforming algorithm used. When training signals are available in the 
transmitted frame, a time-based reference algorithm can be used. However, this solution is 
‘only valid when the earth station is capable of demodulating the received training sequence. 
Other algorithms used in deep space communications are based on signal correlation and 
they avoid performing the demodulating process. This kind of algorithms are blind 
techniques that do not require any additional signal demodulation before applying some 
beamforming technique and work better in low SNR conditions than time-based algorithms. 
Several receiver architectures can be implemented exploiting the processing capabilities of 
the SDR, such as FPGA, application-specific integrated circuits (ASICS), and digital signal 
processing (DSPs). The design of the receiver architecture fundamentally depends on the 
selection of beamforming algorithms. An example of beamforming technique is the LMS 
algorithm whose estimation of coefficients or weights requires a temporal reference and is 
implemented through SC receiver architecture (Fig. 22.a). In the other hand, the SIMPLE 
algorithm (Rogstad, 1997) constitutes a beamforming technique that is implemented using 
FSC receiver architecture (Fig, 22.b) in order to perform the calculation of weights, 


Fig. 22. Comparison of receiver architectures, a) Symbol Combining (SC), and b) Full 
Spectrum Combining (FSC), 


‘The SC architecture can be divided into two more sub-classes which work on a phase- 
recovery basis. The complex symbol combining (CSC) recovers the phase information with 
regard to a reference clement using feed-forward and feedback algorithms. One of the 
advantages of this scheme is that the rate of data sent to the combining module has a rate 
slightly higher than the symbol rate. For most applications, the symbol rate is relatively low 
and is a multiple of the data rate. In this kind of schemes, there is an important cost 
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consideration in real-time applications and the requirements of instrumental phase stability 
are very severe (Rogstad et al, 2003), Other type of SC architecture is the stream symbol 
combining (SSC). In this kind of scheme, data are sent to the combining module at a rate 
equal to the symbol rate. The symbol rate depends on the coding scheme and for most 
applications is relatively modest, Also, the requirements of instrumental phase stability are 
ro severe, as in the case of CSC scheme, The disadvantage of the SSC is the additional 
hardware required for each antenna. 

Furthermore, there are the baseband combining (BC) and carrier arraying (CA) architectures 
discussed in (Rogstad et al, 2003). In BC architectures the signal from each antenna is carrier 
locked and combining in baseband for further demodulation and synchronization. In effect, 
the cartier signal from the spacecraft is used as a phase reference so that locking to the 
carrier eliminates the radio-frequency phase differences between antennas imposed by the 
propagation medium. Besides, in CA architectures, one individual carrier-tracking loop is 
implemented on each array element. Then, the elements branches are coupled in order to 
increase the carrier-to-noise ratio (CNR), but losses of radio channel are far compensated 
(Rogstad et al, 2003) 

In general, the selection of the beamforming algorithms is determined by the following 
aspects: Hardware and computational resources; Speed of convergence and residual error of 
adaptive algorithms; Calibration requirements and auto-compensation ability; and system 
signal-transmission characteristics 


4.3 Beamforming techniques for satellite tracking 
Some satellites transmit useful information inside its frames for synchronization and 
tracking purposes. The gathering of satellite data requires the tracking operation along its 
earth orbit. To accomplish this goal with adaptive array architectures, some beamforming 
techniques should be implemented. Fig. 23 illustrates a simple example of a narrowband 
linear adaptive beamformer system, 


Fig. 23. Adaptive antenna system, 


‘A linear beamformer combines signals according to some weights i, to produce a desired 
radiation pattern. The mathematical expression of a linear beamformer at the array output 
in vector notation can be expressed as y/=10!!x , where x is the received signal vector to be 
combined, w are the weights computed by the beamforming algorithm and " denotes 
transposition and conjugate of ()) 
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In adaptive antennas design, weights are dynamically calculated with a certain algorithm in 
‘order to optimize some signal parameter like signal to interference-plus-noise ratio (SINR), 
SNR, or BER. An extended variety of algorithms exist in the literature for beamforming 
purpose and the most appropriated selection is done depending on the signal characteristics 
of the received signal. 


43.1 Blind techniques. 
Blind beamformers make use of an inherent property of the received signal, such as the 
ciclo-stationarity of the constant modulus. In the latter, the algorithm eliminates the 
fluctuation of the signal amplitude and computes the weights to minimize the effect 
produced by those variations. The algorithms that make use of these methods are denoted 
as Constant Modulus Algorithms (CMA) (Biedka, 2001) 

CMA algorithms present an important disadvantage: as the phase information is not 
considered, the constellation of quadrature phase shift keying (QPSK) signals commonly 
used in satellite communications appears rotated after beamforming, which imposes the 
need of an additional phase recovery subsystem in the array output 


4.3.2 Temporal-reterence algorithms 
Algorithms based on a temporal reference require a known reference included in the frame 
of the signal, such as training sequences, unique word (UW) or pilot bits. Thus, these 
schemes are normally used for digital signals. The aim of these beamformers is the 
‘minimization of the energy of an error signal integrated by interferences and noise. In order 
to reduce the order of the problem, the weight calculation is usually done iteratively. 

The most popular adaptive filters are the LMS and Recursive Least Squares (RLS) 
algorithms (Haykin, 2002). Briefly, the main differences lie in the method to calculate and 
the final convergence behavior: while LMS has a linear complexity order with the number of 
antennas in the array, RLS makes use of matrix operation, so that the complexity order is 
quadratic, but the convergence is faster. 

‘An interesting alternative to the LMS is the Normalized LMS (NLMS), which normalizes the 
adaptive step to avoid variation during the convergence process. The counterpart is the 
‘more intensive processing requirements to calculate signal power and normalization 
operation, 


4.3.3 Correlation-based algorithm 
In contrast to beamformers based on temporal reference, schemes based on signal 
correlation do not require the demodulation of any signal. These techniques are the most 
popular to extract the spatial information for beamforming, and we have focused on the use 
of the SIMPLE algorithm (Rogstad, 1997). This algorithm has been used by the Deep Space 
‘Network (DSN) of National Aeronautics and Space Administration (NASA) to combine the 
signals received from spatial probes in radio telescopes located in different sites around the 
Earth surface. The main disadvantage of correlation based schemes is the lack of ability to 
cancel interference signals, 


4.4 Performance comparison 
Some simulation comparisons between spatial and blind algorithms are presented to show 
benefits and drawbacks. Four algorithms have been selected with a 4-element uniform linear 
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array (ULA). The spatial algorithms simulated are post-beamformer interference canceller ~ 
orthogonal interference beamformer (PIC-OIB) (Godara, 2004) and minimum power 
distortionless response (MPDR) (Van Trees, 2002). On the other hand, the blind algorithms 
are the matrix-free EIGEN and the SUMPLE (Rogstad, 1997). The convergence process is 
compared as a function of the input SNR as depicted in Fig. 24 

‘As if can be observed from the above results, spatial algorithms outperform blind ones at 
low SNR, and vice versa. On the other hand, with medium-low SNR and low or absence of 
interferences, the behavior of all algorithms is quite similar. 


a b 


Fig. 24. Convergence behavior of spatial versus blind algorithms in the absence of 
interferences with several input SNR. a) SNR = 5 dB, and b) SNR = -10 dB, 


5. Experimental Test-Bed based on SDR platform 


‘This section presents a test platform known as Adaptive Antenna Array Test-Bed - A3TB, 
where a comparative study of several beamforming algorithms can be performed and 
‘modularity of the architecture is a well proved advantage. The test bed is based on SDR 
technology and uses a novel architecture that can be used with both blind and spatial-based 
beamforming algorithms. The A3TB concept can be applied to a number of scenarios as the 
current version is independent of the signal properties. Simulation results using the ASTB 
with the APT channel from NOAA satellites show the performance of the concept and the 
{feasibility of the proposed implementation, 

‘The scope of the system development was is to prove the concept of antenna arrays applied 
to ground stations instead of reflectors for different applications, such as telemetry data 
downloading or end-user in mobile applications as discussed in the introduction section, In 
contrast to reflector antennas, antenna array’ offer the possibility of electronic beam-steering 
avoiding the use of complex mechanical parts and therefore reducing the cost of the 
antenna, It is also a good chance for Universities and Research Centers aiming to have their 
‘own ground station sited in their installations, 


5.1 A3TB concept 
‘The A3TB can be defined as a software-defined radio beamformer applied to a ground station for 
tracking LEO satellites. The novelty relies on the use of an antenna array to smartly combine 
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the received signals from the satellite and its implementation based on SDR technology. The 
reason to use an antenna array instead of a single antenna is to electronically steer the beam 
in the direction of the satellite along its orbit without requiring a mechanical system for 
tracking. In addition to the advantages of the use of SDR technology and antenna array, itis 
the modularity and flexible architecture implemented in the A3TB. Fig, 25 shows the A3TB 
architecture where itis evident the feasibility to update or change during operation any of 
the main blocks. It is possible to change during operation the beamforming algorithm and to 
include new beamforming modules to the system. Furthermore, changes on the BENADC 
are possible to implement not during operation, but new receiver architecture at off-line 
such as those options discussed at follow. 

In Galas et al,, 2007), the block diagram represents the software system implementation of 
the first version of the test-bed prototype and most of it is based on VHDL. Depending on 
the firmware, three options could be installed into the FPGA Virtexd. The option A is 
implemented with the signal processing on the PC, so the SIMPLE beamforming is done in 
the module developed in C++. The option B is implemented completely on VHDL and this 
‘option need to export the beamforming weights just to draw the array pattern diagram. 
Finally, in contrast to the option B, the option C is implemented for the LMS beamforming 
algorithm. 

With the first version of the Test-Bed, the modularity on the selection of firmwares was 
proved switching between A, B or C receiver architectures, and an important result of the 
‘Test-Bed development is the hardware resources occupation presented in Salas etal, 2007). 

‘The advantage of the SDR implementation is that A3TB architecture can be used to process 
any received signal from a LEO satellite in the appropriate band imposed by the RF stages. 
Moreover, most of the processing tasks are performed on software, using. appropriate 
routines to process any receive signal. There are 2 main schemes to implement the 
beamforming stage: SC and FSC [41]. Both schemes are compared in Section 4.2. 

‘The current version of the A3TB in Fig, 25. was updated to track NOAA satellites in the 
VHF band, in particular the APT channel. Previous versions of A3TB dealt with LRPT 
signals from MetOp-A, where a complete receiver with beamforming and synchronization 
stages has been implemented{Galas et al, 2007; Martines etal, 2007). 


5.2 Implementation of the A3TB 
‘The A3TB prototype consists of 4 main parts as shown in Fig. 25. The first part is the 
antenna array, which has 4 crossed-dipole antennas as depicted in Fig. 25. The second part 
consists of RF-IF circuits which amplify and down convert to IF incoming signals. 
Furthermore, an automatic gain control (AGC) was implemented using two steps of variable 
attenuators in the IF domain. 

The third part is the SDR platform which consists of the beamforming algorithms 
implemented on C++ and the FPGA firmware on VHDL, PC and BENADC blocks show in 
Fig. 25, respectively. The hardware resources occupation for this Test-Bed implementation is 
similar to one presented in (Martines et al, 2007). The last partis the software from weather 
satellite signal to image decoder (WXtolmg) on the PC using the sound card output/input 
in order to get the weather satellite image, 

Since the implemented architecture is FSC the demodulation is not required and the IF 
signal is digitized. For the signal processing hardware design the BenADC-v4 has been 
chosen, This solution includes a FPGA Xilinx Virtex4-SX35 with four 12-bit analog inputs at 
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Fig. 25. a) Block diagram of the A3TB, and b) BenADC - Virtex 4-sx55. 


250 Msps (Martines et al., 2007). Digital samples are transferred to the PC where 
‘beamforming and subsequent APT demodulation of the array output are performed using 
C+ routines. This implementation design offers higher flexibility for testing different 
‘beamforming schemes. Finally, demodulated APR frames are sent to the WXtolmg software 
to show meteorological maps. 

‘The A3TB is controlled by the PC for simulations and field trials. The graphical user 
interface allows presented in Galas et al, 2008) the user to choose the beamforming 
algorithm and set all the parameters of the LEO satellite for tracking such as the number of 
antennas of the array, distance between the elements, direction of arrival and IF frequency, 
‘The C++ routine calculates the beamforming weights and plots the synthesized array factor. 
Subsequently, the reception of meteorological images has real time system requirements. 
‘Thus, it is necessary a data transfer from the PGA to the C++ module to process the 
samples continuously, and give APT frames to the audio output of the PC. Since, the 
‘meteorological satellites often have a low baud rate, in the case of study with NOAA 
satellites the data transfer is made using two buffers controlled by a thread. 

It is important to mention that the A3TB with SDR architecture can evaluate different 
beamforming algorithms and receiver schemes. The update of A3TB for larger arrays is 
immediate, as the basis for algorithms is independent of the number of elements in the 
array. The architecture of a new ground station concept to track LEO satellites based on 
software defined radio and antenna arraying as Test-Bed is a well proved choice to evaluate 
future antenna array architectures for satelite communication and benchmark features of 
the proposed system. As the A3TB VHF version is based on FSC scheme, the concept can be 
applied to a number of satellite tracing scenarios. 


6. Conclusions 


‘The performance analysis of different beamforming algorithms is an important issue in the 
‘ew generation antenna array development and research. Thus, A3TB helps to analyze 
beamforming algorithms paving the way for testing and debugging for posteriori use in 
larger arrays, such as GEODA. Results obtained in real scenarios with A3TB state, for 
example, that spatial reference algorithms such as MPDR should be used in the absence of 
interferences, whereas blind algorithms are appropriate for low SNR conditions. Finally, the 
AST can also serve to validate the performance of calibration procedures. 
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In future work, the A3TB will deal with the system combining of full modularity with the 
capability of change firmwares based on the first version design of the Test-Bed, plus the 
flexible architecture of the current design of the Test-Bed based on VHDL, C++ and Antenna 
‘Arraying. Furthermore, the addition of more modules to increase the number of antenna 
array elements is evident in next generations. 
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Although the microstrip antenna has been extensively studied in the pas few decades as ane ofthe standard planar antennas, it stil 
hhas a huge potential for further developments. The paper suggests three areas for further research hased an our previous works 
fon microstrip antenna elements and arrays. One is exploring the variety of microstrip antenna topologies to meet the desired 
requirement such as ultrawide band (UWB), high gain, miniaturization, cicular polarization, multipolarized, and so on. Another 
is to apply microstrip antenna to form composite antenna which is more potent than the individual antenna. The las is growing 
towards highly integration of antennalarray and feeding network or operating at relatively high frequencies, like sub-millimeter 
wave or terahertz (THz) wave regime, by using the advanced machining techniques. To support our points of view, some examples 
ff antennas developed in our group are presented and discussed, 


1. Introduction 


‘The concept of microstrip antenna was first introduced in the 
1950s [1]. However, this idea had to wait nearly 20 years to 
be realized after the development ofthe printed circuit board 
(PCB) technology in the 1970s |2, 3]. Since then, microstrip 
antennas are considered as the most common types of 
antennas due to their obvious advantages of light weight, 
low cost, low profile, planar configuration, easy of conformal, 
superior portability, suitable for arrays, easy for fabrication, 
and easy integration with microwave monolithic integrate 
circuits (MMICs) [4-7]. They have been widely employed 
for the civilian and military applications such as television, 
broadcast radio, mobile systems, global positioning system 
(GPS), radio-frequency identification (RFID), multiple- 
input multiple-output (MIMO) systems, vehicle collision 
avoidance system, satellite communications, surveillance sys- 
tems, direction founding, radar systems, remote sensing, bi- 
ological imaging, missile guidance, and so on [8]. 

Despite the many advantages of typical microstrip anten- 
nas, they also have three basic disadvantages: narrow band- 
‘width, low gain, and relatively large size. The narrow band- 
width is one of the main drawbacks of these types of 
antennas, A straightforward method of improving the band- 
‘width is increasing the substrate thickness. However, surface 


wave power increases and radiation power decreases with 
the increasing substrate thickness (7], which leads to poor 
radiation efficiency. Thus, various other techniques are pre- 
sented to provide wide-impedance bandwidths of microstrip 
antennas, including impedance matching networks using 
stub [9, 10] and negative capacitor/inductor [11], microstrip 
slot antennas using the U, L, T, and inverted T slots in the 
ground plane (sometimes termed defected ground structures 
(DGSs)) [12, 13), surface wave suppressing using magneto- 
dielectric substrate [14] and electromagnetic bandgap (EBG) 
structures [15], and composite-resonator microstrip anten- 
nas using metamaterial resonators [16, 17]. Another problem. 
to be solved is the low gain for conventional microstrip 
antenna element. Cavity backing has been used to eliminate 
the bidirectional radiation, thereby providing higher gain 
compared with conventional microstrip antenna [18]. Lens 
covering is an alternative way to achieve gain enhancement. 
‘The lens with canonical profile, like elliptical, hemielliptical, 
hyper-hemispherical, extended hemispherical, used to focus 
the radiation beam from the radiator elements. The inte- 
grated lens microstrip antenna can be treated as composite 
antenna combined by microstrip radiator elements and 
dielectric lens, which is very useful for high frequencies (mm, 
sub-mm, terahertz (THz), and optical waves) applications 
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[19]. It is also well known that antenna array is an effective 
‘means for improving the gain [20-25] 

‘The last limitation of conventional microstrip antennas 
is the relatively large size, particularly at lower microwave 
frequencies, since their operation frequencies are related to 
the electrical size of antenna, In general, the size of the rec- 
tangular microstrip antenna should be of order of a half- 
guided wavelength. This limitation was mathematically stud- 
ied by Wheeler (26] and Chu [27]. There have been nu- 
merous efforts to minimize the antenna size and obtain 
the electrically small microstrip antenna with the raised de- 
‘mand towards smaller and smaller wireless devices. Inductive 
or capacitive loading are effective ways to reduce the size 
of microstrip antennas [28]. In the former work, we dem- 
‘onstrated that the size of microstrip antenna can be minia~ 
turized using composite metamaterial resonators [16, 17] 
Magneto-dielectric substrates have been widely used to 
‘miniaturize microstrip antennas due to magnetic substrates 
and could provide wider bandwidths than dielectric sub- 
strates [29-32]. Fractal geometries, which are composed by 
self-similar structures, have opened an alternative way for 
antenna miniaturization [33]. 

From the above discussions, we see that many methods 
and materials are used to improve the properties of mi- 
crostrip antennas. However, there should be a relationship 
among bandwidth, gain, and size of the microstrip antennas, 
‘Antenna engineers have recognized that the improvement in 
one antenna property is frequently accompanied by decline 
in its other performances. For example, the antenna size is 
reduced usually at the expense of its bandwidth and gain 
‘Therefore, a more comprehensive consideration must be 
given on further developments of microstrip antennas. 

In this paper, we will suggest three areas for further 
research based on our previous works on microstrip antenna 
elements and arrays [16-25, 34-41. We first note that novel 
microstrip antenna topologies are proposed to meet the 
desired requirement of variety of potential wireless appli- 
cations, such as ultrawide band (UWB), high gain, minia- 
turization, circular polarization, multipolarized, and so on. 
Next, we discuss the composite antennas based on microstrip 
antennas which have more potent than each individual 
antenna. Finally, with the development of micro-/nano- 
‘machining techniques, antennas/arrays with highly integra- 
tion and with highly operating frequencies ae discussed. We 
present some examples of antennas developed in our group 
to support our points of view. 


2. Variety of Microstrip Antenna Topologies 


‘Microstrip antennas have extensively used in commercial and 
military applications due to their attractive advantages. How- 
ever, the traditional microstrip antennas have the impedance 
bandwidth of only a few percent and radiation pattern with 
‘omnidirection, which obviously does not meet the require~ 
‘ments of various wireless applications. To this end, a wide 
variety of microstrip antenna topologies, including diferent 
microstrip antenna element structures and different micros- 
trip array arrangements, have been studied to meet the 
desired requirement such as ultrawide band (UWB), high 
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gain, miniaturization, circular polarization, multipolarized, 
and so forth. 

‘As we know, microstrip antennas inherently have nar- 
rower bandwidth and lower gain compared to conventional 
bulky antennas. Some microstrip antennas with special 
topologies, like quasi-Yagi, planar reflector antenna, are 
proposed to replace the conventional bulky antennas. Here, 
we will take a quai-Yagi antenna as an example to show how 
to design a planar microstrip antenna with Yagi-Uda end-fire 
radiation pattern. In addition, a microstrip array with special 
array topology is designed to get dual-polarized property. 


2.1. Compact Broad-Band Quasi-Yagi Antenna. A novel S- 
band compact quasi-Yagi antenna has been designed, fabri- 
cated and measured by our group, as shown in Figure 1. This 
antenna is composed of printed monopole-driven element, 
a printed reflector element, and six printed director elements. 

‘To explain the end-fire radiation behavior of the quasi- 
Yagi antenna, a comparison of radiation patterns, among 
(1) microstrip monopole only, (2) microstrip monopole and 
a reflector, (3) microstrip monopole and a director, (4) 
microstrip monopole and a reflector with one director, and 
(5) microstrip monopole and a reflector with six director, is 
shown in Figure 2. We can observe that both the reflector 
and the director can increase the end-fire radiation, and it 
could be substantially improved by increasing the number of 
directors 

‘The measured VSWR results are shown in ‘Table 1. A 
bandwidth of 149% for VSWR less than 1.5 is achieved. The 
gain of the antenna is above 7.5 dBi, as shown in Table 2, In 
this design, we see that the microstrip antenna with special 
topology could be conveniently used to replace the bulky 
Yagi-Uda antenna. 
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Mono 

Mono + reflector 

= Mana + diretor 

Mono + reflector + director 


Fiqune 2: Radiation patterns of microstrip monopole only mi 
crostrip monopole and a reflector, microstrip monopole and a 
director, microstrip monopole anda relector with one director, and 
‘microstrip monopole and a rellector with six director, 


“Tance 1: The measured VSWR of the quasi-Yagi antenna, 


Frequency (GHz) 


ie 3.25 33 375 Inband 
a 136 1 1a <Is 
2 137 1.26 149 <1s 
3 136 125 148 <5 


‘Tame 2: The measured gain ofthe quasi-Yagi antenna (unit; dBi). 


Frequency (GHz) 


No. 

3.25 35 375 
T 7357 873 35 
2 758 855 837 
3 7.56 7 ssi 


2.2, Dual-Polarized Microstrip Antenna Array, The dual- 
polarized antenna is highly required for the radar, electronic 
‘countermeasure, and aerospace systems. Its known that the 
microstrip antenna can easily be integrated with microwave 
circuits and feeding network. Here, a novel Ku-band dual- 
polarization microstrip antenna array with a mixed feeding 
network, thatis, the slot coupled feeding (V-port) and the co- 
plane feeding (H-port), is designed by our group, as shown 
in Figure 3. It isa three layers structure: top microstrip patch 
layer, middle stripline feeding network layer, and bottom 
coplane microstrip feeding network layer. Through proper 
array arrangement, very good isolation can be obtained. 


Stripline feeding network 


Stripline-microstrp transition 


Microstrip facing network 
Hahape coupled alot 


(a) The stuctue ofthe dusl-polarized microstrip antenna aay 


(6) The photograph of the dua- polarized microstrip 


PiGune 3: Dual-polarized microstrip antenna array 
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VSWR 


5 152 Ta reg 158 
roquency (GHz) 
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— Vepert 
Frouae 4: The VSWR of the dual-polarized microstrip antenna 
array. 


‘The VSWR, radiation patterns, and the isolation between 
two polarizations of the proposed dual-polarized microstrip 
antenna array are shown in Figures 4, 5, and 6, respectively. 
‘The results indicate that this microstrip antenna array has a 
good impedance matching, good radiation performance, as 
well as very high isolation (less than ~25dB), which can be 
an idea candidate for the dual-polarized wireless systems, 
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In order to exablich his wave theory of light Young had toovereome the century-old Vow, 
apart of colow. 


NY 
yi: 


“Thomas Young studie the interference of ight wares by shining light through 2 screen 
with two its equally separated, where the ight emerging fom the twoslts would spread out 
{and eventualy superpostionfoverlp] each other to produce a istnet interference pattern e 


i 


(13 une 1773-10 May 1829) 


E=mv? 
llth ahv gateae lif E, = 2mv? 


Photons are radiative 
Kinetic EM mass-energies 


‘oon thor p? = KEM = Mv? 
4 ; 


geometries whose physical properties 
can be modeled with statisical probabilities 


wo ounces has a ele 0 
y wl wie the 


Fy iad to tein eguileferel devefenctons 
ig 

2 < _ Tetryonics reveals the true geometry of Light 

ms z and dispels the misconceptions surrounding % 
2g its physical properties of wave-length, 

ae energy momenta, frequency and 

a) associated wave-function 


Photon-EM Wave Superpositioning 


Positive quanturn change state 


ppeprpromaten FO, +W,)= F(y,) + F(y,) 


‘Negative quantum charge state 
is the other side of the quantum 
energy momenta quoin 
J Photons are neutral EM wavepackets = _ 
le 74 + 
- SS 
ao ~ , whose chiral quantum charges eS ees ? 
wansverse waves is orthagonal 19 ’ can be determined through | longitudinal waves is co-tinear to 
the direction of wave propagation ' Lorentz co-ordinate transformations the direction of wave propagation 


It is the superpositioning of longitudinal EM waveforms that creates white light and linear interaction-at-a-distance forces 


Wave Interference 


Linear Displacement 


Bosons and Photons are geometric 
2D EM mass-energy waveforms 
Interference that can be superpositioned Interference 


Constructive Destructive 


Transverse Displacement 


Wave phase interference 


The interference patterns produced by the photon intensities 
of superpositioned EM waveforms have been historically interprested 
as being the result of transverse radial wave fronts 


Radial modelling ofthe €ield propagation of EM waves and photo 
doesnot reflect thelr true equilateral energy momenta geometies 


This is now shown to be incorrect 
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the wavelength frequencies of the photons comprising each EM wave 


3456783088 baE876 eee esata es 


‘Transverse EM mass-energies 
E=hv 


Negative charges in motion 


‘Abty- spectral lines - Ahf 
y 


Alw— acceleration force - AM 


unidrectional negative KEM fields 
with interactive energy momenta 


Matter in motion Vorgivadiel EM rasaceaargien 


Historically modeled through relativistic stress energy tensors Bch 
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Longitudinal photon wavefunction 
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Every EM wave is comprised of 
identical, specific wavelength photons 
which are arranged in a Normal distribution 
resulting from the electromagnetic Wavefiunction 
with a peak value equal to the wave's amplitude 
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producing the impression of interference pattern 
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‘Fiqune 5: The radiation patterns ofthe dusl-polarized microstrip antenna array atthe center frequency. 
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Prequency (Git) 


Fioune 6: The isolation of the daal-polsrized microstrip antenna 


3. Microstrip-Antenna-Based 
Composite Antenna 


‘As many antenna designers have found, it is not easy to 
design an antenna to meet the user-defined stringent per- 
formance requirements demanded by special wireless appli- 
cations like military radars, surveillances, and missle guid- 
ance, if only one type of antenna is considered. This dif- 
ficulty may require the use of two more different types oF 
structures of antenna elements with different characteristics. 
‘Composite antenna formed by two more types or structures 
‘of antennas is particularly suitable for these applications due 
to more advantages offered by different types or structures of 
antennas. For example, it isa challenging task to use single 
type of antenna to design a dual-band dual-polarization 
antenna for satelite digital multimedia broadcast (S-DMB) 
application [36]. A composite antenna composed with a 
left-handed circularly polarized (LHCP) microstrip antenna 
and a linear polarized omnidirectional biconical antenna 


Dielectric 


Ficuak 7: The structure of the DCWS. 


is proposed by our group to meet this requirement [36] 
Another example of composite antenna is comprised of a 
dielectric lens and microstrip log-period antenna, which has 
been widely applied to THz systems (this type of antenna 
will be further discussed in Section 4.2). Here, we will give 
an example of composite antenna with “structure composite” 
method, 


3.1. Monopulse Circular-Polarized Dielectric Complex Waveg- 
lide Slot Antenna Array. Waveguide slot antenna array has 
been widely used for wireless system, due to its advantages 
of high radiation efficiency, high power capacity, and high 
reliability. However, it is hard to overcome the disadvantage 
of high cost of fabrication. 

‘One composite antenna with waveguide slot antenna 
array property, termed dielectric complex waveguide slot 
(DCWS), is composed with slot microstrip line and groove 
guide, as shown in Figure 7. The slot microstrip line is 
formed by a metal clad dielectric substrate and slots etched. 
in the metal, This composite antenna not only maintains the 
advantages of the traditional waveguide slot antenna array 
but also has the characteristics of high consistence, easy for 
fabrication, and low cost. 
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Lightwave Refraction 


The refraction of light when it passes from a fast medium 
toa slow medium bends the light ray toward the normal 
at the boundaries between any two media. 


The amount of bending depends on the indices of refraction 
of the two media and is described quantitatively by Snell's Law. 
The Fresnel equations, deduced by Augustin-Jean Fresnel describe the behavicu of ight when moving between media of difering reactive indices 
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(4) The structure of the monopulse circular polarized DCWS antenna 
ray (ccpaating view) 


(b) The photograph ofthe monopulse cieuar-polarzed 
DCWS antenna aay 


Fioune & Ka-hand monopulse circular-polarized dielectric com- 
plex waveguide slot (DCWS) antenna array. 


A Ka-band monopulse circular-polarized dielectric com- 
plex waveguide slot (DCWS) antenna array is designed, 
fabricated, and measured by our group, as shown in Figure 8 
It consists of a circular polarization grid, a slot microstrip 
array, and a groove guide and feeding network. The slot 
microstrip array is fabricated on a Rogers 5880 film with 
dielectric constant of 2.2 and the thickness of 0.254 mm. The 
measured results of VSWR of sum and different port are 
shown in Figure 9. Figure 10 shows the measured radiation 
pattern at the center frequency. Some important array 
performance parameters such as gain, null depth and axial 
ratio (AR) are also given in Table3. As shown in the 
‘measured results, very good performance can be obtained 
with the DCWS antenna array. The radiating efficiency of 
the DCWS antenna array is 80%, which is almost the same 
as the traditional waveguide slot antenna array. Moreover, 
the DCWS antenna array has 40% larger bandwidth than the 
traditional waveguide slot antenna array. 


4. Highly Integration and Highly Operating 
Frequency Antennas Based on Advanced 
Machining Techniques 

Ieis known that the microstrip antenna was first fabricated 

using PCB technology in 1970s, nearly 20 years after its 
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Frequency (GHz) 


Froune 9; The VSWR of sum and difference port of the monopulse 
circular-polarized DCWS antenna array 


‘Normalized radiation pattern (48) 


Ficuak 10: The radiation pattern of the monopulse circular- 
polarized DCWS antenna array atthe center frequency 


concept was first presented in 1950 [1-3]. Clearly, the 
development of microstrip antennas is closely related with 
the machining techniques. Recently, various machining tech- 
niques, including multilayer printed circuit board (MPCB), 
complementary metal oxide semiconductor (CMOS), low- 
temperature cofired ceramics (LTCC), and micro-electro- 
‘mechanical systems (MEMS), ae highly developed, opening 
opportunities for innovative antennas, such as active anten- 
nas, reconfigurable antennas, metamaterial-based antennas, 
THz antennas, and so forth, With the availability of high- 
precision and high-speed advanced machining techniques, 
microstrip antennas are growing towards highly integration 
ofantenna/srray and feed network and operating at relatively 
high frequencies. Since they are all based on the advanced 
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The moving magnet and conductor problem, 
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special relativity. 
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Tetryonics has revealed that the Kinetic Electro-Magnetic [KEM] field 
of a particle in motion has a distinct geometric identity of its own 
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rather than being the relativistic distortion of a charged EM particle 


\irtual particles and action at 2-distanceare negatives by Tetryenic KEM field mass-energy momenta 
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but rather tothe frst particles exended, velocity related (KIEM field generated by Its motion at ts own postion. 
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(a) Schematic side view of the structure of the high 
integrate broadband microstrip antenna array 


(6) The photograph ofthe 
microstrip antenna array 


In integrate broadband 


Fioune 11; Ku-band high integrate broadband microstrip antenna 
array using MPCB technology. 
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Fiaune 12: The VSWR of the high integrate broad-band microstrip 
antenna array using MPCB technology. 


machining techniques, we suggest that a third research area 
of microstrip antennas is constantly introducing novel ad 
vanced machining techniques. In the following, two exam- 
ples will be presented to show how important the advanced 
machining technique is to fabricate microstrip antennas, One 
is the highly integrate broad-band microstrip antenna array 
fabricated using MPCB technology. Another is THz wave 
planar integrated active microstrip antenna using MEMS 
technology. 
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Ficuat 13: The gain of the high integrate broad-band microstrip 
antenna array using MPCB technology: 


‘TanLe 3: The measured data of the monopulse circular-polarized 


DCWS antenna ara: 
Fre (Gils) Gain (aR) ___Nulldepih (dB) __ ARAB) 
p02 28 373 38 
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4.1. High Integrate Broad-Band Microstrip Antenna Array 
Using Multilayer Printed Circuit Board (MPCB) Technology. 
Recently, with the development of the multilayer printed 
circuit board (MPCB) technology, the microstrip antennas 
can be designed and fabricated from one-dimensional (1D) 
to 2D and even 3D structures. 

Based on the MPCB technology, a high integrated broad. 
band Ku-band microstrip antenna array is designed, fabri: 
cated, and measured by our group, as shown in Figure 11 
This antenna consists of a parasitic patch, a driven patch, 
a stripline feeding network, a broad-band coaxial line to 
stripline transition, some buried screw holes, and some via 
holes, The feeding network is integrated in the bottom of the 
substrate of the antenna, As all of the structures fabricated at 
once, the accuracy and the uniformity can be assured. Two 
antennas of this type are measured. The measured VSWR, 
gain, and radiation pattern at the center frequency are shown 
in Figures 12, 13, and 14, respectively. The measured results, 
show that this antenna maintains good radiation and match: 
ing performances with relative bandwidth of 13%. They hav 
also shown good uniformity by using MPCB technology. 


4.2, THe Wave Planar Integrated Active Microstrip Antenna 
Using Micro-Electromechanical Systems (MEMSs) Technology. 
THz waves typically include frequencies between 0.1 THz 
and 10 THz. THe technology is now becoming a promising 
technology which has potential applications in many fields, 
such as short-range communication, biosensor, imaging, 
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‘The electric charge Isa fundamental conserved property of all subatomic particles, which determines their electromagnetic interaction. 
‘The interaction between a moving charge and an electromagnetic fields the source of the electromagnetic force, which Is one of the four fundamental forces 


The equilateral geometry of Planck energies creates CPT symmetries in physics, 
and provides the foundation for all Matter geometries and their fields of interaction 
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and Wave-Particle interactions, allowing a clear understanding of 
previously mys:erious actions and processes in Quantum Mechanics 
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The EPR experiment involved two systems that initially interact with each other 
and are then allowed to separate before being measured. 
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Vomenta of Particles and to model EM wave geometries, 
and interactions in Quantum Physics. 
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‘The EPR paper shows that measuring one feature of a entangled system, 
‘eg, the momentum of one ofthe pair of partices, 
wil reveal the same featur of the other parte thus providing a mechanism for determining 
both the momentum and position of both particles simultaneously 


Thus providing a theoretical indication that either the Uncertainty Principle was incorrect 
or that our understanding of Quantum Mechanics was incomplete 
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irrespective of the spatial or temporal [space-time] separation of the tvio ‘entangled’ partner particles 
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Ficuae 14; The radiation pattern of the high integrate broad-band microstrip antenna array usin, 


frequency. 


(a) The photograph ofthe THe monolithic antenna 


(b) The photogeaph ofthe THz monolithic antenna 
‘covered bya dielectric lens 


Figs 15: THs wave planar integrated active microstrip antenna 
using micro-eleetromechanical systems (MEMS) 


national security, space exploration and communication, 
and s0 forth [39-46]. To realize THz transceiver system, 
antenna isan essential component, We often use horn anten 
na, lens antenna, and dielectric parabolic antenna, for THz 
systems, However, they are not easy to integrate with mono. 
lithic integrate circuits. Although the microstrip antenna 
hhas the merits of small volume, light weight, and easy 


MPCB technology at the center 


integration with circuit, it is difficult to be processed in 
such high-frequency regions. MEMS technology opens the 
way to design of THz antennas, circuits, and systems, TH 
‘monolithic antenna fabricated using MEMS technology and 
covered by a dielectric lens, which can be considered a 
composite antenna, are designed, fabricated, and measured 
by our group, as shown in Figure 15, 

Diodes have the functions of mixing and/or modulating 
the carrier-wave signal. It is an effective way to reduce the 
propagation path for detectors application by integrating 
the diode and microstrip antenna, The extended hyper 
hemispherical dielectric lens is used to increase the gain 
of the microstrip antenna. An antenna-coupled detector 
integrated with a dielectric lens is designed and fabricated up 
to THz range by our group. The planar microstrip log-spiral 
antenna and log-period antenna have been fabricated using 
micro-electromechanical systems (MEMSs) technology. The 
photographs of the antennas are demonstrated in Figure 15, 
‘The measured responses of the antenna-coupled detector 
working at different frequency bands are shown in Figure 16, 
Which can be considered to determine the effective operating 
frequencies |19, 40]. This detector gave a valid response 
from 12 GHz to 110 GHz frequencies, The results prove the 
validity and feasibility of the THz antenna designed using 
micro-electromechanical systems (MEMSs ) technology 


5. Conclusion. 


The advantages and disadvantages of microstrip antennas are 
discussed in this paper. In particular, three areas for further 
development of microstrip antennas are presented based 
on our previous works on microstrip antenna elements and 
arrays. Variety of microstrip antenna topologies and micros- 
tip-antenna-based composite antenna are discussed, and 
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Prcuae 16: Frequency responses test results ofthe THz wave planar integrated active microstrip antenna covered by a dielectric lens 


the advanced machining techniques pushing the microstrip 
antennas towards the highly integration of antenna/array and 
feeding network and the highly operating frequencies are 
described. To demonstrate the distinctive features of novel 
‘microstrip antennas, various antenna elements and arrays for 
different applications are presented. This paper has shown 
that the microstrip antennas are still very promising para- 
dligm for civilian and military wireless applications. 
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Orbital energy variations 
All Elements have stable core electron 
configurations of s & p orbitals for each energy 
level as revealed through diffraction studies 


As additional nuclei bind to form d &f orbitals 

they can do so by bonding in many positions, with 
each location producing different orbital energies 
for each electron that binds to nuclei in that position 


The final energy levels of each orbital 
isthe result of the energy of the Baryons 
in the nuclei and the spin coupling energies 
of the photo-electrons bound to them 
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A 2.4 GHz 
POLARIZATION-DIVERSITY 
PLANAR PRINTED DIPOLE 
ANTENNA FOR WLAN AND 
WIRELESS COMMUNICATION 
APPLICATIONS 


This article presents the design simulation, fabrication and measured 
performance of a 24 GHz polarization-diversity printed dipole antenna for 
wireless communication applications. Two orthogonal printed dipole antennas, 
each with a microstrip via-hole balun for vertical and horizontal pola 
combined and fabricated on a PCB substrate. PIN diodes are used as switches to 
select the desired antenna polarization. The 3D finite-clement-method (FEM) 
ele 
planar antenna structure. Numerical and measured results of the antenna 
radiation characteristics, including input SWR, radiation pattern coverage and 
polarization-diversity, are presented and compared. 
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pacity, the radiation characteristics of the 
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certain time intervals. Then the an- 
a with the est signal quality is 
selected. 

A typical dipole 
vertically ported EM wave 
an omnidirectional antenna pattern. In 
order to have a preferred planar an- 
tenna structure for this 24 GHz polar 
ization-diversity antenna, a printed di 
pole antenna with a microstrip via 
hole balun is designed. As shown in 
Figure 1, two orthogonal printed di 
pole antennas, for vertical and hort 
zontal polarization, respectively, are 
combined and fabricated on a PCB 
substrate. PIN diodes are used to 
switch and select the desired antenna 
polarization 

In the antenna design, the high 
frequency structure simulator 
(HESS), based on a 3D FEM, was 
employed for design simulation of the 
covplete print dlpale strate, A 
printed dipole antenna and a polar 
Tntondiversty planar dipole anton 
nna board (with a polarization. 
tion PIN diode cireuit) have been 
fabricated on FR-4 PCB substrates, A 
complete 3D structure FEM siinula- 
tion and the measured performance 


of the realized printed dipole-anten- 
na are compared. The measured rade 
ation characteristies of the polarizi- 
tion-diversity planar dipole antenna, 
including input SWR, radiation pat? 
tem coverage and polarization diver- 
sity, are presented. 


PRINTED DIPOLE ANTENNA 
WITH MICROSTRIP BALUN 

As shown in Figure 2, a printed 
dipole antenna has a printed mi- 
crostrip balun which aets as an unbal- 
anced-to-balanced transformer from 
the feed coaxial line to the two print- 
ced dipole strips. The length of the di- 
pole strip and the balun microstrip 
are both about 1/4 wavelength, The 
ground plane of the mierostrip line 
and the dipole antenna strips are in 
the same plane. A viachole permits 
the feed point 2 of a printed dipole 
sip to evo tha sae phago os the 
feed point 1 of the other printed dic 
pole strip. Due to the 180° phase dif 
ference between the top strip and the 
ground plane of the microstrip In 
the feed point 2 of the printed dipole 
strip will have 180° phase difference 
with the other feed point 1. Accurate 


dimensions of the printed dipole strip 
and the microstrip balun structure 
tare determined by numerical simula- 
tion, using HFSS, 

The simulation results for a 2.4 
GHz printed dipole antenna placed 
Horizontally with a nirosrp hal 
balun and fabricated on an FR sub- 
strate are shown in Figure 3, The in- 
put SWR is less than 15 from 2.2 to 
2.6 GHz, The simulated E- and H- 
plane antenna pattems are very clo 
to those of an ideal dipole antenna, 
where the H-plane pattem is omnidi- 
rectional. Figure 4 is a photograph of 
a realized antenna. The measured in- 
put SWR and antenna patterns (mea- 
sured with the dipole placed vertically) 
agree well with the siinulation results, 
as shown in Figure 5. 


PLANAR 
POLARIZATION-DIVERSITY 
PRINTED DIPOLE ANTENNA 
Figure 6 shows photographs of a 
ved 2.4 GHz planar polarization- 
diversity antenna consisting of two 
orthogonal printed dipole ante 
with a polarization-switched PIN 
diode circuit. Each printed dipole has 
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hhas the same velocity invariant Matter geometry [847] 


spin orbital coupling in synchronous quantum convertors 
Electrons act as quantum scale rotating armatures in atomic nuclei 
and can only have specific exergies reflective ofthe electron orbital 
energy level ofthe Baryons in which they are found 


They acheive these energy levels by absorbing or emitting photons 
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atomic Planck mass of 22512n quanta 
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Deuterium is the building block 
of all elements in the period table 
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atomic Planck mass of 45012 quanta 
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itis not, Z# = (number of Protcns = number of electrons = number of Neutrons) 
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A. Fig. 4 424 Cte printed dipole ent 
‘ith a mrt lao ub) tap ew 
su (oto ee 


a microstrip viachole balun, The ter= 
:ninals of the two haluns are eonnect 
ed to a PIN diode selection circuit 
Voltages from the transceiver circuit 
(45.0V) are fed through a cable to the 
input of the PIN diode eirenit see 
tion, to short or open-cireuit the PIN 
diodes. Hence, either the vertical or 
horizontal printed dipole can be se- 
lected and connected to the trans- 
Since the two dipoles are very 
close to each other and near the PIN 
diode cirenit section, EM coupling 
will degrade the performance of each 
dipole. Figure 7 shows the in 
SWR simulation results with th 
al dipole antenna selected (45V to 
PIN diode switching circuit). The 


ane antenna patterns are all very 
Hose to those of an ideal dipole au 
a, of which the H-plane pattem 
is still omnidirectional, as shown 

Figure 8. Note that the dominant 
polarization is the vertical (Eg) field, 
which agrees with the selection of the 
vertical dipole, The antenna pattern 
has some attenuation in the direction 
of the PEN diode cireuit board. It ean 
also be seen that a certain level of the 
input RF signal is induced to the hor- 


A Fig. 6 A246 
‘icersty antenna with « polarisation 
"itched PIN diode circuit; (a) top eew 
‘ani () bottom 


planar plarisation- 


Me ee nD 
FREQUENCY (Gis), 
Fig. 7 top SWR sinuation of 25 


Gttz plarisation-dicersity dipole antenna 
itith the certeal dipole velected. 


polarization field. Figure 9 shows the 
mulation results with the horontal 
dipole antenna selected (-V to PIN 
diode switching circuit). Results sini- 
lar to the ones obtained for the verti 
cal dipole antenna ean be observe 

except that the dominant polarization 
is the horizontal (Ey) field, whieh 
agrees with the selection of the hari- 
zontal dipole, 

‘The measured antenna input SWR. 
with vertical or horzontal dipole se- 
lection confirms the input SWR of 
each dipole antenna (through the 
PIN diode selection circuit) is less 
than 1.5 from 2.2 to 2.6 GHz, which 
agrees with the HFSS simulation re- 
sults, The measured antenna patterns 
with the selection of the vertical or 
horizontal dipole shows that for the 
selection of the vertical dipole, the 
Heplane patter is still quite ommnidi- 

as an ideal vertical dipole) 
attenuation in the 


with som 


Periodic Harmonic motions 


x=Acos (wt +@) Much of the math in of modern physics F=-kx 
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atomic shell electron config 
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Z [nm energy] deuterium nuclei 
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Planck mass-energies form the surface integral 
of rest Matter topologies for each periodic element 
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Proton - Neutron Curve 


The graph below is a plot of neutron number against proton number. 
Itis used as rule to determine which nuclei are stable or unstable. 
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Proton Number [Z] 


Historically, Proton-electron numbers are viewed as being equivalent 
in neutral elementary matter with the excess molar mass measured 
being the result of ‘excess or extra’ Neutronsin the atom 


Atomic Nuclei Numbers 


All periodic elements have an EQUAL number of 
Protons, Neutrons & Electrons with their molar mass-Matter 
being determined by their quantum level mass-energies 
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Tetryonic modelling of the charged mass-ENERGY-Matter topologies 
of elementary atoms and the nuclei that comprise them, reveals a DIRECT 
LINEAR relationship for the number of Protons-electrons-Neutrons 
inall periodic elements and nuclear isotopes 
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‘The mass-energy content of Matter topologies is velocity invariant 


The mass-energy content of Baryons determines the KEM field of electrons 
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Identifying electron rest Matter topologies as velocity invariant we can re-arrange the 
component Planck mass-energy geometry formulation of periodic elements to 
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Determines the spectral line 
[KEM field energies} 
of electrons bound to them 
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tion of the PIN diode circuit board. 
show the mesured SWR and ant 
ly. A certain level of the induced cross-polarization pat- 
tem is observed as predicted by the HFSS simulation due 
to the proximity of the horizontal dipole strip and the PIN 
diode circuit board. As for the selection of the horizontal 
dipole, the E-plane patter is also close to that of an ideal 
horizontal dipole, Also, the induced eross-polarization 
pattern is observed, which is the same si 


igures 10 and 1 
patterns, respective- 


ation as the se- 
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B Fig, 1 Measured co-and crospolarised patterns of a 2:4 Gls polarization-dicersity 
i » pat p y 
printed dipole antenna; a) vertieal dipole selected and (D) horizontal dipole selected. 
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a Giedrius Rakauskas Follow 


Phased Patch Antenna Array Design 
Engineering 


Third Year Project 
The alm ofthis project was to design a drecve phased patch antenna aay that could be implemented in modem 
\eticies for distance measurement end autonomous cule contol 
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Initial Design = 


‘Square Patch Antenna - Farfeld Simulation Results 
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sr2ar018 RF power harvesting: review on designing methadolagies and appllcatons | Micra and Nano Systems Letters | Full Text 


Fig. 4 


‘Types of antennas a 2.45 GHz patch antenna with rectifier [38]. ©2010 IEEE. All rights reserved; b Planar dual- 
polarized antenna [24]. ©2015 IEEE. All rights reserved; ¢ Microstrip antenna [37]. ©2012 IEEE. All rights 
reserved; d Array of stacked differential patch antenna (33). ©2015 IEEE. All rights reserved 


‘The plate antennas are popular and have many applications (27, 34, 38]; on-chip antennas are preferred for small and compact 
applications, Recently, many publications addressed wide-band and multi-band antennas. It has been proven that narrow-band 
antennas offer high energy conversion efficiencies but can only retrieve a limited amount of energy. On the other hand, wide- 
band or multi-band frequency antennas can retrieve more RF energy in space. However, the tradeofls are low overall efficiency 
and large aperture. In [32], antennas with a resonance frequency of 4.9 and 5.9 GHz were designed with PCEs of 65.2 and 
64.8%, respectively. Further work by Lu et al. [26] on polarization antennas supports the assertion that expanding the bandwidth 
of an antenna leads to increasing the amount of power harvested, In this work, the demonstration of broadband polarization 
antennas with three separate modes allows the antenna to operate in a wider range of frequencies. One common mechanism in 
the aforementioned works is the control of the antenna configuration by switching the diodes on and off, thus altering its 
resonant frequencies. However, since it uses separate modes for different frequencies, this antenna is not able to simultaneously 
resonate at two frequencies. On the other hand, the antenna presented in [39] is capable of operating at 2.45 and 5.8 GHz, 
simultaneously, providing 2.6 V output with a PCE of 65% and power density of 10 mW/em?. 
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4/28/2018 RF power harvesting: a review on designing methodologies and applications | Mlcro and Nano Systems Letters | FullText, 
‘The main purpose of aligning antennas in arrays is to enhance the antenna gain and obtain high voltage/current, Array antennas 
are preferred over large aperture antennas because they do not require large breakdown voltage diodes to operate. Antenna 
arrays can be connected before or after rectification. The first configuration enhances the retrieved power at the main beam 
while the second configuration expands the ability to retrieve power from various angles away from the main beam [40]. In case 
the RF waves are combined before rectification, the rectifier requires a large breakdown diode. If RF waves are combined after 
rectification, combining DC current becomes problematic. Antenna arrays can be connected in series or parallel to obtain high 
voltage or large current. Nonetheless, expanding the arrays yields better output but this might cause a deduction in conversion 
efficiency [33] 


For demonstrating antenna arrays, Sun et al. [35] invented a T-junction to connect four quasi-Yagi antennas together. The 
advancement in this work was that the T-junction was flexible in changing from 1 * 4 array to 2 2 array topologies. 
Consequently, the system was able to operate at an ambient power level as low as 455 uw W/cm? while obtaining 40% PCE. 


Impedance matching network 


In low-power consumption electrical systems, power leakage during transmission may lead to energy insufficiency. In these 
circumstances, adding an impedance matching network (IMN) ensures that the maximum power transfers between the RF 
source and load. For WPH applications, the receiving antenna is considered as the source while the rectifier/voltage multiplier is 
considered as the load. It is acknowledged that in DC, power transfer is optimum when the resistances of the source and load are 
indistinguishable. In an RF circuit, the impedance is referred to instead of resistance. An impedance mismatch between the 
source and load creates reflected power flow in the circuit that lowers the efficiency of the system. As its name indicates, the 
IMN ensures that the impedance of the source and load are identical by adding reactive components in between 


‘There are three basics matching configurations i.e, L, T and x matching networks (Fig. 5). The L matching is commonly used 
since it typically has two components, which simplifies the designing and controlling process. Additionally, the L matching 
networks do not alter the quality factor (Q) of the circuit. 


2) 
Lin 25 Zout 
Reversed L network 
Z 
in Zs Zou 
T network mT network 


Fig. 5 


Configuration of common impedance matching networks 


‘The T and x matching configurations are more complex than the L network. Furthermore, organizing the T and configurations 
into multiple stages will retain the final matching results but will change the Q factor. This strategy is useful in improving 
voltage boost. 


‘There are tradeoffs between the attributes of an IMN, which include frequency, bandwidth, adjustability, and complexity, For 
instant, in [41], the suboptimal impedance matching and multiport ladder matching methods were introduced to enhance the 
hitlpssimstjournal springeropen com/articles/10.1186/s40486-017-0051-0 1128 
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Response to an analysis of Tetryonic Chemistry by Robert J Brotherus [July 2015] 


In reply to a paper outlining Mr Robert Brotherus’ examination and mis-understanding of 
Tetryonic theory and in particular how it applies to the modern understanding of Chemistry 
as it currently taught... 


Point by point I'l firstly address the particular points of concern raised wrt modern chemical theory 
and physics in general: 


Tetryonics paper on quantum chemistry is very scarce on making any predictions about 
atomic properties or comparing such predictions to experimental results. 


Tetryonic theory provides many predictions regarding the physical 2d planar geometries of 
bosons [radiant mass-energies] and the 3D material Topologies of Fermions (Matter and 
their associated physical properties). Inclusive in these are many predictions and repeated 
statements and illustrations of specific particle shapes and the values of mass-energy 
momenta attributed to each... as well as how these values stem from the equilateral 
tessellation of Planck energy momenta and why they differ from the established values of 
modern scientific theory.. 


In many cases there are similarities to be found with existing observations but where 
Tetryonic theory differs from modern theory it is not by choice but rather dictated by the 
equilateral mass-energies within charged Matter topologies themselves and all too often led 
to much effort in order to reconcile the differences, leading to further insights and extensions 
of the theory over time.... Where differences exist it is deliberate not by error. 


The quantum building blocks of Everything 
mass ~ ENERGY - Mater] 
nd he Ba mc 


opposite = quoin 


Tetryonics is a BOTTOM-UP physical theory that unifies many currently disparate theories of 
science into a coherent unified model of the same — but not without its own set of mental 
challenges to those who are first becoming acquainted with it. As such it must be recognised 
that Tetryonic theory should not be studied without a sound understanding of the foundation 
upon with it is built.... Many have approached analysis of my work in such a way only to find 
that their analysis was limited by modern science's lack of precise detail of the foundations 
of the physics that they attempt to explain [to wit modern theory is a top-down explanation of 
the science build up over many generations with an equal number of varying interpretations 
and assumptions] 


Tetryonics plays down importance of “mathematics” and instead emphasizes “geometry’. 


Arguably | place a lot of emphasis on geometry over that of mathematics in Tetryonic theory, 
but only so as it offers insights into physical theory that maths alone has not been able to 


provide since its wholesale incorporation into the science in the 1600's. This is not to 
downplay the importance and productiveness that maths has provided us a scientific tool, 
but rather to ‘illustrate’ and draw attention to the advances that a purely geometric model has 
to offer us in advancing our understanding of the same.... To wit, Tetryonic geometries are 
based on the postulate that all physical theory is founded on equilateral Planck quanta of 
‘energy momenta and as such these physical entities afford no room for speculative ideas or 
mathematical manipulations beyond what is physically possible to be constructed. 


To help elucidate my work and thoughts on the differentiation of 2d planar mass-energy 
geometries from 3D Material topologies | recorded a detailed YouTube video titled 
“Tetryonics 101" where | show HOW to use the existing Tetryonic templates [of Planck 
mass-energy momenta] to construct all the fields [boson & photons] of the Standard model 
along with the 3D Mater topologies of all the known fermions [and them some]... | do hope 
you'll take the time to review this detailed instruction on the creation of quantum fields and 
Matter and try to replicate them same yourself — it is THE most informative thing students of 
Tetryonics and science in general can do when trying to increase their understanding of the 
hitherto unseen constituents that make up quantum theory and our macro-scale Universe 
and the laws of Nature we observe. 


Tetryonics paper on physical chemistry is scarce on such numerical predictions and where it 
does make such predictions they are often in contradiction to observed experimental facts. 


In addition to the maths found within Tetryonic illustrations there are also many 
spreadsheets developed from those very same equations over time to provide the numerical 
detail found in the illustrations — particular wrt periodic elements and theory rest atomic 

masses and kinetic elements etc. — It is by no means exhaustive on every topic imaginable 


but they do address the information provided on particles & elements etc. along with their 
kinetic and relativistic energies of motion. 


Tetryonic Problem: Missing hydrogen element 


Hydrogen is not missing from Tetryonic theory — in fact it is extensively detailed and 
modelled in Tetryonics [1] - Quantum Mechanics eBook [again highlight the need not to 
jump into one's preferred field of expertise and study but rather learn Tetryonic theory as you 
would any modern physical theary in order of presentation] 


Hydrogen is designated as element 00 in Tetryonic theory as it is NOT the building block of 
periodic elements as is currently understood but rather a sub-unit of Deuterium the real 
building block of all elements..... This is not an arbitrary decision but one forced on anybody 
who attempts to build physical models of all elements in order to match and explain many of 
the current established aspects of chemical and quantum theory wrt the quantum 
electrodynamics of elements themselves wrt molar mass, the Aufbau principle, Schrodinger 
and Bohr numbers for each element and how Deuterium nuclei [or any other] may bind 
together in order to form all the elements of the periodic table and their respective spectral 
emissions lines. 


Attempting to build heavy elements utilising Z number Hydrogen nuclei as a foundation with 
the excess molar masses being accounted for by way of ‘extra or excess’ Neutrons [as is the 
established model of modern chemistry] runs into a number of problems immediately — 
namely’ 


The lack of residual strong Force binding points on nuclei to facilitate the binding of Neutrons 
to the nuclei in order to form the elements [particularly elements 60+] 


The incorrectness of ‘reserve beta decay’ to explain and model Neutron particle formation 
and the mechanics of electron binding to periodic elements in accordance with Schrodinger's 
wave equation and Bohr's atomic model of the same in order to produce observed spectral 
line emissions of each element in the PT. 


There is no uncertainty or indeterminacy in Tetryonic theory as there is in modern theory to 
explain away such inconsistencies between various aspects of physical theory — each 
attribute MUST be modelled and explained from first principles & invariably leads to new 
insights into quantum chemical theory that are at odds with established lines of thought. 


To wit | stand by the claims and statements made in my eBooks : 


Each elemental nuclei is made from Deuterium" (p. 12) 

“420 elements in 8 quantum levels and hydrogen as a free radical.” (p. 26) 
“Deuterium (not hydrogen) is the building block of all elements.” (p. 21) 
“Hydrogen is NOT a periodic element’ (p. 83) 


Proton - Neutron Curve ‘Atomic Nuclei Numbers 


As itis the ONLY way to model and explain how all the periodic elements are created from 
‘equilateral Planck energy momenta that is in accord with the known observables... they are 
not in agreement with some aspects of established theory BUT they do closely mirror the 
observables and once KEM fields of thermal heat, kinetic motion etc. are taken into account 
provide a very accurate quantum model of chemical processes at the quantum scale. 


Tetryonics does not throw all these facts out of the window just because hydrogen does not 
fit neatly into my for other] pre-conceived set of boxes and triangles and hexagons, they are 
calculated from the Material models and immaterial fields associated with each element that 
MUST grow from first principles... not from assumptions elaborated upon over time. 


~All Principle 9° 


In fact the Aufbau table is shown in Tetryonic theory to be a table that has been ‘right 
justified’ to match the nomenclature of mathematics rather than the geometric topology of 
reality [which is centred about the principle quantum numbers and shells of Schrodinger and 
Bohr respectively)... itis only our skewed perspective of maths that prevents most from 
seeing the real symmetry present in atomic nuclei as detailed in the quantum numbers of 
‘Schrodinger’s wave equation for the same ... ie there are no g,h,|,j, shells as supposed and 
all the quantum numbers of Schrodinger's wave equations match the symmetric topology of 
elements as geometric portrayed in Tetryonics [and are in agreeance with Bohs shells and 
orbitals as well, thus unifying all 3 theories} 


Planck mass-energy contributions o elementary Matter and isotopes 


naw? 


920907MeV + 4965IDKAV + 135250 


The material topologies of Tetryonic theory then also lead to the necessity to correct 
‘weighted’ values for all known particles and elements [and then some] in light of the 
quantum mechanics of the same — ie their identical 3D charge topologies and the mechanics 
of the quantum rotating synchronous convertors [Deuterium nuclei] that they form in 
deference to the accepted theory of mini-solar systems and Neutrons that are heavier than 
their identical charged counterparts [Protons and anti-Protons] 


Redefining Atomic weights 


258 | poral 


‘Detriomethe rg Hoek 
netsh ofallelementa inthe period able 


Ay = a50r 


Point in case being Tetryonic Problem: Incorrect Proton and Neutron masses 
As detailed in illustration 49.04 & 49.05 respectively in my eBook... Tetryonics demands an 
‘exact mass for Planck quanta and the molar masses [at absolute zero] for each and every 
particle in our Universe for modelling and any additional energy momenta [by way of 
thermal, spectral, kinetic or observational energies etc.] are accounted for in the KEM fields 
of each respective element or particle. 


Planck mass-energy units 


carer trae 


There is NO room for a ‘weighted! atomic mass as utilised in modern chemistry which 
conveniently ignores the mass and motional energies of the electrons in the elements or 
which ignores the KEM field energies noted above for ‘most' situations and calculations — 
Tetryonic theory MUST account for all of these energies even if it does so at the risk of 
disagreeing with modem theory at times... 


The Proton and Neutron MUST have identical atomic masses as they are identical — both 


are 367 Baryon Matter topologies differing only in the net charges of +12 [24-12] vs 0 [18- 
18] they possess as a result of their constituent quarks [UDU vs DUD] as extensively 
detailed in my QM eBook... Neutrons are NOT created through the process of ‘reverse’ 
beta-decay as is supposed presently supposed in modem theory and accordingly do NOT 
have a slightly higher mass than Protons which in turn affects the molar mass calculations 
for all periodic elements and isotopes as outlined in my Chemistry eBook as well at length. 


srear018 RF power harvesting: a review on designing methodologies and applleatlons | Micra and Nano Systems Letters | Full Text 


matching performance and harvested power of antennas, respectively. However, the tradeoff was that implementation of these 
configurations required more components than traditional matching networks, thus, escalating the circuit's complexity. 


Etor et al. [42] designed an IMN for THz frequencies applications using transmission lines and self-designed metal-insulator- 
‘metal diodes instead of lumped components, Moreover, fixed IMN and tunable IMN [43, 44, 45] were introduced as a technique 
for better matching with wide-band and multi-band antennas, 


Rectifier/voltage multiplier 


RF energy extracted from free space usually possesses low power density since the electric field power density decreases at the 
rate of 1/d?, where d is the distance from the RF source [46]. Therefore, a power amplifier citcuit is required that yields enough 
DC energy from the electromagnetic waves to drive the loads. This gives rise to two possibilities, if the power consumption of 

the load is lower than the average power harvesting, the electronic devices at the load may work continuously; otherwise, if the 
load consumes more energy than the power harvesting circuit can generate, the devices cannot work continuously [47] 


Rectifying is the most popular application of diodes, which refers to the conversion of AC current to DC current, In terms of 
power harvesting application, the RF signal retrieved in the antenna has a sinusoidal waveform. The signal after transformation 
through IMN would be rectified and boosted to meet the power requirements of the application. 


‘The most fundamental topology of the rectifier is the half-wave rectifier that comprises of a single diode D1 (Fig. 6a). When AC 
voltage transfers through D1, only the positive cycle remains and the negative cycle is cutoff; thus, it diminishes half of the AC 
power. Moreover, the output Vout is discontinuous since the negative cycle is cutoff. Despite its simplicity, a half-wave rectifier 
is usually inadequate for common applications. Hence, a full-wave rectifier is more preferable. The circuit design of the full- 
‘wave rectifier is shown in Fig. 6b. During the first negative cycle of AC input, diode D1 is conductive and capacitor C1 is 
charged to the corresponding energy level of Vieak of the input. Then, at the next positive cycle, diode D1 is blocked, diode D2 
is conductive so that capacitor C2 is also charged, In consequence, the output Vi, Would see two capacitors in series (each one 
is storing a voltage of Vpeak). Thus, Vout is tice Vpeak- Therefore, this topology is more stable and efficient than the half-wave 
rectifier. There is also a bridge rectifier that rectifies both positive and negative cycles of the AC input but retains Voy. = V, 
by alternatively blocking pairs of diodes D1, D4 and D2, D3 (Fig, 6c). 


‘peak 


hitps:mnst journal springeropen.comvarticies/10.1186/s40486-017-0051-0, 1225 


Baryon geometry 


le Carbon 13, 14 and upwards are not the result of ‘extra’ Neutrons being bound to the 
Carbon nuclei — such a nuclei if possible would be stable and not decay as observed — but 
rather they are simply the result of the inherent ‘squared’ equilateral mass-energies of each 
Baryon in the nuclei being increased from n1 to n2 to n3 .... Resulting in a net mass 
increase that ‘appears’ to be the result of a number of ‘extra’ Neutrons in the nuclei (again 
this is detailed in my Chemistry eBook and spreadsheets of the calculations be easily 
created from the formulae found in chapter 53 on my Chemistry eBook... 


This ‘significant discrepancy’ with Tetryonics prediction of Proton and Neutron masses from 
observed ones alone will be enough to prove Tetryanic theory a worthy successor to modern 
quantum chemistry theory — unless you can explain all of the above using ‘excess’ Neutrons, 


1 am neither ignorant of the basic masses of basic particles nor do | think that Tetryonic 
theory and observed facts of nature disagree, but rather the established theoretical ‘facts’ of 
modem chemical theory must be in error 


| agree that in reality Matter has 3D structure (including volume) hence the terminology of 
Matter topologies throughout my work. To portray my planar illustration of elements and 
particles in my PDF eBooks as not reflecting their true material topologies is grossly 
inaccurate and reflects that fact that YOU have NOT read all my work including Tetryonics 
101, the Google sketch warehouse of 3D CAD models of each and every particle [kindly 
developed by Rene Cormier over many months of effort] and extensive list of all elements 
and their charged 3D topologies and electronic wave function properties and numbers which 
are freely available to all - only planar 2 d mass-energy geometries [bosons and photons] 


are portrayed as being like thin 2D sheets in Tetryonic theory, something | am sure you will 
become more familiar with as your understanding of T-theory advances, [and your distain for 
its predictions and values not in accord with modern theory wains over time] 


Regarding the ‘separation ‘ of electrons from the atomic nucleus — this is an antiquated 
model of quantum electrodynamics that is fashioned on planets and their satellites [ie the 
mini-solar system Bohr model] and which has been extended to a fuzzy electron orbital 
model to incorporate the Schrodinger quantum model and the ‘inherent’ quantum 
uncertainly/indeterminacy of statistical probabilities intrinsic to quantum theory as the 
theories developed over time..... Tetryonics makes it quite clear in T[1] - QM that the atomic 
nucleus is in fact a quantum synchronous convertor (ala Tesla/Westinghouse] that can store 
and release _mass-energies in a controlled and predictable manner (ala isotopic decay and 
spectral line emissions] and that quantum mechanics is NOT quantum inherently uncertain 
nor in determinant as it is often portrayed — in fact quantum theory as explained by Tetryonic 
theory is very much deterministic in every way — it was only our top-down view of the 
mechanics that led modern science to this erroneous conclusion, which | have attempted to 
correct through Tetryonic theory. 
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The electron does not orbit the atomic nucleus of any element but rather is bound via its 
magnetic dipole moment to the positively charged nucleus and spins akin to the rotating 
rotor of quantum convertor partially within the 3D Matter topology of Deuterium nuclei 


Again these models have all been built and operate according to established electrodynamic 
theory and their operation is well understood in the macro sense [but obviously the 
acceptance of such a model strains the thoughts of most who have grown up a mental 
picture of fuzzy electrons orbiting a spherical nuclei] 


é 
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Again the electronic structure of each and every one of the 120 possible periodic elements is 
well detailed wrt Bohr shells & orbitals and unified wrt their respective Schrodinger numbers 
for the same in my Chemistry eBook for all to view... Unlike modern texts which normally 
stop at element 20 and claim that it is just too difficult to show the quantum models of larger 
elements with their evermore complex electron configurations and Schrodinger numbers 


Periodic Topology 


of Elements 


The s.p.d & f orbitals of electrons ‘around’ any elementary nuclei is the result of the atomic 
nuclei rotating about is centre of mass/gravity [classical angular momentum] and the 


electrons tracing out easily determined and well defined concentric orbits about the same 
centre [as illustrated] .... A close examination of the Schrodinger numbers [or in fact Bohr 
orbits] of heavier/larger Z number atomic nuclei reveals the there are no g,h | orbits etc as 
often postulated but in fact there is a reversal of electron orbital distance as the element 
number and principal energy levels increases..... Resulting in the periodic symmetry 
depicted in Tetryonic theory of an atomic nucleus resembling a child's spinning top, which 
could be mistaken for a spherical topology from our macro view of the quantum scale, 


of Elements 


With each element's Z number reflecting the number of Deuterium atoms in each nuclei, not 
the number of Hydrogen atoms with an ever increasing number of Neutrons to account for 
observed molar masses 
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The electrons associated with each atomic element's structure in fact have an important and 
direct bearing on the spectral emissions of each particular element. Even though their mass- 
energies of their electronic topologies are only 0.000533’ % of the mass-energies of each 
Baryon in any atomic nuclei this mass-Matter differential along with the energy momenta of 
the electron's KEM field is key to facilitating the absorption and release of spectral line 
emissions particular to each and every element known... again, it is not simple good enough 
to conveniently ignore electrons ad hoc in scientific theory to suit a particular point or theory 
just because they are or ‘insignificant’ mass compared to the whole nucleus. Any successful 
‘model of science and physics in general must be able to account for ALL the known aspects 
of modern observations not just a select few that suit their purposes in order to unify physics 
on all energy scales. le a new model of the quantum structure, topology and mechanics of 
atomic nuclei must account for charge, atomic and chemical interactions, spectral line series 
and all known elements and compound creation in the ONE physical model. 


Clarifying question about Tetryonics nuclear vs. atomic size wrt the Zenon atom 
'humbly submit that illustrations 51.49 


And 53.49 respectively along with the 3D CAD illustrations of the same 


Should be sufficient to explain and illustrate all properties of the Zenon atom (or any other 
you chose] including their rest mass-Matter energies [at absolute zero], their charged Matter 
topology in accord with Bohr shells/orbitals and Schrodinger numbers and the kinetic mass- 
energies of their bound electrons. 


Clarifying question 2 about Tetryonics nuclear vs. atomic size 


According to Tetryonics the proton and neutron in Deuterium nuclei touch one another at the 
point son their respective charge topologies where the e-field components of their 
constituent quarks are located - this is indicated on all Tetryonic element illustrations via red 
[for positive] focus points and black [for negative] focus points. 


Nucleonie residual EM force 


EXTXTNFSAN 


But since Tetryonics does not include any separate strong nuclear force but just 
electromagnetics, all particles of Tetryonic nucleus would fly apart in a nanosecond. 


Again, this misunderstanding and erroneous statement about Tetryonic theory seems to 
stem from you having failed to read Tetryonics [1] Quantum Mechanics, viewed my 
Tetryonics 101 instruction video or even attempted to build and understand how atomic 
nuclei are formed and come together to form larger elements and compounds alike prior to 
‘commenting .... 


In my first eBook | have gone to great lengths to show that the STRONG force does indeed 
exist and in fact plays a crucial role in bringing tetryons [the tetrahedral quantum of Matter 
topologies themselves] together to form leptons, quarks, mesons & Baryons itis the 
parallel opposite charge interaction present between the planar charge faces of each tetryon 
within each and every Baryon [not to be mistaken for the residual strong force] 


tet fo ty 


Obviously this co-planar opposite charge interaction holds all atomic nuclei together and 
your claim of Tetryonic particles flying away in a nanosecond just doesn’t hold water... 


In fact just place two sheets of glass together with a thin film of water between them and see 
how easy it is to pull those sheets apart by applying a force orthogonal to the co-planar 
sheets of glass and you'll soon understand the STRONG force much better that you do 
presently. 


This charge interaction between the e-fields of quarks in Baryons serves to not only bring 
positive charge Protons together with neutral Neutrons [something modern theory cannot 
explain] but also serve to orientate each baryon to the other so as to facilitate electron 


bonding and the creation of ever larger atomic elements and compounds [the residual strong 
or EM force as itis often termed or the London force] 


Strong Forces and Nuclear Bonding 


Yes | have an ‘obsession’ with all atomic nuclei have equal numbers of Protons, electron 
AND Neutrons in accord with their Z number, just as you have an obsession with them being 
Hydrogen atoms with excess Neutrons ‘bound’ to them — but for the reasons highlighted 
above, and many others — as for the quantum structure of Protium (regular hydrogen), 
Deuterium and Tritium being ‘missing’ - again my T[1] - QM eBook holds the answers 


Hydrogen Family 


All isotopes are simply Z number nuclei with the energy levels of their Baryons raised to the 
next quantum energy level [n1-n8] in accord with the 3D material symmetry of the atomic 
nuclei themselves and the Bohr shells/Schrodinger principal quantum numbers, which can 
‘occur either through natural energy absorption or the artificial increase of their mass-energy 
content in the lab... 


Proton - Neutron Curve Atomic Nuclei Numbers 


Obviously with all Deuterium nuclei being quantum synchronous convectors as the energy 
levels of their Baryons are increased [or decreased] the electrons bound to them respond in 
kind [hence synchronous] via spectral line emissions [or absorption] ....all covered in 
Tetryonics [2] - Quantum Electrodynamics. 


There is NO explanation in modern chemical or quantum theory that accounts for the Proton- 
Neutron ‘curve’ of atomic isotopes nor for the islands of stability that exist for various 
elements, however Tetryonic theory accounts for all of this firstly by ‘straightening’ out the 
curved Z line of Protons and Neutrons underpinning atomic elements [by showing that all 
atomic nuclei are comprised of D nuclei not H atoms with excess neutrons] and then 
showing that the observed isotopic masses of each are the result of increased principal 
energy levels of their constituent baryons with the D nuclei comprising each element... It is 
ho error or ‘false notion’ as you put it, rather itis the current explanation of these facts by 
modern theory that is in error 


exo: age? °. °, 
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You have chosen Lithium to make your point | chose Carbon, Nitrogen and Oxygen to make 

mine, but the explanation for Lithium remains the same..... an increase in the mass-energies 


of the baryons making up the element concemed... btw I have done spreadsheets for each 
and all the elements as a matter of course during the development of my theory. 


Ditrogen Allotropes 
Benepe 


Element 3 — Lithium [ground state atomic topology and electronic configuration} 


Regarding your comment of “but in reality only electrons are on these shells and the 
structure of the nucleus is completely separate from these shells’, - that is only the current 
opinion/consensus explanation of quantum chemistry at this stage and is obviously at odds 
with Tetryonic theory built from the ground up from equilateral Planck energies not the top- 
down through supposition... | am confident that over time this consensus will change. 


1. Explaining the extra (neutron) weight as higher energy-levels of the Deuterium nuclei 
seems ad hoc explanation with no supporting evidence — simply nonsense. 

2. No calculation is presented to derive a prediction for the excess mass (or energy) 
from the Tetryonics model — have you even read my work in detail — calculations and 
mass-energies are provided everywhere throughout it. 

3. The excess mass of, say, Lithium 7 (one excess neutron compared to 3x deuterium) 
— again a number based on your erroneous viewpoint — not y given explanation and 
illustrations of the same. 

4. This is inconsistent with the fact that there are multiple isotopes of each element.- 
how so? 


The energy level of Baryons of each and every illustrated element in Tetryonic can 
be increased resulting in isotopes of that element — with NO extra Neutrons present, 
again you seem to have failed to read and/or comprehend what was presented 
before you in the Tetryonics chemistry eBook. 


5. See above for Hydrogen family [please] 


All the ‘observed’ masses you have provided in that table are firstly just that, weighted 
[averaged] measurements of particles with kinetic energies [heat, spectral, motion etc.] not 
the absolute rest masses | have provided and clearly stated as such...... you must account 
for observational and inherent kinetic energies for your stated values to even begin reflecting 
the quantum values of particles at absolute zero. 


Again, ‘isotopes’ is NOT what you think and proclaim — there are no extra Neutrons in the 
nuclei — only Baryonic energy above that of the res/ground state of such an element at 
absolute zero — unless you can account for those KEM field energies [as should be done] 
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Some common topologies of a rectifier 


Voltage multiplier is a special type of rectifier circuit that converts and boosts AC input to DC output. In some case where the 
rectified power is inadequate for the application, there is a need for boosting the output DC by stacking single rectifiers into 
series, forming the voltage multiplier [48]. Several configurations of the voltage multiplier are shown in Fig. 7. The most 
fundamental configuration is the Cockeroft-Walton voltage multiplier (Fig, 7a). This circuit's operational principle is similar to 
the full-wave rectifier (Fig. 6b) but has more stages for higher voltage gain, The Dickson multiplier in Fig, 7b is a modification 
of Cockcroft-Walton’s configuration with stage capacitors being shunted to reduce parasitic effects. Thus, the Dickson 
‘multiplier is preferable for small voltage applications. However, itis challenging to obtain high PCE due to the high threshold 
voltage among diodes creating leakage current, thus reducing the overall efficiency. Additionally, for high resistance loads, 
output voltage drops drastically leading to low current supply to the load, A summary of recent works related to voltage 
‘multiplier is shown in Table 3. 
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Tetryonic Problem: Helium as Alkaline Earth metal 
- And Hydrogen is element 1 which no-one can agree on which position it truly belongs in 
‘on the current periodic table. 


Tetryonics problem: 120 possible maximum elements 


- That is what is dictated by the charge topology of particles and elements themselves, 
perhaps you'd care to share what your spherical (or other] model for element 93 is, and 
how all the ‘extra’ Neutrons bind to each other to create that particular model? 


Tetryonics shows quite clearly the reasons for there being only 120 possible periodic 
elements and it agrees with the math and equations of both Bohr and Schrodinger's models 
despite the differing quantum topologies. 


Perhaps, you can produce element 121 and prove me wrong on this. 


Additional random quotes - the uncertainty principle erroneously dictates that 
position and momentum cannot be simultaneously determined 


- There's nothing random about this comment/quate - Tetryonic theory is founded on the 
SINGLE postulate that Planck mass-energy momenta has an quantum equilateral 
geometry [ie quantised angular momenta (m*2/s] is equilateral/triangular not circular as 
it is the macro sense of angular momentum] - from that flows the fact that the 
probabilistic nature of quantum theory and the maths used to describe it are in fact not 
‘fuzzy’ or indeterminate as supposed presently but in fact an emergent property of the 
tessellation of mass-energy momenta at the quantum level. 


The inherent indeterminacy of quantum theory is a crutch used my mathematicians and 
scientists alike to explain many of the puzzling aspects of quantum theory like the inherent 
statically probabilities of quantum fields themselves or the wave-particle duality of photons or 
particles in motion..... Again it is them and modern theory that have simply failed to grasp 
the geometric reality of energy momenta that underpins these phenomena and how they 
build to form the familiar laws of Nature at our scale of observation. 


Tetryonic theory is all about correcting these erroneous assumptions and established 
viewpoints — but any change of perspective is not without birth pangs of angst and 
misunderstanding from those who first encounter it [like Newton, Planck and Einstein with 
their theories of Gravity, Quantum mechanics & Relativity theories before it] 


That it is the transverse bosons Max Planck described using E=n.hv when resolving the 
ultraviolet catastrophe and spectral line emissions 
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‘And which subsequent theorists incorrectly applied directly to Einstein's formulation of E= hf 
to describe neutral PHOTONS of energy momenta [dual charge bosons - quantum 
transformers} 


TRANSVERSE 


BOSONS 


And then erroneously attributed to an inherent uncertainly in quantum field dynamics ete. 
that does NOT and never existed in Nature itself or in Tetryonics.. 


| do look forward to further elaborating Tetryonic theory in detail with you — but also strongly 
suggest that you become more familiar with my Tetryonics [1] - Quantum Mechanics and & 
Tetryonics [2] - Quantum Electrodynamics eBooks beforehand as a lot of your suspicions of, 
and reaction to Tetryonic theory seem to stem from a lack of understanding of the basics of 
the theory... 


‘And as | mentioned in previous communications, | remain open to an online discussion so 
we may discuss these points in far more detail than possible herein. 


There is also lots more additional information and explanation of Tetryonic theory to be 
found on YouTube and Otto's Science of Life web- blog & the detailed 3D CAD models 
developed by Rene Cormier in the Google sketchup warehouse. 
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© Dickson charge pump 


Fig.7 
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Stage 1 


d Differential drive voltage multiplier 


Common voltage multiplier configurations: a Three stages Cockeroft-Walton voltage multiplier, b Four stages 
Dickson voltage multiplier, ¢ Four stage Dickson voltage multiplier using CMOS technology, d Two stages voltage 
multiplier comprised of differential drive unit 


‘Table 3 


Published work comparison regarding voltage multiplier 
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Prototyping Methods 
There’s more on this in Scherz, Practical Electronics for Inventors. 
Solderless Breadboard or Plugboard 


This is what we've been using in 
lab. 
Advantages 
© Very fast to build and make 
changes. 
© Works well with DIP ICs 
Disadvantages 
© Limited reliability—lab 
testing only, for limited-size circuits. 
© High capacitance between adjacent rows (~ 10 pF). 
© Only for small-lead-size components (.032” or 0.82 mm max—a 1 A diode lead is just barely 
too big to meet the spec.) 


Springboard 
Used in ENGS 22 
Advantages Disadvantages 
‘© Fast to build and make changes, © Can't accommodate smalll lead 
© —Accomodates large wire sizes. spacings such as on ICs. 


© Although itis reliable enough for 
Jong-term use, it’s expensive for 
that purpose. 


* Secure, reliable connections. 
Can handle higher current/power. 


Connections made by fine wire wrapped tightly around square pins of special IC sockets. This is a great 
way to make a permanent version of a digital circuit almost as quickly as using a solderless breadboard. 


Used in ENGS 31 
Advantages Disadvantages 
© Fastto build and make © Low current—limited to under a few hundred mA. 
changes. © High inductance/resistance—on the order of 0.1 ohm, 
© Can make a complex 0.25 LH per foot. 
cireuit compact. © Only makes reliable connections to square leads (as 
© Reliable. are on wire-wrap IC sockets). Discrete components 


(e.g., resistors, capacitors, transistors) need to be 
‘oldered to a “header” that goes in an IC socket or to 
individual wire-wrap pins, 


© Can be used 
permanently. 
+ Inexpensive. 
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. a Reflection 


Mans intelligence has reached levels that through the 
use of modem technologies that anyone can peer the 
knowledge he reads to verify 
its logic and validity. 


I firmly believe that this work has to be understood by 
all Men and not judged by a few whose s 
might, and has been, obstructing the release of such a 
knowledge as disclosed in this book. 


This book is written in such a way that anyone from 
any background field of science, and interest in the 
workings of all Matters of the universe, can understand 
the full new knowledge and be their own peers in 
receiving such a disclosure, which is at the edge of 

nce and technology. 


In this book a synthesis is given of the understanding of 
new first principles in physics that are gathered for over 
more than thirty years of independent research and 
development, where several working prototypes and 
numerous tests with different loadings have confirmed 
their correctness and operativeness. 
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Forewords 


In Mans technological and scientific evolution over thousands of years, conversion of 
the Earthly state of matters and energies from one state to another has been the key to 
his progressive success 


For man to progress further in the path of this evolution, man has to lean, understand, 
and unravel the powers of the initial fundamental particles of the Matters. 


In the following pages, simple new theoretical principles and results of tests done to 
unleash the powers of the initial fundamental particles forces will be released and 
discussed. 


In my writings, the simplest form of language is used so that every man, from all 
corners of the world, can read and will be able to comprehend the fundamental orders of 
their physical creation, 


Therefore, every man on Earth will have the same groundwork knowledge and 
‘opportunity to build his own environment and so be in control of his future and destiny. 


This simple transfer of knowledge gives every man, by understanding the principles of 
his world of creation, the possibility to utilise and enhance the fundamental powers of 
creation for his advancement in his path of evolution. 


Through appropriate use of this new knowledge, one can generate 
as one needs for survival at any location in the universe, 


much clean power 


This is energy production capability, without the production of any further new wastes 
to damage the environment and to endanger the future generations’ chances’ of 
survival 


This new knowledge allows man to produce food and medicine through the natural 
process of the construction of his cells’ initial fundamental plasma 


Therefore, no child, woman or man should go hungry and rely-upon others for his 
survival 


This new knowledge gives man the opportunity to produce all his materials’ needs, 
without him being tied-up to the Earthly resources, or environmental conditions, or the 
place or a position in the universe, wherever that might be. 


This new knowledge brings about the capability for man to be able to move and travel 
in his environment and in the universe with universal magnetic fields protection, in any 
atmospheric or space conditions 


This new knowledge, gives man the freedom of motion irrespective of the medium 
whatever his medium, and wherever he might be in the universe. For man to be able to 
use systems for travel that is at all time in protected magnetic fields levels and 
gravitational field levels as on the Earth, As his physical body has become accustom to 
the atmospheric condition around his home planet. 


Which up to now, this has been a dream and unattainable in all dimensions, with his 
present level of scientific development and knowledge. 


Men will build on this new knowledge, and they will add their own scientific and 
technological flavours and unique additions and discoveries to overcome their present 
natural problems and limitations, 


Our hope is that, Men, irrespective of their race, colour of skin, creed or religion, will 
use this new knowledge collectively and in unity, for advancement of the human race. 
We pray that, Man uses” these new knowledge and information’s for creation of peace 
and justice among their fellow men and other of Gods’ creations and creatures, whom 
they will come to be in touch with, imespective of their appearance, technologi 
progress and intelligence. 


Mehran Tavakoli Keshe 
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Perfboard and Solder. 

Using the same perfboard as used in wire-wrap work, it is possible to simply 
twist and solder leads, and run wires where needed. 
Advantages 

© Reliable, if done well. 

© Can be used permanently. 

© Inexpensive. 

© Can handle any size components 

© Convenient for working with discrete components. 
Disadvantages 

(© Slow, requires skill to do well 

© Works for ICs, but not very easily. 


Variations: 

 Perfboard with individual copper pads on each hole so that the solder will better hold things in 
place, (Photo below) 

© Perfboard with a perforated ground plane. Provides the shielding and grounding benefits of a 
ground plane, and makes ground connections easy, but requires care to avoid shorts. Some have 
the ground plane etched from around the holes; others require you to cut the copper away from. 
the holes with a special tool. This is also possible with wire-wrap, as in the photo in that 
section. 


Prototyping Methods 


Introduction 


In the progressive path of mans’ technological achievement, it has been proven that the 
human race has not been able to create and produce fundamental energy systems similar 
to the ones which are operating in the spans’ of the universe. 


Nevertheless, he hi 
has made use of the 


s managed simply to convert one form of energy to another and he 
mall surplus energies released by these methods to his advantage. 


In the universe, the structure, operation, appearance and existence of the plasma and an 
atom, does not so much differ from the relationships and interactions of their larger 
counter parts as the molecules, solar systems and galaxies. 


Where, as in the present science and state-of-the-art technology, the lower orders of 
particles of construction of an atom in its nucleus are considered to be made of quarks 
and gluons. 


The world of science has never looked at and into the progressive construction of a 
plasma (Chapter 3) on the same basis and principles’ as other larger matters and fields 
in universal orders of creation and motion. 


What this simply means, is that scientists over centuries have made some limited and 
un-necessary self-imposed conditions in looking at the physical realities of Matters and 
matters in their surrounding environment, for them to be able to compare and draw 
parallels from these phenomena and principles to understand the criterions by which the 
initial seeds of plasmas are set in the universe and to understand the methods by which 
different forces operate within them. 


From the basic knowledge of what is in hand in the world of science at the present, it is 
not too hard to discover what are the real elementary particles in the universe, and find 
an alternative and realistic way of how these fundamental particles of plasma come 
together to create the initial seed of plasma. 


It is important to note that the existence of dynamic and different strengths, speed, 
velocity and densities of magnetic fields, and their interactions, are the cause and the 
foundation of the existence of different Matters within the universe. In the universe, 
collections of loose and weak magnetic fields have initiated the creation of, and finally 
become the initial components of the Matters of plasma, 


Rays and plasmatic magnetic fields 
At the same time, we consider “rays” as individual and directional magnetic forces. We 
consider “fields” as the same ray’s magnetic force as it is influenced by other rays and 
magnetic field forces, which the ray makes a dynamic zone of influence in its path. 


We consider the same phenomena in principle with respect to plasma and plasmatic 


magnetic fields, where, a plasma of magnetic fields is considered to be a collection of 
such rays and fields of rays. 


The collective interactions of weak plasmatic magnetic fields in the universe are 
considered to become the foundation and the cornerstone of the creation of initial 
fundamental particles. 


In the universe, the same and regular specific sequential and consequential interactions 
of lower orders of magnitude plasmatic magnetic fields strength are always considered 
to lead to the formation of the plasma and its sub-Matters’ components 


Throughout this book a clear distinction has been tried and been made between the 
magnetic field and plasmatic magnetic fields. 


The Plasmatic magnetic fields are considered to be of collection of near similar 
dynamic rays of magnetic fields strength. We refer to the Plasmatic Magnetic Fields as 
“pmties”, as Magnetic fields, which were detached from their source of creation, henc 
the use of the term “plasmatic” for these magnetic fields. For clarity: In this book the 
term “plasmatic” refers to a “collection” of dynamic magnetic fields, and NOT to the 
state of a plasma in its common term use that refers to a state of dynamic protons. 


‘At the same time, pmtics interactions with other pmtics are considered to create effects 
the likes of gravitational fields and Magnetic fields of Matters, plasmas, planets and so 
on. 


These magnetic rays or fields and their collection as plasmatic magnetic fields, become 
known as the Initial Fundamental Particles. Therefore we consider that magneti 
fields to be the “real” fundamental particles. 


The present science considers that the ‘elementary particles’ to be of ‘quarks’ and 
others. With the new understanding of creation of Matters and forces within the 
universal order of creation, in this book when the term ‘elementary particles’ is used, 
this means that the ‘magnetic fields’ are considered to be the mew ‘elementary 
particles’ and their forces. The existence and interaction of these magnetic fields leads 
to and creates all other effects that one sees and observes in the universe, like creation 
of Magnetic and gravitational fields which leads to creation of what 1 call different 
Matters (Matter, Antimatter and Dark Matter) of the plasma, or what presently 
known as quarks and so on of the plasma. Where, we consider the Dark Matter as an 
integral and part of the same normal Matters of existence and as an important part of the 
construction of the initial fundamental plasma in the universe, and we do not consider 
the Dark Matter as an exotic and distant hidden Matter. 


From this point on in this book, we refer to ‘magnetic fields’ as the ‘elementary 
particles’ and not consider quarks and others as elementary particles any further, 1 
consider that these quarks of different colour, with up and down notation and spin are 
all created as the outcome and consequences of different interactions and attraction of 
these ‘magnetic fields’ or ‘plasmatic magnetic fields*. As quarks themselves are now 
known to be made of simpler particles of ‘magnetic fields‘, then quarks cannot be 


considered to be the elementary particles. 


In this book will be explained how ‘magnetic fields’ become to be the creators of 
quarks and other effects and forces within the plasma of proton, then the ‘magnetic 
fields’ become the ‘new elementary particles’ in the science of physic: 


Further in this book it is explained how different strength of these fields leads to the 
creation of different Matters and their forces as has been observed by world of 
science. 


Furthermore, these weak collections of pmtics and their interactions with magnetic 
fields and turbulent magnetic fields forces in different parts of galaxies manifest 
themselves as the seeds of atoms, stars, galaxies and so on. 


Magnetic and gravitational fields (Magravs) 


¢ fields refer to 
Magnetic field 


When we write Magnetic field (with capital M), we considered that th 
the Magnetic field of celestial objects, like a Star, planet, ete. Where this 
is always accompanied with gravitational fields of the object. 


Where we consider that gravitational fields and Magnetic fields cannot exist in the 
universe without each other, and that they are produced simultaneously. Through the 
same dynamic materials and Matters in the same region. Due to the construction of 
other Matters in their catchments area, these entities could have a different value than 
the other. As the Matter/matter content of the object dictates which will be stronger in 
strength and value than the other in that given position. The only known and possible 
objects that its gravitational and Magnetic fields could be equal in value strength, in 
majority of the cases in the universe, are objects of mono-material (like some stars), 
with pure hydrogen content. There are cases in the universe(s) that mono-matter of 
objects can be like uranium or heavier elements. These objects of heavier mono-matters 
are usually the producers of stronger gravitational fields and Magnetic fields, by several 
orders of magnitudes than the hydrogen mono-matter objects. It is assumed that each 
universe cannot possess more than one heavy material mono-magnetic star. 


It has to be noted that the co-existence of these two fields always in interaction with any 
other magnetic fields or plasma of fields always lead to the creation of a 
magnetosphere, which the boundary of the magnetosphere is the maximum point of 
balance or equality between the two field forces. Any variation in strength of one of the 
two fields in respect to the other will create different effects, for example such 
unbalance field between the two fields can be seen in Mercury, which has no 
atmosphere, and such a misbalance can also be observed in most moons of planetary 
systems 


In this book, as one field cannot exist without the other, for representation of the 
MAgnetic and GRAVitational fieldS we use the term: “MAGRAVS”. 


Plasmas 


We consider that “ The Plasma in its collective existence is a combination of different 
initial fundamental Matters, which these Matters are created through the interaction of 
at least two or more of the same strength plasmatic magnetic fields (the ini 
fundamental particles)”. 


Plasmas (Chapter 3) are considered to be collection of combination of interaction of 
pmtics forces of Matters’, Antimatters’ and Dark Matters’ and other magnetic fields 
forces, all at the same time and within an overall sphere of the confines of the plasma. 


Further, in the process of interactions and collections of these initial pmtics with each 
other, in specific combinations, these leads to creation of atoms, molecules, matters and 
soon, 


In this disclosure, simple connections between Initial Fundamental Particles and initial 
Fundamental Plasmas are explained and discussed. 


These specific collections and interaction of initial fundamental particles and initial 
fundamental plasmas and their interaction with other magnetic fields manifest 


themselves as states of matters, these are purely magnetic fields densities and 
compactness environment dependent, and they present themselves as different states of 
matter (gases, liquids and solids) 


Matter and matter 


In the following sections, we clearly distinguish between states of matter (gases, liquids 
and solids), denoted as “matter”, and state of the Matters (Matter, Antimatter and Dark 
Matter) denoted as “Matter” or “Matters” 


Initial Gravitational Fields 


The interaction of different magnetic fields of different strengths, upon each other, is 
considered to be the creator of initial gravitational fields for the start of the creation of 
the initial seeds of the Matters of the plasma (Fig. 8 B), 


We consider that pmtics interact to create the attraction field or gravitational field, 


Reactor technology 


With the new knowledge and new first principles which are disclosed in this book about 
the creation of Matters’ and plasmas’, techniques acquired and reactor systems have 
been designed, developed and tested, it has become possible to replicate the pmtics of 
plasmas’ environment that allows different Matters of plasma to be released from their 
interlocking magnetic fields forces within the confines of a reactor. 


Further on, it has become po: , fo manage and 
control, these unlocked fields and Matters of the plasma, for specific predetermined 
functions and applications. 


In these new reactors, in being able to weaken the Magravs of the plasmas (Coulomb 
magnetic or energy barrier) and by allowing the Matters of the plasma to be more free 
to move within the environment of the reactor. Where, these reactors were designed to 
facilitate the reduction in plasma magnetic fields forces and eventually to create an 
environment that Matters of the plasma can freely move in a soup of Matters, pmtics 
and rays. Where, through the operation of these types of reactors the famous Coulomb 
barrier becomes irrelevant in the overall structure of the soups of Matters binding 
magnetic fields of the plasma 


With these new methods of the manipulation of the structure of the Matters’ of the 
plasma it has become possible for the pmtics forces of the plasma within these reactors 
to be unleashed, and with plasmas’ constituent substructure loosen, it has become 
ble to manage to attain new powerful effects and properties from these rather weak 
initial fundamental magnetic fields of the plasma. Where up to the present time, these 
have been the unknown knowledge and metho: 


Within the structure of simple nuclear-based systems that have been developed, 
conditions are created in which simple weak ambient dynamic pmtics, similar to the 
internal construction of plasmas, are generated. The technology for creation of 
conditions similar to the internal structure of the plasma and methods which have been 
specially developed, that allows the loosening of the magnetic fields structure of the 
plasma, this will change the course of present nuclear fusion, and allows scientists in 
this field to achieve their goals rapidly and at the fraction of cost of present systems. 


In the new state-of-the-art technology much simpler, softer and more practical ways, 
very similar to conditions as in the universe, are employed to attain fission and fusion of 
different Matters and pla 


During the reading of this 
this technology, so it will not surprise the reader that we have applied for several 
international patents to cover all aspects of the topics, principles, methods and systems 
mentioned in this book and the ones to follow. 


Fission and Fusion by Plasma Dilution 


The present methods of fusion and the Antimatter production technologies apply strong 
magnetic fields forces or high-speed rotation of the plasma, with low or limited success. 
As the real principle of the construction and structure of thes 
never been understood correctly. 


a control-conditioned 
‘ore reactor, which facilitates and allows the 
plasmas’ Matters to disentangle themselves into their sub-Matters and pmtics 


In our new state-of-the-art science and technology, one creat 
environment within the confines of a multi 


components. 


In these reactors the effects of the newly freed principal Matters of plasma’ 
interactions with each other are utilised to create new and more powerful internal and 
external Magravs’ forces, within and in respect to other plasmas and Matters in mul 
core reactors tem environments’, 


In the new state-of-the-art technology reactors, after achieving desired goals, the system 
parameters can be changed so that the system can allow the same separated parts of 
plasmas’ Matters to return to their original properties and regroup as the original 
plasmas. 


This new method of loosening and the use of plasmas’ Matters within the confines of a 
reactor is to be called the Keshe Theory of the “Plasma Dilution” and the art to achieve 
this “Plasma Dilution Technology"(Chapter 21), 


This technology means that it is now possible to create an environment of weak 
magnetic fields within the cores’ of a reactor, where the plasma is allowed to be 
opened-up and be released of the interlocking magnetic fields forces between its 
different constituent Matters. 


The new dilution method in opening-up the plasma is a more practical and gentler 
methods for fission or fusion of the plasmas and/or its sub-Matters’ components, for 
utilisation of their effects and properties 


In the present state-of-the-art technology in physics, scientists have chosen harsh 
ission industry. For fusion, they have chosen high speed and by 
sma, utilising giant magnetic fields induced technology to achieve 


sion of pla 
their goals 


They use accelerators to slam the plasma on to a surface, to extract the sub-plasmati 
‘components like the Antimatter component of the plasma (6, 7, and 8) 


In the new state-of-the-art plasma dilution technology, within the confines of the 
reactors, environments and conditions are created, which are like a soup of weak 
pmtics, similar to the internal structure of plasma’s own environment. 


In this new approach, any new introduced plasma into the reactor, new plasma’s 
binding magnetic fields forces come into an environment and interact with fields 
similar t0 their own plasmatic magnetic fields strength to allow their more condensed 
fields of interlocking Matter, Antimatter and others, to loosen and operate more freely 
in the environment of the pmtics soup of the reactor cores. 


Using this new state-of-the-art science and technology, achievements of astonishing 
effects has been reported over the past few years. Where, with the current state-of-the- 
art technology, to achieve these effects, is considered to be nearly impossible and 
literally a dream and against the present known laws’ of phy: 
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These effects reported, like being able to lift a reactor system weighing several 
kilograms by the use of a few grams of gasses, utilises the properties of the Antimatter 
components of the plasma’s interactions with each other within the cores of these 
reactors, 


This new technology makes it possible to produce in a very fast and easy manner 
nanomaterials and their constituent pmtics, like nano atomic layers known as graphene 
(sp2), diamond atomic structure (sp3) and nano-oxides, at room temperatures and 
atmospheric conditions, as has been independently confirmed by reputable organisation 
in the west. 


In fact, all that has been achieved is the application of the understanding of how to use 
the soup principle to undo the tangles of magnetic fields of the plasma, and release of its 
substructure Matters, like Antimatter, in a reactor. 


Lift and Motion by Magravs positioning 


By utilising the properties of the interaction of forces of the collection of pmtic 
interlocking between the Matters of the plasma and/or their sub-magnetic fields, which 
are part of the structure of the Antimatter and the Dark Matter, it has become possible to 
create stronger Magnetic fields, or gravitational fields’ forces within the confines of and 
in respect to the surrounding environment of multiple-core reactors’ 


These Magravs, if strong enough to interact with similar fields in their environment and 
with other fields of the same components of plasma in other parts of the same reactors, 
these Magrays interactions’ of the system and the planet can cause lift and motion of the 
mass of the system, which the reactor is attached to. 


Scientists at the Fermilab (6) in the USA state that small amounts of Antimatter, as little 
as a spoon-full, can release enough energy equivalent for the launch of several shuttle 
flights. This laboratory has confirmed that they have managed to collect some of this 
Antimatter in the past forty years, using special plasma separation and containment 
methods. 


Utilising the new plasma dilution simple methods’, not only are the Antimatter 
components of the plasma separated but, at the same time the interaction of the 
magnetic fields of these Matters are used within the system for the creation of strong 
Magravs within and in respect to their environment, for creation of lift and motion. 


The newly created Magrays in these reactor cores, in interacting with the surrounding 
planetary Magravs and in trying to find a new Magrays balance, for example, in respect 
to the Earth fields, causes the system to move. 


This method of achieving system motion due to interaction of Magravs forces is to be 
known as the Keshe principle of Magrays positioning (Chapter 19). This position is, 
the point where the combined gravitational and Magnetic fields strength of the reactor 


system and the Earth, find a new p. 
to each other. 


ion, where they are in balance strength in respect 


Afier achieving the required Magravs positioning, this being the new height and/or 
distance, in respect to another Magravs force like that of the Earths Magravs, the 
systems’ internal parameters can be changed again to create a new Magravs strength 
within the reactor. At this point, a new Magravs positioning balance needs to be attained 
by the system in respect to the planet. This, forces the system to find a new Magra 
balance in respect to the planet Magravs’ strength, and consequently for the need for the 
system to achieve the new Magrays positioning in respect to Magravs of the planet. 


In attaining a new Magravs positioning balance, this leads to the movement of one 
system, in respect to another. 


Thus through this new Magravs positioning method, motion of crafts, cars and systems 
for energy production can be attained without burning any fuel or using the present 
propulsion technology for lift of relatively small payload into space. 


Through Magravs positioning principles, this is how motions of atoms, planets, and 
stars and so on, are created and achieved in the universe (Chapter 19). 


Through tests, we can confirm that, the motion of any mass for any Magrays positioning 
system is not size dependent, but mass dependent, where the smaller mass always tends 
to move in respect of the larger mass in the universe. There are some exceptions in 
respect to this rule of the thumb. As in Magravs positioning reactor systems, where 
gravitational field strength control within the cores of the reactors plays a major roll to 
achieve lift, motion and Magnetic field protection of the system, 


As I have said before “no one has ever seen a rocket in the back of the Earth that has 
been causing its motion for billions of years”. 


Subsequently, if necessary, through the same changes in internal parameters of these 
new reactors, the components of the Matters’ of the plasma are and can be allowed and 
be facilitated to regroup and return back to their original structural state of pmtics levels 
of Matters and composition, once the desired affects are achieved. 


Through new understanding and new state-of-the-art technology and by simply 
following the methods and universal orders of creation of Matters, the components of 
plasmas’ Matter, Antimatter and Dark Matter can be manipulated and utilised for 
effective lift and motion of objects, creation of energy, production of new Matters and 
so on. 


By the release of this new knowledge, this does not mean that the paths chosen up to 
now by other scientists have been wrong; this is by no means so. Nevertheless, their 
achievements have been and are limited because of the focus on the use of the matter; 
it’s state of gases, liquids and solids, and even a limited view on plasma (as the fourth 
state-of matter) rather than our approach in use of the Matters; it’s state of Matters, 
‘Antimatters, Dark Matters with their different pmtics strength components of the 


plasma 


With the use of the matter, one has to burn fuel to overcome gravitational field forces to 
attain a new position in respect to the planet. However, “with Magravs positioning 
systems one uses the pmtics of the Matters of plasma (Matmags) to create Magravs 
forces within the reactor, for the reactor system to move within the Magravs forces of 
another object, like the Earth, for the system to attain a position in respect to the Earth 
Magravs forces.” 


We consider that as much as there are Magrays forces between Matters, the same is true 
for the existence of Magravs forces between the Antimatter and the Dark Matter 
‘components of the plasmas too. This principle applies the same in respect to the inertia 
of Matter as much as to inertia of the Antimatter and the Dark Matter components of the 
plasma, 


That is to say, in the universe there are Antimatter Magravs forces and Dark Matter 
Magravs forces as well as inertia for all three Matters. 


All Matters and their effects can be used for the creation of motion and energy 
production in conjunction with other matters and Matters of the plasma. 


Our newly released knowledge is for achieving and reaching the same target as other 
scientists and institutes, but with new knowledge about the construction of Matters of 
the plasma, we are achieving more profound and stronger effects, in simpler and less 
complicated ways than have been chosen in the past. 


We see this 
past and present scientific worl 
harsher methods. 


release of new knowledge and technologies as an addition to the rest of the 
s, and a breakaway from the complicated ways and 


In this disclosure, one comes to understand how Matters and matters are made from the 
start of time (Chapter 3). Where, the method of creation of plasma and atoms in the 
universe is explained in a simple form. 


Then one can see how to use the inner construction of Matters’ pmtics to generate vast 
amounts of energy and lear to use magnetic fields principles of interaction that are the 
fundamental principles’ in the universal method for creation of motion. 


We have tested the Magravs positioning systems for motion, and the results confirm the 
correctness of the theoretical aspects of the approach. The future of space technology 
will be based on simple safe portable Magravs positioning nuclear-based reactors, 
which have been developed and tested, 


CHAPTER 1 


Historically unexplained principles 


The main reason for the lack of understanding of simple processes of creation and 
control of Matters of the plasma is not so much the lack of knowledge in the scientific 
world in the past or present. Rather the lack of progress is by large due to, the peer 
review obstruction mechanism, which has been put-up, for some scientists, to protect 
their individual financial interests and titles, in their schools of thoughts in their field of 
science. 


For example, despite having huge research budgets and human resources, the world of 
science in respect to understanding of the simple structure of the plasma and its fusion, 
has not reached substantial results in the past sixty years. Where, nuclear physicists and 
industry have been trying to cause fusion of plasmas of hydrogen atoms, in fusion 
reactors, which have been built, and are being built at costs of billions of dollars, 


The structure and working of these state-of-the-art fusion reactors are built against the 
natural laws of physics and opposite to the way, that fusion of plasmas takes place in 
the universe. Where, these reactors operate with near zero-gravitational field forces 
within their structure in trying to achieve fusion, Where in these systems, the natural 
internal gravitational field forces needed for a simple fusion is missing, 


What they miss as the natural gravitational field forces needed for fusion, they try to 
replace this with the use of strong external electro-magnetic fields, by the use of large 
massive coils and huge amount of energy to operate these systems, and then the they try 
to achieve fusion. This is like as they are trying to bake bread with only water, salt and 
heat, without having its main ingredient, the flour. The question to ask from these 
s, is simply that, where are the gravitational fields essential for fusion in these 
reactors, and where is it suppose to come from, if there is going to be a successful 
fusion chain process as in the middle of the Sun, which, these forces are in thousands of 
Gs 


scient 


In fact, with the use of giant external magnetic coils, they squeeze plasmas into tighter 
balls and then they try to fuse two hard balls of plasmas together. This is the reason 
why, they have and will achieve very little, if the present misguided path of fusion 
technology is to continue. 


Another point is that the present twenty-first century advanced world of science is lead 
to believe and to accept the outdated 19" century principles of creation of Magnetic 
fields through convection principles in the centre of the Earth. Even, when scientific 
seismological data’s (1, 2, 3, 42A, 42B) indicate that another explanation is needed. 


For example, some peers consider that man in the 21* century is not intelligent enough 
to discover how gravitational fields of planets are created. According to these peers, the 
principle of creation of gravitational field forces and their control at present is beyond 
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A printed circuit board with a pattern of holes and connections similar to a solderless breadboard. 


Advantages 
Easier than using plain perfboard, especially for ICs. 
© Reliable, 


© Can be used permanently. 
© Available with ground planes if needed, 
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© Usually not as compact a final circuit as some alternatives, because you are constrained by 

layout. 

© Pads bigger than needed can add capacitance, but not much, 
© Can be expensive, especially the “vectorboard” brand. 
‘© Sometimes awkward for odd sized or large components. 


Prototyping Methods 


comprehension of other scientists. 


Where, as new Magnetic and gravitational fields positioning systems, which have been 
developed and tested, confirms the ability to create lift and motion by just using the 
effects of Matters magnetic fields (Matmags), without burning any fuel or use of 
propulsion technology. 


Within the present 21* century knowledge and proven science, there are a number of 
unacceptable points from these earlier centuries accepted principles like the creation of 
the magnetic fields of planet through convection principles. 


‘New theories and principles for these misassumptions, unexplained and out-of-the-hat 
principles are explained and discussed in the following sections and chapters. 


In the following four sections in this chapter, it is important to note that: 


Information that have been obtained through the earth-quakes seismological data over 
past thirty years from around the world, these data points to the fact, that what has been 
assumed to be the solid inner core of the planet and to be made of one piece solid 
metallic matter (Fig. 1), this core in fact has a cavity in its centre (Fig. 1) (1,2, 3, 4, 5, 
41A, 41B). This newly discovered cavity in the solid core of the planet has been called 
by geologists the ‘inner-inner’ core of the planet and is assumed to be about at least 
over 500 km in radius in the centre of the inner solid core of the planet. 


I have called this new core, “The Caroline Core” (Fig. 1, 2 and 3), to distinguish it 
from other presently known cores” of the planet (12). 


1. The creation of Magnetic Fields of the Earth 


The assumption of the creation of the Magnetic fields of the Earth by scientific world 
has been based on the understanding of the working of the dynamo principle of earlier 
centuries. Where, the process of the production of the current was accepted to start-off 
with the motion of high temperature fluid of matters in the outer core (Fig. 1), in the 
centre of the Earth by heating and liquidity of matters in this core. 


Where electrons of atoms of matters are considered to be released or loosened from 
their atoms to be free to vibrate or float in this region, and as the rotation of the solid 
metal inner core (Fig. 1) of the planet interacts with these free electrons in the outer core 
of the planet, this leading to the creation of Magnetic field of the planet (Fig. 1 Field 


sumption is totally correct, then how do other planets and stars create their 


Magnetic fields? 


Stars like the Sun, possess Magnetic fields and yet do not have solid inner cores as the 
Earth does. The Sun definitely generates Magnetic fields, which does span beyond the 
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Earth and the Saturn, 


The first flaw with this convection theory of electrons motion is that, we know now that 
plasma of an atom is a charged entity and possesses much stronger charges by 
several orders of magnitude than its smaller counterpart electron. 


Thus, the main Magnetic field force of the planet is more feasible to be created by the 
plasma charges rather than electrons charges. With the knowledge we now know, that 
even the electron is a plasma condition similar to the proton construction (Chapter 3, 17, 
18 and 19). 


Second 
magnetic field 


Magnetic field 
of the Planet 


‘CAROLINE Sa an cRUST 


(nner inner Core) 


Gast hencsor ‘OUTER CORE 


INNER CORE (Liquid Core) 
(Solid metallic inner Core) 


Fig. 1: Two interacting plasmatic magnetic fields in the inner cores of the Earth lead to the 
creation of the Magnetic field of the planet. 


Note: The Caroline Core, can contain plasmas, atoms (nanomaterial), molecules, 
different matters, hydrogen, potassium, uranium and plutonium due to nuclear decay, 
fission, possible fusion, ionisation of matters, leading to the creation of heat in this 
core, which is transferred through the solid inner core to keep the materials content of 
outer core in fluid state. 


Through current knowledge in plasma physics and studies in the nuclear fusion 
industry, it is a known fact that dynamic protons (plasmas) of atoms are positively 
charged entities and do generate their own currents, through what is known as the 
Birkeland current principle. It is through this principle of creation of current and the 
dynamism of plasma in the centre of stars that main solar Magnetic and gravitational 
fields forces of stars are created, and not the convection principle. 
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Secondly, if we have plasma in the centre of the planet, which is possible, then the 
convection theory for the production of Earth’s Magnetic field has limited validity, and 
it is possible that some of the Magnetic fields of the planet are partially created by the 
convection principles method too 


2. Creation of the Gravitational Fields of the Earth 


The other major concept, which is an obstacle to the development of new knowledge, 
to understand how gravitational fields of planets are created. This is a concept that has 
not been understood until now. Where, the creation and maintenance of gravitational 
field’s forces in stars and planets have unnecessarily made been by the scientific world 
into the holy grail of science. 


In fact, the creation of the gravitational fields of planets and stars in the universe is as 
simple as the creation of their Magnetic fields. 


‘The hypocrisy with this is that the scientific world and an infant child (at school age) 
agree on one principle, that, two dissimilar poles of solid magnets, gets attracted to each 
other and pulls one magnet to the other, or they have gravitation in respect to each 
other. It is an accepted fact that, opposite poles of magnetic fields forces can interact to 
create attraction field forces or the gravitational fields forces in respect to each other 
and other matters around them 


Thus, it is correct, to assume that, to have a gravitational field in a planetary system, the 
gravitational field forces must be made similarly by the same principles of attraction 
and interaction of at least two magnetic fields, in the centre of the planet in respect to 
each other. Therefore, the gravitational fields of the planet must have been made by 
interaction of two or more sources of magnetic fields in respect to each other in the 
centre of planets or stars that can spa | boundaries of these objects. 


By the reality of the existence of the Magnetic and Gravitational field forces around the 
Earth, this leads to the confirmation and understanding of a need for two independent 
regions that can create magnetic fields forces within the structure of the planet inner 
cores, that, their interaction leads to the existence of the gravitational field forces of the 
planet. 


Consequently the Earth, being in possession of gravitational fields, this confirms and 
indicates to the existence and operation of at least two independent magnetic fields 
forces regions in the centre cores of the planet (Fig. 2, fields GI and G2). 


Where, the interaction of the two magnetic fields (Fig. 2, fields G1 and G2), which are 
generated in the centre cores of the planet, upon each other, leads to the creation of 
attraction or gravitational field forces of the planet, similar to the attraction fields of 
opposing poles with solid magnets. 


It is a known fact that, planets and stars are made of different layers of different 
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materials. Similarly stars are made of the same material (Hydrogen), which, due to 
variation in the compression and temperatures, layers are created in these objects, where 
the same matters in different layers create and behaves and show slightly different 
properties and effects; These different layers produce their own slightly different in 
strength magnetic fields force, compared to their adjacent layer magnetic fields 
strength. Thus, the layers of plasmatic or fluid materials in different depth of stars and 
planets, each layer create their own independent magnetic fields in the centre of planets 
ors 


rs. 


‘The magnetic fields created in each dynamic layer in the cores of these celestial bodies, 
due to the proximity have no alternative, but to interact with the magnetic fields 
generated in ascending or descending layers from them. The interactions between the: 
magnetic fields in different layers are considered to be as or similar to a solid magnets 
state magnetic fields interactions. 


.¢ of stars and planets’ inner cores, magnetic fields are created by and in 
states or fluid states of Matters. Where, these flowing dynamic materials in 
the inner layers of celestial objects cannot physically lock to each other through the 
magnetic fields generated by each layer, as it happens with solid-state magnets. This 
being due to fact that atoms and molecules in these layers are continuously in motion 
and are pushed around by other forces and the rest of the Matters in their given layers or 
by other layers effects and forces. 


Nevertheless, the magnetic fields created by each dynamic la 
magnetic fields of the adjacent dynamic layer or layers. These interactions of magnetic 
fields in different layers creates attraction magnetic fields, as much as, repulsion 
Magnetic fields forces, in between the materials in the different layers. 


Therefore in the same regions and by the same matters, similar magnetic fields 
polarities in different layers interact and two similar polarities magnetic fields forces 
(Fig. 1 field MI and M2) repel each other. This repulsion magnetic fields forces (Fig. 1 
field M1 and M2) becomes’ the outwards field force pushing and what is known as the 
Magnetic field force of the planet (Fig. | field M). 


Further, the opposite polarities magnetic fields in these layers at the same time, interact 
simultaneously and in a similar way, and the interaction of opposite magnetic fields 
polarities of matters in these layers (Fig. 2 field G1 and G2), leads to the creation of the 
different layers magnetic fields pulling or attraction in respect to each other. This 
attraction magnetic fields force (Fig. 2 field G1 and G2) becomes the inward field 
forces pulling field force and what is known as the Gravitational field force of the 
planet (Fig. 2 field G)(18), 


Through tests done over several years with the construction of similar set-ups as in the 
inner cores of the planet, the Keshe Theory of creation of gravitational field of 
dynamic objects in possession of dynamic cores states that: 


“The dynamic outward’ Magnetic fields forces of planets and stars are created by 
interaction of the same materials and in the same layers, as their dynamic 
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gravitational fields forces”. 


Second 
magnetic field 


First 
magnetic field 


Gravitational feld 
of the Planet 


CAROLINE ae cRUST 


(Inner inner Core) 
Geo-Reactor _ INNERCORE OUTER CORE 
(Liquid Core) 


(Solid metallic inner Core) 


Fig. 2: Two interacting plasmatic magnetic fields in the inner cores of the Earth lead to the 
creation of the Gravitational field’s forces of the planet. 


The Magnetic fields forces of the planets are made from the interaction of similar 
polarities of plasmatic magnetic fields of Matters in the dynamic layers of its inner 
cores (Fig. 1 field M) and these radiate themselves outward. The Gravitational fields 
forces (Fig. 2 field G) are created by the interaction of the opposite plasmatic magnet 
fields polarities of the same Matters in the same layers in the cores of planet, creating 
the pull or inward attraction in these celestial objects”. 


This new understanding of interaction of multi-magnetic fields in the planets inner cores 
brings about a new definition, new understanding and new explanation of how 
gravitational field forces are created in centrally dynamic multi-inner-cores celestial 
‘objects in the universe the like of the Earth and the Sun. 


Gravity can now be defined on the real basis and what leads to its manifestation, 


strength, existence and control. 


Therefore, Gravitational field forces are magne 
to the Keshe Theory of Gravity, Gravity is defined a: 


ly based fields, and thus according 


“The Gravity is, the measure of the interaction and attraction of two or more, 
magnetic fields forces or dynamic plasmatic strength created within the second 
system”(18). 
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This is the same as Newton’s definition of gravity, with the extension however, that two 
Matters or matters cannot possess pulling forces nor have gravitation in respect to each 
other position, without the existence of magnetism. 


Certainly, the attraction and interaction of pmtics forces changes with respect to 
position of two objects and they are distance and fields’ strength dependent. 


If the celestial objects do not possess magnetic fields strength that can interact with each 
other, then, how could they be attracted to each other? 


Thus, gravitational field now can be understood and explained in its real terms of what 
creates it, and this is due to interaction and attraction of pmtics created within dynamic 
cores of celestial objects in respect to each other. 


Secondly, as the gravitational fields of these planets or stars are magnetic fields strength 
dependent, one can now understand why their attraction is position dependent. 


Therefore, gravity in a simple form can be defined as; that gravity or gravitational 
fields forces are the measure of the interaction and attraction of two or more magnetic 
rays or magnetic fields systems of two or more entities in respect to each other 
strength and position at any point in the Matter, plasma, matters, planets, solar systems, 
galaxies and universe. 


This new definition of gravitational fields is an extension to the present knowledge and 
due to new understanding of the plasmatic magnetic fields interactions between 
components of Matters (see Chapter 3). 


Another proposition can be that: We further can assume that the cell of a human or 
matters of other objects, which all are made of atoms and plasmas and of magneti 
fields can/are/or behave as the possessor of the second magnetic field in respect to any 
other plasmatic magnetic fields in their environment. Therefore, it is possible that 
pmtics of these cells and matters in their interaction with the dynamic pmtics of the 
planet can behave and replace the interacting double magnetic fields system principles 
necessary for the creation of gravitational phenomenon principle to operate. 


Further it can be said, that any substance in possession of plas 
gravitational attraction in respect to the planet. 


na or nuclei has 


If this is correct and applicable, then, this can be another reason why, a singular 
Magnetic field of a planet can be enough to create the gravitational field pull in respect 
to any object within the catchments zone of the Magnetic field of the planet’s. That is to 
say, a single Magnetic field would be sufficient for the gravitation of plasma to the 
planet to be created and exist. 


Nevertheless, there could be a flaw with this concept, as one need the gravitational and 
magnetic fields (Magravs) together to be able to have a constant free motion and 
position option of the two objects too. 
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In this book, we try to make a distinction between magnetic fields of matters and 
Magnetic fields created by dynamic interaction of two magnetic rays, two magnetic 
fields or pvo pmtics. Where, in the case of like plasmas and planets Magnetic field and 
gravitational fields, which they always accompany each other we use capital M 
Magnetic field. In these references instead of writing Magnetic and gravitational fields 
we write in short as “Magravs” magnetic fields forces in respect to each others 
position”. 


“Where, the Gravitational field force of one celestial body in respect to the other is a 
measure of the attraction and of the interaction of one plasmatic magnetic fields 
strength created within one system in respect to another plasmatic magnetic fields. 


3. The source of the Heat in the Earth Cores 


Another unanswered question in geophysics is that, where does exactly the heating of 
the inner solid core of the planet Earth comes’ from that can keep the outer core 
materials in their fluid state? Secondly, how and through what method is heat generated 
in the inner cores of the planet? 


These questions have not been addressed fully with clarity up to the present time in the 
science of the planet. 


In general, it is an accepted fact that the Earth maintains heating of its inner cores. I 
consider that the Caroline core is a Geo-nuclear reactor (Fig, 1, 2 and 3) to be known as 
the Geo-Reactor (Fig. 2). It is not hard to assume that there are radioactive matters 
(41C) in this new central core of the planet (12), which leads to the heating of the inner 
cores of the planet. In general, nuclear geophysicists and myself agree upon this, up to 
certain degree, with difference in the content of the matter types and the process by 
which this heating is generated. 


Where, geophysicists mainly consider that the heat in the Caroline core is generated 
through the nuclear decay of heavy elements, which have sunk into the centre of the 
planet due to their weight. 


As a nuclear engineer having built several simple nuclear reactors replicating the 
structure of the inner cores of the planet Earth and achieving the same effects of 
creating Magravs similar to of the Earth, I believe, Matters, plasmas, hydrogen atom: 
carbon atoms, radioactive matters and other matters collectively are parts of the mixture 
of the matters content of the Caroline’s core (12). 


‘One can now clearly explain that the major contributor to the generation of heat in the 
inner cores of the planet are, or can be due to nuclear decays, operation of plasmas, 
nuclear fission (41C) and possible nuclear fusion of materials in the Caroline core of the 
planet. 


Materials in this region of such a high temperature are, and can be, considered to be in 
the fluid state (12) as has been considered by present geophysics scientists in respect to 
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the condition in the outer core materials of the planet. 


Matters in this region, due to their fluidity, can be considered to be able to produce their 
‘own dynamic magnetic fields (Fig. | field M2 and Fig. 2 field G2), due to the dynamic 
‘motion of fluid matters in this section of the planet and these fields can/and interact with 
the dynamic solid inner core of the planet (Fig. 2). This being in principle similar to 
what has been assumed by geophysicists, that to be happening in between the inner 
core and the outer core regions of the planet matters leading to production of Magnetic 
field forces of the planet at the present time. Secondly due to the charged plasmas and 
charged electrons and their motion in this core, these could be partially responsible for 
the creation of the second magnetic field force of the planet. 


By the discovery of the second cavity, the Caroline core, in the inner cores of the planet, 
it becomes clear that the second magnetic fields (Fig. 1 field M2 and G2) can be, and 
are created in the very centre of the planet. Where, the solid core of the planet will act 
as a separating partition wall, between the two dynamic matter regions in the centre of 
the planet, namely the fluid matters in the Caroline core and the fluid matters in the 
outer core. 


So, the holy grail of the gravity (18) can be explained by the principle of interaction of 
two dynamic magnetic fields sources in the centre of the planet as was discussed in the 
above section. Therefore, the interaction between two pmtics on either s 
core is the source of the plasmatic Magravs of the planet. 


4. What causes the Rotation of the planet Earth? 


Another unexplained and daily-accepted phenomenon is the rotation of the planet Earth. 
How is the rotation of the planet Earth created and maintained? What causes and 
dictates its constant speed of rotation of the planet, irrespective of where the planet is in 
its solar system? 


The way and how the rotation of a planet is created, has never been explained in the 
past by world of science. 


The existence of two independent pmtics forces (Fig. 1 field forces of MI and M2, and 
Fig. 2 field forces of G1 and G2) on either side of the inner solid core of the planet 
(Fig. 3) can help to explain the next mystery in the world of geophysics, through the 
Keshe Theory of “The principle of the rotation of the planet”. 


Magnetic fields are known to possess field forces that can exert pressure on an object, 
and are capable of causing its motion. 


The existence of, and the continuously maintaining and interplay of the two dynami 
pmtics forces (Fig. 1 fields MI and M2 and Fig. 2 fields G1 and G2) on either side of 
the inner solid core of the planet, partially goes to answer the sources of the fields that 
nthe inner solid core of the planet that causes the motion of the inner solid 
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It has been explained that the interaction of two dynamic magnetic fields on either side 
of the inner solid core, leads to the creation of Magravs forces of the planet. At the same 
time the interaction and exertion of the same magnetic fields forces on the inner solid 
core of the planet put magnetic pressure on the inner solid core of the planet, causing 
the motion of the inner solid core of the planet (Fig. 3 fields G1 and G2). In the figure 3 
the total and overall effect of Magnetic field and Gravitational field forces of each core 


on the inner solid core are denoted as G1 and G2. 


Second 
magnetic field 


Fist 
magnetic field 


Rotation 


Sei CRUST 
CAROLINE CORE 4 


(inner inner Core) 
OUTER CORE 
Geo-Reactor __ INNER CORE Liquid Core) 


(Solid metallic inner Core) 


Fig. 3: Interacting plasmatic magnetic fields in the inner cores of the Earth leads to the creation 
of the rotation of the planet. 


‘As the solid inner core confines’ the materials in the Caroline core (Fig. 3) and the outer 
cores materials are confined by other matters at the outer boundaries of this core (Fig. 
3), these two cores are considered to be holding a constant volume and weight of 
matters. Thus, it is possible to assume that the magnetic fields forces created by each 
core will be constant and these magnetic fields forces will be maintained on either side 
of the inner solid core of the planet for a long period of time (billions of yea 


Hence, the balance of magnetic fields forces exerted on the metallic inner solid core, by 
both magnetic fields on either side of the inner solid core, will determine the speed of 
rotation of the solid core of the planet. 


Consequently, through the principle of viscosity and friction of the matters inside the 
planet, the final speed of the rotation of the whole planet is considered to be set and be 
due to the motion of the inner solid core of the planet. Which is carried out to the outer 
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layers of the planet and becomes the final rotational speed of the planet. 


Therefore, the speed of the rotational motion of the planet is determined by the planet’s 
internal cores magnetic interactions upon the inner solid core of the planet and by large, 
this speed of rotation is irrespective of the position of the planet in its solar system and 
overall effect of the external Magrays forces, which are exerted by other planets, and 
the star of the solar system, on the planet. 


So the twenty-four hour speed of rotation of the Earth is totally dictated by the exertion 
of the magnetic fields of the other cores on the solid inner cores of the planet as has ju 
been explained, and not necessarily by any other factors. 


This principle of constant speed of rotation of celestial object should hold true for the 
all-dynamic celestial objects that are in possession of dynamic thermal central mater 
cores and this rotation is irrespective of the temperature of the inner cores or 
temperature of the outer layers and surrounding environment of these objects. 


Through tests in laboratory of similar reactors as the construction of Earth inner cores, 
we have concluded that the speed of rotation of celestial objects and Matters and the 
creation of Magravs strength are temperature independent. 


The motional rotation of a planet is created through the same principle as the linear 
motion that is attained in the present Maglev magnetic railway system of Japan, with 
the difference that, due to spherical shape of the inner solid core of the planet (Fig. 3), 
the motion created in this case will be a rotational one (12) rather than linear. We can 
consider that this principle is universal 


5. The difference between Matter and matter 


Another unexplained phenomenon in the world of physics has been the understanding 
and the difference between the Matter and the matter, one in respect to the other. 


In this book we make a clear distinction between the Matters and the matters in all 
levels of universal orders of materials, where; 


‘The Matters are understood to be as the like of the Matter, the Antimatter and the Dark 
Matter. These three Matters are all made of different plasmatic magnetic fields strength 
and are field strength dependent in respect to each other. The three Matters are the three 
major components of a plasma. Each of the three Matters have pmtics of another 
strength, where the constituent strength of the pmtics creates different Magravs, 
different magnetosphere field strength and different mass for each Matter, and these 
independent of the other two Matters within the plasma, and independent of the 
environment that surrounds the plasma, 


Whereas: 


30 


ENGS 32 


Winter, 2003 


“Dead Bug,” or “Ugly-board” 


Start with a plain copper-clad board. Glue ICs down with the leads sticking up in the air. Then solder 


to them 


Advantages 


Provides an excellent ground plane. 
Can be a high performance way to 
build sensitive and/or high- 
frequency analog circuits 

Can make a complex circuit 
compact. 

Reliable. 

Can be used permanently. 
Inexpensive. 


Disadvantages 
Requires high soldering skill. 

‘Takes a long time to build, 

Mechanical support for components is 
marginal; can add glue (“RTV") after 
debugging, 

Only makes reliable connections to square leads 
(as are on wire-wrap IC sockets). Other 
components (e.., resistors, capacitors, 
transistors) need to be soldered to a “header” 
that goes in an IC socket or to individual wire- 
wrap pins. 
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Prototyping Methods 


‘The matter refers to the Matter component of the plasma, Matter becomes matter, when 
the Matter comes to levels that plasmatic magnetic fields forces and the motion of 
these forces in their environment can determine the compactness of the components of 
the Matter pmtics appearance in the plasma that make the matter appears as a gas, a 
liquid or a solid state-of-matter. These forces being created due to interactions of 
Magravs, dynamism of the environment, and so on. 


At the same time, Matters are pmtics strength, contact friction dependent. Where, the 
isually leads to the change of the state of the matter through 
fields forces to the likes of light, heat and other’s. 


It is the external field forces and not the field strength of the environment that dictate 
the compactness of any of the plasmas’ Matters so that the pmtics becomes matter and 
visible or tangible to human senses, like odours or appearance of Matter as solid, gas or 
liquid, itis then that the Matter comes to be called the matter. 


The principle of strength of the magnetic fields of Matters 
strength of magnetic fields in matters, 


very different than the 


When we consider to work with Matter(s) for space technology, the term “fuel” is not 
applicable, therefore the use of the term “MATter MAGnetic Supply”, abbreviated to 
“MATMAGS”. This is a Matter (Matter, Dark Matter, Antimatter) source of pmtic 
used in reactors for the production of Magravs for the operation of gravitational 
positioning reactors, where one can state the Matter needed and the strength of the 
Magnetic fields of the Matter needed to achieve desired effects from the reactor. 


Since “fuels” only refer to the matter level, where fuels are usually burned through 
ignition of matters, whereas magnetic fields of Matters, in the form of Magravs, are 
manipulated to create a preferred effect, and where the magnetic fields can be reversed 
back to any other state of Matter, and they are never lost. The only difference would be 
that with the Matter supply the magnetic fields strength can differ after processing, but 
in reality one would be left still having magnetic fields of varying degrees in strength. 


6. How motion of matters and Matters are created? 


The question to be asked first is, that, how the Matter, the Antimatter, and the Dark 
Matter are created in the univers 


Secondly, how are the regular independent motion of Matters (Matter, Dark Matter and 
Antimatter) and matters (electrons, atoms, matters, planets, stars and galaxies) in the 
universe without burning of any fuel created and maintained? 


No explanation has been put forward by the scientific world that is realistic, 
fundamental and applicable in all levels and to all sizes of objects and in any position in 
the universe. 


In the following chapters of this book, I will disclose how matters (gasses, liquids and 
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solids) and Matters (Matter, Antimatter and Dark Matter) as part of fundamental 
elements of creation, move in the universe. In addition, it will be explained, how the 
plasmas, electrons, planets and stars attain and maintain their motion in the span of the 
universe. (Chapters 19) 


Motion in the universe is achieved by understanding in full that how the construction of 
Matters happens at their simplest form, from the inception of the initial fundamental 
particles how they come together, and how they respond to each other’s magnetic fiel 
forces, that the interactions of all constituents Magnetic field forces in Matter and 
na of Matters, leads to the creation of motion of plasmas, electro ars, 


7. How Light is created? 


The present science of physics accepts that the light is created through the drop in 
energy of an electron from one energy level to a lower, or its ground energy level 


Further, in this book we will explain how light is created in the universe, where actually 
there are no electrons present in the plasma-saturated environment, 


The other unanswered question is whether the speed of light (C) is the ultimate speed in 
the world of Matters. 


The speed of light is in the world of science thought to be the ultimate speed that any 
Matter can travel 


I consider thi 
and Antimatter). 


sumption to be incorrect for all states of Matters (Matter, Dark Matter 


The a 
interactions between matter and Matter component of the three ba 
Antimatter, and Dark Matter), 


sumption that the speed of light is the ultimate speed can be correct only for 
ji¢ Matters (Matter, 


I consider that the plasma is to be in possession of all three states of Matters, these 
being the Matter, the Dark Matter and the Antimatter. (See the cover image of the 
book) 


Secondly, the assumption that the speed of light to be the ultimate speed, can at the 
same time be partially correct and applicable, only for a limited fraction of time for 
specific conditions of matter (and not necessarily only in vacuum conditions). Where 
matter itself is only a small part of bigger components of Matters of plasma in the 
universe. 


There are too many physical facts that are present in the mechanism of the univer 
daily operation that rejects that the speed of the light being the ultimate speed. These 
new theories will be discussed further in Chapter 7, titled “Speed of light”. A large 
numbers of physicists around the world do not accept such a limitation on the speed of 


matters in the universe. 
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CHAPTER 2 


Interaction of Plasmatic Magnetic Fields (pmtics) 


In the Matters the strength of the magnetic fields goes back to the origin of the creation 
of magnetic fields. Where, the strength of the magnetic fields is in terms of reference, 
the power of the magnetic fields. Where magnetic fields in essence are created out of 
the potential difference in position from their source and the rate of the flow of the 
‘magnetic fields from their source becomes the current of the magnetic fields. Thus, as 
the position is closer and the rate of the flow is higher, the stronger the strength of the 
fields. This principle of creation of magnetic fields and magnetic fields strength are 
explained in full in the paper titled “The creation of magnetic fields” 


In understanding the ways and the simplicity with which the gravitational field force of 
plasmatic conditions are generated and maintained in planetary and stars systems, we 
can now state that the method of creation and production of the Magnetic fields and 
gravitational field forces of galaxies, stars, planets, molecules, atoms and plasma are all 
considered to be through the same method, irrespective of their physical size. 


‘At the same time, it is important to appreciate that this applies to all scales of the 
universal order of creation, That is to say, stars are made of the denser, larger and 
stronger by order magnitudes of plasmatic magnetic fields strength forces in the 
universe. Compared to the plasmas and the electrons, which are made of a weaker order 
of magnitude of plasmatic magnetic fields strength forces. 


Nevertheless, the same principle of structural formation applies to the Magravs structure 
of stars as to the structure of an atom, the plasma and the electron. 


In the physi 
fields can be e: 
or the Galaxies. 


lly big state order of matter, large scale, stronger and denser magnetic 
ly observed and detected, like the magnetic fields of the Earth, the Sun 


By the same measure and the same order of the scale and magnitude, plasmas and 
electrons possess and are made of and follow the same principles of Magravs 
interaction and attraction, and hold on to their different Matters and forces, as a star or a 
galaxy does. 


Whereas, the existence of the lower order of the magnitude pmtics that make the 
physical structure of plasma due to their very weak magnetic fields strength, can mainly 
be confirmed through the physical existence of the plasma itself, its behaviour, and its 
properties. 


Through our own tests, which have been done over several years, it is apparent that the 
plasmas possess their own Magravs forces, which are made from the interactions of 
combinations of different pmtics forces within their structure 
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The fact is that, if the plasma did not create and maintained Magravs forces internally, it 
would not have been able to hold on to its fundamental particles, for the plasma to exist. 
By the Keshe Theory of the Gravity, the existence of Magravs forces as the existence of 
‘a magnetosphere of the plasma confirms the existence and interaction of at least two 
plasmatic magnetic fields forces within this structure. 


Secondly, if the plasma did not possess Magnetic field, it would get stock to other 
plasmas in its environment, these environments being for example the like of the other 
plasmas in the nucleus of heavier atoms. Then as the pla a free motion entity, 
which keeps distance from other plasmas in its environment, this confirms the existence 
‘of Magnetic as well as gravitational field’s, which is internally maintained and 
emanated from the plasma itself. 
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Unless it can be proven to the contrary, we can assume that all plasmas are made of the 
ame types of pmtics, and the same structural Matters and the same structural 
configuration. Then, we can say with confidence that all plasmas are made of identical 
Matters and create the identical Magravs forces within their structure. 


We consider neutrons, protons and especially electrons as being of plasma structure 
with only difference in their pmtics content level. Thus, different atoms of different 
matters have different energy and physical pmtics properties from other atoms purely 
due to the level of total pmtics of their total plasmas that they can hold onto. 


From this point on, in this book, it is considered that all hydrogen atoms have and will 
always be in possession of the same properties, be of the same construction and be 
made of the same similar internal pmtics and Matters. 


Therefore, it is assumed from this point in this book that what we call initial 
fundamental plasmas, or what is called neutron, must always be made of the same 
composition and of the same specific pmtics at all times, for all such plasmas of all 
atoms. 


Furthermore, it can be said that all initial fundamental plasmas create the same and 
similar plasmatic Magravs forces 


Until contrary to this fact is proven, then it is correct to assume that majority of plasmas 
have the same characteristics, the same properties, and have the same dimensions, and 
the same measurement of Magravs density and field strength. 


Therefore, it is right to assume that the majority of plasmas in the universe are all made 
of the same collection of pmtics interactions. 


Hence, it is correct to assume that to have plasma of specific characteristics and specifi 
Magravs strengths; the plasma is made of and must be able to attain a Specific Magnetic 
Configurations for all initial fundamental plasmas. 


From observation of motion of plasmas in the universe, it is clear that not all packs of 
pmtics are connected to a specific source. They are mainly free floating in space and are 
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made of different magnetic fields strength. 


Where, some of these pmtics interact with others of the same strength. Which, these 
interactions lead to the creation of the plasmatic Magrays, in their space and in respect 
to other floating pmtics in their given environment 


Initially, when pmtics of similar strength get close to each other, the interacting fields 
get entangled with each other and set-off a new cycle of Magravs in respect to other 
pmtics and magnetic fields in their given environment. 


Further on as more pmtics of different field strength are gathered together due to their 
initial magnetic fields strength the new seeds for creation of new and different Matters 
are set to start. Where, the collection of these different Matters and fields and their 
interactions leads to the creation of initial fundamental plasma, in a specific given 
position in space. 


Plasmas are always considered to be made in the same manner, by the same process, by 
the collection of the same pmtics force strength and the same interaction procedure of 
the fields within their structure. 


Hence, plasmas are said to be made of Specific Entangled Plasmatic MAgnetic Fields 
considered to be the same for composition of all plasmas in 
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CHAPTER 3 


The I 


| Fundamental Pai 


les of the plasma 


The initial fundamental particles components of plasma are considered to be a 
collection of weak plasmatic magnetic fields (in short: pmtics) originally existing in 
the spans of galaxies. 


These are residuals of different plasmatic magnetic fields activities of matters and 
Matters, which are released by the interaction of different magnetic fields by/and 
through for example processes like fission and fusion within stars and so on. It is 
considered that some of these weaker plasmatic magnetic fields are released into the 
environment by the nuclear decay of atoms themselves. 


Where some of the pmtics (Fig. 4) are continuously created in the denser environments 
by the interaction and friction of two or denser or stronger pmtics and some weaker 


pmtics are generated through the collision or friction of matters and Matters in the 
universe. 
ewww 
ann ———_— 
‘svannann 
South North South North 


Fig.A Fig.B 
Fig. 4: Graphic presentation of plasmatic magnetic fields. 


Note: The figure 4 A: represents the collection of plasmatic magnetic fields of different 
strength. The figure 4 B: represents a graphical representation of dynamic pmtics in 
motion. 


The pmtics due to their very weak strength are usually considered to exist and be in 
motion in packs within the different parts of universe (Fig. 5). Where, each pack can be 
made of number of different orders of magnitude of pmtics strength 


For ease of understanding in trying to explain that how plasmas are created initially, we 
will consider three packs of pmtics. Where, for our purposes, each pack of plasmatic 
magnetic fields is denoted by one capital letter. Then each strength sub-constituent 
magnetic fields forces is number denoted. The different strength fields denoted with 
different numbers (Fig. 5). 


For simplicity of explanation, we will consider three packs of A, B and C with 
constituents of different dynamic pmtics (considering that fields are in motion in their 
environment). 


Furthermore we consider that each pack of magnetic fields contains five different sets 
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of fields strength called (Pack A) as Al, A2, A3, Ad and AS, (Pack B) as B1, B2, B3, 
B4 and BS and (Pack C) as C1, C2, C3, C4 and CS respectively (Fig. 5). 
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aS 85 
Pack A Pack B Pack ¢ 


Fig. 5: Initial fundamental particles of plastic magnetic fields. 


It is important to remember in this section, that when we talk about the gravitational 
field forces (Magravs), this means the gravitational fields and the Magnetic fields of 
any entity in possession of these magnetic fields, which are generated simultaneously 
by the interaction of the same two or more plasmatic magnetic fields. 


It is crucial to remember that there cannot be a situation where, there are gravitational 
fields and no Magnetic fields within a system and vice-versa. Even where, the Magneti 
field comes to be placed in the boundary of the gravitational field zone. 


In principle, the gravitational fields and the Magnetic fields of the plasma are 
represented in the same region in our diagram(s), and for simplicity, these are shown 
with the doted line and this single line is representing both the Magravs zone of a 
Matter. 


Creation of Matter of plasma through interaction of pmtics. 
Initially considering interactions between, the pack A and the pack B and at least one 


pmtics of each pack, which are to match with each other strength of the other pack, 
where these two pmtics are allowed to interact and interlock into each other. 


a2 \ 
7 
eg \ 
ia am 
if 
Fig. 6: Dynamic plasmatic magnetic fields Al and BI making the initial magnetic interaction of 
two packs. 
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Note: Only pmtics of similar or near similar pmtics strength can interlock into each 
other, where pmtics of different strength are attracted to each other but cannot interlock 
in the majority of the cases. 


For the pmtics of packs A and B, which are similar or equal in magnetic fields strength, 
and they are in motion, and able to interact with each other or to interlock into each 
other (Fig. 6 and Fig. 7 a), it is considered that the North Pole of pmtics Al and the 
South Pole of the pmtics B1, (Fig. 7 b) start the attraction of the two pmtics to each 
other. 
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Fig. 7: Interacting plasmatic magnetic fields making pmtics of Matter. 


Note: It is considered at all times in the universe all magnetic fields and plasmatic 
‘magnetic fields are in dynamic and in the state of motion, as magnetic fields in essence 
are always attracted or interacting with other magnetic entities, thus they are always on 
the move towards or repulsing from one magnetic field to another. This is how the 
motion of Matters and fields are maintained in the universe. This continuous dynamic 
mixture of different magnetic fields strength become part of a localized or universal 
pintic soup(s). 


This interaction and interlocking of these pmtics initiates and creates the first step of 
interactions between two packs A and B plasmatic magnetic fields (Fig. 7 ¢). This 
interlocking, leads to the creation of the very first initial fundamental magnetic fields 
set, or the first initial Magravs, what is called the initial configuration of pmtics needed 
for initial seed of the plasma (Fig. 7 d and e). 


The interaction of at least one plas 
and starting the initial weak Magravs forces of a Matter of a plasma, th 
step for the interlocking of the two packs of A and B, of pmtics forces in respect to each 
other. 


From this point on, the first plasmatic Magravs force, essential for the seed of the first 
Matter of the plasma, is set to start and operate (Fig. 7 e). That is to say, the first 
gravitational field (G1 in Fig. 8 B) and the Magnetic field (M1 in Fig. 8 B) forces can 
be considered to be created in between these weak pmtics pa 


It is appropriate to consider that the interlocking of the two dynamic fields, due to their 
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interaction and attraction, are bent inward or become overall to be spherical in shape 
(Fig. Je and Fig. 8 A), 


AL BI 
INITIAL CONFIGURATION -G1-- 
OF PLASMATIC 
MAGNETIC FIELDS ‘SEED OF THE PLASMA, 
A B. 


Fig. 8: The creation of the seed of the plasma. 


For ease of explanation, all the initial plasmatic gravitational fields (Fig. 9 field G1), 
and all the plasmatic Magnetic fields (Fig. 9 field M1) from now on in this disclosure 
are denoted as G1 fields (Fig. 10), or what we call Magnetic and gravitational fields 
‘or Magrays and considered these to be the seed of the pmtics of the Matter 
‘components’ of the plasma. 


I AL 81 


Fig. 9: Initial gravitational fields and Magnetic fields (Magravs) of the Matter components of 
the plasma. 


‘At the same time, the remaining pmtics in each pack of A and B, due to the dynamism 
and Magravs in the vicinity of this seed, these will be kept around the seed G1 as one 
dynamic pack SET P1 


The collective Magravs force of the seed of Matter will be known as G1 (Fig. 10) and 
the remaining pmtics magnetic fields of Pack A and B as initial set of the Matter 
‘component of the plasma is denote as SET PI (Fig. 10). 
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Variations: 
© Manually cut the board with a dremel tool to isolate sections for purposes other than ground 
plane (use the back for ground plane). See photo below. 
© Glue on little rectangles of cut-out board to add power busses, etc. 


‘This is what is used virtually universally in production of electronics. 


Advantages Disadvantages 
* Easy to build in production. © Laying out the board and getting it fabricated 
*  Repeatable, controllable stray L, C. takes time, although you can pay for 
fabrication in a few days if you can afford it. 
© Can handle virtually any component, 
iiawer evel © Expensive, on the order of hundreds of 


Re eae dollars for one, but with almost no increase 
egy reeDie in cost to make many. 
© Can make yery compact, © Hard to make changes, but making changes 
* Design can be (somewhat) automated may be easier than building another type of 
from a schematic you have entered. prototype. 


Prototyping Methods 


B2 


Fig. 10: Set PI, the initial pmties of the Matters Magravs’ components of the plasma. 


Note: It has to be remembered that the pmtics in G1 are not produced and connected to 
a source of a solid magnet, but these forces were made by magnetic fields and were 
detached from their source of creation, some times before, hence, the use of the term 
“plasmatic” for these magnetic fields. The term “plasmatic” refers in this book to a 
“collection” of dynamic magnetic fields, and not to the state of a plasma in its common 
term use, which for example refers to a state of dynamic protons. 


Nevertheless, the remaining plasmatic magnetic fields of the two packs A and B are not 
matching in strength and hence they cannot lock into each other, these being pmtics 
A2, A3, Ad, AS, and pmtics B2, B3, B4, BS 


Therefore, the initial dynamic pmtics interaction of the two packs making up the G1, 
possessing dynamic Magrays force, become the Matter component’s of the upcoming 
plasma. 


In the open spaces of the universe, the SET P1 due to its dynamism and motion, 
naturally and eventually will come across another pack of pmtics, like the pack C. 


The interaction between magnetic fields of the SET P1 and pmtics of the pack C will be 
different in respect to the initial interaction of the packs A and B. 


In this set of interactions between all the fields and initial Magravs force of the SET P1 
and the pack C, several steps can take place instantaneously, simultaneously or over a 
length of time 

The first step is that, some of the magnetic fields strength in the pack C (Cl, C2, C3, C4 
or C5) could be similar to certain magnetic fields strength as in the G1 of the SET P1 


The addition of new plasmatic magnetic fields does not nece 
of the fields of the G1, but it just adds to the density of the compact pmti 
and hence increases of the mass of the G1 only 


ily increase the strength 
in the Gl, 


Creation of the Antimatter of plasma 


The second step is that the stronger field of the SET P1 interacts with similar fields as 
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in the pack C and as they are stronger, they would create a much stronger Magravs 
strength set. This, leading to the creation of a new Magrays zone, near the initial 
Magravs forces of the G1. 


Due to its higher pmtics strength, this new Magravs system denoted as the G2 (Fig. 11) 
and it would have a separate distinctive characteristic. The new Magrays set possesses a 
much stronger field due to its stronger pmtics, which initiated its creation. This new 
and stronger Magravs will exert forces on the GI (Fig. 10), this making the pmtics 
constituent of the G1 a denser environment as the seat of the Matter (solid, liquid, gas) 
‘components of the plasma. 


Fig. 11: The pmties of the second Magravs 


Hence, this new interaction of fields creates a separate and stronger Magravs zone G2 
(Fig. 13) adjacent to the G1 (Fig. 13) and in the same environmental plasma condition 
as Gl. This new Magravs G2 (Fig. 11) is independent and interlocked to the initial 
Magravs of Matters of G1 but it will not interfere with the operation of the Gl 


In fact, the Magravs forces within the G2 (Fig. 12) and its surroundings become the 
seed of another Matter in the same environment. 


a2 


G2 G2 


Fig. 12: The Antimatter Pmtics and Antimatter pmtics Magravs. 


This new and stronger Magravs force, due to its stronger plasmatic Magravs 
interactions and its transparency, become what is known as the Antimatter part of the 


plasma (Fig. 12 G2). 


For clarity, the new stronger magnetic fields interaction between the SET P1 and the 
pack C, and creation of the Magrays force of G2 (Fig. 11), becomes part of the SET P2 
(Fig. 13). 


Where, now this new set includes the G1 the Matter and the G2 the Antimatter and the 
remaining pmtics of the three original packs. Where, the weaker Magravs of the G1 and 
the stronger Magravs of the G2 co-exist next to each other, and are interlocked to each 
other by the original three pmtics fields in the original packs, which they originally 
shared (Fig. 13). Through overall Magravs of the two Matters in respect to each other, 
these two Matters’ Magravs keep the rest of pmtics of the original three packs together 
and around them, 


Fig. 13: Set P 2. This set includes pmties and the Magravs of the Matter, the Antimatter and. 
residual pmtics of 3 original packs. 


This interaction of two different plasmatic Magrays sets of different strengths is similar 
to the plasmatic Magravs set forces operating in independent celestial bodies of the 
solar systems the like of the Earth and the Sun, where, the Earth can be considered to be 
the GI pmtics Magravs and the Sun the G2 pmtics Magravs of the set. 


Creation of the Dark Matter of plasma 


The third step of the same interaction of the pack A, B and C pmtics, is from the other 
residual fields of these packs. Where some of the residual magnetic fields will generate 
‘a new Magravs force environment, the like of the G3 (Fig. 14). The G3 gravitational 
field force is a part of the same set of the same plasma environment as the G1 and the 
G2. 


This new Magravs force zone of the G3 is created through the same process as the other 
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two Magrays, with a difference that the outward Magravs strength created by G3 are in 
magnetic fields strength balance with the overall pmtics strength created by the Gl and 
the G2 and other pmtics within the environment of the original three packs of pmtics 


This G3 is independent from the magnetic fields of other two Matters of the plasma, But 
these sets overall Magravs are near equal or are in balance, in respect to the pmtics of 
the overall enclosure of the plasma and of all the three original packs and the two 
gravitational sets of G1 and G2. 
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Fig. 14: The schematic and pmties representation of Dark Matter. 


Hence, even though this region of the plasma possesses Magravs forces, but it appears 
to be void of external magnetic fields, or this region appears to be void of a 
magnetosphere, Where, in the interaction of the G3 Magnetic fields with its surrounding 
magnetic and Magravs of the G1 and the G2 of the same environment, these fields of 
the G3 fail to create a visible and distinguishable magnetosphere for the G3 set with 
other magnetic fields in its surrounding environment. Therefore, as there are no 
interaction between the overall balance of the Magravs of the G3 with its surrounding 
pmtics, thus no visible or may be very little detectable light due to the interaction 
magnetic fields of the G3 with its surrounding pmtics are produced, that these could 
create light that could make this new gravitational centre to be detectable. Which this 
light can confirm the existence of another internal gravitational fields of another Matter 
in this region of the plasma. 


Even though there would be a gravitational field force in this region of the plasma, 
which confirms the existence of another Matter in this region of plasma. However, the 
G3, due to the balance external Magravs interaction with other fields around this region 
with the lack of stronger external magnetic fields to create more profound detectable 
light in comparison to the G1 and the G2 magnetospheres within the plasma, makes this 
region around the G3 darker in respect to the rest of the plasma environment (Chapter 
nN. 


Nevertheless, this region possesses pulling field forces or gravitational field forces but 
will not be as visible or detectable as the rest of the plasma, or will be darker in 
‘comparison, due to a lack of the stronger magnetospheric interface (Fig. 15 SET P3). 


‘The G3 gravitational field force region, due to its dark appearance, becomes the Dark 
Matter component of the plasma (Chapter 14). 


Fig. 15: Set P3 interactive gravitational fields of a Matter, Antimatter and Dark Matter. 


In the past papers (36) and the Dark Matter chapter, Keshe Theory of creation of Dark 
Matter considers’ and explains’ that “Matter which possesses both Magravs, but where 
the overall Magravs strength are in balance or near balance in respect to its 
environments pmtics strength, so much so, that these regions do not create any or create 
only a very little magnetospheric visible light zone through the interaction of their 
pmtics (Chapter 7), that the Matter cannot become detectable or become visible in 
respect to its surrounding environment at specific given time and position, hence the 
Matter Magravs magnetosphere appears to be darker in that part of given environment, 
hence the term Dark Matter” is used, 


These interactions and principles of how Dark Matters are generated have been 
explained and discussed in detail in the paper titled “The creation of Black Hole” (13), 
“Creation of Dark Matter” (36), “The rings of Satu” (39) and further in different 
following chapters in this book. 


We consider the creation and appearance of the Dark Matters, Black Holes, Dark Spots 
on the surface of the Sun and Dark sections of the rings of the Saturn, are all to be due 
to and through the same fundamental principle of the interaction of equal plasmatic 
Magravs strength forces in their given specific environment at a specific duration of 
time as in the G3 (13, 14, 17, 18, 24, 36). 


Nevertheless, the Magravs forces of the G3 will be interacting with the rest of the 
plasma Matter’s field’s forces. The G3 pmtics released partially will feed the plasma’s 
of other components of Matters for their motional energy and in keeping the 
gravitational field forces of the G1 and the G2 intact and overall to keep the plasma as 
one integrated system (Fig. 15). 


Creation of the torus field force 


The fourth step: Further on in this process of interaction of three original packs of 


pmtics, and due to the dynamic characteristics of the other three Matters Magravs, soon 
some of free pmtics left in the overall initial three packs will come to be positioned in 
the centre of three Magravs forces of the Gl, the G2 and the G3, and becomes the 
interlocking force between the three, The free pmtics become a dynamic swirling 
compact of residual of un-matching pmtics field strength and behave as a partial sphere 
of rotating magnetic fields forces to be known as the F1 (Fig. 16) part of the plasma, 
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Fig. 16: The spherical torus field force. 


These free F1 pmtics, due to not being able to find equal magnetic fields strength 
partners to establish themselves as a Matter condition phenomenon, this portion of the 
interacting fields become void of central gravitational field forces. 


‘As the GI, the G2 and the G3 are in continuous motion, and as these three Matters lose 
their energies and momentums, due to their long-term dynamic activities, they come 
close to this inner field force region of the F1 and in contact with its pmtics forces. This 
is the point where, the three Matters of plasma gain momentum from their interactions 
and encounter with the dynamic magnetic fields forces of the F1 (Fig. 17) 


This dynamic pmtics region in between three dynamic Matters can be compared to an 
empty spherical torus shaped field force effect (F1) (Fig. 17), as the field forces turn 
inwards, without any central gravitational field forces strength, and without any 
matching pmtics to generate any viable internal gravitational field force for the creation 
of any Magravs to lead to the creation of any Matter types. 


In practice, the conversion of the pmtics of the FI into energy, partially allows the 
balanced dynamism of the whole plasma to be maintained, 
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Fig. 17: Spherical torus shaped pmties made by interaction of different strength residual pmtics 
of the three original packs. 


FI’s are considered as a natural proc: 


and phenomenon in the plasma and in the 


46 


universe, with the content of larger order of magnitude difference in pmti 
their constituents 


strength in 


This dynamic spherical magnetic fields force region of the F1 in plasma or in spac 
void of central gravitational field forces, is commonly called a Wormhole, and it 
operation of its field’s forces in motion as Wormhole effect. 


It has been hypothesized in the past by s 
inter-space travel with extreme speeds of motions near the speed of light. 


We consider that these dynamic magnetic fields regions can be used to increase the 
speed of any object, which comes in touch with their dynamic magnetic fields. In fact 
the fast journey of the object through the F1, will not necessarily lead the Matter to 
anywhere rather than giving a turbulent fast ride within the structure of the plasma, 


In case of wormhole in a galaxy, the object will have a fast speed travel without much 
control in speed and dictating the point of final destination of where the object might 
end up. 


These are points in space that acceleration for motion for other Matters of the plasma or 
physical matters can be obtained, by using the dynamic pmtics forces of the F1 in 
plasma or space, where these forces happen to exist. Finding these points in space are 
much easier than ever thought before (Future publication). 


Initial structure of Matters of plasma 


Fig. 18: Set of interaction between the three Matters and the FI 


Even though each of the three Matters are separate and operates independently from 
other Matters within the plasma, it is possible that from time to time the magnetospheric 
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envelop of each Matter comes in touch with other magnetospheres of Matters of the 
plasma and creates a common interface in the region for the window of time of the 
interaction (Fig. 18. shaded areas). 


It is important to note that plasmas can possess several G3’s and F1’s of different 
pmtics strengths in its overall entity for some time, individually or simultaneously, at 
different time in its life cycle, 


Transition-zone pmtics 


The new overall interaction of all three Matters and all fields of all pmtics of all three 
Packs, as one entity, leads to the creation of the initial Matters and Forces of the plasma 
(Fig. 19). 


At this point, there could be other pmtics of the three original packs within the structure 
of plasma that could not link or be part of the components of the three Matters and the 
FI, these free leftover pmtics literally float in the plasma and over time, they become 
the feeding pmtics for one Matter or another and the interlocking magnetic fields forces 
of part of the other Matters of the plasma. 


These loose pmtics in-between 


terfaces of Matters are the dynamic plasmatic 
magnetic fields transition zones, which we call “the energy transition zones” (Fig, 20, 
the field arrows), in the overall structure of plasma, The magnetic fields in these 
intervening gaps among the Matters are fields that are mutually shared by all Matters in 
the plasma, when there pmtics strength comes to their level; these residual pmtics are 
considered more as a mixture of magnetic rays than pmtics. 


Fig. 19: Initial Matters and forces of the envelope of plasma. 


They are in the plasma, like intermediating or interface zones in between two or more 
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Matters of the plasma at the same time. 


‘Now that all the plasmatic magnetic fields of the three original packs are considered and 
counted for and used up, now we consider that the full set of the G1, the G2 and the G3, 
loose pmtics in the transition zones and Fl, create an overall integrated independent 
Magnetic field and gravitational field of their own to keep the integrate of all pmtics of 
the three Packs A, B and C, together as on entity. Where this new entity becomes to be 


Fig. 20: Keshe Model of the Initial fundamental plasma, 


call this dynamic concept the Keshe Model of “The Universal order of creation of 
Matter”. 


We consider the Initial Fundamental Plasma to be similar to the construction of the 
Neutron (Fig. 20) 


Figure 21 gives the conceptual presentation of complete plasmatic magnetic fields of 
plasma, of “The universal order of creation of Matters”. This model represents the 
pmtics structure of the Initial Fundamental Plasma, where the G1 is the Magrays of 
Matter, the G2 is the Magravs of the Antimatter and the G3 is the Magravs of the Dark 
Matter. 


considered that Initial Fundamental Plas 
fields environment, as one observ 


nas always have an internally balanced 
in the pl in the solar systems. 


mi: 
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Fig. 21: Keshe Model of the pmtics of Matters of plasma. 


At the same time initial fundamental plasma maintains an overall and external Magrays 
created by Matters and all pmtics, which are within the confine of the plasma too. Thus 
the internal balance magnetic fields of the neutron does not mean that it does not 
possess Magravs in respect to its outside environment, But due to the existence of 
Magravs of its component structure the initial fundamental plasma maintains an 
independent magnetosphere in respect to its surrounding environment. 


When, contemplating on discussing about the proton or the neutron as a plasma, one has 
to talk about the whole of the plasmas’ components, namely, the Matter part (what has 
been considered as the matter part of the nucleus of the atom), the Antimatter part, the 
Dark Matter part, the spherical torus magnetic fields and the transition magnetic fields 
parts. These are all together the components of one plasma and have to be considered 
as one package and entity. 


There cannot be a plasma condition, where all three Matters do not participate in the 
existence of the plasma. 


Decay of initial fundamental plasma 


‘At the point in the cycle of the life of an initial fundamental plasma, when the shared 
magnetic fields of the transition zones, or pmtics of one of the Matters of plasma are 
partly exhausted and the Magravs balance among or in the Matter fields are disturbed 
and the Magravs binding forces are unbalanced, then the initial fundamental plasma 
disintegrates to its substructure of new balanced Magravs of the same Matters for the 
initial fundamental plasma to find a new balanced combination within its own Matters 
and fields within their given environment. 
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Notes on surface-mount components 

Most modem production designs now use surface-mount components instead of “through hole” components, 
‘The circuits can be more compact, and the board layout is easier because different things can be done on each 
side (and in additional layers between sides) without through-holes interfering. But prototyping gets much more 
difficult! 


Prototyping options for surface mount 
‘© Simulate, and then lay out a PCB. Don’t ever make a breadboard, 
© Order DIP ICs and leaded passives for the prototype, and then switch to surface mount for production. 
© Get adaptors that have pads to solder surface-mount ICs to, and then standard-spacing (0.1) pins in DIP 
or SIP layout. Digikey carries “surfboards” made by Capital Advanced Technologies, and adaptors 
made by Aries Electronics. In addition to DIP and SIP adaptors, there are boards with solder pads for 
connecting larger wires: these work well for prototypes built in “dead bug” style. 


Prototyping Methods 


This process of splitting of the initial fundamental plasma to find new and smaller 
balanced plasmas for Magravs of Matters and fields balance, I call this process the 
decay of the Initial fundamental plasma. 


The decay of the initial fundamental plasma always leads to the creation of at le: 
new balanced and smaller initial plasmatic magnetic fields plasmas of the 
configuration, with, one plasma which possess more of the Matters and is larger, and 
one plasma which is a smaller and holds less of the Matters and pmtics of the original 
initial fundamental plasma. Nevertheless, the two new plasmas and their contents have 
to keep the overall balanced structure of the initial fundamental plasma. This happen: 
that both plasmas can survive within their environment as one entity. 


The outcome of the decay of the initial fundamental plasma into two new components 
is considered to become the creator of the new proton and the electron of an atom. Thi 
new balanced pmtics entity, or so-called atom; itself has to have an overall balanced 
Magravs forces operating within it, for the atom to keep the integrity of the original 
initial fundamental plasma 


The decay of the initial fundamental plasma leads to the splitting of its 
proton and an electron simultaneously (Fig. 46 diagrams 1 to 8). Neverthele: 
same time as the new plasmas’ component reposition and rebalance during this proces 
of decay, this leads to the release of some residual pmtics or magnetic fields, which are 
not needed for or by the two new entities for their respective parts of their Magravs 
positioning (Chapter 18) 


The release of the unwanted fields for the balance interaction between the two new 
plasmas, leads to the release of the magnetic fields packs as different rays or energies 
from the splitting of the initial fundamental plasma. This release can be in any form like 
a mixture of rays, pmtics, sound energy packs and so on. 


I consider this process of the decay of the initial fundamental plasma of the contents of 
its three Matters and fields to be a new fundamental universal principle, where in larger 
scales of order of magnitude; it is called the nuclear decay of atoms. 


In science at the present, scientists consider that elementary particles are quarks and so 
on, but now we know that quarks themselves are further made-up of basic magnetic 
fields and their interactions. Where, collections of magnetic fields in a group, as 
‘dynamic plasmatic magnetic fields, and their interactions with other dynamic plasmatic 
magnetic fields, leads to the creation of the Matter(s). Where, the mass of the “quark” is 
produced by the interaction of these plasmatic magnetic fields through the principle of 
the creation of gravity as has been explained in Chapter 1 


Secondly, what is at the present called the spin of the quarks now we understand is the 
natural dynamic motion of the Matters created in the plasmas” environment, through the 
interaction and Magravs positioning of the dynamic Matters of the plasma. 


Thirdly, what is considered by the present s the colours of the quarks, are in 
reality the different contents, of different plasmatic magnetic fields strength interactions 
leading to the creation of gravity and Magnetic fields with their overall intera 


cience, 


s. 


effect in respect to their environment pmtics, which leads to the creation of the 
magnetosphere of each Matter of the plasma, these being the magnetosphere of the 
Matter, the Dark Matter and the Antimatter in the magnetic environment of the plasma 
or the neutron, the proton or the electron. 


This 
sub-components and is made of magnetic fields 


means that the quark cannot be considered as an “elementary particle” as it has 
elf, 


Thus, I consider the new “elementary particle” to be of the “magnetic fields” origin, 
which this itself explains why one Sees all sorts of effects, like the present quarks, 
bosons and the spin of the dynamic Matters of the plasma, and so forth. Where, these all 
can now simply be explained as being due to the interaction of different magnetic fields 
strengths, which makes up the structure of the Matters of the plasma and the other 
magnetic fields, which are within the structure of the plasma, 


Even in the largest scale, this initial fundamental plasma decay model is what 
cosmologists see in the galaxies as the collapse of stars (which the star is and can be 
considered to be the initial fundamental plasma) and its re-emergence as new smaller 
‘components of star or solar systems. By the same principle, the release of energies for 
the star to find its new balance through its star decay always leads to releases of vast 
amounts of unwanted matters, Matters and energies and creation of sub-components but 
still with its Magravs forces. 


This decay of initial fundamental plasma is discussed in more detail in Chapter 15. 


CHAPTER 4 


Matters’ of plasma and their transition of states 


conclusive evidence to show that plasma possesses energy, and maintaii 
ic magnetic behaviour, and that plasmas can and do generate their own Magneti 
fields and gravitational field forces 


Research done by a number of institutes around the world indicates that the plasma of 
Matter is accompanied by a second Matter constituent called the Antimatter. Some 
institutes (6, 7, 8) claim that they have separated and have managed to contain the 
Antimatter. 


In other sectio refer to what is called the Dark Matter, and 


‘observations of virtual matters. 


The world of science has failed to consider the creation of all these three states’ of 
Matters (Matter, Antimatter and Dark Matter) as constituents, and as of one process, in 
the chain of initial progressive process of creation of the three Matters and as the 
content of one plasma in the universe. 


This failure has been due to the lack of understanding that the Matter, the Antimatter 
and the Dark Matter components of plasmas are all created simultaneously and as one 
integrated dynamic plasmatic magnetic entity. 


It is fundamental to understand that one of these Matters’ does not exist without the 
others within the overall structure of the plasma. Then through this process, it becomes 
easier to understand the operation of Matters, matter and fields, plasmas, atoms, 
molecules, solar systems and galaxies. 


‘One can now translate this new understanding of how plasmas are created and operate 
into how larger celestial objects are created, and operate in their given environment 
collectively. In other words, we translate the knowledge of the operation of electrons 
around the nucleus to the operation of planets around their stars 


To understand the relationship and construction of the plasma with more clarity, every 
effort in this book have been made to go through stage by stage, how Matters of 
plasmas are considered to be connected, and appear to inter-transit from one state of 
Matter to another within different environments without loss or gain of any of their 
plasmatic magnetic fields strength 


In the matter world this is like the inter-change between states of matters, from solid-to- 
liquid, liquid-to-gas, and vise-versa. 


Where in the matter world the state-of-matter is magnetic fields 
in the state-of-Matter it is magnetic fields’ strength dependent. 


forces dependent, and 
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The phenomenon of transition from one state of Matter to another is a regular 
‘occurrence in dynamic pmtics processes in the spans of the universe (Fig. 21), 


All components of Matters of the plasma or any Matter or matters in the universe are 
connected to each other through the interaction of their pmtics, and their pmtics 
strength, which are the constituent and the creator of their Magravs. 


Thus, as each Matter gains or losses some of its pmtics, one Matter component of the 
plasma will become or can become the component of another Matter of another plasma 
or field at “a given point in motion of pmtics” (time) and at a given point in its space. 


For example, Matters of plasma can interchange from one Matter to another due to their 
motion of dynamic pmtics or what is called energy levels changes in respect to a given 
environment pmtics strength. 


All Matters can appear as different Matter by just changes of the environmental pmtics 
strength too. For example the same plasma or Matter by just passing through another 
region of different pmtics strength. This is the process what we call transmutation, but 
in this case the transmutation is done by the environmental condition and not by the 
internal Matter pmtics strength change, 


Matter can appear as different Matter, for example Dark Matter can appears as Matter 
by simply entering into a new pmtics environmental condition. This is how Dark Matter 
suddenly appears as virtual matter. 


For example, Dark Matter in a given environment of plasmatic magnetic fields 
strength by entering into a new and stronger or weaker pmtics strength configuration, 
instantaneously, becomes visible Matter in respect to its newly entered environment 
(Dark Matter to Virtual matter). I call this the phase of transmutation of Matter(s), so 
this is the unveiling or occurrence of a new state of Matter from the same old Matter in 
a different outfit. 


Secondly, Matters can change their status and behaviour from Matter to another for 
example from Dark Matter to Antimatter or Matter, by simply gaining from or losing to 
a part of their plasmatic magnetic fields strength to other Matter(s) or pmtics in respect 
to their given environment. 


If Antimatter Magravs strength reaches an environment pmtics strength that its overall 
Magravs strength becomes equal and in balance with its new environment pmtics 
strength level, then the Antimatter can become and behave as the Dark Matter entity in 
respect to its new given environment (Fig. 22) 


On the other hand, for example as the pmtics strength of the components of Antimatter 
reduces or as Antimatters interact with other Antimatters of different Magravs strength, 
these Antimatters lose enough of their Magrays strength that one or both Antimatters 
come to a new balance of plasmatic magnetic fields strength. Where, these balances can 
be in their internal and external Magravs, then these Antimatters Magravs strength can 
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come to a level that the new strength of the former Antimatter become to be in the 
pmtics strength level of the Matter, or change to the Dark Matter field strength level 
status in respect to the same environmental condition. 


ANTIMATTER 


1 MATTER invisible \ 
(H,He, Ar...) (detectable SEPMF's) 
! Visible - emitting EM 
| (detectable SEPMF's) 


DARK 
MATTER 
transparent/tangible 


neutralized EMF 
(balanced superimposed SEPMF') 


Fig. 22: Schematic Keshe model of interconnection relation between different states of Matters. 


This is what we call the Keshe Theory and principle of the transition of Matters, that 
is to say “the transition from the Matter to the Antimatter or the Dark Matter and in 
reverse, and the transition of the Dark Matter to the Antimatter and in reverse, is a 
normal condition of transition of the Matters” (Fig. 22 and Fig. 23). These figur 
showing in a simple and new way how and the connections by which interchange(s) 
between the states of Matters in the universe are achieved, 


Keshe principle of transition of the Matter states’ that, “the plasmatic magnetic fields 
strength of the environment in which the Matters operate in, dictates what the Matter 
appears as or presents itself as, in that given environment” or on the other hand “when 
one Matter gains or losses enough of its plasmatic magnetic fields strength that the 
Matter Status, characteristic or behaviour becomes of other Matters of the plasma status 
and behaviour or characteristics within the same given environment”. 


Therefore, Matters can change from one Matter to another by increase or decrease in 
their pmtics strength or they can appear as different Matter as they enter different 
plasmatic strength environment and conditions. 


That is to say, the Matter can become to have the characteristic of the Dark Matter in a 
given environment pmtics strength, and by the same measure, the Antimatter can lose 
enough of its pmtics to become Matter, and so one. The schematic transitions of state of 


the Matters are shown in figure 22 and figure 23 of the Keshe model of transi 
Matters. 


Fig. 23: Keshe universal Model of the plasma transition of plasmatic magnetic fields and 
Matters. 


With the use of simple pmtics plasma dilution reactors, which have been developed by 
Keshe Foundation through its Keshe Technology development sector, the principle of 
transition of Matters have been tested and results have proven to be in line with the 
theoretical consideration, 


Where, in these nuclear-based reactors, Matters can be allowed to go from one state of 
Matter to another and then allowed to return to their original state of Matter. This new 
method of transition of Matters brings about a new way and technology of producing all 
man’s material needs for motion, energy, creation of new matters and so on. 


For example, effects and properties of transition of Matters (Fig. 23) can be used to 
make physical Matter to have no magnetospheric boundary as Dark Matters do in a 
given environment, so that the Matter behaves like the Dark Matter in characteristics. In 
these environments, the Matter will become translucent dark or the centre core behaves 
as becoming invisible in respect to its surrounding environment, without any change in 
the property of the physical Matter or change in its gravitational field strength or 
position in space of the Matter. 


As the Matter with this property presents no effective magnetospheric condition in 
respect to its surrounding environment due to the lack of /or little interaction between 
the pmtics of the Matter and its environment, then the Matter now can behave as Dark 
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Matter and move without friction and freely within the same environment, 


Utilizing this state of the Dark Matter effects 
condition will give the craft frictionless motion and higher speeds and pos 
invisibility in the same environment (Chapters 13). 


around an aircraft or spacecraft, this 
ible 


The technology of transition of Matters has been tested-out over years by the Keshe 
Foundation, and several systems were designed, developed and manufactured and used 
to achieve the formation of original magnetic fields plasmas to prove the correctness of 
these principles, and indeed the effect of transition of Matters were proven to be correct. 


The implication and application of the use of transition of the states of Matters are so 
immense and profound, that one needs to know, for example, where the Matter will 


end-up in, and in what state of Matter in respect to its environment, one will appear as. 


That is to say, one has to know if for example, going from Matter to Antimatter, where 
in the strength fields of Antimatter, one will end-up in. Vice-versa, when one can go 
from Dark Matter into a Matter condition zone, one has to know in what state of matter 
(gas, solid, and liquid) one will come to ends up in. 


Through the operation and control of these reactors, one needs to know where the 
system state of matter and magnetic condition will end-up. This could be in liquid seas, 
or in the middle of a solid Matter or in the middle of deserts. Without being prepared for 
these parameters through the operation of systems, which can facilitate such a transition 
behaviour and characteristic, the use of Matter transition can have catastrophi 
consequence, not only for the system, which produces it, but also for the occupants of 
possible crafts using this type of transportation in the spans of the universe. 


By the understanding of the principles of creation of the initial fundamental Matters 
within the initial fundamental plasma, through the interaction of the initial fundamental 
particles, a number of unanswered questions in the world of science can be answered. 


For example, in the universe the total quantity of plasmatic magnetic fields and the 
related energies are to be considered constant. Therefore, in the totality, no matter, 
Matters or magnetic fields will ever be lost or gained in the universe. Pmties of different 
strength start existence at one strength level and they consolidate to become stronger, or 
lose their field strength through division and collision to become weaker in strength, 
Nevertheless, pmtics in their different strength fields can never be destroyed or lost. 


Therefore, pmtics simply interact, divide, and interlock to produce different Matters and 
conditions like forces, motions, heat and compactness for them to be matters to be 
visible to the eye of creatures, according to their positions, and so on. 


Pmtics in their interactions with others of the same can only move from one state of 
Matter to another depending upon the condition(s), which prevails at a given point in a 
given time in space. Thus, the Matter can go from the Dark Matter to the Antimatter and 
, and the Matters to the Dark Matters and vice-versa and so on. 


vice-vers 
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Therefore, the theory and the discussion that universe one day will run out of matters 
and energy and then there will be nothing as has been promoted by some scientists in 
the recent past is anything but a fallacy. 


By the same principle, we call the pmtics in motion as the energy of the pmtics. These 
pmtics in motion can release and can lead to creation of the same Matters as they were 
created-out of, and can have the same capability. That is to say, for example, the energy 
of the Dark Matter can change into energy of Matter, or part of the matter, and the same 
applies for other states of Matters. 


In understanding, the principles of “the universal order of creation of Matters”, one 
an utilise the transition of states of Matters and matters to take full advantage of 
universal Matters and matters pmtics and their energies. 


Through the permanent interaction of all dynamic pmtics of different scales of strength, 
there will be no end to the universe, as the universe moves through its different pmtics 
strengths field interactions and repulsions. Where, these will lead to eternal motion of 
the universal pmtics forces and creation of new Matters, matters, forces and new 
condition for them to cooperate within the universe. Thus, there never has been a Big 
Bang and there will never be a doomsday scenario for the universe as a whole, the 
universe will be forever in equilibrium in its overall universal order of pmtic: 


The pmtics of Matters will transit from one state of Matter (Matter, Dark Matter, and 
Antimatter) to another state of Matter. In addition, from one state of matter (solid, 
liquid, gas) to another state of matter. 


Where, these changes will depend on the properties and forces of the states of plasmati 
Magravs and their strength in respect to each other. Similarly, pmtics from strength of 
fields of Matter will transit to pmtics of different pmtics strength of Matter, in these 
processes of transition, plasma releasing dynamic pmties in motion as energy. 


The real size of the universe will never change; that is to say, the universe cannot 
expand into a space if the space for its expansion was not there to begin with. Where, 
from our point of view we only observe a small fraction of the whole, which we observe 
that fraction expanding. The observed expansion is relative to the position of the 
observer in respect to a given position in the universe, for example what will be a red 
shift observation of one at one end of the universe, this will be blue shift to an observer 
on the opposite direction of the motion of the same entity. In the paper titled “Creation 
of magnetic fields” it has been explained that the blue shift of light is created when 
pmtics are compressed, and the red shift is created when the pmtics move away from 
each other, or when pmitics are opened up. 


In the real world of the universal order of creation there is no room for the principle of 
singularity. Except, if, we would call, a large pmtics, that covered the whole of the 
universe singularly by itself. Then all that has happened, is that the original single 
plasma has gradually disintegrated to smaller and weaker strength fields, which their 
interaction has lead to the creation of what has been seen and is in the present in the 
short time of the life of man on the Earth. Then, such original singular plasma, which 
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covered the whole of the universe, had to gradually to disintegrate to smaller strength 
fields, which their interactions have lead to the creation of all events, Matters and 
matters in the Universe. 


The transition of state of Matters principles will be discussed in full in future 
disclosures. 
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CHAPTER 5 
Definition of Energy Through pmtics 


The initial components and construction of plasma are due to the existence of initial 
dynamic plasmatic magnetic fields. 


For a magnetic field to be able to be detected or its existence to be confirmed, the 
pmtics has to leave the confines of the boundaries of its containments, this being the 
boundary of Magravs of the Matter or the plasma. 


It is important to keep in mind that the pmt 
they are in motion. 


do not possess or show field force unless 


The energy possessed by a plasma can be define as “the total plasmatic magnetic fields 
forces of all its constituent Matters and fields in motion, in respect to the original 
position of the plasma in a full three hundred and sixty degree spherical direction’” 


This is an important factor, as up to this point, scientists have measured and calculated 
the energy of the Matter component of the Matters of the plasma. Where, in calculating 
the true energy of the plasma, one has to calculate the energy of all Matters (Matter, 
Antimatter and Dark Matter) and the other components of the dynamic plasma, 


When the magnetic field has left the Matters’ or the plasmas’ boundary, at this point its 
existence and the content of the pmtics strength of all Matters pmtics” released can then 
be confirmed as energy. This is shown in (Fig. 24), the magnetic fields in the Matters. 


The pmtics constituent constructions of individuals Matters of plasma are not energi 
in respect to other Matters while they are within the boundary of the plasmas Magravs’ 
forces. These are shown as the magnetic fields inside the Matters on the left of image 
(Fig. 24) but are only forces (these being the like of Magnetic field or gravitational field 
forces) in respect to other Matters and pmtics. 


When the field leaves the environment of its Matter or the plasma, it is 
it can release its domain pmtics to other plasmas in regions or combinations of field 
interaction zones. These are shown as field forces A at the boundary of the plasma in 
figure 24 


‘As the plasmatic magnetic fields, moves further from its original plasmas’ boundary 
(field B in Fig. 24), the plasmatic magnetic fields uses’ its energy to overcome other 
Magravs in its environment. Hence, as the plasmatic magnetic fields moves further 
away from its mother plasma, the less energy it will have to transfer to other plasmas a 
it comes into contact with their pmtic: 


Thus, energy transfers from one Matter to another Matter through one pmties strength 
and the measure of the pmtics possessed at the point of the contact with the second 
Matter, this is position and distance dependent, from the point of departure to the point 
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sor2si2017 Crystal receiver set 11 
Crystal receiver set 11 
Back to the index 


This receiver has a single tuned circuit, the Q factor of the tuned circuit is quite low. 
‘The receiver can be used well for reception of local stations, for reception of distant stations it is less suitable, 


tried to give this receiver a nice "old-fashioned" look, the reception performance was in this design of less importance, 
‘This receiver is for sale, I made a series production of these, and will build more on request. 

This receiver is also for sale as do-it-yourself kit 

See the shop for more information. 


‘The front panel of the receiver. 
(On the left side the socket for the headphone. 

In the middle the tuning knob. 

(On the right the connections for antenna (upper) and ground (lower). 


hup:itwww.crystaladio.eulsattt/ensattt him 48 


of arrival. 


Dark Matter Energy Level 


Fig. 24: Schematic presentation of relationship of pmties and energy in respect to their Matters. 
‘The total Energy released by the Matter or plasma is the total of pmtics forces that the 


plasma can release and transfer, and that and what measure of the pmtics can be 
absorbed by all components of other plasmas in its environment. 
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That is to say, the same proportion of magnetic fields forces by Matter, Antimatter and 
Dark Matter and other fields of plasma are released and the same proportion of all 
energy fields are transferred to the all recipient plasmas and Matters and pmti 


The total energy of Matter is said to be the total pmtics that Matter can release as it 
disentangles all the components of its initial fundamental magnetic fields, or what is 
known as its’ “initial fundamental particles”, which the plasma and of the Matters of 


plasma were made up of, at the point of their inception. 


Thus energies released by the plasma or the total energy possessed by the plasma is in 
fact, the total collection of initial fundamental magnetic fields of all the component 
constituents of the plasma, which disentangles from their Matters or plasmas and are in 
motion in the direction of the encountering other pmtics components. 


Pmtics absorbed by some plasma’s can be only a part of the total pmtics in motion, or 
energies that have been released by the initial fundamental plasma, and are not 
necessarily considered to be the total energies that a plasma possessed or has released, 


Energies released by plasma are said to be “the total initial fundamental pmtics 
released by all components of that plasma” passing its Magravs boundary. 


Multi-plasma atoms’ release more plasmatic magnetic fields, due to their total sum of 
the plasmatic magnetic fields released by all their participating plasmas (protons plus 
neutrons, and electrons) 


The principles of creation of Magravs forces, gives us an insight that “energy” can 
simply be defined as “pmtics, once released, through the dynamic Magravs 
characteristic boundary from the plasma or Matters, that these released pmtics can exert 
or pass a part of their released pmtics to another plasma, for the new Matter or plasma 
to maintain its existence and/or maintain constant normal magnetic fields strength 
and/or increase its magnetic density of the same pmtics strength condition to their 
ground base levels, in their given environment” (Fig. 24). 


Measure of a mass 


of the 


One of the central unsolved questions in the world of physics is how the ma 
Matters or of matters are created, and how they can be calculated. 


Through the Keshe theory of Mas 
entity can be defined to be: 


, the creation and the measure of the mass of an 


“Due to the interaction of at least two magnetic rays, magnetic fields, or plasmat 
magnetic fields, which the outcome of their interactions leads to and creates two field 
forces of a pulling field forces called the gravitational fields force and a pushing field 
force called Magnetic fields force, whereby the interaction of the gravitational and the 
Magnetic field forces with each other, this interaction of two field leads to the creation 
of a given magnetic fields strength balance between the two field forces, where, the 
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measure of the magnetic fields difference of the interaction of these two field forces of 
the gravitational and the Magnetic field forces, is the measure of the Mass of the entity 
which the two original magnetic fields have created.” 


The outcome of the interaction of the fields balance is creation of the mass of the 
Matter, components’ of the plasma (Fig, 25), or mass of the matter (solid, liquid or gas) 


MAGNETIC 
[MAGNETOSPHERE is 


GGRAVITATIONAL 


Fig. 25: Mass 


‘That is to say by the Keshe law of measure of the mass of any entity, this being Matter, 
plasma, atom, matter, planet, star, ete states that: 


“ Mass of any entity = 
Measure of the total gravitational fields strength forces of the entity 
~ (minus) 
Measure of the total Magnetic fields strength forces of the entity” 
Through this definition and understanding it becomes clear that the gravitational field 


forces are always predominate and stronger as all entities possess mass, otherwise their 
mass would be negative. 
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Thus mass is the measure of the difference between two or more magnetic fields 
their interaction, and NOT the measure of strength before interaction 


after 


Where, the measure of the magnetic fields before interaction is their “forces” of their 
fields, and afier the interaction of the magnetic fields the outcome of the balance 
between the gravitational and Magnetic fields that is generated, becomes the ma 
respect to a given fixed position of the central Magravs. 


The creation of Magravs always is accompanied by the creation of a Magnetosphere 
and the creation of the mass of any entity in the universe, and all these four forces are 
created instantaneously and simultaneously. 


That is to say, “the Initial Fundamental four forces of existence of an entity that are, 
the Magnetic fields, the Gravitational fields, the Magnetosphere field and the Mas 
field forces, are all the outcome of the interaction and interlocking of two or more 
‘mainly matching in strength magnetic fields or plasmatic magnetic fields, irrespective of 
the size of the entity, this being Matter, matter, an atom or a star. 


This is the reason why the mass of any object, which is created by any two magnetic 
fields strength, is independent of any external forces and factors, like gravitational 
fields forces of other objects or entities. The instance the two magnetic rays or magnetic 
fields interlock, to generate the first Gravitational fields as an entity, at that moment the 
span of the Magravs of the two fields forces involved in the original fields are not as 
individual fields, but they become an independent entity in respect to their 
environments’ fields forces. That is the reason why the Mass of any entity, like the 
Matters, are constant and independent and irrespective of the environmental Magravs 
forces which the entity exists and operates within, 


That is the reason why the Mass of spacecrafis of the future, or the Mass of planets like 
the Earth are independent of their environmental conditions. That is to say, the strength 
of the interaction of the two original magnetic fields and the span of the fields they 
produces that created the Magravs decide how much mass the interaction of the two 
fields will carry and no other factors. 


This is the reason why, Man will be able to make crafts that can carry any payload by 
the use of Grapos nuclear reactors Magravs strength, as the payload of these systems 
and the strength of Magravs that these systems generate, creates independent 
environment Magrays forces as long as the boundary of the magnetosphere of the 
Grapos can cover the physical boundary of these crafis. Figure 25, in its design, 
explains’ this concept fully. That is why the two magnetic fields have to be equal in 
strength before they can create the initial four field forces 


If two unequal magnetic fields in strength interact, the two create the gravitational, the 
Magnetic, the magnetosphere and the Mass, and the lowest strength field, which 
dictates the maximum level of the strength of the four fields that the Matter can have. 
The stronger magnetic field residuals of these types of unequal magnetic field strength 
encounters and creation of matters become the fai! magnetic field of the entity, and 


64 


this tail is the cause of the creation of the coiling effect of these kinds of masses. Where 
and if the two unequal magnetic fields strength cannot create a mass, the same 
interaction leads to the creation of the coiling of the two fields and to what is known as 
the coiling of the magnetic fields, this effect is partially the cause of the swirling of the 
FI torus field zones in the plasmas, and its larger counterpart, the rotation of 

s, as these regions in the universe are created out of unbalance Magnetic field 
strength interactions and interlocking, this be it in the plasma or in the universe. In so 
in knowing the strength of two magnetic rays, magnetic fields, plasmatic 
¢ fields and so on, which are about to interact and to create the initial Magneti 
and gravitational fields of an entity, one can tell what would be the outcome measure of 
the mass of the entity they will create, 


Einstein has related the mass of matter to 


relativity. 


s energy through the general equation of 


‘As explained above, the mass of an atom or plasma itself is made of a collection of 
dense pmtics strength and their interaction with each other. 


Thus initial fundamental plasmas always have the s 
Magrays of their environment, 


me mass 


irrespective of the 


By the same measure, the Atoms of the same elements are always made of the same 
number of initial plasmatic magnetic field’s sub-components, of neutrons, protons and 
electrons. 


‘Atoms of the same elements always have the same total plasmatic magnetic 
gravitational fields pull and Magnetic field push in respect to all their internal 
‘components, irrespective of the environmental plasmatic Magravs that the atoms might 
be in. This becomes the total mass of an atom, as mass is an expression of measurement 
of the total enclosed pmtics interaction within the fields of confinement of the plasma. 


In considering the general equation of relativity 
E-m.¢ 
‘The energy for the mass of Matters of the plasma, accordingly will be 


E=m(M).c 


That is to say “the total pmtics released in motion by the Matter of plasma (once they 
have left the boundary of the plasma) (Energy), is equal to, the total balance after 
interacting pmtics strength of the Matter components of the plasma (Mass) which the 
plasma is made of, multiplied by the square of the maximum speed that pmtics can 
travel in the matter environment (speed of light)”. 


Considering that, pmtics of different strength can travel different distance from their 
point of release with different speeds in different Matters, Matter and matter mediums 


Then it is correct to say that the pmtics of the Matter, once it has left the Matter 
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Magravs of the plasma, this pmtics of the Matter will travel with a different speed than 
the plasmatic magnetic fields of the Antimatter of the same plasma, or be it the pmtis 
of the Dark Matter component of the same plasma, in the matter environment. 


The Antimatter has and is made of different pmtics strengths, by virtue that it has been 
created initially by stronger fields, then its speed will be different and higher than that 
of the pmtics of its Matter component of the same plasma in the same environment. 


By the same principle, the faster field of the Antimatter carry more energy or more 
powerful energies than the slower pmtics in motion of the Matter component of the 
same of plasma 


Alternatively, in reverse, as the Antimatter possesses more power or energy than the 
Matter, then for the same volume of Antimatter as Matter in the plasma; the Antimatter 
pmtics must move faster than the pmtics’ of the Matter, in the matter medium, 


The Fermi National Accelerator Laboratory - or Fermilab, in USA (6, 7) - considers a 
small amount of the Antimatter, once released from the Matter of plasma; it can deliver 
more energy than its Matter parts of the same plasma, They are considering and 
working on the principle as; they can burn the Antimatter to release its energy so that by 
aches the state of matter energy, that they can harvest its 


Through the Keshe principle of conversion of energy, the fundamental universal 
conversion principle follows the path that the Matters convert to matters through their 
dynamic pmtics in motion and forces, or what is refer to as the energy of the Matter 
magnetic fields forces, as these energies are transferred to the constituent pmtics? 
of matter. 


From what I call “The fundamental universal conversion principle” follows that “the 
pmtics of the Matters’ like of Antimatter slow down, through interaction with other 
magnetic fields, so that their energy can be absorbed and converted to Matters” pmtics 
strength levels, that become useable in matter environment and appears as the matter 
(solid, liquid and gas)”. 


By the s 
method in reverse. Where, these processes are not much different for both paths 
conversions, 


me principle, the matter can be converted to Antimatter through the same 
of 


Only the state of pmtics strength and the effects of the environment, which dominates at 
a given point and at a given motional position (time), that will dictate what state the 
dynamic pmtics in which the state of Matters, the matter manifest itself as, and what 
matter will appears in the line of sight by given tools of detection at a given point in the 
universe. This dictates if pmties strength will appear in state of matter as solid, liquid or 
gas, or will manifest itself in one of the state of Matters, as Matter, Dark Matter or 
‘Antimatter. 
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CHAPTER 6 


The total energy balance equation of Plasma 


‘The energy balance equation or general equation of relativity (E = m.c*) gives the 
relation between the tangible part of Matter of the plasma and its constituent energy. 


‘The mass of an atom or collection of plasmas of its components, themselves are made 
of a collection of densities of pmtics strength of different Matters and their interactions, 


in respect to each other within their respective initial fundamental plasma. 


\ 


Fig. 26: Schematic of the fields of all components and of the initial fundamental plasma, 


In considering the plasma, the general equation of relativity can be written in its real 
terms of its constituent components and their interactions and effects. Thus, this 
equation as has been said can be defined in respect to the Matter components of the 
plasma in the following manner. 


That is to say “the total pmtics released in motion by the Matter of the plasma (once 
they have left the boundary of the plasma) (Energy), is equal to, the total balance after 
interacting pmties strength of the Matter components of the plasma (Mass) which the 
plasma is made of, multiplied by the square of the maximum speed that pmtics can 
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travel in the matter environment (speed of light)”. 


Knowing the new composition of the plasma, then the total energy of the plasma has to 
be in its totality of all its masses of all its Matters and not just its Matter component. 


Therefore: 


K (the total energy of plasma) = [energy of the Matter + energy of the Antimatter + 
energy of the Dark Matter + energy of the spherical torus-shaped field force effect + 
the energy in the inter binding between the other parts in the transition zones of the 
plasma] 


K= [E (Matter) + E (Antimatter) + E (Dark Matter) + Ecf (centre spherical torus pmtics) 
+ Etr (pmtics within transition zones)] 


Where, total general equation of relativity for the whole of the components of the 
plasma can be written in the following form. 


K=EM+EAm+EDm + Eef + Etr 


Or: 


K = [(The total components of constituent pmtics of the Matter) x (the square of the 
speed of pmtics in the Matter medium or the speed of light) + (The total components 
of constituent pmtics of the Antimatter) x (the square of the speed of pmtics of the 
Antimatter in the Antimatter medium) + (The total components of constituent pmtics of 
the Dark Matter) x (the square of the speed of pmtics of the Dark Matter in the Dark 
Matter medium) + The total energy components of constituent pmtics of spherical 
torus-shaped field force effect + The total components of constituent pmtics of the inter 
binding between the four other parts in the transition zones of the plasma] 


K=M (M) . c°(M) + M (Am) . c? (Am) + M (Dm) . c? (Dm) + E(ef) + E(tr) 
Note: Capital M indicates here a mass of Matter. 
When for example an apple is measured using the present measuring tools and methods, 


the figure attained is only for the mass or the weight of the Matter part of all the 
plasmas’ of atoms of the whole apple. 


As a representation, one initial plasma of an atom in the whole construction of an apple 
with it’s Matter, Antimatter, Dark Matter, and other pmties are shown on the right hand 
side picture of figure 28. Where, the tangible apple as matter represents the total Matter 
‘components of all the pmtics of an apple is shown on the left picture of figure 28. 
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Fig, 27: The pmtics of all components and of initial fundamental plasma, 


The total weight or mass of the plasma has to be the total weight and the total mass of 
all the components pmtics and all of all the plasmas of Matters of the initial 
fundamental plasma. 


Oe 


Fig. 28: Newton’s apple has different types of pmtics and Matters, 


Note: When the Matter is part of the plasma, this is denoted as Matter (GI in Fig, 26, 
Fig, 27 and Fig. 28) and when the same is considered as tangible matter, it is noted as 
matter (Apple in Fig. 28), of an atom or an object. 


By the same measure, if one has managed to separate the Antimatter of the plasma from 
its other constituents of the Matter and the Dark Matter of the plasma to confine the 
Antimatter in separate container as the Fermilab has claimed. The question to ask is 
that, what is the weight or the mass of the balanced leftovers of the Matters, (or Matter, 
Dark Matter and residual pmtics) of the plasma? By the laws of physics, one cannot 
have something (Matters/Energy) out of nothing. One cannot have mass of Antimatter 
component of the plasma, when its mass is not calculated in the overall mass of the 
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plasma, or the leftover mass of the Matter and the Dark Matter of the same plasma must 
be less than before the Antimatter was taken out. 


On the other hand, the question is that, is the present used methods of measuring the 
weight and mass of the plasma, measuring the total mass of all the Matters of the 
plasma? Alternatively, does one has to break the present numbers of mass and weight of 
each Matter, up to its sub-weights and sub-mass of the Matter (Fig. 26 and Fig. 27 G1), 
the Antimatter (Fig. 26 and Fig. 27 G2) and the Dark Matter (Fig. 26 and Fig. 27 G3) 
of the plasma, Further, the Magravs of the Matters of the plasma in conjunction with 
their own Magravs and other pmtics in the plasma create their own additional 
gravitational and Magnetic field forces, their own additional mass, as well as the 
individual masses of the Matters of the plasma. Thus the total mass of the plasma has to 
be more than the total mass of individual Matters of the plasma 


As Fermilab has separated the Antimatter components of the plasma, then, the question 
to ask from them, is that, if the mass of the matter of the plasma they hold still has the 
same mass as before without the Antimatter in it? So, what is the mass or the weight of 
the Antimatter that has been separated? 


This applies the same to the Dark Matter components of the initial fundamental plasma 
too. 


‘As has been said before, the total weight or total mass of the plasma is and has to be the 
total weight and total mass of all components of the Matters of plasma. This includes 
the masses or energies of the magnetic fields force of the F1 and the residual fields in 
the initial fundamental plasma. 


Thus, there is a fundamental error in the present methods and technologies of 
measuring the weight and the mass of the plasma systems as a whole. 


‘That is why suddenly one can see strange results from the Antimatter component of the 
plasma of the same mass or weight in the matter environment. 


If, the total dynamic pmtics of the initial fundamental plasma, would have been, 
measured correctly from the beginning, then there would have not been such an 
ambiguity and mystery arising from the sudden hidden energy sources called the 
Antimatter, or the powers of the Dark Matter of the plasma, 


The fact is that, the Antimatter and the Dark Matter posse: 
and that is why, they are called the Matters, as they poss: 


matic Magravs forces 
ind energy. 


pl 
‘tia 


Hence, if there is a gravitational field’s force of the Antimatter or the Dark Matter 
‘components of the plasma, then these Antimatter and Dark Matter have to have mass 
and they have to have weight in respect to the other Matters in the plasma and in respect 
to their environments pmtics, which the plasma is in, at given time. Therefore one needs 
the measurement of both of the mass and the weight of the plasma as whole as an entity 
as well as all the individual masses of each Matter too. 


Then, the same as with the atomic mass and atomic weight of an atom measurement 
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40/28/2017 Crystal receiver set 11 


‘Top view of the receiver. 


Circuit diagram of receiver set 11 


Circuit description, 
‘The resonance circuit is formed by coil LI and Clb and Cle (together 1000 pF). 

Capacitor C1 and C2 provide the matching between antenna and tuned circuit 

‘The frame (rotor) of the tuning capacitor is carrying the RF signal, by this it is possible to tune simultaneously the tuned circuit (Cb 
and Cle) and the antenna matching (C1). 

Germanium diode DI provides the signal detection. 

Transformer TRI is loaded with 16 © at its 4 Q output, through this the input impedance increases from 16 kQ to about 43 kA. 

At the output a headphone of 2x 32 © can be connected, with the two speakers parallel, the impedance is 16 ©. 


Component Al is a gas discharge tube (also called: surge arrester) with type number: NB1-A90X. 
‘The gas discharge tube protects the antenna input for too high voltages. 
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phenomenon of today’s science, there is a need for a new scale of measurements, and 
new measuring tools to be brought about and developed for the true and total pmtics 
measurements of the constituent Matters and fields of the Initial fundamental plasma. 


By this new total weight measurement, then the ambiguities in the present plas 


physics and nuclear physics will be sorted. 


That is to say then, where and when one gives the measure of the mass or the weight of 
the plasma, then at this point, one has to give the mass or the weight of the Matter, the 
Antimatter, the Dark Matter and the rest of components of the plasma in a given 
motional position, and the position in the life of the plasmas independently, for all 
components of the plasma, and one measurement for the plasma collectively as the 
whole needs to be given too. 


The reason for stating the position and motions of the plasma is due to the fact that, the 
plasmas having dynamic characteristic components, plasma itself as a whole is a 
dynamic system too and continually gains or losses pmtics from or to its surrounding 
pmtics environment respectively. Therefore, the total pmtics of plasma, in different 
frame of motion (time), will be different, from one point to another in a given space. 


In the future measurements, one has to be clear about all measurements of the Dark 
Matters as well as the Matter as well as the Antimatter components, as well as all 
magnetic field components, the likes of the Fl or maybe several F1 configurations in 
any given pmtics of the initial fundamental plasma. Therefore, there is a need for 
correct figures for the mass, the weight and the energy of the initial fundamental 
plasma, because such data are needed for in-depth research and developments of various 
kinds of applications in Magravs positioning systems using components of Matters of 
plasmas as the Matmags, for future space travel. 


Another point to consider is the Matters environment in which the weight or mass of the 
plasma is carried out. That is if, this is carried-out in the Matter plasmatic magnet 
fields, Antimatter pmtics strength, or Dark Matter pmtics strength environment. 


Similarly, the plasmatic magnetic fields’ strength in which the measurements are taken 
should be considered. This being, in what fields strength in the Matter, the Antimatter 
or the Dark Matter field strength or their respective pmtics energies measurements 
taken place. 


This is the true nature of the complexity of the relationship with the mass, weight, 
energy and their interactions in the world of Matters. These cannot be so simplified with 
‘one equation of relativity with three simple denotations, if in the future scientists strive 
to achieve the universal method of producing energy and motion. 


The space travellers of the future will come truly to understand that a small error in the 
measurement of all matters and Matters components, the environmental magnetic 
plasmatic strength and so forth, can land them in strange and peculiar environments, 
which these were not planned for or expected. These small errors can end them up in 
new conditions and positions in the galaxies, which could be nice for experimental 
purposes, but not necessarily good for the health or the life of the passengers of these 
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future crafis using Matters Magravs positioning systems (Chapters 22 and 23). 


It is possible that due to miss-calculations, one part of the systems of the future crafts, 
or even the reactors of crafts, which are creating the conditions for motion or energy, 
will experience different environmental and Matter conditions than the rest, of the craft 
or the reactor. As, for example, the same system can land in the border of two different 
pmtics strength environments, or, in a different plasmatic condition than was originally 
planned, because of the miscalculation of the Dark Matter Magravs strength. 


‘A physical comparison of the two state of Matters can be for example, considering a 
cube of sugar, half-submerged in a hot liquid, like tea, where, half of matter of sugar is 
in the solution of the hot liquid and the other end of the cube being between the fingers 
of the dipper, in solid state. 


Therefore, the question emerges, of how does or can one put the original components of 
the sugar cube together to get back to the first state of the solid cube, in its original solid 
state and shape. 


‘The rearranging Matters through the understanding of the Matter energy balance will be 
the solutions for these kinds of mistakes, 


The misunderstanding and potential pitfalls with space technology of the future will be 
with the miss-calculation of the loading of matters as the “Matmags”, and the control in 
the reactors of crafts of the state of Matters transitions will be interesting, 


Nevertheless, the travels and space ventures of the future through miss 
energy balance and wrong Matter Matmags loading will not be without its problems and 
sorrows, as have been experienced in the short lifetime of the space explorations of 
today for men whom have dared to test the limits of space explorations. 


Who dares, in the space traveller of future, may succeed to have a taste of the pleasure 
of the unseen in the universe! Our hope is that they come out of these journeys much 
wiser, but not necessarily less darer than before. 


CHAPTER 7 
The creation and speed of light 


One of the possible ways that light in the universe is created can be through interaction 
of pmtics’ of the plasmas. The speed of light is not considered to be the ultimate speed 
of Matters. We will discuss how, the interaction of pmtics of the flight systems using 
Magravs positioning reactors would lead to the creation of light around such a system 
in the atmospheric conditions like that of the Earth. 


Understanding the basic structure of the initial fundamental plasmas, the rationale that 
the speed of light is the ultimate speed of travel of any Matter becomes questionable. 


The phenomenon that the speed of light is the ultimate speed of travel of any Matter(s) 
or matter(s) is an assumption that has a clear flaw in its concept and cannot be correct 
for all states of Matters in the universe, 


In the iron-based magnets of the solid state of matter, the magnetic fields flow is in one 
direction, out off the North Pole and their return through the opposite South Pole. 


The question that needs to be asked is that, what is the speed of the flow of the magnetic 
fields force from one pole to another in solid state of matter? 


For ea: 
fields 
other. 


of understanding let us consider two packs of dynamic plasmatic magnetic 
strength of the pack A and the pack B (Fig. 29), in the path of collision with each 


The pack A and the pack B can be considered to be of the plasmatic magnetic fields of 
the plasmas, solar systems or galaxies. The other assumption is that the pmtics strength 
of these two sets considered not being equal. These two sets of pmtics are supposed to 
be the mixture of the pmtics of gravitational and Magnetic fields of their respective 
Matters or objects in each pack. 


In considering three snapshots a), b) and c), the motion of the two packs A and B in a 
given space of time and pmtics strength of the environment area of the D in respect to 
each other. 


a) As the pack A and the Pack B are in motion in space and heading towards each 
other and these two fields are set to collide with each other (Fig. 29). 


B 


D 


Fig. 29: Two unequal pmtics packs heading for collision. 


b) Further, in the process of their motion, the two pmtics collide with each other 
(Fig. 30). 


Fig. 30: Two unequal pmtics packs colliding and releasing lower order of 
pmtics strength as light (C), 


) Further, in the process of the interaction of two original pmtics of A and B, the 
two fields separate (Fig. 31) and carry on in the universe with some of their fields 
being released during the collision, 
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Fig, 31: Two unequal pmtics packs after collision moving away from each other. 


Considering the point (b) of impact and collision as in figure 30, as there is no physical 
matter in these zones, only the pmtics forces can collide and interact. 


The collision of the two plasmatic magnetic fields due to their frictions with each other, 
this leads to separation and production of fragments of pmtics, which some will be of 
slower plasmatic magnetic fields strength than the two original pmtics of the two 
original packs. 


In case of physical matter, it is normal that when two matters collide head-on, they slow 
down and some parts of their matter are sheared off and released as fragments, 


‘Through the collision and the interaction of these two packs of pmtics with each other, 
and the friction between them, these cause separation and fragmentation of some of the 
same pmtics from the two original pmtics of the two packs. The collision in between 
two sets of magnetic fields causes some of the pmtics to slow down, In the case of 
pmtics collision, these slowed down fragments of original two packs of pmtics are 
slower, and possesses weaker strength pmtics compared to their original two pmtics 
strength, which were involved in the collision, 


We can assume that the original two pmtics plasmas speeds of travel have to be much 
higher by order of magnitude than the fragments that are created by the collision and 
interaction of the two packs of magnetic fields forces 


In other word, when two pmtics are colliding with each other, the outcome is partly 
slowed down fragments of pmtics as the residuals of this collision, These slowed down 
plasmatic magnetic fields fragments of the collision of the two stronger plasmatic 
magnetic fields, are slowed enough to appear as, and to be of light magnetic spectrum 
within the matter magnetic fields strength spectrum of the matter detection zone. 
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Nevertheless, one can say that, when the two pmtics of A and B collide, the outcome 
are residual pmtics fragments of the collision, which some of their slowed down 
magnetic fields fragments created due to their friction and collision, leads to the 
creation of slower pmtics strength in the range of visible light (Fig. 30 field zone C). 
Where, this visible range of the magnetic wavelength is part of the overall universal 
order of magnitude of the magnetic wavelength spectrum fields. 


In the universe, when two or more plasmatic magnetic rays, fields, plasmas, of Magravs 
collide with each other, some of the residual pmtics fragments produced by their 
collision will be slowed down to magnetic rays or plasmatic magnetic fields strength 
levels, which the strength of these magnetic rays or magnetic fields are in the range of 
magnetic fields strength spectrum of the visible light. In other word, the outcome of the 
interaction of two or more magnetic rays, magnetic fields or plasmas of Magnetic and 
gravitational fields (Magravs) is the production of light. 


This being considered as “one of the prime methods by which visible light is created in 
the universe. These being the residual of slowed down weaker magnetic fields strength 
fragments of pmtics released by the collision of two or more pmtics of Margraves of 
plasmas with each other” 


The speed of pmtics fragments, which has slowed down due to a head on collision of 
‘two pmtics plasmas, cannot be faster than the original two pmtics plasmas themselves 
that have caused it to be produced. 


Thus, the speed of the light, which is created by interaction of two faster fields’ head-on 
collision, as a fragment and slowed down field, cannot have a faster speed and more 
pmtics strength than the fields that have caused its creation due to their collision. 


For example, by the slowing down of the two faster pmtics of the Earth and the Sun that 
have not been visible, after collision with each other, and slowing down, they create the 
slower plasmatic magnetic fields’ strength and slower speed magnetic fields in the 
range of the speed of visible pmties as of the daylight. 


It is correct to accept that “the pmtics, through their collision, have to slow down so that 
they became slow enough that they become in the range of the slower wavelength in the 
visible light pmtics wavelength spectrum”, 


It is obvious that a slower fragment cannot be faster than the fields that have caused its 
creation. Therefore, “The speed of the light is not and cannot be the ultimate speed of 
motion” when itself is created by interaction of 
fields. 


In universal order of magnitude of the speed of motion, I consider “the speed of light to 
be somewhere in the lower end of the overall universal magnetic fields speed 
spectrum”. 


Thus, the speed of the light is only the fastest to human methods of detection and not 
necessarily true in other levels of universal order of motion, 
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It can be said that the speed of the light is “the ultimate speed that can be attained by 
pmtics in the Matter components of the plasma”. 


Another, fundamental point to realise is that “the speed of travel of light is different in 
‘a Matter environment than the Antimatter environment and even in the Dark Matter 
environment”. 


Similarly, it is correct to say that “the light created by the interaction of the Antimatter 
pmtics plasmas and the Dark Matter pmtics plasmas, they have different speeds than 
the light created by the interaction of Matters’ pmtics plasmas”. These faster speeds of 
magnetic fields than the pmtics of the light spectrum are not detectable by the present 
tools in the scientific state-of-the-art technology. But their effects and power and 
strength has been seen and observed in the reactors, which have been built and tested 
for lift and motion in the past years. 


Considering the collision of two pmties like those of the Earth and the Sun, where the 
Earth's Magnetic and gravitational pmtics (Fig. 32 field B) being made through 
interaction of magnetic fields of Matters in the inner cores of the Earth (Chapter 1), and 
the Sun’s Magnetic and gravitational pmtics (Fig. 32 fields A) being made by the 
matters, in the cores of the Star. (In this case, we do not consider the pmtics of Matter, 
which are released by interaction of matters pmtics on the surface of the Sun). 


An example of the creation of the light through the interaction of pmties: 
‘As the pmtics of Magravs produced and released by the Sun, reach’s’ the boundaries of 


the Earth pmtic of Magravs, these two pmtics of Magravs collide with each other at the 
edges of the Earth’s upper atmospheric levels. 


Fig, 32; Interaction of three different types of pmties strength (A, B, C) and the resulting three 
residual fragment pmtics (D, E, and F). 


” 


Where, these interactions leads’ to the creation of the pmtics interface, or the 
magnetosphere of the planet. Where, this magnetosphere of the Earth is partially 
produced at the same time in respect to the other surrounding pmtics of Matters and 
other plasmatic magnetic fields (Fig. 32 field C) in the solar system as well as the 
pmtics of the Sun, 


Through the pmtics plasma interaction principles, the pmtics of the Magravs of the Sun 
interaction with pmtics of Magravs of the Earth leads to the creation of new residual 
slower rays and pmtics strength in the light spectrum (Fig. 32 field D), where, the 
overall effect of these pmtics fragments of light generated, leads to the creation of the 
daylight on the Earth, in the interfacing sector of the Earth with Sun’s pmtics only. 


The light generated in the sector of the planet, fa 
of the Sun, in interacting with the weaker pmt 
due to the weaker plasmatic magnetic fields’ strength of these pmtics of Dark energies 
in space (Fig. 32 field C) and the same constant pmtics strength of the Earth (Fig. 32 
field B), in this sector, weaker strength pmtics residuals (Fig. 32 fields E and F) are 
created and released, thus, the appearance of the darker sky or the night light. 


Thus, the interaction of the same pmtics of Magravs strength of the Earth (Fig. 32 field 
B) with the stronger plasmatic magnetic fields of the Sun (Fig. 32 field A) leads to the 
creation and release of more powerful pmtics strength residual fragments in the light 
spectrum (Fig, 32 field D), hence the daylight. Similarly, the interaction of the same 
pmtics of Magravs of the planet (Fig. 32 field B) with the weaker pmtics of the Dark 
energy (Fig, 32 field C) in space, away from the Sun’s plasmatic magnetic fields, leads 
to the creation of weaker pmtics strength residual fragments, hence weaker lights or 
dark night light and creation of the translucent plasmatic darkness (Fig. 32 field E and 
F) light of the night. 


‘As the Earth’s reach a more Magravs pmtics strength balance and equilibrium with its 
environment’s plasmatic magnetic fields’ strength, thus the darker that part of the 
atmosphere it appears to be (This principle is described in Chapters 12 and 13), 


Through the same principle of interaction of and collision of solid matters of the cosmic 
dust and the pmtics of the Earth, the northern lights in different colours are created. 
Where in this case, the light created is due to collision of the matter pmtics and pmtics 
of Magravs of the Earth 


It is not correct to consider the speed of light to be the ultimate speed of motion, for any 
pmtics of Matters environments existing within the universe, Similarly, it is conceivable 
that pmtics can fuse and that their pmtics can increase in strength and consequently they 
can increase their speed too. (Paper: Creation of magnetic fields). 


In principle, the speed of light is not only achievable by the reduction in pmtics of 
higher order of magnitude pmtics strength, but conversely it can be achieved from the 
addition or adhesion of the strength of lower order of magnitude pmties strength too. By 
the same measure, the pmtics of the light can be integrated, to create their stronger and 
faster speed of motion, with new and faster pmtics from their interactions too. 
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The pmtics strength and the speed of plasmatic magnetic fields is environment 
dependent and there are no limits in its lower or higher orders of magnitude. Generally, 
as long as plasmatic magnetic fields can interact, they can add to pmtics speed or lose 
their speed. 


The limitation of speed of travel to plasmatic magnetic wavelength of light is the 
restriction that Man has forced upon himself, purely due to lack of his understanding of 
the true construction of Matters of his universe. 


The present limitation of the speed of the light for motion is very much similar to the 
earlier century’s hypocrisy and lack of knowledge of Man, with the belief that the Earth 
was flat and at the centre of the universe. 


The pmtics become visible light to the human eye, purely due to the fact that human 
eyes are adapted through their protein molecular pmtics strength chain, for them to be 
able to interact and recognise them. This range of the plasmatic magnetic wavelength is 
translated for the human brain to be the visible light for humans to be able to see and 
function. Where, this visible range of the magnetic wavelength is part of the overall 
universal order of magnitude of the plasmatic magnetic wavelength field’s strength and 
not necessarily its ultimate speed. 


Thus, “if the human proteins pmtics strength had a different chemical chain, that is to 
say, if the protein chain did not have hydrogen, oxygen, carbon and nitrogen in its 
composition, then man would have had different overall pmtics strength in his protein 
and the universe would have been visible to man in a different range of pl 
magnetic wavelength field’s strength spectrum”, 


This phenomenon of the protein chain pmtics strength of creation is explained in more 
detail in the book to be published, titled “The universal order of existence (9)”. 


Further, in this book we will talk about new nuclear-based systems, which have been 
developed for them to be able to make use of the creation and control of pmtics of 
Magravs strength for motion. We have called these s GRAvitational POsitioning 
Systems (GRAPOS). From, tests and what we have seen and observed in the past years 
in proof of pmtics creation and control, the following can be discussed in respect to the 
interaction of the pmtics of the Grapos Magravs and the pmtics of Magravs of the Earth 


Using Magravs positioning reactors, the interaction of the Magravs generated by these 
reactors with Earths’ Magravs, these interactions of the two of Magravs, by their natural 
phenomenon of creation and interaction of pmtics, these Magravs interaction of the 
Grapos reactor and the planet, always leads to the creation of light around these systems 
in planets’ atmospheric environment. 


Crafts using Grapos for lift and motion in their movement and travel in pmtics plasma 
‘of Magravs environments, like the Earth’s atmosphere, these systems generate pmties 
fragments of rays of light and appear to be like moving bright lights in the skies 
(Fig. 33 disk 3 and 4). 


1) 


Fig. 33: Visualisation of Magravs positioning systems (1,2, 3 and 4) within Earth atmosphere. 


The effects of the interaction of the four different Grapos and their different pmtics 
strength and lights they produce around these systems, due to their of Magravs strength 
in respect to the Earths’ pmtics are demonstrated in the figure 33 disks 1, 2, 3 and 4. 


The brightness of these lights in sky is due to the pmtics of Magravs strength of 
Grapos’ in respect to their environment pmtics of Magravs of plasma strength of the 
Earth, and these lights are balance pmtics strength dependent. Lights around these 
crafts are produced by the same principles and are similar to the way light is created by 
stars. 


Another example of the Magravs positioning reactors to be used in future craft systems’ 
is, in creating a balanced Magravs strength in respect to the Earth atmospheric plasmatic 
magnetic fields’ strength, so that there would be not much field strength difference and 
hence nearly no interaction between the pmties of the system and the Earth. Thus, no or 
very little light created around these systems as is shown in figure 33, with disks lights 
1 and 2. So the system or spacecraft in a given position and time in the Earth 
atmospheric condition can become dark translucent in respect to the Earth pmtics 
strength. This giving the impression that, the system has disappeared from the sky, in 
fact, the system has created its own balance plasmatic magnetic fields’ strength 
condition of dark light in its environment in respect to its environments Magravs 
strength, while the system still is/or can be keeping the same position in atmosphere. By 
being able to adjust the Magnetic and gravitational field’s strength of Grapos reactor(s), 
these crafts can change their visual appearance in the Earth atmosphere, from dark to 
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‘These high voltages can occur if the antenna picks up static charge from the air (especially occurs with long outdoor antennas from non 
insulated antenna wire), 

AAs the voltage at the antenna is higher then 90 Volt, the gas discharge tube will start to conduct and short the high voltage to ground, 
‘As soon as the charge has flown to ground, the conduction stops automatically. 

Frequency range of the receiver. 

Frequency range without antenna: 500 - 2500 kHz. 

Frequency range with 10 meter antenna connected: 487 - 1860 kHz. 

Both with and without antenna connected, the whole medium wave band can be tuned. 


Q factor of the LC circuit (Without antenna and without diode connected): 
1200 kHz: Q= 75 

1500 kHz: Q= 65 

‘The circuit Q is rather low, one reason for this is because the RF signal is in this design on the frame of the tuning capacitor. 
Because the frame of the tuning capacitor is directly connected to the wooden bottom plate losses occur here. 

‘You can find a complete building instruction op the following pages: 

Step 1 Preparing the components 


‘Step 2 Making the frame of the receiver 


‘Step 3 Making the coil 


Step 4 Placing the components 


‘You will find here the part list of this receiver. 


bright light and deemed-light and so one. Four different Magrays strength of Grapos in 
Magravs of the Earth are shown in figure 33 and figure 55 in disks 1, 2, 3 and 4. 


Man can and will travel several times faster than the speed of the light in the future. 
This will be of his own choosing and limited by his technological advancement and the 
limitation of understanding of his own tangible existence. 


The speed of motion, due to the interaction or gravitational pull of the planets and stars 
of destination, in pulling the crafis equipped with Grapos towards them is beyond the 
present technological ability and comprehension of the scientific world, but in time this, 
will be as easily and manageable as daily atmospheric flights of today. Which these 
crafis can travel several times faster than the speed of light. 


The other scenario of collision of pmtics around the Earth could be that when the two 
field Magravs of the Earth and the Sun collide, and their overall field interactions can 
lead to the creation of faster pmtics than that of visible light. This again is the result of 
the amalgamation of two pmtics strength forces from two celestial objects. 


Theoretically this is not possible around the Earth as most of the fields of the Earth are 
‘outward going and crossing the path of the pmtics of the Sun, and these fields would be 
carried away and out from Earth’s atmosphere and not inwards. Therefore, any 
amalgamation of two pmtics of the Sun and Earth has to be inward so that Earth’s 
atmospheres can generate the daylight. 


This phenomenon of the addition of two fields to create light in the case of the high 
speed of the plasmatic magnetic fields of the Sun and the Earth is not a common 
possibility, or there is so very little of it 


By the pmtics theory, in the case of an atom’s structure, pmtics of Magravs of the 
ituent Matters of the electron interact with the pmtics of Magravs of the proton. 

creates the fuzzy light around the electron fields in motion, which makes it 
dimensionally easier to detect the presence of the electron than its nucleus. This fuzzy 
light being similar and created through the same principle as to the interaction of the 
pmtics of Magravs of the Sun and the Earth, as was explained. 


Considering the interaction of the pmtics of matters on the surface of the Sun: The 
lights which can be observed from the surface of the stars is primarily due to the 
interaction of the pmtics of the gravitational and Magnetic field from the centre of the 
star and their interaction with the Magravs of the plasmas on the surface of the star, 
where this interaction of the two fields leads to the release of pmtics in the visible light 
spectrum. The intensity of the light of the stars is in principle due the strength of the 
gravitational and Magnetic fields generated in the centre of the star, as the pmtics of the 
hydrogen plasmas on the surface of the Sun are considered to be constant. 


We consider the pmtics received by the fields of the Earth from the pmtics from the 
matters from the surface of the Sun to be small and to be a fraction of the power of the 
pmtics released due to the gravitational and Magnetic fields from the centre of the star 
which reaches the planet Earth. The only time when the pmtics of the materials on the 
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surface of the Sun has any effect on the interaction with the Earths’ gravitational and 
Magnetic fields is when there is a surge in the volcanic eruptive activities on the top 
layers of the materials on the surface of the Sun. These eruptions cause the release of 
large quantities of physical material of plasmas into the solar system. 


CHAPTER 8 
Dark Light phenomena 


In the previous Chapter we explained that the visible light is created through the 
interaction of Magravs and the light created due to the difference in strength of 
Magravs. Opposite to this, must be the interaction of balanced Magrays strength where 
the weak or balanced Magravs fields strength, which leads to the creation of a type of 
night light or dark light at nights. 


The point has reached in physics, that these balanced pmtics Magravs strength 
conditions needs to be considered on their own, where the Dark light phenomena can 
be introduced as part of the science of physics. 


“This Dark light phenomenon, with Dark light intensity, can be said to be created and 
be due to the near to, or balanced, equilibrium in pmtics strength reached, or that can be 
achieved, through the interaction of two or more pmtics forces in respect to each others 
in a given environment”. Where, the intensity of the darkness is pmtics strength balance 
dependent (Fig. 36 zone C), 


The level of measurement of this darkness is not field strength dependent, but plasmatic 
magnetic fields strength balance dependent of one pmtics in respect to another pmtics. 
That is to say, the interacting pmtics environments can possess any magnetic strength, 
but in all when the two pmtics strength are near equal, then the darkness 
phenomenon of the same dark intensity prevails and the same type of dark light 
phenomenon occurs, irrespective of the original pmtics strength involved. 


If this phenomenon is fully understood, just as man has developed night-vision tools, 
equipment can be produced that can view Dark light plasmatic magnetic fields strength 
balance in respect to different pmtics strength. Then the universe would be full of new 
objects that have never been seen in light energy matter conditions. 


What a wonderful world would one be in and see, through these tools and machines, 
Men of vision would take pleasure and treasure by looking through from such a 
machine. 
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CHAPTER 9 


Relation between Gravity and Light 


Through the pmtics theory principles, as gravitational fields are made of interaction of 
pmtics, and the light being itself made of pmtics, it is inevitable that entities made of the 
same, will interact with each other. 


From previous chapters, it is clear that the light is made of the lower order of magnitude 
pmtics strength in the overall pmtics strength spectrum in the universe. The light in 
essence is itself moving dynamic pmtics and that by the principle of this definition light 
is energy. Alternatively, it can be said that the light possesses energy. 


We consider that light is a made of pmtics strength of a lower order of magnitude in the 
overall pmtics strength spectrum in the universe. 


‘At the same time as has been explained, “Gravity and gravitational fields’ (Chapter 1) 
are themselves made of interaction of at least vo similar pmtics or at least two similar 
magnetic rays”. 


It is understandable that, any gravitational field’s forces, as an entity, in essence are 
made of interactions of pmtics. Thus, gravity can and will effect any other entity in 
sion of pmtics, or entities being made of pmtics, like light. The light and the 
Magravs (known as gravitational fields) are both made of the same magnetic entities; it 
is normal that they have interactions and attractions in respect to each other’s position. 


Fundamentally, it is not correct to say that light is gravitational dependent. 


But, it is correct to say that, “the attraction and interaction of the light rays in respect 
to, and from, another collection of plasmatic magnetic fields like gravitational fields 
(Magrays) are position dependent”. 


In classic physics, the behaviour of the light has been said to be gravity dependent, 
Through the new understanding of the creation of Magravs, this cannot be correct. A: 
the light and gravity are made of the same magnetic fields of different strength, th 
they can have near enough the same speed of motion in matter magnetic field strength 
medium. 


In the case of light rays, when the ray comes in the vicinity of, or in position in space 
that it can be within a field of, or be near to or in the catchments area of a collection of 
Magnetic fields or gravitational fields (Magravs), these two entities’ magnetic fields 
interact. 


Thus, light is not gravitationally dependent, but in fact the attraction of light is position 
dependent from a pmtics of any Magrays area. 
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Thus, the stronger the Magravs of an object are, the stronger the pull. 


Following the new principles of magnetic field interactions, the stronger pmtics of 
Magravs strength of the Matter, the Antimatter or the Dark Matter will exert their 
gravitational magnetic field forces on the weaker magnetic field strength of the light 
rays. Hence, the stronger pmtics of heavy matters and the stronger pmtics of stars, the 
‘Antimatter and the Dark Matter, pull weaker magnetic fields like light pmtics towards 
themselves. 


So that the visible light will move slower as it will be pulled towards the gravitational 
force of these stronger, Magrays like stars and Antimatter zones and as it interacts with 
their pmtics forces. 


Light has a different speeds in the Antimatter, the Matter and the Dark Matter due to 
their magnetic fields strength, very much like as it has slower speed in liquid than in air 
in the matter environment. 


The difference between matter environment and the Antimatter and the Dark 
Matter environment is very much in that the former is pmtics compactness and 
density dependent, as in the latter it is pmtics strength dependent. 


Thus, light, by the principle of its construction from pmtics, will be pulled and travel 
slower in other state of Matters and near large and stronger plasmatic Magrays strength 
of objects like stars, through the magnetic fields interaction principles or the 
gravitational pull of one stronger magnetic fields in respect to the weaker magnetic 
fields of the light. 


In physics, this has been said to be like the effect of the bending of light when it passes 
a planet or star in possession of gravitational field forces. The principle of bending of 
the light, or gravitational lensing in vicinity of, for example, stars is purely due to the 
interaction of the pmtics of the light with the plasmatic Magravs forces of the star. 


It is important to notice that in positions in space, where the Magnetic fields of the star 
supersede the gravitational fields” strength in respect to any given ray of light, the light 
ray as well as being able to bend inward due to the gravitational pulls, it can also be 
reflect away from Magnetic fields forces too, 


By the same principle, it is now understandable, why and how for example in strong 
gravitational fields like black holes areas, even light appears as to get absorbed into 
them. This being due to the fact that Magravs strength in the centre of the black holes in 
these regions are so strong, that due to their magnetic fields strength they gravitate the 
magnetic fields of the light inwards or what they call in common terms “absorb” the 
light. This attraction is simply a gravitational pull of stronger Magrays strength of 
Matters and matters in the centre of a black hole in respect to the much weaker 
magnetic fields of the light. 


Most certainly, gravity and its field strength is not warp dependent or gravity is not 
caused and is not created because of a warping of the matter in the plane of time and 
space, as has been discussed in some fields of present physics 


GRAVITATIONAL SYSTEM 
LIKE A EARTH, 


GRAVITATIONAL SYSTEM 
LIKE A STAR/PLANET. 
‘OR A BLACK HOLE 


Fig. 34: Warping path of a weaker Magrays system towards the stronger Magravs system. 


Note: Definitely the warping is not the creator of the gravitational fields, but the 
warping shows the path of the motion of the one gravitational field downward or 
toward onto another gravitational field. 


‘That is to say, one weaker gravitational field can be attracted towards another stronger 
gravitational field G2 (Fig. 34), so that the path of the direction of the motion of the 
weaker gravitational fields G1, towards the stronger, could make the warp like path 
(Fig. 34 path W) in a given plane of time. This is the warping effect of a weaker 
gravitational field in respect of a stronger gravitational field and this is the warping 
path of attraction. 


Therefore, warping of the matter is not the cause of the creation of gravity in the matter 
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of the weaker gravitational field strength object, but in fact the warping is only an 
indication of the path of the attraction and motion of the weaker gravitational fields 
towards the stronger gravitational fields. 


Celestial matters in possession of Magrays, through their internal pmtics and their 
attractions and interaction and nothing else, can generate the majority of their own 
gravitational fields in the universe. At the same time, the motion of two objects in the 
possession of their own gravitational fields can set and start different gravitational fields 
of one object in respect to the other. That is to say, when two stars in the universe come 
into each other's catchments zone, the catchments envelope creates its own gravitational 
pull, separate from the internal gravitational pull of the stars themselves. That is in fact 
the operation of two original pmtics Magravs being cascaded by the bigger one outside 
them, The intera , in trying to find their position, causes the 
swirling effect first and then the warping effect type of motion of the weaker stars’ 
gravitational fields towards the stronger pmtics gravitational field 


External motion of matter does not necessary create gravitational fields inside an object 
but the path and speed of the motion of matter indicates the strength of the pull of one 
field towards another and the direction of the path of the attraction. 


There are no planes of references for this warping, as the original point of the reference 
of the interaction of the two pmtics magnetic fields in respect to each other comes from 
where, they first come into touch and start the first fields interactions; this becomes the 
plane reference point for the path of the attraction of one gravitational field towards 
another (Fig. 34) 


In fact, the theory of warping creating gravity is 
time dependent. 


\s far from reality, as gravity being 


Maybe it is right to say, “In time, once two Magravs come in contact with each other 
and stay interlocked, the two fields might merge into one, this time of merger is then 
pmtics Magravs strength dependent”, 


‘As has been explained, Matter is one of the three parts of the Matters of the plasma. 
Thus, the same interaction between the three gravitational pulls of three Matters within 
the structure of the Matter (see Chapter 18 and 19) causes the warping and motion of 
Matters in respect to each other within the plasma 


In fact, any magnetic and pmtics entity, at all times of its existence, is gravitating or will 
have gravitation towards one or another magnetic ray or pmtics or Magrays in its 
regions and is warping towards one point or another in space at any given frame of 
time. That is to say, there are no regions in space in the universe, which are void of 
‘magnetic rays or pmtics, and their gravitational interactions and attractions in respect to 
one field or one Magrays or other. 


Nevertheless, there are different magnetic fields strengths, which in one form or 
another, are gravitated to one or another magnetic fields regions in the universe, in 
respect to their proximity of distance from a ray or a pmtics. 
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Maybe we can say “that gravitation in respect to time, is dependent on the position in 
space and pmtics strength of the any two entities, and that in time, for example light 
being in essence a magnetic field in origin, it will be effected or attracted or gravitated 
to another magnetic field or collection of fields, and that these magnetic fields can 
already possess gravitation in respect to each other. 


‘Thus light rays in given point in space will come in touch with other magnetic fields, 
which they will gravitate towards each other, for them to merge, where this merger will 
take a certain given duration. 


Thus, the light rays and other pmtics strength have a direct effect on the rate of 
attraction of one field to another. Thus, speed of attraction is pmtics strength 
dependent”, 


In real physical terms, the light itself can be or become one-half of a gravitational field 
set, so not only is the light getting attracted towards another Magravs system, but also in 
this process, the light becomes part of a second magnetic field of a gravitational set 
itself in respect to the first gravitational field. Then this light pmtics becomes part of a 
plasma magnetic field, which this is, a new set of a light field and the first gravitational 
field interaction, and this itself becomes another Magravs system like 


The other important point to consider, is the time it takes for the light ray to reach or be 
attracted into or by a gravitational field, zone or area. This interaction and attraction, is 
both gravitational field strength, and the light ray’s magnetic fields strength, dependent. 


That is to say, stronger gravitational magnetic fields, pulls rays faster to themselves 
than a weaker gravitational magnetic fields. 

Thus, the time, that it takes for a light ray to get attracted into the gravitational field 
zone is gravitational field strength dependent and not time dependent, as the strength of 
the pmtics of the light of the matter is considered to be constant for all states of Matters, 


Then for different Matters (Matter, Antimatters and Dark Matters) in the universe, there 
should be different frames-of-reference of duration or time. As the light created in the 
matter environment will have different speed in the Antimatter and Dark Matter 
magnetic fields spectrum environments of stronger pmtics strength regions. While the 
light created by the Antimatters and the Dark Matters pmtics, interactions have very 
different speed than the light created by Matter pmtics interaction, Secondly, the speed 
of the light from Dark Matters and Antimatters are much faster than the speed of the 
light of the Matter state or in matter ” strength levels. 


Some notes about light 


1. The frequency of the light wave is created on the same basis and due to the same 
principles as the change of the polarity in the stars, for example the Suns’ eleven 
years half shift in polarity change (12, 18). 


By the same principles, the alteration in the extreme points known as maximum and 
minimum points of return of the waves are Magravs positioning balance dependent, 
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and not as what has been assumed, electromagnetic field based, as electrons 
themselves are made of plasmatic magnetic fields 


The pmtics as rays, as they enter or come in touch with an atom or an object that 
they can move or cause motion in the penetrated atoms, electrons of matter or 
Matter or in their initial fundamental particles, because the matters or Matters 
components are similarly made of dynamic pmtics, thus, when a pmtics comes 
touch with another pmtics, these pmtics interact and collide with each other. Thu: 
the outcome is a transition of pmtics from one entity to another. 


The transition of pmtics takes place when the plasmas of Matters come into contact 
with the initial fundamental plasma of the Matter and they transfer their plasmati 
magnetic fields strength from one to another. Usually this transfer is from the 
stronger to the weaker field strength directional of flow. 
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CHAPTER 10 
The Antimatter 


G2 G2 


In the world of science, the Antimatter has been considered and said to be the largest 
source of energy for the future of the energy, space and motion technology. 


In the structure of the initial fundamental plasma, 1 consider that “the Antimatter is the 
‘main component of the whole structure of the plasma and it is the carrier of the largest 
‘amount and strongest of dynamic pmtics strength in the plasma, which Antimatter can 
release the maximum and the larger amount of pmtics strength in the full spectrum of 
pmntics of energies from the plasma”. 


To understand what the role of the Antimatter is in the overall construction of plasma, 
we can simply look at the larger scale of the same type of entity and its effect in the 
universe, In the universe, the large-scale plasma conditions are said to be the like of the 
Stars, or the Suns” in their solar systems, 


Where, the Antimatter part of the plasma is the same as the Star of a solar system, and 
it is the holder of the main quality and quantity and the possessor of the strongest 
pmtics strength of all Matters of the initial fundamental plasma, 


I consider that, the Antimatter is the source of the energy and the central 
gravitational point of the plasma as a whole. The Antimatter is in fact the Star of the 
plasma, thus it is as the Sun to the solar system. In fact, there is nothing “anti” about 
this Matter component of plasma in the univers 


This is the reason why, in being able to free them from the sub-components of the 
Matter and the Dark Matter of the plasma, the Antimatter appear to be such a fantastic 
new source of energy. 


‘As the Antimatter was made initially from the stronger magnetic fields strength in the 
plasma to start with, hence it holds the real fundamental source and the supplier of 
pmtics to all matters in the plasma, It can be said that pmtics released by the Antimatter 
are the platform for the change for almost everything that is made in the matter world. 
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That is to say, “that Antimatter is the source, where pmtics are positioned to start the 
change from stronger pmtics strength level in the plasma components, and transfer more 
of pmtics strength of Matters to matters” 


It is the pmtics of the Antimatters, which are transferred in most parts‘, from one 
plasma to another, which, causes energy transfer from one molecule to another or one 
cell to another. 


We have used these Antimatters pmtics strength effects in the recent past in our 
reactors, the pmtics interactions of Antimatters were utilised to create the Magravs 
forces needed for the Magravs positioning of these systems in respect to another 
plasmatic Magravs of another object, this being like the Earth’s Magravs. 


\s been proven that the presence of the Antimatters and its strong 
plasmatic magnetic fields that it provides for the creation of Magravs in the reactors is 
the main reason why, we have managed to lift and move large masses through the 
gravitationally positioned principle. 


In Grapos test reactors, which have been developed and tested for lift and motion, the 
operativeness of pmtics strength of the Antimatters have been proven to be in line with 
our theories, where if the pmtics of the Matter were used in these reactors, the Magravs 
created by pmtics of this Matter would not haven been strong enough to cause the 
motion or lift of the system. 


The scientific world is using accelerators (6, 7, and 8) to slam the plasma into a wall of 
matter, for the plasma to open and to release its Antimatter sub-components. 


In present technology, scientists are trying to understand how to gather and harvest the 
power of this Matter. It is however crucial to understand that, “one does not burn the 
Antimatter as fuel, as it is assumed by the present scientific world in this field and as 
Fermilab (6, 7) is considering”. 


Nevertheless, there is an easier and smoother way to achieve this separation, and that 
just to dilute the plasma (Chapter 21), through this method, it will be easy to release the 
‘Antimatter from its plasma, 


Once the scientific world has a full understanding of how to separate this Antimatter 
from its plasma, then they will understand that one does not need to burn this Matter as 
fuel to create motion and energy. But, they simply have to learn to use the effects of 
the interactions of the constituent pmtics of this Antimatter in conjunction with 
other Antimatters pmtics of other plasmas or Matters pmtics to achieve lift, motion, and 
for creation of energy, as has been done in the universal order of motion and creation of 
energy for billions of yea 
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CHAPTER 11 


The Antimatter energy 


Antimatters are known to be the sources of vast amount of the strong pmtics. The 
strong fields of the Antimatter are considered to be the major sources of the energy 
supplied into their respective environment for Matter-to-Matter, and from Matter-to- 
matter through their pmtics. The strong pmtics, once released by the Antimatter, and 
these pmtics in being in motion in their environment, they become to be called the 
energy of the Antimatter. 


These pmtics by essence of their origin and strength they are, and become, strong 
energy field sources and reservoirs of energy in their environment. Where, some of the 
pmtics within the Antimatter are used to maintain the integrity of the Matter and the 
plasma itself, 


‘At the same time, some of the pmtics of the Antimatter are equally reduced in strength, 
and these changes and reductions in their strength of some of the pmtics strength of the 
Antimatter overall constituent pmtics, these pmtics are allowed then to escape the 
gravitational fields of their Antimatter pmtics Magravs. 


These released pmtics from the Antimatter, become the Antimatter pmtics in motion 
(energies) due to the strength of their plasmatic magnetic fields’ forces. These pmtics 
can travel much further from the Matters and plasma, to transfer their energies to other 
pmtics in their environment. 


These released fields become the Antimatter pmtics in motion (energies), which, due to 
the strength of their plasmatic magnetic fields’ forces, these pmtics can travel much 
further from the Matters and the plasma, for them to transfer their energies to other 
pmtics in their environment. 


Due to the fact that the Antimatter itself is originally made of the stronger pmtics, the 
Antimatter will let go of pmt tronger and wider spectrum of magnetic fiel 
strength. Thus, the Antimatter releases a full spectrum of pmtics strength forces. That is 
why they are more powerful and covering a wider range spectrum of energy levels as 
they slow down. 


s in 


In essence, the Antimatter itself starts from a combination of interactions of stronger 
pmtics bases, and hence has more to lose of its slowed down fields and it has more to 
attract due to its stronger Magravs too. At the same time, it covers a larger domain as 
pmtics can spread further. 


In fact, the energies that are released by the Antimatter look to be, and basically are 
stronger than other energy fields around them, purely due to the fact that they start their 
life from stronger pmtics strength base in their environments. 


CHAPTER 12 
The Dark Energy 


The principles of creation of the Dark energy as an outcome of normal interaction of 
pmtics are discussed. The similarities of the Dark energy and force, which are created 
around Black holes, are in principle of the same origin. 


In the dynamic environments of the universe, changes happen due to various 
conditional factors like motion, compression, turbulence, temperature, and so on, that 

an individually or collectively lead to concentration or motion of pmtics (energy). 
These changes in environmental conditions can lead to the manifestation of Matters like 
the Matter, the Antimatter, the Dark Matter, atoms, stars and galaxies and so on. This is 
the common fundamental base for the creation of Dark energy and creation of Dark 
Matters (36) and any dark objects like the Dark Matters, the regular appearance of dark 
spots on the surface of the Sun and stars (12, 13, 14), the appearance of Dark spots in 
the galaxies known as Black holes (13), the Dark Rings around Saturn (17) and so on. 
The creation of these conditions and matters can all be explained through the following 
interaction of normal dynamic pmtics in the universe. 


By pmtics theory, the Dark energy is said to be the collection of balanced and 
equilibrium pmtics strength forces in motion in respect to their environments pmtics 
strength, this being in any given environment, in deep space in the universe or in the 
centre of an atom and so on. 


The universe always possesses equilibrium pmtics strength in its total energy balance, 
hence the universe possesses more environments which are in pmtics balance strength 
and hence the existence of vast-spans of the universe which energies are in motion, but 
due to their balance magnetic fields strength in these regions of the universe, no light 
through the interaction of various magnetic fields are produced to confirm the motion of 
the pmtics in that region. 


It is important to note, that in the universe only the difference in magnetic fields 
strength is the cause of creation of visible light from the human observation point of 
view. Where there is balance and equilibrium in the environment, no lights through 
interaction of magnetic fields or pmtics are produced. This doesn’t mean that there are 
no magnetic fields or pmtics in motion (energies) and that nothing is present in that 
region of the universe. In fact the darkness of dynamic environment of the universe 
confirms the existence of the balanced magnetic fields strength. Beholding the truth, the 
darkness of the universe confirms the existence and motion of balance and equilibrium 
‘of magnetic fields strength, and not the lack of the existence of magnetic fields in 
motion (energy). 


We have defined Energy as: “pmtics forces in motion”. Therefore the Dark energy has 
the same definition, where in this case, these are balanced or near balanced pmtics 
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strength forces in respect to their environment pmtics field forces in motion, 


The universe always possesses equilibrium pmtics strength in its total energy balance, 
hence it possesses more environments which are pmtics balance strength and hence the 
darkness of the universe, 


Steps in the creation of Dark Energy 


To explain the phenomenon of creation of the Dark energy in more detail, let us 
consider two equal pmtics environment zone A and B in figure 35. These two fields’ 
zones can be for example pmtics from two galaxies in motion in the universe or two 
pmtics in the span of a plasma. 


Before the interaction of the two field zones, pmtics of each zone are interacting with 
their respective environment, which creates their own boundaries of their field strengths 
through their magnetosphere boundaries, in respect to their environmental pmtics (zone 
‘A with zone D, and zone B with zone D). 


Fig. 35: Two equal pmtics 


trength entities moving in each other path, 


Lets assume; a) The universal magnetic fields are always in rotational motion as of D 
(Fig. 35), and b) The two pmtics of the A and the B are in motion in directions shown, 
Through their motion and the environmental forces, the two fields zones come to be 
partially in contact and interact with each other. (Fig. 36) 


‘As segments of pmtics of the zones A and B collide (Fig. 36), and as their interacting 
pmtics are similar in strength, then there are no differences in field strength for the two 
pmitics to create the magnetosphere condition (14) or no residual pmtics or very little 
pmtics fragments are produced from the interaction of these two pmtics zones. Thus in 
the interaction of two fields and due to balance in their pmtics strength, this interaction 
zone C of fields does not lead to creation of pmtics fragments in the light magnetic field 
spectrum leading to the creation of pmtics of light (Chapter 7), to make this region light 


94 


to show the existence and occurrence of collision between two equal magnetic fields 
strength zones. 


Fig, 36: Two equal pmtics strength entities moving in each other path colliding and creating a 
temporary Dark energy zone (zone C) due to their interaction. 


‘Thus in respect to the surrounding environment the colliding of two pmtics in motion 
and the lack of production of pmties fragments strength in the bandwidth of the light in 
this section of colliding pmtics, this creates the appearance of being dimmer or darker 
zone (Fig. 36 zone C) compared to its two original zones magnetospheric condition in 
respect and in comparison with their surrounding pmtics. 


In the region of C of figure 36, due to the balance in pmties strength and the creation of 
very little residual pmtics fragments, this area has a darker appearance in comparison to 
the rest of the region which one can observe with the rest of the two zones of A and B in 
the overall region of the D environment. Nevertheless, the energy of the pmtics in 
motion of the two pmtics zone of A and B exist and they can be measured, as the two 
pmtics of A and B move on, this confirms the existence of energy in the dark zone C, 
where in fact there are no sources for such an energy field to justify their existence in 
this darker appearing region. 


‘Thus, in the case of the Dark energies zones in the universe, most of the time, one has to 
look at the overall picture of the interactions of the package and area, rather than to the 
local zone where the darkness and dark energies appears to be and where pmtics in 
motion as energy fields are present. 


Further on, as the two fields zones A and B are dynamic entities and they are pushed by 
the forces in the bigger picture of the zone D, the Dark zone C, figure 36 disappears as 
two zones of A and B move away from each other. 


‘Thus, the interaction and creation of the zone C, figure 36 is a temporary phase as the 


two field zones separate and carry on in their own path and the Dark energy zone C in 
figure 36 disappears, as there never was a Dark energy zone in that part of the zone D as 
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whole (Fig. 37 fields A and B). 


Fig. 37: Two equal pmtics strength entities moving away from each other after their collision. 


Therefore, Dark energy zones in the universe are not necessarily a place where there are 
void of Matters or magnetic fields, but the darkness itself confirms the existence of the 
balanced pmtics strength in motion in respect to the majority of pmtics strength forces 
in that given environment, which pmtics in these areas are in balance and in equilibrium 
in strength with each other in a given point and a given window of motion of fields 
called time in the span of the universe. 


‘At the same time, these sudden Dark energy regions in space are temporary conditions 
in a given specific time and specific position from a specific point of observation. 


On the other hand if one is inside such a zone not necessarily means that one is in the 
Dark energy zone. In some cases of dynamic solid gravitational fields of matters in the 
centre of these energy zones, due to the interaction of the Magravs of the Matters and in 
level of Dark intensity translucent, inside these Dark energy zones one can have bright 
zones as being near a star zone. 


It is obvious that most of the universe appears as dark, even though pmtics always exist 
in these areas of the universe and are essential components of its structure. This by itself 
means that the universe is in pmtics strength balance and equilibrium within itself. 


The Dark Matters do not all possess the same pmties strength and therefore the Dark 
energies are not all of the same magnetic or Magrays strength, in respect to other pmtics 
strength environment. 


By the same measure, the Dark Energies in the universe do not all possess the same 
pmtics strength, as their strength is pmtics strength dependent in respect to the 
environment pmtics strength of their appearance. 
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In the case of the Dark Matters as sources of the Dark energies, these Dark energies are 
produced through the initial pmtics interactions in the centre of the Matter, and hence 
the energy they produce as their overall outward Magnetic fields and inwards 
gravitational fields, are always in balance in respect to other pmtics in their given 
environment. Where this balance of pmtics strength gives the Matter the appearance of 
darkness, or darker looking in respect to its overall given environment. 


Some of the Dark energies have a Magrays source in their centre in the universe. Thus, 
these types of Dark energies are part of a Dark Matter source, which are part of the 
overall magnetospheric environment of the Dark Matter pmtics. These sources of the 
Dark energies are the Magrays of a matter which in respect to its environment from a 
given position in space, and due to the equilibrium of the pmtics of the Matter and the 
environment, cause the Dark energy zone, from that specific point of observation, as 
that given zone of pmtics interaction appear to be darker than the rest of the 
environment surrounding it 
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CHAPTER 13 
The Dark Matter 


G3 


According to the Keshe pmtics Theory of Dark Matters “for an entity to be considered 
as a Matter, the entity has to possess both Magravs pmtics forces, so that not only the 
Matter can maintain its Magnetic and gravitational fields, but at the same time the 
Matter can maintain a balanced pmtics magnetosphere magnetic fields forces strength 
zone and a magnetic fields mass, for the Matter hold on to its constituent pmtics for it to 
exist, with the difference with the Dark Matter that the magnetosphere created through 
the overall interaction of its Magnetic and gravitational fields forces strength of the 
Matter and the environment pmtics force strength that these two forces are in 
equilibrium in strength, where the interaction of the pmtics of Magravs of the Dark 
Matters’ magnetosphere and the environment pmtics field force in interacting with each 
other, they do not create residual fragments pmtics that is in the light magnetic fields 
strength spectrum level, that makes this Matter visible or detectable, hence the term 
Dark Matter (Fig. 38 G3) (36). 


At the same time the Magravs forces created by the same Dark Matter appears to create 
a magnetospheric fields forces’ zone around the central Matter, which gives an 
impression of an energy source that comes from a dark space in a given environment 
without a visible material source and hence the use of the term Dark Energy (Fig. 38 
co 


The Matter is said “to be dark, as its effects can be seen or felt, but, it, is not made 
observable to the line of vision or is undetectable through detection systems, which are 
looking for signs of light as means of confirmation of the existence of the Matter"(36). 


‘The Dark Matter can be defined in another way, that is to say: 


“The Dark Matter (Fig. 38 Matter G3 field C) is the Matter that, by the interaction of its 
internal initial pmtics strength, creates the Magravs effects and its external plasmatic 
Magravs as the magnetospheric field effect for the Matter to exist, Nevertheless, it is 
due to the overall balanced Magravs strength that are created by the Matter as the 
magnetosphere of the Matter, being in balanced magnetic fields strength with respect to 
its given environment pmtics strength, so that the interaction of the two magnetic fields 
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does not creates pmtics fragments in the light spectrum, where the Matter cannot create 
detectable magnetospheric light.” 


‘That is to say, the interaction between two plasmatic magnetic fields strength of the 
Dark Matter and the second pmtics strength of environment does not create a visible or 
detectable magnetosphere effect, which would be needed to confirm the presence of 
the Matter in that given environment and in a given position, at a given point in time. 


‘The Dark Matters effect of Magravs energies can confirm its existence, as the Matter 
that appears as Dark or translucent Darker Matter, in respect to its given environment, 
to the line vision appearance of the Matter, in a given position and time. 


Fig. 38: The Dark Matter (G3), the Dark energy (C) 


‘The Dark Matters can be, or, are made of stronger or weaker plasmatic magnetic fields 
than the Matter, and the Antimatters components of the plasma. 


The Dark Matters are Matters which appear as areas in the universe in possession of 
Magravs forces but no or a very weak, detectable external magnetosphere in respect to 
their environment at given point and a given window of transition of time, where the 
confirmation of the existence of the Dark Matter is environmental pmtics strength and 
position dependent. 


If one could create the fundamental principles of the Dark Matter, by the use of Grapos, 
with the production of balanced pmties strength around the system, then one can travel 
the spans of the universe with pmtics Magnetic field protection and more or less without 
any friction, or resistance in the direction of the motion of the system, this allows the 
system to achieve speeds far beyond the present knowledge of Man in the space and 
aircraft industries (36). 
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The same effects of the creation of balanced pmtics strength in respect to the 
environment can be used to make systems, that without moving; such system becomes 
invisible to the line of vision at any point in atmospheric condition or in deep space. 


The larger entities like of the Dark Matters in scale of magnitude are the black holes in 
the galaxies, where a large gravitational fields zone is observed and no physical tangible 
source for the large and strong pulling forces in that region of the galaxy can be seen, 
These areas, which are usually and mainly in the centre of galaxies or on the edges of 
turbulent boundaries of galaxies, as there are more Matters, matters, magnetic fields and 
plasmatic magnetic fields on the move. Where the total balance of these fields, in 
respect to their given environment, gives these regions an impression to have the 
appearance of the darkness. 


These dark regions with strong gravi 
bigger cycle of life of galaxies bigger picture of motion of pmti 


tational pulls are overall temporary events in the 
and Matters (12, 13), 


Sudden appearance of Dark Matter as Matter due to changes in fields forces in the 
environment can be analogised like having a wet cloth that is dry looking. However, by 
twisting and squeezing the cloth, out of nowhere, drops of water start dripping out of 
the cloth. The appearance of the water drop does not mean that water was not in the 
cloth, but in fact it means that the condition were not there to force the water to manifest 
itself within the cloth, 


The Dark Matter can become visible as Matters around their environment pmtics 
strength changes. On the other hand, the Dark Matter can become visible Matter when 
there is a change in the internal pmtics strengths of the Dark Matter, which the change 
in magnetospheric strength of the Dark Matter, changes the magnetosphere pmtics 
strength in respect to its environment pmtics strength and the Matter becomes visible. 
That is why the Dark Matters are environmental pmtics strength dependent. The 
appearance of Dark Matters, due to changes of their pmtics strength or environment 
pmtics strength changes have been seen in the universe by scientists and they call these, 
the Virtual matters or the Virtual particles (Chapter 14). 


Dark spots on the Sun and Black Holes 


The Dark spots on the surface of the Sun; These effects are usually seen on the dynamic 
surface of stars, where large numbers of similar pmtics strength materials in motion 
act with each other, and hence there are more possibilities of having balanced 
trength regions, as most of the matters are of the same structure of hydrogen 


The main reason for the increase in the levels of the dark areas and dark spots on the 
surface of the Sun, about every eleven years, is due to change of polarities of the 
Magravs created by magnetic fields in the centre of the Sun. This purely and 
only due to one factor, this being that the creation of dark spots on the Sun is primarily 
due to the interaction of pmtics of the matters on the surface of the star and the pmtics 
of the Magravs from the centre of the star. As at time of polarity change of the star, 


increase 
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there are more chances of the interaction between two pmtics, which are made by the 
components of the same matters (Hydrogen). Thus, there are more chances of reaching 
Magnetic strength equilibrium conditions between the surface pmtics strength of the 
matters on the surface and the internal Magravs’ fields strength created in the centre of 
the star. Where at these points of balance zones of pmtics strength, no or very little 
pmtics fragments in the spectrum of light are created, hence the reason why appearance 
of the increase in the number of dark spots on the surface of the Sun during the polarity 
changes of the star (12,13) 


Thus, the dark spots of the Sun are natural outcomes of the balance interaction of the 
trength of the overall Magravs created by the centre of the Sun in respect to the 
trength of the plasmas of the materials on the surface of the Sun. Thus, as there 
are more balance pmtics areas produced, a higher number of darker zones can be 
observed on the surface of the Sun, 


The darkness of Black holes in galaxies, and the Dark energy fields they produce in 
their environment, are due to the same process (12, 13). Similarly, all Dark energies are 
not necessarily connected to the central Magravs of the Dark Matters. 


‘The Dark Matter and the Dark Energies appear and behave as dark regions, in respect to 
a given magnetic fields strength environment, at a specific point in time and space, and 
specific conditions from the point of observation. By the same principle, the Dark 
Matter and the Dark energy will be a visible or tangible Matters or matters in a different 
pmtics strength environment and even from another point of observation 


Therefore, state of the Matters, this being the Matter, the Antimatter, the Dark Matter 
appearance and detection of their energies are totally pmtics environmental respective 
dependent. 


That is to say, “what is the Matter and the energy in one given plasmatic magnetic 
fields’ strength environment can become the Dark Matter or the Dark Energy in 
‘another pmtics strength environment to the human point of observation”. 


In the universe, the Matters and the Matter energies or the Dark Matters, the Dark 
energies, the Antimatter and the Antimatter energies change from one state of Matter 
to another, or one state of Matter energy to another, purely due to the respective 
Magnetic fields or gravitational field strength as of their environments pmties strength 
as these Matters and energies pass through them 


In the micro and macro universe, suddenly Matters and energies appear out of nowhere 
and Matters and energies suddenly disappear into nothing. These appearances are all 
pmtics strength respective environment dependent as the Matter or energies pass 
through a given field at a given time in their immediate environment. 


The universe is considered by us to be covered with the Dark Matters and the Dark 
Energies. In general it can be said, where there are no faster or slower pmtics, or 
differences in pmtics strength, interacting or for other pmtics of the same or different 
strength to collide with, through these balanced pmtics strength regions, there are no 
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unbalance fields to create friction or to have an interface or to have residual pmties 
between the environmental and the moving pmtics, these regions in the universe give 
the appearance of lack of Matter, or the Dark Matter or the existence of Dark energy in 
respect to the given point and position in the universe. This means that the dark regions 
of the universe are balanced in pmtics strength, and not void of pmtics. Hence as the 
is magnetically strength balanced, therefore the universe, in general, appears 
dark and empty, even though the universe has no regions without magnetic fields. 


univers 


‘These types of darkness can be see-through and can be transparent through their pmtics 
energies; I call these areas the “translucent Dark energy zones”. 


This translucence state of position in a given environment is a state where, there is total 
darkness but at the same time, there are pmtics strength field interactions that allow 
enough light, in respect to vision and detection for one to confirm the lack of light. 


This being the reason why, one can see or detect, other Matters or matters through this 


This light in the span of the universe is due to the interaction of very weak pmties in 
motion (energies) in the constituent universal pmtics soup. In fact, these dark regions of 
their environment are where the pmtics are in balance within these regions. 


‘As was discusses in the previous chapter, to the human eye protein pmtics balance set, 
these residual fields of the two pmtics interactions, due to their pmtics strength balance, 
appears as the Dark Matter and is like Dark energy zones in space. If humans would 
possess another chemical pmtics protein chain, what are the Dark Matters and the Dark 
energies by present means of detection, by viewing through different tools of vision, 
then these areas will be as visible light regions of the universe, and may be in different 
colour, for example in the Antimatter colours spectrum of the universe, or even in the 
Dark Matter colours’ spectrum of the universe. Through the use of such tools, the 
importance of the use and function of the Dark energy (Fig. 36) and the Dark Matter 
(Fig. 38) will be soon grasped by men of vision, to see the true darkness. Where in the 
colour spectrum of the Antimatter the colours are magnetic fields strength dependent 
and these colours are not noticed by the human eye matter-based protein pmtics. The 
same applies to the Dark Matter colour spectrum. 


In the universal order of containment for Matters 
truth to say that the state of Dark Matter is the same as g: 
Dark Matters and Dark energies do not have self-containment. 


and energies, it is not far from the 
es in matter state, that the 


That is to say, “As with gasses in a state of matter, Dark Matter fills all the environment 
and space that is given to it, as it creates no effective magnetospheric interface boundary 
resistance in respect to its environments’ pmtics strength force 


The boundaries of the Dark Matters and Dark energies are dictated by the boundaries 
‘occupied by stronger or weaker pmtics strength regions around them in their given 
points in the universe.” 
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The forces of Dark energies can be confirmed only through their interaction with other 
plasmatic magnetic fields in motion, in respect to the field of the Dark energies motion 
themselves. 


That is to say that the dark lights generated by the Dark Matters and Dark Energies 
cover the whole of their given spaces, this being the space in-between different Matters 
in the atoms structure or solar system or even galaxies, I call this principle of creation 
of dark light strength difference of pmtics magnitude needed for creation of light, the 
principle of pmtics magnitude. 


It is very correct to assume that one atom of Dark Matter and its Dark energies can be 
and/or is enough to span its balanced pmtics to cover the whole of a solar system, or its 
bigger counter part galaxies or smaller spaces as the space in the pmtics Matters of one 
tangible atom. 
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CHAPTER 14 


Virtual Particles (Virtual Matters) 


The existence of virtual particles, which appear out of nowhere, and have the 
characteristics of real particles in essence, has been described in the Dark Matter section 
of this book. The method by which these particles appear within their environment 
exactly how the Dark Matters do exist and appear in their environment, after their 
overall Magravs, magnetosphere strength changes’ or due to changes in the pmtics 
strength of the environment. 


In fact the virtual particles are individual atoms’ or plasmas, or any Matters, of the Dark 
Matters behaviour’ (Chapter 13, and reference 12), which when they come into new 
pmtics strength environment which is different than their previous balance condition 
pmtics strength environment with their Magnetic field and gravitational fields, then 
these particles generate a new magnetosphere in respect to their new condition pmtics 
strength environment, thus they create light due to their interaction of their plasm: 
(Chapter 7) and so they appear as new matters or virtual Matter. 


‘There is nothing new about virtual particles; these are like loose plasmas or a single 
atom in the soup of the universal Magnetic and gravitational fields. 


Thus, in simple way according to Keshe Theory of creation of Matters, virtual particles 
are Matters and behave like Dark Matters. They are created from the interaction of at 
least two pmtics, which leads to the creation of Magrays of the Matter, therefore what 
| virtual particles, these are real Matters, which due to the change in their 
environmental magnetic fields strength condition, they suddenly appears as matter(s 
for a very short time, until they lose their pmtics strength or their environment pmtic 
strength changes or as they move out of the environmental pmtics strength level or they 
seem to disappear. 


scient 


Virtual particles possess a magnetosphere and the light they create in their new 
environment is due to the interaction of their pmtics of their magnetosphere with the 
pmtics of this new environment, which makes them visible in that given point and given 
time, 


Note: When the (virtual) particle(s), Matter(s) or matter(s) is moving towards the 
observer due to it’s compacting of pmtics, this creates the blue shift colour of magnetic 
wavelength spectrum (Chapter 7). If the virtual particles are moving away from the 
point of observer, due to opening of the pmtics of the environment, they create light in 
red shift colour of magnetic wavelength spectrum. (This is described in the paper: 
Creation of Magnetic field) 


The virtual particles are actually individual nano-atom or plasmas or sub-Matters of 
plasmas 
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The Casimir effect 


In present physics, virtual particles are related to Casimir effects 
First of all, the Casimir effect and the photon energy appearance in its setup of its 
confirmation is always considered to be in a vacuum condition between two 
conductive plates where, photons in between two plates are observed and electrical 
charges are measured. 


In fact, it is not important what vacuum condition level can be achieved in te 
laboratory conditions, nevertheless still a number of pmtics, Matters, plasmas (electrons 
and protons) and atoms could be left in the space between the two plates, which are 
under observation. 


As matters are made of plasmas of interacting magnetic fields of Matters, when the 
space in between the plates is freed and void of most of its atoms and Matters, at this 
point the leftover matters or Matters between the two plates are more free to move in 
the newly created condition environment. Hence it is natural that these residual atom: 
electron plasmas, proton, can move really in empty space and can collide with the walls 
of the matter of the two plates and due to their interaction fragments of pmtics strength 
are released which these are in the range of the pmtics strength of photons. 


So vacuuming the gap between the plates creates a new environmental plasmatic 
magnetic fields force condition that allows a more free motion of leftover Matters and 
atoms in between the two plates, where in fact the boundary of the magnetosphere of 
‘one atom can occupy or expand the full span of the gap between the two plates. 


Casimir effect measurement is a good tool to measure how many atoms and/or what 
Matters are left in the gap between the two plates at a given vacuum level 


We have done experiments in plasma dilution reactors, which we have developed and 
have seen the Casimir effects. In these tests, we have seen some serious voltages and 
currents, but never photons. Which indicates that these voltages can only be from 
Antimatter source in-between plates, as matter cannot produce these levels of voltage 
and amperages. 


In a number of tests we have created 30 mm gap between plates and the results have 
been the clear indication that Casimir effect testing is good to find nearly the number of 
Matters in between the gaps, and types of Matter which are left in between the gaps. As 
Matter and matter create different charge levels than the Antimatter components of 
the plasma, 


We have created environments of 10 (-9, -10, -11, and -12) bar in our tests, and in tests 
not much difference in voltage and current measurements 
indicating that it does not make much difference how 
\cuum the gap in between the plates, there are still some components of 
Matters or matters will be present in the gap, which can move with more freedom than 
before. Where this small number of matters or Matters in-between the plates can 
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transfer energy through the free motion of their pla 
matters of the wall and lead to the release of pmti 
light magnetic field spectrum or a photon, 


mas in collision with plasmas’ of 
fragments in the strength of the 


Van der Waals forces 


In respect to the Van der Waals effect, this push and pull effect is now very clear and 
easy to explain, this is to say as plasmas contains all Matters (Matter, Antimatter and 
Dark Matter) and these Matters are all made from the interaction of plasmatic magnetic 
fields, which leads to the creation of their Magravs, so that each Matter is like a 
independent entity within the structure of the plasma, at the same time plasma 
pos: 's own Magnetic and gravitational field forces. 


By the same measure, the atom, 
in respect to other atoms in molecules. The 
Magrays in respect to each other. 


\s an independent system, possesses its own Magravs 
ne, the molecules have their own 


Therefore, what has been considered as Van der Waals forces of push and pull of 
molecules, these are simply Magnetic and Gravitational field forces or Magravs forces 
of one molecule in respect to any other molecule. 


The Van der Waals force is in fact the pull (gravitational effect) and the push (Magnetic 


effect) of the individual molecules in respect to any entity (atom, molecule) around 
them. 
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CHAPTER 15 


Interaction between Matters 


Different Matters in their environment interact and create different conditions, and 
state of Matters are similar to the state of matter, as one can mix liquid with solid and 
gas with liquid in state of matter, the same can be done with different states of Matters, 
like allowing the pmtics of the Matter to interact with the Antimatter and further the 
Antimatter with the Dark Matter, As in the case of Matters, they are all pmtics strength 
dependent, where these kinds of mixings of states of Matters allow more profound 
effects to be developed. This kind of mixing between the state of Matters will open new 
world of science to mans’ encyclopaedia of knowledge Matteorology (knowledge of 
Matters) 


The process by which, Matters are created and operate in respect to each other within 
the construction of the plasma has been explained in previous chapters. These Matters 
individually possess their own properties and create their own effects in respect to their 
environment, both individually and in conjunction with each other. 


What is important to understand is: What happens when these Matters interact or come 
to collide with each other within the plasma or their environment? 


What is the outcome of the amalgamation of the plasmatic magnetic fields strength of 
different Matters with each other? 


Let us consider some of the variations between interactions of different Matters. 


Interaction of Matter with Antimatter 


‘The Matter 's strength than the Antimatter. In this ¢: 
the Matter always gets attracted towards the Antimatter. 


In the case of the plasmatic magnetic fields of the Matter colliding with the plasmatic 
magnetic fields of the Antimatter, the Matters components will get absorbed into the 
larger and stronger pmtics strength, by order of magnitude, of Antimatter. 


What can be observed from this impact is the release of some plasmatic magnetic fields 
residual as pmtics, like release of some lights or rays or magnetic residual. The content 
of the dynamic plasmatic magnetic fields of the Matter or its energy is absorbed into the 
environment of the Antimatter and gets mixed in within its structural magnetic fields 
strength. At this point there will be no more signs of the Matters past existence. 


Where, most of the rays released in this interaction are mostly due to the coming close 
of the two Magravs of the two Matters, rather than the splashing of the pmtics from the 
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surface of the Antimatter. 


This is like when a drop of water falls into a cup of tea, in this case, the drop of water 
becomes part of the larger teas’ liquid. 


Majority of scientists working in this field, are lead to believe, as the Matter and the 
Antimatter collide, due to their charge balance after the impact, the content of the two 
Matters disappear into nothing, except s 
or photons, then, in their opinion, there is 
balance each other out. 


Such a belief and concept is against any natural laws of existence. That is to say, there 
cannot be a position of total annihilation of both Matters, where there can be nothing 
left at all after the two actual Matters in possession of Magravs collide with each other. 
This nothingness of the two Matters after the collision of the Matter and the Antimatter 
is a rash assumption and incorrect. 


In fact, the Matter and so-called the Antimatter by their pmtics strength order of 
magnitude in the matter world, is like the Earth slamming into the Sun, and then saying 
that after this collision there is nothing left of the Sun and the Earth, except some 
‘outwards splashing fragments of plasmas from the surface of the Sun. This is illogic 
attempt at a scientific explanation for such a real physical event. 


The Matters of the Earth would cause a small splash on the Suns” surface. This splash 
then releases some plasmas or gamma rays or photons from the surface of the Sun. Then 
the plasmatic magnetic fields components of the Earth become part of the plasmatic 
magnetic fields of the plasmas of the Sun. This is exactly the same incident as when 
pmtics of the Matter collides with pmtics of the Antimatter. 


In view of this principle in physics of the conservation for energy, nothing in the 
universe is lost or can disappear. They just change their magnetic fields strength and 
their compactness from one form and level to another. 


Thus, collision of the Matter and the Antimatter create nothing but the Antimatter, with 
more content of different plasmatic magnetic field’s strength of the Matter components 
inside it. Therefore the outcome of this collision is mainly the Antimatter balance 
remaining. 


Interaction of Matter with Dark Matter 


This follows the same principle as the previous states of the Matter and the Antimatter. 
The content of the Matter then becomes the constituent Matter of the gravitational 
centre of the Dark Matter. With the difference, that in this case the Matter will not have 
to overcome any magnetosphere of the Dark Matter. 


This interaction will be the same as seen in the universe matter dimension, where for 
example Stars and cosmic matters disappear into a Black hole in the universe. 
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In some instances, an disturb the overall Magravs’ strength balance of the 
Dark Matter in surrounding plasmatic magnetic fields strength. This 
change can induce the production of slightly stronger or weaker magnetic fields strength 
magnetospheric conditions of the Dark Matter in respect to its surrounding field’s 
environment. 


In these rare due to the change and unbalance of the magnetic fields strength 
between the new content and new Magrays strength of the Dark Matter, this new 
stronger or weaker plasmatic Magravs strength, allows the creation of a new 


magnetosphere field strength of the Dark Matter in respect to its environments pmtics 


strength to take hold. Then, what was the Dark Matter in a given environment, can in 
the same given environment, with a different and new plasmatic magnetic fields 
strength, now create and pos 
the same environment 


a new magnetospheric field strength zone in respect to 
‘rength and then the Dark Matter can become like the 


's pmttics s 


This incident has been recorded by cosmologists a number of times. Where, out of 
nowhere, Matters appear in the Dark spaces of the universe. 


In fact, even changes in the tightness of plasmatic magnetic fields in the span of 
universe, can unbalance the Dark Matter environment pmtics strength and make the 
Matter visible. 


This magnetic unbalance of the environment causes different balance condition around 
the Dark Matter pmtics, and then out of nowhere stars appears in the Dark spans of 
universe. 


The interaction of Antimatter and Dark Matter 


In the case of the interaction of the Dark Matter and the Antimatter, there are clearly 
several scenarios, which are pos 


1) Scenario 1 


This case is the most probable and is considered to be the norm, This interaction is a 
collision of the giants of the Matters of the plasmas 


‘Assuming that this scenario of interaction takes place within the environment of an 
initial fundamental plasma 


Considering the construction of pmtics strength of the Dark Matter and the Antimatter, 
when, these two Matters of the plasma collide, the outcome is normally production and 
release of new and balanced plasmatic magnetic fields environments. In this case, it 
ach of the Matter’s components of the plasmas keeps their pmti 
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Due to the enormity of the quantity of the amounts of the two plasmatic magnetic fields 
of the Antimatter and the Dark Matter amalgamation (denoted as A-D Matter), new 
supersized, unstable giant plasma is initially created. This new plasma needs to reach 
stability over the entity of the plasma as a whole for it to survive. Thus, the new super 
giant plasmatic magnetic field has to find a new Magnetic and gravitational balance and 
‘equilibrium within itself. 


For the new giant plasma to reach the new equilibrium condition, the new plasma has 
to, and always does, release its excess plasmatic magnetic fields into its surrounding 
environment. The new released plasmatic magnetic fields have to be in balance by 
themselves too, for them to exist and stay within the gravitational fields of the A-D 
Matter. 


This new release of excess plasmatic magnetic fields near to A-D will contain some of 
the Antimatter, some of the Dark Matter and some other newly balanced interacting and 
attracting weaker plasmatic magnetic fields of different strength in the Matter pmtics 
strength level. These weaker fields are mainly from the leftover weaker fragments of the 
collision of the two giant Matters. These new released small bundles of weaker 
plasmatic magnetic fields strength themselves due to their proximity and their source of 
origin, these usually bunch-up and become a new miniature plasma version of the 
original initial fundamental plasma within the A-D Matter. 


‘At the same time, this newly created mini-plasma still has to keep it’s own balance and 
the balance of the whole of the original Matters pmtics and stays’ within the Magravs 
hold of the giant A-D Matter mixture. This mini-plasma creates its own Magravs and 
then this mini-plasma has to have a Magravs positioning in respect to its original initial 
fundamental plasma. Thus the new mini-plasma is forced to take a new position and 
new gravitational positioning in respect to its larger neighbour of A-D and it is at this 
point that itis forced out of the A-D Matter plasma environment, but still in A-D Matter 
Magravs catchments’ area, therefore this mini-plasma attempts to stay in the orbit of its 
mother seed, and becomes the initial fundamental satellite plasmas’ of the original A- 
D Matter. 


constituents of two 


Further on with the same process, the A-D Matter mixture ha 
unbalanced and un-matching plasmatic magnetic field: 
the Antimatter within it, at some point, the two Matters pla 
is separate and the balance returns’ to a new central plasma, By this time the central 
na due to this interaction, finds itself with a new rotating satelliteing smaller 


It should be noted that pmtics of different strength never mix with each other, however 
they can be influenced by each other. 


The collision of the Dark Matter and the Antimatter, and creation of new satelliteing 
mini-plasmatic Magravs rotating around the central plasma is the creation of the 
electron from the interaction and collapse of theses two Matters of the initial 
fundamental plasma. The interaction of the Antimatter and the Dark Matter of the Initial 
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CRYSTAL SET 


The simplest radio receiver, known as a Crystal Set, consists of nothing more than a 
coil, tuning capacitor, diode detector, and a pair of earphones. A typical circuit 
diagram for a Crystal Set Radio is given below where inductor or coil L1 is tuned by 
variable capacitor VC1 to the transmitter frequency. Diode D1 demodulates the signal, 


which is fed straight to the earphones. There is no amplification. 
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Fundamental plasma leading, to the creation of a new central plasma and its satellite 
mini-plasma, lead to creation of Initial Fundamental Atom (hydrogen atom). This is 
what I call the initial fundamental decay of the initial fundamental plasma, or decay of 
the neutron. 


The collision of the Dark Matter and the Antimatter is usually due to unbalance or some 
deviation in the plasmatic magnetic fields’ strength of one Matter or other within the 
confine of structure of the plasma itself. 


2) Scenario 2 


This scenario happens usually when the F1 collapses altogether, sending the two giants 
Matters of the plasma, the Antimatter and the Dark Matter, to collide head on. 


In this case, there are two possibilities, which remains open to the new A-D Matter 
plasmatic magnetic fields. 


A) The first possibility is that the plasmatic magnetic fields of the Dark Matter 
superimposes the Antimatter plasmatic magnetic fields. 


By this process, the outcome will be a giant size plasmatic region of the Dark Matter 
and energy in the plasma. 


This new giant Matter, due to the interaction and amalgamation of the two sets of 
plasmatic magnetic fields strength and their Magravs of its two separate Matters will 
have large-scale gravitational pull system, with no clear magnetospheric zone boundary 
in respect to interaction with its outside plasmatic magnetic fields strength environment 
as before. 


This will be a giant gravitational region that will have massive pulling effects, but its 
core cannot be seen due to the lack of interaction of its magnetospheric condition with 
its environment’s pmtics. Therefore, this region even possessing enormous amount of 
gravitational field pull has no balance interacting Magnetic field strength or a balance 
Magravs strength in respect to its surrounding pmtics strength. This Matter seems as if 
it does not exist, or appears to be Darker than it’s surrounding. Around this area, 
enormous gravitational pulls‘ can be detected, but the cause of all the pulling and where 
the gravitational pulls is coming from are not clear and obvious. Where, this darknes 
purely due to the balance magnetic fields strength of the magnetosphere of this Dark 
Matter and being too similar in strength in respect to its surrounding environment 
pmntics strength to be able to generate the magnetospheric light. 


Thus, this area is and looks like as a giant eating machine, which has a lot of energy and 
gravitational pull, but no visible source to show for its Dark energy as was explained 
before (36) and the Dark Matter. This condition is usually referred to as the Black Hole 
effects (13), 


In fa 


the only way that one can say that the Antimatter i 


ut 


Dark Matter, is by observation of the appearances of the interaction of the Matters 
Magravs patterns of the magnetosphere of the whole structure from the outside of the 
structure, 


In these cases of cascading, where the two pmtics strength at the point of separation 
between the Antimatter Magravs strength and the Dark Matter Magravs strength, 
internal layers cannot mix due to their different magnetic fields strength, this interaction 
between two different pmtics field strength at this magnetic interface, creates an 
internal pmtics-interface zone. Where, this pmtics strength interface zone creates a 
different zone gravitational and Magnetic field strength on the outside of the 
magnetosphere surrounding environment of the cascading Dark Matter, and the position 
of this zone on the outer regions of the Magnetosphere of the Dark Matters are in 
position and in-line with its physical position of the pmtics interface in the 
infrastructure in the centre of the cascaded Material. 


This internal interface plasmatic magnetic fields zone can create ring-like zones around 
the outer boundaries of the Dark Matter magnetosphere, where these rings are like 
different colour or light intensity rings around the whole of the outer boundary of the 
Dark Matter in respect to their environment pmtics. Where, the thickness and the width 
of such a ring is equal to the thickness of the embedded Antimatter component, 


The physical observation of these effects of the pmtics-interface strength can be seen in 
the gaseous planets which have initial solid core centre, and where different pmtics 
strength zones interfaces of different Matter layers are created internally due to their 
internal pmtics interfaces, as each interface is seen as one ring in the extended 
magnetosphere of the giant gaseous planets 


These type of magnetospheric rings are usually seen around the gaseous planets with a 
embedded and initiated solid matter centre cores, and as a number of different layers of 
the same or different gases are superimposed on top of each other over the life time of 
the planet. Where the solid matter due to temperatures of its blanketing of gases has 
become to be in the fluid state-of-matter and creates its own plasmatic Magravs forces. 

Which the Magravs of matters core interact with the Magravs of the gases in different 
layers, and/or gas-to-gas of different layers. Where, at the interface of each layer of 
matters, different Magravs strength are generated and their regions and position of 
pmtics Magrays strength balance are observed, as one ring related to that specific 
interface, around the outside of these planets magnetosphere environment in their solar 
systems. This is exactly how the rings of the Satur and the Jupiter are created (17, 18). 

In fact if one could count all the numbers of the dark rings of the Saturn, one should be 
's constituent inner structure. 


This is like counting the rings across cutting of the trunk of a tree to establish its age. 
How these rings have come to be made and how layering of different gas layers have 
been achieved by the planet Saturn has been explained in full in the papers under 
reference 17 and 18, 


These multi-layer gas rings actually can bee seen around some stars too, but these are 
hidden within the intense light from the surface of the star. 
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‘The application of multi-solid core and rings in Magrays positioning reactor 


When this principle is used in a Grapos reactor, this gives the system and craft a major 
impenetrable multilayer magnetic shielding ring for protection from cosmic dusts or in 
defence technology for maximum shielding from incoming asteroids on the path of 
high-speed crafts (17, 18, 29, 33). Or these types of magnetic multiple ringing can be 
used around a craft for submerging in deep liquid environments (29, 33). Where, the 
craft using these systems become liquid-sealed and Magnetic field and gravitational 
depth positioning, and temperature independent. 


B) The second possibility, with this interaction is that the Dark Matter’s plasmatic 
magnetic fields moves to the centre of the Antimatter’s plasmatic magnetic fields 
region. 


In this case, the Dark Matter plasmatic magnetic fields 
cascaded by the Antimatter plasmatic magnetic fields. 


ye superimposed and they are 


Considering that this scenario happens in the environment of the initial fundamental 
plasma and between its Dark Matter and the Antimatter components. In this case, again, 
giant plasma of double layers of the Antimatter and the Dark Matter is created and the 
new plasma will suck-in the Matter components and the electron or another pmtics 
around it into itself as before. 


Nevertheless, this interaction gives the impression of a sudden expansion of the 
‘Antimatter as a bright Matter. That is to say that the magnetospheric zone of the 
Antimatter becomes the total magnetospheric zone of the central plasma. Thus, this new 
combination of interactions will have a new plasmatic Magravs strength of the three 
Matters. These being the contents of plasmatic magnetic fields’ strength of the Matter, 
then the Dark Matter and then the plasmatic magnetic fields of the Antimatter. 


All these Matters again as previous scenario being cascaded this time by the pmtics of 
the Antimatter. Where, the weakest pmties strength of the Matter will be in the centre, 
superimposed by the plasmatic magnetic fields of the Dark Matter. Then, these two 
Matters are superimposed by the pmtics strength of the Antimatter on the outside. 


The new giant combination of three Matters at this stage is a super plasma size, and this, 
is a temporary condition and is called the Nova state of the three layers Antimatter 
ding of the plasma, 


Where, the Antimatter’s strong plasmatic magnetic fields strength are on the outside 
and create enormous amount of light compared to when there was a balance state of the 
initial fundamental plasma. This sudden expansion of the Antimatter due to ballooning 
of the other Matters inside the cascade gives the impression of a sudden expansion of 
the bright plasma, or what is called a Nova condition. 


Sometimes in stars, due to the internal interacting dynamic plasmatic magnetic fields of 
the plasmas, and through natural process of interaction like fusion or fission or nuclear 
decay and generation of weaker fields in the centre of these objects, Dark Matters and 
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Matters pmtics strength conditions are generated and held in the centre of the star. 


This generation of new Matters internally will cause the expansion and ballooning of 
the volume of the star initially for a short time. Further on, at this point, as the content 
of the new-cascaded plasma of Matters can push its boundary to limits beyond the 
internal central gravitational strength pulls of its three different Matters, then the star 
explodes in its environment. 


This explosion leads to the total release of the internal plasmatic magnetic fields of all 
its constituent Matters and pmtics inside the cascade, Therefore, these Matters and 
plasmatic magnetic fields can again start new interacting conditions and environments. 
Henceforth, the whole cycle of the creation of fundamental particles, then initial 
fundamental Matters, plasmas, atoms and matters starts again. 


This is in fact the normal cycle of the process of interaction and attraction of plasmatic 
magnetic fields strength in their confined of their environment. There is nothing more 
and nothing less to this natural cycle of regurgitation of plasmatic magnetic fields of 
different strength and conditions that these create for themselves and the effects they 
create to secure their existence. 


That is to say, in the case of the plasma, this becomes the release of some particles, 
which gets absorbed by the other atomic plastic structures around the plasma. 


In the case of a star, this becomes an exploding star, which its constituent plasma after 
disintegration becomes part of the soup of the galaxy and the content of the star gets 
absorbed in, for regeneration of new stars and so on. In the case of galaxies, this is the 
ame; further on the same happens to universes and so on. 


‘There is the possibility of another scenario for the same new cascaded materials, 
and that is 


Once the Nova is created and it is not allowed by the external field force in its 
environment to expand its boundaries beyond its combined internal Magravs’ strength, 
it is at this point that, the internal gravitational fields of its three Matters interactions 
starts to lock into each other and create one overall Magravs force in respect to their 
outside environment, 


This new overall plasmatic Magravs force, which is 
plasmatic magnetic fields of the three layering and three different pmtics strength of the 
three Matters (the Matter, the Dark Matter and the Antimatter) in conjunction with each 
other [This is a similar principle to the systems of three internal layers for creation of 
gravitational field forces of the planet Earth as explained in Chapter 1 (12, 18)], once 
this new gravitational fields forces takes place and takes hold, and becomes operationa 
then purely due to its interacting layering gravitational strength magnitude, and the span 
of its coverage the Matters of the cascade will start pulling all three plasmatic magnet 
fields components of three Matters tightly to itself. This causing the retraction of the 
matters of the Nova and hence contraction of the Nova. The Nova volume shrinks, in 
response to the new created three layers interactions” Magravs strength, 
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Thus, by the time all the Matters settle down to their new position, this new plasma will 
be a condensed Matter of all sorts. As each Matter layer, due to their plasmati 
magnetic fields strength will hold onto their position within the construction of the 
cascaded plasma. Once, the new matters settle into their new positions from the 
previous giant Nova condition, this new plasma state of the three Matters will be a 
fraction of its Nova size. Nevertheless, its size will not be equal to the total size of the 
collection of all three previous Matters and its initial fundamental plasma size, but its 
overall internal gravitational fields strength will be enormous compared to its past when 
it was the whole initial fundamental plasma. 


By the this stage the content of the outer layer is still active plasma with bright lights of 
the Antimatter, but due to the new strong internal gravitational pull of the Matters, even 
the light that is created through the interaction of plasmatic magnetic fields in the outer 


regions of the Antimatters, interacts with the strong internal field of the cascaded 
materials and converges inwards (Chapter 9). This giving the impression that the 
plasma or the Star is dormant or dying, but in fact the systems has never been as 
powerful and active internally as this in its whole existence even as plasma or as a star. 


Interaction of plasma with plasma 


Another possible scenario in interaction of collection of Matters as a plasma, is in 
collision with another collection of Matters as a plasma 


Electron interaction: 


i) For example, there is the possibility that the plasma of the electron can be fused into 
the plasma of the central nucleus of its proton. 


“I have called this interaction and fusing of the electron to its proton plasma the inter- 
atomic fusion principle (37). | consider this method to be a simpler and more practical 
to achieve fusion for production of energy, than the path being followed by the present 
scientific world in fusion reactors technology in trying to fuse two large pla: 
proton, without any tangible success up to now after over fifty years of research and 
development to attain any sustainable fusion cycle to produce usable energy for 
domestic market. These systems being like of the Jet project (Tokamak) in UK and the 
present upcoming ITER (Tokamak) project being built in the South of France at the cost 
of over ten-billion US dollars investment with the final goals of only to produce for a 
few milliseconds of energy within 10 year’s time. 


The process of the inter-atomic fusion is shown step by step in figure 39. 
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INTER-ATOMIC FUSION 


Fig, 39: Schematic process of the inter-atomic fusion. 


Where, initially by using Dilution plasma reactors (Chapter 23, Fig. 57), by feeding the 
atom of hydrogen into this reactor cores (Chapter 21, Fig. 54), and then in allowing the 
magnetic atomic structure to dilute and to open up in the soup of the plasma of the 
reactor (Fig. 39 diagram 1) into its sub-components of electron and proton. At this 
point the magnetic fields’ strength of the soup of the reactor is brought to the level 
which now can be matching with the plasma of the proton pmtics level, for the reactor 
fields strength to match the overall Magnetic and gravitational pmtics of the protons” 
plasma, This is the magnetic field strength level of the binding of the plasma, which 
called the Coulomb charge barrier of the plasma. Which at this point, the Matters” of the 
electron are more free and can be gently Magrays positioned to join up in to the Matter 
‘components of the proton. 


This is the natural method of fusion in its basic form, where there is no need for the 
huge magnetic fields forces to achieve what happens naturally in the universe to fuse an 
electron of atom to its proton. The same process of fusion in the plasma dilution 
reactors’ technology can be used for fusing Matters, plasm: 


This inter-atomic fusion is done in a magnetic field environment of soft plasmatic 
magnetic fields forces and at the same time in a similar magnetic fields forces strength 
of the same atom environment of the two similar plasmas of the proton and the electron 
of the same atom, where, in fact the magnetic fields of the outer cores of the reactor 
performs a similar job as the magnetic rings of the Tokamak systems in providing the 
containment magnetic fields. Where as in the plasma dilution reactors, at the same time 
natural gravitational and Magnetic fields needed for fusion criterion is provided by the 
operation of the fields in two cores of the reactor fields’ interactions with each other. 


If scientists use this method of creation of Magnetic and gravitational fields forces in 
the present Tokamak reactors’, to replace the solid coil electric magnetic rings, they will 
achieve fusion in real universal conditions, fusion within natural gravitational fields 
forces environment necessary to accommodate the fusing of any plasma at a fraction of 
the present costs and in a very short time-frame. 


With these soft magnetic fields in plasma dilution reactors, one can achieve more 
rapidly fusion than using current induced enforcing magnetic fields rings. These types 
‘of magnetic fields strength in dilution plasma reactors are similar to the magnetic fields 
strength of the plasmas and atoms, and hence they can be manipulated much eas 
than, trying to force the plasmas’ of two protons. 


In comparison, that is to say, to make an omelette, it is easier to mix the contents of two 
uncooked eggs homogeneously as happens in plasma dilution reactors, whereas in 
trying to make the same omelette, this time by boiling the content of two eggs first into 
two hard boiled eggs, as Tokamak scientists have been trying to do for past fifty years 
to make the fusion in reactors by hard balling the content of plasmas (by squeezing the 
plasma with the use of external magnetic fields to a tighter, harder, smaller entity) and 
then trying to fuse the two hard balls of plasmas to achieve the fusion process. Then 
hoping, with increasing the speed of the two hard balls, that they can smash and fuse the 
‘two smaller hard balls together. That is why the present path of Tokamak technology in 
trying to achieve fusion is a sweet dream that will never come true, 
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s of electrons, which 


In this inter-atomic fusion technology, smaller and weaker pla 
are already within the structure of an atom, are fused into the Matters” component of the 
proton of its central plasma (Fig. 40). This is a more realistic and practical method of 
fusion than the present, fusion technology in trying to fuse two large plasmas of 
hydrogen’s protons together, and creating unmanageable heat, of several billions of 
degrees. Where, the tools and materials to control and harvest the energy of such huge 
temperatures, on the long term bases in small Tokamak reactors, does not exist within 
the known galaxies in the universe. 


Fig. 40: Schematic diagram of the fused proton and electron plasmas. 


ia is 


In these processes of dilution plasma technologies, when the electron plas 
gravitationally positioned or encouraged to amalgamate its contents with the content of 
the plasma of the proton, as the two plasmas approach each other, the interaction of two 
plasmatic magnetic fields of the two plasmas will and can produce several scenarios, 
which their effects can be harvested for production of different energy levels or 
production of new materials and so many other purposes 


In brief two cases are discussed here: 


a) If the strength of the pmtics of these plasma dilution reactors is set at a level, to be 
just below that of the total balance of the pmtics strength (Coulombs barrier) of the 
na of the proton, in this case, as the two plasmas approach each other, the ini 

of the process of fusion starts, which this process begins and will be 
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accompanied with light and heat emission as in figure 39 - diagrams 1 to 5. This light or 
heat from this process can be used for example for present state of art technology 
turbine power generators directly. Where, the temperature of the interaction of the 
systems can be set at the optimum efficiency temperature of the turbine. Henc 
operating these reactors in the same configurations as is done in the present fission 
reactor technology power generators to generate steam to run turbines, With the 
difference that these dilution technology reactors leave and produce no nuclear waste, 
and heat can be generated at any level as per demand of the system. 


In these reactors, the Magravs strength similar to the pla Coulombs barriers 
charges can be created and controlled. In the dilution plasma reactors’ the magnetic 
fields created through the soup of the plasma will create and maintain pmtics strength, 
which can be similar to the magnetic fields barrier strength of the plasma of the proton, 
Where, the strength of the pmtics field in the reactor will decide the strength of the 
pmtics in comparison to the protons’ plasma Magravs strength. As the pmtics strength 
of the reactor reaches more to the level of the Magravs strength of the plasma, then 
there is less resistance and less friction between the plasmas of the proton and the 
electron, when, they are brought together to fuse. Thus as the strength of the magnetic 
fields of the plasma can be reached by the reactor operation, this allows less friction and 
hence /ess heat to be produced by the interaction and by the gravitation of the two 
plasmas of the proton and the electron to fuse. By being able to control the pmtics 
strength of the plasma dilution rea soup of plasma, one can dictate the 
amount and the rate of the heat release from the interaction of the two plasmas, thus one 
can control the heat output of the reactor, if the production of heat is the primary 
objective of the use of such a system, 


In general, in being able to control the Coulombs barrier strength in respect to the 
given environment of the reactor, one can vary this barrier magnetic fields strength in 
the soup of Matters in the plasma dilution reactors. 


Therefore there is no need even to fuse the plasma of the proton with the plasma of the 
electron, and by just bringing them close to each there to create the right friction when 
the Coulomb barrier is at the right strength, between the two plasmas, then the reactor 
can generate a controlled heat-output, or any other rays that is demanded from the 
systems’ operations. 


Therefore by bringing the reactor magnetic fields strength to the level of Coulomb 
barriers, one can bring into balance the magnetic strength barrier changes in the overall 
mixture of the reactor to any level from, or to the Coulombs barrier magnetic fiel 
levels 


Where, the difference between the two, the reactor and the plasmas’ magnetic fields 
strength, will decided the temperature output of the reactor when, the plasma of the 
electron is gravitated to the plasma of the proton to fuse. The outcome of the bringing of 
the two plasmas into each other proximity and the interaction of their Magravs, leads to 
the friction between the two plasmas, and the release of pmtics in form of heat. Where, 
the temperature of the heat released by this attempted fusion is directly controlled by the 
pmtics field strength within the reactor and in respect to the variation level from the 
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Coulomb barriers’ pmtics strength level. 

‘An example of this controlled heating of interaction pmtics in the natural world is the 
like of when the pmtics of the sunlight in atmospheric condition becoming in touch with 
pmtics of the cell of the human body. Where, as the pmtics of the proteins of the cell are 
always constant, by varying pmtics strength of the direct sunlight, the heat released 
from the interaction of these two pmtics, the human feels the increase in the pmtics 
strength as heat of different degrees. The stronger the pmtics of the sunlight, the more 
heat is produced from the interaction of two pmtics, thus the warmer one feels. This 
like walking from the shadow into the sunlight. 


The phenomenon of heating during illness, happens due to the interaction of pmtics of a 
bacteria within the blood protein pmtics, where as a blood cell comes in touch with a 
stronger pmtics of the bacteria, the level of the interaction of the extra pmtics from the 
structure of infection, in interaction with the blood cell, manifests itself as heat or the 
increase in the body temperature (this is explained in detail in the paper: Universal order 
of creation, to be published as a book), where the interaction and possible fusion of two 
pmtics of the bacteria and the body cell leads to a release of heat, called “an infection” 
temperature. This being the reason why the same pmtics of bacteria can have no affect 
‘on some human bodies and the same infection can create high temperatures like 41°C +. 
The reason being that the cell of the one with the high temperature has a lower pmtics 
strength, thus the interaction of the two infection and the body Magravs pmtics creat 
more release of fragments of pmtics as heat. When the temperature reaches a level that 
the Magnetosphere of the human protein reaches its dilution point then the cell is de- 
structured, 


b) When the neutron is needed to be produced from the atom of hydrogen in space for 
production of heavier atoms, one can follow the process from stage 1 to stage 8 of the 
Fig 38. In this process the pmtics strength of the reactor are set to be nearer to the 
binding Magravs strength of the boundary of the protons of the plasma, so that the 
electrons’ plasma literally melts into the protons Matter structure and the matching 
pmtics of both plasmas of the proton and the electron. Which these plasmas and their 
pmtics were all of the same origin; this is amalgamation to produce new neutron type 
initial fundamental plasma. This is the process of the decay of the initial fundamental 
plasma in reverse, using the same original components of Matters pmtics of all three 
matters of the plasma. Such a neutron can be added to the construction of the atomic 
structure of lighter atoms to create gap(s) needed for Magravs positioning for the 
protons of the nucleus to accommodate an extra proton and its accompanying electron 
for production of even heavier atoms, for example for the production of carbon, oxygen 
and nitrogen to produce protein base nutrition in deep space travels. Alternatively, one 
can produce atoms of any matter from initial hydrogen atoms, through the use of the 
same method of progressive accumulations of protons and neutrons in fusion in plasma 
dilution reactors. 


ii) The other condition is, when the plasma of an electron is attracted to the protons’ 
plasma, but does not get absorbed within its pmtics, due to their Matters strength 
friction at the zones of contact of the two plasmas. 
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‘82017 How to make a bates (ctl set) ao | ull Crcut 
A long (at least 20 metres), high (17 metres or more) aerial and a good earth (a buried 
biscuit tin or a metre of copper pipe driven into damp ground) are required in order 
to ensure audible headphone reception. The earphones originally used with these 
receivers had an impedance of around 4000 ohms and were very sensitive (and heavy 
and uncomfortable). They are no longer available, but a crystal earpiece, which relies 
on the piezoelectric effect, will give acceptable results. 


Low impedance "Walkman” type earphones are NOT suitable. 
Component details: 
Resistor- RX-4.7k, 0.25 W- only required if set is connect to audio amplifier 


Capacitors- Cl- 10nF disc ceramic VC1- 5p to 140p, polythene dielectric variable 
capacitor. 


Semiconductors: D1: OA47 or 1IN34- Germanium Diode 


Miscellaneous: L1- Ferrite Rod, 10Omm(4 inch)x9mm/lOmm dia., with coil. 


Crystal earpiece and jack socket to suit; plastic control knob; plastic insulated flexible 
cable for aerial wire, downlead and earth connection, 30 meters minimum; buried 
biscuit tin or 1 meter of copper pipe for earth system; S0gm reel of 26SWG enamelled 
copper wire, for tuning coil; card and glue for coil former; multistrand connecting wire; 
crocodile clips or terminals for aerial and earth lead connection; solder, etc. 
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‘As has been explained in previous chapters, the electron is itself a plasma condition and 
a collection of dynamic pmtics of Matters. Where through the method of its 
construction and motion around its nucleus, this electron is always in proximity of other 
electrons of the similar construction or it is in the proximity of larger plasmas such as 
the neutrons or the protons of the nucleus of its atom. 


The Motion of the electron around the proton is created due to the construction of its 
internal Matters (Chapter 19). Similarly, it has been explained that the interaction of 
two pmtics due to their friction lead to release of pmtics strength fragments of lower 
strength of pmtics or rays in the electro-magnetic field spectrum of the light. 


Now it is very simple to understand how light is released due to external factors. When 
the electron of the atom is forced to come close enough to another electron or the 
components of the plasma of its nucleus or a nucleus of another atom. So that, the 
interaction of the two plasmas Magravs of the electron and the proton leads to the 
release of lower magnitude pmtics strength fragments that, its pmties strength are in the 
light electromagnetic spectrum (It has been explained that when two plasmas interact 
and collide; the pmtics fragments of their collisions always releases pmtics in the light 
bandwidth)(Chapter 7). 


This interaction and collision of the pmtics of the two plasmas does not mean 
amalgamation of the two, but in coming too closed to each other, the two pmtics 
strength touch and bounce off due to their dynamism. 


, as the electron has lost some of 
with the pmti 
the electron a 
plasmas. 


's pmtics due to the interaction and collision, 
of the proton, so now being in possession of different Magravs strength, 
scepts a new Magravs positioning (Chapter 19) in respect to its proton 


interaction of the two plasmas creating the closeness or distance of the electron to 
its systems’ central Magravs point, or what is called that the electron finds a new 
ground energy level position after releasing some of its energies as light, this is then a 
new Magrays positioning of the electron in respect its protons’ Magravs strength force 
which is acceptable by both plasmas Magravs within the atoms structure after collision 
between the two pmtics of the plasma of the electron and the proton or other plasmas in 
its vicinity. 


Thus when plasmas interact like the plasma of the electron and proton, this leads to the 
creation of light in the majority of case. 
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CHAPTER 16 


The fundamental difference between Inertia and Gravity 


Inertia is said to be due to the total interaction of pmtics of Matter(s) of a solid object 
without the central dynamic cores that can create Magnetic and gravitational fields 


forces. 


Inertia, through the new understanding of the structure of the plasma, can be simply 
defined as “the pmtics and gravitational fields due to the Matter in the matter (solid, 
liquid, gases) components of the plasma (Fig. 41 link F)” 


Object 1 Object 2 


GRAVITATIONAL SYSTEM 
LIKE EARTH 


Fig. 41: Interaction and connection between inertia of Matter pmtics of an entity (I and J) in 
respect to another entity and their interaction (F and H) with magnetic field (C) and 
gravitational field (D) of systems respectively. 


Gravity is simply defined as “the total pmtics Magrays created by all components of 
the Matters (Matter, Antimatter, and Dark Matter) of the plasma (Fig. 41 link D and G, 
and Fig. 42 Link G).” 


Inertia is said to be due to a total collection of pmtics of the constituent Matter(s) of 
atoms and molecules of an object, interacting and attracted with each other and any 
other Matter(s) or matter(s) or Magravs. 


The principle of inertia is applicable to the Dark Matters and the Antimatters as well as 
the Matter components of the plasma in the universe. 


‘As each atom is made of and possesses specific pmtics strength, these fields, in 
interacting with each other in the state of matter (solid, liquid and gas), create their own 
total Magravs by addition of the overall magnetic fields of all the atoms of the structure 
of any matter. The structure of the matter could be made of molecules or an asteroid or 
any physical object, which is void of gravitational pull, but in possession of pmtics 
Magravs’ pull of Matter component of plasma, due to the construction of components of 
its neutrons, protons and electrons of matters. These pmtics, in being interlocked with 
each other, cannot create a dynamic Magnetic and gravitational pull or interactions 
between the constituent pmtics of all the Matters of an object. Nevertheless, they create 
gravitation in between the Matter components of the Matters of plasmas of the object. 


In other words they have or create gravitation in respect to. Matter-to-Matter 
components of plasma, or this singularity Matter attraction or gravitation of the total 
Matter of plasma, is called the Inertia. 


‘As the Gravity is due to the overall dynamic pmtics strength of all Matters of an object, 
which is in possession of at least two sets of dynamic pmtics in respect to other pmties, 
where, the interaction between two sets of dynamic pmtics, leads to the creation of 
gravitational field forces and simultaneously Magnetic field forces for plasmati 
magnetic fields, or rays of magnetic fields, or the whole Matters of an object, this being 
a planet ora star or others.” 


In the case of larger objects with multi-core configurations like Earth, the multiple 
pmtics forces of dynamic multiple-core objects are loose from each other. Hence, the 
overall dynamic pmtics of their Matters can interact, creating much more active fields to 
be brought into play. These being, the stronger magnetic fields constituent components 
of the plasma; Matter, Antimatter, and Dark Matter, Fl zone fields and all other 
transition zone fields to interact with each other within the plasma. 


That is to say, that the collective free Matters of the plasma create a stronger pull or 
gravitational forces than when the same independent are compacted and cannot be free 
in a dynamic condition in matter (solid, liquid and gas) 


Gravitational fields, due to their free motion and strength of interaction of their Matters 
with others of the same, can span and reach further a field in the environment. 


Gravitational field forces are always stronger and span wider in their given 
environment, than their inertia of individual Matter counterparts, simply because 
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gravitational field forces of planets or stars are mainly created by all components of 
pmtics of Matters of the plasma (Fig. 42), rather than the collective plasmatic magnetic 
fields of individual types of Matters’ components of the plasma or the matter. 


Planets’ and stars’ total pull is a combination of the gravitational fields and inertia pull 
of all their constituent Matters and matters. These composite pulls are created due to the 
dynamic plasmatic materials of their constituent Matters in the inner cores of these 
objects in respect to each other, plus the total pmties interaction of their matters. 


Through tests, it has been proven; that the Magrays force strength of a dynamic object 
independent of temperature and pressure of their cores. Where, we do not consider this 
to be the same for the inertia of the matter (solid, liquid and gas) 


‘At the same time, Magravs of a dynamic object can vary as the strength of its Matters 
pmtics constituent changes. Where, the inertia of the solid matter is always constant, 
both in respects to the same initial given position, 


It is considered that Mattei 
construction of their pmtics. 


, in general, possess Magrays forces due to their dynamic 


‘As much as the universe has inertia field forces, in respect to Matter components of the 
plasma, there is Antimatter inertia in respect to the Antimatters components of and 
Dark Matter inertia in respect to the Dark Matter components of the plasma or the 
universe (Fig. 41). In fact, a collection of the Antimatter and the Dark Matter can 
possess inertia similar to the physical Matter conditioning of their environment. 
Therefore, the same matter p separate Dark Matter and Antimatters inertias too. 


By the same measure, it is to realise that there are Matter Magravs systems as are 
Antimatter and Dark Matter Magravs systems in the universe. In understanding thi 
clarification, in the systems of attraction of Matters, reactors can be build which are 
inertia dependent and not gravitational dependent. 


It is important to note that; gravitational fields of planets and stars are all created by the 
Matters components of plasma. This means gravitational fields affect all Matters of 
plasma (Fig. 42), where inertias of certain Matters affect only that particular Matter 
‘component of the Plasma. At the same time, it is clear that gravitational field reactors 

an be produced in such a way that their gravitational fields can attract certain Matters 
only. 


These systems will be like laser systems with the advantage that the laser operation can 
work in reverse, that is to say the system can send rays of a given pmtics strength as 
well as attraction or gravitating the same rays and collection of pmtics towards or into 
the system too. 


These systems can or will have, single or multi-molecules pmtics gravitational settings, 
that can be attracted to, or repelled by only specific pmties strength, to or from their 
environment. 
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GRAVITATIONAL SYSTEM 
LIKE A STAR/PLANET 


GRAVITATIONAL SYSTEM. 
LIKE A EARTH 


Fig. 42: Interaction between the pmtics Magnetic fields (1) and gravitational fields (G) of two 
Magrays systems. 


Note: In fact the term used as “gravity” has to be explained as gravitational and 
Magnetic field forces, as when an object is attracted by gravitational fields of a matter, 
like the Earth, at the same time it is repelled by the Magnetic field forces of the object 
too, Thus, when talking about gravity it is correct to talk about the overall Magnetic 
and gravitational fields (Magravs). 


These simple mono- or multiple-setting gravitational or inertia systems (Fig. 41 and Fig. 
42) can be used for specific extraction of certain Matters, matters or materials from the 
universal Matters or matters soup. 


Such systems, will change the present industrial systems thinking that magnetic 
attraction is only limited to ferrite metallic objects. Man has now the possibility to make 
systems that can attract any matter through the development of these systems.” 


‘These systems for example can be used, once set to appropriate pmtics gravitational 
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field strength levels, so that they can extract only the COs from air, or specific poison 
from water, or rare metals from the Earth and space and so forth (31). 


These reactor systems can be used for production of proteins for human consumption 
and so forth in the future space travels (32, 34, and 38). The production of proteins like 
matters, through gravitational plasma dilution mixing has been tested and different 
matters were collected in several tests in summer of 2008. In these tests, the proteins 
produced and extracted from the reactor cores caused the damage to the ancillary 
systems of the reactor set-ups. These proteins layers were physically visible and 
tangible. 


Using the mono-Magravs systems (38), new matters can be extracted from other 
environments, like nano-materials of all sorts. These systems can be used to produce 
specifics matters too, matters like, uranium, hydrogen and so forth from the plasma of 
the universe as the needs for their use arises 


Thus through the understanding of the principle of mono- or multi-gravitational and 
inertia systems, reactors can be evolved that are gravitational to one object or one matter 
or one Matter only. Through understanding of the interaction of the plasmatic magnet 
gravitational principles, reactors have been built, that have a Magnetic or gravitation to 
plastic at one point, and by resetting its configuration becomes magnetic to carbon and 
so on. Thus, mono-gravitational and inertia systems can be developed that have specific 
magnetic attraction or repulsion to one Matter, matters or any Matters of the plasma that 
can be expected of them through their pmtics strength operation setting. 


On the other hand, the repulsion technology of the same Grapos can be used to send the 
Dark Matter and/or its pmtics energy as the Dark energy of the same plasma of specifi 
pmtics strength into deep space for specific applications. 


These types of gravitational lasers type reactors can be used for example in 
stems, where the information packs, using mono-pmtics strength of 
the Dark Matter and Dark energy can be sent through the system, so that the 
information can be packaged in the Dark Matter-envelop and sent without resistance or 
loss of energy, for it to travel with speeds beyond the speed of light to its destination 
anywhere in cosmos. The speed of communication through mono-Magravs systems are 
speeds which can be several times faster by order of magnitude than the present used 
state-of-the-art communication systems with satellites and microwave technologies. 
These speeds of transfer of information will be, by order of magnitude, faster than the 
speed of light. 


These GRavitational IASERS systems, that can be called “Grasers”, can be used for 
example to avoid a head-on collision and destruction of crafts by an asteroid in the path 
of the motion of crafis in deep space (33), or within atmospheric condition. The present 
missile technology due to its slowness through development of these reactors are 
obsolete, as once fired to protect the craft in space, for example from asteroids by the 
time the missile will arrive at the point of destined collision between the spacecraft and 
the asteroid, maybe it will be years after the craft has past that point, 


‘These mono-gravitational or mono-inertia systems will bring to Man the realisation that 
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the time of making war-machines has come to its end. 


‘As Man will come to understand, soon enough that using these mono-gravitational or 
inertia systems against one another as tools of war will mean and will have only one 
‘outcome, and that is a total wipe-out of the human race from the face of the Earth. The 
men of war through this technology will come to accept peace not out of their pleasure 
but out of the fear of their own demise. 


The use and capability of the use of this knowledge and of the effectiveness of these 
mono-Magravs systems lethality, has been the cause and the keeper of the peace in the 
universe. No chance, will be given to the Man, to change the tranquillity of universal 
peace by use of this technology. 


Man through the lethal powers of these mono-Magravs systems will be taught an 

unforgiving and painful lesson, if he ever tries to use this technology and knowledge to 
arry on with his aggressive behaviours, as has been his habit for centuries on his own 

planet. Then this will be the coming of the end of the term of the Man in the universe. 


It is clear that any celestial object as the planets, stars and galaxies, are all created 
through the attraction and interaction of these Matters and matters, their interactions and 
their constituent plasmatic magnetic fields. These interactions and collections of 
Matters and matters in respect to the plasmatic magnetic fields strength, which larger 
objects possess by their order of magnitude, decides’ what will be in their part of their 
environment. That is to say, the plasmatic Magravs created by the pl 
fields of Matters in the inner cores of the stars in principle will decide on the si 
the span of the dominion of its field in its environment. Then these Magravs s 
and their balances dictate what matters or Matters will be attracted to the atom, 
molecule, planet or the solar system. 


This principle of mono-gravitational plasmatic magnetic fields strength forces is the 
main reason in the universe that why certain planets only retain one element in their 
structure, For example, this is one of the reasons why the planet Saturn is mainly made 
of helium on its outer layers as its main constituent matter (17). The reason being that 
the initial Magravs of the interaction of pmtics of Matters and matters in the inner cores 
of the planet has been set to be equal to the helium plasmatic magnetic fields strength of 
matters in that part of solar system in the early life of the planet. 


This mono-Magravs positioning field strength of the Saturn is one of the reasons, why 
this planet, with its strong gravitational field forces, does not pull in and absorbs a large 
number of asteroids from the Astor-belts. The other reason is that, mono-Magravs 
systems possess very strong Magnetic fields too, which this is one of the reasons why 
this planet can keep the matters of asteroids in check. 


Alternatively, certain galaxies have more of one matter like hydrogen than the others 
having nitrogen and so on. Thus, the pmtics of Magravs forces and their mixture with 
the inertia of a planet dictates what matters are extracted from their part of their 
environment, like the solar system or galaxies. 


Thu 


Magravs positioning reactors are not only for creation of motion and for 
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protection, but they will be the main tool for cleaning environments, collecting 
preferred Matters, matters, ete. 
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CHAPTER 17 


Plasma’s and Nuclear decay 


The nuclear decay principles of an atom, is in general, considered to be on “the same 
principles and methods and as the simple decay explained previously for the initial 
fundamental plasma into a proton and an electron (Fig. 43)”. 


For the initial fundamental plasma to reach the ground-level plasmatic magnetic fields 
content condition, the plasma divides itself into two new and exactly similar structures 
with different amount of mass of the same constituent plasmatic magnetic fields Matters 
for the creation of a proton and an electron, and releases its unwanted pmtics as residual 
pmtics or as rays (gamma or x-rays, etc)(Fig. 42). I call this process of the neutrons 
decay “The initial fundamental plasmatic decay.” 


Through the process of releasing of the exact amount of plasmatic magnetic fields from 
the neutron necessary for the creation of a proton, an electron and the release of 
energy or other rays from the initial fundamental plasmatic magnetic fields, this, in a 
way, confirms that all initial fundamental particles of plasmas are always make exactly 
of the same and similar plasmatic magnetic fields and the same configurationally 
structure. This being another proof that initial fundamental plasmas in the universal 
order of Matter are always made through and by the same Specific Entangled Plasmatic 
MAgnetic Fields (SEPMAF) strength criterion and procedure, as has been previously 
explained. 


The principles of the nuclear decay of initial fundamental multi-plasmas of an atom, is 
considered to be solely due to the re-balancing of the overall plasmatic Magravs 
strength components for Matters of plasmas of the atom to maintain an overall 
Magrays forces balance of all participating plasmas, in the construction of the atom. 
These being the plasmatic magnetic fields of neutrons, protons, electrons and their 
constituent Matters, their plasmatic magnetic fields of their Matter, Antimatter and Dark 
Matter and their magnetic fields forces of each plasma, 


For the plasmas of an atom to stay together and hold onto its constituent structure 
plasmatic magnetic fields, some of these plasmatic magnetic fields in motion (energy) 
are transferred to other plasmas, and in term, these plasmatic magnetic fields are said 
to be used. At the same time, part of the initial fundamental particles fields of plasm: 
are used for the upkeep of the integrity of the nucleus positioning and dynamism; As 
part of the binding energy is consumed for holding the fundamental plasmas together. 
‘As in this cycle of consuming pmtics reaches that enough pmtics have been used, that 
the initial fundamental plasmatic Magravs of the plasma cannot hold onto their initial 
gravitational positions in respect to each other. The plasmas making up the part of 
participating neutrons or protons in the centre nucleus of atom, gravitationally 
reposition themselves within the nucleus for the nucleus to find a new Magravs balance 
and equilibrium positioning in respect to other plasmas. 


‘At this point of magnetically repositioning of the plasma of the heavy nucleus, the 
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nuclei of heavier atoms split into exactly the same configurations of two or more new 
Magnetic fields and gravitationally positioned balanced _plasmatic strength 
configurations (Fig. 43) of the plasma’s of neutrons to protons and electrons, and hence 
split into two new atoms. This regular splitting pattern of heavier atom to two or more 
light atoms is known as a controlled fission of atoms. 


‘As the initial fundamental plasmas were all made of the same initial fundamental 
particles of the same specific magnetic fields strength and interactions, in their 
disintegration of denser nucleus atoms, they split and gather into two or more new less 
denser atoms and of Magravs’ configuration, and their need for the new equilibrium of 
collective plasmas of new atoms, 


‘That is how the atoms are always spilt into exactly the same lower order of numbers of 
neutrons, protons and electrons in the new nuclei for the overall new balance pmtics of 
the two new atomic structures to be able to be kept. 


We BY 


GI 


Fig. 43: Schematic of a decay of pmties and Matters of the Initial Fundamental Plasma 
(NEUTRON), “the initial fundamental plasmatic decay”. 


In principle the overall disintegration of all atoms heavier than Hydrogen, involved in 
the collective pmtics of a given matter, the collective pmtics of the residual matters is 
always constant, and of the same end-structure of new and lighter atom: 


The overall numbers of the plasmas involved in a structure of a given matter is said to 
be constant, purely due to the fact that the overall rate of interactions and disintegration 
of plasmatic magnetic fields are considered to take place at a constant rate. Hence, the 
phenomenon that takes about the same time for the plasmas to reach a point of using a 
given amount of dynamic plasmatic magnetic fields (energy), before they reorganise 
themselves to a new balance condition, This reorganisation or rebalancing of overall 
plasmatic magnetic fields of the components of nuclei, leads to the fundamental 
principle of the nuclear decay nuclear of an atom. 


130 


ror2ei2017 How to make a batteryless (crystal set) radio | Build Circuit 


READ MY EXPERIENCES- HOW EASILY | MADE A BATTERYLESS RADIO. 


DRAWBACKS 


Quite apart from the absence of amplification, two factors seriously limit the 
performance of crystal receivers. Germanium diodes become increasingly reluctant to 
conduct as the applied voltage falls below 0.2V, and this makes the 

receiver insensitive to weak signals, Silicon diodes have a threshold of around 

0.6V, and are, therefore, unsuitable for circuits of this kind 


* Silicon diodes like IN4001 are not suitable 


The earphone loading imposes heavy damping on the tuned circuit, hence, reduces 
its ability to separate signals. With such low selectivity insensitivity can be a blessing, 
and crystal sets are normally only capable of receiving a single, strong transmission on 
the long and medium wavebands. They will sometimes receive more than one if a 
shortwave coil is fitted. 


The aerial and diode can be connected to tappings on the tuning coil in order 
to reduce damping, but the improvement in selectivity is usually at the expense 

of audio output. When valves cost a week's wages and had to be powered by large dry 
batteries and lead/acid accumulators, the() construction of simple receivers of this 
kind could be justified. With high performance transistors now costing only a few 
pence or cents, crystal sets are now regarded as ‘nostalgic pieces’. Some readers may, 
however, wish to build one out of curiosity, or for the novelty of having a receiver that 
does not require a power supply. 


CIRCUIT DETAILS 


Ferrite loop aerial L1 and polythene dielectric variable capacitor VC1 form the tuned 
circuit. Point contact germanium diode D1 (IN34 or OA47) demodulates the signal; 
capacitor C1 bypasses residual rf, (radio frequency) to earth and also exhibits a 
reservoir action, enabling the a. (audio frequency) output to approach its peak value. 
The recovered audio signal is fed directly to a crystal earpiece. Signal voltages 
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This reorganisation of the new plasmatic magnetic fields balance in mass of matters is 
in so many ways dependent on all of the atoms participating in the total structure of the 
mass of the matter. This is irrespective of the number of atoms in the matter, these being 
in the solid, liquid or gaseous state of matter. 


The nuclear decay in some plasmas can be triggered and be due to internal changes in 
the plasmatic magnetic field’s structural balance, or can occur due to changes in the 
external environment of the initial fundamental plasma. These changes can be due to the 
changes in the external equilibrium of magnetic fields forces or field strength of other 
initial fundamental plasmas, or surrounding plasmatic magnetic fields adjacent or near 
to the initial fundamental plasma. 


This being why different atoms of a given matter decay at different rates depending on 
their position within the overall structure of tangible matter. That is to say the decay of 
atoms is environmental pmtics strength dependent. Which the environment can be 
within the same matter construction of atoms, or the interface between the matter and 
for example matters of air. Where each environment enforces different rates of use of 
internal pmtics of different matters within the nucleus of that atom. This being the 
reason why different rate of decay of atoms within matters are considered to have a 
half-life principle. Where the half-life is, and can be pmtics strength environmental 
dependent. 


Interesting point to consider: 


Does the reorganisation take place in the same position first and the same number, 
which initiates the course of the decay in the rest of the mass? 


Is the decay of an atom in a mass happening faster in the inner positions of the mass of 
matter, or on the edges of the mass? 
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CHAPTER 18 


Neutron-Proton, Electron-Atom 


Through the new understanding of the method by which the initial fundamental 
particles and their subsequent plasmatic magnetic fields interaction, leads to the 
creation of the initial fundamental Matters (Matter, Dark Matter and Antimatter) 
leading to the creation of initial fundamental plasmas or the Neutrons, the subsequent 
degeneration of initial fundamental plasmas through decays further leads to creation of 
protons and electrons of an atom, and their interactions and collections into molecules 
and matters (solid, liquid and gas). 


Fundamentally, initial fundamental particles interactions, leading to the creation of 
different states of Matters and the creation of initial fundamental plasmas, where these 
plasmas are considered to be in a total plasmatic magnetic equilibrium state (Fig. 44 
and Fig. 45). 


‘The Initial Fundamental Plasmas are neutrons in characteristic. Neutrons (Fig. 44 and 
Fig. 45), in their construction, are considered as balanced dynamic plasmatic magnetic 
fields environments, 


“ ANTIMATTER 


G2 


Fig. 44: Schematic presentation of the overall Magravs of Matters and the fields of the Neutron, 


Neutrons, due to the larger content of the three Matters and their F1, they create a 
stronger gravitational pull between the Matters of the plasma, consequently their 
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overall Magravs of the initial fundamental plasmas are considered to possess more 
mass, than the total sum of the masses of the individual proton and electron, from the 
same plasma after its decay. 


Fig. 45: Matters schematic diagram of the Neutron. 


For the initial fundamental plasma to find its final balanced equilibrium plasmati 
magnetic fields force strength condition, due to different effects, the initial fundamental 
plasma reduces its plasmatic magnetic fields balance to its ground-level magnetic 
fields mass level (Fig. 46 diagram 7) for it to survive, hence the initial fundamental 
plasma disintegrates or decays’ to its sub-Matter levels and fields. 


The decay of the neutron 


This process has been explained in previous chapters where, now we look at this 
process in more detail, 


The release and division of components of the initial fundamental plasma leads to the 
release of two independent, yet at the same time interlocked, balanced plasmati 
magnetic fields environments plasmas (Fig. 46 diagram 8). Of these two new plasmatic 
magnetic fields plasmas, one would retain more of the initial fundamental plasmas? 
mass and be the larger of the two balanced plasmatic magnetic fields (Fig. 46 diagram 
7). The second plasma will contain less of the pmtics of the initial fundamental plasma 
and mass and would be smaller (Fig. 46 diagram 6). The larger of the two plasmas’, 
would stay in the centre, due to its mass and Magravs strength would become the 
proton of the atom (Fig. 46 diagram 8). The new smaller balanced plasmatic magnet 
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fields released can be said to manifest itself as an electron (Fig. 46 diagram 8) of the 
same atom. 


START OF THE DECAY OF AN INITIAL FUNDAMENTAL PLASMA 


AN ATOM 
Fig. 46: The eight steps of the Neutron decay cycle to a proton and an electron and then an 
atom. 
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It is considered that the pmitics of the Antimatter components of the neutron start the 
process of the decay of the neutron. As the Antimatter is the main and the strongest of 
the Matters’ of the initial fundamental plasma (Fig. 46 diagram 1), in comparison the 
Antimatter is the star in a solar system. Then the pmtics of the Dark Matter part of the 
multaneously as the total balance of the Magravs forces of the 
s continued up to the point that, 
due to the cycle of separation of more and more of the two pmtics of the Antimatter and 
the Dark Matter, leads to splitting of the Matter part of the plasma (Fig. 46 diagram 4) 
as the plasma tries to keep its overall stability and equilibrium. 


‘At this point, the pmtics fragments of the Antimatter, the Dark Matter, the Matter, and 
other pmtics within the plasma, through the dynamism of the plasma internal 
environment, are brought close to each other and then merge to produce a small and 
independent mini-plasma within the structure of the initial plasma. 


Where this new embedded mini-plasma in the overall structure of the initial 
fundamental plasma becomes the structure of the initial fundamental plasma of the 
electron of the atom. 


The plasma of the electron by this time is formed internally and has establishes its own 
balance Magravs zone and hence its own magnetosphere (Fig. 46 diagram 5 and 6). At 
this stage, the Magravs of the electron plasma tries to find and reach its own Magravs 
positioning balance in respect to the leftover pmtics and Matters Magravs of the initial 
fundamental plasma. At this point, as the two plasmas try to find their Magravs 
positioning in respect to each other, the electron plasma is pushed out-off the 
boundaries of the initial fundamental plasma (Fig. 46 diagram 7) environment. 


‘At this point where the two plasmas find their Magravs positioning balance, this 
becomes the gap between the proton and the electron, or the ground energy level for 
the electron in respect to the proton’ of the plasma. From this point on, the foundation 
for the final step of the making of an atom with contents of a proton and an electron is 
reached (Fig. 46 diagram 8). 


Therefore the new balanced fields of the original initial fundamental plasma now 
becomes the components of the two newly balanced plasmatic magnetic fields plasmas 
of the proton and the electron of an atom (Fig. 48), 


From this point on, the motion and rotation of the electron around the proton is set to 
follow, according to what is described in Chapter 19. 


The similarities between the construction of the protons’ plasma and the electron 
plasmas components of Matters, as both have started together quasi-independent life, 
from the same initial fundamental plasma mother (Fig. 47). 
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Fig. 47: Schematic similarities between construction of a proton and an electron (components of 
Matters), 


©; . 
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Fig. 48: Pmtics presentation of Initial Fundamental Atom (hydrogen), 
‘As the initial fundamental plasma splits into two balanced plasmas (Fig. 46 diagram 1 
to 8), this guaranties the total balance of the integrity of the complete original initial 
fundamental plasmatic Magravs configuration 


‘Thus, the splitting and decay of the initial fundamental plasma into the proton and the 
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electron (Fig. 48), called the initial fundamental decay, is a natural decay process as 
the nuclear decay of heavier atomic structures into lighter atoms. Where as the plasma 
uses some of its pmtics to keep its position, motion and magnetosphere boundary, it 
needs to break up to smaller atomic substructures that can guaranty its overall magnetic 
and gravitational field structure, thus the term “decay of the atom”. This neutron 
division, to the substructures of a proton and an electron, is for guaranteeing the 
survival overall of what was achieved before for the creation of initial fundamental 
plasma (Fig. 48). 


This method of the Initial Fundamental Plasma Decay to the proton and the electron is 
the reason why in atomic structures the number of the electrons and the protons have 
always been seen to be in matching numbers, as there is no alternative way in nature 
for the creation of proton and electron in the universe in general, however individual 
electrons can be produced from the pmtics in plasma dilution reactors. 


In the construction of higher atomic number elements (Fig. 49), for the total balance in 
both Magravs of the nuclei and their respective electrons, these heavier atoms need to 
have more of the balanced plasma components of neutrons. 


Fig. 49: Schematic of pmtics of a complex atom (like Helium). 


Note: Through this simple configuration (Fig. 49), one can understand why certain 
chemical bindings and structure of some atoms and molecules of certain proton 
combination interactions in a given environment become possible. 
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In fact, the neutron, due to its balanced magnetic plasma or neutrality, and at the same 
time possessing its own Magravs magnetosphere, becomes the space gaps and space(s 
needed for Magravs positioning of protons, in respect to each other, as much 
magnetic fields equalisers or balancers in the construction of the nucleus of atoms with 
more than one proton (Fig. 49). 


In the heavier elements, due to the tightness of packing, if there were not so many 
neutrons to create some magnetic and Magravs positioning balance gap, or what we call 
gaps, then due to the protons gravitational pulls, part of the nucleus would most 
probably clog-up, this being due to the interlocking of the Magravs of protons in the 
nucleus of the atom. In the majority of cases, this clogging-up would most probably 
lead to the explosion of the nucleus, due to repulsion of the fields or Magnetic fields of 
Magravs within the construction of the nucleus in being too close to each other’s 
proximity. On the other hand without the existence of neutrons as a gap the nucleus 
would not be a gravitationally positioned stable configuration. 


‘A configuration of the complex structure of the initial fundamental plasmas like an 
atom of the Helium and the positioning of its neutrons, protons and electrons are shown 
in figure 49. This shows the overall gravitational fields and Magnetic fields generated 
by interaction of these individual parts, in respect to the dynamic Matters and the fields 
each part produces both internally, and in their overall external boundary interaction of 
the plasmatic Magravs of the atom, 


By a close observation of the proton and electron’s Magravs balance, it is now clear 
how the different electron orbits of heavier atoms come to be created. That is to say, as 
the number of protons increases, the boundary of the Magrays of all protons in the 
centre of the nucleus increases, thus allowing and accommodating the next orbit for the 
motion and Magrays positioning of the next layers orbits of electrons. It has to be 
remembered that protons are dynamic entities, thus not more than certain numbers can 
revolve in the compact zone of a nucleus. So as the number of protons and their 
equivalent electrons are added to the nucleus, more room is needed for the free motion 
of these protons. Hence the only way a neutral zone can be created for the free motion 
of these additional protons for the structure of nucleus to be Magnetically and 
gravitationally in balance, is to add more balance neutrons to create an environment for 
the free motion of the protons and their Magravs positioning. 


Thus as proton number increases, and the volume of the nucleus increases to keep all 
protons in motion, and hence more numbers of neutrons are needed. This is the reason 
why one sees a larger number of neutrons in the nucleus of heavy atoms. The more 


neutrons and protons are in the centre, the larger the magnetosphere of the nucleus 
boundaries. Hence, the accommodation of more electrons in further distances locations 
from the centre nucleus. Where all these electrons, protons and neutrons overall pmtics 
Magnetic field and gravitational field have to be at all times in balance. 


It is fundamental to understand that “ the negative field charge of any magnetic fields is 
due to its Gravitational field strength or pull, and the positive charge of the fields due to 
the Magnetic fields strength or push of the Magravs of the Matter, like a planet. 


In electric field charge and current flow, 


s to be understand that the positive charge 
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the flow of the Magnetic field push of the Magravs, and the negative charge is the 
gravitational pull of the flow of the gravitational fields of the Magrays of the plasma 
and its Matters content. This in a way explains the Resistance and the Impedance 
respectively of the matters in the electrical section of physics. Where the impedance is 
the measure of the gravitational pull of the flow of the pmtics in respect to the matter 
atoms and where the resistance is the measure of the Magnetic push of the flow of the 
pmtics in respect to the matters’ atoms 
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CHAPTER 19 


Motion of the Electron around the Proton 


The constant rotation of the electron around the nucleus of an atom indicates that the 
electron and the nucleus of the atom constantly maintain an overall balanced Magravs 
forces between and Magrays positioning, in respect to each other. 


Within the structure of the initial fundamental plasma (the neutron), and through its sub- 
dynamic Matters (Matter, Antimatter, and Dark Matter) and at the same time, with all 
Matters of the plasma being in possession of their own independent internal dynami 
plasmatic Magravs forces, they all exert dynamic and varying levels of Magravs on 
different constituent of Matters of plasma internally, which these field forces span 
beyond the boundaries of the nucleus plasma itself individually and collectively. 


The total effect of these dynamic forces, from the nucleus plasma (proton) (Fig. 50), 
will affect the path of the rotation of the satelliteing electron around the nucleus. 


Similarly, the plasma of the electron (Fig. 50) itself is made of the same three dynamic 
plasmatic magnetic fields structures of Matters as of the proton in its nucleus. 


The effect of these dynamic plasmatic Magrays of different Matters in the centre 
plasma (proton) of an atom on the dynamic plasmatic Magravs of different Matters of 
the plasma of its electron, and their collective effect of each plasma on each other, is 
the reason why the electron does not have a constant and a defined path of motion 
around the nucleus, 


That is to say, the electron plasma by itself is in possession of its own individual 
Matters’ (the Matter, the Antimatters and the Dark Matter) Magravs forces’ as well as 
their collective plasmatic Magravs forces of all the Matters of the electron, and the same 
applies to the Matters and the plasma of the proton. 


‘As the Magravs of different Matters of the electron passes different Matter components 
of the proton, each of the facing Matters’ Magravs forces within the proton and the 
electron have to interact with each other, plus the electrons’ and protons’ overall 
Magravs positioning in respect to that particular Matter in the proton and electron. 
Which, this type of interactions and Magravs repositioning between the two involved 
Matters of each plasma will keep on repeating on continuous bases as both the proton 
and the electron are independent dynamic entities. As the ever-continuous Magravs 
positioning between the two dynamic entities leads to the ever changing in position of 
the lighter by mass (the electron) of the two entities, to move around the proton, hence 
this chasing-up of the ever-repositioning movement becomes the “uncertain” position or 
erratic motion of the electron around its proton. 


This giving the electron in that given configuration of interactions of the Magravs its 
pulled closer to or pushed further away from the nucleus. Then, immediately, the 
electron has to finds its new overall Magrays balance positioning, in respect to the 
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introduced in the ferrite loop aerial by the radiated magnetic field are much too 
much to produce an output from the detector, and the component is used here 


simply as a tuning coil. The ferrite core does, however, reduce the number of turns 


required for the coil winding, thereby reducing its resistance and increasing its audio 
quality. 


GET BIGGER PICTURE 


COIL DETAILS 


Full construction and winding details for the ferrite tuning/aerial coil L1 are shown in 
figure. 
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proton, 


Then, due to the dynamism of both plasmatic Magravs of proton and electron, other 
Matters’ fields in the two plasmas come into play and face each other and their Magravs 
of these two new Matters and overall Magravs have to interact again, 


Therefore, the new facing Matter of the plasma of the electron Magravs have to find a 
new Magrays positioning in respect to the new Matter of the proton’s Magravs and the 
overall Magravs of the two plasmas 


Further on, again, as both the proton and electron are dynamic, the electron has to find a 
new Magravs positioning, in respect to these new Matters facing each other from each 
entity interactions, this change of Matters facing each other takes place on a continuous 
basis, as different Matters and Magravs of both components and the overall structure of 
each atom come to exert their forces on each other and the overall balance distance of 
both the electron and proton position is to be maintained as every time new Matters in 
each entity come to face each other. We call this the Magravs positioning principle (or 
Magravs positioning) 


The result of this continuous change of the Magravs positioning of the Matters of the 
electron in respect to the Matters of proton and their overall Magravs, causes and 
creates the motion of the electron around its nucleus, 


The behaviour and interaction of the ever-changing of Magravs positioning of the 
proton and the electron Magravs in respect to each other, leads to the creation of an 
erratic, never duplicated path, and is the cause of the motion of the electron around 
the proton. 


That is to say, as the electron rotates around the proton, its position and distance in 
respect to the proton changes, according to the overall position and balance of the 
gravitational pull forces and Magnetic field push forces of all three components of its 
Matters and their respective plasmas, in respect to the position of all three Matters 
Magravs of the protons’ and overall Magravs of the proton 


Nevertheless, as the Matters, in the proton and the electron are both dynamic 
themselves, the rotation of the electron around the nucleus is changing by the principle 
of the Magravs positioning of the Magravs balancing. Where, this leads to the ever 
motion of the electron around the proton of an atom (Fig. 50) 


‘As the overall strength of the Magravs of both components of the atom are the same, 
this leads to a minimum and maximum distance that can be attained by the electron 
field strength, in its position in respect to and from its proton. This explains why an 
electron appears to be moving erratically around the centre point, with a given 
minimum and maximum distance from the centre proton. This minimum and maximum 
s to be known as the amplitude (minus and maximum) of the distance of the electron 
from its proton. 


In fact, as the Matters dynamic components Magravs of the electron interact with the 
combined dynamic Magravs of the proton, the electron, which is the less magnetically 
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dense of the two, has to try to find its position, in respect to all the components of the 
denser magnetic fields plasma of the proton, 


ELECTRON / 
Y, 


Fig. 50: Schematic of dynamic pmtics of Matters and fields of the proton and the electron and. 
their interaction of individual Matters and their overall plasma and Magravs, leading to Magravs 
positioning and motion of electron in respect to its nucleus. 


This continuous change in the Magravs positioning of the electron, in respect to the 
proton, leads to the continuous rotational motion of the electron around the proton (Fig. 
50) 


In fact, one can conclude “the proton and the electron are made up of composite 
Magravs of several different Matters by simply observing the erratic path of the motion 
of the electron around the proton”. 


In principle it can be said that the magnetic fields strength of any magnetic fields or 
Matter is position dependent of the two parts of the fields from each other, which the 
field has been released from. This is how magnetic fields strength in principle are 
determined and created. (Paper: Creation of Magnetic fields). 


For example, the interaction of the Magravs of the Dark Matter’s in the plasma of the 
electron interacting with the Antimatter’s Magrays in the plasma of the proton and their 
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overall Magravs of the electron and proton plasmas in respect to each other, decides the 
ion and the distance of the Dark Matter of the electron in respect to the proton 


Universal Magravs positioning principle 


The effect of the composite components of the proton and the electron’s Magnetic fiel 
and gravitational fields strength, changes the path of the electron as it approaches each 
Matter of the proton. In composite nucleus, the overall fields’ strength of all the protons 
of the nucleus dictates the distance of the electron from the nucleus. 


All motions of objects and fields in the universe are due to the overall Magravs 
positioning of one pmtics of one object or ray, and so on, in respect to another. 


I call this dictation of position of an entity in respect to another entity, due to their 
Magravs positioning distance, the “universal Magravs positioning principle” for 
motion in the universe. 


This Magravs positioning of Matter takes place within the constraints of Matter 
possessing their own composite pmtics Matters fields’ strength. 


Universal method of motion 


In principle, “the continuous dynamic Magravs positioning of one dynamic single ray 
or multiple Matters of multi-cores pl: of an object in respect to another dynamic 
single or multi-Matters of a multi-cores plasmas of another objects, leading to and/or 
can lead to and cause the motion Matters, matters in the universe in respect to each 
other”. 


mas 


I call this method of continuous change in Magravs positioning of one entity in 
respect to another causing motion in one of the two entities, “The Universal method of 
motion ”. 


Motions of atoms and their components interactions, the molecules, solar systems and 
galaxies in the universe, are all based on the same simple universal method of motion. 


The dynamic plasmatic Magravs of Matters within the constituent structure of one 
entity dictates the position and direction and the path of the motion of one object in 
respect to another dynamic plasmatic Magravs of Matters within the constituent 
structure of the entity. Motion of components of atoms, motion of planets of solar 
systems and physical contents of motion of galaxies in the universe are all based on this 
principle. 


The universal method of motion of any two gravitated objects in respect to each other is 
based on the dynamic plasmatic Magravs strength interaction and attraction of all of its 
complete composite components of Matters and forces within the object, irrespective of 
the physical size of the system. All universal gravitational objects follow the same 
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principle of motion as an electron around its proton, the same as is for the motion of 
Matters in the initial fundamental plasmas. 


It is correct to say, “motion in the universe is totally and exclusively caused and is due 
to Magravs strength positioning of rays, fields, matters, Matters electron, planet, stars 
and galaxies in respect to each other”. 


‘Thus from this point on it is clear that one does not need to burn fuel to create motion, 
but use Matmags. However, one only needs to create the right Magrays strength within 
any system to attain dynamic Magrays positioning in respect to another object, this 
being, a planet, a star, a solar system or a galaxy for the system to be in motion, 


This ss interaction for the creation of Magrays 
forces within a system, that brings about the motion of one object in respect to another 
due to Magravs positioning, is to be known as the “Magrays positioning methods and 
universal principle of gravitational motion”. 


Thus, the Magravs positioning principles of motion are the future for the creation of 
motion for automotive, marine, air and space industry. 


‘Through this method of Magravs positioning, there is no need for the burning of fuel in 
engines to move cars or use liquid fuelled jet propulsion systems to fly rockets into 
space. 


When speaking about gravitational or Magravs positioning, this means the collective 
effect of gravitational field and Magnetic fields of one system in respect to another 
object or plasmas, Magravs of planets or stars. 


It is important to remember that in the universal order of motion, the plasmatic 
gravitational field and plasmatic Magnetic fields, are integrated, thus simultaneously 
they co-exist and one cannot exist and operate without the other. 


In the universe the Magravs positioning of Antimatters in respect to each other and 
their plasmatic magnetic fields does exist. Further, there exists the Magravs 
positioning of the Dark Matter in respect to each other and their plasmatic magneti 
fields too. 


The way the Magravs systems of the future will be set-up and operate will dictate in 
which gravitational fields strength and dimensions the crafts of future will travel in. 


In man-made systems using the plasmatic magnetic fields of the Matters that, through 
their interaction with each other, create the Magravs needed for positioning: simply by 
creating Magravs within a reactor, and these systems will, by trying to find its new 
Magravs positioning balance in respect to the Magrays, for an example, in atmospheric 
area of the planet, cause the motion of the reactor system in respect to the surface of the 
planet. 


The creation of motion through Magravs positioning can be used in an aircraft equipped 
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with gravitational reactors in respect to Earth, or with a spacecraft in respect to a 
planet(s), solar system or galaxy. 


Methods based on the Grapos principle for motions are the future for the creation of 
motion in space, according and in parallel to the way the universe is operating for 
millions of years for its dynamic existence. 
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CHAPTER 20 


Molecules 


The creation of plasma and the way its plasmatic Magravs interact to bring about a 
balance in its overall plasmatic Magravs and their effect on each other, leading to 
further interactions and balances in different atoms and their components in different 
dimensions in atoms has been explained. This balancing and positioning of plasmat 
Magravs in between different atoms of different Matters brings about how the final 
Matters, plasmas and atoms can be brought together, leading to how molecules are 
come to be generated. 


That is to say, for the creation of a molecule, it is necessary that the plasmas of protons 
and neutrons of any nucleus of an atom, and atoms of different elements, need to have a 
total plasmatic Magnetic field forces and gravitational field forces positioning balance 
in a given environment so that these atoms can hold onto their total structure, for the 
molecules to be created. 


same principle a molecule or a cell can only be created where, the 
s and gravitational fields positioning are in equilibrium in all its 
's plasmatic magnetic fields (Fig. 51). 


participant atom 


‘At the same time, the whole of the structure of the molecules’ plasmatic Magravs have 
to find plasmatic Magravs balance in respect to their surrounding environments 
Magravs for the molecules to be able to exist as an entity in a given environment. This 
in fact, explains why certain atoms and molecules, in certain configurations, can never 
exist in one environment, while they are prevalent in other environments, like planet 
or galaxies and why different pmtics forces and conditions can apply to the same 
Matter, and Matter manifest itself as a matter in state of solid, liquid and gas. 


Likewise, the same can explain why proteins of specific characteristics are created or 
maintained by certain cells in one part of the human body and not in other parts of the 
body (9). 


In fact, if the same conditions of plasmatic magnetic fields are, or can be, maintained in 
any part of the universe, one can reproduce exactly all the Matters known to Man 
anywhere in the universe. 


That is to say, when one can create the required balance and equilibrium environment in 
the total and overall Magravs of the atoms participating in the construction of a 
molecule, one can replicate and maintain any molecule. Therefore this explains that Van 
der Waals forces of pull and push, merely can be known as the gravitational fields 
forces and Magnetic field forces respectively operating between different molecules, 
irrespective of their binding structure with other molecules or atoms. 
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Fig. 51: Schematic pmtics of atoms gravitational (Magravs) positioning to form a molecule. 


In the industrial Magravs reactors of the future, one can produce as many atoms as one 
needs by just absorbing the plasma from space or the environment, for any application 
and purpose like the production of the hydrogen molecules, carbon, nitrogen, oxygen 
for the production of proteins for food, air, water and so forth, by simply replicating the 
Magravs of the preferred molecules and allowing their positioning and interactions. 


In the future, by giving a standard chart of Magrays strength and prevailing magnetic 
fields forces, temperature and pressure of plasma, atoms and molecules, one can 
produce and maintain any atom and molecule anywhere in the universe. 
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CHAPTER 21 


Plasma Dilution Technology 


The Plasma Dilution Technology is the new approach for the use of new gained 
knowledge for creation and control of plasma and its sub-Matters constituents Matters 
and their fundamental elementary particl 


‘The new understanding and insight into the construction and the structure of pl 
its constituent Matters and their magnetic fields, opens up new opportunities for the 
creation of energy and motion, production of new materials, for medical uses and so 
many other applications. 


The plasma dilution technology allows the plasmas’ Matters components to be diluted 
within a soup of Matters and their pmtics made up of exactly of the plasmas’ own 
composite structure. 


Through the specially designed nuclear reactors, conditions are created within the 
structure of the reactor that the plasma is contained in a safe and secure way in reactors 
cores configuration. 


The operation of these reactors can be controlled so that they do not release any 
radiation into the environment and they create no waste of any kind, this being the likes 
of radioactive materials or CO> waste, as has been the trend in the current nuclear and 
energy production industry. 


Through the understanding and creation of a parallel environments, similar to the 
internal environment of the same weak plasmatic magnetic fields of the plasma itself, 
plasmatic magnetic soup environments are produced in these types of reactors, so that 
the plasmatic magnetic fields condition within the reactor cores matches the plasmati 
magnetic fields of the binding forces (Coulomb Barrier) of the initial fundamental 
plasma, as the components of this plasma soup, this barrier is magnetically diluted and 
soften, allowing the plasma to open through the operation of the reactors, for the 
Matters of the plasma to become part of the dilution soup of Matters and fields forces of 
the reactor. 


A soup of weak plasmatic magnetic fields 


These plasmatic magnetic fields saturated reactors will allow components of any plasma 
introduced into the reactor to be loosened and, the Matter, the Antimatter and the Dark 
Matter of the plasma, to be free to move within the structure of the plasma soup, which 
has been created through specific setting and Matter combination. Matters once loosen 
from other Matters within the soup of the plasma, these are then free for their 
fundamental particles effects to be utilised to achieve any desired effects, like for fusion 
and production of new matters, lift and motion. 


148 


Reactors that facilitate such a dilution of plasma I call Plasma Dilution Reactors (Fig. 
56) and their process of dilution as the Plasma dilution principle and their knowledge 
as the plasma dilution technology (Fig. 52). 


Fig. 52: Plasma dilution concept and technology. 


Further interaction of the constituent principle plasmatic magnetic fields of the Matters 
of the plasma inside the cores of these reactors can create effects that can be used to 
achieve desired outcomes from their interactions with other Matters or matters and 
fields outside or inside the reactor’s structural environment and this is exactly the way 
and the method that different entities in the universe function and operate to achieve 
certain desired effects and production of Materials. 


Diluting the plasma in the larger pmtics environment of the reactor is another option in 
the nuclear world for achieving fission, fusion, production of new Matters, matters, for 
generation of energy and motion. 
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Disentanglement 


Through the Plasma dilution process, once the new plasma soup is produced in the 
reactor cores, the weak interacting plasmatic magnetic fields soup interacts with the 
binding fields of the components of the Matters of the plasmas which are further 
introduced into the reactor cores, this allows the Matters of new plasma to disentangle 
themselves from each other (Fig. 53), if this level of dilution of new plasma is required. 


In this process of plasma dilution, the sub-components of the plasma are allowed to 
loosen up from each other and not necessarily allowing the separation of all the Matters 
of the plasma from each other. 


INITIAL 
FUNDAMENTAL, 
PLASMA 


DARK MATTER 
LOOSE PLASMATIC 


FUNNEL MAGNETIC FIELDS 
Fig. 53: Dilution process of initial fundamental plasma within a soup of Matters. 


Through this method, different components of the Matters and fields of the plasma 
be used for any purpose that the operator decides or that the system is pre-set to 


Hence, each sub-component Matter of the plasmas in the reactor can be separated from 
the plasma in any quantities of individual Matter within the soup. 
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ENAMELED COPPER WIRE, 


DaMETER x Steomcogy 
‘ann Ge anRoW STRIPS OF 


‘pani CARD ROLLED AROUNO ROD TO. 
MAKE AFORIER cose Hal) LONG BY 
{Syn (Van) DAMETER APPLY GLUE TO 
ARO WALT ROLLE 


The rf. bypass capacitor C1 can in practice, be omitted with no noticeable reduction in 
performance. However, if the set is to be connected to either the headphone amplifier 
or speaker amplifier decribed next month, the component together with diode, load 
resistor, RX, must be included. 


AMPLIFICATION Audio frequency amplification, after the diode detector will permit 
the use of low impedance Walkman type earphones or even loud speaker operation. It 
will do nothing, however, to overcome the diode’s insensitivity to weak signals. For this 
we must have radio frequency amplification of the signals picked up by the aerial 
before they reach the detector(The standard circuit for a transistor portable receiver 
has three stages of radio frequency amplification ahead of the diode). 


For amplification, you can use a simple audio amplifier using LM386. 
READ MY EXPERIENCES ON MAKING A BATTERYLESS RADIO 


WATCH THESE VIDEOS: 


+ 3LCPCB: Prototype 10 PCBs for $2 (2-layer,100"100mm) 

+ China’s Largest PCB Prototype Manufacturer, 290,000+ Customers & 8,000+ Online Orders 
Per Day 

+ PCB Pricing: https://jlepcb.com/quote 
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Fig. 54: Dilution process of initial fundamental plasma and atoms and molecules within a soup 
of Matters and pmties. 


The plasma dilution technology (Fig. 54) replaces the present state-of-the-art 
technology accelerators used for the separation of different components of plasma or an 
atom. 


The plasma dilution reactors for example can be used for the extraction of Antimatter, 
instead of the presently used methods of slamming plasma at high speeds in accelerators 
into specific pure solid metal matters to extract its Antimatter, by chance, every once in 


Ist 


while (6, 7 and 8). 


In the same way, the plasma dilution reactors can be used in the fusion industry where, 
present technology uses huge enforcing magnetic fields to force the fusion of plasmas. 


With the plasma dilution method, the components of the plasma are opened up, in a soft 
way, loosened, and then are allowed to be separated from other Matters in their 
surroundings, and into their specific sub-components, interacting collectively in the 
soup of the Matters for their use for any given specific purpose (Fig. $4), like for fusion 
of Matters or matter. 


These reactors even can be used for fusing components of two plasmas together. If the 
Antimatter is needed to be separated from the Matter, this can be easily done, as by 
creating a weak plasmatic magnetic field, around the plasma, then, the Antimatter 
components of the plasma can be separated for the use of their plasmatic magnetic 
fields properties and effects for example for the production of powerful Magravs forces, 
Where, the rest of plasmas’ components are then left in the dilution soup. 


When one has used these freed Antimatter plasmatic magnetic fields for their effects 
they create, for the purposes that one needs, then the system-loading Magravs 
configuration and parameters can be altered to change the dynamism of the reactor, and 
gradually disassemble the dilution fields. Then the Matters of the plasma are allowed to 
return to their original Matters’ components state of the plasma, and for the plasma to 
return its atomic structure and so forth. 


All these reactions can be created and controlled without the creation of unstable or 
high temperature environments as is seen in the universal order of creation of Matters, 
energy and motion. 


‘At the same time, there is no need to hold on to certain Matters and to run expens 
holding systems for Antimatter as done for example by Fermilab at the present. 


ve 


All these processes are carried out without any release of radiation or the production of 
new radioactive waste. 


These effects can be created at room temperature and within portable safe nuclear 
reactors, which have been designed, developed and tested in the past few years, 


There is conclusive evidence from tests, that the principle of the untangling of plasmas’ 
magnetic fields binding forces through plasma dilution technology is a proven 
fundamental principle for the future of energy production and creation of motion for 
space travel. 


That is to say, that we have seen the effects that Antimatter in being loose in the cores 
of the reactors to possess stronger fields and create stronger Magravs forces than the 
Matter components of the same plasma. We have managed to lift and reduce weight of 
reactor systems in respect to its environment, and we have create new matters, all at 
room temperature, in the recent past through the operation of plasma dilution reactors, 
as we have reported and applied patents for. 
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This stronger characteristics and effects of Antimatter are purely due to the fact “that at 
the inception of the plasma, the Antimatter components of the plasma were created by 
the stronger plasmatic magnetic fields to start with”. 


Similarly, gravitational field forces of the Dark Matter components of the plasma can be 
used through the plasma dilution technology for the creation of high-speed motion 
without friction for crafis of the future in space technology, or these reactors can be 
used for the extraction of poison from a substance like water or air. 


In testing for the production of the Dark Matter principle, systems have been twisted in 
their axel and damaged, confirming the enormous power of invisible, powerful, 
Magravs of the Dark Matter. 


In general, it can be said, “The future is bright, the future is plasmatic magnetic fields 
based, through the production of controlled plasmatic dilution technology reactor 
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CHAPTER 22 
Matters and Magravs systems 
The technology that uses the properties of the Matters of plasma to create motion and 


energy, instead of the present use of matter, I have called the Magravs positioning 
Systems Technology. 


The fundamental difference between the Matter gravitational technology and matter 
propulsion and energy systems can be explained in simple way. 


matter propulsion technology 


The present matter propulsion systems in burning fuels have to fight and to overcome 
Magravs of the planet for lift and motion. This we see in the rocket propulsion space 
technology of today. 


In the matter systems, like the propulsions systems, power stations and cars use the 
fundamental principles of burning matter to release its energy and convert this energy 
from one form to another to create motion and energy. This technology has always 
delivered limited energy, and due to its bulkiness of mass and weight of the fuel that 
have to be carried by systems to achieve their objectivi 
dependent. 


The matter system uses the Matter part of plasma, the weakest and least energetie part 
of the plasma, By their nature as has been seen in the past, matter systems create 
different type of waste, like CO2, nuclear waste, and so on. 


Matter gravitational technology 


‘The Matters Magravs system uses the properties of the all Matters in the plasma to 
create motion, lift and energy without destroying the characteristic of the Matters, and 
the system works within and through the Magnetic field and gravitational field of its 
environment to attain position and motion, one can achieve more working within than 
fighting against the Magravs of the planet. 


In the present state-of-art technologies, always the matter components are considered 
for their physical action and reaction, and not their Matters field’s components. 


Matters used in the Magravs systems, uses the properties and interaction of all the initial 
fundamental particles properties of all Matters within the components of the 
fundamental plasma, “Matter, Antimatter and Dark Matter”. There is no need to “react” 
as in the matter proc ince the system works’ within and is part of the same 
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magnetic fields base system and works through the universal natural forces. Therefore 
there is never a need for reaction for motion, as the system always magnetically 
balances itself in respect to other magnetic fields forces 


These reactor systems are developed to function in the same way as the interaction of 
the initial fundamental particles leads to the creation of Magravs for the motion of 
Matters through the Magravs positioning principle in the universe 


In these systems, there is no destruction of Matter, since the system can use Matters 
pmtics properties for the enhancement of Magravs positioning, for the creation of 
motion and energy and so forth. 


This method of the use of Matters creates heat, if it is needed from a 


yystem. 


As it has been observed, stars create massive heat to create vast amount of energy and 
Magravs forces, through tests it have been proven that the creation of motion and 
energy by the use of Magravs forces, these systems creating effects which are 
temperature independent. 


Used in the atmospheric conditions, the Grapos, through the principles of the creation of 
plasmatic Magravs within the cores of the reactor and their interaction with the 
plasmatic Magravs of the planet, this interaction of these two Magravs, leads to creation 
of a magnetosphere around the systems. Where, the interaction of plasmatic Magravs of 
the system and the planets Magravs always lead to the creation of light around the 
system. This light being created through the principle of interaction of two plasmatic 
magnetic fields as was explained in Chapters 7 (Fig. 29 and Fig. 31). This is exactly 
how the magnetosphere of the Earth is created in respect to the Magravs interaction of 
the Earth and the Sun, and the same principle as for the creation of the daylight as seen 
around the Earth 


The magnetosphere created around the Magravs system, can be a spherical or oval 
bright light in shape depending upon the speed of motion and protection chosen by the 
operator. 


In the Universal systems like stars, their Magrays forces are fixed by their initial 
matters’ contents in their inner cores at the point of the inception of the star, and the 
magnetic fields strength they generate for the production of their Magravs strength, 
once the strength of the Magravs is set for the stars, these cannot be changed arbitrarily 
to achieve different Magravs strengths for the stars. 


Whereas in the Grapos reactors’ developed for the motion of crafts, the Magravs 
parameters of these reactor systems can be changed and manipulated according to the 
position, speed, energy and so forth, as is desired of the system by their operators. 


In these systems, the reactor-operator dictates the Magravs strength of the system, 
therefore he decides the speed and the position of the craft at any position in space in 
respect to another Magravs system, the like of the Earth surface or a given distance 
from the moon or galaxies. 
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Interesting enough, all these effects of motion are achieved even though the system uses 
the same fundamental methods and Matters as in the cores of the planet or star that the 
systems is operating within or aiming for. 


Fig, 55: Representation of interaction of four different pmtics strength of gravitational 
(Magravs) positioning systems (Grapos) in respect to Earth pmtics Magravs (1, 2, 3 and 4) 


Note: Figure 55, numbers 5, 6, 7 and 8 show that the position of clouds in respect to 
Earth are pmtics Magravs strength dependent, and not size or volume dependent, 


‘Thus, wherever the Magrays principles reactors are used for flight in a system, like in 
atmospheric condition of the planets’, the natural outcome of the interaction of the two 
pmtics Magravs of the environment and the reactors Magravs is the appearance of and 
creation of natural light around these flying systems (Fig. 55 light regions of 1, 2, 3 and 
4). Thus, the same Magrays positioning systems can be used, to produce lamps that can 
create light for years without needing to burn any fuel or consuming electricity. 


Simultaneously, in a dense plasmatic magnetic fields environment, like the Earth, when 
the Grapos are used for motion and lifi, due to the interaction pmtics Magravs, of the 
Earth and the system, these systems will produce their own magnetosphere around 
them, This magnetospheric light intensity is reactor Magravs’ strength dependent and 
through the principle of interaction of two pmtics of plasmas as was discussed before, 
these magnetospheres will cause the creation of bright light around these systems in the 
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Earth atmospheric condition. As the brightness of the magnetosphere around the system 
in respect to its surrounding pmtics strength will be dependent on the strength of the 
plasmatic magnetic fields that are created by the Magravs positioning reactors, and in 
respect to the systems” position, considering that the plasmatic magnetic fields of the 
Earth is constant. 


Thus, the confirmation of systems using Magravs positioning technology for motion in 
dense atmospheric condition like the Earth will be the appearance of bright moving 
lights (Fig. 55 lights 3 and 4) in the Earth atmosphere or any given atmosphere or 
medium in the universe. In dense atmospheric conditions, these Magravs systems will 
be appear to be a shining bright light floating in air, either with high speeds or seated 
stationary. 


In some literatures, systems that use Grapos for motion and appear as bright lights from 
an unknown source in the skies have been called, the Unidentified Flying Objects, also 
called UFO's (Fig. 55 lights 1, 2, 3 and 4). Now that the method by which these bright 
lights in the sky are produced, their operation understood, and known, these crafts are 
not Unidentified Flying Objects no longer. 


Nevertheless, in reality, it is now interesting to see who are the users of these systems. 
Whoever are the users’ of these Magravs systems, this does not necessarily means that 
they are more advanced in scientific level than the human race in its present scientific 
and technological evolution. However, this simply means that they have managed to 
harvest the principles of the plasmatic magnetic fields, and the constituents of Matters, 
some time before the human race. 


Now that the technology and the principles behind the plasmatic Magravs positioning 
fields are open to the human race, it is not hard to see that interaction with users of these 
bright lights will be inevitable and will only be to the Mans advantage, to help man to 
reach new levels of understanding about his universe. 


In tests, the effects and bright light created by use of these reactor systems, which have 
been developed and tested for weight reduction and lifi, has been noted. 


The operation and interference with the radar and radio frequencies, through tests 
running of these Magravs positioning reactors have been videoed and recorded in 
August 2008. This confirms the origin of the motion of these systems to be on a 
plasmatic magnetic fields basis, as the system’s Magnetic field operation interferes with 
radio waves, which radio waves are magnetic fields based entities. 


NASA has done tests on these types of magnetospheric condition and motion system, 
on a miniature scale, in advance concept projects known as MINI-magnetospheric 
plasma propulsion project called M2P2 (40). They have achieved this by using the 
argon gas up to this stage. They hope to be able to finance the project to reach helium 
and then the use of hydrogen as base-material in years to come. They may then use 
plasma of hydrogen atoms later as they progress in gaining knowledge in 30 to 50 years 
and having the budget. However this is still one of the theoretical approaches for 
NASA. 
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Fermilab (6, 7, and 8) is looking for the Antimatter as the “fuel” for propulsion syst 
of the future space programs for NASA. If they redirect their attention into the 
properties and the effects of the Antimatters that they have gathered by now, they can 
achieve the same results as have been seen and tested in the recent Magravs 
reported on our Foundation web site and patents that have been applied for. 


Through the understanding of the real forces in operation of the universe, the Magravs 
positioning reactors are simply years ahead of their time, 


‘Our Magrays positioning reactors are not ina mini-scale dimension as NASA’s project 
has tested and envisages at this moment in time, but these are in several sizes, which 
can create controllable size magnetospheric conditions, as the operator of these simple 
systems sees fit the purpose. 


jems that have 


In the near future, these Magrays systems will replace the propulsion s: 
been used for space explorations and air travel 


The advantage with the Matters powered Grapos is that these 
magnetosphere around the reactor system. This is the same natural magnetic protection 
barrier for the future spacecrafts as the magnetosphere around the Earth has been, 
protecting man from space debris and cosmic radiations for billions of years. 


These systems’ magnetosphere protection capabilities can be used to protect the craft in 
deep oceans from water and the crafts to be used like the submarines of today, with the 
difference that these systems magnetosphere will allow these crafts to reach the deepe 
parts of oceans floors without any problem, as they can reach any depth in liquid planets 


phere generated by Grapi 
level of the plasmas that can be used to pa: 


will create magnetic shielding at Matters’ 
s through materials like ice without melting 
their matter(s). But simply by diluting the ice Matter(s) at plasma levels as in the plasma 
dilution reactors. In these conditions the crafts will appears as the craft will come out of 
nowhere and with no holes indicating the position of the exit from the ice by the 
spacecraft. If observed from the distance these crafts will be like bright lights shining 
and jumping out from the ice-covered sea-surface. 


These plasma dilution Magravs positioning systems, by the use of Matters, will be the 
only solution for plasmatic saturation, once these crafts will pass a 


dusts as they temporarily disentangle the Magravs of atoms and plasm: 
cosmic dusts by just diluting the components of the Magravs of the Matters of cos 
dusts with the Magravs of the craft protection magnetosphere, and the craft passes 


through the dust matters as if they were not there. 
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CHAPTER 23 


Matter Pmtics in reactors for lift and motion 


The utilisation of the Magravs forces of dynamic multi-core systems, in respect to each 
other, for the purpose of the creation of lifi and motion is discussed in this chapter. 


In multiple cores dynamic plasmatic dilution Grapos that have been developed and 
tested at room temperature, these systems have proven to have the capability to produce 
different plasmatic Magravs forces strength as strong as those of a hot centre core 
object, like the Earth 


Using the principle of the creation of dynamic plasmatic Magravs forces within the 
structure of a multi-core reactor, the system can be caused to find its own position in 
respect to the environment of a planet or any Magnetic field and gravitational field 
forces in space. 


In developing and achieving the Magrays positioning of these systems, in respect to the 
planet’s Magravs forces, on the surface of the planet, leads to the reduction of the 
weight of the system to start with. Once the two plasmatic magnetic fields of the planet 
and the system reach the total balance or equilibrium, the zero weight of the system, 
in respect to the planets gravitational fields at a given point and the po: 
achieved. 


From this point of total equilibrium any further change(s) in Magravs force strength of 
the reactor in the same direction and configuration as before, this leading to and causing 
the free lift and motion of the reactor system, in respect to the planet. 


Principle concept of upward or separation motion 


The upward motion of the systems in respect to the planetary fields or any other 
Magravs systems is simply due to the fact that the Magnetic field of the planet and the 
Magnetic field of the system is of the same polarity. Thus, the two similar Magnetic 
polarities repel each other, hence causing the upward or separation motion of the 
system. 


It is fundamental to understand that: In the Magrays positioning reactors “The 
repulsion of two objects or moving away from each other, like moving away form 
the surface of the Earth, is totally due to interaction of the two pmtics of Magnetic 
fields forces of the systems and of the planet. 


Whereas, any closeness or gravitation of the reactor system in respect to the planet 


is controlled by the pmtics of the gravitational fields between the system and the 
planet in respect to each other.” 
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This is how Magravs positioning reactors, in possession of dynamic cores, create up or 
down (lift and descend) motion in respect to another Magravs of an object, like the 
Earth, 


In these systems by changing the strength of any of the gravitational or Magnetic fields 
strength within the reactors of a system, this s ssitates the finding of a new 
balance position between the system and the planet’s Magnetic and gravitational fields. 


By changing the parameters of the reactors and for the reactor to find a new balance 
between the systems’ own Magravs and the planetary Magravs, this causes the motion 
of the system as it tries to reach the newly desired balanced Magrays force position, in 
respect to the planet Magravs. 


This is the universal method of creation of motion without burning an atom of any 
matter, and this is exactly how all the celestial objects find their position and motion in 
the ever-dynamic environment of plasma of an electron in an atom, solar systems, 
galaxy and universes. 


‘The motion of the system is purely due to the phenomenon of Magrays positioning, of 
‘one system in respect to the other(s). 


Simple, portable, plasma dilution nuclear reactor systems, can produce the required 
Magravs forces within its reactor cores on a continuous repositioning criterion bases 
that can cause the motion of the Magravs positioning system (Fig. 56). 


In these Grapos, the individual pmtics released in the central core (Fig. 56) in their 
interaction with the compatible and matching pmtics’ strength of other pmtics in the 
same core can then collectively interact with the same collection of pmtics created in 
the other cores of the reactor (Fig. 56), and interactions and interlocking of the same 
pmtics strength in different cores of the system leads to the creation of Magravs within 
and around these types of reactors simultaneously. 


By referring to figure 1, 2 and 3 in the early chapters, then it can be realised that, what 
has been achieved in these dilution plasmatic Magravs positioning reactors (Fig. 56), is 
exactly what has been going on in inner cores of planetary systems such as the Earth, to 
create their Magravs for them to hold on to their components through their gravitational 
fields, and at the same time to protect their matters from other celestial objects through 
their Magnetic fields, and at the same time create positioning in respect to other 
Magravs, at the same leading to creation of motion of the reactor. Thes 
truly an all integrated system for flight and motion. 


At the same time, these reactors during their operation within a craft system creates” 
and maintains’ an independent internal gravitational field forces within the reactor cores 
fields catchments’ zone. For example these properties and effects can be used to 
maintain an earth, one-G gravitational field force within the confine of any spacecraft, 
independent of the position and speed of the craft where, this position in the universe 
might be. 


These reactors in collaboration and simultaneous production of the Magnetic fields and 
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gravitational fields leads to the creation of a distinctive and separate magnetosphere 
around the reactor or the craft which, uses such reactor technology, similar to the Earth 
atmospheric magnetic field. 


Fig. 56: The Keshe Model of Plasma Dilution and Magravs positioning reactor. 


Thus, the Grapos are exact copies of the planetary Magrays producing systems. 
Similarly, they utilise the same Matters inside them, and the same principle of 
interaction to create Magravs between the systems and a planet. This being the same 
principle as, between the Earth and the Sun field forces and the Earth, and the rest of 
planets in the solar system and the same system principle as between electrons and 
protons. (Fig. 57) 


Therefore, by changing the strength of the Magravs strength of Grapos, these systems 
can be positioned in any orbit or position around the Earth (Fig. 55, Fig. 56 and Fig, 57 
©), in the solar systems or galaxies, with the use of Matters, rather than matters in the 
system, 
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In other words, the balancing of two Magravs* forces of the system, in respect to the 
planetary Magravs forces, leads to lift or descend of the systems. This separation only 
leads to a vertical up or down motion of one-system field in respect to the other 
systems’ field. This means lift or descend of the system in a craft takes place vertically 
and not a 360-degree directional motion of the system. 


In current phy: ientists call this the anti-gravitational field forces needed for lift 
and these systems are called anti-gravitational systems 


In reality, any motion of a system is not due to anti-gravitational field forces, but in fact 
is due to the total balancing of the gravitational field and Magnetic fields of the two 
systems of the planet and the Magravs positioning of a reactor, in respect to each other 
in a given position, 


For directional motion, the s 
in the directional case, the ra 


ime principle as vertical lift is used with the difference that 
jo of change between Magnetic fields and gravitational 
field created within the system are utilised, as the two field forces in the reactor of such 
a system have an opposite gradient of scale of strength with each other. That is to s 
the control of the creation of gravitational fields increases with the same increment 
the decrease in Magnetic field strength, within the interaction of the fields of the cores 
of the system, in respect to the planetary field forces. 


The same principle of Magravs positioning can be used in space for motion, in a 
direction of motion towards or away from a planet, star or galaxy. 


There is an alternative method of motion, which is by compartmenting each core of the 
reactor. This is a highly advanced technology and needs a full understanding of the 
creation and control of the magnetic fields’ strength of magnetic rays and Matters 
mixtures and full control of the motion of dynamic Matters in a dynamic environment 
of the reactor cores. 


‘As motioned before, reactors have been designed, built, and tested to confirm the effec 
of weight reduction and lift, and the results have proven the correctness of the principle 
of Magrays positioning reactors, rather than the anti-gravitational field assumptions. 


It has been shown that the system gravitational field and Magnetic field strength are 
independent of the size of the system for the mass that they can lift. 


In tests carried-out in 2008, a ten-kilogram reactor system was used to lift a 100- 
kilogram weight. 


In early 2009, the system combination was used to reduce weight from 9 kg by 
increments of 100 grams. Then another system was use to reduce the weight of the 
system from 7 kg to 6.5, 6.3 and 6.1 kg and so on in increments of 100 grams. In some 
tests, the weight of the same system was increased by 100-gram increments also. 


These tests were done to show the correctness of the theoretical principles and its 
practical applications in reduction or increase in Magravs forces of one system in 
respect to another like the planetary system. 
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CHAPTER 24 


Passive Magnetic Fields 


In the universe, there are two types of interaction in respect to plasmatic magnetic fields 
force: 


One pmtics force is called active magnetic fields force and the other pas: 
fields force. 


ive magnetic 


The active magnetic fields forces are the pmtics forces that can exert forces on other 
fields and components of other pmtics of plasmas causing them to move or vibrate, or 
receive motion or vibration from the pmtics. This is usually matter-based motion and 
creates tangible or physical motion of matter. 


Active magnetic fields forces usually cause dislocation of the electrons in a cell or 
vibration of electron in conductive material, etc. 


Matters of the plasma mainly produce the passive plasmatic magnetic fields. 
Passive pmtics 


the atom, for them to increas 
dislocating any Matters plasma’s 


an deliver their magnetic fields forces as energies to another plasma of 
their magnetic fields density or energy without 


Through passive magnetic fields strength, if the plasma is in need of the extra pmties 
strength, it can receive the quantity that it needs of the same pmtics strength for it to 
return to its ground level pmtics strength level. Otherwise, the pmtics will pass the 
plasma without transferring any of its pmtics to the second plasma. At the same time the 
second plasma, if it has extra pmtics which it does not need, it gives the extra pmtics fo 
the passing pmtics, if it needs the extra pmtics for both pmtics to return to ground levels 


of their original pmtics strength. 


located from its 
ich. 


The passive magnetic fields do not cause the atom to move or be di 
position but also cannot cause vibration of the electron of the atom 


Passive magnetic fields are pmtic 
minerals to atoms and molecules of protein c! 
based. 


s used for delivering the energy levels of vitamins and 
ins and are Matter pmtics orientated and 


It is important to note that each plasma carries’ one pmtics strength pack in the majority 
of cases. Thus for human body to receive all its pmties strength spectrum, the body need 
to consume different minerals and vitamins and proteins that can deliver certain specific 
passive plasmatic magnetic fields strength to cover all his cells” needs. 


Where the active pmtics are matter orientated and create heat, motion, and vibration in 
the matter components of the plasma. 
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CHAPTER 25 


New understandings and New Technologies 


From the new explanation and understanding of the creation and control of initial 
fundamental particles (magnetic fields), and further in having access to the new 
knowledge and the technologies that to be able to replicate the same in small reactors 
and their systems, the production and the control of MATTERS and the initial 
fundamental plasma as in the universal order of the creation of Matters in these 
reactors have become simple and practically possible. 


The world of science and technology can find new solutions and new sources of Matters 
for the production of energy, the creation of motion and other applications within the 
confines of these reactors and this technology will be developed further for these 
purposes. 


In understanding the principles of the working of these reactors, one can make use of, 
and manipulate, the Matters and energies embedded in the initial fundamental pla 
for the production of new materials, motion and energy. One would be able to use the 
new understandings of the Matters sub-plasmatic structure for the release of magnetic 
fields and energies from these Matters. 


mas 


Through progressive development of this technology, new and simpler methods are 
devised and developed further for the fission and fusion of Matters and their relevant 
technologies. Through these new understandings and developments of reactors, new 
ways and opportunities for the production of energy in the world of nuclear physics has 
become possible. 


For energy production in nuclear fission of today, the state-of-the-art technologies use 
the collision effect of neutrons and atoms to break up an atomic structure and release its 
energy. On the other hand, in the world of nuclear fusion, the reverse methods are in 
use. Scientists in nuclear and physics laboratories 
plasmas, and harvest the residual released energies 


Through our technology new and simple reactors are in the reach of the scientific world 
for the disintegration of an atom, or for the fusing of plasmas through plasma dilution 
technology. This new approach is less energy consuming, much simpler, more practical 
and the resulting energies produced are easy to harvest. 


The same is seen in the world of aircraft and space industry where, jet engines and 
propulsion systems are in use to force and displace matters like air to create lift and 
motion 


With this new knowledge and approach to plasma dilution technology as one integrated 
system, much simpler and more effective methods based on the universal methods for 
creation of motion are made available to the aircraft and space industry to move crafts 
within atmospheric or outer space (Fig. 57 C). Magravs positioning principle of an 
electron in respect to its proton (Fig. 57 A) and Magravs positioning of the planet Earth 
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in respect to Magravs system of its Sun (Fig. 57 B), these shows similarities between 
the principle of the use of the new Magra fioning reactors and their universal 


JUPITER 


Fig. 57: Similarities between four different Magravs positioning principles 
and systems for motion and position. 


Note: Figure 57 D. shows that an independent plasmatic Magravs system can exist 
within another Magrays system, and have Magrays positioning in respect to each other, 
as the Ganymede, a moon of the planet Jupiter, has been functioning for millions of 
years within Jupiter’s Magravs. To cosmologists the case of the Ganymede is the only 
Known condition of an inter-gravitational planetary system positioning, and its 
operation within the Jupiter’s magnetosphere could never be explained with present 
scientific knowledge. Similarly, Grapos reactors can be used in crafis for motion and 
Magravs positioning within the magnetosphere of the planet Earth, as shown in figure 
57 Cusing the same fundamental principle as the Ganymede. 
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Through the fundamentals of this new understanding of the creation and control of 
plasmatic magnetic fields reactors (Grapos), eraft systems do not need to burn 
Matmags to create lift and motion, but where, the reactor uses the Magnetic fields 
strength of the Matter (the Matmags) to create gravitational positioning. 


In the Magrays positioning Technology reactors, by the simple creation of the 
acquired plasmatic Magravs levels of the desired point in space, within the reactor’s 
systems, the system is forced by its’ internally produced Magravs, the need fo reach a 
new plasmatic Magravs balance position between the system and the planet Magravs 
forces’, this causing the motion of the system in respect to the Earth without burning 
any fuel. 


‘The Magravs positioning technology once used in a craft, unusually these crafts become 
weight independent. That is to say, the systems payload compared to the power of the 
gravitational positioning forces of these reactors are so insignificant, that the payload 
mass becomes irrelevant. 


This is how small cores size of matters in comparison, in the centre of the planet Earth, 
can create such strong plasmatic magnetic fields, that their interactions can keep and 
cause continuous motion of the heavy loads of matters of the planet, at ease, for billions 
of years. 


The important point about using Grapos in aircraft systems is that the plasmati 
Magravs and Magnetosphere fields’ catchments area of the system ss the 
physical boundary of the craft itself during motion, in-flight and stationary floating 
mode or protection mode. 


During the operation of plasmatic Grapos, magnetospheres are created around the 
system interface between system and the planet, At the interface of the magnetosphere 
of the system, due to the friction between two plasmatic Magravs of the system and the 
planet, only at the point of the magnetospheric interface of the system, this leads to the 
creation of visible light (Chapter 7). 


In respect to plasmatic gravitational field systems, once the fields are allowed to pa: 
beyond the physical boundary of the craft, this gives the craft being in possession and 
the advantage of having a dynamic magnetically based magnetospheric protection 
environment around the system. This magnetic magnetospheric zone around these crafts 
operates and functions exactly and similar to magnetosphere possessed by the Earth, 
which, the Earth has generated around itself by the interaction of its own plasmatic 
gravitational and Magnetic fields with that of its star and the pmtics around its 
environment in space. 


This production of plasmatic magnetospheric shielding is a natural protection system 
offered by all celestial objects in possession of dynamic plasmatic Magravs for the 
entrapped matters within their systems, 


Thus, by the use of Grapos in crafts nothing less than that is natural in the universe and 
a normal phenomenon for protection of internal matters and structure of the planet are 
offered, 
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Using this magnetospheric protection capability of Grapos, crafis of future will travel at 
speeds beyond the capability of the present technology in the aircraft and space 
industry. These crafts will travel without their outer-surface ever getting heated-up, or 
ever being in a position to be hit for example by birds in Earths atmospheric conditions 
or in space by space debris. The reason for this is due to the fact that the outer surfaces 
of these crafis never come to be in contact with other matters, except its own internally 
created plasmatic Magrays. 


The interface between the crafis’ dynamic Magravs and planets plasmatie dynamic 
Magravs can be extended through the design and control of the Matters within the 
reactor cores of these systems, that their interface to be far enough away from the 
physical body of the craft, that there will be no contact or interface with other Matters 
and matters of physical body of the craft system. These matters outside the boundary of 
the system can be Dark Matter, air, liquid or others. These Magravs are needed for the 
protection of a system like this in space, as the systems cannot be hit or damaged by any 
cosmic dust or asteroid in the path of motion of the system. 


‘The magnetosphere created around these systems, due to the dynamic characteristics of 
their nature, create plasmatic magnetic fields that will act and is a magnetic shield for 
the embedded craft within it. These dynamic magnetospheres around these crafts are 
naturally watertight 


If the plasmatic magnetic fields generated by the system, do not reach and pass the 
physical outer boundaries of the craft, these crafts can have the gravitational shearing 
gradient forces fields effects, enforced on it, half-way within its structure, rather than 
around its outer physical boundary; which partial structural cover of Magravs on the 
middle of the structure of the craft will end-up in the physical damage or in extreme 
cases the breaking-off of parts or the whole section of the craft at the point of interface 
between the system and the planet pmtics Magravs. This shearing-off zone is possible 
and can happen purely due to a difference in the two Magrays forces strength levels at 
the magnetospheric boundary of the reactor system in the middle of the structure of the 
craft. 


‘At the same time the passengers of the future, using the Magravs positioning systems, 
will travel in gravitational field forces within the boundary structure of the craft in 
similar conditions as on the Earth. The passengers of these crafis can travel without the 
need for the present compression systems, in use, in the state-of-the-art aircraft industry. 
There will be no G-force changes inside these crafts during their flight due to the 
sudden changes in directional motion or at high-speed capabilities of these crafis. Using 
Grapos, in spacecrafts, this allows normal life and motion within the craft without the 
effect of weightlessness as is experienced by the space travels of today. 


‘These crafts through their natural plasmatic magnetic fields interaction will always be 
rotating, as all celestial objects in possession of Magrays positioning field force do. This 
rotational effect can be facilitated through the design of the craft that the rotational 
motion can be transferred and be connected to the outer physical boundaries of these 
crafis, without affecting the working of the intemal structure or passengers of these 
types of crafts. 
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This method of travel using plasmatic Magravs protection for motion for the future 
space systems is to be called the Magnetically Originated Joint Habitation And 
Nutrition (MOJHAN) system. The passengers of this Man Originated Zone Habitation 
‘And Nutrition to be known as “MOZHAN”. 


These new names unify the human race by the use of the name of the technology and 
the method of its travel, through the Men’s collective effort to reach this point of 
scientific achievement over thousands of years, through their progressive evolution in 
science and technology. This takes away the national dependent names, like Cosmo- or 
Astro- and the rest from the unique and individual nations, for the collective effort and 
contribution by all of the inhabitants of the planet in different measures over the times 
to reach this point in Mans scientific evolution. 


The use of Grapos will make national boundaries irrelevant except for tax and local 
laws. The Grapos will not need airports to land near too. These systems know no 
national or planetary boundaries and they have no need for fuel as such. 


Thus, in the near future the nations will have to devise new ways of dealing with the 
Mozhans as they can land anywhere, without a need for a specific plot or landing strip. 
In reality however, these crafis will never even need to touch the ground. 


Nevertheless, these systems can reach ground level, when their total reactor Magra 
sizes are reduced to a safe planetary level, within a specific spherical zones cavit 
allocated just out-side the boundary of the reactor systems but within the craft 
environment. 


Pmtics reactors for production of energy 


The creation of energy in the universe and utilisation of Grapos technology for 
production of energy in essence are based on the same principles 


In the universal order of production of energy like in stars, in these units, the principle 
of the production of current and energy is not on the base of electrons and their 
vibration movement. In fact, current and voltages on massive scales in these celestial 
objects are produce through their only ingredients, which are the plasmas and their 
creation of the pmtics of Magravs of their Matters within their inner natural cores. 


In current state-of-the-art power production units like power stations generators, the 
rotational motion of magnets, and the magnetic fields forces within the confines of the 
copper windings, is used to create a continuous vibration of the electrons in the solid 
matters of the copper wire, to generate a flow of current. 


We consider the flow of pmtics in materials like that of the wind flow of pmties or what 
is commonly called the current flowing through matters like in copper wires. Where the 
plasmatic magnetic fields flow in matters like copper, the strength of the magnetic wind 
decides the rate of the vibration of the electrons of the atoms of the copper. 
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In understanding the new concept of the internal structure of an atom there are two 
fundamental points to consider. 


First, the electron is the smaller and the weaker of the two components of an atom, 
Secondly, the proton by order of mass is much heavier and is made itself of greater 
amounts of the same plasmatic magnetic fields as the electron 


Thus in utilising the power of the plasma of the proton rather than the plasma of the 
electron, it becomes easier to produce the same levels of power with the use of a 
fraction of the material compared with the present power units. 


This is to say; the new dilution plasma technology will bring into to play the use of 
magnetic characteristic of Matters of the plasma of the proton rather than the 
vibration of the electron. 


To be able to separate the Matters of plasma of proton within the plasma dilution 
reactors, one needs to release enough dynamic plasmatic magnetic fields, in motion 
(energy), in the field strength level of the plasma of proton. These plasmatic magnetic 
fields can move the plasma of the matters of atoms with profound effects, rather than 
the electron of an atom. 


This new capability and control of magnetic fields strength that can be released by the 
plasmatic reactors, brings into play totally new methods for energy production for any 
purpose. 


The important point to note is that the production of energy through this method dos 
not mean a change in the common use of electrical equipments. The beauty of thi 
method is that the generators of the future will not be limited in their power production 
capabilities because of the material and size of the system. This means that even pmtics 
of plastics, nanolayers or any sort of matters can be used for current production and 
flow of current. 


This changes the present power production capability, and gives the po: 
generator’s construction or any power levels at the point-of-demand, th 
amps or megawatts of power, through the operation of the same reactor, 
and separately. 


ibility of any 
s being nano- 
imultaneously 


The other advantage is that the plasmatic magnetic fields strength of these reactors can 
be changed through the operation of the system. This capability of the plasma reactors 
gives a new insight into the power production capability of these new generators using 
the present equipments and tool. 


New type of Generators 


Through the control and power of the plasmatic magnetic fields strength DYnamic 
Plasmatic Magnetic Flux Strength, abbreviated to: “DYPMES” that can be released by 
these new plasmatic dilution reactors, future electric power generators only need to 
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change their Dypmfs, or the dimensions of the VOlume of the MAgnetospheric Field 
Strength, abbreviated to “VOMAFS?” of the reactor, to envelop the generators’ winding 
using the coil winding method for power production, 


Where, the Vomafs of the reactor can cover more of the same copper winding, to 
produce larger amounts of currents or the strength of Dypmfs of the reactor can be 
increased or decreased to change the levels of the current out-put of the same winding. 


With these new types of plasma magnetic fields system there is no need for 
transformers, since the exact power input to the motor or engine can be produced by the 
plasmatic magnetic fields release at the point-of-demand, 


For example: considering the present Power Station generating units (Fig. 58), it can be 
seen that, what has been used as fuel (coal, oil, gas, nuclear) to boil water, to generate 
steam, to turn the turbine and for the turbine to cause the rotation of the rotor, which is 
mounted with fixed flux strength magnets, for the motion of these magnetic fields 
cutting with the matter of the copper coil windings, to generate power, for this power to 
feed into a power grid, 


GENERATOR 


TRADITIONAL ELECTRICITY PRODUCTION 


Fig. 58: Schema of actual electricity production 


With the present power station generating units one losses a vast amount of energy 
through each step of conversion from solid or liquid or gas to steam to rotation, by all 
sorts of channels like different types of frictions, heat lost, losses through the grid, 
These systems usually need hundreds of kilometres of transmission lines to transfer the 
generated powers to the point-of-demand usually into cities. At the same time these 
types of generating systems using matter components of plasma, these always produce 
wastes like CO: or nuclear wastes. 
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Accepted disposable cyclic voltammetry (CV) tag is printed on aplastic film by integrating wireless power 
6 Jenwary 2015 transmitter, polarized triangle wave generator, electrochemical ell and signage through a scalable gravure 


Published _PFinting method. By proximity of 13.56 MHz RF reader, the printed CV tag generates 320 mlz of 
29 January 2075‘ Wiagular sweep wave from +500 mV to ~S00 mV which enable to scan a printed electrochemical cell in 


the CV tag, By simply dropping any specimen solution on the electrochemical cll in the CV tag, the presence 
‘of solutes in the solution can be detected and shown on the signage of the CV tag in five sec. 10 mM of 
N,N,N’.N'-tetramethyl-p-phenylenediamine (TMPD) was used as a standard solute to prove the working 


Comespondence and concept of fully printed disposable wireless CV tag. Within five seconds, we can wirelessly diagnose the 


requests fr materials 
should be addressed to 
GC. [gcha®@sunchon, 


presence of TMPD in the solution using the CV tag in the proximity of the 13.56 MH RF reader. This fully 
printed and wirelessly operated flexible CV tag is the first ofits kind and marks the path for the utilization of 
inexpensive and disposable wireless electrochemical sensor systems for intial diagnose hazardous chemicals 
and biological molecules to improve public hygiene and health, 


ack} 


between the electrodes and the solutions of all kind of solutes such as metals!, organic molecules’, 

proteins’, bacteria, viruses’, and DNA*. Because of the high sensitivity of the electron transfer redox 
reactions, CV could become a very promising ubiquitous electrochemical sensor protocol ifthe cost and size of 
the CV system were significantly reduced to commercially viable single-use disposable unis for checking traces of 
hazardous materials such as lead’, mercury’, arsenic, e-coli, and pesticides" in water or to diagnose the level of 
glucose", cholesterol! and specific enzymes’ in blood. This single-use disposable CV would dramatically reduce 
the cost of maintaining the public health system, Therefore, inexpensive and disposable CV measurement 
system that can be operated Wirelessly using a smartphone or RF (radio frequency) reader without complicate 
‘operation processes is in high demand for the realization of an ubiquitous sensor network system (Figure 1a) 
‘They would mainly be used as ubiquitous diagnostic and testing tools for detecting and monitoring the level of 
target specimens. However, there is no technology that is advanced enough yet to build a wireless, inexpensive and 
disposable CV system. In this paper, asa form of RF-tag, an extremely inexpensive, disposable and fully printed 
CV gystem is demonstrated for the frst time by mimicking and combining basic CV concepts and wireless power 
transmission technologies of RF devices. To realize the fully printed CV tag, a key issue of wirelessly generating 
triangular waveform (500 mV) that can scan the electrochemical cell ata low frequency (<1 Ha) to set up a 
redox reaction needs to be addressed through a minimum number of printed thin film ansistors (TETS). Fully 
printed 13.56 MHz rectenna and a ring oseillator with large trap charges in the channels of printed TFTs were 
respectively utilized to wirelessly generate triangular waveform by using only 10 printed TFT 


C yelic voltammetry (CV) has been used asa powerful too! forthe study of electrochemical redox reactions 


Results 
Based on two key units of the wireless power transmitter (Figure Ib-D) and the triangular wave generator 
(Figure 1b-2), the circuit layout ofthe fully printed wireless CV tag was designed by using a minimum number 
of printed thin film transistors (TFTs) to alleviate the issue of Vi, shift and shown in Figure 1b asa platforms of 
disposable CV system, The circuit of CV tag was fabricated using all scalable printing methods, a roll-to-roll 
gravure arol-to-plate gravure, a drop casting, and a screen printer (Figure SI in Supplementary Information), 
To provide a polarized DC voltage from the coupled 13.56 MHz AC signal of the reader, we modified our 
previously reported ROR gravure printed rectenna'*", as shown in the layout in Figure 2a and the resulting 
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In understanding the principle of the rotation of the Earth, through the interaction of two 
magnetic fields (Fig. 3) and the capability of the planet to create simultaneously the 
external dynamic Magnetic field (Fig. 1, similarly Fig. 61), with the new knowledge of 
the use of the plasma dilution Magrays positioning reactors with the ability to produce a 
controllable, continuous, dynamic rotational flexible Magnetic field strength, 
within the cores of such reactors, it is now easy to construct and produced new strong 
and powerful generators that do not need to burn any fuel (Fig. 59), to create rotating 
Magnetic fields, but, just by using Grapos nuclear reactor one can achieve the same and 
even more power than the present matter-based frictional systems. Even it becomes 
possible to produce varying frequencies of current output of the system from the same 
generator. 


Grapos generators can produce power from kilowatts to megawatts in seconds, by just 
increasing the strength of the Magravs for the Dypmfs of the reactor or by increasing 
the Vomafs coverage of the Magravs. We have called this new generation of power 
generators the Keshe reactor generators (Fig. 60). 


BECOMES A 
SELF-ROTATIONING 
MAGNET 


NEW TYPE OF ELECTRICITY PRODUCTION 


Fig, 59: New approach to generate electricity 


The use of plasma dilution Magravs positioning reactor brings to an end the need for 
burning of fuel (Fig. 59), to create rotational motion of the rotors’ for production of 
electricity as it happens in the present generator 


Our new approach puts an end to the production of greenhouse gasses (like CO2) 
through the burning of fuels (coal, oil, gas) and finally an end to the habitual burning of 
matters to generate motion and energy. This also bringing to an end the current 
production of dangerous nuclear waste by running the present nuclear power stations. 


By purely using the effects of interaction of the Magravs of the Matters, within the 
cores of these reactors, motion and Magnetic fields, for production of any amount of 


electric power can be achieved in one all-integrated nuclear-based unit without creating 
any waste of any sorts. 


In a way this is how all plasmas, atoms, planetary systems, stars and galaxies create 
their own motion and Magnetic fields (Fig. 60 and Fig. 61). Why not for the man to take 
advantage of this new knowledge of clean source of supply of Matters for new energy 
production technology through the real universal method of workings of magnetic fields 
of Matters? 


IFI:magnetic fields 
‘created by solid magnets 


\ 'MF2: magnetic fields 
\ created By the materials 
KESHE GENERATOR 


the dynamic cores 
Fig. 60: The Keshe generator, which rotates for years in a coil structure. 


EARTH GENERATOR 


Fig. 61: The virtual Earth generator, which rotates and generates Magnetic fields (MF and 
MF2) for millions years, and could generate electricity if there was a copper coil around it. 


Similarly, using the plasmatic magnetic fields reactors can eliminate the need for 
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generators and transmission lines, due to the fact that the pmtics needed for production 
of a given current and voltage level can be created at the point-of-contact of the system. 
Even the structure of the matters electrons or plasmas can be used to create current for 
their use in the same equipment. This means that one can produce current from the 
atoms and plasmas of a silicon or plastic cover of a microchip, to meet the components 
energy needs. 


One possible use for a small reactor is to produce the right plasmatic vibration of 
electrons or the plasma of matter, within any given environment to generate light and 
power. 


Prototype reactors have already been made and can be further refined that only need to 
generate plasmatic magnetic fields within their cores, that the interaction of the pmtics 
generated by these reactors with its surrounding matters, creates a magnetosphere at the 
point of the interface of the two pmtics of the system and atmosphere, that leads to the 
release of pmtics in the range of visible light of any colour and ray. This will be how 
future light producing units will be manufactured. 


Similarly, in a given environment, in such as a craft, the operation of reactors can 
produce Magravs, that the interior of such crafis would always be lit due to the principle 
of the interaction of the surrounding Vomaf’ of the reactor and the dynamic plasmatic 
magnetic fields of the particle content of the air within the confines of these crafts 


The strength of these Dypmifs generated by the reactors can be set to produce any colour 
rays of any magnetic wavelength, be this red or orange light, and X-rays or gamma rays. 
We have seen this effect in laboratory tests and have measured the radiation fields. 


The power generating units of the future, using the plasmatic magnetic dilution 
technology, will be a departure from the present power and light production technology. 


Grapos, due to their ability can create rays at any frequency, can be used for example 
for disinfection of any give environment and materials, by the production of Ultra 
Violet lights for matter and Extreme Ultra Violet for Matter in space. 


The same principle, for generating matching plasmatic magnetic fields for the 
production of proteins in these reactors have been tested and proven to be correct. These 
tests were carried out in 2008 and the production of proteins by the use of nitrogen from 
air through this technology was proven to be simple and achievable. 


In separate tests 
plasmatic magnetic fields to the right pmtics 
pmtics of the cell to gain nourishment or recover to their original level of pl 
magnetic fields’ strength. 


conditions, the hydrogen atoms of water were used to transfer the right 
strength of plants and human cells for the 
matic 


This technology has been used in trial cases for helping volunteers with different 
vitamin deficiencies, or cell plasmatic deficiencies, to recover from the disorders 
produced by the deficiency, and people to live a normal life after years of suffering. 


Alternatively, this technology can be used for production of new materials for coating 
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or new processes of coating, 


At the same time, through simple magnetic plasmatic reactors, the lattice structure of 
matter can be changed so that the nano-components of the matter can be realigned to 
change their lattice formation to another. The change of characteristics and properties of 
one element to another has been tested and confirmed to be correct by independent 
organisations. In these tests, the nano-matter of an element was captured and then its 
lattice formation, through the right plasmatic magnetic fields conditions, was changed 
to attain new properties from the same matter. This was carried out through several 
tests, at room temperature and pressure, where atomic carbon was initially released 
from a C-H bound matter. The carbon was then allowed to deposit itself on a layer of 
copper. This deposition was dependant on the presentation of the right plasmatic 
magnetic fields at different points on the same copper Matter. This copper surface was 
then tested and proven to have sections of nanolayer coating in the form of sp2, and on 
the same layers and same condition the lattice structure changes the same material to a 
diamond lattice structure, or what is known as sp3. Where, sp2 is a two-dimensional 
nanolayer, and sp3 is a three-dimensional diamond-lattice nanostructure. 


The plasmatic magnetic fields’ of reactors can be tuned to similar frequencies’ as the 
plants pmtics, to generate certain vitamins and minerals. These single or multi- 
plasmatic magnetic fields producing reactor sources can and will replace the fertiliser 
industries of today’s technologies in space for food production, once scientists grasp the 
method of their use. 


In tests, seeds of herbs were grown by being feed using water treated in these reactors, 
the parallel seeds, which were grown normally with rainwater, died in early October. 
The herbs that were watered from reactor system were still green till March of the 
following year, because the molecules of the water were structured through the reactor 
system to act as fertilisers. Similar tests are in progress. 


In this section, it has been shown and explained some of what has been tested and 
achieved through this new understanding. Scientists and users of this new technology 
will find their own ways to expand and will add their own new knowledge to our 
disclosures. 


Seed of thought 


Where, in the present time the majority of the nations in the third world due to the lack 
of funds to purchase fuel even in having power stations, or being able to afford to build 
generators at the cost of tens of million of dollars, they cannot afforded to run these 
generators to provide power for their nationals. Secondly, there is not enough 
production capacity to build new power stations and power grids. Therefore local 
alternatives can be in the range of windmills and solar cells, but these will not solve the 
incredible lack of electricity in next decades 


Now, through the use of Keshe generators reactors, which can cost as little as a new 
car, these governments can provide electricity and clean water for their nationals. 
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Where, these governments do not need to pay for fuel as these reactors run on hydrogen 
extracted from their environment. These reactors can be placed at the point-of-demand 
in a village or in the cities without the need for transmission lines or for any expertise to 
operate these reactors, Where through the production of electricity, purification systems 
which are part of these reactors integral operations will allow fresh clean water supply 
to every child, woman and man on this planet. This new energy source and clean source 
of water, given opportunities to third world nations to rise above and from poverty and 
reliance upon foreign aids and charities organisations. Where these nations can produce 
food and warmth for their nation as the rest of developing world without the 
backbreaking debt to other nations. 


According to a United Nations report (Energy Challenge for Achieving the Millennium 
Development Goals 2006), "Currently, at least 1.6 billion people do not have access to 
electricity for lighting, refrigeration, mechanical power, telecommunications and 
other beneficial uses. ... Moreover under today’s policies and investment trends 
in energy infrastructure, 1.5 billion people will still lack access to electricity in 2030", 
(42) 


Of course this is not acceptable. It is clear that humanity is not capable to deliver 


fundamental care to all of its members, even not within next twenty years! 


Man is not complete and healthy if parts of it human structure suffers from paint of self- 
inflicting disability, this is the same for the human race as whole. This race is not 
complete until all its members have and can exists and have the privilege to live the 
same standard of the development as the rest, 


“The future is bright, the future is plasmatic magnetic fields based, through the 
production and control of plasmatic dilution technology reactors to bring peace and 
comfort to the human race.” 
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CHAPTER 26 


Matters Experimental results and observations 


Tests for the proof of all the concepts have been carried out over some years. The direct 
results and observations made in some of these tests have already been mentioned in 
some other parts of this book and now will be brought under one chapter collectively 
and will be discussed in general 


The reason for writing this book is to disclose the theoretical new first principles of our 
technology; because most of our test results are so groundbreaking that they cannot be 
explained by actual knowledge. Actual science is partly based on a number of 
mainstream accepted assumptions about fundamental interactions and particles and 
matters, where these assumptions have become almost “laws”, and do not consider the 
true occurrences of real events in the universal order of creation of particles, plasma: 
matters, energy, gravity and motion as they take place in the universe. 


Where, the major processes in the universe are based on fusion and fission of Matters 
smas, and the transformations and conversions of matters from one form to 
is book we explain how such conversions and transformations can be 
reached in plasma reactors, and by this insight we were able to attain such amazing 
results, Where some people don’t feel comfortable with them, or a priori reject them 
because these new findings and their applications counter their school of thought and 
their financial gains. 


For example, one of the major obstacles in the world of nuclear fusion has been to 
‘overcome the Coulomb barrier for fusing two plasmas, and this problem has not been 
solved for the past sixty years by all scientists in this industry, even though billions of 
US Dollars and more has been spent by different nations in laboratories and fusion 
reactors testing to overcome the weakest of the weakest of magnetic fields interactions 
in the world of creation, which this is a magnetic barrier, also known as the Coulomb 
barrier, where this barrier is exactly the Magrays of the plasma, and as now we know 
how it is created, we have found the solution not to fight and force to cross thi 
magnetic magnetosphere barrier, but the solution is how to create an environment 
matching the magnetic fields strength of this magnetosphere of the plasma for it to 
‘open-up and unveil its real constituent Matters. As the environment of the whole reactor 
becomes in magnetic fields strength equal to the magnetic fields strength environment 
of the plasma, Therefore, through this method, there are no barriers to overcome, and 
fusion of matters of plasmas or the use of the Magravs of the Matters of the plasma 
becomes a child’s play. 


mas 


For the first time in the world of energy and motion, we offer through dilution reactor 
technology, at low costs, to open the plasma and dictate the strength and the resistance 
of this Coulomb barrier to realize the dream of fusion. 


Similarly, to achieve lift and motion where, the present space agencies are only able to 
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deliver a limited payload into space, and the burden and the costs of such launches of 
crafis and personnel, cannot be met by one nation easily. Where, Magravs Grapos 
reactors can lift much larger payloads at low costs, without limitation on passengers and 
no weightlessness conditions in space. 


Radiation 


During tests in 2008, radiation detectors in the surrounding environment of a test reactor 
detected high levels of magnetic fields radiation. These high-energy magnetic fields 
have been measured more than 1.5 meters away from the plasma reactors. Where, there 
were no neutron sources in the laboratory or in the building. Through known physi 
or theories, these radiations should have not been in the environment. 


These strong radiation fields were tested and looked for and were not present in the 
laboratory at any other times with other different testing configurations with the same 
reactors, using the same radiation measuring detectors. 


Such high levels of magnetic fields radiations could have only been due to the release of 
the magnetic fields that had been entrapped in the Matters of the plasmas, which the 
system was set to produce. These releases of components of the plasma were achieved 
during the specific pre-set configurations of loadings of reactors. These strong magnet 
fields were released by the operation of multi-core plasmatic dilution environment 
reactors and at no other time they were detected in the laboratory. 


Most of the reactors, mainly built and tested for lift and weight reductions, are made of 
different simple parts, which some part have materials like plastic rings, and PVC, thus 
these systems do not and could not have been operating at high temperatures. 


In other tests in 2008, and in repeats of the same tests in January and February of 2009, 
the same results have been achieved, all of which have been recorded on video. 


han one gram of mixture of matters in the similar 
core dilution magnetic fields systems, fundamental plasma separations were 
created through the same method as before. These tests were done using five different 
reactors, each having a different set of internal configurations. 


In all test settings of the reactors, different loadings of materials and different dynamics 
for the reactors were used. 


Weight reduction, motion and lift 


In all cases, when the dilution of the plasma and the subsequent untangling of its 
Matters in the reactors were achieved, then the effects of the disassociations of Matters 
were observed through the effects they created internally in the reactor and externally 
through lift and motion, and jamming of radio-frequencies and so on, 
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In the early original reactor tests, full lift was achieved so fast that the effects of free 
motion were noticed a while after it was clearly apparent and were in progress, through 
the replay of the video recorded sessions of the sessions of tests. Through video replay 
of the recordings of tests, the motion of the system freely on the floor of the laboratory 
could clearly be seen prior to physical observation of the lift of the reactor system. 
These reactors have no protrusions, are not equipped with propellers, or portholes, 
which could cause the lift of the reactor by air repositioning means. 


In one configuration and loading of the system, control of the system was los 
reactor had to be caught by hand in mid-air, that it could be brought under control 
before it was damaged, 


In one configuration, two reactors with different external bodies and two different 
internal settings were used next to each other. These systems were kept about thirty 
centimetres apart from each other. These reactors were entirely different in design and 
had different settings and loadings. In the two-system loadings that were adjacent to 
each other, the systems’ interacting fields pushed one reactor away from the stronger 
Magnetic fields of the two systems. With the same systems and different configurations 
of loading one system was attracted by and was pulled by the stronger gravitational 
fields strength system, where physical force was used to keep the two systems away 
from colliding with each other. 


“These systems have no portholes, and no physical means of interaction with the 
outside environment and no aerodynamic systems to cause them to propel up or move 
side-ways through the air, and they have been no solid magnets or electro-magnets for 
repositioning or for motion, for them to move the total collective weight of 15 kg of the 
two systems. There are no external systems and tracts used to help causing the lift or 
motion of the system in the laboratory. Thus the motion is not due to propulsion or 
aerodynamic design and movement’. This is the conclusion of independent expert 
appointed as observer for the validation of the results of the tests. 


During other tests systems weighting several kilograms, their weight were reduced in a 
controlled manner at increments of one hundred grams and two hundred grams per 
setting of a reactor and these tests were all videoed and recorded. For reduction of 
weight in these increments, the systems needed less than one thousand" of a gram of a 
new material combination as Matmags, even in some tests no new material was 
introduced and by just adjusting some internal parameters of the reactors reductions 
were achieved. 


With the use of such a small amount of physical mass of matters used, creation of such 
lift and the reduction of system weight seven kilograms, has been s 
without any external energy or equipment. 


Through the understanding of the principles of the plasma dilution methods of 
disassembling the plasma components to utilise its sub-components, systems were 
designed to achieve these effects in simple ways. With the interaction of the 
disassociated Matters components of plasmas in different parts of the system, then the 
scene was set for creation of profound effects such as a reduction in weight with respect 
to the Magravs forces of the planet. 
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The interaction of the strong Antimatters’ of the plasmas components, which were 
released in the different cores of the plasma dilution reactors and the interaction of the 
fundamental magnetic fields of Antimatter upon each other, was observed during 
different tests. The interaction of pmtics of Antimatter leads to the creation of the strong 
Magravs in the vicinity of, and within, the reactor cores, 


Through the control of plasmas and by being able to separate the components of 
Antimatters and utilising their constituent magnetic fields in reactor cores, this led to the 
creation of Magravs forces that initially led to a reduction in the weight of the whole 
system, In following on with this process there was a detachment of the system from the 
ground as the system found a new Magravs positioning in respect to the Earth’s 
Magravs force strength. 


When looking at the effects and results achieved, there is no doubt about the powers of 
the interaction of the magnetic fields of Matters, which were diluted and their fields 
were allowed to interact in these reactors’ cores. These effects were attained by 
allowing a number of the pmtics of the Antimatters of the plasmas fo integrate in one 
core, and allowing these fields of Antimatters to interact with the same and similar 
fields integrated through the same principles in other parts of the reactor. Where, the 
interaction of the pmtics of the components’ of Antimatters in different parts of the 
system with each other, led to the generation of strong specific plasmatic Magravs. The 
reactor facilitates for these stronger Magnetic fields to interact and generate strong 
plasmatic Magravs in the reactor cores, with allowing these Magravs created in the 
reactor cores to interact with the Magravs forces of the planet, and due to the strength of 
the fields produced in the reactor, this causes’ reduction or increase in the weight of the 
system in respect to the planet’s Magravs. 


‘The new Magrays created within the system, pushing against the Magravs of the planet 
at the boundary of the systems fields, causes the variations in the weight according to 
the combination and configuration of the Grapos loading. The produced Magravs forces 
within the confines of the system are independent of the external planetary gravitational 
fields. In numerous tests, it was observed and recorded that the changes in the internal 
gravitational field forces of the system, did not necessarily change the weight of the 
system in respect to the Magravs of the planet. The interacting internal pmtics forces 
clearly showed to be generated independently by increase and decrease through internal 
electrical measuring components set in the system for the detection of these types of 
changes. 


It has become clear that it is the interaction of the Magravs of the planet and the 
that have brought about the reduction or increase in the weight and lift or descend of the 
system in respect to the planet. In some tests, these increases or decreases in the weight 


s of creation of varying Magravs in the system, 


In continuing with the same proce 
weight reduction was managed and followed to such an extent that the total balance of 
the interaction of Magravs of the system and the planet, in respect to each other, 
eventually zero reading on the measuring scale system. The point was reached where 
there was total physical detachment of the system from the table or floor first, and then 
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the upward motion of the system, away from the surface was achieved. 


Some call this the anti-gravity principle but in fact, this interaction and new balance in 
Magravs forces in between the system and planet, is due to both gravitational and 
Magnetic positioning of the reactor system in respect to the planet, as both objects are in 
possession of active dynamic plasmatic Magravs forces. 


In a specific reactor, set for weight reduction, internal gravitational field reduction and 
zero-gravitational field force were disturbed, where the human touch was applied 
using the change in the magnetic interface between the fields of the system and 
planet. This gave a tingling feeling on the tip of fingers after repeated tes 


In numerous tests over years, where the equilibrium state of internal Magravs strength 
between cores were achieved, the whole system, including internal physical dynamic 
parts, came to halt, sometimes for up to thirty minutes or more, Then, the dynamic 
motion of the by itself and the system restarted. This re-setting has been 
due to losses and reduction of one Magnetic and/or gravitational field strength in 
respect to another within the cores of the reactor. 


‘A number of times, external power sources were used to try to restart the system. In 
some cases measured energy of up to three, four and eight times the normal operational 
energy was continuously applied to the internal systems to try to push-start the system, 
but to no avail 


This shows that the power generated by a countable number of Matters of molecules 
was so powerful that additional systems built in the reactor cores could not overcome 
the kinds of powers produced by so few Matters magnetic fields interactions. 


These tests have shown the creation of independent Magravs in separate cores of the 
reactor. They show the creation of independent plasmatic Magravs within the system 
boundary, and then the combination of the same Magravs prevailing around the outside 
or beyond physical boundary of the reactor as magnetospheric or cosmic radiations 
were produced, which these types of fields are prevalent as have been observed in space 
around stars and planets, 


Indications are that these radiations created in these system, due to their character 
do not shown any side effects in the human tissue of the operator up to this moment, 
years after having been involved with these fields tests, 


These fields around the cores are considered to be due to the interaction of plasmatic 
magnetic fields’ of Matters of plasma and environments’ Matter or matter, and are 
independently created in different parts of the cores of the system. 


This technology opens up new opportunities for the industrial development and 
manufacturing of systems that have different gravitational conditions inside the system 
for living, and have different gravitational conditions compared to the outside and 
around the physical boundary of the craft. This allows for having a one-G gravitational 
field force for the normal habitation of Man inside spacecrafis, or in a dome outside and 
around the crafts for habitation. While the conditions outside the craft can be zero G to 
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Figure 1| (a) Informative illustration of typical CV system and disposable printed CV ta. (b) Schematic circuit diagram ofthe gravure printed wireless 
clic voltammetry (CV) tag. The circuit was designed to couple AC power from a 13.56 MHz reader and then convert the coupled AC to polarized 
DC +10 V (Din Figure 1b) Polarized DC will operate the printed ring oscillator to generate a triangular voltage waveform (@ in Figure 1b). The 
generated waveform wil pas through the ber to meet the impedance diference from the electrochemical cll (Gin Figure Ib). The electrochemical cell 
will run the redox reaction with a single drop of specimen solution (4) in Figure 1b) by the voltage triangular waveform. The output current ofthe 
‘lectrochemical edox reaction will be amplified viaan amplifier circuit (5 in Figure) and the signal will passthrough the bufle to meet the impedance 
diference from the printed signage (in Figure b). The signage will indicate the concentration level of specimen in the solution (Zn Figure). It will 
indicate whether the concentration is above or below a pre-determined value. 


printed diodes and capacitors are shown in Figure 2b. The printed used to construct a five stage ring oscillator with p-type inverters. 
diodes showed a rectifying ratio of 10°, and capacitances of two The enTFTs can operate under less than 20 V and their mobility 
printed capacitors were all about 8 nF/em*. The polarized DC voltages range (0.01 to 10 em*/Vs) can be controlled through the loading 
(Figure 2c) were measured by placing the printed rectenna on the RF concentration of SWNT in the ink’** To print the five stage ring 
(13.56 MHz) reader witha distance of 2 em. We adapted a center tap oscillator, we used the same silver and BaTiO; inks as in the printing 
transformer, consisted by divided antenna, 2 diodes and 2 capacitors, ofthe rectenna for reducing a number of printing steps while SWNT 
1 provide the + and — DC voltage for printed triangle wave gen- ink was used for printing the channel ofthe enTFTs, To manufacture 
erator. Using a load of 1 MQ, voltages of +94 V and ~108 VDC the ring oscillator, roll-to-plate (R2P) gravure was used to print 10 
were attained for the optimized printed antenna by monitoring the _cnTFTs with a gate width of 300 pm and channel length of 160 jam 
rectified polarized DC voltages and varying the values ofthe induct- for both the drive and load crfTFTs (Figure $3 in Supplementary 
ance of the antenna (Figure S2 in Supplementary Information). The Information). The optimized cell depth of gravure plate was 37— 
polarized DC voltage was also decreased with decreasing load’s resist- 40 jum with the cell wall thickness of 30-85 jum for the printing 
ance (Figure 24) active layers of drive and load TFT using low viscosity of SWNT 

To generate a cyclic waveform with a low frequency (<1 Hz) based ink (~30 ep) (Figure S4 in Supplementary Information). By 
from the rectified polarized DC voltage, flly gravure printed p-type repeating the printing of active layers on load TFTs, a higher SWNT 
SWNT-based channel network thin film transistors (enTFTs) were network density can be achieved to generate higher current in the 
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tens of G’s. The passengers of crafts using Grapos can walk around the craft, or in and 
around the dome created by the extension of Magravs of the systems, on any planet 
surface, as if they were in Earth’s gravitational field force environment. 


No high temperature core environments or sudden surges of heat were recorded in any 
tests, The reactors were in some cases opened immediately after operation for new 
settings, in a normal lab environment. There was no physical damage ever noticed to the 
internal parts of the system. This includes melting and twisting or destruction of any 
parts due to the presence of Matters. 


Even though we lost a full system by pure enthusiasm to catch, lift upwards, which the 
jumping on the systems afier several times cracked the structure and the systems was 
lost. We have kept the reactor casing for further analyses of matter lattice changes, and 
another reactor was damaged when a Black hole condition was replicated, 


On only one 0 
of the external 
surge during the tes 


mn, where a specific setting was 
les of the reactor core wall. This 
The effect of the bla 


sed, a black spot was noted on one 
upposedly was due to an energy 
burn was not removed for further analysis. 


Production of matters 


In different tests, a new orange and gold coloured material was noticed on two 
occasions in a reactor, and samples were collected for further testing to show the 
material production capability of the 


This method of the production of Matter can be used by manipulating and changing the 
plasma’s and rearranging them for the production of oxygen, hydrogen and water from 
collections of initial fundamental particles found in space, for human deep-space travel 
and colonisation. Where, the components of plasma absorbed from the cosmos are 
loosened by producing the right pmtics strength in the reactor for production of the first 
two atoms of hydrogen. Using further plasmas from space, in the matching gravitational 
fields as of the atoms of oxygen in the same reactor, this element can be produced. Then 
through the same reactor’s operation, this allows the combination of the two elements, 
of hydrogen and oxygen, which was produced from the space plasma, this allowing the 
production of drinking water. 


In the future tests, one can attempt to combine the gravitational effects of the systems 
for production of energy, material production and other capabilities of the technology 
all simultaneously in one reactor. We have achieved this much but there is a lot more to 
learn 


These reactors are truly an integrated system, which can produce and attain several 
effects and properties, like production of Magravs, creation of matters and so on 
simultaneously. 
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Dark Matter technology 


The system using the Dark Matter in travelling through the Magravs of the planet 
creates no magnetospheric conditions, friction, or pmtics force resistance, between its 
pmtics Magravs and the planet pmtics Magravs. Thus, zones around a craft can be 
created that there is no magnetospheric field between the craft’s magnetic interface and 
the planetary system’s. Hence, a craft using the Dark Matter cascading can travel 
within a stronger pmtics, like that of the Earth, without detection since the 
create no interface magnetosphere, as there would be no visible light to be seen with 
this method of motion, 


Through this method of using the Dark Matter for transportation, high-speed motions 
can be attained for spacecraft in planetary systems, solar systems and galaxies. 


Using the Dark Matter principle for transportation, the environment between the 
systems and the planet is saturated with the dynamic plasmatic magnetic fields of the 
system and the planet. This zone appears to possess energies but they cannot be linked 
to any source. Even though the source of the dynamic pmtics, in motion around the 
system or so-called energies of the pmtics, is set in the centre of a strong plasmati 
Magravs systems inside the crafts and centre of the planet. Such Dark energy fields give 
the appearance and confirm the existence of dynamic energies, which have no explicit 
source of origin, Where, the source of energy or the dynamic pmtics is the hidden 
gravitational source in the centre of the Matters reactors and the planet. 


This new technology is a radical breakaway from the hold that phys 
on the destiny of Man on the Earth. 


| matter have had 


With this new understanding of the methods of how Matters are created in the universe, 
it is possible for Man to use the real Matter sources for energies and powers available to 
him in the universe for his future scientific evolution, 
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CHAPTER 27 


Discussions and Conclusions 


With this new understanding, the elementary particles have become to be the ‘magnetic 
fields’ and their interaction leading to the creation of Magravs, this leading to the 
creation of Matters, as the state of each Matter depending upon the strength of the 
magnetic fields which have led to its creation in respect to their environment fields 
strength, which the Matter appears as the Matter, the Dark Matter or the Antimatter, 
where the collective interaction of the Matters Magravs, leads to the creation of the 
Initial fundamental Plasma (the Neutron), where the environmental magnetic fields 
forces conditions, around the Plasma, dictates the physical appearance states of the 
Matter part of the plasma as matter, this being solid, liquid or gas. 


It is obvious that the universe will never stop creating new Matters and matters and their 
effects, and their interactions, as the universe is a soup of dynamic and ever-changing 
conditions, created by the Magravs positioning of plasmas, dynamic Matters, matters 
and their components and effects. 


Man can learn how to create the same conditions as the universal order, and to rearrange 
these fundamental particles for his use, in a much simpler way than he has chosen up to 
this point in his path of technological and scientific evolution by the use of matter(s). 


In the present state-of-art technologies for the production of energy, scientists have 
chosen the path of force and destruction of atoms and molecules to overcome barriers. 
In the universal order of creation, one works within the magnetic fields forces to 
achieve the same and even better results. 


This ethos of burning and destruction has been the fundamental focal point for Man’s 
survival in his environment, due to what he has been conditioned to in his evolutional 
path on Earth. He has seen the power of fire, from fires in forests, and he has used th 
knowledge to keep himself warm and so he has learned to do the same using the same 
methods and materials. By perfecting this art, through the burning of wood and oil and 
so on, he has managed to create energies for cooking and warmth and running 
industries. 


Then he saw the birds and understood the concept of motion in air and so he used the 
concept of fire to create propulsion and jet engines, still burning one form of fuel or 
another to achieve flight, still based on the principle of matters repositioning and 
conversion. 


He has seen death through disease, so he has produced other elements to destroy the 
germs that can cause and bring an end to his uncertain and fragile physical life. 


If man would leam to work within the structure of the universal order of creation of 


183 


Matters and the method and principle of their use, he will learn that he does not need to 
burn or destroy anything to keep himself warm or feed himself, or even to overcome 
diseases, 


He can very simply change the characteristics of the plasmatic magnetic fields of the 
elements that caused the misbalance in the first place, leading to his ailment, without 
swallowing a single tablet in his lifetime. 


We have developed and tested such simple systems in the past years and have seen their 
amazing results. 


For example people suffering from Fibromyalgia for thirty years or more, within 3 
months of drinking water through these systems, have started living a normal life 
without any signs of their disease. Follow-up over 18 months has shown a total 
eradication of the ailment. 


We have tested this technology on other forms of illnesses and viruses and the results 
are amazing. However, this is what is to be expected with the use of the true knowledge 
of the creation as has been disclosed in this and future books. 


With this new disclosure, man in the future will learn to live and operate in the real 
universal order of creation of Matters and their existence in the universe for his life. He 
will never destroy any Matter or matter, but he will learn to work within their structure, 
He will learn to achieve more, with less use of the resources in his environment. This is 
an improvement on the past, whereby at the present by the use of destructive methods, 
he has brought himself to the point that the abuse of the matters is now endangering hi 
future on his own home planet. 


Man has to learn to work with the real elementary particles and elements and their 
functions in the universe, such as magnetic fields and their interactions, for him to be 
able to produce what he needs irrespective of where in space he might be or would want 
tobe. 


Maybe this knowledge and the proof of its pleasures will change the ingrained ethos of 
destruction for the survival for man, One could even hope for a change in his animal 
instinct of killing other people and other creatures of god to survive. 


Additionally he can change his habits and the instinct to want more since through the 
understanding of this technology he can have whatever he desires from his materialistic 
world. 


In this disclosure, some theoretical nature of the universe has been spoken about, but the 
real physical aspects can be created to achieve the same conditions as in the universe as 
we have shown through our t. 


Man will be able to carry on with his life, but at the same time will be able to live in a 
balanced environment, 
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The reactors we have developed, which in real terms are miniature universes, that can 
provide man with all his needs, such as water, food and medicine for him to survive and 
enjoy the beauties of creation. 


The conditions in these reactors are soft and gentle environments and the methods of 
their use for control and creation of mans’ needs are based on working within the 
universal structure, and not destroying to achieve, as has been the principle of the past 
for the Man, 


For example, when the principles of the creation of Magrays are applied to the lower 
orders of creation, like the interlocking of atoms to make molecules, there are 
explanations as to why certain types of Matters are attracted to the reactor, and why 
certain molecules are, or can be, produced in certain ways and combinations, in certain 
parts of the universe. 


The same applies in the even lower orders of creation, that one can explain and produce 
certain magnetic fields and their interactions that can lead to the creation of present 
fundamental elements in the centre of the proton, plasma, an atom and finally the man 
himself. 


The world of science has to understand the conditions by which the interactions of 
initial magnetic fields can lead to the creation of an initial state, for the creation of the 
Matter, matter, plasma and finally atom, 


Then there is a need to understand and demonstrate as is done in this 


Matters and matters are created in vast spans of the galaxies. 


book the way 


Scientists have studied over centuries the structure of matters and the atom, and their 
interactions, in their material and tangible states of matter. However, the structure and 
method by which the atom is created, maintains and guaranties it’s existence has not 
been fundamentally fully understood, due to the lack of overall overview of workings of 
the universal order of Matters. Even the construction of protons with its sub- 
‘components (quarks, gluons), up to today, is based on assumptions and indications by 
the use of particle accelerators and plasma reactors, by only looking at matter 
components of the proton and some Antimatter parts. So the present scientific world 
looks for an answer in the construction of the proton on the matter-to-matter level 


By the present science, the existence of the Matter, the Antimatter and the Dark Matter 
are largely considered to be independent entities in different points in space, and have 
never been considered to be as one collective and all being integrated parts of one 
tem making up the plasma, up to this disclosure. 


Mass of the Matters and Mass of the plasma 


In the new knowledge we consider the three different quarks of a proton, as the three 
different Matters (Matter, Antimatter and Dark Matter) of the plasma. 
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Where each Matter is created through the interaction of at least two different magnetic 
fields or pmtics, where through the interaction of these two plasmatic magnetic fields of 
different strength, initial gravitational and Magnetic field for creation of different 
Matters of the fundamental plasma are set to start. 


So that the interaction of at least two pmtics of each Matter creat 
forces. What we call the interaction of the Magravs strength forc 
respect to each other of these three different Matters of the proton 


it’s own Magray: 
between and in 


Where, through the understanding of the method of creation of different Matters of the 
plasma, due to interaction of at least two magnetic fields and the creation of 
gravitational and Magnetic fields, this confirms that each Matter irrespective of its 
environment Magravs possesses an independent mass of its own. In the present science 
this is called the mass of the quark. In fact each Matter, Dark Matter, Antimatter and 
Matter, has its own individual mass in the plasma. As each Matter is created by the 
interaction of at least two different magnetic fields strength, the total mass of the 
plasma is the mass of the three Matters plus the total interaction of Magravs interaction 
of the overall plasmatic magnetic fields within the plasma. Consequently the total mass 
of the plasma is always considered to be larger than the total mass of its three Matters’ 
‘components. 


Due to the dynamism of the interaction of the two initial pmtics, leading to the 
progressive creation of the Magravs of each Matter, each Matter is always in a dynamic 
rotational state within the plasma, Where the speeds’ of the dynamic rotation of the 
different Matters in the plasma are not the same and they are independent from each 
other, since their speed of rotation is set by the strength of their initial magnetic fields 
interactions. Where in the present science the observation of this natural phenomenon of 
rotation is called the spin of each quark. One can compare this, in cosmological s 
as the independent speed of rotation of the Sun and Earth, in spite of that they are 
within the same solar system. Where the initial plasmatic magnetic fields strength, 
which leads to the creation of different Matter(s) in it’s interaction with it’s 
environment pmtics strength, leads to the creation of an individual magnetosphere of a 
specific field strength for each of the Matters. Where the intensity of each 
magnetosphere creates different light intensity in its environment. 


Now we understand that the interaction between the pmtics of the magnetosphere of 
each Matter of the initial fundamental plasma leads to the release of different pmti 
strength fragments in the range of visible light (Fig. 18). 


Due to the interaction of the plasma of each of the three Matters with each other and the 
release of light or energy, these interactions in parts reduces their strength and the 
pmtics content of each Matter, where due to these reductions in Matters quantity and 
strength of pmtics, different colours are attained by these interactions for each Matter 
during the cycle of the life of each Matter. 


It has become clear that all states of Matters are the same in their nature of their creation 
with only differences in their field strength. What does differentiate these Matters from 
one another is in principle the strength of their fields and their position(s) and 
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interaction(s) with other pmtics in their environment and in respect to each other. 


Thus, Matters are Antimatters and Dark Matters depending on the point-of-observation 
and the field strength of the environment of the appearance at a given point and 
position, but they are all made of the same entity at source, which is the magnetic field. 


The front-cover image of this book has been chosen specifically to emphasise for the 
scientific world to reconsider their assumptions. 


The Matter can change to, or appears as the Antimatter and the Dark Matter and vice- 
versa, if the right conditions and the right plasmatic magnetic fields forces are given or 
taken away from the pmtics of the Matter. 


In this disclosure, we have explained in a simple way that magnetic fields are the new 
initial fundamental particles, and the magnetic fields are the new elementary particles 
instead of what has been assumed at present as quarks. So, the magnetic fields and their 
interactions are the ereators of these quarks and so on, in the plasm: 


Then we have explained how the Matter, the Antimatter and the Dark Matter, and the 
relevant energies of the Matter, the Antimatter and the Dark Matter, are all decided, 
dictated and created at the inception of the creation of the first stages of the creation of 
the initial fundamental plasmas of these Matters. 


In this disclosure, we have discussed the results and shown how the three states of the 
Matter, the Antimatter and the Dark Matter are created, but through real tests 
conditions, we have confirmed the co-existence of these three Matters and their 
respective energies. 


For example, in tests there have been the very strong magnetic wavelengths of cosmic 
gamma-like radiations levels, which have been detected for meters around the system, 
where there has been no physical source of such radioactive materials ever being 
present. Whereas, it is a known fact that alpha and beta rays cannot travel that far in 
room condition environment. These levels of radiations could only be created through 
the interaction and the creation of strong magnetic fields in the reactors cores, which in 
their interaction with the pmtics of matters in the room environment have led to the 
release of these gamma-like radiations. This is exactly by the same principle as the 
Magravs generated in the centre of the stars in their interaction with the plasmas of 
matters on their surface, generate lights and high-level cosmic radiations. 


An atom is considered to be “a collection of different densities and strengths of 
magnetic fields interacting with each other, in different magnetic mixtures and levels, 
in, and under, the same physical rules of the existence as the rest of the Matters, matters 
and bodies in the universe”. The atom is nothing more than a collection of the lower 
order energy magnetic fields strength in motion in the universe, that always come 
together in the same specific pattern of dynamic pmtics and strength. 


The question is, that, is it the collections of magnetism, which created the MATTERS’ 
of the plasma, or did the existence of the MATTERS of plasma create the magnetism? 
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At this point, the existence and understanding of the Dark Matter becomes important, 
since the human eye and the physical machines of today can only observe what is in 
possession of visible and detectable energy fields 


The Dark Matter is created by interaction of magnetic fields which create and are in 
sion of intense fields of gravity and magnetism, and at the same time, and it is 
void of visible light in respect to their given environment magnetic fields strength. On 
the other hand, the existence of the Dark Matter is position dependent and pmti 
strength balance dependent, in respect to its environments pmtics” strength. 


Through the operation of hundreds of static and dynamic tests we have very strong 
indications that the universe is indeed made in the normal conditions and of packages of 
dynamic pmtics 


From our observations, we can say with a large degree of certainty, that the dynamism 
of the whole universe is constantly maintained through the principle of the interaction 
and attraction of different pmtics, according to their strength and positioning in respect 
to their neighbouring rays, fields and plasmas. Where magnetic fields of different 
strengths are locked to each other by the principle of their Plasmatic Magnetic Energy 
(PME) and polarity. These causing the first stage of the creation of the magnetic 
attraction or what is called the Magrays force for the creation of the first Matters and 
plasma and further on of the first atoms, molecules, matter, stars and galaxis 


Through the above disclosures, it is clear that these components of plasma themselves 
have no solid parts, but are merely @ collection of energy and fields, trapped or 
interlocked in different magnetic fields strength of the other parts, according to their 
strength where, they can appear as the smaller components of these parts or near to 
visible as the physical state of matter. 


These dynamic pmtics or energies on their own in the universe are not that influen 
but as they gather with other collections of dynamic pmtics or energies of the same 
levels, they appear as part of Matter, the energy constituents of an electron or the Matter 
parts of matters, that they show and exert their influence. 


When the pmti 
understandings of the origin and working of the universe will become much e: 
work with, 

Why, only a part of the pmtics levels is visible to Man is not a mystery, but the reality is 
that Man has the habit of only looking at things in physical terms. If Man looks for the 
real existence of the effects of the energy levels, he will open his eyes to a new horizon 
in the world of creation, 


's binding principles are fully understood, the world of creation and the 
to 


The question is if one can develop the pmtics as in the universe and manage to relea: 
part of these plasmatic magnetic fields from initial plasma as energy, then, one can 
manage to control the level of these pmtics and their interactions that are needed to 
create and replicate energy combinations that can lead to the creation of the Matter and 
then matters. This in time will be done and depending upon the openness of Man to 
accept the realities of his owns creation and his existence in the midst of others 
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In developing reactors, which have been openly disclosed, and in understanding their 
modes of operation, which are discussed, these reactors will not only be used as future 
sources of energy for Mans energy needs, further, these reactors will become the 
incubator for the creation of the energy levels, which can lead to the creation of the 
, which will lead to the creation of Matter and matters, like oxygen, food, water 


Through the use of the plasma dilution and gravitational reactors systems of the future, 
one can and will experience the Black Hole concept and the reversibility of the polarity 
of planets (12), as we have done in our lab tests and become aware of their pleasure and 
dangers, 


In these plasma dilution technology reactors it is not only the fusion of Matters that is 
possible, but also the fusion of Antimatters and Dark Matters and their real application 
in the production of Antimatter and Dark Matters atoms and molecules that will become 
part of daily use. Where, these will be used for the production of energies and effects, 
which are above the levels of the Matter components strength, 


The beauty of the application of these universal reactors will be the opportunity for the 
creation and manipulation of the much weaker and smaller energy levels that can lead to 
the creation of electrons and protons. 


These weaker strength magnetic fields for the creation of Matters will be noticed and 
an be collected at the outer boundary of the plasma, but not on the edge of the plasma 
in the reactor. This is due to the fact that the edges of these reactors are dynamic and are 
violent areas in which temperature interfaces will not be so suitable, but can allow 
creating the conditions for weak energy levels to be maintained and to manifest 
themselves. These zones are good to create the conditions for the creation of electrons 
plasma, where loose plasma conditions are needed for fine-tuning of the fields in these 
reactors. This is due to the fact that electrons, in their foundation, are made of low 
energy levels bindings and interacting with each other, largely in a dynamic volume as 
‘compared to the protons, and in possession of weaker binding energy than protons. 


To create conditions for the production of the protons, there is a need for the same 
energy levels, but tighter and stronger magnetic fields plasma conditions are essential 
and the size of the plasma and the mixture of energies available in both conditions are 
important. 


The techniques for the use of the ambient temperature reactors to perform fusion or the 
production of new and heavier atoms can be learnt through the development of initial 
fundamental plasma dilution technology, which is very much different from the mode 
of operation of the present fission or fusion reactor technologies. 


In the present nuclear fusion industry, the most important point in the world of creation, 
the presence of controllable gravitational field forces, has been absent and totally 


In dilution plasma technology, as in the universe, gravitational field forces within the 
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systems are the cornerstones of the operation of the reactor. 


This is a unique method of the creation of new Matter and the creation of energy, which 
has been explained in the operation of dilution plasma technology. This is exactly how 
Matters are created in the univers 


In the right conditions and mixture of initial fundamental particles, the use of plasma 

dilution technology will lead to the transformation of the initial fundamental plasma 
into protons” and electrons’ to create the basic matter and simple atoms like hydrogen 
With the right method of application of the plasma dilution technology, hydrogen atoms 
-an be used for the production of the heavier elements. 


It is important to note that, in an atom, “The interaction between the two pmtics of 
neutrons and protons Magravs are in fact the source of the double magnetic fields of 
the atom and consequently the creation of the Magravs of the whole atom, 


Even though neutrons are supposed to be balanced pmtics entities, the magnetic energy 
of the nucleus can be increased up to a limit without the disintegration of the inner 
gravitational forces of its constituent parts for its components Matters field strength to 
attain the plasmatic magnetic energy of a higher strength or new pmtics element. 


In his progressive evolution, Man has learnt to use what has been available to him, like 
wood to create fire, steam to create power, the use of oil for engines to create motion, 
and in the recent past the breaking of the atom and joining of plasma in nuclear reactors 
for energy. 


Through the understanding of the creation of the initial fundamental plasma, the 
of not only the Matter parts of the plasma are used, but this technology allows 
sation of all Matters of the plasma, that is the Matter, the Antimatter and the 
Dark Matter and their energies that these possess and can produce, that come into play 
and can be used. 


In the other words, we welcome the Man to the real world of creation. 
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Figure 2| (a) Circuit layout ofthe printed rectenna to provide polarized DC power, (b) areal image of printed diodes and capacitors, (c) input-output 
clectricl characteristics ofthe rectifier at 13.56 MHz AC input and (d) output + DC voltages under variations in load resistance. 


channels while thicknesses ofall printed gate, dilectric and drain 
source electrodes are kept same (Figure $5. in Supplementary 
Information), 

‘Their output and transfer characteristics are shown in Figure 3a 
and 3b respectively. Based on the attained transfer characteristics, the 
‘mobility (1), transconductance (gq), on-off current ratios from Ips- 
Vins and threshold voltages (V,) for both five drive cn TFTs and five 
load en TFTs were extracted and shown in Table SI (Supplementary 
Information)..The shift range of Vp, from the fully gravure printed 10 
enTETs were about =0.4 V forthe drive cnTFTsand +06 V forload 
enTETs. Those shift ranges ate narrow enough to run the printed ring 
oscillator for generating the triangular wave. Each inverter delivered 
a gain of 3 (Figure 3c), and the ring oscillator with five inverters 
generated a pseudo triangular waveform with a voltage amplitude 
of 7 V at 320 mfz (Figure 3d). In fact, the pseudo triangular wave 
can be only generated by the printed cnTFTs based ring oscillator 
because of the parasitic and trapped channel capacitances due to 
carbon nanotube network structures in cnTFTs, Although we only 
showed the frequency of 320 mHz at here, the frequency can be 
varied from 0.3 Hz to 2 Hz based on the printed network density 
of SWNT of printed cnTFTs. This is an advantage of our printed 
enTFTs for scanning electrochemical cell in CV tag over other tech: 
nologies such as amorphous silicon TFTs where only a sine wave 
with a designed single frequency can be generated because of no 
fap capacitance in the channel (Figure S6 in Supplementary 
Information). The frequency of the triangular waveform can be 
fine-tuned in the range of 0.3 Hz to 2 Hz as shown in the Figure 
7 (Supplementary Information) by simply changing loading con: 
centration of SWNTS, 

‘When the generated triangular waveform is supplied directly into 
the printed electro-chemical cell (Figure $8 in Supplementary 
Information), wherein printed silver and carbon electrodes were 
used with a poly(ethylene oxide) and LiCF,SO; gel type electrolyte, 
the output vollage range is reduced to zero because of improper 
{impedance matching between the electrochemical cell (10 KQ) and 
ring oscillator (1 MOQ), Therefore, a bulfer unit is needed to match 


the impedance levels between the ring oscillator and electrochemical 
cell The printed buffer unit (Figure 1b-G) with high on currents and 
low on-off current ratios (Figure 3e) is consists of 6 cnTFTs and a 
resistor (~7 KQ). In the printed CV tag, three resistors were printed 
by screen printer using a carbon paste (DC-20, purchased from 
Dozen Co. Korea) for the butler units (Figure 1b-3) and (6) and 
the electrochemical cell (Figure 1b.@). Their electrical parameters 
are listed in Table $1 (Supplementary Information). The 6 cnTFTs of 
buffer unit were printed using R2P gravure with high SWNT con- 

centration in the semiconducting ink. Each cnTFTs exhibited on- 

currents in the range of 400 ~ 500 LA with a very low on-off ratio 
due to the enhanced metalic percolation in the dense SWNT net 

‘works, The bulfer units with low on-off ratio were employed to 
reduce the input voltage to 500 mv (Figure 30) which i the appro- 

priate scanning range of the electrochemical cell. The printed elec 

Irochemical cell with two electrodes was proven to be well operated 
under commercial CV (Figure S9 in Supplementary Information). 

‘The resulting current after scanning printed electrochemical cell in 
the CV tag ean be converted to voltage by connecting the printed 
resistor (Figure 1b-@: ~5 10° ohm) which provides the output 
voltage for electrochromic indicator and re-plotted into the cyclic 
voltammogram, 

Because these output voltage (70 mV) and current (~40 A) 
were low after scanning the electrochemical cell, they need to be 
amplified to turn on the electrochromic indicator for showing pre- 
determined concentration (10 mM) level of NJNIN'.N’-tetramethy- 
p-phenylenediamine (TMPD, purchased from Aldrich) asastandard 
reference in this work (Figure 3g). After running the redox reaction 
of TMPD (Figure 3h) in the printed cell, the output voltage and 
‘current needed to be amplified to reach 1.5 V and 500 A, respect 
ively, to provide sufficient power to display the leters “PE” as an 
indicator of the presence of TMPD in the specimen. To construct the 
amplifier, cneTETs based three inverters were printed with a gain of 
three to five (Figure S10 in Supplementary Information) to amplify 
the output signal as shown in Figure 31, The electrical characteristics 
of the 6 enTFTS in the inverters with extracted mobility, tanscon- 
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CHAPTER 28 


Insight into the Future 


Using the new acquired knowledge from above chapters, one can look into the future 
and say that the struggles of the past will bring beautiful fruits of creation for the future 
of the man. 


From understanding of the operation and relation between magnetic fields within any 
structure, this being an atom, molecules, and even a star, different types of life in all 
corners of the universe can exist in all forms, and through other matters then the 
nitrogen based protein chain of the human race, which other lives through their different 
pmtics can operate through the same principles as the human protein chain. These 
creatures through the balance of their pmtics criterion do and can exist in the spans of 
In fact, their protein chains with different matters than nitrogen could be more 
efficient in its use of passive pmtics than the humans’ protein chain in using pmtics 
from the soup of the universe. 


univers 


These Beings might have different colour of liquid distribution medium than Mans’ red 
blood, but not necessarily this mean that they are any different from the Man in essence, 


For example, if the liquid of life for these creatures of god have the potassium as the 
base element instead of nitrogen or mixture of the potassium and the nitrogen, then this 
liquid can function as good as, and even better than nitrogen-based protein of the human 
blood for converting and the use of Matters and matters in the universal soup of 
supplies. Even these Beings” protein-based cell can be more efficient for the conversion 
and the use of the passive pmtics of the Matters of universe. This efficiency can mean 
more and different comprehension, intelligence, and brain structure, ete. 


Thus difference in these creatures and the Man will, and could be only the colour of 
their medium liquid system in their bodies. 


The Potassium, in combination with pmtics of matters like the hydrogen and the oxygen 
mixture, in vacuum condition of systems in the Earth atmosphere, creates a silver 
greenish pmtics magnetospheric interface colour. Which, to mans’ protein mixture, in 
the light absorption spectrum, these creatures with potassium-base proteins can be 
different in colour. Thus the liquid of life of these creatures in its interaction with 
Earth’s atmosphere pmtics will create blood of different colour than the human red 
blood. Even in their external appearance they might be, or having to be reflecting the 
colour of their blood (9) 


In reality as different planets have acquired different matters due to their Matters 
Magravs strength as their base materials, at their inception in their galaxies, rather than 
nitrogen or potassium as the base for what is called their protein for cell production to 
sustain life in their medium, in mans’ journeys into deep space to these planets and 
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zones, he will come across different intelligence, colour, 
creatures. 


izes, transparency and shapes 


Man has to understand that the level of intelligence, colours of skin or blood and shapes 
of these beings in the universe, can and is, intriguing as is in his home base with his red 
blood of the Earth to them, 


What is important is that these creatures, with their pmties balance protein chain could 
have a different viruses tolerance passive magnetic fields levels than to the Man in the 
Earth atmosphere pmtics condition too 


From this point on in the journey of the Man in the universe, the prejudices of colour of 
skin, and the nationhood will have no meaning. From this point on the colour of the 
blood is only the means of indication of the origin of point of life reference and nothing 
more and nothing less. 


In the short-term for the future one can envisage: 


The implications and applications of the transition of Matters will be the key to the 
survival of Man in the hostile environments of the universe. If this technology is 
understood fully, Man will be able to conquer the control of most of the forces within 
the universe and use them to his advantage. The use of the transition states of Matters 
are such a powerful tools for science for the future, that if their applications are 
harvested in full, most of diseases of the present and future can be eradicated. Through 
the appropriate use of this knowledge, Man can use the pmtics strength to free himself 
from most ailments, by producing the right pmtics strength equal to his protein level 
configuration, to reset the cells in his body to their right and original pmtics strength of 
operation without swallowing a single tablet. 


For example, Man can produce enough food from the initial plasmas of the universe, 
without the need for soil, by simply converting the initial plasma to the atoms and 
molecules of the proteins and vitamins that he requires, at the point-of-demand, 
anywhere in the universe. As the food, itself is made of and is from the conversion of 
different dynamic pmtics strength. Where, the planets and animals do the conversion for 
man, for them by absorbing the pmtics strength of the Sun, and converting these 
different pmtics strength to vitamins and proteins for mans consumption for hi 
survival, Where plasma dilution reactors can do the direct conversion of what animals 
and plants do for production of pmtics strength in levels that can be used by humans, 
and have the same effect and gives the same pmtics amount and strength needed by the 
different cells in the human body. 


At the same time by the use of plasma dilution reactors, there will be no need to carry 
all of Man’s physical needs with him into space, like oxygen, water, food or matters for 
his colonisation of planets, and space. Man will be able to convert Matters-to-matters 
through the fusion technology using plasma dilution reactors in space as he travels, and 
produce what he needs at any given point in space (Fig. 56). 


absorbed from the environment 


Man can produce any material from the initial plasm: 
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of space, he can produce any Matter or matters at the point-of-demand, this being an 
atom of hydrogen, oxygen, water, protein molecules, leafs’ of gold or sheets of steel. 
The crafts of the future will not need to carry any raw basic materials for the production 
of parts into space. Man can produce materials for the construction of permanent 
habitation zones at any point in space and any planetary environment, through the use 
of dilution plasma and Grapos reactors. 


Systems can be developed, which even in possession of the Dark Matter gravitational 
field forces, the same system can produce balanced pmtics strength in respect to its 
environment, for the system to appear as the source of Dark energy. 


Systems can be developed, which have the ability to produce internal Magravs forces 

that can be tolerated by the human body. However, at the same time, the same system is 

being able to generate a balanced external pmtics strength in respect to its surrounding 

environment, these pmtics created by the system can be matching to the environment so 

that they do not have to interact with other systems pmtics forces (like those of the 

planetary systems’ magnetic fields forces), so the pmtics around this region of the craft 
an have the appearance of systems that can produce Dark Matters and Dark energy. 


However in one instance, by creating the balanced pmtics in respect to its environment, 
the systems that have been physically visible in one position in the given space, without 
a change of position, suddenly become dark or translucent in respect to their 
environment. In these systems and condition of operation the interaction between the 
balanced pmtics strength of the system and the fields of the planetary system can be 
brought to be matching without the system ever moving, this giving the impression that 
the system has moved to another position. 


‘New systems can be developed that can produce instantly as much energy-on-demand, 
at temperature and pressure independent conditions, anywhere in the univers 


In possession of this new knowledge and Technology: Man can free himself from the 
shackles of the Earths gravitational field forces. 


Through the understanding of the methods of creation and control of pmtics, Man can 
is own controlled protection Magravs magnetospheric conditions within and 
with the use of the plasma dilution Magravs positioning reactoi 
these magnetospheric field forces strength will be similar to the Earth Magnetic field 
strength (Fig. 62) or similar to the magnetosphere of an electron around its proton (Fig. 
63). Where, the Matmags of transport for the crafts of the future can be gathered from 
the plasmatic magnetic environment of the universe. 


The Magrays positioning systems (Grapos) can be used as much in a plasma, on Earth, 
in Space as they can be used in deep liquid environments 
the pressures and temperature around the craft 
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“cRapos” MAGNETOSPHERE 
CGRAVITATIONAL SOF THE CRAFT 


INTERFACE 
UcHTEFFECT 


Fig. 62: The plasma dilution Magravs positioning reactors used in a craft due to the interaction 
of their plasmatic magnetic fields can lead to the creation of shining silver light in the 
atmosphere of the Earth. 


Fig. 63: Initial fusion process for the production of matters and creation of bright 
magnetosphere of the electron as it approaches’ and is amalgamated into the plasma of the 
proton of the atom. 


Our hope, is that this technology cannot and will not be allowed to be utilised for 
destruction, killing and damage to any environment or against any of God’s created 
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Matters and creatures, whether in possession of intelligence or not. 
God help Man with this knowledge so that Man will find peace within himself and 
others 


‘As Mans weakness, his greed and his hunger for power and control, soon he will come 
to be thought the lesson that there is no forgiveness for the ones’ whom misuse this 
knowledge and the technology for harming others. 


By understanding in totality this new knowledge and what it can bring, maybe now Man 
will understand the meaning of that there are balances in the overall construction of his 
initial fundamental materials and that their lives always have to be within their 
limitations, of these balances 


Mans’ fundamental construction of his initial state magnetic field structure, is always 
the same in force and energy and specific in its initial components, as the initial 
fundamental components of Matters, or matters of the universe cannot take more than 
what they need to be constructed of the pmtics of the universe and balance enough to 
share their inner constituents pmtics to pass on what is needed by others’ configurations 
for them to exist, even if this giving can mean and can bring about their own demise. 


Thus every creation, in its essence, has the attributes of its creator. Therefore, with this 
new knowledge and the reality of its existence, maybe Man can strive to understand the 
truth about himself and purpose of his creation in the universe. 
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Fig. 64: The fundamental insight. 


In general, I can say, 
“God has been the creator of All, 


and Man the converter of some”. 
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Published and unpublished works by M. T. Keshe 


There are a number of unfinished articles that are to be converted to full disclosures 
when completed, like Antimatter method of energy releases, Nano space technology, 
relation between the creator and the created, space communication system, deep space 
defence technology, dynamic magnetic fields force regions (wormholes) construction 
and control, creation of magnetic fields, and so on 


Some of these works have already been published through different channels and some 
have not yet been released. 


In the following section some of the works done by the s 
a brief disclosure of their contents. 


ame author are mentioned, with 


Some of these papers can be purchased and obtained through direct request and access 
through specific links 


‘A number of papers with * and ** marks are not for public release due to their 
sensitivity of information and only available to relevant commercial and governmental 
organisations for peaceful applications of the technology. 


‘The universal order of creation 
(5.7.2006) 


In this disclosure the main construction principles and the method of the link and 
control in the universal order of the existence of living cells, like the function and 
operational method of any matter based on so called proteins chains, as for example in 
human cell are explained in detail. 


REF 9 


The author considers this paper as one of his most important and fundamental works to 
be published and to be added to the sets of disclosures written by him 


Cosmic Rays 
(Release date 24.3.2004) 


This paper explains the source and the origin of e: 
, their function and their benefits. 


rays and the way these work 


mi 


REF 10 
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Figure 3| (a and b) Output and transfer characteristics ofthe printed cil Ts for 5 drive and 5 load TPTs respectively inthe printed ring oscillator. 
() Electrical characteristics of inverters and (d) output characteristic of the ring oscillator. (e) Total output characteristics of the printed butler unit 
consisting of 6 crFTs and a resistor (measured based on contacting gate and drain-source electrades as shown inthe inset circuit). (9 Modified 
triangular wave following the buffer unit (g) Generate signals before scanning (black) and after scanning the electrochemical cells without (1, blue) and 
‘with TMPD (2, red) in a drop of olution. (h) TMPD structure for oxidation and reduction reaction. (i) The input and amplified output signals after 


pasing through three amplifying inverters 


ductance, on-off current ratios and threshold voltage are shown in. 
Table $2 (Supplementary Information). As the impedance was 
matched between the ring oscillator and the electrochemical cell, 
using the bulfer unit, another bufler unit (Figure 1b-G) is also 
needed between the electrochromic signage (20 KQ) and the amp. 
lifer (1_MO) for impedance matching, The electrical parameters of 
the buffer are listed in Table S2 (Supplementary Information). 

‘The amplified output signal was used to run the reduction and 
oxidation of the patterned conducting polymer inthe electrochromic 
signage, and thus the blinking signage will he used to indicate the 
presence of chemicals in the specimens. The signage was fully printed 
and attached on printed CV tag. A clear concept of the printing 
sequence lor the electrochromic signage was given in Figure SLL in 
Supplementary Information. 


Discussion 
‘The fully printed flexible CV tag was completed by assembling the 
printed circuits including ring oscillator, bufler, electrochemical cell, 
amplifier, and signage onto the previously R2R gravure printed rec: 
tenna. The resultant CV tag is shown in Figure 4a, The working 
concept of the wireless and flexible CV tag is demonstrated in the 
following sequences (watch the video file by clicking Figure S12 in 
Supplementary Information). After dropping 500 gil of TMPD solu- 


tion (10 mM) on the printed electrochemical cell, the CV tag was 
placed on the custom made RF (13.56 MHz) reader (Figure $13 
in Supplementary Information). The antenna was subsequently 
coupled to 13.56 MHz AC, The coupled AC was rectified into polar~ 
ized DC (> + 10 V) through two diodes and two capacitors which 
‘caused the ring oscillator to generate a pseudo triangular waveform, 
with output voltage of 7 V at 320 mHHz. This was then passed 
through the bufler unit to scan the electrochemical cell. The output 
sighal after scanning the electrochemical cell was amplified to turn 
‘on the signage according to the concentration level of TMPD in the 
solution. In this work, whenever the concentration of TMPD was 
higher than 10 mM, the signage “PE" blinked (Figure 4b) while it did 
not show anything (Figure 4e) when it was lower than 10 mM. 
Furthermore, clear cyclic voltammograms for scanning the electro- 
chemical cell with and without 10 mM of TMPD were obtained by 
re-plotting the output triangular voltage waveform (Figure 4d). The 
attained half potential (Ey/» ~ 0.05 V, oxidation potential is 022 V 
and reduction potential s ~0.17 V) af TMPD from the CV tag was 
‘nearly identical to the value obtained from a commercial CV instr 
‘ment, SP-240, Biologic, which uses the same frequency for the 
triangular voltage waveform and printed electrochemical cell 
(Figure 4e). However, when the generated triangle wave frequency 
is higher than 0.6 Hz in the CV tag the clear redox peaks cannot be 


1 58108 | BOX 10.1038/srep08105 
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*The Airborne reactor 
(Release date 25.3.2004) 


This paper covers the total design of airborne reactors for space technology. This covers 
all aspects of operation, design and control of such reactors. 


REF 11 


‘The seed of the Earth 
(Release date 25.3.2004) 


Some extracts from this paper: 
The theory that the heat of the core of the Earth is due to inertia of the material pilled on 
top of each other is completely dismissed through this new disclosure. 

The author M T Keshe believes that this centre core is made of hydrogen, other ga 
and a mixture of liquid and solid Matters, which were in the vicinity of the centre of the 
core of the Earth at the time of its inception in the solar system. 

Through this new understanding of the new inner cores of the planet, this brings to play 
the fact that the old inner core of the Earth that is already assumed to be made of a solid 
piece itself becomes a sealed container for the new inner core 

The author through design of a parallel system has set to confirm the validity of this 
assumption, that the centre of the Earth possesses a semi fusion atomic reactor and not 
a fission reactor as has been assumed by other scientists 

This theory of hydrogen in the centre of the planet is in line with the physical reality of 
the creation and the present situation in the physical construction of the solar system. 

By the laws of physics all the gases in the solar system should have been in the giant 
gas planets at the outer layers of the solar system, like in Jupiter and Saturn. 

The physical reality in the solar system, is that the lightest of all these gasses, the 
Hydrogen, has taken its place right in the centre of the solar system in its star, the Sun. 

It has to be recognised that the centre of all planets in possession of gravity due to the 
centre cores heating, are always in possession of two Magnetic Field Forces in their 
inner sanctum (M. T. Keshe " The creation of gravity"). 

In the case of the Earth up to now and with the present knowledge there has 
acceptance of only one inner core and one magnetic force. 

As it is explained in the paper titled "the creation of gravity", there is an inner core in 
the inner core. This inner core, due to it physical content, motion and position in the 
centre of the Earth, creates and maintains its own magnetic field force, independent of 
the magnetic force which has been known to be created by the interaction of the inner 
core and the outer core of the planet. 

These two magnetic fields interact to create the planet's own double magnetic fields in 
its centre. The interaction of these two magnetic fields forces upon each other leads to 
the new concept of the "DOUBLE MAGNETIC FIELD EFFECT", where the 
interaction between these two field forces in the centre of the planet leads to the creation 
of the gravity and the magnetic forces of the planet (Paper: The creation of gravity). 

This new second core is the seed core of the planet, the mother seed of the planet 


been 
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positioned in this new inner core. 


REF 12 


The creation of Black Hole 
(Release date 25.3.2004) 


In this paper it is explained that the Black Hole is created out of a natural sequence of 
events, and that the existence of the Black Hole in a galaxy is a normal event. Further it 
is explained that a Black hole is created in similar ways to the Dark Spots on the surface 
of the Sun. In this paper for the first time, it is explained how the Black Hole is 
physically created and what function it plays in its galaxy, 


REF 13 


Magnetosphere 
(Release date 9.6.2004) 


"The shape and the strength of the magnetosphere of a planet is exactly what a 
fingerprint is to a man. It is unique to each planet, star and galaxy. It is a tell tale of all 
its attributes, and it reveals the hidden mysteries of the internal materials’ structure" 


REF 14 


Correction to the Einstein equation of Relati 
(Release date 15.6.2004) 


In this paper the physical reality of the Einstein equation is considered, and efforts are 
made to bring this equation to the real conditions. Even Einstein considers this equation 
applicable for very small mass, and not in real three-dimensional multi-Magnetic and 
gravitational conditions, which are external and have nothing to do with the theoretical 
‘object's mass and speed, but have effect on the speed and the mass of the object under 
consideration. 


REF 15 


*Introduction to the new system 
(Release date 2.7.2004) 


In this paper it is written "It is essential to understand that, with the application of this 
system of motion, one cannot bring into play the solid, liquid and gas fuel method to 
create motion, as is used today. What is offered in this system is in simple words a fully 
integrated plasmatic magnetic energy system. Which creates within and around the core 
environmental conditions as known to man in the universe, like creation of gravity and 
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magnetic field protection the same as the magnetospheric protection condition of 
planets and motion through interaction of magnetic fields as planets and stars do in their 
given environment", 


REF 16 


The rings of Saturn 
(Release date 2.7.2004) 


One of the oldest puzzles in the world of astronomy has been the existence of the rings 
around Saturn, How did these rings come to exist the way they are now? How did they 
‘come to appear and behave the way they do? These questions and much more about the 
creation of these rings are all answered in this paper. 

REF 17 


‘The creation of gravity 
(Release date 11.7.2004) 


In this paper it is explained that "the source and the creator of the magnetic forces and 
the gravitational forces are due to the interaction between the same materials in the 
same region of the planet.” 

Further it is explained how the gravitational field force can be created, replicated and 
controlled within a nuclear reactor. Further it is explained how this property can be used 
for the motion of a system within a planetary or solar system. 


‘Now by understanding the principal of the creation of gravity, in this paper it is further 
explained that "the gravity in reality is the effect of the interaction of two plasmatic 
magnetic energy fields of any two object in respect to each other." 


REF 18 


Death of a star 
(Release date 26.7.2004) 


In this paper the death of stars is explained, "The death of a star and the creation of a 
supernova is in reality the same as the half-life cycle energy step-down of an atom, 
With the difference that this show is in a larger scale, and more spectacular, in all 
aspects of its dimensions" 


REF 19 


Fusion 
(Release date 28.7.2004) 
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In this paper the physical and scientific problems with present fusion technology 
considered, Where it is written, "nuclear Scientists, with the fusion reactors of today, 
are trying to create fusion in the opposite way to the known laws of physics and their 
parallels in the universe”. Further in this paper it is written, "if the present path for 
creation of fusion is followed, with the present scientific knowledge of physi 
materials for construction of such system, then following the present path of 
development to create energy from current fusion systems will be a distant dream", 


REF 20 


Life of a Cell 
(Release date 28.11.2004) 


Extracts from this paper; "The reality of the transportation and transmutation of a cell is 
not far from the reality of the life of an atom or a star. Where the life cycle of the cells 
are slightly more complicated, as they contain other Matters like acids, which have their 
‘own magnetic characteristic of their on chemical structure. For this reason the control 
and replication of the energy of the cell is very much complex, but very simple to 
achieve" 


REF 21 


‘The Atom 
(Release date 19.12.2004) 


The content of this paper explains how and where atoms in the universe are originated 
from and how the construction of atoms in a cold plasmatic nuclear reactor can be 
replicated. 


REF 22 


Magnetism 
(Release date 8.1.2005) 


In this paper it is written, "The question is where did the Magnetism come from? This 
the Secret of creation. The world is made of one thing and only one thing and that is 
Magnetism. Its combination and interaction with its own different strength fields mak 
it appear as different Matter, The rest of creations are the outcome of these interactions 
of different strength of this thing called magnetism and the forces it creates. Magnetism 
is the origin of existence and the real singularity in its full meaning" 


REF 23 


204 


*The creation of the magneto-gravitational force 
(Release date 5.2.2005) 


The creation of magneto-gravitational field force is and will be fundamentally 
independent of temperature and pressure, proviso to the fact that as long as a 
homogenous free floating PMF within a Matter is created. 


REF 24 


‘The core of the Earth 
(Release date 20.4.2005) 


One of the original assumptions in developing the new Magravs system some thirty 
years ago by M.T. Keshe was on the basis that the centre of the Earth possesses addition 
‘cores, which create the necessary gravitational conditions of the planet. After some 
twenty years of space technology and through Earthquake seismological data's this 
assumption has been shown to be correct and after over twenty years, it has been 
jentifically proven that the inner core of the Earth has an inner core of 600 km. 
Professor Guy Master in 2002 ref 24 nuclear planet. The centre of this core is assumed 
to have an inner core of 8 Km, this he thought to be made of the plutonium or other 
nuclear matei 


But the developer of this new plasma reactor technology has proven through physical 
dynamic cores that these cores possess a mixture of hydrogen plasmas and the process 
of the heating of the centre of the Earth are due to a semi-fusion chain of events. 


REF 25 


*The electron-atomic welding 
(Release date 3.5.2005) 


Some extracts from this paper: 
"The electron atomic welding or atomic welding principle is the phenomenon that atoms 
of the same material, through a common shared electron, become a magnetically 
balanced molecule of the same Matter, with the difference that the shared electron will 
create a balanced PMF in the molecule” 


REF 26 


*Shutdown and safety of the reactor core 
(Release date 6.6.2005) 


In this paper the safety parameters in the operation of the gravitational and energy 
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reactors are simply explained to avoid the loss of plasma and gravitational field forces 
created within its cores 


REF 27 


*Reactor Start-up 
(Release date 9.6.2005) 
In this paper the systematic start-up of the dynamic reactors for the creation of 
gravitational field forces and the production of energy are set out. The start up of these 
systems are totally different then the prior arts known in the nuclear industry. 


REF 28 


*The energy balance of the reactor 
(Release date 29.6.2005) 


Some extracts from this paper: 

The energy balance of these types of reactors is not as simple as might look in the first 
instance. The energy creation is simple. But the heat leakage and dissipation through the 
deliberate inherent material design are and can be zero. That is to say the system not 
only can hold on the heat it creates. At the same time due to the close circuit feed 
operation will become self-sufficient but long lasting. 

In planets, the loss of heat through their surface creates the variation in the central core 
condition over several billions of years. In this reactor as losses can be literally 
negligible, the system can operate at low energy loss temperatures. Even the boundary 
of the body could be made through the right combination of material in the chambers, 
so that the body of the reactor will be colder then its surrounding boundary. So the 
system will not only lose energy to its surrounding, but it can be made to absorb heat in 
the negative temperature gradient from its surrounding, so that there are no losses. 


REF 29 


Nuclear decay or half-life 
(Release date 20.7.2005) 


Extracts from the paper: 

"The nuclear decay always has the same or near the same time duration. This is due to 
the fact that the all neutrons and protons, from their inception, carry a predetermined 
level of plasmatic magnetic energy. This energy is continually used for the motion and 
vibration of different elements of the nucleus in respect to each other and the 
surrounding Matters of the atom. As the space and dimensions of a nucleus of an atom 
always obeys the same principal of the magnetic separation and magnetic attraction. 
Protons or neutrons can and will need to use or consume the same energy before they 
become weak enough that the splitting or decay becomes a clockwork job. The nuclear 
decay is the natural levelling done of a nucleus’ energy, due to the energy consumption 
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and heat dissipation for the motion of the elements of the nucleus for its remaining 
plasmatic magnetic fields energy necessarily needed for them to hold one together”, 


REF 30 


*The decontamination system 
(Release date 10.10.2005) 


"What this means is that, for example in trying to recycle the CO>, by the use of the 
right Matter in one of the cores of the reactor, the system will then use the Or to 
produce H20, in the form of pure water, and C in the form of atomic or molecular 
carbon, or even by feeding this back through certain operational compressions and 
gravitational interactions within a small core, to create industrial diamond or graphite, 
for different industries." 


The use of the reactor for this purpose has been proven to be correct and Raman 
spectroscopy has proven the concept and physical reality of the separation of Matter in 
atomic level afier separation in the same system from a composite Matter. 

(See the graphene on the technology web site) 


REF 31 


The difference in atomic and molecular structure 
under gravitational force and pressurised conditions. 
(Release date 15.8.2005) 


In this paper is written that “the atomic and molecular structure of Matter is totally 
aligned and positioned in a fundamentally different configuration where it has come 
together due to gravitational forces, than when Matter has been brought together by the 
means of pressure. This has a fundamental effect on the behaviour of the structure and 
properties of the Matter which is created in either way". Where this is explained and 
utilised to develop a new method in creating graphene and Sp3 atoms and walls in a 
simple core made of a coca- cola bottle 


REF 32 


**The Defence and shielding system 
(Release date 4.9.2005) 


Some extract from this paper: 
The design of the side open system for lunch of high saturation magnetic plasma 
package is one of the most effective technologies for defence of the reactor and the 
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crafi, which is in possession of such a system 
It is essential for any space technology in the open environment of the universe, if the 
craft is to keep a straight line of motion and to be able to protect itself from any solids 
or Matters in its path in the cosmos. 

This technology can destroy any object by the principal of plasmatic magnetic energy 
aturation of the incoming object at a molecular level, that object will disintegrate in the 
form of magnetic vapour and not atomic level destruction, before Matter can damage 
the craft as debris, and before the craft ever becomes in touch or near these space 
Matters. 

This technology can also be used to protect Earth from the collision risk of NEO's (Near 
Earth Objects), like comets and asteroids. 


REF 33 


Method of creation of an atom or nano Matter 
(Release date 11.10.2005) 


The manufacture of an atom of any density, this being of the simplest form of nucleus 
ora full atom of hydrogen, or even heavier elements in the universe, all follow the sa 
principal. 

‘Atoms are created in the soup of the cosmos from collections of very weak plasmatic 
magnetic fields, which for their existence cluster and share their energies with the 
magnetic fields that are not far from their own plasmatic magnetic field strength. 


REF 34 


The relationship between Gravity and Mass 
(Release date 21.1.2006) 


Extracts from text of this paper: 
"A planet like Earth pi combination of both gravity and inertia, Where the 
gravity comes from the interaction of plasmatic magnetic energy fields from the 
processes within its core, and the inertia comes purely from the collection molecules 
PME of Matters which has built the physical body of the planet. 

Any object, being an electron, atom, molecule or even a human body, is a collection of 
plasmatic magnetic energy fields of different strengths s between 
each other, which in total decides the total or collective magnetic field possessed by that 
object where this is the mass of the object. 

Where the mass of an object is a collective package of plasmatic magnetic energy field 
tightness of a given object and will not cl long as the object is intact as one 
entity in its overall atomic or molecular or collective molecular appearance. 

Which plasmatic magnetic energy of a physical body (so called the mass of the body) in 
interaction with molecular or atomic magnetic field (this being gravitational or inertia) 
of another object will determine the weight of the two object in respect to each other in 
each others environment" 


esses 
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REF 35 


The Dark Matter 
The Fifth state of Matter 
(Release date 21.1.2006) 


Extracts from text of this paper: 
The existence of Dark Matter is not questionable, 

Proving its existence, and its effect on the energy balance of the universe, in all Matters 
as small as in the heart of an electron or in a solar system needs to be created, replicated 
and its effect measured 

The theory of Dark Matter does not and needs not to be considered as complicated, if 
‘one understands in real terms the plasmatic magnetic energy of the Matter in the visible 
and invisible dimensions of the universal work 

The Dark Matter has two distinctive charactei 
the visible Matter. 

The Dark Matter possess mass but not visible light, where its existence can only be 
determined by the weight of the its hidden mass, which could be substantial due to its 
internal gravitational field 


i 


's, which makes it totally apart from 
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*The inter-atomic fusion 
(Release date 3. 5. 2006) 


Extract from this paper: 
"The fusion of two or more atoms has been the pre-occupation of nuclear phys 


past years, 
Conditions to achieve fusion of two hydrogen plasmas in the TOKAMAK re: 
taken years to teach scientist 


The reality about the fusion in someway has to be reconsidered as, if the scientific 
world is trying to amalgamate the contents of two plasmas to release energy. There 
must be a simpler way to achieve releases of similar energies. 


The fundamental principal of the interatomic fusion is a much simpler way to achieve 
fusion. If this principal is applied to the atomic condition of fusion, then fusion will be 
attained in a simple but in a much more physically realistic environment, 


The explanation for the inter- atomic fusion is very simple and direct. 
In the fusion of two plasma of proton of hydrogen atom, the physicists try to fuse two 
large plasmas, and by doing so, they try to release a large amount of energy. Where in 
this process enormous amount of magnetic field forces and currents are needed to bring 
two plasma in close proximity, so that the energy barriers in between them can be 
‘overcome for them to amalgamate or fuse. 
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In the inter-atomic fusion the overcoming of energy barriers does not exist, as in this 
method of fusion, the electron of the atom which is circulating the nucleus of the atom 
and is of the same origin will be encouraged to return into and fuse with the nucleus of 
its atom". 


Where this is a more practical way to create and release manageable energies and there 
is no need for elaborate systems where even if the energy release will be small 
‘compared to dreamed up fusion systems of today. 


With inter-atomic fusion method at least small and practical systems can be developed 
to handle low temperatures of the fusion process, 


REF 37 


‘The conductivity of the Matter in the vacuum 
of the interplanetary mediums 
(Release date 21.1.2006) 


Some extracts form this short paper "Therefore plasmatic magnetic energy field of 
elements within the interplanetary medium will cover the space given to them in their 
environment. Where due to their motion and their electric charges even in eV levels, 
they become perfect conductor, and in turn, due to their motion on their environment, 
they become plasmatic electromagnetic generators. 
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The production of Graphene 
(Release date 25.7.2006) 


Repeated experiments and tests in simple static reactors, and tests in more complex 
dynamic reactors, prove that atomic separation and recombination of Matter like carbon 
and hydrogen can be reached at room temperature and at atmospheric conditions 

We have now indications - through static and dynamic tests in our reactors - that the 
universe was made in normal condition, which was originally nothing but packages of 
plasmatic magnetic fields of different strength, which were themselves nothing but 
areas of plasma or collections of loose magnetic fields energies. Where magnetic fields 
of different strength in locking to each other, by the principle of their plasmatic 
magnetic energy (PME), have caused in the first stage the creation of fundamental 
particles, secondly atoms, then molecules and then Matter, clouds and asteroids and 


then stars and galaxy's' 


The big bang theory conditions have no room in the reality of the creation of the 
universe. 


REF 39 
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Figure 4 | (a) Optical image of flly printed wireless cyclic voltammetry tag. (b) Operation images of CV tag with and (c) without TMED in the solution 
fon 13.56 MHz reader. (d) Converted cyclic voltammogram from the printed wireless CV tag vs (e) a commercial CV instrument (pleas refer the 
interconnected video file forthe demonstration of wireless CV tag operation in Figure S12 in Supplementary Information). 


cbserved as shown in Figure S14 (Supplementary Information), 
Furthermore asa typical eample of testing a specimen in aqueous 
solution, 10 mM of K,(FeCN), aqueods solution was checked using 
the CV tag and results of converted cyclic voltammogram was 
shown in Figure S15 (Supplementary Information). Those results 
Support that the CV tag can examine specimens not ony in organic 
solution, but also in aqueous one 

Up 1o present, there has been no commercial success in fully 
printed TFT-based electronic devices due to some kind of dificlies 
in integrating a numberof printed TT's through a scalable printing 
method. As increasing a number of integrated TET, the range of 
threshold vollage shits of TETs needs to be controlled as narraw as 
posible to properly operate designed function of printed devices 
However, the scalable printing method isnot filly understood to 
integrates number of TFTs on plastic fols while Keeping the con- 
stant range of threshold voltage shifts because of difficulty in con- 
trolling a constant charge transport through the printed channel 
‘Therefore, the printed TFT-based devices should be constructed by 
ting a minintum number of printed TETs while a function of 
printed device needs to be compeltve over Si based one. Since the 
fly printed CV tg required the integration of only 26 onTFTs, the 
accepable range of threshold voltage shits of cn TFs is controable 
and achievable by using a salable printing method such asa roll-to- 
toll gravure. Furthermore, the unique function of printed CV tags 
Cannot be simply reproduced using a Si technology with a compar. 
ale cost tothe R2R printing proces. Therefore, the fully printed CV 
tag willbe the frst ending model to show a way of how printed TFT- 
based electronic devices should go for he succesfl launching in the 
Tr markets 

In the core ofthe printed CV tag, fully gravure printed cnTETs 
were employed for constructing a circuit consisting ofa ring oscil 
Into to generate triangular waveforms, buffer unis foran impedance 


‘matching, and an amplifier for enhancing output signal to turn on. 
the signage. Those simple units can be combined with a variety of 
printable sensors and RF devices to create novel devices with an 
extremely low cost In other words, the printed rectenna, ring oscil. 
lator, buller and amplifier units it the printed CV tag will be key 
clements for the construction of variety of printed RE-sensors, this 
CY tag will be used as a platform for the further construction of a 
variety of RF based electrochemical sensors 

In conclusion, we have presented a fully printed flexible CV tag 
with the size of 85 % 55 em that can operate wirelessly using a 
13.56 MHz RF reader. However for the practical purpose, the size of 
the CV tag ean be reduced up to the half (4 X 2 em") ofthe current 
‘one by optimizing spaces between cnTFTsin the cicuit of the CV ta, 
and reducing the operation power to less than DC5 Vas the current 
sizeof 13.56 MHz antenna is designed to provide maximum coupled 
‘AC power using a suflicient length of printed antenna pattern 
(higher inductance). Furthermore, although we utilized R2P gravure, 
screen printer and drop casting method for the convenience of fab- 
cating the CV tag in the Lab, the whole fabricating process can be 
repeated by ROR gravure because the rectenna, ring oscillator, but 
{ets electrochemical cell, amplifier and signage in the CV tag were all 
designed to compromise the limit (20 jim) ofa registration accu- 
racy of a current R2R gravure system. Therefore, this technology 
could be used as a platform for disposable wireless electrochemical 
sensors to variety of specimens in aqueous and organic solutions to 
‘monitor or diagnose pathogens and hazardous materials by mod 
fying the electrodes of the electrochemical cells. 


Methods 

‘Rollto-oll(R2R) gravure printed antenna, bottom electrodes, gate electrodes 
and wires Two colar units off2R gravure system (Taga Ca, Keres: igure isthe 
Supplement Iformaten) was employed to prin antena, bottom electrodes and 
wre on oll of poy(etheneterepts) (DET Hi (wth of 200 sum and 
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INTERNET LINKS 


Web site: www.keshefoundation.com 


Large images of this book on the web site: 
http://www.keshefoundation.com/book/images! 


Links on the web site to YouTube movies: http://www. keshefoundation.com/youtube/ 


Forum: http://www. keshefoundation.com/forum/ 
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In this book nuclear engineer Mehran Keshe discloses in a very logical 
way that the initial fundamental building blocks of the universe find their 
origin in a cosmic magnetic soup that contains an uncountable number 
of magnetic fields of different strengths. In this soup magnetic fields of 
similar or equal strength can meet, interact and entangle into a larger 
dynamic spherical pack. The interaction between different dynamic 
packs, leads to the creation of Gravitational and Magnetic field effects 
and properties in their given environments. Due to the differences in 
their magnetic field strength each spherical pack will possess a different 
strength, which each magnetic field strength will be in the order of mag- 
nitude of the three basic types of Matters (Dark Matter, Antimatter and 
Matter). 


As these three Matters being made of magnetic fields, they also interact, inter-balance and can 
interlock with each other, these interactions of three Matters results in a larger integrated dynamic 
system, called the Initial Fundamental Plasma, or the !/°1/(r0". By the natural decay of this plasma, 
the proton and the electron come to be generated and to co-exist, where plasma of each proton 
and each electron still contains the Trinity of the three Matters of the original plasma. 


The discovery of these new first principles in physics will open for mankind a large number of 
benefits, since the various type of interactions of the three basic Matters and their field forces in 
their environment leads to the creation anid contro! of matters (solid, liquid and gas). 


In this book, new first principles and criterions for the creation of Gravitational and Magnetic field 
forces of the planet Earth are explained. Similarly it is explained how safe, simple, nuclear reactors, 
which have been build to replicate the structure of the planet inner cores, confirm the Keshe theory 
of creation of gravitational fields of the planet, as these reactors can produce fields which can 
cause reduction in weight, cause motion and lift of the reactor system, and produce an indepen- 
dent magnetosphere around such reactors. The interaction of the dynamic plasmatic magnetic 
fields of the magnetosphere around these reactors with the planetary magnetic fields creates light 
around the reactor. These /0/\(-e/7ect= confirm the Keshe’s theory of creation of light through the 
interactions of plasmatic magnetic fields. These systems will open new ways of Space Travel. 


By this knowledge it became possible to design, develop and test new low cost reactors that can 
dilute plasma and achieve fusion of plasmas in a simple and affordable way. So it now becomes 
possible to create vast amount of energies (like ©\2ct"/</ty «11d /vea") and motion without the need 
of burning any fuel and without creating any waste. These reactors can create at any point-of- 
demand matters like air, water, food, medicine, and new materials, also at nano-level. 


This new revolutionary technology can help to solve a number of global problems, like of the 
climate change, since Keshe reactors can be build to attract greenhouse gasses like CO2, or the 
global issue of water shortage and water pollution since it becomes now possible to create water 
and to attract hazardous elements out of the polluted and contaminated waters. 


@ ‘The Keshe Foundation is an 
independent non-profit and 
e a non-religious organization 
Tt —_ founded by nuclear engineer 
* M.T. Keshe, aiming to bring 
TheKeshe new scientific knowledge 
Foundation and new technologies to 
mankind, and to bring new solutions for the 
major global problems, like famine, water 
shortage, shortage of electrical power supply, 
climate change, illnesses, by the use of new 
types of plasma reactors, and to give Man the 
real freedom to travel in Space. 
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Forwords 


All knowledge gathered and leamed in every fields of science by man in his cycle of scientific 
evolution from his beginning of time and up to this point, these are like of the speck of dust of the 
universal wisdom in comparison to what man will enjoy from the knowledge which is to be 
revealed in this disclosure. 


This shall not be all that the man has to know about his creation and the creator but through this 
new knowledge man will become close to realise how much more he needs to discovered and learn 
more about the created bigger universe, and our hope is that we have managed to bring man to his, 
ultimate point of maturity about his world and the world of other creatures of universe through what 


is to be disclosed in this book. 


In these new series of disclosures including this we will open the world of science into the 
realisation of the real working of the universe and how man can advance his intelligence and that 
this new and up to now unknown science can clear the way for bringing peace to the Man’s own 
wondering life and other intelligent beings in the universe. 
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Introduction 


With the present knowledge in the plasma technology and the new understanding of the internal 
structure of the plasma, the light is and can be considered to be a cylindrical version of the spherical 
plasma like of the proton and the plasma of the light is in possession of all three magnetic fields of 
the matters of the plasma (1). 


The ray of light is in possession of Magravs and hence its own gravity, mass and Magnetosphere, 
and due to its dynamism this plasma of the light possesses momentum and hence can carry and 
transfer this momentum as energy to other light rays, tangible and non-tangible entities. 


As the plasma of the light is moving from one dynamic magnetic field strength spherical in shape 
plasma to another and as each matter’s mafs of the plasma of the light interacts with its surrounding 
environment’s plasmatic magnetic fields in any matter environment, then the appropriate matter 
mafs components of the light and its ever present environment come to interact with the same and 
different matters and matter mafs in strength of its environment, this leads to less losses of the 
plasmatic magnetic field (pmf) contents of the mafs of the matters of the ray of light and hence 
allowing the light to travel in any environment at the speed of its given environment plasmatic 
magnetic fields strength with less friction and maximum speed in that given pmf strength. Then in 
matter mafs and matter magnetic fields strength environment, this property allowing the ray of light 
to have a speed of light in matter environment strength as is observed by man, and where in 
antimatter environment the antimatter light travels at antimatter magnetic field strength 
environment, which the speed of antimatter light is far higher than the speed of light in the man’s 
matter plasmatic magnetic field strength environment. 


Thus the speed of the light in the matter environment is not the ultimate speed of matters in the 
universe, but the speed of light is dictated and controlled by the environmental magnetic field 
strength which the light operates in. 


It is possible to attain faster speeds than the speed of light in a matter magnetic field strength 
environment by using the magnetic fields properties of the antimatter plasmatic fields. 


Once understanding this criterion and concept then at this stage one will face the magnetic strength 
barriers to overcome as one does in the matter environment with sound barrier. 


Therefore: One has to understand the truth about the real construction of the light and its movement 
in each plasmatic magnetic field strength environment for the man to be able to travel the spans of 
the universe with pleasures of being able to observe and learn all the truth about the creation in all 
pmif strengths which operate in the universe. 
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The re-naming of matters and conditions 


(Advice: Skip this section unless you need to refresh or reading for the first time or read it after you 
have read the chapter 1, 2 and 3 as this section can be confusing and distracting you from the main 
body of the book). 


(Point of reference: The following section is and to be added to all disclosures for the ease of 
understanding as most of these have been disclosed in the book (1), and it is added here for the ones 
who have not read the book and are not familiar with terminologies in the works of the author). 


In this literature, when using the term “mats” for example in form of the antimatter maf’ this means 
and refers to the magnetic fields (mafs) which this entity is made of and it is considered to be as a 
plasma of magnetic fields, and where the term “antimatter” is used on its own this meaning the 
physical tangible or detectable entity of the same. This usage of mafs similarly applies to physical 
matter and Dark matter too. 


Further, the difference with Antimatter and matter is only in their plasmatic magnetic fields (pmf) 
strength and compactness of their fields. Thus, what is the magnetic fields (mafs) of antimatter they 
become magnetic fields of the matter as antimatter magnetic fields unwinds, loosens up, weaken in 
their field strength through their interaction with other magnetic fields and matters and become 
matter mafs and in plasmatic magnetic field strength of matter environment the matter mafs 
becomes tangible and become matter. 


Therefore the antimatters are a more compact strength magnetic fields entities of the same of the 
magnetic fields of the matter, and due to their tightness of their fields, these magnetic fields of these 
mats of matters they create stronger gravitational and Magnetic fields and hence they have stronger 
Magravs and hence upon their unwinding, they release magnetic fields and pmf which are faster, 
higher in strength and hence they look as to be strange strong and fascinating matters. 


This means that antimatter entity of for example ten centimetres in diameter once unwind: 
structure it becomes a matter of several thousands of meters in diameter entity in matter magne! 
field strength environment. 


in 


Inevitably one should call the term antimatter the start matter and therefore antimatters should be 
renamed the Principal matter. Therefore there is nothing anti about these matters mafs and matters, 
at their pmf strength as has been assumed in the world of science. 


The Principle maf matter itself has different degrees of strength by itself and not all magnetic 
fields of the Principal matters have the same magnetic field strength. Where, the principal mafs 
plasmatic magnetic fields strength has a spectrum of field’s strength too. 


As the magnetic fields of the principal maf’s unwinds, it releases and loosen in its environment these 
magnetic fields (mats) of the principal matters disperses into their environment, then they lose their 
strength through contact or interaction and friction with mafs’ of matter and matters, and hence 
these principal mafs matters pmfs go for through magnetic fields strength of the Dark maf matter 
strength first before through further reduction in strength, the dynamic pmf of mafs of the dark 
matter in motion reaches the pmf strength of the matter mafs level and hence becomes visible in 
matter pmf strength environment and becomes matter. 


Now that the essence of existence of dark energy or dark matter can be explained in its realistic 
manner, and that is what has been called dark matter is in fact this is a magnetic field in transit from 
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the principal mafs matter and matter strength to matter maf’ strength and matter. 


Then as energy has been defined as “magnetic fields in motion” then the dark energy in fact is 
transition mafs matters in motion, or what is called the transition energy. 

Then the dark energy can be called the Transition energy instead of the Dark energy, as the pmf in 
motion as this magnetic fields from the mafs strength of the principal matter in motion to reach to 
mafy strength of the matter level, this is only a Transition pmf condition, and transition maf’ matter 
phase only. 


Where, the interaction of mafs of transition matters with other of the same leads to and creates the 
Transition gravitational and Magnetic fields of their own or create what is called the Transition 
Magravs and in some cases this condition leads to creation the transition matter (dark matter) and 
consequently sometime interaction of maf of transition energy leads to appearance and become 
transition matter (dark matter) in the cosmos. 


Therefore, the magnetic fields strength which makes the dark matter is to be renamed as the mafs 
of the transition mafs matter and the dark matter as tangible matter becomes the transition matter, 
the dark energy to be renamed to transition energy. 


The plasma of the principal mafs matters exists everywhere in the universe. This being in the centre 
of the universes, galaxies, stars, planets, plasma of proton and even in the centre of the plasma of 
the electron and in the lower order pmf strength environments which have been undetected up to 
now by man. 


In reality in the centre of what is called a black hole in the universe, there exist and is the home of 
the principal mafs matters and principal matter. Therefore the black holes should be called the 
principal stars in the centre of galaxies, stars, plasma of protons and other entities like these. 


The choice of the term star for principal centres of matters is correct as these principal matter 
concentration centres are like a star in the centre for the matter world like solar system, and the 
Principal stars are the place for the mafs of the Principal matters and the principal matters which 
their fields radiate outward into their surrounding as it does with the stars. Thus from this point on 
in this disclosure we call the black holes the Principal stars in the universe now that we understand 
the real source of their mafs of this matter(s) and its principal matters, 


It can be understood now that where the intensity and the strength of stars and planets come 
partially from the existence of the principal mafs pmf strength which has been released by the 
Principal stars in the galaxies. This is to say that the seed of the pmf of the galaxies and matters 
needed for the creation of stars in principle are from pmf of the mafs of the Principal matter. Where, 
the interaction of the pm of these mafs’ of the Principal matters leads to creation of initial strong 
Magnetic and gravitational fields needed for the creation and attraction of mafs of matters of 
mas of matters, the mafs of the transition matter and transition matters of the same region of the 
plasma of stars, plasma of the proton and other entities of the same structure in the 


universe. 
At the same time when using Magnetic with capital “M” this means the like of the Magnetic field of 
the earth, which itself is the plasmatic environment created by the interaction of at least two 
magnetic rays and indicates the outward flow of the magnetic fields from a plasmatic environment 
the like of the earth. 


Similarly, when using magnetic field with small “m” this simply means the magnetic fields as in 
what we observe at the end of a solid magnet as magnetic fields of the object without its interaction 
with other fields. 


Chapter 1 


The light 


The initial assumption which has been made by Einstein that the light is energy and travels with the 
ultimate speed of acceleration in the world is nothing but short of the lack of the understanding of 
the scientist about the real truth about the real different composition of dynamic Magnetic fields 
strength which the light is made of. 


It is really unthinkable that the light in matter environment can be considered as energy as has been 
done by Einstein, as he has even proven that the light tends to bend when it passes near large 
objects like stars. 


This bending of the light should have indicated to Einstein that, when energy tends to bend in and 
around any objects like a star, this by itself indicates that the light is and possesses both a Magnetic 
and gravitational entity structure. He should have understood that only Magnetic fields or the 
gravitational fields, which both are magnetic fields based, that these two entities can only attract or 
interact with other magneti entities and then in finding their position in 


and hence light byp: 's by manoeuvring around them and gets or give the 
appearance of bending near the object as it position’s itself in respect to large objects Magravs. 


Hence light is not energy but a physical plasma entity like the plasma of a proton or an electron. 
Therefore, the interaction and Magravs positioning of two physical dynamic entities, which leads to 
observation of what is called the bending or lensing of the light near large objects the like of the 
star. 


Whereas this was not so and light was an energy, and as has been explained before energy is when 
plasmatic fields (pmf) are in motion, then light would have been absorbed by the Magravs of most 
stars into their magnetic fields based atmosphere on the way of them passing through cosmos and as 
has been observed the light would have been absorbed by the other entities in the cosmos, and the 
light ray would not find its position in respect to star and bend around stars and large dynamic 
entities in the universe and the light ray would have never been able to cross the universe that one 
can now see the emitted light of stars from far corners of the universe. 


Therefore as light tends to react and bend near objects like stars this by itself indicates important 
points that the light is a composite magnetic field based entity and if one can attract and interact 
with any composite magnetically based entity, then the entity has to have both Magnetic and 
Gravitational field forces. 


When two or more plasmatic spherical magnetic fields Magravs interact then this can lead to release 
and creation of cylindrical Magravs of the light, which this transitional Magravs entity possesses 
both mass and gravity. Therefore, as the plasma of the light possesses gravity and Magnetic field 
hence this entity due to its structure possesses its own mass and its own magnetospheric 
environment too. 

Where, this magnetosphere which is created by the interaction of the two the Magnetic fields and 
gravitational fields of the light in its interaction with other pmf of Magravs of a given environment, 
this leads to and creates the visible light in matter mafs and matter environment when the outer 
matter content of the light is in matter environment. 


Hence the interaction of the plasma of the light and its environment’s magnetosphere leads to 
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release of pmf in the human protein Magravs strength, which manifestation itself as the visible 
light. 


That is to say as the magnetosphere of the light interacts with the magnetosphere of its given 
environment, due to friction of the two fields, residual magnetic fields leftover are created, which 
they are manifested as visible light or other wavelength of magnetic fields according to the human 
eyes protein cells plasmatic magnetic fields strength levels in earth environment Magnetic fields 
condition and in comparable environments 


Chapter 2 


The structure of the light 


As an entity in possession of Magnetic and gravitational fields moves from one spherical plasmatic 
magnetic fields environment (for example the plasma of the proton) to another plasma, the plasma 
Magravs motion in between these two spherically dynamic plasmatic entities (transition plasma 
magnetic fields (pmf) stretches’ to and takes the shape of elongated cylindrical Magravs entity 
rather than a spherical shape. 


It can be considered that the tangible or detectable pmf are of dynamic spherical in shape entities 
and they possess the pmf Magravs of their own and as the pmf moves from one dynamic spherical 
entity to another dynamic spherical pmfs Magravs environment then the plasmatic magnetic field 
Magravs in transit between the two spherical Magravs due to interaction and its composite Magravs 
configuration and the Magravs composite of its environment becomes elongated pmf in shape from 
the Magravs of the spherical plasma and takes and become narrow and elongated and hence spiral 
cylindrical in shape 


It has been explained in detail that the plasma of dynamic spherical entities like plasma of the 
protons’ is made of three main components of maf’ of the matters, the mafs of the principal matter 
and the mafs of the transition matter and mafs of the matter (1) 

Therefore the elongated plasma of the same must contain the same maf’ 
different structural positioning configuration. 


and matters but in a 


Hence the dynamic cylindrical shape plasma of the mafs of the matters in transit from one plasma to 
another will have the same quantity mafs of all matters of the dynamic spherical plasma and 
therefore the plasma in transit po s and it is made of the same mafs of the principal matter 
(Fig.1, 2), mafs of the transition matter (Fig.1, 2), and the maf of the matter (Fig.1, 2), hence the 
plasma of the light contains the same maf’ of the matters as the plasma which is manifested from, 


This dynamic elongated cylindrical plasma once in motion due to its new shape it can penetrate and 
move faster in its environment as it has less frontal interface and creates a lesser friction as if it was, 
spherical in shape, this allowing faster speed to be attained by the plasma of the light in transit from 
one matter mafs environment to another irrespective of the plasma matter maf of the light being in 
the principal maf’, transition maf’ or matter mafs mediums pmf strength environment. 


matter 
= - = = transition matter — - 


aaa oe 
principal matter 
Ve eeee = = = = transition matter - = - = - = - 


matter 
Fig.1 The schematic mafs of the matters components’ of the light 


This internally dynamic cylindrical plasma of the light in its motion creates friction between itself 
and the Magravs of its environment, which this friction at the point of their interaction and due to 
friction of the two pmf Magravs at this point of interface releases plasmatic magnetic fields, which 
are in the man’s protein pmf strength detectable magnetic spectrum. Through biological structure of 
the humans protein pmfs strength visionary sensors’ which can detect this interface interaction pmf 
strength then these sensors become aware of different pmf strength, its position and condition and 


19 


this information is passed to the brain, where this method of interface interaction of two Magravs of 
the rays of the light and the protein has become the method for man to be aware of his physical 
surrounding in his environment pmf strength and the man has called this matter inter 
conditioned wave length the light ray. 


The light ray in its interaction with the surrounding magnetic fields in their environment leads to 
creation of magnetic field in range to man visible light according to the human protein pmf strength 
of the universal Magravs spectrum, where the shine or the visibility of the light observed become 
and it is at the boundary of the magnetosphere of the plasma of the light. 


The structure of this dynamic cylindrical plasma of the light ray, which creates its own Magravs, 
initially consisted of, in the centre, the content of maf’ of the principal matter, then the next layer to 
the principal mafs is the mafs of the transition matter and then the layer surrounding this, is the 
matter mafs strength magnetic fields components of the light. 


(MATTER 
TRANSITION 
‘MATTER 


RAY OF LIGHT PRINCIPAL MATTER 
Fig. 2 The mats of the matters components’ of the light 


These dynamic plasmatic magnetic fields due to their proximity to each other, they have to interact 
with each other as all magnetic fields in close proximity with each other do and by the same 
universal principle laws of physics these magnetic interactions leads to creation of gravity (1) and 
creation of Magnetic fields within and around this dynamic cylindrical plasma, where these 
magnetic fields interactions leads to creation of internal and inward magnetically initiated 
gravitational fields force of the light and the outbound Magnetic fields forces of the light. Therefore 
due to interaction of different constituent magnetic fields of different mafs’ of the matters of the 
light, the light must create and does possess its own Magnetic and gravitational fields, and due to 
the interaction of these two plasmas of the fields of the gravity and Magnetic fields, this leading to 
creation of the mass and the magnetosphere of the ray of light (1) 


Hence the light by natural laws of magnetism possesses mass and magnetosphere and similarly not 
all lights have the same mass and by the same laws and principles lights of different intensity and 
lights which can travel longer distances possess a larger mass. Where, their mass is primarily 
dictated by the strength of the pmf of mafs of the principal mafs of the light components” 


The interaction of the mass of the light and the environment of the medium that the light is traveling 
through, then the light acquires weight in respect to its given environment fields strength. 


The mass of the light has different weights according to the gravitational environment which it is 
passing through or being produced or arrive at. In understanding the construction of the ray of the 
light then the mass of the light has to be measured along its total length and not across its width 


anticlockwise 


Most rays of light pos ral longitudinal rotational motion for their constituent 
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fields and not spherical rotation of the fields as for example in spherical dynamic entities the like of 
plasma of the proton. 


Rays of light as in the case of matter plasma of protons the light rays mainly possesses and 
maintains a clockwise directional motion. 


Due to composite structure of the light’s maf8, if one looks’ at the cross-section of the light (Fig. 3), 
one should be able to observe a tighter magnetic fields strength region of the principal mafs in the 
centre, leading to creation of the strong light in the principal spectrum level and stronger 
gravitational fields of this sections’ structure that creates its own magnetosphere region, then this, 
section is covered with the transition mafs region structure of the light, and then when the 
transitions mafs have reduced in their strength, then they become in the level of the matter mafs 
strength and at this zone the matter mafs and matter of the light are established and maintained (Fig. 
3) 
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Fig, 3 The cross section of the ray of light 


The lights’ structure is similar to the structure of inner sanctum of the Sun and principal star in the 
centre of the galaxies, where for example the Principal Star takes its position in the centre of the 
galaxy and due to its higher inner magnetic field’s strength of the principal star, this creates what 
appears as the principal stars strong gravitational field forces that all matters around it are pulled 
inward and at the same directional motion of the galaxy is set by their principal star too, where 
imultaneous this central matter radiates outward its own light in the principal mafs strength (3 and 
4) 


The straight helixal cylindrical shape of the light ray has polarities the same as any straight solid 
magnet, where the outer magnetic fields lines of the light ray converge inwards and the inner 
magnetic lines of fields diverge outwards, this creating an inward (South-Pole) and outward (North- 
Pole) directional motion of fields ( Fig. 4), 


Fig. 4 The polarity of the ray of light 


Due to the structure of magnetic fields of the light, it can be said that the matter mafs fields 
components of the light will be interacting and be attracted and drawn inwards’ through the centre 
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of the structure of light’s magnetic fields at the ends of their pmf length (South -Pole of the light) 
and then as they go through or in proximity of the mafs of the principal mafs of the light in the 
centre they absorb some of the pmf, which has been unwinded by the mafs of the principal mafs 
fields and then these matter mafs fields, now energized, then due to their rapid motion are ejected 
and appearing from the other end (North-Pole) of the light ray. 


This inward revolving motional central rotation of the outer matter maf’ fields at the same time 
gives the light its property of high speed forward motion, where the conversion and the overall and 
total gravitational field strength and the helixial cylindrical rotation of Magnetic fields of the lights’ 
principal mafs’ dictates the length of the light ray and hence where the beginning and the end of the 
light ray would be. 


of matter of light going inwards and then ejecting from other point, is very much like 
s what some consider as the imaginary phenomenon commonly called and known as a 
wormhole principle. The continues rotation of the mafs of the matter’s fields concaving-in and will 
go through the inner Principal Star like system of fields in the centre of the ray and then the pmf of 
the mafs of the matters emerges from the opposite-end as it has entered with new and higher pmf 
strength. 
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Fig. 5 The first conversion. ‘The spherical plasma structure converts to the cylindrical plasma structure of the 
light (The first metamorphoses of the light) 


When, the spherical plasma first changes to cylindrical plasma that is the point when the ray of light 
is created and becomes straight line directional in motion entity, and the spherical entity goes 
through the first metamorphoses (Fig. 5). 


Then as and when this dynamic cylindrical entity reach’s its destination point, this being of any 
mafs or matters plasmatic fields strength environment, then at the point of arrival then this 
cylindrical entity goes through the second metamorphoses and reverts back and spherical rotational 
fields entity (Fig. 6). 
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Fig. 6 The second conversion. The cylindrical plasma structure of Light converts back to a spherical plasma 
structure (The second metamorphoses of the light) 
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Where, the plasma of the light gets gravitated and absorbed then it takes the shape of the matters in 
the target entity environment as the content matter of the plasma of the lights gets added to the 
plasma of the target environment and the target entity receives an additional dynamic plasmatic 
magnetic field of all mafs of the matters of the light or what is called the target plasma receives an 
additional energy from the plasma of the light. 


Therefore the plasma of the matter to hold on to its maximum pmfs and transfer its pmfs from one 
point in the universe to another as fast as possible, then the plasma of mafs uses and goes through 
double metamorphoses process of spherical to cylindrical and then to spherical entity (Fig. 7) 


In reality the light ray due to its mass possesses momentum rather than light being a ray which only 
transfers’ it magnetic fields and energy upon interaction with other entities in the universe. 


Therefore, IFF the light was a ray and not a plasma composite of different mafs strength, then only 
one of the matters’ mafs of the plasma of the targeted entity would increase in mass and this creates 
unbalance in the inner structure of the targeted plasma and only in that matter’s content, which in 
the case of the matter environment this energy is so low compared to the principal maf contents’ of 
the targeted plasma, that this increase in matter pmf would not have shown any increase in its 
content and increase in the energy as the whole. 


MATTER 
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Fig. 7 The double conversion of the plasma from spherical to cylindrical, and on its arrival back to spherical 
plasma entity 
(The double metamorphoses process of the plasma of the mafs) 


But as the light transfers all its maf’ of all its matters content to the targeted plasma, then the whole 
pms matters of the plasma of the target plasma increases and then the whole plasma shows signs of 
increase in the plasma content and for example the whole atom structure gets energised 


This being the like of when plasma of an atom receives injection of a ray of light that the whole 
proton and electron gets excited and energized and not only the matter components of the plasma 
(note: the term plasma of an atom as the whole structure of an atom including its neutron, proton 
and electron create its own magnetosphere and it can be considered as one plasma containing 
plasmas of these particles). Where, the electron due to its less shows a more rapid motion 
and excitation, whereas the plasma of the nucleus absorbs most of the light mafs and adds this to its 
total mass of all its matters, 

If] The protons of the nucleus magnetosphere are measured before and after interaction of the light 
with its atoms magnetosphere, then it can be observed that there is a marked increase in the 
magnetosphere size of the plasma of the proton too, this indicating that the whole atom absorbs all 
matters mats of the light and not only the plasma of the electron, which moves and takes new 
position in respect to the protons Magravs. 


In comparison, in earth condition as meteoroids enters its magnetospheric zone, the facing side of 
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We present the design and experimental implementation of a power harvesting metamaterial. A 
‘maximum of 36.8% of the incident power from a 900 MHz signal is experimentally rectified by 
an array of metamaterial unit cells. We demonstrate that the maximum harvested power occurs 
for a resistive load close to 700 in both simulation and experiment. The power harvesting 
‘metamaterial is an example of a functional metamaterial that may be suitable for a wide variety 
of applications that require power delivery to any active components integrated into the 
‘metamaterial. © 2013 ALP Publishing LLC. fttp|/ax.doi-org/10.1063/1.4824473] 


Metamaterials are composed of sub-wavelength par- 
ticles that exhibit bulk properties that are different from their 
individual components. Electromagnetic metamaterials are 
engineered materials that can achieve parameters not possi- 
ble within naturally occurring materials, such as a negative 
index of refraction! or a zero index of refraction.” Exotic 
properties like these allow for a variety of interesting appli- 
cations including a superlens device’ and an invisibility 
cloak.* Integrating active and nonlinear functionality into 
metamaterials has been demonstrated in the form of dynamic 
resonant frequency tuning," phase conjugation,’ and wave 
mixing.” More specific functional behavior has also been 
demonstrated in metamaterials, including radio frequency 
(RF) limiting” and harmonic generation." 

Metamaterials are also well-suited for other functional 
behaviors, including electromagnetic power harvesting, the 
focus of this work. Power harvesting devices convert one 
type of energy to another, typically converting to a direct 
current (DC) signal. Many types of energy can be harvested, 
from acoustic (using a piezoelectric harvester)'* to electro- 
magnetic (using a rectenna).'* Power harvesting devices 
require a method to couple to the energy that will be har- 
vested as well as a device to convert the energy from one 
form to another. By their very nature, metamaterials are 
designed to couple to various types of energy, e.g., from 
acoustic’ to optical,'* and thus provide a natural platform 
for power harvesting. Electromagnetic metamaterials pro- 
vide flexibility in design due to their electrically small, low- 
profile nature," Since metamaterials are typically designed 
as infinite arrays, the resonant frequency and input imped- 
ance include coupling effects, Metamaterials can be adapted 
to various applications, such as flexible sheets to cover surfa 
ces.” Moreover, many metamaterials that have been pre- 
sented in the literature require some form of external signal 
This could be a DC bias voltage" or a large external pump 
signal.” In general, metamaterials could be modified to har- 
vest such an external signal that is already present for other 
purposes, With these design advantages, power harvesting 
metamaterials offer design flexibility for a large number of 
applications that general antenna-based microwave power 
harvesting devices may lack. 
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A recent simulation-based study'” investigated the con- 
version efficiency between incident RF power and induced 
power in a split-ring resonator (SRR). Our work is focused 
fon the experimental measurement of RF to DC efficiency 
based on the conventional effective area of the SRR. We 
demonstrate that metamaterials can also include embedded 
devices to convert the incident RF energy to a DC voltage, 
providing a platform for power harvesting that utilizes the 
advantages of metamaterial design, 

An SRR is a canonical example of a resonant metamate- 
rial particle and is used as the basis for the unit cells of the 
metamaterial power harvester designed here. By tuning the 
SRR parameters, we design an SRR (Fig. 1) to resonate at 
900MHz using an S-parameter simulation within Computer 
Simulation Technology (CST) Microwave Studio software, 
Using CST Microwave Studio, we can also simulate the 
effects of embedding devices within the SRR by retrieving its 
S-parameters using a lumped port, The retrieved S-parameters 
are loaded into Agilent Advanced Design System (ADS), 
allowing us to simulate both fullwave 3D effects and circuit- 
level nonlinear effects. 

An SRR couples strongly to an incident magnetic field 
and can be loaded with a wide variety of circuit elements, In 
this work, we embed a rectifying circuit within an SRR to 
convert the incident RF power to DC power. A number of 
rectifying circuits could he chosen depending on the particu- 
lar application for the power harvesting metamaterial. We 
choose to use a Greinacher™ circuit because the output volt- 
age is double the input vollage maximum, which allows for 
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FIG. |. (Left) Power harvesting SRR. (Right) Plain SRR with dimensions 
shown, lm traces Incident wave polarization is also shown, 
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the meteoroid on entry into pmf of the earth, its interface surface matter curves’ backward, where 
the same happens in ‘the case of dynamic plasma of the light in entry into a new pmf strength 
environment, then the same types of curvature and convergence of the mafs of outer matter mafs 
layer of the light due to the speed of the transition and obstruction and friction of the new 
environment, then the outer mafs of the light take their position on the outer layer and the rest of the 
mafs of other matters’ of the light follow the same process and take their position within the new 
plasma and the cylindrical structure of the light converts into spherical plasma and hence the light 
converts into a tangible spherical matter, and all its matters content fuses and amalgamates with all 
matters of the same in the new target plasma environment (Fig. 6). 


The reversal of the helixal motion and cylindrical plasma of the light to spherical and rotational 
mode of matter is entirely dependent on and due to the environmental plasmatic magnetic fields 
strength, which the light arrives at and it is dependent on the tightness or strength of the magnetic 
fields of the destination environment, 


In this process pmf traveling from one point to another in the universe, as the fields of the mafs of 
the transition matters have faster speeds than the matter maf’ fields of the light then, when the light 
arrives at the point of its destination, where is to release and converts its fields to the given 
environments’ of other plasmas, then the conversion in the matter mafs to matter fields strength 
leads to creation or release of plasmatic fields in the soft x-ray which is the essence of creation of 
life (6) and other magnetic fields strength of magnetic spectrum levels 


In the matter environment the slowing down from the principal mafs components of the ray to 
matter mafs fields strength leads to release of magnetic fields plasmas in the gamma rays strength 
levels and similarly the beta plasmatic magnetic fields strength is due to fields strength from 
principal mafs to mafs of the transition matter and transition matter mafs to matter mafs and matter 
pmif strength this become to release alpha rays in the magnetic field spectrum. 


The production of gamma ray through such similar process can be observed, when the star in the 
supernova state releases gamma burst, where this gamma burst is due to the rapid expansion of the 
principal mafs of the star converting into the matter mafs magnetic field strength or the rate of the 
change of the principal maf to matter and matter maf leads to release of gamma rays. 


As the matter mafs composition and the construction of the plasma of the electron has been 
understood to be of the same as the plasma of the proton and neutron (1), then gamma rays are and 
can be produced by the mafs of the matters of electron the same way as done by the neutron or 
protons, when and where the right condition for the release of the fields strength equal to the 
gamma rays are made available for this ray pmf strength to be released. Where these rays released 
by the electron can appear in the inner structure of the plasma of the protons of the nucleus and be 
manifest as the incoming and mysterious energies which are moving within the plasma of proton or 
neutron and their source unknown. 


There are lights rays which are created by the electron in the same process of spherical to 


cylindrical structure conversion between the pmf of the electrons and the proton or an atom, 


It has been explained (2) that there is current of magnetic fields flowing within the different maf’ of 
the matters magnetic fields strength of any plasma as it does between the plasmas themselves. 
Where the current of magnetic fluxes in the case of the light rays is in the light plasma magnetic 
fields strength and not electron levels of magnetic fields strength of the spectrum of the magnetic 
fields, when magnetic fields moving from one matter mafs to another within the layers of the mafs 
of the matters of the light. This current of pmf within the mafs of the matters’ of the light is to be 
lled the light Magnetism, “ligmagnetism” instead of electromagnetism as their mass of the mafs 
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are totally in different scale of measurement, 


It has to be said that as there are electromagnetic fields so there are protomagnetic field as well in 
the operation of universe, these are a more powerful current follow of magnetic fields package, 
which the world of science is not so much aware of these at the present, but in the construction of 
space reactors for the future of space technology the use of protomagnetic fields and their currents 
are much easier systems to produce and this gives opportunities for the development and production 
of a much smaller but more powerful by factor of several orders of magnitude than electromagnetic 
based plasma space reactors, where huge masses can be lifted with few grams of fuel. This concept 
of light to neutron and lift and motion is the main corner stone of knowledge and principle that 
allows the stars to create such a powerful gravitational and Magnetic fields, which the scientific 
world at the moment has not understood as of yet and has been entangled in the smaller component 
of the atom, rather than understanding the real power house of the atom and utilise this for their 
benefit to achieve some wonderful and interesting result 


The pmf current within the mafs of the matters of light structure magnetic field in strength has a 
different spectrum due to its length and rotational motion than the electromagnetism measurement. 
This ligmagnetisem has more powerful current flow and by size have stronger field’s strength as it 
has more field contents in the principal mafs fields’ spectrum than the electromagnetism which is in 
matter fields’ st 


Electromagnetism or electromagnetic flow (2) is said to be the electron magnetic fields strength 
equal to the strength of the magnetic fields of the plasma of an electron and the current is explained 
as the rate of the flow of the magnetic fields from one magnetic field strength to another (1 and 2). 
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Fig. 8 Conversion of the ray of light into the fundamental plasma 
or what is known as neutron 


In most cases when the lights have enough mixture of mafs of different strength, these rays upon 
their arrival to a given environment, they directly convert into the complex plasma of fundamental 
plasma or what is known as the plasma of neutron (Fig. 8)(1) 


At the same time collection of smaller and fragments of lights plasmatic magnetic fields upon 
arrives at the point of destination, due to the vacuum level of the environment go through the 
process of accretion and they create or lead to creation of the fundamental plasma (neutron) in their 
new environment. 


In cases the light ray carries more mass contents of all three mafs of matters compared to the its 
environmental mafs need for production of fundamental plasma in this new environment, then in 
these cases the large in mass light rays has enough mass of mafs that the light ray in this new 
environment goes directly into the structure of the fundamental atom or what is known as atom of 
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hydrogen, that once this ray. That is to say in certain conditions, the structure of atom is due to total 
conversion of the light rays components and the ray of the light does not go through neutron decay 
conversion (1) for the light to become an atom (Fig. 9). 
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Fig. 9 Production of an atom direct from the ray of light 


Some light rays due to their internal dynamism and different mafs strength in their structure, these 
lights rays create and contain entities moving internally and these internal structures keep the 
plasma of the lights’ mafs in order and under control. These internal entities are the like of the 
electrons, which are externally positioned in the overall structure of the atom, these internal entities 
have specific position and purpose and they mostly convert to electrons’ of the plasma of an atom 
in given specific conditions once the plasma of the light converts into matter of an atom, where with 
this process there is no conversion into neutron and then the nuclear decay of the neutron that leads 
to creation atom, in this process the light converts directly into atomic structure in one step. These 
internal entities are usually observed in the lower order environment medium which the light is 
traveling through, where the low speed of the entry of the outer layers fields, in-going through the 
faster speed principal mafs, these create small vortexes between the two fields in the transition mafs 
environment of the palms of the light, which these vortexes start operating independently and 
gradually fiend a fix position in the internal structure of the plasma of the light and when the light 
transfers to structure of an atom, these mafs entrapped in these vortexes become the electron of the 
matter of the atom (Fig. 10). 


Internal magnetic lds vortex converts to an electron 
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10A The conversion of light containing vortexes into the structure of an atom direct. 


The reason why the plasma of the light takes the spiral helixial cylindrical motion and shape is 
simply due to the fact that plasmas’ with this type of structure does not have a need for additional 
external plasma(s) around them for coherence and a balanced plasma the like of electron in the 
spherical plasma structures of an atom, 


In principle rays of light get their strength from their inner plasma of the principal mafs’ strength 
rather than any other part. This being the reason, why light look as to be an energy rather than 
entity with the mass. Therefore the light is a composite of plasmatic magnetic fields of different 
mafs of the matters fields’ strength and light is not a single magnetic field structure. 
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The lack of understanding of the structure of the light and the inability in scientific world to be able 
to split the structure of the inner components of a light ray has led the scientific world to consider 
the light rays as an energy rather than a dynamic structural plasma as of the same as the electron or 
proton, 
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Fig. 10B Ray of light travelling through and interacting with outer maf’ and initial fundamental particles of 
pmfs. 


Due to the cylindrical structure of the light plasmatic magnetic fields and their interactions, light 
has the wonderful capability to be able to change its outer mafs cover as/and depending upon the 
matter maf’ or matter medium that it is traveling through or where it arrives at. 


In choosing and using heli 
rotating plasmas like as 


al cylindrical motion the light does away with the need for external 
the electron(s) with the atomic and planets with solar system. 


This, meaning that all rotational spherical objects the like of the solar systems and atoms need to 
have two or more parts that their centrifugal magnetic forces can keep their matters and mafs 
content of dynamic magnetic fields in an encircled and enclosed loop for them not to lose too much 
of their magnetic fields through leakage to other plasmas in their environment, 


In reality helixial cylindrical rotation partially can be seen in structure of some of galaxial structures 
too, primarily due to this phenomenon, 


Where, for 


side-out and vice-versa according the 
mediums’ magnetic fields strength of the environment of travel. This meaning that due to dynamic 
cylindrical helixial motional and composite matters mafs structure of the light, the mafs of the 
transition matter plasmatic magnetic fields can become and take its position on the outer shell of the 
light rays in a mafs of the transition matter mafs and medium strength and similarly the principal 
mafs components of the light can take their place on the outer fields layers” of the light rays in 
principal mafs and matter fields strength environment. 


The light is energized from the central magnetic fields strength region of its structure in a matter 
medium and this being the reason why the light seems to be able to travel long distances and behave 
as energy and not an entity. This change of cover allows less losses’ of the mafs of all matters of the 
light ray due to friction in any medium magnetic field strength, 


Now it becomes clear, how and why spherical rotational shape of the movement of the dynamic 
plasmatic magnetic fields leads to creation of matters and at the same time longitudinal cylindrical 
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helixial rotation of the same dynamic plasmatic magnetic fields lead to creation of light rays. 
Therefore the method of transport of pmf and Magravs in space is through the Light Magravs, 
where at the point of interaction and slowing down the lights’ pmfs are transformed and transferred 
to matters fields strength of plasma of the new environment. 


Hence, in the universe maf’ of the matters are transferred and transported through the mechanism 
and the use of plasma of the light and when for example the Magravs of the light reaches matter 
environment it becomes and slowed down enough to reach’s all content matters Magravs strength 
levels, then what is released in by the light pmf, this surplus or released pmf then becomes the pmf 
which targeted pmf receives as addition pmf or what is commonly called if receives energy from 
the pmf of the light. 


When, the light ray reaches the principal matter environment then its principal mafs pmf will have 
the same interaction as delivery to its given environment as mafs of matter have in the matter 
environment. 


The reason matters can feel forces of rays of light are primarily due to the momentum of the motion. 
of the mass of the light itself and not through absorption of its energy. 


In the solar-sail transportation the motion of these would not be due to energy of rays of light 
absorbed by the sail, but in real term the created motion is due to the motion of the mass of the light 
and its momentum that once it comes to rest at the point of interaction with the material of the sail, 
s momentum to the fabric of the sails’ matters and hence the increase in the 
I and hence the motion of the sail 


It is essential to realize that as there are gamma rays, beta, and alpha rays and so on in the matter 
world so do the same types of rays of the same in equivalent and in proportion in strength exist in 
the environments of the Transition and the Principal Matters too. 


Therefore one has equivalents’ of the gamma ray in the principal mafs environment and the same as 
x-ray in the mafs of the transition matter environment in magnetic fields strength too. This meaning 
that the sub-division and spectrum of pmf strength of the light is not the exclusivity of the matter 
environment only and it has parallels’ in other matters’ pmf strength environments. 


At the same time the interaction of the Magravs of the lights surrounding with Magrays of the light 
leads to release of magnetic wave’s rays in the visible light spectrum in these matter mafs 
environments depends up on the observes pmf strength visibly tools of observation. 


The inter matter’s mafs cover exchangeability of the light rays is the reason why light has 
ppability to travel long distances in mafs of the transition matter environment of the universe, a! 
the similar in strength maf’ of the transition matters creates no loses or interactions in this level that 
can lead to minimum losses of light’s plasmatic magnetic fields and its strength. The reason being 
that visible light is only released, when two different Magravs in strength collide and not when two 
pmf of the same interact or very little pmf are released in these compatible pmf strength entities and 
environments encounters as in the interaction of the similar pmf lead to and creates very little 
friction between the pmfs of the light and the environment and hence these interactions releases 
very little light and this being the reason why in the universe, the interaction of the transition mafs 
of the light rays with the transition matters of the universe creates very little light or a dark light or 
what can be called the Transition Translucent light (1) and not a bright visible light, when one looks 
into the deep cosmos. 


The invisibility of travel path of the ray of light through the deep space is in fact due to its 
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capability to change its outer layers according to the environment that it travels through. 


That is to say as the light goes through the Transition fields regions of the universe, then the 
transition mafs and matters of the light will come to take their position on the outer layer of the ray, 
then through this process less pmf are used in interaction with these fields and matters and hence 
less friction and less loses of mafs of the light, and in these interactions there are very little loses 
through the Magravs of the maf’ of the transition mafs of the light, these faint lights produced in the 
interaction of light’s outer mafs of its transition matter and of the same and/or transition matters in 
the universe, where these very few interfaces of the collision between the light and the environment 
Magravs gives the universe a dark but translucent effect that one can see through the universe. In a 
way this interaction of lights” transition mafs and universe’s transition maf’ is the cause and the 
reason for the invisible transparent structure which allows the production of universes discreet light 
that one can see through this universe but blocks opportunity that one cannot see the lights from and 
the universes outside this universe (3). 


It can be said that the light due to its interaction and helixial rotational characteristics is like a 
chameleon and it has the ability to changes its cover matter and mafs according to its 
environmental Magravs strength, which it travels though and when and where the fields strength 
changes are too great then the light changes its cylindrical to spherical shape structure and its outer 
skin matter and mafs take’s strength of its environment mafs or the matters’ plasmatic magnetic 
field strength. Or it can be said that the light has surface Magravs strength matching characteristics 
and capabilities. As the Magravs of the light reaches or tries to enter another spherical Magravs or 
cylindrical Magravs then part of the released Magravs due to friction of two Magravs with each 
other lead to transfer of pmf to spherical pmf and release of some pmf in the form of magnetic rays’ 
strength spectrum. 


The light as it enters or comes in contact with plasmatic magnetic environment the likes of the 
earth, then the interaction of their two dynamic cylindrical and spherical Magravs creates fragments 
of plasmatic magnetic fields that are in the range of the man’s protein Magrays strength that to 
man’s sensory detection tool called the eyes can recognise the interface of the interaction of the two 
Magravs as the visible light. 

In reality the light is created and operates through and from different pmifs strength and it is not as 
simple as an energy as if one define the true meaning of the energy, which is “the plasmatic 
magnetic fields (pmf) is motion” (1), then taking the motion or speed of the ray of light’s movement 
in a different matters and mafs environment then one can see that the light in truth is no one 
magnetic ray but it is made of a complex plasmatic magnetic fields of different strength 


Whereas, in the light’s principal mafs (3) the stronger and tighter of its fields seats in the centre of 
the structure (Fig.1) and as this maf’ of the matters field’s unwinds, these newly made available 
which are lower in strength and are going from one strength to another, then these mafs in motion 
to be known as transition energy (dark energy) and when these mafs slow down enough to their 
transition matter and maf environmental strength, then these appear as mafs of the transition 
matters (dark matter), and then when the transition mafs pmf strength reduces or unwinds enough 
that this mafs reach’s the matter mafs pmf strength levels environment then it become tangible or 
detectable the matter at this strength (Fig. 11) 
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Fig. 11 The magnetic field structure of the plasma of the light 


Where, the visibility of the light at this point the like as in the earth and human body, then this light 
is human protein chain mafs strength dependent, then it became visible light to the human eye in the 
Magravs strength of the planet gravitational field strength and then the light appears in matter pmfs 
strength and as tangible or detectable matter. 


Light in its visibility and tangibility has different strength and what is visible light in one matter 
mafs and matter environment strength, this it is not necessarily visible and tangible matter mafs and 
matter’s pmf strength in another environment and vice-versa. The visibility of the light or its 
transparency is environment and target magnetic field strength dependent. 


The structure of the light prevail that in general in matter environments the stronger or the principal 
fields take its position that as it unwinds it become the source of the magnetic fields to the lower 
field’s strength and it can be divided into the lower field’s strength of the plasmatic and magnetic 
fields. 


At the same time the tightness of the fields of the maf’ of the principal matters and their content of 
the principle fields in their interactions with other principal strength fields of the same strength 
mafy and matters creates visibility in their level of strength too that these lights are not visible for 
example in matter mafs or matter environment to human eyes even though in the matter 
environment the existence of the principal fields and mats of the matters can be felt or even their 
affects can be seen 


It has to be said that if the light was not in possession of its own Magravs, the light would have 
been attracted and absorbed into and by the first magnetic fields or the first object in possession of 
Magravs in its travel in the universe, whereas the light being in possession of its own Magravs (the 
dotted line around the mafs of the light in the figure 11) (1) this allows the light to find its position 
according to its Magrays strength in respect to other objects Magravs and magnetic fields in the 
universe and this giving the light the ability to travel the length of the universe without being 
sorbed into or by other objects Magravs and magnetic fields. Thus the light has the ability to 
establish and maintain its own Magravs positioning criterion in respect to other entities in its 
environment. 
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The light rays with higher mass of the mafs of the principal matters, these rays can travel further in 
space compared with rays of lower mass. Therefore what one can observe as light from far corners 
of the universe in general these are some of the lights which possess the more mass of the maf’ of 
the principal matters at the point of their inception, as the rays with lower mass have already been 
absorbed by the other entities in the universe over the life of the universe from the time that these 
rays were created and have been in travel in cosmos that they could not be observed by man at this, 
point in the life of this universe. 


The light observed from far corners of the universe are some of and not all the lights from the whole 
of the universal light from the point of creation of this universe as most lights by now have 
interacted and been absorbed or are interacting and getting absorbed by the other fields in the 
universe, then this can indicate that lights of lower mats of the principal matters strength and 
content of principal matters from the origin of the time of the birth of this universe have mostly 
already been absorbed or been attracted by other pmf and entities in the universe. 


The absorption of different rays of light in the universe are environmental dependent and it can be 
said that the lower mafs strength of the principal matters of the mass of a light ray can become the 
seeds of neutrons or it can be said that the principal mafs of the light as it arrives in a matter 
magnetic fields strength environment, then this principal mafs of pmf of the light becomes 
dynamically spherical in structure and then become the seed of the creation of neutron. Hence one 
can understand how energies which are defined as “the plasmatic magnetic field in motion” convert 
to matter in a given Magravs environment. Where, each mafs of the matters field’s strength 
components of the light then can become in its arrival at a given environment the seed of one of the 
components of mafs of the matters of different plasmas too. 

Therefore it can be said that the initial seeds of the creation are in motion in the universe at all 
levels and all time and once they reach given an appropriate environment mafs pmf strength, then in 
that environment depending on theirs plasmatic magnetic fields strength and the given environment 
plasmatic magnetic fields strength then light rays manifest themselves or can become tangible and 
detectable in that environment. 


For example the light which has the plasmatic magnetic fields strength of a neutron then can upon 
its arrival in a given environment changes to a tangible and detectable neutron and then through the 
losses of some of its magnetic fields to its environment this neutron goes through the nuclear decay 
(1), which this lead to creation of plasma of an electron and a proton and the light ray becomes the 
seed of the fundamental atom (1) or the atom of the hydrogen in matter environment plasmatic 
magnetic fields strength of for example of the Earth 


Thus; “the present assumptions that the first atoms in the universe were created when the universe 
cooled, this theory is not and cannot be correct and in reality atoms are created through change in 
the plasmatic fields strength of the mafs of the light, secondly at the point of creation of the 
universe, the universe was not hot and there were never high temperatures that the cooling of the 
universe has led to creation of the first atoms as presently commonly stated. The first atoms and 
universally all first atoms’ the like the atom of hydrogen in all mafs strength in the universe are 
created through the magnetic field strength reduction and through no other means. 
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Fig. 12 The universe heat distribution map (W-MAP of the universe) 


This concept of creation of heat and high temperatures at the birth of the universe is not observed in 
the plasmas of electron and proton, when the plasma of neutron decays and divides into an atomic 
structure, and in the universe there are always continuity and parallels, thus the universe has never 
been hot that has cooled down to create atoms, and this is the reason why W-MAP (8) shows 
present balance heat distribution of the universe (Fig.12), 


In truth the current assumptions of initial heating of the universe at time of its birth cannot be true 
as the initial atoms of the universe and presently atoms were and are created from the original 
principal mafs strength which radiated out as principal lights rays of the universe in the centre of the 
universe and the initial atoms and matters of this universe were not created through cooling of the 
universe at the point of inception of this universe, which this universe itself is created from the 
decay and division of bigger mass of another universe as it happens in the division and decay of 
plasma of neutron to plasmas of proton and electron (3). One does not observe heating in the 
plasma of electron or proton in this division and so be it the same when the bigger universe divided 
and led to creation of this universe of the humans (3). 


In fact, iff The universe was created by the present scientific assumption then the WMAP should 
haye shown cooler region in its outer boundaries than the present near homogenous heat 
distribution which has been physical observed and from collated data by the publishers of the 
universal heat distribution map of the universe, 


‘The heat distribution and the heat concentration on the central line of the WMAP confirms that the 
universe started from a central line in the middle and as the principal mafs of the universe unwinds 
then the transition mafs and the matter mafs were released and as were spreading outwards into the 
space of a larger universe (Fig. 13), then as the Magravs of the principal mafs in the central line 
region are converted and are reducing, then the overall unified oval-spherical shape explanation of 
the WMAP come to exist, and then as the total margrave of the central principal matters reach a 
point where they cannot hold on to all the mafs and matter expansion of the universal- 
magnetosphere, then at this point the universe will go through a division and all the matters and 
mafs at this point rearranged and regroup as and in the principal strength mafs and the universe then 
divides into two principal mafs of lesser masses of universes, which these new universe are 
magnetically interconnected and then these new universe go through the same principle of the 
principal light unwinding and the same process as creation of new universe carries as before (3). 
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Fig, 13 The microwave heat distribution of the universe shows a concentrated heat in the centre disk of the 
universe 


That is to say that the principal matters are the way that universes divided and arrive form another 
universe and as the light in the principal mafs strength unwinds’ in its new environment then the 
new envelop of the new universe starts to be created (3). The same process occurs when the neutron 
decays and divides into the plasma of the proton and electron, 


Thus, the universe is not created as a big-ball of fire which has been cooling down as has been 
promoted, but in fact the universe is created the like of as an ejected principal mafs is injected into 
new a universe environment and as the principal mafs radiate outward as light of stronger mafs, 
then they create the other matters mafs and matters depending on the given pmtics strength of a 
given region in the larger process of this unwinding of the principal maf and matters and its lights 
(3) in this new expanding universe. 


Therefore this universe is in fact created inside out than what has been assumed up to now that as it 
cools down to what it is, which this explains why even the universe is observed to be expanding, 
the reason for expansion of the universe is being due to the presence of principal mafs in the centre 
of the universe and as principal lights of the principal mafs radiate outward, these light rays of the 
principal mafs while traveling in their new environment they reduce in strength and this creates new 
matter mafs and matters according to given environments magnetic fields strength and in a given 
point pmtics hence the creation of new mafs and matters and so forth, which this leads to creation of 
atoms and molecules and stars and so forth. 

Thus there has never been a big-bang and the current appearance of the expansion of the universe is 
due to the principal maf which as unwinds it creates the sphere of this universe (3). 


This method of the creation of the universe now explains’ why there is a central gravitational matter 
concentration in the universe as this pull is centred in the dynamic central line of the injected 
principal maf of the universe at the time of its inception, which this can be seen as the red line in the 
W-MAP (Fig.13), which the more concentration of the mass of the principal matter seats in the 
central disk of the W-MAP and as these principal mafs create their own magnetic interactions, 
hence these create their own gravitational and Magnetic fields of their own and thus the central 
gravitational of the universe is in the centre of the denser point of principal mafs of the centre 
universal heliosphere of this universe is created and solving the present mystery in scientific world 
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163901-2 Hawkes, Katko, and Gummer 
easier power transmission and measurement. A Greinacher 
circuit has a lower effective capacitance in comparison to 
other rectification circuits (such as a bridge rectifier), allow- 
ing faster switching and thus a higher frequency of operation. 
A Greinacher circuit also has a low threshold voltage, allow- 
ing operation at lower incident power levels. A Greinacher 
voltage doubler can be placed across a gap (Fig. 1) in the top 
side of the copper trace to rectify the induced current present 
in the SRR, Schottky diodes are used for the voltage doubler 
due to their typically low open junction capacitance and fast 
switching capabilities, which allow for rectification of a 
high-frequency RF signal, as well as their typically low 
threshold voltage. A resistive load placed across the output 
of the vollage doubler is a simple way to determine DC 
power out using P=V"/R. This DC power is maximized 
through ADS for matching capacitor and resistor values. The 
parameters of our selected Schottky diode (HSMS 2862) and 
the simulated S-parameters of the above SRR in a model of 
our actual parallel-plate waveguide are input into ADS for 
the simulation, shown in a schematic in Fig. 2 

‘The simulated components lead toa maximum effi- 
ciency of 61% for an input power of 24.25 dBM, the maxi- 
mum available experimental power (at an incident power 
density of approximately 1.6 mW/em’). One important figure 
of merit for a power harvester is its RF-to-DC power conver- 
sion efficiency: 
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We determine Pry by measuring the total incident 
power in our measurement apparatus. For a large metamate- 
ial sample, we assume that the total incident power to the 
‘measurement apparatus is incident on the metamaterial, For 
a single unit cell, it is necessary to use the effective area of 
the unit cell to determine the incident Pr. The maximum 
effective area may be calculated by! 


where Dy = 1.5 since the SRR is effectively a small loop illu- 
minated by a transverse electromagnetic (TEM) wave. For 
an SRR resonant at 900MHz, the effective area is thus 
waveguide 


Aemmex =S3Apipsica- ‘The full area is 
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FIG. 3. Placement of SRR within pen waveguide 


approximately 6.84pyuicy! Where Apeyxcat is the physical area 
of a single SRR unit cell. As A, ya, is 78% of the open wave 
guide area, 78% of the incident power density is used as 
input power for simulation of the single cell 

‘The designed voltage doubler and resistive load are added. 
toan SRR as shown in Fig, 1, resulting in the power harvesting 
‘metamaterial unit cell. To observe power harvesting capabil- 
ities, the cell is placed in an open, TEM waveguide (Fig. 3) 
where input power is produced by a signal generator and am- 
plifier, and output power is measured with an oscilloscope via 
leads placed across the resistive load (Fig. 4). The DC power 
harvested is determined by P = V7/R as previously mentioned, 
and input power is measured with a spectrum analyzer con- 
nected to the signal generator and amplifier via the open wave~ 
guide, By increasing the incident power from 13 to 24 dBm 
and measuring the DC output from the SRR, the normalized 
harvested power, Poc/Prr nie a8 @ function of incident 
power Prrsecsew and resulting efficiency are determined at 
each point. The maximum efficiency of the single cell is 
14.2%6, setting Ppp-insidew 98 78% of the total input power from 
effective area calculations 

Multiple power harvesting SRR cells are then tested 
simultaneously to create the power harvesting metamaterial, 
which is accomplished through a 5 x 1 array shown in Fig. 5. 
Through a parallel connection of the leads from each SRR's 
resistive load, the total power harvested by the metamaterial is 
found in the same way as the single cell, The maximum effi- 
ciency for the 5x 1 array is 36.8%, where Pi, is the entire 
input power because the array spans the entire length 
Measured efficiencies of both the single and the array of power 
harvesting SRRs are shown in Fig. 6. Also shown in Fig, 6 is 
the open circuit voltage, Vic, a load-independent measure of 
the available voltage harvested by the array of SRRs 

‘The power harvesting metamaterial array is more effi- 
cient than the single unit cell. This is partially due to the 
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FIG, 2.ADS simulation schematic of SRR power harvester, CST 
Microwave Studio was used to determine the SRR S-parameters, 
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FIG. 4, Experimental test setup schematic 


that, where the gravitational pulls of the universe come from. 


This is how even the plasma of the neutron decays and divides into plasma of the proton and 
electron too, where the matters mafs of different quantities and masses of different strength from 
neutron are divided and injected in the new area in their environment, where the original in their 
overall Magrays of all their mafs as original components concurrently maintained that the plasma of 
the electron and proton( Fig. 14) and then as the matter mafs unwind and interact they reach given 
Magrays level and position that new plasmas of the sub-components of the atom are created. 


Where this process of division due to micro -level of masses involved it appears 
process of creation of proton and electron. 
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Fig. 14A The conversion of the plasma of neutron to plasmas of the electron and proton 
‘The same process is considered to occur when the universe divides (3). 


This being the reason why the proton does not get heated as a big-bang theory suggests but as 
portion of principal maf of the neutron which become part of the plasma of the proton expand 
centrally and as the principal maf unwind to the transition matter and matter maf of the plasma of 
the proton and all other fragment of pmtics and magnetic fields, hence the protons’ plasma is 
created from the division of the principal plasma and the fragments of the fields as different 
constituent mafs, matters and fields in the plasma of the proton. 


The structure of the plasma can be compared to the winding spring of a mechanical clock, were as 
the main spring is winded up using a key and then as it unwinds. 


Where as the winded s 


ring is tighten in the centre this tightened spring becomes like the principal 
matter of the plasma, a compact entity full of energy in the centre (figure 14b-1) and as the spring 
unwinds it releases its magnetic fields in lower strength that this unwinding of the fields and 
reduction in their strength further down the line of unwinding of the spring becomes the magnetic 
field strength in the transition (dark matter) field strength (Fig 14b-2) 
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Fig. 14B The visualization of the universal spectrum of magnetic fields. 


Further as the magnetic field strength and as this field opens up in it's environment and slows down 
and reduces in strength, these fields in this region become in the visible light and lower magnetic 
fields strength in the unwinding cycle of the principal magnetic fields reaches the matter magnetic 
field strength (Fig 14b-3) and further on this field reduces in strength to even lower fields strength 
magnetic fields. 


VOVERSAL MAGHETC FELD SPECTRUM 


Fig, 14C The visualization of the universal magnetic field spectrum. 
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Then as one puts the whole magnetic fields spectrum of the principal mafs, transition maf and the 
matter magnetic fields as one continuous magnetic field strength spring or then the true sense of the 
unifying magnetic field spectrum which connects all creation of fields and matters as can be 
observed in the universe, that this can be called the universal magnetic field spectrum (Fig 14C). 


Fig. 14D The universal plasma magnetic fields structure 


Where in the plasma of a proton for example, as the fields unwind and divide in the lower scale of 
the maf strength these lower fields as themselves unwind they interact with other fragments of the 
fields of the same in the Magrays of the principals matters of the plasma and hence they create the 
division and sub fields which one observes within the structure of the plasma, these being like what 
they call quarks and bosons and so forth. Where this total interaction within the capture zone of the 
Magravs of all the fields is called the universal plasma magnetic fields structure 14D. 


‘The same process can happen with the ray of the light originated from principal mafs strength (what 
is called the principal light), when this principal light arrives in the principal mafs strength 
environment and hence the first fundamental principal atoms’ can be created in that given 
environment through the same principle as principal atoms are created in the principal matter 
environment (1). 


In reality: if! one could follow and observe the rays of the light which arrives at the boundary of the 
heliosphere of a solar system, one should be able to observe that some of these light rays of varying 
in mafs strength, which can reach this point in the Oort clouds region, these due to the balancing of 
their pmf and their environment vacuum condition and mafs strength, then these light rays 
individually or as collection of fields will become particles, plasmas of neutron, atoms and matters, 
and over the life of the solar system then they rain inward towards planets and the star of the solar 
system (Fig. 15)(4). 


‘These light’s rays which have slowed down in the Oort clouds layers or other inner sectors of the 
solar system can and do become as neutrons or other particles, then some of these become like of 
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commonly known as neutrinos and get attracted back to the star. 
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Fig. 15 Conversion of the light ray to neutron, atoms and gans in the Oort cloud 


Thus as the stars of solar systems through their light emission continuously feeds their planets and 
moons with light rays in form of heat and further the sae light rays in slowing down in form of 
matter, then the same principle continues as the solar systems themselves get feed by the principal 
stars in the galaxies through their principle lights which these lights at the moment due to the man’s 
lack scientific tools these lights have been invisible for detection to the man of science. 


The neutrinos are on the other hand produced by and through the same process from the fragments 
of principal maf’ of the light rays of the Sun or the principal matters in the centre of the earth inner 
cores too. At the same time and by the same measure neutrinos, which are released by the principal 
matters and maf content of the inner-inner core of the earth which are detectable leaving the earth 
surface their existence and the exit from the surface of the earth is the confirmation of the presence 
of the principal matters and principal mafs in matter environment of the cores of the earth, as the 
light emitted by these principal entities lose their pmf strength within the centre cores of the earth 
(4) and as they move outward from the centre of the planet they appear as neutrinos exiting the 
earth surface. 


Some of these light rays due to their Magravs strength get attracted and in a process known as the 
fusion of light rays and produce the initial molecules of the matters in the solar system too. 


In understanding the concept that lights” rays from the Sun converts into atoms and molecules, then 
this make obsolete the theory that the ice particles left from the time of the creation of the solar 
system are the ones observed in the Oort clouds, the Kuiper belt, in the rings of the Saturn and so 
forth in the solar system, 


That is to say most and even all matters in the solar system like the fuzzy material in the Oort 
clouds layers are mainly the product of the slowing down of the light rays of the star of the system 
and not the hypothetic present assumption that the meteoroids and all particles in the outer edges of 
the heliosphere of this solar systems are the residual materials from time of the creation of the star 
and the solar system. 
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This recycling of the light rays and production of for example particles is comparable and it is in 
fact the same process as one observes in systems which have dynamic magnetosphere the like of the 
earth, where the molecules of the vapours of water rise-up to upper and further regions of the earth 
magnetosphere and when they reach a given temperature and environmental condition then they 
gather and when they are heavy and enough of these entities then they rain down on the earth. This, 
is the exact process as it happens with light rays of the Sun as these rays reach to the outer 
boundaries of the solar system in this process due to magnetic field strength difference instead of 
temperature difference as in a planetary system, they slow down and become matter mafs and 
matters and then they rain back towards their star due to its magnetic field interaction and 
gravitational field strength (4). 


In attraction and motion of these lighter atoms and molecules solar winds in the outer region of the 
‘olar system are created and as they move in the Kuiper belt of the solar system these matters 
become part of the constituent matters of the outer giant planets and these light rays become part of 
and the creators of comets, asteroids and meteoroids as different densities of matters are released 
and created in this process and collected in these so called belts of the solar system. 


Where, the existence of the meteoroids and their pattern of motion confirms the change of the ma: 
of the light to the molecules of gans of the hydrogen as these comets and meteoroids go back in the 
Oort clouds layers, then meteoroids attract the newly produced molecules of the hydrogen and 
oxygen and at the same time they carry on mixing the soup of the Oort clouds matters( Fig. 16), 
this leading to collisions of new produced gas and gans of matters needed for the production of 
heavier matters and molecules like water in the solar system. 


In reality the light rays becoming part of comets and meteoroids, these themselves become like a 
mixing spoon of the solar system and the cause of the mixing and displacement of the matter mafs 
and matters needed for having an active and dynamic matter environment in all parts of the solar 
system. 
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Fig. 16 The light rays become water molecules and get attached to comets and meteoroids and then return 
back into the inner parts of the solar system. 


Therefore the reason, why giant planets exist and possess most of the gasses at the outer boundaries 
of the solar system, this is due to the fact that these gas planets continuously absorb all the freshly 
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atoms and the molecules of the gasses and gans which are produced by the transformation of the 
light rays to these atoms, and hence these gas and gans atoms and molecules get gravitated and 
pulled around and held or get captured by gravitational, Magnetic fields and get positioned, for 
example, in the rings of giant gas planets according to these ice gans particles Magravs strength 
and Magravs positioning, 


The collection of ice particles and solids in different rings in the planetary or solar system is 
primarily due to magnetic fields of static inertia of these objects the like of asteroids and on the 
other hand due to and Magravs positioning through the Magravs of the gans matters their 
interaction with the planet or solar system Magravs strength and due to their of these planet’s fields 
nearest to the Kuiper belt and Oort clouds. 


‘Thus, light rays of the star are the feeder of the star, planets, meteoroids and asteroid as they rain 
back inwards into the star heliosphere over time as the Star’s strong gravitational fields pulls’ every 
matter and matter mafs in its system back to itself. 


Therefore the light emitted by the star partially become the sources of the materials which are 
returned to the star matter for it to carry on with its everlasting existence. 
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Chapter 3 


The conversion of light rays to the Gans of the matter 


Considering the transition of the light into matter in the outer boundaries in the Oort clouds 
environment of the heliosphere of the Sun, there is a further process which occurs to these newly 
created tangible mafs from light rays of the Sun as these newly born neutron goes through its 
nuclear decay (1) and become an elementary atom of the hydrogen in possession of an electron and 
the proton. This atomic matter in the coldness and in low gravitational and Magnetic fields of the 
Oort clouds and Kuiper belt become in atomic or nano state of matter of hydrogen rather than 
atomic hydrogen and hence sometimes due to the weak gravitational field forces in these zone these 
lights become the gans (5) of the same element. 


The gans of the matter is the state of matter, where the atomic gas of matter becomes the single 
solid atom of itself or what we have called “the gas in nano state of matter” in short or “gans” of the 
same element (5). Where, the gans of the matter is internal gravitational and Magnetic field 
strength dependent and at the same time where the gravitational and Magnetic fields of the matter 
stronger than its environments ‘Magnetic and gravitational fields strength. 


‘The difference between the atomic gans or a nano gas material is in the fact that gans of an atom is 
its solid three dimensional free state of matter due to its internal gravitational field interaction, 


As the Gans is the solid state of atom of gas in its natural three dimensional structures that its mafs 
of this matters are interlocks due to their internal Magravs strength of its own and their internal 
mafs loose bindings, and not rigid binding as in solid atomic state of matter as in the form of ice 
state of matter of the same entity of the same atom, which ice state of matter is due to and 
dependent upon external magnetic fields’ strength of the environment which are exerted up on the 
binding structure of atoms that become creates the state of the ice of the same atom, 
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Fig. 17 The structure of gans of neutron 
Where, at the same time it has to be noted that the light in becoming in state of gans it can create 


the fundamental plasma of the gans (Fig. 17); in the same region as it does create the fundamental 
plasma (of neutron) too. 
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Fig. 18 The structure of gans of an atom 
‘The gans of elements (Fig. 18) are created through the same process as of known atom directly 


from the rays of light or through the decay of the neutron of the gans going through its nuclear 
decay and creation of its own gans of the same elements in atomic state, 


It can be said that the gans state of an neutron or atom is internal magnetic and gravitational fields 
strength dependent, where atom or nano of matter of the same element is environmental magnetic 


fields strength the like of heat and pressure dependent (Fig. 19). 


illustration the difference between the internal and external magnetic fields forces and 
s which lead to creation of gans of matter structure of neutron respectively are shown, 
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Fig. 19 The comparison between the gans of neutron on the left and 
the fundamental plasma ( neutron) on the right 


The gans state of matter is the reasons why for example the molecule of gans of the amino acid 
(Fig. 20) in the structure of protein and other cell structures the like of in the leaves of plants have 


oy 


tangible, flexible, soft characteristics that they can be manipulated and not being rigid hard, 
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Fig. 20 The structure of a molecule of gans of amino acid 


May be it can be said that gans is the solid state of matter of living entities. That is to say the 
structure of the protein is one of the molecular states of the gans in matter magnetic fields strength 
environment. Where, through the gans state of matter as part of the cell of the living beings this 
makes the transition of pmfs needed for rapid transfer of given mafs much easier as by the 
availability of the gans of an atom rather than nano of atom, this makes it possible to transfer the 
information of the matters as_magnetic fields and not the whole of the atom from one atom or 
molecule to another as has been assumed by the world of science up to now, and hence once the 
right measure of the mafs are transferred to a cell then through accretion of mafs in the vacuum of 
the body then a new gans cell is produced. 


Where, for example, if one pinches oneself flesh or skin, what one holds within its fingers are gases 
of oxygen, nitrogen, carbon and hydrogen in state of gans of the matter, otherwise the body of the 
man would been a balloon of gases and not in the state of matter as one finds between ones fingers. 


At the same time the energy transfer to the already existing cell is due the transfer of pmf of mafs 
from one cell of gans of lymph to the existing cell. By the same measure as the cell uses 
appropriate mafs and is left with wrong or mis-measured amount of maf’ for its use, then the cell 
transfers these pmf of mafs to the blood cells for their removal from the body’s systems. This being 
the reason why for example one does not finds residual of urine in the blood, but as the blood 
passes through a different dynamic gans molecular structure of the kidney, then the mis-measured 
mafs in the gans blood cells are reconstituted as liquid and appear as urine in the walls of the 
bladder. 


This applies the same for the transfer of the molecules and atoms of the minerals and vitamins 
which in fact are mafs of different combinations. 
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FIG. 5, 5x 1 anay of power-harvesting SRRS. 
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FIG, 6. RF to DC efficiency of power harvesters, The open-circuit voltage 
ofthe array is alsa shown, 


larger effective area of the array. While the effective area of 
the single cell is 78% the entire width of the waveguide, 
some of this power is not harvested by the single unit cell 
due to fringing effects on the sides of the waveguide. For 
this reason, placement of multiple cells that together span 
the entire waveguide width results in a higher efficiency as 
the array captures more of the electromagnetic energy that 
undergoes the fringing effect. 

Another important relationship is the efficiency of the 
power harvesting metamaterial as a function of load resist- 
ance, Simulated and experimental efficiencies for the 5» 1 
array are shown in Fig. 7. Though the experimental efficien- 
cies do not match the values from simulation, the simulation 
does accurately predict the maximum harvested power as 
falling approximately within the range of 70-800, con- 
firmed by the experimental data, The experimental efficiency 
maximum occurs at 700, and the simulated maximum 
occurs at $2.0, showing close correspondence, 

In summary, we have designed, simulated, and experi- 
mentally measured a functional metamaterial power har- 
vester capable of converting up to 36.8% of the incident RF 
power to DC power. Through a parallel connection of five 
SRRs, a Voc of 73V is achieved. Simulations match 
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FIG, 7. RF ta DC efficiency of SRR array asa function of load resist 
for both simulation and experiment, Note that both show maximum efi- 
clency for around 70-80 0, 


experimental results showing an optimal resistive load for 
DC power transfer of 70-800. The SRR power harvester is 
an example of functional metamaterial that may be suitable 
for a wide variety of RF applications that require power 
delivery to any active integrated components, 


‘This work was supported by a Multidisciplinary 
University Research Initiative from the Army Research 
Office (Contract No. W91INF-09-1-0539). 


'D.R. Smith, W. Pada, D.C. Vier. S.C. Nemat-Nasser and 8. Schule, 
Pris Rey, Lett #4, 418-4187 2000 

RW. Ziokowski, Phys. Rev. E70, 046608 2008), 

°N, Fang, H. Lee, C. Sun, and X. Zhang, Science 3085721), 53 
(2005). 

“D, Schurg, 3.1. Mock, BJ, Justice, S. A. Cummer J.B. Pendy, AF 
Starr, and DR. Smith, Science 314(5801), 977-580 2006) 

I. V. Shaivor, 8. K- Morison, and Y. 5. Kivsar, Op. Express 14(20, 
5344-9549 2006, 

HT. Chen, JF O'Hara, A. K, Azad, A.J. Taylor, R. D, Aveit. D. B. 
Shrcheahamer, and W. 3 Padilla, Nature Phooa,2(5), 295-298 2008), 
YAR Kath, S.Gu, J.P Baett B- Popa, G. Shiels and S.A, Cummer, 
Pris Rev. Let 108, 123905 (2610 

*D, Huang. A. Rose, E Poutrina, §. Larouche, and D. R. Smith, Appl 
Py. Let 98(20), 204102 2011) 

"A. Rose, D, Huan, and D,R. Smith, Phys Rev. Let. 110, 63901 (2013) 

MAR. Kaho, A.M. Hawkes, J.P. Baret, and S. A. Cummer, 1EEE 
Antennas Wireless Propag Let. 10, 1371-1574 2011), 

LV. Shadrivow, A.B. Kuzytey, D. W. van der Weide, and YS, Kish 
Appt. Phys, Let 9316), 16193 (2008. 

"MC Lalla, D. Guyomar,C. Richard and L. et. 3, Acoust, Soc, Am. 128, 
2739-2748 (010) 

N. zhu, RW. Zotkowski, and #. Xin, App Phys. Let, 9A11, 114101 
eon. 

"5 Li and C7. Chan, Phys. Rev. 75), 088602 (2004). 

"SJ Lezee, 1A Dioane, and H. A. Atwater, Seicace S16(5823), 430-432 
e200 

"R. W. Ziokkowaki and A. Erentok, IEEE Trams. Antennas Prag. 847), 
113-2130 (2006) 

Q, X.Li SM, Chen, W, H. Wong, E,Y_B, Pun, and K. W. Cheat, Opt 
Express 201), 397-402 (2012 

"J, Zhao, Q. Cheng, J. Chen, M.Q. Qi, W. X. Siang, and TJ. Cui, New 3. 
Pas. 18, 043089 2013), 

"0, 'M. Ramahi, T.S. Almoncef, M. Alshueef, and M, S. Boybay, Appl 
Pris. Let 101, 173003 C2012), 


240, Seda and KC. Smith, Microelectronic Circuits, th etion (Oxford 
University Press, 2009) 
2€°A. Balan, Antenna Theory: Analysis and Design (Wilky-latecscience, 


‘New York. 2005), 


In reality, the world of science and humanity always have known this state of matter as part of the 
structure their own body but they always have considered it as molecules of the same element and 
not as another state of matter, thus gans can be considered as the fifth state of matter. 


This condition of gans of matter is to be explained as the gases when their physic-chemical at 
ambient temperature and pressure and due to internal gravitational and Magnetic field’s strength of 
the atom the atom physical appearance the atomic structure of the gas changes to a compact 
configuration of the solid and as the atom of the same gas become and behave like solid but with 
totally new properties and characteristics which has never been known as when the atom was in its 
other three initial known states (gas, liquid and solid) 


This conversion of the light rays to solid state occurs in the outer regions of the solar system(s) 
where the gravitational field forces (vacuum) are low and the temperature has no effect on the 
internal motion of magnetic fields that create this solid state of matter. Then, as the ray becomes 
and appears ind in a given conditions manifest itself as the nano structure of gas or what is 
called “GANS” in the same environment due fo atom’s own internal Magnetic and gravitational 
fields configuration and not due to its environmental magnetic fields. 


This state of gans and gas of an atom is being the same difference as between the mass and the 
weight of an atom respectively, where mass is due to internal atomic interaction of fields of the 
atom and irrespective of external field forces and where the weight is due to environmental 
magnetic fields effect on the outside appearance of the same mas 


Humans are familiar with the gans of the molecules and atoms as integral constituent of their own 
tangible body, where gases at low internal vacuum condition of the body convert gases into gans 
or soft individual solid atom state, but up to now the scientific world has never considered this state 
of matter as they just say for example the carbon of protein chain or matter of a cell or a carbon as 
part of the structure of a sugar of a leaf of a plant and so one. That is to say for example, when an 
atom or molecule of a hydrogen gas, which was created from the ray of light as this gas is absorbed 
by the human body then this gas of the atom changes to the gans of the same atom and then through 
the accretion process in vacuum condition of the human internal operation, then this gans particle 
according to its Magravs strength becomes part of the molecular ganses of the N-C-O-H protein 
chain of the human and that is why human body becomes tangible entity. Where, the creation of the 
solid gans in the atom of the gas of the atom, this process by itself is due to the accretion process of 
all the fields of the maf’ of the gas atom itself. 


If this change of state of light to gans does not take place, then the human body should have been a 
balloon of gasses and not in the solid tangible arms and legs and so forth. 


Further, it has to be said that as the light ray changes to the atomic gas of the hydrogen and as it 
reaches the planetary condition and natural Magravs state of planets this matter changes to gans 
atom of the same matter in the atmosphere of the planetary entities too. 


The confirmation of the production and existence of the gans in the Oort clouds and Kuiper belt 
and can confirmed by the existence of the hexagonal rings on the top of atmosphere of the poles of 
the Planet Saturn, Where the composite dynamic layers of nano gans of material(s) in this part of 
the planet leads to creation of the hexagonal shape solid clouds as has been recorded by pictures 
taken the scientific world from the pole region of the planet (4), 


The only reason that one sees these types of structures in the universe is primarily due to existence 
of gans state of matters like hydrogen, methane ganses and others in these layers, as the Magravs of 
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the planet interact with dynamic metallic characteristic structure of the hydrogen gans and other 
matters ganses and this nano state of matter in dynamic magnetic fields of the poles of the planet 
leads to creation of current in between these layers and consequently for example in the poles of the 
Saturn the formation of hexagonal shape rings of the clouds which is the consequence of these 
interaction , which are natural positioning for the gans in dynamic mixed and composite magnetic 
and nano structures. 


To create the hexagonal shapes of the clouds in the north-pole of the Saturn one needs at least three 
layers or mixture of three different ganses of different or the same elements to be able to create 
these shape features in the upper atmosphere clouds of this planet (4). 


In reality gans’s of matters behave as semiconductors do in the matter environment, with the 
difference that the gans of matters are always as they are in a semiconductor state and at the same 
time they create current in any environment due to their internal dynamic magnetic fields structure. 


On the other hand, the conversation of the light into gans and its absorption and their interactions 
with the strong Magravs producing planets like Saturn is the cause and producer of the internal 
Auroras that are commonly observed at the poles of the gas planets. Where these auroras are due to 
the fact that as the gans of the elements from Kuiper belt gets absorbed into the giants planet 
atmosphere and as these ganses are in solid atomic matters state the like of the cosmic dusts and in 
their interaction with the magnetic fields of the planet, these interactions of the gans and the 
magnetic fields of the planet leads to creation of the Aurora at the poles of these giant gas planets. 


It 


es 


sential to understand the fundamental effect of the light rays mafs of the matters’ in the solar 
system and even in the creation of the solar systems and planets themselves that one can understand 
why the rays of light are the transporters of creation in the universe as in their conversion they 
become the created entities the like of atoms, cells and so forth due to their pmf strength of their 
environment. Where, in fact the lights in becoming the gas of the matter, then they become the 
source and the cornerstone of the creation in all matters levels of the universe. Thus as light changes 
to atom and gans then in the right environment of for example one G (gravitational field strength of 
the earth) as on earth then the collection of atoms as the molecules of ganses state of matters leads 
to creation of the beings, the like of single cells and complex combination as of the human’s body. 


Light ray from the Principal Star (black holes) as it loses its strength and becomes to matter mafs 
state strength and then it becomes to the nano and atomic level of the matter strength of the 
fundamental element of atom of hydrogen, it is at this point, where this matter generates the first 
external gravitational and magnetic fields or what is called the Magravs of itself in matter 
environment that this tangible entity due to its Magravs positioning and strength in respect to other 
Magravs that it can be attracted by or attract to itself the same and others elements in the same 
environment. Then it is at this point that the light becomes physical entity and the seed of the stars 
and planets and the essence of the tangible entity in the all matters environments of the universe. 


In the spans of the solar systems, galaxies and cosmos as the gans and atomic of the hydrogen 
interact, they create the first seeds of creation of more powerful Magravs that leads to attraction and 
conversion of other light rays in the universe into liquid and solids, which these interactions leads to 
creation of galaxies, stars and planets, where the light itself in different strength becomes the tools 
of the division of the hydrogen for it to start the cycle of creation of intelligence and creation of the 
lives in all corners of the universe (6) 


's and gans of hydrogen becomes the dynamic fuel source of creation of the magnetic fields 
1ry for the creation and establishment of the stars and solar systems and their planets, as the 
interaction of different magnetic fields of gases and ganses lead to the creation of the initial 


Magnetic and the gravitational fields needed for these celestial bodies to be created in the universe. 
The existence of nano materials in the core of the planets like earth has been initially disclosed (1), 
now it can fully be understood that how these nano materials in state of nano matter, gas and gans 
become to exist in the centre of these celestial entities and be the initial seeds of their creation, 


It is important to realise that due to internal structure of the nano material in layers and in gans 
state, these materials by large keep their structural integrity, where high extemal environmental 
matter conditions like pressure and temperatures cannot affect the total structural integrity once 
they are in individual matter gans compound state. 


This meaning that internal structure and molecular binding of gans and nano materia 
layers or composite structures will not be affected by the matter environment’s the likes of 
temperature and pressure condition of the environment. But the gans will be changing in its 
structure when conditioned to high level dosage of radiation. 


is in nano 


For example, this is one of the reasons, why the DNA of the human being is venerable to changes 
and absorption of radioactive energy and in the radioactive environment or to burst of radiation, as 
the real structure of the amino acid of the protein of the DNA chain is made of gans of matters and 
not solid matter of the same gases (6). 


In these conditions the gans of the matter receives radiation in the upper levels of the matter mafs 
strength and hence it has to accommodate this extra pmf of radiation hence the gans reaches a new 
magnetosphere pmf strength and consequently the gans of the atoms of the protein which has 
absorbed the additional pmf has to accept a new positioning in respect to other ganses in the chain, 
hence new positioning means new additions or new configuration in the setup of the DNA and 
hence new changes and hence slightly new chain configuration or alteration (6). 


The property of the light in gans state make the gans venerable and receptive to changes due to the 
magnetic fields spectrum in all levels of mafs of the matters strength, this be it from the higher 
order mafs of the principal matters fields to lower pmf strength of below matter environment. This, 
being the reason why DNA due to absorption of for example high level radiation or strong ray can 
change its configuration this leading to new permutation and change in the characteristic and 
change in parts of the being characteristics of the living matter. 


Through this process of Magravs positioning and that all Magravs needing to be in their given 
position in the DNA chain that one observes the consistency with structure of the DNA for every 
living entity in the universe, which these chains of protein positioning become entities exclusive to 
that of a given being or entity. Now one can understand how light and its process of conversion, 
fusion and amalgamation lead to creation of exclusive structure of DNA and creation of beings (6). 


Scientists due to old understanding of creation of magnetic field consider that the earth has an iron 
metallic core which due to its motion through convection theory leads to creation of Magnetic fields 
of the earth. The fact that the Sun does not possess a metallic iron core but it has large and powerful 
Magnetic and gravitational field forces; hence the existence of iron in the centre of all dynamic 
rotational bodies is not a common and acceptable principle and natural order of creation of 
Magnetic and gravitational fields in the univers: 


In truth the plasma of neutron does not possess iron core, but it goes through the decay and division 
to make plasma of electron and proton and in this process of decay neutron does not go through iron 
energy balance condition as has been claimed by the cosmologist that this is how they consider s 
reach the point of no return due to the creation and solidification of iron matter in their central core. 
And at the same time geologist consider iron core of the earth is reason for the planet possessing 


ars 
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Magnetic fields. 


The method by which the Magnetic field’s (repulsion of fields) and gravitation field’s (attraction of 
fields) are generated exponentially increased in all planetary, solar and galaxial object are initially 
and primarily through the magnetic properties of the plasmas, nano and gans materials within the 
centre and internal structure of all celestial objects. As in the inner cores of celestial objects the 
ganses of the matters due to their mafs and through nano layers or different composition of 
collective crystal and magnetic fields structure they become or behave as the best insulator and 
conductor simultaneously in their environment, where the gans and nano matters, and their mafs 
and their properties changes from conductor to insulators as these matters behave a 
semiconductors and metals and at the same time due to their dynamism of their pmfs this leads to 
the initial and then partially continues production of the Magnetic fields and gravitational fields of 
the star or planets respectively (2, 3, 4 and 5). It is at this point that magnetic properties of the nano 
and gans materials in their interaction lead to creation of Magnetic and gravitational field’s forc 
this leading to creation of the independent mass and magnetosphere of the new entity. 


Through the gans internal disassociation of its mafs 
structure unwinds rapidly and when this transition to matter level strength is very rapid, then this, 
lead to release of the high temperatures and strong rays of light in man’s protein and the visible 
magnetic fields spectrum strength and hence detection of the release of spectrum of magnetic fields 
of the light rays 


structure as the internal principal mafs of the 


The gravitational properties of nano materials and the creation and attraction and absorption of 
matters from the environment have been explained in the paper published in detail (5), at the same 
time matter cannot attract or gravitated towards another matter if both are not in possession of 
magnetic fields, where at the same time it has been confirmed (5) that nano materials possess 
magnetic properties and as magnetic fields interact then nano and gans materials create their own 
gravitational field zones and environments; and in having nano and gans materials in the centre of 
planets and stars this indicates how the gravitation fields (6, 7) of all dynamic systems and objects 
in the universe are created. 


Ganses being in the right magnetic fields strength environment due to their Magravs strength these 
materials will convert into gravitational zones in their environment and attract light and in turn 
absorb, create and release energy, where this energy leads to creation and attraction of gases and 
their conversion as for example the same process in the human body to solid state of matter at room 
temperatures, where in test it has been shown that thi ‘orption or conversion of the 
gas to gans lea 
absorbing CO2 from its environment the plant releases energy into its internal structure to be 
for conversion of minerals to food for the plant to assist with its survival and growth. 


Thus the truth about how even the heat of the body is created is far from the present assumptions 
which the scientific world has led the man to believe, as they themselves never understood the real 
working of universe and the process by which matters behave and operate in its low vacuum 
conditions. 


This concept and process has been tested, explained and published in detail in Chapter 4 of this 
book, where for example in capturing gases of CO2 from the environment and collecting it as gans 
as a tangible entity at room temperatures and pressures, the energy released through this proce: 
use to light and run lights and motors respectively in the lab by independent scientists as has been 
published in the journals in May 2010. 


sis 


Whereas, in this case energy is released is in a similar way a: 


it happens in the human body, when 
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the light or magnetic fields of the light enters in the micro vacuum condition of system or the body 
and in receiving the light rays and in trying to entangle or go through the process of atomic- 
entanglement in gans level and then accretion, this process leads to release of the surpluses energy 
and then accumulation (accretion) of solid ganses which appear as cloud of matters in tests and in 
human body which then this become tangible structure of matters of the body and the surplus 
energy is released as the heat of the body or it is used for the communication system of the body. 


cretion is one of the sources of energy release in the living body entities and in 
experimental testing this released dynamic energy in the level of plasmatic magnetic field strength 
of an electron produced through this process become the source of power and is enough to light a 
LED for several month is a natural process as long as the light or other rays can 
penetrate the liquid, jell or soft tissue condition of the system this process can continue. 


The other important reason that one finds water in this solar system is primarily due to the fact that 
pmf and Magravs strength of this solar system and the ones like this encourage and enforce initially 
the production of gans of magnetic matters the likes of oxygen, which leads to creation of liquid 


ional properties and 
I positioning. The gans of the matter is 
captured and held in three dimensional states, where gans of matters gravitate and make dynamic 
clusters of ganses around themselves and become dynamic entities, whereas, in the linked version 
of the same atom clustered the same matters in solid state makes layer and gives and possess totally 
different properties and appearance. 


The light in its conversion to atom of gas or atom of gans according to its given environment then 
will take and enforces its preference estate of its manifestation, and with slight change in level of its, 
internal vacuum (defined as availability of Magravs and their strength) then the light will appear as 
the gas of an atom or a gans of the same. 

It is interesting that scientists and scientific organizations are not in possession of tools at this 
moment to identify these two separate states of matters of the light in visible entity of matter and 
hence always consider all matters as the atoms and in presently considered four states’ of matters as. 
has been tradition. 


The same ray of light when changes to gans of the hydrogen atom, this change’s its dynamic 
diamond crystal structure of the same matter and hence this gives the same matter insulating 
properties and hence allows the creation of conductive and isolative properties of the same element 
in its layering and clustering structure and its dynamic properties in between the same elements of 
atoms of the gas and gan: 


The gans in specific condition has diamond crystal structure of the hydrogen atom and with slight 
change in its environmental condition become a conductor for short or on a long term, Where this, 
has been experimental prove and demonstrated and then clustering of this structure mixture of gas 
and gans of the same atom leads to creation of multi-layers of conductive and isolative matters of 
the same matter and hence in the dynamic magnetic environment of the universe this leads to 
creation of different and stronger Magravs, and start of attraction and positioning of different 
matters towards these initial seeds of gravity and Magnetic fields and hence start of creation of 
initial celestial entities like plasmas of neutron, atoms, stars and galaxies 


This is the reason, for example why the same matter of carbon becomes to be the best conductor as 
nano layer Sp2 and the best insulator as the diamond crystal insulator structure known as Sp3 acro: 
the same layers or through its layers respectively where the production of such a mixture has been 
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independently confirmed by Ramon spectroscopy of these structures produces as layers on a given 
surface. Therefore all elements and molecules or their combinations can have both Sp3 or Sp2 
structure and property at the same time and in the same environmental condition, 


This being the like of the protein chain, where each gans of each element exist individually and 
collectively in the amino acid as molecule of gans as each element plays its individual role which 
can affect collectively the operation and existence of the acid in its given environment (6). 


In understanding the concept of the conversion of light rays to gans and gas and creation of nano 
this discredits the present philosophy of the planets needing solid iron cores which 
them to create their Magnetic fields that they can operate in the universe or even the human 
race could be brought to the earth from other places from far corners of the universe. The life on 
earth is the natural product of lights’ motion and its conversion in the internal activity of this planet 
and solar system. 


By the same measure light plays in different environments different roles which can lead to creation 
of the same and similar or totally difference combination of creation of molecules of gans, which 
these manifestations of difference appearance of the light are environmental pmf mafs strength 
dependent. This is to say that life is not and shall not be the exclusivity of this planet and this solar 
system once on understand the principle of creation and motion of the light rays in the universe. 


Thus the centre of the earth does not need to have solid iron core for it to possess Magnetic and 
gravitational field’s forces leading to creation of life on the planet too. Whereas, composite 
elements of nano materials, gases and ganses crystal structure of the same element in the inner cores 
of the planet can lead to creation of the same Magnetic fields and gravitational fields of the planet. 


This explaining why even some planets like Saturn possess Magnetic fields, even though these 
planets could possess some solid matter as their constituent materials as part of their inner structure. 


In reality as layers and layers of dynamic gas and gans are piled-up in the centre of the planet the 
effects of dynamic magnetic layers exponential strength that they make as the Magravs of the planet 
take hold and this phenomenon lead to creation of stronger fields that can span billion of kilometres 
in the solar, galaxial heliosphere in the environment of these entities. 


‘Thus the transition dynamic helixial cylindrical ray of light in slowing down in a given environment 
Magravs strength, this lead to creation of specific matter in that given Magravs strength 
environment. 


The scientific world has to understand that the state of gans of matter is a natural phenomenon in 
the world of creation, this meaning as man has learned about the solid, liquid and gas state of 
matter, as these states of matters are due to temperature and pressure difference in the environment 
of these matters, but there is another state of the same matter even though as it’s like a gas and 
behaves and exists as matter in form of liquid and solid but due to its internal gravitation fields 
forces of its atomic structure this matter for its appearance and properties is not external 
environmental dependent. 


in nano state of solid state of matter will play an important part in the future of 
the science and technology. That is where the same atom behaves like a gas, liquid and solid at the 
same time depending on its own internal magnetic fields interaction in its plasma and not of the 
external environment conditions around the plasma the same matter will be in dynamic solid state at 
room temperature at all-time irrespective of the environmental condition. 
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That is to say the plasma of an atom of gans receives or coordinates its own Margrays 
Magravs positioning in respect to its own electron and proton and other gans structure, 


Thus, gans is the state of the structure of the light which has changed from dynamic cylindrical 
plasma of magnetic fields to a dynamic spherical entity of the same matter maf, which its state of 
manifestation in matter environment is internal gravitational dependent and not environmental 
condition dependent. That is why one can observe the same element in coldest and hottest regions 
of the universe and still misreads them as atomic matter rather than nano-atomic or gans of the same 
matter. 


This is how some of the plasmas and rays ejected by the Sun, depending on how they arrive at the 
Oort clouds and Kuiper belts then become nano materials of gas or gans and in clustering with other 
matters and ganses become part of the meteoroids or asteroids and look as they have been there 
from the time of the creation of the solar s; 


In the universe and solar systems of the right Magravs strength, the light chang. 
hydrogen and through internal magnetic fields of the solar system through the principle of magnetic 
balancing and accretions this matter elevates to the next magnetic material, which one of these 
the gans of the oxygen. This element due to its Magravs positioning and balancing in 
of some solar systems lead to creation and production of water molecules in the Oort 
clouds belt and then these water nano particles gets pulled back into the inner parts of the solar 
system as nano ice particles of gans of this material which for example one observes them in the 
rings of Saturn, 


The ice particles in the ring of the Saturn are there and for ever are produced by the return of the 
rays of light which were released by the Sun itself, on their way back to the Sun as gans and ice 
particles and they are temporarily trapped and positioned in these rings, and the present assumption 
that these ice particles exist in these rings are not by the crash and splitting of meteoroids or 
asteroids into smaller pieces that afterwards have stock in these rings of the Saturn as can be 
observed at the present time 


Thus as the light reaches the outer boundaries of the solar system, its becomes nano material, which 
due to their magnetic properties, this leads to creation of a nano magnetic material which is oxygen 
and then this matter of nano particles gans of oxygen to find stability for its Magravs, this attracts 
two atoms of gas or gans of the hydrogen nano particles, which this leads to production of gans of 
ice looking particles of water in the Oort clouds belt of the solar system, which they move inward 
and become the liquid magnet 


Thus the water in the solar system is generated by the rays of the light of the Sun its 
by no other source and hence water is produced in the solar system by the recycling of the light rays 
of the Sun itself. 


The mixture of these ice nano materials with solids matters of the solar system leads to creation of 
meteoroids, whereas these dynamic objects in traveling between the Oort clouds and Kuiper belt, 
these objects attract nano water molecules and then they return to the inner regions of the solar 
system. This being one of the reasons why the meteoroids are seen on regular basses and their size 
never changes, but their vapour trail tells the existence of the water residuals in their structure’s 
forever these objects gets replenished with the Sun rays in the form of gans of water in these outer 
regions of the solar system and return back into the inner parts of the solar system. 


as 


Therefore the theory that water is 
is partially correct, but Magravs 


brought to planets like earth by meteoroids as has been assumed 
of planets like earth in the Magravs of its Sun have the ability to 
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convert light to nano matters and nano matters which have been produced into hydrogen and 
molecules of water through accretion process in the vacuum of the solar system and in the upper 
layers of the earth atmosphere itself, Hence water is the creation of the combination of atoms 
created by the rays of light and in different magnetic fields conditions in the Margraves 
environment of this solar and planet system, 


This process of conversion of the light can happen anywhere in the universe as the nano particles of 
the hydrogen is one of the first and weakest Magravs strength that light can change to matter 
anywhere in the Magravs strength of this universe. 


‘Thus water is not exclusivity of this solar system and is product of the light rays of the universe in 
matter environment, 

There are waters like substances in other matter 1 
universe too, 


's and matter strength environments in the 


It is important to realize that all gans have the magnetic properties with the difference that oxygen is 
the one of few common magnetic materials in the solar system and in most of the universe needed 
for braking of the light itself to lower level strength, which can lead to creation of intelligent life. In 
some solar systems and galaxies pmf strength of the gans of the matter of the oxygen is the 
common magnetic elements and the reason why all maters existence dependent upon availability of 
this matter in the pmf of the environment. 


In the living bodies in possession of systems the like of the lungs and gills in fish, the light in 
changing to molecule of oxygen and in being inhaled for their existence, in these systems contrary 
to present belief the atoms and molecules of the oxygen will never cross the boundary of the 
structure of the lung or being absorbed by the blood as has been thought and promoted by scientific 
world (6). The fact is that in the process of inhaling or in case of fish by passing the water through 
its gills, the atoms of oxygen simply passes limited value of their matching plasmatic magnetic 
fields strength to its matching oxygen atom of protein of the blood cell that the blood cell as 
commonly called gets oxygenated in the lung (6). In reality no oxygen atom or molecules ever 
passes the walls of the lung as has been assumed, but the oxygen atom transfers its pmf to the 
bloods oxygen atom in its protein and then this pmf is carried through and by the same principle as 
the pmf from the oxygen of the blood protein cell .d on to other oxygen atoms ganses in the 
protein chain of other cells in the human body (6) as they come across their corresponding mafs 
strength protein in the blood. 


The oxygenation of the red blood cell is primarily another quantum-entanglement of the same 
matching matters strength or entanglement transfer of adequate amount of pmfs of specific cell of 
the matters of blood. 


The fallacy that oxygen atoms cross the walls of the lung is so far from the reality of existence that 
ying a man can walk through a solid wall. This hypocrisy has been the consequence and 
through the lack of understanding of the real structure of the oxygen and its origin being laying in 
the structure of the light that matching plasma of light and atoms can/and frequently entangle and 
transfer their pmf up to level of their mutual strength that existence can be guaranteed in one form 
or sub-structure of the same and without the plasma of actual solid atom crossing the boundaries (6) 
of the lung. 


In fact the energisation of the red cell is through transfer of the pmf of the atom of oxygen and not 
the actual transfer of the crossing of oxygen into the blood stream and the brightening of the red cell, 
assing through the lung is like the variable light switch, that as one increase the current through the 
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light the light shines brighter, this is the same process and in the same way as the red blood cells 
receive the pmf of the oxygen, then the blood become brighter or richer in pmf, then the blood cell 
after transferring its pmf to appointed cell in the body then pmf strength of the blood cell is reduced 
in energy and illumines less, dimmer or looks darker as it returns to the lung to be recharged (6). 
Man has a lot to lear first about his own body before he can conquer the univers 
In understanding the function and the fundamental properties of the gans and molecular gans then 
computing systems can be produced that not only they think the same ways as humans do but due to 
their dynamic energy and singular directional rotation, then at this point the first quantum 
computing systems can be produced that these computers will be exact copy of the human brain and 
muscles in structure with the same multi-neuron-cross linkage and communication channel, as these 
channels are created as gans molecular Magravs linkage will allow them to have the same 
simultaneous multi-cross connection that these quantum gans of molecules structures will be exact, 
parallel systems as do the human brain in all aspects of a real working structure of logical system, 
which even they can carry emotions as well as control and logic. Where, in fact the binary gans and 
twin gans sets will be the future of fast thinking units needed for the high speed control logic 
tem for space systems travels of the future. 


As there are gans in the matter environment mafs strength then there are gans in pmf strength of 
principal matter and transition matter too, and at the same time the gans of matter in all mafs 
strength will operate in all levels of pmfs strength. Thus it is possible to produce molecular gans 
unites which work at high speeds and with same emotion and logical systems as human brain, but 
with speeds that are far exciding speeds of the human brain processing capabiliti 


Therefore it can be said that for the first time the man has the capability and the knowledge of not 
only producing solid gans of gas at room temperature, but it can go one step further than present 
conceptual nano matters and nano matter based computers and start working on real brain based 
matter structure logical systems by using the gans of the gases which are the building block of the 
human amino acids. 


But the question is that would we as far as building the first human operational brain and body 
using these matters as we have already decoded the DNA of the human genome, and as we know 
the full chain of the DNA sequence and we have already unravelled the mechanism that the RNA 
produces it energy and current for its internal communication and control of the internal systems of 
the DNA, then would man become the creator of new beings bases on human structure and would 
the discovery of the gans and simple method of its production will allow the ethical question of 
mass replication without the need for stem cell or even egg and sperm, which are memory banks of 
human survival on this planet, Would man will make one of his own with a clean DNA memory. 
OR is the human being to become the god of new generation of beings. 


This is not the first time in the universe that one created has the ability to reproduce another of the 
same, but at the same time this discovery of structure and properties of the gans would have become 
apparent to man of science in due time as he would have progressed in his 


the centre of the stars and its energy balance conversion between its fis the point 
when stars goes through their slowing down process or reduction or what their nova 
state, The truth is that the plasma of mafs of the simplest structure of the plasma is the common and 
the fundamental and elementary magnetic entity in the universe. Thus the plasma of the light is the 
basic and common magnetic matter in the universe and one does not need iron to reach this point, as, 
the plasma of matters in given position can lead to unbalancing of their total environment pmf mafs 
and Magravs, this leading to total disassociation of the all matters in any matter or object in the 
span of the universe, and once the process of the chain reaction of disintegration and disas: 
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starts then the whole entity disassociation from each other begins and in the case of plasma of 
neutron and star at this point disintegrates to re-association in a different as plasma of proton and 
electron and new star and planets in their form in difference point and place in their given 
environment. 


By the same measure the plasma of neutron which is created by the conversion of the light ray is the 
common magnetic matter of the solar system and not atoms of iron, and in reality the light of the 
Sun and its Magravs dictates this property of this maf’ of the matter and the present assumption that 
energy balance conversion of iron is the cause of their nova cannot be correct and as most of 
matters in the universe are created because and through the existence and the operation of principal 
matters in the centre of the stars and their rapid unwinding and balancing of their Magravs in the 
centre of the star leads to the expansion and disintegration of the star and not as has been assumed 
at this point by some cosmologists due to the iron fission-fusion balance (3,4 and 5) phenomenon. 


‘What has been explained above, this is the process of creation and recycling of the light through its 
full circle of its existence from matter to light and from light back to matter(s). 


The detailed information and explanation about the existence of the gans of the matter has been 
sible due to through series of tests which has been carried out and absorption of the physical 
solid CO2 at room temperature has been confirmed. The procedures and tests results in confirming 
the existence of this new state of matter was originally published in 23.12.2009 by the Keshe 
Foundation on its website. For those whom have not been able to read this paper a copy of the same 
is published in this chapter. 


The state of gans of matter can now explain about the truth of life in the universe and this opens 
new horizons in the world of energy, new materials, production of more natural components of the 
human body parts, production of new medicine, new types of food processing technology, which 
this eliminate the need for present farming processes to feed the populations, as protein can be 
produced from the content of the light or the mixture of composition of lights mats in gans state of 
matter that can lead to production of solid matter the like of fresh meat and or composition of dairy 
milk and so forth. Thus through production of gans dependence on the extensive farming in the 
space becomes irrelevant, where in deep space by absorbing weak residual mafs of the light and in 
bringing them together and through accretion, then producing the gans of the fundamental plasma, 
then producing the gans of fundamental atom and then through accretion creating composition of 
ganses of protein, then one can produce any food in the span of the universe directly using the 
matters of the light. Originally this concept of producing protein through gans from the gases of 
environment was considered and successfully tested in Tehran in the summer of 2008, and through 
simple process the first gans of protein in small quantities by using the natural air at room 
temperature was produced. 


In the appendix section of this book, attached is the paper titled “The unifying field theory” 
published in the 28.10.2009, in this publication it is discussed and can be concluded that the origin 
of all entities, tangible or not are magnetic fields and the interaction of at least any two of any 
magnetic fields of any strength can lead to creation of all other effects and matters which are 
observed in the universe. 


‘Thus the magnetic field is the unifying field and the mother and the seed of all created and creation 
in the universe, thus the magnetic field is the Holy Grail, which the scientific world had been 
searching for in the universe strength to connecting all fields and effects observed in the universe. 
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Ambient RF Energy Harvesting in Urban 
and Semi-Urban Environments 


Manuel Pifiuela, Student Member, IEEE, Paul D. Mitcheson, Senior Member, IEEE, and 
Stepan Lueyszyn, Senior Member, IEEE 


Abstract RF harvesting circuits have been demonstrated for 
yore than 50 years, but only a few have been able to harvest 
nergy from freely available ambient (.c., non-dedicated) RF 
‘Sources. In this paper, our objectives were to realize harvester 
‘operation at typical ambient RF power levels found within urbi 
nd semi-urban environments. To explore the potential for a 
bient RF energy harvesting, a city-wide RF spectral survey w: 
undertaken from outside all of the 270 London Undergroun 
stations at street level. Using the results from this survey, four 
harvesters (comprising antenna, impedance-matching network, 
rectifier, maximum power point tracking interface, and storage 
‘lement) were designed to cover four frequency bands from the 
largest RF contributors (DTV, GSM900, GSM1800, and 3G) 
Within the ultrahigh frequency (0.3-3 GHz) part of the frequency 
speetrum. Prototypes were designed and fabricated for each band. 
‘The overall end-to-end efficiency of the prototypes using realistic 
input RF power sources is measured; with our first GSM900 
ving an efficiency of 40%. Approximately half of the 
iderground stations were found to be suitable location 
for harvesting ambient RF energy using our four prototypes. 
Furthermore, multiband array architectures were designed an 
fabricated to provide a broader freedom of operation. Finall 
‘output de power density comparison was made between all the 
ent RF energy harvesters, as well as alternative energy har- 
vesting technologies, and for the first time, itis shown that ambient 
RF harvesting ean be competitive with the other tec 


Index Terms—Ambient RF, energy harvest 
point tracking (MPPT), multiband, reetem 


1 RF survey, RF-de. 


1. Inrropuction 


OR ALMOST 50 years, far-field RF technology has been 

used to remotely power systems from relatively large un- 
manned helicopters [1] to very small smart dust sensors [2] and 
contact lenses that measure eye pressure [3]. With all these sys- 
tems, a dedicated RF source is used, where the operator may 
have control over the effective isotropically radiated power (i.e., 
both transmit power and antenna characteristics), beam pointing 
and polarization of the RF source, ensuring optimal line-of-sight 
‘operation between the source transmitter (TX) and harvesting 
receiver (RX). It is important to highlight that this work will 
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focus only in radiative power transfer and not inductive or near- 
field power transfer, as demonstrated in [4]. A more convenient 
solution, however, is to power these devices from ambient RF 
energy sources, such as television and mobile phone signals, 
thus removing the need for a dedicated source. As ambient RF 
levels are lower than those that can be provided by a dedicated 
RF source, the efficiency of the harvesting system, and its min- 
imum startup power are of critical importance. 

In order to assess the feasibility of deploying ambient RF en- 
ergy harvesters, the available RF power needs to be measured 
in different locations. Such measurements, in conjunction with 
knowledge on harvester performance, can then be used to deter- 
mine the locations at which RF harvester powered devices can 
be successfully deployed. Several RF spectral surveys, which 
measure ambient RF power levels from sources such as televi- 
sion and mobile phone base stations, have been previously re- 
ported. Many have been undertaken using personal exposime- 
ters or spectrum analyzers, where the exact location of each 
‘measurement is unknown and with RF power levels only being 
reported under general scenarios (e-g., outdoor, indoor, street, 
bus, ete.)[5], [6]. While being of academic interest for health-re- 
lated research [7], the lack of power level and specific time/lo- 
cation information limits their usefulness for exploitation in am- 
bient RF energy harvesting applications. 

‘Most rectennas (normally comprising an antenna, impedance 
matching network, rectifier, storage element, and load) pre- 
sented in the open literature have been tested using dedicated 
sources rather than harvesting from ambient RF energy [8] 
In recent years, efficiencies as high as 78% [9] and 90% [10] 
have been demonstrated with relatively high input RF power 
levels (ie, > + 10 dBm). Moderate efficiencies have also 
been achieved using dedicated TXs that provided relatively low 
input RF power levels; e.g., an efficiency of 60% was achieved 
with —22.6-dBm input power [11]. In one demonstrator [12], 
designed to operate over a broad range of input RF power 
levels, (~30 to +30 dBm), the efficiency increased from 5% at 
a low input RF power to a peak of 80% at +25 dBm. 

Despite advancements in end-to-end (i.., input RF to output 
de) power conversion efficiencies at low input RF power levels 
(similar to those measured in the spectral surveys), only a few at- 
tempts at true ambient RF energy harvesting have been reported, 
For example, one relatively efficient rectenna, utilizing a mod- 
ified omnidirectional patch antenna, has an efficiency of 18% 
with a single-tone input RF power of -20 dBm [13]. This ded- 
icated signal source was meant to emulate the input RF power 
levels measured from a nearby digital TV (DTV) TX in Tokyo, 
Japan, but did not take into account the more realistic effect of 
harvesting from a modulated broadband signal. Another attempt 
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Chapter 4 
COZ2 in Gans State (paper 2009) 


Direct absorption of carbon dioxide CO2 and methane CHA gases from the environment and 
their conversion into nano solution and nano solid matters and production of energy and oxygen 
by the use of nano compound at ambient temperature and pressure. 


Abstract 


In this paper, results of processes will be introduced for the absorption of carbon dioxide CO2 and 
methane CH4 gases direct from environment and their conversion into nano materials of the same 
pended in solution or dried as powder. Where, concurrently within the processes of extraction of 
these gases in a simple reactor, we have managed to produce energy and oxygen. 


Discussion 


New methods for absorption of CO2, CH4, and others gases and further conversion and 
preservation of these elements in their nano solid state of matters at room temperature and pressure 
has been developed and achieved. 


We have developed simple processes by which carbon dioxide CO2 and methane CH4 gases can be 
extracted from their environment where no additional heat or pressure to achieve this has been 
applied, 


At the same time conditions can be created within thes 
going through any chemical process, 
vice versa. 


systems that CO2 in conversion without 
lead to creation of methyl, oxygen and methane gas and 


Where during these processes of CO2 and methane gas extraction or conversion we have managed 
to produce usable energy and oxygen mole, 


Production and extraction of CO2 by applying energy is a known technology in the present science, 
what is new with our technology is, that not only CO2 is extracted in a simple system at room 
temperature and pressure, at the same time, energy released through absorption and conversion of 
the captured CO2 to formic acid, we have developed simple techniques to capture the energy 
release from this transition process to produce useful power. 


The novelty with this new technology is that in previous state of art technologies, engineers and 

ccientists had to add energy to extract CO2 the environment or to produces 02, where through our 
technology, not only we generate useful energy while absorbing these gases from the environment, 
but also at the same time, the system can produce molecules of oxygen 


Thus, this simple system has the ability to replicate the processes as in a natural way as plants 
achieve in their conversion of CO2 into oxygen. 


With this technology, CO2 and CH4 gases are absorbed and attracted into and within the solution in 
their nano state, and then they are allowed to amalgamate to produce gel like residual solution and 
then form nano sediment, 
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Where, nano CO2 can be extracted or removed from the solution as solid matter at room 
temperature. 


The CO2 stays in state of gel as nano materials in the solution due to their diamond crystals 
structure (sp3), or due to their crystal lattice structure, this creating a non-adhesion molecular bound 
like diamond crystals. Which, this does not allow more than certain number of molecular structures 
to adhere to each other. Where, CO2 nano matters once reaching a certain molecular gravitational 
level, as crystal, then they do not attach or cannot hold on to more than single or certain numbers of 
nano molecules of CO2 and form independent or nano cell of matter. Thus, all clusters of CO2 in 
solution have certain dimensions and that is why they stay like clouds or gel within the solution. 


We have to explain that it is known tested fact to us that nano-coated materials and nano materials 
in sp2/sp3-state due to their characteristic of diamond crystal behaviour, they cannot be 
ach other or soldered to another material. However, at the same time in a peculiar way the outer 
electron of these materials allows conductivity of matter. What this means, is that, even through 
they do not or cannot be attached to any other material from their outer structural boundaries, but in 
being connected with each, these materials allow flow of current and voltage through their outer 
boundary. 


Ina way, these behave like quartz materials, but at the same time after a number of layers, they do 
not or would have the gravitational pull or adhesion capability to allow more layers to be added to 
their layers. 


Where, these layers along their grain and layer, they behave as a superconductor, but across layers 
in PN junction, depending on the position of PN cavity within the layers, they become best 
resistors. Where, we have measured the resistance of these layers and this have been confirmed by 
other scientists whom have tested our material of sp2/sp3, that these materials have shown to have 
20M Ohmss resistance threshold barrier. On the other hand, this material on the surface has as good 
as resistance capacity as air and diamond. 


We have further managed to obtain solid matters of CO2 from the system or dry the nano-saturated 
nano CO2 dilution into nano CO2 powder. Thus for the first time in the world of science we have 
managed to generate at room temperature and pressure nano matters of CO2 and methane through 
the same process. 


To confirm that solutions obtained in our tests to contain CO2 and CH4 matters and these matters 
are in nano form, we had to under take laboratory tests of the solution with infrared spectroscopy 
and XRD respectively. 


Further, as we know through our previous developments in nano technology, that nano materials are 
by principle sp2/sp3 in their character. Thus from results obtained from infrared spectroscopes and 
XRDs of matters during our process of absorption and nanolisation, we have concluded that the 
extracted CO2 and CH4 materials in solution and dry are both in nano state of matters of these 


same time parallel researches which we have found on the internet since the publication of 
st addition of this paper on the 23.12.2009 done by other scientists, Dr Omar M Yaghi of the 
university of California released on 7.12.2009, which extracts of this has published in article by The 
New York Times published 4 on the 8.12.2009, this article refers to “metal-organic frameworks 
(MOFs) material promise of carbon capture and release, and that these materials being crystalline 
sponge hybrid lattices of organic compound and metal atoms that has a huge internal area where gas 
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molecules can be absorbed.” 


Where we have reported these characteristics of metal-organic sponge effect and capture of CO2 in 
2006, and this has been confirmed by indecent testing by major nuclear testing centre in Europe in 
their report in 2007. 


Further, in the paper Dr Yaghi states, “MOF used in the study contained magnetism atoms” 
Where in our previous disclosures and patents applied, we have declared that the absorption of 
these atom of CO2 and CH4 are Magravs (Magnetic gravitational fields) based. Which th 
independent scientific paper confirms our finding that CO2 and CH4 are gravitated to the water 
nano molecules, and they do not have any interaction with the medium of the water, but the water is 
the container and tool or catalyst to keep these captured molecules in their singular or nano state 
and sp3 floating condition or as a solution. 


In the same paper, Dr Yaghi refers to how material separated out CO2, which allows methane to 
pass 


Where, our system not only captures the CO2, but also at the same time it can capture CH4 as we 
have reported before. That these captured carbon dioxide CO2 and methane CH4, produce diamond 
structure nano matters or crystals, with metallic behaviour like, which they have a superconductor 
characteristics and behave like conductors. 


Thus, our findings are inline with other scientists and their scientific research works, which have 
been reported. Where now we can clearly state these captured gases can be converted to solid nano 
materials, which behave like metals, and are superconductors, but in reality, their superconductivity 
of the matter is due to their sp3 nano characteristics and not their metallic condition, 


Further Dr Yaghi states that 87 percent of the CO2 captured, at 13-degree temperature are released 
back by the MOF matter to the environment. 


Where this is inline with our reported behaviour, that as the CO2 are extracted by these materials 
we have developed, which our capturing materials are metallic and organic in their real structures, 
these materials then release their captured CO2 in the water at room temperature in Gans (Gas- 
Nano-Solid) state, 


Further, he states that to release the balance 13 percent of the captured gas, one-need temperatures 
of 175 Fahrenheit. 


Where, we release all captured CO2 as nano-material into the basic solution of the system, this all at 


room temperatures without any heat being applied. 


Further more, the Canadian company Mantra-Venture-Group has announced on Business Ne 
Network that in conjunction with 3M using electro reduction of carbon dioxide, they confirm that 
they need 6Mw of energy to extract one tonne of C02, which this is considered to be at the edge of 
technology of CO2 extraction, 


Where, with our new technology we produce energy rather than consuming energy. 
Where, further MantraEnergy in conjunction with use of the CO2 they capture, they can produce 
formic acid, using the technique developed by Dr Gabor Laurenczy. Where, he has confirmed that 


he can — generate. hydrogen from _~— formic ~— acid. -—_(Video-interview: 
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hitp://Avww.mantraenergy.com/mantra-in-the-news/squeezeplay-zapping-carbon. html) 


We clearly have shown and absorbed CH4 not only from the environment, as similarly we have 
reported the production of formic acid through the natural gravitational forces of our system as has 
been shown by laboratory tests results which are discussed below. 


We have reported the production of CH3 in our system late last year as we managed to separate the 
CHG and its capture in nano state of matter in our system. The production of radical CH3 from the 
H20 molecule of the water as the magnetic and gravitational catalys tem, subsequently 
this leading to existence of two radicals in the systems at the same time, one of the CH3 and one of 
an atom of Hydrogen leading to release of molecules of oxygen. 


Scientists at a nuclear centre have confirmed the production of hydrogen radi 
technology in 2007 in their independent (not yet published) report. 


cal through our 


Therefore, it has become a simpler method through our development to extract CO2 and CH4 and 
released it in nano solid matter in water, and at the same time have the ability to produce energy and 
oxygen as we have demonstrate it to independent engineers in December 2009. 


Further on in this paper we show and present pictures of both matters of CO2 and CH4 in solution 
and solid state for the first time (Fig. 29 for solution and Fig. 30 for powder of CO2, and Fig. 31A- 
B for solution and Fig. 32 for powder of the CH4). The CO2 in solution and dry state has a white 
milky appearance and methane CH4 has a blue greenish colour. 


We have mentioned Dr Yaghis’ paper in this section as the findings in his paper is near to our 
finding and is one of the latest in this field, 


The CO2 capture is well documented subject on internet and we are not here to list them to support 
our claim, one can refer to these on the internet to find that our claims our inline with main stream 
physics community, with the difference that we reported the capture of CO2 in early 2005 in nano 
materials on our web site and now we are reporting the first solid nano material of the gas as in 
Gans-state. We call a Gas-Nano- Solid state the GANS-state, which is a state or phase of transition 
of matters, which has bee unknown in actual science up to the release of this paper. 

Meanwhile in light of our latest discovery and disclosure of the capture of CO2 as solid or in 
solution, our foundation will ask the nuclear centre which has done the independent test for our 
system in 2006-2007, that if we can release part of this report confirming the CO2 capability 
capture of our materials. 


The CO2 absorp! 


n 


In our tests and development phase, we have managed to produce a special material for the 
production of a new and a simple system for absorption of CO2 through the principle of Magravs 
field forces, rather than the chemical method of absorption of these gases. Where, the absorption 
principles through gravitational systems have been disclosed in full in the book, which we have 
published in July 2009 (titled: The Universal Order of the Creation of Matter; ISBN 978-94-6087- 
001-9). In this book, I have, explained in detail, the principle of gravitational and Magnetic field 
positioning and attraction and repulsion of matters from these systems respectively. 


Through the development of these new composite materials of organic and metallic nano layers, we 
have managed to create specific static gravitational field forces which can be in the magnetic wave 
length of the CO2 molecules, or we have developed condition(s) that as the gravitational field 
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attracted the CO2 to the material, the Magnetic field(s) within these layers cause the repulsion or 
the release of the captured molecules of the CO2 from the layers. Thus causing the creation of nano 
molecules of CO2 in the water, and as we use the magnetic fields of the water for stability and as a 
magnetic catalyst, they come to allow the formation of clusters of Gans of CO2 and create a 
solution of these nano matters, which these latter manifest themselves as a sediment in the liquid of 
the system at the bottom of the holding container (Fig 30E). 


“i 
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Fig. 21 Infrared spectroscopy of the CO2 solution. 


The solution of nano carbon dioxide CO2 and has been subjected to infrared spectroscopy by 
independent laboratory confirming the production of the first nano CO2 in a solution or as gel at 
2630 em-1 wavelength of the spectrum (Fig. 21), 


This is actually the best observe data as calculated and predicted figure is said to be at 2640 cm-I 
(Fig, 22). (Source: http://science.widener.edu) 


The closeness of the figure of 2630 showing the purity of the CO2 solid matters within the solution. 
obtained during our test, 


Where even the predicted matter has a multiple peaks, where these captured matters due to their 
singularity in the measured sample has a sharp and clear single peak as has been shown in Fig. 21 


This sharp peak can confirm the possible nano sp3 structure of the suspended capture matters of 
CO2 in this solution, once XRD test was carried out for the same sample. 

For further confirmation of nano structure of the matters captured within the solution and then the 
solution was allowed to dry and then as a film was subjected to XRD testing. 


The results of this test showed a clear match only as superconductor characteristics for this material. 
Further analysis with the data from XRD, a superconductor material characteristics perfect match 
was not found for this matter. 
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Fig. 22 Standard CO2 infrared spectroscopy graph. 


With this test, and from our pervious developments and testing, clearly it is shown that the matter 
within the solution has superconductivity property (Fig. 23), which has new non matching data in 
the present collected reference data, and this is the characteristics of nano materials in sp3 state of 
matter. 


‘This matter as superconductors known or ever been recorded for observation. 


‘Thus the XRD of the CO2 data as solid and its graphs have become the new base knowledge and 
fundamental basic data for any future capture of these gases, once they are absorbed as a nano 
material in solid state. 


From our previous developments and tests, we know that all nano materials show and have 
superconductive characteristics. Now with this test, now we have further proof that the captured 
CO2 in the solution is in a nano state of matter. 


Fig. 23 XRD of the CO2 nano material 


‘The closest match as superconductor characteristics to CO2 in the solution or in dry state of matter, 
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this was found to be an exotic mixture of five different materials, as can be seen in the table at the 
bottom of the graph, with the best match reference data figures to be about 80%-90% 
superconductivity properties of this matter. 


With the discovery of this new state of matters and the simplicity of their production and their high 
superconductivity properties, we predict that gans (GAs Nano Solid) of gases are going to be the 
next-best purest superconductor and resistor materials of the future. 


Further more: in confirming the matter of solution being carbon dioxide and at the same time 
confirming that this matter within the structure of the solution and the system set-up has the 
capability of conversion to formic acid in presence of CO2 captured in the solution of water, a 
further test was carried out with infrared spectroscopy to confirm this conversion principle of the 
confirmed nano CO2 capture to formic acid within the solution 


For confirmation of absorption capability of nano CO2 by the solution and its conversion into 
formic acid, the chamber of the infrared spectrometer system was field with pure CO2 and 
measurement were taken. This measurement is shown as line A on graph Fig, 24. 


Then the solution of nano CO2 from our test was then injected into the chamber and the graph line 
B in Fig. 24 was obtained. 


‘The peak region NC in the Fig. 24 shows an increase in carbon dioxide in the solution was once it 
was introduced into the chamber. 


This showing that the CO2 solution is extracting carbon from the chamber or causes reduction in 
carbon content of the chamber. 


This in away showing the absorption capability of the solution of nano CO2 of more CO2 on its 
own independently, and confirming further from previous results that nano materials are CO2 
absorber by their nature of construction, even though these matters are themselves part of the 
original solution, 
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Fig. 24 The comparison graph of injection of the solution of CO2 into 
CO2 gas environment. 
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In this graph the peak NC showing absorption of CO2 from the chamber and this followed by 
formation of formic acid as shown in the CF region of this graph through infrared spectroscopy test 
Fig, 24, 


‘The graph of the CO2 from the solution and its conversion is independently shown in Fig, 26. 


It is at this point of gravitation attraction and subsequent Magnetic field repulsion that the magnetic 
fields strength equal to the strength of the Magravs of the proton and the electron are made 
available to the system, which these fields are absorbed by the electrodes within the system and 
then these are past to cooper wire atoms", which are the constituent matters of electrodes and cause 
the vibration of electrons within the copper wire leading to creation of current in them, 
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Fig. 25 The graph of the conversion of the CO2 into the formic acid 
within the chamber. 


In the actual physics they call these released packages of magnetic fields or energies as photons as 
they are released which are then these are absorbed by electrodes placed within the system and used 
for example to light diodes. 


Through development of this technology, production of power without burning fuel and at levels 
that can meet the demand of a household or a car, is achievable. 


Where, for separation of CO2 from environment, in present state of art technologies, energy is used 
to be able to first separate the CO2 and then cause the formation of formic acid reaction chain, this 
leading to production CH4 or hydrogen, 


Where, through our simple technology, in opposite to the norm, we generate energy while 
extracting CO2 from the environment. The method we use is the principle of gravitational 
positioning and is exactly the way by which matters are extracted and separated in the universe as 
has been explained in this book. 
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Our approach is totally different than the present state of art technology, where they use and follow 
the fundamentals of chemistry, hence the need for their system for energy input to achieve the 
separation or extraction and we follow the universal method of extraction and holding where 
magnetic fields as energies are made available through the process. 

The example of energy production during the process of CO2 extraction is shown by lighting the 
diodes as can be seen in Fig. 26 


Where, this set of three LED lights being powered by CO2 capture process. These lights have being 
on contentiously from 7 pm Saturday 11.12.2009 until this report is release 05.01.2010. Further we 
expect that these lights will be on for months to come, if we allow the set-up to be running as it is. 
The intensity of the lights from these LEDs has not diminished and in fact, sometimes they are 
brighter. 


Through development of this technology, production of power without burning fuel and at levels, 
which can meet the demand of a household or a car, is comfortable achievable. 


Fig. 26: Group LED’s light 


For further investigation into confirmation of CO2 capture and its conversion in their interaction 
with water to form formic acid, the standard reference infrared spectroscopy graph and data of 
formic acid was obtained as shown in Fig 27. 


To confirm further the conversion of the CO2 into formic acid from the CO2 nano solution from 
our test, the following procedures were carried out. 


To begin with, formic acid liquid with 95% purity was introduced as film on the sample dise of 
infrared spectroscopy system and the graph FA in Fig. 28 was obtained. 


‘Then a drop of solution of nano CO2 was placed on the film the formic acid and the graph CO2+FA. 
in Fig, 28 was obtained. 


When the three graphs are superimposed, that is the original infrared graph of the nano solution of 
CO2, on the graph of the formic acid and then the graph of the mixture of formic acid with CO2 
solution, these clearly showing the absorption of CO2 in the zone 1 in Fig. 28, and then presence 
and formation of formic acid as shown in the zone 2 of the Fig. 28. 
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Fig. 27 The standard reference of IR spectroscopy of the formic acid. 


This showing the same pattern of presence of Formic acid in the solution of nano CO2, hence not 
only confirmation of existence of CO2 in the nano CO2 solution, but at the same time the 
absorption capacity of nano CO2 solution of CO2 from the environment and conversion of these 
additional CO2 in conjunction with water into formic acid. 


Having established the characteristic of the matter within the solution from testes and results shown 
in Figures 21, 23, 24, 25 and 28, without the shadow of a doubt, the white material is CO2 in nano 
state, and from Fig. 23, we have the confirmation that this matter is a nano structure in sp3 and 
behaves as a superconductor. 


Further, as the process of the energy production from the system has been extended to days and 
weeks, the following characteristics and materials have been detected and collected from the 
system. 


In the process of the running the system, the area around the electrodes, which have been specially 
treated, start gathering a white cloud around them after subjecting the electrodes to certain 
conditions. From this point on the environment around the electrodes start creating a mist of white 
material around them, and then gradually the whole containment becomes like milky colour liquid, 
and then white sediment is established in the container. 


Through the infrared spectroscopy shown in Fig. 21, we can confirm that the material in the 
solution is carbon dioxide and the nano state of this material is very much confirmed by the second 
test of XRD, as the only match for the dried solid residual of this milky substance shows’ 
superconductivity behaviour of this material. This confirming the nano characteristics of the CO2 as 
white powder, or in its solid state of matter. 
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at harvesting ambient RF energy from a mobile phone base sta- 
tion at 845 MHz was reported in [14]. This prototype managed 
to power an LCD thermometer for 4 min, but only after har- 
‘vesting for 65h. In that work, when the authors used a dedicated 
signal source with a single-tone input RF power of —15 dBm, 
an efficiency of 3% was recorded. A batteryless location sensor 
has also been demonstrated [15], powered by a rectenna with a 
printed antenna on a flexible substrate and a solar cell, although 
no details for the RF-de efficiency were reported. Finally, sue- 
cessful prototypes capable of harvesting energy using TV an- 
tennas were presented, but again no details of their efficiency 
were given [16], [17] 

In order to demonstrate the feasibility for implementing 
ambient RF energy harvesting, here we first present the re- 
sults of a citywide RF spectral survey, indicating suitable 
locations and associated RF bands with sufficient input RF 
power density levels for harvesting. Based on these results, 
rectennas were then fabricated and their efficiencies, under 
ambient RF energy harvesting operation, were calculated 
using in-situ field strength measurements. Furthermore, an 
investigation of multiband rectenna arrays is also presented, 
demonstrating the tradeoffs between series (voltage summing) 
and parallel (current summing) topologies with the aim of 
reducing the minimum input power required for harvester op- 
‘ration. Finally, a comparison between measured ambient RF 
energy harvesting and alternative forms of energy harvesting 
technologies is presented; highlighting, for the first time, the 
practical feasibility of exploiting existing freely available 
sources of RF energy. 


IL. LoNDoN RF SuRVEY 


In order to quantify input RF power density levels present in a 
typical urban and semi-urban environment, a citywide RF spec- 
tal survey within the ultrahigh frequency (0.3-3 GHz) part of 
the frequency spectrum was conducted within Greater London. 

Anumber of citywide RF spectral surveys have previously been 
conducted, but in general, only a few samples were taken, giving 
litte insight into (semi-jurban environments [14], [18], [19] 

Other surveys [20], [21] compare their measurements relative 
to the distance from the nearest TX. In a (semi-)urban envi- 
ronment, this may not provide enough information about the 
RF spectrum since there is likely to be local geographical vari- 
ations in base-station density and propagation characteristics 
(cg., multipath effects and diffraction around and attenuation 
through buildings). 

Each station on the London Underground network was used 
‘as a survey point to provide a robust dataset for representing 
Greater London in terms of geographical distribution and 
population density, having a combination of urban (in the 
center) and semi-urban (in surrounding areas) characteristis. 
Measurements were taken at each of the 270 stations (from a 
randomly chosen exit, at street level and a height of 1.6 m). 
To provide traceability and for use as a historical reference, 
time stamps and GPS locations were recorded. In addition, 
measurements were taken inside a building at Imperial College 
London (ICL), to represent a typical office block within an 
urban environment. 
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A, Methodology 


Mobile phone usage varies during the daytime, and hence, 
ambient RF energy in their bands is expected to be time 
dependant, with more energy available during the daytime 
than at night time. Therefore, in order to be able to make fair 
comparisons between locations, measurements were taken 
between 10:00 am and 3:00 pm on weekdays over a period of 
one month (between March 5, and April 4, 2012). Electric field 
strength was measured between 0.3-2.5 GHz using an Agilent 
N99I2A FieldFox RF analyzer [22] with a calibrated Aaronia 
BicoLOG 20300 omnidirectional antenna [23]. It is important 
to note that the spectral measurements were undertaken during 
the analog-to-digital switchover period in the U.K. and so the 
measurements for DTV may represent an underestimate of 
present RF power levels measured now that the switch over 
is complete [24]. It should also be noted that this survey was 
conducted prior to the 4G network being switched on within 
the UK. 

‘A “panning method,” which complies with international 
regulations for measuring exposure limits, was used (25]-[27] 
Here, the calibrated antenna is rotated to three orthogonal axes 
while the spectrum analyser is set to “max-hold,” ensuring 
that the maximum reading is recorded. For each measurement, 
more than | min was allocated to allow for more than three 
sweeps across the selected frequency range. Additionally, to 
maintain a comparable signal-to-noise (S/N) ratio, attenua- 
tion was introduced (with a minimum set at § dB) to avoid 
compression when high input RF power levels were detected, 
For all measurements, the resolution bandwidth (BW) was 
fixed at 100 kHz, the internal amplifier was turned on and the 
highest resolution of 1001 points was selected. These settings 
provide the ability to obtain a snapshot of the power density 
that can be expected in an urban or semi-urban environment 
from continuously variable sources. 


B. Results 


‘After inputting the manufacturers” frequency-banded antenna 
factors into the spectrum analyzer, to ensure a fully calibrated 
system, the electric field strength measurements were taken. The 
input RF power density (S) is then calculated from the electric 
field strength measurement. Fig. 1 shows the input RF power 
density measured outside the Northfields London Underground 
station, where the spectral bands for DTV, GSM900, GSM1800, 
3G, and Wi-Fi can been clearly identified. 

‘A well-designed rectenna should ideally be capable of har- 
vesting energy across an entire band, and thus itis important to 
calculate the total band power. The banded input RF power den- 
sity Sn (nW/em2} is calculated by summing all the spectral 
peaks across the band (i.., in a similar way, the spectrum an- 
alyzer calculates channel power). These levels provide a snap- 
shot of source availability atthe time and location of the mea- 
surement, Moreover, they are used as a harvester design starting 
point since the power density at each band will define the input 
impedance of a rectenna 

The exact frequencies for each band are set by the U.K.'s of- 
ficial frequency band allocation [28]; the GSM900, GSM1800 
and 3G base transmit (BTx) bands were separated from the as- 
sociated mobile transmit (MTx) bands. Table I shows average 
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Fig. 28 The superimposed graph of CO2 and conversion o Formic 
and formic acid and mixture of formic acid and solution of nano CO2 


This is for the first time in the world of science that CO2 as gas not only can be captured without 
use of any pressure, temperature, or energy, but this matter can be extracted and held as a solid at 
room temperature. 


The picture of concentrated nano carbon in solution used for infrared spectroscopy leading to graph 
in Fig, 21 is shown in Fig 29. 


Fig. 29 Solution of nano-CO2 
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To our knowledge, this is the first picture of nano CO2 solution produced and maintained at room 
temperature and pressure ever been recorded. 


Photographs of dried powder of nano CO2 are shown in Figures 30 A, B, C, and D. These are the 
first pictures taken of nano CO2 in solid state in atmospheric condition, 


This is important as nano CO2 or CO2 has never been observed in solid state at room 


temperature and the only solid state of this gas known has been in frozen state of this matter as 
like of ice blocks (Dry ice). 


Fig. 30 A, B: Solid nano-CO2 on a knife and in a vial 


Fig. 30 C: Solid and gel nano-CO2 


‘The important point to note is that, there is no content ratio between the CO2 absorbed in the liquid 
and the water, as is the usual procedure to state in most tests like these content ratios between 
sediments or gel and the water of the solution, 


With this method of CO2 absorption technology, as long as one can extract nano CO2 from the 
environment or surrounding environment of water, the CO2 absorbed can be removed without ever 
a need for the change of the water. 
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Fig, 30 D: The Solid CO2 material in the Gans-state being held in hand at room temperature. This solid CO2 
isnot a ‘dry ice’, but a mastie-like matter. 


In practice, we have a number of times collected Gans of CO2 from the same water within the 
container, The only reduction in the water is due to vaporisation or when it is part of the gel. 


This is a very important and crucial point, and this is where this technology departs from present 
science of chemistry, and stands on its own merit as a nuclear gravitational system. 


‘That is where if the system were a chemically based system, the CO2 content of the water would 
have been fixed and hence there would have been a ratio balance and final content for CO2 in the 
water and this value would have been fixed, 


Due to the new understanding of the gravitational systems, as has been explained in the book (The 
universal order of creation of Matters), these specifically designed systems, with specifically placed 
and produced electrodes, these systems can create a strong but invisible gravitational and Magnetic 
fields within the layers zone of the electrodes, that these electrodes, as gravitational positioning 
elements, can create the gravitational pull that can absorb CO2 molecules from the water and 
beyond the boundaries of the water, without the CO2 as a nano molecule ever chemically 
interacting with the water molecules content of the system and going through the normal chemical 
processes. 


‘Thus; if this was not so, how could electrodes deep submerged in liquid would have been able to 
extract CO2 from the air above the liquid and bring them into the material of the electrode for them 
to be separated as individual CO2 molecules on a continues bases, as we have been collecting these 
materials from the same container over period of weeks. 


Where in this processes, as the materials like CO2 become in nano structure of their own state, then 
they are sealed like the diamond and hence they achieve a self sustained gravitational system, like a 
planet, that does not interact gravitational or magnetically with any other matter and attain the state 
of singularity or nano state, 


This solution of CO2 material feels like mercury as gel, and to touch it feels cold, but does not stick 
to its container that much. 
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Afier extracting the water from the CO2 gans solution, the matter takes the form of gel and is cream 
whitish in colour. 


Thus, this is a static nuclear gravitational and magnetic field extraction process, which has 
never been recorded or known up to this point. 


With this method of CO2 extraction, there are no ratios between the matters collected as nano 
matters and the water content of the system, as the residual of gans of the gases can continuously be 
extracted from the environment of the system, without change in the volume of the water of the 
system, 


The point to note is that, the volume of the water content of the system stays the same. Where, the 
system caries on gravitating to itself gases of CO2 and other gases from its environment 
indefinitely. But the total mass and the volume of the system increases as gases are absorbed into 
the system by the gravitational principle, 


In fact, the system gains weight, mass, and volume as it absorbs more gases. This phenomenon was 
observed afier the test was completed in Holland in the lab, and the increase in volume of the 
content of the system was noted at the end of that meeting, that we have more liquid in the bottle 
than when we started the test after about four hours of testing and running the system for energy 
production trail. 


This is normal phenomenon, as extra gases from the environment of the system have been absorbed 
in the system and converted to gans, which settled at the bottom of the bottle of liquid. 


‘The snap shot from video of the matters content of gans of CO2 as misty residual matter collected 
after the test in master bottle is shown in Fig. 30E. 


Fig. 30E A misty residue at the bottom of the bottle 


The principle and the technology used for the extraction of CO2 and its containment as a nano 
matter can be used for making and allowing the production and development of vacuum systems or 
singular atomic weight extraction systems, which can attain high purity vacuum condition needed 
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for space technologies of the future or in room laboratories 
germs 


for extracting certain molecules or 


This vacuuming technique can be achieved without use of any suction system or high-vacuumed 
pressure pumps as is the norm in today’s technologies for production of interstellar space level 
conditions that are hard to achieve. These systems do not even needs to be adjacent to the system or 
near the space where the extraction is needed to take place. 


In the universe, this singular Magrays strength principle is the exact method used by certain planets 
or stars and solar systems in managing to extract only certain materials from their solar or galaxy 
environment respectively. An example of mainly mono Magravs system is few elements material 
content, being the like Saturn with mainly helium content matter. 


In fact in this system we have shown, a micro universal selective gravitational, which in this scale 
we only absorb CO2 gases from the environment. Where the operation of these systems can be 
changed and modified to extract any material from any environment without the use of suetion or 
chemical process and so on 


The methane CH4 absorption 


During the process of running the system for extraction of CO2 and production of useful current, 
due to specific configuration setting of the system, specific section of system starts the absorption 
of methane gas from the environment. 


At this point, the water content of these sections of the power system starts to become blue greenish 
or violet blue in colour, similar to reported colours of the methane in solid state. 


Further to confirm the nature of this new material, the same tests as for the CO2 gas extraction was 
undertaken and results obtained were as follows. 


Through infrared spectroscopy test, it is has become clear that this solution has the ability to 
facilitate the CH4 capture and the release of the residuals of CH4 as solid in the in the dilution of 
the liquid through the same principles as described above for CO2 gas. 


This effect of separation of CH4 as solution shown in Fig. 31 A and B 
the same colour sediments in the tube. 


s blue-greenish water and 
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Fig. 31. Solution of nano Methane (from two different angles) 


Fig. 31B. Solution of nano Methane 


‘The solid dry residual nano CH4 powder is shown in Fig. 32. 


Cc) 


Fig.: 32. Solid nano CH4 (gans of Methane) 


The process of creation of current and the observation of appearance of residual of solid matter 
indicates two clear processes: 


Firstly, the system starts to absorb methane gas from the environment through the same principle as 
described through mainly Magravs process as for gas of carbon dioxide CO2, 


With the difference that in this case different and specific conditions Magravs strength level by the 
layers of matters’ of electrodes are generated, that this new Magravs strength level facilitates the 
extraction or absorption of the new material by the system and within and through the system. 


As the gravitational and Magnetic fields needed for extraction of the CH4 Magrays are slightly 
different than the Magravs fields for CO2, hence different combination of Magravs is needed to 
extract the CH4 from the environment. 


Hence, in being able to collect and further test the new material from the solution to confirm the 
extraction of CH4 from its environment, this proves that, the system has the ability according to its 
pre-set conditions, to create different Magrays strength within the layers of the electrodes, that can 
absorb or gravitated different materials to the system such as CO2 or CH4, through operation of the 
same system concurrently. 


Secondly, another process can take place within the system, where the CO2 absorbed in the system 
goes through process of interaction with water and initiates the production of CH4 and release of 
molecules of oxygen. 


To achieve the production of methane gas through this process, one molecule of CO2 and two 
molecules of water H2O are required, that by using the energy absorbed by the material within the 
system leads to production of CH3 radical and then CH4 as molecule. 


Where, this process is not a chemically binding rather is Hydrogen plasma gravitated and it is 
sustained through magnetic field strength within the layers of coating or matters and energies within 
the system facilitate such a proces 


In conventional chemistry, it is assumed at least energies equivalent to eight photons are needed to 
achieve such a conversion from CO2 to CH4. 


Through this method of using our new system, the material of the systems acts as catalyst and 
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magnetic field provider, that such energy (eight photons) are not required, but in fact gravitational 
and magnetic fields of the plasma of the oxygen and hydrogen of the water become the magnetic 
field binder for this chain of events. 


This being the reason why in similar cases and in theoretical chemistry one needs energy to trigger 
such conversion, where as through our system the hydrogen and it sister radicals in presence of the 
free magnetic oxygen, the solution becomes the magnetic bridge, allowing the system to release 
energy in larger quantities than eight photons, rather than in parallel chemical process in needing 
energy for the same process to take place in these systems. 


In this second path of production of CH4, one needs catalytic effect of the material used in the set- 
up of the system, In the nature, this catalytic effect needs eight photons of energy for it to take 
place, which this is usually provided through sunrays, 


In the case of our system the conversion of CO2 to production of CH4 and O2 takes place through 
the layers structural materials and the localised gravitational fields which they generate. As these 
materials have the ability to absorb infrareds rays too as well as sunrays in the environment and 
hence these new materials can facilitate the production of the methane and oxygen gases and release 
of energy twenty-four hours a day. 


‘Thus in fact with the development of this new system, we have clearly shown that for process of 
photosynthesis, one needs the Magravs strength in the infrared spectrum. Through this process we 
have clearly shown why plant do their CO2 to CH4 and 02 conversation mainly during the night 
time, where the infrared radiation from the planet is high, as the sun magnetic field can not suppress 
their emission upwards from the earth surface. Where, it is known fact that the earth is the best, 
suppler of infrared rays. 


Further on, to show the correctness of our technology and that we do not require energy to extract 
CHG, where in fact we produce energy as power supplier through our technology, the engineers at 
the lab proposed to connected our system to an electric fan, to see if the poser produce can run 
mechanical devices like this on a long term, As can be see in Fig. 33. Where we ran the fan for over 
an hour. 


Fig, 33: Turning fan powered by CH4 extraction system. 
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This test was done in presence of a journalist and engineers from the magazine that we cooperate 
with and all has been videoed. The test happened in the basement of their premises, in the absence 
of any sunlight, 


Energy release by the process of gravitation and extraction of CH4 creates more energy and 
stronger current than the same process of absorbing CO2 from the environment. Where, this process 
leads to creation of strong current rather than stronger voltage output from the system. 


The absorption of CO2 from the environment and conversion of it into formic acid and release of 
energy needed for the photosynthesis and where at the same time the CH3 stage of methane gas as 
methyl becomes first stage for the production of sugar bases in organic materials has been observed 
and videoed with operation of one of systems. 


‘Thus for the first time the process of photosynthesis can be shown to take place exactly as happens 
in a nature like in a tree through these systems can be demonstrated. 


These systems not only absorb CO2 from environment, but through their proc: 
they can lead to production and released of oxygen as molecular structure. 


of conversion, 


To confirm and be able to show such a process takes place within the process of the production of 
methane and oxygen and hydrogen from our system, it is essential to show that methane in nano 
state of matter as we have collected in our system is or has a superconductivity behaviour, as was 
shown for CO2 nano material. 


For the confirmation that the captured CH4 solid material is or has a super-conductive behaviour, 
we subjected the solid residual of the blue-greenish matter to XRD testing in the laboratory. 


Fig. 34 The XRD of the superconductor characteristic of nano Methane solid 


The result of this test has to be noted that CH4 as CO2 in nano state has superconductivity 
behaviour detected seen in XRD is shown in the graph of Fig. 34. 
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‘The nearest material composite match to this material characteristic of our solid matter is beryllium 
palladium, which matches by 95% as a superconductor behaviour only. The list of near enough 
matches as superconductor to CH4 in nano state can be seen in the table shown in Fig, 35. 
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Num Points: 4251 
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Fig, 35 The nearest data of matching materials available that match the green blue powder superconductivity 
characteristic to the extracted nano methane solid from the solution, 


‘The comparison of superconductivity characteristics of the CO2 and of the CH4 nano materials 


obtained by XRD and matching and similarity in behaviour of carbon dioxide CO2 and methane 
CH4 as super-conductive nano materials are shown in Fig, 36. 
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PISUELA cr al AMBIENT RF ENERGY HARVESTING IN URBAN AND SEMLURBAN ENVIRONMENTS. 
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RF power levels across all London Underground stations for the 
banded input RF power density measurements. It can be seen 
that all base-station transmit levels are between one and three 
orders of magnitude greater than the associated MTx levels. For 
this reason, and the fact that the population of transmitting mo- 
bile phones in close proximity of the harvester is highly variable, 
only base-station TXs will be considered further. 

From our London RF survey, DTV, GSM900, GSM1800, 3G, 
and Wi-Fi were identified as potentially useful ambient RF en- 
‘ergy harvesting sources, although DTV appears to be heavily 
dependent on line-of-sight and sudden changes in atmospheric 
conditions (e.g., temperature inversion) and Wi-Fi is very de- 
pendent on user traffic, It should be noted that the mobile phone 
base-station TXs employ vertically polarized antennas, placing 
‘a constraint on harvester orientation in deployment. With DTV, 
‘within the U.K., the main TXs have horizontally polarized an- 
tennas, while repeater TXs have vertically polarized antennas, 

It is convenient to define the boundary between urban and 
<semi-urban environments by the line that separates zones 3 and 
4 on the London Underground map [29]. As one would expect, 
the central zones 1-3 host the highest density of base stations, 
As shown in Table Il,a banded input RF power density threshold 
‘was selected to filter the ten London Underground stations with 
the highest measurements for each band. With DTY, the highest 
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Fig. 2. Banded input RF power density measurements forthe four largest m= 
bien sources in Greter London, 


recorded measurements were all found within the urban envi- 
ronment. This is because Greater London's main DTV TX (at 
Crystal Palace) is located on the southeastern boarder of zones 
3 and 4 and there are no London Underground stations further 
south, With mobile phones, more than 50% of the stations were 
inside the urban environment and those in a semi-urban environ- 
rent were all located in close proximity toa cluster of base-sta- 
tion TXs. 

Using the complete dataset from the London RF survey, Fig.2 
shows the average and median of the banded input RF power 
density measurements for the four largest ambient RF sources 
in Greater London. It can be seen that more than half ofthe lo- 
cations have below average power levels. This is due tothe fact, 
that several stations had maximum levels that were considerably 
higher than the average because of their close proximity to TV 
TXs (eg, Crystal Palace), extremes in base-station density and 
propagation characteristics 

In addition to the London RF survey, measurements within 
the Department of Electrical and Electronic Engineering 
building at ICL were taken on the lth floor of the south 
stairwell. These are shown in Table IL. As can be seen, DTV 
and GSM900 have a higher than average power level, due to a 
near line of sight from the TV TX and a close proximity to the 
2G GSM900/1800 base stations. 

‘The dataset from the London RF survey, with all relevant 
information (e.g, locations, timestamps, and banded input RF 
power density measurements), can be found at our interactive 
website: www-londonrisurvey.org [30]. These measurements 
were used to design efficient harvesters and compared to ICL 
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Fig. 36 The XRD superconductivity characteristic comparison of 
nano CO2 and nano CHA. 


‘The common behaviour between the CH4 and CO2 nano matters have been observed and shown by 
superimposing their infrared spectroscopy graphs as shown in Fig. 37. 
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Fig. 37 The IR spectroscopy comparison between nano CO2 and nano 
CHA in solution 


In this graph the CO2 in zone 1, shows extraction of CO2 gas from its environment and then forms 
formic acid as seen in zone Z2. Similarly methane (Me) releases increase the availability of CO2 in 
the environment of the chamber of the spectrum machine as seen in zone Z1, and then the same 
releases’ of formic acid as the same as CO2 as can be seen in the zone Z2 through this process. 
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Fig. 38 the enlarged section of the CO2 and CHG in infrared from Fig. 37. 


This explaining two factors, one that the solution is processing both CO2 and CH4 extraction 
multaneously and or it is has the ability to produce CH4 through CO2 absorption and the water 
chain interaction as was discussed before. 


Enlarged section of the zone Z in Fig. 37 are shown in Fig. 38 


Superimposed graphs of these nano materials of the same region in graph 37 are shown in Fig. 39. 
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Fig. 39 The superimposed and enlarged section of carbon sector of the Fig. 37 


Observations and notes. 


In the development discussed above, one has shown how by absorbing CO2 from the environment, 
this being on earth or as the content of craft, this gas can be used to generate energy and oxygen to 
tain life without the need for additions reserves of these gases using the man himself as the 
supplier of the main ingredient matter, the CO2. 


What this new technology offers for the planet earth is a survival line that in the present 
environment of the global warming with the CO2 generated by burning of fossil fuels and 
production of methane gases produced by extensive cattle farming, through the utilisation of this 
new technology for the first time these gases can be extracted from the atmosphere and 
simultaneously be converted to solid matters or solution, this process can be used to lead to, and 
cause the release of energy, and through the use of specially developed composite materials, this 
leading to separation and generation of oxygen. 


Where some of methane and carbon dioxide in the form of nano materials of the same gases can, all 
be suspended in the solution or dried as solid and reburied or returned to earth as topsoil. 

Where this new technology shows for the first time and make it possible to achieve creation and 
holding of carbon dioxide or methane gases in solid state at room temperatures and pressures. 
Through evaporation of water from solutions, solid of carbon dioxide CO2 and methane CH4 gases 
in the form of powder nano materials of these gases are produced. 


This new system and technology completes the circle of life for maintenance and existence in the 
future while it can clean up the mess man has created by the use of fossil fuels on earth in the pa 
centuries 


Where these new systems will behave as trees on earth and for the passengers of space systems of 
the future, by simple converting CO2 into oxygen, and where the man himself becomes the supplier 
of CO2 for the system to keep the cycles functioning. 


Through the development of the technology that has been disclosed in this paper the initial steps to 
conclude this process for application in our space technology is considered to be completed. In the 
space technology of the future, one has to be able to use all matters available within a spacecraft to 
attain continues and sustainable existence of man in deep space travels. 


This technology of direct extraction of CO2 and CH4 from the environment can happen in reactors 
of small and large dimensions. Thus the technology can be used to tackle the Climate Change 
problem. For example large installations can be connected to exhaust systems of heavy industry, 
and small extraction devices can be made for households or be built in cars. None of these 
installations will need powering, as they will deliver themselves electricity. On the other hand we 
don’t have a sequestering problem since the CO2 and CHG are already in a solid state, which make 
storage easy. However our liquid and solid CO2 combined with limonene oxide can also be used to 
make new type of polymers and plastics. 


We have developed and attained a fully integrated system that is able to sustainable life in space. 


In letting the process of CO2 absorption and production of energy to continue, some cells of the 
system start the process of production of methyl CH3. This is a significant process as this shows 
organic process as CO2 is in progress within the system 


Further, this process in conjunction with its water content, and nitrogen from the environment, can 
itself lead to production of natural sugars, starch and proteins, using our simple static gravitational 
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system, 


This simple system can be used not only to clean up the environment from CO2, but at the same 
time the same CO2 can be used in conjunction with specific matters of the system, to release 
energy, oxygen. Further at the same time producing CH3 and methane and formic acid and by u 
of nitrogen this leading to production of protein(s) that can be the food supply for the humans’ 
passengers of spacecrait’s of the future while they inhale oxygen and exhale CO2 


Thus through this new technology mans” existence on board of the spacecrait’s of the future, the 
man becomes the container and supplier of carbon dioxide and hence the provider of oxygen for his 
own existene: 

Thus, man himself becomes the conversion system to maintain his own survival in deep space or on 
earth during shortages of food or natural disasters. 


The property of this 
energy panels. 


stem has allowed us to submit a full patent for the first full day and night 


New state of matter 


When considering this new technology and understanding the potential of its physical ability to 
convert gases into solid state of the same, where up to present knowledge the gas from being able to 
take the shape of its container, for the same atom or molecule becoming the container of itself as a 
nano matter, then this new state of matter or the solid state of the gas at ambient conditions like the 
room temperature and pressure, itself becomes the nano matter of the gas and this state of matter 
has never been known in the world of science and has to be considered to be a new state of Matter 
or the fifth state of matter. 


Where, through our development of matters in our technology we consider solid, liquid, gas, 
plasma, and dark matter as the first five known states of matters up to this point in our technological 
development. 


This being due to the fact that this new nano matter of the gas in solid state, it does not behave and 
looks as any of its old states of matters or any other state of matter as we have known and what we 
have seen before from these matters. 


ve 


The infrared and XRD testing of these carbon dioxide CO2 and Methane CH4 gases in nano state 
showing that this matters behaves like a superconductor material, where nor hydrogen or hydrogen 
and the carbon in there matters are considered as super-conductive materials in the present world of 
science known knowledge in their gas state of their molecules. 


To our present knowledge superconductors at these levels are by principle of matter in diamond 
ructure or sp3 state of matter. Where, their physical gas equivalent of these matters known to 
science and are classed as odours. 


Thus as in this new state of matter molecule of GAs which becomes Nano of itself and become 
and appears as Solid state of matter as we have seen from our testes and shown as solid of the 
matter in this paper, this new state of matter needs a new name, for it to show the source of the 
matter, that is from GAs to Nano of Solid and to be called GANS for short. 


This new name in fact clearly not only indicating the source of the matter, which is the gas, but at 
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the same time it clearly explains what to be expected and describes the characteristic of these 
matters too, 


Where these new characteristics being like superconductivity, lightness, singularity of grains and so 
on, of the same molecule as it become nano of itself and become solid of itself but having full 
molecular structure of a gas, but self gravitationally and magnetically closed and singular, but it still 
can be in a gas state of itself, but as it becomes singular atom or molecule of itself it behaves as 
solid matters do. 


‘Thus from this point on, we do not call these solids of nano of gas or nano CO2, but GANS of CO2. 


First ever pictures of these matters in Gans or solid state are shown in Fig. 30(A-D) for CO2 
solution and dry state. 


Pictures in Fig. 31A and 32B shows the first ever solutions of methane and dry or gans of CH4 
respectively. 


‘Through experiments and deliberate mixing of different gans in one solution, it is clear that these 
materials do not mix or do not chemical interact with each other. Where each gans of each matter 
stays separated from the other matters within the solution, and stays the original gans, Fig. 40 
shows a mixture of three gans in a solution, where they stay without any chemical binding, where 
for example the green residue settles can be seen at bottom of the tube, 


Similarly for the first time in the world of science, through understanding of this technology, we 
can capture odours as solid? But the question is that, would they smell the same as their sp3 
counterpart as gases? This is the question to be answered and explored in the times to come. 


Parallel with development and extraction of gans, these systems produce energy, which are not due 
to burning of fuel or chemical conversion like in a battery. The energy produced during the process 
of gans from any system, which this energy can be used for any purpose, this being creation of 
gravitational field force to create static sources for creation of Magrays, power to run a motor or 
light-up a lamp, this new source of energy needs a clear and new name classification, 
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Fig, 40 Different Gans do not mix or chemically bind, and stay separate in the solution. 


We call this new method of production of clean energy, this being in magnetic field force strength 
or electric energy, the GAs Nano Solid Energy or GANSE for short or Gas Energy Solid for short 
GES. 


Implication and applications of this new technology 


In the development of the technology discussed above, we have shown how by absorbing CO2 from 
the environment, this being on earth or as the content of craft, this gas can be used to generate 
energy and oxygen to sustain life without the need for additions reserves of these gases using the 
man himself as the supplier of the main ingredient matter, the CO2. 


What this new technology offers for the planet earth is a survival line that in the present 
environment of the global warming, with the CO2 generated by burning of fossil fuels and 
production of methane gases produced by extensive cattle farming, through the utilisation of this, 
new technology for the first time these gases can be extracted from the atmosphere and 
simultaneously be converted to solid matters or solution and return of this matter as solid into the 
ground, 

‘The development of this new technology shows and makes it possible, for the first time in world of 
seience to achieve absorption and containment of carbon dioxide or methane gases in solid state at 
room temperatures and pressures, 


1) 


Through evaporation of water from solutions, solid of carbon dioxide CO2 and methane CH4 gas 
in the form of powders nano materials of these gases can be produced, where in later stages in 
different applications like manufacturing processes, these materials can be added to effect the 
physical or the property of different matters or produce new types of matters with these new 
materials. 


These new matters of gans can be used for example as new biological nano filters, where their 
purity or the molecular size of gans can determine the matters to be filters, this being cancer cells, 
germs or other matte 


Through the use of this new technology the circle of life for maintaining a clean environment in the 
future, while it can clean up the mess man has created by the use of fossil fuels on earth in the past 
centuries 


Where these new systems will behave as trees on earth and for the passengers of space systems of 
the future, these systems by simple converting CO2 into oxygen, guaranteeing ever supply of life 
essential need, where the man himself becomes the supplier of CO2 for the system to keep the cycle 
functioning and guaranty his own survival. 


In our tests, in letting the process of CO2 absorption and production of energy to continue, s 
cells of the system start the process of production of methyl. This is a significant process a 
shows organie process in progress within the system, 


Further, this process in conjunction with its water content, and nitrogen from the environment, can 
itself be used to lead to production of natural sugars, starch and proteins, using our simple static 
gravitational system. 


This simple system can be used not only to clean up the environment from CO2, but at the same 
time the same CO2 can be used in conjunction with specific matters of the system, to release energy 
and oxygen. Further at the same time producing CH3 and methane and formic acid and by use of 
nitrogen this leading to production of protein(s), that can be the food supply for the humans 

passengers of spacecrait’s of the future while they inhale oxygen and exhale CO2. 


Through the development of this technology that has been disclosed in this paper, the final steps to 
conclude the process for application of these systems in our space technology is considered to be 
completed. 


Where, these CO2 extraction systems, by their nature of operation as described above, they can 
become the natural backup energy systems and vacuum systems for spacecrafis of the future 


With the completion of this sector of our technology, we have developed and attained a fully 
integrated system that is able to sustainable life in space. Where we have shown through other 
sectors of technology, systems for motion with gravitational positioning through our nano materials 
we have shown how to produce matters in the universe and materials to manufacture for what man 
needs for food and habitation, then we have shown how to develop the system to feed and produces 
systems to cure ailments through our medical application section, and in the energy production 
system we have shown how to generate energy through simple natural process, and finally now 
with this technology we have shown how to create a self sufficient environment to sustain life with 
extraction of CO2 and use of the same to create oxygen for man to survive in space. 


‘Thus through this new technology mans 


existence on board of the spacecrafis of the future, where 
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the man himself becomes the container and supplier of carbon dioxide and hence the provider of 
oxygen for his own existence is complete. 


Thus, man himself becomes the conversion system to maintain his own survival in deep space or on 
earth during shortages of food or natural disasters. 


The property of this system has allowed 
energy panels and all other points which has 


to submit a full patent for the first full day and night 
ised as new science in this paper. 


Conclusion 


Through new and simple methods which has been developed and explained and production of new 
with some new properties which has been confirmed, we have managed to create and 
tablish clearly how gases can be made to be contained, extract and converted into solid state of 
matter, without the use of any chemical reaction, temperature or pressure, and simply through 
creation of condition of mini and localised Magnetic and gravitational fields within the system, as is 
done in the universe. 


Where, these fields are hidden within the static layers of different matters within the 
they have been chosen as the electrodes within the structure of these systems. 


tem, as 


n see that these matters are normal solid and can be handled 


Where clearly in picture Fig. 40, one ¢: 
like any other solid matter. 


Clearly from the infrared spectroscopy and XRD graphs of these matters and solution it is clear that 
the matter absorbed or extracted from the environment, as gans are so pure and in nano state that 
their spectroscopy recorded data is as close as to perfect theoretical for CO2 gas. This purity of the 
matter, showing itself in such clear and single perfect lines of graphs shown from the test of the 
actual sample of the solutions of these ganses. 


At the same time, it is confirmed that nano gases do behave as their metallic and semi metallic 
matters in the universe and they become or attain the behaviour of conductors and superconductors 
and super resistors. Where this finding of the behaviour of these gans solves and answers a number 
of unanswered questions in the world of physics, chemistry and biological binding, movement and 
motion of planets, stars and matters in cosmos. 


This paper in its simplicity of its presentation and the knowledge it has put forward, it will in due 
course bring about fundamental new ways that a number of problems in the scientific world 
concerning gases and solids are to be considered, 


For example we can think of ways to solve the mystery of the a-biogenesis (the study of how life 
on Earth could have arisen from inanimate matter.) or how proteins could have been created in 
Space by local super-conductive conditions. 


With the knowledge gained with the operation of these simple power cells, new systems in 
production of vacuum, creation of matter, extraction of matters and conversion of matters can be 
developed, and in a way this paper opens a new an unbelievable horizon to the man for science and 
ace technology of tomorrow 


We have shown and clearly proven not only one dose not need all sorts of machines to create or 
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extract matters from the environment but simply following the laws of universal gravitational and 
magnetic field forces, one can achieve the same in a much simpler ways, and instead of using 
energy to achieve production of a matter, one can extract energy from the same system and achieve 
better results in doing the same process. 


Additional pictures 


Some pictures of different matter, which have been gravitated to the system, are shown in the 
picture below, 


Up to this point we have managed to attain six different elements in gans-state, which each one has 
it’s own colour as can be seen in sample tubes as they have been extracted from the system during it 
operation, while producing energy. Some of the materials shown have not been subjected to IR and 
XRD spectroscopy to confirm the composition of the original gas before they were converted to 
their gans-state, 


Fig. 41. Six different materials in gans-state which have been gr 
(05.01.2010) 


itated by the system up to today 
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Fig. 42. Two different materials in gans-state, which have been gravitated by the system, which we think 
these, are organic gases in Gans-state. They have different orange colours. 


Fig. 43. CO2 in gans-state , which have been gravitated by the system. It contains solid flakes within the 
solution 


83 


TABLE IIE 
[MEASURED BANDED INPUT RF POWER DENSITIES AT ICL, 
DIV GsMisn” 3G 
(ry to BT 
Sus faWent] 18 #8 30 3 


measurements to identify locations in Greater London where 
the designed harvesters could operate. The design procedures 
and prototype test measurements will be presented in the 
following sections. 


IIL SINGLE-BAND AMBIENT RF ENERGY HARVESTERS 


In order to implement efficient ambient RF energy harvesters, 
designed for the banded input RF power density levels measured 
at ICL, a setof single-band prototypes were realized and charac- 
terized; these will be compared to multiband array architectures 
in Section V. 


A. Antenna Design and Measurements 


Since our harvesters are intended to operate within a general 
(semi-)urban environment, where the exact location of the 
‘TX source is unknown, the rectennas’ antennas need to be 
as close to omnidirectional as possible, avoiding the need for 
‘eam-pointing during deployment. This is at the obvious ex- 
pense of limited antenna gain, and therefore, the corresponding 
levels of Hap that the rectifier can receive. Conversely, if the 
location of the TX is known, then it may be tempting to use 
a high gain antenna, but this would require an appropriate 
level of beam-pointing and polarization matching that can be 
established and maintained 

Another requirement is that the antennas need to be easily 
scalable across all frequency bands since one important objec 
tive for this work is to compare and contrast different banded 
harvesters. Finally, the antennas need to be easily fabricated, 
For all these reasons, a linear polarized folded dipole was se- 
lected, although a monopole would also be suitable [31]. 

To simplify impedance matching between the antenna and 
rectifier, a modified folded dipole was used to obtain the re- 
quired 50-9 reference input impedance. A balun does not need 
to be employed, as there is no significant degradation in perfor- 
mance for this particular application, even with the use of an un- 
balanced microstrip rectifying circuit [32]. Furthermore, the an- 
‘enna Was not integrated onto a substrate, to give the additional 
freedom to embed the harvester on windows or within walls, fur- 
nishings, fixtures, or fittings. To this end, two different antennas 
‘were fabricated for each band; one made using a 560-jm diam- 
‘eter copper wire and the other with 75-jzm-thick 25-mm-wide 
copper tape. The fabricated antennas are shown in Fig. 3. Since 
the copper tape was not rigid enough to retain its shape, it was 
placed on a Perspex substrate, to represent a flat panel. 

To design the antennas, full-wave 3-D electromagnetic sim- 
ulations were performed using CST Microwave Studio. As di 
cussed previously, the antennas were designed to be as omnidi- 
rectional as possible, while covering as much of the ambient RF 
source BW as possible. Fig. 4 shows the typical simulated gain 
profile for the DTV tape antenna, having a front-to-back ratio 
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Fig, 4. Simulated beam profile forthe BTV tape antenna. 


of unity. Table IV shows the simulated gain and the 10-4B re- 
turn-loss fractional BW for the optimized copper wire and tape 
antennas. 

Fig. 5 shows excellent agreement between predicted and 
measured return-loss results, within a 10-dB_ retumn-loss 
bandwidth, for the eight fabricated single-band antennas. As 
fone would expect with such a simple classical antenna, the 
out-of-band performances (not shown) were also in good 
agreement. It was found that better return-loss measurements 
are achieved with our single-band antennas when compared to 
other reported single-band omnidirectional [13] and multiband 
[33] designs. The latter may be important, as it may be tempting 
to implement a more compact multiband rectenna, but which 


Fig, 44. Different angle of show from the same solution as figure 23, CO2 in gans-state, which have been 
gravitated by the system, It contains solid flakes within the solution. 


Fig. 45, Unknown composite material in gans-state which have been gravitated by the system, 


Chapter 5 


The light and its interaction with the Principal star 


The Principal Star is what has been commonly called the Black Hole (3) and it is understood that 
these entities are places, where the principal mafs and matters are create and collected 


The pmf of principal star being covered by dense layers of the transition mafy, this being the reason 
as why they look to be dark or where there are no lights are transparent in these regions in the 
specific parts of galaxies in the cosmos (Fig. 46). 
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Fig. 46 Structure of the principal star 


The light being in possession of the gravitational and Magnetic fields of its own and consequently 
the light having the Magrays of its own, these fields forces’ of the light in matter magnetic field 
strength environment of the universe take their positions in respect to the Magravs of these prin 
stars in the centre or any other part of the galaxies. 


In these environments in the universe one can observe that as the light rays come close to the 
principal star the light in majority of cases will not be absorbed by the extensive gravitational fields 
forces of the principal star, but the light ray finds its way by going around the principal matter s 
instead of as it being absorbed by this entity. This ability of bending of the light is commonly c 
the lensing of the light near large objects, and this is the process by which currently scientific world 
can confirm the existence of the principal star in the universe. 


The reason for the bending of the light being due to the fact that as the light possess its own maf’ of 
the principal matter, then the light’s principal mafs Magravs take their Magravs positioning in 
respect to the principal star mafs’ and matters’ and this positioning of the two Magravs of the 
principal mafs of the light and the star from the point of an observes from a distance looks as the 
light bends around these objects or what is called lensing phenomenon of the light around the 
Principal star occurs (Fig. 47) 
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Fig. 47 Bending phenomenon ( lensing) of the light around the Principal star due to Magravs positioning 


The theory that even the light will not escape the Principal star gravitational field forces once passes 
the event horizon, this shows the lack of the understanding of the scientists in this respect too, as if 
the scientists had the tools to observe and could detect the principal mafs magnetic field spectrum, 
then they could observe that as in matter maf stars like the Sun of the earth’s solar system, these 
Principal stars will radiate pmfs in the principal mafs strength spectrum and the Principal stars are 
like bright shining stars in their environment, and as they absorb light in matter’s spectrum strength, 
they at the same time release light in principal mafs and transition mafs pmf strength 
imultaneously. 


In time the scientific world would produce tools that with these tools they will be able to observe 
the motion and emission of the Principal and transition lights rays from these dark spots in the 
universe. Then one can observe that light in principal mafs strength are emitted from these stars in 
the galaxies as light are emitted from the Sun of the solar systems and the disappearance of the light 
in even horizon is only illusion and not a reality as the pmf of the light mafs get diluted in the 
stronger pmf fields of principal and transition mafs rays 


The concept that how principal stars are created, how they operate and how they absorb and emits 
some light has been disclosed in detail in the paper written in 2002 and published in 2006 titled 
“The creation of Back Hole”. 


Principal stars if they absorb mafs and of the matters, stars and visible light as it appears to human 
eyes’ vision spectrum, then they can and they do at the same time emit light in the mafs of the 
principal matters spectrum into the environment of their galaxies too, as this was not the case then 
the conservation of principal mafs and matters in the cosmos will not hold and this is against all the 
laws of phys 


In reality the dynamism of the mafs of the principal matters in these stars and the light they emit is 
the cause and deliverer of pmf needed for the creation of matters and stars in the galaxies, 


In a simple way, as the light from the Sun feeds its own solar system mafs of the matters and 
matters the like of its planets, the same is done by the Principal star through its 
Principal mafs pmf strength feeds all maf’ and matters in its captured Magravs sphere or so called 
its galaxy. 


At the same time the Magravs of the Principal star dictates the position and attraction of other 
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matters, stars and galaxies’ in respect to itself as the total mass of the matter maf’ and transition 
mats of the matters in galaxies are about less than five present of the total mass of the galaxies (3) 


‘Thus the positioning and directional motion of the galaxies in the universe, the same as in the solar 
‘tems is dictated by the mass of the principal mafs and matters of the principal star of the galaxy 
and no other factor (3). Therefore the mass of the galaxy is the measure of the interaction of the 
Magnetic and gravitational fields’ forces that the principal mafs contents of the principal matter can 
produce and maintain, 


Once these principal stars are formed in the universe then the Principal stars and the lights which 
are releases form them become the means of the supplier of pmfs and nourishment of to the 
environment of these galaxies” (3). 


The concept of the structure of the principal’s star lights as the source of pmf into its helios 
zone is applicable the same but in much smaller quantity of mafs of in the operation of plasma of an 
electron, proton and stars too. 


In the modern science the source of the creation of matters in the plasma of electron and proton are 
mysterious entity, which lead to creation of quarks, bosons and other names content of the plasma, 
in fact for example so called the bosons are the pmf of lights released by the principal mafs of the 
plasma, which as this dynamic light reaches a given point and given pmf strength in the plasma of 
the proton or electron due to reduction in its pmfs strength in motion in the plasma, this leads to 
appearance of matter mafs and matter of different pmfs strength in all regions of these plasmas. 


The mysterious forces which the scientific world has been observing in the plasma of the proton, 
these are released by the principal star of the plasma itself as lights in the principal mafs strength 
unwinds and as these lights reduce in strength to different mafs and matters pmf levels strength. 
Then these slowed down pmfs lead to appearance of different weaker matter pmf strength in the 
content of the plasma, where and when two matching field’s strength and matters strength can 
interact that they can create a given gravitational fields forces within the plasma then these points of 
gravitational field appears as bosons and other named entities within the plasma. At the same time 
these entities create their own Magrays which the operation of fields forces of these Magravs appear 
as mysterious filed forces within the plasma of the proton or electron. 


Theory of Higgs and Higgs boson concept: In fact if these scientists would have understood that the 
interaction of at least two magnetic fields (bosons) leads to creation of gravity (attraction) and 
Magnetic fields (repulsion), which further interaction of these two fields of Gravity and Magnetic 
fields leads to creation of the mass of the matter (Higgs), then Higgs would have understood that 
interaction of magnetic fields not only in plasma but in any level of magnitude in the universe leads 
to creation of matter which this matter always possess its own mass and magnetosphere, or in other 
word when two magnetic fields interact they lead to creation of mass which is the maximum 
strength of the gravitational strength less the Magnetic fields strength created by the interaction of 
these two secondary fields (1). Thus Higgs theory is correct and in reality one does not need to 
smash an atom in accelerators to observe and prove his theory, but it would be easier to the same 
behaviour of production of matter if feo rays of light are fused that they lead to creation of 
matter and thus the Higgs theory would be proven to be correct in a simpler way. 


This is process of the production of bosons, Higgs and other entities in the plasma of proton is the 
replication of the same process as the operation of light rays in the solar system changes to matter in 
different pf strength regions in the heliosphere of the star, where in the case of plasma of proton 
the same process takes place in micro/nano level of the mass of the principal star and principal 
mafy and matter in size. 
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Stars in the centre of the galaxies in motion near the Principal stars even though they release rays of 
light but not all these rays get absorbed into the principal star or the stars themselves and in reality 
the Principal stars do not absorb all lights from the matter stars (the sun is a matter star) into 
themselves as the plasmas of the lights in the matter mafs pmf strength contain their own principal 
mafs and matter and these principal mats of the light create their own pmf Magrays, which this, 
Margrave allows the light to take its position in respect to the Principal star which is so close to, and 
this Magravs positioning of the light allows the light from the star in the matter strength to move 
away from the principal star as is observed by the astronomers. In fact the speeds and the distance 
of the star from the principal star is dictated by their own principal’s mats content and the Magravs 
ength, 


‘The matter stars in their inner sanctum contain and hold on to large quantities of the principal mafs 
and matters (1), This meaning that even the Sun in its process of feeding light into its heliosphere, 
at the same time in this process the Sun releases a large quantity of the magnetic fields of the 
principal mafs and matters as the principal light rays strength of magnetic spectrum in this 
environment. 


It has to be said that in galaxies, the high speed of the rotation of matter stars near prineipal stars 
has to be extremely high, this being due to the fact that as the matter star itself contains principal 
mafs and matters and at the same time these mafs of the principal matters interact within the 
structure of matter star that they create their own gravitational and Magnetic fields that the matter 
star takes it principal mafs Magravs strength positioning in respect to the mafs of the principal star 
matters and mafs Magravs. Thus the only way that matter star can hold on to its pmf structure is to 
attain a high speed as its mafs of the principal matters of the matter star content have to find a 
constant continues renewing its new position in respect to the principal stars matter’s and mafs’ 
content. These high speeds of the stars near the principal star has been puzzling the cosmologist, but 
if they look close enough and as they could understand the principal of the rotation of an electron in 
respect to the proton of an atom (1), then the speed of the matter’s star with composite matter and 
mats content near the principal star shows and is flowing the same path and the same principle of 
motion as an electron does in respect to the proton in the nucleus of the atom as electron moves fast 
around its nucleus to maintain its position and hold on to its content matter (1). Thus now may be 
the high speed of the matter stars near principal stars can be explains and the single directional orbit 
of the star matter in these regions confirms content of the Principal star as to be mainly as of the 
Principal mafs and matters, that this singular mafs and matters contents’ of the principal star 
allowing the more circular motion or elliptical motion of matter stars with their large mass near the 
Principal stars. 


This is the same process as to replacing the proton with the principal star and the electron with the 
matter star, with parallel high speed dynamic motion of the matter star with controlled Magravs 
positioning around it nucleus. The reason that the motions of the matter star around the principal 
star is not as unpredictable as of motion of electron around proton (1); this is primarily due to mono 
content matters and mafs of the principal star. In fact in these cases the light observed by the 
cosmologists created by the matter star is mainly due to the interaction of Magravs of the two 
matter and principal stars, and at this point the Magravs of the matter star has to find rapidly its 
position in respect to the Magrays of the principal star, and this is how the matter star become to 
attain speeds’ in the region of the speed of light in matter pmf strength. Thus the majority of the 
visible light of the matter star in close proximity of the principal star is not of the star itself but it’s, 
due to the interaction of the Magravs of the two stars. Now one can see another marvel of the 
universe, where matter mafs in creating light which itself is the light of itself. 


This 


concept of mass 


moving at speed of light in matter pmf strength environment due to 
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interaction of principal mafs strength will have such a profound effect on the man’s scientific 
progress and in man being able to travel the depth of universe and this will be the point of and the 
tool of detection of future space crafts in motion at speeds beyond the speed of light in matter mafs 
strength and above in the cosmos, once the concept of the light ra 
mafy strength are understood fully. 


ys in the pmf strength of principal 
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Chapter 6 


The light and its planetary interaction 


The interaction of different lights of different matters (principal, transition and matter) can be 
utilized to create the appropriate magnetic fields and currents and gravitational fields’ forces as it is 
needed for any purpose, then this concept of interacting lights is the way that food and energies 
from the right light mafs levels can and will be produced in deep space travels of the future, as one 
can take the right components and amounts of the mafs in matter field strength needed of any 
required levels of mafs as/and for nourishment of the mans” physical body, without man actually 
eating tangible food, 


This conversion and absorption of light rays is in fact what plants and animals do in the earth 
environment as they absorb specific plasmatic magnetic field strength of light spectrum and due to 
their atomic and molecular Magrays field’s strength they create measured vacuumed condition 
within their structure to and for transformation of a given pmfs’ strength of the light to be converted 
this to gans of that mafs in the structure of the plants or animals. Which, these ganses have Magravs 
equal to Magravs strength of vitamins or minerals levels as the planet produces or the animal needs 
for existence in a given environment. The process of production of minerals and vitamins in 
understanding how light is and can be converted to gans in earth atmospheric condition will allow 
the production of the same matters and vitamins by use of the light matters’ structure in conjunction 
with the using a simple dilution Magravs positioning reactor anywhere in the universe (1), 


For example man by eating a given plant, he absorbs that spectrum of the fields transmitted and 
absorbed from the spectrum of the light mafs of the matters fields for specific use in specific protein 
in man’s body, and now man has the knowledge to produce the same proteins and minerals from the 
light rays without the need for plants or animals as an intermediary conversion toll for this process. 


In earth atmospheric Magravs condition herbs absorb pmf of the higher strength of the same light as, 
normal plants do and the meat can absorb the complex strength magnetic fields of the light. The 
structure of herbs pmfs attraction and storage is more dependent on the pmf emitted by the light 
spectrum from the earth fields as the fruits store most of the light spectrum which are entered into 
the atmosphere from above and that is why each entity has different mafs strength storage and 
conversion capacity and capability. Where, the same light from space in different distance and 
interaction with the magnetic fields strength of the light of the earth leads to creation, storage and 
production of different pmf spectrum of the light by the same plant and animal DNA. 


The ray of light in its entry into the magnetosphere of the earth and the interaction of the two 
Magravs lead to release of specific characteristic rays of specific magnetic fields strength, that this 
ray through a special process with the hydrogen atom lead to creation specific division of energy 
that can sustain life on this planet. This ray and its process of creation, which is not known in the 
world of science presently has been fully explained in the book “the universal order of creation” to 
be published in the future. We see that in time man of knowledge would be able to comprehend this, 
process, and once this process used then the wisdom of all creations in the universe will be 
understood and can be replicated anywhere in the universe. 


The rays of light at any strength of its mafs at their entry into any dynamic plasmatic environment 
have the ability to lead to or through conversion process cause the initial chain of reactions needed 
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for the start of life and then the matters produced use the light itself to further create more cell like 
beings and then through the ray of light conversion in these cells this leading to final step that the 
light ray in becoming the creature like man, then using light rays and its product main gains 
intelligence and the intelligent body at this stage acquires its magnetosphere and Magravs or what is, 
known its soul, 
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Chapter 7 


The use of the properties of the structure of the pmf of the light 
for space technology 


As the man’s knowledge reaches and becomes in line with realities of creation; in the future the 
mafs of all components of the light and the phenomenon of light rays entanglement will be used for 
space technology in an efficient way and in manners which are not even comprehendible at the 
present. 


The helixial cylindrical motion and reversibility capabilities of the outer-magnetic mafs of the shell 
of the light in space reactors of the future will be the key in control of the motion and the directional 
motion which these crafts can travel and the same time the control of the speed of the motion of the 
space crafts of the future can be set by using the matters’ components of the light. 


The gravitational fields’ forces of the light and the reactors using and producing light gravitational 
properties that can be used for control of the directional motion are much easier systems to produce 
in a fully integrated combination space reactors setup that using different mafs’ strength of the light 
makes take-off and landing possible in every environment and pmf fields strength in the universe, 
without putting the craft and its passengers ever in any danger. Where, with the use of the lights’ 
mafs Magravs technology one can reach the deepest part of the universe in time spans that are 
within the fraction of the life of humans, rather than the present assumptions of thousands of the 
light years. In comprehending the concept of the structure of the light in full; this will the time, 
when the Man understands the truth about the world of creation in the universe, and how universe 
was created and real universal motions are created and maintained. 


How, different rays of lights get entangled and leads to creation of conditions of mafs of matters is 
due to Magrays positioning of one light ray in respect to another of the same. The Magrays 
positioning of two rays of lights or what is known as the light-entanglement is the condition for 
example, where and when the light rays can converts from mafs of matters to characteristics of 
tangible or detectable matter in a given plasmatic magnetic field strength environment, 


It has to be noted that there is fundamental difference in light entanglement and fusion of light rays. 
The fusion of the light is more fundamental process in production of matters and mafs and this 
process can be used for production of stronger light rays or for the production of heavier elements 
without going through the process of the matter state fusion, This being the like of the production of 
oxygen molecules through the fusion of light rays, rather than multiple fusion processes of the rays 
of the light’s once the neutron to an atom of hydrogen is reached, and then through multiple fusions 
processes to reach the production of oxygen molecules. 


In fact fusion of the matters of the light does not require energy and in reality does not lead to 
release of vast amount of energy. Whereas, in the present process of fusion of the matter of 
hydrogen the present fusion scientists have got themselves tied up with the wrong concept and 
technologies and they are in the dream of achieving fusion of matters through the use of present 
laborious fusion reactor technology with very little si 


By the same default in understanding the real process of the fusion in the universe, there has been a 
misconception by nuclear scientists in production of the heavier matters through fusion of matters 
in the centre of stars and in their nova process. Where, the present assumption that matters are 
created in the centre of the stars through process of fusion of matter is not in reality correct, 
whereas the process of fusion and production of all matters in the universe primarily takes place at 
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the point of the fusion of the light rays first, then as the light rays become to the point of matter 
mafy strength they first all convert to gans of the neutron and then through process of the Magravs 
positioning and collective balancing of these forces of the total light rays in a given environmental 
pmf strength, then some of the light rays once converted to neutrons some stay as neutrons and 
others of the weaker strength in the collection go through the process of the neutron decay (1) and 
become proton and electron of the collection of the light rays and hence in a given pmf strength, the 
physical matter with given number of neutrons and protons and electrons are created. Therefore, it 
is the collection of fused light rays which changes to collection of neutrons and then as some 
neutrons go through neutron decay and become proton and electron, this is how atoms of different 
matters are created in the universe. Where, further this process of the light pmf strength matching 
through light-entanglement process is a much easier process than the matching and fusing physical 
plasma of atom or molecules and solids. 


In fact this is how neutrons are found to take their place in the centre of atoms to start with and this 
is how fusion takes place in the real universal cosmos (unicos). This being one of the reasons why 
the present science have problem to produce fusion as they try to fuse matter as in real term in the 
universe and in the centre of the stars fused light rays lead to creation of matters of different ma 


Fusion light ray reactors are simple practical systems which do not need very much energy for 
them to run and operate, but they can create and facilitate directional motion of the space crafis of 
the future using their capability to split the plasma content of the light to its sub structure matters 
and fields and create Magravs of different strength and in a cylindrical reactor of the same to stack 
the light rays gravitational and Magnetic fields forces for creation of the directional change and at 
the same time these reactors can be used for the production of the matters for the use in the space 
environment of the future 


For the space technology of the future there is a need for multiple light reactors that an 
instantaneous three hundred and sixty degree spherical motion of space crafis can be achieved and 
the at the same time the shielding magnetic fields can be interchanged from matter maf’ to principal 
mafs and change of the dynamism of the same fields can be used for rapid deployment and 
penetration in dangerous and denser matter and mats parts of the universe. 


The same entanglement or interconnection process exists between light rays as does and prevails in 
the atomic and matter environment. At the present time the scientific world is considering quantum 
entanglement and its use in transportation of matters and other uses within and across the 
boundaries of the universe. In reality if scientists comprehend the concept of the light-entanglement 
and understands the principle use of this phenomenon, then one can use the matching structure 
plasmas of light rays before they become matter to achieve high speed transportation in the range of 
and beyond the speed of principal ight rather than limited speed of the light in matter environment 
‘man is considering to be the ultimate speed of motion at the present. 


In entanglement process one can/and have the capability of use of different mafs of the lights for 
crossing the universe, and without change of physicality of the plasma and change of its state and 
then at this stage one can even copy and lock the same plasma of the light that in Magravs 
positioning of one plasma in keeping its connection with the same plasma of the light of the same 
strength or length in other parts of the universe. 


If this concept of light interconnection and complex light-entanglement of Magravs of light 
balancing is understood and replicated then feeling, like touch, loving and hate and so forth can be 
transported across the universe without actually the matter or being ever crossing it physical 
boundaries. Thus coping atoms and interaction of the atoms and even the emotions of the matter 
(which complex, vibrational and rotational based) of one atom or light to another can be transported 
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Fig. 5. Input eturn-toss predictions and measurements for all single-band 
folded dipole antennas. (a) Wite(b) Tape 


‘may ultimately not give better ambient RF energy harvesting 
performance. 

Obtaining a minimum acceptable return loss over an antenna 
fractional bandwidth as large as that of the source is key to har- 
vvest as much input RF energy as possible, As can be seen in 
‘Table IV, where the fractional bandwidth is defined for a 10-4B 
return loss, our antennas have a fractional bandwidth greater 
than those of the sources, with the exception of DTV, which 


Fig. 6 Predicted input RF power levels for the four largest ambient sources at 
the ICL testing locaton 


only covers approximately 35% of the target frequency range. 
In other work [13], 5-dB retum-loss fractional bandvidth is 
adopted for RF energy harvesting applications 
The fractional bandwidth ofthe antennas having a minimum 
retum loss of 5 dB is too great to assume a constant antenna 
gain over the whole band. Therefore, an addtional advantage 
of using 10-dB returm-loss fraction bandwidths is that (1) can 
be used to calculate the input RF power with the assumption 
thatthe midband antenna gain is constant with frequency [34] 
Therefore, the time-averaged input RF power Pa is given by 
Par = Sma Arai and Awa ® OU.) 


Where Azo: is the real aperture (or capture area) of the antenna, 
A is the free-space wavelength at the midband frequency f,, 
and Gf.) is the rectenna’s antenna gain at f, 

Substituting the measured banded input RF power densities 
recorded in Table III and the predicted midband antenna gains 
in Table IV into (1), realistic values for Pay- can be calculated 
for all four bands, with the results shown in Fig. 6. Itcan be seen 
that with all antenna gains being in the region of ~ 4.5 dBi, the 
2G GSM900/1800 harvesters will generate the highest input RF 
power levels, due to the high-banded input RF power density 
levels measured in situ. At the other extreme, the 3G harvesters 
will be the worst performers. As only a small fraction of the 
required frequency range is covered by the DTV antennas, the 
predicted values for Py represent an overestimation. 


B. Rectifier Design and Measurements 


Based on a previously reported analysis [35] and the pre- 
dicted input RF power levels presented in Fig. 6, the zero-bias 
SMS7630 diode (in a series configuration) was selected as the 
optimal solution for our ambient RF energy harvesters, as shown 
in Fig. 7. In a series configuration, the junction capacitance 
(C,(V)} of the diode dominates the detector’s impedance, as 
Jong as Cyne > 6,(V?), and thus yx, as little or no effect 
on the matching circuit. This allows C.. to be large enough to 
provide a ripple-free output voltage. In contrast, Couy must be 
Jess than 1 pF to achieve a good impedance match with a shunt 
configuration as C2. appears in parallel with C',(V’) and the 
packaging parasitic capacitance. However, Cx is too small to 


ross the universe using light entanglement technology. 


In fact this is how dreams in the inner sanctum of the human brains are created and take shape and 
give the man the image of seeing and communicating even with people which they have never 
physically met or to other Magravs of other beings which in their time of living in that give 
environment their Magravs of the dreamer and dreamed of have been exposed too. 


The light entanglement is a real and correct physical process, where certain cells within the inner 
brain or thought control systems of the living being has the capability to operate within these pmf 
mafy strength and this is the natural part of the operation of the brain of the human beings that 
astered to unravel 


In fact the light entanglement communication method called telepathy is the easier way of 
communication than using the ears or other method of listing and talking and the place for this 
system seats in the inner parts of the man’s original main brain structure, 


The light entanglement technology will allow collective entanglement and different strength 
molecular light entanglement allows the full structure transportation and even continuous motion 
replication of the molecules. This meaning the transportation through the light plasma 
entanglements of let say heart, brain and all tissues at the 
the same liquid with emotion of the entity across vas 
of the use of this process. Where, the light in all its pmfs of all its mafs of all matters and strength 
are available in all corners of the universe and all needs to be done, is to re-produces the same 
strength and combination mafs of different matters to replicated and reproduce the copy of the 
original entangled light for the two lights entanglement across the universe to interact and 
communicate and transfer their knowledge without acutely the matters of the light ever leaving their 
original environment. 


Using this technology one can even transmute the same from one mafs of the matters’ strength to 
another to speed up or reduce the transportation and trans-crossing time from one field strength and 
matter mafs to matter strength variation and principal mafs to matter mafs and matters strength. 
This needing and leading to change of light’s mafs to the appropriate measure and sizes and 
conversion from matter mafs to matter like the mafs of food or oxygen and so forth for human 
consumption in crossing the universe without relying on and physically carrying food or power 
ipply or even transporting human beings across the universal physical boundaries. 


This concept of transmutation which is commonly used in the universal method of transportation 
will be thought in detail in future disclosure and partly has been disclosed in the book the universal 
order of creation of Matters (1) papers references 11, 16, 21, 29, 34 and 37. 


In the matter environment of the earth, this can be achieved in plasma reactors of simple structure 
using complex combination pmf of mafs of the light and matters and plasmas in the dynamic 
nuclear supported reactors. 


This concept of light entanglement is one of the easy solutions for transportation in the future 
without physically moving matter across the universe. This concept has been tested in medical 
application of the technology and results confirm the correctness of the technology. Where, copy of 
the correct cell information is translated to cells that the cell makes the copy of the right cell and 
uses this knowledge to cure or replace damaged cells or by allowing the process to be moved to 
another part of the body while one part of the brain recovers from damage (the coma case). 


The concept of the atomi 


sntanglement and the binding between two atoms is 


a natural proces 
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interaction in the universe and if one understands the similarity of this interaction and the light 
entanglement then one can see that in the physical world twin stars and the atomic entanglements 
are of the same in principle interaction and in concept, with difference in their magnitude and the 
size of the entities involved. Taking note that there are differences in between the twin and binary 
connection of atoms and stars and their process of entanglements criterion are totally different. 
Where, the twin atoms and stars are matching in matter contest and, where the binary stars and 
atoms are matching in magnetic and field contents. 


Where, in the binary system the overall Magrays is matching that entities can magnetically polarity 
interlock. Whereas with twin entities every matter matches in mass and position as well as Magravs 
and their pole positioning 


The reason that a pair of atoms in receiving additional pmfs of rays of light is elevated to create a 
mysterious binding between them, is due to one of the fundamental principles of the reversibility in 
the magnetic polarity of one atom in respect to the other, even though both atoms having the same 
directional motional rotation. That is to say, one of the plasmas involved in the entanglement get its 
magnetic polarities reversed in respect to the other atom. This meaning, if the first atoms’ proton 
and electron have their North-Pole on the top, in receiving additional mafs of the light, then the 
second atom receives enough mafs that causes or initiates the change polarity in this second atom, 
that at this point the North and South poles of each atom interlock with each other and the sudden 
atomic binding due to the lock of magnetic fields flow between the atoms takes place. 


The same principle of atomic entanglement and attraction of reverse pole attraction holds true, 
when one observes the rotation of twin and binary stars entanglement. Whereas one star reverses its 
magnetic polarity, automatically the twin star polarity changes too, that the magnetic lock between 
the two stars to be maintained that the entanglement and twining and binary system can be 
ined, 


Star, atomic and plasma twining and binary process locking is the safest and common occurrence in 
the universe as this gives the stars a total magnetic balancing and guaranty’s the survival of the both 
entities. This phenomenon of reverse polarity entanglement holds true and exists for all the twin 
system in the universe, this being for atoms, stars, galaxies and even universes. 


The reason that the light injection or absorption of additional energy by two atoms in some cases 
leads to creation of entanglement is primarily due to the fact that additional energy received from 
the ray of the light leads to increase in the magnetosphere dimension of the atoms and this in turn 
allows two atoms in proximity of each other two magnetically interact and entangle and at the same 
time in coming close to each other, one atom changes polarity and the two atoms pmf lock and gets 
gravitated to each other but at the same time each atom is holding on to their Magravs pi 
strength gap which is dictated by their internal pmf maf contents. Once the mafs of one 
atom changes due to whatever reason, then one will observe the disconnection of the entanglement 
or the coupling between the two entities, where at this point the higher Magravs strength partner 
will pull the weaker Magravs entity to itself, 


a crucial phenomenon to understand, especially when using light entanglement reactor 
in reaching any destination and requiring the change of the plasma of the light from 
principal mafs to matter mafs strength condition. Thus atom entanglement is a natural phenomenon 
and at the same time once an atom is created the content of two atoms’ plasmas are hardly ever the 
same, this is to say, to find matching content of pmf of two plasmas of electrons and protons are as 
rare as finding two completely matching structure of two snow flack 


The injection of the light into the plasma of two atoms allows some of the atoms, which are near 
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enough in pmf mass to reach the same point of mass or Magravs strength equality at the same time 
and hence have the capability of coupling. But there are points that additional pmfs of the light can 
induce enough energy that one atom can come near to another atom pmf balance and being able to 
interlock too. 


The atomic-entanglement is not and cannot be used for transmutation of elements as easily as has 
been suggested by some scientifically advanced schools of thoughts. 


In the present scientific world, scientists have been observing and detecting regular pulses of for 
example gamma radiation in the upper atmosphere of the earth, which they consider that these 
radiations all originate from the cosmos and for example they are from the time when a star 
explodes through the nova principle in the universe. These types of radiations are not the only types 
of radiations that arrive towards the inner part of the solar system from the cosmos. In reality there 
is spectrum of radiations and magnetic fluxes of different strength that go through the solar which 
are originated in the cosmos. In comparison, the radiation that arrives in the inner-most part of the 
solar system and at the boundaries of the earth atmosphere, these cosmic origin based rays are 
nothing compared to the gamma rays and other rays which are created within the heliosphere of the 
solar system itself, 


The truth about the main source of these background radiations which has been considered to be 
from the cosmos and are released, when stars in the universe go through supernova, this concept 
that these explosions are the main source of these gamma rays and other background radiation 
which are detected, this shows the lack of the understanding of the process of the conversion of the 
light into matter and movement and collision of these new matters and maf’ in the Oort clouds and 
Kuiper belt of the solar system. The main source of the gamma radiation bursts detected are 
originated and created through the motion of the charged particles of the new matters mafs and 
matters and their collision with each other in the Oort clouds and Kuiper belt region of the solar 
system and these gamma bursts have nothing to do with supernova and release of gamma bursts that 
they produce. 


That is to say as/and, when newly born charged particles of maf’ of the matter and matter as gases, 
nano matters and ganses move in outer regions of the solar system and as they collide with each 
other, they release magnetic fields in the gamma, other radiations and noises in magnetic field 
spectrum levels in these regions of the solar system, which these radiations find their way into the 
inner parts of the solar system due to the strong magnetic fields interactions pull of their star. 


The way these radiations and noises are generated and released is exactly the same way as the 
lighting and thunder are created and how light and sounds are released through the collision of 
clouds on earth and in other active atmospheric conditions or in other planets and moons in the solar 
system and similarly as it happens on the surface of the Sun, when matters mafs of the Sun collided 
in its upper atmosphere 


Thus the space travellers of the future have to consider all components of the all rays of the 
magnetic spectrum in the matters’ mafs, matters, light, sounds, the principal mafs and matter and its 
sound and all their light radiation spectrum strength levels too, which these are all free and in 
motion in the space of this solar system and in the cosmos. 


The radiation danger and damages from the light in the principal mafs strength levels are more 
predominant, stronger and profound than the matter mafs light ray spectrum strength and these 
radiations and their motion in space will play a crucial role in the future of space travel as these rays 
will be lethal and fatal if protection from these are not facilitated into cosmos excursion systems 
and scientific world has to have a viable protection technology for the passengers in the 
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of the future before they contemplate on such excursions into cosmos and specially traveling in the 
centre of the galaxies and near principal stars. 


Whereas, for example one of these problems will occur, when strong mafs of the principal matters 
radiations will interfere with matter mafs dilution Margraves positioning reactors used for motion 
of the craft in space and these principal maf upon them reaching inside the reactor, they can create 
Magnetic field surges that can lead to surges in these reactors gravitational and Magnetic fields, 
which this can lead to the loss of the system and the total inhalation of the system, or the change in 
the Magravs strength leans the craft in totally different part of cosmos than where the craft was 
originally destined for. 


Therefore, before the men of science contemplate on traveling beyond the boundaries of this solar 
system, they have to master the knowledge of the mafs of the principal matters spectrum’s magnetic 
field strength and the light transportation mechanism in this spectrum. 


If one could understand the structure of the light and how it changes from spherical shape plasma to 
cylindrical in shape for it to be able to travel with less friction and high speed from one dynamic 
environment of spherical or cylindrical entity to another spherical environment, then in the future 
the man of knowledge can develop elongated cylindrical three matters mafs strength spherical and 
cylindrical composite mafs fuelled combination setting and reactors and crafts, which these 
elongated crafts will have the benefit of possessing spherical or cylindrical plasmatic magnetic 
shielding of higher order magnitude pmf strength of the principal mafs and matters for fast and 
protected space travel in the universe, then at this point one can travel the spans of the universe in 
times which are not even imaginable at the present by the man of science by use of these types of 
composite setting and fuelling reactors. 


The use of light for purpose of transportation technology and communication through the 
understanding of the relationship and interaction of mafs of plasma and plasmas of the light(s) in 
each and every mafs strength of the matters of the light structure is the key to final and ultimate 
intellectual growth of the human race and point of maturity of the coming of the age of the man as, 
has been promised. This technology will be at the edge of man’s enlightenment in the knowledge of 
creation and control of light and its mafs and matters in the universe, 
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Chapter 8 


Insight into the future use of the structure of the light 


From the new understanding of the structure of the light, can easily and readily be concluded that if 
the light did not and was not made of the structure of three maf’ of the matters then the light would 
have not possessed its own gravitational and Magnetic field forces and for example the light from 
other stars in the universe would have never been able to reach the earth as an individual magnetic 
field due to the characteristic and properties of the magnetic fields interactions and gravitations, 
through magnetic interactions all these rays’ of lights would have been absorbed by other magnetic 
fields and gravitational fields in the universe and the light would have never reached the far 
distances of the universe. Hence the light as a physical entity which is similar to other physical 
entities the like of proton, electron, earth and the Sun and the light being in possession of both 
Magnetic and gravitational fields, the light ray has to find its position in respect to any other object, 
and pmf in the universe as it passes these entities in the universe, and hence in its travels in cosmos 
light ray has to find it’s Magravs positioning in respect to them that this allows the light ray not to 
be absorbed but to go around these objects. Hence, the reason for the physical observation of the 
lensing or the bending of the light near these object as the light passing large and strong 
gravitational object is purely due to its Magrays and its positioning in respect to these entities in the 
universe. 


Therefore the lensing of the light is the confirmation of its existence as dynamic composite 
magnetic field strength fields physical and tangible entity in position of Magravs, and the light is 
not a ray of magnetic field in motion or what has been called that the light to be an energy. 
Whereas, the plasma of the light ray in motion can transfer it Magravs to other matters and thus has 
the ability to transfer its momentum to other matters and mafs as energy. 


Hence due to the fact that the light possess both Magnetic fields and gravitational fields and in line 
with laws of physics, when the gravity and the Magnetic fields interact (1 and 2), their interaction 
lead to the creation of entity in possession of its own mass and its own magnetosphere. Where, the 
interaction of the lights magnetosphere with the magnetosphere of other objects due to their friction 
leading to release of residual magnetic fields in the matter magnetic field strength level of the 
human protein, which this makes the point of interaction of two Magravs detectable pmf field or 
what is called the visible light to human eye and his tools and methods of detection of pmifs in this 
ranges of filed strength, out of the full magnetic fields spectrum of the universe. 


Where, the motion of the dynamic spherical plasma of magnetic field in its travel from one point in 
the universe to another causes and leads to elongation of the dynamic spherical pmf, hence the 
restructuring into a dynamic cylindrical plasma ray of the light, and as this plasma of the ray of 
light reaches the right pmf environment strength that slows down enough or losses its strength, at 
this point the cylindrical plasma restructures back to its spherical structure and leads to the creation 
of pmf of matter mafs and matter in given matter pmf strength environment (Fig. 48) The book 
cover image. Hence light has the same structure as the pmf of any other plasma known to man like 
the plasma of electron and proton but in elongated form rather than presently known dynamic 
spherical shape of tangible matters. 
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Fig. 48 The conversation of dynamic spherical pmf into dynamic helixial cylindrical ray of light and its 


conversation back to dynamic spherical (Cover image) 


Where, at the same time the plasma of the light in its travels in space can become visible according 
to the plasmatic magnetic fields of the environment which it travels through and according to the 
observers’ plasmatic magnetic fields strength which in the case of human living Magravs protein 
molecules structure 


Different proteins have different pmf strength for different creatures in the span of the universe, 
hence what is visible light to one creature in one point pmf strength in one part of universe this does 
not mean that to another protein Magravs strength in the same environment this can be visible light 
too. Hence what is visible light in principal matter or mafs strength, in transition mafs and matter 
and in matter mafs world in a given matters’ magnetic fields environment respectively these lig! 
rays are detectible or visible according to the environment and of each mafs and matter in the 
binding Magravs of the structure of the observer. 


The plasma of the light has the capability to present the magnetosphere around itself according to 
the pmf strength which it is passing through, thus it is the environmental pmf strength which 
decides the outcome of the mafs of the matter of external layer of the plasma of the light and the 
final presentation of the light in a given environment. 


The plasma of the light to reduces its losses in its pmf of its matters and at the same time allowing it 
to encounter less resistance for it to be able to travels through the same pmf strength that have less 
or faces no losses, thus the light ray has the capability of the change of cover mafs and matters of its 
structure. Thus it is inevitable to consider and conclude that the light like its larger combinations 
has its own intelligence and its own internal logical magnetic processing that allows it to survive 
and exist in every dimension in the universe that it might travel through or be part of. This giving 
the light the capability of being able to travel long distances, and at the same time, this allowing the 
light not to have fixed maximum speed in all universal magnetic field strength spectrum opposite to 
what has been assumed by scientific world at the present. 
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At the same time, the light becomes more visible or detectable as it travels from stronger matter 
mafs fields strength to a lower matter fields strength environment. 


Two rays of lights with different mafs of the principal matter strength can pass through the same 
medium and they can create different brightness intensity and therefore all lights rays do not have 
the same intensity primarily and their strength and intensity is internal initial principal mass and 
strength dependent. Therefore a ray of light can be dimmer or slower compared to another ray 
primarily due to their mafs of the principal matters content and their strength. 


Lights have speed according to their lowest common denominator of it environment pmf strength. 
Therefore, speed of light in Principal environment due to the stronger field strength of the principal 
mafs pmf is much faster than the speed of the same plasma in the matter environment, hence the 
present assumption that the speed of the light as observed by man is the maximum speed of the 
plasma of the light is incorrect, and hence the plasma of the light has speeds in the Principal matter 
environment far beyond the present assumptions in the matter environment of the earth and this 
universes matters’ pmfs strength. 


Even though the formulas used for conversion of main connection of mass and energy looks as to 
be balancing and to be correct, in fact this equation is only correct for small and minute amount of 
plasma and only in the matter environment and not in other plasmatic fields environment of 
principal mafs and mafs of the transition matter or combination and composite plasmatic magnetic 
fields strength of principal mafs and matters environments and where only individual rays are 
considered. 


Now that one knows that mass is created through secondary effects and interaction of the effects of 
the interaction and connection of at least two dynamic plasmatic magnetic fields of the gravity and 
Magnetic fields (1), which these Gravitational and Magnetic fields both themselves are created and 
are products of interaction of at least two initial magnetic fields, then in fact mass itself is product 
of interaction of four fields of two initial fields and two effects of these two fields and hence the 
formula of relativity now is totally incorrect and has to be rewritten as now one of the factor of the 
four of the magnetic fields and their combination of their products with each field in position of its 
own speed of its mafs strength, as energy which is define as magnetic fields in motion, then 
multiple of speeds of the light in their initial matters mafs strength times the matters mafs of their 
effect strength in a given maf’ strength is the realistic method of the measuring the energy in 
respect to the mass of the same matter. 


Using this knowledge and understanding the structure of the light and applying these in the space 
technology and in the space reactors crafts of the future for travel in deep space, then by knowing 
the mass and the strength of the fields which one needs to be traveling to and by the same principle 
the strength of the original mafs of pmf can be calculated and measured by using the fundamental 
application and implication in production of light Magravs strength of the system and of the same 
of the destination point, then one can estimate the power of ‘the crafts Magrays need to be and at the 
same time what the speed of the travel of the craft shall have, and using the maf’ of the light at that 
given matter environment, one can calculate what mass of the light the system needs to have and be 
loaded that the system can travel at a given speed in a given environment, or what speed the craft 
might have once one uses the certain amount of mass of the light in any combination in any of 
multiple combined fuelled integrated multiple Magravs positioning reactors of the space crafis of 
the future (1, reference 24,18 and 11). 


In understanding the strength of the principal mafs fields strength and using this phenomenon for 
creation of speed of motion of the systems and crafts, then one can calculate and understand that 
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travels with speeds hundreds and thousands of times and millions of time faster than the speed of 
the light in matter environment in the near future will become as conventional as jet liner travels of 
today. The assumption that the speed of light in the matter world is the ultimate speed in the 
universe cannot be correct. This assumption, when using the principal mafs fields as source of fuel, 
in dynamic plasma dilution gravitational positioning space reactors, which have been developed and 
tested can be used to achieve higher speed than the speed of light in the matter environment. 


Through this technology of the use of light gravitational positioning systems, speeds of travel in 
Principal and Transition mafs strength environments, which are beyond the present understanding 
of the man in the matter universe are faster than the speed of light in matter environment. 


Now one can understand, that once by not using the principal matters as fuel as has been discussed 
and promoted by some organisation to burn, as has been the habit of the man to burn to attain 
motion and height in the past centuries, then in using the maf’ of the principal matters in creating 
gravitational fields and Magnetic fields within a gravitational system, then one can travel the length 
of the universe in times which are not acceptable to man at the present time due to restri 
which has been forced on the humanity by the less knowledgeable scientists of the time and due to 
their lack of understanding of the creation and control and structure of the light itself. 


ions 


Then now one has to make new concepts and measuring tools for local time and universal times as 
these will be different according to the light mafs strength of the space crafts and environment of 
measurement and new conventional translation for time has to be employed, otherwise traveling in 
one speed of the light mafs strength and then entering another to live in, this will create untold 
problems for the future universal travellers of this universe and for the inter-universes travellers of 
the future (3, 6 and 7). Invariably in the near future one can use the principal mafs and matters 
magnetic fields for the purpose of transportation in the universe, where from this point on travel 
with speeds beyond the matter pmf strength environment for travel in the universe and between 
universes become a natural means of transportation, 


At the same time the speed of light in the principal mafs and matters strength is visible light to the 
man too, with the difference that in this environment as the protein chain of the man contains and is 
consisted of plasma of electrons and protons, and these plasmas themselves are made of and 
operating and consisted of the composition of principal mafs and transition mafs and matters (1) 
too, then the principle mafs strength of the protein will come into operation and the life will be a 
normal as one living in the present matter mafs and matter environment of the universe. With a 
slight difference that he needs to learn about control of the operation of his physical body and his 
tools of detection in the speed and light configuration. 


The parallel world of different pmf strength of matter mafs and mafs of the principal matters are the 
faster and stronger in pmf strength of life which the Man has come to comprehend and live with and 
soon he will be able to transmute from one pmf strength of mafs to another and use this knowledge 
for the advancement of his race and connection and communication in and with the other creature 
of the universes. 
The gravitational field forces of the maf’ of the matters of the structure of the light will be the 
smartest and fastest method for creation and control of space reactors of the future. At the same 
time speed of the separation of maf of the matters of the light will be the best directional controller 
and magnetic shielding protection system for the space crafis of the future as the lights’ mafs and 
matters separation and control in different mafs of the matters and matters of the universe this make 
the plasma of the light the safest and quickest methods to generate parallel speed of the light in 
different mafs of the matters environment and at the same time the directional motion of the 
Magravs transportation system can utilize the mafs of the matters of the light interaction for smooth 
transition from one matter mafs field strength to another or from matter maf to matter environment 
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and vice-vers 


This light matter mafs structure division and utilization will be the technology which needs a full 
understanding of the world of creation and once mastered as has been done by other inhabitants of 
the universe, then the man will be of the same strength and capability of the understanding of the 
universe of universes operation, interaction and universal organisation. 


When, the intelligence of the man reaches the full understanding of the potentials of the use of the 
light mafs of the matters, then one will be able to travel in different mafs of the matters 
environment with use of the mafs of the principal matters magnetic fields strength as the protection 
magnetosphere created around the crafts in possession of the multiple Magrays positioning reactors. 


The dynamic twin reversal of directional motional shielding system made of and through the use of 
mafs of the principal magnetic fields’ strength of the light guaranties the total non-penetrable 
protection for travel in all mafs and matters environment in the universe, without leaving any traces 
of direction of motion and without being visible to the human eyes and any other tools and means 
of detection of any other creatures in the universe. 


Where, this technology can be used for fast speed travel in crossing boundaries of universes and for 
travel across one universe without spending thousands of light years in traveling time as is currently 
calculated by human scientists. Thus one can travel with full safety using the highest lights 
Principal Magnetic field strength for every aspects of the motion in the universe. 


Once the concept and the principle structure of the principal mafs and matters and other mafs of 
matters and lights are fully understood then one can use the knowledge of the light structure in full 
and the scientific world will be able to use the structure and mats of the light for creating new 
matters and production of food and nourishment for the life of the passengers and for the space 
machineries of the future and food producing reactors for the man in deep space where the light is 
the only available matter for use and at his disposal. 


‘The mafs of the matters of the light can be brought to levels that one needs for the body to absorb 
for it to survive a pleasurable and comfortable life. Where, different strength mafs of the matters 
and of the light can be used as vitamins and minerals and proteins for the Man’s needs to live. 
Where, the light mafs of the matters can be used directly without the need for the plant and animal 
conversion systems of the light mafs of the matters to minerals and nourishment for the human 


One has to understand that there are lives in the lower pmf strength of the universe too; where in 
reality the matter universe is not the lowest level pmf strength in the universe. The light in this 
universe is the same and operates in the same way. 


In the future one can use the light mafs of the matters to produce and lower their strength mafs of 
the matters to pmf for example of the sodium or vitamin A or B. Therefore from this point on one 
can even produce composition of matters or what has been the dream of producing energy and new 
matters through fusion. Now one can use the Principle matter mats field’s strength of the light to 
fuse the elements in the matter environment. In fact fusion is more practical and achievable if one 
ses the principal mafs and matter’s field’s strength of light and their division to create environment 
of matter maf for the matters to be created. Fusion of pmf of the light mafs is in so many ways 
easier than physical matter fusion once the light is transferred into neutron or an atom. The lights’ 
mafs of the matters fusion is a way for the re-production of heavier elements or their pmfs without 
creating enormous amount of heat that one cannot and has no tools and means to control and 
contain such matter fusion technology. 
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Once the man learns the use of the construction of mafs of the matters of the light, then one will 
learn that source of mafs of the matters are available in all corners of universe and on the other hand 
one does not need to create the physical matter to have the properties of the physical matter, but one 
in use pmf strength properties of the given matter in its fusion of the light mafs of the matters to 
achieve the same effect, the likes of the production of energy and food without ever using fusion of 
physical matter to achieve the same goal and actually without ever needing physically to eat and to 
digest food. Then in the near future man’s body will do with the dige 
times man will learn and will do with the physical body for it to exist and for it to travel the spans 
of the universe(s). 


Using the maf’ of the matters of the structure of the light rays for communication purposes, in the 
matter environment, then the communication system can be set to transfer the information in the 
Principal matter mafs strength and once the information arrives at the point of destination the 
receiving system can decode the information from the principal mafs strength to matter mafs 
strength and then the information can become available for whatever purpose it was transmitted for, 
this being audible, visual or computable information or transfer of matters. This method of use of 
mats of the matters of the light field’s strength will eliminate any time delay in communication 
across the spans of the universe, the delay time which has been observed in the present cosmos 
communication systems will not exist once using principal mafs strength and then communication 
become instantaneous anywhere in the universe. 


Thus by switching from one matter mafs strength to another matter mafs strength of the same light, 
this will bring into play a totally new technology and facilitates new approaches in the production 
of tangible matters too. That is to say one can strip the light from one of its mafs of the matters for 
one purpose and use its residual maf’ of the matters for other purposes. That is to say, by striping 
the light off its principal mafs for the communication purposes, then one can use the mafs of its 
transition matters and mafs of the matters of the same plasma of the light for production of increase 
in other matters and matters growth or expansion in their given environment or use these for 
production of energy for human existence in space. 


The universal language using mafs of the matters of light and using the same mafs of the matters of 
the light for their transportation will be the cornerstone of the future transmutation of matter and 
matters and communication in the universe among other intelligent creatures of the universe(s). 


The positrons are created at the point of the creation of the plasma of the atoms from the ray of the 
light and the clockwise motion of these particles is totally and primarily internal magnetic fields 
position dependent. This meaning that the directional rotational motion of all matters are dependent 
on the speed of the rotation and position of the maf’ of the principal matters and matters in respect, 
to each other, this plasma be it of the plasma of electron, proton, atoms even stars and galaxies 


The clockwise or anticlockwise rotation of electrons, protons, planets and stars is determined by the 
principal mafs matters speed of rotation and its distance in respect to the matter mafs and distance 
between different layers mafs components of the plasma of the entity afier the light ray is converted 
to matter of the electron or the proton and star and its matter content. 


In conclusion one has to be aware that visible light magnetic fields spectrum, which makes man to 
see its universe is the same in all pmf strength levels. This means that in every pmf strength 
environments there are visibility criterions to all created life, but the visibility is pmis field strength 
dependent. Therefore, what is not visible to one being is visible environment to another using 
different pmf strength for point reference as tool for vision and this applies to all pmf strength mafs 
of the matters and matter universes and environment. 
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Fig. 7._ Series detector configuration with L-matching network 


provide a ripple-free de voltage to the load. This can be over- 
‘come with a matching network that will allow a good impedance 
match with a large output capacitor, but at the expense of intro- 
ducing losses. Furthermore, as shown in [36], these issues start 
to become negligible with a shunt configuration as the shunt 
diode becomes more self-biased as the input power increases. 
Simulations were performed using Agilent Technologies’ ADS 
software. Its Momentum package not only takes into account 
the losses from the low-cost FR4 substrate, but also calculates 
fringing fields, effects from which are passed on to the har- 
monic-balance package for simulating the nonlinear behavior 
of the rectifier. 

A good impedance match was achieved by employing a 
simple matching network; a series lumped-element inductor 
‘was used to absorb part of the capacitive reactance from the 
series diode and an additional quarter-wavelength short-ci 
ccuit shunt stub was employed to achieve the desired 50-(2 
impedance [37]. Since the impedance of the diode varies with 
frequency and input RF power, impedance matching between 
the antenna and rectifier was first undertaken by finding the 
‘optimal output load resistance for an input RF power level 
of 20 dBm with a single-tone source at the midband fre- 
quency. After the optimal load was found, further broadband 
‘optimization was performed to the matching network and the 
load to ensure good impedance matching throughout the target 
frequency range and the measured Pre for each band. 

As with the antenna analysis, and unlike conventional RF 
circuits that adopt the more traditional half-power bandwidth 
definition, the rectifier should adopt the 10-dB-input return-loss 
bandwidth. The reason for this is that, for ambient RF energy 
harvesting applications, the input RF power is at a premium and 
so what litle energy is available should not be wasted by being 
reflected back from avoidable impedance mismatches at either 
the antenna or rectifier. 

Fig. 8 shows excellent agreement between predicted and 
measured input return loss results, within the —10-dB band- 
‘width, for the DTV and GSM900 rectifiers, having fractional 
bandwidths of 5.7% (below target) and 4.8%, respectively. 
With these lower frequency designs, the fundamental and 
higher order harmonics were below —55 dBm, ensuring a 
clean de voltage at the load, without the need for any output 
filtering. Reasonable agreement was found with the GSM1800 
and 3G rectifiers, having fractional bandwidths of 1.6% (below 
target) and 7.4%, respectively. It was found that with these 
‘wo higher frequency designs, the higher order harmonics were 
=40 dBm at the output. This reduced performance, as illus- 
trated in Fig. 8, is due to the higher series inductive reactance 
leads of the output shunt storage capacitor. For this reason, a 
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second prototype version (v2) was designed for the 3G rectifier, 
using distributed-element components for the input impedance 
matching stage and an additional output filter stage. With 
the lumped-element matching network, it was found that in 
order to achieve good input impedance matching to 50 Q, all 
the microstrip transmission lines had to have a characteristic 
impedance of 92 §2. With the distributed-element matching 
network, a simple shunt quarter-wavelength open-circuit stub, 
designed for operation at the fundamental frequency, was 
employed. A microstrip line was added between the cathode 
of the diode and the stub to absorb the capacitive reactance of 
the diode. The stub effectively filters to < —50 dBm the higher 
order harmonics. The microstrip design can be seen in Fig. 13. 


Cc. PMM 


Since the input RF power from ambient sources can be rep- 
resented as a multi-tone source, with power levels fluctuating 
across the target frequency range, the output impedance of the 
rectifier is time varying. A power management module (PMM) 
capable of performing maximum power point tracking (MPPT) 
is required. 

For our work, a low-power integrated-circuit PMM from 
Texas Instruments Incorporated (BQ25504) was selected, due 
to its low quiescent current (< 330 nA) and low input voltage 
operation (~ 80 mV hot-start and 330-mV cold-start) [38]. It 
‘worth noting that its startup voltage is lower than PMMs previ- 
ously reported and realized using hybrid circuits for RF energy 
harvesting [13]. The BQ25504 PMM includes a boost converter 
that steps up its input voltage (having a 350-mV average value 
during ambient operation) to useful levels between 2.4-5.3 V. 
The BQ25504 also has a built-in battery management module, 
which is used to control the duty eycle of the output power to 
the load, 

MPPT operation on the BQ2SS0M is achieved by periodi- 
cally sampling the open-circuit voltage (OCV) at the input of 
the converter, which then draws a current causing the converter 


At the same time vision is not through the vision tools like the eyes, but vision is the openness to 
receive knowledge through the real means of the operation of the universe in the pmf strength of the 
level of intelligence of the structure of the beings. 


The reality of the existence has been measured by the strength of the light, which a matter can emit, 
and the duration and the depth the Magravs of the created light can penetrate in its environment. 
Then the question for the Man to ask of his existence, is that how does the matter like him, who is 
the user and the producer of the same physical enti how does his existence will shine 
and operate in the span of the universe after the demise of his physical life on this matter strength 
environment? 


May be it is the time for the Man to come to understand the true meaning of the light, as all beings 
in the universe announce their existence through the emission of the light into and onto their 
surroundings, 


This technology of the light ray’s protection gives the man the ultimate knowledge for survival and 
brings the man knowledge and intelligence in par with and equal to the knowledge known to the 
rest of the universal manifestations and the same we have served our purpose in bringing the same 
to all men of progr: 


Thus would be correct for the Man to consider his connection beyond his physical existence and 
through the light of his presence during its time, and hence would the soul of the man be of the light 
of the confirmation of his existence. 


Be wise to the truth of the creation of the man, if the light of wisdom is the light of the soul from 
the time of beginning to the end of time. This light will exist and will be the source of the 
confirmation of everlasting existence of his soul, as the light of far distance star after billions of 
years are shining in the deepest part of the universe, this has been and shall be destined for the soul 
of the Man throughout all times of the existence of the universe. 


Thus it can be said 
The man has come from, 
He exists, operates through and 


He shall return to 
the Light 
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Definitions 


Below is a list of the new terms and their definition that used in this book. A number of these words 
and terms have been used in the previous book and scientific papers, which have been published by 
the foundation and most readers, are familiar with these terms and reference. In this book a different 
approach and language and terminologies is used, therefore has become necessary to create a new 
terminology and words that can explain the real term application and processes in the world of 
physics. 


Mats: magnetic fields 


Magnetic: with capital M refers to the plasma of magnetic fields created by a dynamic entity as for 
example this refers to the magnetic field of the earth, 


Magrays: Magnetic and gravitational fields (Magnetic referring to the plasma of magnetic fields 
created by a dynamic entity as for example this refers to the magnetic field of the earth) 


Pmf: plasmatic magnetic fields 
Principal matter: This matter in conventional physies is called the anti-matter, as now the real 


structure of this matter is fully understood and is said to be source of all matters from the dark 
matter to matter, thus it has been called the original matter or the principal 


Principal mafs: These are magnetic fields, which are in the principal strength levels and considered 
to be I order magnitude several hundreds of times stronger than the magnetic fields which make up 
the tangible and visible matters. 


Principal star: This entity in the conventional physi led the Black hole 


‘Transition energy: This energy in conventional physics is 
that are in motion from principal to matter magnet 


energy is defined as the pmfs in motion, 


led the dark energy. This is the pmfs 
fields strength so called the transition energy as 


Transition matter: This matter in conventional physics is called the Dark matter, as now the real 
structure of this matter is fully understood and is said to be when plasmatic magnetic fields are in 
transition state from the principal matter to tangible matter thus the term transition matter is used. 


Transition mafs: These are magnetic fields which are in strength level between the principal and 
matter magnetic fields strength, and are in transit from the principal mafs to matter maf strength 
levels. 


Gans: a new state of matter; a molecule of a gas (GAs) which becomes Nano of itself and appears 
as Solid state of matter. GAs to Nano of Solid and to be called GANS for short. 
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Published and unpublished works by M. T. Keshe 


There are a number of unfinished articles that are to be converted to full disclosures when 
completed, like antimatter maf method of energy releases, Nano space technology, relation 
between the creator and the created, space communication system, deep space defence technology, 
dynamic magnetic fields force regions (wormholes) construction and control, creation of magnetic 
fields, and so on, 


Some of these works have already been published through different channels and some have not yet 
been released. 


In the following section some of the works done by the same author are mentioned, with a brief 
disclosure of their contents. 


Some of these papers can be purchased and obtained through direct request and access through 
specific links 


A number of papers with * and ** marks are not for public release due to their sensitivity of 
information and only available to relevant commercial and governmental organisations for peaceful 
applications of the technology. 


The universal order of creation 
(5.7.2006) 


In this disclosure the main construction principles and the method of the link and control in the 
universal order of the existence of living cells, like the function and operational method of any 
matter based on so called proteins chains, as for example in human cell are explained in detail 


REF 9 


The author considers this paper as one of his most important and fundamental works to be 
published and to be added to the sets of disclosures written by him, 


Cosmic Rays 
(Release date 24.3.2004) 
This paper explains the source and the origin of cosmic rays and the way these work within our 
cosmos, their function and their benefits. 


REF 10 


*The Airborne reactor 
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(Release date 25.3.2004) 


This paper covers the total design of airborne reactors for space technology. This covers all aspects 
of operation, design and control of such reactors 


REF 11 


The seed of the Earth 
(Release date 25.3.2004) 


Some extracts from this paper: 
The theory that the heat of the core of the Earth is due to inertia of the material piled on top of each 
other is completely dismissed through this new disclosure. 


The author M T Keshe believes that this centre core 
of liquid and s 


made of hydrogen, other gases and a mixture 
id matters mafs, which were in the vicinity of the centre of the core of the Earth at 
the time of its inception in the solar system. 


Through this new understanding of the new inner cores of the planet, this brings to play the fact that 
the old inner core of the Earth that is already assumed to be made of a solid piece itself becomes a 
sealed container for the new inner core. 


The author through design of a parallel system has set to confirm the validity of this assumption, 
that the centre of the Earth pos reactor and not a fission reactor as has 


This theory of hydrogen in the centre of the planet is in line with the physical reality of the creation 
and the present situation in the physical construction of the solar system. 


By the laws of physics all the gases in the solar system should have been in the giant gas planets at 
the outer layers of the solar system, like in Jupiter and Saturn, 


The physical reality in the solar system, is that the lightest of all these g: 


taken its place right in the centre of the solar system in 


It has to be recognised that the centre of all planets in possession of gravity due to the centre cores 
heating, are always in possession of two Magnetic Field Forces in their inner sanctum (M. T. Keshe 
“The creation of gravity") 


In the 


se of the Earth up to now and with the present knowledge there has been acceptance of 
only one inner core and one magnetic force. 


explained in the paper titled "the creation of gravity", there is an inner core in the inner core. 

This inner core, due to it physical content, motion and position in the centre of the Earth, creates 

and maintains its own magnetic field force, independent of the magnetic force which has been 
known to be created by the interaction of the inner core and the outer core of the planet. 


These two magnetic fields interact to create the planet's own double magnetic fields in its centre. 

The interaction of these two magnetic fields forces upon each other leads to the new concept of the 

"DOUBLE MAGNETIC FIELD EFFECT", where the interaction between these two field forces in 
the centre of the planet leads to the creation of the gravity and the magnetic forces of the planet 
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(Paper: The creation of gravity), 


This new second core is the seed core of the planet, the mother seed of the planet positioned in this 
new inner core. 


REF 12 


The creation of Black Hole 
(Release date 25.3.2004) 


In this paper it is explained that the Black Hole is created out of a natural sequence of events, and 
that the existence of the Black Hole in a galaxy is a normal event. Further it is explained that a 


Black hole is created in similar ways to the Dark Spots on the surface of the Sun. In this paper for 
the first time, it is explained how the Black Hole is physically created and what function it plays in 
its galaxy. 

REF 13 


Magnetosphere 
(Release date 9.6.2004) 


"The shape and the strength of the magnetosphere of a planet is exactly what a fingerprint is to a 
man. It is unique to each planet, star and galaxy. It is a tell-tale of all its attributes, and it reveals the 
hidden mysteries of the internal materials’ structure" 


REF 14 


Correction to the Einstein equation of Relativity 
(Release date 15.6.2004) 


In this paper the physical reality of the Einstein equation is cons 

bring this equation to the real conditions. Even Einstein considers this equation applicable for very 

small mass, and not in real three-dimensional multi-Magnetic and gravitational conditions, which 

are external and have nothing to do with the theoretical object's mass and speed, but have effect on 
the speed and the mass of the object under consideration. 


REF 15 
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*Introduction to the new s; 
(Release date 2.7.2004) 


stem 


In this paper it is written "It is essential to understand that, with the application of this system of 
motion, one cannot bring into play the solid, liquid and gas fuel method to create motion, as is used 
today. What is offered in this system is in simple words a fully integrated plasmatie magnetic 
energy system. Which, creates within and around the core environmental conditions as known to 

man in the universe like creation of gravity and magnetic field protection and the same as the 
magnetospheric protection condition of planets and motion through interaction of magnetic fields 
planets and stars do in their given environment" 


REF 16 


The rings of Saturn 
(Release date 2.7.2004) 


One of the oldest puzzles in the world of astronomy has been the existence of the rings around 
Saturn. How did these rings come to exist the way they are now? How did they come to appear and 
behave the way they do? These questions and much more about the creation of these rings are all 
answered in this paper. 


REF 17 


The creation of gravity 
(Release date 11.7.2004) 


In this paper it is explained that "the source and the creator of the magnetic forces and the 
jonal forces are due to the interaction between the same materials in the same region of the 
planet.” 


gravi 


Further it is explained how the gravitational field force can be created, replicated and controlled 
within a nuclear reactor. Further it is explained how this property can be used for the motion of a 
system within a planetary or solar system, 


Now by understanding the principle of the creation of gravity, in this paper it is further explained 
that "the gravity in reality is the effect of the interaction of two plasmatic magnetic energy fields of 
any two object in respect to each other." 


REF 18 


Death of a star 
(Release date 26.7.2004) 


Mt 


In this paper the death of stars is explained, "The death of a star and the creation of a supernova is 
in reality the same as the half-life cycle energy step-down of an atom, with the difference that this 
show is in a larger scale, and more spectacular, in all aspects of its dimensions’, 


REF 19 


Fusion 
(Release date 28.7.2004) 


In this paper the physical and scientific problems with present fusion technology is considered. 
Where, it is written, "nuclear Scientists, with the fusion reactors of today, are trying to create fusion 
in the opposite way to the known laws of physics and their parallels in the universe”. Further in thi 
paper it is written, "If the present path for creation of fusion is followed, with the present scientific 
knowledge of physical materials for construction of such system, then following the present path of 
development to create energy from current fusion systems will be a distant dream", 


REF 20 


Life of a Cell 
(Release date 28.11.2004) 


Extracts from this paper; "The reality of the transportation and transmutation of a cell is not far 
from the reality of the life of an atom or a star, Where the life cycle of the cells are slightly more 
complicated, as they contain other matters mafs like acids, which have their own magnetic 


characteristic of their own chemical structure. For this reason the control and replication of the 
energy of the cell is very much complex, but very simple to achieve" 
REF 21 


The Atom 
(Release date 19.12.2004) 


The content of this paper explains how and where aton 
how the construction of atoms in a cold plasmati 


s in the universe are originated from and 
nuclear reactor can be replicated. 


REF 22 


Magnetism 


(Release date 8.1.2005) 


In this paper it is written, "The question is where did the Magnetism come from? This is the Secret 
of creation. The world is made of one thing and only one thing and that is Magnetism. Its 
combination and interaction with its own different strength fields makes it appear as different 
matter mafs. The rest of creations are the outcome of these interactions of different strength of this 
thing called magnetism and the forces it creates. Magnetism is the origin of existence and the real 
singularity in its full meaning" 


REF 23 
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*The creation of the magneto-gravitational force 
(Release date 5.2.2005) 


The creation of magneto-gravitational field force is and will be fundamentally independent of 
temperature and pressure, proviso to the fact that as long as a homogenous free floating PMF within 
‘a matter maf’ is created, 


REF 24 


The core of the Earth 
(Release date 20.4.2005) 


One of the original assumptions in developing the new Magrays system some thirty years ago by 
M.T. Keshe was on the basis that the centre of the Earth possesses addition cores, which create the 
necessary gravitational conditions of the planet, After some twenty years of space technology and 

through Earthquake seismological data's this assumption has been shown to be correct and after 
over twenty years, it has been scientifically proven that the inner core of the Earth has an inner core 
of 600 km, Professor Guy Master in 2002 ref 24 nuclear planet. The centre of this core is assumed 
to have an inner core of 8 Km, this he thought to be made of the plutonium or other nuclear 
materials 


But the developer of this new plasma reactor technology has proven through physical dynamic 
cores that these cores possess a mixture of hydrogen plasmas and the process of the heating of the 
centre of the Earth are due to a semi-fusion chain of events. 


REF 25 


*The electron-atomie welding 
(Release date 3.5.2005) 


Some extracts from 1 
"The electron atomic welding or atomic welding principle is the phenomenon that atoms of the 
same material, through a common shared electron, become a magnetically balanced molecule of the 
same matter mafs, with the difference that the shared electron will create a balanced PMF in the 
molecule". 


REF 26 


*Shutdown and safety of the reactor core 
(Release date 6.6.2005) 


In this paper the safety parameters in the operation of the gravitational and energy reactors are 
simply explained to avoid the loss of plasma and gravitational field forces created within its cores. 


REF 27 
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Fig. 9._ System block diagram, 


input voltage to fall and be held at a pre-programmed fraction 
of the OCV (set by a potential divider). In a simple de circuit, 
with a resistive source impedance, the optimal ratio is 0.5. For 
the rectenna-based system, a ratio of 0.48-0.53 was found to 
‘maximize the power output of the system. The BQ25S04 is de- 
signed to charge a storage element, and in this case, a capac- 
i1Or Chtorage WAS used. The programmed PMM continuously 
charges the storage capacitor, and the load (a low-power LED) 
‘was automatically connected to the storage capacitor when the 
capacitor voltage reaches an upper limit Vig, = 2.84 Vand au- 
tomatically disconnected when it reaches a lower limit Vio = 
2.40 V. The duty cycle of the LED can then be used to calculate 
the efficiency of the system, as will now be described. A dia- 
‘gram of the system is shown in Fig. 9 


IV, END-TO-END EFFICIENCY ANALYSIS 
The efficiency of an RF energy harvesting system is, 


La 


2) 
Pre : 


pe 
where Pj. is the time-averaged output (1e., equivalent de) 
power into the storage element (e.g., battery or supercapacitor) 
and load and Py is as previously defined. Measurements 
for this type of system are usually performed in a controlled 
environment (eg., an anechoic chamber or TEM cell), using 
a dedicated constant or variable amplitude single-tone RF 
signal source [32], 39]. However, the former is not suitable 
for evaluating ambient RF energy harvesting operation, which 
hhas a much broader spectrum of nonconstant input frequencies, 
and where the instantaneous input RF power is time variant. 
‘The use of a constant single-tone dedicated source provides a 
convenient stable reference power to the harvester; while the 
latter reflects @ more realistic signal source having fluctuating 
power levels across a nonzero bandwidth, multipath, and reflec~ 
tion effects which are very difficult to emulate in a controlled 
environment. 

‘Therefore, to determine the overall end-to-end efficiency nye 
foracomplete ambient RF energy harvester, the input RF energy 
Uae was calculated based on the harvester’s antenna character- 
istics and the actual banded input RF power density measure- 
‘ments taken at the time of harvester operation, using the Agi- 
lent Fieldfox and the calibrated antenna. It is important to note 
that ince the impedance mismatch between the antenna and de- 
tector is not taken into account, Uge is higher than expected, 
providing an underestimate of end-to-end efficiency. The output, 
dde energy Tze was then calculated by measuring the charge-di 
charge cycle time, teyce ofthe storage capacitor between Viet 
and Vjgy»88 the LED is repeatedly connected and disconnected. 
‘The output de energy equation is already taking into account, 
the efficiency of the PMM given the fact that the measurements, 


Fig. 10, End-to-cnd efficiencies for ambient RF energy harvesting at ICL. 


are taken at its output voltage. The end-to-end efficiency of one 
charge-discharge cycle of Cassaye is 


Uae 
Taw 


Tees @) 


where the input RF energy is given by integrating the time-av- 
eraged input RF power over a cycle time, as 


| Povat 4 
3 


Uae = 


and the output de energy is given by the energy supplied to the 
load, as follows: 


(Wnign* — Vibe) 


Uae = 6) 


A. ICL Field Trials 


Four single-band ambient RF energy harvesters were assem- 
bled by connecting the rectifiers to the wire/tape antennas and 
PMMSs programmed for the optimal load. A 100-F shunt ca- 
pacitor was employed as the storage element, providing Ug. — 
115 J. Our system is capable of cold-starting the boost con- 
verter and MPPT since the rectenna is capable of providing 
the minimum starting voltage of 330 mV. When the minimum 
voltage is reached, the boost converter and MPPT start to op- 
erate and the charge-discharge cycle at the load begins, causing 
the LED to flash. During field trials, t,,.1. 100k up to 170 s for 
the harvester with lowest banded input RF power density, cor- 
responding to 3G with the wire antenna, Table V summarizes 
the results where t. and t4 are the charge and discharge times, 
respectively, and 2V and ¥/ are the multiband voltage and cur- 
rent summing array architectures, respectively. A detailed dis- 
cussion on the multiband rectenna arrays will be presented in 
the following section. The end-to-end efficiency was calculated 
using (3) with data from Fig. 6 and measuring the charge-dis- 
charge cycle time during harvesting operation, 

Fig. 10 shows the overall end-to-end efficiencies for all the 
harvester demonstrators, deployed and tested at ICL. As pre- 
dicted by simulations, the improved 3G v2 demonstrator with 


*Reactor Start-up 
(Release date 9.6.2005) 
In this paper the systematic start-up of the dynamic reactors for the creation of gravitational field 
forces and the production of energy are set out. The start-up of these systems is totally different 
than the prior arts known in the nuclear industry 


REF 28 


*The energy balance of the reactor 
(Release date 29.6.2005) 


Some extracts from this paper: 
The energy balance of these types of reactors is not as simple as might look in the first i 
‘The energy creation is simple. But the heat leakage and dissipation through the deliberate inherent 
material design are and can be zero. That is to say the system not only can hold on the heat it 
creates. At the same time due to the close circuit feed operation will become self-sufficient but long 
lasting, 


tance. 


In planets, the loss of heat through their surface creates the variation in the central core condition 
over several billions of years. In this reactor as losses can be literally negligible, the system can 
operate at low energy loss temperatures. Even the boundary of the body could be made through the 
right combination of material in the chambers, so that the body of the reactor will be colder than its 
surrounding boundary. So the system will not only lose energy to its surrounding, but it can be 
made to absorb heat in the negative temperature gradient from its surrounding, so that there are no 
losses. 


REF 29 


Nuclear decay or half-life 
(Release date 20.7.2005) 


Extracts from the paper: 
“The nuclear decay always has the same or near the same time duration. This is due to the fact that 
the all neutrons and protons, from their inception, carry a predetermined level of plasmatic 
magnetic energy. This energy is continually used for the motion and vibration of different elements 
of the nucleus in respect to each other and the surrounding matters maf of the atom. As the space 
and dimensions of a nucleus of an atom always obeys the same principles of the magnetic 
separation and magnetic attraction, Protons or neutrons can and will need to use or consume the 
same energy before they become weak enough that the splitting or decay becomes a clockwork job. 
The nuclear decay is the natural levelling done of a nucleus’ energy, due to the energy consumption 
‘and heat dissipation for the motion of the elements of the nucleus for its remaining pk 
magnetic fields energy necessarily needed for them to hold one together", 


REF 30 
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*The decontamination 
(Release date 10.10.2005) 


"What this means is that, for example in trying to recycle the CO2, by the use of the right matter 
mafs in one of the cores of the reactor, the system will then use the 02 to produce H20, in the form 
of pure water, and C in the form of atomic or molecular carbon, or even by feeding this back 
through certain operational compressions and gravitational interactions within a small core, to 
create industrial diamond or graphite, for different industries." 


The use of the reactor for this purpose has been proven to be correct and Raman spectroscopy has 
proven the concept and physical reality of the separation of matter mafs in atomic level after 
separation in the same system from a composite matter mafs. 
(See the graphene on the technology web site) 


REF 31 


The difference in atomic and molecular structure 
under gravitational force and pressurised conditions 
(Release date 15.8.2005) 


In this paper is written that "the atomic and molecular structure of matter mafs is totally aligned and 
positioned in a fundamentally different configuration where it has come together due to 
gravitational forces, than when matter maf has been brought together by the means of pressure, 
This has a fundamental effect on the behaviour of the structure and properties of the matter mafs 
which is created in either way". Where this is explained and utilised to develop a new method in 
creating graphene and Sp3 atoms and walls in a simple core made of a coca- cola bottle, 


REF 32 


**The Defence and shielding system 
(Release date 4.9.2005) 


Some extract from this paper: 
The design of the side open system for lunch of high saturation magnetic plasma package is one of 
the most effective technologies for defence of the reactor and the craft, which is in possession of 
such a system. 


It is essential for any space technology in the open environment of the universe, if the craft is to 
keep a straight line of motion and to be able to protect itself from any solids or matters maf’ in its 
path in the cosmos. 


This technology can destroy any object by the principle of plasmatic magnetic energy saturation of 
the incoming object at a molecular level, that object will disintegrate in the form of magnetic 
vapour and not atomic level destruction, before matter maf’ can damage the craft as debris, and 

before the craft ever becomes in touch or near these space matters mafs 


This technology can also be used to protect Earth from the collision risk of NEO's (Near Earth 


Objects), like comets and asteroids. 
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REF 33 


Method of creation of an atom or nano matter maf: 
(Release date 11.10.2005) 


‘The manufacture of an atom of any density, this being of the simplest form of nucleus or a full atom 
of hydrogen, or even heavier elements in the universe, all follow the same principle. 


Atoms are created in the soup of the cosmos from collections of very weak plasmatic magnet 
fields, which for their existence cluster and share their energies with the magnetic fields that are not 
far from their own plasmatic magnetic field strength. 


REF 34 


The relationship between Gravity and Mass 
(Release date 21.1.2006) 


Extracts from text of this paper: 
“A planet like Earth possesses a combination of both gravity and inertia. Where the gravity comes 
from the interaction of plasmatic magnetic energy fields from the processes within its core, and the 
inertia comes purely from the collection molecules PMF of matters mafs which has built the 
physical body of the planet. 


Any object, being an electron, atom, molecule or even a human body, is a collection of plasmatic 
magnetic energy fields of different strengths and their interactions between each other, which in 
total decides the total or collective magnetic field possessed by that object where this is the mass of 
the object. 


Where the mass of an object is a collective package of plasmatic magnetic energy field tightness of 
a given object and will not change as long as the object is intact as one entity in its overall atomic or 
molecular or collective molecular appearance. 


Which plasmatic magnetic energy of a physical body (so called the m: 
with molecular or atomic magnetic field (this being gravitational or inertia) of another object will 
determine the weight of the two object in respect to each other in each other’s environment" 


REF 35 


The Dark matter maf’ 
The Fifth state of matter mafs 
(Release date 21.1.2006) 


Extracts from text of this paper: 


The existence of dark matter mafs is not questionable, 
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Proving its existence, and its effect on the energy balance of the universe, in all matters maf’ as 
small as in the heart of an electron or in a solar system needs to be created, replicated and its effect 
measured, 


The theory of dark matter mafs does not and needs not to be considered as complicated, if one 
understands in real terms the plasmatic magnetic energy of the matter mafs in the visible and 
invisible dimensions of the universal work. 


The dark matter mafs has two distinctive characteristics, which makes it totally apart from the 
visible matter maf’. The dark matter mafs possess mass but not visible light, where its existence can 
only be determined by the weight of the it’s hidden mass, which could be substantial due to its 
internal gravitational field, 


REF 36 


“The inter-atomic fusion 
(Release date 3. 5. 2006) 


Extract from this paper: 

"The fusion of two or more atoms has been the pre-occupation of nuclear physicists for past yeat 

Conditions to achieve fusion of two hydrogen plasmas in the TOKAMAK reactors have taken years 
to teach scientists a lot about the behaviour of plasma and their fusing 


The reality about the fusion in some way has to be reconsidered as, if the scientific world is trying 
to amalgamate the contents of two plasmas to release energy. There must be a simpler way to 
achieve releases of similar energies. 


The fundamental principle of the inter-atomic fusion is a much simpler way to achieve fusion. If 
this principle is applied to the atomic condition of fusion, then fusion will be attained in a simple 
but in a much more physically realistic environment. 


The explanation for inter~ atomic fusion is very simple and direct. 
In the fusion of two plasma of proton of hydrogen atom, the physicists try to fuse two large 
plasmas, and by doing so, they try to release a large amount of energy. Where in this process 
enormous amount of magnetic field forces and currents are needed to bring two plasmas in close 
proximity, so that the energy barriers in between them can be overcome for them to amalgamate or 
fuse. 


In the inter-atomic fusion the overcoming of energy barriers does not exist, as in this method of 
fusion, the electron of the atom which is circulating the nucleus of the atom and is of the same 
origin will be encouraged to retum into and fuse with the nucleus of its atom" 


Where this is a more practical way to create and release manageable energies and there is no need 
for elaborate systems where even if the energy release will be small compared to dreamed up fusion 
stems of today. 


With inter-atomic fusion method at least small and practical s 
low temperatures of the fus 


‘ems can be developed to handle 


REF 37 
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The conductivity of the matter mafs in the vacuum 
of the interplanetary mediums 
(Release date 21.1.2006) 


Some extracts form this short paper "Therefore plasmatic magnetic energy field of elements within 
the interplanetary medium will cover the space given to them in their environment. Where due to 
their motion and their electric charges even in eV levels, they become perfect conductor, and in 

tur, due to their motion on their environment, they become plasmatic electromagnetic generators. 


REF 38 


The production of Graphene 
(Release date 25.7.2006) 


Repeated experiments and tests in simple static reactors, and tests in more complex dynamic 
reactors, prove that atomic separation and recombination of matter mafs like carbon and hydrogen 
can be reached at room temperature and at atmospheric conditions. 


We have now indications - through static and dynamic tests in our reactors - that the universe was 
made in normal condition, which was originally nothing but packages of plasmatic magnetic fields 
of different strength, which were themselves nothing but areas of plasma or collections of loose 
magnetic fields energies. Where magnetic fields of different strength in locking to each other, by 
the principle of their plasmatic magnetic energy (PME), have caused in the first stage the creation 
of fundamental particles, secondly atoms, then molecules and then matter mafs, clouds and 


asteroids and then stars and galaxy's 


The big bang theory conditions have no room in the reality of the creation of the universe. 


REF 39 
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Further works on medical research and developments have been written and completed, and will be 
published on the Foundation medical site in due course. 


‘The process of the reversal of coma: Published in December 2010 


Multiple Sclerosis: Published in December 2010 


Epilepsy: Published in December 2010 


Fibromyalgia: Published in December 2010 
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INTERNET LINKS 


Web site: www keshefoundation.com 
‘YouTube Channel: hup://www.youtube.com/user/keshefoundation 


Forum: huip:/w ww keshefoundation com forum’ 
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Appendix 1 
The unifying field Theory 


© MT Keshe 2000-2009, all rights res 
Date of release of paper 28.10.2009 


Abstract 


In this paper the origin of electromagnetic fields or electromagnetism and how they are created 
within the existence of the other magnetic fields are simply explained. 


Discussions 


The creation of magnetic field and its interaction with physical matter or other fields always leads 
to release of electromagnetic fields or energy equal to the energy of an electron, 


In the universe, energy equal to energy of an electron, where there are no matters for magnetic 
fields to interact with, for electromagnetism to be created or to be released, in these environments 
electromagnetic fields do still exists and function. 


Electromagnetic fields or electron energy does not need to be created by interaction of magnetic 
fields and matters as like in generators of present time, as in the universe electromagnetism is 
constantly produced due to the difference of the magnetic field strength between two fields and 
without presence of any matter or physical interaction of fields or fields and matters. 


Due to the development of gravitational systems and having the ability to create different strength 
plasmatic magnetic fields within gravitational reactors cores, with the capability of being able to 
create and maintain different magnetic field strength in different part of reactors, where these fields 
are continuous and can be kept at a given constant strength level, that their difference in strength in 
fields can be equal to the magnetic field strength of an electron, where electromagnetic current flow 
can be maintained from one magnetic field to another due to their field strengths difference, this ha 
enabled us to create and maintain energy field or elect magnetic fields strength of an electron in a 
plasma reactor without an electron being present or in motion within these reactors. 


Where production of electromagnetic fields can be achieved by the simple creation of two magnetic 
fields with different magnetic field strength of an electron, that as fields are down levelled, from 
one magnetic fields strength to another, one can creates a flow of magnetic field equal to magnetic 
field strength of the an electron, thus the creation of electromagnetic current, or production of flow 
of electromagnetism can be achieved. 


Where electromagnetism or current of magnetic fields of an electron can be created at any level of 
magnetic fields strength, as long as a strength level difference between two fields in magnetic fields 
exist, and where, in plasmatic magnetic fields the strength level difference of the fields the 
flow of magnetic fields from one field strength to another can be caused or what is called 
commonly electromagnetic field flow can be maintained, 


Therefore, one can have electromagnetic fields of any strength, this being Matter, Antimatter or 
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Dark Matter, as long as their magnetic field strength difference between to field strength is equal to 
the magnetic field strength of an electron or magnetic fields of Matters of an electron, Or the 
magnetic field strength that can affect the motion of other fields to be equal to the magnetic fields 
strength of an electron. Then at this stage one achieves the electromagnetic current thought flow of 
magnetic fields, from one stronger to the weaker field, which the magnetic field strength of the flow 
is equal to magnetic field of an electron (see Fig. 1). 


Electromagnetism 


In the real world of existence, all Matters do not have boundaries as tangible matters do, but their 
boundaries are dictated and created through the space they cover through and by their dynamic 
magnetic field effects. Where, this space of effect of their magnetic field is called the environment 
of plasma of these fields 


‘Thus when we speak of plasma or plasma of an electron, proton or neutron, what we talk about 
here, is the space and environment where the effect of these magnetic fields of the total structure 
and the entity of for example an electron can cover. 


‘Thus an electron is in fact nothing but a space in an environment, which the total effects of all 
magnetic fields of all Matters and fields, can be detected or be contained in. 


Thus to this end, when an entity possesses magnetic field strength equal to total magnetic fields 
strength of an environment within the plasma of an electron, then this entity is in possession of 
mixture of dynamic magnetic fields of an electron or this entity has magnetic field strength measure 
of an electron or what is called possesses electromagnetic field, 


Where this space being in possession of magnetic fields, by its nature has to interact with other 
magnetic fields and entities made of magnetic fields in it’s surrounding, where these interaction can 
be attraction (gravitation) or repulsion (Magnetic). 


Hence and direction of motion of this space of fields (Fig. 1) or electromagnetic fields is totally 
dependent on other magnetic fields within its environment, which their environments total strength 
in gravitation and repulsion dictates the direction of the motion of the plasma of an electrons 
magnetic fields. 


plasma of an electron Flow of pmtics 


Fig, | Magnetic fields concept of an electron and a flow of plasmatic magnetic fields equal in strength to 
that of an electron. 


As I have explained in the book, The Universal Order of Creation of Matters (2009, ISBN 978-94- 
6087-001-9) the magnetic field strength decay of the plasma of a neutron (Fig. 2) leads to creation 
of two plasmas of the same structure of a proton and an electron. 
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Fig. 2 Decay of plasma of Neutron into two plasmas of proton and an electron 


It is an important to understand that the structure of an electron in fact is plasma and it is like the 
plasma of proton but in a smaller scale in the mass compared to the proton (Fig. 3) 


Ss 
—~S 


fragments 
c (light,...) 


PROTON 


Fig. 3 This showing that proton and electron both possess the same 
electromagnetic field strength of different Matters, with each entity 
having different mass of each matter. 


‘Thus the electron is and has the structure of a proton and similarly possesses all its three states of 
Matters (Matter, Anti-Matter and Dark Matter), and its content is proportion to its neutron plasma 
prior to its decay into two plasmas of the proton and an electron, As electron is made of 
electromagnetic field strength of varying strength, this being the reason, why its current and its flow 
can be influenced by other magnetic fields, as magnetic fields of different strength do influence 
each other’s path of motion and speed of motion in different Matters and matters environment. 


Where, at the same time and by the same principle the dynamics (orbits) of the electron around its 
proton is due to the continuous repositioning (alternating attraction and repulsion) of the smaller 
Matters parts of the electron in respect to the large Matters magnetic fields of the proton, This is the 
reason why that the trajectory of the electron is said to be uncertain 
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TABLE V 
[HARVESTERS CHARGE AND DISCHARGE TIMES (ft, RESPECTIVELY) FOR A SPECIFIED LOAD 
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an end-to-end efficiency of 40% with an input RF power of only 
~25.4 dBm. 

It is believed that a much greater efficiency can be achieved 
for the DTV harvester if the fractional bandwidths for the 
first prototype circuits (ie., 4.4/4.5% for the antennas and 
5.8% for the rectifier) could be increased to match the much 
greater target value of 26%. Likewise, the reduced efficiency 
of the GSMI1800 harvesters can be attributed to the detrimental 
effects of the narrowband input impedance matching of the 
rectifier ((e., having a fractional bandwidth of only 1.6%, when 
compared 10 its target value of 4.1%). Finally, with all the 
harvesters, the end-to-end efficiencies can be enhanced through 
better antenna design and optimal polarization matching, 

Table VI, shows the number of locations from the London 
RF survey that would be able to support our harvesters. Unlike 
the single-band 3G harvester, which can operate at 45% of the 
locations, our DTV harvester can only be used at two locations 
(one in zone 2 and the other in zone 3). Therefore, forthe gen- 
eral deployment of an ambient RF energy harvester within an 
(Gemi-)urban environment, at street level, the single-band DTV 
harvester may not be practical 


V. ARRAY ARCHITECTURES 

Since ambient input RF power levels can be low (ie., below 
—25 dBm) and dependent on both time and spatial considera- 
tions, harvesters could be designed to extract energy with spa- 
tial-diversity within the same frequency band or using different 
frequency bands. For example, with the former, at a particular 
location there may be only one band that has significant levels of | 
RF energy worth harvesting. In this case, spatial-diversity array 
architectures may provide more usable output power. Alterna- 
tively, with the latter, multiband array architectures may provide 
‘more robust operation. 

With both forms of parallel array architecture (i.e, spatial- 
diversity and multiband), a further classification can be seen 
through the use of either diversity/band switching or a summing 
node. With the former, physical switches automatically select 
whichever signal path delivers the highest input RF power level; 


[NUMBER OF LOCATIONS FROM TIE LONDON RF SURVEY CAPABLE OF 
SUPPORTING IDENTICAL HARVESTERS AP THE SAME EFFICIENCY LEVELS 
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with the latter, power from all signals is combined. Fig. 11 il- 
lustrates generic forms of parallel array architectures, showing 
that switching/summing can be performed electromagnetically 
ata single antenna or at the output from multiple antennas, rec- 
tifiers, or PMs. 

Multiband array architectures, similar to those in Fig. 11(c) 
and (d), capable of RF harvesting from the four previously 
identified bands, were selected as possible optimal solutions, 
given no size/cost constraints. Our objectives were to reach the 
minimum cold-start voltage at the lowest possible input RF 
power levels and increase the harvesters’ operational capabili- 
ties within (semi-)urban environments. 

To this end, two different multiple rectenna architectures 
were investigated. The first with a single shared PMM and 
the second with multiple PMMs, as illustrated in Fig. 12. To 
simplify assembly, the wire antennas were selected since they 
did not require a substrate. Unwanted coupling between the 
single-band antennas was minimized by placing them a min- 
imum distance of }z /5 apart; where Az is the wavelength of 
the lowest frequency band antenna [40]. For example, the DTV 
and the 3G antennas were kept at least 11 em apart, as shown 
in Fig. 13. This allowed $11 measurements to be the same as in 
Fig. 5 once all antennas were assembled into the array. 


A, Multiple Rectennas With a Shared PMM 


In order to improve the cold-start performance of the system, 
the outputs of multiple rectennas can be connected in series, as 
shown in Fig. 12a). This increases the probability ofthe voltage 
oon the input of the PMM reaching the cold-start level (330 mV 
for the BQ25504) under any given scenario. While cold-starting 
the PMM, each rectenna harvests (albeit not optimally). Once 


Where, by the same principle, the Magnetic field source of all Matters and matters and their 
different magnetic fields strength, is the cause and the sources of all effects and matters we observe 
in the universe. 


In the book I have explained how the gravity is created through interaction of two or more magnetic 
fields, and how mass is the measure of difference between gravitational fields and Magnetic* fields 
created by the interaction of the same two or more magnetic fields. Thus even mass is magnetic 
field strength dependent too. 


Further the relation between mass and energy, which both are magnetic field strength dependent 
(1), and as has been explained, energy is the measure of the mass and the rate of it’s the speed of 
transfer in its own Matters medium (this being Matter, Antimatter or Dark Matter medium) from 
one magnetic fields strength to another depending upon attraction or gravitational strength from one 
magnetic field to another. Where, this speed is magnetic fields order of magnitudes strength 
dependent. 


Where, transmutation from one magnetic field strength of Matter to another, like from Matter to 
Antimatters can lead to creation of current or electromagnetism within the given environment of the 


In fact in the universe one has proton magnetic field current flows or protomagnetism (proton- 
magnetism) too. This current is the flow of magnetic fields to another, which are equal to magnetic 
fields strength of one proton. These magnetic fields are bases of the cosmic magnetic field storms 
and have more profound effects on the structural integrity of the galaxies than their weaker counter 
parts electromagnetic fields. 


Further more as now we understand the concept of plasma of an electron and even by the same 
principle one can understand the principle structure of the plasma of the proton and by the same 
measure of the plasma of the neutron, hence in the universe we have observed plasmas of neutrons 
in motion, which these have the same ability as electromagnetism and protomagnetism in motion 
and these are called the neutromagnetism (neutron-magnetism). Where, these are the space in 
universe, which carry magnetic field strength equal to the strength of magnetic fields of all Matters, 
and fields, which make the structure of an entity a neutron 


In fact what is called a neutron star, these in reality do not possess neutrons, but these stars emitted 
magnetic fields strength in the range of Magravs of neutron. Hence tangibility of the neutron 
becomes later on as they disassociate themselves from the other fields in their environment, and at 
this point, they create dynamic space or environment or what we call the plasma of the neutron, 
where these magnetic fields can exercise their influences on other fields within their surrounding. 


Further to this explanation, one can simply understand that in the matter world or in the magnetic 
field strength of matter, the gravitation and repulsion between these magnetic fields are in the level 
of matter magnetic field strength of electron, proton or neutron. 


Hence in the matter world like in solid magnets, magnetic or magnetism or attraction or gravitation, 
is the attraction between the magnetic fields strength of Matter components of the plasma of 
electron, proton or neutron of that matter. 


Thus is the reason, why in the physical world certain matters are attracted to each other, which they 
make certain types of molecules or physical matters. Where, the attraction of atoms to make up any 
matter itis entirely Magravs strength dependent and no other factor. 
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Where these attractions or gravitation of atoms or molecules in respect to each other, on other hand 
is environmental magnetic field dependent too. This is the reason why we can observe certain 
matters in one environment and not in the others. This being due to the fact that environments 
themselves are made or created or are conditioned due to interaction and Magravs (Magnetic and 
gravitational fields) of other magnetic fields. 


Permanent magnets 


Sometimes in the future I will release a book which initial basic work for it already ha 
The book will be titled “The universal origin of magnetic fields”. In this book I will explain how 
magnetic fields are generated and how plasmatic and specific Matters magnetic fields exist in 
different dimensions. 


In simple terms, the Matter magnetic field or what we call permanent solid magnets are mono 
magnetic fields strength which are at the levels of the Matter components of the plasma of an 
electron, which are in sequence with the plasmatic magnetic field Matters’ of the proton of their 
element. 


What this means is that when plasmatic magnetic field of the Matter components of an atoms’ 
proton and electron field strength become interconnected and in field balance, then a continuous 
field between the Matter fields of the proton and electron is set to operate, where in the c: 
example Iron at earth magnetic and gravitational field strength, this connection is set to be holding 
and hence creating a permanent magnet, 


Hence as one establishes inter-connection between electron and proton internal field strength, then 
due to the more of supply from the proton, then the matter stays in one field strength for indefinite 
time. 


This being the reason for example why magnetic fields in level of the water molecules, do not have 
strength to attract for example cooper atoms gravitational level, but can attract other water 
molecules’. 


In fact iron will not be magnetic as it is on earth in most of positions in the universe. This being due 
to the fact that even permanent magnetic properties or characteristic of all matters are their 
environmental Magravs dependent. Hence what is permanent magnetic in solar system, 
similarly the same in other solar systems or galaxies, 


Secondly magnetic fields or plasmatic magnetic fields are independent of Matter, but dependent of 
Magnetic field of Magravs of the Matter, Antimatter and Dark Matter of plasma of electron and 
proton too. 


But at the same time it is important to understand that to have long term or permanent magnets, the 
Antimatter components of the plasmas have to and are positioned that they establish a continues 
field between the other antimatter component of the atoms of the same matters too. 


The difference between conductors and superconductors 
The present world of physics has a dilemma with the fundamental principles of conductors and 
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superconductors. Where this should not be so, if, scientists could understand the real term 
difference between the current flow of electron and current flow of magnetic field flux equal to the 
magnetic field strength of an electron. 

What this is that in conductors, the motion of or vibration equal to vibration of an electron 
causes the flow of current in the matter. 


means 


Where as in superconductor it is not the flow of the electron or the vibration of an electron that 
uses the flow of the current, but current flow is caused by the flow of electromagnetic field 
strength equal to magnetic fields strength of an electron, which flows through the material. 


Where in the case of superconductors’ there is no need for vibration or motion of matter, as with 
superconductors the same magnetic field strength equal to the magnetic field of the an electron 
flows through the superconductor material 


Where in the case of superconductors the lattice boundary of molecules or atoms are so closely and 
perfectly packed that the electromagnetic flows through the lattice structure without a need for 
vibration of the electrons of the atoms or molecules of that structure. 


In fact one can say that the same electromagnetic field, which starts from one end of the 
superconductor, itself will be traveling out of the other end of the superconductor, irrespective of 
the length of the material of the superconductor. 


In the case of conductors vibration of electron needs kinetic energy and hence loses, where in the 
case of superconductors the structure of the material is so that no electron moves, but the material 
has the ability to transfer the electromagnetic fields strength equal to an electron magnetic fields 
strength, hence literally no kinetic move, no resistance and no loses. 


The superconductivity of the matter is lattice position structure dependent and th 
observed in sp3 or diamond-structured materials. 


s usually better 


Thus in conductors, electrons have to move and in superconductors magnetic field strength equal to 
magnetic field strength of an electron needs to be transmitted, and as there are no physical motion 
of matters within a superconductor, thus there are no loses, this resulting in faster transmission of 
magnetic fields without losses 
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Current and impedance 


The origin of all motions in any material or environment is always magnetic field strength 
dependent. Where in the case of transfer of current in any conductive material for electrons to be 
moving forward or being capable to transfer current, the material or the atoms of it have in respect, 
to their adjacent atoms two behaviours, one is attraction or gravitation and one is repulsion or 
outward motion. 


In the connection of let say a power source to a energy consuming unit like a light bulb, the light 
bulb creates a position that has lower gravitational and magnetic field strength in respect to the 
sources’ electrons magnetic field strength. Thus this negative gradient in the magnetic field strength 
uses the flow of the Magnetic field motion of the electron in the direction of the lower strength 
magnetic field, from the source to the component. 


At the same time, as electron vibration is in the forward direction of the magnetic field strength of 
an electron towards the component and has to be maintained, there is a similar and opposite pull for 
the electrons of the conductive matter between the power supply and the components too. Where, 
this pull is the same as the gravitational field force between the power supply and the light bulb too. 


‘Thus for the connecting wire to be able to keep its constituent atoms together, the atoms of the wire 
need to have equal repulsion and attraction in respect to each other and at the same time maintain 
the negative gradient in magnetic field strength between the component and the power supply too. 


Thus for supply and component to be interacting that flow of the electromagnetic fields are 
maintain in between them and due to gravitation of one field to another, the reverse field flow or 
reverse attraction flow of the fields leads to gravitation field or equal to the field strength of the an 
electron magnetic field or what is call the impedance flow 


Where, the flow of the current equal to the strength of an electron magnetic field outward is the 
electromagnetic fields and the gravitational pull between two fields or the current of flow of 
attraction between the two fields, which create the pull of electromagnetism of the fields, is the 
impedance of the field, 


‘Thus in fact we can compare the current and impedance to two Magnetic and gravitational field of 
the planetary system, one can say that the outward flow field of the planet or its Magnetic fields are 
the current or electromagnetism field and attraction or gravitational flow of the planet is the 
impedance fields in the matter, where the flow of magnetic fields are restricted within boundaries of 
a copper wire or an electric light bulb. 


Note; At the point where the impedance or the current in a wire increase in one or the other, that is 
the point, where for example the wire separates and magnetic fields of the atoms of the matters can 
not hold on to their atomic balance Magravs as the increase in repulsion between the atoms of the 


wire causes the separation of atoms, and in the case large numbers of repulsion between atoms, then 
the separation or what is called in common language the melting of the wire occurs. 
Where in fact the melting is not due to the heat, but in physical terms, the melting is due to 


repulsion of atoms of the copper due to not being able to maintain constant gravitational fields of 
atoms of the wire. 
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Experimental point’s observation 


In our reactors we a have the ability able to release the energy of protons which has magnetic field 
strength by order of magnitude of about 2000 times of an electron magnetic field forces 


Thus one can see how small amount of plasma can create and release vast amount of magnetic 
fields that one can use these magnetic fields in their dynamic state for the production of electric 
currents or Magravs in a confined of a small reactor, that these can be utilised for motion and 
production of vast amount of electric current in conjunction with other field within or within the 
vicinity of these type of reactors. 


Further the interaction of these magnetic fields for example with physical copper winding outside 
the reactor in a generator structure configuration can lead to creation of energy as we are use to in 
present generators, without single movement or vibration of an electron within the cores of the 
reactor and only is presence of plasma of fields equal to the field strength of an electron. 


Conclusion 


The electric charges, magnetic field and gravitational fields are all of the same and of one origin. 
Where the gravity is due to pulling effect of two dissimilar poles of the same plasmatic magnetic 
fields interactions and Magnetic field is due to repulsion of two similar magnetic poles, and electric 
current is due magnitude of the flow of magnetic field from one field to another. 


Thus the grand Unifying field is the magnetic field, and the missing link has been to understand 
that gravity is the product of intera fields, mass is the difference 
between the magnetic fields strength of similar and dissimilar field strength (gravity and 
magnetosphere forces strength Fig. 25 of the book), and the energy is the measure of the magnetic 
field that is transferred between magnetic fields at the speed that magnetic field can travel within a 
given matters’ medium, for it to be able to move from one magnetic field strength to another, and 
the electromagnetic current is the rate of movement of the magnetic field from one field to another 
and where the electromagnetic field is due to magnetic field strength difference and is the equal to 
the magnetic field strength of an electron. 


Thus the unified and common field is the magnetic field, between the gravity, mass, energy, and 
electromagnetic field 


‘Thus the unifying theory for the first time is complete and it is fully understood. 


Where magnetic field interaction makes the gravitational fields and the flow magnetic field from 
one field t0 another creates the electromagnetic current. Energies can be created, from any 
ambient, depending on what one wants to produce or obtain from these currents or fields 


Electromagnetism is created as magnetic fields strength are transferred from one field strength to 
another and in the process of the flow of magnetic fields this leads to creation measurable field 
movement or measurable current from what is called “electromagnetic fields” 


This simple sentence brings the whole of understanding between magnetic fields and its flow from 
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one magnetic field strength to another and is the grand link between the gravity, the mass and 
energy and this finalises the long lasting missing link of the unifying field. 


Now that one can understands that current is the rate of flow of magnetic field from one strength to 
other, and “the connection between electromagnetism, gravity, mass and energy” is finally 
understood. Thus the origin of all things tangible and their effects is magnetic field based and 
magnetic fields are the origin of all and unifying field in the world of creation. 


Reference: 


1; The Universal Order of Creation of Matters by M.T. Keshe (2009, ISBN 978-94-6087-001-9) 
Chapter 5 


*Magnetic field with capital M is the plasmatic magnetic fields created by systems like earth, which 
this spans beyond the boundary of their physical matter. 
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Fig, 11. Parallel array architectures with switching!sumuming atthe: (a) an- 
‘enna, (b) output of multiple antennas, () output of multiple rectifiers, and 
(4) output of multiple PMs 


the PMM circuit starts, with the MPPT operating, the harvested 
power level increases. 

‘The behavior of the series rectenna topology with a shared 
PMM requires some discussion. As the output impedance and 
the OCV for each rectenna is different, since they operate at dif- 
ferent frequencies and input RF power levels, the rectennas are 
forced to share the same output current ina series configuration, 
‘which does not allow them all to operate at their individual max- 
imum power points. This causes the voltage on each rectenna 
‘output, except the one having the highest input RF power, to col- 
lapse. This operation is analogous to the partial shading problem 
with a series string of solar panels [41] sharing a common boost 
converter. With this photovoltaic system, bypass diodes placed 
around individual cells stop the poorly lit cells contributing a 
negative voltage (and power) to the string. In our ease, the se- 
ries circuit formed by the loop antennas and rectifying diodes 
performs the same task. This means that while all rectennas con- 
tribute to system startup, only the rectenna with the highest input 
RF power contributes significant power for continuous opera- 
tion once the PMM starts. Fig. 10 shows the end-to-end effi- 
ciency for the voltage summing multiband harvester array when 
tested at ICL. An efficiency of only 15% was achieved with a 
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Fig. 13, Rectenna ary architecture with individual PMMs for the four largest 
‘contributors with wire antennas. 


combined input RF power of — 12 dBm. The lower efficiency, 
when compared to a single-band harvester, is due to the imbal- 
ance of rectifier outputs, as discussed above, Here, the charge 
time was 43 s, compared to 167 s with the lowest contributing 
single-band 3G harvester with wire antenna. 


B. Multiple Rectennas With Individual PMMs 


In order to overcome the balancing issues when multiple 
rectennas share a common PMM, as discussed previously, 
each rectenna can have its own PMM, whose outputs can 
be connected to a common storage element (in this case, a 
400-F shunt capacitor, providing Uy, — 461 1!) as illustrated 
in Fig. 12(b) and shown in Fig. 13. Although not achieving 
cold-start as quickly as the series topology, this parallel 
topology has the advantage of being able to run each rectenna 
at its maximum power point. In addition, once one rectenna is 
able to harvest enough energy for a cold-start, all PMMs will 
start because they share a common storage element, allowing 
the rectennas with low-input RF power levels to harvest at 
levels below which they could not do so independently. 

This parallel topology was tested and found to be capable of 
‘operating in many locations where the series array was unable to 
operate; e.g. if only one of the bands had P,,, > —25 dBm. As 
expected, the largest contributor hot-started the other PMMs, 
allowing them to harvest at an input RF power level down to 
—29 dBm. 

However, as with the previous results for voltage summing, 
having a combined input RF power of —12 dBm, the efficiency 
using multiple PMMs is slightly lower, at 13%, as shown in 
Fig. 10. This is because useful de output power from the cold- 
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Forewords 


In the past centuries so much discussion has been about the origin of this universe, where in the recent 
times the groundless concept of the Big Bang theory has taken hold in the scientific world and been 
considered to the norm accepted fact. 


It will be explained in this disclosure that there has been start to this universe, but not necessarily in 
the way as it has been thought and promoted by the present scientific world due to their lack of the 
understanding of the universal processes of the magnetic field division and plasma decay as it is the 
norm in the nuclear structure. 


‘The origin of this universe has to be on the physical realities and in parallel with the rest of the cycles 
of creations and developments of matters and field as we have seen and observed around us in daily 
life and the creation of this universe cannot be an exception to rest of universal order of creations and. 
operations. 


Introduction 


The present visible universe to man is a larger scale in matters and fields of what have been seen by 
man of science in the structure of the plasma of the neutron, and universes division occurs in the same 
manner and by the same principle as decay of plasma of neutron to plasmas of an electron and a 
proton. 


‘The creation of this universe is the replica of the same process as decay structure of neutron but in a 
larger scale in quantities of magnetic fields strength and matters. This universe is not the only 
universe in existence and this universe is created through the same natural processes as other elements 
and entities in the unicos and through decays, division and amalgamation of other fields and elements 
in the inner sanctum of their mother universe. 


‘Thus in truth there are as many physical universes as there are galaxies and solar systems and man’s, 
universe is one of the units in this overall structure of the greater mother universes. 


Fig. 14, Output de power density for all harvesters at ICL. 


starting harvester is being supplied to the other harvesters for 
hot-starting, even though some of them may not actually be con- 
tributing any of their own harvested power. 


VI. Output DC PoweR DeNstTY CoMPARISON 


The volumetric output de power density Srary (W/cm) 
represents an important figure of merit for comparing alterna- 
tive energy harvesting technologies. For ambient RF energy har- 
vesting, the output de power is calculated by multiplying the 
effective input RF power by the overall end-to-end-efficieney. 
‘The total volume (including that of the antenna, rectifier, and 
PMM; not including energy storage, as this does not directly af- 
fect the de power output) must be determined. It is important 
to note that the volume for the antenna could effectively di 
appear if itis assembled onto a window or within a wall, fur- 
nishing, fixture, or fitting. Moreover, the required PMM printed 
circuit board (PCB) size used throughout these calculations was 
assumed to be ten times the size of the BQ25504 chip, to account 
for any necessary additional components. 

Fig. 14 shows the output de power density for all the har- 
vvesters demonstrated here. It can be seen that the 2G GSM900/ 
1800 harvesters with tape antennas both have the highest value 
Of Stare = 74 (W/em®), when tested at ICL, due to the 
high-banded input RF power density Sis. The value for the 
‘most efficient harvester (ie., 3G v2 with tape antenna) was not 
the highest in terms of output RF power because Sg, in this 
‘band was more than an order of magnitude lower than with 
GSM900. 

Snary allows a direct and meaningful comparison to be made 


with other altemative energy harvesting technologies. Our 
best performing ambient RF energy harvester (ie., GSM900 
‘with tape antenna) was compared against altemative energy 
harvesting technologies, assuming they used the same PMM 
board size [42]-[44] 

It can be seen in Fig. 15 that ambient RF energy harvesting 
thas a low output de power density when compared to alter- 
native energy harvesting technologies, but only when the total 


‘volume of the first prototype demonstrator is considered. How- 


‘ever, when the antenna is absorbed onto or into a background 
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Fig. 15. Output de power density comparison for altemative ambient har 
vesting technologies [40}-[43] against the best curent generation of RF 
harvesters at ICL. 


feature and when the PMM is fully integrated into the rectifier, 
it can outperform (as indicated by the dotted column) the alter- 
native energy harvesting technologies, while providing a com- 
plimentary means of extracting energy from the environment. 
The RF harvesters, however, have the additional advantage in 
that they do not require a thermal gradient, and unlike vibra- 
tion-driven devices, they have no moving parts. 

VIL. Coxcusions 

Our objectives were to reach the lowest possible ambient 
input RF power levels and extend the harvesters’ operational 
capabilities within (semi-Jurban environments. To this end, a 
comprehensive citywide RF spectral survey was undertake 
dicating that more than 50% of the 270 London Underground 
stations are suitable locations forthe deployment of our ambient 
RF energy harvesters. Ithas been demonstrated that single-band 
harvesters can operate with efficiencies of up to 40% ina (semi- 
)urban environment, and can start to operate from power levels 
as low as ~25 dBm 

To inerease the freedom of operation, multiband array archi- 
tectures were investigated. With the current summing harvester 
arrays, RF harvesting was achieved at an input RF power level 
as low as —29 dBm, without any extemal de power supply to 
hot-start the PMM. Limitations on the multiband array archi- 
tectures were discussed, highlighting the need for further work 
in balancing rectennas with voltage summing rectenna arrays 
when operating at lower input RF power levels. 

Finally an output de power density comparison against 
alternative energy harvesting technologies has shown that 
RF harvesting can represent a competitive solution within 
(semi-)urban environments, especially when the antenna can 
be absorbed into background features. 
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CHAPTER 1 


The Universe 


‘The term Universe to me as a nuclear physicist’s has one meaning, and that is the more of the same 
magnetic fields of different strength as it is in the plasma of an electron or proton. Where, the total 
behaviour and operation of all magnetic fields and matters created by fields within the operation of 
stronger fields’ strength catchment’s in the centre of each entity is considered to be of the same and 
through the same and similar processes. 


Where in the smaller scale entity the like of the plasma of proton we call the bigger and stronger 
entity to be is the Principal mafs and matter, or what is commonly is called the up or down quark in 
the present physics, where in the universal scales we call these the central the principal maf’ line, 
where the other components within the plasma of the universe are exactly created and operate as the 
galaxies, solar and plasma of electron systems within these universes are created and operate. 


‘Thus, the difference between the plasma of a neutron and the plasma of the universe is the size of the 
mafs of the fields which has come together to create that entity and otherwise all self-contained 
gravitational-spherical and magneto-spherical entities this being the plasma of proton to the plasma of 
solar system, the plasma of a galaxy or the plasma of the universe, they are all created through the 
same principle and operate through the same physical conditions and restrictions, 


Where, under certain conditions of magnetic field or gravitational fields strength and positioning in 
certain parts of the these plasmas, whatever they could be, conditions can be created that allows the 
growth and suitability condition that clusters of fields can become active and sustain a rhythmic and 
coherent field interactions that these can lead to creation of certain types of repetition of the same 
fields in these plasmas, 


Where, the repetition of Magravs of these types’ fields within these plasmas of different scale can lead 
to creation and sustainability of continuity of being able to absorb mafs in motion from their 
environment that these clusters of fields can sustain long-term durability and exist-ability, or what we 
call to attain the process of life, 


Where, different versions of life can exist in the plasma of proton as it does in the plasma of the solar 
systems as is on earth and different forms of lives exists in the plasma of the universe and universes 
within the unicos of the creation of the bigger structures of universes, 


‘Thus, this universe or other universes, which have led to creation of this universe and the eycle of the 
life of this universe in time it will lead to creation of smaller universes, where these in time have all 
come from one essence of a larger fields entity(s) and in time as they divide and they become weaker, 
then in time these fields will gather together to create a different universe(s) with different field(s) 
strength properties (Fig. 1). 


‘Thus, this universe is not unique and there are others, which are created through the same process(s: 
and there is remote chance that there could be another universe similar to this universe in the unicos 
(Fig. 3) of the creation, but not necessarily it will have the exact combination and structure of mafs 
and positioning of its fields and matters in its internal structure as man’s universe. 


Fig, 1 Creation of new universes out ofthe division ofa larger universe 
through the process of decay similar to the decay of the neutron in proton and electron. 


In truth the universes are created with a long whisper as one sees and hears gases leaking out of 
linder or a balloon (Fig. 18 C an D), and more like trajectory line depending on the magnetic and 
g they are getting 
released into and as the release gases try to find their new position in the new environment, which 


avitational balances of their mother universe and outside environment, wh 
they have been released into. 
Thus the creation of universes are not made with huge sound and explosion but very much with a long 


whisper as the plasma of the larger universe is dividing and ejecting its matters into two or more 
environments to guaranty the survival of its overall Margrave strength structure, Very much as the 


neutron divides and creates the proton and the electron plasmas. 


Then as each universe reaches it’s own Magravs balancit 
creates further universes (Fig. 2), 


then it again divides and 


position 


This has been the truth about the creation of this universe in the unicos and in time man will come to 
understand that the creation of unicos, universes, atoms and plasma are nothing but natural dynamic 
processes of the interaction of different amount and strength of magnetic fields at different time and 
position in the overall world of the creation. 


Then the question becomes, where did it begin to start with (ref 23), then one needs to understand the 
truth about the levels and position differences of the origin of the magnetic fields, 


This in time will be revealed to the men of real insight in the world of creation as the man at this 
moment is not mature enough to understand and comprehend the totality of creation of the universe. 


then the reader will understand 


If one reads all the writings’ of the author, and if! and that is a big 
the truth about the essence of creation and the origin of the creation. One will come to see its creator 
Way of operation and purpose of creating such an intriguing mesh of unify principles in all levels of 


creation in all of unicos’s. 
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SISTER UNIVERSE 


Galaxy “ 


(MAN'S UNIVERSE 


[MOTHER UNIVERSE 


2, The creation of Man's Universe after the decay of it's Mother Universe Magravs! mats, 


This shall be the point of maturity of the 
to his understanding, where in fact he carries the whole of the world of creation within himself 


nan to understand how feeble he has been created according 


CHAPTER 2 


Theory of Expansion of the Universe 


There have been theories and observational data, which support the concept of the expansion of this 
universe at the present time. 


There are two aspects to this expansion theory of this universe, which each one has to be considered 
on the real terms of expansion of the universe that both can be scientifically acceptable 


In principle, it can be said that this universe 


nnot expand in to space in bigger unicos’s space, if this 
e to expand into and to begin with, Thus this universe cannot be 
sts in the bigger UNIversal COSmology (unicos). 


space was not there for Man's Univers 


the only universal system that © 


Man's U hin the Unicos (Universal Ci 


Fig, 3. The Unicos 
The Man’s Universe is a small fraction part of the unicos universes (Fig. 3), 


This Man’s universe is expanding due to two factors, firstly as the principal mafs of the central fields 
of this universe are unwinding they make available more maf in the strength of different matters 
(Book 2) that as these fields open up they lead to creation of new galaxies and other entities, and the 
other factor is that the stronger gravitational fields environments which are outside the boundary of 
this universe’s at the same time are pulling on this structure and keep it dynamic (on the same 
principle of motion of electron around it proton (Book 1, Chapter 19)), and the expansion of this 
universe in reality is part of the motion of the unicos as in the direction of the motion of all the 
universes in respect to unicos’s intemal central Magnetic and gravitational field forces interactions, 


This meaning that if on 


looks at the overall directional motion of all the galaxies in this universe, it 
will be noted that not all galaxies in this universe are following the rest of this universe’s galaxies on a 
straight overall spherical one line motion of expansion, but in fact part of this universe's galaxies 
overall line of 


jotion is curvature and is following in the direction of the pull of an outside sister's 
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universe gravitational field force, whi 
position in respect to other external fields forces of the same of other universes in the unicos (Fig. 4), 


h this is necessary as this universe is to find its balance and 


Indication of the position of sister universe 
in respect to Man's Universe in the Unicos 


The position of the sister universe in respect to the Man's Universe 


At the same time each universe possesses a central principal mafs and matter point and or central 
principal matter line, where these mafs strength and quantity of in this centre point or the centre line 
dictates the size of any universe and at the same time the Magravs created by this is like a Principal 
star and line in the centre of the universe that this dictates the position of the universe in respect to 
other universes in the unicos and this Magravs strength of the central line dictates the matters which 
are attracted and created in that universe and the matter and content of Galaxies’ in respect to itself 
and no other matter in that universe. 


Where, the total mass of the mafs and transition mafs in a galaxies are about less than five percent of 
the total mass of the universe principal matters and maf’ in its central line and its principal star 


Thus the positioning and directional motion of the galaxies in the universe, the same as in the solar 
systems is dictated by the mass of the Principal maf and mafs in that universe central principal mafs 
and star in the centre of that universe but in larger order of magnitude of contents and due to no other 
factor 


At the same time as the universe is created out of the ejection of the large quantity of principal maf’. 
and matters and have motion in their time of creation, thus it is more feasible to consider an stretched 
line of principal matters and maf’ across a central line of the universe rather than a centre point 
universe star of principal mafs and matters in the central line of universes 


Therefore the mass of the universes are measure of their principal mafs and matter content, which 
their Magnetic and gravitational field forces dictates every motion of matters in galaxies in that 
universe, hence strength of the principal matters and maf’ in the central line and central principal star 
dictates that universe’s-magnetosphere, gravitational pull sphere and the mass of that universe 


To understand the process of creation of mats and matter and elements in the universe, one needs to 
look at the smaller scale universe, which are similar to the constituents’ plasmas and the structure of 
an atom, its creation from division of the neutron to a simple hydrogen atom with it’s plasma of 
electron and proton, the way they are created from neutrons division and the mafs which are released. 
in the process of decay of the neutron into its environment, leading to creation of the simplest atomic 
system of Hydrogen 
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Where, any mafs realised through and during the process of the division is not necessarily transferred 
to the newly created plasmas that lead to heating of the two new plasmas of the proton and electron, 


‘Thus there could be some heating of the plasma of the electron and proton during and due to decay of 
its mother neutron, but this energy may and possibly and do not necessarily is transferred totally that 
leads to heating up of the plasma of the proton and electron. 


‘Therefore the same applies to the division of this universe, when it was created from the decay of it 
‘mother neutron universe, Hence there are no logical reasons that the universe was heated and was hot 
and it has cooled for elements in this universe to be created due to creation of gravitational field 
forces. 


As in the production of two parts of the plasmas of an atom (1) from the division of the plasma of 
neutron, the present assumptions in physics that the first atoms in the universe were created when the 
universe cooled, this theory is not and cannot be correct and in reality atoms are created through 
change in the plasmatic fields strength of the mafs of the light, secondly at the point of creation of 
the universe, the universe was not hot and there were never high temperatures that the cooling of the 
universe has led to creation of the first atoms as presently commonly stated. The first atoms and 
universally all first atoms’ the like the atom of hydrogen in all maf strength in the universe are 
created through the magnetic field strength reduction of the principal mafs and through no other 
means. 


‘The concept of creation of heat and high temperatures at the birth of the universe is not observed in 
the creation of plasmas of electron and proton, when the plasma of neutron decays and divides into an 
atomic structure, and in the universe there are always continuity and parallels, thus the universe has 
never been hot that has cooled down to create atoms, and this is the reason why W-MAP (1) shows at 
present balance heat distribution in this universe (Fig.5). 


hot zones 
cooler zones 


Fig. 5 The universe heat distribution map (W-MAP of the universe) 


In truth the current assumptions of initial heating of the universe at time of its birth cannot be true as 
the initial atoms of the universe and present atoms were and are created from the original principal 
mafs strength, which radiated out as principal lights rays of the universe in the centre of the universe 
and the initial atoms and matters of this universe were not created through cooling of the universe at 
the point of inception of this universe, which this universe itself is created from the decay and division 
of bigger mass of another universe as it happens in the division and decay of plasma of neutron in two 
plasmas of proton and electron. One does not observe heating in the plasma of electron or proton in 
this division and so be it the same, when the bigger universe divided and led to creation of this, 
universe of the humans. (Fig. 18). 
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Was the reipiont of the Gabino Barrera Meda! 


In fact, if! The universe was created by the present scientific assumption then the W-MAP should 
have shown cooler region in its outer boundaries than the present near homogenous heat distribution, 
which has been physical observed and from collected data by the publishers of the universal heat 
distribution map of the universe, 


‘The heat distribution and the heat concentration on the central line of the WMAP confirms that the 
universe started from a central line in the middle and as the principal maf’ of the universe unwinds 
and reduced in strength (Book 2) then the transition mafs and the matter mafs were released and 
created, and as these were spreading outwards into the space of a larger universe (Fig. 1) from its 
central line ejected maf’ into unicos, then as the Magravs of the principal mafs in this central line 
region are converted and are reducing in strength, then the overall unified oval-spherical shape 
explanation of the WMAP come to exist, 


‘Then as the total Magravs of the central principal matters reaches the point of the equilibrium of its 
forces, then at that point, this becomes the boundary of the universes boundary or becomes the plasma 
of the universe. At this point where they Magnetic and gravitational field forces cannot hold on to all 
the mafs and matter of that universe and this become the point of the limit of the expansion and the 
boundary of the universe and the envelop of the maf’ at the given point in time, which are under 
control of these forces from the central lines principal maf’ of that universe, where this expansion line 
becomes that universe’s magnetosphere boundary line. 


‘Then, When a point in the cycle of the life this universe reaches that the overall strength of the 
Magnetic fields and gravitational fields of the central line principal mafs and matters cannot hold to 
their overall fields balance, then at this point this universe will go through a division the same as the 
division of neutron decay and all the matters and maf’ at this point rearranged and regroup as and in 
the principal strength mafs and the universe then divides into two principal mafs of lesser masses of 
universes, which these new universes are magnetically interconnected as proton and electron do after 
the division of neutron and then these new universes go through the same principle of the principal 
mafs light unwinding and the same process as creation of new universe carries and central line as 
before 


Central Principal mafs/matter disk zone 


Original WMAP-image from commons.wikimedia.com 


Fig. 6 The microwave heat distribution ofthe universe shows a concentrated heat 
in the centre die of the universe 


‘That is to say through the principal maf and matters are the way that universes divided and arrive 
form another universe to start a new universe and as the light in the principal mafs strength unwinds’ 
in its new environment then the new envelop of the new universe starts to be created. 


‘The same and similar process occurs, when the neutron decays and divides into the plasma of the 
proton and electron, 


‘Thus, the universe is not created as a big-ball of fire which has been cooling down as has been 
promoted, but in fact the universe is created the like of as an ejected principal mafs is injected into a 
‘new area in the unicos and as the new universe environment and as the principal maf’ radiate outward 
as light of stronger maf, then as the weaken and radiate outwards in their new environment, then they 
create the other matters maf and matters in this new envelop depending on the given pmtics strength 
ofa given region in the larger process of this unwinding of the principal maf and matters and its lights 
(3) in this newly born and expanding universe. 


‘Therefore: this universe is in fact created inside out rather than what has been assumed up to now that 
as it cools down to what it is, which this explains why even the universe is observed to be expanding, 
as the reason for expansion of the universe is being due to the presence of principal mafs in the centre 
of the universe and as principal lights of the principal mafs radiate outward, these light rays of the 
principal mafs strength while traveling in their new environment they reduce in strength and this leads 
to creation and transition mafs and matters, which further on losing its strength creates new matter 
mafs and matters according to given environments magnetic fields strength and in a given point 
pmties, hence the creation of new mafs and matters and so forth, which this leads to creation of atoms 
and molecules and stars and so forth in this universe and its galaxies and solar system through the 
same principle 


‘Thus there has never been a Big Bang and the current appearance of the expansion of the universe is 
due to the principal maf, which as unwinds, it creates the expansion of the universal-sphere of this, 
universe (3). 


This method of the creation of the universe now explains’ why there is a central gravitational matter 
concentration in the universe and as this pull is centred in the dynamic principal central line, which 
the original principle mafs were ejected out of the mother universe when it divided, where the injected 
principal maf of the universe at the time of its inception can be seen as the red line in the W-MAP 
(Fig. 6) which the more concentration of the mass of the principal matter sets in the central disc of the 
W-MAP and as these principal mafs create their own magnetic interactions, hence these create their 
‘own sphere of gravitational and Magnetic fields and thus the central gravitational of the universe is in 
the centre of the denser point of principal maf’ of the centre universal heliosphere of this universe and 
as the more principal mafs are unwinding and spread outward are reduced in their strength they 
principal mafs become transition mafs and further as they reduce in strength they become the matter 
in the unisphere of the universe and as the principal maf’ open up and reduce in their environment this, 
leads to creation and expansion of the balloon of this universe in the unicos, and this explanation 
resolves the present mystery in the scientific world that, how and where the central gravitational pulls, 
and the expansion of this universe which has been observed by scientists of the universe comes from 


This is how the plasma of the neutron decays and divides into plasma of the a proton and an electron 
too, where the different quantities of matters and maf of different strength of the neutron are divided 
and injected in two new areas in their environment, that their overall Magravs of all their maf’ are as 
original components that the plasma of the electron and proton concurrently maintain their overall 
Magravs of the original neutron Magravs (Fig. 7) and then as the matter and mafs unwinds and 
interact they reach given overall Magravs level and position as the new plasmas of the sub- 
components of the atom are created. 


Where, this process of division of neutron due to micro-level of masses involved, these appear as an 
instantaneous process of creation of proton and electron, where the same applies to creation of 
universe and larger universes divide to guaranty their overall existence in the unicos. 
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Fig. 7 The conversion of the plasma of neutron to plasmas ofthe proton and the 
‘The same process is considered to occur when the universe divides (3) 


This being the reason why the proton and electron in their process of creation do not get heated as a 
Big Bang theory suggests but as different portions of principal mafs of the neutron which become 
parts of the plasma of the proton and electron unwinds and expand from the central line of their 
centrally disc which they are rejected into their environment by the division of the neutron, and as 
their principal maf unwind in this disc to the transition matter and then, as they weaken further, they 
create maf and matters in tangible mafs levels, the like of the plasma of the proton and all other 
fragments of pmties and magnetic fields in these new plasmas (Book 2, Chapter | and 2), in these 
processes of creation of new smaller plasmas of there is no Big Bang and there is not heating of the 
plasma of the neutron and electron (Fig. 8). 


Fig.8 Decay of plasina of neon in plasma of proton and plasma of eee ~ 


Hence the theory of Big Bang is not correct and has no meaning in the real world of creation. 


‘The same process can happen with the ray of the light originated from principal maf’ strength (what 
is called the principal light), when this principal light arrives in the principal mafs strength 
environment and hence the first fundamental neutron principal plasmas and principal atoms’ can be 
created in that given environment through the same principle as atoms are created in the matter 
strength environment (1). 


At the same time the Magrays strength of the Principal Universal Line Mafs (PULM, the central line 
of the universe)(Fig. 9) dictates the position and attraction of other matters, stars and galaxies’ in that 
universe in respect to itself, 


Fig. 9. The Principal Universal Line of Mat's 


The total mass of the matter mafs 


is about five percent and transition mafs of the matters about fift 


percent in any universe and is the same as with galaxies, solar and plasma of proton systems in the 
universe. The reason for this is due to the principal mafs (Fig. 10) and mass conversion and 
conservation and motion as they move within the plasma of the universe and lose their strength and 
reduce to transition, and matter maf’. Secondly if any mass more than this ratio of principal maf’ is 
converted and stays within these systems, these can lead to unbalance and faster division of the entity 
this be it plasma of the proton, neutron, solar system or universe. 


Opening of the 
incipal Maf's of the Universe 


Fig, 10, The principal mats ofthe Universe 


Thus, the positioning and directional motion of the galaxies in the universe, the same as in the solar 
systems is dictated by the mass of the principal mafs and matters of the principal maf’ of the universal 


line star maf’ (pulm) of the galaxy and no other factor. 


Therefore the mass of the universe is the measure of the difference in the interaction of the Magnetic 
and gravitational fields’ forces that the principal mafs contents of the principal matter in the universe 
can produce and maintain, The same measurement principle applies with the galaxial and solar 
system, 


Once these principal stars are formed in the universe then the Principal stars and the lights which are 
releases and radiate outward from the pulm becomes the means and the supplier of pmfs and 
nourishment source to all entities in the internal plasma environment of that universe, these be it 
galaxies, solar system atoms and so forth (Fig. 1) 


Opening of the 
principal Maf's of the Universe 


Fig. 11, The unwinding of Magravs ia an entity 


The same applies as to the galaxies, solar systems and plasma of proton systems too, where in fa 
the centre of each galaxy, solar system and plasma there is the principal star (Fig. 12) with a plasma of 
principal mafs and matters and as these unwind, expand and spread within the Magnetic and 
gravitational fields which they create, these releasing, opening’s and loosening of principal mafs in 
the pulm leads to creation of transition and then matter strength mafs and matters in the envelop of the 
magnetosphere of the universe leading appearance and creation of principal matter in the galaxies, 
solar and plasma systems, exactly the same as it has happened and has led to the creation of the 
plasma of a neutrons, stars, galaxy’s 


tin 
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Fig. 12 Plasma of the Universe: any entity ean be created anywhere in the Universe as long as 
the appropriate mal's strength of that entity is reached through reduction or interaction of mats ofthe Universe 


Where, A(s) are the universal magnetic fields oceans in the form of fields forces or light, where sea of 
lights are created by the interaction of the fields which these can be in any light strength of matter, 
transition or principal magnetic fields strength, B(s) are universal matter oceans, C (3) are the 
transition matter and mafs oceans, D(s) are galaxies, E(s) are sub-matter maf’ and matters oceans in 
the plasma of the universe, where all these entities they are created due to and through the interaction 
of the residual fields which are released by and through the release and separation of fields from 
principal mafs and transition mafs and matter maf’ of the main or the subsequent divisions of these 
‘mafs as the principal mafs of the universe open up and divided and expand in the structure of the 
plasma of the universes’ Magravs (Fig. 13). 


Fig. 13 Plasma of galaxy: any entity ean be created anywhere in the galaxy as long asthe appropriate mas strength 
‘of that entity is reached through reduction or interaction of maf"s ofthe galaxy itself or its Universe's mats 


Where, the same principle applies to the structure of the creation of stars and planets in the galaxies 
and solar systems, and where the same process of creation of matters and fields is applied in the 
creation of entities in the plasma of neutron, proton and electron. 


Where, A can be the point of creation of a star, a B the black hole, C the creation of planet in the solar 
system, D the cloud dusts and E the magnetic fields ocean of the galaxy. 


Fig, 14 Plasma of Neutron: any entity ean he created anywhere in the neutron as long 
1s the appropriate maf's strength of that entity is reached through reduction or interaction 
‘oF mafs ofthe neutron and it's galaxy itself or it's Universe's mals, 


Where, A can be the principal matter, B the transition matter, C the matter, D are the fields in motion, 
E are dust of matters in creation and motion within the plasma of the neutron (Fig. 14). Where even 
the creation of the X-rays and gamma rays are normal features of the plasma of the neutron as one 
“observes in the process of the existence and operation of the galaxies (Fig. 15) and universes plasmas. 


‘The universe as the plasma of the proton can expand according to the amount of the transition matters, 
which can travel away from the principal matter line, and hence the expansion of the universe or 
plasma is dictated by the amount of the transition matter and maf’ and speed of by which the principal 
mafs and matters can release which the pulm can hold on to the total Magravs of its structure, Now 
this can explain why this universe through WMAP (Fig. 5 and 6) shows to be more oval than sphere 
in shape. 


On the other-hand the shape of the WMAP being oval can explain the same characteristics as one 
observes in the major composite gas planets in the solar system as they are not fully sphere in shape, 
but have more flat poles. 


‘The oval shape of this universe confirms the existence of a central principal dise point in the centre of 
the universe and the flat disc spread shape of the principal mats distribution in the central line dise of 
the universe. 


At the same time the uniformity of the speed of the objects in the universe and galaxies shows the 
connection between the principal mafs release in the pulm. 


This confirming the real process by which plasma and atoms are created and appear across the 
universe, where their accumulation leads to the creation of cosmic dust, stars and planets, 


Fig.15 Galaxy (Source: Hubble) 


Where, the concept of the cooling of the universe leading to creation of the atom becomes to be 
meaningless, as the creation of plasma and atoms is totally due to reduction in the mafs strength of the 
principal mafs to matter maf’ strength and has no connection with heat or cooling inside or in any 
position in the plasma of the universe. 


Where, the heat in different points in the plasma of the universe has only have the effect once the 
plasma of matter is created, then the environmental temperature in any point in the universe only 
dictates if the plasma in matter state will manifest itself as gas, liquid or solid. 


‘Then in fact this brings a question mark on the theory of time and space as then time will have no 
meaning as a new plasmas of atom can be created in the far comers of the universe from high speed 
mafs of the principal maf which left the pulm, where some mafs go through the mafs strength 
reduction before arriving in the same point in the plasma of universe. 


‘Thus; the theory that the whole parts of the universe are created about the same time and the more 
ancient galaxies are in the centre of the universe in some extent i not correct. As matters in the 
universe move as their Magravs positioning dictates and hence some components of the universe 
move in such a rapid way which are not visible to the present technology available to the man 
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CHAPTER 3 


different mafs 


The method of transportation of mafs i 
strength in the universe 


In all dimensions of the universal mafs strength, these be it principal matter, transition matter or 
matter environment, for the plasma of these matters to travel with the maximum speed and minimum 
loss of mafs to their environment, in all dimension of the universal mafs levels, the spherical shape 
plasma of the matter transforms itself to elongated plasma of itself or what is commonly is called as a 
ray of light (Fig. 16) (Book 2). 


mar 
MATER 


Spherical Cylindrical - RAY OF LIGHT 
Fig, 16, Conversion ofthe spherial plasma of neuton in a cylindrical ray of light 


‘That is to say for example as the principal light goes through the Transition fields regions of the 
universe, then the transition mafs and matters of the ray will come to take their position on the outer 
layer of the ray, then through this process less pmf are used in interaction with these fields and 
matters of their environment and hence less friction and less loses of mafy of the ray, and in these 
interactions there are very little loses through the Magravs of the mafs of the transition maf of the 
light. 


‘Then any faint lights produced in the interaction of these rays outer mafs transition matter and of the 
same transition matters in the universe, where there are very few interfaces of the collision between 
the ray and the environment Magravs this gives the universe a dark but translucent effect that one can 
see through the universe. 


In a Way this interaction of rays transition mafs and universe's transition mafs is the cause and the 
reason for the invisible transparent structure which allows the production of universes discreet light 
that one can see through this universe but blocks the opportunity that one cannot see the lights from 
the universes outside this universe. 


‘The most important point to understand is that light exists in all mafs strength levels in the universe, 
that is to say there are lights in the principal mafs strength as much as light in the transition mafs 
strength and as man observe there is light in the matter world of the man. 


It has to be point out, that as one hears sound boom in the matter world when one reaches the speed of 
sound in the matter environment, or what is called the sound barrier, the same applies when the 
systems developed by man reach’s and passes the ultimate speed of the light in the matter 
environment too. 
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‘That is to say when rays go from lower level strength to higher level strength maf’, one will hear 
audibly and will feel the vibration of the passing the light barrier, 


This sound will not be a one of boom as when the sound barrier is broken, but due to the spectrum of 
the light transition forces, this noise will be more like a continues varying and long boom and roars. 
‘Therefore one will hear a long term tunes and not just one of noise. 


‘This applies the same as one passes the transition mafs environment into principal mafs strength too. 


‘Thus light speed barrier will always be the speed of the light according to man’s mafs of his amino- 
acid and the visible light in all mafs strengths, which are the universes” creature’s structures’ maf’ 
strength dependent, 


When, the man become habitual to travel with the speeds faster than the maf’ of matter strength, then 
‘on frequent bases man will hear a roar of a noise as passing the light barrier limit. 


‘There are lights in all levels of the matter and maf’ strength in the universe, that is to say there are 
lights in the principal mafs strength specific to that mafs strength environment, which is not 
necessarily the same as the white light as one observes in the man’s matter world and at the same time 
each light has its own speed which is dependent on the mafs strength of its environment, 


‘Therefore there are lights in the transition mals strength as much as there are in the man’s matter 
levels, 


‘There are rainbows (Fig. 17) in all levels of the mafs strength in the universe as there are in the matter 
mafs strength of the earth, The light in all maf can diffract according to the Magravs strength of the 
mats of the given environment. 


Fig. 17 The colour of rainbow according to the Man's pies strength in Earth Magravs strength 


CHAPTER 4 


How matters are created in the universe 


In the spans of the solar systems, galaxies and cosmos as the gans and atom of the hydrogen interact, 
they create the first seeds of creation of more powerful Magravy that leads to attraction and 
conversion of other light rays in the universe into gas, liquid and solids, which these interactions 
leads to creation of galaxies, stars and planets, where the light itself in different strength becomes the 
tools of the division elements the like of the hydrogen for it to start the cycle of creation of lives and. 
the creation of intelligence in all comers of the universe (6). 


‘The gas and gans of hydrogen becomes the dynamic fuel source of creation of the magnetic fields 
necessary for the creation and establishment of the stars and solar systems and their planets in some 
parts of this universe, as the interaction of different magnetic fields of gases and ganses lead to the 
creation of the initial Magnetic and the gravitational fields needed for these celestial bodies to be 
created in the universe, 


‘The existence of nano materials in the core of the planets like earth has been initially disclosed (1), 
now it can fully be understood that how these nano materials in state of nano matter, gas and gans 
become to exist in the centre of these celestial entities and be the initial seeds of their creation once 
the mafs of the principal matter is reduced to the mafs of the matter strength 


It is important to realise that due to internal structure of the nano materials in layers and in gans state, 
these materials by large keep their structural integrity, where high external environmental matter 
conditions like pressure and temperatures cannot affect the total structural integrity once they are in 
individual matter gans compound state. This meaning that internal structure and molecular binding of 
gans and nano materials in nano layers or composite structures will not be affected by the matter 
environment’s the likes of temperature and pressure condition of the environment, But the gans 
will be changing in its structure when conditioned to high-level dosage of radiation. Thus such entities 
have monoid characteristics 


For example, this is one of the reasons, why the DNA of the human being is venerable to changes and 
absorption of radioactive energy and in the radioactive environment or to burst of radiation, as the real 
structure of the amino-acid of the protein of the DNA chain is made of gans of matters and not solid 
matter of the same gases (6) 


‘Thus, gans is the state of the structure of the light which has changed from dynamic cylindrical 
plasma of magnetic fields to a dynamic spherical entity of the same matter maf’, which its state of 
manifestation in matter environment is internal gravitational dependent and not environmental 
condition dependent, That is why one can observe the same element in coldest and hottest regions of 
the universe and still misreads them as atomic matter rather than nano-atomic or gans of the same 
matter. 


strength of the universe changes according to mafs available in any given part of the 
allowing the production or appearance of plasma of any matter which the mafs strength 
allows it become in that point in the universe. 


‘Thus this why in one part of the universe one observes the hydrogen as in some parts helium or even 
gold can be observed without actual existence of any hydrogen atom any other matters. 

In some part of the universe the matter take up their nano crystal structure, that the same matters looks 
to be the diamond structure of its parallel matter in another environment in the same galaxy or 
universe's environment. 
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‘Thus matters are created and to be part of the structure of star and planets or being in the universe 
according to the mafs strength of the environment and then they become appear in state of gas or solid 
according to the pressures and temperatures of that same given environment 
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CHAPTER 5 


The theory of decay and division of the universe(s) 


In reality all theories which have been put forward up to present time have no parallel in the universe 
as has been observed by scientists. 


In the universe everything and every process has parallel. In the universe there are always parallels, 
due to the magnetic fields laws of interaction, and hence there cannot be any divisions from these 
laws. 


At the present the scientific world has been intrigued and encouraged to understand the phenomenon 
of the creation of this universe and scientists have to unravel the mysteries of the creation of this 
visible universe. 


In fact the creation of this universe as is visible to the world of science cannot be any different than 
any other process in the world of creation, and this universe has been created through the same 
principles as the rest of the magnetic plasmatic nuclear and atomic additions and divisions of entities 
in the universe. 


‘This meaning that the present universe is created though the same method as has been observes in the 
division of the neutron’s plasma into plasma’s of electron and proton or smaller and/or bigger 
‘components of the same Matters. 


Hence to follow the principle of the universal order of matters, this universe is created from the 
division of a larger universe that the man’s visible universe is or can be the smaller part of the 
division, 


‘The reason for it being the smaller part is that in the present cosmological term, this universe is, 
following the attraction of the bigger part and hence it is always in the motion to follow the Magravs 
of the bigger sister 


‘This being the reason why it looks as the universe is always expanding as the external field forces pull 
and pushes the boundary of this universe mafs and as part of the universe has been noted to be 
collectively following different path of motion than the rest of the universe. 


‘The portion of the independent motion of this universe is the indicator that where the bigger portion of 
the division of the pervious universe is in respect to the man’s universe. 


It has to be said that the original universe through the same principle of decay of neutron to plasma of 
electron and proton (1) and similarly as the decay of heavier atoms to two or more lighter atoms, 
through the same principle as the mother universe of the man’s universe as itself has been created and 
was created from the division of a larger universe through the same method of decay and division. 


‘The difference in the universe creation and decay is in principle merely is the size of the plasmatic 
field content in comparison to plasma of electron or proton after nuclear decay and division of the 
neutron, 


‘Thus in fact this present universe itself is and was created some billion of years back from the division 
ofa larger universe (Fig. 18). Where in Fig. 18 A to G, step by step the phases of the unbalance of the 
Mother Universe, it’s opening and as the fields disperse in to two different zones in the unicos, where 
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these fields interactions and Magravs positioning with Magravs of the Mother universe leads to the 
establishment of position and placement of two new universe entities, where the same process of 
decay of neutron and creation of Hydrogen atom occurs, 


Hence every time as it is the same with division of the plasma of neutron to plasma of electron and 
proton, in this division the new universe carries the characteristics of its mother’s universe, but due to 
reorganisation of magnetic fields and their strength the new universe will have a new and fresh cycle 
of time, which this shows as the age of the new universe. 


In fact this being the like of giving birth to a child, where the age of the mother is irrelevant once the 
new seed of life is created and once the child is born, even though; the new child carries some of the 
same DNA fingerprint of the parents. The new life has its own cycle of life and its own timing. 


‘Therefore the theories of Big Bang and M-11 as has been proposed in the past and present have no 
meaning and have no parallel principles in the physical world of creation of universe. One does not 
see the same Big Bang , when the atoms and neutron go through division or decay, hence this cannot 
be the same in the division of universes too. 


Then if this was so, then every time an electron is created ftom the division of neutron there must be a 
Big Bang , This proposed principle is nothing, but showing the man’s and scientific worlds lack of 
knowledge and ignorance of the real terms and parallel entities existence of all units in the universe. 


In fact once the division is created and the universes are created, then the rest of the materials and 
matter content and how they organise themselves in that universe is more or less follows the same 
principle as before and once the fields are released within a given Magravs which the fields can 
created in interaction with each other, then the size of galaxies, stars and planets and even creatures 
within that given Margraves strength of the newly produced universe are determined 


‘The mafs and matters as arrive directly into the new universe are mafs first which can change to 
matter then divide between the two universes and then new matters are created in the new universes 
independently according to the Magnetic fields and gravitational fields in interaction with each other 
these mafs can achieve to maintain and create. Thus all universes in content are not and cannot be the 
same in material and mafs strength, and content of each universe are dependent upon the internal 
interaction of fields which are transferred into the new universes. 


‘The new structure is dependent on the fields within the new universe and their internal motion of the 
new universe is internally determined by the total mass which the interaction of the Magnetic fields 
and gravitational fields of the universe can master. 


‘This new universe has all the attributes and mafs of its mother’s universe, where the subsequent 
production of mafs and matters like Principal matter and Principal Matter, planets, solar systems and 
galaxies and so forth, are nothing but the consequential outcome of all other effects in a given 
universe. 


‘Thus in other universes there could be no physical matter the like of hydrogen and where for example 
hydrogen can be only in nano or gans state only, thus the life in these universes will be in order of 
fields and mafs strength rather than matters in this visible section of this Mans” universe. 

But if this universe has the same structure as its mother’s universe and co-birth universe, then this, 
universes can be a micro replication of a bigger version, where these universes are macro version of 
the total universe in the greater universe. 
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Phases of the decay of the plasma of a Universe 


‘A.Mother Universe 


C. Loss of structure 


E, The creation of the seeds of the new universes from the decay of the 
Mother Universe, where the two new universes have to maintain a 
magravs positioning in respect to the Mother's and each others magravs. 


F. Initial stage of creation of gravity and magneto-sphere of the two 
universes due to unwinding and interaction of the fields 


—. 


Ly 


G. The final physical parameters of the Mother Universe, the Sister 
Universe and the Man's iniverse. Where the same process applies to decay 
of neutron and it’s division in proton and electron, where Man's Universe 

is the like of the electron after the division. 


Fig. 18 (A to G). The process ofthe division oft 
and it's 


‘Thus, in fact in the bigger portion of the original mother universe which the man’ universe is partly 
created out of it is bigger or smaller mass portion of the original maf’ of the mother fields, then the 
bigger portion or co-birth universe of this universe, due to the larger mass of its content, this, 
universe's galaxies and stars can be much larger in proportion in comparison to the galaxies in mans 
universe and conversely due to larger Magravs of the internal structure of the larger portions, the 
beings within these universes can be smaller or they be totally different in operation than the beings in 
the mans universe. 


It has to be said that life in any form is not exclusivity of the Earth, if this is the mind-set of some, this, 


shows their lack of understanding of universe and how it is created and not the real truth and how 
fields and matters operated and function in the universe. 
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CHAPTER 6 


The Man and his soul and their connection 


to the universe 


In the structure of the Principal mafs centres or the Principal star or what is so called the Principal 
irs in the centre of galaxies and mafs and matters in the centre of stars and in giant planets and even 
in the centre of some planets, the Magravs of these objects seems to possess a stronger ot larger than 
the mass ratio for such an object, that the object possess and covers a stronger Magravs forces than 
usually a matter in these regions by the present in the world of science knowledge become apparent. 
‘The reason for the stronger Magravs of these objects comes from the multiplicity in the Nano 
magnetic mafs’ and matters’ and layers in the inner structure layers in the sanctum of these objects 


In understanding the operation of different mafs of matters in the universe and the process of the 
reduction in strength of these maf’ to reach the lower levels light, visible light and tangible structure's, 
like atoms, then one should understand that the structure of the man’s body will not change as the 
physical structure of the man goes through and from matter to transition matter or from transition 
matter to principle mafs and matters strength’s environments, 


‘The reality about this, is that the plasmas of the atom of the structure of the man, like the individual 
atoms, which are active in the structure of fundamental amino-acid molecule of the human body, these 
are all made of plasma of mafs of universe and for the proton or the electron of let say carbon atom in 
the amino-acid, this plasma of the proton has in its centre principal mafs and maters as well the 
transition mafs and matters and finally the matter mafs, which is its tangibility state which make 
matter visible to for example the eye of the human, 


But once these plasmas of the tangible matter structure of let say proton and electrons of the carbon. 
atom eross the barrier from the light mafs strength and matter fields to transition mafs and matters 
field strength, or even the body of the man crosses the principal mafs and matter strength, then at each 
point of field strength crossing, that part and components transition or principal mafs and matters of 
the plasma of the proton of the carbon will come to operate and interact in that entered field strength 
zone, and hence the integrity of the structure of the human being physical body will be maintained, 
but indifferent mafs strength level 


‘This meaning that the man will be still intelligent and will have the use of all its faculties, but the 
body will operate through the principal mafs of its plasma rather than present matters mafs strength of 
it material world strength. 


‘Thus the man is not restricted to life in matter world only, but life in all dimension of strength of the 
mals of the universe, 


‘The reason for the plasma of the human body having the ability to operate in any mafs strength, is due 
to the fact that the atoms of each cell of the human body operate in the gans state of matter and not 
id state of matter, which this gives the plasma of all the elements of the human body to cross maf’ 
strength barriers by calling up on their mafs components of their environment. 


‘That is to say the gans of the carbon in the amino-acid of the human beings’ will bring forth and 
operate through it transition mafs strength in the transition mafs environment. Then the same gans of 
atom will operate with its principal mafs components in the principal mafy strength environment, 
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‘Thus the body of human will not be destroyed or evaporate in different plasmatic magnetic fields 
strength environments as it orderly crosses them. 


But the body of the man will be destroyed if the mafs of principal maf’ strength is applied to it in the 
matter strength environment, where in this case the mafs and the matters of the atoms of the man 
become diluted as a minor part in the mafs and matters of the applied fields. 


‘Therefore man is part of an inclusive pattern of field’s in motions in the universe and nothing more or 
less can be attached to the existence of the man. 


‘The man in physical term is an entity and in and through his soul the connection of the field between 
himself and the other fields in the universe. 


‘The physical body of the man is the like of the planet earth, where it has mass and its magnetosphere 
which expands beyond the physical body, but its total magnetic fields and gravitational fields 
determines its position and relation with other matters in its solar system and in a small way it 
determines the position of its star in its galaxy and, then the position of star determines in a small way 
the position of the milky-way in the universe and so forth, 


‘Thus the soul of the man is the external connection of the operation of the physical body of the man in 
the universe, itis part of one and inclusive realty of interaction of the whole. 


‘Therefore the soul is part of the operation of the universe and every creation which can extent the 
effects of its overall magnetic field to others which can affect their position and existence is in 
possession of a soul. 


‘Thus soul which magnetic fields created and expand beyond the physical body of the man is not 
exclusivity of the creature but it is the common denominator and common link between the man and 
other creatures of the God and has direct effect on the operation of the rest of the universe. 


Therefore the man’s body due to the interaction of its atoms protons and electron and neutrons 
magnetic fields, this object creates its own magnetosphere and its own mass and this body is and has 
to be in possession of magnetosphere which shows the working of the magnetic fields of its 
constituent matters and its subcomponents and fields. 


Where, in the physical worlds as the same as the solar systems possessing magnetosphere as so do the 
star and planet, so does the body of the human through the same physical principle possess the 
magnetosphere, which is so called aurora of the human body, the field of the aurora is part of the soul 
of the man, but is fact the total effect of the internal interaction of all fields of the body which creates 
the Magnetic field and gravitational fields of the body and their interaction on each other which leads 
to the interaction with their fields in the universe, this overall output of the fields of the body of the 
man is the soul of the man. 


‘Thus; all dynamic plasmatic matters in the universe possesses a soul. But the man has the intelligence 
to allow the interaction of its soul with others. Therefore through this principle the man is responsible 
for all his actions and he stands answerable to other souls in the universe. As he decides how these 
fields which partial and fully control through the Magravs of the matters of his brain how and what 
happens in its interaction with other souls during its physical existence. 


Hence the man has to understand, that universe and others, whom this universe has been created from 
and the universes which will be created from the division of this universe in the future are all 
interconnected and operate through the same fundamental principle magnetic fields. 


Therefore there are parallel universes to this universe, with the difference in the measure of their 
magnetic fields and their position in their given environment. 
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‘Thus as we have the same and similar electrons structure’s and protons structures in the same 
structure of an atom, this structure of positioning of electrons and protons is the same for all known 
atoms, then the same applies to the universe and the souls within them too. This meaning that there 
are similar universe as this universe in the greater universe and other universes which this universe 
has been created from or it shall create. 


It has to be said that at the same time the matters in the universe have the same universal language of 
communication, where in the universe the common language is the basic plasmatic magnetic fields, 
based on the first plasmatic magnetic field strength of plasma or the simplest atom of matter of their 
environment. 


This language is universal and once the man on earth understands this phenomenon and can fully 
measure the magnetic fields strength of the electron Magravs and uses this as the base strength, then 
man will be able to understand and communicate with rest of soul possessing creature of the universe. 
Until then, the search in the sound waves to look and try to communicate with other creatures of the 
universe is a primitive picture and shows the lack of mans understanding of the world of the Creation. 


‘Therefore the gravitation, magnetic, radiation and other similar properties and interactions of the 
field(s) on each other in this and other universe(s) decides on how and the way the creatures in the 
different universes and in the man’s universe would look and behave. 


But in a essences they are all made of the same building block of MAGNETIC FIELDS AND IN ITS 
AND THEIR INTERACTION OF DIFFERENT STRENGTH AND TIGHTNESS OF IT IN THEIR 
ENVIRONMENT, This determining how tall and short and if one has eye or uses the interaction of 
fields to interact and communicates with other creatures of its environment, universe(s) with or 
without physical tangible or visible so called body. 

May be now it can be understood what has been said that in the universe, 


Thave made man in the image of myself 
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CHAPTER 7 


The creation of gravity in the universe 


At the present time the scientific world uses the terminology that when the gravity took hold then that 
was time When the matters in the universe began to be created. 


‘The reality is that as when the universe is created from the magnetic fields of the previous universe(s), 
then the content of the new universe is nothing but a soup of different strength plasmatic magnetic 
fields, then as these magnetic fields interact with each other usually laws of magnetism they attract or 
repel each other, where at this point the attraction fields of these plasmatic magnetic fields become the 
gravitational fields forces of the universe and the repulsion field forces of the magnetic fields become 
the Magnetic fields forces which the same fields create. 


‘This interaction of fields in the plasmatic fields always enclose itself in the form of an envelope, 
which this always in the universe leads to creation of the spherical shapes of all entitles, this be it 
plasma of a neutron, earth, or universe? 


‘The interaction of field and attraction fields which leads to creation of a circular motion of the 
gravitational fields as the fields in respect t the matter have keep their gravitational positioning too. 
‘Thus the spherical shape of the fields is primarily due to the gravitational field and positioning 
combined together which this causes the magnetic fields in the universe to close and created a full 
circular; and hence the creation of spherical objects in the universe. 


‘Therefore the gravitational filed forces of the new universe is created by the interaction of its content 
magnetic fields and in fact gravity is created by the natural laws due to interaction of two opposite 
polarities of two magnetic fields, which as these opposite fields interact they create attraction fields or 
what commonly called the gravitational field, where the strength the outcome field from this, 
interaction of fields expands beyond the boundaries of the two original fields, this leading to the 
creation of an envelope or area of the effect of this new field that attracts other fields to itself and the 
strength and compactness of this new field leads to creation of gravity which in the universe this leads 
to creation of Principal matters, transition matters and then visible matter of galaxies , stars and planet 
and so forth, 


‘The creation of gravitational fields forces in the for example the plasma of neutron, its strength and 
contest by large measure is dictated by the universal gravitational fields forces and not in full by the 
field which leads to creation of the neutron to start with. In the universe the creation of the neutrons 
are dependent on their universal gravitational fields forces. To this effect not all neutrons are all the 
same and not all neutrons in the different universes have the same gravitation a magnetic fields forces, 
and dimension, 


In fact the human race has to learn that what it is observed by them as the physical matter in fact is 
only a fraction of overall content of matters of the universe created through creation of gravitational 
forces and what he sees are not all of its matters, 


‘This meaning that the universe has other matters and mafs contents and as the man’s technological 


and intellectual capabilities expands and increased then man will come to see more of the realities of 
the universe, 
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CHAPTER 8 


Insight into the realities of the working of the Universe 
and what they bring about 


In the recent past scientists have talk about the term dark energy and anti-matter, where these covers 
the part of knowledge which they cannot find explanation for within the present understanding in the 
scientific world. For example the term dark energy is used to understand the forces, which is nor 
explainable and neither does fall within the conventional present world of physics too. 


In this disclosure the terms like the matter, transition matter and Principal matter are used, where 
these terms are and have become recent addition to man’s scientific vocabulary, where these can more 
precisely explain the rang and the medium, where each magnetic field in respect to their fields and its, 
‘own magnetic fields strength is and would behave. 


In the universe the same as in the physical matter world there are sources of magnetic fields, which 
are stronger in magnetic fields strength and some which are in the transition and there are some which 
are in between the strong and the weaker field strength. 


In the physical world one called the stronger fields source the star, where in the plasmatic fields of the 
universe, the stronger fields’ plasmatic regions or fields are easier to be called the Principal fields, 
which their interaction leads to creation so called prineipal matters (anti-matter), which these are 
real physical entities, which have been unknown to man up the recent times, 


‘There are transition fields, which are in between the Principal matter fields in strength and the matter 
field’s strength, and as these are in balance in between the both fields of Principal matter and matter 
world, and then these do not create visible light when they interact with Principal matter or matter 
fields strengths, Hence they tend to be like transparent and translucent in their environment and. 
hence they give the appearance of the darkness to their environment, 


When, magnetic fields are in motion they are called energies (Book), where these translucent fields 
as they are in motion from one state of mafs to another they create what is called the Transition 
energy (commonly called the dark energy) which this explains the Transition energy mystery of 
today’s science. 


‘Then there are in the universe fields, which are the weaker plasmatic fields region in strength, which 
these fields are in the human protein plasmatic Magravs strength that they become detectable or what 
is called the visible or tangible matter. 


‘Therefore in simple term, the Principal matter is the like of the sun and sources of energy in the 
universe, the transition matter is the magnetic fields strength fields travelling from the stronger field 
to weaker field, and the matter fields are the like of the planets of the solar system. 


‘There are no mysteries about these fields, energies and matters, except in the lack of knowledge in the 
man’s progressive and advancing science about his universe and living environment. 


‘+ Where, in the universe one sees the effect of the stronger Principal matter’s fields as in the 
centre of the galaxies as the star do in the solar systems, The present world of science will 
come to realise the order of fields are all time kept and all followed the same rules and 
principles in all levels of the universal creation and created. 
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‘+ This meaning that in the centre of the galaxies the entity which recently called as the Principal 

star of the galaxies, this entity in its centre have nothing but Principal matter magnetic fields, 
ch their interaction leads to creation of strong gravitational fields. Where, this centre of 
Principal matter is covered by the transition fields as they are on their way to visible matter 
fields strength or what one observes as the dark environment around the central Principal 
matter region, hence the term black hole (Fig. 19) or Principal star, which this darkness region 
is only due to the balance transition between fields in motion and the fields which the rays are 
travelling through, 


wh 


a galaxy there exist the principal visible Light 


Fig. 19 The Principal Light inside a black hole 


+ The existence of the principle fields and matters in the centre of the universe with its strong 
gravitational fields is the reason as it seems that the Principal star is eating everything and 
absorbing everything this being rays or matters, where in fact it is the gravitational field 
forces of the Principal matter in the centre of this dark spot which are creating these large 
pulling fields 


* The size of the Principal star in the centre of the pulm is the combination of gravitational 
fields and Magnetic fields forces or the field’s strength of the Magravs of the Principal matter 
content of the Principal star. 


‘+ In a sense as the Principal star extracts more material from its environment in the universe, 
then a position is reached that the total Principal matter absorbed by the Principal star from 
the objects, the like of stars, planets, plasmas and so forth, a point of criticality is reached that 
the gravity of the Principal matter fields exceeds the Magnetic fields of the Principal matter 
and that these forces cannot sustain their balance, hence the Principal star has to release 
enough material and fields that it can reach equilibrium between its two fields, and that is the 
point where the principal stars release vast amount of fields and matters without actually 
causing the division of the universe (Fig. 20). 


+ Where, these massive fields and matters of massive principle fields released will disturb the 
equilibrium of the universe as they travel the spans of the universe and in case can lead to 
creation of new galaxies and even stars and new mates suddenly out of nowhere in the 

erse. These pri 

of the sun. In this process of rebalancing, 
that their Principal star has sodden voleanic eruptions in the rest of universal galaxies central 
principal stars as they absorb some of the principle matters and fields which they receive 


uni cipal storms are very much like the sun storm one observes on the surface 


t can observed in the universe, like as in galaxies 
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through the universes principal field eruption and the Principal star spewing of the surplus 
‘maf and matters in to its surrounding environment. 


20 The absorption of matters nd Fields by principal stars ofthe universe or galaxies, 


The principal star of the galaxies as much as the same with the principal mafs and matters of 
the stars of the solar systems or their sun have observed this process in smaller scale. Where 
up to now man has not have had the tolls to observe that when the star of its solar system not 
only release the visible matters and releases huge amount of magnetic field into its 
heliosphere, but at the same time through and amongst these eruption of the Sun huge amount 
of principle fields and matters are released into the plasma of the solar system, which these 
have not be observed by the scientific world due to the lack of appropriate tools. 


The ejection of pri 
sun is an essential part of sustainability of the fields and matters within the solar system and 
essential part of the creation of new atoms and matters on the surface of the planets of the 
solar system. Where at the same time the solar systems as the whole on continues bases 
receives large amount of principal mafs and matters from principle star of its galaxy and 
principal stars dise in the pulm centre of the universe. 


cipal mafs and matters from the surface and right from the centre of the 


It will observed that Principal star in the central disc of the universe even absorb principal 
light, in fact as light is an entity which possesses both gravity and Magnetic fields and its own 
‘mass, thus Principal star is extracting another object from its environment due to its stronger 
fields strength (2) is a normal occurrence. (Fig. 21) 


Where, the same has been assumed in the present science that black holes even absorb light, 
but the truth is that principle stars be it in the centre of the universe, or galaxies are created 
from the principle maf’, which are of the higher order of magnitude in mafs strength and the 
‘maf than of the light mafé in the matter mafs strength. Thus in fact it is normal for weaker 
field’s strength to be attracted by much larger and stronger mafs of Magravs of the principal 
stars in the centre of the universe or galaxies 
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Principal Light in the center of the Principal star (black holk 


Fig. 21 Principal Light in the centre of the universe 


But at the same time it is normal to see that the principal stars in the centre of the universe 
and galaxies spew stronger lights in the order of magnitude of principal mafs which are not 
visible to human eyes, where the light in the matter mafs strength is visible to him, hence man 
see one way traffic and not the real truth about the world of creation of duality and 
equilibrium 


Thus in the universe it should be possible to observe points where the light lenses the 
Principal star if it is far enough that Magravs of the Principal star cannot overwhelm the 
Magravs of the light, but strong enough that Magravs of the light find their position in respect 
to the Magravs of the Principal star and creates their own Magravs positioning. As this can be 
observed in respect to the light and star of a system so as the star is made of maf’ of principal 
mats and matters too and has the same effect of the lensing for the lights rays too. 


Lensing of the transition light when passing the principal mafs regions of the universe should 
be observed the same way in the future as one observes the lensing in the matter light maf’ 
of principal light should be observable in the specific cases 


strength. Where even the lensi 


and some regions in the universe 


sun all are 


‘The matter, Transition Matter, Principal stars, the dark spots on the surface of th 
created through the same concept and principle that when plasmatic magnetic fields of the 
any field or matter is equal to the plasmatic magnetic fields of its environment, then there are 
no collisions between the matters fields which can leave or release any surplus or residual 
magnetic fields in the light spectrum of the mafs strength or lead to creation of magnetic wave 
in the visible light balance of the human protein pmf strength or that specific mafs spectrum 
anywhere in the universe. Thus these areas in the universe, the galaxies and stars surface 
looks as creating not too much light or what is called to be looking as to be darker than the 


r surrounding environment(1) 


rest of 


Thus the assumption that even light cannot escape the gravitational fields of the Principal star 
is position and the lights itself Magravs strength dependent 


In truth if and when the Principal matter magnetic fields over time are reduces in strength and 
they unwind and transfer their fields to their environment, which as these fields slowdown, 
they become transition matter energies and then transition matter and finally they slow 


enough that they reach the plasmatic magnetic fields of the maf’ strength, which at this point 
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they become energies observable and absorbable and tangible to human field touch and 
visible to it virtual magnetic fields sensors. 


It has to be said that there is a great misunderstanding in the operation of the fields and mafs 
in the universe, this misunderstanding over time has reason due to the man’s concept of heat 
in the MATTER WORLD, WHICH THIS NEEDS SOME CORRECTION THAT CAN BE 
APPLICABLE IN THE UNIVERSE as whole (The full explanation of the magnetic fields 
plasmatic magnetic fields, matter and mafs is explained in the reference 1). 


‘The universe will never run out of energy and get cold, the universe will not expand to 
nothingness, but universe will decay to smaller universes as universal gravitation will never 
disappears as long as there are two or more magnetic fields remain in the universe that they 
can interact and attract and repel each other that they can create gravitational and Magnetic 
field forces that the whole process can restart again. 


In the nuclear decay one does not observe temperature increases and one sees uniform 
temperature gradients across the newly divided plasmas and the temperature distribution will 
be constant, this is the same with division of mother universes to smaller universes. Thus the 
concept of universe was hot and as cooled down matters are created is fallacy and not in 
parallel with the rest of the universal laws and processes. 


This observation is parallel with the W-MAP, which has been planned out by present 
scientific world, where one does not observe huge heated areas and points in the universal 
map. Here the equal heat distributions parallel with the nuclear decay and heat balance in the 
divided components of electron and proton after their division and long term motion in their 
environment is observed. 


‘The individual heat spots observed across the universe, these points are due to newly arrived 
‘mafs and matter movements in that given region of the universe and they are temporally 
condition. 


‘The central heat line across the W-MAP is due to dynamism of the principal mafs and matter 
in the centre of the universe and this is due to concentration and dynamism of the maf and 
‘matters and their reduction to transition energies within this region. 


‘The creation of gravity in the beginning of time of the universe(s) was and will be primarily 
due to the interaction of combination of different plasmas of mafs within the plasma of each 
universe which have arrived from the mother universe and as the magnetic fields interacted, 
they create gravitational fields and Magnetic fields of the new universe, which these in turn as 
there are made of many mafs strength, which have arrived in the new universe from the 
division of the old universe, then different gravitational fields and magnetic fields due to their 
interaction are created, this leading to creation of different galaxies and matters. Thus, the 
universe never been cooled but pmfs from one strength meets-up with another and leads to 
creation of central gravitational fields of the universe and these interactions in the future will 
lead to ereation of specific new matters in that universe, which these matters existence and 
appearance are closely related to the gravitational fields which the pulm maf and matters 
have stared and maintain during the life of that universe and will allow to be created and be 
held in that universe. Thus all universes do not contain the same matter and all their basic 
‘matter is not based on the plasma of the hydrogen as is in the man’s universe. 


‘The internal and initial gravity created in the plasma of any universe is on the same principle 
as the one created in the plasma of proton and electrons mafs and matters and from the 
interaction of their maf’ of matters, transition matters and their principal matters once they 
arrived from the decay and division of the neutron. Thus the gravity of the universe is 
established from the interaction of different mafs and matters strength once the mother 
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Figure 1. Typical block diagram 
of RF energy harvesting circuit. 


1 Introduction 
‘revolutionary growth in wireless technology attracts huge attention from research cormmunity to 
‘make the self sustainable device feasible through RF energy harvesting. It exploits ambient electro- 
‘magnetic energy transmitted from different RF systems to remately feed the electronic devices 
{Wintonovongso, Muncuk, Lewis, & Chowdhury, 2012). Compared to other harvesting techniques, RF 
energy harvesting provides relatively predictable eneray supply owing to the features of easy avail- 
ablity and less dependency on environmental variations. The typical block diagram of RF energy 
harvesting circuits shown in Figure 1 It consists of three major blacks viz; antenna, matching net- 
work (MN), diode detector followed by an energy storage. The fist element, antenna is employed to 
capture the RF signals of different frequencies and polarization, while second MN is for maximum 
power transfer, and the last rectifier is used to convert the RF energy to de voltage. It means harvest- 
ing circuit performance can be evaluated in terms of accessible ambient RF energy andits conversion 
rate (Agrawal, Pandey, Singh & Porihar, 2014). These parameters are heavily influenced by surround- 
ing terrain conditions as the multiple reflection and dissipation certainly deteriorate the level of 
avcilable ambient RF energy. As a result, conversion efficiency and dc output voltage may degrade. 
Previously, the majority of available RF energy harvesting circuits focused on single frequency band 
hence offerlow dc output voltage. As the multiple RF energy sources of different frequency bands ore 
avcilable, thus from an ambient RF harvesting perspective, the output de voltage could be increased 
if the circuits designed for multiple frequency bands rather than a single band. A wide-band energy 
harvester can also promise a high output voltage by accumulating the number of RF signals at a 
time. However, due to nonlinear behavior of the diode, harvesting circuit itself exhibits nonlinearity 
ie its input impedance varies with the received RF power. Thus, its quite difficult to retain the im- 
pedance match and high conversion efficiency over a large frequency range (Song, Huang, Zhou, & 
Carter, 2014). The losses due to impedance mismatch over « large bandwidth can be ilustrated in 
Collado and Georgiadis (2013), where only 8% conversion efficiency is achieved at -20 dBm. 


To address this, itis preferable to harvest energy from several narrow frequency bands rather than 
‘a single large one. In literature, numerous topologies have been proposed to accomplish the mult- 
band energy harvesting (Bergés, Fadel, Oyhenart, Vigneras, & Taris, 2015; Hamano et al,, 2016; Ho 
et al,, 2016; Keyrouz, Visser, & Tijhuis, 2013; Kuhn, Lahuec, Seguin, & Person, 2015; Lu, Zhong, & Guo, 
2015; Niotaki, Georgiadis, Collado, & Vardakas, 2014; Pinuela, Mitcheson, & Lucyszyn, 2013; Scheeler, 
Korhummel, & Popovic, 2014; Shariati, Rowe, Scott, & Ghorban, 2015; Sun, Guo, He, & Zhang, 2013). 
‘These topologies can be differentiated in terms of filter functionality ie. how the antenna or source 
impedance is matched to the rectifier circuit. For instance, in Pinuela et al. (2013) and Keyrouz et al 
(2013) several single-band rectennas (combination of antenna and rectifier circuit) were stacked to 
constitute a multi-band harvesting circuit. In this case, each rectenna was designed for a specific 
frequency band, Thus, for compact applications, this architecture is not suitable due to the number 
of antennas used. Moreover, in most af the reported works, the quality assessment of the output 
voltages combination was not taken into consideration. In Kuhn etal. (2015), the circuit complexity 
is reduced to « certain extent by replacing the multiple antennas with a single wide-band antenna. 
However, in this topology too, the number of rectifiers increases with the frequency bands, which 
leads to prolonging the circuit complexity 
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universe is divided and they are created in respect and relation to the original Magravs of the 
mother universe as these fields are separated from their mother universe into two or more 
universes like the one visible to the man. Therefore it can be said that man’s universe is part 
of the multiples of universes which all have been created from one mother universe, which 
this present visible universe to man is a fraction and part of operation of bigger and more 
active universal order of the Grand universe. 


In reality one can say that this universe is nothing but like an electron in the structure of a 
uranium atom which this atom is part of a large mass of a large block of uranium atoms. 


This visible universe is part of a total universe and man’s universe which looks so large to 
him is only due to his lack of understanding of the real terms of the world of creation and 
existence and is dependent up on his openness and understanding of levels of his own 
existence. 


The principal concept of creation of the principal matter and transition matter strength from 
‘mafs and matters in matter mafs strength can be achieved through the process of fusion of 
‘maf, when these mafs and matters of lower order strength enter into the principal star regions 
of the universe and their fields become and are squashed and tightened in intensity of the 
fields within the mafs and Magravs of the principal star that the entered fields into the 
Magrays catchment’s of the principal star merge different field strength magnetic rays and 
fuse these rays that they become and reach mafs equal to the strength and density of the 
principal mafs and matter strength. 


‘Thus Principal stars are, where the process of fusion of mafs and matters occurs to 
amalgamate and increasing the mafs strength of loose and incoming lights and matters from 
weaker strength maf’ is set to take place. This is to say that Principal stars of different size 
and intensity in galaxies of the universe are the places where the principal mafs and matter are 
cooked up and separated and processed and manipulated into their given strength and then 
through conditions become to be known the like of quasars these new recycled stronger fields 
are released into their given environment, leading these principal mafs and matter to become 
the centre point for the creation of the stars and planets in their galaxies and as some become 
to be in the centre of the plasma of proton and electrons and so forth 


Where, at the same time the Principal stars are the points in the universe that by and due to 
their high gravitational fields of their environment, this is the place in the universe, up on 
entry of different mafs and matters, these matters strength can be increased to higher level 
‘magnetic fields strength. Thus the Principal star are the points in the universe where the mafs 
and matters can increase their strength to transition matter levels or to the principal matter 
magnetic fields strength and where the transition mafs matters fields can be increased to the 
principal matter field’s strength 


In the centre of the stars as the same as the in the centre of galaxy and universes, where the 
fusion process of fields and matters are considered to take place and heat to be generated due 
to fast movement of the pmfs. In reality in movement of the stronger and weaker maf’ and 
reduction in strength of the mafs, which these changes disturbs the plasmatic magnetic fields 
of the Magravs of plasma of the components of atom, this be it the plasma of electron and 
plasma of proton in principal matter, transition matter or matter strength, this leads to release 
of mafs fragments, which these can manifest themselves as heat or radiation in their given 
environment mafs strength. This movement of plasmatic magnetic fields leads to weakening 
of the magnetosphere of plasma of the all atoms, this be it plasma of principal, transition or 
matter atoms, hence this weakening allowing the process of entry and amalgamations or 
fusion of different plasmatic fields into another magnetosphere of any other plasma or an 
atom or increase and amalgamation of lose maf’ of different strength within the environment 
of a principal star. 
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By creating and using the higher strength mafs than the gravitational and magnetic fields 
strength any entity this be it atom or rays, one can create conditions, where one can cause 
fusion of atoms, plasmas and rays without creating heat and any need for accelerating 
particles and in colliding them to create fusion as has become the tradition in the present 
plasma of matter fusion technology on earth in the recent times. 


If the full concept of fusion in matter level is to be achieved in much easier way, then it will 
‘more appropriate to separate the different components of the plasma’s mafs and matters, 
amalgamate the same together and then allow the re-amalgamation of different mafs strength 
to take place. This is how fusion of field’s and matters are attained the span of the universe. 


In the universe the principal mafs and matters are the sources of the energy and supplier of the 
pmfs of the universe, thus when the plasma of principal mafs or matters interacts or collides 
with the lower strength mafs in order of magnitude of any matter then mafs and magnetic 
field content of matter becomes part of the principal matter spectrum and their content is 
added to the maf’ of the plasma of principal matter. 


Hence the current fallacy that when matter and principal matter interact nothing is left of the 
two, except some release of magnetic fields or energies, this is hypocrisy and man lack 
understanding of its own world and the world of the creation. This is like saying that if earth 
gets attracted and absorbed into the Sun of the solar system as a lot do on frequent bases in 
the universe, then there will be nothing left of the Sun. 


‘The principal mafs and matters are the source and stars of the universe and by order of 
‘magnitude and strength and the mass the principal matters and stars mafs are by far stronger 
and possess denser fields than their by-products the transition matter and matter fields 
strength which are created and released originally by the principal maf’ and matters itself to 
begin with (1) which has led to creation of the planets and stars. Then how can the weaker 
and insignificant part in matter strength level destroy the larger entity? 


‘Thus nothing happens when matter entity comes to contact with principal matter (antimatter 
as is known at the present time) entity. There will be only principal matters left with addition 
into it the content of matters maf’ and matters, which have collided with it. 


‘Thus the physical structure of the plasma of principal stars in the universe is as follows the 
principal mafs and matters in the centre, transition mafs and matters and the then maf’ and 
‘matters in the matter mafs strength. 


This entity what man calls the universe follows the rest of the universe orders of linking the 
‘magnetic fields polarities of north and south poles together as has been observed in the man’s 
planet. This universe is near spherical in shape in general and dynamic and rotational 
anticlockwise in direction of motion. But the principal star can pull into itself due to its strong 
Magravs and gravitational field’s matters as well as matters to itself from its content plasma 
as well as from the unicos of it outside environment, where in the process it can separate their 
sub-Matters for these to be added to its principal matter too. 


Looked from outside this universe surly will possess rings as planet Saturn’s does, as this 
universe has the same construction as the gaseous planets, but; with the difference that its 
rings will be colourful and much more dynamic than Saturn’s rings. 


In universe(s) principal stars can be found which have anticlockwise motion and some, which 
have vertical rotation and may be some, which have combination of both clockwise and 
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vertical rotation too. These motions are primarily matter and fields’ strength and position 
dependent as has been seen in the man’s solar system (1, 2). 


In the principal mafs state of matter all matter more operate in the gans state of matter than 
the gas or plasma of the matter, where with the gans of the matter the mafs of the environment 
decided the appearance of the element in a given condition and in all cases tangibility of 
‘matter is the consequence outcome of these conditions 


Hence all matters in the universe are not matter atoms, but gans of matters, as gans of matter 
can take all lattice structural combination of elements, where for the matter of same element 
to converse from one lattice structure to another high temperatures and pressures are needed, 

Where, in the universe majority and nearly all conversion of lattice are done through gans of 
the matter and not atom of the matter. 


To achieve the gans state of matter the environment of the atom of the gas needs low and 
continues flow of mats in transition for the atom of the gas to be converted and its Magravs 
changes from magnetosphere of a gas to a magnetosphere of tangible matter of the gans (4) 
state of matter, and in fact this happens when the gravitational field of the gas is made more 
powerful than the Magnetic field of the gas and hence the plasma of the gas gravity contrac 
or tightens and hence the gas changes from gas to gans and becomes what is called solid nano 
state of matter in the atmospheric condition. 


Multi-layering of mafs and matters increases and exacerbates the initial magnetic fields 
strength of the matters and the fields they can create. This causing an increase in the strength 
of the Margraves of these objects and even Magravs strength can be further increased if the 
‘maf and matters are in gans state of matter or in combination of different mafs strength in 
different layers. 


Ganses as gases once reach the state of certain structural lattice as in the gases on the earth 
atmospheric pressures, these ganses change their characteristics and take the properties of 
non-dimensional plasma or they become what is known as odder or what can be detected of 
their existence in their environment. This principle applies the same to the gans of the matter 
too, that the ganses of all elements have odder and hence the universe outside the earth 
atmosphere has an specific odder of its own, which in fact each galaxy has the same 
properties and different odder and each universe has its own odder primarily due to the 
structures of the gans(s) of the elements they create or they can hold on to, and the same 
element does not have the same odder in all comers of the universe. As odder is the mafs 
strength dimension dependent the gans of smelling entity mafs combination and/or of the 
gans’s maf’ strength itself. 


At the birth of the universe there has never been and in the future there will never been 
creation of heat, as in the same process of decay and division of neutron in to plasma of 
proton and electron. Thus the theory which has been created and been followed in the world 
of cosmology that universe at the beginning was hot and then as it cooled down and gravity 
took hold and then matters are created are false, The hot universe and cooling and production 
‘matter through cooling, this is an understanding of creation of matter and based on the matter 
world condition structure is base of old centuries and understanding of matter from cooling of 
gases and liquid into solids. 


‘The heat distribution of the universe is the same as the heat distribution in the plasma of the 
proton after the division from the neutron. This balance distribution of the heat has been 
observed and recorded by the W-map. This pattern of no heat and creation of gravity due to 
interaction of pmf fields in the universe leading to creation galaxies and stars are the normal 
process. Where in the universe matters operate through mafs and their environmental mafs 
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and no other factors. This being the reason why one can observe matter in all comers of 
universe independent of temperatures and pressures which prevail in that part of the universe. 


Matters in the universe are brought to the state of conductivity and connection through their 
Magravs and not heat and pressure and that is the reason why life exists in all dimensions and 
structures and intelligence in all comers of universe and life is not the exclusivity of water 
and oxygen based entities and environments the like the earth and its citizens. 


‘The present concept that the production of iron atoms are the limits of fusion in the universe 
and the point where the fusion of matters leading to production of iron and absorption of all 
energies of the star this leading to collapse of the star and that the star go through the final 
cycle of life as an active star, this again shows the man’s lack understanding of the full 
science of creation and motion of mafs and maters in the universe. 


In fact due to presence of principal matter in the centre of stars, the process of fusion will go 
on and all heavy elements are produced through the process of fusion in the centre of the star 
and not as has been assumed when the process of red dwarf and white dwarf are initiated. 


Stars produce the heavier elements in a rapid process when the Principal mafs of the star 
releases part of its pmf, facilitating and making available pmf necessary for the fusion of the 
‘matters to heavier elements. All heavy matters in the universe are created in the fusion centres 
of the stars and most of very heavy material like uranium and heavier principal mafs are 
created in the principal star regions of the universe. 


‘The point to realise and which has been overlooked is that most of the universal objects like 
stars and planets, and principal stars they all carry in their centre a large amount of nano 
materials in all mafs and matter forms and it is correct to understand that in these areas there 
is a large amount of gans of matters too. The reason for the existence of these nano matters in 
the form of individual or specially in the form of layers and sheets in the layer boundaries or 
interfaces of one or different state of maf’ or matters, the existence of gans and nano maf and 
matters in these large objects leads to creation and production and enhancement of 
gravitational, and Magnetic fields of the these entities through the principle of interaction of 
dynamic motion of mafs and matters with magnetic matter or matter of these objects. As this 
interaction are the main source of increase in mafs and their effects in all matters 
accelerations in the universe and scientific world by large has not understood this concept in 
full, as if they would have understood this, they would have understood that there are no 
limitation within the structure of the planets and stars for them to create conditions that 
through fusion all elements in the universe can be produced within their sanctum during their 
cycle of existence, and not when they are at the their latter stages of their cycle of existence. 


In the centre of planets and stars always through interaction of plasmas and their capability to 
unwind and open up and release all their components of mafs and matters, then it is possible 
for the centre of planet to reach a point that they can release the content of the plasma of their 
gas, gans and matters that this leads to release of the principal matter of the plasma, that this 
high strength mafs through rapid reduction in strength can lead to rapid creation of new atoms 
and due to its localised strong Magravs in the centre of stars and even planet, this allowing the 
production and help with the fusion of large number of plasmas of proton and electrons 
separately, that further on by interaction of large quantities of these plasmas this can lead to 
production of any element in the centre of the planet or a star. This be it the atom of uranium 
or copper or even fusion hydrogen to produce helium. 


Fusion is not action, which is exclusivity of the centre of stars or universes. Fusion can take 


place in simple environment of universe, where there are no confinement matters like the core 
of the earth or where there are no high temperature regions the like of the centre of stars. 


35 


Fusion of elements can and do take place in the open spans of the universe, when the right 
‘maf strength environment are created without even existence of no tangible matter. 


‘Thus the creation of iron in the centre of stars being its doomsday has no meaning, and has no 
truth in the realities of world of production of matter in the universe, the reality is that if the 
centre of the star cannot create new heavier matters than iron during its working concentrated 
fields how can it do so when most of its matter are in process of disintegrating and diffusing 
in the environment of the star. Thus this is another fallacy about the doomsday of star and 
creation of iron atoms in the centre of the stars. 


In the process of the movement of pmf one has to understand that the interaction of magnetic 
fields and the repulsion of the similar magnetic field poles of the pmf of matters of the 
universe leads to creation of the repulsion forces of the universe, thus leading to its so called 
separation of its matters and what is called the expansion of the universe. 


While the interaction of opposite polarities of the same magnetic fields leads to creation of the 
gravitational field forces of the universe and universe cannot exceed its magnetospheric 
interaction size, where this is the maximum fields balance between the gravitational and 
Magnetic fields of the universe, and at the same time the mass of universe will remain the 
same as the mass is the balance fields between the gravitational fields and Magnetic field 
strength of the universe. 


‘Thus the mass and the content mafs and matters of the universe are set to be the same at the 
beginning of its creation less what pmf are transferred to it surrounding universe(s) during its 
life for this universe to keep its distance and Magravs positioning in respect its contents and 
in respect to others universes in the grater universal scale of existence in the unicos. 


When, the pmf of matters transferred by this universe to it neighbouring universes is more 
than what this universe needs to sustain its existence, then this universe cannot hold its 
present universal magnetosphere and gravitational balance, once this balance is disturbed then 
this universe like its previous universe(s) will go through division to find its new balance and 
this leads to creation of new universe(s). 


Thus, the concept that this universe will expand to point of running out of energy and go 
through crunch and/or dies as a cold entity or go through the contraction and go through a 
singularity point again, these are nothing but fallacy of the misunderstood and short-slightness 
of a few to realities of the operation of the universe and not in line with real world of 
existence as has been observed in the universe, and why in truth the creation of this universe 
should and division, but never ending process of the cycle life of this universe of its matters 
and fields be any different than the rest of universal methods of creation of fields and matters 
in their birth, fusion and decay. 

‘Therefore the limit of the expansion of the universe is dictated by the total Magravs strength 
of this universe itself and at the same time the space which is accommodate by and for this 
universe by the mother universe and the space given to this universe to expand into and the 
expansion of the universe observed presently is not dependent on no other factors 


It is possible some times in the future this universe itself will merger and fuses with another 
universe and make a larger in mass universal unit too as much as it can divided into two or 
more universes. 


It has been considered that the noise which has been detected by scientist in the 1960's, that 
this noise goes back to origin of the universe, when this universe was made, this has no truth 
as the noise which is constantly can be detected from the cosmos is the constant noise of 
interactions of pmf of mafs of different matters and mat’ in the universe and these are created 
continuously and constantly. 
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‘Thus is the same as when mafs of different field in the universe interact and create visible 
light, thus the noise from the universe shows that it active and living universe as different 
parts of it interact with each other, as one can hear the noise from the Sun in the solar system 
‘when it matters and field interact with each other. 


In fact if there were any noise left from the time of the creation of the universe, by now it 
would have escaped from this universe through its magnetosphere into the mother universe, 
the way strong radiation pointed upward from the earth escapes from earth atmosphere. 


In the universal levels, the energy is defined by the term, that when the pmf are moving from 
one point in the universe to another, and as they transfer or they carry pmf of the principal 
matter for it to be slowed down to matter levels, hence this transportation of pmf of the 
principal matter to slowdown to matter level strength, this is called the energy of the universe 
or what commonly called the Transition energy (dark energy) of the universe. 


‘The universal energy is the one which the pmf in motion is carrying that is balanced in mafs 
strength with the environment in which they are travelling through which due to their balance 
field strength the two field create near to no resistance to each other that this condition creates 
near no interaction with pmf of its environment that leads to release of pmf that become 
visible, thus the pmf of the universe travels in the soup of its own field and hence less losses 
and hence the lack interaction, which this condition of travel does not create collision and 
hence no residual release of mafs of any significant and hence not much of the visibility of the 
travel of the maf’ of the universe, but this transition energy is translucence and as one can see 
through it so much so that one can see through it stars billions of kilometres away as their 
light travels in the balance Transition energy of the universe. 


This concept of travel of pmf or Transition energy in the transitions matter is explained in the 
book “The structure of the Light” (2), 


‘The universal energy does not need to cool to create matter, to reach matter mafs pmf strength 
level, but the energy reduces in strength to pmf strength of the matter that matter can be 
formed, this being the reason why there is a homogeneous heat distribution is observation of 
the W-MAP as heat is not created during the early seconds of the creation of the universe. 
‘Thus the cooling phenomenon of the universe is a fallacy. 


‘The reality of the operation of the universal system is that the universe is made of pmf which 
their mafs and matters in motion become energies and that is where the cosmologist says that 
at the point of birth the universe there was only energy and as it is known now energy is 
defined (1, 2) is nothing but magnetic fields or plasmatie magnetic fields in motion. 


At the present some consider that there are more Transition energy than transition matters, 
which is not a correct assumption, where if this was correct then this means that the principal 
‘mafs and matters are unwinding much faster and in a rapid manner, which if this state has or 
to be achieved in the universe, then this means that the losses are more than expected and this 
can indicate that universe is losing too much too fast and this can be an indication that the 
universe is getting ready for a further division into two or more universes. 


At the same time it is possible as the universe was created from the splitting of the mother 
universe, then the separation of the pmf of that neutron universe due to separation of its mafs 
and matters have released some pmf, which might have created some localised heating in 
some parts at the point separation and division of the neutron mother universe, which this 
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separation leading to creation of hot spots or small heating of the new universe in sporadic 
positions and conditions within the plasma of the universe. 


‘The plasmatic magnetic fields strength that are released from the Principal matter to matter 
levels and during their process of the strength level reduction from principal matter to matter 
level, what is known as the Transition energy, as the plasmatic fields need space and matter in 
the universe to release and lose some of their strength to their environment to reach the 
plasmatic magnetic matter mafs strength level, which is maf in motion from one level to 
another strength level is known as the Transition energy or universal energy or what is called 
the universal energy in motion, 


‘The speed of travel in the universe has only relation in respect to its mafs and matter strength 
environment, hence one can travel at the speed of light of environment strength in any mafs 
strength, this meaning that in the matter environment on can go faster than the speed of the 
light if one travels with the Magravs of the plasmatic magnetic field strength of the transition 
‘matter or Principal matter plasmatic strength level 


‘Therefore one can only travel with a faster speed than speed of light in matter environment 
only if one has the capability to create and/or captures Principal matter or transition matter 
plasmatic magnetic field strength in a Margrave positioning reactors (1). 


Hence the limitation of the speed of travel limited to speed of the light in matter environment 
is applicable if one use matter and mater mafs for transportation otherwise there are no speed 
limitation in this environment as one can travel faster than the speed of the light in matter 
environment when using principal maf’ strength in the cores of the Magravs systems, where 
the speed of the light in principal matter environment is millions of times faster than the speed 
of light in the matter environment, 


One has the ability to travel any speed in the universe and with any maf’ and matter plasmatic 
fields strength in but there are hazards to consider prior to taking such a travel. 


‘The theory, that the speed of the light to be the ultimate speed of travel is only applicable in 
the matter environment using matter plasmatic magnetic field strength and it is not true if 
using stronger mafs strength, thus one can travel the spans of the universe by using higher 
order mafs with speeds millions of times faster than the speed of light in matter mafs strength 
like on the surface of the earth 


The body of the man will not feel any difference and will behave as one is in the jetliners of 
the last centuries as the pmf of the mafs of the human body cells contains within their 
structure mafs of principal matter, then the man will not feel that much difference travelling 
with speed of light or thousands of times faster than speed of the light in the universe. 


It has to be noted that as in the matter and maf’ universe and environment, in the principal 
maf and transition matter environment, these environment possess their own shock waves 
and speeds of sound and as said before even smells and odour of themselves, which these are 
different than the ones in the matter universe. One can smell the Principal matter and hear the 
noise of the transition matter interactions, once one is trained and developed the senses for the 
observation of the transition matters and principal matter which are part of the structure of 
every living thing as these matters and maf’ are part of the structure of the plasma of every 
proton and electron in the matter environment of the universe. 


Once understanding the structure of the universe, it can be conclude that universe will never 
end, there are no singularities and no cold ends to it and no crunch, and only for ever the 
universe(s) will divide in plasmatic magnetic fields strength and from one mafs to another and 
then in fusing together they repeat the same process, and as the universal structure never can 
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lose any of its fields through by its natural laws of conservation in physics, then only matters 
and matters converts from one matter or mafs to another form of maf or matters and order of 
preservation of fields and matters is obeyed even in the bigger universal order as has been in 
the matter world as has been studied in details over centuries. Thus preservation of energy 
and conversion from one form to another is the essence of ereation in every levels of the 
bigger universe too 


In the matter universe for example smell is only diamond structure of the or SP3 structure of 
the same atom in the gas state, thus in the principal matter environment the principal matter 
possesses and have different states of matter like the gas, liquid and solid state of Principal 
‘matter too. 


‘The same there are molecules and atoms and plasma of the Principal matter too, therefore 
principal matter have smells and odours and they frieze and they boil and they create clouds 
and become all thing as one has observed in the matter environment of the universe too. 


‘Then one can ask the questions that are the cold and warmth the same as the matter universe 
as in the principal matter universe. And the answer to this is most certainly is yes, with the 
difference that the temperatures are beyond the levels of man’s understanding as the strength 
levels of plasmatic magnetic field in these environments are off the scale of comprehension of 
the human at the present time. 


‘Then the point arises that are there lives in the Principal matter and transition matter scale of 
plasmatic magnetic field strength of the environments of the universes, and the answer to this 
is most certainly yes, as the same structure of interaction and creation of cells and life exists 
in the these environments in the universe as are these conditions available and possible in the 
‘matter environment in the larger scale of the working of the greater the universes. 


‘The matter made available to the matter universe by the down levelling of the plasmatic 
magnetic fields strength from the Principal matter levels is what allows the creation of the 
‘matter, where these new matters have to find physical Magravs positioning in respect to each 
other, this need for new positioning in cases can lead to movement of the matter and increase 
in spacing of matters in respect to each other, hence this new increase in the spacing looks as 
the universe is expanding. Thus the increase in the spacing or expansion is limited as the 
‘matters and the rate of conversion from the principal mafs to matter has a limit and hence the 
universe cannot explode and only thing which can happen to the universe, is that as the 
Margrave of the universe is reached a point that cannot be sustained in its present mafs levels 
needed for the creation and sustaining its Magravs level, then the universe in a gentle way 
divides to guaranty its overall survival in two parts, rather than losing everything in the 
‘mother universe to other universes all together. 


‘The universal Magnetic fields within the transition matter is the force which pushes the 
universe apart and the gravitational fields within the transition matter is what brings the 
‘matters of the universe together and is the glue of the universe. Where both these forces are 
created by the principal maf’ and matters field’s interactions of the universe and the transition 
matter is the medium which they use without interfering with to a large extend for these 
forces to keep the universe in its dynamic condition. 


If the rate of the conversion of the principal mafs reaches to the point that there are more 
energies in transition mafs strength levels that the rate of conversion cannot lead to creation of 
matter maf’ of magnetic fields strength, then the transitions energies fields interact and this 
will lead to creation transition matter, which this condition is abnormal and this ultimately in 
some cases can lead to creation unbalanced Magnetic fields and gravitational fields within the 
universe, and this is the trigger point for sudden expansion of the universal magnetosphere in 
certain point and as this cannot be sustained, then the universe goes through division and the 
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universe and creation of two or more fragment of this universe are the consequences of such 


condition. 


It has to be clearly understood that the neutron division to electron and proton, usually is 
caused due to sudden expansion of the neutron magnetosphere, which is caused through the 
same process of the rapid change of the principal maf’ to transition energy, which this leads 
to temporarily creation of transition matter that this creates a new magnetosphere condition 
which cannot be sustained, hence the neutron goes through the process of division to electron 
and proton too. 


As the pmf of the transition energy slows and reduces in strength once reaching the 
boundaries of the universe as it happens in the planetary upper atmosphere and solar systems 
heliosphere, in the same way and by the same principle these transition maf will rain inwards 
into the interior of the universe, where they started their lives from and at the edge of the 
universe boundary the same as cloudy earth in its upper levels will have showers of matters in 
the form of small plasmatic matters and mafs and this looks as universe is raining inward. 
‘Thus once one look at the boundary of the universe one will see cloudy or a hazy shell, in fact 
this haziness it is nothing but the weak mafs and matters which are lingering around as clouds 
do or dust particles do in the planter systems upper atmosphere. 


‘The same cloud systems do exist in the solar systems heliosphere too, where this zone where 
most of meteoroids and asteroids of the solar systems find their seeds and receive their regular 
‘matters and mafs from, 


It has to be said that once man leams to cross the boundaries of the heliosphere of the solar 
system, the travellers of the crafts as is done when man leave for the travel to the moon at the 
present time, these crafts as they enter the heliosphere of the solar system they will encounter 
the same misty cloudy space at the edges of the solar system too and still they have to deal 
with solar heliosphere re-entry and cloud dusts and so forth as one encounters in the re-entry 
into the earth atmosphere. 


On the edges of this universe one will see weak pmf of matter and transition matter and 
transition energy plasmas and even one will observe the entry of other mafs and maters and 
plasmas in all mafs strengths and entry of universal meteoroid from other universes and 
unicos, as one sees meteoroid and radiation entries into the earth atmosphere from the solar 
system and cosmos. There are universal lightings and universal meteoroid too, in fact if the 
W-map observers look for this they will see another storm and lightings as these vast energies 
and large matter enters this universe at the edges of the universe, but they simply have 
registered these as hot spots in this map’s outer boundaries, 


The existence of these short lived hot spots will show that they are dynamic, live a short life 
and their energy is fast moving, as it happens when one has meteoroids entering into the earth 
atmosphere. 


In reality the existence of these hot spots on the edges of the W-map should give a clear 
indication to the man the existence of other universes and the greater universe as earth is part 
of a solar system and a galaxy, the same is with this visible universe of the man, and all one 
sees in this universe as the same is repeated in the greater universe too. 


One of the fundamental principal concepts of the universal energy is what the scientific world 
of today to a large extent has not understood fully and has up to now ignored this fundamental 
principle of the pmf magnification using the pmf of the mafs and matter and energies and 
specially the universal energy. 
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If the scientific world understand how universe uses its dynamism and its inner content 
dynamic universal energies layering to magnify its power in its operation of this universe, 
then men of wisdom will come to realise that one does not need principal matter that much 
and in truth any matter so much all to operate this vast universe and transfer energy to all its 
far distance corners 


‘The world of science of today has been by large ignorant to this fact and has not managed to 
understand the magnetic layering and dynamic universal energy principle and in turn this has 
put man in disadvantage in comparison to the technological advance with other travellers of 
the universe 


Man of wisdom should look within to see the creation of their own being, then they will come 
to understand how small amount of matters and maf and magnetic fields has been creating 
conduction and energy transfer in their own structure without utilising or using very little 
‘mats or matters, then they find the power of creation and its application and manipulation for 
untold usages 


‘Then they will realise that one does not need wormholes and all that fancy words to travel 
within the universe with the speed of their own creator. This shall and will remain the mystery 
of existence upon the time when man learns not to trespass the boundary of others and he 
learns the existence of balance and true peace within himself and its people and it’s 
surrounding, 


One should understand the concept of multiple principal stars operation in one galaxies system 
and the role they play to create disc like or spiral galaxies. The operation of visible and 
invisible principal stars in the universe will play the same role as the twined solar systems and 
twin galaxies, where in this cases the twined principal matter centres are and have the 
capability to discharging different pmf strength according to their anti-martial gravitational 
pull and the measure of the mats that they might release to control their field of domain. The 
multi- principal matter centres are and can be used in the space travel in a fascinating way, 
where once creates multiple jumping steps, with differential and opposite dynamic direction of 
motion of these Matters. The speed and protection created from and through these 
manipulations will give the man the chance to travel the length of galaxies and universes in the 
minutes, but one has to be aware of the destruction power of these technologies as there will 
nothing left but pmf of the creatures travels of these universal craft if things goes wrong at 
these maf’ levels 


It should be noted that the shapes of the galaxies and their physical appearances, should teach 
one the power of the effect of the other matters and entities around them as they will allow and 
pull an push these objects toward or away from one point or other and hence allowing the 
appearance and the physical visible structure of these celestial bodies to obey and have a given 
shape, this is important in the understanding that one has not to look at an entity but look at the 
surrounding area of the entity to understand the limitation of the operation and the shape of the 
matter and mafs internally and externally as it is allowed by the environment of the entity for it 
to exist within a given point and time of a system, this being a planet, solar system, galaxies or 
universal entity 


The uniformity of the pmf within the plasma of a proton, an atom or a universe these all show 
the equilibrium and balance condition between all the participating magnetic fields forces 
which have been designated to the entity at the point of its inception and creation. Thus, if one 
sees a fast moving object the like of the Plasma of an electron in an atom or in a larger part the 
universe, then this does not mean that the universe is expanding and it will be chaos internally 
in these entities. Thus the fast movement of the internal matters and mafs of the universe does 
not mean that the universe is expanding, on the other hand this means that the universe is 
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Besides, a multi-band harvesting circuit can also be formed by simply embedding o multi-band 
‘matching network between the multi-band antenna and the rectifying circuit (Bergés et al, 2015; 
Hamano et a, 2016; Ho etal, 2016; Liu etal, 2015; Niotaki eta, 2014; Scheeler et al, 2014; Shariati 
etal, 2015; Sun etal, 2013). The mult-band matching network can be designed either by distrib- 
uted or by lumped element. In general, the multi-band rectifier circuit experiences two types of 
losses: frst due to shift in resonance frequency from the optimum frequency point, and second due 
to the fiter complexity. Because of the diode nonlinearity the input impedance ofthe circuit varies 
4s.a function of power and frequency which causes a shiftn resonance frequency. The difficulty due 
to diode nontinearity can be observedin Sun et al. (2013) where the dual-band rectifier circuit exhib- 
its impedance matching for a small range of input power. The losses induced becouse of fter com- 
plexity canbe observed in the recently reported works on dual band harvesting crcut (Niotok tol, 
2014; Scheeler etal, 2014; Shorat etal, 2015). In Niotaki etal. (2014), forP,, = —15 dm, author 
achieved the conversion efficiency of 23% at the expense of increased fiter complexity consisting 
two series and two shunt pairs of reactive elements. Thus, for more than dual band applications, the 
proposed circuit topology isnot suitable due to excessive fitering components used. To obtain good 
conversion efficiency a dual-band rectenna reported in Scheele etal. (2014). However, the rectenna 
wos large in size and requiring a complex impedance tuning circuit. In Shariati etal (2015) also, a 
dual-band matching network consisting nine reactive elements was employed to achieve the dual- 
band characteristic. 


In order to reduce the filter complexity, this work proposed a compact dual-band harvesting cr 
cuit for GSM-900 and 1800. It consists of a 4th order dual-band matching network based on 1 —n 
frequency transformation, which is optimized for the energy harvesting circuit to reduce the com- 
plexity up to 2 x 1 reactive elements (n is the number af frequency bands). Similar to frequency 
transformation method, the proposed dual-band rectifier circuit can be extended ta n number af 
frequency bands by using the 2 x n number of reactive elements. The detailed analysis and design 
guidelines of dual band rectifier circuit are discussed in Section 2 


2. Dual band rectifier design and analysis 
‘This section presents the design and analysis of « dual-band harvesting circuit in terms of imped- 
tance matching, DC output voltage and RF-to-dc conversion efficiency. The topology ofthe proposed 
dual-band RF eneray harvesting circuit is shown in Figure 20). As seen, the low-cost Schottky diode 
is used to transform the input RF power to DC valtage. The impedance matching at two frequency is 
achieved using a series and parallel combination ofthe LC pair. The main idea undertying the sug- 
gested mult-band matching network is 1 ~ frequency transformation {one to many mapping of 
frequency), which transforms a single-bond matching network to mult-band matching network 
(Wallam & Chatterjee, 2013). As the name (1 ~ n} suggests that for designing a multi-band matching 
network, primarily  single-band matching networkis required whose resonant frequency is depend- 
ent on the frequencies for which mult-band matching network proposed to designed. 


Moreover, this frequency transformation method depends on the type of load impedance, wheth- 
erits series or parallel combination of RCor RL. Since the selected diode (HSMS-2852) has capacitive 
behavior throughout the frequency, can be represented in a series or porallel combination of Rand 
C.In the case of parallel RC load, the following equations are used to transform the single-bond 
‘matching network into mult-band matching network. 
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Where, nis the number of bands and m varies from 2 to n. After substituting the value of n, Equation 
(2) can be expanded in partial fraction form using the causal foster analysis as: 
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internally controlling its maf’ as repositioning to guaranty its existence as an entity and at the 
same time the universe is holding its position or what is called universal Magravs positioning 
in respect to other universes in the unicos. 


Thus this universe will have matters and mafs which will be moving away in one position but 
at the same time other fields in the universe will be moving in the opposite way to, but it has to 
be said that the conversion of mafs to matters creates a visible expansion, but overall 
gravitational field forces of the universe cannot be changed and the universal order of 
preservation of fields will be maintained, does not matter what is converted to what fields and 
matters and the intemal universal gravitational fields strength will be maintained and 
preserved. 


The universe has laws and conditions and has primary atoms and particles, at the present man 
has managed to understand the structure of atom and plasma of proton and other particles and 
through this understanding and his vision of his universe thinks that the atom of the hydrogen 
is the simplest structure as he can see and understand, in time this will become apparent not to 
be the same for all creature of the universes, but up on and until then man has to learn that the 
fundamental particles and unifying fields and the fundamental fields of universe are the simple 
magnetic fields of the universe and the whole operation of the universe is based up on their 
interaction and operation, 


But at the same time man has to learn that all created entities in the grater universe have 
achieved a common method of communication or what is known as the universal fields 
communication, all created being which have managed to influence their environment and 
have managed to interact with other intelligent being individually or as unified groups and 
have managed to accept one universal communication language that is acceptable to all, this 
language is known as the universes language and is bases on the strength of the pmf of the 
different strength and not based on the voice or sound or physical alphabets and shapes. 


The man will have to learn this language and will be able to communicate with the other 
intelligent created entities in the universe once man learn to find peace within himself and 
reaches the understanding that they cannot trespass and cannot create division in the universe 
as they have been accustom to on earth to get their way and in achieving and attaining physical 
possessions and that in the universe martial possession are nothing but the lack of man’ 
understanding of his position and short slightness of use of his intelligence. 


The universal language is transparent and clear language and works on the pmf waves strength 
and has standard forms and accepted levels for communication depending upon the creatures 
of different environments which creatures are initiated from. 


Where, one should understand that not all created intelligent beings in the universe need or 
needed the physical planetary structure as human do for their existence for them to be created 
or to survive, 


Life is created in the universe in and within the fields of the universe and it does not 


necessarily need physical tangible, food and land for it to exist and collaborate and operate 
with others in the universe. 
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Whereas, and as long as the Man tries to contact others through pictures and voices using the 
present technological advancement, man will find in general he will have a long time to wait 
for the response, as the other created intelligent beings of the universe have been and are and 
will be visitors to man’s home from the time of its creation and to its demise, but the universal 
Janguage will be established and communications will be opened when man learns that he does 


not need to take more than he needs to and at the same time man does not need to create 
division to get what he desires and cause conflict. 


The cause of isolations of the man from the universal community has been his lack of 
understanding that in the universal language the other creature do not need to use words but 
they can and do understand and communicated at pmf fields levels, thus the thoughts of the 
man which is pmf based in his operation in the brain of the man, these pmf are detected and 
are like visible light to these creatures and as what is said they can see and understand the real 
intentions of the man’s deeds without man uttering a single word, 


Thus man isolation from the universal community has been in forced up on it out of protection 
of the universal peace, rather than man’s inability to find the other creatures to communicate 
with. 


The Universe in general is a peaceful place and wars and conflict has been things of the past 
and a long-long time in the past, hence once the man learns the advantage of peaceful living, 
then man will learn the universal language and then man will be allowed to learn more and 
join the universal community of Beings, irrespective of these being physical or field 
appearance to the eye of the man 


One does not need eye to see but the intelligence to understand, and then the real sight is the 
real will of the observer of the beauty of the ereation in all levels of universes. 


In the material world for example the neutron always divides into balancing masses that the 
overall gravitational positioning of two new masses can guaranty the existence and 
continuation of the life of the neutron in the same material world. This applies to the universe 
too, that universe will divide in mass and as in the neutron the lighter mass will have to follow 
the graters mass fields forces Magravs motion and hence the universe of the smaller mass will 
be more agile than the heavier mass. Whereas, the smaller mass universe will be and has to 
follow the internal motion of its own mafs and matters and at the same time the overall 
Magravs of the smaller universe has to find its position in respect to overall Magravs of the 
larger universe and the overall dynamic motion of the mafs and matters which the bigger 
universe creates, 


Thus, the smaller universe can be in a snapshot or in the case of man life time over a million 
years, this universe be looking as itis stationary in its internal space, but in fact this universe is 
following another larger universe at very high speeds itself to keep its position and at the same 
time the universal centrifugal force of motion allowing the universe to hold on to its content of 
its own maf and matters. 


All universes the like of the galaxies and solar systems are all in motion not only internally but 
at the same time they are in motion in respect to their the other half of the their mother 
universe, which it was originated from. The overall direction of the motion of the universe in 
its bigger universe can easily be detected and realised. The direction of motion of the universe 
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is shown by the directional motion of the mass of universe, which is moving out of normal 
direction of the whole content of the universe itself. This meani 
motion of the universe is planned out; one should see a region, whi 
totally arbitrary and independent direction. 


hat, if! The full matter 
as a whole in 


The reason for this envelope of the mass following an independent directional motion is due to the 
fact that this mass of the universe is connected Magnetically and gravitationally is locked to the 


direction of the interaction of the Magravs of this universe in respect to the Magravs of it co-birth 
sister Universe (Fig. 22) 


Sister Universe 


Envelope of mass 
of galaier moving with 


Man's Universe 


Indication of the po: n of sister universes 
in respect to each other through the separate mass 
movements in their plasmas 


Fig, 22 Envelope of galaxies in each Universe indicating the postion ofthe Sister Universe, 


The mass of the matters involved in this motion should indicate the extent and power of the Magravs 
interaction between the two universes, 


This mass moves in all three hundred and sixty degrees direction as the co-birth universe is dynamic 
and has its own dynamic Magravs motion too, 


This independent zone in motion in the universe has already been detected by the cosmologist for this, 
universe, but they could not understand the reason for this independent part motion in the plasma of 


the universe, 


Thus the direction, which this mass in the universe is moving and is positioned, this shows the 
position of the co-birth universe in respect to this universe 
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‘Therefore if and when the man’s scientific and technological achievements reached the level in the 
future that man can see through the universal magnetosphere, then the position to look for the co-birth 
universe, would be the direction where this internal mass is in motion and at the same time the 
distance of the this internal mass from the edge of the universe will show the distance of this universe 
in respect to its co-birth universe. 


‘* In the universe the heat and cold is not measured in the way, which has been accustomed in the 
world of physics of today. In the universe heat is measured to the extent that the matters pmf 
can be loosened to allow the bridge of what is known as the atomic or molecular 
magnetosphere. 


Thus what is commonly known, as the coulomb barrier, in the atomic physics is only the 
extent of the resistance or the tightness of the Magrays of the atom. In fact man has to realise 
that if he unifies the terminology then he will solve most of the problems in the world of the 
science of physics. For example, by unifying the word of the magnetosphere and coulombs 
barriers, which in fact these are both the same properties and principles; where one shows the 
tightness of the Magravs of the planter system and the second show the same for the atomic 
structure. If this discrepancy in language is resolved and man understood all phenomenon of 
the creation of magnetosphere in all levels universal mafs strength which has been discussed 
above, then the nuclear and theoretical physics would not have the problem in creating and 
maintain fusion of all matters and mafs in the universe. 


Thus for fusion one does not heat or speed to create and achieve fusion, but the loosening of 
the Magravs or dilution of the Magravs of the mafs and matters will lead to fusion and creation 
heavier elements without the need for the elaborate accelerators and others gadgets which has 
become the tools of the advance science of today. 


The use of the accelerators are nothing but to show the true lack of understanding of the 
scientific world in the what these scientists are trying to achieve and their misunderstanding of 
the operation of the universe. 


The heat created by the fusion processes within the stars or the principal stars is the by-product 
and in fact the heat assist with the operation to loosen the Magravs and loosening the 


Coulomb's barrier that fusion or mixing of different plasmas of mafs and matters are 
accommodated, but not the cause or the outcome of the fusion. 


Where in the world of the fusion of today scientists try to speed up and accelerate plasma and 
make them to collide and hope for the fusion, but in the universe the reverse process happens, 
whereas in the universe fusion takes place in condense centre of the principal stars and matter 
stars, where there are no rooms for the plasmas to speed-up, but due to loosening of the pmf 
forces magnetosphere of the plasma or coulomb barrier, then matter mix and fuse and what is 
not necessary from the amalgamation of two plasmas fusion, then these appears and are 
released as surplus unwinding pmfs of mafs which as in this process of higher to lower mafs 
strength is so rapid that this process shows itself as the heat in these environment of the 
universe as part of the process. 


Thus heat can be explained in its real term as the pmf which is unwinding from one state of 
matter to unwind that the pmf field released allows the other matters to open their 
magnetosphere that they can receive the pmf in transit from other plasma. 


Then the cold can be explained as the when the pmf of the matters are reduced to beyond the 
magnetosphere of the matter that matter cannot transmit any pmf to another matter. 


At the point, where the total transfer is zero, this is known as the Absolute zero point at the 
present time. Where, the scientists say that at this point there are no molecular movement. In 
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fact the plasma of the matters or the atoms is still at this point active and maintains their 
internal dynamic condition and environment. If this was not so then magnetic fields creating 
the mafs and matters would have ceased to interact and the matter or mafs would have lost 
their gravitational fields and magnetic field and hence the matter and mafs would not have 
been able to maintain the magnetosphere and the mass of the atom, and hence nothing would 
have existed; But as one still sees the matter at absolute temperatures, then the condition is 
inter plasma magnetosphere connection and not internal magnetic connection; 


In fact magnetic fields, which are the principal particles or are known as the fundamental 
matters can never come to a point that they do not exist or interact with other fields and at the 
same time due to ever existence of other magnetic fields and fundamental elements in the 
universe, then all fields and matters at all times are attracted or repelled by one matter or other 
and hence a total non-dynamic universe never can exist and in truth the creation of the 
universe and creation and origin of the magnetic fields is due to and through the fundamental 
of difference in the universes differential waves. Thus the magnetic fields are themselves 
created out of strength level difference in the universe and thus the origin of the magnetic 
fields is the cause of the existence of the universe and the existence the universe is the cause of 
the existence of the condition differential which is the creation of fields to compensate for thi 
difference and hence the creation of entity to cover the difference in position and hence the 
creation of the magnetic fields. Thus one in a simple language now knows even how magnetic 
fields, which their variation leads to the world of the creation of universe has come from and 
how the real essence of all creation become to exist. 


It can be said that at the Absolute temperature the time stops for the matter and material world 
but not for the mafs and mafs dimension and hence if the universe were made only of matter 
and mafs then the physical matter would have never existed in the deepest part of the universe 
if the temperature were at absolute temperature. 


The measure of the cold in the universe is dependent upon the slowing down of the movement 
of given pmf in a given direction and strength, hence the measure of the coolness is the 
external strength dependent and not plasma internal fields motion dependent. This being the 
reason why like in the planetary systems planets can and do produce their own independent 
temperatures irrespective of where in the universe they are and how cold or warm the 
environment of their surrounding planets and stars could be. Therefore THE ABSOLUTE 
ZERO IN RESPECT TO mafs and matter environment is only applicable to the earth position 
and environment and not to all universal condition. This being the reason why, one can see and 
observe life in all kinds of pressure and magnetic field strength in the universe. 


Therefore the Absolute zero for mafs and matter environment is not applicable true for 
principal, transition and matter mafs and matter strength and environment, 


This being the reason why that internal atomic structures can exist and atoms maf can hold on 
to its structure and its existence, while the molecular structure in the matter environment can 
be cold that no external motion within the atoms of the molecule can be observed at absolute 
temperature. 


The absolute temperature in a given environment can be said to be when the Magravs of the 
constituent matters environment come to be in total balance; and that is the point that the total 
losses and gains from the surrounding environments are said to be balance out that the total 
magnetosphere of the environment will compensate for the losses that the environment can 
keep on holding on to the zero motion of the total environmental Magravs. 


On other hand the environmental Magravs can be reduced that there is no interaction between 
atoms that the motion of the atoms in respect to each other ceased to exist and motion in 
respect to each other become frozen. This is known as balance Magravs criterion and to 
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produce this within the structure of reactor is an art not known to man. Where, the balance 
Magravs positioning is the key to establishment of colonies in the universe, where there are no 
planets and stars as point of reference, but the condition of balance allows the station to be 
permanently positioned in that spot that all passengers of space can come to meet. 


Production of an absolute balance give man the ability of what is known as hovering, where 
there are no propellers and no vertical jets of today to stay stationary in mid-air. 


Absolute Magravs balance allows crafts of the future to keep a constant position and this can 
create fantastic composition for gate-thing, which is needed for movement from one Magravs 
system environment to another without actually needing to handle re-entry problem in either 
direction. 


The operation and the use of the absolute balance Magravs technology systems are as for the 
physical doors of today, when used in the future, when one moves from Magravs plasma 
environment to another. 


In the operation of the universe, the distance of pmfs and the speed of the rotation of one pmf 
in respect to another is the criterion by which the speed and directional rotation of one matter 
or plasma in respect to another plasma is dictated. 


Where, the positioning of maf in respect to each other in the universe has a direct effect on 
how fast, when and where an entity will position itself and even this dictates the measure of 
the cold or heat of two entities in respect to each other and to other environments. This concept 
is seen in the universe in respect to the rotational direction of planets, stars and galaxies, where 
their direction of the rotation if different to the one other entities in their surroundings. 


The criterion of mafs positioning is the reason, why for example the Vinous rotates in different 
direction than the rest of planetary systems in the solar system of the man, as its internal pmfs 
speed of rotation and their position in respect to others of the same within the internal structure 
of this planet are as such that the outer layers of this planet are forced by the configuration of 
the combination positioning of different cores and their pmf strength, forcing the planet to 
rotate in the clockwise direction rather than the anticlockwise direction as the rest of the 
planetary entities in this solar system. 


This principal of the maf’ positioning and speed in way can explain even why all matters in 
the universe rotate anti-clockwise or what is commonly called the electro negativity of the 
hydrogen atom directional motion. 


Hence it can be said that the anti-clockwise directional movement of the plasma of proton and 
electron are due to the mafs strength within their plasma and the position of different maf’ in 
respect to each other within the plasma. 


Then this puts a closure to present theory of electron and positrons, where in fact electrons and 
positrons only difference is that one’s internal magnetic fields are slightly differently 
positioned than the other and as their mafs contents of fields is the same, then only the 
positioning of the fields in respect to each other dictates the direction of the rotation of the 
plasma of these entities. This directional motion variation can even affect the absolute 
temperature of the operation for the positrons and electron in different environments too. 


Time as man is accustomed to on earth, this time in the universal language does not exist; time 
is a manmade phenomenon to measure the course of his life. In reality the time is the measure 
of the pmf of given strength to pass a given predetermined strength, thus time in the universal 
language is magnetic field strength and environment dependent. Where in the principal mafs 
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world the time of reduction is much faster than the time of reduction in the same matter 
environment. Thus time or measure of reaching from one level of strength to higher or lower 
by the same order of magnitude is the measure of the time in the universe. 


Where, the universal positioning time will be measured according to the central position of the 
universe and considered to be zero at this point and then to make an appointment to be at a 
given time then the motion of all mafs and matters in the universe in respect to this point needs 
to be considered, Where this position is and has a three dimensional three hundred and sixty 
degree reference. Where, in fact time in the universe needs point of reference and that is 
earthly time, solar time, galaxial time and universal time. 


Time is unchangeable and it is the same in the same gravitational and Magnetic field strength 
environment. This is important, as at the present there is a fallacy, which has been accepted to 
convince the scientific world that time goes faster in the universe as one moves away from the 
earth. 


This is nothing but hypocrisy and lack of the understanding of how gravitational fields are 
created. This fallacy has come to a point that in the satellite systems of today an error time has 
been allocated that the satellite timing is adjusted in respect to position location of a matter or 
entity on earth. Where in fact if the scientific world would understood the full principles of the 
creation of matters, and if scientists can create the same g strength forces in the environment of 
the operation of the electric and mechanical processing of these satellite does not matter where 
they are positioned, what is called the environment of what is called one g, then these satellites 
do not need correction factor which they are using. 


Where, in fact the time correction factor is due to the fact that matters in the different 
Margraves and gravitational position around the earth have and operate under different 
magnetic and gravitational field strength and this is the reason why there is a difference. 

Thus for the correction of time in these systems only one needs to consider creating the same 
Magrays strength at on the surface of the earth and then there will be no difference in time. 


This concept is important for the future travels of the man into space and his excursions in the 
universe if he wants to keep to his habitual twenty four hour clock and earth gravitational magnetic 
field strength of his planet. 


Man soon will find and realise a simpler way and then the hypocrisy of time travel and wormhole and 
going to the past and to the futures and so-called granddad theory will come to an end. 


‘One point to remember that light which itself is plasma entity moves out in a spherical three hundred 
and sixty degree environment of the universe and for example the feature of a the face of the man will 
create man lights for it to be seen as a whole, but in time as light travels in the ever rotating sphere of 
the universe and these rays some get absorbed and some get distorted, then one cannot bring all the 
lights of all the matters of the one human face together to see that entity as it was so many time lapses 
before. 


‘Thus if one hopes think that one can see the past of one person on a revolving dynamic environment 
through one light or making a machine to go backward to see the face of its forefathers, this shows 
nothing but the lack of the understanding of the science of creation and motion of light through the 
haze of dynamic universe by these men of science. 


‘One can see the structure of matters like stars and fields in the far points of the universe primarily due 
to the fact that the light is and has plasmatic environment and like a telescope can pass the 
information to the point of arrival. But the light cannot bring the past of its source, but shows the 
pattern of its source like a move at the time it left the object. 
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In fact it can be said that light is composite matter and entity with active complex pmf of different 
mats, 


‘Thus, for example one as one enters the principal matter environment, where the principal matters is, 
the creator and controller of Magravs of the environment, then in these environments one travels at 
the speed of the pmf of the principal matter and not pmf of tangible matter. Then if considering the 
principal matter environment in the centre of galaxies, then time for the matter world will be looking 
as being much faster or matter seems to be travelling thousands of times faster than what has become 
to be as the speed of light in the matter world in these environments. 


‘Thus in reality the accepted time and speed of light as the maximum limit is only applicable for and to 
human understanding of the universe and not considered to be the truth in the real working of the 
universe 


When, the race of the man understands the concept of the use of the principal matter in the travel 
systems of their creation, then the man will be able to travel into the universe with much faster speeds 
than the speed of light of the maf’ in the matter world and then one can travel the spans of the 
universe in seconds in human term and then one can travel the length and the breadth of the greater 
universe as one travels the earth glob with the toy systems of the jetliners of today. 


‘Then the point arises that why some mates and entities in the universe can last for a long time, where 
for example the human life is limited, the answer to this is very simple, and that is the body of the 
man is made of composites of mafs and matters and the more one adds to the composite the more 
Magravs are available to be lost to the surrounding Magravs, and be effected by the surrounding 
Magravs too. 


‘Thus the life of the man is environment conditioned and in time as the DNA of the man learns to 
preserve more, then this will be adding to the life of the man and then the man will live longer, but 
eternal life is and belongs to no one entity in the universe, but the entity is the total facet and attribute 
of the whole as a whole. Thus man has been and shall ever be, not in the physical form but rather in 
the attributes of its physical existence in all universes of the god. Where, god is part of whole and 
fraction of none. 


Where, the universe possess mafs and matters which their difference only is in their strength and 
nothing more and nothing less, thus time is faster in the stronger field for the weaker matter created 
entities and time is slower for the stronger mafs field strength in slower in weaker matter field 
strength. Thus time in the universe in reality does not exist and is a creation man’s state of position 
and possession. Thus if one is in universe, where the strength of the mafs are one thousands time 
stronger than the other maf’, then the time is one thousands time faster and this applies to all maf’ and. 
matters in the world of creation. 


‘One point to realise is that the magnetic rays which are released and are prevalent in the environment 
of the man are the time setters for the degeneration and division of the man’s cells and have direct 
effect on the life span of the man in the universe, this be it a word of wisdom for the ones who come 
to comprehend and look for the eternal time life. 


‘+ What holds the universe together are the attraction and repulsion force of the pmf content of 
the universe. Thus the tightness of and the position that matters appear in the universe are 
totally pmf strength dependent. 


Therefore as the pmf strength of the matters are attained at any point in the universe then that 
matter becomes to manifest itself in the given point and time in that part of the universe. Thus 
the glue of the universe is a combination of the interaction of all the mafs and matters, which 
their interaction makes the Magnetic and gravitational fields Magravs of the universe. 
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Thus in fact what is called the bosons theory has its truth in the position of and their 
interaction of the magnetic fields of different pmifs, plasmas, matters in a given position in the 
universe as these interaction dictates what and how pmf are given or taken from the universal 
soup of magnetic fields, and what the outcome entity shall be and how the matter manifest 
itself at given point and for what period of the time. 


Thus once a given pmf strength in the universe is achieved which can be initiated combination 
of the interactions of several conditions, plasmas, and environmental magnetic fields, then at 
that point in the universe a specific given mafs or matters comes to exist, this being mafs or 
tangible matter magnetic fields strength and so forth. This is the secrete of universal existence 
and manifestation of the all mafs and matters and the observation of one mafs or another 
matter is totally dependent on the observers pmf Magravs strength that one matter or another 
can be tangible or visible. 


As in the solid state magnets in the plasma state of the magnetic fields regions of the universe, 
these plasma poses and operate through the North and the South poles and the same goes with 
their attraction and interactions in respect to other magnetic fields of all plasmas too, that is to 
say that plasmatic magnetic fields position themselves as solid magnets do in respect to 
strength and position of other plasmatic magnetic fields near to and in their environment. Thus 
the North-pole of the plasma attracts the south-pole of other plasmas and at the same time the 
South-poles of the plasma keep and make distance from the South-poles of other plasmas as it 
happens in the solid state magnets. 


In the physical matter one can see the motion of the magnetic fields and motion of magnets in 
respect t0 each other as magnets move and find theit position in respect to each other in their 
given environment once they are brought into the proximity of each other. The same 
positioning and movements are applicable and are created and maintained in the magnetic 
environment of the plasma two plasmas once they are brought within the mafs field interaction 
of each other too. 


The plasmatic magnetic fields of all entities can recombine to allow the circulation of their 
fields and in general determine the point at which the fields can re-enter the plasmatic 
magnetic fields to complete a full spherical plasma of the fields. Where, this point of re-entry 
of the fields is primarily dictated and decided according to the environment, which the maf’ of 
the entity operates in and, not necessarily by the mafs strength of the field of the entity itself, 
Thus, the point of termination and re-entry of the fields of the plasma of mats of even solid 
matters is dictated by the environmental mafs strength and not by the matter. That is to say the 
termination point for the magnetic field lines for a plasma and solid matters (the beginning and 
end of a field line) is decides mainly by the environmental mafs strength and not necessarily 
the strength of the fields of the matter. 


This being the reason why the magnetic fields can reconnect anywhere in the universe 
irrespective of their physical distance, as the environment which the fields enter and carried to 
their full destination is supported and facilitated through the mafs of the environment and not 
the strength of the fields of the entity. Where, this phenomenon is well explained in the 
interaction of the change of polarity of two atoms, which as one changes its polarity, the 
second one does the same instantaneously. This is what one observes in the change of polarity 
of plasmatic field’s entities, that for example as one plasma changes polarity, the other does 
the same parallel changes automatically that one never observes any changes in the structures 
of either entity. 


This being like the change of the polarity of the earth and the synchronized change of the 
polarities of the cells of all beings on earth, that no physical change can be detected by the 
inhabitancies of the planet as the physical polarity of the earth changes. 
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Even though the same cannot be said about the change of the polarity of the moon of the earth 
as it does not changes as the earth polarity changes in majority of the cases. 


In understanding the principle of this phenomenon, then man of science can make any matter 
anywhere in the universe as the need of the time be, this be it production gold or production of 
amino-acid needed for production of proteins of chain of fibres of heart of man anywhere in 
the space for the travellers of the future. 


Thus, one can control the point where what appears as the magnetic fields can draw in fields 
(as called conventionally called the exit pole) and where the field exits to release the fields (the 
north-pole of the mafs. Then size and the length of the magnetic field and the gravitational 
fields and Magnetic fields, which any entity creates, can be controlled and hence the size of 
plasma of an electron or proton can be predetermined. That is to say the total field strength of 
the Magnetic field and the magnetosphere which an entity creates and can hold on to, thi 
determines the exact and precise dimension of the plasma of be it this be the plasma of the 
proton and electron. 


Thus, in principle one can have field zone of the same length, which upon their interaction 
they create a given magnetosphere, but one can have the same spherical dimension of 
magnetosphere with a different magnetic fields strength, which this creates different Magravs 
field zone. Thus, the length of the magnetic fields determines in what entity is to be created, 
this being the plasma of proton or an electron, and so forth. 


Complex magnetic fields create different field lines, hence different Magrays. This being the 
reason why in the plasma of the proton different pmf and matters entities are observed and 
detected 


In the bigger picture of universal works, scientists will come soon to realise that all parameters 
are the same, all plasmas do and behave within a given procedure and sequence. Thus, what 
one sees in the plasma of this universe is the same as what goes on in the plasma of the proton 
and electron too. That is to say what has been puzzling the theoretical physicists about the 
content of the plasma of the proton, as one can see in the operation of the universe then one 
should have been expecting the existence of different matters, fields and fields strength in the 
plasma of the proton and even the same in the plasma of the electron as one sees in the plasma 
of the universe. 


Interesting enough scientists soon will start wondering about the creation and control of these 
magnetic fields that how they lead to creation of different plasmas of magnetic fields too, and 
how plasma of the magnetic fields become to become units of the same fields and how a 
magnetic fields can be attracting one plasma while the same end of the matter can repel 
another of the same from the same end or exit port of the magnetic fields. That is to say how 
can a solid magnet at the same time as can attract the opposite polarity and then at the same 
time and simultaneously the same pole can attract another dissimilar polarity. The fact is that 
magnetic fields of plasma of fields do not bunch all to north and south or all exit and entry 
port, but they arrange themselves as one of entry and one of exist and or one north pole and on 
the south pole adjacent to each other, but they do not set end to end with each other. Thus for 
example looking at the section cut across cluster of the magnets, the fields are arranged like 
mosaic of north and south in correct sequence and order. Where, in the case of the dynamic 
plasmas like protons the top view shape of the magnetic fields are the likes of a whirlpool and 
not straight-line fields of the same mosaic. 


‘Then one should understand how the structure of nucleus of atoms are arranged in a similar 
‘manner too, as one exit port sets next to an entry port, then when a nucleuses has two protons 
then the in and out ports are matching and the magnetic fields of the atoms internal 
‘magnetosphere is complete and the atom is stable, but when the atom possess two of the same 
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Figure 2. (a) Circuit diagram 
of the proposed dual-band 
rectifier circuit and (b) 
optimized dual-band rectifier 
circuit. 
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Equation (6) is similar to that presented in Nallam and Chatterjee (2013), except the term (~1)"™", 
Which is included here to realize the multi-band matching network for more than three frequency 
bandsiie.forn > 3 


With this transformation, the capacitor of the matching network is transformed to the combina- 
tion of prototype capacitor parallel with inductor whereas, an inductor is transformed into a combi- 
nation of the same inductor with a series capacitor. Figure 3 shows the circuit schematic of 
transformation of a single-band matching network to the dual-band matching network. It can be 
seen that C, is transformed to C, lI, and L, transformed to L, series with C,, After successful usage 
of (1)-(7), the resultant multi-band matching network requires 3n ~ Land 4n ~ 1 reactive elerents 
for L and Il-type topolagy, respectively. 
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ports and one of the other ports in its nucleus then the extra port is sharing its fields and or is 
looking for the an extra port that can receive its pmf or it receives pmf from, and hence the 
odd number protons nucleuses always are more receptive in receiving or dividing for them to 
have matching pairs pmf ports of entry and exit, that they can make their own matching 
‘magnetic plasma. In fact single magnetic fields do not exists in the world of plasma, and in a 
way the theory string shows nothing but lack of understanding of operation of the fields in the 
universe. This explains why odd number proton numbers go through decay or they are more 
receptive to make polymers of themselves or join up to make molecules. 


Where, the entry port of the fields can take magnetic fields from the other ports or from the 
soup of the Magnetic fields of its environment, and thus the size of the entry port of the fields 
in principle determine the matter and mafs condition in a given environment. 


‘The reality is that the entry point consumes more energy than the fields, which are coming out 
of the exit port of the plasma of the fields. The fact is that whenever fields interact they create 
‘minute contact points that at these contact points fields are divided into smaller length and 
strength, this is like when two bodies collide and due to their friction some heat or fragments 
are created; This happens the same when two magnetic fields interact to create their own 
‘magnetosphere and mass. Then due to this friction between fields the magnetic fields entry of 
south-pole are slightly weaker and less in mass than the total mass which originally entered 
the magnetosphere of the two fields in the south-pole. Where, in fact the slight difference in 
the mass and fields strength between the entry and exist of the ports, leads to ever 
reconnection and closing of the loop of the fields between the North-pole and the South-pole, 
and the motion of the fields within the structure of the matter and the entity. 


Where, the South-pole or entry port is the feeder and the North-pole or exit point is the 
provider, where at the same time the due to miniature and micro size of the magnetosphere of 
the fields, there are too many magnetospheres which are connected and arranged in the 
‘mosaic of the one cross section, thus the entries and the exists or the north and south poles set 
next to each other and where the entries poles are more stronger the matter attracts and where 
two facing section the south pole are stronger the matter repel and hence the sequence of 
pulling and attraction of maf’ and matters in the universe. 


Where, the entry points both need to attract as much as possible so they move to guaranty 
their own continues supply of fields and this being the reason why similar poles move away 
from each other, that is simply to allow the entry or exit of the same floor of the fields to have 
the maximum chance of attracting fields to guaranty their field supply. 


The dissimilar poles gravitate, as the entry-pole try’s to absorb all that it needs from the 
supply of exit-pole of the other entity. 


Further on the minute fields which are released from the interaction of the two fields, in them 
separating and being able to travel a given distance away from the original two fields and 
their interaction, these fragments travelling distance capabilities determine the magnetosphere 
region of the two interacting magnetic fields too. 


‘The interaction of fields in creating plasma of fields needs a constant supply of fields from its 
environment, and that is why the fields can and do regurgitate some of the fields which was 
released by their own interactions and this being the reason why the Plasma of magnetic fields 
can last for a long time in the given environment. 


In a way the attraction or the gravitational fields forces is created out of the necessity of the 
need for the two interacting fields to keep locked to each other, and hence the need for a 
constant sources of supply of magnetic fields in the universe, which this need is meet in large 
from a stronger source of fields and their unwinding of the principal mafs sources which are 
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scattered around the universe. Where for example the larger plasma’s the likes of the stars 
needs are meet by the cosmoses principal fields as they unwind and in the micro levels the 
need of weaker fields magnetic fields of atoms are meet by their lower level strength fields of 
their environment. 


Where, at the same time the magnetic fields can enter a centrifugal region where their 
strength can be tightened and thus fields as much as they can lose their strength through 
unwinding, and then through the same process of rewinding they can increase their strength 
too. That is to say that if the maf’ fields are entered into a winding region or in a tighter pact 
region fields strength of the universe, their magnetic fields can be winded up that the mafs 
strength increases to principal maf’ field strength. Or what is said in the common language of 
present science the mafs can become of principal mafs strength and the centre of the 
tightening mafs is the principal centre of what is called at the present science the principal 
region of the environment, this being in the centres of the cell, galaxies or universes, 


‘Thus as long as the environment can supply surplus amount of the pmf for a given system for 
its north and south poles to be maintained, then there will always be an entity existing, does 
not matter what word in the vocabulary is used to confirm its existence. 


‘The mass is created when the field at the entry port and the exit port are linked and it is 
independent of any other entities of the same or there scale of mafs entities in the 
environment, Where, the mass is the amount of the fields needed from the environment for 
the interaction between two fields or plasma of its fields to exist. 


‘+ The magnetosphere is the limit of the field’s exertion in a given environment created 
by the interaction of the gravitational and Magnetic fields of the two original fields. 
Where the magnetic fields are the cause and the gravitational and Magnetic fields are 
effects their interaction and the Magnetic fields interaction now becomes the cause of 
the creation of the mass and magnetosphere of the entity as the latter become the 
effect of the interaction of gravity and the Magnetic fields. 


This being the reason why, that the mass is independent of the environmental conditions and 
effects, as the mass is the indication of the given internal interactions itself and is due to 
internal processes of interaction of the same internal magnetic fields. Thus when the 
environmental magnetic fields, gravitational and Magnetic fields are considered and applied 
to the given mass system, then the weight or the measure of the mass in respect to the 
environmental fields forces can be measured, 


‘As the puzzle of creation of gravity is solved, this should open new horizon in the world of science 
and make life easier for scientists to understand the working of the universe. Where the whole world 
of creation can be said to start from the difference in condition in position, where this leads to creation 
of field that the different position can interact and be connected to each other, This known to be the 
origin of creation and origin of the creation of magnetic fields in the universe. 


Where, this movement of and need for interaction of fields to cross the space of their environment 
leads to creation of what is come to be known as magnetic fields flow, and the extent of the flow to 
cover the strength difference and the proximity to each other trying to cross the gap to guaranty 
continuity of flow of fields in the environment become the current or the strength of the magnetic 
fields. 


Where, the interaction of magnetic fields leads to creation of Magnetic (repulsion) or gravity 
(attraction), where the interaction of the created Magnetic fields and gravitational fields leads to 
creation of mass and Magnetosphere (1) for the magnetic fields concerned. Where the interaction of 
magnetic fields depending upon their strength leads to creation of stronger fields to be connected to 
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each other, thus the stronger fields become the principal fields or feeders of mafs and the weaker 
fields become the matter mafs fields of the universe. 


In the man’s range of Magravs strength of his protein, the weaker mafs become tangible and visible or 
detectible and part of his own being’s structure and his matter world is created and where in other 
levels due to stronger fields the principal maf’ create a visible world for the one’s whom their protein 
Magravs strength is set to a level beyond the man’s mafs strength level. 


Thus, the universe is the collection of and the creator of magnetic fields in different length and 
strength and their interactions to create different magnetosphere in size and strength in Magravs, and 
whenever and wherever there are fields to interact then they coagulate and linkup and create maf’ and 
matters of different strength 


In the universe there are no empty places, which are void of magnetic, Magnetic and gravitational, 
mass and magnetosphere fields or not being in the path of the movement of fields. In general what is 
tangible and visible magnetic fields collection has been and it can be called matter and what is fields 
in the motion which are not yet attached to any matter to become part of given environment of matters 
or mafs are called energies of the universe. 


‘The universe will never cease to exist as long as there are fields to attract and repel each other. 
Universe has no dark and black unknown phenomenon about it, it has principles and how they are 
applied and enforce themselves or it is enforced upon them, then a given condition and fields and 
maf’ are created for given span of duration of fields interaction so called time. 


‘The earth is not the unique environment which can provide and sustain life and intelligence, but life 
starts from fields and their interactions and upon their complex interactions and order they choose to 
be a club of plasmas, matter maf’, atoms, molecules, Magravsly to be bind (chemically), combination 
orderly repetitively Magravsly bind (biological) and creating communication in the biological 
Magravs repetitive order to guaranty the survival of their overall Magravs which these interactions 
lead to creation of intelligence. 


‘Thus the man is not the only being with intelligence in the universe, as given the environment of 
interaction of fields entanglement is the facets of progression interaction of the fields which can be 
sustained everywhere in the unicos. 


What is interesting is that one does not need the intelligence to have the soul, the same as one does not 
need to see the star in the far corners of the universe to know of its existence, but the plasmatic 
magnetic fields which it released during its existence it has travelled and nourished the universe to 
reach the position of the observes. This is the same for the soul of the man and the manner of it’s, 
creation and movement in all dimensions of existence, wise one now can understand the mystery of 
nothingness and of the creation of the soul of the man and the essence of its meagre existence in the 
world of universes. 


‘The survival of the soul of the created being is the beauty of it, for it to give and to receive and not to 
be an outcast, then man of wisdom will enlighten the man of possession that there is nothing to 
possess if one uses what one needs and no more. Be wise on what has been said and open to be 
received and receive what is in your path of life in its different levels of interaction and attractions. 


The ultimate point of understanding for the man who is one of the created entities in the universe and 
through what has been revealed on to man in the verities of disclosures in the recent past is that in the 
universe among its created whom have attained intelligence and have managed to take into spaces of 
transition environment of universes, that in the universe there are no animosities and no wars and nor 
this rule shall be changed as war and acts of aggression has been the habit of the passengers of the 
planet earth during their technological progress and their short lives on this planet, 
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‘The reason for the universal peace is not the lack of technology among its inhabitancies, but the truth 
is that the intelligence of the beings of the universe is so advanced that they have no reason to fight 
for what they can attain in and achieve and obtain from the universe. 


‘Thus the universe is ruled by peace and justice and the ones whom have the habit of the like of the 
blue blood from the blue planet will be thought soon a lesson that unless unity takes over the thoughts, 
of the creatures of this planet, then these shall be thought a lesson that they will soon fall and follow 
the rules of the universe and not the old habits of the feeble man. 


Not forgetting that the everlasting habitant of the universe have attained the knowledge that can wipe 
‘out any type of life from the universe, thus the peace in the universal order is not due to the weakness 
of its inhabitants, but their strength to be able to see any short sightedness from the newly joined 
members of the universal community that they cannot and shall not be allowed or even think they can 
carry on with their old habits of war and division and injustice and exploitation of the other habitants 
of the universe as they has become accustom to on the blue planet. 


‘The laws of the universe shall be in the hand of the land of the lion as they have been graceful and has 
been just and as has been promised, the knowledge of universe shall come from the land of the lion 
and the Sun where it will shine upon the rest of humanity in equal measure and with true powers of 
grace and justice. This has been the command of the created and shall be attained. 
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Abstract 


‘The universe is built and held together and operates on the basis of two forces. One cannot work and 
exist without the other and when one of these two forces dominates the affects can be interesting, 
drastic or/and at times dramatic for the entity, this be it the universe, solar system, planet, atom or 
plasma, These two universal principal dynamically plasmaticaly magnetic field forces one being the 
Gravitational fields forces (attraction field forces of the entity) and the other the Magnetic fields 
forces (the repulsion or magnetosphere fields forces of the entity), which both have their origin within 
its centre these operating entities. 


Hypothesis 


‘The source of creation and sustainer of the gravitational field force and the Magnetic field forces of 
for example planets are the same elements and the same conditions in the centre of the planet. 


Prototypes 


To prove this concept, several static and dynamic prototypes over span of five years have been made 
and tested (Fig. 23), which the outcome of these tests shown system on the bases of this concept can 
be made that the system creates both gravitational and Magnetic fields forces, which in the operation 
of the system allows the system to reduce its weight first and then the system separates from its 
ground base and hovers within its environment. This proving that the concept of production of dual 
Magnetic and gravitational fields through the same elements and conditions to be correct, and the 
results and observation from these tests are summarized in general in this and other papers to be 
published, 
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Fig. 23. Some of the prototypes used for ereation of Magravs, 


Discussions 


In this paper for ease of understanding the structure of planet earth is considered as vast amount of 
information about the inner-structure of this planet are available. In fact this principle of creation of 
gravity through interacting magnetic fields can be scaled up to structure of universe or scaled down to 
structure of the plasma of proton and electron and the principle will still applies and be correct. 


If scientists would have discovered both magnetic field forces and the gravitational field forces of the 
planet at the same time, they would have probably had a totally different understanding of their 
principles, their capabilities and their connections and most probably the human race would have 
taken a different course in its intellectual and scientific world. It seems this miscomprehension has 
been purely due to the physical time gap between the discovery and understanding of these two forces 
of creation, 


Working on a real basis for gravitational field’s forces production at the centre of the planet, the 
author set out in early 1980°s to design and has produce several real and practical reactors (Fig. 23), 
which these reactors could replicate the universal order for generating magnetism and finally their 
interaction lead to the creation of Magnetic and gravitational field forces within the same system to 
prove the correctness of the principle of above hypothesis. 


A fundamental assumption to achieve the proof of the creation and control of a gravitational force 
within a system has been that the Earth in its inner part has and maintains a semi-fusion and fission 
nuclear chain of reactions, also called a geo-nuclear reactor. 


‘The interaction between materials and magnetic fields of semi-fusion and fission chain of events in 
the Caroline core (Fig. 24) of the planet (This being the core within the inner-inner-core of the Earth, 

The seed of the Earth” (12)) always leads to creation and maintenance of planets physical forces of 
Magnetic field (MF) and gravitational fields (GF), 
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Fig. 24. The structure of inner cores ofthe Earth (12) 


‘This semi-fusion and fission sequences of processes and existence of plasmas, nano-materials, gases 
and other materials in the containment of Caroline's’ core and the convection process due to the heat 
transferred from the Caroline core to the Outer core of the planet once being passed through to the 
innet-core has been considered to be the principle operation of the inner cores of the planet, where, 
due to dynamic characteristic of the materials, which are charged and rotating within in vacuum 
condition of inside of the Caroline core, leads to independent creation of current and plasmatic 
magnetic field within this core, irrespective of the already assumed second and already known 
‘magnetic field, created between rotation of the inner-core and the outer-core of the planet. 


‘These two independent dynamic plasmatic magnetic fields which are separated by means of the 
physical barrier made by the existence of the known solid inner-core. 


‘The interaction of these two dissimilar poles if the these two dynamic plasmatic magnetic fields due 
to their proximity within the centre of the planet leads to the creation of the central gravitation field 
force of the planet, which this force spreads out to cover the whole of the structure of the planet, 


Hence it is clear that the source of the Gravitational field force of the Earth and all planets are due to 
the interaction of two dynamic plasmatic magnetic energy fields, which are created independently in 
the centre of the planets. 


‘The Caroline core of the Earth creates its own spherical dynamic plasmatic magnetic energy field, and 
the already known second field, comes from the dynamic spherical plasmatic magnetic field, which is 
created in the outer-core of the planet at the same time. 


In trying to lock onto each other, these fields forces create the condition of double spherical magnetic 
fields, which both possess their own North-pole and the South-pole, where due to dynamic and loose 
atomic, molecular structure of the matters and fields in these two cores, the dissimilar poles of the two 
cores can never quite reach the point of total locking into each other, and as they try to reach this point 
of full lock, the field forces they create lead to creation and maintenance of the perpetual motion of 
the two fields in the centre of the planet 
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‘These separated dynamic fields forces on either side of the solid-inner core exert their forces on the 
solid inner-core of the planet and cause it to rotate, and this leading to creation of the rotational 
movement of the planet (12) 


At this point the interaction of the fields created by atoms and molecular elements, which cannot lock 
to each other due to their similarity of magnetic poles, will create the outward plasmatic magnetic 
field between the two cores, or they create what is known as the Magnetic field force of the planet 
(this being created by the environment and the behaviour of two similar poles of a solid magnet which 
they repel each other). 


Where, at the same time the interaction of the magnetic fields created by atoms and molecular 
elements which cannot lock into each other due to their dissimilarity of magnetic poles, these 
interaction of the magnetic fields will create the pulling power effect between the fields, atoms and 
molecules contents of the two cores and this creates the dynamic attraction plasmatic magnetic fields 
of the planet or what is called the gravitational (Pulling) field force of the planet 


‘Thus; Gravity or gravitational field force does not and cannot exist with existence of only one 
plasmatic magnetic field force as has been assumed to be so up to now in respect to the creation of the 
magnetic fields of the planet. 


‘The gravity and gravitational field forces manifest themselves upon the creation and existence and 
maintenance of the second dynamic plasmatic magnetic field within the structure of any dynamic 
plasmatic field entity, that in the case of the earth fluid matter in the outer-core is source of this 
second field and may be generated through the assumed convection theory by the convection of the 
matter in the outer-core, and the interaction of fields in this core with the plasmatic magnetic field 
which was originally created in the Caroline core of the planet through the Muidity of the fields, 
plasmas and matters in this core, 


Therefore the gravity is an outcome of the interaction at plasmatic, atomic or molecular levels 
between two dynamic plasmatic magnetic fields created and maintained by the two inner-cores of the 
planet upon each other, 


Ultimately for creation and maintenance of gravitational field force, for all stars and planets or any 
dynamic maintain plasmatic magnetic fields system, and to maintain a gravitational fields forces in 
any celestial entity there is a need for existence and establishment of two independent dynamically, 
molecularly or/and combination of the two independent plasmatic magnetic fields forces, which these 
can be created by any mixture of matters and fields, in any combination of magnetic fields, liquid, 
‘gas, plasma or other state of matters within the confined of specific condition and entity, this leading 
to generation of loosely interlocking plasmatic magnetic fields, which these two fields are separated 
and maintained by any physical supranational means, in any state of matter or function, separately and 
independent from each other, even though one magnetic field could be the cause of the creation and 
maintenance of the second pmf. 


Where, the separation of the plasmatic magnetic fields could be established by the means of solid, 
liquid and gases, plasma and energy directly in adjacent layers to each other as has been observed to 
be in the structure of the inner-core of the Sun material layers. 


Once the strength of the plasmatic magnetic fields of the inner-inner-core (Caroline) and the outer~ 
core in a system, by controlling the creation of the plasmatic magnetic fields in the Caroline core or 
the outer-core is attained by the system, consequently the strength of the gravitational field forces of 
the system like the earth is set. 


Looking at overall view of the centre of the Earth magnetic fields and it their near spherical shapes 
structure and with the new understanding of its” physical inner construction and material composition, 
‘one will come to understand that at least the two magnetic fields generated within the inner cores 
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structure of the Earth are spherical in shape and they generate dynamic spherical plasmatic magnetic 
fields. Where, one field being superimposed on top the other are in operation within the centre of the 
planet 


Whereas, one of the fields being the spherical magnetic fields maintained by the inner-inner-core due 
to existence of plasmas, hydrogen atoms, other gases, nano, gans, nuclear and non-nuclear materials, 
in presences of second magnetic field generated by spherically dynamic plasmatie magnetic the outer- 
core in the centre of the Earth (Fig. 25). 


Which, this creates and brings about the phenomenon of the dynamic magnetic confinement for the 
materials in the Caroline core, which this brings about the conditions for the fusion process to be 
attained in this core of the earth. This explaining why the planet can exist for a long time with its 
‘matters and motion intact, as matters through fission and fusion use a very little matter in the close 
capsule environment of the Caroline core. 


‘The second spherical dynamic plasmatic magnetic field in the outer core of the earth possibly is 
created through convection, due to its materials in motion in the outer core, 


‘There are strong indications and possibilities that the outer core could be operating in the same matter 
mixture composition as the Caroline core, which this eliminate and invalidates the concept of the 
convection theory. 


Fig. 25. Existence of minimum two separate magnetic fields in two cores of Earth 


It has to be said and it can be proven that the Caroline core maintains and through nuclear decay of its, 
matter content produces plasma of matters, then by the understanding of the concept of generation of 
current through motion of the plasma itself, this proves that one does not need the convection 
principle to create the current and magnetic fields in the Caroline core or even in the outer core of the 
planet 


‘Therefore the existence convection theory and motion of the solid inner-core to create the magnetic 
fields of the earth losses its credibility, as in plasma technology, it is well understood that plasma in 
motions create their own current and in turn the interaction of this current with matters and other 
fields in their environment this can lead to they creation their own magnetic fields. 
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Figure 3. Conversion of a 
single-band matching network 
to dual-band matching 
network using 1 —n frequency 
transformation, 
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‘As the aim isto design a dual-band harvesting circuit, therefore, we require here only 5 or 7 reac~ 
tive elements with L and Il-type topologies, respectively. From Figure 2(}, it can be seen that the 
resultant matching network consists of five elements, where the inductor L, and capacitor C results 
after the transformation of capacitor C, and inductor L, respectively. Besides, the inductorL, occurrs 
due to the diode reactive element, which is generally @ capacitor. 


In this work, two frequencies 0.9 and 1.8 GHz that correspond to the maximum signal strength are 
chosen for dual-band harvesting circuit. According to this method, itis necessary to assign the fre- 
quencies in descending order e.g.o, = 1.8, 0, = 0.9. Therefore, from (3) single-band matching net- 
Work frequency is equal tow, ~ «, = 2x(1.8 ~ 0.9) x 10° = 0.9 x 2 x 10°. In order to match the 
source impedance with the rectifier at the calculated frequency 0.9 GHz, the chosen matching topol- 
‘ogy is L-type as shown by the encircled portion in Figure 2(a). The corresponding element values can 
be approximated using the various methods some of which are described in Pazar (2010). 
Subsequently, this single-band matching network is transformed to dual-band matching network 
using (1)-(7). The detailed design steps of the dual-band rectifier circuit are summarized as follows: 


(1) Aswe are interested in matching the diode to 50 2.at two frequencies (0.9 and 1.8 GH2) so, the 
‘order of transformation is equal to 2 orn = 2. 

{@) In the first step, single-band matching network is designed at the frequency f calculated as 
f = ff, = 1.8 - 0.9 = 0.9GHz. Inthis case, any matching topology that matches the diode 
t0 500, at 0.9 GH for an input power P,, = ~20 dBm, and load resistance 4.7 k&2can be used. 
The chosen single-band matching network is shown by the encircled portion in Figure 2(a) 


() Afterwards, this single-band matching network is transformed into dual-band using the 
(2)-(7) as shown below: 


Since n= 2 therefore, from (2) 


1 
o=at ® 
From (4) a, can be calculated as: 
a, = (17 Y(-1)o,0, = 040, ® 
4, = -1.62 x 42? x 10° = 0.64 x 10° (a0) 
Thus, inductor, (-66 nis transformed to impedance os: 
J66 x 10%» = j66 x 10%, + + __ 

"0.23 x10, Cy 
Similarly, copactors(-0.5 pF) are transformed to the admittance as: 
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‘Thus, the theory of convection has to large extent no validity in the present understanding of nuclear 
science as one observes these operations of plasmas’ phenomenon at the solar, galaxial and universal 
systems levels. 


‘The convection theory was he understanding of the eighteenth century and the understanding of the 
working of dynamo of bicycles and this has no room in the integral working of the universal motion 
of plasma and magnetic fields of today. 


Secondly entities like stars do not have solid core that leads to creation of their strong magnetic fields 
and gravitational field, as they only operate on the principle of plasma layers and some helium matter 
in, nano, atomic and molecular level. 


‘Therefore in reality the physical positioning of the matter in the cavity of the once presumed solid 
sphere of the inner-core is the catalyst and contributor and the creation of both plasmatic magnetic 
fields of the planet, which both fields are independent of each other, but at the same time 
interconnecting or magnetically reconnecting tool for both spherically plasmatic magnetic fields on 
cither side of the solid inner core of the earth to produce the Magnetic field and gravitational field of 
the Earth. 


Where the interaction between these two dynamic plasmatic magnetic fields in the physical body of 
the inner-core of the earth leads to creation of the double spherical plasmatic magnetic fields” 
phenomenon needed for creation and control of the strength of the plastically magnetically based 
gravitational field forces and plasmatic Magnetic field forces necessary for the creation of the mass of 
and the atmosphere or magnetosphere around the planet. 


These reconnections’ of plasmatic magnetic field generated in two cores of the planet are totally on 
atomic and molecular levels, this leading to a creation of loose plasmatic magnetic field forces that 
operate at weak levels, but strong enough to cover a vast area in their surroundings, 


‘That is why a small Caroline core in the centre of the Earth can create a strong magnetic fields effect, 
of up to outer boundary of the magnetosphere and gravitational field of the Earth and beyond. 


As the plasmatic magnetic fields could be created by use of any elements in both cores of the planets 
that they can generate any amount of heat and a given gravitational fields forces and for example with 
the Earth operating at central temperatures of several thousands of degrees centigrade at its core with 
surface gravitational force of one g at its surface, and similarly the Sun physically possessing several 
of thousands of times larger mass and volume than the Earth with central temperatures of several 
millions of degrees centigrade, which has only the surface gravitational force of about twenty eight 
times more than the Earth, therefore the following statement can be made that “the strength of 
gravitational field force of any system is largely independent of temperature, and is primarily 
dependent on, the composition of its dynamic inner structure mafs and matters, and the fields they 
created or maintained and the physical condition and are positioned in respect to each other, which 
through their interactions these leads to creation of the two dynamic plasmatic magnetic fields 
strength of the gravitational fields and magnetic fields of the system within its inner sanctum’ 


In relation to the physical data’s available, the present gravitational field system which has been 
assumed to be created by the single magnetic system due to motion of matter and the inner-cores and 
the outer-core in the centre of the planet is not scientifically acceptable and cannot stand the present 
physical knowledge about the inner construction of the planet from seismological data's of the past 
twenty five years. 


‘The concept of single plasmatic magnetic field of the planet, which has up to now been assumed does 
not stand scrutiny of present knowledge and the present expanded laws of physics, as for the planet to 
be able to create gravity and Magnetism (for magnetosphere) that can span a vast area of the solar 
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system irrespective of its position and the material carried in its outer shells and on its surface, then 
the planet has to have two active plasmatic magnetic field forces in its centre cores, that the 
interaction between these two plasmatic magnetic fields can create the fields that affect the behaviour 
other entities’ with dynamic plasmatic fields elements in the vicinity of these fields, and the 
interaction of the fields of the planet and the fields of the entities allows for the entities’ to position 
themselves in respect to and within the plasmatic magnetic field strength of the planet to be attracted 
by the effective plasmatic magnetic field of the planet. This is what we have called Magnetic and 
gravitational position or for short Magravs positioning of one entity in respect to the other entity, 
where both entities possess internal dynamic plasmatic magnetic fields 


‘The reality is that, if Earth has had only one magnetic field as has been assumed until now, then all 
elements on the planet would have been firmly attached to it, due to principle of attraction or 
repulsion of two magnets, and as it is observed on the planets all systems have been able to freely 
positioned themselves and being able to be mobile. 


Without the shadow of a doubt the centre of the planet maintains two independent plasmatie magnetic 
fields, that the interaction between these two plasmatic magnetic fields at the plasmatic, atomic or 
molecular level leads to creation of an environment in which the matters in the surrounding area of the 
‘two plasmatic magnetic field will have the power to attract and repel maf and matter within thi 
created field. By the same law as the atomic matter, itself is made of magnetic energy fields, which 
possesses polarity hence why the attachment of the man to the earth as his being is made of these 
entities. 


‘Therefore the matter will only by finding its Magravs position within the plasmatic magnetic field of 
the planet, if it can be attracted and be kept as part of the matter of the planet, or if its plasmatic 
magnetic field is too weak or too strong to be kept within a given field. Thus now it can be clearly 
understood how and why different planets can manage to hold on to certain matters and not the others 
and now one can understand why different matters take their positions in different layers of the planet 
too, where this positioning, like of the gases and solids, are totally related to the strength of the 
plasmatic magnetic energy of the atom in respect to the plasmatic magnetic energy of the planet or in 
other word, in respect to the total interaction between the pmf of mafs of the matter and the 
Magnetism and gravity of the planet. 


‘The plasmatic magnetic field force created on these levels in the physical inner cores body of the 
planet these creates the condition, where all magnetic forces within these fields will be influenced 
through their magnetic reconnection, this being in atomic or molecular level, this creating pulling 
inwards forces for the two plasmatic magnetic fields of the matter and the planet to be locked into 
each other. This interlocking and the strength of it bind creates the effect of the gravitation field force, 
as the matters’ magnetic force and the planet plasmatic magnetic field created by the double plasmatic 
magnetic energy field, reconnect to keep each other at a physical interactive but loose distance. 


In reality gravity is the strength of the plasmatic magnetic field created by the interaction of the 
double dynamic magnetic force fields of the planet that can influence to pull the matters around these 
field to stay within its strength, or what is called its gravitational field force. 


‘The interlocking of these forces are the same as with two bars of magnets when they are brought close 
to each other, but their binding of forces is in planetary plasmatic levels, which are at a loose atomic 
or molecular level rather than electrons’ realignment or what is called are energy equal to the 
collective plasmatic magnetic energy of the electrons of Iron atoms interlocking plasmatic magnetic 
field level. 


With the difference that in the planetary or astronomical, cosmological and universal levels these so 
called magnets are in the form of closed loop spherical shape and may be in possession of internal 
heating in respect to their surrounding temperature and system, where their plasmatic magnetic field 
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force can vary and they can change their strength due to the compression and other factors in their 
centre cores, as in solid magnet the strength of the magnet is constant and permanent. 


In the closed loop spherical plasmatic magnets, the system of the plasmatic magnetic field lines has to 
find their magnetic reconnection line for the loop to be completed. Where, this plasmatic magnetis 
field’s reconnection leads to the directional polarity leading to the creation of the North and South 
Pole phenomenon of the planet. 


‘Through replication and production of such a system as the structure of the inner-cores of the earth, in 
being able to control the amount of matter and fields within the structure of these systems, the 
strength of the plasmatic magnetic fields of the cores of the system can be controlled and adjusted, so 
that, this will allow the creation and control of the measured gravitational fields forces by the systems 
in respect to the environment in which the system is operating in 


In the case of motion of an object like a manmade system, in possession of its own gravitational 
power production, in the gravitational pull of another object like a planet, the use of the phenomenon 
of the creation and control of the gravity in the centre of any system can be treated in the same 
manner as in the planetary system, 


Where, the gravity created in the centre of manmade system needs to be slightly changed in the 
positive or negative direction in respect to its previous position for the object to be repelled or be 
attracted towards the planet or an object. 


‘This Magravs positioning of a system in respect to planets plasmatic magnetic fields, can be achieved 
through several means, like by the change of characteristic of the dynamic of the one core in respect, 
to the other, or changes configurations of the parameters, materials or physical structure aspects of 
one core or both core of the system. 


‘The magnetic and gravitational forces of a Star are to some extent dictated by the position of planets 
within the system as much as the constituent content matters of the Star itself. On these bases, this, 
being the gravitational forces of the system and its position within its galaxy is to a large extent 
dictated and controlled by its’ planets and the gravitational force they create independently on their 
own. 


This is very much like the rotational plasmatic magnetic fields of the electrons circulating around the 
nucleus of an atom. Where, the magnetic rotational spin of the electron decides the plasmatic 
magnetic field strength of the nucleus and the position which the element occupies and the number of 
other electrons it can carry, so this dictates the properties and its characteristics in respect to other 
elements around it, even though the plasmatic magnetic field of the nucleus is much more powerful 
than the plasmatic magnetic field of the electrons around it, or in other word the gravitational forces 
of the nucleus is needed for the electrons to be kept in their orbit and vice versa. 


‘Thus the gravitational forces of a system or a galaxy is not only dependent on the plasmatic magnetic 
energy forces of its centre or its star, but it is fully controlled and determined by a bigger scale by its 
constituent planets and stars in that system too. 


From the topography of the Earth gravitational field pattem provided by space agencies, Earth 
plasmatic magnetic field does not keep a constant pattern and there are constant changes in the 
strength of these fields in different parts of the planet, where these are dictated by the activities within 
the centre cores of the planet at the point of observation. These variations in gravitational field’s, 
patterns confirming that the planet has composite and not necessarily spherical shape cores. 


‘These variations in these forces in the cores of the planet could be due to the variation between the 
interaction of the inner and the outer plasmatic magnetic fields, where for example at point where 
these forces vary drastically in respect to each other, then one gets distortion of the fields and 
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reduction or increase in the gravitational field force in that region of the planet by small factor. Then 
where, for example one force field, like the fields created in the Caroline core is more powerful due to 
sudden short burst of ionization in the core, at that point and that moment, the plasmatic magnetic 
fields interaction of the centre field is more powerful, then the gravitational field force can be more 
powerful at that given point, but these changes due to close confinement of the centre cores are 
usually not so large. 


For example by observing the pattern of the gravitation field of the Earth, a constant depression in the 
plasmatic magnetic field in the region of the southern eastem hemisphere in respect to the rotation of 
the planet usually can be observed. Where, this phenomenon now can be easily be explained, and thi 
is what I so call the washing machine effect and that is, where the material within the inner-core has 
loose plasma area of rotation, as in the drum of washing machine filled up with clothes, the inner-core 
of the Earth does not possess the blades as in the drum of the washing machine, then the more dense 
matters in the Caroline core as they cannot role all the way up against the internal wall of the cores, 
and then due to toroidal and interaction with poloidal motion of the Earth, these materials pull up the 
wall of the core and due to their viscosity they roll back over in this area, this whirlpool effect due to 
slower motion and less available field in this region effects the gravitational field in the south 
American continent area too. 


This washing machine effect of the materials in the Caroline core directly affect the plasmatic 
magnetic field production in this core, and consequently its interaction with the plasmatic magnetic 
field of the outer core, and in turn this creates the disturbance in the gravitation field of the planets in 
these two regions as has been noted in the overall pictures of these regions gravitational field forces 
effect, where dents in the gravitational field forces patterns are observed on continues bases. 


Even thou Newton did note the effect of interaction of two forces between the matters and the planet, 
and he measured its strength and called it gravitational field’s forces of the planet, but he could never 
establish the source and method of its creation. He speaks about the effects of the gravity in 
relationship between two objects in respect to each other’s position, and not the effect created by two 
plasmatic magnetic forces in respect to each other and their position in respect to each other, where he 
could not understand that gravity was magnetic field bases entity and magnetic field strength and it 
effect are magnetic fields position dependent. Newton never could relate and understand the 
connection between Magnetism and the gravity as both to be created by the same matters and 
conditions which manifesting itself as two different forces in respect to other magnetic field forces, 


Scientists explain the gravity as the relationship of attraction between position of two bodies in 
respect to each other, and not the reality that gravity manifest itself in relation to interaction and 
attraction of two bodies in possession of dynamic plasmatic magnetic field forces created and 
maintained in respect to each other position. 


In understanding the real method by which the gravitational field forces of planetary systems are 
created then systems can be made to replicate the same process and by being able to create and 
control gravity as done in the planets one is able to observe the effect of this natural phenomenon 
within operation of a manmade system. 


In manmade reactors as the concept of gravity has been replicated, now the concept of the gravity has 
to be redefined as the “ attraction between two bodies, where at least one body possesses a double 
spherical dynamic plasmatic magnetic field force, where one field is superimposed by the other 
plasmatic magnetic field forces within an object, where their overall plasmatic magnetic field strength 
interaction upon each other can create an overall plasmatic magnetic field, that other matters in 
possession of their own dynamic plasmatic magnetic field or static plasmatic magnetic field, within 
their catchments area can position themselves according to their internal plasmatic magnetic fields 
strength” 
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‘The interaction of these double dynamic spherical superimposed plasmatic magnetic fields in the 
centre of the planet separated by the physical matter of the inner-core upon each other is the cause of 
the rotational motion of the inner solid core of the Earth and where the motion of the inner solid core 
itself is the containment body of the centrifuge system for the gases in the Caroline core for the 
atomic fusion chain of events in this chamber, for it to sustain the ionization process in the this 
chamber. Where, at the same time the inner-core plays the effective mixing machine for the matter in 
the outer-core of the planet, where the interaction of plasmatic magnetic field of the Caroline core 
with interaction with the plasmatic magnetic field of the outer-core would change the combined 
plasmatic magnetic field effect of the whole planet, which in reality would have changed the 
gravitational field strength of the planet. 


‘The rotation in the gas layers of the Caroline core in conjunction with turbulence, which leads to 
convection in the materials in the cores of the planet, this effecting the generation of current and 
plasmatic magnetic field in the core of the planet and consequently the gravitational forces created by 
the core of the system. 


Now one can explain that the change of the polarity of the earth and any other entity the like of the 
Sun is only due to change direction of flow of the current in one core or layer of these dynamic 
magnetic fields based star and hence the change of direction of the flow of the current for example in 
the plasma of the Sun layer leads to change of the polarity of the star, as one can sees the same change 
of polarity in the production solid magnets, where the change of direction of the flow of current 
changes the polarity of the metal, as is the same for the plasmatic magnetic field entities too. 


‘Thus change of polarity of the earth is only due to the change of direction of the current within the 
core(s) of the earth and would not affect the gravitation field or Magnetic field strength of the earth 
when it will happens. 


Now that the method of the creation and control of gravitational field forces of planet is understood 
and can be replicated, it becomes easy to understand how systems can be produced that can create 
magnetic field structure of any element or matter in the universe, this being magnet for hydrogen atom. 
or uranium atom or magnetic machines can be produced that can gravitated to themselves molecular 
structure like water or protein 


Where, the system gravitational field can be created to match for example only the plasmatic 
magnetic field of atom of gold, so that the system becomes a gold magnet or the system will generate 
only or gravitates towards the plasmatic magnetic energy of the gold atom, so one can separate gold 
or any other matter which the system is present to generate the Plasmatic magnetic energy of. This 
system will then can replace the present centrifuge system of the present time. 


Magravs measuring system 


In the gravitational systems, where only magnetic fields forces are considered and measured, the 
present earthly measurement tolls of gravity has no meaning and room. Space scientists of the future 
have to learn to measure magnetic field force in respect to each other and not kilogram per centimetre 
per Seconds Square. 


‘Thus the measuring gravitational systems to be developed have to be first of all three dimensional, as 
field forces of all matters and fields in space have to be considered and balanced against or with, 
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‘The gravitational tools of the space technology is fixed magnetic fields shear against the magnetic 
fields of the system against the total magnetic fields forces in the overall sphere of the systems fields. 


In fact the gravitational fields of the space technology are like a magnetic fields sphere positioned 
around the gravitational reactors, as these measuring tools of the gravitational systems will measure 
the Magravs of the all fields of all forces internally and externally in respect to their position in 
respect to the reactor Magravs. 


‘The Magravs measuring tools are to be called Universal Magravs Measuring System (UMMS) and 
position of Magravs of the system in respect to another Magravs are called Magrays positioning 
System (MPS). 


Elaborations: 


‘Through understanding the real term concepts of the creation of the gravitational field forces and 
design and production of specific nuclear-based reactors of the function of matters within static and 
dynamic reactors, the principle of the hypothesis of creation of gravity has been proven to be correct. 


The difference between inertia and gravity is said to be the gravity is an attribute of a body in 
possession of two dynamic plasmatic magnetic field forces interacting upon each other, where the 
inertia is the attribute of collective molecular magnetic force of an object which does not possess a 
double magnetic field structure as whole, even though both behave the same and due to their 
plasmatic magnetic fields appear to be the same thing, 


Where, in case of planets like Earth, the total pulling power of the planet in respect to other objects in, 
on, or about it are due to collective forces created by the gravity and its constituent’s matters inertia, 


‘The creation and maintenance of gravity is dependent on two dynamic regions being in possession of 
two independent dynamic plasmatic magnetic field forces and gravity is totally independent of the 
mass of the object as mass itself is the by-product of the interaction of the Magnetic fields and 
gravitational fields of the entity, but dependent on the position of their plasmatic magnetic forces in 
respect to their plasmatic magnetic field strength from the centre entity. 


The centre of planets, does not matter what their inner layers are made of do not need a metallic 
matter or metallic behaviour conditioned matter for the creation and maintenance of their own 
electromagnetic effect due to motion of electrons and charged plasmas in their core as these entities 
generate current and potential difference levels for the core to maintain independent plasmatic 
magnetic field forces leading to the creation of plasmatic magnetic field and finally by interaction of 
two such dynamic plasmatie field forces upon each other, leading to creation of gravitational field 
forces within the entity and in its surrounding area. 


‘The interaction of these two plasmatic magnetic field forces upon each other, or the concept of 

‘DOUBLE DYNAMIC SPHERICAL PLASMATIC MAGNETIC ENERGY FIELD EFFECT”, in the 
centre of any dynamic plasmatic entity will lead to creation of the gravitational field force and the 
magnetic field forces of that entity in respect to other entities with the catchments fields force of the 
entity 


Therefore, the gravitational field strength of a system manifest itself and can be explained as the 
relation to interaction and attraction of two bodies in possession of dynamic plasmatic magnetic field 
forces created in respect to each other plasmatic magnetic field position and strength. Even, further it 
has been proven through prototype reactor tests that the speed of the rotation of the planet is 
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determined by the speed of the solid inner-core of the planet, where the speed of the rotation of the 
planet is set and dictated by the interaction between the dynamic plasmatic magnetic fields of the 
Caroline core and the outer-core of the planet, as the motion induced by the strength of the two fields 
in the centre cores, upon and interacting within the solid inner core, determines the speed of the 
rotation of the inner core, and in turn this will determine the speed of the rotation of the whole planet. 


Whereas, if the speed of the rotation of the planet were not set by the planet by this principle, then the 
planet would have had different speeds at different points in its daily axial rotation and it would have 
had different speeds in its annual path in circling its star, where the effect of the other objects in the 
system would have dictated different speed of the rotation of the planet, therefore it is correct to 
assume that the speed of the planet is controlled by the speed of the solid inner-core of the planet, and 
the same applies with other entities like the star as the speed of the intemal fields interaction dictates 
their speed of rotation, 


‘The motion of the inner solid core is very much like the motion of the trains on magnetic trac! 
where by not allowing the two dissimilar magnetic poles to be aliened, the train moves forward. 
Where, in the case of the spherical solid metallic inner-core of the Earth, this motion is rotational 
rather than linear. 


‘Through tests, it has been proven and understood for the first time, that the magnetic polarity change 
of planet or the system occurs when the direction of the flow of current this being due to motion of 
electron or charged plasma in the cores in the whole of the system changes from one direction to the 
other, or in some cases one field change of direction of intemal current can causes the half reversal of 
the polarity of the whole system. This is understandable, as the plasmatic magnetic fields are created 
due to directional motion of electrons, plasmas or charged plasmatic current within the matters of any 
entity, thus as the direction of the flow of the current changes, this will change the direction of the 
polarity of the planet 


Understanding the direct relationship between the magnetism and gravitational forces within a system, 
in the manmade systems the change of polarity in the reactors of a system has to be avoided, as, if this, 
happens during the operation of the reactor, this can and would lead to the overturning of any 
platform which is equipped with such a system. This being one of the fundamental reasons why the 
reactors which have been developed and tested up to now for space technology, always are preferred 
to be constructed in a half spherical shape, simply to avoid the flipping of the polarity in the cores of 
the reactor, where the speed of the rate of the polarity change is very dependent on the components 
and conditions created within of the centre of a planet or a star. 


Ifa planet is made of near enough similar material on both side of the inner core, the flips of polarity 
will be much faster and on a shorter time lapse, like in the Sun. 


If the planet is made of a composite core, and made of two or more different materials in its Caroline 
core (the real centre core), for the two fields to re-align, then this will take a longer time for the 
magnetic flip of polarity to occur, like in the core of Earth. In any case, as the materials in both cores 
are always constant and cannot change that much, therefore the time laps between the changes of 
polarity stays on the same time intervals. 


In the case of the Sun, due to its more uniform and singularity or only composite of three matters of 
plasma, hydrogen and helium in its core, the change of polarity takes eleven years, and the full 
polarity change has the predetermined time of twenty-two or three years. 


In the case of smaller planets’ like the Earth, which is made of composite mixtures cores, the time 
lapse in change of polarity will be longer. Where, the switching of polarity is a natural outcome of the 
direction of the flow of current created by the electrons and primarily by the charged plasma and due 
to dynamic characteristic of the core, and is an inherent characteristic of the atomic structure of each 
element and environment which they are condition to within the cores of the planet. 
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It has been observed in tests, that the plasmatic magnetic field of the core increases by the principle of 
extraction of the electron from the core, where electrons are facilitated to be absorbed by the walls of 
the reactor core. Where, the majority of the field created is primarily due to the motion of charged 
plasmas. Where, at the same time for weaker magnetic fields test the reactors have present to absorb 
the plasma of the proton that only the lesser mass of maf’ available in the plasma of the electron can 
be used for a given test condition. 


‘Therefore according to need of the use, reactors can be set to utilize any components of an atom or the 
mafs of their constituent plasmas without in fact destroying any structure of the maf’ or the matter, 
which the mafs was used for that given exercise. 


In principle it is observed that the plasmatic magnetic energy of the planet is primarily due to the 
motion of the charged plasma in the core and not electrons, where in reality the motion of charged 
dynamic nuclease of an atom has/ and indeed, possess a much larger electrical charge then its 
counterpart the electron by factor of 2000 times. Thus now it is apparent and clear why such a small 
core in planets can master such large magnetic field forces within and around them, and now it is, 
understood how planets can carry the burden of such large mass in their journey through their system. 
for such long period of time of billions of years in their solar systems. 


In tests plasmatic magnetic field created by these type of cold condition plasma using a 20 em 
dynamic core, has been noted to create a 4-meter radius dynamic spherical plasmatic magnetic field 
span, which can last up to several minutes after the switching off the whole system. 


‘The dynamic plasmatic magnetic fields created within the double cores of the planets, determines the 
magnetic or gravitation fields, which the planet will possess and consequently the material, which the 
planet will hold on to. This explaining why planets behave like magnets, which only have the 
characteristic of one element or several materials plasmatic magnetic band(s) which covers some and 
not the other elements, which this dictates the material composition of the planet within, on the 
surface and around the planetary system. Where, the same applies to the solar system and galaxies and 
so forth. Where, the gravitational field forces created by the balance of the two interacting dynamic 
plasmatic magnetic fields is the principal factor in determining the constituent material of a plasma, 
planet, star or a system 


‘The creation of the gravitational field forces of a solar system and even the gravitational field force of 
the galaxies are not far from the gravitational system and method's used in the atomic and planetary 
systems. That is to say, that solar system’s possess and generate plasmatic magnetic fields like planets 
and they possess gravitational forces according to their stars constituent materials. If one could stand 
on the edges of the solar systems, one should be able to see and detect the gravitational forces of this 
system, by it simply absorbing and attracting with the entry of cosmic meteoroids and asteroids into 
its gravitational and solar heliosphere region of its solar system. 


systems, like planets, possess and create magnetospheres of their own which is specific to their 
jon materials. The entry and exit from these solar Magnetic and gravitational fields uses the 
same method as the entry into of exit out of planetary systems. 


This also holds true for a solid magnet, where ifa piece of magnet could be cut into two halves ot four 
quarters, each piece of the material will still earry the same north and south poles and each piece will 
have the same magnetic powers as the original piece. That is to say, that if one uses the same volume 
ratio of the same maf’ or matters and proportional physical conditions in the core of a system; one 
will attain the same magnetism and gravitational field force from the system as its bigger dimension 
system with the same mass ratios. 
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In astrophysical terms, the Magnetic field forces of any entities are what keeps the entities apart from 
each other, and at the same and opposite to this, the gravitation filed forces are what keeps them 
together. 


Where, the pattern of distribution of Magnetic and gravitational fields forces of the entity interacting 
with another Magnetic and gravitational field force shows itself as the magnetosphere of the entity. 


This Magnetic and gravitational field force (Magravs) of dynamic plasmatic fields force is known 
passive magnetic field (PMF) and has no relation with the magnetism as known in a solid-state 
magnet. This is so called passive plasmatic magnetism due to the fact that, this type of magnetism 
cannot magnetize an entity otherwise all the materials in the universe would have stuck to each other. 
But this mixture of Magnetic and gravitational fields are used to position one entity in respect to each 
other that they not necessarily collide or move too far from each other once they established inter- 
magnetic connection. 


‘The reason the Magravs are called passive plasmatic magnetic field is due to their capability of 
passing through human tissue without in majority of the cases affecting the function of their atomic 
and molecular magnetic field, which human cell possess on their own for their structural bindings. 


In the past, magnetism and gravity have been explained according to the physical understanding of a 
solid magnet and not according to the planetary magnetic forces, this new understanding of creation 
‘of magnetism and gravity, is one of the comer stones of the creation of plasmas, planets, solar systems 
and galaxies. By not appreciating the connection between the magnetic field force and gravitational 
field force of a system like Earth, it has become a challenge for the scientific world even to overcome 
the weak gravitational field forces of small planet like earth in just trying to send a small rocket into 
the Earth’s orbit. 


Through development and tests on double core type of cold condition plasma reactors creating the 
same conditions as it has been assumed to exist in the centre of planets, it has been observed and 
physically been proven, that the source of the three dimensional spherical gravitational field and three 
dimensional spherical magnetic field of the planets are the same materials and the dynamic interaction 
of plasmatic magnetic fields created individually and independently in each core of these reactors and 
their effects upon each other creates and maintains both forces of the creation Magnetic field and 
gravitational fields forces simultaneously. 


If one were able to create the right condition and material in a simple core, as has been done in our 
tests with core developments, then one can create and control magnetism and then the gravitational 
field forces within that object, and then in the environment which the object is positioned in respect to 
other external plasmatic magnetie fields around it, where, the plasmatic magnetic fields created within 
and by the object will becomes its Magnetic field around it, very much like the magnetosphere of the 
planets, this providing a magnetic shielding like Earth atmosphere around the object and due to the 
spherical shape of objects in possession of both forces, this creates a magnetic loop, where they create 
the two poles of the magnet as the North and the South Poles. 


If a system can take advantage of this phenomenon, for it to move within forces of a planet, rather 
than trying to overcome them, or to resist them for its motion, then not much energy or effort is 
needed to create the right gravitational forces and magnetic field protection within and around a 
system for it to move inside or outside the atmosphere of a planet or a system without burning a single 
atom as a fuel, which this puts an end to the propulsion technology for rapid and protected motion 
‘anywhere in the universe. 


Due to the spherical shape of most of celestial entities and their rotational motions in the universe, the 
gravitational force created by the dynamic plasmatic magnetic effect has a pulling force, which has 
the tendency to encircle and reconnect within the interior of the entities fields of the same dynamic 
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structure. This being the reason why the gravitational forces increase as one moves closer to these 
objects and as one moves’ towards the centre of these matters, 


The difference between the solid magnetism and plasmatic geomagnetism are two clear factors, in this 
particular order, first is Dynamism of the magnetic fields which creates the geomagnetism, and 
second the need for the interaction of two independent fields upon each other to maintain the 
plasmatic magnetise, where plasmatic magnetism for it to exist the plasma needs to create and 
maintain a full gravitational and Magnetic fields system of its own, which can absorb and feed other 
plasmatic magnetic fields within its environment to guaranty its survival in that environment at the 
same time, whereas in solid magnet, the order of continuity is within the structure of the matter and 
not mafs of the matter. 


Conclu: 


n 


‘The gravity is the product of interactions of fields and wherever in the universe fields will interact 
their interactions will gravitates some fields or matters to them, or caused these fields to be attracted 
and gravitate towards another setup of the same or stronger and by laws of nature the stronger attract 
and gravitates more to itself and the heavier mass as they are made of more magnetic fields tend to 
dominate the seen when it comes to gravitational pull. Through tests it is apparent that the power of 
Magnetism and gravity of all entities in the universe are independent of the physical size of the entity 
and more dependent on the strength of mafs, which have led to the creation of the entity. 


‘Through design and test of double core reactors we have proven that the origin of the gravitational 
force and magnetic force of a planet or any celestial systems in the universe are the same mafs and 
materials and conditions, where they are created out of the interaction of two independent and 
dynamic plasmatic magnetic fields. 


Note; this revised version of the creation of gravity paper has included extracts from collection of 
three other papers published by the author, which these were, the gravitation measurement system, 

the relation between Magnetisem and gravity (35) and the original paper of the creation of the 
gravity: 


or 
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Figure 4, Simulated |, 
vs. frequency for different 
combination of circuit 
elements, 


Figure 5. Layout of the 
proposed dual-band RF energy 
harvesting circuit. 


The circuit schematic of the dual-band harvesting circuit is shown in Figure 2(a). It can be seen 
that resultant matching network consists of five reactive elements according to 3n ~ 1. In order to 
reduce the circuit complexity and sensitivity due to reactive elements, a parametric study has been 
carried out to eliminate the elements showing minimum influence on the circuit performance. 


Figure 4 shows the simulated|S, fr the different combination of matching elements. The simu- 
lated results demonstrate that|S,,|experiences maximum change when inductor Land capacitor 
are cemoved from the circuit, whereas it remains almost unaffected when L, is net present in the 
circuit, Therefore, inductor L, can be extruded from the circuit and the resultant matching circuit 
requires only 2n and 3n reactive elements in place of 3n ~ 1 and 4n ~ 1 elements. In this way, for 
each topology, the proposed circuit reduces n — 1 elements compared to the conventional method. 
Figure 2{b) demonstrates the optimized circuit diagram of the dual-band rectifier. Itcan be observed 
thot circuit requires large inductors value of 32 and 66 nH. Thus, it is quite difficult to realize the 
practical rectifier circuit whose response is similar to the response of simulated result. In order to 
‘void any impedance mismatch cue to the small ciference in elements value, the meander line in- 
ductor and open stub ore used to realize the inductors and capacitors respectively. In this case, not 
only fabrication and optimization process become so easy but the cost il also reduced. 


Figure 5, shows the layout of the dual-band rectifier circuit. In Nintanavongsa et al. (2012) and 
‘Agrawal et al. (2014), it has been demonstrated that the number of rectifying diodes or equivalently 
voltage multiplier stages are very much sensitive to the RF-ta-de canversion efficiency. In low-power 
region (< ~20 dBm), efficiency decreases if voltage multiplier stages increase, whereas in higher 
power region (& ~20 dBm), an opposite effect occurs. As the demand is to harvest energy in low- 
power region, single-series circuit with a double diode is used to convert received RF energy into de 
voltage. From the left side ofthe circuit, the first meander line corresponds to the inductor Ly, while 
the second meander line represents the inductor L,, of the Figure 2(b). The shunt stub is accounted 
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CHAPTER 10 


The creation of Black Hole 


1D MZT Keshe/The Keshe Foundation 20042006, All rights reserved, 
‘Author: Nue Ir. Mehran Tavakoli Keshe 
Date of Internet release: December 3, 2006 
Up dated version for this book publication 2.9.2011 


Note: 


The original version of this paper, which explains how black holes are created and how they do leak 
‘matters and rays into the environment of the universe, was submitted to the Royal Astronomical 
Society of United Kingdom in London in April of 2004 for peer review and publication. The author 
after three months received on the 8.7.2004 a letter (Fig. 29) from the Society dated 7.7.2004 that this 
paper will not be published and will be kept in the library of the Society 


Interesting enough on the same day 8.7.2004 (check the press) Mr Steven Hawking, the imminent 
Black hole scientist and expert in this field of science announced that he, after thirty years has 
changed his mind and he says that indeed the black holes do leak rays out and that he announce this 
in a conference in Dublin later that month (see the press), as now he has lost a bit of shirt. 


We have wondered for years how coincidental of the topic, the date of letter from the institute, the 
date of announcement, and the change of mind of a scientist! 


This is the reason why the Keshe Foundation does not believe in the scandals and process of peer 
review and the foundation publishes its own scientific papers on its website and its own books for the 
reader to peer review the newly gain knowledge. As with this process the knowledge is passed on first 
hand and in some cases in matters of hours of the discovery to the public and not waiting for month 
and years until there is gap in some journal that the paper can be published. The Keshe Foundation 
firmly believes that ‘as if a man, has reached the age of maturity and intelligence that he can read, 
then he can independently investigate and judge the correctness of the knowledge he receives 
according to his own level of intelligence for himself”, unless he is an innocent, then he needs to 
accept the enforced control system of peer reviewing to tell him what to think, that this peer reviewing 
can suit the self-interest of the peer reviewer, or organisation which supports him financially or the 
nation which has promoted the peer reviewer for their own clandestine purposes, as we have seen the 
same process of control through peer review systems in different occasions in different countries 
‘around the world in this recent times. 


A copy of the letter from the Royal Institute of Astronomical Society is enclosed at the back of this 
chapter for reference. (Fig. 29). 
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Abstract 


Since first disclosures of this phenomenon, scientists and the rest of academic world have tried to 
understand and explain the reasons for the existence of these mysterious Black spots in the universe 


Hypothesis 


‘The object of this paper is to prove that Black Holes are created out of a natural sequence of events in 
the universe and to prove that existence of a Black Holes in the galaxies and in the universe is a 
normal event as the appearance of the Dark Spots on the surface of the Sun, Black holes are simply a 
creation or an outcome of natural interaction between two or more mafs, passive magnetic fields and 
‘matters in motion within any dynamic plasmatic magnetic field entity in the universe (Fig. 26). 


SYSTEM 


SySTEM2 


BLACK HOLE 


Fig, 26 Interaction of two plasmatie energy fields creating the 


Discussion 


In this paper for the first time, it will be explained how the Black Hole is physically created and in this, 
disclosure it will be explained 


1) The conditions, which this physical object is created in the universe naturally. 
2) How this body of the mass appears as a dark spot in the galaxy? 
3) What purpose it serves in the universe? 
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4) Parallel example of the Black Hole condition in our solar system. 


5) The use of this phenomenon for Man to enable him to travel in space. 


When, one could fully understand the concepts of the creation of galaxies, stars and planets and 
plasmas, and then one could be able to understand the creation and existence of the Black Hole in the 
universe in its different scale of dimension, where the creation of these entities in the universe all 
follow the same principle. 


In understanding the fundamental principle that galaxies like solar systems and planets are given their 
inner mass and energy at the point of their birth in the universe, so they cannot create additional new 
masses and new source of energy on their own. Then it is understandable that Galaxies can only 
recycle what they have been given at the start of their lives, to create different new objects like stars 
or planets within themselves. In universal terms they have a finite mass and energy available to them 
and nothing more. But at the same time as a part of bigger picture galaxies have to obey the universal 
laws of physics. Consequently, all galaxies follow the same rules and so do their physical contents 
like solar systems and atoms within them. 


‘A Black Hole is created primarily and only under-one condition in the Universe and as the 
consequences of other acts in a galaxy. They are not created as a deliberate act and as predetermined 
plan in and by a galaxy. But in their way, they make an enormous contribution in keeping the matters 
in check in their surrounding environment during their relatively short life. 


At the same time they redistribute fresh materials throughout the galaxy during their cycle of 
existence. This is done through and as the consequent of them being the source for the creation of 
cosmic rays in their galaxies, as this is very much like natural fertilizers production systems of 
galaxies. Where, the old matters give its energy in an indirect way, for the existing other planets, to 
keep them healthy and for them to receive sustenance from their galaxy. 


Black Holes in the universe are nothing but the centre for collection and re-cycle waste bin of cosmic 
debris of different sizes, this being giant meteoroids to specs of cosmic dust. 


As the black hole grows bigger and their gravitational forces take over, then a Black Hole becomes a 
predator for parts of this galaxy. They become vast eating machines of the debris and stars and planets 
and this is exactly what is to be expected of them. 


‘The Black Hole is originally created totally by chance. There are no pattems in their creation. They 
are simply a creation or an outcome of natural interaction between two or more passive magnetic 
fields or matters in motion within the galaxy or the universe. 


Creation of the Black Hole 


To explain the concept of creation of black holes, phenomenon’s that are normal and familiar are used 
and will be relied upon in this paper. Then a parallel for the creation of the Black Hole type of 
incidents will be drawn with the same process in the solar systems, galaxies and universe. 


Black Holes are created according to the rules of physics in galaxies to collect and then replenish the 
galaxies with fresh recycled materials, where this recycling is the vital factor in sustaining and making 
sure that as the galaxy moves that there are new materials available to start new systems within the 
galaxies. At the same time for them to nourish the other planets within the galaxy with fresh supply of 
materials. Where, for example the Earth receives several thousands of tons of cosmic dust from the 
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solar system through the similar method through its atmosphere per year from the black hole within 
its galaxy and from the universe, 


‘The parallel similarities between the Black Hole and presentation of new material in the universe and 
on Earth can be compared to the effect of collision of Earth’s tectonic plates, When, two sources of 
solid materials interact with each other. In the long run stars and planets in the galaxy, as the same 
with Earth submerged tectonic plates; these become the source of the supply of new materials in the 
galaxy, similar to, as lava becomes the new continents, or mountains on the Earth 


Let's explain this in the following manner. The continental plates and stars systems are forever on the 
move, they move slowly, but surly they are on the move. On the Earth, when two or more continental 
plates move in random manners, over centuries and millions of years, at some point they come on 
each other's path so as do the stars and their systems, like solar system and others in our galaxy. 


When on Earth the two or more continental plates come together. Several things can happen, this, 
happens in galaxies but in a different form too. Where, the continental plates in galaxies are replaced 
by cosmic spherical or flat oval magnetic fields of the stars or systems. 


‘The next steps in the procedure are very familiar on Earth as the continental plates push against each 
other, if, they are of similar strength, they rise together to create the mountains over millions of years 
as these plates are still pushing and moving while they are exerting their strength on each other. So, 
large mountain ranges on the surface of planets are created, 


Other things can happen too and that is if, one of the continental plates has weaker energy strength the 
weaker plate will slide under the other, where the continental plate which sub-merges in the long run 
becomes the material in the lower levels inside the planet, which later this becomes the base material 
for the magma of the planet, then over millions of years this matter again appears on the surface of the 
Earth through volcanic eruption. Then some times in the future these too become the source of 
materials for new continents or an island and so on through volcanic eruptions. 


‘The material drawn into centre of the planet does not disappear but for the time being is hidden from 
the view and parallel to this scenario happens in the galaxies, when two or more systems in the galaxy 
reach each other, where an area in the space is created that the two passive magnetic fields and or 
entities have to interact with each other. Where, their passive magnetic fields push against each other 
like continental plates (Fig. 27) 


Fig. 27, Plasma of passive magnetic fields pushing each other creating 
balanced magnetic field region, called Black Hole 


‘As they are on a collision path with each other and as at the same time the surrounding systems forces 
are pushing for their position, they do not allow any other course of motion but path of the collision of 
the two systems on the move. Then, a point is reached that as there are solid materials in motion from 
both systems and they have no choice but to collide and interact with each other. Where, in this, 
process being thrown at each other by their systems, pieces of inter-planetary garbage, parts of moons 
‘or meteoroids and other bits of the two systems in this region are in the same pot too and all are mixed 
up and get entangled with each other. 
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In this area and at the same time as the two systems physical materials are pushed and thrown at each 
other, so do their maf’ and passive magnetic fields are exerting their powers and authority too as in 
the like of in the planetary the hidden forces pushing the continental plates into each other. Then a 
point is reached, where these two magnetic force fields’ of the two set of entities forces become to 
near enough to cancel each other out and create a condition of magnetic field equilibrium, where one 
field force cannot dominate the other passive magnetic field force, and inevitably an area of no or 
very week passive magnetic fields force in this region of the universe is established, where during all 
this processes materials from both systems are still being pile-up in this part of space. Where, the two 
systems materials are brought together due to pure forces of the Passive Magnetic Field forces of the 
systems and their surrounding systems in the galaxy. 


Even stars themselves in the latter stages of the development of the Black Hole could become the 
victims of the Black Hole, which their system themselves were partially the cause of creation of. At 
this point the new mass of the Black Hole may even be a larger mass than any of the individual 
systems that created the Black Hole in the first instance. 


‘One cannot forget that these masses are still in motion and rotating at very high speeds. 


‘This new mass in the centre of this is pile all together creates a very large gravitational force within its 
region due to sheer weight of the mass which is collected and primarily these could become inertial 
pull rather than gravitational pull of the matter in these Black Holes too. 


By laws of physies, one knows that the only reason that stars shine or cosmic rays glow is the 
phenomenon of the motion of charged particles passing through a magnetic field. In this region where 
the magnetic fields are very weak, this region lacks the main component that could make it shine or to 
be bright and that is the lack of the passive magnetic field in this region, due to the equilibrium and / 
or cancelling out of the two interacting magnetic field forces of the two systems, 


r for a time in the motion of the two magnetic fields of the systems passing each other in some parts, 
there are no or there will be very little magnetic field force available, even thou there are charged 
particles in the area, but there are no magnetic fields strong enough for them to interact with to create 
the visible light. Consequently, in these areas of galaxy there are No glows and No shine 


Reason why this is called the Black Hole, is due to the fact that in these parts of the galaxy, which two 
or matters and their magnetic fields meet and interact, and can balance each other out, there will be 
very little visible light emission due to the lack of interaction between charge particles and non- 
existence of magnetic fields or existence of weak magnetic fields, that cannot produce bright light 
‘enough to be visible from the Earth 


This is the reason, why if one look’s at these areas of the galaxy these areas seem to be darker 
compared to their surrounding areas, as the light not only is emitted from the mass of the black hole, 
but at the same time these matters due to their physical dimensions and their magnetic fields forces 
strength will not allow and block lights coming from other sources behind them in the galaxy too. 


This is why, these regions of the space seem to be black, but from an outsider point of view looking 
over the area it looks as everything and all materials are thrown in to this dark spot from one side and 
nothing is coming out of the same side and consequently the physical term of The BLACK HOLE. 
was invented. 


This area appears as to be a Dark part of the universe, but in reality some rays of light should be 
observed being produced in this zone, as some charged particles still interact with the some weak 
PME of the systems or what is left of them before they enter and interact and in this part of the galaxy 
there are visible light but matters are disappearing too. 


” 


So, in this region of the galaxy astronomers observe a large gravitational force due to the large 
amount of mass thrown in fo this area by the two systems as they pass each other. But, they have no 
explanation as what is happening to all this mass. Now one understands the reason for this false 
assumption and appearance. This is the region where the gravitational forces are in reality mixture of 
gravity and inertia pull of two systems. 


‘One has to remember that as these two or more systems are passing each other, several scenarios can 
happen again, which every one of these will have and has drastic and profound effect in that region of 
the galaxy. Where, at the same time these events can generate a vast amount of new recycled material 
for other entities within the galaxy. 


At the same time one has to take into account the time factor and that one is dealing with a three 
dimensional picture, as in some cases the Black Hole exists for millions of years during the crossing 
of the two systems crossing each other’s path at a slow speeds. The truth is that the Black Holes are a 
temporally condition, so to speak, in the bigger picture of cycle of the life of a galaxy, but they surly 
look like being there forever. 


Some of the residual of these interactions will be some cosmic rays (10) or the outeome could be the 
birth of a new system with a new mass from the mixture of the masses of the two old systems after the 
system parameters balances each other out. In this case the overall masses of elements within the 
black hole are present as they were in their original systems. Where, now the new Black Hole could 
possess slightly less than the combined mass of two old systems. With lose of the some of its matter 
in the process of the interaction of the two systems into the galaxy 


‘One cannot forget that the centre mass of the Black Hole is still rotating most probably in the same 
direction as the systems were rotating which created it, At the same time, as the centre mass is void of 
the Passive Magnetic Field (PMF), the usual interaction between the passive magnetic force and 
gravitational force do not take place that usually creates the first basses of heating and sustaining that 
heat, so that the temperature gradient could take hold, that this in tun could create the scenario 
conditions for the mass to become a large star or a system, 

So that the centre mass have enough material but not the right condition to create the necessary heat, 
for the time being to make the jump to become the source for a new system or a new star in 
possession of gravitational forces. 

This is one of the ways that the Black Holes become the creator of new stars and systems. Therefore 
the mass relies upon the heat that is produced mainly by the natural friction of the elements pilling on 
top of each other in the centre of the black hole. 


But at the same time these places become the centre of the maf’ of principal matters of the entities 
within the collision zone, Where at this point the principal mafs and matters of the constituent matters 
within the collision can take hole and star t the process of creation of the principal star with its strong 
magnetic and gravitational field forces, which this condition can lead to creation of principal star and 
hence through realises of mafs of at principal level and through its slowing down and through 
production of transition maf’, these parts of the universe can again appear to be dark than the rest of 
their immediate surroundings, and hence the creation of balance maf of created and the surrounding 
environment field, then again due to lack of creation of interaction sufficient to create mafs at the 
maf’ of visible light, then these areas of the universe again look darker than the neighbouring regions, 
and as the centre of this region is covered with the seed of principal mafs and matters then one 
observes the strong pull of matters to this region without being able to see its origin which is the 
principal star in the centre of the dark zone. 


‘These interactions between passive magnetic fields occur on regular basses in our galaxy, as systems 
are at all times on the move in a confined space of their Galaxies and if one had enough time to look 
‘out into the space, one will observe the creation of so called black hole the way one observes passing 
of dark clouds in the sky of the earth during stormy times, 
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‘The motions in this specific part of galaxy are in progress over thousands of years, the Black Hole’s, 
due to other systems magnetic fields surrounding it and their influence and interface with passive 
magnetic fields of these systems making and allowing the black hole to leak cosmic rays into the 
galaxy like a fountain in its surrounding area. 


Then it should be understandable now that why the scientific world finds materials from the Universe 
that is not nor have not the same age as the original component of the galaxy. As like supernovas, the 
Black Holes are the source of the new material for the galaxy primarily because of the way they are 
created and the way their life cycle finishes. 


‘The other scenario of the interaction of the two systems could be totally different with an interesting 
‘outcome. This is the most horrendous way that the two systems could come into contact with each 
other and in this case as the two magnetic fields come too close to each other, at the same time other 
systems around them push these Passive Magnetic Fields themselves together. 


‘The two fields interact and the first stage of creation of the Black Hole is reached very rapidly, but as 
the two systems surrender more and more of their debris and planets to the Black Hole, the central 
mass of the Black Hole increases and as the Black Hole is receiving its contents from two different, 
systems simultaneously, then a point reached that the weight and the gravitational force of the new 
centre mass of the Black Hole super-passes the mass weight of one of the systems, which created it in 
the first place. 


Systems which have already lost some of their mass to the Black Hole at the outset of the creation of 
it, now losses control of its magnetic fields too. To an outsider looking at this event, it seems as the 
Black Hole is consuming everything around it. Where, this process can take over thousands of years, 
until a temperature gradient or a dynamic principal mafs and matters of in the centre of the mass is, 
established. 


As the centre mass of the Black Hole has consumed the entirety of two systems, and it is operating in 
a no magnetic field zone for a period of time, where its internal dynamic plasmatic magnetic field 
cannot pass its physical boundary (see the paper “The creation of dark matter” M T Keshe for clarity), 
the system will still can absorb or attract other masses from its surrounding into itself, 


In this scenario, if mafs and materials are held for long enough time within the centre mass! That new 
magnetic field force could be produced and maintained, where at this moment of its life cycle this, 
giant of a mass of the Black Hole will be nothing but a huge Gravity and Magnetic field producing 
machine. Where, by the end of this process a new system or several systems will come to be born and 
new materials will be scattered in the galaxy, and this Black Hole will be a Dark place but not 
necessarily cold. 


If the centre mass during its creation does not manage to heat up, then the third phase of the Black 
Hole syndrome takes hold. This being that, the centre mass at this stage becomes so big and as it 
never had a chance to heat up due to total absence or lack of strong magnetic force at the same time 
where the new large centre of the mass is rotating, this new mass will be inherits a huge natural inertia 
force from its collective mass with no or little magnetic field beyond its physical boundary to keep it 
at bay, so, this massive large body will start pulling smaller objects near to it into its trap. 


‘The same phenomenon applies when two galaxies come to pass each other's path too, with the most 
horrendous outcome for the galaxies in that part of the cosmos, where the outcome of such encounter 
is beyond imagination, This has happened before and astronomers forecast it for The Milky Way 
galaxy in the future as it passes the nearest galaxy to it in the next few billion years. Where, the 
surrounding areas near the newly created Black Hole will not be safe from the onslaught as this new 
mass at all time of its existence has the same fundamental problem as of all other systems, and that it 
tries to hold onto all its elements. At the same time like other systems the lighter elements and weaker 
maf’ in the mass move to the outer layers and to the edges of the mass. 
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Where, weaker mafs as lighter gasses and particles move to the outer region of the mass, they become 
better candidates for them to be pulled away from the centre mass by any opening in the adjacent 
Magravs systems near to the Black hole. When the centre mass reaches a point that Magravs or its, 
inertia force become weak on its edges, that lighter elements can manage to loosen themselves and 
escape from its grip into the space of its neighbouring environment. 


‘These freed elements will become part of matter that can be attracted by adjacent systems to the black 
hole or due to the rapid motion of the Black hole released as cosmic dust in the galaxy. Therefore 
objects can and do leak out of the Black holes into their respective galaxy even during the time of 
their creation. 


If these elements are pulled out of the power of the centre mass, through the strength or gap in the 
adjacent systems or weakness in the power of the black hole, then they become the cosmic rays this 
being due to the fact that during extraction most atoms get striped of their electrons, and some heavier 
atoms in this scenario lose their electrons in the same way and so they appear as plasma and as part of 
the cosmic dust in the galaxy too, Black Holes are the source of most of cosmic rays and dust in the 
galaxies due to this effect (10) 


In the galaxies Black Hole’s while are in process of being created and during their existence at all 
times are still surrounded by other systems and are under the influence of their Magravs. 


‘The powers of these Black Holes are usually kept at bay by other systems around them with their 
larger magnetic field forces and gravitational forces, which the black hole is still encapsulate amongst. 


Black Holes are normally observed close to the centre of the galaxies and the universe, as there are 
more systems clustered together in these regions as this increases the chances of different systems to 
come in the path of each other and in turn increasing the chance of the collision of solar systems in the 
and galaxies in the universe and hence increase in the chance of the creation of numbers of the Black 
Holes. 


‘The stronger mafs and the heavier elements of the universe and galaxies are largely concentrated in 
and near the centre of these entities, thus the passive magnetic fields and gravitational forces of the 
systems in these central regions are many times more powerful near the centre of galaxies then what is, 
experience in the outer edges of them, 


Consequently, the gravitational forces and passive magnetic forces in the centre regions of the galaxy 
will soon bring and keep the size and the power of these giants Black Holes under control 


What these collisions of systems and creation of Black Holes achieve is the fundamental principle of 
regeneration of new systems out of the old matters, and at the same time unclogging of the galaxy of 
all the loose debris, 


If one looks at a three dimensional overview of these areas in space, surely due to the movement of 
stars and planets and the interaction of their forces, one should be able to predict, where the next 
Black Hole in that part of galaxy could be produced. 

In time, a point will be reached, where the passive magnetic fields systems in one of the immediate 
systems’ neighbours to the Black hole will move on, and at this point the feeding frenzy of the Black 
Hole will come to an end, 


Like volcanic eruptions on Earth, where the mantle is thin enough that pressure of the lava can 
takeover, and that it can to pure out, pushing its way out into the atmosphere as a volcanic eruption. 


This is exactly what happens when one of the passive magnetic fields in this area moves or weakens. 
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This creates a gap in the fields containing and controlling the black hole parameters, where the 
materials in the centre of the Black hole, which has been pushed previously into the Black Hole from 
‘one direction, for these materials to be released or scattered in to the galaxy. 


In this process, part of these materials will manage to cluster together and generate the conditions 
essential for creation of one or more systems or stars. 


Where the rest of the materials of the centre mass of the black hole becomes cosmic dusts, some 
become comets and some become cosmic rays and so on 


Thus Black holes are not gigantic eating machines compared to the size of their galaxy. In reality, 
they are nothing but a temporary condition created in the galaxies due to movement of plasmatic 
magnetic field systems as they are crossing each other. 


Very much like two masses of clouds crossing each other path colliding with each other. Where, thi 
interaction of clouds upon each other creates abnormal conditions in that area of the planet, where, 
their thickness can block the rays of the Sun behind them and the sky looks darker, but in reality these 
are temporary conditions for the viewer from Earth 


Contrary to common belief, Black holes always release matters and release new recycled material into 
their surroundings; they are not bottomless pits, where everything disappears into them. They are like 
a funnel, that if one looks at one end it seems that they are taking everything in, but exactly like a 
funnel, they have a hole on the other end, that what goes in has to come out, with a difference that the 
end of this funnel is connected to a kitchen-waste unit of the universe, where that on one end it 
crunches everything up and mixes whatever goes in before spewing the waste out through the waste 
Pipe. 


So the behaviour of the Black Hole is very much dependent on the position of the observer. If one 
looks from one end they are massive eating machines and from the other end they are the supplier and 
feeder of new life in the Galaxy. 


In real term this dark part of the galaxy is at all times emitting electromagnetic waves of varying 
levels and strength from all the activities which is happing within, around and because of it. Black 
holes can easily be identified in their environment and their position can clearly be pinpointed by 
using much simpler method of detection than by just guessing and look for their effects in a given 
region of the universe. 


In principle the Black hole has all the attribute of any system, but in fact as the internal plasmatic 
magnetic energy field of the systems creating it, in the given region of the galaxy, cannot create 
‘outward plasmatic magnetic energy field, that ean interact with other plasmatic magnetic energy fields 
in its immediate given environment, for it to create outward visible magnetosphere at boundary of the 
black hole to manifest itself as a visible space in its region, this leads to creation of lack visible light 
in the man’s Magravs amino-acids matter mafs strength. 


‘The phenomenon of Black Hole occurs on the continuous bases on the surface of stars of any Solar 
system. The principle of the creation of Black hole happens on a smaller scale on the surface of the 
Sun in the solar system, where these are called the Dark Spots of the Sun 


‘These are where dynamic plasmatic magnetic fields systems on the surface of the Sun go through the 
same cycle of interaction of fields with each other as it happens for the creation of the Black Hole in 
the galaxies, where these plasmatic magnetic fields come across each other in the atmosphere and on 
the surface of the Sun, consequently they have to interact or pass each other, with the difference that 
these plasmatic magnetic fields systems on the surface of the Sun, even thou they are so powerful, 
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Figure 6. Photograph of the 
fabricated dual-band RF energy 
harvesting circuit. 


for the shunt capacitor C, of Figure 2(b). The dimensions of each element are calculated according 
to their respective reactive element value and the substrate on which circuit has to be fabricated. in 
Assimonis, Daskolokis, and Bletsas (2016), it has been demonstrated that traces (microstrips) con- 
nected to the rectifier terminals (e.g. distance between the diode and via and diode and load) are 
highly sensitive for RF-to-dc efficiency. Therefore, traces d,,d, between diode and capacitor C, and 
Cyd, between diode and load and d, between diode and ground are adjusted to optimize the im- 
pedance matching os well as the conversion efficiency of the rectifier. Due to nonlinear behavior of 
the diode, harvesting circuit itself exhibits nonlinearity i. its input impedance varies with received 
RF power, therefore harmonic-balance (H8) and large signal analysis (LSSP) were employed to take 
into consideration the nontinear behavior of the rectifier 


The photograph of the fabricated dual-band rectifiers shown in Figure 6. Iis fabricated on a 1.54 
mm thick FR-4 substrate with o dielectric constant (,) of 4.3 using chemical etching method. The 
rectifier performance is evaluated in terms of[,,| and output voltage using the Agilent vector net- 
work analyzer (VNA). The simulated and measured |S, [is ilustrated in Figure 7(a). The measured 
result shows reasonable agreement with the simulated one; the slight difference con be accounted 
for the fabrication imperfections. It is well known that impedance matching is a function of fre- 
quency and input power, due to the nonlinearity ofthe diode. Such o characteristic is examined in 
Figure 7(b), where the measured /S,;|is demonstrated os a function of input power level for three 
different load impedance values. From results, itis clear that impedance matching of the harvesting 
circuit is greatly affected by the input power and the load impedance. Figure 7(0) demonstrates that 
1s power increases, the impedance matching at 0.9 GHz degraded drastically, while at 1.8 GH, it 
improves. Moreover, it is noticed that the impedance matching at higher power level is more sensi- 
tive to the variation of load impedance (RL. 


The measured RF-to-de conversion efficiency and output voltage vs. input power for both frequen- 
ies are demonstrated in Figure 8(a). For 0.9 GH, efficiency is equal to 25.7 and 65.1% for an input 
power of ~20 and 0 dim, respectively. However, at 1.8 GHz the efficiency is relatively small that 
‘might be due to the increased parasitic losses in the rectifier diode. Figure 8(b) shows the relation 
between the output voltage and frequency for various input power levels at fixed load resistance 
value of 4.7 KO It con be seen that maximum output voltage is achieved in the frequency range of 
‘860-900 and 1770-1800 MHz, showing the rectifiers capability to harvest RF energy in the GSM-900 
‘and 1800 bands. 


Figure 9, depicts the measured conversion for various values of load resistance. It can be noticed 
that the circuit yields maximum efficiency when the laad impedance is 4.7 KO. It starts decreasing 
asthe load impedance varies from 4.7 KO. Table 1 shows the comparison of the conversion efficiency 
‘and the size of the proposed rectifier with the similar works reported previously. Only measured re- 
sults are compared in Table 1. It can be seen that in low-power condition maximum efficiency is 
‘achieved in Sun et al. (2013), but the expense of bulky circuit size. However, the proposed rectifier 
offers an optimal conversian efficiency with compact circuit size. 
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they in one way or other meet-up with each other, and as their energies have to interact, then 
sometimes these energies cancel each other out and reach a balance magnetic energy condition. 


At these points then, the same cycle as the creation of Black Hole, on the surface of the Sun in much 
smaller scale repeats itself as there are no magnetic fields interaction because of similarities and 
identical mafs strength of the interacting fields, then there very little friction of fields that residual 
fields in the strength of the man’s mafs of amino-acid strength are released, and hence or a very little 
light in the region and hence the appearance of the Dark Spots on the surface on the Sun is observed. 
In some instances the same is created as there are no interactions or balanced pmfs strength of the 
matters and mafs between the charged particles and mafs from the surface temporally are produced 
and consequently there is no or very little emission of light from the surface of the Sun in these 
regions 


On the surface of the Sun the same scenario of retraction and absorption of matter as the of the Black 
Hole starts occurs with a slight variation, which in this case the gravitational fields force of the Sun is, 
so powerful and very close by that as the gravitational forces of the Sun are (in proportion) many 
times stronger than the gravitational force of the particles captured within the Dark spot region on its 
surface, that once the magnetic fields have interacted their energies and the content within the 
catchments of their forces have reached the equilibrium level, then the mass of particles in these 
regions are sometimes pulled back inward onto the surface of the Sun instantaneously after the 
collapse magnetic fields which created the dark spot regions, then at this point the physical matter of 
plasma in this region of the dark spot are pulled back into and is literally missile back into the liquid 
surface of the Sun, this creating a secondary dispersion of matter in the atmosphere of the Sun and 
into the solar system and hence the increase in the Sun flairs during the creation and as sequence of 
the collapse of dark spots on the surface of the Sun. 


In reality the persona of dark spot is created mainly through interaction of maf’ fields of the Sun and 
these are created very high above the surface of the Sun, that the dark image observed is not in reality 
mainly on the surface but much further up in the atmosphere above the real solid surface of the Sun. 


In other instances as the plasmatic magnetic energy fields interact to create the Dark spot, the surface 
tension of the Dark spot becomes weaker on its face away from the Sun and all sorts of mafs and 
matters in the full spectrum mats of the universe directly gets ejected into the solar system with much 
more power and matter then normal dispersion, 


Once the temporally condition of creation of dark spot of the Sun is created, By this time, most of the 
other plasmatic magnetic fields of the Sun physically push and cajole the plasmatic passive magnetic 
fields (PMF) that created the Dark spot, so that, these external forces in the surrounding environment 
of the dark spot move and shift them from their position, where by this movement there are no more 
active plasmatic magnetic fields in the region to interact with each other in these regions and then the 
normal process of the charged particles interacting with the plasmatic magnetic fields around them 
start again as before, then everything goes back to normal and the light or the shine on the surface of 
the Sun returns to normality. 


When too many dynamic plasmatic magnetic energy fields start cancelling each other out, the surface 
of the Sun become congested with many different plasmatic magnetic energy fields and they clog up 
the surface of the Sun, like congestion in traffic jams, hence the number of the Dark Spots starts 
increasing. 


It is important to remember that Objects (these being solid, gas, plasmas or etc.) possesses their own 
plasmatic magnetic energy field and all these plasmatic magnetic energy fields on the surface are 
dynamic and respond to other dynamic plasmatic magnetic energy fields, which are created internally 
in the inner cores of the star. Where, these internal magnetic fields are the creators’ of the 
gravitational field and the overall magnetic field of the star itself. Where, The stronger plasmatic 
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magnetic energy field (the gravitational field) usually dictates and plays apart in the position and level 
of freedom of the weaker plasmatic magnetic energy field (the object) in respective to each other. 


‘Thus, when the inner cores of the stars due to their near mono atomic structure go through their 
internal current realignment (12, 18) this in tum leads to change in the direction of the gravitational 
field and thus the polarity of the whole star. 


Consequently the rotation of the gravitational field which itself is originated and created magnetically 
interacts with the dynamic plasmatic magnetic energy field areas on its surface and in its atmosphere 
causing them to move in respect to the internal dynamic plasmatic magnetic energy field movements 
of the star. 


Therefore main reason for sudden periodic increase in the movement of the plasmatic magnetic 
energy field on the surface of the star and sudden increase in the creation of black spot in their 
environment can be clearly be identified, to be due to the interaction of the dynamic plasmatic 
magnetic field created by the matters and maf on the surface and the inner Magravs fields force of 
the stars. 


Where, the inner dynamic plasmatic magnetic field of the star is by order of magnitude several 
millions of times much stronger than the isolated single or packages of dynamic plasmatic magnetic 
fields on the surface. Thus the stronger inner fields force of the star, dictating the direction of the 
motion of the weaker fields of the Dark spot. This being the very reason why the eleven-year cycle of 
change of polarity of the Sun brings about an increase in the number of the Dark spots of the surface 
‘on the Sun on regular bases. This being due to Sun’s internal plasmatic magnetic energy fields’ 
changes which brings about the polarity changes, every eleven years. Where, at these eycles there are 
more of these surface and atmospheric dynamic plasmatic magnetic energy fields in motion and 
available to interact with each other and the internal maf’ of the Sun 


In fact, as the polarities of the Sun changes, so more dynamic plasmatic magnetic fields start moving, 
from one pole to the other to accommodate the physical practicality of the plasmatic magnetic energy 
field polar change. Thus, a larger number of the dynamic plasmatic magnetic fields become to cross 
each other’s path and consequently there are more chances of two or more dynamic plasmatic 
magnetic fields to meet and to balance out each other's field. Inevitably, as at these areas, there are no 
effective plasmatic magnetic energy fields for the charged matter to interact with, thus there is less 
light emission from these areas of the Sun, Henceforth the appearance of darker areas or dark spots in 
these areas on the same principle as the creation of the Black Hole phenomenon re-occurrence. 


‘The increase in the number of dark spots of the surface of the Sun is always in sequence with the 
petiod when the Sun internal dynamic plasmatic magnetic fields activities go through their 
repositioning, 


‘The number of these Dark spots increases and as they move, suddenly a vast number of dynamic 
plasmatic magnetic fields cancel each other out and as the change of polarity of the Sun completes 
itself and settles down, 


‘The whole cycle of collapse of the Black hole re-occurs’, that is, where a Dark Spot collapses, and 
their new plasmatic magnetic energy fields fines its total balance, and the matters which where 
gravitationally trapped under the influence of the dark spots, which are mainly plasmas, are retracted 
by the gravitational pull of the star and are ejected back onto the surface of the Sun is large quantities 
and numbers. This is the time, where there are massive activities and strong Sun flares scattering 
‘outwards from the surface of the Sun, where, large quantities of the Sun matters are plashed outward 
in the solar system. 
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Sometimes, as the mass of particles collected in a Dark Spot is pulled back into the surface of the Sun, 
due to their mass and speed, these become like meteorites hitting the surface of the Sun. This act 
causes more than usual charged particles to be leaving the Sun surface into surrounding space. 


‘The darkness on the surface of the Sun is not due to what is commonly thought to be due to cooler 
temperature in these regions, as the Dark Spots are purely due to the fact that there are no or very little 
dynamic plasmatic magnetic fields available in these regions to interact with the charged particles to 
create light. 


So underneath the Dark Spots on the surface of the Sun the temperature of the surface is still the same 
as the rest of its surface. 


Conclusions 


Black holes are natural physical by-products of the motion of forces and matters like every other 
object in the universe. The only difference for this body to appear is the fundamental shortage or total 
lack of one of the three main ingredients of the creation, namely the lack of the Passive Magnetic 
Force Fields in the region, where these black holes manifest themselves 


Black holes are another creation of universe like the uniqueness of the Blue planet and once one has 
understood the methods of universe’s powers of creation within all its physical parameters, then every 
aspect of the appearance of objects and fields can only be explained with understanding of the 
interactions of these with each other. 


‘The most beautiful part of this phenomenon will be! How Man will use this knowledge now for the 
advancement of its race? 


Understanding of the method of creation, existence and the behaviour of the Black Hole in space 
‘opens new doors for the Man to plan his future excursions in space and the appropriate name for this 
object should not be a Black Hole. 


These regions of Black hole in the galaxies cover areas as large as several solar systems, with them 
possessing all the physical attribute of solar system. With the difference that they do not shine due to 
the lack of appropriate dynamic plasmatic magnetic fields strength within their construction or during 
the time of their existence in the environment of their operation. 


‘The appropriate name for this object as has one body and two distinctive characterizes behaviours and 
appearance, by first characteristic being a gigantic eating machine, and the second characteristic by 
allowing new systems to start from what it has digested. There is an old Aryan name for an arrow 
with two heads as the Black Hole with two characters and this object is called ZHUBEEN. 


1 call this unpredictable object in the galaxy with this name, as now it is a known object and not a 
mysterious scientific phenomenon. 


Elaborations 


‘The helio-seismology is the study of the internal structure and dynamic of the Sun using Sun-quakes, 
and the Sun oscillates continuously by varying degrees and directions. These oscillations are caused 
mainly by turbulent convection just below the surface. The data from spherical-symmetrical solar 
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model of the same condition shows close correlation to physical collected data through inversion. This 
showing that the data simulation is close to the physical reality of what is happening in the inner 
sanctum of the Sun. 


For our testes in dynamic cores and data’s attained through them, it can be confirmed that the rotation, 
and the turbulence have direct effect on the heating of the matter within the confined of the reactor 
build on the same principles, where in the reactor and consequently in the creation of the current 
through convection and magnetic fields production within it, where the turbulence of the matter in the 
core of the reactor creates the dynamic and the dynamo effects which this has a direct effect in and on 
the production of the dynamic plasmatic magnetic field in the reactor. 


‘Turbulent convection and differential rotation in the Sun are thought to be the cause of the creation of 
the solar magnetic fields and the directions in which these magnetic fields appear to flow out of the 
surface of the Sun according to their direction of rotation their tightness are known as helicity of the 
magnetic field in the region. Where, Helicity simply describes the handedness of this field and as the 
field literally opens up like a cone as it moves away from the centre towards outer region. As 
Magnetic and Magravs helicity is in fact a measure of the knottiness and the twistedness of these 
fields within a region, where this closely related to the turbulent dynamo effect. Where, from all 
observation in the past, large-scale poloidal magnetic fields the helicity have a direct linkage with 
strong toroidal field leading to finite helicity. 


As, in the reactor tested on the same bases as turbulence of the maf of matters where the reactor 
cores having a finite parameters and the rotation and turbulence are predetermined, therefore the 
helicity of the magnetic fields has to be the same at different points but equal for all distance from the 
centre. Where, due to the small size of the core, a mean or average strength or tightness of the 
magnetic field could be assumed. 


‘Thus a point of interaction of two magnetic forces in the cores will create condition similar to the dark 
spot on the surface of the plasma. Which if the collapse can go through plasma towards the boundary 
of the core, this can create a sudden surge of dynamic plasmatic magnetic field or which this can alter 
the system operation mode. The reason for writing this paper has been due to the fact that in the 
reactor designed, if the condition of Black Hole is created, this can lead to the shutdown of the system 


or unstable condition of the operation of reactor. As this has happened in two occasions during testing 
of the spherical core, where the second magnetic field was deliberately created and positioned to 
interact with the internal magnetic field created by the core. 


In both cases the whole system did go through magnetic poles trying to bypass each other. 


In the second test in trying to prove the point of the interaction of two magnetic fields and creation of 
black hole condition, the whole system was twisted and the axial pines of the core were off centred. 


‘The core axels had to be realigned, but the damage to the core weld and axel proven to be too much to 
repair, and more or less this test of creation of black holes caused the loss of the first steel prototype 
core (Fig. 28). 


At the same time in the same reactor the creation of the dark spots due to interaction of the matters 
were deliberately created for specific use of the system, where investigation in the creation of dark 
spots, and where the use of transition matter condition for the creation of dark matter, for the fuel 
needed for deep space travel was tested and confirmed. 


This is how these above phenomenons clearly can be explained, and the principle for the creation of 
the Black Hole can easily be demonstrated 
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Fig. 28 Test reactor 


In the future papers the writer will explain how the Black Hole’s effects can be useful in helping to 
travel through galaxies and in the Universe. These are at this moment of time beyond understanding at 
the present level of scientific achievements, 
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Abstract 


With the new understanding of the creation of the double dynamic plasmatic magnetic field of 
planets and understanding the new principle and method of the creation of gravitational 
forces, further on the balanced fields outcome of the collective and internal interaction of 
Magnetic and gravitational fields up on each other of any entity within the structure of maf, 
plasmas, atoms or molecules this leads to creation of so called the mass effect of an object, it 
is now simple and apparent that what the mass is, how it is created and why the same mass 
possess different weights in different gravitational field forces environment. 


Hypothesis 


‘The mass of an entity is created from the outcome of the deduction of the interaction of the 
gravitational fields and Magnetic fields forces of an entity and has nothing to do with external 
field’s interaction and strength of the environment of that entity. The variation in the 
numerical difference in the weight of the same mass of an object in different dynamic 
plasmatic Magravs field forces of different environments or different planets, is totally due to 
the interaction of the total collective dynamic plasmatic Magravs fields forces, including the 
inertia effect of the environment which the entity is weight measured and of the collective 
internal dynamic plasmatic Magravs fields strength of the mafs of the entity which create the 
mass of the objects upon each other. 


Where, the magnetosphere of the same entity is the total sum of the magnetic field and 
gravitational field forces catchments zone of the same two intemal fields which make the 
Mangroves fields of the entity that they can attain in their given Magravs fields strength 
environment, 
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cussion 


Planet like the Earth possesses a combination of two magnetic field forces. First the gravity, 
created due to the interaction of the two independent dynamic plasmatic magnetic fields in its 
centre cores upon each other. Second the inertia, which is the collective dynamic plasmati 
magnetic field of its atoms and molecules of its constituent matters, which has the physical 
body of the planet. 


Any object, this being plasma, an electron, an atom, a molecule or even a human body is 
created from a collection of the plasmatic magnetic Magravs energy fields of different 
strength and their continues interaction between and up on each other, which in total decides 
the total or collective magnetic field possessed by that object or the mass of an object and the 
total interaction within molecular or atomic dynamic plasmatic magnetic field of a given 
object is always constant irrespective of the other dynamic plasmatic magnetic field fields 
around it. The mass of an object has a collective package of plasmatic magnetic field 
tightness of all its constituent elements, and this will not change as long as the object is intact 
as one entity in its overall atomic or molecular or collective molecular appearance. 


Which the interaction of the one object dynamic plasmatic magnetic fields with molecular or 
atomic magnetic field of another object Magravs in its vicinity or it environment will 
determine the weight of the two objects in respect to each other or in a given environment. 


‘The mass of a body in relation to another molecular magnetic field, like gravity is dictated by 
the strength of the magnetic fields which creates the gravity, which in the planetary system 
like earth, this is maintained by the planet according to its inner molecular construction and 
conditions in and by which the Magravs strength of the planet manifest itself to the body. 


‘The interaction between two or more dynamic plasmatic magnetic fields created by a planet 
to create and determine the gravitational strength of the planet are due to conditions and in 
conjunction with its elements. 


Jsually these types magnetic fields created by planets are very strong, so an object like a 
human body which possess a weaker collective dynamic plasmatic Magravs and in reality 
possesses its own gravitational field forces due to its combined electromagnetic fields of its 
elements which it is composed of, which for a given body this is constant, these will be 
attracted and be operating in a much more stronger dynamic plasmatic magnetic field 
environment of the planet. Which, this gives the body due to its interaction of the Magravs 
and the planet dynamic plasmatic Magravs interaction, where the strength of the Magravs 
force of the planet and the body in respect to each other, this determines the attraction force 
between the two fields of two entities of the body and the planet and consequently the mass of 
the weaker force or the object in respected to and within the stronger Magravs forces of planet 
ot Magravs forces of the body dictated the weight of the body in respect to the planet. 


In reality the reverse of the same criterion is true too, for the mass of the planet, and its weight 
in respect to the dynamic plasmatic magnetic field of the body. 


Thus, it is easy to explain, when a body interacts with two planets of the same size and when 
the two planets are made of the same materials, where one for example has lower 
temperatures, or internal speed of rotation or lower rate of ionization of the prime materials 
within its Caroline core, which all these can affect the strength of the Magravs of the planet 
for it to possess a weaker dynamic plasmatic Magravs strength, then planet which has a more 
inertia power, which is of the weakest order than gravity, but always constant, for a planets 
like moons, then the magnetic attraction, or pulling, between the same object and the second 
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Magtays force will be weaker, this by the same principle as above giving the body in the 
second environment a lesser weight value. 


This is the very essence, why man’s body appears to have less mass on the moon than on the 
Earth, Where, this is simply due to the fact that the dynamic plasmatic Magravs of the moon, 
which creates its gravitational force, and even this could be the inertia effect of the moon, 
have weaker Magravs strength power to interact with same given human body's dynamic 


plasmatic Magravs than the Earth dynamic plasmatic Magravs strength on the same body. 


Therefore, the weight of a body is position dependent in its relation to its counter interacting 
planet or object inner Magravs forces, which create the Magravs or/and the inertia, or static 
Magrays of atones of that planet. 


‘That is to say, if one could replicate the same Magravs field as on the moon, within a given 
position in the Earth atmosphere, one will have the same weight as the body will have on the 
‘moon within the Magravs force of the Earth. 


This is why in propulsion technology there is an absents of the Magravs within the system 
objects always float and have less mass, as first of all the propulsion systems do not create 
Magravs that the object can position itself in respective to and lock to the position that the 
object become motionally stable and this and the secondly for example in respect to the body 
of space users of the propulsion system, the body’s collective dynamic plasmatic Magravs 
strength, has been positioned far enough away from and within the dynamic plasmati 
Magrays strength of the Earth, that the mass dynamic plasmatic magnetic field strength of 
body in that position within the Earth gravitational field, due to the speed of the rotation or 
motion and conditions created within of the craft, will have a weaker interaction upon the 
body, allow the body a more freedom of movement. 


Using the principle of the Margrave positioning for vertical take-off or choosing stationery or 
fixed position orbit for an object, like for satellites, within any atmospheric condition, where 
the magnetic fields created within the reactor of a craft can lead to creation and control of the 
Magravs within the craft, allowing the mass of the body of the object in a given position 
within the atmosphere of the planet to reach the equilibrium in relation to the Magravs of the 
planet, then in that particular point within the fields that are created by the planet the body 
will have the same mass as the earth and the time delay lapse of free float satellites to tune 
with earth gravity become irrelevant and there will not be a need time delay or adjustment. 


This is the fundamental principle and criterion for any system that is used in any spacecraft’ 
technology to replace the present jet propulsion or rocket technology. 


‘Therefore the mass of an object is the representation of the effect of the Magravs of a body in 
respect to the Magravs of the second body. 


‘The Magravs positioning is the reason why atoms of the same element fuse to create 
molecules, as their weight in respect to each other is zero, or equilibrium, even thou they both 
possess the same mass, 


At the same time, if this is understood in full, then most of the chemical and biological 
interaction of atoms to create molecules can be comprehended and replicated in an easier 
‘manner. 


Where, the collective mass of atoms in respect to other atoms within a molecule Magravs will 
dictate the number of, position of and the composition of atoms of different elements within 
that molecule. 
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Figure 7. (a) Simulated and 
‘measured|s,,|vs. frequency 
and (b) measured|S,| for 
various power levels. 


Figure 8. (a) Measured output 
de voltage and RF-to-de 
conversion efficiency and 

() measured de voltage vs 
frequency. 


Figure 9. Measured RF-to- 
de conversion efficiency for 
different load impedance. 
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Then this explains why it is easier to create certain material in absence of gravity in space 
labs, that in the presence of lesser dynamic plasmatic Magravs strength of the planet in high 
altitude then only the weaker Magravs forces of the elements come in to play as they are in a 
much weaker dynamic plasmatic Magravs strength levels from the centre of the planet and 
they can combine to produce materials, which under Magravs forces of the Earth are 
impossible, 


Conclusion 


Therefore the mass of an object possess different numerical weight values in two different 
Magrays force environments purely due to the interaction of the double dynamic plasmatic 
magnetic field of the planet and the constant collective dynamic plasmatic Magravs of the 
object. 


‘The gravity itself is created by the interaction of magnetic fields of the matter and as the mass 
is the product of interaction of gravitational force and Magnetic fields forces of the same 
matter magnetic fields based generated phenomenon and as any environment in the universe 
possess magnetic fields irrespective of their strength and interaction of these fields in that 
given environment creates a new Magnetic and gravitational fields or Magravs in that 
environment that the outcome the interaction the two Magravs of the matter and it 
environment become the weight of the matter in that environment. 


‘That is to say the variation in weight of an object in different environments is totally due to 
the interaction between the dynamic plasmatic Magravs strength of the two of entities upon 
each other, in respect to each other’s position, in their respective environment. 


Where Magnetospheres of the entities are the outcome of the sum of the interaction of 
Magnetic fields and gravitational fields forces that the entity can master for it to be able to 
protect and hold on to all its mafs and matters which the difference field forces of the same 
Magnetic fields and gravitational or Magravs of the same entity has managed to attract and 
accumulate within its given environment, 


In short the interaction of the two or more dynamic plasmatic magnetic fields lead to creation 
of Magnetic and gravitational field (Magravs) of the entity, and then the balance of interaction 
of the Magnetic and gravitational fields forces leads to creation of the mass of the same entity 
which the mass is entirely dependent on the strength of the two original magnetic fields of the 
entity, and then when the Magravs of entity interact with the Magravs of another entity which 
itself magnetic fields origin based, then difference or the influence of one Magravs of one 
entity in respect to the second entity Magravs make the weight of the two entities in respect to 
each other, where as much as the first entity has weight in respect to the Magravs of the 
second entity at the same time second entity has a weight in respect to the first entity too. 


2 


CHAPTER 12 
Parallel worlds 


Mysteries of existence about parallel worlds, the questions to ask are or can be as follows: 


1, How do they become to exist? 
2, How can we interact or be aware of their ex 
3, What can we do or have done to get there? 


ence? 


Let us consider the structure of simplest entity of plasma of an electron in overall structure of let say 
an atom of hydrogen (or atom of sodium which is part of piece of stone or metal, gas and etc.) 


‘The plasma once created and maintained from interaction and down levelling in strength of different 
mafs of which this plasma in its division leads to creation of an atom which at this point the plasma of 
the electron of the atom has an independent existence from plasma of its proton and electron decides 
about its own motion and its own position in its environment in respect to its proton. Even though, 
this is conditioned on the position and strength of the proton of its atom. Where, electron itself is 
made up of collection of different magnetic fields strength and their interactions and as the electron of 
an atom is not aware of the its larger counterparts of proton(s) and other electron(s) in a larger 
elemental or molecular structures and it is not aware of any state of matter and at the same time that 
the electron is not aware of the part of heat and cold in its environment are playing in its position and 
motion in respect to its proton and other entities of the same which it is connect to. 


Where, this electron physical appearance as any physical matter is dependent on its environmental 
condition. Where, let say this electron can be an electron of atom which is part of atoms of a piece of 
stone and at this point the electron is not aware of the existence of a stone in larger scale levels of its 
existence. But the electron exists within the existence of an atom, which the atom exist in existence of 
the stone. 


But now let’s say the stone is parts of a salt stone grain which is consumed by an animal 


Now the sodium atom by making its Magravs available to protein of a cell of the animal it becomes 
and takes part in the bigger scale and larger Magravs of a protein chain connection, where sodium on 
its own could not achieve 


Let’s say that now the protein and in conjunction with sodium this creates the condition of neuro- 
connection and the cell becomes part of living being, this being part of neuro system a shrimp, dog or 
aman, 


Where, for example the combination of different protein and different atoms and the interaction of 
their Magravs and balancing act within their mangroves lead to need for interaction and new 
balancing Magravs, where this new interaction of proteins and their different Magravs, leads to a need 
for cohesive and balancing line of magnetic fields line of transfer of fields. Where, an accumulation of 
different fields and Magravs and their interaction brings about feelings and intelligence and so forth in 
the animal. 


Now as the different Magravs and their interaction takes place, this being in the level of an atom, a 
solid, protein, combination of proteins and their attachment to other atoms, these new entities create 
two distinctive levels of individual compacted fields one for their tangible state of existence and one 
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they facilitates their fields and positioning for the use by and to other parts which are related to them 
but not connected to their existence in the line of communication of other atoms. 


What this means, is that the entity gives life to existence of two levels, one is the physical tangible of 
itself and one is the fields and energy which it is part of, but once it is created the new entities has 
‘enough field that is an accumulation of the interaction of another interaction that this new entity does 
not need a physical entity to manifest itself in the tangible world, but the fields strength is sufficient 
enough that the new entity can easily exist on its own right in the universe and make decision about 
all others whom have become part of and operate through the new entity. 


Now as the more and more fields and matters interact and creates a certain fields levels, that let say 
they lead to tangible matter existence of an entity, the accumulated physical matters have a parallel 
acuminated non tangible levels too which are its fields which allows it to be part of bigger entity 


Where in complexity of previous interactions to reach a point, these interactions have released or will 
release new complex fields that these fields perform and exist as the matter part do. 


But sometimes the matter and associated fields interlocked, but exists and operate into different 
levels. Even though the tangible matter is aware of its own existence, but it is not aware of the 
existence of the associated counter interlocked fields within it, this be it the same as the plasma of 
electron of a piece of stone, which the electron is part of. 


‘Thus now it becomes clear how a man has physical body and a soul. Where, the physical body is 
conditioned of the matter world and its environment, where the soul has no such a conditioning, 


‘Thus the soul is aware of the existence of the physical body, but independent of its existence, but it 
receives the changes in the condition of the physical Magravs of the body 


‘Thus the soul of a man is a parallel world to the physical world of its associated plasmas, which has 
created it. 


But as soul has no need for the physical body to sustain its existence once it is created, as it operates 
in a different field zone non tangibility, hence the physical body can die, but the soul will be left in 
tacked and carries on without its detached physical counterpart in the world of creation. 


At the same time, the fields of the soul will carry-on with its interaction with other fields and Magravs 
of its own level and it will keep on attaining more and keep on and interacting as it physical 
counterpart did and combining with more and creating more the same and different. 


The soul, itself is the balancer of the physical matter of the body, but from point of detachment, does 
not need the physical body for it to exist. As the physical interaction has led to its existence, but by 
now it is independent enough to carry on with its own operation. 


This is like giving of a birth, even though the baby has been in need of the mother for it to start and 
become entity, up on the departure from the mothers body, the two entities can live two independent 
lives, without a need for each other existence. 


‘Thus the soul of an entity, this being stone, animal or a man has the same method of operation and 
existence as any other matter or fields in the universe, and that as once it is established and sets its 
frame work, it does not need its physical counterpart which led to its existence. 


‘Now one can understand how different levels of existence do operate and exist in conjunction and in 
parallel with each other. 
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Take this one step further and let say fields of the souls have established the same methods of 
interaction and communication as their physical counterpart plasmas of atoms did with each other and 
souls through their fields of existence interact with each other and lead to a more dynamic parallel non 
tangible world of existence in the dimension no need for the actually physical dimension of existence. 


In the universe there creatures, which are made from the interaction of principle mafs and matters 
strength as man is made of matter mafs and matter fields strength and they can operate in a non- 
tangible level of existence rather than the physical tangibility to the eye of the man 


This does not mean that they creatures do not have a soul or they are more intelligent than the man, 
but the only difference is that they operate in different maf’ strength, which these lives can be strange 
to the mans’ travels of the futures as they have the ability to transmute between different levels of 
maf’ strength and be able to visible or detectable in their spectrum of mafs strengths 


‘The soul of the man ids the like of the light from the star in distance universe, where the physical star 
could have been exploded and destroyed billions of years ago, but still at night the man observes the 
soul of the stars as the shining light in the dark of the night. 


Parallel world exist even within the and during the life of the man himself, but they need the eye 
of the wisdom for the beings to see them and recognise them in their environment, 
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CHAPTER 13 


The universal principle of division of pervious universe(s) 
and their decay leading to creation of new universe(s) 
Written in 2009 


MT Keshe 2000-2010, All right reserved 
ITNOGOG 


In the universe there are always parallels due to the magnetic fields laws of interactions and hence 
there cannot be any deviations from these laws. 


At the present the scientific world has been intrigued and encouraged to understand the phenomenon 
of the creation of this universe and scientists have tried to unravel the mysteries of the creation of this 
visible universe. 


In fact the ereation of this universe as is visible to the world of science, it cannot be any different than 
any other process in the world of creation and this universe has been created through the same 
principles as the rest of the magnetic plasmatic nuclear and atomic interactions, addition and division. 


‘This meaning that the present universe is created though the same method as has been observes in the 
division of the neutron into electron and proton or smaller and/or bigger components of the same 
Matters, 


Hence to follow the principle of the universal order of matters, this universe is created from the 
division of a larger universe that the man’s visible universe is the smaller part of the division, 


‘The reason for it being the part of a system is that in the present cosmological term, this universe is, 
following the attraction of the bigger part and hence it is always in the motion to follow the Magravs 
of the bigger sister, 


‘This being the reason why it looks as the universe is always expanding and as part of the universe has 
been noted to be collectively following different path of motion than the rest of the universe. 


Where, the portion of the independent motion of the universe is the indicator that where the bigger 
portion of the division of the pervious universe is in respect to the man’s universe. (Fig. 30) 


It has to be said through the same principle of decay of neutron to plasma of electron and proton (1) 
and similarly as the decay of heavier atoms to two or more lighter atoms, the original universe 
through the same principle the mother universe of the man’s universe, itself has been created and was 
created from the division of a larger universes through the same method decay and division during the 
time of the life of the unicos. 


‘The difference in the universe’s creation and decay is in principle merely the size and amount of the 
plasmatic field content plasma of each universe in comparison to plasma of electron or proton after 
nuclear decay and division of the neutron, 
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position of 
sister universe 


Indication of the position of sister universe 
in respect to Man’s Universe in the Unicos 


Fig. 30 The position of the sister universe in respect to Man’s Universe 


Thus in fact our present universe itself is and was created some thirteen billion years back from the 
division of a larger universe. Hence every time as itis the same with division of the plasma of neutron 
to plasma of electron and proton, this division the new universe(s) will carries the characteristics of its 
mother universe, but due to reorganisation of magnetic field strength the new universe will have a 
new and fresh time, which this shows as the age of the new universe. 


In fact this being the like of given birth to a child, where the age of the mother is irrelevant once the 
new seed of life is created and once the child is born, even though; the new child carries some of the 
same DNA fingerprint of the parents. The new life has its own cycle of life and its own timing, 


Therefore the theory of Big Bang and M-11 as have been proposed in the recent past has no meaning 
and has no principle parallels in the physical world of creation of universe, a child or plasma of the 
proton or an electron. These two proposed principles are nothing, but showing the man’s and 
scientific worlds lack of knowledge and ignorance of the real terms and parallel entities existence of 
all units in the universe. 


In fact once the division is created and the universe is created the rest of the material and matter 
content and how they organise themselves in that universe is more or less follows the same principle 
as before and once the field are released within a given Magravs which the fields can created in 
interaction with each other, then the size of universe, galaxies, stars and planets and even creatures 
within that given Margraves strength of the newly produced universe are determined by the entity 
itself and without interference from its previous part. 


Where, the new structure is dependent on the fields within the new universe and the internal motion of 
the new universe is internally determined by the total mass, which the interaction of the Magnetic 
fields and gravitational fields of the universe can master on its own. 


Thus in fact in the bigger or smaller portion of the original mother universe which the man’ universe 
is partly created of, in the bigger or smaller portion due to the larger mass the galaxies can be much 
larger in portion to the galaxies in this universe and conversely due to larger ot smaller strength 
Magravs of the intemal structure of the larger ot smaller portion, the being’s within these universes 


can be smaller or bigger or totally different in operation than the beings in this universe. 


It has to be said that life in any form is not the exclusivity of the earth, if this is the mind-set of some 
men, thus this shows their lack of und 
and how matter’s operated and function in the universe. 


standing of universe and how it is created, not the real truth 
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‘Therefore man is part of an inclusive pattem of field’s motions in the universe and nothing more or 
less can be attached to the existence of the man. 


‘The man in physical term is the entity and in the soul the connection of the field between himself and 
the other fields in the universe, 


‘The physical body of the man is the like of the planet earth, where it has mass and its magnetosphere 
expands beyond its physical boy, but its total Magnetic fields and gravitational fields determines its 
position and relation in respect with other matters in the solar system and in a small way it determine 
the position of its star in its galaxy and souls which are created within it in their course their operation 
in the universe, as then the position of star determines in a small way the position of the milky-way in 
the universe and so forth. 


‘Thus the soul of the man is the external connection of the operation of the physical body of the man in 
the universe, itis part of one and inclusive realty of interaction of the whole. 


‘Thus the soul is part of the operation of the universe and every creation can extent the effects of its 
magnetic field to others which can affect their position and existence of any in possession of a soul. 


‘Thus the soul, which is magnetic fields created and expands beyond the physical body of the man is, 
not exclusivity of the creatures but it is the common denominator and common link between the man 
and other creatures of the God and has direct effect on the operation of the rest of the universe 


Therefore the man’s body due to the interaction of its atoms protons and electron and neutrons 
magnetic fields, this object creates its own magnetosphere and its own mass and this body is and has 
to be in possession of magnetosphere which shows the working of the magnetic fields of its 
constituent matters and its subcomponents and fields this being including thoughts. 


Where, in the physical worlds as the same as the solar system possess magnetosphere and so does the 
star and planet, then the body of the human through the same physical principle possesses the 
magnetosphere, which is so called aurora of the human’s body. The field of the aurora are part of 
outer appearance as the soul of the man, but is fact the total effect of the internal interaction of all 
fields of the body which creates the Magnetic field and gravitational fields of the body and their 
interaction on each other which leads to the interaction with their fields in the universe, this overall 
output of the fields of the body of the man is the soul of the man. 


‘Thus, all dynamic plasmatic matters in the universe possess a soul. But the man has the intelligence to 
allow the interaction of its soul with others; therefore through this principle the man is responsible for 
all his actions and he stands answerable to other souls in the universe. As he decides how these fields 
which partial and fully controlled through the Magravs of the matters of his brain, in how and what 
happens in its interaction with other souls effects their operation in the larger universe 


Hence man has to understand, that universe and others, which has the use of this universe all have 
been created from and the universe, which has been created from the division other universe and will 
be created from the division of this universe and in the future are all interconnected and operate 
through the same fundamental principle. 


Therefore there are parallel universes to this universe, with the difference in the measure of their 
magnetic fields and strength and their position in their given environment. 


‘Thus as we have the same and similar electrons structure's and protons structures in the same 


structure of an atom, which this structure of positioning of electrons and protons is the same for all 
known atoms, then the same applies to the universe too. This meaning that there are similar universe 
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as this universe in the greater universe and other universe which this universe has been created from it 
and those that we will shell create through he operation of our souls and bodies maf’ and matters. 


It has to said that at the same time all beings in the universe use one and the same universal language 
of communication, where in the universe the common language is the basic plasmatic magnetic fields 
of basic field’s. This is based on the first plasmatic magnetic field strength of existence of the simplest 
plasma of atom of the universe, and is similar to what we call in this universe neutron and its division 
and collections as atoms the like of the Hydrogen atom, which the mystery of this has been kept from 
the man and not apparent through his own misunderstanding of the operation of the universe. 


This language is universal and once the man on earth understands this phenomenon and can fully 
measure the magnetic fields strength of the electron Magravs of it and he uses this as the base 
strength, then man will be able to understand and communicate with rest of soul possessing creatures 
of the universe. 


Until then, the search in the sound waves to look and try to communicate with other creatures of the 
universe is a fantasy and shows the lack of his understanding of the world of the Creation by the man 
of ignorant intelligence. 


‘Therefore the gravitation, magnetic, radiation and other similar properties and interactions of the 
field(s) on each other in this and other universe(s) decides on how and the way the creatures in the 
different universes and in the man’s unicos and universe would look and behave. 


But in essences they are all made of the same building block of MAGNETIC FIELDS AND IN ITS 
AND THEIR INTERACTION OF DIFFERENT STRENGTH AND TIGHTNESS OF IT IN THEIR 
ENVIRONMENT; This determining how tall and short and if one has eye or uses the interaction of 
fields to interact and communicates with other creatures of its environment, universe(s). 
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CHAPTER 14 


How would it end? 


The end of this universe will be the same as it started 


What this means is that as the magnetic field balances of the universe reduces to a level that the 
universe has to re-organize itself that it can keep its constituent field forces together, the whole 
universe will, like as with neutron plasma will decay and divide into two constituents of smaller 
universes, which these universes are still connected to each other through their original magnetic field 
forces (book 1 - chapter 17) 


Hence this universe will be divided in to a smaller universe and larger universe parts of a set. This 
being the same process as the like of the process as neutron decays and the rest of the known nuclear 


decay of atoms do as there are no other known processes of division process in the universe, and there 
has to be uniformity in all dimensions of creat 


There is no end in the universes but conversion and amalgamation of fields and matters, which are 
created out of fields themselves. 


Thus, this universe will divide into two active fully operational of lesser universe and bigger universe 
masses (fig. 31). But in total the overall balance of the matters and fields in both universes will be 
near equal of what was in this universe, with a little leakage of fields into the Universal Cosmos 
(unicos). 


Man’s Universe 


Fig 31. In time the decay of Man's Universe 


Where, the I 
Where, the whole of the two new universes both will be rotating around larger universe mechanisms, 


+t mass part of the division of this universe will rotate around the larger mass universe. 
which this universe on its own was rotating around. 
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3. Conclusion 


‘Anew compact 4th order dual-band rectifier has been designed to harvest the RF power of GSM-900 
‘and 1800 bands. In order to reduce the circuit complexity and sensitivity due to reactive elements, 
the meander line and the open stub are used to fabricate the matching network. ForP,, = -20d8m, 
the measured RF-to-de conversion efficiency of 27.5 and 20% is achieved at 0.9 and 1.8 GHz, respec- 
tively, Further, more than 45 and 34% conversion efficiency is maintained from ~10 ta 10 dim for 


(0.9 and 1.8 Gh, respectively 
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‘Thus, if one is in the lesser universe, and looks into its motion, it looks as their universe is expanding, 
as they always seems that matters and fields in this universe to be running away from them as their 
universe is looking as being expanding. 


Where, in fact being in the smaller universe, the gravitational field of the larger universe is 
continuously pulling or holding onto the lesser universe that the lesser universe stays within its orbit, 
as the electron does with its proton in atomic structure. As there can be no difference in all levels of 
creation of larger universe, as it is with the structure of decay of all atoms known to man 


‘Therefore this is how this universe was created and how future universe will be created out of this 
universe. 


‘Thus there has never been a big bang, and there will never be a dooms day or the big rift. All it will 
happen is that this universe will go through a division, which is the norm in all-universal orders of 
creations. 


The original universe has divided itself to smaller universes, which our universe is one of its 
offspring’s and the same will happen over and over again to this universe and its offspring’s. 


‘Thus this universe is not the original universe, but part of a fraction of a fraction of fraction of a 
bigger picture 


May be now it can be understood that in the universe, as has been said that “I have made man in the 
image of myself” and now the reality of operation of different and all entities of the universe 
understood and are set in motion for the man to have the full understanding of method of creation and, 
control and the way he has come to be on this planet at this moment in time and if he understood the 
purpose of his creation, then it can be said that: 

The universe exists and operates within the structure of the man 


and 


the man exists and operates within the structure of universe 
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Defini 


ns 


Below is a list of the new terms and their definition that used in this book. A number of these words 
and terms have been used in the previous book and scientific papers, which have been published by 
the foundation and most readers, are familiar with these terms and reference. In this book a different 
approach and language and terminologies is used, therefore has become necessary to create a new 
terminology and words that can explain the real term application and processes in the world of 
physies. 


Mafs: magnetic fields 


Magnetic: with capital M refers to the plasma of magnetic fields created by a dynamic entity as for 
example this refers to the magnetic field of the earth. 


Magravs: Magnetic and gravitational fields (Magnetic referring to the plasma of magnetic fields 
created by a dynamic entity as for example this refers to the magnetic field of the earth) 


Pmf: plasmatic magnetic fields 


Principal matter: This matter in conventional physies is called the anti-matter, as now the real 
structure of this matter is fully understood and is said to be source of all matters from the dark matter 
to matter, thus it has been called the original matter or the principal. 


Principal mafs: These are magnetic fields, which are in the principal strength levels and considered 
to be I order magnitude several hundreds of times stronger than the magnetic fields which make up 
the tangible and visible matters, 


Principal star: This entity in the conventional physics is called the Black hole 
‘Transition energy: This energy in conventional physics is called the dark energy. This is the pmfs 


that are in motion from principal to matter magnetic fields strength so called the transition energy as 
energy is defined as the pmfs in motion. 


‘Transition matter: This matter in conventional physics is called the Dark matter, as now the real 
structure of this matter is fully understood and is said to be when plasmatic magnetic fields are in 
transition state from the principal matter to tangible matter thus the term transition matter is used, 


‘Transition mafs: These are magnetic fields which are in strength level between the principal and 
matter magnetic fields strength, and are in transit from the principal mafs to matter mafs strength 
levels 


Gans: a new state of matter; a molecule of a gas (GAs), which becomes Nano of itself and appears as, 
Solid state of matter (Gas to Nano of Solid and to be called GANS for short). 
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The re-naming of matters and conditions 


(Advice: Skip this section unless you need to refresh or reading for the first time or read it after you 
have read the chapter 1, 2 and 3 as this section can be confusing and distracting you from the main 
body of the book). 


(Point of reference: The following section is and to be added to all disclosures for the ease of 
understanding as most of these have been disclosed in the book (1), and it is added here for the ones 
who have not read the book and are not familiar with terminologies in the works of the author). 


In this literature, when using the term “mats” for example in form of the antimatter mafs this means 
and refers to the magnetic fields (mafs) which this entity is made of and it is considered to be as a 
plasma of magnetic fields, and where the term “antimatter” is used on its own this meaning the 
physical tangible or detectable entity of the same. This usage of maf’ similarly applies to physical 
matter and Dark matter too. 


Further, the difference with Antimatter and matter is only in their plasmatic magnetic fields (pmf) 
strength and compactness of their fields. Thus, what is the magnetic fields (mafs) of antimatter they 
become magnetic fields of the matter as antimatter magnetic fields unwinds, loosens up, weaken in 
their field strength through their interaction with other magnetic fields and matters and become matter 
mafs and in plasmatic magnetic field strength of matter environment the matter mafs becomes 
tangible and become matter. 


‘Therefore the antimatters are a more compact strength magnetic fields entities of the same of the 
magnetic fields of the matter, and due to their tightness of their fields, these magnetic fields of these 
mafs of matters they create stronger gravitational and Magnetic fields and hence they have stronger 
Magravs and hence upon their unwinding, they release magnetic fields and pmf which are faster, 
higher in strength and hence they look as to be strange strong and fascinating matters, 


‘This means that antimatter entity of for example ten centimetres in diameter once unwinds in 
structure it becomes a matter of several thousands of meters in diameter entity in matter magnetic 
field strength environment. 


Inevitably one should call the term antimatter the start matter and therefore antimatters should be 
renamed the Principal matter. Therefore there is nothing anti about these matters mafs and matters at 
their pmf strength as has been actually assumed in the world of science. 


‘The Principal mafs matter itself has different degrees of strength by itself and not all magnetic fields 
of the Principal matters have the same magnetic field strength. Where, the principal mafs plasmatic 
magnetic fields strength has a spectrum of field’s strength too, 


As the magnetic fields of the principal mafs unwinds, it releases and loosen in its environment these 
magnetic fields (mafs) of the principal matters disperses into their environment, then they lose their 
strength through contact or interaction and friction with mats” of matter and matters, and hence these 
principal mafs matters pmfs go for through magnetic fields strength of the Dark mafs matter strength 
first before through further reduction in strength, the dynamic pmf of mafs of the dark matter in 
motion reaches the pmf strength of the matter mafs level and hence becomes visible in matter pmf 
strength environment and becomes matter. 


Now that the essence of existence of dark energy or dark matter can be explained in its realistic 
manner, and that is what has been called dark matter is in fact this is a magnetic field in transit from 
the principal mafs matter and matter strength to matter mafs strength and matter. 
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‘Then as energy has been defined as “magnetic fields in motion” then the dark energy in fact is 
transition maf matters in motion, or what is called the transition energy. 


‘Then the dark energy can be called the Transition energy instead of the Dark energy, as the pmf in 
motion as this magnetic fields from the mafs strength of the principal matter in motion to reach to 
mafs strength of the matter level, this is only a Transition pmf condition, and transition maf matter 
phase only. 


Where, the interaction of mafs of transition matters with other of the same leads to and ereates the 
Transition gravitational and Magnetic fields of their own or create what is called the Transition 
Magravs and in some cases this condition leads to creation the transition matter (dark matter) and 
consequently sometime interaction of mafs of transition energy leads to appearance and become 
transition matter (dark matter) in the cosmos. 


‘Therefore, the magnetic fields strength, which makes the dark matter, is to be renamed as the mafs of 
the transition mafs matter and the dark matter as tangible matter becomes the transition matter, the 
dark energy to be renamed to transition energy. 


‘The plasma of the principal mafs matters exists everywhere in the universe. This being in the centre of 
the universes, galaxies, stars, planets, plasma of proton and even in the centre of the plasma of the 
electron and in the lower order pmf strength environments which have been undetected up to now by 
man, 


In reality in the centre of what is called a black hole in the universe, there exist and is the home of the 
principal mafs matters and principal matter. Therefore the black holes should be called the principal 
stars in the centre of galaxies, stars, plasma of protons and other entities like these. 


‘The choice of the term star for principal centres of matters is correct as these principal matter 
concentration centres are like a star in the centre for the matter world like solar system, and the 
Principal stars are the place for the mafs of the Principal matters and the principal matters which their 
fields radiate outward into their surrounding as it does with the stars. Thus from this point on in this, 
disclosure we call the black holes the Principal stars in the universe now that we understand the real 
source of their maf of this matter(s) and its principal matters. 


It can be understood now that where the intensity and the strength of stars and planets come partially 
from the existence of the principal maf’ pmf strength, which has been released by the Principal, stars 
in the galaxies. This is to say that the seed of the pmf of the galaxies and matters needed for the 
creation of stars in principle are from pmf of the mats of the Principal matter. Where, the interaction 
of the pmf of these mafs’ of the Principal matters leads to creation of initial strong Magnetic and 
gravitational fields needed for the creation and attraction of mafs of matters of plasmas of matters, the 
mafs of the transition matter and transition matters of the same region of the galaxies, plasma of stars, 
plasma of the proton and other entities of the same structure in the universe. 

At the same time when using Magnetic with capital “M” this means the like of the Magnetic field of 
the earth, which itself is the plasmatic environment created by the interaction of at least two magnetic 
rays and indicates the outward flow of the magnetic fields from a plasmatic environment the like of 
the earth. 


Similarly, when using magnetic field with small “m” this simply means the magnetic fields as in what 


we observe at the end of a solid magnet as magnetic fields of the object without its interaction with 
other fields. 
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‘The universal order of creation 
(5.7.2006) 


In this disclosure the main construction principles and the method of the link and control in the 


universal order of the existence of living cells, like the function and operational method of any matter 
based on so called proteins chains, as for example in human cell are explained in detail 
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REF9 


The author considers this paper as one of his most important and fundamental works to be published 
and to be added to the sets of disclosures written by him 


Cosmi 


c Rays 
(Release date 24.3.2004) 
‘This paper explains the source and the origin of cosmic rays and the way these work within our 
cosmos, their function and their benefits 


REF 10 


“The Airborne reactor 
(Release date 25.3.2004) 


This paper covers the total design of airborne reactors for space technology. This covers all aspects of 
operation, design and control of such reactors. 


REF 11 


‘The seed of the Earth 
(Release date 25.3.2004) 


Some extracts from this paper: 
‘The theory that the heat of the core of the Earth is due to inertia of the material piled on top of each 
other is completely dismissed through this new disclosure. 


The author M T Keshe believes that this centre core is made of hydrogen, other gases and a mixture of 
liquid and solid matters mats, which were in the vicinity of the centre of the core of the Earth at the 
time of its inception in the solar system. 


Through this new understanding of the new inner cores of the planet, this brings to play the fact that 
the old inner-core of the Earth that is already assumed to be made of a solid piece itself becomes a 
sealed container for the new inner core. 


‘The author through design of a parallel system has set to confirm the validity of this assumption, that 
the centre of the Earth possesses a semi- fusion atomic reactor and not a fission reactor as has been 
assumed by other scientists. 


This theory of hydrogen in the centre of the planet is in line with the physical reality of the creation 
and the present situation in the physical construction of the solar system. 


By the laws of physics all the gases in the solar system should have been in the giant gas planets at the 
outer layers of the solar system, like in Jupiter and Saturn, 


‘The physical reality in the solar system is that the lightest of all these gasses, the Hydrogen, has taken 
its place right in the centre of the solar system in its star, the Sun 
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It has to be recognised that the centre of all planets in possession of gravity due to the centre cores 
heating, are always in possession of two Magnetic Field Forces in their inner sanctum (M. T. Keshe 
“The creation of gravity”). 


In the case of the Earth up to now and with the present knowledge there has been acceptance of only 
one inner-core and one magnetic force. 


As it is explained in the paper titled "the creation of gravity", there is an inner-core in the inner core. 

This inner core, due to it physical content, motion and position in the centre of the Earth, creates and 

maintains its own magnetic field force, independent of the magnetic force which has been known to 
be created by the interaction of the inner-core and the outer-core of the planet. 


‘These two magnetic fields interact to create the planet's own double magnetic fields in its centre. The 
interaction of these two magnetic fields forces upon each other leads to the new concept of the 
"DOUBLE MAGNETIC FIELD EFFECT", where the interaction between these two field forces in 
the centre of the planet leads to the creation of the gravity and the magnetic forces of the planet 
(Paper: The creation of gravity), 


This new second core is the seed core of the planet, the mother seed of the planet positioned in this 
new inner core. 


REF 12 


‘The creation of Black Hole 
(Release date 25.3.2004) 


In this paper it is explained that the Black Hole is created out of a natural sequence of events, and that 

the existence of the Black Hole in a galaxy is a normal event. Further it is explained that a Black hole 

is created in similar ways to the Dark Spots on the surface of the Sun. In this paper for the first time, it 
is explained how the Black Hole is physically created and what function it plays in its galaxy 


Magnetosphere 
(Release date 9.6.2004) 


"The shape and the strength of the magnetosphere of a planet is exactly what a fingerprint is to a man. 
It is unique to each planet, star and galaxy. Itis a tell-tale of all its attributes, and it reveals the hidden 
mysteries of the internal materials’ structure". 


REF 14 


Correction to the Einstein equation of Relativity 
(Release date 15.6.2004) 


In this paper the physical reality of the Einstein equation is considered, and efforts are made to bring 
this equation to the real conditions. Even Einstein considers this equation applicable for very small 
‘mass, and not in real three-dimensional multi-Magnetic and gravitational conditions, which are 
extemal and have nothing to do with the theoretical object's mass and speed, but have effect on the 
speed and the mass of the object under consideration. 
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REF 15 


“Introduction to the new system 
(Release date 2.7.2004) 


In this paper it is written "It is essential to understand that, with the application of this system of 
motion, one cannot bring into play the solid, liquid and gas fuel method to create motion, as is used 
today. What is offered in this system is in simple words a fully integrated plasmatic magnetic energy 
system. Which, creates within and around the core environmental conditions as known to man in the 
universe like creation of gravity and magnetic field protection and the same as the magnetospheric 
protection condition of planets and motion through interaction of magnetic fields as planets and stars 
do in their given environment” 


REF 16 


The rings of Saturn 
(Release date 2.7.2004) 


One of the oldest puzzles in the world of astronomy has been the existence of the rings around Satur. 
How did these rings come to exist the way they are now? How did they come to appear and behave 
the way they do? These questions and much more about the creation of these rings are all answered in 
this paper. 


REF 17 


‘The creation of gravity 
(Release date 11.7.2004) 


In this paper it is explained, "the source and the creator of the magnetic forces and the gravitational 
forces are due to the interaction between the same materials in the same region of the planet." 


Further it is explained how the gravitational field force can be created, replicated and controlled 
within a nuclear reactor. Further it is explained how this property can be used for the motion of a 
system within a planetary or solar system. 


Now by understanding the principle of the creation of gravity, in this paper itis further explained, "the 
gravity in reality is the effect of the interaction of two plasmatic magnetic fields of any two object in 
respect to each other.” 


REF 18 


Death of a star 
(Release date 26.7.2004) 


In this paper the death of stars is explained, "The death of a star and the creation of a supernova is in 
reality the same as the half-life eycle energy step-down of an atom, with the difference that this show 
is in a larger scale, and more spectacular, in all aspects of its dimensions". 


REF 19 
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Fusion 
(Release date 28.7.2004) 


In this paper the physical and scientific problems with present fusion technology is considered. 
Where, it is written, "nuclear Scientists, with the fusion reactors of today, are trying to create fusion in 
the opposite way to the known laws of physics and their parallels in the universe”. Further in this, 
paper it is written, "If the present path for creation of fusion is followed, with the present scientific 
knowledge of physical materials for construction of such system, then following the present path of 
development to create energy from current fusion systems will be a distant dream" 


Life of a Cell 
(Release date 28.11.2004) 


Extracts from this paper; "The reality of the transportation and transmutation of a cell is not far from. 
the reality of the life of an atom or a star. Where the life cycle of the cells are slightly more 
complicated, as they contain other matters maf’ like acids, which have theit own magnetic 

characteristic of their own chemical structure. For this reason the control and replication of the energy 

of the cell is very much complex, but very simple to achieve". 
REF 21 


‘The Atom 
(Release date 19.12.2004) 


‘The content of this paper explains how and where atoms in the universe are originated from and how 
the construction of atoms in a cold plasmatic nuclear reactor can be replicated 


REF 22 


Magnetism 
(Release date 8.1.2005) 


In this paper it is written, "The question is where did the Magnetism come from? This is the Secret of 
creation. The world is made of one thing and only one thing and that is Magnetism. Its combination 
and interaction with its own different strength fields makes it appear as different matter mafs. The rest 
of creations are the outcome of these interactions of different strength of this thing called magnetism 
and the forces it creates. Magnetism is the origin of existence and the real singularity in its full 
meaning”. 


REF 23 


*The creation of the magneto-gravitational force 
(Release date 5.2.2005) 
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‘The creation of magneto-gravitational field force is and will be fundamentally independent of 
temperature and pressure, proviso to the fact that as long as a homogenous free floating pmf within a 
matter mafs is created. 


REF 24 


‘The core of the Earth 
(Release date 20.4.2005) 


One of the original assumptions in developing the new Magravs system some thirty years ago by M.T. 
Keshe was on the basis that the centre of the Earth possesses addition cores, which create the 
necessary gravitational conditions of the planet. After some twenty years of space technology and 
through Earthquake seismological data’s this assumption has been shown to be correct and after over 
twenty years, it has been scientifically proven that the inner-core of the Earth has an inner-core of 600 
km, Professor Guy Master in 2002 ref 24 nuclear planet. The centre of this core is assumed to have an 
inner-core of 8 Km, this he thought to be made of the plutonium or other nuclear materials, 


But the developer of this new plasma reactor technology has proven through physical dynamic cores 
that these cores possess a mixture of hydrogen plasmas and the process of the heating of the centre of 
the Earth are due to a semi-fusion chain of events. 


REF 25 


“The clectron-atomic welding 
(Release date 3.5.2005) 


Some extracts from this paper: 

"The electron atomic welding or atomic welding principle is the phenomenon that atoms of the same 
material, through a common shared electron, become a magnetically balanced molecule of the same 
matter maf’, with the difference that the shared electron will create a balanced pmf in the molecule". 


REF 26 


*Shutdown and safety of the reactor core 
(Release date 6.6.2005) 


In this paper the safety parameters in the operation of the gravitational and energy reactors are simply 
explained to avoid the loss of plasma and gravitational field forces created within its cores. 


REF 27 


*Reactor Start-up 
(Release date 9.6.2005) 
In this paper the systematic start-up of the dynamic reactors for the creation of gravitational field 
forces and the production of energy are set out. The start-up of these systems is totally different than 
the prior arts known in the nuclear industry. 


REF 28 
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“The energy balance of the reactor 
(Release date 29.6.2005) 


Some extracts from this paper: 
The energy balance of these types of reactors is not as simple as might look in the first instance. The 
energy creation is simple. But the heat leakage and dissipation through the deliberate inherent material 
design are and can be zero. That is to say the system not only can hold on the heat it creates. At the 
same time due to the close circuit feed operation will become self-sufficient but long lasting, 


In planets, the loss of heat through their surface creates the variation in the central core condition over 
several billions of years. In this reactor as losses can be literally negligible, the system can operate at 
low energy loss temperatures. Even the boundary of the body could be made through the right 
combination of material in the chambers, so that the body of the reactor will be colder than its 
surrounding boundary. So the system will not only lose energy to its surrounding, but it can be made 
to absorb heat in the negative temperature gradient from its surrounding, so that there are no losses. 


REF 29 


‘Nuclear decay or half-life 
(Release date 20.7.2005) 


Extracts from the paper: 
"The nuclear decay always has the same or near the same time duration. This is due to the fact that the 
all neutrons and protons, from their inception, carry a predetermined level of plasmatic magnetic 
energy. This energy is continually used for the motion and vibration of different elements of the 
nucleus in respect to each other and the surrounding matters mats of the atom. As the space and 
dimensions of a nucleus of an atom always obeys the same principles of the magnetic separation and 
magnetic attraction. Protons or neutrons can and will need to use or consume the same energy before 
they become weak enough that the splitting or decay becomes a clockwork job. The nuclear decay is 
the natural levelling done of a nucleus’ energy, due to the energy consumption and heat dissipation for 
the motion of the elements of the nucleus for its remaining plasmatic magnetic fields energy 
necessarily needed for them to hold one together”, 


REF 30 


“The decontamination system 
(Release date 10.10.2005) 


"What this means is that, for example in trying to recycle the CO2, by the use of the right matter maf 
in one of the cores of the reactor, the system will then use the O2 to produce H2O, in the form of pure 
water, and C in the form of atomic or molecular carbon, or even by feeding this back through certain 
operational compressions and gravitational interactions within a small core, to create industrial 
diamond or graphite, for different industries.” 


The use of the reactor for this purpose has been proven to be correct and Raman spectroscopy has 
proven the concept and physical reality of the separation of matter maf’ in atomic level after 
separation in the same system from a composite matter mafs 
(See the graphene on the technology web site) 


REF 31 
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‘The difference in atomic and molecular structure 
under gravitational force and pressurised conditions. 
(Release date 15.8.2005) 


In this paper is written that "the atomic and molecular structure of matter mafs is totally aligned and. 
positioned in a fundamentally different configuration where it has come together due to gravitational 
forces, than when matter mafs has been brought together by the means of pressure. This has a 
fundamental effect on the behaviour of the structure and properties of the matter maf’ which i 
created in either way". Where this is explained and utilised to develop a new method in creating 
graphene and Sp3 atoms and walls in a simple core made of a coca- cola bottle. 


“The Defence and shielding system 
(Release date 4.9.2005) 


Some extract from this paper: 
‘The design of the side open system for lunch of high saturation magnetic plasma package is one of the 
most effective technologies for defence of the reactor and the craft, which is in possession of such a 
system. 


It is essential for any space technology in the open environment of the universe, if the craft is to keep 
a straight line of motion and to be able to protect itself from any solids or matters maf in its path in 
the cosmos. 


This technology can destroy any object by the principle of plasmatic magnetic energy saturation of the 
incoming object at a molecular level, that object will disintegrate in the form of magnetic vapour and 
not atomic level destruction, before matter mafs can damage the craft as debris, and before the craft 
ever becomes in touch or near these space matters maf’, 


This technology can also be used to protect Earth from the collision risk of NEO’s (Near Earth 
Objects), like comets and asteroids. 


REF 33 


Method of creation of an atom or nano matter mats 
(Release date 11.10.2005) 


‘The manufacture of an atom of any density, this being of the simplest form of nucleus or a full atom 
of hydrogen, or even heavier elements in the universe, all follow the same principle. 


Atoms are created in the soup of the cosmos from collections of very weak plasmatic magnetic fields, 
which for their existence cluster and share their energies with the magnetic fields that are not far from 
their own plasmatic magnetic field strength. 


REF 34 


The relationship between Gravity and Mass 
(Release date 21.1.2006) 
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Extracts from text of this paper: 
A planet like Earth possesses a combination of both gravity and inertia. Where the gravity comes 
from the interaction of plasmatic magnetic fields from the processes within its core, and the inertia 

comes purely from the collection molecules pmf of matters mafs which has built the physical body of 

the planet. 


Any object, being an electron, atom, molecule or even a human body, is a collection of plasmatic 
‘magnetic fields of different strengths and their interactions between each other, which in total decides 
the total or collective magnetic field possessed by that object where this is the mass of the object. 


Where the mass of an object is a collective package of plasmatic magnetic field tightness of a given 
object and will not change as long as the object is intact as one entity in its overall atomic or 
molecular or collective molecular appearance. 


Which plasmatic magnetic energy of a physical body (so called the mass of the body) in interaction 
with molecular or atomic magnetic field (this being gravitational of inertia) of another object will 
determine the weight of the two object in respect to each other in each other's environment”. 


REF 35 


‘The Dark matter maf’ 
‘The Fifth state of matter mats 
(Release date 21.1.2006) 
Extracts from text of this paper: 


‘The existence of dark matter mafs is not questionable, 


Proving its existence, and its effect on the energy balance of the universe, in all matters mafs as small 
as in the heart of an electron or in a solar system needs to be created, replicated and its effect 


measured. 


The theory of dark matter mafs does not and needs not to be considered as complicated, if one 
understands in real terms the plasmatic magnetic energy of the matter mafs in the visible and invisible 
dimensions of the universal work. 


‘The dark matter mafs has two distinctive characteristics, which makes it totally apart from the visible 
‘matter mafs. The dark matter mafs possess mass but not visible light, where its existence can only be 
determined by the weight of the it’s hidden mass, which could be substantial due to its internal 
gravitational field, 


REF 36 


“The inter-atomic fusion 
(Release date 3. 5. 2006) 


Extract from this paper: 
"The fusion of two or more atoms has been the pre-occupation of nuclear physicists for past years. 
Conditions to achieve fusion of two hydrogen plasmas in the TOKAMAK reactors have taken years to 
teach scientists a lot about the behaviour of plasma and their fusing. 
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The reality about the fusion in some way has to be reconsidered as, if the scientific world is trying to 
amalgamate the contents of two plasmas to release energy. There must be a simpler way to achieve 
releases of similar energies. 


‘The fundamental principle of the inter-atomic fusion is a much simpler way to achieve fusion. If this 
principle is applied to the atomic condition of fusion, then fusion will be attained in a simple but in a 
much more physically realistic environment. 


‘The explanation for inter- atomic fusion is very simple and direct. 

In the fusion of two plasma of proton of hydrogen atom, the physicists try to fuse two large plasmas, 

and by doing so, they try to release a large amount of energy. Where in this process enormous amount 

of magnetie field forces and currents are needed to bring two plasmas in close proximity, so that the 
energy barriers in between them can be overcome for them to amalgamate or fuse. 


In the inter-atomic fusion the overcoming of energy barriers does not exist, as in this method of 
fusion, the electron of the atom which is circulating the nucleus of the atom and is of the same origin 
will be encouraged to return into and fuse with the nucleus of its atom’. 


Where this is a more practical way to create and release manageable energies and there is no need for 
elaborate systems where even if the energy release will be small compared to dreamed up fusion 
systems of today 


With inter-atomic fusion method at least small and practical systems can be developed to handle low 
temperatures of the fusion proc 


REF 37 


‘The conductivity of the matter maf’ in the vacuum 
of the interplanetary mediums 
(Release date 21.1.2006) 


Some extracts form this short paper "Therefore plasmatic magnetic field of elements within the 
interplanetary medium will cover the space given to them in their environment. Where due to their 
‘motion and their electric charges even in eV levels, they become perfect conductor, and in turn, due to 
their motion on their environment, they become plasmatic electromagnetic generators, 


REF 38 


The production of Graphene 
(Release date 25.7.2006) 


Repeated experiments and tests in simple static reactors, and tests in more complex dynamic reactors, 
prove that atomic separation and recombination of matter mafs like carbon and hydrogen can be 
reached at room temperature and at atmospheric conditions. 


We have now indications - through static and dynamic tests in our reactors - that the universe was 
made in normal condition, which was originally nothing but packages of plasmatie magnetic fields of 
different strength, which were themselves nothing but areas of plasma or collections of loose 
magnetic fields energies. Where magnetic fields of different strength in locking to each other, by the 
principle of their plasmatic magnetic energy (PME), have caused in the first stage the creation of 
fundamental particles, secondly atoms, then molecules and then matter mafs, clouds and asteroids and 


then stars and galaxy's 
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‘The Big Bang theory conditions have no room in the reality of the creation of the universe. 


REF 39 


Further works on medical research and developments have been written and completed, and will be 
published on the Foundation medical site in December of 2011 


‘The process of the reversal of coma: Published in December 2010 
‘Multiple Sclerosis: Published in December 2010 


Epilepsy: Published in December 2010 


Fibromyalgia: Published in December 2010 
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INTERNET LINKS 


Web site: www.keshefoundation.com 


YouTube Channel: http://www-youtube.com/user/keshefoundation 


Forum: http://www keshefoundation.com/forum/ 


Internet radio interviews: 


Interview 06-09-2011 with Red Ice Creations (hour one): 
http://www redicecreations.com/radio/2011/06/RIR-110609.php 


Interview 06-09-2011 with Red Ice Creations (hour two - need for simple registration): 
http://www redicecreations.com/radio/2011/06/RIR-110609.php 


Interview 05-09-2011 radio interview with Alienshitt: 
http://www. livestream.com/alienshift video%clipld=pla_825 1665e-ac74-4d77-a785-443bbca6SbI6 


Interview 04-27-2011 with Mrs. Kim Greenhouse of lis RainmakingTime: 
http:/itsrainmakingtime.com/_radioshows/110427Keshe.mp3 


Interview 04-20-2011 with Mr, Redneck Radioman of blogtalkradio.com: 
http://www.blogtalkradio.com/paranormalpalace/201 1/04/20/gravitational-technology 
scientist-mehran-keshe 


ith-nuclear- 


Interview 04-17-2011 radio interview with Mrs. Aurora and Mr. Bill Alek of vortexnetworksnews.: 
ntalek.convA V/VNN/VortexNetworkNewsHour/04-17-2011-VNN.mp3 


Interview 04-09-2011 second radio interview with Mr. Bill Alek of vortexnetworksnews. 
hutp://intalek.con/AV/VNN/ProgressiveTechnologyHour/04-09-2011-Technology.mp3 


Interview 04-02-2011 first radio interview with Mr. Bill Alek of vortexnetworksnews: 

http://www. intalek,com/AV/VNN/ProgressiveTechnologyHour/04-02-2011-Technology.mp3 
terview 12-18-2009 radio interview with Mr. Allan Sterling of Peswiki: 

http://www mevio.com/episode/205187/fen-12-18-09-interview-with-mehran 
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ABSTRACT 


‘This paper presents an optimization of the voltage doubler stages in an energy conversion module for Radio Frequency 
(RF) energy harvesting system at 900 MHz band. The function of the energy conversion module is to convert the (RF) 
signals into direct-current (DC) voltage at the given frequency band to power the low power devices/circuits. The de- 
sign is based on the Villard voltage doubler circuit, A 7 stage Schottky diode voltage doubler circuit is designed, mod- 
led, simulated, fabricated and tested in this work. Multisim was used for the modeling and simulation work. Simulation 
and measurement were carried out for various input power levels at the specified frequency band. For an equivalent 
incident signal of —40 dBm, the circuit can produce 3 mV across a 100 kO load. The results also show that there is a 
‘multiplication factor of 22 at 0 dBm and produces DC output voltage of 5.0 V in measurement. This voltage can be used 


to power low power sensors in sensor networks ultimately in place of batteries. 


Keywords: Energy Conversion; RF; Schottky Diode; Villard; Energy Harvesting 


1. Introduction 


RF energy harvesting is one type of energy harvesting 
that can be potentially harvested such as solar, vibration 
and wind. The RF energy harvesting uses the idea of 
capturing transmitted RF energy at ambient and either 
using it directly to power a low power circuit or storing it 
for later use. The concept needs an efficient antenna 
along with a circuit capable of converting RF signals to 
DC voltage. The efficiency of an antenna mainly depends 
‘on its impedance and the impedance of the energy con- 
verting circuit. If the two impedances aren't matched 
then it will be unable to receive all the available power 
from the fice space at the desired frequency band. Match- 
ing of the impedances means that the impedance of the 
antenna is the complex conjugate of the impedance of the 
circuit (voltage doubler circuit, 

‘The concept of energy harvesting system is shown in 
Figure 1, which consists of matching network, RF-DC 
conversion and load circuits. The authors in [1], used a 
2.4 GHz operating frequency with an integrated zero bias 
detector circuit using BICMOS technology which pro- 
duced an output voltage of 1 V into a | MQ load at an 
input power level of 0 dBm, H. Yan and co-authors re- 
vealed that a DC voltage of 0.8 volts can be achieved 
from a -20 dBm RF input signal at $68.3 MHz through 


‘Comesponding auhor 
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simulation results [2]. In [3], work was carried out on a 
firm frequency of 900 MHz by matching to a 50 Q im- 
pedance and resonance circuit transformation in front of 
the Schottky diode which yields an output voltage of over 
300 mV at an input power level of 2.5. W. J. Wang, L. 
Dong and Y. Fu [4] used a Cockeroft-Walton multiplier 
circuit that produced a voltage level of 1.0 V into a 200 
MQ load for an input power level of less than -30 dBm 
ata fixed frequency of 2.4 GHz. 

‘The energy conversion module designed in this paper 
is based on a voltage doubler circuit which can be able to 
output a DC voltage typically larger than a simple diode 
rectifier circuit as in [5], in which switched capacitor 
charge pump circuits are used to design two phase volt- 
age doubler and a multiphase voltage doubler. The mod- 
ule presented in this can function as an AC to DC con- 
verter that not only rectifies the input AC signal but also 
clevates the DC voltage level. The output voltage of the 
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Figure 1. Schematic view of a RF energy harvesting system, 
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‘As we are helping with series of books which have been published and 
to bereleased, to build the full knowledge of the structure of the opera- 
tion of the magnetic fields and their interactions in the world of 
creation for man to understand the entire process, one comes to the 
point that one has to explained different proportion of this entity in 
different levels of creation of the greater universe and not the man's 
universe. Inthe first book the creation of of matter, the operation and 
interaction of smaller fields, which leads to creation of matters was 
explained. In the second book we merely explained the method of 
travel of the collection of fields in the form of so called light. In this 
third book, its further | have explained the operation and interaction 
of a bigger cells of the same fields, which these leads to creation ofthe 
‘mans universe and more and what is too much for the man to under- 
stand with his present scientific knowledge and he calls it his 
universe. 


Where, the so called this universe in this book is explained itself is to be a part of natural process of 
creation and it has been created from the division of bigger quantities of fields and in time this 
universe will itself will be divided into and will create smaller universes or part of it will amalgam- 
ate with other universes and their fragments’ to create bigger universes in the overall structure of 
the unicos, the universal cosmos. 


This processis being the like of the division of the plasma of the neutron to plasma of the electron 
and proton to create an atom and/or the fusion of two proton to create a heavier bodies of 
plasmas. 


Thus this universe is not the centre of creation and itselfis part of the bigger structure. 


That is the same dilemma as man had as he tough the earth was the centre of the universe and as 
he understood more, he realised that he, his planet and himself are the smallest part of solar 
system and his solar system was in fact smaller part of a galaxy and so forth, and this is the same 
with operation and existence of the of the mans’ universe in the bigger operation and structure of 
universes in the cosmos of universes: the Unicos. 


The Keshe Foundation is an 
independent non-profit and 


{2 non-religious organization 90000 > 
founded by nuclear engineer 
‘M.T. Keshe, aiming to bring 
new scientific knowledge 
Foundation and new technologies to 


1d, and to bring new solutions for the 
‘major global problems, like famine, water 
shortage, shortage of electrical power supply, 
climate change, illnesses, by the use of new 
types of plasma reactors, and to give Man the B7 gr 34- GOT OOOHz 
real freedom to travel in Space. 978-94-6087-000-2 
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1m 1999, the 


ANIEFING OR SOUIET SCALAR he ed ae 
ELECTROMAGNETIC WERPOKS 


Sweating done by red_gonzo. 


Note: sometimes formatting of the text may be a little fuzzy. It's all because the OCR process didn't go as. 
smoothly as I expected. Also there may be some errors inside text so be vigilant. In any case share this book, 
send emails to people about knowledge contained in it. Since this book talks about the most terrifying weapons 
present today the information in it is even more of value. But knowing an old saying »the knife cuts both ways« 
one can also use the same knowledge in order to heal ourselves since it seems that our body already does it 
using the physics described inside, Hopefully the latter will prove to be the most useful way to use this old but 
forgotten / supressed knowledge. 
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energy conversion module can be used to energize the 
low power devices for example sensors for a sensor net- 
‘work in application to agriculture. 

Section 2 of this paper discusses on the theoretical 
background of the voltage doubler circuit. Section 3 pre- 
sents the simulation study and implementation of the 
circuit design. Section 4 provides the results and analysis. 
Section 5 concludes with discussion on the findings 
from the simulated and measured results. 


2. Voltage Multiplier 


‘There are various voltage multiplier circuit topologies. 
‘The design used in this module is derived from the func- 
tion of peak detector or a half wave peak rectifier. The 
Villard voltage multiplier circuit was chosen in the cir- 
cuit design of this paper because it produces two times of 
the input signal voltage towards ground at a single output 
and can be cascaded to form a voltage multiplier with an 
arbitrary output voltage and its design simplicity. 


2.1. Diode Modeling 


‘The voltage multiplier circuit in this design uses zero 
bias Schottky diode HSMS-2850 from Agilent. The at- 
tractive feature of these Schottky diodes are low sub- 
strate losses and very fast switching but leads to a fabri- 
cation overhead. This diode has been modeled for the 
energy harvesting circuit which comes in a one-diode 
configuration, The modeling parameters for these diodes 
are given by Agilent in their data sheets. These parame- 
ters are used in Multisim for its own modeling purposes. 
‘The modeling is done by transforming the diode into an 
equivalent circuit using passive components which are 
described by the SPICE parameters in Table 1 [6]. 

‘The diode used in this design is shown in Figure 2 and 
its equivalent model is shown in Figure 3. The special 
features of HSMS-2850 diode is that it provides a low 
forward voltage, low substrate leakage and uses the non 


‘Table 1. SPICE parameters. 
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Figure 3. Linear circuit model of the Schottky diode [6]. 


symmetric properties of a diode that allows unidirec- 
tional flow of current under ideal condition 
‘The diodes are fixed and are not subject of optimiza 
tion or tuning. This is described using the following deri- 
vations. By neglecting the effect of diode substrate, an 
equivalent linear model that can be used for the diode as 
shown in Figure 3. When CG; is the junction capacitance 
and R; is the junction resistance, the admittance Y, of the 
linear model is given by 
% 


Ye, +, o) 


Equation (1) related to the frequency of operation is 
given by 


L 
¥, = jwC,+— 2) 
a NG @) 
JwC,R, +1 
oY 3 
R @) 
‘The impedance Z of the linear model is given by 
R 
a @ 
T+ JWR C, 
The total impedance Zr is given by 
R 
2,=R+— 1 (6) 
Te JWR C, 


where Re is the seties resistance of the circuit and R, is 
given by 


33x10 xNxT 
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bias current in A; 
saturation current in wA; 
jemperature (K); 


cs 
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‘The Russians have sustained the largest weapons 
development program ever launched by any 
nation, and they have kept it effectively hidden 
from prying Western eyes. I have called this 
program "Fer-de-Lance,” after the deadly South 
American pit viper of that name. 


‘The dreaded fer-de-lance is a snake of great 
agility and lethal effect. It often ambushes. its 
hapless prey, striking unexpectedly and without 
warning, Is first sudden strike is usually lethal to 
its victim, which promptly expires in writhing 
agony. Since the Soviet development of scalar 
EM weapons has been designed for the same 
purpose, the name seems appropriate. 
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Update 


Note: We have placed this update as a section in front of the original paper. This 
leads to some redundancy, which remains to insure clarity. 


"This isan updated and slightly sanitized version of a paper originally prepared for and 
ansmitted to selected Senators and Congresspersons 

“The present name ofthe old KGB is the Federal Security Services. The leopards spots remain 

the same, regardless of is new name—at least for a die-hard eld communist Taction of it 

Presently the helm of Russia has been turned overt anew Premier who hasan extensive KGB, 

background. However, Patin has choren to dif from the rational KGB outlook and seems 
ingen on becoming America’s trusted cheap oil partner and supplier. ina bid to help his economy 

and pump much-needed funds into it His fendship with George Bush may be one of the turing 

pints ofthis new century He atleast has achieved sufficient contol over much ofthe KGB to 
ct on with tying 10 sole his economic problems and break the old "die-hard communist” mold a 
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2002 OVERVIEW AND BACKGROUND 
For some time, Russia and several other nations have possessed highly advanced 
"extended-electromagnetics" (energetics) weapons of a very novel kind, using a 
dramatically extended electrodynamics theory {1). To comprehend these 
‘weapons requires a combination of non-Abelian electrodynamics in at least the 
0(3) gauge symmetry {2}. general relativity, Bohm's interpretation of quantum 
mechanics (3), and the use of time-domain (scalar) energy, fields, and potentials 
to directly enter distant 3-spatial points without propagating energy through 3- 
space. It also requires correcting many of the serious errors in classical 
electrodynamics. Probably the most elegant and applicable extant model to deal 
with these phenomena and weapons is Sachs’ {4} unification of general 
relativity and extended electrodynamics, particularly as implemented in (3) 
electrodynamics. 0(3) allows direct engineering by modified EM means. 


Most of these energetics weapons are more advanced than what has previously 
been known to the U.S. military, intelligence, and scientific communities, 
although parts of the communities are finally making real progress in 
understanding such “revolutionary” areas. For example, every major weapons 
lab on earth seems to have discovered longitudinal EM waves and longitudinal 
EM wave weapons—the scalar interferometry we have been discussing for so 
long {5}. A major contributing factor holding back U.S. catch-up is that the 
flawed foundations of Maxwell's 1865 theory (6} have not been changed by the 
Western scientific community. 


Historically, the scientific community exerts resistance to substantial innovation. 
Often 40 to 50 years are required to do what can be done with a concerted effort 
in four years. The Manhattan Project in WW IL is a notable example of where 
the scientific community made a maximum effort and did a difficult job in four 
years. Also, "skunk works" efforts continue to be utilized for very rapid 
development when something really advanced is to be done and done quickly. 


With the U.S. substantially behind in these "new" strategic superweapons, a new 
Manhattan Project would appear to be advisable and warranted. There are at 
least some indications that such may actually be going on at last. We hope the 
indications are true. 


‘A sobering development that occurred early this year (2002) was China's 
deployment of both quantum potential (QP) weapons {7) and negative energy 
electromagnetic pulse (EMP) weapons (a type which we originally called the 
‘MindSnapper to disguise its true nature) {8,9}. The QP weapons are the 
dominant weapons on Earth today, followed closely by negative energy EMP 
‘weapons in second place. We have not been able to ascertain exactly how many 
nations have the negative energy EMP weapons, but itis at least five at the time 
of this writing, 
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‘The U.S. is still well behind in the use of special “engines” (special curvatures 
of spacetime and their dynamics, but achieved with higher group symmetry 
electrodynamics) for directly engineering the mind itself, and for producing 
‘nonmaterial robot systems made totally of such engines —"‘causal system 
robots" which we will mention later. Several of the Western nations do 
accomplish work in the mind control area, but use a sort of “brute force” method 
oriented on frequency and frequency changes, etc. where the true active mode is 
the unsuspected transformations of the U(1) electrodynamics to a higher group 
symmetry unified field theory electrodynamics, accomplished by the human 
body tissues and structures themselves. 


Western scientists have not realized that all EM energy in 3-space actually 
‘comes frm the time domain to each point in 3-space and renurnsfrom that 3- 
space point back to the time domain.’ Hence "propagation" of 3-space EM 
energy is actually the propagation of a "circulation" of EM energy between the 
time domain and 3-space, involving each 3-space point presently said to be 
“occupied” by the energy. Unfortunately, Western science is still unaware that 
no observable exists in time, a priori since by definition it has no extension in 
the time dimension at all (10). Instead, an observable continually recurs as a 
frozen 3-space snapshot of an ongoing dynamic 4-space interaction, due to the 
continual repetition of the observation process which is the application of a d/dt 
operator to the ongoing 4-interaction. Hence, we “see” physical reality (3-space 
reality) similarly to the way we view a "motion picture” series of successive 
frozen frames. The major result of this flaw (mistaking a 3-space observable as a 
4-spatial cause) in Western science is that Western science still extensively 
substitutes effect for cause—e.g., in the notion of a separate 3-force acting on a 
separate 3-mass. No such situation exists in nature, and nothing "moves" or 
"changes" in 3-space alone. For an entity to exist in time, it requires at least 4- 
space because a time length is required. Nonetheless, the West is making 
progress. If some of its scientific dogma can be overcome, the younger scientists 
will break free and readily do the job required for the defense of this nation, 


Mad Scramble of Soviet Science After the End of WWII 


During WW I the West produced a great technical breakthrough and obtained 
the atom bomb as a decisive new weapon. While speeding up his own atomic 


* Specifically, energy comes fom the time domain tothe negative 3-charge, thence to the postive 
S-charge, thence back tothe time domain in a circulation of EM energy. With extra energy 
‘appearing and preset atthe negative charge due to entering 3-space thee, and with less energy 
present atthe postive charge duc tothe energy faving 3space ther, thee js delta in energy 
‘density (presse) across a dipolar, oriented from negative to postive, That is the exact ais of 
the T.T. Brown unilateral thust force and th fore used inthe "lifters" experiments today. To 
‘aleulate the fore, the long-unaccounted Heaviside energy flow component must also be 
Ssccouicd— not just the weak Poynting flow component, 


‘weapons program? as a result, Stalin also ordered his own Academy of Sciences 
to quickly derive the next great new technical breakthrough, and he held the top 
scientific leaders themselves personally accountable to him, to see that it was 
done at all speed (Figure 1). 


Eo 


“Te deny ot commu hasbeen ued by he U8 devant he 


Fue 1. Stas dctum roraved ary ressino from tis tnt crmuny 


‘Simply put, Stalin placed the heads of the Soviet scientific leaders on the 
chopping block, since he was an absolute dictator and often killed or imprisoned 
those who opposed his instructions. To survive, the leaders of the Soviet 
Academy had to demand the utmost of their subordinates, because they 
themselves had to report their progress or lack of it to a dictator who would and 
did take swift action if they did not produce results. Thus, Stalin simply 
bypassed the usual scientific posturing and protracted delay so typical of our 
Western scientific bureaucracies.* Ifthe Directors of the Russian scientific 


“At the Potsdam conference, after Truman informed him the U.S. had just exploded a great new 
explosive weapon, Stlin secretly called the head ofis nuclear weapons program and ordered 
him to accelerate the Soviet nuclear weapons program, 

As a simple example, the US. National Academy of Sciences, National Research Council, 
National Academy’ of Enginering. and the National Science Foundation—and al the eletical 
engineering departments at all the universities in the U.S.—have not yet recognized that ll EM 
Circuits and systems are in fact powered by EM energy extracted direty fm the seething local 
‘vacuum by the source charges and dipoles inthe circuit or system, and particularly by the broken 
symmety ofthe source dipole inthe generator or other primary power source. They also have not 
yet solved the more than @ century-old source charge problem, but continde to support 
Engineering models assuming thatthe chargefreel creates real EM energy out of nothing at all, 
in total violation ofthe conservation of energy law, and pouts tat created energy ou, feel and 
continuously, to establish its associated fields and potentials and their energy reaching across the 
tniverse. The agencies thus unwittingly advocate perpetual motion machines on a scale 
‘unparalleled in history. They continue to support an electrical engineering model anda classical 


community dragged their feet and did not push his desired program to the limit 
their heads would roll—and some did. 


As a result of Stalin's forceful intervention, the entire Soviet scientific 
‘community was galvanized into a most intensive review of all of physics. The 
scientists desperately sought to quickly uncover potential breakthrough areas 
that could be developed into the great leap forward that Stalin demanded. They 
had to have progress, and they had to have it rapidly. 


‘One Institute Had 2,000 PhDs and a Full Support Staff 


Large review institutions were quickly set up, staffed with the best Soviet 
scientists and support translators and teams. One such search institute involved 
some 2,000 Ph.Ds along with their support staffs. Soviet ships brought in 
shiploads of copies of all the scientific journals of the West—from the 
beginning—, and they were reviewed paper-by-paper, page-by-page. Anything 
novel and implying new scientific possibilities, or anything that had not been 
adequately followed up, was laid aside in a "select" pile for further review and 
decision by the best Soviet theoreticians available (11). 


‘One gets a new physics by discovering shortcomings and flaws in the old one. 
This intensive Russian search almost immediately uncovered the deep flaws in 
classical electrodynamics—flaws that have been propagated throughout most 
other branches of science. Classical electrodynamics (and electrical engineering) 
is particularly beset by hoary flawed foundations problems, dating from at least 


1865. Asan example, the equations did and still do assume a material ether, and 
they have since the beginning! Not a single equation was changed when the 


lectrodynaics model which do no even model the active vacuum and its exchange with every 
‘charge, much lest broken symmetry in that exchange, So none of those agencies even knows 
‘what powers an electrical citcuit, 45 years ater the proof of broken symmetry was accomplished 
by Wu and her colleagues in 1957, andthe Nobel Prize was then quickly awarded to Lee and 
‘Yang the very same year (1957) for predicting that broken symmetry revolution. Inthe modern 
view a charge is a dipolarty, when is vacuum interaction i considered. As adipolaiy, every 
‘charge exhibits the proven asymmetry of opposite charges, in its inleraction with the active 
‘vacuum. The charge thus extracts and ourpours rea observable EM energy fom the vacuum, 
fteely and continuously. and it exhibits COP =oo, Those agencies—along with acrly all he rest 
ofthe US. scientific community—stil naively assume that a COP>I.O EM system (i) s 
impossible, (iis against the laws of nature, and (i) i afrbidden perpetual motion machine. In 
nearly half «century since the discovery of the broken symmetry of oppesite charges, those 
agencies have yet (© apply that finding to electrical engineering and engineering curricula 
Frankly since they have dragged thei collective fet for nearly a half century oa extracting EM 
energy fom the vacuum, what is needed sa Stalin to put hs iron boot fim to thie posteviors 


land call thee tention to iin language they cannot ignore. The pollution ofthe planeifor energy 
purposes and the imminent oil and energy wars that will ravish the earth are direety due (2) 0 
{his inexplicable dogma upheld by the slemife comme and (i) the community's continued 


falsehoods equating EM COP> 1.0 to perpetual motion machines, The continuing fitse to 
Incorporate the aetive vactnun exchange-and its broken symmetry—into electrical engineering 
an classical electromagetis also poses an unacceptable threat tothe continued survival ofthis 


Michelson-Morley experiments in the 1880s destroyed the material ether itself. 
The classical EM model also assumes a flat local spacetime (falsified by general 
relativity since 1915) and an inert vacuum (falsified in particle physics for 
several decades). It still assumes the same EM field in mass-free space as exists 
jin mass—a non sequitur of major impact. Just to make the Maxwell-Heaviside 
equations easier to solve and avoid numerical methods, the totally arbitrary 
Lorentz. symmetrical regauging® discards all EM systems far from equilibrium 
with their active vacuum environment. In fact, there is no "active vacuum 
environment” in the model, much less a broken symmetry in that exchange. Yet 
that very broken symmetry is exhibited by every charge and dipole {12}, and 
thus by every EM circuit and system. That asymmetry is involved in the 
continuously increasing giant negentropy poured out by every charge in the 
universe, thereby generating all EM fields and potentials and their energy. 
eventually reaching even across the universe, and with perfect macroscopic 
order and time duration as long as one wishes. Indeed, all electrodynamics is in 
total violation ofthe second law of thermodynamics, to any macroscopic size 
level and time duration desired.” 


‘The terribly flawed electrodynamics model was completely overhauled by the 
Russian scientists very quickly, and the work was accomplished by some of the 
best nonlinear scientists in the world, Already present at the time were many 
things available to assist in dramatically extending {13} the hoary 1865 
Maxwellian electrodynamics (6). Gauge field theory was available since the 
tum of the 20th century, and the top theoreticians could readily see that 
something more than Abelian electrodynamics was firmly required in particle 
physics. The Yang-Mills (14) theory met that need in 1954 by originating non- 
Abelian gauge theory. 


Situation in the Early 1950s 


By 1950, Stalin's scientists had the beginnings of what they dubbed "energetics 
(15,16), which we would dub an "engineerable unified field theory” 
(1718.19). Longitudinal EM waves were primary {20,5} in that more 


* Actually aversion ofthis symmetrical regauging was first performed by Ludwig Valetin 
Lorenz, “Ueber die Menttat der Schwingungen des Lichts mit den elekvschen Stromen,” Ann 
ys. Chem. Vol. 131, 1867, p.243-263—only two yeas aller Maxwell published his seminal 
theory in 1865. The paper is also published in English, as Ludwig Valeatin Lorenz, “On the 
identity ofthe vibrations of light wih electrical currents,” Phil Mag. Ser. 4, Vol. 34, 1867, p. 
287-301. Unfortunately not much attention was paid to Loren’ eff, since he independently 
‘esived electrodynamics. Decades late, when H.-A. Lorentz ako published symmetrical 
repauging ofthe Maxwell-Heaviside equations, he was given credit frit with no further mention 
‘of Lorenz. A proper historical summary ofthis has been given by J.D. Jackson and LB. Okun, 
“Historical roots of gauge invariance.” Re. Mod. Phys, Vol. 73, July 2001. p. 663-680. This is 
an excellent coverage ofthe history of who actually did what and when, and who got credit fort 
"This dramatically extends the size regions (microscopic through colloidal) and the time 
durations (momentary toto seconds) wher the second la is known and proven not to 
necessarily apply 
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N= ideality factor. 
In Equation (5), R, and C; are constants and the fre- 
quency of operation (w) is the only variable parameter, 
‘As the frequency increases, the value of Z is almost neg- 
ligible compared to the series resistance Rs of the diode. 
From this itis concluded that the function of the diode is 
independent of the frequency of operation. 


2.2, Single Stage Voltage Multiplier 


Figure 4 represents a single stage voltage multiplier cir- 
cuit. The circuit is also called as a voltage doubler be- 
cause in theory, the voltage that is arrived on the output 
is approximately twice that at the input, The circuit con- 
sists of two sections; each comprises a diode and a ca- 
pacitor for rectification. The RF input signal is rectified 
in the positive half of the input cycle, followed by the 
negative half of the input cycle. But, the voltage stored 
con the input capacitor during one half cycle is transferred 
to the output capacitor during the next half cycle of the 
input signal. Thus, the voltage on output capacitor is 
roughly two times the peak voltage of the RF source mi- 
thus the turn-on voltage of the diode, 

‘The most interesting feature of this circuit is that when 
these stages are connected in series. This method behaves 
akin to the principle of stacking batteries in series to get 
‘more voltage at the output. The output of the first stage is 
not exactly pure DC voltage and it is basically an AC 
signal with a DC offset voltage. This is equivalent to a 
DC signal superimposed by ripple content. Due to this 
distinctive feature, succeeding stages in the circuit ean 
get more voltage than the preceding stages. If a second 
stage is added on top of the first multiplier circuit, the 
‘only waveform that the second stage receives is the noise 
of the first stage. This noise is then doubled and added to 
the DC voltage of the first stage. Therefore, the more 
stages that are added, theoretically, more voltage will 
come from the system regardless of the input. Each in- 
dependent stage with its dedicated voltage doubler circuit 
ccan be seen as a single battery with open circuit output 
voltage Vp, internal resistance Ry with load resistance Ry, 
the output voltage, Via is expressed as in Equation (7). 


cr D, 


Source 


Figure 4. Single stage voltage multiplier circuit [7}. 
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When n number of these circuits are putin series and 
connected to load of Rin Equation (6) the output volt- 
age Vo obtained is given by this change in RC value will 
rake the time constant longer which in turn retains the 
‘multiplication effect of two in this design of seven stage 
voltage doubler. 


V, 


o 


‘The mumber of stages in the system has the greatest 
effect on the DC output voltage, as shown from Equa- 
tions (6) and (7). 

It is inferred that the output voltage Vay is determined 
by the addition of R,/R, and. lfm, if Vp is fixed. From 
this analysis it is observed that Vj, Ry and R, are all con- 
stants, Assume that Vj=1'V, R,/R, =025,n=2,3.4, 
5, 6 and 7, the output voltage Vay ~ 1.33 V, 1.72 V, 2.0 V, 
2.22 V, 243 V and 2.56 V respectively when substituted 
analytically in the Equation (7). This analysis can be 
compared with the results obtained in the circuit design 
of this module. In simulation at m= 4, Vou = 1.42. V, 0 = 
5, Vou = 1.67 V3 n = 6, Vou = 1.92; 2 = 7, Vou = 2.15 Vi 

8, Vou = 1.92 V; n= 9, Vay = 1.81 V. Also in measure- 
ment, form = 4, Vax 5. Vous =2.9° V3 1 
Voy = 3.72 V3 and 


ot V. As m increases, the 
increase in output voltage will be almost double the input 
voltage up to some number of stages. But at some point, 
i.e, beyond seven stages, in this circuit the output voltage 
Jined (8 and 9 stages) will be negligible as shown in 
Figure 5. 

‘The capacitors are charged to the peak value of the 
input RF signal and discharge to the series resistance (R.) 
of the diode. Thus the output voltage across the capacitor 
of the first stage is approximately twice that of the input 
signal. As the signal swings from one stage to other, 
there is an additive resistance in the discharge path of the 


stage 


SugeNunber(n) 


Figure 5. Normalized output voltage multiplier versus num- 
ber of stages. 
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fundamental approach. By the mid 1950s, one can pick out ofthe open literature 
(21) increasing incidences of prototype Russian energetics weapon testing 
around the world. In 1960, Khrushchev (22) spoke obliquely of these “fantastic 
new weapons” that were "just within the portfolio of the Soviet scientists,” so to 
speak. Commercial aircraft sightings (Figure 2) and the reports of their captains 
and crews are also a particularly significant source of sightings of Russian 
energetics weapons tests, as are sightings by ships’ crews (Figure 3) and ground 
observers (Figure 4). 
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1963 Deployment and Immediate Use of Scalar 
Interferometers 

‘The first huge scalar potential interferometers (23.24) of strategic range and 
power (Figure 5) were deployed by the Soviets in 1963, and one was used to kill 
the U.S.S. Thresher nuclear attack submarine (Figure 6), leaving clearly 
recognizable signatures (25) 


Since 1963, the Russians have had the equivalent of more than seven additional 
‘Manhattan Projects (using the Russian 5-year program instead of the 4-year 
Manhattan Project), back-to-back, in development of energetics weaponry. The 
energetics weapons have never been given to the regular Russian forces. Instead, 
all research, production, siting, manning, and employment are by the KGB and 
still under ruthless KGB control by die-hard communist factions (26) 
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An Example of Russian Technology Astonishing Western 
Scientists 

Some years ago, coordinating with a Western but non-US aerospace firm, 1 
furnished the firm with the names and addresses of some Russian scientists in 
Moscow, since it was clea from their internet site that the scientists were on the 
fringes of the KGB energetics weapons program, An excellent European 
engineer fluent in Russian was sent in, several times. Several unusual things 
were demonstrated to him, including (i) transmitting enormous energy down a 
very thin wire, and (i) cold molding, or turning metal into aliquid at room 
temperature, pouring it into a mold, and then letting it sit and harden, All 
without heating 


‘The engineer also closely questioned the Russian scientists about Russian 
‘energetics weaponry, a subject the scientists were most reluctant to discuss. 
Finally they admitted the energetics weapons existed, and they actually obtained 
‘a meeting between the engineer and the KGB General who had directed the 
Soviet energetics weapon program for more than 20 years. In the meeting, the 
General coldly admitted the weapons, stated that "Of course you are not going to 
be allowed to see those!” and confirmed that somehow the Russians obtained 
everything the present author writes, as soon as he writes it (27) 


‘The engineer then brought the Russian scientists to his aerospace firm in that 
Wester nation, where the scientists demonstrated cold molding to assembled 
scientists and some U.S. personnel. | forwarded a written explanation to the 
Western scientists of how the cold molding was performed technically. Later, on 
calling the engineer again, I discovered that the foreign authorities of that 
country had suddenly classified everything over there, and the engineer could no 
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longer even talk to me without filing a Foreign Intelligence Contact Report. My 
wn part in all this was completely open-source, pro bono, and I had already 
‘written of it openly and publicly 


Softening of Metal at a Distance Was One Effect Used 
Against the Challenger 

‘Av any rate earlier Thad openly advanced (and printed) the same mechanism, 
since it was the metal softening mechanism used by the KGB to kill the U.S 
Challenger spacecraft in 1986, Publicly I had been resoundingly called a lunatic 
for advancing such a “preposterous” thesis. Nonetheless, metal softening by a 
distant LWI (longitudinal wave interferometer) was definitely utilized as part of 
the kill of the Challenger, asa close colleague here in the U.S. proved 
experimentally, detecting and demonstrating that meta-softening Russian signal 
prior tothe kill ofthe Challenger. He amplified the signal and demonstrated on 
the bench its neatly instant softening of nails, rendering the nails momentarily as 
limp as wet noodles (Figure 7). Nails from the same box, not exposed to the 
signal, remained hard and could be hammered into a board. Not so the nals, 
fiom the box that were exposed to the amplified Soviet signal! Those nails 
folded up like a wet noodle when tapped with a hammer, and could not be 
driven into a board 


Working unpaid with the foreign scientists, we had in fact obtained the 
“smoking gun" proving that this cold molding capability rigorously existed in 
the KGB inventory. Further, it had existed so long that the KGB had essentially 
declassified it so that the civilian Russian scientists secking employment funds 
from the West could utilize it 
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Energetics: Three Branches and a Strategic Deception Plan 
‘The energetics weapons use exotic polarizations of EM waves, quantum 
potentials, and the "infolded” LW electrodynamics (both scalar and longitudinal 
photons) inside and comprising every “ordinary” transverse EM field and wave, 
‘The KGB energetic weapons are categorized (Figure 8) according to what they 
are targeted against: 


(1) against inert matter, fields, and potentials etc., that branch of weapons 
is called by the same name, energetics weapons. 


(2) Against living tissue, bodies, cells, biofields,biopotentals, etc. they 
are known as bioenergetic weapons. Disease-induction 
electrodynamics such as used to irradiate the U.S. Embassy in Moscow 
are examples of bioenergetic weapons. 

(G) Against the mind, thought, memory, behavior, and the mind-body 
coupling mechanism, they are known as psychoenergetie weapons. 
Particularly inthe latter mode, these weapons also use time-polarized 
(scalar) EM waves and time-polarized (scalar) photons as well {28} 


FER DE LANCE 
14 


‘The KGB also implemented an elaborate and continuing deception plan, as is 
standard military practice for any great strategic attack plan. The KGB deception 
plan has been highly successful {29} in keeping the United States convinced 

that these weapons do not exist, and convinced that the standard stra 
nuclear weapons possessed by the West are "leading" and "superior. 


Strategic Attacks Scheduled and Why We Were Not 
Destroyed 

Indeed, the West's nuclear weapons are inferior to Russian energetics weapons, 
particularly to the quantum potential weapons (Figure 9) deployed atthe end of 
1989 and to the newer "causal system” weapons deployed since the first of 
1099, wherefnctional robor systems (Figure 10) are made of nonmaterial 
spacetime curvatures and their dynamics only! In the event of a full strategic 
Russian energetics strike, an opening strike with quantum potential weapons 
(30) will dud all nuclear weapons on earth, all nuclear power systems, and all 
nuclear propulsion systems in about 10 minutes. This takes care of most of the 
US. strategic armament, within the first 10 minutes. The publicized strategic 
‘weapons of this nation have in my opinion been almost defenseless now for at 
least a fll decade {31,32}, but I also believe that situation may be rapidly 
changing for the better. 


A\ friendly litle foreign nation does have such weapons including QP weapons 
that operate in multiply connected spacetime (MCS). That little nation has been 
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responsible for our continued survival and has continued to deter the planned 
KGB strategic energetics strikes upon the West. There are indications (though 


still not certain) that at least one—and possibly two—other friendly Western 
nation also possesses such weapons. 
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Twice in 1997 alone we were within days ofthe scheduled rotal strategic 
destruction ofthe U.S. by die-hard KGB energetic weapons, with all-out 
strategic attacks actually scheduled in each case. The first attack was scheduled 
in latter February but was quickly countered. The attack was immediately 
rescheduled for May 1. The US. intelligence and scientific communities were 
apparently unaware of what was happening, and still do not believe it. However, 
as this author previously informed appropriate government agencies a few days 
prior to the attack scheduled for May 1, 1997, U.S. intelligence agencies 
certainly intercepted my urgent personal fax directly to the prime minister of the 
friendly little nation, urgently requesting that the "sane" command and control 
of the countering MCS/QP weapons be changed to "insane" control and spelling 
‘out the compelling reason why it was necessary 


In the insane weapons control mode, the computer periodically (say, every two 
hours) initiates launch sequence for the weapon, automatically. If any operating 
personnel remain alive on site, there is a designated short period in the sequence 
‘where the onsite personnel can countermand the order and abort the launch. If 
(be order is not countermanded, the launch is not aborted and the “doomsday” 
‘weapon automatically fires. In that case, KGB military power and most of 
Russia would disappear from the face of the earth, 


This was necessary to nullify the impending strikes of MindSnapper negative 
energy EMP weapons (33} on those critical friendly QP weapon sites 10 
instantly kill all personnel on site. Strike by the MindSnapper instantly kills 
every living thing in the area, and a protracted contamination remains whereby 
the struck areas emit longitudinal EM waves. If one attempts to insert new crews 
to resume operation of the weapons, the crewmen sicken and then die in the 
entry attempt. First, increasingly severe interference between mind and body 
control occurs. Then the individuals waver, lose consciousness, go into seizures, 
and their minds gradually de-couple from their bodies and they die. Fortunately. 
alter my fax message the C3 system was changed to the insane mode, and the 
Russians were notified, ust in the nick of time (34). To prevent their own 
destruction by the certain insane counterstrike, the KGB aborted the looming, 
strategic strikes. 


Ironically, at about the very time that the KGB strategic armada was standing 
down, Secretary of Defense Cohen (35) was making the following statement in 
Georgia: 


"Others are engaging even in an eco-type ofterrorism 
whereby they can alter the climate, set offearthquakes, 
volcanoes remotely through the use ofelectromagnetic 
waves...S0 there are plenty ofingenious minds out there that 
are at workfinding ways in which they can wreak terror upon 
other nations... real, and that's the reason why we have 10 
intensify our efforts.” 


Almost certainly Secretary Cohen had no knowledge that, so to speak, a great 
‘Sword of Damocles hanging over his head was being removed by a friendly 
litle foreign nation at that very moment, as he uttered those words apparently 
referting to the older longitudinal EM wave interferometer weapons. I suspect 


that Dr. Cohen is to this day still unaware of the incidents that were ongoing at 
the time of his poignant statement. 


Attempts to Alert the Nation 


We alerted the President and the National Security Council as early as 1984 
(Figure 54). In 1998 we also fumished selected Senators, Congresspersons, and 
certain high-level U.S. government agencies with color copies of a 200-page 
briefing and expose {36} of—among other things—these weapons, their testing. 
and their clandestine use against the U.S. since 1963. Because of the nearly 50 
years of demonstrated induction of diseases (37, 38} (Figure 11) in personnel in 
ihe U.S. Embassy in Moscow (.g.. responsible forthe deaths of three U.S. 
Ambassadors), we also included part ofthe briefing on the Priore work (39) 
(Figure 12) showing the remarkable cellular changes (time-reversal of diseased 
states back to a previous earlier healthy condition) that can be and had been 
experimentally induced by energetics under rigorous scientific controls 
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We proposed to the DoD a very rapid, high priority development program to 
develop portable suitcase-sized computer-controlled treatment devices (Figure 
13) capable of saving a majority of mass casualties: 


e.g., from a professional 
large anthrax attack on a major population center. 
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diode and increase of capacitance due to the stage ca- 
pacitors, 


2.3. Seven Stage Voltage Multiplier 


‘The seven stage voltage multiplier circuit design imple- 
‘mented in this paper is shown in Figure 6. Starting on 
the left side, there is a RF signal source for the circuit 
followed by the first stage of the voltage multiplier cir- 
cuit. Each stage is stacked onto the previous stage as 
shown in the Figure 6, Stacking was done from left to 
right for simplicity instead of conventional stacking from 
bottom to top. 

‘The circuit uses eight zero bias Schottky surface-mount 
Agilent HSMS-285X series, HSMS-2850 diodes. The 
special features of these diode is that, it provides a low 
forward voltage, low substrate leakage and uses the non- 
symmetric properties of a diode that allows unidirec- 
tional flow of current under ideal conditions. The diodes 
are fixed and are not subject of optimization or tuning. 
This type of multiplier produces a DC voltage which 
depends on the incident RF voltage. Input to the circuit is 
1 predefined RF source. The voltage conversion can be 
effective only if the input voltage is higher than the 
Schottky forward voltage, 

‘The other components associated with the circuit are 
the stage capacitors. The chosen capacitors for this cir- 
cuit are of through-hole type, which make it easier to 
‘modify for optimization, where in [8] the optimization 
‘was accomplished at the input impedance of the CMOS 
chip for a three stage voltage multiplier. The circuit de- 
sign in this paper uses a capacitor across the load to store 
and provide DC leveling of the output voltage and its 
value only affects the speed of the transient response. 
Without a capacitor across the load, the output is not a 
good DC signal, but more of an offset AC signal. 

In addition to the above, an equivalent load resistor is 
connected at the final node. The output voltage across the 
load decreases during the negative half cycle of the AC 
input signal. The voltage decreases is inversely propor- 
tional to the product of resistance and capacitance across 
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the load, Without the load resistor on the cireuit, the 
voltage would be hold indefinitely on the capacitor and 
look like a DC signal, assuming ideal components. In the 
design, the individual components of the stages need not 
to be rated to withstand the entire output voltage. Each 
component only needs to be concemed with the relative 
voltage differences directly across its own terminals and 
of the components immediately adjacent to it. In this type 
of circuitry, the circuit does not change the output volt- 
age but increases the possible output current by a factor 
of two, The number of stages in the system is directly 
proportional to the amount of voltage obtained and has 
the greatest effect on the output voltage as explained in 
the Equation (7) and shown in Figure 5, 


3. Simulation and Implementation 


Multisim software was chosen for modeling and simula- 
tion which is a circuit simulation tool by Texas Instru- 
‘ments, The simulation and practical implementation were 
carried out with fixed RF at 945 MHz + 100 MHz, which 
are close to the down link center radio frequency (947.5 
MHz) of the GSM-900 transmitter. The voltages ob- 
tained at the final node Voc of the multiplier circuit were 
recorded for various input power levels from —40 dBm - 
+5 dBm with power level interval (spacing) of 5 dBm. 

‘The simulations were also carried out using same stage 
capacitance value (3.3 nF) and then with a varied capaci- 
tance value for all stages from 4 stages through 9 stages 
[9]. The capacitance value was varied in such a way that, 
from one stage to the next, it was halved. For example, if 
the first stage was 3.3 nF, the second stage was 1.65 nF, 
third stage was 825 pF, fourth stage was 415 pF and so 
‘on, But keeping in view of testing, the capacitance values 
were chosen to have a close match with the standard 
available values in the market 

Simulation was carried out through 4 to 9 voltage 
doubler stages. Based on results obtained a 7 stage doub- 
ler is best to implemented for this application. 

‘The design of the printed circuit board (PCB) was car- 
ried out using DipTrace software. The material used to 


Figure 6. Schematic of 7 stage voltage multiplier. 
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The Responses 
‘The responses—or more exactly the near total lack thereof—by various U.S. 
government agencies were enlightening. E.g., the National Institutes of Health 
(NIH) never let the package out of its Policy (ie.. political spin control) section, 
1k did not check a single scientific reference on a proven method documented in 
the hard French scientific literature for reversing terminal cancer, infectious 
diseases, et. Nota single scientist called me to discuss such a proven, 
revolutionary effec. Instead, the NIH Policy section simply shipped the package 
over to the DOD as “their problem, not ours.” That was because the package 
also explained how the Gulf War Disease was induced, including how semen 
‘can cause infection ofthe wife, and how the structured body biopotential of the 
sickened veteran can induce similar structuring of the biopotentials of his 
children by proximity, thus inducing various aspects ofthe disease. 


al Treatment of Mass Casualties Could Be 


Effective Sun 
Developed 
Meanwhile, we had uncovered a way to dramatically speed up the Priore healing 
process, and use only normal transverse EM radiations for ready adaptation of 
existing equipment, while sill forcing the same time-reversal of diseased and 
damaged cells back to normal. Just much faster, This meant that very small, 
suitease-sized treatment units (Figure 13) could now be developed in a 
reasonable time—e.g., in two to three years, given a high priority, intense effort, 
adequate funding, and a carefully chosen scientific team, 


‘So, we proposed a crash development by DOD ofa small, suitcase-size portable 
device for quick, mass treatment of mass U.S. casualties following terrorist 
attacks on our cities using weapons of mass destruction, Eventually an 
innocuous reply (forced by my congressman) simply stated "it was not 
supported by the literature." In the package, of course, I had specifically cited 
the numerous scientific papers in the French scientific literature reporting and 
proving the experimental results. Ihad also worked 14 years to decipher the 
‘mechanism actually performing the revolutionary healing accomplished in 
rigorous animal testing by the Priore team. Eleven years after suppression of the 
Priore effort, the University of Bordeaux, which had been pressured into 
rejecting Priore's doctoral thesis, did approve and publish a doctoral thesis by 
Perisse on the work {40} 


‘The National Science Foundation (NSF) did not reply at all. Yet at the time the 
official strategic threat to the United States listed WMD attack on our cities and 
‘great population centers as the greatest threat ofall (Figure 14). Today, as 
everyone knows we are in a war after the terrorist attack on the twin towers in 
New York and on the Pentagon on September 11, 2001. The U.S. government 
clearly recognizes that itis not a matter of if additional attacks on the U.S. cities 
and populace will occur, but when, The terrorists are also known to have already 
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infiltrated weapons of mass destruction such as biological warfare weapons 
(anthrax, smallpox, bubonic plague, etc.) Nonetheless, apparently the NSF 
simply did not believe a novel but rigorously demonstrated-in-the-1960s 
unorthodox process that could potentially save most of those millions of 
Americans who otherwise will surely die—and who are going to die in the first 
major WMD strike on our population centers. 
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‘The entire scientific method is based on assigning priority to experimental truth 
rather than dogmatic belief. If experiments refute the theory, the theory must be 
changed and the experimental results accepted. Else one is not following 
scientific method. Apparently the National Science Foundation does not follow 
scientific method, nor does it seem interested in doing so. Neither do the 
National Institutes of Health. The decisive results of some 2,000 rigorous animal 
experiments reported in the refereed scientific literature in leading French 
journals, by multiple established French scientists, were simply ignored because 
the results are contrary to present dogma. Meanwhile, four years have been lost 
During that four years, the portable units could have already been developed, 
mass produced, and made available to treat and save millions of coming U.S. 
civilian casualties. Apparently the lives of those Americans are not as important 
as maintaining the present medical dogma, When those millions do die—and 
they will—we shall most certainly remind those agencies ofthe caliber of their 
dedication to scientific method and of their service to their fellow Americans. In 
iy personal view, ignoring a chance to save so many Americans is treason of a 
very special kind, 


The Official Silence Was Deafening 

Not a single scientist in any of those and other organizations seems to have 
taken the package seriously. Not one called me to discuss it, or apparently 
studied the references, etc. No one asked for a personal briefing. No one was 
interested in the actual photo of the strike of a Russian EM missile from a scalar 
interferometer, offset from a U.S. night shuttle launch (Figure 15) from Cape 
Canaveral in latter November 1985, or the photo of the actual registration point 
ball of light high in the air (Figure 16) over that same shuttle launch (41). The 
same weapon then killed the Arrow DC-8 at Gander, Newfoundland about two 
weeks later (Figure 17). An eyewitness (or more than one) actually observed the 
streak of light from the sky that struck the Arrow DC-8 in the right fuselage 
ahead ofthe engines {42,43}, after the thrust of the engines were reduced during 
take-off by use of a negative energy (cooling) interferometer. A similar ball of 
light associated with the kill of a Titan missile fired from Vandenberg AFB in 
carly 1986 (44) and printed in Aviation Week & Space Technology magazine, 
‘was also apparently of no concern, 
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‘These remarks are intended to show the lack of understanding that has existed in 
‘our governmental, scientific, and intelligence communities of what energetics is 
and of the great energetics superweapons that have been developed. With the 

present rapidly growing interest in longitudinal EM waves, however, we suspect, 


that such lack of understanding is now no longer the case. We certainly hope 
that is true, and we are 
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‘much encouraged that at least one—and possibly two—friendly Western nations 
row possess quantum potential weapons. 


The Long Dry Spell in Correcting Electrodynamics May Be 
Slowly Ending 

In over 20 yeuts of unrelenting effort, until 1999 we were unable to get any 
significant Wester scientists of real "horsepower" (eg. in non-Abelian 
electrodynamics, foundations errors in electrodynamics, advanced gauge field 
theory, general relativity, ete.) to meticulously examine conventional U(1) 
electrodynamics and its glaring errors, and to look at weapons implications of 
higher group symmetry electrodynamics 


Beginning about three years ago, however, a noted scientist, Dr. Myron Evans 
(45.2), along with other theoretical scientists ofthe Alpha Institute's Institute of 
Advanced Study (AIAS), have been extending electrodynamics by developing 
the 0(3) electrodynamics. They also have deeply examined the Whitaker work 
cof 1903 and 1904 on which the carly part ofthe Russian energetics weapons are 
based {24}. 


‘The AIAS analyses, and subsequent papers by Dr. Evans and Alex Labounsky 
as well as by the entre AIAS group, have clearly established the primary 
importance of time-like precursors of EM fields, operating in massfree 
spacetime where fields E and B cannot exist. These time-like precursors create 
all the rest ofthe conventional electrodynamic entities {46}. This is a dramatic 
extension to electrodynamics and physics across the board. More than 100 
papers have been produced to date, with more than thirty published in journals 
such as Foundations ofPhysics, and many ofthe others are either accepted or 
stil in the referee process with various journals. Some 60 of the papers were 
published as a single special edition of the Journal afNew Energy (INE) in 
latter 1999, and a second edition of Modern Nonlinear Optics, Wiley, 2001 has 
been published with many important papers. 


However, the problem is that the scientific community, which is strongly 
committed to "business as usual", has funded none of this work. The 
conventional lead agencies of the community are still in the "ostrich position”, 
with their heads buried very firmly in the sand with respect to the terrible 
damage they continue to enforce on this nation by their continued perpetuation 
of an old, long-archaic, inadequate electrodynamics and electrical engineering, 


Engineerable Unified Field Theory Is Now Clearly Appearing 
The rapidly emerging ALAS extension of electrodynamics has "met in the 
middle” with Sachs’ (4} revolutionary generalization of general relativity and 
electrodynamics. For the fist time, an engineerable unified field theory — 
employing 0(3) electrodynamic means—is now being produced. The ALAS 
‘work in 0(3) electrodynamics was shown to be an important subset of Sachs! 
approach, It also now provides the ful, rigorous theoretical foundation and 
model forthe Priore mechanisms and results 
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We also comment most strongly that the important SU2)xSU(2) 
electrodynamics as developed by Barrett (47) leads to essentially the same 
conclusions, since Barrett's electrodynamics is homomorphic with 0(3) 
electrodynamics. Barrett, of course, is one of the pioneers of ultrawideband 
radar—another scientific area that was fiercely opposed and suppressed by the 
orthodox U.S. establishment for some time. Ironically, today those very 
scientists who were so dogmatic in their vociferous condemnation of UWB 
radar, have assumed the mantle of "experts in the UWB field’, sometimes even 
taking credit for having “advanced it" in the first place. 


Examples of Some Major Non Sequiturs in Conventional 
Electrodynamics 

In every textbook and millions of technical papers in the West, 
clectrodynamicists routinely calculate the "magnitude ofthe scalar potential”. 
Actually, nota single one—including Maxwell—caleulated or calculates the 
‘magnitude ofthe potential itself. Instead, they universally calculate the reaction 
‘ross section of the potential at point occupied by an assumed 
inercepting/collecting unit point static charge (48). At best that is a 
representation ofthe intensity ofthe field at each point. The reaction cross 
section of the potential with a fixed unit point static charge is indeed a scalar 
value, The "scalar" potential itself, on the other hand, is nor its own reaction 
cross-section at each point of itself, and it is nota scalar entity at all! Instead, it 
isa harmonie bundle of bidirectional EM longitudinal phase conjugate 
wwavepairs, as shown by E. T, Whittaker in 1903 (49). It is and always has been 
‘4 muli-vectorial, muliwave entity. By slightly reiterpreting Whittaker's work 
to agree with quantum field theory, the sealar potential is also a circulation of 
EM energy from the time domain to 3space and back to the time domain, at 
every point in space that is occupied by the potential 


Further, the "field" notion is utilized in two self-contradictory manners. On the 
‘one hand, itis assumed in the massless reaches of space, and on the other hand it 
is assumed in mass, which is the only case in which aforce field is properly 
defined ‘The so-called "electromagnetic field" existing in empty space is not an 
EM force field at all, but a curvature or curvatures of spacetime with assorted 
ilynamics. Spacetime is after all active, and being active means curvatures and 
ilynamics. As rigorously shown by the ALAS theoreticians, what exists in 
spacetime—before the force-fields appear on reacting charged mass—are time- 
like and longitudinal scalar potentials and fluxes. These "pre-EM field" entities 
in fact interact with mass to produce all the force fields (the electromagnetic 
fields), Mass is a component of force; simply by ipldt, which is expanded 


® Since Maxwell and the original pioneers believed in a material eter filing all space, to them 
there as neta single point anywhere inthe universe that was devoid of mass. Hence to them 
‘ere was only one kind of Fild: dhe Kind tht exists in mass 
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into F = d(mvy/dt, which is ma + v(diuidi, Note that both terms have mass as a 
component. Hence there is no force or forcefield when mass is absent. Present 
mechanics is seriously wrong (and has been wrong for hundreds of years) in 
assuming a separate massless force acting upon a separate mass. 


Jackson, one of the ablest classical electrodynamicists of our day, adroitly states 
how electrodynamicists skirt that issue. Quoting, p. 249 of his Classical 
Electrodynamics, second edition: "Most classical electrodynamicists continue to 
‘adhere to the notion that the EMforce field exists as such in the vacuum, but do 
admit that physically measurable quantities such asforce somehow involve the 
product ofcharge and field." 


Our comment is that one does not get an observable until after the interaction of 
a cause with a previous effect, to provide a change (a new effect). The 4-cause 
itself—in this case the field that actually exists in the vacuum—is never 
observed nor is it observable. Its effect (force with an affected observable mass 
‘as a component of it) is observed. The field in space and the field in matter thus 
do not even have the same fundamental units, but differ by a factor of m. In 
electrodynamics the m is avoided by "defining" the field as force per unit 
coulomb of "charge" (without saying or accounting "charged mass"). 


Wide Confusion of Cause and Effect 


Present electrodynamics (and even the hoary old mechanics, as pointed out) has 
thoroughly confused the causal (4-space) side of the observation process with 
the effects (3-space) side—observation yields 3-sparial entities, not 4-spatial. 
Indeed, as is well known, time is not observable, even in theory. That is really 
because observation is a did process applied by the 3-space intermediary (e-g., 
‘mass) being acted upon by the causal (4-space) entity in spacetime, to produce a 
change in that intermediary (3-spatial) that results (is observed). A priori, the 
‘output of the observation process does not even exist in time, since its 
fundamental units are LLL and not LLLT. The observation process is thus 
dfat(LLLT) => LLL. 


Further, electrodynamics omits the fact that, not only does the causal entity act 
upon the intermediary to produce the effect (changes to the intermediary), but 
those changes (effects) also act back (in reverse) through the intermediary 10 
produce changes in the causal entity itself: This mutual interaction between 
‘cause and effect (but never stressed in exactly that manner) is well known in 
GR, where the curvature of spacetime acts upon mass-energy to change it, and 
the resulting change in mass-energy also acts back upon spacetime to curve it 
The omission of the latter "back reaction" in EM theory by Maxwell resulted in 
omitting half the energy, half the wave, and half the causal entity in spacetime, 
as well as half the effect. The missing half of the effect appears as the 
Newtonian third law reaction, which in electrodynamics is just mystically 
“assumed” to be an effect without a cause. 


‘The vast importance of restoring this missing "back action of effect upon cause” 
is because it can be deliberately utilized to directly engineer the causal (4-space) 
slate itself, producing nonmaterial "engines" and unobservable functioning robot 
systems comprised entirely of curvatures of spacetime and their dynamics. Such 
uusal system robots” (CSRs) can be designed and engineered to then perform 
almost any desired action upon normal mass systems they encounter. The robots 
also can easily penetrate vast depths of mass, which is mostly empty space filled 
with potentials, fields and waves—all of which are just bundles of longitudinal 
EM waves and their dynamics. "Mass" is actually a vast superhighway through 
which such CSRs can easily move at the speed of light {50} 


CSRs: Engineering the Unobserved Causal Side To Create 
Functional Systems 

Understanding early on the mutual interaction between cause and effect that 
existed in their energetics, the Russians were able to engineer this totaly new 
kind of system: the causal system robot or CSR (Figure 10), With sufficient 
theoretical development, one can "work backwards" by adroily re-engineering 
the effect to obtain a desired causal system (spacetime curvature set along with 
its impressed dynamics: (Figure 18) corresponding to some physical system and 
its changes one desires to engender. One thereby directly creates a deterministic 
set of spacetime curvatures and impressed dynamics, which we call an "engin: 
(Figure 18). This $T'eurvanure engine system can then function as a completely 
separate system (31) (Figure 10). One can communicate with it via longitudinal 
EM waves, control it, etc. By building in scalar interferometry functions, the 
SR can be given "weapons" capabilities, etc 


+ All evels of energy 
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In theory such a CSR can be assembled to perform any desired function or 
complex of functions upon matter, fields, potentials, etc. that is desired. In short, 
fone can build real, functioning "infolded” (subspace) robot weapon systems 
using this "backward engineering of spacetime itself process. The huge 
underground facilities (hundreds) that the Russians continued to build after the 
collapse of the Soviet economy and the fall of the Soviet Union, apparently 
contained the full CSR development and control facilities as well as the 
operational systems employed for this totally new kind of weapon system. 


A great engineering of the future lies in engineering CSRs, which already 
constitute a great leap forward past the material nanobot technology being 
pursued in the West 


Making the First CSR is Extremely Difficult; Making a Million 
Copies Is Easy 


The development of a specific CSR with a specific set of functions is akin to 
developing a highly complex software system of major proportions (several tens 
of millions of lines of code). The job is extremely difficult, and tortuous 
"debugging" is required for a lengthy period. Once a single CSR is completed 
‘and debugged, however, the production of thousands or even many millions of 
‘copies is then a trivial task. 


‘The CSR may be visualized as a sort of vast complex of longitudinal EM waves 
(recall, we are speaking of ST curvatures, not the conventional EM waves 
thought to operate on a flat spacetime. All EM waves operate in a curved 
spacetime a priori, as clearly shown by Sachs). It turns out that all matter is 
mostly empty space, filled with potentials and fields. Space itself, considering its 
energetics, may be taken as a giant scalar potential. All those potentials and 
fields and waves are in fact nothing but sets of longitudinal EM waves and 
dynamics. In short, they are vast superhighways for the travel of CSRs and the 
propagation of longitudinal EM waves. 


A CSR can be embedded within any kind of EM potential, wave, or field. So to 
replicate one, one embeds it in a magnetic signal and records that signal on a 
diskette or other media, Then one makes millions of copies of the diskette, for 
perhaps 10 cents or less each. Or do it en masse, by first completing a CD-ROM 
with a hundred or two hundred CSRs embedded in its signals (Figure 19). Then 
simply reproduce the CD-ROM. Every reproduction has another hundred or two 
exact duplicates of those CSRs, made for almost no cost at all. With 
communications built into the CSRs, the command and control facilities take 
charge of them, give them individual numbers or designations, and a robot 
‘armada emerges with most unusual capabilities indeed, 


‘The puzzling underground facilities in Russia (which our fellows apparently 
never deciphered and which remained a mystery) apparently contained the 
scientific teams, the research and development facilities, the production 
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‘manufacture the printed circuit board (PCB) is the stan- 
dard Fiberglass Reinforced Epoxy (FR4), with the thick- 
ness of 1.6 mm and dielectric constant of 3.9. The topol- 
ogy is constructed on the PCB with the dimensions of 98 
mm * 34:mm (W * H). The Sub Miniature version A 
(SMA) connectors are used at the input and output of 
PCB to carry out the measurements, The circuit compo- 
nents consist of active and passive components. The 
component used in circuit is shown in Table 2 

Special handling precautions have been taken to avoid 
Electro Static Discharge (ESD), while assembling of the 
surface-mount zero bias Schottky diodes. Also special 
attention has been given to mount other components and 
the SMA connectors on to the PCB. The Photograph of 
‘Assembled circuit board I shown in Figure 7. 


4. Results and Analysis 


‘The simulated and measured results at the output voltage 
of voltage multiplier circuit are shown graphically in 
Figure 8. From the graph analysis, the simulated and the 
‘measured results agree considerably with each other, The 
‘measured results are shown to be better than the simula- 
tion results. The reason behind this may be due to the 
uncertainty in series resistance value of the diode ob- 
tained from SPICE parameters in modeling as explained 
in Equation (5). This resistance vale of diodes in practi- 
cal circuit may be lower than in the model, which pro- 
vides fast discharge path, in turn rise in voltage as passes 
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respectively. 

Figures 9 and 10 show the result of a 4 stage voltage 
doubler circuit with equal and varied capacitance values 
between the stages as described in Section 3 

From the analysis of these two simulations, it can be 
observed that the resulting output voltages are equal. The 
only difference between these two graphs is the rise time 
of the circuit with varied capacitance value is a little bit 
slower. But, overall result on the performance of rise 
time is still under 20 ys to 24 us and the difference is 
negligible. From these results, the use of equal stage ca- 
pacitance of each being 3.3 nF was hence considered for 
the design of the multiplier. 

‘The results from Figure 11, shows that the output 
voltage reaches to 1.0 V within 20 uS and then uniformly 
increasing to 1.4 V, 1.67 V, 1.87 V and 2.12 V for 4, 5. 6 
and 7 stages respectively compared to 2 mS as shown in 
[10]. Figure 12 shows that the conversion ratio of 22 is 
achieved at 0 dBm input power and drops to 2.5 at ~40 
dBm. The highest value at 0 dBm is due to the innate 
characteristics of the zero bias Schottky diodes which 
conduct fairly well at higher input voltages. 


5. Conclusion 


From the experimental results, it is found that the pro- 


‘Table 2. Component used in 7 stage voltage multiplier. 
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Figure 7. Photograph of assembled circuit board, 
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facilities, and the command and control facilities for the new vast CSR weapon 
complex. It was to see its first great employment at the end of 1999. 
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In 1999 The KGB Deployed Massive Numbers of CSRs for a 
Strategic Attack 

In latter 1999 the KGB began massively deploying these CSRs of various types 
throughout the Westem world, particularly including the United States. They 
simply sent the CSRs back "inside" the potentials and fields and waves being 
emitted from radio stations, TV stations, power lines, satellites, communications 
systems, inside matter, etc. These CSRs were deployed and infiltrated in major 
‘command posts and installations throughout the U.S. and its alles. True to form, 
the KGB even “stimulated” some major computer systems in critical U.S. 
government facilities by having the robots “surface” some effects on the 
‘Computers, right through the firewall programs (whose EM signals and 
operations indeed provided nice superhighways for the robots). Our fellows 
detected the interference as a "sophisticated computer hacking attack" 
jpuzzlingly from the Russian Academy of Science), and then the robots 
submerged” again after deliberately performing actions to produce obvious 
changes and guarantee the U.S. detection of those changes. The purpose of this 
"stimulus and probe" was to see ifthe U.S. was aware of CSRs and CSR 
technology. We clearly showed we were not, and we stil are not aware of them. 
Further, the entire government apparatus—including all our vaunted national 


laboratories —knows absolutely nothing at all about CSRs, and none of the 
laboratories believe it. That is the same posture they've been in with respect to 
energetics weapons for a half-century. Apparently they will be in that same 
posture for another half century, left to their own devices. 


However, I was not allowed to remain a casual onlooker for this new CSR. 
armada! The KGB also planned to use me as a stimulus to ping the government 
yet another way, and then assess the government's response 


Here in Huntsville, suddenly I was personally struck by such a CSR right from 
‘my computer monitor, with the attack riding through the light from the monitor 
to my eyes and retinas and right into the brain and nervous system (Figure 20). 
‘This was the type of CSR that can lurk in any potential or field inside a 
computer, and then strike and kill the operator looking at the screen. The CSR 
took over control of the machine, split the screen so that only one-inch 
horizontal strips were luminous—one at the top and the other at the bottom of 
the screen with the middle dark. These two separated horizontal strips allowed 
scalar interferometry via the inner LWs comprising the light from the two strips. 
‘The LWI signals crossed in my vision center, where suddenly ordinary EM 
signals and waves were produced by the scalar interferometry occurring there. 


‘Stimulating apparently the 
only analysteapable of | 212191 
recognizing a CSR atack 

and connecting it with the 
Scheduled giant strategic 
CSR attack. 

KGB General commanding 
the energetics weapon 
previously confirmed that 
‘what this analyst writes on 
his computer is received as 
soon as he waits it 
‘Apparenily accomplished 
by Tempest techniques or 
dleetly by energetics. 
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I saw rapid blinding flashes like a hundred flashbulbs exploding at once right in 
my face. However, the signals representing those "flashes" were being created 
right there in my vision center. An external camera would have recorded only 

the weirdly separated screen display. It would nor have shown the brilliant 
flashes of light I was seeing, unless it was set up stereoscopically. The strike was 
deliberately sustained for only about 10 seconds so as to be severe but nonlethal; 
about 30 seconds would be totally lethal. Violent fibrillation of the heart also 
resulted explosively, and I was instantly hypnogogic and seriously weakened by 
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sudden hypoxia from near total lack of blood pumping (because of the 
fibrillation). The purpose was apparently to strike the only analyst in the U.S. 
‘who would recognize what the nature ofthe attack was, stimulate him, watch 
him try to notify the government, and then observe the government's reaction. It 
look four days to recover from the strike. But I knew immediately what had 
made the strike, and that I had been hit with a CSR weaponized by having a 
built-in scalar interferometry capability. It was also a very sophisticated CSR, as 
it showed by assuming complete "intelligent" control of my computer's 
functions. 


When I finally recovered, I did notify the government and wam them of CSRs, 
exactly as anticipated by the KGB. As might be expected, the government's total 
disbelief and lack of reaction clearly showed they knew nothing of CSRs. They 
simply did not believe such weapons existed or even could exist. Sadly, once 
‘again one faced the "not invented here” syndrome. General relativity and its 
provision for spacetime curvatures and their associated dynamics (engines) 
‘operating back upon mass are apparently just supposed to remain a theoretical 
curiosity. Why, obviously no scientist in his right mind would think of 
weaponizing such! 


‘A more correct answer is, "Like hell they wouldn't!" American scientists would 
not think of it, but Russian scientists with their national chess-playing 
psychology will immediately seize upon any opportunity—even many moves 
ahead in the game—and develop it and utilize it. They understand and use the 
boa constrictor. We only understand and use the immediate rattlesnake. 


How the Asymmetrically Deployed Strategic Attack Was 
Stopped in Its Tracks 

However, we also alerted the “little nation” that has advanced EM weapons 
technology, which—since early 1997-has been saving the U.S. by forcing the 
abortion of impending KGB energetics weapons attacks 


‘When I wamed them in 1997 about the MindSnapper weapons and mind-control 
‘weapons used against Captains Button and Svoboda, unknown to me at the time 
they later reacted and suddenly destroyed those facilities in Russia (apparently 
with violent scalar interferometry strikes). So thar mind-control type of attack 
being readied for 1999 was thwarted for a few years by these strikes sometime 
prior to mid-1998, 


Butto return to the CSRs. In the latter quarter of 1999, the Russians were 
developing and deploying throughout the West numerous kinds of CSRs. So the 
period at the end of 1999/frst few days of 2000 attack was already scheduled for 
‘a massively programmed CSR attack. It was designed to cripple the entire 
nation, and perhaps even collapse it economically, yet all would be blamed on 
‘Y2K! Our scientific ignorance guaranteed that we would blame it on something 
‘mundane that our scientists could understand: Y2K problems in all the old 
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software programs running so much of our automated systems, communications, 
and centralized functioning, accounting, banking, etc. In short, the KGB planned 
to give us a bicentennial gift: a Y2K nightmare far beyond our wildest fears. 


‘Afier my recovery from the CSR strike in the latter quarter of 1999, I again 
urgently alerted the friendly nation of the development of CSRs and their 
‘widespread deployment—and informed them of the personal attack on me and 
specifically why it was made nonfatal. Of course I also alerted our own 
government. We were scheduled for a real Y2K problem that would curl one's 
hair, so to speak, with everything imaginable failing—and probably all blamed 
on Y2K. 


Admirably, beginning just at the end of 1999, the friendly nation simply began 
methodically and massively cleaning out all the CSRs, and they disposed of 
them in very short order! Such CSR systems” may easily be located and 
destroyed by strategic longitudinal EM wave weapons (52), when and if one has 
the longitudinal EM wave technology sufficiently developed. So Y2K came and 
‘went with only a few relatively minor incidents from the normal Y2k problems 
expected.” 


However, unknown to our scientists and intelligence community, a great war of 
a very special kind—the Earth's first strategic subspace war—had just been 
silently fought and won, right there inside our power systems, command and 
control systems, major weapon systems, electrical power systems, electrical 
control systems of our nuclear submarines and strategic bombers and missiles, 
even inside the electronics of our nuclear warheads, etc. And not a bobble 
showed on the surface, anywhere. This was the first real "subspace" war, where 
‘weapons made of pure spacetime curvatures and dynamics were involved as the 
main offensive battle systems. LWI destruction of numerous CSRs inside 
potentials and fields in various electronic equipment throughout the nation, 
created litle or no overt signs at all. 


This time we won, thanks to the "good guys” and not to our own scientific 
community. Next time we may not be so fortunate. 


The Mostly-Ignored Time-Energy Interaction 
For some inexplicable reson, physicists in the West have omitted one-half the 
actual photon interaction."" If one allows the spatial enerey component of the 
Photon to interact, then one must also account for the simultaneous interaction 
of the time-component ofthe photon. A mass m absorbing a photon (AEA) 


® These early CSRs apparently had no "stealth" capabilities built-in, so they were easily detected 
pd destroyed, rather like shooting fish ina rain barrel 

ieven so, a normally disastrous Y2K problem was narrowly averted, inthe nick of time, by 
concerted national software reprogramming effort massively mounted and costing billions of 
olla. Otherwise, the expected “ordinary” Y2K problem would have been very bad indeed, 
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becomes masstime (m+dm)t, not mass m. Mass m and masstime mt are as 
different as are force F and impulse Ft. No scientist in his right mind would 
ignore the £ in Fr and consider just the force F. Yet that exact kind of giantfaux 
‘pas has been done for many decades now in the photon interaction, And it is still 
ubiquitously done in physics. Mass does not emit photons; masstime does. 
Again, physicists confuse effect and cause. 


As the Russian energetics weapon scientists know full well, time is actually 
spatial energy compressed enormously, by at least the factor c°. Hence time has 
at least the equivalent energy density of mass. The greatest amount of "energy" 
existing in a photon—particularly in lower frequency photons—is in that "time" 
part that is arbitrarily ignored and discarded. An ELF photon has enormously 
‘more total energy—by many orders of magnitude—than does a gamma ray 
photon. 


Energy and time components inthe photon are canonical. Low frequency 
photons are reduced in the magnitude of ther spatial energy component and 
thereby maximized in their rime components. For the ordinary (decompressed) 
energy equivalency of the time component, one must multiply the ime in 
seconds by c*. Halving the frequency, e.g.. doubles the time component, whose 
spatial equivalent energy is now (21)x(c?), With respect to the original photon, 
the new total energy (achieved by halving the frequency) is given by 

[ABV] « (2A) x7] = ((AE)(ADX c’]. So halving the photon’s frequency 
Increases its total energy by a factor of ¢*, which is approximately by a factor of 
9x 10'°, Hence photons actually carry enormously greater total energy (most is 
locked up as time) at low frequency than at high frequency. Indeed, the highest 
energy photon interactions in the universe are at low frequency, ifand when a 
transduction of the available time-energy into spatial energy occurs. 


This has been completely missed in the West, but not by the Russian energetics 
‘weapons scientists. They have been engineering that formidable new high 
energy but low frequency physics—a physies far more energetic than that used 
in our most energetic colliding beams in "conventional high energy physics’ 


The cold fusion processes'” stumbled onto by Western scientists are using the 


"Le, excep for accounting forthe overall “action” (angular momentum) and such things as 
‘minimum action theorems, ete. Treating the photon's increment oftime specifically as a 
formidably compressed piece of spatial EM energy doesnot appear in Wester physics. Ithas 
Jong been utilized inthe KGH's secret energetics weapon science. 
2'For an explanation ofthe use oftime-reversal zones in cold fusion experiments, and some of 
‘he resulting new transmutation reactions that result, see T. E, Bearden, Energy from the Vacuum: 
Concepts anu Principles, "Chapter 10: Cold Fusion: Low Spatial-Energy Nuclear Reactions at 
igh Time Energy." Cheniere Press, Santa Burbara, CA, 2002. Available from 

the formation of significant ime-teversl zones is guaranteed by 
‘of Denis Evans et land by ecent experimental work by Evans 
tal. proving that such zones (where the reactions run backwards) can and do occur at up to 
‘micron (colloidal) size and for up to two seconds in duration. We sess that this recognized, 

ready known to physic. 
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time-energy component of photon interactions, to generate enormous localized 
EM energy directly upon the interior quarks and gluons of nucleons (53). We 
‘worked out a speculative explanation of the active time-energy transduction 
‘mechanisms that fits all the experimental phenomena, including the eerie 
instrument anomalies occurring in rigorous electrolyte experiments at China 
Lake for some years. That is included in my new book, Energy,rom the 
Vacuum: Concepts and Principles, Cheniere Press, Santa Barbara, CA, 2002, 
available from www.cheniere.org. 


Ofcourse consistency alone does not prove it conclusively; consistency is a 
necessary but not sufficient condition for proof. But at least the proposed 
explanation is consistent, and nothing else seems to be, at this time. In one 
chapter in my referenced new book we do cover the cold fusion mechanism and 
sive specific new nuclear reactions producing the excess deuterium, tritium, and 
alpha particles in so many successful cold fusion experiments worldwide. 


My "time-reversal zone” approach is stringent, because the recent work by 
Denis Evans eval. (54) has clearly shown that reactions can and do run in 
reverse—totally in violation ofthe second law of thermodynamics—at micron 
(colloidal) level in size and for up to two seconds in duration (and sometimes 
even a little longer). So experimental demonstration that the "time reversal 
zones" I assumed can and do indeed occur has now been accomplished by Evans 
etal. This provides strong experimental and theoretical support for the basic 
assumption (of the formation and momentary existence of localized time 
reversal zones that subsequently decay) we used to derive the fundamental cold 
fusion mechanism including some of the specific reaction equations for excess, 
deuterium, tritium, and alpha particles now demonstrated in hundreds of 
successfull experiments 


In areversed zone the law ofattraction and repulsion ofcharges is reversed, so 
that like charges attract—sometimes so closely that each enters the strong force 
region of the other, forming a quasi-nucleus (Figure 21). As the time-reversal 
zone subsequently decays back to a time-forward zone, the reduced strong force 
is restored much faster than the Coulomb force is reduced and then reversed 
back to normal. So during this readjustment decay process, the quasi-nucleus 
will simply change to an isomer and a known nucleus by quark-flipping to 
change an H+ ion to a neutron, Note that the "reversal zone" momentarily 
changes the Coulomb barrier—always the only thing that has really prevented 
chemical fusion and transmutation at low spatial energy—to a Coulomb 
attractor. Hence cold fusion—as now backed up by more than 600 successful 
experiments worldwide, by multiple laboratories and researchers in multiple 
nations—is an established fact and a herald for a vast new science based on 
deliberate and intentional reversal of the Coulomb barrier and use of time- 
energy. 


With its usual perspicacity, the organized U.S. scientific community has flubbed 
it—and flubbed it badly—with respect to cold fusion. Its contribution has 
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largely been a tirade of ad hominem attacks, slander, and libel of a viciousness 
seldom seen in the annals of science. Once again, the community is far more 
devoted to defending its cherished dogma (and its own rice bowls from the 
‘conventional Big Nuclear Science that cold fusion thoroughly upsets). than it is 
in applying scientific method which calls for believing the experiments and 


‘changing the dogmatic theory 


@ Fermions time-reverse in even 
numbers 
@ Like charges cluster O-@ 
© Aqueous solutions contain H+ 
ions, which are just protons © O- 
© Quarks flip as TR zone fades 


2GH: +iEh) > 4GHb) > 26 +H) 
— He: = helium (alpha) 


gure 21 Example ofa tineroversedzne mca action common in sucess clusion 
‘periments. 


Development of Threats and Scheduled Attacks Aborted 


KGBenergetics weapons have long constituted our single most pressing yet 
largely unrecognized national security problem. That problem has also increased 
with the growing development and deployment of such weapons by other 
nations such as China. Some 10 nations, for example, now have scalar 
interferometry weapons, and even the Japanese Yakuza has them and also has 
their own secret facilities for producing them in Japan, including small portable 
units developed for use in assassination and terrorist type warfare within a 
targeted nation—the United States of America. 


Unknown to our government, we narrowly escaped destruction twice in the first 
half of 1997 from scheduled all-out strategic KGB energetics weapons attacks. 
Only the actions of a friendly small country countered the attacks and caused the 
KGB to abort on each occasion. 


‘When the second scheduled Russian strategic attack was aborted just prior to 
May 1, 1997, a new KGB counter-counter forthe friendly counter used by the 
litle nation in latter April 1997 was already rapidly being deployed. The new 
Russian counter-counter—seizure and control of the mind of an operator at a 
distance, and complete control of his actions while he performs sophisticated 


technical tasks—was tested in two separate incidents {55}, first on Captain 
Button (Figure 22, Figure 23) and then on Captain Svoboda about two months 
later (Figure 24), each flying an A-10 Warthog aircraft over the U.S. 
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The highly successful test against Captain Button (Figure 22, Figure 23) is 


particularly significant, as we have explained. Captain Button was controlled 
while performing highly technical operations, for more than a full hour, and one 
hour was apparently the acceptance test specification. Captain Svoboda (Figure 
24) simply had her mental perception of up and down instantly reversed while 
climbing her A-10 warthog from low level ordnance del 

Erroneously perceiving she was diving, she immediately “corrected” sharply to 
thereby diving headlong into the ground and perishing in the resulting 
explosion of her aircraft 
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‘Svoboda's kill demonstrated a tactical destruction usage, whereas Button's test 
demonstrated a strategic hostile usage of the adversary's defending weapons 
crew to take action against the adversary's defending strategic weapons system 
A new KGB strategic energetics attack against the United States—using the 
‘mind control (psychoenergetics) weaponry to take over the operators ofthe little 
nation’s QP weapon sites and stand the sites back down for maintenance—was 
rescheduled apparently for latter 1997 to mid-1998 or so. It appears that the 
extensive preparations for that attack were totally destroyed clandestinely and 
very suddenly by the friendly litle nation some time afler we wamed them, as 
\ve mentioned above. 


However, still another Russian counter—the development of "weaponized 
engines" (functioning causal system robot weapons, "infolded electromagnetic” 
in form) consisting of organized and functioning systems of spacetime 

curvatures operating in and traveling through EM fields, potentials, waves, and 


signals—eame on line (Figure 10, Figure 18). The KGB simply altered the 
attack plan for a Millennium Strike and completed the forward deployment of 
these eerie new CSR systems by introducing millions of them directly 
throughout U.S. facilities, command centers, weapon systems, power grids, 
ships, aircraft, submarines, missiles, nuclear warheads, computers, 
communications systems, ete. 


‘We estimate that several million such systems were introduced in that manner, 
and readied for the Millennium Strike. The United States and its allies were and 
are almost totally unprepared for this dramatically new kind of strategic warfare 
that has been developed and deployed against us. No such weapons have 
previously existed in history. Consequently our national survival and the 
survival of our allies was once again at stake—and right on schedule during the 
critical period from mid-1999 through mid-2000 that we had predicted back in 
1997. 


‘The die-hard elements of the KGB indeed had a new millennium gift for us, but 
it was not at all the kind of gift we would appreciate. The KGB is not a 
monolith! This plot apparently did not include Putin, and it did not include the 
rest ofthe KGB, particularly that element reporting to Putin, 


Live Destructive Tests Over and Near the U.S. Have 
Continued 


Without elaboration, we believe that the Learjet crash incident and the EA-990 
crash incident may have been very sophisticated tests of these new robotic 
causal EM systems. We also believe that the long years of Russian construction 
of over a thousand mysterious underground facilities, even though the Russian 
economy was collapsed and the citizens and soldiers were destitute, is 
significant. Those facilities apparently contain the set of command and control 
systems for this vast new strategic weapon system, 


‘The facilites also include the "factories" where the CSRs are made, because the 
factories are unlike any other factories ever conceived. They do not build 
“physical” systems, but something more like "software." Only now the 
“software program’ itself is an independent robotic system, with a full set of 
‘weapon systems functions, and capable of independent navigation and 
functioning anywhere, while remaining under KGB command and control via 
longitudinal EM wave communications infolded inside the potentials of earth, 
‘ocean, and space. The facilities also contain the operational forces, headquarters, 
and communication and control systems that maintain, deploy, and employ 
(fight) these CSR systems, and direct the battle. 


‘The purpose of the 1998 document we sent to DoD—which did not include the 
causal robot system armadas later deployed throughout everything in the West— 
‘was to inform selected members of the Senate and Congress of the energetics 
threat situation and summarize it for them. Accordingly, we presented the 
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Figure 8, Simulated and test DC output voltage of multi- 
plier as a function of input power. 
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Figure 9. DC output voltage verses rise time of 4 stage volt- 
age doubler circuit with equal stage capacitance (8). 
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Figure 10, DC output voltage verses rise time of 4 stage 
voltage doubler with varied stage capacitance [8]. 


posed voltage multiplier circuit operates at the frequency 
‘of 945 MHz with the specified input power levels. The 
results have shown that there is multiplication of the in- 
put voltage. From Figure 12, it is shown that at 0 dBm 
input power, the multiplication factor is 22. This is sig- 
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Figure 12. Conversion ratio as a function of input power. 


nificant, as the work shows that RF energy in the GSM- 
900 band can be harvested from the ambient RF source 
using the Villard circuit topology. The power density 
levels from a GSM base station is expected from 0.1 
mW/n? to | mW/m? for a distance ranging from 25 m - 
100 m. These power levels may be elevated by a factor 
between one and three for the GSM-900 downlink fre- 
quency bands depending on the traffic density [10]. The 
next phase of the research work is to interface the voltage 
multiplier circuit through a matching network to the an- 
tenna at the input side and a low power device to power 
from the system at the output side to complete the RF 
nergy harvesting system, 
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background of the development and testing of the KGB energetics weapons 
since WW II in some detail, for selected Legislators and their staffs. We also 
included some specifics on the failure of the U.S. scientific community to keep 
American science and technology abreast of that of our adversaries. 


The Scientific Basis For Energetics Weapons Is Established 
As pointed out above, the scientific basis for our early use of Soviet scalar EM 
interferometry is now rigorously established by work accomplished by the 
‘Alpha Foundation's Institute of Advanced Study. Itis also rather "old hat" now 
‘that all major weapons labs have discovered longitudinal EM waves and are 
actively working on and with them. The Director of the AIAS, Dr. Myron 
Evans, is an eminent scientist and theoretician with over 600 papers in the hard 
science literature. He and his colleagues also have had zero funding for their 
‘work on the higher group symmetry electrodynamics necessary to understand 
such things as energetics. A combination of non-Abelian electrodynamics, 
advanced gauge field theory, and the impact of E. T. Whitaker's work shortly 
after the tum of the century has shown that scalar interferometry is real, and that 
‘weapons based on scalar interferometry can be a potent threat on the battlefield 
‘The time-like (time-energy) basis for electrodynamics is now clearly 
established, 


With this important new work, we are now only some 40 years behind the 
Russian weapons scientists! But we are beginning to close the gap—and 
‘hopefully that will be done very rapidly. 


In 1999 after being personally attacked by a CSR, I again contacted the office of 
the leader of the friendly small nation and again furnished all the information we 
possess on the new CSR systems programmed by the KGB as a countering 
‘method against the small nation's QP weapons. The outcome was thatthe little 
nation destroyed the CSRs in time, as we stated above. We were lucky that (i) 
the KGB did attack me with one of the weapons, deliberately to "get my strong 
and immediate attention", and (ii) deliberately did not kill me with the strike. 


Otherwise, there would have been no warning to the little nation, and the U.S. 
and its allies would have experienced a "Y2K" problem worse than their wildest 
fears, possibly collapsing the economy of the United States and much of the 
developed world 


‘Meanwhile, our own scientific community apparently does little or nothing in 
these areas, except to castigate, slander and libel anyone daring to suggest that 
such "out of the box” weapons areas even exist. E.g., there does not appear to be 


a single U.S. scientist who knows how to create a time-polarized EM wave." 
‘There do not seem to be any concerted programs to deal with t-polarized 
photons and t-polarized EM waves. Our scientists still firmly believe that one 
has to propagate spatial EM field energy through space to affect a target 
electromagnetically, when that was obsoleted by Russian "subspace EM 
longitudinal wave propagation” weapon systems deployed as early as 1963, and 
was completely obsoleted by deployment of quantum potential weapons in 
1989. 


Yet a close colleague of the present author has single-handedly developed and 
demonstrated prototype superluminal communication systems using the infolded 
(longitudinal EM wave) electrodynamics, and these systems would have been 
heading onto the market in latter 2001 except for the sudden bankrupting of the 
‘major backing company. There has not been any funding forthcoming for his, 
revolutionary work, but only clumsy attempts to take it from him. It is my fear 
that the further clumsy takeover attempts will be successful, and this desperately 
needed technology will never see the light of day in defense of our nation. As a 
single example without further discussion, his work revolutionizes the present 
notions used in the rapid development of quantum communication and quantum 
computing, because it revolutionizes the very notion of the Q-bit, completely 
removing the statistics of the quantum state and making it engineerable. This of 
course is completely counter to present QM notions, but is consistent with the 
Bohm hidden variable approach to quantum mechanics. 


Meanwhile, our own weapon scientists apparently still do not recognize the 
possibility of a superluminal longitudinal EM wave communication system, and 
appear to have no motivation or intention to develop such. This is in a way quite 
sad; quantum tunneling at more than four times the speed of light, of a clearly 
recognizable Mozart symphony, has already been demonstrated in a section of a 
waveguide (56). Whatever one wishes to call it and however one wishes to do 
it, superluminal communication of intelligible signals has been clearly 
‘demonstrated in the laboratory. For the "infolded” longitudinal EM waves, all 
the normal” or “envelope” EM waves, potentials, and fields are just great 
superwaveguides for such longitudinal EM wave "tunneling through subspace” 
at superluminal speeds, 


"Keeping one's sense of humor, appareny there as also not been a U.S. scientist who even 
recognized and knew what actually powered an electrical circuit, until our soltion to the source 
charge problem and publication of tin 1998. Eeily, even after the technical bass foe a solution 
had been proven in particle physics in 1957, no one scemed to have applied the broken symmetry 
‘of opposite charges to the common dipole and toa dipolarity such a ascalar potential and a 
charge (ith its associated virtual charges of opposite sign, inthe modem view). Everyone 
accepted thatthe fields and poteaals and their energy are established by their associated source 
Charges, but no one ad stated thatthe source charge tecelves its input energy fom its asymmetry 
Jn its scething energy exchange wih the active vacuum, 
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The Dominant Weapons Are Quantum Potential Weapons 
Fll-bore deployment of Russian quantum potential weapons occurred by the 
end of 1989. the first Ib prototype weapon having been tested in April 1986 
‘against the U.S. air attack on Libya (Figure 25). Beside Russia, two other 
nations—Brazil and the “little friendly nation’—also had developed quantum 
potential {57} weapons. The United States did not develop them, or at least 
Apparently not just yet. 
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Burlier this year (2002), China also deployed QP weapons, and we now find that 
‘another friendly nation has them as well. That brings the total to five, as ofthis 
writing. Two of those are friendly, and a third is astraddle of the fence, so to 
speak. The other two are Russia (the KGB) and China. 


At this point China could go either way, so it represents a future enigma. China 
hascontrol of the Panama Canal, and has inserted more than 200,000 Chinese 
into Panama—which is on the way to gradually becoming a Chinese territory, as 
soon as the Chinese in Panama outnumber the native Panamanians. In addition, 
under the Clinton administration China gained access through two U.S. ports 
(with lite checking, so anything can easily be inserted). China also has 
additional ports in the Western hemisphere. China is almost certain to eventually 
attack and seize Taiwan, which puts her on a collision course with the U.S. 

since the U.S. has an agreement to defend Taiwan, She has also declared the 
South China Sea—through which passes some 60% of the oil bound for Japan, 
and much oil for other nations also—to be Chinese territorial waters. China also 
has developed bioenergetics weapons, having long ago induced cancer into most 


ofthe GRU Russian representatives then serving in China. She almost certainly 
has or is rapidly working to develop psychoenergeties weapons as well. 


So far as I am aware, there still exists not a single funded U.S. scientific 
program to directly correct the glaring errors in our own classical 
electrodynamics—such as those problems deplored by Nobelist Feynman and 
Wheeler (58,59,60). Both knew that the force field concept in space was 
erroneous. As they putt, only the “potential” for the force field exists in space, 
in case some charged mass is available there for interaction. But the field itself 
is created by the interaction and is the effect oft. It does not exist before the 
interaction occurs. Yet all our texts continue to teach the disinformation of the 
“field in space.” And our science community continues to fiercely defend such 
dogma, attacking and sometimes destroying the careers of those brave scientists 
who do try to change it 


(One notes that time is multiply-connected, since in theory the same instant exists 
at every point in the universe. Or said another way, in any instant in time, every 
point in the universe simultaneously exists. 


Operating in the time-domain as a causal system, and then turning out of one 
point there into any point in 3-space desired, is a means of producing “action at 
a distance” that obsoletes our old concept of transmitting the energy directly 
through space (61) 


Presently the U.S. scientific community has little predisposition toward energy 
‘turning into the time-domain, operating in the time-domain, then turning out of 
the time-domain into any desired point in 3-space, anywhere in the universe."* 
Every 3-space point in the universe simultaneously exists in (is superposed in) 
each point in time, as those points in time occur. In one sense, time can be 
considered to be the total multiple connectedness of space! We suspect that it 
may even be possible to interpret "instantaneous" communication—as by a 
quantum potential—in that "in here-out there" instantaneous fashion via 
“tunneling through the multiple connection of the time channel” 


Finally, mass—being an observable and 3-spatial—does not exist in time. Mass 
continually turns into masstime (by photon absorption), then masstime turns 
back into mass (by photon emission). Masstime exists in time, but mass does 
not. U.S. scientists also seem unaware that the so-called "rate of flow of a mass 
through time" is generated by the sum total of all photon interactions (both 
virtual and observable) with that mass. The ubiquitous interaction of a mass with 
jhotons also causes that mass to continually recur, and thus to seemingly 
“continuously exist.” It is continually observed, but it does not continuously 


"tf one models the time domain in three dimensions instead of one. eg, then in theory it 
‘becomes possible to “lp” «3-dimensional mas object int the ime domain at «single 
moment" then rotate fom that "time 3-point” back into 3-space ata new 3-space location 
anyrshere in the universe. Hence the "beam ‘em up Scotty!” of the old Star Tek (andthe more 
‘moder beaming version) may hold more ofa promise thn ust fr science fietion entertainment, 
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exist! Since the photon interaction is engineerable, then it follows that a specific 
‘muss can be time-reversed back to an earlier state (62). 


Cellular Time Reversal: Revolutionary Healing by a Team of 
French Scientists 

Priore and eminent French scientists {3940} unwittingly used the mechanism 
for time-reversing a mass and every part of it, to time-reverse diseased and 
damaged cells including tumor cells, physically changing them back to their 
previous healthy physical state and condition in vivo. This included all pats of 
the cell, including its genetics. The Priore team demonstrated revolutionary 
cures of terminal tumors, infectious diseases, atheriosclerosis, and restored 
depressed immune systems, 
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The immune system (Figure 26) heals nothing, not even its own damaged cells. 
‘The human cellular regenerative system {63} is responsible forall healing in the 
body—and it utilizes time reversal of the damaged cells as the active healing 
mechanism. The regenerative system (Figures 27, 28, 29) pumps the damaged 
cells with longitudinal EM waves (and therefore with time-polarized EM waves, 
which always accompany longitudinal EM waves), inducing the cells and all 
their parts to add the phase conjugates, thereby forming time-polarized EM 
waves and pumping in the time-domain rather than the 3-space domain. This 
dramatically extends nonlinear optics to the time domain, and mass pumped in 
that fashion is time-reversed (propagated back along its own time-track, to a 
previous physical condition 
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Kaznacheyev has shown that essentially any cellular disease or disorder can be 
clectromagnetically induced in cells ata distance (Figure 30). Together with 
Becker's work, this shows that the cells can be altered either detrimentally 
(disease induction) or beneficially (disease elimination) by purely 
clectromagnetic means. It would seem that diseases such as AIDS, e.g, could be 
rather dramatically cured by use of whole-body longitudinal EM wave radiation 


(with its simultaneously time-polarized EM wave radiation), as was done for 
other diseases by the Priore team and properly reported in the French scientific 
literature, We have also uncovered a process and method for causing the body to 
directly produce the time-polarized EM wave pumping, reducing the irradiation 
to perhaps 30 seconds of pumping instead of two or three hours (64). 


Becker's Study of the Cellular Regeneration System 
In all our medical science, the only true healing procedures being utilized appear 
to be the use of Becker er al.'s tiny EM stimulation across otherwise intractable 
bone fractures (65} (Figure 31), to dedifferentiate (time-reverse) red blood cells, 
then rediferentiate (\ime-forward) them again twice to form osteoblasts, which 
ae deposited inthe fracture site to make new bone growth, All the other 
medical procedures seem to be interventions, not healing. After the 
imervention—which of course may be urgently necessary—it is then up to the 
body to heal itself (estore its cellular and tissue damage and functioning), So we 
have litle healing science today, and in fact our medical establishment hardly 
funds any healing studies at all. EM radiation is usually considered as something 
that simply heats tissue. Our present medical science is deeply engrossed in 
studying the immune system. Again, the immune system heals nothing, not even 


ison damaged cells 
Ea p 


Wiererewrares_ |) 


cee 


(SB cert comes 


"tng merase 


Fue St Bec’ peal bore cue healing 


Afier the immune system "kills the bad guys” and saves the day, the battlefield 
is littered with residue and many cells of the body are damaged. The immune 
system sends in large scavenger cells that clean up the residue. And thats it for 
the immune system. Comparing it to an army's operation in the field, the 
immune system is the combat troops, not the medical services. 


Restoration (healing) of the damaged cells back to normal is accomplished by 


the cellular regeneration system (Figure 29). This system is little known and 
litle studied, but mostly studied by Becker (Figures 27, 28). It isa system that 
functions electrodynamically. but uses time-domain pumping to time-reverse the 
cells and their every part (including their genetics) back to an earlier state. In 
biology. the effect is called dedifferentiation, but without any knowledge of the 
actual EM mechanism, 


So, within its capabilities, the cellular regenerative system in the body already 
uses longitudinally polarized EM waves, time-polarized EM waves (TPWs), and 
‘optical pumping by LWs and TPWs. Here we point out that neither the 
longitudinal photon nor the scalar (time-polarized) photon is individually 
observable; however, the combination of the two is observed as the 
instantaneous scalar potential (66). With a little correction to properly make the 
phase conjugate replica wave a time-polarized EM wave, Whittaker's 
fundamental bidirectional EM longitudinal wave decomposition of the scalar 
potential (Figure 32) is consistent. Immediately the direct involvement of both 
the scalar photon and the longitudinal photon—and both the scalar EM wave 
and the longitudinal EM wave—are seen in Becker's bone-healing work using a 
scalar potential (Figure 31), 
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Priore unwittingly stumbled onto the actual mechanism used by all biological 
systems in “healing” (cellular regeneration), and also recognized how to amplify 
it (Figure 12), But no one understood its exact nature, including Priore and the 
scientists who worked with him at the time, and the conventional community 
still does not understand it. The Russian scientists not only understood it early 


on, but weaponized it as well. So did the Chinese. 


Need to Correct and Extend Classical Electrodynamics 
‘The organized scientific community's protracted defense of a seriously flawed 
classical electrodynamics is long standing. The conventional, comfortable ways 
of "doing business as usual, leisurely” now threatens the survival of the nation 
itself. We need to quickly admit and correct long-standing EM errors—such as 
calculating a reaction cross-section of an entity and calling it the magnitude of 
the entity itself! Our electrical texts continue to make that fundamental mistake, 
and they have done it now for 100 years or more, We need to quickly change the 
classical EM model to include the active vacuum and its interaction, and we 
need to change all textbooks to clearly state that all EM energy in the universe 
comes from the active vacuum, via the asymmetry of the source charges in their 
fierce energy exchange with it, 


‘We also need to point out that all primary electromagnetic entities—the charge, 
the field, the potential, and every joule of EM energy in the universe—totally 
violates the second law of thermodynamics. The charge produces continuously 
increasing negentropy, the field and the potential are formed at expanding light 
speed across the universe and are perfectly ordered (thereby totally violating the 
statistical mechanics basis ofthe second law), and every joule of EM energy is 
either field energy or potential energy, and hence violates the same statistical 
basis ofthe second law. 


The Situation Is Serious 
Admittedly these are strong statements highly critical of our scientific 
establishments track record. But our national survival continues to be 
increasingly at stake, the situation is serious, and we must not continue to bury 
our collective heads in the sand like ostriches. We simply cannot continue to 
idly sit by and pontificate while other groups and nations methodically 
‘maneuver technically to cut our collective throats with advanced weapons we 
cannot defend against, once they find a way to "get by" the litle nation that has 
been countering them for some years. Our own beloved nation may have less, 
than 10 years (67) and perhaps less than three years to survive, unless the 
organized scientific community is galvanized to focus its very best scientific 
‘efforts in the energetics area 


So far, in truly innovative approaches to new methods for electrical energy, the 
USS. scientific community is about as energetic as a sand terrapin sleeping in the 
tropical sun. There is no discermible move to recognize the seriousness ofthe 
problem, or to do anything effective about it. In 45 years, the asymmetry ofthe 
dipole (and the charge in its modem view as a dipolarity of special kind) has not 
‘made it across the university campus from the particle physies department to the 
electrical engineering department. In fact, the implication of broken symmetry to 
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‘dlectrical engineering and classical electrodynamics seems to still be completely 
unnoticed by the National Academy of Sciences, the National Science 

Foundation, our universities, and our great national laboratories. In the scie 
‘community, other than work on vaccines etc., itis largely "business as usual.” 


A New Manhattan Project Is Warranted 

Our need in the energetics weapons area is extreme, as are our needs in the 
‘medical area for quick, cheap, easy, and effective portable treatment of the 
coming mass casualties and our coming dramatic needs in energy. We do have 
superb scientists with the horsepower necessary to do something about it. The 
astounding, independent work of Sachs, the AIAS, and a few other scientists— 
‘which we stress has been unfunded—already clearly proves that. But unless we 
‘change the organized scientific community's normal rather snail-like pace—by a 
strong measure such as a Presidential Decision Directive and a declaration of a 
Nalional Emergency—the U.S. scientific community will overshoot the point of 
‘no return now approaching. 


‘We need a new Manhattan-type project. We need it very quickly. If we do not 
change and focus our present scientific procedure, then—all too shortly—litle 
that the scientific and intelligence communities are doing will be of value. We 
shall all be very, very dead or else in a new Dark Ages where most of the world 
economy has collapsed and freedom has largely disappeared from the face of the 
Earth, 

T. E. Bearden, Ph.D. 

Lieutenant Colonel, U.S. Army (Retired) 

President & CEO, CTEC, Inc. 

Director, Assoc. of Distinguished American 

Scientists 


2002 ENERGETICS WEAPONS THREAT TO THE U.S. 


T.E, Bearden 2000 
Updated Oct. 1,2002 


The U.S. Narrowly Escaped Energetics Destruction Twice in 
1997 


On two occasions in 1997 (latter February and on May Day), we were scheduled 
In be strategically attacked without warning and completely destroyed. Eerily, in 
public statements the leader of the Aum Shinrikyo sect (Figure 33) had 
foreshadowed the dates for the planned attacks, since his group was also 
involved—in fact, shooting down the TWA-800 (Figure 34) as advanced 
practice and stimulation of the U.S. to see if it knew what was afoot. Those two 
planned strategic strikes in 1997 were avoided only in the nick of time by 
actions of a friendly litte foreign country, which was the only nation on earth at 
the time that could counter the KGB quantum potential (QP) weapons. I am sure 
that proper U.S. agencies intercepted my urgent personal faxes to the Defense 
Attache in Washington, DC and directly to the Prime Minister of the nation 
involved. Actions by that nation did succeed in averting our destruction in the 
nick of time 
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Only five nations or national groups have quantum potential (QP) weapons, 
though one or more additional nations are almost certainly working on them and 
‘may even have them. First of the five is the KGB in Russia (the weapons are not 
in the regular Russian forces, and never have been). Second is the friendly little 
foreign country to whom we presently owe our continued survival. The third is 
Brazil (which has had a small and successful QP weapon program for some 
time). China deployed QP weapons in early 2002, and I recently found that at 
Teast one other friendly nation has them as well. I'm not too impressed with that 
other friendly nation, since they played no role in saving our bacon in 1997. It 
appears they did not actually know the coming attacks were imminent. They 
certainly do not have Causal System Robot weapons, nor do they believe such 
weapons even exist 


Initiation of the Brazilian Energetics Weapon Program 
Brazil implemented an energetics weapons program after it employed the 
repatriated Dr. Hellman, a German scientist taken to Russia after WW I along 
with the German radar team. Years after being taken to Russia, Hellman was 
repatriated and made his way back to Germany. In a news interview Hellman 
reported that he had worked directly on the development of Soviet secret EM 
‘weapons which could suddenly free/e large areas of the ocean surface. That of 


course is a scalar interferometry weapon, producing negative (converging) EM 
energy rather than positive (diverging) EM energy in their distant interference 


‘Also, when the U.S. made David Bohm persona non grata in the McCarthy 
witch-hunts, Bohm was later employed in lecturing and teaching in Brazil for 
some time. At the time our own scientists continued to pontificate as to whether 
they liked or could tolerate Bohm’s quantum potential and his hidden variable 
interpretation of quantum mechanics {3). Meanwhile, the KGB weapon 
scientists and the Brazilian Hellman project seized upon Bohm's hidden variable 
theory with alacrity as soon as he published his seminal paper. Those two 
‘weapon groups were already familiar with the internal longitudinal EM wave 
structuring of potentials, fields, and waves (Whittaker 1903), and immediately 
saw the fantastic weapons implications of a deliberately structured quantum 
potential, containing a specific “engine” as desired. Most of our scientists still 
are unaware of it to this day, and are unaware ofits formidable weapon 
implications when combined with Whittaker’s 1904 superpotential paper, his 
1903 potential decomposition, and quantum field theory. Most of our scientists 
stilladhere to the Bohr interpretation of QM, which excludes the normal, 
everyday, observable, ordered universe we all inhabit and observe."* 


‘The Bohm quantum potential is, after all, a scalar potential, and at least in theory 
it has a Whittaker biwave decomposition {68}. Even in the Coulomb gauge, the 
scalar potential has infinite velocity, as pointed out by Jackson." 


Several tests of the "cold explosion" Russian weapons referred to by Hellman 
have since been openly made. One major test seen by at least five jetliner crews 
‘was the anomalous rapidly rising cloud and subsequent extremely huge light 
globe (ABM energy shield) effects off the Kurils in April 1984 (Figure 35). Two 
excellent scientific articles on the physical phenomena observed in that incident 
are published in the prestigious journal Science {69}. We had explained the cold 
explosion phenomena and the ABM energy shield effects some years before that 
incident. Even ordinary superpotential theory {70} and longitudinal EM wave 
interferometry at a distance can substantiate the capability. We also positively 
confirmed by private sources that the scalar interferometry, the MindSnapper 
(negative energy EMP), and the cold explosion weaponry are real, 


'Sthis exclusion iscuphemistcally known asthe “missing chaos” problem inguantum 
‘mechanics and itis resolved in Bohn’ hidden variable approach 

"4. Jackson, Classical Electrodynamics, nd Edn, fn Wiley & Sons, New York, 1975. p 
222, 228. Usually the instantaneous scalar potential contributes only tothe near field 
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Related Phenomena 
1969 in Toronto, Canada, Sid Hurwich demonstrated a device capable of 
freezing" a pistol lying on a table so that the gun could physically not be 
moved and the trigger could not be pulled (71). For this exhibition of strong 
electrogravitation, general relativistic fields initiated by the EM force field 
(including the usually unaccounted Heaviside nondiverged component that 
Lorentz arbitrarily discarded) as the agent of spacetime curvature were used 
{72). The strength ofthe effect was attested by the fact that the hands of the 
‘observers’ watches all showed "no passage of time" during the half hour they 
were in the room with Hurwich's device operating.” 


Rapid development of that strong electrogravitational technology and 
concomitant energetics then proceeded in another nation. Weapons of such 
nature were then employed by that nation a few years later, in two well-known 
international incidents. Clear signatures of the nature of the weaponry utilized 
‘were present in those incidents. Details of these incidents will not be included in 
this paper. 


"We point out that tis is highly interesting ise, since it showed thatthe observers were 
‘operating ina different frame from tat ofthe watches andthe gun, which were “Izen". We aso 
point out that recently light selhas been “stopped” in quantum experiments, yielding something 
quite Similar 


Since the energetics weaponry already utilized special EM "hidden variables 
Bohm's hidden variable theory and quantum potential were directly adapted into 
the program to dramatically extend it into the development of quantum potential 
‘weapons. 


Stalin PersonallyInitiated the Soviet Energetics Program 
with the Greatest Urgency 


While Stalin was at the Potsdam conference, at the close of WWII, the U.S. 
‘exploded the first atomic bomb in the desert. Truman informed Stalin in general 
terms that a powerful new U.S. weapon had been successfully tested. Secretly, 
Stalin already knew of our atomic bomb progress, for he had a spy in the 
program, While he was still at Potsdam, he then secretly called the Director of 
the Soviet atomic weapons program and directed a speed-up. 


After we exploded two atomic bombs on Japan, the Japanese surrendered and, 
WWII was over. See again Figure 1. Stalin vehemently ordered his Academy of 
Sciences to produce the next great technical breakthrough at all possible speed, 
sincethe American atomic bomb had frustrated his plan to wait two years after 
the war while the West speedily disarmed, then march into Europe and take it in 
sixweeks. Now his massed troops could just be bombed back into the Stone 
Age by U.S. bombers using atomic bombs, 


A Great Technical Breakthrough in Physics Can Always be 
Had in Four Years 

The scientific community can have a great new technical breakthrough 
Whenever its furious and dogmatic resistance to innovative discoveries or the 
possibility of innovative developments can be suspended. All that is necessary is 
4 concentrated group of highly skilled, open-minded scientists, the money and 
facilities.and a strong headlock placed on the powerful but dogmatic scientific 
groups who would otherwise hamstring the program and destroy it 


"present day examples are (i) the cold fusion fiasco, where the U.S. scientific community h 
‘revealed furiasdeterminationtoignore more than 6O0successfulexperiments worldwide, (i) 
ilar uy against any and ll research into extracting EM energy from the Vacuum, even though 
all EM energy comes directly from the active vacuum via the proven asymmetry of source 
chargesand dipoles, i) violent suppression of proven “extended electrodynamics” methods of 
rapidly curing severe diseases, even in terminal stage (resistance to anything except “ut, dru. 
turn" and anything that would interfere withthe monstrous profits ofthe large pharmaceuticals), 
(Gv) continuing dedication to an electrical engineering model that doesnot even model or apply 
‘what powers an electrical circuit, (v) continuing esistance to quantum potential research and 
development, (i) slavish dedication to “big nuclear science", masive accelerators, dangerous 
‘nuclear power plants, anda "hot fusion WPA program eventhough mich higher energy physics 
than these programs advocate and use can be and is beiag done on the tabletop, using ume-energy 
insteadof spatial energy. and (vi) increasing "lock-up" ofall research funds into the organized 
hhierarehyspolitcally approved agenda. The community has deviated so far rom scientific 
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‘We proved it in the WWII Manhattan Project, where we went from nearly zileh 
to the operational atomic bomb in 4 years. But we did it only by secretly 
bypassing the conventional U.S. scientific establishment. Einstein wrote to 
President Roosevelt around the scientific community, and when the President 
approved and ordered the highly classified program, conventional scientists not 
‘on the project were just parked on the sideline and ignored so that the job could 
be completed. The naysayers were also muzzled because of the extreme 
classification of the project; they faced jail if they engaged in their usual ad 
hominem attacks and dogmatic eloquence. 


Further, today the "Skunk Works” approach repeatedly proves that bold new 
projects can be done, when the skilled scientists and facilities are mobilized and 
no adamant opposition by the conventional community is tolerated. 


Numerous examples of the U.S. scientific community's suppression of 
innovation and new technology can easily be furnished. Such are well known to 
any historian of science. Cold fusion, the amorphous semiconductor by 
Ovshinsky, the first laser papers, ultrawideband radar, Mayer's original 
conservation of energy law, Boltzmann's work, Wegener's continental drift, 
flight of heavier-than-air machines, the rocket as a great strategic weapon, and 
hundreds of other examples come readily to mind. Such suppression has been 
the major characteristic of the organized scientific community since its 
inception, as pointed out by numerous leading scientists and authors. As Planck 
stated, usually one gets a new physics only after the old physicists who so 
adamantly oppose itjust die off and get out of the way 


Today, the U.S. scientific community is in fact our "front line troops,” 
although—except for a litle lip service—the managers of the organized 
scientific community are blissfully unaware of it and have little or no sense of 
mission in out-of-the-box areas with respect to national survival. Its ironical, 
eg. that our orthodox scientific community does not even know what powers an 
EM circuit—energy extracted directly from the vacuum by the asymmetry of the 
source charge (considered in its modem view as a dipolarity) and by the source 


‘method in defending archaic theory in the face of experiments that fifi, thatthe ubiquitous 
Violation ofthe law of increasing entropy (second law of thermodynamics) by electrodynamics 
itself continues to be adamantly resisted using ad hominem and inflammatory atacks, slander and 
libel, and destruction of scientific careers of researchers, We fay are not geting our taxpayer 
‘money's wort from our present scientific community, and—barring 4 Staln-like shakeup fom 
{opto bottom —we are not going to get out money's worth in the future unless the community is 
forced to fee up funds for young graduate students and postdoctoral scientists wishing fo work in 


“out ofthe box” scientific areas. As Max Planck stated, “An important sien innovation rarely 
‘makes ite way by gradually wining over and converting ie opponents: it rarely happens that 
‘Saul becomes Paul. What does happen i that its opponents gradually de out and thatthe 
‘rowing generation isfamitarized withthe ideas rom the begining.” In other words, one 
oesnt get a scientific innovation until the old dogs so biterly opposing it just die off and get out 
ofthe way. This long-known and stated characteristic ofthe scientific community—is fierce and 


lnselenting resistance to change and ianovation—is pesenly the greatest teat. The survival of 


‘is nation 
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A Typical Example: The Suppression of Cold Fusion 
‘As an example, much of U.S. Science—dominated by nuclear factions since the 
adventof the atomic bomb in WWII—vehemently attacked cold fusion and the 
cold fasion researchers, including wholesale ad hominem attacks, with a 
Viciousness seldom seen in the history of science. Many dogmatic scientists 
declared the entre field at best a mistake and at worst a fraud. Even the 
character of many of the leading cold fusion scientists was openly impugned and 
the researchers were slandered and libeled. All this was done by conventional 
dogmaticscientsts who have not solved the fundamental source charge problem 
{10.12}, have no inkling that all EM energy in 3-space comes from the time- 
domain {10), and have not a clue as to what really powers every EM circuit. 
Since they also do not know where the electrical energy driving the chemistry 
actually comes from, they have no knowledge ofthe effects of time-energy in 
electrolyte solutions 


‘They also appear to have little or no knowledge of the implications of Evans’ 
and Searles’ transient fluctuation theorem” in thermodynamics showing to what 
degree the second law of thermodynamics can be violated and reactions can run 


in reverse, nor its extension to the micron (colloidal) size level and to two 
seconds in duration.”” If they did, then they would realize that the Coulomb 
barrier provided by repulsion of like charges (such as two H+ ions), often 
reverses into the attraction of like charges, with the barrier changing into the 
Coulomb attractor. This can last (by experimental proof shown by Evans et al.) 
up to two seconds, in a volume of fluid up to a micron in diameter. Hence it is, 
not "against the laws of physics and thermodynamics" to observe attraction of 
‘wo protons in an electrolyte so closely that each enters the strong force region 
of the other and the two form a quasi-nucleus. In the decay of this reversal zone, 
the preferred decay of the quasi-nucleus can be by quark flipping in one of the 
protons, yielding an atom of deuterium emerging from the decayed time reversal 
zone. Such results have been meticulously observed in many cold fusion 
experiments in multiple labs and nations, and by multiple researchers. Since 
these and other novel nuclear transmutation results are replicated experiments, 
(more than 600, in multiple labs, multiple nations, and by multiple researchers), 
it means that no amount of theory can refute them or the results, The harsh 
skeptics launching the frenzied ad hominem attacks are thus revealed as the 
‘unscientific bigots they are, since they ignore substantial experimental results 
that contradict the prevailing theory. The excess energy production and 
inexplicable new nuclides (Figures 21, 37, 38) obtained by these multiple 
experimenters are completely inexplicable by ordinary nuclear interactions in 
the accepted theory. 


+ Fennions time-reverse in even ©--@ 
numbers 
_ QO 


+ Aqueous solutions contain H+ 
ions, 
which are just protons 

* Quarks flip as TR zone fades 


+ Like charge 


(Hi + (Ht) > (on + 11) = 1H2 deuterium 
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© G. M. Wang, E. M. Sevick, Emil Mitag, Debra J. Searles, and Denis 3. Evans, “Experimental 
Demonstration of Violations ofthe Second Law of Themiodynamics fr Small Systems and Short 
‘Time Seales,” Phys. Revs Lert, (5), 29 uly 2002, 05060, 
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+ As TR zone decays, quasi-nucleus is 
usually in an excited state ©--© 
— Decay action starts from every point in 

spacetime inside the nucleons -@ O- 

— Moves from inside toward outside 
— Strikes the nearly free quarks frst 

+ Decay occurs by easy quark flip 

+ Quasi-nucieus transmutes to an isobar 


+ If quasi-nucleus is a stable state in a 
forward time zone, no decay occurs. 


iHo + 1H2 —> 2Hes 
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Meanwhile, the U.S. Patent Office has been instructed not to accept any patent 
applicationsthat would interfere with present nuclear planning. Positive cold 
fusion results have also been successfully obtained in several U.S. government 
laboratories, including at China Lake where very strange instrumental effects 
have the experimental team puzzled. I proposed an explanation of those 
anomalies in August 1998, and have included it in my book just published in 
September 2002 {73} 


Revolutionary New Processes Are Hidden in the Cold Fusion 
Experimental Results 
‘Once understood, cold fusionholdsthebreathtakingkey osystemsthat 


consume «tiny fraction oftime low itselfas.afuel to produce copious heat 
cenergy for the world’s needs. Unknown to the conventional scientists, of course, 
electrodynamics itselfalready does this, btit has just not been recognized and 
accepted. Transducing one microsecond per second oftime into transverse wave 
EMenergy will produce some 9x10"” watts of real electrical power, if all the 
transduced EM energy is intercepted and used. This is the real way to extract 
nergy fom the vacuum and use it cleanly and cheaply. 


To grasp such a notion, recall that the fundamental units used in physics are 
completely arbitrary. It is perfectly possible to express all physics in only a 
single fundamental unit—for example, the joule. Time then becomes totally a 
function of energy. So it is not so insane afterall to express time as highly 
compressed energy. Mass is also highly compressed energy. That concept is 
now familiar after Einstein, the nuclear age, and E = mc*. Time-as-energy is just 
as straightforwardas mass-as-energy, but it has just not yet come into 
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RF Current Meter 


Stop Guessing and Built This Simple Meter Making Measurements Easy to Take 


Why a Hand Held RF Current Mete 


There are two things that! wanted to do which would be 
made easy with a current mater... Both are related tothe 
Unusual nature of the antenna here al ACOC. 


4. Chacking common mode surface current on coax and 
contol cables up inthe atic antonnas, 


With the high cost of ferrites, placing them with tha aid of 
current meter is vary helpful in that you can compare 
the before (no ferrite) and ater (with frites attached) - 
and know thal you have addressed the currant problem 
fon a given bit of line 

‘Otherwise, It seemed to me, tha frit placement was 
more of a guess than a science, 


2, Measuring relative antenna currents along an element 


With the WEWWV RVM system, | can measure element 
currents where evar a current sensor is placed. This is typically atthe conter ofa dipole element 


However, the center may or may not be the actual high-currant point forthe element depending on the frequency. My 
EZNEC models can indicate where the current peaks are - and by locking along these Ines manually - comparing them 
with readings taken from the deven element, | can make currant checks even in non-standard location af the array. 


‘The meter described below accomplishes these two tasks Very nicely 


The design follows an old RSGB design that | found on GASEK's excallnt web site 
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recognition. 
‘The use of time as compressed energy, however, leads to some profoundly new 
types of electronuclear reactions presently unknown in particle physics. These 
new transduction reactions produce the new nuclides in cold fusion experiments, 
and generate the electronuclear interaction. We explain that in some detail in 
‘our new book, Energyfrom the Vacuum, previously cited { 10). 


When interpreted as using time-energy, cold fusion shows us the way to anew 
electronuclear regime of nuclear reactions where nuclei, elements, and 
compounds can just be directly assembled by comparatively weak (in terms of 
spatial energy!) electromagnetic interactions. Presently we have made 
substantial progress in understanding the fundamental mechanisms generating 
these electronuclear reactions, after presenting preliminary results in August 
1998, 


‘As one example, time-reversing a single fermion (a particle with spin 12, 3/2, 
‘tc. is precluded by the Pauli exclusion principle. But one can time reverse 1ivo 
ofthem, or any even number n, where they act asa semi-boson or group of 
semi-bosons. Simply put, ifatime-reversal zone is established momentarily in 
the region where like charges exist, then the n-uple fermion cluster can be 
achieved because the law of attraction and repulsion of charges is temporarily 
reversed (74,75). This unexpected “attraction of paired fermions of like sig 
will form quasi-nuclei in many cases, particularly in small clusters of two or 
four, etc. 


Hence two H+ hydrogen ions (two protons) in such a time-reversal zone in a 
fluid are drawn together into a quasi-nueleus, which actually isan excited 
isomer of deuterium (Figure 37). Time-reversal zones are temporary in cold 
fusion experiments due to the statistics of their formation and the transient 
fluctuation theorem (76} of thermodynamics. As the ime reversal zone decays, 
the quasi-nucleus of two protons is increasingly in an excited and unbalanced 
state. The excited-state diproron nucleus decays by flipping a quark in one 
proton, converting it to a neutron. That produces a neutron + proton nucleus 
‘hich isa deuterium ion, strictly by electronuclear means. Or four protons may 
cluster by "attraction in a time-reversal zone" and form a 4-p nucleus. That is an 
excited isomer of a helium nucleus. As the time-reversal zone decays, first one 
‘quark flips in one proton and then another quark flips in a second proton. That 
produces a helium nucleus -ic., an alpha particle. Or two deuterium ions can 
attract and form a quasi-nucleus (Figure 38). which is already an exact isomer of 

helium nucleus and thus easily decays into an alpha particle by simply 
'tightening” as the weakened strong force recovers faster than the Coulomb 
force can reduce, vanish, and resume in the opposite direction. The exact 
reaction equations for these reactions are given in my new book, Energy from 
the Vacuum {10}. 


We filed an Invention Disclosure on the process of forming and using time- 
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reversal zones to cause like charges to attract and unlike charges to repel in 
vacuo, in fluids, and in other media, resulting in the formation of semi-nuclei as 
excited isomer states of other nuclei, followed by decay into new nuclides. We 
will follow it with patent applications in the future. This represents a completely 
new kind of particle physics interaction presently not included in the textbooks, 
‘and not requiring high-energy processes. Literally thousands of new nuclear 
interactions—all permissibly violating the second law of thermodynamics 
because the statistics permit such violations and experiments prove it—are now 
possible. 


Cold fusion does indeed hold a new kind of nuclear physics in its hand—but a 
physics presently considered very alien by our orthodox nuclear science 
‘community. For decades nuclear scientists have been seeking ever more 

spatially energetic particle smashing, believing that extreme high energy nuclear 
reactions and transmutation cannot possibly be done with charged particles at 
low spatial energy. One is sympathetic to the scientists, because even the 
‘concept of "low spatial energy transmutation” itself sounds like an oxymoron. 
And it would be, ifone were limited to spatial energy alone, as is presently 
assumed by physicists. But one is also speaking of the neglected and 

compressed huge time-energy component of those low-spatial energy photons, 
and that is quite a different matter. The lower the spatial energy of the photon 
(the lower its frequency), the greater the amount of compressed energy 
transported in the time component as "time". The transposition of time-polarized 
EMenergy into longitudinally polarized EM energy—and vice versa—is 

already justified in quantum field theory. Use of that extremely high energy 
‘component by its transposition or partial transposition into spatial energy in fact 
provides a much higher energy physics interaction than present orthodox high 
energy physics utilizes, knows, or considers. 


Almostall the leamed scientists are thinking only of spatial energy, since that is 
the only kind they have been “taught” to consider. Hence, from their view (i.e. 
con the premise of their implicit assumption) itis perfectly "logical" to condemn 
cold fusion, since in their view, “cold” implies low (spatial) energy and "fusion" 
implies high (spatial) energy transmutation, What is unknown to the orthodox 
community is that the "cold” in cold fusion also implies "extraordinarily high 
time-energy". So with a litle transduction of highly compressed time-energy 
into spatial energy, "cold" fusion actually can imply “extremely high spatial 
energy made available by transduction” also. 


‘Asan example, the Chief Editor of Science recently had the courage (77) to 
publish results of sonoluminescence research reporting positive experimental 
transmutation results {78}. A paper was then published in Narure {79}. pointing 
cout thatthe (spatial) energy involved is insufficient for such nuclear 
transmutation temperature, thereby implying thatthe reactions reported by the 
first researchers are not possible. 


However, given formation of a time-reversal zone, this second paper is not 
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necessarily applicable to the sonoluminescence fusion process, because the 
paper is based on an unwitting two-part premise that (i) only spatial energy can 
be usedfor nuclear transmutation and (ii) no time-reversal zones exist to nullify 
that premise by having reactions (such as the law ofattraction and repulsion of 
charges) run backwards. That premise is already experimentally proven to be 
invalid by Evans et al., and it fails when the time reversal zone effect is 
considered. 


We strongly stress that thermodynamics—both in theory and as demonstrated in 
cexperiments—not only allows but predicts—for a certain fraction ofthe time— 
the formation and existence of just such "reversal zones" where the usual 
reactions run in reverse (76). Itis also experimentally proven (54). In that case 
a much higher energy—time energy—can be and is employed to convert the 
Coulomb barrier into the Coulomb attractor." We know now (from the 
experimental demonstrations by Denis Evans etal.) that such "reversal zones 
may be up to a micron in size and may endure for up to two seconds. The 
subsequent decay ofthat TRZ then allows the quasi-nuclei temporarily formed 
In itto decay by quark flipping alone, allowing the quasi-nucleus to easily 
‘ransmute into a perfectly well known nuclear reaction product 


To quote Arthur C. Clarke, when a learned scientist says something is possible, 
he is probably right. When he says something is impossible, he is probably 
wrong, 


Impact on Soviet Scientific Management's 


Response 


Stalin was a powerful dictator. He simply killed or jailed those who opposed his 
will. So after his blunt order (Figure 1) circa latter 1945 to find a great new 
technical breakthrough area quickly. his Academicians and high level science 
‘managers were faced with a severe dilemma: They could not afford to oppose or 
criticize a vigorous search for new innovations and a great breakthrough, and 
they could not remain passive. Their very lives depended on they themselves 
personally finding such a breakthrough in great haste and presenting itt 
‘Stalin, They had to actively spur the efforts of their most outstanding 
subordinates and Soviet science itself, or suffer dire personal consequences. 
Siberia and prison camps loomed for the lot of them unless they produced. 


To put it bluntly, Stalin "got their collective attention” and their "whole-hearted 
support.” Those few who resisted simply were shipped post-haste to the 
notorious prisons of Siberia, and worked to death in short order. 


2 We strongly point out that, when the reactions run backward and aegentopy appeats in those 
reversed regions the conservation of energy law is violated unless time-energy i being converted 
to spatial energy” Ether we must begin accounting time as energy, of we must give up the 
conservation of energy law ill, The obvious soliton isto account the time energy being 
Utilized, as well as the $space enery. 
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So the highest-level Soviet scientific managers now desperately demanded of 
their subordinate scientists anvthing—anvthing at all—that was novel and had 
breakthrough implications. An almost convulsive national scientific effort was 
launched immediately, with hardly a detracting voice. A great team of the very 
best Soviet scientists was rapidly formed and methodically searched the 
scientific literature of the world from beginning to end. Nothing even remotely 
like that search and review has ever occurred in the West. 


Forexample, one great technical center set up by the Soviets had a staff of about 
2000 Ph.D.s with associated translators, staffs, etc. The Soviets purchased and 
hauled in copies of all the scientific literature of the West—by the shiploads—to 
such centers. Their scientists then methodically went through the material, 
journal by journal, paper by paper. page by page. There are and always have 
been myriads of innovations and discoveries sitting on the shelf in the scientific 
literature, never followed up, or opposed by standard models and credos. The 
first tier of reviewing Soviet scientists was composed of excellent scient 
‘They skimmed out the “cream” into a select pile which the second tier then 
analyzed in depth. The second tier was composed of the best nonlinear scientists 
in the world—the "superscientists." 


‘They were seeking new principles ofnature that could rapidly be developed into 
highly advanced technology, and they found them—sitting there in the literature, 
already pointed out, and long ignored by the Western scientific community. 


Shorlly Stalin had his great new breakthrough area emerging, and they had their 
heads. 


Our Own Science Community's Progress During These 
Decades 

For decades foundations physicists (Bunge, Feynman, Wheeler, Lindsey, 
Margenau, etc.) in the U.S. have repeatedly pointed out the substantial 
foundations problems in electrodynamics. Nobelist Feynman and the great John 
Wheeler tried to "fix" the problem whereby electrodynamics sill erroncously 
assumes fore fields ina space filled with a material ether (unit point positive 
charge, unit point north pole, and unit point mass assumed at every point in 
space). Unfortunately they failed, primarily because their absorber theory {80} 
contradicted the photon hypothesis and hence quantum mechanics. 


Meanwhile, our own National Science Foundation and National Academy of 
Sciences has directed only minimal work on correcting electrodynamics and 
dramatically extending it. Faraday and Maxwell—as did every other scientist at 
the time—rigorously assumed a material ether. Maxwell's equations also 
implicitly included that material ether assumption. They still do, even after 
Heaviside's truncation and Lorentz’s symmetrical regauging, because none of the 
Maxwell-Heaviside equations were changed to eliminate the material fields in 
space (material ether) assumption after the Michelson-Morley experiments 


FER OF LANCE 
a 


falsified it 


Every major university in America still teaches that implicit material ether, even 
though it was falsified over a century ago. That is an exact measure of the 
caliber of "foundations" work our own scientific community does if let alone 
In more than 100 years, they have not even chosen to root out the material ether 

from electrodynamics. 


gue 39 Thi plted and string planet Det este Scifi ommunay's 
darn esas fo upgrading esl aecedynamis and atc engnesg 


‘The prevailing flippant attitude is that, "Well, your TV set works, doesn't it?” 
Yes it does, but we also do not have practical electrogravitation and inertial 
propulsion, nor do we have cheap clean EM energy from the vacuum. Instead, 
‘we have a severely polluted planet (Figure 39), ever increasing deaths from 
biospheric fumes and polluting byproducts, increasing destruction of species. 
and a monstrous unleashing of far more coal and hydrocarbon burning in our 
near future while the world tears itself apart and destroys its economy and 
civilization in a rising series of oil and energy wars. The direct responsibility for 
that mess lies directly with the scientific community and its fierce resistance to 
innovative research and development, and changing a century-old, long 
outmoded classical EM and electrical engineering model. 


‘Wryly put, its high time we "got the lead out" of EM field theory, where the 
lead is the material ether and other non-sequiturs cluttering the theory 


Such drastic modeling errors would not be tolerated of government-funded 
aerospace engineers and contractors developing a new missile system. So it 
should be equally intolerable in the government-funded scientific community 


and in fact in the civilian scientific community as well, and it should not be 
tolerated of either the National Academy of Sciences or the National Science 
Foundation. 


Einstein (81) said it perfectly, as follows: 


the scientist makes use ofa whole arsenal ofeoncepts 
which he imbibed practically with his mother's milk; and 
seldom ifever is he aware ofthe eternally problematic 
character ofhis concepts. He uses this conceptual material, 
‘or, speaking more exactly, these conceptual tools ofthough, 
‘as something obviously, immutably given; something having 
4an objective value oftruth which is hardly even, and in any 
case not seriously, to be doubted... in the interests ofscience 
it is necessary over and over again 10 engage in the critique of 
these fundamemal concepts, in order that we may not 
unconsciously be ruled by them. " 


Upholding and perpetuating flawed electrodynamies models seriously impedes 
the progress of scientific development and revolutionary new technology." At 
some point, one must legitimately question the upper management of the U.S. 
scientific community for not modifying classical EM and electrical engineering 
to include the active vacuum exchange with every charge and EM system. In not 
doing so, they continue to advocate perpetual motion source charges, creating 
energy from nothing, on a scale unparalleled in history. 


It is little wonder that we do not have electrical power systems that successfully 
and freely utilize more than a tillionth of the vacuum energy they freely extract, 
from the local vacuum. There is not now and there never has been a single 


® uy, the conventional electrodynamics model assumes that every source charge freely creates 
nergy out of nothing at al, and pours this energy out continuously in all directions, thereby 
establishing its associted EM fields and potentials at light speed, reaching out across the 
Universe. From the 1960s alone, the toal assumption of inredibly vast numbers of perpetual 
‘motion machines has been carefully hidden frm the new students, so thu today even many 
profesors do not realize that in their model all EM fields and potentials, and every joule of EM 
nergy inthe univers, are assumed tobe ereated by avast assortment of perpetual motion 
‘machines called Source charges. That problem has not been solved in electrical engineering or in 

<lassical lecttodynamics, and ifthe scientists have their Way, its nt going to be solved. Ye the 

‘basis foritssolution—the asymmetry of opposite charges suchas the dipolar (nthe mode 

View) ofa source charge—has een in partite physics since 1957, with the award ofthe Nobel 
Prize to Lee and Yang in December ofthat yea. 

‘One Keeps one's sense of humer. The raucous skeptic and “defenders ofthe orthodox EM. 
‘uth who so noisily denounce legitimate COP>1,0 EM system researchers as "perpetual motion 
nuts’ are themselves unwittingly the greatest perpetual motion nuts ever recorded in histor. 
Further, they are so ignorant of what their present model actually means hat they do not even 
know it Its one thing t be ignorant and to recognize its quite another thing to be ignorant 
and soignorant one does not know it—45 years after broken symmetry was rigorously 

‘stablished experimentally by Wu and her colleagues, and the Nobel Prize awarded 10 Lee and 
Yang. 


electrical engineering department, professor, or textbook that knows what 
actually powers an EM circuit—real observable EM energy extractedfrom the 
local seething vacuum by the source charges and the source dipolarity 


Since our scientific community cannot seem to make such a simple change (as 
including the active vacuum’s interaction with every charge and the charge's 
broken symmetry in that interaction) even 45 years after the basis for that 
change has been resoundingly proven in particle physics, our national survival is 
at stake and the nation itself is seriously threatened by the superweapons 
developed by the KGB over the last five decades. We would have already been 
totally destroyed—twice in 1997 alone—had it not been for the intervention of a 
friendly litle foreign nation. My colleagues and I played a very small alerting 
role in those affairs, so we are speaking from experience, not from extrapolation, 
We would be quickly destroyed today, were it not for the continuing "balance of 
terror” provided by the little nation, 


US. Scientists Have Committed Monstrous Crimes and Gone 
Unpunished 

Rather sadly, we also point out another thing that has to be said: scientists are no 
more moral or immoral than any other slice ofAmerican citizens. A percentage 
of scientists is capable of committing horible scientific crimes, as distasteful 
such a statement may be. That includes the deliberate experimentation on 
humans, resulting in deaths. In shor, atleast manslaughter and perhaps even 
murder, since knowledge ofthe probable results was there beforehand. 


One would think U.S. scientists would never scientifically condone and perform 
‘experiments leading to mass deaths for 30 years (i) as they did in the Tuskegee 
case in Alabama. Over 400 poor blacks were supposedly treated for syphilis, 
‘while actually not being treated at all, but were deliberately tricked and allowed 
to rot with syphilis so our "ethical" scientists could watch how their brains 
decayed, so to speak. Over 100 of those poor blacks died with the disease while 
the scientists cold-bloodedly watched them expire and kept meticulous records. 
(Or (i) as they did in the case of whole body nuclear radiation for 30 years— 
again by trickery, deceit, and illegal use of security classification to hide these 
acts—of helpless retarded children and others, some of whom also died. 


Once these heinous incidents were exposed publicly, the political power of the 
scientific community is such that no scientist was ever indicted or triedfor these 
heinous mass murders, and none is going to be. The scientific community has 
znot fiercely called for punishment of these mass murderers amongst their 
midst—guilty of precisely the same kind of horrible actions for which we tried 
and executed war criminals at Nuremberg. 

Incredibly, the President of the United States formally apologized for these 
incidents! He did not turn the case over to the Justice Department for 
prosecution of high crimes against humanity and mass murder, as would have 
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been done for ordinary citizens. Had a single doctor in his private clinic done 
such things on his own, he would have been arrested, summarily tried, and either 
sentenced to life in prison or executed. 


‘The sad thing is that there was really no sharp clamor from the scientific 
community to bring their fellow scientists to justice, a la Nuremberg. By their 
silence, the organized scientific community showed a side that scientists are 
Toftily not supposed to possess. So long as the scientific community continues to 
tolerate those mass murders ofAmerican citizens and not callforjustice, then 
Just so long do they stand convicted by their own resounding silence and 
inaction. 


We cite these painful incidents (there are others!) to point out that one must not 
deify the scientific community. The conduct of science is no better and no worse 
tan the conduct of human affairs in other areas. Science is also a big business, 
and it has its moral scientists and its immoral scientists. It does its moral 
business and it does its immoral business. 


We painfully submit that both sides ofthe scientific character must be 
considered, when one examines such things as the tolerance or intolerance of the 
scientific community todramaticinnovation and "outofthe box" research. We 
have to consider it now, because it has become a serious threat to the continued 
survival of our nation. The conduct of scientific affairs will unavoidably include 
suppression, maneuvering, spin control, and fierce struggle for power and 
funds—such is in the very nature of human beings, and it is present in the 
scientific community on a bell-shaped curve as in all other human communities. 
It is ongoing widely today, and to an uncomfortably large extent much of 
science hasbeen captured and effectively controlled by controlling the scientific 
funding and prescribing what research must be done for the funds available. 


As the French say, "The more things change, the more they remain the same.” 
Science is till the same way asit was when Planck made his famous statement. 
It will still be that way tomorrow, and a century from now. As with any other 
ig enterprise, it has to have checks and balances imposed and enforced on it 
from outside—by the government itself. Little or no indication exists of that 
hhappening in the near future, until we get something like an anthrax spray attack 
on a large city, and have a million or more Americans dying in the streets. 


Energetics: New Principles of Physics and How the Soviets 
Found Them 


Under Stalin's whip, the Soviets particularly sought anything that indicated 
possible new principles ofnature. It is no accident that Nobelist Petr Kapitsa 
later informed Nikita Khrushchev that a means of total neutralization of foreign 
missiles could only come from a group ofnew principles in physics called 
‘energetics. A group of new principles is precisely what energetics is. So if our 
scientific and intelligence communities wish to understand energetics, they must 
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first understand the new principles itis based upon. They cannot just simply 
apply ordinary electrodynamics and "business as usual” as they have largely 
done. The massive Soviet scientific search program spurred by Stalin is where 
those new principles came from. 


‘When the first tier of Soviet review scientists found something that had not been 
followed up, and saw that it had significant implications if found valid, that 
paper was laid aside into a "select" pile. That select pile then went to the "super" 
scientists, for full-blown review and analysis by some of the brightest and 
sharpest minds on the planet. 


‘The Russians came up almost immediately with Whittaker's 1903 and 1904 
work, That work shows a hidden electrodynamic longitudinal EM wavepait 
structure (in phase conjugate pairs) inside the scalar potential and comprising it 


This is a dramatic extension of electrodynamics to incorporate a full-infolded 
general relativity infolded inside the electrodynamics. Whittaker showed that 
scalar potential functions in interference already create all the "normal" fields 
‘and waves anyway (the beginning of superpotential theory). This novel 
interferometry and its inherent capability for action-at-a-distance did not elude 
the Russian superscientists. The superb Soviet scientific team came up with that 
and with much, much more, 


Nothing like the comprehensive, intense review of the entire scientific literature 
hhas been accomplished by the U.S. scientific community. Nothing like itis 
being done now. 


Longitudinal EM Wave Interferometry Energetics Was 
Almost Immediately Uncovered 

At the end of WW Il the German radar team and infrared team were taken to 
Russia, Both teams were years ahead of their Westem counterparts 

One of my close colleagues has validated thatthe German radar team hal some 
severe instrumental anomalies while sil in Germany. We think ths is what they 


In WW II the Germans invented radar absorbing materials, to coat their 
submarine snorkels and prevent Allied antisubmarine warfare bombers from 
tracking the snorkels and destroying the subs. A wide variety of highly 
nonlinear, doped materials were investigated. In addition to single beam radar 
cross section, the Germans also examined the materials in multi-beam 
illumination circumstances. 


It appears that, in some multibeam experiments with some materials, conditions 
‘were just right so that the mult-illuminated absorbing material acted as a 
pumped phase conjugate mirror (PCM), and wave-to-wave interactions 
‘emerged. This meant that the absorber material PCM would suddenly gather up 


all the energy in the pumping beams, use one of the other beams as a signal 
input beam, and fire an amplified retroreflected pulse right back down the signal 
input beam, wrecking the experiment and creating havoc in surrounding 
equipment. 

When the German radar team went to Russia, their knowledge of these 
anomalies went with them. In the desperate Russian scientific climate to find 
Just such anomalies, this starling and anomalous phenomenon would have been 
cexhaustingly examined and studied, once the German radar engineers got to 
Russia to their new laboratories. 


In short, it appears that the Russians quickly came up with what today is called 
“nonlinear phase conjugate optics,” but first in the radar band rather than 
optics." So before 1950, it appears that the Russians already had working phase 
‘conjugating pumped phase conjugate mirrors for the radar bands and in other 
bands. 


Fisher {82} details that we Americans did not “stumble onto” practical phase 
conjugate optics experiments until Russian physicists briefed Lawrence 
Livermore National Laboratory scientists in 1972 about the strange wave in 
‘many’ oftheir optical experiments that "came out of nowhere and restored order 
from disorder.” At that time, the KGB energetics weapon scientists had known 
aboutphase conjugate retroreflection and its amplified pumping. for more than 
20 years. Indeed, the first giant strategic scalar interferometers had already been 
eployed and utilized to kil the U.S.S. Thresher nearly a decade earlier (Figure 
6. 


By 1950 Russian Energetics Was Off and Running 
By the beginning ofthe 1950s, 


Russian scientists under iron KGB control 
‘wer already experimenting with "scalar potential interferometry” at a distance, 
4 Ja Whittaker 1904. Here transverse EM waves, EM fields, and EM energy— 
either divergent (heating) positive energy or convergent (cooling) negative 
‘enery—could. be readily created ata distance {83} (Figures 40 and 41). 

Further, the longitudinal EM wavepairs used in this interferometry had the 
marvelous characteristic of easily penetrating right through the earth and ocean, 
with only a litle intervening interaction, given thatthe LWs are sufficiently well 
made (84). The interferometry "beams" can and do also move superiuminally— 
again, right through the earth and ocean. 


“Ofcourse, they wouldalsohaveinvestigateditatallother bands aswel, 


tik pe Lance 
” 


sors1/2017 


‘current indication I needed, 


Construction Details 


RF Current Meter 


Once parts were in hand, construction was very easy an 
took perhaps an hour 


No altompt was made to beauty the work - its 100% 
ofentated toward functionally and uty 

| had @ 100 UA meterin the junk bax along with the other 
parts needed and orienting them on the back-side ofthe 
mater was really the most tme consuming aspect 


The switch is held in position with hotglue, And a bit of hat 
alue is applied to the meter terminations as a safely 
Precaution justin case | were to brush the motor up 
‘against something carrying high levels of current, 


Wraps around the toroid were made with wiresweap type 
wite, 30 Gage, 


‘Selection of th torid used was based on wha would 
physically around the RG-213 sized cable and could be 
‘easily opened and closed. 


The rubber band shown inthe picture makes for avery 
conveniant closing mechanism -and Ina lol of 
fappleatons, simply hold the toroid closed with my finger 
pressure which makes moving the mater along a wie - 
land maving from cable fo cable - vary quick and easy, 


For more ideas, chack out Frank N4SPP's very nice RF current metar found HERE. 
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Its not accidental that Admiral Gorshkov, head of the Soviet Navy, would later 
bluntly state: "We have made the oceans ofthe world transparent.” And so they 
had, 
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By 1950, the Russian scientists were experimenting with deliberately creating 
and phase conjugating longitudinal EM waves, forming phase conjugate 
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wavepairs. They then assembled the desired (mathematically calculated) sets of 
those waves, adjusted frequencies and magnitudes, phasing, etc., to produce EM 
potentials having a desired deterministic internal spacetime curvature set 
(internal spacetime engines) and dynamics, 


As a result, by the mid-50s Russian weapon scientists were already 
experimenting in bioenergetics with the direct inductance of diseases and health 
changes via the transmission into human targets of such “internally structured” 
EM potentials, fields, and waves. They were also experimenting with the 
production of EM energy, potentials, fields, and waves at a distance, directly 
through the earth and the ocean. Either heating (energy flow divergence) 
(Figure 41) or cooling (energy flow reconvergence) (Figure 40) could be 
produced at will in the distant interference zone, merely by altering the bias 
voltage on the chassis grounds ofthe interferometer’s transmitters. Rapid 
switching between the exothermic and endothermic modes thus was 
straightforward {85}, as demonstrated (Figure 35). 


By the latter ‘50s, longitudinal wave interferometry weapons had already 
emerged from advanced engineering development and were in full production 
‘engineering toward deployment. The LIDA device (86) and even more 
advanced versions for directly affecting the human mind and its state of 
‘consciousness had emerged in psvchioenergetics as one class of devices rather 
openly released and utilized. The LIDA uses structured EM microwaves (87) to 
induce a hypnogogic or cataleptic type of trance-like state in either a human or a 
cat. as tested years later by Dr. Ross Adey of the U.S. Early prototypes were 
purportedly used against our prisoners in North Korea during the Korean War to 
assistin their brainwashing by their North Korean Captors. Prisoners reported 
that its effects were irresistible. 


‘Meanwhile, energetics weapon testing in several major modes was being 
conducted, particularly from Soviet research ships over remote regions of the 
‘ocean and at night. Descriptions of such tests—many of them seen by passing 
ship's captains—can readily be found in the open maritime literature. We 
gathered and published many such incidents and cited references. 


Deployment of the Soviet Energetics Weapons and Their 
Quick Use 


In January 1960 Khrushchev spoke obliquely ofthese “fantastic” new 
superweapons, just within the portfolio ofthe Soviet scientist, soto speak, in an 
Important speech to the Presidium. Parts ofthat speech were reported in the New 
York Times (88}. No one in the West knew what Khrushchev was talking 

about. Our intelligence community, which bases many ofits assessments on the 
tired old phrase "We have no evidence that." simply treated it as propaganda, 
1t wasnt, and the U.S.S. Thresher was to be destroyed (Figure 6) three years 
laer by that same weapon Khrushchev was speaking of 


Khrushchev began rapidly inserting long-range missiles and nuclear warheads 
into Cuba in 1962, precipitating the Cuban Missile Crisis. Kennedy knew 
Khrushchev's strategic bombers and rockets were in horrible shape, due to direct, 
information received from Colonel Oleg Penkovskiy, a Russian spy in our 
employ courtesy of British Intelligence. No one knew of the superweapons, but 
they were not yet operationally ready in Oct-Nov. 1962. So Kennedy called 
Khrushchev's bluff and faced him off. Blustering awhile to obtain U.S. 

assurance that it would not invade Cuba, Khrushchev was forced to back down 
and withdraw the missiles. In his exuberance he had simply moved too fast in 
inserting the missiles into Cuba. Had he waited a few months later, the strategic 
superweapons would have been operational and ready. Any U.S. naval 
blockading force would have thus faced quick and eerie destruction or disabling, 
as was soon to be demonstrated in the case of the U.S.S. Thresher and its surface 
companion, the U.S.S. Skylark. 


This severe loss of face by Khrushchev, before the Communist Party, made it 
imperative that he do something quite dramatic to stay in power, and do it as 
quickly as possible. 


Khrushchev's first large, full-up, strategic longitudinal EM wave energetics 
interferometer weapon became operational on site by April 1, 1963. A few days 
later, Khrushchev employed it to kill the U.S.S. Thresher atomic submarine 
(Figure 6) underwater off the East Coast of the U.S. By simply creating EM 
noise in an interference zone placed on, in, and around the sub underwater, and 
thus jamming the sub’s electrical controls so that it could not be controlled, the 
helpless sub sank to crush depth and imploded. The U.S.S. Skylark on the 
surface had multiple systems seriously jammed or rendered nonoperational. This 
‘was the Russian deception plan, to have the kill of the sub resemble an accident. 


One day alter the successful clandestine kill of the Thresher, the same weapon 
‘was used to demonstrate a powerful underwater electromagnetic burst 100 miles 
north of Puerto Rico (Figure 42). The energetics underwater burst equaled a 
substantial deep underwater nuclear explosion in size. The burst was seen by a 
passing U.S. jetliner erew and was reported to the FBI and the U.S. Coast Guard 
when the aircraft landed in Florida. A colleague interviewed the co-pilot of the 
aircraft, and relayed the interview information to me. 
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Why the Soviets Could Continue to Attack and Kill U.S. 
Targets with Impunity 
Ironically, Khrushchev clearly demonstrated the inability of US. science to 
comprehendithe numerous test incidents of Soviet LW interferometers, 
including the actual destruction of strategic U.S. targets (our latest and greatest 
nuclear attack submarine!) right off our coast. The greatest strategic weakness of 
theUS.—andthe thing hatmay yetcompletelydestroyallofus—isthe 
continuing snail-lke pace of US. scientific progress in revising, correcting, and 
cexaning its seriouslyflawed classical electrodynamics model. This scientific 
inertiaplaced us several decades behind in development ofdefenses in the areas 
of longitudinal EM wave weapons, quantum potential weapons, and causal 
systemweapons.Itcounteredourstrategicnucleararmadafortwodecades. We 
were forsome time analogous tothe Spanish Navy with its wooden ships, when 
it faced and was destroyed by American steel ships. Hopefully atleast some 
‘moremodernworkhasnowbeenaccomplishedinhighergroupsymmetry 
électrodynamics, so that we are not quite as defenseless as weformerly were. 
But we still have a very long way 0 go. 


When one performs a standard strategic analysis on a nation, one of the areas 
examined in depth is called national style. One ofthe major characteristics in the 
ULS. national style is that we do not react to slowly increasing threats or changes 
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(Figure 43). That style particularly applies to the scientific community. Because 
oft, the Russians knew that our government only inches forward in achieving 
new basic science. We run at enormous speed, doing applied science. We are 
essentially Romans and great engineers. We are largely not Greeks and not great 
esthetics discoverers. We also will just ignore new threats ifthey emerge very 
slowly and are only gradually perceived, and we will hide behind that infamous 
phrase, "We have no evidence that...” 


[Americans tend not to reactto slowly inereasing things, 
bout react to rapidly increasing things. 


Fire 43 eres natonal se: we dnote sow reas Pets. 


In short, we react to the coiled rattlesnake, not to the boa constrictor. We are 
now in a Jong, bloody, costly war against terrorism because of that very 
characteristic of our national style. For decades, the slowly increasing 
infiltration of terrorists and their weapons was just ignored. Oh, yes, the official 
"threat studies” pointed it out, placidly.** But no one got very excited about it. 
‘The prevailing attitude was that "Ah, yes, but nothing like that will happen on 
‘my watch! 


‘As clearly demonstrated by their successful decades-long radiation of the U.S 
Embassy in Moscow, the KGB chess masters knew that, if the test kills using 


* Indeed, ifone will look atthe threat studies prior to William Cohen taking office as U.S. 
Secretary of Defense, one will find widespread complacency about the terrorist threat, and mostly 
just ip service to it. Ie was definitly not very important to most of the intelligence and scientific 
‘community. Cohen built ire under the entire treat community, forcing them to get their at 
together and start actually studying the terrorist threat asymmetrical warfare capabilites and 
dangers, and what could be done about it. He did force the research and threat communities to do 
a.creditable ob of studying i, and to publish reports detailing i Unfortunately, the tenor ofthe 
Political community outside SeeDef Cohen's control was basically “business a¥ usta not 10 
worry.” September 11, 2001 changed all that forever. Once again we had waited until the 
ratlesnake stuck and actually Bt us, before the nation rose up and paid attention 
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their superweapons were not too often repeated, and if they even vaguely 
resembled other things known in the world, the U.S. scientific community and 
government investigators would resist all suggestions of Russian superweapons 
‘and super technology using new principles of nature. And so would our 
intelligence community, since they rely on the scientific community for their 
scientific assessments. They were well aware of our historical ostrich" position 
(Figured4). 
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‘The KGB deception just depended upon the U.S. tiger to keep its stripes and 
exhibit its normal reactions or lack thereof. They also utilized (i) a series of 
strategicdeception plans, deliberately designed to perform the tests suggestive 
of discredited phenomena such as UFO reporting and "lights at night” types of 
things, and (ii) a continuing series of subtle and anomalous stimuli (probes) 
designed to rather slowly attract the attention of U.S. Government athigh levels, 
and of state-of-the-art U.S. government scientific contractors as well. The trick 
‘was not to attract U.S. attention 100 suddenly or too strongly. Show them the 
slow boa constrictor, not the lightning-fast rattler, and see how they reacted, if at 
all. By their reactions, the KGB could assess whether or not the U.S. 
government, intelligence, and scientific communities understood what was 
happening, 


Precisely as anticipated by the KGB, we showed them forsome decades that we 


really had little or no comprehension of the superweapons and their testing right 
over our heads. Even today, at least in the open community there is stil litle 
recognition, even of the violent weather war raging right over our own heads 
since July 4, 1976 and easily recognized."* 


‘A case in point was the deliberate induction of diseases and health changes in 
US. personnel in the U.S. Embassy in Moscow for over 40 years (Figure 11) 
On a continuing basis, this excellent intelligence probe showed (by the U.S.'s 
actions of lack thereo! that we knew nothing about energetics 


Another KGB probe method was to kill a target once in a while, such as a 
jetliner or a submarine (deliberately rather seldom here, because the U.S. 
‘military would react if certain frequency threshold were exceeded). Such kills 
resemble or can be posed as natural accidents or terrorist incidents. Quite a 
number of such incidents have occurred over the last three decades. The 
National Transportation Safety Board (NTSB) does not have higher group 
symmetry electrodynamics in its knowledge base or on its "checklists", nor does 
ithave scalar interferometry, psychoenergetics, bioenergetics, or quantum 
potentials. In total, the results of deliberate stimuli of the U.S. continually 
assured the KGB chess masters (with 100% certainty) that we were a complete 
novice in the energetics game, and we were a lamb increasingly ready for the 


slaughter. 


‘The major contribution to the continued success of these deliberate measures by 
the KGB has been provided for decades in the ‘nonreaction ofour own 
scientific community to slowly increasing threats." To a lesser extent, our own 
intelligence community has also not focused sufficiently open-minded and 

highly qualified scientists to comprehend what is occurring in “new principles of 
nature” phenomena. "In the box" electrical engineers with Bachelor of Science 
degrees often are the analysts who analyze and assess such “out of the box" 
phenomena. Good luck! 


(Ordinary radar engineers may analyze an ordinary radar rather well. They will 
never, never become aware of a radar beam carrying infolded spacetime 
curvature engines. Such is not even in their lexicon or in their belief structure. 
‘They have no understanding or experience at all with longitudinal or time- 
polarized EM waves—most have never even heard of time-polarized EM 
waves. Mention curvatures of spacetime and their dynamics as deliberate 
“engines” impressed inside EM fields and potentials and waves, and one gets a 
glaze right over the eyes of the intelligence analyst recipient. 


Westem science conceives the mind as a meat computer, and does not 
understand that mind operations are totally electromagnetic and causal, but 
nonphysical—meaning in the time domain rather than in 3-space. Mind 


® The weather war over our heads as heen particularly violent, and violently resisted, this year 
(2002) 
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‘operations primarily use time-polarized EM waves rather than the transductions 
into transverse EM waves that the scientists actually measure. Hence Western 
science has not the foggiest notion as to what Russian psychoenergetics is all 
bout, or how it can even "be." Certainly Wester science has had no notion of 
deliberately creating time-polarized EM waves for direct engineering within the 
‘mind itself and within the mind's time-EM operations. 


‘As Arthur C. Clarke puts it in his "third law, 
technology is indistinguishable from magic 


\ny sufficiently advanced 


Our long fascination with our "normal" (optics, IR, UV, radar, COMINT, 
satelite photography, etc.) technological intelligence collection systems will 
certainly not lead to any great breakthrough understanding of Russian energetics 
‘weaponry. That could only have come through HUMINT or COMINT. 
HUMINT is an area which, in the past, we have mostly just neglected or given 
lip service to for decades—and that came back to bite us severely on September 
11,2001. Even when we use HUMINT, it will not yield energetics results if the 
‘managers and directors themselves (and the agent handlers in the field) have no 
understanding of it and do not even know the proper questions to ask. And the 
system will not deliver results if the Intelligence Collection Requirements do not 
address the proper issues because ordinary electrical engineers and conventional 
electrical physicists having no inkling of psychoenergetics, or how it works, 
drew them up. 


COMINT, on the other hand, suffers from its own extraordinary prolific 
output -as well as by only conventional analysts and conventional scientists 
examming it, Warehouses of COMINT information often have noteven been 
read in any way except a casual glance by a junior analyst, and certainly have 
not had serious foundations scientists examine it in detail. ELINT does a litle 
better insofar as a human analyst looking at it, but then what is a conventional 
electrical engineer or radar engineer to make of a giant hemispherical globe that 
slowlyforms and expands from a tiny "seed bubble" of intense glowing light 
that appears (Figure 35), as it did off the Kurils in April 1984? What will he 
label it? "Light phenomena?” Where are the technical descriptors of the actual 
process forming the phenomenon? Where are the implications as to the strategic 
niltary use of such phenomena? The reader can see the point. For decades our 
analysts ignored prolific reports of such incidents by the hundreds. Why, 
‘everybody knewitwasglowingswampgas! 
‘One cannot even write a proper "intelligence collection requiremer 
‘not understand the basic phenomenology. Soessentially noone in US. 
intelligence was writing the proper intelligence collection requirements. 


‘one does 


TheScience Behind the Soviet Energetics Weapons 


‘The science behind these weapons is called energetics. (See again Figure 8.) 
Energetics consists of three branches, depending upon the nature of what is 
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being targeted. The branch targeted against nonliving matter is just called the 
same name: Energetics, Targeted against living cells and biological material, the 
nervous system, ete., that branch of energetics is called bioenergetics. Against 
the mind and its functions (which are time-like and thus involve scalar photons 
and time-polarized EM waves), energetics is called psychoenergetics {89}. See 
Figure 45. Psychoenergetics includes both the conscious" and unconscious 
mind™ of the individual—and even Jung's collective unconscious mind” of the 
entire human species (90), and in fact even the collective unconscious mind in 
all species on earth, which corresponds to Lovelock’s Gaia concept. 
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‘We remind the reader that we are talking physics, not metaphysics and not 
mysticism, Strong Soviet physics developments over a sustained period have 
‘occurred in all three energetics areas, and these areas continue to be developed 
at present. 


Once a nation enters into LW EM development, it has just entered into unified 


2 The conscious mind isa very fast serial processor. processing one snapshot a time 
The unconscious mind isa massively parallel processor, doing a great many things 
simultaneously. Iis totaly conscious, but multiply so. Since the serial processor conscious mind 
‘an only "see single slide projector inthe viewgraph atone time”, when it "looks atthe 
lunconscius mind” it sees a large number of slides simultaneously, hence just ses "black" or 
‘aothingness" (no single thing). 

° Jung himself labeled it a mind (and hence a living entity). His modern followers shudder at 
such aconcept, and very much downplay the “mind” and “enity” aspect, preferring that i just go 
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field theory development also, Particularly with longitudinal EM waves, one is, 
directly engineering general relativity itself, and spacetime itself, as well as the 
dynamics of spacetime curvatures and sets of such curvatures. But itis an even 
‘greater unified field theory than Western physicists suspect. Not only does it 
unite the four forces of physics, but it also unites mind and matter and their 
dynamics as well 


‘We shall also refer to time-polarized EM waves as time-densi 
reason is that a time-polarized EM wave is one where the EM energy is on the 
time-axis and oscillating along it, like the squeezing of an accordion. In short, it 
is a longitudinal EM wave on the 4th Minkowski axis it, where the only 
variable is t. Hence it is a wave of the variation of time-density along that axis 


All three branches of KGB energetics use longitudinal EM waves, longitudinal 
EM wave interferometry, and Whittaker-structuring of fields and waves to 
provide organized curvatures of spacetime known as spacetime engines or 
‘vacuum engines, They also use time-polarized EM waves, as mentioned above. 
Any or all can also employ the quantum potential as well as negative energy 
EMP aspects. For now, the reader should just recognize that each infolded 
longitudinal EM wavepair comprising the scalar potential, includes both a time- 
density wave along the time axis and a longitudinal EM wave in 3-space (91). 
So ordinary electrostatic scalar potential fi—ordinary voltage—is made ofa 
harmonic structure of coupled time-polarized and longitudinal EM wavepairs 


Oscillations of time density oscillate the local rate of flow of time. In tum, since 
time has the energy density of mass, its spatial energy equivalence Wis given by 
W=e"r. Any change in a time density wave is a very powerful oscillation of 
local spacetime curvature. So time-density waves constitute a very powerful 
form of infolded general relativity, inside potentials and hence inside all EM 
‘waves and fields. The KGB weapon scientists call that inner general relativity 
(Gime density waves) the information content ofthe field, Unfortunately our 
follows confuse that term with common "spectral analysis" which it very 

def initely is not. But as part of the deception plan, the Russians are quite happy 
to help them think it is exactly that, and in fact the Russians go to some pains to 
continue to help our fellows think that. 


KGB energetics involves the use of a highly structured general relativity 
infolded inside electrodynamics—inside EM potentials, fields, and waves 
regardless oftype. In addition, that very special GR is using the very strong EM. 
force along the time axis as the main agent of curvature. By deliberately 
structuring these time-polarized EM waves and their dynamics, extremely 
powerful spacetimecurvatureenginescanbeemployed,eithercreatedlocally or 
ata real distance, or also globally in an entire selected distant region, 


‘Once these spacetime curvature engines structure the distant targeted spacetime 
region. Then in that interference zone the engines therein actupon any mass 
present. In theory, any physical effect known can be engineered, according to 
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general relativity, once one can create and utilize the proper set of spacetime 
curvatures (the proper set of spacetime curvatures and their dynamics). In GR, 
curvature of spacetime acts directly upon any mass present, and vice versa, With 
such technology one can therefore engineer mass to any level and at any 
distance (and eventually in any quantity) at will, using energetics methodology. 
The engineered mass may be either living or inert {92}. It follows that 
bioenergetics and psychoenergetics effects can also be engineered at a distance 
in similar manner. All it requires is the proper engines for the effects desired in 
the targets desired. 


By using time-density waves and their dynamics, mind itself can be engineered 
and controlled at a distance as in the cases of Captains Button (Figures 22. and 
23) and Svoboda (Figure 24). 


The Importance of Scalar Photons and Time-Density Waves 
Now we digress momentarily. Again, there are four major photon polarizations 
in quantum field theory (93). The first two are transverse photons, polarized in 
the x and y-direction respectively transversely tothe line of propagation, which 
is customarily taken along the z-axis). Ordinary transverse EM waves are 
comprised of such photons or blends thereof. Though ignored, EM waves prior 
to interaction with mass do transport EM time-energy as well as EM spat 
energy, though in electrodynamics that time-energy transport has been ignored, 
thus confusing the effect with the cause 


‘The third polarization is a longitudinal photon, vibrating along the z- direction 
(the direction of propagation). Obviously longitudinal EM waves are comprised 
of such longitudinal EM photons. 


‘The fourth polarization is a scalar photon, since it oscillates only along the time 
axis (the word "scalar" refers to the fact that it has no vector field component in 
3-space). In American physics the latter photon is largely ignored since time is 
not an observable in quantum mechanics. However, such scalar photons do 
comprise time-density waves and EM time-energy currents, and they are 
involved in powerfully curving spacetime via oscillating the time domain. 
Hence by their oscillations they produce spacetime curvature oscillations, which 
in turn project small components into 3-space. Sufficient such coherent 
projection components are in fact longitudinal waves in 3-space. 


The combination of the scalar and longitudinal photons is observable as the 
instantaneous scalar potential, and when Whittaker's 1903 decomposition of the 
scalar potential is slightly corrected, then the scalar potential is comprised of 
‘coupled pairs of waves, where each pair consists of a time-polarized EM wave 
‘coupled to a longitudinal EM wave. The combination of the scalar and 
longitudinal EM waves in the presence of charge is observable as the 
macroscopic scalar potential. Negative charge absorbs the time-polarized photon 
from the time domain and re-emits a longitudinal photon in 3-space, while the 


positive charge absorbs a longitudinal photon from 3-space and re-emits a time- 
polarized photon in the time domain, 


Psychoenergetics: Engineering the Mind-Matter Interaction 
by Engineering Mind 

We shall be interested in what actually constitutes living biological system in 
the psychoenergetics view (Figure 46). Mind operations are rime-like rather than 
existing in 3-space, and for that reason mind and its operations are not 
observable. Observation isa dl operator acting on an LLLT ongoing 
interaction, which removes the T and leaves a frozen LLL snapshot, via 
aUaLLLT) => LLL. Imposition ofobservationitselfbreaks, any and all 
connection with time-like operations, including mind and its operations 


involves "velocity", and in general relativity’s 4-space velocity is 

rotation (Figure47). Any mind-operation orchange is dynamics and produces a 
small velocity, which is a small rotation. This projects a very small component 
into 3-space, in the physical body, but still in the virtual state. We are speaking 
‘of physics rather than metaphysics! Sufficient coherent mind operations 
(changes) have just such small (virtual) rotation components in 3-space that will 

project coherent litle projection components (virtual) into 3-space. Coherently 
sustaining these components (intent) results in their coherent integration to 
breach the quantum threshold and become detectable (produce an observable 3- 
space result). That is how an “intent” change sustained in the mind becomes an 
actualphysical energy input to the body and nervous system, 
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We again stress that the scalar potential is comprised of coupled time-density 
and longitudinal EM wavepairs. Mental operations also are time-density wave 
changes, hence they are changes to the interior of potentials, including the 
ambient potential of the vacuum itself. Potentials superpose. and their coherent 
internal structures add (integrate) coherently. Hence, mind changes can 
coherently integrate to produce minute but real, observable, physical input 
changes to the body system. Mind permeates the body via the interlinked and 
superposed potentials ofthe body. The living bio-organism's mind and its 
operations can be modeled as an organized operating wave dynamics inside a 
scalar potential and superposed potentials of the body of that organism. Since 
fields are made from the more fundamental potentials, these operations also 
function inside the fields of the body. The organized time-density dynamics 
constitute both the conscious mind and its operations and the unconscious mind 
and its operations. More subtle depths of the time-density dynamics also 
constitute the human collective unconscious mind functions and operations. 
‘Again, we are speaking physics, not mysticism. 


See Figure 48. The "component projection" (coherent integration) process from 
time-like mind operations into 3-space in the body potentials introduces into the 
living body the physical commands correlated to the mental intent of that entity 
This is the solution {94} to the long unresolved philosophical problem of intent, 
‘and addresses the unresolved physics problem of just what constitutes the 
“observer.” But the subsequent physical changes accomplished by the 
responding body as a servomechanism, also produce small rotations into the 
time domain (into the mind domain) but in the virtual state. However, a series of 
coherent physical changes produces coherent virtual state changes in the mind 
realm, which in tum coherently integrate into perceptual input. In this fashion, 


the mind senses the response of the body to its order, and any errors in that 
response that need correction. The time delay gives also the sense of identity and 
personal persistence, hence creates the perception of self, the "responding body 
belonging to self” etc. Interwoven perceptions of coherent rotation changes 
from other 3-space phenomena that do not respond to mind intent, also create 
the perception of the "separate physical world.” That these phenomena do not 
respond directly to mental intent creates the perception of the "separateness" of 
this "external" physical world, while the interweaving creates the perception of 
‘existing simultaneously” with or in the external world, 
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Figure 48 in toy couping mechanism work 


All of that perception, dynamics, rotation, and processing is subject to direct 
‘engineering via psychoenergetics means, 


Without further elaboration, we again stress that the conscious mind is a serial 

processor, whereasthe unconsciousisamassivelyparallelprocessor. 
Westerners are prone to equate self to consciousness or conscious mind 
‘operation alone. That is not the case. Consciousness is just one attribute of the 
self (of the total feedback loop having delay between feedforward and 
feedback). 


‘The totality is the mind-body coupling mechanism (Figure 48) enabling a living 
biologicalsystem (Figured). 


By using time-density waves formed of scalar photons, the mind realm also can 
be directly engineered by the same energetics technology. Hence, forthe 

Russian energetics weapon scientists there followed the development of 

psychoenergetics as an entire class of breakthrough electromagnetic weaponry. 
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‘This resulted in the development of not only a unified physics of matter and 
space, but also a unified physics of mind and matter reaction. Any true unified 
field theory must integrate the observer and the unobserved as well as the 
various categories of the observed. It is now possible to directly model and 
engineer both physical and mental reality and their interaction. Russian 
psychoenergetics has been developed to do precisely this {95}. 


Quantum Potential Weapons Are Utilized in All Three 
Energetics Branches 

In addition to scalar interferometers, there is another category of energetics 
‘weapons used in all three branches. That category involves the use of quantum 
potential weapons, after David Bohm's quantum potential in his hidden varie 
interpretation of quantum mechanics (96). published in Physical Review in 
1952. We openly published one mechanism for creating a quantum potential 
{97}; there are others. 


Presently these quantum potential weapons are the most powerful and most 
flexible weapons on earth. Nothing else can stand against them. Any nation not 
possessing QP weapons is already a second-rate power, regardless of how many 
nuclear missiles, bombers, and submarines it possesses, ot how many high- 
cenergy lasers and high power microwave weapons it possesses. 


‘The greatest problem the Soviets had was not in making the QP itself, but in (a) 
localizing its creation to the specific area or region desired, and (b) restricting its 
coupling to the type of equipment, entity, level, size, type of nuclei, etc. that was 
desired. We have not yet fully solved the problem ofhow they are able to do 
that, but have made a litle progress upon it, 


The Importance of Longitudinal EM Waves 
‘The KGB energetics weapons use longitudinally polarized and time- polarized 
EM waves as their basis, rather than transversely polarized EM waves. There is 
4 surge of renewed US. interest—and a revolution in electrodynamics—just 
lunderway in this country (and in the major weapons laboratories of other 
nations) vis avis longitudinal EM wave solutions to the major equations of 
physics. E.g, one may check the Los Alamos National Laboratory Internet web 
site for summary papers by Rodrigues and Lu (98). There are now formal EM 
‘wave solutions faster than light speed, slower than ligt speed, etc. (99). There 
is also experimental support for superluminal tunneling of EM waves in 
‘waveguides (100). In adaltion, as is well known, the speed of the ordinary 
scalar potential i infinite inthe Coulomb (transverse) gauge {101) 


Higher topological algebra is being used to embed the electrodynamics in most 
ofthe KGB energetics work. Maxwell's original theory {6} was some 20 
quaternion and quaternion-like equations in 20 unknowns. Quaternion algebra 


her topology than either vectors or tensors. Heaviside and others 
reduced the quaternion-like theory of Maxwell down to four equations in four 
‘unknowns—or to two coupled equations, depending upon how represented— 
and formed the much lower topology vector algebra in the process. This 
serously demoted the topology of electrodynamics and placed undue limitations 
‘upon whai can be done with it. The subsequent mathematical promotion of 
electrodynamics to tensor algebra still did not recover much of the EM 
functioning possible in quaternion algebra, An even vaster, far more powerful 
electrodynamics emerges in Clifford Algebra electrodynamics, which may be 
the coming modern trend. 


However, even with Clifford Algebra, there remain fundamental foundations 
difficulties—such as bluntly confusing energy transport with energy dissipation, 
by arbitrarily integrating the Poynting vector around a closed surface so as 10 
select only the divergent portion of the Poynting energy flow. That produces the 
‘energy dissipation flow associated with the circuit, not the overall energy flow 
associated with it. The overall energy flow is some 10!” times greater in a 
nominal case, as (i) discovered by Heaviside in the 1880s, (ji) never even 
considered by Poynting, and (iii) deliberately discarded by Lorentz with a little 
integration trick (102) still used by classical electrodynamicists and electrical 
engineers. Electrical engineering departments, professors, and texts do not know 
and do not teach that all EM power sources—such as generators and batteries— 
actually pour out of their terminals a far greater energy flow than the meager 
shaft energy input to the generator or the chemical energy dissipated in the 
battery. Lorentz arbitrarily discarded the huge Heaviside nondiverged output 
‘energy flow component a century ago, with the observation that it "has no 
physical significance" (103,104) 


Part of the emerging electrodynamics revolution is intuitively obvious. Higher 
topology algebra used in one's electrodynamics model means that lots more 
things ean be done—in circuits, equipment, and components. As an example, 
suppose one can only draw geometrical figures on a flat, uncurved plane. Then 

‘compare the figures there to what can be drawn when a third dimension is added. 
so that the plane can be curved, twisted, folded, stretched, compressed, etc. in 3- 
dimensional space. That is similar to the dramatic differences between 
electrodynamics in a higher topology algebra and electrodynamics in the far 
more limited tensor and vector algebras. 


Further, if someone's circuits are working in a higher topology, a lower topology 
‘nays will not even see their true functioning. This turns out to be true for 
Tesla'swork, where so many pundits have used vector or tensor algebra in the 
belief that they therefore knew what Tesla was doing. They did not, nor did they 
even use the proper tools to see what he did. For the proof, see Barrett's 
examination of Tesla's actual patented circuits, using quaternions (105). 
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Energy, Wave Energy, and Wave Speed are All Dramatically 
Altered 

The energy of a pure longitudinal EM wave (LW) is infinite (unlimited). In 
practice, only an imperfect LW is produced experimentally, and therefore its 
energy is finite, but that energy may be extremely large, and the wave’ 
Propagation may be many times faster than the speed of light. This is much like 
‘quantum tunneling, which has been measured to be superluminal. Nimtz ea. 
eg. have transmitted Mozart's 40th symphony through a barrier in a waveguide 
at 47 times the speed of light (100). Other researchers have transmitted 
information at lesser velocities but silat greater than c, the speed of light in 
standard vacuum, 


Einstein assumed light speed in vacuum to be universally constant. That is 
correct for transverse photons and transverse EM waves, but not necessarily for 
other polarizations. Instead, it can be a function of the energy density of the 
vacuum (i... its stress energy density), which can be a matter of the gauge and 
the wave polarization. Further, ¢ as a constant applies to transverse polarized 
EM waves (which are "surface” waves of the medium, so to speak) and not to 
longitudinal or time-polarized EM waves (which are "subsurface" or "subspace 
‘waves). In general, the speed of the EM wave can be a function of the energy 
density of the vacuum (i... its stress time-energy density). And itis also a 
function of the type of EM wave being utilized. 


:mpty space" is filled and writhing with the continual transiting of higher order 
EM waves, the presence of standing high order EM waves, and energetically 
organized regions where the energy is in the LW mode and in the time-density 
mode. Indeed, space (more correctly, spacetime) itself is nothing but a plenum 
of such waves and their wave-to-wave interactions. 


‘The longitudinal and time-density effects in empty space are correlated with 
seasonal and periodic variations of time-charging and longitudinal EM wave 
emissions from planets, stars, etc. As aresult, the characteristics of empty space 
itself periodically vary, and these can be detected as variations in the speed of 
light through the affected space. 


The interplanetary radar measurements, e., do indeed show several periodic 
variations ofthe speed of ight in interplanetary space, on a weekly and 
‘essentially monthly basis. In this data the proclaimed constant speed of light is 
upheld only by averaging the measurements over a month-long period, as shown 
by Wallace {106). Actually, the scientists are dealing with variations of the 
periodically varying local time-density of spacetime, but have not taken that into 
account 


‘There are also specialized "galloping wave" zones, created by variations in the 
interferometry of the interpassing and interfering longitudinal EM waves in 
space. Such galloping waves from wave interferometry are already known in the 
literature {107} from 0.1 to 100 times the speed of light, but they do this on a 
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"surge forward and lag backward" mode about an average speed ofc in the 


laboratory here on earth. In space away from planetary masses, that value "c’ 
varies from its textbook value also, 


Al that has really been shown is that interplanetary space is nor quite uniform 
after all, contrary to present scientific assumptions. 


‘One would think that this fundamental foundations anomaly shown by the 
interplanetary radar measurements would excite the entire scientific community 
and trigger a massive scientific investigation. Instead, scientists such as Wa 
who publish critical analyses showing that the data directly prove the variation 
of cin “ordinary” space, are just ignored and essentially "parked on the 
side-ines" until they eventually fade away. 


‘A Process for Creating Longitudinal and Time-Density EM 
Waves 

‘Todaywe know that some plasmas very often ean produce a longitudinal EM 
wave from a transverse EM wave, and can produce a transverse EM wave from 
aun input longitudinal EM wave. This was not known when the Priore team was 
performing its experimental work. However, it provides one method for 
producing and detecting longitudinal EM waves, 


‘The Priore team in France unwittingly made longitudinal EM waves by 
inputing transverse EM waves into Priore's rotating plasma in a giant plasma 
tube (Figures 12 and 49), 


Priore had developed'a 
large unit to teat humans, 

+ A few were treated. 

+ Cures replicated what had been 
‘done in ab animals 

+ The massive size ofthe unit and 
Jong treatment time (hours) 
‘made the process bulky and 
‘ery incoavenient-—and 
expensive 

+ We proposed a way to do it 
with a suitease-sized unit and a 
lwealment time oftwo minutes.* 

“See Portole Bring, ww.chenere.crg 
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Quantum Potentials and Multiply Connected Spacetime 
1k appears that a sufficiently clean longitudinal EM wave can be utilized to 
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create a quantum potential, very similar to Bohm's notion, by iterative 
retroreflection between two phase conjugate reflectors. When sufficient iterative 
selftargeting occurs and persists, the waves eventually "snap in" and fully 
‘converge to laser-like beams without any energy divergence {97}. At that point, 
one has achieved an essentially “pure” LW, which has infinite velocity. For all 
practical purposes, there is then little or no difference between this wave and a 
‘quantum potential. 


A pure longitudinal EM wave just "appears instantly” everywhere in space that 
it will be. It is already an element of a quantum potential. In this sense, all that a 
“quantum” potential is, is an ordinary scalar potential in which the composite 
EM Longitudinal phase conjugate wavepairs really are pure longitudinal EM 
‘waves. It would seem that this also moves the gauge to the Coulomb gauge, so 
far as the potential is concermed. It follows that, by establishing significant and 
clean longitudinal EM wave contact between any two points via iterative 
retroreflections, one establishes a quantum potential if sufficient harmon 
cstablished in the contact. The implications for "phase conjugate shootin; 
one step farther are obvious. 


to go 


By “scanning” an area with the appropriate LW transmitter array, with 
deliberately imperfect LWs so that contact reaction occurs, and then decreasing 
the imperfections in the scanning by iterative retroreflection, it appears that a 
{quantum potential can be created and connected between the transmitters and a 
desired distant region, 


Essentially, in the case of pure longitudinal EM waves and quantum potentials, 
we must model the situation in terms of a multiply connected spacetime, The 
divergence-free waves are now pure longitudinal waves in one sense, and pure 
potential beams in another sense. In any case, the Coulomb gauge applies. As is 
‘well-known, the potential moves at infinite velocity in the Coulomb gauge. 


Thus a single station can be connected by such a QP to any number of distant 
stations—by first "knitting them together" into a common multiply connected 
spacetime by iterative mutual LW self-targeting beams. It matters not ifone or 
‘more distant station(s) iVare then moved beyond the star Sirius; the moment an 
energy signal appears in the initiating station, its already instantly in each 
distant coupled station anywhere in the entire universe. There is no separation 
distance involved. Here one no longer needs to propagate transverse EM wave 
energy painfully through space at the speed oflight. Instead, one is now dealing 
‘with multiply connected spacetime. One now has the instant appearance in each 
‘and every distant coupled target of the energy input into the single 

or “coupling” station. So the process is a startling and giant 
“energy amplification method’ as should be expected from something that has 
infinite energy in the first place! 


One vulnerability and disadvantage of a QP weapon is that, ifthe target is aware 
of one's coupling and also has QP technology, he can now immediately send 


back any energy form or "greetings" he wishes, from any one of his coupled 
targets. He can even do it inadvertently, without even knowing he has been 
coupled by a quantum potential. In other words, the QP provides a two-way 
street, if the target is aware of it and has the technology himself, and even ifhe is 
unaware ofit and does not have the technology. For that reason, actual use of 
the QP weapon in strategic strikes requires caution and special considerations. 
Usually it requires very rapid single use and then cessation of any further usage. 


Need for Caution with QPs Used Against Biological 
Organisms 
‘Another QP weapon disadvantage is that rather extreme care must be rigidly 
exercised, particularly when inking living creatures. Forliving things, the QPis 
best utilized in the absolute minimum energy mode. E.g. an extremely weak OP 
‘already links every member ofthe human species. Suppose one increased that 
linkage intensity carelessly. Immediately the entire human race is in grave 
difficulty. Every death of a person feeds into every other living person. Every 
birth of a baby feeds into every living human. Even the fertilization of one 
human ova instantly feeds into all other ova. The integration of al those changes 
‘would totally disrupt—and instantly destroy——all human life on Earth. Since 
chimpanzees have very similar genetics to that of humans, all the chimps would 
probably die also. Other higher primates would also suffer or die, as would 
‘many other species. 


‘What might be useful, of course, would be to use a QP to kill every smallpox, 
HIV, Ebola, and other dread disease pathogen on Earth. Ifso, it would first have 
to be made extraordinarily specific, else it could threaten all or most of the life 
on Earth, 


A very useful adjunct would be to use a QP device to nearly instantly scrub and 

decontaminate (disinfect) an anthrax-contaminated large city—such as New 
York or Washington, D.C.—by instantly killing all the anthrax spores in that 
locality. Or to clean all the antibiotic-resistant staph pathogens out of U.S. 
hospitals by just killing them all instantly and periodically. Or to rid the Earth of 
necrotizing fasciitis—flesh eating disease pathogens. 


Anextremely localized QP could be used to connect with all HIV viruses and 
DNA inside an AIDS patient's own DNA. One could then kill the HIV viruses 
not yet integrated into the patient's cellular DNA. One could also time-reverse 
the patient's own HIV-infected DNA back to normal, effectively “removing” the 
HIV DNA. already dumped into the patient's own infected cells. In theory, 100% 
of the HIV infection could be removed from the patient's body, restoring him or 
her to a completely HIV-free condition. 
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Suppose one arbitrarily increased the even weaker QP that presently joins all 
living things on Earth, regardless of species. Instantly every living thing on 
Earth would die, and the Earth would be instantly converted to a sterile planet. 


Even though physically embodied life was gone, however, all the forms of those 
species would remain in spacetime activity, their vacuum engines—for both 
minds and bodies—forever embedded in the local potentials and fields of the 
‘material Earth. In other words, the Earth's potentials and the local spacetime 
potential would still be dimensioned and conditioned for the life forms that once 
‘moved upon it in physical form. The dimensioning and conditioning (engines) 
for every life form that ever lived on the Earth exists now at every point in the 
Earth and in the local spacetime. With proper application of energetics, in theory 
itis possible to recover any of these life forms desired, back into living form, 


‘When one understands that environmental aspect, one understands why the 
Miller-Fox-Urey biogenesis experiments {108,109,110} (Figure 50) would still 
produce living organisms again. A physically dead planet or test flask is not 
necessarily a "completely dead” planet or flask, when one considers the 
presence of spacetime engines and dimensioned potentials. One recalls that 
these forms and engines contain not only physical forms, but also the mind- 
‘aspects and the mind/body coupling and dynamics aspects as well 


In short, the entire biochemical notion of biogenesis from truly inert matter 
devoid of any form of life or pattern of life appears to be a false premise. Since 
potentials reach to the end of the universe, then any structured potential 
structures (dimensions) the universal vacuum potential everywhere in the 

I11). The Miller-Fox-Urey experiments were not performed in a truly. 
savironment afterall, when the new energetics is considered (112) 
One realizes that the entire universe is alive; the mere presence of a single living 
microbe or other form anywhere establishes an entire living noosphere. The 
Russian researchers—such as Kaznacheyev (113]— into EM induction of 
disease in targeted cells at a distance also realized that biology included a 
noosphere, and it could be engineered. 


«© Engines of and fom all ite fees ever 
‘on eath o in the universe exis inthe 
ambient vacuum potential ‘Typical Biogenesis Experiments 

‘¢ The Miller-Fox-Urey experiments 
were notin a "sterile" environment. 

‘e Heat (IR) and UV constitute (2) a 
Harmonic interval witha diference 
frequency. and (2) amplifying by 
the process previously shown, 

‘© These experiments “kindle 
previously living forms fons the 
available gases etc. by amplifying the 
ancient fiving engines fom thei 
Virtual stat fo tie observable state, s0 
that the masses were molded into the 
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Herman Kahn, then director of the Hudson Institute (a leading think tank), once 
remarked that it did not concern him that there existed mechanisms that would 
destroy all physical life on earth. Instead, he stated, it concemed him that he 
know almost 200 such mechanisms. The quantum potential weaponry is yet 
another doomsday weapon with a thousand lethal mechanisms to add to Kahn's 
list, were he still with us 


The QP Weapon Is a Superb Energy Amplifier "For Free” 
In a multiply connected spacetime established between multiple separated (10 
the observer) stations, one can instantly input one megawatt of power into every 
distant stution by inputting it ito single station, Suppose that coupling station 
is coupled via QP to one million distant stations (scattered anywhere in the 
‘universe). Then in each distant coupled station there nov instantly appears one 
megawatt of power, even though we have input only a single megawat in our 
"transmitter" coupled station. This is a superb one-on-many weapon system and 
energy amplifier—perhaps the ultimate weapon system." 
‘ASananalogy for understanding, one can look at it this way. Puta dot (point) on 
«piece of paper. Mathematics tells us that an indefinite number of other points 
‘ean be "superposed" directly on that original point. Now input some "energy" 
ito the original point. It instantly appears in each and every other superposed 
point, That is precisely the way a quantum potential linkage between stations 


™ However, we should not be loo suprised at such “astonishing” effees, once we appreciate that 
‘with theguantum potential and pure longitudinal waves one is playing with infinite energy 
anyway. 


on 


works, except that in normal singly-connected 3-space the points are observed 
by a normal observer to be widely separated. Aristotelian logic—which is an 
“either/or” logic—does not apply. Instead, a higher topology logic applies." 


‘The QP weapon can be used with microwatt input to induce low-level disease 
sates or pre-disease states (shadow disease states) (Figure 51) in entire 
populations. Tests done in this fashion will violate the "vector carrier" aspect of 
infectious disease transmission. Instead, the tests will cause a few widely spaced 
nearly simultaneously cases of the disease being tested. Several such tests (e.g., 
with necrotizing fasciitis) have already been conducted in the populace of the 
United States. 
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Or a QP weapon can be used with megawatt or gigawatt input to blast multiple 
distant targets simultaneously. One may destroy, e.g., every single transmitter of 
a given type. Or one may instantly kill all ships and weapons and paraphernalia 
in a large naval task force steaming toward its target. Or if one wishes to take 
the ships and equipment, the weapon can just kill all the humans instantly in that 
task force. ICBM sites, e.g., are vulnerable and obsolete since 1990 to any 
nation possessing QP weapons. So are underwater nuclear submarines and long- 
range strategic bombers. The entire strategic and tactical armada we have built 
up so painfully over the decades is obsoleted—also meaning countered—by any 
enemy possessing sufficiently advanced energetics weapons, and particularly 
quantum potential weapons. 


© We developed such a topic years ago, and ave recently include it in Eneray from the Vaca 
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Other Novel Uses of QP Weapons 


Ifan enemy has such QP weapons and you do not, you are easily and directly 
destroyed at will, once certain other deterrents are avercome. One of these 
previous deterrents that had to be overcome was the stability of nuclear weapons 
in our nuclear arsenal. To remove this stability and render them easily destroyed, 
the holder of a scalar interferometry capability could induce sudden massive 
fissioning and fusioning of many of the targeted onsite weapons if the scalar 
potential interferometers were used massively. However, the resulting 
‘tremendous nuclear explosions—many "in the dirt and dirty"—would also 
unacceptably damage the attacker. Further, major antagonists usually 
clandestinelyintroduced hidden nuclear weapons into the cities and target areas 
of their opponents, which practice was known as “dead man fuzing.” The notion 
‘was that, even if one side suddenly destroyed the other, that destroyed side could 
still detonate its secret nuclear weapons hidden in the attacker's 

territory, destroying him as well. In essence, the killed side (the 
had set offthe fuzing of his pre-planted weapons, to destroy the attacker even 
though the "dead man" was already dead, 


‘One strong reason that the Russians pursued the quantum potential weapon so 
strongly was precisely because it offered a mechanism to solve this "dead-man 
fuzing” problem, removing it as a viable deterrent. Obviously it would be quite 
advantageous to be able to dud or destroy these hostile weapons in one’s very 
midst, even though one did not know their locations, and pull the fangs of the 
<dead-manfuzing installed by one's opponent. 


‘There appear to be ways of directly connecting a QP, e.g., to every atomic 

nucleus ofa given type, ina given region (say, in aregion consisting of on the 
surface of the Earth, in the Earth to some depth, in nearby space, on the surface 
of the ocean, and beneath the ocean). Connection can be made, e.g., to every 
1U235 nucleus and to every weapons grade plutonium nucleus. Or with the 

technology developed, the users ought to be able to make such connection only 
between certain pre-selected localized amounts of U235 nuclei or plutonium 
nuclei 


Now suppose that such a QP is established between weapon-sized groups of 
1U235 atoms. Then one hits one U235 nucleus in such a group in an activator 
station with a neutron bullet. Voila! One simultaneously hits every other linked 
1U235 atom (including the activator station—one just blew it to smithereens ifit 
contained very many U235 nuclei) in such weapon-sized groups. The raw U235, 
in oresin nature is still okay ifthe ore contained only tiny traces of U235 nuclei 
But all the "neutron-struck” fissionable nuclei in nuclear weapons worldwide— 
regardless ofowner or location—fissioninthe weaponsimmediately. That 
destroys all the nuclear weapons on Earth—including the clandestine nuclear 
‘weapons that various nations have spirited into other nations perceived to be 
their enemies, asa “checkmate” against sudden surprise attack. One does not 
need to know where a weapon is at al 


However, it gets all the weapons by exploding them, and that itself could create 
a giant nuclear destruction and fallout problem that would probably do in most 
life on earth because a great many nuclear weapons will have exploded "in the 
dirt and dirty.” In short, itis an entirely unacceptable solution to the dead-man 


fuzing problem. 


Of course, no sane enemy would wish to use the QP in such fashion, because it 
is quite suicidal for him and essentially destroys civilization. But suppose the 
sane enemy is well aware ofthe exact nature of the new cold type nuclear 
reactions (Wwe explained these in an initial rough paper given in August 1998 at 
an Energy conference in Utah). The energy initiating these "time-reversed” 
nuclear reactions stars from "inside" the nucleons in the nucleus and moves 
outward (that is true of any "reversed" zone). 


‘© Via quantum potential joining U236 and Plutonium in warheads 
'* Includes weapons airborne, underwater, in storage 
‘* Transmutations of the nuclides themselves 
‘© Part ofthe intial barrage launched by Aum/Yakuza/KGB 

Will occur inthe first minutes (10) of the strategic strike, following 
psychoenergetically crew-disabiing QP weapons 
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Direct isomeric transmutation then becomes a preferred decay reaction to induce 
in the nuclear weapons one wishes to dud. By gradually inducing (slowly 
kindling") one of these transmutation reactions, one can just "transmute” the 
1U235 to—say—an isomer such as U238, with some readjustment and energy 
balancing in the ensuing rebalancing decay processes. In that way, one gets no 
nuclear explosions. One can even choose the transformation or several 
successive transformations so as to minimize any resulting nuclear radiation. 
‘The attacker also destroys all the nuclear reactors, including those in civilian 
power plants, nuclear submarines, and elsewhere. But he gets just about all the 
nuclear weapons if he transforms both U235 and plutonium (Figure 52). In 
about 10 minutes he will dud them all, without any nuclear explosions, but he 
‘would probably allow about one hour "just for good measure and nearly 100% 
certainty." 
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‘This offered the Soviets the ideal solution to the worrisome hostile nuclear 
arsenals of the world, since they also had additional nonnuclear strategic 
‘weapons of a different kind and of great power. 


Apparently that very kind of QP weapon became operational, on site in Russia, 
circa 1989 under KGB control. For the first time, it provided the KGB with a 
‘guaranteed solution to the nuclear dead-man fuzing problem that had until then 
prevented its massive use of the scalar potential interferometers (such as in 
1985-1986as originally envisioned by Brezhnev). 


By almost simultaneously leasing the earlier scalar interferometer weapons to 
‘the Yakuza and Aum Shinrikyo at the end of 1989, the KGB obtained an influx 
of vast new funds (114). It thus concentrated even more intensely on the more 
advanced energetics weapons such as QP weapons and psychoenergetics 
weapons {115}. 


So with a QP weapon one can attack multitudes of targets, using a single 
"coupler" or “transmitter,” all without "propagating the EM energy through 3- 
space." Further, with the technology developed, only the number of outrigger 
stations coupled limits the energy amplification achievable, One can alter matter 
at any level, from the quarks in the protons and neutrons in the nucleus, to the 
lattice bonds, to the molecular bonds, etc. Or one can structure the emerging 
energy (that emerges directly out of the local spacetime itself), so that structured 
local spacetime curvatures (engines) appear in the target zone(s). These ST 
‘engines can be generated so as to perform macroscopic functions against real 
systems—e.g., jamming electronics, as against the U.S. air attack on Libya in 
April 1986 (Figure 25), or as was done by a longitudinal EM wave 
interferometer in the attack and kill of the U.S.S. Thresher (Figure 6) in April 
1963 (116) 


The U.S. Narrowly Escaped Destruction Twice in 1997 Alone 
‘On two occasions in 1997 the United States would have been utterly destroyed 
by the die-hard faction of the KGB, except for direct countering by a friendly 
litle foreign nation, The present author and three colleagues played a very 
‘minor role by alerting that nation to the impending attacks. There was certainly 
‘no reason to contact officials of our own country; the U.S. was and is powerless 
to prevent such attacks, although hopefully that is changing! It made much better 

sense contact the only nation that could possibly avert our impending disaster. 
Of course we later also informed proper U.S. government officials of our 
actions. 


‘The first strategie attack was scheduled for between early to mid-February, and 
involved (1) dudding all nuclear weapons, (2) striking the QP weapons in the 
litle nation simultaneously, as well as extant scalar interferometer weapon sites 
in other foreign nations, and (3) then leisurely blasting cities, facilities, and 
installations with iterative and continued scalar interferometer strikes. This third 
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phase would include work assigned to the Yakuza/Aum Shinrikyo teams. That is 
hhow the Yakuza (and Aum Shinrikyo) expected to revenge themselves for the 
Western defeat of Japan in WWII, and for the West's dropping the atomic bomb 
‘on Nagasaki and Hiroshima. To be able to "get in on the kill” is why the Aum 
Shinrikyo and Yakuza leased the scalar (longitudinal EM wave) interferometers 
from the Russians in the first place (117). 


‘These, along with negative energy EMP weapons, are the kind of energeties 
‘weaponry that now determines our fate, and against which the U.S. presently has 
still inadequate defenses. Our own scientific community does not believe such 
‘weapons even exist—apparently due to the "not-invented-here" syndrome. Most. 
of the U.S. scientific community is thus relatively useless and outdated as far as 
contributing to the strategic survival of the United States is concerned. 


Purpose of the Novel Attack on Captain Button 
Hopefully, some scientists are aware ofthe strange incident that involved the 
mental seizure of Captain Button in his A-10 (Figure 22) and controlling him for 
well over an hour (Figare 23) including controlling his perception, intent, and 
actions while performing complex technical tasks. That was the test of a KGB 
psychoenergetics weapon, developing and to be deployed by the KGB. That was 
the "acceptance test, s0 to speak-— deliberately conducted over the United 
States—for the KGB's system that would be produced in numbers sufficient to 
counter the QP weaponry, if the QPs of the little friendly nation were to be 
placed inthe insane command and control mode. This was yet another Soviet 
Counter, planned forthe near future against the counter by which th little nation 
did force abortion ofthe KGB second attack (scheduled for May 1) in 1997 


‘The purpose of the attack on Captain Button can be understood as follows: The 
later second scheduled strategic attack on the U.S.—scheduled for May 
1997—was forcibly aborted after the friendly defending nation switched to an 
insane command and control mode. The insane C3 mode counters the 

MindSnapper type attack that instantly kills all on-site operators and renders the 
sites too "hot" for new personnel to come in from outside and control it. In 
short, the U.S. could have been destroyed in that scheduled May 1 attack, but 
with the change of the friendly QP weapons to insane C3, Russia would also 
have perished in the immediate quantum potential counterblow from the little 
nation” that would have been automatically delivered by the site weapons 
themselves. The May 1 attack had been predicated upon the fact that a 
preliminary MindSnapper (negative energy EMP) attack on the friendly QP 


“There are also variations. Asan example, the insane C3 can also include a separate channel 
requiring countering “punch in” code every 15 minutes (asin a heightened alert status) or the 
contol system wil order the launch ination (this accepts that all on site personnel have now 
hen suddenly killed). So the insane contol system is also Nlexible, and many aritions and 
‘considerations ae possible. 


‘weapon sites would have instantly killed all persons on site,” and neutralized 
the site for some months because ofthe resulting longitudinal EM radiation, 
However, the shift ofthe C3 of the QP weapons to insane mode rendered such a 
pre-emptive MindSnapper attack totally ineffective because Russia would stil 
have been destroyed. 


Hence another countering means was required, and in fact that additional system 
‘was already in development. It was a very sophisticated array of 
psychoenergetic weapons, each with a special, highly trained team of operators 
capable of fully controlling one targeted individual while he was directed and 
controlled to go about performing desired technical tasks. We estimate that it 
required one psychoenergetic weapon (very complex, multiple transmitters) and 
‘an operator team of perhaps 20 to 30 skilled operators (one for each major 
‘human function to be controlled) to adequately control the mind and actions of 
‘one distant person performing quite technical tasks. Hence several hundred such 
“weapon sets" were required to take over all persons on the targeted QP 
‘weapons sites in the friendly nation, have the controlled crews deactivate the QP 
‘weapons including using the security code and procedures to standdown for 
‘maintenance, etc 


Once the QP weapons were totally on standdown, then the MindSnapper would 
have struck suddenly and killed every living thing on site, neutralizing the site 
for several months due to subsequent strong longitudinal EM wave emissions 
from the struck site. No new crews could have entered the site and lived, so the 
sites could not be operated after MindSnapping, even though the QP weapons 

‘were still intact butjust on standby. Ofcourse, a third phase then would have 
involved strikes by scalar EM interferometers to leisurely and completely 

destroy the systems and sites, permanently taking out the physical system as 
well With the first two of that three-part series of strikes completed 
successfully, then the KGB weapon sites would have been absolutely free to 
blast North America and our European allies into smoking ruins, leisurely and at 
will, given the first 10 minutes of dudding all nuclear warheads worldwide, to 
take care ofthat old type of "dead man fuzing" 


From the open reports of the Button incident, and from the kill of Captain 
Svoboda a few weeks later, the nature of the next strategic attack that would be 
scheduled was immediately apparent. Accordingly, we wamed the little nation 
bout the shift to a new attack plan, and estimated the new schedule between 
mid ~ 1999 and the first of 2000. Of course, we also passed that information on to 


‘othe muchmore robust QPsystemsandonsite equipment, 
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our government as well, but apparently, no one believed it. The proper U.S. 
intelligence agencies, however, certainly intercepted my faxes to the little 
nation’s Military Attache in Washington D.C., and particularly my fax a few 
days before May I, sent directly to the Prime Minister of that nation and urg 
the change to an insane command and control system for the QP weapons and 
the reason why. 


Tttumed out that, some months after I alerted them to the coming 
psychoenergetics, MindSnapper, and scalar interferometry attack in that order, 
to be scheduled between mid-to-end of 1999, apparently the friendly nation 
suddenly struck and utterly destroyed the KGB facilities for the MindControUer 
negative energy EMP weapons being painfully built up in sufficient number. 
Probably scalar interferometry weapons were used to destroy them. The onsite 
psychoenergetics crews and facilities were destroyed and neutralized 
completely. 


Anyway, as we passed mid-1999, the type of "Y2K" problem we were worrying 
about was whether or not the attack was on, headlined by a psychoenergetics 
‘weapon strike on the little nation first, with the three phases as previously 
scheduled back in 1997, 


Later, in early 1999 I realized the Russian/KGB development of the causal 
system robots (Figure 10), mentioned in the introduction. In the latter part of the 
third quarter of the year, working at my computer at night, I was struck by one 
ofthese very beasts from within my computer (Figure 20), in very bizarre but 
‘unmistakable fashion (previously detailed). In 10 seconds I was nearly killed 
and severely disabled for a period of time (it took four days to recover 
completely). Because of the features deliberately utilized by the CSR on my 
computer screen so I would recognize it, I grasped the nature of the attack (the 
KGB wanted me to recognize it, and live to tell about it!), how it was done, how 
itjammed the brain and vision center and strongly fibrillated the heart, upset the 
equilibrium, etc. 1 also realized that, in 20 seconds or so additional exposure, I 
‘would have been a very dead person, expiring with a very violent heart attack 
and severe brain embolisms. Note that the CSR deliberately struck directly from 
the computer screen through my retinas and onto the nervous system, passing 
through the vision center and flashing it tremendously, and jamming my mind, 
brain, and nervous system, 


‘When I recovered shakily about four days later, I notified the small nation, once 
again, as best I could, giving the exact symptoms of the attack and explaining 
what it was. By then I knew what was coming down, the form it would take, and 
the deceptive cover (Y2K uncorrected errors!) 


‘The little nation then quickly proceeded to search out—apparently inside the 
North American signals, potentials, fields, and waves “superhighways” for the 
CSRs—all the CSRs and destroy them in place. It turns out to be a fairly 

siraightforward operation, once one possesses advanced longitudinal EM wave 
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interferometry weapons and techniques. Locating a "very dense" and very 
dynamic set of LWs performing organized functions is analogous to a normal 
radar locating a large bomber in cloud cover. One "burst" from the LW “radar,” 
and the targeted CSR is completely disrupted and electronically destroyed. 


Soa very short (lasting a few days) and strange strategic battle was fought in 
infolded space or subspace, inside our electrical and electrical systems and 
inside the fields, potentials, and waves in them. A mighty attacking armada of 
pethaps several million main battle systems was intercepted and destroyed 
throughout our homeland, without the slightest notice by our own government, 
scientific, and intelligence communities. And without a whimper of what is 
usually recognized as "combat actions 


Afterwards, a very simple and innocuous little message was received which, 
reading between the lines, simply meant "thank you very much.” In short, my 
hard-pressed colleagues and I got a small "Attaboy!" for our role in alerting the 
friendly nation. 


So Y2K and the Millennium Celebration came, while we waited to see ifthe 
CSRs were gone or if they would erupt with damage all over the U.S. 
Fortunately, they were gone like popping balloons, and so the fourth scheduled 
strategic attack upon the U.S. in the space of three years—this time actually 
launched—was successfully destroyed. 


‘Whatever I can do to help the survival of my country I will continue to do 
without hesitation, regardless of whether the U.S. scientific, intelligence, and 
military communities are aware of the new threat or not, and regardless of 
whether they believe it or not. Presently our fate and that of the Western world 
rests on the shoulders of a small but advanced and friendly nation, That is 
beginning to change, it seems, but still not swifily enough to suit our needs. 


We simply must change all that, by developing QP weapons and defenses 
ourselves. It is not an option; as an example, China has now finished—as of 
earlier 2002—and deployed QP weapons. Almost simultaneously, China also 
finished and deployed the more powerful negative energy EMP (MindSnapper- 
type but much more powerful) weapons and deployed them as well. So we have 
centered a very dangerous period when the strategic changes that are likely to 
‘occur will be both massive and traumatic, 


AS this is being written in early October 2002, itis obvious that our nation is 
also preparing to strike Iraq if need be, either with a coalition effort or alone. If 
so, then Saddam Hussein will certainly unleash whatever terrorist forces he has 
in North America. He will attempt to unleash upon us all the weapons of mass 
destruction at his command. This could even happen within the next 30 days, 
with the MidEsst exploding, giant polarization of the Arab world, general chaos 
in the MidEast and upset of world oil supplies, and skyrocketing fuel and energy 
ccosts withsevere impact upon the already seriously ailing U.S. stock market. 
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We are developing new products and are always interested in your Feedback to guide our product development. 


MMIC Design 


We use Agilent’s Advanced Design System for MMIC design and PCB design. Previous designs completed are quad- 
band GSM power amplifier modules, 2.4-2.5GHz/5-6GHz wireless LAN power amplifiers, broadband power amp! 
switch-filter designs, RFID detectors, RF/DC converters and filter designs. 


Front End Module Design 


ers, 


We use Agilent’s Advanced Design System and Orcad PCB Editor For Front-End Module designs. Previous design 
examples are high-volume switch filter modules, dual-band 802.11a/b/g front end modules, 76GHz car radar module, 
RFID card design, 


RFID Detector System 


On an NSF Phase | & II grant to one of our clients, operating as a subcontractor, the RF Diagnostics design team 
created a complete RFID MEMS resonator detection system. Both hardware and software were developed under this 
contract. The work was published at an SPIE conference in July 2010. 
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If Saddam Hussein succeeds in doing sufficient damage to our cities and energy 
infrastructure with more weapons of mass destruction than we have credited him 
with, then the potential economic collapse of the United States and much of the 
developed world is an uncomfortable possibility. Ifthat happens, turf wars will 
crupt all over the world, the world economy may collapse, the KGB and rogue 
Japanese (Yakuza and Aum Shinrikyo) will move and unleash further 
destruction, Pakistan and India are likely to erupt into a nuclear war, and several 
other regions may also erupt into nuclear war and use weapons of mass 
destruction. What China might do in such event is anybody's guess. 


In short, the Armageddon we have so long feared, with the resulting collapse or 
destruction of much of civilization, could well be approaching. Let us hope that 
dark picture is terribly, terribly wrong, and that we successfully avoid 
Armageddon one more time! 


‘Meanwhile, we would be in much better shape to weather the coming storm had 
our scientific community not grossly betrayed us. But if and when millions of 
Americans are dying in the streets with no effective means of treatment, and no 
effective defenses to prevent onslaught after onslaught against our nation, all 
those deaths and all that suffering will be directly the fault of our own organized 
scientific community 


Rogue Japanese (Yakuza and Aum Shinrikyo) Have a Role 
In the information briefing furnished the previously named agencies, we briefly 
detailed the elements of he attack, how our oxn nuclear weaponry can be 
dludded anywhere, etc 


We also detailed the strange role of the Japanese Yakuza and the Aum 
Shinrikyo, who leased the operational use of the early generations of KGB 
longitudinal wave interferometry weapons in 1990 directly from the KGB. The 
first down payment on the lease was $900 million. I previously furnished 
pertinent information on this to an investigative U.S. Government agency. Since 
then, the Yakuza have set up their own scalar interferometry weapons 
development facilities in Japan, including portable energetics weapons,* and 
have assumed a very secret and nearly unsuspected role somewhat similar to Bin 
Laden's role in the attacks of September 11, 2001—but much more deadly when 
the coming Armageddon erupts. 


Inducing the Gulf War Disease 
In 1986, the Russians had already solved the dead man fuzing problem 
theoretically, but had not yet completed the development and deployment of the 


We strongly suspect some ofthese portable weapons have already been infiltrated into the 
United States—e gto be used against nuclear power plants and other lucrative targets such as 
refineries, oi elds, et 


ssary QP weaponry. The KGB's first "combat demonstration” test of the 
ty to localize a QP in a selected region of space was against the U.S. air 
attack on Libya in 1986, That test apparently used a laboratory apparatus to 
prove the process. In short, it was a major milestone whose success moved the 
system into full production engineering and production. The system was then 
developed at very high speed afer the successful demonstration in 1986. The 
first strategic KGB QP weapon(s) became operational on site in latter 1989 


It was this QP weapon that was used to generate the so-called Gulf War Disease 
in our soldiers in the MidEast. In the action package, I explained precisely how 
that was done. I have also finally placed the simplified gist of that explanation 
openly on the Internet for all to see (website www.cheniere.org). Those 
suffering U.S. veterans were casualties of war, not victims ofjust nerve gas 
whiffs or chemicals or their own stress, etc. The initial U.S. Government and 
US. scientific community's assertion that "it was all in their heads" and due to 

slress, insults every veteran who has ever served his nation. One justifiably has 
contempt for such treatment of our veterans. Sadly, the latest "studies" are 
beginning to conclude the same thing once again, 


Apparently our intelligence and military command agencies have not yet learned 
the lesson of the decades long Soviet microwave radiation of the U.S. Embassy 
in Moscow, which was responsible for health changes of many kinds in U.S. 
personnel and was also responsible for the deaths of three U.S. Ambassadors to 
the Soviet Union. Apparently we are still using radar engineers and electrical 
‘engineers for electrodynamics analysis, and these analysts apparently still 
believe that in the absence of the EM fields there can be no induced EM effects. 
One sadly comments that, just as the electrical engineering departments of our 
universities have been unable to walk across the campus to the particle physics 
department and find out what the discovery of broken symmetry in 1957 
portends for their discipline and model, then the intelligence community 
apparently has not yet learned that no EM analysis of such things as the 
microwave radiation of the U.S. Embassy in Moscow or the shootdown of the 
‘TWA-800is worth a tinker's dam unless itis a higher group symmetry EM 
analysis. As Barrett showed, our fellows still have not grasped what Nikola 
Tesla already accomplished in actual patented circuits circa 1900 and shortly 
thereafter. Tensor analysis and vector analysis simply will not show what is 
really there. 

ur veterans were hit with a “cocktail mix” of specialized disease "spacetime 


curvatureengines' justbelow the observable threshold. inthe” shadow’ (virtual, 
but nearly observable) state” (Figure 53). The immune systems and the cellular 


“One should think deeplyaboutthis.intermsofthesolutiontothesoureechargeproblem 
(vhich our enginoers have not thought of very much, much less solved), Every charge already 
fengincers" the viral stale at will converting virtual energy into deteranistic observable EM. 
‘energy. Thatmeans wecandirectlyengincerthe Virtualstatevacuumitselfifweputourmindsto 
i. Actually Nobelist Lee has already pointed out that we have nor even tied ta do this! See T.D. 
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Such a "simultaneous mix" shadow induction "spreads" the reacting/inite 
immune system and regenerative system (Figure 53) and their resources all 
‘across that entire mix of shadow diseases, so that only a much smaller portion of 
the immune system and of the regenerative system is directed against any one of 
the shadow diseases. This in tun greatly heightens (by a factor of S or more) the 
susceptibility of the body to all additional disease pathogens, and it greatly 
lowers the ability of the body to recover from any disease or biological warfare 
strike. In addition, the exposed veteran’s body fluids and masses have 
accumulated a persistent "time-density charging" that very slowly decays (by 
emission of weak longitudinal EM waves) over months or even a few years.”” 
‘The sperm from these veterans did indeed have the innate "engines" and 
therefore the capability to gradually infect their wives. So did the saliva in their 
mouths. The weak "dimensioned" LW radiation from their bodies could also 
slowly alter the cellular regeneration and immune systems of their family 
‘members in close proximity, over a period of time, thus inducing the disease in 
them {118,119,120} 


Lee, Particle Physics and Invoduction to Field Theory, Harwood. New York, 1981. in his 
‘Chapter 25: Outlook: Possibility of Vacuum Enginecting.”p. 824-828, On p. 383 Lee points out 
that the microstructure ofthe scalar vacuum fel! (i.e. of vacium charge) isnot walced. We add 
thatthe West dacs not utilize it It hasbeen utilized for some decades in the former Soviet Union 
‘and now inthe continuing KGB energetics and bioenergetics weapons programs. 

See T. D. Lee. "Can Time Be Discrete Dynamical Varable?.” Phys. Let, 

1o, 1983, p.217-220. 


"B(3.4), Ma. 


‘The induction of GWS in our troops was in facta test forthe present clandestine 
use—already ongoing—of that technique to spread the immune and regenerative 
systems of the targeted U.S. population. This in tum gradually makes us more 
susceptibleto terrorist BW attacks and disease pathogens of all typesjrom 
‘anyone else. This tactic is already in place and accomplished, and it will 
substantially increase the American civilian casualties in our cities when they 
sae subjected to terrorist BW attacks in the near future. Those attacks now will 
have some five times the effectiveness that our present planners estimate. In 
short, itis going to insure the deaths of millions more Americans. The 
approaching war in the MidEast, with Saddam Hussein’ unleashing of his 
terrorist assets in the U.S. to the maximum extent possible, thus will probably 
see a five-fold increase in the effectiveness of some of his mass destruction 
‘weapons that Hussein's assets are able to unleash on America 


‘The entire affair of the Gulf War Disease was both a preliminary test and also a 
‘magnificent intelligence probe by the KGB, to clearly demonstrate once again 
that the U.S. Government and the U.S. scientific community are still nearly 
totally unknowledgeable of QP weaponry, immune and regenerative system 
“spreading,” disease induction by bioenergetics means, etc. It follows a 
methodology used with great success for four decades by the KGB." and one 
that our own government, scientific community, and military community has yet 
to decipher. So long as the threat only slowly increases, Amevicans remain 
complacent in their ignorance, ignoring the boa constrictor slowly strangling 
them, while awaiting the cobra seen in the distance?” We have unwittingly 
cooperated with the KGB boa constrictor for four decades, even as it slowly 
prepared to crush us. In the Gulf War, that crushing moved to the next threshold, 
toactually inflict casualties and deaths on U.S. oops and totally get away with 
it because of the bioenergetics (in the Russian sense) ineptness of the U.S. 
scientific community. 


° Thedecadeslongmicrowave radiation ofthe U.S. Embassy and induction of health changes 
and diseases, was cas in point. high evel target—theUS. Ambassador —wasinvolved, 
uarantceing U.S. Governmeatattetionatthehighestlevel, Puzzled. the U.S. government would 

‘hen cal in their most rusted EM scientific analysis groups. By the responsive actions then taken 
by the U.S. atthe Embassy, the KGB could ascertain with absolute certainty whether or not our 
Scientists knew ofthe use ofnfolded engines in bioenergetics. For more than four decades our 

actions asured them with 100% ceninty that We knew nothing of what their “information 

Content ofthe field and potential” actually was, orhow it had been weaponized and was being 

‘sed righ in fon of ou faces and before the entire world. 
is bizare thatour scientific community —evenafter those decades of EM inductionof 

diseases andhcalthchangesin AmericanpersonnelintheUS.EmbassyinMoscow—sildonat 
and cannot believe that conditioned EM radiation can induce cellar disease, Such to 
blindness is inexplicable. 
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40-Years of Russian Induction of Diseases In U.S. Embassy 
Personnel 

Sadly, our own fellows have never even figured out how the diseases and health 
changes were previously induced by the KGB for decades in personnel in the 
former American Embassy in Moscow. Three U.S. Ambassadors to the Soviet 
Union died as a result oftheir exposure to that radiation. Many other Americans 
‘on site were made ill or suffered health changes. 


When Johns Hopkins scientists studied the problem, they found a most 
anomalous thing: no health changes occurred in areas where the EMforcefields 
existed in the microwave radiation. Instead, the health changes only occurred in 
‘areas where the potentials were gradient free so that the force fields were zero— 
and thus the potentials (and their specific internal engines”) were persistent 
Using only a classical EM force field analysis—which does not show any of the 
internal longitudinal EM wave substructuring of the fields, potentials, and 
waves—the Johns Hopkins scientists erroneously concluded that it could not 
have been the weak microwave radiation causing the health difficulties, because 
no such health difficulties occurred where the forcefields were present. That is, 
they very naively assumed that "no force fields" meant no EM effects were 
possible. Their entire findings thus were based on a total non sequitur, the 
assumption that there can be no electromagnetically induced physical changes in 
matter in the absence of fields! The Aharonov-Bohm effect alone falsifies that 
entire premise, So does general relativity and higher group symmetry 
electrodynamics. 


‘Actually, the Johns Hopkins scientists had just clearly proven the exact opposite: 
that it indeed was the radiation that induced the health changes. That is simply 
shown statistically, and itis a deep and continuing mystery how good scientists 
and their governmental overwatch did not notice the violation of inference 
methodology. 


Simply put, there was 100 percent correlation to the presence of gradientfree 
EM potentials— she persistent kind. There was zero correlation (or 100% 
anticorrelation) to the presence of the normal electric and magnetic fields—i.e., 
‘where the potentials changed over a very small region of space. Hence it could 
only have been the constant potentials, else we must throw out statistical 
inference theory altogether. 


Ifthe changes had nor been caused by the EM radiation at all, one would have 
hhad some health changes in regions where fields were present and some health 
changes where the fields were absent. Considering the lengthy time the radiation 
persisted and the number of personnel affected, the statistics are decisive. 
Without question, the cause was indeed the persistent potentials where the force 
fields were zero, Whittaker's two papers—one in 1903 and the other in 1904- 
‘would then show how it was done. The 1904 paper and superpotential theory 
alone would nor have explained it, since that alone does not include the 
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information content of the field” —ie., spacetime curvature engines infolded 
inside the normal EM potentials, fields, and waves. 


So, the U.S. government and U.S. scientific community "botched it badly, 
unfortunately, by elemental statistical inference standards. And unfortunately, 
they have continued to "botch it" to this day. Both the scientific community and 
the intelligence community missed it, Elementary statistics theory alone, 
coupled with the Johns Hopkins results, clearly indicates that the microwave 
radiation was causing the health changes, to a very high degree of confidence. 


‘This demonstrates how "totally inexplicable" some ofthe effects generated by 
longitudinal EM wave interferometry and by “structured” or dimensioned 
potenti fields, and waves can seem to our conventional scientists. If we 
‘examine the serious foundations flaws in classical electrodynamics and 
electrical engineering taught in our universities, and the near-total lack of higher 
group symmetry electrodynamics training, we can understand why our scientists 
and intelligence analysts did not and do not have the background required to 
properly assess the incidents and effects. 


Western Electrodynamics Is in Sad Shape 
Actually. numerous scientists have long pointed this out. For example, quoting 
Mario Bunge (121): "..it is not usually acknowledged that electrodynamics, 
both classical and quantal, are ina sad state." 


In quantum electrodynamics, it is the potentials that are the primary causes of all 
electromagnetic phenomena, not the force fields as used by Johns Hopkins and 
the Government in its analysis. We know that classical EM is wrong in its focus 
‘upon force fields as primary EM causes; the Aharonov-Bohm effect, Berry 
phase, and geometric phase work in some 20,000 papers in the physics literature 
already show that. Indeed, we also know that the classical force fields do not 
even exist apart from mass; in space, only the potential for such a force field 
exists, in case some charged matter is brought in to interact with the EM entity 
as it exists in mass-free space (as curvatures of spacetime). 


‘The Aharonov-Bohm effect and its implications have been published in Physical 
Review—our most prestigious physics journal—since 1959. Later publications 
have included the Berry phase extension of the AB effect, and Aharonov and 
‘Anandan's futher extension of the Berry phase to what is today called the 
geometric phase. The potentials are indeed the primary EM causes, and theforce 
Jields do not even exist as such in mass-free space, but only in mass. Yet our 
classical EM taught in our universities has not been changed in its fundamental 
acceptance of the material ether since 1865, 


Every university in America is still teaching and defending a rather mangled 
electrodynamics where 


(1) The material ether is still assumed, even though destroyed more than a 
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century ago by the Michelson-Morley experiments; 


2) The force fields are erroneously assumed to exist in massfree space, but in 
force-free form(!!!) when what actually exists there as an EM disturbance is 
a general relativistic perturbation of spacetime (i.e., an oscillation of the 
local curvature of spacetime). Actually, force identically is the time rate of 
change of momentum, where momentum is mass times velocity. Thus mass 
is a component of force and force field. There is no force or force field 
without mass. As Feynman put it, there is no force field in massless space: 
instead, there is only the potential for such a force field to be formed at the 
various points, should a charged mass be placed at (added to) each of them; 


(3) The source charges are erroneously assumed to create their fields and 
potentials and all that energy in them, reaching across the entire universe 
from each and every charge, right out of nothing at all. This perpetual 
motion and creation of energy error continues even though particle physics 
hhas known (and proven, both theoretically and experimentally) that any 
charge (as a set of composite dipoles, when the charge is taken with 
clustering virtual charges of opposite sign) is a broken symmetry in its, 
fierce energy exchange with the vacuum, Hence the charge extracts that 
energy in its fields and potentialsfrom the active vacuum, and outputs the 
extracted energy across space {122}. 


Our own electrodynamicists and electrical engineering professors and 
departments would have us believe - and they continue to imply such in every 
university in America—that every charge is a perpetual motion machine clearly 
in violation of the master energy conservation dictum that energy can neither be 
created nor destroyed. The complete lack of scientific understanding that every 
charge extracts energy from the vacuum and freely and continuously pours it out 
as real observable EM energy, is reflected in rather silly "witch-hunts” (123) 
against electrical systems which exhibit more energy output than the operator 
himself inputs—ic., systems which exhibit a coefficient of performance (COP) 
of COP>1.0, which are open EM systems far from equilibrium in their active 
environmental exchange. 


Let us reason together! Ifthe second law of thermodynamics really did prohibit 
COP>1.0 electrical systems, then it also would prohibit the demonstrated CO} 
60 ofa solar cell array. It would also prohibit the demonstrated COP> 1.0 
‘mechanical systems such as a windmill, waterwheel, or silboat—all of which 
have COP =oo! In other words, the second law cannot even be a law ifit 
discriminates only one type of energy prohibited from being used for COP> 10, 


For some inexplicable reason, EM COP> .0 systems have come to be 
dogmatically labeled "perpetual motion machines" by the professional skeptics 
since EM systems must take their excess energy from the known active vacuum 
environment! In short, the dogmatic scientific community is saying that 

" windmill-type EM systems” with COP =o are permissible for exchanges with 


physically active and observable environments (such as the sunlight used in 
solar cells, the heat in the air used in heat pumps, the water currents used 
hydroelectric power plants, the winds used in windmill power generation, etc.) 
but they are not permissible for exchanges with the proven modern active 
vacuum virtual particle flux energy environment, even though the discovery of 
broken symmetry in 1957 already proves that all EM energy is indeed freely 
taken from the seething vacuum environment by the asymmetry of the modern 
ipolarity of the source charge! We refer the interested reader to the proven 
broken symmetry of opposite charges {124}. We also refer the reader to 
Nobelist T. D. Lee's statement applicable to the skeptics’ naive notion of 

symmetry. Finally, in modem physics all the major forces of nature are 
‘generated by the exchange of virtual particles. It is these forces that then 
translate against a resisting mass or entity to provide useful work. So all useful 
work in the universe already comes from the interactions of the seething virtual 
flux of the vacuum. On what distant planet have the skeptics been hiding while 
all this modern physies has been developed? 


‘One must keep one's sense of humor! It is ironic but true that every major 
university in the U.S. continues to teach, uphold, and advocate—by 
implication—EM charges as ubiquitous perpetual motion machines, freely 
creating energy from nothing. And that is those professional skeptics and witch- 
hunters never mention that their own naive understanding of electrodynamics 
‘already implicitly assumes and teaches perpetual motion machines freely 
creating energy from nothing at all—and on a scale unparalleled in scientific 
history! 


We have one chart with some 32 major foundations errors and flaws in the 
electrodynamics taught in all our schools; there are many others in addition, 
This erroneous teaching has so indoctrinated our graduate students that most 
dlectrical engineers no longer know the real difference between power (the rate 
ff change of form of energy and thus the rate of production of work) and rate of 
energy flow (whether it is being dissipated or not) 


Every textbook speaks of "sources furnishing power," when itis the rate of 
dissipation of energy in the individual loads and losses to provide the rate of 
doing work that constitutes power. Sources do not furnish power! They furnish 
energy flow (specifically, their source dipole furnishes energy flow, extracted 
and transduced directly from the active vacuum, and only a tiny bit of that 
‘enormous energy flow is diverged into the circuit and used). The various 
components ofthe receiving circuit interact with that energy flow to catch and 

dissipate a little of it, thus producing power and work locally in the intercepting 
and dissipating component. 


‘A massive nondivergent (nonintercepted) energy flow has zero power (time-rate 
of doing work), but ifintercepted and diverged, the divergence may develop 
enormous power (time rate of doing work) in and upon the interceptor, diverger, 
cr collector. Even many physicists today are confused on the difference between 
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rate of work and rate of energy flow per se. E.g., for about 30 years now, there 
thas been a polite debate involving that very subject in the American Journal of 
Physics. Itis still not completely resolved, because the argument has not actually 
addressed where all EM energy in fields, potentials, and waves comes from in 
the first place: directly from the seething vacuum via the asymmetry of the 
source charge. It also has not addressed the long unaccounted giant Heaviside 
nondiverged energy flow component. 


‘Toward a Deeper Electrodynamics 
‘The frst thing the Soviet Academicians did after WW IL was to completely 
overhaul electrodynamics, but in highly classified areas controlled totally by the 
KGB. Stalin's boot fimmly planted on their backside save to it, creating the 
terrible fear that if they failed to produce. they would surely die. Not having 
experienced such a "Stalin boot.” our own scientific community continues 
leisurely onward, while it teaches 110 years old electrodynamic material filed 
with non-sequitus 


‘The Russian use of the “information content of the field” euphemism is a case 
in point. Our fellows (in both the intelligence community and the scientific 
community) assume the Russians are speaking of simple transverse EM wave 
spectral analysis. Nothing could be farther from the truth. Let me explain, 


In 1903, E-T. Whittaker—a leading theoretical physicist at the time—showed 
‘that any scalar potential is comprised of a harmonic set of bidirectional 
longitudinal EM wavepairs. Each pair consists of a longitudinal EM wave and 
its true phase conjugate replica (ie. its "antiwave", or time-reversed twin, 
coupled together). 


‘Unknown to Whittaker, that LW wavepair actually includes a rime-density wave 
inthe time domain, coupled o a longitudinal EM wave in 3-space. Per quantum 
field theory {66}. such a coupled pair would be observable as the scalar 
potential. Knowledge of this specialized coupling is necessary in order to 
properly decipher the Priore mechanism. That mechanism was demonstrated to 
rime-reverse (dedifferentiate) a diseased or damaged cell and all its parts back to 
it previous normal state, geneties and al. The time-reversal was accomplished 
by “pumping” the cell and all its parts in the time-dimension so that time- 
reversal propagation of the mass-energy is achieved. The time-domain pumping 
is done by the associated time-density wave, which always accompanies any 
longitudinal EM wave a priori. So sometimes we sloppily say thatthe 
“longitudinal EM wave pumping" causes the time reversal ofthe mass, but it is 
really the associated time-density wave pumping that causes it. The time-density 
wave component also can cause time charging or time-excitation charging of a 
mass. During is altemate existence as masstime, the time portion is altered, and 
that isa time-excitation or time-energy excitation 


It turns out the human cellular regenerative system (Figure 29) also uses the 
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same time-excitation charging methodology to produce time-pumping of the cell 
and all its parts. This produces a slow time-reversal (dedifferentiation) of 
‘damaged cells back to a previous state. This is in fact the basic mechanism for 
healing, as used by the living body 


Reversing aluminum, for example, just converts it back to ordinary aluminum. 
Not too interesting. 


Reversing an HIV infected cell, however, would produce a healthy, normal cell 
with normal genetics. When a damaged cell turns into a cancerous cell, it is due 
to a process called promotion (change of the cell to a cancerous cell). Reversing 
4 cancerous cell would change it back to a healthy, normal cell again—in short, 
it would constitute demorion of cancer and then healing of the damage in the 
‘now normal but damaged cell. In the AIDS patient, simply pumping the entire 
body with the time-density wave accompanying the longitudinal EM waves 
produced in a plasma—as Priore did for terminal tumors—would time-reverse 
all cells, completely ridding them of any residue of HIV infection. This would 
remove all the "HIV factories", thus completely solving the problem of AIDS. 
We have also uncovered a more advanced process where matter can essentially 
be directly engineered in any conceivable manner, including nuclear 
transmutation etc. We have filed a Provisional Patent Application and will file 
formal patent applications on those processes in the future, as soon as funds are 
available (patent attomeys are expensive!) 


Time Is Highly Compacted Energy 
Since time is energy compacted by some 9x10'®, even small time-density 
changes ean produce enormous spatial energy, should any ofthat compacted 
energy be transduced from time-density waves into transverse EM waves and 
thus into spatial EM energy. Such transduction can indeed occur in nonlinear 
‘materials and processes, such as in electrolysis 


‘TheNew Transduction Model Explains the Cold Fusion 
Results and Mechanisms 
In August 1998, we presented a conference paper pointing out that cold fusion 
uses this very transduction of EM wave types, one into the other. We presented 
such new concepts as (i) TW to LW to TDW transduction and in the other 
direction also, (ii) time density charging of a particle to an excited time-density 
state (analogous to energy charging to an excited energy state), and (iii) the 
observation that excess phase conjugation in a local region can generate a time 
reversal zone where like charges attractand unlike charges repel. 


With these concepts we were able to explain the excess heat appearing in the 
cold fusion experiments of hundreds of researchers. We also came up with (iv) a 
totally new class of nuclear reactions without the usual high-energy 
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considerations. That is, we showed the exact nature of the electronuclear 
reaction that is forming the anomalous nuclides in cold fusion experiments. 
Production of the new nuclides was revealed to be simply what one would 
expect from this mechanism, as indeed was particle clustering of like-charged 
particles. 


We also explained (v) all the instrumental anomalies occurring in a series of, 
well-documented cold fusion electrolysis experiments at China Lake. In fact, 
(vi) we added a completely new term to the conservation of energy law, thereby 
extending it 


An updated explanation is included in my new book, Energyfrom the Vacuum, 
2002, ibid. With the new transduction interactions, one must state thatthe total 
energy in (a) spatial energy form, (b) mass-energy form, and (c) time-energy 
form is what is conserved. 


So when transduction occurs in cold fusion experiments (electrolysis), some of 
the time-density charge energy is gradually transduced into ordinary transverse 
EM wave energy, which as it scatters produces excess heat not accounted for in 
present particle physics interaction models. 


Scientists with only the "old" 2-term Einstein conservation law in mind, will be 
firmly convinced that this excess heat represents a violation of conservation of 
‘energy, hence is impossible. So they will question the calorimetry ability of the 
cold fusion scientists, etc. Unfortunately, the more ardent defenders of the 
orthodox faith will unjustifiably impugn the intentions and morals of the 
experimenters themselves with vicious ad hominem attacks. Such has indeed 
been precisely the case. Many ofthe harsh scientific critics have acted like cur 
dogs in a pack attack, and not as scientists at all 


‘Once one analyzes cold fusion in the new 3-term conservation manner and with 
the new transduction concepts, one immediately sees that the overall 
conservation of energy is upheld, while the special case represented by the 
former energy conservation law (conservation of the sum of the spatial energy 
and the mass-energy) is permissibly violated. The former case was a special case 
in that it arbitrarily assumed that no transduction of time-energy into spatial 
‘energy or mass energy—or vice versa—occurred, 


In essence, successful cold fusion experiments show that, via transduction, a bit 
of time itself can be "utilized for fuel” and transduced into ordinary EM energy. 
Energy-wise the system has become a nonlinear open dissipative system*” far 


© But we point out one iiosynerasy of thermodynamics, which defines a “closed system” as one 
Jn which mass does not cross the system boundary, but energy is free to exchange across that 
boundary {125}. Hence, cei a "closed thermodynamic system” is actually an open sytem with 
respect io energy exchange betwcen system and envionment. As such, energy-wise the system 
can bea system far from energetic equilibrium with its external active environment, and still be 
considered a closed thermodynamic system! Energtically, a cased thenmodwani system that 
exchanges energy but not mass is permitted to exhibit COP>I.0 and even COP = 00! 
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fiom thermodynamic equilibrium {125}. As such, itis permitted to (1) self 
organize, (2) self-oscillate, (3) output more energy than it itself has, by merely 
receiving, converting, and using excess energy from its environment (in this 
rase, from the transduction of a tiny bit ofthe time-charging that has occurred), 
(@) power itself while simultaneously powering a load or performing useful 
‘work, and (5) exhibit negentropy. With the exception of transduction of time- 
charge into excess energy, all of that is already in the thermodynamics texts, 
though it has not been clearly spelled oat in electromagnetics texts. The source 
charge, e.g., exhibits all five of those capabilities. The inclusion ofthe time- 
domain as part ofthe external active environment, however, is an extension of 
previous open dissipative system work by leading researchers such as 
Prigogine. It dramatically extends the meaning of “active environment”. 


Why There Is a Time Delay in the Onset of Cold Fusion 
Phenomena 
With an energy-to-time compaction ration of 9x10" , energy processes have to 
‘transduce spatial energy into time for quite a while in order to build up very 
much time-excitation charge, This leads to an initial delay in the onset of the 
‘new law” transduction phenomena, as directly shown by the vast majority of, 
careful cold fusion experiments. This build-up occurs during the "palladium. 
lattice loading” time, e.g. 


By the same token, there is a time delay after cutoff of the input power to such 
experiments, during which time the slowly decaying time-density charge by its 
transduction into spatial energy continues to maintain the anomalous new 
processes (such as excess heat production) as they slowly subside. So the hours- 
Jong or even days-long delay phenomena after input power shutdown are also 
explained by the new approach, 


In summary, there exist some very anomalous but very good experiments by 
excellent” scientists—more than 600 of them—that are at least totally consistent 
with the above new wave polarization transduction model. Consistency with 
experiments is the first element of proof (itis necessary but by itself it is not 
sufficient). The new model also contains and obeys the conventional 
conservation of energy law until the new transduction phenomena become 
observable, at which time the extended energy conservation law applies. So in 
its lower limit, the new model corresponds to the present model—again, another 
requirement of any model purporting to extend a scientific area past that area's 
conventional model description 


‘The KGB weapons scientists—not the regular Russian academic 
cstablishment—have about a 40-year lead on us in all these areas. While our 
‘own scientists have dallied and pursued the standard model, the Russian weapon 

scientists have produced the equivalent of 10 Manhattan Projects, back-to-back, 
in the"new" energetics area. 


The Early Soviet Longitudinal Wave Interferometers 

Using longitudinal EM waves, the early KGB energetics interferometers could 
pass their beams right through the earth and ocean. LW readily penetrate 
‘matter, reacting with it only weakly. 


‘Some LW interferometry was also done using ordinary EM waves as carriers for 
the LW wave functions. Each such transverse wave carrier is in fact two scalar 
potential functions (Whittaker 1904, the initiation of superpotential theory). In 
each scalar potential for which functions are extracted and used to make the 
normal transverse carrier wave, there exist LW biwave pairs comprising said 
potential. So by assembling the desired LW biwave subsets, the two scalar 
potentials and their resulting interference-produced carrier wave are internally 
structured as desired. This is the use of the so-called internal information 
content ofthefield, We speak of such a deliberately structured potential, field, or 
wave as having been conditioned, dimensioned, ot activated. Ifthese terms are 
deemed inappropriate, just use the more generic term "internally structured.” 
‘Then one has to explain what the “internal” is, and how this "internal" can be 
"structured." 


In the distant interferometry zone, those dimensioned potentials, fields, or cartier 
waves would interfere and produce the desired alterations in the local spacetime 
(including specific spacetime curvature engines). Remember, the potentials are 
just bundles of special waves. We are discussing a special form of nonlinear 
‘multiwave interferometry, where the individual waves and waveforms 
comprising the total wave package assembly constituting a carrier have been 
carefully chosen in advance. 


In the local spacetime in the distant interference zone, such multiwave 
longitudinal EM wavepair interferometry creates ordinary EM waves and energy 
that arise directly from each and every point in that individual interference zone. 
‘We stress that ordinary transverse wave EM energy propagation through the 
intervening space between the interferometer transmitters and the distant target 
does not occur. 

In January 1960, in a speech to the Presidium, those are the weapons then in 
final engineering development for production that Khrushchev spoke of as 
“fantastic new weapons” 


Khrushchev Killed the Thresher to Prevent His Own 
Dismissal 


‘The first deployed large force-structure interferometer weapons became 
operational circa 1 April 1963. Khrushchev was still smarting from his Cuban 
missile crisis fiasco and his humiliation by Kennedy. Having overplayed his 


hhand and gotten caught," Khrushchev was desperate to stay in power and not be 
thrown out by the Communist Party leaders for such a massive loss of face. 


On April 10 of 1963 Khrushchev used his new interferometers to reach through 
the earth and ocean and "kindle" EM jamming in the electrical controls of the 
USS. Thresher nuclear submarine underwater off the East Coast ofthe U.S. 
The reader should recall that, wherever the interference zone is established— 
including inthe earth or undemeath the ocean, in the atmosphere, or in space— 
the energy arises directly out ofthe local spacetime. There is no Faraday 
shielding ofsuch effects, which do not depend upon ordinary transverse wave 
EM field energy propagation through space. The energy appears everywhere 


within the targeted object, simultaneously, 


It is extremely important that the reader recognize the dramatic difference in the 
‘way energy propagates in the new mode as compared to the old "propagation 
through space” mode. In the old mode, energy transport arises in one spatial 
location and is considered to proceed serially through the intervening spatial 
points to the intercepting and interacting particle's location. The Poynting model 
presently uses only this mode. In other words, the energy propagates from 
‘without the object to the object, and thence inward inside the object, if possible 
as the object interacts. 


On the other hand, when the energy arises at each and every point in spacetime, 
it then propagates outward from each arising point. Thus in the nucleus of an 
atom,the "energy flow” starts at all interior spatial points and flows or diffuses 
outward in all directions. So the energy “meets” and interacts with the quarks in 

the nucleons, before it meets the "nucleon as a whole” and translates it, For this 

reason, withenergetics it iseasierto alter and "flip" quarks in nucleons than itis 
to translate nucleons, since one is using the new energy propagation mode. This 
simple reversal ofthe outside-to-inside energy propagation to an “inside-to- 
outside” mode, isa revolution inparticle physics and effects on materials. 


In fact, the energy dramatically enters the "interior" areas of nuclei, nucleons, 
cic. in a manner heretofore impossible or extremely difficult to achieve by high- 
energy physics, which can only do itby smashing into the object with sheer 
brute kinetic energy. Therefore the new "inside to outside" energy propagation 
‘mode can produce—at feeble spatial energy—extraordinary nuclear interactions 
not possible by brute force "outside-to-inside" energy propagation means. By 
controlling the structuring ofthe arising of the energy at each pointin spacetime, 
the energystructure interacting with the quarks and other interior components 
can be tailored to order. This is the primary secret of transmuting an element at a 
distance by a specialized energetics weapon. The structuring of the emerging 


“Oddly, al he simply waited ew mare months ora year befor injecting the missiles an 
‘uiclear warheadsinioCuba.khnushchevsstrategicscalarnterferometerswouldhavebecome 
‘operational With those inoperation, ‘Cuban misie crisis" might well have hada diferent 


internal energy can be deliberately tailored to change quarks in—say—some of 
the nucleons of U235 and plutonium nuclei. In this fashion nuclear warheads, 
nuclear powerplants, and nuclear propulsion systems of atomic submarines can 
be altered at a distance, beneath the earth's surface, beneath the ocean's surface, 
in space above the earth, ete 


‘The EM “hash” emerging from the Russian interferometry simply jammed the 
electrical controls and systems of the Thresherfrom inside its very electrical 
circuits. Out of control and helpless, the Thresher sank to crush depth and 
imploded (Figure 6). The EM "splatter" from that interferometry, arising from 
the local spacetime throughout a surrounding region, engulfed the Skylark, the 
surface companion of the Thresher. The resulting spurious EM jamming 
severely interfered with multiple electronic systems on the Skylark. Several 
electronic systems just ceased working altogether. Their electrical forces were 
time-energy excited and time-reversed so that electron currents in them became 
impossible (blocked). 


It required over an hour for the Skylark to transmit an emergency message back 
to the Navy that the sub was in difficulty, through all that interferometry 
jamming effects. The Russians undoubtedly "tacked" the sub till it imploded, 
then cut offthe interferometry. As the "time-density charging" in the area 
slowly diminished, all failed electronic systems in the Skylark returned to full 
functioning. This was because the excess time-energy excitation just decayed 
away, so that electrical currents could again flow. 


Khrushchev Demonstrated the Powerful Blast Capability of 
Strategic Interferometry 

‘The next day, 100 miles north of Puerto Rico, the same KGB interferometer 
‘weapon was powerfully pulsed to produce a giant EM burst deep under the 
ocean's surface (Figure 42). A cone of water rose up from the surface to about a 
half-mile in height, observed by the startled crew of a passing U.S. jetliner and 
reported to the FBI and Coast Guard when the aircraft landed in Florida, As it 
rose, the cone of water spread into a cauliflower shape typical of a deep 
underwater nuclear burst that does not vent the gas bubble. Then that giant 
cauliflower of water fell back out of the sky and into the ocean. The second 
successful demonstration of Khrushchev's scalar interferometer weapon had 
been made for the benefit of the Presidium and the leaders of the Communist 
Party 


With those two dramatic tests, Khrushchev had killed the latest and greatest US 
atomic submarine and demonstrated the awesome power of energetics weapons. 
He had shown the leaders of the Communist Party that the U.S. had no inkling 
ofhis new superweapons. He had struck the U.S. a formidable blow in a direct 
act of war—but a new kind of clandestine energetics war—and gotten clean 
away with it. Now it was Kennedy, rather than Khrushchev, who had been 


duped. So had the entire U.S. Intelligence Community and the U.S. Scientific 
Community. Sadly, mostly they apparently remain duped or partially duped to 
this day. 


Khrushchev managed to stay in power nearly two years longer by these two 
demonstrations. So the KGB/Soviets embarked on a decades-long program of 
buildup and development of the new weaponry, clandestinely, in order to take 
the USS. by surprise attack and destroy it utterly 


In 1972 Brezhnev named 1985 as the target year when Russia would be able to 
do as it pleased, and would essentially control the land, the oceans, and space 
(126). This was stated at a secret meeting of the European Communist parties in 
Europe. A British intelligence agent was in the meeting, and furnished the U.S. 
that information, Later it was openly released and published. 


‘TheRussians met that 1985 deadline, and the resulting increase in killing U.S. 
missiles and aircraft in 1985-1986 was most indicative, Other indicators such as 
massive weather engineering were already ongoing, 


Weather Engineering Over North America 

‘Thefirt KGB weather engineering tests over the U.S., using their relatively 
new interferometers, produced signatures of anomalous perfectly round holes 
appearing in clouds. These experiments stated in 1967 or thereabouts. The 
Russians gave us that very severe "deep freeze" winter of 1967, as an initial 
‘weather-engineering test of their energetics interferometry weapons. 


‘TheKGB communists do have a sense of historical dates, and they often do 
things on certain dates in symbolic fashion. Full-time Soviet weather 
engineering over North America started in earnest on July 4th, 1976—our 
Independence Day and our bicentennial. This was the KGB's "gift" to the United 
States on such a historic occasion. Full-bore weather engineering over the 
Americas has continued to this day, and even increased. It was passed into the 
hands of the Yakuza and the Aum Shinrikyo upon their leasing of those 
interferometers on site in Russia at the end of 1989, In 1985 I produced a rather 
cide videotape" (40 minutes) with pictures ofthe giant radial cloud signatures 
etc. associated with such weather engineering operations since 1976. 


‘The basic weather engineering method is simple. Use an LW interferometer 
(LW) to reach through the earth and coo! the air in a region and produce a high- 
pressure area, due to the densification of the air. Use another interferometer to 
hheat another area and form a low-pressure area, due to the expansion ofthe air. 
Then carefully steer those highs and fows by gradually and slowing rotating the 
distant antennae and slowly adjusting the interferometry range simultaneously, 
‘according to a calculated schedule. 


1. E, Beanlen, "Soviet Weather Engineering Over North America,” 1985 
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By that means, the LWIs easily catch, entrain, and steer the jetstreams largely 
responsible for our weather. Put sharp loops and twists in that steering, and the 
hhuge angular momentum of the jetstreams developed in those sharp turns and 
circles will spawn tornadoes, violent weather, etc. 


‘The first complete weather engineering system over North America in 1976 also 
used the Woodpecker's normal EM carrier signals with dimensioning and 
internal assemblage of the composite longitudinal EM wavepairs. A giant 
“interference grid” was established over much of North America. A great deal of 
local adjusting of the interferometry in the grid was necessary. These local grid 
readjustments caused "sudden popouts” of EM energy. creating many 
atmospheric booms, rumbles, and explosions. 


To really stir up big weather trouble, the Russians—and now the Yakuza and 
Aum Shinrikyo—also heat or cool areas of the ocean where El Nino and similar 
"water engines” form. A dimensioned LW interferometer is required for this 
operation, By slowly and protractedly heating or cooling the water in one of the 
"warm water engines” fueling the weather, one causes a very significant, long- 
term, later effect on perhaps an entire continent. 


One can create great droughts in some areas, great floods in others, etc. The 
KGB has been doing this extensively, since 1976. The great floods in Red China 
a few years ago are a direct example of KGB/Yakuza weather engineering, as is 
much ofthe extreme heat of 1998. In fact, thanks to the weather operations of 
the Yakuza under their KGB mentors, 1998 was the overall hottest year on 
record till then, since records were kept. At least for the summer of 2002, the 
record may have been broken again, with a significant season of giant forest 
fires burning away 


One purpose of the excess heating of the atmosphere, of course, is to do damage. 
‘An added "benefit" to the KGB is to furnish support to the environmentalists 
‘who are concerned about global warming. Understand, there is indeed such a 
thing as global warming. But by augmenting the atmospheric (and ice sheet) 
heating just a bitin a single year, the statistical analyses are skewed. The skewed 
analyses will show that the global warming problem is far more imminent than it 
really is, ifthe LWI engineering of it were suspended. Nobody on either side of 
the global warming debate seems aware of the LWI intervention that is ru 

the results of their models and calculations. 


In turn, the heightened global warming indications, detected as a result of the 
LWI interruptions, impel strong activist support for such things as the Kyoto 
treaty, which is specifically designed 10 the strategic detriment ofthe U.S. ifand 
when the U.S. Senate ever approves it. The Kyoto treaty does not even apply to 
some 160 countries including Russia, China, etc. This focuses a certain 
proportion of our government time and effort in grappling with an inflated 
global warming problem, immediately. It directly fits the KGB strategy of 
“spreading” our government energy and attention all over the map, anywhere 


but upon the coming strategic energetics strike and upon energetics weaponry. 


‘The die-hard section of the KGB strategists are chess players. They will come at 
you anyway, anyhow, and anywhen that they can. Everything that can be 
impressed to serve or support the overall objective, will be impressed and used, 
‘That is the overriding principle when analyzing Russian KGB strategy. 


Khrushchev meant every word of it when he said to Nixon in their famous 
Kitchen Debate: "We will bury you!” Interestingly, to this day Americans and 
their government officials have continued to be deceived as to exactly what 
Khrushchev meant. He meant it literally 


Earthquakes to Order 
According to U.S. Defense Secretary Cohen, electromagnetic induction of 
earthquakes is now recognized by the U.S. Department of Defense, considering 
his little-noticed statement in Georgia in 1997, which we previously quoted, An 
interesting exchange of induced earthquakes (Figore 54) had occurred in later 
1988.and early 1989. Here two sides seemed to be “counting rifles.” 


Opening bet (induced quakes) 


~ Quebec 25 Nov 88 
¢ ~ Pasadena 3 Dec 88 
Raise you 
- Armenia 7 Dec 88 
¥} Call - what do you have? 
~ Malibu 8 Jan 89 
Four aces 


- Soviet Central Asia 23 Jan 89 


Clear table (stress relief) 
- Bakersfield CA et al. various 


Fg St Cougs wt etquaes: up satu, 


As Secretary Cohen made his April 1997 statement obliquely recognizing the 
scalar interferometer weapons, the little friendly nation had just completed 
countering and averting a massive strategic energetics strike upon the United 
Statesand Western Europe, scheduled for May 1, 1997 —just three days later. A 
little more than two months earlier, a previously scheduled attack had also been 
countered and averted by the same friendly litle nation. 


Once one can reach into or through the earth and ocean and create energy in a 
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desired interference zone, induction of earthquakes is simple. Use the 
interferometers to deposit energy in a fault zone over a period of time. Keep it 
id the piezoelectric plates build up enough mechanical stress to forcibly 
and produce an earthquake, 


Put the energy in very slowly, and one gets a long "overpotential” effect where 
the rocks do not slip for a long time, while the energy builds to higher levels due 
to the static friction of the rocks. Then there occurs a rather rapid catastrophic 
slip. In short, one produces a large destructive earthquake. The KGB weaponry 
can produce earthquakes of the highest magnitude if they work at it, 


Ifone wishes to induce a quake in an area where there are no known faults, then 
‘one simply focuses the interference zone there inside the solid rocks and 
proceeds to deposit the energy, preferably rather quickly (in hours instead of 
days). The entire rock will be expanded and it will fracture, producing an 
anomalous so-called "flat plate" earthquake, 


Around the early 1900s, the "normal" rate of large earthquakes was two or three 
per year. That gradually increased after WW II. During one week in year 2000, 
there were some 20 major earthquakes around the globe. Obviously, someone is 
doing it, since this is far beyond what could be expected naturally. Presently that 
omeone” is mostly the Yakuza and Aum Shinrikyo, on site in Russia and 
leasing the LWls. With the scheduled CSR attacks forcibly aborted, the KGB 
has the problem of restraining an increasingly impatient Yakuza and Aum 
Shinrikyo group, while keeping them paying the lucrative lease money. 
Consequently, inducing some big earthquakes is one way to "keep the troops 
‘occupied and busy." Shooting down the occasional aircraft or missile is another 
way 


1 worked for 8 years or more with an inventor (Floyd Sweet, now deceased) who 
had an energy device {127,128} sensitive to artificially induced quakes of that 
fashion, even such quakes thousands of miles away. The device would sit right 
‘on top of a normal quake and not react. We could tell within some 8-10 
thousand miles—and often even for greater distances— which quakes were 
antificial and which were natural. 


So during that period I was able to clearly ascertain what was going on, and who 
‘was doing what to whom, and which quakes were normal and which were 
manmade. Several attficial U.S. quakes, the Armenia quake, and a subsequent 
big quake in Russia were particularly interesting in the mid and latter 1980s. The 
hhuge 1976 China quake was directly induced by the KGB. 


Fur $5 Brewer bes Pasir Reagan on Soviet salar EM weapons ober 1984, then 
ils atonal Seculy Cock 


In 1984, on my behalf Roy Brewer (129) had briefed President Reagan on these 
scalar interferometry weapons (Figure 55), then briefed the National Security 
Council. Let us hope that these high level briefings may have borne at least 
somefruit. 


Readying the Weapons for the 1985 Readiness 

Demonstration Tests 

In later April 1985 I received an urgent call from my close colleague Frank 

Golden, In his avionics repair work, he suddenly found that his best calibration 
instruments were very "noisy." He replaced one expensive instrument, and the 
secon as "noisy," also. A third proved equally noisy. This was unparalleled. It 

‘was not the instruments, bu instead it was all the electronics to be repaired, that 

‘wereemittingelectromagneticnoise! 


‘So Frank borrowed one expensive instrument and brought it home for the 
weekend. He altered itby aproprietary method so that he could detect energetics 
radiation. Voila! The entire earth was alive with Soviet energetics signals. The 
‘weak interferometry ofso many signals impinging into the weakly interact 
electronic systems to be repaired, had generated the electronic noise his 
instruments had detected. 


In response to Frank's call, | immediately proceeded to his location. I personally 
observed on the oscilloscope, as detected by Golden, some 27 pairs of Russian 
energetics signals, each of the two in a pair being 12 kilohertz apart. (We have 
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previously explained why two frequencies are used, and one “pretends” one 
transmitted the difference frequency). Each of these frequency pairs represented 
the entire earth held in entrained resonance. Each pair was an “energy tap" in the 
arth, extracting enormous energy from the heat of the molten core of the earth 
itself and outputting it as 12 kilohertz power for transmission to giant 
interferometry weapon sites. 


Each "tap" was extracting energy sufficient to power perhaps 4 to 6 of the giant 
intercontinental energetics interferometer weapons. We were observing 
something like 100 to 150 massive weapons on line and radiating. A full-up 
strategic dress rehearsal—or preparations for a full-up strategic attack on the 
U.S.—was underway 


Gorbachev was still a "new man on the job" at that time. Further, 1985 was the 
40th anniversary of the end of WWII, and a very important occasion for the 
‘Communists and in fact for all Russians. The May Day celebrations that year 
‘went on for several days, not just on May 1 


‘What we were seeing were preparations for a massive May Day weaponry 
demonstration in and around May 1, 1985. We were observing the preparation 
and demonstrated readiness of all that great armada of Soviet energetics 
‘weapons, to meet Brezhnev’s 1985 schedule laid down back in 1972 (126). 


Longitudinal EM wave communications to deep underwater Soviet subs, the 
hhuge interferometer armada, and everything else—all were being readied and 
demonstrated. I can assure the reader that observing full rehearsal of 
preparations for the next World War was a most sobering experience. 

‘After May 1, most of the armada of interferometers was stood down again 
because it had been demonstrated that the "ready schedule" had been met. All 
but one ofthe giant energy taps in the Earth were also stood down again. That 
cone remained active, 


‘The May Day report to the heads of the Communist Party that year must have 
really been something! 


As usual, apparently our own scientific and intelligence communities did not 
detect the main activities, and would not have believed it if one told them. They 
certainly did not believe it when I published it in 1986 in Fer-de-Lance, but 
labeled it sheer fantasy or at best total conjecture. 


It was neither fantasy nor conjecture. It was direct experimental measurement. It 
was in fact what used to be called scientific method. The problem with our 
intelligence agencies was that they operated behind policies. Once the policy is 
decided, then regardless of what the intelligence analysis indicates, anything 
against the official policy is just ignored. This neat litle policy method of doing 
business has resulted in making our intelligence agencies some of the most 
political-minded and manipulative groups on Earth, 
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Meeting the 1985 Schedule for Readiness 
In 1985, KGB/Russian preparations began in earnest for the energetics weapons 
readiness projected for that year by Brezhnev in 1972. Being full-bore tests, 
these actually went after destruction of vehicles and killing people. These were 
actual acts of war. The so-called "Cold War" was not nearly so cold as pictured 
in the news media! 


Early that year, an LWI was used to cool the combustion in the engines ofa jet 
liner off the coast of San Francisco, bound for Los Angeles (Figure 56). This 
flamed-out the engines. The stricken craft fell 30,000 feet before the time- 
density “cooling” charge drained away, sufficient for the pilot to restart his 
engines and limp into San Francisco. Gravitational and inertial anomalies—a 
clear signature ofthe use ofthis EM/GR weapon—were exhibited upon the 
personnel in the cockpit. The official investigators ignored those signatures; 
after all, such is not in their standard checksheets! And everybody knows the 
standard checklists are already perfect! 
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KGB Crews Regularly Practiced Against U.S. Rocket Launches 
from Cape Canaveral 

Inalate Nov. 1985 night shutle launch at Cape Canaveral, the Russian 
interferometer crews continued their practice of using the U.S. shutle launches 
as convenient "simulated" ICBM launches, for energetics interferometer crew 
practice (Figures 15 and 16). EM missiles (balls of EM energy formed in the 
area by distant LW interferometry through the earth) were used as the 
‘destructive agent”, but were offset from the actual launch in order not to 
destroy the shuttle. This was normal crew drill, not combat operations. The 
practice range for energetics weapons is—as might be expected—the actual 
targeted area and targeted nation itself 


[As shown in Fer-de-Lance, I published an actual picture (Figure 15) of such a 
KGB EM missile strike, offset from that shuttle launch in late Nov. 1985 and 
snapped by Bob Gladwin, I also published an actual picture ofa second such 
EM ball of glowing energy (Figure 16), over the launch site forthe same launch, 
and used as a registration point (the LWs deviate slightly in passage through the 
carth, since the potentials in the earth are not constant). George Suchary took the 
second photo. 


‘A standard artillery "shift-from-known registration point" method of firing was 
being used. In other words, the crews establish LW track on that EM registration 
ball, right through the earth. That represents a point having a known set of 
coordinates—a registration point—established in the firing computer. Then 
when the targeted strategic missile (in this case the shuttles main booster) 
ignites, the interferometer also tracks the huge ionization target of the exhaust 
with the same weapon system, 


‘That gives a known relative location of the missile rear end, with respect to 
‘one's registration settings for the registration point ball of light. Then add some 
meters to move up onto the missile body proper, and voila! The center of the 
target missile that will be fired is now in the bulls-eye, so to speak. That is a 
standard "shift from a known registration point" method of shooting, well 
known to every artillery group on the planet. The "marker beacon’ is what is 
known as a "high burst registration,” except it is not a burst but a steady ball of 
‘energy maintained over the area as the registration point. 


‘The distant rocket or missile can now be destroyed in a variety of ways: 


(1) Just create a sudden EM surge arising right in that spacetime (that is, just 
pulse the interferometer). That burns out some of the inner electronics of the 
missile, causing partial or complete missile failure. 


(2) Sharply pulse the interferometer to introduce EM energy surges and sparks 
in the fuel or solid propulsion, igniting it massively and blowing up the 
rocket. Works well for aircraft fuel tanks as well, 


(3) Form another EM missile and hit the missile broadside with that, burning 
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through it and destroying it immediately 


(4) Hit it with an explosive EM missile internally, instantly exploding the 
missile into pieces. Or 


(5) Hit it with several of the above simultaneously. 


Suchary and Gladwin had captured the direct evidence of KGB dress rehearsal 
for the strike and kill of the Arrow DC-8 in Gander, Newfoundland about two 
‘weeks later. 


Kill of the Arrow DC: Practice Turned into Performance 

‘Two weeks later, the same KGB weapon tested against the Cape Canaveral 
shuttle launch was used to destroy the Arrow DC-8 at Gander, Newfoundland, 
killing some 256 occupants, 248 of them being U.S. soldiers returning from 
peace-keeping operations overseas. The aircraft was not iced up; later that was 
clearly established, 


See Figure 17. As the illsfated Arrow aircraft began its thrust down the runway 

for takeoff, it was already under LW interferometer track (the exhausts of the 
‘engines were being precisely tracked) by distant KGB operators. The KGB 
‘operators simply began to cool the combustion gases in the engine combustion 
chambers as had been done to a U.S. jetliner earlier that same year (Figure 56) 

off thecoast of San Francisco (there they had completely flamed out the 

engines). Now they did not want to flame out the engines during take-off, but 
just wanted to reduce the thrust of those engines. 


So the available thrust of the engines began decreasing as the aircraft picked up 
speed on the runway toward takeoff, even though the turbines were rotating at 
{ull speed. For powered flight, it is the shrust-per-drag ratio that is important. 
‘One can reduce that ratio by ice-loading and therefore increasing the overall 
aircraft drag, as all Transportation Safety Board checksheets assume if the 
engines are at full rotation and if operation and icing conditions are present. Or 
fone can reduce the ratio by reducing the engine thrust itself, as was done for the 
Arrow,even though the plane is de-iced. All the Transportation Safety Board 
checksheets assume that it has to be drag increase, and thus due to icing. 


‘TheNational Transportation Safety Board (NTSB) investigators know nothing 
about longitudinal EM wave interferometry and its capabilities—and its 
development by several nations of the world. Neither do their checksheets. 
Sadlly,the NTSB is not even aware that the electrodynamics and electrical 
cengineeringit assumes is so perfect is in fact a decrepit old model based on 
century-old errors. They are unaware that much better electrodynamics models 
have long been developed for particle physics, because the crusty old classical 
‘model is totally inadequate. Their checksheets also are "unaware" of anything 
really modem such as electrodynamics models of the higher group symmetry 
Kind. 
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‘The thrust reduction by combustion gas cooling does not appear on the official 
checksheets and is never considered. It is not considered to this day. It will 
probably still not be considered this century. 


Observers on the ground heard those engines “laboring,” which can be a direct 
symptom of combustion gas cooling and engine thrust reduction. Rough running 
and missing can be another, if the cooling increases. Engine flameout occurs 
‘when the combustion no longer can be sustained because of the dramatically 
Iowered temperature of the gases. 


The Arrow Pilot Sensed the Lack of Power, But the Aircraft 
Was Immediately Hit 

See Figure 17. At rotation and liftoff, the pilot of the Arrow DC-8 immediately 
sensed his lack of lift, and started a slow turn to the right, apparently intending 
to come around and land again as an emergency measure. Meanwhile, crossed 
beams had formed in the sky above and off to the right side. From those crossed 
beams of light, there shot down a bright "streak" of light that struck the fuselage 
of the aircraft in the right side, ahead of the engines. That was the EM missile 
strike—just as had been offset from the shuttle launch two weeks earlier in 
Florida, and photographed by Bob Gladwin, 


‘That piece of Arrow DC-8 fuselage hit by the EM missile, with the burned hole 
init, was recovered and tested. Tests showed no explosive residues on the edges 
of the hole, so it was not made by a bomb or other explosive device. Instead, it 
was made by an EM missile of the type that over a decade later hit the TWA- 
800 several times off Long Island and killed i 


In the Arrow aircraft's kill, the fiery EM missile sharply ignited the plastics in 
the forward cabin, which explosively outgassed. One product of such outgassing 
is hydrogen cyanide. A whiff or two, and all the passengers in that section were 
already dying of cyanide poisoning. In the autopsies ofthe recovered bodies, 
about halfthe passengers were already dead of evanide poisoning before the 


plane impacted the ground and exploded, They died while that aircraft was still 
flying and sinking tail-first toward the ground, 


‘The results of those autopsies were deliberately withheld from the Canadian 
investigative board 


‘The impact of the EM missile on the Arrow DC-8 was clearly recorded by 
sharp, vertical EM surges (spikes) in traces on both data recorders on board the 
aircraft. In Gravitobiology, on p. 82 I printed the recorded sensor responses for 
that signature also. 
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Elements of the U.S. Government Deliberately Suppressed 
Vital Evidence 

Several eyewitnesses, including Judy Parsons, physically observed the formation 
ofthe crossed beams in the sky. Parsons and perhaps others actually saw the 
streak-down and strike of the EM missile when it hit the doomed Arrow DC-8, 
Parsons tried to testify, but her testimony was never allowed to be heard by the 
‘Canadian Transportation Safety Board. A major U.S. News agency interviewed 
her, but then squelched the story for some "unknown reason.” Other witnesses 
(who are still reluctant to come forward) did observe the strike of the EM 
isle als, 


Why would the U.S. government deliberately suppress information relating to 
the cause of the deaths of 248 of our soldiers returning from peacekeeping 

jons overseas? Why were they so determined that this direct act of war be 
declared an “accident” in the face of overwhelming evidence that it was not an 
‘accident at all? 


Iran Contra was not yet divulged at the time. Recall, at very high level our own 
fellows had directly violated the law, and were engaged in the illegal Iran Contra 
fiasco up to their eyeballs. Also, some officials in Washington in certain high 

U. S. Government circles were in near panic, in their personal (erroneous) firm 
belief that a MidEast-sponsored terrorist bomb had destroyed the Arrow. In that 
case, so they reasoned, with the murder of 248 of our soldiers, the American 
public would be so aroused and angry that they would force military action 
against the MidEast nation or group, and that would then reveal Iran Contra. Too 
‘many highly placed people's hands were dirty! 


So extreme spin control was the major requirement. Damn how many American 
soilders had just been killed in an overt act of war against the U.S. Damn the 
implications of the use of eerie new weapons we did not possess. A hue and cry 
from the U.S. public would almost certainly reveal Iran Contra and smoke out 
the duly secrets. That must not happen at any cost, Some high officials— 
particularly the ones who engage in such illegal acts, in assassinations, murders, 
ctc.—are far more interested in covering up their nefarious deeds than they are 
interested in any kind ofjustice or morality. Consequently, the fix was in. 


So U.S. officials placed enormous pressure on Canada to produce afinding of 
icing. Lots of other skullduggery occurred, which probably constituted criminal 
activityby some U.S. officials. A high-ranking U.S. military officer arrived on 
site quickly, apparently under orders to erase that scene as fast as possible. He 
almost immediately wanted the Canadians to bulldoze over the site, even before 

recovery operations were complete and while the investigation was just getting 
underway. The site was bulldozed over in unseemly haste not long thereafter. 
‘That would appear to possibly constitute deliberate tampering with the evidence 
at an official site of investigation, on the part of whoever ordered the General to 
bulldoze the site precipitously 


In addition, witnesses such as Parsons were never allowed to testify. The 
Canadian Board waited until the half of its members who strongly opposed any 
ad hoc finding were absent, and hastily approved a finding of icing as the cause 
ofthe “accident.” Later the disgruntled Board members who were absent when 
the "voting” occurred, issued their own minority report. Unfortunately they 
knew nothing of scalar interferometry and energetics weapons, and so they 
strongly believed it had to be sabotage and explosives. 


Anyway, the blackguards hiding Iran Contra buried the incident, and the savage 
kill of 248 of our soldiers and 8 civilians went unpunished. Anyone such as the 
present author who pointed out what had really happened and why, was just 
branded a lunatic. After all, the blackguards who do not flinch at murder and 
unapproved assassination do not blink an eye at slander and libel. 


‘The sad partis those fine young soldiers and the 8 civilians who were killed, and 
the grief and lasting changes made to their families. It is the children who had to 
grow up without their fathers, the mothers whose husbands were suddenly dead, 
te. They deserved much better from their government than they got 


Other Direct Energetics Signatures on the Arrow DC-8 
Meanwhile, in the lifting DC-8 the strike of the EM missile had also sime- 
density charged the forward cabin materials. Those materials slowly decayed 
from their excited states via longitudinal EM wave emission. When a human 
body is subjected to fairly significant LW waves (accompanied with their time- 
density waves), it gets its internal immune system and cellular regeneration 
system "jammed," since these systems use LWs and accompanying time-density 
waves. The cells and tissues are also "time-energy charged” as well, and so 
spurious LWs continued to be slowly emitted in their tissues and cells locally, 
leading to gradual, general debilitation. After a time delay for the effects of this 
time-charge decay to be exhibited, such exposed persons will get sick with odd 
symptoms of various diseases such as influenza, 


‘The ground handlers on the scene and exposed to the struck materials of the 
aircraft, were also exposed to longitudinal EM wave radiation from those 
‘materials which had been instantly "time-charged'" at the powerful strike. Hence 
they were exposed to fairly significant LW waves, and should therefore have 
shown later symptomology. 


‘Some 60 or so of the ground handlers actually retrieving the crash materials later 
sickened with all sorts of mysterious maladies: dizziness, stomach cramps, flu- 
like symptoms, weakness, nausea, fatigue, ete. —precisely what would be 
expected if some the materials they were handling were emitting longitudinal 
EM radiation, exposing them to significant LW radiation, That is a clear 

ature again ofa strike by an EM missile, and the exposure of those retrievers 
to LW emissions. Jn no normal way could 60 ofthose ground crewmen handling 
the wreckage debris all come down simultaneously with the exact symptoms of 
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LW radiation sickness. unless that was what it actually 


‘Many of those sickened persons remained debilitated for years. Probably a few 
arestll alive and debilitated, 


‘Thereare other signatures on the Arrow DC-8 kill. I did a small bit of work on 
the problem in the interests of Arrow airlines, but of course the conventional 
investigators they also hired could only conceive of an ordinary explosive. 
Nevertheless, I did tell them as best I could what happened to their aircraft, their 
crewmembers, and our own valiant soldiers, 


‘Our troops on board the tragic Arrow DC-8 dd not die from a simple over-iced 
plane that crashed as a result of carelessness in deicing operations. They died as 
the result ofan act ofwar against the U.S., carried out by the KGB as atest in 
‘an entre series to demonstrate the 1985 readiness that Brechmev had specified 
in 1972. That war is still partially ongoing and undeclared to this very day. with 
other players such as the Yakuza and Aum Shinrikyo also now in the game— 
and possibly even the Chinese, who certainly have had the weapons for some 
time, and have had QP weapons and negative energy EMP weapons since earlier 
this year (2002), 


With the kill of the Arrow DC-8, the KGB made its deadline that had been set 
down 13 years earlier by Brezhnev. To meet the 1985 schedule, something 
significant had to be killed successfully and clandestinely, no later than Dec. 31, 
1985.The KGB made the schedule on December 12, 1985, by killing the Arow 
DC-8 after a warm-up and full dress rehearsal against a U.S. night shuttle launch 
at Cape Canaveral about two weeks earlier. And they also demonstrated just 
how ignorant of such energetics weapons and their usage the U.S. government, 
scientific community, and investigative boards really were. 


We were fortunate they did not just go ahead and kill that same shuttle in late 
November 1985. Instead, they waited and killed the Challenger a few months 
later. 


Other Acts of War Completed the Milestone 


Apparently the final demonstration of milestone completion called for the 
destruction of an aircraft, kill of an ICBM, kill of a space shuttle, induction of 

earthquakes, and demonstration of the new quantum potential weapon still in the 
advanced laboratory stage. The KGB completed much of the milestone 
demonstration in 1985. The remainder they completed in 1986. 


In January 1986 they killed the space shuttle Challenger, and the very next night 
the KGB even gave a big party in Moscow, to celebrate the "perfect success of 
their active measures” against the shuttle. General Daniel O'Connor, former 
head of U.S.Army intelligence, personally issued an alert to many high-ranking 
U.S. government officials, pointing out the almost certain involvement of the 
KGB and the fact that the loss of the shuttle was almost certainly due to a hostile 
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act by the Soviets. 
In April 1986 (May Day report time was coming!) the KGB killed a Titan ICBM 
fired from Vandenberg Air Force Base. They also induced several large 
srhquakes for practice, and then began the induction of the long-dreaded 

ant California quake" in the San Andreas Fault zone. 


This latter induction of what would have been a massive quake in both San 
Francisco and Los Angeles, and all along the San Andreas Fault, was countered 
(destroyed) by a civilian group known to this author, with a backlash that 
resulted in the Chernobyl incident 


In April 1986 (for the same May Day report) the KGB also demonstrated the 
effectiveness of their newly emerging quantum potential weapon against the 
‘convenient U.S. air attack on Libya (Figure 25). 


Kill of the Titan Missile Over Vandenberg Air Force Base 


In 1986, the KGB began gingerly using those energetics interferometry weapons 
to kill other U.S. aircraft and several U.S. missiles, including killing a Titan 34- 
D fired from Vandenberg AFB on 18 April 1986. The Titan was killed 9 
seconds after launch, partially crippling the U.S. space surveillance program. 
‘That kill was part of the demonstration of readiness milestone completion, 


‘There was a completely decisive signature on the kill of the Titan. Simply check 
Aviation Week & Space Technology, 124 (17), Apr. 28, 1986, p. 18, where a 
picture (the one taken from longer range) ofthe Titan explosion is printed. Look 
about an inch above that explosion, which is already well developed. There 
above the Titan explosion sits the KGB ball of light registration point, just as it 
‘was sitting over the night shuttle launch in Cape Canaveral in latter Nov. 1985 
when videotaped by a private photographer. 


I persuaded NBC engineer Ron Cole and his colleagues to analyze a copy of that 
video tape frame by frame. In 17 frames, that little ball of energy above the 
explosion moved off on its own course, independent of the Titan explosion. 
Since the launch area for such missile launches is controlled and there were no 
aircraft over the explosion, then one again has a very clear signature. The KGB 
killed the Titan, with 100% certainty. 


‘That of course was a test of the interferometry weapons in the role of Launch 
Phase ABM system. Tested against the Arrow, the KGB operators were 
‘emulating test of the system in a Launch Phase Antibomber role, These were 
vital strategic weapon tests. I published details of the use of the weapons in 
many other roles. 


Dead-Man Fuzing and Outside Assistance Deterred a Full 
Strategic Attack in 1986 

We have previously documented and published why the U.S. was not fully 
attacked and destroyed by the Soviets in 1986. It was because of our nuclear 
facilities, warheads, etc. which would have exploded, creating great fallout 
hazards worldwide, and because of nuclear dead-man fuzing weapons 
clandestinely placed in Russia by one or more other nations. 


‘A friendly small nation possessing energetics weapons also intervened directly 
in 1986, and blew up several Russian missile ammunition storage sites, some 
five or so in six months. In one such explosion, about one third of all the 
missiles in the Russian Norther Fleet were destroyed. As we stated, the so- 
called "Cold War" was not nearly so cold as has been represented. 


In short, the friendly little nation served notice on the Soviets that, if they moved 
against the West, the Soviet Union itself would suffer terribly. They put it in 
language clearly understood by the KGB. So any full-up strategic attack for that 
period was stalemated by that combination of factors 


A. major concern for the Soviets was their inability to counter the dead-man 
fuzing problem posed by nuclear weapons clandestinely hidden inside Russia 
and by the nuclear warheads and reactors inside the targeted nation(s). They 
already had the quantum potential (QP) answer theoretically, and had conducted 
a demonstration test of a laboratory QP device, but they had not yet completed 
the OP weapon systems and deployed them. 


Nonetheless, very powerful strike of peculiar nature—induction of a giant 

earhquake in the San Andreas Fault zone, including in both Los Angeles and 
San Francisco—was scheduled. This strike would have caused billions of 

dol Larsworth of damage and would have killed perhaps 200,000 Americans. The 
initiation of the strike was actually begun in April 1986—as the reader can begin 
to see, there was to be one helluva May Day report in 1986! Incredibly, a private 

‘group here in the U.S. then made a unique and unprecedented contribution that 

saved the day for Los Angeles and San Francisco, 


What Really Happened in the Chernobyl Disaster 
Usingthe "inside" ofthe Woodpecker beams as supethighways fr their 
longitudinal waves and interferometry, in April 1986 the KGB interferometers 
had started their build-up of substantial induced EM energy in the sides of the 
San Andreas Fault that runs through Los Angeles and up through San Francisco. 
Two beams were being used by the Soviets: One was coming down on the target 
from the North—coming over the North Pole regions and the ice caps—and one 
‘was coming around from the East and upon the target area, Completely (100%) 
certain signatures were present, including some ELF "chugger" 
symptomatic of the Soviet method of inducing very large quakes. The time- 
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cenergy is being used, hence very low frequency ELF is employed to maximize 
the amount of time-energy available for transduction in the rocks on the side of 
the fault. The Soviets were building up a very large earthquake—indeed, to 
spawn a whole series of such quakes all along the San Andreas fault—with 
severe aftershocks following alter the main quake had done terrible damage. In 
short, they were preparing to hit California with the "big one” that everybody 
hhad been anticipating and dreading for so long. 


‘A private group contacted me. They stated they could take out one of the 
transmitters by producing a powerful (giant) phase conjugate replica signal pulse 
upon it that would backtrack right into the transmitter and catastrophically burn, 
it out—a surface application of the "phase conjugate shooting” once considered 
for armed satellites that could shoot down rising hostile ICBMs at 10,000 miles 
distance. As I understood it, they had a new kind of essentially noise-free 
regenerative amplifier, used in a transmitter. This meant that extreme 
amplification could be achieved in a pulse response to a received Woodpecker 
signal, before the transmitter burned out." Since the group had no knowledge of 
the exact KGB transmitter locations or the possible consequences of such an 
action, they asked my opinion as to the risks associated. This placed me in a real 


quandary 


‘Atthe time, the U.S. was literally under siege. We have mentioned some of the 


“4 very suble but important point is this: An energy flow of any amount—say, 10joules pee 
scconi—hasabsolucly ceo power if none ofthat energy Now is diverted oe changed i form. So 
‘fone has a uly perfect nosesce amplifier and a pure noise-ieecnetzy signal np, the signal 
nergy input can be ditectly and rely amplified without limit, so Tong a those nosetce 
ondtions can be upheld. In short. that rigorously constiues repauging. andthe widely used and 
Well-known axiom of gage fcedom—the ability to change the local enexsy density ofa system 
bespacetine fcely and at wil—appics. Relatvsically, such e-gauging is mecely rotating the 
frame of the system away from the laboratory frame. This group indeed had such an ampli. 
Which T physically sa, and apparent hs it today. Our preset texts have ot yet realized the 
real implications of gauze freedom: It means that one ean ely amplify energy without lini 
nce certain conditions (no divergence f the enezgy or change ofits form) are met. This does tot 
Yiolate energy conservation: the “ptentil energy ofa system” is nota fixed number at all but 
dcpends onthe frame ofthe observer visa vis the fame ofthe system. We point out that there 
really are no tue conservation laws in genceal relativity unless introduced by arbitrary measured 
‘The great Hilbert already knew this in 1917. two yea alee the advent of Einstein's general 
relativity. Hilbert sated: "/assert..thayfor the general theory ofelaivit, Le, in the case of 
seneval invariance ofthe Hamiltonian funtion. energy equations. corresponding to the energy 
‘qutions in orthogonally invariant theories do not exist tall. Tout even take this 
Greunstance as the charactristcfearue ofthe general theory of relativity.” [D. Hilbert 
Gantngen Nachrichten, Vol. 1917, p. 21) Loskutow and Logunov commented s follows: “tt 
formulating the equivalence principle. Einstein actualy abandoned the idea of the gravitational 
Geld asa Faraday-Mavsell field, and this is reflected nthe pseudotensoral characterization of 
the gravitational field that he introduced. Hilbert was thefist to draw atention to the 
consequences ofthis... Unfortunately, .. Hilbert was evident nov understood by his 
Contemporaries, since neither Einstein hiselfnor othe picts recognized th fact that in 
principle impossible” [Nomunigueness ofthe predictions of the general theory of relativity.” 
Sows Part Nuc, 18(3). May-lune 1987. p19), 
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“target year” activities, such as kill of the Arrow DC-8, flameout offet engines 
carly in 1985, target practice against shuttle launches at Cape Canaveral in 
November 1985, etc. Actually kill of targets had continued in 1986. A huge 
earthquake followed by several large aftershocks had been used against Mexico 
City on 19 September 1985, causing great damage and demonstrating a little of 
‘what might be expected when they chose to hit Los Angeles and San Francisco 
much harder. The Mexico City quake had been preceded by an induced, giant 
hailstorm weeks earlier, and on the evening of 18 September 1985 by giant 
radial cloud signatures accompanying the generation of excess energy in the 
underlying rocks as the KGB prepared next day's giant Mexico City quake. The 
reader should recall that, working with Sweet during this period, I knew with 
certainty which earthquakes were natural and which were manmade. 


USS. missiles and aireraft had been hit, the Challenger had been destroyed, and 
the Titan 34-D had been destroyed at Vandenberg AFB on 18 April 1986, 
accompanied by 100% indicator (the substantiated presence ofthe marker 
beacon for registration and shift firing). In addition, a litle Richter 5.3 quake in 
the San Francisco Bay area had been induced by the Soviets on 31 March 1986, 
‘a quake which was correlated with preparatory activity on the Woodpecker 
transmitter signals the day before, showing Soviet induction of the energy to 
create the quake. Again, we had instrumental evidence that it was manmade. 


‘That quake on 31 March had been a "warm-up" and practice for the big one now 
about to be induced in both Los Angeles and San Francisco, and along the San 
Andreas Fault, In fact, it appeared that the entire fault zone would be stimulated 
by deposit of excess energy all along its length. In that case, induction of 
distrituted California quake of unprecedented extent and great magnitude was 
‘now in process, though just beginning. If that event or those events occurred, the 
loss of American lives and property would be staggering. 


The High Side Risk Factor 


The group's query to me presented a very difficult decision situation. Such huge 
Soviet interferometer beams, once built up, contain enormous longitudinal EM 
wave energy. Ifa Soviet transmitter were near large nuclear facilities, and were 
instantly blown and shorted, all that potential energy might lash directly into 
the ground. 


In case of such a catastrophic transmitter failure, an enormously powerful 
longitudinal wave pulse would spread out nll directions in the surrounding 
‘earth. The fit nuclear material the pulse encountered would be fissioned 
abruptly and very violently. Ifthe transmitter were within a few kilometers of 
fone or more of the large "monster" Soviet ICBM sites, the full-up explosion of 
several 30 or 40 megaton warheads might result—in the dirt and dirty. The 
resulting fallout and contamination would be massive, would spread round the 
‘world, and would eventually kill millions for years to come. Nuclearreactor 
stationswere a similar risk; instant fission of all the fissionable material in one 
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of them would constitute an unprecedented and giant nuclear explosion, in the 
dirt and dirty. That was the high side risk. 


The Low Side Risk Factor 


‘The low side risk would be that little or nothing at all would happen; perhaps a 
tremor induced in a nearby fault zone, etc. I knew that the Soviels—after an 
early Kyshtym transmitter failure—had produced such a flashover on a much 
smaller scale and that flashover had caused the nuclear explosion of nearby 
stored nuclear wastes. The resulting fallout contaminated some 1200 square 
kilometers, which is still contaminated to this day. I also knew that, after 
Kyshtym, the Soviets had installed safety devices on all their scalar 
interferometer transmitters in case ofjust such failures. 


So ifthe safety devices held when the transmitter suddenly shorted out, they 
could hold the longitudinal EM wave beams and potentials long enough to drain 
the energy slowly and harmlessly into the earth over an extended period. That 
was the low side risk. 


‘The most likely consequence, of course, would be somewhere in the middle, 
between the extreme upper risk and lower risk limits. In other words, we could 
‘expect some bad repercussions in the Soviet Union almost certainly, but 
hopefully it would mostly be confined to that spot. 


Consequences of Not Taking Counterfire Action 

Ifno action were taken, the risk to the U.S. was appalling. Ifthe transmitters 
continued, then perhaps 200,000 Americans were going to die in Los Angeles 
and San Francisco and along the San Andreas Fault. Perhaps 300,000 more 
‘Americans would be injured, and many of them would also die, Enormous 
physical damage would also be done, and those basins would be disaster areas 
for some years to come. It would be interpreted by our inadequate scientific 
community as a great "natural" disaster caused by a giant earthquake, and the 
ghost of Khrushchev would have had one more laugh at us, with his words "We 
will bury you!" silently ringing in the ether. 


My Recommendation to the Counterf ire Group 


To save those American lives, some reasonable element of risk had to be 
accepted. In other words, it became a classic "risk-to-benefit” military analys 
but one that was deadly serious. To me, as a military person the medium risk 
had to be accepted in such case. 


I gave the group my reasoning. They then asked what I would personally do if 
my own finger were on the fire switch. I answered that I would take out the 
transmitter or transmitters and save those American lives, accept the medium 
risk, trust in God, and pray for the best. Military decisions often have to be made 


in just such uncertain conditions. Ifone's military could not make such tough 
decisions, then one's military forces would inevitably lose their wars. 


The Group Fired and Took Out a Transmitter 

‘The group thanked me, stated that they would fire, and hung up the phone. See 
Figure 57. They did fire on April 25, just as they promised, and they did destroy 
one of the KGB transmitters—apparently located some kilometers (perhaps 30?) 
from the Soviet nuclear reactors at Chernobyl. 


Atthe moment the transmitter was hit and destroyed, engineer Bill Bise—out in 
the field with magnetic field detectors and measuring the Woodpecker beams— 

observed the abrupt failure of the Woodpecker transmitter beam coming around 
‘the Earth from the East. Thus, he actually detected the successful destruction of 
‘that distant interferometer transmitter. Unknowingly he had detected the results 
of a great counterstrike in a very dangerous strategic battle. 
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Resultsat the Transmitter and at Chernobyl 

‘We were very, very lucky. At the destroyed transmitter site, the safety circuits 
kicked in and caught the huge beam potential and held it for about 24 hours, 
gradually draining down the intense beam energy into the earth in a slow 
‘manner all the while. 

A frantic Russian message to the Chernobyl reactors galvanized the operators to 
immediately shut down those reactors (put in the cadmium control rods). 


However, the uranium in the fuel rods was of course still sitting there. 
Chernobyl then waited with bated breath to see if the safety circuits would hold. 


‘Then on 26 April, the safety circuits at the transmitter site finally crumbled, and 
a far weaker LW flashover occurred than would have occurred earlier without 
the safety. The spreading LWs in the earth struck the nearest reactor core at 
Chemobyl, preceded seconds before by a tremor induced in the earth at 
Chernobyl as the LWs arrived. Part of the struck uranium in the core fissioned 
immediately, venting the containment structure and spewing out radioactive 
material. Nuclear fallout spread over much of Europe. The rest of the disaster is 
well known, 


‘That unknown group, in my estimation, saved a large number of American 
lives—at least 200,000 or more and pethaps as many as 300,000. They also 
prevented enormous physical damage to California, both to Los Angeles and 
San Francisco and to points in between. The members of that group are the 
‘unsung heroes of this bizarre episode. It is my hope that I may live to turn the 
‘names of those persons in for the award of a very high Presidential medal. Until 
then I will not reveal those names under any circumstance. 


‘Whether or not the U.S. scientific and intelligence communities know it or 
believe it is of no concern, What matters is that a great many Americans are still 
ive, and their children born since then are alive. Those Americans otherwise 
would have been very, very dead or never born. I personally have reflected on 
those desperate circumstances many times. If had it to do over again, I would 
unhesitatingly urge the same action: Fire and save those American lives, and 
accept the medium risk. And pray. 


And I did pray after recommending the strike. In my opinion, this time my 
fervent prayers were answered. I am extraordinarily sorry for the civilian deaths 
that occurred; all one can say is that it was under severe circumstances and in a 
very peculiar—and very desperate—war. 


‘The Soviets had many other interferometers on line. They induced a substantial 
earthquake in Mexico at the end of April. Thus they did complete their 
“earthquake footsteps” of the milestone. On 7 May they induced a 7.7 Richter 
quake in the Aleutian Islands. If7.7 to 9.5 quakes had hit all along the San 
Andreas Fault in Los Angeles and San Francisco and in between, then the 
destructive scenario I had envisioned for the West Coast would have occurred. 
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On 12 November 1986 the Soviets even placed a giant "dummy shield” 
(practice) over Atlanta, Georgia (Figure 58). Ifthe shield had been real and not 


Jus practice, any aircraft and missiles flying into it would have been instantly 
exploded and destroyed. That mode—"bottling up" a strategic weapons area—is 
useful to nullify an entire strategic ICBM launch complex or a large bomber 


base, ete. Itcan also "bottle up” a large carrier task force at sea, including the 
aircraftand the Tomahawk missiles, the shells from the naval guns, ete. 


Kill of the Challenger Included Use of Metal-Softening 

As we mentioned, during that 1986 preparation period the Russians also 
destroyed the Challenger spacecraft (January 28, 1986). Numerous signatures 
abounded.all of which we have already published. 


A few weeks before the kill of the Challenger, a close colleague had 
experimentally proven that a metal-sofiening signal was indeed placed on the 
Russian "woodpecker" signals (Figure 7). He did this quite simply: he wired 
himself into a receiver, through an intervening amplifier, and tuned the receiver 
to the Woodpecker signals." Then he took nails from a can of nails he was 


“ Here he was taking advantage ofthe fact thatthe infolded LW signals inside the Woodpecker 
catier wave, comprising the “engines” fr metal-sftening, also constitute “perfect” divergence 
free EM energy, x0 to speak, a least overall. Amplifying the signal also amplifies the “e 

inside it. When connected to his body, “poteatials superpose” isthe rle, an that transfered the 
amplified engines to his body and into the EM field immediatly surrounding his body. Hence he 
softened the hammer metal a tiny bit, and softened the mich less tempered ails quite abit more. 
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using, and it them with a hammer to drive them into planks. The nails all 
folded up instantly like totally wet noodles. A couple dozen, one right after the 
other. Simultaneously, his son—who was not connected to the Soviet signal— 
was pounding nails from the same box, normally and without difficulty. None of 
the nails picked up and pounded by his son experienced any difficulty or 
softness 


‘Then my friend disconnected himself from the signal, and waited a bit. 
Whereupon when he then used nails from that same box, he drove them in 
without difficulty. There were no more "wet noodle” nails. 


We reach a very simple conclusion: When he connected to an amplified 
Woodpecker signal, his body was time-excitation charged (quick charge and 
quick decay) with a specific signal so that the nails he picked up were charged. 
‘Then when hit with the hammer, the nails acted as if made of very limp rubber 
without a rebound. When he disconnected from the amplified Woodpecker 
signal, and waited a moment for the induced charge in his body to dissipate, the 
nails also discharged their engines and quit acting like limp rubber bands when 
hit, and became normal nails with normal behavior. That would seem to be quite 
sufficient to prove the thesis. 


‘The Challenger was then destroyed, as we previously printed, with numerous 
signatures ofthe hit, including even a KGB party in Moscow to celebrate the 
success of killing the vehicle (and getting away with it) 


Cold Molding: An Epilog to the Metal-Softening Donnybrook 


1 was called a total lunatic for pointing out a metal-softening capability on the 
Russian signals. So be it. Metal softening is achieved by an engine which serves 
as a pumped phase conjugate mirror for the vibrations and signals in the lattice 
bonds of metals. Build up that engine in the metal until the precisely reversed 
and overlaid signals negate the normal signals, and one has "dissolved" the 
lattice bonds, converting the solid to a liquid. Lattice bond cancellation is not 
heating. 


But that was not to be the end of the "metal softening" story. 


A few years later, working informally with a large UK aerospace firm "for free", 
| furnished them an address in Moscow of some Russian scientists associated on 
the perimeter of the KGB energetics weapon program. The address had been 
taken from their cautious advertisement for business on the Internet and 
furnished to me by a correspondent. A UK engineer fluent in Russian was sent 
to meet with those scientists in Russia. They nervously showed him several 
novel things, one of which was "cold-molding” of metal. The liquefied the metal 


The result was thats hammer blow onto a nail head resulted in the nil acting as Timp noodle 
‘upon impact. 


without heating, poured it in a mold, and waited for the “effect” to wear off and 
the liquid to turn back into a solid again 


Briefly, an energetics charge (using LWs) was induced on the metal lattice 
vibrations, adding their phase conjugate replicas to the interior LWs comprising 
the lattice bond signals. The metal’s atoms were time-density charged to an 
excited state (presently not recognized in Western science). Thereupon the metal 
lattice EM forces "dissolved" and the metal became liquid at room temperatures 
and without heating. The cool liquid metal was then poured into a mold. Then 
after awhile, the time-density charge and slowly drained away, and the metal 
resumed its normal solid state—all without any heating whatsoever. 


Ona subsequent trip the engineer brought that Russian team itself out of Russia 
and to the UK. The Russian scientists demonstrated cold molding to assembled 
UK scientists, and to some U.S. visitors. The phenomenon was physically 
‘demonstrated and proven, 


1 was correct about the metal softening then. We were also correct back there in 
1986about the metal-softening signal employed against the Challenger (together 
with several other things), 


‘There are numerous other signatures on the death of the Challenger. Again, the 
death ofthe Challenger was not an accident. It was due to a deliberate act of 
war by the KGB. The KGB knew in advance—after substantial probing 
incidents—that they would get away with it. And they did so, 


Additional Update from Year 1998 to Year 2,000 Has Been 
Given 


In the action package we sent to the DoD in 1998, we told the rest of the KGB 
‘energetics weapons story up to that date, We gave the attack plans as we saw 
‘them and the most useful types of attacks to be expected. 


I hope the reader is interested in this special energetics weapons information, 
High power microwave weapons, high energy lasers, and nuclear weapons are 
useful but no longer decisive weapons either strategically or on the battlefield 
against a foe equipped with such energetics weapons, and particularly against a 
foe equipped with quantum potential weapons and negative energy EMP 
‘weapons. 


At present, we are intensely watching to see if we can pick up indicators for the 
next scheduled strategic attack, its probable timing, and the "new twists" 
included in it, 


Presently, we have perhaps an 80% chance thatthe little nation can once again 

counter any new threat and cause the KGB to abort the impending attack. On the 
other hand, with Putin apparently limiting at least some of the action of the 

KGB, we have moved into our present asymmetrical warfare against terrorism — 
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and ultimately against the extensive terrorist teams and assets already infiltrated 
into our homeland. 


Asa single example, before the collapse of the former Soviet empire, the 
Russians long ago slipped in nuclear weapons (from 20 to 40 KT) and hid them 
in all our large cities and population centers, along with the Spetznaz teams to 
detonate them on command." Several nations have introduced teams with 
normal sabotage assets and also with weapons of mass destruction such as 
radioactive nuclear materials (for a dirty bomb), anthrax, smallpox, bubonic 
plague, ete. Behind the scenes, the die-hard remnant ofthe old KGB crew are 
using QP weapons to "spread” the immune systems (Figure 53) of our populace 
‘and materially enhance any BW strikes that the terrorists unleash. The rogue 
Japanese team (Yakuza and Aum Shinrikyo) on site in Russia are using their 
LWIs in a giant weather war and the occasional kill of an aircraft, etc. Over the 
decades Castro infiltrated some 10,000 guerrlla/special forces types trained in 
‘camps in Southern Mexico for decades. Probably at least half are still loyal and 
dedicated—and waiting to blow up bridges, power substations, high voltage 
power distribution system towers, dams, harbor facilities, refineries, pipelines 
(both oil and gas), etc. The first phase of WW III—delivery of the weapons of 
destruction and mass destruction to the targets along with means to unleash 
them—has already been accomplished. 


We are particularly struggling against the rise of asymmetrical warfare—the 
superpower's paradox (Figure 59)—and our present involvement in that "new" 
kind of warfare is still quite foreign to us. Only time will tell how well we fare 
in this new type of war, which we will be engaged in for many years to come. 
Vice President Cheney rightly regards it as almost a state of perpetual warfare 
‘we shall have to learn to live with, as shown by his words on Oct. 21, 2001 


“The war on terrorism will not be over in our lifetime. It is different than the 
Gulf War was in the sense that it may never end. At least not in our lifetime. The 
way think ofit is, it's a new normaley: 


Through the Eves ofthe Enemy, Regnery. Washington, 
1998, Luney is a high-ranking GRU defector. He isa former Colonel in the GRU. the military 
ofthe KGB. In. 22-33, he simmarizes the Spetnaz capabilites. On p. 22-27, be 
Summarizes Spetmar use of nuclear weapons already on American soil. On . 26, he gives some 
‘ofthe ways in which the Soviets easily brought nuclear weapons into the US. On p. 30 he 
‘confirms Russian seismic weapons. Use of EMP weapons ison p. 30-31. Use of very, very Iv 
Frequency weapons to destroy the human brain, put people ito zombie-like state, and aid in 
brainwashing Is confirmed on p. 31. And this is iffrmation Okayed by the CIA foe release! 
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Complex, expensive, hightech 


te 


Simple, cheap, lowtech initial. 
Later includes high tech and very high tech. 


FigueS0 The serovar paradox: syn cheep WMD stages and dostucion 
Iaerbeconing extent hgh os ard oxrone il 


There is Also a Severe Bioenergetics (EM 
Threat 

The threat from bioenergetics is equally vivid, That old die-hard section of the 
KGB can now attack an entire population, e.2, with electrodynamically 
(energetics) induced diseases of any kind whatsoever, particularly when using 
QP weapons, Such attacks are totally immune to inoculations and antibiotic 
treatment, Any kind of strain or variation ofa disease can also be induced in the 
pathogen pool for that disease, Against a foe who has such capabilities, our 
entire medical establishment including all our emergency treatment procedures 
and agents—is obsolete right now. A vaccination and the presence of antibodies, 
eg. does absolutely nothing against the EM induction ofthe exact physical 
effects and form of a disease, as shown in the decades-long "microwave 
radiation” ofthe U.S. Embassy in Moscow (Figure 11), 


To the Assistant to the SecDef in such matters, in 1998 we furnished a 200+ 
page briefing package and loosely proposed a crash development of the new 
type of medical therapeutic treatment devices pioneered and proven by the 
Priore group in France in the 1960s and early 1970s. Later, Congressman 
Cramer queried that office for an answer. 


iological Warfare) 


Unfortunately the Assistant SecDef’s office erroneously responded to 

‘CongressmanCramerthatnothingin the literaturesupported the mechanisms 
proposed. Indeed, the package we furnished contained a detailed lst citing the 
hhard French scientific papers in the literature, reporting the exact experiments, 
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A concurrent 915 MHz / 2440 MHz 
RF Energy Harvester 


L. Fadel', L. Oyhenart!, R. Bergés', V. Vigneras', T.Taris! 
" Laboratoire IMS, UMR - 5218, Université de Bordeaux, 33405 Talence Cedex, France. 


This paper presents the development of two dual-band RF harvesters optimized to convert 
far-field RF energy to DC voltage at very low received power. The first one is based on a 
patch antenna and the second on a dipole antenna, They are both implemented on a standard 
FR4 substrate with commercially off-the-shelf (COTS) devices. The two RF harvesters 
provide a rectified voltage of 1V for a combined power respectively of -19.5 dBm at 915 MI 
and -25 dBm at 2.44 GHz and of -20 dBm at 915 MHz and -15 dBm at 2.44 Gi 
powering of a clock consuming 1V/SpA is demonstrated, and the rectenna yields a power 
efficiency of 12 %. 


Iz. The remote 
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I. INTRODUCTION 


Today’s the society is evolving toward creating smart environments where a multitude 
of sensors and devices are interacting to deliver an abundance of useful information, Essential 
to the implementation of this Internet Of Things (IOT) is the design of energy efficient 
solutions aiming toward a low-carbon-emission, namely green, society. Within this context, 
the energy harvesting appears as an alternative to provide systems with self-sustained 
operation. Many electronic devices operate in conditions where it is costly, inconvenient, or 
impossible to replace the battery. Examples include sensors for health monitoring of patients 
[1],2), aircraft or building structural monitoring [3],{4], sensors in natural, industrial or 
hazardous environments, etc. The scavenging of natural ambient energy requires some 
specific conditions such as: daylight for solar energy [5], breeze for wind energy or motion 
for kinetic energy [6] to name a few. As consequences the exploitation of natural source does 
not fit with many cases of applications, On the other hand the electromagnetic (EM) [7], or 
Radio-Frequency (RF), energy is a human made source that is not dependent of weather 
conditions nor the daytime. It is so very attractive for wireless powering of remote devices 
Furthermore the ever growing of commercial and personal wireless installations opens up to a 
24 hour a day available energy in the vicinity of any human activity areas. The schematic of a 
general Wireless RF Power Transmission (WPT) system is shown in Fig.l, We talk here 
about far-field RF energy transmission [8], which is different from near-field RF energy 
transmission [9]. This later including inductive, capacitive or resonant coupling is a close 
contact transmission and is not relevant for remote devices. In Fig. 1, the receiver antenna 


and the astounding results obtained. Some 2,000 highly successful animal 
experiments for more than a decade of experiments in fact supported the thesis, 
and higher group symmetry electrodynamics fully supports the ability to use EM 
‘means to make spacetime curvature engines, so that these engines then interact 
back upon the targeted matter to perform the actions desired. That it does not, 
appear in conventional electrical engineering is ofno consequence; it appears in 
physics and it is good physics, just on the cutting edge. 


We also reported, explained, and cited Becker's epochal work (Figures 27 and 
28), which is copiously published in the hard literature and which was an 
example of the fundamental mechanism also. Becker was twice nominated for a 
Nobel Prize for his outstanding work. Unfortunately, the Assistant SecDefs 
office responded with anon sequitur. 


Packages were sent also to NIH, NSF, CDC, and several other government 
agencies. Not a single one of those agencies was interested enough to have a 
‘competent scientist contact me and discuss the area. I strongly doubt that a 
single scientist anywhere in the Government bothered to seviously read and 
ponder the material so painfully and expensively compiled and furnished, 
Lieutenant Colonel (Retired) Ken Moore and I worked our fingers to the bone 
for weeks, preparing that briefing, and we spent all the spare money doing it that 
‘we could rake up and obtain, 


‘The near-total lack of response itself seems astounding, but it clearly shows the 
state of U.S. science with respect to novel energetics innovations, even long 
after those innovations have been experimentally proven and documented in the 
hhard literature, and even after they have been weaponized against us. It is a 
direct indication of why the U.S. never deciphered what was going on in some 
four decades of Soviet weak microwave radiation of the U.S. Embassy in 
Moscow, including the kill (eventual deaths) of three U.S. Ambassadors 


For decades there have been manipulations, to say the least, in the hotly 
contested field of the biological effects of EM radiation. We refer the interested 
reader to an excellent expose of that situation: The expose is by Dr. Andrew A. 
Marino, Ph.D., J.D., Powerline Electromagnetic Fields and Human Health, 
which is current. I believe it can be freely downloaded from: 
bitp:/!www-ortho.lsume.edu/Faculty/Marino/PowerlineTOC.html. Dr. Marino 
has been personally and deeply involved in the investigation of EM bioeffects, 
in court cases, and in Blue Ribbon Panel investigations and proceedings. The 
book is an eye-opener, and it gives one a good view of the machinations in the 
EM biceffects field. We quote directly from Dr. Marino, Chap. 6, p. 1 
"Oversimplistic as it may sound, whoever pays for EMF 

bioeffects research and analysis determines what data is 

produced and the way itis interpreted. Soon after the 

possibility that powerline EMFs were health risks was raised 

ina legal dispute involving the New York Public Service 
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Commission, power companies and their trade associations, 
particularly the Electric Power Research Institute (EPRI), 
became massively involved in EM bioeffects research. 
Subsequently, the power industry dominatedfunding ofthe 
effects ofpowerline EMFs, both in terms ofabsolute dollars 
‘and compared with dollarsfrom non-industry sources...he 
power companies and their trade associations were deeply 
deceitful regarding the information they provided to scientists 
and to the public regarding the potential health hazards of 
powerline EMFs." 


In the entire EM biveffects field, there does not appear to be any mention of, 
study of, or recognition of EM bioeffects induced by the most powerful EM 
factors: longitudinal EM wave irradiation, time-polarized EM wave irradiation, 
and time-excitation charging of particles throughout the body and its cells, with 
resulting emission of transduced longitudinal and transverse EM radiation from: 
within-to-without, 


National Institute of Health Reaction 

[NIH replied to my letter and action package from their Policy—read: spin 
control—Section. They noted that the package mentioned the Gulf War 
‘Syndrome, which was not in their mission area, So they just sent it off packing 
DoD (simplest way to get rid of it, apparently no one seriously read it or even 
ccared to read it). I queried them back by separate response letter about their lack 
of interest in a revolutionary proven new medical methodology well- 
documented to cure cancer and other dread diseases, in many hundreds of 
‘experiments by leading French medical scientists. This was certainly within 
their mission area, 


‘They hastily replied from the Policy Section that, yes of course NIH was 
interested in all such things, and told me where to "submit a proposal.” We 
never got out of their Policy department. Again, not a single competent scientist 
in the U.S. supposed master medical agency apparently even read the package 
‘cared to call and discuss the matter. This was an indicator of their total lack of 
any grasp of the energetics threat, its testing, and its use to induce the Gulf War 
Disease. 


Nowpethapsone can see why we are so far behind the KGB energetics weapons 
scientists and weapons program, 


Marino, ibid. is particularly enlightening on the adamant opposition by 
appropriate sections of NIH vis a vis the harmful effect of nonionizing EM 
radiation, 


No responses at all were received from the NSF and the CDC, or the other U.S. 
‘governmentagencies to which the package was furnished. 
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‘The CDC of course comes under NIH, and thus its responses or lack thereof 
‘would be dictated by the parent NIH policies. As for the NSF, Marino, ibid., 
again is enlightening on the qualifications or lack thereof of its membership. 


So as the reader can see, the top of the medical establishment in this nation is 
flatly not interested in any "controversial" or "out of the box" proven method for 
curing cancer, dread diseases, and mass treatment of those millions of American 
casualties that are coming in our cities and population centers. Again, they 
directly ignore scientific method's very premise: Ifthe experiment is replicated 
and contradicts the theory, accept the experiment and change the theory. 1 
personally concluded that the U.S. Medical establishment largely does not 
follow scientific method, but follows dogma and the already approved 
methodologies. 


How the New Revolution in Medical Healing Works 


For the reader who is a medical scientist and trained in physiology and biology, 
‘one might be interested in that revolutionary French therapeutic methodology 
and how it worked (before it was ruthlessly suppressed in the early 1970s). 


Priore's apparatuses (Figures 12,49, and 60) simply pumped the cells of the 
entire body with longitudinal EM waves (each accompanied of course by its 
time-polarized twin, in a Whittaker pairing). The cells and every part of them 
are very nonlinear, so they act as pumped phase conjugate mirrors for Whittaker 
‘wave-pair engines resident in the cells and acting as "input signal complexes", 


Once the cells are pumped by these now-established time-density waves, the 
damaged or diseased cellular masses slowly "charge up" with excess time- 
excitation. The irradiation took several hours, and this was the "activation" or 
“time-excitation charging” stage. Thereafter, the time-charge decayed slowly, all 
the while constituting pumping of every cell and every part of it, in the time 
domain, 


‘The resident engine in the cell contains two components: (1) the normal or 
healthy component, and (2) the abnormal component representing disease or 
debility. Pumping these two components time-reverses both of them and 
amplifies that reversal. This creates amplified and incredibly precise antiengines 
in each cell and in each part of each cell. These antiengines override the weaker 
cellular engines resident. In turn, this “reversing” action of the antiengines 
causes the pumped cellular masses (actually the mass-energy, in its exact 
structure and dynamics)—at any and all levels, including the genetics—to be 
time-reversed back to normal. In biological instead of physics terms, it 
"dedifferentiated” the diseased or altered cells back to a previous healthy state 
by simply eliminating the diseased engine component. This is a dramatic 
extension ofnonlinear optical phase conjugation from the 3-space pumping 
domain to pumping in the complex (time) plane, and itis effective for time- 
reversing mass-energy at any and allfrequencies. We accent that the cellular 


fime reversal back to a previous state includes all the cell's genetics and every 
art ofthe cell no matter how small 


Time-reversing the cells back to normal state 
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Fg 62k agra fr’ eng (regenerative ad timeeversing) proces, 


Normal cells are just backed up to a slightly younger condition. Diseased cells 
have their abnormal engine component overridden and reversed back to zero (its 
earlier state), so that only a slightly younger normal engine remains resident in 
the cell. This simultaneously reverses the cellular masses back to their previous 
healthy condition, 


Contrast this direct healing mechanism to the action of the immune system, 


‘The immune system itself does not eal anything. It contains the killers, the 
scavengers, the locators, the markers, the attackers, and the troops manning the 
ramparts. Usually after a fierce battle with invading hostile pathogens, it wins. 
Lots of cells still living are damaged in the melee. The immune system 
scavenger cells then scavenge up the residue littering the battlefield. But she 
immune system itselfeannot heal and restore a single damaged cell, including 
one of its own, 


That healing and restoration of damaged cells is the job of the regenerative 
system, stil litle known and inadequately studied today. Perhaps the most 
fundamental studies were mostly by Becker er al. some decades ago. The 
regenerative system (Figure 29) is an EM systeminits operation, as clearly 
shown by Becker (Figures 27 and 28), yet itis able to physically differentiate 
and dedifferentiate cells from one form to another at will, and in highly selective 
fashion. The regenerative system acts within its limitations (only weak pumping 
ccan be done for the time-reversal of diseased or damaged cells) to eliminate the 
delta (the deviation from normal of the resident engines in the pumped cell), 
That restores the normal (healthy) engine and slightly amplifies it as well. 
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Itis obviously of the utmost medical importance to understand and apply (and 
amplify) this little-known technical mechanism by which the regenerative 
system is able to restore damaged cells back to normal, 


Tetums out that the regenerative system in its novel EMfunctioning uses 
precisely LW and TDW pumping ofthose damaged cells and gradually time- 
reverses their entire masses back to a normal healthy state, within its 
imitations. 


This is the secret of the mechanism of the cellular regenerative system—which 
is an electrodynamic system of very unusual nature. The exact mechanism has 
not previously appeared in the literature. It took me 14 years to uncover that 
fundamental mechanism, and another 4 or 5 to refine ita bit, even though both 
Priore and Becker (as well as others) applied it decades before without being 
able to fully decipher it 


‘The experimental proof is already in the literature, once one understands the 
higher topology EM unwittingly used by both Becker and the Priore team. The 
proper types of higher group symmetry electrodynamics required to understand 
the action of the cellular regenerative system are available. There exist scientists 
skilled in their application and use. These scientists and that higher group 
symmetry electrodynamics are litle used, and are never used at all in the 
medical field. There exists no funding anywhere for higher EM examination and 
modeling of the functioning of the cellular regenerative system—ie., for the 
fundamental healing process. 


Just imagine what this could mean to medicine: Qne can now develop a new 
‘medical science to amplify and apply nature's own proven method of restoration 
and healing ofdamaged cells, including all their damaged genetic material. It 
‘matters not what caused the damage, whether pathogen or gamma radiation, 
whatever. This new therapeutic method is a totally new general relativistic 
process where powerful spacetime engines are created which work directly upon 
the damaged cell and every part of it, physically reversing the cell and all its 
parts precisely back to normal condition. 


General relativity rigorously tells us that a precise spacetime curvature engine 
(set of precise spacetime curvatures) is present and active for every specific 
disease condition and every nuance in it. It also tells us this flawed (disease or 
damage carrying engine) continuously operates on the cellular mass at every 
level, maintaining the exact physical condition of the cell and its dynamics. By 
creating a precise "anti-engine” and amplifying and applying it, general 
relativity assures us that we are physically acting upon the cell and all its parts, 
at every level, down to the smallest—to precisely return every part in perfect 
proportion back to a previous normal healthy condition. Pautrizel directly 
proved the time-reversal to an actual earlier state ofthe cells and the organism 
(Figure 61). Amplification by time-domain EM pumping, means that we can 
cause this time-reversal of the cells back to normal to happen much more 


‘quickly than can the body itself, which can only pump very weakly 


+ Pautizel compared identical treatment of immature 
rats with immature immune systenss, and mature tals 
‘wih mature immune systems. 

+ Treaiment restored the damaged mature system back 
to fl mature functioning. and it promplly recognized 
and dispatched the pathogens. 

+ Treatment restored the damaged immature system 
back to fall immature functioning. unable to eope, 

fected and killed the 


and the pathogens promptly ri 
+ The lesson: The body is indeed etumed to a 
previous physical state. The pathogens thentselves 
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+ Only sheprevious ability ofthe immune system is "tmerewned Prastoapet 
resioned by the process. 


Fg 61 Potiets proof tine reves tthe scenes ack oa previ tae 


General relativity also assures us that any and every disease is subject to this 
novel treatment approach, even diseases which have resisted every other known 
therapy. The Sachs unified general relativity and electrodynamics, and GR/EM 
unification applications in O(3) electrodynamics produced by Evans, for the first 
time provide a solid theoretical basis for Priore's methodology and his 
evolutionary results. They also offer direct engineering of startling physical 
cures, once the technology is developed, 


‘The profound implications of that treatment can be seen. Apparently, however, 
‘our leading governmental agencies and health agencies do not see it, do not wish 
to see it, have no appreciation for general relativistic effects in healing, and do 
not intend to have any appreciation for general relativistic effects in healing 
Indeed, they seem totally uninterested in even trying to comprehend and 
research the fundamental healing mechanism demonstrated by nature herself 


What the French Researchers Showed 


Among other things, the Priore team produced revolutionary cures of terminal 
‘tumors, infectious trypanosomiasis, suppressed immune systems, and 
atherosclerosis in several thousand laboratory animals in rigid laboratory tests 
under rigorous protocols. Eminent scientists such as Robert Courrier and 
Raymond Pautrizel worked with the Priore team. Courrier was head of the 
Biology Section of the French Academy of Sciences at the time, also Secretaire 
Perpetuelof the Academy, and a noted scientist of high stature. Courrier 
personally presented the astounding Priore results to the entire assembled 
French Academy. He also sent his own most able scientist assistant to personally 
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prepare the terminal tumor grafts on the lab animals before their treatment. 


A world-renowned parasitologist who did enormously important work with 
Priore was Raymond Pautrizel, who is still alive at this writing though quite 
aged. Pautrizel was greatly persecuted for his years of determination and effor. 
Courtesy of Pautrizel via the late Christopher Bird, I personally have the very 
Ph.D. thesis that Priore himself submitted to the University of Bordeaux on his 
revolutionary work. That thesis was maliciously rejected in the suppression that 
‘was applied to the project. When the French Government changed to a Leftist 
government in the mid-70s, Government support was immediately withdrawn 
and the project was ruthlessly suppressed. Priore later sickened and died and that 
‘was the end of that. More than a decade later a brave and determined Pautrizel 
finally was able to get a doctoral thesis approved in the Priore work area, at the 
same university, by another doctoral candidate, Eric Perisse (40) 


‘There are two U.S. patents on the Priore device itself, and of course several 
French patents also. 


All the above was rigorously documented in the 1998 package prepared and 
submitted by Ken Moore and I 


While Priore was still alive, a team with which I was connected attempted to 
mount a well-funded effort to restore the Priore methodology while Priore was 
siill alive. We also were viciously suppressed. The lives of our financial backers 
and their families were threatened. The head of our project was viciously 
attacked financially and destroyed, fleeing the country for his very life. Whoever 
thinks that dramatically innovative medical science in this country is just sweet 
reason and scientific method, should have a strong enema to remove the serious 
blockages interfering with his perceptions. 


‘This vicious outside suppression of our project so infuriated me that I made a 
solemn promise that, were it humanly possible, I would decipher the Priore 
process before I died. It took 14 years, but we made good on that promise 
During the 20 years or so since our project was suppressed, itis heartbreaking to 
consider the millions of children and sickened and suffering people who could 
have been saved had the project continued and succeeded. It is heartbreaking 
now to consider the coming millions of casualties in our civilian populace in our 
cities, most of who are going to die from mass destruction weapons. And most 
ofthose would not have to die, would the scientific community waken from its 
long sleep and discover some modem physics and higher group symmetry 
electrodynamics—and their application to solve nature's mechanism for healing. 


‘When one time-reverses the body's cells and all their parts, one forces the 
diseased cells to dedifferentiate back to healthy state. We strongly accent that 
this is accomplished by unified GR/EM processes involving precisely organized 
spacetime curvatures and their local actions in the cells and all their inner 
‘components, down to the finest level. It can be rigorously expressed in good 
unified physics, as expressed in an electrodynamics such as O(3). 


FeD 01 LANCE 
46 


‘The nondamaged or nondiseased cells just get a litle younger. That is also 
highly beneficial; it reverses the ravages of aging, just a little. Indeed, one of the 
implications of the Priore mechanism is that aging can indeed be reversed by the 
process and treatment. Again, one must keep one's sense of humor. In order to 
get this technology and therapeutic method born, what seems to be needed is an 
extremely wealthy person, strongly desiring to live longer than the expected life 
span and do it in a vigorous, healthy body—and who is willing to fund the 
project with the necessary $60 million required so to redevelop and extend the 
Priore technology so it can be readily applied. A byproduct will be the saving of 
millions of American lives when those coming mass casualties from weapons of 
mass destruction occur in our cities. 


How the Regeneration Mechanism Was Finally Deciphered 
‘What took so long in deciphering the mechanism was the problem of how to 
make such precisely tailored and exact ST curvature engines, specifically so that 
they are exact antiengines for a specific disease and even a specific pathogen, 
and even for different versions of the engines for different cells in a single body 
having diferent strains of the same pathogen, having different body DNA, ete 
For years the solution ofthat task seemed hopeless. How on earth could one 
possibly work all that out in hundred lifetimes, so that it could be precisely 
calculated even by an array ofthe most powerful computers on Earth? 


Afier years of struggling with the problem, in one stroke of enlightenment it was, 
revealed tobe the simplest thing inall the world. Absolutely nocalculation was, 
necessary, andthe exact amplified antiengine effect wasa fairly simple and 

straightforwardthing to obtain, General relativity tells us that every cellular 

mass and each part oft, has its own unique spacetime curvature engine, to the 
finest detail and an exact fit. As Wheeler put it so nicely (130). "Space acts on 

‘matter, telling it how to move. In turn, matter reacts back on space, telling it 

how to curve, "The mass and its dynamics and the engine and its dynamics 

constantly interactuponeachother,and"keepattunedandinperfect, 
adjustment,” so to speak. 


‘That means that a "normal" cell already has just such a precise “normal” ST 
engine residing init and acting upon every component a every level—even in 
the atomic nuclei. Well, a diseased cell has an absolutely specific structuring, 
and therefore it also has an absolutely specific ST engine structuring. priori 
that resident structuring for the diseased or damaged state in the individual cell 
differs (by some delta) from the structuring of the normal healthy cellular state 
for that individual cel 
Voila! That means that she ST engine for the damaged cell can be decomposed 
ino two parts (nwo engines) (I) the normal “healthy cell” sate engine, and (2) a 
della ST engine that has been added to itso that together the two comprise the 
{ull ST engine forthe exact individual condition ofthe cel. 


7 


‘What is now needed is a way to produce an exact antiengine of two parts: (1) 
cone for the normal engine and (2) a second one for the delta (disease) engine. 
Applying this amplified and combined "antiengine” would overpower the 
resident combined engine, precisely reversing the cellular condition by reducing 
the delta to zero. Rigorously, the cellular mass and every part of it must then 
also revert to a previous physical state, or else we must complete discard general 
relativity itself. 


Well, if we were to just time-reverse the resident engine and its two 
components, that would give us the perfect antiengine with its two components. 
‘Amplifying this antiengine would then produce one that was more powerful than 
the resident engine in the cell. Applying that amplified antiengine to the cell, 

that would not really change the "normal” engine component, but it would 
precisely reduce the delta engine component back to zero (its previous state, 
before it was there!) Voila! A specific healing signal of perfect structure, for the 
specific deviant condition of the individual cell and its every part. 


Since we have a combined GR/EM to use, we can think electrodynamically 
about this general relativity problem. Immediately we see that phase conjugate 
optics is a candidate, since the "resident composite engine” can correspond to 
the "signal" or input wave, and the pumping of the nonlinear mass ofthe cell 
and its parts (where they act as nonlinear phase conjugate mirror materials) 
produces an exact phase conjugate replica (the exact amplified antiengine). The 
presence of that antiengine overrides the magnitude ofthe resident engine, and it 
moves the cell precisely back along the temporal path previously taken. In shot 
it applies a specific kind of dedifferentiation of the cell back to its previous 
healthy condition, 


Since we extend phase conjugate pumping to the time-energy domain, then the 
resident composite engine and its time-stream component are the "input." The 
amplified antiengine and its time domain component will then forcibly 
propagate that pumped mass energy back over the time trajectory previously 
taken by it. In short, it will time-reverse the cell and all its parts back to a 
previous condition, completely eliminating the delta (disease or disorder). The 

that it will also reverse damaged or altered genetics, such as in the 
AIDS disease. It can do this prior to the appearance of health symptoms—it can 
bbe done as soon as the patient tests positive for HIV. 


Since the antiengine is amplified, it moves the cell back to normal fairly rapidly 
(in a few hours, for example). At least the time charge for the reversal process is 
delivered in that period; one may allow (as Priore did) a full week for the time- 
charge and its transduction to continue reversing the cells. But it is much faster 
than the normal speed of the human regeneration system using the same process, 
because now we have greatly amplified the time-reversal rate. 


It's therefore ideal for a method of quickly treating mass casualties, particularly 
since it can be developed and used in a portable unit about the size of a large 
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suitease (Figure 13) 


Interestingly, during the radiation with LW EM radiation, one also pumps the 
pathogen and time-reverses it as well. Its "normal state" towards the beginning 
‘was a condition whereby it could move with relative immunity past the immune 
system's opposition, having deceived the immune system. In the treatment, a 
small amount of the pathogen is therefore converted back into this condition just 
shy ofthe beginning, where that part of the pathogens is resistant to the immune 
system. However, a very small, short "post treatment” irradiation with LW 
radiation for a much shorter interval and at weaker power, will clean up this 
altered pathogen residue by allowing the immune system to recognize it and 
destroy it. Pautrizel clearly demonstrated this significant fact. 


Cellular and Body Rejuvenation are Possible, Once the 
Technology is Developed 

One can in fact really accomplish rejuvenation of the aged and infirm, as the 
technology is developed. One could certainly solve the major problems of 
Medicare, and cut the patent load at least in bulf, relatively quickly and 
inexpensively. Ofcourse lots of big U.S. drug companies will be ruther violently 
opposed to any such idea, because much oftheir empire would be threatened. 
Much ofthe organized medical community depends largely on the Big Drug 
Approach. So the organized medical community will also vehemently oppose i 
just as the formal medical science community in France viciously opposed it. 


One could also produce cheap, portable LW treatment units en masse, which is 
‘what we were suggesting to the Assistant. SecDef. That way one could flood the 
emergency response system (response teams, hospitals, fire stations, police 
precinct stations, schools, etc.) with quick and effective treatment devices. They 
ccould be used to rapidly (131) treat those millions of American casualties that 
are going to occur when one or more of our cities are attacked in the near future 
by terrorist WMD attacks. This would save the lives of most of those stricken 
millions of Americans. 


Mow Many Americans Could Be Saved? 

Foran anthrax attack on Washington, D.C., first generation equipment could 
save pethaps 70% of those sickened Americans, almost all of who are going 10 
die with present capabilities. With second-generation equipment, one could save 

pethaps 90%. 

For ananthrax attack without spreading via QP clandestine preparation of the 
populace, one would save 0.7 to 2.1 million Americans. With clandestine KGB 
QP spreading and a 5:1 increase in the yield of the anthrax strike, one would 
save 3.5 to 105 million Americans. 


For a truly nightmare attack (as a worst case scenario) perhaps 5 major cities 


collects the EM energy radiated by a RF source, and converts it into a RF signal. This RF 
signal is transferred to the rectifier by an impedance matching network, to be converted into 
DC power, which is further accumulated in a storage element. The main purpose in the 
deployment of WPT systems is the development of compact and efficient solutions. Most of 
the challenge concerns the implementation of harvesting modules, especially the antenna as 
its design defines the scavenging capability and the size of the RF harvester. At low frequency 
the transfer of energy is efficient, but the antenna footprint is large. To address the trade off 
between the efficiency of the WPT and the size of the modules, the frequency band located in 
the 433 MHz to 6 GHz frequency spectrums are preferred. 
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Fig. 1: Schematic of a Wireless RF Power Transmission (WPT) system 


Over the last decade the research effort has focused on the development of WPT 
systems according two scenarios: the RF energy scavenging [10] and the RF energy transfer 
[11]. The two RF energy scavenging is an opportunistic collection of the RF ambient energy 
from the surrounding communication traffic. To improve the harvesting capability the 
scavenging RF harvesters are of wide-band type [12] and cover popular standards such as: 
DTV (470-610 MHz), GSM900, GSM1800, 3G (2.1GHz) and WiFi (2.4 GHz). Unfortunately 
these standards dedicated to convey wireless communications do not radiate a large RF 
power. As consequences the collected energy is weak, unpredictable and out of control. The 
RF energy scavenging remains a promising solution in the future as the increase of 
tion traffic could make it more reliable, and consistent with IOT applications. The 
second concept, namely RF energy transfer, assumes an identified source that is dedicated to 
perform the WPT. The amount of transmitted power is controlled by the source and the 
collected energy is larger than in scavenging approach. The licence-free Industry-Science- 
Medical (ISM) frequency bands located at 0.9, 2.4 and 5.8 GHz. are usually exploited to 
support such a WPT scenario, Today the RF energy transfer in ISM Bands is not only 
promising, it becomes a reality as some pioneer companies propose some full kits: Powercast 
Corporation, AnSem and MicroChip to name a few. However there is still a lot of work to 
make the RF energy transfer an appropriate, low cost and eas 
powering. One of the most critical point concerns the harvesting capability of the RF 
modules. So far the commercial kits referenced above only explore the 900 MHz ISM 
allocations to perform the WPT. This work proposes to demonstrate the interest of a 
concurrent harvesting at 915 MHz and 2.44 GHz. The design and implementation of a 
modified 4-stage doubler RF to DC converter, including a concurrent matching network, is 
first presented. The section III details the design of two types of mul 
comparison between a single frequency and a multi-band WPT it 
demonstration of the remote powering of a clock is reported 
conclude a comparison of our results with the state of the art is exposed. 
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might be attacked in such manner and to such degree. In that case, one is talking 
about saving 3.5 to 10.5 million Americans for the unspread attack case, and up 
to 17.5 to 52.5 million Americans for the spread case. 


Further, the development of the necessary portable treatment units is doable and 
affordable, for mass treatment capability. Training on a portable machine could 
be done for a high school student in 30 minutes or less, and that student could 
then give emergency treatment effectively. 


Absolutely nothing else out there can presently warrant such projections. Yet 
this is the very technology our own medical science community is eminently 
uninterested in, has no knowledge of, does not wish to obtain any knowledge of, 
and does not wish to scientifically discuss. 


There Are No Resistant Strains to the New Technology, and 
There Cannot Be Any 


A most interesting thing is that there cannot be a “resistant strain” of a pathogen 
for the new treatment methodology, a priori. No mass can shield against 
spacetime curvature effects. Slight adjustments of the controls will adjust the 
spacetime engines being utilized. Two or three hour's work with a developed 
unit and a Jab team on a new strain would suffice to completely determine the 
required adjustments, once the technology is developed. The new information 
could then be quickly relayed to all stations treating patients. On each treatment 
device, adjusting a few dials and controls for the laptop computer controlling the 
unit will do the trick. The use of the final device would be so simple that a 
teenager could be trained to use it in less than 30 minutes. 


Such new capabilites are urgently needed not only for the millions of civilian 
casualties we expect in the future, but also for support of our armed forces in the 
field. Frankly, the anthrax shots are not going to do them much good, once one 
realizes that the "spreading" oftheir immune and regenerative systems is 
already occurring via KGB quantum potential means. Camel pox is available to 
any terrorist foe, and has almost the identical actions and constitution as 
smallpox. Indeed, itis almost identical to smallpox. 


‘The Gulf War Disease and Syndrome were just small preludes of what is to 
‘come and what is already being used against the entire U.S., though as yet very 
clandestinely. Look again at the Kaznacheyey work. He clearly proved in 
thousands ofsuccessful experiments that any kind ofcellular disease or damage 
or death whatsoever, can be induced at a distance by novel EM means. 
Replication experiments were successfully accomplished at the University of 
Marburg and also at the University of Sydney. 


Results of the Priore’ Treatments Are Well-Documented and 
Independently Supported 

‘The Priore team’s results are well documented in the hard French scientific 
literature. At least one French doctoral thesis was eventually accepted upon the 
work, The astounding results really occurred. They were scientifically 
substantiated under rigorous protocols and even polce-guarded labs for tess by 
4 Team of outside scientists. To then deny those results simply because no one 
has understood the active mechanism until now. is to deny the scientific method 
ise: Believe the experiment when it refutes the prevailing theory: 


‘There is also independent work by other scientists that strongly supports the 
Priore results, once the mechanism is finally understood. 


Robert Becker et al. in the U.S. conclusively showed that living cells in situ can 
be dedifferentiated, redifferentiated, etc. by laughably weak currents 
(picoamperes) and DC potentials (which are comprised of those famous 
Whittaker pairs). Becker was unaware that his potentials included time density 
‘waves and longitudinal waves, as predicted by quantum field theory and as 
shown by Whittaker in 1903 (once one understands that a bidirectional phase 
conjugate longitudinal EM wavepair is a time-density EM wave coupled to a 
longitudinal EM wave). Application of such EM potentials by Becker 
transformed red blood cells into pre-cartilage cells, then further into pre-bone 
cells. That latter cell type was then deposited in bone fractures, healing them 
‘when nothing else would. Becker and others have demonstrated partial 
regeneration of limbs in small test mammals, using the technique. The bone~ 
healing techniques were finally approved by the FDA and are often used in 
some hospitals for treating otherwise intractable bone fractures. 


Since then,other scientists have shown the directed formation of other types of 
body cells from cells from distant parts of the body (ie., muscle-type cells from 
cells produced in the bone marrow, etc.). Such things are now well documented 
in the U.S. literature, in at least several hundred papers and in the leading 
Journals including Nature, Science, ete. 


‘The Present Threat Is Urgent, and Our Strategic Destruction 
is Still at Issue 

ur own medical community, our science community, and our intelligence 
community are a least 20 years or more behind the KGB right nove. We are also 
behind the Chinese, In many respects our scientists have simply missed the 
biggest scientific breakthrough of the century 

Its urgent that we find some way to counter and avoid future strategic 
energetics attacks sure to be scheduled. The eventual attack actually launched 
if the little nation's QP weapons can be countered first—would destroy the U.S. 
in about 2 hours. It only takes about 10 minutes, it seems, forthe QP weapons 
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already deployed to negate almost all our strategic nuclear arsenal. Thereafter, 
the KGB and Yakuza/Aum Shinrikyo can simply attack us at will and utterly 
destroy the U.S. To any loyal American, that is an entirely unacceptable 
solution, 


‘The most urgent requirement would seem to be immediate and strong contact at 
the highest level between the U.S. government and the leaders of the little 
foreign nation (and the other friendly nation) that presently is guarding the 
ramparts and saving our necks. A cooperative crash program to develop our own 
QP weapons would seem to be the order of the day, if t can in any fashion be 
negotiated. But to have any chance of success, the President and the Congress 
will have to use the utmost care in selecting the U.S. negotiators and scientists to 
explore this possibility. 


Immediate transfer of the requisite capabilities to the U.S. would be desirable, at 
least from our own view. From their view, of course, we do not necessarily 
resemble a trustworthy scientific partner at all, based on our past scientific 
performance, and it is up to the U.S. scientific community to prove to them that 
the leopard really has changed its spots. That would all have to be negotiated 
and worked out. 


If that is not possible, then itis of extreme urgency that our own country 
‘embarks upon a new Manhattan Project to develop strategic quantum potential 
‘weapons and defenses. It would be a great relief to discover that such had 
already been started, but I fear not. 


Desperately Needed Defensive Capabilities Can be Provided 
bya QP Solution 

We pose one more very, very useful QP capability prior to closing. As we 
stated, ifa large U.S. city is hit with—say—an anthrax attack done in 
professional manner, we would expect 1-3 million casualties, according to a 
‘well-known major U.S. government study. With immune/regenerative spreading 
presently already ongoing here in our populace by KGB QP weapons, that figure 
may actually increase by about 5-fold. So the casualties (prompt and delayed) 
might well reach 5-15 million, in a single professional anthrax spray attack by 
two persons from one light plane on a calm night dispensing 100 kilograms of 
anthrax spores sprayed over the city with a simple agricultural sprayer. With the 
indicated Priore technology and treatment units in all emergency response 
hands, at least 70% or so of those casualties could be saved. Otherwise, 
presently almost all ofthem will die, That dramatic saving of lives is one 
‘desperately needed capability that could be met. 


But there is a further capability of LW technology that nothing else presently 
known can do without serious impact upon the populace. 


After the prompt and shorlly delayed casualties are mostly cured and the 


remaining fraction dies, a terrible problem of BW contamination stil remains. 
No one anywhere really knows how to clean up an entire city from anthrax 
spores. But unless harshly decontaminated, that contaminated city is going to be 
effectively uninhabitable for decades to come, if only the present technology and 
methods are available. Islands of the coast of Scotland, where anthrax was tested 
decades ago, are still "hot" and contaminated—and off limits 


The indications are that our nation has developed chemical sprays that can kill 
‘and neutralize the anthrax, including in the lungs of the populace breathing the 
spray. On the other hands, it is indicated that the spray is a high physical stress 
factor, and some of the more debilitated citizens will be injured or even killed by 
the spray itself. This includes babies and small children, the aged, those with 
lung and breathing difficulties, etc, As a matter of national survival, desperate 
diseases do deserve desperate remedies. So while spraying the zone might itself 
sicken and kill some thousands of our weaker citizens, at least—so the thinking, 
would go—it saves millions. This of course is similar to the use of triage— 
reserving treatment and scarce medical capabilities and supplies for treating 
those most likely to live and recover with treatment, rather than treating those 
more seriously affected and less likely to survive. Sadly, presently triage will 
‘almost certainly be necessary because of very short supplies and treatment 
teams, etc. So most of those 1 to 3 million casualties will simply be dragged 
aside and left to die, and just made as comfortable as possible, 


However, the QP technology can be adapted to produce systems that can indeed 
4o complete decontamination, very quickly, and without harm to the citizens in 
zone. The anthrax can simply be modified by specialized spacetime curvature 
cengines—specialized EM fields and waves carrying hidden inner "information 
content ofthe field” engines that are designed specifically to change and destroy 
‘anthrax and nothing else. Eventually one could develop the capability to doit 
similarly for any other major contaminant, including nuclear radioactive 
materials contamination of a major city 


Any strategic and tactical analyst can immediately see the tremendous value of 
such capabilites. 


In Conclusion 

1 hope the above admittedly lengthy overview is of interest to the reader and 
useful. If we are to survive the debacle that now looms before us in this new 
asymmetrical war we shall be in for decades, it will require the efforts of leading 
and dedicated Lawmakers and Overwatch persons. Without firm prodding, the 
military, scientific, and intelligence communities are likely to just continue their 
present pace until many or most of us all die suddenly. 

‘The KGB energetics threat is still eal and imminent; Russia is not a monolith 
‘and Putin still does not have complete control over the KGB. Another full 
strategic attack is sure to be scheduled before very long by either that die-hard 
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faction of the KGB, the Yakuza/Aum Shinrikyo, the Chinese (particularly if 
they move against Taiwan and we defend), or someone. And so our possible 
deaths also to be taken into account, if we just continue to do business as usual. 


Along with other Americans, I love my country and served it to the best of my 
ability for 20 years of active duty. It is the survival of America itself that is now 
at stake, both in the asymmetrical war against terrorists and in the continuing 
‘war against energetics weapons. Our scientific, military, and intelligence 
‘communities simply must be jolted awake and into massive efforts in energetics. 


‘We have the scientists with the required capability. We have the facilities. We 
hhave the leadership, and we can do it if we can put this thing under a 
Presidential Decision Directive, under an Executive Order and a Declaration of 
National Emergency (along with the several already in effect). 


‘Thomas E. Bearden, Ph.D. 
Lieutenant Colonel, U.S. Army (Retired) 
President and CEO, CTEC, Inc. 

Director, Assoc. Distinguished American Scientists 
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Note: This is the original Fer De Lance briefing paper wich 
includes some minor text and artwork editing. 


1986 FER DE LANCE INTRODUCTION & BRIEFING ON SOVIET 
‘SCALAR ELECTROMAGNETIC WEAPONS 

‘This briefing presents the basic concepts of Soviet scalar electromagnetic 
‘weapons, some of the major types available, and evidence of their widespread 
testing 


Scalar Electromagnetics is Electrogravitation 
Scalar electromagnetics is an extension of present electromagnetics (EM) to 
include gravitation, That is, itis @ unified, and, what is more important, itis a 
unified engineering theory. Nikola Tesla intially discovered its bass. 


In the scalar EM extension, EM field energy can be tumed into gravitational 
field energy and vice versa. This exchange can be patterned and localized, in 
specific areas or objects. Such a controlled change of electromagnetics to 
gravitation is not possible in the normal EM or physies presently taught in 
‘Westem textbooks. However, the bits and pieces of the theory have been 
scattered through the physics literature for some time, but no orthodox Western 
scientist seems to have realized that these anomalous portions could be 
integrated into a startling new physics. Unorthodox experimenters, inventors, 
and scientists have made discoveries in this arena for several decades, but again 
Ihave not realized the exact implications or the precise manner in which their 
results could be combined with present electrical physics. 


Fer-de-Lance 

Such sluggishness is certainly not present in the Soviet Union, For over three 
decades, the Soviet Union has been developing electrogravitation and applying 
it to develop strange new secret weapons of incredible power and capability 
‘Theyhave sustained the largest weapons development program ever launched 
by any nation, and they have kept it effectively hidden from prying Western 
eyes. 1 have called this program "Fer-de-Lance,” after the deadly South 
American pit viper of that name. 


‘The dreaded fer-de-lance is a snake of great agility and lethal effect. It often 
ambushes its hapless prey, and strikes unexpectedly and without warning. Its 
first sudden strike is usually lethal to its victim, which promptly expires in 
‘writhing agony. Since the Soviet development of scalar EM weapons has been 
designed for the same purpose, the name seems appropriate, 


‘The equivalent effort of about seven Manhattan projects has been poured into 


Fer-de-Lance by the Soviets, and the program has been successful almost 
beyond imagination. The eery weapons are now developed, deployed, and 


tested. The ambush has been completed; Fer-de-Lance is coiled and ready to 
strike. 


Energetics and Directed-Energy Weapons (DEWs) 
‘The ordinary Soviet name for this type of weapons science is energetics. In the 
West, that term is believed to be associated with conventional directed-energy 
‘weapons (DEWs) such as particle beam weapons, lasers, radio frequency (RF) 
directed-energy devices, ete. The Soviets do not limit the term in this way 


Western scientists are familiar only with directed-energy weapons where 
fragments, masses, photons, or particles travel through space and contact the 
target to deliver their effects. Hence in their thinking they limit the Soviet term 
"energetics" to the type of weapons they themselves understand - exotic but 
normal weapons using energy or mass traveling through space to impact a 
target. 


However, itis possible to focus the potential for the effects of a weapon through 
spacetime itself, in a manner so that mass and energy do not "travel through 
space” from the transmitter to the target at all. Instead, ripples and patterns 
fabric of spacetime itself are manipulated to meet and interfere in and at the 
local spacetime of some distant target. There interference of these ripple patterns 
‘creates the desired energetic effect (hence the term energetics) directly in and 
through the target itself, emerging from the very spacetime (vacuum) in which 
the target is imbedded at its distant location. AS used by the Soviets, energetics 
refers to these eerie new superweapons, as well as to the more mundane DEWs 
known to the West. 


in the 


As a consequence of the Soviet breakthrough and decades of feverish 
development, monstrous strategic weapons undreamed of in the West are 
already in Soviet hands. A noose is slowly and steadily being tightened about 
four throats, and it is already the 11th hour. 


The Soviets Use a Deception Plan 


Concomitant with this supersecret development program, the Soviets developed. 
‘and implemented an elaborate deception plan to conceal these startling weapons 
‘and their nature from Western eyes until itis too late. Soviet deception has been 
so successful that even when Western scientists are confronted with the actual 
Soviet tests of these weapons directly over their heads, they do not recognize the 
weaponry nor the nature of the effects produced, 


As early as January 1960, Nikita Khrushchev announced the Soviet 
development of a new, fantastic weapon. On May 1, 1960 Soviet defensive 
radars - rigged as prototype weapons of this new kind - probably downed 
Francis Gary Powers's high-flying U-2 reconnaissance plane over the Soviet 
Union, precipitating a major diplomatic incident. 
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On April 10, 1963 one of the first new superweapons operationally deployed 
was used to destroy the U.S.S. Thresher atomic submarine underwater, off the 
east coast of the U.S. The next day, April 11, 1963 the same deployed 
superweapon was utilized in a different mode to produce a giant underwater 
explosion in the ocean over the Puerto Rican Trench, 100 miles north of Puerto 
Rico. 


Over the years, various aircraft were interfered with or downed as tests of these 
Soviet weapons. A particular case involved the mysterious loss of F-11 1s in the 
Vietnam conflict. At least one downed F-111 crew was recovered in the 

subsequent prisoner-of-war exchange. On that aircraft, all electrical systems 
suddenly were in difficulty simultaneously. All emergency indicator lamps were 
[it up, “like a Christmas tree,” This was probably due to special Soviet teams 
converting some North Vietnamese SA-2 missile system radars to the scalar EM 
‘mode, and employing "scalar beam” interference to produce spurious EM noise 
throughout the electrical and electronic systems of the aircraf. 


In late April/early May of 1985, the entire armada of Soviet strategic scalar EM 
superweapons was activated as a special celebration of the 40th anniversary of 
the end of WWIL. Activation of this armada (which probably contained over 100 

giant weapons), together with 27 giant power systems and a large number of 

command and control transmissions, was monitored on an advanced, proprietary 

detection system by Frank Golden. After the giant strategic exercise, which 

lasted several days, most of the weapons and power sources were once again 
stooddown to "standby 


‘The NASA shuttle launches provided a convenient opportunity for Soviet testing 
of these superweapons in a Launch Phase ABM mode, where a launched missile 

ccan be detected and destroyed shortly after liftoff. At first, electromagnetic pulse 
(EMP) bursts on the early shuttle trajectory were deliberately delayed in time, to 
prevent actual destruction of the target and avoid alerting the U.S. that 
somethingunusual was happening, 


‘Theshuttle launch of November 26, 1985 saw a particularly significant-test of 
this kind. In this case, a very loud "sonic boom” or explosion occurred over the 
launch site 12 minutes after shuttle liftoff, when the shuttle was already away 
and downrange. At least two previous shuttle launches had also been used as 
pseudotargets, with delayed booms occurring over the launch site well behind 
the vehicles. 


Afier the lack of U.S. reaction to these three tests showed that the U.S. still had 
1no knowledge of the new technology and did not even recognize its 
employment, the Soviets apparently decided to proceed wittests where the 
targetvehicles wouldactuallybedestroyee. 


On December 12, 1985 the same Soviet weapon tested against the NASA shuttle 
launches may have deliberately interfered with the controls of an Arrow DC-8 
taking off from Gander Air Force Base, Newfoundland. At an altitude of 100 
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feet, the aircraft - carrying over 250 U.S. soldiers and civilian crew members - 
lost power and sank into the ground tail-low, killing everyone on board. Three 
Canadian witnesses to the crash were interviewed over the Canadian Broadcast 
Corporation's television news on April 8, 1986 at 10 p.m. No flame or smoke 
issued from the plane before its descent and crash. However, the aircraft was 
seen to be mysteriously glowing with a yellow glow. That is a signature of the 
use of a scalar howitzer in the "continuous EM emergence” mode, similar to the 
manner in which the F-111s were downed in Vietnam. In short, the DC-8's 
electrical systems were interfered with by electromagnetic noise created 
throughout each increment of spacetime occupied by the aircraft. The powerful 
charge created in and on the aircraft also apparently caused the loss of two 
engines, one after the other. With its controls ineffective and power drastically 
reduced, the aircraft sank to earth, sill in its "tail down” configuration from 
takeoff, and crashed and burned. The "yellow glow” was a corona due to the 
acquisition of a high electrical charge by the skin of the aircraft. 


Other factors contributing to the crash may have been reduced lift due to poor 
engine maintenance, increased weight of the aircraft due to icing, and heavy 
loading. Still, no one has recognized the significance of the "yellow glow” or 
‘what it implies, or the possible connection between loss ofthe aircraft and 
previous Soviet testing of-a Launch Phase ABM system against U.S. shuttle 
launches. 


As this book goes to press, the last two U.S. Air Force Titan 34-D missiles fired 
from Vandenberg Air Force Base in California have blown up shorily after 
launch. The first one blew up on Aug. 28, 1985 just afte lift-off. That loss has 
been attributed to failure of a high-powered fuel pump, causing a massive 
oxidizer leak and a smaller fuel leak. The second Titan loss occurred on April 
18, 1986 when the missile blew up 5 seconds alter lift-off. Its loss is still under 
investigation and no determination of cause has been made. Apparently the 
shuttle and the Titan presently provide the only viable launch vehicles for 
launching U.S. "spy" satellites. The loss of these sensitive satellites - ifindecd 
they constituted the payloads - cannot help but be damaging to our strategic 
surveillance capability. According to the Los Angeles Times, the single 
remaining KH-11 satellite was launched in December 1984 and, with an 
expected life of two to three years, it could stop functioning later this year 


Whether or not significant Woodpecker grid activity existed in the vicinity of 
the Titan launch of August 1985 is unknown at this time. However, significant 
activity in the grid definitely occurred before the April 18 Titan disaster and on 
the same day 

(On Easter Sunday, Mar. 30, 1986 engineer Ron Cole observed significant cloud. 
signatures of grid pattern activity, correlated with Soviet Woodpecker 
measurements. On April 18, the present author observed traces of a cloud radial 
over Huntsville, Alabama and took photographs of it. Preliminary reports from 


Il. CONCURRENT RF TO DC CONVERTER 


‘The Radio-Frequency [Dentification (RFID) applications are the most popular systems 
exploiting the principle of RF energy transport. In passive RFID applications the reader 
transmits the RF power to the tag, and also sets up the communication. The RF to DC 
converter is designed to yield a maximum of power efficiency to the tag. Most of the time the 
reader and the tag are in line of sight and close to each other, these conditions improve the 
transmis 


ion of RF energy, the amount of power available at the tag antenna is large, typically 
between -15 dBm and -20 dBm. In RF energy harvesting the scenario is different. The 
distance between the RF source and the RF harvester ranges from 0.5 meter to 10 meters. The 
amount of collectable power is low, from -10 dBm to -25 dBm, and the remote powering is 
difficult. The RF harvesters are supposed to collect and to store the energy during a long 
period of time. Once the level of stored energy is large enough, it can be released to the 
application, For these reasons a rectifier dedicated to RF energy harvesting is first designed to 
yield a maximum of sensitive to increase its scavenging time and capability. 


A) Rectifier Architecture 

The rectifier architecture is based on voltage multipliers to provide an adequate output 
DC voltage. The architecture of the RF to DC converter, reported in Fig.2, includes a 
matching network based on a L-section, and a N-stage voltage multiplier based on Schottky 
diodes from Avago (HSMS285). The choice of the Schottky diode is very important in the 
design of the rectifier. A key parameter is 
levels are available in the environment, the amplitude of the incident signal may be close to or 
even below this voltage. Below this voltage value, the diode will no longer conduct and the 
losses become predominant, For COTS devices the two Schottky diodes performing the best 
conversion efficiency in a 2.4 GHz range are HSMS-2850 from Avago and SMS-7630 from 
Skyworks [13] 
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Fig, 2: Architecture of the RF to DC converter 


Thousand Oaks, California indicate extensive grid activity again on April 18, the 
day the second Titan exploded. 


‘At least the second of these two missile destructions shortly after launch i 
suspicious, since the grid positively was active during that time. Also, a clear 
trail of Launch Phase A8M system indicators exists back to the massive scalar 
‘exercise of April/May 1985. The first Titan explosion in Aug. 1985 thus falls 
‘within the Soviets’ "now let's test them against U.S, launch vehicles" period, 
‘The second Titan loss follows highly suspicious losses of the Arrow DC-8 on 
Dec-T7 1985 and the Challenger on Jan. 28, 1986. The same Soviet weapon 
system that destroyed those targets may also have destroyed one or both of the 
critical Tita 


‘The Soviets have also been able to significantly engineer the weather over North 
America for more than a decade without being found out. They have tested a 
fantastic range of anti-ballistic missile (ABM) defense weapons for over two 
decades, and no one is the wiser in the West. 


As previously stated, prior to the end of November, 1985, at least three "wet- 
run" tests of a Soviet "launch phase ABM system” against actual U.S. shuttle 
launches were made directly over Cape Canaveral itself, and still no one 
recognized what was happening or what sort of weapon was being tested. On 
December 12, destruction of the Arrow DC-8 in Newfoundland produced no 
indications that the Americans and Canadians knew anything about the nature of 
the weapon possibly used. 


Accordingly, after a sufficient wait to test our reactions (if any), the Soviets 
prepared to actually destroy a shuttle after its launch. 


Destruction of the Challenger in January 1986 


As the whole world knows, on January 28, 1986 the shuttle Challenger was 
launched from Cape Canaveral, Florida after exposure to undesirable weather 
conditions, and disastrously exploded shortly after launch. The evidence seems 
to indicate that, asthe rising vehicle was stressed, one end of its right booster 
broke loose, twisting away and into the main fuel tank, causing rupture, spillage 
of the fuel and catastrophic explosion. Several other anomalies still exis 
however, and it is clear that a problem existed with at least one of the booster 
scals. All seven astronauts aboard the flight were killed in the fiery destruction 
of the vehicle. 


Of course no one had recognized that the Soviets had already tested a launch- 
phase anti-ballistic missile (LPABM) system against three of our previous 
shuttle launches. These "wet-runs” used a deliberate "time offset” to delay the 
explosive emergence of electromagnetic energy in a launched shuttle's location 
along its trajectory. The delayed test shots resulted in very large "booms" above 
the Iaunch site after the shuttle was safely out of the area, but did not destroy the 


shutlle vehicles themselves. For example, the delayed-shot boom occurred 12 
minutes after the evening launch of Nov. 26, 1985. Even a marker beacon (large 
light in the sky) was utilized on that launch shortly after lift-off. The marker 
beacon was photographed. In addition, another photograph taken in a time 
sequence shows another sudden streak of light coming down and ending in a 
burst of light. This was probably a spatially-offset test of the "pulse" mode for 
destroying the shuttle. The "light burst” would have been detected in the Soviet 
Union and scored against its intended offset position. However, another 
‘mechanism may have been used to cause destruction of the shuttle itself. 


On Jan. 1, 1986 the presence of a metal-softening signal added on to the Soviet 
LPABM system's scalar EM transmissions was detected by a surprised Frank 
Golden. The metal-softening ability of the detected signal was experimentally 
verified by him. Golden also locally nullified the action of the scalar EM signal 
in a test, rather conclusively establishing (1) that it existed and (2) what it was. 
‘The signal was apparently being prepared for use against an upcoming U.S. 
shuttle launch. 


Just prior to the launch of the shuttle in late January, 1986, the Soviets 
accomplished significant weather engineering over the U.S. The jet stream was 
severely bent southward in the middle of the U.S., bending rightward again to 
‘move across the Florida panhandle. Iey cold air from Canada was drawn far 
down, into Florida and onto the Challenger sitting on its launch pad. This 
exposure to cold outside its tested range was probably an additional factor 
contributing to the Challenger's failure. Positive signatures of the Soviet weather 
engineering and jet stream manipulation were observed and photographed by 
several persons, particularly in Alabama and California, 


(On January 28, 1986, the Soviet scalar EM weapon system effects were sharply 
localized in the launch zone. Localization involved higher frequencies being 
present; these are quite painful to small brains - whose hemispheres act as a 
scalar interferometer and detector - such as in birds. As commented upon by 
national news commentators, strangely the birds were not flying that morning. 
Indeed, they were staying down on the ground or avoiding the area, since the 
sky over the area was painful to them. 


‘As the Challenger rose, the metal-softening signal would have been experienced 
in and around the boosters shorlly after ignition, since the booster flame acts as a 
special "ion-plasma” tumer/detector for the scalar signal. (Certain plasmas have 
‘a unique characteristic: they transform an input transverse wave to a longitudinal 
‘wave, or an input longitudinal wave to a transverse wave.) The effect of such a 
local signal is to "change mass in the immediate vicinity" with the particular 
scalar resonance signal. (Mass acts as a capacitance or accumulator for scalar 


resonance). 


‘The ill-fated Challenger was doomed. After ignition, the booster flame acted as 
a ionic plasma detector/amplifier for the scalar metal-softening signal on the 


Soviet Woodpecker grid. The metal in and around the booster flame was slowly 
‘and steadily weakening due to charge-up with the metal-softening pattern. This 
attributed to booster leakage from the already cold-damaged seal. The leaking 
booster poured out smoke and later flame, contributing to the impending 
disaster. 


Substantial winds and air turbulence over the site increased the stress on the 
Challenger as it rose through this region, This also contributed to the impending 
disaster and may have been deliberately created there by Soviet weather 
engineering. 


As the Challenger stressed, eventually one or more weakened metal mounts 
gave way, partially freeing the end of the right booster. The booster oscillated, 
rotating into the tank and rupturing it. Contact of the escaping liquid fuel and the 
flame resulted in a fiery explosion, destroying the vehicle. 


Even so another anomalous flame or light was observed on the vehicle, and may 
have represented a very small additional "pulse mode energy form" produced by 
the Soviet weapon that was attacking the Challenger. The shock of the explosion 
probably killed the astronauts instantly, although the cabin appears to have 
remained essentially intact while it plunged several miles to the ocean below. 


By treating excess cold exposure to the shuttle, inducing metal-softening in and 

around the ignited booster, and possible adding a deliberate “intensely hot spot’, 
the_Soviets caused the Challenger to weaken and destroy itself shortly alter 

launch, in so subile a fashion that NASA scientists would not suspect what had 
actually _caused the mishap. The Soviets also had previously withdrawn all their 
trawlers and ships which normally shadow a shuttle launch, to prevent any 
suggestion _ of Soviet presence near or involvement in the catastrophic accident 


A few days later, sporadically intense "high frequency localization signals” were 
still present on the grid, at least at one hinge-point at Birmingham, Alabama. 
From 14 February 1986, many birds inadvertently flew into the zone when an 
intense breakout of these components occurred, and dead birds fell from the sky 
in substantial numbers. 


* According to an Urgentgram sent out by General D. Graham, on the evening 
of the Challenger’s loss, KGB headquarters held a party to celebrate "success of 
their active measure against the shuttle.” Note that all Soviet scalar EM weapons 
- development, testing, deployment, and usage - is under command and control 
of the KGB, 


Among other things, this briefing details the bizarre series of indicators that 

showedthe Soviet intention to destroy the vehicle, and documents the accidental 
discovery of the signal with which they intended to cause the shuttle to fail and 
destroy — itself 
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Technological Surprise and a New Hiroshima 


Sadly, the bureaucratic smugness of orthodox Western scientists has materially 
assisted the Soviet deception process. Most Western managerial scientists - 
particularly in weapons development activities — have continued to view the 
Soviets as ignorant peasants, still trying to clean the mud off their boots. This 
view, of course, is totally untrue and unwarranted. 


It takes only a few examples to refute this attitude. In nonlinear mathematics, 
engineering and science, the Soviets have led their Western counterparts since 
the beginning. The electromagnetic pulse (EMP) effect of nuclear explosion 
appeared in the ordinary Soviet scientific literature before Western scientists 
‘were even aware that the effect existed. The Soviets continue to lead the world 
in explosive welding, titanium forming and welding, etc. While the Soviet 
scientists exhibit litle inclination to build good washing machines, they 
certainly do produce state-of-the-art technology — and beyond — in any area in 
which they focus their main efforts. (We do lead the Soviets in some areas such 
as computers, computer software, miniaturization, etc.) 


Once before, a modern nation - the United States - developed a mighty weapon 
in secrecy and used it to force a powerful foe - Japan — to its knees. The 
mindbending atomic blows to Hiroshima, and shortly alter to Nagasaki, showed 
‘once and for all that in the modern age technological surprise can prove instantly 
disastrous. Yet in our scientific arrogance, we have assumed that no one else 
will ever do such a thing. We have assumed that it certainly could never happen 
to us, and that the "secret weapon” scenario will never be repeated. On the 
contrary, it has happened again, someone else has done it, and it has happened to 


thas also become fashionable in the West to believe that all the laws of physics 
are already discovered. We assume we already know all of them. While we have 
been pridefully crowing this tune, the Soviets have been steadily 
new laws in secret, as well as new ways to circumvent the old laws 


We Have Given Up Defense in the Larger Sense 
Meanwhile, to defend ourselves strategically, we have chosen to forego 

lefense" and rely almost totally on building a powerful strategic offense that is 
capable (we think!) of destroying our would-be enemies anywhere in the world. 
(Our offensive striking power is based mostly on a trad of deterrent forces - 
land-based ballistic missiles, submarine-launched ballistic missile, and strategie 
bombers. The cruise missile is presently being added to the trad, Irthis 4-part 
offense were nullified or destroyed by Soviet secret weapons, we would be 
powerless to prevent our own destruction and Soviet domination ofthe world 


We have been viewing ourselves as Samson, confident in the strength of our 
locks. 


Yet literally our locks have been secretly shorn and the Philistines are already 
upon us. Indeed, Soviet energetics weapons are now capable of destroying our 
triad shield, our homeland, our armed forces in the field, and our population, 
quickly and efficiently. We have a new "gap" of monumental proportions: not a 
missile gap, not a submarine or bomber gap, and not even a particle beam or 
laser gap. We have a scalar electromagnetics or electrogravitation gap. 


In this briefing, it is my purpose to show a portion of the Soviet weapons 
developments that have lead me to such dire conclusions. The Fer-de-Lance 
briefing is also an attempt to galvanize our leaders and scientists into action, for 
‘our present total vulnerability to the Soviet Fer-de-Lance weapons is intolerable 
‘and unacceptable, 


Unless we achieve defenses — and quickly — our own demise in a fashion similar 
to the Hiroshima-Nagasaki scenario is inevitable and imminent. 
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Slide 001: Characterization 


We point out at the beginning that this briefing and its interpretation are the 
result of 22 years of analysis and effort by a single analyst. Its entirely 
‘unofficial. It is not approved or disapproved by any corporation, company, or 
‘government agency. It has been prepared by this analyst at nights, on weekends, 
fon holidays, and during off-duty time. 


It has been prepared mostly at personal expense, though several grants and 
support have been received from R. J. Reynolds III, Peter Kelly, Mike Bearden, 
Interdimensional Sciences, Association of Distinguished American Scientists, 
and others. Very valuable assistance has been received from the U.S. 
Psychotronics Association and the Planetary Association for Clean Energy. 
‘These contributions are deeply appreciated and most gratefully acknowledged, 


Graphics and artwork support by Hal Crawford, Margaret Wilson, Tommy 
‘Neumann, Ron Cole, and Lee Giles has been invaluable. My sincere thanks go 
to these artists who have made the presentation vivid and imaginative. A great 
deal of background support was given by Joe Gambill, Frank Golden, Tom 
Herold, Ken Moore, Pete Kelly, Eike Mueller and Mel Bartlett and is deeply 
appreciated, 


Finally, the help of many other persons and colleagues too numerous to 
‘enumerateisalsogratefullyacknowledged. 


Ifthe U.S. bureaucracy ever moves and develops defenses against scalar EM 
‘weapons, it will largely be due to the support ofthe persons and organizations 
who have freely given of their talents and resources to further this effort. 
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Slide 002: Outline 


This presentation does not attempt to cover the complete field of energetics 
‘weapons developed by the Soviet Union. Instead, it concentrates on the major 
areas necessary to understand the type of weapons likely to be unleashed on our 

strategicand tactical installations and our troops and their equipment. It does not 
‘afempt to present the frightful bio-clectromagnetic weapons the Soviets have 
developed to be unleashed on our populace at large and on our troops in the 
field. Also, the briefing does not dwell on the historical progression, but on the 
types of weapons themselves. 


OF necessity, it presents several shortcomings in classical EM, and presents, 
three differing views of electromagnetics and what can be done with them, The 
briefing particularly stresses the Aharanov-Bohm (AB) effect. This mesoscopic 
effect, which produces action at a distance by pure EM flux and not EM force 
fields, has been extended by the Soviet weapons developers into the 
macroscopic world around us. 
In addition, we develop the basic concepts of scalar electromagnetics and how 
celectrogravitation is achieved. The basic concepts of scalar interferometry and 
scalar resonance are briefly advanced, and a few of the major kill and damage 
‘mechanisms are presented. The nearly total vulnerability of our present 
lectronicequipment, personnel, communications,vehicles.aircraft ships, 
missiles, submarines, nuclear weapons, and materiel is stressed, 


Finally, a short summary is given to highlight the main points of the briefing. 
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Slide 003: Elements of the Emerging Theory 

Specifically, we will point out some flaws in vector mathematics itself, 
particularly with the concept of the zero force vector. The zero force vector is a 
system of forces that sum to a zero resultant. Hence the components of the 
summation represent a patterned stress in the medium to which they are applied, 
or in which they are imbedded. This includes the vacuum (spacetime) medium. 
In classical electromagnetics, this vacuum stress due to a zeto-vector summation 
of EM force fields has been totally omitted and ignored, 


As such, the EM "zero" force-vector summation produces a "trapped internal 
EM flux and flux pattern, without resultant (extemal) force field” condition - 
precisely as does the Aharonov-Bohm effect. The components of the artificially 
zeroed system, however, can be transmitted and still maintain their special 
relationship and coherence. While the AB effect has been shown to hold for the 
mesoscale (a few thousands of angstroms), the zero-vector scalar EM effect can 
hold for hundreds of thousands of kilometers. 


To provide a unified electrogravitation, we adapt Kaluza-Klein 5-dimensional 
‘gravitational concepts to the idea of the zero-vector stress system in vacuum. 
spacetime, We also point out how simultaneously varying the magnitudes of the 
force components of a stress, all in phase, produces a stress wave or s 

wave, Scalar waves are almost always absorbed and emitted by the nt 
the atom, not by the electrons in orbit. 


‘The relationship of mass and vacuum, and the constitution of the vacuum, are 
pointed out from the viewpoint of modem quantum mechanics. 
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How a scalar wave resonance differs from conventional EM resonance is 
developed briefly. Mass and inertia are the direct result of - and are - trapped 
scalar resonance, The trapping mechanism is the spin of the particle. 


Severely limiting assumptions in ordinary general relativity (OGR) are pointed 
out. In OGR, itis assumed that the local frame is always a Lorentz frame, and 
never curved. In other words, local spacetime is always assumed to be flat. This 
saves the conservation laws, simplifies relativity, and reduces "general" 
relativity to special relativity with distant perturbations and curvatures, 


By removing this ad hoc assumption, a much richer local general relativity 
results. This local general relativity is readily engineered. Note that, in OGR, the 
physicist has actually assumed that he can never “engineer” local general 
relativity! Indeed, with the scalar EM approach, he can easily do so, in 
contradiction to what is taught in all Western universities. 


By engineering a local general relativity (LGR), the individual conservation 
Jaws can be violated locally. This includes the conservation of 
fenergy/momentum, and the conservation of charge, for example. 


‘The major implication ofthis startling new engineering physics is that one can 
‘engineer physical reality itself. For example, elements can be transmuted with 
minuscule energy input, free energy devices are possible, action at a distance is 
possible, communication faster than light speed is possible, etc. 


By using the zero-vector approach, the virtual state can be organized and made 
largely deterministic, rather than statistical. This means that the probabilities of 
the states propagated forward by the Schroedinger equation can be engineered 
and changed. Whether or not a certain quantum change shall emerge or not can 
be determined or substantially influenced in advance. Bohm's hidden variable 
theory now becomes directly engineerable. This is a drastic change to quantum 
‘mechanics and physics in general 


Another implication is that this is the final engineering, for it allows the direct 
cngingering of physical reality itself, Humans must now find a way to resolve 
their differences peacefully. or shortly Man will destroy himself and his 
biosphere by his own hand, 


Focusing on the sensitivity, the RF to DC converter is designed to maximize the 
rectified voltage for an input power close to -20 dBm. The optimum number of stage is fixed 
to four according [14]. The footprint of each voltage doubler imposes the micro-strip line 
network. The micro-strip lines namely “junction” is set to minimum length, the micro-strip 
lines “access” are used as an additional degree to tune the input-matching network. Indeed, 
the L section in combination with the micro-strip distributed network is equivalent to a T 
section (Fig.3). Many combinations of Z;, Z2, Zs can achieve input matching at 900 MHz or 
2.4 GHz, Some of them are very close for each frequency, so we choose one that allows a 
return loss (<- 10 dB at least) both at 900 MHz and 2.4 GHz. 
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Fig. 3: Topology of the input-matching network 


The equivalent narrow band model of the matching network is proposed for each 
frequency (Fig4). At 915 MHz, the voltage multiplier, including the rectification stages and 
the micro-strip line network, is modelled with a shunt capacitor (SpF) and a shunt resistor of 
270 Q (Fig.da). The stub, (Fig.3) is equivalent to an inductor (Fig.4a), which compensates the 
shunt capacitor, The input micro-strip line, (Fig.3), is a quarter wave impedance transformer, 
(Fig.4a) it converts the 270 Q into 50 Q. At 244 GHz the micro-strip line network 
distributing the RF signal to the voltage doublers (Fig.3), becomes inductive (Fig.4b). The 
stub is equivalent to a shunt capacitor of 120/F, its effect is negligible. The impedance 
transformation is actually performed by the input micro-strip line, which is modelled by a 
shunt capacitor (0,6 pF) and a series inductor of 5.6 nH. 
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Fig, 4: Equivalent model of the input matching network at 915 MHz (a) at 2,44 GHz (b) 
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Slide 004: Three Kinds of Electromagnetics 

‘There are actually three kinds - or three views - of EM. These are (1) the 
classical view, (2) the quantum mechanical view, and (3) the scalar EM or 
electrogravitational view. 


In the classical view, the potentials are just mathematical conveniences and do 
not physically exist. The real causative agents are the force fields, and there is 
no longer any electromagnetics going on ifthe force fields reduce to zero. 
Further, the ideas of "charge" and "charged mass” have been made erroneously 
synonymous. 


Of course the classical view was formed from the idea of a thin material ether, 
with electricity as a thin fluid, long before the discovery of the electron. Since 
‘most earlier scientists studied string waves and these are transverse, the EM 
wave was modeled as a transverse wave. Also, detection equipment actually 
detected transverse waves. The role of electron spin and drift velocity, which 
‘would have shown that force-field-causing EM waves in the vacuum could only 
be longitudinal, was not yet discovered. Maxwell's equations and the classical 
approach became so engrained that the basic derivations were never corrected 
for more modern discoveries, 


‘The quantum mechanical view, on the other hand, regards the potentials as the 
real physical actants, and the force fields are just effects derived from the 
potentials by differentiating operators. Classically oriented physicists have 
adamantly opposed this foundations requirement of QM because it would 
require nearly a complete redo of EM theory. It would also rather drastically 
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change our ideas of physical reality. For years a controversy has raged around 
the Aharonov-Bohm effect (which demonstrates the reality of the potentials, 
‘among other things). Only this year- 1986 - have most physicists finally 
accepted the AB effect with its implications (see Physies Today, Jan. 86). 
However, no changes have yet been made to EM theory and the basic classical 
‘approach to electrical physics and engineering. 


Yet even the QM view is flawed, since it has not examined the structure of EM 
forces which sum to a vector zero, Such a system produces stress, and if the 
summation is in the vacuum itself, it produces stress of vacuum/spacetime 
Rigorously, this is a gravitational effect, and the energies of the various EM 
components in the local region are locked into an artificial potential. From 
general relativity, this type of potential where the energy density of vacuum 
altered is a gravitational potential. From Kaluza-Klein unified theory, itis at 
least a 5-dimensional gravitational potential, 


If the individual force vector components of the vector zero are varying in 
magnitude - say, all in phase - then they produce a gravitational wave. The 
energy density of the local vacuum is being rhythmically varied. Call such an 
EM wave a scalar EM wave, where, by "scalar" we imply that, to an external 
observer, the EM force vector resultanis are identically zero, but the local 
‘gravitational potential of the wave is varying. Thus this is an electrogravitational 
wave, and vector zeroing of EM force fields constitutes a means of changing 
EM field energy into G-field energy. On the other hand, by breaking up the 
coherence of the zero-vector summation of the EM forces, nonzero EM 
resultants are recovered, constituting the change of gravitational energy into EM 
energy. 


A simple means to break zero-summed coherence is by interference of two or 
‘more such zero-vector waves. 


In this, third view of EM, action at a distance is easily possible, and is the norm 
rather than the exception. In addition, a new kind of resonance - scalar 
resonance - exists. The scalar EM wave does not interact with orbital electrons, 
but rather with the interior of the nuclei of atoms. Thus the new scalar EM 
resonance is between nuclei and within nuclei, 
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Slide 005: Bohm-Aharonov Effect 


In 1959, Aharonov and Bohm published a fundamental paper in Physical 
Review, which pointed out the QM implications of potentials as the real entities, 
while force fields were derived effects. They showed that, even in the presence 

of zero EM force fields, the potentials may still exist and produce real effects in 
physical systems. They also suggested experiments to prove these predictions. 


Interference of the potentials is the key mechanism producing real effects in 
charged particle systems, even in the presence of zero E-field and zero B-field, 
Unfortunately the AB paper did not address the issue of zero-summed systems 
of EM force fields as one way of producing artificial potentials having unique 
characteristics 


Atany rate, the "AB effect,” as it came to be called, was rather hotly resisted 
and debated over the years, until finally it has generally been accepted as proven 
in 1986. The principle represents a violation of both classical mechanics and 
classical electromagnetics. It is required, however, by quantum mechanics and 
quantum electrodynamics. And experiment has proved it 


(See Y. Aharonov and D. Bohm, "Significance of Electromagnetic Potentials in 
the Quantum Theory,” Physical Review. Second Series, 115(3), Aug. 1, 1959, p 
485-491.) 


A-FIELO IS REAL 


In classical EM, the vector magnetic potential (the A-field) had been defined as 
‘a mathematical convenience by the equation 


VxA=B Ij 
But if the potentials are real, then conceivably the A field can be loosed from its, 
cenchainment to the Vx operator. In that case, it becomes a free, new, and 
independent field of nature with potentially unique characteristics. For example, 
its defining equation shows that magnetic force field can be made from it, and 
the rightmost term of the equation 
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shows that its time rate of change makes an electric field 


Let us explain this in more simple terms, and somewhat more precisely than 
conventional theory. We will use the Kaluza unified G-EM interpretation and 
electron flow in our explanation, 


In the A-field, we have a certain kind of 5-dimensional G-potential which can 
bleed-off as EM force fields in two ways: (1) in a swirl fashion, where the 
vortex producing the swit! movesparalleltoelectron movement, andthe 
swirling is a torque or spin, and (2) ina linear fashion, where the time rate of 
change of the A-potential produces a linear E-field on the electrons. 


‘The first bleed-off as given by equation [1] constitutes the magnetic B-field, and 
the second bleed-off as given by the rightmost term of equation [2] creates a 
component of the overall electrical E-field. (Bleed-off of the electrostatic scalar 
potential produces the other component of the E-field). 


Now in general relativity (GR) theory, “the” G-potential is just a conglomerate 
of many things, each of which has the characteristic of curving spacetime. "The" 
gravitational field is not a single thing at all, but is composed of a collection of 
‘many things. 


‘Thus if we realize that both the electrostatic scalar potential (Q-field) and the 
‘magnetic vector potential (A-field) are components of the 5-d G-potential, then 
wwe see immediately that bleed-off of these two components of the 5-d G- 
potential creates all normal EM force fields. 


It follows that, if we produce a zero-vector summation of the two or more EM 
bleed-offs, we are actually "putting as much back in" to the 5-4 G-potential 
through its A and @ components as we are taking out electromagnetically. In 
that case, the 5-potential isin a state of equilibrium with respect to EM bleed- 
‘off Itis now forced to bleed-off in the only other way it can: as ordinary 4- 
dimensional gravitational field. Thus by yector-zeroing EM force fields, we tum 
EM field energy into Gefield energy and vice versa, via the intermediary ofthe 
S-potential 


At any rate, soon after publication of the Aharonov-Bohm paper, experiments 
showed that, if the magnetic field is trapped inside a long solenoid, a phase shift 
siill is induced in the two-slit electron experiment, even though - classically ~ 
no contact ofthe enclosed magnetic field and the moving electrons occurs. This 
phase shift is explained by the fact that the freed A-field exists outside the 
trapping solenoid, even though the B-field does not. Consequently, interaction 
of this free A-field with the electrons produces a phase shift of the QM 
interference detection pattern. 


‘This proves that A-field is real and causes physical effects. 


It also proves that a form of action at a distance is real, just as required by 
{quantum mechanics. 


Years ago, Frank Golden and this author - together with Dr. William Tiller ~ 
experimented with "free A-field” devices. Golden went on to develop prototype 
transmitters and receivers and a prototype underwater communication system, 


Since that time, Gelinas has patented several curl-free magnetic vector potential 
(free A-field) devices: see U.S. patent no. 4.447.779, May 8, 1984; 4,429,288. 
Jan. 31, 1984; 4.429.280, Jan. 31, 1984; and 4,432,098, Feb. 14, 1984. These 
patents are assigned to Honeywell. 


(Sce also Theodor Kaluza, Sitz. Berlin Preuss, Adad. Wiss. 966, 1921.) 


QUARTUM HOR-LOCALITY 


“The non-local aspect of quantum 
systemsis.... a general property of nature, 
and not just a freak situation manufactured 
in the laboratory.” 


PAUL DAVIES, SUPEREORCE 
1984 (PAGE 48) 


Slide 007: Quantum Non-Locality 

Indeed, quantum systems exhibit nonlocal effects that are general properties of 
nature, These effects are not just freak situations manufactured in subtle 
laboratory experiments. 


However, if spatial coherence in such microscopic effects can be induced and 
sustained, then action-at-a-distance can be obtained in large macroscopic 
systems. This is the engineering aspect of the scalar EM approach. 


It is also the aspect that the Soviets have secretly weaponized for over three 
decades. 


The zero-vector EM force-field summation of multiple EM waves is used to 
transport specific time-phased patterns of EM polarization of vacuum to a 
distance. There interference of two or more such patterns results in the 
interference ofthe internal patterns, breaking of the phase relations, and 
appearance of positive (added) or negative (extracted) EM energy in the 
intersection region, 


VECTOR MATHEMATICS HAS A FU 


IDAMENTAL PROBLEM 


IN ITS AXIOM FORTHE ZERO VECTOR, 
VECTOR ANALYSIS DISCARDS ZERO VECTOR 
SUMMATIONS OF ACTIVE SYSTEMS 

OF VECTORS. 


\VECTOR ZERO IS MADE THE ABSENCE 
OF ALL VECTORS. 


(IT'CAN ALSO BE THE PRESENCE OF REAL 
VECTORS WHOSE VECTOR SUMIS 03.) 


Slide 008: Vector Mathematics has a Fundamental Problem 
In its concept of the zero vector, vector mathematics discards zero-vector 
summations of active systems of vectors. It replaces such a summation with a 
zero vector. This is fine for mathematics as an abstract system, but itis in error 
‘when applied to real electromagnetic force fields of nature. 


In the abstract mathematics, a vector zero summation is made the "absence of all 
finite vectors". Further, all vector zeros are made equal. No concept of the 
"internal stress” of the zero vector exists in abstract vector mathematics. 


However, physically the zero summation or "balancing" of vector forces in a 
‘medium represents stress in that medium. In the physical case, a vector zero 
summation system of non-zero vectors has a dynamic substructure, and this 

substructure is an individual. 


Obviously, in the physical case vector zero summations may materially diffe, 
both in the pattern of stress and the magnitude of stress. They cannot all be 
‘equated. Further, they are not the absence of vectors, but represent the presence 
of vectors in a special manner. Such a zero summation of EM vector forces 
directly stresses the "medium" - which may be the vacuum itself. 


In the physical case, several changes to the axioms of abstract vector 
‘mathematics are required. (1) the “potential” of a vector zero must be taken into 
‘account, such as is represented by the sum of the squares of the magnitudes of 
its vector components. (2) the specific deterministic pattem of the vector 
components comprising the zero must be taken into account. (3) The dynamic 
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variation in both the deterministic directions and deterministic magnitudes of the 
components and of the overall pattern must be taken into account. (4) 
Frequencies of the changes in the direction, magnitude, and actual makeup of 
the vector zero must now be accounted for. That is, time and wavelengths are 
rigorously aspects of the vector zero, and these may be deterministic variables. 
Since time itself is now a variable aspect of the vector, the vector zero system 
can affect its "rate of time flow” in the observer's system. (5) Since a "reference 
vector zero" can be established at any point of a vector magnitude, then 
individual vectors themselves may have dynamic substructures inside a special 
"zero reference” in and on the vector. The patterned potential of a vector is a 
reality 


This leads to a system of "vectors nested inside vectors" ad infinitum. In other 
words, it leads to an infinite-dimensional system, and the “opening” of every 
finite closed vector system through its vector zeroes. 


For application to physical electrogravitational systems, at least 5 dimensions 
are required, four of space and one of time. 


Here we still are considering only a special case where all vector zero 
summations represent EM force field energy locked in a gravitational potential, 
or gravitational force field energy locked inside the EM potentials. That is, we 
are prescribing a system where the only intertranslation of energy is among 


‘mass, EM field, gravitational field, and vacuum virtual energy (anenergy). 


(See T. E. Bearden Toward a New Electromagnetics: Part I: Clarifying the 
Vector Concept, Cheniere Press, Santa Barbara, Ca. www.cheniere.org, 1983: 
Part 4: Vectors and Mechanisms Clarified, 1983. See also E. T. Whittaker, Proc, 
Lond, Math, Soc. 1, 367, 1903; Robert Bruce Lindsay and Henry Margenau, 
Foundations of Physics, Dover, New York, 1963, p. 283-287; Richard P. 
Feynmanet al, The Feynman Lectures on Physics, Addison-Wesley. N 

Vol. I, p.2-4.). 
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THE ZERO-DECTOR ARIOH 


+ “THERE IS A UNIQUE VECTOR, 0,1N V 
(THE VECTOR SPACE) 


SUCH THAT 
V+On5+0" 
0,=0) 


+ THIS MAKES ALL O; EQUAL BY ASSUMPTION, 
SINCE THERE IS ASSUMED TO BE ONLY 
A SINGLE TYPE © WITHOUT REAL 
COMPONENTS 


Slide 009: The Zero-Vector Axiom 
This slide shows a standard mathematical statement of the zero-vector axiom, 
used in many texts. 


As can be seen, all zero-vectors are made identical, and no substructure is 
considered. 


Such an abstract system of vector mathematics does not fit physical reality. 
However, when all one's EM foundations concepts are strongly conditioned in 
this fashion, the gravitational aspects of EM are discarded. 


Further, EM theory, experiments, and equipments will be developed along these 
limiting lines. In that case, EM engineering of gravitational effects will not be 
developed. One will assume that it is impossible to have a locally curved 
spacetime, and hence all local frames will be Lorentz frames. Therefore the 
conservation laws will rigorously apply 


Further, the nonlocal quantum effects will stay firmly in the microscopic world 
where they belong. Physical macro-reality will stay stable and predictable in a 
classical manner. 


General relativity (in curved spacetimes) will be restricted to the special case of 
the local special relativistic (uncurved) spacetime, with only distant 
perturbations (spacetime curvatures). 


‘The world will stay sane and "normal", and the totally variable insanity of 
physical reality will remain bottled up in the minute microworld or the distant 
‘maelstrom of suns, stars, black holes, etc. 


The Aharonov-Bohm heresy will stay kaput in the real world and will not be 
unleashed beyond mesoscopic reality — a few thousand angstroms or so. 


With such an error in the application of vector mathematics to physical science, 
‘we become "fatland physicists,” so to speak. We become like skimmer bugs on 
the surface of a pond; we have no appreciation of the dynamics of the depths 
below or ofthe heavens above. 

Worse, we condition our development of instruments according to the fixed 
notions in our heads. Then we use these "biased" instruments to do experiments 
that reaffirm our notions. Any deviation suggested to this is considered heresy 
and nonsense, 


And as Max Planck once pointed out, you will get a new physics only when the 
old physicists — who so adamantly oppose it — die off 
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To study the impact of the power on the diode, and input matching, behaviour the 
return loss of the 4-stage rectifier has been measured and plotted (Fig.5) for various input 
power P,rat 9000MHz. 
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Fig. 5: Measured Si; of a 4-stage voltage multiplier with a L section at 900 MHZ for various 
input power Pye 


As illustrated in the figure 5, the input return loss is not strongly affected by the input 
power if Py <-15 dBm, The RF harvesters developed in this work are dedicated to collect 
power from ~ 15 to ~ 25 dBm. Over this range the diode model can be considered as stable, 
and the slight frequency shift is still covered by the antenna bandwidth. 


B) Rectifier Characterization 


The power efficiency and the power sensitivity are two conversion characteristics of 
importance in RF harvesters. However, the RF hary 
accumulates the energy in a storage element, to further release it to the application. In such 
accumulation mode the power sensitivity becomes more important than the power efficiency 
For the characterization the rectifier is not connected to a load. The load represents the 
equivalent impedance of the application (clock, sensor) to power. The effectiveness of RE- 
DC conversion of the rectenna and its DC ouput voltage varies depending on the load value. 
The rectifier is first characterized in a single tone mode, 915 MHz and 2.44 GHz 
respectively, and then in a dual-band mode. Measurements of the unloaded rectified voltage 


ster operating at low power level 


versus various input power P,rare reported in Figure 6. 
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Slide 010: Are These Systems Equal? 

Shown here are some representations of various very simple zero-vector 
systems. As can be seen, the stress magnitudes and the spin and dynamics of all 
of these systems are very different. 


Further, their "stress potential” substructures are not composed of a huge 
collection of litle random force vectors. Instead, their substructures are 
deterministic. If the components being put into the zeros are varied in direction 
and magnitude, but always sum to a zero resultant, then highly complex 
substructure dynamics may be created and utilized, infolded (Bohm's term) 
inside the zero vector. 


In theory one can establish "channels" of communication and power 
(magnitude) transmission without ever surfacing a nonzero EM force field. In 
practice one can do this with very little EM spillout. Thus one can establish 
electrogravitational channels and energy transmission inside normal EM 
potentials and/or ordinary EM carrier waves. 


One can use a conventional system of EM potentials, force fields, and waves as 
a special kind of "wiring circuit” in and through which to transmit and produce 
electrogravitational effects. By distant interference, EM effects at a great 
distance can be accomplished, yet no "ordinary EM energy” has passed between 
the transmitters and the distant interference zone. 


BY PHYSICS 


IHFOLDED SYSTEMS ANE 


DYNAMIC ZERO-VECTOR SYSTEMS ARE 
NOT CONSIDERED IN ORDINARY GENERAL 
RELATIVITY, CLASSICAL ELECTROMAGNETICS, 
‘OR QUANTUM MECHANICS. 


Slide 011 : Infolded Systems are Excluded by Physics 
Unfortunately, these infolded dynamic zero-vector systems have been 
eliminated from physics. 


‘They are omitted in classical EM, ordinary general relativity (OGR), and 
quantum mechanics. 


‘That is, they have been omitted in Wester physics. 


‘They have not been omitted in secret Soviet weapons labs and weapons 
development programs, 
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KALUZA GEOMETRY 


*THEORDOR KALUZA, POLISH PHYSICIST 


+ UNIFIED THEORY OF ELECTROMAGNETICS 
AND GRAVITY (1821) 
DIMENSIONAL SPACETIME 
2 sanumsiowa crave 
ELECIAOMAGETSM 1S THA ART THAT 
‘OPERATE THE FTA DIMENSION 


Slide 012: Kaluza Geometry 


In 1921, Theordor Kaluza, a Polish physicist, published a unified theory of 
electromagnetics and gravitation. Albert Einstein, who had had the paper for two 
years, recommended his paper for publication. In that theory, five dimensions 
four space and one time - are utilized in the basic model. This gives a 5. 
dimensional spacetime, 


In the model, electromagnetics and ordinary gravity are two aspects of a single 
more fundamental field: the 5-space gravity field. Electromagnetism is that part 
of the S-field that operates (bleeds-off) in the fifth dimension. 


“The ordinary 4-space G-fel is the small residue that spills over into our 
ordinary 4space, and doesnt slide around into the ith dimension and blsd-ofF 
there as electromagnetics. 

Implicit nthe theory, but not explicitly stated s the fact tht the S-space G 
Potential bleeds-off in two fashions: (1) inthe Sth dimension nearly unopposed 
to produce what we see as EM force fcks, and (2) inthe ondary 4-space we 
live in, which we see as ondary pravitational fed 

Normally almost all the force fel bleed-off is in the fith dimension as EM. 
only a minuscule bit bleeds off as 4-gravity 

Just as one example, between two electrons the S-space G-potentialbleeds-off 
into electric force field about 10" times as much as it bleeds-off into 4-space G- 
fied. 
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AL POTERTIAL 1S A CHAHGE 1K THE STRESS OF VACUUM 


Slide 013: A Potential is a Change in the Stress of Vacuum 


the idea of a "potential" is very poorly defined, ifat all. The normal 
for the electrostatic scalar potential, for example, is not a definition 
at all.Instead, it's an abstract operation that tells how to mathematically 
calculate the magnitude of the potential, by pushing a unit charge in from 
infinity, against the potential field. 


Now ultimately a definition must be an identity statement, not an operational 
statement about something. 


Since 1 could find hardly anyone who actually understood what a potential was, 
‘and how or of what it was composed, I simply took quantum mechanies at face 
value and constructed this model 


First, the modern view of the vacuum is that itis not an emptiness, but a plenum, 
W's teeming with an incredible amount of raw energy, existing totally as the 
temporary bits of energy of virtual particles. That is, the vacuum "energy" exists 
as the nonintegrated energies of little particles which appear from nothing fare 
spontaneously created) and disappear into nothing (are spontaneously 
annibilated) almost instantly. This happens so fast that the litle particle and its 
energy cannot individually be detected; it doesn't hang around long enough. 


Hence the fleeting little booger is called a “virtual” particle. Like, "We had ‘im 
there man, for just a moment, but he was gone before we could grab ‘im! 


‘This kind of ghostly particle, however, is very real in modem physics. All 
observable forces are theorized to be due to the integration or collection of a 
large number of virtual forces created by exchange of these little particles. 


However, this implies a peculiar thing about the vacuum “energy.” Actually it 
vacuum energies, for each little bit of energy only exists momentarily, then 
returns to the nothingness from which it came. That is, vacuum virtual energies 
are totally unintegrated. Each "bit" of virtual energy exists individually. These 
virtual energies cannot be "added up" to compute the “available energ 

some collector or integrating mechanism puts them together. 


‘That is, unless some kind of "zipper" is there to "zip them together" into 
‘macroscopic, observable energy. The usual "zipper" is a spinning, observable 
particle of mass. We say that the vacuum energy is unzipped and hence 
‘unobservable in that state. We say that "observable energy” is just zipped 
together vacuum energies - integrated by and on a spinning, observable particle 
of mass. 


So the vacuum can be visualized as a special sort of violent, unzipped plasma, 
‘where the particles of the plasma are fleeting and do not last. We can speak of it 
also as a sort of special unzipped gas, in the same manner. 


ressure" of the vacuum gas we refer to as "stress." Due to its violent 
the vacuum gas is always under very high stress. 


‘The 
boiling activity 


‘This "stressed virtual plasma” identically IS the vacuum and identically IS 
spacetime. Length, time, frame, mass, etc. - all arise by zipping operations (or 
understood zipping operations) in and of this raw vacuum/spacetime. When one 
uses the vacuum notion in this manner, one now uses the term “ether” again. 
However, this is not the old "thin material ether that hangs around”; this is an 
entirely new kind. It's a virtual flux and a virtual plasma. 


‘The ether is also what we call "spacetime" in relativity. As can be seen, 
spacetime is stressed. Further, spacetime has a substructure, 


By an uncurved spacetime, we mean one in which the stress of these virtual 
particles (the 0 to speak) is constant from one 
place to another and from one time to another. Indeed, we also should mean that 
the stresses of the individual components of the entire plasma are constant from 
cone place to another and from one time to another. 


By definition, when we determine the lengths between every two points, we 
determine a frame. (Actually, we have prescribed a universal "length zipping” 
operation/mechanism as well as its characteristcs.). A "linear frame" or 

"Lorentz frame" is one in which the pressure or stress remains constant. It may 
be higher than ambient vacuum, however, due to a particle's or an object's 

motion through the observer's ether. In the case of constant velocity, the 
particle/object encounters a higher level of virtual particle flux in the observer's 
ether, ike a vehicle moving through raindrops. It encounters a constant rate of 
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flux, however. In such constant velocity case, the moving object’ frame is 
to be "rotated," but not curved, with respect to the laboratory frame of the 
observer. 


Ina "curved" spacetime, we mean one in which the stress of vacuum increases 
or decreases from one place to another, or from one time to another, or both. At 
one fixed location, if spacetime is curved, then the stress is increasing or 
decreasing as a function of time. That is, the flux density of that area is 
changing. We may visualize the local frame as undergoing angular acceleration, 
rotating more or rotating less. This is a non-Lorentz frame, or curved spacetime. 
It is also a nonlinear vacuum. 


In such a vacuum, local gradients exist in the flux of virtual particles. [affected 
by (coupled to) one or more of these gradients by a nonzero coefficient, a local 
object experiences effects (forces and actions) "without observable cause. 
Observably, conservation laws may be locally violated by these "virtual rivers” 
of vacuum by coupling, just as a paddlewheel dipped in a river violates its own 
local “conservation of energy” due to the river providing an energy source to it 


One must be very careful with the "pressure" analogy, however, when one 
utilizes unified theory (Kaluza theory). We now have a virtual plasma vacuum 
in five dimensions, not four. But the basic notions to enable our visualization 
and understanding still apply. 


TYPE OF POTENTIAL DEPERDS OM THE PARTICLE(S) 


Slide 014: Type of Potential Depends on the Particle(s) 
Now one can sce tha, by choosing the type or clas of virtual particle, and 
looking at its potential or stress inthe vacuum, one can have many kinds of 
“potentials” existing in the overall "gravitational potential” of vacuum 
spacetime 


For example, the stress of the virtual photon flux (which is what causes 
electrical charge) is called "electrostatic scalar potential."* 


‘We can choose any other class of virtual particle we wish, and there exists a 
potential (and "change”) for it. There are quark potentials, neutrinic potentials, 
etc. 


Indeed, one of the reasons for ignoring Kaluza unified theory for so long wa 
that it predicts a great many types of potentials and fields which have never been 
observed and which are unknown. Approximations, which neglected all these 
mysterious, and unknown fields, gave erroneous results. Perplexed physicists, 
seeking to simplify matters, simply tumed away from it in frustration, They 
returned to it in the mid-70's when it appeared that 11-dimensional Kaluza-Klein 
theory possibly offered a complete unified theory 


Actually, the diversity of new fields in Kaluza theory was its strength not its 
‘weakness. That they are presently unobservable and undetectable is beside the 
point. Neither is time directly observable; however, we have worked out handy 
procedures and measurements of spatial quantities, which allow us to infer time. 
‘We have not just tried to drop it fiom physics! 
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‘And indeed the Kaluza theory is consistent with experiment when the hi 
fields are included. The message is, we must work out "clocks" for these new 
potentials and fields, so that they can be inferred with at least some degree of 
precision 


+ The character of movement also determines the type of potential. The 
longitudinal (radial) movement of the virtual photon flux is implied in 
electrostatic scalar potential. The swirl (tangential) component of this flux 
might be taken as the magnetostatic scalar potential - a magnetic pole - 
‘when the ew and cow components ofthe swirl balance, but the sum oftheir 
absolute values differs from the sum of the absolute values of the 
corresponding tangential components in the swirl flux of the local ambient 
vacuum. Ifthis swirl stress is higher than the vacuum swirl stress, this 
constitutes a north magnetic pole. Iflower, it constitutes a south magnetic 
pole. If there is a prevalence of direction (ew or cow) in the swirl (Le., one 
component exceeds the other), this corresponds to the magnetic vector 
potential (the A-field) when the A-field is freed from the magnetic force 
field (B-field) — i... when A-field is freed from its Vx operator in the 
equation VxA = B. The bleed-off of the excess swirl stress from the north 
magnetic pole to the deficient swirl stress of the south magnetic pole 
constitutes the magnetic force field, B — usually referred to simply as the 
"magnetic field.” 
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A POTENTIAL ERTEHDS 10 INFIMITY & IHVOLUES THE ERTIRE UNIVERSE 


Slide 015: A Potential Extends to Infinity & Involves the 
Entire Universe 

As shown on this slide, the change in the stress of vacuum due to a potential 
tapers off to infinity. Its magnitude normally does not reduce to zero until 
infinity. 


‘Some types of potentials reduce much faster or slower than others, however, and 
so ~ at some distance away from a common origin of the potentials, one or more 
may be neglected in its (their) overall effects on an experiment or system. 


Also, the speed of propagation of potential is highly dependent upon (1) what 
type of virtual particle or particles produce its stress, (2) its magnitude, (3) its 
composition, and (4) the presence or absence of coupling objects and other 
interacting potentials. 


Fundamental observable particles are like little spray pumps and little vacuum 
cleaners at the same time, 


Each is emitting virtual particles into the vacuum in a spray or flux, and at the 
same time it is absorbing virtual particles from the vacuum spray or flux. It 
little dynamo, and nature furnishes its driving energy unceasingly. 


However, each little virtual particle it emits is itself such a little simultaneous 
pump and vacuum cleaner. That is, is also emitting an even finer (and faster) 
flux of smaller virtual particles, and at the same time it's also absorbing flux all 
this time finer level. 


"Bigger fleas have smaller fleas to bite em; 
‘And so on ad infinitum 


‘We may consider the vacuum to be made of an infinite number of virtual state 
layers or levels. 

It is not too difficult to show that each of these successively deeper, nested 
“layers” of virtual state corresponds to a successively higher dimension being 
‘added 10 our 4-space basic spacetime. So hyperdimensions and deeper levels of 
virtual state are one and the same thing. 


‘The basic "speed" of the first layer is e, the speed of light. 


‘The basic “speed” of the second layer is c* 
And so on. 


This is interesting. We may directly engineer the virtual state by means of the 
vector zero (scalar electromagnetics) approach. By nesting vector zeros inside 
other vector zeros, we may directly engineer the deeper layers of virtual state 
and consequently hyperdimensions. 


Scalar electromagnetics thus is virtual state engineering and hyperspatial 
engineering at one and the same time. 


Superluminal communications systems, hyperspace drive, and materialization 
and dematerialization are all hypothetically possible, using scalar 
electromagnetics. As the technology develops, we should see the development 
cof many of the systems long thought impossible except in science fiction 


rec @915MHe GViee @2440NHe Vee @915 8 2440NHE 


ation) 
Fig. 6: Unloaded rectified voltage for various input power 


To compare the results of the two considered tones, the target is fixed to a value of 1V. 
Ina single tone mode, the required Px to rectify 1V is close to -18 dBm at 915 MHz, and 
would be larger than -15 dBm at 2.44 GHz. In a dual-band mode the circuit only needs a 
power Py of -20 dBm at each frequency. The dual-band rectification significantly improves 
the power sensitivity. The reverse breakdown voltage of the HSMS285 Schottky diode limits 
the input power to - 9 dBm, for which Vrscis 4,56 V. 


Ill. ANTENNA DESIGN 


To meet the low-cost constraints, the RF energy harvester will be implemented on a 
single low cost substrate, an FR4 PCB. For the antenna, there are more efficient substrates 
with a higher permittivity to reduce the size of the antenna or a lower los 
much higher than the improved performance. These powerful s 
energy harvesters. This section exposes the design of two dual-band antennas implemented on 
a 1,6 mm FR4 printed circuit board. The fabrication uses a mechanical etching process with a 
200,m resolution, We have chosen two complementary antenna topologies with a directional 
and omnidirectional radiation pattern 
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A) Dual- band patch antenna 

Emitting and receiving antennas do not usually meet the same constraints. Mobile 
such as smartphones and tablets use compact antennas (ifa, pifa...) to address the 
trade off between performance and size. Base stations can afford large efficient radiating 
elements (omnidirectional or directional antennas depending on the application). For energy 
harvesting purpose, micro-strip patch antennas are commonly used [15-17]. A rectangular 
micro-strip patch antenna (RMPA) is first developed to suit with both low cost technology of 
implementation and  co-integration with the rectifier. Based on the cavity-model 
approximation, the resonant frequencies of the RMPA for the TMs mode is described in (1), 
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W, L are the patch dimensions 
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Slide 016: A Natural Potential 


‘There are two broad categories of EM potentials, depending upon the way in 
which they are formed, 


‘The two categories of potential formation are: (1) natural, and (2) artificial 


The difference is in the virtual particle flux substructure that comprises the 
potential 


Ifthe substructure of emerging and vanishing virtual particles is random and 
without deliberate order (polarization) except in one broad, overall sense, then 
that is a natural potential. As such, there is no deterministic functioning going on 
inside the substructure of the potential itself. The potential can only act "as a 
whole” on a charged particle system. 


Natural potentials have substructures of random virtual vector components. Any 
small amount of coherence as a function of distance vanishes quickly (on the 
order of a few thousand angstroms at most, according to present Aharonov- 
Bohm experiments), 


AAW ARTIFICIAL POTEATIF 


Slide 017: An Artificial Potential 

An artificial potential by definition has a substructure composed of deterministic 
observable vector components, summed to an overall zero vector. Coherence as 
‘a function of distance can be maintained over enormous macroscopic distances 
‘even hundreds of thousand of kilometers - by simultaneous transmission of the 

entire cluster of substructure components as a coherent "zero" group. 


To the conventional linear EM detector, at any point along its transmission path, 

this substructure is detected as a zero-E vector and a zero-H vector. Hence the 
conventionaldetector does not see the artificial potential, even ifits "stress 
magnitude" (a function of the magnitudes of all summed components) changes. 


Action at a great distance is possible with this artificial potential, however, if 
highly nonlinear situation is met so that the phasing of the components is broken 
or significantlyaltered. In that case, the components do not sum to zero after 
their dephasing, and real EM force fields emerge. This "dephasing" can be made 
to occur at the distant nonlinearity 


‘Actionat a great distance is not possible with the natural potential, but is 
possible withtheartficialpotential 


Further, with the transmitted artificial potential, VO must be applied from the 
‘transmitter to the distant interruption zone, as ifthere were no intervening space 
between, 
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Note that VO may be positive or negative. Thus energy may emerge at the 
distant disruption, or be extracted from there. In the first case, energy is input to 
the transmitter, to re-emerge at the distant dephasing zone. In the latter case, 
energy is extracted (disappears) from the distant dephasing zone and is received 
(reappears) back at the transmitter 
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Slide 018: Producing an Artificial Potential 


ANattficial potential is deterministically patterned spacetime stress, made by 
‘opposing E-fields and/or B-fields so that they sum to vector zeros in a special 
pattern. 


‘The resulting zero-summed envelope has no EM force field, to an extemal 
observer/detector. 


However, the infolded E-field and B-field vector components still exist and act. 
‘They may dynamically vary, so long as their summation is always kept to zero. 


‘The simplest variation is to vary all their magnitudes at once, by the same 
degree. Inthatcase, each one comprises an "EM wave." However, the 
summationsof this cluster or "locked group” of waves still exhibit a zero-E and 
zero-B field to any external observer/detector. In other-words, to an external 
observer, one now hasa varying wave of pure spatiotemporal stress, butone that, 
has a deterministic structure. This is a scalar EM wave, or electrogravitational 
wave, I is also an alternating current of specific scalar pattern. 


Varying the stress of spacetime locally, curves it locally. This violates the 
conventional assumption of restricted general relativity that local spacetime is 
anal (is a Lorentz frame). 


rather than statistical. This is a drastic change to the common (Bohr) 
interpretation of quantum mechanics. 


And Einstein's intuition that God does not play dice with the universe turns out 
to be correct afterall 


Since physicists haven't seen where the real game was being played, it has all 
seemed bewilderingly statistical to them. 


IFAD OBSERUABLE MASS FLOWS: 


EM POTENTIALS PRODUCE SUSTAINED G-FIELD 
FLOWS OF VIRTUAL PARTICLES 


pres 


Slide 019: If No Observable Mass Flows: 
Since there are no observable mass particles flowing in vacuum, there are no 
observable force fields produced. Only virtual force fields can be produced in 
the Virtual particle medium that is vacuum itself 


Thus (here is no observable E-field in the vacuum surrounding a charged point. 
‘There is, however, a virtual E-field there. When an observable charged particle 
such as an electron is introduced in the surrounding vacuum and "couples to” 
(integrates, zips together) the virtual E-field, an observable E-vector force is 
produced on and of the observable charged particle. 


(For the classically trained electrical engineer or electrical physicist, the 
statementthat no E or B fields as such exist in vacuum, is usually bewildering, 
Let me point out that any so-called "vector field” (such as the assumed E and B 
vacuum fields) can mathematically be replaced with two scalar fields. See ET. 
Whittaker, Proc. Lond. Math. Soc.1, 366, 1903. What we are saying here is that 
the definition of an E field is in terms of force per unit charged mass. The scalar 

fields - which are actually what exist in vacuum - provide only a virtual or 
‘unzipped E field, until an observable spinning particle couples to both ofthem 
by virtue ofits "dynamo flux pump" action. The ensemble, then, of two 
electrostatic scalar potentials coupled toa spinning observable particle, 
constitutesandistheso-called"E-field.”) 


When detecting these "vacuum E-fields,"itisthe free electronsinthe electron 
{gas inour probe or antenna which couple to the two "Whittaker scalar fields". 
These electrons produce ensembles that interact with each other collectively. 


Charges in this electron-gas coupled medium is what we actually detect - not 
"what is in the vacuum, 


To repeat this again for emphasis: The usual detector is an “electron-wiggle” 
detector. It detects changes in its own conduction electron gas, not in the 
vacuum itself. That is, the disturbance in the virtual-particle vacuum interacts 
with the observable particles ofthe electron gas, if (and only if) the spins of 
these observable particles couple the vacuum disturbance to the electrons and 
integrate their virtual components. After integration, an observable disturbance 
of the integrating object - say, the electron - results. Iti this electron gas 
disturbance that is “detected” by almost all orthodox EM detectors. 


If the spin of the observable conduction electrons cannot couple the electron to 
the vacuum flux disturbance, then the normal "simple" detector will not detect 
the disturbance. (By a "simple" detector we mean one in which the electrons are 
able to couple to the vacuum disturbance! Little circular definition here!) 


Now most potentials reach to infinity before reducing to zero. The change in the 
virtual particle flux intensity of vacuum - which comprises the potenti 
decreases with distance from the potential. The magnitude of the change tails oft" 
toward zero as one approaches infinity. 


To any finite distance, then, there exists a decreased gradient in the change of 
the virtual flux intensity of vacuum, from a potential. Therefore virtual particles 
are flowing in the direction of the decrease of this gradient, just as gas molecules 
flow from a region of high pressure toward a region of lower pressure. 


So there is a virtual particle "river" in the vacuum between any two separated 
points of different potential magnitude. The type of potential determines the type 
of virtual particle(s) in the river. 


Ifthe potential is natural, the gradient river does not cary any coherent 
substructure. 


If the potential is artificial, the gradient river carties the coherent substructure 
everywhere within it. In this case, there is a flow or "river" of the virtual 
structure of this coherent pattern in the vacuum between two separated points of 
different "potential" in that pattern. 
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GRADITATIOBAL POTERTIAL: A CONGLOMERATE OF STRESS TYPES 
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fe 020: 
Types 
Rigorous, all EM potentials are actualy part ofthe overall dimensional 
sravitational potential 


Conglomerate of Stress 


‘There is no such thing as "the" 
conglomerate of different str 
the type of action that produces it 


jingular gravitational potential: instead, itis a 
types and patterns, each of which is named for 


‘The movement of charged particles, for example, creates electromagnetic 

potentials. At any point in vacuum, the potential consists of a flux of virtual 

particles. 

‘The vacuum contains a great variety of particle fluxes. There are virtual photons, 
virtual electrons, virtual positrons, virtual protons, virtual pions, virtual 

neutrinos, etc 

‘The conglomerate stress from all these virtual particle stresses constitutes the 

overall gravitational potential 


FIM 01 ANCE 
201 


WHAT GHADITATIONAL FIELD IS 
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Slide 021: What Gravitational Field Is 


As previously stated, there is no such single thing as "the” gravitational field, as 
assumed in the Newtonian sense. 


G-field is a conglomerate of many component potentials and other entities. 


Rigorously, anything that "curves spacetime” is a gravitational field 


In the modern view, all forces ultimately arise, by some means, from the curving 
of spacetime. Thus all forces and force fields are related to - and caused by, so 
to speak - gravitational field 


Ifthe vacuum stress is uniform from one place to another in an observer's frame 
then the observer's spacetime is uncurved. The observer's frame, is said to be 
linear or uncurved; or a Lorentz, frame, In such a situation the conservation laws 
rigorously apply for macroscopic, closed systems. 


Ifthe vacuum stress is not uniform from one place to another, then the 
spacetime is curved. In such a situation the conservation laws may be violated 
for macroscopic systems, since they are "opened’ to the vacuum stress, and 

vacuum virtual particle flux gradients exist across the system or portions of it. 


Note that the overall stress magnitude may be constant across a region, but its 
composition may change. That is, two or more components may vary 

canonically. In that case, the spacetime is uncurved in the gross external sense, 
but contains specialized “internal” curvature patterns locally. Depending upon 


reaction to the canonical infolded curvature patterns, some macroscopic systems 
will still exhibit conservation, but certain other macroscopic systems may not. 
An example is symmetry breaking. Here charge, parity, and time symmetry may 
be violated individually or in pairs, but not all three simultaneously. An overall 
conservation law is obeyed, but any two of the three conservation laws can be 
(und are) violated, 
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The antenna dimensions, 68 cm? (8.8 x 7.8 cm), described Fig.7a are dependent to the 
frequency bands and the feed location is selected to only excite the fundamental modes TMo; 
and TMyo. Those modes permit to obtain a large aspect ratio (W/L = 2,7) but reduce the 
performance of the RMPA. On the other hand, TMo) and TMsy modes require an aspect ratio 
close to one but offer beneficial radiation patterns for our application. The RMPA is fed by a 
probe whose position (x,y) adjusts the matching both at 915 MHz and 2.44 GHz, This two 
operating bands of the proposed antenna are on cross polarization planes. The geometric 
parameters of RMPA have been optimized with an approximate model, the TL model [18], 
and with a full wave method. Details of the two approaches have been studied in [19]. The 
retum loss of the RMPA is better at 915 MHz than 2.44 GHz because the maximum 
impedance of TM30 mode is 31 2 [19]. The TM30 mode does not achieve $0 Q because it is 
not a fundamental mode. This antenna has a maximum gain of 1.3 dB at 915 MHz (Fig.7b) 
and 2.5 dB at 2.44 GHz (Fig.7e). This two operating bands of the proposed antenna are on 
cross polarization planes. 

The realized gains of the dual band patch antenna are lower than the classical patch 
antenna because the radiating efficiency is low, 60% for the TM; mode and 30% for the 
‘TMso mode. The FR4 substrate has a loss tangent of 0.02. The radiation efficiency of the dual 
band patch antenna is highly dependent of the substrate losses. 
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Fig. 7. Layout of the RMPA antenna (a) - Radiation pattern at 91SMHz (b) and 2.44 GHz (c) 
Solid and dashed lines correspond to E-plane and H-plane respectively 


B) = Multi-band arm dipole antenna 


The second antenna is a multi-band dipole type composed of three arms. Its dimension 
is about 23 em? (11.1x2.1 em), Fig.8a, Each arm is designed to work at one band of 
frequency, The longer one is for the 915 MHz, the middle one, not useful in our case, is for 
the 1,4 GHz and the last one, the smaller, is dedicated to 2.4 GHz [20] 

All the geometric parameters have been optimized with a full-wave method in order to 
be matched both at 915/ 2440MHz. On Fig.6b and 6c, the radiation pattern is plotted for the 
elevation plane (orthogonal to substrate) of the simulated antenna, The maximum gain is 
0.5 dB at 915 MHz and 3.4 dB at 2.44 GHz at 90°, on the substrate plane. The radiation 
efficiency is 99% at 915 MHz and 95% at 2.44 GHz, 


EN FORCE FIELOS ARE 
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Slide 022: EM Force Fields are Releases of Gravitational 
Potential via Observable Mass Flows 

In Kaluza theory, we may take EM force fields to be the Sth dimensional 
"bleeding-off” of a 5-G potential. However, in vacuum alone this bleeding-off is 
totally within the virtual state. That is, only virtual EM force fields exist in 


By the ordinary term "EM force fields,” phy'sies has chosen to imply 
measureable or observable E and B force fields. 


‘That implies that the 5-G potential gradient flows of virtual particle flux must be 
coupled to observable charged particles - such as electrons, protons, ions, etc. 
before observable E and B force fields exist. 


Rigorously, E and B force fields consist of the virtual E and B force fields 
coupled to observable charged particles. They do not "cause" a particle to 
accelerate; they are the product of the particle and its acceleration 


‘As these observable particles are themselves "spray pumps” producing virtual 
particle flux, then a collection of them represents an increased or decreased fre 
(for negative or positive charge) vis-a-vis the ambient background flux of 
vacuum, Nature furnishes the continuous power to drive these "virtual flux” 
pumps. 

Normally, EM potentials are formed in natural and manmade electrical circuits 
by collections of these observable particle "spray pumps.” Such collections of 


increased or decreased "spray flux" density, of course, represent 5-potentials, 
gravitationally. 


Release of these pumps in conductors or in the vacuum itself results in creating 
E-fields and B-fields on and of the moving observable charged particles. But 
release of the observable-particle spray-pumps from the collection (the potential 
"pressure head” or "source”) reduces the potential or "pressure" at the source. 


Thus the formation of E and B fields represents the release of the 5-potentials. 
Hence EM force fields are the bleed-off of S-dimensional G-potential via 
observable mass flow. 


Since classical EM always seeks to create the force fields, it always bleeds-off 
and discards the gravitational effects that could be otherwise achieved. 


To allow orthodox EM flow is to dissipate the gravitational effects. 


Strangle the orthodox EM flows, and you can keep and use the amplified 
‘gravitational effects 
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Slide 023: Scalar O-Wave Production 


‘We now visualize the formation of waves of pure stress in the spacetime 
medium (in the vacuum). These we cal fesla waves, 
electrogravitational waves, longitudinal EM waves, waves of pure potential, 
electrostaticimagnetostatic waves, and zero-vector EM waves. All these terms 
‘are synonymous. Each sheds its own particular light upon the nature of these 
‘waves or of their original discoverer, Nikola Tesla. 


We use a gedanken experiment, or thought experiment, in which we can be 
“perfect.” 


Thus we have two single-frequency EM sine waves whose E-field componenls 
are shown on the slide. The two waves are of the same frequency, traveling 
together in the same direction, and superposed 180 degrees out of phase with 
each other. 


In this case, at any spatial point, the summation E and B fields are vector zeros. 


However, if we plot the spatiotemporal (vacuum) stress induced by the wave, wo 
see that it constitutes a sine wave, with compressive stress in one half eycle and 
tensile stress in the second half cycle. 


Rigorously this defines a "longitudin: 
sound wave in the nonmaterial ether. 


" EM wave - or what Tesla called a 


Also, rigorously itis a gravitational wave, for itis a wave of the curvature of 
spacetime (nonlinearity of vacuum) itself. That is, what is changing in the wave 
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is the vacuum stress, or intensity of the virtual particle flux of vacuum. That 
identical to changing the curvature of spacetime. In one half-cycle, spacetime 
curved positively. In the second half-cycle, spacetime is curved negatively 


Since the increase or decrease of the intensity of virtual particle flux (vis-a-vis, 
the ambient vacuum’s virtual flux intensity) represents electrical charge, then in 
one half-cycle negative charge is represented, and in the other half-cycle 
positive charge is represented. This directly explains the "positron-electron pait” 
representation of an electromagnetic photon - the "photon" being one 
‘wavelength, 


In one half-cycle, time moves slower. In the second half-cycle, time moves 
faster. Thus scalar waves can also be considered to be "tempic” waves (to use 
Wilbur Smith's term), or oscillations of the rate of flow of time itself, about the 
ambientrate of time flow. Since these oscillations are variations in the curvature 
of spacetime, then they represent gravitational or force-generating waves, when 
coupled to a mass. 


‘Variations in the rate of flow of time produce force, just as any other type of 
‘curvature in space-time does. 


Feu DI IANCE 
207 


SCALAR ELECTROMAGHETICS 


+ ZERO-VECTOR ENVELOPE 
* DELIBERATE, ORDERED SUBSTRUCTURE 
Pei ATER 
remnstic 
Cousres-mooen vanes” 
Puascis ty 
+ TO MAKE A SCALAR BEAM 
USE PHASE OCKED FORCE ELD BEAMS 
2 Two RwRE 
2 STANDAO BEAMING ANTENA 
1 CONVENTIONAL ASK CRCUTS 
8 SUGHT IT MODIFKATIONS 


Slide 024: Scalar Electromagnetics 

To rehash: scalar waves are zero-vector waves. Patterned E and B fields exist in 
a relationship where their summation equals vector zero. Electromagnetically, 
the zero EM "envelope" of a scalar EM wave is composed of a zero-summation 
of infolded finite EM force-vectors. 


However, the internal (infolded) substructure is deliberate, macroscopic, and 
ordered. Vacuum is polarized deterministically by the wave, and macroscopic 
spacetime is locally curved by it. 


‘These substructure components constitute Bohm's "hidden variables." They can 
be manipulated and varied at will. Phasing, beaming, frequency, superposition, 
interference, resonance, and Fourier expansion are the keys to scalar EM 
engineering. 

‘To make a scalar beam, special modifications are made to the EM wave 
transmitter so that, effectively, the transmitter transmits multiple transmissions 
simultaneously, and these vectorially sum to zero. This is the same thing as 
transmitting multiple phase-locked EM force-field beams simultaneously. in the 
sum-zeroed fashion 

Standard beaming antennas and conventional circuits can readily be utilized 
with slight modifications. 

‘Any radar can be converted to a scalar EM radar quite simply. Indeed, a 
‘modification kit to accomplish that can be developed and held until the scalar 
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mode is desired. The modification kit can be quickly installed to provide the 
scalar capability. 


Scalar radars, for example, cannot track "comer reflector” targets. However, 
they can magnificently track smoothly filleted comers; rounded, smoothly 
ccurved surfaces; and curved or flat metalized dielectrics. Against aerial targets 
using special construction to lower their cross-section to normal radars, the 
application ofthe scalar radar mode is immediately obvious, 


‘Scalar waves pass through the electron shells of an atom and interact with the 
nucleus. They are continually absorbed and emitted by all nuclei in the universe. 


BACKGROUND FOR THE BRIEFER. 


Any large collection of nuclei - such as a star or a planet - is a strong absorber 
and radiator of scalar wave radiation. 


‘The Sun is a particularly strong source of scalar radiation, This radiation 
penetrates the Earth deeply, interacting more and more with the deeper layers 
which, under greater mechanical stress, are more nonlinear. Most of the heat in 
the molten core of the Earth comes from the dephasing of a portion of this 
absorbed scalar radiation from the Sun, liberating ordinary EM energy as heat, 


‘The Earth also re-radiates scalar wave radiation back to the Sun. The Sun and 
Earth are thus coupled into a "scalar" system in equilibrium or near-equilibrium, 
Each body in the couplet possesses both a feed-forward and a feedback loop. 


‘The Earth also radiates scalar wave radiation to the Moon, and the Moon 
reradiates scalar radiation back to the Earth, The Earth and Moon also are 
coupled into a "scalar" system in equilibrium or near-equilibrium. Again, each 
body in the couplet possesses both a feed-forward and a feedback loop. 


‘Tre Sun and Moon are correspondingly coupled into a scalar system in 
equilibrium or near-equilibrium, each with both a feed-forward and a feedback 
loop. 

‘The Earth, Sun, and Noon thus form a triad-coupled system of special 
importance to the stability of our existence here on Earth, and the stability of our 
biosphere. 

And so on with all the other planets in the solar system, and combinations 
thereat 


The solar system is thus a very sensitive 
subsystems within it, 


ADDED FOR THE BRIEFER: 


-alar-coupled system, with strong 


‘Actually this scalar coupling of the solar system provides a major check on 
unreslricted use of the large Soviet strategic scalar EM weapon systems. If 
significant scalar effects are produced on earth in a “pulse” mode, pulsed 
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disturbance of the earth-sun and earth-moon systems results. Here a danger 
cexists that one or more natural resonances of the coupled system may be excited. 
Ifthe feedback stimulation of the Sun is not insignificant, for example, large 
sunspot activity may result sometime thereafter, say in a day or two. Iftoo much 
or too sharp stimulation occurs on earth, the coupled resonant response from the 
sun could be disastrous. Indeed, a solar response could be stimulated so that the 
Sun would violently belch and destroy our biosphere, among other effects. The 
simplest doomsday stimulation would be for a violent expulsion of Solar EM 
energy and particles to occur. If this were due to resonance, the expulsion of 
Solar EM energy and particles would continue during some decay time. In that 
case, fiery destruction of the earth, strongly indicative of Biblical prophecy, 
would result, Particularly sensitive are the resonances of the sun-carth, sun- 

and earth-moon systems, 


Note the abnormal influence of the moon on tides - tides of both the tectonic 
plates and the oceans. One cannot help but point out that, if the earth-moon 
resonant system were overstimulated, one might expect violent earthquakes of 
extraordinary magnitude, and tremendous tidal waves hundreds of feet in height. 
(The potential connection to legends of earth-destroying floods, evidences of 
extreme water levels in mountains, and legends of ancient cataclysmic 
destruction of supposedly advanced technological oceanic cultures is obvious.) 


Accordingly, use of huge scalar EM weapons is a double-edged sword. Unless 
‘carefully employed, use of the weapons could cause a terrible backlash to the 
user as well as the victim, and even accidentally cause the destruction of the 
earth itself. It is not accidental that in 1960 Khrushchev stated that his new 
fantastic weapon could - if unrestrainedly used - destroy all life on earth, 


‘This appalling backlash potential is apparently what prompted Brezhnev in 1975 
to make so strong an effort to get agreement to outlaw the development of "new 
‘weapons of mass destruction” more frightful than the mind of man had even 
dreamed of. Gromyko even introduced such a draft agreement into the 
proceedings of the United Nations. The first article of the draft agreement 
indicated that the nature of the weapons referred to would be negotiated. Sadly, 
the entire Western world did not even know what the Russians were talking 
about. 
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Slide 025: Rogers’ Undersea & Underground 
Communications Systems 


In an article in the March 1919 issue of the Electrical Experimenter, a real 
bombshell was released on an unsuspecting world 


In that issue, details of the Rogers‘undersea and underground communication 
systems were released. These systems had been classified SECRET during 
WWI, and used to communicate with (1) U.S. submarines underwater around 

the world, and (2) U.S. Expeditionary Forces Headquarters overseas. 


Subs at any submerged depth could be reached with transmitters of frequencies 
up to 30 kiloHertz. At reduced depths, frequencies above 30 kHz could be used. 


At the headquarters of U.S. overseas forces, the signals were received through 

the earth. They were 5,000 times stronger than aerial signals through the 

atmosphere, and static-free. 

‘The Rogers’ systems were covered by a series of patents. They used special 
antennas implantedin the ground. 


While the patents are somewhat confused, several of the diagrams in the 
Bassi Experimenter reveal that the antennas were producing scalar waves. 
Scalar waves can indeed travel through the earth and through the ocean. Indeed, 
if good quality scalar waves are made, then frequencies well above 30 kHz can 
be sent throughthe ocean, Multi-megahertz frequencies, for example, are easily 
achievable. (The problem, of course, is that these waves are pure zero-vector 


ntificial potentials that do not move electrons in the conduction gas of a 
conventional antenna/receiver combination. Normal receivers and detectors do 
not see them, Special underwater detectors - such as those developed by Frank 
Golden - are required.) 


With the startling declassification and revelation of the Rogers’ systems, it was 
expected that all communications would be revolutionized, and that all surface 
antennas would be removed, 


Strangely, this entire technology faded away quickly, as if it had never been. 
Certain powerful interests did not wish the extended electromagnetics to be 
discovered or taught. That, after all, would lead to free energy and loss of 
economic control of the citizens. That was precisely why Nikola Tesla had 
already been suppressed, 


According to the important research of Dr. Robert Beck, the same scalar 
technology has been rediscovered and mysteriously 
after World War II! 


Today the orthodox establishment is still suppressing it 


‘One wonders why no orthodox physicist - with the single exception of Dr. 
Hooper (see U.S. patents 3,610,971, Oct. 5, 1971 and 3,656,013, Apr. 11, 1972) 
- seems to have experimented with deliberately constructed zero-vector EM 
‘waves and devices, and published his results in the literature. 

One would think that any university physics department would wish to explore 
such a gaping void with at least a few graduate student experiments, if for no 
other reason than scientific curiosity, particularly when the experiment is easily 
performed, itis totally different from anything else in the theory or literature, 
and the implications may be formidable. A true scientist in that related field 
ought to try it! 
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HOW DOES THE ROGERS SYSTEK WORK? 


"WE DO NOT KNOW AS YET HOW THE 
ROGERS SYSTEM WORK. 


+ ROGERS HIMSELF TAKES THE VIEW— 

[AND HE IS SECONDED BY TESLA—THAT THE 

TRANSOCEANIC MESSAGES WHICH HE RECEIVES 
ARE NOT HERZIAN WAVES...” 


H.eRNsBRCK 
LECTRICAL EXPERIMENTER 
(1), MARAH 1919, PAGES2 


Slide 026: How does the Rogers System Work? 


In the same March 1919 issue of Electrical Experimenter, Hugo Gernsback 
pointed out that no one as yet knew how the Rogers’ system actually worked. 


Rogers himself believed he was not using conventional Hertzian waves. 


Nikola Tesla himself confirmed that the underground and undersea waves were 
not Hertzian waves. 


Ifso, they could only have been scalar waves. 
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@ i) a) 
Fig, 8. Layout of the multi-band arms dipole antenna (a) - Radiation pattern at 915 MHz (b) 
and 2.44 GHz (c). Solid and dashed lines correspond to E-plane and H-plane respectively 


It is interesting to compare the characteristics and performances of the two types of 
antennas. Although the radiation efficiency of the dipole antenna is better than the patch 
antenna, the antenna gains are similar because the high directivity of the RMPA antenna 
compensates the low values of radiation efficiency. When there are no cost constraints, it is 


interesting to use high performance substrates for the design of RMPA antennas because they 
improve the radiation efficiency and consequently antenna gain, 

Moreover, the integration of the antenna with the rectifier will not be made in the same 
way. Considering the patch antenna, the rectifier can be integrated on the ground plane 
allowing a more compact solution, The dipole antenna, which is ground plane free, is less 
sensitive to the surrounding environment in our case, The performance of the dipole antenna 
and especially the radiation efficiency are very weakly dependent of the substrate 
characteristics. The design of a dipole antenna can be easily reuse with other material such as 
Kapton®, paper, Plexiglas to name a few. 


IV. WIRELESS POWER TRANSMISSION 


This part presents the measurement results of the assembled RF harvesters in the 
context of Wireless Power transfer. The two dual-band harvesters are realized with COTS 
devices such as HSMS diodes and capacitors. Those elements are reported by heat-treating. 
The RF to DC converter board, including the matching network and the rectifier, is reported 
on the backside and connected to the radiation part, on the front side, through a via (Fig.9a). 
The dipole antenna is connected to the rectifier circuit using SMA connector (Fig.9b). 


a) ) 
Fig, 9. Dual-band RF harvesters based on patch antenna (a) — arms dipole antenna (b) 


SCALAR EN WAVES ARE EMITTED 6 ABSORBED BY THE HUCLEUS 


‘Slide 027: Scalar EM Waves are Emitted & Absorbed by the 
Nucleus 


Normally scalar EM waves do not couple to orbital electrons. Entering into the 
atom, incoming scalar EM waves penetrate the electron shells without 
interaction. They continue, penetrating into the interior of the closely packed 
nucleus, where the extreme nonlinearity of the charged virtual particle flux that 
binds the nucleons together distorts the scalar wave, dephasing its summed EM 
vector components. This produces a nonzero EM resultant and polarized pattern 
directly inside the virtual particle charge flux ofthe nucleus. 


‘The new EM resultant immediately couples the distorted scalar wave to the 
nucleus, resulting in absorption of the wave and incorporation of its polarization 
pattern into the nucleus’ virtual flux. This in turn results in a slightly excited 
nucleus. Normally the excited nucleus will promptly decay by emitting another 
scalar wave, which passes through the orbital electron shells and radiates out 
into the universe. 

However, as can be seen, if the same strong scalar patter is constantly radiated 
into the nucleus and absorbed by it, the excitation ofthe nucleus "charges up,” 
leading to decay by other modes. In this manner the nucleus can be engineered 
even transmuted - by rather minuscule power of the engineering radiation 
signal. 

This is how living biological systems are able to transmute elements, as 
discovered by Louis Kervran. (Kervran was nominated for the 1977 Nobel Prize 


for this work.). The biosystem produces scalar EM waves. If the appropriate 
signal is employed into and on the appropriate nucleus, a changed element 
‘emerges. In this fashion chickens denied sufficient calcium in their diet, but 
allowed a surplus of potassium, are able to transmute some of the potassium into 
calcium. Note that one of the isotopes of potassium is an isomer of normal 
calcium. Transmutation of this potassium isomer to calcium is easiest. 
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ARUCLE! OF THE UNIVERSE CONTIURLLY ERCHAKGE SCALAR EH WADES: 


‘Slide 028: Nuclei of the Universe Continually Exchange 
‘Scalar EM Waves 

‘Thus scalar EM waves are continually exchanged by all nuclei of the universe, 
and the vacuum is - among other things - a seething cauldron of scalar 
radiation, 


In fact, itis this seething scalar wave cauldron that creates the virtual particles, 
and the virtual particle flux of vacuum itself. (Since the scalar EM wave 
represents an oscillation of the curvature of spacetime, and since everything ~ 
virtual or observable - is a curvature of spacetime, then scalar waves can be 
taken as the universal generatrix. 


‘The intensity of the trapped scalar flux in the nucleus of an atom is responsible 
for the mass and inertia of the nucleus. 


Mass is localized trapped scalar resonance, 
The trapping agent is the spin ofa particle. 


‘The mass and inertia of the particle are due to the scalar resonance that is 
trapped. Increasing the amplitude of the trapped scalar resonance increases the 
‘mass and inertia; decreasing the amplitude decreases the mass and inertia. 
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Slide 029: Converting EM Field Energy to G-Field Energy & 
ice-Versa 


According to Kaluza theory, there are no such things as a separate EM field and 
4 separate gravity field. Instead, in five dimensions there is only one field: the 5- 
gravitational field. The EM field is the Sth dimensional aspect, while our 

normal 4-dimensional G-field is the other aspect of the 5-field, in our normal 4- 


space 


Thuswe may say that the 5-field is composed of two components: the Sth 
dimensional component (our normal EM field) and the component occupying 
our normal 4 dimensions (our normal G-field), 


The 5d "force" field, of course - or the 5-space analogy to a force field - would 
be due to a gradient or "bleed-off of the 5-4 gravitational potential. This 

‘gradient in tur is composed of two components: the Sth dimensional "bleed- 
off" outside our normal 4-space (this outer bleed-off is our normal EM force 
field) and the bleed-off inside our normal 4-space (this inner bleed-off is our 
normal G-field). 


‘Normally the 5-potential bleeds-off outside our 4-space as EM field, far greater 
than it bleeds-oifinside our world as G-field. Between two electrons, for 
‘example, the electric field is about 10° times as strong as the G-field. Since in 
the Kaluza view there is only one 5-d G-potential that is causing both force 
fields, this shows that there is an incredibly greater EM bleed-off of the 5- 


potential between the two electrons than there is a G-field bleed-olf between 
them, 


‘As shown on the diagram, the 5-d G-field is normally comprised almost entirely 
of the Sth dimensional EM field. Only a small 4-space G-field component exists. 


However, suppose we were to "block" the bleed-off ofthe S-potental inthe EM 
mode, Then none of the 5-potential could bleed-off inthe Sth dimensional EM 
field, Instead, it would be Forced to beed-of into the 4-space Gefed. In our 
two-electron example, this "perfect case” would result inthe disappearance of 
the E-field hetween the two electrons, and the Geld between them would 
increase to about 10° times its normal strength 


‘The end result would be that, by blocking the EM force field bleed-off, EM field 
is converted to G-field. In addition, EM field energy is converted to G-field 
energy. With the extremely amplified gravitational and inertial effects that 
result, one can now accomplish direct engineering of gravitation, mass, and 
inertial effects 


We can effectively accomplish this "blocking the EM bleed-off by opposing 
EM force fields so that they sum to vector zero. This is the same as summing 
various Sth dimensional gradients of the 5-potential to a zero vector resultant. In 
that case, as much "EM bleed-back to 5-potential” occurs as there is "EM bleed- 
off from 5-potential.” This places the 5-potential in equilibrium with respect to 
EM bleed-off. 


‘Also, another nice thing results: Since we can readily vary the magnitudes of the 
EM force field components of the vector zero summation, we can actually form 
phased "zero vector waves" by inereasing and decreasing the magnitudes ofall 
the component EM vectors in phase, but retaining their vector summation 
always equal to zero. 


In that case we have produced a very simple 5-space G-potential wave, which 
concomitantly forces phase-locked variations in the 4-space G-potential. In 
short, we have produced an electrogravitational (EG) wave, or scalar EM wave 
for short. This wave described is the simplest EG scalar wave we can produce; 
‘much more complex EG waves can be produced and used for highly specialized 
purposes. 


‘The scalar EG wave changes EG potential energy into 4-gravity potential energy 
in one half-cycle, and changes 4-G potential energy into EG potential energy in 
the other half-cycle. However, the EG potential energy in the first half-cycle 
does not react electromagnetically in linear circumstances, since itis 
‘electromagnetically a linear vector zero. 


So our scalar EG wave actually oscillates energy back and forth between a 
locked-in Sth dimensional EM potential and a 4-space G-potential. As can be 
seen, to the linear 4-space observer this scalar EG wave appears as a purely 

gravitational wave, with G-potential magnitude varying in a wavelike manner. 


Slide 030: Normal EM Bleeds-Off G-Field 


For easy visualization, we may regard the situation in the analogy shown on the 
slide. 


‘The 5-potential of S-space vacuum is like a high pressure in a big tank. The tank 
has huge open door in the Sth dimension, leading to rapid bleed-off ofthe 5- 

presure through the big door; that is, as EM field. Only a very small hole in the 
tank normally exists in our own 4-space world, so only a very small amount of 
the pressure bleeds off as our G-field 
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Slide 031: Scalar EM Forces 4-D G-Field 
‘As can be seen however, if we shut the big door so that we have only a little 
bleed-off through the seals, then most of the pressure is forced to bleed-off 
through the small opening, greatly enlarging it. In that case, most of the 5- 
potential bleeds-off as 4-G force field. 

‘The mass exposed to such increased 4-G bleed-off exhibits a much greater mass 
and inertia. 

In fact, mass itself can act as an accumulator for the effect, and it can increase its 
ability to store trapped scalar resonance. This increases its inertia, 

By the use of scalar EM (blocking the EM bleed-off), we can input normal EM 
energy and obtain powerful gravitational and inertial effects. Many other 
powerful effects can also be obtained, 


DETECTION OF ELECTHO-GHAUITATION 


‘© WHEN ORDINARY EM FORCEFIELDS ARE 
INTERFERED/SUMMED TO PRODUCE ZERO, AND ARE ALSO 
LOCKED TOGETHER, THEY PRODUCE STRESS OF VACUUM 
(GRAVITATIONAL POTENTIAL OF FIELD). 

‘THSS IS ELECTRO-GRAVITY. 


‘¢ WHEN ELECTR O-GRAVITATIONALFIELDS ARE 
LINTERFERED/SUMMED TO PRODUCE ZERO, AND ARE 
LOCKED TOGETHER, THEY PRODUCE ORDINARY 
ELECTRO- MAGNETIC FORCE, 


Slide 032: Detection of Electro-Gravitation 
Here arc two magic rules in the scalar electrogravitational business: 


(1) When ordinary EM force fields are interfered or summed so that they 
produce vector zero, and the fields are locked together, they produce stress of 
vacuum (5-potential). One component of this 5-potential is the 4-space G- 
potential. Since bleed-off as a gradient of this 4-space G-potential is all that is 
allowed, then the EM destructive interference/zero summation bleeds-off 10 
produce gravitational force field. This is because opposing equal forces, which 
sum to a vector zero force field resultant, actually produce a stress potential 
having stress energy of spacetime. And that is a curvature of spacetime, hence 
gravitational 


In short, total destructive interference of EM waves or force fields produces 
excess stresspotentialenergyinspacetime,andtherefore gravitational force 
field on detecting/coupled particles. 


(2) When electrogravitational fields are interfered/summed to produce vector 
zero, this destructive interference/zero summation bleeds-off to produce 
ordinary electromagneticforcefild, 
In short, destructive interference of scalar EM waves or fields 
(clectrogravitational waves or fields) produces electromagnetic force fields on 
detecting/coupled particles. 
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BACKGROUND FOR THE BRIEFER: 


ally we can summarize this as follows; 


i (Om) + Gy. (EM) a 

is + Guy a) 
I ZAE)= 0, E40; B= E&B,=0. B40 fer 
then Ga» (m)= Gq.» (EM) =Gs=Ga.s [61 
and Pil + 21244, |B m 
and Gy +) (EM) =fi@) + 9A) [8] 
Where: 


Gy. is the 5-d G potential, or total G-stress on dimensions 1-5. 
Gy is the combined EM potential, or G-stress on dimension 5 only. 


G,.-9(am) is the normal 4d G-potential of mass alone, or the G-stress 
due to mass-gravity 


Go. 4, (EM) is any extra 4-d G-potential of mass due to conversion 
from Gg stress (normally zero), 


E and B are the electric and magnetic force fields. 
is the electrostatic scalar potential 
Ais the magnetic vector potential 


‘Thus the age-old scientific dream of direct engineering of gravitational field — 
and of spacetime itself — can now become reality. To start, one simply makes 
an intense EM vector zero and varies its stress intensity and internal pattern of 
‘summed components, One also varies the reference potential at which the 
patterned EM stress zero is created, and the frequency of internal component 
variation, 


BACKGROUND FOR THE BRIEFER. 


He that has ears, let him hear. 
Here is the secret of antigravity 


‘The “electrical charge” of a charged particle — such as one of the orbital 
electrons of an atom or one of the protons of its nucleus — represents a 
difference in flux intensity (potential) between the local particle and its ambient 


It's the continual bleed-off of gravitational charge as electrical charge. 
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If that bleed-off is reversed or stopped, a drastic effect on the gravitational 
potential and charge ensues. The 5-potential and 5-charge have become 4-G- 
potential and 4-d-charge respectively 


‘Thus "charging" an object with its scalar EM pattern charges it gravitationally. 
Now the only "bleed-off channel” is through the 4-G force field, 


Further, in a nucleus the nucleons continually change back and forth between 
proton and neutron, so the electrical charge is "spread" throughout the nucleus 
and shared by all the nucleons. 


Further, each element (actually each isotope) has its own unigue "ensemble 
pattem’ of Fourier expansion scalar frequencies, amplitudes, etc. This pattern, 
of course, can be reproduced artificially and transmitted by modified EM 
transmitters (Le., by scalar EM transmitters). There is, however, a sort of 
“master key” scalar EM (EG) pattern for nucleons (protons and neutrons which 

are changing back and forth into each otherby exchange of virtual charge 
currents) 


Ifone “reverses the charge” by inverting this pattern, and then “charges up a 
‘mass with the inverted charge,” to the extemal observer the charging mass just 

gets lighter and lighter, and its inertia gets less and less. Eventually it seems (to 
him) to acquire negative mass and negative inertia, and just accelerate away 
from the earth. The object "falls upward" instead of "falling downwards." 


‘There are also some weird time effects. The object can be moving slower 

through time than the laboratory observer, or even be moving backwards 

through time with respect to the laboratory observer. (Don't believe everything 

they laught you in relativity; none of those professors had ever engineered a 

single general relativistic situation, Little that they teach in GR is based on direct 
experiment. Most of what they teach is already experimentally proven to be 
incomplete orinneedoffurtherextension.) 


But back to our slide. 


Inside the patter itself, i's just a quite normal pattern. No change in or on the 
object seems to have occurred. to it, ifthe charge is evenly accomplished 
throughout the object. Indeed, to an internal observer it’s the external 
environment that seems to have suddenly gotten very strange! This is what 

‘occasionally happenstoahaplessaircraftor ship thatexperiencesanomalous 
spatiotemporal difficulty in an occasionally scalar-active area such as the 
Bermuda triangle. Under the right conditions, the vehicle's gravitational charge 
is affected by anomalous changes in the scalar radiation from the earth in that 
area. To the passengers and crew, itis the external environment that suddenly 
seems weird. In addition, on-board EM and inertial instruments may be affected, 
and other electrogravitational effects may also occur, due to differing rates of 
charge in different parts of the vehicle.) 
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For the dual-band RF harvester based on patch antenna, the return loss, Sn, is 
measured for an input power of -20 dBm with a HP8720 network analyser. The patch antenna, 
the rectifier and the dipole antenna are centered at 915 MHz and 2.44 GHz with a low return 
loss (Sir< —15 dB), Fig.10. The return loss of the RMPA antenna is better at 915 MHz than 
2.44 GHz because the maximum impedance of TM30 mode is 31 Q (Fig. 6 and Fig. 7 of 
[16]). The TM30 mode does not achieve 50 O because it is not a fundamental mode. 
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Fig. 10. Measured return loss $;; of the dual-band rectfier, patch and arms dipole antenna 


A) Remote Powering and Power Efficiency 


The rectenna is connected to a clock, which mimics a low power application. The 
remote powering of this clock is performed in a furnished room of the lab according the 
schematic of Fig.11, The distance between the source and the antenna is fixed to 2 m. The 
clock is turned on for different scenarios of transmitted power. For each combination of 
power proposed in Fig.12, the RF power is first measured with a calibrated antenna and a 
power meter. Then, the rectenna is measured and Py is the ration between the power 
delivered to the load (here the clock) and the power available at the antenna. 
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Fig. 11, Schematic and picture of the scene of remote powering of a clock 


"Reversing or lowering the EG-charge" is controlled by means of biasing the 
‘ground potential on the ensemble pattern transmitters. These transmitters can 
even be on-board the vehicle itself. (Remember, in scalar EM to transmit is also 
to receive. A vehicle can change its own bias potential (with respect to local 
vacuum G-potential) by properly transmitting, which translates to "receiving 
potential charge.” The charge current can either be negative or positive (its 
potential can be lowered or increased vis-a-vis that of the vacuum.) Think ofthis 
as handling positive and negative energy. which means positive and negative 
gravity. 


By “fiddling” with this, you can float metal. Or a human body. Or a battleship. 
Or a high-speed vehicle containing a crew. 

You can even "dematerialize it" or "teleport it." 

‘The Philadelphia Experiment may have been real afterall. If so, the test ship and 
its personnel were "blasted into this strange realm, instead of making a gentle, 
‘controlled entry 

‘Suppose you materially lower or reverse (adjust) the gravitational charge 
(gravitation 5-potential with zero-summed EM to throttle EM bleed-off). At zero 
gravitational charge, to the external observer, such an assumed vehicle would 
seem to have no mass and no inertia, It is capable of extreme accelerations, right 
angle turns at full speed, etc. Iti also right on the point of dematerialization, 
and may appear to be glowing orjust a vehicle of light, 


Ifthe pilot wishes to “land,” of course he must adjust the charge on the vehicle. 


Ifthe pilot wishes to “dematerialize” or “teleport,” again he must adjust the 


charge on the vehicle. 
Ifhe wishes to go "hyperspatial,” again he must adjust the charge on the vehicle 
‘and allow the proper bleed-off to produce a hyperspatial force. That's done with 
nested zero summations and nested patterns of scalar EM transmission, 


‘That is, he can charge and bias the vehicle in multiple, nested zero-summations 
simultaneously. 

‘That is necessary for hyperspatial control and travel. 

Note that in lower hyperspace such a vehicle could do some very strange things. 
Such as "penetrate" solid matter (actually, it goes “around! the 3-space matter in 
‘4th Kaluza-Klein space). 


‘We might expect to see such vehicles glowing. Their various surface features 
and mechanisms might appear to be glowing or revolving lights, etc. 


‘They could exhibit incredible "aerodynamic performance," seemingly in the 
‘atmosphere. Actually they would not be moving "through" the atmosphere at all 
but through a higher space outside each particle of atmosphere. 
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‘They could seem to materialize and dematerialize. 
They could seem to plunge into the ocean or rise out of it. 


They could even seem to operate under the ocean or inside the earth itself. 


Such anomalous vehicle performances have been seen all over the world, 
particularly since a few years after WWI. 


SCALAR WADE DETECTOR 


(DETECTS ELECTROGRAVITATIONAL WAVES) 
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Slide 033: Scalar Wave Detector 

(On this slide we show a concept for a detector for scalar EG waves. This is the 
Bedini scalar wave detector, adapted from an original concept by Dea and 
Faretto. 


‘The idea is quite simple: install a very powerful bar magnet vertically inside a 
grounded Faraday cage. Then install an open-ended coil longitudinally above 
the magnet so that a line through the longitudinal axis of the magnet passes 
through the longitudinal axis of the coil above it. The open end of the coil does 
not touch the magnet 


Connect the other end of the coil to a variable tuning capacitor, so that the coil 
and capacitor form a tunable, series-LC-oscillatory circuit. The output of the 
capacitor is connected to a transistorized preamplifier inside the cage. A tuning 
shaft for the capacitor is very carefully passed through a small hole in the shield 
to allow tuning from outside 


‘The output of the preamp passes very carefully through a small hole in the 
shield, through a shielded cable, to an adjacent oscilloscope. The cable shield in 
also grounded to reference ground potential. 


The theory is as follows: Suppose a normal EM wave appears inside the cage, 
above the magnet or closely adjacent thereto. In that case a coupled oscil 

appears in the field of the magnet, and this oscillation is coupled to the coil 
immediately above it. Ifthe oscillation is within the bandwidth of the tuned 


series LC cireuit, detection occurs. This is amplified by the preamp and passed 
to the oscilloscope, where it is displayed on the scope. 


Note that the detector detects normal EM wave. Now our problem is: how do we 
get an EG wave to be detected? And how do we assure that we do not detect 
ordinary EM waves from outside? 


Actually this is simple. Ordinary waves (except for quite low frequency) will be 
grounded out by the Faraday shield, and will not penetrate the cage. Thus these 
normal EM waves cannot enter the cage and appear above the magnet. They will 
not be detected. 


Scalar EG waves, on the other hand, will enter the cage since they do not couple 
to conduction electrons in the metal of the cage. Above the pole of the magnet, 
spacetime is locally bent. Afterall, a pole is a magnetostatic scalar potential, 
which is a part of the conglomerate called "G-potential.” The pole represents an 
increase (or decrease, depending upon whether itis a north or a south pole) in 
the magnetostatic component of the local G-potential. This is a curvature of 
spacetime. An EG wave entering this region adds a varying component of 
magnetostatic G-potential, which bleeds-offin the coil as an ordinary EM wave. 


‘Another way to view the detector is to model the EG wave as a longitudinal 
‘wave, and an ordinary EM wave as a transverse wave. When the EG wave enters 
the curved spacetime region above the magnet, to the coil (the “observer” in this 
case) the longitudinal aspect of the EG wave appears to be rotating back and 
forth, so that an oscillating transverse component is present. This transverse 
‘component appears to the coil as an ordinary EM field, and so the LC circuit 
detects it if tis in the proper frequency band. 


Yet another way to view the situation i to realize that an EG wave entering the 
magnet results in an oscillation component added to the magnetostatic scalar 
potential (pole strength) of the magnet. Accordingly, the magnet is a receiver 

for scalar waves. which are detected to “bleed-off as an oscillation of the 
magnetic field strength of the magnet, Coupling of this oscillating magnetic field 
to the coil creates an oscillating current flow into the capacitor. This oscillates 
the voltage input to the preamp, which amplifies and feeds the signal to the 
oscilloscope for display, 


In fact rather like the latter view! It is important to remember that a 
‘magnetostatic potential and anelectrostatic potential canbe oscillatedby a 
scalar EG wave. By placing a magnetic material inside a Faraday cage, the 
oscillation ofthe magnetostatic scalar potential (pole strength of the magnet) can 
be used as the EG detecting mechanism. By placing a chargeable material inside 
a Faraday cage, the oscillation of the electrostatic scalar potential can be 
detected. (Possibleexamplesofthelattertypedetectorsaregivenby 
Hodowanec, Radio Electronics, April 1986.) 
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Note also that one may detect waves at one reference level and not at another. 
Changing the bias on the zero-reference ground of the Bedini detector affects the 
detection. To look inside a normal EM carrier (such as the Woodpecker) and see 
‘what scalar signals are riding upon it, the carrier may be used to bias the 
reference ground of the Bedini detector. 


To produce a spectrum analyzer, simply use additional series resonant LC tuning 
circuits in parallel (put multiple taps on the coil, and wire each tap to a separate 
‘tuning capacitor of different capacitance). Again, varying the zero reference 
level is important, as is varying the strength of the magnet. 


Golden also has invented an excellent series of scalar wave detectors based upon 
quite different proprietary principles. 


The bottom line is: we can indeed rigorously detect and measure scalar EG 
waves. When one considers the large sums of money presently being spent to 
bury large aluminum cylinders etc. in an attempt to detect gravitational waves, 
‘one wonders why some funds could not be released to a few unorthodox 
researchers by the National Academy of Sciences to fund the proven creation 
and detection of electrogravitational waves! 


Note from TEB: I understand that it took Bedini about 600 attempts before he 
got the device to work. It was then handed over to a different party to produce, 
who made some "improvements," and the device then failed to work. 
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WAVE AND ANTEWAYE SUPERPDSE AND 
‘MOVE ALONG TOSETWER, BACK AND FORTH 


Slide 034: Scalar Resonance 


Here we explain a new kind of resonance: scalar EH resonance, or 
‘electrogravitationalresonance, 


First, imagine we have a standard resonant cavity, represented by the two walls 
in our diagram. In this cavity we have a resonant EM wave moving back and 
forth, represented by the forward-most plane. In accordance with convention, we 
show the E-field vector and the B-field vector at right angles in this moving 
wave front. As the wave front moves back and forth, the vectors vary back and 
forth; however, at any one point between the walls, the two vectors always have 
the same value. Thus our resonant EM wave forms a standing wave in the 

cavity. 


Now imagine that a second wave front, precisely like the first and of the same 
frequency, is superposed over the first wave front and travels along with it. This 

second wave - the "antiwave" - has its force vectors 180 degrees out of phase 
with the force vectors of the reference wave. Hence the E-fields and B-fields of 
the two superposed waves always sum to vector zeros, anywhere in the cavity. 
To an extemal observer, the cavity contains no ordinary electromagnetic force 
fields, hence no ordinary EM energy. 


However, the energy density of a single EM sine wave in vacuum is given by 


(2 sB )8x 19] 


This energy density is always positive. Hence the energy density of the two 
‘waves at any point x between the walls is equal to 


[E4B°V4n [10] 


where 


=EW);B=Bx) [1] 
‘Thus the energy density of vacuum varies with x. But, rigorously, since the 
resultant E and B fields are zero, this describes a standing gravitational wave 
Hence we have a standing EG wave, existing in the resonant cavity. This is an 
‘example of scalar resonance, Rigorously the cavity has mass and inertia, to an 
outside observer, asa result ofthe two warps in spacetime it contains. 


Note that in one half-cycle the energy density of vacuum is greater than ambient, 
‘and in the other half-cycle itis less. In the region of one half-cycle, time flows at 
a faster rate than to the ambient observer, and in the other half-cycle time flows 
ata slower rate than to the ambient observer. 


‘One half-cycle appears to contain negative electrical charge, and the other 
‘appears to contain positive charge. 

One half-cycle appears to contain a north pole (positive magnetostatic scalar 
potential), and the other half-cycle appears to contain a south pole (negative 
‘magnetostatic scalar potential) 


Perhaps now one can begin to understand why a continuously accelerated orbital 
electron in the atom does not radiate EM energy. completely in violation of 
Maxwell's equations, The electron is naught but a complex aspect of a standing 
scalar resonance, existing between the nucleus and the orbit, 


SCALAR RESONANT 


+ NOT IN PRESENT TEXTBOOKS 
+ CONTROLS NATURE OF PARTICLE 
‘+ BENDS SPACETIME 

+ CONTROLS MASS. 

+ CONTROLS INERTIA 

+ CONTROLS GRAVITY 

+ CAN FLOW 

‘+ A"MASS" IS LIKE A CAPACITANCE 
+ HAS A SCALAR MAGNITUDE 

+ HAS SPECIFIC PATTERNING 


Slide 035: Scalar Resonance 
Scalar resonance is not in the conventional textbook. 


Scalar resonance is a particular zero-summmed multi-resonance, 
electromagnetically,so that it does not actin an electromagnetic 


A scalar resonance is a standing electrogravitational wave. It can be made 
lectrically, but itis not electrical in behavior. 


In any scalar resonance, spacetime is curved, and it is the 
irection; of this spacetime curvature that is oscillating in a 
fashion. In respect to stress of the vacuum medium, one half of a standing sine 
‘wave of scalar resonance is tensile; the other half is compressive. However, this 
is with respect to the local ambient stress of vacuum, 


"Mass" of a particle is just a characteristic exhibited by a trapped scalar 
resonance, Usually his trapping isdone by the "spin" of the individual particle. 


‘The conceptof "mass" may be compared to the concept of "capacitance." That 
is, a mass is an accumulator for scalar waves; that is, for scalar resonances. Itis 
continually being "charged" and “discharged” by absorption and emission of 
scalar waves from and to the ambient vacuum scalar wave flux. 


Indeed,the magnitude of a mass may be defined in terms of the absolute value 
of this “switching” (absorption = switch in; emission = switch out) rate. In a 

very early paper I defined the mass of an object as proportional to the absolute 
value of the sum of the input and output switching rates, where each "switch” 
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represents a change of action of h/(4). (Bearden, Quiton/Perceptron Physics: A 
‘Theory of Existence, Perception, and Physical Phenomena, Mar. 1973, AD 
763210, available through NTIS.) In that scheme, one kilogram of mass equals a 
switch rate of 17.053 x 10% switches per second. An object is in a Lorentz frame 
when the switch-in and switch-out rates are equal in a given direction. If, in 
addition, the in-out rates in all directions are constant, the object is 

with respect to a Lorentz observer. Ifnot constant in all directions, the object is 
in a curved spacetime with respect to a Lorentz observer. In that case either the 
‘object's local spacetime is warped or the object is in a generalized, accelerated 
frame. 


In the normal linear spacetime, the “charging” and “discharging” are equal in all 
directions; hence the "mass" exhibited in any direction is the same. 


With respect to an "external observer's" equilibrium flux, a moving object 
encounters an increased amount of flux rate along its line of motion, just as a 
moving object in a rainstorm encounters more raindrops per second in the 
direction of its path, than does a stationary object. Encountering increased scalar 
wave flux (with respect to the external observer) forces the moving object to 
absorb and emit scalar waves at a higher rate along its direction of motion than 
‘when itis not moving. Thus to the extemal observer, the mass of the object has 
increased, insofar as any disturbing force along its line of motion is concerned. 


Atright angles to its line of motion, however, the flux rate is precisely the same 
as when the object is at rest. Therefore the "mass" of the moving object with 
respect to any disturbing force at right angles to its line of motion has not 
changed, as seen by the external Lorentz observer. 

‘Thus is explained both parts of one of the alltime great mysteries of special 
relativity: (1) how the mass of an object increases with respect to its motion, and 
(2) why the mass only increases with respect to its line of motion, and not at 
right angles to it. 


‘The inertia of a particle is due to its mass, ie. to the total magnitude ofits 
trapped scalar resonance. 


‘The gravitational attraction between two masses is due to their spacetime 
curvature. Further, mass is like a capacitance. It can trap additional scalar waves 
as trapped resonance; hence increase its magnitude or "inertial charge." Or, it 
ischarge more scalar waves than it absorbs; hence decrease its magnitude 
inertial charge. 


‘Those scalar waves emitted from resonance are emitted as a pattern ensemble of 
the resonance. Hence they may be regarded as constituting a current of scalar 
resonance leaving the mass-accumulator-object. Scalar waves absorbed into 
trapped resonance may be regarded as constituting a current of scalar resonance 
into the mass-accumulator-object. Thus it is proper to speak of scalar resonance 
as being able to "flow." 
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Further, itis possible to increase the mass of an object directly, by transmitting 
scalar EM waves to it so that it absorbs them. (By “absorbing” scalar waves one 
‘means that more enter the object than leave it, so the object acts as an inertial 
accumulator charging up with inertial charge. This is done by insuring that the 
reference potential of the scalar wave transmitter is higher than the reference 
potential of the irradiated object.) 


It is also possible to decrease the mass of an object directly, by transmitting 
scalar EM waves to it so that it emits more than it absorbs. (By “emitting” scalar 
waves one means that more leave the object than enter it, so the object acts as if 
it were an inertial accumulator that is discharging its inertial charge. This is done 
hy insuring that the reference potential of the scalar wave transmitter is lower 
than the reference potential of the irradiated object.) 


As can be seen, the scalar wave “transmitter” is actually somewhat comparable 
toa heat pump; it can either act as an “energy transmitter” or as an "energy 
depending upon the difference in potential between “transmitter” and 


Finally, scalar resonance can have a specific pattern: both in frequency and in 
spatial curvature aspects, as well as "rate of flow of time” aspects. Indeed, 
scalar-wise every object has its individual "scalar pattern” which is a unique 
fingerprint. Since that print is spatiotemporal, itis a product of the object's entire 
past history. Thus - scalar-wise - no two objects are identical 


‘This brings up another rather amazing potential: Ifa reasonably precise scalar 
pattern of an object can be “irradiated” and resonated with scalar waves, energy 
may be created in or extracted from the distant object, just as stimulating one 
‘unning fork can excite another at a distance by sympathetic resonance. We leave 
it as an exercise for the reader to ascertain the relevance of this statement to 
clairvoyance, radionics, remote viewing, etc 


For the skeptic, however, we must point out that - rigorously - quantum 
requires that, continually, in any localized region of spacetime, the 
sFany object in the universe appears momentarily in the virtual state, 
purely ffom statistical considerations alone. So long as the situation remains 
statistical, any place in the universe can continue to have the “ghosts” of 
everything present there, in an ethereally hin pattern, and the observable world 
will not be affected by it. However, ifone can discriminate and scalarly 
"charge" or "discharge" individual patterns in this "ghost-realm,” action-at-a- 
distance is directly possible, as is materialization and dematerialization. If one 
‘accepts that even thought itself produces such virtual "ghost-patterns”in the 
virtual particle lux of vacuum, then it is at least theoretically possible to even 
‘materializethoughtsandthoughtimages. 


We have entered a new kind of reality where the old rules and the old limitations 
do not necessarily apply. 


The power efficiency of the patch and the dipole rectenna is worked out from these 
experiments and reported in Fig.12. The power efficiency n is defined as the ratio between the 
DC power delivered to the clock and the RF power collected by the antenna 
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Fig. 12, Power efficiency of the dual-band RF harvester based on the patch (a) and the arms 
dipole (b) antenna 


The minimum power required to turn on the clock with the patch-based harvester, Fig. 
10.a, is a two tone signal featuring: -19.5 dBm at 915 MHz and -20 dBm at 2.44 GHz. At this 
point, the power efficiency is 12.5 %, which corresponds to a DC output power of 2.7 uW/1V. 

A maximum efficiency of 24 % occurs for a combined power of -16.5 dBm at 
915 MHz and -14 dBm at 2.44 GHz, The harvester is able to deliver a DC ouput power of 
15 W. The harvester based on the arm dipole antenna needs a minimum power of -19.9 dBm 
at 915 MHz and -15 dBm at 2.44 GHz at the antenna to turn on the clock. For these conditions 
of remote powering, the efficiency of the harvester is 11 %. It delivers a DC power of 
3.8 pW/1.15 V. The maximum power efficiency, 15.5 %, yields for an input power of 
-14.4 dBm at 915 MHz and -9.7 dBm at 2.44 GHz, the DC output power is 21 pW. 

This scenario of remote powering figures out that the harvester based on the patch 
antenna exhibits a better power efficiency than the harvester combined with the dipole 
clement. This difference is due to the antenna gains, Referring to Fig. 7 and Fig. 8, the gain of 
the patch antenna is larger (+0.84B) at 915 MHz and lower (-0.9 dB) at 2.44 GHz than the 
dipole element. However the rectifier, referenced in [16], achieves a power efficiency of 17% 
at 915 MHz and only 5% at 2.44 GHz for an input signal of -15 dBm, As consequences the 
patch-based harvester is able to extract more power from a 915 MHz signal than the dipole- 
based harvester can do at 2.44 GHz. For this reason the overall efficiency of the patch 
harvester is better. 


B) Power Sensitivity 

The power sensitivity is measured with the same scenario of Fig.11 but the clock is 
disconnected. The output voltage is reported for different combination of collectable power at 
the antenna in a dual-band configuration, 
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Slide 036: Scalar Resonance Currents 


As we pointed out, we can often greatly simplify matters by considering currents 
of scalar resonance. These currents flow from higher potential to lower 


potential, regardless of whether we are considering "transmission" or 


‘Thus the "transmitter-receiver" is a special system where simply biasing the two 
nodes differently determines which way the scalar resonance current will flow. 


‘We may increase or decrease an object's inertia and mass, simply by properly 
biasing the transmitter-receiver system's two nodes. 


In one accidental experiment of some hours in duration, Golden charged up an 
area so that, locally, all clocks became erratic. This included electrical clocks, 
battery-driven watches, wind-up kitchen clocks, and a pendulum-operated 
sgrandiather's clock. The rate of flow of time itself was apparently altered in the 
local area by the accumulated charge, which took some four days to drain off 
and discharge. At the end of the four days of discharge, all clocks and watches 
hhad returned to normal 
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Slide 037: Transverse Wave Interference 
On this slide we show the orthodox representation of EM wave interference. 


‘The chart is stylized since we assume two single-frequency EM waves that 
intersect and interfere in the indicated region. 


In the interference zone, in-phase wave amplitudes add (constructive 
interference) while out-of-phase wave amplitudes subtract (destructive 
interference). In our stylized mode, we show the zero-summed locations as lines. 


Conventionally, these interfering waves are considered to be transverse waves in 


‘The point is, in this scheme we think of "putting in the waves of finite 

amplitude, and creating the zero-amplitude regions by destructive interference.” 

We create additional waves of increased-amplitude regions by constructive 
iterference. 


Note that this view is only half correct. It addresses the electromagnetics, but not 
the gravitational aspects. Actually the regions of destructive EM interference are 

regions of constructive G-interference, and the regions of constructive EM 
interference are regions of destructive G-interference. 
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Slide 038: Transverse Wave Interference 
Here we show the same interference situation, only now we think of transmitting 
scalar EM waves, which we model as longitudinal waves. 


‘Again we assume two single-frequency scalar EM waves that intersect and 
interfere in the indicated region, 


However, to an external observer, each of these waves individually appears to 
have zero E and H fields, hence to contain zero EM energy. That is, 
conventionally we seem to be transmitting waves of "pure potential,” without 
‘any “force field” amplitudes whatsoever. We say we are transmitting waves of 
“attificial potential,” since we deliberately constructed the zero-vector- 
summation scalar waves in the first place. 


In the interference zone, a strange thing now happens. The relative magnitudes 
of the artificial potential of one wave with respect to the artificial potential of the 
other depend upon the phase relationship between the two. Further, whether the 
“gradient” so established appears negative or positive also depends upon the 
phase relationship between the two. 


What results is most interesting: the out-of-phase condition now produces an 
EM gradient whose sign and magnitude are functions of the location within the 
interference zone. 
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Thus one now has real, non-zero EM potential gradients, both electrical and 
magnetic. And so real EM energy has emerged in an interference pattern within 
the area 


Ironically, we get essentially what we had before! Only now we have "put in the 
zero-reference lines, and produced the non-zero gradient (energy) zones. 


In other words, we have recreated ordinary EM energy ata distance, directly 
ffom the interference of gravitational potential energy (anenergy). 

And, to the laboratory observer, there has been no "EM wave" energy flow 

through the intervening space. 

‘This was Tesla’s secret of "wireless transmission of energy to a distance without 

losses.” 

Further, in a hypothetically perfect case, the interference represents a sort of 
“energybottle.” 


But now recall our need to take the sign of the scalar current into account. In this 
nergy bottle, then, EM energy emerges and stabilizes - if and only if our 
transmitters are at higher reference potential than the ambient interference zone. 
If our transmitters are biased at lower potential, then energy is extracted from 
the energy bottle and re-emerges back at the transmitters, where it must be 
extracted and disposed of, if the transmitters are not to be burned out 


BACKGROUND FOR THE BRIEFER: 


If we interfere two transmitters in a region of great energy -such as the molten 
core of the earth itself- and bias the transmitters negatively, we can extract 
‘enormous energy directly from that distant source! 


Indeed, a slight variation of this effect is precisely how the Soviet Union obtains 
the enormous energy with which to power its incredibly powerful strategi 
“continent-buster" scalar EM weapons. Scalar frequency pairs - 12 kiloHertz 
spurt - are transmitted into the earth itself on some portion of the earth’s "giant 
scalar resonance” frequency curve. Biasing the two transmitters differently with 
respect to each other produces a high potential difference (voltage) between 
them. At the same time, biasing them both negative with respect to the earth's 
‘molten core produces a scalar resonance current from the core to the two 
transmitters. In the "outer loop” between the two scalar transmitters, there 
appears a gigantic voltage and gigantic electrical current that can be captured by 
appropriatemeans. This electrical power is tapped off and transmitted to 
incredibly powerful scalar EM weapon systems. There special accumulators and 
switchers are are utilized to provide the power of many Niagaras to each weapon, 


Just before May 1, 1985 the Soviet Union performed a "full-up" operational test 
Of their entire strategic scalar EM weapons complex. This test was detected and 
monitored periodically by Frank Golden. Some 27 of these giant Soviet "power 
were locked into the molten core of the earth, producing forced (entrained) 
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scalar resonance of the entire planet on 54 controlled frequencies under our very 
feet. The remainder of the scalar frequency spectrum was ablaze with literally 
hundreds of Soviet scalar transmitters: probably the entire strategic scalar 
‘command and control system to underwater submarines, higher command 
centers, distant commands, etc. was activated in the giant exercise. 


For several days, the system was exercised on a mind-boggling scale, apparently 
as part of the Soviet Union's highly accentuated 40th anniversary celebration of 
the end of World War IL 


Ironically, not a single U.S. intelligence agency, laboratory, or scientist detected 
this monstrous exercise for the new Soviet leader, Gorbachev. Not a one of them 
had a detector for scalar EM radiation, and not a one of them officially believes 
the exercise ever happened, 
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Slide 039: Creating Energy at a Distance 

‘A most useful device is obtained if one uses a scalar interferometer where the 
two transmitters transmit beams that intersect at a distance 

In the imerference zone, an energy bottle is ereuted. 


By biasing the transmitter reference potentials well above that of the distant 
‘energy bottle, EM energy emerges in that zone. In that case the interferometer is 
operating in the exothermic mode. 


By biasing the transmitter reference potentials well below that ofthe distant 

energy bottle, EM energy is extracted from the distant zone and emerges from 
the transmitter. In that case the interferometer is operating in the endothermic 
mode, 


Ifthe transmitters transmit continuously, the effect in the distant zone is 
continuous. 


Ifeach transmitter transmits a pulse, and the two pulses meet in the distant 
intersection zone, then an explosive emergence or extraction of energy occurs at 
the distant interference zone, depending upon whether the interferometer is 
operating in the exothermic or the endothermic mode. 
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‘Slide 040: Exothermic Mode (Scalar Interferometer) 

For a scalar interferometer, “del phi” (the gradient of the potential) applies 
between the transmitter site and the distant intersection site, not to the 
intervening space in between. Thus one speaks of "energy flow" as being 
between transmitter and intersection, without any "in between." In the 
intervening space, all the energy exisis as locked-in artificial potential, not EM 
force field energy (gradient bleed-off of potential). 


In the exothermic mode, the ground potential ofthe transmitter is biased well 
above the ground potential of ambient vacuum. Energy enters the transmitter 
and "disappears", to "reappear" in the distant interference zone. 


Ifcontinuous wave transmission is used, the energy continuously appears in the 
distant zone. 


Ifpulse transmission is used and timed so that the two scalar pulses meet in the 
distant zone, energy explosively appears there. 


If multiple frequencies are transmitted in the manner of a Fourier expansion of a 
particular geometric form, then a 3-dimensional energy form appears at the 
distant intersection. In this manner, a spherical or hemispherical shell (a globe of 
‘dome" of EM energy) can be created at a distance. If pulse transmission is 
used, this will be an impulsive or explosive emergence of that energy form. If 
continuous transmission is used, this will be a continuous glowing form, 


By feeding incredibly powerful transmitters with large amounts of energy 
extracted from the earth's molten core by "energy taps," very large spherical 
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globes and hemispherical domes of EM energy can be created. The energy in the 
interference "shell" of such a sphere or hemisphere is sufficiently dense to lift 
Dirac matter from the Dirac sea of the vacuum. Thus the shell contains a 


glowing plasma 


Many such scalar howitzer signatures have been seen over the oceans, 
particularly over the North Pacific by jet airliners flying into and out of Japan, 
Also, such globes and domes of light have been seen deep within the Soviet 
Union, by observers in Afghanistan and by pilots of aircraft landing in Iran. 


In the impulsive exothermic mode, a large visible flash will occur if EM energy 
in the visible spectrum is produced. "Flashes" in the infrared may similarly 
‘occur, ifthe emerging energy is in that spectral band. In September 1979 our 
Vela satellites detected such a large “nuclear flash" over the South Atlantic, off 
the southern coast of Africa. A second "nuclear flash" detected by the Vela 
satellites in 1980 was in the infrared only. Some years ago, a series of 
Momalous “flashes” and "booms" occurred off the east coast of the United 
States. These were due to the orientation and alignment -and registration - of 
‘one or more Soviet "scalar howitzers” - scalarEM interferometersin the 
exothermicmode. 


Large "booms" occurred over the shuttle launch site at Cape Canaveral, 
associated withthreeshuttlelaunchespriortotheendofNovember 1985. These 

were tests of such exothermic scalar EM howitzers, being tested as part ofthe 
Soviet Launch Phase ABM system. In that mode, the scalar pulses from the two 
transmitters are injected into special zero-reference scalar EM "channels" 

established in the EM carriers of the Woodpecker over-the-horizon radars. The 
scalar pulses travel through these channels, traveling in the ordinary EM beam 
of the transmitter and following it in its curvature around the earth in the earth- 
ionospheric waveguide. The scalar pulses are timed, phased, and oriented so as 
to mect the rising shuttle. In these tests the transmissions were offset in time so 
the shuttle would not actually be destroyed, but the system could be tested 

against actual shuttle launches in the U.S. 


The specific uses ofthese various exothermic modes will be covered in later 
partsofthebriefing 
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‘Slide 041: Endothermic Mode (Scalar Interferometer) 


In the endothermic mode, the bias on the transmitters is such that energy is 
extracted from the distant intersection zone, to re-emerge at the transmitters. 
‘There the energy must be caught and disposed of if itis not to burn out the 
transmitters. When very large amounts of energy are extracted from distant 
points, the Soviets often use a "dump" method of temporarily capturing, and 
nulator, the heat energy emerging at the transmitters. A. 
established into the accumulator then feeds a second 
howitzer in the exothermic mode. This howitzer is focused on a distant dumpsite 
+ often Bennett Island, where U.S. weather satellites continually observe 
exhausts 


In the impulsive endothermic mode, energy is impulsively extracted from the 
distant intersection zone. In the atmosphere this results in a very sharp cooling, 
oF a "cold explosion.” It also results in the type of boom and rumble often 
associated with thunder afer a lightning bolt. 


On April 9, 1984 the Soviet Union tested such a "cold explosion" off the coast 
yan, near the Kuril Islands. In the suddenly induced low pressure "cold 
tbove the ocean, ocean water was sharply sucked up from the ocean, 
forming a dense cloud. Then air rushing in to the low pressure zone forced the 
cloud upward, forming a mushroom much like that ofan atomic explosion in 
visual appearance, except for the absence of a flash and the absence of a giant 
shock wave moving out away from the site of the explosion. (In this case the 


Soviets controlled the rise time of the pulse so that no "giant atmospheric boom" 
occurred.) 


As the cloud rises, it expands by mixing - very similar to a giant thunderhead 
buildup, except much faster. In this case the cloud rose to 60,000 feet in about 2 
‘minutes, spreading out until it reached a diameter of about 200 miles. The pilots 
andcrews of several Boeing 747 jet airliners in the general vicinity saw the 
incident. Sometime after that, a U.S. weather satellite photo of the area occurred, 
‘The cloud in that photo has an anomalous density distribution, differing from 
that of all other clouds in the area. 
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Fig. 13. Rectified voltage of the RF harvester based on patch (a) and arm dipole (b) antenna 


To rectify a 1V DC voltage, the patch-based harvester, Fig.13a, requires a two dual- 
band configuration: -19.5 dBm at 915 MHz and -25 dBm at 2.44 GHz, which is equivalent to 
an input power of -18.4 dBm (or 14 pW). For the same purpose the dipole-based harvester, 
Fig.13b, needs a dual-tone of -22,1 dBm at 915 MHz and -17.8 dBm at 2.44 GHz. The 
equivalent input power of this 2-tone signal is -16.5 dBm (or 22 1W). The patch-based 
harvester exhibits a better sensitivity than the dipole harvester for the same reason exposed in 
the part A of this section. In Fig.6, which reports the power sensitivity of the rectifier part 
only, the overall sensitivity is almost the same for the dipole harvester. It is improved by 
1.8 dB for the patch harvester due to the additional gain of the antenna at 915 MHz 


C) Discussion and Comparison with the state of the art 


An important characteristic of a remote powered device is its size. Indeed it is expected 
to be as small as possible to make it unobtrusive to our closest environment, In a scenario of 
RF harvesting the antenna footprint determines the compactness of a harvester operating Ultra 
High Frequency (UHF) bands. To complete the comparison between the two harvesting 
modules developed in this work, two figures of merit, FOMsrs and FOM,q, including the size 
of the antenna, are proposed in (2) and (3). 
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With: Pucss the input RF power required to provide Veecarsx the unloaded rectified output 
DC voltage, and Ags the area of the antenna, 


(6) 
Popp (UW) Agne (cm?) 
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With: Py the input RF power required to achieve n the overall power efficiency. 


FOMex, and FOMjr do not represent the same scenario of application. The FOMseos 
illustrates the capability of the rectenna to start collecting energy and store it in an element 
such as a capacitor or a battery to further release it. FOMer demonstrates the capability of the 
RF harvester to yield “on time powering”: the rectenna is connected to an application and 


TESLA'S OF REMOTE VIEWING 


Slide 042: Tesla's "Big Eye" for Remote Viewing 

Nikola Tesla also planned a very special use for his endothermic scalar 
interferometer. He planned to produce what he called his "big eye to see at a 
distance." 


‘This is accomplished as shown on the diagram. First, the system is only weakly 
endothermic, so that only a small amount of energy is extracted from the distant 
target. Also, the beams are "scanned" by an open receiver, timewise, from side 
to side and top to bottom. By scanning yet another single beam through the 
intersection zone and phasing its pulses, an even better representation can be 
obtained. Thus the receiver produces a representation of the energy extracted 
from various locations within the distant endothermic zone. By displaying the 
received signals on an appropriately scanned screen, a representation of the 
distant scene in the intersection zone can be created. Indeed this is a special kind 
of "microwave interferometry,” and - with modem techniques - the imagery 
‘obtained might be surprisingly good. With development, it might even become 
as good as the image presently obtained by side-looking acquisition radars. 


Interestingly enough, since scalar EM beams will easily penetrate the earth or 


the ocean, one can also look beneath the earth or beneath the ocean with this 
type of scanning scalar interferometer. 


‘The importance of this capability to strategic and tactical reconnaissance is 
obvious. Camouflage, cover, and concealment have no effect on such a system. 
One can easily look inside buildings and into underground facilites. With a 

small system such as this, the U.S. Marines at Khe Sahn would have had litle 


difficulty locating the tunnels continually dug under the perimeter by the Viet 
Cong. And targets under jungle canopies are directly visible. 


BACKGROUND FOR THE BRIEFER: 


It requires little imagination to see that this system is easily adapted to produce 
fan “underwater radar.” With such devices, the problem posed by the underwater 
nuclear submarine is solved. For example, an entire area can be continually 
searched, much like acquisition radar systems do now. A submarine can be 
detected and tracked, and none of its ordinary detectors will detect anything out 
of the ordinary. By using a separate pair of beams in the exothermic mode, 
powerful scalar pulses can be fired at the distant sub, intersecting at the 
submarine in a violent EMP throughout the sub and its armament. Thus the sub 
and all its missiles are destroyed instantly. 


fr, continuous exothermic transmission can be used by the targeting weapon at 
lesser power, gradually interfering with the sub’s electrical systems and causing 
it to lose control. The sub then sinks to crush depth and implodes. 


Precisely that scenario seems to be what happened on April 10, 1963 to the 
USS. Thresher nuclear submarine. It left a signature: the sub's surface 
companion, the nearby U.S.S. Skylark, was in the "splatter zone" of the 
underwater scalar interference. That is, spurious EM noise was being generated 
In all the Skylark’s electrical systems, some of which were actually disabled. So 
intense was the "electronic jamming” that it required over an hour and a half for 
the Skylark to transmit an emergency message back to its headquarters that the 
‘Thresher was in serious trouble and contact with it had been lost. Some of the 
Skylark’ communication systems actually failed, but later resumed operation 
inexplicably, once the jamming was gone. That type of "jamming" of multiple 
bands and multiple electronic equipments, of course, together with the 
‘anomalous failure of electronic equipment and its later mysterious recovery, 

‘were direct signatures ofthe use ofthe exothermic scalar interferometer against 
‘the undersea target area in the vicinity of the Skylark, 


‘The very next day, Apr. 11, 1963, the same Soviet scalar EM howitzer system 
was tested in the "destroy submarine” pulse mode. A huge underwater EM blast 
occured off the coast of Puerto Rico, about 100 miles north of the island. The 
underwater explosion caused a huge boiling of the surface of the ocean, 
followed by the rising up ofa giant mushroom of water about a third of a mile 

high. The mushroom of water then fell back into the ocean, completing the 
signuture, 


Fortunately the startled crew of a passing U.S. jetliner that was just passing its 
checkpoint in that area saw the entire incident. (See Robert J. Durant, "An 
Underwater Explosion - or What?", Pursuit, 5(2), April 1972, p. 30-31.) 


‘Thesetwoincidentswerefull-upoperationaltestsofKhrushchev'snewly 
deployed superweapons. He probably staged this dramatic one-two punch in a 


desperate effort to recover face with the Communist Party after his disastrous 
facedown by Kennedy in the Cuban Missile Crisis a few short months 
previously. Apparently the attempt was successful, since he remained in power 
‘another year before being deposed. 
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SITE OF MYSTERY CLOUD 
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Slide 043: Site of Mystery Cloud 

‘On this slide we show the location of the "cold explosion" ofthe coast of Japan 
fon April 9, 1984. The site ofthe explosion was only about 200 miles from 
downtown Tokyo. The crews of several jet airliners, including Japan Air Lines 
Flight 36, saw it 


MUSHROOM CLOUD FROM SEA OFF JAPAH HEAR RUSSIAH TEST AREA 


Slide 044: Mushroom Cloud from Sea off Japan near Russian 
Test Area 

A short time before, the Soviets had hastily announced missile tests would be 
conducted into a zone some distance away from the cold explosion site. This, 
‘may have been intended as deception to cover this incident, should any foreign 
nation indicate they understood what was going on. 


Italso was a direct "stimulus" to the Japanese and the rest of the world: That is, 
stimulate the system and see if the scientists recognize what happened. If they 
do, then they know about scalar EM weapons. If they don't then their countries 
know nothing of scalar EM weapons, and those countries are defenseless against 
them, 


Atany rate, at about 5:14 am, Pacific Standard Time on April 9, 1984, a giant 
‘mushroom cloud erupted above the ocean south of the Kuril Islands. The 
mushroom rose rapidly, expanding as itrose. In two minutes it had reached an 
altitude of 60,000 feet and a diameter of about 200 miles. 

One pilot of a Boeing 747 who observed the cloud was a former B-52 bomber 
pilot. He described the cloud as very similar to a mushroom cloud from a 
gigantic nuclear explosion, except there was no flash of visible light. Taking 
evasive action, he tumed off course away from the blast, and braced for a blast 
shock wave, which never came. 
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MUSHROOM CLOUD RISING FROM SEA (COLD EXPLOSION) 


(0514 HOURS, 9 APRIL 1984 
(GRAY-WHITE CLOUD APPEARED 
ROSE 60,000 FT IN 2 MINUTES 
180 MILES S.E. OF HOKKAIDO 

+200 MILES FROM TOKYO 

‘SOUTH OF KURIL ISLANDS 
+ SOVIET MISSILE TESTING SCHEDULED 
ABOUT 350MILES AWAY 
‘AT 2100 HOURS, 9 APRIL 1984 


Slide 045: Mushroom Cloud Rising from Sea 


Indeed, this highly anomalous cloud was due to a cold explosion - a test of a 
Soviet scalar EM howitzer in the pulsed endothermic mode. 


In the weapon's targeted interference zone, EM energy (heat) was rapidly 
‘withdrawn when the biased endothermic extraction occurred. Above the ocean 
anintense low-pressure zone was created. Water from the ocean was sucked up, 
as if by a giant vacuum cleaner. The water was violently broken into droplets, 
forming a dense cloud, with a strong upward momentum. 


‘The surrounding higher-pressure air rushed into the low-pressure zone, pushing 
the risingdense cloud of water vapor upward as its upward momentum 
continued. Mixing caused rapid expansion of the rising cloud, causing its 
density to thin measurably as it rose and expanded. An effect very similar to the 
formation of a strong thunderhead resulted, except much faster. 


‘The mixing cloud also resembled the mushroom cloud from a giant nuclear 
explosion, just as an emerging thunderhead does. 


But no outward blast wave resulted as does from a nuclear explosion. Also, no 
visibleflashoccurred, probably as a result of deliberate design by the Russians. 


‘Thus a beautiful "stimulus" and test was conducted: quite a few airliners were 
"pinged," providing a high-level stimulus to competent observers. The news was 
sure to be reported by them to several nations. The press was sure to pick up the 
story. This was a high order stimulus to see whether the U.S., Japan, or other 


potential adversaries of the Soviet Union recognized the testing of a cold 
explosion weapon, 


By our reaction, we assured them (with high confidence) that we still knew 
nothing of scalar EM interferometry or cold explosions. 
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MUSHROOM CLOUD FROM SEA OFF JAPAK 


+ FIVE BOEING 747s FLEW THROUGH OR 
NEAR THE CLOUD 
NO CONTAMINATION 
1 NOWNUQEAR 


+ OCEAN 21,000 FEET DEEP 
TOO DEEP FOR SUBMARINE VOLCANO TO CAUSE CLOUD 
1 INDICATES MAN-MADE PHENONENOH 


‘Slide 046: Mushroom Cloud from Sea off Japan 


Five Boeing 747's flew through or near the cloud on their way to Anchorage, 
‘Alaska. The aircraft were checked at Anchorage for radioactive contamination, 
but nothing was found. This showed that the huge "explosion" had been non- 
nuclear. 


‘The ocean in the area is also about 21,000 feet deep. That is really too deep for a 

submarine volcano to have erupted and caused the cloud. (Besides, a voleano 

‘would have continued to snort at least a bit, and so that appears to be out of the 
‘questionasapossiblecauseoftheincident.) 


In short, a manmade phenomenon is indicated. 


Indeed, we know it was a cold explosion. As I've stated previously, a colleague 
hhas in fact produced the basic effect over a dish of water in the laboratory, using 
4 small scalar interferometer in the endothermic mode. 


HOT 8 KHOUH AATURAL PHEROMEROH 


+ DR.DANIEL A. WALKER ET AL 

+ GEOPHYSICIST, UNIV. OF HAWAII 

+ MONITORS ARRAY OF HYDROPHONES. 

1» ONOGEAN BOTTOM 
2 RECORDS SIGNALS (SEISMIG VOLCANIC) 

+ DATA SHOWS ABSENCE OF ANY NATURAL 
SEISMIC OR VOLCANIC EVENT THAT COULD 
HAVE CAUSED THE APRIL 9 PHENOMENON 
OFF THE COAST OF JAPAN 

+ PUBLISHED IN SCIENCE 


‘Slide 047: Nota Known Natural Phenomenon 
Further, the story does not end there. 


A geophysicist at the University of Hawaii, Dr. Daniel A. Walker, together with 
his colleagues monitor an array of hydrophones on the ocean bottom, recording 
signals such as seismic incidents, volcano eruptions, etc. 


Dr. Walker and his colleagues performed a comprehensive analysis of the data 
recorded by the hydrophones in and around the time of the incident in question, 
‘The data shows the absence of any natural seismic or voleanic event that could 
hhave caused the April 9th phenomenon off the coast of Japan, 


He and his colleagues concluded that it was either an as yet unknown natural 
phenomenon, or a man-made phenomenon. 


‘Their report is published in Science. (Walker et al, "Kaitoku Seamount and the 
Mystery Cloud of 9 April 1984,” Science, 227(4687), Feb. 8, 1985, p. 607-611.) 
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EXPLOSIVE EVENTS SEEH OH SOUIET ISLAKD 


Slide 048: Explosive Events seen on Soviet Island 
Here are two U.S. weather satellite photos of the anomalous exhausts on Bennett 
Island we previously referred to. 


‘The exhaust in the let picture is about 150 miles long, and is nearly horizontal 
(about 15 degrees above the horizontal). It is entirely consistent with the 
continuous exhaust from a "dumping transfer" scalar EM howitzer in the 
‘continuous exothermic mode. (The primary howitzer, of course, was activated in 
the endothermicmode.) 


I think any open-minded investigator must admit that that is indeed a very 
powerful jet-like exhaust, and not like anything one ever sees from a natural 
volcano orgeological gas vent. Ifanyone knows ofsuchan anomalous voleanic 
or geological exhaust, I would be most delighted to see aphoto or report. Tomy 
knowledge, no such natural photo exists, and no such natural exhaust has ever 
been reported. 
‘The right picture shows the "puff of an explosive emergence of the exhaust. In 
other words, this one is the exhaust from a"dumping transfer" howitzer used in 
the pulsed exothermic mode. Since it did not have so much energy to dump, it 
could dump it in a pulse. Again, the primary howitzer, of course, was activated 
in theendothermic mode. 


Over 100 weather satellite photos of these anomalous exhausts have been taken 
since 1974, 


supply it on time, Both are reported in the Table I, which also includes some references of the 
state of the art, The ability of the proposed rectenna to simultaneously operate in two 
frequency bands, significantly improves the power sensitivity. 


Table 1. Comparison with the state of the art 
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According the Table I, the patch-based harvester exhibits the highest sensitivity to 
rectify 1V with a dual-tone featuring: -19.5 dBm at 915 MHz and only -25 dBm at 2440 MHz. 
The FOMGons represents the trade-off between the sensitivity performances of a rectenna and 
the antenna area, The FOMcer rates the efficiency performances to the antenna area. For these 


two figures of merit, the rectenna based on the multi-arm dipole element yields the best trade- 
off, both for FOMyors and FOMe, compared to the patch-based solution. ‘This dual tone and 
multi-arm dipole harvester is close to the work proposed in [24] which exhibits the highest 
FOMcn, reported so far in the literature to our knowledge. 


¥. CONCLUSION 


The range of power collectable in a scenario of RF harvesting varies from -1SdBm to 
-25dBm. To address this purpose the rectenna proposed in this work are optimized to operate 
ata RF input power close to -20 dBm (or 10 pW). To further improve the ability to collect the 
RF energy, these rectenna, developed with Schottky diodes HSMS285 from Avago, perform a 
concurrent harvesting in the 915 MHz and 2.44 GHz ISM bands. The harvester including a 
patch antenna implemented on a 1.6mm FR4 PCB achieves the highest sensitivity. It provides 
a 1V-rectified voltage for a dual-tone excitation of -19.5 dBm at 915 MHz and -25 dBm at 
2.44 GHz. For these conditions of operation the rectenna yields a power efficiency of 12.5% 
To take into account the dimensions of the haverster, two figures of merit, FOMser and 


FOMerincluding the size of the antenna, respectively related to the power sensitivity and the 
power efficiency are proposed. The rectenna developed with the arm dipole element exhibits 
the highest figures of merit. A case of application is proposed with the remote powering of a 


One or more U.S. aircraft have even been vectored through the exhausts, and 
samples of the exhaust taken and analyzed. The exhaust is made up of alittle 
clay and mud and water, and is colder than the surrounding air. 
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ERPLOSIDE EDEHTS SEEH OH SODIET ISLAKD 


Slide 049: Explosive Events seen on Soviet Island 


US. weather analysts euphemistically call these exhausts from Bennett Island 
plumes. 


Here is another U.S. weather satellite photo, showing the twin emergence of 
multiple putts 


(One might expect such exhausts ifthe secondary “dumping transfer" howitzer is 
operated in the continuous mode, with continuous extraction by "power tapping” 
the accumulator of the primary howitzer. In that case, the signature of the 
exhaust would expose the operation of the primary howitzer. For example, this 
‘exhaust would indicate multiple puffs, hence probably multiple frequencies and 
‘multiple primary transmitters, each phased in a controlled manner. That of 
‘course indicates the production of Fourier expansion forms - of 3-dimensional 
geometrical forms - by the primary howitzer(s). Since these are puffs, it may 
indicate the explosive formation of distant spherical balls of energy by the 
imary howitzer. This in tum indicates the use of a howitzer system in the 
“pubsefiring" mode, which can be used against missiles, ships, aircraft, ground 
targets, armored ehicles underwatertargets,etc. 
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Slide 050: Explosive Events seen on Soviet Islands 


This slide shows the location of three areas of interest relative to Soviet scalar 
EM weapons testing. 


‘Wrangel Island, north of the northeastern portion of the Soviet mainland, is 
associate with tests of these weapons in large circular breakups of the ocean's ice 
cover. This of course could aid submarines that wished to surface and fire cruise 
missiles, or submarines that wished to fire from underwater and needed the ice 
broken up. 

Strangely enough, Wrangel Island has a most peculiar history: legally it stil 
belongs to the U.S., but has been "given" to the Soviet Union without 
permission of the U.S. Senate, which is illegal 

Bennett Island, a litle farther to the west and still north ofthe Soviet mainland, 
is noted for its phenomenal number of anomalous exhausts as previously 
discussed, 

North of the Soviet mainland and near its middle lies the large island of Novaya 
Zemlya. Weather satellites have taken pictures of anomalous circulations over 
this island, which are further candidates for exhausts from scalar EM howitzer 
operations. 
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Slide 051 : Creating a Spatial 0-Field Pattern 

(On this slide we show that a hemispherical dome (or other regular shape) can be 
composed from scalar waves by 3-dimensional Fourier expansion. By truncating 
the expansion - say after 10 or 12 frequency terms - a good representation of 
fhe desired form can be obtained with a practical number of frequencies, and in 
tur a practical number of transmitters. A computer is used to compute the 
multiplying functions for each frequency, and the entire complex of frequencis 
is thentransmitted to produce the scalar form, By interfering two such scalar 
forms, 3-dimensional shell of locked-in, ordinary EM energy is formed in 
space. 


Interference of two such scalar hemispherical surfaces creates a "glowing 
hemispherical shell or dome of energy.” 


Interference of two such scalar spherical surfaces creates a "glowing spherical 
shell or globe of energy.” 


Both such geometric forms have been repeatedly seen, 


TESLA SHIELD 


‘Slide 052: Tesla Shield 


Ofparticular interest is the hemispherical shell of energy, which years ago 1 
dubbed the "Tesla shield." 


As shown on this slide, two scalar hemispherical surfaces are created, using 
‘multiple frequency transmitters and truncated Fourier series expansions. 
Interference of the two scalar hemispheres creates a great, glowing 
hemispherical shell of ordinary electro-magnetic energy. In the shell, the energy 
density is sufficient to lift Dirac matter from the Dirac Sea of vacuum. The shell 
is thus filled with a glowing plasma, 


Such a shell may be several hundred miles in diameter at the base. The 
enormous energy required to form such a defense shell is obtained by a "scalar 
power tap" into the molten core of the earth itself, as previously explained. In 
late April/early May of 1985, 27 such "power taps" were placed in the earth by 
the Soviets. If each tap is capable of powering four to six large scalar EM 
‘weapons, then the Soviet strategic scalar EM arsenal contains over 100 
‘monstrous superweapons capable of generating exothermic explosions, 
endothermic explosions, engineering the weather, locating and destroying 
underwater submarines, detecting and destroying ballistic missiles shortly after 
launch, detecting and destroying long range strategic bombers as soon as they 
are airborne, ete 


‘Atany rate, the giant Tesla shield is useful against any penetrating vehicle. If the 
shell is not so large, its energy density may be very high. In that case, the intense 
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plasma heating will fuse and even vaporize metallic bodies. In addition, any 
vehicle encountering the shell is subjected to an extremely intense EMP arising 
everywhere inside its circuitry. EM shielding is of no use against the creation of 
‘energy throughout the spacetime of the circuits; such shielding only helps 
against energy flow through space in the conventional sense. 


‘Thus the electronics of any vehicle encountering the shield are instantly dudded, 
whether or not they are shielded against ordinary electromagnetic interference 
(EMD. This includes the electronics operating a nuclear warhead, carried by a 
re-entry vehicle. Electrically everything penetrating the shell is totally dudded. 
Further, explosive materials are exploded when such an EMP is encountered, 
and combustible materials are fiercely consumed or set afire. Ablative shielding 
suffers an interesting catastrophe: since energy does not try to "flow into" the 
shielding but “arises everywhere in it simultaneously”, “ablation” occurs 
everywhere throughout the ablative material, simply exploding it instantly. In 
addition, for smaller Tesla shells (say of 50 miles diameter) the energy density is 
sufficient to melt or vaporize metals such as in missile structures. 


With such a Tesla shield, there is no need to discriminate true warhead-bearing 
re-entry vehicles from decoys, chaff, etc. The entire "mess" entering the shield 
is simply “cleaned up” and "sterilized" or destroyed. The shield can take care of 
ICBMS/RBMs and their nuclear warheads, strategic bombers and their nuclear 
bombs, cruise missiles and their nuclear warheads, re-entry vehicles and their 
watheads, decoys, chaff, etc 


EMPARDING DOME-LIKE PHEACHENCH 


Slide 053: Expanding Dome-like Phenomenon 

Here we show one instance of apparent Soviet testing of the Tesla shield 
(hemispherical shell of energy) over the ocean. This incident occurred in the 
Caribbean and Westem North Atlantic Ocean on Mar. 20, 1969 and is reported 
in the Marine Observer, Vol. 40, 1970, p. 17. A semicircle of milky white light, 
quite intens t, was sighted on the horizon. The semicircle enlarged, 
dimming as it expanded. The incident lasted for about 10 minutes. Seen from a 
passing ship, the top of the hemisphere reached a sighting elevation angle of 
about 50 degrees, while the base of the hemisphere of light subtended an arc of 
about 70 degrees. This is directly indicative of atest of the Tesla shield, first as a 
small, more intense shield and then expanding to greater size for a less intense 
shield whose primary destructive mechanism is EMP. Note that the EMP in a 
Tesla shield is locally contained in the energy-bottle shell. It is not an ordinary 
EMP of energy radiated out of the shel 
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‘Slide 054: Hemisphere & Globes 1977 


Here is a second instance of apparent Soviet testing of the hemispherical Tesla 
shield over the ocean. This time it is combined with simultaneous testing of two 
smaller scalar interferometers creating Tesla globes of EM energy. 

This incident occurred at 23 degrees 5 minutes north, 17 degrees 25 minutes 
‘west. It was sighted and reported by a British ship, H.M.V. Kinpumnie Castle, on 
Mar. 24, 1977. The report is in the Marine Observer. Vol. 48, 1978, p. 21-22. 


First a large, moderately luminous hemisphere of light formed, requiring about 3 
minutes to do so. Seen from the ship, the top of the hemisphere was at a sighting 
elevation angle of about 30 degrees, while the base subtended an arc of about 40 
degrees. This was the basic Tesla shield, 


‘Then two other luminous globes or patches of light, each of about 1 degree 
diameter as seen from the ship, formed in the same area; one inside the shield 
‘and one outside it. From the glowing globe inside the shield, a light beam 
similar to a giant searchlight shone down to the ocean's surface for about 10 
seconds. 

Again the phenomena lasted about 10 minutes and then disappeared. 

‘The luminous globe or patch inside the hemisphere might be the test ofa second 
‘weapon deployed from a Soviet aircraft in the area. If so, the aircraft has placed 
a strong spherical shield around itself. In addition, the aircraft is utilizing some 
sort of scalar interferometer beam weapon in an underwater mode. Probably this 
‘would imply a "shot" at a hostile nuclear submarine inside the shielded zone. 
‘Thus this aircraft would have the scalar EM equipment to search for the 
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underwater sub and detect it, and also to concentrate interference energy upon it 
underwater, destroying it quickly. 


Suffice it to say that itis possible to perform scalar interferometry by means of a 
single beam, in a proprietary process discovered by a close colleague. Thus the 
‘glowing beam to the ocean” resembling a searchlight makes very good sense in 
the anti-submarine role. The same weapon, of course, could also attack any 
hostile surface vessel that might have been inside the shielded area at its 
formation, 

‘The second luminous globe or patch, outside the hemisphere, is probably from a 
second scalar interferometer from the naval task force, simulating the 
‘continuous attack of a certain target (missile or aircraft) outside the protective 
dome, 

As can be seen, this phenomenon is directly indicative of the types of operations 
‘one would expect from the testing of Soviet scalar EM weapons at sea, possibly 
to protect a Soviet naval task force during simulated combat operations. 
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SANYSHAGAK DIRECTION, SEPTEMBER 1979 (SEER FROM AFGHAKISTAN) 
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INSEPTEMBER 1979 
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STRANGE LURID GLone 
THATLARED SLENTIY 
OVER THE HINDU HUSH 
[AS DESCRIBED AY 
CK DOWNEY. 


THESUNDAY TIMES 
‘AUGUST 17,1960 


TNESSTOA 
SUPER NEAPON 


Slide 055: Saryshagan Direction, September 1979 

‘The London Sunday Times of 17 August 1980 contained information and a 
photo-sketch of incidents of sighting ofthe testing of very large Tesla globes 
deep within the Soviet Union, British war cameraman Nick Downie made the 
sightings from Afghanistan, The phenomena seen were in the direction of the 
Saryshagan Missile Test Range, which - according to the U.S. Defense 
Department's Soviet Military Power, 1986 - contains one or more large directed 
energy weapons (DEWS). 


Even though Downie was seeing the giant globe of light froma great distance, it 
flared silently over the Hindu Kush and expanded to subtend an arc of about 20 

degrees, dimming as it expanded. (An arc of 20 degrees subtended by an object, 
many hundreds of miles distant indicates an object of well over a hundred miles 
in diameter. This gives some idea of the enormous energy being controlled and 
‘manipulated by these Soviet weapons.). 


Downie saw the sight on more than one occasion in September 1979. 
BACKGROUND FOR THE BRIEFER: 


In the same month - September 1979 - a stationary luminous globe containing a 
vertical stripe of black in the center was seen in the sky off Saint Petersburg, 
Florida. This particular type of sighting in that area has been previously 
comrelated with times of known activity at Saryshagan. 


digital clock consuming 1V/51A. The patch based harvester turns on the device with a dual 
tone excitation at the antenna of -19.5 dBm at 915 MHz. and -20 dBm at 2.44 GHz. For the 
same scenario the harvester connected to the multi-arm dipole element needs a power of 
-22.1 dBm at 915 MHz and -17.8 dBm at 2.44 GHz. 
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Further, in the same month U.S. nuclear-warning Vela satellites detected a 
mysterious "nuclear flash" over the South Atlantic, off the coast of Africa. 
Controversy has raged in U.S. intelligence and scientific circles to this day as to 
whether a nuclear explosion or some other mechanism produced the flash, 


Indeed, the flash may have been produced by a scalar EM howitzer from 
Saryshagan as one more "ping" of the U.S. intelligence system, to ascertain 
whether or not it knew anything about scalar EM howitzers. Again, the negative 
response told them with high confidence that (1) we still didn't know about 
scalar EM stuff, and (2) we were still absolutely defenseless against the Soviet 
scalar EM weaponry. 


In 1980, a second "Vela flash” was reported. This time it occurred in the 
infrared region only, which positively rules out any sort of nuclear explosion. 
Even this increased stimulus still evoked a U.S. action that revealed total 
ignorance of scalar EM weaponry. 


‘An alternate possibility for the September 1979 Vela flash also exists: countries 
not hostile to the U.S. may have tested a scalar EM weapon that produced the 
flash, 


Atany rate, from Downie's sightings, itis highly probably that the DEW 
‘weaponry at Saryshagan Missile Test Range was active in September 1979, and 
‘was producing huge Tesla globes. Ifthe DEWs at Saryshagan can produce the 
giant luminous Tesla globe, they almost certainly are scalar EM interferometers 
‘and can produce the giant Tesla shields as well. Downie reported other earlier 
sightings of similar phenomena seen by Afghans deep within the Soviet Union 
in the same direction toward Saryshagan, 


Briefly let us cover the uses of such a" 
EM energy and plasma, 


ant globe" or spherical shell of glowing 


By placing such a "giant globe" thousands of kilometers out away from the 
defended heartland, an entire arc of the sky can be defended against long-range 
ballistic missile attack in midcourse, During their midcourse trajectory. the 
attacking missiles would have to penetrate the globular shell twice, exposing 
them to giant internal EMPs twice. A very high probability thus exists that all 
missiles entering the space occupied by the globe are dudded upon entry and/or 
exit. This includes the electronics inside the nuclear warheads themselves. Also, 
this is particularly effective against MIRV and MARV missile carriers, since the 
multiple re-entry vehicles are normally still on the main vehicle during most of 
midcourse. The use of this midcourse ABM globe defense greatly reduces the 
‘number of vehicles arriving at the latter part of midcourse and at the terminal 
phase of their trajectory 

By using a smaller, more intense globe and placing it on incoming clusters of 
objects or single objects, both EMP and intense local heating are used against 
the objects. This is suitable in the latter part of midcourse and in the terminal 


phase of ICBM's, IRBM's, SLBM’, and cruise missiles. It 
incoming strategic bombers and their air-to-surface missil 


also useful against 
both ballistic and 


‘Two modes of the globes - especially the small ones - can be used. First, the 
continuous mode can be used to "ity" or vaporize incoming objects in a 
relatively small volume (say two or three tens of kilometers in diameter). 
Second, the “pulse” mode can be used to "service" all incoming objects, whether 
(oF not they have passed through the "large globe" midcourse defense. This 
provides an additional guarantee of killing the objects; discrimination is not 
required, just service all of them. The exposure of all incoming objects to 
‘multiple attacks raises the probability of kill to essentially 100%, or as close to 
that as one wishes. Of course the incoming vehicle may still encounter 
terminal defense consisting of the Tesla shield and associated roving 

“quickshot" small intense globes. 


In short, with these systems an essentially 100% ABM and anti-bomber defense 
is possible. Further, the Soviets have possessed such an effective defense for two 
decades, just as they have openly stated. 
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Slide 056: Continuous Tesla EMP Globe 
Here is another verified incident of a gigantic test of a Soviet scalar EM 
howitzer deep within the Soviet Union. 


This is a CIA report, released under the Freedom of Information Act. One can be 
quite sure that the incident occurred as stated. 


‘The phenomenon was seen from two aircraft approaching Mehrabad Airport in 
‘Teheran, Iran on June 17, 1966 and reported by their pilots. 


On the far horizon deep within the Soviet Union, an intense spherical ball of 
light appeared, "sitting on the horizon” so to speak. The globe of light increased 
to enormous size, dimming as it did so, literally filling an are ofthe distant sky 
as it expanded. The sighting was shielded from most ground observers’ view at 
the airport itself due to an intervening mountain range that masked most of tin- 
phenomenon from the ground. 


The silent, expanding globe was observed for four or five minutes before it 
faded away 


BACKGROUND FOR THE BRIEFER: 


Again, this is positive evidence of the testing of a giant scalar EM 
interferometer, in the "midcourse ABM globe” type of action, 


However, note the date - mid 1966! The Soviets have therefore been testing 
such scalar weapons of enormous size and power for at least two decades. This 


implies that development must have started at least a decade earlier, or in the 
mid '50s. 


Still earlier in January 1960 Nikita Khrushchev had announced the development 
ofa “fantastic” Soviet weapon, one that could even destroy all life on earth if 
unrestrainedly used. In 1962 the ebullient Khrushchev was forced to back down 
and lose face before John Kennedy in the Cuban Missile Crisis. Khrushchev's 
missiles and bombers were in woeful shape, as Kennedy well knew (by courtesy 
of the Soviet spy, Colonel Oleg Penkovsky). Kennedy did not know that 
Khrushchev's new superweapons were nearing deployment, but were not yet 
quite ready. 


To save face and prevent his immediate ouster, Khrushchev apparently 
conducted a startling two-strike demonstration of his new weapons as soon as 
they became operationally ready. On April 10, 1963 he detected and destroyed 
the U.S.S. Thresher nuclear submarine using a scalar EM howitzer in the 
‘underwater "continuous" mode. 


‘The next day he demonstrated the "pulsed" underwater destruction mode for 
nuclear subs by producing a giant underwater EM explosion underneath the 

cxzn 100 miles north of Puerto Rico. Ironically, just as the Atlantic was coming 
alive with U.S. naval vessels searching for the lost Thresher, a second test of the 
‘weapons that had finished off the sub occurred to the south of them, unnoticed 
and disregarded, even though seen and reported (to the FBI and the U.S. Coast 
Gud) by a passing U.S. jetliner’ pilot and crew, who observed the underwater 
explosion. 


‘We thus can peg the development of these weapons by the Soviets as starting 

‘well before 1960. The first operational deployment of the giant strategic 
‘weaponry ccurredinearly 1963, 

‘Note that the 1966 testing observed here is completely consistent with this 

estimateddevelopmentschedule. 

‘Thus large Soviet strategic scalar EM weapons have been operational on site for 

23 years! This implies that at least three additional generations of the scalar EM 
‘weaponshavebeendevelopedanddeployedbynow. 
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Slide 057: Mysterious Light over North Pacific 

Incidents of Soviet testing of the Tesla shield and the Tesla globe weapons are 
routinely observed by airline pilots flying over the North Pacific into and out of 
Japan. 

This is one typical example. Two jetliners, Japan Air Line flights 403 and 421, 
sighted and reported a large glowing globe of light sitting just beyond the 
horizon and extending well above it. The aircraft were in the vicinity of 42 
degrees N latitude and 153 degrees longitude at the time. The sighting was thus 
about 700 miles east of Kushiro, 


‘The pilots estimated the diameter ofthe ball as at least 18-27 kilometers. 
Depending upon the actual distance to the sphere, it may have been of much 
larger size. 


This incident is reported in the Asahi Evening News, Tokyo, June 22, 1982. 


‘The jet airliner pilots flying over these waters have reported many other simi 
sightings. 
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Slide 058: White Sphere seen in North Atlantic 1976 
Here is another sighting closer to home. 


‘This incident was observed from a passing ship on June 22, 1976 in the North 
Atlantic, at about 2113-2140 hours. Itis reported in the Marine Observer, Vol. 
47. 1977, p. 66. 


First, an orange glow was sighted behind some distant clouds. A couple of 

‘minutes later, a glowing white sphere of light was observed to the left of the 

orange glow. just above the clouds. The white sphere then slowly expanded t0 a 

‘much larger sphere, dimming as it expanded. At its maximum size, the top of the 

white sphere reached about 24 degrees 30 minutes elevation angle to the 
‘observer. Developmenttomaximumsizerequiredabout |Ominutes. 


By 2140 hrs the sphere had faded and disappeared. The sphere was sufficiently 
thin thatthe stars could be seen through it at all times. 


Again this incidentstrongly fits the large Tesla globe mode of a Soviet scalar 
EM interferometer. 


‘The significance and role of the orange glow are not known at this time. 
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Slide 059: Continuous Tesla Fireball 

Here is another incident that represents a stimulus to the British government, to 
see if the British are aware of scalar electromagnetics. 

Again, this is a CIA report released under the Freedom of Information Act, so 
the details are reliable. 

On Sep. 10, 1976 British European Airways flight 831, flying between Moscow 
and London and over Lithuania at the time, observed an intense ball of light 
above the clouds below the aircraft. The light was so intense that it lit up the sky 
in the entire vicinity 


‘The concerned pilot reported the glowing object to the Soviet ground authorities 
‘with whom he was in contact. He received the harsh instructions to ignore the 
light, and essentially to continue on his way out of there. 


Here we see an incident involving a small, intense Tesla globe, of the kind with 
which the defense could "service" objects that had already penetrated a large 
midcourse globe, or aircraft approaching the defended area 


Obviously the Soviet authorities were tracking the aircraft, and knew it was in 
the vicinity. It seems logical, then, that they deliberately placed the brightly 
‘glowing ball beneath the aircraft so thatthe pilot and crew could not fail to 
observe it. 


‘The strange message to the pilot was simply designed to increase the intensity of 
the stimulus. The stimulus was to be something like, "The Soviets are doing 
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something in research and development that allows them to create intense balls 
of glowing light at a distance, and place these objects in the air in and around 
aircraft, possibly to intercept them.” The purpose, of course, was to observe the 
British government's reaction after the incident was reported by the pilot upon 
his arrival at London, 


Again the reaction of the British - and the U.S. as well - was as predicted. 
‘Again we showed that we knew nothing of scalar electromagnetic weapons, and 
did not recognize one when we encountered is effects. 


TERMINAL ABM SYSTE 


Slide 060: Terminal ABM System 

Very neat things can be done if one nests several Tesla shields - say three or 
four - concentrically, one inside the other. In that case even the nuclear radiation 
(such as gamma rays) from a defense-suppressive high altitude nuclear burst can 
be handled. 


For example, suppose three such concentric shields are placed over a large vital 
area. Further, suppose a high altitude nuclear burst is placed up above the outer 
shield. Gamma radiation almost instantly strikes the plasma in the outer shell, 
where itis absorbed, scattered, and re-radiated at lower temperature. (That, after 
all, is what plasmas do.) 


Inside the first shell, the scattered radiation is now in the x-ray and ultra-violet 
region. Let us track the most lethal component, the x-rays. 


‘The scattered x-rays then strike the second plasma shell, and are absorbed, 
scattered, and re-radiated at lower temperature. Inside the second shell the 
scattered radiation is now in the visible and infrared region, with a litle 
ultraviolet. 


This optical radiation in tur strikes the third plasma shell, and is absorbed, 
scattered, and re-radiated at still lower temperature. Inside the third shell most of 
the energy is now in the form of radiofrequency (RF) energy, with a little IR and 
visible band spectral energy content. 


Fen DE LANCE 
m 


AL this point, ordinary electromagnetic interference (EMI) shielding of 
electronic equipments on the ground and inside the third shield can take care of 
any RF interference resulting from the emergent RF noise. 


‘As can be seen, three shells are sufficient to convert the gamma and x-ray 
radiation (and ultraviolet and infrared) mostly to harmless RF energy before all 
three shells are penetrated. Thus the tactic of deliberate defense suppression by a 
preliminary high altitude nuclear burst can be countered by multiple Tesla 
shields 


In addition, of course, any ordinary vehicles penetrating all three shields are 
exposed to successive violent EMP's, and are almost certainly electrically 
dudded. The vehicles are also subjected to multiple periods of intense heating, 
so combustibles, fuels, explosives, and ablatives are destroyed. In addition, 
‘metal structures may be melted or vaporized. 


‘Think of it this way: anything that hits one of these Tesla shields goes ph! Just 
like a bug hitting an electrified bugkiller screen, 


For years passing ships have observed and reported such multiple-shield "light 
phenomena” over remote regions of the ocean. U.S. intelligence has routinely 
‘ot paid any heed to reports of "lights at night” over remote ocean areas, and so 
Soviet tests in this manner have remained relatively unnoticed by officialdom. 
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Slide 061: Two Arcs in the Sky 


Just to list one incident involving the testing of multiple concentric Tesla 
shields, here is an early test conducted in mid-1961 over the Indian Ocean 


‘The incident occurred at 1800 hrs. Greenwich mean Time (GMT) and was 
observed by a passing ship. The report is contained in Marine Observer, Vol. 32, 
1962, p. 64. 


First the ship's crew observed a gigantic, very bright are of light on the horizon 
or beyond it, with both ends passing below the line of sight to the horizon. This, 
‘was in fact probably a large Tesla shield, but of such low intensity that only its 
intersection arc could clearly be seen. The arc subtended an arc of about 150 
degrees across its diameter atthe bottom. After about 10 minutes, a second and 
dimmer are appeared, concentrically inside the first one. The ship thus was 
observing what probably was the nesting of two giant hemispheres (of EM 
energy) to provide a multiple Tesla shield, 


This was probably a test of an early research and development prototype, since 
Khrushchev had only announced his new "fantastic weaponry” in development 
in bis January, 1960 speech to the Soviet Presidium. And apparently land-based 
‘weapons such as this prototype probably did not become deployed and 
operational until April 1963. However, even in 1961 the Soviets would have 
been developing and testing prototypes of the weapon adapted for naval task 
force protection and usage. 


Several other similar phenomena involving nested hemispheres or giant 
concentric arcs of light have been seen by mariners at sea. 


ABH DEFENSES 


Slide 062: ABM Defenses 

When the various capabilities of Tesla shields, globes, and scalar howitzers are 
integrated together into an ABM defense, a most formidable Soviet strategic 
defense capability is apparent. 

(On this slide we deal only with midcourse and terminal phase ABM defense. 
Later we shall cover the application of these weapons to launch phase ABM 
defense, primary phase bomber defense, underwater antisubmarine defense, etc. 


‘Suppose the U.S. is provoked to desperately launch a missile attack toward 
Russia,asindicatedontheslide. 


First would come the launch phase destruction of the launched missiles, which 
vwe will cover shortly. 


Any remaining missiles in midcourse would encounter extremely large, glowing 

spheres of light, where the EM energy density is contained and held in the 

spherical shell "energy bottle" of the glowing globes. Each globe might cover an 

are of up to about 20 degrees, as seen from the Soviet defended area. Missiles 

carrying MIRV and MARV payloads would not yet have deployed their re-entry 

vehicles. 

‘As a missile and its payload encounter one of the globular shells, an intense 

EMP is suddenly experienced throughout the missile and all ofits components. 
Again, EMI shielding is of no consequence since the EMP arises in each 
increment of spacetime throughout the vehicle volume. The result is 
instantaneous dudding of all electronic circuitry, including the electronics of the 
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nuclear warheads themselves. The HE content of the nuclear warhead system is, 
violently exploded, totally destroying the configuration of the warhead. A low- 
order nuclear detonation may occur, but more likely the warhead's nuclear 
‘material is just broken up, finely divided, and set afire. 


In addition, all combustible materials are set fiercely afire or destroyed. 
Explosive materials such as booster propellants and HE explosives are violently 
exploded. Ablative and plastic materials literally explode into pieces, torn apart 
by sudden violent ablation and outgassing everywhere within, The remnants of 
the vehicle are now total duds, as is the payload, including re-entry vehicle, 
nuclear warhead electronics, nuclear materials from the disruption and explosion 
of the HE portion of the warhead system, ete, 


Stil, each piece of the debris must pass through the glowing shell once more 
before it exits. Thus a second “shot”, precisely as effective as the first, still 
awaits each and every piece of the debris plunging along inside the shell as it 
exits, 


As the debris continues on to the latter part of midcourse and early terminal 
phase, any portions large enough to track are subjected to small, intense Tesla 
globes where the energy density in the shell is many orders of magnitude greater 
than in the larger globe used in earlier midcourse. This part of the defense 
system simply services each incoming “blob” methodically, probably first in the 
pulse mode. Later, any blobs still remaining are given the maximum 
“continuous heating” mode with a small Tesla globe, to actually vaporize metals 
and materials, 


In the unlikely event that anything active still remains, or that an object has 
managed to elude the large and small Tesla fireballs, a Tesla shield is still to bo 
encountered, towering over the protected area. For significant targets this shield 
will be concentric, and will contain three or more concentric Tesla shields. 
‘Again, the approaching vehicle will be subjected to multiple EMP's and severe 
heating throughout its volume. In addition, the concentric shields will “clean up 
and sterilize any gamma radiation and EMP resulting from any deliberate high 
altitude defense suppression nuclear burst that somehow (inconceivably!) gets 
through the launch phase ABM system, and the Tesla-globe midcourse and earl 
terminal phase defenses. 


As can be seen, the system complex represents a most formidable defense that 
certainly approaches 100% effectiveness against the present triad, and even 
against the addition of cruise missiles. 


In addition, since these weapons suffer from very strange constraints and 
limitations, the scalar transmitters are actually dual mode: they become 
conventional radars by simply switching into the ordinary EM mode. They arc 
part of the more conventional ABM defense system complexes we presently 
recognize in the Soviet Union. In this conventional role, backup ABM missile 
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interceptors are available, to be employed in case the conventional role must be 


assumed. 
Later we will address the reason for the strange limitations that must be placed 
upon unqualified use ofthe large scalar EM systems, particularly in the pulse or 


“burst” nodes, 
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ETWORK OF VIRTUAL TRANSMITTERS 


‘Slide 063: Network of Virtual Transmitters 


In July 1976 the U.S. received very special Bicentennial greetings from the 
Soviet Union, 


At that time, communications systems of the world in the 3-30 megaHertz band 
suddenly met substantial interference from extremely powerful, chirped Soviet 
transmitters that were suddenly activated. These transmitters continue their 
transmissions to this day 


Estimates of the power of these enormous transmitters vary, but figures range as 
high as several hundred megawatts, with a nominal figure being 100 megawatts. 


‘These powerful transmitters were promptly nicknamed "Woodpeckers" because 
of the characteristic sound of the chirped signal when received. That is, the 
received signal made a “pecking” sound much like a woodpecker's beak hitting a 
block of wood. 


Several nations protested, but the powerful signals have continued, right down 
to this day. The only Soviet response was to add a "spread spectrum" capability, 
so that the transmitter did not dwell too long on one specific frequency, but 
shifted periodically to other frequencies. 

‘These transmitters have apparently never been precisely located by U.S. 
intelligence, but their beams carry much of the characteristics of an over-the 
horizon (OTH) radar. They have been dubbed OTH-radars by U.S. intelligence, 
and can without question perform that mission, in addition to some very 
interesting missions which U.S. intelligence does not assess, 


Soviet Military Power, Department of Defense, 1985, p. 45 shows the direct 
intersection over the United States of the Woodpecker radar beams used in an 
OTH-role. We show an illustration of that intersection on this slide 


In addition, we show an additional "scanner" beam that can be scanned across 
the intersection "grid" over the U.S., formed by waveform interference of two 
main Woodpecker beams, 

‘These Woodpecker transmitters have a great many diverse functions. 

First, they can be used in a conventional over-the-horizon radar node, since their 
beams follow the earth-ionosphere waveguide and curve around the earth. In this 


mode they can detect missiles at launch and thereafter, and strategic bombers 
when taking off and thereafter. 


However, these scalar interference grid weapons have many other uses. 


First, they can be used to biologically attack entire populations in a targeted 
‘area. This aspect is not covered inthis briefing. Sulfice itto say that phase~ 

locked ELF modulation signals ot 10 Hz and less are often detected on multiple 
Woodpecker frequencies simultaneously. In a target area, this modulation - if 

sufficiently stronger than the Schumann resonance of the earth’s magnetic field - 
will entrain a percentage of the brains into "forced entrainment.” In that cas 
these human brains are "synchronized" to the Woodpecker signals so that 
‘multiple coherent frequencies are phase-locked into them. That is, multiple 
coherent EM channels directly into these entrained brains now exist. At that 
point, Fourier expansions may be used to attack specific portions of the brain 
‘geometrically. 


In addition, scalar EM disease patterns can be modulated upon the carriers, 
again with Fourier expansions. Specific biological effects can be induced in the 
entrained populace at will, limited only by the state of the art of the Soviet 

technology used to attack them, Possible induced effects include instantaneous 
death, heart seizure, severe emotional disruption, loss of control of internal 
functions, diseases, disabling of the immune system, and even implantation of 
thoughts, emotions, and ideas which are interpreted by the targeted subjects as 
their own. 


While further discussion of this area is beyond the scope of this briefing, the 
biological aspects of the Woodpecker transmitters are horrible. It suffices to say 
that, in thousands of experiments, Kaznacheyev demonstrated that almost any 
kind of cellular death and disease pattern could be electromagnetically 
transmitted. Kaznacheyev reported the effectin the near ultraviolet. 
Experimenters at the University of Marburg in West Germany duplicated the 
cexperimentsintheinfrared, 


‘The bottom line is that photons themselves can carry death and disease patterns 
between cells. Scalar EM technology allows the synthesis of theactual potential 
pattern (which after all represents total control of charge and charge distribution, 
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hence biochemistry in the cell) of a particular cellular disease or death 
mechanism. Symptoms (and cellular death from them!) of nuclear radiation, 
chemical poisoning, bacterial infection, and other mechanisms were successfully 
induced by the Kaznacheyev experiments, 


Dr. Popp of West Germany has published an analysis of the virtual photon 
‘master control system of the cells. Since scalar EM represents the deliberate 
ordering of virtual particle flux into deterministic patterns, the master control 
system can readily be entered with scalar techniques to induce disease and 
disorder at will. 
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HETWORK OF VIRTUAL TARASMITTERS 


‘Slide 064: Network of Virtual Transmitters 


On this slide we diagrammatically represent the Soviet woodpecker interference 

grid over the U.S. This grid can easily be used to influence and control the 
‘weather, and for over a decade the Soviets have manipulated the weather over 
the U(S. and other parts of the world. 


By the peculiar title of this slide, we wish to call attention to the fact that, in the 
‘exothermic mode of scalar interferometry riding on the woodpecker radar 
signals, each of the woodpecker grid interference cells can act asa little "virtual 
‘ansmitter.".IUsexactly asifthe Soviets had been permitted toenterthe U.S. 
and build thousands of EM transmitters at regular intervals all over the country! 


And ofcourse it’s even worse. In the endothermic mode, it’ as ifthe Soviets had 
‘been permitted to enterthe U.S. and build thousands of "cold generators" all 
over the U.S. That is in that mode, each ofthe “transmitters” can actually 
extractelectromagneticenergy. 


‘Thesetwomodeshaveenabledthe SovietUniontodrastically manipulatethe 
‘weather at will over the U.S. during the last decade (and similarly, for other 
placesaswell.) 


(For a disclosure of the Soviet weather control operations over the U.S., see 
TE. Bearden, Soviet Weather Engineering Over North America, I-hr 
videotape, 1985 available rom The TomBearden Websitewww.cheniere.org. 
We will only summarize here.) 


Briefly, inside various reference level zeros on the ordinary EM woodpecker 
cartiers, scalar "channels" are established. Scalar beams, signals, and 
interferometer pulses and transmissions can be transmitted through these 
reference channels as if directly through a wire. Phasing, pulse shaping, and 
Fourier expansion formation of geometric forms are then the key to be used in 
scalar interferometry through the internal scalar channels of the Soviet 
‘woodpecker signals, 


By choosing one or more grid cells and using scalar interference there in the 
exothermic continuous mode, local heating and expansion of the air, and 
formation of a high-pressure area, occurs. 


By choosing one or more grid cells and using scalar interference there in the 
‘endothermic continuous mode, local cooling and shrinking of the air, and 
formation of a low-pressure area, occurs. 


By electromagnetic “rotation” of the interfering scalar beams, the hotspots and 
ccoldspots can be moved along a desired path and ata desired speed. 


By these methods the entire jetstream across the U.S. can be deviated and 
controlled to a large degree. Moisture can be drawn from the Pacific beyond 
Southern California and Mexico, and collided over the southern U.S. with, 
extremely cold air brought down from Canada, producing ice storms such as 
those in and around February 1, 1985, 


Violent thunderstorm activity can be induced and directed. By adding "spin" 
these same storms can be induced to form extensive tornados. 


By sustained weather engineering operations, drought or excessive rain and 
flooding can be induced in areas of the U.S. as desired. Crops can be destroyed 
or heavily damaged by severe and unseasonal weather. 


Ifthe grid is placed in the ground on scalar EM carriers instead of normal EM 
cartiers (and the woodpecker "radars," can switch to, or add, scalar carrier mode 
whenever they wish), it can be used as an anti-submarine weapon, as we shall 
see later. It can also be used to cause substantial ocean effects that have drastic 
‘consequences on the world’s weather - such as the anomalous El Nino of 1982- 
83, 


By localizing one spot of heating at the top of a thunderstorm anvil, and another 
spot of cooling at its side, a localized downburst can be created. Our weather 
satellites have detected just such an anomalous combination heating and cooling 
of thunderstorm anvils over the U.S. While there may exist natural mechanisms 
to cause this anomalous dual pattern, it may also be caused by Soviet weather 
engineering, which can cause either broad-area or highly localized effects. 


All these types of weather engineering incidents have been deliberately created 
over the U.S. by the Soviet Union. 
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Perhaps the greatest weather effects can be induced by altering some of the 
large-scale normal mechanisms that influence and control our weather. Thus the 
artificially induced El Nino of 1982-83 was a case in point, causing drastic 
‘weather upsets worldwide for a year or more. 


‘Thelast decade has seen weather so anomalous that it could only occur once in 
1200 years by chance. It has not been due to normal chance, but by Soviet 
‘weather engineering, particularly since the advent of the Woodpecker 
transmitter complexes. 


ADDITIONAL BACKGROUND FOR THE BRIEFER: 


‘The Woodpecker transmitters can carry scalar components, which, in addition to 
biological strikes, can be used for many other purposes such as to 


1. Influence and control the weather, 
2. Deviate the giant jtstreams of the upper atmosphere, 

3. Detect, rack and destroy missiles shorty after launch, 

4, Detect, track and destroy strategic bombers and other sireraft, 
5. 


Attack land and ocean surface targets by large aerial electromagnetic 
explosions: the EM explosion produces the fireball, the thermal effects, 
and the blast wave of a nuclear explosion without the nuclear radiation 
and radioactive fallout contamination; 


6. Attack surface land and ocean targets by large "cold explosions”, where 
living things freeze almost instantly, leaving the surface facilities and 
equipment intact, 


7. Attack land and ocean surface targets by severe internal 
electromagnetic disruption, so that all electronics are dudded, 


8. Attack personnel on land and sea by direct destruction of their nervous 
systems with an internally induced strong EMP, 

9. Disrupt the operation of distant facilities, equipment, and personnel or 
destroy food crops in large areas by severe cold or severe heating, or 
even startling oscillation between the two. 


In addition, the scalar aspects of the Woodpecker transmitters can be 
beamed through the earth and ocean as surface waves or at a given 
depth to intersect at a distant region. This mode can be used to 


10, Cause distant earthquakes in a distant fault zone by depositing energy 
in the rocks there, increasing the plate stress until slippage occurs at a 
fault zone, 
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Cause large, anomalous rocking of an entire plate or large area, by 
depositing and extracting energy from alternate areas, causing buckling 
of the large rock plate, 

Set up an interference grid under the water, so that underwater 
submarines can be detected, tracked, and destroyed on station and with 
their missiles still unfired, 

Attack naval vessels and task forces through the water and through 
their hulls, without warning, 

Attack missile silos and nuclear storage sites "before launch’, directly 
through the earth itself, 

Initiate the full nuclear explosion of implosion-type nuclear warheads 
on-board missiles on station, 


Initiate full nuclear explosion of implosion-type nuclear warheads in 
storage sites and ready reserve, 


Destroy seaborne and ocean-bottom-mounted mines and underwater 
sensors, even including entire "fields" of them, 


Detect and destroy hostile torpedoes, ship-to-underwater anti- 
submarine missiles, and dumped anti-submarine munitions and charges, 


“Pump” the electrical grounding of distant electrical power distribution 
and generation systems so that the system catastrophically fails, 


"the electrical grounding of distant electrical power systems so 
that radio and television transmitters, power grids, and wiring 
complexes in buildings and facilities radiate a desired scalar wave 
component or signal complex at equipment and personnel. 


All in all, the woodpecker transmitter complexes and other associated scalar EM. 
‘weaponry are most useful in the major missions required in war. 
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{AUKCH PHASE ABH SYSTEM 


Slide 065: Launch Phase ABM System 


On this slide we show the use of the Woodpecker grid in the Launch Phase 
ABM system role. 


‘Thescalar components establish an interference grid over the U.S., at some 
altitude above the earth. One or more separate scalar interferometers transmit 
through scalar channels established in the Woodpecker's normal EM carriers, 

scanning through the grid square cells one by one in the "just barely extract 
energy" endothermic mode. 


Back in the Soviet Union, the energy extracted passes through a scanned 
receiver biased just so that the normal energy extracted from the distant 
atmosphere does not show on a scanning screen, Any substantial amount of 
additional energy appearing in the cell - such as from the jet engines of a large 
aircraft or the rocket exhaust of large missile- will be detected. 


‘The operation ofthis weapon is four-fold: (1) the scanning interferometer or 
big eye" scans the grid squares, detects penetration, and tracks the rising 
missile. (2) A separate scalar EM interferometer (a howitzer) is controlled by a 
‘computer and fired through a separate scalar EM channel opened in the ordinary 
EM woodpecker carriers. (3) Two timed scalar pulses are fired so that they 
‘convergeandmeetinthegridcellcontainingtherisingmissile. Thisresultsin 
the sudden emergence of a violent EMP pulse throughout the missile and the 
surrounding vicinity. (4) All missile and warhead electrical and electronic 
systems are instantly dudded and destroyed. In addition, fuels, propellants, and 


explosives of the mi 
penetrating missile, 


le are immediately ignited, explosively destroying the 


‘That takes care of the missile target. (The same weapon, of course, can be used. 
against airborne strategic bombers - including Stealth-type bombers. In fact, 
Gary Powers’ high flying aircraft was probably shot down in 1960 by a "jury- 
rigged" scalar EM howitzer using modified radars and timed scalar pulses to 
provide an aerial explosion and EMP.) 


‘The Woodpecker grid/howitzer weapon system can be placed over the ocean 


missiles, submarine-launched ballistic and cruise missiles, etc. Placed over a 
cartier task force, it can also take care of the aircraft launched by the carrier as, 
fast as they are launched. It can also handily take care of the missiles launched 
by guided-missile cruisers of the accompanying task force. 


Now let's take a look at the command and fire control end of this weapon 
system, way back in the Soviet Union. 
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SOVIET COMMAND € CONTROL COHCEPT 


Slide 066: Soviet Command & Control Concept 


(On this slide we show a postulated Soviet fire control system for the grid 
‘weapon, 

‘Two of more operators sit at a control console, facing a giant display (screen). 

‘The display contains a grid, which represents the distant interference grid of the 

Woodpecker carriers (or scalar EM carriers, ifin the underground or underwater 

mode). A distant missile launched into the real interference grid overhead will 

‘cause a spot of light to appear inthe appropriate grid square (cell) on the 

operators’ screen. The operators willtrack the displayedtarget, select firing, 


mode and type of action, engage the target, and assess whether or not the distant 
target is killed or missed by the firing 


‘When a missile is launched in the distant area over which the Woodpecker grid 
has been placed, it quickly rises through one of the scanned grid cells on its 
upward joumey. As it penetrates the cell, additional energy isextracted (since 
ppart of the missile's exhaust energy is now extracted also). At the sereen in the 
Soviet Union, the additional energy received rises above bias, causing a 
bloom’ or spot of light to appear on the screen at the appropriate grid cell 
representation, 


‘The distant operatorhas now detected the missile launch and its location. He 
places a marker over the target track and activates the computer, also inputting 
the type of firing or action to be performed. In this case, let us say he wishes a 


burst of energy to emerge inside the distant launched missile, and has activated 
that mode of firing action, 
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‘The computer computes the necessary parameters for another scalar 
interferometer channel in the exothermic mode, and for firing at the location of, 
the rising missile so that two scalar pulses will meet in the cell penetrated by the 
rising missile on the other side ofthe earth. As the channel is opened, the firing 
solution settled, and the interferometer howitzer readied, the computer activates 
indicators on the console notifying the operator. When all is ready, a "ready-to- 
fire" light is lit on the console. 

Upon receiving the command to fire and destroy the missile, the operator 
presses the fire button, The computer fires the activated scalar EM howitzer in 
the pulse mode. The operator continues to watch his screen, 


When the pulses meet in the distant grid cell, a violent EMP suddenly arises in 
and throughout the missile and its surrounding vicinity. This explodes the 
missile propellants and warheads, destroying the target. 


On the distant screen, a sudden drastic "blossoming" of the target results from 
the sudden extraction of a great deal of additional energy by the scanning scalar 
interferometer. The operator thus knows he has made a "kill." 


Should for some reason the target be missed, additional energy will still be 
extracted by the scanning interferometer from the grid cell/vicinity in which the 
EMP suddenly emerges. The distant operator will still see a bloom on his scope, 
‘but not nearly so great as when the missile explodes. He thus knows that the 
EMP effect of the firing has occurred, but the target has been missed (he will see 
the bloom in its offset location as well). In that case, the operator can quickly 
‘mark the EMP location, hit the switch, and the computer will automatically 
correct and fire again. 


At any rate, for a miss a large "sonic boom" or blast still results in the EMP 
emergence zone from sudden heating of the air. These are precisely the type of 
‘booms that were associated with three NASA shuttle launches prior to the end of 
1985. These were actual testing of this weapon system, using the shuttle 
launches to provide a target, and delaying the burst some minutes so the shuttle 
would not actually be destroyed. On Nov. 26, 1985 a "marker beacon” (glowing 
ball of light) was also created over the site. This was probably to orient satellites 
‘and other detection systems. Some 12 minutes after that nighttime launch, a 
large blast occurred over the site, heard for hundreds of miles up and down the 
coast. Shortly after, the light suddenly moved away very rapidly - faster than a 
jet aircraft. 


If many missiles are being launched, the operator marks them rapidly, one after 
the other, and the howitzer fires burst ater burst at them, decimating the 
launched missiles, one after the other. In this fashion most of the counterstrike 
missiles launched by the U.S. would be destroyed shortly after launch, greatly 
reducing the number of missiles that make it to midcourse. 
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However, apparently the loss of the shuttle launched on Jan. 28, 1986 was 
caused by the addition of a metal-softening pattern in the exothermic mode, in 
‘and around the booster, using the actual booster ionic flames as a receiver- 
‘amplifier. This led to the failure of one of the supports and the partial breakaway 
of the right booster. The booster rotated into the tank, causing damage and the 
resulting explosion when the venting main fuel hit the booster flame. 


By spread spectrum techniques and proper timing and phasing, one system of 
Woodpecker transmitters can set up multiple interference grids, in various parts 
of the world. The scanners and howitzers can operate in the appropriate zones, 
again by spread spectrum techniques and proper timing and phasing. 


In fact, the latest versions probably can operate in the "ordinary EM carrier” 
(atmospheric) mode and the "scalar EM carrier” (underwater and in the earth) 
‘mode simultaneously - again by timed switching between EM and scalar EM 
cartiers, spread spectrum techniques, and timing and phasing of howitzers and 
Manners. 


‘Thus a single system can operate in the earth, underwater, and atmospheric 
modes. It can operate against the very wide range of different targets previously 
‘mentioned. It can do all this “simultaneously,” from a real-time practical 
viewpoint. 
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Slide 067: Launch Phase ABM System (Anti-SLBM) 


Here we show the operation of the system in the atmosphere over the ocean, to 
destroy sub-launched ballistic missiles such as Poseidon and Polaris. The system 
operation shown uses the normal EM Woodpecker carrier frequencies, with 
scalar components to establish the interference grid, and scalar channels for the 
scanners and howitzers. The grid can be set up by this method anywhere in the 
world. 


‘As can be seen, during their early launch phase, this mode will take care of the 
missiles launched from underwater U.S., British, and French nuclear 
submarines. 

Remember, this is just one mode in which the system is operating. It can at the 
same time have other interference grids at other locations, and even in other 
modes, including underwater grids used against the submarines themselves, it 
can be engaging a multitude of targets of a wide variety of types, essentially all 
simultaneously. 
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DETECTING & MARKING MISSILE LAURE 


Slide 068: Detecting & Marking Missile Launch 

Here we show the missiles launched from the underwater submarines, when just 
detected inthe atmosphere over the ocean. Aseachrising missileisdetected, an 

operator at the screen places a cursor (a "marker") over the detected track spot 

‘on thescope. 


‘The computer quickly computes the firing parameters and indicates when the 
systemis ready fire.” 


1g additional scalar scanner frequencies in the multi-gigaHertz range and 
finescanning,theoperatorisabletoaccomplishnon-cooperativetarget 
identification 


Byus 


Afler the operator places a cursor over a target, the advanced system fine-scans 

and identifies it as hostile, then continues the track in automatic. 

When the operator presses the fire button for a designated target, the computer 

intiates fire by the appropriate scalar EM howitzer through established grid 
scalarfiringchannels, 
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DESTROYING THE LAUNCHED MISSILES 
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Slide 069: Destroying the Launched Missiles 

On this slide we temporarily omit the interference grid and diagrammatically 
show the operation of the scalar EM howitzer. As shown, two pulses are fired so 
that they meet in the grid cell where the rising missile is located. A drastic EM 
pulse suddenly emerges everywhere throughout the missile and its vicinity 
causing instant missile destruction 


Ofcourse, individual howitzers not in the Woodpecker carrier's scalar channel 
‘can also fire at the missiles in the purely scalar exothermic mode. Or they can 
utilize the large "Tesla globe" in the continuous mode, the small Tesla "ball of 
light" in the continuous or pulsed mode, etc. 


Also, continuous EM energy can be caused to emerge in a broader, "defocused” 
interference area causing electronic dudding of circuits in vehicles over a wider 
area. This is a very useful mode to use against mass attacks by many aircraft 
and/or many missiles at the same time. That is, the entire formation can be 
attacked in the "dud electronics” mode, and then followed up by more intense 
servicing of each individual hapless target. 


Again, in 1960 Gary Powers was probably downed by a crude prototype scalar 
interferometer "howitzer" obtained by modifying two ordinary radars. At least 
the Soviets had previously been unable to down a penetrating U-2 with missiles 
they possessed. We know the scalar howitzers were in development, for 
Khrushchev had announced to the Presidium in January 1960 that a new 
“fantastic weapon" was in development. A development prototype was probably 
used to down Powers’ aircraft 


bik pe cance 
292 


SHIFT TO AHTI-SUB MODE 


Slide 070: Shift to Anti-Sub Mode 


In the underwater mode portrayed on this slide, the Woodpecker transmitters 

have been switched to "scalar carriers" mode and the carrier beams transmitted 

through the ground and into the ocean underwater. (Remember, an atificial EM 
potential thatdoes not couple to charged particles orions will travel through he 
‘ocean, butaforcefieldwillnot.) 


Thus a giant scalar interference grid is now established underwater. Additional 
scalarbeams in the weakly endothermic mode scan this grid. When a submarine 
centers tne grid, it substantially changes the potential in that cell, and the scanner 
picks thisup. The distant screen now displays the sub as a "track" of light in the 
appropriate grid square cell. The computer switches in fine-scanning and non- 
cooperative target identification. It identifies the target as hostile and alerts the 
operator (by blinking the track and changing its colorto red, for example). 


‘As before, the operator marks the target and enters the firing mode and type of 

action desired. Again, let us assume the "EMP burst” mode of destruction is to 
be used. The computer computes the firing parameters and readies the howitzer, 
‘When the commander gives the command to fire, the operator presses the firing 
button. The computer fires the howitzer. 


‘Two scalar pulses proceed through the howitzer scalar channel and meet in the 
submarine, Throughout the sub and its vicinity, a violent EMP is suddenly 

experienced, knocking out the electrical systems, electronic equipment, and 

igniting propellants and explosives in the on-board missiles and armament. This 
explodes thesubmarine, missiles, and orpedoesinstantly. 
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At the distant command console, the scanners detect the violent eruption of 
cenergy from the exploding submarine. It appears on the screen as a sudden 
strong blossoming of the track. The operator assesses that the target has been 
destroyed. He immediately engages another target if one is present. 


Ifthe EMP is off-course and misses, the scanners still pick up a smaller 
blossoming in the offset location. The operator immediately knows he has 
missed the target. He marks the offset bloom, presses the switch for "Correct 

‘and the computer Makes the firing correction. When the operator again gets a 
Ready-to-Fire light illuminated, he presses the firing button and fires again at 
the target, this time with corrections applied. 


Again, the same Woodpecker system - using timing, phasing, scalar/EM 
switching and spread-spectrum techniques - may be involved in several grids 
and many types of targets. When in a target-rich environment, the firing 
operators may be very busy indeed. 

‘Aswe shall later see, the same weapon system may also be firing in the “cold 
explosion” or pused endothermic mode, where intense bursts of instant and 
severe freezing are unleashed in the target zone. 
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SHIFTING 10 EARTHQUAKE HODE 


Slide 071: Shifting to Earthquake Mode 


‘The uses of the complex grid, scanners, and scalar howitzers is limited only by 
human ingenuity and state-of-the-art of the technology developed. 


By shifting to the scalar-carrier mode and transmitting inthe surface layer ofthe 
earth, the interference zone can beestablished in adistantregion ofthe earth, 
bencaththeearth’ssurface, 


‘Suppose_we establish a very small interference grid inthe earth at and around a 
distant fault one. Then by steadily depositing energy in the zone in the 
continous exothermic mode, the stress in the fault area is steadily and gradually 
increased, Eventually theplates oneach side ofthe fault wil slip, and "natural 
appearing earthquake” occurs. Iftheenergy isdeposited slowly and gently. 
gentler quake can usually be effected. Ifthe energy is deposited fairly rapidly, a 
hhigher peak stress can usually be reached before the rocks slip, anda larger, 
moredestructiveearthquakeresults. 


By making a wider grid in the earth in a larger area, a strange kind of earthquake 
‘can be induced, whether or not a fault zone exists in the area. By pouring energy 
‘out of alternate cells and extracting energy from the others, a "wave-like" 
buckling tensile and compressivestressiscreated throughoutthezone. Asthis 
continues, the entire plate area will try to oscillate, moving and causing an 
anomalous sortof"rocking, flatearthquake" throughoutalargearea. 


Nottoo many daysafter the destruction ofthe Challengeron January 28, 1986, 
such an anomalous "flat earthquake” occurred in the U'S., near the Great Lakes, 
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involving some 10 states. This was probably the subsequent testing of an 
additional weapons mode of the same Soviet scalar EM system that destroyed 
the shuttle. 
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Slide 072: Suppression Attack—MARVs (without defenses) 


‘Now to shift the emphasis a bit, and look at the impact on some "normal" 
strategiesystemsandconcepts 


(On this slide we show the basic idea of suppression attack against an enemy's 
‘ground based missile force in fixed-site silos. The attack uses multiple 
maneuverablere-entry vehicles(MARVs)deliveredbyasinglecarriermissile, 
which acts as a "bus." The bus ejects the MARVs at the appropriate time, and 
each ofthe MARVs heads toward its predesignated target, maneuvering as tre- 
centers the atmosphere and proceeds to the target. The maneuver makes 


conventionalinterceptofthe MARVbyconventionalanti-balisticmissiles 
moredifficut. 


Inthismanner, missilesilos withoutdefensesmaybecaughtby surpriseand 
destroyed. 


‘The"bus" conceptactually multiplies the numberoftargetsasingle launched 
missile can attack, and the maneuvering of the MARV increases the difficulty of 
defending thetargetareabyorthodoxmeans, 
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Slide 073: Suppression Attack—MARVs (with defenses) 
Now suppose some of the scalar EM defenses we have discussed are added to 
the picture. 


On this slide we show a similar missile field, defended by a Tesla dome and by 
multiple scalar howitzers, 

‘The howitzers take the incoming buses under attack during the early midcourse 
phase, by means of very large spherical EMP globes. Many of the buses - and 
their entire payloads, including the nuclear warheads themselves - are dudded 
by these midcourse defenses. 


Servicing of dudded vehicles that have penetrated the globe now occurs farther 
along in midcourse. Each dud vehicle may be serviced, for example, with a 
small globe in the continuous mode for an appreciable number of seconds. This 
causes vaporization or fusing of the physical structures of the vehicles. 


Groupings of incoming vehicles may also be serviced by medium-sized globe 
in the pulse mode. This assures dudding, and is especially useful for clearing 
away chaff and debris with smaller ballistic coefficients. It also is useful 10 
further insure that the nuclear warheads themselves are totally dudded, 


An additional wrinkle is to place scalar signal patterns - that affect and 
transmute a nuclear warhead! radioactive nuclei - onto a continuous globe. In 
short, by the proper scalar signals itis possible to transmute plutonium and 
uranium into harmless elements, and it can be done at a distance. The 4th and 
Sth generation Soviet scalar EM technology is probably capable of doing this 
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‘Thisinsures that, not only are the incoming nuclear warheads 
clectromagnetically inert, but they are also nuclearly inert and incapable of 
generatingnuclearexplosions. 


Sail another wrinkle - particularly useful against implosion-type weapons - is to 
utilizea scalar signal pattern that causes sudden generation of neutrons in the 
active material (plutonium or uranium). This harmlessly explodes the nuclear 
‘warheads while they are faraway from their intended targets and out in space. 
‘The burst mode is probably the most useful for this tactic. 


Note that, if desired, this same tactic - exploding the nuclear weapons 

themselves - can also be utilized in the Launch Phase ABM system grid against 

the missiles after launch. This capability converts an adversary's intended 
nuclear attack against you toan actual attackagainsthimself! 


‘Also note that the adapted grid system in the surface of the earth can be used to 
explode the nuclear warheads in ICBMs while they are still in the silos. orto 
cexplodenuclearwarheadsinstorage. Intheunderwatermode, thenuclear 
‘warheads inthe Poseidon and Polaris missiles on-board the nuclear submarines 
‘can be exploded in a similar manner. In fact, the nuclear reactor used to furnish 
the power for the nuclear submarines can also be exploded or disabled in this 
‘manner, ascan land-based and ship-basedreactors. 


Again, thisactually turns an adversary’s own nuclear weapons against him. His 
‘own Weapons canbe used to obliterate him, Without scalar defenses, possessing 
the capability of nuclear attack becomesaserious detriment! 
But back to our slide. Just in case something gets through this formidable 
defense somehow, the Tesla Shield (dome) provides the final reiteration that 
takes care of any residue "leakage." 


‘The sum total ofthese defenses fully justifies the 1968 Soviet statement in 
Military Strategy that the USSR has achieved a 100% defense, and the West has 
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TESPOKSE JNTERFORCE STHIKE - WITH HO DEFERSE (FIRST STRIKE) 
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‘Slide 074: Response to Counterforce Strike with No Defenst 


Here we show the orthodox concept of response to a surprise counterforce 
nuclear strike when the surprised force has no defenses. 


A great percentage of the attacked missile silos are destroyed. The surprised side 
thus is able to mount only a limited strike in retaliation. Perhaps he is able to 
launch some remaining silo-based missiles that escaped destruction. He is also 

able to Jaunch missiles from any of his underwater nuclear submarines that 
escaped. Some of his strategic bombers may have escaped destruction on the 
ground or while airborne on station; these surviving bombers can be directed to 
proceed with strategic reprisal against the enemy. 


As can be appreciated, this entire concept is now totally obsoleted by the Soviet, 
possession of scalar EM weapons. 


‘The "mutual assured destruction” capability - or MAD concept as it was so. 
aptly named! - is no longer mutual. 


And for two reasons: (1) the Soviet surprise attack could destroy essentially all 
four Triad forces wherever they are, in the first attack. (2) Even if a very small 
number of our strategic forces survive, the puny strike we could attempt to 
launch could be repeatedly decimated from launch to terminal phase. 


‘The restraint on the Soviets is not because of our Triad forces. The restraint is 
twofold: (1) a second nation has scalar EM weapons, and would undoubtedtly 
unleash them upon the Soviet Union with great violence ifsuch a massive 


world-wide destruction of U.S. forces occurred or was threatened (is it really 

“accidental” that six major Soviet missile ammunition storage sites mysteriously 
exploded within seven months?); (2) the closed-loop scalar radiation exchange 
system ofEarth-Sun could be inadvertently "tweaked" in the feedback loop 

from Earth to Sun, so that a large solar scalar resonance was stimulated. In that 


cease the Sun could emit a mighty resonant "burp" that would simply wipe out all 
ie on Earth in a fiery shower. 


‘The "terror" in the "balance of terror" between nations has just increased by 
‘many,many ordersofmagnitude. 


‘Thebiblical prophecy that the Earth will be wiped out by “fire and brimstone 
from heaven" is very near fulfillment now. 


Put another way, the pucker factor- even on the Russians who may contemplate 


unleashing Armageddon - is higher than any Western strategic analyst has ever 
‘imagined, eveninhiswildestnightmares. 


‘Truly these weapons are "more frightening than the mind of man has imagined,” 
asBrezhnevpatitin 1975, 


The frightening scalar EM weapons can be used, but only very, very gingerly 
indeed. Ifaslight mistakeismade, everybody loseseverything, 
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ESPORSE 10 COUNTERFORCE STRIKE - WITH DEFERSE 


Slide 075: Response to Counterforce Strike with Defense 
On thi 


ide we show the impact of scalar defenses against an adversary who 
ses only the orthodox nuclear weapons and delivery systems, and makes a 
first strike" by surprise against his opponent. 


In this case, the attacked opponent has scalar EM defenses. 


With just the midcourse and terminal scalar EM howitzer defenses, almost all of 
the attacking missiles and re-entry vehicles are destroyed. 


Iffor some reason (such as to prevent triggering the sun and destroying the 
world inadvertenly!) the attacked adversary does not wish to attack strategically 
with scalar EM weapons, he may now launch a massive retaliatory strike on his, 
opponent. 


And if that opponent has no ABM defenses, he's just bought the farm, 


‘What a funny coincidence! Long ago, we crazy Americans chose to put all aur 
‘eggs in the offensive basket. That is, we thought the Soviets cannot dare to strike 
us because we will have enough surviving missiles to penetrate any orthodox 
defense and destroy them in return, They would also have the same "mutual 
assured destructon (MAD)" capability, of course! 


‘The MAD concept was aptly acronymmed - it was an insane idea from its 
inception. That is, the Soviets were not supposed to defend their cities and 
populace, and neither were we. That way, you see, we could destroy their 
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citizenry at will, and they could destroy ours at will. We deliberately agreed to 
that, thinking - in our insanity - that the Soviets agreed also. 


Ofcourse the Soviets weren't playing the same lunatic’s game at all. They 
simply fed our own garbage back to us, and we importantly thought we were 
negotiating something. Unknown to us, they were secretly building and 
deploying scalar EM defenses even then. Since we didn't know of any other 
defense, we assumed the Soviets could not defend their citizenry with ABMs 
any better than we could defend ours with ABMs, So we blithely scrapped our 
ABMs, 


‘The high government officials of the United States of America grossly violated 
‘our constitution and their sworn oaths of office. Our constitution specifically 
charges the government of the United States to defend the people of the United 
States. That means our officials are specifically charged with defending our 
people. Yet they deliberately agreed not to do so, and they deliberately 
sacrificed us in advance. 


‘Theycommitted treason of the highest kind, by deliberately surrendering us to 
‘otal destruction anytime the big balloon goes up. 
‘The constitution doesn't charge the government with surrendering our citizens to 
destruction under any circumstances. Itcharges the government with defending, 
uus_against_ destruction. 


Ronald Reagan is the first U.S. president in some time to see through the MAD 
‘concept. Atleasthe stands forthrightly fordefense. I'sjustashamethat the 

‘government and scientific leaders under him aren't aware of the Soviet scalar 
‘weapon developments, so they could brief him on these startling developments, 


Be sureyou understand what the government leaders before Reagan have been 
saving, For years, our official policy has effectively said tothe Russians: "We 
«will allow each side a token defense only. We deliberately will not defend 
ourselves, so that anytime you decide to strike us you can destroy us. In return, 
however, we do not think you will want to strike us, for we believe that - before 
‘we become ashes from that strike - we can getenough away at you, to destroy 
you as well. Of course we believe you are in the same sort of boat.” 


‘Then we said, "There! That's settled! What a relief! Nobody can strike anybody 
anymore, Now can we talk about partial disarmament and on-site inspection?” 
‘The Sovietsjust kepttheir astonished amusementtothemselvesandkept 
building scalar defenses (and scalar offenses as well!). Their deception plan 
called for imbedding the scalar EM weapons in ordinary systems when possible, 
and hiding the scalar EM weapons tests in ordinary weapons tests when 
possible. Of course they had to be adamant in their opposition to on-site 
inspection; after all, even Western scientists if allowed on site with the dual- 
mode weapons, might suspect something was different and possibly things were 
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‘The Soviet deception has worked like a charm, The U.S. MADmen who created 
and implemented the MAD doctrine have succeeded in prejudicing two 
generations of academicians and elected U.S. leaders against the need for 
effective defense. A vast wasteland of inane paper studies - leamedly dealing 
with ABM's, penetration tactics, leakage, force and counterforce, radar blackout, 
electronic warfare, etc. etc. - has been churned out by our military, industrial 
and university "think tanks” to clog the minds, efforts, and literature of our 
defense and governmental establishments, 


Our homeland has no effective ABM defense (and very little defense against 
aircraft or subsonic cruise missiles) 


‘Our field army has no effective ABM defense (or air defense). Our naval forces 
have no effective ABM defense (although they are better defended against air 
attack than the field army). Yet ballistic missiles - and to some extent cruise 
missiles - have supposedly been our greatest threat for decades, followed 
closely by the secondary threat of massed aircraft attack. 


‘Accynic might take the stand that, if our Defense Department hasn't been 
allowed to defend us (with deployed weapon systems, not by "paper studies") 
against what we ourselves have proclaimed is our biggest threat, then why is it 
called the Defense Department? Why not call it the No-defense Department”? 


Understand, a great many fine, hard-working people in DoD have certainly tried 
to get adequate defenses developed and deployed. The sheer weight of the 
bureaucracy and its mind-numbing entanglements has prevented it 


But its even worse. Our bureaucrats - both in government and in 
organized science” - have been so caught up in the "Russians are really just 
ignorant peasants” syndrome and the "not-invented-here" (NIH) syndrome that 
they've not recognized the greatest scientific and technical breakthrough in 
history. Such a breakthrough - far greater in importance that the nuclear bomb 
hhas been made, developed, and deployed by the Soviet Union, all in secrecy and 
behind the smokescreen of a masterful deception plan, 


We've totally missed the most incredible "secret superweapons" development 
program of all times, and the worldwide testing of the weapons themselves. 


Hiroshima and Nagasaki should serve as object lessons in the price of ignorance 
of such technological breakthroughs. 


History does repeat itself. But this time it's not we Americans who got the growl 
new superweapon first. 


CLEAR COMMURICATIONS. 


Slide 076: Clear Communications 

Now let us rapidly give some unique capabilities that one can do with scalar EM 

in smaller things. Not only can scalar EM weapons be used in the big "continent 

burning” strategic weapons, but they can also be used for a variety of smaller 
defensetasks. 


For example, one can establish a zero reference anywhere one wishes in an 


ordinary carrier. Inside that zero, one can establish as many independent 
iets” as one wishes, and hide them completely from ordinary detectors. 


‘The way to do that is easy. Take as complex a signal as you wish, Subtract it 
from zero. That gives a "complement" which, when summed with the original 
signal, will produce the zero. Then only a scalar detector can go inside the zero 
and pullout the individual components. 


So take acartier wave. Letthe enemy amit completely, with gobs of power. 


Your scalar communication channel stays serenely there, calm and unjammed. 
‘Theenemythinksyou'rejammedandcan'tcommunicate- Meanwhile, you 
continuetocommunicatejustfine. 


Orbe real smart. Take one of those components inside the first zero. Pick a zero 
referenceinsideit. Hide still more carrier componentsinside thesecondzero. 
Do this as many times as you wish, 


You can put all the telephone calls in the United States of America on one 
carrier. And you can keep them clear, right through total jamming, 


MIQUE COMMURICATION: 


Slide 077: Unique Communications 


But that’s still not all 


You can also communicate with your submarines underwater. High data rate. 
Chat away as you wish. You can scramble, frequency hop, encrypt, the works, 
‘They can also communicate back to you. 


Remember. EM force fields of any appreciable frequency won't travel through 
the water. Natural EM potentials grab charged particles and ions, so they won't 
travel through the ocean either. But artificial potentials don't grab onto charged 
Particles or ions, and they will go through the ocean quite nicely. 


Everything - aircraft, ships, shore installations, submarines, etc. - can 
‘communicate like gangbusters if they possess scalar EM technology. 

In fact, you can even build scalar EM underwater radar if you wish 

‘The airborne scalar EM radar can see under the ocean with a little adjustment. 
perhaps as well as a conventional side-looking radar sees distant targets today, 


‘The airborne scalar EM radar can detect and track the underwater submarine 
while tooling along. 


In fact, the airbome scalar EM radar can then destroy the sub, by using a litle 
scalar interferometry. And it's even possible to do scalar interferometry with a 
single transmitter! How. is proprietary to a friend. 
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In fact, you can even use your enemy's jamming transmission as a "wire" along 
which to establish your scalar EM channels. You can use these scalar channels, 
In the "weakly endothermic mode” to locate his transmitter and "lock-in" on it, 
‘You can "walk" the lock-in right past his encryption function to the "clear" 
Input, and receive and record that in the clear. All this from a distance. 


‘You can then destroy his equipment if you wish, orjust continue to monitor him. 
inthe clear if it’s important to do so. Perhaps now we can understand what the 

decades-long weak microwave radiation of the U.S. Embassy in Moscow is all 
about. Or why the Soviets are building a nice new Embassy, bristling with 
‘antennas.on the high ground in Washington, D.C. 
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Slide 078: Mine Countermeasures—Orthodox System 

‘Take something like mine countermeasures, for example. Finding and 
destroying mines - particularly those placed on the bottom in relatively shallow 
‘areas such as ports and rivers - is a really tough problem, 


Presently it's often done as portrayed on this slide. 


Here a minehunter ship uses an underwater sonar to locate the mine, or what 
resembles mine. Then it directs a submersible robot vehicle to proceed over to 
the object and examine it with an underwater television camera. If it’s a mine, 
the submersible places a remotely operated charge beside it, then chugs away. 
When it reaches a safe distance away, the charge is exploded, causing the mine 
to detonate. 


‘A very painful proces 


Very time consuming, and very difficult. 
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Slide 079: Mine Countermeasures—Scalar EM Systems 


Now try the same thing while using scalar EM underwater systems. The scalar 
EM acquisition system is really a sophisticated scalar radar. It scans a large area 
rapidly, locating moored mines, bottom-planted mines, anddriftingmines. 


‘The acquisition system is also a scanned “underwater eye." The operator in the 
surface vessel can tell whether or not it's a mine he's located. 


Once the target mine is detected, a computer computes the firing parameters for 
4 scalar interferometry pulse to hit it and destroy it. The operator fires the pulse, 
destroying the mine 


‘The same system that detects the mine at a distance identifies and destroys it at a 
distance.In this way large areas can be quickly scanned and swept clean of 


If a suspicious object is detected and one is still not quite sure i's a mine, shoot 
it anyway! Ifit's a ming, it explodes. Ifit's just a rock, nothing happens. So the 
samesystemcando" discriminationbyfire.” 


The same system is useful to destroy midget submarines, bottom crawlers, ete 


It can also wipe out whole arrays of underwater sensors by electromagn 
dking thom, 


cally 


It can take on a sub ifit has to! Here it wouldjust gently kindle EM energy 
inside the sub’s controls, causing it to lose control of all its systems. The sub 


‘would then sink to crush depth and implode. The scalar EM mine sweeping 
system could, of course, simply "blow" the sub, but might itself get caught in 
the resulting explosion. 
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SCALAR AHTI-PERSOHHEL WERPOR 


‘Slide 080: Scalar Anti-Personnel Weapon 
From a military viewpoint, these scalar EM weapons are really quite all-around 
‘weapons. 

For example, they are very lethal against personnel. 


Set in the "high intensity pulse mode,” one blast and a person's nervous system 
is destroyed instantly. Total, instantaneous death results. One can blast away at 
entire groups of infantrymen, for example. It's the peak power that's important, 
not the average power. So the weapon doesn't require too much battery power. 


Set on a lower intensity pulse mode, one zap can simply knock out a person, 
renderinghiminstantly unconscious. 


Quite useful if one needs prisoners to interrogate. Also very silent, which is 
useful in operations employing stealth and surprise. 
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Slide 081: Afghanistan 


‘The Soviets are employing just such a scalar "death ray" weapon in 
Afghanistan, apparently in the noses of some of their HIND helicopters. 


‘These choppers usually fire gas rockets to camouflage the testing of the tactical 
scalar death ray. For example, they may fire rockets filled with nerve gas, and 
some persons will die convulsively from the chemical 

‘Those hit by the scalar EM weapon, however, have a most peculiar death mode, 
Death comes instantly and totally. There is no convulsion, no response. The 
entire nervous system is destroyed instantly, Every living cell in the body is 
killed instantly, including all bacteria, germs, etc. 

A body hit with this thing falls like a limp rag and lies where it falls. It doesn't 
decay in even 30-45 days. In a macabre fashion, it’s been reduced to something 
like food irradiated with nuclear radiation; everything is killed, so the material is 
preserved for an extended period before any decay can set in, 

Western military authorities have speculated that this strange death is due to 
some sort of eery new gas. 


However, even with the most virulent gas, some seconds are required for a body 
to die. And while it's dying it goes into convulsions. Violent convulsions. 


This eery, instant death that leaves a non-decaying corpse is not due to a gun, 
This is the signature of a high-powered pulse kill using a scalar EM_ weapon 
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The associated gas rockets are the disguise used to fool our intelligence analysts. 
‘They're just part of the Soviet deception plan. 
ADDITIONAL NOTES AND REFERENCES 


15. For details of the mysterious, instant deaths in Afghanistan, see Yossef 
Bodansky, "Soviets testing chemical agents in Afghanistan,” Jane's Defence 
‘Weekly, 1(13), Apr. 7, 1984, p. 508 
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Slide 082: Scalar Anti-Tank Weapon 


Such weapons are also effective against armored vehicles, for example. 


‘They can be carried by personnel, mounted on vehicles, mounted in helicopters, 
etc. 
‘They are truly all-purpose weapons. 


An infantryman with a bazooka-sized scalar EM pulse weapon can easily knock 
out a tank with one shot. The armor has no effect; scalar EM goes right through 
conductive shielding and Faraday cages. 

And with the same weapon he can knock out another tank, and another, and 
another. 
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SCALAR AKTI-AIRCRAFT WEAPOR 


Slide 083: Scalar Anti-Aircraft Weapon 


And, if helicopter or a fixed-wing aircraft attacks him, he can bring the same 
weapontobearonit. 


He can knock down a chopper or ajet. With one shot. 
Andanother. And another. 


Also, it’s a line-of-sight weapon. He doesn't have to compute lead angle and all, 
that jazz. Just aim, get the target in his sights, and pull the trigger. 


ADAR IAVISIBILITY. 


Slide 084: Scalar Anti-Aircraft Weapon 
‘Another neat trick you can do with scalar EM is make an aircraft invisible to 
ordinary radar. 


Just use multiple transmitters on the airplane to establish a spherical interference 
shell, in the bandwidth of the threatening radar, around the aircraft. 

When the signal pulse (or continuous wave) from the ground-based radar strikes 
the "energy bottle” in the shell, it interferes with it and is diffracted, scattered, 
and partially absorbed. 


‘The ground-based radar doesn't get any coherent return pulse or return signal 
reflected from the target. 


Radars don't track aircraft; they track the reflection of their own signal bouncing 
off aircraft. No reflected signal, no aircraft - as far as a radar is concerned. 

To shield against a passive radar (one which tracks emissions from the aircraft), 
just detect and complement your own emissions so that "near zeroes" result In 
the spectrum of interest. 


Or do both, to protect against both. 


It’s even possible to cool the exhaust and heated surfaces of the aircraft by a 
scalar EM adaptation of electrostatic cooling. Theoretically i's even possible to 
cause the aircraft to "disappear" optically. Takes a bit of doing, but it's possible 
‘The basic scheme here is that, when a photon hits the target from a given 
direction, it's absorbed totally, and a corresponding or “matching” photon is 
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mitted from the opposite side in the same direction the original photon was 
going. In that fashion, the light emitted from the target from one direction seems 
to have "passed through it” from the other direction, 


Since that's what empty space does, then what a distant observer sees is 
space,” so far as he can tell. 


mpty 
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Slide 085: An Effective Penetration Aid 
Of course you can do the same thing for re-entry vehicles. 


Use some multiple antennas on a vehicle. Or better yet, use satellite RV's to 
carry the extra transmitters necessary for scalar interferometry. 

Deploy the interferometer RV's and activate the scalar EM transmitters. Place an 
energy bottle Fourier expansion interference shell around the ensemble in the 
bandwidth of interest. 

Radars in that bandwidth now will be unable to detect the incoming ensemble. If 
nothing detects the threat, nothing is going to shoot at it or react to it. 


‘This can also be used on a bus vehicle during midcourse, for example. 
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UHIQUE CAPABILITIES: ATH/AD/ARRTY 
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Slide 086: Unique Capabilities: ATM/AD/AARTY 
But the uniqueness of scalar EM devices and weapons doesn't end there 


You can hit lots of other threats that are presently difficult or impossible to 
ffectivelyhandle. 


For example, on the tactical battlefield, the same scalar EM radar interferometer 
system can defend against tactical missiles (ATM role), aircraft (AD role), 
cruise missiles (ACM role), and even artillery and mortar shells (AARTY role). 


How the devil, you might ask, can it defend against artillery and mortar shells? 


‘Simple. Sweep the artillery or mortar barrage with closely spaced pulses. Sorta 
like a machinegun, Or more like a phased-array radar. 


If the peak power in the sweeping pulses is sufficient, the explosives are sparked 
and detonated. Fuses are destroyed, 


Soevenmortar andartillery roundscanbe destroyed, bythe samesystem 
providing air defense and anti-tactical missile defense. 


UHIQUE CAPABILITIES 


Slide 087: Unique Capabilities 
That's still not all 
‘An incredible number of different types of targets can be attacked with scalar 


EM weapons, 


For example, aircraft equipped with scalar EM weapons can attack targets such 
as loaded artillery pieces. The round in the chamber explodes, destroying the 
‘weapon, 


It can also attack nearby stored ammunition. Again, the high explosive in the 
ammunition explodes, destroying the store. 


Even underground missiles can be attacked. The scalar pulse will go right 
through the overhead cover and dud the electronics, including the nuclear 
‘warhead. It will also detonate the HE in the warhead and detonate the fuels and 
propellants. 


A great variety of other targets can also be attacked, as we shall see. 
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UHIQUE CAPABILITIES 


Slide 088: Unique Capabilities 
For example, suppose one attacks a tank. 


Withscalar EM pulse, the personnel die instantly. Total personnel kill is 
achieved, 


All electronic systems of the tank are dudded. Total systems kill is achieved. 
‘The ammunition in the tank explodes. Total kill is achieved. 
‘The fuel explodes. This 


‘That tank has been killed totally, by a variety of mechanisms, all 
simultaneously. 


another total kill mechanism. 


's book. 


‘That's a k-kill in any analys 
‘And don't worry about retrieval and repair. That tank is finished permanently 


Even the most modern tank is just as vulnerable as the most obsolete. 


UHIQUE CAPABILITIES 
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Slide 089: Unique Capabilities 

Suppose one attacks a fighter-bomber aircraft. 

‘Again, the kill is catastrophic from multiple simultaneous kill mechanisms. 
‘The pilot and crew die instantly. Total destruction of their nervous systems. 
‘The electrical systems are dudded. 

‘The electronics in all avionies and ordnance is dudded. 

‘The fuel explodes. 

HE in on-board or out-board ordnance explodes. 

‘The jet engine flames out if the pulse is powerful enough, 

‘That aircraft is finished. Permanently 

And it's point-and-shoot, line-of-sight. 


Even the most modem aircraft is just as vulnerable as the most obsolete. 
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UWIQUE CAPABILITIES: PEHETRATE SHIELDING 


‘Slide090: Unique Capabilities: Penetrate Shielding 


Shieldingisineffective. 


The scalar pulse (or continuous wave) can go anywhere gravity 


1k penetrates the steel hull of tanks and armored vehicles 
Iupenetrates underground shelters and bunkers, 
1k penetrates pllboxes and fortifications. 

Foxholes are no protection, Justshoot through the eath into them, 


‘There is no longerany place tohide. 
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MULTI-PURPOSE WEAPORAY 


Slide 091 : Multi-Purpose Weaponry 


‘These scalar EM weapons are all-purpose. Things such as ammunition dumps. 
radar systems, radios and communication gear, communications centers, 
gasoline dumps, etc. can easily be destroyed. 


Not only that, but the weapons can be swept 


area coverage. 


‘You can hit both point targets and area targets 
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Slide092: Multi-Purpose Weaponry 


Look at what a weapon a helicopter becomes. 


‘The same vehicle, equipped with scalar EM weapons, can engage 
and destroy jet aircraft, other helicopters, cruise missiles, personnel, and 
‘armored vehicles. 


It can alsohit all the other targets we've been talking about. Any vehicle 
‘equipped with scalar EM weapons becomes a formidable destroyer on the 
battlefield, 


‘And "reconnaissance by fire” takes on a particularly lethal meaning. 


Forexample, on'tworryabouttheenemyincoverandconcealment,orhighly 
camouflaged. 


Don'twonry aboutdecoysordummy positions. 


Just sweep the area with scalar EM fire, The actual targets will be discriminated 
by fire and destroyed, 
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MULTI-PURPOSE WEAPONRY 


Slide 093: Multi-Purpose Weaponry 


As can be seen on this slide, most targets of interest can be attacked. 
A single aircraft can sink an aircraft carrier or destroy a battle cruiser from af. 


It can also destroy aircraft, ground installations, artillery, personnel, nuclear 
‘weapons storage sites, tanks, vehicles, fuels, and combustibles. 
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UMIQUE CAPABILITIES: HEAT EXTRACTION 


‘Slide 094: Unique Capabilities: Heat Extraction 
(Or one can get truly exotic. 


‘To prevent destroying equipment and installations, the endothermic mode can be 
utilized, 


Cold explosions can be used to freeze tanks, personnel, and equipment. 
‘The equipment and tanks thaw out 


‘The personnel thaw out too, but they are dead when they do. Heaters and arctic 
clothing are no protection. 


Slide 095: Unique Capabilities: Cold Explosions 
For example, suppose three cold explosions, each 50 miles in diameter, are 
placed upon the front-line strength of NATO. 


In seconds there is no longer any "front line strength” of NATO. Every living 
thing is frozen into a block of ice. 


ind the 


‘A few more of these things placed on selected rear area installations, 
battle is over before it gets started. Say in about one minute flat! 
Suppose NATO is quickly defeated - say in two days. And then the Russians 


offer us a "Dunkirk." They agree to allow us to evacuate the beaten remnant of 
‘our forces. 


Are we going to evoke a strategic nuclear exchange, or are we effectively 
“decoupled” from Europe? Particularly if the Soviets also offer sweeping 
‘accommodations to the Europeans, and they accept? If we punch the strategic 
button, we guarantee our own absolute destruction. (MAD doctrine and all that, 
old chap!) 


Whether or not we could do anything to the Russians is a matter of conjecture. 


For a demonstration, they could even invite us to launch a couple of missiles, 
and destroy them over our heads shortly after launch, 


And they could take out a few submarines under the ocean, just to make it 
believable. 


‘And destroy some SAC bombers that are orbiting on station, 


Or take out a U.S. Naval Task Force, with a nuclear cartier, as a demonstration 
that they mean business. 


Would a sane Preside 
Doctrine” and an “arn 


{g0 ahead and destroy us, or accept the Sovier’s 


the Soviets thought he was seriously contemplating ordering a nuclear strike, 
they could immediately destroy all our nuclear armaments where they sit. Our 
‘own weapons would obliterate us! 


What would Congress do - after the Soviet Union had demonstrated its absolute 
power, offered a Dunkirk and armistice, and threatened our total destruction if 

wwe “reached for the holster," so to speak - when it realized the President might 

actually be contemplating evoking assured national suicide? 


What would you do if you were a Congressman? If you were the President? 


THE TRANSMITTER IS THE MAJOR WERPOM 


Slide 096: The Transmitter is the Major Weapon 
‘As shown on ths slide, with scalar EM the transmitter becomes the major 
‘weapon on the battlefield 


Almost every type of target of any importance can be easily and effectively 
attacked and destroyed or nullified by scalar EM weapons. 


Small wonder the Soviets do not discard their thousands of “old” radars! 


How effective do you suppose some of their “old” transmitters on their “old” 
aircraft might be? 


What chance do you think SAC bombers would have against thousands of “old 


radar-directed gun sites and "obsolete" air defense missile sites? 


Could it be that even something like the old SA-1 could be startlingly effective? 
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Slide 097: Star Wars—The Final Frontier? 


But what of our advanced concepts, such as the strategic defense initiative? 
Here we show some of the expensive and complex components of that powerful 


system. 
‘We have ground-based radars, endoatmospheric interceptors, exoatmospheric 
interceptors, airbome sensors, space-based sensors, chemically propelled 
interceptors, electromagneticrail guns, particle beam weapons, highenergy 
lasers, etc. all tied together by a massive command and control system. This 
massive, expensive system is designed to detect and destroy missiles, including 
ICBMs, IRBMs, cruise missiles, SLBNs, etc. 
The systemdetects the missile launches and engages them from launch on in to 
theterminalphase. 


Massive systems. Electromagnetic marvels. Nuclear-pumped lasers of 
staggering power. Perhaps even x-ray and gamma ray lasers. Directed energy 
RF weapons. Stupendous railguns. Sensors everywhere. Giant webs of 

‘communicates. Banks of computers and control systems, 


‘And itstotally vulnerable to scalar EM interferometer weapons. Giant scalar 
EM"radars" cansimply sweepthroughall thatlikeascythethroughstanding 
hay. 


Asitstands, it's obsolete before its design is even finished. 
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It's obsolete to Soviet scalar EM weapons that are already deployed and 
‘operationally tested in place! 

Without scalar EM weapons and defenses, all our present weapons and concepts 
are deadly vulnerable. 


‘The war is over before it hardly gets started. I's not a war; i's more like a clay 
pigeon shoot. 


Understand, if orthodox science was all the Russians possessed, the Strategic 
Defense Initiative would be the way to go. 


But they do possess something else, and presently they have all the trump cards 
in the deck. 
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Slide 098: Comparison of EM Concepts (Chart) 
(On this slide and the three that follow, we show a compatison of some of the 
major characteristics ofthe three kinds of electromagnetics 


and the scalar EM 


‘We compare the classical, the quantum mechanical, 
(clectrogravitational) views of electromagnetics 


Notice the differences between the three in regards to vacuum spacetime, virtual 
substructure, force, whether or not force exists in vacuum, the effect of zero 
force fields, potentials, and what is to be regarded as causative agents. 
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Slide 099: Comparison of EM Concepts (Chart) 
Now note the differing views of charge conservation, action at a distance, scalar 
resonance, and whether inertia, gravity, and mass are electrical. 
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Slide 100: Comparison of EM Concepts (Chart) 
Continuing, note the differences in the views of charge, what relativistic effects 
‘ae due 10, whether or not one has hidden variables and whether they are 

enginerrable, how vector theory is applied toelectromagnetics, the nature ofthe 
EM wave in vacuum, and conservation of energy/mass. 


+ AHARONOV-BOHM EFFECT 
' VERIFIED 
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"2 NEED MACROSCOPIC COMERENGE 
' POTENTIAL WEAPON IMPLICATIONS 
"PROBABLE SOVIET WEAPONIZATION 


+60 8 ADDITIONAL ORDERS OF MAGNITUDE 
NEEDED 


Slide 101: Summary (1) 


Now we examine the three views for whether or not electro-gravitational waves, 
exist and what they interact with, the number of required spacetime dimensions 
the type of geometry. the nature of a zero-summed EM vector, local and distant 
relativity aspects, and whether or not the probability states propagated by the 
Schroedinger equation can be deterministically engineered, 


As can be seen from the last four slides, the three views are quite different, and 
the scalar EM view is drastically different 
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+ AHARONOV-BOHM EFFECT 
‘VERIFIED 
18 MESOSCOPIC SCALE (CENTIMETERS) 
"NEED MACROSCOPIC COHERENCE 
' POTENTIAL WEAPOW PLICATIONS 
' PROBABLE SOVIET WEAPORIZATION 


+6708 ADDITIONAL ORDERS OF MAGNITUDE 
NEEDED 


Slide 102: Summary (1) 
In summary, we can now state unequivocally thatthe Aharonov-Bohm effect 
has been’ conclusively proven at leas forthe mesoscopicscaleovera few 

thousand Angstroms, and possibly over a few centimeters. 

But inthese experimental proof; the “natural” type of potential has been used 

itis basically incoherent in its substructure, dooming the effect to stay small. 

By utilizing macroscopic EM force fields and waves to zero-sum and comprise 
attficial potentials, the coherence can be maintained over a macroscopic 
distance - even for hundreds of thousands of kilometers 

“The weapons implications -only some of which wehave se forthinthistreatise 

+ are mindboggling 
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SUMMARY (2) 


‘+ ZERO-VECTOR (SCALAR) EM SYSTEMS 
1 SCALAR EM WAVES 
1 KEY TO ELCTROGRAVIATION 


“DETECTORS 
' INTIAL DETECTORS DEVELOPED 
' NEED IMPROVED DETECTORS 


“INITIAL THEORY BEGUN 
+ PRELIMINARY EXPERIMENTS SUPPORT 


Slide 103: Summary (2) 
Zero-vector (scalar) EM systems are the key to scalar EM waves, which are 
actually clectrogravitaional waves 

Scalar wave detectors nave been developed and are being improved. Further 
improvement is needed. This development is limited only by Funds. 


‘The initial theory has been begun. More work is needed. Again, this 
development is limited only by funds. 


Preliminary experiments support the scalar EM concepts. 
Equipment can be designed and made to work electro-gravitationally. 


And it has been. 
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SUMMARY (3) 


+ INTERFERENCE PHENOMENA ARE KEY 
1 ACTION ATADISTANCE 
» EXOTHERMIC MODE 
‘5 ENDOTHERMIC MODE 
13.0 FOURIER EXPANSIONS (TRUNCATED) 
“EFFECTS IN/ON NUCLEUS 
+ NOT ENERGY TRANSMISSION THROUGH 
SPACE 


+ SHIELDING INEFFECTIVE 


Slide 104: Summary (3) 


Interference phenomena are key 


‘One canget action atadistance- even over hundreds of thousands of 
kilometers. 


‘One can engineer gravitational and inertial effects. 


(One can engineer the nucleus, including transmute it, easily and cheaply. One 
ccouldcleanupallthenuclearwastes. 


Electromagnetic energy can be produced at a distant target, or extracted from a 
distant target. 


‘This is is not energy transmission through space in the form of EM force fields. 


Instead, itis transmission through spacetime in the form of electrogravitational 
potentials. 


Conventional EMshieldingisineffectiveagai 


scalar EM. 


SUMMARY (4) 
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Slide 105: Summary (4) 
[Almost every weapon system we presently have - or are developing - is totaly 
vulnerable to scalar EM weaponry 


‘This includes personnel, electronics (including fuzing and warhead), explosives, 
propellants, fuels, ordnance, ships 

submarines, torpedoes, aircraft, helicopters, missiles, drones, rockets, tanks, 
armored vehicles, weapons carriers, self-propelled and towed artillery, 
communications, satellites, radars, command and control, directed energy 
‘weapon systems, surveillance and sensor systems, mines, artillery rounds and 
ammunition, nuclear warheads, ete 


‘We are in dire straits. We need a 
Now! 


‘Manhattan Project" of the highest priority 


‘The Soviets have already had the equivalent of seven or eight Manhattan 
Projects in this area 
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SOVIET DEFENSE AGAIAST MISSILES 


“In our country the problem of eliminating 
rockets in flight has been successfully solved 
by Soviet science and technology. 


It is interesting to note that the problem 
of anti-missile defense is far from being solved 
in the West.” 


soxotovskiv 


Slide 106: Soviet Defense Against Missiles 


Here is a significant statement by Sokolovskiy, contained in Military Strategy, 
3rd edition, 1968. 


‘Thisis not propaganda. The Soviets really do have an effective missile defense. 
Wedo not. At the present rate we're going, we may not have one in the year 
2000 - if we live that long. 


SURPRISE BY USING SECRET WEAPOKS 


each side secretly develops new means of warfare 
n order to employ them unexpectedly. History knows 

any examples how the employment of a new 
weapon initially gave considerable success because 
‘he enemy, caught unawares and not knowing the 
combat capabilities ofthis weapon, was for some 
‘me Incapable of effective counteraction.” 


eyo savKN 
THE BASIC PRINCIPLES OF OPERATIONAL 
ART NO TACT. 

Moscow, 1972 


Slide 107: Surprise by Using Secret Weapons 
‘The Soviets took to heart the lesson of our seeret development of the atomic 
bomb. Thrust suddenly upon a fanatical nation, the atomic bomb brought the 
empire of Japan to its knees. 

Other lesser examples - such as the impact of the German V-1 and V-2 missiles 
and jet fighter - also were not lost on the Soviets. 
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SOMETHING RUSSIA DOESHT WANT THE U.S. 10 KHOU 


“Of particular Importance Is basic research almed at 
discovering still unknown attributes of matter, 
phenomens, and the laws of nature, and developing 
new methods for thelr study and use to reinforce 
the state's defense capability.” 


conan: 

1 PORTION OFA BOOK BY MARSHALL GRICHKO 

1 DELETED FROM ENGLISH TRANSLATION, BY seaiC 
REQUEST OF THE US. 


Slide 108: Something Russia Doesn't Want the US. to Know 
But Marshall Grechko said it even plainer. 


He made it clear that the Soviet Union has actively searched for great technical 
breakthrough areas, particularly in discovering new laws of nature, unknown 
attributes of matter, and new phenomena, and developing their use for defense. 


He made it so clear that the Soviet Union formally requested the U.S. State 
Departmentto have deleted from its. English translation that portion of his book, 


‘That is a positive signature thatthe statement is exceedingly sensitive to the 
Soviets. In other words, it's a real tipoft. 


So of course the State Department leaned on the publisher and got that section 
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An electromagnetic field uses the photon as an elementary particle to transmit force. It combine: 


-Amagnetic field force resulting from the movement of loads /T. 
- An electric field force created by the attraction of rep! 


ion loads, measured in volts per meter - V/m. 
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The multiplication of wireless communications systems in our environment ensures sufficient microwave 
leakages to harvest from the ambiant and enough energy to convert into DC electricity. Electromagnetic fields a 
everywhere and since they carry energy, they became the best candidate to deliver an endless source of 
renewable energ 
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origin of the electromagnetism. 
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Using meta-materials combined with nanotechnology has deeply increased the performance and 
miniaturization of rectennas embedded in K3OPS system. Our products operate autonomously, offering 
an endless supply of green energy in a respectful and environment-friendly approach. 


htp:/aaww_k30ps.com/enfteambiography hil cry 


‘The Tom Bearden Website 


ADDITIONAL NOTES AND REFERENCES 


1, Nikola Tesla, "The Problem of Increasing Human Energy," Century magazine, June 1900, p. 208- 
209. In this article Tesla spoke of using standing waves to produce distant effects and locate objects 


Ss 
such as ships. At this point he was thinking of a scalar radar locator, something more advanced than 
even our radar today. It was also capable of producing electrical effects at any part of the globe. To 
quote: "Stationary waves... mean something more than telegraphy without wires to any distance... For 
instance, by their use we may produce at will, from a sending station, an electrical effect in any 
particular region of the globe; we may determine the relative position or course of a moving object, 
such as a vessel at sea, the distance traversed by the same, or its speed..." 


2. Nikola Tesla, "The True Wireless," Electrical Experimenter, May 1919, p. 87. 


3. T. E. Bearden, Comments on the New Tesla Electromagnetics: Part I: Discrepancies in Present EM. 


Theory, Tesla Book Co., 1580 Magnolia, Millbrae, CA 94030, 1982. 


4. T. E. Bearden, Toward a New Electromagnetics: Part III: Clarifying the Vector Concept, Tesla 
Book Co., 1580 Magnolia, Millbrae, CA 94030, 1983. 


5. T. E. Bearden, Toward a New Electromagnetics: Part 4: Vectors and Mechanisms Clarified, Tesla 
Book Co., Millbrae, California, 1983, p. 6, 39. 


6. T. E. Bearden, Solutions to Tesla's Secrets and the Soviet Tesla Weapons, Tesla Book company, 
1981 


7. T. E. Bearden, Tesla's Secrets and the Soviet Tesla Weapons, | hr. 40 min. videotape, Weather 
Engineering, POB 1472, Huntsville, AL 35807, 1981. 


8. T. E. Bearden, Soviet Weather Engineering Over North America, |-hr. videotape, Weather 
Engineering, POB 1472, Huntsville, AL 35807, 1985. 


9. T. E. Bearden, Star Wars Now! The Bohm-Aharonov Effect, Scalar Interferometry, and Soviet 
Weaponization, Tesla Book Co., 1984 


10. Stefan T. Possony, "The Tesla Connection," Defense & Foreign Affairs, Aug. 1984, p. 12-14, 27. 


11. Stefan T. Possony, "Psy-War: Soviet device experiment," Defense 

& Foreign Affairs Daily, 12(104), June 7, 1983, p. 1-2. Reports on Dr. Ross Adey's investigation of 
the Soviet LIDA device which is used to bombard human brains with radio waves in the 40 MHz 
region. Also reports on work by A. S. Davydov of the Ukrainian Academy of Sciences, who 
discovered how the blood-brain barrier can be penetrated by low-frequency radio waves so that brain 
cells are affected. 
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12. Fritz Albert Popp, "Photon storage in biological systems," in Electromagnetic Bioinformation: 
Proceedings of the Symposium, Marburg, Sep. 5, 1977. Edited by Fritz Albert Popp et al, Munchen, 
Wien, and Baltimore, 1979, p. 123-149. Dr. Popp has discovered, both theoretically and 
experimentally, that mitogenetic radiation from cells can be seen as a sort of "waste" from a virtual 
electromagnetic field with a high coherence. This field has a tendency to become stationary over the 
whole organism. In addition, it includes the storage of "virtual" coherent photons. (In other words, 
there is a master EM field with high coherence, stationary over the whole body. This is the cells' 
master control system. Storage of virtual photons -- i.e., scalar signals -- occurs in this field.). 


13. To gain an appreciation of the Aharonov-Bohm effect, see Y. Aharonov and D. Bohm, 
"Significance of Electromagnetic Potentials in the Quantum Theory," Physical Review, Second 
Series, 115(3), Aug. 1, 1959, p. 485-491. For an exhaustive discussion of the Aharonov-Bohm effect 
and a large number of references, see S. Olariu and I. Iovitzu Popescu, "The quantum effects of 
electromagnetic fluxes,” Reviews of Modern Physics, 57(2), April 1985. See also Bertram 
Schwarzschild, "Currents in normal-metal rings exhibit Aharonov-Bohm effect," Physics Today, 39 
(1), Jan. 1986, p. 17-20. 


14, For details of the mysterious explosions of six major Soviet missile ammunition storage sites in 
seven months, see photograph, Jane's Defence Weekly, 2(3), July 28, 1984, p. 92; see also Mark 
Daly, "Goa and Goblet SAMs in Severomorsk explosion,” Jane's Defence Weekly, 2(6), Aug. 18, 
1984, p. 224; Derek Wood, "Soviets' northern fleet disabled... 'not viable’ for six months,” Jane's 
Defence Weekly, 2(1), July 14, 1984, p.3; Derek Wood, "Six explosions in the past seven months," 
Jane's Defence Weekly, 2(1), July 14, 1984, p. 3; John Moore, "The aftermath of Severomorsk," 
Jane's Defence Weekly, 2(6), Aug. 18, 1984, p. 224. 


15. For details of the mysterious, instant deaths in Afghanistan, see Yossef Bodansky, "Soviets 
testing chemical agents in Afghanistan," Jane's Defence Weekly, 1(13), Apr. 7, 1984, p. 508. 


16. For details of the Enhanced-V cloud signature of severe weather, see Gary Ellrod, "Dramatic 
examples of thunderstorm top warming related to downbursts," National Weather Digest, 10(2), May 
1985, p. 7-13; T. J. Fujita, "Manual or Downburst Identification for Project Nimrod," SMRP_ 
Research Paper No.156, University of Chicago, 1978; D. W.McCann, ., The Enhanced-V: A Satellite 
Observable Severe Storm Signature," Monthly Weather Review, 111, 1978, p. 887-894. 


17. For a good discussion of the modern view of the vacuum, see 
LJ.R. Aitchison, "Nothing's plenty: The vacuum in modern quantum field theory," Contemporary 
Physics, 26(4), 1985, p. 333-391. 


18. For a discussion of the ring interferometer experiments related to quantum and gravitational 
effects, see G.E. Stedman, "Ring interferometric tests of cl: and quantum gravity,” 
Contemporary Physics, 26(4), 1985, p. 311-332. 


19. For information on self-induced transparency with pulsated light, see E. L. Hahn, Scientif 
American, June 1967. This is a scalar EM effect. The phenomenon is observed only in insulators, not 
in conducting materials. A dielectric tends to stop the flow of electrons, thus stopping the bleed-off of 
the Kaluza-Klein 5-potential as EM force fields. Thus through the insulator or dielectric, an 
electrogravitational pulse is transmitted. When this pulse emerges from the other side of the 
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dielectric, then electrons are free to move again and form ordinary EM fields, resulting in resumed 
EM bleed-off of the KK (Kaluza-Klein) 5-potential. Thus ordinary photons strike the dielectric, 
changing into electrogravitational waves which transit the opaque dielectric, and these EG waves 
transform back to EM waves on the far side of the dielectric. Advanced scalar EM application of this 
effect can make an object optically invisible. 


20. For a lucid and profound presentation of the entire subject of elementary particle physics and 
quantum field theory, see T. D. Lee, Particle physics and introduction to field theory, Harwood 
Academic Publishers, New York, 1967. Subjects covered include those at the forefront of current 
research. Chapter 16, "Vacuum as the source of asymmetry," is particularly important. Here Lee 
concisely covers the idea of degenerate vacuum states, vacuum structuring, and vacuum effects 
causing symmetry breaking (violation of conservation laws). An excellent coverage of asymmetries 
and observables is given on p.181-188. For example, whenever symmetry is spontaneously broken, a 
nonobservable (virtual entity) has become observable. Thus there exist mechanisms for the direct 
translation between virtual and observable states, 

Most engineers are unaware that physics has already rigorously proven (both theoretically and 
experimentally } that conservation of energy can be physically violated, even by excitation of the 
vacuum. 

However, in the present assumption of a randomized virtual microstructure of a vacuum 
potential, these broken symmetry effects are individually confined to very small microlevels. For 
example, on p. 383, Lee points out that the microscopic structure of the scalar vacuum field (i.e., of 
vacuum charge or "potential") is not utilized. 

This of course is reasonable if all vacuum potentials used in particle physics are treated as. 
having a randomized microstructure of virtual particle flux vectors. Since any appreciable directional 
coherence in such a randomized microstructure could persist only over extremely tiny distances, then 
the microstructure of vacuum degenerate states has negligible local effects in ordinary macroscopic 
systems. 

In other words, these conservation violation effects would be very difficult to coherently capture 
and utilize to provide "free energy, emerging from the vacuum." 

The randomized momentary coherences, however, are responsible for the violent 
microfluctuations of the EM fields, well-known in classical electrodynamics. An approach such as 
taken by Yater or Moray would be necessary to achieve a vacuum energy tap under such conditions. 
To achieve usable macroeffects, a very large collection of charge or magnetic material, etc. would be 
required before the probability of usable coherences would become sufficiently large. Therefore this 
area is neglected in practical physics and engineering. 

However, this is precisely where scalar EM is lost in conventional theory and engineering 
practice. In scalar EM, the coupling together of macroscopic EM force field vectors into a summed 
zero system means that the vacuum potential's microstructure is now macroscopically ordered by that 
system. Further, it is sustained during translation through space. In such case, one has produced 
directional gravitational potential gradients that have macroscopic range and form. Further, by 
coherently varying the amplitude of the individual components of the zero vector system, a 
gravitational wave -- a controlled oscillation of the degenerate states or vacuum -- is produced. By 
processing the EM components, this gravitational wave can be narrowed, formed into a beam, and 
projected. Two such beams can be interfered, even at a great distance, producing G-interference and 
causing EM effects to emerge in the distant interference zone. Thus scalar EM profoundly affects 
quantum mechanics, quantum field theory, particle physics, general relativity, and electromagnetics. 
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21. For some strong and pertinent critique of present scientific bias, see Ruggero Maria Santilli, 
Ethical probe on Einstein's followers in the U.S.. n insider's view, Alpha Publishing, POB 82, 
Newtonville, MA 02160. Santilli is a highly published physicist and the editor of a refereed scientific 
journal, the Hadronic Journal. After lengthy attempts to correct injustices within the Scientific 
system, to no avail, he finally has gone public with his specific charges. Santilli references senior 
Russian physicist G. Yu. Bogoslovsky, whose 1984 paper "Generalization of Einstein's relativity 
theory for the anisotropic spacetime,” whose research would have been impossible in the U.S. 
Quoting Santilli: "He would have been discredited, humiliated, and chased out of these institutions 
[Harvard, M.LT., and Yale] beyond any reasonable doubt by ample documentation on similar cases." 
Again to quote Santilli: "Papers bearing the title of 'Generalization of Einstein's relativity’ are 
routinely permitted with human dignity at Moscow University in the U.S.S.R., but they are absolutely 
inconceivable today at the departments of physics of Harvard University, of the Massachusetts 
Institute of Technology, of Yale University and of other similar institutions in the U.S.A., as 
numerous senior scientists would readily testify." 

You see, dear reader, there has been a deep scientific conspiracy in the U.S. to prevent an 
change in the severe restrictions placed on general relativity by Einstein. This has reduced GR to a 
sort of "special relativity, with only distant perturbations." Specifically, it has excluded scalar 
electromagnetics and branded as heresy the inconceivable idea that general relativity could be local, 

\d engineerable. 

Now you know why the Soviets have been able to develop these monstrous weapons for over 
three decades while our scientists slept at the wheel. Scientific arrogance and pride has been our 
greatest enemy. 

See also Bryan G. Wallace, "The great speed of light in space coverup," Scientific Ethics, 1(1), 
Feb. 1985, p. 2-3; "Radar testing of the relative velocity of light in space,” Spectrosc. Lett. 2, 1969, p. 
361; Wallace, "Letter to the editor," Physics Today, 36(1), 1983, p. 11; "Letter to the editor," Physics 
Today, 37(6), 1984, p. 15. See MLE. Ash et al, Astron. J., 72, 1967, p. 72. Direct experiments on 
Einstei cond postulate, in the 1961 interplanetary radar contact with Venus, challenge whether 
relativity is correct. Variations of over 30,000% of the best possible general relativity fit the MIT 
Lincoln Lab could generate were measured. The variations were not random but contained diurnal, 
lunar, and synodic periodic components. See also Bryan G. Wallace, Spectrosc. Lett. 4, 1971, p. 79 
for an analysis of published 1961 data on the interplanetary radar contact with Venus that concludes 
that the data showed a component that was relativistic in the Galilean c+v sense. See also Wallace, 
"The Unified Quantum electrodynamic ether," Foundations of Physics, 3, 1973, p. 381. which details 
Measurements strongly challenging the Einstein assumption of the constant velocity of light, and 
deals with the nature of the ether. See also Thomas E. Phipps, Jr., "Critique of accepted theories of 
special relativity and electromagnetism," Scientific Ethics, 1(2), Apr. 1985, p. 17-23. 


22. For a sample of Soviet scientific freedom from narrow-minded bias in general relativity, see V. I. 
Denisov and A. A. Logunov, "The inertial mass defined in the general theory of relativity has no 
physical meaning,” Teor. i Matemat. Fizika, 51(2), May 1982, p. 163-170 (In Russian). See also A. 
A. Vlassov and V. I. Denisov, "Einstein's formula for gravitational radiation is not a consequence of 
the general theory of relativity,” Teor izika, 53(3), Dec. 1982, p. 406-418. Here we find 
that the intensity of gravitational r: intensity determined in the general theory of 
relativity in accordance with Einstein's formulas depend on the choice of the coordinate system, so 
that they can be made to vanish or even become negative. [Note by T.E.B.: If local curvature is 
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engineerable, as in scalar EM, the local choice of coordinate systems can itself be directly 
engineered. This clearly implies that scalar EM can thus produce either "positive" intensity radiation 
or "negative" intensity radiation; thus it can "produce energy at a distance" or "extract energy from a 
distance.] 

Continuing with Denisov: This result is a particular consequence of the general assertion to the effect 
that in general relativity there are no energy-momentum conservation laws for a system consisting of 
matter and the gravitational field. [Note by T.E.B.: Thus we can have an energy source or energy sink 
appear in the distant interference region, where matter has been lifted from the Dirac sea and 
exposed to the highly nonlinear interfering EG fields.]. See also V. I. Denisov and A. A. Logunov, 
"New theory of spacetime and gravitation, "Teor. and Matemat. Fizika, 50(1), July 1982, p. 3-76. 
Points out that"... the gravitational field in general relativity is completely different from other 

ph fields and is not a field in the spirit of Faraday and Maxwell." (p. 3, English version). 


23. In the Proceedings of the Tesla Centennial Symposium, an IEEE Centennial Activity, Colorado 
College, Colorado Springs, Colorado, Aug. 9-11, 1984, see Richard A. Blade, "Modification of 
Maxwell's equations in free space to account for nonzero photon mass and scalar electromagnetic 
waves," p. 91-92; Jack Y. Dea, "Scalar fields: their prediction from classical electromagnetism and 
interpretation from quantum mechanics," p. 94-98; Robert W. Bass, stained non-Hertzian 
longitudinal wave lations as rigorous solutions of Maxwell's equations of electromagnetic 
radiation," p. 89-90; T. E. Bearden, "Tesla's electromagnetics and its Soviet weaponization,” p. 119- 
138. 


elf-s 


24. To see the limiting assumptions imposed on general relativity that results in the severely 
restricted "ordinary general relativity" taught in almost all Western universities. see Charles W. 
Misner, Kip S. Thorne and John Archibald Wheeler, Gravitation, W. H. Freeman and Co., San 
Francisco, CA, 1973, p. 19-21, 71-72, 367-369. Among other things, these arbitrary restrictions save 
the conservation laws. When they are removed. the conservation laws can be violated. 


25. Several anomalous events -- skyquakes, booms, or earthquakes -- have been documented in 
Europe. See H. W. Haak. "The Seismic event of November 9, 1983: Earthquake or sonic boom." 
Seismic Activity in Western Europe, (With particular consideration of the Liege Earthquake of 
November 8, 1983), Ed. by Paul Melchior, D. Reidel Publishing Co., 1985, p. 215-222. For such 
events in the United States, see S. Claflin-Chalton and G. J. MacDonald, "Sound and light 
phenomena,” The Mitre Corporation, McLean, Virginia 22102, Nov. 1978. 


26. Fundamental experiments were performed by Eotvos et al. in the early 1920s. See R.V. Eotvos, 
D. Pekar and E. Fekete, Ann. Phys. (Leipzig) 68, 1922, p. 11. Actually a fifth force of nature due to 
hypercharge may have been found by these experiments. See Ephraim Fischbach et al. "Reanalysis of 
the Eotvos experiment," Physical Review Letters, 56(1), Jan. 6, 1986, p. 3-6. See also F. D. Stacey 
and G. J. Tuck, Nature 292, 230 (1981); S. C. Holding and G. J. Tuck, Nature 307, 714 (1984); G. W. 
Gibbons and B. F. Whiting, Nature 291, 636 (1981); F. D. Stacey, in Sci Underground, edited 
by M. M. Nieto et al., AIP Conference proceedings No. 96, (American Institute of Physics, New 
York, 1983, p. 285. See also S. H. Aronson et al, Physical Review Letters 48, 1982, p.1306; Physical 
Review D 28, 1983, p. 476, 495. Also, comparison of satellite and terrestrial determinations of the 
gravitational field constant reveals significant disagreement: see R. H. Rapp, Geophys. Res. Lett. 7, 
1974, p. 35; Bull. Geod. 51, 1977, p. 301. 
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27. John J. A. O'Neill. "Tesla cosmic ray motor may transmit power ‘round the earth: Famed scientist, 
on eve of 76th birthday, says he has succeeded in harnessing ‘penetrating rays’ to operate small 
motive device." Brooklyn Eagle, July 10,1932. Tesla reported he had harnessed "cosmic rays" and 
sed them to operate a small motive device. Tesl: se of "cosmic rays,” however, encompassed 
scalar EM radiation. Tesla later seems to have progressed to a simpler motive unit. In the Kansas 
City Journal-Post, Sep. 10, 1933, he stated: My power generator will be of the simplest kind -- just a 
big mass of steel, copper and aluminum, comprising a stationary and rotating part, peculiarly 
assembled.” A similar type of "gravitational turbine" seems to have been invented by John Bedini. 


28. To see just how arbitrary and postulational are present "definitions" of mass and force, see Robert 
Bruce Lindsay and Henry Margenau, Foundations of Physics, Dover Publications, New York, 1963, 
p. 283-287. Note on p. 283 that a "field of force” at any point is actually defined only for the case 
when a unit mass is present at that point. Also see Richard P. Feynman, Robert B. Leighton, and 
Matthew Sands, The Feynman Lectures on Physics, Addison-Wesley, New York, Vol. 1, 1963, p. 2-4 
for a definition of the electric field in the context of its potentiality for producing a force. This 
problem did not exist for the original foundation of electromagnetic force fields in vacuum, since the 
vacuum was assumed to be a material ether. With the modern view a nonmaterial ether has emerged, 
yet the classical electromagnetic theory has not been made sufficiently rigorous in distinguishing 
“observable” and "virtual" electromagnetic force fields. 


29. E. P. Battey-Pratt and T. J. Racey, "Geometric Model for Fundamental Particles,” International 
Journal of Physics, Vol. 19, No. 6, 1980, p. 437-475. 


30. Some years ago, Dr. William Tiller produced very important "free A-field" theoretical work 
which showed waves which did not fall off as 1/2. Interesting theoretical work in scalar wave theory 
has also been advanced by Dea. See Jack Dea, "Fundamental Fields and Phase Information," 
presented at the 1985 U.S. Psychotronics Association Conference, Bergamo Center, Dayton, Ohio, 
July 1985. Dea has formulated an important theory for vacuum EM scalar waves, derived from 
Maxwell's equations with zero E and B fields. He predicts waves whose intensity falls off with 
distance as I/r instead of 1/r?, and detection of these waves by various means. He shows simple 
generators for the waves. Detection is quantum mechanically by electron interference, not by single 
electrons. Thus such scalar waves will pass through normal Faraday shields. In his theory Dea does 
not address the question of spin vortexes in vacuum scalar waves. It is the present author's view that 
all vacuum waves are scalar waves, and the primary distinction between the "transverse" EM wave 
and the longitudinal scalar wave is simply the presence or absence of spin-vortexes. Indeed, one may 
argue that the present "vector wave" EM theory can be replaced by a scalar wave theory. In 1903 
Whittaker proved that any vector field can be replaced by two scalar fields, See E. T. Whittaker, 
Proc. Lond. Math. Soc.1, 367, 1903. By implication, since a vector wave is simply a moving vector 
field, it can be replaced by two moving scalar fields. 


31. David Jon 


Israel's Secret Weapon," Weekend Magazine, Dec.17, 1977. 


32. John Hutchinson, private communication. Masses of wood, metal, etc. -- some weighing over 60 
Ibs. -- have been levitated by Hutchinson. 


33. For a description and details of the April 9, 1984 incident off Japan, see Daniel A. Walker, 
Charles S. McCreery, and Fermin J. Oliveira, "Kaitoku Seamount and the Mystery Cloud of 9 April 
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1984," Science, 227(4684), Feb. 8, 1985, p. 607-611. See also transcription from Japan Airlines flight 
036 to Anchorage International Flight Service, 9 April 1984, at 1406 Greenwich mean time, Federal 
Aviation Administration (FAA) — Alaska Region; Jim Derry, Special Agent, FAA-Alaska Region, 
interviews with Captain C.H. McDade, Japan Airlines Flight 036, with Captain Comelis Vander 
Berg, KLM Royal Dutch Airlines Flight 868; with First Officer Reint Sol, KLM Royal Dutch 
Airlines Flight 868, and with Captain Mike Howe, Flying Tiger Lines Flight 078, Anchorage Daily 
News, 10 April 1984, p. A-l; Anchorage Daily News, 12 April 1984, p. A-I; Honolulu Advertiser, 10 
April 1984, p. B-I; Newsweek, 30 April 1984, p. 25, Gregg Ripee, "Mushroom cloud sighted off 
Japan," Los Angeles Daily News, 11 April 1984, p. 1,8; Ross Gelbspan, "Mystery cloud baffles 
scientists,” Boston Sunday Globe, 13 Jan. 1985, p. 1, 14; T.E. Bearden, Soviet Weather Engineering 
Over North America, I-hr. videotape, 1985. See also McKenna, Daniel L. & Daniel Walker,"Mystery 
Cloud: Additional Observations", Science, 234(4775), Oct. 24, 1986, p. 412-413. 


34, For a description of the April 11, 1963 anomalous underwater explosion north of Puerto Rico, see 
Robert J. Durant, "An Underwater Explosion — or What?", Pursuit, 5(2), April 1972, p. 30-31. 


35. For details of the loss of the U.S.S. Thresher and the interference experienced by the U.S.S. 
Skylark, see John Bentley, The Thresher Disaster, Doubleday, Garden City, N. Y., 1975, particularly 
p. 164. Some of the communications systems of the Skylark experienced temporary failure, but were 
not disabled, later resuming operation. 


36. The Soviet Union has a well-established history of interfering with and destroying aircraft; for 
example, for a listing see "Soviet and Warsaw Pact air incidents,” Jane's Defence Weekly, 3(2), Jan. 
12, 1985, p. 58. 


37. For details of the anomalous "nuclear flashes" detected by U.S. Vela satellites, see "Scientists Fail 
to Solve Vela mystery,” nce, 207, | Feb. 1980, p. 504-506. "Satellite Evidence Shows 
‘possibility’ of Nuclear Test, DOD Says," Aerospace Daily, Oct. 29, 1979, p. 286. "A Flash of Light," 
Newsweek, Nov. 5, 1979, p. 64-65. "Was It a Nuclear Device?", Newsweek, July 21, 1980, p. 19. 
“Diverging Views," Washington Roundup, Aviation Week & Space Technology, July 21, 1980, p. 
15. Philip J. Klass, "Clandestine Nuclear Test Doubted," Aviation Week & Space Technology, Aug. 
11, 1980, p. 67, 69, 71-72. "Debate continues on the Bomb That Wasn't,” Science, 209, | Aug. 1980, 
p. 572-573. "Navy Lab Concludes the Vela Saw a Bomb," Science, 209, 29 Aug. 1980, p. 996-997. 
See also Jack Anderson and Dale Van Atta, United Press Syndicate, "CIA knew South African-Israeli 
nuclear test was coming," Birmingham Post-Herald, Apr. 26, 1985, p. AS. The latter article repeats 
the CIA/DIA argument that the Vela incidents represent concurrent South African-Israeli testing of 
atomic weapons. Taiwan is considered a possible third partner. According to Anderson and Van Atta, 
a South African navy contingent was "in the area" at the time of the 1979 Vela detection, and Israel 
and South Africa were cooperating on an atomic bomb project as early as 1966. Apparently U.S. 
announcement of an impending South African atomic test in the Kalahari Desert in 1977 led to such 
an outcry that the test was suspended. Anderson and Van Atta cite succeeding visits to South Africa 
by Israeli scientists, technicians, and defense officials. However, since the actual Vela detections 
showed some deviations from what would be expected from nuclear tests, one can speculate that 
Anderson and Van Atta have presented evidence for the development of scalar electromagnetic 
weapons by two additional countries. One may further speculate that this could reveal what has been 
checking the Soviets from simply moving against the West with scalar electromagnetic weapons. 
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Indeed, the mysterious destruction of six major Soviet missile ammunition storage areas within the 
space of seven months could have been a preemptive measure and warning to the Soviets if they had 
actually been considering moving against the West. Also, other incidents reported in the South 
Atlantic may possibly be associated with the program producing the "Vela flashes." For example, see 
N.W.C. Rutherford, "Unidentified Phenomena," Marine Observer, 51, 1981, p. 186 for a description 
of a great bluish-white flash and small bolt of lightning, indicating some sort of anomalous electrical 
discharge, on Dec. 23, 1980 at 2245 hours (10:45 p.m.). Many other anomalous flashes for which no 
known causative mechanism exists have been detected by satellites. For example, the OSO-2 and 
OSO-5 satellites have detected about one mysterious short (less than 0.1 sec) flash about every ten 
orbits, at times when the fields of view of the telescopes were well above the earth. As many as three 
of the satellite's photometers have detected a flash simultaneously. These flashes must be removed 
from any discussion of satellite-observed lightning; see J. G. Sparrow and E. P. Ney, "Lightning 
Observations by Satellite," Nature, 232, 1971, p. 540. 


38. For a description of sightings of enormous glowing globes of light deep within the Soviet Union 
in the direction of Saryshagan, see Gwynne Roberts, "Witness to a Super Weapon?", The Sunday 
Times, London, England, Aug. 17, 1980. Several incidents were observed by Downie and others. 


39. For an artist's conception of a directed energy weapon installation at Saryshagan, see Aviation 
Week & Space Technology, July 28, 1980, p. 48. For a DOD sketch, see Soviet Military Power, 
1985. Obviously classically-trained U.S. military analysts, with no knowledge of scalar 
interferometry, have not considered the installation as a candidate hyperspatial howitzer. 


40. For a description of multiple pilot sighting (from Iran) of an enormous glowing globe of light 
deep within the Soviet Union, see Central Intelligence Agency (CIA) Information Report No. CO-B- 
321/15354-66, "Sighting of Unusual Phenomenon on Horizon Near Iranian/USSR Border," Sep. 8, 
1966, released on 15 Dec. 1978 under the Freedom of Information Act (FOIA). The sighting occurred 
at 2142 hours (9:42 p.m.). 


41. For details of sighting of the intensely glowing ball of light near British European Airways flight 
831 between Moscow and London, see CIA Foreign Intelligence Information Report CO-B- 
324/33601-76, "Aerial observation of intense Source of Light," Nov. 18, 1976, released on 15 Dec. 
1978 under the FOIA. The incident occurred between 1800 and 1900 hours (6:00-7:00 p.m.). The 
light was observed for 10-15 minutes, until the aircraft had flown past and left the light behind. 


42. For other examples of pertinent light phenomena: F. S. Angus and G. Carling, "Optical 
Phenomenon: Caribbean Sea; Western North Atlantic," Marine Observer, 40, Jan. 1970, p. 17-18; R. 
A. Holmes, "Unidentified Phenomenon, off Barbados, West Indies," Marine Observer, 40(229), July 
1970, p. 107-108; H. K. Dyer, "Unidentified Phenomenon: Western North Atlantic," Marine 
Observer, 43, July 1973, p.114. For a 1961 double concentric hemispheric shape observed in the 
Indian Ocean, see Marine Observer, 32, 1962, p. 64. For a particularly significant combination of 
forms, see Marine Observer, "Unidentified Phenomenon," 48, 1978, p. 21-22. Also, on the night of 
July 26, 1984 the pilot and crew of a Boeing 747 (American carrier) flying from Tokyo to Fairbanks, 
near the Kuriel Islands, at 47 5'44" N: 161 00'05" E, noticed a slowly expanding hemisphere of white 
light off to their left above the horizon. The shell of light continued to expand over a 10-minute 
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period until ahead of them and to the right. The crew braced for a shock wave which never arrived. 
Their weather radar saw nothing out of the ordinary. The shell of light had sharp edges and was semi- 
transparent so that stars became visible through it. (Richard F. Haines, private communication, Sept. 
27, 1984). See also Richard Hall, "Aerial anomalies at sea," The Info Journal, 4(3), May 1975, p. 6-9 
for an unusual light phenomenon seen in the Caribbean by the R.M.S. Carmania (British). The 
phenomenon occurred four times at precise hourly intervals, strongly suggesting an artificial origin. 
See also F. Shepherd, "Cloud: Strait of Gibraltar," Marine Observer, 51(273), July 1981, p. 107-108 
for an incident of associated cloud, arch, and anomalous pressure effects. For another significant 
airline sighting by Japan Airlines flights 403 and 421 of a giant, expanding globe of light on June 18, 
1982, in the North Pacific, 100 km. east of Kushiro, see the Asahi Evening News, Tokyo, Japan, June 
22, 1982. For additional evidence that nomadic tribesmen passing through Kazakhstan repeatedly 
observe such gigantic light phenomena in close association with Saryshagan missile test range, and 
that Soviet deception planners foster the notion of "UFO activity" as a Red Herring, see Robert 
Jackson, "KGB takes to the flying saucers!", Northern Echo, Darlington, England, March 15, 1984. 


43. For details of Khrushchev's announcement of a Soviet superweapon, see Max Frankel, 
"Khrushchev Says Soviet Will Cut Forces a Third; Sees ‘Fantastic Weapon", New York Times, Jan. 
15, 1960, p. 1. 


44. See Christopher S. Wiren, "Brezhnev Calls for Accord against ‘Terrifying Arms," New York 
Times, June 14, 1975, p. 1, 11. Ina major Kremlin speech on June 13, 1975, Leonid I. Brezhnev 
included a statement that one major concern not covered by existing agreements was "assuming ever 
greater urgency with each passing day." Calling for a ban on new weapons of mass destruction, the 
Soviet leader stated: "The level of modern technology is such that a serious danger arises of creating 
weapons more terrifying than nuclear ones." He stated, "The reason and conscience of humanity 
dictate the necessity of erecting an insurmountable barrier to the development of such weapons." See 
also Malcolm W. Browne, "Senatorial Group Received by Brezhnev," New York Times, July 3, 
1975, p. 2. Leonid Brezhnev repeated his proposal to a group of U.S. senators on July 2, stating that 
the capability to develop more terrible weapons was obvious. He emphasized, however, that he "had 
no particular weapon in mind." Here he may have been deliberately misleading the U.S. senators, to 
prevent revealing that the Soviet Union had already developed such weapons, and was horrified at 
their potential for total destruction. E.g., if massive and rapid scalar explosions occur, the linearity of 
spacetime -- and the orderly flow of time itself -- may be seriously perturbed throughout the earth and 
its adjacent space. From a general relativistic viewpoint, such an event might well prove catastrophic 
for the entire biosphere. Boris N. Ponomarev, a Soviet national party secretary, again raised the same 
issue to a delegation of visiting U.S. congressmen in the Kremlin on Aug. 11, 1975; see Christopher 
S. Wren, "Moscow Now Pressing Disarmament.” New York Times, Aug. 12, 1975, p. 6. At the 
United Nation's thirtieth session of the General Assembly on Sept. 23, 1975, Foreign minister Andrei 
A. Gromyko strongly raised the same issue, warning that science can produce "ominous" new 
weapons of mass destruction. He urged that all countries, led first by the major powers, should sign 
an agreement to ban the development of these unspecified new weapons. He even offered a draft, 
entitled "Prohibition of the Development and Manufacture of New Types of Weapons of Mass 
Annihilation and of New Systems of Such Weapons." The first article provided that the types of these 
new weapons would be "specified through negotiations on the subject." Because of its fixation on 
nuclear weapons, the West may have lost its only opportunity to prevent the spread of scalar 
electromagnetic weapons of power unprecedented even by nuclear arms. Of course, it may also have 
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been a Soviet ploy to prohibit the U.S. from developing scalar electromagnetics defensive weaponry 
to counter the massive strategic scalar electromagnetics weapons already developed, tested, and 
deployed by the Soviet Union. Certainly in 1973 at a secret meeting in Prague with European 
communist leaders, Brezhnev had laid out a firm statement of Soviet domination of the world by 
1985. See "Secret Speech: Did Brezhnev Come Clean?", National Review, 29(8), Mar. 4, 1977, p. 
248, 250. Brezhnev's speech contained statements such as: "We are achieving with detente what our 
predecessors have been unable to achieve using the mailed fist...come 1985 we will be able to extend 
our will wherever we need to." Brezhnev stated the Soviet Union would control the oceans of the 
world, 90% of the land, and the air and space above. A front-page Boston Globe article on Feb. 11, 
1975 was the first to carry the story. A copy of Brezhnev's secret speech was obtained by British 
intelligence in 1973, but denigrated by Secretary of State Kissinger. Apparently the first official U.S. 
reference to Brezhnev's startling speech did not appear until the 1976 National Intelligence Estimate. 
Although the big intelligence bureaucracies can do a fantastic job with “current intelligence," their 
record at predicting a drastic change is woeful, precisely because of the political nature of 
bureaucracies. See "What is Intelligence," Colonel William V. Kennedy et all, Intelligence Warfare: 
Penetrating the Secret World of Today's Advanced Technology Conflict, with an introduction by Dr. 
Ray S. Cline, Crescent Books, New York, 1983, p. 8-23. Intelligence Warfare is heartily 
recommended as the single book which best gives the reader a grasp of modern technical intelligence 
organizations, capabilities, and operations. 


45. For details of Soviet weather engineering operations over the U.S., see Thomas E. Bearden, 
"USSR: New beam energy possible?", Defense & Foreign Affairs Daily, 13(111), June 12, 1984, p. I- 
2. Cloud signature patterns reported in the article have been repeatedly sighted over multiple areas in 
the U.S. A series of anomalous “hole in the cloud" patterns, possibly associated with early Soviet 
weather engineering efforts over the U.S., was widely seen in 1967-68. See Weatherwise, 21(4), Aug. 
1968, cover and p. 143; 21(5), Oct. 1968, p. 194-195, 204-205; 21(6), Dec. 1968, p. 238-245. 
Peculiar stationary blocking patterns have also been observed to occur and influence weather over the 
USS., leading to severities such as the winter of 1976-77. See K. K. Tung and R. S. Lindzen, "A 
theory of stationary long waves, Part 1, A simple theory of blocking; Part 2: Resonant Rossby waves 
in the presence of realistic vertical shears; Part 3, Quasi-normal modes in a singular waveguide," 
Monthly Weather Review, 107(6), June 1979, p. 714-774. See also T. E. Bearden, Soviet Weather 
Engineering Over North America, videotape, 1985 for an expose or the physics and some major 
incidents of major Soviet weather engineering, including details and photographs of cloud signature 
patterns. See also C. B. Baker, "Soviet Weather Mayhem,” Youth Action News, Nov. 1983, P.O.B. 
312, Alexandria, Virginia 22313, p. 1-8; C. B. Baker, "Diabolic Soviet Warfare," Youth Action 
News, Nov. 1984; For a conventional Soviet look at weather modification (possibly intended to 
mislead the West), see E. T. Protasevich, "Microwave weather modification, viet Techni 

Physics Letters, 7(3), March 1981, p. 114-115. For a downburst mechanism, see Gary Ellrod, 
“Dramatic examples of thunderstorm top warming related to downbursts," National Weather Digest, 
10(2) May 1985, p. 7-13. See Art and Kay Westermann, Weather War — Worldwide, Liberty Bell 
Books, POB 288, Sedona, Arizona 86336, 1983. See also U.S. Senate Resolution on Environmental 
warfare, July 11, 1973. 


46. For details of the Soviet Woodpecker beams bending around the earth and intersecting over the U. 
S., see Christopher Chant and Ian Hogg, Nuclear War in the 1980's?, Harper & Row, New York, 
1983, p. 71. See also Soviet Military Power, U.S. Department of Defense, 1985, p. 45. The 
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intersection forms an interference grid. Scalar EM channels added to the Woodpecker carriers then 
provide a corresponding scalar EM interference grid in the scalar area. 


When adjusting the scalar interferometry components of the grid, bursts in the interference and 
discharges of energy as well as bursts of energy extractions occur. This leads to the production of 
anomalous aerial phenomena such as explosions, rumblings, airquakes, etc. In addition, direct Bohm- 
Aharonov forces may be engendered in ground structures, shaking buildings and windows, etc. 
without seismic disturbances. Such anomalous disturbances have been widely noted in the open U.S. 
press. E.g., particularly see Kenneth F. Bunting and Daniel M. Weintraub, "Mysterious Rumbles Jar 
Southland," Los Angeles Times, Dec. 8, 1984, CC(ID, p. 1,10; Let Scarr, "People shook up over 
mystery shakes,” The San Diego Union, Dec. 8, 1984, p. BI, 4. Following this and a Dec. series of 
anomalous aerial disturbances off the Los Angeles/San Diego coast, a sharp and unexpected weather 
front appeared, racking the area with high winds on the night of Dec. 12, producing widespread 
damage and power outages. The newly-formed front moved on to produce significant snowstorms in 
other areas. See Ted Thackery, Jr., "Winds Kill Two, Wreak Havoc as They Sweep Through the 
Southland," Los Angeles Times, Dec. 14, 1984, MF/Part II, p. 1,8; "Even Tucson gets snow in storm 
that dumps 20 inches," AP release, Los Angeles Herald Examiner, Dec. 14, 1984, p. A-12. During 
several months prior to the December 1984 Los Angeles incident, anomalous electrical failures and 
‘outages had occurred in the San Diego and Southern California area, possibly due to scalar 
interferometry adjustments in the Woodpecker grid over the area. For other typical incidents possibly 
associated with adjustment of the interference grid, see "Who boomed? Odd Noise unnerves 
Ohioans," Journal, Milwaukee, Wisconsin, Dec. 28, 1982; "Tremors shake Miss. Gulf Coast," Times- 
Picayune, New Orleans, Louisiana, Feb. 27, 1983; Sandra Skowron, "Sonic boom is just Mother 
Nature," Beaver Co. Times, Beaver Falls, Penn., Jan 13, 1983; "Booms in Rockland, New York 
Times, Mar. 1. 1979, Sec. 8, p. 82; "Loud 'boom' unexplained,” Star-Beacon, Ashtabula, Ohio, Feb. 
21, 1983; Paul Senecton, "The word is now IDENTIFIED," Mail, Hartlepool, England, Feb. 3, 1985: 
On Jan. 23, 1974 a mysterious explosion over North Wales rocked a 60-mile radius area. Associated 
anomalous light phenomena were also seen. Hundreds and hundreds of anomalous booms, aerial 
rumbles, and aerial explosions, many accompanied by flashes or anomalous shaking of ground 
structures, buildings, windows, etc., have occurred over the U.S. and other Western nations in the 
60's, 70's, and 80's. 


On occasion, an aircraft at the proper altitude and position can conceivably experience interference in 
its electrical systems and in its engine combustion processes due to exothermic kindling or 
endothermic extraction of electromagnetic energy. The combustion processes of aircraft engines 
produce highly ionized gases in very nonlinear conditions. These can act as strong dephasers and 
decouplers of the vector EM components of a vector zero summation in a scalar interference zone. 
Exothermic interference would have little effect on combustion, but strong endothermic interference 
can result in engine flameout. Anomalous simultaneous failure of jet and propeller-driven aircraft 
engines sometimes occurs. For high altitude grids, this can result in engine flameouts, but restart and 
recovery after unusual loss of altitude has dropped the aircraft out of the scalar interference zone. 
Several candidate incidents over and near the U.S. exist, particularly where power failures were 
experienced by multiple aircraft. The more usual exothermic case, however, if substantial could result 
in anomalous loss of control of the aircraft. For a recent candidate incident, see "Jetliner drops 32,000 
feet; 400 aboard; 50 are injured," Associated Press release, Huntsville Times, Feb. 20, 1985, p. | and 
“China Airlines Pilot Denies Cockpit Error," Associated Press release, Huntsville Times, Feb. 21, 
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1985, p. A-9. Deliberate use of this effect as an anti-strategic-bomber weapon capable of destroying 
bombers at or shortly after takeoff is possible (the Arrow DC-8 which crashed just after takeoff from 
Gander Air Force Base, Newfoundland on December 12, 1985 may have been deliberately interfered 
with by just such a Soviet weapon -- see extensive newspaper and TV news coverage of that event). 


In scalar EM interference with aircraft, certain signatures may occur. Different instruments may 
sharply contradict each other, since their activation and inactivation is no longer a simple function. 
The pilot's instrument panel, for example, may indicate failure of the control system, when actually it 
has not failed, and the flight recorder may record that the control system is still operating. In such 
case, the pilot may take proper action based on his own instrumental readings, yet these actions may 
be contraindicated for the actual status of the aircraft, resulting in opposing pilot/autopilot actions. 
Tentative indications of the jetliner that anomalously dropped 32,000 feet and recovered are that 
apparently such anomalous instrument disagreements occurred. Another signature is that, as the EM 
charge accumulates in and on the aircraft, its skin charges up electrically, producing a glowing corona 
similar to St. Elmo's fire. The Arrow DC-8 was observed to be glowing yellow by eyewitnesses, 
according to the Canadian Broadcast Corporation's 10:00 p.m. network TV news on April 8, 1986. 


47. T. E. Bearden, Star Wars Now! The Bohm-Aharonov Effect, Scalar Interferometry, and Soviet 
Weaponization, Tesla Book Co., Millbrae, California, 1984, p. 19-22. 


48. For a paper possibly related to the first Bedini scalar wave detector from the "free A-field is a 
scalar field" view, see Robert R. Lewis, "Aharonov-Bohm effect for trapped ions,” Physical Review 
A, 28(3), Sept. 1983, p. 1228-1235. This paper analyzes the role of the Aharonov-Bohm effect for the 
bound states of a charged particle in the superposition of two fields: a uniform magnetic field plus the 
vector potential of a solenoid. Gives exact solutions for a solenoid of zero size and discusses the 
corrections due to a solenoid of finite size. Shows that a series of new "betatron resonances" appear in 
the spectrum, dependent on the flux quantum number. The fundamental betatron resonance remains 
narrow and unshifted for solenoid radii large enough to broaden and shift the cyclotron resonance. 
See also W. Ehrenburg and R. E. Siday, Proc. Phys. Soc. London, Sect. B62, 1949, p. 8 which, 
among other things, discusses the effect of the vector potential in electron interferometry, where the 
insertion of a tiny solenoid between the interfering paths is shown to give an additional phase 
difference proportional to the flux through the solenoid. The resulting shift in the fringe system is 
called the Aharonov-Bohm effect. 


49. Frank Golden has developed a most important and precise scalar EM detection system to display 
scalar EM signals on a cathode ray tube. His important measurements have mapped the scalar 
resonant frequency responses of the entire earth. Two completely different types of scalar 
instrumentation show precise agreement on the frequency maps. The measurements show that the 
Soviet Union has for some time entrained the entire earth into giant scalar electromagnetic 
resonances on two frequencies approximately 12 kilohertz apart. It is the opinion of the author that 
the beat frequency between these two giant resonances is utilized by the Soviet Union to extract 
enormous power from the earth, essentially by a mechanism that Golden has uncovered. A complex 
of four to eight weapon systems might reasonably be powered from the single bi-resonant tapping 
source. In April 1985 Golden discovered the rather sudden activation of many other scalar 
frequencies with characteristics resembling command and control communications. In addition, a 
significant number of additional paired scalar resonances had been entrained upon the earth. It is the 
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opinion of the author that this showed a major activation of the Soviet strategic scalar 
electromagnetic defense system, with the power up of from 80 to 100 weapons, along with the 
complete command and control system. Golden has previously built a prototype of an actual Soviet 
scalar communications system and demonstrated that it works. Because of the impending mayday 
and the 1973 statement by Brezhnev indicating that 1985 was a critical planning year, the sudden 
activation of such massive numbers of weapons and communications was alarming. Accordingly, the 
author discreetly notified certain contacts to alert the U.S. system. Golden then detected the periodic 
turn-on and turn-off of the systems, indicating a large command and control exercise rather than 
preparations for direct tactical use. An additional difference, however, was the change from scalar 
electric to scalar magnetic field on many of the large transmitters. This is indicative of electrostatic 
location, targeting, and adjustment of the target on the earth and then switching to the "power input" 
mode. It is the opinion of the author that this indicated the choice of a geological target and 
proceeding to attack that geological target in the "slow buildup" mode. Again, proper contacts were 
so notified. 


50. A very good coverage of the Soviet microwave radiation of the U.S. Embassy in Moscow is given 
in Paul Brodeur, The Zapping of America, W. W. Norton & Co., New York, 1977, passim. None of 
our U.S. Embassy security personnel knew of scalar interferometry, nor did they po: 
electromagnetics detectors. Further, orthodox U.S. scientists were also ignorant of scalar 
electromagnetics. The Soviets were thus in a position to tailor the radiation signals and precisely 
determine what our on-site personnel would detect. Details of the effects on U.S. Embassy personnel, 
ibly associated with the microwave radiation, are given by Brodeur. A great number of related 
ases by the open news media also exist. For example, see Robert C. Toth, "Radiation Devices 
Bug U.S. Embassy," Huntsville Times, reprinted from the Los Angeles Times, Feb. 8, 1976; "U.S. 
Screening out Soviet ‘Listening Rays'’," United Press International release, Washington D.C. Star, 
Feb. 11, 1976; Norman R. Beebe, "Nixon Exposed to Radiation In Russia?", Associated Press 
release, Huntsville Times, Apr. 30, 1976; Barton Reppert, "U.S. Scientists Puzzled Over Embassy 
Radiation Effect,” Associated Press release, Huntsville Times, May 28, 1976; Barton Reppert, 
“Radiation Entering Embassy in Moscow through Phone Line," Associated Press Release, Huntsville 
Times, May 28,1976. See also Martin Ebon, Psychic Warfare: Threat or Illusion, McGraw Hill Book 
Co., New York, 1983. 


scalar 


51. For details of the electromagnetic transmission of cellular disease and death, see Vlail P. 
Kaznacheyey, "Information function of ultraweak light flows in biological systems," Problems in 
Biophysics, Novosibirsk, 1967, p. 7-18. Kaznacheyev et al, "Conditions necessary for appearance of 
distant intercellular interactions after UV-radiation," Bulletin Experimentalnoy Biologii i Meditsiny, 
(5), 1979, p. 468-471; Distant intercellular interactions in a system of two cultures connected by 
optical contact," Ultraweak Luminescence Biology, Moscow, 1972, p. 224-227; "Distant intercellular 
interactions caused by UV-radiation," Photobiology of a Living Cell, Leningrad, 1979, p. 221-223; 
"Studies on the biological role of electromagnetic emission as a factor of adaptive behavior of cells. 
under conditions of latitude changes," Abstracts of the second all-union conference devoted to the 
problem of human adaptation to different geographical, climatic, and labor conditions, Novosibirsk, 
1977, p. 101-104; Vlail P. Kaznacheyev, S. P. Shurin and L. P. Mikjhailova, "Distant intercellular 
interactions in a system of two tissue cultures," Official Bulletin of the committee on inventions and 
discoveries affiliated to the council of ministers of the USSR, Discovery no. 122 (19), 1973, p. 3, also 
printed in Psychoenergetic Systems, 1(3), Mar. 1976, p. 141-142; "Apparent Information Transfer 
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Between Two Groups of Cells,” Psychoenergetic Systems, 1(1), Dec. 1974, p. 37. 


52. For evidence of anomalous scalar reflection out of the scalar grid caused by a Navy chaff drop, 
See "Navy sabotages traffic lights, TV sets,” United Press International, PM cycle, Jan. 11, 1985; 
“Power blackout blamed on anti-radar particles," United Press International, AM cycle, Jan. 11, 1985; 
“Power Disrupted Briefly After Navy Plane Drops Metallic Strands," Associated Press, AM cycle, 
Jan, 16, 1985. 


53. A good summary of the early incidence of the Soviet Woodpecker signals is given by Bradley 
Wells, "The Russian woodpecker: a continuing nuisance,” CQ, Nov. 1984. 


54. A particularly important Soviet Paper is E. B. Smetanin, "Electromagnetic field in a space with 
curvature -- new solutions," Soviet Physics Journal, 25(2), Feb. 1982, p. 107-111. In this paper, a 
solution to the stated problem is obtained, which may be regarded as a classical model of a charged 
particle that has both a magnetic moment and a nonzero magnetic charge density. Interaction with 
acetime curvature can disrupt the gauge invariance of the EM field, and it can also reestablish 
invariance in an initially noninvariant theory. (Hutchinson has had anomalous breaks of metal caused 
by standing scalar waves, which seems to be due to a mechanism that produces monopoles and 
deposits them in the metal at standing-wave nodes. This paper should be directly applicable.) 


See also Yu. S. Viadimirov and A. A. Kozlenkov, "6-optics and a general theory of gravitation and 
electromagnetism," Soviet Physics Journal, 27(12), Dec.1984, p. 1039-1041; V. G. Bagrov and M. D. 
Noskov, "New exact solution of the Dirac equation. XI," Soviet Physics Journal, 27(12), Dec. 1984, 
p. 1030-1034. See particularly V. I. Petukhov and I. A. Kuzin, "Weak processes in the field of a 
gravitational wave," Soviet Physics Journal, 27(12}, Dec. 1984, p. 1025-1029. 


In the latter paper it is significant that the decay probability increases in a locally curved spacetime, 
and that solutions are obtained for circularly polarized waves. 


(In EM waves, circularly polarized waves have special characteristics in nonlinear isotropic media: 
exact solutions exist. Also, when two longitudinal sine waves of differing frequen are transmitted 
into a nonlinear isotropic medium, the apparent difference frequency is transmitted as a sine wave, 
undistorted. This characteristic has been used by Westinghouse to produce improved sonar 
transmission through seawater, for example. The scalar EM (electrogravitational) wave may be 
represented as a longitudinal EM wave. Immediately, if one wishes to produce a pure scalar EG wave 
in the nucleus of an atom, two frequencies should be transmitted such that their difference is the 
frequency wished. Or circularly polarized waves may be utilized.) 


Note that, by implication, one should be able to deliberately tailor scalar EM waves to greatly speed 
the decay of long-lived radioisotopes, such as are contained in radioactive wastes from nuclear 
reactors and other processes. 


55. For some evidence of continuing persistence of the higher frequency scalar components applied 
to the scalar grid on Jan. 28, 1986 to localize the effects when attacking the Challenger, see "Poison 


suspected in unexplained deaths of birds,” Huntsville Times, AP release, Feb. 6, 1986. From 1-4 Feb. 
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1986, various kinds of dead birds -- such as blackbirds, cardinals, sparrows and bluebirds -- 
plummeted to the ground in Birmingham, Alabama. At first some sort of mysterious poison was 
suspected, but later was ruled out. During this period, the woodpecker grid was particularly active in 
weather engineering operations. Multiple sightings of giant cloud radials occurred in various places 
throughout the U.S. The retention of the high frequency components possibly was intensified in the 
Birmingham area sporadically during the period. Birds flying into this zone would be killed if their 
brains acted as scalar receivers and were sufficiently jammed by the signals. Normally Huntsville 
(further north) is a "hinge point" for increased scalar activity, to start the Jetstream bending northeast 
to move along the Appalachian mountain chain. However, just before 28 January the jetstream had 
been diverted further south than usual by the Soviet interference, bringing unseasonably cold weather 
to Florida and the waiting Challenger on its launch pad. Probably hinge points further south than 
Huntsville were needed for this operation. If these more southern points were retained for a few days, 
and the high frequency components were retained, then an inadvertent high intensity area of these 
components may have sporadically occurred in the Birmingham area, killing the birds. 


For description of the Apr. 18, 1986 Titan blast and its ramifications to the spy satellite program, see 
James Gerstenzang and Ralph Vartabedian," Los Angeles Times News Service, "Titan Blast to Hurt 


Spy Program," Huntsville Times, Apr. 19, 1986. 


56. For another very important paper indeed, see Vu. G. Ignat'ev, "Relativistic kinetics of an 
anisotropic plasmalike medium with damping in a field of gravitational radiation," Soviet Physics 
Journal, 27(12), Dec. 1984, (English translation: Plenum, June 1985), p. 1066-1069. If we substitute 
the vacuum "virtual plasma" for the observable plasma, this paper may be part of the smoking gun to 
show that the Soviet Union has developed scalar electromagnetics. Extrapolating from this paper, the 
amplitude of the "induced longitudinal field" is proportional to the square of the amplitude of the 
gravitational wave (GW) in an initially isotopic medium, but reduces to a linear proportionality as the 
medium develops nonlinearities (anisotropies or inhomogeneities). Whereas conventional GW are 
considered to be weak, the scalar GW may be very strong since we ourselves determine the variation 
in the energy density of vacuum it involves. Further, sharply spiked scalar EM (EG) pulses may 
develop appreciably more amplitude that the linearly calculated amplitude from the magnitudes of the 
zero-summation components. The end result is that (1) we can produce powerful gravity waves using 
the scalar EM approach, (2) local spacetime can be curved, producing violation of the conservation 
laws, and (3) the assumption of a local Lorentz frame made by Einstein as a limitation on ordinary 
general relativity is falsified. 


In passing, note that immediately one also has a clear basis for the excess local production of energy 
when the battery furnishing power to a DC series motor is sharply spiked backwards in a 
“recharging” fashion. Further, the ions in the battery (which are several hundred thousand times as 
massive as an electron) possess a resonance on the order of 16 megahertz in a typical lead-acid 
battery. Under the correct conditions, the ions collect the excess energy (due to the initial square 
effect) produced by a sharp pulse of recharging potential. The ions are shocked into resonance and, 
on reversal, "overshoot" and deliver this excess energy to the plates, recharging the battery. Thus 
such a system can violate linear conservation of energy because spacetime is locally curved by the 
spiking, and excess energy from the excited local vacuum is collected by the ions and delivered to the 
plates. This is precisely the effect upon which the first Bedini free-energy motor depended. The 
timing and adjustment, however, are highly critical and difficult, and the battery takes a rather severe 
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beating. 


57. For details and photographs of highly anomalous exhausts seen on Bennett Island, see "Explosive 
Events Seen on Soviet Island," Aviation Week & Space Technology, Sept. 26, 1983, p. 31. NOAA-6 
and NOAA-7 weather satellite photographs of massive smoke plumes, one of them 150 miles long 
and nearly horizontal, are shown. Also, in U.S. weather satellite photos of Novaya Zemlya, similar 
plumes have been detected, making this location a tentative candidate for a second Soviet "exhaust 
site." See also Letter John M. Miller, Geophysical Institute, University of Alaska, Jan. 4, 1985 with 
attachment, "Bennett Island plume cases recently found." Satellite photos showing actual circular 
breaking of arctic ice have also been taken near Wrangel Island. See Sam Bishop, "UA photos show 
Soviets break ice for missiles," Fairbanks Daily News-Miner, Dec. 15, 1984, p. 1,3; Craig Covault, 
"Soviet Ability to Fire through Ice Creates New SLBM Basing Mode," Aviation Week & Space 
Technology, Dec. 10, 1984, p. 16-17. Wrangel Island in fact has a bizarre history: it belongs to the U. 
S., but has been illegally given to the Soviets and occupied and used by them. For details, see 
“Wrangle over Wrangel and the Weather War," Don Bell Reports, 32(9), Mar. 8, 1985. 


58. For details of anomalous blinding (probably by scalar EM means) of U.S. satellites, see Philip J. 
Klass, "Anti-Satellite Laser Use Suspected,” Aviation Week & Space Technology, Dec. 8, 1975, p. 
12-13. For details of anomalous failures and recoveries of a British satellite, see Joe Schwartz, 
Nature, 280, July 12, 1979, p. 95. 


59. For other possible evidence of traces of Soviet scalar EM activity over the oceans, see George D. 
Curtis, "An electromagnetic radiation pattern over the ocean," Undersea Technology, 5(8), Aug. 
1964, p. 29-30, 40. In producing a scalar wave, there exists a sort of "signal to noise" ratio of the 
desired scalar wave to an accompanying, undesired normal EM component. Due to practical 
equipment imperfections, the generated scalar wave inevitably is accompanied by a small residue of 
ordinary EM wave. While measures can be taken to further purify the scalar wave, a residue always 
remains. Curtis may have detected the weak EM residue accompanying early Soviet interference 
gridding for weather control testing over the U.S. 


60. Interactions which occurred between Khrushchev and renowned physicist and Nobelian P. 
Kapitsa are of interest. Khrushchev desired absolute defense of the Soviet Union so that the Soviets 
might be able to launch any action desired without risk or serious concern. Kapitsa informed the 
Soviet leader that, if a means of total neutralization of foreign iles was to be found, it could only 
come from a group of new principles in physics which was called " energetics.” The term 
“energetics,” of course, was contracted from "psychoenergetics,” and is essentially the expanded 
physics/electromagnetics that this author has dubbed scalar electromagnetics. 


Strangely, a portion of a book by Marshal Grechko was deleted from its English translation at the 
specific request of the Soviet Union to the U.S. State Department. The passage stated: "Of particular 
importance is basic research aimed at discovering still unknown attributes of matter, phenomena, and 
the laws of nature, and developing new methods for their study and use to reinforce the state's 
defense capabilities.” 


The most definitive Soviet book on military strategy is titled Military Strategy (Voyennaya 
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Strategiya). See V. D. Sokolovskiy, Soviet Military Strategy, third edition, edited with an analysis 
and commentary by Harriet Fast Scott, Crane, Russak & Company, Inc., New York, 1975. There are 
three editions, the latest in 1968. In the third edition, the exotic weapons normally proposed for 
defense against strategic ballistic missiles -- such as particle beams, high energy lasers, exotic nuclear 
warheads, plasma weapons, antigravitational weapons, etc. -- are discussed and discounted by 
implication. The statement is made several times that 100% defense against missiles and aircraft is 
possible. A statement is also made that it is interesting to note that this capability (a solution to the 
strategic missile defense problem) has been achieved by the Soviet Union, but not by the West (e.g., 
p. 298.) In the same edition, a previous definition of antimissile defense obviously consisting of 
radars, computers, and interceptor missiles is deleted (see author's note 190, p. 454). 


The Soviets also recognize the great importance of technical surprise: "The experience of war shows 
that warring sides quite often have tried to employ new types of weapons to this end to achieve 
surprise, which are a surprise for the enemy or are little known to him. Each side secretly develops 
new means of warfare in order to employ them unexpectedly. History knows many examples how the 
employment of a new weapon initially gave considerable success because the enemy, caught unaware 
and not knowing the combat capabilities of this weapon, was for some time incapable of effective 
counteraction... The mass introduction of new weapons into an army usually cannot remain secret for 
long for the other side. -- New means of warfare, and in mass numbers, are impossible to create often 
and quickly. In this regard, the sides have begun to take other paths concerning the attainment of 
surprise along with searches for new weapons and their sophistication.” V. Ye. Savkin, of The Basic 
Principles Operational Art and Tactics, Moscow, 1972, U.S. Air Force translation, U.S. Government 
Printing Office, Washington, D.C. 20402. 


61. The Soviets have not discarded most of their old radars, and have continued to develop, build, and 
deploy giant new radars (in apparent violation of SALT agreements), which U.S. analysts always 
analyze in conventional fashion. It is fairly straightforward, simple, and inexpensive to modify an 
ordinary pencil beam radar to produce scalar wave beams and geometrical scalar Fourier expansion 
forms. Radars can provide a wide array of totally new and unexpected capabilities when utilized in 
the scalar electromagnetics mode. Even older Soviet radars, with antiaircraft gun sites and older 
surface-to-air missile sites, will exhibit new and startlingly advanced capabilities against ballistic and 
cruise missiles and Strategic Air Command bombers. Since there are many thousands of these older 
Soviet radars still operationally deployed, in the scalar mode the Soviet strategic defense may well 
approach 100%, just as Military Strategy implies. Also, the antiaircraft and antimissile defense 
capability of Soviet land forces may be far greater than anything presently estimated by U.S. analysts. 


62. To the physicists, engineers, and researchers who have made the tough sledding to this point, 
congratulations! Here's a bonus for you. 


Turn to page 32, equation [7]. Time differentiate it (this is left as an exercise for the reader). Collect 
terms and study the result intensely. 


Now you have the reason why rise time is so important from a scalar EM viewpoint. You can 


also see why spiking the innate inductance of any system very sharply is so important. Fast rise time 
greatly increases the value of the time derivative terms, and your gravito-inertial effects go up with 
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the collective squares of your zero-vector summed components. Any system has at least a little 
inductance. For sharp spikes, the gravitational potential goes very high. The inductance of the system 
momentarily opposes any current (translation: opposes any current bleed-off, or EM force field bleed- 
off). During that time you've got the 4-space G-potential to use. If you need to hold it longer to use it, 
then increase the inductance. 


Now you can see why extremely rapid discharge of properly tuned, giant Tesla coils give 
gravitational and inertial effects sometimes. 


You can see why the sharp "EMP" (electromagnetic pulse) from a nuclear explosion or EMP 
generating device can penetrate the ocean. 


That's why the spike: ch as used by the neurophone) can carry messages directly into the brain and 
nervous system. You also should see why the Soviet woodpecker carriers (a Soviet over-the-horizon 
radar system) are loaded with scalar EM spikes (Bedini has precisely detected them from 50 Hz to 10 
MHz; Golden has detected them into the gigahertz range.) to work on the humans in the targeted area. 
They're zapping the hell out of us. And they have done something similar at the U.S. Embassy in 
Moscow for decades. 


Bedini has developed a simple, cheap device to mess up the phaselocking of the scalar EM spikes on 
the woodpecker carriers. It's based on the fact that the Russkies use a lot of circularly polarized 
transmitters when they make the spikes. Here's what to do: Take 4 strong bar magnets and an old 
(but operational) long-playing record turntable. Set it on 33-1/3 RPM speed. Glue the magnets on the 
top of the turntable, standing vertically, symmetrically placed around the turntable's outer edge. Place 
them so that on one a north pole is up, on the next a south pole is up, then a north up, then a south up. 
Now turn the turntable on and let it run. This gadget makes a slowly rotating magnetostatic wave. 
(Yes, it will also make a rotating "magnetic" wave, which is actually two rotating magnetostatic 
waves.). These rotating magnetostatic waves will interfere with the scalar spikes, changing them to 
EM (electromagnetism) and slowly rotating their phase. This breaks the phaselock of the Soviet 
circularly polarized scalar EM signal on the human brain. This gadget will protect the average large 
room. 


But back to our differentiated equation. 


Now you should also see why the first Bedini motor is so "devilishly difficult” to adjust. You've got 
to get the effect and examine it in well under 20 nanoseconds. You'll need an oscilloscope of 350 
MHz range or so. Microwave-quality bench equipment is necessary; the ordinary electrical and 
electronic shop equipment is not good enough. You can also see why the ordinary lead-acid battery 
takes such a beating. However, a special battery certainly can be designed to take it. Now you know. 


Okay, you tigers. Go get ‘em. 
63. Now here's a final bonus for the persistent reader. 
This time, see J. N. Brittingham, "Focus Wave Modes in Homogeneous Maxwell's Equations: 
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Transverse Electric Mode," J. Appl. Phys. 54, 1983, p. 1179-1189; T. T. Wu and R. W. P. King, 
"Comment on 'Focus Wave Modes in Homogeneous Maxwell's Equations: Transverse Electric 

Mode’ [J. Appl. Phys. 54, 1179 (1983)]", J. Appl. Phys. 56, 1984, p. 2587; T. T. Wu and H. Lehmann, 
"Spreading of Electromagnetic Pulses," J. Appl. Phys. 58, 1985, p. 2064-2065; T. T. Wu, 
"Electromagnetic Missiles,” J. Appl. Phys. 57, 1985, p. 2370-2373. Pay particular attention to the 
latter paper. 


Because of the Strategic Defense Initiative (SDI) and other programs, great interest has recently been 
kindled in using EM pulses to carry energy from a high-powered source to a target. However, so far 
almost all the work is still couched in terms of purely ordinary (though sophisticated) 
electromagnetics. It still involves the EM concept of "EM energy flow through the intervening space 
from the transmitter to the target." As such, the work to date still suffers from all the self-imposed ills 
and limitations of using the classical force fields concept of EM. 


However, the theoretical work of these referenced papers is of great interest to us here. 


In the first paper, Brittingham sparked a great deal of interest with theoretical work which promised a 
permanently focused 3-dimensional concentration of EM energy that propagates in a straight line 
with the speed of light. That is, this mode used a newly formulated wave packet (called the "focus 
wave mode") that acted as a non- ‘ipating EM soliton. 


In the second reference, it was concluded that Brittingham's focused wave packet actually satisfied 
Maxwell's equations, but not the associated boundary conditions. 


[Comment by this reviewer: both of these formulations use "linear time" and a "linear frame," 
ignoring the local general relativity aspects. Indeed, Brittingham's "focused wave packet" can be 
made by the zero-vector approach! However, it will not be an "EM" packet, it will be a pulse (or 
oscillating wave, depending upon how it is made) of 5-gravity potential. As such, it contains a 
multiplicity of locked-in, Sth-dimensional, non-zero EM gradients in and EM gradients out. 
Collectively these gradients themselves constitute a deterministic "flux of gradients" or an EM flux in 
the 5th dimension, with no resultant effective current of EM jients. In other words, it's possil 
build a "flux of gradients" and to have a "current of gradients," just as in ordinary EM it's p« 
have a "flux of virtual particles" and a "current of virtual particles." The argument concerning the EM 
boundary conditions of Maxwell's equations is not relevant in such a case. The only boundary 
involved is the zero itself. ] 


Be that as it may, the 4th reference is of direct interest. In this paper, Wu has done us a great service. 
He shows that, under transient excitation, an antenna of finite size can transmit energy to a faraway 
receiver so that the energy decreases as slowly as one wishes. An electromagnetic pulse of energy 
with such slow decay is conveniently referred to as an "electromagnetic mis 


The electromagnetic missile has important applications, according to Wu. One possible application is 
the transmission of 


information in a manner that is very difficult to intercept or jam. A second possible application is to 
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destroy or disable a distant target. However, Wu feels that so much energy is required [remember, he 
s speaking of EM non-zeroed force fields traveling through ordinary space] that a likely radiating 
source must be something like a nuclear explosion. However, as Wu points out, a nuclear explosion 
produces a powerful EM pulse which includes frequencies from microwaves to gamma rays. To 
weaponize the explosion to produce a coherent beam, the nuclear explosion must be controlled to 
produce a coherent radiating source and a pulsed laser-like EM beam. Wu points out that such a 
technology is difficult and has not been developed. 


We comment as follows: It is certainly true that enormous energy is required if the waves in the pulse 
remain electromagnetic -- that is, if they have non-zero resultant E and B fields to the external 
observer. 


On the other hand, if we form a complex of waves in opposition so that we control the energy content 
of each individual component wave, but blend all the waves so that their collective envelope wave 
has zero E-field and zero B-field resultants, then -- to the external observer -- the EM energy is 
infolded and unzipped electromagnetically. It is now electrogravitational energy, and limitations of 
“EM force field energy flowing through space or through a physical medium" need no longer apply. 
However, we may still look at each EM component wave as an individual EM wave, moving in the 
Kaluza-Klein Sth dimension that is wrapped-around each and every point in our ordinary 4-space. In 
other words, to the ordinary 4-spacetime observer, each component wave has a special channel 
around every point of his space, not through it. Thus we have established multiple EM channels "just 
outside" each point of observer space. These we call "scalar channels," and EM energy can move 
through each one as if it were moving through a wire. The relative potentials between the "ends of 
each wire" determine in which direction the "EM energy current" flows along the wire. 


And in each of these "special channels," we just have a normal kind of space (to the internal 
observer). Wu's paper assures us that we can get as much of the input energy to the distant target as 
we desire. The problem then is how to break the zero-summed EM envelope (and hence the "zero 
channel" for each component EM energy wave) in the distant target itself, spilling the infolded 
contents of all the special channels back into ordinary spacetime as EM energy (either positive or 
negative). 


That, of course is easily done by interference in the distant zone. As previously stated, there is a way 
in which we can even perform this interference in a single scalar beam. Since the newly formed EM 
energy emerges from each and every increment of spacetime occupied by the distant target, it already 
emerges inside the very vitals of the target. It does not have to translate through the intervening 
ordinary space between transmitter and target. Instead, it goes through the Kaluza-Klein fifth 
dimension. It translates along a line through our space, but not through our space. With the scalar EM 
approach, we transmit EM energy through hyperspace, not through normal space. 


Hereafter we will adapt and expand Wu's SDI term "electromagnetic mi: 
electrogravitational aspects. In other words, we include the "scalar EM missile", which consists of an 
infolded multiple of Wu's ordinary EM missiles moving together coherently in special sheathed 
hyperspace channels. 
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In Appendix I we show an anomalous photograph taken by Bob Gladwin, just before the shuttle 
launch of Nov. 26,1985. While the photograph may be an artifact, it also is a candidate for the test 
strike of such a Soviet scalar "electromagnetic missile" tested against an aiming point offset from the 
shuttle launch which followed a few seconds later. The test was accomplished before the shuttle was 
launched, and offset from it, so that it positively would not endanger the shuttle itself. The conditions 
under which this spectacular photograph was taken happened to coincide with the special conditions 
required to photograph such scalar EM energy. Those conditions are clarified and explained in the 
Appendix. 


My deep appreciation goes to Mr. Gladwin for allowing me to use this photograph. As we will point 
out in Appendix I, the video camera caught a picture of the Soviet scalar EM marker beacon 
associated with the Titan explosion of April 18, 1986. One can rest assured that the Soviets probably 
destroyed that vehicle, using a scalar EM missile. 
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APPENDIX 1: SOME IMPORTANT INDICATORS 
AND DESTRUCTIVE TESTING 


Some of the indicators which bear on the use of the 
Soviet 
scalar electromagnetic grid via the Woodpecker EM carrier 
beams are given in this appendix. along with other 
information believed pertinent to overall scalar EM effects. 


IN ADDITION, THE THESIS OF ACTUAL LIVE 
TESTING OF THESE WEAPONS BY THE SOVIETS -- 
TO INCLUDE THE DESTRUCTION OF A TROOP- 
CARRYING U.S. AIRCRAFT, A SHUTTLE, AND A 
TITAN MISSILE -- IS ADVANCED AND 
INDICATORS PRESENTED. 


An anomalous photograph taken by Bob Gladwin is 
presented which possibly may have captured the "smoking 
gun" -- the strike of a 

ar EM missile at an offset aim point near the 
shuttle Atantis, just before its launch on Nov. 26, 1985. 
However, this photograph is caveated since it may also 
represent an anomalous but ordinary artifact. captured in 
some as yet unknown manner. The manner in which such a 
photograph may have been taken -- when normally the 
scalar energy does not show on a photo -- is explained. 


Another photograph taken by George Suchary after the 
launch did 
capture the Soviet "marker beacon" utilized in the test firing, 
however. This independent photograph is presented, and 
adds credence to the thesis that the Gladwin photograph 
captured the test of a Soviet scalar EM pulse missile. 


- INDICATORS AND SUCH - 


1. Continual cloud radials have repeatedly been seen and 
photographed over Los Angeles, California or its vicinity. 
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Los Angeles is also apparently a "hinge point" for bending 
and controlling the jetstream. Three typical radials seen to 
form one after the other by Margaret Wilson (and sketched 
and airbrushed by her) in the greater Los Angeles area are 
shown in figures 1, 2, 3, and 4. These radials were formed 
on Sunday, Jan. 26, 1986, Ms. Wilson had heard my 
Saturday night "Soviet Weather Engineering" broadcast over 
KABC Los Angeles, and my request that anyone who saw 
the typical radial cloud formation should photograph or 
draw it, noting time and location, and send the photos or 
drawings to me. 

As Margaret described it. "To my astonishment, the 
next day I not only saw one, but three in the sky at the same 
time. 

The time of the first one was Sunday, Jan. 26, at 1:15 p. 


m. 
. .. [stepped out the back door for some minor errand and 
noticed a 
fan of long straight clouds in the sky. The sky had been 
filled with dark clouds most of the morning but this had 
been breaking up and the western half of the sky was now 
clear with these lines of clouds spread out on it. I 
immediately thought of your request and tried to see the 
bottom of the fan which was hidden behind bushes and a 
garage. When I stepped into the street, I saw there was 
a semi-circle beneath them. 

Not having film and a wide-angle lens on my camera. 
I knew I couldn't capture it in its entirety. I am, however, a 
retired commercial airbrush artist so I quickly sketched the 
formation. It is illustration #1. 

It was in the western sky, the base of the central semi- 
circle sitting about 15 degrees above the ocean horizon. It 
was very clear and sharply defined. The semi-circle was 
broken at the top and the two broken ends curled inward like 
commas. As I sketched the wind deformed it somewhat, the 
right half of the whole formation sliding down away from 
the left. 

Ten minutes later it was getting quite clear of clouds 
except 
for a bank over the Santa Monica Mountains to the north 
and there, straight north, another fan was forming. As I 
watched it took shape -- illustration #2. The same broken 


semi-circle (with commas’) but this time the bases of the 
rays were feathered about half-way out with end halves long 
straight wisps. 

As I sketched, another fan had begun to take shape 


Lorg/books/Terdelance/appendix La him (2 of 31)25.11.2008 0:02:08, 


‘The Tom Bearden Website 


further east. It was hard to tell its size but I had estimated 
the first one at about 15 miles across and the second a little 
larger and the third larger yet. At the peak of its formation it 
looked like illustration #3. ... There in the middle of the 
central circle, hazy and a little faint was what looked like the 
top of a mushroom cloud. Or was it only a distant 
thunderhead that coincidentally found its way to a place 
behind the formation? The arms of the last, largest 
formation were rather wavy and feathery like some gigantic 
sea creature. It did not disperse as fast as the others, but 
held for a couple of hours, though it was pretty distorted by 
then. I could not estimate its size as I wasn't sure of its 
altitude. 

Were they aircraft contrails? Certainly not! There was 
an airliner in the sky at the time -- a mere scratch on the 
smooth blue sky (see illustration #3, right center.). 

The three formations were present in the sky at the 
same time although the first was getting quite distorted by 
the upper level winds before the last reached its peak. 

Tuesday our weather changed from hot and sunny to 
rainy as the weather man said the path of the jetstream 
altered, and then there was the space shuttle explosion. 

..The Russians seemed very sincere in their sympathy 
for the loss of our astronauts but only two days later it was 
printed in TASS and I personally heard Vladimir Posner say 
that Russia hoped that the United States would now realize 
what could happen if the $.D.1. program was further 
pursued. Was this friendly concern or a threat? It is very 
evident that if the S.D.I. can destroy a missile in flight, it can 
also destroy one on the ground. This would immediately put 
all Russian missiles in [reach of] our arsenal. They are 
already in place in the most desirable target areas -- their 
own launch sites. I'd be panicky too if I were a Soviet 
leader." 

(Ed. comment: My sincere thanks to this thoughtful 
lady who took the time to sketch the cloud radial phenomena 
occurring in the Los Angele: tstream pivot point" at this 
critical time, just prior to the launch and destruction of the 
Challenger. 

‘Anomalous cloud grid activity (formation and 
dissolution) in 
the Los Angeles area has been positively correlated with 
Soviet Woodpecker activity by engineer Ron Cole, with 
100% correlation in 30 straight Woodpecker measurement 
runs. Statistically, of course, this 
is quite decisive.]. 
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2. Continual cloud radials have repeatedly been seen and 
photographed over Huntsville, Alabama, associated with 
weather engineering and grid activity. Typical radials seen 
by this author are shown in Bearden, Soviet Weather 
Engineering Over North America, 1-hr. videotape, 1985. 
Huntsville is apparently a pivot point or "hinge point" for 
bending and controlling the jetstream. 


$: Spectacular cloud grid patterns have been seen over 
Huntsville, Alabama and Los Angeles, California. An 
excellent videoclip of one 
of the Los Angeles area grids, personally observed and shot 
by KABC Open Mind talk show host Bill Jenkins, is shown 
in Bearden, Soviet Weather Engineering Over North 
America, |-hr. videotape, 1985. An artist's sketch of an 
earlier gigantic grid, extending from horizon 
to horizon in every direction, seen over Huntsville, Alabama 
by Tom Bearden and Ken Moore, is also shown in the tape. 
The videotape is available from P.O. Box 1472, Huntsville, 
AL 35807. Sketches and details of another highly 
anomalous grid pattern observed in the greater Los Angeles 
area by engineer Ron Cole are shown in figures 5 and 6, 
The reason that clouds of water droplets and/or ice 
particles detect the scalar interferometry and form signature 
patterns is simple: Consider each Hy0 molecule as having 
two light little hydrogen atoms hanging on to the much 
heavier oxygen atom. The covalent sharing with the oxygen 
atom of the electron from each hydrogen atom means that 
(1) the electrostatic scalar potential between the H ion and 
bonded to, is rhythmically varying as the 
electron is shared back and forth, (2) this varying potential 
contains “electron spin holes" since it is made by the moving 
electron, (3) two such varying potentials exist since there are 
two H atoms sharing covalent electrons with the O atom, (4) 
the two H ions are at an angle of over 100 degrees with 
respect to each other, (5) the molecule assembly thus 
constitutes one part (one half, so to speak) of a scalar 
interferometer with imbedded electron spin holes for 
electron hooking, (6) Incident scalar waves from outside the 
system interact with the "half scalar interferometer." This 
scalar interferometry interaction is coupled to the covalent 
bonding electron because of the internal spin hole pattern of 
the molecular half of the interferometer. The coupled 
electron moves with the scalar pattern's changes, causing an 
observable interaction with and in the electrical structure 
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and ionic potential of the molecule, (7) the weak H to H 
hydrogen bonding between molecules connects resulting 
ionic potential changes to the structuring of the entire 
macroscopic cloud assembly. Thus by scalar interferometry 
with the H,O "half interferometers", an incident scalar EM 
pattern is detected and translated into patterns of E and B 
force fields. The HO molecules then "line up” in accord 
with the electrical patterns detected. 

Thus the clouds form "signature patterns" according to 
the incident scalar EM radiation patterns. Giant cloud 
radials in the targeted area are probably due to the type and 
shape of antennas -- including the type and shape of the 
electrical wires establishing the antennas’ ground planes -- 
640used by the Soviet Union to project the scalar waves. 
Note that such "radial" antenna patterns were occasionally 
used by James Harris Rogers in his underground and 
undersea scalar EM transmission system. 


[For Rogers' patents, see U.S. patent numbers 
1,316,188, Radiosignaling system, Sept.16, 1919; 1,322,622, 
Wireless Signaling System, Nov. 25, 1919 (figure 6 of thi 
patent clearly shows a “radial wire" ground plane antenna); 
1,349,103, Radiosignaling system, Aug. 10, 1920 (the fourth 
version in figure | shows inside/outside variation which, for 
the long waves used, to a distant observer appears as a 
varying magnetostatic scalar potential using opposing B 
fields); 1,349,104, Radiosignaling system, Aug. 10, 1920; 
1,220,005, Wireless Signaling System, Mar. 20, 1917; 
1,303,729, Wireless signaling system, May 13, 1919; 
1,303,730, Radiosignaling system, May 13,1919; 1,315,862, 
Radiosignaling system, Sept. 9, 1919; also 958,829, Method 
and Apparatus for Producing High Frequency Oscillating 
Currents, May 24,1910.]. 


4. Anomalous power outages in Ventura County, 
Southern California on Nov. 8 and 9, 1985. Again, engineer 
Ron Cole, who lives in the affected area, investigated and 
reports as follows: 
"On the evening of 11-8-85 in a rural area of Ventura 
County known as Carlisle Canyon, a strange electrical 
phenomenon began to occur at about 10:15 p.m. Our first 
observation was that random white dots began to appear on 
the TV screen, then began to increase in size and brightness. 
The brighter the dots got, the dimmer certain lights in our 
home became. Yet later we found that, when some lighting 
circuits were dimming, other circuits were causing lights to 
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shine much brighter than normal. After a bit of checking, 
we were able to determine that lighting circuits common to 
pole | of the service transformer were the ones that were 
seeing a reduction in voltage, while all circuits on pole 2 
were seeing an increase in voltage. 

There is another interesting condition that was 
observed on the TV screen. The dots were in sync with the 
vertical field or frame rate of the signal. This means that the 
interference had to be of a frequency of 59.7 Hz or 29.85 
Hz. Normal power line interference will form a grouped 
dash pattern across the screen and will strobe upward at the 
rate difference of 59.7 Hz or 29.85 Hz. In the 8 November 
case, there was no strobing of the dots whatsoever. 

These conditions continued off and on for the rest of 
the entire evening and were observed by no less than six 
other persons that I know of. They were observed over the 
entire TV frequency spectrum, low band VHF, high band 
VHF, and on two UHF channels. Line interference is almost 
always most prominent on the low band VHF frequencies 
only. 

These anomalous events would take place ona 
somewhat irregular time pattern; anywhere from 3 to 10 
minutes apart. They would always last for about 2 minutes. 

At 12:30 a.m. I went to bed and was not aware of any 
further activities until 6:20 a.m., at which time I was 
awakened by several sharp snapping or cracking sounds 
coming from the walls of my house. I rolled over and went 
back to sleep, only to be reawakened about 15 minutes later 
by my wife, who informed me that the power and phones 
were out. My comment was, "Some dummy must have 
crashed into a power pole," and I dozed off again. 

At 10:15 a.m. the power and phones came back on 
line. Shortly after, our phone began to virtually ring off the 
hook. About a dozen neighbors up and down the canyon 
wanted me to check out their electrical wiring and various 
appliances. All of them were trying to explain their 
individual encounters and what took place when the power 
went out. Such things as wires snapping in walls, singing 
and humming sounds coming from wiring in walls, strong 
smell of ozone, light bulbs exploding, buzzing coffee pots, 
and a handful of other phenomena all took place just before 
the power went out at 6:20 a.m. 

A typical example was that of Rob Steel. [Ed: Name 
changed for this report; his real name is in my files.] Rob 
lives four miles down the canyon from us. He had just 
turned on the lights in his barn and was getting ready to feed 
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the livestock, when he realized he had left several needed 
items in the garage located about 75 yards from the barn. 
Upon entering the garage, he saw the garage lights began to 
flicker, then go to a dim orange glow. Upon stepping from 
the garage area, Steel saw that lights in the barn were so 
bright that he thought the entire structure was about to 
explode. He froze in his tracks for a moment and his whole 
house and garage began to hum. Then everything went out. 

An interesting point to inject is that Mr. Steel's home 
and several others farther down the canyon from us are 
being fed from a different 19 kv power feeder source than 
the 14 kv feeder that supplies us and most homes in the 
canyon, 

At about 2 p.m. on 11-9-85 I was in contact with the 
power utility company (Southern California Edison 
Company) to inquire as to the cause of the power outage. 
My first assumption was wrong. No power poles had been 
knocked down; only a ceramic fuse in the 19 kv feeder 
system had blown and a two-pole oil breaker had kicked out 
on the 14 kv feeder system. Load charge recorders at the 
power company show that both fuse devices kicked out at 
exactly the same time, but they are in no way common to 
each other as to load distribution. They only supply power 
to adjacent areas. 

‘Also, the phone company has no record of its service 
being out, yet the phone service was restored when the 
power was restored. The phone company does not use 
Edison Company's power to power its phones. Again, the 
only commonality is that the phones and phone lines were in 
the same area. 

Numerous magnetic breakers, used as manual switch 
devices for well pumps and other services, were on when 
power was returned. These switches had previously set in 
their off state. 

A strong electrical-type ozone odor was detected at five 
locations at the time the power went out. 

Later we found that a Research and Development 
laboratory in a nearby area measured 29 Hz intermittent 
signals late on the night of 11-8-85. These signals were 
interfering with some critical tests the lab personnel were 
trying to accomplish. The laboratory itself did not 
experience a power outage. 

At this point in time, the only realistic surmise we can 
come up with is that a tremendous ELF or scalar ground 
wave was adding and subtracting to the grounded neutral 
service side of the power pole transformers so as to sum in 
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and out of phase. When peak nodes were achieved, all line 
transformers ended up back-feeding the feeder lines out of 
phase, causing the final power outage. 

Twenty-one persons are aware of the strange conditions 
of the power outage and prior events. [Ed: Their names are 
in my files.]" 

Editor's comment: Another anomalous power outage 
also occurred in the same area. This occurrence is possibly 
ssociated with effects of the scalar interference grid 
adjustments. If the Soviets were preparing for a major test of 
the grid in the Launch Phase ABM mode, substantial tests 
and exercises may have been performed before the actual 
"wet run" against the shuttle launch on Nov. 26, 1985 -- 
about two and a half weeks after the anomalous power 
outage at Carlisle Canyon. 

See the Rogers’ patents, referenced above, for ideas of 
how scalar EM signals couple to the power lines and 
telephone lines. 

As this book goes to press, John Bedini has notified 
me that his new and very sensitive developmental scalar 
detector positively veri calar frequency "spike" activity 
on the Woodpecker grid (and possibly the ground reference) 
from 50 Hz to 10 MHz. A normal instrument will definitely 
not see these signals. John’s lab is at Sylmar, California and 
about 70 miles from Carlisle Canyon. 


§. During the Skylab mission, NASA astronauts 
observed and photographed a mysterious green glow of the 
atmosphere. The glow was over 1,000 miles long and over 
100 miles wide. From Carlisle Canyon, Ventura County, 
California the sky has also been observed to possess a 
mysterious green glow from horizon to horizon, on three 
occasions. [Editor's comment: It is hypothesized that this 
green glow is associated with grid activity in the Launch 


6. Just prior to the hapless launch of the Challenger on 
Jan. 28, 1986, the Soviet Union sharply bent the jetstream 
down through the center part of the country, then curved it 
eastward across the Florida panhandle. This exposed the 
waiting Challenger on the launch pad to severe cold air, 
brought down from Canada by the sharply deviated 
jetstream. The use of the scalar interferometry aspects of 
the Woodpecker grid for weather engineering over the U.S. 
has been documented previously. [Bearden, Soviet Weather 


Engineering Over North America, |-hr. videotape, 1985; 
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Bearden, "USSR: New beam energy possible?", Defense & 
Foreign Affairs Daily, 13(111), June 12, 1984, p. 1-2.]. 
Wilson's cloud radial sightings on Jan. 26, 1986 and Cole's 
giant cloud grid sightings on Jan. 24, 1986 are directly 
connected with adjusting the Woodpecker grid and deviating 
the jetstream, to carry cold air to the Florida launch site. 


7. The previous testing of the grid in the Launch Phase 
ABM/Anti-bomber Mode, using actual jet aircraft as "wet- 
run" targets, has been demonstrated by various anomalous 
incidents. 

As one probable example, see "Jetliner drops 32,000 
feet; 400 aboard; 50 are injured," AP release, Huntsville 
Times, Feb. 20, 1985, p. | and "China Airlines Pilot Denies 
Cockpit Error,” AP release, Huntsville Times, Feb. 21, 
1985, p. A-9. In this incident (see figure 7) a Boeing 747, 
flying at 42,000 feet and bound for Los Angeles, 
experienced unusual engine flameouts while still out from 
San Francisco. In a hair-raising plunge toward the earth, the 
pilot fought to restart the engines and regain control of the 
aircraft. After a fall of some 32,000 feet in two minutes, the 
engines finally restarted, and the pilot was able to fly into 
San Francisco and land safely. 

We have already explained how the Soviets are able to 
track the aircraft's jet engines. Later in this Appendix we 
show just how accurately an actual "scalar EM missile" may 
be focused by the Soviets on a hapless target. If a 
negatively biased pulse or continuous wave scalar EM 
“energy extraction" beam hits the engines, the extraction of 
energy will result in engine flameout. (No heat energy, no 
combustion of the fuel.). This is apparently what happened 
to this aircraft. In the presence of "splatter" from the 
extraction beam targeted at the engines, the aircraft 
its were seriously affected. Different instruments 
rent responses to such an anomalous scalar EM 
kindling effect. Thus a signature would be that the 
instruments disagree with each other, and need not record 
what actually occurred. This appears to have been the case, 
constituting a signature that scalar EM was targeted against 
the aircraft. The pilot's instruments apparently indicated that 
the control system had failed, while the flight recorder 
apparently indicated that it had not. 

Let us assume this was a Soviet test. When the distant 
Soviet operator turned off the extractor beam, the engines 
returned to normal state after a "discharge time constant’ 
period. They normalized before the plane struck the ground, 
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HOMEPAGE PROFILE RESEARCH PUBLICATIONS RESEARCH TEAM HIGHLIGHTS 


Centre for Collaboration in Electromagnetics and Antenna Engineering i a centre for research collaboration established to foster research in electromagnetics and 
sngineering conducted by Macquarie Unversity researchers and prominent collaborators from external institutions, ineluding people fromm Industry and overseas ins 
We have state ofthe art esearch ities including a NS-700S-50 spherical nearfeld anechoic chamber, 3 Vector Network Analyzes (capable up to 22GHs, S0GHE, ane 
respectively), state-of-the-art embroidery machine OreamCreatar-XE.VMS100 for embrolded antennas, Dielectric Characterization Kit - High Temperature Prabe (2 
20GH), aswell as several in-house and cammetia licenced eoftwares 


Cur recent and ongoing research projects are: 


+ Wireless implantable Blo-Telemetry System and Miniature Antenna Design 
+ Wireless Freedom for Lab Rats 

‘+ Flible and Wearable Antennas fr lomedical and Healthcare Applications 

‘+ Characterizing Properties of Carbon nano Tubes at Microwave Frequencies 

‘+ Electromagnetic Band Gap (EBG] Resonator Antennas 

+ Leaky. Wave Antennas for Advanced Wireless Systeme 

{Shared Aperture Arrays for Space Borne Applications 

‘+ Novel Dislectic Resonator Antennas 

+ Super Wideband Antennas 

+ Focal Plane Arays for Radio Astronomy 

+ Archimedian Spiral Metamaterials 

+ Frequency Selective Surfaces for Energy. Saving Glace Panels 

‘+ Dual-Band Artificial Magnetic Conductor (AMC) Surfaces 

+ Antenna Technologies for Ultrawideband (UWB) Syatems 

‘+ High Gain Antenna with Planar Surace- Mounted Short Horns 

‘Photonic rysta/EBG Based Horn Antennae 

‘+ Broadband Microstrip Patch Antennas for Wireless Computer Networks 
*Thsoretical Analysis of Photonic Crystal Structures 

+ New Closed/form Green's Functions for Microstrip Cirults and other Layered Structures 
*Integrated-design of Hybrid-resonator Antennas for Broadband Wireless and other Communication Systeme 
‘+ Singulaityenhanced inte-ferent Time-domain FDTD) Method for Diagonal Metal Edges, Strips and Films 
+ Low-profile Delecricrezonator (DR) Antennas 


Wireless Implantable Bio-Telemetry System and Miniature Antenna Design 

The two major challenges associated withthe conversion of a wieless system operating in arto an implantable version, antenna detuning and biocompatibility, area 
Ina coherent way, An RFID-based biomedical telemetry system designed for fre-space operation was chosen as the stating reference. A new, pin-compatible, spa 
antenna with a ground plane was designed, fabricated and tested, to replace the erignal "free-space" antenna inthe active RFID tag without making any other chang 
tag circuit, such thatthe tag would function well when iis placed under rat skin and fat. Biocompatibilty and potential antenna detuning due ta rat Yesue varati 


addresced in the design proces, without significantly increasing the tag physical height, by applying a thin coating af biocompatible material directly over the ante 
operation of the medical telemetry system was succesfully demonstrated, with the tag placed under rat skin and fat, and its range of 60-72 em was found to be sul 
suppart medical research experiments canducted with rats in cages, Due ta the biocampatibie coating over the antenna, antenna matching i very insenitive to ct 
tisuedelectrie constants and thickness. The footprint ofthe new antenna is 33% less than that ofthe ariginal antenna is measured 10:d8 eturn-loss bandwidth is 1. 
1194, and overall ficiency is 0.42% at 920 MHz 


Wir 


loss Freedom for Lab Rats 


We are developing 2 fully implantable wireless telemetry system, Thisisajint research project with BCS Innovations and the Australian School of Advanced Medicine) 
wll be fist used in the research conducted in ASAM, with rats, on hypertension. To date the major method of contralling hypertensian is through the use o 
pharmaceuticals. The pathway to approval fr most drugs for human use involves pre-linial (animal) tras, Lab rats ae considered biologieally similar to humans, pa 


hitp:web scionce.ma.edu.aul-essolle/Research him! ana 


‘The Tom Bearden Website 


so the pilot was able to restart the engines and proceed. 

Notice that this was a limited test to cause engine 
flameout only. If the scalar EM missile had been used 
against the aircraft in the "pulse" mode, it would instantly 
have exploded in mid-air. 

The crash of an India jet aircraft outside Great Britain 
may have been a test of the same weapon in the pulsed 
“destroy aircraft" mode, since there are indications that the 
aircraft suffered an anomalous midair explosion. Another 
candidate for such a possible "shoot-down" of a jet aircraft 
is an (Italian) Itavia DC-9 that crashed into the 
Mediterranean in June, 1980. Both Itavia and the Italian 
Transportation Minister Salvatore Formica believed that a 
missile struck the jetliner and was the likely cause of the 
crash. It may have been a scalar EM missile and a full-up 
test by the Soviet Union. See "Plane was probably hit, judge 
says," Birmingham Post-Herald, Jan. 17, 1981. 

Also the present author has knowledge of at least one 
instance in the early 1980's when an American-made tactical 
ballistic missile was anomalously destroyed shortly after 
being launched by troops in Europe. The destruction was 
anomalous and a large hole was inexplicably burned through 
the side of the missile -- exactly as if it had been struck by a 
scalar EM missile test in the anti-tactical missile (ATM) 
role. 


8. As another example of airborne scalar EM activity in 
the Woodpecker grid, in January 1985 a U.S. Navy- 
dispensed chaff cloud, dispensed well-offshore from San 
Diego, California was caught by an unexpected wind and 
blown toward the city. (See figure 8.). As the chaff cloud 
moved in, significant failures of electrical systems and 
electrical components resulted. Power was disrupted to as 
many as 60,000 homes by the incident. 

The sudden, unpredicted wind was suggestive of a 
wind blowing toward an artificially created low pressure 
area. Under certain conditions, a specialized structure such 
as that of a piece of sophisticated chaff will reflect scalar 
waves of frequencies within its cut bandwidth. If scalar 
modulation frequencies within the chaff bandwidth were 
present on the Woodpecker carrier grid above and 
surrounding San Diego, a myriad of reflecting bits of chaff 
in the moving chaff cloud would produce myriads of 
random, invisible "fireflies" of EM energy kindled at a 
distance, from random scalar interferometry, in a zone 
surrounding the cloud. As these invisible "firefly" pulses of 
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EM energy pulsed inside components of the electrical 
systems and electrical controls in San Diego and vicinity, 
extensive and random internal electrical interference 
occurred. This lead to widespread, anomalous electrical 
failures throughout the city. 

Note that this activity preceded the huge Soviet 
EM exercise of April-May 1985. The grand exer 
certainly have been scheduled well in advance by Soviet 
strategic forces controlling the scalar EM howitzers and 
Woodpecker grid weapons, and adjustments and smaller 
tests would have been being made for some months before 
the tests. 


9. Other anomalous "electrical strikes" certainly exist, 
suggesting Soviet testing may occur widely throughout the 
world, yet be reported as ordinary but anomalous 
phenomena. An example which comes readily to mind is 
the anomalous blast (or blasts) that struck Bell Island, off 
the east coast of Newfoundland, on April 2, 1978. Persons. 
on the shore of Conception Bay reported seeing fireballs 
coming down out of the sky and hitting the island, according 
to Royal Canadian Mounted Police. Highly anomalous 
atmospheric electrical activity preceded the blast. This may 
have been Soviet testing of scalar-created electromagnetic 
missiles. Extensive information on this incident can be 
obtained from P.A.C.E., 100 Bronson Ave., Apt. 1001, 
Ottawa, Canada TIR 6G8. 

As another possible example, villages in an area of 
West Donegal in Ireland have been terrorized by freak 

jightning bolts" for over two years. Roofs have been 

literally stripped off, windows smashed, telephones and 
television sets blown up, and pipelines wrecked. On 
Dec. 25, 1984 a mighty blast caused a three-day blackout: it 
accompanied a snowstorm, the first "white Christmas" in the 
area in 20 years. See "Bolts from the blue,” Fortean Times, 
Issue no. 45, Winter 1985, p. 5. 


10. Scalar spikes or pulses from the Soviet testing may 
also cause other anomalies, including deaths of unsuspecting 
persons using the telephone. For a candidate event of this 
type, see "Killer Phones," Fortean Times, Issue no. 45, 
Winter 1985, p. 8-9; also AP release, Huntsville Times, 
May 30, 1985; AP newswire June 2, 1985; and New York 
Times, Sep. 11,1985. 

‘On May 21, 1985, five days after passing a complete 
physical examination, 17-year-old Jason F. Findley of 
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Piscataway, New Jersey was on the phone at his 
grandmother's house, talking to his girl friend. An odd click 
occurred on the line, followed by a gasp from Findley and 
then only the TV playing in the background. His 
grandmother found him unconscious, still clutching the 
phone in his hand. Rushed to Muhlenberg hospital, he was 
pronounced dead shortly afterwards. An autopsy could not 
determine the cause of death, and the telephone company 
found the phone working properly, properly grounded, and 
no evidence of excess electrical charge. Findley was lying 
on a wooden bed which would not conduct electricity. He 
had a hemorrhage of the inner ear. There had been an 
electrical storm over Scotch Plains, New Jersey the night 
Findley died. 

AP wire services were told by the special forensic 
investigator with the New Jersey medical examiner's office 
that about six people had died in the U.S. in similar 
circumstances. Others had reported being knocked 
unconscious by "high voltage shock" from their telephones. 
Several weeks before Findley's death, another man from 
Whitehouse Station, New Jersey had been found 
unconscious with a telephone in his hand. According to the 
Consumer Product Safety Commission in Washington, D. 
C., in 1984 nearly 12,000 people in the U. S. were taken to 
emergency rooms with injuries related to telephones. A 
hundred of them died, although exact details were not 
revealed. 

Note that the giant Soviet scalar exercise of May 1985 
had been detected and verified by Golden. Substantial 
activity in the Soviet weapon complex, and in the 
Woodpecker grid over the U.S, continued throughout May 
and beyond. A phone line may by chance detect one or 
more atmospheric scalar EM pulses, just as occurred in the 
blackout in Ventura County, California on Nov. 8-9, 1985. 
These scalar pulses can travel along a phone line and be 
broadcast into a person's ear and brain from the telephone 
earpiece. The proper scalar EM pulse can induce both 
“acoustic shock" in the inner ear and "electrical shock" 
conditions in the nervous system. The pulse may also 
interrupt the body's electrical timing pulses to the heart, 
causing the heart to stop without physical damage. The 
scalar EM shock to the brain and nervous system can knock 
the person unconscious or, if sufficiently strong, kill him 
instantly. The condition is worsened if the person is 
ungrounded, since then he acts as a large, open-ended 
capacitance in series with the telephone instrument's 
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inductance. In such case, the scalar resonance of the 
equivalent series LC circuit can be sharply excited and 
resonated. By the nonlinearities of the body and nervous 
system, the scalar resonance can be translated into an 
ordinary electrical pulse or resonance. Since the scalar 
power is not translated into ordinary power except inside the 
nonlinearities of the human capacitor/nervous system, no 
damage to the telephone or phone lines need happen. [At 
the ComTec exhibit in Las Vegas in 1984, John Bedini 
demonstrated powering a 200-watt speaker system through a 
100-foot length of #40 magnet wire, using scalar EM 

means. He put some 200 "watts equivalent" of scalar energy 
through the tiny wire to the speakers, where a small Bedini 
translator translated it back into ordinary electrical "force 
field" energy, powering the speakers. This was much to the 
astonishment of the technical audience, since the wire was 
quite cool and exhibited no evidence of heating, even though 
by conventional thinking it should have been instantly 
melted.] 

The bottom line is: With increased Soviet scalar 
weapons activity over the U. 
likely to become more hazardous to humans using it, when 
th e instrument is connected to th e external wire. A radio 
h one is much saf er against anomalous scal ar EM. 

spiking." 


11. The metal-softening detected and verified by Frank 
Golden on Jan. 1, 1986 is certainly indicative of a new 
mechanism or effect added to the Woodpecker grid. The 
highly specialized nature of the particular detector/amplifier 
which Golden was using provides strong evidence that the 
signal was actually derived by recording the scalar EM 
signals produced by a human cerebrum (two cerebral 
hemispheres connected by the corpus callosum, forming a 
scalar interferometer) when the human was successfully 
performing psychokinesis (metal-bending). The fact that 
Golden was able to nullify the signal locally by special 
methods worked out by him lends further credence to this 
hypothesis. In any event, three hours of very objective 
experimental data strongly support this thes It is therefore 
indicated that (1) the metal-softening signal had been added 
for a purpose, and (2) something made of metal was going to 
be softened, leading to its failure. Certainly the Challenger 
would have been an ideal target; softening the metal on its 
boosters and fasteners by even a small percentage would 
significantly reduce the vehicle's ability to withstand the 
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stress during launch. This of course is circumstantial 
evidence only, but the finger of suspicion is there 
nonetheless. It is a fact that the metal-softening signal was 
and is in the Soviet Woodpecker-repertoire; it is a 
presumption that it was intended for use against the 
Challenger. 


- FINAL DRESS REHEARSAL BEFORE THE BIG 
SHOW - 


12. The shuttle launch from Cape Canaveral on the 
evening of Nov. 26, 1986 seemed smooth as silk to the army 
of official observers and onlookers. In reality the Soviet 
Union clandestinely conducted one or more Launch Phase 
ABM System tests against the vehicle, using it as a 
convenient target. 

Figures 9, 10, 11, and 12 are included to give the 
reader some preliminary background on the highly 
significant events which occurred in conjunction with this 
flight, and previous to it. These figures are newspaper 
articles from the News Tribune, Fort Pierce, Florida. The 
articles are used by permission. 

Anomalous atmospheric "booms" and airquakes had 
occurred in the Florida area for over three and a half years 
prior to the launch. Sixteen counties, most of them on the 
northern Gulf coast or close to it, had reported booms during 
the two-year period preceding April 1984. State and local 
emergency preparedness officials and U.S. Air Force Base 
representatives met but could not resolve the mystery of 
what was causing all the anomalous booms. 

In fact, many booms had occurred in and around the 
gulf coast of Florida, particularly offshore from St. 
Petersburg, starting from several years earlier. 

These anomalous booms were caused by the Soviets 
adjusting and testing the Woodpecker scalar EM grid for 
weather engineering and potential weapons use. The booms 
and airquakes were certainly not confined to Florida alone, 
but also occurred at many other locations throughout the U. 
S. and Europe. 

Mysterious, highly localized seismic microquakes also 
had occurred at widely scattered locations throughout the U. 
Ss. 


On at least two shuttle flights prior to the Nov. 26, 
1985 launch, large anomalous "booms" had occurred over or 
around the launch site after laanch. No one in NASA knew 
what they were or what caused them. 
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So prior to Nov. 26, the Soviets had already prepared 
and tested the Launch Phase ABM system mode of the grid 
against at least two U.S. shuttle launches. However, so 
eerie and strange are the scalar EM weapons that they had 
been able to do so without the U. S. government even 
becoming aware of what was going on. In the Kremlin, they 
must have marveled at our continued ignorance. 

At any rate, they tested the Launch Phase ABM system 
again on Nov. 26, and this time private U.S. citizens 
happened to capture at least some evidence of what was 
going on. It still would have died there without surfacing, 
except for a curious chain of events. Let me briefly recount 
those events. 


Jbbbnbbbobioboiobiiiickinbionibiokineks 


Lucius Farish publishes a fine little monthly 
newsclipping collection called UFO Newsclipping Service 
(Route 1, Box 220, Plumerville, AR 72121). In it she 
includes clippings on all sorts of anomalies, including 
UFO's, strange light phenomena, etc. Because of my long 
work in UFOs (for some time now, placed on the back 
burner due to the press of my work in Soviet scalar 
electromagnetic weapons), I've subscribed to Farish's service 
for several years. 

And this time my unorthodox interests certainly paid 
off. Farish published a clipping of the article, "NASA 
officials stumped by strange light, boom," by Susan 
Burgess, News Tribune writer (see figure 10). The moment 
I read the article, I realized that the Soviets had actually 
tested the Launch Phase ABM System's area mode against 
the shuttle launch of Nov. 26, 1985. Further, George 
Suchary had taken a picture of the marker beacon as it was 
slewed away at the conclusion of the test. 

With alacrity I contacted Ms. Burgess and, through 
her, George Suchary. Both were very helpful, and Mr. 
Suchary gave me permission to use his important 
photograph of the light moving away after the test. 

Ms. Margery Bril , the kind librarian at the News Tribune, 
sent me four clippings. 

After reading the article by Julie Enders, Showcase 
Editor of the News Tribune, I contacted her also. Although 
extremely busy, Ms. Enders kindly gave me additional 
details, including the fact that Bob Gladwin had taken a 
series of eight stills of the launch itself, and in one frame an 
anomalous, curving line of light with a splash on the end 
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appeared. 

At first I thought it might be the answer to a dream. 
Very tentative information suggested that the "curved light 
with a splash on the end" might have occurred in one of the 
pictures taken during the launch sequence itself, with the 
light striking directly under the shuttle shortly after it lifted 
off. I was positive the Soviets could strike at the shuttle (or 
a missile) with a "scalar EM pulse" missile, but hardly dared 
hope someone could have actually been lucky enough to get 
a photograph of it. 

From my acquaintance with two masters of 
paranormal photography -- the indomitable Trevor James 
Constable and a close friend, Joe Gambill -- I understood 
how one could possibly get a picture of such a strike -- 
assuming it occurred -- at night, when the same picture 
could not have been taken in the daylight. I also understood 
why the camera might catch it when the human eye would 
not see it. 

It seemed that, between them, these friendly, 
cooperative persons just might have gathered together the 
positive evidence to prove that the Soviets had struck at the 
shuttle with an offset test of a scalar EM missile, using a 
marker beacon for adjustment. (As it turned out. it was not 
to be as definite as that!) However, time was of the essence. 

The Soviet tests had definitely included a test in the 
“area burst" mode, which can catch and destroy several 
missiles fired from a deployed silo complex at once. The 
clinching evidence I had needed for so long on a Soviet test 
of the pulse mode -- the scalar EM pulse missile -- just 
might be there in one of Bob Gladwin|s photographs. But 
there was no time to lose; such evidence is fleeting. and 
unless I moved quickly, it was likely to fade away and 
disappear forever. With persistence, the rest followed 
swiftly. Mr. Suchary graciously gave me permission to use 
his photographs. These of course prove that the marker 
beacon was there. (In addition, it was seen by numerous 
persons.). The News Tribune gave me permission to print 
the articles. Mr. Gladwin furnished his negatives and gave 
me full permission to analyze and use his photographs. 
Personal friends, Everett and Shirley Edwards, printed the 
photographs in their private darkroom so the negatives 
would not be out of safe hands for even a moment. 

At the time, this book was almost finished. If the photo 
of the candidate Soviet use of the electromagnetic missile 
was accurate, quick work would be necessary if it was to be 
included. My friend and publisher, John Ratzlaff. had 
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already agreed to swiftly publish this large output as soon as 
Icould get it to him. At Omni Video Publishing, Ms. 
Electra Briggs was alerted to the potential importance of 
what was coming. She and Mr. Glenn Shoemaker swung by 
my house from New Orleans, and a quick, informal 
videoclip was taped, announcing the book. (Murphy's law -- 
if anything can go wrong, it will -- got me there. 
Inexplicably, in my near-total fatigue from months of 19- 
hour days and 7-day weeks on this project, I spoke the date 
of the Titan explosion as April 19th, knowing full well it 
was the 18th! It happens. Electra suggested she slap a 
correcting statement over the video. Done. Be ready to get 
it out. It's too important; don't sweat the small stuff.) 

Zerox copies of the photos were received. There in the 
fifth photo (or so it seemed) was an unequivocal strike of the 
scalar EM missile, in the launch sequence itself. The 
assumed strike seemed to have occurred right under the 
shuttle, a few seconds after liftoff. 

The evidence seemed complete. All that was left was 
to receive the actual negatives and verify the sequence. At 
last we seemed to have the smoking gun. The Soviets would 
have been caught redhanded. 

Based on the advance zerox copies, the manuscript was 
altered. Everything was ready. And then the negatives 
came in. 

In this business, you learn to meet and accept a lot of 
failures. Things often go astray, and don't wind up as they 
seem at first blush. This time was no exception. Murphy 
got us again! The photos on the negative were in a different 
order then they had been on the zerox copies. 

There's no mistaking the order in which the pictures 
were taken. There they are on the negatives, one right after 
the other, and clearly numbered. And the curving light with 
a splash at the end did not occur during the launch sequence 
at all. Instead, it was taken before the launch -- just how 
long remained to be seen. Everett and Shirley took the 
photo and developed it at both extremes: very dark and very 
light, to bring out all the details possible. 

The results were most interesting. As shown on the 
lighter print (figure 13), the light does not curve down out of 
the sky and strike toward the ground, it turns up toward the 
sky and strikes above the distant treeline. Further, as shown 
on the darker print (figure 14), it does consist of a little ball 
of light, just like a scalar EM missile would appear. No 
apparent structure to hold the light appears in either picture, 
though one could not positively rule this out completely 
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without microdensitometer tests. (One can inadvertently get 
artifacts like this by focusing on a ball-like light bulb, for 
example, and then moving the camera while the shutter is 
still open. On the other hand, there is no evidence that this 
happened at all, and no street lamp post or other foreign 
object in the photo.) 

(The remaining photos of the liftoff sequence are 
shown in figure 15.). 

We called Mr. Gladwin. He verified that the photos 
had been taken in order, one right after the other. He had 
not had the camera on a tripod, but had steadied it on a 
railing. In other words, the "light streak with a burst on it" 
had been taken just before the liftoff. Also, Mr. Gladwin 
had not observed 'the marker beacon, and had not attempted 
to photograph any such "light in the sky.” In fact, visually 
he had not observed any such streak and burst of light in any 
scene he was photographing. 

So the question is, exactly what did Mr. Gladwin 
photograph in that photo, just prior to the shuttle's liftoff? 
The answer is. we just don't know for sure. 

Let's run through the two possibili 

(1) He may have snapped an artifact while moving the 
camera. If so, the camera was definitely quite still at least 
most of the time the lens was open, for the treeline is quite 
clear in the lighter photo, which reduces light saturation and 
shows details more clearly. Further, there is no evident 
support or structure attached to the light itself; it seems to be 
a "disembodied" light. So this possibility is ambiguous, 
though reasonable. Mr. Gladwin does not recall any such 
movement of the camera; it was steady while he was 
shooting. 

(2) He may still have snapped a scalar EM mi 
so, it means the Soviets fired a "small test" of the 
exothermic pulse or scalar EM missile in advance of the 
actual shuttle launch. Let's pursue that for a moment, and 
suppose it to be true. 

The Soviets already had the marker beacon up in the sky 
-- that's certain. Many persons saw it. Soviet trawlers off 
shore and Soviet satellites could also have given the actual 
position of the marker beacon. Thus the Soviet LPABM 
System would have had (a) the actual parameters the 
computer had used to transmit the beacon, and (b) the actual 
location at which the beacon emerged. Comparison of (a) 
and (b) is much like having a “meteorological data message” 
in field artillery: One has the corrections to apply for 
specific conditions of the medium that cause deviation. 


le. If 
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These corrections can then be applied to calculated or 
"table" data to adjust firing for real-world conditions. 

So far so good. The Soviets had the exact position of 
the registration beacon, and could apply corrections for a 
shot of the scalar EM missile. They certainly would know 
the exact position of the shuttle on its launch pad. 

If a fairly substantial offset for the scalar EM missile 
shot were used, "mett corrections" could be applied and a 
small scalar missile could be zinged in, stopping 
momentarily at the final offset "strike" position so that a 
track could be obtained by the scanner extraction beam. 
Then by comparing the detected offset position of the 
"burst" of the scalar EM missile to the detected offset 
position of the marker beacon, the difference could be 
applied to the beacon's true position to get the true strike 
position of the missile. The offset used could then be 
subtracted to give the location where the missile would have 
struck without the offset, had it actually been fired at the 
rising shuttle after liftoff. This "adjusted final strike 
position" could be compared to the shuttle's expected early 
trajectory (which varies only slightly from standard for the 
first few seconds) to determine the expected combat success 
of the shot. It's a little roundabout, but it's a very safe way 
to do it if one wants quite positive assurance that the missile 
will not strike the shuttle and destroy it. Since the Soviets 
delayed the "area burst" and its concomitant atmospheric 
"boom" to T + 12 minutes, it is evident that a large offset 
was used for the area strike -- probably about 10 extra 
minutes -- to positively assure that there would be no actual 
damage or threat to the shuttle. 

It seems logical, then, that they might fire the small 
scalar EM missile well offset from the shuttle, and just 
before its launch, to prevent any possibility of actual damage 
to the shuttle. 

So there you have it. Mr. Gladwin's photograph is 
consistent with such a careful, safe scalar EM missile test by 
the Soviets, prior to the actual liftoff of the shuttle. On the 
other hand, it's not possible to say with certainty that that is 
what it is. It may simply be a very peculiar artifact. In fac, 
if it were not for the other indicators, one would most 
certainly not consider such a bizarre possibility as an offset 
Soviet scalar EM missile strike at the shuttle. 

If the "streak" photo is examined as a candidate for a 
scalar EM ile test, then one other thing must be 
explained: Why did the film capture the test when observers 
did not see it at all? That, of course, we can explain! 
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So back to our presentation. Here I'm going to assume 
-- and accent that this is a postulation -- that the Gladwin 
photo actually represented a scalar EM missile test. We will 
run through a possible sequence of events, based on that 
assumption. We will hypothesize the LPABM system 
operation and the Soviet conduct of the test. The major 
events here in the U.S. may be quite real; those assumed to 
occur in the Soviet Union, of course, are "author's license" -- 
but hopefully realistic. 


Jecubbbnnbnanobiboiiibiichibbonibon 


The evening of Nov. 26, 1985 is perfect. At Cape 
Canaveral, the shuttle Atlantis is poised on its launch pad 
waiting to move majestically into the heavens on its 
impending journey. As launch time approaches, everything 
is as smooth as a cat's whisker. There is, however, just one 
small anomaly. 

A mysterious light is hanging up in the sky, staying still 
for awhile, then gently rocking back and forth. The light is a 
Soviet marker beacon for a scalar EM howitzer. The 
howitzer, employed in a special scalar EM channel 
contained in the Woodpecker transmitters and interference 
grid, will shoot through the EM carriers at an aiming point 
offset from the shuttle. 

Since this is still to be a nondestructive test, no chances 
will be taken. The pulse mode will be used, and a "scalar 
EM missile" -- a bundle of energy buried in hyperspace 
around its moving zero-point in this world -- will be fired 
directly at an offset aiming point prior to launch of the 
shuttle. A substantial offset in distance will be used to 
prevent posing any danger of inadvertently hitting the 
shuttle on its launch pad. 

The marker beacon is necessary for precision. Its 
desired position will be calculated and the beacon will be 
placed on station. By placing this source of continuous EM 
energy in the area, it can be detected by the scanning 
“energy extraction beam" and tracked by the distant Soviet 
operator. Soviet trawlers and satellites monitoring the test 
will report the true position of the marker beacon, which 
will deviate from the calculated location due to conditions of 
the channel medium (the Woodpecker beams) at the time. 
Comparison of the beacon’s true position to its desired, 
calculated position "registers" the marker beacon and yields 
the "meteorological corrections" which must be applied to 
standard firing table calculations. These corrections can be 
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applied to any further shot into the area to correct its aim, 
just as standard field artillery applies registration corrections 
in the target area. 

When the shuttle boosters ignite, an additional track 
will be obtained from it. The offset from the received track 
of the marker beacon and the received track of the shuttle 
booster flame thus will give the exact correction or "shift" 
from the marker beacon settings that should be used to set 
the howitzer's aim. In other words, a "relative" firing, offset 
from the marker beacon registration track, will automatically 
compensate for any vagaries of the medium experienced by 
the beams in transmission. 

‘The Russians, being excellent artillerymen, have 
simply applied the standard artillery technique of shifting 
from a known registration point. 

The Soviet Launch Phase ABM System is cocked and 
ready. This is the last test in the "wet run" series in which 
an offset will be used. If everything goes as planned, future 
shots will move into the next phase, where actual U.S. 
targets will be destroyed. The two great powers are already 
at war, but one of them does not know it yet. Because of the 
importance of this last test before the next step in hostilities 
commences, Gorbachev himself is monitoring the test. 

The countdown begins. In Florida a great many 
persons are observing the event. George Suchary has 
already spotted a strange light hanging in the sky, where 
none ought to be. Bob Gladwin, resting his camera on a 
railing, prepares to snap his first picture so that he will be 
sure to have a sequence completely across the launch. 

Deep within the Soviet Union, a large display screen 
is illuminated. The marker beacon's track is clearly shown 
on the display, as are synthetic symbols for the shuttle on its 
launch pad, several Soviet ships off the coast of Florida, and 
several Soviet satellites. 

The control officer barks, "Missile test! Proceed!" 
The simulation officer presses a switch, and a simulated 
shuttle launch track appears. 

The operator responds immediately, "Launch 
detected!" The identification officer, scanning the 
frequency components and the signature of the energy 
extracted from the launch, calls out, "Missile! Target 
hostile!" He presses a button, and a light illuminates on the 
panel, marking the target as a hostile missile. The launch 
track begins to blink. 

The control officer announces, “Prepare to fire!" 
"Pulse mode!" “Strength one!" "Test!" "Apply burst 
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offset!" The operator rapidly flips switches, setting the 
mode of fire and the offset. Instantly lights light to show 
that the computer has computed the shift and offset, and 
corrections. A red "Ready to Fire" light illuminates and a 
low siren begins its wobbulating growl. 

The control officer orders, "Fire!" The operator 
presses the fire switch. A "Fire" light appears. A slight, 
deep shudder is felt briefly as the howitzer fires its scalar 
EM pulse missile of deadly energy. On the screen, the path 
of the scalar EM missile is traced out as it speeds toward its 
target far over the horizon. 

In Florida, George Suchary is getting more and more 
curious about that pesky light. Bob Gladwin is preparing to 
snap his first photo as the final seconds of the countdown 
tick away. 

On the distant Soviet screen, a sudden small burst 
appears, superposed over the synthetic shuttle track. The 
operator yells, "Burst!" On a smaller screen, a vertic: 
profile shows the strike directly underneath the target. 
Immediately a blinking "Target Killed" light appears as the 
computer assesses the shot a kill. 

The operator excitedly calls out, "Kill !" "Direct Hit!" 
Cheering breaks out from the firing team and the onlookers. 
Gorbachev and his entourage are smiling broadly and 
clapping. The cheering quickly hushes as the crew and 
participants continue to watch the track of the rising shuttle, 
and prepare for the launch and the next test. 

Bob Gladwin has snapped his first picture (figures 13 
and 14) leaving the shutter open a bit to allow for the 
nighttime conditions. As luck would have it, the scalar EM 
missile strike Occurs during the time the shutter is open. 
The film has captured the strike by a special process, even 
though human eyes have not seen it. (We will explain that 
shortly.). 

At 7:29 the Atlantis's boosters ignite and the vehicle 
begins to rise smoothly off the launch pad. She will continue 
to rise, then pitch over to a 45 degree angle and proceed 
down range. 

Bob Gladwin is snapping pictures regularly, one after 
the other. 

In the local Florida area, hundreds and hundreds of 
persons are watching the flawless launch. The tip-off of the 
Indian River Community College basketball game and the 
St. Lucie County School Board meeting are held up while 
Participants watch the Auantis begin to rise serenely upward. 

In the Kremlin, another track has appeared on the 
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control screen display. Once again the sharp-eyed operator 
snaps, “Launch detected!" The identification officer, 
scanning the frequency components, tersely rasps "Missile! 
Target hostile!" Again he presses a button, and a light lights 
on the panel, marking the target as a hostile missile. 

The control officer orders, "Simulate multiple firings!" 
The simulation officer acknowledges, "Multiple firings 
simulated!" and presses a button to cause the computer to 
simulate multiple launches on the display. 

Immediately other synthetic target tracks begin to 
appear on the display screen, one by one, clustered around 
the shuttle launch at various separation distances, pre- 
arranged to represent multiple firings from a missile silo 
complex for this exercise. A special audio alarm sounds as 
each track appears. 

The operator immediately calls out, "Multiple tracks! 
Missile launches!" and then "Identified hostile!" 

The control officer orders, "Prepare to fire!" "Area 
pulse mode!” "Test!" "Apply time offset ten!" 

The operator flips switches rapidly, acknowledging. 
Lights illuminate on the console, showing status of 
preparation for firing. The "Ready to Fire" light illuminates 
and the low siren begins again. 

Back in Florida, Bob Gladwin has stopped snapping 
photographs. George Suchary has gone into his house to 
find his Polaroid camera and take a picture of that pesky 
light still hanging up there in the sky. 

Back in Russia, the fire control officer orders, "Fire!" 
The operator presses the fire switch. The "Fire" light 
illuminates, immediately blinking, and the siren changes 
tone. On the display screen, all target tracks are blinking. A 
large light on the console comes on, showing that an 
“exercise time offset" of 10 minutes has been applied. A 
digital clock starts ticking off the minutes. 

Minutes pass as the offset time ticks down. 

Back in Fort Pierce, George Suchary is coming out to 
take photographs of that darn light, which is still hanging up 
there! 

Folks are streaming back into the Indian River 
Community College gymnasium for the basketball game. 
Attendees at the St. Lucie County School Board meeting are 
wandering back inside, to get ready for the meeting. 

More minutes pass. 

Back at the control console in the Kremlin, the offset 
clock ticks down to zero. The siren ceases its wobbulating 
tone and holds a steady note. The "Fire" light ceases 
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blinking and illuminates with steady brilliance. A deep 
shudder is felt as the howitzer fires again. On the screen, the 
rapid trace of the mighty scalar EM serpent is shown as it 
races toward its target. 

Suddenly it reaches the target area, and a large 
blossoming light appears, covering all the target tracks. The 
operator announces, "Burst!" 

All the target tracks flare brightly, then dwindle and 
die. The "Targets killed" light illuminates and the operator 
yells, "Kill! All targets killed!" 

Wild jubilation breaks out, Everyone is grinning and 
clapping. Gorbachev personally congratulates the fire 
control officer and pumps his hand. The tension relaxes 
visibly. In the noise, the operator touches a joystick and 
slews away the marker beacon, preparing to shut down the 
system. 

The final test has been a crowning success. Now the 
real first phase of active combat begins. "And the fools 
don't even know it yet!" a grinning Gorbachev delightedly 
announces. 

Back in Fort Pierce, precisely 12 minutes after liftoff, 
high in the atmosphere above the launch site and a little 
downrange, a tremendous rumbling boom suddenly rocks 
the coast for hundreds of miles in each direction. The blast 
is heard as far north as Charleston and as far south as Key 
West. 

George Suchary is taking pictures (figure 10) as the 
hanging light in the sky suddenly begins to move away, 
obeying the controls of a Russian operator thousands of 
miles away. Bob Gladwin has already finished snapping his 
photographs (figures 13, 14, and 15) of the launch and taken 
down his camera. 

The anomalous light disappears rapidly in the distance, 
moving faster than any jet aircraft. 

People gradually resume their normal activities, talking 
about the beautiful evening and the perfect launch. Many of 
them have noticed the strange light that hovered and 
bobbled in the sky, then sped away. 

The final Soviet registration of their eerie weapons for 
World War III has been completed. A totally different kind 
of Pearl Harbor -- more akin to a Trojan Horse -- has been 
prepared for the unsuspecting United States 

Countdown toward Armageddon begins. 


Jnbbnbbnoibbbbkbbkiokiickinconicbinsbcat 
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George Suchary's photograph of the marker beacon, 
just after it had started slewing away, is shown in figure 10, 
as printed in the News Tribune. 

Bob Gladwin's photographs of the shuttle launch are 
shown in figures 13, 14, and 15. 

Figures 13 and 14 show two developments of the same 
shot, one light and one dark. The light one shows the 
treeline in focus in the distance, with the light streak and 
burst. 

Figure 15 shows liftoff of the shuttle and its rise and 
tilt over on the first part of its trajectory. 

Figure 16 shows a possible detailed interpretation of 
the first Gladwin photo. The simulated aim point was offset 
from the shuttle, and the strike was directly at the offset 
point. The computer computed the burst strike strike of the 
scalar EM missile from the adjusted registration data, and 
determined whether or not the target was killed. 

The control precision is shown by the small size of the 
scalar EM missile. 

The strike of the weapon is caught by the camera, but 
not seen by the naked eye. None of the many hundreds of 
onlookers saw the strike, though all of them saw the shuttle 
launch. 

There is a very good reason for that, though it is not 
commonly known. 


The reason is that Bob Gladwin's 
camera was utilizing a form of photography 
pioneered -- to the best of my knowledge -- by 
Trevor James Constable. At least I learned 
about it from Constable's books and articles. 1 
then told it to my good friend, Joe Gambill, 
and Joe applied and adapted it to the unusual 
photography which he performs. Both 
Constable and Gambill are masters of this type of 
photography. Once I got deeply into scalar 
electromagnetics, I finally figured out what was going on in 
this methodology. 

Briefly, here's the way it works, Scalar energy, of 
course, has to be detected by some sort of interference 
phenomenon. There exists a very special way to get a 
camera to perform such interference for you. 

In the EM spectrum, the infrared and the ultraviolet 
have a special relationship to each other. The ultraviolet is 
exactly twice the frequency of the infrared, if the two zones 
are properly chosen. In other words, the UV is the first 


Constable 
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harmonic of the IR. 

The scalar EM energy, since it operates in the Kaluza 
hyperspace surrounding every point in ordinary space, may 
be considered to be composed of pure spin. (That is, it's 
moving in a dimension where each particle of that 
dimension is spinning). Harmonics there are spin 
harmonics. 

In this photon-interaction produced level of reality 
(the ordinary world), the IR and UV bands are more closely 
connected to the "shadow world" in which scalar energy 
moves. Thus there is a sort of shadowy "swirling" of the 
scalar energy near the IR and the UV. Entry of the scalar 
energy into this world, through the IR and UV windows by a 
kind of "harmonic interferometry," is normally prevented by 
the presence of visible light. That is, visible light 
"squelches" the "paranormal channel" that lurks beneath the 
IR and UV zones. 

To make use of the IR and UV interference source 
zones, Constable covered his camera lens with a special 
filter (18A) which is opaque to the visible light spectrum 
and transparent to the IR and UV. Note that the film is 
sensitive to the IR and UV region we are talking about, but 
the human eye is not. 

When pointed at a sufficiently strong source of scalar 
energy, such a specially filtered camera has unique 
characteristics. It strips out the visible spectrum, but still 
admits the IR and UV spectrum. The scalar energy surges 
through these two source windows, and phaselocks 
harmonically. That is, the scalar energy entering through 
the UV window fits twice neatly in the scalar energy 
entering through the IR window. This interference, on the 
film, is (recall) swirling in frequency. The net result is that 
the film records the interfering scalar energy as visible 
spectrum energy. 

Infrared film can be used to increase the response in 
many circumstances. 

Both Constable and Gambill have rigorously proven 
this technique in literally thousands of "paranormal" 
photographs. (They do not necessarily use my scalar EM 
terminology, but the technique is rigorous and works, 
regardless of terms.) 

Under nighttime conditions, sometimes the particular 
lens and film combination will phaselock between IR and 
UV for incident scalar EM energy. This is particularly true 
when a relatively strong source of IR is in the vicinity. 

While Bob Gladwin was taking his photographs, there 
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was no suppression of the IR/UV phase-lock effect by 
visible light because it was night and there was hardly any 
visible light entering his lens. 

Thus his camera lens and film formed an IR/UV phase- 
locked interferometer that detected and recorded the strike 
of the scalar EM missile underneath the shuttle, even though 
human eyes did not detect it. 

At this point it would be interesting to know whether 
NASA may have had IR cameras focused on this shuttle 
launch (which was at night). If so, it would also be 
interesting to know whether any of them may have 
developed the IR/UV phaselocked interferometer effect, and 
captured the strike of the weapon. 

Note that daylight shots would automatically break the 
IR/UV phase-lock possibility, by jamming out the effect 
with visible light, unless a special filter is used to filter out 
the visible light but leave both the IR and UV. 

One would hope that both NASA and the U.S. Air 
Force will take note and discreetly add a specially filtered 
camera to the instrumentation observing and recording all 
future daylight launches. 

To recapitulate the major events at the shuttle launch 
on Nov. 26., 1985, see figure 17. A marker beacon was 
placed in the vicinity, high over the area, for precise 
registration and location of tracks relative to it. A scalar EM 
missile strike may have occurred just prior to launch, and 
offset from the shuttle. 

Then the shuttle lifted off. The exercise called for 
simulating multiple launches from a missile field. The area 
code was computed, and the fire order given. A substantial 
time delay -- say, 10 minutes or more -- was used to 
absolutely assure that the actual shuttle was well away from 
the engage blast. 

Twelve minutes after launch, the delayed firing in an 
area "multiple missile kill” mode occurred, producing a 
massive boom heard for hundreds of miles up and down the 
east coast. After the boom, the marker beacon was slewed 
away, and photographed by George Suchary just as it 
moved. 

The shuttle moved on downrange and went merrily on 
its way, blithely unaware of the jaws of the tiger that had 
snapped shut behind it. 

To the Soviets, this final test of the preparation phase 
was highly successful. They were now ready to increase the 
risk level and fire the first round of World War III. 
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- THE SHOW BEGINS - 


13. On Dec. 12, 1985 the same Soviet weapon tested 
against the previous NASA shuttle launches and against 
various aircraft may have deliberately interfered with the 
controls of an Arrow DC-8 taking off from Gander Air 
Force Base, Newfoundland. At an altitude of 100 feet, the 
aircraft -- carrying over 250 U.S. soldiers and civilian crew 
members -- lost power and sank into the ground tail-low, 
killing everyone on board. It was a tragedy of enormous 
proportions to the U.S., and especially to the families and 
friends of the brave servicemen and crewmembers who lost 
their lives 

Three Canadian witnesses to the crash were 
interviewed over the Canadian Broadcast network television 
news on April 8, 1986 at 10:00 p.m. No flame or smoke 
issued from the plane before its descent and crash. 

However, witnesses reported seeing the aircraft 
mysteriously glowing with a yellow halo. That is a 
signature of the use of a scalar howitzer in the "continuous 
EM emergence" mode, similar to the manner in which 
several F-111's were downed in Vietnam. 

In short, the DC-8's electrical systems were interfered 
with by electromagnetic energy and noise created 
throughout each increment of spacetime occupied by the 
aircraft. A powerful charge was rapidly created in and on 
the aircraft structures and skin. The "yellow glow" seen by 
the witnesses was a corona due to the skin of the aircraft 
acquiring a high electrical charge. 

Something also apparently caused the rapid loss of two 
engines, one after the other. This indicates that the distant 
Soviet operator may have struck at the engines, one after the 
other, with a scalar “energy extractor beam." Thus he 
apparently tracked the aircraft as it moved down the runway, 
then used two modes against it: one to create serious EM 
interference with the electrical systems of the aircraft, and 
one to disable the engines. 

With its controls ineffective and power drastically 
reduced, the doomed aircraft sank to earth, still in its "tail 
down" configuration from takeoff, and crashed and burned. 

Admittedly other factors may also have contributed to 
the crash. These included reduced lift due to poor engine 
maintenance, increased weight of the aircraft due to icing, 
and heavy loading. However, normally the aircraft could 
still have taken off and flown to its destination. (See "Arrow 
Air was absolutely safe, FAA official says," UPI release, 
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Birmingham Post-Herald, Apr. 17, 1986.) 

To date, no official seems to nave recognized the 
sinister significance of the "yellow glow" or what it implies. 
No one seems to have connected the loss of this aircraft, the 
mysterious booms over U.S. shuttle launches, the 
Woodpecker interference grid, the anomalous loss of the U. 
S.S. Thresher, the high altitude "booms" off the east coast of 
the U.S. some years back, the puzzling loss of two critical 
Titan launch vehicles in a row, anomalous engine flameouts 
of civilian jetliners, etc. 

Certainly officialdom has not recognized that a Soviet 
Launch Phase ABM System is being tested directly over its 
collective head, to include actual destruction of U.S. aircraft, 
missiles, and space vehicles with concomitant severe loss of 
American live: 

Direct and diabolical acts of war have been committed 
upon us by the Soviet Union, but in a fashion that still 
eludes our erstwhile pundits. 

However, it is not as simple as that. To even energize 


giant scalar EM weapons is to run a risk -- to all mankind -- 
so horrendous that it boggles the imagination. Truly it 


deserves Brezhnev's 1975 phrase, 
mind of man has ever imagine 
Shortly we will reveal exactly what he meant. 


-more frightful than the 


- Apr. 18, 1986: Death of a Titan - 


14. As this book goes to press, the last two U.S. Air Force 
Titan 34-D missiles fired from Vandenberg Air Force Base 
in California have blown up shortly after launch. The first 
one blew up on Aug. 28, 1985 just after lift-off. That loss 
has been attributed to failure of a high-powered fuel pump, 
causing a massive oxidizer leak and a smaller fuel leak. The 
second Titan loss occurred on April 18, 1986 when the 
Missile blew up 5 seconds after lift-off. Its loss is still under 
investigation and no determination of cause has been made. 
Apparently the shuttle and the Titan presently provide the 
only viable launch vehicles for launching U.S. "spy" 
satellites. The loss of these sensitive satellites -- if indeed 
they constituted the payloads -- cannot help but be damaging 
to our strategic surveillance capability. According to the 
Los Angeles Times, the single remaining KH-11 satellite 
was launched in December 1984 and, with an expected life 
of two to three years, it could stop functioning later this year. 
Whether or not significant Woodpecker grid activity 
existed in the vicinity of the Titan launch of August 1985 is 
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Electromagnetic Band Gap (EBG) Resonator Antennas (ERA) 


‘We have designe, fubricated, and measured antennas based on 3D, planar and 1D EBG structures (i, photonic crystals). These at microwave antennas, known a5 EBG 
anteanas or Fabry-Perot cavity antennas, can give gains of about 204B and very good efficiencies, 


Enhancing Radiation Characteristics of ERAs by Improving Aperture Phase Distribution 
This work focuses on achieving superior radiation characteristics of ERAS by improving their aperture phase distributions. A unique method, uzing full-wave simula 
analytical analysis, has beea develope to design Phase Corecting Structures (PCS) for ERAS. This method uses atual phase distribution on the physical peru of ERAS 

relying on geometric optics. Several Phase Correcting Strctures (PCSs) have heen designed, which were later validated with the measurements of their fabricated px 
“Tremendous improvement inthe radiation performance is witessed in both simulated and measured results, These exciting inital results validate our proposed method 
indicate an existence ofa great potential tobe explored. The figure below shows the fick propagation above an ERA. (a) without PCS, and (b) with PCS. It is clear thatthe 

the PCS is moch more uniform and the enery is focussed towards bruadside diestion, thus, esulng in ineteased dicctiviy. 


‘without PCS ’. with PCS 


Extremoly Wideband High-Gain ERAs (Gain~15-20dBi, Bandwidths >50%) 
1m 2014-15, we invented an innovative clas of electromagnetic band-gap (EBG) resonator antennas which provide high gain and wi 
footprint. One athe prototype developed has only 8% ofthe area as compare 1 conventional EBG resonator antennas but its performance (gain bandwidth) i a record hi 
for this las of antennas, while providing gain inthe range of 15-20 dB, Ths represents an improvement of nearly two orders of magnitude inthe bandwidth compared I 
ERG resonator antennas. Thanks to its practical advantages of flat shape and low-cost manufacturabilty, it can be easily atached toa wall oF a bulding, for example, e 
building wirelessly othe National Broadband Network 


fe handwidth with an extremely 


(Our most recent sults on such widsband high gain antennas canbe found in: "Achieving hich esin-bandwidth through lat GRIN superstmtes in Fabrs-Perot cavitv anton 
2014 IEEE International Symposium on Anteanas and Propagation (AP-S1UUSNC-URSI), pp. 1748 ~1749, Memphis, Tennesse, USA, July 6-11, 2014 


Detailed ants design along with experimental data of another of our Wideband [BG ronator antenna having composite multi-layer superstae, i published inthe pa 
‘Widehand high-gain ERG resonsoe antenna with smal footprint and all-dilectre superstructure” in IEEE Transactions on Antennas and Propagation, vol. 62,90, 6, 201 
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unknown at this time. However, significant activity in the 
grid definitely occurred before the April 18 Titan disaster 
and on the same day. 

On Easter Sunday, 30, 1986 engineer Ron Cole 
observed significant cloud signatures of grid pattern activity, 
correlated with Soviet Woodpecker measurements. On 
April 18, the present author observed traces of a cloud radial 
over Huntsville, Alabama and took photographs of it. 
Preliminary reports from Thousand Oaks, California 
indicate extensive grid activity again on April 18, the day 
the second Titan exploded. 

At least the second of these two m1 
shortly after launch is highly suspicious, since the grid 
positively was active during that time. Also, a clear trail of 
Launch Phase ABM system indicators exists back to the 
massive scalar exercise of April/May 1985. The first Titan 
explosion in Aug. 1985 thus falls within the Soviets’ "now 
let's test them against U.S. launch vehicles" period. 

The second Titan loss follows highly suspicious losses 
of the Arrow DC-8 on Dec. 12, 1985 and the Challenger on 
Jan. 28, 1986. The same Soviet weapon system that 
destroyed those targets probably also destroyed one or both 
of the critical Titans. 

Atleast, on the second Titan explosion, the Soviets left 
another signature. In one of the videotapes taken of the 
explosion, the marker beacon can be seen well , above the 
exploding debris, moving away from the explosion site. 

See for yourself! Refer to "Titan Explosion Cripples U. 
S. Launch, Surveillance Capability,” Aviation Week & 
Space Technology, 124(17), Apr. 28, 1986, p. 16-19. 
Specifically, look at the color photo of the explosion on p. 
18. 

Look well above the explosion (about one inch on the 
page) and to the left (about one inch on the page) of the 
center of the top of the fireball portion. There you will see a 
little light, caught in the very act of moving away. 

At my rather frantic urging, engineer Ron Cole sought 
out a copy of the original videotape. He and a team spent 
two hours, going through this portion of the tape frame by 
frame. The light is there. It's real. And it moves on out of 
there, well above the explosion and independent of it. 

It's the Soviet marker beacon, caught in the very act. 
Here I want to express my sincere appreciation to Ron Cole 
for his untiring efforts to nail this light down. Without his 
dedication to supporting this investigation, it would have 
been impossible to say for sure that the light was there. 


ile destructions 
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So we have caught the bear red-handed, with his 
fingers in the cookie jar. If the marker beacon is there, you 
may rest assured that the Soviets destroyed that Titan 
missile, with very high probability. [See also "Investigators 
Search for Clues to Cause of Titan Blast," ion Week & 
Space Technology, 124(17), Apr. 28, 1986, p. 19-20; also 
"Titan Accident Prompts Funding, Technology and Policy 
Questions," AW&ST, 124(17), Apr. 28, 1986, p. 21.]. 
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Figure 1 


Figure 1. Wilson's first cloud radial 
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Figure 2 


Figure 2. Wilson's second cloud pattern 
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Figure 3 


Figure 3. Wilson's third cloud radial 
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Figure 4. 


PLACEMENT OF WILSON'S THREE RADIALS 
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Figure S 


Figure 5. 


VIEW FROM WESTLAKE OVER VENTURA COUNTY, CA 
1-24-86, 280° WEST/NORTH-WEST 
11:45 AM PST 
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Figure S 


Figure 6. 


GRID VECTOR APPROXIMATION 
1-24-86 VENTURA COUNTY, CA 
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Figure 7. 


SIX-MILE DROP IN TWO MINUTES 


CHINA AIRLINES FLIGHT 006 
- TAIPEI TO LOS ANGELES - 
19 FEB 1985 
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Figure 8. 


SAN DIEGO CHAFF INCIDENT, JAN. 1985 
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‘Froqueney response of one of our Wideband ERA Prototypes 


‘Simple Dual-Band ERAS 
We developed a new method to obtain dual-hand operation fram a simple electromagnetic hand yap resonator antenna. The antenna is based on a one-limensional EBG 
made out of two low-cost unprinted diletric slabs. The EBG structure is implemented asthe antenna supersat, which has been designed to provide a locally-inverted 
reflection phase gradient with high rellecivity i two pre-determined frequency bands, The linsly poised antenns design and experimental result are described in 
atid: "A simple dual-band clectomagnetic hand gap resonator antenna hased on inverted reflection phase graent™ published in IEEE Transactions on Antennas and Pre 
So 60, no, 10, pp. 4522-4529, 2012, 


We have extended this concept for dual-band, dua-polarsed and circulaly-plarsed antennas. We also designed a tri-band antenna following this concept. It needs only 
cost unprinted dclecti labs, 
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Low-Profile Wideband ERAS 
We lave designed and successfully tested widehand low-profile (thin) FBG resonator antennas. The breakthrough that contributed t this sucess is our design of a partly 
surface (PRS) witha postive reflection phase gradicat. Thin singleieecinc-lab PRSs with printed pattems on both sides were ivestgad 10 minimise the PRS thik. 
simplify fabrication, Three such surfaces, each wits printed dipoles on both sides, have been designed 1 obain diferent positive reflection phase gradients and reflection 
levels in the operating frequency tands, These surfaces, andthe EIKG resonator antennas formed from them, were analysed theoretically and experimentally 1 highlight 
‘compromises involved and to reveal the relationships between the antenna peak gun, gain bandwidth, the relletion profile (Le positive phase gradient and magnitude) oft 
tnd the relative dimensions of dipoles, A small feed antenna, designed to operate inthe cavity field environment, provides good impedance matching (SU1\<-10 dB) ¢ 
operating frequency bands ofall thee EB respaator antennas Experimental results canfinned the wideband performance of a simple, low-profile EBG resonator antenns 
thickness only I.6man, effective bandwidth is 12.6%, measured peak gain ie 16.2 dB at 11.5 GHz and 3B gan bandwith i 15.7% Pease find details na paper ented 
sf Simple Thin Panially Reflestve Surfsces with Pastive Reflection Phase Gradients to Design Wideband, Low-Profile ERG Resonator Antennas,” published ia IEEE Tra 
‘om Antennas and Propagation in 2012, 


Low-Profile Dual-Band ERAS 
‘We hive achieved duat-hand operation in a low-profile EHGRA using a single diclestric supertate witha printed pater only on one side. This also made use of our © 
inverting the gradient ofthe PRS reflection cocicient 


Woodpile EBG Material and Antennas 
12003, we designed and built a woodple 3D photonic crystal, also known asa EBG crystal, operating in microwave frequencies, and demonstrated experimentally the ex 
the electromagnetic band gap, The crystal s made out uf eennaia materi, 


“Then we designed a planar EBG resonator antenna, Shown below, i has a resonant cavity between a ground place and a 3D woodpile photonic erystal, We employed both 
and slots to feed the cavity, and investigated both linearly and circularly polarised antennas. The lincaly polarised antenna design and experimental results ate described in 


cattle "A planar resonator antenna based on 2 woodile EBG materi” published in IEEE Transactions on Antennas and Propagatioa,vol. $3, no. pp, 216-223, January 2 
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The Smoking Gun on 26 Nov, 1985 
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- More Frightening Than the Mind of Man Has Ever Imagined - 


Brezhnev's unheeded 1975 characterization of these weapons as "more frightening than the mind of 
ran has ever imagined" has very real justification. In a moment we shall explain what he meant. We 
shall also explain why the Russians may be serious about substantial nuclear disarmament. 


There is now a “balance of terror" loose in the world that makes the old MADmen's MAD concept 
look like a sunny day in Hawaii. 


Let me explain just a little of what I mean. 


The scalar EM can and does use an ordinary EM beam as a medium. Many, many scalar EM 
channels can be infolded into an ordinary carrier. Thus the amount of energy stored in the carrier as 
“electrogravitational" energy has little to do with the feeble amount of electromagnetic energy stored 
in the EM carrier signal. 


Thus in one sense, when the Soviets are employing the big "continent buster” weapons, literally 
hundreds of millions -- or even billions -- of watts of energy may be infolded into the seemingly 
weak carrier beams. All this energy is in the scalar EM channels established in the carriers 


Plus which, the scalar beams are employed in a "standing wave" node. Each scalar standing wave is 
like a gigantic "capacitor": It is highly charged. Under normal conditions, it has a charge and 
discharge time constant as well. If something were to "short circuit" one of these huge standing waves 
ay, one with a thousand megawatts in it -- all that stored electrogravitational charge would 
discharge through the short circuit into whatever is on the other end of the short, and into the ground 
itself. In other words, the earth itself in that location would receive a mighty electrogravitational 
pulse (EGP). The ground in a region surrounding the discharge point would "charge uj 
capacitor, and would transmit the EGP as a hemispherical current into the earth and spreading around 
it. This is where the real problem cores in. 


The problem, as originally discovered by Wilhelm Reich [orgone energy was and is real, and is, 
simply one form of scalar electromagnetics], is that radioactive material has a very great affinity for 
this EGP and undergoes a drastic reaction to it. Crudely, it works like this: 


Imagine the vacuum as a virtual particle gas. This gas is under extremely high "pressure" or, more 
correctly, internal Stress. This stress is a gravitational potential. 


However, the stress of the ambient vacuum is normally about the same in most localities. So a chunk 
of radioactive material doesn't experience a difference in vacuum potential across itself or throughout 
itself. In other words, the scalar EM fluxes in and out of every part of the nucleus are very high, but 
of equal magnitudes. The radioactive nucleus, however, is "unbalanced"; that is, it has an extra bit of 
unresolved EG potential which it would very much like to get rid of or discharge, by spitting out one 
or more particles. That is, it would like to "decay" to a more stable configuration. A nucleus that is 
trying to decay to a more stable configuration is a radioactive nucleus. 
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Remember, the radioactive nucleus is involved in a tremendously dynamic virtual particle flux 
exchange with the vacuum potential. And a part of it isn't quite in balance in that flux. Sooner or later 
the right "bobble" in the input flux will come along, and the nucleus will decay and emit a particle 
and/or radiation. By measuring the level of decay activity in a certain amount of the radioactive 
material, we can determine a "decay constant," or basically the probability that a nucleus will decay 
in one second. We can then determine how long it will take that chunk of material to decay away to a 
stable, relatively inert material. Some materials only require a few minutes to decay, while others 
may require thousands of years. 


Now if you suddenly and drastically change the stress of the vacuum in which a radioactive nucleus 
is imbedded, you change the potential placed on the unbalanced nucleus. You hit it, in other words, 
with a strong EG potential pulse -- an EGP. That instantly unbalances the nucleus and it decays 
explosively. That is, it changes the decay constant and the probability of decay. 


Basically that's what happens in a nuclear implosion weapon: You hit the radioactive hunk of 
material in the center with a very high, imploding pressure wave, which is carrying an EGP. The EGP 
causes all the nuclei to decay nearly instantly, producing a nuclear explosion. 


The bottom line is: strong EGPs wreak havoc if they happen to hit anything radioactive. Such as 
nuclear warheads, in missiles or in storage. Such as nuclear reactors. Etc. 


Now do you begin to see the problem? Let me spell it out. 


Suppose the Soviets have activated some of their giant scalar EM transmitters, to place a giant 
weather engineering grid over the U.S., or to knock down a Challenger or a Titan. They've got their 
scalar EM beams all charged up. One of the giant Woodpecker transmitters has -- let's say -- 500 
megawatts in its infolded scalar EM standing waves. Everything is going good. They're socking it to 
the Americans and the Europeans. 


All those multiple scalar EM frequencies they're using to form the patterns, etc. have to all be 
absolutely phaselocked. Therefore all the transmitters have to be rigorously phaselocked, too. 


And suddenly something goes wrong. A major amplifier/transmitter controlling or stabilizing the 
phaselocking malfunctions. The phaselock is disturbed, and begins to quiver. 


Emergency circuits react instantly, trying to stabilize the situation and restore the quivering 
phaselock. Little "shorts" are being applied to the circuitry and to the "giant capacitor" that is the 
scalar EM standing waves. Dumps and discharges of EM energy are beginning to flash in the 
transmitter and associated circuits -- and into the ground. These make the situation more unstable. 
Feverishly the emergency circuits struggle to contain this thing -- and Wham! they cave in, all at once. 


Now you get a mighty and continuing discharge of the scalar EM energy in that standing wave back 
into the transmitter and into the ground. It burns out the transmitter. And the discharge continues as 
the "capacitor" drains all its EG energy into the earth in a giant pulse. 
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Around the transmitter site, the EGP is transmitted radially away, still very much like a standing 
scalar wave. It reaches the first nuclear facility. Let's suppose it’s a nuclear reactor. Specifically, let's 
suppose it's a nuclear reactor at Chernobyl. 


If you'll check Soviet Military Power, DoD, 1986 you'll find that there's a big ABM radar site not far 
from Chernobyl. And Canadian sources verify that one of the large Woodpecker transmitters seems 
to be sitting in that general location. Now check "The Soviet Nuclear Disaster," The Wall Street 
Journal, Apr. 30, 1986, p. 24. Check the small drawing in the lower right corner of the bigger 
drawing. Here you can see that a Woodpecker transmitter located near Chernobyl would ideally 
transmit nearly due west to intersect over the U.S., entering across North America from its east. Other 
Soviet “over-the-horizon (OTH) radar transmitters" go over the north polar regions, to enter the U.S. 
from the North. The two then form a giant interference grid over the U.S. (You can see that in Soviet 
Military Power.). 


Suppose you were in the field in the U.S., measuring the Woodpecker signals. Suppose the stronger 
beam was coming from the east. You would be able to see this with your instruments. 


Now suppose the giant transmitter near Chernobyl got into the type of failure we're talking about. The 
emergency circuits panic and cut down the EM carriers, trying to drain away the standing scalar 
waves in a controlled fashion. Then your instruments would suddenly record the "new" direction as 
coming from the north, since the east carrier is gone. 


That's exactly what engineer Bill Bise detected out in California, about the time it appears the reactor 
at Chernobyl began to get in troubl 


Let's continue with our scenario. Suppose the emergency circuits at the discharging Chernobyl 
transmitter contain things for awhile. The standing scalar waves are steadily draining into the earth. 
The EG potential starts to rise at the Chernobyl nuclear power plant. 


In the nuclear reactors, the decay constant of the uranium in the fuel rods changes. Additional 
radioactivity begins to pour out of the uranium. The reactor alarms go off, and the crew takes 
measures to reduce the problem. The control rods go further in, to slow it down. 


But the EG charge keeps increasing. The radioactivity of the uranium continues to increase. The 
control rods go further in to counteract this. The electrical controls begin to act up, showing 
anomalous indications. The radioactivity increases. In panic, the controls are fought until the control 
rods go all the way in. The reactor should in fact now be shut down completely, in normal 
circumstances. 


Things settle and hold a bit. The scalar EG charge increases. Finally the "shutdown" reactor starts to 
increase in radioactivity again. The control rods can't handle it. Everything is heating up, including 
the graphite moderator. Back at the transmitter, the emergency circuits finally are overwhelmed and 
give in. They fail all at once. The dreaded "uncontrolled short circuit" now exists between the 
collapsing standing wave and the earth. A gigantic discharge of EGP into the earth occurs at the 
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transmitter site. 


In the desperate reactor, suddenly a great EGP appears. Instantly the uranium goes intensely 
radioactive. A gigantic pressure of heat, steam, graphite and radioactive materials bursts out of the 
reactor, breaching the building and erupting violently into the atmosphere. The core melts down. The 
graphite moderator ignites. You've got the realization of the nuclear engineer's worst fears: core 
meltdown and reactor out of control. It's afire and spewing deadly radioactivity out by the gobs. And 
the heat! It's like hell itself opened up for business in this spot. 


At any rate, something very similar to that seems to have happened at Chernobyl. 


This author believes something similar happened in 1957 in the Southern Urals. (See Zhores A. 
Medvedev, Nuclear Disaster in the Urals, Translated by George Saunders, W. W. Norton & Co., 
1979, p. 150.). In the Kyshtym area, an explosion of nuclear wastes stored underground occurred in 
the winter of 1957-58. The area for miles around was contaminated, and is still contaminated to this 
day. 


Recall, Khrushchev spoke of a fantastic weapon in development in January 1960. Early prototypes of 
the weapon would have been in development and testing in 1957. Probably at that time there were no 
emergency control circuits to handle standing wave collapse, or only primitive circuits at best. 


If the failure of a transmitter occurred in full-power experiments, the unrestrained collapse of the 
standing scalar EM wave would most certainly have produced a large EGP in the ground, and 
instantly activated the nuclear wastes stored nearby. Eyewitness accounts reportedly stated that the 
wastes exploded, and that is totally consistent with our thesis. It is in fact a scalar EM accident 
signature. 


Any nuclear facility at all is an incredible and monstrous risk whenever scalar EM weapons are active. 


Of course, one's nuclear facilities are at risk if one's enemy has scalar EM weapons and fires at them, 
as we covered earlier in this book. 


However, they are at terrible risk even from one's own scalar EM weapons. The consequences ot a 
relatively simple electronic failure can be catastrophic; not only for the local nation, but for the earth 
as a whole. 


To show what we mean: 


Suppose a similar scalar EM accident -- such as seems possibly to have happened at Chernobyl -- 
occurs at some other giant Soviet "radar" facility. Further, suppose this particular transmitter is not 
too many tens of kilometers away from a Soviet missile silo complex. Just to really throw in the grit, 
suppose these missiles are the "big monsters" with--- say -- a 50 megaton warhead in each missile. 
Suppose there are 10 of them in the complex. 


Let's say this accident occurs "catastrophically" -- that is, the emergency control circuits are 
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overwhelmed immediately and a discharge of all the scalar energy begins at once. 


A giant EGP strikes the earth, spreads in all directions, and strikes the waiting monster missiles. In 
their implosion trigger warheads and in their fissionable and fusionable payload, everything goes at 
once. Actually, it goes better than when normally triggered. So each one goes at about 100 megatons. 


You've just had a monstrous 1,000 megatons of nuclear explosion in the earth. You get a giant 
earthquake. If it's not too far from the ocean, you get a tidal wave also. You get incredible amounts of 
lethal dirt and debris, radioactive and deadly, hurled violently into the air. 


This 


is just about the equivalent of a "normal all-out nuclear war!" 


And what about the other side's detection and early warning systems? Who's going to alert whom, 
and for what? How many missiles get launched? 


I think you see the point. 


And I haven't even covered what a giant EGP can do to humans. If it's truly a catastrophic failure, 
you can get an EGP that can wipe out half a mighty nation in one burst! 


And if the discharge happens to tickle the Sun and Moon's feedback loops the wrong way, you'll get 
convulsions of the earth, mighty burps of the sun raining fire and brimstone on the earth, and a 
violent increase in the interior heat of the earth's molten core, with a concomitant eruption of that 
core right up though the mantle. 


In other words, it could be "back to the beginning" for the earth, and start all over -- if, that is, some 
semblance of an earth survived. 


The Soviets know full well the implications of their giant scalar EM weapons. (Remember, I estimate 
they have over a hundred of these monsters, based on Frank Golden's detection of their full-up 
exercise in April/May 1985.). 


Scalar EM weapons have added a totally new dimension to the meaning of the word "terror". If one 
develops them and his adversary does not, nothing on earth can stand against them. So in Man's 
present state, the temptation to develop them is nearly irresistible. 


On the other hand, if one's adversary already has developed them, one is already totally defeated 
unless one also develops them. Again, the need to develop them is imperative. 


Yet, whenever one activates a large scalar EM weapon, one immediately places the entire earth in 
deadly peril. The slightest misstep, and it's curtains for everyone. And it's curtains for the earth as 
well. 


So one is damned if one does, and damned if one does not. 
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We have reached the final turning point in human history. The clock is ticking away the last years -- 
or days -- of the lives of all humans on earth. There has never been such a threat. 


We simply have come to the crossroads. somehow, all Mankind has to change. 
Infatuated with the thirst for ultimate power, we are facing two doors. Behind one is a beautiful lady, 
and the fulfillment of all man's dreams: control of physical reality itself. Behind the other is the 


deadliest tiger ever dreamed of in our wildest nightmares. 


Which is it to be, the lady or the tiger? 
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SCALAR EM INOCULATION AND ITS IMPLICATIONS 


My appreciation goes to Gary North for his openly sharing the above important information with 
the public. Human nature being what it is, one or more of his more dire scenarios is going to happen 
sooner or later. 

The problem becomes enormously more compounded if the hostile agent or agents possesses 
sophisticated scalar EM technology. 

With scalar technology, there exists the potential that the worm or virus can be implanted from a 
distance. If scalar scanning devices of sufficient precision can be developed, then major software 
residing in a chip, a computer, or on a disk can be read from a distance. With scalar EM methods, the 
ordinary software "guards" are totally ineffective. The scalar "reader" could simply read off the 
software directly as the disk or device goes about its normal operations. 

After the software is read, a germ or a virus is designed to produce a particular problem as 
desired and upon special stimulus. Then a scalar "imprinter" device is used to produce the necessary 
digital pulses directly upon the media in which the software resides. The required code has now 
been .implanted. In effect, the operating system has been injected from a distance, and contaminated 
with the desired "sleeping agent" -- germ or virus. From there on, it's just like Gary North's scenarios. 

So the scalar EM technology can probably be used (at least eventually) to place "mines" in 
systems in advance, for damage or destruction at a future date. At least it's possible in principle. 

However, it's not the injection of computers and equipment that bothers me. It's the injection of 
human beings. Here's generally how it can be done (and possibly is being done). 

Basically, human brains have various rhythmic waves which represent "envelope pulsations" of 
the entire electrical system. However, it is not the EM force fields represented by these pulsations 
which are important: it is the summed-zero (scalar) patterning of the entire complex of neuron firings 
which represents the real activity of the brain -- and represents it thoughts and emotions. A storage 
system for these patternings exists, but it's a scalar pattern storage, not an E and B field storage. The 
storage system is in the nuclei of the tissues of the nervous system itself, not in electrical or 
electrochemical potentials. 

At any rate, the human brain rhythms are also "riding along" relatively entrained to the 
Schumann resonance of the earth's magnetic field. So all the patterning of the brain is grouped 
together into giant overall orders, and one or more of these is normally synchronized to our natural 
environment. 

Ifa varying magnetic signal of extremely low frequency -- say 10 hertz -- bombards the brain 
with greater power than the earth's magnetic field, it is possible for the brain's rhythm to be "forcibly 
entrained" to synchronize with that signal, rather than with the normal Schumann resonance. If a 
large number of brains are forcibly entrained to such a signal, and the signal is artificial, then a 
master coherent phasing of all the brains to the transmitted signal has been accomplished. 

And that can be utilized -- and is utilized -- by the Soviet Union. On the Woodpecker signals, 
Bob Beck has detected up to 16 carriers, each with a 10 Hertz modulation, and with all the 10 Hz 
modulations in pha: 

Let's stress what we're saying here. At times, the Woodpecker signals have shown 16 carrier 
frequencies which contain the same 10 Hertz modulation, and which are all kept coherently syne- 
locked. 

If those signals and the modulations are strong enough, the brains in a targeted area demodulate 
the 10 Hertz signal and phase-lock to it -- actually, to them. At that point, the brains are entrained to 
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Leaky-Waye Antennas for Advanced Wireless Systems 
Antenna team steering ean bring significant benefits to advanced wircess systems. Microstrip Isaky-wave antennas (ML.WAS) are of articular practical interest becaus 
planar low-profile configuration, case of fabrication, and beam-scanning capahiliies. In this research several planar MLWAs and arays ae develope radiate at bores 
Conical beam around the boresight, wih simultaneous dual-side-beam scanning, dual-band forward and backward bean-scanning, and continuous beam scanning fom the 
tothe forward direction, Moreover, methods and antenna designs are proposed ster the beam ata fited frequency, shiflingheam-scering range, and fixed-frequency bean 
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Multi-band Dual-Polarized Shared Aperture Array 
“Multcband dusl-polarized shared aperture (MBDP-SA) arrays are antenna arrays that opemte in two (or more) frequency bands with dual-polarization in cach band, 
slements are integrated togsther ito a common physical space by sharing the single aperture, The MBDP-SA array is of grat interest in space-horne SAR system, be, 
technique can effectively reduce the payload and sizeof the antenna sub-system, In this research project, main effons are focussed on three aspects: 1) improve the specifi 
‘urea! Dual-Band Dual-Polarized Shared- Aperture (DBDP-SA) aay; 2) construct Te-Band Dual-Polarized Shared-Aperture (TBDP-SA) ara, and 3) explore some new 
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a 10-Hertz driver, and 16 channels of multimegahertz frequencies are locked-in to the brain. 

Now if the Soviets have broken the genetic code of the human brain (which they have) and 
succeeded in developing the ability to implant thoughts, emotions, pictures, etc. (which at least to a 
degree they have), then they can simply record the proper signals from human guinea pigs, using 
scalar technology and instrumentation. They can tailor those signals and add them onto the 
Woodpecker carriers, using scalar EM techniques. By using most of the sixteen carriers as a means 
to express Fourier frequency expansions, specific areas and functions of the brain can be targeted. 

Notice that the distant transmitters al ready "know" the correct phasing: just use the 10 Hertz 
modulation signal as a reference. In that case, phasing takes care of itself inside the captured human 
brains. 

The brain has a unique characteristic. If a signal arises inside it, it interprets that it itself 
originated the signal. Thus for the first time in history , true unwitting "robot" actions and emotions 
can be engendered in masses of human beings. 

But it's still worse. The Kaznacheyev experiments (see references) proved conclusively that 
electromagnetic signals can carry and transmit cellular disease and death patterns into a targeted 
biosystem. You can rest assured that the Soviets continued on to actually measure and determine a 
wide variety of death and disease scalar patterns. All of that can be added on to the Woodpecker 
carriers so that the population in the intersection grid area is devastated. One can even test it out in 
advance by producing a modified pattern of a disease in the targeted populace, and keeping the 
percentage of brains entrained down to a small level. This lowers the number of persons "injectet 
from a distance to a small percentage of the populace. Then the outbreak of the "new strain" of a 
familiar disease -- such as influenza, pneumonias, and something like AIDS -- can be monitored to 
provide targeting and effectiveness data. Notice that a series of diseases was experienced by U. 
personnel assigned to the U.S. Embassy in Moscow, probably as a result of the so-called "weak 
microwave radiation" of the Embassy by the Soviet Union. 

But that's not all. Much more subtle effects can be produced in the targeted populace, without 
anyone getting wise. Cancers and leukemias should be relatively easy to induce. Also, the immune 
system can simply be attacked directly. If done slowly, a series of common, ordinary diseases will 
just seem to get "tougher and tougher to cure." Actually it's not the disease that got tougher, it is the 
immune systems that got weaker. It is my opinion that precisely that sort of testing -- against the 
immune system -- has been accomplished by the Soviet Union against the U.S. since about October, 
1985. A great percentage of influenza patients during the period from then until now have had 
complications. So much so that multiple sessions -- as many as 3 to 5 -- of antibiotics are necessary 
before the patient recovers. At least in the Huntsville, Alabama "hinge pin" area, that seems to have 
been the case. This author personally experienced this, having influenza and follow-on complications 
for a period of seven months -- something quite different indeed for him. 

But it's even worse. 

The human scalar EM nervous system ("inside" the ordinary EM signals and functioning of the 
system) also has its own resident "software." It has special storage media contained in its brain. its 
cells, and its genetic material, and its actual nucleons. All of these storage media are continually 
telecommunicated with via scalar EM means. The "stability" of what each of us is, is largely 
conditioned by those recordings, As personalities we literally "are" what we have experienced, felt, 
thought, and did. Our whole "functioning conscious system" has been evolved by our experience, 
and it continues to be "us" by means of continual reference to the record base. 

I hope you now realize that the actual record base itself can conceivably be altered by scalar 
electromagnetic means, even from a distance. Even by the hidden scalar EM content of 16 
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Woodpecker carriers, locked into a captured brain and pouring in their deadly content. It is 
conceivable that even what one is can be taken from him, and what someone decides he will be, he 
will be. 

A totally new -- and ultimate -- form of "slavery" has emerged. 

Also, look at all this scalar EM functioning of the human system as a special kind of 
cybernetics. A scalar EM computing software and hardware system. 

What if scalar techniques are used to plant "worms" and "viruses" in thi stem? With hidden 
triggers? What about a series of them, so that a range of "eruptive software diseases" can be 
stimulated at will? 

And guess what. Such scalar EM "worms" and "viruses" can even be induced by contact with or 
consumption of "contaminated" water and food. Or saliva. Or other body fluid. 

So you can see the possibilities of "seeding" a population with a staggering variety of time- 
bombs. 

I think you begin to see the point. Now you can change North's "Soviet blackmail" scenario 
drastically. In a new scenario, Gorbachev simply announces to Reagan that a graduated series of 
specific sweeping changes are going to happen in our population -- changes which we are absolutely 
powerless to stop. The last stages are various deaths. The master "trigger" for this series has already 
been initiated. Incidentally, the Soviet populace has been carefully "seeded" with the proper 
s. The Russian leader demands certain things (very similar to what North's scenario 
utilized). Unless his demands are met, a "killer virus" will be activated by a special signal. If so, 
everyone dies. The first step change in the series will start to occur in a few hours. And it does. 

In fact, this scenario could be added to North's scenario, and both used simultaneously. What 
do you think the President and the Congress would do? Or could do? 


There are other even more diabolical possibili 
illustrate the point. 

Pandora's box has already been spilled, and the end of humanity is ticking away like a time- 
bomb. It's already nearly midnight, and the watchman hasn't even sounded the alarm yet. 


-s, but these should be quite sufficient to 


I certainly can anticipate the next question: Have the Soviets already "seeded" the 
populations of the U.S. and other selected western nations with scalar EM viruses and germs"? 

The answer is, I simply don't know. And just like Gary North, I don't know what if anything 
can be done about it if they have. This researcher certainly doesn't have all the answers. An 
immediate national crash program to develop scalar EM defenses is essential if we are not simply to 
be crushed beneath the hammer and sickle. It takes funding, people, facilities, and time. 

In some 22 years of unrelenting struggle to convince the system we've got a terrible problem, 
I've hardly been able to move it off dead-center (no pun intended). This book, produced under 
extreme workload stress, is all I can do to raise the alarm. I've given it my very best shot. 

What happens now remains to be seen. Other hands, hearts and minds are going to have to 
take up the task and carry it forward. This researcher has reached his limit, and has no more left to 
give. 
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1986 APPENDIX II 


COMPUTER WORMS AND VIRUSES, AND THE IMPACT OF 
SCALAR EM 


Source: - Gary North, "Electronic Aids (Parts 1 and 2),” Remnant Review, 
12(20), Nov. 1, 1985, p. 1-8; 12(20), Nov. 15, 1985, p. 1-8. POB 8204, Fort 
Worth, TX 76124. Phone (817) 595-2691. 


Annotation: - Two deliberately un-copyrighted issues to alert the public to 
software worms and viruses, and their implications for drastic interruption of 
society. Describes a hypothetical scenario in which drastic scrambling and 
destruction of banks’ computer tapes, files, and records occur due to software 
‘worms and viruses. Written in first person by Gary North. [Slightly edited.] 


Article: - "Worms." Earlier this year, I read a very interesting article on a major 
problem facing computer software (programs) development companies. A 
program comes on one or more 5.25-inch plastic discs. It takes only a few 
seconds to copy a program on one disc to a blank disc, which costs $3. Yet these 
programs normally run at least $250, and usually sell at $495, and sometimes 
cost thousands. Very few are less than $100. So you have a major temptation: 
make a $500 asset out of a $3 asset. Insert the $500 program into drive A, write 
"COPY A:*.*.B:" and hit the "enter key;” sixty seconds later, you have a $500 
program in drive B. 


‘There are ways to make this copying more difficult. The companies code the 
programs, and force you to have a control disc in drive A at all times. These 
"copy protected” programs are a hassle for users. We cannot put them on "hard 
(big) disc” easily, and sometimes the control disc dies for some reason. Then 
‘what? Your data are locked in your hard disc or on a floppy disc, but you can't 
got to the data because the control disc is not functioning. You order a 
replacement. Weeks go by 


Last year, several firms came up with a solution, Iti called a worm, A worm is 
‘command that is built deep into the complex code that creates the program 
itself. These are incredibly complex codes, and it is easy to bury a command in 
them. They cannot be traced. 


‘What does the worm do? It "eats" things. Say that you are a software thief. You 
make a copy of a non-copy-protected disc, either to use on a second computer, 
or to give (or sell) to a friend. The program works just fine. But when the 
program is copied to a new disc, the worm is “awakened.” It bides its time, 
‘maybe for many months, maybe for years. The program's user is blissfully 
unaware that a monster lurks inside his pirated program. He continues to enter 
data, make correlations, etc. He becomes completely dependent on the program. 


‘Then, without warning, the worm strikes. Whole sections of the data disappear. 
Maybe the data storage disc is erased. Maybe itis just scrambled. Even his back- 
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up data discs have worms in them. Everything he entered on those dises is gone. 
Forever. 


Can you imagine the consternation of the user? He has become dependent on a 
booby-trapped program. His business could simply disappear. For the savings of 
'$500(stolenprogram),hecouldloseeverythinghehas. 


‘Several firms threatened to insert worms into their programs. But then they 
backed off. They are affaid that lawsuits initiated against them might go against 
them in court. They could be hit for damages suffered by the thieving victims. 
Juries might decide that the punishment, a bankruptcy) was too much for the 
crime (a $500 theft) 


So far, no worms are lurking in any commercial software programs — as far as 1 
know and the industry knows, anyway. But what if a disgruntled programmer 
was to hide one in a master copy of, say, Lotus 1-2-3, the most popular business 
program on the market? What iften thousand copies a month go out for, say, 
three years? Then, without warning, every company that has started using them 
loses three years of data? They sue Lotus. Lotus goes bankrupt paying lawyers. 
No,company in the industry is willing to talk about this sabotage threat publicly 
Obviously 
LARCENISTS: 


[just happened to stumble across an article on worms in a computer magazine. 
Ttoccurred to me that it might be possible to use the worm technique as a form 
of deliberate sabotage rather than just as a copy protection device. But what did 
Tknow? I'm not a computer expert. 


I know a computer expert, however. I mean, a real expert — one of those people 

‘you occasionally read about. In the world of business, they're called "space 
cadets." They operate somewhere in between the asteroid belt and Jupiter. But 
this one is different. He's a businessman, too. 


1 got him to sit down with me to discuss the problem of worms. It turned out that 
hhehas a real fascination for the topic. He tells me that there are advanced design 
‘worms, called ‘viruses’ by ‘hackers’ — computer freak programming g 

"The software virus is the most terrifying thing I've ever come across 
me. And then he showed me why. My initial scenario is based on only a portion 
of his estimation of the threat. It gets a lot worse. 


He gave me a 90-minute FIRESTORM CHAT interview. He must remain 
anonymous. He used to be a software developer for programs that were used in 
the U.S. banking system, but is now employed in a highly sensitive job in a 
related industry. Therein lies his problem. Ifhe were to tell the story of what he 
is capable of doing to these banks, his firm might lose a lot of sales. He can't 
"go public.” Let's call him Tom, 
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Let me summarize briefly some ofthe details he gave to me. They floored me. 
‘They're going to floor you. 


(1) Jackpotting. The rush is on in the banking world to get automated teller 
machines (ATM's) into shopping malls, supermarkets, and in font of every 
bank. We've all seen them. Just walk up, punch in your card number, ask for 
cash, and you get it 

In a busy location, one of these machines can hold as much as $250,000 in cash, 
‘mostly small bills. These machines are controlled by computer. They are hooked 
up to the bank's computer system, usually by phone lines. This local line, Tom 
tells me, is what computer freaks call THE LOOP. The loop is wide open to 
tampering. He says that what computer thieves are doing is to hook up a cheap 
Apple II computer, tie into the phone lines, break into the ATM, and get it to 
empty itself. This is "jackpotting.” 


He tells me that ATM thieves are hitting banks continually, but nothing is 
getting to the press. The banks have yet to show a profit with the ATM's so far, 
which is understandable. They are hoping to get their machines placed in key 
locations, so "market share” is crucial to their plans. They are suffering 
horrendous losses in the short run in the hope that long-run profits will pay off, 
iff and when a defense is developed. 


‘The banks are saying nothing because of their fear that if the extent of the losses 
gots into the press, they will be forced by pressure from depositors — bank runs 
—to cancel the ATM's. The losses are horrendous, he says. At present, there is 
xno known defense, given the communications technology. 


(2) Rounding Off, This is the "preferred" computer bank theft system. Someone 
‘on the inside who has access to the software takes advantage of the banks’ need 
to round off numbers. The programs carry numbers out to 13 places. Banks can't 
use all that space. So when they balance the books (interest rates at, say, 9.873), 
they just don't count every tenth of a cent. The program is assumed to round off 
the numbers randomly. What does the bank care? But the thief has set up bank 
accounts that absorb those random tenths or hundredths of a cent. In millions of 
dollars worth of transactions (federal funds, etc.), programmers in some cases 
have stashed away hundreds of thousands of dollars — maybe millions — over 
a few years. No one knows how much of this goes on. 


How could a bank spot this? The books would always balance to the penny. 
How would the accountants ever know? 


I think ofa story that Adam Osborne tells in his paperback book, Running Wild, 
‘The president of a large firm was looking out his window one day, and he 
noticed two Rolls Royce cars parked next to each other. He inquired as to the 
owners. They were two men in the data processing department. He called in 
investigators, and the cars and the men disappeared. They fled to Brazil and took 
their cars with them; Brazil has no extradition treaty with the U.S. Years later, as 
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Osborne was writing the story, the firm still hadn't figured out what they had 
done, 


ARSONISTS: 


‘These are the fearful ones, far more than the larcenists. These are the practical 
jokers who get into a major data bank and trash things. It's a kind of 
‘multimillion-dollar "Kilroy was here" graffiti 


How easy is itto get in? Incredibly easy. The boy in "War Games" really could 
have broken into most firms' telephone-connected computers. Computer 
programs exist that allow the user to hook up his computer to a phone line and 
randomly dial numbers until they hear the telltale whine of a computer line. It 
then notes the phone number and goes on its way, searching out more lines. 


They can do it by long distance, free of charge. The telephone company has a 
tough time tracing those who use various sorts of electronic black boxes to call 
anywhere on earth at no charge. Some people get caught, of course. "The tip of 
the iceberg,” says Tom. 


How do they get in? Easy: few systems are protected, once you locate the line. If 
one is, he says, you create a deliberate error. Most programs then collapse the 
protective shell, and the hacker finds himself inside the heart of the system. Tom 
has designed a program that keeps this from happening to his company’s 
programs, but few companies have anything like it 


It's very easy to get in if someone has "logged on,” — opened his terminal's 
connection to the main computer — ifthe system is connected to phone lines. 
Or anyone in the company can just tap in, if someone has left his desk and left 
the computer on. I's common to forget and leave an open terminal. 


He showed me. He says anyone can get fired for leaving a computer on, He 
demonstrated his point. With 40 computers on line, he ran a quick search and 
found two of them "logged on,” despite the fact that it was after hours. All the 
security in the world can't do anything if a computer line is open. It's like a 
burglar alarm: it's worthless if you leave the door unlocked or leave the keys 
lying around, That janitor you hired, Is he a compute illiterate? Or a plant? 


Once inside, what can you do? Steal a fortune? Yes, if you really know the 
system. He told me he could easily steal $3 million from a local bank, even as an 
outsider. He would then offer to give it back and keep his mouth shut about how 
ceasy it was if the bank would pay him 10% the take. He thinks most banks 
‘would capitulate for fear of the publicity. In any case, he knows that he probably 
wouldn't get caught. 


How about creating a new identity? The grade-changing scene in "War Gam 
is true. You could even create a new identity, give yourself high grades in any 
academic discipline, just by breaking into a university's database. There is very 
litte security here, he says. 
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But for sheer vindictiveness, for sheer envy, consider the possibilities of a virus- 
implanter. He gets inside the computer for a major communications link: 
telephones, large information database, bank wire transfer, or whatever. Then he 
lays the egg: a tiny, untraceable brief instruction. Inside a huge database are just 
afew characters. These float inside a system, seeking to devour certain kinds of, 
data, or executing certain routines. 

‘There is a game played by computer freaks called "Core War." They try to 
implant these killer messages, which seck out each other and battle one another. 
Ifyou find one morning that yours has been consumed, you lost the battle. That 
‘was probably the origin of worms and viruses. 


TERRORISM 


Say that a revolutionary terrorist group, or some anti-zionist group gets a 
“ringer” into a system. He might be a computer genius type. Everyone knows 
they are either oriental, dark-skinned people with accents, or teenagers. The 
firms don't hire teenagers, but they hire a lot of foreigners. They may even check 
the guy's credentials. Electronic credentials. (Ha!) Then they turn the guy loose 
in the system, 


‘The virus is implanted deep inside the system. It can then be transferred to any 
other bank’s computer by means of EFT (electronic funds transfer). Maybe it is 
triggered when someone with a peculiar name and address opens a bank 

account. Three days later: Bam! The data disappear. They haul out the back-up 
tapes. Bam! The virus is on them, too. It is a process of infection, contamination, 
‘and incubation, There is no known defense. Not yet. This is the bottom line 


ANTIBODIES 
‘The designer of a virus can also design an “antibody.” The antibody is a 
ccounter-virus agent that seeks out a virus and destroys it. But like other 
antibodies, it must be specific. The only way today that an antibody system can 
be created is to know what kind ofa virus is involved beforehand, 


Tom says that people are now selling antibodies at very high prices. Who is, 
paying? Big companies that suspect that there is a virus present in their 
computers. In all probability, the guy selling the antibody created and injected 
the virus. But now can any businessman prove it? So he pays the blackmail. 


NATIONAL DEFENSE 


‘A Soviet agent or American spy working for the Soviets penetrates any of a 
dozen computers used by the military. He plants a virus. The computers talk to 
ceach other, and the virus spreads to all of them. It tells them to execute a certain 
routine when a certain command is entered at a missile-controlling terminal 
‘That command might interfere with a routine that activates a missile or launches, 
it Upon reading that command, the virus shuts down the computer, or scrambles 
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the executing program, or scrambles the data. No more "Iaunch on warning.” No 
more launch at all. Dead metal. 


Scenario: The President of the United States receives a telephone call on the 
“red phone” — the direct link to Moscow. He lifts the receiver and says, 
Hello.” 


"Mr. President, this is Michael Gorbachev. You must recognize my voice. I have 
very little time. I will come directly to the point. You have refused to back down 
‘on your threat to implement your Strategic Defense Initiative. You intend to go 
‘ahead with space-based weapons. My military staff informs me that they think 
that the United States has the technology to implement it, and that it could place 
my nation's military strategy in jeopardy. We cannot allow you to do this. 


“If we allow you to deploy the SDI, it will be too late for us to respond 
effectively. Therefore, we are taking the initiative today. I issued orders this 
‘morning to put Soviet military units on immediate alert. We are abiding by your 
biblical rule to announce the initiation of hostilities before striking. Neither the 
Japanese nor the Germans gave us this courtesy. If you do not come to terms 
with us, we will launch a first strike against your nation in three hours. We will 
delay for one day. if you agree to follow a precise procedure that I will outline 
shortly 


“At one time we feared nuclear retaliation, We no longer do. Within two hours, 
‘you will know why not. I suggest that you instruct your ballistic missile team to 
prepare your missiles for a strike. Then, to prove to yourself that we no longer 
are concemed about retaliation, launch one or two of them. As far as T am 
concemed, launch all of them. But please instruct your senior military 
‘commanders to report back to you concerning the effects of their instruction. I 
suggest that you try launching three or four as a test. We dont care which ones. 


“Mr. President, let me tell you what is going to happen. As soon as anyone 
attempts to launch a missile, that missile's computer guidance system will shut 
down, It will lock up tight, and you will not be able to unlock it within the time 
‘you need to respond to our attack. Two hours and thirty minutes from now, your 
nation will have no remaining Minuteman III missiles to respond with, should 
you finally unlock your frozen computers. 


suggest that you contact your senior officers now. You will have to mobilize 
them within 60 minutes, The test should take about 30 minutes. I will telephone 
you again in 90 minutes to present our terms of surrender.” Click. 


‘The President calls the Joint Chiefs. If he is lucky, he will be able to locate two 
of the three in time. They will be paralyzed. Who wouldn't be? But in all 
likelihood, they will at least test Gorbachev's theory. They will order one or (wo 
missiles launched. The computer guidance system on both will shut down the 
system. They will try two or three more, with the same result. They will attempt 
to launch one from a submarine, with the same result. 


‘The President brings in senior Congressional officials and the remaining Joint 
Chiefs: member to the White House. 


Exactly 90 minutes after he had hung up, Gorbachev telephones back. He 
presents his list of demands. First, the immediate removal of U.S. troops from 
Europe. Second, the withdrawal of personnel from Diego Garcia Island in the 
Indian Ocean. Third, the breaking of diplomatic relations with Red China and 
‘Taiwan. Fourth, the removal of all U.S. troops from Korea. Fifth, a moratorium 
oon all debts owed to U.S. banks by the Soviet Union and its client states. Sixth, 
the removal of all Minuteman II missiles from their silos. Seventh, the return of 
all U.S. submarines to port. Ifhe agrees, and the orders are delivered within two 
hours, the Soviet Union will delay launching a first strike. The President 
complies. 


with any aspect of U.S. data transmission. The virus could sit dormant in a 
system for years, and no one would know. Triggered, it would then strike. 


‘THE WEST'S VULNERABILITY 


‘They might do it with our communications satellites, Tom says. You might do it 


‘The West has become increasingly dependent on computers. We can no longer 
function without them. The Third world hasnt. Neither has the U.S.S.R. Their 
technology is still pre-computer. They are inefficient, but they are far less 
vulnerable. 


‘Tom says that the world of computers presumes that almost everyone is, 
ially honest, and that all the brightest programmers must be honest. They 
aren't. Thus, the members of the entire system — banks, national defense, large 
and small businesses, public utilities — have opened themselves to attack. The 
attackers are invisible. 


“Nothing I have seen in all my years of computers scares me as much as this 
does,” he says. "The system has been designed in terms of a far older set of 
standards, especially with respect to security. Itis totally vulnerable. 


He compares it to plague, or venereal disease. People copy each other's software 
to save a few bucks. They use public access databases. They use "loops" — the 
phone lines. Yet these transmission belts of information can become 
transmission belts of collapse. 


‘This is what I have harped on for twenty years: the potential for a collapse of the 
division of labor. We become rich by means of a brilliant technology, yet we 
become dependent on it to an extent that no previous society ever has. 
Centralized institutions are most vulnerable, but because we use public 
transmission lines, from microwave transmissions to cables in the ground, each 
local unit is vulnerable, Those who would choose to bring down the system need 
only plant electronic viruses in a handful of major common-use databases or 
transmission sources, and live years or ten years later, the disease hits. 
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Fig Improved DBDP-SA amay Fig.2 Photos ofthe TDP shared apemte prototype amy, 


Side views 
Fig 3 Novel sruenze DBDP-SA aay 


Compact Dielectric Resonator Antennas with Ultra-Wide 60%-110% Bandwidths 
We have roccatly made a significant achievement in the emerging lta wide-band (UWB) wireless communication systems, which require antennas with bandwidths gn 
106%. nthe past, the only way antenna engineers knew how to get such a bandwidth ftom atin antenna was by removing the metal sheet underneath the antenna (known 3 
plane"). This i aot an acceptable solution for practical systems because the lack of i allows the ante to radiate both upwards and (unnecessarily) downwards (ic 
tlectronic device on which the antenna is installed), wasting about hal fits power. Saving power is crucial in UWB systems duc tothe severe power limits imposed by reg. 
2011, we made a breakthrough in diclectrc-esonator (DR) antenna rescarc, by inventing a novel DR antenna with a fll ground plane and a 110% bandwidth. This disp 
‘nyt tha such bandwidths cannot be achieved with fll ground planes. Ths antenna, published inthe prestigious IEEE Transactions on Antennas and Propagation in Decem! 
1s 20% smaller but fats «30% greater bandwidth than the next-Best DR antenna, which doesnot even havea full ground plane. Hence its idl for next-generation ules 
and sensor applications 


We theoretically and experimentally demonstrated that, by inroduving a lowes thinset between the ground plane and a highet-permitivty dielectric 
dielectric resonator antennas (DRA) with ulta-wide bandwidths, in the range of 60-10%, can be designed, Furthermore, the Volume of such DRAS is reduced by appr 
Si using a finite planar conducting wal. Unlike vertical monopole-type hybrid UWB DRA, these antennas radiate sufficiently in the upward irecton. Unlike in printed 
UWE antennas, the power rdiatd into the lower hemisphere i significantly less, An example prfotype antenna, designed 1 operate in the FCC UWH band, has a dclectn 

3 (r (124 x 0.083 x 0.157 lamb at 31 Gla), and an averige measured gain of $ dBi fom 3.110 10,0 GH. These antennas exploit multiple low 
With overlapping handwids to form an ulis-wide contiguous bandwidth. With the proposed dielectric arangemen, iis possible to efficiently couple a sufcieat numb 
overlapping mods oa 50 ohm fedline using single, simple fod, 


“The antenna has a remarkably smal footprint of 12x8 mm? at 3.1 GH the lowest frequency ofthe FCC UWE band. Its diclctric Volume is 1489 mm3, or 1710-3 lamb 
lowest operating ffequeney of 3.1 GHz, and overall height is 15.2 mm or 0.157 lamba. Ta place these results in perspective, i is worth comparing the new designs with 
wideband DR designs available in the literature: To the best of our knowledge, prior to this, the widest bandwidth ever obtained from a pure DRA design is 84% . The vol 
Dt in that design i 0225 x 0,172 x 0,062 lambaa3 (= 24x10-3 lambd8) at its lowest operating frequency of 3.69 GHz, In that DIA, the DR i positioned in a now-rait 
close to the edge ofan orthogonal, “verical” ground plan, which doesnot block radiation towards the lower hemisphere. The widest handwidth demonstrated by a pure DI 
tmuditonal “horizontal” ground plane (which can be employed to shield the rest from the antenna as discussed previously) is 78%. The dieletic volume of that design is 0 
+£0.21 lambda3 (= 5.84103 lambda3) ats lowest operating fequeney of 6.7 GHz. 


Super Wide-band Antennas 
We have demonstrated that extremely wide bandwidths (ratio-bandwiss up to 125) canbe obtained fom a specially designed printed antsna with a tapered semi-ring 
design is desribed in “A Printed Eliptical Monopole Anteana with Modified feeding Structure for Bandwidth Enhancement,” in IEEE Transactions on Anteanas and Pre 
ol $9, no. 2, pp, 667-070, Feb 2011 
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It could bring down the system if technological defenses are not developed. 
Nothing on the immediate horizon points to a solution, he says. The silence of 
those who should know what to do indicates that they don't know what to do, but 
they don't want panic to spread. 


Is this fantasy? Last summer a 23-person team broke in (by phone) to Chase 
‘Manhattan Bank's computer. 


Break-in: ~ Continuation of part 1, a treatise on worms and viruses in cybernetic 
systems, 


‘Maybe you saw the article buried somewhere in your newspaper. I saw it in the 
New York Times (Oct. 19) 

“A group of atleast 23 teen-age computer users broke into a Chase 
Manhattan Bank computer installation by telephone in July and August 
and "significantly damaged” bank records, the Federal Bureau of 
Investigation said yesterday 


Chase officials insisted that no money was stolen or transferred out of 
customer accounts as a result of the break-ins, and said no intrusions. 
have been detected recently. But Federal officials, in an affidavit, said 
that in several cases the youths changed passwords, preventing 
customers — and in one case a unit of the bank itself — from gaining 
access to their own computer files.” 


‘And where were these teen-agers located? In San Diego, across the continent! It 


gets even more ludicrous: 
Federal officials said that most of the offenders were probably too young to be 
prosecuted. 

Robert D. Rose, the assistant United States Attomey handling the case, said: 
"We're not yet sure what we are going to do. But these things can get out of 
hhand — it did get out of hand — and we have to treat them seriously.” 


‘Treat what seriously! "These things?” What things? If they can't legally treat the 
clectronie trespassers seriously, just what is the man talking about? He is talking 
about the topic, above all topics, that bank and government officials don't want 


to face: the vulnerability of their computer records. 


Thave seen no follow-up on this story in the conventional press. A brief article 
did appear in the computer-oriented tabloid, Info World (Oct. 28). It turns out 
that the students had broken into the fifes of Interactive Data Corp. of Waltham, 
Massachusetts, which maintains the bank's financial records. The break-ins were 
discovered in late July. They had obtained the toll-free 800 number which was 
restricted (Ha!) to Interactive Data subscribers. As late as October 9, an illegal 
entry was observed. In short, it took ten weeks after the break-ins were 
discovered to put a stop to them. 
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‘The response of the bank's bureaucracy was predictable. It will ever be thus: 
"Bank officials are claiming that the FBI exaggerated the nature of the activities 
ofthe suspected individuals. A spokesperson for Chase Manhattan said that 
Interactive's customers were not prevented from accessing their accounts and 
that none of Interactive's data was altered or manipulated in any way.” In 
response, FBI supervisory agent John Kelso said that the FBI has sworn 
affidavits from bank officials that say data has been manipulated or damaged. 
"That sounds pretty serious to me," he volunteered. 


Here is the capper: Interactive Data has 25,000 subscribers who are tied into that 
toll-free phone line. Try keeping tight security on a system with 25,000 users. 
(Chase Manhattan couldn't. Ifthey can't, who can? 


And if Chase Manhattan Bank was vulnerable to 23 teenagers who are too 
‘young to prosecute, consider its vulnerability to just one envy driven genius who 
knows all about electronic viruses. The students that did this were apparently 
Just goofing around. But what ifjust one malevolent computer freak decided to 
"get even” with Chase Manhattan? What if he had phoned in just once or twice, 
implanted a long-dormant data-killing virus, and quit? What ifhe had tied its 
detonation to, say, a calendar clock in the Interactive computer? If it took 
security forces from July until early October 15 to raid the 23 students’ homes, 
they would never have spotted one break-in. They could not have traced it, 
either. Conclusion: we have a risk-free opportunity for electronic arson, We face 
‘a potential electronic epidemic. And when I say "we" I mean the entire financial 
system of the West 


Sure, all the bank "spokespersons" in the world will tell you, 
there is a problem. A horrendous problem. 


(o problem.” But 


At this point, it really gets interesting. Chase Manhattan Bank has just 
announced that we will be able to set up our own personal electronic banking 
facilities with them by buying an expanded version of Managing Your Money, 
Andrew Tobias’ home financial management. 


Citicorp and Bank of America have opted for Dollars and Sense a rival program. 
‘You will be able to pay monthly bills electronically, balance your “checkbook,” 
‘monitor your net worth, buy and sell stocks, etc. etc, just by dialing Citicorp or 
Chase Manhattan. Fantastic! But despite all the assurances, I get nervous. Yes, 1 
know no one will be able to break in and tamper with the numbers. But 23 
teenagers shouldn't have been able to do it, either. And now we're talking about 
a lot more subscribers than 25,000. 


Obviously, the master program used by the banks will prohibit easy entry 
Unfortunately, someone has to write the program. Can you imagine the 
blackmail possibilities? Some hotshot programmer could build-in a bomb, and 
then threaten to detonate it. In fact, he could merely pretend to have inserted a 
virus. Who would want to call his bluff? Not Chase Manhattan, I would bet, 
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CORE WARS REVISITED 


In May of 1984, A. K. Dewdney published an article in Scientific American's 
"Computer Recreations" column, It was a light-hearted-piece on how computer 
‘experts can get involved in playing this exciting game of "blow up your 
‘opponent's defenses.” You know: recreation! In the March 1985 issue, he wrote 
a follow-up. It begins: 


“When the column about Core War appeared last may, it had not occurred to me 
hhow serious a topic I was raising. My descriptions of machine-language 
programs, moving about in memory and trying to destroy each other, struck a 
resonant chord. According to many readers, whose stories I shall tell, there are 
‘abundant examples of worms, viruses and other software creatures living in 
every conceivable computing environment. Some ofthe possibilities are so 
horrifying that I hesitate to set them down at all."(emphasis added.) 


It turns out that tne French nave been enjoying a novel on the international 
implications, Softwar: La Guerre Douce, by Breton and Beneich. A translation 
is scheduled for publication here by Holt, Rinehart & Winston, The study 
revolves around the sale of a high-power computer to the Soviet Union. The 
USS. allows its export because it has a "software bomb" in it. When the U.S. 
Weather Service announces a certain temperature at St. Thomas in the Yirgin 
Islands, the program proceeds to subvert every piece of software in the Soviet 
Union, 


A pair of Italian programmers was "inspired" by the translation of Dewdney's 
original article to dream up a virus (a virus is a computer-to-computer killer, 
‘whereas a worm is resident in one man’s computer). They figured out that by 
infecting a disk operating system disk (these start computers and tell them what 
to do with programs and electronics), and then installing it on disks used by the 
biggest computer shop in the city, they could create an epidemic. They decided 
not to do it. In short, the only restraint is self-restraint. 


A high school student in Pittsburg wrote a virus that was subtler than a data- 
destroying virus, which at least tells us that we have a problem. His virus created 
a plague of very subtle errors in the disk operating system. "All of this seems 
pretty juvenile,” he wrote, but "Oh woe to me! I have never been able to get rid 
of my electronic plague. It infested all of my disks, and all of my friends’ disk: 
He wrote a program to destroy the virus (an “antidote” to it) but it is not 
anywhere near as effective as the virus is. 


Warning: do not copy disks from your friends’ copies. This act of piracy could 
cost you plenty. 

A COMMERCIAL WORM 

Just a few days after I wrote "Electronic AIDS, Part 1,” 1 read a column in the 


Washington Times, the conservative (Moonie-owned) daily newspaper. One of 
the reporters has a computer. He had purchased a newly released program from 
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Microsoft Co., called "Access." Understand that Microsoft supplies the dis 
‘operating system that is used by the IBM PC, the most popular microcomputer. 
In other words, this is no backyard company. Itis one of the two or three 
software giants in the U.S. (Its owner is under age 30, which tells you something 
about who is pioneering the microcomputer revolution). 


As he was setting up his computer to take advantage of this telecommunications 
program, a warning flashed on his screen: "The weed of crime bears bitter fruit. 
Now trashing your program disk.” Wham! He lost all his files — probably a 
couple of year's worth of work. Sure, he was probably smart enough to have 
made back-up copies, but think ofthe risk. And what iit had been a worm that 
kept silent for a few years, infecting all of his back-up disks? 


He called Microsoft, and they gave him the runaround. They told him that they 
were not responsible. Some programmer had put in the worm in order to zap 
program pirates, but the journalist insisted that he was an original buyer. Tough 
luck, they told him. Obviously, they didn't know that he was a reporter. 


‘Then he published his article, All of a sudden, the victim was not some average 
buyer. He was big trouble. Things started moving. InfoWorld (Oct. 28) reports 
that Microsoft has admitted that a programmer put in the worm, but without 
permission. The offending text has now been removed, we are assured. But what 
if it had sat in the master for three years? Here is the premier firm in the 
software, 


This is not idle speculation. It has already happened, verifying my hypothetical 
scenario within a few days after I published it 


Can you imagine the absolute havoc that a dormant worm or virus could create 
if it were imbedded in all updates of Microsoft's masters of PC DOS and MS 
DOS, the operating systems for all IBM microcomputers and IBM-compatible 
microcomputers? It could cost the U.S. economy billions, and some 
microcomputer-dependent firms wouldn't survive. Any Microsoft spokesman 
‘who says, "I's impossible; it could never happen,” has to explain how it already 
did happen to "Access 


ADAM OSBORNE'S WARNING 


‘You may know the name Adam Osborne. He invented the revolutionary portable 
‘computer, the Osbome 1. Before there was an Osbome 2, the company went 
bankrupt. Compaq, the most successful first-year firm in U.S. history (over $100 
million in sales in its 12 months of operations) and others built imitations that 
‘were far superior 

‘That isn't my point, however. Adam Osborne was "present at the creation" of the 
microcomputer industry. He created Osborne publications, and then sold out to 
McGraw Hill. He knows what is going on. In his delightful paperback book, 
Running Wild, which is a history of the microcomputer (desk top) revolution, 
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1975-82, he offers this warning. He says that three areas should not be allowed 
to be computerized: 1) bank money transfers; 2) the stock market; 3) elections. 


All three are just about fully computerized. Another ten years, or maybe five, 
‘and they will be 100% computerized. Several firms allow microcomputer 
buying and selling of stocks (e.g., Charles Schwab), and New York Stock 
Exchange floor transactions eventually will be fully computerized, at which time 
it will be pressured to get rid of the “specialists” who make (and sometimes 
‘manipulate) the market, short-term — Richard Ney’s hated "Wall Street Gang” 
— but the price of getting rid of them may turn out to be horrendously high. 


"The great fortunes of the 21st century,” Osborne predicts, "will be the lega 


ofthe great computer thieves of the 20th." 


‘Three years ago, I used a firm to supply computer services I needed. The head of 
it was a former businessman, quite young, and a true "space cadet.” I've quoted 
him in the last issue. I call him Tom, He operated in a world far removed 
‘mentally from the rest of us. He is a nice fellow, a Christian, and a moral 
philosopher of sorts, 


He ran the operations ofthe local elections. He did it fairly inexpensively. He 
told me why: "I want to keep these elections honest. It would be incredibly 
simple to rig the program to produce whatever outcome I wanted in close races. 
If can do it, anyone with enough skill to set up the system could do it. 


| asked him if he thought Osborne was correct in his predictions about bank 
theft. "It would be a piece of cake for me to steal three or four million from any 
local bank. I could go in the next week, offer to give the money back, keep 10% 
as a finders fee, and promise not to tell the press how easy it was to steal. They 
‘would probably pay me my 10% just to keep me quiet.” 


Look, These people are geniuses. Worse, they are geniuses in a very narrow 
field technically, which is now being used to control darned near everything. 
‘This unique intellectual-technical skill is the possession of literally a handful of 
people, mostly under 35 years of age. They are "fooling around” with Chase 
Manhattan Bank's computers. What happens when a few of them stop fooling 
around and get deadly serious? 


Computer program designers keep telling us that there is no 100% secure way to 
defend data banks. Maybe there will be a 98% secure system someday, but not 
now. To defend itself, the system relies on the integrity of youth. In short, self- 
government is the major defense. 

‘And where have they learned self-discipline? In the public schools?” 

“NOW YOU'VE DONE IT!" 

About four years ago, I read an article in the Rolling Stone, the tabloid aimed at 


rock music Fans. It was the only article I ever read in that periodical. It was a 
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It described a subculture of students at Stanford University, "hackers." These 
people are computer freaks. The mainframe computer at Stanford was cheaper to 
use after midnight, so from midnight to 6 am. the hackers gathered at their 
terminals. They lived on candy bars, junk food, and high-technology dreams. 


One of the games they played was breaking into each other's programs. It was 
considered the mark of a master hacker to be able to crack another hacker's 
defenses. They would spend hours trying. They were "hacker-crackers.” 


One bright fellow then designed a classic booby trap. He wrote a program that 
‘wamed trespassers not to tamper with it. This, of course, alerted every would-be 
electronic safe cracker to the challenge. It was a complex program, and it took 
days to crack it. Then, after repeated warnings, the successful trespasser got a 
surprise. Japanese letters appeared on his screen. Roughly translated, the words 
proclaimed, "Now you've done it!” 


At that point, the victim's computer screen went blank. Then the names of all his 
‘own computer files appeared on the sereen — files that may have taken years to 
assemble. One by one, they blipped off the screen. In horror, the victim would 
stare at the screen, unable to stop the process. 


As it tured out, the booby trap was only a practical joke. It really didn't erase all 
the victim’ files. It only listed the names, and then erased them. But for a 
horrifying few minutes, the victim wouldn't know this. 


Hackers play games. Very interesting games. 


‘The kind of people who spend six hours, midnight to 6 am. trying to break into 
ceach other's programs are different from the rest of us. Among their ranks are 
some highly individualistic people. Some of them are libertarians. I mean 
anarchists, They are electronic "don't tread on me” sorts ofpeople. They do not 
appreciate bureaucracy. They appreciate being pushed around even less. 


The folks at Chase Manhattan really do have a problem. Do you attempt to 
prosecute a legally un-prosecutable kid? A kid who has already cracked your 
computer system? I don't think you do. You play the role of stem but 
appreciative banker. "Son, I am impressed by your ability to break in. But 
understand, we are honest people. There is a code of honor here. You wouldn't 
‘want to break that code — of honor, I mean — would you?” Because if this kid 
gels angry, he can do it again. Quietly. And next time, he deposits a virus. 


Ofcourse, Chase may hire a programming team to create an unbreakable 
system. Sure. "Hire fox A. Give him chain link fence B. Hire him to build fence 
B around chicken coop C." 


TEEN CHALLENGE 


Suppose that the public gets wind of the threat to the whole banking system that 
is posed by viruses. What do the bankers (or anyone else) announce to the 


public? "We want to assure you that our computer program is impenetrable. No 
fone can break in. It is foolproof.” 

Here is the challenge — rather like the Stanford program that announced: "Do 
not trespass.” These kids see breaking-in as a challenge, a kind of sport. They do 
not regard it as theft. They do not regard it as vandalism, even if it costs a 
company millions of dollars to unscramble. They may be ethical in other 
respects, but they think of "core wars” as a game, 


How would you like to be the 60-year-old banker who doesn't know a byte from 
usury, but whose public relations department tells him to inform the public that 
nobody can crack his bank's code? To cite Mr. T in "Rocky III," that bank is 
dead meat. So are its depositors. 


But ifhe keeps quiet, and the story still gets out about the vulnerability of the 
system, one or two small "virus-demolished” banks could trigger a collapse of 

the system, as people do the only smart thing: run for cash. The whole fractional 

reserve banking system would deflate; only the FED's printing presses could 
‘save the day,” in a wave of fiat money, 


What I am saying is this: Lthink that we will see the end of fractional reserve 
banking in our day. At the very least, I think we will see it subjected t0 
tremendous shocks. People will lose faith in electronic promises made by 
bureaucrats who do not know anything about the monsters that their efficient 
‘computers can be turned into. 


Attack on Martinsburg. Now, let's take it a step farther. Some day some state or 
Federal bureaucrat is going to step on the toes of some genius entrepreneur who 
thas created a software development firm. The bureaucrat will try to wrap this 
entrepreneur in red tape. Or maybe —just maybe — he will try to sock him 
‘with a tax bill that the entrepreneur regards as unfair. 


In Martinsburg, West Virginia, there is a large computer. It is owned and 
operated by the Internal Revenue Service. Into it, over the next five years, the 
LR‘S. apparently intends to deposit all the records it can assemble on every U.S, 
taxpayer. This computer database will be the biggest in the world. It is the tool 
by which the LR.S. hopes to increase taxpayer compliance. And it may succeed. 
For a while 


This is one reason for saving all letters to and from the LR.S. Ifthe LR.S. 
becomes dependent on its computer system, which is likely, then any short- 
circuiting of its database could create havoc for tax collecting. If word gets out 
that a major failure has hit the LR.S., the tax revolt could multiply overnight. 
‘You would see the deficit become astronomical. Ifthe LR.S. continues to 
"voluntary" compliance program to the myth of the "all-seeing computei 
news of the computer's scrambling could backfire. 


It is possible that the story of the LR.S. database is a myth, Maybe they aren't 
going to build it. But ifthe public believes that such computer power is at the 
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disposal of the LR.S., and taxpayers then leam either that the system has been 
blown, or that it was mythical from the start, the tax revolt could spread like an 
epidemic. The electronic epidemic-could trigger a tax revolt epidemic. 


He who lives on the cutting edge of technology eventually dies on the cutting 
edge of technology 


“PEOPLE ARE BASICALLY GOOD" 


Let's return to my taped interview with "Tom." In a 90-minute interview, we 
covered a lot of ground, But one topic that stands out in my mind is our 
discussion of the pre-supposition that goes into the creation of a computer-based 
society. The computer people have all adopted the assumption that undergirds 
modem science, namely that, participants are well meaning, that they will not 
fake their experiments, and that they will play fair. If scientists had to check 
every aspect of every article, science could not advance very fast. 


What about the computer industry? The whole system rests on faith: "Men are 
not malevolent. They are not envy-driven. They will not deliberately seek to 
destroy the work of some random victim,” Tom says categorically that this 
assumption is false. There are bad people with tremendous computer skills, and 
modern society has not restructured its economic institutions to protect itself. 


Here is one example ofa break-in technique. Someone phones in to a computer, 
‘which has been left open temporarily by some user. The lock is unlatched; he 
needs no key to get in. He then seeks to penetrate the inner core of the program, 
such as a bank's program. He creates a deliberate error, which all 100 often 
triggers a kind of electronic explosion. The protective shell self-destructs, and 
the invader now finds himself inside the system, where far fewer defense 
mechanisms exist. 


‘Tom designed his own firm's defense against this tactic. His program 
automatically records the source of the error, and throws the user out of the 
program. The program has protection against deliberate errors, but most of them 
don't, he says. A major error simply collapses the program's outer shell, 


In my previous issue, I speculated that a Soviet spy or agent could penetrate 
ULS. computers. Note: I did not assume that he would simply phone in; I 
assumed that a disloyal programmer, or a team, could plant the virus as insiders. 
From there, the virus would spread through the system through normal 
telecommunications. Several people have written in to tell me that a wrecker 
cannot destroy the system by penetrating it from the outside, They may be 
correct. But when informed that I am assuming an inside job by someone with 
‘access to a major computer, the critics have admitted that this might be possible. 


‘The weed of crime bears bitter fut: for honest, computer-dependent people. 
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FEDERAL FUNDS 


‘The Federal Funds bank transfer lines allow banks to borrow money overnight. 
Hundreds of billions of dollars go across these lines every working day. The 
bank's computers communicate with each other by means of this 
telecommunications hook-up. What if someone were to plant a long-delay virus 
in the software that operates these transfers? And what banker has even thought 
about this problem? 


‘What if this scenario was to take place: a virus triggers the disruption of bank 
records — not a total breakdown initially, but disruptions in the data? It might 
bbe weeks or months before auditors recognized the extent of the problem, 


‘As rumors begin to leak out about complex accounting or other data- 
‘management problems of major banks all over the U.S. (including off-shore 
branches), the various banking regulatory agencies would be swamped with 
crises and outside rumors. Then, all at once, bank computers begin breaking 
down. 


The rumors then explode. The lines appear in front of banks. The only answer at 
this point is to print up paper money. It would be printed by the hundreds of 
billions in order to offset the deflationary effects of bank runs (paper money that 
is pulled out but not re-deposited in another bank). 


You could topple the fractional reserve banking system all over the world. The 
‘entire payments system could easily become engulfed in chaos. Debits and 
credits would no longer be meaningful. A pure paper money inflation would 
replace the manipulated, “fine-tuned” monetary inflation of modern central 
banking. 


All of a sudden, market-created alternative currencies would be revived. It 
would then be metallic cash that talks loudest. Silver dimes are not electronic. 
"They can't be infected electronically." They still circulate when banks are 
“temporarily closed, due to circumstances beyond our control.” 


‘The loss of efficiency would be initially horrendous, I would guess. The division 
of labor would break down, You could then have the crash that lurks in the 
minds and suspicions of average depositors. Who says it cannot happen? A lot 
‘of public relations firms hired by the banks — computer illiterates in high 
places? 

‘What we have is an internal bank money wire system that is totally vulnerable to 
some vindictive programmer. There is little doubt in my mind that the bankers 
are desperately fearful of this sort of vandalism. It could topple people's 
confidence in the fractional reserve banking system, and confidence is the only 
thing that keeps it going. 

Conclusion, Technologically, there is no solution at this point. I have no 
heartening message. Maybe later; not now. Keep precious metal coins. Don't 
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assume that it can't happen here. It can, The only thing holding it back is the 
restraining hand of God, through the temporary self-restraint of a technological 
priesthood. 


{Reviewer's comment: Iwas unaware ofthe problem ofcomputer worms and 
viruses until I read Gary North's two articles. His open release ofthis important 
information is appreciated. ] 


SCALAR EM INNOCULATION AND ITS IMPLICATIONS 


‘My appreciation goes to Gary North for his openly sharing the above important 
information with the public. Human nature being what itis, one or more of his 
more dire scenarios is going to happen sooner or late. 


‘The problem becomes enormously more compounded if the hostile agent or 
agents possesses sophisticated scalar EM technology. 


With scalar technology, there exists the potential that the worm or virus can be 
implanted from a distance. If scalar-scanning devices of sufficient precision can 
be developed, then major software residing in a chip, a computer, or on a disk 
ccan be read from a distance. With scalar EM methods, the ordinary software 
guards” are totally ineffective. The scalar "reader" could simply read off the 
software directly as the disk or device goes about its normal operations. 


Affer the software is read, a germ or a virus is designed to produce a particular 
problem as desired and upon special stimulus. Then a scalar "imprinter" device 
is used to produce the necessary digital pulses directly upon the media in which 
the software resides. The required code has now been implanted. In effect, the 
‘operating system has been injected from a distance, and contaminated with the 
desired "sleeping agent” — germ or virus. From there on, it’s just like Gary 
North's scenarios. 


So the scalar EM technology can probably be used (at least eventually) to place 
“mines” in systems in advance, for damage or destruction at a future date. At 
least it's possible in principle. 


However, it’s not the injection of computers and equipment that bothers me. It’s 
the injection of human beings. Here's generally how it can be done (and possibly 
is being done). 


Basically, human brains have various rhythmic waves, which represent 
"envelope pulsations” of the entire electrical system. However, it is not the Et, 
force fields represented by these pulsations which are important: it is the 
summed-zero (scalar) patterning of the entire complex of neuron firings which 
represents the real activity ofthe brain — and represents its thoughts and 
emotions. A storage system for these patternings exists, but it's a scalar pattern 
storage, not an E and B field storage. The storage system is in the nuclei of the 
tissues of the nervous system itself, not in electrical or electrochemical 
potentials. 
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Focal Plane Arrays for Radio Astronomy 


VSWR 


Dense focal plane arrays (FPAs) are a key technology fora new generation of Radio-clescopes, Their primary benefit isthe rpid survey sped facilitated by the wide fl 
provided by multiple beams, Recent advances have brought dense FPAs within reach of radio astronomy applications. A numberof institutions have significant research pt 
this field, This echnology i being considered forthe Square Kilometee Array (SKA) (wwskatelescope ong). The PHD project of Douglas Hayman, conducted with CE 
Centre and Division of Astronomy and Space Science, investigated beamforming aspects of FPAs and evaluated ther performance in Radio Astronomy. A prototype inter 
radiotelescop, built st CSIRO's Radophivses Laboratory’ in Syne, is used Io demonstrate «suite of techniqucsforFPA beamforming aad evaluation for this thesis, Best 
solutions were experimentally demonstrated in our paper in IEEE Transactions on Antennas and Propagation, entitled “Experimental Demonstration of Heamforming Sol 
Focal Plane Arrays”‘The THEA tle, shown bolo, designed by ASTRON and use forthe experimental component of this research, 
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Negative Permeability of Spiral Metamaterials 


Archimedean spirals and complementary Archimedean spirals are super-compact metamateral particles. Thanks to ther convoluted geometry, unit cells an be made electri 
small, We theoretically analysed monofla, bifilar, flr and quadrifilar Archimedean spiral metamatcral particles using pont group theory and erystallography. From the 
Properties eletromagnetic response was determined, Magnetic electric and magnetoelectrc modes ofthe puriles wore identified along with thet isotropy characteristics, 
shown that ll he particles, except moaatilar spiral are noabianisotropic. Further, effective medium theory was applied to extract the effective permeability ofthe spiral mec 
results indicated negative Vales fe permeability in ceeain frequency ranges, Detaled theory and numerical simulation resus are available inthe paper ented "Analy 
‘metamaterials by use of group thor” published inthe Metamateials Journal, vol. 3, no 1 pp. 33-43, March 2000 


Archimedean Spiral Metamaterials and Backward Waves 


htp:web scionce.mg,edu.aul-essolle/Research him! 7a 


‘Atany rate, the human brain rhythms are also "riding along” relatively entrained 
to the Schumann resonance of the earth's magnetic field. So all the patterning of 
the brain is grouped together into giant overall orders, and one or more of these 
is normally synchronized to our natural environment. 


Ifa varying magnetic signal of extremely low frequency — say 10 hertz — 
bombards the brain with greater power than the earth's magnetic field, it is 
possible for the brain's rhythm to be "forcibly entrained” to synchronize with 
that signal, rather than with the normal Schumann resonance. Ifa large number 
of brains are forcibly entrained to such a signal, and the signal is artificial, then a 
nester coherent phasing of all the brains to the transmitted signal has been 
accomplished. 


And that can be utilized — and is utilized — by the Soviet Union. On the 
‘Woodpecker signals, Bob Beck has detected up to 16 carriers, each with a 10- 
Hertz modulation, and with all the 10 Hz modulations in phase. 


Let s stress what we're saying here. At times, the Woodpecker signals have 
shown 16 carrier frequencies that contain the same 10-Hertz modulation, and 
which are all kept coherently syne-locked. 

Ifthose signals and the modulations are strong enough, the brains in a targeted 
‘area demodulate the 10-Hertz signal and phase-lock to it — actually, to them, At 
that point, the brains are entrained to a 10-Hertz driver, and 16 channels of 
multimegahertz frequencies are locked-in to the brain. 

Now, if the Soviets have broken the genetic code of the human brain (which 
they have) and succeeded in developing the ability to implant thoughts, 
emotions, pictures, etc. (which at least to a degree they have), then they can 
simply record the proper signals from human guinea pigs, using scalar 
technology and instrumentation 

‘They can tailor those signals and add them onto the Woodpecker carriers, using 
scalar EM techniques. By using most of the sixteen carriers as a means to 
express Fourier frequency expansions, specific areas and functions of the brain 
ccan be targeted. 


"Notice that the distant transmitters already "know" the correct phasing, just use 
the 10 Hertz modulation signal as a reference. In that case, phasing takes care of 
itself inside the captured human brains. 


‘The brain has a unique characteristic. Ifa signal arises inside it, it imterprets that 
it itself originated the signal. Thus for the first time in history, true unwitting 
robot actions and emotions can be engendered in masses of human beings. 


But it's still worse. The Kaznacheyev experiments (see references) proved. 
conclusively that electromagnetic signals can carry and transmit cellular disease 
and death patterns into a targeted biosystem, You can rest assured that the 

Soviets continued on to actually measure and determine a wide variety of death 
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and disease scalar patterns. All ofthat can be added on to the Woodpecker 
cartiers so that the population in the intersection grid area is devastated. One can 
even test it out in advance by producing a modified pattern of a disease in the 
targeted populace, and keeping the percentage of brains entrained down to a 
small level. This lowers the number of persons “injected” from a dist 

small percentage of the populace. Then the outbreak of the "new strai 
familiar disease — such as influenza, pneumonia, and something like AIDS — 
can be monitored to provide targeting and effectiveness data. Notice that a series 
of diseases was experienced by U.S. personnel assigned to the U.S. Embassy in 
Moscow, probably as a result of the so-called "weak microwave radiation" of 
the Embassy by the Soviet Union. 


But that's not all. Much more subtle effects can be produced in the targeted 
populace, without anyone getting wise. Cancers and leukemia should be 
relatively easy to induce. Also, the immune system can simply be attacked 
directly. If done slowly, a series of common, ordinary diseases will just seem to 
get "tougher and tougher to cure.” Actually i's not the disease that got tougher, 

itis the immune systems that got weaker. It is my opinion that precisely that sort 
of testing — against the immune system — has been accomplished by the Soviet 
Union against the U.S. since about October 1985. A great percentage of 
influenza patients during the period from then until now have had complications. 
‘So much so that multiple sessions — as many as 3 to 5 — of antibiotics ar 
necessary before the patient recovers. At least in the Huntsville, Alabama “hinge 
pin" area, that seems to have been the case. This author personally experienced 
this, having influenza and follow-on complications for a period of seven months 
‘omething quite different indeed for him. 


But it’s even worse. 


‘The human scalar EM nervous system "inside" the ordinary EM signals and 
functioning of the system) also has its own resident "software." It has special 
storage media contained in its brain, its cells, and its genetic material, and its 
‘actual nucleons. All of these storage media are continually telecommunicated 
with via scalar EM means. Those recordings, largely condition the "stabi 
‘what each of us is. As personalities we literally “are” what we have experienced, 
felt, thought, and did. Our whole "functioning conscious system” has been 
evolved by our experience, and it continues to be "us" by means of continual 
reference to the record base. 


Thope you now realize that the actual record base itself can conceivably be 
altered by scalar electromagnetic means, even from a distance. Even by the 
hidden scalar EM content of 16 Woodpecker carriers, rocked into a captured 
brain and pouring in their deadly content. It is conceivable that even what one is 
ccan be taken from him, and what someone decides he will be, he will be. 


‘A totally new — and ultimate — form of "slavery" has emerged 


‘Also, look at all this scalar EM functioning ofthe human system as a special 
kind of cybernetics. A scalar EM computing software and hardware system. 


What if scalar techniques are used to plant "worms" and "viruses" in this 
system? With hidden triggers? What about a series of them, so that a range of 
cruptive software diseases can be stimulated at will? 


‘And guess what. Such scalar EM "worms" and "viruses" can even be induced by 
contact with or consumption of "contaminated" water and food. Or saliva. Or 
other body fluid. 


So you can see the possibilities of "seeding" a population with a staggering 
variety of time-bombs, 


I think you begin to see the point. Now you can change North's 
blackmail” scenario drastically. In a new scenario, Gorbachev simply announces 
to Reagan that a graduated series of specific sweeping changes are going to 
happen in our population — changes which we are absolutely powerless to stop. 
‘The last stages are various deaths. The master "trigger" for this series has 
already been initiated. Incidentally, the Soviet populace has been carefully 
“seeded” with the proper antidotes. The Russian leader demands certain things 
(very similar to what North's scenario utilized). Unless his demands are met, a 
"killer virus” will be activated by a special signal. If so, everyone dies. The first 
step change in the series will start to occur in a few hours. And it does. 


In fact, this scenario could be added to North's scenario, and both used. 
simultaneously. What do you think the President and the Congress would do? Or 
could do? 

‘There are other even more diabolical possiblities, but these should be quite 
sufficient to illustrate the point. 

Pandora's box has already been spilled, and the end of humanity is ticking away 
like a time bomb. It’s already nearly midnight, and the watchman hasn't even 
sounded the alarm yet. 


I certainly can anticipate the next question: Have the Soviets already "seeded" 
the populations of the U.S. and other selected western nations with scalar EM 
viruses and germs7 


‘The answer is, I simply don’t know. And just like Gary North, I don't know what 
if anything can be done about it if they have. This researcher certainly doesn't 
have all the answers. An immediate national crash program to develop scalar 
EM defenses is essential if we are not simply to be crushed beneath the hammer 
and sickle. It takes funding, people, facilities, and time. 


In some 22 years of unrelenting struggle to convince the system we've got a 
terrible problem, I've hardly been able to move it off dead-center (no pun 
intended). This book, produced under extreme workload stress, is all I can do to 
raise the alarm, I've given it my very best shot. 
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‘What happens now remains to be seen. Other hands, hearts and minds are going 
to have to take up the task and carry it forward. This researcher has reached his 
limit, and has no more left to give. 


‘The Tom Bearden Website 


APPENDIX III: CONTINUING THE SCENARIO 


On May 3, 1986 a stunning loss of a U.S. Delta rocket carrying a critically-needed weather 
satellite occurred. The rocket suffered a shutdown of its main engine during launch and began to veer 
off course, causing the range safety officer to destroy it. 

The takeoff of the blue and white Delta "workhorse" from launch Pad A at Cape Canaveral at 
first appeared picture-perfect. About a minute later, six of the nine booster rockets were expended 
and the remaining three switched on. Shortly after that, the rocket seemed to lose power. The main 
liquid-fueled engine had suddenly shut down, with the three strap-on boosters still burning. The 
rocket then had no stability and started to slowly drift off course, creating an increasing angle of 
attack. Within a few seconds, the nose cone snapped off under the severe stress. The U.S. Air Force 
range safety officer then sent a destruct command to the stricken rocket, which exploded in a ball of 
flame. 

The Delta, built by McDonnell Douglas, had previously piled up a continuous string of 43 
successful launches. Since 1960, 177 launches have occurred, and the success rate has been 94%. The 
Delta is one of the most reliable rockets ever built. 

The unexpected shutdown of the main engine was perplexing. At a news conference following 
the mishap, William Russell. NASA's Delta project manager. stated: "It was a very sharp shutdown. 
almost as if it were a command shutdown." 

Preliminary data, such as turbine speed and temperatures in and around the engine, "all appeared 
to be very normal.” Russell said. 

It may well have been a "command shutdown," unknown to Bill Russell and his NASA 
engineers. 

Preliminary runs of the videotapes of the incident, aired by the national TV news media, show 
that during liftoff, a mysterious light approached the rocket from below and from the side. rising and 
striking the vehicle. This light and its path are strongly reminiscent of the first anomalous "light 
streak and ball" photo taken by Bob Gladwin just prior to the shuttle launch on November 26, 1985. 

Let' s suppose that on May 3 the Soviet scalar EM grid was in the launch Phase ABM system 
mode and was tracking the launch of the Delta rocket. 

If the anomalous light that moved up and contacted the rocket was a small ball of continuous 
electromagnetic energy formed by a distant Soviet scalar EM howitzer, then the rocket's main engine 
control circuits would have received a sudden and continuous pulse of EM power. This would 
probably have shutdown the engine by an actual "command" signal, artificially delivered. * 


“Engineers have now determined that such a shorting of the engine circuitry occurred, causing engine 
shutdown. 


Certainly such mysterious switching of satellite circuits has occurred before, probably due to 
Soviet scalar EM precision testing. For example, the British Ariel VI satellite has exhibited very 
strange anomalies in its command and control circuitry -- in fact, with very precise control switching 
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being exhibited as if from an external source. 

Thus a very small scalar EM missile may have been utilized by the Soviets to disrupt the control 
circuits in the rocket. A resulting pulse of power in the engine shutdown command circuit could have 
“ordered" the shutdown of the main engine -- just as it appeared. 

It remains to be seen whether or not the Soviets used a "marker beacon" associated with the 
disruption of the Delta launch. One news photograph seems to contain a suggestion of such a light, 
but the videotapes must be studied frame by frame before it can be ascertained exactly what if. 
anything is really there. 

If a marker beacon was not used, the distant Soviet operator could simply have "popped out" the 
continuous EM ball of energy, tracked it and the ascending rocket exhaust, and "joysticked" the 
scalar EM missile up into the rocket. 

Analysis of this incident is continuing, so nothing is certain as we go to press. 

However, if this incident was indeed another Soviet kill, then it will have served the Russians 
well. Much of the world's media attention will now be focused on NASA's launch difficulties, and 
away from the recent Chernobyl nuclear reactor disaster in the Soviet Union. It's bound to take some 
of the media pressure off the Soviets. 

In addition, it further cripples the U.S. satellite program. Loss of this critical weather satellite 
payload seriously reduces U.S. weather monitoring capabilities. 

Further, the U.S. space program now appears to be all but grounded by the Challengs an, 
and Delta explosions. For example, it will require about 18 months for the U.S. to redesign the shuttle 
so that Ameri shuttle program can get going again. So things are delayed until summer of 1987 at 
the earliest. 

Meanwhile, the Russians are set to grasp the lead in the space race. In 1985 they launched about 
100 rockets, five times as many as the U.S. They have a shuttle program of their own, well underway, 
with a flight expected within months. Earlier this year, they launched Mir, a second generation space 
station; a U.S. version is still some eight years away. 

Charles Vick, of Huntsville, Alabama's Space and Rocket Center, summed it up: "They have 
their standard military program, a shuttle program and the equivalent of an Apollo program, all 
within a 10-year period. It's awesome." 

An experienced propagandist like Gorbachev certainly understands the advantages of a strong 
Soviet push into space, such as (1) military advantage, (2) national prestige, (3) scientific 
achievement, and (4) projecting an image in the world's news media that the Soviets are first in space 
exploration. 

So the failure of the Delta rocket provides many benefits to the Soviet Union. 

It also continues to exercise and demonstrate Soviet mastery of the skies over North America 
itself. 

Meanwhile, two U.S. nuclear submarines have "inadvertently" run aground in the last month or 


so. 
Gorbachev again seems disposed toward a summit meeting soon. 
If it's held, the agenda may be quite different from the one President Reagan is prepared for. 
The clock ticks on toward midnight. 
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2002 ENDNOTES 


1 It is actually a unified field theory since the infolded electrodynamics 
inside all EM potentials, fields, and waves is utilized—and the internal 
electrodynamics forms spacetime curvatures and dynamics of those ST 
curvatures, 


2 M. W. Evans, "0(3) Electrodynamics,” Modem Nonlinear Opties, 2nd 
Edition, M. W. Evans (Ed.), Wiley, New York, 2001, Vol. 2, p. 79-267. 
3 David J. Bohm, "A Suggested Interpretation of the Quantum Theory in 


‘Terms of Hidden’ Variables, I and II.” Phys. Rev., 85(2), Jan. 15, 1952, p. 166- 
179 (Part 1); 180-193 (Part II); — "Quantum theory as an indication of a new 
order in physics." A:, Found. Phys., Vol. 1, 1971, p. 359: B: "Implicate and 
explicate order in physical law." Found. Phys., 3(2), 1973, p. 139-168. 


4 Mendel Sachs, General Relativity and Matter, Reidel, 1982; 
"Symmetry in Electrodynamics: from Special to General Relativity 
Quantum Domains,” Modern Nonlinear Optics, 2nd Edition, Wiley, New York, 
Vol. 2, p. 677-706. 

5 M. W. Evans, P. K. Anastasovski, T. E. Bearden et al., "On Whittaker’s 
Representation of the Electromagnetic Entity in Vacuo, Part V: The Production 
of Transverse Fields and Energy by Scalar Interferometry," J. New Energy, 4(3), 
Winter 1999, p. 299-301 gives a basic mathematical expose of scalar 
interferometry. 


6 James Clerk Maxwell, "A dynamical theory of the electromagnetic 
field," Phil. Trans. Roy. Soc, Vol. 155, 1865, p.71, 459. Orally presented in 
1864. This was Maxwell's definitive presentation of his theory, with 20 
quaternion and quaternion-like equations in 20 unknowns. Also in The 
Scientific Papers ofJames Clerk Maxwell, edited by W. D. Niven, Dover, New 
York, 1952, Vol. 1, p. 526-604. 


1 In T. E, Bearden, Gravitobiology: A New Biophysics, Cheniere Press 
Santa Barbara, Ca. www.cheniere.org, 1991 we first exposed the quantum 
potential weapon and some of its uses and characteristis, 


8 ‘A negative energy EMP weapons strikes the target or target area with 
aan extreme pulse of negative energy empty Dirac Sea 4-holes. As a result, the 
free electrons flowing in electrical currents in the struck target instantly 
disappear by re-absorption into the Dirac Sea. A living body struck by such a 
blast is totally and instantly dead in every smallest part, since all its brain and 
nervous system currents, cellular currents, etc. are instantly and totally 
‘extinguished. The Russians tested this weapon in the 1980s in their war in 
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Afghanistan, against two Afghan villages. I spent two hours in Washington D.C. 
‘with the then-representative of the Mujahedin to the U.S. Government, verifying 
the incidents and going over the exact characteristics of the instantaneous deaths 
of those villagers. With such a sudden death, the mind-body interconnection 
loop is instantly severed, so that the mind is instantly snapped loose from its 
connection to the body—hence my use of the term "MindSnapper." The struck 
body usually emits longitudinal EM waves for an extended period, so that 
vultures and other predators will not approach the bodies and eat them. All 
bacteria, viruses, etc. in the body are also killed instantly, and the body does not 
decay, even in 30 or 60 days 


9, As can be seen, the negative energy EMP weapon is an all-purpose 
‘weapon extremely effective against every kind of target: missiles, aircraft, 
‘communications, satellites, ships and particularly aircraft carriers, personnel, 
generators, power systems, the electronics of nuclear warheads, submarines, 
tanks and vehicles, and the electrical and electronic controls of any kind of 
machinery or equipment. Such weapons are the second most powerful weapons 
on earth. In the first part of 2002, a U.S. 2-cartier task force maneuvered in the 
South China Sea as a precautionary warning to the Chinese that we would 
defend Taiwan. Unknown to that fleet, tracking it and trained on it were the 
newly deployed Chinese negative energy EMP weapons, which could have 
destroyed the entire task force—everything in it—with a few shots in less than 
10 minutes. 


10. TE, Bearden, Energyfrom the Vacuum: Concepts and Principles, 
Cheniere Press, Santa Barbara, CA, 2002. Chapters | and 2 give a deeper 
coverage of this and similar foundations principles. 


11, Asis well known, Russian theoreticians have always been the best 
nonlinear scientists on Earth, since the beginning. They still are. 


12. See T. E. Bearden, "Giant Negentropy from the Common Dipole," J. 
New Energy, 5(1), Summer 2000, p. 11-23 for solution of the source charge 
problem. On DoE restricted website http://www.ott.doe.gov/electromagnetic! 
‘and on www:cheniere.org. The problem of the source charge can be solved by 
treating (with the modern quantum field theory viewpoint) the “isolated” 
observable charge and its cluster of virtual charges of opposite sign as a 
composite dipole. Because of the broken symmetry of its opposite charges, any 
dipole or dipolarity continuously receives virtual energy from the seething 
‘vacuum, transduces it into real observable EM energy, and pours out observable 
photons in all directions at the speed of light. See also E. T. Whittaker, 1903, 
ibid. There is a scalar potential between the ends of each dipole. The scalar 
potential may be decomposed into a bidirectional set of longitudinal EM phase 
conjugate energy from the time dimension (from the imaginary plane) and 
‘outputs that EM energy in the real 3-space. 3-space conservation of energy flow 
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is violated, but 4-space conservation of energy flow is upheld. This rigorously 
follows from the discovery of broken symmetry of opposite charges in 1957— 
‘one of the types of asymmetry for which Lee and Yang received the Nobel 
Prize 


In classical electrodynamics, the charged particle itself is assumed to be the 
source of its own fields and potentials. In other words, the charge is implicitly 
considered to be creating—right out of nowhere—the Poynting energy flow it 
continuously pours out across the universe in all directions. That makes the 
charge a perpetual motion machine of the grossest kind, violating the maxim 
that energy can neither be created nor destroye 


So the greatest perpetual motion advocates of all times are our own classical 
electrodynamicists and electrical engineering departments and professors who 
still ignore the active vacuum interaction that is missing from the classical 
model. They thereby ignore that the charge is a broken 3-symmetry in its violent 
exchange of virtual energy with the active vacuum, and merely organizes and 
‘emits in observable form a fraction of the energy it continuously receives from 
the imaginary plane (from the time domain). Yet, that broken symmetry has 
been known in particle physicists, both experimentally and theoretically, for 45 
years. 


‘When Maxwell wrote his theory, neither the electron, the atom, nor the nucleus 
hhad been discovered. There was no knowledge of the Drude electron gas, 
electron spin, etc. There was no knowledge of the nucleus of the atom, and even 
the atom itself was still contentious. A thin material ether (fluid) was believed to 
fill all space, so that no point in all the universe was empty of mass. 
Consequently, E and B were conceived as physical force fields in a material 
‘medium—the luminiferous ether, All Maxwell's equations—including the 
subset selected and modified by Heaviside that today are called "Maxwell's 
cequations"—assume this material ether to this day 


Electricity was thought to be a "thin material electric fluid” running through 
wires like water through a pipe. The magnitude of the potential was not used; its 
reaction cross-section was calculated and erroneously used as its magnitude, as 
it is today (although a good electrodynamicist does know that itis only the 
intensity of the potential, not its magnitude). 


Faraday believed that his "lines of force" were taut physical “stings” in this 
material ether, and that EM perturbations were the vibrations of these taut 
strings. As he clearly states in his 1873 Treatise... Maxwell sought to capture 
Faraday's work exactly. He simply assumed Faraday's "plucked taut string" 
waves. Later the measurement in instruments of what was actually the lateral 
_gyroprecession of electrons in receiving wires was though to prove that the 
incoming ether vibrations were transverse, like those string waves, because the 
detected elecric uid (electron precession) waves in the receiving wire were 


transverse. The drift velocity of electrons longitudinally in a wire (in a typical 
case, several inches per hour) was unknown. A charge q was just a piece of 
electric fluid, much like a cubic centimeter or other volume of fluid: it had no 
connotation of "charged particle." There was no concept in all of physics of EM 
energy flowing through space. There was no knowledge that the same fields 
created in the transmission wire, which perturbs the Drude electrons laterally, 
also perturbs the positively charged nuclei laterally, in the opposite direction, 
highly damped but with equal energy. 


There was no way to realize that the energetic perturbation of the curvature of 
spacetime around the sending wire antenna, by the Drude electron perturbation 
energy, is simultaneously accompanied by an equal and opposite perturbation of 
the curvature of spacetime in the opposite direction (energy density, not 
amplitude of the disturbing wave, determines the degree of curvature of the 
surrounding spacetime). Hence Maxwell omitted precisely one half the EM 
‘energy, one half the EM wave, and one-half the electrodynamics. As a 
consequence, the "Newton's third law recoil" of the nuclei today is thought to 
spontaneously arise as if some mystical demon observes the Drude electron 
perturbations, and simultaneously kicks the positively charged nuclei in the 
equal and opposite direction. Hence Newton's third law, so to speak, is 
erroneously still omitted from classical electrodynamics, and the better texts say 


In the 1880s, the Michelson-Morley experiments falsified the material ether. Not 
a single one of the Maxwell-Heaviside equations were ever changed to this day. 
Instead, the electrodynamicists eventually announced that, since there was no 
longer an ether, they were not using one! Then a total non sequitur was 
incorporated: that in massfree space, the same E and B fields (defined as 
material entities and thus existing only in mass) still remain but the forces go to 
zero. Simple algebra reveals this clever, insidious faux pas, using the E-field as 
‘an example: First, F = d/dt(my), so mass is a component of force. (This reveals 
the great error due to the hoary old notion that a separate force acts upon a 
separate mass; the mass is a component of the force, and the force is a coupled 
system of a curvature of spacetime and a charged mass.). Then E == F/g, which 
rigorously holds when mass is present. 


Now for whatever reason, let F= 0. Then Fig = 0 and E = 0 also, else we must, 
iscard algebra. What actually remains is easily explained in general relativity 
terms (available since before 1920). The couplet of a curvature of spacetime and 

‘charged mass is broken up by absenting the mass. What remains is that, 
specific curvature of spacetime. GR assures us that curved ST acts upon mass, 
and that any force involves a curvature of ST. Yet in more than 80 years, this 
erroneous old "material ether remnant” in electrodynamics has been fiercely 
defended. Every textbook today uses and confuses the E and B fields in two 
dichotomous fashions: (1) as massive force fields existing only in the presence 
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We have shown backward wave propagation and double negative parameters over a 199% bandwidth in a microstrip line loaded with seis gap discontinuities and super 
‘iret model for such unit cells almost perfectly described the struct 


complementary Archimedean spiral resonator metamaterial particles. Moreover, our equiva 

practically important fequencies (hy comparison with ful-wave results. We also fabricated and texted compact filter crits with only one a wo complementary spa mc! 
marized inthe paper entitled “ackward Wave Micrstin Lines with Complementary Spiral Resonators,” published in IEEE Transactions on 
‘Oct 2008, 
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‘nd Propagation, Vo 56, tue: 10, pp. 3173-31 


We derived design equations for Archimecan spiral resonators and tested them agains full-vave simulations. The details are inthe paper entitled “Design of monofilar ¢ 
al aplicitions” published in IET Microwaves, Antennas & Propagation, vl. 3 1.6 929-935, Sep 2009 
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ive Surfaces for Energy-Saving Glass Panel 


juss bevoming very popular in building design dae to ther efective shielding of building interior agains hat entecing the building with infrared (1R) wave 
stained by depositing a thin layer of metalic-onide onthe lass surface using special sputtering provescs. This ayer atenuaes IR waves and hence keeps buildings 
Sumer and warmer in Winter. Hovter, this resistive coating alo altenates use meroWwaveR saunas requited for mobile phone, GPS and personal communication 5y 
thy as much as 30 dB, To overcome this drawback, we designed and ested bandpass aperture type crone-dipole frequency selactive surface (FSS), etched inthe coatings 
Sving glass to improve the tansmision of usefl signals wile preserving TR attenuations Mucus possible. Wil this FSS, 15-18 dB peak tansssioninpwaveme 
achieved, for waves incident with 45 degree fom normal for both TE and TM polarizations. 


Measurements and other results of this research, conducted in collaboration with the Lund University in Sweden, are available in the paper entitled "Cross Dipole 
Frequency Selesuve Surface Tor Energy-Saving Glass Used in Buldings,” published in IEEE Transacuoss an Antenais and Propagation, vol 9.10. pp. $20-525, Feb, 
effcet of thege FSS om the transmission of infrared and visible wavele 


the though energy-saving glass Was investigated theoretically and experimentally in another pay 
‘Microwaves, Antennas & Propagation, Vol 4 Is, 7, pp 95$-961, 2010 


‘Switchable Frequency Selective Surfaces to Reconfigure Electromagnetic Architecture of Buildings 

In ange buildings and offices, fequency re-se methods wil be required to enhance the spectral efficiency and capacity of wireless communication systems. This observatic 

to the concept of electromagnetic architecture of buildings, Passive bandstop FSSs can be used tp enhance the clecomagnetic architecture of a building, and hence t 

spectral efiieney and system capacity, but itchable FSSs can provide a better configurable solution, IF switchable FSSe ae placed in strategic locations ofa uiling, th 
sive FSS. 


reconfigured remotely and rapidly, which is not possible with p 


‘With collaborators in UK and Sweden, we designed and successfully tested a single-layer active Frequency Selective Surface (FSS) that is cectonically switchable benween 
and transparent sates, Iecan he use to provide a spatial filter solution to reconfigure the electromagnetic architecture of buildings, The FSS measurements show tha the 
response ofthe filter doesnot change significantly when the wave polarization changes or the angle of incidence changes up to =45° from normal. The FSS is has on 39 


intervals, Experinints denionsrated that almost 10 dB addtional transmis 


sapemure geometry, with eich unit cell having four PIN dade tcoss the aperture at 90 der 
he introduced on average tthe resonance feyuency, fr both polarizations, by switching PIN diodes to ON frum OFF state 


For details, please refer to "Switchable Frequency Sclective Surfice for Reconfigurable Electromagnetic Architecture of Buildings,” in IEEE Transactions on Ante 


Propagation, Vol. 58, Issue 2 pp S81-54, February 2010 
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of mass, and as "massless force-free fields" existing only in the absence of mass. 
This of course is a non sequitur. 


nthe Partial Differential Equations of Mathematical 
Math. Ann., Vol. 57, 1903, p. 333-355. The "scalar" potential itselfis 
not even a scalar entity, as shown rigorously by Whittaker. Instead, itis a 
harmonic series of bidirectional EM longitudinal phase conjugate wavepairs, 
‘and it decomposes into that series. Hence itis a multiwave, multivectorial entity. 


14 C_N. Yang and R. L. Mills, "Conservation of Isotopic Spin and 
Isotopic Gauge Invariance," Phys. Rev., Vol. 96, 1954, p. 191 


15, The term "energetics" simply means energy as the primary thing in the 
universe. Rankine first used it. G. Helm in 1887 revived Rankine’s term 

‘and factored energy into an intensity factor and an extensity factor 
(which today we would call potential and kinetic energies). William Ostwald in 
1893, 1895, and 1901 raised the concept of "energetics (energy as the primary 
thing in the universe) to the forefront. Thus when the Russians developed new 
extensions and principles in weapons physics, they simply used the historical 
notion of "energy as the primary thing in the universe" and adopted the earlier 
name for it: energetics. 


16. Later when Khrushchev demanded a 100% antimissile defense, famed 
Russian Nobelist Petr Kapitsa answered, "Ifa means oftotal neutralization of 
foreign missiles is to be found, it can only come from a group ofnew principles 

in physics, called energetics” 


17. See T. E, Bearden, "Mind Control and EM Wave Polarization 
‘Transductions, Part I", Explore, 9(2), 1999, p. 59; Part Il, Explore, 9(3), 1999, p. 
61; Part II, Explore, 9(4,5), 1999, p. 100-108. It appears that Sachs’ unified GR 
and EM approach is perhaps the best Western physics model to apply to analysis 
ofthe KGB energetics weapons. However, because of the third branch 
(psychoenergetics: engineering the mind directly), Sachs’ work would appear to 
need further extension along the lines indicated by the present author in the cited 
Paper. 


18 See T. E. Bearden, "EM Corrections Enabling a Practical Unified Field 
‘Theory with Emphasis on Time-Charging Interactions of Longitudinal EM 
Waves," J. New Energy, 3(2/3), 1998, p. 12-28; — Energy'from the Vacuum, 
2002, ibid. For nuclear transmutation at a distance (e.g.. dudding all nuclear 
‘weapons by transmuting U235 and weapons grade plutonium), extension is 
required along the lines indicated by the present author in these references. 


19. See M. Sachs, ibid., also M. Sachs, "Relativistic Implications of 
Electromagnetic Field Theory,” in T. W. Barrett and D. M. Grimes, eds. 
Advanced Electromagnetism, World Scientific, 1995, p. 551. The Sachs theory 
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already expresses the greatest generalization possible of electrodynamics, and 
fully justifies the preceding view. 


20, See Whittaker, 1903, ibid. — "On an Expression of the 
Electromagnetic Field Due to Electrons by Means of Two Scalar Potential 
Functions,” Proc. Lond. Math. Soc, Series 2, Vol. 1, 1904, p. 367-372. The 
latter paper was published in 1904 and orally delivered in 1903. Per these two 
Whittaker papers, itis known that (i) ordinary EM fields and waves are the 
result of interference of two or more scalar potential functions, (ii) scalar 
potentials are comprised of harmonic sets of bidirectional EM phase conjugate 
\wavepairs, (ii) all ordinary EM fields and waves and potentials have LW EM 
dynamics internally, and (iv) in theory, this "infolded” electrodynamics can be 
engineered. Sachs’ theory dramatically extends the richness of that internal 
electrodynamics ignored in the West, and highlights the general relativity (sets 
of spacetime curvatures, or "engines", involved). 


2 Exg., Marine Observer was a rich source for Russian energetics 
‘weapons testing in remote ocean areas, sighted by ships’ captains and crews and 
centered into the ships’ logs. 

22. Portions of Khrushchev's statements to the Presidium are given in Max 
Khrushchev Says Soviet Will Cut Forces a Third; Sees ‘Fantastic 

jew York Times, Jan. 15, 1960, p. 1 


23. See Whittaker 1903 and 1904, ibid., for the original basis of scalar 
interferometry and its creation of any kind of EM field, potential, and wave in 
the interference zone. 


24, Also see M. W. Evans, P. K. Anastasovski, T. E. Bearden et al., On 
Whittaker’s Representation of the Electromagnetic Entity in Vacuo, Part V: The 
Production of Transverse Fields and Energy by Scalar Interferometry, J. New 
Energy, 4(3), Winter 1999, p. 76 for mathematical proof of scalar 
interferometry. There are several other ALAS papers in the same issue of JNE, 
dealing with interferometry and with the implications of the Whittaker papers. 


25. Asan example, the U.S.S. Skylark, surface companion of the Thresher, 
‘was beset by mysterious “jamming” of multiple types of EM systems in multiple 
bands. So bad was it that it required more than an hour to get an emergency 
‘message to Naval headquarters that the Thresher was in serious difficulty. Later, 
as the scalar interferometry died away, all the EM systems aboard the Skylark 
resumed normal functioning. The Skylark was in fact in a "splatter zone" of the 
underwater interference zone around the Thresher. 


26. Circa the end of 1989, the earlier longitudinal EM wave weapons on 
site in Russia were leased to a rogue Japanese group comprised of Aum 

Shintikyo and Yakuza, who have been operating those weapon systems—on site 
in Russia—since then. Senator Sam Nunn's investigations revealed the presence 
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of the Aum Shinrikyo in Russia, to include establishing a university there. His 
investigators missed the Yakuza involvement and also missed the exotic 
weaponry aspects as one might expect. 


27. concluded from this remark that TEMPEST techniques are probably 
used at some nearby site not too distant from my home here in Huntsville, to 
read and record my work as I write it on the computer. That appears to be a good 
assumption. 


28 Asa small example of what can be done, see a series of papers by M. 
W. Evans, P. K. Anastasovski, T. E. Bearden etal, published in J. New Energy, 
4(3), Special Issue, Winter 1999. The papers are: (a) "On Whittaker's 
Representation of the Electromagnetic Field in Terms of Two Scalar Potentials, 
Part I"; (b) "An Experimental Test of the Existence of Whittaker’s ¢ and/Fluxes 
in the Vacuum"; (c) "On Whitaker's Representation ofthe Classical 
Electromagnetic Field in Vacuo, Part II: Potentials Without Fields"; (4) "On 
Whittaker's F and G Fluxes, Part III: The Existence of Physical Longitudinal and 
Timelike Photons"; (e) "Representation of the Vacuum Electromagnetic Field in 
Terms of Longitudinal and Time-like Potentials: Canonical Quantization"; (f) 
“On Whittaker's Analysis of the Electromagnetic Entity, Part IV: Longitudinal 
Magnetic Flux and Time-Like Potential Without Vector Potential and Without 
Electric and Magnetic Fields": (g) "On Whittaker’s Representation of the 
Electromagnetic Entity in Vacuo, Part V: The Production of Transverse Fields 
and Energy by Scalar Interferometry”; and (h) "On Extending Whittaker's 
‘Theory, Part VI: Photons Without Fields and Vector Potentials’ 


29. _ Asan example, one part of the strategic deception plan was devoted to 
convincing the West that Soviet psychoenergetics was nothing but a technical 
‘wrinkle upon the rather harmless Western parapsychology. This part of the 
program was completely successful for decades. Another very clever use of 
deception is to allow release of some real scientific advances that lead the West, 
but are not too important to the KGB in the weapons arena. The increasing 
emphasis on torsion fields is an example of this "deception by giving good 
information that directs the adversary upon a path one wishes him to take", 
effectively steering him away from the path one wishes him to avoid. Lately, 
however, there is an uproar amongst the academicians in the Russian Academy 
of Sciences over this very point, that torsion fields being presented as the “end 
all, be all” is simply disinformation, 


30. With their deployment of QP weapons in 2002, the Chinese are also on 
the way to having this capability 

31. The multiply connected spacetime (MCS) or quantum potential 
‘weapons went on site circa latter 1989, A laboratory prototype had been tested 
against the U.S. air attack on Libya in April 1986, For details of the extremely 
anomalous jamming ofaireraft and missile guidance and control systems in that 
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attack on Libya, see Mark Thompson, "Mixed signals may have misguided U.S. 
weapons," The Washington Post, Jan. 22, 1989, p. A-4. 


32. _One or more QP weapons also apparently induced the Gulf War 
Disease in MidEast forces in the Gulf War. We have previously explained the 
peculiar anomalies, how it was done, why the endemic natives did not contract 
the disease, why the French forces did not contract it but U.S, British, and 
Canadian forces did, etc. We briefly discussed quantum potential weapons in T. 
E. Bearden, Gravitobiology: A New Biophysics, In T. E. Bearden, 
Gravitobiology: A New Biophysics, Cheniere Press, Santa Barbara, Ca. 
swww.cheniere.org, 1991 


33. (a) Yossef Bodansky, "Soviets testing chemical agents in 
Afghanistan,” Jane's Defence Weekly, 1(3), Apr. 7, 1984, p. 508 gives 
something of the two Soviet tests of this weapon in Afghanistan. In addition to 
the fierce blast of empty Dirac Sea 4-holes, these weapons produce a powerful 
time-polarized EM pulse in the area, producing a very sharp "jerk" in the rate of, 
flow of time, (b) The mind-body coupling mechanism—which cannot 
‘withstand such a sharp jerk in the rate of flow of time—has been given by T. E. 
Bearden, "Mind Control and EM Wave Polarization Transductions." Explore, 
1999, ibid. This sharp "jerk" in time-flow instantly snaps the mind-body 
‘coupling mechanism for any living thing in the struck area. A very small 
version of this weapon was tested twice in Afghanistan, where the bodies in the 
"mind-snapped” zone died instantly, fell like limp rags, never twitched, and did 
not decay or get molested by insects or scavengers for the 30 days it required the 
Mujahedin to fight their way back into the two struck villages. The Mujahedin 
yughe it tremely fast acting nerve gas, which they dubbed 
merch” or "death wind” 


34. Two Ph.D. scientists were working closely with me on this entire 
‘effort, as was another close colleague. There was much more involved in the 
effort that is so briefly mentioned here. 


35. Secretary of Defense William Cohen at an April 1997 counterterrorism 
conference sponsored by former Senator Sam Nunn. Quoted from DoD News 
Briefing, Secretary of Defense William S. Cohen, Q&A at the Conference on 
Terrorism, Weapons of Mass Destruction, and U.S. Strategy, University of 
Georgia, Athens, Apr. 28, 1997, 


36. ‘TE, Bearden, Energetics: Extensions to Physics and Advanced 
Technology for Medical and Military Applications, CTEC Proprietary, Mar. 21, 
1998, 200+ page inclosure to CTEC Letter to Gen. (Ret.) Walter Busby, Deputy 
Secretary of Defense for Counterproliferation and Chemical and Biological 
Defense, March 21, 1998. Copies were sent to various other U.S. government 
agencies, including to NIH, CDC, the USAF, etc. 


37. See Vlail Kaznacheyev and L. P. Mikhailova, Ultraweak Radiation in 
Intercellular Interactions, {in Russian}, Novosibirsk, 1981. An English 
exposition of much of the Kaznacheyev material is given in Viail Kaznacheyev, 
“Electromagnetic Bioinformation in Intercellular Interactions.” Psi Research, 
1(1), Mar. 1982, p. 47-76. The work of Viail Kaznacheyev led to the 
understanding of how to electromagnetically transmit cellular death and disease 
into targeted cells (or bodies) at a distance, and involved thousands of lab 
experiments. Highly sanitized work revealing the results but not the 
mechanisms, were permitted in order to stimulate the West to see ifit knew 
about energetics. 


38 See Stanisloy Luney and Ira Winkler, Through the Eves ofthe Enemy. 
Russia's Highest Ranking Military Defector Reveals Why Russia Is More 
Dangerous Than Ever, Regnery, Washington, D.C., 1998. The Red Chinese also 
‘were able to decipher the Russian EM disease transmission methodology, early 
on. As a strange kind of "poetic justice” action the Chinese induced cancer into 
many Russian spies stationed in the Russian Embassy in China. Quoting Laney, 
p. 160: ".. was not the only person who was stationed in Beijing to come 
down with cancer...Almost all ofthe GRU officers stationed in China with me 
have been diagnosed with cancer. People assigned to the embassy had told me 
that they were picking up high levels of radiation from the apartment building 
around the embassy compound. Whether it was aform ofhigh-tech monitoring 
ora conscious effort to harm our health, it seems to have been successful. So 
‘much so that in 1992 the GRU was asked to investigate the high rate ofcancer 
among embassy officials. Thefindings, however, have never been made public; 
in part, no doubt, because ofthe rapprochement between Russia and China.” 


39. See my "Porthole Briefing", on www.cheniere.org. Also see "Le 
Probleme Priore," Rapport de la Commission de Academie des Sciences a 
‘Monsieur le Ministre d'Etat charge de la Recherche et de la Technologie, 
France, 1982, p. 1-22; J. B. Bateman, "Microwave Magic," Office of Naval 
Research London Conference report, ONRL C-14-77, 1977; —A Biologically 
Active Combination ofModulated Magnetic and Microwave Fields: The Priore 
‘Machine, Office of Naval Research, London, Report R-5-78, Aug. 16, 1978; — 
"Staging the Perils of Nonionizing Waves," European Scientific Notes, ESN 32 
3-85-88, 1978; T. E. Bearden, "Energetics Update and Summary,” Parts 1, 
Explore More, No. 1, 1996, p. 13-18: Part 2, Explore, 8(1), 1997, 53-56; Part 3, 
Explore, 82), 1997, p. 42-45; Christopher Bird, "The Case of Antoine Priore 
and His Therapeutic Machine: A Scandal in the Politics of Science,” Explore, 
5(5-6), 1994, p. 97-110; R. Cambar, "Rapport general des travaux de la 
‘Commission de Controle constituee en vue de verifier lun des effets biologiques 
‘obtenu par utilisation de 'appareillage de Priore A. Bordeaux,” {General 
findings of the work of the control commission formed to verify one of the 
biological effects obtained by use of the apparatus of A. Priore at Bordeaux], 


1969; R. Courrier, "Expose de M. le professeur R. Courrier Secretaire perpetue! 
de Academie des Sciences fait au cours d'une reunion a Institut sur les effects 
de la machine de M. A. Priore 26 Avril 1977" [Presentation by Professor R. 
Courrier, Perpetual Secretary of the Academy of Sciences, made at the meeting 
of the Academy on the effects of the machine of M. A. Priore.|; Jean-Michel 
Graille, Dossier Priore: A New Pasteur Affair, De Noel, Paris, 1984 [in French]; 
Antoine Priore, "Apparatus for producing radiations penetrating living cells, 
USS. Patent No. 3,368,155, Feb. 6, 1968; — "Method of producing radiations for 
penetrating living cells,” U.S. Patent No. 3,280,816, Oct. 25, 1966;— "Procede 
et dispositif de production de rayonnements utilisables notamment pour le 
traitement de cellules vivantes,” [Procedure and Assemblage for Production of 
Radiation Especially Serviceable for the Treatment of Living Cells], Republique 
Francais Brevet dinvention P-V. No. 899.414, No. 1,342,772, Oct. 7, 1963: A. 
Priore, Guerison de la Trypanosomiase Experimentale Aigue et Chronique par 
Laction Combinee de Champs Magnetiques et D’Ondes Electromagnetiques 
‘Modules [Healing of intense and chronic experimental trypanosomiasis by the 
combined action of magnetic fields and modulated electromagnetic waves} 
thesis submitted in candidacy for the doctoral degree, 1973—rejected when the 
project was suppressed. 


40. Brie Perisse, Effets des Ondes Electromagnetiques et des Champs 
Magnetiques sur le Cancer et la Trypanosomiase Experimentale [Effects of 
Electromagnetic Waves and Magnetic Fields on Cancer and Experimental 
Trypanosomias], Doctoral thesis, University of Bordeaux No. 83, March 16, 
1984. Although Priore's own thesis was suppressed in 1973, Pautrizel 
nevertheless finally succeeded in getting this doctoral thesis by Perisse approved 
oon the work, at the University of Bordeaux which had rejected Priore's thesis, 
after eleven more years had passed. Considering the viciousness of the 
suppression, this was a major accomplishment 


41. The photo was taken by George Suchary ofthe registration point (ball 
of light) high over the Nov. 1985 night shuttle launch from Cape Canaveral. For 
a photo of the same kind of "ball of light” registration point above the kill of a 
Titan missile launched from Vandenberg AFB in early 1986, see reference 39 
below. 


42. The picture by Canadian investigators showing the hole burned through 
the right fuselage ahead ofthe engines of the Arrow DC-8 is shown in T. E. 
Bearden, AIDS: Biological Warfare, Cheniere Press, Santa Barbara, Ca. 
www.cheniere.org , 1988, p. 52. 

43. See'T.E. Bearden, Gravitobiology: A New Biophysics, Cheniere Press 
Santa Barbara, Ca. www.cheniere.org, 1991, p. 82. Two sensors on-board the 
Arrow DC-8 independently recorded the sharp electrical spike generated by the 
strike ofthe EM missile, 
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44. "Titan Explosion Cripples U.S. Launch Surveillance Capability,” 
Aviation Week & Space Technology, 12417), Apr. 28, 1986, p. 16-19. 
Specifically see the picture of the explosion on p. 18. It clearly shows the Soviet 
marker beacon (litle ball of light) well above the missile explosion. General 
background on the Titan explosion and investigation is given in "Investigators 
Search for Clues to Cause of Titan Blast,” Aviation Week & Space Technology 
124(17), Apr. 28, 1986, p. 19-20.1 persuaded NBC engineer Ron Cole with a 
team of engineers to examine the videotape of the explosion, frame by frame. In 
17 frames the ballof-light (registration point) is visible, and moves away 
completely independent ofthe explosion. No "bogies on the range” were 
reported at Vandenberg AFB. 


45, Dr. Evans is co-discoverer with Vigier of the B(3) field, now well 
established but still not in the textbooks. He is the Director of the Alpha 
Foundation’s Institute of Advanced Study (AIAS) and has over 600 papers and 
books in the literature. 


46. M.W. Evans, P. K. Anastasovski, T. E, Bearden et al., "On 
Whittaker’s F and G Fluxes, Part III: The Existence of Physical Longitudinal and 
Timelike Photons," J. New Energy, 4(3), 1999, p. 68-71; — "Representation of 
the Vacuum Electromagnetic Field in Terms of Longitudinal and Time-Like 
Potentials: Canonical Quantization,” ibid., p. 82-88; — "On Extending 
Whittaker's Theory, Part VI: Photons Without Fields and Vector Potentials, 
ibid, p.79-81 


47. Terence W. Barrett, "Electromagnetic Phenomena Not Explained by 
Maxwell's Equations," in Lakhtakia, A. (ed.): Essays on the Formal Aspects of 
Electromagnetic Theory, World Scientific Publishing, River Edge, NJ, 1993, p. 
6-86; — "On the distinction between fields and their metric: the fundamental 
difference between specifications concerning medium-independent fields and 
constitutive specifications concerning relations to the medium in which they 
exist." Ann. Fond. Louis de Broglie, 14(1), 1989, p. 37-75; — and D. M Grimes. 
[Eds.] Advanced Electromagnetism: Foundations, Theory, & Applications. 
World Scientific, (Singapore, New Jersey, London, and Hong Kong), Suite 1B, 
1060 Main Street, River Edge, New Jersey, 07661, 1995. In the latter book see 
‘TW. Barrett, "Sagnac Effect: A Consequence of Conservation of Action Due to 
Gauge Field Global Conformal Invariance in a Multiply-Joined Topology of 
Coherent Fields," p. 278-313, 


48. But see Craig F. Bohren, "How can a particle absorb more than the 
light incident on it?” Am. J. Phys., 51(4), Apr. 1983, p. 323-327. By resonating 
the intercepting charged particle, its reaction cross section increases, and more 
EM energy is collected and re-radiated by the charge than is input to it by the 
conventional accounting (which only accounts the input Poynting energy that 
‘would be intercepted by a static charge). The conventional input energy 


calculation therefore ignores the huge nondiverged Heaviside component 
surrounding the Poynting component and wasted. The resonant particle sweeps 
out past the usual Poynting component into the unaccounted Heaviside input 
‘component, and collects excess energy. The Bohren experiment with resonant 
charged particles produces COP =18. Metallic particles at ultraviolet 
frequencies are one class of such particles and insulating particles at infrared 
frequencies are another. For independent confirmation of the Bohren 
experiment, see H. Paul and R. Fischer, (Comment on "How can a particle 
absorb more than the light incident on it?"}," Am. J. Phys., 51(4), Apr. 1983, p. 
327, 


49. ET. Whittaker, 1903, ibid. 


50. Abeneficial use, e.g., would be to use such CSRs to investigate and 
report the interior ofthe sun and planets, including the Earth and its core. Since 
a CSR can also travel “through” the interior ofa light beam, in theory such 
‘could be dispatched back into some of the nearer stars to also explore and report, 
their interior. 


51. This is no more curious than stating that sets of waves and their 
dynamics can exist in space, without interacting with mass, and that they can 
then later interact with a mass system to change it in specifically designed 
‘manner. Since longitudinal EM waves and their dynamics are "infolded” inside 
ordinary EM waves, fields, and potentials, they are also infolded "inside" the 
ambient vacuum potential, which itself is a part ofthe local vacuum potential. In 
short, one forms highly complex LW wavesets and functional dynamics, in 
essentially a sort of "subspace" as popularized by the Star Trek television series. 
‘The LW "engines" are identically ST curvature engines. A close colleague of 
the present author has in fact already invented and rigorously demonstrated such 
a communication system, but his former funding by several very large 
communications companies collapsed before he could develop and employ this 
system for the commercial market. 


ms is easily understood if one shifts one’s vision from "space" to 
Subspace is filled with (literally is composed of) longitudinal EM 
‘waves and their dynamics. The CSR's are quite unique, enormous systems 
"singing away" with longitudinal EM waves. So a longitudinal EM wave 
interferometer can easily locate them by sweeping its beams through subspace, 
as a radar sweeps to track aircraft in space. Once the CSR target "pings", the 
system automatically hits it with a profusion of interacting LWs, completing 
srupting and destroying its dynamics. Scratch one system, Probably several 
million such systems were destroyed throughout the West (command centers, 
power grids, submarines, nuclear bombers, etc.) in rapid fire order, all without 
any external "spatial" sign other than perhaps a wee bit of very low level "EM 
noise” briefly as a struck CSR fractured. 
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53. See M. Sachs, Quantum Mechanicsfrom General Relativity, Reidel, 
1986. Sachs unified field theory, e-g., applies equally to the quarks and gluons, 
as it does to the nucleons, the atoms, molecules, and macroscopic objects and 
phenomena. See also M. Sachs, "Symmetry in Electrodynamics: From Special 
to General Relativity, Macro to Quantum Domains,” in Modem Nonlinear 
Optics, Second Edition, 3 vols., M. W. Evans (ed.), Wiley, 2001; vol. 1, p. 677- 
706. 


54. G.M. Wang, E. M. Sevick, Emil Mittag, Debra J. Searles, and Denis J 
Evans, "Experimental Demonstration of Violations of the Second Law of 
‘Thermodynamics for Small Systems and Short Time Scales," Phys. Rev. Lett, 
89(5), 29 July 2002, 050601 


55. The tragic death of Captain Hess was also very probably such a test 
Hess, perfectly normal and happy, laid out his uniform in the early morning and 
then went for his customary morning jog. He suddenly veered aside, sat down in 
a path and stabbed himself 26 times, all deep stab wounds, four of which would 
be totally incapacitating (two right through the heart) to any normal individual 
experiencing normal shock, etc. To a psychoenergetically controlled individual 
‘where shock does not occur nor does emotion or pain, this is understandable. 
‘Add this to the incidents involving Captains Button and Svoboda, and one 
begins to see the picture, 


56. W. Heitman and G. Nimtz, "On Causality Proofs of Superluminal 
Barrier Transversal of Frequency Band Limited Wave Packets,” Phys. Lett. 
A196, 1994, p. 154-158. Aichmann and Nimtz. and co-workers at the University 
of Cologne have transmitted 8.7 GHz microwaves (free space wavelength 3.4 
‘em) traveling in a rectangular wave-guide that contains a "barrier" section of 
reduced dimensions. They have recently transmitted Mozart's 40th Symphony as 
frequency modulated microwaves through a barrier wave-guide at an FTL group 
velocity of 4.7 ¢, receiving audibly recognizable music from the microwave 
photons that survived their barrier passage. The transit time through the barrier 
was about 81 picoseconds and was observed to be constant for barriers with 
widths varying from 4.0 cm to 11.4 em. 


57. Quantum mechanics in fact requires instantaneous transmission of 
effects. A mishmash of learned contention would have us believe one can 
"transmit" energy instantly, but not intelligence. This argument has essentially 
stymied our scientific establishment so that it has not really funded strong 
investigation in this area. It is a stupid argument: Simply transmit one change, 
then a second one, then a third one, in serial order, where the "order" contains 
the intelligence. No different from Morse code. Somehow the pundits so certain 
that intelligence cannot be superluminally transmitted seem to have forgotten 
‘what “intelligence” is. They also seem to have assumed that one superluminal 
change can be transmitted on order, but a second, third, and fourth cannot, 


58. Feynman and Wheeler tried very hard to formulate a new absorber 
theory of electrodynamics to eliminate many of the fierce foundations problems. 
‘Wheeler described the effort this way: "we may summarize the account of 
radiation reaction given by Wheeler and Feynman in 1945. In it every charged 
particle is envisaged as coupled to every other charged particle by a field that is 
symmetric in time: halfadvanced, halfretarded, Interconnections runforward 
‘and backward in time in such numbers as to make an unbelievable maze. That 
weaving together of past and future seems to contradict every normal idea of 
causality. However, when the number of particles is great enough to absorb 
completely the signal starting outfrom any source, then this myriad of couplings 
‘adds up t0 a simple result: the familiar retarded actions of everyday experience, 
plus thefamiliarforce of radiative reaction with itsfamiliar sign.” [John 
‘Archibald Wheeler, "Law without law,” in Quantum Theory and Measurement. 
preprint, p. 39) 

Unfortunately, when the foundations of any science are closely examined in 
their roots, one runs into the age-old bane of the philosopher: ultimately 
‘opposites are identical, at least prior to the observation (separation) action to 
separate them. It follows that all scientific reasoning is circular at its most 
primary basis 
59. See Charles W. Misner, Kip S. Thorne and John Archibald Wheeler, 
Gravitation, W. H. Freeman, San Francisco, CA., 1973, p. 71. Wheeler spoke of 
that inescapable fact in this manner: "Here and elsewhere in science, as stressed 
not least by Henry Poincare, that view is out ofdate which used to say, ‘Define 
your terms before you proceed.’ All the laws and theories ofphysics, including 
the Lorentzforce law, have this deep and subtle character, that they both define 
the concepts they use (here B and E) and make statement about these concepts. 
Contrariwise, the absence ofsome body oftheory, law and principle deprives 
one ofthe means properly to define or even to use concepts. Anyforward step in 
human knowledge is truly creative in this sense: that theory, concept, law, and 
‘method of measurement—forever inseparable—are born into the world in 


60. Also see T. E. Bearden, Energyfrom the Vacuum: Concepts and 
Principles, 2001, ibid, for a rework and extension of Aristotelian logic to 
climinate its present fatal flaw, extending it into a S-law logic. 


61. The very notion of "propagation of energy through space" is radically 
extended in the extended unified EM and GR being pursued by AIAS and Sachs. 
‘Time-like EM energy currents dominate in the vacuum. E.g., see M. W. Evans 
et al., "Representation of the Vacuum Electromagnetic Field in Terms of 
Longitudinal and Time-like Potentials: Canonical Quantization,” J. New Energy, 
4(3),Winter 1999,p. 82. 
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Absorb/Transit FSS 

‘We designed and tested 1 novel absorbiansmit frequency selective surface (FSS) for-GHa wireless lal area actwork (WLAN) applications. The novelty ofthe design i 
capable of absorbing. as opposed to rejecting. WLAN signals while passing mobile sigals. The absorption of the WLAN signal is important to reduce additonal mulipa 
spread and resultant fing caused by typical reflec. transmit FSSs, Our FSS consists of two layers, ne with conventional conducting cross dipoles and th other wih resis 
dipoles. The FSS has good transmission characteristics for 90 10/1 900-Mz mobile bands and performs well fr both horizontal and veil polarizations, 


Later we modified the FSS to obtain even beter performance, for example, for both horizontal and vertical polarizations at oblique anges of incidence. The distance betwee 
layers has been succesfllyreducc to one eiphh of free-space wavelength. This small distance makes more compact wx compare othe conventional Salisbury screen + 
achieving an acceptable absorption inthe sopand, 


‘The deus of our designs and ts results ean be found at "Oblique Incidence Performance of a Novel Frequency Selective Surface Absorber,” in IEEE Transactions on Ano 
Propagation, Vl. $5, no. 10, pp- 2931 — 2934, Oct 2007, and "A Novel Absorh/Transmit FSS for Secure Indoor Wireless Networks with Reduced Mult-path Fadin 
“Microwave and Wireless Component Leters, Vol 16 (6), pp. 378340, June 2006 


Dual-Band Artificial Magnetic Conductor (AMC) Surfaces 
AMC surfaces have many advantages and interesting properties duc wo their unique reflection characteristics, with near zero reflection phase. We have designed and pro 
novel dual-band AMC surface, which hs avery wide upper AMC und anda narrow lower AMC hand, and therefore suitable for muli-band w 


s/mobil applications. 


Fully Printod Quad-band Antennas for Wi I IEEE02.11 and other WLAN Applications 
(ur flly-printed antennas canbe fabricate and integrated to WLAN systems at almost zero cost hy printing them on the same circuit board (eg, FRS) withthe radio crew 
same stndard fabrication methods. They are extremely compact: an antenna with a radiating clement of Lemlem covers all four IEEE standards (802.113, N02.11b, 80: 
802.110) as wel as HiperLAN2 with a VSWR less than 2, We have also developed packaging solution where the rest ofthe circuit eam be shield to satisfy EMC regula 
leaving the antenna (onthe same board) open for radiation. The advantages of the antcanas based on this technology are: Lightweight; Radiates almost every direction in 
shadow cegion); Microstrip and co-planar waveguide (CPW) designs avilable; Compatible with all printed microwave eiuits, including spline circuits; Excellent 
because no cables, connecters, soldering or any mechanical atachments are required to connect the antenna tthe radio; No protruding parts that ar likely to break; Covers 
WLAN bands with one antna (eg, Wi-Fi IEEE 802.11 a,b, g, 1, HiperLAN? ct); Excellent matching, ic. input reflection <-10 dB (VSWR <2) in all WLAN bands (c 
GH, 4.9-5.1 GHz, 5.15.35 GHz, 5725 ~ 5.425 GH); High effcieney (~60-70% on FR; can be increased to over 9% of Duro); Ideal fr intemal mounting ine 
device, to achieve very wide beam coverage; diversity reception or MIMO arrangements availabe; can be dsigned to cover ether multiple bands (e.g. multiple mobile! 
hands) and other applications, 


htp:web scionce.mg,edu.aul-essolle/Research him! ena 


©. Multiwave interactions (between transverse EM waves) produce time- 
reversed EM waves (phase conjugate replicas of the signal wave input). That 
method time-reverses EM energy in waveform. To time-reverse EM energy in 
mass form, simply pump that mass with time-polarized EM waves. As an 
alternative, it may be pumped with longitudinal EM waves (which are always 
accompanied by time-polarized EM waves anyway), and the pumped mass is 
also pumped in the time-domain because of the presence of the time-polarized 
EM waves in the pumping. We previously filed an invention disclosure with the 
USS. Patent Office dealing with how to do that, 


63, Mostly studied by Becker. See (a) R. O. Becker, "The control system 
governing bone growth in response to mechanical stress,” J. Ark. Med. Soc 
Vol. 62, 1966, p. 404; (b) — and David G. Murray, "The electrical control 
system regulating fracture healing in amphibians,” Clinical Orthopaedics and 
Related Research, Vol. unk, No. 73, Nov.-Dec. 1970, p. 169-198. This latter 
paper is the definitive technical exposition by Becker of his electrical control 
system ideas and findings. Good references for the educated layperson are (c) 
R. O. Becker, "A technique for producing regenerative healing in humans,” 
Frontier Perspectives, 1(2), Fall/Winter 1990, p. 1-2; (d) Robert O. Becker and 
Gary Seldon, The Body Electric: Electromagnetism and the Foundation ofLife, 
William Morrow and Company, New York, 1985; and (e) Robert O. Becker, 
Cross Currents: The Promise ofElectromedicine, the Perils of Electropollution, 
‘Tarcher, St. Martin's Press, New York, 1990, 


64. A provisional patent application has been filed on the process, and an 
‘overview of the method can be seen as the "porthole briefing" on my website 
www.cheniere.org. 


65. (a) C.A.L. Bassett; R. O. Becker, and R. J. Pawluk, "Effects of electric 
currents on bone in vivo,” Nature, Vol. 204, Nov. 14, 1964, p. 652-654. The 
complete electrical control system (conventional EM theory) for the healing of 
bone fractures is given in (b) R. O. Becker, Clinical Orthopedics and Related 
Research, Vol. 73, 1970, p. 169. A paper "putting it all together” is (c) R. O. 
Becker, J. Bioelec, Vol. I, 1982, p. 239. 


66. F. Mandl and G. Shaw, Quantum Field Theory, Wil 
Edition 1993, under the heading "5.2 Covariant Quantization” and " 
Photon Propagator" in Chapter 5. The longitudinal and scalar photon 
polarizations are not directly observable, but only in combination, where they 
‘manifest as the instantaneous Coulomb (i.e, electrostatic) potential interaction, 
“which emerges as an exchange oflongitudinal and scalarphotons." So the 
‘common old electrostatic scalar potential is actually comprised of longitudinal 
EM waves and time-polarized EM waves. 


67. With the MidEast increasingly set to explode, we may be facing the 
unleashing of weapons of mass destruction, a vast shortage and curtailment of 
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avilable oil and energy, and atoal collapse ofthe Wester economy and 
therefore most ofthe world economy, in as litle as thre or four years, ifthe 
impending energy crisis worldwide i not resolved quickly. See T.E. Bearden, 
[ADAS positon paper, “The Unnecessary Energy Crisis: How to Solve It 
Quickly.” ibid. As this is writen, we have already had a waming shot across our 
bow: the vicious terrorist attacks on September 11, 2001, We are in Afghanistan 
and elsewhere in a war against terrorism, and anyone can se the escalation in 
the MidEast toward war between the U.S. and frag, and almost certainly a 
resulting explosion in the MidEast and unleashing ofthe hostile terrorists assets 
and mass destruction weapons already inside the United States. Since modern 
economies are based on cheap energy, and cheap energy is largely based on 
cheap oil, then with surging energy demands worldwide we shall see “il wars" 
erupt and age worldwide, with terrorist retaliations and stacks—using weapons 
fof mass destriction—occurring in U.S. cities. Unless energy from the vacuum is 

wikly developed and deplovment begun a high speed, we risk the comin 
collapse ofthe world economy, great destruction of populaces, and a new Dark 
Aes 


68. ET. Whittaker, 1903, ibid. 


69. Daniel A. Walker, Charles 8. MeCreery, 
"Kaitoku Seamount and the Mystery Cloud of 9 April 1984," Science, Vol. 227, 
Feb. 8, 1985, p. 607-611; Daniel L. McKenna and Daniel A. Walker, "Mystery 
Cloud: Additional Observations,” Science, Vol. 234, Oct. 24, 1986, p. 412-413 
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and a maximum ouput ofapproximately 40 watts. The RF field is applied to the 
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‘were in regions of the Embassy where the Russian microwave radiation fields 
‘were absent. In short, where the field-free—and thus very stable—potentials 
existed. Since these scientists (and most others in classical EM) consider that 
EM effects are caused only by fields, they concluded (totally erroneously) that 
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these health changes could not have been caused by the microwave radiation. To 
the contrary, they had just clearly proven that the radiation was indeed the cause. 
They showed a 100% correlation to the presence of field-free potentials, and a 
100% anticorrelation to where the fields were present. This was for induced 
phenomena over several years. Had the radiation not been the culprit, then some 
health changes would have occurred where the fields were present, and some 
‘would have occurred where they were absent. That is not what happened at all, 
and this inexplicable logical non sequitur against common statistical inference 
‘was the accepted decision. The truly revealing aspect was that apparently the 
entire U.S. Intelligence community had no competence or capability in higher 
group symmetry electrodynamics. 
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operate almost completely in reverse from normal textbook circuits. This is a 
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IIL Le., one may speak of the "potential" of a specific engine of a former 
life form, and then realize that the potential for that form reduces in magnitude 
inversely as the radial distance from the Earth. However, it does not reduce to 
zero until an infinite distance is reached. 


112 As an example, a great EM energy flow—produced by the cross 
product ExH of the earth's magnetic field and the earth-to-electrosphere electric 
field—flows from West to East around the earth, nearly parallel to the equator. 
Infolded in that great EM energy flow are all the structures of all the genetics 
and life forms on earth, or that have ever been on earth and conditioned the 
natural scalar potential of the earth, The vials in the laboratory experiments of 
Miller, Fox, and Urey were all continually bathed in that great energy flow, 
‘which within it contained the entire life structure and dynamics of the planet. So 
no “inert” experiments were ever performed, contrary to the interpretations of 
the scientific community. 


113. Viail Kaznacheyev and L. P. Mikhailova, Ultraweak Radiation in 
Intercellular Interactions, {in Russian], Novosibirsk, 1981 [an English 
exposition of much of the Kaznacheyev work is given in Vlail Kaznacheyev, 
“Electromagnetic Bioinformation in Intercellular Interactions," Psi Research, 
(1), Mar. 1982, p. 47-76.| Kaznacheyev, e.g. appears to have headed the 
Soviet team actually producing the basis for the disease-inducing technology 
utilized for four decades in the microwave radiation of the U.S. Embassy in 
Moscow. 


114. Specifically, the down payment was $900 million in gold. The lease is 
probably about SI billion per year. Thus the Yakuza acquired very powerful 
strategic weapons, and became a secret power to be reckoned with 
internationally and strategically. Since 1990, weather engineering over the U.S. 
and occasional shootdown of aircraft (such as the TWA-800) have been by 
rogue Japanese fingers on the scalar interferometer weapon triggers, on site in 
Russia, 


HIS. ‘The Yakuza has also transferred some of the longitudinal EM wave 
interferometry technology to their Japanese facilities. One such system has 
apparently been deployed in the power grid, and has been used to kill some 
‘government officials who opposed the Yakuza. This information was obtained 
by some brave Japanese risking their lives to get the information to the present 
author. 


116. Many important KGB weapon tests happened in April of various years: 
the KGB weapons folks were simply preparing for their May Day reports, and 
each wished to have a good one. 
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117, Sen, Sam Nunn's investigation teams verified that the Aum Shinrikyo 
were actively seeking the “Tesla Weapons", with the Aum Shinrikyo even 
visiting the Tesla Museum in Beograd for that purpose. We have 100% certain 
confirmation of the Yakuza and Aum Shinrikyo leasing of the scalar 
interferometers from the KGB and Russian Mafia (working for the KGB) at the 
‘end of 1989 or frst few days of 1990, Sen. Nunn’s report confirms that the Aum 
Shinrikyo set up a University in Moscow. Our comment is that this is where the 
Russians actually taught the Japanese crews the science and technical functions 
so that they could successfully man and use the scalar (longitudinal EM wave) 
interferometry weapons. 


118. Recall that in the 1950s and early 1960s, Kaznacheyev et al, ibid., had 
already clearly proven that nearly any form of cellular change, damage, or 
disease could be induced in cells at a distance by purely electrodynamic means. 


119. In the kill of the Arrow DC-8 at Gander, Newfoundland on 12 Dec. 
1985, the struck aircraft did charge up with time-density charging, and many 
pieces of the wreckage did indeed emit longitudinal EM waves thereafter for 
some time. Consequently, the Canadian recovery crews working the site and 
handling the materials, were exposed to longitudinal EM wave radiation for 
varying degrees of exposure. It follows that many of those on-site handlers 
should have later come down with physical ailments, with symptoms such as 
flulike features, weakness, heart palpitations, headaches, dizziness, disturbance 
of equilibrium, and with various infections because of weakened immune 
systems. They also should have had weakened cellular regenerative (healing) 
systems, so their physical problems would endure and largely remain. About 
five dozen of the recovery personnel did come down with those exact 
symptoms, and many remained disabled or debilitated for some years 


120. _We have also explained (a) why the French forces in the Gulf War did 
not get GWS, while American, British, and Canadian forces did, (b) why the 
native population did not exhibit GWS, and (c) the remaining anomalous 
phenomena associated, such as the semen “infecting” the wife, the children 
catching similar or related conditions from sustained close proximity to their 
father’s biofields (transmission of engines), etc. 


121. Mario Bunge, Foundations of Physies, Springer-Verlag, New York, 
1967, p. 176. 


122, _T.E, Bearden, "Giant Negentropy from the Common Dipole," J. New 
Energy, 5(1), Summer 2000, p. 11-23 gives the solution to the long-vexing 
source charge problem. The paper is also carried on DoE restricted website 
hutp://www.ott.doe.govielectromagnetic/ and on www.cheniere.org 


123. Two examples of inane articles and actions in this respect, revealing no 
knowledge that every charge in the universe already exhibits COP = oo, ae (a) 


Graham P. Collins, "There's No Stopping Them: Perpetual Motion is alive and 
well atthe U.S. Patent Office,” and (b) Resolution by the Executive Board at the 
June 2002 meeting of the American Physical Society (APS) as follows: "The 
Executive Board ofthe American Physical Society is concerned that in this 
period of unprecedented scientific advance, misguided orfraudulent claims of 
perpetual motion machines and other sources ofunlimitedfree energy are 
proliferating. Such devices directly violate the mostfundamental laws ofnature 
laws that have guided the scientific progress that is transforming our world." So 
the learned APS has just declared the source charge as an unacceptable "free 
energy” machine and perpetual motion machine, since the charge simply sits 
there and continuously pours out real observable EM energy in all directions 

the speed of light, without any observable EM energy input. Thus the APS 
implicitly declared all EM fields and potentials and their energy—which 
includes every joule of EM energy in the universe, in matter or in space—to be 
unacceptable byproducts of perpetual motion nonsense. We heartily call upon 
the APS in the name of science to enforce their resolution in the orthodox 
academic community, who are the greatest perpetual motion advocates in 
history. To be consistent with their own resolution, they must root out and 
destroy—from all texts and universities and from the scientific literature—any 
‘mention whatsoever of charge, field, potential, and EM energy. Either they must 
do that, or stand hoisted on their own petard as a dogmatic group still very much 
unaware of why the Nobel Prize was awarded to Lee and Yang in 1957 and 
what the proof—by Wu et al.—of the asymmetry of opposite charges means 
‘with respect to the source charge considered in its modem quantum field theory 
view as a dipolarity of a bare infinite central charge surrounded by clustering 
virtual charges (also infinite charge) of opposite sign in the active vacuum, 

Every electrical engineering department and professor and textbook still uses @ 
‘model and teaches a subject assuming that every charge in the universe freely 
‘ereates energy from nothing at all. Further, the APS in every annual meeting 
also tolerates, encourages, and publishes multiple papers and presentations with 
the same such unacceptable perpetual motion assumptions in them. Such is the 
lofty understanding of our present organized scientific community, which seems 
‘much more politically bent than scientifically bent. The simple Bohren 
‘experiment and the entire area of negative resonance absorption of the medium 
has long been established in nonlinear optics, and such experiments widely yield 
‘a nominal COP = 18. In other words, the experiments nominally output 18 times 
‘as much energy as the operator inputs, and the excess input energy is furnished 
absolutely for free from the active vacuum's exchange. In this case the Executive 
Board of the APS is not even aware of what its own physics discipline has long 
proven and accepted in particle physics, for nearly a half century. Neither are the 
self-appointed defenders ofthe faith, who also are totally unaware of what 
physics has already proven with a Nobel Prize awarded nearly a half century 
ago. 
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4 C.S. Wu, E. Ambler, R. W. Hayward, D. D. Hoppes and R. P. Hudson, 
:xperimental Test of Parity Conservation in Beta Decay.” Phys. Rev., Vol. 
105, 1957, p. 1413. We also quote Nobelist T. D. Lee as follows: "Since 
nonobservables imply symmetry, any discovery ofasymmetry must imply some 
observable. The experiment of Wu, Ambler, Hayward, Hopes and Hudson. 
established the asymmetry between the positive and negative signs of 
electricity." [T. D. Lee, Symmetries, Asymmetries, and the World of Particles, 
U. Wash, Press, Seattle, 1988, p. 11]. 


125. Dilip Kondepudi and Hlya Prigogine, Modern Thermodynamics: From 
Heat Engines 10 Dissipative Structures, Wiley, New York, 1998, reprinted with 
corrections. 1999, 


126, See "Secret Speech: Did Brezhnev Come Clean?" 
29(8), Mar. 4, 1977, p. 248, 250 


Vational Review, 


127. For the energy description of this device and some results, see Floyd 
Sweet and T. E, Bearden, "Utilizing Scalar Electromagnetics to Tap Vacuum 
Energy,” Proc. 26th Intersoc. Energy Conversion Engineering Conf. (IECEC 
“91), Boston, Massachusetts, p. 370-375, 


12% Also see my book, Energyfrom the Vacuum, 2002, ibid, which 
includes photographs of the self-powering Sweet device, courtesy of Walter 
Rosenthal, 


129. Roy Brewer was very active in Hollywood Unions against Communists 
‘when they were busily penetrating the Hollywood complex. He was a staunch 
anti-communist, fighting them out of control of the unions, way back when, 
Ronald Reagan was a personal friend of his of long standing, and Roy had open 
access to the White House when Reagan was President. 


Roy briefed Reagan on the Russian scalar weapons, and Reagan believed him. 
‘Three times, Reagan ordered his Secretary of Defense to take action in that area, 
but neither of the three did so because the U.S. Intelligence Community did not 
believe it and adamantly opposed any such action. We took quite a beating in 
those days, for quite a long time (some years), before certain key parts of the 
Government finally believed us, checked it out experimentally, and found that it 
worked. 


Roy also introduced me to the Duke de Grantsmesnil, one of the last of the great 
old British intelligence men, now unfortunately deceased. In the hectic 1997 
days when we were trying desperately to warn a little friendly nation (and our 
‘own) against a coming great strategic strike on the U.S. and other allies, the 
Duke played a major role in introducing us directly to higher political levels in 
that little nation - which was the only nation on earth that could counter the 
pending strike. The first planned strike scheduled in February 1997 was 
successfully countered, only to be immediately rescheduled. In the second 
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incident, the attack was scheduled for May 1, 1997. We finally realized why the 
hostile nation could reschedule and go ahead, and needed then to warn the litle 
nation ofthe reason in some detail. We had tried everything to get certain 
information through, and all means had failed. A former ambassador of that 
nation to Great Britain was also assassinated during that struggle. Roy Brewer 
‘was one ofthe key fellows assisting in that attempt, as were other personal 
colleagues of mine who also were witnesses and direct participants in those 
desperate events. When all else failed, I finally just faxed the Prime Minister 
directly, in the clear, some five days before the attack, urging the most urgent 
and immediate action possible by the Prime Minister. A complete change in 
command and control of the weapon was required, and that change had to be 
made and then the hostile nation had to be notified that the change was in place 
(and probably shown that it was). The Prime Minister accepted the message and 
the necessary action was carried out immediately. So two days or so before the 
actual attack was scheduled, that great hostile armada began standing down. Oh, 
the hostile nation and its leaders could have easily destroyed the entire United 
States in two hours or so, without fail! But then their own country would have 
promptly disappeared from the face of the earth, So they stood down. And our 
‘own Intel community never even picked it up (they did get my messages alerting 
the U.S. Government, but thought it was a joke or something). They. of course, 
also intercepted my open fax to the Prime Minister, and so were all over me for 
that one for a while thereafter. 


Interestingly, atthe very time that great armada was just beginning to stand 
down, then Secretary of Defense William Cohen made the following statement 
ata conference in Georgia: "Others are engaging even in an eco-type of 
terrorism whereby they can alter the climate, set off earthquakes, volcanoes 
remotely through the use of electromagnetic waves..so there are plenty of 
ingenious minds out there that are at work finding ways in which they can wreak 
terror upon other nations..ts real, and that’s the eason why we have to 
intensify our efforts, and that's why this is so important.” Secretary of Defense 
William Cohen at an April 1997 counterterrorism conference sponsored by 
former Senator Sam Nunn. Quoted from DoD News Briefing, Secretary of 
Defense William S. Cohen, Q&A at the Conference on Terrorism, Weapons of 
Mass Destruction, and U.S. Strategy, University of Georgia, Athens, Apr. 28, 
1997. 


Ironically, the Secretary was referring to the earlier scalar interferometer 
‘weapons, and now the quantum potential weapons etc. He was completely 
unaware that a great strategic strike had actually been scheduled and was just 
being aborted as he was speaking those words, 


Roy Brewer is one of those fellows who has been a great American, has served 
his country admirably during his lifetime, and contributed greatly to preventing 
a planned take-over by the Communists of the labor unions of America. In 
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addition, he helped set up the contacts with the friendly lille foregn nation, so 
that on four occasions planned attacks to destroy the United States have been 
successfully aborted or handled, 


As you know, one of the great failures in the Communist plan to have America 
{g0 communist was their failure with the labor unions. And we owe that failure to 
the steadfast efforts of some staunch folks like Roy Brewer. He helped save our 
nation when many of us were still wearing knee pants 


130. Wheeler's principle, as stated in W. Misner, K. S. Thorne, and J. A. 
Wheeler, Gravitation, W.H. Freeman and Co., San Francisco, 1973, p. 5. 


131. With the new improvements we uncovered, treatment time can be 
reduced to 5 minutes per patient, Three such treatments one week apart would 
bbe what are required. Hence one machine station could treat a patient every five 
minutes, around the clock. With sufficient portable treatment units, mass 
lweatment for mass casualties would become a practical reality 
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Lieutenant Colon! homtos E Bearden (U.S. 
Retired] PhD, isthe author aF numerous books, pap 
briefings, and presentations dealing with anomalot 


Sweating done by red_gonzo, 
Note: sometimes formatting of the text may be a little fuzzy. It's all because the OCR process didn't go as 
smoothly as I expected. Also there may be some errors inside text so be vigilant. In any case share this book, 
send emails to people about knowledge contained in it. This book should especially be interesting to any person 
in medical community (being as a doctor or as patient) as it provides factual evidence of successful (but 
supressed) treatments through electromagnetic means, But before any devices can be understood and developed 
a new and extended kind of physics must be introduced into our educational system. Only then can this proper 
foundation be learnt and used by applicative sciences such as medicine, So far such knowledge has been 
contained in highly classified military circles and hopefully now, after many decades of suppression, it will 
finally be used for the good of mankind, 


Dedication 


This book is sincerely dedicated to the millions of persons 
who have died needlessly of cancer, leukemia, and AIDS in the 
last two and half decades. They were men, women, and 
children, Some were weak, some were strong. Some died in 
agony, some died silently. All ofthem were our fellow human 
beings. We remember them. They were important. Their 
anguish cries out to be heard. God willing, the new 
electromagnetic medicine so long suppressed will flower, 


and saye the millions otherwise yet to die. 
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Chapters 4 and 5 
contain complex scientific material 
and are suggested for those who are 
technically proficient. 
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FOREWORD 


What This Book is About 

In my book, "Fer-de-Lance: A Briefing on Soviet Scalar Elec- 
tromagnetic Weapons," (Tesla Book Co., P.O. Box 1649, Green- 
ville, Texas 75401, 1986), I specifically pointed out that I was of 
necessity neglecting the biological warfare (BW) aspects. Tintended 
to later write a second book covering the BW aspects. 


This book contains the most important item of that planned second 
book, including the photobiology aspects of BW. 


‘The material is put down in great haste, for it is meant to serve as 
an urgent warning. There is no time to do the six months additional 
research and compilation necessary to "flesh it out", sculpture it and 
‘meticulously document it, as should be done by a careful scholar. 


1 apologize to the reader for this lowered standard, but in this case 
the basic information is far more important than scholarship. 


Further, I acknowledge the fundamental contributions ofDr. Robert 
B. Strecker, M. D., Ph. D.,. who together with his brother Ted, has for 
some time urgently called attention to the terrible threat posed by 
the AIDS epidemic. 


I specifically acknowledge his important warning, "This is a Bio- 
Attack Alert,” Mar. 28,1986, which was sent to the U. S. President 
and Vice-President, Governors of the states, various federal agen- 
cies such as Departments of State, Defense, and Agriculture: 
National Security Agency, Federal Bureau of Investigation, Central 
Intelligence Agency; and three members of Congress 


Dr. Strecker has also strongly pointed out the covert involvement of 
Soviet and other communist agents in the epidemic, and the absolute 
necessity for an electromagnetic solution. 


Also recognized are the efforts of the other medical scientists, such 
as Dr. John Seale, M.D., and Dr. Eva Snead, who have tried 
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repeatedly to call attention to the nature ofthe AIDS initiation, only 
to have their submitted papers resoundingly rejected by important 
journals such as New Scientist, The Lancet, etc. 


Work by Dr. William C. Douglas 
nonsense truth about aids is particularly reco, 
newsletter, The Cutting Edge, is an oasis of 
ing out in a sea of misinformation. Permission to reproduce his 
published research article on UV irradiation of the blood to success- 
fully heal viral infections is deeply appreciated. 


‘The continuing efforts of Dr. Andrija Puharich and Dr. Robert Beck 
to assist in achieving an AIDS solution are pointed out and recog- 
nized. Important contributions by Ed Skilling are also recognized in 
this regard. 


‘The vital and extensive contributions of Christopher Bird are par- 
ticularly acknowledged. Chris has unstintingly and unselfishly 
shared with me the results of his enormous research on the Priore 
device and affair and the results ofhis translations from the French, 
He has most graciously permitted me to publish his important 
summary of the Priore affair, and I am greatly in his debt. ‘The 
reader will find that material most illuminating, and well may be 
shocked at the depth and malevolence of the scientific and political 
suppression of Priore's rigorously demonstrated electromagnetic 
cure for cancer, leukemia, and other killer diseases. 


Special acknowledgement is made to Robert Whitney, who so nobly 
labored to bring the Priore technology into the mainstream of 
medical treatment, only to be ruthlessly suppressed in his efforts. 
Photographs of the Priore machine were furnished by Bob from his 
collection. 


My special thanks to colleagues John Bedini, Frank Golden, Andrew 
Michrowski, George Fencl, Ken Moore, Tom McLaughlin, Joe Par- 
rott and Randy Davidson, without whose assistance this project 
could not have been accomplished. 


‘The material in this pre 


small book is intended to be of any 
brave colleagues who — with little or 
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no funds or resources except what they can tear out with their bare 
hands — are already laboring around the clock to develop a perma- 
nent solution to the AIDS problem. 


‘As a matter of discretion, I shall not mention the names of those 
colleagues. The solution sought is radical, by orthodox assessment. 
Yet itis the only possible approach that has any chance whatsoever 
of succeeding. 


‘What they are doing, I cannot do. Ifthey do not succeed, no one can. 
But | will say this, and most strongly: in my view, the only hope for 
humanity lies in the work they are doing, and they have my utmost 
admiration and support. 


Their initial results are exciting and encouraging. Basic phase 
conjugated electromagnetic "mixed-modulations" signals lethal to 
bacteria, nematodes (hookworm-like organisms), various amoeba, 
viruses, etc. at very weak power levels have been synthesized and 
demonstrated. 


In my best estimate/opinion, these researchers must succeed in two 
years or less, certainly in no longer than three years, else the AIDS 
incubation already accomplished by then, and the implementation 
time delay —even given a cure —together will insure a devastation 
ofhumanity unparalleled in all of history. 


Let me accent that developing this AIDS cure is far more important 
than developing our entire arsenal of new military weapons. It is, 
even more important than the development of defenses against the 
Soviet scalar electromagnetic weapons I detailed in Fer-de-Lance. 
Problems inthe Middle East, Korea, and Nicaragua are insignificant 
compared to the AIDS problem. 


Desperate Diseases, Desperate Remedies 

Spurred by the looming holocaust of AIDS, and by the strong 
efforts of my colleagues, I have decided to release specific informa- 
tion on how to develop electromagnetic healing, essentially against 
any and all ofthe "killer" diseases including cancer, leukemia, and 


AIDS. 
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Figure 1. Conventional science cannot do the job. 


Unavoidably this also releases a major principle of scalar elec- 
tromagnetics: what is really going on in phase conjugation. Ifphase 
conjugation is truly understood and applied, all the Soviet weapons 
Thave pointed out in Fer-de-Lance can be understood, designed 
and developed. 

I'm also releasing specific information on mind and thought that 
will enable them to eventually be directly detected, measured, and 
investigated scientifically. Unfortunately, this also will enable them 
to be technologically manipulated for nefarious purposes. 

However, the developing scalar EM technology for the AIDS cure 
‘must not be hamstrung. There is no time to apply the standard 
"Let's classify it!” response. Ifwe do, we'll win the skirmish and lose 
the war. 

As shocking as it sounds, I am convinced that the Soviets have 
already launched WW III, to the hilt. And it's not at all the kind of 
war we've been expecting 

There's no time to rail against the Soviets, who have cunningly 
and in great secret "struck our vitals with the mailed fist.” We've 
been struck in such a way that, unless we can solve the AIDS problem, 
in two to three years or less, we are already finished. 

We have been preparing to fight a better World War Il. The one 
we're preparing for is never going to be fought. The real World War 
IIL is already raging. Our death knell has been sounded, and we've 
not yet even recognized that the battle is underway 
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A great Soviet “first strike to finish us" has already been 
omplished. The new "Pear! Harbor" has already happened. The 
enemy has already overrun ourMaginot Line; we are at our Dunkirk. 
‘There are no boats waiting, and there are none on the way, 

The great Soviet first strike has been delivered with 
surreptitious biological warfare, not with nuclear weapons 
or ground forces. 

‘As always in the past, we have almost no troops facing the brunt 
of the first strike and trying to turnit. This time we have far fewer 
than we've everhad. Just two orthree unorthodox researchers. All 
the orthodox researchers are manning the wrong ramparts 

Ironically, this time our entire system—the government, the 
medical establishment, the scientific establishment, the universi- 
ties — all are far too dogmatic, and have far too sluggish a response 
time, to offer any assistance at all. They are simply so "out of it” that 
they don't even know what's really happened. 

The bureaucracy simply is so stagnated that, even witha giant 
paroxysm, itcannotchange quickly enough to do the ob in time. 

‘The best response the orthodox system could theoretically make 
—ifitimmediately placed the nation under martial law, marshalled 
all the universities and scientists, everything — would require at 
least seven years to produce results. A more likely response time is 
10 to 14 years. That won't do the job. 

So the job has to be done from completely outside the system. It 
has to be done with independent financing. Financing 
of conventional, bureaucratic strings on it. Resources must be 
committed as needed, immediately, not with a several months’ 
approval process. 

Everything in the orthodox establishment simply has to be 
bypassed. 

‘The govement, the medical establishment, the scientific e 
tablishment, the universities, everything. 

Otherwise, we're as good as finished right now 


The "Dirty Dozen" 
In the West, there are only perhaps a dozen persons or so that I 
know of, who are qualified to work on the main task required. They 
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are all unorthodox researchers and scientists, 

‘There are thousands of fine orthodox s . of course, who 
can help with the peripherals — making and testing viral solutions, 
setting up and operating equipment, doing interminable tests, all 
the lab stuff, etc. 

But only about 12 unorthodox guys are qualified and mentally 
and emotionally prepared to come to grips with the particular scalar 
EM technology required for rapid development ofan AIDS cure. 

Right now, there arejust two or three ofthe 12 working on this, 
hammering away as best they can, at terrible cost to themselves and 
their normal endeavors. 

Obviously immediate funds are needed for facilities, equipment, 
and marshalling that dozen unorthodox researchers and a team of 
scientists — along with support staff and personnel. 


An Analogy 

Tm reminded of a story from WWII. 

On the beach at Anzio, in a battle lull some doughboys were 
briefly resting near their foxholes, eating lunch from C-ration cans. 

A lone German Messerschmitt appeared, closing on them fast 
and low with machineguns blazing. They were forced to hastily jump 
into their foxholes as the Messerschmitt strafed their position 

The pilot continued to make strafing run after strafing run, low 
and “on the deck.” Obviously lunch was rather totally disrupted 

Suddenly, in total disgust a soldier leaped up and flung his half 
filled C-ration can into the air directly at the approaching aircratt, 
full in the teeth of the machinegun fire. 

Incredibly, the can sailed straight up into the air intake of the 
hurtling aircraft, where it was sucked into the engine, whic! 
tered and 

‘The surprised German pilotbankedhis plane upward and bailed 
out. 

He was promptly captured by the very troops he had been 
strafing only moments before. 

‘Those two or three colleagues of mine are literally "throwing 
their C-ration cans" in a desperate effort to ward off a monstrous 
threat. 
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Those two or three are striving to the limit of their endurance. 

This book and the release of the material in it represent my own 
“Oration can” hurled into the teeth of the actual Soviet threat as a 
last resort. Hopefully we can "hit the air intake” of the Soviet 
juggernaut, so to speak, and stop its progres 

The giant Soviet scalar electromagnetic weapons that I detailed 
in Fer-de-Lance, e.g., ate easily countered — in six months or less 
Primarily, itis necessary to make a pumped phase conjugate mirror 
adjunct (PPCMA) that operates at the frequency band of interest, 
and associate it with a receiver. Once a signal is received from the 
enemy weapon — say, from a Woodpecker transmitter — it is intro- 
duced to the PPCMA. A powerful phase conjugate replica energy 
pulse is returned into the distant hostile transmitter, totally de- 
stroying it. 

‘To meet the viral biological warfare weapon, however, we must, 
develop electromagnetic healing 

In an important article, "SDI vs. the plague,” Mar. 8,198, p. 6, 
the Washington Times revealed a startling Pentagon conclusion 
that the Soviets may counter SDI with genetically engineered 
weapons. 

Valentin Falin, Chief of the Soviets' Novasti Press Agency, is 
quoted as saying: 


"We won't copy you anymore: We'll take asymmetrical means with 
new scientificprinciples.... genetic engineering could be a hypothetical 
example. Things can be done for which neither side could find 
defenses or countermeasures, with very dangerous results. Ifyou 
develop something in space, we could develop something on earth. 
These are notjust words. I know what I'm saying." 


‘The genetically engineered Soviet counterstrokes exist and are 
already being taken. This book tells you what the asymmetrical 
means, new scientific principles, and genetically engineered weap- 
ons are. 

May God help us all. Ifwe do not move immediately and correctly 
to augment the effort ofmy colleagues, the Free World and halfofthe 
peoples ofthe earth will perish before another decade passes. 
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CHAPTER | 
THE VACCINE CONNECTION 


The following quote is from Don Rowe, Walll Street Digest, 214 
Camegie Center, Princeton, New Jersey 08540. 


"The AIDS Plague will affect society in ways thatyou cannot now 
imagine. AIDS is 100% fatal. Scientists and medical research people 
are not optimistic about an immediate cure to [or] vaccine. They do 
not expect to develop an effective vaccine within the next two decades. 
Public health officials estimate that as many as 2.4 billion people 
(halfthe world's population) will die from AIDS within the next 15- 
20,ears.” 

"Economically, the insurance and medical health systems could 
be devastated in the 1990's. Nothing short ofa spectacular medical 
breakthrough will keep Western civilization from suffering the worst 
catastrophe in the history ofthe world.” 


The first official U. S. AIDS case was diagnosed in San Francisco 
in 1981. This followed the puzzling outbreak ofthe disease in Third 
World areas such as Africa and Haiti in the 1970’. 

The U.S. AIDS outbreak at first seemed to be confined to the gay 
community, such as in San Francisco. 

No one seemed to connect the apparently unrelated facts that, 
before the outbreakinthe U.S. gay community, (1) the World Health 
Organization had accomplished substantial smallpox vaccination in 
Haiti, and (2) West Coast gays — particularly from San Francisco— 

had made Haiti a main playground and vacation spot. 

Most orthodox medical scientists have not the foggiest notion 
why such a drastic "explosion" of the virus has occurred. 

It has occurred because AIDS was introduced by contaminated 
vaccine used by WHO in its smallpox eradication campaign. Abigh 
correlation exists between WHO vaccination and subsequent out- 
break of AIDS 
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Figure 2. The “monkey-bite” theory 


The"Monkey-Bite" Theory 

As the prevailing rationale goes, a naturally-mutated monkey 
AIDS virus derivative or strain is believed to be the cause of the 
‘monstrous plague looming to strike down half ofall the humans on 
earth, 

Thatis, a monkey is supposed to have bitten aman—an African 
—and transmitted the normally harmless monkey AIDS virus to 
him. The virus is then supposed to have naturally "recombined" its 
genetic material with other viral genetic material and the man's 
human genes, to produce the virulent new strain of AIDS. 

‘Then this new strain, from its single human host, is supposed to 
have rapidly started spreading through Afiica and around the world, 

‘That is simply nonsense. 

In Aftica, for example, monkeys as well as other animals have 
had their viral diseases for thousands of years. Ifmonkey virus were 
the culprit, Affican man would have been devastated by AIDS 
thousands of yearsago. He either would have been dead or—as have 
the monkeys —he would have developed a certain resistance and 
tolerance for the disease, so that it is no more harmful than others. 

Understand, the "monkey bite plus human cell modi 
undoubtedly does occur in Affica with great rarity — once 
thousand years. 


sano Research 
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However, even ifthat rare natural recombination ofthe monkey 
AIDS virus were to occur in a single human, normal contact between 
other humans and the infected human is totally insufficient to 
provide any substantial infection rate unless the rate ofinfection of 
new individuals is greatly assisted and vastly speeded up by some 


other outside mechanism — for example, by something like AIDS- 
contaminated vaceine and a mass inoculation program. 


Retroviruses and Recombinants 

As Dr, John Seale has pointed out, "The AIDS virus (human 
immunodeficiency virus or HIV) is a lentivirus — a little-studied 
sub-family ofthe retroviruses. It is highly pathogenic to man but it 
differs profoundly from any other virus ofhumans. It is spreading 
rapidly in the general population of central Africa, and amongst 
homosexual men and drug addicts in the West. It is the first virus to 
have appeared in mankind for many centuries which is entirely new, 
highly lethal, and spreading steadily from person-to-person world- 
wide." [accent by the present author. ] 

Dr. Seale has courageously pointed out some other very disturb- 
ing facts 

(1) Retroviruses of animal origin, if repeatedly passed from 
human cell culture to human cell culture, will gain the ability to 
infect human cellspreferentially. Indeed, they may then even cease 
to be infectious to their original animal hosts. 

(2) In 1982 Robert Weiss pointed out that, in the laboratory, the 
genetic code of retroviruses commonly recombine if two of them 
infect the same cell simultaneously 

(3) In a 1984 article in the Journal of Virology, David 
Baltimore showed an efficient means of overcoming the cell's block 
against simultaneous infection by two or more retroviruses. 

(4) Further, Baltimore reviewed how this had widely been done 
during the preceding ten years! 

(5) Outside the laboratory, recombination of multiple simulta- 
neous retroviruses has not been shown to occur naturally inhumans, 

(6) In animals, there is some evidence that it may occur 
naturally with extreme rarity — indeed, only once in many thou- 
sands of years. 
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(7) By the early 1970's, the technology to make new recombinant 
retroviruses virulent to humankind was already developed and had 
been widely published. 


To the layman, the infection and reproduction by retroviruses is, 
peculiar to say the least. 

When a retrovirus infects a cell, from its own genetic material 
(RNA) it first makes a "template" or pattern (DNA) for forming other 
retrovirusesjust like it. It then inserts this "DNA template” into the 
DNA ofa cell. The host cell itselfis now a "sleeping factory", ready 
to start producing retroviruses. 

When activated, the "template" in the cell causes the factory to 
0 into production of retroviruses. Activation is varied. ‘The 
"infection production factory” can just remain dormant, be slowed 
over years, take place almost immediately, orbe slowed for years and 
then "explode" to rapidly increase the infective viruses, 

Genetically, the cells of any person infected with AIDS or any 
other recombinant retrovirus have been permanently transformed. 
Literally that person has acquired a new set of genes. He or she has 
heen converted into a "factory" for producing—and spreading—the 


Cancer Research Produced Ideal Biological Warfare 
Agents 
In 1971 President Nixon signed into law the National Can- 
cer Attack Act. Though certainly not intended by the President and 
the Congress, the inadvertent result ofthis act was that taxpayer's 
funds were used to research and develop the precise things. that 
constitute the most lethal kind of viral biological warfare. 

The on-going small effort in medical research laboratories to 
alter animal tumor viruses — including retroviruses —to replicate 
efficiently in human cells was drastically speeded up, as part ofthe 
new "war on cancer." In other words, whether intended or not, much 
of our cancer research money was converted into the precise kind of 
research that develops virulent biological retroviruses for potential 
use in biological warfare. 

Not only was the research drastically accelerated, but also the 
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direct participation by Communists and scientists sympathetic to 
the communist cause was accepted and encouraged. 


Astoundingly, this open invitation to the communist scientists 
was issued at a time when one of the high KGB priorities was to 
infiltrate our recombinant DNA genetics laboratories! To the Sovi- 
ets’ utter astonishment, we simply opened our labs and invited them 
in, 

‘The Soviets participated — and penetrated — with alacrity. It 
is an obvious conclusion that a number ofthe Iron Curtain scien 
sent to help staff our laboratories were undercover KGB agents. 

In the cancer laboratories, on a wide-spread scale, animal 
retroviruses were injected and reinjected into human cell cultures, 
until these retroviruses had become efficient, lethal recombinants 
favoring human cells as their hosts. 

At that point, infection of one or more persons by one of these 
lethal new retroviruses could unleash a massive AIDS-like plague 
on all mankind 

A single laboratory accident (or a single act by one Communist 
agent) could unleash the Great Death Plague. 

Weak and ineffective reference to this forthcoming danger w: 
made in 1974 by the Committee on Recombinant DNA Molecules, 
which had been established by the U.S. National Academy of 
Sciences. According to Science, July 26,1974, p. 303, the Commit- 
tee made the following rather bland and ineffectual recommenda- 
tion: 


"Scientists throughout the world (should) join with the members 
of this committee in voluntarily deferring experiments (linking) 
segments of the DNA from (cancer-causing) animal viruses to. 


possibly increase the incidence ofcancer or other diseases." 


So much for the great scientific watchdogs. 
U.S. "Cancer War" Labs Were Infiltrated 


‘As we said, ironically we ourselves helped load and cock this 
potentially disastrous biological warfare cannon. Incomprehensi- 
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bly, enemy fingers were permitted — even encouraged! — to be 
placed on the trigger. Many of our medical research facilities 
involved in this research contained known Communists, dissidents, 
etc. 

For example, see page 106 in Omni, March 1986. Carlton 
Gajdusek, presently Chief of the National Institute of Health's 
Laboratory of Central Nervous System Studies and Laboratory of 
Slow, Latent and Temperate Virus Infections, was asked the ques- 
tion, "Isn't Fort Detrick in Maryland such a biological-warfare 
research facility?” He responded: 


"No, emphatically no! There is no defensive or offensive 
warfare microbiology done at Fort Detrick today. It is the 
national cancer research facility of NIH. In this facility 


have a building where more good and loyal Commui 
scientists from the USSR and mainland China work — with 
full passkeys to all the laboratories — than Americans. With 
night-working U. S. 
gators here, obviously there is no "secret" bacterial warfare 
activity going on. Even the Army's infectious-disease unit is 
loaded with foreign workers — not always friendly nation- 
It is a valid basic research unit on worldwide problems 

-diseases in which no classified or secret activi- 


izens and foreign Communist invest 


‘The point is, what was being produced in these labs were viruses, 
that would grow in human cells. Under tight control, these new 
lethal agents could be safely studied, and many things could be tried 
experimentally to see ifthey would slow, stop, or kill the viruses and 
heal or benefit the virally infected human cell cultures. 

‘The viruses were being developed to benefit man by aiding in the 
war on cancer — we accent this most strongly. 

However, many of them were precisely the same things that 
‘would be developed in a biological warfare lab: lethal new viruses 
that preferred the human as ahost, and against which humans have 
developed little or no immunity. 
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The Deed Was Easily Done 
Now one can see the subtlety and irony in the Soviet Union 
wg the U. S. ofhaving made the AIDS virus at Ft. Detrick! 

It's both true and false at the same time. 

There is substantial information indicating that the AIDS 
ease is manmade, and has been deliberately unleashed on mankind 
by Soviet and other Communist agents, augmented by the interna- 
tional control groups and shockingly inept work by U. S. and 
European medical researchers. 

Human cell cultures deliberately infected with animal viruses 
were carelessly handled in U.S. and European laboratories — 
carelessly handled in that far too great (essentially open) access to 
the new viral strains was permitted. 

Our own scientists were apparently unwitting pawns, and So- 
viet agents performed the "final touchups" to insure release — 
whether intentional or inadvertent — of the lethal new agents 
against an unsuspecting world. 

Viruses can infect bacteria, since a bacterium is a one-celled 
organism and the virus is a single molecule. 

Cell cultures where vaccine is made from weakened bacteria 
could easily be contaminated with the desired recombinant viruses 
available in the cancer laboratories. 

To insure worldwide release ofthe lethal virus, covert Commu- 
ist agents apparently caused contamination of the smallpox vac- 
cine that was prepared in quantity in Western laboratories. 

This contaminated vaccine then was widely used to inoculate 
Third World peoples and others, in the successful international 
program to eradicate smallpox. 

With only a few agents in key places, the Soviets could easily 
have taken advantage of the looseness of Wester laboratory proce- 
dures to deliberately contaminate the animal cell cultures used to 
make the va 

They had an abundance of agents in the key laboratories, for 
they were openly invited in and accepted! 

‘The Soviets had their fingers in it, up to the elbow. 

And atjust exactly the right time, the answer to a Communist's 
biological warfare dream was available: The World Health Organi- 
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Figure 3. The Soviets have delivered an intended knock-out 


zation was already involved in its 13-year campaign of massive 
smallpox inoculation in the Third World, to eradicate smallpox. 

All that was needed was to contaminate the WHO vaccine by one 
or more ofthe lethal new recombinant retroviruses that had been 
developed — and were continually being developed — in cancer 
research laboratories filled with Communists agents. 

‘The opportunity was presented for a great Soviet "first strike” 
against the West, using biological warfare agents developed in U.S. 
and European laboratories and administered by an international 
agency 

‘The opportunity was ripe forthe taking. It was irresistible. You 
can be sure the Soviets took it. 


It's Actually Documented! 
Virus-contaminated vaccines were then widely administered to 
Third World countries—particularly in Africa, South America, and 
Haiti. Administration ofthese vaccines by the World Health Organi- 
zation is precisely correlated to the subsequent outbreak ofthe AIDS 
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epidemics in those countries. 

This strongly indicates that the vaccine itself was the "precur- 
sor” agent initiating the start of the AIDS infection. 

Ina shocking article, "Smallpox vaccine ‘triggered Aids virus’," 
in the London Times of May 11,1987, Times Science Editor Pearce 
Wright announced thatthe AIDS epidemic may have been caused by 
World Health Organization (WHO) smallpox inoculations in third- 
world countries 

In an important article in Easy Reader, June 4, Jon Rapoport 
reported the Times article and the results of an interview with 
Robert Matthews, technical correspondent of the Times. 

According to Rapoport, Matthews informed him WHO itself 
had somehow suspected that its immunization program against 
smallpox. might be connected to AIDS. An outside consultant was 
employed to perform an independent study, and the study confirmed 
that WHO vaccines were indeed — somehow — causing AIDS to 
evidence in inoculated persons. 

Needless to say, WHO promptly buried that report—whose con- 
clusion must have been the last thing WHO wanted to hear. 

‘The consultant then came to the Times. The Times heard him 
out and printed the story 

This astounding story has almost startling correlations: "The 
smallpox vaccine theory would account for the position ofthe Central 


African states as the most afflicted countries; why Brazil became the 
‘most afflicted Latin American country; and how Haiti became the 
route for the spread of AIDS, to the U.S.: Brazil, the only South 
American country covered in the eradication campaign, has the 
highest incidence ofAIDS in that region.” 

Rappoport confirms that the subject of contaminated vaccines— 
vaccines which, made in tissue cultures of animal parts, contain 
‘extra’ dangerous viruses” — has been of increasingly serious 
concern to medical scientists in recent years, andthe WHO. 
vaccines may have been contaminated in this fashion. 

‘A documented U.S. Army incident is a case in point. 

New U.S. Army recruits are routinely vaccinated against a 
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range ofdiseases. One ofthem is smallpox, in case an enemy should 
try fo use smallpox as a biological warfare agent. 

Ahealthy 19-year old Army recruit developed AIDS after vacci- 
nation, and was admitted to Walter Reed Army Medical Center, 
where he died 

Ina paper published in the New England Journal of Medi- 
cine, Walter Reed medical team scientists reported their discovery 
ofthe connection between vaccination and stimulated AIDS disease 

They also warned against the WHO plan to use modified ver- 
sions ofthe smallpox vaccine to combat other diseases in developing 
countries 

WHO's 13-year vaccination and eradication program ended in 
1980. The program is credited with saving two million lives a year 
and preventing 15 million infections, 

Itmay be inadvertently responsible for the ultimate death of 
lions. 

In a meeting of 50 experts near Geneva in May, 1987, it was 
revealed that millions of new AIDS cases are about to hit Southern 
Africa. The experts believe that up to 75 million Southern Africans 
— about a third ofthe population —may have AIDS within the next 
five years. 

From our previous statements above, it appears almost certain 
that Communist agents who had penetrated U.S. and European 
laboratories manipulated the contamination ofthe altered vaccines. 

Further, the Soviets may be stimulating the disease and guiding 
it electromagnetically, by special implanted signals carried by the 
giant Soviet woodpecker "over-the-horizon radars” and other Soviet 
transmitters, 

Or, the Soviets may be using their own transmitters and ours, 
including our own power lines and radio and TV stations, to broad 
cast signals that "precondition" and greatly amplify our population's 
vulnerability to certain selected diseases — AIDS and otherwise 

We will address these issues and Soviet subtle EM capabilities 
later. 


Soviet Biological Warfare Background 
In World War I, the Russians suffered halfa million casualties 
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to gas warfare, including 50,000 dead. 

At 10,000 troops per light division, that's the equivalent of 5 
divisions killed and 45 divisions incapacitated. 

‘This made a deep and lasting impression on the Soviets. Lenin 
himselfordered a major effort mounted to develop and manufacture 
chemical and biological weapons, for he understood the implications 
of such mass-destruction weapons. 

In 1919 the Soviets began work in earnest on BW weapons. Work 
on them has not stopped since then. It will not stop so long as the 
Communists remain in power. 

To loyal Communists, Lenin’s dictate to develop and lead the 
world in biological weapons is absolute and unquestioned. 

By 1937, the Red Army was fully equipped and psychologically 
prepared to wage chemical and biological warfare. 

Continuing today, the Soviet forces have the highest training in 
chemical warfare of any troops in the world. Red Army soldiers 
practice regularly, often using actual chemical agents. Decontami- 
nation is a standard measure and practiced as a matter of course. 

Even though the Soviets, along with many other nations, signed 
the Geneva Protocol of 1925 which banned the use ofdeadly chemical 
and bacteriological weapons, the Soviets have never ceased develop- 
‘ment of such weapons. 

Inthe 1930's, a secret Soviet bacteriological institute was set up 
at the town of Suzdal. Prisoner microbiologists worked on a variety 
of new weapons and vaccines, including bubonic plague and tulare- 
‘mia (rabbit fever). By World War II the Soviets were prepared to 
retaliate vigorously to any use by the Germans of chemical and 
biological warfare agents. 

After the war, Soviet research and development in chemical and 
biological weapons continued apace. However, much ofthe genetic 
work was hampered by Stalin's stern support of the autocratic 
control of agronomist Trofim D. Lysenko. Lysenko's crackpot theo- 
ties on genetics, for example, held that genes did not even exist 
After the death of Stalin, Lysenko's work was discredited, and the 
Soviets set forth immediately to "catch up" with the West in genetic 
implications such as recombinant DNA techniques. 

Thus in the early 1960's the Soviets began sending Russian 
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scientists to the West to catch up with Western genetics research. 
One of these scientists was David Goldfarb, who later became a 
leading Soviet expert in the field of molecular genetics. He headed 
up the Laboratory of Molecular Genetics of Bacteria and Bacterioph- 
ages ofthe Soviet Academy of Sciences in Moscow. Although he did 
not work on secret Soviet projects, the Soviet authorities stopped 
him cold when he applied for a visa to leave in 1979, Goldfarb was 
specialist in plasmids, antibiotic resistances, and recombinant 
DNA technology—all very, very useful to the Soviet effort in biowar. 


One can readily understand the reluctance of the authorities to 
release scientists such as Goldfarb. Afterall, the Soviet "dirty work" 
with the deliberate AIDS contamination of the World Health 
Organization's smallpox vaccine had already been accomplished and 
a great Soviet biological warfare "s was already underway, 
thanks to the massive smallpox vaccination program of WHO. 

In 1972, in the Biological and Toxin Weapons Convention, the 
Soviet Union and every major power agreed not to develop or use 
biological weapons. The agreement went into effect in 1975. Al- 
though it bans the development, production, and stockpiling of 
biological agents and toxins for hostile purposes, ithas not slowed or 
altered the Soviet program. 

Inthe early 1970's, Soviet leaders made a decision to use genetic 
engineering to produce new and improved BW weapons. Highly 
secret institutes for this purpose were set up in Moscow, Leningrad, 
and Novosibirsk. These laboratories specialize in seeking ways that 
genetic engineering techniques can be used to develop virulent 
strains and agents that their opponents cannot resist. 

Every Soviet civilian institution dealing with bacteriology and 
epidemiology is responsible for certain military work as well. The 
Soviet Academy of Sciences in fact funds appreciable research of 
such nature at these institutions. 

One ofthe major Soviet centers for recombinant DNA techniques 
in biological weapons research is in the village of Protvino, near 
Moscow. Research on chemical and biological weapons is very easy 
to conceal, and the Soviets are sure that they will not be caught. 
Satellites cannot detect whatis going on in the labs. The payoffis big 
and the risk is minimal. ‘The Soviets push this area vigorously. 
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A number of installations capable of producing disease agents 
and toxins on a large-scale basis and placing them in munitions and 
delivery systems have also been identified. One such facility is inthe 
city of Sverdlovsk and has a long history of BW research and 
development and production, with emphasis on anthrax. During 
early April 1979, an accidental release of anthrax occurred in 
Sverdlovsk that caused many casualties and deaths in spite of heroic 
efforts by Soviet doctors and cleanup and decontamination crews. 

Note that, according to DoD's 1987 edition of Soviet Military 
Power, page 110, "Anthrax causes a high mortality rate when the 
infection results from ingestion (up to 70percent fatal) or inhalation 
(almost 100 percent fatal) iftreatment is not promptly begun.” 

In addition to military BW institutes, military officers and KGB 
agents are assigned to key posts in the Soviet Union's normal health 
and science ministries to monitor research and development that 
has possible military significance. 

Also, the KGB has a continuing and highly active program to 
insert recruited Soviet Scientists in Western genetic research ins 
tutes and agencies. This is ahigh priority effort, and ithas been very 
successful. Also, it obviously says something about the probability 
of Soviet agents penetrating U.S. and Western European cancer 
research institutes, particularly those using recombinant DNA. 
techniques. To make it even worse, we simply invited them in with 
‘open arms! 

Indeed, it was that KGB program plus the "open arms" in 
Western cancer virology research institutes that enabled the Soviets 
to set up and bring about a massive "first strike", using WHO and 
Western laboratories to do the actual dirty work unknowingly. 


We Need An Immediate, Full Scale Investigation 

Annually, President Reagan makes areportto the U.S. Congress 
on the subject of Soviet noncompliance with Arms Control agree- 
ments, 


In April, 1984 Defense Secretary Caspar Weinberger put it this 
way: 
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“There is an apparent effort on the part ofthe Soviets to transfer 
selected aspects of genetic engineering research to their biological 
warfare centers... Soviet research efforts in the area of genetic 
engineering may also have a connection with the biological 
program...Normally harmless, non-disease-producing organisms 
could be modified to become highly toxic or produce diseases for 
which an opponent has no known treatment or cure. Other agents, 
now considered too unstable for storage or biological warfare appli- 
cations, could be changed sufficiently to be an effective agent.” 


At the time that Secretary Weinberger made this statement, a 
devastating biological warfare strike using those exact techniques 
had already been unleashed on the Western world by the Soviet 
Union, cleverly disguised under the banner of the World Health 
Organization's smallpox vaccination program 

Itis imperative that the Congress of the United States launch a 
full investigation of the entire background of the AIDS biologi 
warfare strike, as a matter of the highest priority. 

The investigation should include the role of the Soviet Union, 
fellow-travelers, and Western scientists openly sympathetic to the 
Soviet cause. 

Itrequires little investigation to see that there is a well-marked 
trail for several decades, showing that such a biological warfare 
strike against humanity has long been considered — and even 
preferred — by those advocating the Communist cause and world 
domination. 

For example, Bertrand Russell, philosophi 
‘group of Westerners, explicitly stated this diabol 
for consideration, in his Impact of Science on Societ 


“At present the population of the world is increasing at 
about 58,000 per diem. War, so far, has had no very great 
effect on this increase, which continued throughout each of 
the world wars... War has hitherto been disappointing in this 
respect... but perhaps bacteriological war may prove effec- 
tive. If'a Black Death could spread through the world once 
in every generation, survivors could procreate freely with- 
‘out making the world too full. The state of affairs might be 


The Vaccine Connection 22 


unpleasant, but what of it?” 


‘The blood of every American — and every European, African, 
and Asian — should curdle at such words. We are now facing the 
very "Black Death” type of plague referred to by Russell in such 
glowing terms! 

Highly influential followers ofthe Russell philosophy — and his 
callous approval of the periodic slaughter of much of the world’s 
population — may have continued to view the great destructive 
power ofnew viral warfare agents as the best means to achieve their 
end: Selective thinning ofthe world’s population, 

Atleast a few such men may have continued to cooperate with 
the Soviet Union to work powerfully behind the scenes in interna- 
tional organizations, trying to arrange the proper opportunity to 
achieve their nefarious purpose. 

‘The "East-West cooperative effort” in cancer research created 
and gave them the precise biological agent custom-made for the job. 

WHO's massive, worldwide smallpox inoculation program gave 
them the precise means to rapidly get the deadly virus into enough 
human veins to assure a new "Black Death." 

Al that had to be done was surreptitiously contaminate the 
vaccine — the easiest thing of all 

This plague has been knowingly, with malice aforethought, 
unleashed upon mankind. ‘The perpetrators should be hounded 
down like the wild beasts they are, uncovered in the full light of day, 
and suitably punished with the swift and sure justice they deserve. 

At least one outstanding medical consultant had the courage to 
report to WHO that their vaccine was generating the AIDS epidemic. 
When WHO suppressed the evidence, the London Times had the 
courage to print the story. 

I strongly urge every U.S. Senator and Congressman to 
introduce and/or support immediate legislation that would 
launch a full-scale, massive investigation, with no stone left 
unturned. I urge every concerned activist to demand and 
support such an investigation at the highest level. 

By preoccupying ourselves with lesser things — "IranGate," 
Nicaragua, the Middle East, etc. — we are simply fiddling while 
Rome burns. 
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CHAPTER 2 


THE SOVIETS KNEW 
THE U.S. WOULDN'T REACT 


Administering the Coup-de-Grace 

‘As we've seen, the present AIDS viruses were deliberately 
created in Western cancer research laboratories strongly penetrated 
by Communist scientists and Soviet agents. 

In laboratory experiments that were a legitimate and vital part 
of the war against cancer, animal retroviruses were repeatedly 
injected into human cell cultures until they recombined to produce 
strains hostile to human life—strains that would thus live inhuman 
cell cultures, 

Even though their work was accomplished for a totally different 
purpose, cancer laboratories produced the ultimate, made-to-order 
biological warfare agents 

‘The World Health Organization (WHO) is also strongly pene- 
trated — and even controlled at some levels—by communist agents, 
as are many other such international agencies. 

And WHO's massive smallpox vaccination program in Third 
World countries provided the Soviets a made-to-order opportunity to 
have (ostensibly) "someone else” deliver the actual BW strike. 

In other words, the Soviet deception plan was complete. 

It was very simple for Soviet agents to contaminate the cultures 
in which smailpox vaccine was being produced for WHO's inocula- 
tion campaign. This insured the production ofvaccine contaminated 
with AIDS viruses, and the subsequent massive infection of the 
African peoples and other Third World nations. 

It delivered what will be the knockout punch against the West, 
unless AIDS is countered. 
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Table 1. Interesting Soviet Statements 


"WE HAVE A NEW WEAPON, JUST WITHIN THE PORTFOLIO OF OUR 
SCIENTISTS, SO TO SPEAK — SO POWERFUL THAT, IF UNRE- 
STRAINEDLY USED, IT COULD WIPE OUT ALL LIFE ON EARTH." 
NIKITA KHRUSHCHEV, 
1960, SPEAKING TO THE PRESIDIUM 


“WE WILL BURY YOU!" 
NIKITA KHRUSHCHEV, 
TO RICHARD NIXON, "KITCHEN" DEBATE 


“IF A MEANS OF TOTAL NEUTRALIZATION OF FOREIGN MISSILES IS TO 
BE FOUND, IT CAN ONLY COME FROM A GROUP OF NEW PRINCIPLES 
INPHYSICS, CALLED ENERGETICS!” 

NOBELIAN PETER KAPITSA, TO NIKITA KHRUSHCHEV 


“EACH SIDE SECRETLY DEVELOPS NEW MEANS OF WARFARE IN 
ORDER TO EMPLOY THEM UNEXPECTEDLY. HISTORY KNOWS MANY 
EXAMPLES HOW THE EMPLOYMENT OF A NEW WEAPON INITIALLY 
GAVE CONSIDERABLE SUCCESS BECAUSE THE ENEMY, CAUGHT 
UNAWARES AND NOT KNOWING THE COMBAT CAPABILITIES OF THIS 
WEAPON, WAS FOR SOME TIME INCAPABLE OF EFFECTIVE COUNTER- 
ACTION." 

V.YO. SAVKIN, THE BASIC PRINCIPLES OF OPERATIONAL ART 

AND TACTICS, MOSCOW, 1972. 


“OF PARTICULAR IMPORTANCE IS BASIC RESEARCH AIMED AT DIS- 
COVERING STILL UNKNOWN ATTRIBUTES OF MATTER, PHENOMENA, 
AND THE LAWS OF NATURE, AND DEVELOPING NEW METHODS FOR 
‘THEIR STUDY AND USE TO REINFORCE THE STATE'S DEFENSE CAPA- 
BILITY.” 

PORTION OF A BOOK BY MARSHALL GRECHKO 

DELETED FROM ENGLISH TRANSLATION, BY SPECIFIC RE- 

‘QUEST OF THE USSR. 


“WILL SHORTLY SEE DEVELOPMENT OF NEW WEAPONS, MORE POW- 
ERFUL THAN NUCLEAR WEAPONS, AND THEY WILL BE NONVERIFI- 
ABLE." 

LYSENKO (FIRST NAME UNKNOWN) 

USSR REPISOVIET EMBASSY WASHINGTON, D.C. 

WORLD FURTURESCONFERENCE, WASH. D.C, 20 JUL 82. 
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Murky "Behind-the-Scenes" Intentions 

‘As was pointed out, the WHO inoculation program is well- 
correlated as the precursor or "initiator" of the AIDS epidemic. 

Where WHO smallpox vaccination occurred, the mysterious 
symptoms of AIDS disease appeared in due time. 

Even the eventual spread ofthe AIDS virus to the U.S. homosex- 
ual community is explainable. 

For example, the economy of Haiti had earlier been made a 
shambles. The poor citizens of that impoverished island had been 
reduced to desperate straits, 

In desperation many younger Haitian males had begun to 
prostitute themselves to visiting homosexual tourists. The Haitian 
‘males were not homosexual themselves; rather, they were desperate 
to gain money to provide for their starving families. 

In response, U.S. homosexuals — particularly from San Fran- 
cisco and New York — had made Haiti their vacation playground. 
‘They even ran ads to this effect in their gay newsletters and 
mngazines, 

WHO then vaccinated some 15,000 or so Haitians against 
smallpox, using the vaccine contaminated withthe AIDS virus. This 
introduced AIDS into Haiti and into the Haitians 

The U.S. homosexuals quickly picked up the AIDS virus by 
direct contact, and brought it back to the U.S. with them, There the 
nature ofthe activities engaged in by homosexuals was responsible 
for enhanced spread ofthe virus among members ofthe homosexual 
community. 

Engineering the AIDS epidemic appears to have been acollusion 
between Communists and the international control groups. 

Apparently the control groups wished to “clean out the African 
continent and other Third World areas" — possibly to provide room 
for relieving population pressure in the developed countries. This 
‘may have been seen as the way to solve the problem ofthe ballooning 
human population — the so-called "biological time bomb.” 

The Soviets, however, realized that contamination ofthe small- 
pox vaccines would result in an epidemic of unparalleled propor- 
tions. They recognized the opportunity for safely initiating — and 
winning — World War III with a great first strike. 
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‘The Soviets themselves already possess an electromag- 
netic cure for diseases such as AIDS, but they have not 
unveiled 

All such products of scalar electromagnetics (which the Soviets 
call energetics) are held tightly by the KGB. 

That the Soviets have kept such a cure secret strong! 
plies that they regard it as a known antidote for biologi 
cal warfare agents, and thus highly classified. 

‘The importance of this can easily be seen: Presently the West 
has absolutely zero defense against a biological warfare strike using 
viruses as BW agents. 

In such a strike, fast-acting viral strains can easily be used — 
say, agents which are highly infectious and kill within two or three 
days, 

Development ofa vaccine is impossible. There is simply no time 
todo that. Further, even ifthe virus was slow-acting, a vaccine could 
only be developed ifthe virus is stable. Ifit is unstable (constantly 
mutating), development of a vaccine is impossible. 

The greatest vulnerability of the U.S. today is its total 
vulnerability to unknown BW viral agents. Absolutely noth- 
ing we have or are doing in our Department of Defense is of 
any consequence or protection against new BW viruses for 
which no vaccine is developed or possible. 

The great ease with which such cheap new, highly lethal viral 
BW agents can be developed means that even a relatively small 
military power—such as Libya, Cuba, or Iran—can develop and use 
them against the U.S. 

Such BW viral agents can also easily be clandestinely planted 
the U.S., to devastate an unsuspecting, unprotected Ameri- 
can populace. 

In fact, even a single deranged madman can readily develop 
lethal BW viral agents sufficient to devastate even a great military 
power. Further, in an open society such as the U.S., that same 
‘madman can easily introduce such an agent he develops — and, if 
he's clever, not even get caught in the act. 

Past isolated cases of "contamination" of on-the-shelf drugstore 
medicines is just a faint prelude of that which is to come. 


acr 


Soviets Knew The U.S. Wouldn't React 28 


Indeed, we may unwittingly do it to ourselves by accident, even 
without a BW strike by the Soviets, small enemy powers, or a 
‘madman, 

Throughout the West, it is now most fashionable to experiment 
with the production of new bacteria and viruses. Gene-splicing, 
recombinant DNA genetics, etc. are being employed on a grand scale 
as the latest "scientific marvel 

Even some high school students have experimented with this 
sort of thing. Many other colleagues, universities, and private 
persons are proceeding full-tilt with casual experiments. 

Most ofthis "casual experimentation” is uncontrolled. When 
finished, the residue gets dumped in the trash can or flushed down 
the drain, In any case, it goes into our biosphere. Some of this 
residue contains unstable, highly adaptable viruses. 

It's only a matter oftime until one ofthese unwitting agents gets 
loose and survives — one that's lethal, fast, and highly infectious. 

Make no mistake: It's anear certainty that this willhappen. The 
only question is when. 

Also, with the recent Supreme Court decision allowing the 
patenting of a virus or bacteria, a number of laboratories and 
companies are now feverishly developing new agents to unleash in 
the biosphere upon persons, animals, and plants. 

For the most part, these experiments are tightly controlled. 
However, it is impossible to test in the laboratory the result of the 
natural recombination and mutation of these agents once they are 
loose in the environment and in a free exchange with all the natural 
bacteria and viruses, 

Once loosed in the biosphere, a new viral agent undergoes 
combinations and recombinations with the greater number of vi 
ruses already present. The situation is like an increase in a large 
factorial number: Only a few additional viruses will result in 
millions and millions of additional combinations — at least some of 
which inevitably will be lethal and quick-acting. This is not tested 
in those laboratories making, patenting, and releasing new viruses 

Humans have spent millions of years developing sufficient 
immunity to the natural BW agents to allow humanity to survive. 

Very shortly we are going to have increasingly large numbers of 
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new environmental BW agents emerging all around us. For some of 
them, it is a foregone conclusion that we have little or no natural 
immunity developed. 

So we are going to enter an increasingly harsh environment, 
characterized by the rise of great epidemics and pandemics of many 
kinds. 

Inevitably some of these coming scourges are going to rival the 
"Black Death" in ferocity and lethality. 

Effective defense against one or more such BW viral 
attacks — either against our forces in the field or against our 
jan population — can only be provided by a ready, fully 
developed technology of electromagnetic healing. 

It does not really matter whether the BW strikes are performed 
by a hostile foe, a madman, natural mutations within our now 
drastically stimulated viral environment, or as a result of some 
particular "residue" discarded by an enthusiastic high school or 
college student. 

‘The end result — the decimation ofhumankind —is going to be 
the same unless we develop and use electromagnetic healing tech- 
nology. 

However, with the present enormously self-hostile state of 
‘mankind, one or more enemies or madmen will almost certainly 
launch a strong, clandestine BW strike against the United States 
Armed Forces and the U.S. populace. 

With EM healing technology, a specific "antidote" to any 
viral disease — known or unknown — can be developed in a 
matter of hours. 

Mass electromagnetic treatment can then be started immedi- 
ately, even for an entire army in the field or for our population in the 
heartland. Within hours ofrecognizing a BW strike, cure rates above 
90% can be quickly achieved in exposed personnel. 

Further, using electromagnetic healing technology, ifnecessary 
‘amore conventional vaccine can also be rapidly developed — say, in 
two weeks — for mass distribution and inoculation of the civilian 
populace. 

‘The bottom line is this: Neither the U.S. Armed Forces nor the 
USS. civilian populace can or will survive the coming lethal viral 
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warfare strikes unless we quickly develop electromagnetic healing 
technology and have the necessary diagnostic and treatment devices 
already ready and waiting. 

‘The clandestine AIDS strike by the Soviet Union is just the 
precursor of a great deal more to come. 


The USSR Has Repeatedly Verified Our Nonreaction 

The Soviet Union already knows that Western science and 
governments are too stereotyped and dogmatic to react to anything 
highly unorthodox, 

For years, the Soviet have been proving this, over and over, in 
their development and testing of frightful scalar electromagnetic 
superweapons ofunprecedented power. In the face ofoverwhelming 
evidence of this, the West has kept its head buried in the sand like 
an ostrich, 

It wasn't invented in the West. Therefore it cannot be. 

Years of substantial Communist indoctrination of students in 
our universities, by leftist/liberal professors, has placed a massive 
imprint into our society. An entourage of sympathetic groups has 
resulted — groups which believe that the Soviet leaders are just like 
us, that the Stalinist era is long since over, and that the Communist 
leopard has changed its spots and really isn't trying to take over the 
world anymore. 

As a system, then, much of the West simply refuses to accept 
anything unorthodox, anything “not invented here", and anything 
that indicates Soviet aggression. 

The Soviets know the U.S. is totally ignorant of advanced scalar 
EMweaponry. They have proven over and overthatthe U.S. will not 
even comprehend that it has been deliberately struck, ifthe strike is 
sufficiently unorthodox. 


The Soviet scalar EM superweapons have already been docu- 
mented in Fer-de-Lance, Tesla Book Company, 1986, and that 
documentation will not be repeated here. 

Only a short summary of events will be presented, to put the 
Soviets’ confidence into perspective. A longer chronology of selected 
events is included as Appendix IV. 
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ABSTRACT | Energy harvesting is well established as ane of the 
prominent enabling technologies (along with radio-frequency 
Identification (RFID), wireless power transfer, and green 
electronics} for the pervasive development of internet of 
‘Things (oT). This paper focuses on a particular, yet broad, 
class of systems that falls in the loT category of large area 
electronics (LAE). This class is represented by “smart surfaces.” 
The paper. after an introductory overview about how smart 
surfaces are collocated in the 1oT and LAE scenario first deals 
with technologies and architectures invalved, namely, materi- 
als, antennas, RFID systems, and chipless structures: then, 
some exemplifying solutions are illustrated to show the 
present development of these concurrent technologies in this 
area and to stimulate further solutions. Conclusions and future 
trends are then drawn 
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I. INTRODUCTION 


Looking at the telecommunication (TLC) market develop. 
ment worldwide in the last five years, we see an average 
decrease of about 5% per year, in both gross domestic 
product (GDP) contribution and employment (1. Against 
this trend, the global information and communication 
technology (ICT) market has remained grossly constant 
Some compartments, in fact, are experiencing an opposite 
trend. Beside some sectors related to new consumer pro- 
ducts, such as tablets and smartphones, new Internet of 
‘Things (loT) related products are growing at two digits 
per year and some estimations from big players report a 
market value in the order of trillions of dollars in the next 
decade [2], [3] 

The vision behind IoT is in fact to connect abjects 
directly to the Internet so as to allow them to provide 
information directly to the web without any human inter 
mediation [4]. This vision will have a great impact on sev 
tral electrical and electronic technologies, ranging from 
the basic physical layers (technology platforms) to the 
highest ones: communication protocols, software, human 
interface, and information management, 
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‘The Soviets were quite confident in arranging for a great biologi- 
cal warfare strike, because ofthe total lack ofthe U.S. to comprehend 
incidents such as the following: 


1. Beginning in the late 1950's, hidden Soviet transmitters 
actoss the street targeted "weak microwave radiation” against 
the U.S. Embassy in Moscow. Over the years the radiation 
continued, sometimes continuously, sometimes intermit- 
tently. The Soviets electronically induced diseases that re- 
sulted in extensive health problems of Embassy personnel, the 
death of two U.S. Ambassadors, and the sickness of a third. 
Several U.S. Presidents have protested the radiation. Both 
USS. Intelligence and the U.S. scientific community have been 
totally baffled. They still do not know the true nature of the 
radiation, nor its purpose. 


2. In the winter of 1957-58, an unexplained nuclear event hap- 
pened near Kyshtym, within the Soviet Union. A huge explo- 
sion occurred in the stored nuclear wastes in the disposal 
section of the Soviet atomic weapons industry located in the 
southern Urals. Radioactive contamination covered 1,000 
square miles. For years the story was opposed — or sup- 
pressed — by U.S. intelligence agencies, perhaps to allay 
public resistance to the U.S. nuclear industry. At the time, 
Soviet experimentation with large scalar electromagnetic 
transmitters was well underway. A large transmitter proba- 
bly failed, discharging its built-up, giant electrogravitational 
potential (EGP) into the earth. Such a pulse would have 
propagated through the earth as a wave; the first nuclear 
‘material contacted would have been fissioned immediately. 
‘The stored nuclear wastes probably exploded due to receipt of 
an EGP from the inadvertent failure of one of the Soviet 
Union's new superweapons in development. Survivors re- 
ported that indeed the nearby nuclear wastes exploded. 


3. In January 1960 Khrushchev announced to the Presidium 
that a new fantastic weapon was in development. He stated 
that the weapon was so powerful that, ifunrestrainedly used, 
it could wipe out all life on earth. 
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Figure 4. The US. Embassy in Moscow. The Soviet Union has bombarded this 
facility with weak microwave radiation for decades. 


Table2. MICROWAVE RADIATION OF THE U.S. EMBASSY IN MOSCOW 


+ SINCE 1959 OR 1960 
+ HIGH LEVEL TARGET (U.S. AMBASSADOR) 
+ GUARANTEES PERSONAL ATTENTION OF 
- PRESIDENT 
+ NSA, CIA, DIA 
- TOP CONSULTING SCIENTISTS 
- STATE DEPARTMENT 
- LEADING SCIENTIFIC INSTITUTIONS 
- NATIONAL SECURITY COUNCIL 
- ETC. 
+ TWO AMBASSADORS DIED, ANOTHER SICKENED 
+ US. REACTION REVEALS ANY KNOWLEDGE OF TESLA 
ELECTROMAGNETICS 
+ FOUR U.S. PRESIDENTS REQUESTED SOVIETS TO CEASE 
- CUT FROM 18 WATTSICM? TO 2 
- THEN AGAIN INCREASED 
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Figure 5. Decay of a radioactive nucleus. When it absorts a scalar EM wave 
{olectrogravitational pulse) that is long enough and large enough, the nuclous 
fissions. 
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Figure 6. EGP fission of a radioactive nucleus. lan inal EGP is large enough and 


long enough, it wil fission any and all radioactive nucte! i strikes. 
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Figure 7. Bottled up energy in a standing scalar EM wave isa potential 
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Figure 8. EGP shortout Transmit failure and consequent discharge of a giant 
standing scalar EM wave potential caused the explosion of stored nuclear wastes at 
Kyshtym, USSR, in the wintr of 1957-58, 
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7 TAIL-END 
. SAFETY ESCAPED AND 
‘ CIRCUITS DISCHARGED 


CHERNOBYL 


GIANT STANDING NUCLEAR REACTORS 


SCALAR EM WAVE 


Figure 8. EGP initiation of the Chernobyl event. Failure of another giant transmitter 
near Chernobyl in 1986 eventually caused the eruption of one of the Chernobyl 
reactors by EGP-puising ts nuclear fuel rods. When the transmit failed, the 
‘alarmed Soviets shut down the four Chemaby! reactors while waiting for drain-ff of 
the EGP potential by the safety circuits ofthe disabled transmitter. These cicuts 
finally gave way, producing a mild EGP pulso into the earth. Had they failed 
Immediately, all four reactors at Chernobyi would have violenly exploded. 


Table 3. KHRUSHCHEVS 1960 STATEMENT 
(Speaking to the Presidium) 


WE HAVE A NEW WEAPON, 
JUST WITHIN THE PORTFOLIO OF 
OUR SCIENTISTS... 

SO POWERFUL THAT, 

IF UNRESTRAINEDLY USED, 
IT COULD WIPE OUT 
ALL LIFE ON EARTH! 
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4, In May 1960 Gary Powers’ high-flying U-2 spy plane was 
mysteriously disabled over the Soviet Union, resulting in its 
subsequent crash and the Soviet capture of Powers himself. A 
flash appeared behind Powers’ aircraft, as iffrom an explosion 
— except that the flash persisted, showing that it was not a 
normal HE explosion at all. A tracking radar, employed in a 
scalar EM mode, probably was used to cause the electromag- 
netic "flash ball” and disable Powers’ aircraft. Harmless SA- 
2 missiles fired far below him may have been employed to 
deceive Western intelligence analysts. 


Figure 10. The U2 high alttude reconnaissance aircraft. On May 2.1960 Francis 
Gary Powers high fling U2 spyplane was disabled over the Soviet Union. Some 

aifcutes with the autopilot were first experienced. Then a single dull thump was 

felt, anda tremendous orange flash it the cockpit and sky — andpersisted. (See 

Franels Gary Powers with Curt Genty, Operation Overtight, Hol, Rhinehart and 
Winston, 1970, p. &2) 


5. In April 1963 the Soviet Union utilized a newly deployed scalar 
EM weapon to destroy the submerged U.S.S. Thresher nuclear 
submarine, offthe coast ofthe U.S. itself. In spite of intense 
and totally anomalous electronic jamming experienced by the 
ULS.S. Skylark, surface companion to the Thresher, the U.S. 
failed to recognize this major indication ofa scalar EM attack. 
One day later, a Soviet scalar EM weapon placed a giant 
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underwater burst in the ocean, 100 miles north of Puerto Rico. 
With these two tests Khrushchev, still smarting from his 
Cuban Missile Crisis facedown by John Kennedy, avenged 
himselfand convinced the Presidium to allow himto remain in 
power for yet awhile. 


Figure 11. The U.S.S. Thresher disintegrates Fa Crates 1979 


le 4. DEATH OF THE U.S. THRESHER 


APRIL 10, 1963 


+ DURING TRIALS OFF EAST COAST OF U.S. IN ATLANTIC 
+ SURFACE COMPANION: U.S.S. SKYLARK 
+ UNDERWATER PHONE BETWEEN THE TWO 
+ THRESHER DIVED AND WAS LOST 
- GARBLED MESSAGE 
- DID NOT RESPOND TO CONTROLS. 
- SANK TO CRUSH DEPTH 
- IMPLODED 
+ SKYLARK ENCOUNTERED SEVERE ELECTRONIC 
INTERFERENCE 
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Table 5. SEVERE EM INTERFERENCE EXPERIENCED BY U.SS. SKYLARK 
APRIL 10,1963 


+ SKYLARK JAMMED (1.5 HR TO TRANSMIT MESSAGE) 
+ MULTIPLE SYSTEMS 
+ SIGNATURE: 
- SCALAR INFEROMETRY 
- SKYLARK IN "SPLATTER" ZONE 
- THRESHER PROBABLE TARGET 
+ OTHER SYMPTOMS 
- ONE SYSTEM KNOCKED OUT 
+ OTHERS THEN WENT OUT 
- LATER RESUMED WORKING 


6. In Afghanistan, in 1981 and at intervals since then, Soviet 
helicopters have sometimes attacked Afghan guerrillas or 
villages with a strange new weapon. A body struck by this 
weapon dies instantly and completely. It falls like a limp rag, 
and does not decay even in 30 days. Every cell, bacterium, 
virus, etc. in the body has been killed instantly. Nerve gas 
rockets and chemical rockets are also usually fired to provide 
deception cover” for the nature ofthe real weapon. This eery 
Soviet weapon has been mislabeled as some strong new gas, 
and is referred to as "Smirch", a combination ofthe two words 
"smert” (death) and "semerch” (sandstorm). 


7. InApril 1984amonstrously huge scalarEM incidentoceurred 
off the coast of Japan, near the Kuriles. Subsequent inter- 
views with the pilots sighting the incidenthave revealed that 
several combined tests of the various modes of a scalar EM 
howitzer occurred. A giant "cold explosion” occurred, raising 
a giant mushroom cloud to over 60,000 feet and greater than 
150 miles diameter in two minutes. A glowing dome appeared, 
and expanded to monstrous size. According to Dr. Walker and 
colleagues, the diameter of this great glowing, hem- 
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ispherical shell expanded to several hundred kilome- 
ters. * He and his colleagues were able to rule out any possible 


known natural events or mechanisms that could have caused 
the incident. 


jents ofhemispherical shells of light and giant 
in the Soviet Union have been seen from Iran 
stan, Such giant artificial phenomena have 
also repeatedly been seen over the oceans by mariners and 
airline pilots. 


Several instances of anomalous disabling of jet engines of 
‘commercial airliners have occurred while the aircraft were in 
flight. 


Direct and intensive weather engineering over the U.S. itself 
has been accomplished by the Soviet Union for a decade, using 
the interference grid resulting from the crossing oftwo or more 
giant beams from the woodpecker "over-the-horizon radar” 
transmitters. Specific cloud signatures (anomalous holes, 
giant radials, twin giant radial arp giant inter- 
ference patterns) have continually occurred, but the orthodox 
system has blithely ignored them. 


A gianttest of overa hundred huge Soviet scalar EM weapons 
‘occurred in and around May 1, 1985 for the 40th anniversary 
ofthe end of WIL. The entire Wester scientific and intelli- 
<gence establishment remained sublimely unaware ofthe giant 
exercise. They had not a single scalar EM signal detector — 
even though the air, land, and ocean was filled with hundreds 
of Soviet scalar EM transmitters, chattering away to Soviet 
submarines under the water, etc. Underneath 
ur feet, the earth itself was in giant scalar EM resonance on 
54 frequencies — 27 pairs, each of which tapped energy 
directly fom the molten core of the earth and fed it to an 
ensemble of giant Soviet strategic scalar EM weapons. 


"See Science, 227 (584), Feb 8, 1985, p. 607-611; Seience 24 (4775), Oct 24,1986. 412 
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Figure 13. Mushroom cloud trom the sea off Japan, near a Russian test area, 
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In terms of physical layer, Jo actually inherits the 
technologies developed for wireless sensor networks 
(WSNs), bringing the distributed nature of that to the 
extreme, WSN, in fact, can be synthetically seen as a mesh 
of sensor nodes purposely conceived to build and com: 
municate a sensed image of a monitored area. Within Io, 
the sensing nodes are not purposely deployed to monitor 
something specific; instead, they are simply hosted by 
“objects” in order to provide the information they ate able 
to collect and make it available on the web. Conceptually 
speaking, there is not a big difference, but in terms of 
selated technological challenges, there is. Nodes must be 
hhostable by objects; objects are of many types, and the 
better the nodes fit themselves transparently tothe hosting 
‘objects, the denser and more reliable the information they 
are able to provide. 

Several challenges can be envisioned in this evolution: 
first, electronic systems must be mechanically flexible, 
thin, and miniaturized in order to conform tothe shape of 
as many objects as possible: second, the adopted materials 
have to be as recyclable as the hosting objects in order to 
avoid pollution from guest apparatuses; last but not leas, 
hosted nodes must be autonomous, because they cannot be 
either connected to the grid or powered by life batteries. 

‘A great technological paradigm shift is going tobe pulled 
by the development of loT; green materials, autonomous 
systems, ultralow-power circuits, energy saving protocol, 
and energy harvesting (EH) are concurrently mandatory. 

Conversely, this technological evolution. is pushing 
‘new solutions and architectures, so far constrained by the 
limits of conventional technologies. The development of 
inkjet printing techniques, the introduction of very cheap 
and eco-friendly materials compatible with roll-to-rll 
(R2R) circuit realization techniques [5] and so forth, open 
new horizons also to large area electronics (LAE). 

LAE, first applied to printed photovoltaic and organic 
screens [6], is actually at the onset of its development. The 
development of R2R techniques and related materials, in 
fact, is allowing for tremendously increasing the dimen: 
sions of LAE circuits and systems, from the present tens of 
centimeters to meters and beyond. Along this evolutionary 
scenario, new configurations and architectures, based on 
massive integration of large circuits over conformable sur: 
faces, can be envisioned, opening the way to what can be 
called the smart surfaces (S83) approach. 

SS, in turn, can be seen as a branch of IoT evolution. 
Large 2-D arrays of autonomous sensor nodes, for instance, 
make possible granular tracking of whatever parameter, 
ultimately providing augmented imaging of the envizon: 
ment; large 2-D arrays of tags can provide a very low-cost 
platform for precise localization and location-based ser 
vices (LBS), thus enabling the realization, for instance, of 
smart floors [7] and smart wallpapers [8f; inheriting quas: 
‘optical approach [9] contactless electromagnetic (EM) 
‘wave processing filtering, frequency conversion, selective 
shielding, etc.) can be conceived even at low frequencies. 


(On the one hand, SS is thus an approach stimulated by 
technologies pulled by IoT; on the other hand, it contri 
butes toa class of architectures, within LAE, that can even 
widen the huge horizons of Io applications in a sort of 
virtuous circle. 

‘According to this wide vision, the paper is organized as 
follows. A review of the technologies suitable for distri 
buted systems implementation to a large extent is given in 
Section II; then, the explanation about how  radio- 
frequency identification (RFID) can be considered one of 
the most suitable technologies for the implementation of 
oP architecture, and how it can be naturally integrated 
with SSs, is provided (Section 111). In order to deal with 
the implications of the development of RFID systems 
compatible with SS and LAE evolution of IoT, two specific 
sessions have been provided: the first relates to antenna 
implications (Section IV), and the second relates to 
electronic architectures for RFID tags (mainly chipless 
‘ones; Section V). In order to smoothly bring the reader 
from relevant technologies to applications, quasi-optics, as 
an example of general approach concurrently exploiting 
the mentioned technologies to provide a platform suitable 
for LAE, is described in Section VI. After this, some appli- 
cation examples of how SS concept can be articulated, 
according to the oT paradigm, are described; specifically, 
smatt floor (Section VII), smart shoes as useful subsystems 
{for the implementation of smart floors (Section VIII), and 
energy skin (Section IX). In order to have a vision of the 
logical links behind the many topics dealt with in this 
paper, a synoptic picture can be found in Fig. 


Il. TECHNOLOGY FOR LAE 
DISTRIBUTED SYSTEMS 

Given the described scenarios of SS, it is clear that the 
technologies involved have to be compatible with LAE 


Fig. 1 Synoptic view of the paper structure reflecting the tot vision 
described inthe introduction. 
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Figure 14. The Tosla shield, a giant hemispherical shell of energy. Seon repeatedly 
in Soviet tests in out-of-the-way places and remote regions of the ocean 
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Figure 15. The Tesla shield: A 1969 Vigin Islands incident 
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Figure 16, Tesla shields: Two nested arcs of It inthe sky. 


Figure 17. Tesla shield: An expanding hemispherical circle of ight. 
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Figure 18. Tesla shield: Hemisphere and globes, 1977. 


yed by Red Chinese tighter pilots. Electrical 
aiicuties In the airrat were also experienced, 
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Figure 20. Large glowing Tesla Globe,” Red China. Observed by hundreds of 
persons. 
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Figure 21._ 1966 test of giant Tesla Globe, expanding deep within the Soviet Union, 
Seen trom Teheran, Ian June 17, 1966 by wo aircraft approaching Mehrabad 
‘Alrport. Observed for several minutes. 
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Mutiple events seen in Sept. 1979 from Aighanistan 


‘Strange lurid glow that flared silently over the Hindu Kush; as described by 


The LONDON SUNDAY TIMES, 17 August 1960 


Figure 22. A giant globe, deep within the Soviet Union in 1978. Seen several times 
from Aigharistan, looking toward Saryshagan 
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Figure 23. Engines disabled, a passenger jet drops six miles in two minutes. 
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Figure 24. Glant Woodpecker” beams intersecting over the U'S. Used for weather 
Conitol,as a launch phase ABM and ant-bomber system, electromagnetic attack of 
distant populations, and disease conditioning. Using phase conjugate radar miro, 
‘any amount of energy desiced can be delivered to ary distant target from which a 
radar return has been received. Real-time distant holography, to produce powertl 
‘energy forms ata distance, can also be accomplished, 


Tablo 6, MASSIVE 1985 STRATEGIC MAY DAY EXERCISE 


APRILIMAY 1985 


+ BREZHNEV'S 1972 STATEMENT FULFILLED 
+ 40th ANNIVERSARY OF WWII 
+ GORBACHEV NEWLY IN POWER 
+ EARTH IN GIANT SCALAR EM RESONANCE. 
- 54 FREQUENCIES 
- 27 "POWER TAP" PAIRS 
- 4 TO 6 WEAPONS EACH PAIR 


+ C'1 SCALAR EM LINKS 
- UNDERWATER SUBS 
- NAVAL FORCES 
- OTHER FORCES 
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In late November, 1985 the Soviets tested their Launch Phase 
ABM system over Florida, using the launch of a U.S. space 
shuttle as a convenient test target. A marker beacon (ball of 
light) was placed in the sky, hovering near the launch area. It 
was seen by hundreds ofpersons, and photographed by George 
Suchary. During the final countdown to launch, a scalar EM 
"missile" (ball of intense energy) was fired, offset from the 
shuttle. This ball ofenergy was not in the visible spectrum, but 
may have been accidently photographed by Bob Gladwin. 
‘Twelve minutes offset after launch, a tremendous rumbling 
overhead boom echoed through the area — so huge it was 
heard for hundreds ofmiles up and down the East Coast. Thit 
was the third U.S. shuttle launch in which NASA had noted as 
sociated anomalous phenomena, but did nothing 


On December 12, 1985 the Soviets used the same weapon in 
the anti-bomber mode to destroy an Arrow DC-8 jetjust after 
its takeoff from Gander Air Force Base, Newfoundland. Over 
250 U.S. soldiers and civilian crew members were 
killed. Gander has long been a registration point for the 
Soviet scalar EM weapons. For example, in one 4-day period 
in 1982, 36 anomalous incidents occurred in and around 
Gander, involving moving lights, lights in the sky, etc. 


On January 28, 1986 the Soviets destroyed the U.S. space 
shuttle Challenger, shortly after its launch. A dozen signa- 
tures are associated with this Soviet kill, too many to mention 
all of them. To give only a few: First, the Soviet ships 
monitoring the launch site suddenly departed at high speed, 
four hours before the launch. This was unparalleled. Second, 
according to General Daniel Graham, the following evening 
KGB headquarters gave a party to celebrate the success ofthe 
KGB's perfect active measures against the Challenger! Direct 
and unmistakable indications of extreme localization of the 
Soviet transmitters to the Challenger’s launch site existed on 
the day ofthe launch. In addition, a metal-softening signal 
was confirmed on the Soviet Woodpecker beams as early as 
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January 1,1986, Many other indicators also exist. The total 
is a very strong statement that the Soviets destroyed the 
Challenger with the same weapon they had tested against 
three previous shuttle launches, and which they had used to 
kill the Anow DC at Gander Air Force Base only six weeks 
earlier. 


15, A whole series of anomalous missile failures occurred, involv- 
ing Titan, Delta, and Ariane launches. The odds against all 
these launches failing in that pattern were millions to one, In 
one Titan failure, video taken ofthe event showed the anoma- 
lous "marker beacon” light in the vicinity, high overhead. 
Frame-by-frame analysis of the video showed that the light 
‘was indeed independent of the explosion, and it moved off 
separately after the rocket exploded, 


Figure 25. Third Soviet non destuctve testing against shutle launches, Nov. 26, 
1985. 
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Fig. 2 inkjet printing technique, synoptic description. The ink is 
deposited on the substrate withthe desired pattern and after curing 
‘procedure the nex ayer ean be printed. The thickness of each film 
‘depends on the number of passes. 


approach, as described in the Introduction; according to 
[6], for example, the eco-compatibility of the materials, the 
‘mechanical flexibility of the substrates to make the device 
conformable to the hosting surface, and the life cycle (ope- 

rability and biodegradability) have to be accounted for. 

‘The new techniques proposed from different research 
‘groups [10]-[12] focus mostly on the printing techniques 
that can be industrialized easily with R2R methods, already 
investigated for the traditional printing on paper. Within the 
printing methods, one of the most attractive and investigated 
in the last decade is the inkjet printing of conductive and 
dielectric layers (Fig. 2). This technique allows circuits to be 
printed on almost any kind of substrate: from the photo: 
‘etaphic paper to liquid crystalline polymers (LCP) or Kapton, 
that are flexible, thin, and eco.compatible; to glass or poly 
methyl meta acrylate (PMMA, commonly referred to as 
Plexiglas) that are usually thicker but not flexible, 

A first proof of concept for the inkjet printing tech- 
nique at radio frequency (RF) and microwaves has been 
obtained on photographic paper by printing simple strue- 
tures, such as antennas and other planar circuits and de- 
vices [10], [13]-[22], with a technology stack simply 
composed by the substrate and the conductive layer 
(usually realized by means of nanopatticle silver ink) 

Recently, this method has been improved thanks to the 
development of new inks, usually composed by a polymer 
and a solvent (ie., SU-8, PVP, PMMA, PEDOT, etc.); more 
complex fabrication procedures of multilayer structures 
are now possible, as shown in [23] and [24]. Another no- 
ticeable feature of this technology is represented by the 
resolution: conductive tracks of 50 yim of width and space 
gaps of 50 jm can be printed, allowing the design of 


millimeter-wave (mm-wave) frequency devices [25]. The 
combination of the quite high resolution (considering the 
simplicity of the technology) with the multilayer featuring 
also gives the opportunity to manufacture very easily ma 
trix of passive and active devices that can be used in the SS 
development. It is worth noting that the process can be 
developed in afew steps based on the design and mostly on 
the number of layers needed. For example, a metal~ 
insulator-metal (MIM) device ean be realized by printing 
silver on the substrate [26], curing it in the oven in order 
to create a surface that, with the proper treatment (for 
instance, UV-Ozone exposure or preheating), is ready for 
the insulator printing. Then, the dielectric is cured as well 
and the last metal layer can be printed on top of it. The 
centre structure can be then cured at temperatures ranging 
between 130 °C and 200 °C. 

In a perspective of industealization ofthe inkjet print 
ing technology, the hypothesis of R2R manufacturing of 
Circuits is being investigated and some examples are al: 
ready reported in literature for solar cells and other de. 
vices [27], [28] 

‘Today, many pros have been mentioned for the inkjet 
printing method, and others can be found inthe non-use of 
wasted chemicals (as is for the traditional lithographic 
technologies), in the no-need of clean-room environment 
for the fabrications, inthe low-cost and rapidity of manu: 
facture, and in a R2R perspective compatibility. However, 
the necessity of a curing procedure after the printing of a 
layer still represents the biggest inkjet limit for two main 
seasons: first, the time and type of curing are dependent on 
the inkjeted materials and on the material stack-up: sec 
ond, especially on a laboratory level, the curing ean cause 
misaligament issues, given the fact that the sample is re 
moved and then replaced in the printer after the lst layer 
eur 

Currently, the platform mos used workwide by 
sesearchets is the Dimatix 2800 DMP. In terms of inks, it 
is possible either to buy printable solutions or mix solu 
tions in labs; for example, the combination of polymers 
and solvents allows layers to be printed with different 
electrical properties and thicknesses. 

Besides the inkjet printing method, in [11], a new 
technique, suitable for LAE, has been proposed. It uses a 
metal (copper in that case) adhesive laminate technology 
based on the application of the standard etching process to 
an adhesive copper laminate material. This technique was 
already adopted to produce mun-wave circuits and to char. 
acterize the resulting compound substrates, as reported in 
[29]-[31]. A brief illustration of the metal laminate tech: 
nique is here reported referring to Fig. 3. 

“The production process can be divided in five steps. 
‘The first step consists of the deposition of a (positive) 
photoresist film on the copper surfaces then, the circuit 
layout is transferred to the photoresist by means of a pho 
tomask and ultraviolet exposure. After that, the unit: 
pressed film of photoresist is removed using a NaOH 
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‘Table 7. SHUTTLE LAUNCH ANOMALIES, NOV. 26, 1985, 


+ MARKER BEACON 
- PHOTOGRAPHED 
- SEEN BY HUNDREDS 


+ OFFSET SCALAR EM MISSILE 
~ INVISIBLE TO HUMAN EYES 
- STRIKE PHOTOGRAPHED 


+ GIANT ATMOSPHERIC BOOM 
- T+ 12 MINUTES 
- HEARD FOR HUNDREDS OF MILES 


+ THIRD LAUNCH WITH SUCH A BOOM 


Table &. SOVIET ESCALATION AFTER SRD TEST AGAINST SHUTTLE LAUNCH 
‘on Nov. 26,1985. 


+ U.S, STILL UNAWARE OF SCALAR EM WEAPONS USE 
+ SOVIETS ESCALATED ACTION 
+ DESTROYED OR DISABLED: 
= ARROW DC-8 (DEC. 12,1985) 
CHALLENGER (JAN. 28, 1986) 
TITAN 34-D (APRIL 18, 1986) 
- DELTA ROCKET (MAY 3, 1986) 


+ MAY HAVE DISABLED: 
= ARIANE II(MAY 31,1986) 
- TWO US. NUCLEAR SUBS WHICH RAN AGROUND 
- STEALTH FIGHTER WHICH CRASHED 
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AIRCRAFT GLOWING 


ANOMALOUS HOLE 


ENGINE POWER INTERFERED WITH 


Figure 26. Death ofthe Arrow DC-8, Dec. 12,1985. Three eye-witnesses saw the 
‘doomed ailiner glowing. “An anomalous hole was found inthe fuselage, forward of 
the engines. Engine combustion was interfered with, by phase conjugate (negative) 
energy. Engines were rumbling laborously, not roaring with power, as the aircraft 
passed 100 ft directly over a witness. 


Figure 27. Anomalous hoe inthe right fuselage of the ARROW DC-8, ahead of the 
fengines. With crossed over-the-horizon radar beams and multiple phase conjugate 
radar mirors, realtime holography allows the production of a ball of EM energy al a 
Great distance. The ball may be as small as desired, and contain as much energy as 
desired 
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Table 9. ARROW DC-8 DISASTER, DEC. 12, 1985 


GANDER AFB, NEWFOUNDLAND 


+ AIRCRAFT LIFTED OFF 
+ AIRCRAFT WAS GLOWING YELLOW - ORANGE 
+ SANK TAIL-DOWN AND CRASHED 
+ SIGNATURE OF ENGINE/COMBUSTION INTERFERENCE 
- LAUNCH PHASE WEAPON 
- ANTL-BOMBER MODE 
ANOMALOUS HOLE IN FUSELAGE, FORWARD OF 
ENGINES 
STRUCK BY ELECTROMAGNETIC MISSILE? 
EXTENSIVE "BALLS OF LIGHT” WEAPON TESTS IN 
AND AROUND GANDER 
CLOSELY FOLLOWED THIRD TEST AGAINST SHUTTLE 
NOV. 26,1985, IN ABM MODE 


Figure 28. Par of the Soviet engineering of U.S. weather, just prio tothe death of 
the Challenger. Three "giant radia clouds sighed over the greater Los Angeles 
area by Margaret Wilson. Appeared one after the other, at 10 min. intervals. 
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op PHOTO 


Figure 29. Soviet Trawler spyship. About four hours before the launch of the 
Challenger, all Soviet ships off coast, that normally monitor each launch, suddenly 
‘and mysteriously departed at high speed. Unprecedented event. 


+ SOVIET WEATHER ENGINEERING 
+ SEVERE COLD STRESS 

+ METAL-SOFTENING 

+ BOOSTER SEAL PROBLEM 

+ SOVIET SHIPS ABSENT 

+ LOCALIZATION 

+ AIR TURBULENCE 

+ BIRDS NOT FLYING 


Figure20. Launch of the doomed Challenger, Jan. 28,1986. 


55 Soviets Knew The U.S. Wouldn't React 


Table 10. DEATH OF THE CHALLENGER, JAN 28, 1986 


+ METAL-SOFTENING SIGNAL ON WOODPECKER GRID AS OF 
JANUARY 1, 1986 
+ SOVIETS ENGINEERED COLD WAVE INTO FLORIDA 
+ SEVERE COLD STRESS ON VEHICLE 
+ GRID LOCALIZATION SIGNATURES 
- BIRDS NOT FLYING IN LAUNCH AREA 
- BIRD FALLS IN BIRMINGHAM, AL (HINGE) 
+ SOVIET SHIPS/TRAWLERS DID NOT TRACK LAUNCH 
+ BOOSTER SEAL PROBLEM SEVERELY AGGRAVATED 
+ CAUSED SHUTTLE FAILURE 
+ SOVIET KGB HEADQUARTERS CELEBRATED "PERFECT 
‘SUCCESS OF ACTIVE MEASURES" AGAINST THE 
CHALLENGER! 


Table 11. KGB CELEBRATION 


EVENING OF JAN. 28,1986 


+ AFTER DEATH OF CHALLENGER 
+ KGB HEADQUARTERS 
- JUBILANT PARTY 
- CELEBRATED SUCCESS 
- OF ACTIVE MEASURES AGAINST 
THE CHALLENGER 


SOURCE: GENERAL DANIEL GRAHAM, URGENTGRAM 


+ NOTE: SOVIET SCALAR EM WEAPONS ARE CONTROLLED 
BY KGB 
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+ SHORTLY AFTER LAUNCH 

+ ANOMALOUS POWER SURGE 

‘COMMANDED" ENGINE SHUTDOWN 

+ VEHICLE THEN UNSTABLE. 

+ RANGE SAFETY OFFICER DESTROYED 
ROCKET 

+ EXTERNAL RANGE SENSORS DID NOT 
RECEIVE SURGE SIGNAL 

+ SIGNATURE OF TIME REVERSED WAVE 

+ WHICH LOCALIZED ON ROCKET 


Figure 31. Loss of a Delia rocket, May 3, 1986. 


16. In 1975, Brezhnev had surprisingly urged U.S. senators to 
have the U.S. cooperate in banning the development of new 
weapons of unparalleled horror. He used the phrase, "more 
frightful than the mind of man has ever imagined.” Shortly 
after, at the United Nations, Gromyko had even introduced a 
draft agreement for all nations ofthe world to sign. Again, the 
West had not the foggiest notion as to what the Russians were 
talking about. 


17. The orthodox U.S.newsmediahasbeen, andis, almosttotally 
“out ofit.” Ironically, at the time ofour deadliest peril, and the 
most momentous period in history, incidents such as the 
indiscretions of a presidential candidate and of a television 
evangelist, and the "Iran Gate” actions of the National Secu- 
rity Council in trying to illegally get arms to the Contras, are 
the "burning issues of the hour” — and the week, and the 
month, and the year, and HO on ad nauseam. 


57 


18. 
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‘The Congress — great watchdog and the direct representative 
of the U.S. citizenry — is equally immersed in interminable 
hearings oflittle or no substance except news media coverage 
and publicity 


Abelabored president, misled and now hemmed in on all sides 
and on the defensive, has had his power to act greatly con- 
stricted. In addition, the orthodox filtering networks sur- 
rounding him have effectively isolated him. He has been 
unaware of the extensive information that shows just how 
certain it is that the Soviets have fantastic superweapons and 
have been gingerly using them against us for decades. He and 
his immediate advisors are fed highly filtered, shaped and 
interpreted data. U.S. intelligence is very good at doing the 
things that it does. However, itis also very good at ignoring the 
things that it ignores! Further, the intelligence community 
a past master at "slick-tonguing” the interpretation of any- 
thing new, and anything it really doesn't understand, in terms 
such as "We have no evidence that .."" For decades, the 
community has consistently underestimated the Soviet 
threat, and it has also usually projected any unpleasant 
present Soviet capability in the terms that "Ifthe Soviets keep 
this sort ofthing up, it may prove to be a real threat 30 years 
from now!" For years U.S. intelligence was unaware of a 
Toronto inventor's development and public demonstration in 
the late 1960's of an inertial field generator device, for ex- 
ample, because it simply did not place high value on simple 
overt intelligence such as reading the newspapers! The entire 
event was printed in detail in a Canadian newspaper. Only 
very recently, within the last few years, has the community 
again realized that the most important intelligence can only 
come from human (HUMINT) sources. And in relying on the 
scientific community — which itself knows nothing of scalar 
electromagnetics — the intelligence community has not re- 
ceived the technical advice necessary for it to properly task its, 
collection agencies to collect information on the Soviet super~ 
weapons. 
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20. Western science has also shown itself to be highly dogmatic 
and ensconced in the comfortable "status quo.” It has regally 
ignored the important Soviet developments in unified field 
theory. It has assumed an aristocratic stance, regarding the 
Soviet scientists as little more than peasants still trying to 
clean the mud offtheir boots. In fact, the Soviet scientists have 
been ahead ofthe rest of the world in nonlinear science — the 
truly hard stuff— since the beginning. They have always been 
the best nonlinear mathematicians in the world. Soviet 
scientific papers regularly appear which deal with local gen- 
eral relativity and the overcoming ofthe sacrosanct conserva- 
tion laws as a matter of course. That subject is still a "no-no" 
in USS. scientific publications, even though breaking symme- 
try and consequent violation of conservation laws has long 
boon proven in particle physics. To my knowledge, with the 
exception of Hooper's obscurely published work, not a single 
US. scientific paper appears in the literature showing any 
detailed investigation of "bucking fields” as such and investi- 
gating the behavior of materials exposed to such "sum-zeroed" 
fields. Yet ironically a whole area of optical physics — phase 
conjugate optics (PCO) — has shown great activity since we 
discovered it in the open Soviet literature in the late 60's, and 
sinee two Soviet scientists visited Livermore* in 1972 and 


briefed us upon the subject (as another stimulus to see if we 
recognized the awesome weapon implications). In PCO, the 
scalar EM wave formed by two waves 180 degrees out of phase 
with each other, and locked (modulated) together by a nonlin- 
ear medium, is blithely called the pump wave. Using it on 
nonlinear materials produces extraordinary results —such as 
electromagnetic waves traveling backward in time. Further, 
the PC effect is known tobe universal, and notjustiin the optics 
region at all; for example, it has also been done with sound 
waves. The obvious experimental and theoretical proof 
of scalar EM has been in our literature for nearly two 
decades, and even in PCO our scientists do not yet 
realize that the "pump" wave is a scalar wave, a wave of 
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artificial potential, and a gravitational wave that 
pumps the nuclei ofthe atoms in the nonlinear medium. 
They also still do not understand that it is the nucleus 
of the atom that produces the phase conjugate replica 
wave in PCO. 


Table 12. BREZHNEVS 1975 PROPOSAL 


AT THE SALT TALKS ON JUNE 13, 1975 


‘THE SOVIETS URGED THE U.S. TO AGREE ON A BAN 
AGAINST RESEARCH AND DEVELOPMENT OF NEW KINDS 
OF MASS DESTRUCTION WEAPONS MORE TERRIBLE THAN 
ANYTHING THE WORLD HAS KNOWN! 


BREZHNEV PERSONALLY URGED VISITING U.S. SENATORS 
TO AGREE TO THE BAN. 


+ GROMYKO INTRODUCED A DRAFT AGREEMENT INTO THE 
UNITED NATIONS MEETING AND URGED THE NATIONS OF 
THE WORLD TO SIGN IT. 


+ THE WEST HAD NO IDEA WHAT THE SOVIETS WERE 
TALKING ABOUT! 


+ SOVIET HAWKS THEN GAINED DOMINANCE, AND THE USSR 
STARTED ITS MASSIVE BUILDUP FOR EVENTUAL WORLD 
TAKEOVER. 
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A Locationottheineldent 


Eee em TO 


B. Ants sketch of the incident 
Figuce 22. Probable Soviet test of a Tesla Shield over Atlanta, Georgia, 


Rosell ot al.: Smart Surfaces: Large Area Electronics Systems for internet of Things Enabled by Energy Harvesting 


Fig. 3 process steps forthe circu fabrication using the adhesive metal laminate. Ms metal, : adhesive, P: protection, Rs photoresist, 
‘5: sacrificial ayer, SUB: hosting substrate. After the standard lithographic procedure, the copper pattern can be transfered on top of any 
Substrate by means of a sarfieal layer and explolting the adhesive ace ofthe copper tape. 


developer solution [Fig. 3(a)]. In the second step, the 
copper tape is wet etched. As can be seen in Fig. 3(b), in 
this way, the adhesive layer is exposed where the copper 
‘was removed, while it remains everywhere else covered by 
the original copper tape that serves a protection for the 
adhesive underneath, 

The first two steps are, in this example, similar to those 
adopted in standard photolithographie technology. More: 
over, different ways to remove the not needed metal can be 
used, as, for example, by means of numerical control 
pattern cutting plotters 

In the third step, depicted in Fig. 3(c), a sacrificial layer 
is stuck on the top copper side and, finally, the protection 
layer on the bottom is removed. The sacrificial layer is very 
important because it keeps the relative distances among 
the layout features constant even when these are not phy- 
sically connected. 

‘The fourth step is characterized by the transfer of the 
ceiched metal to the hosting paper substrate and, finally, 
the sacrificial ayer can be removed [see Fig. 3(4) and (e)]. 
"The last step is also useful to remove most of the exposed 
adhesive material 

With this method, quasi-fully-organic circuits and de- 
vices can be realized. The performance in terms of tracks 
‘width and pitch are, at present, abit lower than what can be 
obtained with the inkjet printing, with the advantages of no 
‘curing processes, the possibility to fix devices on the circuit 
using standard soldering techniques, and a better conduc 
tivity (the conductivity of copper laminate, in fact, is one 
order of magnitude higher than that of the cured nano: 
particle silver ink: 5.8 X 107 S/m versus about 6 x 10°—1 x 
107S/m obtained with at least five layers of silver). 


‘To verify the validity of the metal laminate technology 
at microwave frequencies, a 50-0 microstrip line was 
manufactured exploiting the Mitsubishi photografic paper 
as the substrate (thickness 250 jum, relative permittivity 
5, = 3.2, and loss tangent tané = 0.08). The line is 30 
‘mm long, and the measured scattering parameters are 
shown in Fig, 4. The same graph also compares the 
performance of a similar transmission line manufactured 
‘with an inkjet printing process. The performance of the 


Spi! (@B) 


experiment (Cu line) —-—" 
simulation (Cu ine) ~ 
simulation (Ag ink) 


frequency (GHz) 


Fg. 4. measured scattering parameters versus frequency for a 
|504. microstrip line on paper substrate. The line, shown in the inset, 
{s.20.mm long: the ruler division correspond to 172 yam The graph 
‘also reports a comparison witha microstrip ine of equal dimensions 
‘made with an inkjet printing process (Ag nk, 3>.m thickness, 

= 14 1 107 5/m after curing. afer Ls). 
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Continually assured that Western science and intelligence 
remained outrageously ignorant and would obstinately persist in 
wearing orthodox blinders, the Soviets felt quite safe in striking the 
U.S. and its Western allies a mortal death blow. 

The Soviets knew there would be no retaliation, so long as the 
blow was sufficiently unorthodox. 

After all, the Soviets have been waging a slowly increasing 
unorthodox war against us for decades, and totally getting away 
with it 

Consequently the Soviets manipulated the cancer research and 
the contamination of the World Health Organization's smallpox 
vaccine to produce the perfect biological warfare "first strike," 
administered unwittingly by the WHO itselfin its mass immuniza- 
tion program to eradicate smallpox. The Soviets continue to ma- 
nipulate the spreading AIDS viruses electromagnetically so that the 
West will be devastated, as well as Aftica and the Third World. 

At least one other spreading AIDS-strain has already appeared 
in Africa. Testing for exposure to the first strain in most cases did 
not detect exposure to this second strain, 

Officially no one knows whether it will be as infectious as the 
first strain. However, a suspicious correlation has appeared be- 
tween hepatitis vaccination in several large U.S. cities and conse- 
quent outbreak of AIDS among the persons inoculated, 

Further, the latest studies are beginning to show that (1) AIDS 
may be just as spreadable, though more slowly spread, in the 
heterosexual community as in the gay community, (2) the AIDS tests 
themselves are far more unreliable than suspected; one may have 
the AIDS virus — and serve as an active carrier —for up to three 
years before the tests begin to detect it, and (3) no one has any real 
idea as to how many persons have already been infected 

As can be seen, even orthodox scientists are beginning to suspect 
a coming AIDS infection “asymptote” which may represent an 
explosion ofthe disease into a mass pandemic in the world popula- 
tion. In Africa, for example, AIDS is spreading freely among the 
hetersexual population as well as the homosexual population. * We 
may be on the verge of seeing a similar phenomenon emerge in the 


‘Alhough there is much speculation as to why AMtican heterosexuals seem so vulnerable, at 
present noone knows why itis tre. 
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Western world. 
If so, we are looking full in the face of a forthcoming AIDS 
‘massacre thatmakesthe 19 18influenzapandemicpalebycompari- 
son. Not only will AIDS decimate Africa and the Third World, but it 
will also decimate the West a little later. 

In the Soviet plan, after the AIDS massacre has peaked, the 
remaining much smaller U.S. and European populations will be 
decimated and totally powerless. The demoralized and devastated 

Western nations will easily capitulate and pass under the Soviet 
hammer and sickle. 

In their deception planning, the Soviets even are allowing some 
contamination of their own citizens by AIDS. Thus they can keep up 
a pretense that they are just as much victimized as we are, and just 
as much "in the dark” as we are about the whole thing 

Of course, once the AIDS infection does its lethal dirty work in 
the West, the Soviets can easily eradicate it in their own population 
at will, using the electromagnetic healing technology they already 

posess. The Soviet planners regard the loss ofa few Sovietcitizens 
along the way as one ofthe things necessary to insure the success of 
the Great _ Strikeandthe Final Revolution. Forward divisionsinthe 
standard Soviet attack are always regarded as such sacrificial 
pawns to guarantee the success of the follow-on echelons in the 
attack. In this BW strike, the sacrifice of some Soviet citizens is 
deemed necessary to the overall success ofthe attack. 


Remember, these are the same type of Soviet communist plan- 
ners who killed 20 million Kulaks —their own people —to forcibly 
collectivizeSoviet agriculture. For their highest purposes, these 
planners are still quite capable of ruthlessly sacrificing millions of 
their own people to achieve their objectives 


The Asian Tiger Mosquito: A New and Efficient Vector 

As almost everyone now realizes, inthe pastour governmenthas 
greatly understated the AIDS problem. Past projections of the 
limitation oft he spread of the disease have been far more optimistic 
than warranted 

For example, officially the government is still denying any 
possibility of insect vectors for the disease. 
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Don't believe it. In fact, highly efficient insect carriers of the 
disease are already on the way. 

Insects in Africa have positively been verified to be harboring the 
AIDS retrovirus. Ofcourse, such reports are always accompanied by 
the bland assurance that "We have no evidence... (that the insect 
bites will give AIDS to humans) 

Let's see now: We're supposed to believe that a monkey bite will 
do enormously more than that. Even when the monkey didn't have 
the exact present form ofthe AIDS retrovirus. Even though monkey 
bites hadn't done the trick in thousands of years. 

But we're supposed to turn right around and believe that an 
insect carrying the live AIDS retrovirus can bite you, inject into you 
some ofhis body fluid containing AIDS viruses, and you won't stand 
any chance of developing AIDS 

‘What are we supposed to believe? That the injected AIDS virus 
from an insect bite won't bother you, but the injected AIDS virus 
from other causes will? 

Nonsense! 

Anyone who believes that is a prime candidate for purchasing, 
that bridge down the road. 

Ofcourse insect vectors will give you AIDS! 

‘And we've got a real tiger — mosquito, that is, on the way to do 
just that 

‘The Asian Tiger mosquito has been introduced into the U.S. (it 
just “accidentally” appeared, of course!) and is now spreading 
through the Southeastern states. This vigorous and voracious 
mosquito prefers man as its target, and has an unusually wide range. 

Recently U.S. scientists have reluctantly confirmed the 
presence of the AIDS virus in the Asian Tiger mosquito. 
However, as usual we are presented with the same tired refrain, "We 
have no evidence that... the mosquito's bite is capable of causing a 
human to develop AIDS." 

Ofcourse, you can be sure that eventually we will have evidence 
of precisely that! 

The AIDS virus is now known to be able to live outside the body 
for up to at least 15 days, if not longer. 
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Also, the AIDS virus is an unstable virus — it's constantly 
‘mutating and changing its form. That means it's "highly adaptable’ 
+ that is, it's continually adapting to its environment, at a rate 
millions of times faster than normal stable viruses change and 


‘That fact implies that some mutant strain of the virus will 
almostcertainly be adapted to living in the Asian tiger mosquito and 
being introduced into its human host by the mosquito’s bite.* 

It’s not a matter of "Can it do that?” or "We have (as yet) no 
evidence ofthat.”; instead, it’s a matter of "How long will itbe until 
that occurs and we confirm it? 

The Asian Tiger mosquito apparently is intendedto serve 
as the major vector (carrier), or at least one of them, to 
eventually rapidly increase the AIDS infection rate and 
devastate the U.S. population. 

ASthe vector spreads and the virus adapts to that mode of 
transmission, the rate of increase of the AIDS infection will itself 
accelerate. This means that all the projections for “doubling times” 
are seriously in error. 

‘The latest data from Alabama, for example, shows that the 
disease is now doubling every six months instead ofevery year. Also, 
the doubling interval itself has been shortening, at least up to the 
present. Note also that, from the data ofthe new studies confirming 
‘a much longer lag time for the AIDS test to indicate the presence of 
the infection, even the present data on the number of persons 
infected and the doubling time are underestimated, 

If these and other data are a true indication, it appears 
that we literally may have an "explosion" of the AIDS 
infection in no more than two to three years. 

In addition, as we said the AIDS virus is an unstable virus. 
Mutations in the virus itselfare occurring so rapidly that producing 

an effective vaccine essentially will be impossible. Without atotally 
‘new means applied to produce an AIDS cure, AIDS simply cannotbe 
stopped. 


‘And one or mere strains wil eventually evolve that canbe infctuously spread like the 
inflenaa vin 
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In fact, recenly it has been discovered that the AIDS virus is far 
‘more devious than previously susupected.* It attacks in more ways 
than suspected. It changes in the body, increasing its virulence as 
the disease progresses. 

Macrophages, the immune system's scavenger cells, become 
infected and carry the virus to other body cells. It appears that 
macrophages may pass the virus to the T-cells, conditioning the 
destruction ofthe immune system. Infected macrophasges are found 
in rectal material of AIDS patients and in cervical fluid and semen. 
Thus through infected macrophages the AIDS virus is able to infect 
partners through exhange of semen, cerical fluid, and rectal mate- 
tial —even though there are no breaks or tears in the skin, and even 
though the number of free AIDS viruses in thefiuids is too small to 
pass the infection 

Other immune system cells —such as Langethans cells—are 
also suspected to be capable of serving as AIDS carriers when 
infected. The end result is that, as the AIDS patient sickens, the 
virulence of the AIDS virus increases, so that it attacks a greater 
variety of cells and can more easily infect them. 


Present orthodox methods cannot cure AIDs in time, if 
ever. 

Unless unorthodox technology is applied to solve the problem the 
West is already defeated, 


‘See Gina Kola, "Fatal Strategy of AIDS Virus Grows Clearer.” Science Times section, New 
York Times, Mar. 22, 1988, soe also “Growth in AIDS Virus Vinuence Found.” Los 
Angeles Times, Ape 1. 1988, 
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CHAPTER 3 


WORLD WAR III IS RAGING AND WE'VE 
NEARLY LOST IT 


More on AIDS Doubling Time 

AS we said, the AIDS problem is much, much worse than 
officially announced. As stated, in some areas at least, the number 
of new AIDS cases diagnosed has been doubling every six months 
instead of every year. New studies have shown that the tests to 
identify infection by the AIDS virus may themselves have a 3-year 
lag period in which they do not reliably indicate the presence ofthe 
infection. 

‘These facts probably make all previous “officially announced” 
estimates and projections offby several orders ofmagnitude (at least 
three), 

If the incubation period (nominal) is, say, 5 years, then there is 
a factor of up to 2 (exp 10) of AIDS cases already in incubation. 

‘The lag in accuracy of the AIDS tests however, may mean that 
there are even more AIDS cases in incubation than this, 

Andwe may have a new entry into the equation at any time, once 
the AIDS virus adapts to its transmission by the Asian tiger mos- 
quito and possibly even other insect vectors.* 

Remember, we've got the U.S. data for only a relatively few years 
since 1981. So it’s statistically difficult to project ahead with any 
accuracy. However, the best interpretation ofthe data we can make 
shows a spiraling (speed-up) trend in the rate of acceleration of the 
disease, indicative of a forthcoming asymptote. If that interpreta- 
tion of the data holds true, the asymptote represents literally an 

"explosion ofthedisease, 

That is, the six-months "doubling interval" is slowly becoming, 
the six-months “tripling interval,” the six-months “quadrupling 
interval," ete. 

The best indication/projection I can tentatively arrive at is this: 
If the total cure is not accomplished within about two to three years, 
then - considering the incubation ongoing by then and the speedup 
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ahead — somewhere between a third and two thirds of all humans 
on earth will perish 

In other words, nominally half the humans on earth will inevi- 
tably die, say within five years (the incubation) after that two to 
three year point. 

Most of the people who die are going to be highly selected. Most 
of them are going to be Westerners, Africans, Asians, and Brown 
people. 

‘And all ofour tanks, ships, bombers, missiles, nuclear weapons, 
and armed forces put together can't save a single AIDS victim. 

We've got more generals than ever before in our history, includ- 
ing World War II. And not a one of them has a single tactic or asingle 
weapon to use against this mortal attack 

Understand, our generals have not failed us against the enemy 
they know and recognize. The bellies of our B-52 bombers and the 
aircraft aboard our distant aircraft carriers are filled with nuclear 
bombs sufficient to destroy the world many times over. Our powerful 
nuclear-tipped missiles sit in land-based silos and in sleek subma- 
ines cruising silently under the oceans, waiting to respond in an 
instant to hostile attack, again with the power to destroy the world 
‘many times over. 

Yet the fine men and women who have built and maintained that 
awesome force, and who man it in constant vigilance to protect our 
nation, are absolutely vulnerable and defenseless against the small- 
est foe of all —just as were the Martians in H.G. Wells’ War of the 
Worlds. 

With all our awesome forces, we do not have the power to stop a 
single AIDS virus — or indeed, any other similar new BW virus. 

We can be defeated with ridiculous ease by even the tiniest 
determined hostile nation — or even by a single terrorist, madman, 
or genetic accident by a high school youth. 

‘And ifthere’s one thing that we can learn from history with iron 
certainty, itis this: If we can be defeated with ridiculous ease, then 
‘most certainly we will be! 

Since the strike has already occurred, then our defeat is just a 
matter oftime if we continue our present courses of action. 

All other threats — nuclear, chemical, scalar EM, the works — 
pale in comparison to this seemingly innocuous, doomsday BW viral 
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weapon that has already been unleashed upon an unsuspecting 
world, 


World War Il is Already Raging 

‘World War IIT has long been unleashed and a final, decisive first 
strike has now occurred. We've already lost the war unless unbe- 
lievably heroic measures are taken immediately. 

This thing is deliberate. It's fiendishly clever. It's effective. And 
‘a smiling Gorbachev — master propagandist — is just part of the 
icing on the cake to deceive us until it's too late. 

Ironically, Soviet announcements have cleverly started claim- 
ing that the U.S. has produced the AIDS virus and unleashed it. 

That's a very clever propaganda trick to shift suspicion from 
themselves. Indeed, in the Third World the propaganda has been 
veryeffective. Most Third World peoples now give at least credence 
to the Soviet claim. 

Unless we move immediately to effect a total cure, the armed 
forces and the populaces of all the Western nations will shortly be 
devastated — pethaps even worse than if they been attacked with 
nuclear weapons. 

With our armed forces and populations devastated, we surren- 
der. We lose. 

The Soviets getthe U.S. (and European) farmland. That's what 
they really need. 

Ofcourse they also will have rid themselves of about 200 million 
Americans or so along the way. 

‘That, solves the old "winner's problem" of what to do with, and 
how to effectively control and care for, a conquered, resentful 
populace. That problem will have already been taken care of, for 
‘most of the U.S. populace will essentially have been eliminated. 

‘There won't be many U.S. military prisoners, for example, since 
‘mostofthe military personnel will also have been eliminated by the 
virus or viruses clandestinely released 


Communism Is Savage Enough to Do Diabolical Things 
The Communist's doctrine is to wage total war. Win any way, 
with any weapon, at any cost. 
ALSO, communism has always taught that it is necessary to 
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destroy capitalism. That equates with destroying the U.S., the 
major capitalist country. Communists have always taken the long 
view, willing to struggle for decades to eventually accomplish their 
aim, 

Ifyou think no modern nation could be so incredibly savage as 
to deliberately destroy untold millions of people, look at the actual 
record of the Communists, 

‘When the Khmer Rouge took over Cambodia, they murdered a 
third of their own people. 

The Soviets murdered some 20 million or so Kulaks when they 
collectivized the Soviet farms. 

‘The Red Chinese also slaughtered Chinese peasants by the tens 
of millions — pethaps as many as twenty or thirty million — when 
they collectivized the farmers 

Lenin's followers have proved over and over that they are 
capable of murdering even their own people, on a scale of millions. 

Dedicated communists are highly religious people — even fanat- 
ics. Deliberate murder to achieve communism's goals is part of the 
accepted dogma. 

‘The communists are quite capable of killing a billion or more 
“foreigners” and "enemies," given the chance. Particularly when the 
goal is to win the "Final Revolution.” 

The opportunity to strike the decisive final blow without conse- 
quences, using as simple and unorthodox a weapon as the AIDS 
viruses, could simply not be ignored by men who have spent their lives 
trying to. control the world. 

The unparalleled strike opportunity was particularly irresi: 
ible since someone else (the Western cancer research institutes) 
would develop the weapon itself, someone else (the World Health 
Organization) would unwittingly deliver the strike, and the blow 
could easily be clandestinely arranged (simply by secretly contami- 
nating the WHO smallpox vaccine) and accomplished without reper- 
cussions to the Soviet Union 


Western Medicine is Inadequate 

But what of Western medicine? Doesn't it always come through 
to save us? 

Present Western medical science is totally inadequate to do the 
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task required 

For example, present medicine is largely based on "slowing or 
killing the invader of the body.” Whether that invader is a germ, 
bacterium, virus, or whatever. 

If there's amechanical difficulty, thenpresenttreatmentistotry 
to mechanically remedy it — remove a bad appendix, set a broken 
legete. 

However, then it's strictly up to the body's own natural healing 

system- its immune system and its repair system—to actually do 
the healing and repair/reconstruction. 

The problem with AIDS is thatit directly affects and suppresses 
the body's systems for healing and repair. 

Once this protection and repair system is in disarray, any 
disease organism can attack the body and infect it. Ifthe immune 
system can't handle the problem, eventually the invading disease 
organismkillsitshost 

Even if way is found to destroy the AIDS virus itself, present 

medicine hasnotthe foggiest notion of how torestore the healing and 
repair system from the damage and destruction it will have already 
sustained by massive AIDS infection. 

Compare the situation to division combat: Hostile invaders are 
met at the front of the division by the division's combat forces. A 
battleensues, with penetration and damage to the rear area support 
and sustenance facilities. After the enemy is beaten back or de- 
stroyed, the rear support and the combat forces must be renewed and 

restored. Ifthat cannotbe done, the seriously weakened division can 
still literally beboiled overby almostanythingthat comes along and 
hits it" 


*For this reason, standard Soviet doctrine i o attack in echelon, sy, by thre divisions — 
‘ne Behind the other, Thus even ifthe fs dvision is annilatein the attack, the second 
and third divisions meet aseiously weakened enemy division and blast right overt Sinaar 
tactics the BWerisis-multpl viral tikes, oneafterthe othe —canalmost inevitably 
‘be expectod, now that the “fist division” = AIDS - has engaged us 
‘The Soviet “repetitive stack" method works, incase anyone has doubts. For example, se 
George C. Wilken, “Anny traning exercises raise woubling questions,” The Washingion 
Post as printed in the Huntsville (AL) Times, Feb. 28, 1988, p.21A. Repeated US. Amy 
tests inthe Mojave Desert have shown tha, in onnuclearcombal, when attacked by 
‘multe Soviet echclons with 1 strength, US. fres lose every tine! In particular, US. 
"Woops have poor ant tak defenses. 


Roselli ot al.: Smart Surfaces: Large Area Electronics Systems for internet of Things Enabled by Energy Harvesting 


metal laminate structure is superior compared to that of 
the inkjet printed line. At 10 GHz, the measured specific 
losses for the metal laminate microstrip are about 0.6 dB/ 
‘em [11]. Results at higher frequencies are also reported in 
[31]; in particular, an insertion loss of about 1.8 dBm/em at 
30 GHz is demonstrated. 

‘The tradeoff is the adoption of a photolithographic 
step; it is worth mentioning, however, that the process is 
still compatible with R2R implementation, 

Other possibilities for LAE are the screen printing [12] 
and the gravure printing [12], both of them adaptable to 
ROR industrialization techniques. 

Screen printing consists of dragging a layer of ink 
across the surface of a screen and squeezing it through the 
‘open pores of the patterned mesh onto the substrate 
(Fig. 5). In general, the thickness of the printed layer and 
the achievable resolution depend on the density of the 
mesh and on the ink properties, Usually, the ink viscosity 
is in a range of 1-50 Pa x s, and this allows for printing 
with a resolution of about 100 jzm and a thickness up to 
100 jum. Until now sereen printing has been adapted to 
realize low-resistance structures, solar cells, and field 
effect transistors (FETs), exploiting the possibility of 
printing very thick layers, 

Gravure printing, also known as rotogravure, is consid- 
ered a very high volume printing (Fig. 6) process, and itis 
being adopted to produce very conductive structures as, for 
example, capacitors, antennas, and organic devices such as 
pentacene-based diodes, organic light-emitting diodes 
(OLEDs), organic field effect transistors (OFETs), and 
‘organic thin film transistors (OTFTS). 

‘The resolution can be of about 20 jum. The method is 
implemented by engraving the patterns into a metallic 
cylinder by a laser, by chemical etching, or electrome: 
chanically (as separate cells or intaglio wenches). Typi- 
cally, the print pressure is high (1-5 MPa) in order to 
achieve a good ink transfer and to reduce the percentage of 
unprinted dots caused by the surface roughness of the 
flexible substrate, However, this high pressure of printing 
makes this technique suitable only for robust substeates 
with no soft, previously printed, layers that could be 
damaged. 


‘To summarize, the technologies described in this see- 
tion are characterized by some common featutes, such as: 
Mlexibility and conformability, compatibility with large 
area realization of circuits and interconnections, use of 
additive or mixed (subtractive/additive) deposition tech- 
niques, easy use of eco-friendly materials and, in some 
ceases, compatibility with classical bond wiring as well as 
soldering techniques for electronic device placement. 

‘Table 1 summarizes the main features of the described 
technologies. 


III. RFID: A MIX OF 
CONCURRENT TECHNOLOGIES 
FOR SS IMPLEMENTATION 


‘As mentioned in the outline paragraph at the end of the 
Introduction, after describing the technologies enabling SS 
development (Section II), here we illustrate RFID as a 
suitable means to transfer information through EM trans: 
mission between tags and readers to the Internet. 

‘An RFID tag has a unique identification code and a 
memory used to store information, while the reader can 


Printing Cylinder 


Pattern Cylinder 


Fig. 6. Gravure printing process. Note that these machines 


‘can be from 20 cm to'31m wide with a diameter ranging from 
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Modern medical dogma has concentrated almost entirely on the 
combat forces’ problem of destroying and/or repelling the invader. 

Western medicine has almost no tools or means of restoring the 
support and rear maintenance functions. 

Even in a paroxysmal effort, dogmatic Western medical science 
would take decades to totally reorient its medical thinking to where 
it could even attack the real problem of AIDS and catastrophic 
sickness due to other viral BW warfare agents. 

‘The same inability to cope with the problem also applies to our 
government bureaucracy, government agencies, the private compa- 
nies, the universities, and to Western science in general. 

Ifwe have to depend on any or all ofour present "system," the war 
is already over and we are all already doomed. Halfofhumanity will 
die within possibly five years after the upcoming two- to three-year 

point of no return.” 

Medical insurance, treatment centers, and even private physi- 
cians are quickly going to be bankrupted as the AIDS plague 
increases. With the collapse of Western medicine, panic and pande- 
‘monium will reign inthe streets. Martial law will be a necessity, and 
rioting on a scale unparalleled in American history will occur. We are 
likely to see our own U.S. dictatorship, in the form ofa militaryjunta 
making a coup and seizing power "to restore order and keep the lid 
on.” 

Study carefully the performance of governments and military 
regimes in such countries as Korea and South Vietnam, when those 
countries were hard pressed by enemy forces and in great disarray. 

You may be looking at your own future. 


The Soviets Will Not be Decimated 

With the devastation of our armed forces, our governmental and 
civil agencies, and our population at large, a simple show ofstrength 
by the Soviets will collapse any further resistance. The hammer and 
sickle will wave supreme over the residue. 

‘That's because the Russians do have the necessary developed 
scalar EM medical technology, not only to control and destroy the 
AIDS viruses, but also to directly restore the immune and repair 
systems. 
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‘The Kaznacheyev experiments alone show they have exten- 
sively studiedelectromagnetic induction of cellular disease and 
death.* We will have much more to say on that later: 

If the Soviets extensively studied cellular death tran: 
mission by electromagnetics, you can bet they also studied 
the reverse: electromagnetic healing, ortime-reversing the 
electromagnetic "death" signals themselves to produce spe- 
cific "healing" signals for any type of cellular disease 

This is particularly certain since the Soviets also discovered and 

possessedthenecessary "timereversal "electromagnetics: phase 
conjugation. This had been widely used by the Soviets in developing 
their enormous scalar EM weaponry, beginning about 1950 or so. 

‘The curative signal technology was kept secret, of course, since 

the Sovietsrealizedthatitprovidedthe only viabledefenseagainst 
viral biological warfare weapons, 

‘The Soviets most certainly have the necessary AIDS cure. They 
can readily make the correct electromagnetic healing signal, by 
phase conjugating the AIDS death signal from dying human cells 
that contain AIDS retroviruses. 

They also know we most certainly donot have the necessary EM 
cure. Years of weak microwave radiation of personnel in the U.S. 
Embassy in Moscow, and inducing illnesses in those personnel and 
even U.S. ambassadors, have shown that our own intelligence and 

scientificcommunitiesdon'tknowwhat'sreally goingonthere 

Specificially, we've demonstrated (afterchecking withthe DIA, 

CIA, NSA, and the orthodox scientists) that we do not recognize 
electromagnetic biological warfare —the deliberate introduction of 
cellular disease and deathby electromagnetic means. Notonlydowe 
not recognize it, we can't do anything about it when it hits us 

And make no mistake, time-reversed electromagnetic medicine 
is shockingly cheap and effective, once developed. Specific healing 
signals for specific diseases — viral or whatever — can be quickly 
developed (within hours) and immediately used for mass treatment 

ofentirepopulations, 

Forexample, given the developed healing or "antidote" signal, it 
can even be recorded and played over ordinary transmitters, using 


* There is now reiale information more closely associating Kazmacheyev with military 
nsintesnew Moscow: engageinnicrave weapon(dectedenerg esearch 
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theirnormal transmissions as carrier waves. A populace continually 
bombarded by such "healing" television, radio, and powerline sig- 
nals simply doesn’t get the disease. And those already infected 
recover when continually exposed to such healing signals. 

So the Russians can stop the AIDS epidemic cold, anytime they 
choose to do so. 

Electromagnetically they can also gently guide and 
stimulate the progress of a disease such as AIDS, once the 
disease is introduced into a targeted population.* 

Or, the Soviets can pull out all the stops and induce the disease 
in a distant population directly, placing the "death signals" on 
common carriers. Such as on our power lines, radio stations, 
televisions, and directly by induction from the Woodpecker over-the- 
horizon radar signals which continually bombard us. 

‘The West cannot do any of these things. Neither can the West 
counter them, or defend against them effectively. 

Unless a totally different tack is taken in the Western effort to 
counter this viral BW threat, Gorbachev's entrancing smile has 
already lured us to our doom, We are faced with a direct realization 
of Lenin's words: 


“In the final revolution it does not matter if three-quar- 
ters of the earth is destroyed, so long as the remaining 
quarter emerges communist." 


And Khrushchev's ghost will have the last laugh after all. We 
will have fulfilled the prediction he made to Nixon in their famous 
"Kitchen debate”: 


"We will bury you: 


Quite simply, for some decades the Soviets have had a new 
science —one they call energetics, and one which I have called scalar 
electromagnetics. The keystone or "heart ofthis new science is time- 
reversed (phase conjugation) electromagnetics and electrogravita- 
tion. 


*A candidate for an cry test ofjust this capability maybe the highly anomatous deaths of 
fumerous dolphins ofthe East cost ofthe US. in I9N7. Neatly $0 dd in the summer and 
Tate fal, apparently as a result ofthe weakening oftheir immune sytem to the common 

bacterium Vivo. ce Julia Lawlor, "Key: Failure of Mammal’ defenses," USA Today. Jan. 


Chapters 4 and 5 
deal with complex scientific material 
and are suggested for those who are 
technically proficient. 
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CHAPTER 4 
EXTRAORDINARY PHYSICS 


Maxwell’sLost Unified Field Theory 

About the time of the U.S. Civil War, James Clerk Maxwell 
succeded in unifying magnetism and electricity. Actually he did far 
more than that, in his theory as originally written. 

In fact, he had produced a theory which also captured the free 
interchange between electromagnetic energy and gravitational 
energy, but no one —including Maxwell himself—realizedit atthe 
time. 

Maxwell wrote his original theory in quaternion and quater- 
nion-like mathematics. The modern form of vector mathematics had 

not yet been finalized by Gibbs and Heaviside. Itis most instruc- 
tional to examine some of the fundamental differences between a 
vector and a quaternion 

In a conventional 3-dimensional vector, one may have three 
vector components, suchas, 


veaitbj+ck a1 


where i, j,k are unit vectors in the directions ofthe x, y, and z axes 
respectively and a, b, and c are constants. 


Obviously ifthe vector components of vector v are zero, then 
v=0 2) 


We shall be interested in the "vector product” of two identical 
vectors v, where 


vXv=AA sind =0 (4-3) 


and A is the length (magnitude) of vector v, is the angle between 
the two vectors (in this case zero), and O is the zero vector. 


75. Extraordinary Physics 


Now let us look for a moment at the quaternion situation 


First, in addition to the three vector components, a quaternion 
also has a separate scalar component, w. So the quaternion q for this 
situation is 


q=wtaitbj+ck (44) 
Now when this quaternion is multiplied times itself, the vector 


part zeros, just as it did for the vector expression. However, the 
scalar part does not go to zero. Instead, we have 


qXq=A?=a7+b?+c? (4-5) 


There is a very good physical interpretation of this result. Iti 
a square of the amplitude, hence for the vector part of a wave, it is 
directly proportional to the energy density of the vacuum, as a 
function of time, at the particular position. However, we now need 
to make a short explanation of variation of stress energy density of 
spacetime. 

First, we note that, according to general relativity, the "gravita- 
tional potential” is just a conglomerate of potentials of all kinds. 
Basically, a potential represents a G-potential, and consequently a 
curvature of spacetime. The potential also represents "trapped 
energy." 

Second, we note that Kaluza combined electromagnetics and 
gravitation as aunified theory in 1921. Kaluza added a fifth (spatial) 
dimension to Minkowski’s 4-space, and applied Einstein's relativity 
theory to 5 dimensions, 

To Kaluza's delight, a common 5-d potential is responsible for 
both electromagnetic field and gravitational field. The "bleed-off of 
this 5-potential in the Sth dimension (which is wrapped around 
each point in our 3-space) is what we know as the electromagnetic 
force field. The bleed-off of this 5-potential in and through our 3- 
space is what we know as the gravitational force field. 

Since the EM field is very much stronger (by a factor of 10" for 
electrons) than the gravitational field, it is obvious that most of the 
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bleed-off of the 5-potential isinthe Sthdimension, as EM force field 
Only a tiny bit is left to bleed-offin 3-space, producing a very weak 
‘gravitational field." 

We state this fact: as a mass moves in space, it generates 
tivity” with the virtual particle flux of vacuum itself. 


increased 
‘The Increased virtual particle flux activity exchange between vac- 


uum and mass is analogous to a strange kind of "virtual resistance.” 
Since the resistance is virtual, it does not observably slow down an 
observable object moving in an (unobservable, virtual-particle flux) 


‘The increased flux activity represents an increased "virtual 
energy density” of space time, and an increased "trapped potential” 
(mass; resistance to an accelerating force) ofthe moving object. It 
represents 
observer) 
In the virtual vacuum (which contains both positive and nega- 


rotation ofthe spacetime frame, visa visthe laboratory 


tivetime), one seestwoantiparallel virtual forces: onein positive 
time, along the velocity vector ofthe object, and one in negative time 
(time reversed, or phase conjugated). The reason one sees virtual 
forces is that, each virtual (subquantal) change in the virtual flux 
activity represents an individual (unintegrated), separate change, 
hence a virtual acceleration. The observer (where things are inte- 
grated), seesthe integral of all these accelerations, hence observable 
velocity, 
‘The vector sum ofthese two virtual forces in the vacuum is azero 
vector; however, the two taken together represent a stress in the 
local energy density of vacuum. 
ince we may regard an EM wave as a stream of virtual 
electrons/positrons, each engaging in tremendous virtual particle 
flux exchange with the vacuum, then the same basic picture applies. 


Naw for our physical interpretation of 4-5): Ifwe referto an EM 

wave moving in the vacuum, the rotation of the frame is maximum. 

(90degrees). Butthissamerotationisjustthesame as additional 
vacuumstress,sothevacuumstressismaximum, 


through our 3-epace. 
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This leads to these conclusions: An electrical force field vector 
represents a local maximum linear stress in spacetime, along the 
line ofthe vector. (Note we specifically deny that the electrical force 
field vector, of an EM wave in vacuum, is transverse. Instead, it is 
longitudinal. That has been addressed elsewhere by the author and 
will not be covered further here.) 

Another electrical (stress) vector interacting with the first one 
adds more “urging” stress to the first. However, this action is 
occurring in the rotated frame ofthe moving wave, and so is rotated 
90 degrees from the electrical velocity vector. Therefore it is lateral 
(but in a hyperdimension, not in 3-space) at right angles to the 
electrical velocity vector. 

‘The combined "urging" action ofthe two vectors thus sweeps out 
an area with respect to the laboratory observer. 

This means thatthe total "urging" or "stressing" action ofthe two 
vectors is analogous to a vector area 

It also means that this “area” function may be taken as the 
‘swirl” of the electrical vector, but in a hyperdimension, not in 3- 
space. That is, we have described the magnetic force field. 

Thus any two electrical vectors that interact will have an "area" 
or “resistance” component generated. Any two that interact. 
Whether they add vectorially, cross-product multiply, or dot-product 
multiply. 

What is actually happening is that the wave exists in the 5- 
potential. The E and B fields just represent the oscillations in that 
S-potential. They represent oscillations in the bleed-offs of that 
potential as E-field (longitudinal) and B-field (swirl) 

‘The drag-area represents the accumulation ofextra potential — 

hence the local rotation of spacetime. Since this accumulation is 
‘moving (along with the EM wave), as it passes a point it represents, 
a change in the local virtual particle flux density of vacuum at that 
point, hence a local curvature of spacetime. 

Hence, the EM wave makes a 5-dimension G-potential wave as 
ittravels. The 3-dimensional gravity wave associated with this is 
normally very, very much smaller in magnitude — say, by a factor 
of 10 orso. 

However, ifthe two vectors interact so as to produce a vector zer0 
resultant, then all the electromagnetic energy of tho two vectors is 
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captured. That is, all the "EM vector zero” resultant means is that 
the EM bleedoff ofthe 5-space gravitational potential wave hasbeen 
stopped. The 5-potential is still oscillating, and now all its trapped 
S-energy must bleed off as 3-gravity force field. 

‘Mass acts as an accumulator for this "trapped-EM energy turned 
into local curvature of 5-space.” If we continually irradiate a mass 
withsucha wave, the atomic nuclei ofthe mass slowly charge up with 
the new energy. Note that this potential delta may be positive or 

negative, ifoneadjustsaccordingly. 

In this fashion one may change the mass ofa static object 
in the laboratory. One may either increase the mass or 
decrease it, or cause it to float, or even cause it to accelerate 
upwards. 

But to return to our vector interaction and our interpretation of 
the scalarremainder ofthe quaternion. 

‘The rule is, when the two EM vectors interact so as to form a zero 
EM resultant, then the EM energy represented in each of the two 

vectors has been converted into a special form of S-space gravita- 
tional potential, one that is not bleeding-offin the fifth dimension 
(clectromagnetically), but one which will gradually produce a 3- 

gravity potential inamass'satomicnucleiasafunctionoftime, the 

individual element, permeability and absorption factors of those 
nuclei,ete. 

‘Therefore in our mathematical theory we ought to have 
ascalar componentremainingwhentwoEMvectorsinteract 
to form an EM vectorzero resultant. That scalar component 
represents what is happening in the 5-potential, that will 
only bleed into 3-gravity 

With exploration of this phenomenology in the laboratory, one 
can work out the functions, constants, coefficients, and parameters 
which specify how the "S-G to 3-G and vice versa" component works 
in conjunction with mass, motion, and other fields. 


That's the magic secret of electrogravitation 


It was captured inherently by the quaternion theory of Maxwell 
published during the American Civil War! 
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After Maxwell's death, when the scalar portion ofthe quaternion 
‘was discarded (by Oliver Heaviside) to form "modern" EM theory, 
that also discarded the unified field interaction between electromag 
netics and gravitation 

Electromagnetic field and gravitational field were then modeled 
and regarded as mutually exclusive. EM field, therefore, was 
thought to produce no specific gravitational effects in the vacuum 
itself. 

Hence when Albert Einstein was formulating general relativity 
some decades later, he knew only one way to "curve" spacetime: that 
was gravitationally, by "attraction of mass" forces. 

But gravitational force was so weak that only a huge collection 
of mass would exert enough of it to measurably curve spacetime. 
That would require a sun or star. Since the observer and his 
instruments would never be on the surface of the sun or a star, 
Einstein assumed that the local spacetime of the observer 
would not be curved. 

Hence he severely crippled his general relativity theory. In the 
West, it remains an assumption to this day. It is not a universal 
assumption in the Soviet Union, however, since the Soviets have 
long since written — and developed in the laboratory—unrestricted 
general relativity with local spacetime curvature, and hence local 
violation of conservation laws. 

So the scalar part of the quaternion interaction, that remains 
when the vector part ofthe resultant is zero, is magic indeed. 

That is the magic unified field portion that everyone has been 
seeking for decades and decades! 


It was there at the beginning. Then we inexplicably threw it 
away! 


But to return to our vector/quaternion examples. 
Note also that the two vectors 


Vj=aitbj+ck, 
ai-bj-ck (4-6) 


Roselli et al.: Smart Surfaces: Large Area Electronics Systems for internet of Things Enabled by Energy Harvesting 


‘Table 1 Technologies Comparison 


“Technology | Resolution | Cost | Waste [Speed 
Tnkjet | 50ym | Low | Low | Past 
Copper | 100m | Low | High | Medium 
Gravure | 20m | High | Medium | Very fst 
Screen | 100m | Medium | Low | Very fst 


write or read data on and from the tag through RF trans: 
missions, The tag is usually attached to an object that 
needs to be identified and monitored, or contains infor: 
mation to be read. In typical RFID applications [32], the 
‘main goal is to provide mapping of physical objects that are 
‘equipped with an RFID tag attached or embedded. In this 
way, RFID technology inherently leads to identifying, 
tracking, and localizing, but it can also enable the storage 
and transmission of information regarding object status 
and surrounding environments by embedding sensing 
capabilities. 

As mentioned previously, IoT is most commonly de- 
seribed asa structured system of technologies concurrently 
working to capture meaningful data from objects and com: 
municate them through networks toa decision-taking level. 
Useful keywords, whenever a definition of 1oT is given, 
Include: smart objects, autonomous logistics, machine-to- 
machine communication, RF technologies, centralized in- 
formation, and so on. 

In order to implement these functionalities, an oT 
platform, an $S for instance, has to provide at least unique 
‘object identification together with wireless communica. 
tion for data management, 

‘The loT physical layer can thus be naturally thought of 
as meshes of RFID and sensor nodes. The RFID tag that 
‘embeds a sensor can use the same working principles and 
protocols of the conventional RFID tags; a differentiation 
‘can be made, considering the way sensor tags are powered. 
up, in active, semipassive, and passive tags; actually, the 
difference consists of the way they are powered. 

Active tag sensors may use customatily conceived corn. 
munication protocols or rely on RFID standards enabling 
the tag to be easily integrated into the existing wireless 
infrastructures so that they will not require expensive 
readers. In [33], a system architecture was developed 10 
integrate WSNs and the RFID systems. Bluetooth and 
ZigBee technologies are adopted as the communication 
protocal af WSNs to meet the requirements of a large 
number of sensor nodes, large areas, and low cost 

Active tags with integrated sensors ate used in several 
applications, including temperature and position monitor- 
ing, vibration detection, blood pressure, heart beat moni 
toring, and more. This type of sensor tags, besides having 
larger amount of energy provided by batteries, affords both 
large range and multiple functionalities; some of them 
hhave also external buses that enable the use of connected 
external sensors [34] 


Passive tags with an integrated sensor operate without 
battery, collecting the needed operational energy from ex 
ternal environment sources. The main requirements of 
this class are high energy conversion efficiency, large stor: 
age capability, and overall low-power consumption. Pas 
sive systems have usually low operating range and limited 
processing capability. 

In this field, research activities are directed toward 
ultralow-power design of integrated sensor tags [35], an- 
tenna design for improving reading range [36], sensor 
overall performance optimization [37], and development 
of optimum protocols allowing for additional power saving 
(38), [39] 

‘Typical applications are, for instance, temperature 
monitoring [40], photodetection [41], motion detections 
[42], ete. 

Semipassive tags use both batteries and energy sources 
coming from the environment; they can integrate more 
operational capabilities than the passive ones, since they 
can exploit a higher amount of energy. For the same reason, 
semipassive RFID tags are more suitable to integrate a 
sensor; the operational methodology is similar to the pas 
sive one, using the reader signal to interrogate and cause a 
response from the tag. The primary difference is that the 
semipassive tag does have a battery used not to generate a 
response, but only to power electronics, like sensors in- 
corporated in the tag, while exploiting RF circulation to 
reply to the reader interrogation. Just like passive tags, 
semipassive ones are limited in terms of slow reading 
speeds and short reading distances. In [43], the design, 
realization, and experimental validation of a battery 
assisted RFID tag with sensing and computing capabilities, 
conceived to explore heterogeneous RFID-based sensor 
network applications, was presented. 

Dealing with battery-less devices that are, by far, the 
most interesting ones for loT, LAE, and SS applications, we 
‘can now focus on the typical energy sources adopted. No 
battery devices can exploit solar scavenging [44], [45], 
vibrational [46], [47], or RF radiations [48]-[52] 

In many cases, wirelessly powered systems can harvest 
energy from the incident RF waves, thus generating the 
required direct current (de) voltage to power the system, 
‘The EM energy present in the environment may be signi- 
ficant in some regions (some urban areas or indoor sites); 
here the use of proper conversion devices may allow 
enough energy to be scavenged. RF power harvesters 
usually consist of an antenna, an impedance transformation 
network, a rectifier, and a storage element. In [53], a design 
example of integrated rectifier antennas (rectennas) for 
wireless powering at low incident power densities, from 
25 to 200 pW/em?, is given. 

Regarding mechanical energy scavengers, they may be 
categorized upon the kind of energy source exploited; 
there are scavengers providing energy from a constant 
‘motion over extended periods of time (e.g., turbine air 
flow) or others based on intermittent motion (e.g, human 
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sum to zero vectorially when added, such that 


=0 an 


vity: 


However, quaternions may behave quite differently, even under 
addition. For example, the two quaternions 


w+aitbjtck, 
-ai-bj-ck (48) 


sum their vector parts to a vector zero resultant, but do not 
sum to a scalar zero as well. Instead, they sum to 


41 +42 =2w (49) 

AS can be seen, quaternions which have the same vector parts as, 
vectors, donot necessarily yield a complete zero when the vector 
parts sum to zero. And when two vectors multiply to provide a zero 
vector resultant, correspondingquaternionsmay yieldascalar term 
that is equal to the product of the magnitudes ofthe two vectors. 

In this way, the quaternion approach can capture the stress of the 

‘medium, inducedby opposing or multiplying vectors. Inthe vector 

approach, the stress of the medium is entirely lost when the two 
vectors sum or multiply to a zero resultant. 


Let us see just how important this "vacuum stress” can be. 


First, the "stress in the medium" represents curvature of space- 
time when that medium is the vacuum/spacetime 


In other words, the quaternion approach captures the 
ability to utilize electromagnetics and produce local curva- 
ture of spacetime, in an engineering fashion. Heaviside 
wrote a subset of Maxwell's theory where this capability is 
excluded.* 

‘Dr. Henry Monteith has independently discovered that Maxwel's original quateraion theory 


‘was a unified field theory. See his important ‘Dynamic Gravity and Electromagnetic 
Processes,"in publication 
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Note that, by Maxwell’s original quaternion theory, however, 
Einstein's assumption need not be true at all. For example, look at 
equations (4-5) and (4-9): Here we may utilize electromagnetic force 
quaternions to produce zeroed EM forces, and an increased stress in 
local spacetime. In other words, we have curved local spacetime 
electromagnetically. Since (with electrons) electromagnetic forces 
are about 10" times as strong as the gravitation force, this local 
curvature of spacetime is not negligible 

That is, we have produced a scalar effect from zeroing vector 
operation between electromagnetic forces. I have called this sealar 
electromagnetics, and pointed out that it is truly electrogravita- 
tion. 

We stress again that this violates one of the severely limiting, 
assumptions that Einstein placed upon his theory of general relativ- 
ity. He assumed that curving spacetime could only be done by the 
weak gravitational force due to mass. Since gravitational force is so 
weak, only a stupendous collection of mass — such as the sun or a 
star — could curve spacetime enough to notice experimentally 

Since obviously the observer and his laboratory instruments 
would never be located on the surface of the sun or a star, Einstein 
assumed that the local spacetime would never be curved! In other 
words, the local frame would always be a Lorentz frame. This meant 
that, locally, the familiar conservation laws of physics would always 
apply. Curvature of spacetime would only occur at great distances, 
and at huge collections of mass such as a star or dwarf star. 

Einstein did not write a complete, unlimited general 
relativity. He wrote a sort of "special relativity with distant 
perturbations." 

If Einstein had had electromagnetic theory in quaternions, the 
scalar "vacuum pressure" parts would have been there for him to 
ponder. It is highly probable that he would have captured the 
"electromagnetics-to-gravity conversion remainder” in the quater- 
nion interactions, 

If so, he would have written the full theory of general 
relativity, involving local violation of conservation of en- 
ergy, a unified field theory, and the direct engineering of 
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gravitational and antigravity effects on the laboratory 
bench by electromagnetic means. 

In that case, we should long since have navigated all around the 
solar system, — colonizedthe planets, produced practical free energy 
devices and power systems, and avoided two great world wars and 
a host of little ones. 

But let us now see if we can make a gravitational wave, electro- 

magnetically 

Again, regard equations (4-5) and (4-9). Suppose these are 
instantaneous operations of EM force quaternions whose vector 
parts are varying in magnitude, butin such a mannerthat the vector 
parts ways form a zero vector resultant. Now one can see that the 
scalar part remaining — which represents the stress oflocal space- 
time - is varying as the product ofthe magnitudes of the vectors in 
the interaction vary. 

This means that one has now produced a scalar wave that 
represents the local variation of spacetime curvature in an oscillat- 

ing manner. 

Rigorously this is a gravitational wave. It has been 
produced locally. Ithas been produced by Maxwell's original 
unified theory. 

Again, I have called this area scalar electromagnetics. The 

Sovietscallitenergetics 
‘Where local spacetime curvature is varied, conservation laws 
(energy. conversation, etc.)neednothold. Curvedoneway,thelocal 
spacetimeacts as a source (ofenergy, charge, etc.) Curved the other 
way, the local spacetime acts as a sink (of energy, charge, etc.) 

‘The Soviets often do not utilize the same restricted kind of 
general relativity that Western scientists adhere to, 

Soviet papers in general relativity regularly point out the 
complete and unrestricted theory, where local spacetime 
curvature is allowed. They also point out that all conserva- 
tion laws may be violated by such local curvature. Thus the 
Soviets have no unduly dogmatic respect for conservation 


laws. 
Further, by assuming the possibility of local spacetime curva- 
ture, Soviet scientists have assumed the possibility of direct experi- 
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‘mentation with general relativity on the laboratory bench. 

Inthe West, we have assumed that such cannot possibly be done, 
because of Einstein's limiting assumption of no local spacetime 
curvature. Thus Western physicists are strongly conditioned away 
from electrogravitation. 

This is particularly ironic since the basis for just such an 
experimental theory was produced by none other than Maxwell 
himself in his original theory of electromagnetism. 

Indeed, shortly after the U.S. Civil War, we should have been 
developing antigravity spaceships. We should have developed 
electromagnetics a la Maxwell and been on our way to the planets of 
our solar system, For Maxwell had — admittedly somewhat unwit- 
tingly — given us the basis for the necessary engineering theory of 
unified electrogravitation. 


Heaviside's Mutilation of Maxwell's Theory 

Well after Maxwell's death,Oliver Heaviside helped to finalize 
what is today vector analysis. 

Then he undertook to “translate” Maxwell's theory from quater- 
nion form to the new vector mathematics form. 

Now quaternions were devilishly difficult to calculate in. So 
much so, that a majority of the electrical scientists (there were not 
very many ofthem in those days!) were in despair. 

Not to worry! Heaviside took a broadax, figuratively speaking, 
and simply chopped off the scalar term, leaving only the vector 
components. 

With that artifice, he greatly simplified the calculations to be 
performed 

Ofcourse, he also threw away the EM stress of spacetime! That 
is, he threw away the "gravitation" part of Maxwell's theory! 

Let me stress this fact most strongly. After Maxwell's death 
asingle man—Oliver Heaviside—directly altered Maxwell's 
equations, eliminating localized electrogravitation and 
producing the form of the theory taught throughout the West 
today as "Maxwell's theory." 

Maxwell's theory has never been taught in Western universities! 
Only Heaviside’s crippled subset of the theory has been taught! 
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‘Then, shortly before the turn of the century, a short, sharp 
"debate" erupted in a few journals —mostly in the journal Nature 
Only about 30 scientists took part in the "debate." 


It wasn't really much ofa debate! The vectorists simply steam- 
rolled right over the remaining quaternionists, sweeping all opposi- 
tion before them. 

‘They simply threw out the remaining vestiges of Maxwell's 
quaternion theory, and completely adopted Heaviside's interpreta- 
tion 

‘Thus, a little overa decade later when Einstein wrote his general 
relativity theory, he did not know that the original work of Maxwell 
already indicated the unification of gravitation and electromagnet- 
ics, and indicated the ease with which local spacetime could be 
electrogravitationally curved locally and engineered. 

Accordingly, he placed the scientists ofthe West on a road which 
rigorously assumed that a unified field theory was yet to be discov- 
ered, It also strongly discouraged any experimentation aimed at 
curving local spacetime, for it assumed that such could not be done 


After Potsdam and World War II, a frustrated Stalin was to drive 
his scientists to review the entire scientific literature ofthe Western 
world, actively seeking a great new technical breakthrough area 
such as the Allies had demonstrated with the development and use 
of the atomic bomb. 

Great Soviet institutes — one staffed, for example, with over 
2,000 PhDs — were set up to thoroughly review all the Western 
scientific literature from its very beginning. Anything interesting, 
anomalous, or unknown was put aside for further examination. 

It is a good bet that the meticulous Soviet scientists discovered 
the difference between Maxwell's original electromagnetic theory 
and Heaviside’s mutilation of it. Great mathematicians that they 
are, Soviet scientists would have realized the implications of the 
difference. With their knowledge of unlimited general relativity, 
they would have made the connection to electrogravitation. 

By 1950 they had indeed done so, and were deeply into the 
development of what they called "energetics", and I have called 
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scalar electromagnetics 


They had also reached another milestone about the same time — 
1950 or so. 

After WWII, both the Soviets and the U.S. were keen on securing, 
the best of the German scientists. The U.S. particularly wanted 
missile scientists and rocket engineers. The Soviets wanted them 
t00; but they also wanted the German radar specialists and infrared 
specialists. 

‘The West didn't care about the German radar scientists and 
engineers, and the IR fellows. The Soviets did, and they got them. 
‘That was to prove a most spectacular benefit indeed 

During the war, the Germans had placed extreme emphasis, 
upon radar and radar absorbing materials (RAM). The German 
scientists had fantastically developed and extended the science of 
radar cross section — which is the heart ofthe matter and very, very 
complex. They were much further ahead in radar cross 
section theory at the end of WWII than where the U. 
today, in the opinion of some U.S. radar experts. 

So the Soviets started with a great jump on us in radar knowl- 
edge, and they have steadily increased the lead over the years. 

In addition, the Germans had developed highly successful radar 
absorbing materials, and much of the theory to accompany them. 

Such materials turn out to be the key to how to build and 
develop a radar phase conjugation mirror, to produce a time- 
reversed radar wave. 

‘Thus, because ofthe German scientists, by 1950 or so the Soviets, 
had already discovered phase conjugation. And they had discovered 
it in radar first, not in optic 

They would have been primed for the discovery by their great 
review of Western literature and the foundations of science, since 
they would probably have noticed that the time-reversed wave is a 
solution to the wave equation. If so, they would certainly have 
realized its generality throughout all physics, all frequency bands, 
and all types of waves. 

Superb mathematicians that they are, the Soviets would cer 
tainly have made the Kaluza-Klein theory connection, and also 
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realized that phase conjugate waves carry negative energy as well as 
negative time. They would quickly have seen the gravity and 
antigravity implications, 

So about 1950 or so, the Soviet Union would have started 
phenomenologyexperimentation in earnest, with phase conjugate 
radar mirrors and phase conjugate radars. This is what was referred 
to as energetics. The Soviets began a massive program in energetics 
about the time of the beginning of the Korean War. 

By 1957-8 the Soviets had progressed to the point of a giant 
scalar EM accident in the Urals which exploded nearby atomic 
wastes, devastating the area. They had also progressed to develop- 
‘ment of greatnew superweapons using their new energetics — 
‘weapons to which Khrushchev referred in 1960 when he informed 
the Soviet Presidium of a new, fantastic weapon in development, a 
weapon "so powerful that it could wipe out all life on earth if 
unrestrainedly employed. 

About the same time (mid-to-late 50's), the Soviets had also 
started theeery low-level microwave radiation ofthe U.S. Embassy 
in Moscow, to see if the U.S. knew of scalar electromagnetics 
(energetics) and was developing its own electrogravitational weap- 
ons and defenses. 


Building Upon Whitaker's Fundamental Work 

In 1904, a most fundamental paper in the foundations ofelectro- 
magnetics was delivered by the British mathematician E. T. Whit- 
taker. (E.T. Whittaker, "On an expression of the electromagnetic 
field dueto electrons by means of two scalar potential functions,” 
Proc. Lond. Math. Soc., Series 2, Vol. 1, 1904, p. 367-372.) 

In this important paper, Whittaker showed that the electromag- 
netic force field equations can be replaced with the derivates of two 
scalar potential functions. 

He also derived the most general form ofelectromagnetic distur- 
bbances in the ether. 

This means that the coupling of two dynamic scalar functions 
can replace vector electromagnetics in the vacuum 

Note that Whittaker’s work pointing out the overriding impor- 
tance of scalar fields also accents the erroneously discarded scalar 
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part of Maxwell's quaternion electromagnetic theory even more 
strongly. 

Let me explain now how I got from Whittaker's paper to scalar 
electromagnetics, Soviet Tesla weapons, free energy, antigravity, 
and electromagnetic healing. 

When I discovered Whittaker's paper, I had already strongly 
objected that "charges" and electromagnetic vector force fields — as 
presently included in the Heaviside version of Maxwell's equations 
— included observable mass. Of course there was no observable 
‘mass in the vacuum, hence the prescribed kind of EM force fields 
could not exist as such in the vacuum, 

Obviously the foundations of our ordinary electromagnetics 
theory were seriously flawed. Although my objections fell on deaf 
ears, I determined to examine the foundations of EM theory, dis- 
cover the flaws, and at least point out the necessary corrections to be 
made. 

‘Though this was an arduous task to undertake and it required 
‘many years, slowly the flaws showed themselves, and the necessary 
corrections slowly became clearer. 

Most exciting of all, in working with several unorthodox re- 
searchers, I was able to see many ofthese new ideas tried, adjusted, 
and demonstrated. In addition, the proprietary discoveries ofthese 
colleagues continued to reveal new and unique principles and 
concepts. The only disadvantage was that I could not reveal the 
propriety apparatuses and demonstrations of my inventor associ- 
ates, but only the principles and concepts that developed. In turn, 
T also developed principles and concepts to explain what they were 
doing and the results they were obtaining 

So over the years I have slowly been releasing the principles and 
concepts. Some of them are my own discoveries, many of them are 
the discoveries of my associates. Some ofthem are simply a mixture 
of both. 

Early on, it became obvious that the Soviet Union was far ahead 
on this path, and was already utilizing the new unified field theory 
to build eery, powerful new superweapons. 

Since no one else in the U.S. seemed to be "watching thin 
particular store” (I was rather universally regarded as some pecu- 
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liar sort of fool!) I also began to compile information and data on the 

Soviet weaponization of this unrecognized technology. This infor- 

‘mation Thavereleased in a series of papers, briefings, and books, the 

‘most recent being a I-hour videotape, "Soviet Weather Engineering 

Over North America,” 1985, and adetailed book, Fer-de-Lance: A 

Briefing on Soviet Scalar Electromagnetic Weapons, Tesla 
BookCo.,Greenville, Texas, 1986. 

Building upon Whittaker's important work, I formulated a 
conceptual revision to electromagnetics, which I dubbed scalar 
electromagnetics to accent that the observable EM vector force fields 
did not exist as such in vacuum, but dynamic scalar fields did. 1 also 
ied to call strong attention to the fact that observable force does 
not exist until an observable particle of mass is coupled to the 
interference of the two scalar fields (much like in the Aharonov- 

Bohm effect). The Soviets, of course, call this area energetics, 
Energetics technology has been used in gigantic weapons programs 
of the Soviet Union for decades, and it appears to be developed under 

the most highly classified program that the Soviet possess. All 
development and deployment of energetics weapons is under the 
KGB and controlled directly by that organization, not by the Soviet 

Armed Forces. 

Peter Kapitsa, the great Soviet physicist, was once pressed by 
Nikita Khrushchev for a total defense against missiles and air- and 
space-borne vehicles. Kapitsa replied that it could only come from 

the new energetics. In 1960, of course, Khrushchev gleefully an- 

nounced to the Presidium that a new, fantastic Soviet weapon was 
in the development, "so powerful that, ifunrestrainedly used, it could 
wipe out all life on earth.” 

Ironically, Khrushchev "jumped the gun" before his new super- 
weaponswere deployed. In the fall of 1962 he began inserting long 
range missiles into Cuba, bracketingthe U.S. with nuclear firepower 

in an attempt to immediately change the balance ofpower. Kennedy, 

of course, backed him down "eyeball to eyeball,” so to speak, ina 
blunt confrontation, but promised not to invade Cuba. 

Khrushchev, with his days numbered, was desperate to deploy 
his new superweapons and provide a dramatic demonstration to 
recover face. 
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By destroying the U.S.S. Thresher on April 10,1963 and, onthe 
next day, producing a gigantic underwater explosion 100 miles north 
ofPuerto Rico, the Soviets demonstrated that the new superweapons 
had been deployed. Khrushchev managed to retain his position a 
while longer. 

Inthe 1960's and early 1970's, I was also deeply involved in the 
study of paranormal phenomena. 

In 1969, I entered the Georgia Institute of Technology to pursue 
a Master's Degree program in nuclear engineering, graduating in 
1971 

In 1973, I published a rather simple paper, "Quiton/Perceptron 
Physics: A Theory of Existence, Perception, and Physical Phenom- 
ena," in which I pointed out the nature of quantum change, gave a 
new definition ofmass and acceleration, and pointed out the funda- 
mental nature of inversion of time. The paper also contained a 
simplified derivation of Newton's laws of motion, relativistic form. 
‘The elements ofthis paper had been worked out in 1971 while I was 
finishing my Master's program in nuclear engineering. Finishing 
the work had been interrupted by a slight sidetrack — a tour in 
Vietnam from summer of 1971 until summer 1972. 

At about the same time, I formulated a fundamental correction 
to Aristotle's logic, adding a fourth law of logic to Aristotle's three, 
and a proofofit. The new logic was of great use in discovering and 
uncovering new concepts in unified field theory. 

Incorporating Kaluza-Klein 5-dimensional concepts, scalar EM 
became a field theory that unifies electromagnetics and gravitation. 

Incorporating dynamic sum-zeroed EM vector systems (which 
are discarded in normal EM theory) allowed the direct engineering 
of the unified field theory, including structuring the vacuum, curv- 
ing local spacetime, and producing effects at a distance and in higher 
dimensions. Actually it allowed the recovery of much of the scalar 
part of Maxwell's original theory. 

I then realized that, inside a vector zero EM force field summa- 
tion/multiplication, the virtual particle flux of vacuum/spacetime 
was ordered and controlled locally and macroscopically. This of 
course violated one ofthe major assumptions (a postulate) of quan- 
tum mechanics; the assumption that the structure of vacuum was 
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step). Particular attention is given to vibrational energy 
sources: in this case, the amount of energy that can be 
harvested depends mainly on the vibration amplitude and 
frequency and on the vibrating mass (mass of the harvest: 
ing device) [54]-[56] 

In order to power the systems by using energy sources 
available in the working environment, proper energy 
transducers thus have to be chosen. Focusing on distrib. 
tuted systems (IoT, LAE, and SS), it is worth referring to 
typical parameters for optimum transducer design since, in 
these applications, the different kinds of energy available 
in the various scenarios may lead to the need of integrating 
more than one energy conversion system into the same 
device, in order to take advantage of all the accessible 
energies, The main design parameters are the available 
power output, the electrical impedance, and the operating 
voltage. Table 2 summarizes them for the most common 
energy transductions [57], [58} 

‘To conclude this section, the mentioned reasons why 
RFID can be considered a useful technology for the imple- 
mentation and development of LAE and, mote specifically 
for SSs, are summarized. RFID systems, especially in the 
passive version of tags, are communication systems charac- 
terized by the following characteristics: compatibility with 
very low-power communication protocols, compatibility 
with the constrains posed by the hosting objects, especially 
when they are implemented by adopting the technologies 
described in Section II, inherent capability to gather infor 
mation from the envionment (sensor tags) and from the 
hosting objects, a low number of electronic devices (inher- 
‘ent circuital simplicity) and, finally, proven compatibility 
with printing technologies. 

For all these reasons, RFID technology has to be con- 
sidered the leading one to pursue the development of LAE 
and Ss as a communication platform for the evolution 
of 1oT. 


IV. ANTENNA DESIGN FOR NODES 


Distributed systems for ubiquitous electronics (UE) and 
WSN [59], [60] ae, today, increasingly employed for mo 
nitoring and sensing applications. These systems can be 
seen as networks of nodes, massively distributed in the 
environment and communicating wirelessly with a base 
station. This massive deployment can be designed and 
structured to monitor a set of specified parameters by 
means of purposely conceived sensor nodes, as in the 
classical WSNS, or itcan be obtained by integrating nodes 
into existing objects, which isthe vision of loT evolution. In 
general, the nodes can have different functionalities, how. 
ever they have to provide information collected by ex: 
bedded sensors (such as, for instance, identification codes, 
position and monitored environment parameters as well as 
‘object status) whenever itis required. 

In this scenario, the RFID technology, summarized in 
Section Ill, is attractive. When RFID technology meets 
sensor nodes, information goes from the node to the 
Internet via a question-and-teply protocol between nodes, 
hhosted by tagged objects, and readers. 

“Thinking about distributed systems and specifically 8S, 
itis natural to think about radiative coupling in the aval 
able industrial-scientific-medieal (ISM) frequency bands, 
including mainly the ultrahigh frequency (UHE) and mi 
crowave frequencies (around 0.9, 24, 5.8 GHz, and 
higher), exploiting the communication standard such as 
the WiFi [61]. Recently, also the ultrawideband (UWB) has 
been considered in order to minimize the limitations of 
narrowband systems (mainly localization accuracy and 
sensitivity to interference) [62] 

Multistandard systems ate often adopted for large 
compatibility and higher use flexibility. An example of this 
recent approach is given in [61] where near-field UHF 
nodes are combined with far-field transceivers. This allows 
application fields with compromised radiation capability, 
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randomized andcouldnotbedeliberatelyordered,engineered,and 
curvedlocally. 
Adding phase conjugation (time reversal) aspects and extended 
quantum mechanical conceptsallowedlocal antigravity andlocal 
curvature ofspacetimetobeincluded—again, onanengineering 
basis. It also allowed one to produce a mechanism responsible for 
Newton's third law, and to engineer the reaction force at will. 
Further, itrevealedthatthelaw ofentropy was simply thepositive 
time statement;it showed that there was another halfofthe law, the 
ne gativetimepartorthelawofnegentropy. 
In addition, a startling new concept of mind, thought, life, 
biofields, disease, and healing emerged from all this — again, on an 
engineering basis. As we stated in the beginning ofthis book, it is 
now an urgent necessity to release my work on the basis for electro- 
‘magnetic disease and electromagnetic healing. We must produce 
a very quick, positive treatment and cure of AIDS and other 
coming lethal viruses before the world is decimated. 


Accordingly, this work is being released in this book. 


In this chapter we will next present some perhaps surprising 
‘materialonphaseconjugation, fromthescalarEM viewpoint after 
first briefly explaining symmetry and parity. 

In following subsections, we will cover briefly the remaining 
major concepts in scalar electromagnetics. This will then set the 
stage for the following chapter, Extraordinary Biology, in which 
we will deal with the basis forunparalleled electromagnetic healing 


Symmetry and Parity 

The basic idea of symmetry is the arrangement of the parts ofa 
bodyor system about an axis so that two or more parts appear the 
same with respect to some operation 

‘The most obvious example is to look in a mirror, where we notice 
that our image has been reversed, left to right. Yet otherwise there 
is no difference; and so we may say that the reflection has "mirror 
symmetry.” It's the same except that left and right are reversed. 

Ifyou know the details ofa system at one point, and at another 
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point you know that the system will possess mirror symmetry, then 
you can predict exactly what state the system willbe in at the latter 
point. It will be "left to right reversed.” You don't have to calculate 
the laws of reflection and the laws of motion of the system. 

All the laws of nature that possess "mirror symmetry” have a 
special property: Ifthe words "right" and “left” are interchanged in 
the statement of the law, then the behavior of a system that obeys the 
Jaw is unchanged. 

‘Thus symmetry became a powerful idea in physics. Fora system 
with a great number of possible interactions, etc., one can usually 
eliminate a very great number of them due to symmetry considera 
tions. In other words, ifone can assume that symmetry ofthe system 
will not be violated, then all the possible interactions that would 
yield "broken symmetry" can be eliminated. 

On the otherhand, ifsymmetry is broken in a physical inter 
tion, at least one of the conservation laws is broken in that inter 
tion. Broken symmetry — and hence violation of individual conser 
vation laws — is a well-established fact in partic! 

Another concept intimately associated with mirror symmetry is 
parity. Each particle is assigned a number (+1 or -1), depending 
upon what kind of particle itis. One adds up these numbers for an 
assembly of particles, to obtain an overall “parity” number for the 
system. If parity is conserved in an interaction, then this total 
number does not change in the interaction 


Table 19. SYMMETRY 


+ SOMETHING IS SYMMETRIC IF IT REMAINS UNCHANGED 
UNDER A CERTAIN OPERATION 


+ ASPHERE IS SYMMETRIC WITH RESPECT TO ROTATION 
ABOUT ITS CENTER 


+ A CATHEDRAL ARCH IS LEFT AND RIGHT SYMMETRIC 
ABOUT A VERTICAL LINE THROUGH THE CENTER 


+ LAWS OF ELECTRICITY ARE SYMMETRIC WITH RESPECT 
TO REVERSAL OF POSITIVE AND NEGATIVE CHARGE 
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Table 14. AFORCE FIELD IS ASPECIALLOCAL SYMMETRY 

"..THE FORCE OF GRAVITY ISSIMPLY AMANIFESTATION OF 
AN ABSTRACT SYMMETRY — A LOCAL GAUGE SYMMETRY — 
THAT UNDERLIES THE PHYSICS OF THE WORLD." 


"ALL FOUR FORCES OF NATURE CAN BE GENERATED IN 


THIS WAY.” 
PAUL DAVIES, SUPERFORCE. 
1984, p. 115 


‘Tetie 15. GRAVITY AND LOCAL SYMMETRY 


+ THE LAWS OF PHYSICS CAN BE MADE SYMMETRIC EVEN 
UNDER LOCAL GAUGE TRANSFORMATIONS, 


+ AGRAVITATIONAL FIELD IS INTRODUCED TO 
COMPENSATE FOR PLACE-TO-PLACE VARIATIONS 


+ THE GRAVITATIONAL FIELD IS NATURE'S WAY OF 
MAINTAINING A LOCAL GAUGE SYMMETRY 


+ IN THE ABSENCE OF GRAVITY, THERE IS ONLY GLOBAL 
SYMMETRY 
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Table 16. HINDSIGHT IS BETTER THAN FORESIGHT 


+ FROM THE TWIN REQUIREMENTS OF 
- SIMPLEST LOCAL GAUGE SYMMETRY 
- LORENTZ-POINCARE SYMMETRY OF 
SPECIAL RELATIVITY 


+ ONE CAN CONSTRUCT OR INFER, 
+ MAXWELL'S EQUATIONS 
- ALL THE LAWS OF ELECTROMAGNETICS 
‘THE EXISTENCE OF RADIO WAVES 
- THE POSSIBILITY OF MOTORS AND GENERATORS 
+ ETC. 


+ IN REALITY THESE WERE FIRST DISCOVERED 
EXPERIMENTALLY 


Table 17. WHEN SYMMETRY IS VIOLATED [BROKEN]: 


+ A"NON-OBSERVABLE" TURNS OUT TO BE AN 
OBSERVABLE 

+ AN INVARIANCE IS BROKEN 

+ A CONSERVATION LAW OR SELECTION RULE IS BROKEN 


COMMENTS: 
+ A VIRTUAL OBJECT BECOMES AN OBSERVABLE 
OBJECT 
+ LOCAL SPACETIME BECOMES CURVED, AT LEAST 
TO SOME POTENTIAL INVOLVING THAT OBJECT 


Table 18. SOME PROVEN ASYMMETRIES 


+ POSITIVE AND NEGATIVE SIGNS OF ELECTRIC CHARGE 
+ TIME REVERSAL 
+ RIGHT/LEFT HANDEDNESS 
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Table 19. SPONTANEOUS SYMMETRY BREAKING 
PRESENT VIEW 


1. IF 44MOMENTUM Ky: = 0 . 
Qo = Dre 
WHERE @,,, IS AS COMPLEX 
AS ANY SPIN-O FIELD 
2. FOR VOLUME Q» RELEVANT MICRODIMENSION. 
Ku #0 BUTK,~0 
Wpq) # Byyc (INSIDE Q] 
pq) # Byy¢ [OUTSIDE Q] 
3. INSIDE Q, SYMMETRY PROPERTIES DIFFER 
FROM THOSE OUTSIDE Q 
4. T. P AND CP MAY BE SLIGHTLY ASYMMETRIC 
5. CPT REMAINS INTACT 


SCALAR EM VIEW 


1. IF ARTIFICIAL POTENTIAL @,,..>> 0, VOLUME Q 
MAY BE SMALL 
2. yyy MAY BE ENGINEERED IN 
+ SPATIAL SIZE 
+ LOCATION 
+ MAGNITUDE 
+ SUBSTRUCTURE 
3. SYMMETRY PROPERTIES INSIDE (2 MAY 
+ DRASTICALLY DIFFER 
+ BE DELIBERATELY ENGINEERED 
+ BE PATTERNED 


4. T,P, AND CP MAY BE APPRECIABLY ASYMMETRIC 


5. CPT MAY BE ASYMMETRIC. 
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‘Table 20. WHY SUCH DRASTIC DIFFERENCE? 
IN PRESENT THEORY 


©, IS USED ONLY AS A PHENOMENOLOGICAL 
DESCRIPTION 
+ MICROSCOPIC STRUCTURE OF @,,, OF NO CONCERN 
+ ONLY LONG-WAVELENGTH LIMIT OF FIELD IS OF INTEREST 
+ VACUUM ENGINEERING IS ONLY A REMOTE POSSIBLITY 
+ ACTION AT A DISTANCE IS NOT POSSIBLE 
+ LOCAL SPACETIME NOT CURVED 


IN SCALAR EM 


©,,,,,* REPRESENTS A LOCAL CURVATURE OF SPACETIME 
[ LOCAL GENERAL RELATIVITY] 

+ MICROSCOPIC STRUCTURE OF @,,, IS DETERMINISTIC AND 
COHERED INTO MACROSCOPIC STRUCTURE 

+ ALL WAVELENGTHS OF THE FIELD ARE OF INTEREST 
2, WAVES ARE REAL, ENGINEERABLE AND 
ELECTROGRAVITATIONAL 

+ VACUUM ENGINEERING IS A REALITY 

+ ACTION AT A DISTANCE IS POSSIBLE 
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‘Teble21, ASPECTS OF STRONG LOCAL ASYMVETRY 


+ PROPERTIES OF AN OBJECT MAY DIFFER, 
APPRECIABLY FOR 


- DIFFERENT OBSERVERS 
- DIFFERENT DETECTING MEANS 
= ONE TIME TO ANOTHER 

- ONE POSITION TO ANOTHER 


+ CONVERSATION LAWS MAY BE APPRECIABLY VIOLATED 
- ENERGY 
- CHARGE 
+ SPIN 

MOMENTUM 

ANGULAR MOMENTUM 


+ LOCAL SPACETIME IS CURVED 

+ LORENTZ INVARIANCE OF VACUUM IS VIOLATED 

+ MAY BE A LOCAL "SINK" OR "SOURCE " 

+ GRAVITATIONAL/INERTIAL EFFECTS FROM EM 
“TRANSLATION BETWEEN VIRTUAL AND OBSERVABLE 

+ ELECTROGRAVITATIONAL SOLITONS 

+ ACTION AT A DISTANCE 
- TRANSMUTATION EFFECTSMAY EXIST 

+ SCALAR/PSEUDOSCALAR FIELD TRANSLATION 


For years the idea of conservation ofparity convinced physicists, 
that it would never be possible to tell right from left in the universe, 
Then in 1956, Yang and Lee pointed out a class ofreactions where 
parity need not be conserved. This effect — broken parity — was 
confirmed experimentally, and so certain parts and interactions of 
the universe do possess asymmetry 

‘The result ofall this was that particle physicists established that 
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(1) symmetry can be, and is, sometimes broken, (2) individual 
conservation laws can be, and sometimes are, broken. 

Particle physics, however, concems itself primarily with micto- 
scopic interactions. Most ofthe delightful new things discovered in 
the microworld have not yet been applied — by physicists, that is — 
in the macroworld, 

If you can successfully apply broken symmetry in a major 
system, for example, you should be able to violate the conservation 
of energy law and thus produce a "free energy" engine. Several 
inventors with whom I work have done precisely that. The tech- 
niques and technology are still primitive and they need much 
further development, but the principle has been clearly established 
and replicated. 

Physics is correct in certifying broken symmetry, and you can do 
it in large systems as well as in microscopic particle interactions. Of 
course you also curve local spacetime as well, something which 
Einstein and his followers have assumed cannot be done. 


Charge-Parity-Time and Negative Energy 

The upshot of all this is that the physicists came up with the idea 
that what is really conserved is a consolidated thing called Charge- 
Parity-Time, You don't have to conserve any one or two of these 
three, but only the combined product. 

Here they overlooked one key factor that is very important to our 
thesis: In the photon interaction, if you reverse charge and time, you 
reverse the sign of the energy. 

‘That is, a photon that is emitted from a positive charge carries 
negativetime negative energy. Itis different from a photon that 
is emitted fiom negative charge, for that one carries what we have 
conventionally established as positive energy. 

‘Thus physics has not considered the exclusive use of negative- 
energy / negative-time photons, even when some of its interactions 
produced them. Instead, it has just lumped together photons and 
shotons, and considered them both to have positive energy. 

Antimatter systems don’t have positive energy, for example: 
they have negative energy. Here we don't use the positive and 
negative signs to indicate the direction the energy is traveling, but the 
fundamental kind, ofenergy that it is—time forward or time reversed. 
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For example, consider the local conservation of energy. As 
conditoned, one almost always unconsciously thinks ofthe conser- 
vation ofpositive energy, withoutsostating. Yetoneis perfectly free 
to builda system into which he inputs 100 joules ofpositive energy, 
and fiom which he outputs 300 joules of positive energy and 200 

joulesofnegativeenergy! 

For the real conservation law, that's the equivalent of putting in 
100 joules of positive energy and outputting 100 joules of positive 

energy. 

Now negative energy will run motors, light lamps, etc. often 
‘much better than positive energy. It can be transmitted, trans 

formed, steppedupordownin "voltage," rectified, received, etc. It 
can be translated into positive energy or vice versa. 

Circuitsrun “cool” when using negative energy. Ifyou short out 
a circuit of negative energy so that a violent discharge occurs, it 
produces cooling instead ofheating, greatly lessening the danger of 
fire and destruction. If you mix negative energy onto a line that is 

carrying the same amount of positive energy, however, the two 
negate each other and there is suddenly "no power" on the system, 

‘Think of what you were taught in simple arithmetic. You can 
take a zero — the absence of any single specific number — and 
replace it with any set ofmultiple numbers whose algebraic sum is 
zeto. The presence ofthis special set of numbers you choose does not 

violate the condition thatthe zero means that youcould notusejust 
a single number. 

Although zero is the absence ofjust a single thing, it can be the 

presenceofmultiplethings. 
‘The same thing works with energy. In the microworld, every- 
thing is fantastically energetic, and wildly fluctuating. For example, 
in a copper wire carrying a current of one ampere, wild momentary 
fluctuations at extremely high frequencies are occurring. 
According to classical electrodynamics, the instantaneous cur- 
rent in a single one of these micro-micro fluctuations may reach 
thousands ofamperes, and the instantaneous voltage may reach 10 

volts or more. As can be seen, the instantaneous energy and power 
are enormous. Yet outside the wire, we see a very placid and 
peaceful situation. 
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TIME IS NOT OBSERVABLE 


5, 
wy, 


W, 


WHAT THEN IS TIME? 
WHERE THEN DOES TIME EXIST? 


Figure 33. The riddle of time. Unsolved by both physicists and philosophers. 
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Figure 34. Raindrop model of physical change. 
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such as in proximity of metal and liquids at short ranges, 10 
be improved. 

It is clear that antenna systems are key elements in. 
these apparatuses, The foundation of antenna design rules 
‘can be found in [63]. The antenna design specific for dis 
tributed systems, in turn, has to take into account several 
instances. Beyond the typical design eriterla, other aspects 
are: the communication standard, the form and the size in 
agreement with the application, the communication range 
a a function of the equivalent isotropic radiated power 
(EIRP) limits, of the environment and of the orientation, 
the reliability under several conditions and processes, and 
the material cost considering massive production [64]- 
[67]. Among them, the operating environment is the most 
critical aspect that influences the node behavior [68]. 

‘As a consequence, antenna topology and materials for 
‘SS and IoT systems, in general, have to be chosen in order 
to make the antennas capable of operating in variable 
environmental conditions and to be integrated into ob- 
jects. As an example, let us think about wearable antennas 
for body area networks (BANs): they must be washable, 
flexible, and able to shield the body from radiation [69] 

In general, antennas for SS should be flexible, planar, 
and low profile; moreover, by adopting low-cost materials. 
and technologies (see Section II), cost per unit surface is 
low, thus large arrays and big elements can be adopted 
more easily, ultimately allowing for easy developments of 
LAE distributed systems and SS, even at low frequency. 

‘Materials compliant with SS implementations must be, 
in turn, mechanically robust, flexible, and very low cost, 
‘while exhibiting acceptable EM performance. These mate- 
rials must also exhibit high tolerance levels in terms of 
bending repeatability. Flexible materials, often used, are 
polymers and polymer-ceramics composites such as the 
poly-di-methyl-siloxane (PDMS) and the titanate-based 
ceramic [68], which provide flexibility, robustness, and 
resistance to harsh environments in order to protect an- 
tenna and circuit, Moreover, when eco-compatibility has 
tw be guaranteed, recyclable materials and related technol 
‘gies have to be adopted: among them, cellulose substrates 
in combination with inkjet printing of conductive inks 
[18], [70] or with conductive adhesive laminate technology 
[11] ate increasingly frequently adopted. The aforemen- 
tioned techniques, compatible with the well-known indus: 
tulal printing and the R2R processes [5], are in agreement 
‘with the low-cost fabrication and are expected to facilitate 
‘widespread and very low-cost electronics for distributed 
systems. These fabrication technologies can also be 
adopted for electronic devices on flexible polymeric sub- 
strates. An example of cellulose-based antenna for smart, 
floor applications, such as indoor localization, is docu: 
mented in [71]: a low-profile planar loop antenna is real 
ized on cellulose substrate exploiting adhesive copper tape. 

“Although beyond the scope of this paper, which focuses 
con SS, it is worth mentioning here that this evolution 
toward the development of more and more sophisticated 


“unconventional” materials for electronics has a great 
impact on other IoT related developments such as, for 
instance, implantable systems. 

‘When applications require devices with soft visual im- 
pact (think about SS, such as smart windows, glass integ. 
rated inside and outside buildings and glass for automotive 
applications, or smart skins [72]), transparent and conduc- 
tive materials, such as transparent conducting oxides 
(TCOs), and in particular indium-tin-oxide (ITO) and 
1TO-based multilayers, have been proposed [73]. These 
‘materials afford a good compromise between minimum 
electrical resistivity and high optical transmittivity in the 
visible light spectrum when patterned on see-through 
‘materials such as glass or transparent polymers, A tech- 
nique to improve the efficiency of the transparent anten- 
nas, without affecting their transparency, is the application 
of a layer of highly conductive coating or metallization 
strips on the antenna edges where the current density is 
high [72] 

‘Among $8s, oF in general distributed systems within 
the IoT vision, a fast growing field of research is repre- 
sented by wearable electronics for BANs [74]. In this case, 
the integration of electronic devices in the garments re 
quires the development of wearable and washable anten- 
nas and antenna arrays on fabrics. Washable antennas can 
be realized by covering textile antennas by a breathable 
thermoplastic polyurethane coating in order to protect the 
device against water absorption and corrosion [69] 

Although dimension constraints are not very evitial for 
distributed systems on cheap materials, they cannot be 
neglected thoroughly. At RF, for example, high permittiv 
ity materials [68] and magnetic composite substrates [75] 
can be adopted. Artificial magnetic conductors (AMC) can 
be employed alternatively to the magnetic composites with 
similar results [76]. These approaches are simply demon- 
strated from the wavelength equation: wavelength is a 
function of the relative permittivity and permeability and 
adopting suitable materials to increase these values, the 
effective wavelength, and therefore the antenna size, de- 
creases. Anyway, the use of these materials introduces a 
tradeoff between dimensions and performance: generally 
the substrate losses decrease the antenna radiation efficien- 
cy, thus affecting the communication range of the overall 
wireless system, as documented in [68], [75], and [76]. 

In terms of design methodology, the introduction of 
unconventional materials as well as the environmental 
constraints posed by distributed systems and systems for 
IoT influence and drive the design strategies. Some solu- 
tions are proposed in the literature to cope simultaneously 
with these constraints; in [68], shielded configurations 
have been analyzed to mitigate environmental sensitivity 
In [69], an example of robust patch antenna for BAN ap- 
plication that reduces the effect af the body on the perfor: 
mance is illustrated; in [77], the use of broadband antennas, 
such as the Chebyshev monopoles with a fractional band- 
‘width of about 40%, is proposed to reduce the frequency 
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Tobe 22. FLOW OF TIVE 


+ PHOTON INTERACTION CONSTITUTES TIME CHANGE 
(a ( Noor 5 + 

(ES ¢ roomoers = - 

+ CHARGE-PARITY-TIME [CPT] 

fl ++ (note: ~ = photon) 


+ UBIQUITOUS 
- PREDOMINANT 


+ ANTIPHOTON IS A PHASE CONJUGATE REPLICA 
Table23.PHYSICALCHANGE 


+ COMPOSED OF ACTION 
+h=BASIC QUANTUM 
TWO CANONICAL VARIABLES: 
- ENERGY/TIME (dE dt) 
= MOMENTUMILENGTH ( p L) 
ETC. 


ENERGY/TIME 
+ h=(+E) (+t) 
ohe(-E)(-t) 


Free Energy and Antigravity 
Let's say the current flowingin the wire is alternating current at 
a frequency of one megahertz. Let's say we have one watt of power 
in the wire (there's one volt on it, and one ampere offlowingcurrent) 
‘As a working rule-of thumb for engineering use, the available 
absolute micropower in an alternating currentin a wire can be taken 
as: 


P, = 


40 x fx P, (410) 
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where P, is the absolute power available, in watts; fis the frequency 
in Hertz; P. is the conventional power available, in watts; and 40 is 
a constant of proportionality 

In our example, the absolute power actually available in the 
currentis 40 million watts! We've got about 20 megawatts ofpositive 
power, and about 20 megawatts of negative power, in there — in the 
microstructure ofthe electrical current itself--but disintegrated 

By applying unconventional scalar EM engineering techniques, 
‘we ought to be able to take such an "input" (a straight wire with one 
‘watt of power at a frequency of a megahertz) and get an "output" of 
up to 40 megawatts. It is relatively straightforward to get out 1 
megawatt; such ratios have actually been achieved on the laboratory 
bench by my associates. 

Of course we will have curved the local spacetime to do such a 
thing. Butitis absolutely permitted to do that, by the laws ofnature 
as best we know them from particle physics. 

Itis also possible to do that by Maxwell's original theory. And it 
has been proven in the laboratory. 


Table 24. NEGATIVE ENERGY 


+ CAN BE + EASILY POWERS 
- GENERATED = AC MOTORS 
- TRANSMITTED - DC MOTORS 
- TRANSFORMED - LAMPS: 
- RECTIFIED - TRANSFORMERS 
- RADIATED - RECTIFIERS 
- TRANSLATED + CIRCUITS STAY COOL 


In scalar electromagnetics, we deliberately seek to produce such 
effects and systems by nonclassical application and extension of the 
modern conservation law CPT. And we include negative energy/ 
negative time production in those systems and effects. 


Here's the extended magic rule: First we write down the expres- 
sion CPTEGS. 


In this expression, C stands for charge, P stands for (space) 
parity, T stands for time, E stands for energy, G stands for gravity, 
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and S stands for entropy. 

We are referring here to the algebraic sign of each term, and to 

a complete photon interaction (absorption and re-radiation) with a 
charged particle inside an atom of matter. Specifically, we are 
refferringto the result, after the reaction has occurred. 

Normally the photon interacts with one of the electrons in the 
atom’s outer shell. This interaction with the negative electron 
charge produces the "normal" physical world/physical reality we see 
around us. Inthe interaction, normal parityis produced, andnormal 
gravitation (attraction ofmass) is produced. Also, in a series of such 
interactions, the normal entropy (movement from order to disorder) 
is txperienced and produced. 

So in the expression CPTEGS normally the charge term is 
negative, and every other term is positive, for the complete photon 
interaction in an atom, 

Now here is the magic engineering rule: In the complete 
photon interaction with a charged particle in an atom, ifone 
of these terms is reversed in algebraic sign, all the others will 
be reversed also. 

For example, ifthe photon interacts with the positively charged 
nucleus.then parity is reversed, the bit oftime-advance is reversed, 
anegative/time-reversed _ photonisemitted, atinybitofantigravity 
is produced in the nucleus, and negentropy is produced. By negen- 
tropy, we mean that the emitted photon exhibits the strange charac- 
teristics of time reversal, and hence it will return from disorder to 

order. 

This rule is actually a statement ofphase conjugation and time 
reversed waves, as we shalll see later. 

For example, using the rule, the production of antigravity is 

straightforward. Simply produceagreatexcessofnegativeenergy 
and negative time in an object or generator by scalar photon inter- 
action with the nucleus, at a sufficient rate 

In negative time, gravitational force is reversed. Thus in 
negative time gravity is a repulsion, not an attraction. Production 
of excess negative time in the atomic nuclei of a system produces 
antigravity in that system. Period.* 


‘ed no ames of power ll fl 
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Let me amplify that statement. There are two kinds of energy, 
negative and positive. Normally, everyone thinks only of positive 
energy. 

Take Einstein's formula for the amount of energy that's "bottled 
up" and stored in mass: 


me (1) 


‘That's positive energy and positive mass. It automatically im- 
plies that we are looking at things where time is forward-going, 

Now suppose we "charge up" that mass with negative energy: 
Then the mass is negative, like this: 


= (-m)c* (4-12) 


And negative mass is repelled by positive mass. (Like mass G- 
charges attract, unlike mass G-charges repel.) 

That's all there is to it! Simply charge up the protons/neutrons 
ofthe atomic nuclei ofa mass with excess phase conjugate (negative) 
energy/time, and it exhibits antigravity compared to the earth. 
Nothing could be simpler. 

Again, it's been done in the laboratory by an associate. 

So, with respect to a negative energy/negative time generator, 
you just add more load and draw more negative power from the 
machine, forcing itto produce more. It produces more negative time, 
and hence more antigravity and more "repulsion." When the repul- 
sion balances the earth's attraction, the system "floats in air." Draw 
still more powerby adding still more load, and it accelerates upward. 
Draw less power by decreasing the load, and it sinks downward 
again. That's all there is to it. 

We should have been working upon this, shortly after the U.S. 
Civil War. 

Again, there exist two completely different kinds of electromag- 
netic energy: positive and negative. These have been totally and 
hopelessly confused by modern physics, even though physicists 
sometimes use these terms, 

But in dealing with CPTEGS in the photon interaction in an 
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atom, we must clearly keep in mind what kind of energy we are 
dealingwith, 
‘The basic engineering rules are these: (1) Ifany one ofthe factors 
- C, P,T.E, G, or S —is reversed, all the others are reversed. (2) If 
positive charge is involved in the photon interaction, then time 
(carried by the emitted photon) is negative and so is the energy 
carried by it. (3) The simplestscalarEM wave may be considered as 
twoEM waveslockedtogether (modulatingeachother), whereone 
component wave carries positive energy and time and the other 
component wave carries negative energy and time. (4) Separation of 
thetwo componentsbyinteractionwithcharged particlescreates 
both positive and negative time and energy. (5) If the interacting 
particle is negatively charged, the positive energy/positive time 
component will interact with it. (6) If the interacting particle is 
positively charged, the negative energy/negative time component 
will interact with it. (7) The interacting particle phase conjugates 
(time reverses) the component with which it interacts. (8) The 
primary interaction with negative electron shells of atoms yields 
positive energy and positive time: constituting ordinary physical 
reality as we observe it. (9) The secondary interaction with the 
positive atomic nucleus produces phase conjugated (time-reversed) 
physical reality. (10) Secondary interaction (nuclear phase conjuga- 
tion) normally produces Newton's third law of motion. (11) In 
Newton's third law, the reaction force need not be equal, and need 
not be antiparallel. Note, however, in such case local spacetime is 
curved.(12)Thepresentlawofentropyisonlythepositive-timehalf; 
the other (negative time) half is the negentropy law. 


Phase Conjugation (Time Reversal) 

It is a most remarkable fact that Soviet radar engineers and 
radar scientists are also trained in optics. While this seems little 
short of astonishing by Western standards, the Soviets have an 
exceedingly good reason: As a matter of course, most Soviet 
radar systems are also operable in, or associated with an- 
other system that is operable in, a time-reversed (phase 
conjugate) mode 

In this mode the radar and/or its associated system is also an 
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extremely powerful directed energy weapon, having capabilities 
undreamed of in the West. 

‘A phase-conjugate (time-reversed) wave actually is a wave that 
travels backward through time.* That is, it is capable of precisely 
retracing the path through space, taken by another wave that 
traveled that path to a nonlinear mirror, stimulating the reflection 
ofthe time-reversed wave. 

Further, in retracing its invisible path through space, the phase 
conjugate replica wave does not diverge as do normal waves. Instead, 
it continually converges upon its invisible trace. 

Consequently all its energy arrives back at the distant source 
that emitted the stimulus wave originally. This was Tesla's original 
secret of his "wireless transmission of energy at a distance with no 
losses."** 

Itcan easily be shown, however, that the phase conjugate wave 
is a legitimate solution to the wave equation. Hence it is a general 
property of ll types of waves: sound, magnetohydrodynamic, etc. It 
is not confined just to the optical band. 

Obviously such a startlingly different wave has phenomenal 
Literally it ushers in a new physi 

Let us turn now to look at this strange wave that has emerged 
on our scientific horizon, 

Inthe late 1960's, Soviet researchers cautiously pointed out the 
possibility of a time-reversed wave. Papers appeared in the open 
Soviet scientific literature, and shortly thereafter U.S. physicists, 
began to read about it. 

In 1972, Soviet scientists visited Lawrence Livermore Labora- 
tory and specifically briefed U.S. scientists on the optical phase con- 
jugation (OPC) phenomenon. Thereafter the effect became of in- 
creased interest to American scientist 

(Note, however, that phase conjugation (PC) is a major phe- 
nomenon of all physics. It is not confined merely to the optical 
spectrum, norjust to electromagnetic wavs 
general phenomenon true of all waves, regardless oftype. We will 
primarily discuss OPC, since most Westem experimentation has 


uss 


‘The external postvetme observer ses this time reversal as length (pce) reversal 


‘The great eletician ad actually discovered what today is nown as phase cajugation or 
time reversal of EM waves 
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been in the optics domain, and the literature is rich in that respect. 
However, we also point out that Western scientists have absolutely 
noinklingofthemechanismcausingOPC. They havesimply written 
a model foratime-reversed waveby takingthe equation ofanormal 
‘wave und writing the conjugation (adding an asterisk exponent) to 
the appropriate term, and pointed out that this new equation also 
satisfies Maxwell’swaveequation. Theyalsodonotclearlyrecognize 
that an EM wave carries time and energy, andthatatime-reversed 
EM wave carries negative energy and negative time. Further, they 
do not at all comprehend the startling implications for generating 

gravitational fields, including antigravity andinertial effects, di- 

rectlyonthelaboratorybench.) 

In optical phase conjugation, when an input EM wave (ordinary) 
enters a nonlinear medium, the medium "reflects" or produces a 
strange, time-reversed EM wave in response. 

Figure (35a) shows the effect. In the figure, El is the normal 
input wave, entering a distorting, nonlinear medium (the "blob") as 
shown, Wave E; moves on through the blob, emerging on the other 
side and continuing, though now in distorted form, 

‘The medium produces a second wave, E:, which precisely re- 
traces the steps of E; That is, everywhere E, is, E: now appears. The 
phases of the E wave are precisely reversed from those of E; The 
only difference _ inthe two wavesis that wave E; carries positive time 
and positive energy, while wave E; carries negative time and nega- 
tive energy. 

(US. physicists are well aware of everything in the above 
statement except for the negative energy portion.) The historical 
background ofthe phaseconjugatewaveisgiveninTable25 
(We strongly stress that the West did not discover the time- 
reversed wave; the Soviets did. At the time (late 1960's) this ap- 
peared in the open Soviet literature, the Soviets had already been 
using it for about two decades in their giant energetics (scalar 
electromagnetics)weaponsdevelopmentprogram.) 
However, to return. 
‘The time-reversed wave is called the phase conjugate replica 
of wave E;. The overall characteristics ofthe phase conjugate replica 
2 are summarized in Table 26. 
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DISTORTING 
MEDIUM 


‘a. Phase conjugation by a nonlinear, distorting medium. 


b. Ordinary mirror reflection versus phase conjugate mirror reflection 
Figure 35. Phase conjugate reflection of a time-reversed wave. 
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Table28. PHASE CONJUGATE WAVES 


+ NONLINEAR OPTICS TRANSIENTS. 
+ DISCOVERED BY SOVIETS 
+ LATE 60s-EARLY 70S. 

+ PRESENTLY "HOT ITEM” 

+ INITIALLY THOUGHT RARE 

+ NOW KNOWN WIDESPREAD 

+ THIRD POWER OF E-FIELD 

+ STILL MUCH UNEXPLORED 


‘Table 26, PHASE CONJUGATE REPLICA 


+ TIME-REVERSED 
+ CARRIES NEGATIVE TIME 

+ CARRIES NEGATIVE ENERGY 
+ "HEALING" PROPERTY 
DISTORTION CORRECTION 
FROM DISORDER TO ORDER 
+ MAY DWARF INPUT WAVE 


Table2.DISTORTIONCORRECTIONTHEOREM 


“Ifa scalar wave E; (1) propagates from leftto right through an 
arbitrary but lossless dielectric medium, and if we generate in 
some region of space [say near 2-0] its phase conjugate replica 
E(t) , then Ep will propagate backward from right to left through 
the dielectric medium, remaining everywhere the phase conju- 

gateofE:." 
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We point out here that the basic nonlinearity (nonlinear me- 
dium) in spacetime is a single particle of mass. In a photon interac- 
tion with that particle of mass, the interacting (input) photon 
(positive energy, positive time) causes the generation and emission 
of a phase-conjugated (time-reversed) photon. This time-reversed 
photon provides the precise mechanism for generating Newton's 
third law: For every action there is an opposite and equal 
reaction. This will be covered later. 

But back to our nonlinear medium, and the two waves E; and Es, 

E, and E; are "locked together” as a scalar EM wave unless 
something else is specially done to separate them. That is because 
the nonlinear medium is a modulator, and the two waves modulate 
each other (lock together as a single wave). 

(We interrupt again to strongly point out this fact: This directly 
shows that all EM waves in vacuum exist as scalar EM waves, not 
as the so-called Maxwell-Hertz transverse waves of conventional 
theory. Nikola Tesla, the greatest electrical scientist the world ever 
produced, always adamantly insisted that EM waves were "sound" 
type waves, not “transverse” waves. For one thing, the vacuum- 
medium would have to be a solidto produce transverse waves! Tesla 
even visited Hertz in Europe and tried to convince him of the error 
of his so-called "proof of transverse EM waves.” Tesla found Hertz, 
adamant on the subject, however, and returned without changing 
Hertz’s mind. Ironically, Tesla was right and all the textbooks in the 
Western world have been consistently in error as to the nature of the 
EM wave in vacuum.) 

‘We simply state here that, for a single-frequency EM sine wave 
in vacuum, a “full photon” ofthat wave in vacuum is actually a single 
sine-wave oscillation. The positive (positive energy, positive time) 
halfofthat sine wave is the same thing as a virtual electron (negative 
charge). The negative (negative energy, negative time) half of that 
sine wave is the same thing as a virtual positron —a virtual eecton 
travelling backwards in time, or "time-teversed", which we detect as 
Iength-reversed and charge-reversed. 

Further the vacuum — including the vacuum inside each rela- 
tively empty "mass structure” such as an atom or molecule — is a 
seething inferno of activity of virtual particle fluxes. It is upon that 
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shift introduced by the background materials ar by the 
bending effects 

In SSs, and in general in IoT applications, antennas are 
used both to transmit and receive information and to hae: 
vest the necessary energy from the surrounding environ: 
ment. Regardless of the fact that the available energy is 
randomly released in the environment by existing services 
(GSM, WiFi, and so on, in urban and semi-urban environ- 
ments [78], [79]) or purposely delivered to empower a 
distributed population of nodes [80], antennas have to be 
able to harvest EM energy. This kind of “double effect" 
antenna is widely referred to in the literature as 
“rectenna”: it combines rectifying circuitry with EM to 
electrical energy transduction, 

‘The fundamental codesign techniques of antennas and 
rectifiers, focusing on the improvement of the conversion 
efficiency exploiting matching circuits, are described in 
[53]. Harmonie-balance and load-pull simulations are 
‘often used in order to find the optimal impedances that 
allow best efficiency to be obtained as a function of the EM 
incident power. 

‘Multiband, broadband, and circularly polarized anten- 
nas are often adopted in EH applications to reduce the 
overall sensitivity to the environment. An example of pla 
nar antenna array for EH applications, in agreement with 
the SS principle, is documented in [81]: spiral antennas are 
proposed in order to provide a wide operating frequency 
band, and the rectification circuitry is optimized and char: 
acterized for low incident power levels, Similar antenna 
array for UWB EH is shown in Fig. 7. 

A rectenna can be used in addition to the communi: 
cation antenna or, alternatively, the same antenna can be 
used for both EH and data transmission. The use of dif- 
ferent antennas is generally adopted if harvesting and 
communication ate cattied out at different frequencies 


Large surface 


RF signals svete 


De 
combiner 


Fig. 7. Scheme of therectennaarray able to collet RF energy even ina 
‘broadband (depending of the kind ofrecelving antenna element, 
‘according to the solution adopted in (81). 


and, mainly, in order to enhance harvesting efficiency 
without decreasing communication performance. In any 
cease, this requires a codesign and can affect the node di 
‘mension and complexity. Alternatively, a single antenna 
‘can be a feasible compromise if communication and har- 
vesting share the same frequency band and if the antenna 
harvesting efficiency is not the main issue; examples are 
the passive RFID tags empowered by the reader with a 
standard RFID antenna able to provide both EH and com- 
munication capability, as documented in [64] and [65] 

However, the EM-EH is not the only solution to ener- 
sgize nodes and SS elements: hybrid EH, in fact, can be 
performed by exploiting different energy sources; that is, 
combining the rectennas with other sources of energy. 

Recently, a low-cost and conformal steuctuce for hybrid 
EH, based on low-cost and flexible poly-ethylene tere: 
phthalate (PET) substrate and an amorphous silicon solar 
cell, has been proposed in [82]; other examples are dis- 
‘cussed in [20] and [83]. The use of low-cost, printable 
photovoltaics deposited an flexible substrates to form part 
Of the antenna radiating structure is documented in [84]. 
Inall these contributions, the main challenge appears to be 
the codesign of the antenna and solar cell in order to avoid 
reciprocal detrimental effects. The antenna is designed 
‘with a solar cell integrated on top of the radiating surface 
to obtain good radiation characteristics and to incorporate 
connections for the extraction of the de provided by the 
solar cell. In [82], it was demonstrated that, by adopting 
thin film solar cells and paying attention to not exceeding 
the perimeter of the RF antenna, the solar cell can be 
integrated so as not to significantly affect the performance 
Of the antenna, The hybrid rectenna for solar and EM-EH 
documented in [82] is shown in Fig. 8. 
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‘mediumthat all physical reality and physical changes are im- 
pressed. Thus there is nothing static in the world; what actually 
exists is switching of virtual particle fluxes. What we call a "static 
thing” is only an equilibrium in this switching activity. And, once 

switched on, any stream continues until switched off or switched to 
change it. 

For that reason, the full photon has always contained twice as 

much absolute energy sis providedby the presentlyusedequation 


E=hf (4-13) 


Where E is energy, his Planck's constant, and fis frequency. 

One halfthe photon carries negative energy and negative time, 
while the other half carries positive energy and positive time. In the 
full photon interaction, one half of the photon interacts and 

"switches off" the stream. Thus the photon interaction makes a 
single change of action, energy x time, both switching on the 
beginning ofthe quantum change and switching off the ending oft 

The full photon in vacuum is, and has always been, a 

scalar EM photon. It rigorously is the presently accepted 
photon plus its directly "hooked on" and accompanying 
phase conjugated replica photon 

‘Thatis, in terms ofthe present physical view, the scalar electro- 

‘magnetics view of a full photon in vacuum is that it consists of a 

photon and its antiphoton, directly combined in serial fashion. 
Further, this antiphoton part is not identical to the photon, since it 
is time- and energy-reversed. 

The present physics makes no distinction between the two types 
of photons, hence makes no distinction between positive and nega- 
tive photon energy. It also still considers "static" things to independ- 
ently exist. It does not pursue the fact that all things appearing 

"static" are equilibrium states in nearly unbelievably intense virtual 
particle streams. Since itdoesnot pursue that fact, itdoes not build 
‘switching” model for quantum change, not does it arrive at a 
‘method of directly engineeringthese "switching" operations. 
For that reason, present physics has totally missed local 
general relativity and the engineering of spacetime curva- 
ture by electrogravitational methods, as was contained in 


a 
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Maxwell's original theory. 

For the same reason, present Western physics has not worked 
out the basic mechanism that produces phase conjugation, and it has 
not realized that all conservation laws can be locally violated with 
the new methods — methods actually hailing back to Maxwell's 
original theory! 

‘Now returning again to our nonlinear medium and waves E) 
and Ex 

Itis possible to separate (demodulate) wave E> from wave Ey In 
that case, E; is an ordinary EM wave, carrying positive energy and 
positive time. Ey is a phase conjugate replica, carying negative 
energy and negative time. 

Irradiation ofan atom in a new sample of material with anormal 
EM wave such as E,, just provides the normal photon interaction 
the electron shells. ‘That is, the electron part of the full photon 
adds o the orbital electron's energy state in positive time, raising the 
orbital electron to an "excited state." (Remember, this has switched 
on a continuous process of "keep raising the energy level of the 
electron” in positive time.) The "state-increasing” orbital electron 
then interacts with the second, positron-part of the full photon, 
which switches offthe increasing, leaving the electron in its "static 
excited state.” Simply put, one half of the full photon turns on an 
uplifting spray, and the second half of the full photon turns off the 
uplifting spray, leaving the electron in equilibrium state at a new 
level.* 

‘Thus in orthodox physics we have taken the view that an 
electron in a shell absorbs a "photon" from the incident wave, taking 
extra energy and being raised into an excited energy state. 

In the orthodox view, the excited-state electron then decays to 
release another ordinary photon (since it comes from a negative 
charge). 

What actually happened was that, when the "full photon" ofthe 
incident wave is absorbed by the orbital electron, increase of the 
electron energy is switched on, then switched off, leaving the elec 


We state here a magnficint principle without prof. When one furnishes inputs) elcrcal 
power toa system, all he “input work” is expended purely upon switching Hk by fighting 
gains them in brue-fore fashion. Eg, elztical power furished to an electric motor does 
fat run the motor, ut only continually wrestles the interna lds to swatch them. Ob 
‘ously. to build an over-nity device, one must get ito switch ts ove elds at least a 
Sgoficant faction ofthe time 
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tron in equilibrium at a new energy level. 
What happened in the middle was phase conjugation. In absorb- 
ing the irsthalf ofthe incident full photon, the electron acted as a 
phase conjugate mirror (we will explain that term shortly). It 
emitted a forward-travelling phase conjugate replica (PCR) of that 
first photon half, and this conjugate replica entered the nucleus, 
where it is absorbed to cause the Newtonian reaction force. Note that 
ission by the electron does not generate recoil in the 
wellknown inOPC theoryandexperiment, 
‘The same type of phase conjugation happened when the state- 
increasing electron absorbed the second half of the incident full 
photon. It phase conjugated again, sending this halfto the nucleus 
to acompany the former PCR half. In the nucleus, this second half 
switches offthe increase in excit 
engendered by absorption of the fi 
The photon interaction is a process for switching on and 
off a continuous rate of action increase or decrease 
At the conclusion of the full photon absorption, both the orbital 
electron and the nucleus are in excited states. ‘The nucleus has 
increaseditsgravitationalma 
‘Then the situation precisely reverses. Both nucleus and electron 
decay, again emitting full photons and again phase conjugating. 
‘The PCR photon emitted by the nucleus reduces the posi 
mass of the nucleus. The PCR photon emitted by the electron is 
reversed from the electron’s absorption record, reducing the nega- 
tive charge’senergystate, andthe electronis saidto "decay" fromits 
excited state. The PCR photon emitted by the electron now (to the 
observer) willappeartocarry positive timeand positiveenergy 
(In passing, we point out that, actually, the situation is far more 
complicated. Both the electron and the positively charged nucleus 
are enmeshed in continuous streams of virtual particle flux, includ- 
ing intense streams of virtual photons. One must go to n-wave 
mixing, where n is greater than 4, to fully understand the total 
reaction. Themainpointsare, the Newtonianreaction forces within 
the atom are generated by phase conjugation, the photon emitted by 
the decay ofan excited state electron will normally carry what we call 
positive energy and positive time, and the photon emitted by the 
decay of an excited state positive charge will normally carry what we 


ve 
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call negative energy and negative time, Full coverage of these 
interactions is beyond the scope of this book, and must wait for 
another effort in the future.) 

Now once again we return to our simplified model of phase 
conjugation, and waves E; and E> in our nonlinear, modulating 
medium! 

‘As we stated, we can engineer the situation so that the phase 
conjugate replica E> can be separated from E. A separated E, 
however, is a quite different breed of cat. It is a phase conjugate 
wave, carrying negative energy and negative time. 


Epis a magic wave indeed! 


Irradiation ofthe nucleus ofan atomin anew sample of material 
with a phase conjugate replica such as E> causes the nucleus of the 
atom to interact in reverse ofits normal interaction.* That is, one 
of the positive charges in the nucleus interacts with a photon 
resulting from wave E>, and goes into an excited "negative energy" 
state. That state, in decaying, emits an ordinary virtual photon 
which promptly interacts with a virtual positive charge in the 
nucleus, which decays to emit the virtual photon, which interacts 
with another positive charge in the nucleus, etc. 

In other words, the negative energy of the absorbed antiphoton 
is captured by the nucleus, and the nucleus overall does not 
immediately decay to discharge the negative energy. 

Instead, the nucleus acts as an accumulator or capaci- 
tance, charging up and then discharging far more slow! 
than the normal photon/electron interaction. 


(For the purist, the nucleus does phase conjugate the input 
negative energy/negative time wave, and phase conjugates it again 
— upon an electron in the electron shells, through spin coupling 
This second phase conjugate replica is now just a normal EM wav‘ 
and the electron exhibits a normal EM interaction. Thus our 
instruments (Which are electron wiggle detectors) detect a normal 


radiation ofthe nucleus wth a PCR wave is easily accomplished by using ordinary 
magnetic resonance, and modulating the PCR wave upon the magnetic cater. a8 Antoine 
Priore did 
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EM wave detection and do not discriminate between photon and 
antiphoton halves ofa full photon. For that reason, scientists have 
not clearly noticed the difference between positive and negative 
energy, andbetweenphotonsandantiphotons. Theyhavealsonot 
resolved thebasicconflictbetweentheparticleandwavetheoriesof, 
electromagnetics. Note that the full photon concept, where the full 
photon is a normalphoton and phase conjugate replica ofthat photon 
hooked together into a single sine wave, resolves the long-standing 
wave-particlecontroversy.) 

In most oftheir instruments, present scientists are detecting a 

secondarynormalEMwaveforthephaseconjugatereplicainterac- 
tion, since the phase conjugate interactions in the instrument are 
not sortedout, and since the instruments measure only one kind of 
PCR, that emitted by a negatively charged electron. Hence scien- 
tists think the antiphoton has positive energy, and interpret it in 

positive time. Consequently they tendtoaccentthatthe wave is 

" phase-reversed, "andnotaccentthenegativetime/negativeenergy 
implications since they have not clearly sorted them out. 

Let us return to our consideration of the irradiation of the 
nucleus of an atom (with an incident E phase conjugate replica 

wavecarryingnegativeenergyandnegativetime, withrespectto 
our clectron-wiggle-detecting observer). 

ASirradiation continues, the actual "structured charge pattern” 

existingontheincidentE, waveslowlychargesupthenucleusofthe 
atom with that exact charge structure, in the negative energy/ 
negative time state. 

We shall find that most interesting fact of great utility when we 
later discuss the mind, thought, cellular control systems, and gener- 
ating a specific electromagnetic phase conjugation pattern to re- 

versecellulardisease. 

We shall also find that it is of great interest in accomplishing 
antigravity when we use extremely low frequency PCR irradiation, 


The Phase Conjugate Mirror 

Any system which phase conjugates the input wave and returns 
a phase conjugate "reflection" is called a phase conjugate mirror, 
‘or PCM forshort 
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But the phase conjugate mirror has some very unique proper- 
ties, as can be seen in figure 35b. 

For example, ifyou look in a normal mirror, you see your own 
reflection. You see your shoes and legs, forexample. Light from your 

cross the mirror, and it hits one spot on the mirror 
it at the proper angle to strike your eye, 

But that simply doesn't happen with aphase conjugate mirror! 
Ifyou were looking into a phase conjugate mirror (PCM), the light 
that left your shoe and scattered across the mirror would be reflected 
right back to the shoe, since it would retrace the path taken by the 
previous light striking all across the PC mirror from the shoe, So all 
you would be able to see would be two black dots: the retinas of your 
eyes. Light reflecting off them and striking the PCM would be 
reflected back to the source — the retinas — so you could see that 
light and that light only. 

This path reversal is most important to keep in mind. With a 
phase conjugate signal, you are not functioning with an ordinary 
signal. Further, it has a "precursor" path taken by the incident wave 
that stimulated its emission from the PCM. Unless interfered with, 
the PCR will trace back down the invisible vacuum trace of that 
incident wave, orback down its wave path, like electricity goes down 
a wire. 

This, by the way, is the secret of Tesla's wireless transmis- 
sion of energy at a distance with no losses. 

‘When broadcast into space, a normal EM wave (positive time, 
sitive energy) diverges or scatters from its path. 

Precisely the opposite happens with a PCR wave. When broad- 
cast (reflected) into space, the PCR wave continually converges back 
upon the invisible trace taken by its incident stimulus precursor. 
‘Thus all the PCR energy is continually converging upon an invisible 
beam or "wire" through the vacuum, backto the source ofthe original 
incident wave.* 

Ifthe PCR wave is highly amplified (and means to do this are 
now well-known), then large amounts of EM energy can be precisely 


*One can effectively move the entire imprinted vacuum path, however, by adding an 
additional inpat vector wave computed $0 that the resultant input would have come fom 
the desired shifted distant point. In this way the PCR can be steted in space to lend and 
intercept a distant moving target, 
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returned to distant points from which a stimulus wave of any kind 
isteceived 

Ifa micro-microwat is received from a point thousands of miles 

distant, then a gigawatt can readily be returned precisely to that 
distantpoint. 

‘This was Tesla’s magic secret. The great electrician had discov- 
ered phase conjugation, though he did not use that term. He did, 

however, pointoutthathecouldcreateaninvisiblewire through 
space to a distant point, and could send any amount ofenergy to that 
distant point without any scattering losses along the way. 

He also accomplished the same thing with sound waves and 

waves, He pointed out that he could produce an undi- 
ished physical mechanical)effectatany distantpoint,andcould 
eventually split the earth ifhe added power long enough. 

Tesla had given the principles ofradarin World War I! He later 
even spoke of his "big eye that can see at a distance." Here he was 
probably referring to stimulating the emission of PCR return from 
that target. The PCR would automatically comect for the distortion 
in the intervening medium, and fairly sharp pictures of the distant 
scene — without showing the size dispersion of distance — could 
probably be obtained. Note that a non-scattering signal to a distant 
observer does not make him suffer any loss in field or apparent size 
and detail of the scanned object, which can be recovered to any 
resolution, limited only by the state of the art of the physical 
realization technology. 

The implications for far greater resolution microscopy— 
far heyond the present limitation to about 4,500— should be 
immediately obvious. The implications of such amicroscope 
- that can see directly inside atomic nuclei; photograph 
nuclei and fundamental particles directly; see living viruses, 
molecules, and atoms directly; and theoretically see even 
into the virtual state itself— should be immediately obvious. 

Indiscovering phase conjugation, the Soviet Union was attempt- 

ing to break Tesla's secret of wireless transmission ofenergy without 
losses, and the Soviet scientists did so by about 1950, They highly 
weaponized the effects of phase conjugation, phase conjugate mir- 
rors, and amplified phase conjugate mirrors, both in radar waves, 
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mechanical waves, and sound waves, for neatly two decades. Then 
the Soviets cautiously stimulated the open literature with a limited 
paper on optical phase conjugation, to ascertain whether or not we 
realized the severe weapon implications of time-reversed waves, 
their production and use, and their amplification. 

So phase conjugate mirrors can do very useful things. For 
example, look again at figure 35a. Suppose we are trying to 
photograph something on the other side of the distorting medium, 
say through a distorting gas, such as a turbulent atmosphere. In 
that case E; on the left is, say, light coming from an object on the left 
and passing through that distorting medium. If we just used 
ordinary waves in a camera on the right, we would see a very 
distorted wavefront, as represented by the distorted Ey 

However, ifwe illuminate the object by sending a wave through 
the distorting medium, and detect the phase conjugate signal that 
returns, it will have reversed the distortion when it gets to us, and 
we will get a clear picture. A very nice photo ofjust this process is 
contained in David M. Pepper, "Applications of Optical Phase 
Conjugation," Scientific American, 254 (1), Jan. 1986, p. 75. 

Phase conjugation has many more uses than we have covered in 
this briefpaper, of course, but this is an important use: the removal 
of distortion effects from optical systems, 

It would, however, be nice to be able to amplify the effect. And 
so we can. 


Amplifying the Phase Conjugate Effect 

Let's look now at figure 36, where we will develop how to amplify 
the phase conjugate replica. 

Be careful to notice that we are changing subscripts on you. By 
convention, optical scientists use A; and Azas two additional waves, 
called the pump waves, that are used to stress the nonlinear 
medium, and input signal wave As. Wave As then is the stimulated 
PCM output, or the phase conjugate replica (PCR) wave. 

In this figure we show a scheme for amplifying the phase 
conjugate signal that is generated and returned by the phase 
conjugate mirror (PCM), 

We do this by adding two opposing waves ofthe same frequency 
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(in this simplified case). These are the two "pump waves’, and 
impressing them upon the PCM is called "pumping" the PCM. 
Actually, in producing the pump wave, we are adding two input 
‘waves of the same frequency, 180 degrees out of phase with each 
other. Since the nonlinear medium is a modulating medium, the 
waves are forced to modulate each other and "lock together" as a 
single scalar EM wave of most interesting characteristics. Indeed, 
its E fields sum to a zero resultant vectorially, and its B-fields sum 
toB zero resultant vectorially. However, the scalar parts remain and 
are multiplied together, as in the original Maxwell quaternion 
theory. Since the magnitudes ofthe vector components in the scalar 
summation (quaternion multiplication, since we are addressing 
modulation) are varying, then the magnitude of the remaining 
scalar partis varying. We have therefore produced a standing scalar 
wave in the nonlinear material medium, having zero vector EM 
gradientcomponents. We have produced a purely scalar EM 
wave of pure potential — and this is an electrogravitational 
wave, rigorously, since it represents a time oscillation ofthe 
local energy density (local virtual particle flux density) of 
vacuum. This scalar EM wave passes through the electron shells 
and enters the nuclei, where it is phase decoupled by the extreme 
nonlinearity ofthe violent virtual particle currents of the nucleus. 
Its energy is then absorbed by the nucleus, raising it to an excited 
pseudopotential. This potential decays, returning the scalar EM 
stress wave into the local vacuum and area. We are now pumping the 
atomic nuclei of the nonlinear PCM material with our two pump 
‘waves, and we have created an oscillating local gravitational field 
around the PCM. 


This increased nuclear G-potential, looked at in Kaluza-Klein 
theory, is a S-space potential. It is ready to burst out in the Sth 
dimension (as electromagnetic bleedoff) at the slightest provocation, 
That provocation is the entrance and absorption of the input signal 
wave, Es. Note that Ey acts as an “initiator” (or a pinprick into a 
highly inflated balloon, if you will) on the built-up, excited 5- 
dimensional gravitational pseudopotential of the nuclei. The 
‘moment so initiated, the entire 5-space G-pseudopotential collapses, 
emitting a time-reversed phase conjugate replica (PCR) of Es. This 
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emitted, highly amplified PCR is labelled E5. It now "backtrac 
down the invisible trace through space taken by the incident stimu- 
lus wave E,, returning to the distant source that originally emitted 


without losses. Voila! The Soviet Launch Phase ABM system and 
the Soviet Launch Phase Anti-Bomber System, when used in con- 
junction with an over-the-horizon radar (such as the giant Wood- 
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Figure 36. Phase conjugation by four-wave mixing, 
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In terms of industrial assembly, the use of new mate- 
rials and the need for low-cost and large-scale fabrication 
techniques would be fostered by architectures more insen- 
sitive against geometrical errors and placement tnisalign- 
ments, Following this direction, EM coupling can be 
‘exploited instead of ohmic contact to connect antennas on 
a flexible substrate to Si chips or, more generally, to the 
active circuitry [85]. This technique exploits a planar 
heterogeneous transformer, with the primary and second: 
ary windings implemented on the antenna substrate and 
the Si chip, respectively. In this way, the galvanic contacts 
and the soldering process are avoided, and the final steue- 
tures have been proven much more robust to alignment 
errors than traditional ohmic techniques without any 
significant performance degradation, By artificially apply 
ing a misalignment of 150 jum, which is the common di 
ng pad, the technology proposed in 
rement of only 0.1 dB, due to the 
nent, while the same misalignment, when 


mension of a soldet 
[85] causes a loss i 
applied misali 
adopting ball grid arrays, would have implied missing the 
contact. This approach is quite attractive especially in 
combination with nonrigid materials where mechanical 
stress can result in significant substrate deformations. Re- 
cent contributions show the application of the aforemen 
tioned approach to inkjet printed antenna on PET 
substrate coupled to the chip for wireless nodes [86] and 
a textile patch antenna, magnetically coupled to the active 
Circuitry, suitable for garment integration (see Fig. 9) [87] 
the reflection coefficient of which is shown in Fig. 10. 

In order to testify the robustness of the proposed solu 
tion against uncertainties inherent to textile and garment 
electronics assembly, the radiation efficiency of the an- 
tena, asa function of horizontal and vertical misalignment 
of the two transformer windings, used to perform the 
‘magnetic coupling, is plotted in Fig. 11(a) and (b), respec 
lively. This technique can be extended also to interlayer 


communications of multilayer devices, and an example is 
documented in [88], where the circuitry fabricated on 
different garments communicates by means of overlapped 
coils 


YV. CHIPLESS APPROACH 


Ithas already been discussed that $$ represents a possible 
technology for the development of killer applications with- 
in the loT paradigm. Thanks to the convergence of several 
technologies, ranging from EH and sensing to RFID and 
LAE, SS can afford complex functions. For example, SSs 
‘can be used in intelligent buildings for structural moni- 
toring and alarms (fire, for instance). To achieve these 
goals, SS must be equipped with a huge number of tags, 
e monitoring a small portion of the surface itself 
The passive RFID systems can be divided into two 
families, namely, chip-based and chipless tags. The first 
family usually exploits a low-power compl 
oxide-semiconduetor (CMOS) chip to implement the 


each 


entary metal 


Fig. 9. Example of textile patch antennas operating at 2.4 Giz. 
‘The antenna and the ground plane are made of Flectron, 2 conductive 
textile, and the substrate is black foam. These materials are leible 
‘and integrable n the garments. Magnetic coupling is exploited to 
‘connect the antenna and the active circuitry on flexble substrate. 
‘After (871 


main tag functions [RF carrier rectification, de voltage 
regulation, amplitude shift keying (ASK) demodulation, 
Wentification code (ID) decoding, load modulation 
etc.] and thus can be adapted to sensor applications by 
a few additional circuit blocks [signal conditioning, 


Measured reflection coaficient Sy (#8) 


Frequency (GHz) 


Fig, 10. measured reflection coetficient of the previous textile 
antenna in the frequency band 2.4-2.48 Ghz. after (871. 
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«a SovietLaunch-phaseandmidcourseABMsystom 


b. Soviet launch-phase and midcourse ant-bomber system. 


Figure 97. Soviet launch: phase and midcourse strategic defense system. 
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peckers) to provide a reflection signal from a distant target. Voila! 
The true use of Soviet Stand-Off-Jammers to knock out enemy 
antiaircraft, air control, and anti-tactical missile radars wholesale. 
Voila! The Intermediate Phase ABM system, where a long range 
strategic radar is used to provide reflections from incoming targets. 
Fire and fire again!" is the rule, and 100% defense is directly 
achievable. Voila! How the Soviets knocked down Gary Powers’ 
high-flying U-2 reconnaissance aircraft. Voila! How SA-2 missile 
system radars were temporarily modified in North Vietnam to knock 
down several hot new F-111 aircraft. Voila’ How the Arrow DCS 
aircraft, Titan missiles, Delta rocket, and Ariane rockets were 
"electromagnetically surged” from inside to destroy them. Voila! 
Why the Soviets almost never throw away old radars, since they can 
now add PCMs and make them formidable destroyers of incoming 
targets. Voila! How one solves the ABM problems of discrimination 
and weapon kill; simply pulse-fire everything — nuclear material 
explodes in a full nuclear explosion when struck with potential 
pulses of sufficient magnitude and duration. 


Summarizing figure 36 and amplification ofthe phase conjugate 
replica: 

When we consider the addition of the input wave and the 
resulting phase conjugate wave that will be produced, we shall have 
a total of four waves. Thus this particular process is called four-wave. 
mixing.* 

On the diagram in Figure 39, A, and A, by convention are taken 
tobe the two opposing EM pump waves. Notice that these two pump 
waves stress the medium. Since the medium is nonlinear, it is a 
modulator. Hence the two pump waves modulate each other. The 
‘two waves thus lock together into a scalar EM wave. This scalar EM 
wave is an oscillating artificial scalar EM stress wave, and it goes 
directly into the atomic nuclei ofthe medium and pumps the nuclei 
themselves. 

The atomic nuclei are now rhythmically stressed with the 
oscillating scalar wave. 


‘Probably the best single introduction to optical phase conjugation inthe English language is 
David M. Pepper, "Nonlinear opal phase conjugation” Optical E 
Apr 1982, pr IS6-183. Especially eal Peppers foods on p. 166 
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We now input a weak signal (wave A.) into the "pumped nuclei" 
medium. 
By our CPTEGS rule, the positively- charged nuclei generate a 
negative energy/negative time wave—in short, a phase conjugate 
replica wave. Further, itis ahighly amplified PCR, and may contain 
‘as much raw energy as was fed into the pumped mirror by our pump 
waves. This "seeker wave" or "electromagnetic missile” wave then 
sets out on its invisible path through space, seeking a distant "Ay 
source point” and delivering all its energy intact to that point. 


The Phase Conjugate Mirror as a Vacuum Triode 

‘The pumped phase conjugate mirror (four wave mixing) can best 
be understood as a special kind of vacuum triode. 

The pumped artificial potential on the atomic nucleus provides 

a powerful cathode in positive time, and a powerful plate as well in 
negative or reversed time. The electron shields, in their spin 
coupling to the nucleus, act as a grid in positive time. The input 

signal Ajitselfacts as a relatively weak signal onto the grid ofthe 
triode. 

The positive charge difference in potential between the powerful 
pump potential of the nucleus (cathode, in forward time) acts as the 
plate voltage. The decrease of this potential when discharging 
(increase of the negative time, negative aspect) acts as the produc- 

tionofaplate signal othe negative time operation (productionof the 
amplified, time-reversed PCR wave). 

The excited nucleus immediately decays upon stimulus by the 
“grid signal” Ay, emitting a "time- and energy-reversed” strong 
signal — in short, amplified phase conjugate replica wave E,. 

The amplified phase conjugate signal moves from the cathode 
(nucleus) out to the electron shells and beyond, precisely because it 
is time-reversed. To a time-reversed signal, the grid (normal input) 

acts as the final plate (external output) — that is, in negative time, 

the elements ofthetriodearereversed. This makesitpossible forthe 
‘material to emit the powerful PCR. 
T have called this effectanalogy a vacuum triode, to accent the 
directengineering possibilities. Myassociateshavealreadyengi- 
neered this effect to obtain enormous amplification of energy ("ee 
energy" Jandpracticalantigravity ,fromsolid-statedevices,directly 
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on the laboratory bench, 

The actual "amplitude gain" ofthe vacuum triode is the ratio of, 
the amplitude of A; to the amplitude of A. The square of the 
amplitude gain is proportional to the power gain; this entity is called 
the nonlinear power reflection coefficient. 

Figure (38a) shows the typical nonlinear power reflection coeffi- 
cient for a pumped phase conjugate mirror, as a function ofthe input 
energy and the depth ofthe material. As the input signal increases, 
the gain increases. The ultimate condition would be that the "free 
oscillation” condition is approached. This occurs when the angle 
between the input wave Aj and the pump waves A, and A2 is 90 
degrees. 

Figure (38b.) shows the oscillation condition and the fraction of 
the total pump power that is in the input wave A, and its output 
phase conjugate replica As 

At the oscillation condition, an “infinite” gain exists at the 
correct depth in the medium. This means that essentially all the 
energy being fed into the pump waves A, and A; will now be emitted 
in the output wave A,. At that point, "saturation cutoff” ofthe triode 
output occurs, and it cannot output higher energy, since it has no 
more. 

Notice that, at the oscillation condition, for the slightest output, 
the full power of the pump waves is fed into the phase conjugate 
replica. This powerful wave then retraces the path taken by the 
original input signal, unless something else is done to divert it.* 

The interesting question then arises: Since we can have infinite 
‘gain, can we get a special oscillation condition so that the pump wave 
furnishes its own energy? In other words, can the pump wave 
resonate” with the vacuum flux in such a fashion that it is self 
pumping and self-perpetuating? 

In at least three materials, the answer is yes. Such effects have 
been experimentally accomplished in special forms of barium ti- 
tanate. See, for example, J. 0. White et al, "Coherent oscillation by 
self-induced gratings in the photorefractive crystal BaTiO," Appl. 
Phys. Lett., vol. 40, 1982. p. 450. 


“Roc thatthe PCR can be steered by introducing minute wave Asto vectorily sum with 
Input A, Ta that case, the eflcive input isthe vector resultant of(Av+ Ag) The appateat 
distant Source point and invisible vacuum path are shifted comespondingy 
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Phase conjugation is a universal phenomenon, Theoretically it 
applies to any sort of wave: electromagnetic, scalar, sound, mechani- 
cal, et 
physics can be accomplished. It is a new and exciting field, little- 
known outside specialist circles, and still not well-understood, Most. 
discoveries in the field are yet to be made.* 


Newton's Third Law and the Full Law of Entropy 

For example, the present author noticed that Newton's third 
law— for every action there is an opposite and equal reaction — is 
actually a result ofphase conjugation, To explain that, we diverge 
abit 

First, phase conjugation is also involved in the fact that a 
charged particle of mass is a little "dynamo" or engine 

Actually, a particle of mass is itselfa “nonlinearity” in vacuum 
spacetime. When a photon (virtual or observable) strikes a particle 
of mass and is absorbed by it, it's the same as "interacting with a 
nonlinear medium.” 

In terms of virtual photons, the charged particle is continually 
bombarded with them, from the vacuum flux. The charged particle, 
being a" 
photon, emitting a phase conjugate replica 

Hit absorbs a normal virtual photon, it emits a "negative energy, 
negative time” phase conjugate replica. 

Hit absorbs a normal virtual photon, it emits a "negative energy, 
positive time” phase conjugate replica — just a normal virtual 
photon. Note thatthe particle ofmass thus does not exist in ime. Or, 
itexists equally in positive and negative time. Since we only observe 
particles, it follows that time is not normally an observable, as 


jonlinear medium", phase conjugates each input virtual 


quantum mechanics has assumed. 

‘The emission of a phase conjugate replica does not affect the 
momentum of the emitting PCM, as is well-known. 

For an observable photon, the particle (nonlinear medium) 
absorbs the normal photon, which does not affect the energy and 
momentum of the PCM particle of mass. 

Ifthere is no other mass to accept the PCR, it just moves off. 


The US. muy finaly be waking up, SDLis mw starting to sudy EM misses "nthe 
‘imedoniin ss opposed to fsgteney, See Av. Wk. & Spurn Tech. Feb. 29, 988, p56, 
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Ifthere is another mas 
and phase conjugated by it. 

A charged particle in vacuum is continually bombarded by a flux 
ofessentially “randomized” fluctuations. However, on the average 
these all "average out” to zero. Any particle is automatically in a very 
high vacuum potential, and is in a state of great agitation at all 
times, even ifit's “at rest" with respect to ordinary observers. It's 
really "smeared all over the place,” so to speak. 

When we expose a charged particle to a normal potential, the 
interior virtual particle flux ofthat potential is disorganized. Hence 
the particle just "wiggles a bit more frantically,” so to speak, 
randomly in every direction. 

However, when we expose a charged particle to an artificial 
potential made by zero summed/multiplied EM force fields or waves, 
the particle wiggles more frantically in organized directions.* 

This is just as true for virtual particles as it is for observable 
particles. 

Thus the use of such artificial potentials in scalar electromag- 
netics enables us to overcome the disorder ofthe internal structure 
of normal electromagnetics. By this means, we can structure the 
‘vacuum, organize electricity and electromagnetic waves, accomplish 
negentropy, curve local spacetime in complex, deterministic fash- 
ions , produce free energy and antigravity, reorganize and transmute 
nuclei (transmute elements) with miniscule input energy, etc. 

Rigorously, this means that the present law of entropy is only 
half of the full law of entropy. Specifically, it is the "positive time, 
positive energy" half of the law, and it states that in closed real 
physical systems, continuing operations of ordered "positive time, 
positive energy” effects tend to inevitable "disordered" effects pro- 
duced in the apparatus or system. 

In other words, the present law of entropy really states that no 
ordered system is totally closed. ‘The system will inevitably have 
energy and actions that escape the system's order, and hence (to the 

system) this escape represents "loss of order” —orin short, disorder. 

‘The present law ofentropy specifically excludes (by implication) 


to accept the PCR, the PCR is absorbed 


* Le. the electronic nose is pantally organized. This ia major key toward building eal 
EM deictos. Ts alo a primary eause of many solid-state cgcuit malfunctions. The exact 
‘rnciple: (Random changes) + (aril potential) equals (chaos). 
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Figure 39. Photons have vitual substructures. These may be statistical or 
doterministe, 


negative time aspects, where external (disordered) energy time- 
reverses to again enter the ordered system, in perfect order. By 
implication, it also excludes negative energy production and opera- 
tions. 

However, experimentally we can produce both negative 
energy and negative time, in deliberately time-reversed 
operations such as phase conjugation and with devices thnt 
serve as phase conjugate mirrors. Further, we can amplify 
the phase conjugation and disorder-to-order operations. 

Hence the present law ofentropy is incomplete, and states only 
half the true possibilities. ‘The other half of the law is the law of 
negentropy. Inthis law, disordered operations outside the ordered 
system undergo time-reversed (and possibly amplified) effects. 
‘These reordered energy effects — which may be highly amplified in 
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comparison to the disordered escaped energy—reenter the "ordered 
system’restoring order. Since this process moves in negative time, 
it goes from disorder to order. Hence it is negentropic. 

‘Therefore we have solved the old thermodynamic problem ofthe 
"eventual decay of the universe into disorder.” Not to worry; the 
other halfofthe full law ofentropy prescribes negentropic operations 
in negative time/negative energy, and these restore the order of the 
universe, That takes care ofthe problem 

Italso means that, in highly disordered systems ofmany degrees 
of freedom and far from thermodynamic equilibrium (that is, when 
the disorder law is saturated), then one can expect to see further 
stress "create" negative time and hence create order emerging and 
stabilizing from disorder. 

And of course that is exactly what is seen. Ilya Prigogine was 
awarded the Nobel Prize in 1977 for writing a new thermodynamics 
predicting precisely such effects, and experiments have proved his 


But to return to Newton's third law: 
Newton abstracted his third law from the classical interaction 
between two colliding balls. 

Ifone ball is at rest and another approaches it at some velocity, 
the approaching ball carries momentum and kinetic energy. As it 

‘collides” with the resting mass, quantum mechanics tells us what 
actually happens: Particles ofmass in the moving ball are producing 
virtual photons continually, and these virtual photons strike the 
particles of mass ofthe resting ball and are absorbed by it. 

The resting mass now acquires extra energy and momentum 
from the absorbed photons. Atthe same time, it acts as a nonlinear 
medium. It produces phase conjugate replica virtual photons, and 
these time-reversed virtual photons are emitted. These photons 
produce no change in momentum or energy upon the emitting mass. 
However, being phase conjugates, they precisely follow back along 
the paths taken by the first or "stimulus" virtual photons, striking 
the moving ball. They are absorbed by that ball, producing (to the 
external observer) negative momentum and negative energy in it 
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‘These subtract from the kinetic momentum andkinetic energy ofthe 
moving ball, reducing them. 

The virtual photons emitted by the approaching ball perform 
positive work upon the target ball. 

‘The virtual, phase conjugated photons, emitted in return by the 
mass ofthe struck ball as a PCM, reverse to strike the approaching 
ball to do negative work upon it. 

Notice that twice as much absolute work is always done on the 
system of two balls as we “input” with the approaching ball. 

Also notice that, ifwe directly "engineer" the phase conjugation 
of the struck system, we can directly tamper with, and drastically 
change, the production ofthe negative energy and negative momen- 
tum in the moving ball. Hence we can drastically alter Newton's 
third law. We can now make a Maxwell's Demon. 
shes that itis perfectly possible to build 
ice. Though subtle mechanisms must be 
used, it's nothing more spectacular than putting a paddle wheel in 
ariver, and extracting shaft power from the wheel, furnished by the 
river's current. Phase conjugation yields other exciting possibilities 


(MUST INITIALLY PAY TO CONCENTRATE 
THE SPRAY PUMPS. THE SPRAY ITSELF 
IS FREE AND CONTINUALLY PROVIDED 
BY THE UNIVERSE, 


Figure 40. Once established, a vival river is for ree. 


Rosell et al.: Smart Surfaces: Large Area Electronics Systems for internet of Things Enabled by Energy Harvesting 
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Fig. 11. Variation ofthe radiation efficiency evaluated versus 
(4) horizontal and (vertical misalignment between the antenna and 
‘the circuit windings. This test allows the robustness of the antenna 
performances against mounting uncertainties inherent to textile 
‘lectronies tobe evaluated at glance After [871 


analog-to-digital converter (ADC), ete.]. The main advan. 
tage of such an approach is the digital modulation of the 
transmitted signal, and thus the flexibility of the related 
data treatment, as shown in [89] and [90]. The production 
costs of chip-based tags are mostly associated with the 
heterogeneous integration of the silicon chip with the 
antenna [85], [91], the latter being manufactured typically 
ton a flexible substrate or a textile substrate [92]-[97]. 

In order to reduce the aforementioned costs and to save 
as much energy as possible, solutions requiring minimum 
amount of electronics must be pursued. For this purpose, 
the chipless tag family was introduced and applied to 
wireless sensing in the recent years [98]-[103], Its worth 
recalling here that the introduced buzzword “chipless” 
stands for a family of tags that are actually able to imple. 
ment their functionalities by using only a few lumped 
‘components and passive distributed elements, without re- 
quiring any electronic integrated circuit (IC), the chip 
indeed, to be mounted. 


The standard chipless tags (Le., only coding and no 
sensing) exploit, basically, two mechanisms, namely, time: 
domain and frequency-domain scattering [64]. In the first 
case, the elapsed time between multiple reflections is used 
for coding. These reflections are obtained, at tag level, by 
connecting the antenna fo a transmission line structure 
with several discontinuities, In the second case, instead, 
the tag has a specific frequency signature that is decoded at 
the reader level; to implement such a behavior, a coded 
series of resonators is realized on the tag antenna in order 
to reflect or not the corresponding frequency. Both ap 
proaches (time and frequency domain) lead to tag circuits 
that ate not necessarily easy to miniaturize; nevertheless, 
itis worth noting that they are compliant with the LAE 
paradigm 

When dynamic sensor information has to be added to 
the static identification, we talk about chipless RFID sen 
sor tags; these exploit an antenna, the electrical properties 
of which are controlled by the change of the physical 
parameter tobe detected. There are, mostly, two proposed 
approaches for this. The fist one is to induce a permanent 
change in the antenna property when a certain critical 
threshold (acceleration, temperature, fluid level, etc.) is 
exceeded [104]; this is useful for alarm type operations 
‘The second one exploits a sensing load, ie, a load the 
impedance of which is controlled by the sensed variable, 
connected to an antenna [105]. In both cases, the whole 
wireless sensor system (tag and readet) needs to have 
absolute accuracy, thus limiting the system performance 
with respect to both distance and fabrication tolerances. 

‘different method has been recently introduced in 
{206}. inthis paper, a novel sensing principe is associated 
to the generation of an intermodulation signal fromm a tag, 
the latter being illuminated by two waves at different 
frequencies. The advantage of this idea is that the tag 
response is generated at a known frequency, thus the pre 
sence or the absence of such a signal can hardly be 
misinterpreted, Similar techniques have been used in har 
monic radar systems [107] and in one-it frequency daub 
ting tags [108] 

inline with the above ideas, a novel and completely 
original approach was proposed in [20] and [109] to solve 
the issue of absolute accuracy of the most ofthe passive 
chipless RFID sensors, The chiplss tag described in [105] 
isbased on the harmonic radar concept [110], [111] te. on 
2 tag that, being illuminated by a carrier at Frequent fo, is 
capable of generating the second harmonie 2 

‘simplified block diagram of the tag is illustrated in 
Fig. 12. For this purpose, the sensor information is en 
coded a the phase difference between two signals, one 
acting as the reference signal fr the other one. Fits, the 
tag receives a carrier at frequency fo. Then, two equal 
signals at frequency 2 are generated by means ofa diode 
based frequency doubler and a power divider. At this point, 
fone of the two signals is phase-shifted using a passive 
sensing element. Finally, the 2, signals are reitradiated by 
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OBSERVABLE POWER 
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Figure 41. Local energy conservation can be violated 


Figure 42. T.H. Moray adjusts the controls of his radiant energy device. Salt Lake 
City, Utah, in Feb. 1837. Moray obtained 50 kilowatts of power from a 55-1. device, 
siralgt from the ether. is characteristics (cool circuits, brillant it lamps) reveal 
that It was negative energy. 
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{oo numerous to explore here. For just one example, by phase 
conjugation, real-time holography can be accomplished without 
having to separately make and illuminate the holograms, 

Now with holography and multiple projectors — and particu- 
larly with two intersecting "normal" beams to backtrack upon wit 
ever-converging PCR signals—you can assemble a "form ofenergy 
at an appreciable distance from the projectors in three dimensional 
space. With phase conjugation, you can do itin real time. And you 
can do it ata great distance back along the path of any signal you use 
as an input. 

By using PCM holography, degradation with distance is not 
appreciably experienced. Afterall, the PCR waves utilized are ever- 
converging. The energy does not diverge and spread. ‘Therefore, if 
you can make a 6” diameter ball of intense EM energy at a short 
distance in the laboratory, you can make that same 6” diameter ball 
of intense energy at several thousand kilometers distance, using 
PCR real-time interference holography. 

With highly amplified PCM's, you can put far more energy into 
the distant interference form than you can with normal holography. 
Conceivably itis possible to assemble so much energy in the holog- 
raphy “object” that it condenses into areal material object! In other 
words, it materializes or semi-materiali 

Both the “intense light form” usage and semi-mate 
forms (such as light forms, flying geometrical forms, etc.) ha 
created worldwide by the Soviets for decades, to stimulate UFO 
reports and provide a deception plan for their development and 
testing oflarge, strategic energetics weapons using highly amplified 
PCMs and PCR holography.* 

Other bizarre considerations also arise. For example, in radi- 
—such as a photograph—ofithe object 
one is attempting to send "energy" to. (For example, this might bo 
a sickly plant one is attempting to spruce up). Now when the plant 
was photographed, the light from it struck the photoemulsion of tho 
film, producing a photochemical reaction. It also produced phase 


‘For an example ofhighly reliable detection and observation of "Soviet holography UFOs, 
sce Leif Havik, "Project Hessdalea," MUFON UFO Journal, Jan. 1988, p.4-7. The present 
Author ceraily does not imply that all UFO phenomena are due to Soviet PCR hologeapy 
‘only that some UFO phenomena are. 
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conjugation in the atomic nuclei of the film emulsion, since the 
emulsion acts in some respects as a nonlinear medium 

There exists a continuous, invisible "stimulus photon and its 
connections” trace in time and space, between the plant when the 
photo was taken and that photo now, even ifone or both ofthem have 
moved. That trace is highly persistent (as Australian experimenters 
Reid and Barsamian have shown). A phase conjugate (time-re- 
versed) signal can be made to retrace that track and travel all the 
way back to the plant, in the present. The effect of using the photo 
(or sample of the object) as such a "witness" of the real plant and 
directing weak PCR energy back along the invisible trace into the 
object is called radionics. In most cases, the two cerebral hemi- 
spheres ofthe operator's brain are depended on to form the necessary 
scalar "pump wave" to pump the "witness" and produce phase 
conjugated signal energy, time-reversed to travel back into the 
distant object* 


‘The problem with present radionics is that its far too weak, and. 
it is "operator dependent", changing with the mood, temperament, 
and skill ofthe operator. It does objectively work, however, though 
Often erratically. In countries such as England, France, and Ger- 
many, use ofradionics to treat human disease is legal and permitted, 
though operators (for example, in England) must undergo extensive 
training and certification. Its results are roughly comparable to the 
results of normal medical doctors. Radionics does not replace 
orthodox medicine. It can successfully treat certain things that 
orthodox doctors have little or no success with (such as lupus), and 
orthodox medicine can successfully treat many things that radionics 
has little success with (a broken leg or ruptured appendix, for 
example). The two treatments are best used in conjunction with 
each other. 

However, we must point out that a new, amplified PCM radion- 
ics is likely to emerge inthe near future. Such a new approach will 
offer highly effective, powerful treatment of diseases, even at a 
distance, by amplified PCR electromagnetics. Again, the radiation 
in and from a photo or witness of a diseased patient can be used as 
a “grid signal” into a powerful, pumped phase conjugate mirror. The 


-Aguin recall that we observe time-reversal of waves as spatial path reversal, nota time 
travel 
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PCM will produce a specific, powerful, amplified signal that will 
travel directly to the patient, be absorbed in his entire system, 
including the atomic nuclei comprising his cells, and directly reverse 
the chemistry, toxins, and cellular damage in the patient from that 
disease. Itwill also kill or destroy the harmful viruses, bacteria, etc. 
causing the disease, and it can even reverse the actual genetic 
changes in the cell caused by disease-inducing viruses. 

Ofcourse, any powerful tool is two-edged. It can be used forharm 
as well as good. I think the reader can appreciate the damage that 
can be done to systems and persons at a distance by means of such 
powerful new amplified PCM radionics devices. 

You can also see the security problems posed to large comput- 
ing facilities in banks, federal facilities, state and municipal facili- 
ties, the IRS, U.S. military weapon systems, ships, aircraft, etc. 

Obviously such devices are going to have to be highly regulated 
and controlled. Else criminal operators will be killing people and 
destroying things wholesale, secretly and at a distance, and they will 
have perfect legal alibis to allow them to escape prosecution. 

To summarize: ifa photograph or witness pattern ofan object or 
person can be correctly stimulated by phase conjugate electromag- 
netics so that the emulsion acts again as a PCM, can one not argue 
that—theoretically — phase conjugate energy from the photograph 
and the instrument can be sent back along all paths, all the way back 
to the original object? After all, this has been rigorously demon 
strated by University of Sydney researchers. Is there not an actual 
physical mechanism for radionics? For highly amplified, powerful 
radionics where the operator himself is removed from the circuit? 
Just because it changes our present notion of physical reality, must 
we dogmatically reject the results being shown on the laboratory 
benches, some of which are in the hard-core scientific literature? 


Phase conjugation and time-reversed engineeringhaye a 
diversity of applications unparalleled in the history of sci- 
ence. They literally present us with a new physics. New rules 


apply. 


Most of the major discoveries in phase conjugation have yet to 
be made, 
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Scalar Electromagnetics 

The scalar electromagnetic approach modifies classical electro- 
‘magnetics (EM) to include gravitational waves and effects. 

To do this, scalar EM utilizes summed-zero vector forces and 
force fields to construct polarized vacuum potentials. 

Although externally it has zero E and B vector gradients, an 
"artificial" potential possesses an internal, dynamic E and B vector 
field structure. This "infolded” (Bohm's term) structure has finite 
size and is deterministic. The infolded structure of the artificial 
potential in turn deterministically structures and polatizes the 
vacuum and curves spacetime locally, contrary to presently as- 
sumed limitations of general relativity. 

Since in free vacuum a potential normally extends to infinity in 
a decaying exponential fashion, then this infolded E and B vector 
structure of an artificial potential extends to infinity in a decaying 
exponential fashion. 

‘The artificial potential itself may be rhythmically varied either 
in structure, magnitude, frequency, or all of the above. This pro- 
duces waves of potential, and waves of the structure of vacuum/ 
spacetime — again, in the free vacuum case, reaching to infinity in 
a "decaying exponential” fashion. These "scalar EM waves" are 
gravitational waves. 

Each photon (one major wave length of the "carrier", complete 
with modulations) of the scalar EM wave also has structure (its 
included modulations). 

Modulated waves have compound or "giant" photons — photons 
containing infolded photons. 

Each compound photon of such a scalar EM wave is a 
vacuum engine. It deliberately structures and patterns — 
dynamically — the energy density and charge of vacuum. 


(1) By canonically varying two or more components of the 
electromagnetic vector structure of the zero-summed EM force 
vector system, the local structure of vacuum spacetime is macto- 
scopically varied in its internal composition. This is the compound 
variation of "curvature within curvature" —and hence hyperdimen- 
sional. 
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Table 29, A ZERO VECTOR SYSTEM. 


+ IS AN ACCUMULATOR 

+ DOES "INTERNAL" WORK ON MEDIUM 

+ HAS NO "ENERGY" EXCEPT STRESS 
OF VACUUM, YET 

+ CAN YIELD THE ENERGY OF ITS 
COMPONENTS WHEN DISSIPATED 

+ IS A SPECIAL SORT OF "PUMP" 

+ CAN YIELD CONTINUOUS ANENERGY FLOW 
IF NOT DISSIPATED 


(2) By prohibiting internal canonical variance while coherently 
varying the amplitudes ofall the EM components, the total stress of 
vacuum/spacetime — and hence its overall curvature — is locally 
varied, without modifying its structural form. This is simple vari- 
ation of overall curvature of local spacetime, involving primarily 
relativistic effects 


Rigorously, each of these two methods produces a localized 
gravitational wave, where the local stress of vacuum is deliberately 
patterned as well as oscillated in amplitude. 

Both methods may be applied simultaneously (and multiple 
infolded times) to produce an even more sophisticated gravitational 
wave, and more sophisticated structuring of the local stress energy 
density of vacuum. 

The resulting unified clectromagnetics/gravitation is called 
scalar electromagnetics, since the electrogravitational effects are 
obtained by deliberately opposing EM vector force fields so that they 
vectorially sum or multiply to a zero vector EM resultant, while the 
infolded (Bohm’s term) EM vector components structure and vary 
the stress energy density of vacuum.* 


‘Gravitational potential is just "in folded and locked in” dynamic electromagnetic ores, The 
Infolded EM energy is locked, representing a change in the lel energy density of vacuum 
tnd hence a curvature in spacetime. Electromagnetic foc fields are just the out folding of 
the G-potential's inner EM contents into the Sth dimension. “Ordinary gravitational free 
Heid isjust the “wickle leakage” ofthe G-potential's ined contents, out into and though 3 
space 
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Note immediately that scalar EM also deals with internally 
structured and patterned electricity and electromagnetism. 

"Normal" electromagnetics has no deterministic internal struc~ 
ture. 

The new electrogravitational (EG) wave is called a scalar EM 
wave, and is believed to have been originally discovered by Nikola 
Tesla, 

James Clerk Maxwell was aware ofthe potential for electromag- 
netics to stress and structure the vacuum ether. 

His original electromagnetic theory — written in quaternions, 
‘not vectors (which had not yet been completed by Oliver Heaviside) 

- can allow for these effects to be expressed. 
Unfortunately Heaviside’s interpretation of Maxwell's work 


Table 20. STRESS IS FUNDAMENTAL 


+ THE MOST FUNDAMENTAL REALITY IS STRESS 

+ THE COMPONENTS COMPRISING STRESS ARE THE GREAT 
CAUSATIVE AGENTS 

+ MOST OF THESE ACTIVE AGENTS ARE HIDDEN INSIDE 
ZERO-VECTOR SYSTEMS 

+ THE COMPONENTS OF STRESS MAY BE STATISTICAL OR 
DETERMINISTIC 


Ca) 


fuacuum 
LINEAR {SPACETIME 
(CHARGE, 


figure 43. Charge affects anything existing in spacetime. 


137 Extraordinary Physics 


eliminated these effects, and they have remained eliminated from 
the Western EM theory to the present day. 

The use of the scalar EM wave directly engineers the virtual 
state and the vacuum itself. 

Hooper's work represented important work in this respect, as 
does other related experimental work by Bedini, Watson, Golden, 
Dea, Faretto, Beck, and other inventor colleagues who do not wish 
their names mentioned 

Scalar EM theory also bears a strong relationship to the Kaluza- 
Klein unified theory of gravitation and electromagnetics. At least 
five dimensions — four spatial and one time — are required as a 
‘minimum, 

Nested levels of virtual state may be modeled as identical to 
successive hyperspaces. 

Internested levels of zero-summed vector EM force fields allow 
the direct engineering of those hyperspaces. 

Negative energy and negative time floware especially important 
when building free energy devices and antigravity. The mechanism 
producing negative energy and negative time flow is the forced 
amplified production and absorption of phase conjugated waves. 

In addition, phase conjugation is abasic phenomenon of nature: 
for example, as previously pointed out, it is the direct mechanism 
that generates Newton's third law of motion. It also adds a negen- 
tropy law (for negative energy/negative time). 

Accordingly, if we engineer phase conjugation, we can change 
Newton's third law to our will. And we can invoke the negentropy 
halfofthe total law of entropy, so that we can go from disorder back 
to order. Again, we can make a Maxwell's Demon at will! 

In Newton's third law, when manipulated locally, the reaction 
force need not necessarily be equal in magnitude to the action force 
It also need not necessarily be parallel to it. It can even be phase 
conjugated itselfto yield an addition force, assisting the propelling 
of a particular engine or device. 

Phase conjugation may also be manipulated so as to cause like 
‘magnetic poles to attract, and unlike poles to repel. 

“Magnetic "force field lines” of a bar magnet normally exist in 
conjugate co-existing pairs. One ofthe pair is in observer positive 
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time, and (by convention) runs from the north pole to the south pole. 
‘The second line ofthe pair is a phase conjugate ofthe first, and exists, 
in negative observertime. Thus, to the "positive time only" observer, 
it will appear to run from the south pole to the north pole, perfectly 
retracing the path ofits twin, 

Howard Johnson uses a "two particle” theory of magnetic field, 
for example, where one particle (photon) is the phase conjugate ofthe 
other. This is identically the same as the scalar electromagnetics 
concept of phase conjugate pairs of field lines. By very complex, 
specialized, compound permanent magnets, Johnson is able to 
partially separate the two lines, and spatially concentrate or dimin- 
ish the phase conjugation (negative time) component in a given area 
of operation. 

If the negative time component lines are concentrated to out- 
weigh the positive component lines in a local region, then the laws 
of magnetics are reversedin that region. There like poles attract and 
unlike poles repel. 

In his rotary permanent magnet motor design, he concentrates 
the negative time component in that part of the rotation where a 
north rotor pole is approaching a north stator pole. Normally. 
part of the cycle, one has to overcome the repulsion of like poles to 

"force energy” into the device for later extraction. 

However, now in that region like poles attract. There the north 
pole of the rotor is attracted toward the north pole of the stator, 
adding impetus to the rotor. 

‘As the rotating north pole passes the stator north pole, it leaves 
the region of negative time concentration and returns to a normal 
"positive time” region again, Now the north poles repel again, and 
impetus is again added to the rotor. 

In that manner Johnson is able to violate local conservation 
energy, and make a "free energy” permanent magnet motor. The 
motor will rotate itself and deliver constant shaft power to a me- 
chanical load. By attaching a standard electrical generator, normal 
electrical power is continually and freely produced by the complete 
motor generator power system. 

Johnson's complex nonlinear magnets severely curve local 
spacetime, allowing local violation of energy conservation. 


139 Extraordinary Physics 


Scalar EM View ofthe Vacuum 

In the modern quantum mechanical view, the vacuum is not an 
emptiness, but instead is a plenum. 

Today the vacuum is considered to be filled with incredible 
virtual particle activity. From nowhere, virtual particles continu- 
ally arise — even with fierce energy — then disappear ag 
nowhere, so rapidly that they cannot be individually observed. 

However, these virtual particles are quite real, forthey cause all 
the forces of nature when they interact in the aggregate with 
observable particles. 

Tothe observer, the fleeting particles also appear and disappear 
in both positive time and negative time. Thatis, the flux consists of 
both particles and antiparticles. 

“Thus the vacuum is a seething infemo of virtual particle fluxes. 

‘The concept of an ether is again accepted. It refers to this 
"virtual flux” Vacuum, 

Note, however, that this is an ether far different from the old 
material ether that was theorized prior to relativity. 

In the new vacuum ether, every imaginable type of particle 
continually and spontaneously arises (creation) and disappears 
(annihilation) at every point in the vacuum, according to modem 
quantum mechanics. 

The rate of this seething virtual particle creation and annihila- 
tion is essentially unlimited. Hence the "flux density” of vacuum is 
essentially unlimited. 

Further, any virtual particle created has a flux of even finer 
virtual particles associated, and so on without limit. 

‘The vacuum's virtual particle flux is thus comprised of nested 
levels of ever finer virtual particle fluxes, in the modem view. We 
state without proof that each deeper virtual level may be 
modeled as a higher dimension (hyperdimension). This 
yields an infinite-dimensional vacuum spacetime (hyper- 
space) that is identically the infinite nested levels of virtual 
state. 

‘At the same time, every nucleus in the universe is continually 
absorbing and emitting scalar EM (electrogravitational) waves. The 
emitted scalar EM waves of pure potential are waves in the stress, 
and structuring of the vacuum itself. 
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exploiting two orthogonally polarized antennas. With this 
approach, the sensor information can be extracted by a 
Suitable reader equipped with two complex (1/Q) receivers. 
It must be observed that chipless tags, due to their in- 
herent simplicity and extremely low number of lumped 
components, are easily realizable on flexible substrates by 
means of metal laminate [29], [30] and inkjet printing 
technologies. In particular, antennas [112], diodes [113), 
and passive sensing elements [114]-[117], ie. all the main. 
tag components, have already been experimented in 
cellulose-based materials. This will soon make SSs, equipped 
with sensing chipless tags, feasible at affordable prices. 


VI. QUASL-OPTICS 


“Quasi-opties concerns the propagation of EM radiation 
when the size of the wavelength is comparable to the size of 
the optical components (eg. lenses, mizrors, and apertures) 
and hence diffraction effects become significant” [118]. 

In optics, operations are usually performed by using 
lenses. At EM frequencies, by following the quasi-optics 
analogy, lenses become large arrays, several wavelengths 
in size, of unconnected elements, each of them being able 
to get part of the signal incident on the array (usually 
focused by using a Gaussian beam), to carry out an ope 
ration and to irradiate the modified sigual. The sum of the 
radiated signals modified by the array elements ends up in 
4 radiated beacon elaborated with respect to the incident 
fone [118]-[120]. From a historical point of view, quasi: 
‘optics was first introduced experimentally by Heinsich 
Hertz in the late 1880s [120] when he demonstrated the 
possibility of collimating EM signals on a multiwavelength 
surface by using cylindrical reflectors and studying effects 
that, until that time, were observed only at infrared and 
visible EM spectrurm. 


‘Smart Surfaces: Large Area Electronics Systems for internet of Things Enabled by Energy Harvesting 


After mote than 70 years, owing to the increasing 
demand for bandwidth and to the development of optical 
wavelength systems, quasi-optics experienced its palin- 
genesis at the millimeter and submillimeter wavelengths 

‘We can classify the quas-optical components into three 
main eategories: fkequency independent, frequency selec- 
tive, and active devices. Frequency-independent surfaces 
include: delay lines, polarizing grids, hybrid junctions 
[121], attenuators [122], power dividers [123] and combi- 
ners [124], nonreciprocal devices [125], [126], absorbers, 
and calibration loads. Frequency selective surfaces [127]- 
[129] include: inductive grids, capacitive grid, resonant 
sds, thick structures (perforated plates), and interferom- 
eters. Active devices include: oscillators [129], [130], am- 
plifiers [131], [132], mixers [133], [134], phase shifters 
{135}, [136], multipliers [108], (137]-[139], and switches 
[140]. This approach has been used so far mainly at milli 
meter and submillimeter frequencies because, being the 
size of the apparatuses proportional to the wavelength of 
the radiated wave, lower frequencies would have been 
probibitive due to the very large size required. With the 
present development of technologies for LAE, however, 
quasi-optics has become a feasible approach even at RF and 
microwave bands, where large arrays of operational ele- 
ments can be conceived. 

Inheriting the quasi-optical approach, contactless EM 
‘wave processing (itering, frequency conversion, selective 
shielding, etc.) can be implemented even at low frequen 
cies (in the order of megahertz). Two pioneer examples are 
switches [140] and the cross-dipole frequency doubler, 
proposed in [108], and implemented in [141], where, 
among various operating principles, the generation of 
harmonics is chosen to demonstrate the feasibility of such 
a component at microwave frequencies 

‘The layout of the proposed quasi-optical frequency 
doubler is shown in Fig. 13. The structure is inkjet printed 
‘ona cellulose-based substrate (a piece of photografic paper 
from Kodak). It consists of two crossed 2/2 dipoles. The 
longest dipole receives the incoming power at the 
fundamental frequency fy = 35 GHz, while the shortest 
fone transmits the generated power at the doubled 
frequency 2f, in an orthogonally polarized orientation 
‘The length ofthe dipole operating at fy is 32 mm, while the 
2o dipole is 16 mm long. The width of the tracks used to 
implement the dipoles is about 2 mm. The multiplication 
is provided by four diodes in a bridge configuration, thus 
forming a fully balanced multiplier unit. 

Due to the omnidirectional nature of the dipole an- 
tenna, the harmonic sigual is irradiated with the same 
intensity in the azimuthal plane (small differences are due 
toboth the dielectric substrate and the planar nature of the 
dipole conductors). This means thatthe harmonic signal is 
reflected toward the reader and the transmitter toward 
other directions at the same time. A measurement of the 
received power at 2f = 7 GHz is reported in Fig. 1(b). 
Here the interrogation distance is 10 cm and the 
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VACUUM IS IDENTICAL TO: 


+ VIRTUAL PARTICLE FLUX 
+ SPACETIME 


+ ANENERGY 
+O 
mv + MASSLESS CHARGE 
+ MADE OF UNQUANTIZED ACTION 
+ WITHOUT DEFINITE LENGTH INTERVALS. 


+ WITHOUT DEFINITE TIME INTERVALS 
+ N-DIMENSIONAL (UNFIXED) 


VACUUM IS: 


Figure 44. Vacuum'spacetime is pure virtual partici fix 


Table 31. VACUUM IS: 


+ SPACETIME (L"T, WHERE n >= 3) 

+ CHARGE (MASSLESS) 

+ ELECTROSTATIC SCALAR POTENTIAL 
@, +0) 


(ERROR IN PRESENT THEORY) 
+ BROKEN BITS OF ENERGY (SUBQUANTAL) 
+ PURE VIRTUAL PARTICLE FLUX 
@ -WAVE FLUX 
+ MULTILEVEL, STRUCTURED, PATTERNED 
+ AVIRTUAL PLENUM 
+ AN OBSERVABLE EMPTINESS 
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VIRTUAL 
PARTICLE 
, FLUX 


CHARGED PARTICLE 
— ATTACHED TO FLUX 
BY ITS SPIN 


Figure 45. A simplified charged particle 
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SPRAY IS THROUGH 4 OR MORE DIMENSIONS, NOT JUST 3 


Figure 46. A charged particle e a special kind of “spray nozzle.” 
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Figure 47. An observable charged parce is directly connected to vitual particle 
vacuum flux 


Table 32. SPIN COUPLES VACUUM TO PARTICLE 


+ SPHERICAL ROTATION IS THE KEY 
+ A PARTICLE CAN BE MODELLED AS 
A SPHERICALLY ROTATING VORTEX OF SPACETIME 
+ ITS MASS IS DUE TO ITS SPIN 
+ THE SPINNING OBJECT IS CONTINUALLY CONNECTED 
TO ITS ENVIRONMENT 
+ VERY HIGH VALUES OF ELECTROSTATIC POTENTIAL 
CAN INDUCE RELATIVISTIC CONDITIONS 
+ CHANGE RATE OF FLOW OF TIME 
+ EVEN THOUGH VELOCITY IS NONRELATIVISTIC 


EP, BATTEY-PRATT AND T.J. RACEY, 
"GEOMETRIC MODEL FOR FUNDAMENTAL PARTICLES," 
INTL, J. OFPHYS.19. NO. 6, 437-475, 1980 
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‘Vp>0 IMPLIES A MOVING RIVER, AND THE 
CHARGED PARTICLE I$ “HOOKED TO” THE RIVER 
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Figure 48. Ina flux gradient (vitual particle river), a charged particle moves itsel. 


Figure 49. A natural potential is a disorganized change inthe stress of vacuum. It 
has a random virtual substructure. 
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POTENTIAL- 


Figure 50. An antici potential is an organized change inthe stress of vacuum. It 
thas a deterministe virwal substructure, 
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Figure 51. Gravitational potential is a conglomerate of stresses, organized or 
disorganized 
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Figure 52. EM force folds are releases of gravitational potential via observable 
charged mass flows. 


Table 33. RESIDUE UNIVERSE, RESIDUE SCIENCE 


+ VECTORIALLY, STRESS IS SUM-ZEROED 
+ THE VECTOR FORCE FIELDS REPRESENT NON-ZERO 
GRADIENTS IN MORE FUNDAMENTAL STRESS 
FORCE FIELDS ARE THE RESIDUE LEFT OVER FROM THE 
SUM-ZEROED STRESSES 
+ PHOTON INTERACTIONS ARE FORCE-FIELD INTERACTIONS 
+ PHOTON-DETECTED REALITY IS ONLY "FIRST ORDER.” 
IT SHOWS ONLY "RESIDUE-LEVEL" REALITY 
+ WE HAVE BUILT A "RESIDUE SCIENCE" AND A 
"RESIDUE PHILOSOPHY" BASED ON FORCE FIELDS AND 
PHOTON DETECTION 
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Hence at every point in the vacuum, an intense flux of these 
scalar EM waves, with concomitant interferences, exists — in both 
positive and negative observer time. 

‘This scalar EM flux causally drives (constitutes) all the 
enormous quivering of the vacuum spacetime medium itself. 
In other words, it drives subquantum (virtual) change, 
which in turn drives quantum change. 

This is a drastic reorientation of quantum mechanics. In scalar 
EM, we view that the virtual flux of vacuum is causally driven or 
created by interacting scalar EM waves. This replaces the present 
view that the virtual flux is entirely chance. It opens up the direct 
engineering and structuring ofthe vacuum — and hence the atomic 
nucleus — by scalar EM means. 

However, it does not replace the normal statistical nature of the 
basic changes of the background vacuum medium. We normally 
have little or no knowledge of the myriad of drivers that cause the 
basic background waves of that medium. We may, however, delib- 
erately create special vacuum potential waves which are determin- 
istic, and which we have knowledge of, 

To the observer, from a purely statistical viewpoint, in this 
violent vacuum flux any and every finite pattern of virtual particles 
is also continually being momentarily created and destroyed — and 
at every level and in every hyperdimension. 

Thus, inthe vacuum there continually exists —at any and every 
point, and in any and every region — the ghostly image of anything 
and everything, whether in the past, present, or future; and whether 
potential, probabilistic, or actual. Even everything that could have 
been in the past but wasn't, or might be in the present but isn't, or 
couldbe in the future but won't be, is continually present in thin, 
ghostly form. 

Rigorously, the universal vacuum may be taken to be a sort of 
giant hologram, for the whole is in each part, albeit in ghost-like 
‘manner. Everything that is, or was, or shall be; and everything that 
could be but isn't, wasn't, or shan't be; already exists at once, 
anywhere and everywhere, in this ghostly, holographic, virtual 
state. 

‘We point out in passing that, conceivably, one can engineer any 
part of this "potential for reality.” That is, one can directly engineer 
physical reality itself, in the scalar EM view 

Al that must be done is to amplify (continuously and coherently 
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Figure 53. As beyond (without), s0 within. Hyperspaces are internested vitual 
slates, and rotated orthogonal frames. They are also substructures within and of 
vacuum state potentials 


MASS 


Figure 54. Internested levels of virtual state vacuum interact with neutino, photon, 
and mass. “Thought” or “mental state" refers to the third and more levels down in 
Vieual state 
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655. Virtual state paterns are absorbed and emited by the atomic nucleus. 
The built-up nuclear "charge" in that particular pattern is a paral potential — for that 
patter only 


Figure 58. Nuclei ofthe universe continually exchange scalar EM waves and vitual 
panicle fluxes. 
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* HEAVY NUCLEUS RELATIVELY UNAFFECTED 


* MACROSCOPICALLY. MASS APPEARS 
STABLE AND "BRICK-LIKE" 


~ SPECIAL RELATIVITY APPLIES 


Figure 57. First order realty. Roughvhewn by observable photon interaction with 
‘lect shels ofthe atoms of physical mass. This process is "physical observation * 
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Figure 58. Higher order (hyperspatia) really. It exists as stored inthe potentials ot 
the atomic nucle of physical mass. 
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of croezed dipoles, This structure implemented on a Rogers 
substrate, but this can be substituted witha cellulose-based material 
‘to,educe costs and obtain mechanical flexibility. 


Received power [dBm] 
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Fig. 13. Cellulose-based prototype of the (a)crossed-dipole frequency 
‘doubling tag and (b) measured second-harmonic response. The 
‘measurements have been caried out interrogating the tag at 

Yq ~ 3.5 Ghz and receiving the 21, ~ 7 GHz frequency component. 
The interrogation distances 10 em, and the transmitted power is 
‘equal .020 dam. The transmitter is equipped with a two-element 
Yagi antenna at fo, while the receiver uses a helix antenna a 2 

The fundamental frequency dipoles 32 mm long. after [41]. 


transmitted power is equal to 20 dBm, The transmitter 
(ceader side) is equipped with a two-element Yagi antenna 
at fo, while the receiver (veader side) uses a helix an- 
at 2fy. In these conditions, the power received from 
the cellulose-based (paper) tag prototype at 2fo is about 
80 dBm. The same structure implemented on a plastic 
substrate produces more power, mainly because of a better 
frequency tuning. An improved efficiency could be 
achieved by: 1) adopting a frequency multiplier with better 
harmonic terminations; and 2) using directive antennas in 
order to address the power only toward the reader. 

In the frame of the IoT, the crossed-dipole tag is a very 
simple one-bit tag that can alarm a system when itis placed 
within the range of the reader. However, with very simple 
‘modifications, this idea can be used to implement a variety 
of onjoff sensors (the paper substrate can be easily torn 
when a certain mechanical strain is exceeded). 

‘The crossed-dipole structure can also be used as a 
building block to form arrays, an example being shown in 
Fig. 14. These arrays are mainly intended for LAE applica: 


tions where a complete surface can be interrogated and 
answered by generating a harmonic signal. The fabricated 
prototype uses a Rogers substrate, thus it is not flexible. 
However, adopting a cellulose-based substrate, a flexible 
structure ean be built. The bending capability of cellulose 
based circuits is quite good and only limited by the discrete 
components mounted on them, 

The second example consists of a paper-based contact: 
less frequency doubler for harmonic REID applications 
[142]. The doubler, realized on paper substrate, generates 
the harmonic signal by means of a single Schottky diode. 
"The system operates at 7.5 and 15 MHz, and these fre 
quencies are chosen, without lack of generality, to accom: 
plish the realization of a fully organic frequency doubler 
exploiting paper printed coils and organic diode 
(pentacene-based), the present frequency limit of which 
is around 15 MHz [143]. Fig. 15 shows a picture of the 
organic tag, while Fig. 16 shows the doubling efficiency of 
the organic tag versus transmitting/receiving. (TX/RX) 
distance, assuming TX power as parameter (fr the sake of 
completeness, it is worth noting that TX and RX antennas 
of the reader are equal to the RX and TX antennas of the 
tag, respectively), 

‘Asa final remark, it is worth noting that, to the authors 
knowledge, only planar developments of quasi-optical arrays 
have been proposed so far; reasonably, combining quasi: 
‘optics with LAE related technologies can lead, in the near 
future, to new SS solutions only i a limited planar extent. 


VII. SMART FLOOR 


‘The new concept of smart cities is generating a group of 
new scenarios that will impose a new way people interact 
‘with the envionment. This immersion brings the loT to a 
new level of relationship with people and environment, 
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add energy to) one of these "ghost images" virtual state forms. In 
that case, the form becomes "denser and denser,” until eventually it 
starts to breach the quantum threshold. At that time, the form will 
be seen emerging as a sort of "coalescing form of light,” where the 
light seems to be forming in little "chunks" or pieces. As the 
coalescing operation continues, the light-form will eventually be- 
come fully formed. Ifit continues, it will start to coalesce further into 
thin, ghostly material form, appearing much like a faint fog-form. 
With continued coalescing, it will become a very solid, material form 
which exerts pressure on tree limbs, breaks them, leaves traces, etc 

Long ago I dubbed this process kindling. Itis rather widely met 
in paranormal phenomena of many types. 

But back to the basic idea of ghostly images in the virtual states 
of vacuum, 

Inthis view, Everett's many-worlds interpretion (MWD of quan- 
tum mechanics is literal and real, albeit the additional worlds are to 
bo taken as virtual and hyperdimensional to the laboratory observer. 

(itis rather simple to show that ever deeper, nested levels ofthe 
virtual state are exactly the same thing as ever higher dimensions. 
By “rotating” an object in many-dimensional space, one can show 
that, after three rotations, a physical object has lost all physical 
intersections with our normal 3-space, to us now only occupying 
time. Since this is the precise characteristic ofa thought form, Lused 
this phenomenon and spatiotemporal model to make a multidimen- 
sional space model directly including thought, mind and matter. 
That is, one is thus able to form a unified field theory of mind, 
thought, life, and matter — a model that is testable, makes predic- 
tions, and actually unites physics and metaphysics. That work and 
plications, however, are largely beyond the scope ofthis book.) 

It is stressed that the basic scalar EM image (interpretation) of 
reality is directly implied by quantum mechanics. It is not idle 
Other than the scalar EM wave causality for the 
tical microscopic dynamics (and the extended model 
unifying mind, thought, life, and matter), it is not the construct of 
this author. Instead, it follows from interpretation ofthe equations 
and axioms of quantum mechanics (QM) itself, as changed and 

extendedbythe" zero vectorsystem” dynamics, 
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Charge, Potential, and Curvature ofthe Vacuum/Space- 
time 

The flux of one type of virtual particle through a point in the 
vacuum may be examined. 

‘Asingle type of virtual particle flux (VPP) at a point constitutes 
‘one particular type of charge at that point. For example, the flux of 
virtual photons constitutes the electrical charge. 

Further, the magnitude ofthe selected flux (usually expressed as 
flux density) through the point may be taken as the magnitude of 
the vacuum’s charge there in that type of particle. In other words, 
atapointthe magnitude ofthe vacuum! charge (VPF) is one type of 
potential at that point 

Various kinds of fluxes constitute various kinds of charge, and 
comprise various kinds ofpotentils. Immediately we see that one 
type ofcharge may always be decomposed into other kinds ofcharge, 
ascan potentials. This pointis beyond the scope ofthis book and will 
not be further amplified. 

Continuing our example, the magnitude of the electrostatic 
scalar potential at a point in vacuum represents the magnitude of 
the flux of virtual photons through the point, and hence the electrical 
charge at the point. 


Table 94. REALITY IS A HOLOGRAM 


TO ESTABLISH THIS: 


1. ALL DETECTION IS INTERNAL 
PHYSICAL REALITY CONSISTS OF THE INTERNAL 
DETECTIONS OF THE PERCEIVER/OBSERVER. 


2. THE OBSERVER MAY BE AT ANY POINT IN THE UNIVERSE 
THE UNIVERSE CAN BE DETECTED FROM ANY POINT 
INSIDE ITSELF. 


3. THE PHYSICAL UNIVERSE IS TOTALLY INSIDE EACH POINT 
IN ITSELF 
THIS DEFINES A HOLOGRAM: THE WHOLE IS IN EACH 
PART. 
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Twin Flows of Time 

In quantum mechanics, each virtual photon is continually 
turning into an electron/position pair, and vice versa. 

By Dirac theory, apositron is an electron traveling backwards in 
time. 

Further, pair production produces time-smeared particles — an 
electron and a positron, 

Pair production, then, actually produces two electrons, one 
coupled to (smeared in) a positive piece of time and one coupled to 
(smeared in) a negative piece of time. 

‘Thus in the vacuum two discretized streams oftime, one positive 
and one negative, are continually created in conjunction with pair 
production, and destroyed by pair annihilation 

Further, integration of tiny virtual pieces of time (from virtual 
photons) to form "passage oftime” macroscopically is directly asso- 
ciated with the charge (the absorption and emission of virtual 
particles) of an observable particle. 

This is what is meant by an object "existing" (persisting). Its 
continual virtual photon interactions are integrated by its mas 
(timeless part) to continually create its energy states and its march 
through time. 

‘The absorption and emission of an abservable photon, however, 
moves the mass (timeless part) in (comparatively) larger jumps 
through time. The absorption ofthe photon connects a positive piece 
of time to the mass ofthe particle, converting it to masstime. The 
subsequent emission of an observable photon "tears off the little 
time-tail,” so-to-speak, and leaves behind a totally spatial mass 
entity, having no large connection to "the flow of time.” 


This is what is really meant by "observation." 


Because the "observation" disconnects time from the previously 
"excited mass" (masstime), then it follows that time is not an 
observable. 

Italso follows that the twin streams oftime are not continuous. 
Each is broken into incredibly tiny bits. 
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The bits oftime are continually interlaced between nega- 
tive and positive, and neither of the two streams of time bits 
is integrated in the vacuum. The vacuum is disintegrated! 

A photon — the basic quantum — is composed of discretized 
energy and time, bound together (integrated) as action (angular 
momentum). That is, a photon is a little piece of energy, welded to 
alittle piece of time, with no seam in the middle. 

‘Two kinds ofphotons exist: the normal photon exists as 
(4dE) (+dt). The phase conjugate photon exists as (-dE) (-dt). 


VIRTUAL ELECTRON 


(NEGATIVE CHARGE GOING 
FORWARD IN TIME) 


+t 


VIRTUAL POSITRON 


INEGATIVE CHARGE GOING 
BACKWARD IN TIME) 


Figure 58. A photon is a singe oscillation ofa carier wave. Its also two vidual 
‘electrons, one going forward in time, and one going backward in time. With 
infernested modulations (subphotons), the structure of the photon becomes ex 
tremely complex 


Table 35. PHYSICAL CHANGE 


+ COMPOSED OF ACTION 
= BASIC QUANTUM 
+ TWO CANONICAL VARIABLES 
+ ENERGY/TIME( AE At) 
= MOMENTUM/LENGTH (A p AL) 
ETC. 
+ ENERGY/TIME 
- he (+AE) (+At) 
-h=(-AE) (-At) 
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If the photon is of a certain magnitude, given by Planck's 
constant, then it is an observable photon. 

Ifthe photon is less than h in magnitude, then it i 
photon. 

A simple photon in vacuum can also be considered to be one cycle 
ofa sine wave. One half of the sine waves exists in positive time, 
hence is/contains a virtual electron. 

‘The other half ofthe sine wave exists in negative time, hence it 
isfcontains a virtual positron — an electron traveling backward in 
ime. This second half of the full photon (a single sine wave 
oscillation) is the phase conjugate (time reversal) of the first half. 

‘As we stated previously, the full photon in vacuum actually 
exists as a presently visualized "positive time” photon and a phase 
conjugate "negative time" photon , a "serially linked pair,” where 
each photon is only one-halfthe sine wave. This resolves the conflict 
inherent in wave/particle duality. 

Italso has a great deal to say about engineering the vacuum and 
about detectors and the detection process. 

In the spontaneous decay ofa virtual photon, it can be seen that 
one part (the virtual electron) is associated with positive energy and 
positive time; the other part (the virtual positron) is associated with 
negative energy and negative time 

‘The continual "switching" between positive and negative time in 
an observable particle's absorption and emission of virtual photons 
(and the associated electron/position +t/-t pairs) means that the 
positive flow of time, to the macroscopic observer, is continually 
being "started" and "stopped" (created and destroyed). 

This continual attachment and detachment of positive 
time to and from the "observer particle" creates the "past" 
and the "future" to which the observer seems somehow to be 
connected, and yet not connected. 


a virtual 


Engineering Local General Relativity 

In a flat spacetime (linear vacuum), the two time flows are 
balanced, as are pair creation and pair annihilation. In this case, 
conservation of charge and energy hold. 
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Table 36. ORDINARY GENERAL RELATIVITY (OGA) IS A SPECIAL CASE 


+ OGR HAS ASSUMED AWAY MOST LOCAL GR SYSTEMS, OF 
‘THE TYPE WHERE MAXWELL'S EQUATIONS AND THE 
CONSERVATION LAWS CHANGE LOCALLY. 


+ PHYSICISTS ARE THUS STRONGLY DISCOURAGED FROM 
CONSIDERING THAT GR CAN EASILY BE ENGINEERED IN A 
LOCAL EM SYSTEM. 


Inacurved spacetime (nonlinear vacuum), one ofthe two triplets, 
(positive electron/energy/time or negative electron/energy/time) 
predominates, Hence in a curved spacetime the rate of flow (produc- 
tion) of the two time streams is unequal, as is the production of the 
two kinds of energy and the two kinds of electrical charge. 

A locally curved spacetime thus produces a predominance of 
either positive or negative electrons, and either positive or negative 
energy, and a predominance of the addition of either positive or 
negative time production. 

The curved spacetime acts as a local source or sink accordingly, 
and both conservation of energy and conservation of charge can be 
locally violated in such a curved spacetime region. 

As we stated, the locally curved spacetime produces either 
positive time or negative time more predominantly, acting as a 
source or sink for normal (positive) observer time. The local rate of 
flow ofthe observer's time can thus be speeded up or slowed down, 
depending upon the type of local spacetime curvature utilized. 

It follows, then, that standing local gravitational waves can 
result in localized, stable gradients in the vacuum virtual particle 
flux, between the "high potential” part ofthe standing wave and the 
"low potential” part. 

This allows the violation of conservation laws such as charge and 
energy in the local gravitational gradient, utilizing the localized 
curvature of vacuum to provide a special source. 

For proof that conservation laws need not apply to a curved 
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ime, see A.A. Vlasov and V.I. Denisov, "Einstein's formula for 
gravitational radiation is not a consequence ofthe general theory of 
relativity, Theoretical and Mathematical Physics, 533), June 
1983 (English translation); Russian, Dec. 1982, p.406-418. Quot 
in; 


"This result is a particular consequence of the general 
assertion to the effect that in general relativity there are no 
energy-momentum conservation laws for a system consist- 
ing of matter and the gravitational field." 

See also V.I. Denisov and A.A. Logunov, "New theory of space- 
time and gravitation,” Theoretical and Mathematical Physics, 
50(1), July 1982, p. 3-76. This paper (p. 3) points out that 

., the gravitational field in general relativity is com- 
pletely different from other physical fields and is not a field 
in the spirit of Faraday and Maxwell." 

A 1984 Sovi 


ist C. Yu. Bosgo- 
slovsky, "General s relativity theory for the ani- 
sotropic spaceti also very relevant.* 

In composing his theory of general relativity, Einstein assumed 
that the local spacetime of the observer could never be curved, and 
instead would always be represented by a Lorentz. frame (flat 
spacetime). 

This severe assumption had the effect of "saving" the sacrosanet 
conservation laws, and maintaining the exclusion of electrogravita- 
tion, 

Since then, Westen physicists have raised Einstein's assump- 
tion — and the conservation laws — to a dogmatic belief system — 
in some cases, to near fanaticism. 

To see a clear statement of these limiting assumptions imposed 
on general relativity to provide the severely restricted version 
taught in almost all Western universities, see Charles W. Misner, 
Kip S. Thome and John Archibald Wheeler, Gravitation, WH. 
Freeman and Co,, San Francisco, California, 1973, p. 19-21, 71-72, 
367-369. 

In other words, Westen physicists still use a sort of "special 


‘See also VI. Deis and AA. Logunow, "The inertial mass defined in genera relativity has 
to piysical meaning.” preprint p. 0214, Insitute of Naclear Research, USSR Academy of 
Scice, Moscon, 18 
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The Soviets do not limit themselves to the same restricted 
general relativity theory as does the West. 
Santilli (Ruggero Maria Santilli, Ethical probe on Einstein's 


Newtonville, Massachusetts) has documented what essentially 
amounts to a conspiracy in Western physics to shut out any gener- 


alization of Einstein's severely limited relativity 
near-total Western scientific prejudice — 
along with Heaviside’s mutilation of Maxwell’ original theory — 
that has excluded electrogravitation from being developed in the 
West. 

Note also that, by embracing a "locally flat spacetime" assumed 
to be decreed by the "laws of the universe,” in their rigid mindset 
Wester physicists have excluded any possibility of performing 
simple laboratory experiments in locally curved spacetime. 

They donotbelieve itcan be done, so they havenever tried. 

Butlet us further address the importance ofthe negative triplet 
(electrical charge/energy/time) and its concomitants parity, gravity, 
and entropy: 


Engineering Antigravity 

In negative time flow, gravit 
attraction. 

Producing antigravity in an object is simply the produc- 
tion of excess negative time flow in that object. 

That is readily achieved by curving local spacetime in the 
appropriate direction, and forcing the object to produce excess 
negative energy. 

Mass, for example, is ust a special form oftrapped energy —and 
trapped energy (potential) is just trapped charge of one kind or 
another, whether observable or virtual. 

As such, mass represents a "localized potential” in the ambient 
vacuum, of a certain kind of "trapped energy/time charge." 
*Acualy, snc itisin eqlbdam ina drei and continual x, a mas pic is 
actully @ special tapped rate faction flow. defining equation fr mas aterm ofthe 


Fate of action flow was given by the author in Quiton/Pereeptron Physies, NTIS, 1973 
Report AD-763210. 


is a repulsion, not an 
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‘The mass/potential is continually being charged by the vacuum, 
flux, and discharging and emitting charge flux into the vacuum flux. 
‘The mass is "in equilibrium” at its fixed potential. 

Normal ("positive") mass is simply charged up with positive 
energy and positive time. And its external electron shells result in 
it presenting a "negative charge” face to the world. 

Ifwe charge up the mass, however, with negative energy and 
negative time, so that some of its charge potential now is of this 
second type, the trapped energy will now consist partially ofnegative 
energy. In addition, the mass will partially existin negative time (be 
charged up partially with negative time), 

‘When excess negative time flow is produced in a mass, the mass 
begins to be repelled by the earth as well as still being attracted to 
it in its positive time stream. The net result of the object's fixed 
attraction and increasing repulsion is that the object begins to lose 
weight in the earth’s gravitational field and gets lighter. 

When a sufficient rate of excess negative time flow (sufficient 
local spacetime curvature) is produced, the mass floats freely. 

With additional negative time production rate, it accelerates 
("falls") upward 

The rate ofexcess negative time produced may be controlled very 
simply by using a "negative time/negative energy” generator and 
varying the amount of the load applied to the device. 

‘The negative time/negative energy generator can be rigidly 
affixed to a flying apparatus, serving as a sort of gravitational rocket 
or gravitational propulsion system 

Of course, the negative energy produced in the propulsion 
process can be used to light lamps and power electrical loads, as well 
as host of other things. (Yes, Virginia, it can also be used to generate 
force fields, power weapon systems, etc.) 

‘Thus one can “eat his cake and have it too”; by using negative 
energy flow for power, a very practical antigravity spaceship can be 
developed. 

An additional side benefit to the passengers probably exists: 
they should age at a slower rate when traveling in the vehicle. 

‘As can be seen, since many kinds of VPFs exist in vacuum, the 
vacuum is filled with (and consists of) many types of "potentials." 

‘Overall, this matches very closely the view of general relativity, ifwe 
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regard the vacuum itselfas indefinite "spacetime", where no ordered 
universal frame with a fixed metric has yet been associated or 
prescribed. 


Curved Spacetime and the Disintegrated Vacuum 

From general relativity, additional characteristics of the mod- 

em vacuuny/spacetime may be inferred or interpreted. 
t, we may take a "flat spacetime” to consist of a charged 
vacuum, such that both the magnitude and structure ofthe VPF are 
ntially unchanged from point to point, and the flux of virtual 
particles and virtual antiparticles are balanced. Equal positive and 
negative time flows/charges exist. 

Note, however, that we can have what casually may appearto be 
"flat spacetime” but instead is "warped." This case exists when the 
magnitude of the overall VPF comprising the vacuum. does not 
change from point to point, but the component structure ofthe VPF 
does vary from point to point. 

In other words, the overall vacuum potential remains the same 
from point to point, but two or more individual potentials may 
canonically vary. Let us further clarify this point by analogy. 

‘Suppose we view the vacuunn/ether/spacetime as a special sort of 
{ually a mixture of many, many gases 

It is a rather peculiar sort of gas; it exists in five or more 
dimensions andi composed of very strange, fleeting particles which . 
spontaneously are created and destroyed, each arising out of no- 
where and returning to nowhere almost immediately. 

‘There is only minuscule (negligible) time overlap (integration) of 
the existence of these virtual particles in the main, 

Thatis, mostly each virtual particle — along with its associated 
energy, movement, momentum, charge, and increment of time — 
exists almost entirely as an individual. 

The energies, movements, momenta, charges, and time incre- 
ments of the individual virtual particles do not integrate or sum to 
any appreciable degree in vacuum. 

Thus, although casually this ether/gas may seem to contain 
enormous “energy density”, momentum density, charge density and 
time increment density, these are not integrated energy density, 
momentum density, and time density in the normal sense. 


Roselli et al.: Smart Surfaces: Large Area Electronics Systems for internet of Things Enabled by Energy Harvesting 


where the scenario around is aware of people's needs and 
‘ean interact with thetr way of living. 

‘This new concept brings oT to areas that cover broad 
topics, including transportation, energy distribution, data 
‘communications, and all technologies in a sense that they 
‘will become transparent to the normal users and citizens. 

The growth of smart cities will significantly increase 
the quality of life, the reduction of energy waste, and the 
availablity of information by using ICT. All these devel 
‘opments have, as a motivation, the overall inclusion of 
people into the city in a way that ICT should become 
completely embedded into our surroundings. 

These new concepts are viable only if the smart envi 
ronments are enabled by IoT. IoT is actually taking shape 
and is growing everyday through the number of devices 
that get connected to each other. 

Nevertheless, most of these devices that team up with, 
‘each other to build up the Io world are powered by some 


Conversion loss 8) 


2 


Distance fom) 


Fig. 16. conversion (doubling loss ofthe reader tag harmonic RAD 
system a5 a function ofthe reader tag distance, assuming the output 
‘reader power as parameter. after [142]. 


kind of power sources. This is actually the main limitation 
of present loT solutions. In order to be able to create real 
[oT environments, RFID, wireless power transfer (WPT), 
and EH devices appear as a major enabling technology for 
the IoT, due to their inherent simplicity and ability to 
provide sensing to remote objects without the need for 
constant powering, 

In this scenario, the concept of a smart floor becomes 
real, Smart floors should be capable of interacting with the 
environment seamlessly and be aware of persons and 
objects on top of them. 

‘The focus of this section is going to be smart floors as 
aan information system, where RFID capabilities are used to 
provide an identification and information source embed. 
ded into the floor. This massive RFID immersion will allow 
to create low-power high accuracy location, navigation, 
and, generally speaking, an information system that can 
team up with passers in a noninvasive way. 

In this approach, the system uses passive RFID tags that 
are spread beneath a flooring in order to create a map that 
‘can be read with a mobile unit that might be self-powered 
through energy harvested from the movements of the sub- 
ject to be located [144], [145]. 

‘This new location system based on smart floors can 
actually be extremely competitive when compared with 
existing solutions; among them, we can take into consid. 
eration those based on image processing [146]; they pro- 
vide a high level of information at the price of high cost, 
power consumption, and intrusiveness, Another approach 
is based on pressure sensors [146], [147], providing actually 
different type of smart floors; pressure sensors are nonin. 
trusive and can be less expensive in terms of equipment 
‘when compared to the imaging systems: however, they ean 
still be quite expensive to install into the floors; moreover, 
they do not allow for seamless identification of an individ- 
ual in a given space. Eventually, ultrasounds [148] and RF 
localization system detection [149] have to be listed; al 
though very flexible, they require dedicated communica. 
tion infrastructures, additional complexity and costs, and 
they are mostly sensitive to environmental changes, both in 
terms of accuracy and functionalities 

‘The just mentioned smart-floor based system tackles 
most of these challenges as it is very low cost, able to have 
a good, and precisely predictable, accuracy, and able to 
detect different users in a given space. 


A. RFID-Based Smart Floor Including 
Material Aspects 

Smart environments and floors should be completely 
seamless to the users. This entails the need to embed 
electronic devices into the environment in a noninvasive 
way. Nevertheless, this embedding of electronic devices, 
mainly witeless transceivers into the floor, is not a simple 
matter. Floors, in fact, have been made by almost the 
same kind of materials for centuries; tile industries are 
weakly available to introduce new materials to match 
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Instead, they are the densities ofdisintegrated energy, disinte- 
grated momentum, and disintegrated time flow. 

In scalar electromagnetics, we have called the disintegrated 
energy of vacuum anenergy. This clearly distinguishes that it 
exists in a fashion altogether different from normal, integrated 
energy with which we are accustomed. 

By integrating anenergy, ofcourse, one obtains ordinary 
energy—but it first requires an integrating agent. The most 
usual integrating agent/operation is the spin of an observ- 
able particle of mass, 


Similar considerations apply to momentum and time. 


With this more precise interpretation, the vacuum con- 
tains enormous anenergy, but essentially no energy. It 
contains enormous virtual energy, but no observable energy. 

Unfortunately, however, orthodox physics does not yet clearly 
differentiate between the two states of energy, virtual and observ- 
able (disintegrated and integrated). 

Instead, it continues to loosely utilize the term “energy” for both 
states, whether integrated or not. Thus it exclusively uses the term 
“energy density of vacuum." Rigorously, the term should be "ane- 
nergy density of vacuum.” 

Indeed, most physicists are not clearly aware of the distinct 
difference between the two different states of energy, insofar as the 

implication of integration or nonintegration. 

Regrettably, then, we will continue to utilize the orthodox term, 
energy density of vacuum." but the reader should be clearly aware 
that the vacuum "energy" and vacuum "stress energy densit 
such are totally disintegrated, 


Separation of Vacuum and Observable States 

Because the energy density of vacuum is unintegrated, an 
integrated physical body — including one's personal body — can 
exist "in’ the vacuum medium of incredible "energy" density, yet 
observably exist in a medium of zero energy density. 

The unintegrated vacuum ether has enormous spatial density of 
virtual energy, but essentially has zero spatial density ofobservable 
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energy. 
Note, however, that in our hyperdimensional interpretation of 

the levels of virtual state, the vacuum spatially does not exi 

space of observable matter. * 


dimensions (hyperdimensions) greater than the third — it occupies 
all levels of virtual state, but not observable state. It occupies all 
levels of disintegration, but not the levels of observable integration. 

Exchanges occur between normal 3-space and the hyperspatial 
vacuum, through the common connecting dimension, time. 

‘These exchanges (of virtual particles) are integrated by the 
spinning observable mass particle into the first quantally excited 
state — a delta (change) representing a single entrapped quantum 
— of the 5-space potential represented by the particle and its 
mulating VPF, At that time a sharp electromagnetic (fifth 
dimensional) discharge of the quantum occurs, converting the accu- 
mulated 5-G quantum {to the ordinary EM quantum ofthe 4th (time) 
and Sth (infolded space) dimensions. 

This accounts for the so-called “collapse of the wave function", 


the production of unitary quantum change, and the discretizing of 
observable change. 
‘We note in passing that time is the only “dimension” where 


everything can be considered to occupy the same “point” or “inter- 
val" but iis discretized and chopped into pieces (disintegrated), 
quite different in nature from the familiar three spatial dimensions 
ofthe observable (integrated) universe. 
‘The dimensional separation (spatially) of the seething vacuum 
“energy” (anenergy) and the 3-space of normal matter allows a 
physical body to enormously interact with the vacuum at or near 
equilibrium at the microscopic level, but maintain its macroscopic 
form and stability as ifno interaction were going on. 


Partial Potentials, Curvature, and Warping 
Atany rate, we view the magnitude ofthe overall "potential" of 
vacuum gas mixture, as the magnitude of the entire "stress 


thi 


‘Here we sharply difer frm conventional physics, which hopefully confuses the concep of 
‘vacuum, spacetime (indeterminate), spacetime (determinate), and fame. 
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ENERGETICS OF A POTENTIAL 
Running in Place and Getting Nowhere 


1 


Figure 60. A potential is trapped energy. A potential in vacuum is trapped vitual 
sate “eneray" or fux. A natural potential is trapped random energy. 
‘An arial potential is trapped organized energy 


energy” of "pressure" ofthe mixture — IF AND ONLY IF this stress 
energy or pressure were somehow integrated.* 

AS can be seen, we can now look at each of the component gases 
in the mix as contributing a partial pressure or partial stress energy 
(an individual component potential) of the vacuum conglomerate. 

We may have the overall pressure remain the same, yet canoni- 
"Thus ifs ally the potential sess enerzy density. The vacuum is nothing but potent! 
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cally change the partial stress energies (individual potentials). 

Inthat case one has an internally twisted or "warped spacetime. 

‘A warped spacetime may prove quite useful, for example, for 
direct translation of one type of "energy" into another. In that 
fashion, one may conceivably obtain radiation energy at the expense 
of mass, or mass at the expense of radiation energy. 

Or one may convert between potentials where one or more ofthe 
converted potentials are as yet unknown to orthodox physics. 

Kaluza theory, for example, contains many potentials thatare as 
yet unknown and undiscovered in nature. When undue simplifica- 
tions are made to arbitrarily exclude the unknown potentials, the 
adapted theory leads to error in its predictions. 

This was originally regarded as a great imperfection, and 
Kaluza theory fell into disfavor for decades. Then as modern particle 
physicists began to produce fundamental particles ofan astounding 
variety, a Kaluza-Klein theory of 11 or more dimensions was found 
to very reasonably describe the emerging situation. Once again, 
then, Kaluza-Klein theory became a moving force among modern 
theorists 

One may also convert electromagnetic field energy into gravita- 
tional field energy, for example, and obtain enormous amplification 
of gravitational effects. 

This is precisely what scalar electromagnetics seeks to do. 

Since the electrical field between two electrons is about 10° 
times as strong as the gravitational force between them, conversion 
ofthe EM charge flux into gravitational charge can conceivably yield 
up to 10" times as much gravitational force as normal, depending 
upon the efficiency ofthe conversion process. Even with a process or 
device that uses electron currents and has an efficiency of only 10°", 
gravitational/inertial gains of 10°” are possible. 

Note, however, that the levels of vacuum may also be compared 
to horizontal planes beneath the ocean. 

For example, we may take a particular level of vacuum potential, 
and that level constitutes a sort of included "flat spacetime” of its 
own. Bybiasing the potential ofa scalar transmitter and receiver to 
agiven level, one may transmit (in either direction) at that level only, 
Receivers at higher or lower levels will detect nothing. 
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‘The immediate application to engineering the nucleus for such 
things as nonradioactive transmutation of elements, controlled 
nuclear fusion, electromagnetic healing, and processing nuclear 
‘wastes to render them harmless should be apparent 

To recapitulate our analogy, a true "flat spacetime” is a vacuum 
whose VPF does not essentially vary overall or in each constituent 
part, between two comparative points. 

‘A “curved spacetime" is a vacuum whose overall VPF varies in 
overall magnitude, between two comparative points. 

‘A "warped spacetime" is a vacuum whose VPF may or may not 
vary in overall magnitude between two comparative points, but 
whose partial VPFs vary their ratios, between the same two points. 
Note that a vacuum/spacetime can be both warped and curved 

Itis stressed that we have not limited the number of dimensions 
that can be placed on the vacuum to Minkowski's four. We hold the 
number of dimensions necessary to represent both vacuum and 
observable matter to be arbitrary, but greater than four. 

To unify electromagnetism and gravitation (which is what scalar 
electromagnetics is about), we must take five dimensions — four 
spatial and one time — to be the minimum necessary in modeling the 
unified theory, similar to Kaluza. 

We state now a major characteristic: Vacuum/spacetime 
consists entirely of potentials, nothing else, and these are 
hyperspatial a prior 

The vacuum does not contain observable force fields nor any 
Other non-potential entity 

We also state without proof that in scalar EM theory it seems 
very possible to model the mind and its unification with physical 
reality, in a fashion subject to experimental verification, 


Force and Mass Are Inextricably Intertwined 

In foundations of physics, it is well-known that, paradoxically, 
force and mass can only be defined one in terms of the other. 

We may use that paradox for a new interpretation of force and 
force fields: a force may be interpreted to consist of the time rate 
ofchanging the "mv" momentum of a mass system or object, instead 
of being the cause of its dp/at. 
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‘That is, we may take the view that 
F=dp/dt (414) 
not just that 
F = dpiat (415) 


We have previously pointed this out and called it the "strong, 
definition of force.” 

This immediately suggests the question: Ifforce is an effect and. 
not a cause, what, then, causes force? 

Quantum mechanics already provides the answer: A differenti- 
ating operator must be applied to (coupled to) potential in order to 
produce a force field. The most usual "differentiating operator” is an 
observable spinning charged particle. 

A charged particle exposed to the variation ofelectrostatic scalar 
potential between two points is exposed to a gradient (flow) in the 
virtual photon VPF, and hence to a directional "stream" of virtual 
photons. The observable charged particle couples to that stream. Its 
spin integrates the unobservable, disintegrated anenergy of the 
gradient flux into integrated, observable energy of the particle. 

With greater integrated "pressure" on one side of the particle 
than on the other, the observable particle accelerates and translates 
This produces or "detects" (and comprises) an electric force between 
the two points. 

Force is the mass particle(s) accelerating, either in time or in 
mass. Observable force is observable particle(s) accelerating. Vir- 
tual force is virtual particle(s) accelerating 

In Quiton/Perceptron Physics, I gave a new definition of 
mass that is consistent with this viewpoint: 


1 kg. mass = 17.053 x 10” switches/sec (4-16) 


where a switch is hpi having the units of action/time, or energy. 
in terms of energy accumulation, where 
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the energy accumulated is in equilibrium in a differentiated action 
flow. 

Note that "energy" is the time rate of flowofaction. Energy can 
only be accumulated (as a mass or a potential) by possessing two 
rates of flow of action simultaneously, one in positive time and one 
in negative time. This is a very deep statement that affects all of 
physics, but unfortunately itis beyond the scope of this present book. 

To return: 

The observable electric force field does not exist as such in 
vacuum, The vacuum and all its constituents are totally virtual. 
Only the potential ("potential for the electric force field, given a 
coupled charged observable particle") exists in vacuum, as pointed 
out by Richard P. Feynman et al, The Feynman Lectures on 
Physics, Addison-Wesley, Reading, Mass., 1964 vol. 2, p. 2 


The Concepts ofZipped and Unzipped Forces 

As noted previously, the potential exists as an unintegrated 
virtual particle flux (VPF). Further, each little moving virtual 
particle is smeared in length and time, is coupled to finer VPP, and 
thus may be said to constitute a minute "force vector” while it exists. 

Thus, the electrostatic scalar potential is composed of a myriad 
of little individual "virtual particle forve field” vectors 

Since these little virtual vectors are essentially separate and 
unintegrated, one may say that the electric field is unzipped in 
vacuum. By "unzipped" we mean that the individual virtual particle 
Effield vectors are unintegrated 

A potential, for example, is composed of unzipped vector fields 
since it is comprised of unintegrated, virtual vectors. 

To be static, the potential must be comprised ofa pair (at least 
‘one pair) of unzipped vector fields, one in positive time and one in 
negativetime. These unzipped vector fields must in turn be locked 
together. In this case, the positive time observer sees nothing 
(vacuum only), until he "observes" or detects. Normal detectors 
detect (and in so doing, they zip together) only the positive time 
unzipped component. The negative time (phase conjugate) vector 
held retraces the positive time field, in Newton's third law. Or, if 
generating a wave or pulse, it would be seen as a phase conjugate 
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replica which affected the disturbing source. 

Letusbe very plain, "scalar EM potential" is actually two 
vector fields zipped together: one is in positive time, and the 
other is in negative time. Each halfis composed of microvectors. 
‘A dynamic gradient in this scalar EM potential (Le., a scalar wave, 
for example) actually consists of two waves: one is the normal 
positive energy/positive time” EM wave, while the other is the phase 
Conjugate replica. When we detect the normal half (with electron 
detectors), we actually detect the second halfwith the atomic nuclei 
Since it is a phase conjugate, it produces a negative momentum 
change on the nucleus {since one has p/(-t)} instead of LeSage’s 
positive momentum change. In other words, it produces a drawing 
(attracting) force on the absorbing nucleus, instead of LeSage's 
assumed repelling force on it 

That is the entire secret of gravitation. And of electro- 
gravitation. Knowing that, you can easily work out how to apply 
the necessary engineering to get antigravity. 

But to return, 

The potential can also be comprised of many unzipped vector 
fields at once. These may be deterministic (artificial potential) or 
randomized (natural potential) 

The "force field” is disintegrated (unzipped) in vacuum, and 
integrated (zipped) on, of, andby an observable charged particle. In 
vacuum, itis always accompanied by its phase conjugate twin. When 
detection by an observable particle occurs, the spin of the particle 
acts as the “zipper,” producing an observable force (which is actually 
of the particle accelerating, not "acting independently upon it.") 

Vacuum is unzipped; observable mass is zipped. 

Any zipped entity exists observably in 3-space; any un- 
zipped entity exists in hyperspace outside 3-space, and is 
unobservable and virtual to the 3-space observer. 

This interpretation is still consistent with the extended quan- 
tum mechanical view, where ultimately all observable forces are 
considered to be generated by absorption and emission of virtual 
particles by/from an observable particle (mass), at least insofar as 
what we may observably measure or detect. 
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Force, Force Field, and EM Waves in Vacuum 

In the new interpretation, consistent with the quantum me- 
chanical view, observable force becomes an effect, not a cause, 

One may interpret quantum mechanics as stating that any 
observable is an effect, since it is assumed to have a virtual 
state cause. In the axioms of quantum mechanics, an operator is, 
required for every observable. 

The primary causative agents are potentials, not force 
fields, as is now firmly established in quantum mechanics. 

‘The Aharonov-Bohm (AB) effect is a striking illustration of the 
primary reality of the potential rather than of the force field. 

In the AB effect, potentials may still exist when the force fields 
are zero, and their interference can still cause real effects. The AB 
effect has finally become generally accepted by physicists after 
nearly three decades of controversy. 

The immediate result is that, contrary to the outdated view 
imbedded in classical EM, observable E and B force fields do note: 
as such in vacuum, This allows a totally new interpretation of the 
nature ofthe EM wave in vacuum: It is longitudinal. And actually, 
itexists in longitudinal pairs: the second is the phase conjugate ofthe 
first. 

But of course we detect transverse waves with our detectors! 
However, this has a simple explanation. 

Examine, for example, a straight-wire antenna, The spinning 
conduction electrons are longitudinally constrained, as is well 
known. The electrons are relatively unrestrained transversely in the 
wire, but can only “drift” longitudinally down the wire with a speed 
usually on the order of centimeters per second. The signal potential, 
however, moves longitudinally down the wire at almost the speed of 
light. 

Obviously it is not the longitudinal movement of conduction 
electrons that constitutes the “signal”, even though classical electro- 
magnetics represents it that way.* 

‘We note that a spinning electron whose movement is longituci 


* Aculy. we do not really know how currenvelectrons travel down a wire, or even ifit does! 
they do, See three articles by Chappell Brown in Electronic Engineering Times: "Ralgun 
Reseatch Shoos Hols in Lofeni2s Theory.” April 6, 1987p. 49-80. "Anomalies in Electo- 
magnetic Law Spur Debate” Sep. 14 1997, p. 58; “Eletrons and Conduction: Not So Simple 
‘After AIL’ Dec. 38, 1987, p- 21-22 
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nally restrained, but is unrestrained transversely, may be charac- 
terized as a gyroscope. Further, the axis of this gyroscope may be 
taken as lying in a plane perpendicular to the straight wire condue- 
tion path, since the electron is relatively unrestrained transversely. 

Ifnow disturbed by a vacuum potential gradient, the gyroscopic 
electron is free to precess at right angles to the length ofthe wire. In 
other words, given a disturbing force, the electron will move trans- 
versely, or radially in the cross sectional plane of the wire, because 
of gyroscopic precession. 

Thus, assuming a gyroscopic electron and its longitudinal con- 
straint, we will detect transverse oscillations in the electron gas in 
the wire, IF AND ONLY IF the incoming disturbance in the vacuum 
is longitudinal, and IF AND ONLY IF the unzipped vacuum distur- 
bance "couples" to (is zipped by) the gyroscopic conduction electrons. 

‘Two things are certain in our electron-detector model: First, by 
the nature ofa gyroscope, the conduction electrons move (precess) at 
right angles to the “disturbing force.” Second, we only detect the 
‘movement of the electrons themselves. 

Since we do detect transverse oscillations of the precessing 
electrons in the straight wire antenna, then it follows that normal 
electromagnetic waves in vacuum—thatis, the component half that, 
interacts with the atom’s electron shells and not with its nucleus — 

are (1) longitudinal, and (2) of such form that they couple to 
electrons. 

Note that Tesla always insisted that electromagnetic waves in 
vacuum were longitudinal. For example, he called them "electro- 
‘magnetic sound waves" in the ether. In "Tesla Maps Our Electrical 
Future,” H. Winfield Secor presents Tesla’s view oftransverse waves 
in this fashion: 

"Tesla upholds the startling theory formulated by him long ago, 


that the radio transmitters as now used, do not emit Hertz waves, as 
commonly believed, but waves ofsound.... He says that a Hertz wave 
would only be possible in a solid ether, but he has demonstrated 
already in 1897 that the ether is a gas, which can only transmit waves 
of sound; that is such as are propagated by alternate compressions 
and rarefactions of the medium in which transverse waves are 
absolutely impossible.” 
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Fig. 17. Readable distance test scheme (a) without and (b) with tle. After [14a]. 


requirements posed by embedded electronics. Similar 
‘considerations can be made about the consolidated tech: 
niques to build apartments and houses: they are quite 
mature and whatever adaptation of them to embedded 
electronic systems is unrealistic. The consequence of this 
is that constitutive elements of $S¢ embedded into the 
floors must be suitable to materials and technologies al 
ready present: materials available are those adopted for 
tiles and SSs must he adapted to building constraints, 

In this section, we focus on the most important ap. 
proaches for the characterization of the EM properties of 
the materials, commonly adopted in floors, and their in- 
teractions with our electronic radio systems, As an exam: 
ple, ceramic tiles are going to be selected as the floor 
element where electronic tags have to be embedded. 

Ceramic tiles have been used for ages to pave floors. 
‘These make up a great deal of most floor types in public 
buildings, from airports to banks, therefore, they are the 
most interesting flooring elements to investigate 

As the first approach, the study of the influence of 
some materials for floor surfaces, such as ceramic, cork 
laminates, and wood, in the communication between the 
transmitter and receiver devices has to be made; in this 


“Table 3 Results From Average Readable Distance Test, 


cease, low-frequency (13 MHz) inductors are going to be 
used as the wireless interface. 

In order to do the measurements, traditional RFIDs are 
used, which simplify the measurement approach signifi 
cantly. A test setup is shown in Fig. 17, and experimental 
results are summarized in Table 3. What can be seen from 
the results presented in the table is that none of the tested 
materials affect the electrical characteristics of the RFID 
propagation significantly. 

Another approach to the measurement is to evaluate 
the impact of the presence of metal inelusions beneath the 
‘ground; these can appear from pipes or from buildings 
Supporting structures. In order to test this scenario, the 
presence of a metal sheet close to the coil was tested to 
verily its impact on the RFID reading distance, The test 
setup is presented in Fig. 18, In this case, when the reader 
is aligned (1) with the center of the coil beneath the tile, a 
‘minimum distance of 10 mm between the metallic sheet 
and the tag must be guaranteed in order to allow for the 
proper reading of the tag. In the other approach, the edge 
aligned scenario (2), the minimum distance between the 
metallic sheet and the tag increases to 30 mm to allow for 
‘communication, 


Tile pe ‘Aligned (2) | Eadie Tnatgned 
aligned @)_ |G) 
Without tle asem | atem | adem 
‘Ceramic tle Imm hick | a.Sem | dem | 2em 
‘Ceramic tile Gmm thick | Adem | 4adem | 2em 
‘Ceramic tile Tm thick | adem | dem | dem 
‘Cork laminate Smom thick | adem | 4tem | 226m 
Wooden floor &mm thick | dem | 42em | 22em 
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” Electrical Experimenter, May 
1919, Tesla himself further stated: 


"The Hertz wave theory ofwireless transmission may be kept up 
for a while, but Ido not hesitate to say that in a short time it will be 
recognized as one ofthe most remarkable and inexplicable aberra- 
tions ofthe scientific mind which has ever been recorded in history." 


It should also be pointed out that our analogy permits the option 
ofmaking a longitudinal wave in the vacuum in such a fashion that 
It will not couple to electrons. 


In that case a normal"electron gas” conduction detector will not 
detect the new wave. Such a noncoupling EM longitudinal wave is 
referred to as a scalar electromagnetic wave, where by use ofthe 
term "scalar" we call attention to the fact that the vacuum potential 
is varying, but electron coupling to form vector force fields in an 
electron gas does not occur. 

Since according to general relativity the variation ofa potential 
in vacuum rigorously is a gravitational wave, then the scalar EM 
wave is a gravitational wave.* 

We often say it is an electrogravitational wave to call attention 
to its electromagnetic origin, and to the absence of EM force field 
“bleeding away" ofthe 5-space Kaluza-Klein gravitational potential, 
We will discuss the 5-space G-potential shortly. 

‘The conventional equation 


Vo 17) 


thus applies in the detecting electron gas, but not in the vacuum. 
Instead, in the nonmaterial vacuum, rigorously 


vo 


(4-18) 


scalar 


and this states that a gradient in a vacuum electrost 


“Its also a very powerfl gravitational wave, since fo electrons itis some 10° times as 
strong as "maseatraction® gravity waves 
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potential produces an antiphased electric force on and ofa particle, 
on condition that a particle is present. The intent of equation (4-17) 
should be stated as 


(4-19) 


where the vertical line means "on condition that", and cp means 
"charged particle” (ie., "that a charged particle is there.), 

Equation (4-19) clearly shows that, in the vacuum, only the 
organized potential for an E field exists due to the quantity 
essentially as pointed out less strongly by Feynman et al in The 
Feynman Lectures on Physics. 

Certainly, in the quantum mechanical interpretation, it is the 
potential that is real. The force field can only be made from the 
potential by a differentiating operation. 

Since there is nothing in vacuum to perform this differentiating 
operation observably, one may interpret quantum mechanics as 
already prohibiting the existence of observable electromagnetic 
force fields in vacuum, at least in the form prescribed in classical 
electromagnetics. 


Figure 61. A force-field vector is a movement of mass in one direction, 
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One may regard quantum mechanics — and physics in general 
= to be incomplete until electromagnetic theory is changed to 
incorporate the implications of quantum mechanics. 

In scalar electromagnetics a new interpretation is taken, and the 
overhaul” of electromagnetic theory is in progress. 

‘We accent that scalar electromagnetics is still embryonic. It is at 
a stage similar to that where electromagnetism was when experi 
menters were still rubbing glass rods with cat fur and experimenting 
with little charged pith balls. 

Early experiments are enlightening and encouraging; nonethe- 
less, the phenomenology and the myriad of variables are not at all 
well-understood, even by the experimenters themselves, and cer- 
tainly not by this author. 


Zero-Summed Vector Systems: Shortcoming in Vector 

Analysis 

It has long been pointed out by this author that a fundamental 
shortcoming exists in classical vector analysis itself when applied to 
physical systems. Let us briefly look at the construction ofthe vector 
mathematics theory, to clarify this shortcoming, 

First, an abstract entity called a "vector" is conceptualized. This 
vector has both direction and magnizude, as contrasted to a "scalat” 
quantity, which only has magnitude. 

Next, an abstract "vector space” is defined; this is a sort of 

‘container for mathematical objects called vectors, with certai 
inherent properties of the system specified. In other words, a vector 
space is an abstract "system" or "space” which can contain objects 
called "vectors. 

Next certain other properties, operations, and entities are de- 
fined, oneofwhichistheisthe"zerovector” 

Essentially the zero vector is defined by a set of operations; 
however, one simplified interpretation is "the absence of any vector 
of finite magnitude.” By implication, in the abstract vector theory, 
all zero-vectors are defined to be identical." 


‘Because, _bytheirnatureassumedin the concept, they have nointernastuctres. Thats 

cllectively the zr veetorhasbeea too restitvely definedas "the absence of any anal 
finite vectors” It should be redefined as "the absence of any single vector being present 
lone In that case the defiaition would admit "the presence of multiple translation vectors, 
‘whee their combined translation action i en" 
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Inthe vector addition operation, a group offinite vectors adds to 
a single vector called the "resultant." 

Itis standard practice in abstract vector analysis to replace a 
m of summation vectors by their resultant, since all appropri- 
ate properties of the summation system are retained by the vector 
resultant, in the abs 

This, however, is only possible because the abstract vector space 
has no such thing as stress, and a zero-vector has no substructure by 
definition. In the abstract space, only translation and rotation are 
possible, by assumption 

Itis also possible for two or more finite vectors to add to a zero 
resultant, in which case the system is replaced with a zero vector. 
Note that all further action by the summing vector components is, 
eliminated by this assumption. 

Again the appropriate properties ofthe summation system are 
retained by the zero resultant, in the abstract mathematical model, 
only because the medium (the abstract vector space) is not subject 
translation, rotation, and structuring, 

Note however, that in physical systems, one cannot simply 


Figure 62. The zero-summed vector system is an engine and an artical potential 
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replace a zero summation system of force vectors with a zero vector 
and retain all characteristic physical effects caused by the replaced 
system. The physical medium - including the virtual flux of the 
vacuum, is subject to stress, translation, rotation and structuring. 

Physically, the presence of the summing vector component 
forces creates a stress and a dynamic macroscopic structure in the 
physical medium in and on which the forces are acting. Therefore the 
stress of the medium and its structure must be preserved and 
accounted for, even though a zero vector resultant force exists. 

This is particularly true in the vacuum, where internal (in- 
folded) stresses cause charge and energy conversion between one 
kind of charge/potential and another. 


Maxwell's Theory Was Altered and Curtailed 

In fact, Maxwell seems to have been well aware ofthe electro- 
‘magnetic stress ofthe etherand its importance. Afterall, he believed 
the ether to be material and mechanical, and developed his theory 
accordingly 

For example, in his Treatis 
he wrot 


on Electi 


city and Magnetism, 


"There are physical quantities ofanother kind which are related 
to directions in space, but which are not vectors. Stresses and strains 
in solid bodies are examples of these, and so are some of the properties 
ofbodies considered in the theory ofelasticity and in the theory of 
double refraction. Quantities ofthis class require for their definition 
nine numerical specifications. They are expressed in the language of 
quaternions by linear and vector functions ofa vector." 


Maxwell worked out his theory in quaternions since, at the 
time, the modem form of vector analysis had not been originated by 
Heaviside and Gibbs. 

To recapitulate what we stated earlier: A quaternion consists of 
a vector part and a scalar part and can readily take into account the 
stress and strain of the medium, A vector consists only of the vector 
part, and does not take into account the stress of the medium, 

It seems certain that Maxwell knew that the scalar part of the 
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quaternion could be present and vary, even though the vector part 
‘was sum-zeroed. Quaternions, however, are devilishly difficult, and 
even inthe time of their founder, Hamilton, few mathematicians and. 
scientists ever mastered them. 

Maxwell's theory was transposed (shortly after his death) to its 
‘modem vector form by Oliver Heaviside. Many ofthe characteristics 
ofthe scalar part of the quaternion were effectively discarded. 


In the remodeling, the "unified" basis was omitted, and electro- 


‘Table 37. MAXWELL'S EQUATIONS 


+ INVARIANT 
- UNDER CONFORMAL GROUP 
OF TRANSFORMATIONS. 


- IN 4-D MINKOWSKI SPACE 


+ GROUP INCLUDES 
- TRANSLATIONS 
- ROTATIONS 
- REFLECTIONS 
- INVERSIONS WRT HYPERSPHERES. 
OF M-SPACE 


+ HENCE MAXWELL'S EQUATIONS 
INCLUDE TRANSFORMATIONS THAT 


CHANGE INERTIAL FRAMES INTO 
FRAMES THAT ARE NOT INERTIAL. 


PROVED IN 1910 BY 
H. BATEMAN AND E. CUNNINGHAM 
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gravitation was accordingly discarded. Heaviside wrote a severely 
limited subset of Maxwell’s theory; he did not by any means capture 
allofit.* 

‘The new Heaviside vector reinterpretation of EM was far easier 
to calculate in than Maxwell's quaternions. Many physicists (there 
were really very few scientists in those days!) immediately loved it. 


FitzGerald wrote glowingly of Heaviside's translation (and 
mutilation!) of Maxwell's theory: 


"Since Oliver Heaviside has written, the whole subject ofelectro- 
‘magnetism has been remodelled by his work. No future introduction 
to the subject will be at all final that does not attack the problem from 


at least a somewhat similar standpoint to the one he puts forward 


‘Thus itwas that Heaviside discarded the basis for scalar electro- 
magnetics and electrogravitation from Maxwell's original work, and 
the so-called "classical Maxwell Equations" appeared for the first 
time in their modern vector form in Heaviside's work. 

Then in the early 1890's a short but vigorous debate on vectors 
and vectorial methods occurred, involving eight journals, twelve 
leading publications, and over 30 scientists. Over half the publica- 
tions were in the leading British scientific weekly journal Nature. 

This debate, which Lord Rayleigh characterized by the state- 
ment "Behold how these vectorists love one another," together with 
the far greater difficulty of quaternion methods as compared to 
spelled the death knell to the 


Gibbs'and Heaviside’s vector analy: 
position of quaternions. 

‘After some years, the Gibbs-Heaviside vector theory was firmly 
entrenched. The quaternion theory of Maxwell was forever modified 
and limited to the form we know today as "Maxwell's equations.” 

‘What really happened was that electrical physicists, faced with 
the formidable difficulties of quaternions, simply stampeded down 
the far easier road blazed by Heaviside, bowling over all protests 

againstHeaviside/Maxwell/Hertztheory. 


Heavie wrt the sect of Mowvells bay where gravity and exrmag- 
db iinet aed are mauly exch. cael 
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In Wester universities today, no one actually teaches 
Maxwells true theory! Instead, Heaviside's curtailed reinterpreta- 
tion —a severely restricted subset of Maxwell's theory — is taught. 

And so that is the EM theory that is learned and applied. 

One may rightly argue, therefore, that Maxwell's theory has 
only been partially applied in its modern translated form, 
and the modern form of the Maxwell/Hertz electromagnetic 
theory is very much incomplete. 

To recover the stress factor in Maxwell's original theory, electro- 
magnetics must take into account the artificial potential, which has 
a deliberately ordered, dynamic, deterministic structure. Scalar 
electromagnetics takes the patterned stress into account and delib- 
erately uses it. Normal electromagnetics only considers the natural 
potential with randomized VPF structure implicitly assumed. 


Scalar Waves and Polarization of the Vacuum 

Let us use a simple analogy. This will lead us into the profound 
implications of the deliberate vacuum polarization and curving of 
local spacetime that is provided by the vector zero summation 
(artificial EM potential) method of scalar electromagnetics.* 

‘Visualize two sets of opposing and balanced forces pressing on 
the sides ofa plate. 

The forces sum to zero, so the resultant force acting on the plate 
fortranslation is zero. Hence the plate does not translate (move away 
or accelerate). 

However, the plate isunderinternal 
in a quite different condition than when it ha 
all acting on it 

Now visualize the forves being applied with rigid rods welded to 
the sides ofthe plate, sothat the forces may alternately "pull" as well 
as "push." Let the forces rhythmically vary, alternately "pulling" 
and "pushing”, but always remaining balanced so that theirsumma- 
tion for a translation resultant is constantly a zero vector. 

The plate never accelerates or moves in translation, but it now 
contains an internal stress wave which rhythmically varies between 
compression and tensile stress. Rigorously the plate internally 


ress (compression), and is 
no external forces at 


*Vectormultiplications that yckl a zero vector product are also highly significant 
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possesses a scalar stress wave, or a wave of “internal stress in the 


medium." 
Now visualize a similar “plate-like” region of vacuum, with its 
virtual particle flux, instead of the material plate. Visualize two 
of (unzipped) EM force fields, acting in and on the 
n, so that they rhythmically increase and decrease, 
changing direction also, but always with a zero vector summation. 
In this case, there is an unzipped zero resultant EM force field 
(it is zero, by our assumed conditions), but there is a rhythmic 
oscillation of the intensity of the vacuum flux (intensity of the 
‘vacuum potential) and the vacuum structuring in the region. That 
is, there is a rhythmic and steady oscillation of the stress energy and 
structuring of vacuum, and hence of the curvature of spacetime, in 
the plate-like region. 
Rigorously, this o 
magnetic wave—is a gravitational wave 
of spacetime is being oscillated. 
Further, it differs from a "natural" gravitational wave in several 
respects: 


illation — which we call a scalar electro- 
ince the local curvature 


1. Ithas a deterministic pattern or substructure, 


2. Itpatterns or "polarizes” the vacuum, 


3.Itconstituteslocalcurvatureofspacetime,andhencelocalized 
general relativity - something which ordinary general relativ- 
ity assumes cannot be accomplished, 


4. It determi 
spacetime, 


tically engineers the virtual state and local 


5. Since itis achieved by converting EM field energy into artfi- 
cial G-field energy, one can expect tremendous gains of gravi- 
tational and inertial effects in and around electrical circuits 
utilizing such fields precisely, 


6. It affects the Schroedinger wave and the probabilities of the 
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states being propagated forward by the Schroedinger wave. 
With the scalar EM wave, one can thus deterministi- 
cally engineer the emergence of quantum change, and 
violate one of the fundamental assumptions of quan- 
tum mechanics, that of the totally statistical nature of 
quantum change, 


7. The scalar wave can accomplish direct and localized change of 
the rate of flow of time (even to its reversal) and variation of 
mass and inertia, without concomitant translation of matter, 


8. By locally curving and patterning vacuum spacetime, a stabi- 
lized standing scalar EM wave can provide macroscopic viola- 
tion ofthe conservation laws, which rigorously depend upon a 
locally flat spacetime (Lorentz frame), 


9. Since the components in the zero summation may be EM 
waves, and may be "locked together" and broadcast to a great 
distance and interfered there, effects at great macroscopic 
distances may be achieved, in violation ofpresent assumptions, 
ofphysics, and 


10, Since excess negative time flow may be locally produced, anti- 
gravity, negative energy, and negentropy may be locally pro- 
duced 


These are the startling implications inherent in correcting 
classical electromagnetics’ improper treatment of zero-summed EM 
forve vector systems in vacuum.* 

By classically replacing the force vectors ina zero EM foree field 
summation with a zero vector and discarding the components, one is, 
totally discarding the fact that such a patterned system of oppositive 


By this innocuous error, classical EM discards electrogravita- 
tion, and avoids unification of gravitation and electromagnetics. It 


‘Ana is 20 - multiplied force vector systems as well 
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‘This test allows us to conclude that, in a real scenario, 
when considering the typical distance from the antenna to 
the floor, where the reader is usually embedded into a 
‘mobile device, a minimum distance from the tile to any 
‘metal inclusions in the ground has to be guaranteed. As 
seen, this safe distance should be at least 30 mm. 


B, Navigation Approach Based on Smart Floors 

‘A meaningful example of the applications of the smart 
floor concept is the demonstrator developed at the Univer: 
sity of Aveiro, Aveiro, Portugal. It allows a nomadic RFID 
reader on top of it to be identified and localized by means 
(of a smart floor. 

‘The prototype in the present state is composed of four 
‘main components: a set of tagged tiles forming the smact, 
Mloor, the nomadic reader, a wireless communication de- 
Vice to connect the reader fo the information system, and a 
‘computer on which the location and navigation software is 
installed. A potential scenario of application for the moni 
toring of elderly housing is shown in Fig. 19. In the de- 
monstrator presented, the RFID reader is connected to the 
radio unit and inserted into the user's shoes in order to 
read the passive tags as the user walks around a given area, 
‘The tile IDs are detected by the reader and sent to a 


Fig. 19. Example of smart floor application scenario, 


centralized information system using, without lack of 
generality, a nonstandaed wireless communication system, 
purposely developed in the laboratory. 

‘The software in the computer then decodes the ID of 
the smart tile, and correlates it with a preloaded refer: 
enced map, thus being able to provide the precise position 
of the walker in the environment. 

‘The location can be subsequently translated to a navi- 
gation system, and combined with artificial intelligence to 
allow navigation, situation awareness, etc 

Plenty of applications and related solutions can be en- 
visioned on the basis of this smnatt floor approach: robot 
control, automatic pallet managements, prevention in 
harsh environments, and so forth. 


VIII, SMART SHOES AND BAN 


‘The aforementioned smart floor (Section VI), intially ro- 
posed to localize moving subjects in a given area, actully 
allows for the implementation of a very low-cost, accurate, 
and reliable system able to provide each kind of detectable 
information from an equipped area to the Internet. 

‘To exploit the potentiality of a smart floor, i is obvious 
that developing purposely conceived communication units 
acting, on the one hand, as readers for tag tles and, on the 
ther hand, as communication systems with the web is 
needed 

‘One of the investigated systems for this is the so-called 
smatt shoe [21]. Smart shoes are intended as shoes incor 
porating a reader able to illuminate the tag embedded into 
the tile and a wireless interface to communicate data to the 
web. To this extent, smart shoes can be seen as hubs of 
BANs able, on the one hand, to get information from the 
surrounding environment (body included) and, on the 
other hand, to communicate the collected information to 
the Internet. According to common buzzwords, they can 
be seen as the second technological layer, just above the 
first physical one consisting of tagged objects, in a hierar. 
chical picture of lo. Alternatively, they provide the cloud 
of nomadic readers with networking capabilities required 
for the implementation of the so-called networked RFID 
(N-RFID) [150] strategies. In the referted structure [21], 
the necessary antenna system is inkjet printed on paper, 
thus exploiting the process described in Section I, and its 
a trademark-logo-shaped dual-band antenna working at 
900 MHz and 2-4 GHz. A block diagram and its equivalent 
realization are shown in Fig. 20: itis worth noting thatthe 
reader itself works at 13.5 MHz exploiting the near-field 
communication (NEC) concept, according to what is stated 
in the smart floor section; as a consequence, there are no 
issues about the interference between the dual-band an- 
tenna and the NEC reader. Moreover, an approach similar 
to [145] is proposed to power the reader: the idea here is as 
well to harvest the energy produced by the human walking 
by means of piezoelectric materials embedded into the sale 
of the shoe. 
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also avoids direct engineering of gravitation, vacuum/spacetime, 
inertia, rate of time flow, free energy, and quantum change. 

Generations of Western physicists and electrical engineers have 
acquired a mindset in only one aspect of the vastly expanded 
electromagnetics actually available. 


Vector Zero Systems and the Kaluza-Klein Approach 

Prior to 1921, Theodor Kaluza applied Einstein's new general 
relativity to five dimensions. 

He produced a unified theory of electromagnetism and gravita- 
tion. 

In Kaluza’s theory, the ordinary 4-dimensional gravitational 
field and the electromagnetic field are but two different aspects of a 
single more fundamental field: the 5-dimensional gravitational 
field, 

Kaluza's theory was published in 1921, on the personal recom- 
‘mendation of Albert Einstein, who had had Kaluza's paper for two 
years. 

In Kaluza's model, electromagnetics is the Sth dimensional 
aspect of the Sd G-field, while the ordinary 4d G-field is the 
intersection of the 5-1 G-field with our ordinary world, 

Five years after Kaluza's epochal paper, Oskar Klein explained 
where the extra space dimension — the fifth dimension — was. He 
‘modified it as “wrapped around" each point in our ordinary 3-space. 

In the Kaluza-Klein model, then, an electromagnetic wave— 
which moves spatially only in the fifth dimension — does not move 
through our 3-space at all. Instead, on its trajectory it "flows around" 

each point in our 3-space along its path 

Using Kaluza's model, we may regard the EM field as the normal 
"bleed-off or escape of the 5-dimensional gravitational potential in 
the Sth dimension. 

Any gradient in a potential represents a bleed-off of the potential 
from the high point to the low point. The way to prevent effective 
bleed-off ofa potential at a point is to add an equal amount ofbleed- 
in! The bleed-out and the bleed-in at the point then become 
balanced, so that an equilibrium state exists in the potential. 

By this mean, the magnitude ofthe potential can be fixed by the 
‘two opposing bleed processes in equilibrium 


1st Extraordinary Physics 


Table 38. KALUZA GEOMETRY 


+ THEORDOR KALUZA, POLISH PHYSICIST 
+ UNIFIED THEORY OF ELECTROMAGNETICS AND 
GRAVITY [1921] 


5 DIMENSIONAL SPACETIME 
- 5- DIMENSIONAL GRAVITY FIELD 
- ELECTROMAGNETISM IS THAT 
PART THAT OPERATES IN 
‘THE FIFTH DIMENSION 


Table 39. 5-D G-FIELD BLEED-OFF (KALUZA.D THEORY] 


+ FAR EASIER TO BLEED-OFF AS ORDINARY EM FIELD 


+ VERY DIFFICULT TO BLEED-OFF AS ORDINARY 4-D G-FIELD 


+ E.G., BETWEEN TWO ELECTRONS: 


EM 
aay ~ * 


+ BETWEEN TWO PROTONS: 
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‘ew vecvon ean aysren 


sustacroe 


Figure 63. An analogy for how scalar electromagnetics can engineer Kaluza Klein 
unied field theory 


5-D G-FIELD 


4-D G-FIELD 


Figure 64. The zoro-vector system can engineer Kaluza Klein theory. 
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WHERE DID THE EXTRA DIMENSION GO? 


| as ee 
<> 


+ FROM A DISTANCE, A HOSE-PIPE LOOKS LIKE A 


WIGGLY LINE 


+ WHAT WE REGARD AS A POINT IN 3-SPACE IS REALLY A 
TINY CIRCLE AROUND ANOTHER DIMENSION OF SPACE 


Figure 65. The basic idea of Klein's explanation of where the extra dimension is. 


Table 40, PHYSICAL REALITY IS ELEVEN DIMENSIONAL 


+ IN THE KALUZA-KLEIN THEORY THE GAUGE FIELD 
SYMMETRIES BECOME CONCRETE 


+ THEY ARE THE GEOMETRICAL SYMMETRIES ASSOCIATED 
WITH THE EXTRA SPACE DIMENSIONS 


+ AN 11-SPACE IS REQUIRED BY THE GRAND UNIFIED FORCE 
THEORY 


PAUL DAVIES, SUPERFORCE. 
1984, P. 160-161 
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5-D GFIELD 
"1G PREssunE TAN 


Figure 67. Scalar EM forces 4-dimensional gravitational field 
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Note that this positively establishes that two or more zero- 
summed EM force field gradients produce and stabilize an artificial 
potential 

Usually, very little bleed-off of the 5-potential occurs in our 
normal 3-space. When the 5-space G-field is bled off on electrons, 
eg., the resulting Sth dimensional E-field bleed-offis on the order of 
10" times as much as the 3-space G-field bleed-off. 

This accounts for the enormous magnitude of the ratio of the 
electrical force between two electrons to the gravitational force 
between them. 

Even when the 5-space G-potential is bled-offon and against the 
greaterinertia ofmuch more massive protons, its Sth dimensional E- 
field bleed-offis still on the order of 10°°or so times as much as the 
3-space bleedoff. 

Note that ifwe can stop the acceleration ofthe charged particles, 
bleed-off of the 5-space G-potential as EM force field cannot occur, 
and instead all oft must bleed-off as 3-space G-force field. This +G 
bleed-off normally occurs only minimally in electromagnetics, even 
for so-called "static" charges. This can be seen as follows: 

When one charges a conductor such as a large metal sphere, for 
example, the electrons are unconstrained on the surface of the 
sphere. They are in constant agitation and motion on the surface, 
thus constantly bleeding-off the S-space potential as myriads of 
squirming little E-fields. Only a very little is bled off as 3-dimen- 
sional G-field. 

On the other hand, when one charges a dielectric, the electrons 
cannotbe inas much agitation movementas they are on a conducting 
surface. Hence slightly more ofthe 5-dimensional G-potential is bled 
off as 3-dimensional G-field. 

Therefore, charged conductors and charged dielectrics should 
exhibit slightly different gravitational and inertial properties when 
exposed to a gravity field potential difference. Highly charged 
capacitors, for example, should exhibit a small but detectable unidi- 
rectional thrust in vacuum. Apparently they do, as exhibited by the 
Biefield-Brown effect. 

In addition, different materials should exhibit slightly different 
fall rates gravitationally. Again there is some evidence that they do, 
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as exhibited by the Eotvos experiments in a modern reinterpretation 
by Fischbach et al.* 


Electrogravitation Amplification Factor 

Ifthe movement of two free electrons could be entirely stopped, 
all EM bleed-off of the Sl G-potential between them would be 
effectively zeroed or blocked. Then the 5-d G-potential would be 
forced to totally bleed-off into ordinary 3-d G-field 

For two electrons, this could increase the gravitational force 
between them by a factor of 10", if the EM bleed were perfectly 
blocked. 

Such perfect blockage ofthe 5th dimensional EM bleedoffcannot 
bbe accomplished in practice. Normally, with the increase in potential 
caused by zero-summing, agitating electrons in a statically charged 
object agitate more intensely, moving and squirming in local, erratic 
constraints 

However, conversion efficiencies on the order of 10'° or even 
10” appear to be achievable in ordinary circuitry. In that case, 
gravito-inertial amplification gains ofup to 10” or even 10° appear 
to be achievable. Gains of 10"” or more appear to be fairly readily 
achievable. 

Time delay in producing the gravito-inertial effects may be 
experienced, however, because mass (nuclei) acts as a capacitance to 
incident scalar waves, exhibiting capacitive charging and discharg- 
ing "time constants” when charging scalarly for a particular effect or 
to a particular pattern. 

In these achievable amplification ranges, a single milliwatt of 
electrical power can control enormously powerful local gravitational 
and inertial effects, once the scalar EM charge is built up in the 
nuclei ofthe target material 

Excessive and frustrating "fiddling time" with the circuits is 
usually required, however, due to the charging "time constant” 
effect, the general lack ofadequate measuring instruments, and the 
great uncertainty as to the phenomenology and major variables 
involved.** 


‘Ephraim Fischback etal, "Reanalyss of the Eowos experiment” Phy. Rev. Lett, S6() an, 
1986, p36. 

‘08 series of scalar EM instruments, bowever, is being developed by Bedin, Schau, Golden, 
and perhaps even Hewlett-Packar 
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However, with persistence, in rather ordinary EM circuits and 
devices, the use of "summation to zero-vector” techniques and 
"multiplication to yield a zero-vector” techniques can lower the EM 
bleed-off of the 5-potential sufficiently to allow substantial local 
gravitational/inertial effects. By beaming and wave interference, 
effects at a distance can be achieved. 

When gravito-inertial amplification of many orders of magni- 
tude are involved, the assumption in ordinary general relativity of 
local Lorentz frame (local special relativity, with local conservation 
laws applying) is readily violated. 

Now one may have local general relativity, with concomitant 
violation of conservation laws, and local broken symmetry on a 
macroscopic scale. 

Soviet papers already strongly point out that such unrestricted 
general relativity allows the violation of all conservation laws. 

Inthe Soviet Union, scalar electromagnetics is called energetics 


Comparison ofEM Concepts 

Table 41 shows a comparison between three concepts ofelectro- 
magnetics: classical, quantum mechanical, and scalar electromag- 
netic views 

‘As can be seen, scalar EM re-introduces Maxwell's original 
potential for electrogravitational variation and structuring of the 
stress energy density of vacuum spacetime. It applies Kaluza-Klein 
S-dimensional unified theory in an engineering fashion. 

It deliberately utilizes phase conjugation as a tool to achieve 
startling negative time/negative energy capabilities and result 
including "free" energy and antigravity 

With scalar EM, it should be possible to overcome or circumvent 
most of the severely limiting assumptions of present physics and 
engineering. 

The great conservation laws yield to direct manipulation and 
violation. The previously inviolate statistical structure of quantum. 
change becomes deterministic and engineerable. 

General relativity becomes an experimental scientific discipline 
in the laboratory, instead of a complex description of effects only 
observable in distant, massively curved regions such as on the 
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surface of a star or near a black hole. 
God does not play dice with the universe after all, just as 
Einstein suspected. 


The Aharonov-Bohm Effect 

In 1959, Y. Aharonov and David Bohm published a fundamental 
paper in Physical Review which pointed out the quantum me- 
chanical implications of potentials, 

‘The seminal paperis Y. Aharonov and D. Bohm, "Si 
Electromagnetic Potentials in the Quantum Theor; 
Review, Second Series, 115 (3), Aug. 1, 1959, p. 458-491 

In classical electromagnetics, the potentials had largely been 
regarded as mathematical conveniences, having no real effects. 


‘Table 41. Comparison of EM Concepts 
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‘Table 42, THE AHARONOV - BOHM EFFECT 


+ IN FIELD-FREE REGIONS 

-E- FIELD ISZERO 

- B- FIELD IS ZERO 
+ POTENTIALS STILL EXIST 

- CAUSE REAL EFFECTS 

- INTERFERENCE IS KEY 

- CONTAIN SUM-ZEROED SUBSTRUCTURE. 
+ DOES NOT FOLLOW FROM 

- MECHANICS. 

- CLASSICAL ELECTROMAGNETICS 


However, according to quantum mechanics, the potentials are the 
real entities, while the electromagnetic force fields are just effects 
derived from the potentials by imposed operations on them 

Aharonov and Bohm showed that, even in the absence ofthe EM 
force fields, the potentials may still exist and interfere to produce 
real effects in physical systems. They suggested experiments to 
prove these predictions 

Interference of the potentials is the key mechanism producing 
real effects in charged particle systems, even in the presence of zeto 
E-field and zero B-field 

Unfortunately, Aharonov and Bohm did not address this issue of, 
ummed systems of EM force fields as one way of producing 
ial potentials having unique interference characteristics. 

That is, by implication they did not consider the deterministi- 
cally substructured “artificial” potential, but only the randomly 
structured "natural" potential 
At any rate the "AB effect,” as it came to be called, was rather 
hotly debated andfiercely resisted overthe years. Steadily, more and 
more experiments were added, validating the AB effect. Finally, in 
1986 it came to be generally accepted as proven to any but the most 
die-hard skeptic. 
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Rosell et al.: Smart Surfaces: Large Area Electronics Systems for internet of Things Enabled by Energy Harvesting 


enions) 
Ce) 


Fig. 20. a)alock diagram, (0) photo, and (c) dual-band antenna results 
(ofthe smart shoe that works as an energy autonomous reader for 
“smart floors abl to collect the localization data from the smart tiles 
and send them to. centralized system. After [2). 


Fig. 21(a) shows the shoe with the mounted electroni 
consisting of a trademark-logo antenna inkjet printed on a 
flexible paper substrate together with the circuits in which, 
the components (Fig. 21(b)] are fixed by conductive epoxy 
{glue. A piezoelectric push button was embedded in the shoe 
toscavenge energy from human walking strike. This energy 
is then collected by a simple electronic circuit based on off: 
the-shelf components and used to supply the RFID trans. 
rmitter. As reported in [145], the system is composed by the 
power-generator/energy-conversion deviee, the energy 
storage device, the power regulator circuit, and the RF 
transmitter that can broadcast the tag ID and the stored 
information. 

‘When the push button is pressed, an inner spring is 
compressed and when the pressure exceeds a fixed thresh: 
old, the spring-loaded hammer will be released to deliver 
the dynamic mechanical force to the piezoelectric compo: 


wo) 


Fig, 21. (a) Mounted electronics on shoe with piezoelectric energy 
harvester and block diagram of the transmitting tag driven by the 
‘11 unit. (2) Photograph ofthe acsombled prototype showing the 
ey components packaged on an organic flexible substrate. 

After [145] 


nent; once the hammer strikes the piezoelectric element, a 
pressure wave is generated and reflected a few times be- 
tween the hammer and the element, creating a mechanical 
resonance [151]. As a result, the generated output voltage 
follows closely an alternating current (ac) signal course. 
‘The signal out of the piezoelectric element is characterized 
by high voltage and low current; therefore, since this RF 
Circuitry requires lower voltages at higher currents, a step: 
down transformer is used for better impedance matching 
to the following circuitry. 

‘An energy storage device is adopted to collect the 
electrical energy and to provide it to the transmitter even, 
when the external power source is temporarily unavail 
able; in fact, the RF transmitter takes tens of milliseconds 
to transmit one complete word, while the piezoelectric 
push button harvests energy in a transient time. To store 
the collected energy, a 4.7-F tank capacitor was chosen. 
‘An ac-de full wave diode bridge rectifier is used to convert, 
the ac voltage from a piezoelectric element into a de source 
and a de linear regulator is added to adapt the de voltage 
across the capacitor to 3-V transmitter operating voltage. 
For this purpose, a MAX666 low-dropout linear regulator, 
providing a stable 3-V supply until the tank capacitor 
cchaege is drained below the reference level of the de 
regulator itself, is chosen, The transmitter used, the LINX 
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‘The AB principle represents a violation of both classical mechan- 
ies and classical electromagnetics. It is absolutely required, how- 
ever, by quantum mechanics. And experiments have now estab- 
lished it as proven beyond question. 

‘The potential, then, can be a free and independent field. 
Further, it can directly act on charged particle systems, even 
when classical electromagnetics does not recognize the in- 
teraction. 


Curl-Free Magnetic Vector Potential (A-Field) 

‘As an example, in classical EM the vector magnetic potential 
(the A-field) had been defined as a mathematical convenience by the 
equation 


VxA=B (4-20) 


Butifthe potentials are real, then conceivably the A field can be 
loosed from it 


enchainment to the Vx operator. In that case, it 


[A- FIELD CAN INFLUENCE THE MOTION OF ELECTRONS. MAGNETIC FIELD AND. 
VECTOR POTENTIAL OF A 
LONG SOLENOID. 


‘THE FEYNMAN LECTURES ON PHYSICS. VOLUME I! 


Figure 68. The cur-free Ald. The magnetic vector potential (A-eld) may be treed 
‘rom its attachment to the magnetic field (Biel) and electic field (E-fela). Wtcan 
interfere at a distance to cause real elfecis. From it, ether Eid of Bed, o both 
‘can be made ata distance, 
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becomes afree, new, and independentfield ofnature with potentially 
unique characteristics. 

For instance, its defining equation shows that_ magnetic force 
field can be made from it, and the rightmost term of the equation 


E=~V@-dA/dt 421) 


shows that its time rate of change makes an electrical field. 


Let us explain this in simpler terms, and somewhat more 
precisely than conventional theory. We will use the Kaluza unified 
G-EM interpretation and electron flow in our explanation. 

In the A-field, we have a certain kind of 5-dimensional G- 
potential which can bleed-off as EM force fields in two ways: (1) ina 
swirl fashion, where the vortex producing the swirl moves parallel 
toelectron movement, and the swirling is a torque or spin, and (2) in 
a linear fashion, where the time rate of change of the A-potential 
produces a linear E-field on the electrons 

The first bleed-off as given by equation (4-20) constitutes the 
magnetic B-field, and the second bleed-off as given by the rightmost 
term ofequation (4-21) creates a component ofthe overall electrical 
E-field. Bleed off of the electrostatic scalar potential produces the 
other component of the E-field. 

Now in general relativity (GR) theory, "the" G-potential isjust a 
conglomerate of many things, each of which has the characteristic of 
curving spacetime. "The" gravitational field is not a single thing at 
all, but is composed of a collection of many things. 

‘Thus ifwe realize that both the electrostatic scalar potential (D+ 
field) and the magnetic vector potential (A-field) are components of 
the 5-d G-potential, then we see immediately that bleed-offofthese 
two components ofthe 5-d G-potential creates all normal EM fields. 

It follows that, ifwe produce a zero-vector summation ofthe two 
or more EM bleed-off, we are actually "putting as much back in” to 
the 5-d G-potential through its A and ® components as we are taking 
out electromagnetically. 

In that case, the 5-potential is in a state of equilibrium with 
respect to EM bleed-off in the fifth dimension. It is now forced to 
bleed-off in the only other way it can: as ordinary 3-dimensional 


Extraordinary Physics 192 


gravitational field. Thus by vector-zeroing EM force fields, we turn 
KM field energy into G-field energy and vice versa, via the interme- 
diary of the 5-potential 

‘At any rate, soon after publication ofthe Aharonov-Bohm paper, 
experiments showed that, ifthe magnetic field is trapped inside a 
Jong solenoid, a phase shift still is induced in the two-slit electron 
experiment, even though — classically —no contact ofthe enclosed 
‘magnetic field and the moving electrons occurs. This phase shift is 
explained by the fact that the freed A-field exists outside the 
trapping solenoid, even though the B-field does not. Consequently, 
interaction of this curl-free A-field with the electrons produces a 
phase shift ofthe QM interference detection pattern. 

This proves that curl-free A-field is real and causes physical 
effects 

It also proves that a form of "action at a distance’ 
required by quantum mechanics. 

Years ago, Frank Golden and this author — together with Dr. 
William Tiller — experimented with "free A-field" devices. Golden 
went on to develop prototype transmitters and receivers and a 
prototype underwater communication system. 

Since that time, Gelinas has patented several curl-free magnetic 
vector potential (free A-field) devices. See U. S. patents numbers 
4,447,779, May 8,1984; 4,429,288, Jan. 31,1984; 4,429,280, Jan. 
31,1984; and 4, 432, 098, Feb. 14,1984. These patents are assigned 
to Honeywell 


real, just as 


Fractional Charges, Magnetic Monopoles, and 

Magnetic Currents 

Fifteen years ago, a most distinguished gathering of physicists 
occurred in Trieste, Italy to review the physicist's conception of 
nature and how it developed. Seven Nobel Laureates were in the 
prestigious audience. The keynote address, appropriately, was given 
by PAM. Dirac, and — appropriately —was entitled "Development 
of the Physicist's Conception of Nature.” 

Dirac called attention to the possibility of fractional charges, and 
unexpectedly presented some of the data fom experiments done 
lung before by Felix Ehrenhaf. 

Years earlier Felix Ehrenhaft, former director of the Physical 
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Institute at the University of Vienna, had reported a number of 
experiments where — purportedly — he easily obtained fractional 
electrical charges. 

Whereas Millikan had used liquid oil drops in his experiments 
to determine the charge ofthe electron, Ehrenhaft used little solid, 
red selenium oxide spheres. Not only could Ehrenhaft get a frac- 
tional charge, but he could actually vary the size of the fraction by 
varying the size of the spheres. 

(Knowing what has been discovered in the last two decades on 
the complex bond structuring of water and liquid hydrocarbons, one 
‘might very well suspect that a solid — which has one less degree of 
freedom than a liquid — could possibly yield a very different 
experimental condition from a liquid, from first principles. However, 
no one seems to have noted that, or taken it into account.) 

(Also, Ehrenhaft's results were replicated by other researchers 
who used his experimental methods. They published scientific 
papers, but that made not a whit to the scientific community, which 
simply rejected the experimental evidence.) 

Dirac pointed out that Millikan himself, in his oil drop experi- 
ments that established the charge of the electron, reported one 
anomalous experiment which yielded a fractional charge. He dis- 
carded the results of that experiment. 

Ending his speech, Dirac stated that it all made him wonder if 
pethapsMillikan didhaveafractionalchargeinthatoneexperimiment 
after all. And well he might wonder. Ehrenhaft — almost unknown 
now to the present generation of physicists —may have found not 
only fractional electrical charges, but the magic magnetic monopoles 
as well. 

Over and over, Ehrenhaft reported the results of experiments 
which disagreed with the notions of magnetic theory at the time. 

Again, some ofthese experiments were replicated, and reported 
by those researchers replicating them. 

It didn't make any difference at all. 

Now, finding a magnetic monopole — and the accompanying 
magnetic charge current — would be most satisfying to many 
theorists. That would make the equations of magnetics quite "bal- 
anced” with respect to electricity. 

However, no one —at least whose results have been accepted - 


Extraordinary Physics 194 


has yet found a magnetic monopole or magnetic current, 

Stanford researchers have perhaps come closest, and even re- 
ported the results of one exciting experiment that found the mag- 
netic monopole. However, the team has consistently failed to be able 
to replicate those results. And in science, "no replication, no accep- 
tance” is necessarily the dictum 

Ina moment we will address a possible cause for this failure to 
find the magnetic monopole and magnetic charge current. 


Some Ehrenhaft Experiments 

Let's look at some simple, rather informal experiments that 
Ehrenhaft showed. We call attention to Alden P. Armagnac’s excel- 
lent article , "Magic with magnetism,” in Popular Science Maga- 
zine, June 1944, p. 130-133, 222, 226. In the first experiment, 
Ehrenhaft seems to have dissociated water with a permanent 
‘magnet. 

First, Ehrenhaft seals two rods of pure iron, in holes through 
opposite sides of the U in a U-shaped glass tube filled with water. 
‘Then he uses the two rods — which protrude through the tube into 
the water — as the pole pieces of a horseshoe magnet — either an 
electromagnet or a permanent magnet. Dilute sulfuric acid — one 
percent by volume — is in the water, to give it a very slight acidity. 

Bubbles of gas rise up through the twin vertical columns of 
water, and are collected and analyzed. Most ofthe gas is hydrogen, 
as is to be expected from common chemical interaction of the iron 
rods with the very dilute sulfuric acid. However, some ofthe gas — 

ranging from two to twelve percent — is oxygen, and most of the 
oxygen is produced at the north pole of the magnet. 

The pole pieces may be short-circuited with wire, to insure they 
are at the same electrical potential and prevent any electrical 
dissociation of the water. 

Without the magnet, all the gas liberated is hydrogen, as is to be 
expected. No oxygen at all is produced 

And another very interesting phenomenon occurs. A strong 
permanent magnet of the Alnico type gradually loses a marked 
fraction ofits strength — say, 10% in 24 hours. it appears that the 
energy dissociates water — very similar to electrical energy from a 
battery draining away when electric current is used to dissociate 
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water. 

‘The real question is: Is this experiment a demonstration of 
magnetic current? 

If it is, then the textbooks are wrong, and there's another 
constituency in magnetism that has not been taken into account. 
Further, if it proves magnetic current exists, it has also proven 
‘magnetic charge — the magnetic monopole — exists. 

fit is not a demonstration of magnetic current, then what is it? 
Why dontt you get any oxygen liberated when the magnetism is, 
removed? What causes the magnet to discharge its magnetic 
strength? 

These serious questions do not appear to have ever been re- 
solved. 

In all fairness, however, we must wam the reader that other 
factors in the water can very seriously affect the outcome of this, 


EARTH SUN - MOON TRIAD 


SCALAR 
FEEDBACK EES] 


Figure 69. Earth, sun, and moon are locked into a tiad system. They exchange 
both normal energy and phase-conjugate energy. ‘The phase-conjugate energy 
(negative energy, negative tme) streams affect al “sublle-energy" earth experiments 
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experiment. As we now know, the bonding structure of water is 
incredibly adaptive. Every bit of water you examine, for example, is 
absolutely unique in many respects. And in other respects, it's a sort 
of "single giant molecule.” 

Be forewarned also that subtle experiments with water are 
affected by just about everything under the sun. Including the sun! 

Ebrenhaft himself was quite embarrassed when this "decompo- 
sition of water" failed to be 100% repeatable. It can be done — but 
you may have to work at it a bit. The best water for this experiment 
is the most natural, pure ground water you can obtain. 

Atany rate, it may be that these experiments of Ehrenhaft’s are 
related to the old notion of "watergas” — the changing of water in 
some fashion so that, as it enters an internal combustion chamber, 
it decomposes into hydrogen and oxygen, and is ignited by the spark 
and burns as a fuel. In the typical watergas case, the experimenter 
has a "green powder" which, when added to water, will allow ito be 
burned as a fuel when it is used in an ordinary engine. Such a 
capability, for example, seems to have been exhibited at least once, 
to the U.S. Navy, by an unorthodox experimenter named Anderson. 

Ofcourse, if fractional charges exist and can be controlled (and 
Ehrenhaft’s experiments certainly seem to confirm this), then it is 
conceivable that a material could be found that would do the "green 
powder” function. That is, ifthe bonding electron that bonds hydro- 
gen and oxygen in water were replaced by a fractional charge, the 

fractionated water molecule” could just barely be holding together 

an a liquid, A strong hydroshock — such as going through the jet 
nozzles in a carburetor — could then cause many of these molecules 
to break apart, effectively dissociating the water. 

A possibly related phenomenon was reported by Le Bon in his 
Evolution of Matter. The experiment was to hold a piece of 
ordinary aluminum under the surface of mercury in a container for 
a period oftime. Then the piece ofaluminum istaken out and thrown 
into a container of water, where it violently dissociates the water. At 
least one colleague was able to replicate this experiment by holding 
the aluminum beneath the mercury for 36 hours. 

‘These Ehrenhaft experiments may also be related to the exten- 
sive use in the Soviet Union (and to some extent, in the U.S.) of 
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magnetic treatment of water pipes so that boilers do not develop so 
much hard precipitate. Magnetic treatment of water, for example, 
can rigorously be shown to alter some of a liquid's properties. 

Ament, forexample, in numerous well-controlled repetitions has 
clearly shown an increase in auto gas mileage by using a strong 
‘magnetic apparatus on the fuel line. Best results are obtained by a 
magnet which only has one polarity facing the fuel line, and using 
three stages where the middle polarity is reversed. The effect of th 
apparatus is definitely scalar EM (gravitational) and expressed in 
the atomic nuclei in the molecules of the fuel flowing through the 
line. 

Again, the Ehrenhaft experiments may be related to the strange 
results of Viktor Schauberger, who obtained motive results with 
ater and natural energy that have not been duplicated before or 
since, so far as anyone can tell. 

‘Schauberger utilized "implosive” energy rather than "explosive" 
energy — strongly suggesting he was using the negative time 
aspects of energy, hence negentropy. Schauberger also conceptual- 
ized this energy in a spiral form— and that is precisely the type of 
motion Ehrenhatt observed in many ofhis bubble experiments. That 
such negative time/negative energy is “natural” energy will be 
apparent from our next chapter, where we point out that all living 
things must use negative time/negative energy processes ifthey are 
to defeat the inexorable law ofentropy —the increasing disorder of 
a system as its positive flow of time progresses. 


Note, for example, that a system that is 20% efficient in 
positive time would be 500% efficient in negative time 


Let’s look at another of Ehrenhaft's magnetic experiments. 

Taking the air gap between two very flat, very parallel pole 
pieces of sufficient width, one obtains a very accurately-parallel, 
uniform magnetic field in between them. Now suppose you place 
some very small particles ofmaterial—both magnetic and nonmag- 
netic — in the air gap 

Common sense assures us that, ifcloser to the south pole, for 
example, one of the little magnetic particles will be attracted by the 
preponderance of south polarity. That is, a little magnetic north pole 
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will be induced on the side ofthe particle nearest the south polepiece, 
and alittle south pole will be induced on the particle on the side away 
from the south polepiece. The little particle will then be attracted to 
the south polepiece. 

Again, common sense assures us that, ifcloser to the north pole, 
the situation is reversed and the little particle is attracted to the 
north polepiece. 

Well, that isn't quite what happens. Some move to the south 
polepiece, and some move to the north polepiece. And it seems to vary 
by the type of material the little particle is comprised of. 

Now try another experiment. Let's make a permanent magnet 
motor. Understand, this one is not quite "for free," for we'll consume 
“fuel” —the strength ofthe magnet and the acidified water solution. 

In this one, we use a glass cylindrical cell, with one vertical iron 
rod at the top and another at the bottom, and the rods serving as the 
pole pieces ofa giant horseshoe magnet. (Or, for ease you can use an 
electromagnet). The cell is filled with the same acidified solution as 
before. 

Without the magnet, hydrogen bubbles can be seen rising as 
before. 

Now put on the magnet (or turn on the switch). Voila! the 
situation with the bubbles changes drastically. A spectacular mini- 
ature merry-go-round — a "whirligig" — of bubbles forms between 
the faces of the poles and parallel to them. 

Add some copper particles to the solution. The particles will 
rotate in the same plane, but in opposite directions from the bubbles, 
‘The stronger the magnetic field, the faster the particles and bubbles 
will contrarotate. 

Ifthe magnetic field is reversed, the rotation ofboth the bubbles 
and the copper particles is reversed. 

Only a few months after this was reported in Popular Science 
Magazine, Brother Gabriel Kane of Manhattan College and Char- 
lea B. Reynolds of the Federal Communication Commission con- 
firmed Dr. Ehrenhaft's discovery of magnetic currents. 

They made a drop of copper sulfate solution spin between the 
polepieces of a permanent magnet. They also made an interposed 
microscope cover glass. spin from the rotation ofthe copper sulfate. 

It was hinted they were heading toward power machinery. Ifso, 
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nothing else was heard — possibly because they never solved the 
problem of consuming the magnet's strength and the acidified 
solution. 

Bill Mueller, the present inventor of a free-energy device, has 
also demonstrated the spinning of a piece of plastic in a magnetic 
field. 

After WWII, Dr. Ehrenhaft returned to his post in Vienna, 
published later work in French and other scientific journals, and 
died not long after. 


What is a magnetic monopole? 

First, let's reiterate what we mean by "magnetic field." It'll take 
alittle bit to get there, so please bear with me. 

By electric charge, we mean the virtual photon flux. connected 
with a particle ofmass or an object (of mass). One type ofcharge (by 
convention, positive) is modeled to constitute a "source" of this flux. 
The second type ofcharge (negative) is modeled to constitute a "sink" 
of this flux. 

Everything in electromagnetics is fluid flow, you see. The old 
guys who formed the theory believed that electricity was a thin 
‘material fluid, So they modeled it that way. 

‘They modeled the positive charge as an everlasting "sprayer" 
and the negative charge as a "sink" or everlasting accumulator. 

‘They reasoned that of course this "stream ofelectric fluid could 
“swirl” or rotate, just as normal fluids can. 

This "switl” in the stream of virtual photons is magnetostatic 
scalar potential — or magnetic pole for short.* 

Obviously there can be two directions of swirl — one right- 
handed, and one left-handed, with respect to the direction of the 
virtual photon stream. So there are two kinds of "magnetic pole” — 

north (right-hand swirl) and south (left-hand switl), 

The strength of one of these "swirls" can vary, of course, and 
that's a variation in the strength of the corresponding pole. 

‘You can also think ofthe "pressure" ofthe swirl, so to speak, at 
least for modeling purposes. In that model, north switl is "higher 


*Rigoroasly. a permanent magnet doesnot produce an observable B fel in vacuum! 
Instead, it produces the dynamic, svilng “potential” fer that field — Le an unzipped field 
‘A partcie of observable mass placed inthis Geld integrates and "zis" — producing the 
bbterved B-eld on and ofthe spinning observable particle 


Roselli ot al.: Smart Surfaces: Large Area Electronics Systems for internet of Things Enabled by Energy Harvesting 


‘Table 4 shoe energy Performance Summary 


TEnergy provided by the] sored in the capacitor | SiS Az 
pushbutton 
Uitilized eneray below 27V capachior | TTA pd 
voltage, te active RFID 
tag sips transmitting 
‘valableenerpy 48.4 17.1 ah m3 
Energy required by he | Power Needed for Gms | 45041 
circuit for a one-word | operation: OmW 


‘TXE-433-KH2 [152], is able to combine a highly optimized 
RF transmitter with an onboatd encoder. 

‘The maximum voltage across the capacitor is 19 V; 
therefore, the energy stored in the capacitor can be cale 
lated to be close to 850 jJ. After the strike, the regulator 
becomes active, providing power ta the tag clxcuitrys its 3-V 
‘output remains constant before it statts to drop to zero 
according to the capacitor discharge rate. When the valtage 
across the capacitor drops below 2.7 V, the active tag stops 
transmitting. The resulting energy left in the capacitor and 
not used is about 17 iJ. The required time for successful 
completion has been measured to be close to 50 ms; the 
total cizcuit energy consumption for a 50-ms transmission 
is then approximately 9 mW (Section IV). Consequently, 
the energy required for a one word transmission is ap- 
proximately 450 jiJ, much less than the power collected by 
the energy conversion and regulation unit, The energy 
performance of the smart shoe is summarized in Table 4, 

“Smaet" solutions like smart shoes are suitable for smart, 
floor interaction and for collecting information (position 
included) from them. The smart shoe has actually a double 
functionality: on the one hand, it is a means to collect 
information from the environment (smatt floor included) 
and from the on-body sensors and apparatuses; on the other 
hand, it transfers data to the Internet, via WiFi, for in- 
stance, while likely receiving control and feedback signals 
To this extent, it contributes to the development of wear: 
able electronics for body-centric communication systems, 
according to the scheme of Fig. 22. This class of devices is. 
based on the BAN concept (see Fig. 22): a network of 
wearable computational units, sensors, energy harvesters, 
and transceivers networked and implemented around the 
‘human body. The information is acquired by means of sev- 
eral sensors and, after processing and digital modulation, is 
transmitted by means of off-body transceivers. The most 
attractive application of BANs and wearable systems, so far, 
is probably health monitoring [88], but the number of 
foreseeable applications is constantly increasing (personal 
fitness monitoring, personal audio system, personal alarm 
set, and so on). Today, a big contribution to the BANs is 
being given by the interaction with portable devices such as 
smartphones which can be exploited as gateways. 

Low-power ICs, sensors, and wireless communications 
are key elements of the BANS, and the use of EH techniques 


and mixed technologies such as RFID, as in the above de. 
scribed smart shoe, can contribute to the development of 
autonomous BANs. According to the notation adopted in 
[74] and [153], BANs can exploit wireless communication 
not only for aff-body communications with other systems, 
bout also for on-body and in-body communications to inter- 
connect networked devices [wireless body area networks 
(WBANS)]. Generally, the proposed WBAN solutions are 
based on existing communication standards; but, recently, 
the IEEE 802.15.6 working group has provided a standard 
for short-range, wireless communications in the vicinity of, 
fr inside, a human body based on ISM bands for BANS 
[154]. In this rapidly evolving scenario, smart shoes can be 
seen, in turn, as a promising mean to interface information 
‘coming from smart floors to the BANs and ultimately to the 
Internet, directly or via portable devices. 


IX. ENERGY SKIN 


Within SSs, another area is emerging, which requires de 
energy. The availability of devices that can actually increase 
the battery life of our electronic gadgets [155] is the holy 
grail of IoT; the idea is actually to convert energy from 
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Fig. 22. MAN integrated with 17: the data sensed on the human body 
‘and collected by smart devices are ent tothe internet through the 
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than ambient" pressure, and south swirl is “lower than ambient” 
pressure, where "ambient" means "with respect to right-hand swirl.” 
‘The swirl pressure is then considered to "bleed offflow” from north 
pole to south pole. This is modeled by Faraday's "flux lines of force.” 
This bleed off (gradient) from north pole to south pole is called the 
‘magnetic force field, or just "magnetic field” for short, even though 
in vacuum it's really an unzipped magnetic field. 

Note that the original modelers didn't consider negative time 
and negative energy at all. And they didn't know anything about 
phase conjugation — in fact, the electron had not even been discov- 
ered when all this model was originally put together. 

But back to the model. Considering the swirling fluid as "con- 
served", if you produced a concentration of one kind of swirl at one 
place, you had to decrease the concentration elsewhere, which is the 
same as producing and adding opposite swirl there. Thus, conceptu- 
ally, in the simplest case (only two swirls allowed), a north pole and 
a south pole always occur together in a pair — though of course 
there's no limit to the distance between the pair. 

Notice that ifyou have a conservative field such as we assumed, 
you are keeping your overall frame of observation Lorentzian — in 
other words, conservative. You do not have a “curved spacetime” to 
speak of, by assumption. 

Now of course, you can have compound and very complicated 
‘magnets and magnetic fields — you don't always have to have 
everything so neat and simple. In that case, conceptually you could 
have — for example — one north pole and two south poles. 

In fact, it’s easily possible to demonstrate that: a bar ofmagnetic 
‘material is simply magnetized so that a north pole is in the middle, 
and a south pole is at each end. Now bend it around a bit, and you 
get the point. 

However, now let us suppose that we curve spacetime itself, 
locally — something they avoid in present physics by pure assump- 
tion. 

Specifically, we curve our local spacetime in such a fashion that 
there's more right-hand swirl in the local region than there is left- 
hand switl there. 

In that case, we have a north-pole region there , all by itself. We 
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have a magnetic north monopole. Ifthat "curved spacetime” region 
of trapped swirl is moving, that constitutes magnetic current, and it 
may be either positive (north polar) or negative (south polar) flow. 

It’s as simple as that! Only when you curve local spacetime can 
you get a magnetic "charge" or monopole. Everyone who's trying to 
demonstrate a magnetic monopole in uncurved spacetime is doomed 
to failure apriori. Ittakes but little reflection to see that, conceptu- 
ally, amagnetic monopole is a curvature oflocal spacetime. Indeed, 
each ofthe two poles of a bar magnet is precisely that anyway. 

Now a monopole can indeed be "made", by bending local space- 
time correctly. It can be made in two ways: in the virtual state 
tuum itself, or in and on physical materials. It's easiest to make 
in the virtual state: just curving the local spacetime will do that. 
When this "excess sw! flux without corresponding antiswirl flux" is 
impressed into and onto matter, however, the atomic nuclei are 
(ed "magnetic states.” In addition, a great 
s created in the material, due to monopolar 
repulsion between the various "nuclear monopoles deposited in it.” 

Ifa sufficiently strong monopole intensity (magnetic charge) is 
produced in the material, the material will violently fragment from 
internal stress. When a metal, for example, undergoes such a 
“monopolar fragmentation’, it is common to see “tiled edges" of the 
metal rupture, much as twisted little "planks" or tiles of metal 
unfurled and "split." Such abreak may be a positive signature ofthe 
volvement of virtual magnetic monopoles (ie. by the metal having 
acquired virtual magnetic monopolar charge, causing the disrup- 
tion). 

This precise type of metal fracture has been very well demon- 
strated in experiments. by Canadian experimenter John Hutchin- 
son, Anomalous, powerful breaks in metal have been obtained by 
Hutchinson where the two ends that break apart both have a north 
pole or a south pole. 

‘The anomalous hole in the fuselage of the Arrow DC-8 
destroyed at Gander Air Force Base, Newfoundland on Dee. 
12,1985, strongly suggests that an electromagnetic missile struck 
the aircraft, inducing monopolar effects. That would also match the- 
three eyewitnesses’ description of an anomalous glow on part of the 
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aircraft as it faltered and then fell. 


Supercharges and Fractional Charges 

Now without further ado, let me just state flatly that the only 
way to get a fractional charge is to have an appreciable curvature of 
local spacetime. 

To get that local curvature, it's going to be very difficult to use 
liquid. For weak effects, it will almost always change its bond 
structure and not localize the curvature in the nuclei. So "fractional 
charges" in liquid are much harder to come by. 

However, with solids it's a different thing, particularly if you 
make the solid material very, very small and nonlinear — precisely 
like Ehrenhaft's little red selenium oxide spheres. There you can get 
the curvature to localize without so much bleedoff through the 
bonding lattice 

‘The greatest electrical wizard of all, Nikola Tesla, reported 
producing electrons with 50 times the normal electrical charge ofan 
electron. That's readily understandable ifyou look at what's happen- 
ing to the charge ofa particle: To have 50 times as much charge, the 
electron must be exchanging virtual photon flux with its surround- 
ing vacuum at 50 times the rate of the normal vacuum. 

In other words, it's the vacuum (spacetime) which must be 
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Figure 71. Metal fracture by deposting magnetic monopoles. Demonstrated by 
Canadian researcher John Hutchinson, 


changed, notthe electron! Actually, thathappens anyway whenever 
the electron is in an electrical potential field. There are many 
unrecognized assumptions in the postulate that the electron charge 
is fixed, 

Ifyou curve local spacetime in one direction, you get the charge, 
ofan electron increased. Ifyou curve itin the other direction, you get 
the charge decreased. In that case it's called a quark. 

At any rate, our own scientists have been looking in the wrong 
way and in the wrong place for magnetic monopoles and fractional 
charges. 

Work such as that of Ehrenhaft and others should be re- 
evaluated. And, most certainly, the basis ofthe present electromag- 
netic theory should be both re-examined and reformulated. 


‘Such asthe implication thatthe ice electron is always fee to move, and that potential 
surrounding the electron aways possesses a translating gradient when itchanges. Tt does 
hot consider the case where the virtual flux exchange befween elton and vacuum increases 
ikotropcaly, centered on the electron, That, ofcourse, represents an excited charge of the 
fice electron 
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CHAPTER 5 


EXTRAORDINARY BIOLOGY 


Kervran's Proof of Biological Transmutation 

In orthodox chemistry, one of the strongest dogmas is the 
stubborn insistence that itis impossible to create another element by 
chemical reaction. Most chemists also insist that all reactions 
occurring in living systems are chemical in nature. They believe 
fervently that chemistry can and must explain life itsel. 

In the early 1960's, a French researcher named Louis Kervran 
published work which flew directly in the face of the accepted 
chemistry dogma. Kervran reported the astounding results of his, 
research showing that living plants were able to accomplish limited 
transmutation of elements. Kervran was then the Conferences 
Director at the University ofParis, and his first paper was published 
in La Revue Generale Des Sciences, July 1960. 

What was so revolutionary was that, according to the prevailing 
wisdom of science, you can't transmute elements (permanently 
change the nucleus) except with enormous energy — certainly not 
with the microvolts and millivolts (and microwatts and milliwatts) 
that living systems can muster electromagnetically. * 

Rutherford, the British physicist who discovered the nucleus of 
the atom, had shown in 1919 that you can bombard elements with 
alpha particles and transmute them. The accepted wisdom oftoday 
isexactly the same, except that the physicists have used heavier and 
heavier "bullets" in their artillery approach. No one has tried a 
controlled approach, for the catchecism is that you have to use the 
wham it harder! approach. 

In other words, to most scientists the whole thing had to be 
preposterous, and Kervran had to be deluded, 

Kervran published further details ofhis work in a book, Trans- 
mutations Biologiques, Maloine, Paris 1962. But the initial rea 


‘Nit, howeverthat since gravity is infoked EM, one can have extremely powerful inflded 
EM tony hive minisuleelececal (oatfolded) residues. Thus the actu “avalale 
ower" in afc biopotentils may not be quite so smal fle al, 
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tion of most scientists was disbelief and skepticism. Few scientists 
would stoop to repeating Kervran’s experiments, which of course 
they knew could not work anyway. 

Actually the effect is widespread amongst living systems. As 
Kervran pointed out, the ground in Brittany contained no calcium; 
however, every day a hen would lay a perfectly normal egg, with a 
perfectly normal shell containing calcium. The hens do eagerly peck 
mica from the soil, and mica contains potassium — a single step 
below calcium in the standard table of elements. It appears that the 
hens may transmute some ofthe potassium to calcium, 

Further, if one tests this assumption, itis quickly shown to be 
true. Hens denied calcium but not potassium, stay perfectly healthy 
and lay perfectly normal eggs. Hens denied both potassium and 
calcium will be sickly and lay only soft-shelled eggs. If these sick 
chickens are allowed to peck only mica—which they will frantically 
do — everything returns to normal again. 

Most orthodox scientists nevertheless remained skeptical or 
downright hostile. 

However, a few other scientists began to repeat Kervran’s 
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Figure 72. The Kervran effect. A biosystem can accomplish limited transmutation of 
elements. 
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experiments and replicate his results. Several of these corroborat- 
ing scientists were (1) Professor Hisatoki Komaki, Chief of the 
Laboratory of Applied Microbiology at a leading Japanese univer- 
sity, (2)Professor Pierre Baranger, Head ofthe Laboratory of Chemi- 
cal Biology ofthe Ecole Polytechnique in Paris, and (3) J-E. Zundel, 
then head of a paper company with a chemical analysis laboratory, 
and later a chemical engineer of the Polytechicum School of Zurich, 
Switzerland. 

Later work by Zundel was particularly decisive: he utilized the 
mass spectrometer at the Microanalysis Laboratory of the French 
National Scientific Research Center, and neutron activation mass 
analysis at the Swiss Institute for Nuclear Research in Villigen to 
positively confirm an increase in calcium of 61% to an accuracy of 
2%. Such results and instrumentation, ofcourse, removed any doubt 
that the effect could be due to statistical variation. In the same 
experiments, the plants increased their phosphorus 29% and their 
sulphur 36% 

Komaki became head of a research laboratory at Matsushita 
Electric Company. There he conducted research conclusively prov- 
ing that microorganisms (including some bacteria and two kinds 
each of molds and yeast) could transmute sodium into potassium. In 
fact, he placed a brewer's yeast product on the market that, when 
applied to composts, increases their potassium content 

Extensive work in the area has been done in the Soviet Union, 
where results similar to Kervran’s have been substantiated 

‘Thus all doubt (to an open-minded scientist) was removed: living, 
systems are able to change one element into another by some 
unknown means, using very feeble energy. 

A noted French physicist, © Costa De Beauregard, suggested a 
mechanism for the transmutations, using weak force interactions 
and advanced waves. 

No one — even Kervran himself— thought of negative energy/ 
negative time interactions. The jury is still out on the actual 
mechanism, but it is absolutely clear that the transmutation does 
indeed occur. 

‘The Japanese researchers, having replicated Kervran’s as- 
tounding results to their complete satisfaction, recommended him to 
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the Nobel Committee for a Nobel Prize for such epochal work. Thus 
Kervran became a Nobel nominee, though he was not granted the 
prize. 

Kervran has since passed away, leaving behind his books and 
papers that point to a revolution in chemistry and physics - 
transmutation of elements at very weak energy. 


Biological Transmutation Has a History 

Actually biological transmutation — and transmutation of ele- 
‘ments (alchemy) in general — has a history, of both results and 
suppression. 

Louis Nicolas Vauquelin, a celebrated French chemist, discov- 
ered that chickens could produce more calcium in their eggshells 
than entered their bodies. Hence they had to be able to “create” the 
calcium, else their own bodies would have been completely depleted. 

One of his contemporaries, however — Antoine Laurent La- 
voisier —became the "father of chemistry.” Lavoisier laid down the 
dictum that nothing was created. So chemistry fixed upon the notion 
that the combinations ofelements could be shifted, but the element 
itself could not be transformed. 

Notuntil the discovery ofradioactivity did any crack in this solid 
wall appear. But still, the basic ideas of chemistry said the element 
couldn't be transformed chemically. It could only be transformed if 
one blasted the daylights out ofit with an atomic or particle bullet. 

Today most chemists still hold that exact same opinion, un- 
shaken. 

To resume: Over a century ago, a chemist named Albrecht von 
Herzeele proved that germinating seeds somehow transmuted ele- 
ments in the process. In 1873 von Herzeele published a book, The 
Origin of Inorganic Substances, where he showed research 
proving that plants continuously create material elements. 

Even earlier, in 1822 an Englishman named William Prout had 
studied chicken eggs in incubation. He found that hatched chicks 
had more lime (calcium) in their bodies than was originally present 
in the egg! 

Another French scientist named Henri Spindler discovered that, 
akind of algae called Laminaria could create iodine. 

‘A German researcher named Vogel had planted cress seeds in a 
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bell jar. They were fed nothing but distilled water; still, when grown 
they contained more sulphur than had been in the seeds originally. 

Lawes and Gilbert, two British researchers, also found that 
plants could "extract" more elements from the soil than the soil 
actually contained in the first place. 

Baranger performed thousands of meticulous experiments in 
plant transmutation of elements, He proved that the transmuta- 
tions do occur. He also discovered that many things affected the 
germinating seed transmutation process: the time the seeds germi- 
nate, the type oflight they are exposed to, the phase ofthe moon, ete. 

None of these experimenters understood the transmutation 
process used by the living organism. But they proved beyond ques- 
tion that the process existed, and universally occurred. 


Surplus-of-Energy Mechanisms Proposed by the U.S. Army 

There has also been other very positive support for the thesis 
that ifliving systems transmute elements, they can produce a net 
source of energy in the process. 

In 1978 an officially-funded effort of the U.S. Army Mobility 
Equipment Research and Development Command, Fort Belvoir, 
Virginia positively confirmed that mechanisms for elemental trans- 
mutations could occur in biological systems, from an energy consid- 
eration, 

‘The work was performed under the direction of Emil J. York, 
Chief ofthe Material Technology Laboratory. Solomon Goldfein was 
the principal investigator for the effort. Robert C. McMillan, Chiefof 
the Radiation Research Group of the laboratory, provided guidance 
on matters of physics and nuclear physics 

The abstract of the final report (S. Goldfein, Report 2247, 
Energy Development from Elemental Transmutations in 
Biological Systems, U.S. Army Mobility Equipment Research and 
Development Command, May 1978. DDC No. AD A056906.) reads as 
follows: 


"The purpose of the study was to determine whether recent 
disclosures ofelemental transmutations occurring in biological enti- 
ties have revealed new possible sources of energy. The works of 
Kervran, Komaki, and others were surveyed, and it was concluded 
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that, granted the existence of such transmutations (Na to Mg, K to Ca, 
and Mn to Fe), then a net surplus ofenergy was also produced. A 
proposed mechanism was described in which Mg adenosine 
triphosphate, located in the mitochondrion of the cell, played a double 
role as an energy producer. In addition to the widely accepted 
biochemical role of MgATP in which it produces energy as it 
disintegrates part by part, MgATP can also be considered to be a 
cyclotron on a molecular scale. The MgATP when placed in layers 
one atop the other has all the attributes ofa cyclotron in accordance 
with the requirements set forth by E.O. Lawrence, inventor of the 
cyclotron.” 

"lt was concluded that elemental transmutations were indeed 
‘occurring in life organisms and were probably accompanied by a net 
energy gain.” 


The researchers also concluded that elemental transmutations 
occurring in life organisms are accompanied by losses in mass 
representing conversion to thermal energy, and that such energy 
probably is a net gain when compared to the amount required to 
effect the transmutation 

Allin all, they concluded that the little cell with its feeble energy 
does quite well! It’s in control of cyclotrons, and cyclotron forces, and 
direct conversion of mass to energy. Pretty good for a little bitty 
beastie, wouldn't you say? 

Actually, one should point out that, according to nuclear phys- 
ics, an atom gets a little heavier when it absorbs (usually by means 
ofan orbital electron) a normal "positive energy” photon. Thats, the 
addition of positive energy results in the addition of a little bit of 
"positive mass." 

Negative energy, ofcourse, does a similarthing to the nucleus — 

except that it adds "negative mass.” Thus the nucleus ofthe atom, 
when it absorbs negative energy, gets lighter. This is seen in the 
external world as "loss of mass.” 

With our present nuclear phy 
sumed except in extremely rare cas 

‘Thus the Army study —which was conducted and controlled by 
some excellent scientists — worked out a "loss of mass” the way 


only positive energy is as- 


es. 
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Estemal ighis 


RF Energy Harvesting 
Circuit 


Fig. 23. em source likely supplied by solar energy in order to 
‘keep eco-trendiines, is used to broadcast energy to the urban 

neighborhood where houses are equipped with local RF-dc converters 
able to power supply local devices (external lamps in the example). 


different sources, as solar to de [156], EM radio signals to 
de, thermal to de [156], vibration to de [157], ete. [158] 
Portable converters from solar to de are today com: 
monly available on the market at very low prize. Similar 
portable scavengers can be easily envisioned even for other 
energy converters. On this basis, plenty of sophisticated 
and more complex solutions are being proposed. Just as an 
example, we report the solution in Fig. 23, where the solar 
‘energy is used to supply an EM source that broadcasts RF 
‘energy in the surrounding urban envionment; this energy 
is converted to de energy at building level and, in turn, 
‘exploited to supply external local lamps. This approach was 
conceived for space applications [159], [160], but could be 
used in certain conditions in earth stations as well. The 
concept can actually move forward and be integrated into a 
smart skin, in the sense that all devices could be powered 
up by the skin energy conversion that a person can catty 
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(vibrational, thermal, RF, et.). This will become possible 
by integrating paper and textile radio electron 
the smart skin surfaces of our clothes. 


e citcults in 


X. CONCLUSION 


‘This paper focused on smart surfaces concept. This con: 
cept was introduced as a way to provide solutions to so 
cietal instances by means of technologies and techniques 
that today are gaining great momentum thanks to loT de- 
velopment. The foreseeable IoT evolution, in fact, ealls for 
systems and subsystems that are more and more energy 
conservative, fully autonomous (battery-less and not 
connected tothe grid), as recyclable as possible (ultimately, 
100% biodegradable), Mlexible, and extremely low cost to 
bbe embedded in as many objects as possible. In order to 
meet these expectations, several technologies have to be 
implemented concurrently. This paper illustrates some of 
them, namely, recyclable and reliable materials, printing 
and R2R compatible techniques, conformal antennas on 
unconventional materials, and chipless RFID. 

Subsequently, it has been shown how these t 
gies enable a fairly new branch of loT development, re 
presented just by $8s. 

$8s are in their infancy; nevertheless, some examples, 
‘enabled by the aforementioned technologies, can be cited 
‘Among them, the way to inherit “quasi-optics” and extend 
them to RF frequencies even below gigahertz is shown, and 
the smart floor implementation as a means to provide 
precise localization as well as assisted paths platforms has 
heen reported. Energy skin a¢ a means to convert several 
energy sources (solar, thermal, vibrational, EM, ete.) in 
clectzic one is described as well. 

‘The reported examples must be researched as a new 
paradigm for potential promising developments aiming at 
providing new LAE solutions for the future networked 
society. 


hnal: 


[nt] F Aliens P Mezanote. M_ Dion, 
Mir aod 1 Roel, "Microwave see 
I paper sberatereplitng comlacve 
Silene pes” IEEE Mier Wels 
Compon Let wl. 22. m0. 12 880-652, 
Tobe apd 8. Onerackan “Paper 
slectrnies Ah ater, oe 28,17 
pps t98s-196), 300, 
P. Calvert, Inkjet printing fr materials 
ted devices" Chem, Mater yl 13, 10, 
pp 3200505, 2001 
G. Orch ta. “lkjet peated epic 
Sanson for sauna cectones in 
roe tk Eleten Compe. Tec Caf 
um 2000, pp. 985-089 
1 Yang, G Grech, G Shaker, 
HLS Le, apd M. Tentaecis “Hater re 
lbsenabled wirlear sensor"in BEE 
[MIPS te Miro Symp. Digs May 2010, 
pps. 
Shake, S Saf Nain, N.Sangary and 
M Tentacis,Tnjet printing of 
‘ramadan (UWB) antentar on 
operbeed stain” IEEE Atanas 


Salle, Materiel 


femenr 


pe 
New Yor 


f Oct. 2008, v1, ay 


ps} 


1. Vyas and M, Tent, 
bs) 
Sino pee 12h 


Vol 102, No.1, November 2014 | PRoceEDINGS oF THE IEEE 1741 


Extraordinary Biology 210 


they're trained to. 

By adding some positive energy, the nucleus would gain 
ive mass. By adding some negative energy, the 
nucleus would lose some corresponding positive mass. The 
conventional physics then would equate this " 
as the direct conversion of mass to energy. And so it is, only 
it's conversion to negative energy! 

However, by pointing out the cyclotron mechanism in the cell 
MgATP, the Army researchers have made a most important cont 
bution. 

Note also that the whirling motion may be very much related to 
Viktor Schauberger's work and to Wilhelm Reich’s work. Both of 
them worked with what they viewed as an unusual kind of living, 
spiraling energy. 

All the orbital electrons ofan atom also are whirling around in 
orbit, in the simplest model. Further, these orbits themselves move 
and rotate or precess. 

Similar orbits and shells occur in the nucleus, at least in some 
‘models (several rather independent models are used there for 
specific things.) 

Itmay be that a whirling, spiraling (cyclotron) energy motion is, 
necessary to connect positive energy to orbital electron (negative 
charge) shells, and to connect negative energy to positive charge 
shells in the atomic nucleus. * 


Alchemy and Unusual Critters 

In ancient times, the old alchemists pursued the dream of 
making gold. Obviously, ifone could do that economically, one could 
become quite wealthy. 

Just as obviously, the kings and rulers of the world took rather 
a dim view of such proceedings. After all, much of their own power 
rested on their ability to get and control gold. And if some "loose 
cannon” could make all the gold anyone wanted, then the national 
treasury of the king wouldn't be worth a plugged nickel. And that 
would finish the king, for he would be powerless. 
<The spioning/whiting motion may be viewed integrating the uovpped vacuum fx 


‘ital vectors into zipped observable force vectors —just as great grandmas spinning wheel 
Integrated fibers ino continuous treads 
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‘There are some unorthodox researchers today who take the view 
that he alchemists were stamped out—not because theyfailed, but 
because they succeeded. 

I subscribe to the same view. 

TH. Moray had a process to “recover finely divided gold fom 
quartzite sands.” My personal, strong beliefis that he possessed a 
practical transmutation process. His knowledge and techniques, of 
course, are still possessed by his sons, and reside through them in, 
Costay Research Institute, Salt Lake City, Utah, 

‘The possession ofssuch a technical secret may be one ofthe major 
reasons why the Morays have met with such intrigue, harassment, 
and suppression over the years 

Tospeak further on "making gold," we first have to present some 
details on some special “critters” that live, but that can'tbe observed 
through a normal microscope — even an electron microscope. 

Inthat vein, toward the end of this chapter, we will present some 
of Royal R. Rife's fundamental discoveries. Pay particular attention 
to his discovery of “finer” living forms — which today we could only 
refer to as “living energy, virtual-state forms.” 

Let's call them eritters for short. 

Atone time, when the earth was young and the radiation fom 
the sun was different, conditions on earth were much hotter. Great 
volcanic activity and fiery eruptions were commonplace and nearly 
continuous. Huge storms, of size and magnitude undreamed of 
today, swept the primitive atmosphere. The oceans were frenzied. 

Under those conditions, many types of "critters" were highly 
active. Most of he critters, for example, lived in and worked on the 
atomic nuclei of matter . 

Afterall, the critters are living, virtual-state organisms. There's 
a continual exchange between the virtual state (the vacuum, or 
) and mass (the observable state). An atomic nucleus is 
like an island in the "Virtual state ocean", and the flux interchange 
is like waves breaking onto the island and then washing back to sea. 
The critters live in that ocean, and wash upon, so-to-speak, the 
aass-islands and interact with them. 

In those primal days, many ofthe present great mineral deposits 
ofthe earth were created due to the transmutation activities of the 
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critters 

One kind, for example, lived in copper. In an “energetics” sense, 
this critter ate” copper and "excreted" gold, so-to-speak. Much ofthe 
gold that occurs in great copper deposits today was formed this way 
in the old days under primal conditions. 

When conditions on earth changed, these little "copper critters 
ceased their incessant activity and became dormant, just as viruses 
can do. But the critters are still there in the copper ore, waiting to be 
activated. 

And activate them you can! You can even get the critters into a 
solution, and then crystallize them out as crystals. 

These crystals are what the alchemists of old called the 
philosopher's stone, with the power to transmute base elements 
into gold. There are several kinds ofphilosopher’s stones; this kind 
is for copper. 

At any rate, you can then place these special crystals on some 
copper (and add another thing or two), and restore them to a similar 
primal environment as of old. That is, heat them in an electric 
furnace. Blast them with terrible electrical bolts. Bathe them in 
intense ultraviolet light. That's just a nice, refreshing spring day for 
the critters!* 

That stimulates them and revives them. They wake up after a 
long sleep — and they're immediately "hungry." So they go right to 
work on the copper. Boom! In a little bit there isn't any more copper, 
just mostly gold, with a little other miscellaneous residue thrown in, 
such as black ruby and silver (in the experiments of one of my close 
colleagues). 

The gold is radioactive when first made. Fortunately, all 
isotopes of gold are very short-lived: just minutes suffice for the 
radioactivity to die away. So you wait half an hour and everything's 
okay. 

‘That's all there is to it 

And if you do that and try to capitalize upon it, your life 
expectancy is about 24 hours. 

I don't know whether or not biological systems, in their Kervrai 


‘Nee the probable similar ests involved in the Milr-Fox-Utey experiments in biogenesis 
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transmutations at weak energy, deliberately manipulate similar 
“critters.” I suspect, however, that they do, at least to some extent. 


The Cell Also Lives and Functions in the Virtual State 

Obviously, to transmute elements the living system has to be 
able to directly affect and influence the atomic nucleus. 

thas been shown that this is a cellular capability, for single- 
celled organisms can do it 

‘As we shall see, Rife's work showed that the living cell is 
connected to at least 16 intemested deeper levels of reality than a 
relative "point" under an ordinary microscope. Further, all levels are 
structured and organized. 

Think ofit! Each one of those levels is to the preceding level as 
microscopy today is to the normal world, Sixteen levels! 

Ithinkit’s reasonable to state that the life ofthe cell is patterned 
and dynamically structured and functioning all the way into the 
al state; indeed, to very deep intemested levels of the virtual 
fate, That is, italso functions hyperspatially 

We shall also see that the mind and thought 

subtle physical (though virtual) levels. 

‘Thus the living virtual-state levels are a reality, for Rife proved 


wolve these more 


it. 

The living organized structures at each level are a reality, for 
Rife proved it. 

‘The living ordering and control of dynamic functions on all those 
s is a reality, for Rife proved it. 

level parts of the living organism—plantor 

al — thus affect, function in, and reside in the atomic nuclei of 

the material that composes its bodily structures. 

Beasties like bacteria and viruses also have living, organized 
multiple levels ofvirtual state. Apparently, for 
these more primitive life forms, the virtual-state “energy part 
be separated and pass through a filter, then re-engender the phy 
cal form and/or itselfcause the disease in ahost! At least that is what 
Rife and other scientists showed. 


"Bigger fleas have smaller fleas to bite ‘em, And so on, ad 
infinitum.” 


Of course the living system can "work on" the nucleus and 
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change it a little bit! If it couldn't do so, it couldn't stay alive and 
function in there in the first place! 


The Kaznacheyev Experiments 

Dr. Viail Kaznacheyev is Director of the Institute for Clinical 
and Experimental Medicine in Novosibirsk. 

For 20 years he has been directing highly unusual experiments 
with twin cell cultures. These experiments are vital to understand- 
ing disease and healing on a more fundamental basis than is 
presently utilized by orthodox medical science. 

‘The Kaznacheyev experiments (several thousand) in the Soviet, 
Union proved conclusively that any cellular disease or death pattern 
can be transmitted electromagnetically, and induced in target cells, 
absorbing the radiation. 

In the experiments, two sealed containers were placed side by 
side, with a thin optical window separating them. The two contain- 
ers were completely environmentally shielded except for the optical 
coupling, 

A tissue was separated into two identical samples, and one 
sample placed in each of the two halves of the apparatus. 

The cells in one sample (on one side of the glass) were then 
subjected to a deleterious agent — a selected virus, bacterial infec 
tion, chemical poison, nuclear radiation, deadly ultraviolet radia- 
tion, etc. This led to disease and death of the exposed/infected cell 
culture sample. 

Ifthe thin optical window was made of ordinary window glass, 
the uninfected cells on the other side ofthe window were undamaged 
and remained healthy. This of course was as expected in the ortho- 
dox medical view. 

However, ifthe thin optical window was made of quartz, a most 
unexpected thing happened. Some time (usually about 12 hours) 
after the disease appeared in the infected sample, the same features 
of disease appeared in the uninfected sample. 

This startling "infection by optical coupling" occurred in 
a substantial percentage of the tests (70 to 80 percent). From 
an orthodox medical view, these results were unexpected 
and unheard of. 

Further, ifthe originally uninfected cells were in optical contact 
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Figure 73. The Kaznacheyev effect. Thousands of experiments proved that (1) 
colar disease is electromagnetic, and (2) it can be induced electromagneticaly at a 
‘distance. Also called the cyopathogenic afoct. 
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Figure 74. A photon is one oscilation ofan electromagnetic cari. it may have 
substructures that are modulations. Such a structure is ealed a “glant photon,” or a 
compound photon. 
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Figure 75. Nested modulations are the key to hyperspatal engineerin. 


with the infected cells for 18-20 hours or so, and then were corre- 
spondingly exposed (optically coupled) to another uninfected cell 
sample, symptoms of the infection appeared in this third sample an 
appreciable portion of the time (20 to 30 percent). 

Guided by A.G. Gurvitsch’s work that showed that cells give off 
mitogenetic radiation (photons) that can affect other cells, the 
Kaznacheyev team sought an answer by looking for photons given off 
by the infected culture sample as its cells died. 

‘They found that the cells in the infected culture gave offphotons 
in the near ultraviolet when they died. The normal window glass was 
opaque to these near-UV photons and absorbed them. In that case, 
the uninfected culture on the other side ofthe glass was not exposed 
to radiation by the UV "death" photons from the dying cells, and they 
remained serenely healthy. 

However, the quartz window was transparent to the UV "death 
photons”. When the quartz window was installed, the UV "death 
photons” passed through it and were absorbed in the uninfected 
culture on the other side of the window. Most of the time, the 
uninfected culture which absorbed "death photons” sickened and 
died with the same disease symptoms. 

‘The Kaznacheyev experiments proved conclusively that cellular 
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in be transmitted and induced electro- 


death and disease patterns 
magnetically * 


Structuring and Charging a Biopotential 

Kaznacheyev thus demonstrated that a photon information! 
regulatory system exists in biological systems due to a continual 
influx of EM energy from outside the system. That is, the cells of the 
biosystem are charged with an electromagnetic potential, and addi 
tions and changes to the potential are continually received. The cell 
is thus in minute disequilibrium. 

Usually the myriad of continual inputs fom the external envi 
ronment into the cell's potential charge pattern (in its atomic nuclei) 
may be taken to be potential changes whose substructures are 
disordered, Inthat case, no specific environmental effect is observed 
except slight fluctuations without order — a miniscule form of 
“heating.” 

However, ifa continual ordered substructure exists in the input 
from the external environment into the cell's potential, the cell's 
potential will gradually "charge up” with that pattern 

An analogy will prove helpful. Imagine an accumulator, a largo 
pot, that holds a volume of water. Several pipes are connected to tho 
pot, some are inputs for water coming in, and some are outputs for 
water flowing in. 

Imagine the inputs all containing “blue” water, justin slightly 
varying shades. The water in the pot is blue, and may slightly rise 
and fall in level as the input flow rates vary. The waterin the pot may 
also vary slightly in its blueness as the inputs vary. However, it will 
still be blue. 

Now suppose that yellow water starts flowing through one ofthe 
input pipes, and at a goodly rate. Slowly the water in the pot will 
start to turn greenish as a greater percentage of yellow builds up. In 
other words, the pot slowly charges up with some of the "yellow" 
charge, in the process acquiring a "green" charge. 

‘We point out that his fst has been investigated in both he infaed and lave. TR to 
UV may be taken us igi tarmonl interval an octave, musially speaking. Te se 
fet canbe repied in any other "acne (single hamonc interval ofthe clstomag 
hele eqency spectrum. Te reversal fhe eet ca aso be achieved in any bartic 


interval, ‘The mechanism for these effets involves the clllarbiopotential, Pop's master 
Cellular contol system, andthe deteministically-talloedsubstucture of photons 
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‘The biopotential in the cell experiments works the same way. 

Acell has abiopotential built up, which represents the "nominal 
equilibrium” ofthe scalar charge on the cell. This biopotential, being 
mostly a "sum-zero" of virtual state vectors, is centered in and on the 
atomic nuclei ofthe cell, constituting charge patterns in these atomic 
nuclei. The biopotential extends out ofthe atomic nuclei, through the 
electron shells, into and through the molecules, through the internal 
cell structures and membrane, and outside the cell 

From the atomic nucleus on out through the cell, every layered 
structure or organization of the cell will layer, structure, and 
‘organize the biopotential accordingly. 

This organized, structured cellular biopotenial is continually 
receiving "charge patterns” containe: 
by the cell. The biopotential 
its biopotential charge pattern in the photons (heat, light, etc.) that 
the cell emits. 


The Cell’s Electromagnetic Breathing 

Via structured photon exchange, the biopotential of the living 
cell thus "breathes in" the virtual state charge structure of its 
environment, and "breathes out" its own internal virtual state 
charge structure. 

So, in the experiment, the uninfected cells are continually 
absorbing photons from their surrounding environment, and emit- 
ting photons back to itas well. According to our scalar EM view, each 
photon it absorbs has a substructure that depends upon the part of 
the environment from whence it came. 

These "substructures" are actually patterns of the sum-zeroed 
virtual vectors comprising the potential of the absorbed photon 
carters. 

Normally, since a large number of very different substructures 
are continually being “input” into. the cell's potential fom the 
absorbed photons, the substructure ofthe cell's potential receives an 
essentially disorganized continual input from the environment. This 
liquates to the fact that the environment does not normally speci 
cally influence or change the cell's potential with ordered informa- 
tion (organization).* 
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When a cell dies, it ceases to maintain the bio-dynamics that 
sustained its artificial potential (that part due to bio-ordering by its, 
organized life processes, above the background level of its "inert 
matter” potential). The dead cell's built-up artificial potential then 
“discharges” by emitting a structured photon.** 

Since this photon (energy) comes from an organized 
potential drop, the virtual substructure of the emitted photon 
is organized. The photon, then — among other things — 
carries the exact organized virtual charge pattern of the 
dying cell's disease. 

We strongly insist on the quantum mecha 
physical changes — chemical, material, mechani 
root level are constituted and 
direct patterns of virtual particle exchanges. 

In the full QM view, what's really going on in primary physical 
reality is just a complex set of patterns and changes in potentials 
anyway. 


The Summed Virtual Structures ofKaznacheyev's 

"Death Photons" Physically Kindle the Disease 

‘At any rate, the Kaznacheyev experiments showed that the 
dying cells from the infected culture emitted photons in the near UV 
that contained artificial (structured) potentials. The virtual-state, 
in this photon lx dry epresected ho 


In other words, as the infected cells died, they emitted "death 
photons" which contained the template pattern of their death 
condition. 

‘When these "death photons” are absorbed into uninfected cells, 
their deterministic substructures gradually diffuse into the cel 
bio-potentials. Gradually the biopotentials of the new cells are 


‘There may be suificient ordered input fom the environment, however, to have something to 
do with terztorialiy in Living things, salmon returning to a fixed place to spain tures 
Feturning othe same beach oly eggs, the migration of binds, et. 


‘Notethat this photon is emitted fom an atomic nucleus. Hence itis « phase conjugate 
(sime-revesed) photon. It will interact withthe biopotemal of argeted cells, and thus reach 
their own atomic nice. This isthe mechanism fr Kaznacheyev's eytopathogenic els. 
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Table 43, THE LIVING AURA: THE CELL'S ELECTROMAGNETIC BREATH. 


+ VIRTUAL EM FIELD 

+ STORES VIRTUAL PHOTONS 
+ ENVIRONMENTAL INPUTS 

+ OUTPUTS BIOPHOTONS 

+ COHERES ORGANISM 

+ TENDS TO STABILIZE 

+ EXPERIMENT ESTABLISHES 


Popp, "Photon Storage in Biological Systems,” 
Electromagnetic Bio-Information, 1979 


‘charged up" with the integrated pattern ofthe disease. 
The master cellular control system of the biosystem is itself a 
dynamically changing, ordered pattern in the biopotential of the 
cells, which is centered in the atomic nuclei comprising the cell 
materials. As the bio-potentials of the cells gradually acquire the 
"death photon’s” substructure pattern, this pattern is also diffused 
throughout (modulates) the master cellular control system. All the 
cells in the sample (or in a biosystem) are now slowly charging up 
with the "death photon" pattern, 

As Popp discovered, photons continually "Ieak out" ofthe virtual 
photon master control system of the biosystem. Some of these 
Ieakage photons are observable photons, but most are virtual pho- 
tons. 

Further, they are structured photons. 

In other words, as leakage photons spill out ofthe master control 
system, observable change is now being slowly initiated in the 
physical structures, biochemistry, etc. ofthe biosystem’s cells —and 
those changes are in consonance with the integrated "cellular death 
pattern” of the originally infected cells. 

Note particularly that it is already well-known in quan- 
tum mechanics/electrodynamics that, when a photon 
emitted from the surface of a dielectric body, the entire 
electric body participates in that emission. If a photon i: 
absorbed on the surface of the dielectric body, the entire 
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dielectric body participates in that absorption. 

‘Thus as irradiation by the "death photons" continues, the "death 
structure" in the irradiated cells increases. Itis spread throughout 
the cell culture by the master communication system, gradually 
charging the virtual state structure of that system with the death 
pattern 

Spillage photons from the cellular control system occur through- 
out the culture. These photons are structured with the death pat- 
tern, and gradually affect the cell and its biochemistry physically. 
‘The previously uninfected cells thus physically start to acquire and 
exhibit the symptoms and characteristics ofthe disease pattern that 
killed the infected cells, 


Electromagnetic Infection Results in Physical Disease 

‘The new cells are now electromagnetically infected and physi- 
cally diseased. 

‘Afier all, that is all a cellular disease is in the first place — 
physical, electrical, and biochemical changes inthe normal function- 
ing of the cell 

For a given pattern of changes in the cells, a specific "disease" 
exists in them. 

It absolutely does not matter what causes this exact pattern. If 
the specific physical pattern is there, the specific disease is there. 

Note that any ghost pattern in the virtual state flux can 
charge up physical matter — that is, the atomic nuclei of a 
mass. All that is necessary is that a continual flux of thin 
virtual pattern continually bathe (irradiate) the mass's 
atomic nuclei. 

The eventual emergence of this "ghost template pattern" into 
observable physical reality is called kindling. Kindling is charging 
up one or more atomic nuclei with an integrated virtual charge 
pattern until the integrated pattern breaches the quantum thresh- 
ld, resulting in emergence of that pattern into observable physical 
change. 


A Possible Cure for AIDS 
One of the things going for the "good guys” and EM defense 
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against AIDS is that cells are a lot tougher than viruses. Thus even 
non-structured EM signals can be used to effect cures in many 
disease cases. 

In fact, ordinary ultraviolet (UV) irradiation of the blood has 
already been utilized to cure or control severe infections, including 
severe viral infections. I am indebted to Dr. William C. Douglass for 
pointing this out to me, and for permission to reproduce the following 
information from his important newsletter, The Cutting Edge, 
Noy. 1987, p. 3. The following material is quoted verbatim, with no 
editing, 

It's amazing what you can find by nosing around in the dusty 
archives ofa good medical library. Icame across another remarkable 
therapy that the AMA and drug industry (or whoever is in charge of 
supressing non-toxic treatments that work) have shoved down the 
‘memory hole. 

"Back in 1933, Doctors Hancock and Knott treated a patient 
dying of septicemia (blood poisoning) with ultraviolet irradiation of 
the blood.’ The patient was moribund with a blood stream infection 
and obviously near death. (Remember that this was before antibi- 
otics and there was nothing to lose.) The patient made a complete 
and uneventful recovery.” 

"Searching further, I found that in 1928 a similar terminal 
infection was treated by ultraviolet light to the blood. This patient 
also made a complete recovery.?” 

"So in 1928, practically in the middle ages, an incurable disease, 
blood stream infection, was cured with ultraviolet light. With such 
a breakthrough why wasn't it tried again for 5 years? According to 
the record, another 6 years passed before it was tried for a third 
time." 

"Back in those days infection was the number one cause ofdeath. 
‘You can't help but wonder how many lives could have been saved if 
doctors weren't so resistant to new ideas. Just imagine a cure for 
AIDS being set aside for 11 years. Yet bacterial infections of the 
blood were uniformly fatal in’ 1935, just like AIDS is today." 


! Nomthwest Meine, 33200, 1934 
not, AM. J. Surg. Aug. 1948. pp. 165-17 
1 Med. 81. 197875, 1939, 


SA 
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“Finally, in 1940, 110 cases treated with ultraviolet spectral 
energy were reported. The results were uniformly good. Between 
1940 and 1948 many other conditions were successfully treated, 
including vein inflammation (phlebitis), polio and asthma. Upto the 
late 40's over 40 thousand treatments were given with ultraviolet 
blood irradiation." 

"And now for the most interesting part. In 1947, Dr. G.P. Miley 
reported on 79 cases of virus infection.’ Miley stated thatultraviolet 
blood irradiation therapy could be relied upon consistently to control 
an infection of a virus in a safe and efficient manner." 

"AIDS is a virus. AIDS-Il is a virus (the HTLV-IV leukemia and 
lymphoma now sweeping the world). Remember that these killer 
viruses are within the cell and any chemical agent that enters the 
cell to kill the virus will often kill the cell as well. But ultraviolet 
irradiation kills the virus without harming the cell.” 

"A fine piece of crystal can be shattered by exposing ittojust the 
right frequency. You can be standing in the room and the energy 
fiom that frequency won't harm you in the least. Viruses have the 
same characteristics, and so, in my opinion, frequency irradiation of 
the blood in the ultraviolet range is our greatest hope for curing 
AIDS." 

“But the treatment is simple, safe, inexpensive and unpatent- 
able. That doesn't bode well for its future, at least until a few 
senators get AIDS." 


The Mirror Cytopathogenic Effect and Factors 

Influencing It 

The cellular disease induction effect was called the mirror 
cytopathogenic effect (CPE for short) by the Kaznacheyev group. 
Mirror CPE appeared only when the quartz. or mica window was no 
thicker than 0.8 mm. A. F. Kirkin also duplicated the experiments 
using a thin ple 

There are conditions which enhance the effect, and others which 
inhibit or degrade it. Irradiation of the detector-culture with a low 
dose of UV prior toits optical contact enhances the effect, increasing 


‘ev. Gastroenterol. 15 271-277, 1938 
“Am J Surgery, Aug. 1048, pp. 170. 


Extraordinary Biology 224 


ito certainty (99-10%). Increasing the temperature to 38.5 degrees 
centigrade also enhances the effect (from 37% to 90% for example).* 

A necessary condition for the success of the experiment is the 
rotation ofthe holder with its two optically-coupled samples at arate 
of about 24-25 revolutions per hour. Optical contact between the 
inductor and detector cells for a minimum of 4-6 hours is necessary, 
after which the cell cultures can be separated. A longer contact time 
is necessary for complete development of the irreversible effect. 

Both cultures must be maintained in complete darkness 
throughout the experiment, Use of the detector as a new inductor in 
a successive state reduces the effect by 20-30%. Three or four such 
stages is sufficient to eliminate the effect. 

‘There is a seasonal variation in the results. In more than 15,000 
experiments, monthly variations and daily variations were noted. 
(The present author's interpretation of this is that itis due to the 
monthly variations in the virtual photon substructure input from 
the moon to the substructure of the cell's bio-potential. The daily 
variation is due to the daily variations in the virtual photon 
substructure input from the sun to the substructure of the cells bio- 
potential.) 
Negative results appear more often in winter. (The present 
author's interpretation of this is that it is due to the fact that the 
scalar potentials of the earth and the biopotentials of each living cell 
on earth are lowered in winter by the weaker flux from the sun.) 

Effects are correlated with the polarity of the interplanetary 
magnetic field. Negative polarity of the field usually precedes the 
appearance of mirror CPE. (This is because of the positive nuclei — 
which prefer one direction of the magnetic field over another). 
Disturbance of the geomagnetic field several days before a culture 
planting also results in enhancing the mirror CPE effect. (Disturb 
ing the geomagnetic field provides a "dithering magnetic distur- 
bance’ in the atomic nuclei which “livens” them. Consequently their 
readiness to charge-up and emit structured virtual state charges is 
increased). 

Kaznacheyev further discovered that the Sun's activity and the 
<TR every imporan. Pecondioning the cells by “ierng” them in the Hequecy and 
finteren or ina sabhanmonc band, "ens te cls fr developing te todiated pater. 


“Thin is similar toa dither vaage placed on a missile Hn, making it much easier apd quicker 
forthe fin to move wen an actual order is placed oni 
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Earth's magnetic field greatly affected the results of his experi- 
Lage Anes‘ the sm sem wo nit the ete. (Sach 


ructure several decibels below it.) In a s 
the mirror CPE effect becomes highly unstable. (The sun 


conditions, the effect varies from 90-100% on some days to complete 
absence on others, 


Some Biological Warfare Implications 

‘The Soviets reported detecting near-ultraviolet photons — bio- 
luminescence — as carriers of the death/disease pattern. 

However, scientists at the University of Marburg in West Ger- 
many also duplicated the effect in the infrared. This shows that 
bioluminescent photons in the near UV and in the IR can definitely 
carry “disease and death” information between cells. Further, inte~ 
grating a continuing input of such photons coherently integrates the 

se or death pattern from the virtual state into the observable 


state, 
Note also that portions of the infrared s 


ectrum are a subhar- 
monic of the near ultraviolet. Harmonics are well-known in nonlin- 
ear oscillator theory, and biological systems are filled with nonlinear 
oscillators. It may be that harmonics and subharmonics are directly 
involved in the death pattern. 

Ifso, the induction of such "death patterns" upon normal electro- 
magnetic carriers is directly indicated. For example, modulations 
covering several octaves in the region of 10 gigahertz and above 
might be constructed that are the analogues of some particular 
cellular disease. This modulation pattern could then be added to a 
common microwave carrier — say in the communication band, from 
3 to 30 megahertz. Say, that is, to something like the giant Soviet 
Woodpecker "over-the-horizon radar” signals as carriers. 

Inthat case, a large population could be bombarded, even on the 
other side of the earth, with "death photons" whose virtual state 
substructures carry the particular disease pattern, With sufficient 
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time, many oftthe targeted persons would develop the disease. 

Note that, even ifthe power and/or irradiation time is reduced so 
that the absorbed "death photons" are insufficient to actually kindle 
the disease in the targeted population, a heightened change in the 
substructure of he biopotentials ofthe cells of the targeted persons 
is still accomplished. 

In that case, a precursor pattern — a predisposition for that 
disease — exists in the targeted persons. 

Ifthe actual disease agent is now loosed on that popula- 
tion, the agent will be far more infectious and lethal than it 
otherwise would. 

Inthis way, even diseases which normally do not kill orseriously 
debilitate the infected person can suddenly become very lethal 
agents indeed. 

Influenza, the common cold, ete. can become devastating 
killers if the exposed population has been electromagneti- 
cally "pre-conditioned" for enhanced susceptibility. 


What Kaznacheyev Hid: The Role of Phase Conjugation 

cellular disease can be electromagnetically induced, can it not 
be electromagnetically corrected or healed? 

fone could time-reverse the exact signal structure (the informa- 
tion) that kindled the effect, and bombard the diseased cells with 
that reversed pattern, would not the cell deviate back to "normal" 
and be healed? 

‘The burning question as to whether cellular disease conditions 
aan be corrected by time-reversed disease signals must certainly 
have occurred to the Soviet experimenters. 

It is highly significant that they did not openly publish 
those results.* 

As we have explained in the sections on phase conjugation and 
scalar electromagnetics, there are really two major kinds of photor 


*Recet informatio indicates the strong connection of Kaznacheyey with the Institute of 
Physiology and Biophysics andthe Frank Insitute in Pushkin, just outside Moscow. Since 
these instictes are deply involved in microwave and coherent microwave "dicted ener)” 
‘weapons, itis highly prouble thatthe Soviets ae applying Kaznacheyev’s “death photons” to 
‘microwave weapons — such asthe Woedpecker transmitters. Iso, obviously they would 
‘develop phase conjugate countermeasure signals as well, 
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(1) the “normal” photon carries positive energy and positive time. (2) 
the "time reversed” or phase conjugate photon carries negative 
energy and negative time. 

Further, the Soviets certainly knew all about phase conjugate 
signals. After all, they discovered and developed. the effect. We 
discovered it only from the open Soviet scientific literature! 

Let us assume that the "death photons” in the mitogenetic 
radiation emitted by the dying cells are ordinary photons. Their 
virtual state structures (in positive observer time) are exact "tem- 
plates” for the disease pattern. 

Now suppose we detect the "death photons” with a phase conju- 
gator, which by definition will produce a time-reversed counterpart 
to the input signal detected. In other words, the death photons are 
allowed to strike a phase conjugate mirror (PCM). Time-reversed 
counterpart photons — carrying the exact time-reversed template 
of the death pattern — will be created and emitted by the PCM. 

These newly emitted photons now carry the exact "heal- 
ing pattern" for that specific "death/disease pattern that was 
received and detected.” 

Further, ifwe "pump" the phase conjugate mirror, we can 
greatly amplify the output pattern, and hence greatly in- 
crease the healing pattern! 

Ifone records the pattern ofthe "death photons” for a specific 
disease, one could of course modulate that pattern upon ordinary 
photons/signals — such as the Woodpecker signals — and accom- 
plish disease induction or precursor conditioning. 

By phase conjugating the pattern ofthe "death photons,” one can 
produce an exact antidote. One can modulate this specific healing 
pattern upon ordinary photons/signals — such as the Woodpecker 
signals — and accomplish healing induction for that specific disease. 

Inother words, one can create the healing pattern — the 
lote, if you will, for any biological warfare agent. Can- 
cer, leukemia, AIDS, viral diseases, bacterial diseases, what- 
ever. One can create the antidote within minutes after the 
first symptoms of the disease or death pattern appear. 

One can then simply add the negating (healing) signal to power 
line signals, television and radio signals, special transmitters, ete. — 
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and immediately start to "administer the antidote" to the irradiated 
population one wishes to protect. Now one can see why the Soviets are 
so ready to expose the entire world to something like AIDS. It doesn't 
represent a real problem to them, the instant they decide 10 negate it 

So they can devastate the rest ofthe world, with the assurance 
that their population is safe. 

They can allow some of their own people to develop AIDS — and 
even some to die ofit— as a deception plan to delude the West while 
Western populations are succumbing en masse. 

‘Then they can snatch their own population right back to health, 
from "the brink of the grave," so to speak 

Our government must immediately develop the same capability 
It is straightforward. As weapons and counterweapons go, it is 
enormously cheap. It can be immediately and widely implemented. 
And it can protect our population against AIDS or any other biologi- 
cal warfare strike by the Soviet Union. 

We can save our people from the AIDS knockout already un- 
leashed upon us by the Soviet Union. 


First let us do that, Then let us negotiate. 


Remember this: You can negotiate with the Russians only 
from a position of strength. Ifyou are weak, they will bury 
you. 

Ifwe do not immediately develop this biological warfare counter- 
measure, we are already as good as dead, 


Popp's Master Cellular Communication System 

Dr. Fritz Albert Popp has already discovered and pointed out the 
"virtual state” master communication system that controls all cells 
in the body, and all their functions. 

Based on a thesis derived to best fit experimental results by Ruth 
nnd others, Popp postulates that biological systems generally have 
the capacity to store coherent photons that come from the external 
world. 

In other words, the biosystem is open to environmental commu- 
nication and exchange. 
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He has shown that the cell population is in a quasistationary 
state that is far away from thermodynamic equilibrium, as pointed 
out by Ilya Prigogine, 

Popp also concludes from his analysis that ultraweak photon 
emission within biological systems can influence chemical reactiv- 
ity. In fact, his analysis strongly implies that "ultraweak" photon 
intensity can regulate the whole cell metabolism and related phe- 
nomena. 

‘The cell takes up photons from external radiation. This includes 
both “observable” photons and "virtual" photons. Since it stores 
virtual photons, it stores charge, or biopotential changes. Since i 
stored virtual photons may be coherent virtual photons, it effectively 
" polarizes” or structures its stored photon charge, hence its biopoten- 
tial. 

‘The cell emits "spillage" photons — both coherent and incoher- 
ent — from its stored potential 

Although Popp only uses conventional "unstructured" photons 
in his analysis, he shows that, at the molecular level, there is a 
stationary equilibrium, as far as photon storage and emission are 
concerned, between the molecular photon traps, the cell population, 
and the external world, 

It follows that coherent photon/charge inception from the exter~ 
nal world can directly and precisely influence the cell's biopotential, 
hence its functioning and control, by information input. 

Incoherent photon inception, on the other hand, can only grossly 
affect the cell, such as by heating or sporadic effects. 

In his "Photon Storage in Biological Systems," Popp points out 
the master cellular communication and control system as follows: 


"The photons which we have measured can be seen as a sort of 
"waste" from a virtual electromagnetic field with a high coherence. 
This field has a tendency to become stationary over the whole 
organism.” 


After additional analysis, he adds: 
"Consequently, biological systems must exhibit ‘holographic’ 
properties to an extremely high degree. The successful trials in 
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Jinding ‘pictures’ of various organs in each other organ, such as the 
ear, the hands, the eyes (acupuncture, iris diagnosis) support these 
conclusions. Our assumption that the entire genetic information of 
the DNA is stationarily delocalized over the body in form ofgenons 
‘may be seen as a further striking example.” 

"From this we can easily deduce that pattern recognition, as, for 
example, repair mechanisms and immunity, depends finally on the 
coherence of the photon field within the body." 


Finally, Popp states a most important conclusion: 

"Jn medicine new aspects have developed, and not only 
for cancer problems. Diseases in general can possibly be 
understood in terms of electromagnetic interactions within 
the organism." 


Scalar EM Comment on Pop's Communication System 

Popp and his colleagues have produced most important work 
and results indeed. They only need to add the impact of the zero- 
summed/multiplied electromagnetics (electrogravitation), 

As we cover in this book, the biopotential ofthe cell is rooted in 
the nuclei ofthe atoms ofthe cell's constituent materials. Tobe sure, 
every internal physical structure oftthe cell correspondingly "Ievels” 
and structures the biopotential. The overall cellular communication 
system is actually the exchange of leakage” photons — both observ- 
able and virtual — throughout the overall biopotential of the organ- 
ism. 

Further, going beyond Pop's work, both the biopotential and 
the leakage photons have extensive, complex internal substruc- 
tures. Leakage and intercommunication occurs laterally at all levels 
of the biopotential, and vertically among cells and substructures. 

‘The master cellular control system's primary electrical conduc~ 
tivity path is not through the electron shells of the atoms, but is 
through the nuclei-to-nuclei scalar EM "biopotential levels” path- 
way. 

With scalar EM methods, organized signals (signals with spe- 
cific internal nonzero vector EM waves, but which externally sum to 
zero vector resultant E and H fields) can be constructed for essen- 
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tially any specific purpose. This includes "killing" a cancer or 
leukemia cell, destroying a virus, changing the DNA, etc. 

This approach can directly reach and manipulate all immune 
and repair system functions. 

The entire biochemistry and functioning of the cell — including, 
its genetics — is totally engineerable. The Soviets have long 
known this, and have long since done it. 

Further, a specific "charge pattern" of desired specific 
immunity (antibodies, etc.) can be designed and used to 

“charge up" the nuclei of the biosystem. This charge is then 
maintained by the system to provide permanent immunity. 
Thus one can develop, for example, an "electromagnetic 
inoculation" for AIDS, one for cancers and leukemias, ete. 

Since the cellular control system is holographic, the "charge 
pattern” ofimmunity resides in every cell, including the blood cells. 

Injecting a drop ofblood from a scalarly immunized animal into 
another non-immune animal carries the scalar EM immunity pat- 
tern into the new animal. That charge diffuses throughout the 
overall biopotential of the organism, and the charge pattern acti- 
vates the animal's immune system, including causing it to produce 
antibodies — according to the EM-transferred antibody template. 

Antoine Priore demonstrated this effect numerous times. Thin 
was one of the great mysteries that confounded the orthodox mem- 
bers of the French Academy of Sciences. 

The French Academy did not know of scalar electromagnetics, 
the cellular biopotential rooted in atomic nuclei of the cellular 
material, the cytopathogenic effect of mitogenetic radiation from 
diseased and dying cells, phase conjugation, and phase conjugated 
electromagnetic healing. 

It is little wonder they did not comprehend the operational 
healing mechanism ofthe Bordeaux cancer-curing machine of Anto- 
ine Priore! 


A New View ofthe Nature ofMind and Thought 

The reason that Western science has not discovered what mind 
and thought are is simple: ‘They have only built instruments and 
tools to look where the mind and thought are not to be found. 
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Let's look where they are to be found, 


For example, consider the ionic discharges in and across the 
tremendous numbers of synapses ofthe human nervous system, and 
the slower discharge and migration of ions across cellular mem- 
branes, ete. 

Considered as a single biological ensemble, these are much like 
a vast array of continual and continuing spark discharge vectors, 
slow charge current vectors, etc. 

Overall, within the macroscopic space occupied by the body, 
these electromagnetic vectors sum almost entirely to a zeto vector 
resultant. Only a tiny nonzero vector residue remains 

However, this vector zero summation has incredibly rich in- 
folded signals, channels, and dynamic relationships (structure) 
within it 

Modern science/medicine measures the small nonzero electro- 
magnetic residue (the remaining weak E and H fields) and tries to 
ascertain where and how mind and thought are accomplished, by 
studying that residue, 

However, the residue E and H field remainders are simply the 
"garbage thrown out" ofthe glorious engines dynamically operating 
inside the vector zero summations (and multiplications) 

The E and H field residues are the wastes or exhaust by- 
products. They are not the functions of the mind/thought process 
itself; instead, they are the spillage or leakage from those functions. 

Take a “frozen time” snapshot of the components of the zero 
vector summation, Regard the highly complex, infolded structure or 
pattern these components form, 

Now take a second "frozen time” snapshot of the components of 
the zero vector summation, a very, very short time later. Subtract 
the previous "frozen pattern” from this second "frozen pattern."* 

The difference or "delta" between the two patterns represents a 
myriad ofthoughts, hence it represents the contents ofthe "thinking 
mind," in the most general sense. 

‘The “mind” is the overall functioning and changing ofthe entire 
pattern’s substructure, and the ability of an organism to have such 
and do such. The "ability ofthe organism to do such” requires at least 


“Similar tothe magnicint “double exposure holography wor of Or Reber Powel 
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two more nested levels of virtual state—two more hyperdimensions. 

In simplest Kaluza-Klein theory, all those electromagnetic 
component vectors are in the fifth dimension. Hence they are 
hyperdimensional. 

‘The zero-vector system may well have further infolded, in- 
ternested levels of zero-vector systems. Systems within systems. 
‘These are hyperspatial, going into the 6th, 7th, 8th, etc. dimensions 
Rife's microscope, for example, could reveal some of these levels; 
using evanescent waves, it could resolve some 16 ever-deeper levels 
of dynamic energy structure. 

Everything driving the component vectors themselves is higher 
dimensional, 

"A thought 
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Figure 76. Hyperrames, vacuum, virtual state, minds and thoughts, 


zero vector summation whose components are changing but remain 
ing zeto summed) from one moment to the next. 

‘Thoughts always apattern change, ofthe components inside an 
EM vector zero summation. 

Most thoughts are totally "unconscious" (multiple simultaneous 
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or “parallel” thoughts). A few are conscious (serially ordered, 
singularly considered and processed). 

‘The unconscious mind is totally a parallel processor (many 
things/thoughts at once), 

‘The conscious mind is totally a serial processor (only one thing/ 
thought at a time), 

Most persons never take the time and trouble to reflect and 
notice that, consciously, they only can perceive one single thing at a 
time. Of course, the conscious mind is so rapid that by habit they 
assume they can perceive many things at once. 

Since the conscious mind cannot discriminate the "multiple 
images in the slide projector at once” ofthe unconscious mind, that's 
what makes it unable to "be conscious’ of the contents of the 
unconscious.” 

In fact, the unconscious mind is totally conscious — it's just 
multiply conscious "simultaneously." (Which sheds some inter- 
esting light on why one can develop multiple personalities, for 
instance). 

‘When the conscious mind "regards" the unconscious contents, it 
sees "something" which has "multiple meanings at once.” 

‘That's what we call symbolic. A symbol is something which can 
have many meanings at once. 

‘That's why the unconscious content always "symbolizes" some- 
thing when it's trying to communicate to the conscious mind. It's 
necessary to interpret the symbols to understand what the message 
being communicated is. 

That's why dreams, for instance, are symbolic. And why it 
usually takes a trained psychiatrist or psychologist to properly 
interpret the symbolic representations manifested in mental disor- 
der, and get at the underlying cause being symbolized. 


With deliberately constructed scalar EM, any or all of the 
conscious/unconscious portions of the mind can be available for 
engineering and control/change. Eventually you will be able to put 
contents ofthe mind and memory on a video screen if you wish to. 

It will also be possible to interact with the mind's contents 
electromagnetically. Mental illness will be treated directly, on an 
engineering basis. 
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Of course this opens up the frightening possibility of hostile 
misuse to the detriment of an individual. It will even be possible to 
change or erase his orher very personality itself. We pray, ofcourse, 
that such a powerful tool will notbe utilized this way, but will be used 
to heal humans, not hurt or kill them. 

Unfortunately, Lisitsyn's work reveals that the Soviet Union 
has long since applied energetics (scalar electromagnetics) to mind 
control and mind engineering, including deciphering the genetic 
code operation. Controlled induction of images and sensations 
inside the brain — where they are processed as if self-originated — 
has been reported by the Soviets. Indeed, they have reported being 
able to control whether or not the induced material should rise to 
conscious awareness, as well as when it should rise to consciousness. 

For years, U.S. intelligence analysts and U.S. scientists simply 
did not believe that electromagnetic signals could directly influence 
con 


ciousness. 

However, they were forced to reevaluate that position when a 
Soviet medical machine — the LIDA device — was openly obtained 
and evaluated. 

The LIDA machine — a small unit somewhat larger than a 
briefcase — has been used in Soviet medical facilities to treat 
humans for decades, 

‘The device uses a 40 megahertz EM carrier and very complex 
waveforms (signal modulations with complex mixtures of frequen- 
cies, phases, etc.) 

When exposed to it, a person is caused to gradually fall into a 
trance-like, catatonic-like state within a few minutes. That person 
becomes very still and very quiet. 

It was reported that the machine was tested upon a cat and had 
the same effect upon it 

One American scientist stated that the device had actually been 
used in North Korean "brainwashing" of U.S. prisoners of war in the 
early 1950's during the Korean War! 

Ifso, one can see just how long the Soviets have achieved success 
with electromagnetic biological warfare/medical treatment tech- 
niques. 

Reportedly, prisoners exposed to the machine were rendered 
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unable to psychologically resist their harsh brainwashing interroga- 
tion, 

But to return to the brain activity, with its innumerable, zero- 
summed minute EM vectors, and its extremely rich and complex 
deterministic substructure. 

Note that the ensemble of sum-zeroed vectors forms potentials 
These potentials — ie., the scalar EM — penetrate to the atomic 
nuclei in the brain and body. Internal changes in the potentials 
substructures (ie., thoughts) also penetrate to the nuclei. 

‘The nuclei continually "charge up” (the particles change their 
states) to these impressed potentials, including the "potential" or 
charge” of each component ofthe impressed potential. That is, the 
nuclei charge up with both dynamic overall potential (mind) and 
thought (individual substructure changes), 

Notice that mind, thought, and memory reside in, and are 
recorded in, the atomic nuclei. At many virtual state levels. 
In many hyperdimensions. 

‘Thus the functioning mind and bio-control systems — including, 
Popp’s master cellular communication system, the immune control 
system, the acquisition control system, and the repair control system 
~ all “reside” in the nuclei as dynamically interacting, patterned 
potentials or "patterned charge,” complete with resonances and 
frequencies, etc 

‘We can regard the mind and its interactions as physical, in the 
extended sense we have briefly developed here. 

Everything "mental" can be directly interfaced with and 
engineered. 


One day, for example, "education" will be by direct loading of 
patterns into the brain/body/cellular biopotentials, much as we now 
place a diskette in a disk drive and load the computer memory. And 
then everyone can be educated, in the widest range of skills and to 
the highest degree ever dreamed of. 


Kindling, Life, Mind, and Negentropy 
The mass of the atomic nucleus can be charged up with a 
particular dynamically structured biopotential 
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In scalar electromagnetics, I use the term kindling to refer to 
the effect of charging up mass by a specific structured charge pattern 
to form such a structured potential in the nuclei, 

Note that we are actually and physically restructuring the 
nucleus itself. That is because, ifthe structure ofthe potential in the 
nucleus is changed, local spacetime of the nucleus is polarized in 
complex electromagnetic structures. The electromagnetic currents, 
actions, and charges of the affected nucleus adjust automatically to 
this structure or "grid." * 
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Figure 77. Intesnested levels of vitual state vacuum contain mind and thought. The 
vacuum also contains ther interaction toward and upon mass. 
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Figure 78. The human cerebral cortex is a natural scalar interferometer. tis a 
virtual stale tuner, processor, and transmiter receiver. I also can produce. and 
onto! to some extent..phase conjugate energy and phase conjugate waves. 


Figure 78. Consciousness and ile. These phenomena refer tolconstiute a 
\oterministic hyperspatial (vitual state) couping between mass and an ordered 
Phyperword 
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Figure 80. Life and death. I the tuning or coupling between the mindworid and the 
tuned, structured mass body is broken, that is physical “death.” Discharge of the 
stuetiured collar potentials then produces “death photons." Discharge ofthe 
‘overall, structured biopotental ofthe body constitutes discharge ofthe “living spit” 


Figure 81. Layers of unconsciousness intersect hyperspatialy 
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Figure 82. Scalar electromagnetics can directly interact withthe varus levels of 
human mind and personally. 
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Figure 85. To sustain one's personally, continual functioning is raquied. All 
channels must be functioning. 


Figure 86. Ifthe fies themselves are changed, the personaly itso is changed. iis 
possible fo alle who or what a ving person Is. 
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Figure 87. The mind and personality can be atfected — and changed or controled 
from a distance. The Soviets have developed at least a substantial part ofthis 
technology. 


Table 44, LISITSYN'S REPORT 


+ THEORY DEVELOPED & FITTED 
+ HYSTERESIS MEMORY LOOP 
+ CONTROLLED INDUCTION 
- IMAGES. 
- SENSATIONS 
- PREDETERMINED EMERGENCE 
+ 23 EEG BANDS 
= UPTO8.1 X10" HZ 
+ 11 INDEPENDENT CHANNELS. 
+ BRAIN CODE BROKEN 
+ 44 DIGITS OR LESS 
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Thus by tailoring the specific scalar waveform and wave sub- 
structure with which we irradiate a mass, and utilizing phase 
conjugate (time reversed) waves, we can directly engineer the 
nucleus itself when sufficient charge structure has been built up in 
it to form a structured potential that is powerful enough to alter/ 
shape the nuclear processes. 

‘We can, for example, transmute the nucleus into another form. 
Here an isomer form is the easiest. An isomer for an atomic nucleus 
(a specific isotope) has the same number of nucleons (protons and 
neutrons) overall as that isotope does, but a different number of 
protons. So it's a different element, but very specially related to its 
isomeric "brother." 

All that it takes to change a neutron into a proton or vice versa, 
isto "flip" a single quark (subparticle ofthe nucleon). 


Living systems can do that and transmute elements, to a small 
degree 


For example, living systems must use phase conjugation, nega- 
tive time, and negative energy. To do so, they must function 
nonlinearly. That is the only way they can defeat the otherwise 
inexorable second law ofthermodynamics: that ll (linear) processes 
continue to more and more disorder as time passes. (That's called 
"increasing the entropy (disorder).” Unless a biosystem could defeat 
that law, its genetic pattern would inevitably be disordered in a few 
generations, and the species would disappear. 

By using phase conjugation and time reversal, the living 
system is able to reverse the law of entropy in its time- 
reversed channel. That is, in that channel things go in reverse: 
from disorder back to order! That's called "negative entropy” or 
negentropy" for short.* 

It follows a priori that, to do this, the living system of necessity 
possesses phase conjugate energy systems (negative energy, nega- 
tive lime systems) that are rooted in the atomic nuclei of its body. 
Further, it must deterministically manipulate these phase conju- 


To show bow fly one can integrate physics and metaphysics, we point ou tht, ince the 
‘vacuum imprints wih evry change, nothing iseverlost! Death, whee sth sing? 
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This allows the precise definition of living or nonliving system. 
If the system deliberately utilizes and manipulates phase 
conjugate energy/time in its atomic nuclei, it is a 
system. If it does not deliberately use this, it is an inert or 
nonliving system. 


For example, thi 
virus 


hheds a great deal of light on the nature of a 


Avvirus is a single molecule. Ordinarily it clouds the distinction 
between life and death, Viruses can be crystalized out of solution, 
formed into "rock-like" crystals, and placed on the shelf, so to speak. 
‘There they can remain for many years or centuries, seemingly an 
inert rock. Then when placed back into their "preferred medium," so 
to speak, the virus crystals dissolve, separate, and "come back to life” 
and resume their living function. Yet the virus can be killed, in 
which case itisjusta "hunk ofrock," sitting on the shelf. Inthat case, 
it won't come back to life when placed back into 
medium, 

In one case its "deterministic phase conjugate energy system" — 
its mind, to put it simply — remained in the nuclei of the atoms of 
the crystaline form. In the other case its "mind" was destroyed or 
disconnected from the crystalline form:* 


A somewhat similar effect can be demonstrated in bacteria. 


You can "kill" bacteria, for example, with UV radiation, then 
hold them in the dark for 24 hours (say, for 12 generations, since a 
nominal bacterial generation is about 2 hours.) They will remain 
absolutely “lifeless” and static, with no movement or cell division, 

‘Then ifyou place them in the sunlight, you will be astounded to 
see them revive by the hundreds of thousands. In the "special kill” 
case here, the virtual state substructure of the UV photons just 
totally "jammed" the biopotential substructure functioning of the 


“ln the living case, the atomic nuclei remained patterned by the structured biopteatial In 
the ease of tue death, the structured Biopotntia is lost andthe nucle revert 16 thee “inet 
fom. 
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inds" of the bacteria on one key channel. It didn’t physically 
damage their bodies or "physical tuners.” Then when placed in the 
sunlight, the broad frequency spectrum of the virtual substructure 
ofthe photons “dithered” and stimulated the bacteria's body-tuners, 
much like a "frequency massage” in all the bands. This set the 
physical tuners vibrating — and therefore responding once again to 
the biopotential substructure changes of the mind. Hence the 
bacteria "revived" and swam about — fat, dumb, and happy. 

We have stated that the mind is a physical thing, albeit a 
virtual or hyperspatial thing. In virtual/hyperspat 
ity, it is a functioning, hyperspatial thing. Interc 


Oa Craword 1978 


Figure 88. The mind and personalty are physica things, albeit hyperspatial and 
vidual 
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tween it and an otherwise inert, functional, 4-dimensional ordinary 
physical system (a "body") comprise life functions, "thought," cellu- 
lar control, etc. Those interchanges in a living system occur in the 
biopotentials residing in the atomic nuclei ofthe physical body. in the 
higher levels of biopotential in the body structures such as cell 
membranes, and organs, and in the overall biopotential ofthe entire 
mass of the body. 


We accent that this 


not mystici 


but ply 


But now let us return to phase conjugation and the Priore 
machine. 


The Priore Machine and Phase Conjugation 

In the 1960's and 1970's, in France Antoine Priore built and 
tested electromagnetic healing machines of startling effectiveness. 

In hundreds and hundreds of rigorous tests with laboratory 
animals, Priore’s machine cured a wide variety of the most difficult 
kinds of terminal, fatal diseases known today. 

Funded by the French government in the amount of several 
million dollars, Priore's machines coneretely demonstrated a 
nearly 100% cure of all kinds of terminal cancers and leuke- 
mias, in thousands of rigorous laboratory tests with animals. 
‘These results were shown to medical scientists as early as 
1960. 

Many of the experiments and tests were done by presti 
members ofthe French Academy of Sciences. Robert Courrier, head 
of the Biology Section and Secretaire Perpetuel, personally intro- 
duced Priore’s astounding results to the French Academy. 

The operation of the Priore machine was seemingly incompre- 
hensible. Many orthodox French scientists — some of them world 
renowned — were outraged at the success of such a machine, 
shrilling that science had nothing to do with "black boxes.” 

‘They loudly called upon the inventor to explain the mechanism 
utilized by his machine, but the inventor either wouldn't or couldn't, 
explain the curative mechanism. 

Priore certainly knew how to build the machine and make it 
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work. Itis debatable to this day whether anyone — Priore included 
— actually understood its principle of operation, 

Neither the French Academy nor Antoine Priore knew anything, 
of phase conjugation at the time. 

In fact, the entire Western World knew nothing of phase conju- 
gation in the 1960's when Priore was getting his finest results. At 
that time, only the Soviets knew oftime-reversed waves. 


Certainly Priore's machine was impressive. 


Into a tube containing a plasma of mercury and neon gas, a 
pulsed 9.4 gigahertz wave modulated upon a carrier frequency of 17 
megahertz was introduced. These waves were produced by radio 
emitters and magnetrons in the presence of 1,000 gauss magnetic 
field. Experimental animals were exposed to this magnetic field 
during irradiation, and the mixture of waves (some 17 or so) coming 
from the plasma tube and modulating and riding the magnetic field 
passed through the animals’ bodies. 

Amongst other things, a plasma can convert a transverse wave 
itudinal wave. Also, phase conjugate (time-reversed) waves 


toalon 


Figure 89. One of Priore intormediate devices. This device cured terminal cancers 
and leukemias in thousands of laboratory animals. (Courtesy Bob Whitney) 
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can be produced by plasmas. Priore's apparatus produced a scalar 
EM wave/signal with deliberately constructed, infolded components 
including phase conjugate waves. 

‘One may roughly view a cancer cell as a normal human cell gone 
‘awry” and out ofcontrol ofthe body's master cellular control system. 
‘The cancerous cells, viewed as a sort of separate, parasitic group of 
cells, form a special kind oforganism having its own master cellular 

control system "level," immersed in the host's biopotential.* 

There is thus a specific, constant electromagnetic "delta" 
that differentiates the parasitic cancerous "organism" from 
the normal human cellular organism. 

This “delta” can be considered a sort of constant, complex- 
structured charge existing in the body's atomic nuclei. It's exactly as 
if the body biopotential had been charged up by Kaznacheyey's 
“death photons” for that specific cancer condition. 

Ifthis cancerous “delta” (which may be rather like a complex 
intermodulation mix of waves) — or a frequency shifted "transform" 
of it to a different frequency band — is phase conjugated, a specific 
healing delta frequency pattern results. 

If phase conjugate replicas of a cancer's cell's specific "delta" 
frequencies are fed into the body having that cancer, the deviation 
of the cancer cell's master cellular control system will be "time- 
reversed." 

‘That will return the cancer cell to control ofthe animal's proper 
master cellular control system. The cancerous cell will be immedi- 
ately destroyed, or reverted back to a normal cell ofthe animal, 

‘A very similar process exists for just about every disease bacte- 
rium and infectious agent that attacks the body. 


Phase Conjugates of "Death Photons" are 

"Healing Photons” 

‘The Kaznacheyev experiments in the Soviet Union proved that, 
any cellular death and disease pattern can be induced by a specific 
electromagnetic pattern carried on an electromagnetic signal, ifthe 


‘One strongly points out the relevance of Dr, Robert Becker's epochal experiments proving 
that cells can be differentiated and redifferentiated electrically Those experiments are 
‘rong indicators thatthe cancer cll should be capable fing reverted to is more pemitive 
Sate that of the normal ell —by electromagnetic means 
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target cells are bombarded with the pattern-carrying carrier signals 
for a length of time. What was not published of Kaznacheyev's work 
‘was the correspondent work showing electromagnetic reversal of 
cellular death and disease conditions by irradiating the diseased cell 
cultures by phase conjugate replicas of the pattern-carrying induc- 
tion signal 

In simplified terms, if an action in forward time induces a 
condition, then the time-reversal of that action will reverse the 
condition. 

‘The concept is almost laughably simple. The time-reversal of 
an electromagnetic disease process is a specific healing 
process for that disease. 


In his device, Priore internally structured the carrier photons 
themselves — making them vacuum engines. He phase conju- 
gated his vacuum engines, and then passed these time-reversed 
vacuum engines down and through a strong magnetic field which 
thoroughly penetrated all cells of the biological organism being 
treated. 

The scalar components (structured photons) representing the 
time-reversal ofthe disease were absorbed and reradiated in all the 
cells, "charging up" the nuclei ofthe atoms in the organism to some 
potential level of the exact "healing and reversing pattern." 

In the process, the cancer/leukemia pattern/charge also de- 
stroyed the cancer cells, or converted them back to normal cells as 
appropriate. 

As a highly simplified analogy, the complex signal — viewed as 
a scalar Fourier expansion — represented a "stress" against any 
abnormal cellular control system encountered and returned it to the 
normal cell's master cellular control system of the body. 

Encountering the normal control system in normal cells, it 
produced zero stress. 

Encountering the abnormal control system in tumerous cells, it 
produced great stress on it, reverting it to the normal control system 
of the body's normal cells. 

‘Thus to a normal cell the Priore signal pattern acted somewhat 
as a comb passing through one's hair. 
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No interference occurred with the normal cell (one whose scalar 
control pattern is phase-locked to the body's master cellular control 
system and in phase with it) 

‘The Priore signal stimulated and "stroked" the normal cell, but 
did not hurt it at all. 

On the other hand, the scalar control pattern in and of an 
abnormal (cancerous) cell is out of phase with the body's master 
cellular control system, and is not phase-locked to it. 

Hence the Priore signal caused direct interference with the 
abnormal cell's independent scalar control system. The interference 
pattern constituted the reconstruction of normal energy directly in 
the cancerous cell, and also jammed its abnormal scalar life signal. 

This destroyed the cancerous cell by two mechanisms: (1) 
physical energy was kindled directly in the abnormal cell, causing 
direct mechanical damage, and (2) the cancerous cell, being an 
independent living critter,” had its scalar life channel (connecting 
its primitive "mind" to its "body") jammed and stopped. 

Ifthe cancerous cell was reverted to a normal cell by the Priore 
stress before being destroyed, it became just a normal cell and the 
Priore stress had no further effect upon it. 


The Effect is Universally Applicable 

Any disease with cellular, biochemical, or genetic basis 
can be cured in like fashion. 

Priore's method, for example, was clearly shown to be able to 
completely reverse clogging of the arteries with fatty deposits, and 
to be able to lower the cholesterol level to normal, even in the 
presence of an abnormally high cholesterol diet. 

His method also showed complete mastery and cure of sleeping 
sickness and trypanosome-induced illnesses. 

Often Priore found that every cell ofthe body —even the hair — 

must be irradiated and treated ("charged up") with the signal, for 
the disease pattern was in every cell. The master cellular control 
system is holographic — the pattern (substructured potential with 
its dynamic, oscillating components) is in each component (each 
atomic nucleus, hence in each cell.) 

Every structural level ofthe body larger than the cell also has its 
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own correlated pattern, or modulation, on the overall. 

A biological organism can regenerate lost limbs, for example, if 
it can utilize its natural recovery process in a Priore manner 

Even though Priore's work was presented to the French Acad- 
emy of Sciences by Robert Courrier, the prestigious head of the 
Biology Section, the Academy could not understand the device and 
its functioning. 

‘That was because the Academicians knew nothing of scalar 
electromagnetics, and phase conjugation, and the Priore machine 
was a scalar electromagnetic device using phase conjugation. 


In the Mid-70's It Ended 

In 1974, a change oflocal government lost Priore his government 
supporters. His support and funding were lost. 

Ironically, Priore was just completing a 4-stories-tall apparatus 
capable of radiating and treating entire human bodies. It would 
have been capable of curing cancer and leukemia in humans rather 
than just in laboratory rats. (His previous machines were much 


Figure 90. The large, special, phase conjugating plasma tube for Prior's giant 
device. The final machine would have vealed humans “whole-body” 
(Courtesy Bob Whitney) 


Courtesy Bob Whitney 


Figure 91. Capping assembly for the top of Prior's giant plasma tube device. The 
last device would have treated human patients “whole-body.” The cap assembly was 
‘on the thd flor ofthe deviee. 


smaller, and only a small animal could be irradiated whole-body.) 

In that machine Priore used a "lamp," a special section, in which 
17 specific frequencies were mixed and modulated upon the 94 
gigahertz carver. 

‘The machine was large enough to irradiate humans over their 
whole body. It should have been capable of curing cancer and 
leukemia in two five-minute irradiations, one week apart. 

While Priore was still alive, with my associates I spent nearly 
two years of my life in an effort to bring the Priore device to market 
and into the mainstream of medical research and development. 

Robert Whitney, Frank Golden, and Tony Gideon played the 
major role, going to France and negotiating directly with the Priore 
‘group and the French government. 

Verbal agreements with both the Priore group and with the 
French government were obtained. The machines were to be built, 
assembled, and tested in Bordeaux. Then they were tobe dismantled 
and shipped to the purchasers —large medical research and devel- 
‘opment laboratories where they would be reassembled on site. 
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A group of wealthy backers was going to provide the necessary 
millions to fund the effort. Final contracts were being drawn. 

Mysteriously, all funding for the project was suddenly with- 
drawn, Our backers were "leaned on” very hard and strongly 
threatened. Nothing we could do could revive the project. 

Priore never again recovered his funding, and later died. The 
‘machine fell into disarray and was disassembled. 

However, the proof that the requisite time-reversed signal can 
be produced, and will ride down a magnetic field, to penetrate every 
cell and every atomic nucleus in the body, is already in the present 
hard-core physics literature, if one knows where to look and how to 
properly interpret the work. 

‘The fact that such signals can reverse nearly every major 
cellular illness condition ofthe body also has been proven by Priore 
and the scientists who worked with him, and it is in the French 
scientific literature. 

‘The Priore-type cure for AIDS and other diseases only requires 
the necessary funding and personnel to be redeveloped and re- 
established. 


Work ofAustralians Reed and Barsamian, and the 

American G. Wilbanks 

At the University of Sydney, Department of Obstetrics and 
Gynaecology, some magnificent work of great importance to our 
thesis has been accomplished. Indeed, this Australian research may 
well be some of the most important work going on in the Western 
world today. 

Dr. B. L. Reid, Dr. S. Barsamian, and their colleagues have 
produced experimental studies that positively verify pattern and 
form transmission at a distance, even through Faraday shielding, 
They have directly shown the reaction to, and results of, an unex- 
plored information field on both living cells and inert crystalline 
matter. 

In addition, they have replicated — and extended — the pub- 
lished results of Kaznacheyev on the cytopathogenic effect. In fact, 
they have obtained the effect at over 100 meters. 
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, of course, that the effect is notjust mesos 
also macroscopic. Whether we like it or not, structural patterns of 
cellular disease c: ively be transmitted electromagnetically, 
and kindled in target cell structures at a distance. 

Dr. Reid has been interested in the origins of cancer since atleast 
1958. After much work in the standard models, by the late 1970she 
‘was convinced that the present approach of medical science is wrong. 
He reasoned that we should pay stricter attention to the nature of 
growth before examining new growth, ie., cancer. Growth, ofcourse, 
is creation — and so the problem became, what is creation? 

‘As a metaphor for biological growth to work with, he and his 
colleagues chose the growth of crystals. With keen foresight and 
intuition, they directed their inquiry so as to expose the complicity 
some force — if any — external fo solute and solvent. 

‘Their work began to show that such a force existed, and it was 
a type that was unaffected by interposition of a Faraday cage. In 
otherwords, itwasnotaconventionalelectricalforce.* 

Dr. Reid and his colleagues then included biological subjects in 
the form of living cells. They were familiar with Kaznacheyev’s work 
in Alma Ata, Kazakstan on the subject oflong range transmission of 

s. In addition, they were familiar 


Most of their basic studies on the nature of the new force, 
however, were made with common salt, drying from aqueous solu- 
tion, Some of their major results were as follows: 

1. The familiar cubic symmetry is altered toward ahigher energy 
form of dendrite crystals when biopolymers such as protein are 
included in the solvent. 

2. A mass of lead 12-20 kg in the crystal space (up to 1 meter 
distant) an interference pattern in the salt crystal 
display. 

3. Aprospective dendrite pattern is not realized when a prospec- 
tive cubic-pattern of the salt is dried in the local space (up to 


“For one related possibe scalar EM (elecograviation) interacton, see Ya. 8. Zeldovch 


“Elecromagnetic current and charge due te wracion between a gravistonl and a tee 
‘locromagnetc el," J. Exper. and Elec. Phy (Soviet varsation) 167), Oct. 5, 1972, p. 302303, 
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1 meter). The latter by its presence in space is able to prevent 
the dendrite expression and enhance the cubic symmetry 
expression. A photograph of erystals of cubic symmetry 
when moved by a vibrating holder (2 eps) has the same 
effect on the real crystals drying from the solvent. 


Dendrite forms of salt crystal result when certain chemical 
reactions involving proton or ion movement occur up to 30 
meters away, separated by brick walls, gl These 
reactions were detailed by Dr. Reid and his colleagues. Ifthe 
mother solution is examined by ac capacitance on a sensitive 
bridge, variations in capacitance of over 300% accompany the 
receipt ofthe signal. 


Ifsuch a transmission from 30 meters distance is regarded as 
jer wave which is modulated by a foreign — and thu 
detectable — chemical, the chemical can be detected in 
the distant atmosphere some 3 months later in the form 
of a discrete or adiabatic ‘cloud’ which contaminates 
sodium chloride drying at the same time. In this way, 
copper sulfate dissolved at a site A in June 1985 could be 
repeatably detected at site B, 30 meters distantand separated 
by walls, screens etc., by a drying solution of sodium chloride 
solution in September 1985. Serial dryings of the sodium 
chloride solution on glass slides showed that each day, the 
cloud hovered over a space of cm at the end ofa venturi tube 
for several hours before 3 p.m., and then moved off at 1 meter 
per hour in a NW direction. The copper content of the cloud 
was discernible by crystal structure and chemical means from 
the adjacent sodium chloride. 


All of the above crystal forms required ambient oxygen for 
their manifestation, Atmospheres of nitrogen and argon 
prevented their display. At the time, the researchers sus- 
pected that the effects may have been cartied by orbital 
electrons of oxygen showing unpaired spin which had inter- 
changed with electrons of the copper solution. ‘They then 
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developed an information-carrying device which could ‘infect’ 
the electron cloud of a target molecule sufficient for the 
chemical display of properties ofthe infecting electron's parent 
atom. This concept seemed to explain the experiment of the 
following paragraph. 


‘Two beakers of sodium chloride solution were connected in 
series with a small voltage source (say a 15V dry cell) to 
provide a transfer of electrons through each beaker. The 
second beaker in series was sampled for subsequent drying 
and display of the crystal form. A crystal form of cubic 
symmetry resulted. When the solvent ofthe first beaker was 
altered by the addition of a protein solution (such as albumen. 
or globulin), the crystal pattern of the second beaker was 
altered from cubic to dendrite pattern as though protein were 
present in the second solution. 


During attempts to stabilize salt crystals on glass by means of, 
thin plastic films drying from appropriate solvents (in order to 
stain the salt with aqueous solutions of dyestuff), it was 
discovered by chance that the erystalizing process is accompa- 
nied by structural patterns on the plastic film so exposed, 
‘These patterns were oftwo majortypes: (a) vortices, or spirals 
in the film plane, of 0.1 to 10 mm diameter, and (b) smaller 
curled structures into which the spiral could be seen to merge 
or grade. From a concurrent mathematical study of vorticeal 
interaction as designed by Barsamian, the similarity of the 
curl structures in plastic films (the researchers usually used 
0.25% polystyrene in benzol) to computer simulations of vor- 
ticeal vectors was shown to be remarkable, 


‘The researchers then dispensed with the underlying crystals 
and exposed the drying polymer film to a variety of spaces 
where the field, thought to be responsible for many of these 
tele-effects, was operative. With this technical advance, the 
team has made rapid progress over the last year or so. They 
have come to have a more comprehensive grasp of the ether 


ul 
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field than was possible by less direct methods involving forma- 
tion of crystals 


On the biological side, they repeated the Russian studies done 
at Alma Ata with transmission ofthe cytopathogenic effect of 
viruses on animal cells. They used the cytopathogenic effect of 
colchicine and its relative vinblastine on cells with the follow- 
ing differences from the published Russian work: (a) The effect, 
can be transmitted at least 100 meters between campus 
buildings, (b) itis not necessary to use a magnetic field for the 
propagation, (c) itis not necessary to use quartz vessels; glass 
quite effective. These experiments came to the attention of 
acolleague, Dr. G. Wilbanks, Head, Department of Obstetrics 
and Gynaecology, Medical School, University of Chicago in 
1983. Dr. Wilbanks was able to repeat them with similar 
results. However, in a more faithful copy of the Russian 
experiments, he used quartz vessels with cells placed in a 
magnetic field, with the vessels separated by no more than 1 
mm. Both the Australian researchers and Dr. Wilbanks 
shared another thing in common: their uniform inability to 
interest the editors of several scientific journals such as 
Science, Nature, Naturewissenchaften, and others in 
publishing papers describing these fundamental experiments 
and results 


Experience with interference ofa lead mass in the crystal work 
prompted the use of several metals in the ambient field of 
growing cells. Only lead (and to a lesser extent tin) showed the 
following properties: (a) Cell growth with 0.5-5 Kg lead in the 
ambient field is depressed sometimes to one third normal, (b) 
The cells die (dye exclusion test) but then can be revived by 
placing a small bar magnet in the local space with its poles in 
an E-W orientation, At least in Sydney, a N-S orientation of 
the bar magnet does not revive the stricken cells, 


‘The effects of energy flowing through living matter have been 
documented by Kirlian's method. It was therefore of interest 
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to the Australian researchers to expose living systems to 
drying films of polystyrene. They found that the staining 
properties of the ambient-derived image on plastic films par- 
allel those of the real organism. 


13. By appropriate use of an imposed potential on living cells, it 
proved possible to match the field strength and show the 
actual imposition of the ambient (scalar) field on the bio 
polymer content of the material during the permeation proc- 
ess. The traces obtained are not unlike noise and would be so 
regarded by the casual investigator. The design of this appa- 
ratus and associated experiments was the work of Dr. Bar- 
samian. 


Concepts of Dr. Reid and Associates 

Dr. Reid has kindly shared with me some ofthe concepts he and 
his colleagues have formulated. These concepts, itis stressed, are 
consonant with direct physical results they have obtained in the 
laboratory 

Note that any errors in this explanation are s 
uuthor, and not of Dr. Reid and his colleagues. 


tly the fault of 
this 


1, Matters bathed in an energy sea familiar to quantum theo- 
rists. The Australian team prefers to call this sea of energy 
ether, as a relatively bland term, perhaps in a way to rescue 
it from the oblivion where Einstein banished it. The key to the 
silence of this sea is its "fractional-charge” charged particle 
status and low energy values. ‘The former conceals it from 
physics, while the latter conceals it from chemistry and th- 
ermodynamics. 


2. The differing energy levels of this sea, combined with its 
enduring motion, are theoretically and practically best ex- 
pressed as a vortex. Dr. Reid and associates have detailed 
this theory to explain the creativity of biology. The incipient 
creativity of the vortex is given material expression by its 
association (as part ofthe EM field) with an elect 
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now endows with equivalent novel properties. There is no 
intuitive reason why the energetic rearrangements of the 
electron cloud cannot proceed to the nucleus, there to set up a 
quark or proton rearrangement — or, as the quantum theorist 
would say, a virtual particle exchange — leading to transmu- 
tation. Kervran’s work on biological transmutations is rele- 
vant; the literature of such effects goes back to 1798 at least! 
‘The team suspects that some such mechanism may underlie 
their experimental result ofthe transition of sodium to copper. 


A further prime property of vorticeal interaction is its 
proclivity for amplification, wherein the atomic-size vor- 
tex can be built up to the meteorological hurricane by such 
adherence or affinity. The team has noted the affinity of 
ambient field vortices to those produced by an electric current 
in a metallic conductor, with particular reference to the ill- 
defined boundary between the two. This parasitism was the 
reason behind the team’s use of “carrier waves” from chemical 
reactions as transporters offields whose identity oforigin were 
sufficiently specific to trace the field subsequently. It is at 
east conceivable that the whole process could be amplified and 
used to parasitize (modulate) a radar beam as carrier. The 
affinity property of fields may be exhibited by the experience 
of mariners with what they loosely term "magnetic phenom- 
ena" thought to be derived from luminescent plankton. In the 
South China and Arabian Gulfseas, giant "wheels’ oflight, 5- 
15 km in diameter and containing spiraling spokes, revolve 
about the ship at night, reversing their direction ofrotation as 
they pass the midpoint of the vessel. The key observation in the 
context ofthe field affinity concept is that the luminescence is 
manifoldly enhanced when the ship's radar is switched on. 
There could thus exist a chain, scalar-EM/plankton-optical, 
the first leg (scalar EM) of which can be amplified by radar EM. 


‘The property of affinity means that a sealar field's trans- 
form or copy, ofthe energy disposition imposed on it by 
the experience of matter last permeated, may persist as, 
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a memory in space, as many of the Australian observations 
attest. The team found that recall was not all that difficult 
technically. The energy transform for copper sulfate 
existing as a non-dissipated cloud with marked adi- 
abatic properties could be recalled five months after its 
formation. There is no reason why informationally 
more elaborate spatial configurations of energy, in- 
cluding human thoughts, will not behave in precisely 
the same way. The cell nucleus could conceivably be the 
candidate for the first site for storage of such energy. The 
nucleus has a highly ordered structure and an associated high 
permittivity, and this would make it a real target. In the 
human subject, there is experimental evidence that the mon- 
goloid polymer constitution will have a higher activity for 
storage of the ambient field than will the Caucasian. 


Other Important Ideas 

Dr. Reid also shared other important insights: 

Lavoisier in 1748 advanced the concept that matter itself 
(chemicals) is inert. The activity of all chemicals, according to 
Lavoisier, resided in their associated ether — and God sent the 
ether! 

Taken to its limit, this suggests that the source of the energy 
which we call thought is a property of the scalar field, Matter ( 
the nervous system) interacting with these fields, would be inca- 
pable of discerning the source of the field as presented, whether of 
self or external origin. 

Inhis book Hidden Variables in Quantum Theory, Dr. David 
Bohm felt hat in elevating’ (his word) matter (as particles) fromthe 
sea, it mightbe possible to consider the idea as containing even more 
elaborate energy transforms such as biological shapes, these trans- 
forms themselves undergoing metamorphosis. [Comment by this 
author: Rife's microscope, using evanescent waves, actually allowed 
one to directly see and photograph such forms, proving the thesis.] 

‘The ability of the Australian researchers to rescue these trans- 
forms on films together with evidence that they could be seeing the 
's of the exclusively space interaction of virtual forms (say 
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microbe and antibiotic), 
ing Bohm's important idea. 


direct technical step toward validat- 


Wider Implications of Structured Field Information 

As TD. Lee points out in his important book, Particle Physics 
and Introduction to Field Theory, particle physicists have not 
attempted to use the structure of the vacuum nor the structure of 
potentials, 

Dr. Barsamian has shared other wider implications of the 
structured ether. 

Over the ages a phenomenon which, as discussed, can have no 
representation in real (that is, electromagnetic or thermodynamic) 
terms can hardly have been thought of as possessing specific struc- 
ture or function. Instead, it signaled its undoubted presence to 
‘generations of philosophers and physicists before Einstein, solely 
through statistical effects 

The writings of Helmholtz, James Clerk Maxwell, and Neils 
Bohr are examples. The more recent Dirac and Fermi statistics 
continuation ofthe process. 

If an alternative definition of science is the continuing refine- 
ment ofthat which we partially knew or took for granted, then the 
refinement of these statistical approaches ~ with their ol 
uncertainty as defined by Heisenberg — is a worthy goal 

Inthis sense, a more articulate description ofthe anatomy ofthe 
field is alogical progression from the beginnings ofthe ether concept. 
in Classical Greece through to the statistics ofthe nineteenth to the 
early twentieth century. 

‘A hundred years ago, this orderly progression even reached the 
concept of a vorticeal atom at the hands of J. J. Thompson, However, 
it was interrupted very effectively by Einstein's publication of the 
special theory of relativity. 

Einstein was fortunate in that he had chosen for his mathemat- 

sapivotal feature ofthe ether field, its elasticity. The mathematics 
had been evolving — through the developments of 
Hooke, Young, invariance, and the calculus — to handle its histori- 
cally increasing complexity (by tensors). ‘This mathematics of 
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was vindicated by the remarkable special relativity predictions 
which were born out in subsequent observation and experiment. 
‘There was seemingly no need to su 


‘The success of these predictions effectively blocked any chance 
of a return to the ether field concept. Indeed, it was seen as an 
arrogance to despoil the "elegance" of the mathematics. Nor was the 
success of quantum mechanics —the otherleg of the Western World 
statistical approach to the nature of reality — able to get the 
physicists to heed Bohm’s 1958 ideas on the hidden variables in 
fabric or Dirac’s 1952 ideas on a lesser uncertainty of the particle 
field relationship than Heisenberg had formulated. 

Recently Dr. Barsamian has originated the concept ofan aliena- 
tion of the electron from its field. ‘The full expression of this, 
could see the field so alienated that itis well-nigh autonomous, and 
some kind of fundamental entity in its own right. 

In this sense, the freed autonomous field — at least conceptually 
—could proceed with its creativity by hybridization with other fields 
and so return the product ofthese asides to the particle. In atoms of 
the next fragment ofmatter with which the particle then associates, 
this product could create novel properties derived from the inter- 
change. 

‘The multiple properties of such a field allow it o be resolved in 
EM (electrostatics and electrodynamics), in atomic structure (elec- 
trons and nucleons), and in pressure (gravity) terms. This univer- 
makes anew concept possible, long beloved ofthe GUT (Grand 
Unified Theory) theorists: that there is only one energy. 

Itis also quite possible that this ubiquity need not be confined to 
physics. It may penetrate the biological imponderables of growth, 
new growth and consciousness. 

In view ofthe work of Dr. Reid andhis associates, and other work 
—such as that of Hines and Chimonas showing atmospheric gravity 
waves launched by auroral currents — the prospect of amplification 
and transmission of transforms and patterns over long distane: 


“As, for example, whether of not the concept of an abstract vector space in vector 
mathematies must be mosiied to correspond to what we know about the 

‘medium, Ifthe vectors are t correspond to the movements of physical things in 
the vacuum medium, then the vector medium must correspond to the vacuum. 
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through affinity with long distance carriers, is indicated, 

Dr. Reid stated that it would be surprising if other laboratories 
outside Russia had not progressed as far, ifnot further, than he and 
his associates had. Obviously the lack of similar publication indi 
cates the nearly impenetrable editorial curtain confronting Western 
researchers in this and related areas. 


Dr. Barsamian's Important Theoretical Insight 

Dr. Barsamian has formulated a theory in relation to the 
development of cancer that is of great importance. 

Inhis theory, he is developing the approach ofclassical mechan- 
to electromagnetic interactions between charged particles and 
between dipoles. ‘The field associated with the primary moving 

article is not neglected in his theory, and this part ofit differs from 

“new electromagnetic theory." 

‘The field associated with the primary moving particle, in Dr. 
Barsamian’s approach, is viewed as an important part of the 
particle's interactions. ‘This field is stressed in the sense that diverse 
phenomena — from Maxwell's EM field radiating from the remotest 
regions of the universe to the controlled charge flow in the matter 
medium — are viewed as manifestations of EM forces. 

This ofcourse is unlike the traditional relativity view of EM force 
action on moving charge: 

In Dr. Barsamian’s view, the potential vectors (derived by a 

reatment from fluid mechanics theory) form an EM field and are 
positioned on a vortex curve. Alll parameters of such a field can be 

treated mathematically andDr. Barsamianhasoneormore papers 
presently in publication 

‘The duality ofsuch potential vectors (gradients) isto conduct the 

motionof particles (which are always either charged or dipolar) 

appearing in nonmatter, which is taken as an incompressible contin- 
uum — the "void." Because the final results of these forces are 
always movement of matter, Dr. Barsamian prefers not to classify 
them by their origin 

Such afield may persist with great permanence. There are some 
limitations in summation (triplet conditions) and selectivity (perio- 
ty) ofthe vortices themselves. Part ofthese limitations takes the 


265. Extraordinary Biology 


form of particle characteristics. Presently he is rather sure that the 
formation of patterns of organic, inorganic and liquid crystals 
(ypical to living biomatter) are partially responsive to the effect of 
the described field. 


tal findings on the dielectric behavior ofbiosystems as they enter the 
cancer process with the data that Dr. Reid is producing with respect 
to action at a distance. 

ith respect to living systems, he has slowly been approaching 
nn that existing physical laws are just not applicable 
concerning (1) entropy, or (2) energy breakdown, or (3) random 
collisions of particles in quantum terms, or (4) electron-ion ex- 
changes in bioelectrochemistry terms 

Under such circumstances, it is difficult to find a referee 
who sincerely understands the related experiments and 
their underlying theory. This presents a nearly impene- 
trable barrier to publication in leading scientific journals. 

This is tragic, because these considerations and experimental 
results at least provide an entry into more fundamental experiments 
with present lethal diseases such as cancer and AIDS which annu- 
ally take large numbers of human lives. 

‘The present state of the artis telling everyone loud and learthat 
something fundamental is wrong with present theory, and that we 
should come to terms with more novel views 

Comment by the present author: In his prophetic insights, Dr. 
Barsamian has placed his finger squarely on the fundamental 
struggle ofliving systems against the "positive energy/time” laws of 
present physics. Inits struggle, the living system must use negative 
energy/time, to correct from disorder to order and provide the extra 
free energy to do so. Otherwise, the steady progress toward increas- 
ing disorder in all its actions, would very shortly reduce the living 
system to such a disordered state that it could no longer reproduce 
the clear genetic pattern of its own kind. We have already pointed 
ut the hitherto unexpected role that phase conjugation plays in 
allowing the living system to violate and break the iron dictates of 
conservation, nontransmutation, entropy, and raw statistics 

To live and survive, a living system must have access to other 
functional levels and other mechanisms beyond those contained in 
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our present physics, electromagnetics, and biochemistry 

The incredibly productive and important work of Drs. Reid, 
Barsamian, and associates is ofthe utmost importance. Their work 
clearly moves everything in biochemistry and the knowledge of 
cellular functioning a major step forward. 

Itis a betrayal ofthe scientific method that such vital work goes 
so largely unreported in the leading journals. Indeed, the work of 
these Australian scientists should be galvanized and well-staffed 
and funded. They can literally usher in a new science, given the 
chance to further exploit and develop their results. 


Royal Raymond Rife 

In the 1930's and 1940's, Royal Raymond Rife revolutionized 
everything that has been done before or since in high resolution 
optical microscopy. 

He also revolutionized everything before or since in cellular 
biology. He carried cellular structure far beyond anything ever 
dreamed ofat the time or presently. He revealed the direct connec- 
tion between organized living energy forms and organized biological 
systems. He revealed that life itselfis organized and dynamic, to a 
far finer level than anything in the textbooks today. He revealed 
that our present theory of disease is fundamentally very, 
very wrong. 

He produced direct, economical, electromagnetic cures ofcancer, 
leukemia, and other such debilitating diseases. His work presages 
a future mankind could have had, where most debilitating diseases 
were quickly and economically corrected, and where no poisonous 
drugs, violent nuclear irradiation, and harsh chemotherapeutic 
"burning" of the patient would be necessary. 

For such epochal work, he was ostracized, essentially impr 
oned in a medical treatment facility, broken, condemned, and re- 
jected by his peers. His findings, though printed in reputable 
publications and journals, were discredited and ridiculed. 

He literally was reduced to a non-person by the power of the 
al cartel 

Finally escaping from his enforced confinement, he lived out his 
remaining years and died quietly and unknown. 


me 
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Rife's Universal Microscope 

With his universal microscope, Rife achieved optical resolution. 
ofup to 31,000 diameters and magnification up to 60,000 diameters 
His microscope could examine living viruses, living bacteria, and 
other as-yet-undiscovered living organisms and living energy forms 
that no other microscope before or since could see. 

Even today, only the electron microscope furnishes such resolu- 
tion, and it zaps-to-death the objects that are being examined. 
Further, it will not at all detect or see the "living energy forms" 
revealed by Rife’s microscope. 

To appreciate Rife's accomplishment, let's briefly summarize 
some of the performance factors of an optical microscope.”* 

Several factors are important in the functioning of a microscope: 
Resolution, magnification, and contrast lead the list. 

By resolution we refer to the ability ofthe instrument to distin- 
guish a small object. In other words, something like looking at a 
medical doctor's eye chart, and specifying the smallest print one can 
clearly see. Resolution is often referred to as resolving power. 

By "magnification or magnifying power we mean the ability 
of the instrument to "blow up" or enlarge the image produced. 
Roughly, it’s the ratio ofthe apparent size ofthe object seen through 
the microscope to the apparent size ofthe same object seen without 
the instrument 

Magnifying power is exactly like enlarging a photograph. It 
won't improve the resolution or make the photograph any clearer, 
but may make whatever was captured (resolved) easier for the 
human operator to see. Ifyou just keep enlarging the photograph, 
it will get more and more grainy, until no further details can be seen 
with higher magnification. 

Contrast refers to the distinctness by which the various parts 
of the object can be distinguished from one another. To enhance 
contrast of objects under the microscope, staining of the objects is 
often used. Very often the act of staining will itself kill the living 
organisms — such as bacteria — that are being examined. 


“The electron microscope reveals only the “dead carnage” ofthe battlefield after 
everything is destroyed. With it, one is observing physical residuals, not the 
living players. For some encouraging modem work, however, see Michael 
Hercher, "Virometer — an instrument for the measurement of the size of viuses 
using an optical microscope,” SPIE Seminar Proe., 1977, p. 17-22. 
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Figure 93. Pile’ frst vieus microscope. Courtesy Clvstopher Bird 
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Figure 94. Side view of Royal R. Riles prismatic universal microscope. Largest and 
‘mast powerul of five Rife microscopes With it ving fiterable viuses could be 
observed. Courtesy Christopher Bird 
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Figure 95. Front view of Royal R. Riles prismatic universal microscope. Bult in 
1963 in Aie's San Diego, Calfocnia laboratory. Courtesy Chvis Bird 
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‘We may state the resolution of an optical microscope in terms of 
the diameter of the smallest object resolved: for example, so many 
nanometers. Or we may just simply and loosely speak of so many 
thousands of diameters 

The resolution of an optical microscope depends upon the illumi- 
nation conditions, its optical system, and the fact that the object 
viewed diffracts and spreads the light. A wide variety of mechanisms 
for illuminating, resolving, contrasting, etc. are used in optical 
microscopes. 

According to standard Rayleigh theory, normal optical micro- 
scopes are limited in resolution to about half a wavelength. That 
corresponds to about 250 nanometers for visible light illumination 
One can do a little better than that by using ultraviolet light and 
quartz optics. The UV has a higher frequency than visible light and 
hence a shorter wavelength, However, beyond 240 nanometers the 
resolution of an optical microscope quickly disappears. 

A few researchers — notably in the 30's and 40's — remarked 
about other factors, such as "quality of the lenses,” affecting resolu- 
tion. Some ofthem reported results to about a tenth ofa wavelength. 
Loosely, that translated to somewhere in the order of 5,000 to 6,000 
diameters. The dependable upper limit seemed to be — and still is 
— about 3,000 diameters, however. 

‘Normal optical microscopes simply are almost useless for trying, 
to look at viruses. They will not resolve any but the very largest 
viruses, and will not resolve the internal features of even those few 
giants. 

‘Much oftoday’s knowledge ofvirus structures and shapes comes 
from the use of electron microscopes. They bombard the object 

jiewed with a fierce rain ofenergetic electrons. These instruments 
see nothing of the functioning of the virus, for they kill it instantly 
in trying to view it 

With Rife's universal microscope, the dynamic living 
functions of the virus could be observed without killing it. 

With Rife’s microscope, a whole range ofcomplex organisms and 
structures below the size of bacteria was revealed. Many of these 
organisms are still not known to present science, even though some 
ofthem were written about at the time. Filterable forms of bacteria 
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— forms which readily passed through filters supposed to easily 
block their passage — were discovered and reported by Rife and his 
medical colleagues. 

In addition, Rife's microscope — which contained block-quartz, 
prisms and lenses and interference stages — revealed halos around 
living organisms that other microscopes could not see, even though 
the object was within their resolving power. Further, it revealed the 
existence of entire organisms and forms which other microscopes 
could not see — even though, again, the size of the organisms was 
within their resolving power. 

In other words, Rife's microscope not only revealed smaller 
physical forms than any other microscope could see, but it also 
revealed sizeable "living energy” forms which no other microscope 
could see. 


Rife Proved That Everything Is Alive 

‘The degree of smallness to which Rife's microscope would re- 
solve, and the extraordinary energy forms it could detect, showed 
that direct detection of the virtual state organization of the living 
organism was accomplished by the instrument. 

The science ofthe day was only just groping its way toward any 
sort of physics that could explain such an astounding instrumental 
result. Today, however, in the hard-core literature there is demon- 
strated proof that the optical limit of resolution can be drastically 
overcome, using evanescent waves.* 


Shortly we will briefly give an "ad hoc” explanation of such 
evanescent waves. 


Electromagnetism has been shown by Kaluza-Klein theory to 
actually exist in the fifth dimension. In other words, EM itself is 
hyperdimensional. Itflows in the fifth dimension, which is "wrapped 
around" each point in our ordinary space. It is — to the first. 
approximation — the external environment ofevery normal point 


‘*Eg., see T. Sato etal, "Applicaton of evanescent waves to microscopic 
observation,” Bull. Tokyo Inst. Technol. (Japan), No. 125, 1974. p. 35-41. See 
also GA. Massey, "Microscopy and patte scanned evanescent 
waves,” Appl Opt. (Poland), 1313), 1983, p. 247-255, 
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our 3-space. 

Let's say that again. 

The electromagnetics "medium" itself is totally external 
to each point in our space. Each of our points is surrounded 
in higher space by the electromagnetic medium. 

We live inside a totally electromagnetic medium. It's notjust an 
"electromagnetic environment” in our own space; instead, it's an 
electromagnetic environment in hyperspace. 


Everything already is just the internal structure of the 
electromagnetic medium! 


That's what the "vacuum" is. 
That's what "spacetime" is. 

‘That's what the "virtual state" is. 
‘That's what physical matter 


And it’s all alive. Totally and completely alive. Everything is 
alive. There is nothing but life. ‘The electromagnetic medium is 
alive. 

Except within a locally-organized biopotential area, it’s just 
equally alive in all directions." So it appears inert, where by "inert" 
we mean not singly preferential 

Every biopotential change, at any level in a biopotential, extends 
decaying-expotential-wise” to infinity, by standard theory. Part of 
that potential change exists at every point in the entire spatial 
universe. And there at that point, so do the biopotential changes for 
every other biosystem in the universe 


Everything's alive. There is nothing but life. Anywhere. Any- 
time. 

An interchange between this "liv 
netic medium" and each particle of mass in our 3-space continually 
occurs. This exchange involves the so-called virtual particle flux. 

Ifwe model higher dimensions, such as are necessary to include 
the "particle z00” discovered by modern particle physi 
these "higher dimensions’ corresponds to a "successively deepe 


ng, surrounding electromag- 
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internested level of virtual particle flux—of the vacuum, o of this 
electromagnetic medium that surrounds us. 

The living system orders, structures, and dynamically functions 
and interchanges electromagnetically throughout many higher 
"dimensions" — throughout many such internested levels of virtual- 
state/vacuum/spacetime. 

Except for the first layer of virtual state (the 5th dimen- 
sion in Kaluza-Klein theory), gross (classical) electromag- 
netic theory totally ignores the infolded, ordered deeper 
structure of eleetromagnetism (of the EM medium). 

Using such gross electromagnetics, orthodox science thus can 
only detect and grasp the gross results of the living organism's 
functioning. Further, it can only detect and grasp those gross results 
that actually move 3-space matter — observable particles. 

So it only detects the grossest interchanges between "mind" or 
"life" and matter. Specifically, it only detects the final results ofthat 
interchange—the gross movement ofmaterial particles themselves. 

The first hypernumber — "i," the square root of minus 1 — is 
used to model another dimension at right angles to our normal three. 
An electromagnetic wave thusis modeled to have two parts: the first 
is the part that affects or moves a material particle, and that's called 
the "real" part or "observable" part. The second part of the EM wave 
is the component that lies in this "imaginary" (unfortunate standard 
term!) dimension. ‘That imaginary part does not of itself move 
charged particles, so it is considered to be "something other than 
real.” 

Note that what's really done in this sort of orthodox modeling is 
to define observation as the movement of observable charged par- 
ticles 

‘The human "conscious mind" is a functioning part of the overall 
human mind that has been specifically fitted to function almost 
totally with our gross bodily detection of the photon interaction. 

We thus consciously detect and "are aware of only the first level 
of reality: the interface between the first layer of virtual-state/ 
vacuum/spacetime/ and the 3-space of observable particles of mass. 

Since the physicist must be "conscious" of his observation or 
instrumental detection, the detection process ultimately has to have 
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afinal stage that produces a photoelectric interaction with his body 
— for that is all the conscious mind detects and process 
Everything chemical, electrical, etc. — according to quantum 
mechanics — will involve at its root level only the photoelectric 
effect. 


Rife's Microscope Used Evanescent Waves 

However, itis certainly possible to build an instrument which is 
multi-staged, and one in which higher stages interact primarily with 
deeper internested levels of vacuum virtual state. That is, an 
instrument that interacts with higher dimensional phenomen: 
Thats, one that interacts with deeper internested levels of electro- 
magnetics. If these stages interact causally in a vertical manner, 
then the final interaction with the human body and nervous system 
can still be "normal electromagnetics" and yet indicate a higher 
dimensional phenomenon, event, or function. 

That is precisely what Rife did: His universal microscope 
penetrated to a much finer level ofreality because its multiple 
used evanescent waves. 


Here's what we mean by that. 


Anelectromagnetic wave consists of a “real” part and an “imagi- 
nary" part, as we have discussed. It's possible, however, to have the 
real part become zero, and still have the "imaginary" part remain 
and dynamically vary. 

This sort of wave — containing only the "imaginary" part — is 
said to be one type of complex wave, or an evanescent wave. 

In advanced EM waveguide and optical theory, such evanescent 
waves can function to guide or determine the real parts of the EM 
waves, That "real part” is the part that is then going to interact with 
electrons and move them, and give us a "detection." 

Inother words, the “real” part ofthe EM wave will be moved and 
guided by the "higher dimensional” or evanescent part, or even by 
separated evenescent parts — pure evanescent waves. 

So one can build a device or instrument that utilizes s 
effect to reveal what's going on in a whole dimens 
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normally see. Waveguides in certain RF radars already do that. 

Such instruments are not limited to the resolution determined 
by the "real" part of the EM wave (such as the "real part” of light). 

Such a microscope would not necessarily be limited in resolution 
by the wavelength of the light it used to illustrate the observed 
object. 

Indeed, if one uses a higher dimensional Kaluza-Klein model 
(which particle physics of necessity has to consider), one could build 
"repetitive stages" instrument which could view many more higher 
dimensions. ‘That's exactly the same thing as viewing many more 
deeper internested levels of virtual state. 

That is precisely what Royal R. Rife did: He developed a 
microscope using multiple stages, special interferences, ete. 
He built a multistaged evanescent wave instrument that 
could see into higher dimensions and deeper levels of virtual 
state. 

Rife's microscopes were thus startlingly different from normal 
microscopes. That is why he could see phenomena and organisms, 
ostensibly within the size capability of normal microscopic resolu- 
tion, which ordinary microscopes could not see.** 

Evanescent waves penetrate the virtual state (hyperdimen- 
sions) and interact with what to us is "dimensionless (what does not 
spatially intersect our 3-space). Interfering multiple evanescent 
waves reflected from/having interacted with these (to us) nonphy: 
cal forms can again reproduce ordinary electromagnetic "light." 
‘Thus the evanescent wave microscope, if properly built, allows one 
to directly "see" (and photograph) what is to us living forms ofenergy, 
nonphysical, and without 3-space matter bodies.** 

The same scheme can be used to develop instruments capable of 
directly revealing the living nonphysical world around us — such as 
the human biopotentials, their internal structures (including 


However, Rifes microscope was extraordinarily difficult to focus. Rife of 
spent 24 hours straight at his universal microscope, just in focusing it 


fone is going to accept the many-dimensional theories necessary to explain 
particle physics, one must accept the possibility of higher dimensional living 

Which we would see-as living energy forms or as thought forms, These 
‘would appear nonphysical to us ~ as is time isell— but would be real and 
interactive nonetheless 
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“thought forms"), etc. What the Soviets call bioplasma can be 
directly observed and photographed in this fashion. We have only to 
develop the necessary instruments; the science required is difficult, 
but it is already in the literature. 

That is what Rife's microscope did. It was a forerunner of the 
instruments we need to develop in electromagnetic healing, and Rife 
was a truly great and unappreciated pioneer. 

In one swoop medical science could have jumped a cen- 
tury ahead. The ruthless suppression of Rife and his fantas- 
tic scientific breakthrough was one of the most dastardly 
deeds ever perpetuated by the orthodox scientific establish- 
ment. 


Rife Revealed a Far More Fundamental, Living Biology 

With Rife’s powerful universal microscope, it was also possible 
to view the interiors of the so-called "pinpoint cells situated between 
normal tissue cells and just barely visible to ordinary microscopes 

Hereis the astonishing living world inside those "pinpoint" cell 
as revealed under Rife's powerful instrument: When one of the 
“pinpoint” cells was magnified, still smaller cells were revealed 
w structure. When one of these still-smaller cells, in turn, 
‘was magnified, it too was seen to be composed of even smaller cells. 

With Rife's microscope, this process could be repeated 16 
times. An astonishing internested series of organized levels 
of a living cell was revealed, far_ more fundamental than 
anything that exists in present biological theory. 

‘The present author points out most strongly that these levels 
correspond electrically to, and are in virtual particle flux pattern 
exchange with, the electromagnetic potentials oftheir environment, 
This includes their own biopotentials that are centered in the atomic 
nuclei ofthe atoms comprising the physical material ofthe cells, and 
that charge up with specific internal patterns, 

The biopotential itselfis organized into a corresponding virtual- 
state series of internested levels and functions. The structured 
biopotential of the cell is a living, organized, functioning 
thing, and its internal functioning literally constitutes the 
“spirit” or "true nonmaterial deep mind" of the organism. 
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All the internested levels are in constant electromagnetic ex- 
change "up and down” with each other, particularly with respect to 
organized virtual particle flux patterns. 

In addition, all the cells are in constant electromagnetic ex- 
change "across" with each other, at all levels. This provides a 
dynamic, structured, living biopotential for the entire bio-organism 
(the entire body). Within this potential, dynamic interchange on all 
levels is continually occurring. This is the basis for the master 
cellular communication system that Dr. Fritz Albert Popp discov- 
ered. 

Rife's powerful microscope had revealed nonmaterial function- 
ing life forms (structured, dynamic, living biopotentials) connected 
to material bodies. 

He could follow "filterable” forms of bacteria — actual living 
biopotential forms of the organisms that could not be separated out 
by filters, but which would easily pass through any filter.* He could 
observe interactions of these forms, changes of forms, translations 
and transmissions of forms, etc. — none of which is detectable by 
present biological theory or medical science. 

Rife had advanced biology and biophysics a century in 
one jump. As always, orthodox scientists — most of whom in 
their scientific paradigm are self-admitted materialists — 
were quite unready to tolerate such heresy. 

Obviously the materialistic dogma of the science of his day — 
and ofthe science oftoday — reacted most hostilely to such hogwash. 
Contrary to the prevailing mystique, most scientists are dogmati- 
cally attached to materialism and to the dogma of their present 
paradigm. Faced with a conflict provided by experiment, most will 
uphold the dogma and reject the experiment — the exact opposite of 
the scientific method they espouse. 

Rife’s revolutionary work was no exception. He incurred the 
unending, total opposition of powerful individuals controlling the 
direction of biology and medical science for their own personal gains. 

Rife was hounded into court on trumped up charges. Though he 
was acquitted, he emerged a shaken, broken man and an alcoholic. 


“More precisely, they would easily flow around the 3-dimensional filter, since 
they were hyperdimensional 
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His work was suppressed. His equipment was leftto gatherdust. He 
was also forcibly committed to a medical treatment facility. 

Finally escaping from his "prison,” Rife lived out his remaining 
years quietly. He died without ever being vindicated for his marvel- 
ous, world-shaking discoveries. 

But at least he left us a legacy. Persons are still alive who knew 
Rife and his work, to one degree or another. Some ofhis microscopes 
are still in existence, though non-operable due to missing or stolen 
parts. With proper funding, an enlightened team of scientists and. 
researchers can be assembled to quickly repair Rife's remaining 
instruments and duplicate his incredible work. 

With concentrated effort, Rife's work will yet play a primary role 
in the development of a direct electromagnetic cure for AIDS. As a 
byproduct, it will play a role in rapid development of cures for cancer 
and other debilitating diseases, 

Royal R. Rife's contributions may yet help save half ofhuman- 
, and prevent a Soviet takeover of the world. 


in 


The ‘rub’ (http:/Awww.usingenglish.com/reference/idioms/there%27s+the+rub.html) 


Want to detect the presence of RFID readers? Want to control when a RFID tag is 
active or readable? We describe how to do both using bits of copper and card, and 
some readily available electronics hardware. 


Longer preamble 

Radio frequency identification ( RFID (http://en.wikipedia.org/wiki/RFID)) is rapidly 
growing in popularity. RFID tags are found everywhere. They're attached to 
container freight, in those funny-looking white labels you find in newly purchased 
books, embedded in many corporate ID cards and passports, etc. The tags have a 
few common properties: they transmit a unique ID number, are optimized to be 
'read' from predefined distances, and are usually small so they can remain 
unobtrusive or hidden. 


RFID readers are used to track nearby tags by wirelessly reading a tag's unique ID 
(see Figure 4); a tag simply has to be brought into physical proximity with a reader 
to be read. Readers are mostly used for industrial or commercial purposes, e.g. 
asset tracking or electronic payment. Wal-mart use RFID tags and readers in their 
supply chain. The technology is also used in mass transit systems in cities like 
London (http://en.wikipedia.org/wiki/Oyster_card) and Hong Kong 
http://en.wikipedia.org/wiki/Octopus_card). In Japan, many mobile phones 
incorporate readers to enable e-money payments in shops and vending machines. 


For those of us who want to experiment with RFID, the problem is that the 
technology is almost always black boxed (http://en.wikipedia.org/wiki/Black_box). 
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CHAPTER 6 


DEVELOPING THE ELECTROMAGNETIC 
CURE FOR AIDS 


By now, how one goes about developing a electromagnetic cure 
for AIDS — and for cancer and other killer diseases — should be 
apparent. 

One must set up a modern research laboratory and assemble as 
many ofthe "dirty dozen” together as is possible. One then tackles 
the problem head-on, adding the necessary support staff and special 
consultants. 

First the Kaznacheyev effect for AIDS must be isolated and 
determined. Then it must be reversed, to yield the precise "curative" 
signal 

‘Transforms for these Kaznacheyev IR/UV "death photons” and 
their phase conjugated "healing photons" must be obtained for a 
lower electromagnetic frequency band — such as, say, 10 to 20 
gigahertz. 

Away must be found to irradiate the whole human body with the 
curative signal. The ideal way is to utilize a scalar EM curative 
transform so that the atomic nuclei ofthe body — and hence its entire 
‘master cellular control system and immune control system—will be 
"charged up” with the correctly structured "AIDS cancellation 
message." 

‘The entire procedure and apparatus must be as simple and small. 
as possible. My colleagues have already achieved very promising — 
even remarkable — progress in this respect. 


Reversing the Kaznacheyev Effect 
‘The "Kaznacheyev effect" for AIDS virus condition must be 
stimulated between cell cultures, so that the disease condition is 
electromagnetically transferred from one to another. ‘The actual 
electromagnetic “delta” constituting the contribution of the AIDS 
infection must then be isolated electronically. The best way to do this 
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is probably to subtract the normal cell radiation pattern from the 
"cell plus AIDS" radiation pattern.* 

With the "AIDS delta” determined, the delta is then fed into the 
appropriate phase conjugating mirror system, so that its time 
reversed replica is produced. 

‘The new phase conjugated signal is then the required AIDS 
reversal signal to reverse the effects of the AIDS virus itself, inside 
the cell where it resides dormant. This " time-reversed” signal will 
reverse the genetic change in the cell, not just kill the HIV virus. 


In acrude way, one is making an electromagnetic anti-virus. 

For ease of development and treatment, microwave technology 
is most attractive. Obtaining transforms of the signals in the radar 
band is ideal, since a wide variety of techniques, instruments, and 
electronic parts are available for that region. Millimeter waves 
would be most attractive, for the equipment could then be highly 
miniaturized 

One can regard it another way also: energy forms (critters) are 
involved. The action ofthe AIDS virus in its host cell, upon the DNA 
of the host, is underlaid by manipulation of energy critters. If one 
makes the electromagnetic anti-virus form, one is also manipulating 
the energy critters in their virtual state substrata 

The net result is that essentially the virus pattern — even the 
virus itself — can be phase conjugated by the energy critters. The 
result can be to turn the actual virus in the cell into a negative virus, 
accomplishing recombinant DNA procedures in reverse. 

Remember that the signal we seek to use involves negative 
energy and negative time. We are also engineering the virtual state 
directly. The ordinary positive energy/positive time/observable 
state rules and limitations do not necessarily apply. And the "fixed 
form’ first order physical reality as we normally conceive it need not 


*Procedures along the lines of the extraordinary double-exposure holographic 
work of Dr. Robert Powell will probably be necessary. His Work on biologically 
Significant spatial frequency spectroscopy has blazed the teal as to how to obtain 
the specific delta patterns desired. Itis hoped that Powell will shortly publish 
the remarkable results ofhis 15 years! work 
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be so fixed at all 
Physical reality itself can be directly engineered. 


The engineering we seek to accomplish is directly upon the 
probability states propagated by the Schroedinger equation, before 
observation and collapse of the wave function occurs. We seek to 
engineer physical reality before it is born, while it is yet 
forming. 

Only at such a level can the previous action ofthe AIDS virus — 

that in which it combined its genetic material with the genetic 
material of the host cell — be reversed and undone. 

Only at such a level can we convert the infected human body from 
an "AIDS virus factory" back to an uninfected normal human body 
without AIDS. 


The Proof: Priore's Work 

Antoine Priore's pioneering work largely proves that it can be 
done. Cancers, leukemias, and many other virulent diseases yielded 
to his phase conjugated signals passed down through a powerful 
magnetic field to totally penetrate every cell in the treated patiemt’s, 
body. 

‘And Royal R. Rife’s work proved that a virus and a bacterium are 
not at all the “rigidly fixed” physical forms that our normal science 
has led us to believe they are. Instead, both the organisms and their 
biochemical and genetic actions can be addressed — and changed — 
‘on a much finer level of reality. 

Ofcourse, it would be enormously helpful if one had a working. 
Rife microscope. 

My colleagues are attempting to rebuild one ofthe original Rife 
‘microscopes, which has parts that were missing from it. They have 
every hope of having the microscope in action in the future. 


Another angle of attack is also possible. 


One of my colleagues has discovered a very peculiar, weak 
electromagnetic signal that will kill viruses, harmful bacteria, toxic 
protozoa, etc. but not harm living human cells. Only a few volts and 
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a few milliamps are used. 

However, there exists a major problem in getting any such very 
weak signal into every cell in the body — which is required if one is 
to heal blood diseases such as AIDS andleukemia. After all, that was 
the reason that Priore utilized a powerful magnetic field of thou- 
sands of gauss. The magnetic field penetrated every cell in the body 
— even those in the bone marrow where all the blood cells are 
‘manufactured. By using the all-penetrating field as the cartier, the 
phase conjugated healing signal pattern could thus be introduced 
into every cell in the body, bathing it completely, inside and out, with 
the restorative signal. 

Remember, one must not just get the signal into the cells 
themselves — instead, one must get the restorative signals 
directly into, and absorbed in, the atomic nuclei. 

Again, that is why Antoine Priore found it necessary to 
employ a rippling" magneticfield. The "ripple" was actually 
a magnetic wave, and nuclear resonance then provided the 
magic mechanism to penetrate all the atomic nuclei. 

So the initial problem is, how does one provide a mechanism to 
carry the desired signals into and through each and every cell of the 
body and into each and every atomic nucleus of the matter of the 
body? 

Obviously one can utilize nuclear magnetic resonance, after the 
fashion of Priore. If so, the resulting apparatus is going to be 
extremely large and expensive. It would be highly desirable to do it 
a different, simpler, much cheaper way. 

After many hundreds of back-breaking experiments, one of my 
colleagues appears to have discovered a completely unique and 
direct way ofintroducing the desired EM restorative signals into and 
completely through every cell of the body, and into every atomic 
nucleus. Though much additional work to confirm this still remains, 
the initial results are marvelously encouraging. 

Another colleague has succeeded in developing a peculiar sort of 
detector that should prove adaptable to detecting the actual "biopo- 
tential structural patterns” themselves, directly in and out of the 
atomic nuclei. Though obviously much more work is necessary 
before the final instrumentation is ready, the preliminary results 
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are again most encouraging 

‘As I write these words on paper, this work is proceeding, but 
very, very slowly due to lack of the necessary funds to attack the 
research problems in force. 


What is Needed 

‘Time is running out —most conventional science appears to be 
driven by special interest groups/Drug Manufacturers who are un- 
able and/or unwilling to counter the AIDS epidemic with anything 
other than extensive "Addict Style” symptom-reducing drugs that 
generate dollars, not cures. Though this is not universal, it is the 
conventional norm, 

Unconventional disorders or diseases require unconventional 
science for unconventional cures, 

Immediate funding is required ifthis awesome threat to human- 
ity is to be stopped. An American public alerted in time to this 
desperate situation can demand that the government and/or private 
business immediately address and act on this life-threatening issue 
in a different, unconventional manner. 


Encouraging Preliminary Work 

One of my associates, already familiar with scalar EM devices, 
has exerted every effort to try to reduce the scope ofthe problem. In 
literally hundreds of experiments, he has been able to narrow down 
the search, and obtain at least some very promising results 

He has obtained an initial candidate phase conjugated signal for 
further test and trial 

He may well have succeeded in discovering a new and unique 
‘method to communicate signals directly into the atomic nuclei inside 
the matter in the human body. This signal presently appears to 
directly interact with the cellular biopotential and with the body's 
‘master cellular communication system. 

Remember, however, these are preliminary results. ‘They still 
‘must be fully substantiated in a great many more tests. Undoubt- 
edly a great deal more research, analysis, and adaptation is neces- 
sary. We certainly cannot presently say we have any sort of "cure 

for the AIDS virus or anything else — or that these results are to 
be considered as proven in any fashion, 
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But what we can say is that my colleague has been able to derive 
a very complicated phase-conjugated signal, which produces nega- 
tive energy and negative time of the general sort required. And he 
may just have made a most marvelous discovery that will point the 
way to eventual equipment much, much smaller than the 4-stories 
high machine with which Priore intended to treat terminal human 
cancer patients. 

The initial signal discovered by my colleague, when applied to 
the body at miniscule voltage, seems to zap all sorts of "bad things" 
— viruses, harmful bacteria, dangerous protozoa, microworms, you 
name it—without harming the blood cells, the normal body cells, or 
the hosted friendly bacteria 


The signal does this at miniscule voltage and amperage. 


Itcan be applied directly to the body through special electrodes. 
Through a special feature, my colleague has been able to get the 
signal to reverberate the entire body, all cells, all parts, and even 
penetrate the atomic nuclei and establish scalar resonance therein. 

‘There turned out to be some extremely strange things that have 
to be done to the phase conjugated signal before it will accomplish 
what is being sought. At least some ofthese "strange things” have 
been uncovered by my colleague. 

One ofthe peculiarities is that the entire electrical apparatus is 
part of the input "form" (that conditions the potential wave struc. 
ture) being phase conjugated and sentto the organism. Ifa lead-acid 
battery is included in the apparatus to power it, one will inject the 
electromagnetic form for the battery acid directly into the organ- 
ism,* destroyingit. This includes destroying the host's cells. In this 
case the signal is lethal, not curative. Substitution of a dry cell 
battery with no liquid electrolyte eliminates the problem. Exactly 
why a liquid electrolyte has a toxic effect and a "sludge" or solid 
electrolyte does not, is not understood at this time. 

Other such anomalies in the tentative process have been discov 
ered and compensated for. 

However, the way ahead is exciting. It suggests that the body 


“va mechanism similar to hat found by Reid and Barsamian 
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(atomic nuclei) can literally be "charged up" (.e., the living biopoten- 
tials can be "charged up" with the signal structure) so that the 
‘disease-proofing" is very lasting, possibly for many years or even for 
a lifetime. 

Atleast my colleague has pressed this to the point ofdemonstrat- 
ing a long-lasting charge being acquired by the body. 

For example, at one time his body became so "charged" from his 
lengthy experiments that a one-inch blue spark often leaped from his, 
fingers when he reached out for something metallic. The discharge 
‘was cool, negative energy — living energy, ifyou will. It should be 
negentropic, not entropic. Itwas definitely not the type of energy the 
orthodox scientific community is accustomed to. And normal elec~ 
tricity will definitely not charge up the body in such a continuing 
fashion, so far as is known 

Let me clearly state again that we have not yet produced the 
specific anti-pattern per se. What my colleagues have discovered 
appears to be a broad-band signal that appears to act hyperspatially, 
analogous to the manner in which a broad-band drug such as 
penicillin acts biochemically. Even this much remains to be clearly 
established. 


However, it is a most encouraging and promising first step. 


Much more work, and a great deal of experiments to substanti- 
ate or adapt these tentative results, still need to be done. Now there 
is no substitute for rigor and thoroughness — and there is no 
substitute for clearly and scientifically demonstrating the proof of 
the concept in the laboratory. 

It is not just good intentions that we seek, but solid, concrete, 
proven results substantiated by proper scientific procedures. Much 
work remains to be done. 


But the preliminary results are very encouraging indeed. 


Let me briefly share with you some of the things we foresee, if 
this present line of successful development continues, 

We foresee being able to eventually develop and set up — legally 
and under proper medical auspices, of course — tested and proven 
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devices that can easily treat up to two or three hundred persons at 
once. A treatment of about 45 minutes to one hour is all that would 
be required. Several repetitive treatments a week or so apart, might 
prove advisory. 


In addition,once the entire gamut of the treatment process is 
validated and proven, and shown to be completely harmless and safe 
in accordance with legal medical requirements, if need arises we 
foresee simply adding the signal to ordinary radio and television 
transmitters — perhaps as simply as modulating the electrical 
ground. Ifso, a "maintenance" signal could be established to negate 
the AIDS virus (or other disease such as cancer and leukemia) in an 
entire area, and keep out other diseases such as malaria, sleeping 
sickness, etc. 

Another advantage of such machines would be their portability 
in time of conflict, Also, they would be most useful indeed as 
defensive measures against biological warfare. For example, the 
inhalation of only a relative minor amount of anthrax agent is 
sufficient for 100 percent certain death unless treatment begins 
promptly. With the portable machines, however, this would be 
easily negated in any troops exposed to the agent, even before the 
lethal disease is evidenced. For a totally new agent, a "phase- 
conjugate delta signal" could be rather quickly ascertained and 
developed, and the proper settings made on the machines for imme- 
diate treatment and immunizing 

And even later, when we proceed to the direct engineering ofthe 
living energy form strata themselves, we shall see remarkable cures 
and remissions of diseases for which medical science offers little 
hope today. Arthritis, multiple schlerosis, lupus, and other such 
debilitating diseases come readily to mind. Even reversal of the 
aging process should be possible. 


*Twoother promising approaches have recently been discovered Fst, an electrolyte 
compound has recently been approved bythe FDA fe clinical testing. Tis compound has the 
femarkable property of raising the cellular lectrical potential back to that of «strong, 
healthy cell Several years oflab animal testing, ths lone was indicated to be over 80% 
lective against cancer. It may also prove effec against diseases such a arthritis, where 
the body's immune system atacks body tissue with lowered cellular potentials, since it fas 
to recognize the weakened cell as those ofthe boy. Second, Baylee University reseachers 
have found that eating Boe with certain laser EM radiation kills the AIDS virus, but does 
not haem the blood cells This means that i wil be posible to assure that blood used in 
‘Wansfusions will be AIDS - fie, eliminating ane sore of AIDS transmission, 
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Conclusion 
We have now come to the end of our road, literally and figura- 
tively. 


All ofus have been struck a mortal blow by the Soviet AIDS first 
strike. 

‘Make no mistake, this is real. We and our children are already 
as good as dead unless we move as we have never moved before. 


‘We have a chance. A slim chance. 


‘Americans have always come through when the chips are down. 
We can conquer this thing. We can overcome this mighty death blow 
that has been launched against us. We can defeat the others yet to 
come. 


But we've got to move. Now. 


Remember, Pandora's box has already been spilled. Even 
without the Soviet biological warfare strike, hosts ofnew viruses and 
different strains of old ones are going to be, and are now being, 
dumped into the biosphere by our own culture. It is also only a 
‘matter oftime before terrorists and meglomaniacs turn to the use of 
this potent weapon against a wide-open society such as ours. 

Both our Armed Forces and our civilian populace are 
totally defenseless against electromagnetic biological war- 
fare. Now. At this moment. 

Even without the Soviet BW strike implication, it is only a 
‘matter of time until we perish, unless we develop electromagnetic 
healing and electromagnetic biological warfare countermeasures, 

We've come to one of those profound momentary pauses in 
history that determine the fate of the entire world henceforth. 


It's like the parable of the lady or the tiger. 


Werte facing, so to speak, two doors. 
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Behind one is the most fearsome and hungry tiger ofall time. If 
wwe delay, that door will open and we'll get the tiger full upon us. We 
shall be utterly destroyed. That mighty tiger will consume half the 
world in his roaring frenzy. Our children, and our children’s children 
— what few ofthem will be left — will wear the hammer and sickle 
yoke for eons. 

‘Those few future survivors will be taught strange things. How 
you and I were the real enemy. How we were absolutely destroyed 
for the good of all mankind. How glorious and necessary it was to 
unleash the great plagues upon us. And how heroic were those who 
performed the "noble deed.” 

Our own distant children will curse us and revile us, and they 
will be taught to worship at the throne of a false prophet. 

‘The world will descend into a new "Dark Ages” far more frightful 
than George Orwell ever envisioned. 

On the other hand, behind the second door is the most beautiful 
lady of all history. Literally all of humanity's dreams of health, 
beauty, and vitality lie behind that door. 

Ifwe open it, we achieve a freedom from disease and a measure 
of bountiful health for all mankind that has heretofore only been 
dreamed of, Even reversal ofthe aging process itselflies beyond the 
second door. Health and youth — the dream of the ages—can be ours. 

But we have only a moment to open the second door. Itis firmly 
shut, and we must exert ourselves to the fullest if we are to open it 
at all 

On the human stage, the first door is already slowly opening, 
inexorably. In only a few moments it will be open and the tiger will 
be upon us 


‘We must move quickly, 
Which will it be for mankind, the lady or the tiger? 


The next few moments in the human play will most assuredly 
tell 


That is, the inner workings of a tag and its interaction with a reader is hidden from 
view, and thus difficult to have much control over. 


In the two exercises that follow (building a RFID reader detector 
(https://www.instructables.com/id/SX28QZ1FN4H8QCG/) and a tilt-sensitive RFID 
tag (https://www.instructables.com/id/SGW3JOSFN49WUIF/)), we offer an example 
of how you can start revealing some of the workings of RFID and thus gain some 
control over the technology. The two exercises also hopefully show that the 
technology is relatively simple and how it can be extended to support some 
interesting interactions. We offer some other possibilities that build on our examples 
at the end (https://www.instructables.com/id/SQKIRD4FN49ZUS1/). 
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References Related to the New View ofthe Nature of Mind 
and Thought 


Author's Note: So far as I can find, there are no available 
references other than my own that deal precisely with my par 
lar approach to the nature of mind and thought. There is, however, 
a serious debate over whether (a) the mind is simply the physical 
brain, similar to a computer (the prevailing materialist view of 
orthodox science), or (b) the mind is something else altogether, and 
‘metaphysical —'at least with respect to the level of scientific 
knowledge today. My own approach utilizes a non-Aristotlean 
fourth law of logic (included in an appendix to this book) by means 
of which the dichotomy between mind and matter is removed. In 
that fashion, one can model the mind as material, or model matter 
us mind. 

Some references that have influenced my thinking are given 
below. 
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This step describes how to build the antenna for the RFID tag. 


Building the RFID tag antenna 

To build the tag's antenna follow these three steps. 

1. Cut the conductive copper tape into thin stripes of around 2mm (see Figure 1). 
2. Tape these stripes (see Figure 2) in loops around one half of the cardboard (see 
Figure 3 for the layout of the antenna). The tag should have between 3-4 loops for 
the antenna. 

3. Solder all the connections between the copper tape. Sometimes, this isn't 
necessary as the tape's adhesive backing is conductive, but solder the connections 
if you want to be on the safe side. 


Now we have created our RFID tag antenna, and we will add the "RFID reader 
detection" functionality in the following step. 


A little background 

RFID readers transmit an electromagnetic (EM) field with their reader antenna. This 
EM field induces a current in the antenna for all RFID tags within reading distance. 
This induced current activates the RFID chip that is connected to the tag's antenna. 
This chip then modulates a response (usually the unique ID number) that is 
transmitted back to the reader. The antenna of an RFID tag is usually a thin copper 
wire that is arranged in loops. The loops allow the emitted EM field of the RFID 
reader to induce current to the antenna of the tag. 
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APPENDIX I 
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Forty-four years ago, in 1944, an Italian engineer working as 
a prisoner and forced laborer for the Germans in the huge submarine 
base in Bordeaux, approached a French police agent to plead for hit 
life. He would be Killed when the Germans left Bordeaux, he said, 
and since they were by that time obviously losing the war, the day of 
his execution was at hand, 

‘The police officer, who also worked clandestinely for the French. 
underground, told the engineer to get in his car, then simply drove 
him out of the base and introduced him to the 7th battalion of 
underground resistance fighters, in the nearby province of Dor- 
dogne. There he so distinguished himselfin military operations that 
he was ultimately decorated by the French government. 

It was due to his thankfulness to his savior, and his loyalty to his 
companions-in-arms,that Antoine Priore decided after the war's end. 
to live out the rest ofhis life in Bordeaux. Thus he became the focus 
of one of the strangest, and most scandalous, chapters in the 
scientific history of France or any other nation. 

Antoine Priore had earlier graduated from a small provincial 

school forelectricity in Trieste, Italy and become aradaroperator in 
the Italian Navy. During this period he observed what to him was 
an exciting anomaly: some oranges left in a room filled with electrical 
bric-a-brac had fallen into an assemblage where they seemed to have 
been preserved in the same fresh state they had enjoyed when 
bought offa fruit stand. Other oranges in the room, bought at the 
same time, were rotten and putrid. 

Stunned by his observation, Priore dreamed throughout the war 
of one day working out an electrical means of conserving foods in 
their fresh state based on what he surmised was a new, and wholly 
unexplained, principle. Newton's apple had become Priore's orange. 

Occupied during the day as a humble electrical repairman — and 
projectionist in a movie theater — the almost wholly self-taught 
Priore devoted all his free time and his meager resources to research. 
With the help of his war-time companions, some of whom had 

attained high rank inthe Bordeaux police force, he was able to beg, 
borrow, steal, scrounge, or otherwise acquire a mini-warehouse of 

electrical and electronic components and parts. With these he put 
together a device worthy ofRube Goldberg. Exposing lentil seeds to 
amagnetic field of225 gaussandelectromagnetic frequencies of80, 
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32, 3 and 10 Hertz, Priore's device caused the lentil plants which 
sprouted from them to grow 12-15 centimeters in length, as against 
only 5 centimeters for controls not subjected to the same treatment. 
He got similar results for tulips, asparagus and other plants. 

‘Shifting his focus, he next irradiated fertilized hens’ eggs, onk 
to see the chicks hatch in 19 days, instead of the normal 21. Thou; 
he could not explain these astonishing results, he realized he had 
stumbled upon a process basic to the enhancement, or speeding up, 
of cellular growth, 

twas at this point that one ofhis police friends introduced him 
to Francis Berlureau, the former Director of Studies at the School for 
Veterinary Medicine in Toulouse and, at the time of their meeting, 
director of the Bordeaux abbatoir, Priore asked Berlureau to supply 
him with various animal tissues for experimentation, For 10 years 
they worked together, Priore's free time allowing, during which 
Priore noticed he could get no electrical measurement from 3 
us bull’s testicles. Since he realized that, in some way, his newly 
constructed device (no trace of which remains today, except for 
snapshot ofit affected the electrical properties of cells he put two 
and two together and his sum of four led him to believe that he might 
be onto. an electromagnetic cure for cancer. Newton's gravity had 
become Priore's cancer cure. 

Berlureau next allowed him fo expose a cat with cancer of the 
mammary glands to radiation of his machine. To make absolutely 
sure that he was not exposing himself to mockery, the veterinarian 
had all the histological work done by his friend ‘and colleague, a 
Professor Drieux at the famous Veterinarian School of Maisons- 
Allfort, near Paris. Drieux wrote a technical report proving that a 
tumor taken from a cat had, before treatment, started to become 
cancerous and, after treatment, had become benign. 

By 1953, with the help ofa doctor of general medicine, Maurice 
Fournier, Priore began treating human patients whose cancers had 
been judged hopeless. The huge file of cases maintained by Fournier, 
and filed with a notary until after his death, was subsequently 
mysteriously lost. But. few details were preserved in letters discov- 
ered in an old dog-eared file 


‘A second case unearthed from the old fie indicated that a patient, 
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with cancer of the larynx was able to avoid a laryngectomy and be 
totally cured after Priore's new ministration. 

Fascinated by the principle which he suspected must lie behind 
the strange Priore Ray. Dr. Berlureau tried to get some Bordeaux 
University physicists interested in the problem but was laughed out 
oftheir offices. He next turned to cancer specialists, beginning with 
Professor Lachapele, the Director of the Bergonie Foundation, a 
prestigious center for cancer research, to whom he proposed animal 
experiments to prove the efficacy of Priore’s methodology. His plea 
met with a stony affirmation on Lachapele’s part to the effect that he 
and his colleagues had no need of the new discovery, inasmuch as 
"all the patients treated in his hospital were cured and departed in 
perfect health.” As ifbound in the chains ofhis curt reply, years later 
Lachapele was to become one of the bitter adversaries of Priore’s 
pioneering research. 

Only somewhat discouraged, Priore kept up his momentum. He 
‘went on to build a new and more complicated version ofhis treatment 
device, called the P-I, over the next year. When it was finished he 
secretly and unofficially began to treat dozens ofcancer patients who 
had been given up by their doctors as incurable. At his funeral in 
March of last year, among the crowd of mourners was, it is said, a 
small platoon of older people who had been cured of their terrible 
afflictions by Priore in the 1950s. 

While his findings excited him, he nevertheless felt tremen- 
dously frustrated that he could apparently get no one in the world of 
medicine or science to pay attention to them. Undaunted by his 
previous rebuffs, his friend Berlureau next introduced the Italian at 
the end of 1959 or the beginning of 1960 to Professor Tayeau, vice 
dean of Bordeaux's Medical Faculty. Unlike Lachapele, Tayeau 
behaved as a true physician and scientist. He sent Priore to two 
researchers, Biraben, head of the Faculty's Department of Patho- 
logical Anatomy, and his assistant, Delmon. The two had been 
working together on cancerous rats for two years—specifically on 
animals grafted with T-8 tumors, discovered by the internationally 
famous team of Guerin and Oberling in Paris, which had proven to 
be intractable to any form of treatment yet known. To their utter 

surprise, the tumors in the rats treated with Priore's machine were 

reduced in volume by 60%, marking the first time in the history of 
cancerology that the virulent T-8 tumor had in any way been 
affected by any form of treatment. 

Knowing that the mayor of Bordeaux, Jacques Chabans~Del- 
mas-who has kept his post until this day, and was soon to become 
prime minister of France-- was most interested in the work of Priore 
(who, he too, had known as a fellow resistance fighter), they also 
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informed Chaban. 

Promptly Chaban convoked not one, but two, commissions made 
up of Bordeaux and Parisian scientists to study the Biraben-Delmon 
results in detail. Both commissions rejected Priore and his machine 
out of hand, and without appeal. It is curious that, in the science of 
our day, a result, undeniable though it may be, seems to have no 
hearing unless and until all means to effect it can be adequately 
explained. Itwas for this ostensible reason that the two commissions 
decided to so adamantly reject the research: Biraben and Delmon 
could not explain the nature of the radiation engendered by the 
Priore device 

One can stress the word ostensible here because the principal 
reason for the rejection lay elsewhere. The decision by the first 
commission was, in fact, hardly unanimous. But among its members 
‘was the same Professor Lachapele who had refused Berlureau's plea 
for assistance. His opinion was that even the results themselves 
were oflittle value because they were obtained, not on spontaneously 
arising, but on grafted, cancers. The fact that no treatment whatso- 
ever had ever affected a T-8 tumor was totally discounted. As the sole 
cancerologist on the commission, Lachapele's dictum was prepon- 
derant. 

When he learned that the rejection of the first commission had 
actually been a split decision, the Bordeaux mayor asked for the 
formation of a second commission to re-examine the problem. Fear- 
ing a reversal, Lachapele was able to get one of his colleagues, 
Professor Courtial, director ofthe Radium Institute in Paris, and one 
ofthe so-called top authorities of French cancer research, named to 
it, It was all but impossible for the other physicians on the new com- 
mission now to outvote not one, but two, cancer specialists, so again 
the antagonists won the day. 

At no time did either of the commissions bother to interview 
Priore himself or to run a supplementary experiment under their 
‘own control 

This seemingly incomprehensible attitude on the part of scies 
tific authority was only a foretaste of what was to come, again and 
again, over the years. Biraben and Delmon went on to do new 
experiments. They modified either the time after grafting that the 
radiation was applied, or the length of its duration. This time their 
efforts were crowned with unequivocal and complete success. The 
tumors stopped growing and, when still living cells were excised 
from them and implanted in healthy control animals, none of them 
became malignant 

Though these results should normally have fascinated any 
academy ofmedicine or sciences, the two researchers did not publish 
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them. Why? The reasons horrify or disgust. It seemed that Biraben 
‘was simultaneously preparing an examination for the agregation, 
the highest French academic degree leading to a senior university 
teaching post. In charge of the committee to pass on, and award, this 
degree was none other than that same Professor Lachapele who told 
him: "Either you get the degree, necessary to your professional 
advancement, or you publish your research papér. But not both!" 
Discouraged, Biraben ceded to this demand but nevertheless contin- 
ued to work on the research that looked so exciting and promising 

Most mystifying to him was how the machine operated to 
achieve its startling results. At the 3rd Congress of Biometerology 
held in 1963 in the Pyrenees mountains, a New York City re- 
searcher by the name of Kenneth McLean reported he had been able 
to obtain regressions on tumors and improve the health of cancer 
patients by using a magnetic field of a strength of 3000 gauss or 
more. Acting on this hint, Biraben and Delmon made an electromag- 
net that put out a field of 4,500 gauss and tried it out on the T-8 
tumors but without the slightest success. Obviously, something 
other than a simple magnetic field was at issue. 

In 1966, after others had had the same success with the T-8 
tumor by irradiating it with the "Priore Ray,” the two scientists 
finally published a memoir in the Revue of Comparative Pathol- 
ogy in which they stated that neither magnetic fields nor X-rays had 
any effect on the T-8s and that "only certain devices associating a 
‘magnetic field with high frequency waves seem at present to reveal 
therapeutic properties. 

‘Their conclusions were too late for, by that time, a campaign to 
stamp out Priore and his electromagnetic approach to cancer cure 
was well underway, a campaign that has lasted right up to the 
present moment 

‘The all-powerful Lachapele had sealed the fate of the Priore 
device as far as the local Bordeaux medical community was con- 
comed. Veterinarian Berlureau and Priore next decided to carry 
their case to Paris. They contacted Professor Guerin at the cancer 
Institute at Villejuif, the leading French center for cancer research 
nnd the equivalent of the American National Cancer Institute in Be- 
thesda, Maryland. Guerin, one of the discoverers of the T-8 tumor, 
which for the first time had been stopped in its tracks by the Priore 
device, courteously received his guests and heard them relate the 
whole story of how the device had come into being, starting at the 
point. when Priore had seen the oranges strangely preserved by some 
lunaccountable electromagnetic effect. 

Guerin was sufficiently impressed that he assigned his col- 
league, Marcel-Rene Riviere, to delve into the whole question. For 
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This step describes how to add a simple mechanism to the RFID tag antenna that 
allows us detect nearby RFID readers. 


Antenna connection 

First, we add a small piece of insulation tape for the connection of the inner end of 
the antenna loop (as illustrated in Figure 1). This is to insulate the outer loops. 
Then we add another copper tape strip to the inner end of the antenna as shown in 
Figure 2. Here again we solder the two ends of the conductive copper tape 
together. 


Capacitor and LED 

Next, we add the capacitor (82 pF) and the low current LED to the tag as shown in 
Figure 3. They are connected in parallel. We also solder these two components to 
the copper tape (see Figure 4). 


Testing 

With these simple steps, our RFID reader detector is finished! By bringing our DIY 

RFID detector close to an RFID reader (as shown in Figure 5), the connected LED 
lights up. With the Sonmicro reader hardware the distance to the reader has to be 

below 8-10 cm; however, there are RFID readers available with a stronger EM field 
and therefore a higher maximum reading distance. 
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two years, Riviere, who also had teaching responsibilities at the 
University of Rennes in Brittany, unremittingly worked to corrobo- 
rate the Biraben-Delmon findings. On 9 December 1964 a note was 
sent for publication in the Proceedings of the French Academy of 
Sciences detailing the research and modestly concluding: "... as of 
now, one may already state that our first observations show that 
electromagnetic fields used can lead to most interesting data from a 
point of view of the biological behavior of grafts and their therapeutic 
action on experimental tumors.” 

Riviere next decided to see ifthe Priore Ray could affect another 
tumoral form that had never been affected by any therapeutic 
method, the 347 lymphoblastic lymphosarcoma. The results were 
even more spectacularthan for the T-8 tumor. The effects produced 
were of broader scope and took place more rapidly. A second note was 
sent to the Academy for publication. The conclusion read: "We can 
now already affirm that our research offers proof that electromag- 
netic fields are capable of producing effects on quite different types 
of neoplasms.” 

At this point one of the key characters in this extraordinary 
drama must be introduced. There might have been no drama at all 
without his appearance on stage. This personage was Robert Cour- 
rier, an eminent endocrinologist, who had been named, while still in 
his 30s, a full professor. Courrier was now perpetual secretary of the 
Academy of Sciences and later would become President of the 
Academy of Medicine. Because no scientific paper can be accepted by 
an academy unless introduced by one ofits members, Riviere would 
have had no chance to see his work so prestigiously published had 
not Courrier, who knew Riviere well, since he had shepherded him 
through the winning ofhis doctorate, taken the responsibility for its 
introduction, 

It was Courrier who, at this point, also took up the cudgel to 
interest various highly placed French organizations responsible for 
the administration of scientific projects and their funding. Thus, ho 
sent a personal letter to the French Minister for Scientific Atomic 
and Space Research, who immediately offered to try to make funds 
available for further research on and with the Priore Ray. He also 
personally asked the Director of the CNRS (National Center for 
Scientific Research, which coordinates and oversees all such activity 
in France) to receive Priore and Riviere. 

Thatthis meeting was, in its way, somewhat ofa disaster, can be 
explained in part only by a briefresume ofthe complex character of 
Priore himself. Priore throughout his life had great difficulty 
making himself understood in the French language and, as the years 
went by, he even forgot how adequately to speak his own mother 
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tongue, Italian. Added to these twin impediments was his lifelong 
fear that his discoveries and inventions were prone to being stolen, 
a fear which led him never to fully explain the exact nature of the 
complex radiation emitted from his machine, far less the settings 
which controlled its various parameters. Whether Priore would not, 
or could not, exactly explain the functioning ofhis invention (which, 
as we shall see, went through several increasingly complex genera 
tions) is a question to which no precise answer has been given. It 
would appear that Priore was an excellent engineer gifted more with 
God-given intuition than with school-book reasoning and logic. In 
short, Priore had_a combination of talents that could remind one of 
the same enigmatic personality that was Nikola Tesla, the deductive 
reasoning behind some of whose discoveries has never fully been 
unravelled. 

Highly placed scientific administrators are neither comfortable 
with, nor sympathetic to, what they see as self-appointed geniuses 
who have not run the same academic gauntlet through which they 
themselves had to pass. Thus the CNRS director took aversion to 
Priore’s somewhat incomprehensible, yet fairly prolix explanations 
ofhis technology and only recommended that a physicist be sent to 
look over his device to properly decipher its working. At the same 
time, the Minister, together with the head ofthe general delegation 
for Scientific Research (DGRST) — still another key body in the 
administration of the French scientific decision-making process — 
let it be known to Robert Courrier that they had not understood a 
tingle thing about Priore’s invention despite his best efforts to 
present it 

Advancing one more step into what was to become for him a 20 
year-long expedition into a jungle of scientific intrigue, Courrier 
hext resolutely decided to send to Bordeaux one ofhis most trusted 
laboratory workers, Madame Colonge, to repeat Riviere’s experi- 
ments unider her personal supervision. The DGRST director fully 
Concurred with Courrier's decision, while letting slip his admission 
that he strongly suspected that Riviere might well have been duped 
in some manner by Priore. When Courrier asked the minister for 
travel funds for Madame Colonge, he was refused with the dry 
remark that such a request was "premature." The now angry Cour- 
rier telephoned to reply: "You've been spending millions for pro- 
grams and hypotheses about the cancer problem. Riviere has been 
presenting you with facts!" 

The physicist who had been sentto try to elucidate the function- 
ing principles of Priote's device, reported that he could make neither 
“head nor tail” of the machine. 

Madame Colonge's experimentation was as prolonged as neces- 
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sary. She was so meticulous that, in order not to take her eyes off 
the experimental animals for an instant, she limited her lunches to 


s. So successful were his results that, this time, 
ir no holds. Instead of simply having a note 
published in the Academy Proceedings on the quiet, he decided to 
present it personally, orally, and in all solemnity, before his fellow 
academicians at an offical meeting scheduled for 1 May 1965. 

‘That date was, and is, a turning point in what came to be known 
in France as the "Priore Afar,” Fromthen on the whole French, and 
even the international, scientific community could be divided into a 
minority and a majority group, the first that believed in the research, 
the second that did notknow enough details about it, did not or would 
not believe, or simply didn't give a damn, 

Before Courier could make his presentation, its scheduling and 
subject were inadvertently and prematurely leaked to the 
Immediately thereafter, a horde ofjournalists arrived in Bor 
‘Alter one or two of them managed to all but force entry into his lab, 
Priore closed its doors and, with the help of his friends, wrote a 
printed press release that stressed his thankfulness to the many 
people who had helped him over the years rather than providing any 
comprehensible details about the machine he had brought to birth. 
Stymied, many of the newsmen travelled across town to seek an 
explanation from its leading cancerologist, Professor Lachapele, 
‘who informed them acidly that the machine was all but useless and 
unworthy oftheir attention or their time. 

The journalists’ reports, founded as they were on rumor of 
outright es, riled the pages oftheir newspapers and magazines in 
such a way that they either over-exaggerated the potential or a 
forthcoming cancer cure, or came close to billing Priore as just one 
more cancer-cure charlatan, All of which so alarmed, among many 
others, Dr. Wilhelm Bernhard, world specialist in electron micros- 
copy, that he called his friend Courrier to warn him that 

coming presentation to the academy might put 
atisk as well as those of Guerin, Riviere and the Villejuif 
stitute itself. 
In the journalistic melee, no one had bothered to read the 
declaration carefully issued by Riviere from Rennes, where he was 
‘occupied with his university Courses, which formally stated: "Our 
experiments are ofreal interest. Much more experimental research 
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has ofcourse to be done before any therapeutic application on human 
cancer victims can even be considered. It goes without saying that 
this will take a certain time and no little effort of many types, both 
scientific and financial. Our work, as fascinating a perspective as it 
might hold, in no way, therefore, allows anyone to offer the public 
hope which could only'lead to deception at the present time 

On May Day, Courrier gave his report to an Academy assembly 
hall crowded with scientists, newspapers and television reporters, 
photographers and an unusual number of curious bystanders. Ac 
companied with slides showing histological details, and animals 
before and after treatment, his lecture was heard out in almost tomb- 
like silence. When the lights came on again, he announced that he 
had personally checked the validity ofRiviere's findings through the 
offices ofhis personal assistant, Madame Colonge. He then went on 
to say that he had taken the responsibility of presenting three notes 
to the Academy for two reasons. The first was a ringing declaration 
and challenge to critics and skeptics ofevery stamp. Itreads "When 
itis a question ofa problem as serious as that of cancer and when one 
sees a little light beginning to dawn, one has the obligation to see 
what this light might represent. One has no right to snuff it out 
before learning what it may be worth.” 

The second was a tribute to his colleagues who had done the 
pioneering work, particularly Guerin, Riviere and Madame Colonge, 
and a statement ofthe essence ofthe problem to be faced down the 
road. It read: "Attention must naturally be given to the apparatus 
which Monsieur Priore has conceived and constructed. It has appar- 
ently already been examined by several physicists. It is found to be 
too complicated. While that may be possible, itis nevertheless a fact 
that Guerin and Riviere have obtained results with it that had to be 
made public. What is emitted from such an apparatus? I hope 
Monsieur Priore will allow disinterested physicists to study it at 
their leisure, for Science cannot tolerate apparatuses enveloped in 
mystery.” Then, as almost a footnote to the history of the moment: 
"The biological ‘action of magnetic fields is the object of intense 
research in the United States. In specialized institutes, the influence 
of these fields on tissue cultures, microbes, plant forms, diastases 
and certain tumors is under study. Up to now, the results obtained 
on grafted tumors seem less significant than those which have here 
been presented, 

After Courrier sat down, a leading cancer specialist, Professor 
Lacassagne, rose to ask snidely why the notes had included no 
bibliographical references on work done on the bio-effects on tumors, 
from electromagnetic fields, and criticized the experimentation as 
impromptu.” When Courrier denied this allegation as ludicrous, 
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Lacassagne stalked out of the assembly hall in full view of the 
audience. 

‘The meeting caused a new eruption of media reports which 
unfortunately accented one of three aspects of the problem at the 
expense of the other two. These were 1) the hope that a miraculous 
cure for cancer was in the offing 2) the contradictory, not to say 
discordant, reception of the data by various academics and 3) the 
enigma of Priore's personality. 

‘Remarkably, no serious discussion among the scientists present 
at the meeting ever took place. This led a foreign scientist, present 
in Paris at the time, to remark: "Zdon't understand. Here isa report 
given to the most authoritative scientific body in France by one ofthe 
‘most respected and eminent ofits members and it is publicly subject 
to doubt without that leading to any reaction whatsoever.” 

‘The General Delegation for Scientific Research was at this point 
still open to the idea of providing funds for more research with the 
Priore Ray. The big stumbling block, however, was one related to 
niceties involved in relations up and down the scientific hierarchy. 
To open the way to the allocation of such funds required the approval 
ofthe Delegation’s own section for cancer research and that section 
was headed by none other than the same Professor Lacassagne who 
had so rudely walked out of the Academy's assembly hall. 

At the same time the General Delegate diplomatically covered 
himself by suggesting to Robert Courrier that he had to have more 
information underscoring the potential importance of the research 
accomplished. Courrier told him to simply re-read the three notes he 
had presented to the academy. His matter-of-fact, yet terse, come 
back then elicited his invitation to a full-dress meeting of scientific 
experts at the Institute for Scientific Cancer Research. 

In this short historical account we obviously cannot go into the 
ins and outs of what transpired at this meeting or any of the many 
similar meetings which followed it. A paragraph in a brilliant book, 
four years in the writing, by the courageous Bordeaux journalist, 
Jean-Michel Graille and entitled: Dossier Priore, A New Pasteur 
Affair (of which this account is but a tenuous synopsis) must suffice 
to pointedly characterize the nature of the problem in its most 
general sense. 

Writes Graille: "To read what follows in this chapter might well 
seem tedious: an enumeration of names and titles, the content of a 
debate held at an administrative meeting, personal remarks by one 
ranking personage or another, exchanges of letters following the 
meeting itselfand the official report which came out ofit. Tedious but 
indispensible for not a few reasons. Itis important to know who were 
the participants at this meeting and what of these participants each 
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was trying to represent. It is important to know how such scientific 
‘meetings go about their business at the ‘top level,’ And, finally, it is 
important to learn about and to understand, in the particular case 
of the Priore Affair, the behavior and reactions of all concerned. A 
reading of all this could be difficult (and it won't be the only such 
passage in this book) yet itis necessary to understand the essence of 
the dossier in order to be able to create for oneself as clear and well- 
motivated a personal opinion about it as to subsequently be able to 
discuss it, of to hear it discussed, with a thorough knowledge of the 
facts.” 


In this single paragraph, Jean-Michel Graille has, in my 
opinion, pointed to both the nub and the difficulty in getting at the 
essence ofthe real facts behind a case such as that ofPriore’s that are 
so important to its proper understanding, an understanding which 
can be painted against the backdrop ofthe history of science and the 
backdrop of human pettiness and maliciousness or human courage 
and magnanimity 

One ofthe participants, Professor Andre Lwof, soon to become 
n Nobel Laureate for his work in virology, was violently against the 
meeting's central issue: namely, whether or not funds should be 
spent to build a new and better Priore machine. Not only did Lwoff 
aver that the three notes presented to the Academy never should 
have been published, but he also opined that since all the work was 
done, not on spontaneously generated but on grafted cancers, the 
effects of the machine were hardly impressive. He later added in 
writing that 1) the patents issued to Priore for his device were 
nothing but a web of nonsense, 2) the machine itself could never be 
duplicated based on any description given for it by its inventor and, 
in a repetition ofhis oral remarks, 3) the fact that only cancer grafts 
were experimented with was nothing to shout about. He strangely 
added that because the animals who had been irradiated subse- 
quently were able to entirely reject new grafts, the whole phenome- 
non offered no proof that cancer cells could be killed while healthy 
cells were not. The whole thing came downto a question ofimmunity, 
he said, as ifthat were not of the greatest possible importance. 

‘To which, in due course, Guerin and Riviere replied: "Ithas been 
claimed that our experiments are valueless because they were 
carried out on grafted tumors and that other therapeutic measures 
were known to get rid of such tumors and their metastases. We defy 
those persons who have made such affirmations to prove, with the use 
of such other measures, that animals infected with T-8 tumors can be 
cured at a percentage rale identical t0 those obtained by using the 
device which Monsieur Priore has developed." 

Not a soul has responded to this challenge, then or since. 
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‘A second cancer expert at the meeting, a woman of great 
influence, resorted only to the cavil that the experiments had been 
of doubtful quality since none ofthe animals had been weighed. The 
fact that those same animals had survived normally lethal cancers 
seemed not to have weighed with her. 

‘There were many more observations ofthe same ilk. They seem 
atrociously paltry, trifling and picayune coming from professionals 
‘who, ifthey no longer believed in the Hippocratic oath to which they 
once swore, are considered by the public in general, and by cancer 
patients in particular, at least to be concerned with seeing what a 
little light on the problem might reveal before extinguishing it, as 
Professor Courrier expressed it 

Atthe same time, we must not forget Priore’s decidedly difficult 
personality. He was an inventor determined at all costs that his 
invention be developed for the benefit ofhumanity, yet anxious that 
that same humanity not steal it from him. As author Graille puts it, 
“His conceptions and attitude directly or indirectly conditioned the 
overall essence ofthis affair. Full of enthusiasm, from the very day 
he discovered that the ray he had developed had a curative effect on 
a cancerous cat, he developed a single-minded fixation on cancer 
One could understand and sympathize with him on this score. Here 
he is, a little Italian immigrant without money or means, and he is 
going to offer the world a cancer cure. He is so convinced that he 
Wants to move ahead to doingjust that. He will never understand or 
accept the exigencies of Science or Medicine. For him, experiments, 
controls, verifications and parallel research are a waste of precious 
time. ‘Tve made machines which cure cancer. Take them and treat 
cancer patients. Don't bother with the rest.’ Such would be a 
summation of his point of view." 

‘Through the efforts of persons kindly disposed to the inventor, 
this point of view was softened and he came finally to understand the- 
necessity for what has been called scientific rigor, on the other hand. 
another aspect of his character never changed an iota. This was his 
determination to preserve the secret ofhis invention, motivated first 
ofall by his unshakeable desire that it be developed in Bordeaux, the 
city ofhis adoption, for the citizens ofthat city. Deeply rooted was his 
belief that if he made his secret public, the machine would be taken 
from the Bordeaux region and further developed by Parisians, those 
‘who considered themselves to be in the penthouse of the scientific 
edifice. Once this was accomplished, he would likely not have one 
‘more word to say about the matter. Therefore he continued jealously 
to conserve his secret and put confidence in nobody. 

‘As Graille generously concedes, he may well have been right. 
and adds: "Allhis life he had to go up against men, whether scientists 


The Case ofAntoine Priore 258 


or industrialists, who had but one idea in their heads: to get to the 
bottom of the inventor's secret in order to build for themselves a 
‘machine which they then could exploit for their own account, for 
their own glory. Many such ‘Priore Machines’ were to be actually 
built more or less surreptitiously or clandestinely. Not one of them 
ever worked.” 

While one might easily accuse Priore of a limited view, the 
horizons of the researchers themselves were certainly not as broad 
us they might have been. Those involved in bio-medicine were 
content with the results produced by the machine, the workings of 
which were ofno concern to them. A'black box, as it were, emitted a 
ray that definitely affected experimental animals. Atthe same time, 
as researchers specifically interested in the cancer problem, they 
never gave a thought to what the Priore Ray might accomplish in the 
wider clinical domain of other afflictions 

As for the physicists, they were seemingly not up to the task of 
comprehending a complex radiation that had miraculously sprung, 
as from the head of Zeus, out ofthe intuition ofa man they considered 
to be an undereducated and all but illiterate gadgeteer. Still others, 
whether physicists, biologists, doctors of medicine or specialists in a 
dozen other fields, were willing to throw the baby out even before it 
went into the bath water. In their eyes Priore was just a nobody. 

Behind the scenes, many ofthese scientists resorted to using the 
press to achieve their own ends. Thus, the chief medical chronicler 
for Le Monde (the French New York Times), herself a doctor of 
medicine, was led to write outright lies about the Priore Affi— 
specifically and falsely stating that cancer patients had been treated 
with the Priore Ray in the clinic of Professor Lachapele in Bordeaux 
with not only negative, but disastrous, results. 

On the other hand, a journalist for another leading Paris daily, 
Le Figaro, scrupulously conscious of his responsibility to fairly 
report what was going on, aptly wrote: "We would like to see at least 
one thorny point clarified as ‘soon as possible. Several years ago 
Professor Biraben ofthe Bordeaux Medical Faculty (who at that time 
had not become a ranking professor) was involved with the Priore 
device. According to certain reports from medical circles, his results 
seemed, even at that time, to have been already quite positive on 
small animals and he seems to have written a report to that effect, 
Hewas advised by highly placed authorities "to keep quiet” and stop 
talking about this affair. If this turns out to be true, it would be a 
veritable medical scandal to be judged in the harshest terms.” 

Could one have put it mote succinctly? 

The foregoing is to present something of the flavor of what was, 
transpiring in the wide world far removed fiom the laboratory of 
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Priore who, at the time unaware of it, was revelling in the fact that 
his machine had been successfully used by high-ranking French 
cancerologists and its results reported in three separate notes to the 
Academy of Sciences. 

His courage was also more than buoyed by the arrival on the 
scene of the commercial director of a large French industrial firm 
specializing in the intricacies of manufacturing glass components. 
This man had heard that Priore needed a large tube that was beyond 
all existing norms and perhaps did not exist anywhere in the world 
This tube, it can be stated, contained a rare gas, neon, which when 
excited into a plasma, seemed somehow to convert the various 
electromagnetic inputs into a single Priore Ray which surged from 
the business end ofthe tube. In the tube were an anode and cathode. 
Peculiar to the anode was that it had to rotate to produce the desired 
biological effects and this is but one of the anomalies in Priote’s 
equipment which physicists and bio-physicists have to this day been 
unable to explain. 

‘The manufacturing company, a subsidiary of the internationally 
known company, Saint Gobain, was looking for a new product. The 
commercial director thought the new tube might fill the bill, particu- 
larly ifit could be adapted to a machine that might ultimately cure 
cancer, a product that indubitably would have an enormous market 
across the world. There were plenty of problems with regard to the 
tube, notably those of its large dimension, its resistance and its 
conductability. When the tube was finally made, it now seemed that 
Priore would have to explain his discoveries to the scientists of the 
company that had made it. One of these was sent to elicit such an 
explanation but was, so to speak, "shot down in flames" by Priore. 
So a second attempt was made by Ivan Peyches, a senior executive 
of the company, and president of the Society of Civil Engineers of 
France, who made a detailed investigation ofthe device. His reports, 
were subsequently lost, but there remained an article he published 
in a leading French journal, Sciences and Technics, a short time 
before his death in 1978. It bore the intriguing title: "What Are So- 
Called Paranormal Phenomena?” 

Initthe engineer wrote: "There was so great an accumulation of 
components capable ofhaving some kind of action, and being unable 
to work separately, that the results of measurement were limited to 
proving that there were no specific rays that issued from the tube 
(Priore talked aboutcanal rays), no more than there were any X rays. 
On the other hand one could detect a magnetic field which was the 
end result ofa field proper to the tube and ofthe magnetic field of a 
solenoid that constituted the experimental chamber, an electromag 
netic field with a frequency of 16 megacycles (19 meters) and a high 
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frequency field (metric waves), the whole being pulsed at a very low 
frequency ofan order ofone per second. It was impossible, in such an 
imbroglio, to determine what was necessary and what’ was su 
cient. Priore maintained that the simultaneous action ofhis various 
generators was indispensible to achieving his effect.” 

Peyches then went on to relate how he tried to persuade Priore 
to offer a more precise definition ofhis thinking about the workings 
ofhis device. He wrote the inventor: "At this point, I would say that 
all reticence on your part, which in your eyes would be justified by 
the fear of seeing yourself partially dispossessed ofyour work, would 
be of far greater detriment to you than any safeguard of your 
interests. Moreover, since it has become a question involved in public 
health, you are no longer entirely your own boss...you absolutely 
‘must bring all this to the clear light ofday and I don't believe you can 
do it alone... You must supply all the characteristics so that third 
parties can reproduce your results.” Then, he concluded by citing the 
words of an academician: "Many phenomena are rejected by the 
scientific world because they are considered irrational: But it is not 
B proof of scientific honesty to refuse a priori to try, out ofhomage 
totruth, to have a look at them and perhaps to understand them. Will 
Science one day be able to abandon its taboos?" 

It was Peyches' final conclusion that, in the end, Priore was a 
‘man of genius who knew absolutely nothing about what occurred in 
his machine from the scientific point of view. The company which he 
represented no longer exists since it was bought out by the American 
firm. of Corning Glass. 

Industrial interest in the Priore device was not limited to the 
Saint Gobain subsidiary. Next into the lists was a company in 
‘Anguouleme, Leroy-Somer, which specialized in electric motors, 
generators and later was to branch out into solar power. Its presi- 
dent, Georges Chavanes, took the initiative to write to Priore in 1965 
that his company was interested in providing some of the complex 
electrical equipment needed by the inventor, more particularly high- 
powered generators, on the condition that Priore move his operation 
to the company seat at Anguouleme. When the inventor categori- 
cally refused, Chavanes tentatively agreed to build a factory to 
‘manufacture the Priore device in Bordeaux itself. 

The alliance between Leroy-Somer and Priore, shaky at best, 
lasted two years and blew up on Holy Thursday of 1967. The period 
‘was a stormy one for both parties to the agreement. Priore did his 
best to convince Chavanes to commit himself to building a huge 
‘machine with a magnetic gauss strength of 10,000 gauss. In the end 
he got one that put out only 920 gauss, not much stronger than the 
‘machine he had already built which put out 620 gauss. Since the field 
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of action increased with the gauss strength, Priore reasoned that a 
‘machine of literally behemoth size would be able to irradiate the 
whole, or every part, ofa human cancer victim lying on a stretcher, 
whereas the smaller machines had been effective only for small 
animals or for treating a limited portion of the human body. 

Chavanes and his company were aware that it would be a 
tremendous financial burden to contemplate building the larger 
‘machine. So they went ahead with plans for the smaller one while at, 
the same time putting great pressure on Priore himselfto make him 
feel that he was the least important cog in a new gear, in fact that his 
status was reduced to being a simple employee of Leroy-Somer. In 
Graille’s estimation, this lack of psychological finesse on Chavanes 
part constituted what he called "the blackest pages in the Dossier 
Priore.” 

Even the smaller machine was to cost about half a million 
dollars, a price which today, due to inflation, could be tripled or 
quadrupled. During a stage in which an intermediate machine was 
designed by the chief Leroy-Somer engineer, Ribeau, a machine that 
never did function properly, Chavanes all but forced Priore, who was 
heavily in debt, to sign a contract which was falsified. The falsifica 
tion was a matter of one word which was changed in the contract. In 
a phrase reading that an exclusive license of patents, and subse- 
quent patent modifications, would accrue to the company "for all 
countries solely for therapy on cancers concerning animals and 
humans,” a word was inserted by hand so that the phrase read. 
"concerning particularly animals and humans" implying that other 
uses ofthe machine, whatever they might turn out to be, would also 
accrue to the company. This one word change was amended on 
Priote’s copy of the contract by calling the word "particularly" a 
nullified word,” but on Chavanes’ copy it was called an "added 
word.” 

Leroy-Somer believed it was sufficiently well positioned in the 
driver's seat to be able to deal on behalf of Priore himself with the 
French governmental institutions, mainly the General Delegation, 
concerned with the funding of the new machine. When Priore 
learned of Chavanes' contact with the General Delegation he wrote 
aletter informing it thatno one had the right to deal inhis name. Nor 
did Chavanes even attempt to cut the Saint Gobain subsidi 
which alone could supply the tube, key to the device's functioning, 
on the government funding 

In the meantime, no less a figure than Professor Kastler, soon to 
win the Nobel Prize in Physics, came down from Paris to inspect. the 
existing Priore device. He brought with him Delmon, who, we recall, 
had worked with Berlureau on the first animal experiments and who 
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NOW, it turned out, was trying to build his own version of a Priore 
device on the sly without telling Priore. Kastler's bringing Delmon 
with him to Priore's lab so angered Robert Courrier that he told the 
physicist he had committed a real gaffe. He also convinced Kastler 
that Leroy-Somer should build a machine with a power of at least 
5000 gauss, but Chavanes refused. There seemed to be no harmony 
of outlook between the leading industrialist concerned, on the one 
hand, and the top physical and biological scientists on the other. 

While all these, and many more, peripatetics were proceeding, 
Priore's sister in Italy came down with cancer. Beside himself with 
‘tie, Priore informed all concerned to commit themselves either to 
building an intermediate machine correctly, under his supervision 
or, better, the 5000-gauss machine, and to do this in time to save his 
sister, or he would Wash his hands ofthe entire matter. Confronted 
with this ultimatum, the company began to work round the clock to 
perfect the intermediate machine but engineers involved, believing 
themselves to be more adroit with respect to its design than Priore, 
left out a host of what, to them, were unnecessary components. The 
result was that when the machine was first put fo trial, most of the 
components burned out or otherwise failed, and the machine itself 
became a useless pile of rubble. 

Shortly thereafter, Priore’s sister died of cancer. Her grief 
stricken brother went into what amounted to total isolation, unwill- 
ing to talk to a soul. 

The whole Priore affair might have ended at that point, in the 
early part of 1967, were it not for the entry onto the scene of a key 

figure, Professor Raymond Pautrizel. Born on 3 June 1916 in 
Basseterre, capital ofthe French Carribean island of Guadeloupe, at 
forty years of age he was on the Faculty of Medicine at Bordeaux. He 
soon became known, world-wide, as the "father of parasitological im- 
munity,” atitle he never accepted, saying that, ifothers had awarded 
it, it was simply because “he had searched through old scientific 
publications to find ideas that were as valid for modern research as 
they were forgotten by modern researchers.” And he later was 
quoted as adding: "It is really too bad that researchers today don't 
pause fom time to tome to dig into studies made by their predeces- 
sors, some of which were performed even decades ago!” 

Professor Pautrizel was awarded the first academic chair in 
France for immunology, and later a special unit was created for him 
for parasitological immunology, a subject which is both simple and 
complex. The simple part involves the fact that various immunologi- 
cal techniques can be applied to diagnosing specific parasites that 
have invaded an organism in order to develop preventative actions 
against them via vaccines, or curative actions via serums 
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When invaded by parasites, organisms react by creating anti- 
bodies, specific substances aimed at killing the invaders also known 
as antigens. These antibodies are liberated, like an attacking army, 
into the blood. Simple enough so far. The complexity arises because 
the defending army, the parasites, don'tjust lie down and die under 
the attack. They are capable ofmodifying their "personalities," as it 
were, and of changing Various of their characteristics such that the 
‘mechanisms that the host uses to recognize, or detect, the invaders 
are invalidated. Thus, the substance which an organism would 
secrete to destroy an invader A becomes incapable of recognizing A, 
now become A-I, and therefore incapable of destroying it 

The organism at this point seems to realize it has to create a 
different substance to rid itself of its antagonist but, in the mean- 
time, the metamorphized parasite is getting on with its assigned 
destructive task. Alternatively, the parasite has another capability: 
that of itself liberating substances which can annul or annihilate the 
organism's overall defense system. A sort of "in the blood” version of 
Star Wars is going on at the microscopic level. 

The study and classification of the substances - - call them 
weapons - - emitted by parasite-attacked organisms allows for the 
establishment, in turn, ofbatteries oftests to define the exact nature 
ofthe parasites themselves in order to come up with an appropriate 
therapy or counter-weapon. 

This then, is the essence of parisitological immunology, Ray- 
mond Pautrizel’s area ofresearch. He specialized on a particularly 
lethal parasite known as trypanosome, the scourge oftropical third- 
world countries where, in one form, it causes sleeping sickness in 
animals and humans, in another, equine syphillis, in still othera, 
other afflications. Over the years, during which he produced a small 
library of literature on the problem (known mostly to specialists in 
countries where that problem is acute), Pautrizel and his team 
discovered, among other things, that the trypanosome can modify 
itself, again and again, up to 101 times over a period as short as only 
three weeks, 

Even before his work on trypanosomes, Pautrizel, back in 1949, 
was one of the first researchers to discover what is known as 
ambivalence in drugs, notably histamine. Histamine is a substance 
which is secreted by'an organism as a defense mechanism but if 
oversecreted by certain cells circulating in the blood, it becomes 
virulently noxious, mainly by overdialating blood vessels, thus 
making them permeable to water and leading to edema and even 
death. This process occurs, for instance, in some human beings who 
are highly susceptible and over-reactive to bee or wasp stings. 
research on the noxious aspects ofhistamine led to 
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his finding that the same substance, applied in requisite small doses, 
is extremely important to the defense system ofthe organism. Today 
he stresses the notion ofambivalence in many areas ofhis work and 
characterizes it as "a key to the biology of the day after tomorrow.” 

To finish with the background on Pautrizel, before bringing him 
on stage in the Priore drama, it may be added that only a few years 
ago, at a formal reception for him attended by the medical elite of 
France, he was given a Basque makila, an iron-bound honorific cane 
of sculptured wood, in tribute to his work. On it was the incised 
inscription: "Sometimes to heal, often to alleviate, always to con- 
sole,” an epithet that perfectly characterizes a medical doctor im- 
bued with that kind of rare compassion that marked Pautrizel's 
character. 

‘When Robert Courrier sent Madame Colonge to Bordeaux, it 
was Pautrizel whom he asked to provide her with every assistance. 
In this way, Pautrizel was first introduced to Priore and his device. 
Afier witnessing the results obtained with it he was to say: "What 
stupified me, and led me to ponder the question, was to see the 
control animals die from their tumors in 3 weeks, while at the same 
time I could observe thatthe tumors in the animals undertreatment 
were literally melting away and the same animals were taken bac! 
to Courrier’s lab at the College de France in Paris in perfect health. 
ASa result ofhis thinking about the problem, Pautrizel came to the 
beliefthat the machine, however it worked, did not exert any action 
at all to kill cancer ceils but, through as yet unexplained mecha- 
nisms, stimulated the afflicted organisms to provide themselves 
with new immunological weapons that could overpower the cancer 
cells 

To shed light on this problem, Pautrizel proposed the simple 
expedient of experimenting, not on cancer-infested animals, but on 
in vitro cultures of cancer cells. He made this proposition to both 
French and British cancerologists but they were convinced thatthe 
Priore device had to be actually killing cancer cells themselves,.. They 
could not see the point that, ifthe machine did not kill cancer cells, 
then it was doing something else to the body to allow it, and not the 
‘machine, to do that job. 

Pautrizel's involvement with the British was the result ofa team 
being sent from England to experiment with cancer mice with the 
Priore Ray. What happened cannot be related in this brief resume 
except to say that, out of a lack of understanding on the part of 
certain British cancer experts and malicious conniving on the part 
‘ofone member ofthe cancer "aristocracy" in Paris, the experiments 
were put under a cloud. It was alleged that mice had been substi- 
tuted somewhere during their long round-trip voyage between 
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England and Bordeaux to make it look as if, failed experiment had 
been successful. This did not prevent Sir Alexander Haddow, chief 
ofthe prestigious Chester Beatty Research Institute for Cancer from 
stating, at a meeting in Paris, that the Priore machine had been 
indubitably effective on the English mice and supporting Pautrizel’s 
idea that experiments should forthwith be done to see ifthe Priore 
Ray had any effect on cancer cells in vitro. Haddow's suggestion 
backing Pautrizel’s recommendation fell on deaf ears. 

Because of the emotional turmoil and rancor with respect to 
cancer that had so long surrounded Priore and the workings of his 
machine, Pautrizel suggested that it be tried in a completely new 
area, one he knew so well, namely on afflictions caused by the 
trypanosomic pathogen. Before these could get underway, however, 
someone had to persuade the still desolate Priore to return to work 
Pautrizel, known to those really concerned with and knowledgeable 
about the potential of the Italian's invention, at last was able to 
convince the inventor to cooperate and get back into harness. This ho 
did with that rare combination of diplomatic tact and warm human 
sympathy with which only the Pautrizels ofthis world are gifted. 

Inthe meantime, Riviere had gone on to implant new 347 tumor 
grafts in rats previously cured of 347 tumors. When none of the 
tumors developed, that result added one more argument to back 
Pautrizel’s idea that the machine was, in fact, affecting the immu- 
nological defense system of the animals. However, when Riviere 
tried the same procedure with the T-8 tumors, his animals died. This 
lead to the conclusion that the immunity acquired by the animals to 
lymphoblastic lymphosarcoma 347 was specific to that tumor. When 
a note on this research was sent, again through Courrier’s good 
offices, to the Academy, for the first time, it strangely omitted from 
the listing of the participating researchers the name of Antoine 
Priore. It seemed that Riviere had been taken to task by fellow 
cancerologists who believed that Priore was nothing but a naive 
bumpkin or, worse, aswindler. They had warned him against pub- 
lishing any’ papers with which Priore's name would be associated 
This rank injustice and lack of fair play again sent Priore into a fit 
of despondency and depression from which he could only be_wilth 
drawn by those subtleties involved in Pautrizel’s sympathetic and 
friendly counsel 

On 25 July 1966, another note was sent to the Academy filed for 
the first time not under the rubric Cancerology but under the 
rubric Immunology. Itwas entitled "Influence of Associated Elec- 
tromagnetic and Magnetic Fields on the Immunity of Mice Infected 
with Trypanosoma equiperdum." The conclusion read: "The treat- 
‘ment allows the organism to rid itself of parasites even when these 
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have invaded it in a most intensive way... There is an enhancement 
of both the specific and aspecific factors of immunity. 

‘Thus, for the first time, the field of research shifted from the 
narrower field of cancer to the much vaster domain of immunology. 
And, for the first time, Pautrizel’s name appeared as the senior 
author on the paper. It also appeared that, for the first time, there 
should no longer be any problem about experimenting with the 
Triore machine. Such was not the case. 

Still complicating the whole issue was the fact that Priore 
himself was using different setting to produce different varieties of 
radiation depending upon his own intuitive evaluation of the par- 
ticular biological experiments being run with his machine. He would 
never reveal the nature of these settings. 

Atthis point there appeared on the scene a new researcher who 
became Pautrizel's loyal ally, a young woman, Pierette Chateau- 
Reynaud Duprat. During her work in Paris, she had learned of the 
Priore controversy, and, against the stern advice of mentors senior 
by many years to her in the cancer hierarchy, she came to Bordeaux 
to meet Pautrizel and learn more about the research. 

Her work, performed over many years, is too detailed for presen- 
tation here but it led to important conclusions. One was that the 
Priore Ray had no direct effect on the trypanosomes themselves but 
stimulated and reinforced the defense mechanism of the infested 
organisms, allowing them to reject the parasitical influence with an 
effect so durable that they were no longer subject to this influence 
even after treatment stopped. 

Another conclusion was even more important and involved, in 
part, British research. It pertained to the effects of the machine on 
both allografts or those made between two different individuals of 
the same species, and isografis, or those made between two different 
individuals ofthe same genetic line having in common antigens that 
were characterized by what is called the same histocompatability. 
The conclusion was that not only was the rejection of allografts 
accelerated by the Priore Ray but that isografts were also rejected, 
This meant, in sum, that the ray stimulated not only the defense 
mechanisms of the organism but also, and more importantly, its 
recognition mechanisms. In the case of an isograft, this allowed the 
recognition of weak antigens that were not recognized in non- 
irradiated animals. In other terms, where at first the anti-aircraft 
batteries could not shoot down the aircraft because they could not see 
them.now they could shoot them down because they could see them, 
In immunological terms, the ray affected both humoral and cellural, 
both specific and aspecific, immunity. 

Here we must return to the mystery ofthe settings on the device. 
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As a result ofthe new experimentation it seemed that, depending on 
those very settings, the active ray, complex as it was, could have 
cither similar, totally different, or diametrically opposed effects. 
Thus it was not a question ofa ray having universal effects — a kind 
of magic bullet capable of killing any target — but of multiple 
radiations which, due to the complexities in Priore's personal ma- 
keup, have unfortunately yet to be sorted out and explained. 

‘Thus, the machine originally designed by Priore, called the P-1 
when it put out a wave length of from 19-21 meters, had a radical 
effect on certain animal cancers, on cellular defense mechanisms, 
and finally, but not universally, on organisms infested with Try- 
panosoma equiperum, (hereinafter called Tc) 

‘A second machine, dubbed the P-2, was at first not able to 
produce these frequencies. What it did put out was a frequency of 17 
‘meters that was universally effective against T.e. and seemed to act. 
not on the cellular, but the humoral, defense mechanisms. The 
rejection of grafts depends on the cellular defense mechanisms, 
which partially explains why Pautrizel when using the P-2 machine, 
selected the Te. vector, as itis called in microbiology, just because 
this creature is fought by the organism's humoral defense system 

Consequently, the bio-effects that were successfully attained 
depend on the varying, not to say quixotic, nature of the radiation 
At one point Pautrizel actually did experiments on animals infected 
with plasmodia — the vector for malaria which attacks red cells - 
and found that the settings used were effective while never learning 
exactly what they were or the exact nature ofthe radiation. Further 
more, Priore himself maintained that over the years he had success 
fully treated cases ofhuman tuberculosis but, again, never revealed 
which frequencies had been used to achieve this. 

Several more notes were sent to the academy on the successful 
work performed with the Priore Ray on animals affected with Te. 
But the central issue remained: how to find out exactly how the- 
‘machine worked. It fell, not to civilian scientists, but to those in the- 
French army service to attempt, at this point, to work out the 
problem. The army service brought into the picture was the DRME 
(an acronym which translates as Administration for Research and 
Test Methods), to which Pautrizel had sent a request for funds in 
1968. 

This request was the subject of a meeting at which were present 
three ofthe top names in French science, one representing biology, 
the second physics and the third, medical physics. The latter two 
turned in extremely unfavorable reports recommending that no 
‘money be wasted on the problem. The biologist, however, turned in 
a most favorable report and, despite the fact that he was in the 
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his opinion won the day. 

As remarkable as was this victory, it was even more stunning 
and incredible given the fact that this biologist was the same Andre 
Lwoff who had so adamantly opposed the Priore research a couple 
ofyears previously. Lwoffhad summoned the courage to completely 
reverse himself only after he sent one of his most trusted colleagues 
to do secret experiments with the Priore Ray on mice injected with 
peroxydase (an antigenic solution) to see if they would produce a 
higher level ofantibodies than non-irradiated animals. This they did 
so well that Lwoffbecame convinced that the Priore Ray caused an 
extremely important increase in immune reactions. These results 
were never published because, before the experiments could be 
repeated to be absolutely sure of their results, the machine suffered 
one ofits many interminable breakdowns. 

‘The DRME report was at length, and in length, issued but not 
publicly since it was protected by a military classification, However, 
a synthesis of t was finally published in November 1979 by Herbert 
Gossot, Secretary General for the French Association for Bioelectro- 
magnetism, under the title: "A Scientific Balance Sheet on the Priore 
Ray." Its contents were as follows: 

"The two physicists assigned by the army made a complete 
analysis of the electromagnetic radiations and magnetic fields act 
vated by the Priore device. They thus determined the spectrum of 
frequencies which the device emitted. They showed particularly that 
frequencies in the visible light and infrared range had no biological 
effect; that there were no X-rays or Y-rays; and that the pulsed ultra- 
high frequency electromagnetic wave was modulated in amplitude 
to that ofa high-frequency wave. They did a topographic survey of 
the respective intensities of the various magnetic and electromag- 
netic fields in the experimental plane of the device. In particular, 
they determined the spatial repartition in this plane of the density 
ofthe strength ofthe ultra-high frequency wave. They showed that 
its value was very weak and that it could not produce any kind of 
overall significant thermal effect imputable to the hyperfrequency 
ray, 

Finally, and most importantly, by using what they had learned 
about these repartitions, they demonstrated a clear correlation 
between the biological effects obtained and the intensity of the 
hyperfrequency ray. What they actually observed was that, on the 
biological model used, i.e. experimental trypanosomosis of the 
mouse, there was a diminution of the rate of evolution of the 
parasitemia that was proportional to the strength of the hyperfre- 
queney wave. To quote them: ‘These experiments ofcorrelation are of 
certain interest: they confirm, ifthere is still any need ofso doing, the 
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biological efficacy ofthis device.” 

‘The two physicists, Bottreau and Berteaus, are still interested 
in rebuilding a Priore device with which additional biological re- 
search could go forward. Atthe same time they suggested to admin- 
strative bodies in French science the creation ofa special laboratory 
for bioelectromagnetism to fund more work, a suggestion in which 
Professor Pautrizel concurred. No action was taken and their report 
‘was kept under wraps. In a note they presented to the Academy of 
Sciences on their investigation, they were not allowed to include the 
names ofthe laboratories where they worked: in the case of one, the 
CNRS Magnetic Laboratory at Bellevue near Paris, and ofthe other, 
the Laboratory of Ultra-Hertzian Optics and Talence near Bor- 
deaux. Why? Because the directors of these laboratories did not want 
any mud in the Priore affair to be spattered on them. 

The next experiment done by Pautrizel was on rabbits whose 
testicles had been so seriously affected by trypanosomes as to be 
almost entirely destroyed. After radiation the same testicles took on 
their normal histological appearance and the rabbits, able to procte- 
ate again, in no way abstained from their newly regained ability 
This implied the complete regeneration ofan organ that had 
all but completely degenerated. 

Yetjournalists, who sought outtruths about the Priore affairin 
Paris from high officials they believed would know best about what 
‘was going on, continued to be led astray. For example, an American 
scientific reporter, writing in the Saturday Review of Science in 
1973 saw fit to state: "It is really a question of a mystical problem 
that has little to do with science." He was quoting Professor Bader, 
aman who for 15 years held top administrative posts in science that 
could have allowed him to back the Priore research with all the 
funding necessary to its accomplishment. At the time Graille’s book 
came out, Bader issued a book of his own about the Priore affair 
which offers no real idea of what was involved. When I asked several 
people in France why Bader had written the book, they were 
unaware of Bader’s inmost motivation. 

Machinations continued to swirl about the case over the next 
several years. Behind-the-scenes intrigues, distorted accounts in 
the press, lethargic attitudes on the part of administrative officials 
who would not take responsibility to cut an increasingly tight 
Gordian knot, outright fear of various personalities to become too 
deeply implicated lest they lose their jobs - - all these, and more, 
continued their daily round in an atmosphere of "Business AS 
Usual,” and "Don't Risk Your Neck.” 

To get to the nexus of the situation, we have but to cite the 
observation of one of the few perspicacious journalists who, in the 
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prestigious scientific monthly, Sciences and Life, wrote: "The 
physicists are convinced that the effective Priore Ray is very complex 
but to analyze this further some things first have to be made clear. 
One is to raise the suspicion that has surrounded Monsieur Priore 
with a fabulous acretion of misunderstandings, insults and accusa- 
tions of being a swindler over many years. What is needed is a 
veritable national effort to act effectively and to act rapidly 

Over the next two years the decision-making process of the 
French government lumbered its way along until it was finally 
decided to back the construction of a powerful machine. ‘This deci- 
sion was not favorably accepted in many quarters. As Le Monde 
would comment: "The decision was made in spite ofthe disapproval 
‘of many scientists. When money is tight, one should pay particular 
attention to how it is being spent. Such seems not always to be the 
case. A credit of some $3.5 million francs (or about a million dollars) 
has just been accorded to finance the construction of a new Priore 
machine.” 

The scientists to whom the article referred were in a rage. They 
understood, at this juncture, that the only way to put an end to the 
affair was to eliminate Pautrizel who, because ofthe very success he 
was having with his research, was seen as a dangerous competitor 
that might even become one of the top figures in medicine and science 
on a national, or pethaps, on a world scale. Indeed, it was learned 
that Professor Courrier had gone to the length of sending a report on 
Pautrizel’s behalfto the Nobel Committee in 1979. 

To make a long story short, the large powerful machine, the M- 
600, was built but a huge tube in it, after functioning for about a 
week, exploded. Due to the galloping inflation of the 1970's, to 
replace it would have cost another million dollars. The money was 
not forthcoming 

In the meantime Pautrizel, ever experimenting with the still 
functioning smaller machine, was to discover new facts. Mice with 
their spleens cut out, for example, also could survive injections of T.e. 
The Priore Ray had important implications for Arterio-sclerosis, 
since it effected lipid modifications in rabbits given a dietary regime 
high in cholesterol. This research, published in another note in the 
Academy Proceedings, instead of being warmly received, only 
itated the cardiological fraternity which felt, as some of its 
members put it, "trapped" by Pautrizel’s efforts. 

One particularly virulent opponent was Professor Bricault, 
Dean of the Bordeaux Medical School who, as late as 1980, was 
telling his own students that the published results were a farce and 
had never been obtained. The students, who carried out a special 
investigation of the matter on their own, were able to judge what a 
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farce their own medical dean might represent 

L'Express, the Time magazine of France, read by at least half 
the population of French intellectuals, had the gall to compare the 
results of the Priore research to those of the infamous. Trofim 
Lysenko ofthe Russia of Stalin's day. Haughtily L'Express added: 
‘oday Priore’s defenders explain that his machine has not on 
cured cancer but, in all probability, altered the immunological 
characteristics of mice. Were this, in fact, so, all the immunologists, 
all the geneticists ofthe world would unite to affirm that a machine 
capable of changing the genetic patrimony is the discovery of the 
century, far more important than the atomic bomb or the conquest 
ofthe moon. Unfortunately, the history ofthe whole thing has never 
been properly elucidated.” The article was illustrated with photos 
distortedly selected to convince viewers that the Priore machine was 
as serious and effective as the one that purportedly brought Frank- 
enstein to life. 

In this poisonous atmosphere the slow work ofbuilding the M- 
{600 went forward. To give anyone who was not there a feeling for this 
endeavor we may now cite verbatim a passage from Graille’s book: 
"The construction and assembly of the prototype —the M-600, that of 
highest power and variable parameters — were fraught with many 
uncertainties and delays on the one hand and, on the other, were 
marked by the stamp of Antoine Priore’s sparkling genius. 

"To go from an apparatus that developed 1,240 gauss applied 
over an effective area of some 20 centimeters, to one developing 5000 
gauss over an area of 60 centimeters means to take on an extremely 
risky technical and technological wager. Electrical, mechanical and 
glass-blowing specialists plunged into the unknown. They had to 
conceive, make, adapt and put together all the various myriad 
components almost haphazardly with no precise technical study 
being previously available. Priore’s stubbornness forced them to 
take on atrial-and-error manufacturing "gimmickry" without prece- 
dent. As the thing was put together and preliminary tests made, it 
became clear that many ofthe components were unsuitable and that 
they would have to be modified or replaced. The tube itself, made of 
pyrex, 60 centimeters in diameter, and 6 meters tall, had to be 
replaced twice after it imploded, In fact, practically everything had 
tobe reconsidered or readapted. "Everything" meant the parts going 
to make up a generator of 50 tons in weight. For example, the coil 
which created the magnetic field: 5.5 tons with 11 miles of copper 
wire. For example, the numerous cooling circuits which stabilized 
the thermal equilibrium of the generator and its environment or, 
additionally, the circuits governing command, control regulation 
and selection — 6 tons of electrical cables of which 15 miles were of 
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tele-command wiring, 

"Priore astonished everyone. Breakdown after breakdown, inci- 
dent after incident, it was he alone who showed what to do next, 
dicated the proper steps to take, the right settings to adopt, the 
;ht way to assemble the components: He was virtually building. 

¢ by himself, nursing its construction along day after day, all 
the engineers’ studies and efforts actually, and ultimately, serving 
only as a preliminary attempt, a sketch as it were. When Priore made 
his presence felt, things began working.” 

Then... afier the machine was built: "The part of the entire 
apparatus to generate electricity was set up on a provisional basis 
It was so noisy that, while functioning, it woke up the whole 
neighborhood. The number of experiments had therefore to be 
curiailed so that the machine would not be used at night. And, all at 

ne to a halt. The Faraday cage, shielding and 
paratus, was torn and fissured by the shock of 
the cement pilings that were being sunk into the ground all around. 
to hold up the building under construction, This allowed high- 
frequency waves to escape which disturbed radio broadcasts emitted 
by local radio stations, the army, and civilian aircraft for miles 
around." 

Nevertheless during the week or ten days that the machine was 

operation the results of experiments performed with it were 
more than formidable. First of all, it allowe many as forty 
experiments to be performed on some 280 animals in a remarkably 
short period of time. Among the discoveries made were: The ray 
nitted provided the treated animals with an extremely strong 
immunity response. Animals whose immune dete been 
attentuated by an immuno-depressant were able to overcome the 
effects of injected parasites but relapsed a few days later. One could 
therefore conclude their immune response was much weaker than 
those normally infested and treated. 

Newbom animals, whether treated or not, developed a marked 
parasitemia leading to their deaths. At the time of death, the 
parasites had the same antigenic structure as those ofthe inoculum 
Which thus implied that they had met with no defense at all in the 
infected organisms. This also proved that the Priore Ray did not act 
directly on the parasites themselves but only by way of an increase 
in the immune defense system of the organisms. The newborn 
animals succumbed to their parasitemia because their immune 
sytem was nt yet sufficiently developed o be stimulated by the P- 

ay. The phenomenon of a stimulation ofthe immune defenses was 
demonstrated by the fact that animals which had received soluble 
antigens developed, after being irradiated, a level of antibodies far 
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superior to the controls. 

‘These and other conclusions were the object of notes presented 
to the Academy of Sciences by Pautrizel and his team in 1978. Even 
before, at a colloquium held in Antwerp, Belgium devoted to African 
human trypanosomiasis, the same team had offered the conclusion 
that the stimulation of the immune defense system that allowed 
organisms to throw off the effects of trypanosomiasis had to be very 
significant in that all attempts to try to effect such stimulation 
through immuno-stimulants as well known as B.C.G., or Coryne- 
bacterium granulosum, had led neither to the cure produced by the 
Priore Ray, nor to any prolongation ofthe infected animals’ lives, nor 
even to the slightest modification in the evolution of the Trypano- 
somiasis. 

‘These three scientific papers did little for the cancerologists who 
read them except to exacerbate their urge to oppose the Priore 
research, if not to arouse their outright hatred for the principal 
experimenter, Raymond Pautrizel. Could this have been because, for 
over 20 years, the same cancerologists had been working in vain to 
provoke in cancerous organisms immuno-stimulative reactions by 
intensively and successively vaccinating them with B.C.G.? Many 
others had been life-long apostles of chemotherapeutic cocktails of 
all sorts, or life-destroying ionizing radiations, or, what more re- 
cently has become the fashion, of applying the two methods in 
endless combination. 

For this reason, they saw Priore and Pautrizel as nothing more 
than spoil-sports who had to be destroyed. 

‘One of the opening shots in this campaign was a letter received 
by Pautrizel to inform him that his request for funds to continue his 
research through Unit-89, a unit that had been specially set up for 
him to direct, had been denied. It took many months ofinvestigation 
for Pautrizel to learn that the real reason for the refusal was because 
of his work with Priore. 

‘Next Pautrizel was informed that his appointment as director of 
the same research unit would be extended for only two years, 
whereas the normal extension for similar units was five years. A 
third insult came when Pautrizel tried to win a post within his unit 
for ahigh-ranking military physician, who had been his student and 
who had decided to quit the military in order to participate in the 
fascinating research prosecuted by his mentor. Pautrizel's request 
for funds to pay this physician, who all his life had been working on 
tropical medicine closely associated with problems of trypanosomia 
sis, were refused four times in arow with no cogent reason given. The 
physician, who in the meantime had volunteered his time without 
pay, finally became so emotionally overwrought that he gave up his 
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‘medical career and retired to the countryside where he gave himself 
over to alcohol. Then Pautrizel tried to get a salaried post for another 
ofhis brilliant collaborators (who still works with him). He was told 
that this man could take up his new functions only if he left 
Bordeaux. One could go on with many other shocking stories but we 
will leave it to Graille to conclude: "Everything possible was done to 
isolate Pautrizel, to separate him from his collaborators. Every 
single one of these collaborators saw their careers put in jeopardy, 
compromised, or broken." 

As a final insult, when the time came again to renew Pautrizel 
as director of Unit 89, those responsible, not daring to overstep what 
even they knew to be decent limits by not extending him, simply 
abolished the unit. And to add injury to that insult, a doctoral thesis 
that had now been prepared by Priore, and backed not only by 
Pautrizel but by Nobel Laureate Andre Lwoff himself, was summa- 
rily refused by the President of the University of Bordeaux. 

Itis pethaps unnecessary to state that the details behind all of 
this skulduggery could, and did, fill up two chapters of a book and 
make for the most heart-rending reading imaginable 

So what happened next? In the autumn of 1977, Professor 
Georges Dubourg, one of the leading lights in Bordeaux's company 
of surgeons and a friend and admirer of Pautrizel's, came to him to 
say openly and baldly: "My friend, at the point you've reached, there 
is only one more way to jolt medical opinion and that is to treat 
human cancer patients.” Pautrizel was hesitant, believing his role to 
he one of continuing with his animal experiments but where would 
the funds for that come from now? He therefore asked his old mentor, 
Robert Courrier’s advice. Courrier gave the green light. The treat- 
‘ments were restricted to terminal cancer patients whose immune 
defense systems had been disastrously weakened by chemotherapy 
or radiation or both. Atleast one ofthem was totally cured. The other 
lived, without pain, for a period many times longer than predicted by 
prognosis. Dubourg, Pautrizel and their collaborators wrote up the 
results and sent them as an official communication to the French 
Academy of Medicine for publication. 

The reply they received from that Academy's perpetual secre- 
tary reads: "Experts whom we consulted consider that your work 
does not fall within the jurisdiction of our members and that it would 
doubtless find an audience more worthy of its purpose in a more 
specialized society." 

To which Pautrizel formally replied: "Since two of the four 
signatories ofour note are corresponding members of your Academy, 
could we not benefit from the remarks and comments made by the 
committee which saw fit to refuse our paper? And even, ifthis is not 
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too indiscreet a request, to learn the names of the expert members 
who were consulted which would allow us to get into contact with 
them directly and to benefit from their singular competence?” 

His letter has remained unanswered for four years 

There was nothing more to do except one thing which Raymond 
Pautrizel, as aman of science, had always been careful to avoid: Get 
a responsible journalist interested in the case, inform him of all 
possible details, and let him carry the Priore Affair in all its 
harrowingly loathsome aspects to the broad reading public. That 
journalist was Jean-Michel Graille. 

For four years, Graille went about his task, publishing three 
consecutive long articles in his newspaper Sud-Ouest France and 
finally the book to which we have referred and of which this 
presentation is largely a resume. As early as 1980, Graille would 
write in his newspaper: "The Priore Affair is simple in essence. It can 
be reduced to a simple alternative: either the machine developed by 
Antoine Priore is ofno interest and, having shown this, the affair can 
be considered at an end. Or else the machine is of real and demon- 
strable medical interest and, ifthat is officially recognized, he would 
be allowed to get on with the work. For this dilemma runs the risk, 
yet again, ofbeing buried under delays and evasions. Beyond all the 
powers-that-be that have been directly connected to the affair for 
many years now — the power of finance, the power of medicine, the 
power of science — perhaps it is now political power with which 
responsibility lies ifit can rise to meet and assume that responsibil 
ity through decision.” 

That was Graille’s statement in 1980. His book which came out 
four years later ends with the sentence: "The Dossier Priore thus 
depends, from here on out, on a decision that must be taken on the 
very highest level, andimperatively. This responsibility devolves, in 
lastresort, on the chiefof state and on him alone. Will he assume it?” 

Would the President of the United States? 

Note added by T.E.B.: Antoine Priore is now dead. His machine 
has been dismantled. The iron dogma and hatred ofelectromagnetic 
‘medicine by bureaucratic science may have doomed hundreds of mil- 
lions of humans - - whom Priore's device could have saved - - to bitter, 
agonizing, and unnecessary deaths. Hitler, Stalin, and Mao com- 
bined were not responsible for the deaths of so many. 
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APPENDIX II 
PATENTS 
English Translation of the French Patent No. 1,342,772 
of Antoine Priore, 7 Oct. 1963. 


Procedure and Assemblage for Production of Radiation 
Especially Serviceable for the Treatment of living cells. 


Brevet d'Invention. P.V. no. 899.414 no. 1.342.772 Classification 
Internationale: AGL K-H 05 g 


Procedure and assemblage for production of radiation 
especially serviceable for the treatment of living cells. 


Antoine Priore 
Requested 1 June 1962, 14.52 hours, Paris 
Released by decree (arrete) of 7 Oct 1963 


The invention deals in a general manner with radiation capable 
of penetrating matter. More exactly, it aims at a procedure and an 
apparatus making it possible to obtain a combination of radiations 
of different types able to penetrate matter and especially to pene- 
trate intimately living organic tissues in order to produce in them 
certain effects, particularly in human tissues with a view to a 
therapeutic effect without destroying essential elements such as the 
enzymes, 

In conformity with the present invention, one emits in a cavity 
a stream (rayonnement) ofelecttically charged particles upon which 
one superposes electromagnetic radiation of the centimeter wav. 
length range, the wavelength of which is preferably between 3 cm 
and 80 cm, and one directs the resulting radiation emerging from the 
cavity on to the object to be irradiated 

This applicant has shown that the penetration and, in patti 
lar, the curative effects are very distinctly improved when one gives 
the electromagnetic radiation a frequency determined as a function 
of the organ or the tissue to be penetrated or to be treated. For 
example, a wavelength of 14 cm is suitable for the liver and a 
wavelength of 19.5 cm for the spleen 

Preferably, the stream of charged particles is accelerated in a 
particle accelerator in such a Way as to increase the force of penetra- 
tion. 
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The resulting radiation is advantageously applied and directed 
upon the target, that is to say, upon the tissue to be penetrated, by 
the intermediary of a tube which is the site of electric fields and of 
magnetic fields for acceleration and control, the said radiation being 
preferably guided and/or reflected by a rotary deflector placed in the 
tube. 

Itis often advantageous to modulate or impose rhythm on this 
stream of particles by means of variable magnetic and/or electric 
fields so as to augment still more the force of penetration. This 
rhythm is preferably consistent, especially in medical applications, 
with the intrinsic period of the tissue to be penetrated or of the 
neighboring tissues, forexample, muscle. These intrinsic periods arc 
well-known in medicine and are applied, particularly, for diathermy: 
they are situated in the wavelength range from 1 m to 50 m and more 
especially from I m to 18 m. 

Preferably, one arranges to modulate the emission of radiation, 
the accelerating magnetic and electric fields, and perhaps also the 
rotatory deflector, to the cardiac rhythm of the subject. 

It Seems that the result obtained by the invention in the treat- 
‘ment of maladies of living cells (vegetable or animal) are due to 
certain phenomena which will be described, it being understood that 
this exposition will not circumscribe the invention. 

‘As a function of its electro-physico-chemical constitution, the 
cellular pair nucleus-protoplasm is endowed with electric conductiv- 
ity in direct relationship with ion exchange processes provoked by 
metabolic phenomena. One finds in tissues the presence of an 
accumulation of electricity at different potentials according to the 
different cellular densities of the tissues. 

The work of Renshaw, Forbes, Morison, Amassian, de Vito, 
Ruset, Albe-Fessard, Tauc, Adrian, etc. has shown with the aid of 
micro-electrodes the existence of slowly oscillating elementary elec~ 
tric activity in the interior of cells; it can be thought that the 
rythmeur (or pace-maker) is achieved by the oscillatory electro- 
magnetic system comprising the cell nucleus. This nucleus, in effect, 
is made up essentially of tubular filaments of insulating material 
(related to chitin) containing in ts interior an electrically conducting 
saline liquid, and these filaments, coiled upon themselves, can be 
considered to constitute real little oscillatory circuits. 

The recent work of Warson (sic) in America, as well as that of 
French scientists, including a communication from Polonsky, Don 
zon and Sadron presented to the Academie des Sciences by Prof. 
Francis Perrin on 16 May 1960 (Rec. comptes rend, heb., 250 No. 
20, 3414-3416) making it clear that experimental samples of solid 
DNA manifest properties analogous to those known in ferroelectric 
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‘materials, makes plausible the hypothesis that a potential differ- 
ence may exist between nucleus and periphery of cells. Certain 
recent theories go even further and liken the cell to an electronic 
receiver-emitter device normally functioning in harmony with the 
ambient media. The oscillatory system of demand waves, const 
tuted by the cell nucleus, would behave in accordance with the laws 
governing semi-conducting materials. 

The applicant is led to the conviction that in a normal state of 
physico-electric equilibrium, the cell nucleus is positively charged, 
but can acquire a negative surcharge following phenomena analo- 
‘gous to polarization 

The invention, especially, enables organs afflicted by this inver~ 
sion oftheir electric potential, particularly in the case ofthe pathol- 
ogic negative surcharge of cancerous nuclei, to recover their former 
equilibrium, 

The following description in regard to the attached drawing, 
given as a non-restricting example, will make it possible to under 
stand how the invention can be realized, the details which emerge 
both from the text and the drawing being, of course, part of the said 
invention: 


Fig. 1 is a schematic section showing an apparatus for produc~ 
tion and emission of an electromagnetic field combined according to 
the invention 


Fig. 2 is a frontal elevation of the cathode, taken from the right 
of Fig. 1 


Fig. 3 isa section through III- II] in Fig. 1 
Fig. 4 is the overall scheme ofthe electric supply. 


Fig. 5 is a view analogous to Fig. 1 showing another mode of, 
implementation. 


Fig. 6 is a section through VI-VI in Fig. 5. 


Fig. 7 represents schematically an apparatus for pulsing the 
electric current. 


Fig. 8 is the circuit of an amplifier permitting activation of the 
apparatus of Fig. 7 at the cardiac frequency. 


Fig. 9 is the circuit ofan oscillator permitting modulation of the 
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electric current according to a wavelength between 1 m and 18 m. 


The assemblage of Fig. 1 contains an apparatus 1 emitting 
electrically charged particles 2 in a cavity o passage 3, a cyclotron 
4 accelerating the particles 2 and sending them into a 5 
forming a tube into Which merges another cavity 6 acting as wave- 
guide fir electromagnetic radiation of frequency in the centimeter 
Tange emited by amagnetron 7. The cavity 8 formed by thejoining 
oftube 5 and waveguide 6 leads into a tube 9 in which the resulting 
radiation is accelerated and aligned. The interior of the cavity- 
formed by the assemblage of elements 1, 3, 5, 6, 8, and 9 contains 

a re of 2mm mercury. 
's ofan electron gun comprising a 


plate 10 and a cathode 11. 
‘The cathode 11 is of molybdenum and has the very special form 
resented in Figs. I and 2. Itconsists ofarim Ilaconinected by two 
aligned spokes 1Tb to a hub Llc pierced by a hole 11d with its axis 
along XX. The rim Ia isin wo parts (as One sees in Fig. 1) wh 
may be held together by screws (lor example) forming a cavity of 
revolution 1 le traversed by anumber ofholes 1 If parallel to the axi 
XX’ and regularly spaced, The filament for heating, 12, situated in 
the interior of the cavity Ile and is connected to the power supply 


conductors 12a, 

The best results are obtained with a cathode 11 ofmolybdenum. 
‘The applicanthas obiained satisfactory, but slighty inferior, results 
with tungsten cathodes, It turns out that molybdenum, and to a 
lesser degree tungsten, are the metals whose valency is closest to the 
mean valency of the chemical molecules constituting living tissues 
and more particularly those ofhuman beings. One might well seek 
to.use this fact to explain scientifically the phenomena involved, but 
itis understood that the invention is not limited by any scientific 
explanation, Concerning, on the other hand, the gas present in the 
apparatus at low pressure, the best results have been obtained with 
argon; the applicant has’ also obtained satisfactory, but slightly 
inferior, results with other gases of the rare gas series. 

Surrounding the tube which constitutes the electromagnetic 
chamber are arranged: an electromagnet 13 with its winding 13a, 
placed atthe level of the accelerating coils 14 and 15. Other acceler- 
ting coils 14,15 and 16 are similarly dispersed around the cavities 
3, Sand 8, 

The two semi-circular boxes or "dees" da of the cyclotron 4 are 
placed in the usual manner between the poles of the frame around 
which are wound the accelerating coils 4b and 4c. 

‘The magnetron 7 is of a familiar type and must be capable of 
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emitting in the cavity 3 a centimeter wave of adjustable wavelength 
from 3 cm to 80 cm. 

‘The lower portion ofthe tube 9, for acceleration and alignment, 
contains a cathode 17 resembling the cathode 11, with a filament 
17a. This cathode 17 is supported by a hollow piliar 18 pierced by 
holes 18a close to its junction with the bottom oftube 9. This pillar 
18 communicates with a tube 186 emerging on the axis of a rotary 
deflector 19 carrying at each end a "crown" of graphite plates 19a 
inclined at 45° to the vertical. The rotating axis 19b of the rotary 
deflector is mounted in a support 20 fixed to the interior of tube 19 
and carries at its upper extremity magnetic bobs 19c which ensure 
that it will be set in motion in cooperation with the magnetic bobs 21a 
‘mounted on the shaft 21b ofa motor 21. The lower extremity of the 
rotary deflector 19 is composed of a piece of molybdenum or of 
tungsten 19d in the form of a pyramid whose apex is opposite the 
open end ofthe tube 9, 

The hollow base 18 and the tube 18b can be ofa borosilicate glass, 
oflow coefficient ofexpansion such as that sold under the trademark 
"Pyrex." They may also be of quartz. Tube 9 itself can be of "Pyrex" 
as above or of another glass of the quality currently used for the 
manufacture of electronic tubes, but its bottom 9a, which is trav- 
ersed by the radiation, is advantageously made of quartz. 

‘The duct 8 joins the tube 9 by way of several tubulures such as 
8a and 8b directed in vertical planes towards the plates 19a at a 
certain angle, which is advantageously about 22.5. An electromag- 
net 23 analogous to the electromagnet 13 ofthe emitter tube 1 is 
placed around the cathode 7. Similarly, accelerator windings 24 are 
disposed around the tube 9. This tube also carries, at positions 
indicated in the drawing, three electrodes 25, 25a, and 25b te 
rounded by windings 26, 26a, and 26b, respectively. The drawi 
shows the supply lines, 17b, i7e ofthe cathode and‘ts filament and 
that of the plate, 22a 

The basic plan ofthe electric supply is represented in Fig. 4. The 
part 27 feeds an initial branch with low voltage alternating current: 
this consists of a rectifier 28 (e.g., a Kenotron) whose rectified 
current is modulated at a frequency’ variable between 30 and 120 
pulses perminute by means ofa resistance 29, the control apparatus 
lor which will be described with reference to Figs. 7 and 8. The 
current so modulated is passed through the electromagnets 13 and 
23in such a manner as to generate, normal to the cathodes 11 and 
17, a modulated field of 10,000 to 20,000 gat 

‘The part 27 also feeds a variometer (interrupter) 30 which 
‘modulates the current of this part at a variable frequency 30 to 120 
pulses per minute, the current pulsed in this way serving to feed the 


We now describe the process of how to build a tilt-sensitive RFID tag. This extends 
the previous exercise. 


Antenna 

The antenna for this second RFID tag is similar to the first antenna we built. We 
thus need another piece of cardboard and to repeat the steps described earlier in 
STEP 2 (https://www.instructables.com/id/S2YO8NWEN4H8Q8A/) of this 
instructable. 


Tilt-sensitive tag 

Next, we add additional copper tape connections to the tag, as shown in Figure 1. 
These connections allow us to connect three tilt switches, a capacitor, and the LED 
to the antenna. Again, all the connections of the copper tape are soldered together. 
We add the three tilt switches to the tag as shown in Figure 3. The tilt switches are 
soldered to the copper tape, and it is important to connect them in a slight angle 
(around 5-10 degrees) as shown in Figure 4. This makes sure that the silt switches 
are in a closed state while the RFID tag is in a horizontal position, and in a open 
state while the tag is in a vertical position. 

Again, we also add an LED and a capacitor to the antenna as shown in Figure 3 
(we use a different form factor of the capacitor here just to illustrate the alternative 
options). 


Testing the tilt-sensitive tag 

We can now use our Sonmicro RFID reader again to test our new tilt-sensitive 
RFID tag. The tag is activate while in a horizontal position as in Figure 5, and is 
inactive when in a vertical position as in Figure 6. 


Using RFID chips 
We can now replace the connected capacitor and LED from our tag with an RFID 
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remainder of the installation, to wit: The magnetron 7; a converter 
31 whose excitation is modulated ata variable frequency 300 to 900 
zz, yielding a doubly modulated current (first at 30-120 pulses per 
miniute, then at 300-900 Hz) which feeds the coils 15, 16 and 26; 
another converter 32 producing a low voltage direct current modu- 
lated at 30-120 pulses per minute by the variometer 30. This current 
feeds the motor 21 as well as the motors driving the variometer 30 
and the apparatus controlling the resistance 29. 


‘The current produced by the converter 32 also feeds a voltage 
step-up apparatus 33 consisting of a vibrator followed by a trans- 
former and a rectifier, and producing a direct current varied at 3010 
120 pulses per minute imposed by the variometer 30, The maximum 
value of the voltage produced by the apparatus 33 is, for instance, 
300,000 V, but this value may vary up or down, depending on the 
power one wishes to operate with. 

‘The current produced by the voltage step-up apparatus 33 feeds 
the coils 4b of the cyclotron and 24 of tube 9, as well as a rheostat 34 


Cathodes 11 and 17, the “dees” ofthe cyclotron, and the plates 10 
and 22, not shown in the diagram of Fig, 4, are connected to the 
‘output ofthe step-up assembly 33, while the heating current for the 
filaments Leand 17a is furnished by the resistance 29. 

To operate the apparatus, one adjusts the controls ofthe resis- 
tance. 29 and the variometer to the desired rhythm: in medical 
applications, this is advantageously the subject’s cardiac rhythm: 
‘is shythm is thus imposed upon the whole installation, The 
cathode 13 emits toward the left a stream of positively charged 
particles 2, which are concentrated by the electromagnet 13 and 
accelerated by the coils 14, 15 and 16 and by the cyclotron 4. 
Superimposed on this particle stream in the duct 8 isthe electromag- 
netic radiation from the magnetron 7, whichis adjusted to the wave- 
length found by experience to be most appropriate to the cells which 
are to be penetrated, eg., 14 cm for the liver and 19.5 cm for the 
spleen. The resulting radiation is deflected, directed and accelerated 
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in tube 9 and is directed by way of the base of this tube toward the 
target to be penetrated, 

It must be noticed that the magnetic field of the coils 15,16 and 
26 is modulated, by means of the converter assembly 31, at a 
frequency adjustable between 300 and 900 Hz. This modulation has 
the effect of concentrating the particles, that is to say to detach them 
from the walls ofthe tubes, and it also permits an appreciable saving 
in weight of the iron cores of the coils. One chooses the highest 
frequencies (i.e., around 900 Hz) when one wishes to produce hard 
radiation at the exit of tube 9, and the lower frequencies for soft 
radiation. 

The unidirectional magnetic fields of the coils de of the magne- 
tron (sic) (cyclotron?) and the accelerator coils 14 as well as the 
electric field of electrodes 25, 25a, 25b, are modulated by the 
oscillatory circuit 35 at a chosen wavelength between 1 m and 18 m. 
In medical applications notably one selects the wavelength that best. 
suits the organ to be treated or its surroundings, such as muscle. As 
already indicated, experience with diathermy makes it possible to 
determine the most suitable wavelength. 

It must be noted that the resulting radiation already possesses, 
in tube 8 (Fig. 1) a considerable penetrating force. One could 
therefore use the assemblage described by omitting tube 9 and 
terminating the cavity at the end oftube 8 by means of a glass or 
quartz base, the resulting radiation being accelerated and directed, 
for example, immediately upstream from the base, by a final coil (not 
shown) surrounding tube 8. However, tube 9 appreciably improves 
the results, 

Figs. 5 and 6 represent another mode ofrealizing the assemblage 
in accordance with the invention, in which the elements playing the 
same role are indicated by the same signs as in Figs. 1 and 3, 
modified by primes. 

‘The arrangement ofthe connecting ducts of Fig. 5 in relation to 
tubes I’ and 9", to the magnetron 7' and the cyclotron 4’, is different 
from that of Fig. 1 and has been used successfully by the applicant. 
The waveguide 6’ ofthe magnetron 7’ opens intothe end oftube 1" and 
the duct 3', carrying the resulting radiation, divides into two 
branches: Branch’ 36, which conducts the radiation directly to tube 
9, and branch 37 which conducts ito the cyclotron 4’. This blocks the 
electromagnetic radiation and accelerates the stream of particles 
which is passed by way of duct 38 to the tube 9° 

This arrangement can be used with a particle emitter and an 
accelerator and directortube similarto tubes | and9 ofthe preceding 
figures. However, tubes 1 and 9' of Figs. 5 and 6 are constructed in 
a different manner with regard to their cathodes and anodes. 
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Tube 1' contains a first electrode 11’ exactly like that of the 
cathode 11 oftube 1, and an identical second electrode 39 furnished 
with a filament 39a, Tube 9' (Fig. 6) contains in its lower part a first 
electrode 17’ with filament 17’ and an identical second electrode 40 
with its filament 40a. 

In normal operation, i.e, to produce radiation identical to that 
described in connection with Figs. 1 to 4, electrode 11" serves as 
cathode and electrode 39, given a positive potential, plays the role of 
the plate 10 in Fig. 1, the filament 39a being unheated, Electrode 40 
and its filament 40a are disconnected: cathode 17’ and plate 22° are 
supplied as in Fig. 3 

To obtain particularly penetrating radiation, the polarities are 
reversed: Electrode 11' becomes an anode and its filament I1'e is 
disconnected, while electrode 39 receives the cathode supply and its 
filament 39a is heated: electrode 17’ (with filament 17'a discon- 
nected) and electrode 22' become anodes, while electrode 40 serves 
as cathode and its filament 40a is heated. For example, one can 
establish a potential difference of 250,000 V between 40 and 17’, and 
50,000 V between 40 and 22". Itis understood that in these conditions 
the cathode 39 emits to the left a stream of electrons which is 
concentrated, modulated and accelerated by the various coils and in 
the cyclotron, the polarities of which must of course be established 
inthe proper direction. This stream ofelectrons is combined with the 
centimeter radiation emitted by the magnetron 7, resulting in tube 
9" in the emission of very hard x-rays, modulated at the chosen 
frequencies, combined with the centimeter radiation of the desired 
frequency. 

The assembly shown in Figs. 5 and 6 thus permits one to obtain 
at will either very hard x-rays or the radiation described in connec- 
tion with the preceding diagrams, 

The following description, referring to Figs. 7 and 9, relates to 
certain details of the apparatus used for modulating the electric 
current. 

Fig. 7 represents schematically the apparatus for control of the 
resistance 29 and the variometer 30. The variable resistance 29 
consists ofa graphite helix 29a immersed in a conducting liquid 29b; 
another electrode 29, also of graphite, partly immersed in the 
liquid, is set into up-and-down oscillations by a connecting rod 41a 
linked to a fly-wheel 41. The fly-wheel is set in rotation, through the 
intermediary of a worm transmission 41b, by an axle 42 which can 
be driven, thanks to a double clutch 42a, 42b, either by a motor 43, 
orby the shaft 30a ofthe variometer 30. The variometer 30 is driven 
by a motor 44 by way ofthe worm transmission 44a, 

Ifthe fly-wheel 41 is driven by the motor 43 at the proper speed, 
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the resistance 29 causes the supply current ofthe electromagnets 13 
and 23 (Figs. 1 and 4) to vary at the chosen rhythm which as we have 
seen can be between 30 and 120 pulsations per minute and which can 
be checked by means ofa rotation counter shown schematically in 45, 
Inthis case, the motor 44 ofthe variometer 30 can be stopped and the 
remainder of the installation is then not pulsed. If, on the contrary, 
the fly-wheel 41 is engaged in 42b and disconnected from 42a, the 
motor 44 activates the variometer 30 and the resistance 29 at the 
chosen rhythm. 

The speed of rotation of motors 43 or 44 can be regulated at the 
required speed, corresponding visibly to the cardiac rhythm of the 
subject, by acting upon the excitation of these motors by means ofa 
‘manuaily adjustable theostat. Ifone prefers to regulate the speed of 
motors 43 or 44 in direct accord with the cardiac rhythm of the 
subject, one can use an assembly such as that represented schemati- 
cally in Fig. 8: At 46 there is a contact microphone which, when 
placed over the subject's heart, produces impulses. These are ampli- 
fied in the circuit shown and applied to an electromagnet at 47 with 
a moving core which activates a rheostat; this in turn regulates the 
current running the motors 43 or 44. 

Fig. 9 shows schematically the principle ofthe oscillating circuit 
35. The rectified potential, adjustable between 5000 V and 70,000 V 
by means ofrheostat 34 (Fig. 4) is applied between the terminals 48 
and 48a. Terminal 35c (which is also connected to electrode 25, Figs. 
2 and 4) is connected to the neutral point on the high tension side of 
the transformer which is a component of the step-up assembly 33 
(Fig. 4). The terminals 49 and 49a receive the heating current 
produced by the resistance 29. The variable condensers 50 and 50a 
make it possible to regulate to the desired wavelength (which, as 
seen, is between | m and 18 m) the current available at the output 
terminals 25a and 25b of the oscillator shown. 

The modes of implementation described gave been successfully 
carried out but it is self-evident that these are only examples, and 
that they might be modified, notably by substitution of equivalent 
techniques, without going beyond the bounds of the invention. In 
particular, the electron gun 1 or I’ could be replaced by another 

le generator, 


The invention includes especially: 


A procedure for obtaining a combination of radiations of 
different kinds capable of penetrating matter, especially of 
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intimately penetrating living tissues in order to produce in 
them certain effects and more particularly in human tissues 
with a therapeutic effect in mind, consisting ofthe emission in 
a cavity of a stream of electrically charged particles, upon 
which is imposed electromagnetic radiation in the centimeter 
wavelength range, and the guiding of the resulting radiation 
emerging from the cavity toward the target to be penetrated. 


2. ‘Types of implementation exhibiting the following features 
taken separately or in the various possible combinations 


a. The centimeter radiation has a wavelength between 3 
em and 80 cm; 


b. This wavelength is set at the value found by experience 
to be most suitable for the tissues to be penetrated, e.g., 
14 cm for liver and 19.5 cm for spleen; 


c. The particle stream is accelerated by magnetic and 
electric fields such as those which are used in particle 
accelerators; 


d. The resulting radiation is accelerated and guided, before 
its emergence from the cavity, by means ofelectric and 
‘magnetic fields; 


€. The resulting radiation is guided, before its emergence 
from the cavity, by means of deflecting and/or reflecting 
surfaces; 


f The stream of particles and/or the resulting radiation 
are concentrated and accelerated by means of individual 
‘magnetic fields modulated at a frequency between 300 
and 900 Hz, the highest frequencies being used to 
produce hard rays and the lower frequencies to produce 
soft rays: 


g. The emission of the particle stream, as well as the 
acceleration and concentration of the radiation result 
ing at its exit from the cavity, are aided by individual 
magnetic fields of temporally Variable intensity, advan- 
tageously pulsed at a rhythm between 30 and 120 
pulsations per minute and preferably at the cardiac 
thythm of the subject; 


Patents 386 


h. The assemblages for production of the resultant radia 
tion are pulsed in their entirety at the same rhythm a 
the magnetic fields according to g; 


i. The stream of particles and/or the resulting radiation 
are accelerated and concentrated by direct magnetic 
and/or electric fields modulated at a wavelength be- 
tween | mand 50 mand preferably between | mand 18 
1m, this wavelength being advantageously chosen as that 
which is known in diathermy as suitable for the tissues 
to be penetrated or for the surrounding tissues. 


An assemblage making it possible to obtain a combination of 
a stream of electrically charged particles and a beam of 
centimeter electrom: waves in order to penetrate inti- 
mately and to irradi ‘ues and particularly human 
tissues, the said assemblage comprising at least a particle 
emitter, means for channeling said particles in a cavity serv- 
ing as waveguide for an emitter of electromagnetic radiation 
ofwhich the wavelength is included in the range of centimeter 
waves and preferably adjustable from 3 cm to 80 cm, means for 
generating in the cavity magnetic field for acceleration and 
Concentration and means for concentrating and accelerating 
the resulting radiation at the exit of the cavity. 


4, Modes of implementation with the following details taken 
separately or in the various possible combinations: 


‘The particle emitter is an electron gun of which the 
anode is at the end of the cavity and the cathode 
situated further along, this cathode being hollow 2 
placed in the magnetic field of an electromagnetic in 
order to ensure emission of stream ofpparticles towards 
the mouth of the cavity; 


b. The, cathode consists ofa im connected by two aligned 
spokes to a hub, the said rim being provided internally 
with an annular housing containing a heated filament 


cc. The cathode is made of a metal of valency close to the 
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mean valency ofthe chemical molecules comprising the 
tissue to be penetrated; 


‘The cathode is oftungsten or preferably of molybdenum; 


‘The cavity contains a rare gas, preferably argon, under 
a vacuum of the order of 2mm Hg; 


The cavity contains a duct carrying at least part of the 
stream of particles to a cyclotron and a duct bringing 

ck into the cavity the particles accelerated in the 
cyclotron; 


The cavity passes through several coils, the supply 
current for the various coils being capable ofundergomng 
modulation at different frequencies; 


‘The downstream end of the cavity is composed of a tube 
containing, in the part from which the resulting radia 
tion must emerge, a cathode and an electromagnet 
which may be identical to the cathode and the electro- 
magnetic according to para. a, an anode near the other 
end, and a rotary deflector consisting of a number of 

lates arranged en couronne on a rotor lacing the 
Incident radiation at such an angle that the radiation 
deflected and/orreflected is directed toward the cathode, 
several cals whose supply current can be modulated 
being distributed over the length ofthe tube; 


This tube also contains electrodes supplied by alternat- 
ing current generating an electric field atthe level ofthe 
rotary deflector, each of the said electrodes being sur- 
rounded by abobbin of which the supply current canbe 
modulated; 


Methods are anticipated for modulating, at an adjust- 
able rhythm between 30 and 120 cycles per minute, the 
supply current of the electromagnetic according to a and 
h, and preferably to modulate the supply current of the 
rest ofthe assemblage atthe same thythm; 


Methods are anticipated for modulating, at a frequency 
between 300 and 900 Hz, the supply current of the 
bobbins surrounding according to 1 and one or several 
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coils according to g; 


Methods are anticipated for modulating, at an adjust- 
able wavelength between 1 m and 50 m and preferably 
between I'm and 18 m, the supply current of the 
electrodes according to i, of one or several of the coils 
generating the magnetic field of the cyclotron; 


The electrodes of the electron gun consist of two elec- 
trodes identical to the cathode according to a, b, ¢, or d, 
the cathode of the tube according to h is replaced by a 
double electrode reproducing the arrangement of the 
electrodes of the electron gun, and methods are antici- 
pated for reversing at wil and simultaneously the 
arities of these two pairs of electrodes and the direction 
of flow ofthe current supplying the acceleratory coils, a 
first pattern ofpolarities ‘assuring the functioning ofthe 
apparatus in the conditions which are laid down accord- 
ing to a. and a second pattern of polanities assuring 
emission in the cavity ofa stream of electrons combi 
with the centimeter radiation and giving rise, at the exit 
ofthe said tube, to emission of very hard x-rays. 
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‘SOLVING THE EQUATIONS 


To solve the equations (i) and (i) above, we guess that 
F(u)= F(zv1) is solution to the equations. It is found 


that the unknown constant vis the wave propagation 
velocity. 


=V,(z-vt)+V_(v+vt)| where: 


is the position along the transmission line, where the load 
is at z=0 and the source is at <=/, with I the length of the 
line 

vis the velocity of propagation 1//ZC or «/f., the speed 
at which the waveform moves down the line: see p 2 

1s time 


+/-_ WATCHING SIGNS 


By convention < is the variable used to describe 
position along a transmission line with the origin <=0 
set at the load so that all other points along the line 
are described by negative position values. 


V. V.=-LZ, 


THE COMPLEX WAVE EQUATION 


The general solutions of equations (i) and (i) above 
yield the complex wave equations for voltage and 
current. These are applicable when the excitation is 
sinusoidal and the circuit is under steady state 
conditions. 


i +i 


+Vee 


where: 


e* and e*”* represent wave propagation in the +z 
and ~z directions respectively, 

B=«VLC =0/» is the phase constant, 
Z,=NTTC isthe characteristic impedance of he line 


These equations represent the voltage and current 
phasors. 


vp VELOCITY OF PROPAGATION [cm/s] 


The velocity of propagation is the speed at which a 
wave moves down a transmission line. The velocity 
approaches the speed of light but may not exceed the 
speed of light since this is the maximum speed at 
which information can be transmitted. But v, may 
exceed the speed of light mathematically in some 
calculations. 


y T _o 
Vie a8 
= inductance per unit length [H/em] 
= capacitance per unit length (F/em] 
€ = permittivity of the material [Flem] 
= permeability of the material [H/cm] 
frequency [radians/second] 

B = phase constant 


where: 


Phase Velocity The velocity of propagation of a TEM 
wave may also be referred to as the phase velocity. 
The phase velocity of a TEM wave in conducting 
material may be described by: 


2nd 


where: 


8 = skin depth [m] 
speed of light 2.998 x 10" mis 


ig = wavelength in the material [m] 
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Zy CHARACTERISTIC IMPEDANCE [©] 
‘The characteristic impedance is the resistance 
initially seen when a signal is applied to the line. Itis 
a physical characteristic resulting from the materials, 
and geometry of the line. 


Lossless line: 


TE 
ia 


17 TRANSMISSION COEFFICIENT 
The transi n coefficient is the ratio of total 
voltage to the forward-traveling voltage, a value 
ranging from 0 to 2. 


l+p 


Lossy line: 


L = inductance per unit length [Hiem] 
C= capacitance per unit length [Fem] 

V,. = the forward-traveling (lett to right) voltage [V] 
1, = the forward-traveling (lft to right) current [I] 

V. = the reverse-traveling (right to lett) voltage [V] 
the reverse-traveling (right to lett) current [I] 

the line resistance per unit length [€/em] 

G = the conductance per unit length [2 em] 

4 = phase angle of the complex impedance [radians] 


yo CHARACTERISTIC ADMITTANCE [0°'] 
‘The characteristic admittance is the reciprocal of 
the characteristic impedance 


Ic| 
Yo => 
iz 


TOF TIME OF FLIGHT [s} 


The time of flight is how long it takes a signal to 


travel the length of the transmission line 
I 


TOF 


LrorCror 
v 


1 = length of the transmission line [em] 

v= the velocity of propagation 1/ JIC. the speed at which 
the waveform moves down the line 

L = inductance per unit length (Him 

C= capacitance per unit length [Fem] 

tal inductance [H] 

tal capacitance [F] 


p REFLECTION COEFFICIENT 
The reflection coefficient is the ratio of reflected 
voltage to the forward-traveling voltage, a value 
ranging from —1 to +1 which, when muttiplied by the 
wave voltage, determines the amount of voltage 
reflected at one end of the transmission line 


Ae 


A reflection coefficient is present at each end of the 
transmission line: 


Pouce = 


DERIVED EQUATIONS 
(Vpor + FrorZ9)!2 
V_=—2gl_ = (Vyor ~Tror20)/2 
=(Lror +VrorYo)!2 

1. =-YV_=(Iror ~Vror Yo)! 2 


C, FOURIER SERIES 


‘The function (1) must be periodic in order to employ 
the Fourier series. The following is the exponential 
Fourier series, which involves simpler calculations 
than other forms but is not as easy to visualize as the 
trigonometric forms. 


Cad x(jen ae 


‘= the harmonic (an integer) 
fequency 2n/T (radians) 


The function x(t) may be delayed in time. All this does in a 
Fourier series is to shift the phase. If you know the C,s for 
x(i), then the C,s for (ta) are just Ce". (Here, Cys is 
just the plural of C,.) 
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ELECTROMETER 


FIG.S 


WILLIAM J HOOPER, 
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ATTORNEYS, 


UNITED STATES PATENT OFFICE 
CERTIFICATE OF CORRECTION 


Patent Xo. 3,610,971 paved__Octobns 5, 1971 


Tnveator(s)_-Willlam 3. Hoopes 


seeieied that ervor appears fo the sbowi-{dontified patent 
Patent ara hereby corrected as shosn below: 
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Col. 1, Une 14, after "conductor" iegezt -- with -- and delete 
charg: 


Col. 1, tine 45, "07 etoutd be += 1977-0. 


Cot, 2, Tine 4, “ad ehowld be -~ and 


Col. 2, tine 25, "3.6 x10!" should read -- 3.6 x 10 


should be -~ motional 


Col. 2, Tine 44, “motios 


Col. 4, Tine 7, “anitgravitational” should read -~ astigravitationai 


Col. 4, tine 22, 


" should be == the ~ 


Cot. 5, tine 20, "out" should be -- our 


Col. 6, line 26, after "conductor"! delete "ol! and inzext -- to 


Signed and sealed this 16th dey of Hay 1972. 
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C CAPACITANCE [F) 


If dV, 
wn=z fiae+v(0) 1g 2 OS 
h=v, 4-1] =i, H(i, 


P()= ig RE“ 
voltage across the capacitor, at time + [V] 
inal volage across the capacitor, steady-state voltage 


] 
ial voltage across the capacitor [V] 
time [s] 
the time constant, RC [seconds] 
apacitance (F] 
Natural log: Inx=b ee? =x 


C PARALLEL PLATE CAPACITANCE 
A cowl ee 

erantest = = 

€ = permitivty of the material [F/em] 

rea of one of the capacitor plates [em"] 

late separation [em] 

w= plate width fem) 

1 = plate length [em] 

C= capacitance [F} 


CAPACITOR-TERMINATED LINE 
R. 


% G 


Veup =V, +V. =Vo| 2 


tH 
Vo = final voltage across the capacitor [V] 
1 time [s} 
ime constant of the incident wave, RC [s} 
‘4 = time constant effect due to the load, 2.C [5] 
C= capacitance [F] 


‘SMITH CHART 


First normalize the load impedance by dividing by the 
characteristic impedance, and find this point on the chart. 
When working in terms of reactance X, an inductive load 
will be located on the top half of the chart, a capacitive load 
Con the bottom halt. Is the other way around when working 
interms of susceptance [Siemens], 

Draw a straight line from the center of the chart through the 
normalized load impedance point to the edge of the chart. 
‘Anchor a compass at the center of the chart and draw a 
Circle through the normalized load impedance point. Points 
along this circle represent the normalized impedance at 
various points along the transmission line. Clockwise 
movement along the circle represents movement from the 
load toward the source with ane full revolution representing 
1/2 wavelength as marked on the outer circle. The two 
points where the circle intersects the horizontal axis are the 
voltage maxima (right) and the voltage minima (lett) 

‘The point opposite the impedance (180° around the circle) is 
the admittance ¥ {Siemens}. The reason admittance (or 
susceptibility) is useful is because admittances in parallel 
are simply added. (Admittance is the reciprocal of 
impedance; susceptance is the reciprocal of reactance.) 


z= distance from load 


reflection coefficient 
hase constant 


B 


T= reflection coefficient 


Z= normalized 


impedance [2] 
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APPENDIX IIT 


A CONDITIONAL CRITERION FOR IDENTITY, 
LEADING TO A FOURTH LAW OF LOGIC 


Summary 

If logic is regarded as a set of perceptual operations, then logic 
has a chronotopology (time structure). Identity or nonidentity then 
results as a decision from an algorithm —a set of perceptual opera- 
tions and comparisons — in which case the nature of a particular 
identity is conditional upon the nature of the set of perceptual 
operations comprising the algorithm 


Ordinary logic does not account for the temporal aspects of 
perception, merely accounting for the spatial aspects. 


In other words, Aristotlean logic is a synthesis of primitive 
observation, fitted to the partial (spatial) reality emerging from 
spacetime after the imposition of the monocular (one-at-a-time) 
photon interaction with matter. 


In quantum mechanics, time is a parameter, not an observable. 
Hence measurement/detection (of observables) deals with primitive 
observation and Aristotlean logic (topology). 


Total reality includes nonprimitive observation — hence, non- 
Aristotlean logic (chronotopology) — as shown in Young's two-slit 
experiment. 


By applying temporal accounting to each perceptual operation, 
Aristotle's three laws can be shown to be self-contradictory and 
incomplete as written, That is, they are topolological, not chronoto- 
pological 


A simple derivation of a fourth law is shown and an application 
tule given which itself may be regarded as a fifth law of logic. 


A proof of the fourth law by demonstration is given. 


The resulting four law logic is chronotopological. ‘The applica 
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tion rule states that either Aristotle's three laws apply explicitly and 
the fourth law is implicit, or the fourth law applies explicitly and 
Aristotle's three laws are implicit. 


‘The four-law chronotopological logic is theoretically capable of 
resolving every present three-law paradox. 


Aristotle's Laws and the Paradox of Change 

Aristotle's three laws of logic, on which foundation rests all 
mathematical, physical, and rational thinking, can ordinarily be 
stated as shown in Table 1 


‘Table 1. Aristotle's three laws of logical thought 


LA 
2 AgA 
3. AVA 


A variety ofarguments can easily be produced to show that these 
laws are incomplete; i.e., they do not specify all reality, for parts of 
reality can be shown to contradict one or more of Aristotle's laws. 


Indeed, all "observed" reality can be shown to violate all three- 
laws. 


E.g., the most direct violation is posed by the problem of change, 
‘a problem originally propounded by Heraclitus about 500 B.C., and 
unsolved to this day. Heraclitus pointed out that, for a thing to 
change, it must turn into something else, and then asked how a thing 
could be something other than itself? 


We may think ofa thing — say, gj —some feature A of which is, 
said to change. IfA changes, it turns intoA, thus violating logic laws. 
‘one and two. Further, we are considering A as the "changed thing. 
A,"ie., something which is somehow both A and A, so logic law three 
is Violated as well 
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‘Thus, ifAristotle's laws are taken to be all the fundamental laws, 
of logic, then logically there can be no change whatsoever, because 
change negates all three laws. Le., either change does not exist or 
itis totally illogical 


Since all measurements, detections, thoughts, and perceptions 
are simply changes, then it follows that these operations logically 
cannot exist. Or, ifwe assume the "operations" to exist, their outputs 
cannot exist. Ifthe operations do not exist, then again their outputs 
do not exist. 


So ifthe products or outputs cannot exist, then by this reasoning, 
no perceived, detected, measured, conceived thing exists. Ifwe then 
insist that such things do indeed exist, then all is paradoxical and 
illogical. This is essentially the nature of the paradox posed by 
Heraclitus 


Heraclitus's change paradox has not been satisfactorily resolved 
to this day, and rigorously all the rational science of the Western 
world, being based on paradoxical change (detection, perception, 
observation) is itself totally illogical by its own logical standards 


Resolving the Paradox of Change 
However, the conditions necessary to resolve the problem of 
change can be stated simply by inspection ofthe problem as follows 
(1) Aristotle's three laws must specify or apply to only that which is, 
not changing, since change violates or negates all three laws; (2) If 
change is to logically exist, there must exist at least a fourth law of 
logic, one which applies to change; (3) This fourth law must contain 
the negations of each of the first three laws, since change negates 
them; (4) To be consistent, in any particular logical case, either the 
three laws explicitly apply or the fourth law explicitly applies (ie., 
either change explicitly exists in that particular case or it does not); 
(5) Since all four laws must apply at all times, then when the three 
laws apply explicitly, the fourth law must be implicit—and when the 
fourth law applies explicitly, the three laws must be implicit. 


With the five stated conditions, a fourth axiom of logic can be 
written simply by writing down the negations of Aristotle's three 


SINGLE-STUB TUNING 


‘The basic idea is to connect a line stub in parallel 
(shunt) or series a distance d from the load so that the 
imaginary part of the load impedance will be canceled. 


Shunt-stub: Select « 


0 that the admittance % ¥, % 
Yilooking toward the 

loadfrom adistanced — oma y 

is ofthe form ¥+jB. sin 


Then the stub 
susceptance is chosen 
as -/B, resulting in a 
‘matched condition 


Series-stub: Select d 
so that the admittance 
Z looking toward the 
load from a distance d 
is of the form 2 + /X. 
Then the stub 
susceptance is chosen 
as 7X, resulting in a 
‘matched condition 


FINDING A STUB LENGTH 


Example: Find the lengths of open and shorted shunt stubs 
to match an admittance of 1-j0.5. The admittance of an 
‘open shunt (zero length) is ¥=0; this point is located at the 
left end of the Smith Chart x-axis. We proceed clockwise 
around the Smith chart, .e. away from the end of the stub, 
to the 40.5 arc (the value needed to match -J0.5). The 
difference in the starting point and the end point on the 
wavelength scale is the length of the stub in wavelengths. 
‘The length of a shorted-type stub is found in the same 
‘manner but with the starting point at Y=, 


In this example, all values were in units of admittance. If we 
were interested in finding a stub length for a series stub 
problem, the units would be in impedance. The problem 
would be worked in exactly the same way. Of course in 
impedance, an open shunt (zero length) would have the 
value Z=:, representing a point at the right end of the x-axis, 
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as 


‘Table 2. Negatons to Aristotle's laws. 


Aristotle's law Negation of negation* 
ASA AgA A=A 
Asa AsA AsA 
AVA AAA A=AorlAAl 


However, even though we can synthesize the negation into a 
single law — the old "identity of opposites” idea — we still have the 
problem of understanding such a law. ‘Though at first glance the 
negations and the synthesized fourth law seem bewildering, we can 
readily comprehend them if we carefully consider the temporal 
nature of the process that occurs in logical thinking 


The Importance of Time 

Specifically, a finite interval of time is required to perceive, 
think, detect, or observe an entity — regardless of whether we refer 
to “physical” or "mental" detection, because both physical and 
‘mental processes are temporal. Indeed, we flatly state without 
further discussion that ultimately the identifying or mapping of 
physical and mental operations onto each other is what time is a 
priori 


At any rate, we now carefully account for each individual time 
interval required to think, conceive, detect, perceive, or observe any 
entity — whether that entity is physical or mental — and we also 
account for the finite time interval required to perform a logical 
operation. So we rewrite Aristotle's three laws as shown in Table 3, 
with subscripted numbers indicating the separate time intervals in 
each law. 


“These negations mean hat A and Aare ttalyundtreniate, 
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Table 3. Tomporaly accounted laws and negations. 


Aristotle's law Negation 

1 

2. 

3 A, VY, Ay AAJA, orlA, All, 


The resolution to the entire mystery so long inherent in these 
axioms of logic now stands simply revealed: Whether one of 
Aristotle's laws holds or its negation holds is determined solely by 
the nature of the logical operation in time interval three.’ 


Le., the operation in interval three may be regarded as an 
algorithm comprised of subsidiary (assumed) operations in separate 
time subintervals that, taken together, comprise the overall opera- 
tion implied by the logic symbol 


‘Thus in the first law, iftemporal tags (time snapshots) are not 
accounted (ie., if they do not apply), then Aristotle's laws hold, for 
the snapshot I of A is not differentiated in algorithm 3 from snapshot 
2 of A. This then rigorously holds for spatial (L’) entities, but not 
for spacetime entities. The snapshots in this case for Aristotle's first 
law (and the others as well) are spatial snapshots. On the other 
hand, if snapshots | and 2 of A are themselves temporally differen- 
tiated in algorithm 3, then the negation of Aristotle's law applies, 
because the spacetime snapshots A; and A2 are different. This is 
immediately apparent, e.g., in a Minkowski geometry representa 
tion, where the second snapshot of A will have a time coordinate 
different from the time coordinate ofsnapshot 1. This is represented 
as shown in figure 1, where "A" is taken as a simple magnitude, in 
this case 5 
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6. 
AL AR 
5 e e 
4 
MAGNITUDE 

3 

2 

1 

0 


jan ee mee’ ee? 6 
TIME 
Figure 1. Spatial snapshots of spatiotemporal A cite. 


‘As can be seen from figure 1, 5, is not identical to 5, unless we 
imply the operator {8 t in the time interval three algorithm. 


‘The negation ofthe second law may also be simply understood if 
we use temporal accounting. E.g., suppose we take Ay=+1, A, =-1 
and then pose the absolute value operator || for potential use in 
algorithm 3. If || is not used, then 


GD, #51, 


and Aristotle’s second law holds. If || is used, then 


| GD, | | cD, 


and in that case 


AAD 
Note we are taking the view that there is nothing "absolute" or 


"inherent" about identity or non-identity; instead, each is a condi- 
tional result that can only be established by some logical, comparn 
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tive set of operations. Ifthe suboperations comprising the decision 
algorithm for the identity/non-identity determination are changed, 
the finding ofthe algorithm (the decision) may often change. Specifi- 
cally, one can have the cases, 


ALAS 


Thus we advance a conditional idemtty criterion to be incorpo- 
rated into formal logic: "Identity" or "non-identity” is defined by a 
decision made as a result of applying an operational algorithm; 
changing the internal operator components assumed inherent in the 
algorithm can change the decision. We are stating a fundamental 
principle that "identity" and "non-identity" are conditional and only 
conditional; they are never absolute. 


Primitive Observation and "Reality" 

With these points made, we now turn to the third law. From 
Table 2, on examination it can be seen that the third law actually is 
a statement for monocular perception, detection, observation, 
thought, or conception. Indeed, this law says that only a single thing 
atatime can be perceived, detected, observed, thought, or conceived. 


As we pointed out in a previous paper’ , there is a very good 
reason for this "law." Primitive man lived almost exclusively in a 
reality detected by light, by the photon interaction. Even in the 
absence of visible light, all bodies have temperature, and man is 
immersed in a "sea" ofcontinual electromagnetic photon with inter- 
actions. The photon interaction is monocular - - only one at a time 
interacts with a particle of mass. Further, photon interaction con- 
stitutes the operator /@T invoked upon L'T spacetime. Photon 
emission carries away time (the photon is made of(AE AT), leaving 
behind an L’ spatial reality, as we have previously pointed out.’ 


So all our primitive concepts, ideas, and notions about reality 
have come from over four million years of hominid and human 
experience in the photon-detected partial reality (""physical," "obj 
tive,” or "spatial" reality) that remains when the time "dimension" 
(fundamental variable) is destroyed from L*T spacetime, leaving 
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only L’ space behind. Specifically, our observed macroscopic reality 
consists of large temporal (mental) aggregates of such spatial re- 
sults, where we cannot distinguish the tiny temporal separations of 
the pieces. Thus all our observed/perceived entities are spatial, and 
further, each perception/observation snapshot results in a frozen, 
unchanging spatial entity (resulting — in physical detection — from 
the so-called "collapse of the wave function.” The loss of a wave 
function is simply the loss of time.) We vaguely sense "time" and 
change” as the relation between these snapshots —i.e., by causal- 
ity, or the ordering of the spatial changes — much as we see 
"movement" in movie frames rapidly projected onto a screen one-at- 
a-time, 


Thus our primitive observations, from which have painfully 
been formed our relational concepts and ideas, are monocular, 
unchanging, and spatial. Aristotle's three laws of logic — which 
indeed may be taken to be only a simple synthesis of our primitive 
observation and corresponding relational concepts — then exhibit 
the same characteristics; they are monocular, unchanging, 3-dimen- 
sional, spatial, non-temporai relational statements. Any statement 
that is temporal, changing, ot 4-dimensional will thus appear as a 
logical paradox to this logical shorthand. 


But from Young's two-slit experiment, we already know that 
reality and relationships between its parts are quite different ifthe 
photon interaction is not invoked — ic., if A/T is not invoked. 
Classical reality (as prescribed by Aristotle's laws) is directly vio- 
lated by an electron in the two-slit experiment, e.g., if and only if 
photon interaction with the electron is not invoked. Again, this has 
been simply explained by the present author’, and Charles Muses as 
early as 1957 pointed out the absence of any mystery in Young's 
experiment if the chronotopological aspects were considered.” 


The Conscious Mind is Fitted to the Photon Interaction 

However, what is normally referred to as the "conscious, think- 
ing mind’ is simply a functioning temporal (rigorously, chronotopol- 
ogical) mechanism that is painfully built up in the individual's 
awareness (his mind in the greater sense ofboth thought and aware- 
ness, whether monocular or multiocular) by training, conditioning 
and experience. Its functioning is largely conditioned by one's 90% 
orso attention to visual stimuli (to the partial reality remaining after 
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photon interaction has been invoked, and to the memory-collated 
ordering of vast numbers of such photon interactions) and by one's 
cultural conditioning — which itself has been almost exclusively 
conditioned and shaped by the monocular photon interaction at base 
root 


Thus, since the beginning of man, his conscious, rational mind 
has been trained and constructed to function almost exclusively in 
basic correspondence with the photon interaction, and his experien- 
tial reality consists of the partial reality stripped from fundamental 
reality by photon interaction 


All "perceived differences," e.g., are created by this deep mind- 
set. As has been previously pointed out," the solitary human problem 
responsible for all man's inhumanity to his fellow man is directly 
dependent upon man’s almost exclusive detection, observation, 
perception, and conception of “difference” between humans, these 
“differences” being due exclusively and totally to the fitting of men's 
conscious minds to the photon interaction’s monocular separation of 
spatial reality from nonspatial reality, i.e., to 


alt (LT) = L* 


Such well-nigh total devotion to, and enslavement by, photon 
interaction also is responsible for the scientist's well-nigh total 
devotion to, and enslavement by, the present imperfect and incom- 
plete three laws oflogic, as presented by Aristotle. The depth ofthat 
devotion and enslavement is evidenced by the fact that the resolu- 
tion ofsuch paradoxes as Heraclitus's problem ofchange have eluded 
the best minds of humanity for several thousands of years. Indeed, 
these paradoxes cannot be resolved by the conscious, rational mind 
in its present state, for ithas been most firmly constructed and fitted 
to function in accordance with the photon interaction.’ One cannot 
hope to resolve any logical paradox by using only those same logical 
methods that found the situation to be paradoxical in the first place! 


Dimensionality 

That we need not be constrained by such universal delusion is 
already shown by binocular vision. Specifically, in viewing a three- 
dimensional object, each eye never detects a "third dimension," but 
detects only an L? 2-dimensional picture. By taking two slightly 
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different 2-dimension snapshots and superposing them, the third 
dimension is gained. One then essentially sees the resultant super- 
posed pictures as “almost the same but not quite.” Le., the Aristot- 
Jean identity algorithm, ifsatisfied, yields "no difference, hence one 
object.” and if not satisfied, yields “difference, hence multiple (ex- 
tended) object(s).”. So if the two snapshots are almost Aristotlean- 
identical but not quite, we get an extended-two-dimensional (three- 
dimensional) object. Otherwise we see two separate, two-dimen- 
sional snapshots blurred together (the reader is urged to try this and 
see), 


The point is, “dimensionality” and the identity algorithm are 
directly related, and geometrically one follows from the other. 


Awareness of Time 

In very similar manner, we can only gain cognizance of aware~ 
ness of "time" (as a fourth dimension) by the superposing of two 
slightly differing (Aristotlean-wise) 3-dimensional snapshots. As is 
well known, e.g., time is not an “observable” in quantum mechanics; 
it is a “parameter.” Rigorously, the only place such snapshots — 
each of which is "past" (spatially separated by the annihilation of 
time in the collapse of the wave function) — can multiply exist is in 
the "mind" in its most general sense. In a rigorous sense, mind and 
time can be taken as identical, and the "flow oftime” can be taken as 
the “flow of mind connections or superpositions” of its spatial 
components. Le., measured/detected/observed "physical phenom- 
ena” are a priori 3-dimensional and spatial, while a mind is four- 
dimensional and hyperspatial.* Spacetime exists mentally but not 
observably. Time is logically implicit, not explicit. 


Temporal Aspects of Logic 

Now we return to the temporal aspects oflogic. Each perceptual 
part ofeach Aristotlean law is fitted to the photon interaction, hence 
‘monocular. The logic operation, inherent in the logic symbol in each 
statement, involves temporal superposition or comparison of spatial 
perceptual objects. Hence the logic operation is hyperdimensionally 
a function of mind and injects mind/time into the statement. Yet 
these laws, being fitted to or synthesizing photon interaction, at- 
temptto prescribe the absence oftime, even though writing down the 
logic operation rigorously invokes time. They are thus totally 
contradictory, since as written they implicitly violate themselves. 
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Table 4 summarizes the operations now to be permitted in the 
time-three algorithm, in developing a new four-law logic: 


‘Table 4. Conditional identiy rues. 


1.]S,,S,| ,= (zero), = (identity), 
2.|S,,S,] ,=(nonzero), => (non-identity), 
3]s] , [Ts eof], | «> tamsineolan sept amend 
tion internally 
s 
4[ |, =[_], = nonseparation, no differentiation internally 


Rules one and two simply state that, when snapshots 1 and2 are 
superimposed (subtracted) in time interval 3, the resultant snapshot 
3 may be zero or nonzero. If zero, snapshots | and 2 are said to be 
identical, and if snapshot 1 is to be labeled A, then snapshot 2 is to 
;pshot 3 is nonzero, snapshots 1 and 2 are said to 
snapshot 1 is labeled A, then snapshot 2s labeled 


ipshot, and it may 
be particulately examined to monocularly separate snapshots 1 and 


Rule 4 states that snapshot 3 is not a "memory snapshot” and 
may not be further separated. 


Note that in logic we repeatedly apply these rules in combina- 
tion, serially or compositely. Note further that Rule I must serially 
apply both rules 3 and 4, as must rule 2 also. 
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Ifwe take 4| ,to mean "rule 4 applied conditional to rule 3 also 


being applied," and 4|; to mean "rule 4 applied conditional to rule 3 
not also being applied,” we may write Table 5 


‘Table 5. Condition 


identity, non-identty, and oneness. 


A 1 = identity (S,, 8,) 


4 lr A 2=non-identity (S,, $,) 


= oneness without separate-ones; oneness, ex- 


traordinary and unpereeivable; thing-in-itself 


4 | , ="ordinary” one, perceivable separation, “thing- 
as-separate-from-others” 


As can be seen, this type of reasoning also sheds a great deal of 
light on the long-standing problem of the "thing-in-itself,” but that 
is beyond the scope of this paper. 


The Fourth Law of Logic 
Now we write the fourth law of logic as follows: 


4, (A,,A,), > A, = A, 


where all we have said is that, by rule 4, in snapshot 3 no memory 
process is allowed, and no separation/differentiation whatsoever of 
A; and A, is permitted. Under these operational conditions for 
identity, what had previously been called A, in snapshot 1 and what 
had been called A, in snapshot 2 are indistinguishable, hence 
identical. 

Figure 2 shows this concretely, and may be taken as a proofofthe 
fourth law by demonstration. 
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Figure 2. Proot that two opposites can be identified. What was separately 
perceived as A, in time snapshot 1 and what was separately perceived as A, in ime 
‘snapshot 2, cannot be distinguished in time snapshot 3. 


‘Thus the age-old philosophical dilemma posed by the illogical 
identity of opposites has a simple resolution if one considers tempo- 
ral aspects, and introduces temporal conditions for identity or non- 
identity decisions. 

We now write the new four law conditional identity logic as 
shown in Table 6: 


3 


Further, we point out that all four laws now apply. Laws 1,2, and. 
3 are the laws ofexplicit monocular perception, with implicit binocu- 
lar perception. Law four is the law ofexplicit binocular perception, 
with implicit monocular perception. Both monocular and binocular 
perceptions must be and are used in each law. So in any situation, 
either the triad applies explicitly and the fourth law applies implic- 

itly, or the fourth law applies explicitly and the triad applies 
implicitly. 


Indeed, one can even take the view that we have prescribed a 
five-law logic, the fifth law being taken as shown in Table 7: 


LINE IMPEDANCE [0] 
‘The impedance seen at the source end of a lossless 
transmission line: 
Z,+ jZ,tan(Bl) 
°Z,+ jZ, tan(Bl) 


For a lossy transmission line: 
Z,+Z, tanh(y) 

"Z,+Z, tanh (yl) 

Line impedance is periodic with spatial period 1/2 
LTE , the characteristic impedance of the line. [2] 

3 reflection coefficient 

the load impedance [2] 

B = 2w/A, phase constant 

‘y= aij, complex propagation constant 


Z, 


2 WAVELENGTH [cm] 


‘The physical distance that a traveling wave moves 
during one period of its periodic cycle. 


B= av ZC = 2nh, phase constant 
ke oie 
vy = velocity of propagation [mis] see p 2. 
f = frequency [Hz] 


/h, wave number 


yy COMPLEX PROPAGATION CONSTANT 


‘The propagation constant for lossy lines, taking into 
account the resistance along the line as well as the 
resistive path between the conductors. 


y=a+ jB=VZY = |(R+ joL)(G+ joc) 
L oR 


Go tc 


= JRG attenuation constant, the real part of the 
complex propagation constant, describes the loss 

B = 2r/A, phase constant, the complex part of the complex 
propagation constant 

Z= series impedance (complex, inductive) per unit length 
[vem] 

Y= shunt admittance (complex, capacitive) per unit length 
[oem] 

R = the resistance per unit length along the transmission 
line [€/em} 

G = the conductance between conductors per unit length 
[2m] 

L = inductance per unit length [H/cm] 

C= capacitance per unit length [Fem] 


44 QUARTER-WAVE SECTION 


A quarter-wave section of transmission line has the 
effect of inverting the normalized impedance of the 
load. 


| 


Z 


To find Z,,, we can normalize the load (by dividing by the 
characteristic impedance), invert the result, and 
“unnormalize” this value by multiplying by the characteristic 
impedance. 


Z, 


Zo 
In this case, the normalized load is —* 
2 


is 
2 


2 


va 
so the nomalze inputimpodanc is ( 
eninge (5) 


and the actual input impedance is Z,, = 2Z, 
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Table 7. A possible fith law of logic 


5. [1,.2.3, A] V [4 AG2,2,3,)] where 0 = implicit 


In aprevious paper’, the author has already presented methods 
to apply this new logic to resolve present paradoxes. At least 
hypothetically, every present paradox should be simply a statement 
of the explicit fourth law, and it should be reso able by explicit 
application of that law". 


NOTESANDREFERENCES 


1. Specifically, by whether or notexclusivity applies. Le., we may 
read Law 1 as "In snapshot (time interval) 3, what was A in 
apshot 1 is exclusively identical to (unseparated from) what 
was Ain snapshot 2." Law 2 may be read as "In snapshot 3, 
what was A in snapshot 1 is exclusively not identical to 
exclusively separated from) what was not-A in snapshot 2." 
Law 3 reads, "In snapshot 3, what was A in jt | and 
what was not-A in snapshot two are exclusively separate 
‘Thus itean be seen that the three laws simply ae statements 
involving whether or not two former perceptions are to be 
separated in a third perception. ‘These three statements 
presently prescribe the total separation of the two previous 
perceptions and prohibit any admixture of the two — the so- 
called "excluded middle." Thus the three laws prescribe 
monocular, one-at-a-time perception, 


What we call a "wave" exists in time and is considered to 
contain an admixture oftimeless, static spatial states (such as, 
"wavelengths.”) ‘The prohibiting of admixtures thus repre- 
sents the “collapse of the wave function" and corresponding 
loss oftime. This defines "observation" and explains why 
"measurement" and “detection” and "observation" — requir- 
ing a collapse of said wave function — are spatial and not 
spatiotemporal. That is why time is a parameter in quantum 
mechanics, not an observable. 


Relativity, being constrained by such logic, obviously can find 
nothing “physical” (observed, spatial, timeless thing frozen by 
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the collapse of the wave function as engendered by or fitted to 
the photon interaction) that is traveling faster than light — 
ice., that violates the conditions implied by the "observing/de- 
tecting agent.” 


That reality need not at all be so constrained is clearly shown 
by Young's two-slit experiment, the heart of all quantum me- 
chanics. Inthis experiment, "classical’ reality is violated ifand 
only if the photon interaction is not invoked. Classical reality 
is obeyed if the photon interaction is invoked, 

With appropriate change to logic to fit "reality that has not 
been interacted with by photons" and therefore is spatiotem- 
poral, a new physics becomes possible. 


‘Thomas E. Bearden, "Solution ofthe Fundamental Problem of 
Quantum Mechanics,” January 3.1977, Defense Documenta- 
tion Center. 


Bearden, "Photon Quenching ofthe Paranormal (Time) Chan- 
nel: A Brief Note,” 20 April 1977, Defense Documentation 
Center. 


Bearden, "Virtual State Engineering and Its Implications,” 
1979, Defense Documentation Center. 


With the possible exception of Kozyrev — whose more techni- 
cal works on time remain undisclosed to open science — no 
other person known to this author seems to have grasped the 
implications ofa dynamic structure oftime as penetratingly as, 
has Charles Muses. ‘The importance of the time interaction 
explaining the two-slit experiment (Le., in explaining wave- 
particle duality) was noted as early as 1957 by Muses. See, 
eg., Muses’ introduction to Jerome Rothstein's Communica- 
tion, Organization, and Science, The Falcon's Wing Press, 
Indian Hills, Colorado, 1958, p. Ixii, where Muses pointed out 
that the celebrated wave-particle paradox remains a paradox 
only so long as the chronotopological (his word) phases of the 
phenomena are left unrealized in the analysis. The entire 
foreword by Muses is a remarkable document which analyzes 
the structure of time itself. With his hypernumbers Muses can 
describe the nested structure oftime, which is what is actually 


443. 


Fourth Law ofLogic 


being carried by the photon, Further, he can theoretically 
predict mechanisms by means of which these structures canbe 
orthorotated. It would appear that practical devices should be 
constructable on the principles elucidated by Muses, and it is 
little short of astonishing that fundamental work of such 
importance and application has been thus far little used by 
theorists, though it is already recognized in the standard 
literature; e.., the profound summary paper "Hypernumbers 
IM inthe January 1978 issue ofthe journal Applied Mathe- 
matics and Computation, published by Elsevier. 


Bearden, "The One Human Problem Its Solution, and Its 
Relation to UFO Phenomena," Defense Documentation Cen- 
ter, January 3, 1977. 


Which is why a Zen master often gives the student a koan to 
confound and overwhelm this automatic, robotic mindset and 


functioning that has been constructed as the student's "oon- 
scious mind.” 


Specifically, consciousnessfife involves a seven dimensional 
body/being in an infinite-dimensional universe, See Thomas 
E. Bearden, "A Mind/Brain/Matter Model Consistent with 
Quantum Physics and UFO Phenomena,” prepared for the 
1979 MUFON Annual Symposium, available in the Proceed 
ings, MUFON, 103 Oldiown Road, Sequin, Texas 78155. 


Bearden, "The Fourth Law of Logic," Specula, Journal ofthe 
American Association of Meta-Science, P.O, Box 1182, 
Huntsville, Alabama 35807, Vol. 2, No.l, January-March 
1979, pp. 30-40; also in publication in Defense Documentation 
Center. (The journal Specula is no longer pulished). 


No consideration ofthe foundations ofllogic and mathematic: 
is complete until one has read Morris Kline, Mathematies: 
‘The Loss of Certainty, Oxford University Press, New York, 
1980. 
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APPENDIX IV 


LIST OF SELECTED INCIDENTS 

Author's note: In 1985-1987 a series of anomalous missile and 
space failures swept the U.S. and the West. These incidents were not 
unique, as many think, but were actually only a portion ofthousands 
ofrelated incidents showing the Soviet testing of advanced weapons 
throughout the world. This listing will show the types of incidents 
referred to, 


The listing is not intended to be complete at all, but only 
representative. Hundreds ofincidents of weather engineering, giant 
cloud radials and grids, suspicious light incidents, etc. could easily 
bbe added, were there time and room. No attempt has been made to 
exhaustively map the "aerial booms" that have blanketed the U.S., 
Europe, and other parts of the world. The light and "maybe it's 


UFO's" reports alone would add thousands of incidents to the list. 


Our message is succinct: The Soviet Union has developed a new 
science and weaponized it, since at least the latter 1940's. It has 
utilized that science — energetics — to develop superweapons and 
supervehicles. Because of the danger from accidental initiation of 
nuclear weapons and materials, it is exceedingly difficult and dan- 
gerous for the Soviets to make extensive use of these weapons. 
Accordingly, a biological warfare strike — AIDS —has been utilized 
to deliver what is to be the knockout blow to the West. 


DATE, INCIDENT, LOCATION, REMARKS 


Early spring 1966 - Malstrom AFB Montana. 
UFO sighting coincident with simultaneous problems in 10 strategic 
missiles in launch site associated with Malstrom AFB, Montana. 
Similar event in Mar 1967 also. (Source: Clear Intent.). 


20 Mar 67 - Malstrom AFB Montana 
Flight of 10 strategic missiles in launch site associated with 
Malstrom AFB, Montana experienced problems with guidance and 
control system. UFO in area and confirmed on radar. Jet fighters 
scrambled, results unknown. Similar event one year earlier. 
(Source: Clear Intent.). 
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1972 - Prague. 
At a secret meeting of European communist leaders in Prague, 
Brezhnev lays out firm statement of Soviet intent to be able to 
dominate the world by 1985. Stated would control the oceans, 90% 
ofthe land, and the air and space above. Notice he said control, not 
invade and conquer 


Aug 73 - Over ocean. 
USAF Minuteman ICBM is launched from Vandenberg AFB, aimed 
for Kwajalein missile range. Unidentified object appears and is 
tracked next to the ICBM's nose cone. Crossed the RVs trajectory. 
Object about 10 ft long. Seen by 2 separate radars. Three other 
identical objects were seen in the vicinity. Probable Soviet advanced 
flying vehicles. Also a deliberate stimulus to see if U.S. knows ofthe 
technology, and how the U.S. reacts. (Source: Clear Intent.). 


18 Oct 73 - Near Mansfield, Ohio, 
U.S. Army helicopter is intercepted by glowing red object that 
mnverged on it with terrific speed. Object placed some sort of 
actor beam” on helicopter. Object was gray metallic structure, 50- 
60 ft long. Helicopter was stopped in mid air. Radio blacked out. 
Official report filed by pilot. Probable advanced Soviet flying vehicle. 
Also a deliberate stimulus to see if U.S. knows ofthe technology, and 
how the US. reacts. 


21 Oct 73 - Near St. Joe, Indiana. 
20 or 30 lights sighted circling in the sky near St. Joe, Indiana near 
a woods fire, by firemen. Probable Soviet holographic tests to stimu- 
late UFO reports. 


1973 to date - Bennett Island. 
Bennett Is. exhaust plumes detected by U.S. weather satellites, 
Well over 100. spotted so far. Weirdly, 5 islands and part of the 
continental Alaskan area are in process ofbeing secretly given to the 
USSR; Bennett Island is one of them. 


May 1974 - Lake Michigan. 
Blue-green glowing ball of light seen to fall into Lake Michigan. 
Soviet scalar EM testing. 
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8 July 74 - Lake Okeechobee, Florida and Atlantic Ocean. 
Orange red ball oflight lights up sky over south Florida. Crashes in 
area of Lake Okeechobee. Was accompanied by a large boom. 
Several other booms 5-7 min. after "object crashed.” Pilots also saw 
object plummeting in from over Atlantic. Probable Soviet scalar EM 
weapons testing and calibration. 


Nov. 74 - Saryshagan. USSR. 
Construction of Tora facility begins at Soviets’ Saryshagan test 
facility. Believed to be directed energy facility. Probably connected 
with Soviet scalar EM weapons systems development. 


Oct? 74 - Antarctic 
Ozone hole over Antarctic first detected. Did not appear in measure- 
‘ments from 1957-1973. Note did not appear until exhaust plumes 
noted from and around Bennett Island, with substantial activity 
Looms over the continent every Oct. Diminishes through Mar. More 
severe each year since 1974. 


1975 - USSR. 
Soviet article in International Life speaks of weather war, chang- 
ing the nature of lightning, increasing the power of lightning, and 
directing electric charges of tremendous power against specified 
targets. "Atmospheric electricity" can be used to suppress mental 
activity of large groups of people. Tip ofthe iceberg. Unclassified 
reference to Soviet's scalar EM (energetics) weapon program. Note 
involvement of "lightning" in destruction of US. missiles a decade 
later. 


16 Feb 75 - Caribbean 
RMS. Carmania (UK) observes bright white circular light appear 
and rise to 20 degrees, leaving comet-like trail, circle and disappear. 
Repeated four more times at exact hourly intervals. Soviet scalar 
EM weapons tests. May have been a shipborne device. 


13 June 75 - Kremlin. 
Brezhnev calls for ban on frightful weapons of mass destruction. 
Major speech. Repeated proposals to U.S. Senators 
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2 Jul 75 - Kremlin, 
Brezhnev repeats his proposed ban on development of frightful new 
weapons, to a group of U.S. Senators. To visiting U.S. Senators. No 
‘one knew what he was talking about 


Aug. 1975 - Kremlin 
Ponomarey calls for ban on frightful new weapons of mass 
destruction. To visiting Congressmen 


23 Sep 1975 - United Nations. 
Gromyko presents draft agreement to UN General assembly, for 
banning development of frightful new weapons. 30th session of UN 
Gen. Assy. No one knew what the Soviets meant. 


Oct - Dec 75 - Satellite, over the Indian Ocean. 
USS. satellites illuminated or "blinded" over the Indian ocean. 
Source 10-1,000 times as strong as natural sources. 5 incidents. One 
4 hrs. long. Soviets wasted no time after Sep. fiasco. 


28 Oet to 11 Nov 75 - Mid-U.S. and Canada. 
Series of "UFO's" seen at Malstrom AFB, Montana; Loring AFB, 
Maine: Minot AFB, North Dakota; Wurtsmith AFB, Michigan and 
Canadian Forces Station, Falconbridge, Ontario, Canada by reliable 
military personnel. Reported to NORAD. Some objects seemed like 
helicopters. Radar tracked objects. One object at 72,000 ft. was 100- 
ft sphere, with seeming “craters” around it. 

‘Malstrom F-106's scrambled on one object but could not close on it in 
darkness and low altitude. Efforts by Air Guard helicopters, SAC 
helicopters and NORAD F-106's were fruitless. Probable Soviet 
activity in and around the SAC bases and Canadian radar site. 
(Source: Clear Intent.). 


30 Oct 75 - Wurtsmith AFB, Michigan. 
UFO's and "unidentified helicopters” sighted (multiple incidents) at 
or near Wurtsmith Air Force Base, Michigan. Helicopter hovered 
over the weapons storage area. Radar reported low-flying objects. 
Returning KC-135 tanker alc diverted to intercept one UFO. Ob- 
served two objects, unable to close. Visual and radar contacts. Low 
on fuel, KC-135 returned to base to land, again seeing lights over the 
weapons storage area. (Source: Clear Intent.) Soviet Activity. 
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7 Nov 75 - Near Lewiston, Montana 
Giant glowing disc, football field sized, hovered over Minuteman 
missile launch site K-7, just south of Lewiston, Montana. When it 
rose to 1,000 ft., NORAD radar picked it up. Two F-106's were 
scrambled. UFO rose to 200,000 ft. and disappeared from NORAD 
radars. Probable advanced Soviet flying vehicle, using antigravity 
propulsion system. (Source: Clear Intent.). 


Nov 75 - Semipalatinsk, USSR. 
Large amounts of gaseous hydrogen with traces of tritium begin to 
be detected by USAF/TRW early warning satellites. 
Nuclear debris apparently related to nuclear facility at Sem- 
ipalatinsk labelled PNUTS (possible nuclear underground test site.) 
Probable large scalar EM development and test site. 


Jan 76 - Cannon AFB, New Mexico. 
‘Two UFO's reported near flight line at Cannon AFB, New Mexico. 25 
yards in dia., gold or silver in color with blue light on top, hole in the 
middle and red light on bottom. Observed and reported by security 
police. (Source: Clear Intent.), Probable Soviet activity 


31 Jan 76 - Eglin AFB, Florida 
MG Lane, CG, Armamentand Development Test Center, Eglin AFB, 
Florida reported a UFO sighting near an Air Force Radar site from 
(0430 to 0600 Eastern Standard Time. Photographs were taken. 
Later press release called it "building lights.” (Source: Clear 
Intent.) Probable Soviet Scalar EM activity 


1976 - U.S. Embassy, Moscow. 
State Dept. declares U.S. Embassy in Moscow an unhealthful post. 
Installs Aluminum window screens against Soviet microwave radia- 
tion, which has been underway since 1950's 

Provided 20% pay extra differential. Embassy radiated with weak 
microwave radiation since 1950's. Two U.S. Ambassadors died, 
Stoessel ill with strange leukemia-like malady. Soviet stimulus to see 
ifwe knew about scalar electromagnetics, phase conjugate waves, 
and EM disease induction. (Stoessel died recently of cancer). 


1976-U.S. 
Soviet nuclear scientist named Rudakov visits U.S., proposes coop- 
erative effort in some areas of fusion research. Showed work he had 
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been doing and results obtained. U.S. officials reacted drastically, 
classified his talk as top secret, even ripped off blackboard and 
carried it away.Very strange incident. Soviet open, public sciemtfic 
work considered Top Secret by the U.S. One wonders why 


30 Mar 76 - Netherlands 
Huge atmospheric boom occurs over northern part of Netherlands. 
Through 1983, in 10 years 7 events took place. 


22 Jun 1976 - North Atlantic: 
Expanding white sphere of light developed for about 10 min. then 
faded. Other associated light phenomena observed. Seen and logged 
by passing ship. 


4 Jul 76 - Soviet Union. 
Giant Soviet Woodpecker transmitters activated. 3-30 MHz band. 
Worldwide interference with communications 


30 Jul 76 - Fort Ritchie, Maryland. 
Several UFO's sighted in and around Ft. Ritchie, Maryland. One 
hovered over the ammunition storage area. Reported. Temperature 
inversion at the time provided a convenient pseudoexplanation. 
Could not have caused the incidents. (Source: Clear Intent.) 


10 Sep 76 - Lithuania, 
European Airways flight 831, Moscow to London, at 31,000 ft over 
Lithuania sees blinding single ball source of light at constant 
altitude about 5-6,000 ft. below them and above a lower cloud. 
Pilot contacted Soviet authorities. Received negative response and 
suggestions he should not ask questions. Probable deliberate stimu- 
lus offlight so, from reports to British authorities, could ascertain 
whether Britain knew anything about scalar EM weaponry 


19 Sep 76 - Near Teheran, Iran 
In early morning hours, UFOs were spotted north of Teheran, Iran 
‘Two F-4’s attempted to intercept. The first lost all communications 
and instrumentation at 25 miles distance. When the F-4 turned 
away, equipment was restored to functioning. Second F-4 acquired 
radar lock at 27 nm. and attempted to close. Object moved to stay at 
25 nm distance. Second object came out oft, headed straight for the 
F-4, F-4 attempted to fire AIM-9 missile and at that instant weapons 
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control panel and communications went off. F-4 took evasive action. 
A third object was seen to emerge from first. The F-4 returned to 
base. Each time it passed through 150 degrees magnetic bearing, it 
lost communications and INS fluttered 30 to 50 degrees. A civilian 
airliner also experienced loss of communications in the vicinity. 
Signatures of scalar electromagnetic weapons and antigravity 


1976 - Soviet Union, Sweden. 
Swedish national authorities detect anomalous radionuclides — 
similar to those from nuclear explosions — over Sweden. No 
accompanying seismic activity. Correlated with known Soviet 
activity at Semipalatinsk. In other words, nuclear explosions were 
‘occurring, but they did not shake the earth. Total anomaly. Indicates 
transformation ofthe explosive energy. Positive signature 


1976 - Philadelphia. 
Legionnaires Disease precipitously strikes Legionnaires attending 
convention in downtown Philadelphia. Kills 34, makes 187 others 
seriously ill. Similar malady struck Odd Fellows convention at same 
hotel in 1974. Odd person with apparent transmitter and antenna 
was expelled. Informed members: "It's too late! You are all dead!" 
Probable scalar EM conditioning of convention with an immune sup- 
pression pattern for the disease. 


21 Jan 77 - Columbia. 
‘Columbia A/L Aviancanight flight. Instruments wenthaywire. Saw 
enormous, zigzagging glowing light, traveled at fantastic speed back 
and forth. Blinked landing lights, UFO responded. Sped away at 
incredible speed. Probable Soviet advancedperformance antigravity 
flying vehicle. Such have been widely sighted over South America. 


3 Mar 77 - Columbia, 
‘Columbia A/L Avianca night flight. Pilot abruptly changed course to 
circle a huge, glowing UFO. Object had cigar-shaped fuselage and 
was twice as big as the aircraft. Blinked lights, UFO responded. 
Sped away. Air traffic control radar tracked object at ten times the 
speed of normal aircraft 

Probable Soviet advanced performance antigravity flying vehicle. 
Such have been widely sighted in South America 


MODULATED WAVE 


‘Suppose we have a disturbance composed of two 
frequencies: 


sin[(c, ~80)1-(B, 8B) <] 
and sin[(@ +50)1—(B, +88) 2] 


where «is the average frequency and fis the average 
phase. 


Using the ident aeop/ AB }a( A+B) 


sin A+sin B 


‘The combination (sum) of these two waves is 


OMEGA - BETA GRAPH 


This representation is commonly used for modulated 
waves. 


a, 


do, 
slope is “<p. group velocity 


slope is phase veloci 
forapaticuar oh” 


2cos (Sar —8z)sin(@—B,2) 


The envelope moves at the group velocity, see p 7. 
8 "the difference in" 

y = cartier frequency [radians/second] 

(= modulating frequency [radians/second] 

By = cartier frequency phase constant 

B = phase constant 


8 SKIN DEPTH [cm] 
‘The depth into a material at which a wave is 
attenuated by 1/e (about 36.8%) ofits original 
intensity. This isn't the same 6 that appears in the 
loss tangent, tan 8. 


s= where! 


‘So the sum of two waves 
will be a modulated wave 
having a carrier frequency 
equal to the average 
frequency of the two waves, 
and an envelope with a 
frequency equal to half the 
difference between the two ! 
original wave frequencies. 


a 


RG attenuation constant, the real part of the 
complex propagation constant, describes loss 
= permeability ofthe material, dielectric constant [H/cm] 


v, GROUP VELOCITY [cm/s] 


The velocity at which the envelope of a modulated 
wave moves, 


bo 1 


%B JIC, 
L = inductance per unit length [Hiem] 
Co = capacitance per unit length [Fem] 
€ = permittivity of the material [F/em] 
t= permeability of the material, dielectric constant [H/cm] 
(= carer frequency [radians/second] 
(= modulating frequency [radians/second] 
B = phase constant 
Aso, since B may be given as a function of o, remember 


a) 


where: 


(= frequency [radians/second] 
= (sigma) conductivity (Siemens/meter] see p12. 
Skin Depths of Selected Materials 
60H TMHz 1GHe 
Tver 327 mim | 0.064 mm | 0.0020 mm 
copper ss3mm | 0.056mm — | 0.0021 mm 
sold wom | 079mm — | 0.0025 mm 
lumina tos2mm | oo8smm — | 0.0027 mm 
iron 65mm | 0.005 mm | 0.00016 mm, 
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24 Mar 77 - Off coast of Spanish Sahara, Aftica, 
MV. Kinpurnie Castle, offcoast of Spanish Sahara, Africa, observes 
complex, dynamic light phenomena. Third phenomenon was the 
formation of a semi-circular area of moderate luminosity, a hemi- 
sphere oflight. Took 3 min to form about a previous luminous patch. 
Then another luminous patch formed over the hemisphere. After 
about 7 min., phenomena dispersed. Soviet test of Tesla shield and 
globes. 


11 Jun 77 - Moscow, USSR. 
Soviet biophysicist hands Robert Toth, Los Angeles Times journal- 
ist, a report containing proof that certain particles existed in cells, 
catried information, and were radiated. Both seized by KGB and 
charged with possessing Soviet state secrets.  Interrogated, 
released. Neither knew what they actually had. Soviet Academician 
LM. Mikhailov pronounced secret such phrases as. "micro-organism 
self-radiation... by means ofvacuum particles in space." Use ofsuch 
particles was discussed, and was secret. Paper contained basis of 
Soviet energetics use in biology. Positive connection ofSoviet classi- 
fication to mitogenetic radiation and scalar EM waves ("vacuum 
particles” indicate virtual flux structuring). 


13 July 77 - New York 

Massive electrical blackout strikes New York City. Affects 8 million 
persons. Staggering series of" natural” electrical shocks, mechanical 
failures, and humanerrors occurred. Anomalous "lightning strokes" 
supposedly initiated the collapse of the power grid. Probable Soviet 
test 


1977 - Ocean off Yugoslavia. 
MV. Dolphin, between Yugoslavia and Israel, observed extensive 
light balls and repeated phenomena, appearing and disappearing 
Men were disoriented. Compass was disrupted. Okay after the 
phenomena dispersed. Probable Soviet test. Stimulus to see if 
Britain recognized the weaponry and knew anything about it 


13-14 Dee 1977 - Leitchville, Australia. 
Large aerial light plus 3 smaller ones observed for four hours by 
multiple persons. Lights simulated activity of a "mother ship" and 
smaller craft assigned. Changed colors. Then a shower of orange 
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lights occurred. Probable Soviet test. Part of deception plan, to create 
"UFO" phenomena to hide weapons testing. TR wave holography 


Dee 77 to Jan 78 - Off East U.S. Coast. 
Mysterious atmospheric explosions occur off U.S. Atlantic Coast. 
Some accompanied by light phenomena. Soviet tests and calibration 
(registering the long-range artillery, so to speak.) 


13-14 Dec 77 - Leitchville, Australia. 
Large arrays of light phenomena sighted by multiple witnesses. 
Probable Soviet creation. Reported as "UFO" phenomena. Holo- 
graphic creation of "UFO" phenomena as part of deception plan to 
disguise tests ofthe weapons worldwide. TR wave holography: 


1977-78 - North Pacific Ocean 
‘Two huge hot spots in North Pacific ocean, 2,000 mi by 1,200 mi. 
May have caused El Nino and one ofmost severe winters on record. 
May have been caused by Soviets as a weather experiment, 


27 Jan 78 - U.S. East Coast. 
Boeing 727 offeast U.S. coast experiences engines failing, | at atime, 
in all three engines. A/c plunges 8,000 feet; engines restart one at a 
time. First time ever that all three engines on a 727 had failed. 
Probable Soviet test. 


Feb 78 - Rocky Mtns. NW of Las Vegas. 
Four aircraft crash in a 6-day period in the rugged Rockies, NW of 
Las Vegas. Connected with a crashed military a/e from Nellis AF 
Base. Should be further investigated. 


Feb 78 - Texas coast. Nova Scotia. Charleston, SC. 
Atmospheric booms occur. Multiple booms in Charleston. Soviet 
tests. Scalar EM weapons. 


2 Apr 78 - Bell Island, Nova Scotia 
‘Mysterious fireball, explosion accompanied by anomalous electrical 
effects. Small bldgs blown apart, trees scorched, fireballs seen. Prob- 
able Soviet test. Apparently even registered on U.S. satellite. 
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10 May 78. -Off Florida 
Women pilots in race experience anomalous "time loss" on their 
watches from Fort Myers to Freeport (Bahamas). 39pilots. Watches 
synchronized. Up to 3 min. lost. Definitely not normal EM effect. 
Probably due to sporadic natural scalar interferometry and time- 
reversed waves generated in area from time to time.” "Bermuda 
Triangle” mechanism? 


May 78 - Florida. 
Unexplained lighted objects sighted in sky over remote sector of 
Florida. Tracked on radar at a Navy EW center. Naval personnel 
also observed them through binoculars. Probable Soviet advanced 
Slying vehicles, or tests ofintense holograms with energy sufficient to 
ionize air and reflect radar. 


18 May 78 - England, 
Several atmospheric explosions shake houses over a wide area in 
Hull, Scunthorpe, Holderness coast, and Brough and Grimsby. 
Probable Soviet weapon testing and calibration. 


Jun 78 - Indiana. 

Large ball oflight streaks across sky, stops, hovers, then explodes 
with a large boom. Possible test. Standard Soviet incident to 
generate deception. 


7 Sep 78 - Netherlands. 
Large acoustical event (boom) occurs over the Netherlands. Sovier 
scalar EM weapons testing and calibration. 


Sep 78 - Tabas, Iran, 
Anomalous Richter 7.4 earthquake strikes Tabas, Iran, killing 
25,000. No aftershocks. Anomalous depth. Soviets neededto relievo 
pressure in rocks at nearby Askhabad on the Soviet/Iran border, else 
lose the city to a large earthquake. 36 hrs. earlier, Soviets exploded 
‘monstrous 10 Megaton underground nuclear explosion, to disguise 
what caused the earthquake. Almost definitely a Soviet- induced 
earthquake. 


Oct. 78 - USSR. 
U.S. DOD weather satellite purportedly photographs a semi-rectan- 
gular object climbing out of atmosphere at 4,000 to 4.500 mph, 
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Object was over the Soviet Union. Probable Soviet advanced flying 
vehicle, using antigravity propulsion system, if photograph is real. 


31 Oct 78 - Fairbanks, Alaska & Lake Ontario. 
Red and yellow flash seen descending through sky S. of Fairbanks, 
Alaska by multiple observers. One minute later, U. of Alaska 
seismograph registered a tremor 1.5-2.0 on Richter scale. Ten days 
prior, a similar phenomenon was observed over Lake Ontario and a 
photo taken of the light. Probable Soviet scalar EM wpns testing 
calibration 


Nov 78 - Kuwait. 
Large flying vehicle lands at Umm. Alaish oil pumping sta., Kuwait. 
Disrupts elect, comm, and pumping activities. Leaves after 7 min. 
Probable antigravity propulsion system. Soviet vehicle. One ofa 
series of "UFO” sightings in oil fields of Kuwait. Positive scalar 
electromagnetics and time-reversed wave signatures 


Nov - Dee 1978 - Kuwait. 
Series of "UFO" incidents over Kuwaiti oil fields occur. Kuwait 
Govt. investigates, makes official report. U.S. Pentagon noted inci- 
dents. Probable Soviet-induced incidents. 


1979 - British Columbia & Caspian Sea. 
Atiel 6 satellite experiences anomalous turnoff of two power 
supplies. Over British Columbia and Caspian Sea, when sun is 
shining. Probable Soviet stimulus 


Jun 79 - Vienna. 
Pres. Carter signs SALT I agreement in Vienna. After that, his acts 
and speech are erratic and he seems to be in a depressed state. 
Suggestive of exposure to EM behavior modification. Soviets had 
possessed the LIDA technology for 29 years. 


Sep 1979 - USSR. 
Strange giant semicircular light phenomena observed in USSR, 
toward Saryshagan. Observed several times. Source: London 
Times. Observed from Afghanistan by British cameraman Nick 
Downie. Definitely Soviet tests ofa Tesla globe and/or shield. 
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22 Sep 79 - South Atlantic. 
USS. Vela satellites detect anomalous flash over South Atlantic, as 
if from a nuclear event. U.S. Govt Agencies still disagree as to 
whether this was a nuclear event or not. May have been a Soviet test, 
or a test ofa scalar EM weapon by another nonhostile country: 


25 Dec 79 - Afghanistan 
Soviets invade Afghanistan. This is the Soviet "Spanish Civil War,” 
where wpns, training, and the state oftheir ready reserves are tested. 
It is not primarily the regulars who are fighting there. Some scalar 
weapons — e.g. Smirch death ray — are tested also. 


1980 - Afghanistan. 
Soviets kill 225 women and children in a village in the province of 
Maiden, near Kabul, Afghanistan. A month and a halflater, bodies 
still undecayed. Bodies were also shot, to try to deceive Mujaheddin 
as to cause of death. Bodies perfectly preserved. No smell, no bugs, 
no scavengers had eaten them. Probable Soviet test ofa "death ray." 
Definitely scalar electromagnetic weapon signature. 


Feb 1980 - Duncanville, Texas. 
About 100 startlings suddenly start falling from flight, instantly 
dead. One ofseveral such anomalous bird{alls. Connected with very 
high frequency components added to Woodpecker signals for sharp 
localization. “Birds entering such an area are Killed. 


May 1980 - Seminole, Florida. 
Start of mysterious plague of assorted illnesses striking healthy 
persons in a 20-block section of Seminole, Florida. Animals affected 
also. Lack friendly bacteria in their intestines. Signatures of EM 
induction of disease and Kill of intestinal bacteria. The lack of 
friendly bacteria is important. May indicate one direction of biologi- 
cal warfare planned by Soviets. 


June 1980 - USSR. 
Huge, luminous hemisphere oflight seen within Soviet Union, from 
Kuwait. Probably over Caucasus region of USSR. Source: personal 
communication from observer. Tesla shield. A definite test, un 
equivocal. 
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July 1980 - U.S. and Canada. 
Richter 5.1 quake centered in northern Kentucky rumbles through 
14 states and into Canada. No known fault. Was predicted two wks 
in advanced by an associate. 


7 Nov 80 - Applegate Valley, Oregon. 
Mysterious explosion, earth rumbling, brilliant light turns night 
into day in Southern Oregon. Associated with subsequent earth- 
quake next day? 


8 Nov 80 - California. 
Richter 75 earthquake offcoast of Southern California. Shakes CA 
and Southern Oregon. Note anomalous phenomena in S. Oregon the 
preceding day 


Dee 1980 - South Atlantic. 
U.S. Vela satellites detect another anomalous nuclear-like flash 
over the South Atlantic. In infrared only. Obviously not a normal 
nuclear wpn. 


28 Dee 80 - South Atlantic. 
Great bluish-white flash over the South Atlantic. Clear sky except 
2 or 3 small cumulus clouds, one about 600 ft. above ship. Possibly 
connected with the second Vela flash detection, or generated by the 
same system. One ofmany such incidents. 


1 Jan 81 - Somerset, Pennsylvania. 
Pilots oftwo alc report the descent ofa bright, shiny object with fiery 
tail over Pennsylvania, Large boom rumbles across most of Western 
PA. Possible Soviet scalar EM testing. Part ofdeception plan. 


Jan 81 - Minnesoto, Wisconsin, South Dakota 
Great skyflashes and rumbling noises occur around Morris, Minne- 
soto and Wisconsin and South Dakota. Possible Soviet scalar EM 
testing. Part ofdeception plan. 


Feb 81 - San Jose California 
‘Two pilots menaced by 10 ft. dia. light which flew directly at aircraft 
over San Jose, CA airport. Plane climbed, light followed, then sped 
away. Totally consistent with exercise of the Soviet Launch Phase 
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Anti-bomber system's real-time holography aspects of the Wood- 
pecker OTH radars 


6 May 81 - Fredericksburg, Maryland, 
EC-135 a/c crashed near Fredericksburg, MD. Severe nose-down 
from 29,000 ft. Apparent loss of all power. At 5,000 ft, either fire or 
minor explosion occurred. At 1,500 large explosion destroyed the 
aircraft. Possible Soviet test of OTH radar anti-bomber weapon 
system? 


Mid-81 - Afghanistan, 
Soviet helicopters use mysterious, highly lethal agent in Afghani- 
stan, Causes death so quickly victims do not have time to make the 
slightest move. Rptby Jane's Defense weekly. Referred to as Smirch 
gas or Smert gas. Probable test ofa Soviet scalar EM "death ray." 


20-23 Jan., 1982 - Gander, Newfoundland. 
"Object with red, green and yellow lights sighted in the Gander, 
Newfoundland area more than 36 times. Alternately hovered and 
darted in a complex "flight" pattern. Possible real-time holographic 
phenomena produced by Soviet scalar EM weapons as part of the 
worldwide deception plan. Gander is a major "registration point.” 


3 Feb 82 - Newfoundland. 
Red and green flashing lights travelling across the horizon at 2,000 
mph reported by 3 Armed Forces officers at Gander, Newfoundland. 
Possible real-time holographic phenomena produced by Soviet scalar 
EM weapons as part ofthe worldwide deception plan. Possible major 
“registration point." 


Feb 82 - Ankasaray, Turkey. 
Cluster of high, multiple lights pass over Turkish town of Anka- 
saray, 200km. from Ankara. Dogs were disturbed also. Possible real 
time holographic phenomena produced by Soviet scalar EM weapons 
as part of the worldwide deception of plan. Gander is a major 
“registration point." 


Sep 82 - Ankara, Turkey. 
Cluster of 10-14 high, multiple lights pass over Ankara, Turkey in 
clear night sky. Dogs were also disturbed. Possible real-time holo- 
graphic phenomena produced by Soviet scalar EM weapons as part 
of the worldwide deception plan. 
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Early 82 - St. Petersburg, Florida 
Extended series of booms occur off coast of Florida, near St. 
Petersburg. Continued lengthy period of time. Years of Soviet scalar 
EM interference grid adjustments have been registered in Florida 
cand off St. Petersburg. Booms are so numerous that meetings of civil 
defense, federal, and state officials have been held. 


June 82 - Washington/Canada border and off-shore. 
Extended series of booms occur over Pacific Ocean, centered about 
Port Angeles and Sequim near Washington state/Canadian border. 
Persisted for several weeks. As many as 10 blasts per day. Fireballs 
and lights also seen. Soviet extended scalar EM tests. 


18 June 82 - Northern Pacific Ocean. 
‘Two JAL flight crews observe large, yellowish-white globe of light 
over the North Pacific Ocean 700 mi. east of Hokkaido, Japan. 
Covered one fourth of the sky. Light gradually dimmed and 
disappeared. Tesla globe. Definitely a Soviet weapons test 


June 1982 - Red China 
Several Red Chinese giant light hemisphere and globe incidents. In 
‘one instance, alc electrical power systems began to fail in several Red 
Chinese fighter a/c when encountering a huge hemisphere of glow- 
ing light. Tesla globes. Tesla shields. Balls oflight. Definitely Soviet 
weapons tests 


24 Sep 82 - Maryland, New Jersey 
Anomalous airquakes off the coast of Cape May and Northern 
Maryland, and Atlantic City, New Jersey. Adjustment of Wood- 
pecker grid. Soviet tests. 3 weeks later also. 


14 Oct 82 - Maryland, New Jersey. 
Anomalous airquakes off the coast of Cape May and Northern 
Maryland, and Atlantic City, New Jersey. Adjustment of Wood- 
pecker grid. Soviet tests. 3 weeks earlier also. 


16 Nov 82 - Delaware, New Jersey. 
Five mysterious booms rock Sussex county, Delaware and southern 
New Jersey. Adjustment of Woodpecker grid. Soviet tests 
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1983 - Loma Linda, California. 
Photos and information about the Soviet LIDA machine released. 40 
MHZ carrier, complex waveforms. Induces catatonic state in hu- 
mans and animals. Shows consciousness can be affected by EM 
‘means. Was used on U.S. prisoners of war in Korea. Suggests similar 
capabilities are possible for Woodpecker. U.S. scientific community 
had said impossible. President Carter affected in Jun. 79? 


Early 1983 - Bennett Island 
Large exhaust plume detected coming from Bennett Island and 
vicinity, one on-shore and two offshore. Plume was 6 mi. wide, 155 
‘mi. long and reached 23,000 ft in height. U.S. weather satellites 
detected it. Nearly horiz jet, 155 mi. long. Definitely not natural. At 
angle ofperhaps 1.5 degree above horizontal. 


27 Sep 83 - England 
British RAF/Panavia Tornado aircraft loses all electrical power and 
crashes. Possible Test? Tornado system is triplexed. 


22 Oct 83 - Off Okinawa. 
Two alc operating off U.S.S. Midway apparently lost w/o trace, about 
127 mi. E. of Okinawa, under anomalous conditions. Causes un- 
known. Additional data needed. 


8 Nov 83 - Western Europe. 
Anomalous earthquake occurs in Western Europe. All foreshocks 
and aftershocks were missing. Called the "Leige” earthquake. 
Definite symptoms of manmade (Soviet ) origin. Large boom oc- 
curred over Netherlands the next day over 35,000 sq. km. area. Soviet 
scalar EM weapon testing 


9 Nov 83 - Netherlands. 

Large acoustic event occurs over Netherlands. Detected over 35,000 
sq. km. First mistaken as a Dutch quake. One day after the anoma- 
Tous Leige quake. Soviet wpn testing. 


Dee 83 - Alma Ata. 
Stored munitions exploded at Dolon (Soviet) airfield. 150 km south 
of Alma Ata, One of six that mysteriously exploded in 7 months, 

May be evidence that another nation also has Scalar EM wpns, and 
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is checking the Soviets. Ifso, probably was warning that Soviets also 
would suffer if they moved. 


1984 - Novaya Zemlya 

First mysterious plume detected from Novaya Zemlya by U.S. 
weather satellites. Sometimes plumes are 200 mi. long. Novaya 
Zemlya contains Soviet atomic facilities including weapon facilities. 


1984 
Senior Soviet physicist G. Yu. Bogoslovsky publishes paper, "Gen- 
eralization of Einstein's Relativity theory for the anisotropic space- 
time.” Such Russian research published regularly. Would be 
impossible in U.S., where similar attempts meet discredit, humili- 
ation, and rejection by leading U.S. physics journals and depart- 
ments. The West has decreed that general relativity must not be local, 
and above all must not be lab-bench experimental. Open Soviet 
publication indicative of experimental development of local space- 
time curvature technology. 


1982 - 84 - Florida (& elsewhere). 
Airquakes, booms (hundreds). 16 counties, near coast. 


28 Jan 84 - Pennsylvania, New Jersey. 
Bright orange light streaks across sky from Pa. to N.J.'s Cape May. 
Similar "fireball" explodes in Clementon, Two other sky explosions 
observed. Possible Soviet activity. TR wave holography and pulses. 
Part of Soviet deception plan. 


Feb 84 - in space. 
All three payloads of the Challenger flight fail. 2 commication 
satillites, I balloon. 


10 Feb 84 - Netherlands. 
Large atmospheric boom occurs over Netherlands. 7 others thru 
1983. 


29 Mar 84 - Bennett Island. 
Bennett Island exhaust plume detected by U.S. weather satellite, 
Over 100 such anomalous exhaust plumes detected there. 


MAXWELL'S EQUATIONS 


Maxwell's equations govern the principles of 
guiding and propagation of electromagnetic 
energy and provide the foundations of all 
electromagnetic phenomena and their 
applications. The time-harmonic expressions can 
be used only when the wave is sinusoidal. 


ELECTROMAGNETIC WAVES 


MODELING MAXWELL'S EQUATIONS 
This is a model of a wave, analogous to a 
transmission line model 


L= (Him 


G ¢ 
‘STANDARD FORM | TIME-HARMONIC j 
(Time Domain) | (Frequency Domain) im] TL Fim) 

ae oe = inductance per unit length [Hem] 
familys | vie =. VxE =-joB 1 = permeabiliy of the material, dielectric constant [H/cm] 

Ls the conductance per unit length [2"'/em] 

ae (sigma) conductivity (Siemens/meter] 
amoere’s | v7 = +22 | yx A = jo+I C = capacitance per unt length [Fem] 

or € = permitivty of the material [Fem] 
Gauss V-F =p, V-D=p, propagation constant (Fou)(joe+o) 
“oe vV.B=0 V-B=0 


# = electric field [Vim] 
magnetic flux density [W/m? or T] 2 = pg” 
ime [s] 

electric flux density [Clim] % = eg 

volume charge density [Cim"] 

magnetic field intensity [A/m] 

= current density [A/m] 


° 
x 
f 


“Maxwell added the 97 term to Ampere’s Law. 
a 


LOW FREQUENCY 


‘At low frequencies, more materials behave as 
conductors. A wave is considered low frequency 
when 


o 
© is the dielectric relaxation frequency 
€ 


Intrinsic wave impedance, see p 12. 


Ral happens To the complex propagation constant at low 
frequency? From the wave model above, gamma is 


= ony Gers) = [Foe t+ 


Since both @ and e/e are small 


So that, with y= a+ jB 


oe 1 
we get for= | 24S] or fy=4 (+ 
9 >} B= y=sll+ J) 
= attenuation constant, the real a of the complex 
propagation constant, describes the loss 
B = phase constant, the complex part ofthe complex 
propagation constant 
= (sigma) conductivity [Siemens/em] 
8 = skin depth [cm] 
So the wave is altenuating atthe same rate that itis 
propagating. 
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9 Apr. 84 - S. of Kurils toward USSR. 
Giant rapid cloud tower rose, then faded. Small semicir. halo of light 
replaced it. Halo expanded to full circle of light. Expanded to giant 
globe then faded. Cloud 60,000 ft in 2 min. Light globe expanded to 
about 380 mi. dia. and center over 200 mi. high. Source: Science 
Journal. Definitely a Soviet test of multiple weapon modes 


26 Apr. 84 - Bennett Island. 
Bennett Island exhaust plume detected by U.S. weather satellite. 
Over 100 such anomalous exhaust plumes detected there. 


May 84- S.E. U.S. 
Series of devastating storms breaks out over S.E. U.S. in early May 
Tornadoes, large hail, downbursts. Some loss of life. Persisted 
through night into early morning hours. Several instances of rapid 
thunderstorm top warming were observed in satellite photography. 
Occurred near downbursts. Very heavy plume activity at Bennett Is. 
noted in Apr. and May, 1984. Warming oftops ofthunderstorms can 
produce downbursts. In literature. Note that Soviet scalar EM wpns 
‘can perform such top-warming ofthunderstorm anvils, and induce 
downbursts on command. 


13 May 84 - Severomorsk, USSR. 
Soviet missile storage facility at Severomorsk Naval Base on the 
Kola Peninsula 1450 km north of Moscow blows up in a series of vast 
explosions. Over 200 wounded. Soviet North Fleet lost about 13 of 
its missiles. Speculation of an "electromagnetic cause, possibly by 
reflection of radio waves from ionosphere.” Detected by satellites; 
first thought to be nuclear explosion. One ofsix such explosions of 
Soviet ammunition storage sites in a period of seven months. Defi- 
nitely not accidental. Probably use ofscalar EM weapons by another 
nation, not hostile to U.S., 10 warn the Soviets that they also will 
suffer if they move. 


15 May 84 - Bobrwjk Airfield. 
Major blast occurs at Bobrwjk Airfield, 138 km SE of Minsk and the 
base of a Badger-equipped air-to-surface missile regiment of the 
Smolensk Air Army. 10 ofthe 11 ammo storage bldgs blow up and 
admin, and access control bldgs. are destroyed. Note that fires and 
explosions were still raging at Severomorsk, from 13 May event. 
Same note as above. 
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25 Jun 84 - Schuerin, East Germany 
Explosion occurs at an ammunition depot at Schuerin, south of 
‘Wismar in East Germany. Windows blown out within 10 mi. radius 
of depot. Same note as above. 


27 Jul 84 - Kuril Islands, 
Slowly expandingball oflight seen by Boeing 747 crew near the Kuril 
Islands. Expanded for 10 min. Shell was sharply defined. Light 
semi-transparent and nearly perfect half-circle. Tesla globe. Bennett 
Is, exhaust plumes detected by U.S. weather satellite. Definitely a 
Soviet test. Related 10 9 Apr. 84 incidents S. ofKurils. 


29 Aug 84 - Edwards AFB, California 
B-1 bomber prototype crashes in flight test about 10 mi, NE of 
Edwards AF Base. 


1983-84 - Ireland. 
For two years, freak lightning terrorizes villages of West Donegal, 
Ireland. "Roofs stripped off, windows smashed, pipelines wrecked, 
telephones and TVs blown up. No known cause for the anomalous 
lightning. Shows natural potential in area is disrupted. 


25 Dec 84 - Ireland 
Freak lightning continues in West Donegal, Ireland. Causes 3-day 
power blackout. Extensive plume activity at Bennett Island. 


1985 - Worldwide. 
After years ofa superb safety record, airline industry suffers a series 
of disastrous crashes. 20 major air crashes occur worldwide, with 
more than 2,150 lives lost. 


Early 85 - Worldwide. 
KGB begins a worldwide campaign to blame the U.S. forstartingthe 
AIDS epidemic. Effort continues. Disinformation; is believed in 3rd 
world. 


Jan 85 - San Diego, California 
U.S. Navy chaff caught by wind, blown in over San Diego. Power 
knocked out to 60,000 homes. Symptoms of presence of Soviet scalar 
EM grid in San Diego urea. 
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7 Jan 85 - Cantrell, Alaska. 
Cantrell, Alaska. Blinding white light passes in sky overhead, lights, 
up sky and mountain range for 30-40 seconds for 16 mi. Est. 3-mi 
altitude. Probable Soviet test. Note thatplume activity at Bennett Is. 
is heavy in Jan. 85. 


Feb 85 - Zimbabwe. 
Zimbabwe suffering worst electrical storm season in history. Death 
toll up to 116. 21 persons Killed by a single bolt in one case. 
Anomalous lightning. Shows natural potential in area disrupted. 


17 & 18 Feb 1985 - Anchorage, Eklutna Flats, Northway, Alaska. 
Several anomalous lights and sky booms incidents in Alaska. 
Skyflashes, balls of light, booms, etc. Seen both from ground and by 
pilots of aircraft. Probable Soviet realtime holography tests as part 
of worldwide deception plan. 


19 Feb 85 - Out from San Francisco, California. 
China Airlines Flight 006 Boeing 747 enroute to Los Angeles. 
Engines fail. A/c falls 32,000 ft. in 2 min, Restarts engines, lands at 
San Francisco. Note previous incidents over Alaska on 17 & 18 Feb. 
Probable Soviet test of launch phase anti-bomber system capability 
of woodpecker transmitters. 


10 Mar 85 - Tlisi & Tallin, USSR. 
Soviet Academy of Sciences announces an Aeroflot alc had been 
followed by a UFO for 800 mi. Soviets occasionally produce light 
phenomena in their own territory and near Soviet a/e as part oftheir 
deception plan. They do not wish to appear different. 


1 May 85 - Near Nashville (monitoring station). 
In and around May Day 1985, the Soviet Union held a giant exercise 
ofall its strategic scalar EM weapons. 27 "power taps” into the earth 
—each two frequencies 12 KHz apart — were activated. The earth 
was thus in forced gravitational resonance beneath our feet on 54 
frequencies. Each tap estimated to power up to six of the giant 
weapons; thus over 100 major strategic scalar EM weapon transmit- 
ters were activated. Frequency bands were filled with scalar EM 
transmissions, command and control, including to subs on station 
underwater. Frank Golden monitored this startling giant exercise, 
which was probably held for Gorbachev, and this author observed it 
by courtesy ofGolden's special detection equipment. Thus the Soviets 
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‘met the 1985 timetable established by Brezhnev in 1972 at a secret 
meeting in Prague of European Communist leaders. Western nations 
do not appear to have the equipment to monitor scalar EM emissions, 
and so Western intelligence agencies are believed to have totally 
missed this giant exercise and its significance. At conclusion, two 
power taps (four frequencies) were left in the earth to power "ready 
firing batteries,” so to speak 


11 Jun 85 - Lanzhou, China. 
China B747 crew encounters a huge, expanding yellowish glow of 
light, with very intense spot at center. Probable Soviet test 


11 Jun 85 - Mongolia. 
Chinese jumbo jet, Peking to Paris flight, encounters giant "UFO" 
light form over Mongolia. 10km. wide. Lit sky for 50 km. Extremely 
bright spot at center. Paced aircraft for 2 minutes. Probable Soviet 
test. Soviet operator tracked a/c exhaust with long range antibomber 
system, Added giant light form for deception, and to create UFO 
reports, which are largely ignored, 


23 Jum 85 - lowa, Nebraska, Kansas, Illinois, Kentucky. 
Thunderstorms over Iowa, Nebraska and Kansas organized into 
single circular pattern rainstorm 200,000 sq. km. in area. Declined 
until dawn, then rejuvenated to unleash severe weather over Illinois 
and Kentucky. Such organization never before had been seen. Now 
called "mesoscale convective complex." Shows unique new weather 
pattern involving giant organization. 


2 Aug 85 - Dallas/Ft. Worth, Texas. 
Delta Airlines flight 191, a Lockheed L-1011, encounters microburst 
while approaching runway at Dallas/Ft. Worth International Air- 
port. Crashes and kills 134 ofthe 163 persons on board. While such 
microbursts occur in nature, this was during a period of intense 
Soviet scalar EM activity. Note that warming the tops of thunder- 
storm anvil causes a downburst. May have been just accident. May 
have been test. 


23 Aug 85 - Italy, Adriatic Coast. 
‘More than 28 "UFO" sightings reported along Italy's Adriatic coast 
soon after midnight. Light phenomena. Probable Soviet test. Part 
ofdeception plan. Scalar KM holography (real-time). 
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28 AUG 85 - Vandenberg AFB, California. 
Titan B fails after launch at Vandenberg AFB, California. Believed 
to have carried sensitive U.S. satellite. Suspicious. 


Sep 85 - Kourou. 
Ariane rocket explodes at Kourou. 3rd stage engine failed to ignite 
properly, forcing loss of power. Destruct then ordered. French 
officials suspect Soviet sabotage. Probable Soviet test. 


Sep/Oct 85 - Cape Canaveral, Florida, 
Anomalies observed on two U.S. shuttle launches by NASA. No 
action taken; NASA does not recognize scalar EM weapons capabili- 
ties nor testing over its Cape Canaveral launch site. Nor does it 
connect the mysterious "booms" that have rocked the Florida coastfor 
several years with the Soviets or with the anomalies noted on its two 
shuttle launches, such as giant booms. 


2 Sep 85 - Mexico City, Mexico. 
Worst hailstorm in 50 yrs. strikes Mexico City, leaving some streets 
‘more than a foot deep in ice. I-hr pelting. 25 bldgs collapsed. 4,000 
roofs heavily damaged. 1 killed, 185 injured. Power blacked out. 
May have been due to extensive Soviet long range weather engineer- 
ing. 17 days prior to suspicious giant Mexican earthquake. 


5 Sep 85 - Australia. 

Premier Wran, Australia, along with Minister of Agriculture Hal- 
lam, observe a brigh spherical "UFO" from their governmentjet. It 
was photographed. Radar contact showed object at 100,000 ft. 
Probably Soviet advanced performance antigravity flying vehicle. 


18 Sep 85 7:15 pan. - Catalina Is. Channel Is. 
Cookman observes giant cloud radial, awesome to behold, between 
Catalina and Channel Islands, off California coast. 

18 “funnel” strobes, dynamically boiling. Activity indicates great 
energy poured into earth and atmosphere. Mexican quake the next 
morning. Indicator of Soviet scalar EM connected to quake. 


19 Sep 85 7:18 a.m. - Mexico City, Mexico. 
Large earthquake strikes Mexico City, causing great damage. 
Largest of several. Preceded wks earlier by giant anomalous hail- 
storm. Evening before, giant radials showed extensive Soviet power 
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transmission activity. Positive indications of Soviet test. 


8-9 Nov 85 - Ventura County, California. 
Highly anomalous power blackout in Carlisle Canyon, Ventura 
County, Calif. Accompanied by severe electrical anomalies totally 
beyond normal electromagnetics. Investigated and reported by 
engineer Ron Cole, who lives in the area. TV, light, phone, electrical 
anomalies plus intermittent 29 Hz signals 


Nov- Dee 85 - California. 
Mysterious hum continues to baffle people at Pacific Heights, Calif, 
and Marina district on San Francisco Bay. Previously had had same 
hum. Note such hum in England persisting over long period. Note 
8-9 Nov 29 Hz. anomalous elec. signal at Carlisle Canyon, Ventura 
County, CA. Possible indications of Soviet scalar EM activity. Area 
appears to be one ofSoviet register /test points 


26 Nov 85 - Cape Canaveral, Florida 
Launch of space shuttle Atlantis from Cape Canaveral, Florida is, 
accompanied with high anomalies. (1) Seconds before launch, Bob 
Gladwin inadvertently photographs nearby strike of what appears 
to be an electromagnetic missile, probably of Soviet origin. (2) 
Anomalous light is hanging in the sky, near the launch site: a 
marker beacon, placed there by the Soviet scalar EM weapon system 
being tested. Seen by hundreds of persons, and photographed by 
George Suchary. Printed in Fort Pierce Tribune. (3) 12 minutes 
after shuttle is launched, when it is well down range, a tremendous 
rumbling atmospheric boom occurs, heard 600 mi. up and down the 
East Coast. Marker beacon then slewed away by distant Soviet 
operator at high speed. With offset EM missile strike, Soviets tested 
the weapon to be used on the Arrow DC-8 two weeks later at Gander 
AFB, Nfld. Marker beacon used in precise registration. Note it was 
evidenced again above the explosion of the Titan on 18 Apr. 86 at 
Vandenberg AFB. Boom is from energy induced over a large area; 
which can catch multiple missiles being launched, a large Naval task 
force at sea, or a whole flight of airborne bombers, fighters, or 
helicopters. Also can catch an entire organization on the ground, or 
an installation -- wiping out all electronics, exploding explosives and 
ordnance, stunning or killing personnel, etc 

Again hundreds of NASA engineers and scientists did not recognize 
what was happening at the site and over their own heads. 
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12 Dec 1985 - Gander, Newfoundland 
Arrow DC-8 crashes immediately after takeoff at Gander AFB, 
Newfoundland. Lost power just after takeoff; engines "tumbling" 
abnormally rather than roaring, according to eyewitness whom the 
alc flew directly over, 100 ft up. Aircraft seen by three eyewitnesses 
to have an orange glow on it. Symptoms of negative energy intro 
duced into engines, cancelling some ofheat energy ofthe engines and 
seriously interfering with combustion process, causing loss ofpower. 
Glow may have been steady, small electromagnetic ball of energy 
against the aircraft, causing it to electrically charge and exhibit 
corona. Anomalous hole in right fuselage, just ahead of engines, as 
if from internal explosion; however, no explosive residue (it was 
tested). One other anomalous hole found. Wild swings of some 
instruments recording just at/after liftoff — ignored by 
investigation. Note previous 36 light incidents in and around Gan- 
der, Jan. 1982. Gander Airport is major stopover for Soviets, and a 
‘major "registration point” for scalar EM weapons. Note anomalies in 
shuttle launch 2 wks earlier, and apparent actual test of the small EM 
missile then, offset so as not to destroy that shuttle. 


Aircraft crew one ofArrow's best. Aircraft should have flown okay, 
ifnot interfered with. Serious indications that the DC-8, with over 
250 U.S. soldiers and air crew, was deliberately destroyed by test of 
@ Soviet launch-phase antibomber system. 


Note metal-sofiening Soviet signal detected on 1 Jan 86 by Frank 
Golden may actually have been on the Woodpecker transmissions on 
Dec 12,1985. This metal-softening signal probably played a part in 
the destruction ofthe Challenger on 28 Jan 86 


1 Jan 86 - Near Nashville, Tennessee 
Frank Golden discovers a metal-softening signal on the Soviet 
Woodpecker interference grid. Performs experiments to verify the 
metal-softening ability of the signal. Signal is ofsuch a nature that 
only Golden's instrumentation could have detected it. He then 
scalarly cancelled the signal to totally prove it. 


24 Jan 86 - Ventura, California. 
Engineer Ron Cole observes and sketches a giant grid cloud pattern 
over Ventura, Calif, at 11:45 p.m. PST. Giant cloud fingers, sepa- 
rated from each other, formed the crossed-grid pattern. Shows 
Woodpecker scalar EM power very high and active. 
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26 Jan 86 - Northern California, 
Strong quake hits Northern Calif. 5.5 on Richter scale, Hollister 
area, about 120 mi. south of San Francisco. Several power outages 
in southern Bay area, where quake knocked out transformers, 
downed 21,000 V. power line, and set offburglar alarms. May have 
heen induced by Soviet scalar EM transmitters 


26 Jan 86 - Los Angeles, California. 
In greater Los Angeles area, Margaret Wilson observes 3 classic 
giant radial clouds form at 10 min. intervals: 1:15, 1:25, and 1:35 
p.m. Appeared one after the other, till all three were there. Last one 
lasted about two hours, gradually distorting. Shows a great amount 
of structuring to capture and turn the Jetstream, to direct cold weather 
10 the Florida Panhandle and catch the Challenger before its impend- 
ing launch, exposing it to drastic cold conditions. Definitely Soviet 
engineered. 


27 Jan 86 - Santa Monica, California. 
On evening prior to the Challenger disaster, Al Matthews photo- 
graphs a strange bar-grid cloud formation, absolutely rectangular 
bars, from the Los Angeles freeway. Pattern approx. over Santa 
Monica Bay, due north of Catalina Island. Edges and ends very 
straight, as ifdrawn in sky by a giant draftsman. Shows severe high 
‘frequency content, and fine-point localization of Soviet scalar EM 
transmitters, in preparation for forthcoming launch of the ill-fated 
Challenger. 


27 Jan 86 - Florida Panhandle. 
Avalanche of freezing air temperatures to record lows across the 
Southeast. Low temperature records set all across the South. 
Jetstream bent far south, across Florida Panhandle. Definitely 
caused by Soviet weather engineering. Preceded by giant radial 
cloud signatures in “hinge” areas of Los Angeles and Huntsville, 
Alabama, showing steering ofJetstream. 


28 Jan 86 - Cape Canaveral, Florida. 
Low temperature records shattered all across the South. Into 30's in 
Florida and into teens elsewhere. Definitely result of Soviet weather 
engineering, and definitely directed against the Challenger rocket on 
the launch pad. 


469 Selected Incidents 


28 Jan 86 - Off Florida Coast. 
About 4 hr. before the launch ofthe Challenger, all Soviet ships off 
coast, which normally monitor shuttle launches, suddenly depart at 
high speed. Soviets do not want any suggestion that the ships’ radars 
and transmitters may have interfered with the Challenger launch. 
Total anomaly. Unprecented event. 


28 Jan 86 - Cape Canaveral, Florida. 
National radio and TV newsmen comment on the highly unusual fact 
that no birds are flying in the launch area. Reason: For severe 
localization, high frequency content of the scalar EM signals had 
been drastically increased. A bird’s brain will detect and resonate to 
this energy, ifthe wavelength approaches the diameter of its brain. 
This resonance will cause greatpain and/ or death ofthe bird. Thus 
the birds flee the area when this begins to occur —or they die. When 
birds accidentally fly into such a high frequency scalar EM signal, 
their nervous systems are instantly jammed. They die and fall from 
the sky. 


28 Jan 86 - Cape Canaveral, Florida. 
Space shuttle Challenger, launched from Cape Canaveral after 
exposure to cold weather conditions, disastrously explodes. Booster 
seal problem. Encounters air turbulence during launch, at most 
critical altitude. Sovier metal-softening signal has been added to 
grid. Extreme localization in area because ofhigh frequency content 
added; shown by birds having vacated the area. Anomalous depar- 
ture of Soviet ships offshore, 4 hrs. earlier. Three previous tests of the 
weaponry in that exact launch area, against the three previous shuttle 
launches. Kill of the Arrow DC-8 about 6-112 weeks earlier. Actual 
celebration by the KGB ofperfect success of their active measures 
against the Challenger! U.S. space program crippled and set back 
severely 


29 Jan 86 - Moscow. 
‘At KGB headquarters in Moscow, the KGB holds ajubilant party to 
celebrate the perfect success of their active measures against the 
Challenger. Note that Soviet scalar EM weapons — development, 
deployment, and use —are under the control ofthe KGB rather than 
the regular Soviet armed forces. 
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31 Jan 86 - Mid-U.S. 

Richter 5.0, Earthquake rattles 9 states and Great Lakes. Possible 
test ofweapon that killed the Challenger, in the earth transmission / 
earthquake induction mode. 


2-4 Feb 86 - Birmingham, Alabama. 
In Birmingham, Alabama dead birds plummet from the air to the 
ground for three days. Blackbirds, cardinals, sparrows, bluebirds, 
etc, No trace of poison in carcasses. Only afew days after kill ofthe 
Challenger. To divert theJetstream further south and hit Florida, the 
Soviets had moved the normal "hinge pin’—where scalar EM energy, 
citherpositive or negative, is focussed —from Huntsville to Birming- 
ham. Hinge pin area was still activated. The high frequencies used 
for extreme localization against the Challenger were lethal to birds 
Therefore birds that inadvertently flew into this zone were instantly 
killed and dropped from the sky: 


10 Feb. 86 - Europe. 
Super Frelon (French) helicopter crashes, with 11 killed. Aeronau- 
tique Navale aircraft. Part ofa spate of crashes of French military 
aircraft in four months (through June 86). Defense Minister Andre 
Giraud launched a special investigation. 


23 Feb 1986 - Irish Sea, 

Over the Irish Sea in an airplane, England's Prince Charles sights 
a brilliantly glowing, red object hovering near them. His pilot 
reports the object to air traffic control. Four other aircraft traveling 
through that area radioed similar reports. Probably either a Soviet 
craft or a Soviet holographic scalar EM demonstration as part ofthe 
overall deception plan, and/or a stimulus to a member ofthe Royal 
Family to observe what action is taken by British Ministry ofDefense. 
By actions, could ascertain whether or not Britain knew what was 
going on. 


30 Mar 86 - Ventura, California. 
Engineer Ron Cole in Ventura CA observes significant cloud pat- 
terns, positively correlated with his measurements of the Soviet 
woodpecker transmissions. Cloud pattern changes were directly 
correlated to signal changes on the Woodpecker. Shows cloud 
signatures can be indications ofspecific Woodpecker activity 


HIGH FREQUENCY 
Athigh frequencies, more materials behave as 
dielectrics, i.e. copper is a dielectric in the gamma 
ray range. A wave is considered high frequency when 


o o 
la>>2| = is the dielectric relaxation frequency 
& e 


intrinsic wave impedance, see p 12. 


What happens to the complex propagation constant at high 
frequency? 


e o | 
y= y( Jou) (joe+s) = | jou joe] 1+— | 
q joe 
Since both 1/a and oie are small 
= jogs © S Bs jo Jue 
y= saiio5-2) Yas y et love 
With y= a+ jB 
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tan5 LOSS TANGENT 
The loss tangent, a value between 0 and 1, is the loss 
coefficient of a wave afer it has traveled one 
wavelength. This is the way data is usually presented 
in texts. This is not the same 5 that is used for skin 
depth. 


o 


tan 


oe 


Graphical representation of 


loss tangent: {mag (1) 


For a dielectric, Gas 


tand<1 


ati Re (1) 


‘¢ is proportional to the amount of current going through 
the capacitance C. 

« Is proportional to the amount current going through the 
conductance G. 


TEM WAVES 
Transverse Electromagnetic Waves 


Electromagnetic waves that have single, orthogonal 
vector electric and magnetic field components (e.9., 
and.7;), both varying with a single coordinate of space 
(e9., 2), are known as uniform plane waves or 
transverse electromagnetic (TEM) waves. TEM 
calculations may be made using formulas from 
electrostatics; this is referred to as quasi-static 
solution 


Characteristics of TEM Waves 
‘= The velocity of propagation (always in the zdirection) is 
v, =1/ ff , which is the speed of light in the material 


‘= There is no electric or magnetic field in the direction of 
propagation. Since this means there is no voltage drop in 
the direction of propagation, it suggests that no current 
flows in that direction, 

‘= The electric field is normal to the magnetic field 


‘= The value of the electric field is n times that of the 
magnetic field at any instant. 

‘+ The direction of propagation is given by the direction of 
ExH 

‘= The energy stored in the electric field per unit volume at 
any instant and any point is equal to the energy stored in 
the magnetic fie. 


TEM ASSUMPTIONS 
‘Some assumptions are made for TEM waves. 
&=0 H= 


o=0 time dependence e/* 


TTom Penick tom@lomzap.com www.leicontols.cominotes MicrowaveEngineering.pal 1/30/2003 Page 9 of 2 


471 Selected Incidents 


31 Mar 86 - San Francisco, California. 
Strong earthquake, Richter 5.3, rocks San Francisco Bay area. 
Third in region in 3 days. Three aftershocks within minutes. Note 
correlation of Woodpecker activity previous day: 


31 Mar 86 - San Francisco, California. 
Crew error on Delta flight accidentally shuts down engines after 
normal takeoff from San Francisco. Engines restarted. Definitely a 
crew error. Possible human effects from earthquake energy in area. 
Same type incident on Jun, 30, 1987. 


3 Apr. 86 - Florida. 
Loud boom shakes houses and rattles windows over Brevard County, 
Florida. One ofa whole series over the years. Not far from Kennedy 
Space Center. Soviet adjustment of scalar EM grid. 


Apr 86 - France. 
French Armee de L'Air has lost two Jaguars and two Alphajets in 
April 86. Part of a spate of losses in 4 months, leading Defense 
Minister Giraud to launch a special investigation. 


7 Apr 86 - Sacramento, California. 
Charlotte King of Sacramento calls UPI and predicts a major earth- 
quake will strike in Canada, Alaska, Aleutians, or Japan. She had 
predicted eruption of Mt. St. Helens in 1980. On Apr. 27th, she 
predicted quake that shook Mexico three days later. 

Note that human brain is a scalar EM interferometer, capable of 
transmitting and receiving scalar EM waves. Unfortunately, not 
conscious — output of system is in deep unconscious. Some persons 
are more sensitive than others, and can detect the scalar activity from 
the increasing stress in rocks that is leading toward an earthquake. 
Charlotte King is such a person, having over an 80% accuracy of 
prediction ofquakes. She will be able to detect the increasing stress 
in rocks, whether naturally or artificially induced. 


9. Apr. 86 - Aleutian Islands 
Three quakes rock the Aleutian Islands. Predicted by Charlotte 
King on Apr. 7. Documented prediction. 


18 Apr. 86 - Huntsville, Alabama; ‘Thousand Oaks, California. 
‘T-E. Bearden sees and photographs remnants ofa giant radial cloud 
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in Huntsville, Alabama. Extensive Soviet woodpecker grid activity 
noted over Thousand Oaks, California by Engineer Ron Cole. Both 
show increased scalar EM activity in the interference grid. 


18 Apr 86 - Vandenberg AFB, California 
USAF Titan 34-D rocket explodes nine seconds after launch from 
Vandenberg AFB, California. Video captured the Soviet marker 
beacon (Aviation Week & Space Technology). Engineer Ron 
Cole and team study video ofthe explosion frame by frame and verify 
the anomalous beacon light is present, is separate from the explo- 
sion, and moves away separately after the explosion. Sensitive 
satellite believed on board the rocket. U.S. Space surveillance 
program crippled. Probable Soviet kill. TR wave adjunct with Wood- 
pecker. 


25 Apr 86 - New Mexico. 
NASA research rocket misfires over the New Mexico desert. No 
public announcement made at the time. Was first failure in 25 
consecutive missions of the Nike-Orion rocket. Said NASA spokes- 
man Kukowski: "It looks like we're snakebit.” 

Possible Soviet test kill. 


25 Apr 86 - California; Chernobyl, USSR. 
Bill Bise detects the sudden loss of the East-West Soviet woodpecker 
transmitter he is monitoring in the field, leaving the North-South 
transmitter. The failed transmitter was about 20-30 km. from 
Chemobyl. The Soviet transmitter sites safety circuits go-in full, 
trying desperately 10 hold back the giant scalar EM standing-wave 
potential that has been built up, and slowly and safely drain it away 
into the earth. In alarm, Soviets shut down nearby reactors at Cher- 
nobyl. Any "flash discharge” escape as a flash-over pulse of the scalar 
EM potential will produce a giant EGP pulse into the earth. When this 
EGP pulse reaches the four reactors, they will violently explode, full- 
up nuclear, like giant hydrogen bombs — perhaps 1200 megatons 
equivalent. Later the Soviets will claim that the operators shut the 
plant down to do some “unauthorized experiments." 


26 Apr 86 - Chernobyl, USSR. 
With the giant scalar EM standing wave almost all drained away, the 
safety circuits finally fail, dumping a small EGP into the earth, The 
nearest reactor at Chernobyl gets it, and the uranium fuel roils 
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suddenly go half-decayed, instantly heating and blowing out the 
reactor, destroying it. Nuclear radiation fallout spreads over much 
of Europe. 


3 May 86 - Florida, 
Delta 178-rocket destroyed by range safety officer at T + 91 after two 
anomalous power surges occurred in the rocket, causing premature 
shutdown of Ist stage Rocketdyne RS-27 engine 71 sec. into the 
flight, and rocket to go aerodynamically unstable. Previous 43 
launches had been successful. Since 1960, 177 launches 94% 
successful. One of most reliable rockets ever built. Soviet weapons 
test. One ofa series. TR wave adjunct with Woodpecker. 


7 May 86 - Aleutian Islands. 
Great earthquake measuring 7.7 Richter strikes Aleutian Islands. 
Centered about 100 miles SE of the island of Adak. Tsunami alert 
issued for the North Pacific, but no major waves ever materialize 
‘Thousands evacuate coastal areas. A U.S. researcher known to this 
author used a powerful scalar interferometer to block the tsunami. 
The researcher must remained unnamed. 


9 May 86 - Redstone Arsenal, Alabama. 
All power on Redstone Arsenal, Alabama suddenly and mysteriously 
fails all at once. Similar related incident on May 12. No explanation. 


12 May 86 - Huntsville, Alabama. 
In Huntsville, Alabama — adjacent to Redstone Arsenal — on local 
radio program Feedback, public radio discussed the mysterious 
failure of all power on Redstone Arsenal on Fri., May 9, 1986 and 
requested that, if anyone knew why all circuits would go off at once, 
to please get in touch. Immediately the station's radio transmitter 
went offthe air! (Almost as if "Big Brother's listening to you!") 


18 May 86 - Dijbouti. 
French Breuguet Atlantic aircraft crashes in Dijbouti, killing 19. 
Part ofspate ofcrashes ofFrench military aircraft in 4 months that 
leads French Defense Minister to open special investigation. 


19 May 86 - Brazil. 
Brazilian fighterjets are sent to chase multi-colored "ping- pong ball 
sized" UFO's in skies over Brazil. 4 jets, two Mirages and 2 F-5's 
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chased them at speeds of $40 mph. Tracked on radars. Chase lasted 
3 hrs. Planes could not catch them; ran low on fuel and returned. 
scussed on TV by Brazil's Air Force Minister Brig. Gen. Otavio 
Moreira Lima. Soviet scalar EM holographic production; distant 
Soviet operators having fun and games as part ofthe deception plan, 
generating UFO incidents and reports? 


22 May 86 - California. 
High-speed orange "X" object with lights seen above Sonoma CA 
before dawn. At one time the object slowed and hovered. 


29 May 86 - Huntsville, Alabama. 
Huntsville and Madison County, Alabama electrical power dipped 
momentarily and mysteriously, causing a seconds-long outage in 
businesses and homes, playing havoc with traffic signals and com- 
puter centers throughout the area. Some traffic signals continued to 
malfunction for 30-45 min, after power was restored, then mysteri- 
ously resumed normal functioning. Some phones also went out 
inexplicably, and many battery-powered radios went off, and were 
awry for seconds or minutes before recovering. Obviously this was 
not caused by any kind ofordinary electromagnetics. Shows anoma- 
lous and high activity (pulsed) in the Soviet scalar EM grid 
(Huntsville Ah. is a pivot point). 


30 May 86 - French Guinea. 
Ariane 2 rocket fails because ofa faulty ignition system for the third 
stage engine. Rocket destroyed by ground command 4-1/2 min. after 
launch from Kourou, French Guinea. The third stage has failed 3 
times since start of Ariane's operations in 1979. 

Possible Soviet test 


Tad Szule, Washington journalist, implies that French Defense 
Minister Andre Giraud may have discussed the possibility of Soviet 
sabotage of the rocket with Washington. 


May? 1986 - Straits of Gibralter. 
USS Atlanta nuclear sub runs aground in Straits of Gibralter and 
suffers "serious damage,” according to reports in Madrid. A hole was 
made in one ballast tank and the sonar wrecked. 

Another U.S. nuclear sub ran aground within a month orso (earlier?) 
ofthis incident. Could something have interfered with their naviga- 
tion systems underwater? Continued Soviet Scalar EM tests? 
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11-12 July - California, 
Secret USAF crashes approx. 14 mi. NE of Bakersfield, CA along the 
Kern River. Site secured. Possible Stealth fighter. Crippled aircraft 
in trouble seen and photographed by Andy Hoyt, who turned photos 
over to USAF (properly so). Aircraft not on fire when came down. Did 
not explode in the air. No information as to whether any Soviet scalar 
EM hanky-panky involved or not. Suspicious because follows a series 
of anomalous missile failures. Woodpeckers definitely have good 
anti-stealth capability 


11 July 86 - Tennessee and Georgia. 
Moderate quake with sonic boom shakes SE Tennessee and North- 
ern Georgia. 3.7 on Richter scale. Centeredjust east of Chattanooga 
Tennessee on the TN/GA line, 


12 July 86 - Michigan, Ohio, and Kentucky. 
Mild quake in Michigan, Ohio, and Kentucky. 4.0 on Richter scale. 


18 July 86 - Los Angeles, California 
Sharp aerial boom rattles Los Angeles Basin at about 0930 hrs. FAA 
and USAF unable to identify a potential source from an aircraft. 


Aug 86 - Soviet Union. 

‘Two huge new Soviet "radars" discovered on Western Soviet border 
by U.S. intelligence. One near Skrunda, on Lithuanian border. 
Other near Mukachevo, on the Czech border. With phase conjugate 
adjuncts, represent significant strategie weapon system deploy- 
‘ments 


2 Sep 86 - Baltic Sea. 

Finnish ferry Scandinavia in Baltic Sea observes a strong light rise 
from the sea near the Finnish Coast. After 3 to 4 seconds, a giant 
mushroom reached 500 feet into the sky and covered the moon. 
Probable Soviet test. 


12 Sep 86 - Dallas, Texas. 
Mysterious, powerful “explosion” rocks South Dallas. No source 
found or explained. No supersonic jets in area 
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15 Sep 86 - Australia. 
Katherine, Australia. Object with flaming orange tail moved from 
sky toward ground at 45 degree angle. Katherine's electrical power 
suddenly cut off and phone lines in the town disrupted. Probable 
Soviet scalar EM generated. 


Oct-Nov 86 - Los Angeles, California, 
Giant radial clouds observed in Los Angeles area, 


Oct 86 - Reykjavik, Iceland. 
Gorbachev and Reagan meet at Reykjavik, Iceland. Gorbachev 
proposes "zero option.” Seeks 10 get nuclear missiles removed, since 
they constitute "dead man fuzing” because ofnuclear warheads, and 
severely limit pulse use of Soviet scalar EM weapons, Adamantly 
insists on bottling up SDI — because ifspace laser is converted to 
scalar EM laser, its power (effective) goes up about 10” times, and 
single shot could devastate Russia. 


10 Oct 86 - Vandenberg AFB, California 
U.S. forced to scrub another missile launch when a USAF Scout 
satellite malfunctions during final countdown at Vandenberg AFB, 
Calif. The booster's gyro system failed a checkout sequence at about 
T-5 hr. Scalar EM can inertially interfere also. 


13 Oct 86 - ABC News. 
On Peter Jennings’ ABC News show, Gennadi Gerasimov, Soviet 
spokesman, indicated that SDI as presently designed was of no 
concern to Soviets. Real concern is that U.S. will make a "great 
technical breakthrough” and deploy new, modified devices, present- 
ing an unacceptable threat to the Soviet Union. Here he is thinking 
of changing the laser to a scalar EM laser. 


6 Nov 86 - Albuquerque and Phoenix. 
Power failures at Albuquerque air traffic control tower and a radar 
station near Phoenix, Arizona occur. Radar controlling high altitude 
air traffic from Texas Panhandle to southern California was knocked 
out for 40 min. First such incident in Albuquerque center. The 
Arizona radar was out for 59 hrs. Note similar incident at Montreal 
onNov. 11, 1986, 
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10 Noy 86 - Huntsville, Alabama. 
Three giant radial cloud formations in Huntsville, Alabama photo- 
graphed by T.E. Bearden. One is a twin giant radial. Shows heavy 
activity in scalar EM interference grid. 


10 Nov 86 - SE U.S. 
Red glowing light with tail flares across sky in Southeast about 
sunset. Seen over parts of TN, AL, GA, MS. Ground searches 
conducted in several areas for possible crash. Probable Soviet scalar 
EM activity. Note heightened activity in grid same day 


10 Nov 86 - Near Nashville, Alabama: Hemet, California. 
Frank Golden measures scalar EG field of earth — highly agitated 
and dynamic, about half as much as when Soviets induce earth- 
quakes. Anomalous winter storm in progress. Cold records broken 
in Mid-U.S. Heat records broken in Florida. Storm penetrates very 
deeply southward. Soviet weather engineering. 


11 Nov 86-Canada. 
Air traffic control radar in Montreal, Canada region broken down. 
Backup system employed. Note similar occurrences to Albuquerque 
and Phoenix on Nov. 6, 1986. 


12 Nov 86 - Atlanta, Georgia. 
Stationary arc (dome) of clouds sighted over Atlanta. Well defined 
lower edge. Upper edge irregular. Multiple witnesses. Clouds 
‘moved into top of dome and flowed around it. Very strange sight. 
Probable Soviet "gentle test” of placing a suppressive covering over a 
distant U.S. city. Performed at night, at minimal level (no glow) so 
no great notice would be taken. Dome was stable against 20 mph 
winds and other moving clouds that collided with it 


13 Noy 86 - Huntsville, Alabama. 
‘Twin giant radial cloud observed moving over Huntsville, Alabama 
byT.E. Bearden. Westto East. Atnearly noon. At dusk, single giant 
radial cloud was also spotted over Huntsville 

Significant scalar EM activity. in grid. 


17 Nov 86 - off Alaska, 
JAL Flight 1628 observes giant UFO while enroute from Reykjavik, 
Iceland on mid-leg of Europe to Tokyo. Crossed Beaufort Sea off 
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Alaska's north coast. Sighted flashing lights which moved alongside 
the aircraft. Pilot descended, so did light. Glimpsed craft in profile, 
twice as big as aircraft carrier. On board radar located it. USAF and 
civilian controllers reported brief radar echoes, but tapes did not 
show it. Approaching Fairbanks, Alaska. Pilot made 360 degree 
circle, object stayed with him. Finally disappeared as he was 
approaching Anchorage. Probable Soviet test as part of deception 
plan. TR wave holography 


27 Noy 86 - Fort Pierce, Florida. 
Flash oflight in sky and sonic boom occurred vicinity of Fort Pierce, 
Florida. Probable Soviet EM test. Note that a classified payload was 
Scheduled for launch in near future at Cape Canaveral nearby. 


4 Dee 86 - Huntsville, Alabama; Hemet, California 
Twin giant radials seen and photographed over Huntsville AL. 
Large radial cloud seen in skies over Hemet, Calif, and photo printed 
in The Press Enterprise, Hemet, CA 5 Dec 86. 


4 Dee 86 - Cape Canaveral, Florida 
Atlas/Centaur rocket successfully launched at Cape Canaveral, 
orbits a communications satellite for DOD. The Soviets had to allow 
one or two ofthe missiles to succeed, else even the lethargic U.S. 
bureaucracy would have caught on. Grid activity indicates they 
probably just tracked it without the other goodies 


5 Dec 86 - Vandenberg AFB, California. 
MX ICBM launched from Vandenberg AFB. Two of RVs did not 
deploy although all impacted within the Kwajalein Missile Test 
Range. Note: Soviets let one go from Vandenberg. 


21 Dee 86 - Huntsville, Alabama. 
‘Twin giant radial photographed over Huntsville Alabama. 


23 Dee 86 - Huntsville, Alabama. 
Small flash in lower sky over Huntsville, Alabama observed by TE. 
Bearden. Followed by faint boom. Momentary loss of power occurred 
in large area of Huntsville. Positive correlation between the aerial 
flash/boom and the loss of the power. Soviet test 
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7-21 Jan 1987 - Florida. 
Several giant radial clouds seen in vicinity of Fort Lauderdale, 
Florida. Indicates substantial action in scalar EM grid. 


20 Jan 87 - U.S. 
Highly unusual bend in Jetstream. Completely down West Coast, 
curving east under Texas, NE along SE USA. Shows great action in 
scalar EM grid. Significant weather engineering. 


20 Jan 87 - Vandenberg, AFB, California. 
Minuteman missile destroyed in launch. Note substantial action in 
scalar EM grid. 


23 Jan 87 - Huntsville, Alabama 
Bearden photographs twin giant radial over Huntsville AL. Cloud 
fades with great and unusual rapidity. A private-type jet, similar to 
a Learjet, continually circled under the strange twin radial cloud, as 
if observing and/or photographing it. Perhaps someone in the U.S. 
system wised up. 


28 Jan 87 - Vandenberg AFB, California 
Minuteman missile successfully launched from Vandenberg AFB 
Note: Anniversary ofthe Challenger disaster. 


7 Feb 87 - Alabama - Tennessee border. 
Loud aerial boom or explosion shakes area from Tennessee, New 
Market, Monte Sano through Huntsville Alabama area. 


10 Feb 87 - Huntsville, Alabama. 
Bearden photographs twin radial cloud in Huntsville, AL. Cloud 
stayed fixed, although winds present and other clouds moved. Note 
big storm in NE - Cape Cod, etc. Associated with weather engineer- 


ing. 


11 Feb 87 - Huntsville, Alabama. 
Bearden photographs another twin giant radial in Huntsville, Ala- 
bama. Shows activity in Woodpecker grid. 


Feb 87 - Vandenberg AFB, California. 
USAF Titan launched from Vandenberg AFB, Calif. 
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12 Feb 87 - California. 
Blue Angel F-18 a/c crashed near Brawley, CA. Fourth military air 
crash in the Imperial Valley since October. Note Woodpecker grid 
activity on previous day: 


26 Feb 87 - Cape Canaveral, Florida 
GOES-H weather satellite launched from Cape Canaveral on a 
DELTA rocket. 


26 Mar 87 - Cape Canaveral, Florida 
Stunning failure of an Atlas/Centaur rocket launched from Cape 
Canaveral. May have been hitby lightning. Failed suddenly 51 sec. 
after liftoff. Veered out of control and destroyed. Note: Possible 
Soviet scalar EM involvement. Much to do later about multiple 
lightning strikes; very suspicious 


June 1987 - Vandenberg AFB, California. 
Minuteman 3 missile fired from Vandenberg AFB, Calif, is aborted 
and destroyed in flight. Note similar incident in July. 


12 Jun 87 - Cape Canaveral, Florida. 
Trident III launched successfully from flat pad. 


21 Jun 87 - Alaska. 
‘Three strong earthquakes shake parts ofremote Alaskan Peninsula. 


30 Jun 87 - Los Angeles, California. 
Delta 767 flight 810 crew inadvertently shuts down engines shortly 
after takeoff from Los Angeles. Starts to fall, restarts engines and 
recovers. Definitely crew error. Similar incident on Mar. 31, 1986 
after takeofffrom San Francisco. 


12 July 87 - Over Pacific Ocean. 
Minuteman missile is destroyed in flight over the Pacific Ocean 
because of a problem in flight. Launched from Vandenberg. Note 
similar incident the previous month. 


16 Jul 87 - Huntsville, Alabama. 
Anomalous largo "boom" occurs at Huntsville, Alabama, 


WAVE ANALOGIES 


Plane waves have many characteristics analogous to 
transmission line problems. 


Transmission Lines Plane Waves 


Phase constant Wave number 


B=oyic =2 k=aue = 2 = 2% 
a ye 
Complex propagation const | Complex propagation 


yaa iB 


k WAVE NUMBER [rad./cm]) 


‘The phase constant for the uniform plane wave; the 
change in phase per unit length. It can be considered 
‘constant for the medium at a particular frequency. 


{appears in the phasor forms of the uniform plane wave 
Ee" +E,e ete 


has also been used as in the "kof a dielectric" meaning e, 


=(RrjarGrjec) | ¥={(ien)(Goe+s) 


Velocity of propagation Phase velocity 


1) (eta) INTRINSIC WAVE IMPEDANCE [©] 


The ratio of electric to magnetic field components. 
Can be considered a constant of the medium. For 
free space, 1 = 376.730. The units of n are in ohms. 


Magnetic Field 


Meee] 


at low frequencies 


1 


n=s(I+ J) 


Line input impedance Wave input impedance 


_ 7 Zt i2atan(Bl) nie jn tan (Al) 
27 zane) | "acim, wn(e) 
Z,+2,tanh (1) nen tanh (7) 
Z, +2, tanh (1) m7, tanh (7) 


When an electromagnetic H 

wave encounters a sheet of 

conductive material it sees an gE 
impedance. K is the direction K 
of the wave, His the magnetic. 
‘component and Eis the 
electrical field. Ex H gives the 
direction of propagation K. 


Reflection coefficient Reflection coefficient 


Mm=Ne 
Te +My 
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17 Jul 87 - Huntsville, Alabama. 
Another anomalous, large "boom" occurs at Huntsville, Alabama. 
Note that Huntsville is a pivot point on the Soviet grid. Adjustments 
in the grid often "spill out" energy, causing such a boom, It causes a 
sharp boom ifpinpoint spillage occurs. It causes a more general 
quaking, rumbling sound of longer duration if spillage oceurs over an 


20 July 87 - Cape Canaveral, Florida. 
Tident II successfully launched from flat pad 


14 Oct. 87 - Nellis Air Force Gunnery range. 
‘Top secret plane crashes; possible stealth fighter. Did the Soviets 
Kill another one? 


9 Noy. 87 - Vandenberg, AFB, California. 
‘Minuteman II missile is destroyed seconds after launch. Unnamed 
anomalies cited. Did the Soviets interfere? 


4 Jan. 88 - Madison and Huntsville, Alabama, 
Giant radial sighted for several hours. Three mysterious booms 
rattle Huntsville. Soviet scalar EM activity continues. 
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APPENDIX V 


DEAD MANFUZING* 
THE REAL MEANING OF THE REYKJAVIK SUMMIT 


Soviet Foreign Minister spokesman, Gennadi Gerasimov, fol- 
lowing failure ofthe Iceland Summit, said in a radio interview that 
SDI(U.S. Strategic Defense Initiative), as presently designed, isof 
no concern to the Soviet Union. The real Soviet concern, he indi- 
cated, is that the U.S. would make a great technical breakthrough 
and deploy new devicesin space as a modification to SDI presenting 
an unacceptable threat to the Soviet Union. 


Peter Jennings’ ABC News Show, Los Angeles, CA 
13 October 1986. 


Gerasimov let the cat out of the bag! 


With their deployed scalar electromagnetic weapons, the Soviets, 
‘would immediately hold the winning hand-ifthese weapons could be 
unrestrainedly brought to bear. 

Aspointed out in Fer-de-Lance: A Briefing On Soviet Scalar 
Electromagnetic Weapons, Tesla Book, Co., 1986, the use of 
massive Soviet scalar EM weapons can only be gingerly applied. Ac- 
tivation and use of the Soviet scalar EM weapons is fraught with 
grave danger to the entire earth and to the whole human species 
because of the presence of nuclear facilities in the desired target 
area, and because of the "backlash" potential against the Soviet 
Union's own nuclear weapons and facilities. 

‘The explosion at Chernobyl was apparently caused by the acci- 
dental failure ofa nearby scalar EM transmitter, and the eventual 
impulsive loss of part ofthe electrogravitational potential builtup by 
the transmitter before it failed. The resulting electrogravitational 
pulse (EGP) in the earth "pulsed” the nearest nuclear material... feul 
rods in the reactor at Chernobyl 

Had the EGP not been depleted prior to its escape, all four reac- 
tors at Chernobyl would have exploded with the same intensity as if 
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they had been "triggered" by a fission explosion. 

In short, ifunrestrainedly used, the EGPs from the Soviet scalar 
EM weapons would initiate most ofthe nuclear weapons where they 
are in the targeted area-in storage, in silos, in aircraft, etc. Target 
area nuclear reactors and nuclear wastes would also be violently 
initiated into nuclear explosion. The resulting vast megatonnage of 
nuclear explosions, much of them "in the dirt, " would provide an 
unthinkable holocaust. The effects ofthese giant explosions, deadly 
fallout and dense clouds of smoke and dirt, would blanket the earth 
with nuclear effects greater than is presently expected from an all 
out nuclear war, in which many of the weapons are expected to be 
destroyed or lost without being exploded nuclearly. Deadly nuclear 
radiation would blanket the globe, contaminating it for thousands of 
years. From the covering of the earth by dense smoke and dirt 
clouds, a new and deeply bitter global ice age-not just a "nuclear 
winter’-would almost certainly be initiated. In 1960 Khrushchev 
appropriately characterized these fantastic weapons by stating that 
they could wipe out all life on earth if unrestrainedly used. 

A country's nuclear weapons and facilities, then, become its in 
advertent "dead man fuzing" to prevent any substantial employ 
ment oflarge scalar EM weapons againstiit. So long as nuclear "dead 
man fuzing" is in place in a country, its adversary can only utilize 
scalar EM superweapons against it with great difficulty, and then 
only sparingly. At present, both the U.S. and its NATO allies are 
"dead man fuzed" by the presence of Western nuclear weapons-and 
to some extent, by the presence of nuclear reactors and stored 
nuclear wastes. 

Obviously the Soviet Union's task of world domination—and the 
‘mind-rending risks it must take in employing large scalar EM 
‘weapons—would be greatly expedited ifthe obstacle of "deployed U.S. 
and NATO nuclear weapons and facilities” could be eliminated or 
‘minimized, 

‘Also, Gorbachev must be acutely aware that the U.S. is finally 
beginning to look at the possibility of scalar EM weaponry. He would 
assume that either the U.S. is already on the way to acquiring scalar 
EM weaponry ofits own, or else the time is imminent when it will do 
so. Ifthis happened, and the U.S. then were to deploy SDI scalar EM 
lasers in space, the effects of each laser would be enormously 
increased by the electrogravitational amplification factor. Reason 
able gain increases ofthe yield ofeach laser shot might approach, for 
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example, on the order of 10. In that case, each laser could suddenly 
devastate a whole state or region with one or two shots, instead of 
just being able to destroy one little missile. The Soviets know that 
Reagan's Star Wars weapons-if modified to the "improved" kind and 
deployed in space—could deliver a surprise first strike in seconds, 
and devastate Russia before all the Star Wars space weapons could 
be knocked out by Soviet ground-based scalar EM beams. 

‘The Soviets also know that itis not too difficult to modify lasers 
to become such powerful scalar EM lasers. 

‘This means that Gorbachev needs to insure that the Star Wars 
weaponry is not actually tested in space. Testing in space requires 
developing at least prototype "space deployment’ SDI weapons, to 
get them up in space to test them from there in the first place. And 
even such "prototype" SDI weapons would be sufficient to devastate 
the Soviet Union, given that the prototypes employed the technologi- 
cal breakthrough represented by scalar EM weapons. This is what 
Gerasimov was really referring to! 

‘Thus Gorbachev simply cannot allow such space testing of SDI 
weapons, ifhe hopes to be able to safely seize the opportunity to 
employ his own already-deployed, massive scalar EM weapons 
during the "window oftime” that would be provided by dismantling 
of U.S., NATO, and Soviet nuclear weapons. 

And-given that he gets agreement and implementation of the 
"zet0 option”-Gorbachev knows he will only have a narrow "window" 
oftime in which he can hope to achieve world domination. It can be 
only a short time until the U.S. produces results in scalar EM 
weapons, and promptly develops such weapons of its own. Faced 
with that eventuality, Gorbachev would then have no choice but to 
turn away from the Communist dream of world domination, and 
reach a mutually agreed accommodation with the West. Both the 
West and the Soviets then would have to take immediate and drastic 
measures to prevent the rapid development and spread of the 
relatively cheap scalar EM weaponry throughout other nation: 
particularly those motivated from fanatical beliefs and quite capable 
of "blowing up the earth” deliberately. 

‘Thus, before the U.S. becomes aware of scalar EM weapons and 
builds its own, Gorbachev desperately needs to get rid of the "dead 
man fuzing” problem posed by the nuclear weapons and facilities 
possessed by the U.S. and its Nato allies, so that he can utilize his 
superweapons to dominate the world without destroying it. 
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And he needs to block any chance that the U.S. would be able to 
have space-tested high energy laser prototypes which could be 
quickly modified to scalar EM weapons, fired into space, and used to 
counter Soviet aggression or even destroy the Soviet Union in 
retaliation. 

In short, today the paramount and almost desperate need of the 
Soviet Union is to reduce American dead-man fuzing and keep the 
SDI space laser genie bottled up in the lab on the ground. 

Accordingly, in Iceland, in what appeared to be a stunning 
concession on nuclear arms, Gorbachev suddenly offered Reagan a 
complete dismantling of all nuclear weapons-Reagan’s "zero op- 
tion." Actually this move had been planned by Gorbachev from the 
beginning; it was not a spur-of-the-moment offer. The reason was 
simple: Ifthe U.S. could only be persuaded to quickly get rid of its 
nuclear weaponry, the Soviets would hold an absolutely winning 
hand. Their massive, deployed, operational scalar EM weapons 
could then be unleashed with minimal restraint. The extremely 
delicate and incredibly dangerous problem of bringing the large 
scalar EM “continent-buster” weapons to bear, without inadver- 
tently causing world destruction, would be vastly eased if only the 
ordinary U.S. nuclear facilities such as nuclear power plants and 
radioactive wastes had to be reckoned with. 

Fortunately, Ronald Reagan fervently believes in defense 

He made the right decision, whether or not it was for the right 
reasons 

Indeed, he probably knew in advance that SDI was to be targeted 
in Iceland by the Soviets, and that sweeping concessions might be 
offered by them for that purpose. According to one report (" ‘Blinded’ 
Satellites,” Rowland Evans and Robert Novak, Washington Post, 
Oct. 29, 1986), just before Reykjavik the CIA-sent a report to Reagan 
with the warning that "the sole reason for Gorbachev's wanting the 
Iceland summit was to offer unprecendented inducements for Re- 
agan to drop SDI." 

Fortunately, Reagan rejected Gorbachev's proposal, because he 
does not wish to give up what he truly regards as a potential defense 
against incoming Soviet missiles. 

Apparently neither Reagan nor his advisors were aware of the 
real reason for Gorbachev's unexpected and breathtaking proposal 
for what would essentially be near-total nuclear disarmament. 

The Soviet ground-based scalar EM lasers could sweep the 
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heavens of the presently conceived SDI weapons, as Gerasimov 
obliquely implied. However, this would not change the barrier 
represented by U.S. nuclear dead man fuzing, unless the nuclear 
weapons had been removed. 

Meanwhile, Gorbachev's chess game to remove the dead man 
fuzing is certainly not over. The Soviets have mounted an intense 
propaganda campaign urging nuclear disarmament and cancella- 
tion orrestraint of SDI. With a Democratic Senate now in, and with 
the approaching end of Reagan's term in office, the Soviet effort to 
clear the U.S. nukes-and the dead man fuzing-out of the way for 
Soviet deployed superweapons, while keeping the SDI genie in its 
laboratory bottle, can only be intensified. Already the Soviets are 
beating every drum to get substantial antinuclear segments of the 
USS. scientific, congressional, political, and pacifist communities 
aroused to oppose SDI and urge a quick zero nuclear option. 

The treaty for dismantling certain missiles in Europe has al- 
ready been signed by the President, and its ratification by the U.S. 
Senate appears imminent. More is yet to come, and quickly. 

In its aching desire for peace, if an unsuspecting America falls 
into Gorbachev's trap, shackles SDI and removes its dead-man 
fuzing, the Soviet Union will be free to enforce its will wherever and 
whenever it wishes.* If that happens, our beloved stars and stripes 
will be replaced with the atheistic hammer and sickle. And the 
noblest experiment of all—freedom for the common person—will 
have come to an ignoble end. 
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SHEET RESISTANCE [9] 


Consider a block of material with conductivity o. 


r 


Ws resistance is R=—— 9. 
wis 


Ifthe length is equal to the width, this reduces to 


And this is sheet resistance. 


HIGH FREQUENCY RESISTANCE [0] 


When a conductor carries current at high frequency, 
the electric field penetrates the outer surface only 
about 1 skin depth so that current travels near the 
surface of the conductor. Since the entire cross- 
section is not utilized, this affects the resistance of the 
conductor. 


Cross-section 
of a conductor 
showing current 
flow near the surface: 


R 1 (& 1 
G8(perimeter) \ 26 2w+2r 


(sigma) conductivity (5.8%10* Siem for copper) 
[Siemens/meter] 

requency [radians/second] 

skin depth [em] 

Ho = permeabilly of free space Ho = 4x«10° [Hem] 
idth of the conductor {cm} 

thickness of the conductor [em] 


Tin WAVE INPUT IMPEDANCE [0] 


‘The impedance seen by a wave in a medium, 


For example, the impedance of a metal sheet in a vacuum: 


metal vec 
ea es 
: 1 


Me 


Note that a transmission line model is used here because it 
is analogous to a wave traveling in a medium. The "load is, 
the element most remote in the direction of propagation. 


+My tanh(y!) | 


The inputimpedance is Ny, = 
put imped: Mie Mo an, tanhlyl) 


In this example, is the thickness of a metal sheet. If the 
‘metal thickness is much greater than the skin depth, then 


tanh) tan + | tanhl{big number)(+ j) 
114s much less than the skin depth , then 


tanh(Ql) = antl L(+ i= tanh{(small number)(+ {)) 


= (same small number\+ /) = xe +i) 


1 MAGNETIC PERMEABILITY [H/m] 


The relative increase or decrease in the resultant 
magnetic field inside a material compared with the 
magnetizing field in which the given material is 
located. The product of the permeability constant and 
the relative permeability of the material 


H= Holly where pg = 4nx107 Him 


Relative Permeabilities of Selected Materials 
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Gold 0.99996 Platinum 1.0003 
Iron (99.96% pure) 280,000 Silver 019999736 
Iron motor grade) 5000 Titanium 1.00018 
Lead 09999831 | Tungsten 1.00008 
Manganese 1.001 Water 019999912 
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in 1968 while in the U.S. Amy and stationed in Quebec, Canada as the 
U.S. Army Liaison Officer to the Canadian Annament Research & 
Development Establishment (CARDE). The second event was the sudden 
terrorist attack on the U.S. on September 11, 2001, which propelled this 
nation and others into a war against intemational terrorism. 


For the mycoplasma, Kenn Thomas recognized and informed me exactly 
what the difficulty was, and I was finally tested and diagnosed correctly in 
December 2001 due to the efforts of a courageous family physician. 
Accordingly, in December 2001 we started a yearlong (or longer) regimen 
of antibiotics and supplementary oxygen, with additional medication to 
control the runaway heart fibrillation associated with this virulent form of 
the disorder. Ifwe make it through this yearlong program, we will 
probably survive with at least some significant recovery. Now on a much- 
reduced regimen, this made me realize the absolute necessity of passing 
the "energy from the vacuum” information and baton, so to speak, to those 
sharp young graduate students and post doctoral scientists who are 
interested in this area. They simply must not have to spend 30 years of 
their lives getting to this point. Instead, they should start where I am now, 
correct any errors I have inadvertently made, and go much farther. 


Accordingly, we sharply changed the intent and content of the book to 
comply with that new purpose. We also deeply considered the potential 
U.S. and World energy implications of that second shocking event of 9/11 
‘when international terrorists struck the World Trade Center in New York 
Center and the Pentagon, having also targeted the White House. 


In the new asymmetric form of warfare, the internal aspects ofa nation - 
its civilian population, its vulnerable installations, its energy infrastructure, 
its food cops, and its transportation modes — are the targets. Terrorist 
teams and groups in significant numbers are already inside every targeted 
developed nation, and these teams have weapons of mass destruction 
including biological weapons and even nuclear weapons. For confirmation 
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ofthe hostile nuclear weapons already secreted in large U.S. cities, read 
Lunev's book to see how the former Soviet Union brought them in, along 
with the Spetznaz. teams to detonate them on call. The nuclear weapons 
and the Spetznaz teams are still here. Other hostile nations have inserted 
terrorist teams with weapons such as anthrax, smallpox (camel pox is 
nearly identical to smallpox, and widely available), bubonic plague, etc. At 
the end of the 1991 Persian Gulf War, most of Iraq's calutrons and its 
nuclear program escaped the weapon inspectors and were hidden. In the 
few calutrons we did get, weapons-grade U235 residues were found. Ina 
formal threat study for a foreign nation, begun before the Gulf War and 
delivered after its end, my analysis team and I estimated that Iraq had 
produced sufficient U23S in 1991 for from 7 to 12 nuclear weapons, 
particularly of the gun assembly type. My personal estimate now would be 
that Iraq has made sufficient weapons grade U235 to build three dozen to 
six dozen nuclear weapons. Ifso, then some of those weapons are 
undoubtedly long since spirited into the United States, and planted in our 
large cities. 


In modem asymmetric strategic war, the first phase of the war is conducted 
in "peacetime". The first phase is to insert the weapons of destruction into 
the targeted nation and hide them at the intended targets, along with the 
teams to detonate and unleash the weapons when desired. In that sense, the 
first phase of WW II has already been accomplished. 


According to Vice-President Cheney,? "The war on terrorism will not be 
over in our lifetime. It is different than the Gulf War was in the sense that 
it may never end, At least not in our lifetime. The way I think ofits, it's a 
newnormaley." 


With much of the cheap oil of the world in its borders, the MidEast is a 
powder keg ready to explode. Ifa clash between the U.S. and Iraq occurs, 
Saddam Hussein has already clearly shown that he will attack and destroy 
his foe's energy infrastructure and he will also use weapons of mass 
destruction. Simply witness the hundreds of oil wells set afire in Kuwait 
by Iragi forces during the Persian Gulf War, and the use of chemical 
‘weapons on his own people. As this is being written, Pakistan and India 
are skirting the brink of war, and both have nuclear Weapons. Either side 


® Stanislov Lunev and tra Winkler, Through the Eyes ofthe Enemy, Regnery, 
Washington, D.C. 1998, p. 26 


2 Vice President Richaed B. Cheney, October 21, 2001 
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that decides on war will have to make a nuclear strike on the other. They 
have no antimissile defenses, hence making the "first knock-out” or pre- 
emptive strike is each nation’s only chance of survival. Hopefully cooler 
heads will prevail, but Ifthat war erupts, the Mid East, oil, and present 

energy infrastructures will never again be the same, for the entire world. 


‘There are other very serious U.S. vulnerabilities of gas and oil pipelines, 
port facilities, Gulf of Mexico oil rigs, nuclear power plants, power 
substations, hydroelectric dams, long power transmission lines on towers, 
etc. that are too numerous to enumerate. With but a moment's reflection, 
one realizes that even normal and cheap guerrilla-type or commando-type 
forces with C-4 explosives and timers can destroy a very substantial 
portion of the energy infrastructure with minimal risk and loss of assets. 
For those who wonder about a nuclear power plant's vulnerability, 
visualize a seized Boeing 747 loaded with fuel and flown directly into the 
main reactor container . Ifmeltdown occurs, the nuclear tragedy at 
Chernobyl in 1986 will appear tame by comparison. There are also several 
other electromagnetic ways (such as a portable EMP "shooter" hauled in 
the back of a personal SUV) to instantly destroy the electronic controls of 
the nuclear power plant, seriously risking runaway and core meltdown. 


Consequently, increasing attention is now focused on the extreme 
vulnerability of the centralized energy infrastructure in the U.S. and every 
other developed nation. So what started for me as a purely scientific 
endeavor to set out the concepts and principles of permissible COP>1.0 
EM systems suddenly assumed a role of potentially critical strategic 
significance to the U.S. and to the entire developed world. Quite simply, 
some 20,000 terrorists in teams already in the United States can - 
at this very moment —destroy large portions ofthe nation's energy infrastructure 
at will, easily and cheaply. The economy of any modem developed nation 
depends on the availability of cheap energy. So this kind of hostile 
strategic capability means that the power to readily destroy a nation’s 
economy — and thus defeat a mighty nation itself in the ensuing economic 
collapse — has passed into the hands of hostile forces already in country 
and awaiting the order to commit their assets. 


In this new asymmetrical form of warfare, it would appear that the rapid 
developmentanddeploymentofsignificantdistributedpowersourcesis 

now a critical element of national survival for many nations of the world 

Decentralization does little good, however, iffuel for the decentralized 

generators must remain centralized and distributed by very large and 

complex systems.The fuel and Its distribution are still extremely 

vulnerable resenting casy targets allowing paralysis of the decentralized 


generators. Self-tefueling /self-powering) of the electrical power systems 
is therefore a mandatory additional requirement. 


So sober assessment dramatically reveals the need for self-powering 
electrical power systems, freely extracting their EM energy fiom the local 
vacuum. Thus an engineerable theory of permissible COP>1.0 EM systems 
has become essential to the national survival ofthe U.S. and many other 
nations, so that an effective decentralized energy infrastructure — with the 
seething vacuum as the "localized and inexhaustible free fuel supply” — 
can be rapidly designed, developed, and deployed. 


Sadly, the leaders of the scientific community are still in a "business as 
usual” mode with respect to energy, and intend to remain so. They do not 
even recognize what powers and always has powered an EM circuit and 
system: EM field and potential energy extracted directly from the vacuum, 
by the broken symmetry of the source charges and dipoles. Since no 
scientific research on EM energy from the vacuum is going to be launched 
by the scientific leaders at the top, then the results of the broken symmetry 
discovered in 1957 are going to have to be applied in the scientific 
community from the bottom up. Consequently, a rather desperate need to 
communicate everything possible to the young graduate students and post- 
docs has become imperative, ifthe nation is to survive. 


From the beginning of my effort in COP>1.0 systems, and then my effort 
on this book and prior to the events leading to the attack on September 11, 
2001, the appalling humanitarian need for COP> 1.0 electrical power 
systems taking their energy from the vacuum has been obvious and 
overwhelming. One third ofthe human population usually goes to bed 
hungry at night. One third is infested with worms and parasites of one kind 
or another, in addition to other diseases. Simple things such as clean water, 
common sanitation, medical treatment, and jobs to support one's family are 
difficult things in many parts of the world. 


In the final analysis, the only way to get a suffering, impoverished, and 
undeveloped nation up and going is to provide cheap clean energy, and to 
do it with systems which get their "fuel" for free, such as from the vacuum 
itself. Once cheap clean energy and self-powering systems are widely 
available, then the economy and infrastructure of that nation can be slowly 
and steadily built up to get the society moving. Roads, bridges, hospitals, 
schools, teachers, industry, and jobs then follow as the economy rises. 
Until there is a cheap energy infrastructure available and growing, 
sentially fuel-free, none of that is going to happen in most impoverished 
nations because presently the world’s fuel is monopolized, controlled, and 
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e¢ ELECTRIC PERMITTIVITY [F/m] 


‘The property of a dielectric material that determines 
how much electrostatic energy can be stored per unit 
of volume when unit voltage is applied, also called the 
dielectric constant. The product of the constant of 
permittivity and the relative permittivity of a material 


ESE iE, where &)=8.85x10" Fem 


¢, COMPLEX PERMITTIVITY 


where 


In general, both e’ and e“depend on frequency in 
complicated ways. e’ will typically have a constant 
‘maximum value at low frequencies, tapering off at higher 
frequencies with several peaks along the way. ¢” will 
typically have a peak at the frequency at which’ begins to 
decline in magnitude as well as at frequencies where e” has 
peaks, and will be zero at low frequencies and between 
peaks. 


© CONDUCTIVITY [S/m| or [1/(Q-m)] 


‘A measure of the ability of a material to conduct 
electricity, the higher the value the better the material 
conducts. The reciprocal is resistivity. Values for 
‘common materials vary over about 24 orders of 
magnitude. Conductivity may often be determined 
from skin depth or the loss tangent. 


7 
fe” Sey where 


density of conduction electrons (for copper this is 

8.45107) [m"] 

lectron charge? 1.602107 [C] 

ufcthe product of the thermal speed and the mean 
free time between colisions of electrons, the average 
distance an electron travels between colisions [mi] 

im. = the effective electron mass? [ks] 

va.= thermal speed, usually much larger than the drift 

velocity. [mvs] 


e, RELATIVE PERMITTIVITY 
‘The permittivity of a material is the relative permittivity 
multiplied by the permittivity of free space 
e=€,xe, 


In old terminology, ¢; is called the "k of a dielectric". Glass 
(SiOs) at e, = 4.5 is considered the division between low k 
and high k dielectrics. 


ities of Selected Materials 


‘Air (sea level) Polystyrene 26 
Polyethylene 2.25 
Rubber 22-41 
Silicon 19 
Soil. dey 25.35 
Styrofoam Los 
‘most metals Tell 21 
Plexiglass Vacuus 1 
Porcelain Water, distilled 81 
Paper Water, seawater 72-80 
Oil 


Conductivities of Selected Materials [1/(-m)] 
‘Aluminum 382x107 | Mercury Losao® 
Carbon Tato! | Nierome Loox 
Copper (amaesles) 580x107 | Nickel Lasso) 
Copper (incls) 6.8010" | Seawater 4 
Fresh water Silicon ~4.35%10" 
Germanium Silver 6.17107 
Ghass Sodium 24710" 
Gold ales steel L.A Tx10 
Iron 103.10" S710 
Lead smo | Titanium 209x108 

Zi Le7l0) 
P POWER [W] 


Power is the time rate of change of energy. 


Power reflected ata discontinuity: % power =[p{" x100 


Si ind alba gai cheb Ltd 


NOTE: Relative permittivity data is given for materials at 
low or static frequency conditions. The permitvity for 
most materials varies with frequency. The relative 
permittivities of most materials le in the range of 1-25. At 
high frequencies, the permittivity of a material can be quite 
diferent (usually less), but will have resonant peaks. 
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fought over, and it will become evei' more expensive as the supply vs. 
demand ratio falls, prices escalate, and additional wars - almost certainly 
involving weapons of mass destruction - are engendered. With present 
aid concepts, at best the politicians and warlords usually get the bulk of 
whatever assistance is sent in, and the warlords on the take from foreign 
‘masters will continually plunge the country into turmoil, war, and human 
tragedy. Assistance is necessary, but the eventual aim has to be to enable 
and empower the common citizens to be self-supporting, educated and 
trained, relatively free from disease, and living in a nation having a 
growing and developing infrastructure, jobs, and a decent economy. 
‘Availability of cheap and affordable energy — and clean energy if we 

he primary key to "freeing 
and empowering the developing nations" as well. 


Along with this omnipresent, desperate humanitarian need, the increased 
strategic need for decentralized energy systems freely fueled from the 
vacuum itself has led me to make every effort possible — particularly after 
the heart attack in 2001 and in continued hypoxia from severe chronic 
‘mycoplasma infection — to finish the book and at least outline the major 
concepts and principles that enable the construction of a sorely-needed 
COP>1.0 electrical power systems theory, followed by the development 
and rapid deployment of actual self-powering systems. The Alpha 
Foundation’s Institute for Advanced Study (AIAS), spearheaded by Dr. 
Myron Evans, has also been vigorously preparing and publishing papers in 
leading scientific journals and other publications’ showing that EM energy 
from the vacuum is permissible, possible, and feasible. 


In my three decades of work with multiple inventors of working prototype 
COP> 1.0 electrical systems, I have been privileged to experience and work 
with several actual COP>1.0 circuits and prototype systems, study them, 
and slowly comprehend some of the advanced and unusual principles 
involved. In short, thanks to the courtesy and kindness of others, I have 
been able to gradually acquire at least an elementary understanding of the 


* Eg, Modern Nonlinear Optics. Second Edition, 3 Vols. edited by M. W. Evans 
Wiley, 2001: M. W. Evans etal, "Derivation of 0(3) Eleetrodynamies from the 
Inneducible Representations ofthe Einstein Group,” Found. Phys. Lett, 150), Ape. 
2002, p. 179-187: "Anti-Gravity Effects inthe Sachs Theory of Electrodynamics 
Found. Phys. Les, 146), Dee. 2001, p. 601-605: "Classical Electrodynamics 
Without the Lorentz Condition: Extracting Energy’ fom the Vacuums.” Physica 
Seripta, 615), May 2000. p. 513-517: "Runaway Solutions ofthe Lehnert Equations 
“The Possibility of Extracting Energy from the Vacuum," Optik, 111(2) 2000, p.407- 
409, 
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‘mechanisms which enable COP>1.0 EM power systems. With this 
background, one can understand why conventional EM systems and 
circuits do not develop COP>1.0 or self-powering, even though all the 
energy collected and used in every electrical power system comes from the 
‘vacuum and not from the shaft energy input to the generator, chemical 
energy dissipated in a battery, wind energy collected by a windmill (that 
just "feeds" the shaft of the generator), or from the water power dissipated 
in a hydro turbine (the hydro turbine also only turns the shaft of the 
generator, which does not actually fumish the power to the external power 
line connected to it). 


It seems appropriate that other researchers should be able to start where 1 
am now, understand what I have leamed or think I have leamed, find and 
correct any errors, and simply go forward with alacrity — much farther 
than T have been able to go, and much faster. This is particularly true of the 
young researchers who have excellent theoretical and experimental skills 
and a vigorous lifetime ahead of them. When an old and tiring runner 
falters with the baton, it is time to pass it on to the fresh young runners 
who can carry it to the successful end of the race. 


‘The purpose of this book, then, is to lay out in some litte detail what 1 
have leamed in all these years of sustained effort, but in such a way that it 
ties directly into good physics. In some cases, the tie-in to physics is 
unavoidably to a somewhat esoteric area such as the geometric phase and 
to time as a special form of energy. COP>1.0 EM systems are not simple, 
and they involve special phenomenology rarely encountered in 
conventional EM citcuits and systems. COP> 1.0 EM systems 
simultaneously involve a combination of particle physics, modern active 
vacuum theory, advanced materials science, higher group symmetry 
electrodynamics, quantum mechanics, and general relativity. They also 
involve areas where foundations of physics are presently in error. We 
found it necessary to think in terms ofthe supersystem, defined as having 
three components, which are (j) the physical power system itself, (ii) the 
active local vacuum, and (iii) the active local curvatures of spacetime. All 
three components of the supersystem interact and exchange energy with 
each other continuously. Any legitimate COP>1.0 power system must 
freely receive, collect, and use some excess energy from its active 
environment — in this case, the latter two components of its supersystem. 
By definition, this COP>1.0 function requires disequilibrium between the 
system and its active environment, so that classical equilibrium 
thermodynamics does not apply. Instead, the thermodynamics of systems 


far fiom equilibrium in their energetic exchange with an active 
environment applies. 


However, since the "environmental energy” we are extracting is virtual 
photon energy fiom the vacuum and energy from local curved spacetime, 
the fundamental definitions of classical thermodynamics and classical 
electrodynamics have to be re-examined and altered. A closed system, €2., 
can no longer be defined just as one closed to the transfer of mass across 
its boundary, but permitting energy to exchange across it. Since the advent 
of general relativity in 1915, we have known that energy and mass are the 
same thing. Whenever any system changes its energy, it also changes its 
mass by the well-known E = me* rewritten as dm = dE/(c*). Further, in the 
fierce virtual particle exchange ofthe vacuum with every part of every 
system, both virtual mass and virtual energy continually cross the system 
boundary. Neither classical thermodynamics nor classical electrodynamics 
deals with the transduction of time-energy into spatial energy in a system, 
which is a totally different type of energy exchange accomplished by 
charge. 


Further, certain phenomenological areas — such as strong gradients — are 
already well known to violate present thermodynamics. These are 
presently being researched under the aegis of extended nonreversible 
thermodynamies. Finally, as the present laws of classical thermodynamics 
are stated in the textbooks, every charge and dipole in the universe already 
violates those laws, and has done so since the beginning ofthe universe. 
Let us put it bluntly: Every charge in the universe already freely and 
continuously pours out EM energy in 3-space in all directions, without any 
observable EM energy input. That is the well-concealed source charge 
problem, known but ignored by the leaders of the scientific community for. 
a century. All EM fields and potentials and their energy come from those 
source charges, according to electrodynamics itself. Either we must give 
up the conservation of energy law entirely, or else we must accept the fact 
that unobservable virtual EM mass and energy are continuously absorbed 
‘The vacuum by the source charge, transduced into real observable EM 
energy, and then re-radiated in 3-space in all directions as observable EM 
energy, creating the associated fields and potentials reaching out across the 
universe. That this problem continues to be ignored by the scientific 
community — some 45 years after the basis for its solution has been 
proven and is well known in particle physics — is totally inexplicable. But 
it continues to be resoundingly ignored, which means that the scientific 
community itselfis and remains totally responsible for the energy crisis 
and the associated vast despoilment of the biosphere, because it adamantly 
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insists on using a seriously flawed electrical energy science whose hoary 
basis is more than a century old. 

Accordingly, we have simply extended the first law of thermodynamics 
appropriately, pointed out that the second law does not apply absolutely 
but only as an approximation when conditions are appropriate, and revised 
the third law and the zeroth law. In this book we simply show the results of 
that revision, particularly in Appendix A. 


We were also able to trace the history of electrodynamics, and to find 
exactly how the permissible Maxwellian systems far from equilibrium with 
an external active environment — which are included in Maxwell's 1865 
seminal theory and even in Heaviside's vector truncation later — were 
arbitrarily discarded by Lorentz with his symmetrical regauging of the 
Maxwell-Heaviside equations. The purpose of such arbitrary regauging 
was and is to provide simpler equations that can usually be solved 
analytically without resorting to numerical methods. In the name of 
mathematical simplicity and ease, that entire great class of Maxwellian 
systems far from thermodynamic equilibrium in their supersystem was just 
arbitrarily discarded. Those Maxwellian systems are still arbitrarily 
discarded in every electrical power-engineering textbook today. 


So the first requirement for a COP>1.0 EM system becomes building-in a 
‘mechanism to violate the Lorentz symmetry condition, at leastfor a 
significantfraction ofthe time, Further, the standard closed current loop 
circuit — including the entire external circuit in the same closed current 
loop as the source dipole inside the generator is what already self 
enforces the Lorentz. symmetry condition. Consequently, in any legitimate 
COP> 1.0 electrical system, the operation of that closed current loop circuit 
‘must be violated for some portion of the system's operation. This of course 
places the system in disequilibrium with its active supersystem 
environment, allowing intake ofextra energy from the environment and 
therefore permitting COP>1,0. So one of the immediate requirements in 
COP>1.0 electrical systems research is to seek out and find known or 
suspected mechanisms that accomplish just such violation of the Lorentz, 
symmetry condition. In the book, I show a sampling ofthe various 
‘mechanisms I found other inventors using or that I uncovered myself, or 
that already exist in physics. 


Finally, we discovered (and found the basis for it was shown in the hard 
literature in Heaviside's original work) that every generator and battery as 
an energy transducer already extracts from the vacuum and outputs from 

its terminals a far greater nondiverged energy flow than is accounted in the 
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Poynting diverged energy flow theory (which captures only that small 
fraction that is diverged into the circuit and captured by it). The total 
output energy flow fiom the terminals of a generator is also far greater 
than the mechanical energy input to the shaft of the generator. So in its 
energy transduction function, every dipolar electrical circuit ever built is 
already a "free energy circuit” and a COP >>1.0 system, extracting its 
utilized electrical energy fiom the vacuum and extracting additional energy 
also. But presently the electrical power system is unwittingly designed and 
constructed by engineers to deliberately destroy the source of that 
enormous energy flow fiom the vacuum faster than the system can use 
some of it power its load. Wryly put, that does not seem to be the proper 
way to build energy systems or "run an energy railroad," even though i's 
always been done that way. 


This led to recognition ofa great scientific faux pas, perhaps the greatest in 
history. One must keep one’s sense of humor! So with tongue in cheek, let 
us state itthis way: There is not now, and there never has been, a single 
electrical engineering department, electrical engineering professor, or 
electrical engineering textbook that teaches what powers an electrical 
circuit. Yet the basisfor it has clearly been in particle physics since 1957, 
as certified by the award ofthe Nobel Prize to Lee and Yang. What powers 
every electrical circuit and system is the broken symmetry ofthe primary 
power system's source charges and source dipole (i.e., the broken 
symmetry ofthe opposite charges on the ends ofthe dipole) in itsfierce 
energy exchange with the seething vacuum, once that dipole has been 
‘made. The modern "charge" is also a dipolarity, once its associated 
clustering virtual charges ofopposite sign are considered. Further, any 
dipole willfreely extract EM energy from the vacuum, convert it into real, 
usable, observable EM energy, andpour out real, usable EM energy 
continuously and indefinitely, so long as the dipole remains intact. 


‘The external circuit attached to a generator is not powered by the 
mechanical energy that is input to the generator shaft. The external circuit 
attached to a battery is not powered by the chemical energy expended by 
the battery. Astonishingly, every electrical power system and electrical 
circuit ever built, and every one built today, was and is powered by energy 
extracted and transduced directly from the active vacuum by the broken 
symmetry of the opposite charges on the ends ofthe source dipole (or a 
charge considered as a modem dipolarity), once that dipole is formed. A 
Nobel Prize was awarded to Lee and Yang in 1957 for the prediction of 
broken symmetry (strongly in 1956). Wu and her colleagues proved it 
experimentally in early 1957. So revolutionary a change in physics was 
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that startling discovery of broken symmetry, that — in a nearly 
unparalleled action — the Nobel Committee awarded the Nobel Prize the 
same year, December 1957, to Lee and Yang. One ofthe broken 
symmetries proven was that ofopposite charges such as are on the 
opposite ends ofevery dipole, or such as constitute a classical "isolated 
charge” when the charge and its clustering virtual charges ofopposite 
sign are considered as in modern physics theory. Rigorously, every source 
dipole is continuously extracting EM energy from the vacuum andpouring 
it out ofthe "terminals" ofthe dipole in all directions in 3-space. And so is 
every charge as well. That the leaders ofthe scientific community continue 
to ignore this solidly proven fact is astonishing. But they do. 


We also came to realize that the great Gabriel Kron, who was never 
allowed to reveal the secret of his open path, had in fact discovered the 
precursor of that very broken symmetry of opposite charges (of dipolatity). 
His open path is simply the recognition that any two points in the universe, 
that are at differing potentials and therefore can be considered as a 
dipolarity of opposite charges, acts as a source dipole that already extracts 
virtual photon energy from the vacuum, transduces it into real, observable 
photon energy, and pours out that energy in all directions. In reaching that 
understanding, he had applied general relativity to rotating electrical 
‘machines, simulated various forms of electromagnetics equations, and 
dealt deeply with quantum mechanics and the Schrodinger equation. 


Sadly, the electrodynamics model used in electrical power engineering still 
does not even model the active vacuum, much less a broken symmetry in 
the virtual photon exchange between that active vacuum and all the 
charges in every electrical system. The electrical engineering model does 
not model the supersystem, hence cannot be used to design and produce 
COP>1.0 systems. A priori, that seriously truncated and crippled model 
arbitrarily discards all permissible Maxwellian systems far from 
thermodynamic equilibrium (i.e., with broken symmetry) in their vacuum 
flux exchange. And those are precisely the systems that are permitted to 
perform the five magic functions of great interest to the COP>1.0 energy 
researcher. Such a disequilibrium system can permissibly (i) self-order, (i) 
self-rotate or self-oscillate, (iii) output more energy than the operator 
inputs (the excess energy is freely received from the active environment), 
(iv) power itself and its load simultaneously (all the energy is freely 
received from the active environment), and (v) exhibit negentropy. Every 
charge and dipole in the universe already performs all five magic 
Junctions. 


Itis the purpose of this book to clearly show that all EM systems are 
already powered by vacuum energy, and always have been, We cite the 
references and experimental proof that this is true, and the interested 
reader can check the extensive references himself or herself. The intent is 
to show that only a part of what has been discovered and is already known 
in particle physics is presently included in the woefully inadequate and 
ancient electrical power-engineering model. And frankly, unless there is a 
groundswell from the bottom ofthe scientific community, the leadership of 
the scientific community has no intention whatsoever of funding or 
allowing significant research in extracting copious EM energy from the 
‘vacuum (very simple) and leaming to use it effectively (more difficult). A 
single 200 million dollars of good research in EM energy from the vacuum 
would solve the energy crisis forever, and dramatically reduce the 
pollution of the biosphere. The scientific community will spend many 
times that amount on their favored "big science” projects, but not one cent 
on EM energy systems powered by energy extracted from the vacuum. 


‘Also, we show a sampling of the present work ongoing in inertial 
propulsion and antigravity research. Working with Sweet, in the 1980s 1 
designed and Sweet performed a highly successful antigravity experiment.’ 
I share with the reader the concepts and theoretical basis for that 
experiment, why it worked and how it worked, and the excellent results 
achieved. One ofthe tragic losses to science was the loss of the Sweet 
COP» 1.0 vacuum triode amplifier (VTA) system with the death of Floyd 
Sweet. Nonetheless, we apply the mechanism we conceived so long ago to 
propose a mechanism generating the antigravity recently confirmed to be 
accelerating the expansion of the universe. We offer the long-neglected, 
Lorentz-discarded giant nondiverged Heaviside energy flow component 
accompanying every field-charge interaction as the probable generatrix of 
the excess gravity holding the arms ofthe spiral galaxies together. And we 
offer that same component — when connected with a flow ofnegative EM 
energy and with negative energy EM fields and potentials — as the 
specific generatrix of the excess antigravity that is accelerating the 
expansion ofthe universe. Both theses are testable on the laboratory bench. 


Our target audience is several fold. Even though presented conceptuall 
the material is not oversimplified, and it is targeted at (i) the sharp young 
grad students and post-docs interested in extended (higher group internal 


4 Floyd Sweet and T. E, Bearden, "Utilizing Scalar Electromagnetics to Tap Vacuum 
Energy," Proc 26th Intersoc. Energy Conversion Eng. Conf. (IECEC '91), Boston, 
Massachussets, 1991, p. 370-375. 


symmetry) electrodynamics and in researching and developing COP>1.0 
electrical power systems, (ii) the forward-looking electrical engineering 
professors who will at least consider that extended electrodynamic models 
and the laws of nature do permit COP>1.0 electrical power systems, and 
ii) the still open-minded leaders of the scientific community, such as the 
National Academy of Sciences, National Science Foundation, the U.S. 
Department of Energy, the great national laboratories, etc. In one area of 
physics much better models of electrodynamics enabling COP>|.0 power 
systems, antigravity, and novel propulsion systems already exist (and a 
few such systems experimentally exist in the hands of independent 
inventors as well), while in a second area of physics that part of 
electrodynamics dealing with permissible COP> 1.0 EM systems and 
unified field theory has been arbitrarily excluded at great cost to society, to 
the environment, and a tragedy to science and technology. Additional 
secondary targets are (iv) governmental leaders responsible for advanced 
research and development planning and funding, to argue that the "energy 
crisis” is a direct result of an inexplicable and sustained shortfall in the 
scientific mindset, and not as a result of the laws of nature and the need for 
cheap oil, coal, and gas or nuclear power plants, (v) science writers, 
journalists, and entrepreneurs to sensitize them to (hopefully) a coming 
‘energy revolution of unparalleled proportion, (vi) strategic and tactical 
planners in our Department of Defense to make them aware that the great 
logistics burden of modem highly maneuverable armed forces can and will 
be dramatically lowered by rapidly developing and using self-powering 
power systems "fueled" directly by the local active vacuum, and by 
adapting novel new propulsion methods, (vii) theoretical and experimental 
physicists to make them aware that the easiest thing in the world is to 
extract copious EM energy freely from the vacuum: just pay once to make 
a little dipole or assemble a charge and do not let it be destroyed, (viii) the 
Department of Energy upper level managers to bring into their awareness 
the coming advent of (and terrible need for) self-powering decentralized 
EM power systems worldwide, and the pressing need for a major role to be 
played by the DoE, (ix) the struggling but serious COP>1.0 researchers 
and inventors, to give them a technical overview — rather than just 
anecdotal material — of much of what has been done, tried, and 
conceived, and what seems to be successful and what to be 
determined, (x) the environmentalists devoted to cleaning up the biosphere 
and saving this precious planet, to make them aware that the answer to the 
world’s energy problems and saving the biosphere cannot come to them 
fiom their conventional scientific consultants, who are trained in applying 
the very scientific disciplines responsible for the problem in the first place, 


and (xi) the long suffering undeveloped and impoverished nations and 
peoples of the earth. Our fervent message is one of hope afterall, once a 
change occurs in the scientific mindset. There is a cheaper, cleaner, and 
better way to get their economies and nalional infrastructures up and 
running, and it is imminently doable 


‘The main message of this book is that there is not now and there never has 
been an electrical energy availability problem. Every large centralized 
power generator actually outputs enough EM energy flow, extracted 
directly from the seething vacuum, to power all electrical loads on earth, if 
all the energy pouring from its terminals were caught and utilized. 
However, there is certainly an EM energy flow interception problem, to get 
more of the available energy flow from a source dipole intercepted and 
diverged into the circuit in a manner not complying with the Lorentz 
symmetrical regauging condition. Also, once the excess energy has entered 
the circuit and been collected, there certainly is a problem in using the 
intercepted and collected energy in the circuit without destroying that part 
ofthe generator or battery — the source dipole — that is actually 
extracting all the energy from the vacuum. Or at least to use the circuit's 
collected energy in such fashion as to destroy the source dipole in the 
‘generator slower than the energy is used to power the external load 


‘That conglomerate ofthe two sub problems — the "energy flow 
interception, collection, and usage problem — is the single energy 
problem. There is no other energy problem, and there has never been any 
other. One finds it very ironic that, in the conventional agencies, 
universities, the DoE, the National Science Foundation, the National 
Academy of Sciences, the national laboratories, etc., not one of them is 
working on the real, solitary electrical energy problem, even though they 
are importantly spending billions of dollars purporting to do so. 


We fervently hope that the content of the book will reach a sufficiently 
interested audience to begin to change that century-old erroneous scientific 
mindset. We hope that the book, along with the important contributions of 
other COP>1.0 inventors and researchers having success, will spark a new 
creative drive in the scientific spirit that solves the problem of cheap, clean 
energy in three years or less. This is a doable. I firmly believe in the 
scientific method and what it can do once it is unleashed from the century- 
‘old dogma that COP>1.0 systems are against the laws of nature, physics, 
and thermodynamics. Just tum the young scientific and engineering tigers 
loose on the problem, give them some funding, and watch them do it 


As we stated in a formal rebuttal to a charge of perpetual motion nonsense, 
it only takes one white crow to prove that not all crows are black. And 
with respect to COP> 1.0 EM systems far from thermodynamic equilibrium 
with their active environment, every charge and dipole in the universe is 
already a "white crow” pouring out EM energy freely and continuously 
with the speed of light, and exhibiting COP = on. This is in fact reluctantly 
recognized in physics, but it has essentially been buried from the attention 
and knowledge of generations of electrical engineers and most physicists. 


A COP> 1.0 experiment well known to nonlinear optics is the Bohren-type 
experiment, demonstrating the known negative resonance absorption of the 
‘medium. A typical experiment of that type outputs some 18 times as much 
EM energy as the experimenter inputs by standard calculations. We note 
that a single replicable experiment can and does negate any theoretical 
model that contradicts it. Hundreds of such materials experiments proving 
the feasibility of COP>1.0 EM systems are performed every year in any 
‘major nonlinear optics laboratory without a second thought. Together with 
the known but avoided source charge problem and proven broken 
symmetry of any dipolarity, it is almost unthinkable that our electrical 
engineering departments still do not incorporate the active vacuum, 
exchange — and every EM circuit's broken symmetry in it — into the 
classical electrodynamic model used. In short, to really understand what 
powers every EM circuit, just now the electrical engineer would have to go 
‘across campus to the particle physics department and investigate broken 
symmetry of opposite charges — as are on the ends of the source dipole, 
‘once created in the generator or the battery, of as are involved with the 
single “isolated charge” considered with its associated virtual charges of 
opposite sign. 


It is high time that our electrical power engineers and scientists heed the 
message of all these demonstrated white crows ofnature, and begin 
developing and deploying self-powering COP>1.0 electrical power 
systems with alacrity. 


We have a biosphere, a planet, a strong world economy, and an uplifting 
for the long downtrodden poor people of the world to recover. We strongly 
urge the scientific community to accept the challenge and meet it head-on. 


‘Tom Bearden 
22 July 2002. 


MICROSTRIP CONDUCTORS. 


How fast does a wave travel in a microstrip? The 
question is complicated by the fact that the dielectric 
on one side of the strip may be different from the 
dielectric on the other side and a wave may travel at 
different speeds in different dielectrics. The solution is 
to find an effective relative permittivity ¢, . for the 
combination. 


‘Some Microstrip Relations 


STRIPLINE CONDUCTOR 


‘Also called shielded microstrip. The effective relative 
permittivity is used in calculations. 
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Microstrip Approximations 
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COPPER CLADDING 


The thickness of copper on a circuit board is 
measured in ounces. 1-ounce cladding means that 1 
‘square foot of the copper weighs 1 ounce. 1-ounce 
copper is 0.0014” or 35.6 jim thick. 


a, DIELECTRIC LOSS FACTOR [dB/cm] 


a, CONDUCTOR LOSS FACTOR [dB/cm] 


a, = 8.68. \ fmt 
2Z5 ‘GBiperimeter) V 26° [perimeter] 
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Chapter 1 
Foundations and Scientific Mindset 


the scientist makes use of a whole arsenal of concepts 
which he imbibed practically with his mother’s milk; and 
seldom if ever is he aware of the eternally problematic 
character of his concepts. He uses this conceptual 
‘material, or, speaking more exactly, these conceptual 
tools of thought, as something obviously, immutably 
given; something having an objective value of truth which 
is hardly even, and in any case not seriously, to be 
doubted. ..in the interests of science it is necessary over 
‘and over again to engage in the critique of these 
fundamental concepts, in order that we may not 
unconsciously be ruled by them." {Albert Einstein] {1} 


1.1 Introduction 


Einstein's quote is a beautiful statement that scientists should never take 
the present understanding — and the present models — as absolute. That is 
the approach the present author has taken for some 30 years, in a struggle 
to comprehend that class of electromagnetic (EM) systems that are open 
systems in disequilibrium in their virtual photon energy exchange with the 
active vacuum, and exhibiting a broken symmetry in that exchange. The 
statement beautifully expresses that the major problems encountered in 
grappling with such EM systems have been the existing errors and non- 
Sequiturs in classical electrodynamics and other parts of physics. Many 
difficulties have resulted from the continued propagation of a 137-year old 
classical electrodynamics model formed before electrons, atoms, nuclei, 
positrons, the active vacuum, special and general relativity, quantum 
mechanics, etc. were discovered or known. 


1.1.1 EM Foundations Are Incomplete and Contain Errors 
In any model, there are many assumptions. Even when a model is well- 
fitted and well-developed, it still applies only when the foundations 
assumptions on which it is based are true or are not too much in error. 
Whenever one or more of the fundamental assumptions is violated by 
phenomena uncovered, then there is a new class of phenomena where the 
‘model does not hold, or does not hold well and is only an approximation at 
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best. In that case, either the existing unsatisfactory model must be 
improved and advanced, or a new model must be constructed. 


Great scientific minds continue to point out Einstein's beautiful principle 
in different words. E.g., expressing the thought of Stephen Hawking, one 
of the great physicists of our day: 


"All we ever know is our models, but never the reality that 
‘may or may not exist behind the models and casts its 
shadow upon us who are embedded inside it. We imagine 
‘and intuit, then point the finger and wait to see which 
suspect for truth turns and runs. Our models may get 
closer and closer, but we will never reach direct 
perception of reality's thing-in-itself." [As stated by 
George Zebrowski] {2} 


Excellent scientists — Feynman, Wheeler, Bunge, Evans, Barrett, and 
many others — have indeed pointed out that classical EM theory is 
seriously flawed. In the words of Bunge {3} 


it is not usually acknowledged that electrodynamics, 
both classical and quantal, are in a sad state." 


‘The author also found it imperative to return to many of the original 
seminal papers of physics, particularly in electrodynamics. The major 
concepts in those papers led to the present classical EM model. This was 
particularly true of the work of Poynting {4a, 4b} and Heaviside {Sa-Se}, 
‘who independently and simultaneously arrived at the notion of the flow of 
EM energy through space’. Their work occurred in the 1880s, after 
Maxwell was already deceased. It also necessitated reviewing Lorentz 
symmetrical regauging of the Maxwell-Heaviside equations, where 
Lorentz arbitrarily discarded all permissible COP>1.0 Maxwellian 
systems. 


The science of this "EM energy flow through space" is controversial to this 
day. Which is the real "EM energy flow vector" as such has never been 


* As we shall point out later, the concept of energy flowing through 3-space is a non 
sequitur and requires substantial revision today, to be consistent with the nature of 
‘observation and the fact that no observable continuously persists. Any observation is 
an instantaneous frozen 3-space "snapshot" at a single instant, gone the next instant 
‘when almost immediately replaced by another such frozen snapshot. In between 
‘observations, not mass but masstime exists. The same is true for 3-space, which on 
exists as the output of an observation process. Prior to observation, spacetime exists 
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adequately resolved, and there continue to be polite debates about it {6} 
One should also be aware that physicists really do not know what many 
things — including energy — are. The definitions of these fundamentals 
tain, as stated rather poignantly by Feynman {7} in this, 


"It is important to realize that in physics today, we have 
no knowledge of what energy is," 


As another fundamental example, 
really do not know what force is* 


Feynman {8} also pointed out that we 
her! Quoting 


"One of the most important characteristics of force is that 
it has a material origin, and this is not just a definition. 
Ifyou insist upon a precise definition of force, you will 
never get it!” 


1.1.2 Physies Is Not the Mathematies, But What It Manipulates 
Following Feynman's ansatz, one should realize that the physics is not 
really in the mathematics itself, but in the physical meaning of the 
concepts that the mathematics manipulates. Here again, the inimitable 
Feynman {9} cautioned against over-attachment to the mathematics 
He said it very clearly: 


"Mathematicians or people who have very mathematical 
‘minds, are ofien led astray when “studying” physics 
because they lose sight of the physics. They say: “Look, 
these differential equations — the Maxwell equations — are 
all there is to electrodynamics it is admitted by the 
physicists that there is nothing which is not contained in 
the equations. The equations are complicated, but after 
all they are only mathematical equations and if 1 
understand them mathematically inside out, 1 will 


“The problem isthe ubiquitous and erroneous use ofa "separate” force acting on a 
" mass, Actually mass is a component of force, a8 can be seen from 

F ? didi(m). Hence there is no such thing as a separate force in empty space, acting 

upon a mass, Instead, the massless 4-field in space acts upon mass to produce force 

in that interaction. Force is nota cause, but an effect of an ongoing interactios 

is any observable. An observable isa continuing series of Iozen 3-space LLL 

snapshot entities given by the result of continual application of Wa (LLLT) ¥ LLL 

by photon emission. The formation of the LLLT (spacetime and masstime) in 

between observed m as LLL, is produced by photon absorption ofthe previous 

m= ye (LLLT). 
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understand the physics inside out.” Only it doesn’t work 
that way. Mathematicians who study physics with that 
point of view — and there have been many of them ~ 
usually make little contribution to physics and, in fact, 
little to mathematics. They fail because the actual 
physical situations in the real world are so complicated 
that it is necessary to have a much broader understanding 
of the equations.” 


Such matters and similar thoughts had bothered me even back in the early 
1950s, when I could not find a single professor or dictionary of physies 
that logically defined a field or a potential. Considered rigorously, the 
definitions all fell apart and violated elementary logic. Improper, 
insufficient, or just plain wrong definitions in physics have continued and 
are still widespread to this day. To give a single example from an excellent 
book by Kraus {10}: On p. 60, Kraus gives the formula for a potential 
referred to as the "absolute potential” of a charge source. Quoting: 


“This potential... is, by definition, the work per coulomb 
required to bring a positive test charge from infinity to the 
point." 


Kraus erroneously "defines" the scalar potential identically as work, which 
is equating the cause with the effect. The work that dissipating a potential 
does or can do, is not the potential itself! Else “human” means nothing but 
how well one can chew one’s food or drive an automobile. Actually, Kraus 
gives one theoretical way to measure or calculate the effect of the 
potential’s local intensity at a point.’ Note that what is measured is the 
energy diverted from the potential at that point, around that test charge 
This does not specify the entity (the potential itself) at all, but only what 
has been diverted from it. Itis rather like confusing the whirlpool (water 
diverged from the normal river flow) in a river as being the river itself. 


To show the non sequitur, a million more positive test point charges could be 
brought from infinity to that same point, and the potential — without any change in 
it — would cause the same amount of work to be done upon each of those charges. 
[As can be seen, even noted professors can speak rather casually when they 
the potentials point intensity as "the" potential (which extends overall space, not 
{ust at that one point. There may be different intensities at different points inthe 
potential, but the potential itself remains one-and-the-same thing regardless of which 
fone ofa ofthe point intensities are discussed. And neither the point intensity of the 
tial nor the potential i the work that is done upon a moving charge by that 
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Integrating what has been diverted from it does not yield the potential 
itself! At best, the measurement gives an indication of the intensity of the 
potential at a point, insofar as its reaction with charge is concerned. More 
rigorously, what is being utilized is the potentials reaction cross section 
presented to a unit point static charge at that point. The same unit point 
charge, if placed in particle resonance, will sweep out more geometrical 
area and exhibit a greater reaction cross section. That will increase the 
energy collected divergence of the energy flow that is being moved 
around the particle itself. By normal calculations, the resonant charge may 
collect some 18 times as much energy as is possible at the same point by 
the same charge in static mode —e-g., as shown by Bohren {24, 25} 
definition must present an identity. Examining the proposed definition 
a "the potential is identically ... work” one sees the problem immediately. 
The potential exists whether or not there is a positive test charge, or 
whether one moves such a charge in from infinity or not, and whether 
there is any work done or not. None of that is what a potential identically 
is, but only one aspect of what it does or can do or can cause. One leaves 
aan exercise for the reader the task of further examining dictionaries of 
physics and textbooks, to try to find a satisfactory definition of that 
‘common scalar potential.” We do not believe the reader will find it 

Yet any good textbook will also contain some real gems of great insight, 
simply said, As an example from Serway {11}, we eventually took a most 
‘marvelous cue, of how to get around classical thermodynamics’ prohibition 
against heat energy "running uphill” from hot to cold. In an insightful 
statement, Serway said {11} 


"The second law [of thermodynamics] does not rule out 
the possibility of pushing heat uphill, as it were, from a 
cold object to a hot one, or of creating order out of 


"The scalar potential identically is actually a harmonic set of phase conjugate 
longitudinal EM wavepais, as shown by E.T. Whittaker in 1903 (85). Even 
Whitaker, however, misinterpreted his wavepaits only after interaction with that 
ubiquitous unit point charge assumed at every point in space. He gave two effects of 
that interaction, not the cause (Which exist prior to interaction) and the effect 
(hich exists only ate interaction). Reinterpreting to get atthe causal wave, each 
\wavepai i a matched set of two waves: an incoming EM lo 

time domain prios to interaction witha charge, and — afer the time-energy wave is 
absorbed by the charge, an emitted outgoing EM longitudinal EM wave in 3-space. 
The so-called "statie™ potential isnot static at all, but isa dynamic, ongoing 4-space 
process. This follows the r-interpretation by the present author {12} of Whittaker’s 
decomposition — a reinterpretation then found to be consistent with quantum Field 
theory {19} and with broken symmetry of opposite charges in particle physies {73} 
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disorder. It merely states that such a reversal of the 
natural flow requires an influx of energy 


This essentially states the law of entropy, where to reverse entropy 
(disorder), one must apply ordering (energy).’ We also note that the 
original concept of entropy was as dissipation of potential. There are of 
course different ways to apply the energy, and it need not be by the 
operator himself. Chapters 4, 5, 6, 7, and 8 of the present book give some 
‘unusual ways. A special paper {12} published by the author in 2000 gives 
another. Indeed, when the flow of time is predominantly reversed, so is the 
“entropy” of a situation, since the "videotape is running backward”, so to 
speak. In that case, the entire classical thermodynamics must be extended 
to essentially include its own opposite. The making of a small tim 
reversal zone where such things happen is as simple as involving a 
predominance of antiphoton interactions with the charged particles in that 
zone, rather than a predominance of photon interactions. What we are 
saying is that the notion of irreversibility in thermodynamics is not 
necessarily absolute. It usually assumes a “time forward” situation, and 
‘may not hold in a “time-reversed” situation. In our chapter on cold fusion, 
‘we will present some specific and quite startling nuclear interactions that 
‘occur as a result of the time reversal of the coulomb barrier (repulsion of 


° Now notice what Serway's statement means with respect tothe classical 
thermodynamics “definition” of closed system. Thermodynamics defines a closed 
syslem as one in which mass is not exchanged across is boundary, but energy can 
bye, That definition permits a elosed system to receive excess energy from its active 
environment, and thereby reduce its entropy. A specific example is simply 
potentializing a cireuit, prior to movement of the current. Hence the entropy of a 
Closed system does not necessarily increase, but may decrease or increase i the 
system is in disequilibrium (difference in energy received from its active 
environment and eneray escaping back tothe active environment from the system, 
For the same system, if encray exchanges across its boundary equally in both 
directions, the system is said to be in “equilibriuen” with respect to extemal energy 
exchange. One must be very careful in interpretation ofthe second law of 
thermodynamics! One has a very different “elosed thermodynamic syste 

isin energy exchange disequilibrium, than when itis in energy exchange 
equilibrium. Equilibrium isthe condition of maximum entropy. For substantial 
disequilibrium condition, entropy cannot be computed, but i less than the entropy of 
the same system in equilibrium. The entire ansatz of thermodynamics may be 
violated once time-energy is transduced into internal EM energy inside the system. 
That i a fundamental disequilibrium, performed by every charge in the universe 
Hence of necessity we have advanced and utilized new definitions of “open system” 
and “closed system” in our approach in this book, as diseussed in the Append. 


* when it 


6 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES. 


ituation) into a coulomb attraction between 
sed situation. 


like charges in a forward time 
like charges in a time-reversal zone and time-rev 


If Serway's statement were reversed, it would then be a statement of the 
Jaw of negentropy. It would state that self-ordering (i.e., freely receiving 
energy from the active environment) in a system could indeed "push heat 
uphill from a cold object to a hot one", and the system could 
simultaneously emit energy in the process. Every charge does it! 


We did find it necessary to correct the classical thermodynamic definitions 
of "open system" and "closed system’. To define a closed system as closed 
only to mass transfer, but open to energy transfer, is a gross non sequitur 
Since general relativity was published in 1915, energy and mass are known 
to be the same thing (mass is just a special form of energy), hence the term 
"mass-energy" (mass as energy) in physies. Whenever energy crosses the 
boundary of a system, the system’s mass changes and mass (or certainly 
‘mass change) has also crossed that boundary. Indeed, as we shall point out, 
in 1917 Hilbert specifically pointed out that in general relativity there can 
be no energy conservation equations of the kind usually employed 
elsewhere. The fact that general relativity falsifies much of the present 
foundations of classical thermodynamics seems to have been either 
ignored or missed by most of the scientific community, although we will 
quote leading Russian scientists who have noticed it and are aware of it. 


‘The reader is thus warned that, henceforth, when we use "open system" we 
‘mean one where either energy or mass or both exchanges across the system 
boundary. When we use "closed system" we mean one in which neither 
energy nor mass exchanges across the boundary. In short, the notion of a 
"closed system” has been redefined into what classical thermodynamics 
calls an "isolated system”, We already know from particle physics and the 
active vacuum (and from general relativity and the change of spacetime 
curvature with every change of spatial energy or mass-energy), and from 
the giant negentropy involving time energy transduced into 3-space energy 
and vice versa, that there is no such thing in all the universe as a truly 
closed system 


In Appendix A, we have discussed how extension and change to classical 
thermodynamics must be made. We do this by extending the first law, 
refuting any absoluteness of the second law and third law, dealing with the 
zeroth law in a new way, etc. We also urge the better theoreticians to re- 
examine classical thermodynamics along such lines, to modernize and, 
upgrade it. We believe that the present scientific work to extend 
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thermodynamics so it fits those situations now known to violate it should 
include additional considerations such as we present in Appendix A. 


In short, with the new definitions Serway clearly states the difference 
between classical equilibrium thermodynamics, where no excess energy 
from the environment is received, and the thermodynamics of systems far 
from equilibrium with their active environment (using the new definition 
of open system for clarity), in which case excess net energy from the 
environment can be received and used in electromagnetic systems, 
providing COP>1.0 systems or even COP = # systems. The windmill, 
sailboat, and waterwheel are age-old examples of disequilibrium systems 
where of course the energy of mass in motion is what is transduced. It is 
our objective in this book to point out the use of electromagnetic 
in energetic disequilibrium with their active environment (the a 
‘vacuum and curved spacetime) to provide just such negentropy. 


1.1.3 Time Is Energy and Must Be Considered As Such 
In a physics model, one's choice of fundamental units is arbitrary.'” As an 
example, in one type of physics only a single fundamental unit — length 
— is employed. All other entities then become functions of length 


We are also free to choose the joule as the single fundamental unit in our 
physics model. The result that mass is a function of energy is now familiar 
and quite accepted, by the famous formula £ = me". Indeed, as can be 
seen, in that equation mass and energy are one and the same thing, sin 
is a dimensionless constant. However, in our new model time becomes a 
function of energy similarly, and thus time is identically energy. 


Let us perform a thought experiment. Suppose we take some spatial EM 
energy in 3-space, and compress it by the factor c*. What can we do with 
it? If we leave it there in 3-space, it is known as "mass". If we place it on 
the fourth Minkowski axis ict, it is known as time because fis the only 

variable on that axis, and the only “place we can 


So to first order, time has the same energy density as mass. Multiplying an 
amount of time # (in seconds) by c” gives the decompressed spatial energy 
E that the time ¢ will transduce into. In short, E = tc" also. 


Now we notice what special relativity has to say about the relationship 
between time-energy and mass-energy. When the mass-energy increases 


"Eg, see Jackson, Classical Electrodynamics, 2nd Edition, Wiley, 1975, p. S11- 
1998, p. 775. Jackson wryly remarks on how much excess 
1d passion have been unnecessarily expended on that subject. 
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(c.g., a8 a function of velocity), time "dilates" or “decreases”. In other 
‘words (hint), there is a sort of special new extension to the conservation of 
energy law: If mass (3-space) gains some 3-spatial energy, then time loses 
some time-energy. Since time is spatial EM energy compacted by c*, then 
the relativistic energy changes in the time domain are enormously greater 
than the corresponding relativistic changes in spatial energy in the 
photon. To the external 3-space observer, this is the injection of 
negentropy with respect to the present 3-spatial conservation of energy 

law. In the reverse case (as when the object reduces its velocity), if mass 
(3-space) loses some energy, then time gains some time because the time 
dilation reduces — i.e., time contracts or densifies (less time has more 
energy). To the observer, this is the production of entropy with regard to 
space energy conservation. Yet the observer misses the fact that, 
accompanying entropy in 3-space is negentropy in time energy on the 4th 
Minkowski axis, and vice versa 


We believe this to be a rather dramatic extension to the previous concept 
of entropy in thermodynamics. We get 3-space entropy in physical 
processes only by gaining 4th dimensional negentropy accordingly. One 
can thus appreciate the impact upon the entire subject of thermodynamics 
once time-energy is accounted and the new interplay of entropy and 
negentropy are accounted. We believe that this mechanism may involve 
the fundamental mechanism for both entropy and negentropy. Neither 
produced alone; both are always produced in tandem. This of course is not 
What we “observe” since all observation is 3-spatial. Hence to observe the 
system and see 3-space entropy or negentropy is to hide the simultaneous, 
4th dimensional negentropy or entropy that unobservably accompanied the 
observable that we did see. 


Again we call attention to the original meaning of entropy: the dissipation 
of potential (i.e., potential energy). 


Once we understand that rime is a special form of energy (we discuss this, 
shortly), we may input the energy required to "move heat energy 
backwards" — ie., we may directly engineer negentropy — by 
transducing some time-energy into 3-spatial energy. We can do it easily by 
time reversal, and every charge in the universe does it already. On the 
other hand, we can do it by breaking the symmetry of time-energy flow — 
which is as simple as forming a little dipole. The broken symmetry of 
unlike charges — and therefore the dipole — was discovered by Lee and 
Yang {13a-13c}, who strongly predicted it in 1956, Wu et al. {14} 
confirmed it experimentally in early 1957. This was such a revolutionary 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES. 


change to physics that Lee and Yang were awarded the Nobel Prize in the 
same year, 1957 — an almost unprecedented action 


Its broken symmetry tells us that the dipole’s unlike charges continuously 
absorb virtual photon energy from the active vacuum, transduce it into real 
observable energy, and pour out real, observable EM energy in all 
directions in 3-space. That puts an entirely different perspective on what 
really powers every dipolar EM circuit; ie., what produces the flow of 
energy pouring from the terminals of every generator and battery, filling 
all space around the external circuit and its conductors. The EM energy 
pouring from the generator or the battery is not due to the generator 
outputting some of its own available internal energy (from the shaft energy 
input to the generator, transduced into magnetic field energy inside the 
generator, and then dissipated to separate the charges and form the source 
dipole between the generator terminals) or the battery transducing and, 
outputting some of its available chemical energy (which is only dissipated 
inside the battery to separate the internal charges and form the sourc 
dipole between the battery terminals). We will explain that later, and 
explain how any dipole or charge simply pours out real, observable energy 
continuously in all directions, without any observable input of energy. The 
input energy is there, but it is in unobservable (virtual) form. 


In 1971 while a graduate student at the Georgia Institute of Technology, I 
realized the mechanism that generates the "passage of time" insofar as the 
observer is concerned {15}. With a little more work, this gave the clue in 
the 1990s for the mechanism generating little momentary fime-reversal 
mnes (TRZs) {16} in the electrolyte utilized in cold fusion experiments. 
Hence we proposed the use of litle time-reversal zones forming 
‘momentarily in the electrolyte after loading of the palladium lattice of the 
electrodes with hydrogen or deuterium. Such time-reversal zones can form 
in the region of excessive positive charge accumulation, since positive 
charge can be said to receive negative EM energy from the time domain 
and output negative EM energy in 3-space. 


This led to uncovering an entire class of new nuclear reactions — fusion 
reactions at low spatial energy but high temporal energy — in these little 
temporary time-reversal zones (TRZs), in which like charges attract and 
unlike charges repel {17}, followed by rapid decay of the TRZs where the 
normal law of attraction and repulsion is restored again. 


In theory, a fermion cannot be time-reversed because the Pauli exclusion 
principle prohibits it. However, a boson can be time-reversed, so fermions 
can be time-reversed in pa a quasi-boson. The 


WHEELER'S EQUATION 


‘Another approximation for microstrip calculations is 
Wheeler's equation. 


NETWORK THEORY 


Si, SCATTERING PARAMETER 
S, 
fT 
‘observation pot excitation port 


A scattering parameter, represented by 5, is a 
dimensionless value representing the fraction of wave 
amplitude transmitted from port j into port i, provided 
that all other ports are terminated with matched loads 
and only port j is receiving a signal. Under these 
same conditions, 5,.is the reflection coetticient at port 


To experimentally determine the scattering 
parameters, attach an impedance-matched generator 
to one of the ports (excitation port), attach 
impedance-matched loads to the remaining ports, and 
observe the signal received at each of the ports 
(observation ports). The fractional amounts of signal 
amplitude received at each port i will make up one 
column j of the scattering matrix. Repeating the 
process for each column would require n? 
measurements to determine the scattering matrix for 
an n-port network. 


Si SCATTERING MATRIX 


Su Sw 
Sis Sa 
Sui Sya Sy 


The scattering matrix is an nxn matrix composed of 
scattering parameters that describes an n-port 
network 


The elements of the diagonal of the scattering matrix 
are reflection coefficients of each port. The elements 
of the off-diagonal are transmission coefficients, under 
the conditions outlined in “SCATTERING 
PARAMETER" 


Ii the network is internally matched or self-matched, then 
s Sy =0, that is, the diagonal is all zeros. 


‘The sum of the squares of each column of a scattering 
matrix is equal to one, provided the network is lossless. 
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‘TRZ completely overcomes and reverses the "coulomb barrier” between a 
pair of like fermion charges.'" 


‘As an example, two deuterium ions in a little TRZ would momentarily 
form a quasi-nucleus of helium, since the two positive deuterons are 
attracted so closely that each enters the strong force region of the other. At 
the same time, the strong force is weakened by the partial time reversal of 
the gluon forces, so that the quarks are nearly freed. As the other ions in 
the surrounding solution then move to destroy the momentary time: 
reversal zone, their movement forces the TRZ to decay back to a tim 
forward zone — with the decay action starting from every point in 
spacetime inside the nucleons themselves'=, The TRZ decay-induced 
action thus strikes the nearly freed quarks first, and decay can occur by 
easy quark flipping while the gluon forces are still much reduced and not 
back to normal strength. Hence as the gluon forces return toward normal, 
the quasi-nucleus decays by the strong force increasing and overpowering 
and drawing the quasi-nucieus into a full-blown helium ion — i.e., an 
alpha particle —flipping the partially-freed quarks as necessary to do so 
(that is not necessary in equation [1] below. 


During decay of the TRZ, the weakened strong force grows much more 
rapidly than the Coulomb force zeroes and then increases. Consequently, 
the quasi-nucleus of two D+ ions merely draws together due to the rapidly 
increasing strong force, forming an alpha particle without quark flipping, 
Four H+ ions — four protons — in a quasi-nucleus ina TRZ will undergo 
quark flipping twice when the TRZ decays, thereby resulting in an alpha 
particle.). So that explained the anomalous formation of the alpha part 
in the experiments. The interaction for two ions of deuterium is given by: 


3) 


les 


7H +7H)"- “He; 


"Ima TRZ, the aw ofattration and repulsion of charged particles is reverse 


"= Any moment in time exists everywhere simultaneously throughout the universe. In 
short, time is a multiple connection in 3-space. Hence in any time-reversal zone (a 
‘TRZ) where time is reversed, then starts fading away and back to a time-forward 
zone (TRZ), the changes induced by the "fading back to TFZ" simultaneously 
involve every point in the 3-space of that TRZ that is changing (decaying). An easy 
change is quark flipping, since the quarks are almost freed in the TRZ.to begin with, 
‘The reason the reaction proceeds in that digection is that the recovery of the strong 
force is much faster than the restoring of normal electrical repulsion, hence the 
quasi-nucleus is drawn further together into a full nucleus, constituting a legitimate 
‘uclear transmutation at low spatial energy but high time-energy. 
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This interaction between two deuterons in solution does not occur in a 
normal time-forward zone because of the coulomb barrier preventing the 
two deuterons from entering each other's strong force region and acting as, 
of helium, so particle physicists have missed it. It does 

's form and then decay back into 
normal time-forward zones. This is possible because the coulomb barrier is 
‘momentarily reversed. ‘The use of such TRZs in particle physics opens up 
thousands of new nuclear reactions, all at low 3-spatial energy, but 
involving very high time-energy. Because of the extreme energy density of 
time, these time-energy-induced reactions are actually much higher- 
energy reactions than high-energy physicists presently consider and 
utilize! Indeed, it opens up a new kind of far more energetic "high energy 
physics" 


Cold fusion experimenters have unwittingly opened a window upon a vast 
new particle physics, previously overlooked by our scientists because they 
have disregarded the use of time-energy, time reversal zones, and 
transmutation of time-energy into 3-spatial energy in their nuclear 
reactions. However, a few physical theorists attempting to better explain 
particle physics have recognized the importance of the time domain, and 
probing work in that respect is occasionally done {18}. In our view, itis 
not accidental that more than 600 successful cold fusion experiments have 
been obtained, by a variety of researchers in many labs in several nations. 
We strongly suggest that much of the conventional physics community has 
firmly placed its collective head in the sand, and is refusing to grapple with 
the startling new time-energy physics that is being initiated by cold fusion 
research. 


In 1999 (published in 2000) {12} we finally discovered a great new 
symmetry in EM energy flow, whereby time-energy flow symmetry and 
3-space energy flow symmetry are each individually broken, while an 
overlooked and more fundamental 4-symmetry energy flow — between the 
time-domain and 3-space — is sustained. The result is that all EM energy 
in 3-space comes from the time domain locally and returns to the time 
domain locally, in a giant negentropic circulation."* Together by the 


"This is also understandable from the implications of the observation process, 
which yields a frozen 3-space snapshot existing only at a single instant, Thus any 3- 
space energy existing there in that frozen instant, had to just come from 4-space 
(irom the time-domain via the giant negentropy process, if we take the view that “the 
past exists only in time itself”). For the frozen snapshot to “change”, time must be 
added to it, which converts it to a 4-space process again. So the “3-spatial” observed 
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discovery of relevant quantum field theory work by Mandl and Shaw {19}, 
this now lends strong support to the use of time-energy in physics as a 
practical matter for strenuous investigation, 


‘As an example, Mandl and Shaw {19} treat the four polarizations of the 
photon. Neither the longitudinal nor the scalar photon is directly 
observable, but in the presence of charge the two are observable in 
combination, where they manifest as the "instantaneous" Coulomb (i.e., 
trostatic) potential. This argument, translated from particle 

terminology to wave terminology, directly fits our re-interpretation {12} of 
Whitaker's 1903 decomposition of the scalar potential {85}. For the 
combining mechanism of the fields of the photons, we must account for 

the field as a ubiquitously assumed interaction with the 
detecting/observing unit point charge. Thus we must account for the 
absorption of the incoming time-polarized wave or photon, the 
transduction of that excitation energy of the charge into longitudinal EM 
wave/photon energy, and subsequent emission of that excitation energy in 
3-space. That is what happens for a negative charge. For the positive 
charge, the process is time-reversed, hence occurs in opposite fashion. Or 
as an alternative, the positive charge can be said to continuously receive 
negative time-energy from the time domain and emit negative spatial EM 
energy."* 


There is an energy polarization transduction function of charge, whereby it 
transforms received time-polarized photon energy into emitted longitudinal 
photon energy in 3-space (for the negative charge, and vice versa, for a 
time-reversed positive charge). This transduction appears to have been 
overlooked in physics prior to our recognition of it. It can in fact be used to 
generate an acceptable definition of charge itself. Charge is the 


energy must come from an immediately previous 4-space process, and must return to 
‘an immediately following 4-space process. 


“As we will find in our chapter on antigravity, there is good reason to teat the 
positive charge as a source of negative energy and negative energy fields. However, 
this is pertinent only prior to observation of the charge, while iti still a 4-spatial 
‘unobserved negative energy electron entity. For the observable charge, one has 
already conjugated — after all, the positron is observed as if't were an electron 
going backwards in time, which we observe as an electron with its charge reversed 
and with parity reversal (of its spatial direction). For the observable charge, we have 
already reversed the negative energy fies into positive energy fields by simply 
reversing their direction and the time associated with the photon (quantum of the EM 
field), 
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continuously active entity which performs that ongoing process or those 
ongoing processes of energy transduction between the time domain and 3- 
space (between the causal unobserved 4-space process and the observed. 
3space snapshot). Or in other words, it is an active process connecting 4- 
space cause and 3-space effect, and connecting the unobserved (such as 
virtual) to the observed (such as mass). 


So for a dipole, the "causal" time-polarized EM wave or photon as a 4- 
space entity comes to the dipole'* (3-spatial as observed) and is absorbed 
by the detecting negative charge or dipole, then is re-emitted as the 
longitudinally polarized EM wave or photon in 3-space. That 

absorption and remission is what charge does, since itis an entity 

for performing that process. The emitted energy in turn is absorbed 

by the nearby positive charge, retransduced into time-energy, and re 
emitted back to the time domain. This ongoing very special 4-space energy 
circulation (even with a virtual charge in the vacuum) is what a scalar 
potential identically is and is doing, at every spatial point of itself, 
inducing vacuum polarization and “point dipoles” in the virtual state in the 
process. Recognition of these missing functions allowed at last a solution 
to the long-vexing problem of the source charge and its associated fields 
and their energy, often called the most difficult problem in both quantum 
and classical electrodynamics {68}. We discuss that solution later. 


1.1.4 The Search for COP>1.0 Cireuits and Systems 
‘A very long search and much intense study and reflection eventually 
revealed the concepts and principles of those long-neglected 

{equilibrium Maxwellian systems that permissibly output more energy 
than the operator inputs. The active environment — not the operator — 
simply inputs the rest of the energy. Such disequilibrium systems are 
indeed permitted in Maxwell's theory {20}, and are also still prescribed by 
Heaviside's severe curtailment of it {21} into what is two vector equations 
with variables unseparated, rather than Maxwell's 20 equations in 20 
variabl 


'* Prior to interaction of the incoming time-energy with the observable charge or 
dipole, it interacts with the virtual particles of the vacuum, generating vacuum 
polarization. Neither the virtual particles nor the time-energy are observable: only 
the effeets of their conglomerate interactions with observable charges are observed. 
Hence one can take the particle view that virtual particle energy is continually 
absorbed, or one can also take @ quantum field theory view that time-energy is 
continually absorbed, The two ate alway’ present in combination, 
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When Lorentz'® symmetrically regauged the Maxwell-Heaviside 
equations, he arbitrarily discarded the entire class of Maxwellian systems 
that are far from equilibrium in their exchange with their active (vacuum) 
environment. Lorentz revised (symmetrically regauged) the Maxwell- 
Heaviside equations to make them amenable to separation of variables and 
closed analytical solutions, thus reducing the onerous chore of numerical 
methods. This Lorentz symmetrical regauging is given in most EM 
textbooks {22}, and we show it in Chapter 2. The symmetrically regauged 
Lorentz equations are not Maxwell's equations, nor are they the truncation 
of Maxwell's theory by Heaviside et al. Considering an active 
environment, under our altered thermodynamics definitions Lorentz 
implicitly selected and retained only the equilibrium class of Maxwellian 
systems, while arbitrarily discarding the entire disequilibrium class. He 
thus discarded all those Maxwellian systems permitted to produce COP 
lying in the range 1.0 < COP ¢ 5. 


Maxwell's electrodynamics is a material fluid flow theory and it assumes a 
‘material ether. Anything that fluid systems can do, electrodynami 
systems can do, at least in theory, because their mathematical models are 
the same form. So when one cites known examples of fluid-driven physical 
systems where the energy to run the system is freely furnished by the 
active environment, analogous electrodynamic systems in active 
environments — and in disequilibrium exchange with that environment — 
must also exist in nature. Indeed, particle physics requires it and proves it. 
These are the very systems arbitrarily discarded by Lorentz symmetrical 
regauging in every university. 


So there exists a direct analogy between fluid systems and classical 
electromagnetic systems. The common windmill, waterwheel, and sailboat 
demonstrate by analogy that open EM systems far from equilibrium — 
powered by free EM "winds" and “energy flows" in the active vacuum 
environment — also exist in consonance with natural law. They are no 
‘more mysterious than a solar cell power system, which is after all a 
recognized "free energy" or Yoverunity" system, as is the humble charge 
(thought to be the source of all EM energy, fields, and potentials). In 
physics, the powering of systems by receipt and use of energy from their 


"© Actually first accomplished by Ludwig Valentin Lorenz in 1867, then by H. A. 
Lorentz much later. Lorentz was given the eredit erroneously. Lorenz actually 
derived electromagnetic theory independently in his paper. See J. D. Jackson and L. 
B. Okun, "Historical roots of gauge invariance,” Rev. Mod. Phys, Vol. 73, July 2001. 
p. 663-680. 
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active environment leads directly to the thermodynamics of systems far 
from thermodynamic equilibrium in their energetic exchange with that 
active environment, 


It follows that the seeming absence of such electrodynamic systems arises 
not because they are impossible but because present-day circuits and 
systems are ubiquitously designed to self-enforce an inherent energy 
equilibrium with their active vacuum environment. The closed-current 
loop circuit turned out to be the Lorentz self-regauging demon involved in 
destroying the COP>1.0 capabilities of every EM circuit. So little by little, 
‘we unraveled the long tedious trail of Maxwell's electrodynamics and what 
had happened to those missing Maxwellian-Heaviside systems far from 
equilibrium with the active vacuum. 


We learned how, where, and by whom those permissible overunity 
Maxwellian systems were discarded. That is, we found what happened to 
all those Maxwellian open disequilibrium systems — originally included in 
Maxwell's and Heaviside's theories — where such a system receiving and 
using excess energy from its active environment'” is permitted by the laws 
of physies, electrodynamics, and thermodynamics to: 


"For the discerning reader, of necessity we have revised the foundations of the 
ancient classical thermodynamics, as further discussed in Appendix A. We refer the 
reader to Bimalendu N. Roy, Fundamentals of Classical and Statistical 
Thermodynamics, Wiley, New York, 2002, and to any good book on the history of 
thermodynamics. Also particularly good is Kondepudi and Prigogine, Modern 
Thermodynamics: From Heat Engines to Dissipative Structures, Wiley, Chichester, 
1998, reprinted with corrections in 1999. The foundations of elassical 
thermodynamics (and its fundamental definitions) were basically frozen prior to the 
advent of Maxwell's 1865 seminal theory, and well before the 1880s discovery 
(modeling) ofthe flow of EM force field energy through space. Some of the 
fundamental definitions of thermodynamics now will not withstand critical review in 
terms of “meshing” with the Heaviside/Poyating material fluid energy flow theory. 
Neither will they withstand the new concepts of energy such as mass-energy, tims 
energy and transduction between time-energy and spatial energy by every charge. 
E.g,, thermodynamics defines an open system as one that exchanges energy and mass 
with its surroundings. Yet it defines a closed system as one closed only to mass 
exchange, not to energy exchange. Ifthe energy exchange is analogous to material 
energy flow and changes the mass of the system, then that definition of closed system 
isa non sequitur. From general relativity, mass is simply energy anyway, and 0 
“mass” exchanging across the boundary of the system is actually energy exchangi 
and Vice versa, Since Maxwell's theory is a material fluid theory, the Poynting a 
Heaviside energy flow models are material fluid flow energy models by analogy. 
‘The specialized thermodynamics definition of efosed system rigorously will not 
logically allow the exchange of “material fluid energy flow” (or energy as matter) 
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since it prohibits matter flow, but the specialized definition of open system would 

ind does. In short, with respect to material fluid energy flow, the concept of the 
‘closed system” in thermodynamics has forced itself to become the isolated system 
instead, Which is unacceptable since we must model EM energy flow exchange 
between the environment and the system. So we must change the thermodynamic 
definitions of open system and closed system. Else there cannot be any EM energy- 
‘mass or mass-energy flow between environment and system, which totally violates 
‘what is well known to be happening in all EM systems. In modern physics, every 
charge and every dipole already have such energy exchange with the aetive vacuum 
environment, and it is never zer0; instead, itis of enormously high magnitude 
‘Without that exchange, as we advance in this book, there cannot even be a "source 
charge” or associated EM fields and potentials and their energy, reaching across 
space. In other words, without it we can have no electrodynamics at all. So we have 
‘uncovered a fundamental and major contradiction between classical thermodynamics 
and general relativity, as well as between thermodynamics and the “material EM 
fluid energy flow” model used in electrodynamics. What classical thermodynamies 
calls a “closed system” permitting energy flow exchange, we must now logically 
regard as an open system because itis open to energy exchange across the boundary! 
‘The previous notion of the isolated system — with no exchange of either energy of 
‘mass — is what we must treat as a truly closed system. And there is none such in the 
universe, as we know in particle physics (e.g., because of the discovery of broken 
symmetry in 1957 and because of the well known active vacuum exchange with 
every EM charge and dipole). So we have corrected these direct contradictions 
between “EM as a material Muid energy low theory” and the old classical 
thermodynamics 

As the reader will later see, this strongly affects our new definitions of efficiency 
and cvefficient of performance. The new definitions we advance are rigorous, and 
they also apply to COP>I.0 EM systems, and even to self-powering (COP = ) EM 
systems. They also hold for very novel new energy processes such as quantum 
potential energy in a multiply connected space, multiple retroreflections and re-use 
of the same energy, conversion between time energy and spatial energy, and 4-space 
‘giant negentropy energy flow circulation, 

But one can no longer be allowed to equate efficiency with coefficient of 
performance. Now they ate never the same thing, just asa six-foot tall man and a 
six-fgot tall doorway are never the same thing, even though they have the same 
height magnitude. We warn the reader that a great deal of thought and study must be 
put into appreciating these suddenly encountered changes to the quite old classical 
thermodynamics definitions. The changes are absolutely necessary. Bluntly put, in 
light of much more modern knowledge, a rigorous foundations analysis reveals the 
classical thermodynamics as well as disequilibrium thermodynamics to contain 
logical contradictions, such as its direct contradiction with general relativity and the 
EM material fluid energy flow theory. Either we give up or dramatically change the 
present EM energy flow theory, or we must make the necessary foundations changes 
to thermodynamics. We have chosen the latter option in this book, and the reader is 
forewarned of that dramatic change. The specific changes and rationale are discussed 
in Appendix A. 
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(1) sel-order, 
(2) self-oscillate or self-rotate, 


(3) output more energy than the operator inputs (the excess 
freely received from the active environment), 


(4) power itself and its load simultaneously (all the energy being 
freely received from the active environment), and 


(5) exhibit negentropy. 


We vigorously pursued those long-lost Maxwellian systems, and we 
eventually found them, We also found real experiments {23, 24, 25, 26, 27, 
28} and real devices {29a, 30, 31, 32, 33, 34, 35a, 36a, 36b} that 
performed one or more of those fabulous five functions, though there was, 
often no realization by the experimenters, inventors, and scientists of the 
actual mechanism involved. Eventually my colleagues and I were also able 
to produce a successful experimental device {37, 38a-38c, 39}, the 
motionless electromagnetic generator (MEG), which outputs more 
than we input to it. We cover the MEG in Chapter 7. Presently a 
cooperative research program is ongoing with the National Ma 
nce Laboratory of the National Academy of 


ergy 


ials 
iences of a friendly 
foreign nation, to develop and market commercial power systems based on 
successful laboratory experiments with the MEG. At this writing, we are 
also strongly seeking the extensive funding required to set up a physics lab 
and complete the final research allowing production of power systems 


1.1.5 Additional Very Important Implications 
We also formally proposed {40} that the vast nondiverged EM energy 
flow component — Heaviside's "dark" nondiverged energy flow 
component, accompanying every reaction of a charge with a field or a 
potential, but arbitrarily discarded by Lorentz and modern classical 
electrodynamicists — is the generatrix for the extra gravity holding the 
arms of the spiral galaxies together, after all the dark matter is accounted."* 


* Heaviside himself recognized the gravitational implications of his extra 
component of energy flow, which is in elosed cizeular loops. Beneath the Noorboards 
fof is litte garret apartment, years after his death, handwritten papets were found 
\whete Heaviside used this component for unified EM approach to gravitation. See 
E.R. Laithwaite, “Oliver Heaviside ~ establishment shaker," Electrical Review, 
211(16), Nov. 12, 1982, . 448. Loithwaite felt that Heavside's postulation that a 
flux of gravitational energy combines with the (E? H) electromagnetic energy flux, 
could shake the foundations of physics. Quoting from Laithwaite: "Heaviside had 
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In addition, my close colleague Bedini and I have filed a patent application 
upon a very special process to "freeze-frame and lock-in" a disequilibrium 
Maxwellian system in its otherwise far-from-equilibrium state, so the 
apparent disequilibrium operation of the system can be maintained stably 
as a new equilibrium condition. This appears to be a method to produce 
and utilize what Kondepudi and Prigogine refer to as a nonequilibrium 
stationary state. This stabilization is necessary in order for such a system 
to maintain its COP>1.0 excitation and steadily output more energy than 
the operator inputs, or to steadily power itself and its load {41} 


We also found that COP>>1.0 EM systems (and some COP>1.0 systems) 
produce (as a function of the COP) a current of Dirac sea holes (positrons) 
in the local vacuum environment itself, from the output section back to the 
input section. At COP<I.0 and COP not too greatly above 1.0, a Dirac s 
hole in the vacuum almost immediately interacts with an orbital electron in 
the material lattice of the system. This converts the negative energy, 
negative mass "vacuum hole or state” into a lattice hole, which is attached 
to the large positive mass of the ion left by the disappearance of the 
electron. This "lattice positron" type of problem has been known in 
semiconductor design for some decades. Normal EM circuits do not 
usually meet the phenomenon overtly because the semiconductor designers 
controlled it in the semiconductors themselves by use of appropriate 
donors and acceptors. 


There is a great difference between the actions of Dirac sea holes in the 
‘vacuum prior to observation, and lattice holes in materials (after 
observation). So there is a great difference between the action of a 
“positron” on spacetime before its interaction with mass and observation, 
and its action on spacetime after it interacts with mass and is observed. 


For COP>>1.0, significant phenomenology and novel effects occur 
because a substantial fraction of the Dirac sea holes (unobserved positrons) 
sweeping from output to input do not convert to lattice holes (observed and 
bound positrons) along the way. For substantial values of COP above 1.0, 
Bedini’s invention (patent application filed by Bedini and the present 


originally written the energy flow as § = (E#H) + G, where G is a circuital flux. 
Poynting had only written $= (E*H). Taking p to be the density of matter and e the 
intensity of a gravitational force, Heaviside found that the cireuital flux G can be 
expressed as pu ~ ce, where u represents the velocity of p and c is a constant 
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author)'® covers the master process for intercepting and transducing this 
appreciable flow of negative energy from the output section back to the 
input, Otherwise, that flow — if not intercepted and not converted — will 
"eat" extra input electrons from the power supply, thus acting as a novel 
"extra load” appearing in the input section. That extra load then draws 
additional current and power from the external power supply by electron- 
hole annihilation”. 


With the Bedini invention, the negative energy (unobserved positron) flow 
appearing at the input section is transduced into a flow of positive 
(a flow of 
The procs "interaction and observation” process to 
phase conjugate the charge and reverse its direction of flow! In that cas 
the otherwise detrimental negative energy output back through the 
COP>1.0 system (which is nature's decay process for COP>1.0 
interactions) is changed to a beneficial positive energy input within the 
s freely received from the vacuum environment. This pro 
is then used to close-loop the system for self-powering in a "locked" 


and 
stabilized disequilibrium condition — a nonequilibrium stationary state. 


If we consider mass to be a special kind of positive energy state, then 
positive energy states represent curvatures of spacetime that are positive 
gravity. Negative energy states generate antigravity (the tim¢ al of 
gravity) 


'° Bedini personally discovered and implemented the solution before the exact nature 
of either the problem or the solution was recognized! My contribution was to 
recognize the nature of the problem and the mechanism used in the solution. We also 
stress that, contrary 10 conventional treatment, all EM cireuits do involve not only 
lattice holes in the conductors and components, but also Dirac sea holes in the local 
vacuum. That the Dirac sea is involved whenever there are EM fields is clearly 
shown by Felix Finsler, "Definition of the Dirac Sea in the Presence of External 
Fields,” Adv. Theor. Math. Physies, Vol. 2, 1998, p. 963-985, 


°° With a proper change in the curvature of local spacetime, pair annihilation ean 
‘oceur with no accompanying photon radiation. The condition i thatthe part of the 
curvature of spacetime representing the energy change of the otherwise emitted 
radiation, does not even though itis an "excited state". Rigorously, the 
emission of the radiation from pair annihilation occurs in two steps: (i) fist the local 
spacetime is curved for and by the energy excitation, as a static change of the 
curvature, and (i) then that curvature relaxes back to its former value, propagating 
that specific curvature in space, which is recognized as the radiation propagating in 
space. Ifthe spacetime curvature excitation does not relax, there is no photon 
emission and propagation. 
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ny by INCIDENT/REFLECTED WAVE 
AMPLITUDES 


‘The parameters a, and b, describe the incident and 
reflected waves respectively at each port n. These 
parameters are used for power and scattering matrix 
calculations. 


‘The amplitude of the wave incident to 
port is equal to the amplitude of the 
Incident voltage at the port divided by 
the square root of the port impedance. 


“Amplitude of the wave reflected at port 
‘nis equal to the amplitude of the 
reflected voltage at the port divided by 
the square root of the port impedance. 


LOSSLESS NETWORK 


A network is lossless when 
§ S'= 
{means to ake the complex conjugele and transpose the 
‘rai he nobwork recat onthe wanepose 
[he Same as he olga! main 
aluniarymatix. Aunty max has the properties 


In other words, a column of a unitary matrix multiplied by its 
‘complex conjugate equals one, and a column of a unitary 
‘matrix multiplied by the complex conjugate of a diferent 
column equals zero. 


The scattering parameter is equal to the wave 
‘amplitude output at port i divided by the wave 
‘amplitude input at port j provided the only 
source is a matched source at port j and all 7 
ther ports are connected to matched loads, 


‘The relationship between the S-parameters 
land the a- and b-parameters can be written in 
‘matrix form where S is the scattering matrix 
and a and b are column vectors. 


Power flow into any port is shown as 
a function of «- and parameters. P 


The ratio of the input power at port 
jo the output power at port lean 
be written as a function of a- and 
b-parameters or the S-parameter. 


RECIPROCITY 


A network is reciprocal when 5, = S, in the scattering 
matrix, ie. the matrix is symmetric across the 
diagonal. Also, Z,=Z, and Y, = ¥,. Networks 
constructed of “normal materials" exhibit reciprocity 


Reciprocity Theorem: 
fE.xH,-ds=§ B,xH, ds 


E, and H, are fields trom two different sources. 


RAT RACE OR HYBRID RING NETWORK 


The rat race or hybrid 
ring network is lossless, 
reciprocal, and 
internally matched. 


‘The signal splits upon entering the network and half travels 
around each side. A signal entering at port 1 and exiting at 
port 4 travels % of a wavelength along each side, so the 
signals are in phase and additive. From port 1 to port 3 the 
signal travels one wavelength along one side and Y= 
wavelength along the other, arriving a port 3 out of phase 
and thus canceling. From port 1 to port 2 the paths are 
and 5/4 wavelengths respectively, thus they are in phase 
and additive. 
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Before their interaction and observation, the Dirac sea hole (positron) 
currents — produced in natural COP>1.0 processes in the universe — are 
still negative energy electrons in 4-space. They are not 3-positrons until 
interaction with matter has occurred. These “negative energy electrons” 
zgenerate negative energy EM fields, including both the Poynting energy 
flow component and the Heaviside nondiverged energy flow component. 
tive energy EM fields appear to be generating the antigravity 
whose effects are s se. They produce 
far more powerful ef ‘ounted electrogravitation effects in 
astrophysics, which only uses the gravitational effects of the very much 
smaller Poynting energy flow component. Also, astrophysicists do not use 
the “positron before observation,” when it is still a negative 
tron with negative mass. The accumulation of the negative energy 
(Dirac holes) in space (in the surrounding vacuum) is connected with 
massive objects and violent processes, where very strong gradients are 
produced.” As a result, very large negative energy fields and potentials are 
produced. In turn, this results in cumulating antigravity. This cumulating 
and interacting antigravity appears to be the mechanism for the forces 
accelerating the expansion of the universe — rather than it decelerating as 
would be the case if the net gravity there were positive. In Chapter 8 we 
propose this explanation for the observed acceleration of the expanding 
universe — and the basis for the explanation can be and has been 
successfully demonstrated in a legitimate overunity EM circuit or system 
{42}. We offer this in honor of Heaviside, who first discovered the 
gravitational aspect of his huge nondiverged energy flow, but did not live 
to publish it, He also did not consider the Dirac sea prior to hole 
interaction with matter, as it was not yet formulated, so he had not yet 
recognized the way to produce and utilize the practical antigravity 
potential of his discovery 


LL AS ic Dilemma 
‘There would seem to be a sufficient abundance of techniques, devices, 
processes, and theoretical works to impel a crash project in the scientific 
community to develop successful overunity electrical power systems {4 
43d}. This would be especially appropriate at this time, since the 


Kondepudi and Prigogine, bid., p. 459 already point out that strong gradients 

produce situations that violate present thermodynamics, Research in these and other 

Situations violating present thermodynamies is going forward under the caption of 

“extended thermodynamics” research. A discussion of the area is given by D. Jou, 
erlag, New York, 1996. 


Extended Irreversible Thermodynamics, 8 
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escalating energy crisis now threatens to slow the world economy, and 
then eventually collapse it. At this writing, the MidEast has heated 
considerably, and appears headed for another MidEast war, with resulting 
severe interruptions of cheap oil supplies from the MidEast. Nonetheless 
in spite of Russia having opened its oil field spigots to try to fill the need, a 
s in oil appears to be looming. 


So why does the U.S. scientific community still so adamantly oppose the 
very notion of Maxwellian systems freely extracting EM energy from the 
vacuum? Why is there no outcry pointing out what the hoary old Lorentz 
regauging really means in terms of equilibrium or disequilibrium of the 
regauged system with the active vacuum? The unequivocal participation of 
the vacuum in a continuous energy exchange with the charges and dipoles 
of every EM system has long been affirmed by particle physics. All the 
fields and potentials — and their energy — manipulated in any EM circuit 
come from the vacuum, as proven in particle physies for 45 years. Why 
have our electrical scientists not understood — from the broken symmetry 
of the vacuum exchange with the opposite charges of the source dipole 
between the charged terminals of every generator and battery — that EM 
energy from the vacuum powers, and has always powered, every electrical 
power system and circuit ever built? Why have the later rigorous broken 
symmetry findings of particle physics not been incorporated to update the 
ancient classical EM theory used to design and build electrical power 
systems, nearly a half-century after those broken symmetries were 
covered and proven? Why do our classical clectrodynamicists continue 
to assume that every charge and dipole in the universe is a perpetual 
motion machine, freely creating energy out of nothing and pouring it out 
across all space at the speed of light? 


‘Therein lies one of the real problems of present science — its historical 
and continuing resistance to "out-of-the-box" thinking” and to research 
that overcomes conventional strictures. More than 40 years after the basis 
for the vacuum-energy powering of every dipolar system (and of every 


"Qut-of-the-box” thinking is a widely used concept among planners and program 
formulators, when conventional thinking will not suffice to solve a major probes 
‘with which they are struggling. Conventional thinking is considered "in the box’ 
thinking, so by demanding out-of-the-box thinking, a problem demands an 
‘unconventional solution outside those normally proposed. In short, some new 
thoughts and concepts are required. Much lip service is given to the concept as a 
favored buzzword, but few proposed programs with truly "out ofthe box" approaches 
‘will be funded. In the energy field, none at all are funded that are truly “out of the 
box", whether or not that or similar phraseology is used. 
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observable charge once its clustering virtual charges of opposite sign are 
accounted) was discovered and proven in particle physics, all our 
university electrical engineering departments continue to erroneously teach 
that the shaft energy input to the generator powers its external circuit. 
Internal EM energy in the generator, transduced from the input shaft 
energy, does not directly add a single watt to the external circuit. Ins 
it only continually forces the generator's internal charges apart, to 
continually remake the source dipole, which then extracts energy from the 
‘vacuum and pours it out of the terminals, filling the space surrounding the 
conductors of the external system for the system to intercept and utilize 
some of the available external energy flow 


cad, 


Once the dipole is established, it will extract and transduce EM energy 
from the vacuum and pour it out in all directions at the speed of light, 
without ceasing. Else, the Nobel Committee should admit its grave error 
and revoke the Nobel Prize awarded to Lee and Yang. Real observable EM 
energy extracted and transduced from the vacuum’s virtual energy is 
precisely what the "broken symmetry of the opposite charges" on the ends 
of the dipole means. Indeed, all the forces of nature are already considered 
as generated by the interaction of virtual particles with observed partic 
Since force produces energy changes in the system affected, then it follows 
directly that energy changes are produced by the interaction of virtual 
particles with observable particles. 


However, our power system engineers ubiquitously use the closed current 
loop circuit. This inane circuit self-enforces the Lorentz symmetrical 
regauging condition. It uses half the energy captured by the external circuit 
(from intercepting some of that "energy flowing around the circuit from 
the seething vacuum" that is copiously pouring out of the generator 
terminals) to ram the spent electrons back through the back emf of the 
source dipole itself. That scatters the dipole charges and kills the dipole 
and its broken symmetry — and also kills the free flow of transduced EM 
energy from the vacuum. 


‘That insane circuit kills the source dipole in the generator faster than it 
powers its external loads! So one has to keep rotating the shaft of the 
generator, to keep producing a magnetic field inside the generator, so that 
this magnetic field energy can continue to force the charges back apart and 
continually reform the source dipole. 


In short, our engineers build the equivalent of an electrical windmill, then 
— so to speak — force it into a closed barn so the environmental wind 
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cannot reach it any longer. Itis little wonder that we ourselves then have to 
do work on that "electrical windmill” to crank it around! 


We pay the power company to engage in a giant wrestling match inside its 
own generator and lose. We also wildly pollute the planet with 
hydrocarbon and nuclear wastes, poison species (including killing of X 
numbers of humans every year via the disruption of their body functions 
and health), and enhance global warming. We are slowly strangling our 
biosphere and ourselves 


1.2 Organized Science Often Resists Innovative Change 


The history of science is littered with examples where the scientific 
community has ignored the principle behind Einstein's statement quoted at 
the beginning of this chapter. As pointed out by Smith {44}, science has 
become reoriented toward profit. Quoting: 


science is not the danger; scientists encouraged to do 
had science to survive are.” ..."...changing the way 
‘modern science is funded is an enormous undertaking, but 
it is a necessary one if we want fo protect our future. Call 
it managed risk." 


Science's resistance to change is so well known to historians of science 
that itis rather universally accepted — although usually not made explicit 
to undergraduates. Further, scientists are under great pressure to conform: 


1. After all, science is patronized; someone must fund the 
laboratories, the research supplies, the salaries and personnel 
benefits, ete. 


To procure and protect its patronage, science has become 
quite organized, particularly with respect to how the funds — 
received and channeled down from the top — are cut into 
individual packages 
and made avai 
chain of universities and research laborator 


3. In the last few decades, there has risen an increasingly fierce 
demand by universities that the scientific researchers (i) be 
successful in attracting outside funds and (ii) file patents 
assigned to the university. So fierce has this demand become, 
that the research professor's continued livelihood may literally 
depend upon his or her success in bringing in extra funding, 
Further, much of his time is now spent in writing proposals to 
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packaged funds". When he wins them, the 
sof research are already 
stringently defined, and he dare not deviate — else there will 
shortly be no more funding packages won, no funding for his 
‘graduate students, and soon thereafter there will be no job of 
any importance for the professor! 


4. Inthe United States, all the government National Laboratories 
and our universities are intensely seeking and filing patents! 
So small, independent inventors cannot deal with th 
organizations, without risking and almost guaranteeing the 
loss of their patents and intellectual property. Funding dangled 
in front of the inventor, much like a carrot dangled in front of | 
‘a horse, is often tied to "march in" rights {45, 46} calling for 
surrender of the inventor's patent rights altogether, whenever 
the government — i.e, a single bureaucrat — wants to take it 
All that has to be done is to declare that the inventor is not 
getting it developed and to market fast enough. Science has 
thus become more avaricious and — some inventors would 
even say — it increasingly involves overt and covert piracy of 
intellectual property rights. From personal experience, 
reluctantly I would not argue with that statement. Simply ask 
Larry Fullerton of Time Domain Corporation about his 
struggle with a National Laboratory over patent rights to his 
ultrawideband communications invention and technology.” It 
eventually resulted in a "draw" of sorts. He did not lose his 
rights, but the government gained them also, in competition 
with him. The government circumvented his patent, even 
though they did not succeed in taking it. We were delighted to 
recently see that Larry (the company is Time Domain, Inc.) 
received its 74th patent in this technology, as well as a ruling 
that will allow the technology to at last go to market. 


5. The result is a dramatic increase in the pressure on working 
scientists and independent inventors to conform, and to "play 
the game by the rules”. Then everybody up the scientific food 
chain is fed, and is happy and secure. The journals happily 
publish the research papers and results, the professor gets 


® Stephen Fenichell, "Radio Flyer,” Discover, 22(5), May 2001. Fullerton's 
technology has been given a limited go-ahead by the FCC, which has drafted 
standards and regulations in the area as of February 2002. 
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funding for his graduate students, the university gets that 
wonderful overhead cut of the research funding — such as 
half or it or more — and the entire apparatus is like a very 
large and tidy Titanic adhering to its ponderous course toward 
the iceberg. Meanwhile, truly new and innovative scien 
discoveries — vulnerable and desperately needing nurturing 
funding during their initial embryonic state — get shoved 
aside, crushed, and starved in the funding rush to adhere to 
performance of the prescribed funding packages. 


environment, the day of the "defenders of the scienti 
's arrived! A small percentage of conventional 
scientists who are dogmatic and vociferous, are now very 
prominently attacking any novel experiments and ideas with a 
vehemence seldom seen in organized science. It is again 
reminiscent of some of the noted scientific attacks in history, 
€.g., as pointed out by Hellman {47}. Yet, because of the 
financial pressure upon the scientific community, and the 
increased pressures to conform, there is little restraint of the 
dogmatists and they are almost never called to task. Cold 
fusion is a current example. The American Physical Society 
has recently issued a statement condemning perpetual motion 
‘machines — yet the society’s members continue to condone 
and use a classical EM model that assumes every charge in the 
universe to continuously be creating energy from nothing. 
Even the American Physical Society has not recognized what 
broken symmetry of opposite charges means with respect to 
the common dipole and dipolarity in every circuit. Nuclear 
reactions at low spatial energy (which means at 
extraordinarily high total energy when the c*-compressed time 
energy is considered) do indeed sometimes occur in carefully 
controlled experiments, whether or not we yet sufficiently 
understand the reactions theoretically, and regardless of 
whether we can get the anomalous results to happen every 
time. Yet this area of nuclear interactions at low spatial 
energy {48} — and unknown to the scientific community, at 
very high time energy 49, 50, 51} — has been savaged by 
these self-appointed spokespersons for the "official 
‘community, none of whom even account the compressed 
‘energy in the time increment portion of the photon. More than 
six hundred successful experiments in multiple laboratories, 
by respected scientists in multiple nations worldwidk 
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rather resoundingly ignored. Yet the replication rate for good 
cold fusion experiments is certainly higher than many of the 
replication rates for novel and little-understood phenomena in 
large particle accelerators, and the cold fusion experiments are 
also far cheaper.”' While particl ‘lerators are "popular" in 
their ability to garner huge funding, their cost/benefit ratio 
compared with, say, cold fusion experiments, may be 
abysmally low. Simply examine the decades of effort and 
‘many billions of dollars expended on the search for warm 
fusion (using spatial energy only). What has it produced, in 
terms of watts of power on the power lines? When will it 
produce any electrical power of any significance? Prototype 
cold fusion power systems have in fact been produced and 
patented {52}. With seed money from the scientific 
‘community and using a higher symmetry electrodynami 
cold fusion power could proceed at a rapid pace 


Strangely, the ever-present pressure to conform to that which is already 
known and accepted has often made s its own worst enemy 
throughout its history. Establishment scientists and the "system itself” now 
probably block — and have blocked over the decades — more innovative 
ntific research than does any other factor {53} 


1.2.1 Many Scientists and Historians Have Pointed It Out 
The scientific community is well known to have always been highly 
resistant to novel ideas and innovations. Here are some selected pertinent 
comments regarding this phenomenon, where organized science is its 
the obstacle to the advance of science, and where such has been recognized 
for many decades: 


* Asan example, see R. P. Taleyarkhan et al., "Evidence for Nuclear Emissions 
During Acoustic Cavitation," Science, Vol. 295, 8 Mar. 2002, p. 1868-1873; Charles 
Seife, "Bubble Fusion’ Paper Generates a Tempest in a Beaker,” ibid.. p. 1808-1809, 
See aiso Donald Kennedy, "To Publish or Not to Publish,” ibid, p. 1793. Science 
hhad the courage to publish the peer-reviewed results of a tabletop sonolumineses 
experiment that apparently produces nuclear reactions. Editor Kennedy essentially 
advises all protagonists on both sides to cut the rhetoric and allow the scientific 
community to do its replication work, to either validate or refute the successful 
experiments of Taleyarkhan et al. This action by Science is a shining beacon to 
remind the scientific community that science is based on experimental method, and 
that prevailing theories cannot refute new experiments that contradict them. Instead, 
laboratory bench experiments must decide suck 
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"Every great scientific truth goes through three stages. 
First, people say it conflicts with the Bible. Next they say 
it had been discovered before. Lastly they say they have 
always believed it." [Louis Agassiz, 1807-1873.] 


"There are three steps in the history of a great discovery. 
First, its opponents say that the discoverer is crazy; later 
that he is sane but that his discovery is of no real 
importance; and last, that the discovery is important but 
everybody has known it right along." [Sigmund Freud] 


“Anybody who has studied the history of science or 
worked as a scientist knows that whenever something 
novel is discovered or proposed, there is a polarization of 
scientists, with hostility and bitterness that may last for 
generations. What wins arguments is scientific fact, and 
that may change as the years go by. A good example of 
this is the geological theory of continental drifi, as 
proposed by Wegener in 1912. When I studied geology 
‘around 1950, continental drift was acknowledged in my 
undergraduate textbook as a crank theory. The first 
serious confirmation was in 1956, and it was finally 
established as the dominant theory in the early 1970s. 
Until that time, anybody who admitted that he or she 
believed in continental drift was the subject of derision 
and scorn. Sorry, folks, science is not and has never been 
the ‘idealized portrait painted in texthooks'.” [Allan 
Blair] {54} 

"".. the four stages of response to any new and 
revolutionary development fare]: I. I's crazy! 2. It may 
be possible — so what? 3. I said it was a good idea all 
along. 4. 1 thought of it first." [Arthur C. Clarke}. {55} 


"1 suggest that most revolutions in science have taken 
place outside the lofty arena of the refereed journals, and 
with good reason. The philosophy by which these journals 
govern themselves virtually precludes publication of ideas 
that challenge an existing consensus." {William K. 
George] {56} 

"At every crossway on the road that leads to the future, 
tradition has placed against each of us, 10 thousand men 
to guard the past.” [Macterlinck] 
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“Am important scientific innovation rarely makes its way 
by gradually winning over and converting its opponents: 

it rarely happens that Saul becomes Paul. What does 
happen is that its opponents gradually die out, and that 
the growing generation is familiarized with the ideas from 
the beginning.” (Max Planck] {57} 


"Peer review is widely seen as a modern touchstone of 
truth. Scientists are roundly drubbed if they bypass it and 
“go public’ with their research... The first limitation of 
eer review is that nobody can say quite what it is... A 
‘more pernicious danger is that peer review may reject the 
important work. As Charles W. McCutchen, a physicist at 
the National Institutes of Health, has put it, peers on the 
panel reviewing a grant applicant ‘profit by his success in 
drawing money into their collective field, and by his 
{failure to do revolutionary research that would lower 
their own ranking in the profession. It isin their interest 
to approve expensive, pedestrian proposals.” " (Jonathan 
Schlefer] {58} 
‘The sheer massive size and inertia of the modern scientific establishment 
also exert mind-numbing difficulty in "hearing" and recognizing an 
innovative scientist's message, even a message of utmost importance, and 
even if it gets through the censors. For example 


"We used to be able to say things once; ifthe message 
was reasonable, it had a good chance of becoming a 
permanent part of the structure of the field. Today, a 
single publication is lost; if we say it only once, it will be 
presumed that we have changed our mind, and we 
therefore must publish repeatedly. This further fuels the 
large publication volume that requires us to repeat.” 
[Rolf Landauer] {59} 


1.2.2 Some Specific Examples 
There are hundreds of examples of new discoveris 
first — and often for an extended period of years — 
obstructed and ridiculed. Here are just a selected few: 


that have at 


en severely 


1.2.2.1 Conservation of Energy 
‘Von Mayer {60}, the discoverer of the modern statement of the 
conservation of energy and the mechanical equivalent of heat, was 
severely chastised for his "insane" work. He was hounded and severely 
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ridiculed. This extremely harsh treatment, together with domestic 
problems, drove him to a suicide attempt and a nervous breakdown, and 
into psychiatric treatment for some years. Toward the end of his life, his 
principle of energy conservation had so greatly increased the ease of 
calculations and the understanding of systems that the same scientific 
community — due to the commendable efforts of Helmholtz, Clausius, and 
‘Tyndall — began to recognize his great contributions and lionize him. In 
1867, he was made a member of the nobility, dying in 1878 with his 
“insane” work by then well respected. He was fortunate to have the "cur 
dog attack" reversed in his lifetime. Most scientists with novel discoveries 
are not so fortunate. 


1.2.2.2 Continental Drift 
Alfred Wegener {61} proposed the theory of continental drift in 1912. The 
reception was extraordinarily hostile. So ferociously was he ridiculed for 
the notion that huge continents of rock could "float” and "drift" that his 
very name, "Wegener", was often used as a synonym for “utter idiot”. To 
refer to someone as "a Wegener" was to cast the greatest slur possible 
upon that person's mental powers and to label him a gibbering lun 
Only in the 1960s when sea-floor spreading from ocean ridges was 
discovered, proving that ocean basins are not permanent features, did 
‘Wegener's concept of continental drift concept finally gain acceptance. 


1.2.2.3 Kinetic Theory of Gases 
As pointed out by Paul Nahin {62} 


"y. J. Waterston's paper on the kinetic theory of gases, in 
1845, was rejected by the Royal Society of London. One of 
the referees declared it to be ‘nothing but nonsense, unfit 
even for reading before the Society.'... "Waterston's dusty 
‘manuscript was finally exhumed from its archival tomb 
forty years later, because of the efforts of Lord 
Rayleigh..." 


Lord Rayleigh was the Secretary of the Royal Society when he had 
Waterston's paper reprinted nearly a half-century after submitted. Lord 
Rayleigh also gave an introduction to the paper, regretting it lying so long 
unpublished when its content was quite important. His introduction is a 
way of explaining the delay.** 


25 Waterston's paper was finally published as John James Waterston, "Free and 
Elastic Molecules,” Phil. Trans. Roy. Soe. Lond., Vol. 183, 1892, p-1-79. Lord 
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The directional couplerisa4- © (e) 
port network similar to the rat 4 
race. Itcan be used to — 
measure reflected and 

transmitted power to an 

antenna, 9 @ 
‘An input at one port is divided between two of the remaining 
ports. The coupling factor, measured in dB, describes the 
division of signal strength atthe two ports. For example it 
the coupler has a coupling factor of -10 dB, then a signal 
input at port t would apes at port 4 attenuated by 10 dB 
with the majority ofthe signal passing to port 2. In other 
words, 90% of the signal would appear at port 2 and 10% at 
port 4. (-10 dB means "10 dB down’ or 0.1 power, -6 dB 
‘means 0.25 power, and ~3 dB means 0.5 power.) A 
reflection from port 2 would appear at port 3 attenuated by 
the same amount. Meters attached to parts 3 and 4 could 
be used to measure reflected and transmitted power for a 
system with a transmitter connected to port + and an 
antenna at port 2. The directivity of a coupler is a 
measurement of how well the coupler transters the signal to 
the appropriate output without reflection due to the coupler 
itsel; the directivity approaches infinity for a perfect coupler. 
directivity = 10log( p, / p,), where the source is at port 1 


and the load is at port 2. 


‘The directional coupler is lossless. 0 po -g 
and reciprocal. The scattering 


040 
matncooe ie hs, are ae 

coupler, the off-diagonal zeros a0 Pp 
Woudtenearseotietoteaage, [4 0 » 0 


CIRCULATOR 


The circulator is a 3-port 
network that can be 
used to prevent 
reflection at the antenna 
from returning to the 
source. 


Port 3is terminated internally by a matched load. With a 
source at 1 anda load at 2, any power reflected at the load 
is absorbed by the load resistance at port 3. A3-port 
‘network cannot be both lossless and reciprocal, so the 
circulator is nat reciprocal. 

‘Schematically, the ‘The circulator is lossless. 
Circulator may be depicted but is not reciprocal. The 
like this: scattering matrix looks like 
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MAXWELL'S EQUATIONS, TIME 
HARMONIC FORM 
VxF =-jopH ‘elon 
Vx# =-jouE ‘curl on H’ 
# =[E,(x,y)R+E, (x y)§ +E. (x y)e]e™™ 


# =[H,(x.y)8+H, (x y)¥+H.(xy)a]e™ 


From the curl equations we can derive: 


y SE ae =-jouH, (4) on, +H, = jock, 


@ Ee, —jouHt, (8) 4 


1H, = jek, 


6) 


284) H, 
Qa) E 


(88) £ 


‘This makes it look lke if £. and H. are zero, then Hy, Hy, Ey 
and E, are all zero. But since 9x0 #0), we could have 
‘non-zero result for the TEM wave if 


“f= ile = = jioyfe- This should look familar 
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1.2.2.4 Surgical Pain Deemed Necessary 
It has always been this way in science. As another example, the famed 
surgeon Alfred Velpeau wrote in 1839: 


"The abolishment of pain in surgery is the chimera. It is 
‘absurd to go on seeking it today. ‘Knife’ and ‘pain’ are 

two words in surgery that must forever be associated in 

the consciousness of the patient. To this compulsory 

combination we shall have to adjust ourselves." (Martin 
Gumpert] {63} 

ve that today a similar attitude of "we must glory in the 
the "pain" is due to the yoke of COP<1.0 EM systems and 
Of the second law of classical equilibrium thermodynamics — consumes 
‘most modem electrical power system scientists and engin 


1.2.2.5 The Photoelectric Effect 
Almost every household now knows Albert Einstein’s epochal 
ve three papers — on Brownian motion, the 


‘The most renowned physicist 
of the time was Max Planck. Planck was embarrassed that a scientist who 
‘was not even employed in physies was doing such important work in 
physics. So Planck and other scientists arranged for Einstein to be awarded 
a chair in physics at a proper university. In their letter to the university, 
they pointed out Einstein's brilliance in his papers. They also then excused 
him for straying down the road of the photoelectric effect, because — as 
they put it — everybody knew that was foolishness, but persons of such 
brilliance could be forgiven a few such little bobbles along the way. Years 
later, in 1921, Einstein was awarded the Nobel Prize for Physics, for his 
work in theoretical physics and especially for his explanation of the 
photoelectric effect. 


‘The Einstein incident is a typical illustration of Arthur C. Clarke's cogent 
observation: 


"When a distinguished but elderly scientist states that 
something is possible he is almost certainly right. When 
he states that something is impossible he is very probably 
wrong." (Clarke's First Law] 


Rayleigh’s introduction and Waterston’s paper also are given in Jefferson Hane 
Weaver, The World of Physics, Simon and Schuster, New York, 1987, p. 632-651 
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1.2.2.6 Amorphous Semiconductors 
Stanford R. Ovshinsky's development of amorphous semiconductors {64, 
65} is another modern example. "Everybody knew" that a crystalline 
structure was necessary in order to have a semiconductor at all; in short, a 
semiconductor formed out of non-crystalline material was deemed to be 
totally impossible, never mind this “phase” change that Ovshinsky 
advanced. However, some young graduate students, e.g. began to look at 
Ovshinsky’s amorphous materials and his phase change approach. 


funded by the Japanese, Ovshinsky's company, Energy Conversion 
es, Inc. (ECD) simply placed its amorphous semiconductor devices 
into working equipment. Copy machines appeared with his amorphous 
semiconductors installed in them — with the machines and their 
amorphous semiconductors working very well. More graduate students and 
post-docs enthusiastically entered the area, did research, and wrote 


As a result, amorphous semiconductors finally became accepted, and they 
are now part of the established technology and scientific knowledge base. 
The interested reader can simply look up Ovshinsky's company and 
statistics on http://www.ovonics.com . The Japanese have reaped a 
continuing bonanza from the sales of amorphous semiconductors, because 
of the shortsightedness and bias of the U.S. scientific community. 


1.3 Scientific Disagreement or Street Fight? 


It is one thing to scientifically disagree — even strongly — in a technical 
and courteous fashion, and quite another to engage in ad hominem attacks 
The first is science; the second is a cur dog fight. Unfortunately the history 
of science far too often reveals "cur dog fights" instead of respectful 

ntific disagreements {66} 


‘A recent modern example of legitimate research and qualified researchers 
still being savaged in a "cur dog fight" manner is cold fusion (low energy 
nuclear reactions). Quoting one learned orthodox scientist, whose name is 
withheld, speaking to a learned scientist in cold fusion: 


“How stupid do you think we are? My assessment of you 
and your colleagues is that you are complete frauds or 
totaily mad. There is no known physical principle that 
would support the kind of results that you claim your 
technology can accomplish, nor is there any eredible 
‘argument why there should be such a principle.” 
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We answer that "cur dog attack" unemotionally and scientifically. The key 
is in the scientist's own phrase: "no known physical principle.” If the 
experiments work and are replicated, but are not understood by the 
conventional theory, then they refute the prevailing theory, whether the 
physical principle is understood or not. Else scientific method has been 
totally abandoned in favor of “truth by authority and dogma”. The 
experiments clearly show that a previously unknown physical principle is, 
at work. The real task then is to rediscover this new principle — that being 
‘one of the primary ways that science advances. We propose new principles 
in this book as a possible explanation of those experiments. 


‘The dogmatic scientist's statement was made in spite of some two hundred 
(200 at that time; now more than 600) scientific experiments worldwide, in 
‘many nations, many at prestigious institutes dozens of scientists 
have reported positive and anomalous results in cold fusion experiments 


So yes, there is indeed a very "eredible argument” — the results and 
replicability of the experiments, which are supposed to be the decisive 
statement of science. If that view in science has changed, then we are no 
longer practicing the scientific method. Instead of accepting successful and 
replicable experiments and seeking to change the model, the scientist is 
insisting that we must first understand the principle and thus have a model. 
This of course is a total violation and reversal of the scientific method. We 
used aspirin effectively for decades without the slightest notion as to the 
‘mechanism enabling its beneficial actions. The mere fact that "there is no 
known physical principle" for the results achieved has nothing to do with 
the validity of the replicated experimental results. Instead, it merely 
substantiates that there should be a vigorous scientific program to uncover 
the new principle or principles obviously involved, since the old model has 
either failed or been revealed as too limited. 


The derogatory statement by the dogmatic scientist is also made from the 
viewpoint of the conventional nuclear physics model. The conventional 
physies has not taken into account that all 3-spatial electromagnetic energy 
ted with charges and dipoles and their fields and potentials in fact 
comes from the time domain {85, 86, 12, 19}. It has also not taken into 
account that time itself (as in the time component transported by the time- 
polarized photon or a time-polarized EM wave) may be comprised of 
extraordinarily dense energy. Indeed, time appears to be spatial EM energy 
compressed by the factor cso it has the same energy density as mass 
{67}, which we pointed out earlier. The smaller the spatial energy of the 
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photon, the greater its time component and hence its time-energy in 
seconds expressed in decompressed spatial energy joules”. The highest 
cenergy particle physies is not spatial- as presently practiced, 
but time-energy physics, where some of the ti 
transduced into spatial energy. One second of time transduced 
(decompressed) into spatial energy yields approximately 9? 10'* joules. 
Further, every negative charge in the universe continuously accomplishes 
that decompression, and every positive charge continuously accomplishes 
the recompression. 


In other words, not all physical principles were discovered in the particle 
physics of, say, five years ago, as the literature since then clearly shows. 
To assume that everything is already known today is ludicrous; science is 
never completed. The new principles reported in the present book now are 
at least "candidates" for the physical principles that do support cold fusion 
results. There is also another powerful argument for these hypothesized 
principles: they have produced the final resolution of the source charge 
problem — something for which the arch skeptic quoted has no solution 
whatsoever, and which he himself cannot explain. If the arch critic cannot 
produce an alternate solution to the source charge problem, and is 
unaware of that new principle that may solve it, let him go and learn the 
new principle. Until then, he unwittingly assumes that every charge in the 
universe is a perpetual motion machine, continuously creating and 
pouring out EM energy in all directions at the speed of light. So we return 
his own argument and approach to him: he should attack the conventional 
scientific community for accepting the source charge, while having 
absolutely no principle to explain how it continuously pours out 
observable EM energy without any observable EM energy input. In short, 
he should practice what he preaches; else he brands himself a total 
hypocrite. The alert reader will note that none of the arch skeptics doing all 
the ad hominem attacks on cold fusion and COP>1.0 EM systems are 
practicing what they preach. 


2 The spatial energy of the photon decreases linearly as the frequency is lowered, 
while the time component in seconds increases linearly. But the highly compressed 
time energy, comprising that time component, inreases nonlinearly (by the factor 
Dy). Hence the highest energy photons are actually the low frequency photo 
something completely alien o particle physicists — and not the high frequency 
photons chased by "high energy physics". Indeed, high energy physicists are 
practicing a high spatial energy physies, which — overall — is a much lower energy 
physics than radar, microwave, VHF. oF ELF, ifthe total energy ofthe photon, to 
include its time energy, és considered 
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are saying is this: 


If one’s physics knowledge was current five years ago, it may be 
stale today. A few years ago, no one believed the expanding, 

was accelerating. Today we know that itis, rather 
unequivocally. And by "no known physical mechanism". We will 
int a strong candidate for that missing mechanism. The 
xxperiments will substantiate or refute it 


The proposed principles in this book, e.g., are newer, and may 
shed light on the mechanism for the cold fusion results as well as 
other phenomena. The experimental results themseh 
irrevocable; any proposed explanation requires validation 


The new principles do explain cold fusion and are consistent with 
the phenomena encountered in multiple experiments by multiple 
s. We readily admit that the stale 
and incomplete principles presently utilized in nuclear physics do 
znot explain cold fusion. Neither do they explain how a charge 
continuously pours out EM energy. So do the skeptics attack all 
those physicists who believe in source charges and their provision 
of the fields and potentials and all EM energy? Of course not 
They themselves believe in that greatest of all “perpetual motion” 
fax pas 


The proposed new principles also solve the source charge 
problem, which is still ignored by most conventional physicists 
and electrodynamicists, even though often referred to as the "most 
difficult problem in electrodynamics" {68}. 


Scientists should not be close-minded, but should consider new 
proposals and let the experimental results decide their validity or 
falsity — precisely the position taken by the journal Science in 
publishing the results of some new cold fusion experiments. That 
is the scientific method in action. 


Those scientists who remain close-minded, and viciously attack 
experimentally demonstrated new processes and mechanisms, are 
guilty of practicing dogma and not science. They are in fact guilty 
of being what they so frequently charge: pseudo-scientists 


ence does not allow proposed new mechanisms and principles to 
dered in science following demonstration of new phenomena 
ice is no longer practicing 


scientific method, When any scientist rejects these demonstrated new 
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experimental phenomena out-of-hand, he is practicing dogma rather than 
science. The “friendly skeptic” attitude is welcomed and appropriate. The 
cur dog attack has no place in science, but only among cur dogs — and 
those who behave like them. 


1.4 A Few Significant and Unresolved Scientific 
Problems 


1.4.1 Time as Structured Energy 
Time also has internal structure and dynamics (69, 70}, as we explain 
later, as well as the same energy density as mass, So it should not be 
surprising that a tiny bit of time-energy, transduced into ordinary spatial 
EM energy, might be capable of energetically inducing a wide variety of 
nuclear reactions. One has transduced not only "gross" energy, but also 
energy structuring and dynamics — which act internally on any object 
with which interaction occurs. Further, the overall spatial energy 
component and the time-energy component in a photon are canonical 
Being quanta, all observable photons have the same fixed "total 
‘magnitude" with respect to angular momentum. The photon is also "made' 
‘of (DE)(Dt) which may be taken as (DE)(c"D) in terms of purely spatial 
energy equivalent content, assuming that the time energy is decompressed 
into spatial energy. As can be seen, the so-called "low (spatial) energy’ 
photons are precisely the photons that transport the greatest tim 
component. When that time-energy component (D) is converted to spatial 
energy (DEc), the formula is (DEc) = ¢*(D). As can be seen, the converted 
time energy will produce far more spatial energy in the converted 
interaction, than was carried by the photon in its spatial energy (DE) 
‘component prior to interaction and time-energy transduction. Hence the 
highest energy photons are actually low frequency photons — under the 
circumstances where time-energy transduction into spatial energy is 
involved. With transduction, the highest energy particle physics ean be 
conducted at low frequencies and low spatial energy if conversion of time- 
energy occurs in the interaction. 


Since cold fusion involves transduction of a little bit of the time-energy, 
the total lack in physics of knowledge of time-energy transduction into 
spatial energy explains why conventional nuclear physicists find the cold 
fusion results so confusing and astonishing. 


1.4.2 The Obsolete Foundations of Classical Electrodynamies 
Another modern example of science’s resistance to change is the failure to 


update classical electrodynamics to include the active vacuum interaction 


36 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES. 


and the interaction with the local curved spacetime”, as we shall discuss in 
Chapter 2. It has been scientifically established (in particle physics) that 
there can be no equilibrium of any physical system without accounting for 
the vacuum interaction. * To simply observe a physical electrical power 
system sitting there stably and running, is to prove its vacuum interaction 
in order to even have such equilibrium, 


An interesting point then arises sinc 
system is a broken equilibrium in th 
system and the vacuum. Not only does an electrical circuit receive some 
energy from the vacuum, but also the energy from the vacuum is massively 
hemorrhaging from the vacuum into the system (and back out)! The 
isolated charge, e.g., is infinite if one removes the screening clustered 
virtual charges of opposite sign, as is well known in modern physic: 
Further, the screening virtual charges also have infinite charge, again as is 
well known. The difference between these two infinite values of charge, 
e-g., gives the standard finite observed charge of the charged particle. The 
lay reader may wish to positively verily that statement; e.g. a8 given by 
Nobelist Steven Weinberg.”” Quoting: 


every charge and dipole in the 
exchange between the material 


"[The total energy of the atom) depends on the bare mass 
and bare charge of the electron, the mass and charge that 
‘appear in the equations of the theory before we start 
worrying about photon emissions and reabsorptions. But 
{free electrons as well as electrons in atoms are always 
emitting and reabsorbing photons that affect the 
electron's mass and electric charge, and so the bare mass 
‘and charge are not the same as the measured electron 
‘mass and charge that are listed in tables of elementary 
particles. In fact, in order to account for the observed 
values (which of course are finite) of the mass and charge 
of the electron, the bare mass and charge must themselves 
be infinite. The total energy of the atom is thus the sum of 
two terms, both infinite: the bare energy that is infinite 


*” We again stress the concept of the supersystem, introduced in footnote 11 


kg, see TD. Lee, Particle Physics and Introduction to Field Theory, Harwood, 
New York, 1981. On p. 380-381, Lee shows how there is no symmetry of matter 
alone, but only of matter and vacuum 


® Steven Weinberg, Dreams of a Final Theory, Vintage Books, Random House, 
1993, p. 109-110.} 
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because it depends on the infinite bare mass and charge, 
and the energy shift... that is infinite because it receives 
contributions from virtual photons of unlimited energy.” 
[Steven Weinberg] 


So a simple charged particle actually involves a polarization of the vacuum 
involving two charge energy functions — the bare charge and the charge 
change functions — each of which has a known and recognized COP = 1! 


A priori, the conventional system's overall actions must incorporate 
functions (whether intentional or unintentional) that continuously adjust to 
provide net equilibrium in that exchange by adjusting the hemorrhaging- 
out to equal the hemorrhaging-in. In this book, we will spell out just what 
those unintentional functions are, such as the ubiquitous closed-current- 
loop circuit, and how to beat them so that excess energy from the vacuum 
can be utilized by the system to power the loads. 


1.4.3 What Powers an EM Circuit or Electrical Power System? 
Another modern example of science’s resistance to change is the continued 
engineering of electrical power systems with the erroneous notion that 
mechanically powering the shaft of a generator directly powers the power 
line. The notion is that the generator transduces some of the mechanical 
shaft energy into output EM energy added to the power line {71}. To the 
contrary, all EM systems are powered by energy extracted from the 
vacuum. They are not powered by the mechanical energy we input to the 
shaft of a generator, or by the chemical energy in a battery. In this book, 
wwe discuss at some length what powers the EM system, and we have 
previously published the basis for our "shocking" statement {12, 72}. The 
basis for how an EM system is powered by energy from the vacuum has 
been known in particle physics for nearly a half-century {73}, since the 
experimental proof of broken symmetry {74}, including the broken 
symmetry of opposite charges (and hence of any dipole) in 
energy exchange with the active vacuum {75} 


‘A generator or battery expends all of its available energy to separate its 
internal charges and form its source dipole between the terminals. Onc 
made, the dipole's broken symmetry — in its violent energy exchange with 
the active vacuum — converts virtual photon energy absorbed from the 
‘vacuum into observable EM energy, and emits it — pours it out — through 
the terminals and along the power line, filling all space around the 
conductors 


If one wishes to appreciate the enormity of the vacuum changes 
engendered by formation of that source dipole, simply visualize those two 
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infinite charge energy functions (from Weinberg’s quotation above) for 
every charged particle on the ends of that dipole. The dipole then is a great 
set of offsetting infinities in EM energy (photon energy) boiling and being 
ordered in the vacuum, Making a simple little dipole or producing a simple 
charge initiates into motion an enormous set of infinite energy changes in 
the vacuum! None of these startling, enormous vacuum energy change: 

and functions is modeled in classical electrodynamics and electrical power 
engineering. So when we speak of the Heaviside nondiverged energy flow 
component pouring from the terminals of a generator, as being a trillion or 
ten trillion times as great in magnitude as the intercepted Poynting 
component, the reader should not be appalled. The reader should recall that 
wwe are dealing with the difference between sets of infinities that combine 
to provide finite differences. These finite differences can be very small, or 
they can be extraordinarily large, depending on the exact situation. In the 

case of a source dipole formed in an ordinary generator or battery, the 
difference of the infinities is very large 


Figure 1, adapted from Kraus {76}, illustrates that small part of the 
external energy flow around a typical transmission line that is intercepted 
by the surface charges and their fields, and that is drawn into the wires to 
power the circuit as these charges are driven axially back and forth acros 
the conductors. The surface charges are constrained to the "drift velocity” 
(usually a few inches per hour) movement down the wire by repulsion of 
the electrons ahead of them. 


The spinning, longitudinally restrained electrons precess laterally, thus 
withdrawing across the transverse axis of the wire. So the laterally 
precessing electron withdraws a little ways, withdrawing that first small 
portion of its fields and their energy increased by intercept of additional 
energy from the outside energy flow. The further part of the fields is not 
withdrawn into the conductor, and is not used to power the electrons. 
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igure Foyating (aught nergy flow eantour sauna 


Most of the available energy flow misses the circuit and is not drawn into 
the conductors. However, that large component is not shown by Kraus, 
and Poynting did not consider it. Heaviside {5c} pointed out that the 
remaining flow component is hardly reduced (hardly changes direction) 
from the entire flow component before the extraction of the small Poynting 
component. Given sufficient intercepting charges outside the wires in 
separate receiving circuits, the total remaining energy flow that could 
potentially be intercepted is enormous — far more than the feeble amount 
of energy that is input to the generator shaft or that is in the chemical 
energy of a battery 


pting 
charge ing” circuits in the otherwise nondivergent 
energy flow outside the conductors, or one may show it with Bohren’s 
experiment {24}. Collecting additional energy completely outside 

is one part of the COP>1.0 operation of the motionless 
generator (MEG) {37}, to be discussed later in this book. 
llation of the 
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WAVE EQUATIONS 


From Maxwell's equations and a vector identity on 
curl, we can get the following wave equations: 


VF =-orpeF — “uel squared on E* 
wer ‘del squared on H 
The = part or "del squared on £."is: 
YE. YE. VE. 


VE 


Wek. 
ay file 


Using the separation of variables, we can let 
E.=X(x)-¥(y)-Z(z) 
We substitute ths into the previous equation and divide by 
XYZ0 get 
Idx 1d¥ 
x Yay 


Since X, ¥, and Z are independent variables, the only way 
the sum of these 3 expressions can equal a constant is if all 
expressions are constants, 


So we are letting 


Asolution could be Z=e* 


sothat ye * =—k7e and —k.* 


Solutions for X and ¥ are found 


=k, = X =Asin(k,x)+ Boos(k,x) 


= ¥ =Csin(k, y) + Deos(k,y) 


giving us the general solution k,” +k,°—y' = @'pe 
For a particular solution we need to speciy intial conditions 
and boundary conditions. For some reason, intial 
conditions are natan issue. The unknowns are fy, ky A,B, 
C,D. The boundary conditions are 


Eq, =0 Caw ag 
on 
Eau the electric field tangential to a conducting surface 
Hyg, = the magnetic field tangential to @ conducting surface 
n=|don't know 


TM, TE WAVES IN PARALLEL PLATES 


‘TM, or transverse magnetic, 
mean hat magreic waves PALL 
arecontined'oihe ransverse |} 

lane. Similarly, TE y 
Gtangverse elo) means e— 
that electrical waves are 
confined tothe transverse (ediection sat page) 
plane 
Transverse plane means the plane that is transverse to 
(perpendicular to) the arecton of propagation. The 
direction of propagation Is taken i be inthe direction, s0 
the transverse plane isthe s- plane. So for a TM wave, 
there is no 1. component (magnetie component inthe = 
direction) but there isan E, component 


E_ = Asin(k,x) 
‘A amplitude [V] 
mm 
k, =" the magnetic ld must be zero atthe plate 
d 


Bours. Th vi province 
position; perpendicular distance from one plate. fem] 
d= plate separation [cm] 

‘Y= propagation constant 

position along the direction of propagation fem] 
‘mode number; an integer greater than or equal to 1 


Y e+(kx) 


Notice than when (c.)" > ane, the quantity under the 


‘square root sign will be positive and y will be purely real. In 
this circumstance, the wave is sald to be evanescent. The 
wavelength goes to infinity; there is no oscillation or 
propagation. On the other hand, when (kx)' <aipe. 78 
purely imaginary. 


‘The magnitude of £. is related 
to its position between the 
plates and the mode number 
‘m. Note that for m = 2 that 
d=a 


TTom Penick tom@tomzap.com waw.lelcontrols com/notes MicrowaveEnginesring.pat 1/30/2003 Page 17 of 21 
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barium nuclei in a barium ferrite magnet, by using the surrounding vacuum 
‘as a semiconducting medium.” 


1.44 The Incompleteness of Aristotelian Logic 
Another false notion usually perpetuated in much of science and 
‘mathematics is that Aristotelian logic is complete and consistent {77, 78} 
To the contrary, itis both incomplete and inconsistent, as is easily shown, 
Let us use the symbols "A" for a particular thing, "A" for that which is not- 


'£" for “is not identical to", "V" for "or", and 
yymbols, the three laws of Aristotelian logic 
may be expressed as follows: 


identical to, 


AMA 2] 
AgA B] 
AVA re) 


‘The first law states that a thing is identical to itself. The second states that 
a thing is not identical to that which is not itself. The third states that a 
thing is either itself, or it is something else. Those are the three laws of 
Aristotelian logic. As written, the process of perception, observation, ete. 
has been excluded. More on that in a moment. 


Specifically excluded are the laws 
ABAATRAAK [5] 


Which says that a thing is not identical to itself but is identical to 
something else that is not itself. 


Heraclitus posed a profound challenge to Aristotelian logic, a challenge 
that has not been adequately resolved by Aristotelians to date. He simply 
observed that, for a thing to change, it had to change into something else. 
“But then,” he asked, “how can a thing be itself but also something else as 


© Eg, see Richard E. Prange and Peter Strance, "The Semiconducting Vacuum,” 
Am. J. Phys., S2(1), Jan. 1984, p. 19-21. The vacuum may be regarded as a 
semiconductor. In particular, the vacuum in the region close to the nucleus of 
superheavy element is analogous to the inversion layer in afield effect transistor. 
‘The authors introduce the idea of the inverted vacuum. Just as a semiconductor may 
be manipulated by subjecting it to external fields, doping ete, it appears that so can 
be the vacuum. 
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well?” In philosophy that is still known as the unresolved "problem of 
change”. It has no resolution in Aristotelian logic, but can be resolved in 
an extended logic we shall advance. The solution to Heraclitus’ problem 
of change is the nature of observation, as advanced in this book. 


We now critique Aristotelian logic, by observing a simple Venn diagram 
of the type used in "proving" logic theorems in axiomatic logic. See Figure 
1-2, 


A A 


(A???) (A???) 


Tih Rovner and ans der 


272 NOTHING 297 


1-26 Alyn ond adhd aso drier outer boundary 


In Figure 1-2 a, we have introduced a dividing boundary line between A 
and A. Unfortunately that dividing line belongs entirely to both A and 4. 
all three Aristotelian laws, and must be removed.*! 
Therefore, we remove it in Figure 1-2 b. Now we have neither a 

cernible A or a discernible A, but we have removed naught but the 
boundary separating them, so we may argue that they are both still there 
although not discernible. However, if they are not discernible, we cannot 
distinguish what A is or what A is, and so we cannot discern whether they 


A clever fellow once proposed regarding the boundary asa total discontinuity 
being neither A nor A. However, in that case A and A could never meet, so there 
could not be a cause interacting with not-eause to produce an effeet. So that 
suggestion as to how to "fix" Aristotelian logic does not hold 
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are identical or not, Here again this violates all three laws of Aristotelian 
logic, so we have to remove the diagram. Indeed, the outer rectangle line is 
also such a boundary, between the “inside” and the "outside" (the not- 
inside), and so it must be removed. In compliance with Aristotle's laws, we 
are left with the trivial diagram shown in Figure 1-2 ¢, which is nothing at 
all 


If this Venn diagram method is objected to, then we must insist that all 
those papers and texts using that method of proof of logic theorems be 
cither abolished or corrected! 


Sometimes the objection is raised that, as far as the center boundary line is 
ied in Figure 1-2a, the line "belongs to A on the left and belongs to 
A on the right”, Fine! Then we have a unique situation where a line (call it 
L) is an entity made of two entirely different things, which we may refer to 
as Ly and Le. Yet L? L, without any qualifications as to "sides" Ly and 
Lx. It can be shown that every point in L is a point in Ly, and 
simultaneously a point in Ly. The point in L is obviously identical to itself, 
by Aristotle's first law. Further, the same point in Ly and in Lx is identical 
to itself, by the same first law. But Ly is the set of all such points, and so 
is Lp, and so is L. Therefore L? Ly, ? Lx, since each one consists of each 
point that the others consist of. There is absolutely no distinction between 
the three things themselves, unless we are to violate Aristotle's laws. 


Note that in passing from left to right across the boundary, a "change" 
occurs. This simply re. 's Heraclitus’ original objection that, 
according to At be no change. That is, a line 
cannot change from "a different entity as seen from the left" compared to 
that entity as seen from the right. None of Aristotle's three laws contains a 
left and a right” for A or A. 


So the question of logic is a little more complex than writing three simple 
laws and drawing simplified Venn diagrams. In short, one cannot have 
Aristotelian logic without having something else outside it, which follows 
directly from Gédel's theorem and proof {78}. Note that we are 
introducing the required notion of "perception" into the formal notions 
implied as axioms in Aristotle's laws, as that "something outside the 
prescription of the laws themselves” and in addition to them. We are 
perfectly free to use Gédel's theorem and observation. 
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rime ime tives 
Ongoing 


Previous 
Space 
fact 


Change to 
Previous 
Space effect 


See Figure 1-3. We now add the notion that a thing is a perceived, thought, 
or observed thing, So let us use the symbol to mean explicit, i.., output 
by a given perception, thought, or observation proces 
Lr operator having been applied to whatever exists prior to perception, 
thought, or observation. The symbol ®is used to mean implicit, e.z., when 
one observes an observation "Y" at time two, and later is deciding in time 
three whether or not that observation "Y" in time two is identical to a 
previous observation "X" made during time one, then memories of the 
observations of X and Y are involved in time three rather than the 
observations X and Y themselves, and so the observations of X at time one 
and Y at time two — by whatever manner they were observed and 
according to whatever decision algorithm is used — is said to be 
implicit" 


We note that we can know nothing about the so-called "thing in itself" 
without thought, perception, observation, or other process involving Ht 
Further, at the moment the [Jf operator is applied, time momentarily 

‘The resulting perception, thought, or observation exists therefore as 
"frozen output” at that single moment in time, To have it "persist" or 
exist a moment later, we have to apply the Ur operator again, and stop 
time again, so that we again perceive, think, or observe. 


But at any moment later than when we made a particular perception, 
thought, or observation of "A", that specific "perceived A" no longer 
exists, except in our memory as a recording of "observed A" that we can 
continually recall. Our conscious mind is a very fast serial processor, with 
only one "perception" or "thought" at each fleeting moment — only one 
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slide ata time in the slide projector, so to speak. But itis very rapid. 
However, our so-called "unconscious" mind is totally conscious, just 
‘multiply so. It is a massively parallel processor, and has "a great many 
ide projector" at any given time.’ Hence in our genetic 
ssor mind, we can indeed record, recall, compare, ete. —and 
perform all the moder massively parallel computer operations. 


Let us now re-examine the three Aristotelian laws. Let us label the "slide 
snapshots" with the time instants when each "perception, thought, or 
observation" is or was consciously made, by use of a subscript, such as At 


which means what was perceived, thought, or observed as "A" in time- 


snapshot 1. Let us also note that each of the symbols *, #,¥, and 
actually involves the output of a comparison and decision algorithm in the 
massively parallel processor, after the two observations X; and Xz were 
‘made. Let us use the symbol Y_ to mean "results in the decision that" or 
"implies that". As a check for identity, e.g., simple comparison algorithms 
for determining identity or nonidentity might be 


=[0]s ¥ (Ar? A2) (6) 


{LAL Ag) 


HAL Aay] (0h ¥ 4(A1? Aa) a 


‘Thus we more precisely rewrite Aristotle's laws as 


Arts Agy (s]] 


Ai #3 Ag) [9] 


* Eg, this ean be seen by a moment's reflection. At any one time, the "unconscious" 
‘mind is controlling and directing a great multitude of ongoing physical processes, is 
also processing short-term and long-term memory processing, filing conflicts for 
resolution or later presentation to the conscious mind in symbolic fashion, ete. One 
can physically measure the electromagnetics associated with this activity, after the 
‘mind transduces its time-polarized EM interactions into 3-space EM actions. The 
process is two-way, and certain recorded EM stimuli will be "reverse-processed" 
back to affect the time-polarized EM operations of mind. Mind operations are 
electromagnetic; but they use time-polarized (scalar) photons and time-polarized 
(Gcalar) EM waves which are unobservable a priori, Mind operations are also 
electrodynamically engineerable, but that is beyond the scope of this treatise. 
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As Rey (10) 


e! We have now accounted for all those different times 
and periods of observations, processing, comparison, decision, etc. W. 
dealing not with some mystical "thing-in-itself", but with interactions 
(perceptions, thoughts, observations, associations) in the mind and psyche 
of the observer. And hidden in time 3 is the application of a decision 
algorithm such as given in [6] and [7] above. 


Now the first law [8] states that in time one an observation was made and. 
named "A", notated (A,), by comparing it to a previously recorded 
observational memory of what we call "A". The existence of that memory 
of what we call A is implicitly assumed in the first law, as well as the 
others. We do not show the memory itself in [8], [9], and [10]. In time two 
an observation X2 was made (not notated), but it is not then known at the 
‘moment whether that X2 is A or A. So in time interval three the decision 
algorithm to determine identity or non-identity occurred in the mind, and 
the zero output of that algorithm (6, 7] established that Aj) was actually 
identical to A,, according to the decision algorithm actually used. The 
algorithm matters, and it too is a variable. 


A similar process occurs in law two [9], but this time the algorithm had a 
different output. Note that the little line over Xa to make it Aa) was not 
assigned until time interval four (not shown) afier the decision algorithm 


had given its output in time interval three. 


‘The second law merely states that the operation of the decision algorithm 
in time interval 3 found the two snapshots (in time 1 and in time 2) not to 
be identical, by the decision algorithm and comparison process utilized. 
Again, the algorithm matters, and it too is a variable that must be taken 
into account. 


All three laws [8, 9, 10] written one after the other assume that the identity 
algorithm does not change between snapshot | and snapshot 2, in all three 
of them. This is the key point. 


With two different versions of the identity decision algorithm, the results 
of two different comparisons may differ. Ifthe identity decision algorithm 
does not change during the time between snapshot one and snapshot two, 
then we have one case. This is like a person with good color vision, 
looking at a red marble beside a black marble. That observer clearly 
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distinguishes the marbles, and to him they do not appear identical. Every 
time he looks again, they still differ because he did not change his decision 
algorithm between looks. On the other hand, a color-blind observer cannot 
distinguish the marbles, and to him they are seen as identical. Every time 
he looks, they are seen as identical, because his identity decision aigorithm 
did not change. 


Or, suppose a proponent argues that the "rightness" or "lefiness” of the 
dividing line L, between A and A in the Venn diagram, can be taken into 
account, He is actually invoking a different algorithm (it belongs to the 
left and therefore to A) in one time snapshot than the algorithm (it belongs 
to the right and therefore to A) used in the other time snapshot. So his right 
side and left side of a line implicitly invokes the very point we are making 
the algorithm utilized is a variable and must be accounted. 


‘The point is this: identity — whether in perception, thought, or observation 
— is not absolute, but depends upon the precise nature of the operation of 
the perception, thought, or observation process utilized and specifically on 
the “decision algorithm” used for "determining" identity or nonidentity. 
For example, two antennas certainly "see" quite differently, if one is a 
VLE (very low frequency) antenna and the other is an IR (infrared) 
antenna! As another example, two observers in different frames may see a 
particular object as quite different observed things! In n-space, an observer 
in a frame at right angles to the lab frame, will see any mass in the lab 
frame as a wavefront going at light speed; in short, as a photon or photonic 
object, whereas the observer in the lab frame will continue to see it as just 
a common old mass object. So the "same object" physically differs to the 
two different observers, according to their frame of reference. An observer 
whose frame is rotated by three orthogonal rotations from the lab frame, 
will see that object as an "object existing in time only," ic, as simply a 
sort of "thought" image, so to speak. To be more scientific, he may assign 
it to something called the "virtual stat 


In short, we can violate any and all of the laws of Aristotelian logic, 

because identity per se is perceived, thought, or observed identity — the 

output ofa variable decision algorithm — and is not absolute. 

For clarity, we add a fourth law that violates all Aristotle's three: 
AitsAg oy 

All this really says is that, in time 3, the decision algorithm being used was 


changed from what it had been in times 1 and 2, and now could not 
distinguish between what was seen in snapshot | and what was seen in 
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snapshot 2, even though to some “ultimate” observer the two were 
distinctly different 


In addition, we say that it "implicitly includes" the negations of all tht 
Aristotelian laws. We then add an “application rule” (or a fifth law, as one 
wishes) as follows: 


{Ur 23 A274 (Ar #3 An)]@}s¥ { [(Ar ?3 Aa) A 


(Ar 8s AIT 2) 


This winds up producing an extension of Aristotle's logic, so that the 
following explicit laws emerge: 


Arts Xa) Ar?s Ag) O3]) 
Ai #3Xa)Y Ar #3 Ag (14) 
ALYs Aa) us) 


We also have the exact opposites of those three laws implicitly. The 
opposites can all be congealed into a single fourth law: 


Arts Ag [16] 


To make sense of these, 
law 


we also have the master application rule or Sth 


{UA 23 Aa) (Ar #3 An) ]@}s ¥ { [Ar ?s A2)® 


® (Ar #2 A2)7Ys u7 


We prefer to refer to this extension as a "four-law logic", where equations 
[13], [14], and [15] are the normal “explicit” laws, with the implicit law 
[16] understood but not explicitly written, and where equation [17] is the 
‘master application rule that puts it all together. But if one wishes to be 
rigorous, we have specified a S-law extended logic that contains but 
expands Aristotle's 3-law logic. The application rule is the fifth law. 


‘The point is this: In every case, we have a part of the perception, thought, 
or observation that obeys the explicit laws, and we also have a part that 


obeys the implicit laws. If opposites are not explicitly identical, then they 
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are simultaneously implicitly identical. If opposites are explicitly identical, 
then simultaneously they are also implicitly not identical 


‘The new approach then covers what we observe more completely. As an 
example, any "wave" (observed) is implicitly a non-wave (particle), but 
not observably so. If its particle nature is observed and therefore explicit, 
its wave nature is unobserved and therefore implicit, and vice versa, 


One also resolves such dilemmas as stating something "does not exist" but 
having to first call it into existence to even state it does not exist. In the 
new approach, it simply does not explicitly exist, but implicitly exists. Not- 
being is something like that: explicitly it doesn’t exist, but implicitly it 
exists. The great problems of the philosophers were never solved, mostly 
because the logic brought to bear was Aristotelian and incomplete. The 
ultimate answers they sought all involved the fourth and fifth logic laws. 
So the ultimate answers all appeared to them to involve such things as "the 
accursed necessity for the identity of opposites.” Precisely! 


In physics, there has been the same problem over whether a fundamental 
particle is a particle or a wave. Physicists argued fiercely until they 
realized the futility of further argument, and settled for the duality 
principle. That simply states, well, in one case it can be a particle as 
observed in your experiments, and in another case it can be a wave as 


observed. So simply treat it as whichever one is useful! The philosophe: 
on the other hand, split into different schools, where each school had its 
“interpretation” usually involving a very "smooth" position statement of 
the schoot's position. In physics also, there are eight or more 
"interpretations" of quantum mechanics, for example. So the same 
snturies-old problem is still with us today in modern physics. 


Opposites are no longer the formidable opponents they once seemed. 
Instead, they become more like the two sides of a coin, lying with only one 
heads or tails is to decide which is explicit. The other is 
implicitly. But notice also that the "two sides" require a 
3-dimensional object, and not just the 2-dimensional "head" or the 
2-dimensional "tail". This juxtaposition of "identical" opposites is strongly 
‘met with in modern physics. For example, quoting Le 


°°. D, Lee, “Space Inversion, Time Reversal and Particle-Antiparticle 
Conjugation,” Physics Today, 19(3), Mat. 1966, p. 23. Positive charge is really 
‘observation imposed of negative charge moving backwards in time, and the positeon 
is really observation imposed upon an electron traveling backwards in time, ete 
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“As we expand our observation, we extend our concepts. 
Thus the simple symmetries that once seemed self-evident 
are no longer taken for granted. Out of studies of different 
Kinds of interactions we are learning that symmetry in 
nature is some complex mixture of changing plus into 
‘minus, running time backward and turning things inside 
out." 


Any addition to the Aristotelian laws of logic is actually a higher 
dimensional form of it. Three-law Aristotelian logic is in fact fitted to 

primitive observation — the result or output of single-photon interaction 
and observation proces 


This "four-law" logic (or 
application rule as another 
particularly in bioenergetic: 


ve-law" logic if one includes the master 
Ww") has proven very useful over the yea 
applications. It has also been most useful in 
attempting to decipher that branch of Russian energetics weapon science 
called "psychoenergetics", and in attempting to decipher the mind-body 
coupling mechanism, but that is beyond the scope of this chapter {79}.°* 


1.4.5 Substitution of Effect for Cause 
Refer to Figure 1-3 again, to see the relationship of the unobserved cause, 
the interaction of cause and a previous effect, and the production of the 
resulting "new effect" as a change to the old effect or the output of a 
second replica of it. The greatest non sequitur in electrodynamics — and in 
parts of physics such as mechanics — is the widespread substitution of the 
effect for the cause, as a result of considering an observable to persist in 
time without any physical interaction. We discuss that more fully in 
Chapter 2, particularly with respect the notion of the same EM field 
existing both as a component of a material environment and as a 
component of a nonmaterial environment, but with the "force reducing to 
zero" in the latter. Jackson {80} points out the prevailing view of 
electrodynamicists as follows: 


“Most classical electrodynamicists continue to adhere to 
the notion that the EM force field exists as such in the 
vacuum, but do admit that physically measurable 


The interested reader is referred to my website, www.cheniere.org, for papers 
dealing with the nature of the mind-body coupling mechanism and the body-mind 
coupling mechanism, as well as direct engineering of the mind, and limited 
information on the weapons referred to 
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GENERAL MATHEMATICAL 


COMPLEX TO POLAR NOTATION 


jin polar notation: 


j= 


‘So we can find the square root of j 


dBm DECIBELS RELATIVE TO 1 mW 


The decibel expression for power. The logarithmic 
nature of decibel units translates the multiplication and 
division associated with gains and losses into addition 
and subtraction 


0.dBm=1 mW 
20 dBm = 100 mw 
-20 dBm = 0.01 mW 

P(dBm) =10log[ P(mW)] 


(mw) = 10") 


V NABLA, DEL OR GRAD OPERATOR 


Compare the V operation to taking the time derivative. 
Where afar means to take the derivative with respect 
to time and introduces a s' component to the units of 
the result, the V operation means to take the 
derivative with respect to distance (in 3 dimensions) 
and introduces a m' component to the units of the 
result. V terms may be called space derivatives and 
an equation which contains the V operator may be 
called a vector differential equation. In other words 
VA is how fast A changes as you move through 
space. 

in rectangular 
coordinates: 
in cylindrical 
coordinates: 


in spherical 
coordinates: 


PHASOR NOTATION 
To express a derivative in phasor notation, replace 


a 
oe with j@. For example, the 
i 

av__,al 
Telegraphers equation 5 = LS 


av 
becomes 


-Ljol 


V GRADIENT 


"The gradient of the vector " or 
‘del "is equal to the negative of 
the electric field vector. 


[Vb =-E) 


‘Vo is a vector giving the direction and magnitude of the 
maximum spatial variation of the scalar function & at a point 


gah, 528,28 


vb 
ax “dy az 


Vv. DIVERGENCE 


V. is also a vector operator, combining the "del" or 
“grad” operator with the dot product operator and is 
read as “the divergence of". In this form of Gauss’ 
law, where Dis a density per unit area, with the 
operators applied, V-D becomes a density per unit 
volume. 


aD. 
Jaivp=v-p= 22-42 , 92. 
ax 


D = electric flux density vector D 
p= source charge density [C/m'] 
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‘quantities such as force somehow involve the product of 
charge and field.” 
On the other hand, Bunge {81} very clearly stated that the standard 
electrodynamics and physics itself are in terrible shape. Here is a direct, 
quotation: 


the best modern physicist is the one who acknowledges 
that neither classical nor quantum physics are cut and 
dried, both being full of holes and in need of a vigorous 
overhauling not only to better cover their own domains 
but also to join smoothly so as to produce a coherent 
picture of the various levels of physical reality." 


We shall try to further clarify these unresolved difficulties with the field 
concept in Chapter 2 


1.5 Electrodynamics is Still Developing 


1.5.1 Statement by Penrose 
Roger Penrose, one of the leading physicists of our time, pointed out the 
still-developing nature of electrodynamics with respect to the 
developments from conventional gauge-theoretic interpretation of 
Maxiwell's equations. Quoting Penrose {82} 


"These facts should not, however, deter theoretical or 
experimental physicists from seeking alternative 
descriptions, unconventional formulations, surprising 
electromagnetic effects, or radical generalizations. The 
various articles in this book provide the reader with a 
great variety of different kinds of approach to 
developments of this nature. We have historically 
‘motivated accounts, suggestions for new experiments, 
unconventional viewpoints and attempts at 
generalizations. We also see novel and ingenious 
formulations of electromagnetic theory of various 
different kinds... Lam sure that this book will make it 
clear that electromagnetism is a subject that is in no way 
closed to stimulating new developments. It is very much 
alive as a source of fruitful new ideas." 
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1.5.2 An Example of a Ubiquitous Error 
One of the rather horrid "bad examples" of ubiquitous errors in 
electrodynamics is the conventional illustration of a so-called planar EM 
wavefront moving through space, as shown in Figure 1-4, 


‘A succinct evaluation of that diagram and notion is given by Evans {83}, 
one of the great electrodynamic theoreticians of our times: 


“I broadly agree ... that the transverse plane wave view 
of vacuum electrodynamics is the biggest blunder of 
twentieth century science. 


Direction 


Figure 14 The eroneus but bg supposed station ete 
tunevene EM waveln pace 


Dr. Robert H. Romer, former Editor of the American Journal of Physics, 
also chastised the horrid diagram shown in Figure 1-4, purporting to 
illustrate the transverse plane wave traveling through 3-space. In endnote 
24 of his noteworthy editorial, Dr. Romer {84} takes that diagram to task 
as follows’ 


that dreadful diagram purporting to show the electric 
‘and magnetic fields of a plane wave, as a function of 
position (and/or time?) that besmirch the pages of almost 
every introductory book. ...it is a horrible diagram. 
‘Misleading’ would be too kind a word; ‘wrong’ is more 
accurate." "...perhaps then, for historical interest, [we 
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should] find out how that diagram came to contaminate 
our literature in the first place." 


Indeed, each point along the z-axis, is a momentary "3-space frozen slice” 
of the [pr operator being applied to the ongoing 4-space interaction of the 
causal field in 4-space interacting with the previous “observed effect" (in 
this case, the previous 3-space slice) to produce a change to it. So the 
entire diagram is a set of "frozen 3-space observations", in which nothing 
at all is moving, and where the fields shown are in the mass 
(detecting/observing) medium. There is no such thing as a "travel 
wave in 3-space”, because "moving" or "changing" or "traveling" a priori 
must involve time as well as 3-space. What we are looking at in Figure 1-4 
is the iterative and very rapid results of continual "3-space observations” 
(frozen 3-snapshots) of an on-going 4-space interaction, 


1.5.3 An Extremely Important EM O1 
There is an enormous amount of development yet to be done in 
electrodynamics! As a simple example, for nearly a century there has been 
waiting quietly a fundamental "internal" or "infolded" electrodynamics by 
Whittaker {85, 91a, 86}, based on more primitive initial work by Stoney 
{87}, existing inside — and comprising —all conventional EM potentials, 
fields, and waves. This internal electrodynamics {88} has been essentially 
ignored in the West, but has already been weaponized in the weapons 
laboratories of several nations under the aegis of energetics. The U.S. 
Secretary of Defense, Secretary Cohen {89}, alluded directly to some of 
these weapons in a speech in 1997 as follows: 


“Others [terrorists] are engaging even in an eco-type of 
terrorism whereby they can alter the climate, set off 
earthquakes, volcanoes remotely through the use of 
electromagnetic waves... So there are plenty of ingenious 
‘minds out there that are at work finding ways in which 
they can wreak terror upon other nations...1t's real, and 
that's the reason why we have to intensify our 
[counterterrorism] efforts." 


‘The weapons are already being utilized against various nations in the form 
of terrorist acts in an undeclared war {89}, and have been so used since the 
1950s, 


This internal longitudinal-wave EM and its dynamics is a much more 
fundamental electrodynamics (actually a subset of a unified field theory) 

consisting of correlated longitudinal EM wavepairs in both the 3-space and 
time domains. Each Whittaker decomposition wavepair is comprised of an 
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incoming longitudinal wave —a "time-polarized” EM wave {90a-90c} — 
in the time domain, perfectly correlated with an emitted longitudinal EM 
wave in 3-space. See Figure 1-5. This multiwave structuring and dynamics 
in both the time domain and in 3-space simultaneously comprises the 
scalar potential, 


gauges eau Potealp 
oa L\4| removes 


‘Suu: 


ASR Lapis peptone es 


ure 15 Tesla potentials 2 harmonic setaf phase ojuate 
anginal weeps 


We specifically stress that the dynamic 
sp 


occur in the time domain (in its 
§ific structuring, propagation pace, ete.) as well as in 3-space. 


Deliberately changing the internal longitudinal EM wave structuring 
produces precise energetics (both energy and dynamics) in spacetime 
itself. This is a special form of "spacetime curvature structure and 
dynamics" which we call a spacetime curvature engine or vacuum engine. 
‘Together with superpotential theory in the original form initiated by 
Whittaker {91a} and extended by others {91b, 9c, 91d}, this internal 
electrodynamics — together with scalar potential interferometry {92} — 
creates all ordinary EM fields and waves {79}. Superluminal 
communication is possible using the internal longitudinal EM wave 
structure of the EM fields, potentials, and waves {93a, 936} 
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1.6 A Summarizing Letter 


Our thrust in this book is to attempt to (1) reveal some of the major flaws 
in electrodynamics that have prevented development and use of COP>1.0 
electrical power systems, and (2) point the way toward the development 
and use of such systems. To give a general summary of the ground this 
book will cover, we conclude with an informal E-mail letter I sent to the 
recent editor of American Journal of Physics, pointing out the greater 
implications of his cogent observation of that "dreadful diagram" and 
where it leads. Indeed, it (i) leads to a dramatic change in electrodynamics, 
(ii) changes the way in which we regard "propagation of EM energy 
through 3-space”, (ii) solves the long-vexing problem of the association of 
the source charge or source dipole with its fields and potentials and their 
energy, (iv) changes dramatically the way we view what powers an 
electromagnetic circuit or power line, (v) allows extraction and use of 
copious EM energy from the vacuum, and (vi) solves the energy crisis, 
permanently. 


Here is the letter sent informally to Dr. Robert H. Romer — slightly edited 
to improve the grammar, correct one error of misstatement, and with 
reference citations added and listed at the end of this chapter: 


To: Dr. Robert H. Romer ‘Thursday, Mar. 8, 2001 
American Journal of Physics 
Amherst College, Box 2262 
Amherst, MA 01002 


Personal communication 


Subject: Implications of your cogent comments on that atrocious 
illustration 


Dear Dr. Romer: 


This is not a submission of a manuscript, but a personal communication to 
you on a matter of great importance in physies, directly related to endnote 
¥24 of your seminal editorial {94} 


It will take a little exposition, so please bear with me and read this when 
you have the spare time to do so. We are going to show you how your keen 
insight can be extended to solve some extraordinarily formidable 
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foundations problems in present electrodynamics. We will also show how 
to apply the implications of your insight to totally solve the present 
electrical energy crisis permanently 


In your endnote #24, {94} you took to task (quoting): 


that dreadful diagram purporting to show the electric 
‘and magnetic fields of a plane wave, as a function of 
position (and/or time?) that besmirch the pages of almost 
every introductory book. ...it is a horrible diagram. 
‘Misleading’ would be too kind a word; ‘wrong’ is more 
accurate." "...perhaps then, for historical interest, [we 
should] find out how that diagram came to contaminate 
our literature in the first place." 


Dr. Romer, you have lifted the comer of a dark cover concealing one of 
the most important flaws in electrodynamics and in fact in all of physics 
the unwitting and pervasive substitution of the effect for the cause. A 
marvelous extension to the present physics is enabled if one removes this 
terrible non sequitur in physics, and particularly in electrodynamics. For 
openers, one solves what has been called the most difficult problem in 
electrodynamics (the problem of the source charge and the association of 
its fields and potentials and their energy) {100}. I will solve that problem 
for you in this informal write-up. I will also explain how to extract 
enormous EM energy from the vacuum, anywhere and anytime, easily. 
Extracting it is easy; catching it and using it to power loads without killing 
the extraction process is another matter. 


One also gets a unified field theory, engineerable by novel electrodynamic 
‘means, as is steadily being shown by a series of rigorous Alpha 

Foundation's Institute for Advanced Study (ALAS) papers published in 
various leading journals (and more than 90 of them carried on a 
Department of Energy website restricted primarily to DoE scientists). Dr. 
Myron Evans, Director of the AIAS, has over 600 papers published in the 
literature, including such journals as Physical Review, Foundations of 
Physics, Physica Scripta, etc. Many of the other AIAS co-authors are 

lent theoreticians and scientists 


The early pioneers of electrodynamics (Maxwell etc.) all assumed a 
‘material ether filing all space {95}. To these early scientists, there was not 
a single point in the entire universe that was devoid of matter, because the 
ether was present there. Hence their outlook as to the nature of EM fields 
te. was quite material. Faraday conceived his “lines of force" as physical, 
taut strings, so that perturbations were "plucking these taut strings". 
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Maxwell himself points out in his famous "Treatise" that he specifically 
captured the thinking of Faraday in his theory. In fact, Maxwell wrote a 
‘material fluid flow dynamics theory. 


In the light of more modern knowledge, let us 
similar early but still retained erroneous el 


se the impact of these and 
trodynamics assumptions. 


First, observation/detection is totally spatial, as is well known in quantum, 
mechanics. In fact, observation is a Ur operator imposed upon 4-space 
(LLLT spacetime), yielding a frozen instantaneous snapshot LLL of an 
ongoing 4-space dynamic process. At the next instant, that particular 
previous observation no longer persists. Why’ 


Well, no observable persists, since it is only an instant frozen 3-space 
snapshot, at a single point in time, a priori. Here again we have another 
horrendous non sequitur in all of physics: the assumption that observables 
"continue to exist” and therefore persist in time in a passive manner. In 
fact, there is an interactive process that generates their (seeming) 
persistence, involves time, and continually changes mass into masstime 
and back to ma With the reader’s permission, we will pass 
discussing that mechanism until another time (pun intended!), 


What we conceive as “an observable such as mass, traveling through space 
and persisting in time while doing so", is actually an iterative, continual 
series of these frozen 3-space snapshots or observations, much like the 
‘of a motion picture film. We ourselves mentally add the 

‘ontinuity" to provide "the sensed motion", but rigorously what is 
actually "observed" is not continuous, but is a vast continual series of 
those frozen 3-space snapshots. 


Wee getting directly at that atrocious diagram! 


Each snapshot is an effect, not a cause, because it was the output of the 
observation process whereby a 4-space causal entity (non observed a 
priori) interacts with a previously observed frozen entity (say, a unit point 
charge at some point in space) to produce the observation (change or effect 
generated in that interacting observed charge) 
observation". 


The usual "representation" of a "3-space EM wave" propagating in 3-space 
is indeed atrocious, just as you stated! It is actually just an iterative 
sion of such instantaneously frozen snapshots in 3-space, one after 
is no such thing as that set of snapshots independently 
existing in spacetime, prior to interaction with charge in that series of 
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interactions and observations, unless we wish to discard quantum 
mechanics and the laws of logic. 


There is, however, a continual iterative stream of those observations — 
those frozen 3-space snapshots — that we interpret (erroneously) by recall 
from memory as the "EM wavefront propagating in 3-space". AS you 
eloquently pointed out, that is not so, and it is atrocious. An observation, 
being an absolutely frozen entity, cannot "move through time” anyway, 
since it cannot persist, nor can it move. A change to an observable can 
only be another observable snapshot of the ongoing 4-space entity and 
action, which is then compared to the first snapshot and a difference noted 
196} [See Figure 1-3] 


In short, a great stream of "frozen effects" (frozen instant observations) 
does not constitute a "picture" of the ongoing 4-space action, but only a 

series of frozen 3-space intersections involving the interaction of that fixed 
observed (3-space) charge with the ongoing causal 4-space entity. If we 

add and integrate a series of 3-space pieces, we do not get a 4-space entity! 
Instead, we get a longer or bigger 3-space slice/piece, but one for 
cach piece of it only existed at a single point in time as a 3-spacs 
that moment. That is precisely what is wrong with that horrible illustration. 


But itis also "wrong" with electrodynamics itself! Electrodynamicists 
mistakenly conclude that the same effect "series of static 3-slices" — 
which they might call, e.g., the "field" in a case where the field is the 
subject — is the same as the 4-space continuous causal field prior to 
observation interaction with charge at all. Well, LLLT is definitely not 
LLL, nor is it n(LLL) where n is some large but finite number of 3-slices 
LLL. 


So the field concept is dichotomously used in two contradictory manners 
in electrodynamics: 


(1) itis considered to be in 4-space prior to the observing/detecting, 
interaction with the observable (such as a unit point 3-space charge), and 
it is also considered a 3-space entity after that interaction. The dimensions 
of the two entities are not the same, and neither are the dynamics. The 
causal EM wave is dynamic and 4-spatial, the effect "3-space EM wave" 
(ugh!) is static and 3-spatial at each instant it erved". Assuming that 
the two are the same thing is a non sequitur. 


In fact, it substitutes the effect for the cause, a rather gross violation of the 
causality principle itself. 


58 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES. 


(2) then an attempt at glossing over the illogic is used by the smooth 
statement that "the field (meaning that atrocious series of frozen 3-space 
snapshots) remains in the absence of charge, but the force goes to ze1 
Well, ifthe field is defined as a force field, it cannot be a "non-force 
in the same observation!" Else, opposites are always identical. 


of what importance is all that? 


It is of great importance. Let me show you one very startling thing that 
out of correcting this "biggest foundations non sequitur in physics, 
ibstituting the effect for the cause" 


Consider a very special paper by E. T. Whittaker {97} in 1903. [I can send 
you a pdf file of the paper if you do not have it and are interested]. In this 
‘much-neglected paper, Whittaker decomposed the so-called "static” 
potential into a harmonic set of bidirectional longitudinal EM wavepairs, 
where each pair consists of a longitudinal 3-space wave (an as-observed 
wave) and its longitudinal phase conjugate wave (considered unwittingly 
as having also interacted with charge, and therefore as being shifted into 
S-space as an "as-observed" wave with inverse parity. 


Whittaker — as has everyone since him — unwittingly assumed the 
e continual observation” interaction in there for the phase 
conjugate wave also. In so doing, he came up with two effect that 
are the outputs of the assumed observation process. Neither of these effect 
waves would be a wave in spacetime {98} at all, but the two in ensemble 
are an example of the same thing you objected to in your cogent 
commentary on that abominable illustration" 


In short, Whittaker invoked observation as a process with two effects and 
no cause, rather than with a cause and an effect, with the interaction with 
the observing/interacting unit point charge being assumed for both waves. 
Whittaker and everyone since seem to have made the same error in 
interpreting that seminal Whittaker decomposition. This misinterpretation 
of the decomposition has until now hidden one of the greatest secrets of all 
times in Nature's electrodynamics! 


Let us correct the interpretation, and uproot that great secret to the light of 
day. 


First, for observation to occur, one must have a cause acting upon the 
affected (observable) entity, and an effect (observable change) must be 
produced in, on, or of that affected (interacting) entity. One must not have 
two effects (two observables) and the affected entity (another observable 
and therefore another effect)! Again, assuming that one has three effects 
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(observables) constituting the observation process is a logical non sequitur 
of first rank 


Let us now correct that logical non sequitur made by Whittaker and other 
physicists and electrodynamicists, and see where it leads us. 


First, we go to particle physics, where broken symmetry {99} was 
discovered in the 1950s. Lee, e.g., received a Nobel Prize for his work in 
that area {75}. Lee also showed that any dipole is a broken 3-symmetry in 
its violent energy exchange with the active vacuum, 


Well, a scalar potential is a dipolarity; always a potential is actually a 
difference between two potentials, so to speak. So the potential itself 
represents a broken 3-symmetry in an energy flow exchange with the 


active vacuum, 


mine that interes 


ting broken symmetry aspect. It means 
potential is a process whereby energy is received from the 
vacuum in one form, not observable, and hence unusable, but is output in 
observable (usable) form. In short, the dipolarity or dipole receives and. 
absorbs (QM view) virtual photons, integrates them into observable 
‘magnitude, and emits real, observable EM energy ("continual observation" 
snapshots of the latter being assumed). 


In physics, all observation is 3-spatial, as is well known. And 3-space is 
the realm of the observed. The EM energy from the vacuum is not received 
in 3-spatial (observable) form, else there would be no broken 3-symmetry 
of the dipotarity. 


We can also experimentally verify that there is no 3-space input of EM 
energy to the potential — e.g, to the potential between the ends of any 
source dipole, because we cannot measure any 3-space observable energy 
feeding the charges of the dipole. Instead, observable 3-space energy is 
continuously pouring out of the dipole. 


Let us continue now with the notion of a real dipole of separated source 
charges, with our "scalar potential” between its ends, so we have 
something conerete in mind. 


First, our instruments prove there is a continual emission of EM energy in 
all directions in 3-space (of the kind in that atrocious diagram; a "series of 
iterative film-snapshots"). That is the way it is conventionally represente 
as if observed at each and every point successively in that 3-space, and 
along every radial 
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‘V’ is a combination of the divergence and del 
operations, i.e. div(grad ) = V.V = V". Itis read 
as “the LaPlacian of" or “del squared”. 
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= electric potential [V] 
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GRAPHING TERMINOLOGY 
With x being the horizontal axis and y the vertical, we have 
fa graph of y versus x or yas a function of x. The x-axis, 
represents the independent variable and the y-axis 
represents the dependent variable, so that when a graph 
is used to illustrate data, the data of regular interval (often 
this is time) is plotted on the x-axis and the corresponding 
data is dependent on those values and is plotted on the y- 
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But secondly, our instruments also prove there is no such observable input 
of EM energy in that same 3-space fo the dipole. Bummer! That is 
precisely what has stopped electrodynamicists from solving that vexing 
problem of where all the energy pouring out of the source dipole is coming 
from, and how! They unconsciously assume that the only possible source 
of the EM energy input is in 3-space. That is totally wrong. Further, the 
conservation of energy law does not require that energy be conserved in 
space! Instead, rigorously — if we are using a 4-space (i.e., spacetime) 
‘mode! — it requires that energy be conserved in 4-space. The assumption 
of the extra condition of 3-space energy conservation is an added and 
arbitrary extra condition, 


trodynamics has not resolved this "source dipole and its 
ted fields and potentials” problem, it has stopped work on the 
problem and implied that every dipole in the universe is a perpetual motion 
machine, freely creating all that EM energy it continuously pours out 
across space, in all directions, creating its associated fields and potentials, 
‘That implicit assumption, if true, of course destroys the conservation of 
energy law 


It isnt true, and the energy conservation law is alive and well! 
We can experimentally prove that the source dipole does continuously 


pour out energy in all directions in 3-space, without ceasing, as follows: 


In a gedanken experiment, we set instruments every 300 million meters or 
so, along a radial line from an origin in the lab. With the instruments and 
clocks synchronized, we suddenly form a dipole at the origin. One second 
later, the first instrument reads. A second later, the second instrument 
reads. And so on. But it is not a "passing pulse". Whatever reading the 
instrument makes as the forward edge of the energy flow reaches it, is then 
continuously maintained thereafter. This proves that the energy is poured 
out continuously and at the speed of light, and in any (and all) directions in 
3-space, and it continues to pour out at exactly the same rate so long as 
that dipole remains intact. 


Dipoles in the original matter of the universe have been pouring out EM 
energy in that fashion for some 14 billion years, and they have not, 
“exhausted” their unobserved energy input source yet 


‘A newly formed simple dipole, e.g., in one year will have poured out 
energy into a spherical volume of space that is a light-year in radius. Wait 
another year, and that volume of space whose energy density has been 
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changed will be two light years in radius. The dipoles in the original matter 
have filled the universe itself with that energy outpouring from them. 


In other words, an incredible amount of EM energy has been and is being 
poured out into space from every dipole in the universe." And 
electrodynamicists have had not the foggiest notion of where that mind- 
boggling amount of outpoured EM energy has come from, 


Unless we wish to totally discard the conservation of energy law, we must 
have an equal input of energy from outside 3-space, going into every 
dipole continuously. In 4-space, that only leaves the fourth axis, along, 
which and from which the input energy must move into the dipole. 


And so it does. If we re-interpret that phase conjugate half set of the 
Whittaker decomposition, before observation has occurred, it then is a 
harmonic set of longitudinal EM waves moving in the time-dimension, 
into the source dipole (parity is not inversed because no interaction with 
charge has occurred to shift it into 3-spa 


So voila! We have strangely (but quite rigorously) solved what Sen {100} 
referred to in this manner: "The connection between the field and its 
source has always been and still is the most difficult problem in classical 
and quantum electrodynamics.” 


We express our reasoning as follows: (i) we know from particle physics 
that the source dipole*® is a broken 3-symmetry in its flux exchange with 
the vacuum. This means that we know the energy is received from the 
vacuum in an unobservable form, absorbed by the dipole, and emitted as 
observable EM energy. It remains to translate that into classic 
electrodynamics rather than quantum physics {101}. (ii) The time domain 
is the only domain outside 3-space, in the standard 4-space model. (ii) 
Anything in the time domain exclusively, is indeed nonobservable, since 
the [Lt observation operator destroys time and all its internal structure and 
dynamies whenever observation occurs. (iv) Looking for a "3-space" input 
is looking for an "observable" EM energy input, which would in fact 

agree with the known broken 3-symmetry of the source dipole. 


% Later we will se that, ina time-forward situation, the negative charge pours out 
positive EM energy while the positive charge may be said to pour out negative EM 
energy. Charge conservation then implies that an energy balance is maintained 
overall. 


» Because of the brok: 


symmetry of the opposite charges on its opposing ends. 
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Let me digress now to speak of fundamental units. As is well known, the 
fundamental units one chooses to make his physics model represent an 
arbitrary choice. One can, if one wishes, make a perfectly valid (but 
‘mentally nightmarish!) physics using only a single fundamental unit. In 
that case, all other "fundamental units” in the present model become 
functions of that single fundamental unit, 


the joule our only fundamental unit. Then 
ergy — and we have no heartburn 
with that one since the Einstein revolution and the nuclear age. But then 
"time" also becomes totally a function of energy — and that surprises us, 
because we have unconsciously been taught (erroneously) that "time is a 
flowing river down which a mass drifts like a drifting boat”. That is not the 
nature of time at all; the totality of the photon interactions with a mass 
create that mass's "motion through time”. I can later explain that to you 
also, if you wish, but let us pass it for now. 


Suppose, e.g, that we mak 


It turns out that time is spatial energy compacted by the factor c*, so it has 
the same energy density as mass, but in the time axis instead of 3-spac 
Intuitively, if we are interested in cause and effect, the energy of the cau 
(time) should be equal to the energy of the effect (in this case, mass). After 
one reflects a moment, one also sees that "time energy" is required to 

irive" a mass through time, just as "spatial" energy is required to “drive” 
‘a mass through space. The notion that mass in an inertial frame moves 
through "empty space with no reaction” is false; it continually moves 
through the energetics of spacetime, and interacts continuously with it 


Anyway, from still another viewpoint there is no magic in EM energy 
currents moving in the time domain! Quantum field theory already 
recognizes multiple polarizations of the photon, including transverse, 
longitudinal, and time-polarized. Thus, it implies a time-polarized EM 
wave also. A longitudinal EM wave moving in the time domain oscillates 
along its line of travel. That is indeed oscillating its energy density in the 
time domain, so that it is "time-polarized". Hence it is a proper time- 
polarized EM wave, and app " {102} or vary its speed 
periodically. 


The solution to the "source dipole” problem is that the phase conjugate 
wave half-set of the Whittaker decomposition, when reinterpreted, is the 
incoming EM energy in the time domain, continuously input to th 
of the dipole. The charges interact in the imaginary plane (the time 

domain), and absorb the time-energy, then transduce it into 3-space, and. 
emit it as Whittaker’s set of real observable longitudinal EM waves in all 
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directions in 3-space (as observed). The time-energy waves that are input 
to the dipole cannot be observed, since observation destroys time and its, 
constituents, 


All 3-spatial EM energy comes from the time domain! Broken 
3-symmetry of the source dipole immediately releases our arbitrary 
additional restriction on nature's energy conservation law — ice, our 
insistence that the energy input for conservation must be input in 3-space. 
By removing these arbitrary "shackles" from nature's feet, we allow nature 
to joyously resume her much-preferred special 4-symmetry in EM energy 
flow: the circulation of EM energy from the time domain into 3-space, and 
outpouring of that energy in all directions in 3-space, at the speed of light 
{103} 


Now let us solve the source-charge problem as well. That one 
to resolve. 


We know from quantum mechanics that any “isolated” observable charge 
is actually clustered around by virtual charges of opposite sign. So we 
simply take one of these clustering opposite charges while it exists, and a 
differential piece of the observable charge, and we have a composite 
dipole. Hence the "isolated charge" may be represented as a grouping of 
such momentary dipoles, each (while it exists) with a scalar potential 
between its poles, and hence each subject to the same decomposition and 
reinterpretation we have done 


‘That is why the source charge can "sit there” and pour out EM energy in 
3-space (as observed) continuously, and indefinitely. It is also 
continuously absorbing EM energy from the time domain. As a set of 
composite dipoles, it is a set of broken 3-symmetries in EM energy flow. 
Hence it exhibits nature's preferred 4-symmetry in energy flow, between 
the time-domain and 3-space. 


Note also that, to the 3-space observer, this 4-symmetry is purely 
negentropic. It is a continuous and ongoing (and expanding) reordering of 
the vacuum energy, in the form of the reinterpreted Whittaker 
decomposition. 


We can easily engineer negentropy! Just make a little dipole, and nature 
happily starts pouring out energy and reordering part of the vacuum, with 
that reordering spreading at the speed of light, steadily increasing all the 
while, 


Reinterpreting Whittaker's marvelous decomposition tells us many things 
(i) the source charge or dipole does indeed continuously receive and 
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absorb its input energy from the time domain, (i) it continuously 
transduces its absorbed energy to real 3-space energy (as observed!), and 
(ii) it continually outputs its absorbed and transduced time-energy as 
3-space energy emitted in all directions in 3-space (as continually 
observed) 


So the terrible foundations problem of the source charge and source dipole 
is resolved, and the energy conservation law is maintained. 


We have also uncovered a most important thing: Given a little broken 
3-symmetry in EM energy flow, t-symmetry in EM energy flow is also 
broken. A more primary 4-symmetry {104} between time-energy flow and 
3-space energy flow emerges automatically. In short, every potential, 
every dipolarity, and every charge is such a broken 3-symmetry and an 
example of the new, preferred 4-symmetry of EM flow, with input flow in 
the time-domain (nonobservable!) and output flow (as continually 
observed in a series of 3-snapshots) in all directions in 3-space. 


This also resolves the logical cause and eff 


ct problem for observation. 


This 4-symmetry is a purely negentropic process, once the dipole is 
established! Well, we should have known that from the gauge freedom 
axiom in gauge field theory anyway! That axiom says that we can change 
the potentials anytime, freely and at will. In electrodynamics, that means 
‘we can change the potentials at will, anytime we want to, But that means 
‘we can freely change the potential energy of a Maxwellian system at will, 
whenever we wish. It costs nothing — at least in theory; in the real world 
‘we have to pay a little for switching — to suddenly potentialize an EM 
system, prior to the time the Drude electrons relax and current flow begins. 


have applied this great new 4-symmetry in EM energy flow, that is freely 
evoked and persists indefinitely after one pays a little to make the dipole 
and thus produce a little broken 3-symmetry, to produce EM energy fr 
from the vacuum. Without going into it, I refer you to our forthcoming 
papers {105}. Indeed, we can use this negentropic process to extract as 
‘much EM energy from the vacuum as we wish, anywhere, anytime, for 
peanuts. Let us now move to discuss that area. 


First, we point out another astounding result that comes from resolving this 
"source charge and source dipole" foundations problem. 


Generators do not use any of the shaft energy input to them — even in 
transduced form — to power their external circuits! A generator itself does 
not add a single watt to the power line, and neither does a battery's 
chemical energy dissipation add a single watt to its attached circuit 
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Neither does burning all those hydrocarbons, consuming all those nuclear 
fuel rods, building all those dams, etc. to provide our conventional power 
systems and grid. None of that enormous destruction of the biosphere and 
pollution of it has ever directly produced one watt on the electrical power 
line. 


Just follow the energy flow, in light of what we now know. Here's how it 
works. 


Typically, we burn some fuel to boil water and make steam, and use the 
steam to power a steam turbine, which forcibly rotates the shaft of the 
generator, thereby inputting mechanical shaft energy into the generator. So 
far, so good. That took care of all the hydrocarbon burning and fuel rod 
consuming, extracting and transporting the oil, ete 


This input of the shaft energy forcibly rotates the rotor against internal 
resistance, forming an internal magnetic field. Assuming a 100% efficient 
generator with no internal losses whatsoever, this means that the 
‘mechanical shaft energy input has now been totally transduced into 
internal magnetic field energy 


So what does that magnetic field energy do? Itis totally dissipated upon 
the internal charges of the generator, performing work on them and forcing 
the positive charges in one direction and the negative charges in the other 
direction. That dissipation of the energy in the internal magnetic field 
forms a source dipole inside the generator, connected to the terminals. 


‘And that i all the generator does. Period. None of the energy transduced 
from that shaft input, went roaring out of the terminals and down through 
space outside the conductors of the power line. Not a single watt. So let us 
turn fo particle physics to find out what happens next, because it does not 
yet appear in the electrodynamics model, even though proven. 


The internal source dipole, once formed, is a great broken symmetry in the 
vacuum flux, as we discussed and as is well known in particle physics. But 
the proven and well-known vacuum interaction with the generator and the 
dipole charges is not even modeled in the classical EM theory used by the 
scientists and engineers to build electrical power systems — much I 
broken symmetry in that active exchange! That's atrocious, since it's been 
proven in particle physics for nearly a half century, Nobel prizes awarded, 
ete. But the hoary old 137-year old Maxwell-Heaviside model, further 
curtailed by Lorentz symmetrical regauging, does not incorporate what has 
already been proven in physics. It does not accurately model the situation 
as it is and as it is known to be. 
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Let us continue, 


Once that dipole is formed, it extracts enormous EM energy from the 
vacuum, and pours it out of the terminals of the generator, filling space 
surrounding those conductors of the attached external power line. It is a 
huge EM energy flow, trillions of times larger than what we account after 
Lorentz taught us to disregard almost all of it 


Only the tiny litte bit of that EM energy flow in space along and 
surrounding the conductors — the little "boundary layer" that skims down 
the surface of the conductors — will strike the surface charges in the 
conductors and get diverged into them to potentialize the Drude electrons 
and "power the power line and its circuits and loads". All the rest of the 
giant EM energy flow in space surrounding the conductors, and generally 
parallel to them, misses that power line entirely and is just wasted. 


Check the original papers by Poynting {4a, 4b} and by Heaviside {5a, 5b, 
Sc}, who independently discovered the flow of EM energy through space 
(as if continually observed!) in the 1880s, after Maxwell was already dead 
I can furnish the citations required. From the beginning, Poynting only 
considered that component of the energy flow that actually enters the 
circuit. He considered only the "boundary layer" right on the conductor 
surfaces, so to speak. 


Heaviside considered that component that enters the circuit, and also 
uncovered and recognized the gigantic component in the surrounding 
space that does not enter the circuit but misses it entirely and is wasted. 
[Added] Here is Heaviside’s {106} own statement 


“It [the energy transfer flow] takes place, in the vicinity 
of the wire, very nearly parallel to it, with a slight slope 
towards the wire.... Prof. Poynting, on the other hand, 
holds a different view, representing the transfer as nearly 
perpendicular to a wire, i, with a slight departure from 


¥ However, contrary to what is inthe textbooks, E? H energy flow is not in 
observable EM field form E and H until it interacts with charge. Instead, the flow is, 
in the form of virtual eneray currents in the vacuum. We point out that the fields E 
and I utilized in the Poyating energy flow theory are effeets and not causes. They 
are rigorously defined as E and H only after the causal 4-fields have interacted with 
charge. E.g.,E is “defined” as force per unit point massive charge — ic.,as the 
force created by interaction of the “vacuum field” (curvature of spacetime) with a 
‘nit point charge. No unit point charge interaction, no force or foree fi 

per ‘unit point charge 


or 
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the vertical. This difference of a quadrant can, 1 think, 
only arise from what seems to be a misconception on his 
part as to the nature of the electric field in the vicinity of 
‘a wire supporting electric current. The lines of electric 
force are nearly perpendicular to the wire. The departure 
from perpendicularity is usually so small that I have 
‘sometimes spoken of them as being perpendicular to it, as 
they practically are, before I recognized the great 
physical importance of the slight departure. It causes the 
convergence of energy into the wire.” [End of Added] 


But Heaviside had absolutely no explanation for the enormous and 
startling magnitude of this energy flow that "misses the surface charges of 
the conductors and is wasted". You can see an elementary illustration of 
the "point intensity” of this Poynting diverged energy flow component in 
Kraus {107}. Kraus's figure 12-59, p. $76 shows a good drawing of the 
Poynting component being withdrawn from the total EM energy flow 
filling all space around the conductors (see our Figure 1-1 in the present 
chapter]."* Most of that available energy flow is not intercepted and thus 
not diverged into the circuit to power it, but just "wasted." The remaining 
hhuge component discovered by Heaviside is not shown on Kraus's 
diagram. Kraus's numbers on the contours represent the amount of power 
(watts per sq meter) being withdrawn from each contour, by the very 
limited axial movement of the electrons and the very ends of their 

ted fields into the wire.” 


° The energy flow in space near the surface of the wites strikes the surface 
electrons and their fields, potentializing them and creating a foree field with respect 
to inner electrons. This drives the surface electrons axially into the wie, since they 
can only move down the wiee with the drift velocity, nominally on the order ofa few 
inches per hour. The short inwards drawing of those small portions of the fields and 
of the inereased potentials attached to the charges that move into the wires, interacts 
with the internal charges in the interior ofthe wire, powering the Drude electrons 
throughout the conductor and the circuit, For a discussion of the importance of the 
surface charges, see J.D. Jackson, "Surface charges on circuit wites and resistors 
play three roles.” 4m. J. Phys, 68(7), July 1996, p. 855-870. 


Obviously the increased fields on the withdrawing surface charges reach toward 
infinity radially outward from the wire. Thus most of this increased field on a 
withdrawing electron remains outside the wite, radially reaching toward infinity, 
since the electron and its field cannot be withdrawn further than the diameter ofthe 
wire. As the surface charges and their fields change in Jackson's discussion, 
obviously those distant parts of the field remain outside the conductors. Hence there 
remains an extensive field and field energy outside the conductors and the circuits 
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So Heaviside {106} spoke cautiously of the angles and relative directions 
of the flow components; he did not wish to be scientifically destroyed for 
pointing out such an inexplicably large EM energy flow, far larger than the 
known energy input to the generator. There was then no such thing yet 
covered as the electron, the atom, the nucleus, special relativity, general 
relativity, quantum mechanics, the active vacuum, etc. Poynting {4a, 4b} 
never even thought of the "nondiverged component that misses the 
circuit”, nor did he consider it. 


Lorentz, however, understood the extra Heaviside component and its vast 
‘magnitude, but he also could not explain it in any fashion. Even the great 
Lorentz could not risk publishing or advocating such an enormous energy 
flow, lest he be called a "perpetual motion nut” and destroyed. So he 
reasoned that, since that stupendous nondiverged energy flow componer 
misses the circuit and powers nothing, it has "no physical significan 
(his words). 


Jackson in his famous 1975 Classical Electrodynamics, 2nd edition, uses 
essentially the same phrase {108a} as did Lorentz, And so do most other 
trodynamicists. 


So Lorentz {109} originated a little trick of integrating the energy flow 
vector itself around a closed surface surrounding any volume element of 
interest. Obviously, that zeros all nondiverging EM energy flo 
including precisely that inexplicable and enormous Heaviside "dark 
energy" component. The integration trick does retain that small, diverged 
Poynting component that enters the circuit. In addition, our instruments 
measure energy dissipation from the circuit, and the energy has to enter the 
circuit to be dissipated from it. So our instruments and their measurements 
will indeed agree with the Poynting energy flow component. Lorentz thus 
arbitrarily discarded accountability of trillions of times as much EM 
energy flow as was retained and accounted, 


In a later book by Lorentz, one can see that litle trick {109} that is still 
used by electrodynamicists {110} 


that is never drawn into the wire, Additional separate receiver citeuits with resistive 
loads, adroitly placed in this "externally remaining” field energy flow, can be made 
to intercept additional EM energy and will perform additional work in those external 
loads in the secondary cireuits, separate from powering the loads in the primary 
circu 
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‘The Lorentz trick does not cancel the actual flow of the Heaviside dark 
energy component around every circuit! It just drops it from any 
accountability 


Indeed, we do precisely a similar thing for the "field" and the "potential" 
There is not a single text in the U.S. that calculates the magnitude of the 
field itself, prior to point interaction. Instead, we are taught to calculate the 
reaction of that field at a point in it, with a unit point static charge at that 
point. In short, we calculate what is actually locally diverged from the 
field or potential by that little point static unit charge, and call it "the 
‘magnitude of the field”. At be indicative of the field intensity at a 
point, because we have prescribed the magnitude of the static point 
charge's reaction cross section with the field, not the overall magnitude of 
the entire field itself. Another major non sequitur! By identifying the 

“field” as "that which is diverged from it", we gravely err. We do the same 
for the potential, again using its reaction cross section for a unit point 
charge at a point in the potential. 


There is hardly a living electrodynamicist, it seems, who has calculated the 
‘magnitude of the field itself, or of the potential itself All calculate the 
respective reaction cross section (and the static reaction cross section at 
that!) and erroneously call that the "magnitude of the field” or the 
“magnitude of the potential". It is no such thing. No thing filling all space 
is identical to alittle something diverted from one point in itself, else we 
discard all logic. 


Now we can return to our source dipole and its extraction of an enormous 
energy flow from the vacuum, once we account for the long-neglected (for 
‘more than a century) Heaviside dark (nondiverged, unaccounted) energy 
flow component. That is the essence of one of my papers {111} 


The easiest thing in the world to do is to extract enormous usable EM 
energy flow from the vacuum, from the time domain. Every circuit and 
every electrical power system already does it, and every electrical power 
system is powered by vacuum energy, nor by burning all that coal, oil, ete 
None of that does anything to actually power the circuit. It only makes 
dipoles. 


If you will check the characteristics of the ubiquitous closed current loop 
circuit, you will discover a diabolical thing: that closed current loop circuit 
forces all the spent (depotentialized) electrons from the ground return line 
back through the source dipole (back through the back emt). It is easily 
shown that precisely half the energy collected in the circuit from that 
feeble Poynting energy flow component is then used to perform work on 
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ELECTROMAGNETIC SPECTRUM 


FREQUENCY | WAVELENGTH | DESIGNATION ‘APPLICATIONS 
ree space) 
<3Hz, > 100 Mm Geophysical prospecting 
3-30 Hz 10-100Mm_—_| ELF Detection of buried metals 
30-300 Hz E10Mm SLF Power transmission, submarine communications 
03-3 KHz 01-1 Mm ULF Telephone, audio 
3-30 kHz. 1o-100km | VLF Navigation, positioning, naval communications 
30-300 kHz 1-10 km LF Navigation, radio beacons 
03-3 MHz 0.1 km ME AM broadcasting 
330 MHz, 10-100 m HF Short wave, citizens’ band 
30-300 MHz T0m VHF TV, FM, police 
54.72 TV channels 2-4 
76-88 TV channels 5-6 
88-108 FM radio 
174-216 TV channels 7-13 
03-3 GHz 10-100em | UHF Radar, TV, GPS, cellular phone 
470-890 MHz. ‘TV channels 14-83 
915 MHz Microwave ovens (Europe) 
‘800-2500 MHz. "money band” PCS cellular phones, analog at 900 MHz, GSM/CDMA at 1900 
12 L-band, GPS system 
2.45 Microwave ovens (U.S.) 
24 S-band 
330 GHz 1-10 em ‘SHF Radar, satellite communications 
48 C-band 
812 X-band (Police radar at 11 GHz) 
12-18 K,-band (dBS Primestar at 14 GHz) 
18.27 K-band (Police radar at 22 GHz) 
30-300 GHz, OT em EHF Radar, remote sensing 
27-40 band (Police radar at 35 GHz) 
40-60 Uband 
60-80 V-band 
80-100 W-band 
03:1 THz 03:1 mm Millimeter Asiromony, meteorology 
10-10" Hz 3-300 um Infrared Heating, night vision, optical communications 
3.95x10"% 390-760 nm sible light Vision, astronomy, optical communications 
77x10" Hz, 625-760 Red 
600-625 Orange 
577-600 Yellow 
492.577 Green 
455-492 Blue 
300-455 Violet 
10°10" Hz, 03-300am | Ultraviolet Sterilization 
10-10" Hz Xorays Medical diagnosis, 
10-10" Hz, prays Cancer therapy, astrophysics 


> 10? Hz 


‘Cosmic rays 


Astrophysics 


Tom Penick 
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those dipole charges and scatter them, thereby destroying the source dipole 
and abruptly shutting off all energy extraction from the vacuum. The other 
ted Poynting energy is dissipated in the external loads and 


Well, we must input at least as much energy (assuming a 100% efficient 

nnerator with no losses) to the shaft of the generator to restore the dipole, 
as was used to destroy it. This means we shall always have to input more 
energy to the generator shaft, than we get dissipated in the loads. 


‘That is precisely what is responsible for our ubiquitous COP<1.0 systems. 
COP is Coefficient of Performance, and is the average load power output 
in the external circuit divided by the average shaft power we pay to input 
to the generator. 


COP < 1.0 comes from (i) the ubiquitous usage of the closed-current-loop 
circuit, and (ii) the prevailing notion that electrical power systems far from 
equilibrium in their energetic exchange with the active vacuum are 
impossible to build. In fact, every electrical power system is already just 
such a COP > 1.0 system, as far as the energy flow out of the generator or 
battery — compared to the shaft input energy to the generator or battery — 
is concerned. 


As is well-known in the thermodynamics of open systems far from 
equilibrium with their active environment (in this case, the active vacuum), 
such a system is permitted to: (1) self-organize, (2) self-oscillate or self- 
rotate, (3) output more energy than the operator himself must input to the 
system (the excess energy being freely received from the active 
environment, in this case the active vacuum), (4) power itself and its loads 
simultaneously (all the energy being freely received from the active 
environment, in this case the active vacuum), and (5) exhibit negentropy 


But by designing all our systems so that they use more of their collected 
energy from the vacuum to kill their source dipoles than they use to power 
their loads, we have foolishly wasted the planet's resources, vastly 
overcharged the consumer, artificially created a great energy crisis, 
fomented wars for precious oil and other energy resources, polluted the 
planet, enhanced global warming, and strangled species. 


In short, we pay the power company to have a giant wrestling match inside 
its generators and lose! And we pay our electrical engineers to keep 
designing and building such asinine systems! 
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This sad state of affairs is what is now upon us as a great and increasing 
energy crisis, polluting and destroying the biosphere, ete. and threatening 
to eventually collapse the world economy. 


It is astounding that, since the basis for the above has been in physics for 
nearly a century (Whittaker decomposition) and for nearly a half century 
(broken 3-symmetry of the source dipole, as well as the active vacuum), 
the hoary old classical EM model has not been updated to incorporate what 
has already been proven in particle physics. Such is inexplicable and 
unconscionable. 


It is also astounding that no electrical engineer realizes that energy 
extracted from the vacuum powers every electrical power system, and few 
if any professors are aware of it either. 


This is where your cogent realization of the terrible non sequitur in that 
atrocious "wave in 3-space” standard diagram leads. 


Our AIAS (Alpha Foundation’s Institute for Advanced Study) advanced 
theorists now have a series of papers published in the hard literature 
pointing out the feasibility of extracting EM energy from the vacuum 
{113a, 113b}. About 20 other AIAS papers along such lines or related 
have been submitted to the various journals and are in the referee proc: 


I just wanted to contact you informally and, for your personal information, 
show you how perceptive and correct your objection to that atrocious 
diagram is. You have lifted the corner of the veil on electrodynamics! 
confusion between effect and cause, with effect being widely used as the 
cause. The entire notion of a "separate force" acting on a "separate mass” 
in mechanics is also a non sequitur. If we define force as F wyx(mv), 
then we see that mass is a component of force! So here is another major 
and uncorrected non sequitur. This one was also largely responsible for the 
dichotomy of the field concept, where the "same field” is used in both a 
force (mass-containing) manner and a force-free (without mass) manner, as 
if the two were the same! 


I very much enjoyed your editorial, and would urge you to publish 
additional material along that same vein. You are striking at the very heart 
of the problem, and every bit of insight and change in those terrible non 

Sequiturs will result in enormous progress in electrodynamics and physics. 


Sincerely, 


‘Tom Bearden, Ph.D. 
nD 
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Lt. Col., U.S. Army (Retired) 
Director, Association of Distinguished American Scientists 


Fellow Emeritus, Alpha Foundation's Institute for Advanced Study 
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Chapter 2 
Background and Concepts 


[Hypotheses made without realizing that they are being 
made} ...are what Poincare has called "unconscious" or 
“natural” hypotheses —a type which one hardly ever 
challenges, for it seems too unlikely that we could make 
progress without them. Nevertheless it should be the 
endeavor ofthe physicist always to drag them out into the 
light ofday, so that it may be perfectly clear what we are 
actually doing." (Lindsay and Margenau] {114} 


"Equilibrium states are the only ones that are capable of 
explicit analysis in thermodynamics..." {Lindsay and 
Margenau] (115) 


"Non-equilibrium conditions cannot be specified by 

variables ofstate, and their entropy cannot be computed. 
the condition ofequilibrium is the condition of 

‘maximum entropy. " (Lindsay and Margenau} (116) 


2.1 Comments on the Foundations of Classical 
Electrodynamics 


2.1.1 Faraday, Maxwell, Quaternions, and Heaviside 
For our purposes, we start with the important experiments of Faraday 
{117}, which produced experimental integration of electricity and 
magnetics {118}. Faraday's own work contained very little mathematics, 
and so he himself did not capture his own seminal experimental work in 
adequate theoretical fashion. That task was undertaken by James Clerk 
Maxwell {119a, 119b}, who deliberately set about to capture Faraday's 
results in a proper mathematical theory, using quatemnion-like and vector 
expressions. Of the quaternion algebra, Maxwell had this to say (120): 


“the virtue ofthe Anions lies not so much as yet in 
solving hard questions as in enabling us to see the 
‘meaning ofthe question and its solutions. " 
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Quaternion algebra (121a, 121b} is an advanced algebra created by 
William Rowan Hamilton, brilliant Irish mathematician. Hamilton was 
widely regarded as a "new Newton” by his peers. Hamilton coined the 
word "vector", wrote two books on quatemions, and hoped the books 
‘would find extensive use in physics. Vectors and tensors later came to 
suffice for most problems of that day, and so quaternions faded to the 
background. 


Hamilton also grasped the importance of a science of time, and realized 
that such a science was possible. E.g., in 1837 Hamilton stated: 


“The notion oftime may he unfolded into an independent 
pure science... a science ofpure time is possible.” 


In that statement, Hamilton anticipated that a physics model can be 
comprised using only a single fundamental unit, and that unit could be the 
second, 


In the early 1890s, quaternions in electrodynamics were discarded in a 
short “debate”, mostly in the journal Nature, and vector electromagnetics 
was adopted. So Maxwell's 20 quaternion equations {20} in some 20 
unknowns contain a wealth of electrodynamics {122} that is not included 
in Heaviside's (123) later vector curtailment after Maxwell's death, or in 
the modern tensor formulation. As an example, Nikola Tesla’s patented 
circuits cannot be properly understood in either a vector EM or tensor EM 
analysis. However, very novel functions performed in them can be seen in 
a quaternion EM analysis, as has been clearly shown by Barrett {124} 
Any electrodynamicist, who has looked at Tesla's work only in terms of 
tensor or vector classical electrodynamics, has no concept of what Tesla 
was actually doing. Since that is precisely how most academics have 
examined Tesla's work, they have had little idea ofthe functions he was 
actually able to accomplish in circuits — functions that U.S. electrical 
engineering departments still cannot perform. 


Along with other electrodynamicists at the time, Faraday and Maxwell 
believed in a material ether — a thin material fluid filling all space. Hence 
there was thought to be no point in the universe that was devoid of mass. 
For that reason, the EM field conceived in mass and the EM field 
conceived in "space" — actually, in the "luminiferous ether" thought to fill 
all space — were identically force fields and material entities, at least in 
the minds ofthe electrodynamicists at the time. The equations of Maxwell, 
the later truncation by Heaviside and others, and the final truncation by 
Lorentz are all still material fluid flow models. They still assume the 
material luminiferous ether, more than a century after its falsification, 
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See again Figure 13 in Chapter 1. Contrary to the conventional view, 
force is not a fundamental causative entity, but is a system oftwo coupled 
entities. It involves a nonobservable, dynamic, causative 4-space entity 
(which may be modeled as a curvature of spacetime) interacting with a 
previous "frozen" observable (a 3-space mass). The output ofthis 
interaction is another observable (i.e., a change to the previous observable 
or an iterative output of ts replica). Observables do not continuously exist, 
but continually recur as continual outputs ofthe iterative observation 
process (photon interaction). 


‘Mass is a component of force, as is apparent if we define force F as 
F==didt(my), which gives F= m(dv/dt) + v(dnvdt). Both terms on the 
tight of the expansion contain mass; hence force F contains mass as a 
component. Both terms on the tight also contain nonmass terms; hence 
force F also contains nonmass coupled to and interacting with mass. So 
there can be a force generated by a nonmassive non-force entity in 
spacetime interacting with a mass, and the force only exists when that 
interaction is ongoing. The ether was erroneously considered to be a 
‘material system, containing mass, and hence capable of supporting a force. 
Maxwell modeled his fields (in what we know today to be mass-free 
space) as material force fields in the material ether. 


Inthe 1880s, the Michelson-Morley experiments (125a-125d} destroyed 
the material ether. However, the fundamental Maxwell-Heaviside 
equations assuming those material force fields in the vacuum — which 
depended on the notion of a material ether and are a function of it —have 
never been altered, even to this day. Instead, electrodynamicists just 
assume the force "somehow" goes to zero in the field in space, but the 
same field remains. The equations still assume the same old material ether. 


This is a non sequitur; a force field cannot be the same as a force-free non- 
‘force field. As an example, the EM force field in observable matter is an 
output of observation. It is therefore a 3-space effect containing mass. The 
force-free field in mass-free spacetime (4-space) is a causal 4-space 
component of massless spacetime. priori, it exists prior to interacting 
with the charged mass. It contains no observable mass and hence no force 
since mass is a necessary component of force. It independently exists 
without the presence ofthe charged mass at all. 


In short, the field in massless spacetime is a specialized curvature 
(changed region) of that spacetime. Spacetime consists of spacetime, to 
slate a tautology. Once one fixes the concept of the medium, then any 
changes to the medium can only consist of "medium-stuff. So any 
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‘changes” in spacetime can only be changes of 4-space itself, in the 
Einstein general relativity sense. This area is handled quite well by Sachs’ 
Unified field theory (126a, 126b}, extending and completing the work of 
Einstein. 


Sachs’ epochal theory provides a great generalization of general relativity 
and electrodynamics reaching from the quarks and gluons to the entire 
universe. Further, Evans' extension of electrodynamics into a higher 0(3) 
gf0up symmetry turns out to be demonstrably a special subset of Sachs’ 
electrodynamics." Hence, for the first time, an electromagnetically 
engineerable unified field theory is available. Much of general relativity, 
quantum mechanics, etc. can be engineered directly by Evans’ 
electrodynamics subset of Sachs’ overall unified field theory. I am much 
indebted to Evans (127} for the following statement with respect to (3) 
electrodynami 


"In 1992 it was shown (Phwsica B, 192, 227, 237(1992)] 
that there exists a longitudinal component offree space 
electromagnetism, a component which is phaseless and 
propagates with the transverse components. Later this 

was developed into a Yang-Mills theory of 
electromagnetism with O(3) Lagrangian symmetry. This 
theory is homomorphic with Barrett's SU(2) 
electrodynamics and hasfar reaching implications infield 
theory in general. Recently it has been recognized to be a 
sub theory ofthe Sachs theory ofelectromagnetism, based 
on the irreducible representations ofthe Einstein group of 
general relativity. The Sachs theory produces a non- 
Abelian structurefor the electromagnetic field tensor. The 
(3) electromagnetism also has implications for the 
potential ability ofextracting energy from the vacuum, 
‘and its topological implications are currently being 
investigated by Ranada. The O(3) electromagnetism has 
been tested extensively against empirical data, and 
succeeds in describing interferometric effects and 


“'E.g., see M. W. Evans, "The Link Between the Sachs and 0(3) Theories of 
Electrodynamics.” in M.’W. Evans (Eu.}, Modem Nonlinear Optics, Second Editio 
Wiley, 2001, part 2, p. 469-494, 


41 Evans et al, "Derivation of 0(3) Electrodynamics from the Irreducible 
Representations ofthe Einstein Group.” Found. Phys. Lett, 15(2), Apr. 2002, p. 179- 
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physical optical effects where the conventional Maxwell- 
Heaviside theoryfails. Implicit in both the O(3) and Sachs 
theories ofelectromagnetism is the ability to extract 
electromagnetic energy from curved space-time. Working 
devices based on this ability would help solve the current 
energy crisis.” 


2.1.2 Mass Is a Component of Force 

‘The dichotomy of using the field concept in two mutually contradictory 
fashions as something massless and also as something massive — still 
unresolved in electrodynamics — is clearly summarized by Jackson's 
important statement {128} ofthe prevailing view: 


"Most classical electrodynamicists continue to adhere to 
the notion that the EM force field exists as such in the 
vacuum, but do admit thatphysically measurable 
quantities such asforce somehow involve the product of 
charge and field.” 


In trying to rationalize the "massive field versus massless field” 
dichotomy, Jackson {129} also states: 


"the thing that eventually gets measured is aforce. 
"At the moment, the electric field can be definedas the 
Jorce per unit charge acting at a given point.” 


Actually, field is not force, so cannot be force per unit charge. Field 
produces force when it interacts upon charge. Causing something as an 
effect, but then being that same effect identically, is a confusion of cause 
and effect and a non sequitur. 


We point out that spacetime is charged, but with observably massless 
(virtual) charge. So the field in spacetime is observably massless and 
therefore observably force-free. That massless field then interacts with an 
observable massive charge in the "observable" world, to create an 
observable force and an observable forcefield. In space, from a quantum 
mechanical view we may consider the field to have virtual force x time, 
since the field may be regarded as a curvature of spacetime acting upon the 
virtual charged masses in the ever-bubbling virtual particle fluctuations of 
the vacuum permitted by the Heisenberg uncertainty principle. 
Nonetheless, that is only the "potentiality" for an observable force, as 
pointed out by Feynman and Wheeler, should the field — including its 
interactions with the virtual charges ofthe vacuum to produce forces and 


79 


accelerations on those virtual particles — interact upon an observable 
charged mass, 


Obviously, the force-free field as a product of spacetime curvature and 
‘massless (virtual) charge, and the force field as a product of that 
observably force-free field but virtual force field (in the vacuum) with 
observable charged mass, cannot be the same thing. Assuming they are the 
same assumes an oxymoron, and confuses cause and effect. This illustrates 
the continuing dreadful foundations difficulties propagated in classical 
electrodynamics. 


To resolve these EM foundations difficulties so long maintained and 
cherished as dogma, the scientific community at the highest priority should 
(1) fund extensive and rapid work by our very best theoreticians and 
foundations physicists to heal these century-old festering sores, (2) extend 
electrodynamics back to a higher group symmetry theory, as in 03) EM 
theory for example, and (3) provide a rigorous dictionary of science 
foundations concepts and terms which does contain valid definitions and 
full discussions — clearing misdefinitions and disinformation now notable 
in the electrodynamics literature. 


Nobelist Feynman, co-founder of quantum electrodynamics, was careful to 
state the notion ofthe field in mass-free space very differently. Quoting 
Feynman {130} 


“the existence ofthe positive charge, in some sense, 
distorts, or creates a "condition" in space, so that when 
we put the negative charge in, itfeels aforce. This 
potentiality for producing aforce is called an electric 


field.” 


Feynman's imagery clearly invokes a "distortion condition in spacetime" 
{131), eventually coupled to a charged mass and interacting with it — and 
then one has a force and a force field. He erred in still somewhat making 
the force separate from the charged mass, in the phrase "it feels a force” — 
which ignores the fact that the mass of the interacting charge is a 
component ofthe force, not separate from it and not "feeling it as a 
separate external thing". He pointed out that the field in spacetime 
represents only the potential for a force field, if a charge should be placed 
there. And he points out that the field is a "condition in space" — in the 
full sense, a condition in spacetime. 


We comment that, in a sense, spacetime and vacuum may be considered 
‘one and the same. Vacuum contains many fluctuations and virtual state 
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GLOSSARY 


anisotropic materials materials in which the electric 
polarization vector is notin the same direction as the electric 
field. The values of e, u, and o are dependent on the field 
direction. Examples are crystal structures and ionized 
gases. 

complex permittivity © The imaginary part accounts for heat 
loss in the medium due to damping of the vibrating dipole 
moments. 

dielectric An insulator. When the presence of an applied field 
displaces electrons within a molecule away from their 
average positions, the material is said to be polarized. 

When we consider the polarizations of insulators, we refer to 
them as dielectrics. 

empirical A result based on observation or experience rather 
than theory, e.g. empirical data, empirical formulas, Capable 
of being verified or disproved by observation or experiment, 
e.g. empirical laws. 

evanescent wave A wave for which B=0. o. will be negative. 
That is, yis purely real. The wave has infinite wavelength— 
there is no oscillation. 

isotropic materials materials in which the electric polarization 
vector is in the same direction as the electric field. The 
‘material responds in the same way for all directions of an 
electric field vector, ie. the values of e, w, and o are constant 
regardless of the field direction. 

linear materials materials which respond proportionally to 
increased field levels. The value of is not related to H and 
the value of eis not related to E. Glass is linear, iron is non- 
linear. 

‘overdamped system in the case of a transmission line, this 
‘means that when the source voltage is applied the line 
voltage rises to the final voltage without exceeding it. 

time variable materials materials whose response to an 
electric field changes over time, e.g. when a sound wave 
passes through them, 

transverse plane perpendicular, e.g. the x-y plane is 
transverse to =. 

underdamped system in the case of a transmission line, this 
‘means that after the source voltage is applied the line 
voltage periadically exceeds the final voltage. 

wave number & The phase constant for the uniform plane 
wave. k may be considered a constant of the medium at a 
particular frequency. 
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dynamics, all of which are curvatures of spacetime or produce curvatures 
of spacetime. Vacuum has energy density, and is therefore a potential. This, 
energy density has dynamics, so the ambient vacuum potential has 
dynamics, and so therefore does spacetime (132) 


However, a dynamic of the potential is precisely what a field is. It follows 
that dynamics of spacetime are what fields are. So fields (as force-free 
entities in spacetime) may be taken more accurately as the dynamics ofthe 
vacuum-spacetime, or as dynamics of the ambient vacuum-spacetime 
potential, or as dynamics of the ambient curvature of spacetime. 


Again quoting Feynman (133): 


"We may think of E(x, y, zt) and B(x, y, 2 1).as giving the 
forces that would be experienced at the time t by a charge 
locatedat (x, y, z), with the condition thatplacing the 
charge there did not disturb the positions or motion ofall 


the other charges responsible for the fields. " 


Here Feynman very clearly shows that E and B involve functions of 
spacetime (x, y, z, 1) only, prior to interaction, but do not physically exist 
until interaction with charge has occurred. But he has not quite yet 
completely eliminated the "force field” as a separate force acting on the 
charged matter independently. This centuries-old fundamental mistake in 
mechanics — that force is independent of and external to mass — has 
simply been propagated into electrodynamics, without correction. 

ists such as Feynman and Wheeler have been trying very hard to 


correct it 


‘The observed/measured force field is an output of observation, and 
observation is a d/dt operator imposed upon spacetime LLLT. All 
‘observables are 3-spatial, and any observation is an instantly frozen 
"3-space snapshot" at a single point in time. A single observation has no 
temporal existence apriori, since it is only an instantaneous 3-space 
snapshot existing at one moment only. Hence an observable — being 
3-spatial and frozen — does not persist as such in time. Indeed, the next 
instant after an observation, that particular snapshot does not exist any 
‘more. [Refer again to Figure 13 in Chapter 1]. 


2.1.3 Mechanism for the Flow of Time and Related Matters 
It is well recognized that the nature of time is itself an unresolved 
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question. For our purposes, we are interested in the energetics" approach. 
So we apply that approach to arrive at a mechanism generating the 
“flow of an object through time’. First we will choose our fundamental 
units. 


2.1.3.1 Getting Creative with Fundamental Units 

In physics, the choice of fundamental units one chooses for one's model is, 
arbitrary. Usually mass, length, time, and charge are used, but a perfectly 
valid model can be generated using only a single fundamental unit. 


This is well known to modern physicists and leading electrodynamicists, 
but sometimes comes as a shock to electrical engineers! Jackson {134) 
expresses it very succinctly: Quoting: 


“For example, theoreticalphysicists active in relativistic 
quantum field theory and the theory ofelementary 
particles find it convenient to choose the universal 
‘constants such as Planck's quantum ofaction and the 
velocity oflight in vacuum to be dimensionless and ofunit 
magnitude. The resulting system ofunits (called ‘natural! 
units) has only one basic unit, customarily chosen to be 
length. All quantities, whether length or time orforce or 
energy, etc., are expressed in terms ofthis one unit and 
have dimensions which are powers ofits dimension. There 
is nothing contrived or less fundamental about such a 
system than one involving the meter, the kilogram, and the 
second as basic units, Itis merely a matter of. 
convenience.” 


So let us consider what happens if we use the joule as the single 
fundamental unit for a model of physics. Then each of the entities "mass", 
“length”, "time," and “charge” will become totally a function of energy. 
Since the dawn of relativity and the nuclear age, the notion that "mass is 
energy" is no problem, and everyone is familiar with Einstein's E = me°, 
Solving for m in that expression, one realizes that spatial energy E has 
been compressed by the factor c*, to yield what is called "mass m". More 
rigorously, compressing the 3-space energy by the factor ¢ , and then 
leaving it in 3-space, produces what we call "mass". However, ifwe 


“© Energetics is an old term from the early birthing days ofeelectrodynamies. Russian 
scientists resurrected the term to cover their use of an expanded electrodynamics in 
unified fiel-engineesing_manner, particularly in new superweapons developed and 
tested after WW II and deployed in 1963 and subsequently. 
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remove it from 3-space and place it over on the fourth Minkowski axis ict, 
it becomes what we call "time" because 1 is the only variable in ict. Hence 
time has or can have similar energy density to mass. Specifically, 

1 sec => 9x10"° joules of spatial EM energy, when transduced 
(decompressed) into spatial energy by a transducing charge. 


In our new model using only the joule for our fundamental unit, we can 
also legitimately state that "time is energy", and be rigorously accurate. In 
that case, we must see what happens to 3-space EM energy when it is 
shifted to the time domain, 


First, we take "EM energy in 3-space” as EM wave energy, in the usual 
transverse EM wave model (see Figure 14 of Chapter 1) ofa field entity. 
‘We choose, say, the vector E oscillating in the x-direction, and another 
field entity (Say, the vector B) oscillating in the y-direction. Ifwe then 
rotate each of these vectors into the time axis, then that is an orthogonal 
rotation for each, which is what the velocity c actually is. So we have to 
do two orthogonal rotations, and the two resulting c’s multiply to give c’. 
With these two orthogonal rotations into the time axis, we have completely 
rotated the EM field wave energy vectors into the time axis. We have also 
compressed that EM field energy by c* 


Hence "time as energy" is just EM spatial energy compressed by the factor 
?, but rotated into the time-axis as "time" rather than remaining in 3-space 
as "mass". Again, by this second analogy time has the same energy density 
as mass, but the highly compressed spatial energy has been rotated into the 
time domain to "produce time” rather than remaining in 3-space to 
"produce mass" (135) 


‘This sheds new light upon the scalar (time-polarized) photon of quantum 
field theory. Note that, prior to compression of the wave energy into time, 
the magnitude ofthe electric field E in the EM wave was oscillating 
lengthwise along its x-direction, which means that, with respect to x, it 
was a longitudinal EM wave. A similar consideration exists for the 
oscillation of the magnitude of B in the y-axis. Along the time-axis, we 
also have a "time-energy” vector having magnitude, and the magnitude of 
that time-energy can only vary along the time axis. Oscillating the time 
energy produces a longitudinal EM wave in the time dimension (on the 
fourth axis). What is actually varying is the time-density itself. This is a 
time-polarized or scalar EM wave, where by use of the term "scalar" we 
mean that it has no vector component in 3-space. In fact, this variability of 
time density produces a "galloping motion” in the speed of light itself, 
which has been recognized {136} 
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We have uncovered a direct connection between the time-polarized EM 
wave (which can only oscillate its time-energy magnitude longitudinally in 
the time-domain) and the longitudinal EM wave in space. Such waves can 
only be observed when coupled or paired with an interaction existing 
between them, very similar to what Mandl and Shaw {167, 168} argue for 
the time-polarized and longitudinal photons of quantum field theory. 


Again see Figure 13 in Chapter 1. Any observable is an instantaneous 
frozen 3-spatial snapshot (or 3-intersection) of a 4-dimensional ongoing 
event. “Observation” itself may be taken as a process where a d/dt operator 
is invoked upon 4-space (spacetime), leaving a purely 3-spatial output. 
However, the resulting observable does not "exist or persist in time’, since 
rigorously it is what was "caught" in only a single, frozen "3-slice” at one 
single instant, forever fixed. 


For that reason, time is not an observable. It cannot be directly observed, 
even in principle, since apriori it is discarded by the observation process 
itself! 


For further work along such lines, we recommend the Sachs unification 
approach to a combined general relativity, quantum mechanics, and 
electrodynamics, generalized from a topological standpoint {126a, 126b) 
To work electromagnetically in that theoretical approach, we recommend 
the 0(3) electrodynamics as extended by Evans {137a, 137b) 


2.1.3.2. The Four Polarizations ofPhotons and EM Waves 
In quantum field theory, four polarizations of a photon are recognized 
{138}. These are the.x-, y-, z-, and /-polarizations, where x-, y-, 2 and 
are assumed as the four dimensions in a 4-space. By agreement, z- is used 
as the direction of motion of a free photon or an electromagnetic wave. So 
at least in theory, there must also be four polarizations of electromagnetic 
waves, even though not all these waves are yet experimentally known, 


The x- and y- polarizations are the familiar transverse photon and the 
transverse wave. The 2- polarization along the line of propagation gives the 
longitudinal photon in 3-space and the longitudinal EM wave in 3-space.® 


ere weareapplyingtheconventionalmodelofthe”EMwaveinspace” whichis 
Knowntobeerroneousbutisinubiquitoususaze See Romer, (84) forascathing 
characterizationofthaterroneousmodelButherewearestuckwithit,sowilluselt 
as “just a model 
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2.1.3.3 Imperfect Longitudinal EM Waves in 3-Space 
‘When attempting to produce longitudinal EM waves (LWs) in 3-space, 
from transverse EM waves (TWs) input to some sort of polarization 
transduction process, only imperfect LWs are produced and a residue of 
‘TW content remains. The resulting imperfect LW is referred to as an 
undistortedprogressive wave (UPW). Some work has been done on UPWs 
{139}. UPWs are expected to have remarkable characteristics including 
wave velocities either slower or faster than c /140) 


The 1- polarization in the time dimension is quite unique: The spatial 
energy overall is in equilibrium and not vibrating at all; instead, the energy 
ofthe photon or wave is vibrating in the time domain and therefore exists 
in the time domain. That is called a "scalar photon” (time-polarized 
photon). Its wave version does not yet seem to be known in the literature, 
although in 2000 we uncovered its secret hiding place {12}. It was 
‘unexpectedly hiding in Whittaker’s (85} decomposition of the scalar 
potential in 1903, but had been slightly misinterpreted. 


2.1.34 Photons and EM Waves Carry Energy and Time 
On the other hand, the concept of "EM waves flowing in 3-space” may be 
in need of a thorough overhaul {141}. A photon y is a "piece ofangular 
momentum” in the form of y = (dE)(dt). Hence the photon carries an 
increment of spatial energy dE and also an increment of time-energy dt 
The time-energy component (di) may be regarded as ordinary spatial 
energy that has been compressed by the factor c” {142}. 


‘As can be seen, since ¢ represents an orthogonal rotation in n-space, the 
multiplication or division by c and by powers ofc changes the 
dimensionality of an entity, as seen by the observer in the laboratory 
frame. 


So the photon transports two types of energy: (i) a "weak spring" (spatial, 
decompressed) energy dE, so to speak, and (ii) a "very stout spring” (time) 
energy dt, so to speak 


When a mass m absorbs a photon (dE)(dr), the (dE) component is 
compressed spatially by c*, turning it into an extra amount of mass dm, so 
that the mass becomes (m + dm)*dt the same time, the (dt) component is 
Joined, so that what results is (m + dmjdt In short, mass m is changed to 
‘masstime mt by photon absorption. So in the absorption ofa photon y by a 
‘mass m, we have 


ytm-> (dE}(dt) + m -> (m + dinjdt 
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In short, the mass m turns into masstime mt, by absorbing a photon, and 
masstime mt is as different from mass m as impulse Fr is different from 
force F. We point out that "mass" m alone does not even exist in time, but 
masstime mt does exist in time. This is proposed as a simple but 
fundamental correction to much of present physics. Further, the state "mt" 
is an excited, time-charged state, excited by very dense time-energy. 


For the simplest case, in the next instant the excited state my decays and a 


photon is re-emitted, and so we have 


(mm + Am) At > (AE)(A) +m > 7+ m (12) 


So emission of a photon changes the excited masstime state (time-charged 
state) back to mass (uncharged state with respect to time-charging), in the 
simplest case. 


See again Figure 1-3 in Chapter 1. "Observation" and “observable change" 
are in fact generated by the photon interaction. The total photon interaction 
with a mass creates the "flow ofthat mass" through spacetime, 
macroscopically as seen by the observer and microscopically in mytiad 
streams of virtual time changes. Mass is continually charged to the 
masstime state, and the masstime state is continually decayed to the mass 
state. Time flow itselfthus has a myriad internal EM energy streams and a 
vast dynamic EM energy substructure. 


The photon itself is not observable, as it exists prior to interaction. It is 
thus a "causal" entity in 4-space. It is nota simple 3-space observed 
“frozen snapshot” particle! When the causal photon is absorbed, its spatial 
energy component goes through the ¢ compression function, thus adding a 
small amount of new mass to the previous mass (previous effect), but 
simultaneously connecting its df time-tail, so that the slightly increased 
‘mass in fact now exists as masstime and not mass. Observation has not 
been completed at that point. 


In the next instant, a photon is re-emitted (from masstime, never from 
‘mass!), in the simplest case removing that extra little mass increase and 
orthogonally rotating it back into 3-spatial EM energy, coupling that 
spatial energy increment dE to that "time-tail” dr and tearing it away as the 
photon is re-emitted. That leaves behind a frozen 3-space snapshot of the 
‘mass (the interacting particle) and completes the observation’. In the 
simple case, this is a replica of the previous particle (frozen 3-space 
snapshot) with which the causal photon interacted. So this process 
accounts for the so-called "persistence in time” of an object or mass, as 
seen by the observer's continual recall process accompanying his stream of 
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iterative observations. Mass does not continuously exist in time, but 
continually recurs in time. 


As is well known, what we call "observable" change must involve the 
expression in equation [13] in the fashion discussed and with the 
observation mechanism given, 


We first pointed out the preceding mechanism for the "flow of a mass 
through time” in 1971, as a graduate student at Georgia Institute of 
‘Technology, and later published it in a crude paper (143} in 1973. It still 
needs a far more thorough theoretical treatment, which perhaps some 
graduate student will take up as the subject of his or her doctoral thesis. 


2.1.3.5 Photon Interaction: Mechanism Generating Flow Through Time 
See Figure 2-1. Mass does not really "travel through time” continuously 
per se, but proceeds with an overall serial change mechanism as 


m > (mnt) > m > (mt) > m >... [14a] 


where (mt) symbolizes a nonobservable ongoing “coupled” interaction 
state prior to observation completion. Equation [14a] represents the results 
ofthe continual photon interaction process, observation process, and "flow 
‘of a mass through time” process, at the highest single-photon interaction or 
‘quantum change level, and as "seen" or measured by the external observer. 
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Flow of microscopic time (via virtual photon interactions) 


Also, in that overall quantum level "flow" there are anyt number of 
ongoing streams and "sublevels” in the underlying subquantum level (in 
the virtual vacuum and in its virtual photon interaction with observable 
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mass). We might write one of these " 


substructures” as: 
(Sm) > mt) ~» (&m) —> (mt) —> (Sm) > [4b] 


In equation [14b] we have used parentheses, because all terms individually 
are nonobservable. We hypothesize that each stream continues until one of 
its terms participates in a summation which eliminates it by enfolding it 
into another interaction. 


‘When a mass is observed as in [14a], a photon has been emitted (we 
observe the mass as the "effect" remaining). Time has been stripped away 
by the resulting ddr operation, leaving a frozen 3-spatial snapshot, which 
we will see as (having been) a particle (simplest case). That occurs just 
after major ("observable") photon emission from the masstime state { 144) 
Immediately another observable photon is absorbed, and so state mt 
occurs. The particle of mass actually oscillates at a very high rate between 
the m and mt states — so high a rate that by arranging the interaction 
conditions one may interact with it either as a wave (react predominantly 
in the mt state) or as a corpuscle (react predominately in the m state). 


Hence we propose that the process in [14a] may account for the duality of 
particle and wave. 


2.1.3.6 The Overall Flow of Time Has an Internal Dynamic Structure 
During the transition in any mass to masstime state by reaction of the mass 
with an “observable” photon, a myriad of fleeting virtual photon 
interactions involving very tiny (dE) (dt) components occurs with the mass 
‘m. These tinier increments of time, and their increments of energy, 
constitute internal structures in the time flow process. Therefore they may 
be considered as "energy currents" or "time-like energy currents” and 
dynamic structures or streams inside the flow of time. ‘This is particularly 
straightforward if we use a model having only a single fundamental unit, 
the joule. In that case, time is energy, and we are speaking of energy flow 
and its constituent internal structures of energy flow. 


So the dt component of masstime at the observable-photon action level has 
‘a myriad of energy-time structured dynamics infolded within it. Hence the 
mt state is very dynamic in time, particularly for fundamental particles. 


See again Figure 2-1. A major point is that mass does not emit a photon; 
‘masstime does. Mass “travels through time” by an extremely high 
oscillation between corpuscle-like state m and wavelike state mt, and with 
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a vast internal “dynamic streams" of other such high oscillations between 
corpuscle-like m states and wavelike mt states, 


‘The concept can be very much extended, of course, but this suffices for our 
concept of energy currents in time, the interaction of such energy currents 
with mass in a mass system, and the intemal dynamic structuring of the 
“flow of time” 


‘This internal structuring is important in the event of "time-energy" 
charging. There the internal structure of ime has experimental 
consequences. We will discuss those consequences in later chapters. 


2.1.4 The Ubiquitous Substitution of Effect for Cause 
See Figure 1-3. To repeat, no observable exists or persists as such in time. 
An observable as such only exists at all when time has been momentarily 
stopped. It then quickly changes into (observable x time) form, for a time 
interval after a photon absorption. Then it changes again to observable 
form by photon emission and the corresponding ddr differentiation 
imposed by that photon emission, 


‘What happens when we think we see an "observable moving through 
space” is that we make or suppose a continual series of very fast d/dt 
3-spatial snapshot observations, one after the other in serial fashion (much 
like the individual frames of a motion picture film), For more than a 
million years, human brain and mind processing have “always interpreted” 
this serial set of iterative operations occurring in the eyes and in the 
physical senses — and continually recalled and processed by the mind — 
as an "observable persisting in time”, which itis not. 


This age-old "natural" and inbred, instinctual mental practice and 
assumption by humans — and therefore by scientists — has provided a 
major problem in physics and especially in electrodynamics. It has resulted 
in the substitution of the "effect" for the cause in a great number of 

models. Even a rapid and continual series of 3-space effects after reaction 
of an observable (frozen snapshot) with a 4-space causal entity, does not 
and cannot constitute that 4-space entity which interacts with the previous 
"frozen snapshot" observable and causes the resulting "comparative change 
or sameness" of the new observable with the former. Hence, e.g., Romer’s 
scathing condemnation {84} of the conventional drawing of an "EM wave 
in space". 


In general relativity, it is straightforward. The curvature of spacetime — 
the cause — is not the mass (the 3-space observable effect) that is further 
changed or created again in the ongoing interaction, as seen in the "next 
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3-space snapshot" (next output of observation) when comparing that 
snapshot to the previous one.“ 


‘The same non sequitur — unwitting substitution of effect for cause — has 
existed for hundreds of years in mechanics, for example. There it is 
strongly passed on in the erroneous old notion of a separate force acting 
upon a separate mass. Prior to the interaction, no "force" exists. During 
the ongoing interaction, force exists because it is the product (interaction) 
ofa "non-force” causal entity (e.g. afield in 4-space, as a certain 
curvature of spacetime there) and a previous effect (a 3-spatial frozen 
snapshot called "mass"). The force exists during the interaction and only 
during the interaction, when both cause and previous effect are coupled 
(and will produce the new effect at the completion ofthe next serial d/dt 
operation as a photon is emitted). The force can only exist when the mass 
(previous effect) is coupled to the cause (the curvature of spacetime), since 
priori mass is a component of force {145}, and curved spacetime is, 
another component oft. After the interaction “ends” in a new d/dt 
observation, the mind compares the new effect with the former, to 
determine whether there is a "change" or a replica (sameness). This 
comparison of the new observation (observable) with respect to the former, 
‘occurs in the brain and mind processing, and gives the sense of 
“persistence of an object in time” as well as of an object "changing in 
time" 


So a great faux pas in physics — and especially in electrodynamics — is 
this widespread substitution of the effect for the cause. Understanding this 
non sequitur clearly, and correcting it, is a prerequisite to understanding 
the principles and concepts of legitimate COP>1.0 Maxwellian systems. 
Also, if we would ever hope to adequately correct electrodynamics, this 
tremendous faux pas must be recognized and rooted out of the model. 
Indeed, the same is true for mechanics and other branches of physics. 


2.1.5 Some Additional Foundations Non Sequiturs 
Another gross non sequitur is made in calculating the amount of EM 
energy flow continually being diverged around an intercepting unit static 
charge at a point in space, from a potential in which that point is located, 
and then calling this "local intensity” ofthe collecting interaction the 
"magnitude of the potential” itself. 
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(See Figure 2-2). At best, it is a measure of the local intensity ofthe 
diversion ofenergy flow from the "bidirectional" EM longitudinal waves 
comprising a potential, as they are diverged around the unit point static 
charge. It is not the magnitude of the entire potential, filling all space, nor 
does it prescribe the spatial energy magnitude of that entire potential 
{146}. Itis a small energy flow, diverted by an assumed standard fixed 
charge at a single point in the potential, from the overall energy flows 
comprising the potential. Calling this little “diversion ofa bit of energy” 
the magnitude ofthe potential is rather like calling a little whirlpool in a 
river the "magnitude ofthe river". Or more exactly, it is like calling the 
amount of little "swirl diversion of a river's flow" around a standard small 
fixed rock the "magnitude ofthe river". 


A similar non sequitur exists in the usual calculation ofthe “field” 
magnitude at a point, which is not the "entire field entity itself at all. It is, 
merely what is diverged from the “field as it exists in spacetime" at a 
single point in it, by an assumed fixed standard point charge at that point 
that is interacting with the field. ‘The field takes into account the patterning 
ofthe diverged flow, e.g., the difference in potential (difference in 
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pressure) across the unit point charge. That is not the field itself at all, and 
the textbooks and dictionaries of physics are completely wrong in calling it 
such. Again, at best, itis an indication of the field intensity at that point, 
and the reaction cross section ofthe field to an assumed unit point static 
charge. Even that indication of local intensity of the field will change if 
the intercepting charge is not static but is in resonance, as shown by the 
Bohren experiment {24}."° 


‘As can be seen from these few examples, a great deal of work needs to be 
done to clean up the "definitions" promulgated in physics and 
electrodynamics for more than a century. It is inexplicable“ that this has 
not long since been accomplished. These errors permeate almost every 
textbook, and they desperately need correcting. The National Academy of 
Sciences and the National Science Foundation should fund the best 
possible effort on this rework of the foundations of physics. 


2.1.6 System Coefficient of Performance (COP) and System Efficiency 
See again footnote 11 in Chapter 1 and Appendix A. In 1915, general 
relativity in fact destroyed several of the fundamental definitions (axioms) 
of classical thermodynamics. It necessitated our correction of some 
thermodynamical definitions (open system and closed system) and our 
‘more rigorous definitions of COP and efficiency advanced below. 


Once mass is recognized as energy and the two are just different sides of 
the same coin, there can be no thermodynamically closed system which 
passes energy across the system boundary without passing mass across it. 
‘Any system changing its rate of flow through time also changes its mass 
and its energy, and vice versa. Energy has mass characteristics, and any 
stem with added or subtracted energy — either kinetic or potential 


mass 


Bohren-lype experiments are continually done in nonlinear optical labs in 


universities and elsewhere. The effect (excess radiation from the medium) is 
euphemistically called "negative absorption ofthe medium,” "negative resonance 
absorption ofthe medium,” ete, Such terminology avoids clearly recognizing that 


more energy is output than the scientists (erroneously) calculate was input. Bohren 
faced the issue head-on, and clearly stated that more energy was output than was 
input (or than was thought to be input 


“A true pessimist might point out that it may be quite understandable, considering 
that it solidly blocks COP>1.0 EM electrical power systems and electro-gravitational 
anti-gravty systems from being developed by our universities, which would solve 
the energy and transportation crises forever. Thereby it aso keeps about $15 to 2 
tillion a year pouring into the coffers of controlling financial groups behind many 
great interlocking corporations. 
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— will also change its mass relativistically as well as its other 
characteristics such as inertia and gravitational attraction. As pointed out 
by Logunov and Loskutov (635), in 1917 the new characteristics of 
general relativity led Hilbert {632} to observe that in general relativity 
there can be no energy conservation rules ofthe usual classical kind. This 
also follows fiom our consideration of the supersystem with multiple 
active environments rather than a single active environment. 


We have formally destroyed any absoluteness of the present classical 
thermodynamics, which is just an imperfect model. It is a special case 
which can be approached but never completely reached in a real dynamic 
system, 


With that in mind, we now more exactly define coefficient ofperformance 
and efficiency of a system. 


‘The term “coefficient of performance” (COP) is a ratio whereby the useful 
energetic output performance of the system is characterized purely with 
respect to the operator's energy input. Simply put, it represents "how 
‘much you get for what you have to input yourself and pay for". It does not 
characterize the performance of the system with respect to the fotal energy 
inputfrom all sources. For our purpose, in general there are two major 
ways of expressing this COP: 


(a) COP == (work accomplished in the load during a representative 
time of operation) divided by (energy input by the operator 
during that representative time of operation). Or for short, 
COP = (useful work out in the load) + foperator's energy 
input), We stress that there may be other free inputs of energy 
to the system, in addition to the operator's input, but only the 

's input is accounted in the COP calculation. 


{average power out in the load) divided by (average 
power input by the operator)."” Again, there may be additional 
average power inputs that are freely input from the 
environment, without cost to the operator, but only the 
‘operator's input is accounted. We stress that "power input” is, 


“This isin standard electrical engineering terminology, which is mangled. For a 
more precise physics statement of (b), COP == (the average rate at which the system 
dissipates energy in its load to do useful work) / (the average rate at which the 
‘operator must furnish energy to be dissipated as work in the i 

system to make it operate and do its ourput work) 


ut section ofthe 
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another of electrical engineering's misnomers, but we use it 
here because it is universally used in power system 
engineering. 


For a system such as a transducer, which merely changes the form ofthe 
energy in some fashion and does not perform work in an external load (the 
transducer is its own load), we may express the COP as 


a. COP 


(effective energy output) / (energy input 
by the operator). Here we accent that there may 
be additional energy inputs to the system from the 
active environment, and these inputs are "free" 
and are not input by the operator, so they are not 
accounted in the COP calculation. 


b.  COP== average power output) / (average power 
input by the operator). Again, additional average 
power inputs may be freely received from the 
environment, but they are not accounted in the 
COP calculation. 


The "efficiency" E of a system is a ratio less than of equal to 10 (or a 
percentage less than 100%), where E indicates the percentage ofthe total 
input energy (from all sources) that is dissipated in the load as useful work. 
It follows that (7 - E) indicates the percentage ofthe total input energy 
that is dissipated in the internal losses in the system, not directly resulting 
in useful work by the system in its load. So the efficiency E of a system 
may be expressed as: 


a __ B == (total work output in the load during a representative 
operational period) / (total energy input to the system, 
from all sources, during that period), 

b. _B== (average power output in the load) / (average energy 


rate of input to the system, from all sources, during that 
representative operational period.) 


We accent that no system can have an efficiency greater than 100%, for 
then it would be "creating energy from nothing" (147). No system can 
dissipate or convert energy that it does not first receive. The conservation 
of energy law states that energy can neither be created nor destroyed. This 
‘means that there actually are no energy sources per se, in the sense that 
the source creates the energy, even though we use the terms "energy 
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source" and "source ofenergy” informally. E.g., Semiz {148} states it this 
way: 


"The very expression ‘energy source’ is actually a 
misnomer. As is known since the early days of 
thermodynamics, and formulated as the first law, energy 
is conserved in any physical process. Since energy cannot 
he created or destroyed, nothing can be an energy source, 
orsink. Devices we call energy sources do not create 
energy, they convert it from aform not suitablefor our 
needs to aform that is suitable, aform we can do work 
with." 


‘A medium inefficient system can easily have a COP>1.0, ifit receives 
additional energy from its active environment, and ifthat extra free energy 
is sufficient to overcome its intemal inefficiency losses. An example is a 
common windmill, where a very good one may have an efficiency of less 
than 50% due to friction and drag losses in the gears and wind spillage 
losses in the blades, etc. Yet the operator himself does not have to input 
any energy at all, for the windmill to operate continually. In this case, the 
COP» 1.0 and approaches infinity, but the efficiency of the windmill is 
still less than 50%. 


Another example is the home heat pump, which may also have an 
efficiency of less than 50%. When acting as a refrigerator, its theoretical 
maximum COP = 8.22 under nominal conditions {149}, and a well- 
designed 50%-efficient home heat pump will produce COP = 4.0 when 
conditions are suitable. 


On the other hand, ifthe only net energy input to the system is that energy 
that the operator inputs, then the COP < 1.0. This is a system in 
equilibrium with respect to any energy exchange with its external 
environment — except with respect to the energy input by the operator 
(ie., with respect to its "fueling" by the operator, so to speak) and with 
respect to the energy subsequently dissipated in the loads and losses. Ifthe 
system is 100% efficient (has no internal losses or conversion losses at 
all), its COP = 10, Almost all real systems do have intemal losses, so their 
efficiency is E < 100%. In that case, the system in equilibrium with its 
environment, and having E < 100%, will also exhibit COP<1.0 


irrevocably. Indeed, the same number will give both the efficiency E and 
the COP, because numerically they are then the same.* 


For electromagnetic systems, the state of confusion between efficiency E 
ofthe system and the COP ofthe system is due to one fact. Numerically 
the two are always equal in equilibrium systems — and the Lorentz. 
regauging condition enforced by the closed current loop circuit self 
enforces the equilibrium condition of the system with respect to its active 
environment. Because electrical engineers usually have zero experience 
with COP>1.0 electrical systems, they tend to loosely and erroneously use 
the two terms "efficiency" and "COP" as ifthey meant the same thing. 
They do not. 


Now suppose that we have an open system, far from equilibrium in its 
energy exchange with its active environment. Suppose that the system's 
efficiency E is very poor, so that E = 20%. Now suppose that the 
environment inputs twice as much energy as does the operator. Let the 
‘operator's energy input be E). Then the total energy input to the system, 
from both the operator and the environment, is 3E. The efficiency is only 
20%, so the system outputs W, as work in the load, of W = 0.2(3E,) = 0.6 
E,. The COP of the system is the work out divided by the operator's input, 
which is COP = W/E;, which is COP = 0.6 E; / E; which gives COP 

0.6. As can be seen, even though this system receives twice as much 
additional free energy as what the operator inputs, itis so inefficient that 
its COP<10. 


Suppose we have a similar system with the same energy inputs from the 
operator and from the environment, but now the system’s efficiency E is E 
= 90%. Then the total energy input to the system, from both the operator 
and the environment, is 3E;. The efficiency is 90%. so the system outputs 
W, as work in the load, of W =0.9E, )= 2.7 E:. The COP ofthe system 
is the work out divided by the operator's input, which is COP = W/E, 
which is COP = 2.7 E; / E;, which gives COP = 2.7. As can be seen, a 
‘more efficient system in the same energy input situation, now outputs 
‘more work than the energy input by the operator. Energy is conserved at 
all times; the excess energy for the additional work was in fact freely input 


* We emphasize that COP and efficiency are two quite different concepts, however, 
even when their numerical values are the same. A 6-foot tall man and a 6-fo0t tall 
door have the same number for their height, but only a fool would consider them the 
‘same thing 
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to the system — which is an "open system far from equilibrium in its 
exchange with its active environment. 


‘Thus a system far from equilibrium in its energetic exchange with its 
active environment, is permitted to exhibit COP>1.0 even though its 
efficiency is always less than 100%. On the other hand, if the system is 
very inefficient and the energy input from the environment is not too great, 
the system will stil exhibit COP<1.0. But the operator will pay less for his 
energy costs to operate that inefficient system, than he would pay to 
operate it ifhe himself had to furnish all the energy input. 


‘Two cautions are emphasized: 


(a) First, electrical engineers use the term "power" to mean 
“energy flow rate without dissipation or change of form”, as well as 
"energy flow dissipation and change of form rate." This is inexact and 
unfortunate, but it appears ubiquitously throughout the electrical 
engineering literature. So we are essentially "stuck with it" for the 
moment. From a rigorous physics point of view, energy flow without 
divergence or change has absolutely no power, because power is defined as 
the rate of change of the form of that energy flow —e.g., the rate of 
dissipation (scattering) of that energy flow, which in physics is a rate at 
which work is being performed, 


(b) Second, it seems that mote than halfthe engineers and 
scientists — and many textbook authors — do not clearly understand the 
difference between COP and efficiency, and often interchange these two 
terms as ifthey were the same. They are not at all the same, and a great 
deal of confusion exists in the casual engineering literature because of 
using them interchangeably. That is why we have clarified them and given 
some simple explanatory examples, sufficient for our purpose in this book. 


2.1.7 COP>1.0 and the Question of Perpetual Motion 
Legitimate scientific researchers attempting to work in open EM systems 
far from thermodynamic equilibrium are often subjected to rather vicious 
ad hominem attacks, charging that they are perpetual motion machine 
addicts and therefore raving lunatics. This of course is not true. We are 
simply trying to do with Maxwell's "electric fluid” systems what nature 
already shows us can be done with material fluid systems. We are in fact 
seeking the equivalent of "electromagnetic heat pump" processes and 
systems. It is the strident critics who are thoroughly confused and who 
reveal an immature knowledge of physics and thermodynamics. 
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As we explained, prior to their Lorentz symmetrical regauging, the 
Maxwell-Heaviside equations already clearly prescribe and permit 
COP>1.0 EM systems, including EM power systems. In addition to the 
present EM systems in equilibrium in their exchange with their active 
vacuum environment, the non-tegauged equations also include Maxwellian 
systems far from equilibrium in their energetic exchange with an active 
environment, such as the active vacuum. Classical equilibrium 
thermodynamics — stridently waved as a sacred banner by the critics 
accusing COP> 1.0 researchers of being "perpetual motion nuts” and such 
EM systems as being "perpetual motion nonsense” — does not even apply 
to such disequilibrium systems! One should simply read the literature of 
the thermodynamics of such disequilibrium systems {160a-160f}. Or one 
should read why Prigogine was awarded the Nobel Prize in Chemistry in 
1977, for his contributions to such open systems in disequilibrium. 


We accent again that, under our new rules where we corrected the 
thermodynamic definitions of open system and closed system, we are in 
compliance with general relativity. Further, every EM system must be 
taken as an open system, since in the supersystem energy (with mass-like 
changes resulting across the system boundary) is always exchanged 
between the three supersystem components. 


Fortunately there are also rational, reasonable critics such as Angrist {150, 
151} where the criticism is properly scientific and not ad hominem, even 
though still misguided. Usually the rational perpetual motion critic applies 
the three laws of classical equilibrium thermodynamics, to classify 
“perpetual motion machines” of class 1, 2, and 3 after equilibrium 
thermodynamics laws 1, 2, and 3. This of itself has no intellectual content 
for open systems in disequilibrium with their active environment. The 
classical equilibrium thermodynamics — including laws 1, 2, and 3 
interpreted only in terms of the operator’s energy input — does not apply 
to open systems far from equilibrium — which are the only systems 
permitted to exhibit COP>1.0 in the first place. And we insist that all EM 
systems are open systems far from thermodynamic equilibrium, since 
every charge is, and all fields and potentials come from those source 
charges. Indeed, such open disequilibrium systems are permitted to violate 
the laws of classical thermodynamics! As an example, the entropy of such 
aan open disequilibrium system cannot even be computed {152}, and it is 
less than the entropy of the same system in equilibrium, since the 
equilibrium state is the state of maximum entropy. 


‘The rational critic then falls upon the homs of a dilemma, by admitting 
that, yes, such open dissipative systems do exist and do permissibly exhibit 
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COP>1.0. He then labels these as, false orfictitious perpetual motion 
‘machines {150, 151}. In short, when such COP> 1.0 machines are real and 
admittedly exist, they are not “true” perpetual motion machines but 
fictitious perpetual motion machines. My comment is that they are not 
perpetual motion machines at all, but permissible disequilibrium machines 
freely receiving excess energy from their energetic exchange with their 
active environment. They are no more mysterious than a windmill, a 
sailboat, a watermill, of a solar cell bank. 


‘One must be precise. A bicycle is a free-energy COP>1.0 machine while 
going downhill. It is not such at all when going uphill. The difference is 
that gravitational input of energy aids the bicycle's motion in the downhill 
case, and opposes it in the uphill case. ‘The active environment gives the 
system additional energy in one case, and takes energy from the system in 
the other case. Disequilibrium exchange can cut either way! 


It is precisely the EM system far from equilibrium with its active 
environment — where the environment puts in additional energy — that 
the serious overunity researcher is seeking. It is a perfectly valid pursuit, 
even by the standards of the perpetual motion critics, who really should 
study both kinds of thermodynamics, not just one. They also should study 
how Maxwell's equations were curtailed and truncated; one result is that 
all Maxwellian disequilibrium systems were — and are — discarded 
arbitrarily by the Lorentz symmetrical regauging. 


The only criticism one needs to raise vis a vis COP>1.0 and perpetual 
‘motion machines is this: Ifan inert (no hidden internal source) machine 
receives no net energy from its external active environment, but is in 
equilibrium in its energetic exchange with that environment,” then. 


Here we quibble again and point out that Lorent’s symmetrical regauging actually 
does require thatthe system receive and take on excess EM potential energy fom its 
environment (the active vacuum and the local eurved spacetime). However, this, 
excess energy can only be received in the form oftwo injections of field energy, 
Where the fields are equal and opposite. Hence the energy is "botled up" as a stress 
potential, with net zero translation force available to it Since this stress potential 
energy cannot translate electrons, it eannot do work in an external load. It merely 
changes the stess ofthe system itself The net result is actually a rotation ofthe 
frame in which the system exists, away from the "laboratory frame” ofthe observer. 
In short, the Lorentz condition establishes @ new “equilibrium condition” for the 
system, by rotating its frame. It also implies that EM energy is continuously received 
by the system from both the active vacuum and local curved spacetime, in onder to 
‘maintain the rotated frame and the new equilibrium condition. Further this 
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classical thermodynamics rigorously applies to it and the machine cannot 
and will not exhibit COP>1.0. However, all EM systems contain charges, 
and these are indeed “hidden sources" of EM fields and potentials and their 
energy. It rigorouslyfollows that, since they contain hidden energy 
sources, all EM systems are potentially COP> 1.0 systems apriori 
Further, itfollows that some ubiquitous design characteristic ofthe s 
itselfmust prevent the system from achieving COP> 1.0, since nature does 
not prevent it. That characteristic feature is the ubiquitous closed current 
loop circuit, directing all spent electrons in the extemal circuit right back 
through the source dipole in the generator or other primary power source. 


It is indeed mandatory that — if at all possible - the inventor or 
independent researcher identify a legitimate source of environmental 
energy that his purported COP> 1.0 device receives and collects, and how it 
receives it and then uses it to power the loads. That means he should 
identify where and how his system violates the Lorentz. self-regauging 
condition imposed by the standard closed current loop circuit. Ifthe 
inventor himself cannot explain it — and this does happen — then 
someone else must explain it for him, Ifthe machine works under proper 
independent test and replication, then criticism that no explanation exists 
for it in normal physics is of no relevance. It is a spur to the theorist to 
enlarge his horizons and to find the proper physics that does explain it 


We stress that we cited the works of Angrist because his voice is reasoned 
and he does not stoop to name-calling and ad hominem attacks. He also 
does point out a historical rash of machines that clearly must comply with 
classical equilibrium thermodynamics, because they have no discemible or 
stated extra input of energy from their active environment and have no 
self-asymmetrical regauging. When such machines have no external free 
input of energy from their active environment, they are systems in 
equilibrium with their active environment, and cannot exhibit COP> 10 — 
exactly as pointed out by Angrist. With such a reasoned critic, a scientific 
dialog is possible, and his main thrust — that no equilibrium system can 
exhibit COP> 1.0 — is quite valid. With the vehement critic, itis already a 
cur dog fight from the outset and there can be no scientific discussion at 
all 


‘The only contention one has with a rational critic, whose sm is based. 
on classical thermodynamics, is when he then generalizes that alll EM 


continuous input oftwo energy flows, equal and opposite, does continuous internal 
‘work on the Maxwellian system to increase and maintain ils stress 
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systems fall within this class. That conclusion is a non sequitur, and 
ignores the entire science of disequilibrium thermodynamics and a vast 
body of scientific literature and scientific experiments in electrodynamics 
‘When stated for electrodynamic systems, it also ignores the actual 
documented history of electrodynamics, and ignores Lorentz’s arbitrary 
discard, from all accountability, ofthe Heaviside giant nondiverged 
energy flow component accompanying every circuit and system. It also 
ignores Lorenz's and then Lorentz’s symmetrical regauging ofthe Maxwell 
‘equations to give new and simple equations easier to solve. This arbitrary 
regauging did in fact unwitting discard all open disequilibrium Maxwellian 
systems — precisely those permitted to exhibit COP> 10. 


See again Figure 1-1. The energy entering the circuit is entering it from the 
surrounding space outside the circuit. Heaviside showed that the energ; 
flow component remaining alter the Poynting component is withdrawn is 
orders of magnitude greater than the Poynting component entering the 
circuit and powering it. t can easily be demonstrated that every generator 
‘outputs far more EM energy in space surrounding the power line attached 
to it, than the operator inputs as mechanical energy 10 the shaft.” 


% Bug. just use a gedanken experiment followed by the Bobren {24} experiment as 
validated by Paul and Fischer (25). Consider a 100% efficient DC system, powered 
by a DC generator, using a closed Curtent loop circuit. All the Poynting energy 
received by the system appears at frst blush to be dissipated in the external load 
That is not true, but let us not yet belabor the point. Include the complete citcuit loop 
back through the source dipole in the generator. The back emf voltage across the 
source dipole between the terminals is precisely equal to the forward emf voltage 
between the terminals but around the external half-loop. The same current flows 
through both the forward voltage drop and the reverse voltage repotentalization. So 
precisely as much energy is dissipated to force the current through the back emf, as 
is recovered from the load 

‘Accept the conventional view thatthe shaft energy input to the generator is 
transduced into magnetic energy, which is then dissipated to force those charges 
back though the back emf. Now examine the energy flow in space surrounding the 
‘extemal circuit, using both the Poynting theory and Heaviside’s theory. We have 
accounted for the Poynting diverged component, but we have not accounted for the 
huge remaining nondiverged Heaviside component. From whence comes this excess 
remaining energy flow that did not enter the ciecuit, was not included in the Poynting 
calculation, and was not expended in the circuit but was just wasted? To prove the 
‘excess energy flow really exists, perform the Boren experiment {24) where the 
intercepting charges in the eicuit are in esonance, and thus "sweep out" a larger 
‘geometrical cross section of interception of the impinging energy flow. These 
‘charges do sweep beyond the static unit charge eross section conventionally assumed 
in the definitions of field intensity (e.., of the fields E and Hin the Poynting vector 
S in $= (Ex 1). Ifthe defining unit point charges are in resonance and sweep out a 
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Heaviside knew this in the 1880s. All the energy flow that is intercepted 
by the circuit and enters (ie., the Poynting component) at essentially right 
angles, hardly even changes the angle of flow of the remaining huge flow 
of energy surrounding the circuit and missing it. Quoting Heaviside (153) 
directly: 


"I [the energy transfer flow] takes place, in the vicinity 
ofthe wire, very nearly parallel to it, with a slight slope 
towards the wire.... Prof. Poynting, on the other hand, 
holds a different view, representing the transfer as nearly 
perpendicular to awire, ie., with a slight departure from 
the vertical. This difference ofa quadrant can, Ithink, 
only arise from what seems to be a misconception on his 
part as to the nature ofthe electricfield in the vicinity of 
‘wire supporting electric current. The lines ofelectric 
Jorce are nearlyperpendicular to the wire. The departure 
‘from perpendicularity is usually so small that Thave 
sometimes spoken ofthem as being perpendicular to it, as 
they practically are, before Irecognized the great 
physical importance ofthe slight departure. It causes the 
convergence ofenergy into the wire. " 


So every electrical power system is rigorously a COP>1.0 "energy gating” 
system already, ifthe neglected, enormous Heaviside energy flow through 
space around the circuit (and missing it and wasted) is re-accounted. In 
that case, much greater energy pours out of the terminals of every 
generator, than the feeble amount of mechanical energy we input to the 
shat 


We do not have an energy availability problem, and we never have had * 
one! Instead, we have an energy flow interception and collection problem 


‘greater cross section, then the assumed Poynting vector S, for the static case, 
‘changes in magnitude by some ratio k for the resonant case (0 the Vector Sp, 80 now 


Sp = kiE x koH = k(E x HD. Since k; is just the ratio ofthe actual geometrical cross 
section swept out by the charge to the standard geometrical cross section swept out 
by the static charge, then fora static charge ky = 10, and for a resonant charge 
ks >1.0. Hence the Bohren experiment, with ks = 18 or so, produces 18 times as 


‘much collected (Poynting) energy “out” as we erroneously think we input by normal 
calculations ignoring the input Heaviside nondiverged component. The Bohten 
experiment (24) proves the argument; validation by Paul and Fischer {25) appears 
in the same journal issue 


102 


— and we always have had one, due to the ubiquitous use of the closed 
current loop circuit, 


Texts —e.g., such as by Kraus { 154) — do show the Poynting 
(intercepted and collected) component of the EM energy flow surrounding 
the power line attached to the generator terminals, but none of them today 
{0 into the remaining nondiverged Heaviside component. Each of Kraus’ 
contours {76} of energy flow in space, around those power line 
conductors, shows only that part ofthe energyflow in space that is being 
drawn into the circuit. It does not show the remaining huge energy flow 
that (i) is not intercepted, (ii) does not enter the circuit, and (ii) is wasted. 
Presently no texts illustrate this Heaviside nondiverged energy flow 
component, and no text accounts for it except to point out that the 
Poynting component must be considered to be indefinite, since it can be 
accompanied by an additional energy flow component. The texts then 
erroneously conclude that the excess flow can have no physical 
significance." 


One can easily prove the existence of additional energy flow to be 
collected, in addition to the Poynting component. E.g., simply examine the 
Bohren experiment (155) and its replication by Paul and Fischer {156} — 
or one can repeat the experiment oneself. The Bohren experiment outputs 
some 18 times as much energy as is input by normal "Poynting 
component" calculations alone, because it also intercepts additional energy 
from the unaccounted and ignored free Heaviside input component 
remaining and not diverged by a static unit point charge. Bohren simply 
places the charge in resonance, so it sweeps out a greater geometrical 
reaction cross section in the energy flow, thereby penetrating into the free 
— but arbitrarily discarded and unaccounted — Heaviside component, and 
intercepting and collecting additional energy. Bohren is perfectly aware 
that the excess energy caught by the resonant charges comes from the 
surrounding vacuum. However, he seems quite unaware of Heaviside’s 


* Eg. J. D. Jackson, Classical Electrodynamics, Second Edition, Wiley, 1975, p. 
237: "the Poynting vector is arbitrary to the extent that the curl ofany vectorfield 
an be added to it. Such an added term can, however, have no physical 
consequences.” Jackson erts in stating that the added energy flow vector cannot 
have any physical consequences. It cannot, of course, unless one catches some of it 
and uses it © power a load, without using half ofthe caught energy to destroy the 
source dipole faster than the load is powered. One ofthe major applications of tis 
1 use it with Dirac sea negative energy 4-holes in the vacuum, where the holes 
produce negative energy fields and potentials in surrounding spacetime, acting back 
Upon the system which is the source of the 4-holes to produce practical antigravity. 
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discovery and cautious statement of the excess energy involved in every 
field-particle interaction, and particularly in electrical circuits. 


‘There are several such "white crows” which are legitimate COP> 1.0 EM 
processes in physics. It only takes one small white crow to prove that not 
all crows are black. As another example, the papers of Letokhov {157a- 
157d} are especially recommended. So long as excess energy is received 
fieely from the environment, the system is permitted to be in 
disequilibrium where COP> 1.0. 


So far as this author could discover, none of the perpetual motion machine 
critics have noticed another very simple fact: The conventional 
electrodynamics they utilize to refute COP>1.0 Maxwellian systems 
implicitly assumes that the source charge — which is any and every charge 
in the universe — continuously creates and pours out energy in 3-space 
without any energy input at all. Their own conventional classical 
electrodynamics contains a "perpetual motion machine assumption” of the 
‘most fundamental and grossest kind. The ardent skeptics of overunity EM 
systems — in using that implicit conventional assumption — are 

themselves the greatest perpetual motion advocates of all, though perhaps 
unwittingly. In 2000 we resolved that long-vexing problem” of the source 
charge (12) 


‘The more strident critics simply set up the "equilibrium thermodynamics” 
straw man, then knock it down and attack independent COP> 1.0 
experimenters with it, erroneously implying that all overunity researchers 
seek such in an equilibrium system. They fail to notice orthodox science's 
implied assumption that every charge and every dipole in the universe is 
already assumed to be a COP => inf. perpetual motion machine, freely 
creating all that continuous outpouring of energy from nothing. None of 
the critics have noticed and critiqued this greatest of all perpetual motion 
assumptions right in their own ranks, without a single exception, and the 
‘most ubiquitous. Undoubtedly that is because the scientific community 
honestly and freely admits that it has not heretofore solved that problem 
{68}, and also points out that the outpouring of energy is an experimental 
fact and therefore unquestionable. 


The better critics — at least the rational ones such as Angrist — already 
admit that there exists a class of legitimate "fictitious perpetual motion 


© Afier publication of our paper, we also discovered very powerful support for our 
solution in quantum field theory. Eg, see F. Mandl and G. Shaw, Quantum Field 
Theory, Wiley. 1984/1993, Chapter 5 
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machines" which are powered continuously without the operator inputting 
the energy. The phrase "fictitious perpetual motion machine” is an attempt 
to retain the classical thermodynamics straw man, when dealing with the 
thermodynamics ofa system far from equilibrium in its energy exchange 
with its active environment. That phrase has been a non sequitur since the 
award of the Nobel Prize to Hlya Prigogine in 1977. We stress again our 
new use of all EM systems as open systems, in accord with general 
relativity. 


‘So when rigorously analyzed fiom the breadth of physics and 
thermodynamics, and notjust from a selected very narrow portion, the 
entire "perpetual motion” critical literature is inappropriate or — more 
exactly — is inappropriately focused upon a fictitious or false target. It is 
simply a classic example of reasoning from a false premise, 


Not one such critic seems to have noticed that every generator and battery 
already pours out more energy than what is input to the shaft, and that it is 
easily proven experimentally via the thousands of experiments showing 
negative absorption from the medium. None seems to have bothered to 
read the original Heaviside, Poynting, and Lorentz papers to see how this 
startling fact was buried more than a century ago. 


Finally, a self-appointed "expert who does not even know what furnishes 
the energy to power every electromagnetic circuit, cannot be taken 
seriously in his "leamed criticism” , regardless of what journal publishes it 
Ifhe continues to accept the unsolved source charge problem, implying 
that all charges freely create EM energy from nothing, he is not expert in 
any facet of powering electromag letic systems and circuits 


2.1.8 Prescribed Systems Versus Changes to Maxwell's Equations 
AS we stated, Maxwell's theory {20} was some 20 quatemnion-like and 
vector equations in some 20 unknowns. By discarding the scalar 
component of the quaternion to retain only the vector subcomponent, and 
by discarding many of Maxwell's potentials, Heaviside (158) truncated the 
‘Maxwell equations to essentially the present familiar set of four vector 
equations - or in potential form, to two equations with variables 
unseparated 


While this truncation discarded a great deal of Maxwellian 
electrodynamics phenomenology, from a thermodynamics view the 
resulting Maxwell-Heaviside equations still contain and prescribe two 
types of Maxwellian systems: 


a systems in equilibrium with their active environment, 
such as the active vacuum, and 


@) systems far from equilibrium with their active 
environment, such as the active vacuum. 


Systems in the first class of Maxwell-Heaviside systems — ice, in 
equilibrium in their energetic exchange with their active environment — 
rigorously obey classical equilibrium thermodynamics {159}. No system 
in that Maxwellian class can output mote energy than the operator himself 
inputs to the system. The greatest coefficient of performance (COP) that 
these systems can accomplish, is COP = 10 for a theoretically perfect 
system without internal losses whatsoever, and thus with 100% efficiency 
of conversion oftheir input energy into work in the load. Since any real 
system has internal losses and thus is less than 100% efficient, the 
practical systems of this first class exhibit COP < 1.0. 


‘These Maxwellian systems of the first class are the electrical systems 
always “understood” by ardent skeptics who proclaim that no other kind of 
Maxwellian system exists, that therefore no Maxwellian system can exhibit 
COP > 1.0, and that a claim to COP>1.0 is perpetual motion lunacy and 
not science at all. These fellows often launch scathing and unjustified 
personal attacks upon any serious researcher trying to work with that 
second class of permitted Maxwellian systems! It would be scientifically 
beneficial if these self-appointed defenders of the faith would simply study 
some more physics and thermodynamics, review the history of Maxwells 
theory and how it was altered, and understand the well-established 
thermodynamics of systems far from equilibrium. 


This false charge — that there can be no COP > 1.0 EM system because 
that would violate the laws of physics and the laws of thermodynamics — 
has been insidiously indoctrinated into generation after generation of 
physics and electrical engineering students. Today most of our electrical 
engineers and electrical scientists have absorbed it and believe it without 
question. Our power-engineering scientists believe it, and so advise the 
government. Hence our government believes it on the advice of our best 
scientists, such as the National Academy of Sciences and the National 
Science Foundation. Our great national laboratories also believe it and are 
just as mentally conditioned. The universities — especially the electrical 
engineering departments — also believe it, and provide a mainstream 
suppression ofthe sharp young graduate students and post-docs that would 
otherwise have long ago revised this mess and solved the energy crisis, 
permanently 


106 


Again we are reminded of that first quotation by Einstein, which we 
included at the beginning of Chapter 1, and which admonished us to ever 
examine the foundations of our science to root out and correct the errors, 
We are also reminded of another quote by Tolstoy: 


"/know that most men, including those at ease with 
problems ofthe greatest complexity, can seldom accept 
‘even the simplest and most obvious truth ifit be such as 
would oblige them to admit the falsity ofconclusions 
which they have delighted in explaining to colleagues, 
which they have proudly taught to others, and which they 
have woven, thread by thread, into thefabric oftheir 
lives. " {Count Leo Nikolaevich Tolstoy] 


The second class of Maxwell-Heaviside systems — rigorously prescribed 
and permitted by Heaviside's truncated Maxwellian theory — is comprised 
of systems in disequilibrium with their active environment. A system in 
this class does not obey classical equilibrium thermodynamics. To the 
contrary, this system obeys the well-known thermodynamics ofsystems far 
from equilibrium {1602-160} with their active environment — such as the 
active vacuum. 


Such a system is permitted to: 
()—_selforder, 
Gi) self-oscillate or self-rotate, 


(ii) outputmore energy than the operatorhimselfinputs and 
thus exhibit COP>1.0 (the excess energy is freely 
received by the system from its extemal active 
environment), 

Gv) power itself and its load simultaneously (all the energy is 
freely received by the system fiom its extemal active 
environment,’’ without any operator energy input being 
required), and 


© We accent the concept of the supersystem. consisting of three components: (a) the 
system and its dynamics, considered as in normal electrical engineering (with a fat 
spacetime and an inactive local vacuum), (b) the active local vacuum and its 
dynamics, and (c) the active local curvatures of spacetime and their dynamics. AI 
three components ofthe supersystem interact with each other. In conventional 
electrical engineering, the assumption in U(I) electrodynamics ofa flat local 
spacetime and equilibrium with the local vacuum exchange eliminates any 
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(v) exhibit negentropy, which every charge and every dipole 
in the universe already does (12, 68) 


Let us now see why Maxwellian EM systems ofthe second class are not 
being designed and built as such, even though they are permitted by the 
laws of physics and reinterpreted thermodynamics, and even though they 
are prescribed in the Maxwell-Heaviside equations before further 
truncation by Lorentz {161a, 161). We may use the Maxwell-Heaviside 
equations in vacuum, because the energy flow intercepted by the external 
circuit pours out of the generator terminals and fills all space surrounding 
the power lines. It is therefore a transmission-reception problem, prior to 
the "potentialized current-transport problem in the circuit. 


2.2 Lorentz Regauging of the Maxwell-Heaviside 
Equations 


2.2.1 Introductory remarks. 
‘The domain of Lorentz’s symmetrically regauged equations is only a small 
subset of the domain of the Maxwell-Heaviside equations they replace. 
Indeed, the later Lorentz (161a, 161b} symmetrical regauging discards an 
entire class of Maxwellian systems permitted by nature and by the 
Maxwell-Heaviside equations before they are symmetrically regauged 


Lorentz’s symmetrically regauged EM equations discard all Maxwell- 
Heaviside systems that are far from equilibrium in their energetic 
exchange with the active vacuum. They retain only that subset of the 
Maxwell-Heaviside theory wherein the system being described is in forced 
equilibrium (162) in its exchange with its active vacuum environment. 
Hence the present Lorentz-Maxwell-Heaviside theory, by which EM 
circuits and electrical power systems are designed, produces only systems 
in self-forced equilibrium with the active vacuum, specifically during the 
symmetrically regauging discharge ofthe circuit's excitation energy. The 
closed current loop circuit in fact discharges half its collected energy to 
destroy the source dipole in the generator, thereby destroying that dipole's 
extraction from the vacuum and furnishing ofthe energy flow pouring out 
ofthe terminals. These circuits kill themselves faster than they can power 
the load, and they use more energy to kill the energy flow from the 
vacuum than they use to power their load. Hence all present EM systems 


isequilibrium of the system with its ative environment, hence arbitrarily discards 
all Maxwellian disequilibrium systems - precisely those that can exhibit COP> 1.0. 


los 


rigorously conform to classical equilibrium thermodynamics, and exhibit a 
coefficient of performance (COP) of COPS1.0 since any real system also 
has losses { 163) 


2.2.2 Technical regauging of the Maxwell-Heaviside equations {164} 
For asymmetrical-regauging (A-regauging) considerations, we are 
speaking of A-regauging the potential energy in and around a circuit. We 
include not only the Poynting energy flow component that is diverged into 
the circuit conductors, but also the remaining Heaviside nondiverged 
energy flow in space surrounding the conductors. This means that the 
energy is in field energy (E-field and B-field) form, both overtly as 
ordinary EM fields and covertly or “infolded” inside the corresponding 
scalar potentials (165, 166, 167, 168), or both. Consequently, we must 
analyze Maxwell's equations as we would for radiating energy, rather than 
‘employ only the jp circuit analysis conventionally utilized, where the 
collected energy is sluggishly transported by the Slepian vector jp. We 
show in this book that asymmetrical self-regauging (ASR) allows 
permissible overunity operation of electromagnetic engines and devices 
{169}, ifother requirements are fulfilled also. 


In Gaussian units, Jackson {170) shows that Maxwell's four equations 
(vacuum form) can first be reduced to a set oftwo coupled equations in the 
(A, ©) representation as follows: 


26.18 
Vb +—-——(VeA) =-4, 15] 
gi ae U5) 
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x 
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‘The result is two coupled Maxwell equations rather than four. Jackson 
shows that potentials A and q) in these two equations are arbitrary in a 
specific sense, since the A vector can be replaced with A'= A+ VA, 
where A is a scalar function and VA is its gradient. The B field is given by 
B = VxA, so that the new B' field becomes 


BI = Vx(A + VA) =VxA +0=VxA=B 7) 


In other words, the B field has remained entirely unchanged, even though 
the magnetic vector potential has been asymmetrically changed. However, 
if no other change were made, then the electric field E would have still 
been changed because of the gradient VA. In that case the net change 
‘would be asymmetrical, because one obtained a "free" E-field which could 
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then do work on the system — either beneficially or detrimentally, 
depending upon the specific conditions, geometry, and timing. To prevent 
this excess "free" E-field from appearing, the electrodynamicists 
simultaneously and asymmetrically regauge (transform) the scalar 
potential @ so as to offset the E-field change due to the regauging of 
equation [15]. In short, they also change @ to ', where 
5 

ee (18) 

ca 


With that additional change, now the net E and B fields remain unchanged 
(171, 172}, even though both potentials have changed and the fundamental 
stored energy of the system has changed, as has the stress of the system. 
Unchanged force fields just mean that only a set of zero-summation forces 
(a zero-summed stress system) has been utilized to effect the change in 
potential energy. It also means that the net summation of the two 
‘asymmetrical regaugings has been entirely symmetrical (173) 


Jackson points out that, conventionally, a set of potentials (A, ) is 
habitually and arbitrarily chosen by the electrodynamicists such that 
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VeA+—-—=0 [19] 

cot 
This net symmetrical regauging operation creates a new and simpler 
Maxwellian system, with different system stress and different system 
potential energy. It successfully separates the variables, so that two 
inhomogeneous wave equations result. This procedure yields a new and 
simplified system, and the new Maxwell's equations for it are as follows: 


(20) 


eal) 


The two previously coupled Maxwell equations [15] and [16] (potential 
form) have been replaced by equations [20] and [21], to leave two much 
simpler inhomogeneous wave equations, one for « and one for A. These 
are new equationsfor a new system! 


Of course, this arbitrary net symmetrical regauging (let us use the term 
‘S-regauging) isquite useful for purposesofsimplifyingthetheory and for 
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easing calculations. But its unquestioning and rather universal usage has 
arbitrarily eliminated the freedom of the system designer to asymmetrically 
regauge the system's potentials, and use the resulting excess five force 
fields to change the stored energy in the system without the operator 
performing extra work upon the system. So we advance the condition for 
jolating this S-regauging, violating the exclusion of net A-regauging, and 
violating the "frozen gauge” process as 
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Any regauging of the potentials that complies with equation [22] will a 
priori produce one or more net excess forces in the system, as well as a 
change in potential energy ofthe system. By controlling the regauging, the 
system designer is then able to control where, how, and when these excess 
forces appear, and whether they enhance the system's operation or hinder 
it. These net forces can then be used to perform work and dissipate the 
excess potential energy taken on in the asymmetrical regauging. That is 
what we do when we ourselves add potential (and potential energy) to an 
EM system to enable it to do work! Ifwe always have to asymmetrically 
regauge the system to get it to do subsequent work, why do we notjust let 
the system asymmetrically regauge itselfso we get the input energyfreely 
and also get the resulting workfreely? The gauge freedom axiom in 
quantum field theory assures us that nature will indeed freely change the 
potential energy of any system for us, if we but arrange it and permit it 


In short, we have had a gauge freedom principle for some time, which 
guarantees us that COP>1.0 EM systems are permitted and possible. Yet 
‘we have failed to realize it, or take any advantage of it. So we continue to 
pay to asymmetrically regauge (potentialized) all electrical power systems, 
and to insure that we have to continue to do it, we specifically design the 
systems so they will then re-enforce Lorentz’s symmetrical regauging 
condition. 


‘This is another of those "inexplicable aberrations of the scientific mind” 
referred to by Nikola Tesla! 


2.2.3 A Humorous Comment but an Exact Analogy 
Again see Figure 1-1 in Chapter 1, and see Figure 2-3. In . 
show how Lorentz’s integration trick {174a, 174b} discarded the huge 
nondiverged Heaviside component of energy flow outside the conductor, 
while retaining the small Poynting component that strikes the surface 
charges and gets diverged into the conductor to power the electrons. In 


int 


justifying his integration trick, Lorentz stated that all the rest of that 
‘wasted Heaviside energy flow 


2-90. Lorentz sutece integration 2, Actual 8 and 8 out 


lion tines te Paying component 
hn sy maid many 
Heaviside component (nondiverged) 


(Figure 2-4) was "physically insignificant” (his term) because it did not 
strike the circuit, was not intercepted, and did not power anything. Well, 
Maxwell's theory is a material fluid flow theory, so let us evaluate 
Lorentz’s justification in a fluid flow analogy. 


112 


ENERGY FROM THE VACUUM: CONCEPTS a PRINCIPLES. 


‘he Heavise components oten 10 
Lllon times be Porting compet. 
tite sinp wasted m rary 


single-pass nergy How crcuts 
Heim?) __—i 


OS TSO 6 
O7 rade aazron gt OO 
exe! O 


que 24 ewe nonvergtd and Poynting ered eer low components. 


Contrast Lorentz’s statement if applied to the ocean wind on a sailing ship, 
where the wind represents the total energy flow and the ship represents a 
single Maxwellian system under consideration. 


ENERGY FLOW GENERATOR 
PTY Ce 
LA 


Only the wind on my ship 
Is of physical significance! | 
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As shown in Figure 2-5, Lorentz’s argument is analogous to stating that the 
hhuge component of the wind that does not strike the ship's sails is 
“physically insignificant” — in other words, it has no physical use. Now 
that is true for the single ship under consideration, as shown in Figure 2-5, 
None of that wind component that misses the ship's sails does anything at 
all to power that ship (that individual system). Hence it is indeed 
physically insignificant to that ship itself. Of course, if we flare the sails 
wider, the ship will catch more wind and develop more power. That is an 
analogy to the Bohren experiment, which resonates the charges (the "sails" 
intercepting the incoming EM energy flow "wind" so that they sweep out 
a greater geometrical cross section. Hence 18 times as much energy is, 
caught, as when the charges are not resonated (the sails are not flared to a 
greater area). 


‘Using be rondivergnt Poynting ow tat 
ovartz migrnon aban a 


ENERGY FLOW GENERATOR 
(ame 


—— Au Se 


How can they use thet old 
physically insignificant wind?! 


‘ge 26 Lotz in sang pina cen win wth may ter ps 
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However, now see Figure 2-6. If we put some more ships (some more 
systems) with "intercepting and collecting sails” in there, they will be 
powered quite well with some of that "physically insignificant” wind. So 
Lorentz (following earlier work by Ludwig Lorenz) really did advance and 
impose upon electrodynamics a non sequitur of frst rank 


‘And the wind-fluid analogy helps to "lighten things up" a bit here and 
inject a little good-natured humor! 
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2.2.4 Discussion 

Equation [22] has now become the first necessary but not sufficient 
principle of asymmetrical self-regauging (ASR) for overunity 
electromagnetic engines and devices. That is, we are now free to 
A-regauge in a nonconservative field manner, where excess net force fields 
automatically appear and remain for our use in the system, All that remains 
is for the designer to: 


@ evoke "nonconservative” (asymmetrical) regauging in 
accord with equation [22]: 


Gi) have the system assembly in disequilibrium with its 
energetic external environment, so that the system 
itself performs this nonconservative A-regauging in 
some sector or part {175} of its normal operation, 


(iii) insure that any “free force” that is produced and 
allowed to do work upon the system will do some 
positive work upon the system, so as to increase its 
collected energy, and 


(iv) assure that the "free" forces that are other 
produced by the circuit design (this includes, e.g., the 
back emf) do not seriously degrade the system (i.e., do 
not substantially reduce its energy available to 
dissipate as work in the load). Usually this means that, 
contrary to the standard closed current loop circuit, the 
circuit must not dissipate half its collected Poynting 
energy to dissipate the charges in the source dipole and 
destroy it. These four considerations we now advance 
as the primary or master principles ofasymmetrical 
self-regauging ofelectromagnetic engines and devices 

for permissible overunity efficiency. We will meet 
additional principles in a later chapter when we discuss 
‘what the form of the energy output of an overunity EM 
system is, and the considerations for close-looping a 
COP> 1.0 EM system into stable disequilibrium and 
continuous self-powering, 


It is understood that the asymmetrical regauging portion of the circuit or 

system must be a broken symmetry in the energetic exchange between the 

active vacuum environment and that portion ofthe system. We exclude, 
g,, solar cell-powered systems, windmill-driven generators, ete. 


1S 


For simplicity, the system designer may wish to A-regauge only one 
potential, producing a desired "free" force F; to work on the system and 
increase its energy, while allowing any other extraneous force F» to 
appear, but just "bottling up" that additional force F2 so that it cannot do 
any work at all on the system and therefore cannot degrade the system’s 
operation. A most useful ASR corollary that immediately suggests itself is, 
to simply A-regauge onto that force operation that normally produces the 
back-drag in a system or device, to either eliminate the back-drag 
altogether or reverse its algebraic sign so that it becomes an assisting force 
instead of a hampering force {176}. 


In overunity systems, this becomes a startling and unexpected exercise in 
novel new phenomenology effected by tempic potential differences, 
tempic force, etc. It involves not only the system, but also the entire 
supersystem consisting of the physical system, its associated altered local 
‘vacuum, and its associated curved local spacetime. See Chapter 9 for our 
expose of these phenomena, and how one must transduce™ the effects of a 
very novel kind of tempic force back emf, ifthe COP>1.0 system is to 
remain in disequilibrium with the active vacuum and thus maintain its 
stable COP>1.0 operation. 


Dissipative power inside source = Vx irand V x r> Vx i. 
thet oes 


Figure27 Why aconenionl ded crentloap at ished OP. 


Again see Figures 2-3 and 2-4, and equations (20) and [21] 
Electrodynamicists have previously assumed away the capability of work- 


A patent application on the process has been filed by John Bedini and the present 
author. 


Ib 


free "refueling" of an electromagnetic system directly fiom the local 
vacuum (177). They have deliberately designed their systems 10 prevent 
self-evoking andpositively utilizing asymmetrical self-regauging oftheir 
‘own potential energy during system excitation discharge. (See Figure 2-1), 


In fact, by forcibly pumping the ground electrons from the external circuit 
back up through the primary source dipole in the generator or battery, our 
closed current loop circuits self-enforce the Lorentz condition and require 
that precisely half the regauging energy freely intercepted and collected in 
the extemal circuit is used to destroy the source dipole providing the 
regauging energy. This destruction of the energy source is accomplished 
faster than the external load is powered. Hence all such systems with 
losses are COP<1.0 systems. For more than 100 years, this "se 
destroying, suicidal system" is the only kind of electrical power system our 
energy scientists and engineers have designed and built. To inject a little 
humor, we can only describe this in Tesla's words® as “one ofthe most 
remarkable and inexplicable aberrations ofthe scientific mind which has 
ever been recorded in history." 


Thereby electrodynamicists have narrowed the inherent flexibility of the 
Maxwellian EM gauge theory model to an artificially symmetrized subset 
of Maxwell-Heaviside-Lorentz equations that utilize a single fixed gauge. 
This prohibits the free use ofthe system's vacuum energy freely received 
by the source dipole's broken symmetry in its violent exchange with the 
active vacuum. Ifthe system increases its dipolarity (regauges freely), it 
simultaneously increases the speed at which it destroys the dipolarity! 
‘Maxwell's equations themselves do not require this, and neither does 
Heaviside's truncation ofthem into the resulting Maxwell-Heaviside 
equations. Lorentz's symmetrical regauging ofthe Maxwell-Heaviside 
equations does require it 


‘The Maxwell-Heaviside theory without Lorentz symmetrical regauging 
allows regauging asymmetrically to place the system in disequilibrium so 
that it freely receives and utilizes excess energy from the surrounding 
vacuum. Then it can again asymmetrically regauge by dissipating that 
freely received energy in an external load. The theory specifically does not 
require destroying the primary source dipole as is done in the arbitrary 
closed current loop circuit between load andprimary source dipole in the 
generator or battery. 


Nikola Tesla, "The True Wireless, Electrical Experimenter, May 1919. 
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By arbitrary habit, electrodynamicists have discarded the Maxwell- 
Heaviside major EM overunity mechanism: Asymmetrically self-regauging 
accomplished by the system itself, without requiring external work being 
done on the system by the operator, in order to freely gather in and collect 
excess potential energy in the system from its broken symmetry with its 
active vacuum environment. In this self-A-regauging, associated excess net 

Jorce does appeat, whereupon that excess collected/stored regauging 
energy can then be used to “drive” the forces against load resistance and 
system losses to freely power the system and its loads {178}. They have 
also discarded the major overunity corollary whereby the designer is free 
to utilize system self-regauging asymmetrically so that the normal back- 
drag or back-emfwork— usually done upon the system in its closed 
current loop configuration to reduce its kinetic energy — vanishes or 
reverses sign and becomes beneficial work done in the opposite sense, t0 

Jreely increase the energy ofthe system. 


‘The failure to do this is bluntly met with, when one does succeed in 
producing a COP» 1.0 system momentarily by suddenly and very 
powerfully breaking the system's equilibrium in its vacuum energy 
exchange. Nature then exhibits a very novel kind of Dirac sea hole reaction 
(powered by tempic force generated in the locally curved spacetime and 
resulting effects generated in the altered semiconducting vacuum). This 
reaction sharply jerks the system (or the system plus its external power 
supply) back into equilibrium and COP<1.0 operation. In Chapter 9, 
apparently for the first time in the literature“ we present this novel 
mechanism exhibited by nature as a new kind of "tempic back emf 
phenomenon in systems in disequilibrium. We also explain how to handle 
the problem and in general how to use it for "freeze-framing" and 
stabilizing the system's disequilibrium operation in sustained COP > 10 
configuration while powering itself and its load. 


All that is required for "self-powering" COP» 1.0 EM engines directly 
powered by the vacuum, is that (1) initially the engine must 
asymmetrically self-regauge to produce COP» 1.0, and (2) positive 
transduced feedback (from the output) of a very special and previously 
unknown kind — where negative energy is transformed into normal 
electron current and energy — must be utilized to its input, in a clamped 


“ The basis for it, however, is in Dirae’s electron theory published in 1930, nearly 
three quarters ofa century ago. See P. A. M. Dirac, "A theory ofelectrons and 
protons," Proceedings ofthe Roval Society of London, Series A, 126(801), Jan. 1 
1930, p. 360-365. 
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and controlled fashion {179}. The clamped positive feedback can be 
designed and applied, once the fundamental engine is designed for self- 
regauging and overunity efficiency, and once the novel feedback and 
transformation requirements are understood and incorporated. The 
remaining excess output can then be utilized to power loads, while the 
engine seemingly "powers itself." 


We stress, of course, that this system is just analogous to the windmill, and 
it continuously receives a "free energy wind" from its active environment. 
‘The conservation of energy law is obeyed at all times, as are physics and 
thermodynamics. 

In a later chapter we present the concepts and processes for these novel 
phenomena involved in close-looping a COP> 1.0 system for self-powering 
operation. 


2.3 The Suicidal Closed Unitary Current Loop Circuit 


‘The present Lorentz-Maxwell-Heaviside theory, by which EM circuits and 
electrical power systems are designed, produces only systems in net usable 
equilibrium with the active vacuum, specifically during the symmetrically 
regauging discharge of the circuit's excitation energy (Figure 2-7), Hence 
all present EM systems designed by that model rigorously conform to 
classical equilibrium thermodynamics, and exhibit a coefficient of 
performance (COP) of COPSi.0. 


Since the Maxwell-Heaviside equations do not restrict the designer to 
systems in equilibrium with their active environment, some ubiquitous 
characteristic of the standard circuit approach must be self-enforcing the 
Lorentz symmetrical condition as far as using any excess free potential 
energy of the system to freely power loads. That is the closed-loop circuit, 
as we have discussed. Let us now illustrate what goes on in such a circuit 


Taking into account Figure 2-4, Figure 2-8 shows a modified diagram of 
‘what is actually happening between the vacuum and the dipole to power 
the circuit. Figure 2-9 shows how a pair of conductors constitutes an 
extended series of parallel dipoles. Once the dipole is formed by 
dissipating some chemical energy in the battery, the dipole extracts energy 
fiom the surrounding vacuum and pours it out ofthe battery terminals, 
producing an energy flow filling space around the conductors of the 
external circuit. Only a very small portion (Figure 2-4) of the very large 
energy flow is intercepted by the extemal charges in the conductors, and. 
diverged into the conductors to power up the Drude electrons. 
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ure 28 Vitus photon chang intensity wth the cages et oe. 


‘As can be seen from Figure 2-7, half of the energy collected upon the 
internal electrons to drive them as j@ is expended as work required to 
pump the spent electrons from the ground return wire back through the 
source dipole in the battery. This scatters the charges ofthe dipole (in this, 
case, by changing the chemistry of the battery plates) and destroys the 
dipole. The other half ofthe collected energy is dissipated in the external 
circuit's losses and in the load. 


‘Then some more chemical energy has to be dissipated by the battery to 
perform work upon the intemal charges and restore the dipole (in this case, 
to change the plate chemistry of the battery plates). So even if this process, 
is 100% efficient, the battery has to dissipate as much chemical energy as 
‘was electrically dissipated upon those former dipole charges to scatter 
them and destroy the dipole. 


In Figure 2-7, we show the small intemal resistance of the conductors, as 
well as the load resistor. Half the energy dissipated by jo is expended just 
to forcibly ram the spent electrons back through the back emf of the source 
dipole. The other halfis expended in the circuit's internal losses and in the 
load resistance. Therefore, less energy is expended as usable work in the 
resistive load than is expended to destroy the dipole and cut off the flow of 
free EM energy from the vacuum, 
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‘The battery has to input as much energy to restore the dipole as was used 
to destroy it. The battery has to expend at least as much chemical energy as 
equals halfthe entire energy originally collected in the external circuit and 

‘expended as [j(t)(t)dt. It must expend chemical energy CE > '% {i(t)@(t)dt. 

‘The energy RE dissipated as work in the load resistor R is 

RE < % ji(t)(t)dt. Thus CE>RE, and this system is forced to exhibit 


OV Ot y Cop <1,9 23) 
sdJ0/ (dt 


As can be seen, this system symmetrically regauges itself during its 
excitation discharge, so that it selfenforces the Lorentz condition during 
that period. The circuit self-enforces COPS1.0, even though all the energy 
— both the energy powering the external circuit and also destroying the 
intemal source dipole in the battery to enforce the Lorentz. condition 
during discharge — is freely received from the active vacuum via the 
broken symmetry of the source dipole,” once established, in its energetic 
exchange with the active vacuum. 


© The broken symmetry of opposite charges is one ofthe broken symmetries 
predicted by Lee, (13a) and by Lee, Oehme, and Yang, (13b). Broken symmetry 

1s proven experimentally in early 1957 by Wu et ai, {14). So profound were the 
implications for physics that the Nobel Prize was avvarded to Lee and Yang in latter 
1957, the same year! E.g., see T. D. Lee, "Weak Interactions and Nonconservation of 
Purity," Nobel Lecture, Dec. 11, 1957 in T. D. Lee, Selected Papers, Gerald 
Peinberg, Ed, Birkhauser, Boston, 1986, Vol. 1, p. 32-44 
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‘The problem is that the source dipole is destroyed faster than the load is 
powered, as shown in Figure 2-7. Because of the inexplicable scientific 
ppre-occupation with the conventional closed current loop circuit, the planet 
and biosphere have been increasingly polluted for more than a century, by 
buming more hydrocarbons, building more dams, using more nuclear fuel 
rods, etc. to provide ever more electrical energy. 


24 In Summary 


COP>1.0 operation in EM systems via work-free asymmetrical regauging 
has been inherent in the Maxwell-Heaviside equations for more than a 
century. Since Lorentz first did so circa the latter 1880s, electro- 
dynamicists have just conveniently and arbitrarily assumed away 

COP> 1.0 systems by (i) artificially limiting the theory to only that fraction 
of Maxwell-Heaviside systems in usable net force field equilibrium in their 
vacuum exchange during their excitation discharge, and (ii) using the 
ubiquitous closed current loop circuit to self-enforce the Lorentz. symmetry 
condition during that excitation discharge. In other words, our engineers 
have only been building systems which self-enforce the overly restricted 
Lorentz-regauged theory. 


Electrodynamicists have never seriously tried to build overunity circuits 
nor until recently have they explored the discarded Maxwellian systems by 
removing the Lorentz regauging condition and examining EM energy fiom 
the vacuum. 


ler the directorship of Dr. M.W. Evans, the Alpha Foundation’s Institute for 
weed Study (AIAS) has been gradually developing the physics of EM systems 
far from equilibrium with their active environment (the local active vacuum and 
local curved spacetime). Some of the papers of interest are: M. W. Evans et al, 
Derivation of the Lehnert field equations from gauge theory in vacuum: Space 
charge and current,” Found. Phys, Lett, 132), Apr. 2000, p. 179-184; Evans et al, 


(38b). (38c}, (113b}, {233a}, (233b}, (233e}: (233g), (233j); Evans etal. 
‘Schrodinger Equation with a Higgs Mechanism: Inherent Vacuum Energy," Found. 
Phys. (in review); — "Vacuum Energy Flow and Poynting Theorem from Topology 
and Gauge Theory,” Physica Seripta (in review); — "Energy from the Vacuum, 


Physica Scripta (in review); — "Some Notes on Asymmetric Regauging", J. New 
Energy 4(3), Special Issue, Winter 1999, p. 325-326; — "Inconsistencies ofthe 
Maxwell-Heaviside Theory of Electrodynamies: The Aharonov-Bohm Effect.” J 
‘New Energy; 4(3), Special Issue, Winter 1999, p. 236-240; — "Spontaneous 
Symmetry Breaking as the Source of the Electeom 

(in press}, A monumental work. Modern Nonlinear Optics, Second Edition, 3 vols. 
ed. M. W. Evans, Wiley, 2001 gives a broad coverage of hig 

electrodynamics and energy fom the enviro 


12 


Every electrical power system ever built is and has been powered by 
electrical energy freely extracted from the seething vacuum exchange with 
the source dipole in the system, due to that dipole’s broken symmetry. But 
the engineers and scientists have designed and built only those electrical 
systems which self-enforce Lorentz’s symmetrical regauging. 


‘The time for energy scientists and engineers to correct this procedure and 
cease this inane practice is long overdue, following the direction pointed 
‘out by the ATAS. 


local curved spacetime). Some 60 AIAS papers are published as a Special Issue of 
the J, New Energy, 4(3), Winter 1999. More than 100 AIAS papers are also carried 
fon DoE restricted website hutp://www ott doe.govielectromagneticy. 
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Chapter 3 


Giant Negentropy, Dark Energy, Spiral 
Galaxies and Acceleration of the 
Expanding Universe 


the discoveries made in 1957 established not only right-left 
asymmetry, but also the asymmetry ofthe positive and negative 
signs ofelectric charge. In the standard nomenclature, right-left 
asymmetry is referred to as P violation, orparity 
nonconservation. The asymmetry between opposite signs of 
electric charge is called C violation, or charge conjugation 
violation, or sometimes particle-antiparticle asymmetry. "{T.D. 
Lee]. {180} 


"The ends ofa dipole, being oppositely charged, exhibit charge 
conjugate symmetry violation. An ‘isolated’ charge, considered 
with its clustering virtual charges ofopposite sign, also exhibits 
symmetry violation. " [T. E. Bearden, this book, below] 


"A generally acceptable, rigorous definition of radiation has not 
as yet beenformulated.” .. "The recurring question has been: 
Why is it that an electric charge radiates but does not absorb 
light waves despite the fact that the Maxwell equations are 
invariant under time reversal? "{B. P. Kosyakov]. {181} 


"It [the energy transferflow] takes place, in the vicinity ofthe 
wire, very nearly parallel to it, with a slight slope towards the 
wire... . Prof Poynting, on the other hand, holds a different 
view, representing the transfer as nearly perpendicular to a 
wire, ie., with a slight departurefrom the vertical. This 
difference ofa quadrant can, I think, only arise from what seems 
10 be a misconception on his part as to the nature ofthe electric 
{field in the vicinity ofa wire supporting electric current. The 
lines ofelectricforce are nearly perpendicular to the wire. 

Their departure from perpendicularity is usually so small that 1 
have sometimes spoken ofthem as being perpendicular to it, as 


they practically are, before Lrecognized the great physical 
importance ofthe slight departure. It causes the convergence of 
energy into the wire. ” [Olivet Heaviside]. {182} 


"The funny thing about the dark matter is it doesn't show up in 
light, X-rays, gamma rays, infrared, ultraviolet, radio waves, or 
submillimeter. We're running out of places to look for it.” 
[William Keel]. {183} 


baryonic, ordinary matter — the stuff of stars and of people 
— makes up just over 4% ofthe energy and matter in the 
universe. ...about 30% ofthe stuffin the universe is dark 
[unobserved] matter. The remaining two-thirds, theorists 
believe, is a mysterious ‘dark energy’ or ‘quintessence'—a 
large-scale antigravity-like effect that is making the universe 
expand everfaster...." [Charles Seife]. {184} 


"And yet, curiously enough, we do not know exactly what charge 
is, only what itdoes. Or, equally significantly, what itdoes not 
do."[M. P. Silverman]. {185} 


"Charge is the ongoing circulation of EM energy flow between 
the time and 3-space domains, as seen by the observer. Negative 
charge is the ongoing absorption of EM energy inputfrom the 
time domain (from ict), transduction ofthe absorbed energy into 
3-space EM energy, and re-emission ofthe EM energy in all 
directions in 3-space. Positive charge is the ongoing absorption 
ofEM energy input from 3-space, transduction ofthe absorbed 
energy into the time domain, and re-emission ofthe EM energy 
in the time domain. Ifwe wish, we may also consider the positive 
charge as radiating negative energy, while the negative charge 
radiates positive energy. Once we consider vacuum 
polarization, we recognize that this circular flow process is 
involvedat each “dipolarpoint” ofthe polarized vacuum. " [T. E. 
Bearden, this book, below]. 


"The matter density ofthe Universe is extremely low. On 
average there might be one atom per cubic metre of space. The 
major constituent ofthe Universe is believed to be some kind 
‘dark energy’, which is pushing the Universe apart." [Matthew 
Colless}. (186} 
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3.1 Broken 3-Symmetry of the Dipole 


To recap from Chapters 1 and 2: In 1956, Lee and Yang (187) strongly 
predicted broken symmetry in physics, suggesting experiments to detect it 
in the weak interaction. In early 1957, Wu et al. {188} experimentally 
demonstrated broken symmetry, thus furnishing the experimental 
substantiation of broken parity in the weak interaction. The emergence of 
broken symmetry was such a dramatic change to the view of physics, that 
in December of the same year, 1957, Lee and Yang were awarded the 
Nobel Prize. 


One of the asymmetries shown by Lee ef al. is the asymmetry of opposite 
charges. That means that a dipole, which consists of slightly separated 
opposite charges, exhibits broken symmetry in the seething vacuum virtual 
particle flux. In short, a dipole — any dipole or dipolarity — must absorb 
or receive virtual photon energy from the active vacuum, integrate at least 
some of it to observable state, and re-radiate that integrated EM energy in 
observable form in 3-space. 


We stress: The ends ofa dipole, being oppositely charged, exhibit broken 
symmetry. An ‘isolated’ charge, considered with its clustering virtual 
charges of opposite sign, is a set ofcomposite dipoles and also exhibits 
broken symmetry 


Opole tormes instar, 
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Let us now consider a gedanken experiment, as shown diagrammatically in 
Figure 3-1, to illustrate Kosyakov's quotation cited above. At a point in the 
laboratory corresponding to the origin of a 3-dimensional frame, a dipole 
is produced instantly by separating charges, such as in a flash-charged 
capacitor. Along two radial lines in 3-space from that origin, we have 
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previously placed perfect EM field and potential detectors, at distances 
ct apart, where t= 1, 2, 3, 4,n,... and so on in seconds, with the radials 
extending across the universe, and where c is the speed of light. We neglect 
the transient pulse that momentarily occurs at each instrument package, since 
we are examining steady state conditions. 


At the end ofone second, the instruments at = 1 instantly read, and those 
readings remain thereafter. One second later, the instruments at f= 2 
instantly read, and those readings remain thereafter. And so on with each 
ofthe instruments progressively farther from the origin reading at the 
proper light-time travel, and with all field readings then remaining 
continuously thereafter 


This gedankenexperiment demonstrates that what is emitted from the 
dipole, fiom its moment of creation at the origin, is a continuous flow of 
EM energy in all directions in 3-space.”” This energy continuously flows 
from the dipole, indefinitely or as long as the dipole physically exists. 
Other than paying once to initially separate the charges and make the 
dipole, we have neither added nor input any additional energy. Yet energy 
continues to flow out from the dipole in all directions, unceasingly, as 
shown by the continued of the reading on each field energy densi 
instrument, once the leading edge ofthe energy outpour reaches that 
instrument and passes it by. In short, the experiment shows that itis not a 
“pulse” that passes each instrument, but a continuous and sustained flow of 
EM energy, remaining steadily thereafter so long as the dipole remains. 


One year after making the dipole, the instruments at one light year distance 
suddenly read, and their readings remain. The energy density ofa volume 
ofspace one light year in radius has now been changed, and that change 
in spatial energy density continues to spread outwards at light speed. 


* More exactly, what is observed is a spreading change in the energy density and 
point-like polarization of the vacuum itself, and of the local curvature of spacets 
‘Aceach point, once the change of energy density and ST curvature occur, the energy 
density and ST curvature remain fixed in a new equilibrium condition, steadily fed 
by the energy radiating from the dipole. See our point made in {181}. The 
discovery of giant negentropy (12} requires a change in how we view the very 
process of energy propagating in space, Now it has become a quite different 
propagation of energy circulation between time and space domains at each affected 
point in space. 
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Yet there has been no input of observable 3-space EM energy flow to the 
dipole whatsoever, as our instruments also verify. All observable energy 
flow in 3-space is outward from the origin where the dipole is located.” 


We have shown that the observable EM energy flow from a source dipole 
is not conserved in 3-space, which is consistent with a broken 3-symmetry 
since symmetry implies conservation. Either we must discard the 
conservation of energy law altogether, or it must be conserved in 4-space 
since we have proven the dipole does not conserve energy in 3-space. If 
we assume that the experiment must conform to the conservation of energy 
law, then 4-symmetry EM energy flow must exist since 3-symmetry 
energy flow is broken. The energy steadily pouring out ofthe dipole in all 
directions in 3-space must therefore be received by the dipole chargesfrom 
the time-domain,” assuming we are working in Minkowski 4-space. In 
particle physics, this is essentially the same as receiving the energy from 
the virtual domain, and therefore is consistent with the proven broken 
symmetry of every dipole and dipolarity. 


‘The energy flow is indeed received from the time domain, as we have 
argued {189) in a wave manner consistent with (i) quantum field theory as 
shown by Mand! and Shaw in the photon model {190}, (ii) broken charge 
conjugation symmetry of particle physics using the virtual photon and 
observable photon concepts, and (iii) a re-interpretation of Whittaker's 
decomposition of the scalar potential (191} when applied to the scalar 
potential between the ends oftthe dipole {12} 


We state the obvious: A dipole is 
experiment also proves by demonstration that a Maxwellian s 
eg., a dipole — is permitted by the laws of nature, physics, and 
thermodynamics to output more energy than the operator inputs, 


a Maxwellian system. This gedanken 
tem — 


Obviously, we ate utilizing the prevailing notion ofthe flow of energy through 
S-space, which is actually a non sequitur No 3-space observable eaity can "move 
in Sspace alone: it requires time to move, and so any movement is in 4-space a 
priori, We previously discussed this and the dit operator being applied by the 
observation process. But for simplicity, we ate using the conventional view here, 
the negentropy ofthe dipole can be easily grasped 


Again, we have stated the positive time case only. In the spreading special 
4-circulation, energy appears in 3-space at each point dipole from the time domain 
(courtesy ofthe action ofthe negative charge ofthe dipole). and then returns from 


3-space back to the time domain (courtesy ofthe action of the positive charge, which 
is time-reversal of the action of the negative charge). 
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input nothing to the source dipole once we have made it. After paying to 
produce the dipole initially, the operator has made no other energy input to 
the dipole at all, yet the dipole will continue to pour out observable energy 
in 3-space for the next 14 billion years ifthe dipole remains and is not 
destroyed. In addition, every positive charge and every negative charge in 
the universe form a dipole, regardless of the separation distance between 
them. That dipole is also performing the gedanken experiment process. 
Every dipolar EM circuit contains innumerable such dipoles — e.g.. across 
open paths” between the various points in the circuit, as shown by Kron 
{192}. Kron {193} stated: 


"the missing concept of “open-paths "(the dual of "closed- 
paths") was discovered, in which currents could be made to flow 
in branches that lie between any set oftwo nodes. (Previously ~ 
following Maxwell - engineers tied all oftheir open-paths to a 
single datum-point, the ‘ground’). That discovery ofopen-paths 
established a second rectangular transformation matrix... which 
created ‘lamellar’ currents..." "A network with the simultaneous 
presence ofboth closed and open paths was the answer to the 
‘author's years-long search.” 


By considering all dipoles in the universe, one has in fact finally defined 
Kron’s open path. One has also defined the master mechanism responsible 
for the incredible EM energy density of the vacuum — the so-called "zero- 
point EM energy". Overall, every electrical circuit thus has innumerable 
‘energy flow broken 3-symmetries in it, with respect to exchange of EM 
energy flow between the time and 3-space domains. To sum all these 
broken 3-symmetries to an overall net 3-symmetry during the discharge of 
the free excitation energy of the circuit, obviously requires some specific 
macroscopic cohering function in the circuit. Moreover, one exists. 
Specifically, the closed current loop between the external circuit attached 
to the generator and the internal source dipole created between the 
terminals of the generator, is what enforces the circuit's net 3-symmetry 
and Lorentz symmetrical regauging. That is an arbitrary man-made 
condition, and not a law of nature, physics, or thermodynamics. 


* Orto a charge with its clustering virtual charges of opposite sign, if we redo the 
experiment with a single “isolated” observable charge and consider it more exactly 
a a set of composite dipoles, each of which exhibits broken symmetry in the 
‘vacuum virwal particle ux, 
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By our gedanken experiment’s demonstration and the existence of 
innumerable disequilibria between the active environment” and the system 
in an ordinary EM circuit, it follows that a Maxwellian circuit must be 
capable of exhibiting a coefficient of performance (COP) of COP>1.0. It 
is a giant collection of open dissipative systems, far from equilibrium in 
the vacuum exchange. 


‘That concept of course is contrary to the entire present mindset of electrical 
engineering and Maxwell-Heaviside-Lorentz classical electrodynamics. 
‘Those disciplines merely continue to accept the source charge as if it freely 
created from nothing all that energy in its associated fields and potentials 
reaching across the universe. Ironically, so long as the giant negentropy of 
the common dipole and its disequilibrium with its active environment (the 
local active vacuum and the local active curvatures of spacetime) are 
unaccounted, engineers and scientists will continue to produce the inane 
Lorenz/Lorentz-regauged power systems they produce today and have 
produced for more than a century. Also, they will continue — wittingly or 
unwittingly — to implicitly prescribe that every charge and dipole in the 
universe violates the conservation of energy law and is thus aperpetuum 
‘mobile of the grossest kind: a system which massively and continuously 
creates EM energy from nothing, 


We now point out something deeper and very important. In modern 
physics, the observed positive charge is regarded as the time reversal of 
the observed negative charge. See Figure 3-2. Ifthe negative charge is 
responsible for EM energy flow from the time-domain into 3-space, then 
‘as observed the positive charge must represent a time-reversed situation 
We observe time reversal in the charge domain as a parity reversal and a 
charge reversal, but with the energy remaining positive. In other words, 
‘one imagines that one records a process on videotape, and then runs the 
video backwards to observe the "time-reversed” situation. When observed, 
both the sign of the positive charge and its ditection of motion appear to us 
to be reversed from the negative case. 


In paragraph 3.10 and in Chapter 9 we will intgoduce — more deeply — the notion 
‘of the supersystem, consisting ofthree parts: (1) the system and its dynamics, (2) the 
active vacuum and its dynamics, and (3) the active spacetime curvatures and their 
dynamics. All three components of the supersystem interact with each other. In our 
sgedanken expe the system (component 1) must receive the excess energy 
from the system's external environment, which consists of components 2 and 3 of the 
supersystem, 
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It follows that the positive charge as observed involves a flow of (positive) 
energy from 3-space back to the time domain. If we wish, before 
observation we can accept that “observed positive energy inflow” as an 
unobserved outward radiation of negative energy. Thus, a dipolarity 
involves a continuous flow of energy from the time domain into 3-space, 
and back from 3-space into the time domain (Figure 3-2). The energy flow 
circuit (circulation) is completed by a remaining energy flow across the 
dipolarity in the time-domain only, from the positive charge where the 
energy enters the time domain, to the negative charge where it exits 
again. 


‘roan ore ow sma ite ans nn Space 
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 Rigorously, we should speak of +g and -gt. Charge isan observable, a 
therefore an instant frozen snapshot. No observable exists continuously in time, but 
instead it recurs continually as the photon interactions — iteratively producing the 
‘Wat (LLLT) = LLL observations — continue. The moment a charge g absorbs a 
photon, it changes to grin form. The moment the charge-time gt emits a photon, it 
‘hanges hack o q inform. This incessant change of -> gt > q > gi —> is 
‘continual, at every level ofthe macroscopic charge, with is entite ensembie of 
photon interactions, including both vietual and observable photon interactions. As 
an be seen, the “eharge as it persists" and "moves through time” has a rich dynamic 
substructure essentially ignored in present electrodynamics. Its, however, 
recognized by leading theoreticians and Nobelists 
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However, even each of the clustering virtual charges and each of the 
differential charges of the observable charge, may be further broken into a 
central charge and clustering charges of opposite sign, in the modem view 
ofthe vacuum and its polarization. Hence, at any level — electron or 
positron — we actually have a dual and slightly separated bidirectional 
flow, at least in the observable equilibrium condition. The "positive 
energy" and positive flow of time is usually associated with "inert" matter 
with the electrons on the outside, so that the observer observes normal 
‘matter through the "forward time” situation mostly. Hence much of the 
accompanying backwards or time-reversed flow — from the positive 
charges in the nuclei, etc. — is "buried in the vacuum virtual state” in the 
Dirac sea and in Dirac sea hole flows. 


Indeed, the vast hierarchy of nested structures and nested dynamics in 
charge as it exists in the vacuum, is recognized in physics, as is the fact 
that it involves infinite energy. E.g., quoting Nobelist Weinberg {194}: 


[The total energy ofthe atom]... depends on the bare 
‘mass and bare charge ofthe electron, the mass and 
charge that appear in the equations ofthe theory before 
we start worrying about photon emissions and 
reabsorptions. But free electrons as well as electrons in 
atoms are always emitting and reabsorbing photons that 
affect the electron's mass and electric charge, and so the 
bare mass and charge are not the same as the measured 
electron mass and charge that are listed in tables of 
elementary particles. Infact, in order to accountfor the 
observed values (which ofcourse are finite) ofthe mass 
and charge ofthe electron, the bare mass and charge 
‘must themselves be infinite. The total energy ofthe atom 
is thus the sum oftwo terms, both infinite: the bare energy 
that is infinite because it depends on the infinite bare 
‘mass and charge, and the energy shift.. that is infinite 
because it receives contributionsfrom virtualphotons of 
unlimited energy.” 


Here again we have met Kron’s "open path” in a new and unrecognized 


form, 
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Hopefully we now are in a position to rigorously define charge — or try to 
— for the first time in physics." Charge is the ongoing circulation of EM 
energy flow between the time and 3-space domains, as seen by the 
observer. Negative charge is the ongoing absorption of positive EM 
energy input from the time domain (from ict), transduction of the absorbed 
energy into positive 3-space EM energy, and re-emission of the EM energy 
in all directions in 3-space. Positive charge is the ongoing absorption of 
EM energy input from 3-space, transduction of the absorbed energy into 
the time domain, and re-emission ofthe EM energy in the time domain. Or 
contrary-wise, one may regard the positive charge as the ongoing 
absorption ofnegative EM energy input from the time domain, 
transduction of the absorbed negative energy into 3-space, and 

re-emission of the negative EM energy in all directions in 3-space. ‘The 
negative charge then absorbs the negative EM energy impinging on it from 
3-space, and transduces it into negative energy flowing back into the time 
domain. 


Any overall curvature of spacetime, as seen by the observer, results in one 
ofthe two flows predominating as seen by the observer. Usually, at 

COP < 10, this Dirac sea hole current does not bother our circuit's 
operation, but remains confined to the local vacuum. It is often not 
bothersome or is minor for other than very high COP’s. The reason is that, 
for such moderate and small COP’s, most of the Dirac sea hole currents 
react either with (i) the seething local vacuum virtual particle cauldron, or 
i) the atoms in the material lattice to form lattice holes. 


‘As the COP increases, the fraction of Dirac holes interacting with the 
lattice to form lattice holes increases. As the COP further increases greatly, 
a large fraction of the Dirac sea holes do not react with the local vacuum 
cauldron (they become stable forms in that cauldron) of the lattice, but 
flow into the input section of the system to react with and "eat" incoming 
electrons fiom the extemal power source. 


Ifthe inflow of electrons is insufficient to fill the arriving Dirac sea hole 
current at the input section, the hole current passes back into the feeder 
Jine and into the distant power source, eating electrons all the while. This 


For a more com 


© This is sila fist order, macroscopic d 
statement, one must spell out the hierarchy and dynamics of the virtual state, the 
participating mass of the charged particle and its generarix, the operations and 
dynamics of the ddr observation operator, ete. We have not yet succeeded in geting 
all that into a single reasonable but sufficiently short statement! 
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ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES, 


includes eating electrons in the distant power source, which simply "sees" 
that it must fumish additional current and voltage (power) toward the 
distant circuit or system. 


In that operational COP region where strong interaction with the lattice 
occurs, the attachment of the lattice positron (lattice hole) to the mass of 
the atom or other ion, results in a very sluggish response of the overall ion 
with EM fields, compared to the response of an electron or a negative 
energy state electron hole (Dirac sea hole). Hence much of conventional 
electrical power circuit theory ignores the lattice holes and hole currents 
which no longer have negative energy because they have reacted and been 
“observed”. Semiconductor designers, however, account for it and handle 
it in the semiconductor (in a given range of operation) primarily by the use 
of donor and acceptor materials, 


At COP» 1.0, however, the Dirac sea hole current must be strongly taken 
into account because it produces substantial and novel new effects in the 
power system itself. This Dirac sea hole current "flows in reverse” with 
respect to the circuit — from output back to the input. In short, it flows 
through the vacuum from the output section of a unitary COP» 1.0 

rem, back through the middle section ofthe system, and back into the 
nput section where it "eats" incoming electrons from the external power 
supply. The power supply thus must furnish electrons to "kill (power the 
killing of) the Dirac sea hole current arriving in the input section”, while 
still fumishing the necessary amount of additional electrons to power the 
circuit's losses and loads. 


‘The hole current arriving back in the input section of the unit poses an 
additional "power system load’. These holes must be filled with incoming 
electrons (which disappear into the Dirac sea hole in the vacuum without 
radiation, due to the concomitant relaxation or change ofthe local 
curvature of spacetime) before any incoming electrons are left to power the 
Circuit in normal fashion. So the hole current appears as a highly undesired 
extra "load" formed in the input and “eating input power from the external 
power supply” 


We further discuss this situation and how to deal with it, in Chapter 9. 


Finally, we propose a formal modification ofthe concept of "EM energy 
flow through space” (pethaps the first since its formulation independently 
by Heaviside and Poynting). The EM energy flow connected with the 
charge is a circulation of EM energy flow between the time domain and 
3-space and back, as a result of dipolarity. This 4-circulation flow occurs 
at every point in 3-space (at every point dipole in the 3-space vacuum), 
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‘The formation of an observable charge results in an immediate, continuing, 
spreading re-organization (polarization) of the polarization of the vacuum 
virtual particle flux itself. Itis this spreading polarization ofthe vacuum 
— and its accompanying giant negentropy EM energy flow circulation in 
4-space connected with the spreading dipolarity and the observable 
"source" charge — that moves outward in all directions at the speed of 
light in 3-space from the newly formed charged particle or group of them. 


We also define charge itselfas that continuously spreading dipolarity in 
3-space accompanied by the giant negentropy EM energy flow 
4-circulation from the time domain to 3-space and back. 


The giant negentropy circulation in 4-space — represented by the 
spreading vacuum point-polarization and hence broken 3-symmetry — is 
what (observably) moves out in all directions from the newly formed 
observable charge. Since we “observe” only the 3-space aspect, we "see" it 
as the spreading appearance of 3-space EM energy (the polarization 
change ofthe vacuum itself) moving in 3-space, because we "see" it as the 
iteratively observed frames of a motion picture. As observed, that is one 
way of expressing it. As it actually exists and happens prior to 
observation?” the so-called "flow of EM energy in space” is not that at all. 
It is the radial spread of the appearance ofa giant 4-space negentropy EM 
energy flow circulation between the dipoles formed in the polarization of 
space. In that process, the special 4-symmetry between time and space is 
‘maintained but with broken 3-energy flow symmetry and broken time- 
energy flow symmetry with respect to the 3-space observer. 


© Le., the spreading partial restructuring and re-organization of the vacuum energy 
for energy flux. 


© The sharp-eyed reader will note that we clearly distinguish between the operation 
‘ofa "twee falling in the forest” without an observer to see it, and a "tree falling in a 
forest” as an observer sees it. Without observation, there is no observed tree, no 

observer, and no "observed falling". Yet there exists the "tee x time”, the "observer 


x time”, and the "falling x time” whether or not their observation oceurs with its 
resulting d/dr differentiation operation. One set (the causal set) is 4-spatial, and the 
other set (the event set after observation) is 3-spatial. The cause is 4-spatial and 
jobserved., and the effect is 3-spatial and observed. They are not the same, though 
related by the déde observation operator and by the interaction ofthe 4-space cause 
with a previous 3-space frozen observation to change i to a new 3-space frozen 
‘observation, Note that one can and does have a cause without an effect in any 

legitimate theory of causality, but not an effect without a cause. The eause only 
assumes the potential for interaction and observation, whereas the effect assumes 
‘that the interaction has occurred, yielding the observation as the effec. 
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‘The 4-circulation (giant negentropy) ofthe EM energy flow "from" or 
connected with" a charge, is intimately connected with the spin of the 
charged particle, since the charged particle spins in both the time domain 
and in 3-space, as discussed in paragraph 3.3 below. We believe the spin 
itself the basic giant negentropy generator.“ Ifthat hypothesis is true, 
then giant negentropy, the circulation of EM energy between time-domain 
and 3-space and back, broken 3-symmetry and broken time-energy 
symmetry (as seen by the observer), the flow of EM energy through space 
(as observed), the nature of charge itself, and polarization of the quantum 
‘mechanical vacuum are all just different sides of the same coin 


Without amplification, we state that his giant negentropy outflow process 
has additional important ramifications in electrodynamics, general 
relativity, particle physics, and unified field theory. However, we leave 
further discussion of the subject for a future paper or book and for the 
advanced theorists. 


32 Reinterpreting Whittaker's Decomposition of the 
Scalar Potential 


As previously stated, we applied and re-interpreted Whittaker 1903 
decomposition of the potential {85} between the ends of the dipole. The 
scalar potential is actually a harmonic set of bidirectional longitudinal EM 
‘wavepairs, where each wavepair consists of an outgoing EM longitudinal 
EM wave in real 3-space and an incoming EM longitudinal EM wave in 
the complex plane. Hence we have a new and novel EM energy flow 
symmetry in 4-space, where (as seen by the observer) the broken 
3-symmetry of the dipole has removed the usual arbitrary imposition of an 
additional condition of 3-space energy flow symmetry as well. Simply 
‘making a dipole permissibly breaks the 3-space conservation of energy 
flow symmetry, and moves to 4-dimensional conservation of energy 

flow. Both EM energy conservation in 3-space and in the time domain are 
individually broken, but conservation of energy flow is now upheld 
between the time-domain and the 3-space domain. In blunt terms, we 
“consume a little time” to get any EM energy that exists in 3-space. 


© We leave to a future sharp young graduate student the business of expressing the 
‘angular momentum (spin) of the charged particle as a result of giant negentropy in 
EM energy flow between the time domain and 3-space, It can probably be done by 
deeply considering the giant negentropy process for an “isolated” observable charge 
considered as also containing ils clustering set of virtual charges of opposite sig 
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‘The broken symmetry of a source dipole — or of a source charge 
considered with its clustering virtual charges of opposite sign as a set of 
dipoles — produces a continuing giant 3-negentropy, as seen by the 
observer. He only sees the steady 3-space outpouring of energy, and sees 
that it will continue as long as the dipole or charge remains intact. 


atized Vacys, 
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Fre Onserablctecvonchargeasselotconpoeedipales. 


To clarify the "isolated charge” as a set of composite dipoles, see Figure 
3-3. There is no such thing as an isolated observable charge in 

3-space: instead, the observable charge is surrounded by attracted virtual 
charges of opposite sign in the active vacuum. We take a differential piece 
ofthe observable charge and a momentary virtual charge of opposite sign, 
and call the two a "composite dipole”. An observable charge is simply a set 
of composite dipoles connecting virtual and observable energies and 
energy flows 


Hence any source charge (classical sense) may be considered such a set of 
composite dipoles. So any source charge also multiply initiates the broken 
3-symmetry and broken t-symmetry in EM energy flow (as interpreted by 
the observer), but conserves energy flow 4-symmetry between the time 
domain and the 3-space domain. In 4-space, there is an energy flow 
circulation from the time domain to 3-space and back to the time domain 
again. 


This special circulation of energy is strikingly similar to, and may be an 
extension of, Heaviside's unpublished theory of combined electrodynamics 
and gravity, where he used closed circulation of EM energy as exhibiting 
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gravitational effects (in modern terms, producing spacetime curvature) 
(195, 172b.}. This approach or extensions of it may yet have a profound 
impact on physics, as commented upon by Laithwaite {196}. Certainly 
Heaviside considered his own energy flow theory. So it appears that he 
considered the excess energy flow — that "misses" the interaction with the 
circuit or assumed unit point charge and is not utilized — as producing 
gravity. That of course would be in perfect agreement with modem general 
relativity, since any change in the local energy density of vacuum is also a 
change in the local curvature of spacetime. We have called that Heaviside 
nondiverged and unaccounted EM energy flow by the label dark positive 
energy. See our further discussion of unaccounted (dark) positive energy in 
paragraph 3.8 below. 


I Make dipole” furcton “ive negative resco" urcten 
(Emtepe) (Gartregertopy) 


Fore 4 pain genre poring rete king eery tom he tine domain 


See Figure 3-4. This 4-symmetry is a far more fundamental energy flow 
symmetry than either 3-symmetry or t-symmetry. Both the “isolated 
charge” and the dipole are open systems far from equilibrium with their 
external active environment (the active vacuum and the active curvatures 
of spacetime). They are permitted to perform the five "magical" functions 
of disequilibrium thermodynamical systems. Such a system can: (i) self- 
order, (ii) self-oscillate or self-rotate, (iii) output more energy than the 
operator inputs, (iv) power itself and its loads (the "load" of a source 
dipole or source charge may be said to be comprised of the associated 
fields and potentials reaching across all space, and the continuous flow of 
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energy necessary to maintain those fields and potentials), and (v) exhibit 
negentropy. 


The source charge and the source dipole exhibit all five functions. We 
often refer to these characteristics of a charge or dipole as its giant 
negentropy functions {197} 


It only takes a single white crow to prove that not all crows are black. 
Every charge and dipolarity in the universe is already a Maxwellian system 
far from thermodynamic equilibrium with its local active environment — 
the very class of Maxwellian systems that Lorenz/Lorentz. symmetrical 
regauging of the Maxwell-Heaviside equations arbitrarily discards. That 
local environment consists of the local curvatures of spacetime and the 
local active vacuum. The system together with the two components of its 
active environment is called the supersystem. All three components of the 
supersystem continuously interact with each other and exchange energy. 
All is dynamic, continuously. Any appearance ofa "static state” in the 
system is actually an equilibrium condition stabilized in the ongoing 
supersystem dynamics. 


So one does not have to "prove" that Maxwellian systems exhibiting 
COP>1.0 (even COP = oo) are possible. Every charge and dipolarity in the 
universe is already just such a Maxwellian system, even though all such 
systems are erroneously discarded by Lorenz/Lorentz. symmetrical 
regauging. Either one must accept asymmetry and COP>1.0 EM systems 
in electrodynamics, or one must purge from the theory all the charges and 
dipoles and all effects from them. That destroys all the charges, all the 
fields, and all the potentials. 


That also destroys electrodynamics itself, as well as chemistry, particle 
physics, and most of modem science. The arch critic of overunity EM 
system research would do well to acquaint himself with some additional 
physics. Either that, or practice what he advocates, and give up all charges 
and dipoles and all effects from them — including in chemistry, particle 
physics, materials science, etc. When he holds on to the charges and 
dipoles while insisting on the impossibility of COP>1.0 Maxwellian 
systems, his cherished conventional EM theory eats itself by its own tail 
and becomes an oxymoron, 
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ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES, 


33 How the Dipole Charges Transduce Time Energy 


‘We present a simplified analogy” that allows one to visualize how the 
dipole transduces the incoming time-like longitudinal EM energy flow into 
3-space real EM energy flow for negative charge, or vice versa in the case 
of positive charge. With a little oversimplification, a charge may be said to 
spin 720° degrees in one complete rotation. For our purposes, it spins 360° 
in the imaginary plane (over in ict), and then spins 360° in the real plane 
(Gn 3-space). Thus the negative charge can absorb the incoming EM energy 
flow in the complex plane, transduce or "flip" the absorbed EM energy 
into 3-space to begin its 360 degrees in 3-space, and the excitation can 
decay during that 3-space spin part of the cycle. The only "variable" in ict 
is the t, so any energy flow has to be "by means ofthe variation ofthe 
variable”. We already argued in a previous chapter that time can be 
treated as highly compressed spatial energy, having the same energy 
density as mass. So absorbing a very tiny amount of time-energy and 
transducing (decompressing) it into spatial energy produces enormous 
spatial energy (t multiplied by the factor c°) 


‘The negative charge absorbs a little bit of positive time energy, transduces 
it into a much larger amount of 3-space excitation energy, and re-emits it 
in 3-space as an observable, real flow of EM energy radially outward in all 
directions. The positive charge receives the large amount of 3-spatial EM 
energy and absorbs it, transduces it back into time-energy (highly 
compressed energy) and re-emits it in the time domain as a little bit of 
highly compressed time energy. 


Conversely, we may consider that the positive charge absorbs a little bit of 
negative time energy, transduces it into a much larger amount of negative 
3-space excitation energy, and re-emits this negative 3-space energy in all 
directions in 3-space. That consideration is important in the cold fusion 
phenomenology, and in fact accounts for the formation of little fleeting 
"time-reversal zones” in the electrolyte solution where the law of attraction 
and repulsion of charged particles is momentarily reversed. The omission 
of the giant negentropy mechanism and the negative energy mechanism 
fiom particle physics reaction theory is why there do not exist such nuclear 
transmutation actions at low spatial energy (but high time energy) in 


© For simplification, the analogy teats "spin" of the charged particle as if it really 
were something like that ofa spinning top. at least in its 3-spatial eomponent. 
However, in physics the entity spin is not confined t a fat plane or even to 3-space 
Consequently, we caution thatthe analogy is primarily a mnemonic ad 
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conventional particle physics. All such permissible reactions have been 
arbitrarily omitted from the discipline. 


For the positron (or any positive charge), we assume that the process is 
reversed: 3-space energy is continuously absorbed (fiom the active 
vacuum exchange) by the positive charge during its 360° spin in 3-space. 
This 3-space excitation energy is then flipped into the time domain as 
time-charge or time-energy, as the charge starts its second 360° spin in the 
time domain. During that latter part ofits 720° spin cycle, the spinning 
charge re-emits the time-charge energy (time-excitation) as a flow of a 
little bit of very dense EM energy in the time domain. 


‘The effects of these mechanisms in systems of charges in motion are met 
with as time dilation effects, spacetime curvature effects, frame rotation 
effects, ete. in relativity theory. 


A charge that has received excess EM energy from the time domain is said 
to be time-charged ot time-excited. Since time-charge or time-energy is c* 
denser than spatial energy, a tiny amount of time-energy excitation or 
time-charge may be re-emitted as substantial spatial energy over a period 
oftime. In short, the decay oftime charging or time-excitation of charged 
particles can occur slowly and over time. The decay is marked by the 
presence of longitudinal EM wave radiation, by mysterious ionization 
phenomena appearing in some Geiger counters depending on their 
individual time-histories (individual initial time-charging condition), and 
by excess energy appearing in electrolytes and emitted as heat where such 
decay of time-charge is occurring, 


Usually in ordinary circuits and EM systems the time-charge and time- 
charge-decay effects are minimal, being offset by their opposites in close 
adherence to equilibrium. However, when this is not the case and time 
charging does appreciably occur, then novel phenomena result in those 
Circuits and systems. Such effects have occurred for some time in 
instruments associated with rigorous electrolyte experiments at U.S. Naval 
research facilities at China Lake (198), but the researchers have not 
recognized the cause. We have pointed out the time-charge and time-decay 
solution to those novel phenomena, and explained why apparently 
“identical” instruments need not respond to the stimuli in the same manner 
{199). Along the way, we also explained several of the low spatial energy 
(thus high time-energy) transmutations, including giving the typical 
reactions producing the excess deuterium, tritium, and alpha particles. We 
also explain those new nuclear reactions at low spatial energy (but high 
time-energy) in Chapter 10. 
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‘As we stated in Chapter 1, paragraph 1.1.3: In such electrolyte experiments 
where the palladium electrodes load with concentrations of positive 
charges on hydrogen ions of one form or another, then in the adjacent 
solution there can arise fleeting time-reversal zones. Such a zone is 
simply a very tiny volume of fluid in which antiphotons temporarily 


comprise the majority of the ongoing photon interactions with the local 
ions in solution in that zone. The result is that the normal (time-forward) 
law of attraction of unlike charges and repulsion of like charges is 
reversed; in the TRZ, like charges attract and unlike charges repel. This 
allows two positive ions such as H+ to be drawn together so tightly that 
each enters the (reduced) strong force region of the other, forming a quasi- 
nucleus. When the other ions move to eliminate the TRZ, during the decay 
ofthe TRZ the strong force increases more rapidly than the EM force. 
Hence, the preferred method of decay of the now-excited quasi-nucleus is 
by quark flipping to allow the quasi-nucleus to become a new nucleus. 
‘This nuclear transformation interaction allows the production of the excess 
deuterium, tritium, and alpha particles. 


3.4 Reordering of the Local Vacuum: Giant Negentropy 


A giant negentropic reordering of a fraction ofthe surrounding vacuum's 
energy is initiated when a dipole or charge is formed. This reordering is 
deterministic, and is the 4-flow energetic structure shown by Whittaker 
{85}. slightly reinterpreted, with perfect coordination of the converging 
EM energy inflow in the complex plane with the outflowing converted real 
EM energy ace. Hence this negentropic reordering introduces 
“hidden order" into the vacuum’s otherwise disordered energy. This 
reordering of a fraction of the vacuum's disordered energy also changes the 
Gibbs statistics assumed in quantum mechanics, replacing it with an 
‘already chaotic" statistics containing hidden order. We propose this as a 
possible contribution toward resolving the presently unsolved problem of 
the missing chaos in quantum mechanics {200} 


35 Some Implications of Giant Negentropy 


Giant negentropy has many envisioned impacts upon physics, such as: 


(a) Allows development and use of negentropic EM circuits 
(COP>1.0 systems) rather than entropic circuits. Once a 
broken 3-symmetry with stable 4-symmetry is established (as 
by forming a dipole), it continues indefinitely unless 
deliberately destroyed. 
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(b) Allows direct negentropic reordering ofa practical and usable 
fraction of the vacuum's energy at will, at any point in the 
universe, easily and cheaply. 


(©) Provides for electrodynamic engineering of the vacuum 
energy and of spacetime curvatures clustered in specific 
templates (the concept of vacuum engines or spacetime 
curvature engines). This has significant medical applications 
(387c). 


(d) Utilizes time as energy (per our previous discussion) and thus 
allows use of the Whittaker phase conjugate half of the 
biwave set as an EM energy flow within the flow of time. 
Observably this translates to the continuous receipt of free 
time-energy by the formed broken 3-symmetry (e.g., the 
charge or dipole). Accordingly, the charge or dipole 
continuously pours out real observable EM energy in 3-space, 
without any observable EM energy input (time is not 
observable, and neither is the time-polarized photon alone). 


(©) Allows "burning a litle time for fuel", so to speak, in order to 
transduce it into a very large spatial energy flow, due to the 
enormous compression of 3-spatial energy represented by 
time-energy by a factor ofc”. 


So from the giant 3-negentropy discovery, we have arrived at some 
intriguing findings: 

(a) As is well known in particle physics, the opposite charges ofa 
dipole constitute a broken 3-space symmetry in the violent flux 
exchange between the active vacuum and the dipole. 

(b) This dipole's broken 3-space symmetry in EM energy flow, 
provides a relaxation to a more fundamental EM energy flow 
symmetry between the time domain and 3-space, and therefore in 
4-space. 

(©) There is no law of nature or physies that requires 3-symmetry of 
EM energy flow as an additional condition applied to 4-symmetry 
of EM energy flow. Instead, 4-sy 
basic, by the hierarchy rule.” 


” Quoting Steven Weinberg: "there is a hierarchy ofsymmetries: whatever 
symmetry unites the gravitational and strong nuclearforces with the electroweak 
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(@) The dipole is a practical and very simple means of "breaking" the 
additional 3-flow symmetry condition in EM energy flow our 
systems have previously exhibited, and relaxing to the 
fundamental 4-flow symmetry without 3-flow symmetry. 


(©) So long as the dipole statically exists (e.g., imagine an electret 
suddenly formed, or a charged capacitor with no leakage), real 
usable EM energy circulation between time and 3-space, at each 
point in 3-space, will continuously move out from the dipole at 
light speed in all directions. In the view of the observer, at the 
same time, reactive EM power (actually, time-energy) will 
continuously flow into the dipole from the time-domain (the 
complex plane), and be transduced into real EM power output 
radially outward in 3-space from the dipole. 


(®) Observably, a dipole or dipolarity and its scalar potential thus 
comprise a true negative resistor system of the most fundamental 
kind. The dipole continually receives EM energy in unusable form 
(reactive power, which cannot perform real work), converts it to 
usable form (real power, which can perform real work), and 
outputs it as usable, real EM energy flow (real power) in 3-space. 
Further, it spreads this "transformation of time-energy into 3-space 
energy at every dipole point" outward in 3-space in all directions. 


(g) So at its formation the dipole initiates a continuing giant 
negentropy — a progressive reordering of a substantial and usable 
portion of the vacuum energy {201} that begins with dipole 
formation and continues. Further, this reordering of vacuum 
energy flow at every point in space continuously spreads in all 
directions from the initiation point, at the speed of light. Dipoles 
in original atoms formed shortly after the beginning of the 
universe, have been pouring out real EM energy for some 14 to 15 
billion years or so (.e., in the prevailing view; the age of the 
universe and whether it is expanding are still controversial {754)), and 
have reordered a fraction of the vacuum’s energy, where the 
magnitude of the re-ordering varies inversely as a function the 


forces is broken roughly a hundred million milion times more strongly than the 
symmetry that unifies the weak and electromagnetic interactions. The puzzle of 
explaining this enormous difference in fundamental energies is therefore known in 
elementary particle physies today as the hierarchy problem.” (Weinberg, Dreams of 
4 Final Theory, Vintage Books, Random House, 1993, p. 205], 
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radial distance from the dipole.” This is in fact the solution to 
the long-vexing problem ofthe source charge and its associated 
fields and potentials and their energy, reaching across the 
universe. The charge together with its associated clustering 
virtual charges is a set of composite dipoles, hence a multiple 
broken 3-symmetry energy flow system. 


Ifthe dipole is destroyed, the ordering of the vacuum energy 
ceases, leaving a "separated chunk" of reordered vacuum energy 
dynamics that continues to expand at the speed of light in all 
directions, steadily reducing in local intensity as it expands. 


‘At any very small volume in space, from the dipole dynamics of 
the universe it follows that a great conglomerate of reordered 
vacuum flows and fluxes — some continuous, some chopped — is 
continually passing through that volume. Further, the situation is 
totally nonlinear, so that direct wave-to-wave interactions occur 
continuously amongst these energy flows and waves. We 
hypothesize that this is the actual physical mechanism constituting 
Puthoffs cosmological feedback mechanism {202} 


Further, in 1904 Whittaker 203} showed that any EM field ot 
‘wave pattern can be decomposed into two scalar potential 
functions. This initiated what is called superpotential theory. Each 
ofthe two potentials for those functions, of course, decomposes 
into the same kind of harmonic longitudinal EM wavepairs as 
shown in Whittaker 1903, plus superposed dynamics. In other 
words, the interference of scalar (204} potentials — each of which 
is actually a set of longitudinal EM waves, and not a scalar entity 
{205} at all, but a multivectorial entity — produces EM fields and 
waves and their dynamics. Hence we hypothesize that the 
Whittaker interference of the propagating reordered EM energy 
entities, continuously occurring at any point in space, generates 
the zero-point EM field energy fluctuations of the vacuum itself. 
Indeed, an ALAS group paper by Evans et al. (206} has already 
shown that just such "scalar interferometry” produces transverse 
EM fields and waves in the vacuum at a distance. 


The field energy density inthe fields produced by the source charge varies 
inversely as the square of the radial distance. The potential energy density in the 
potentials produced by it will vary inversely as the distance. 
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Since energy can neither be created nor destroyed, there really are no true 
energy sources in nature in the sense that they create energy and pour it 
out {207}. Instead, what we call “energy sources” merely convert the 
energy already there in one form, into another form. All energy sources are 
no different from a solar cell in the sun, or a windmill in the wind, at least 
in principle. They are actually energy transducers rather than energy 
sources. This corresponds well with the conservation of energy law 
wherein not a single joule of energy can be created or destroyed. Instead, 
the form of that joule of energy can be continually changed. Every joule of 
energy present in the universe after its formation is still present, and is still 
doing joule after joule of work in iterative interactions with transducers 
that change its form 


A priori, we can measure no real 3-space input of EM energy to the 
unchanging charge but we can measure real 3-space EM energy pouring 
from it. Energy must be input to it from the active vacuum in a 
nonobservable form, and converted by it into an observable form that is re- 
emitted, usable, and produces what we call the "fields and potentials” and 
their energy, associated with that "source charge”. As is common usage, 
‘we will continue to use the term "source charge” or "source dipole”, but 
with the understanding that we refer to a special kind of energy transducer 


‘When we "make entropy", we must do work. Even so, doing work is not 
really entropic unless we also lose control of the energy” — whose form 
‘was merely changed by doing the work — and thence lose any further 
ability to use that energy (change its form, or transduce it) to do useful 
‘work. And when we observe entropy. we also do work in the observing, 
Some ofthe erroneous notions about entropy desperately need correcting, 
Eg, quoting Weinberg {208} for a lay definition of entropy: 


certain quantity called entropy: To define entropy, imagine 
that some of the system's temperature is very slowly raised from 
absolute zero. The increase in entropy ofthe system as it 
receives each small new amount ofheat energy is equal to that 


[An interesting point is that energy is energy and remains energy. "Disordered 
‘ullimately means “unusable” o ‘else. Disordered energy 
is still energy, and if we do not lose it from the system we can in fact have the 
system auComatically reorder it, e.g. by use of simple retroreflection. The entire 
‘concept of entropy must be rigorously interpreted in terms of "energy whose reuse is 
lost”, at least by the processes being performed by the system considered. In our 
View, “entropy” itself is just additional usually “lost” energy to be recovered. 
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energy divided by the absolute temperature at which the heat is 
supplied.” 

"entropy, which always increases with time in any closed 
system...” 
However, we point out that apparently there exists no completely closed 
system in the entire universe. In the notion of entropy and the escape of 
the energy from their "closed" system, thermodynamicists themselves 
ubiquitously negate the latter premise that entropy in a completely closed 
system always increases with time. That simply does not follow. The real 
situation is as follows: (i) Entropy in a half-open system with no allowed 
external input of energy, but with allowed escape of energy. does decrease 
with time ifthe energy ofthe system decreases with time by escaping.”* 
Hence the cooling of "hot" water with time, ifand only ifthe excess 
energy in the system can have a net escape to the (cooler) environment as 
time passes, (ii) Energy in a completely closed system (closed to both 
‘energy and mass), with no input and no output of energy at all, simply 
remains constant because it is not dissipated: simply apply the 
conservation of energy law. It may rearrange within, and the 
subcomponent energies may disorganize with respect to range, but the total 
energy remains. Entropy actually only deals with the loss of ability to 
utilize the energy. To wit, the assumed (and apparently true, so far as we 
can tell) conservation of energy in the present universe is an example. A 
closed system is in this sense a special case ofa system in equilibrium with 
its active environment.” Le., any "closed system" is such a special case. 


tn ease the reader has not thought oft, until the energy "escapes" it is not 
dissipating or dissipated from the dissipating "object". A "hot" object is energetically 
excited but not hot; the energy dissipated from it (including from every component 

and hence disruptive and "hot" in its interaction with atest 
(or one’s finger). The thermometer (or any other instrument) is external 10 
the rest of the system (even if imbedded in it). Hence merely to "measure the 
temperature” is actually to pass energy out ofthe system into the thermometer (or 
other instrument), so thatthe thermometer measures the heat ofthe dissipating 
energy that has just escaped from the system. For these and similar reasons, Romer 
—Tormer editor of A. J. Phys.— pointed out that "heat" should not even be used as a 
woun (84). 


% The concept of energy always requires that one ean write “energy of. 0)" and 
fill in the (X). We usually write the phrase "of...(X)" as "X energy". Thus we write 
the phrase "energy ofheal” as "heat energy.” the "energy of the vacuum” as 
"vacuum energy", and the “energy of the EM entities” as "EM energy". At least in 
its usage, energy always requires a medium or entity "having" or “exhibiting” the 
energy. As Feynman pointed out, we really do not know what "energy" per seis 
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Gii) In a system closed with respect to output (escape) of energy, but with 
the system opened only to allow external input of energy, the system 
energy will increase, simply by the conservation of energy law. That 
system's entropy will decrease and its negentropy will increase. (Its mass 
will also increase, and so it violates the thermodynamic misdefinitions of 
closed system; see Appendix A). It is well known that the entropy of an 
‘open system far from equilibrium cannot even be computed! (iv) Energy in 
an open system where input of energy and escape of energy both occur, 
may either increase, decrease, or remain constant, depending upon whether 
the input rate exceeds the output rate, or vice versa, or the energy input and 
output rate are equal. Therefore such a system can exhibit overall entropy, 
overall negentropy, or overall equilibrium, (v) Net energy scattering rate 
(rate of energy escaping the system in disordering fashion) from a hot 
system determines the observed temperature of that system at the time of 
observation. The system itself is cold, prior to escape ofthe energy. The 
“heat” is due to the interaction of the escaping energy with an external 
object, in its disordering fashion. Inside the system prior to escape, the 
energy is ordered hence cold. 


A system in equilibrium in its exchange with its active external 
environment is in a state of maximum entropy/or that specific rate of 
energy exchange with its environment. As we will point out in Chapter 9, 
by deliberately balancing the system-and-vacuum exchange with the 
system-and-curved spacetime exchange, so that the two exchanges are 
equal and opposite at a desired rate of exchange, one may establish (at 
least in theory) system equilibrium at whatever specific rate of energy 
exchange is desired.”*”* In this fashion, e.g., an "impossible" molecule 
normally intensely unstable and decaying in a nanosecond or less, can in 
fact be stabilized once an appropriate balance between the two opposing 
energy exchanges with the system is achieved at the required specific rate 
ofenergy exchange. This is actually a new Lorentz symmetrical regauging 


This is necessary, eg. 10 close-loop a COP> 1.0 EM unitary system taking its 
input energy from the vacuum, as we shall see in Chapter 6. 


°© The Fogal superluminal trans 
ut to change this "symmetrical regauging” condition in consonance with the 
amplitude ofthe input signal. Thus suddenly Lorentz symmetrical regauging 
becomes a way to transform a conventional signal into a signal consisting of changes 
in the stress energy potential ofthe vacuum. That constitutes a longitudinal EM 
‘wave, and so itis not limited by the speed of light. To use this process, a Fogal 
semiconductor must be used as the modulator in the “Wransmitter’, and another must 
be used as the d 


in fact uses a conventional signal 


sion syste 


nodulator in the "receiver" 
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condition; change of symmetrical regauging is very useful in this fashion, 
In this way, a great new chemistry with reactions presently deemed 
impossible is in the offing, and it is already being developed by at least 
one U.S. company. We do not name the company, under our tacit 
agreement with the scientists doing the work. 


‘To operate conventional entropic systems,” first we must input energy to 
the inert system to force it out of equilibrium and back into excitation 
(back into an asymmetrically regauged system, violating the Lorentz 
condition) so that it has some excess energy (and negentropy). Then we 
allow the decay ofthe excited system's excess energy to pass through a 
load and be dissipated from it, doing work for us by powering the load 
Conventional systems usually do not recapture the "escaping dissipated 
energy” but just waste it. "Dissipating” energy is merely allowing it to 
escape from the system and fromfurther system control. ‘Then we brutally 
force more excitation energy into the system, opening it and breaking its 
equilibrium to do so. Again we dissipate the system's excitation energy in 
the load to produce some more work, usually wasting an appreciable 
fraction of the excitation energy. 


In EM systems, itis a little more complex. We continually "switch on” a 
negentropic flow of EM energy from the vacuum by making a source 
dipole. In the circuit, we collect a small part of the resulting huge energy 
flow in space surrounding the circuit conductors. Then we use halfthe 
collected energy to destroy the dipole source of the energy flow, while less 
than half of the collected energy ited in the load (the rest of that 
second half is dissipated in the extemal circuit's losses). Hence we must 
continually restore the source dipole and pay more to do it than we get out 
in the load as useful work. We make a perfectly good negentropic system, 
and then forcibly destroy its negentropic ability faster than we power the 
load and get any use out of it. That's a terrible way to make and use power 
systems, but it is what has been done for more than a century. 


So with our present entropic EM systems (actually our self-killing 
negentropic EM systems) we continually wrestle nature fiercely to the mat, 
so to speak, by brute force, repeatedly, to bind her into 3-space EM energy 


® By “entropic system" we mean a system whose excitation energy decays and is 
dissipated from the system or at lest from its further control, so thatthe entropy 
(lost or unusable energy) ofthe system continually inereases until equilibrium (otal 
decay ofthe excitation energy) is achieved. As can be seen, this also can be used to 
define entropy and increase in entropy. What is usually unappreciated is that 
equilibrium is actually @ counterbalance between ongoing entropy and negentrops: 
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conservation, All the while, nature protests our continual entropic brutality 
by providing the Newtonian third law reaction force” back upon our 
causative wrestler performing the "forcing". To do entropic engineering, 
‘we have to continually input 3-space energy to the wrestling mechanism or 
engine, losing a bit of the input energy in the inefficiencies, and fighting 
the "back emf", "back mmf", or Newtonian third law reaction that is, 
nature's cry of protest all the while. Those are nature's penalties for 
imposing a monstrous 3-space EM energy flow symmetry” upon her as an 
additional, highly undesired, and highly unnatural condition added upon 
her beloved special 4-symmetry energy circulation between the time 
domain and 3-space. 


In short, because we so love entropic engineering and 3-space EM energy 
flow symmetry, we have to provide the continual input energy to our 
entropic processes by burning fuel, damming rivers, erecting windmills, 
building waterwheels, erecting solar cell arrays, building and charging 
chemical batteries, etc. In the process, we destroy and pollute the 
biosphere on a giant scale as we rip down forests, strip-mine and drill the 
earth, pile up thousands of tons of radioactive nuclear wastes —that will be 
hot for thousands of years — from our power plants and related facilities, 
and spew streams of pollutants into the atmosphere, the rivers, the oceans, 
etc. We do all that biosphere destruction because we inexplicably insist 
upon placing cruel chains on nature by brutally enforcing 3-space energy 
flow symmetry upon her. In the process, we adamantly requite adherence 
to classical equilibrium thermodynamics (as given a somewhat altered 
explanation above, and also in Appendix A). 


We do not have to do it that way. In avoiding solving the source charge 
problem for so long (more than a century), we have been extremely 


Note that Newton's third law reaction is implicit in the special negentropic energy 
flow circulation ofthe dipole, or ofthe charge considered as a set of composite 
dipoles. The same energy that moves into 3-space from the time domain, then returns 
from 3-space to the time domain, at every point in the 4-circulation. Ifwe consider 
the positive charge as a "source" of negative energy, then there is a concomitant 
circulation of negative energy from the time domain to a point in 3-space, and back 


to the time dom: 


» The 3-space symmetry ofenergy flow equilibrium is actually between the energy 
‘we input (from its external environment) to the system, and the energy that escapes 
from the system back into its external environment, either in its losses or in its Toads. 
‘As we stated, equilibrium condition is a balance between ongoing entropic and 
negentropic operations. 
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Introduction 


the next-generation mobile network (NGMN) is on the 

horizon. 56, the next iteration of 4G Long Term Evolution 

(LTE) networks, will enable significantly greater mobile 
speeds — as much as 20 gigabits per second (Gbps) with less than 
‘one millisecond (ms) latency — to enable real-time connectivity 
for mission-critical and potentially lifesaving devices and appl 
cations. 56 will also provide truly ubiquitous connectivity in the 
‘most challenging and remote areas of the world whether on land, 
in the air, or at sea — even on the 42nd floor of an office building 
in downtown Chicago! Finally, 56 networks will connect billions 
of Internet of Things (IoT) devices with a wide variety of speed 
and data volume requirements, 


But 56 is an ambitious goal. Work on key technologies to enable 
5G has already begun. In much the same way that 4G LTE was 
rolled out in 2008, but is only now achieving the 4G LTE goal 
of 1 Gbps speeds with the 4G LTE Advanced standard, 56 will 
be a steady evolution that begins with commercial availability 
expected in 2020. Many technologies that have emerged in the 
evolution of 4G LTE, such as carrier aggregation (CA) and multiple 
{input multiple output (MIMO), will continue to develop to achieve 
the massive speed and scale required in 56, Innovative new 
technologies will leverage unlicensed spectrum — where Wi-Fi 
operates — to offload certain traffic from the carrier networks to 
create more capacity in their data pipes. Low-power technologies 
such as NarrowBand lo? (NB-Io), LTE for Machines (LTE-M), 
Long Range Wide Area Network (LoRaWAN), Sigfox, and others, 
will be used in billions of lof devices, and a new radio interface 
technology — 5G New Radio (5G NR) — will be developed for 
connections between User Equipment (UE) and carrier enhanced 
Node B (eNodeB) stations. Finally, carriers will fully embrace vi 
tualization technologies in their core networks to enable massive 
scale and efficiency. 


In this book, you learn about the technological innovations that 
are being developed today to enable a 5G future. You also learn 
about potential use cases that will transform entire businesses 
and industries, and create new business models and opportunities. 


Introduction 1 


backward in our thinking and in our consequent development of entropic 
engineering technology, 


For our dullness, we have had to pay and pay continuously for insisting on 
doing such atrocious entropic work and forcing nature to do it that way. In 
so doing, we "tie nature's feet" with that added arbitrary 3-symmetry in 
energy flow. We ourselves prohibit nature from performing the giant 
negentropy she so dearly loves and much prefers. We also arbitrarily and 
‘meanly discard the bountiful electromagnetic energy flow that nature loves 
to fumish us so freely by her vast preference for giant negentropy. We 
‘meanly discard nature's bountiful giant negentropy banquet free for the 
taking, by our vast thirst for giant entropy and doing violence to nature. 
Because we act like brutes instead of scientists, we destroy nature in spite 
of nature's continuing attempt to give us all the EM energy we wish, freely 
except for a little switching cost. 


A far better way is to cooperate with nature and "let nature make her 
beloved copious negentropy” as she yearns to. To do that, we now can see 
the startlingly simple mechanism. We simply make a litle dipole, once, 
entropically. So we have to pay for making the dipole, once, and we have 
to do just a little gentle violence to nature, once. Then we need do no more 
violence, if we just leave the dipole intact and do not destroy it. In short, 
wwe do have to tap nature gently on the shoulder. We do not have to 
brutally knock nature down to the mat, repeatedly. 


When we make the dipole, we make a little bit of "broken 3-symmetry” in 
the universe's energy flow. Voila! Nature sings for joy at finally having 

her feet freed from the shackles of the horrid 3-symmetry energy flow. In 
great glee, she instantly relaxes into her dearly preferred giant negentropy 
and 4-symmetry. She instantly sets to re-ordering a substantial and usable 


"g., so far as 1am aware, there have been no funded research programs to 
discover how to deviate and collect some of the freely flowing energy from a 
permanent magnet of an electric dipole. Instead, electrodynamics has smugly 
continued to call it "statics" as ifthere were no dynamics, and ignored the giant 
negentropy circulation that is "Seen” as the steadily outflowing field energy in 
3-space, and erroneously called the "static field”. There is no such thing as "statics 
in the entire observed universe a priori; the very process of observation itself is 
‘dynamic. What we see as "static" is continual recurrence ofa given condition or 
slate of magnitude, as beautifully pointed out by Van Flandern (628). One might 
even say that, not only is nature energetic, nature is energy, constantly changing and 
in motion in innumerable ways at once! One might even define “energy” as the 
process by which nature both acts and observes its actions, in every form and 
Structure and possibilty 
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portion ofthe vacuum energy of the universe, in all directions at the speed 
of light, spreading her preferred giant negentropy EM 4-energy circulation 
flow from the dipole toward the ends of the universe at the speed of light. 
As long as we do not destroy the dipole (the broken 3-symmetry) that 
gently breaks the 3-symmetry shackles, nature's feet remain freed from 
‘brutal 3-space symmetry in EM energy flow. In that case, she delightedly 
continues to reorganize a portion of the vacuum energy, with the 
reordering spreading radially outward at the speed of light. Simply making 
a common dipole or charge" sets nature to going about reordering an ever- 
increasing fraction of the entire vacuum energy ofthe universe, and 
continuing. indefinitely 


Simultaneously with freeing her from enforced 3-space EM energy flow 
symmetry, in great gratitude nature pours out an immense real EM energy 
3-flow from that little dipole or charge. She will continue to pour it out 
forever for us, if we do not destroy the dipole or charge. 


Instead of the present universal entropic engineering, the smart thing to do 
is make just alittle bit of entropy wisely, using the work we get to break 
3-space energy flow symmetry (basically, to make a dipole). Then leave 
that mother ofall negative resistors andfree energyflow generators alone 
andforever unchanged! Concentrate on intercepting, extracting, and using 
the fiee 3-space energy copiously flowing forth from the giant negentropy, 
without destroying the dipole that is freely providing it 


3.6 How Circuits Are Powered 


Let us now look at the great magnitude of the energy flow that nature gives 
us from that dipole. We have to get into the subject a bit, because EM 
energy flow theory has been rather thoroughly confused for more than a 
century. 


First, batteries and generators do not use their available internal eneray — 
the shaft energy we input to the generator, or chemical energy available in 
the battery — to power the external circuit. Instead, each uses its available 
intemal energy {209} to perform work on its own intemal charges, 
forcibly separating the charges to form the source dipole. 


See again Figure 3-4. All the hydrocarbons ever burned, all the nuclear 
Juel rods ever consumed, and all the dams ever built, added not one single 
watt directly to the power line. All the energy from those activities was 


* As we previously explained, a charge is ust a set of composite dipoles. 
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input to the generator shaft after normal losses en route, to provide internal 
‘magnetic energy available to the generator. In turn, the generator used that 
available intemal magnetic energy only to do internal work on its own 
intemal charges to force them apart, forming the source dipole connected 
to the terminals. Generators are energy transducers only: they do not 
directly power their own external circuits 


Batteries and generators expend their internal energy available to them, to 
‘make the source dipole, and for no other purpose! None of their internal 
energy is used to power their external circuit. It never has been, and it 
never will be 


Once the source dipole isformed, it does all the hypothesized 4-functions 
wwe pointed out previously. It induces the spreading giant negentropic 
reordering ofthe vacuum energy, extracts (transduces) EM energy from 
the continuously reordering vacuum, and pours out from the terminals of 
the generator (or battery) a vast 3flow (as observed) of EM field energy 
along the extemal circuit. As indicated by Kraus’; illustration of the 
Poynting component {210}, this giant EM energy flow fills all space 
surrounding the circuit, out to an infinite lateral radius.” The energy flow 
is generally parallel to the conductors ofthe circuit. Only a tiny component 
ofthis flow — due to the surface charges of the conductors and the little 
boundary layer ofenergy flow that slides along the surface of the 
conductors — strikes the surface charges and gets diverged into the 
conductors (by the lateral withdrawal ofthe surface charges — with the 
"stub" or "base" oftheir field energies — laterally into the conductors. The 
electrons move mostly laterally, withdrawing from one side of the 
conductor surface to the opposite. Only the tiny component of its field 
vector integrated over that small distance is withdrawn into the conductors 
to power the electrons. This small amount of "withdrawn" energy is the 
diverged Poynting component, "collected" by the circuit. It also is the 
small component then used (dissipated) to power the Drude electrons and 
the circuit." All the rest ofthat vast EM energy flow in the surrounding 


We accent that Kraus, along with other authors, only shows the 3-space Poynting 
component of that flow; i.e., he shows the very small amount of that external space 
‘energy flow that is diverged into the circuit to potentialize the Drude electrons and 
power the circuit. Kraus does not show the remaining Heaviside component that is 
not diverged 


® As shown by Kraus, some ofthe energy flow at the various radial distances from 
the wire is withdrawn. as the surface electrons and the "stubs" oftheir near fields 

precess laterally into the depths ofthe wire when potentialized. Jackson, Classical 
Electrodynamics, Second Edlition, Wiley, 1975, p. 223 also points out the nonlocal 
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space, that pours forth from the terminals, just misses the circuit entirely. It 
roars on off into space and is wasted. 


‘The diverged, utilized, and accounted energy flow component — the 
Poynting component — is only a tiny, tiny fraction of the entire giant EM 
energy flow produced by the source dipole for every circuit 


3,7 The Heaviside Component vs. the Poynting 
Component 

Unless Heaviside and Lorentz did rigorous calculations in a work we have 
not yet uncovered, we could not find any development of the functions and 
equations required for computing the numerical ratio of the unaccounted 
Heaviside "dark energy flow" {nondiverged energy flow component that 
misses the circuit), to the tiny Poynting energy component thai strikes the 
surface charges ofthe conductors {211} and is diverged into the wires to 
power the circuit when the surface charges precess laterally into the wire. 


Consequently, we performed a very crude "special case" estimation {212} 
—a back-of-the-envelope type, with highly simplifying assumptions — 
for a very simple circuit in which one resistor is powered by a DC source. 
Our crude estimate showed that about 10" times as much EM energy flow 
‘misses the citcuit, is not diverged, and is wasted— as strikes the circuit, 
gets collected, and then is dissipated in the circuit to power the load and. 
losses. Until electrical physicists re-examine the energy flow theory and 


involvement of the transverse current. Quoting: "the transverse current... extends 
‘overall space, even if is localized." One notes that present electrical power 
systems concentrate exclusively on the J current, making no altempt to collect and 


utilize the recognized but rather ignored transverse current 


“Note, however, that this Heaviside energy flow component fers from EXH. The 
Heaviside component is totally nondiverged (being actually in curl or swirl fo 

tnd since E and H are both diverged energy components assumed around an 
Interacting unit point static charge, there is neither E nor H in the electrical 
engineering sense prior to interaction with charge. So the energy flow in both the 
Poynting and Heaviside components is in a force-field-free form until intercepted by 
and interacted with charge. Poynting’s component, e-., assumes only that energy 
‘component that does interact with charge and get withdrawn into the circuit. 
Heaviside’s component assumes only that enefgy component that does not interact 
With charge and does not get withdrawn into the circuit, 
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again recover the Heaviside unaccounted component in it, that brute force 
estimate will have to suffice as at least an illustrative example." 


‘What does that 10'° ratio mean? For a little 1 watt generator of that DC 
type with that specific size conductors and that specific resistor, the 
Heaviside unaccounted energy flow component was about 10 trillion 
watts, occupying all space surrounding the wite.** if all of it could be 
intercepted, collected, and used to power loads (213). But the litle circuit 
‘was only intercepting and collecting — and using to power loads — about 
10” of the available energy flow surrounding the circuit, ifall of it could 
have been intercepted, collected, and used to power loads.” 


We have never had, and we do not now have, an EM energy shortage or 
problem. We never will have one, due to nature's bounty in providing us 
with the giant negentropy of the common dipole and of the charge 
considered as a composite dipole. Instead, we have the two problems that 


(@ only atiny, tiny component ofthe available 3-energy flow 
extracted from the vacuum (decompressed from time-energy) by 


* We would very much welcome @ much more accurate Functional expose by @ 
capable higher group symmetry electrodynamicist! 


™ We also point out that none ofthis nondiverged energy flow component is 
accounted in conventional electrodynamics and electrical engineering (the closest it 
comes is Jackson's mention ofthe transverse current over all space). and neither has 
it been accounted or even investigated by biophysicists seeking to determine the 
effects of EM radiation and fields upon biological sy We sirongly suspect 
(and have done a litle work on the problem) that these "force-free fields” and 
neglected excess "strange energy” flows do have interactions throughout the highly 
noalinear cells ofthe body, and can indeed have profound long term effects on long. 
exposed biological systems. We particularly steess the potential for time-chargi 


and subsequent combined scalar and longitdinal photon pair decay of time-charge 
excitation in the body. Several major areas of electrodynamics — such as the 
Transverse current effects, Heaviside component effects, and internal Whittaker 
structuring (engines) effects of EM radiation — have aot been investigated by the 
scientific community 


"We accent that time-energy may be regarded as spatial EM energy compressed by 
the factor e*. Hence one second = 9x10" joules of EM spatial energy, if 
decompressed by time-energy interaction with charge. The crude estimate for one 
circuit of 10" times as much energy being Wasted in the Heaviside energy flow 
{component as is caught and used in the Poynting component, is thus quite reasonable 
‘when one recognizes that all the EM energy flow appearing in the circuit or outside 
it actually comes from the time domain, hence constitutes decompressed time- 
energy 
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the source dipole and poured out ofthe terminals of the power 
source, is caught and used by the circuit, and 


Gi) im the closed current loop circuit, half of that small spatial EM 
energy component that is intercepted and caught, is used by the 
circuit only to destroy the source dipole and cut off the free flow 
of EM energy from the vacuum faster than it powers the load. 


We have previously discussed this further in several papers (214). 


‘One must occasionally keep one's sense of humor. The real problem that 
the Department of Energy should be working on, with massive resources, 
is simply the alteration ofthe closed current loop circuit so that it does not 
destroy the source dipole faster than it powers the loads. Secondly, they 
should then be working on how to close-loop the COP> 1.0 EM systems 
that readily emerge from that research. Yet it appears that this fundamental 
energy problem — and the only energy problem — has no conventional 
‘work being openly done on it anywhere in the open Westem world.** 


3.8 Dark Positive Energy: The Unaccounted Heaviside 
Component 

Now we restate a deceptively hidden thing: The EM field and potential are 
defined as the observed effect of the deviation from them by an assumed 
‘unit point charge. Then that same field and potential are assumed to be in 
‘mass-free space, before the interaction with charged matter. Hence the 


the U.S. as an example, the U.S. classified com 
‘compartmented, and the real “organization” ofa given 


ity is highly 
‘ompartment often consists of 
nultiple outside agencies 

‘of command through one agency. We accent that some 
lateral” classified organizations in the West and elsewhere 

ly ng COP>1.0 systems, and have had them for several decades. 
Some ofthese laterals in the U.S. are very dedicated to the duly elected government 
of the United States, with good national security reasons for the fact that they 
“offically do not exist”. Some are not so dedicated at all, and have their own 
‘agendas having litte if anything to do with official U.S. government policy. These 
later “rogue” laterals often have convenient connections with outside shadowy 
‘groups of the High Cabal (Churchill's phrase). A similar situation exists in several 
ther major foreign nations. Substantial eleetrodynamic technology has been 
developed (and weaponized) for decades, in secret, and this technology does not 
appear in the open news, the university texts, or the scientific journals. Such is the 
‘ease for COP>1.0 EM power systems, which have actually existed in secret for 
‘decades. 
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ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES, 


field and potential have each been defined erroneously as both a cause and 
an effect. This is a gross non sequitur. There is also a total lack of 
accounting that all EM energy in 3-space comes from the time domain. 
There is no consideration that every dipolarity and every charge represents 
a giant circulation of EM energy between time and 3-space. In ensemble, 
this non sequitur and these omissions are responsible for most of the 
present formidable foundations problems in electrodynamics. 


We submit the following new hypothesis: The present "definition' of field 
andpotential as afunction ofinterception and divergence by a unit point 
static charge are only indications oftheir point intensity, obtained as an 
estimate after their observed interaction with a unit point static charge.” 
Thus the actual field andpotential contain not only their Poynting 
components that interact with the unitpoint charge, but also their 
Heaviside nondiverged components that do not interact with it. The true 
“magnitudes” ofthe massless field andpotential prior to interaction with 
charged mass are many orders of magnitude greater than the magnitudes 
oftheir standardized point intensities (215). 


In short, we propose that every field andpotential, in its interaction with 
charged mass, produces not only the accounted energy aspects presently 
calculated by electrodynamicists and astrophysicists, but also contains 
Heaviside's vast unaccounted “darkpositive energy” component presently 
discarded. We further propose that this ubiquitous and unaccounted "dark 
positive EM energy" component in the interactions ofthe fields and 
potentials of the spiral galaxies is what is producing the excess gravity that 
is holding the spiral arms together. We specifically do this in honor of 
Heaviside, whose unpublished papers clearly establish that he recognized 
the overwhelming gravitational importance of his extra and unaccounted 
energy flow component {172a, 172b, 196} 


3.9 A Short History of the Discarding of the Heaviside 
Dark Energy 

3.9.1 Independent Work by Heaviside and Poynting 

Let us now see how the enormity of the EM energy flow from the dipolar 
source was treated in the early electrodynamic theory, and how it is treated 
in the received view today. 


© This is recognized by leading electrodynamicists, but not by most electrical 
engineers building power systems! 
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In the 1880s after Maxwell was already deceased, Poynting {216) and 
Heaviside {217} independently (and rather simultaneously) discovered EM 
energy flow through space. Before that, the concept did not appear in 
physics. Poynting {216} published prestigiously, while at first Heaviside 
published mote obscurely {217}, then finally more prestigiously {218, 
219} 


With respect to circuits, from the beginning Poynting assumed only that 
small amount of EM energy flow that enters the circuit from the 
surrounding space. Here are Poynting’s (220) own words 


“This paper describes a hypothesis as to the connexion 
between current in conductors and the transfer ofelectric 
‘and magnetic inductions in the surrounding field. The 
hypothesis is suggested by the mode oftransfer ofenergy 
in the electromagnetic field, resulting from Maxwell's 
equations investigated in aformerpaper ("Phil. Trans., 
vol. 175, pp. 343-361, 1884). Itwas there shown that 
according 10 Maxwell's electromagnetic theory the energy 
which is dissipated in the circuit is transferred through 
the medium, always moving perpendicularly to the plane 
containing the lines ofelectric and magnetic intensity: 

and that it comes into the conductorfrom the surrounding 
insulator, not flowing along the wire." 


As can be seen, Poynting considered only the energy flow actually 
entering the wire, and subsequently being dissipated in the circuit. Hence 
Poynting never considered the huge EM energy flow component around 
the circuit that is not diverged, misses the circuit entirely, does not 
contribute to the energy dissipated by the circuit, and is wasted. In short, 
there is a vast "dark energy flow" associated with every dipolar interaction 
—a huge energy flow component which Poynting never considered. 


Heaviside's theory was an extension of what Poynting had considered, and 
Heaviside also corrected Poynting as to the direction of flow. Heaviside 
was fully aware ofthe enormity ofthe "dark energy" flow missed by 
Poynting, but had absolutely no explanation as to where such a startlingly 
large EM energy flow — pouring from the terminals of every dipole, 
‘generator, or battery — could possibly be coming from. Consequently, 
Heaviside was very cautious in referring to it, usually doing so only 
obliquely in terms ofthe angles and components. In Heaviside's 221} 
own words 
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"It [the energy transferflow] takes place, in the vicinity 
ofthe wire, very nearly parallel to it, with a slight slope 
towards the wire... . Prof. Poynting, on the other hand, 
holds a different view, representing the transfer as nearly 
perpendicular to aire, i.e, with a slight departure from 
the vertical. This difference ofa quadrant can, Ithink, 
only arise from what seems to be a misconception on his 
part as to the nature ofthe electric field in the vicinity of 
‘a wire supporting electric current. The lines ofelectric 
force are nearly perpendicular to the wire. The departure 

‘from perpendicularity is usually so small that Thave 
sometimes spoken ofthem as being perpendicular to it, as 
they practically are, before Irecognized the great 
physical importance ofthe slight departure. It causes the 
convergence ofenergy into the wire." 


As can be seen, Heaviside was fully aware that the energy flow diverged 
into the wire was only a minuscule fraction of the total. He was fully aware 
that the remaining component was so huge that the energy flow vector 
remaining — after the divergence of the Poynting component into the 
circuit — was still almost parallel to the conductors. However, he had no 
explanation at all of where such an enormous and baffling energy flow 
could possibly originate 


Had Heaviside strongly stated the enormity of the nondiverged component 
ofthe energy flow, he would have been viciously attacked and 
scientifically discredited as a perpetual motion advocate. His words were 
‘measured and cautious, but there is no doubt that he recognized the 
enormity ofthe nondiverged EM energy flow component. 


We have chosen to call that huge unaccounted component the "Heaviside 
dark energy component” in his honor, since he actually discovered it. By 
the word "dark" we mean "unaccounted", which hides it from scientific 
view. We have also nominated it as the previously unsuspected source of 
the extra gravity holding the arms ofthe spiral galaxies together. 


3.9.2 Lorentz Disposed of the Problem Rather than Solving It 
Lorentz then entered the EM energy flow scene to face the terrible 
problem so quietly raised by Heaviside. Lorentz understood the presence 
of the Poynting component, and also ofthe extra Heaviside component, 
but could find no explanation for the startling, enormous magnitude of the 
EM energy pouring out ofthe terminals of the power source (pouring from 
the source dipole) (222} ifthe Heaviside component was accounted. Had 
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he retained and advanced this enormous dark energy flow component, 
even the great Lorentz would have been castigated as a perpetual motion 
advocate who did not accept the law of energy conservation. Even today, 
‘when one points out that far more energy is pouring out of the terminals of 
every generator than the small mechanical energy input to the shaft, one is 
immediately labeled a raving lunatic — even though the Bohren 
experiment {24} clearly proves the presence of an extra energy flow 
‘component not usually intercepted. It is not difficult to understand how 
such a bombshell would have been received in the 1880s! At least today, 
we have particle physics and its broken symmetry of opposite charges, 
together with its active vacuum, to explain where the excess energy comes 
from and how. 


Unable to solve the dark energy flow problem by any rational means, 
Lorentz found a clever way to avoid it. He reasoned that the nondiverged 
Heaviside component was "physically insignificant” (his term) because it 
did not even enter the circuit. Since it did nothing of any physical 
consequences, or so he reasoned, then it could just be discarded. 


So Lorentz simply integrated the entire energy flow vector (the vector 
representing the sum of both the Heaviside nondiverged component and 
the Poynting diverged component) around an assumed closed surface 
enclosing any volume of interest {223}. A priori, this mathematical 
procedure discards the dark Heaviside energy flow component because of 
its nondivergence. It retains only the intercepted Poynting diverged 
component that enters the circuit, 


A century later, electrodynamicists are still happily avoiding the dark 
energy flow problem by continuing to use the Lorentz integration 
procedure {224} to dispose ofall but the Poynting component that enters 
the circuit and is then dissipated by the circuit. As a result, the "Poynting 
energy flow" has come to be loosely regarded as "the" entire EM energy 
Mow, though electrodynamicists find it necessary to give stringent 
warnings about it. E.g., Panofsky and Phillips (225) state it this way: 


"only the entire surface integral of N [their notation for 


the Poynting vector] contributes to the energy balance. 
Paradoxical results may be obtained ifone tries to 
identify the Poynting vector with the energyflow per unit 
area at any point." 


Most electrodynamicists note the freedom to add a vector — few call it an 
energyflow vector, though that is the type of vector being discussed, and 
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About This Book 


5G For Dummies, Ixia Special Edition, consists of eight short 
chapters that explore 


99 How wireless communications technology has evolved and, 
where it’s going next (Chapter 1), 


2 How developments in today's networks are blazing the 5G 
trail to higher speeds (Chapter 2), 


2 Which technologies in unlicensed spectrum willbe leveraged 
Inthe 5G networks of the future (Chapter 3). 


2 Why the Internet of Things requires 5G connectivity 
(Chapter 4) 


9> Where virtualization in mobile networks can help address 
the need for scale and elasticity (Chapter 5). 


9> What 5G New Radio (5G NR) is and how itwill help create a 
5G future (Chapter 6) 

2) How 5G will be used in various use case scenarios, 
(Chapter 7) 


9 Ten comman myths and the reality of SG (Chapter 8), 


Foolish Assumptions 


It's been said that most assumptions have outlived their useless- 
ness, but we assume a few things nonetheless! 


‘Mainly, we assume that you either workin a technology profession 
or you're an avid user of wireless communications technology — 
if you have a smartphone within arm’s distance of you, we're 
talking about you! 


Beyond a basic knowledge of wireless communications and mobile 
technology in general, we don’t assume you have a particularly 
strong technical background. As such, this book is written pri- 
‘marily for nontechnical readers — we explain any technical terms 
and concepts that come up in this book. 


2 5G For Dummies, ixia Special Edition 


one must add apples to apples — which has zero divergence. Jones {226} 
states 


“Iris possible to introduce the Poynting vector S, defined 
by S = ExH, and regard it as the intensity ofenergy flow 
‘at apoint. This procedure is open to criticism since we 
could add to S any vector whose divergence is zero 
without affecting [the basic integration procedure’s 
result]." 


Jackson {227} says it even more plainly, and also uses Lorentz’s “no 
physical significance” argument for disposing of any energy flow vector 
with a zero divergence. Quoting: 


tthe Poynting vector is arbitrary to the extent that the 
curl ofany vector field can be added to it. Such an added 
term can, however, have nophysical consequences." 


Any energy flow vector, which is the curl of a vector field, will have zero 
divergence, by elementary vector algebra. In short, to be pertinent at all, it 
must be an energy flow vector (since energy flow is what S = E x H is all 
about. Since the curl of any vector has no divergence apriori, then any 
energy flow vector that is a curl of a vector field will be part of the 
Heaviside dark energy flow component, rather than part of the Poynting 
energy flow component. It will also be discarded by Lorentz’s closed 
surface integration. 


We refer the reader again to Figures 2-5 and 2-6 in Chapter 2, p. 113-114. 
Electrodynamicists err in assuming that such a divergent free vector 
(energy flow) can have no physical consequences. If one inserts additional 
intercepting charges into that formerly nondiverged energy flow 
component, the charges will immediately diverge some of the formerly 
nondiverged energy flow around them and hence "collect additional 
energy”. In other words, "divergence" is the result of a physical process, 
accomplished by intercepting charges. We can easily change 
“nondiverging” energy to diverging energy, by simply interacting it with 
charges. We can also "bunch" the energy flow lines closer together (as in 
some waveguides), thereby increasing the local flow intensity and the 
concomitant energy collected by each intercepting charge in the densified 
energy flow stream, 


So whether the Heaviside energy flow component is of physical 
consequence or not, depends on whether or not we "add more sail to the 
sailboat", or "add mote sailboats" before the wind. That is most certainly a 
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useful physical consequence, and with a little ingenuity we ought to be 
able to use it to power loads "for free” or nearly so. There are other 
consequences also, as we used in deriving the negentropy of the dipole or 
charge. There the input of a non-Poynting energy flow component 
certainly has universal and physical significance — e.., to the curving of 
local spacetime, conditioning the active vacuum, furnishing all the energy 
to form the EM fields and potentials from their source charges, ete. 


Schwarz {228} expresses it this way’ 


"There will be many opportunities in which the 
interpretation ofE xH as a rate offlow ofenergy per 
unit area will be profitable. In most cases ofpractical 
interest, such an interpretation is valid, although it must 
always he kept in mind that only the integral of S over a 
closed surface can be physically measured... Just how itis 
that the connections to the energy source, say a battery, 
are at the ends ofthe wire, yet energyflows in through the 
sides, should be pondered by the reader." 


Note carefully that Schwartz recognizes the difference between the 
observed (deviated or diverged) part of the EM energy flow and the 
unobserved nondeviated or nondiverged part of it. However, he did not 
follow it up and apply it back to the basic “definition” ofthe field and 
potential as what are diverged fiom them, 


For recommended changes to the Poynting vector, Jones {229} presents 
many conditions the changed vector must fulfill. Then he falls back on the 
Lorentz closed surface method again, but without realizing that he 
therefore (i) first includes both the diverged and nondiverged component, 
and (ii) invokes a procedure that arbitrarily discards the nondiverged 
component. In thus disposing of the problem, Jones says: 


"Itdoes not seem likely that an expression satisfying all 
these conditions will be simple.....fortunately, we are 
rarely concerned with the energyflow at apoint. In most 
applications we need the rate at which energy is crossing 
a closed surface.” 


Finally, we note that even today, a debate on what the Poynting vector is 
or should be, is still politely ongoing. As an example, it has been ongoing 
for more than 40 years in the American Journal ofPhysics alone as well as 
in other journals {230a-230i}. One thing is clear: The Poynting vector 
does not represent the total energy flow at right angles through a square 
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meter in space surrounding the conductors of the electrical circuit. It is, 
however, the component orfraction of that actual energy flow through the 
square meter in force-field-free form that will subsequently be diverged 
and collected in the circuit in force-field form and dissipated in the circuit 
Toads and losses. 


3.10 The Problem of the Accelerating Expansion of the 
Universe 


‘As briefly stated earlier, we introduce the notion of the supersystem, 
consisting of three parts: (i) the system and its dynamics, (ii) the active 
vacuum and its dynamics, and (iii) the active spacetime curvatures and 
their dynamics. All three components of the supersystem interact with each 
other. 


In Chapter 9, we explain in some detail how a COP>1.0 EM circuit — and 
especially a COP» 1.0 EM circuit — has an induced flow of negative 
energy (Dirac sea hole current) from the output section of the system, back 
through the system, and into the input section. Reaching the input section, 
ifthe hole flow is not completely filled by incoming electrons, the 
remaining Dirac hole current will flow on back into the feeder line from 
the external power supply, and into the distant power supply itself, eating 
electrons and electron current all the while. 


We also explain our reinterpretation of the unobserved (non-reacted) Dirac 
hole with negative energy or negative mass, without time reversal and 
parity reversal. This dramatically differs from the "as observed" 
(interacted) Dirac positron with positive mass, and with charge-reversal 
and parity reversal from the electron, The Dirac hole is "as unobserved and 
non-reacted” and itis still an electron having negative mass and negative 
energy. The Dirac positron with positive mass, opposite charge, and 
opposite direction is "as observed and reacted with charged matter". The 
unobserved Dirac hole is the "cause" of an observational interaction; the 
Dirac positron is the “effect” of an observational interaction, The two are 
very different because the cause differs fiom the effect. Here again, the 
confusion of cause and effect has had very detrimental consequences in the 
use of Dirac’s electron theory. 


Very powerful astronomical phenomena, such as giant astronomical 
explosions of great energy, involve COP>1.0 and COP» 1.0 processes, 
particularly when the unaccounted Heaviside energy flow is accounted for 
every field and potential interaction with charged mass. Hence all such 
phenomena also provide very powerful "explosions" of negative energy 
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(Dirac sea holes moving outward in the vacuum). The negative energy is 
the equivalent of negative mass, so long as it is unobserved. 


So there is a "dark negative energy explosion’ in the Dirac Sea vacuum, 
accompanying every large astronomical explosion seen through our 
telescopes and other sensors. This accompanying dark negative energy 
explosion has not been accounted in astrophysics until now. 


We thus live in an astronomical universe of neglected "giant dark negative 
energy explosions" as well as one of accounted "giant positive energy 
explosions’. 


‘The dark (unaccounted) negative energy radiating outward in the vacuum 
fiom gamma bursts, x-ray bursts, etc. produces antigravity. The spreading 
negative energy, moving at light speed, is a change to the vacuum itself, 
which also interacts upon spacetime to negatively curve it, producing 
negative gravity. For those energetic processes of COP sufficiently greater 
than one, the processes produce more antigravity than gravity. As of this, 
writing, we are in fact filing a patent application on this method of 
performing and producing antigravity, and it will be filed before this book 
is published. 


Over the 14 billion or so years ofthe observed universe, the dark negative 
energy content of spacetime has been slowly changing by the results of 
giant astronomical explosions and other such processes producing negative 
energy radiated outward into the Dirac sea vacuum. Slowly the vacuum 
itselfhas undergone transformation from the perfect Dirac sea with all 
holes filled by particles, to a vacuum where there is a slowly growing 
fraction of negative energy (negative mass) unobserved Dirac sea holes 


Thus, slowly the antigravity generated by the gradual altering of "space" 
(the vacuum) itself has been growing for some 14 billion years. At some 
point in the past, the excess antigravity effect accumulating in space 
reached the equal ofthe "outside" gravity acting upon energetic explosive 
astronomical phenomena. From that point in time, the antigravity effect 
has been increasing slowly. The result is that the present violently 
explosive astronomical phenomena, by adding a sudden and sharp increase 
in their extemal space antigravity, produce acceleration away from all 
positive mass and positive energy phenomena. Hence astronomers now 
observe the acceleration of the expanding (positive energy/positive mass) 
universe, instead of the previously expected slowing (due to positive 
gravity) of the expanding universe (conventional view). 
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‘The antigravity-producing phenomena have not been openly investigated 
in Western science because Wester science has arbitrarily discarded 
COP> 1.0 EM systems, primarily with the Lorentz regauging ofthe 
Maxwell-Heaviside equations. Hence, Westem science has not 
experimentally studied the type of system that produces the effect in the 
first place. 


On the other hand, it is possible to directly investigate the antigravity- 
producing phenomenology on the laboratory bench, by utilizing overunity 
EM systems with very high COP (e.g., COP = 10° or more). The Sweet 
experiments {231} did in fact produce such phenomenology on the 
laboratory bench, but these experiments were privately performed under 
proprietary conditions {232). We discuss the Sweet experiments and 
device in a later chapter. 


In science, such experiments are quite properly deemed interesting but 
anecdotal until replicated independently. Similar experiments should 
certainly be repeated by the scientific community, using various 
interactions (some given in this book) that develop COP>1.0. ‘The 
problem is nowhere near as difficult as hot fusion, but it has not been 
tackled and overcome because of (1) the prevailing and etroneous 
scientific mindset against COP> 110 electromagnetic processes, and (2) the 
present “kill” of the supersystem and its effects in the standard U(1) 
electrodynamics model 


In Chapter 8 we further discuss the antigravity effect in practical or 
potentially practical systems where COP» 1.0, 


3.11 In Conclusion 


In this Chapter, we have stressed what we believe to be a great new 
principle of giant negentropy, leading to direct and easy extraction of EM 
energy from the vacuum in copious quantities. That principle is that nature 
retains her preferred 4-symmetry of EM energy flow, while breaking 
jmmetry of EM energy flow and the symmetry of EM time-energy flow 
on the fourth axis. It is implemented by making a common dipole or 
charge. 


‘The electrical energy problem is not due to any difficulty in inducing giant 
and indefinitely continuing EM energy flows from the vacuum! The easiest 
thing in the world is to extract EM energy — any amount, anywhere, 
anytime — from the seething vacuum, by making a simple dipolarity. The 
problem is only in then intercepting and collecting some of the energy to 
dissipate in loads, and doing it without using half the collected energy to 
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destroy the dipole producing the energy, faster than the loads are powered 
In other parts of this book we have given some of the many mechanisms, 
that can be applied to attack this "power the load without killing the source 
dipole” problem, and have also included such in papers in the literature 
(2332-233u), 


We have pointed out the implications ofthe new principle of negentropy in 
EM energy flow, and how all our circuits and electrical power systems 
actually use it but then arc designed so as to kill the negentropic process's 
potential for self-powering electrical power systems. 


Presently we are told by the conventional scientific community that the 
dream of freely extracting EM energy from the vacuum, and using it to 
efficiently and easily power our electrical needs cleanly, is either a fool's 
concept of perpetual motion, or the science of the next century. It is 
neither; it is good physics, and it is already present and misused in all our 
electrical power systems and circuits — and always has been. Unlimited 
electrical energy from the vacuum is here and now, if we but overcome the 
prevailing mindset and grasp it. 


‘We have argued that all electrical loads and circuits are now and always 
have been powered by just such EM energy extracted directly from the 
vacuum by the giant negentropy principle, evoked by the source dipole. 
‘We have removed the artificial and erroneous notion that batteries and 
generators provide some of their available 3-space intemal energy to the 
extemal circuit. Instead, we have emphasized that batteries and generators 
dissipate their available energy to form and then continually reform their 
source dipole, and nothing else. Once their source dipolarity is formed, a 
battery or a generator is nothing but an energy gate, gating and transducing 
enormous EM energy from the vacuum. We only have to keep inputting 
energy to keep reforming the dipole that our external circuit is designed to 
destroy faster than the load is powered, 


In dealing with the function of the dipole in extracting the EM energy from 
the vacuum and pouring it out to power the circuit, we have shown errors 
in present energy flow theory and how they came to be made. We also 
indicated the enormous magnitude of the EM energy flow actually 
extracted and present with every conventional circuit, but wasted and 
arbitrarily removed from accountability. Some processes for intercepting, 
collecting, and using additional amounts of this available Heaviside "dark 
EMenergy" flow component, surrounding every circuit, have been 
‘mentioned, and references have been given to other papers more fully 
discussing such processes. In a previous paper {234} we have proposed 
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that the Heaviside dark energy, accompanying all EM field-charge 
interactions, is responsible for the excess gravity observed to be holding 
the spiral arms ofthose distant spiral galaxies intact — in short, we have 
proposed an unaccounted Heaviside dark positive energy solution to the 
well-known dark matter problem in astrophysics. 


The ordinary closed current loop circuit inherently yields a system 
COP<1.0, because it destroys its source dipoles faster than it powers the 
load. Indeed, the circuit self-enforces the Lorentz symmetrical regauging 
condition during discharge of its free excitation (potential) energy. 


In addition, we have presented an hypothesis to explain that negative 
energy (negative mass) created in the Dirac sea vacuum by giant 
astronomical explosion phenomena produces the excess antigravity in the 
space surrounding those entities that is accelerating the expansion of the 
universe. We have also indicated how this hypothesis can be investigated 
and tested on the bench. We have provided one experiment whose results 
did support the hypothesis. 


‘The present world energy crisis is real and increasing, while at the same 
time the availability of oil is beginning to decrease and oil becomes more 
costly.” Unless a substantial fraction of the "electricity from oil” curve is, 
shifted to "electricity from the vacuum” rather quickly, the economic 
collapse ofthe Westem world, followed by concomitant collapse of other 
economies, may ensue within a surprisingly few years, and even within the 
present decade. 


As this was first being written in Dec. 2001, there was a temporary reliefin the oil 
crisis, due tothe sudden decrease in travel, air traffic, ete. after the terrorist attack on 
Washington and New York on September 11, 2001. As the present war on tersorism, 
has continued, the MidEast is now heating up toward another war, and oil pris 

again trying 10 climb. rag, Iran, and Libya called for an oil embargo on the 
States, for example, which would almost immediately plunge the nation into an oil 
crisis. Meanwhile, should effective terorist attacks occur upon the highly vulnerable 
energy distribution infrastructure of the United States and other allied nations, the oil 
crisis will again emerge catastrophically and almost immediately thereatte. I is held 
off for now, only because Russia under Putin is seeking U.S. financial assistance 10 
further develop its rich oilfields. When OPEC votes to curtail production and then 
curtails it, Russia opens the spigot and Keeps the prices down. Putin is seeking 10 
become a trusted U'S. oil partner, inthe role long played by Saudi Arabia but now 
declining due to perceived Saudi payments to terrorist organizations and reluctance 
to close down terrorist activities in their own country. So in a strange way. a new 
alliance between the U.S. and Russia has prevented the oil and energy prices from 
escalating right through the roo 
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We believe that a transfer of much ofthe "electricity from oil” curve to an 
"electricity from the vacuum” curve can be quickly accomplished, ifthe 
government and the scientific community can be induced to move with full 
priority and vigor in the ditections indicated in this book. However, to get 
that done, it apparently will be done over the writhing bodies of our 
leading scientific organizations, literally dragging the organizations to face 
the proven fact of giant negentropy of every charge and dipole in the 
universe over their strenuous objections. 


As a major objective, we fervently hope that undergraduate students, 
graduate students, post-doctoral scientists, other scientists, engineers, and 
envitonmentalists will interest themselves in these new principles and 
viewpoints. We have called attention to the new electrodynamics 
pioneered by AIAS, Evans, Sachs, Barrett, Lehnert, and others, and 
indicated the capability of this emerging electrodynamics to model this 
new energyfrom the vacuum functioning, 


It has been said that no idea is accepted until its time has come. We 
strongly believe that the time for cheap, clean extraction of electrical 
energy from the vacuum is an idea whose time has arrived. Hopefully our 
efforts in this book will at least conceptually show the interested reader the 
outline and course that energy from the vacuum can and will take in the 
scientific community and in the world at large. 


We accent again that modeling the extraction of EM energy from the 
vacuum demands the use of higher symmetry electrodynamics, particularly 
‘a theoretical model capable of expressing the interactions of the three 
components of the supersystem. Barrett and Grimes {235} said it 
beautifully: 


"In the case ofelectromagnetism, the theory wasfirst simplified 
before being frozen. Maxwell expressed electromagnetism in the 
algebra ofquaternions and made the electromagnetic potential the 
centerpiece ofhis theory. In 1881 Heaviside replaced the 
electromagnetic potentialfield byforce fields as the centerpiece of 
electromagnetic theory. According to him, the electromagnetic 
potential field was arbitrary and needed to be “assassinated” (sic). 
few years later there was a great debate between Heaviside and 
Tait about the relative merits ofvector analysis and quaternions. 

The result was the realization that there was no need for the greater 
physical insights provided by quaternions ifthe theory was purely 
Tocal, and vector analysis became commonplace. 
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The vast applications ofelectromagnetic theory since then were 
made using vector analysis. Although generations ofvery effective 
students were trained using vector analysis, more might be learned 
physically by returning, ifnot to quaternions, to other mathematical 
Jormulations in certain well-defined circumstances. As examples, 
since the time when the theoretical design ofelectromagnetism was 
Srozen, gauge theory has been invented and brought to maturity and 
topology and geometry have been introduced to field theory. 
Although mostpersons view their subject matter through the filter of 
the mathematical tools in which they are trained, the best 
‘mathematical techniques for a specific analysis depend upon the 
best match between the algebraic logic and the underpinning 
physical dynamics ofa theoretical system." 


‘The problems we face today are ever more demanding of the necessary 
EM change pointed out by Barrett and Grimes, along with many others. 
Let us hope their words are heeded. Given rapid development of higher 
group symmetry electrodynamics models, we shall very rapidly see the 
solutions to many previously intractable human problems — including 
cheap clean energy from the vacuum, understanding and directly using 
antigravity as well as gravity, a revolutionary new medical therapy, a new 
chemistry and biochemistry, and a new appreciation for the 
electromagnetic interactions of mind and matter. 


s new scientific revolution comes swiftly. 


Let us hope 
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Chapter 4 


Setting the Stage for Understanding 
Overunity Power Systems 


[Dissipative structures} "This leads precisely to a 
distinction between ‘equilibrium structures’ [which may 
be understood in terms ofclassical equilibrium 
thermodynamics ] and ‘dissipative structures’. The latter 
are formed and maintained through the exchange of 
energy and matter in non-equilibrium conditions. "(1 
Prigogine] (236) [Intemal brackets added for clarity.] 


[The energy in space itself] "What might appear to be 
empty space is, therefore, a seethingferment ofvirtual 
particles. A vacuum is not inert and featureless, but alive 
with throbbing energy and vitality. A ‘real'particle such 
as an electron must always be viewed against this 
background offrenetic activity. When an electron moves 
through space, it is actually swimming in a sea of ghost 
particles ofall varieties — virtual leptons, quarks, and 
‘messengers, entangled ina complex melee. The presence 
ofthe electron will distort this irreducible vacuum 
activity, and the distortion in turn reacts back on the 
electron, Even at rest, an electron is not at rest: itis being 
continually assaulted by all manner ofother particles 
from the vacuum. " (Paul Davies] {237} 


[Modernizing the fluid analogy of EM]. The intensity of 
the vacuum virtual particle flux may be treated as the 
intensity ofapotential, thus by analogy corresponding to 
pressure in afluid. Polarity (charge) is aprocessfor 
establishing a change in the intensity ofthe vacuum 
potential — and thus a change in the ambient pressure of 
the vacuum fluid. Difference between vacuum pressures at 
two separatedpoints creates aforce upon any charge 
placed between those two points. Just as a differential in 
pressure between points in afluid induces currents, a 
differential in vacuum pressure induces energy flow 
currents in the vacuum fluid, which are called fields’, AIL 


If any of these assumptions describe you, this book is for you! If 
none of these assumptions describe you, keep reading anyway. 
It's a great book, and when you finish reading it, you'll know 
enough about 5G to be dangerous! 


Icons Used in This Book 


2) 


@ 


© 


"Throughout this book, we occasionally use special icons to call 
attention to important information, Here’s what to expect: 


‘This icon points out information you should commit to your non- 
volatile memory, your gray matter, or your noggin’ ~ along with 
anniversaries and birthdays! 


You won't find a map of the human genome here, but if you seek. 
to attain the seventh level of NERD-vana, perk up! This icon 
explains the jargon beneath the jargon. 


‘Tips are appreciated, never expected — and we sure hope you'll 
appreciate these tips! This icon points out useful nuggets of 
information. 


Beyond the Book 


‘There's only so much we can cover in 48 short pages, so if you 
find yourself at the end of this book thinking “gosh, this is a great 
hook where ean T learn mate?” jist go ta www. Ldacom, com. 


Where to Go from Here 


With our apologies to Lewis Carroll, Alice, and the Cheshire cat: 
“Would you tell me, please, which way I ought to go from here?” 


‘That depends a good deal on where you want to get to,” said the 
Cat — er, the Dummies Man, 


“I don’t much care where ...," said Alice. 


Introduction 3, 
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EM circuits, charges, potentials, and forces in 
electrodynamics involve altering the vacuum to include 
altering its pressure and thereby producing the forces that 
the resulting pressure gradients (fields) induce upon 
charges. All observable EM energy in space is EM energy 
intercepted and collected on charges, and it comes from 
the vacuum via these fundamental vacuum-engineering 
dynamics.” [T. E. Bearden, private communication to a 
colleague, 2001]. 


[Impact of EM energy from the vacuum.] "Ifthey 
[quantum fluctuations ofvacuum] can be [tapped], the 
impact upon our civilization will be incalculable. Oil, 
coal, nuclear, hydropower, would become obsolete —and 
so wouldmany ofour worries about environmental 
pollution.” "Don't sell your oil shares yet — but don't be 
surprised ifthe world again witnesses thefour stages of 
response to any new and revolutionary development: 1 

W's crazy! 2. Ii may be possible —so what? 3. Isauid it 
was a good idea all along. 4. [thought ofit first." [Arthur 
C. Clarke] {238} 


[Broken symmetry of opposite charges.] "Since 
nonobservables imply symmetry, any discovery of 
asymmetry must imply some observable. The experiment 
of Wu, Ambler, Hayward, Hoppes and Hudson. 
established the asymmetry between the positive and 
negative signs ofelectricity.” (T. D. Lee] {239} 


[On implications of asymmetry of opposite charges of a 
dipole.] "Inparticle physies, the proven asymmetry of 
opposite charges establishes that the source dipole — 
with opposite charges on each end—is a broken 
symmetry in the violent virtual photonflux ofvacuum. The 
dipole charges constantly receive and absorb virtual 
photon energyfrom the seething vacuum, and re-emit that 
excitation energy. By the very definition ofbroken 
symmetry, some ofthis absorbed virtual energy must be 
integrated into observable 3-space EMenergy, and 
emitted by the dipole in observableform, in all directions 
in 3-space. Hence there is a rigorous basisfor the source 
dipole extracting virtual EM energyfrom the vacuum, 
integrating it, and continuously pouring it out in 
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observable and usable EM energyform. It has been in 
particle physics since 1957, being certified by the award 
‘ofthe Nobel Prize to Lee and Yang in that year. " (T. E. 
Bearden, private communication to a colleague, 1995.] 


[On powering an electromagnetic circuit] "In the United 
States there is not now, and there never has been, a single 
electrical engineering department, professor, or textbook 
that knows and teaches what directly powers an 
electromagnetic circuit. Neither is it in any publication of 
the National Academy ofSciences, National Science 
Foundation, National Academy ofEngineering, 
Department ofEnergy, or the great national laboratories. 
Yet the proofthat every circuit is powered by EM energy 
extracted directlyfrom the vacuum has been inparticle 
physicsfor 45 years, since the award ofthe Nobel Prize to 
Lee and Yang in 1957, following the experimental proof 
by Wu etal. earlier that same year. ” (T. E. Bearden, 
private correspondence, 2002], 


4.1 Introduction 


In this chapter, we present a selection of potential overunity notions, some 
inventions, and some experiments. Its purpose is to show some of the more 
relevant work that has been done, and hopefully to stimulate new thinking 
by the interested reader. Much of the work addressed is by other inventors 
and scientists, and we give an appropriate commentary from our 

viewpoint. Not all the concepts presented can be clearly explained, though 
some can and are. This is not intended to be a "kit of parts” or an 
“assembly instructions” type of presentation. For that, the interested 
researcher will have to rely on his or her own ingenuity and lots of bench 
experiments, because no such "kit of parts with instructions” for COP>1.0 
electrical power systems exists at present (240, 241} 


Because ofthe broken symmetry ofits opposite charges, we do know that 
any dipolarity — such as a permanent magnet, a charged flat-plate 
capacitor, an electret, of a simple EM scalar potential — continuously 
pours out EM energy circulation extracted from the vacuum. E.g., see 
Figure 4-1, which shows a very simple “tree energy generator” that will 
‘generate a flow of EM energy indefinitely, even by ordinary U(1) 
electrodynamics theory (by standard Poynting theory). E.g., quoting 
Buchwald (242): 
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"[Poynting’s result] implies that a charged capacitor in a 
constant magnetic field which is notparallel to the electric field 
is the seat ofenergy flows even though all macroscopic 
phenomena are static." 


This is easily seen by applying the standard Poynting formula, S = E x H. 
With the H-field of the magnet at right angles to the E-field of the 
capacitor or electret, the Poynting flow of energy $ is maximized and 
orthogonal to E and to H. 


‘Te pobie natn extacing ery ever enorme ergy —tom te vaca The 
Pb colcig ae srg fe erry owe acs wit estoy eave le 


remanent S=EXH 
[ etenegy contraly tone ham tis “sabe” erangerert 
tout her put eer) by te snare J 


Faure Poynting generat roving rns Energy lowtom ewe, 


Buchwald errs, e.g., in assuming the macroscopic phenomena are static. 
‘They are not; they are highly dynamic in the same sense that a perfect 
macroscopic whirlpool in a river, seemingly static, nonetheless involves a 
continuous flow of water through it and a continuous dynamics. So far as 
can be observed, it appears there is no such thing as a truly "static” object. 
As an example, just to “exist” an object must "travel through time", which 
is itself a special kind of dynamics in the time domain, 
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A beautiful explanation of what is meant by "static" is given by Van 
Flandern”*: 


"To retain causality, we must distinguish two distinct 
meanings ofthe term ‘static’. One meaning is 
unchanging in the sense ofno movingparts. The other 
‘meaning is samenessfrom moment 10 moment by 
continual replacement ofall moving parts. We can 
visualize this difference by thinking ofa waterfall. A 
Jrozen waterfall is static in the first sense, anda flowing 
waterfall is static in the second sense. Both are 
essentially the same at every moment, yet the latter has 
‘movingparts capable oftransferring momentum, and is 
made ofentities that propagate. " 


‘Now suppose that the capacitor in Figure 4-1 is rotated until E. and H are 
either parallel or anti-parallel. In that case, the Poynting theory predicts 
zero EM energy flow. That is an incomplete assessment; it means that 
there is no overt field energy flow. There is, however, still quite a lot of 
covert or "infolded” field energy flow ongoing anyway, inside the static 
fields E and H themselves.” To see this, we first turn to the static 
potentials 


Between the charged plates of the capacitor or electret, there exists an 
electrostatic scalar potential >, Between the polar ends ofthe permanent 
‘magnet, there exists a magnetostatic scalar potential , We may 
independently decompose both 6 and @ via Whittaker decomposition 
(243). applying a necessary correction {244} to Whittaker's interpretation, 
‘Then in all space surrounding the two dipoles, we have a hidden harmonic 
set of bidirectional longitudinal EM wavepair flows of energy comprising 
each of the static potentials and dfilling all space” around the assembly 
in Figure 4-1. Each of those potentials ¢ and @ is formed of a combination 
of scalar (time-polarized) and longitudinal photon pairs, as strongly argued 


Tm Van Flander, "The speed of gravity — what the experiments say," Phys 
Lett. A., Vol. 250, Dec. 21, 1998, p. $9. 


* Indeed, by the asymmeuy of ts opposite charges, each ofthe dipoles is 


‘out EM energy extracted fom the seething vacuum. 


the conventional view, We corrected that view in (12), to agree with quantum 
theory and to use a cause and effect instead of the vo effects used by 
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by Mandl and Shaw (245) and as previously discussed in an earlier 
chapter. Further, each of the "static" fields can be decomposed into two 
scalar potential functions, as shown in 1904 by Whittaker (246). Then 
each of the base scalar potentials further decomposes into the set of time- 
polarized EM wave and longitudinal EM wave pairs. The result is that 
every “static” field or potential in the universe is actually a set of 
longitudinal EM wave dynamics. 


Further, in each coupled Whittaker wavepair as reinterpreted, ther 
perfect correlation between the time-domain EM energy wave (scalar or 
time-polarized EM wave) and the 3-space longitudinal EM wave. So even 
"static" EM field, such as from the permanent magnet and from the 
charged capacitor or electret, does involve an enormous number of hidden 
internal EM energy flows in longitudinal and scalar EM waveform." 


% One ofthe great omissions of modern Western electrodynamics is the failure to 
follow up on direct engineering of this "vast, internal, infolded, far more 
fundamental” scalar and longitudinal electrodys side all present overt 
EM potentials and transverse EM fields and waves. Russian secret weapon scientists 
der the former KGB called this internal electrodynamics the "information content 
ofthe field” and have strongly weaponized it. A deception plan has been used to 
successfully convince the West that the Russians are speaking only of conventional 
spectral analysis. Use ofthis internal EM structuring. in the form of longitudinal or 
scalar wave interferometty formed the first giant superweupons deployed by the 
former Soviet Union in 1963. To see a proof that ordinary EM fields and waves an 
potentials can be formed at a distance, arising out ofthe local spacetime in the 
interference zone, see M. W. Evans et al., {79}. Longitudinal EM waves easily pass 
through the enti earth and ocean relatively undiminished, since mass is mostly 
empty space filled with fields, potentials, and waves — ie. filled with incredible 
rhumbers and bundles and dynamics of longitudinal and scalar EM waves, Mass is 
thus a great superhighway for the passage of longitudinal EM waves, and 
longitudinal interferometry can be performed right through the earth and ocean, o 
the other side of the earth from the (ransmitters. Such interferometers can also easily 
focus inside the earth or beneath the surface ofthe ocean. Hence in April 1963 the 
first giant Soviet LW interferometer deployed was used to kill the U.S.S. Thresher 
beneath the ocean, off the East Coast of the U.S. Intense production of EM signals 
emerging everywhere in the space in that underwater interference zone placed 
around the submarine — filled the sub and its electronic conteols. This jammed the 
electronic controls ofthe sub, rendering it helpless. The hapless sub then sank 10 
‘rush depth and imploded, The signatures are clearly present in the jamming and 
‘cessation of multiple electronic systems functioning in the sub’s surface companio 
the U.S.S. Skylark (which was in a sort of surrounding "splatie” zone and survived 
because it was not individually targeted). Today at least 10 nations have scalar or 
longitudinal wave interferometer Weapons, to one extent or another, other nations are 
Working on them, and the Yakuza also has them. These were apparently the weapons 
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Ultimately there is no frozen waterfall, but only the dynamic waterfall 
always reappearing the same but filled with dynamic movement and 
energy flow 


‘These latter EM energy flows infolded inside the scalar potentials and the 
fields exist for a single charged capacitor or electret alone, or a single 
‘magnet alone. They also exist for any two points in a circuit that have 
differing electrical or magnetic potentials with respect to the ambient 
vacuum potential (energy density). This latter fact, of course, was part of 
the secret of Kron’s open path. Indeed, every dipolarity in the universe — 
between any two potentials or any two differing charges anywhere — is an 
open path and an energy flow source. E.g., quoting Kron {247} 


"the missing concept of "open-paths” (the dual of "closed- 
paths") was discovered, in which currents could be made toflow 
in branches that lie between any set oftwo nodes. (Previously— 
following Maxwell— engineers tied all oftheir open-paths 10 a 
single datum-point, the ‘ground'’). That discovery ofopen-paths 
established a second rectangular transformation matrix... which 
created ‘lamellar’ currents..." "A networkwith the simultaneous 
presence ofboth closed and open paths was the answer to the 
‘author's years-long search." 


‘Ascan be seen, Kron had discovered how to create currents — currents 
could be made to flow — in individual branches between any two nodes in 
the circuit, physically connected or not. We point out that deliberate use 
ofKron’s "open path” in a network circuit constitutes a strong violation of 
the standard closed current loop circuit's self-enforcement of the 
Lorenz/Lorentz symmetrical regauging condition. Hence it is a 
magnificent method for achieving COP>1.0 circuits. It is the belief of this 


‘confirmed in 1997 by Secretary of Defense Cohen in these words: "Others are 
engaging even in an eco-type ofterrorism whereby they cua alter the climate, set off 
earthquakes, volcanoes remotely through the use ofelectromagnetic waves... So 
there are plenty ofingenious minds out there that are at workfinding was in which 
they can wreak terror upon other nations... real, and thats the reason why we 
have to intensify our efforts." [Secretary of Defense William Cohen at an April 1997 
DoDeounterterrorism  conferencesponsoredby former Senator Sam Nunn, Quoted fom, 
DoDNews Briefing, Secretary of Defense William S. Cohen, Q&A at the 
Conference on Terrorism, Weapons of Mass Destruction, and U.S. Strateg) 
University of Georgia, Athens, Apr. 28, 1997-]. As the reader can see, the Cold War 
Was not so "cold" after all. This mere "tip ofthe iceberg” should also give the reader 
‘Title more insight as to why a war on n is so necessary to all civilized 


ators. 
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author that such "open path” functioning in his patented circuits was part 
of Tesla’s secret, though he did not think of it in those terms. However, 
Tesla's ability to shuttle potential energy independently in his circuits — 
invisible to a tensor analysis — was rigorously shown by Barrett { 124) 
Barrett extended the method and obtained two patents in the field of 
communications {286a, 286b} 


‘Thus the COP>1.0 problem is nor in the part or function (the dipole or the 
charge) that extracts real EM energy flow from the vacuum. ‘That is 
extraordinarily simple and straightforward. Engineers and scientists have 
been using it for two centuries without understanding what they were 
doing. Every charge, dipole, charged capacitor, electret, and permanent 
‘magnet already continuously extracts EM energy from the vacuum. The 
two-fold COP> 10 problem is in (i) separately intercepting and catching 
(in an external circuit) some ofthe copious free flowing energyfrom the 
“extractor”, and then (ii) separately dissipating that collected energy in an 
external load without killing the “extractor” itself— ot at least only killing 
it more slowly than the load is powered. ‘The most elegant way to violate 
the closed current loop circuit is with Kron's open path, typified by 
Tesla/Barrett potential energy shuttling. Since vector and tensor analysis 
will not even show it or model it, then a higher group symmetry 
electrodynamics is imperative in modeling COP>1.0 EM systems and their 
functions. Much of that work remains to be done. 


Our main purpose in this chapter is to point out some selected efforts and 
approaches by scientists, engineers, and inventors. We will give a brief 
description and a few details, and leave it to the researcher for further 
experimentation and reflection. Hopefully, knowing what some others 
have tried and the results they achieved will prove helpful to the serious 
researcher. 


We also strongly encourage the reader to again read this section after 
studying Chapter 9. In any COP>1.0 system, the excess energy must come 
from the "active environment”. The active environment of an EM system 
consists of (i) the active vacuum and its interactions and dynamics, and (ii) 
the active local spacetime curvatures and their interactions and dynamics 
Contrary to naive belief and the received view, overunity electrical power 
systems — particularly very high COP systems — are neither simple nor 
easy, but are extraordinarily difficult and highly nonlinear even when their 
appearance is deceptively simple. Chapter 9 will give a brief expose of 
some ofthe difficulties for higher C OP systems. There we will refer again 
to the intricate circuit analysis work of Gabriel Kron {248}, to Dirac sea 
electron theory {249} both prior to observation and after observation, and 
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to the need for higher group symmetry 0(3) electrodynamics by Evans 
{250} which is a subset (251) ofthe electromagnetics used in the unified 
field theory of Sachs {252} 


Chapter 9 indicates how mathematically complex these systems really are, 
even when they appear deceptively simple. The phenomenology is highly 
complex, and it has not yet been scientifically explored because of the 
erroneous received view that COP>1.0 EM systems are not permitted by 
Maxwell's theory or the laws of physics. That is a non sequitur. More 
exactly, they are not permitted in that equilibrium class ofMaxwellian 
systems described and selected by Lorentz's arbitrary symmetrizing ofthe 
‘Maxwell-Heaviside equations, following theirprevious symmetrizing by 
Ludwig Valentin Lorenz {253}. Prior to applying the Lorenz-Lorentz 
symmetrical regauging, the Heaviside equations — which in field form are 
already a truncation to four vector equations of Maxwell's 20 quatemion- 
like equations — do prescribe both disequilibrium COP>1.0 and 
equilibrium COP<1.0 Maxwellian systems. The variables are not separated 
(Potential formation) and the equations are difficult to solve, usually 
requiring numerical methods. With Heaviside's truncation and Lorenz~ 
Lorentz regauging applied, the resulting "special case” equations — now 
for only that class of COP<1.0 Maxwellian systems that receive and use no 
net input from their active environment — continue to be used because 
closed analytical solutions can usually be had and numerical methods can 
be largely avoided.”* 


So with tongue in cheek, we humorously remark that COP>1.0 electrical 
power systems have not been developed or known because the early 

scientists were a bit lazy and wished to avoid ubiquitous use of numerical 
methods. These days, with computers, proper math programs, and sharp 


°° Ror some reason, electrodynamicists ignore the fat thatthe Lorentz egauging 
does assume two addtional equal and opposite energy exchanges of the system with 
its external active environment, but carefully selected so that all the excess energy 
received in the system is purely in the form of a stress potential. Hence this enersy 
continually does internal work on the system to produce additional sess, but cannot 
translate electrons through an external foad to power it Also, this regauging 
condition represents an effective rotation ofthe frame of the described system out of 
the laboratory frame. To then argue that this severely altered system (increased 


stress, constant addtional internal work being done on the system, frame rotatio 
altered potential energy) isthe same system prior to Lorentz regauging, and that 
such a system is not receiving excess energy from is active vacuum environment, is 
naive in the extreme and a non sequitur. 
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graduate students to easily crunch the numbers, there is no longer any 
reason for continued arbitrary discard of Maxwellian COP> 1.0 systems, 


For such reasons, no legitimate theory of COP> 10 EM power systems has 
been developed, except for light shed by Prigogine (254a-254f) and others 
{255a-255c} as to the necessary active environment, disequilibrium nature, 
and disequilibrium thermodynamics of COP> 1.0 systems. Further, the 
energy flow theory (Poynting’s theory) has not been further extended to 
include the Whittaker decompositions {243, 246) as should long ago have 
been done. Neither has it been extended to account for the arbitrarily 
discarded giant Heaviside nondiverged energy flow component. 


‘The researcher should be aware that the energy input to a system is always 
in the voltage” (the potential; one input volt of potential will cause one 
joule of energy to be collected upon each interacting unit point electric 
charge in the system; one volt of drop in potential results when one joule 
of collected energy is dissipated per unit point collecting charge in the 
system.). The fields and their energy are functions of the potentials and 
their energy, not the other way round. After potentialization of the circuit, 
the subsequent movement of the potentialized Drude electrons, as current 
in the system, is connected with (and part of) the dissipation from the 
circuit of previously collected/intercepted energy from the vacuum, 


4.2 Demonstration Gedanken Experiment 


4.2.1 Work and Energy 
Doing work is defined as changing theform ofenergy. No energy is lost 
per se when work is done; the energy is only changed from one form to 


©The reason is that all 3-space EM energy — in the circuit or elsewhere — must 
come from the time domain to each 3-space point and return from that point to the 
time domain. The sealar potential (voltage) actually is 

for any interaeting charge, energy in the time-domain and energy in 
functionally combined in that 4-circulation at every point dipole in space. In 
‘quantum field theory, e.g. as shown by Mandl and Shaw (19), the combination of 
the time-polarized photon and the longitudinal photon in 3-space is observed as the 
instantaneous scalar potential, but neither photon is individually observable. We 
comment that an “observable” 3-space potential isthe result of an iterative set ofdidt 
Uifferentiations of the ongoing “combination” of scalar (time-polarized) photons 


having their energy oscillations in the time domain, with longitudinal photons having 
their energy oscillations in 3-space along their line of motion. Hence each dé 
differentiation ofthe ongoing 4-space combination yields the instantaneous 3-space 


potential. Cum 
electrodynamics 


lating, one has the ordinary 3-space potential or "vollage” of macro 
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another, All the energy since the beginning of the universe is still 
present,” and itis still repeatedly changing its form to do work, over and 
over. The point is, a single initial joule of energy can be “used” (changed 
in form) to do more than one joule of work, if multiple changes of form. 
occur serially. One joule ofenergy changing its form gives one joule of 
work, only ifa single and total change ofform ofthatjoule ofenergy 
‘occurs and then nofurther change ofform occurs. Ifthe joule changes 
form once, a joule of work is done and a joule of energy still remains in a 
second form. If this second form of the joule of energy is not lost, but is 
retained and then changed in form, a second joule of work is performed 
and there is still a joule of energy left in different form, And so on, 
Tricking a system to self-induce multiple iterative form changes of each 
joule of input energy (or at least of some fraction of each input joule), 
without losing the energy after each change of form, is one way of 
providing COP> 1.0 in a system. 


Remember that COP (coefficient of performance) is best defined as the 
usable work output obtained, divided by the EM energy that the operator 
inputs. Since "usable work output" is just usable "change of form of the 
energy’, it can be seen that multiple changes of form of every joule of 
energy input by the operator can lead to COP> 1.0. 


‘This illustrates that one must be careful in applying the law of 
ofenergy. For a thorough analysis, several features must be 
identified and accounted: (i) The flow of the energy impinging upon the 
collection, (ii) the collector itself and the type of collection process 
utilized, (iii) the linear or nonlinear operation of the collection/collecting 
process, (iv) the dissipation process used to dissipate the collecting 
mechanism, (v) what happens to the energy flow that was collected and. 
then its collection “dissipated”, (vi) what type of energy flow was 
collected, and then its collecting “dissipated”, (vii) what happens to the 
collector after the dissipation interaction, (vii) what happens to the energy 
in different form after each previous change of form, (ix) whether single- 
pass or multiple-pass ofthe energy flow is used, (x) whether single 
collection or multiple collecting is used, and (xi) the effects of any 
nsymmetrical regauging of a local component or region (e.g., as in simply 


% However, “present” means in spacetime, not justin 3-space. The EM eneray we 

in 3-space is macroscopically in continuous circulation from the 
“space and back to the time domain. Microscopically it is in 
continual circulation, 


ISL 


“Then it doesn't matter which way you go!” 


‘That's certainly true of 5G For Dummies, which, like Alice in 
Wonderland, is also destined to become a timeless classi 


If you don’t know where you're going, any chapter will get you 
there — but Chapter 1 might be a good place to start! However, 
if you see a particular topic that piques your interest, feel free to 
jump ahead to that chapter. Each chapter is written to stand on its 
‘own, so you can read this book in any order that suits you (though 
wwe don't recommend upside down or backward), 


We promise you won't get lost falling down the rabbit hole! 


4, 8G For Dummies, xia Special Edition 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES, 


increasing one of the potentials of the region) that in turn acts as a free 
energy flow. 


See again Figure 2-4 in Chapter 2. In general, the available energy flow 
surrounding a circuit will be far greater than the intercepted and collected 
energy in that circuit, particularly in a "single pass” collection — i.e., 
where the impinging energy only passes once. In analyzing a system or 
Circuit, one must be very careful to ascertain whether the system utilizes 
‘any mechanisms to enhance and increase the energy collection fraction. If 
it does, then a necessary (but not sufficient) criterion for COP> 1.0 has 
been identified in the system. Letokhov's negative absorption of the 
‘medium (i.e., excess energy emission) {256} and Bohren’s experiment 
{257} are examples. Bohren’s experiment is easily replicated by any 
nonlinear optics lab, and outputs. 18 times as much energy as the 
conventionally calculated energy input.”* 


Ifthe impinging Heaviside nondiverged component of the energy flow 
beyond the collecting/collector is rerouted and passed back to impinge 
again in the system — even on another collector or other collectors — this 
‘must also be taken into account. 


Conventionally, the "magnitude" of the fields” E and H in the Poynting 
(collected) energy flow S = E x H are "defined" by the collection from the 
fields by an assumed unit point static charge at each point in space. In 
short, the conventional fields have already been “defined” as a standard 
linear collection upon standard charged mass, from the field entities as they 


* Bnergy conservation is not violated! Instead, the conventional calculation assumes 
a stati intercepting unit point charge. which has the minimum reaction eross section 
tudinal EM energy flows comprising the potential 
ce. By placing the intercepting charged particles into particle resonance, the 
particles’ reaction cross section is increased because each resonating charge sweeps 
but a greater geometrical cross sectional area. Hence the charges collect more energy 
from the energy flow comprising any “field” (actually field intensity) or "potential 
(actually potential intensity) than is assumed in the standard input energy 
calculation. In short, Bohten's experiment takes advantage of that arbitrarily 
discarded Heaviside energy flow component that remains and is present but not 
considered in the conventional Poynting caleulation and field intensity calculation. 
‘The experiment in fact proves the existence ofthe unaccounted but ubiquitous giant 
Heaviside nondiverged EM energy flow 


in the stzeam of bidirectional 1 


At best, the 3-space point intensity of each 4-space field is so defined, for a 
forthcoming reaction with unit point staic charge, and where the forthcoming 
reaction does not iavolve lingering time - charging but only simple time-excitation 
followed by full decay ofthe time-eacitation via normal photon emission, 
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exist in 4-space prior to interception and collection, and where the 
collector itself is absolutely fixed and "static". So nonlinearity in energy 
flow collection — by additional disruption of the impinging energy flow 
induced by the dynamics of the collector itself— may easily increase the 
“reaction cross section” ofthe collector. The static reaction cross section of 
unit point static coulomb and the dynamic reaction of a unit point 
resonant coulomb may differ appreciably. 


Without stating it this clearly, Bohren has shown that the interaction cross 
section for a single-pass collection by one static particle may be increased 
by a factor of 18 in a given example, by inducing resonance and thus 
increasing the "collection" dynamics ofthe collecting particle in the 
impinging S-flow {257}. The work has been independently substantiated 
by Paul and Fischer (258). It also is a direct proof of the existence of 
Heaviside’s neglected nondivergent energy flow component surrounding 
every field and charge interaction, 


So indeed there are COP>1.0 EM processes in the literature. The 
Heaviside component also pouring from the terminals of every generator 
and battery, already proves that every generator and battery ever made 
already was and is a COP> 1.0 energy transducer, becausefar more 
energy pours from the terminals ofthe generator and battery than the shaft 
energy input to the generator or the chemical energy dissipated in the 
battery. 


42.2 Extending the Work-Energy Theorem 
The standard work-energy theorem in mechanics may be conventionally 
stated as: The change in the kinetic energy ofaparticle is equal to the net 
work done on the particle by the netforce acting upon it. As in any 
model”, here there are assumptions that are seldom taken into account. 
First, the collected/collecting kinetic energy of a particle is due to its 
increased interaction rate with the vacuum flux, because of its acceleration 
through that flux.'”” In mechanics the increase in flux interaction (and 


"As we cover elsewhere in this book, any charge (which, together with its 
clustering Virtual charges of opposite sign is a dipolarity) is broken symmetry in 
the fierce flux ofthe Vacuum, This means that every charge in the universe absorbs 
vnwal energy from the vacuum, coherently integrates some of it into abservable 
‘energy, and pours out that observable energy in all diections, The negative charge 
‘does that for postive energy: the positive charge does it for negative energy. The 
latter can be better interpreted as the return of positive observable energy from space 
to the positive charge. thence disintegration of that positive energy back to virtual 
energy, and subsequent re-raiaton ofthat vinual energy back to the Vacuum. One 
fan in fact model the Bobren experiment in terms of he extra vacuums flux 
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hence "Newtonian 3rd law resistance” is just treated as a sort of resistance 
to acceleration, and known as inertia.’ The actual energy ofthe vacuum 
flux interaction rate is a function of the square of the particle velocity 
through that flux — hence the formula K = 1/2 my" for the kinetic energy K 
ofa mass m moving through the flux of space at velocity v. 
Relativistically, the mass ofthe particle is moving through the ambient 
potential flux, or we may view it from the particle's frame of reference 
where the ambient potential flux is moving through the particle but 
interacting with it. Only a single pass of the flux impinges upon the 
"particle collector”, so there is only a "single-pass" type of energy 
collection ongoing. 


All energy in the vacuum exists in "vacuum flux” or "change in vacuum 
flux” form. There is no force in the vacuum, although there is polarization 
that will produce a force upon a charge when one is introduced. ‘The force 
occurs only after the "change in vacuum flux” that we call a field is 
interacting with a mass. The force is already a change to the mass, a priori, 
since mass is a part of force by F = d/dt (mv). If energy is then added by a 
AK energy flux (usually mistakenly called a force) performing work upon 
‘mass m, this constitutes an additional energy flux or flow impinging on the 


‘encountered and transduced by the resonant charge, as compared fo flux encountered 
and transduced by the static charge. In the same vacuum flux density, a resonant 
charged particle Will intercept and absorb more virtual photon energy than the same 
particle in static condition. Hence its broken symmetry will convert more absorbed 
virtual photon energy into eal observable emitted photon energy. 


° Ione wishes to understand that inertial reaction, here is how it works. Consider 
the virtual charges ofthe vacuum as an analog to the Drude electron gas in a 
‘conductor. At the instant an observable charge starts to move, itis momentarily 
affecting all the surrounding virtual charges — an enormous number, which are 
initially repelling and attracting it in all directions intensely. To move, the 
observable particle must create a change in that entire participating virtual particle 
Just as the Drude electron gas, the vacuum "gas" of virtual charges has a 
certain relaxation time constant. So finite time delay occurs before the vacuum gas 
relaxes and movement of the observable charge occurs. As the relaxation continues 
apace, the particle being acted on by a force accelerates, Even mass with a net 
‘charge of zero is filled with charges, and even the neutrons in the atoms are 
‘continuously changing into protons and back, ete. So all mass continually exists in 
the “charge and charge-changing” state. Ineria is in fact due to the relaxation time 
‘curve ofthe vacuum Virtual charges "gas". We dealt crudely with this in Beardes 
‘Quiton/Perceptron Physics,” NTIS Report AD-763-210, 1973, p. Il: hopefully a far 
better teatment will eventually be undertaken by qualified higher group symmetry 
electrodynamicists 
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particle, imposing an additional "energy collecting” and gradient across the 
‘mass. Rigorously, the dynamic system comprised of the dK gradient 
coupled to the particle, and interacting with it, identically is a force."%® 
Depending upon the situation, it may accelerate or decelerate the particle, 
or change its direction, or a combination. This is summarized in the usual 
work-energy formula 


W=Ky~K,= Ak [44] 


where the work W that was done is given by the change dK in kinetic 
‘energy of the particle from its initial kinetic energy K, to its final kinetic 
‘energy Ky 


In applying the conservation of energy law, usually physicists utilize either 
the work-energy theorem or an approach closely paralleling it. This 
application is valid in any linear single-pass collection situation. It may not 
be valid — and usually isn't —for a multi-pass, multicollection system 
where the same energy, changed in form to accomplish work in a single 
reaction, is then changed in form iteratively, again and again, in the same 
system or material. In such case, one joule of input energy can and will 


We stress again that the hoary old mechanics, some four centuries old, is 
seriously in error in assuming a separate force acting on a separate mass. That 

remains an inexplicable non sequitur in modern physics, in its very foundations. We 
call attention to how classical electrodynamicists’ wrestle with the problem. E.g 
quoting Jackson, Classical Electrodynamics, 2nd edition, Wiley, 1975, p. 28: "the 
thing that eventually gets measured is aforce..." "AL the moment, the electri field 
can be defined as the force per unit charge acting at a given point. It is a vector 
function of position, denoted by E.” Our comment is that the "definition" isin error, 
including the use ofthe word "Tield” for "Feld intensity", when field and its intensity 
fare two entirely different things. A proper definition should be stated as "..the 
observable electric field imensity can be defined as the force per unit static charge 
land mass, existing at a given point in an interacting gradient of the virtual particle 


flux ofthe vacuum, as inferredfrom the changes induced upon the unit static charge 
‘and mass." The field intensity is a vector function ofposition, charged mass, and 

n virtual particle flux gradient. The standard definition substitutes an effect 
(ofeollection) for a eause (prior to collection), and this error is widespread through 
physics, from mechanies to electrodynamics and on into particle physics. On p. 249, 
Jackson shows how the electrodynamicists largely capitulate and continue to 
promulgate the substitution of effect for cause. Quoting: "Most classical 
electrodynamicists continue to adhere to the notion that the EM force field exists as 
such in the vacuum, but do admit that physically measurable quantities such as force 
somehow involve the product of charge andfield.” We comment that actually mass is 
4 component of force, as shown by F = ddi(m) 
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accomplish multiple joules of work in and on the system. So for our 
purposes we must modify the work-energy theorem to give 


W=A(Kr—-K)-Ak [4-2] 


where A is the averaged energy collection fraction, adjusted for multipass, 
multicollection and also for asymmetrical self-regauging (self-increase of 
the potential in, and hence the energy flow from, one or more regions of 
the active system's source). In formula 4-2, Keand K, and Ak still refer to 
single-pass collection only. 


In the new work-energy theorem, .= 10 for that vast number of 
conventional cases that have successfully utilized the conventional form of 
the theorem. These are almost always single-pass, single collection 
systems. The new COP>1.0 systems have deliberately enhanced energy 
collection — and hence multiple energy collection and work 
amplification" — such as multi-pass collection. For these COP> 1.0 
systems, the expanded work-energy theorem form applies and in general 
421.0. In an ideal COP>1.0 system, 2.>> 10. In some versions of the 


Patterson Power Cell®, for example, 2, =1200. In the Sweet device 
(discussed later), a very high value of lambda resulted, so that 

2.= 1.5x10°. We sometimes refer to 2. as the energy amplification factor, 
‘energy collection fraction, Poynting amplification, collection 
‘amplification, etc. Bohren and others have referred to it indirectly as the 
interaction ross section, the resonance absorption cross section, and the 
negative absorption cross section. 


Again, we strongly iterate that there is no conservation ofwork law in 


physics! When energy is input to a system, acts on it, and is “dissipated” 
by a change ofits form (doing work), the “dissipated” energy is still 


st be conserved. A si 


the interacting mass system, 
However, there remains an equal number ofjoules available, justin a different form. 
that second K joules of energy is then changed i form again and not allowed to 
escape from the system, an additional K joules of work is performed in the system, 
Without the operator having added any extra input energy. And so on, until the 
elficiency of the system and some inevitable losses allow all the "recycling 
energy to escape from the system. We strongly believe that ignition, quenching, and 
sition phenomena such as in gamma ray bursters and x-ray bursters are due 10 
exactly such processes where iterative change of form of each initial joule of energy 
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available after the work (change of the energy’s form) is accomplished. 
However, usually by “dissipated” energy we mean energy that has 
permanently left the system (or a component in the system) and cannot be 
recovered and used by the system. The original input energy is not work, 
because it did not undergo any change of form prior to interaction with the 
system to change its form. So one does not do "work" as input, which is a 
non sequitur. Any work accomplished in the input section of a system is 
due to inefficiencies of the system,'"* "" usually allowing extra change in 
form of some of the energy in non-useful processes called input losses”. 
As we stated, it is quite possible for a single joule of original input energy 
to perform many joules of work. During the subsequent billions of years 
following the formation of the observable universe and the energy in it, 
every joule ofthe primordial energy is still here. And every joule of it has 
been steadily performing joule after joule of work since then. Further, it 
has continually been recycled between 3-space and the time domain and 
back, and is continually being so recycled today. 


Suppose input energy to a system has been dissipated (changed its form) 
once, doing work (single change of form ofenergy) in the system. Ifthe 
dissipated energy in a different form is then recovered or partially 
recovered — without escaping the system — to change its form yet again 
in the system and produce additional useful work, that system is 


"Almost always due to a negative feedback mechanism such as Newton’s third las, 
self-egauging symmetry, the elosed current loop circuit, inertia as due to a self 
regauging 4-symmetry, ete 


*R.g., a transformer would be an overunity system, because the current in its 
primary is separate from the current in its secondary, if these two currents were 
completely decoupled and independent. In that ease, the twansformer would simply 
propagate and "couple" or pass energy emited from primary to the ree 

secondary, without back-coupling. However. the elosed curtent loop in the 
secondary. routing all spent electrons in the secondary back through the back 
the secondary coil, produces a back-feld coupling interaction with the primary, and 
this "back mmf/back emf" coupling requites energy dissipation in the primary 
seetion to overcome. In short, the transformer is designed so thatthe secondary 
Tights the primary to a draw and the designer loses. With some losses and 
inefficiencies in the device, that makes the transformer a COP1.O device (unless 
five external energy is received in the input). The interested reader n 

several hints and suggestions in this book, passim, of things that overunity 
researchers have tied in their search to break up the back-coupling ofa transformer. 
Thesimplest way, of course, would be to place a true negative resistor shunt across 
the secondary, so that patt ofthe secondary current does not return back through the 
primary 
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considered to be an open system far from single-dissipation equilibrium. 
with its external environment." In that case, instead ofthe first 
dissipation simply returning” the energy to the external environment, the 
energy is recovered by another change in form (which may simply be a 
change in direction in the internal environment). The thermodynamics of 
an open system far from equilibrium with its active environment applies, 
whether that “environment” is intemal or external to the system. It is 
“extemal” to the subcomponent of the system forcing the "local change of 
form" of the energy. 


4.2.3 Gedanken Experiment: Multicollection by Regenerative 
Feedback 

Afier a COP> 1.0 collecting process with subsequent proper discharge of 
the energy, more work output as "dissipation of the collected-energy” 
exists than the energy being input by the operator or experimenter. By 
regenerative, clamped, carefully controlled positive feedback of a portion 
of the output positive energy!” to the system input, the system can be 
converted to a self-powered (self-asymmetrically-regauging) system that 
powers both itself and its loads. However, see Chapter 9 for special 
considerations of the Dirac sea hole current and excess negative energy 
that arises for COP» 1.0 EM systems. Positive clamped feedback will fail 
dramatically for any COP» 1.0 EM system, and for many COP>1.0 
systems it will also fail unless conversion of negative energy — arriving at 
the input section — to positive energy is accomplished. 


To ease visualization of the energy multicollection process, consider a 
gedanken experiment iteratively retroreflecting a steady small EM energy 
input. Particularly see Figure 4-2. 


"The vacuum environment is also “internally” penetrating throughout any 

to the finest level! So the notion of separated “external” and 
nents requires strong qualification in any system engaged in 
iterative, work-amplifying interaction with its local vacuum, 


"© The output may contain appreciable negative energy as well as positive energy 
however. In that case, in the feedback loop the negative energy must be transduced 
into positive energy by regauging, else it will appear in the input section of the 
system as an extra system load there in the inpot itself. It will "eat" incoming 
electrons from the external power supply. s0 that the external power supply has to 
power this “extra load” in the input section as well as powering the normal system 
Toad presented, This reduces the system COP to COPS1.O 
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‘As shown, a heater-emitter is placed inside a closed hollow sphere, 
through a tiny hole for the two wires connecting the heater wire into the 
external power supply (the external power supply is not shown). The 
heater emitter is 100% efficient; any joule of energy absorbed by it is re- 
radiated by it. One joule of energy (one watt of steady "input power" — 
conventional electrical engineering terminology where rate of work and 
rate of energy flow are confused!) is furnished from the power supply to 
the heater element inside the sphere. The inside ofthe sphere is coated 
with a substance that acts as a phase conjugate mirror (PCM) reflector 
with, say, 0.5 reflection coefficient. In other words, when scattered 
photons are emitted fiom the wire in all directions, they strike the inner 
surface of the sphere. Half are retroreflected precisely back to the spot on 
the resistor from whence they came, where they are absorbed and "re~ 
collected" to further heat the resistor, causing emission of additional 
photons from it. ‘The other half of the absorbed photons on the inner 
surface of the sphere diffuse through the cylinder walls as heat, and escape 
as heat radiation from the sphere to the outside world. 


If that sphere's operation could be maintained intact and stable, without 
change ofthe physical characteristics and mechanism, then the buildup of 
energy in the heater wire inside the cavity — and the buildup of the energy 
icing emitted from the outside of the sphere — would be ever increasing. 
It would increase without bounds as time passed. Wait a short time, and 
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the sphere would be outputting 10 watts of power while one would still be 
inputting one watt. Later, the sphere would be outputting 1,000 watts of 
power, while one would still be inputting one watt. And so on. Indeed, the 
rise in energy density ofthe output would be asymptotic, and would 
increase toward infinity. The only limitation as to the energy output for a 
steady 1 joule per second input, would be the limit at which the 
mechanism goes unstable and changes occur to dampen and curtail the 
process. 


Before the reader objects on conservation of energy grounds, one should 
realize that this rise in the energy density inside the sphere is an example 
of iterative regauging. The principle of gauge freedom — one of the 
axioms of quantum field theory and well established — assures us that the 
potential energy ofa system can be changed at will, and freely.'” What 
the gauge freedom principle does not state is a mechanism for providing 
the additional potential energy and a sourcefor it — nor do the quantum 
field theorists and electrodynamicists. Without such a source and 
mechanism specified, the conventional gauge freedom principle assumes 
{otal violation of the conservation of energy law. 


" Conventional scientists are almost always very careful to regauge symmetrically, 
so that the two excess force fields that result are equal and opposite, and sum to a net 
zero resultant field. That "zero-summed system" comprises a stress potential a 
priori. So such symmetrical regauging alters the stress in the system and alters its 
potential energy, but only in the form of additional stress energy. There is no ner 
force and "force field energy" that can be used to dissipate that additional free stress 
energy in an external load, thereby doing free work. This regauging is a purely 
arbitrary practice by the electrodynamicists. We are fur more interested in 
“asymmetrical regauging”, where only one potential is freely changed or the two are 
changed unequally, resulting in a net nonzero force field that can then be dissipated 
in an external load to perform free work. Only by asymmetrically regauging an 
otherwise inert system can usuble field energy be added and any work then be done 
by it anyway. In conventional systems, we do the "asymmetrical regauging” by 
adding the voltage (potential difference). As current flows with dissipation of energy 
from the circuit in the loads and losses, the system is able to develop "power" and 
thus do work in the external load. Unfortunately, the electrodynamicists are still 
‘obsessed with symmetry. so they ubiquitously employ in al electrical power systems 
the closed current loop circuit, This guarantees that the circuit will kill its source 
dipole (the source ofthe potential and potential energy generated from the virtual 
flux ofthe vacuum by the broken symmetry ofthe opposite charges of the dipole) 
faster than it powers its load. That Way, lovely symmetry is maintained, beautiful 
free energy and negentropy are avoided and tossed away, and ugly pollution and 
destruction of the biosphere continues worldwide 10 fulfill the ever-increasing and 
insatiable thirst for electsieal power. 
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In our supersystem view, the gauge freedom mechanism providing the 
energy is straightforward: the excess energy is freely supplied from 
disequilibrium in the active vacuum interaction with the system and in the 
disequilibrium represented by the local curved spacetime. Since a change 
in system potential energy is also a free change in spacetime curvature, 
then it follows that simply changing the potential energy of the local 
vacuum (the vacuum is also an electromagnetic system!) and of the local 
curvatures of spacetime is also "for free”, or it can be. One does not have 
to perform work oneself upon spacetime to curve it! The mere presence of 
a spatial energy change — including a free potential energy change 
allowed by gauge freedom — is sufficient to freely curve spacetime also. 
That is a real energy change, because any curvature of spacetime acts back 
upon mass. Higher group symmetry electrodynamics does indeed include 
‘vacuum energy and energy current {2592-259c}, and it is possible to 
extract useful EM energy fiom the vacuum. 


But back to our sphere, where the intemal potential energy of the sphere is 
rising asymptotically without bound. 


In the real world, of course, the reflection coefficients and the materials 
characteristics will change as the energy density changes, the sphere will 
heat, etc., and these changes will start damping the perfection of the 
rettoreflection process to limit it to some finite plateau value which may be 
a COP>10 or COP» 1.0 condition. Or, the materials will melt or soften so 
that the sphere ruptures and explodes, sharply quenching the process 
entirely and emitting a violent burst of energy to signal the disruption of 
the localization of the process. 


Nonetheless, a successful real bench experiment similar to this should be 
possible with some tinkering, and it should readily yield COP>1.0, after 
‘one waits for build-up and stabilization at some level. We would hope that 
a sharp young graduate student may eventually prepare a doctoral thesis on 
this experiment or a variant. The principle is demonstrable. 


Similar buildups by regenerative feedback and multiple collections by the 
collectors do appear to occur in nature, up to and including such 
phenomena as gamma ray bursts, x-ray bursts, etc. These occur in some 
systems such as exploding gases (and in some cases, even in the upper 
atmosphere ofthe Earth). In such a system, the "physical particles in 
suspension in space” do move and continually disrupt the geometry for the 
increasing buildup, resulting in decay of the process after a time delay. 


However, there is a finite time during which the movement ofthe particles 
is still insufficient to appreciably break the geometry and cause 
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» Recapping a century of innovation in 
wireless communications 


» Addressing speed, scale, and 
responsiveness with 5G networks 


» Unlocking the five key fundamentals 
of SG 


Chapter 1 
Understanding the 
Journey to a 5G Future 


n this chapter, you take a glimpse back at the evolution of wire- 
less communications and a look ahead to the 5G future. 


Tracing the Evolution of Wireless 
Communications 


For more than a century, radio technology has been enabling 
wireless communications over ever greater distances and with 
ever greater capabilities. 


In the late nineteenth century, Guglielmo Marconi built the first 
wireless telegraphy system, capable of transmitting Morse code 
via radio signals up to one-half mile, Today, more than seven 
billion mobile devices enable us to communicate with anyone, 
anywhere in the world. 


‘The first truly mobile two-way radio was developed in 1923 and 
used in Australian police cars — although it took up the entire 
back seat of a patrol car. Hand-held radios — “walkie-talkies” — 
were first used in World War IL 


CHAPTER 1 Un 


quenching.” During this “nearly linear stage", the build-up applies and 
the energy density very rapidly increases. Build-up occurs and continues 
while the relaxation time ofthe initial countering symmetry-restoring 
mechanism for the old or former state or condition (the initial reaction) is 
occurring. A well-known conventional example is the Lenz law reaction. 
‘Then as the geometry changes significantly, a rapid damping of the energy 
density increase occurs, quenching the asymptotic rise and "discharging" 
or “decaying” back to a less-than maximum condition. However, the decay 
position or state (in the quenched condition) will be different from the 
initial condition before asymptotic rise (regauging) set in. The system 
usually will have itself absorbed and collected additional potential energy, 
and so it will be "hotter" or more energetic. This is often called the 
"afterglow". In the simple case, parts of the system will be in greater 
‘motion (more energetic), 


An intermediate plateau can appear as quenching occurs and it can 
stabilize. However, ifno stable plateau is reached during the damping, 
then further rapid quenching and a rapid reduction of the increased energy 
density occurs as the geometry changes become decisive and break the 
asymmetric self-regauging. Thus the "damping" of the process may yield 
a plateau of steady COP» 1.0 operation, or it may simply go immediately 
into full catastrophic quenching and decline back to some lesser level of 
COP>1.0 operation, but still more energetic than the beginning condition. 
‘The latter case produces a sort of “afterglow” - - observed in the gamma 
ray bursters, e.g. — of increased energy density from the beginning of the 
quenched phenomenon. Indeed, in that new system of more energetic gases, 
or patticles, once the new state is stable, continuing regenerative feedback 
versus the new geometry can then reinitiate or "re-ignite” another "burster" 
followed by subsequent quenching. And so on. 


We submit that the gamma ray bursters fit this schema and are consistent 
with it. So do the phenomena observed in intensely scattering photoactive 
‘media on the nonlinear optical laboratory bench. We hypothesize that the 
gamma ray burster and similar violent burst emission phenomena are 
generated by this mechanism or a similar version of it 


© Regardless of what we call itor what it has been conventionally named, 
impulsive, explosive process involves at least momentary broken symmetry 
resulting in instant and countering broken symmetry. Then a relaxation time passes, 
and the countering broken symmetry is dissipated by change of the system to a new 
potential energy slate, the new dynamics sate, ete 
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Figure 4-3 diagrammatically shows a proposed range of such " 
energy” emissions due to this regenerative positive feedback and multiple 
collection mechanism. As can be seen, this may place our view of very 
powerful astrophysical emission phenomena in a completely different 
light, arranged energetically by the length of the initial "nearly linear” 
phase of exponential increase. There is a scale of stability levels up to just 
before the Big Bang itself (260). A so-called Big Bang, of course, would 
result when the "containment" ability of 4-space itself is breached, 
resulting in a rupture of 4-space and a consequent violent blow-out into n- 
space (Where n>4), with a very rapid "false vacuum" created outside the 
blow-out region and pumping itselfup by asymmetrical self-regauging in a 
new" 4-space. When a new stability level is reached outside the blowout 
hole fiom the spawning 4-space, it represents an outside "new" 4-space 
and a new, infant 4-spatial expanding 4-universe, freshly bor. 
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So fiom inside the spawning universe, the burster phenomenon would be 
so great as to "burst" 4-space, producing a sort of "super black hole” as 
seen by the spawning universe. We hypothesize that the asymmetrical self- 
regauging mechanism produces a great burst of EM energy in its universe 
if.a stability plateau is reached that is below the threshold of 4-space 
rupturing. Ifsuch a stability plateau is not reached, the asymptotic rise in 
local spatial energy density increases until the primary 4-space ruptures to 
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produce a "blowout" seen from the old universe as a sort of black hole. 
‘There is a sort of "white hole” in the new universe being spawned on the 
other side of the blowout. This white hole and its associated phenomena 
produce the birth of another 4-universe outside the original spawning 4- 
universe. At least we propose that as a hypothesis, 


‘We propose that this could be a legitimate process for the birth of multiple 
4-space universes in the infinite-dimensional cosmos.'"” It has an added 
advantage of accommodating the vexing question of "What existed before 
the beginning of time (in this universe)??? The answer then would be, 
"The existence oftime in another universe that birthed this one. " We 
emphasize our interpretation of time as just a special form of EM energy, 
and not at all a "mysterious river down which we float helplessly as if in a 
drifting boat in the river's current. 


4.3 Iterative Retroreflection and Collection in a Circuit 


The normal circuit attached to a generator or other external power supply 
is the “external” portion ofthe overall closed current loop circuit passing 
back through, and including, the source dipole in the power supply. In a 
DC extemal circuit, we may consider that the energy flow pours forth 
steadily from the terminals ofthe generator (from the dipolarity between 
them) into space surrounding the extemal circuit. Since the external 
conductors act as a sort of guide, this transmitted extemal energy flow is 
‘generally parallel to the external conductors 


‘The external circuit further acts as a receiver. The surface charges and 
their fields intercept and interact with some of the transmitted energy 
flowing parallel to the conductors and outside them. This interaction 
diverts a component of that passing energy flow into the conductors, 
powering the Drude electrons. This powers the external circuit. The 
nondiverted component of the passing energy flow — usually much larger 
—escapes on out into space beyond the external circuit. According to 
Heaviside’s energy flow theory {261}, this escaping nondiverged energy 
flow may be interpreted to exist in closed circulations.""" Laithwaite 


9 Afterall, a "dimension" ultimately is just a fu 
model or, 


lamental variable in a physies 
mathematical modeling. We may 


‘number of variables, including both overt variables and hidden variables, ete. 


"" We point out the interesting possibility of re-interpreting this "closed circulation 
Heaviside component as the giant negentropic circulation of EM energy from the 
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ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES, 


{172b} has specifically commented upon the potential importance of this 
aspect of Heaviside's theory. 


As we shall later address, Heaviside worked out but never published a 
draft theory of gravitational effects from this extra escaping energy flow 
{262}. Interestingly, since Lorentz’s integration of the energy flow vector 
around a closed surface surrounding any volume element of interest, the 
discarding of this "excess nondiverged energy flow" has been ignored by 
electrodynamicists, and it has been ignored by gravitational theorists. 


Consider a theoretically "perfect generator, loss free. Consider the 
presence of the Heaviside nondiverged component emerging from the 
‘generator terminals — and filling all space around the external circuit. 
‘That is the part of the energy outside the circuit that is not caught and 
processed by the circuit, but is just wasted. By definition, in this "perfect" 
situation the magnitude of the Poynting or "caught" component of energy 
flow will precisely equal the magnitude ofthe mechanical energy input 
flow (rate) to the generator." 


But the presence of the additional huge Heaviside component rigorously 
means that far more energy pours from the terminals of every battery and 
generator than the amount of mechanical energy the operator inputs as 
shaft horsepower. This easily demonstrated fact —e.g., proven by the 
Bohren experiment (24) — continues to meet with a resounding silence 
from electrodynamicists and physicists, and particularly fiom those 
dogmatic skeptics so keen on defending the classical thermodynamics of 
closed or equilibrium systems as if they also applied to open systems far 
from equilibrium in their exchange with their active environment. We 
refer particularly to the dogmatists so supremely confident that COP> 1.0 
EM6systems are prohibited by the laws ofthermodynamics. These stalwart 
fellows would thus exclude every charge (and its associated fields and 
potentials) in the universe, were they logical and speaking scientifically. 
So they strangle at the gnat of COP = 4, and swallow COP = 00 while 
proclaiming that COP>1.0 EM systems cannot exist. 


‘The dogmatists have achieved a major nefarious goal, however. ‘They 
have silenced most inquiry into such matters by electrical engineering 


time-domain to the negative charge, to 3-space, to the positive charge, and back to 
the lime-domain, To our knowledge, that has not been examined. 


rely a statement ofthe Lorentz symmetry condition selfenforced by 
the closed current loop circuit itself. 


195 


professors, young graduate students, and young postdoctoral scientists. 
‘They have glorified classical equilibrium thermodynamics into a religion 
rather than the partial and imperfect model it really is. They are directly 
responsible for the continuing rape and pillaging of the planet's resources, 
pollution of the biosphere, global warming, and the increasing death of 
species. They are indirectly responsible for the deaths of more human 
beings than Hitler, Mao, and Stalin combined. Most of the blame for 
environmental pollution problems concemed with power and electricity is 
squarely at their feet. Sadly, the environmentalists seeking to save this 
planet and biosphere have not yet recognized the true nature of the 
scientific Taliban that has generated the environmental problem. In 
tolerating its own scientific "terrorism', the scientific community seriously 
aborts much of the scientific method. 


REFLECTORS FOR 
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See Figure 4-4. The neglected large nondiverged energy flow component 
need not be wasted. As an example, part of it can be captured and used, by 
applying near-field antenna techniques and such methods as Bohren’s 
resonance increase of the intercepting charge’s reaction cross section.!* It 
is possible to intercept part of that excess energy that is there and 
available. E.g., even after it passes on by the immediate circuit, the 
Heaviside energy flow component can be intercepted beyond the circuit 


™ Or other methods we eannot yet divulge because of pat 
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and retroreflected back across the same circuit again. In this way — at 
least in theory — extra Poynting energy can be collected and recollected 
by the same external circuit for a single given input energy. 


In essence, such an “iterative, multi-collecting circuit" is now fed with 
transmitted energy from multiple (iterative) paths simultaneously. This is 
physically doable," but itis not a simple procedure, and antenna theory 
and especially near-field antenna theory must be utilized as well as focused 
retroreflection techniques. To ditectly model it, higher group symmetry 
electrodynamics (such as quaternion EM, O(3) EM, etc.) must be used. 
Precisely such phenomena are met in modem experiments in intensely 
scattering optical materials (2632-263b, 264a-264b} and in Bohren-type 
experiments where more energy is collected than the operator has input via 
standard calculations (257, 258}. 


4.4 Tesla's Iterative Retroreflection Work 

44.1 Tesla's Single Wire Circuit 

See Figure 4-5, which diagrammatically shows one of Tesla's 
developments, which used a retroreflective single wire circuit between two 
large separated capacitances. This was the basic approach used in his 
‘magnifying transmitter and in several other circuits. Here the dipolarity 
exists between two accumulators, one at each end of a long conductive 
path with a load in the middle. AC operation is used, by setting up 
oscillation end-to-end along the "single wire” circuit, from accumulator to 
accumulator. Even so, no overunity operation will be experienced unless 
passive retroreflection of the normally wasted Heaviside component of 
each energy flow “passage” occurs back from each receiving end, so to 
speak {265}. That is possible if specialized dielectric material and 
construction is used in the end capacitors, 


ME g., some of Tesla’s actual patented circuits do it, but that part of their 
functioning is not described by any vector or tensor analysis. However, a higher 
group symmetry electrodynamics analysis of the circuits will indeed show the effect 
clearly as a “shuttling” of potential (regauging) around the circuit at will. E.g., see T. 
W. Barret, (124, 286a, 2866). 
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Further, it may usually be necessary to place the individual charges 
comprising the "current surging to and fro” into particle resonance at either 
the frequency being transmitted or some subharmonic of it. This schema is 
doable, but it is difficult and most everything affects it, including even the 

impurities in the conductors. 


44.2 Strain to Stress Potential Energy Transduction 
See Figure 4-6. This is a diagrammatic representation ofa fundamental 
"strain-to-stress” transduction mechanism we believe was involved in 
Tesla’s "single wire circuit" (ie., his iterative retroreflecting circuit) 


At each end ofthe circuit, the electrons are “trapped” in the open outside 
end. Hence when EM energy rushes to the capacitor on one end ofthe 
circuit, the forward emf'tries to strain the dielectric from the inner plate 
toward the outer plate. However, the trapped electrons in the outer open 
wire cannot move, so they produce an equal back-emf and back force 
trying to strain the dielectric from the outer plate to the inner plate. The 
result is that the translational field "strain" energy (dipolar charging) 
transduced into stress potential (monopolar charging) energy. Electrons try 
to strain the dielectric from the inner plate toward the outside with a 
"forward emf so as to charge the capacitor normally, while the trapped 
external electrons simply push back the other way, exerting a back emf 
force that is equal and opposite to the straining force from the forward emf 
and simultaneously tries to "charge" the capacitor in the opposite direction, 
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Here is the importance ofthe "vector zero resultant” stress (monopolat) 
charging that occurs: The input EM strain field energy familiar in dipolar 
charging of a capacitor is converted to a dielectric stress (monopolar) 
potential for monopolar charging. This changes translational field energy 
(extemal energy) into stress potential energy (internal energy), adding an 
equal amount of back-emf translational field energy in so doing. In short, 
the charging captures an equal amount of charging energy from its extemal 
environment — in this case, from the back emf ofthe trapped external 
electrons in the outside open wire. This is one way to capture and use the 
back emf energy normally reducing the energy available. 


We point out that this is charging the capacitor by Lorentz's symmetrical 
regauging, and it represents a rotation of the frame of the capacitor itself 
out ofthe laboratory frame. As is well known, the trapped energy of a 
capacitor in a rotated frame is not the same as the energy of the same 
capacitor in the nonrotated lab frame. 


The single-wire system destroys the symmetry-enforcing function ofa 
closed-curtent-loop circuit conventionally used. In short, it does not return 
the "spent electrons” from the ground return line back through the source 
dipole of the outside power source, so it does not use halfthe collected 
energy in the circuit to destroy the source dipole and its extraction of EM 
energy fiom the vacuum (to destroy its broken symmetry). Because it 
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retains the broken symmetry, Tesla’s single wire system is an open system 
far from thermodynamic equilibrium with its active vacuum environment. 
It is thus permitted to exhibit those five magic functions of such open 
dissipative systems: (1) self-ordering, (2) self oscillation or self-rotation, 
3) outputting more energy than the operator inputs, (4) self-powering of 
itselfand its load, and (5) exhibiting negentropy. 


4.43 Potential Energy Shuttling in a Circuit 
‘The net result is to "shuttle" the (stress) potential energy back and forth in 
the circuit, between the ends. See Figure 4-7. When this stress potential 
energy shuttling is done at the natural (or tuned) resonant frequency of that 
single wire circuit as an oscillator, the monopolar charge transfer is 
optimized and amplified by the resonance effect, with an increase in the 
energy being shuttled. It is this type of Tesla single wire circuit that can in 
theory exhibit COP> 1.0. 


Tesla's single wire system also forces the change of energy between 
internal energy and external energy. A deeper analysis will also involve 
Dirac sea hole current effects as well as lifting of electrons from the Dirac 
Sea and combination of unobservable Dirac sea holes and electrons 
without radiation. However, we leave that for the advanced theorists. A 
taste of itis included in Chapter 9. 
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But is there any evidence for this "shuttling" of the monopolar potential in 
Tesla’s citcuits? Yes, there is, and indeed some of Tesla’s patented circuits 


200 


do exhibit such energy shuttling in them, as rigorously shown by Barrett 
{124, 286a, 2866} 


44.4 Other Considerations 
For COP» 1.0 systems and some COP>1.00 systems, the concepts of 
Chapter 9 must also be applied, since the system outputs not only positive 
energy but also negative energy. The negative energy — in the form of 
Dirac sea hole current — then sweeps back through the system from its 
‘output section to its input section. At various places, these "vacuum holes” 
eat electrons (as on atoms, causing ionization).'"* In short, the Dirac sea 
holes are converted to more normal lattice holes, and thus can be dealt 
with in the same fashion as semiconductor designers handle lattice hole 
problems inside their semiconductor designs. Positron (hole) effects are 
well known in materials science, and are increasingly being used in actual 
systems such as the antimatter (positron beam) microscope {266a-266b) 


‘We accent that a simple LC oscillating circuit does not produce COP>1.0 
of itself. If, however, the charges in the currents surging to and fro are in 
particle resonance at the "feed frequency", then they will "sweep out” a 
‘greater geometrical cross sectional area to intercept additional Heaviside 
energy flow existing outside the normal "static charge" Poynting energy 
flow. This is similar to the "intercepting resonant particles " process 
utilized by Bohren {257}, and it allows output of more EM energy than the 
‘operator inputs in the calculated Poynting component of his own input 
energy flow. It does not output more EM energy than the operator inputs 
in the sum of his Poynting input component and his Heaviside input 
component, 


‘The real energy conservation law is that the input energy from all sources 
‘and of all types must equal the output energy of all types, where by 


"The union ofa Dirac hole (4-space negative energy electron before observation) 
and a positive energy electron before observation, can occur without radiation, The 
‘wo curvatures of spacetime involved are equal and opposite, so they just get 
replaced by a flat spacetime, which involves a filled Dirae sea (all the holes filled 
with electrons). In short, the energy can go into changing the stationary local double 
securvature of local spacetime, by a sort of "superposition of two spacetime 
curvatures’, to give a net flat spacetime, rather than dynamically radiating EM 
energy away at the speed of ight. However, ifeither of the two interacting particles 
hhas been observed, this is not the case and standard pair annihilation will be 
‘observed. The point is that particles in their unobserved mu state rather than their 
observed mm state, can interact without observation, similar to the way that wave-to- 
wave interaction occurs in nonlinear optics 
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1n 1973, the first call on a hand-held cellular phone was made — 
the cellular phone was described as a “brick” weighing nearly 
two pounds, with just 30 minutes of talk time and a ten-hour 
battery recharge time. Ten years later, Motorola introduced the 
DynaTAC phone, weighing just one pound and costing $3,500. 


‘To support modern wireless communications, cellular networks 
have evolved over several generations, as follows: 


>> 1G (analog cellular): The first analog cellular service was 
launched in japan in 1979. In 1983, the Advanced Mobile 
Phone Service (AMPS) was launched in North America, 
Analog cellular signals permitted only voice traffic and were 
not encrypted, so they could be easily intercepted. 


1G service consumed lots of spectrum and used the 
frequency division multiple access (FDMA) channel access 
method. FDMA allocates one or more frequency bands (or 
channels) to a user for communication 


>> 2G (digital cellular): The second generation of cellular 
technology was launched in 1991 with the commercial 
release of the Global Standard for Mobile Communications 
(GSM) in Finland. Major innovations in 2G networks included: 


I: Digital signals generally have less static and 
background noise, and they use available spectrum more 
efficiently than do analog signals. 


© Encryption: 2G digital calls can be encrypted to make 
eavesdropping and intercept more difficult. 


© Data: Short message service (SMS) text messages were 
first introduced in 2G networks — O-M-2G! 


2G technologies use either time division muttiple access 
(TDMA) or cade division multiple access (CDMA) channel 
access methods. TDMA divides a signal into different time 
slots, enabling multiple callers to share the same frequency 
channel. CDMA assigns a code to each caller and uses 
spread-spectrum technology to create a signal with a wider 
bandwidth, 


In 2000, the European Telecommunications Standards 
Institute (ETS) created the General Packet Radio Service 
(GPRS), which implemented packet-switched domains, in 
addition to existing circuit-switched domains. GPRS was 
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“output” we mean output as useful energy and output as loss or non-useful 
energy. 


So conservation of energy flow is not violated, because one also inputs an 
additional Heaviside nondiverged component, unknown to Bohren. Ci 
the 1880s or early 1890s, Lorentz. arbitrarily discarded it from 
accountability. One does not have to "pay" for that nondiverged and 
unaccounted input energy flow component. Except in continually applying 
Lorentz’s integration trick to discard it, the nondiverged Heaviside 
component has been almost totally neglected in the textbooks since 
Lorentz arbitrarily discarded it back there circa the late 1880s. However, it 
is roughly dealt with in near field antenna theory, sometimes under the 
topic of "Poynting energy bunching”. In the near field, e.g., there also may 
be a substantial longitudinal E-field component. One region may be 
oscillating back and forth along the flow direction, while the region in 
quadrature may be flowing in only one direction. 


By causing the intercepting charges themselves to resonate and sweep out 
a greater reaction cross section in an energy flow, the normal definitions of 
"field intensity” and "potential intensity” are no longer true, because their 
reaction intensity to a unit point static charge has been used as their stated 
"magnitude". The conventional definition is only for an indication of the 
intensity ofthe energy flows comprising the field and potential. With the 
Unit point resonant intercepting charge rather than the assumed static 
charge, the reaction cross section for the same charge increases, and so the 
"apparent magnitude of the (intercepted) field intensity" also increases 
beyond what is in the textbook. So far as I am aware, there is no previous 
precise term associated with this phenomenon, except to lump it in the 
euphemism of "negative absorption of the medium" or "negative resonance 
absorption of the medium” in certain materials (267). It is more nearly a 
Poynting energy amplification process, since the “intercepted” or Poynting 
component of the energy flow is increased. Thus it can be a mechanism for 
COP>1.0, ifthe closed current loop circuit's use of halfthe collected 
energy in the circuit to kill the source dipole is also defeated. 


Nonetheless, energy bunching or Poynting component amplification by 
altering the reaction cross section function of the intercepting particle is a 
legitimate way to provide excess "free" energy input for COP>1.0 EM 
power systems. 
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4.5 Perspective on Tesla vs. Marconi 


Tesla was neither deluded nor mistaken, though some electrodynamicists 
have mistakenly considered him in that light. On the other hand, Jackson 
— one of the leading electrodynamicists of our time — pays Tesla a 
significant compliment as follows {268}. 


"In US. patent no. 787,412 (April 18, 1905), reprinted in Nikola 
Tesla, Lectures and Patents andArticles. Nikola Tesla Museum, 
Beograd, Yugoslavia (1956), this remarkable genius clearly 
outlines the idea ofthe earth as a resonating circuit (he did not 
know ofthe ionosphere), estimates the lowest resonantfrequency 
as 6 Hz (close to the 6.6 Hzfor aperfectly conducting sphere), 
and describes generation and detection ofthese low-frequency 
waves. Ithank V. L. Fitchfor thisfascinating piece ofhistory. " 


We also point out that many present science texts err by continuing to 
credit Marconi with the discovery of radio, although he certainly did much 
to pioneer it and received a Nobel Prize in 1909. Hertz must be given 
‘credit for the first deliberate signal transmission per se, during the petiod 
1886-1888. As his transmitting antenna, Hertz used an end-loaded dipole 
with a gap, and as his receiver he used a resonant square loop antenna with 
a gap {269}. Sparks produced at the gap in his transmission antenna 
resulted in sparks appearing at the gap in his receiving antenna. 


Marconi became obsessed with Hertz’s results nearly a decade later, and in 
mid-December 1901 Marconi announced the reception of signals at St 
John's, Newfound that were transmitted across the Atlantic from Comwall, 
England, He later recorded radio signals transmitted around the Earth, and 
began regular trans-Atlantic message service in 1903, 


Marconi's patent {270}, however, was eventually overturned by U.S. 
Supreme Court decision (271), because Tesla’s patents (and 
demonstrations) substantially preceded it. Tesla also demonstrated radio 
transmission before Marconi, and Marconi actually used a modified Tesla 
circuit in his famed transmission in 1901. Nonetheless, this is not to detract 
from Marconi’s accomplishments; he definitely put "wireless 
communications” on the map. It is simply to give discoverer ofradio 
credit where credit is due. 


‘Tesla was also closer to the truth of the form of an EM wave in space than 
are modem electrical engineering and most electrodynamics texts. In the 
present book we have stated that what exists in 3-space as the so-called 
“transverse EM wave” are actually longitudinal EM waves and functions 
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ofthem, with the energy entering each 3-space point from the 
accompanying time-polarized (conjugate) EM wave at that point (i., from 
the time domain) and emerging in 3-space in the form of a longitudinal 
EM wave, in 1:1 correspondence.'"® This is followed by a return of the 
energy from 3-space back to the time domain. This “circulation” from the 
time domain to 3-space and back to the time domain occurs at every point 
dipole in 3-space. Only the presence and combination of both the time- 
polarized photon and the longitudinal photon at each point in an EM wave 
makes the wave "observable", when we translate into wave phenomena the 
photon phenomena pointed out by Mandl and Shaw (19). What spreads as 
EM energy flow in space (from a source charge) is the local polarization of 
the vacuum, associated with this giant negentropy circulation from time to 
the negative charge, to the positive charge, and back to time. 


‘The notion of the transverse EM wave flowing through space is an artifact 
ofthe ubiquitous substitution ofthe effectfor the cause in Maxwellian 
electrodynamics. E.g., a completely erroneous "definition" of the causal 
field (as it exists in space prior to interaction with charged mass) is given 
as the effect ofits interaction with a ubiquitously assumed unit point 
charge at every point in space where the field is present. This in fact 
substitutes the effect (existing after the interaction) for the cause existing 
prior to the interaction, That of course is a gross non sequitur. 


We give a concrete example from the first edition of a standard dictionary 
of physics and mathematics {272} 


"electricfield... 1. one ofthe fundamentalfields in nature, 
causing a charged body to be attracted to or repelled by other 
charged bodies; associated with an electromagnetic wave or a 
changing magnetic field. 2. Specifically, the electric force per 
unit test charge.” 


"Later we shall deal a little further with how EM energy iteratively recurs 
statically in 3-space and propagates dynamically and continuously in 4-space, in 
‘more detail The solution to the long-vexing particle-wave duality isthe process of 
observation. Before observation, an entity is dynamic and continuous in spacetime, 
not 3-space. After observation (by emission of a photon), itis a momentary frozen 
3-snapshot (particle) at a single instant oftime. At the next immediate instant, a 


photon is absorbed, reconverting the "static snapshot” into a dynamic 4-entity agai 
Since observation (photon emission) and de-observation (photon absorption) iterates 
at extremely high rate, the entity and each tiniest part of it oscillate back and forth 


between being a frozen 3-entity (particle) and a dynamic 4-entity (wave), 
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In the first definition, the field is given as the "cause" of the interaction 
that exists between like and unlike charges. In the second definition, the 
field is given as the effect — of the interaction with a test charge — of 
something undefined as the cause. 


An entirely different "definition" is given by Gray and Isaacs (273) 


"electric field .. The space surrounding an electric charge 
within which itis capable ofexerting a perceptible force on 
another electric charge.” 


Here it is defined as simply the space around an electric charge, and not 
really the cause or effect of anything, unless that local spacetime has been 
curved (which it has). 


Not to belabor the point, this sort of thing led Feynman to “define” the EM 
field in this fashion (274) 


"the existence ofthe positive charge, in some sense, distorts, 


orereatesa "condition" in space, so that when we put the 
negative charge in, itfeels aforce. This potentiality for 


producing aforce is called an electricfield. " 


So Feynman made the electric field a condition in space surrounding a 
charge, where the condition can produce (has a potentiality for producing) 
a force on another charge. He also was aware that force is an effect of the 
reaction of the causal field with charged mass, in the following statement 
{275}: 


"in dealing withforce the tacit assumption is always made that 


the force is equal to zero unless some physical body is present. 
One ofthe most important characteristics offorce is that it has a 
‘material origin...” 


In Maxwell's theory, the electron, atom, and nucleus had not yet been 
discovered, and electricity was considered a thin material fluid, flowing in 
a wire (hence the name "currents") much like water through a pipe. The 
surrounding space was considered filled with a thin material fluid called 
the luminiferous ether. A very rough notion existed that the "shaking" of 
the ether disturbance coming in to an antenna would disturb or perturb the 
electric fluid in the wire directly. Hence, if one "measured" a transverse 
oscillation ofthe electric fluid in the wire due to this "detection", it 
conclusively "proved" that the incoming ether-perturbations were also 
transverse. On that notion — together with Faraday’s notion that "field 
lines" were taut physical strings, so that "field perturbations” were naught 
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but plucked oscillations of these taut strings — the entire notion of the 
transverse EM force field wave in space was created 


It really is not that way, as is easily shown with modern re-examination of 
‘what happens in the receiving wire, considering the Drude electron gas 
{276} and electron drift velocity. Today we know that the electrons move 
Jongitudinally down the wire only with a small drift velocity (usually a few 
inches per hour), while the signal (field) races longitudinally down the 
wire at essentially light speed or nearly so. 


The electrons are longitudinally constrained in the wire because of the vast 
number of electrons ahead of them that tend to repel their longitudinal 
movement. The electrons are far less constrained laterally in the wire. 
However, each electron is also spinning, and its 3-space performance may 
be compared to a spinning gyro, whose spin axes are now longitudinal 
restrained. Accordingly, the electrons readily precess laterally in the 
wire!” when perturbed Jongitudinally by the incoming longitudinal 
3-space components ofthe "wave in vacuum” — by gyroscope precession 
theory. The electrons at the surface layer of the wire are somewhat less 
constrained longitudinally, and they "slip" a little down the wire in each 
oscillation, accounting for the very slow electron longitudinal drift 
velocity. 


Accordingly, one of the most important dynamics of the circuit is the 
dynamics ofthe surface charges, as pointed out by electrodynamicists 
(277) 


Ifthe incoming waves were true lateral waves, there would be no 
longitudinal force component on the laterally precessing electrons, and 
‘coherent current would not flow longitudinally in the wire at all. Instead, 
‘one would just get some longitudinal to and fro noise in the coherent 
lateral motions of the electrons, due to electron collisions. 


"is this lateral precession movement ofthe electrons that is “detected” in 
‘our instruments. To the early electrodynamicists prior to the discovery of the 
electron, this detected lateral motion was considered the "shaking ofthe material 
electric Muid” in the detecting wire. It was thought thatthe incoming "electri fluid 
from space also had to be material (in the material ether) and transverse, because 
‘otherwise the oscillations from space could not have mechanically transferred their 
"lateral oscillation” to the electric fluid in the wire. Faraday's “material lines of 
force” concept and the notion that EM disturbances (waves) were simply the 
‘mechanical pluckings of these taut strings which also involved similar “material 
ether" concepts. 
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Nonetheless, it seems we are stuck with the ubiquitous transverse EM 
wave model. For more than 100 years, scientists have universally 
substituted effect for cause in the case of much of electrodynamics — as in 
the continuing substitution of what is diverged from the field and potential 
at each point in them, by an assumed static point charge, as being the 
‘magnitude of the field or potential itself at that point. At best, what is 
diverged from the field or potential is an indication of the point intensity of 
the energy flows comprising the field or potential at each point, and in the 
case of the field, of the prevailing direction. 


So electrodynamics is still riddled with that nearly all-pervasive error, and 
it seems it will likely never be corrected. The leaders of the scientific 
community do not seem to wish it done and will not allow it to be funded. 
In short, the community is so comfortable with that grave error that it will 
almost defend it t the death. ‘The so-called transverse EM wave in 
3-space has come to be accepted as ifit were a law of nature. 


Occasionally a journal will point out the terrible non sequitur in the 
prevailing notion of the EM wave in space as a "plane wave of oscillating 
orthogonal E and H fields along the x- and y- axes moving at light speed 
in the z- axis direction." Romer, former editor of American Journal of 
Physics, provides a prime example (278). Romer takes to task: 


*. that dreadful diagram purporting to show the electric and 
magnetic fields ofa plane wave, as afunction ofposition (and/or 
time?) that besmirch the pages ofalmost every introductory 

book. ..itis a horrible diagram. ‘Misleading’ would be too kind 
‘word; ‘wrong'is more accurate." "...perhaps then, for 
historical interest, [we should] find out how that diagram came 
to contaminate our literature in the first place. " 


At any rate, once we understand how the real EM wave exists in space, 
then we can sympathize with Tesla's view of it from the following {279} 


"Tesla upholds the startling theoryformulated by him long ago, 
that the radio transmitters as now used, do not emit Hertz waves, 
as commonly believed, but waves of sound... He says that a 
Hertz wave can only be possible in a solid ether, but he has 
demonstrated already in 1897 that the ether is a gas, which can 
only transmit waves of sound; that is such as are propagated by 
alternate compressions and rarefactions ofthe medium in which 
transverse waves are absolutely impossible.” 


In Tesla’s own words (280) 
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".Lshowed that the universal medium is a gaseous body in 
which only longitudinalpulses can be propagated, involving 
alternating compressions and expansions similar to those 
produced by sound waves in the air. Thus, a wireless 
transmitter does not emit Hertz waves which are a myth, but 
sound waves in the ether, behaving in every respect like 
those in the air, except that, owing to the great elasticforce 
and extremely small density ofthe medium, their speed is 
that oflight.” 


From quantum field theory, the instantaneous scalar potential in space is 
actually a coupling of a scalar photon and a longitudinal photon (19}. The 
only EM component in 3-space is that longitudinal photon.'"* 
Transforming to wave language, Tesla appears to have been correct in his 
view ofthe longitudinal form of the EM wave in 3-space, whereas all the 
texts are still wrong even today.''” However, Tesla was also noted for 
grandiose pronouncements, a trait which certainly did not endear him to 
the struggling electrodynamicists of the time, even when he was correct 
and they were wrong. An example is the following (281} 


"The Hertz wave theory ofwireless transmission may be kept up 
for a while, but Ido not hesitate to say that in a short time it will 
he recognized as one ofthe most remarkable and inexplicable 
aberrations ofthe scientific mind which has ever been recorded 
inhistory.” 


Unfortunately, in electrodynamics we are still stuck with that "most 
remarkable and inexplicable aberration” today, and we will remain stuck 
with it until the leaders of the scientific community (such as the National 
‘Academy of Sciences and National Science Foundation) recognize it and 
fund a complete overhaul of the foundations of classical electrodynamics, 
Which is so sorely needed. On the other hand, one should not hold one's 
breath while waiting for the mountain to come to Muhammad! One might 
as well ask the stars tofallfrom the sky as to ask the leaders ofthe 
scientific community to correct the seriousfoundations errors in physics 
and especially in electrodynamics. 


"Hence itis not surprising that all EM in 3-space decomposes into bundles of 
longitudinal EM waves and their dynamics, as shown by Whittaker (85, 91} 


' However, Tesla did not appear to realize the involvement of time-energy 
transduction to longitudinal KM 3-space wave energy and vice versa 


208 


4.6 Conclusion 


Hopefully we have set the stage for our next chapter, where we will be 
advancing mechanisms and approaches that have been tried by a variety of 
researchers. Several ofthese researchers have indeed produced COP> 1.0 
devices and processes. However, at this writing none of the devices 
produced by these inventors and researchers are in production and on the 


market. 


‘As we mentioned in Chapters I and 2, there are very powerful 


forces that have been applied to prevent such development. 


Briefly, 


(a) 


) 
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such suppression has resulted due to one or more of the following: 


Sheer greed by the group that gathers around the 
inventor/researcher, including multiple competing investors and/or 
"backers". Ofien a struggle for control develops, and the project is 
ated in the process. In many cases a legal struggle also 
develops, with the result that the legal status of the invention may 
be fouled beyond repair. 


Naivete on the part ofthe inventor and his surrounding group. The 
inventor needs the frequent advice of a patent attorney, a regular 
corporate attomey, a person familiar with research and 
development projects and procedures, a person expert in testing 
(particularly with sophisticated multichannel digital oscilloscopes 
which gather multiple channels of data simultaneously and 
integrate under the curve, an accountant, and a person skilled in 
negotiation with potential investors and backers. Most inventors 
do not have access to all that, or only have access to it after much 
ofthe die has been cast and serious mistakes have been made. 


Animosity and fierce attack from the scientific community and 
self-appointed "defenders of the faith”. Few inventors are prepared 
for the onslaught that awaits them ifthey succeed in producing a 
genuine COP>1.0 electrical system. Slander and libel are just part 
of it. An inventor or researcher caught up in always trying to 
defend himself against vicious ad hominem attack is an inventor 
successfully deviated from his work. The family also often suffers. 


Just now, after the Enron fiasco much of America is becoming 
aware that powerful organizations often pull out all the stops in a 
blind pursuit for money and power. Of course they have done so 
for a very long time; this is nothing new. The inexperienced 
inventor or researcher is ill prepared for the fact that portions of 
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government organizations,'" national labs, universities, etc. may 
be precisely that way also! U.S. government laboratories also file 
patents; check it out! Check out Fullerton’s defense of his patent 
rights for his ultrawideband communication system work. 

‘The people in any large organization form a bell-shaped 
distribution curve. About 9% ofthat curve represents folks who 
have — to put it mildly — little ethies when it comes to position, 
power, and money. Some of these 9% fellows will go to quite 
some length to twist the patent or part of it or control of it away 
from an inventor. An inventor who has never heard of "march-in" 
rights (a neat little "theft" phrase favored by DARPA, for 
example) is ofien an easy mark. Government agencies will be on 
an interesting invention and its hapless naive inventor like vultures 
oon a fat calf. They dangle some money and a contract to "assist the 
inventor to get his invention developed”. There isa little clause in 
the fine print of the contract where the government reserves 
"march-in" rights. This is a hidden bombshell that really says the 
government — anytime it wishes —can just unilaterally declare 
that the funded inventor isn't getting the invention to market fast 
enough, so a single bureaucrat just seizes if — in the name of the 
government, of course. Anyone who has been in serious aerospace 
contracting very long is also aware of the deals between a few 
government fellows who control award ofthe funds, and their 
“favored contractor”. Ifenough business is steered to the 
contractor by the government person, it is implicitly understood 
that when the government fellow retires, he goes to work for that 
company with a Vice President position, lucrative salary, and a fat 
stock option. It’s easy to become an instant millionaire or 
‘multimillionaire that way. A small percentage of government 
contracts are actually contaminated in such a hidden fashion. ‘The 
universities usually are much more open and blatant, and just put 


Interestingly, the government is not allowed to copyright its own publications by 
federal servants. Neither should the government be allowed to patent its own 
inventions by federal servants and federal agencies. This has set up direct conflict in 
the federal funding channels for the taxpayers’ funds intended for independent 
research, providing a wonderful opportunity for hanky panky by that lower 9% of 
the people comprising any large group. By the bell-shaped distribution curve, those 
‘comprising that 9% will rise to the opportunity. They are manipulative, greedy, and 
some are immoral and self-serving. Partially coupled with a similar low “bad apple 
percentage" in the contracting game, this enables many travestes in the name of 
federal esearch and development with respect to patents and misdirection of funds 
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in a clause that says, "All patents revert to the university!” Also, 
the inventor must be aware ofthe difference between 
nondisclosure” and "non-citcumvention”. Just try getting the 
latter clause from a university, or either clause from a government 
agency (yes there are rules for "proprietary information”, and they 
are widely violated). Non-circumvention means the outfit agrees 
not to change a coil or something, and go and patent your 
invention. Nondisclosure means they just agree not to talk or 
write about it openly. 


And yes, in addition to these many petty” little conspiracies, 
there really is a great conspiracy — in fact, there are many of 
them. Churchill ust referred to the entire set of conspiring cartels 
as the "High Cabal". This is a loose-knit set of extraordinarily 
wealthy cartels that between them control much of the financial 
power ofthe world. You can only find the principals behind a 
couple of hundred interlocking corporations, if you penetrate 
deeply enough. Much oftheir great financial income comes from 
the control of energy at its various levels, through a net of 
interlocking corporations. Something like $2 trillion dollars per 
year is their "take" from energy worldwide. Oil plays a great role 
in that. These "high cabal” fellows make or break nations 
financially, as is almost being done to Argentina as this is being 
written. They also have been stopping COP> 1.0 electrical power 
systems since shortly after the turn of the century, using whatever 
means are necessary — fair or foul. That is why we still are 
buming oil, coal, and natural gas, and why our automobiles and 
trucks run off gasoline and diesel, and not off free electrical 
energy from the vacuum. The high cabal intends to keep it that 
way. Some of the major primary means of "stopping" an invention 
have been as follows’ 


a. Manipulation and improper use of the law (Gray's 
production line was shut down by law officers before his 
engines could roll offthere and onto the market). 


b, Involving the unsuspecting inventor in drug charges by 
planting drugs on his property surreptitiously, then 
secretly notifying the drug enforcement officials who 
suddenly raid the premises and discover the narcotics, 
resulting in the inventor going to jail since he has been 
caught "red-handed" 
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dubbed "2.5" and had nothing to do with Two and o Half 
‘Men, introduced by CBS three years later. 

99 3G (data driven): Apple and Google brought smartphones 
to the masses with Phones and Android devices, respec- 
tively, in the early 21st century. These powerful devices — 
and the mabile apps installed on them (including Global 
Positioning System or GPS, location-based services, and 
on-demand video) — created an insatiable appetite for faster 
download speeds. The first 3G networks, introduced in 1998, 
provided minimum information transfer rates of 200 kilabits 
pper second (Kbps). The International Telecornmunication 
Union (ITu) has never formally defined a standard for 36 
data rates, so dawnlink data speeds vary widely — from 
[384 Kbps in a moving vehicle for Wideband Code Division 
‘Multiple Access (W-CDMA) to 42.2 megabits per second 
(Mbps) for Evolved High Speed Packet Access (HSPAM), also 
known as 35G, and 168 Mbps for Advanced HSPA‘. 

9) 4G (Long Term Evolution): Commercially available 46 
‘mobile networks were rolled aut in 2008, and 4G LTE 
followed in 2010. However, unlike 3G, the ITU 
Radiocommunication Sector (ITU-R) defined minimum 4G 
standards — but neither “4G" nor "4G LTE" meets thase 
standards! The ITU-R Intemational Mobile 
Telecommunications Advanced (IMT-Advanced) require- 
‘ments include (among other things): 
© Packet-switched all1P core networks 


© Peak data rates of approximately 100 Mbps for high 
‘mobility (such as maving vehicles) 


© Peak data rates of approximately 1 gigabit per secand 
(Gbps) for low mobility (such as walking — or your 
authors sprinting) 


With the introduction of LTE Advanced, true 4G speeds of up 
to 1 Gbps finally arrived. LTE Advanced Pros the next 
evolution of LTE technology, and it establishes the founda- 
tion for 5G. LTE Advanced Pro will deliver speeds in excess of 
3 Gbps with less than 2 milliseconds (ms) of latency. 


At this point you may be thinking, “Long ‘Term Evolution — no 
‘kidding! Will 5G ever get here?” However, the trend has been for 
each generation of mobile technology innovation to take about a 
decade — most of us just didn’t pay attention before we got our 


first smartphones midway through the 3G era, 


CHAPTER 1. Understanding the Journey to a 5G Future 


c. Threatening the inventor’s life and the lives ofhis family, 
to frighten him away from what he is doing 


d. Arranging a fatal accident for the inventor, such as a fatal 
auto accident, a fall from a high place, or drowning. 


€. Assassination (hit men are fairly simple to hire; a good 
‘one is a bit more difficult to hire but is doable. A good 
hit man might assume a disguise and fake a robbery, 
shooting and killing the target in the "robbery". In an 
extreme case, he just fires at a distance with a professional 
sniper rifle that is silenced. A variation is the use of a 
“throwaway” assassin, a fellow who has been deeply 
conditioned by very harsh methods, to deeply involve his 
autonomic nervous system. He can be spotted by the 
“glaring eyes” effect of autonomic nervous system, 
involvement. This fellow is only marginally functional in 
real life, and requires a handler. He also must "fixate" for 
some minutes (usually from 20 to 30) on the target, by 
staring at him for a period. Then — say, the next day — 
while the target is at lunch in a public restaurant, the 
throwaway walks in, walks straight to the target, and 
empties a pistol in him at point blank range. He remains 
there until the police arrive and arrest him. He is immune 
even to torture; nothing can be gotten out of im, even by 
electrical shocks on his genitals. There are two levels of 
throwaways; that is the older and less functional version 
produced by very harsh means. The more modem version 
is without the glaring eyes with white showing above the 
itis; this fellow is more functional, fixates very quickly 
(couple minutes to five minutes), and can operate without 
the close immediate presence of the handler. 


f Making the inventor an offer he "cannot refuse”, in the 
old Mafia sense. In the latter, nicely dressed persons come 
to the inventor's house, meet with him, and offer him a 
large sum of money to quit what he is doing for the rest of 
his life. The going sum varies between $5 million and S10 
million, usually. The offer is real and it cannot be refused; 
either the inventor accepts it, or he and all his family are 
dead when these gentlemen leave the premises. Ifthe 
inventor refuses anyway, he and his family are killed. 
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Usually the bodies also just " and are never 


found or heard from again. 


pe: 


‘These days, variations are used such as a careful crash of 
another auto into the back of the inventor's car so he is 
really shaken up badly but not seriously hurt. He goes to 
the hospital for checkup, in case of concussion etc. 
Everything is seemingly okay, but he is kept overnight for 
observation. That night he is given a hypodermic of air in 
his veins. Next morning his family receives a call that the 
inventor has suffered seizures from an apparent 
concussion afterall, and is fighting for his life. IPhe 
doesn't die, he becomes a human vegetable. Piece of cake 


‘Then there's the ice dart dipped in curare. The curare 
paralyzes the muscles of the heart and lungs; the inventor 
goes down in convulsive floundering, gasping and unable 
to breathe or to pump blood. He expires very quickly. 

‘The curare breaks down in the body, the ice melts, and 
you have a fellow the medics find died of convulsive heart 
Seizure, etc. Works like a charm. This is an adapted "dirty 
spooks" trick, adapted from those branches of the 
intelligence communities of the world that specialize in 
assassinations. 


Use of "gaming", which was originally developed to 
influence or change the behavior of foreign leaders. 
Imagine writing a scenario, as for a movie. Only you have 
the deep psychological profile of the targeted individual. 
You also have the deep psychological profiles of quite a 
few other individuals who have "knee-jerk" reactions in a 
certain direction useful to you in your games (in your 
scenarios). These are called "agents of influence” since, to 
get them into interacting with the target, only a phone call 
or other contact need be made and a stimulus given, and 
they are off and running, self-powered and going after that 
target with their knee-jerk response. So very sophisticated 
computers are used, the scenario (intended plot of events, 
to happen) is prepared (the artificial intelligence programs 
will even give the probabilities of success of all the 
variants), and a recommended scenario variant is derived 
and accepted. Then the controller has one or more agents 
working for him that contact the players (the agents of 
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influence). They get their phone calls or stimuli, react in 
predictable fashion, and come pell-mell at the inventor, 
interacting all over the board with him. The range of 
games is enormous, from stock schemes to lawsuits to 
infiltrating agents of influence into the internal 
organization of the inventor to money laundering, etc. The 
controller follows the progress, and only once in awhile 
makes slight adjustments (may need to trigger other 
agents of influence, send in one actual agent, etc.). Over 
the last 20 years, the gaming has become very expert. So 
‘many games can be launched against a single inventor 
that he usually is finished or nullified by one of them, 
eventually. Having been gamed over 200 times in the last 
two decades, I plan to write a book one day on the subject 
ofthe games and what to watch for. 


Finally, here is a sad and disconcerting rule, usually true. 
Ifyou gather six persons together that you have known for 
years or even all your life, and they are the nucleus of the 
organization around you, watch what happens when 
success occurs and you really do pull EM energy from the 
vacuum and power loads, lights, etc. One-sixth of the 
population, seeing that, will shortly contract a very 
strange malady known as "gold fever’. It is not just an 
obsession; instead it becomes an all-consuming 
possession almost in the biblical sense. An individual 
possessed by gold fever would kill his own grandmother 
to try to gain control of that system. If one or more of 
these "gold fever" transformations occur, that sets the 
group into profound conflict and vicious infighting, on 
every front. You get sabotage of equipment, sabotage of 
demonstrations, stealing of equipment, legal shenanigans, 
just name it. This has destroyed many groups. It will 
destroy many more. 


‘A variation is to send in a special agent who penetrates 
the group and becomes a member. Indeed, the high cabal 
has certain persons who specialize in just such penetration 
and are specialists at setting up disruption. They have had 
plenty of practice, and are very good at their trade. The 
identities of some of these "special agents” would surpr 
the casual observer. The so-called "overunity community’ 
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is rather strongly penetrated and misdirected by a number 
of such special agents, in addition to a greater number of 
agents of influence. 


Finally, the technical knowledge of most inventors and 
researchers in this field has been largely limited to 
ordinary electrical engineering and electronics. This 
‘means that the inventor often forms his own lexicon and 
way ofthinking about how he does the "magic" COP> 1.0. 
It may be difficult or impossible to connect the way he 
thinks back to legitimate physics. Further, most ofthe 
COP>1.0 community, the majority of electrical engineers, 
and nearly half the physicists do not understand the 
technical difference between the efficiency of a power 
system and its coefficient of performance. We have 
insured that the reader ofthis book will know the precise 
difference — it's even in our glossary! Further, the entire 
group around the inventor, and the inventor himself, may 
not have a clear understanding of the source of the extra 
energy, the mechanism by which it is obtained, or even 
the difference between a system in equilibrium with its 
active vacuum environment and one in disequilibrium 
with it, Most engineers and a great number of scientists 
also are still unaware of the dramatic difference between 
the thermodynamics of equilibrium systems and the 
thermodynamics of disequilibrium systems. Many have no 
notion of what the active vacuum is or does. So the 
inventor may actually be able to build the device himself, 
but may later err and actually build it away from COP> 1.0 
with further development. 


Another problem can be measurement. Sometimes very 
simple errors — such as “measuring” highly nonlinear, 
spiky signals with an RMS meter, or using an inferior 
oscilloscope, or using inferior probes with good 
oscilloscopes, tricks a relatively inexperienced inventor 
himself into believing his unit achieves COP>1.0 when it 
doesn't. Also, some standard engineers will insist on 
calorimetry, which is inappropriate for COP>1.0 EM 
systems since they output a mix of both positive and 
negative energy. The positive energy will heat the 
calorimeter fluid and the negative energy will cool it 
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simultaneously, and the "expert measurer” will always 
measure the difference and thus COP<1.0 with his 
calorimeter (unless the inventor is a rare one who has also 
transduced the negative energy fraction of his output into 
positive energy). Yet the conventional engineer or 

scientist — who has never seen negative EM energy ot a 
COP>1.0 EM system in his life — will be so confident 
from his "positive energy only" thinking that he will be 
completely convinced that a real COP> 10 system, 
‘measured with a calorimeter to show net positive energy 
COPS1.0, is actually a COPS1.0 system instead of the error 
in measurement that it is. One of the purposes of this book 
is to try to explain such things and get a better procedure 
and protocol made available for the testing, 


Finally, there are a few actual charlatans who deliberately 
deceive both the group around them (if its sufficiently 
naive) and naive investors and backers. E.g., ifone builds 
a huge starter motor (very high current, very high torque, 
cannot run long without burning up!) and puts it in an 
automobile, then fills the back of the automobile full of 
batteries, that beast will draw 400 amps and leap across 
the pavement or warehouse floor with an agility one is 
shocked to see. Then ifthe inventor is always "having 
difficulty with his controller unit", and “everything will 
be fine once the controller problem is licked” or some 
such, many small and naive investors will leap to invest 
their life savings eagerly. There are many other scams 
also, and unfortunately every experimental field, with 
teat financial promise if successful, does attract them. 
Here the old adage is best: Ifit is just too good to be true, 
it probably isn't. One should insist on a technical 
explanation of the source of the excess energy, the 
‘mechanism by which it is taken from the environment, 
how asymmetrical self-regauging ofthe circuit occurs, 
etc. Ifthese questions cannot be answered, the inventor 
himself does not know what he is doing. At best, he 
cannot explain it; or he may just be honestly mistaken, In 
the worst case, the inventor knows it is not genuine, but is 
deliberately deceiving the investors. So my advice would 
be to first assess the scientific level of the understanding 
ofthe inventor group. Then get an independent test ofthe 
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device or see one done properly. Then decide whether 
what you have seen and heard is real or not. 


Meanwhile, there are from time to time legitimate 
COP> 1.0 systems initially developed. The place where all, 
ofthem have failed is where the inventor group seeks 

to obtain the appreciable financing (something like 30 
‘million dollars is required these days) to complete the 
phenomenology experiments, modeling, scale-up factor 
determination, and prototyping before a production model 
can be built. To date, every one of the legitimate COP> 1.0 
systems has foundered and failed right at that sheer 
vertical cliff. Our own MEG system is at that cliff at the 
moment, so that cliffis very near and dear to the hearts of 
the five ofus who have struggled so long and invented the 
MEG. Time will tell whether we succeed where all the 
others have failed, or whether we also just get defeated by 
the cliff. As ofthis writing, we have not yet obtained the 
necessary capitalization, But we are giving it our very 
best try, and we believe we will win it eventually. 


Chapter 5 


Selected Approaches to Overunity Power 
Systems 


{On point-contact transistors}. “First, the theory 
underlying theirfunction is imperfectly understood even 
after almost a century..., and second, they involve active 
‘metal-semiconductor contacts ofa highly specialized 
nature. ...The manufacturing process is deceptively 
simple, but since much ofit involves the empirical know- 
how ofthefabricator, the true variables are almost 
impossible to isolate or study. ... although the very nature 
ofthese units limits them to small power capabilities, the 
concept ofsmall-signal behavior, in the sense ofthe term 
when applied to junction devices, is meaningless, since 
there is no region ofoperation wherein equilibrium or 
theoreticalperformance is observed. Point-contact 
devices may therefore be described as sharply nonlinear 
under all operating conditions. ° {William B. Burford 111 
and H. Grey Verner] {282} 


5.1 Introduction 


In this chapter we present a selection of potential overunity notions, 
inventions, and experiments by various inventors and researchers. Its 
purpose is to show some of the mote relevant work that has been done, and 
hopefully to stimulate new thinking by the interested reader. It is not 
intended to be all-inclusive, but merely representative. Most of the work 
addressed is by other inventors and scientists, and we give an appropriate 
‘commentary fiom our viewpoint as best we understand the invention and 
the process used. Not all the concepts presented can be clearly explained, 
though some can and are. 


This is not intended to be a "kit of parts” or an assembly instructions type 
of presentation. For that, the interested researcher will have to rely om his 
or her own ingenuity and lots of bench experiments, because no such "kit 
of parts with instructions” for COP>1.0 electrical power systems exists at 
present (283,284) 


5.2 Tesla's Shuttling of Potential Energy and Barrett's 
Extension 


See Figures 4-4 and 4-5 in Chapter 4. In his patented circuits, Tesla 
accomplished the novel function of "shuttling the potential itself (and 
therefore potential energy) around in the circuit at will. This startling 
function accomplished by Tesla is impossible to see in a conventional 
vector or tensor analysis of his patented circuits, but itis clearly evident in 
ahigher symmetry EM analysis of them. So it does not appear in the 
conventional texts, which use vectors or tensors for their circuit analyses. 
Barrett, one ofthe leading higher group symmetry electrodynamicists and 
also one of the pioneers of ultrawideband radar, utilized quaternion 
electrodynamic analysis to clearly show this novel effect in Tesla’s actual 
circuits {285}. Thus, Tesla was able to produce and move around 
asymmetrical self-regauging in his circuits, wherever he wished. That has 
been totally missed by scientists prior to Barrett’s revealing analysis 


Barrett then went on to extend Tesla's basic mechanism and employ it for 
communication and radar purposes, obtaining two patents {286a-b} 


It would appear that use of such shuttling techniques is probably applicable 
to reducing the back emf in conventional nonshuttling circuits, leading to 
new COP>!.0 mechanisms. The definitive answer remains to be 
determined by some future researcher. 


5.3 Moray's Radiant Energy Device 


One of the remarkable examples of a successful COP>1.0 system was the 
radiant energy system of Dr. T. Henry Moray of Salt Lake City, prior to 
World War Il. Figure 5-1- shows Dr. Moray and his final 50 kW unit, 
powering an assembly of light bulbs {287}. The device weighed 55 
pounds, used an antenna connected as a "signal input” from the ether, but 
needed no input of electrical energy by the operator in order to achieve its 
steady power output. 


As shown in Figure 5-2. and Figure 5-3, the various Moray tubes were 
complex in structure. In addition to various grids, they usually contained 
(in quadrature) three or more amorphous semiconductor pellets pressed in 
large presses and sintered with locked-in stresses. One points out the 
presence of optical effects including phase conjugation, possible use of the 
built-in stress as a sort of self-pumping and mild self-amplification, 
possible iterative feedforward and feedback loops due to iterative phase 
conjugation, collecting of additional energy from the usually nondiverged 
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Heaviside component via the iterative reverberation of energy, and non- 
interfering fields in quadrature. 


Fur 51 THe eray st uni, 


‘The blown quartz tube envelope, in the dark of an enclosure, is open to the 
passage of infrared (heat) and ultraviolet, which spans a harmonic interval. 
‘This allows the passage ofdifference frequencies as sine waves without 
breakup, even in a nonlinear isotropic environment. Moray stated 
unequivocally that the tubes would not work unless the envelopes were 
made of blown quartz. The pellets (shielded from outside light) would 
nonetheless receive IR input from the ambient temperature, and probably 
triggered at least weak UV due to the radioactive decay continuously 
ongoing in the semiconductors. We point out that the UV band is roughly 
twice the frequency of the IR band, so the "difference frequency” is 
roughly the IR band itself. In short, it may be that "difference frequency 
IR is thus processed in Moray tubes in much more sophisticated fashion 
than has previously been suspected, including in a self-amplifying 
(regenerative) manner. 
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ure 2 iagrmandsre novel etre fT. Hany Mays pei be, 


The pressed semiconductor pellets were placed in the tube in quadrature, 
in a sort of "point or junction contact” with each other.""! Each 
semiconductor contained a mix of tiboluminescent zinc (a semiconductor 
material), a radioactive material (probably uranium dioxide), and another 
‘material of unknown composition, rumored — but not confirmed — to 
possibly have been diatomaceous earth which also has some unusual 
properties one may look up. There were some 29 amplifying tube stages in 
the device. A U.S. patent (288} was eventually granted on an electronic 
therapeutic unit containing Moray tubes, but the patent on the power 
system was never granted, although the application was kept current for 
some years by the Moray family. Eventually the power device patent 
application files disappeared from the U.S. Patent and Trademark Office. 


Although its full technical details were never released, the Moray device is 
of interest because Moray demonstrated it many times to engineers and 
scientists, under rigorous measurement conditions, for years. These expert 
witnesses then signed affidavits to the results achieved by Moray in the 


Indeed, the junctions of such sintered pellets are most interesting. Such a grainy 
junction can be compared to a host of very close point contact junctions, particularly 
With finely-ground powdered materials used in the pressing and sintering. In 
essence, Moray's junctions contained a great many "point contact transistors", and it 
is knowa that such transistors can behave (particularly under pressure!) as true 
negative resistors. This also appears to be one of Moray's secrets, 
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Focusing on the 5G Vision 


‘The vision for the 5G future is bold: It is much more than just, 
the next iteration of mobile networks. 5G will achieve three main 
goals: 


>> Speed (ultra-high speed radio access}: 5G will provide 
download speeds of up to 20 Gbps. If youre wandering "Why 
would anyone ever need that much speed?" first answer this 
question: When have you ever heard anyone complain that 
their phone was foo fast? Its also important to remember 
that bandwidth is shared by all the users on a cell tower. 
Today, ifa few users are streaming a video at the airport or 
watching replays of a touchdown in a stadium, chances are 
that the download is choppy with lots of buffering, and the 
experience isnt so great. With SG, you could theoretically 
download a 40 gigabyte (GB) 4k Ultra-High-Definition (UHD) 
‘movie (ike Jaws) in ess than a minute — you're gonna need 
abigger data plan! 


>> Responsiveness (ultra-low latency): 5G networks will be 
used to control autonomous cars and high precision, 
mission-critical industrial devices in realtime. High reliability 
and availability at all times isa necessity for these use cases, 
For this ta happen safely, end-to-end latency — the time it 
takes for data or commands to travel across the network — 
has to be extremely low. Latency in 5G networks will be five 
times faster than today's networks — less than Ims. 


>> Scale (massive connectivity): By 2020, Gartner conserva- 
tively forecasts that there will be more than 21 billion 
connected devices in the Internet of Things (loT). Some 
estimates predict more than 50 billn connected loT devices 
bby 2020, That's anywhere from three to seven connected 
devices for every person on the planet in 2020 — nat 
including smartphones, tablets, and computers! These 
devices will have widely varying network requirements — 
from environmental sensors for agricultural applications 
Installed in remote areas that might send a few bits of data 
every few days ar weeks, to extremely high-precision, 
low-latency devices in nanobiotechnology, autonomous cars, 
and mission-critical industrial environments that rely on 
real-time communication for potentially lifesaving functions. 
'5G networks will need to handle the massive scale and 
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tests. Moray also discovered that he could produce an additional 50 KW of 
power simply by inserting an additional tap just prior to the formal output. 


gue $3 Avaiy fray tubes hong ther complexity. 


Repeated assassination attempts were made against Dr. Moray. While 
driving his car on the streets of the city, on several occasions he was fired 
at fiom an alley or from the sidewalk, but he had bulletproofed the car 
because of continual threats and ambushes. He was also shot in his own 
lab in a physical struggle with one would-be assassin, but survived 
although seriously wounded. A Russian company tried to steal the device, 
and a Russian agent was planted in Moray's lab, gradually sending 
essentially all the technical details ofthe Moray device to Russia. That 


223, 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES, 


agent later destroyed the unit right in Moray’s lab by suddenly smashing it 
with a hammer. 


Moray’s tubes were quite expensive and were painstakingly made by hand. 
He fabricated a number of tubes (as many as 30 or more) before he 
obtained one that "worked" and exhibited the self-amplifying effect. Over 
the years, he spent several hundred thousand dollars on the project, which 
is the equivalent of some twenty million dollars today. The 29 tubes in his 
final 50 KW unit were the result of years of labor and fabrication of several 
hundred rejected tubes to get the 29 that worked. Accordingly, once those 
29 were destroyed, Moray was never again able to obtain sufficient 
financing to rebuild his unit. 


However, Moray had demonstrated a special type of transistor years ahead 
of the first transistor patent. He had demonstrated the importance of 
multiple junctions in transistor materials. Optical and nuclear functioning 
ofthe tubes was also woven in with nonlinear oscillations, multiple 
feedforward and feedback loops, etc. The sophistication of the tubes and 
feeds alone almost certainly guaranteed chaotic self-oscillation. We 
suspect but cannot prove that the Casimir effect may also be involved in 
some of his conducting metallic double surfaces.’ He had demonstrated a 
remarkable "tube-with-internal-transistors” that produced energy output 
self-gain, without any operator input of energy. In addition, he had 
successfully used his special tube/transistor hybrids to produce a very 
successful COP>1.0 EM power system. 


After Moray's death, his two sons John and Richard continued to try to 
rebuild the unit, but were never successful due to lack of sufficient funding 
and lack of a proper scientific team. They do know how to build the tubes, 
however, and they do know how to build the unit. 


It appears that no electrodynamicist or physicist skilled in higher group 
symmetry electrodynamics ever examined the Moray device or worked 
with Moray. No particle physicist or electrodynamicist skilled in no 
Abelian electrodynamics ever worked with the device. Since broken 


"= The “grain” ofthe stressed semiconducting pellets may be important with respect 
to the Casimir effect versus the frequency. In short, Moray's contact surfaces 
between his semiconductors were “grainy” and these grains would have constituted 
Casimir surfaces, For the importance of the shape ofthe double surfaces, see M. 
Chaichian et al, "Quantum theories on noncommutative spaces with nontrivial 
topology: Aharonov-Bohm and Casimir effects,” Nucl Phys B, Vol. 611, 2001. p. 
383-402, 
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symmetry was not discovered and proven until 1957, no technical person 
who worked closely with the unit was ever aware ofthe various broken 
symmetries by which some of the virtual energy ofthe vacuum can be and 
is transformed into observable EM energy. 


Certainly no one ever worked with it that understood the peculiar action of 
the difference frequency in traveling linearly through an isotropic 
nonlinear medium. John Moray, who stalwartly carried on the Moray lab 
in Salt Lake City until a few years ago, does know how to build the tubes, 
and he knows the circuitry for the device. That he does not understand the 
"deep theory" is ofno consequence — no one else does either. In the 
opinion of this author, a funded scientific team — carefully chosen and. 
working with John Moray — could probably rebuild the Moray device. We 
would very much like to see a Moray unit in production and contributing 
to permanently solving the energy problems ofthe world. Sadly, that does 
not seem likely. 


5.4 Anti-Stokes Emission and Similar Processes 


Stokes! law states that the wavelength ofthe fluorescent light emitted by a 
phosphor or other luminescent substance is always greater than the 
‘wavelength of the radiation used to excite the fluorescence {289}. This 
condition was observed by Stokes in 1852 {290}. From an energy 
viewpoint, the collecting medium collects and dissipates some of the input 
energy in the medium itself (e.g., to accelerate moving molecules) and. 
then emits the remainder oft. The "system" consisting of the medium, the 
experimenter’s input, and the output is such that it usefully outputs as 
luminescence less energy than the experimenter inputs. Hence it exhibits a 
COP<1.0, by absorbing excess energy in its "environmental surroundings” 


Usually such a "law" generally holds but is sometimes violated in at least a 
lew cases. Stokes’ law is no exception. It applies for most cases of 
fluorescence and luminescence, but it does not hold for a few of them. In a 
few cases, the emitted wavelength is precisely the same as the input 
wavelength. This means that the collector/absorber re-emits all the 
collected input energy as fluorescence or luminescence. Here the 

COP = 10. This condition is known as the resonance condition and the 
emission is called resonance emission. 


In other well-known cases, Stokes’ law is violated and the energy emitted 
is greater than the energy absorbed. In other words, the system exhibits a 
COP> 10 with respect to energy emitted versus energy input by the 
experimenter. This is known as anti-Stokes emission. It has been well 
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known for six decades that anti-Stokes emmision processes do indeed 
output more energy than one has to input oneself (291). This excess 
energy emission is usually euphemistically attributed to "additions from 
the internal energy ofthe molecule” and referred to as "negative resonance 
absorption by the medium" or just as "negative absorption by the 

‘medium’ 


Unless the excess energy taken from the physical medium ofthe system is 
replaced from outside the physical system, the anti-Stokes emission 
process produces cooling in the physical system and is self-quenching 
once the medium loses all the energy it can afford. For the overunity 
researcher, a huge hint is to search the literature for anti-Stokes type 
emission phenomena that do not result in media cooling. The Letokhov 
phenomena {292} are in fact such phenomena where the excess emitted 
energy is received from outside the physical system medium, and therefore 
from the surrounding active vacuum and/or the surrounding local curvature 
of spacetime. 


Other than for a very few physicists — e.g., Bohren {24}, Letokhov {157}, 
H, Paul and R. Fischer {25) —there appears to have been little effective 
discussion of where the excess energy "extracted from the molecule” really 
came from initially, and how it is replenished to the molecule (if at all), and 
particularly whether or not it has to be replenished to the molecule by the 
operator. There has been no discussion ofthe local potentials as dipole 
asymmetries in the virtual energy exchange with the vacuum, although 
there has been inadequate discussion of the involvement of the Poynting 
energy flow (e.g., by Bohren, Paul, and Fischer). There has been no 
discussion ofthe possible involvement ofthe Heaviside nondiverged 
component ofthe energy flow, which is additional to the Poynting 
component but unaccounted by today's electrodynamicists. To my 
knowledge, the broken symmetry of every dipolarity has not been 
discussed with respect to such experiments, 


‘The reader can see the point. Ifa mechanism exists or can be evoked to 
freely resupply the lost energy to the molecule from the other two 
components ofthe supersystem, then the resulting self-replenishing anti- 
Stokes emission phenomenon can be utilized as a legitimate and 
continuing COP> 1.0 process. It remains to be seen whether this can be 
worked out. Ifwe wish, the giant negentropy mechanism of the source 
dipole and source charge (308) may be considered universally proven 
cases of self-replenishing anti-Stokesemmission, already exhibited by every 
charge and dipole in the universe. 
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At least one audacious scientist — Letokhov — has suggested that similar 
processes in certain systems can perhaps comprise true Maxwell's demons, 
yielding excess energy output and perhaps eventually a COP> 10 operation 
{293}. Russell has suggested that a similar COP> 1.0 process is involved in 
the fiber fuse phenomenon {299}, 


Over the last few decades there has been slow but important work in an 
optical area of possible anti-Stokes emission phenomena {294a-c}. A 
variety of strongly scattering, optically active media have been shown to 
produce substantially more energy output than the experimenter inputs to 
stimulate the output. However, most are being done in laser-like pumping 
situations and so the pump energy has to be furnished by the operator. This 
‘means that the "replenishment" energy to the medium is fumished by the 
operator, resulting in overall COP<I.0 performance. However, in self 
oscillation conditions, the medium can be self-pumped (self-replenished, 
taking its replenishment energy from the active vacuum exchange when 
viewed in the supersystem), and in such conditions COP>1.0 performance 
is possible, at least in theory. Presently we know of no one who has 
achieved it — except in the destructive fiber fuse effect — but the work 
seems to be progressing steadily toward that eventual outcome. 


55 Gain in Intensely Scattering Optically Active Media 


‘This modem work — which may be regarded in one sense as extending the 
anti-Stokes emission effect — is largely being pursued in intensely 
scattering optically active media. A very nice example is given by 
Lawandy's experiment (29Sa-d), shown in Figure 5-4. Figure Sha shows a 
comparison experiment in water without an intensely scattering optically 
active medium but with a fluorescent dye to show the emission interaction, 
Figure 5-4b shows the same experiment with titanium dioxide particles 
added to the fluid. The TiO; particles are sized so that their optical 
resonance is within the laser's frequency domain."** 


First, as shown in Figure 54a, a small, weak laser beam is aimed into the 
solution, and a small "warm little glow” of fluorescence results just around 
‘that region where the laser beam interacts with the solution. Scattering in 
the medium is rather normal, and provides nothing of any great interest to 
the overunity researcher. 


nassing, we point out the involvement ofthe Bohren effect due to particle 
resonance, This collects additional energy from the usually nondiverged large 
Heaviside energy flow component 
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Foe 4 The Landy epi 


‘Then the titanium dioxide particles are added, and the same weak 
illuminating laser beam is directed into the colloidal solution. Figure 5-4b 
shows the new and spectacular results." Immediately a very bright, room- 
filling emission of scattered coherent light fills the entire room. The 

intense optical scattering includes extensive retroreflections for some "ping 
pong” between individual particles, so that the optical gain is enormous. A 
highly enhanced energy emission is now evoked, for the same energy input 
by the operator as was used in the first experiment without the TiO, 
particles. Lawandy’s experiment is inexpensive and can be repeated in any 
university nonlinear optics laboratory and by many individual 
experimenters. It gives results every time, without fail 


Oddly, no one seems to clearly state that, for a single pulse of input laser 
energy to the suspension of TiO: particles, precisely how much energy was 
input and how much energy was then emitted by the medium. Instead, 
"gain" is mentioned, but never the COP = (energy output by medium. 
emission) / (energy input by operator). One suspects that journal referees 
would probably not allow such a clear and unequivocal statement of 


This is a very easy and very convincing argument for the presence ofthe long- 
ignored Heaviside component of energy flow arbitrarily discarded by Lorentz more 
than a century ago, and still discarded by modem electrodynamicists, 
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overunity, but would apply quibbling and spin control to prevent stating 
that more energy is output by the medium than is input to it by the 
operator. 


It follows that, if sufficient "ping pong” iterative retroreflection and 
multiple collection occurs in the medium, the COP>1.0 because more work 
is done on exciting the medium than the energy input to it by usual 
(Poynting) calculations. No one accounts the energy unwittingly input to it 
by the ignored Heaviside component accompanying the Poynting 
component. Usually the output/input is just referred to as "optical gain’ 
We stress, however, that we are considering only the actual laser beam 
energy being furnished into the colloidal solution as input, and we are not 
calculating the efficiency ofthe laser, its pumping, etc. Anyway, for this 
stimulated emission process, itis possible that the COP>1.0, and one can 
see the parallel to anti-Stokes emission. In short, we are considering the 

‘TiO; solution itself as exhibiting a true negative resistor action. 


‘The field of high gain stimulated optical emission is advancing rapidly 
{296}, although many experiments still use external pumping furnished by 
the operator. Ifthe operator has to pay for the replenishment (pumping) 
energy as well as the input energy, then the COPS1.0 overall. But the 
experiments are tending toward sustained self-oscillation and self-pumping 
conditions. Ifsuch conditions are obtained in sufficient magnitude, the 
process will then become a legitimate COP>1.0 operation overall. In that 
case, it will be usable as a basis from which to develop self-powering 
COP> 1.0 electrical power systems, particularly for infrared "heating" 
systems ete. 


‘The more recent experiments have shown positive feedback loops both in 
the time-forward and time-reversed paths; trapping of light flow energy 
(both time-forward and time-reversed) in large random walks of more than 
1,000 individual interactions; weak Anderson-type localization; and 
constructive interference of forward time and reversed time light paths. 

nce such experiments can be performed in the infrared, they point 
toward a potential "vacuum-energy-powered overunity heater as a 
feasible achievement in the future. In our opinion, there should be a 
determined and major Department of Energy program oriented to develop 
exactly that kind of system. 


‘Such a heater can become self-powering by the presence of greater 
govemed positive feedback during self-oscillation conditions, which will 
allow sufficient excess collection due to multipass multicollection from the 
usually wasted giant Heaviside energy flow component. This process — 
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with the self-excitation occurring spontaneously as a "kick-in” positive 
feedback process in an exploding gas — probably accounts for the 
phenomena observed in the gamma ray burster and other such violent 
burster” cosmic phenomena. Re-ignition, afterglow, and similar effects 
are observed in gamma ray bursters. They are also observed with 
remarkable similarity in the latest experiments in intensely scattering 
optically active materials the laboratory. Similar phenomena occur in x-ray 
bursters as well, and perhaps even in the recently observed and confirmed 
‘gamma ray emissions from intense storm clouds. 


Finally, we point out that many magnetic materials are also 
photorefractive, and they readily produce nonlinear optical effects at 
various frequencies. Some barium compounds are typical examples. As an 
example, multivalued phase conjugate reflection can occur (297}. Such 
effects did occur in the Sweet vacuum triode amplifier, to be discussed 
shortly. It may be that Sweet's conditioning of his magnets conditioned 
their barium nuclei into self-oscillation, self-pumping, and thereby into 
self-replenishing stimulated optical-type emission at ELF frequencies, 


5.6 The Fiber Fuse 


See Figure 5-5. Although presently a one-shot destructive process, another 
‘multicollection phenomenon exhibiting a novel COP>1.0 process is the 
Jiber fuse (298a-e}. This is a well-known but unusual effect in optical 
fibers and in fiber optic cables. 


See Figure 5-5a. Once initiated by simply heating the cable (as with a 
butane cigarette lighter), the fiber fuse ignites and is self-sustaining. In 
those susceptible systems utilizing power on the order of one watt or so, 
the ignited fiber fuse propagates down the cable slowly, at about a meter 
per second nominally. It is evidenced by a bright white light propagating 
down the fiber, resembling the burning of a fuse for explosives — which 
led to the name “fiber fuse” 


In fiber optic cables, it occurs only in those that contain germanium in 
their cores, and not in those containing just silicon in their cores. It moves 
down the fiber or cable at approximately one meter per second, and it is 
unlimited in the length of cable that it will continue along and march to the 
end. In the core, the marching fuse is actually “hopping”, so to speak, and 
it melts a little "hole" about every centimeter or so, blowing out the 
material from the hole as it occurs. This "steadily and slowly marching" 
series of core melts results in the catastrophic destruction of the optical 
fiber core of the cable and thus destroys the functioning of the cable. 
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‘The mechanism has been theorized to be self-propelled and self-focusing. 
Other experiments have found evidence for thermal shock waves and 
chemical reactions. 


But sce Figure 5-5b. Astonishingly, after a— say — I kilometer fib 
optics cable is destroyed by such a fiber fuse, it is often possible to "heal" 
the damage by reversing the direction of the normal laser light propagating 
down the cable, while re-initiating the fiber fuse from the other end by 
heating the cable on that end. In that case, sometimes the reverse-ignited 
liber fuse will then march right back down the cable, precisely refilling 
those previously-melted little holes every centimeter or so, restoring the 
functioning ofthe cable! Ifever a phenomenon cried out for further 
painstaking investigation to determine its actual mechanism, the fiber fuse 
‘sit. 


‘Truncated coupled-wave theory applies to this phenomenon. A rigorous 
analysis by Russell (299) of power conservation in dielectric gratings has 
shown that truncated coupled-wave theories do not rigorously conserve 
power. Predictably such conclusions have been disputed {3002-300d}, 
however, and are adulterated by the same old use of Lorentz-surface 
integration of the Poynting vector around the grating and discarding of the 
nondiverged Heaviside energy flow component. Those disputing the 
results and claiming the impossibility of COP>.0 systems continue to 
ignore the unaccounted Heaviside energy flow component accompanying 
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every EM energy flow situation. In fact, they continue to unwittingly 
discard that component, and so have never performed afiully adequate 
analysis of any circuit or process. They also are unaware that all EM 
energy in 3-space comes directly from the active vacuum — specifically, it 
enters 3-space from the time domain and then returns to the time domain. 


‘As long as the Lorentz surface integration scheme continues to be 
ubiquitously used without understanding what it does with respect to 
energy flow accounting, the dispute will not be dissolved. Presently both 
sides still use the Lorentz integration and discard the available Heaviside 
component. So they are really disputing whether the Poynting diverged 
component of the input energy can be equal to the energy dissipated. The 
answer to that is simply "No!" 


Of course in a lab test the fiber fuse can be initiated with small Poynting 
energy input by precision point heating. In that case, the total energy 
required to melt the holes and move the material out ofthem, every 
centimeter or so down that (unlimited) length of cable, can be made as 
large as one reasonably wishes, simply by making the cable as long as one 
wishes. In short, COP» 1.0. As can be seen, it can be experimentally 
proven that the input Poynting energy component can be far less than the 
total energy dissipated in damaging the cable. On the other hand, the 
energy dissipated in damaging the cable is nor greater than the sum total of 
the usually calculated Poynting component together with the neglected 
extraordinarily large Heaviside nondiverged component. Conservation of 
energy is upheld, but only if the long-neglected Heaviside component is 
also accounted 


It stands to reason that the reverse fiber fuse can also be initiated by less 
input Poynting energy component that the total energy dissipated in 
restoring the cable. At that point, conventional theory has a problem. One 
can start with a good cable, put in a little EM energy twice — once to 
ignite the fiber fuse and once to ignite the reverse fiber fuse — and one 
winds up with a good fiber optics cable and having done lots more work 
inside the cable than the amount of energy one input by conventional 
considerations. We leave the solution to that problem as an exercise for the 
reader. Again, unless one includes the long-neglected Heaviside 
component, there is no way to make the energy flow balance, and one will 
have an experiment that seemingly contradicts the conservation of energy 
law. It doesn't, and that is the exercise the reader should understand. 


So unless one uncovers and specifies the external source (Heaviside’s 
energy flow component) of excess energy feeding the fiber fuse, itis a 
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challenging connectivity requirements forall these diverse 
devices, sensors, and applications. 


Ordering Up 5G in Five Easy Pieces 


5G will be a quantum leap beyond today's networks and will 
require many technological innovations. We serve them up here 
in five easy pieces (easier than making wheat toast for Jack Nich- 


olson — “hold the butter, the lettuce, the mayonnaise . . . and 
the chicken”) in this section and the chapters that follow (see 
Figure 1-1): 


>> Speeds and feeds. Speeds of up to 20 Gbps will be achieved 
Using a combination of innovations such as carrier aggrega- 
tion (CA), massive multiple input multiple output (MIMO), 
{and quadrature amplitude modulation (QAM). You learn 
about speeds and feeds in Chapter 2. 

>> Unlicensed spectrum: MNOs are increasingly using 
unlicensed spectrum in the 2.4 and 5 Gigahertz (GHz) 
frequency bands. 5G networks will need to tap into the vast 
‘amount of spectrum available in these unlicensed bands to 
officad traffic in heavily congested areas and pravide 
connectivity for billions of IoT devices. Advancements in 
WF, LTE in Unlicensed spectrum (LTE-U), License Assisted 
Access (LAA), and MulteFire, among others, provide better 
duality and regulated access to unlicensed spectrum, You 
learn about these advancements in Chapter 3 

>> Internet of Things (loT):IoT devices pose a diverse set of 
requirements and challenges for 5G networks, I's only fair 
that loT should likewise pose a diverse set of solutions as 
welll You learn about a few of these solutions — including. 
‘NarrowBand loT (NB-IoT), LTE Category M1 (LTE-M), Long 
Range (LoRa) and Sigfox — in Chapter 4 


>> Virtualization: Network functions virtualization (NFV) 
enables the massive scale and rapid elasticity that MNOs will, 
require in their 5G networks. Virtualization enables a virtual 
evalved packet core (vEPO), centralized radio access network 
(GRAN), mobile edge computing (MEC), and network 
slicing — all explained in Chapter 5. 


CHAPTER 1 Understanding the Journey to a5GFuture 9 
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demonstrable experiment whose efficiency & seemingly winds up being 
& >1.0. It works every time and seemingly violates the conservation of 
energy law as that law is conventionally and imprecisely stated for an 
equilibrium system only. The COP> 1.0 fiber fuse phenomenon does not 
violate overall conservation of energy because the system is not in 
equilibrium with the other two components of its supersystem. It only 
violates (permissibly!) the conservation of energy statement for a system 
in equilibrium. The "system" consisting ofthe fiber fuse and the cable is 
not in equilibrium in its energy exchange with its active environment (with 
the other two components ofthe supersystem, consisting ofthe active 
vacuum energy exchange and the active local curvature of spacetime). We 
point out, of course, that the Heaviside component is flowing in space 
outside the physical system, hence in the vacuum and therefore in the 
external environment 


Specifically, every dipole in the system is extracting andpouring out 
energy from the vacuum, and only the small Poynting diverged component 
ofthis available energyflow is ordinarily caught. The extreme 
nonlinearity (and some resonances!) ofthe particles in and exposed to the 
extraordinarily locally heated fiber fuse do sweep out a greater reaction 
cross section than do cold, static charges, in afashion similar to the 
separate demonstration ofsuch extended geometrical reaction cross 
section in the Bohren experiment {301}. Hence the iberfuse subsystem 
and the associatedparticles ofmelted matterfrom the holes do intercept, 
diverge, and collect some ofthe accompanying but usually nondiverged 
Heavisidecomponent. 


See again paragraph 2.1.6 in Chapter 2. Iterative retroreflective systems — 
such as in intensely scattering nonlinear optical materials — are not 
necessarily limited to COP < 10. Such a system is not necessarily limited 
to only the energy input by the operator, and it is not limited to only the 
operator's input Poynting component. Instead, the system can receive an 
input of excess energy from (i) its active local vacuum, and/or (ii) the local 
curvatures of spacetime. Its efficiency &, however, is always  < 10, even 
when its COP is clearly greater than 10. 


Since scientists disputing the energy aspects of the fiber fuse only have 
assumed an equilibrium system and have not considered the neglected 
Heaviside energy flow component, the present arguments against COP>1,0 
performance of the fiber fuse are quite irrelevant. 


We also point out that an optical phenomenon is involved, and that the 
core materials in the melt are optically active. Hence, appreciable iterative 
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phase conjugate retroreflections occur in the fiber fuse itself and 
particularly in the melt materials (in the "infemo" ofthe "spot" itself). This 
asymmetrical self-regauging process gets more than one joule of work 
from one joule of original input Poynting energy, because of the iterative 
(and reciprocating) change of form of the energy. That operation produces 
iterative joules of work for each joule of original input energy, plus the 
unaccounted original input of the Heaviside component. 


Again, there is no law of conservation ofwork in nature. The present 
conventional energy-work theorem erroneously considers only a "single 
interception and change of form" ofthe energy collected in the system, 
before loss of the energy fiom the system. Therefore, it only considers 
each joule of input energy performing one joule of work on the system to 
“excite” it to a higher potential energy state. It also considers that, once a 
joule of energy is then dissipated from the system as work in an internal 
Toad or process, it has departed the system forever and is not returned to do 
additional work by having its form changed yet again! In intensely 
retroreflective or intensely scattering systems, those conventional 
assumptions do not necessarily hold. For analysis ofthe fiber fuse 
phenomenon, the extended work-energy theorem must be utilized 


Finally, we point out the connection of this fiber fuse phenomenon to the 
similar “runaway” phenomena we have previously postulated as involved 
in producing the x-ray burster, gamma ray burster, etc. where iterative 
retroreflection and thus asymptotic rise in energy density is involved. 


Another possibly related phenomenon is the unexpected explosion of 
porous silicon, as discovered at the Technical University of Munich (302) 
‘The porous pellet involved in the unexpected experiment is covered with a 
layer ofhydrogen atoms. In the presence of oxygen penetrating the oxygen 
barrier, an extraordinary and superfast chain reaction is initiated. The 
power of the explosion is some 10 times that of TNT. In the infemo 
portion of the fiber fuse, the "melt" as it puddles and then particulates, 
should be in the presence of oxygen and hydrogen from air in the cable. 
This dramatically differs from the explosive pellet, but may be sufficient to 
ignite at least in a local area rather than explode violently. Ifso, between 
the ablating particles of silicon there could exist iterative phase 
conjugation, thus producing an asymptotic rise in temperature and energy, 
perhaps sufficient to sustain the fuse. At least this possibility should be 
investigated, 


234 


5.7 Multiple Feedforward and Feedback Semiconductor 
Loops. 


DeSantis et al. {303} showed that feedback systems with a multipower 
‘open loop chain can produce COP > 10 performance. In semiconductors, 
the present author hypothesizes that complex feedforward and feedback 
loops involving semiconductors can induce time reversal effects, hence 
some movements of current against the voltage. In short, there can arise a 
true negative resistance effect, as demonstrated in the Fogal transistor. 


Indeed, a Westinghouse frequency converter using 64 transistor stages and 
similar sophisticated feedforward and feedback mechanisms was placed in 
the original Minuteman missile, then was later deliberately modified by 
Westinghouse engineers to prevent its demonstrated COP > 10 
performance.'* The specific germanium transistor used in the converter 
‘was also withdrawn from the market." In those days, power meant weight 
and weight was at a premium in missile design. The power supply was 
very tightly designed, so that the weight could be minimized. 


‘The converter had been deliberately designed to be 90% efficient, which 
was quite the state ofthe art. However, placed in the missile, the average 
converter would produce from 105% to 115% times as much output power 
as input power. (We are stating a COP > 10, not & > 100%!) This was more 
output power than the tightly designed succeeding stages were designed to 
accept; consequently those overloaded follow-on circuits often bummed out 
and deadlined theit Minuteman missiles — something of great strategic 
concer at the time. The increased rate of Minuteman missiles out of 
action due to this problem placed great pressure on Westinghouse 
executives. In tum, they simply ordered the engineers to "fix it!” 


Westinghouse simply "fixed the problem” very directly. The engineers 
reduced the output power ofthe converter by adding limiting diodes etc. 
Very quietly, Westinghouse then obtained several patents {304a-c) 
surrounding the technology, but no further mention of it appears in the 
literature. The Westinghouse work continued for at least a decade, judging 
by the spread of the patent dates 


© Our information came directly from private conversations of a close scientific 
colleague with the Westinghouse engineers who thoroughly tested the converter 
causing the Minuteman problems, and who then altered it to prevent the probl 


= Germanium has some unique properties, particularly with respect to transducing 
surface longitudinal waves to transverse waves and vice versa 
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Such multi-loop, multi-feedback transistor circuits can apparently be 
developed to exhibit true negative 4-resistor effects. With specialized 
clamped positive feedback of the Bedini type, such open dissipative 
systems can then exhibit stable COP>1.0, since the energy is taken from 
the vacuum via the broken symmetry of dipoles, and then discharged 
asymmetrically in the loads so as not to destroy the source dipole negative 
4-resistors. However, the reader should see Chapter 9 for special 
considerations and phenomenology. 


58 Negative Resistors 


We define a true negative resistor as a circuit component or system that 
receives energy from the environment and outputs useful energy, either in 
altered form or to power loads usefully. This contrasts sharply with a 
differential negative resistor, which exhibits negative resistance in one part 
of its regimen, but where all the excess energy to move the current against 
the voltage in that regime was previously drawn from the circuit itself and 
therefore was not freely received from the active external environment. 
Instead, the operator paid for it already. We are not interested in 
differential negative resistors, which are well known in the literature (305) 
and do not enable COP>1.0 system performance, so we will not discuss 
them further. Hereafter when we use the term "negative resistor”, it is 
understood that we mean "true negative resistor" unless the term is 
otherwise qualified, 


‘The true negative resistor is an open dissipative system a priori, and 
equilibrium thermodynamics therefore does not apply. Instead, the 
thermodynamics of open systems far from equilibrium applies. ‘The 
negative resistor freely receives energy from outside the system (from the 
environment), and “dissipates” it in interception and collection actions, 
inside the system, to fieely increase the available potential energy in the 
system, 


In circuits, the main characteristic of a negative resistor is that the 
environment freely furnishes some excess energy to (i) power the load, 
and/or (ii) move the current back against the voltage, particularly when 
shunted across the back emf region of the source dipole. The operator 
does not have to furnish this excess energy dissipated to propel the current 
backwards or dissipated to power the load! 


‘One must incorporate the entire supersystem into the analysis of a negative 
resistance element or system. Since the operator does not furnish the input 
energy dissipated by the negative resistor, then the active vacuum or 
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curved local spacetime — or both — must furnish the input energy to it. 
‘One must consider local curvature of spacetime interactions with the 
negative resistance and the active vacuum interactions with it, as well as 
the interactions between active vacuum and local spacetime curvature. In 
other words, one must again include the active environment of the 
Maxwellian system that Lorenz/Lorentz symmetrical regauging arbitrarily 
discarded. 


We specifically do not include the well known “differential” negative 
resistor, sch as a tunnel diode, which in one regime moves current against 
the voltage, all the while drawing all its enabling energy to move current 
against the voltage from an overall previous energy input by the operator. 
Unless the input enabling negative resistance energy is freely received 
fiom the external environment, true negative resistance is not involved. 


Several true negative resistors other than the point-contact transistor have 
been produced. We review a few of them in the following subparagraphs. 


58.1 Kron's Negative Resistor 
One of the greatest American electrical scientists was Gabriel Kron. 
Working for General Electric (GE), Kron built a true negative resistor in 
the 1930s, which could power itself and the network analyzer!” at 
Stanford University, under a GE support contract with the U.S. Navy. Here 
is a direct quote fiom Kron {306} to show what we refer to: 


"When onlypositive and negative real numbers exist, itis 
customary to replace a positive resistance by an inductance and 
a negative resistance by a capacitor (since none or only afew 
negative resistances exist on practical network analyzers.)" 


In that sentence we believe that Kron was forced by the censors to insert 
the words "none or" in the expression in parentheses. Particularly note the 
suggestion that in the imaginary realm it may not be the same as the 
accepted practice of using inductance as a positive resistor and capacitance 
as a negative resistor. Of course, the fourth Minkowski axis is - ict, and so 
this is very probably an oblique reference to the fact that energy can also 
“flow in” from the time domain. Kron was quite knowledgeable in general 


"The network analyzer was a large analogue simulation capable of modeling 
sophisticated equations — such as Maxwell's equations, the Schrodinger equation. 
ete. — for use in designing, simulating, and analyzing naval communications 
systems or proposed systems. It was one of the most advanced simulations ofits day 
Kron was the chief engineer and scientist on the project, and one of the ablest 
electrical physicists the United States ever produced, 
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relativity as well as advanced electrodynamics, and he applied full general 
relativity to rotating EM machines etc. In another quote, Kron {307} also 
revealed that he had the negative resistor but was not allowed to use it to 
openly power the Network Analyzer. Quoting and reading through the 
"spin control”: 


“Although negative resistances are available for use with a 
networkanalyzer, inpractice it is more convenient to use a 
second type ofcircuit, in which the positive and negative 
resistances are replaced by inductors and capacitors and the de 
currents and voltages are replaced by ac currents and voltages 
offixedfrequency. The use ofthe second type ofinterpretation is 
equivalent to multiplying the wave equation by i= V-1." 


After the word “although...” Kron includes the blunt statement that 
negative resistors were indeed available for use with the network analyzer. 
But ifthe "convenient" replacement of the positive and negative resistors 
by inductors and capacitors was made, then there was no COP> 1.0 
involved, and there was no true negative resistance involved. Kron is 
trying to clearly tell us that fact in the above quotation, He also strongly 
hints that energy from the time domain on the axis ict is involved, but that 
multiplication by ¥A1 discards this "energy from the time domain". 


Kron's negative resistor secret has never been released by General Electric, 
Stanford University, or the U.S. Navy and it is not going to be released. It 
has never been deciphered outside those groups, with the possible 
exception of knowledge by Floyd Sweet of Kron's negative resistor 
construction. Sweet worked in General Electric but not on the Network 
Analyzer project. Kron, however, was Sweet's mentor and patron, and 
‘Sweet often spoke of Kron in glowing terms. In our opinion, Sweet's 
vacuum triode amplifier was a further development of Kron's early 
negative resistor, as Sweet understood it. 


We further believe that Kron’s "open path” is simply the other two 
components of the supersystem, being (i) local curved spacetime, and (ii) 
the active local vacuum. Obviously the external environment connects any 
‘two points in the physical circuit, in addition to the circuit's physical 
connection (the "closed path”). Between any two points at differing 
potentials in an electrical circuit, there exists a potential and a dipolarity. 
‘Therefore, there exists a broken symmetry because of the dipolarity. The 
potential difference of that dipolarity is also a curvature of spacetime: i.e., 
it is a "field" between the two points, and the field is identically a 
curvature of spacetime. Hence fiom any two such dipolar points in the 
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circuit, there exists the giant negentropy flow of EM energy that we 
pointed out in 2000 {308}. This "open path” EM energy flow between any 
‘two unlike charges (any dipolarity) in the universe, not intercepted by the 
circuit and thus nondiverged, is discarded by Lorentz’s integration of the 
energy flow vector around a closed surface enclosing any volume element 
of interest. It appears that Kron not only recognized (in different terms) 
‘what we are calling the "supersystem”, but also recognized the equivalent 
of Heaviside's nondiverged EM energy flow component from any 
dipolarity — referring to that energy flow as the "open path” flow of 
energy. It is almost certain that he fully recognized what Lorentz. 
symmetrical regauging did to the Maxwell-Heaviside equations. Thus it 
appears that Kron was the first scientist to discard Lorenz/Lorentz 
symmetrical regauging, producing his negative resistor by doing so. 


We do not have firm knowledge, however, but only circumstantial 
evidence that Kron recognized the flow of EM energy from the time 
domain into 3-space, and vice versa, though he was certainly capable of 
seeing that. Nevertheless, this would also be included in his notion and 
discovery ofthe “open path’, since it is included in every dipolarity, 
generating the scalar potential between the poles ofthe dipolarity. It may 
also have occurred to him from his excellent grasp of general relativity and 
spacetime curvature {309} 


Kron’s concepts are certainly capable of being modeled and used to 
produce COP> 1.0 EM circuits and systems, including his negative resistor. 
Kron did tremendous work in advancing EM networks and power systems, 
He left behind a great legacy of network and system analysis capable of 
dealing with the COP>1.0 electrical power system problem {310a-e) 
Unfortunately, that legacy has been little used, ifat all, in design of 
electrical power systems and power distribution networks today. To our 
knowledge, there are no electrical power systems deliberately using Kron's 
open path."** 


5.8.2 Chung's Negative Resistor 
A highly simplified diagrammatic illustration representing the Chung 
negative resistor is given in Figure 5-6. In a July 9, 1998 keynote address 
at the Fifth Intemational Conference on Composites Engineering in Las 


"4 possible exception is provided by Bar 
‘potential shuttling” technique {124}. which ean only be seen in higher group 
symmetry electrodynamics such as quaternions. However, as far as we know, Barrett 
has not applied energy shuttling techniques to electrical power systems. 


1s extensions {286a, 286b) of Tesla’s 
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19 
Vegas, Dr. Deborah D. L. Chung, professor of mechanical and 
aerospace engineering at State University of New York (SUNY) at Buffalo 
and Director of the Composite Materials Research Laboratory, reported 
that she had observed apparent negative resistance in interfaces between 
layers of carbon fibers in a composite material prepared under pressure.’ 
‘The negative resistance was observed in a direction perpendicular to the 
fiber layers. By varying the pressure at which the composite material was 
prepared, Chung et al. were able to control whether the material would 
exhibit negative, minimal, or positive resistance. Apparent negative 
resistance was also observed in carbon fiber cement-matrix composites and 
in bare carbon fibers held together by pressure. 


Win Wout> Win 


a 


Foes sCungsnosniverescergranmatc, 


A formal technical paper was later published by Wang and Chung {311} 
A few years earlier a patent (312} had been issued to Chung and assigned 
to The Research Foundation of State University of New York, Albany, NY 
for a superconductive material using a laminate combination of carbon 


© Professor Chung holds the Niagara Mohawk Chair in Materials Research at 
SUNY and is internationally recognized for her work in smart materials and carbon 
‘composites. The reader may peruse a curriculum vitae, research work, and papers at 
up://www mae-butfalo.edu/people/Tacultychung/researchl.doc. 


"©The preparation of “locked-in” sires " ber material is 
reminiscent of Moray’s similar preparation of his amorphous semiconduetors with 
locked-in stress also 


240 


fibers and metal. ‘* The patent mentioned mesoporous carbon filaments, 
strikingly similar to our previous discussion ofthe surprising explosion of 
porous silicon at the Technical University of Munich, as well as possibly a 
special kind of "porosity" consideration in the fiber fuse phenomenon (in 
the material of the fuse itsel) 


An initial offer on the State University of New York at Buffalo website to 
provide a technical package with respect to the negative resistor — for 
which a patent had been filed — to those submitting a nondisclosure 
agreement was abruptly withdrawn. The project may have been classified, 
or — far less likely — it may have been retained as deeply proprietary by 
the University. We suspect that both the technical package and the patent 
application have been classified by one or more U.S. government 
agencies." 


In our opinion, Chung's fruitful discovery deserves rigorous and 
continuing investigation, particularly in higher group symmetry 
electrodynamics and in terms of supersystem interactions to include Dirac 
sea hole current interactions. We also believe Chung may have been 
required by referees (or by declassifying authorities, ifsuch were 
involved) to use the term "apparent" in the paper. The reported 
‘measurements in the technical paper do seem to unequivocally include true 
negative resistance with current running backwards against the voltage. It 
is not clear, however, whether this is Dirac hole current or electron current 
or a mix of both 


We also call attention to the fact that Dirac sea holes in the local vacuum. 
—as will be discussed in Chapter 9 — will and do run backwards against 
the voltage. Further, such hole current can be transformed from negative 
energy to positive energy by the Bedini process shown in Chapter 9. The 
pressure used by Chung ef al. in fabricating the material produces a stress 
potential in the material and thus decomposes into our reinterpreted 
Whittaker 1903 decomposition, preciously discussed. So giant negentropy 
is involved in the composite material, which implies that true negative 
resistance can be involved, at least in some operational regimes as pressure 


We stress thatthe issuance ofthis unclassified patent does not rule out a possible 
-gaive resistor (hence COP>1.0) patent that may have been classified. Some 
sensitive defense work in special materials is indeed performed at SUNY at Bulfalo, 


"AL leas the gist ofthe work is not lost, however, due to Naudin's duplication of 
the Chung effect and placing the results and building instructions on his website in 
France; see_bttp://jnaudin ftee.frent 
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etc. are varied. Such results were found by Chung er al. and are reported in 
the paper. 


Naudin reported independent success with a simpler variant of the Chung 
negative resistor (313). This assures that at least the effect will not just be 
buried. 


58.3 The Fogal Charge-Barrier Device 
Figure 5-7 shows an illustration from one of William Fogal’s patents (314) 
on a new kind of transistor (more accurately, a charge barrier device), 
Fogal's device incorporates a very special electrolytic capacitor’, which 
introduces optical-type functions as well as the more familiar capacitor 
functions. 


Fogal Semiconductor 
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Most semiconductor materials are optically active materials. Further, the 
individual electrons in a signal with a frequency well below light 
frequencies, are "jitering" with higher frequencies including the entire 
optical band. A "frequency" of a signal thus is imbedded in a jittering 
higher frequency complex set, and that set is quite able to interact in 
optical fashion ifthe complex itselfis used and controlled. Fogal’s process 


"The exact method of manufacturing this electrolytic capacitor, and its internal 
structuring. is proprietary to Fogal and a major capaeitor manufacturer, who is under 
1 nondisclosure agreement with Fogal 
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9 New Radio (INR): Although the other SG innovations 
introduced in this section all have strong starting points in 
LTE Advanced Pro, 5G NRis a true 5G native technology that 
hhas yet to be standardized. 5G NR addresses the need for a 
‘new radio access technology that will enable access speeds 
up to 20 Gbps — and you learn about itn Chapter 6 


Speeds and 
foods 


New Radio 
(NR 


Unlicensed 
spectrum 


Imernet of 
Things oT) 


Virtualization 


FIGURE 4-4: The five keys to 5G. 
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does appear to both use and control that jittery high frequency signal 
complex. 


Hence Fogal’s process can "tunnel under" the normal detected force-field 
frequency responses of the individual electron,'** and directly affect, 
change, and alter its higher-frequency environmental changes in the force 
fie field or field-free potential condition. In this way, Fogal has carried 
the electron (and hole) functions of a transistor to functions well beyond 
those in the present texts {315}. He may have also extended quantum 
‘mechanical tunneling effects to signals between widely separated regions 
of spacetime, since superluminal communication is possible with the Fogal 
semiconductor properly used. Longitudinal EM waves — which Fogal's 
semiconductor is able to utilize and control — can and do move at 
superluminal speeds (93a) because it uses the long-neglected "infolded” 
longitudinal electrodynamics revealed by Whittaker in 1903 and 1904. 
Further, superluminal solutions to Maxwell's equations do exist (93b} 


‘The charge barrier device is formed in a bipolar design that can be 
incorporated in Metal Oxide Semiconductor (MOS) designs as well as 
multiple gate devices. The device also produces a Hall effect EM field 
internal to the device. The Hall effect magnetic force will force electron 
flow and angular spin of the electrons in the same direction to the top of 
the conduction bands in the crystal lattice on semiconductor devices, 
unlike Silicon On Insulators (SOD) devices that force electron flow to the 
surface of the semiconductor lattice. This forcing function, together with 
the “extended tunneling” effects on the embedded EM environment of the 
electrons and holes, produces a unique effect. The device is able to stop 
and "pin" electrons while continuing to process the signal energy flow (the 
entire jitter signal complex) in which the electrons were coupled and 
moving. Thus the Fogal transistor is able to operate upon and with mass- 
free spacetime itself, and curvatures thereof. It is the first practical 
semiconductor capable of performing engineering ofthe active vacuum. 


In the last few years we have stressed that EM waves in spacetime are 
longitudinal EM waves a priori — but they are accompanied by time- 
polarized waves (phase conjugates). Hence the two in combination become 
observable, as pointed out in quantum field theory by Mandl and Shaw 
{316}. We detect effects apriori and not their causes. We detect 


"The electron itself is enveloped in the jttering of whatever background itis 
exposed to and interacts with. Hence a coupling interaction exists to arrange and 
control the jitter ofthe electron as wel. 
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transverse electron precession waves in our detector circuits, and not the 
causal waves interacting with them to produce their precession. The Fogal 
transistor is able to process the causal longitudinal EM waves directly, 
prior to their interaction with matter. It in fact opens up an entirely new 
region of "detected physical reality" to our vision and detection, a region 
far mote extensive than the development of infrared and ultraviolet sensors 
opened up to our sight. 


‘The pioneers of electromagnetics, who erroneously assumed a material 
‘ether and EM force fields in space, confused the transverse "material 
detected waves" (electron precession waves) in the detector with the 
“material undetected waves" they assumed to be incoming from space. 
Note that neither the electron nor the atom had been discovered when all 
these assumptions were used to determine how the EM wave in space was 
to be viewed and modeled. The transverse waves observed in the 
interacting/detecting of the Drude electron gas — ice, the detected electron 
precession waves — were considered to be direct interceptions of the 
incoming causal waves from space. This already substituted the effect for 
the cause, as we have previously discussed. 


Further, Faraday envisioned the "material field in space” as consisting of a 
series of "taut physical strings". A "perturbation" of this field in space was 
in his view, simply the transverse wave plucking of those strings. 
Maxwell, who closely followed Faraday's experimental work and concepts, 
simply assumed the transverse "plucked string waves” advanced by 
Faraday. Therefore, the erroneous notion of the transverse EM wave in 
space arose and stayed firmly fixed in the theory. 


One can check Whittaker’s decomposition of the scalar potential into 
longitudinal EM wave pairs, then realize that the energetic vacuum is 
naught but a giant scalar potential — which can be decomposed by 
Whittaker's method. In short, as a scalar potential, space itself is a writhing 
mass of longitudinal EM waves and their highly nonlinear dynamics and 
interferences, or it can be modeled in that fashion. The energy continually 
enters 3-space from the time domain to the negative charge of every point 
in space considered as a point dipole, thence to the positive charge, thence 
back to the time domain, Notice the giant 4-space circulation involved. 
‘One also notes the polarization ofthe vacuum continually happening and 
arising spontaneously, as is well known in quantum mechanics. We also 
suspect that this or a similar mechanism is at the root of spontaneous 
broken symmetry in physics. 
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An interesting thing emerges from Whittaker's 1904 paper (317), where he 
showed that all EM fields and waves can be decomposed into differential 
functions of two scalar potentials. Each ofthese two base scalar potentials 
can be decomposed by Whittaker’s earlier 1903 paper {85} into a set of 
longitudinal EM waves. All EM fields, potentials, and waves are 
comprised of longitudinal EM waves and their internal dynamics, which 
also comprise waves of spacetime curvatures and their dynamics. Further, 
each longitudinal EM wave in 3-space is accompanied by its phase 
conjugate twin in the time-domain. 


‘This far more primary “internal electrodynamics comprised of pure 
spacetime dynamics” — comprising and creating the recognized EM 
potentials, waves, and fields, their intemal dynamic spacetime structuring 
and also the structuring of time — has not been developed and applied in 
physics theory. This internal or "infolded" electrodynamics is the primary 
medium" in which the Fogal semiconductor appears to work and work 
upon. The Fogal semiconductor seems able to modulate and demodulate 
this internal structuring or parts oft, as has been demonstrated. 


Imperfect longitudinal EM waves — called undistortedprogressive waves 
- are already known to be able to travel at superluminal velocity, e.g., as 
shown by Rodrigues and Lu (318). Indeed, Maxwell's equations have both 

subluminal and superluminal solutions, as shown by Rodrigues and Vaz 
(319). Further, these waves can carry information. However, the 
technology of employing these waves has been lacking {320}. The use of 
scalar EM wave interferometry to produce normal EM fields and EM field 
energy at a distance has been shown by Evans et al. {321} 


As pointed out by Rodrigues and Lu {318}, perfect longitudinal EM waves 
travel at infinite velocity. This eliminates the difference between potential, 
field, and wave; a perfect longitudinal EM wave can also be taken as an 
instantaneous scalar potential with net force-free iterative regauging 
(varying at each point instantly and simultaneously). Both ways of looking 
at it produce the same end result: instantaneous remote energy change of 
spacetime energy density itself, in general relativity terms, or of the energy 
density of the vacuum, in particle physics terms. 


Elsewhere, (¢.g., Chapter 2), we also pointed out the "total photon 
interaction” mechanism that generates the flow of an entity through time. 
We also have advanced the concept of a "time-reversal zone” (TRZ) as a 
region where antiphoton interactions with charges predominate over 
photon interactions. We used these new concepts to propose exact nuclear 
reactions for the production of excess deuterium, tritium, and alpha 
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particles in cold fusion experiments. In such an "excited state” TRZ. region, 
the law ofattraction and repulsion of charges is reversed. In the TRZ, like 
charges attract and unlike charges repel. Further, the gluon forces are 
reduced, so the quarks in the nucleons are much more lightly bound. In 
such TRZ zones, dense clustering of like charges occurs due to their 
mutual attraction. 


A time-reversal zone is created in one part ofthe Fogal transistor, greatly 
assisting in the "electron pinning” action. That is, the usual strong mutual 
repulsion (the Coulomb barrier) of the electrons at the pinning site 
vanishes in the TRZ. inside the Fogal semiconductor, and the resulting 
‘mutual attraction ofthe electrons greatly facilitates the pinning process far 
beyond what is usually obtained against "like charge" repulsion in a time- 
forward zone. Indeed, the TRZ in the Fogal semiconductor also materially 
enhances the electron pinning process beyond what can usually be 
obtained with cryogenics. At least some indication of trapping and perhaps 
pinning has been reported in amorphous semiconductors at room 
temperature (322a-b} 


‘The Fogal device is able to remove EM noise (electron noise) from 
existing EM signals, displays, etc. by 96% or more, by pinning the 
electrons and simultaneously time-reversing the spatial EM signal back to 
its original noise-free state prior to hosts of interaction electron collisions. 
This “noise removal” capability has been rigorously tested by independent 
parties, including at a leading university in the Netherlands, " and by 
several large electronics companies and several other universities. By 
pinning the electrons (and electron currents) while still processing and 
propagating the EM energy effects, the Fogal device can move noiseless 
EM energy without loss at room temperatures, at superluminal velocities 
and reconnect the lossless propagated energy to electrons past the pinning 
region at a receiving region, releasing the electrons in the receiving region. 
The Fogal semiconductor therefore already accomplishes room 
temperature superconductivity as well as tunneling, 


‘The Fogal device's basic mechanism (consisting of all the submechanisms) 
is to restore and move EM energy in force-free form, using direct 
regauging of the vacuum instantaneous scalar potential itself (or the 


°° The university researchers verified room temperature superconductivity being 
produced by the Fogal semiconductor in their independent verification 
measurements, They also measured that some 96% of the noise already present in a 
circuit was removed by Fogal's semiconductors in Fogal’s circuits 
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‘vacuum potentials themselves). It operates directly upon the longitudinal 
EM waves comprising the vacuum potential. Hence it directly engineers, 
the active vacuum and curved spacetime. Le., it is the first supersystem 
engineering device of (hopefully) many more to come. 


In the "jitter" environment of the space in which the individual electron is 
embedded, there exist many (and essentially all) field gauges, 
simultaneously. One ofthese, of course, is the Coulomb gauge where there 
exists an instantaneous scalar potential. Usually the instantaneous scalar 
potential is considered only a near-field effect, with no contribution at any 
significant distance. However, as Jackson points out (323), transverse 
radiation fields are given by the vector potential alone. Also, in the 
Coulomb gauge the scalar potential "propagates" instantaneously 
everywhere in space {324} 


Along with other electrodynamicists, Jackson avoids the obvious 
superluminal communications implications of the instantaneous scalar 
potential by stating that ". it is the fields, not the potentials, that concern 
us. " As he points out, a detailed (though conventional) discussion of 
causality is given by Brill and Goodman {325}. Again as pointed out by 
Jackson, in the Coulomb gauge the quantization of the photon involves 
only the vector potential. The use ofthe scalar potential in the Coulomb 
gauge, together with deliberate engineering ofthe internal longitudinal 
Whittaker wave structure ofthat potential, directly allows distant 
engineering via multiply connected spacetime, even inside the nuclei of 
distant objects. This is infact a unique and marvelous engineering 
application and extension of Bohm 's quantum potential concept. 


‘My “pinning” the electrons, apparently Fogal is able to essentially "hol 
the vector potential and all the force fields while the instantaneous scalar 
potential persists and now extends over all space, notjust to the near field 
since allformerly moving field dynamics that would limit it have been 
Jrozen. If this effect is substantiated, I have nominated it as the "Fogal 
effect". Further, this unrestricted instantaneous scalar potential now 

i lunges in field-free form (pure regauging form) over all space according 
to the signal energy being perpetuated and propagated’ by the Fogal 
semiconductor independently of its pinned electrons. In this fashion, the 
Fogal semiconductor is indeed capable of "instantaneous" communication 


56 Here we again point out that the usual notion ofa signal as energy propagating in 
S.space is wrong. It propagates in 4-space, but not in 3-space. Also, what 
propagates is the spreading point-like polarization ofthe vacuum itself. 
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over essentially unlimited distances. At least one independent test has 
verified the Fogal instantaneous communication effect, but the testis still 
held proprietary by the testing agency. 


Since Fogal is able to alter and control the internal longitudinal EM wave 
Whittaker structuring of the scalar potential used in this Coulomb gauge 
manner, he is able to accomplish superluminal (and even instantaneous) 
communication, so long as a Fogal semiconductor is available in both the 
transmitter and the distant receiver. In the transmitter, the Fogal 
component is necessary to infold the information into the internal LW 
structure ofthe scalar potential to be used in the Coulomb gauge, thus 
transforming the input signal information into output longitudinal EM 
wave information directly in spacetime itself. The Fogal component in the 
receiver is necessary in order to detect, transduce, and outfold the infolded 
longitudinal EM wave information inside the instantaneous scalar 
potential. We have stressed that these internal longitudinal EM waves and 
their dynamics are spacetime curvatures and their dynamics. Hence their 
transmission and detection is a viable process for superluminal 
communication, including instantaneous communication.’ 


Further, once the electrons are pinned, all "signal fields in charged matter” 
(ce., all EM force fields) are frozen and localized. This, we believe, 
involves a new physical effect introduced by Fogal that is analogous to the 
Aharonov-Bohm effect.'* So I have called it the "Fogal effect". That is, 


" We believe that physies books will have to be substantially rewsiten, once the 
internal longitudinal structuring ofthe scalar poteaial (and of EM fields and waves) 
is employed dicectly in open technology. We further believe that the Fogal 
semiconductors ate the ftstpre-developments in that coming vast aew technol 
at lest in the open Western scietific world. 


®* There have long been, and still are, efforts to “fit” the Aharonov-Bohm effect into 
slightly modified classical electrodynamics after all. E-g., see C. J. Carpenter, 
Electromagnetic energy changes due to charges moving through constant, of zero, 
magnetic field,” IEE Pro. A, 138(1), Jan. 1991, p. 55-70; — "Electromagnetic 
energy and power in terms of charges and potentials instead of fields,” IEE Proc. A 
136(3), 1989, p. 101-113: G. M. Graham and D. G. Lahoz, "Observation of static 
electromagnetic angular momentum in vacuo,” Nate, Vol. 285, 1980, p. 154-155 
T. H. Boyer, "Semiclassical explanation ofthe Matteucei-Poz2i and Aharonov-Bohm 
phase shits." Found. Phys, 32(1), Jan. 2002, p. 41-49; — "The Aharonov-Bohm 
effect as a classical electromagnetic-lag effect: An electrostatic analogue and 
possible experimental test,” Nuovo Cimento, Vol. 1008, 1987, p. 685-701; — 
Classical electromagnetic deflections and lag effects associated with quantum 
interference pattern shifts: considerations related to the Aharonov-Bohm effect 

Phys. Ret. D, Vol. 8, 1973, p. 1679-1693; — "Does the Aharonov-Bohm effect 
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the forve-fields are frozen and localized by the pinning, but the field-free 
potentials then remain, including the instantaneous scalar potential and 
probably the curl-free magnetic vector potential A as well. The result i 
that the instantaneous scalar potential can be directly regauged everywhere 
at once by the changes of magnitude of the "frozen fields", rather as ifthey 
were "static voltage", possibly simultaneously regauging the field-free A- 
potential — all as part ofa new kind of Lorentz symmetrical regauging. 
Afier all, a single Lorentz symmetrical regauging (326) changes both the 
potentials A and 6. Changes in symmetrical regauging produce stress 
waves, which are longitudinal EM waves. Continual changes of 
symmetrical regauging also continually changes both the potentials A and 
1 including over all space when operating in the Coulomb gauge. This is 
one explanation of the beautiful effect that Fogal has discovered and is 
utilizing, 


We accent that, with pinned electrons frozen in place, the normal g and A 
in matter (defined in terms of interaction with charge and the movement of 
charge) cannot occur. With time reversal zone utilized, electron pinning is 
greatly eased and the instantaneous scalar potential @ now assumes the 
primary active propagating role in surrounding space. Neither nor A is 
five to develop the normal A9/€r and VxA spatially propagating dynamics 
ofthe force fields (effect fields) observed in matter. In the Fogal process, 
the instantaneous scalar potential "signal" (the causal signal in 4-space) is 
generated in the transistor when it pins the electrons and freezes the force 
fields into "equal and opposite” form. Since no net force field can develop, 
the instantaneous scalar potential is a stress potential in spacetime itself 
‘and simply changes its magnitude instantly, at each and every point in 
space that it occupies, when the Fogal chip's input EM fields change in its 
signal input. 


In the output, the net force fields remain zero and frozen, even though the 
individual force fields change constrained to "equal and opposite” manner. 
fone wishes, one may take this part of the Fogal output — the field free 
changes in the stress energy density ofthe vacuum — as one expression of 
‘modululating the instantaneousscalarpotential’senergydensityinperfect 
correspondence to the field changes in the normal EM input to the Fogal 
transistor. 


‘exist?", Found. Phys, Vol. 30, 2000, p. 893-905: — "Classical electromagnetism 
and the Aharonov-Bohm phase shif,” ibid. p. 907-932, 
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The instantaneous Fogal changes in magnitude (e.g., instantaneously 
induced upon a distant collecting charge) are no longer limited to near 
field effects, or to the speed of light — and communication is not bound to 
the retarded wave. Now the induced changes of the instantaneous scalar 
potential exhibit far field effects and these changes — being naught but 
these special Lorentz condition magnitude regaugings — are 

instantaneous. This of course is a form of action at a distance. We stress 
that the best astronomical evidence also points to a startlingly superluminal 
speed of gravitation (curvature of spacetime, which afterall is just a 
longitudinal EM wave or set ofthem) itself, as pointed out by Van 
Flandem.'” Ifso, since any change of energy in spacetime is a curvature 
of spacetime, and one form of spacetime curvature can move at 
superluminal velocity, so can other forms of spacetime curvatures. In our 
favorite expression, if only takes one white crow to prove that not all 
crows are black. 


‘As is well known, the de Broglie waves of matter always move faster than 
light, as do appropriate quantum tunneling processes. Further, the quantum 
potential used by Bohm in his beautiful hidden variable theory of quantum 
‘mechanics {347} also appears instantly throughout space, wherever it will 
be, and with the value it will have. The question of whether a quantum 
potential can be used to communicate has been posed but not definitively 
answered in the previous literature. We propose a resounding "Yes!" ifone 
uses the internal structure of the quantum potential for one's 
‘communication, applying some component such as the Fogal 
semiconductor to do the infolding and outfolding, 


We also propose that a process for forming and using an instantaneous 
scalar potential in the Coulomb gauge can be interpreted as the formation 
and use of a quantum potential or its direct equivalent. If that assumption 
is true, then the Fogal semiconductor seems to be the first component ever 
openly built and patented which produces and uses Bohm’s quantum 
potential, including its infolded Whittaker structuring and dynamics. It 
also definitively answers in the affirmative the question of whether the 
quantum potential and the scalar potential in the Coulomb gauge can be 
used in superluminal communications, 


” Tom Van Flandera, "The speed of gravity - What the experiments say." Phys. 
Lett. A, vol. 250, Dec. 21, 1998, p. I-Il. Van Flandern gives an extremely important, 
clear, and suecinet sun that experiments refute the standard far field 
assumption ofl ional effects. Laboratory, solar system, and 
astrophysical experiments for the "speed of gravity" yield a lower limit of 2x10"e 
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‘Thus Fogal has apparently found a way to directly modulate intelligent 
change of magnitudes into and upon the internal longitudinal EM wave 
structure ofthe instantaneous scalar potential (and upon the quantum 
potential), as well as iterative "pure net-field-free” regauging of the 
instantaneous scalar potential {327}. It seems to have previously escaped 
notice that varying the Lorentz symmetrical regauging of a circuit or 
system easily produces pure longitudinal EM waves. This strongly implies 
that Fogal has surmounted and removed the barrier to practical 
superluminal communication and even further has reduced the barrier to 
practical instant communication. 


Several tests — in one of which the present author participated — have 
indeed shown Fogal transmission of signals, including video signals, 
between two widely separated points with less delay than light-speed 
signals exhibit, and also with video bandwidth infolded inside a DC signal. 
In at least one series oftests in a large company's own laboratory and by 
its own engineers, communications from a ground-based Fogal chip 
transmitter apparatus occurred between the ground station, through the 
uplink into the satellite, back through the downlink to earth, into a ground- 
based transmission system with repeater stations, and into the receiving 
Fogal transistor unit in the lab. The transmissions occurred with no 
discernible time delay, something previously deemed impossible in all the 
ly since even the conventional 

s in the repeater station amplifiers and the satellite receiver- 
transmitters were apparently eliminated. This further accents that the 
infolded "longitudinal EM waves superhighway" inside all EM fields, 
potentials, and waves — including inside matter such as the ocean and the 
arth itself— is a multiply connected space phenomenon. It is the most. 
ideal communication medium, enabling deep space communication 
without delay, ete. 


‘The implications for nondelayed future remote control of robot spacecraft 
‘and robots landing on the surface of planets and asteroids are obvious, as 
are the implications for direct exploration and measurement of conditions 
inside the interiors ofthe planets, the sun, the moon, and the earth via 
internal scalar interferometry. We accent that Fogal has done private 
experiments exploring this vast new physical reality revealed by the 
"internal longitudinal EM wave dynamics” and its interferometry, and it is 
‘mind-expanding (some would say mind-boggling!). Itis also a great new 
step in physics and in our very notion of physical reality itself 


‘Thevacuum itself, being highly energetic, is indeed a scalar potential 
Further, it has any and all gauges. Since potentials superpose, we postulate 
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that Fogal’s use of the instantaneous scalar potential is directly superposed 
‘on the corresponding instantaneous Coulomb gauge scalar potentials of the 
entire vacuum. His discovery of how to modulate the instantaneous 
magnitude without allowing modulated EM field propagation, constitutes a 
very special case of tunneling right through "space" itself, using one aspect 
‘or “component” of space. 


In short, to be a little dramatic one might even apply the term subspace 
communication to this long distance tunneling effect. ‘That interpretation 
‘would also seem consistent with the deterministic variation of the internal 
stress energy density structuring of the vacuum that is produced in the 
Fogal proce 

From another viewpoint, Fogal has succeeded in not only finding the 
missing chaos of quantum mechanics, but in deterministically engineering 
and using it. 


‘This is also consistent with Whittaker's decomposition of the scalar 
potential into bidirectional longitudinal EM waves (328) and his 
connection between time-polarized EM waves and longitudinally polarized 
EM waves as reinterpreted (12) to be consistent with quantum field theory 
{19}. We point out that a single point in time is simultaneously 
"connected to every point in the universe. By using a transmission system 
that back-pedals fiom 3-space into the time domain, an instantaneous 
connection to any other spatial point in the universe is therefore available, 
ifone's technology can take advantage of it. Fogal's technology does. 


It is also consistent with quantum tunneling experiments that have 
demonstrated the transmission of intelligent signals (such as Mozart's 40th 
symphony) at superluminal speed between two points in a waveguide 
(329a-b}. Regardless of how one chooses to model intelligent 
superluminal communication, it has been experimentally demonstrated — 
‘multiple times and by multiple experimenters in multiple laboratories — 
that such can occur. 


‘The difference in those superluminal experiments and the performance of 
the Fogal chip is that the chip uses iterative regauging ofthe magnitude of 
the instantaneous scalar potential, as well as deterministic alteration of the 
scalar potentials internal longitudinal EM wave substructuring, and 
probably also modulates the internal structuring of a quantum potential. 
The presently proposed quantum tunneling mechanisms apparently do not 
do this, at least as they are presently modeled. Further, the quantum 
tunneling mechanism is difficult to apply; the Fogal mechanism is fairly 
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Issuing a license to thrill — with higher 
speeds 


» Cobbling together spectrum with carrier 
aggregation 

» Going well beyond “rabbit ears” with 
‘massive antenna arrays 


» Seeing stars with quadrature amplitude 
‘modulation 


Chapter 2 
Achieving Faster Speeds 
and Larger Feeds 


ver the past decade, the need for speed in mobile net- 

works has increased dramatically. To address this need, 

5G will increase the speeds of today's most advanced 
Long Term Evolution (LTE) networks by an order of magnitude — 
from a few gigabits per second (Gbps) to as much as 20 Gbps. In 
this chapter, you get a glimpse of the engine — or, more cor- 
rectly, the parts and components of the engine — that will power 
the 5G networks of the future 


Fattening the Data Pipe 


Wireless spectrum is limited and highly regulated throughout 
the world. The International Telecommunication Union (ITU) 
allocates frequency spectrum worldwide, and governing bod- 
ies within the respective countries then license that spectrum 
for use by individual mobile network operators (MINOs). The ITU 
has identified three International Telecommunication Regions 
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simple and straightforward to apply, given the Fogal semiconductor at both 
the transmitting and receiving ends of the communication system. 


Pure longitudinal EM waves readily penetrate matter to great distances, 
since matter is mostly empty space between widely separated mass 
particles. On the microscopic scale, matter is comparable to something like 
the solar system, except that intense fields and potentials (bundles of 
longitudinal EM waves and their dynamics) occupy the space between the 
particles. All this vast empty space inside matter, being a potential and 
comprised of longitudinal EM waves, is a giant "superhighway" for the 
passage of longitudinal EM waves and their dynamics, as indeed is matter 
itself which is mostly such empty space. Further, even the masses 
themselves are such, since mass is simply highly compressed spatial 
energy density, and therefore is highly compressed longitudinal EM wave 
energy and dynamics. Itis just a "denser" superhighway. 


Hence a longitudinal EM wave system can readily be developed to "see 
through matter” using Fogal semiconductors in transmitter and receiver. 
Fogal in fact has made at least one proprietary prototype demonstration 
unit that demonstrates this startling capability. The vision is very clear, due 
to the remarkable absence of noise in the Fogal process. It is also 
shockingly unique, and it changes our very notion of physical reality. We 
are not at liberty to further discuss this new "sub-submicroscopic" reality 
revealed in such experiments. We simply interpret it as jumping the 
presently assumed restrictions of observation, and allowing the direct or 
correlated observation of the virtual state entities. 


As alluded to, the previously modulated "Fogal type signals” emitted by all 
‘matter and other physical entities can also be displayed on a screen using 
the Fogal process, revealing a hitherto unsuspected physical reality and 
EM signals environment. In this prototype system, Fogal showed a 
remarkable and startling new extension of our very perception of physical 
reality itself. This is another reason why we expect that physics books will 
have to be rewritten, once the Fogal semiconductors are on the market and 
available in practical equipment. As every physicist knows, any dramatic 
increase in our ability to sense finer levels of physical reality inevitably 
leads to new and startling advances in physics itself and changes our very 
knowledge of the nature of physical reality 


‘The ability to bypass and "park" force fields by pinning their source 
electrons in a time-reversal zone, while continuing the flow of noise-free 
EMenergy at will and at infinite velocity, obviously enables COP> 1.0 
systems. A pure longitudinal EM wave already has infinite energy, for 
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such a wave appears across the entire universe simultaneously, instantly 
changing the stress energy density of the entire vacuum in whieh the 
longitudinal EM wave is present.’ The back emf and back mmf fields in 
an EM system or electrical power system can be frozen and held from 
restoring the Lorentz condition in the circuit, using the Fogal 
semiconductor (330). We presently have an agreement with Fogal for the 
licensed use of his semiconductors in all such energy unit applications. 


A quantum potential is modeled in a multiply connected spacetime, so that 
a given joule of input energy to one multiply connected point 
simultaneously appears in every other multiply connected point." Since 
the Fogal semiconductor apparently can operate in quantum potential or 
Coulomb gauge fashion, it can act as a direct energy amplifier, with 
respect to the lab observer in a singly connected space. In short, the Fogal 
process dramatically extends the concept of "conservation of energy” to 
include conservation in multiply connected space and therefore 
incorporates observed energy amplification in singly connected space. 
Again, a broken symmetry (in singly connected space) reveals a higher 
symmetry (in multiply connected space), and the hierarchy principle is 
alive and well. In short, with the Fogal semiconductor used in power 
systems, the law of conservation of energy must be extended to include 
energy symmetry in multiply connected space but asymmetry in singly 
connected space. Obviously, such functioning totally transcends the 
limitations ofthe present thermodynamics models. 


‘We carefully point out that this is not "energy creation” but simply the 
energy following the known kind of statistics in physics that allows a thing 
to be in multiple different places simultaneously. What is actually 
“instantly transmitted” is the simultaneous regauging ofthe energy density 
ofthe vacuum. At any point in space, the vacuum has an energy density 
and thus is a scalar potential with a given magnitude. Changing the energy 
density is simply regauging, which is freely permitted under the gauge 
freedom axiom of quantum field theory. So instant amplification of 


“This should not be too surprising, since the bare charge and the bare mass of 
every electron each has infinite energy, as is well known in particle physics. For 
confirmation in very straightforward language, see Nobelist Steven Weinberg, 
Dreans ofa Final Tieon, Vintage Books, Random House. 1993, p. 109-110 


“ Ifwe wish, we can even take time itself as a special kind of quantum potential, 


since time also displays such a “multiplicity of connection” in 3-space. In one sense, 
time is the ultimate quantum potential, since a single point in time is "connected" to 
every single 3-space point in the universe, simultaneously. 
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energy” over a region of points is simply the instant regauging of the 
potential already present at each point in the region. It is a permissible 
‘multiply connected space violation of the present more limited "special 
case" energy conservation concept, which implicitly assumes a singly 
connected space. We have been working with Fogal for some time in this 
area, and we expect to rapidly develop and introduce commercial EM 
power systems based on the Fogal semiconductors abilities in multiply 
connected space, as soon as itis in production and available. Until then, 
the details of our work in that area must remain highly proprietary, 


58.4 Point-Contact Transistor. 

Figure 5-8 diagrammatically shows a point-contact transistor with n-type 
base in a typical circuit for power gain, The point ofthe contact is under 
pressure on the material with which it is in contact. 


Curent gain= o>1.0 
fe= 25chme 


re 25000 ohms 


a 
powergan = 228 
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The point-contact transistor often behaved in true negative resistor fashion, 
outputting more energy than was input to it. Its production was always far 
more of an art than a science. 


AS can be seen from our quotation at the beginning of his chapter, the 
original point-contact transistor was never thoroughly understood 
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technically." Specifically, there does not appear to have ever been any 
deliberate attempt to capitalize on the ability ofthe transistor to become a 
true negative resistor under certain manufacturing techniques and under 
certain conditions.'** Instead, the variations and difficulties in manufacture 
resulted in use ofthe point-contact transistor being essentially bypassed 
rather quickly, by advancing to other transistor types more easily 
‘manufactured and with less manufacturing variances. In reducing the 
‘manufacture of other types of'transistors to a science rather than an art, the 
point-contact transistor and its further development and optimization into 
reliable true negative resistors were abandoned. 


We present this transistor as a straightforward and relatively inexpensive 
area in which young researchers in COP>.0 systems and phenomenology 
may wish to begin, assuming they have access to semiconductor facilities 
in a university or similar or are willing to work meticulously under a 
jeweler's loupe. A rich combination of effects in the transistor awaits 
‘optimization and control. We predict that we shall yet see, on the world 
market of the future, such point contact transistors teliably exhibiting 


"© Eg. different theories are given in: (a) W. Shockley, "Theories of high values of 
alpha for collector contacts on germanium,” Phys. Rev., Vol. 78, 1950, p. 294: (b) 
W.R, Sitiner, “Current multiplication in the Type A transistor," Proc. LRE., Vol 
40, Apr. 1952, p. 448-454. Also of interest is (¢) W. van Roosbroeck, "Theory of the 
flow of electrons and holes in germanium and other semiconductors," Bell System 
Tech. J, Vol. 29, Oct. 1950, p. 560-607. See also (d) J. Bardeen and W. H. Brattain, 
‘The transistor, a semiconductor triode.” Phys. Rev., Vol. 74, 1948, p. 230. For a 
more modern re-examination, see Shuji Hasegawa et at, "Electronic transport at 
semiconductor surfaces — from point-contact transistor to multi-tip STM.” Oyo 
Buturi, 7010), 2001, p. 1165-1171 (in Japanese). 


“9 E-g., the point contact is usually under pressure, and this pressure of course can 
bee varied. The full phenomenology of points (which increase voltage) and pressure 
‘complicated by surface effects as well, has not been worked out in physics. Note the 
similarity ofthe pressure in the point contact transistor to the pressure in the Chung 
negative resistor. Note the almost certain involvement ofthe "overpotential” of 
chemistry and electrode chemistry, as well as the "double surface” effect ofthe 
small gap between the point and the substrate on which it rests in contact. Part of 
the gap probably even involves the Casimir effet as well. Any electrical signal 
Variation in that very complex point junction will vary the overpotential, the stress 
potential, the "point joltage” effect, ete. As can be seen, the 
phenomenology of the point contact is remarkably complex and rich in several areas 
‘fphysics and in a great variety of physics variables. Obviously, the reasonable 
control of all these highly nonlinear variables — and their mutual interactions — is a 
ifficut matter. Hence the readiness with which point contact transistors were 
dropped with substantial sighs of relief. 
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negative resistance. It will be necessary, however, to also take into account 
the symmetrical self-regauging characteristics of the common closed- 
current-loop circuit. By adroit switching of a true negative resistor in and 
out ofa closed-current-loop branch, or placing it in parallel with the back 
emf of that branch to reduce it, asymmetry can be introduced into the 
overall closed current loop circuit, defeating the Lorentz symmetrical 
regauging. Defeating the Lorentz condition is essential to COP>1.0, of 
course. 


We envision such a development as an ideal “negative resistance shunt” to 
add across the secondary ofa transformer, and another possibly across its 
primary and across the extemal power supply as well, in producing more 
amenable and easily fabricated COP>1.0 electrical systems. We also point 
out that, once the back emf or back mmf forcing of equal power 
dissipation in the primary of a transformer or in the emf section of a circuit 
dramatically reduced or eliminated, one does not require "large 

intensity” potentials and voltages to collect a great deal of power in the 
intercepting and receiving extemal circuit. Again, by simple W = Vg, as 
much energy W can be collected fiom any nonzero potential V as there are 
charges q to intercept. 


We also envision such a true negative resistor being close-looped by the 
Bedini process, thus producing a small "self-powering” transistor, which in 
effect becomes a small self-powering "battery. This is absolutely a doable 
process, and it will be done once the Fogal semiconductor is in production 


Almost all semiconductor materials are also optically active materials, and 
a point discharge into such materials represents a very sharp regauging 
(higher voltage) discharge at a point or into a very small area, due to the 
increase in potential at the tip where it contacts the base material. The 
point junction is under pressure, so a stress potential exists there. In 
addition, the well-known "point" effect also increases the potential in the 
junction pointer itself, from its base to the point. The point contact 
phenomenology of different materials — one conductive and one 
semiconductive — is of much interest, and with novel phenomenology. 


‘Thefact that the point-contact transistor in its most usual formulation 
primarily uses holes more than electrons, is also of much interest in 
COP> 1.0 situations. Holes in a circuit move against the voltage. The trick 
is to let the Dirac holes before observation move in an open path from the 
ground return line against the back emfto the potentialization line, and 
transduce the moving hole current (via the Bedini process) into electron 
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current after the holes have already freely reached the vicinity of the high 
side ofthe circuit. 


‘When Dirac sea holes (causal positrons before observation and thus prior 
to their alteration to lattice holes and parity reversal) and Dirac sea hole 
current are also involved with point-contact transistors, the resulting 
phenomenology has been but little investigated and none of itis in the 
present textbooks. However, from recent work with positron probes and 
positron microscopes to examine semiconductors and semiconductor 
‘materials, itis known that the holes (positrons) tend to be repelled from 
nuclei in the material into defects (voids) in it {331). These effects have 
been investigated, for example by Triftshauser et al. (332) 


Both the mechanical stress potential (which is fundamentally 
electromagnetic) and the heightened junction potential decompose via our 
reinterpretation of Whittaker's 1903 decomposition of the scalar potential 
This leads to optical-type pumping in both the time domain as well as the 
3-space domain. Hence novel optical-type effects and time-reversal of 
‘material states can be involved, leading to a very complex set of phase 
conjugate phenomena, time-reversal phenomena, etc. 


Certain Hall effects employed in conjunction with a point contact 
transistor could be a fiuitful area of investigation. As an example, narrow 
Hall bars with junctions between current and voltage leads of various 

geometries could be investigated. Widening the junction from the normal 
square-comered shape can sometimes produce a negative Hall resistance. 


The junction of the point contact involves asymmetrical self-regauging, 
iterative time-reversal retroreflection, increased Poynting and Heaviside 
energy flow components, optical scattering processes inside the junction 
materials, etc. The transistor can indeed be manufactured so that these 
highly nonlinear effects sum to a negative-resistor-like movement of the 
output current against the voltage, although with so many other 
phenomena involved it will require some hard work and research in order 
to develop and stabilize it — and understand it 


5.8.5 Bedini's Negative Resistor Process in a Battery (333) 


5.8.5.1 Some Pertinent Lead-Acid Battery Processes 
A lead-acid storage battery is a highly nonlinear device. The plates may be 
plante, pasted, or tubular etc. They are usually highly porous and have a 
thin oxide layer. They may have other coatings and the electrolyte solution 
‘may include additives to enhance operation. The plates consist ofa mix of 
crystalline materials in most cases. The plate materials include acicular 


258 


(needle-like) crystals, particularly the negative plate. The plates usually are 
porous, knit, and have gridded separators. 


‘The chemistry of the battery electrolyte is complex and — even today — 
not all of itis well understood, particularly when mass transport is 
accounted. In our discussions, we will be including some of the previously 
neglected phenomena during mass transport (ion sluggishness in moving) 
that are responsible for some of that lack of understanding. In the battery 
chemistry, there are many double surfaces between the ions and also there 
is a variety of point voltages. There is a separate theory for double 
surfaces. 


One ofthe most important phenomena is that the ion currents in the 
electrolyte are confined to the battery, and do not pass out into the external 
circuit. Much ofthe electron currents in the external circuit are blocked at 
the plates from moving within the electrolyte. Consequently, we will limit 
our discussion to two major currents of interest’ in a battery-powered 
system, and these currents are effectively isolated from each other (at least 
to first order). Those currents are (i) the ion currents in the electrolyte, 
confined to between the plates and therefore intemal to the battery 
electrolyte, and (ii) the electron currents between the outside of each plate 
through the inside ofthe plate and on out through the external circuit and 
then around to the inside and thence to the outside ofthe other plat. 
Chemical changes occur on the plates themselves as a result of these two 
currents. 


It is usually assumed in power systems that these two currents are in phase 
or almost entirely so. That need not be true at all, and Bedini takes specific 
advantage of deliberately arranging these two currents to be antiphased 
part of the time. Part of the Bedini effect can be understood from this fact 
alone; the other part must consider one other most unusual electrical 
current that is encountered only in battery-powered systems or COP» 1.0 
systems. 


So indeed there are several (many) currents in a lead acid battery [334], 
not just one, and we will consider three of them — the two previously 

mentioned, and an additional Dirac sea hole current in the local vacuum 
itself. The reader interested in greater technical depth should also turn to 


™ Ofcourse, there are many other currents in a battery as well, but — altho 
‘oversimplification — these two major currents together with the Dirae sea hole 
‘current will suffice for our introductory modeling and explanation purposes 


259 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES. 


the literature of electrode chemistry and electrochemistry (335a-f}, which 
is quite complex. 


5.8.5.2 Dirae Sea Hole Current 

In a battery-powered COP» 1.0 system (and in some COP>1.0 systems), 
there is a previously unrecognized significant flow of Dirac hole current in 
the local vacuum, running from the output section of the system to the 
system input section and thence through the conductors into the battery 
terminals and onto the battery plates, and on into the battery electrolyte 
chemistry. This hole current may be greater — evenfar greater — than the 
normal electron current running from input to output. 


So in the battery-powered overunity system with positive feedback, not 
only does an electron current run from the battery through the connecting 
conductors to the input section of the system, but also a Dirac hole current 
pours back out of the system input section, and — ifnot intercepted and 
‘ransduced — through the conductors and back into the battery. All the 
while, this Dirac hole current is "eating" electrons being furnished by the 
battery to the system. The net result is that the battery "sees" an extra load 
to be powered, in addition to the ordinary load presented to it by the 
normal system input section. It "sees" the situation as an "extra load” 
because it first has to furnish sufficient electron current to fill the hole 
current and "kill" it, before it can furnish the additional electrons to power 
‘the system in normal fashion.'“* 


5 An odd effect occurs in the battery, however, when the battery completely 
discharges in the normal sense. Actually, itis sill fully charged with positive energy 
charge, but also has been simultaneously charged with negative energy charge. With 
the excess negative energy holes continuing to charge the battery with negative 

ergy charge, the battery becomes increasingly charged with net negative energy. 
‘There is almost no limit to the negative energy charge the battery (ie. the local 
Dirac vacuum portion of its supersystem) ean take, except the eventual development 
of antigravity effects due to the inverse and inereasing curvature of local spacetime 
in which the battery is embedded. After a battery has been used to power a 
COP» 1.0 system for some time, one can take the battery off, place it on a normal 
battery charger, and it will then “eat” positive power for an extended period oftime 
—es., a week or longer. During this period, one is steadily negating the inverse 
curvature ofthe local vacuumn via the increased positive energy collecting in that 
Spacetime. The battery again finally passes trough zero voltage and net charge 
again, and suddenly starts charging up again in a "normal" sense with positive 
energy charge. This process actually increases the lifetime and function ofa battery 
in a starting manner. Bedini has used batteries almost devoid of charge and energy 
in the normal sense, and powered systems very well with them, even for longer than 
a year continuously 
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A COP» 1.0 EM system is an excited system far from equilibrium in its 
exchange with its active environment. For all such excited systems, there 
exist significant decay mechanisms to bring the system back into 
equilibrium with its environment, since equilibrium yields the lowest 
energy state and maximum entropy. The Dirac sea hole current (negative 
energy current) is nature's unexpected natural decay mechanism to sharply 
decay a COP» 1.0 system back to an overall COPS1.0 system when the 
external power supply is considered also." 


‘So when Dirac hole current back through the local vacuum and through the 
system is involved, the battery first has to furnish electron current to fill 
these holes at the rate they are appearing in the input section, thereby 
furnishing a primary "hole-flling” electron current component which 
"disappears" into the Dirac vacuum and is lost.” Only after the holes in 
the hole current are filled — and the hole current is being steadily nullified 


M® It decays the true negative resistor power system back into being only a 
Aijerential negative resistor section of a slightly extended metasystem including the 
power system and its external power supply. This novel decay mechanism also 

proh ce power system for 
self 

discussed in Chapter 9 and in paragraph 4.9.6 below. 


©The filling of these Dirac sea holes is not pair annihilation in the usual sense, and 
10 radiation is emitted. Instead, the energy ofthe radiation that would otherwise be 
‘emitted is added to the negative energy curving the spacetime. Hence the net 
curvature of spacetime relaxes because of superposition. In effect, the 
vacuunn/spacetime itself eabsorbs the energy as relaxation spatial energy added t0 
the curvature energy ofthe curved spacetime, reducing that curvature. Particularly 
see Mendel Sachs, Quantum Mechanics from General Relativity: An Approximation 
for a Theory oftnertia, Reidel (now Kluwer), 1986. A generalization of quantum 
nechanics is demonstrated in the context of general relativity, following from a 
generally covariant field theory of inertia, Nonrelativistcally, the formalism 
‘corresponds with linear quantum mechanics. In the limit of special relativity 
nonlinearity remains and several new features are derived: (@) Partile-antiparticle 
pairs do not annibilate: an exact bound state solution is derived corresponding with 
all experimental facts about annihilation/ereation — which, in approximation, gives 
the blackbody radiation spectrum for a sea of such pairs, (ii) A result is proven, 
‘without approximation, that is physically equivalent to the Pauli exclusion principle 

which in near approximation gives the Cotally antisymmetrised main-body wave 
funetion and Fermi-Dirac statistics, (ii) The hydrogen spectrum is derived, 
including the Lamb shifts, in agreement with experiment; new results are found for 
high-energy electron-proton scattering, (iv) Finally, several applications t0 the 
‘elementary particle domain are demonstrated, in agreement with results from, 
‘experimental high-energy physics. 
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— can the battery then send additional electrons which do not disappear 
and which are accepted in the system input section to power the system. 
We discuss this Dirac hole current in some detail in Chapter 9, including 
how to convert it into useful input electron current to the system, reducing 
the current load on the extemal generator and enabling self-powering. 
Bedini invented the method of transducing available negative energy hole 
current in the vacuum into electron positive energy flow to charge the 
battery and power the system, preventing decay ofthe COP» 1.0 system. 
back to COPS1.0, 


We shall not discuss the complexity ofthe additional chemical reactions 
ongoing in the battery electrolyte and on the plates. The two main mass- 
containing currents and the negative energy Dirac hole current will suffice 
to explain the Bedini negative resistor formation and usage, at least to first 
order and sufficient to stabilize systems. 


5.8.5.3 Changing Symmetrical to Asymmetrical Regauging 
To first order, we reiterate that the electrons flow from one plate of the 
battery through the external circuit to the other plate, but the lead ions do 
not. There is thus a sharp "two separate currents" interface at the plates and 
thus a sharp separation between the electron current and the ion current. In 
short, there are actually two half-citcuits in the battery-powered system if 
‘one chooses to use them semi-independently. 


‘The current carriers in the two half-circuits are quite different. Therein lies 
the opportunity to separate and antiphase the two currents, using one to 
recharge the battery while the other is used to power the loads. It also 
allows a good opportunity to asymmetrically regauge both half circuits, 
greatly and freely increasing the Poynting energy component intercepted, 
collected, and used by each half-circuit’s carriers. This is the basis for a 
profound “opening” ofthe system and influx of excess vacuum energy. 


The two half circuits meeting at a common interface allow a stress 
potential upon that interface to individually use the two halves of what is 
normally Lorentz’s symmetrical regauging. That usually symmetrical 
regauging (ifthe complete circuit were unitary) is now comprised of two 
separated asymmetrical regaugings, one for each of the two circuit halves, 
because the net stress potential (net Lorentz symmetrical regauging) — 
consisting of two opposing fields and forces — is split into two now- 
individually-separated and separately utilized force fields. 


‘We accent this process by an analogy. Suppose we suddenly place a scalar 
potential upon a point in the middle of a transmission line. Immediately 
the potential i§ races off (spreads) in both directions simultaneously, at 
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throughout the world with distinct frequency bands allocated to 
each region (see Figure 2-1) 


a. 


FIGURE 2-4:1TU international Telecommunicaton Reglans and spectrum 
allocations 


‘MNOs must pay for the right to transmit and receive data using 
this shared medium in each country in which they operate. To fat~ 
ten a wireless data pipe, an MNO must procure additional licenses 
to use a designated frequency spectrum. 


1n the U.S, the Federal Communications Commission (FCC) auc~ 
tions spectrum to MNOs — and we aren't talking about eBay auc- 
tions here! In the U.S. alone, spectrum auctions have raised more 
than 60 billion dollars since 1994. Another challenge for MNOS 
is that available spectrum is limited and going once . . . going 
twice ... sold! 


‘Thus, MNOs must find new ways to use existing spectrum more 
efficiently. LTE Advanced and LTE Advanced Pro are pioneer- 
ing the path to 5G, using several innovations to get more data 
through existing spectrum, including: 


>> Carrier aggregation (CA) 
>> Multiple input multiple output (MIMO) 
9 Quadrature amplitude modulation (QAM) 


5G For Dummies, Ixia Special Edition 


nearly light speed. Further, in each direction there is a moving gradient of 
@, hence an E-field by B= = VQ, These E-fields or "emfs” are oriented in 
‘opposite directions, so there is a movement of charge from the middle of 
the line toward each ofthe ends. The same "dephasing" current effect can 
be applied to any conductive medium or to the interface between two 
conductive circuits. 


In Bedini’s negative resistor case, the placement ofthe potential  — for 
its movement in both directions — is on the interface (the face of the lead 
plates) between the two half circuits and therefore between the two 
different current carrier types. An initial "Lenz's law” reacting with the 
suddenly placed E-field onto the plate surface, creates an E-field in 
opposition, forming a stress potential which is much higher than the 
normal potential of the battery (in a nominal case, 100 volts instead of the 
12 volts of the battery). 


Immediately this potential "takes off in both directions", with a powerful 
field and emf back into the outside circuit and its load, while a powerful 
field and emf also proceed into the battery electrolyte in the opposite 
direction, So the ions in the battery have a sudden, much higher energy 
interception and collection forced upon them, with the excess emf now 
being in battery-charging mode. The electrons in the outside circuit 
simultaneously have an excess emf and potentialization in the load- 
powering mode. Let us see how the two very different current carriers 
react to these "dual emfs" in the overall circuit. 


5.8.5.4 Mass-to-Charge Ratios ofthe Two Current-Carrier Types 
We stress the dramatic difference in the mass-to-charge (m/q) ratio of the 
two currents. The lead ions’ mq ratio is some few hundred thousand times 
the miq ratio of electrons, as we recall. For our purposes, all we need to 
now is that the vq ratio for the lead ions is very much larger than the 
mf ratio for the electrons. For a given force, the ions in the intemal half 
circuit in the electrolyte will therefore respond very much slower than will 
the electrons in the extemal circuit half. 


5.8.5.5 Hysteresis Between the Responses ofthe Two Half-Cireuits 
Because ofthis great disparity in the miq ratios of the two mass currents, 
there is obviously a relatively significant hysteresis (time delay) between 
the response ofthe more massive ion current and the response of the far 
less massive electron currents that interact at the plates to try to change the 
jon current and its momentum. This time-delay between ion response in 
the electrolyte (the effect) and electron pileup urging (the cause) can be 
adroitly manipulated. Specifically, it can be used to alter the local vacuum, 
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potential and cause it to add excess energy to the ions in charging mode 
and simultaneously to add excess EMF to the electrons in circuit- powering 
‘mode. In short, the response delay can be manupulated to "asymmetrically 
regauge” the mass currents in the system, freely changing their potential 
energy, and dramatically increasing how much potential energy is 
available for battery recharging and how much is available for powering 
the external circuit (loads and losses). Further, during the antiphase 
condition of the two current halves, the battery can be charged 
simultaneously while the external circuit half and load is being powered. 
Excess energy is fed into both actions by the overpotential (the stress 
potential) created at the surface of the plates. 


5.8.5.6 Evoking the Initial Bedini Negative Resistor Effect 
Figure 5-9 shows the first phase of Bedini’s negative resistor process. 
Consider the battery in normal load-powering operation. From the external 
circuit, a very sharp leading edge rise of a pulse of electrons and potential 
is sent to the battery plates in "back-popping" or "battery charging” mode 
‘The back-popping electrons drive in nearly instantly, piling up on the 
negative plate '"* and trying to force the heavy ions to start moving in the 
battery recharging direction. The pile-up that results in the stopped 
electrons on the battery plate surface represents an increase in local current 
density, hence an increased potential. This produces the 100 volts 
potential, during the time that the ions have not yet responded to any 
appreciable degree 


Due to much larger nvq ratio ofthe sluggish for a moment they lag 
due to their greater inertia, and this allows the much more agile electrons 
to "pile-up", producing a substantial overpotential as the local current 
density increases. The lagging ions are being steadily overpotentialized 
during this "lag time", up to about 100 volts in a normal 12-volt battery. At 
the same time, electrons are being forced back out of that higher 100-volt 
area and into the external circuit and its load, which had been at 12 volts. 
Recall now that these electrons can move longitudinally only at the drift 
velocity. Hence all electrons in the extemal circuit are now highly 
overpotentialized, and in load-powering mode. The overpotentialized 
electrons are thus producing excess power in the external circuit, much 
‘more than normal 


"* We are not using conventional "postive curtent and positive plate" asthe 
side ofthe potential. We are using "electron current and the negative plate” as the 
driving potential plate 
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‘Then the overpotentialized ions very slowly (compared to the electrons!) 
slow, stop, and begin to move in the opposite direction, They reluctantly 
respond and move in battery recharging mode. During that ion-response 
lag time, and the slower initial portion ofthe response, the electrons in the 
pulse continue to furiously surge in and pile-up on the negative plate, 
overpotentializing both the ions and the extemal circuit's electrons, while 
also some ofthem are being impelled back out into the extemal circuit to 
power it with extra overpotentialized energy dissipation. The charge 
density at that plate sharply increases due to the pile-up where the charges 
are "squeezing" together (clustering). There is a much higher potential 
suddenly rising in the squeezed charge cluster, because of the increased 
charge density there. As we stated, this potential nominally may be about 
100 volts during this initial phase. 


We call attention to the simple equation W = VQ, where W is the potential 
energy added to charges Q exposed to voltage V. 


‘Simplified, the excess energy WIONS freely impressed upon the ions is 
Wions = (100 -12)(Qions) [43] 


where Q is the total coulombs of charge of overpotentialized ions and 
£(100 -12) is the magnitude of the overpotentialization of the ions. 
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At the same time, an excess energy is impressed upon the electrons in the 
external circuit by the same potential extending along the conductors into 
the external circuit. Again, this excess energy WE is given by 


We= 100 -12)(Qe) 


where Qe is the total coulombs of charge of the overpoten 
electrons and f(100 -12) is the magnitude of the overpotentialization of the 
electrons. 


But the emfon the electrons from the pile-up is directed in load-powering 
direction, as can be seen. Consequently the ion current and the electron 
current have been deliberately dephased by 180°, and so the overpotential 
energy of the ions is delivered in battery-recharging mode, while the 
overpotential energy ofthe electrons is delivered in circuit load powering 
mode, 


Recapitulating: Pulsed pile-up of excess electrons on the negative plate 
interface between the two currents, while the ions are beginning to respond 
or only sluggishly responding, produces a much higher potential (an 
overpotential) on the sluggish ions — nominally some 100 volts in a 12- 
volt battery. On the negative plate, momentarily there is now a much 
higher voltage (with respect to the positive plate) than normally exists in 
the 12-volt battery. This voltage overpotentializes both the reluctant 
charging ions in the battery solution between the plates, and the powering 
electrons back into the circuit in powering mode due to the reversal of the 
emf. Since there is, say, 100 volts across the battery momentarily, there is 
also 100 volts now across the external circuit momentarily. Accordingly, 
overpotential excess powering of the external circuit load is suddenly 
evoked, while at the same time overpotential recharging of the battery is, 
also evoked.” 


In short, the ion current in the battery and the electron current into the 
external circuit have been placed 180° out of phase, achieving one major 

requirement for a COP> 1.0 electrical system: violating the integrity ofthe 
closed current loop circuit. The battery is recharging at the same time that 


™ Another of Bedini’s innovations is to shunt the excess voltage (say, above 14 
vols) into an external capacitor on the circuit side. Ia that way with his 
overpotential he ean be (2) overcharging the battery, (ii) powering the load, and (ii) 
sforing excess energy in that capacitor, from the altered vacuum — all 
simultaneously 
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the extemal circuit is being powered.from the same free overpotential, and 
both recharging and circuit powering are driven by increased emf. 


We strongly accent that the overpotential at the plates represents a change 
in the local vacuum potential, and it identically is part of that now-altered 
local vacuum potential. The vacuum, since it contains enormous EM 
energy in virtual state, is a very powerful EM potential. Any EM potential 
in our circuits is automatically a change to the ambient vacuum potential, 
or a change to another potential that is such a change to the vacuum 
potential. In the most exact sense, this is a method of overpotentializing 
the plate interface with excess energy from the vacuum, and then letting 
that energy flow onto the ions to recharge the battery and onto the 
electrons in the extemal circuit to power it and its load 


‘The Bedini overpotential at the battery plates decomposes via Whittaker 
1903 {85} as reinterpreted and previously explained, so that excess energy 
is entering 3-space there,from the time domain. Further, the piled-up 
electrons on the plates and the ions (as charges) in the solution receive 
such potential energy from the increased potential on them via the same 
decomposition process. So the creation of the Bedini overpotential on the 
battery plates, together with dephasing the two currents, is the creation of a 
true negative resistor at the plates, fieely receiving energy from the 
external vacuum (from the time domain and virtual state) and transducing 
it into real potential energy and emfon the intemal ions and on the 
external circuit electrons. 


Hence Bedini has invented a process for creating a true negative resistor 
inside a storage battery. and for suddenly thrusting the system out of 
equilibrium with both the active local vacuum and the active local 
curvatures of spacetime. As such, the thermodynamics of open systems far 
fiom thermodynamic equilibrium applies, and that system is permitted to 
exhibit COP>1.0, while complying with energy conservation and the laws 
of physics and thermodynamics. With adroit use and collection ofthe 
excess energy, the extemally collected energy can be used to close-loop 
the system and power all its functions. So the system is permitted to power 
itself and its loads, with all the energy being received from the vacuum via 
the broken symmetry created. Any overpotential is a dipolarity a priori, 
since any potential is. Hence creating an overpotential is precisely 
producing an extra broken symmetry of that dipolarity right there at the 
interface between the two half-circuits and the two dephased, localized 
currents. 
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ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES. 


During the "back-popping” pulse signals, one should not think of the 
energy pulses that Bedini inputs to the battery as the "powering" energy. 
Instead, one must think of each pulse as “triggering” and "timing" energy 
which initiates certain other key negentropic interactions to freely occur, 
once the electron pile-up occurs. The resulting negentropic interactions 
then add substantial additional energy (from the local active vacuum) to 
the ions in the ion current and to the electrons in the electron current. The 
freely added energy can be appreciably more than the switching or 
triggering energy that is dissipated as the “input by the operator” 


In short, Bedini deliberately "switches" and "triggers" certain kinds of 
vacuum exchange interactions, effectively creating a true negative resistor 
in the battery itself.'” Due to the broken symmetry of the increased 
dipolarity (overpotential) that Bedini makes in "electron pile-ups” urging 
reluctant and delayed ion response, the vacuum furnishes extra virtual 
particle flux to this pile-up of electrons on the plate, which produces an 
enhanced Poynting energy flow that interacts with the ions in the battery 
electrolyte. Being charges, these ions thus transduce some ofthe excess 
absorbed virtual photon energy into real observable energy, thus increasing 
their potentialization and energy. 


Bedini’s method does the following: (j) It forms a true negative resistor in 
an unexpected way, upon the plates between a pile-up of electrons and the 
ions in solution in a common lead acid battery, (ii) it uses that negative 
resistor to extract excess energy from the vacuum and furnish it both to the 
ions forced into charging mode and simultaneously to the electrons in load 
powering mode, and (iit) it adds several other stimuli (such as Lenz law 
effects) which further amplify the negative resistor and enhance the effect, 
increasing the excess energy extracted from the vacuum and collected in 
the battery-charging process and also in the circuit-powering process 
simultaneously. 


Specifically, the delay in ion response is adroitly allowed for and 
‘manipulated by Bedini to place the battery in ion current recharging mode 
while the signal pulse electrons between the plates and the external circuit 
are simultaneously placed in extemal circuit powering mode. By 
‘manipulating the hysteresis and adroitly timing the electron pulses and 
pulse widths, Bedini breaks the usualforced Lorentz symmetry ofthe 
excitation discharge in a usually closed current loop containing both the 


fe stress that any dipolusty or potential is a negative resistor, producing 
topy (12). 
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source dipole and the external load. This is possible since his 
‘method deliberately opens the system so that vacuum energy enters freely, 
increasing the potentialization (energy collection) ofthe ions in the battery 
solution and upon the electrons between the plates and the extemal circuit 
as well 


We stress that Bedini has chosen to avoid the usual dissipation of half the 
energy collected in the external circuit to do nothing but kill the source 
dipolarity between the battery plates. He works on "that half of the circuit” 
that is usually just called the "back emf region” and ignored, and he 
separates and dephases that half ofthe circuit from the other half. By 
interrupting that normal "back emf battery-discharging section dynamics 
and converting it to "forward emf battery recharging section dynamics, 
while simultaneously powering the external load, Bedini temporarily 
produces and utilizes a negative resistor right there on the surface of the 
battery plates themselves. 
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5.8.5.7 Further Increase ofthe Negative Resistor Effect by Lenz's Law 
See Figure 5-10. To further increase the Phase I effect just before it would 
end, and requiring precise timing ofhis switching of the pulse leading edge 
and trailing edge, Bedini then invokes a second phase by carefully 
controlling the timing for the sharp eufoffofthe "stimulus pulse” creating 
the negative resistor. This is usually invoked just as Phase [is preparing to 
end, but experimentation and adjustment for optimization to the individual 
circuit conditions may be required. 
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Invoking the Lenz law reaction by minimizing the stimulus pulse cutoff 
time, Bedini sharply increases the already-increased negative resistor 
overpotential by a Lenz's law induced voltage surge, and sharply raises it 
to as much as 400 volts nominally. The process also sustains the negative 
resistor overpotential for a longer period, while increasing it again during 
this second phase. Thus even more free energy fiom the altered local 
‘vacuum potential is delivered to the ions in charging mode inside the 
battery, while simultaneously even more energy is delivered to the external 
circuit electrons in powering mode. The overpotential period is also 
extended. In this second phase, the extra energy Wioxs added to the ions in 
recharging mode is given by 


Wioxs = £400 - 12)(Quons) [45] 


and the extra energy We added to the electrons in system powering mode 
is given by 


We = £(400-12)(Qe) [4-6] 
‘The total energy added to the system in Phase I by the negative resistor is, 
Wrons + We = f( 100-12)(Qe +Qross) [47] 
‘The total energy added to the system in Phase Il by the negative resistor is, 
Woors + We = £400-12)(Qe +Qroxs) [48] 


And so the total energy added to the system by the Bedini process is just 
the summation of equations [4-7] and [4-8]. With adroit switching, Bedini 
need only "pay" a small fraction of that freely received excess energy, in 
his own operator's input pulse energy and switching costs. 


So by invoking a novel negative resistance effect directly upon the driving 
plate ofthe battery, Bedini creates (in the first phase) and then further 
enhances (in the second phase) a “nearly free” overpotential and 
‘overpotential period inside the battery. This excess potential directly upon 
the electron-pileup plate acts in both directions — out into the electrolyte 
between the plates to overpotentialize the ions in charging mode, and back 
‘out into the external circuit in powering mode to overpotentialize the 
electrons now powering the load. During a fraction of the operating cycle, 
Bedini recharges the battery while powering the circuit simultaneously, 
and thus has invented a novel method for extracting energy from the 
vacuum and curved spacetime to enable a COP> 1.0 power system, 


cription of one fundamental period where Bedini applies 
his negative resistance process. 
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Several other places in the operation ofthe circuit lend themselves to 
additional phases of negative resistor formation and usage, and Bedini 
does use them. We do not discuss them here, since our purpose is only to 
advance the fundamental principle involved. 


58.6 Independent Replication of the Bedini Negative Resistor Effect 
Independent replication of the Bedini effect was accomplished early on by 
Nelson and by Cole, and also by Watson. Nelson has chosen not to further 
publicize his own work for some years, perhaps due to his employment as 
a microwave switching engineer in a large (and conservative) aerospace 
company. Cole is deceased, and Watson abruptly withdrew —forcibly, in 
our opinion — from public research and all further contact with his close 
colleagues after successfully demonstrating (in 1984) an 8-kilowatt power 
system utilizing a modification of the Bedini process. We are almost 
certain that Watson received the “offer he could not refuse”, and that 
Watson-type COP> 1.0 power systems are in fact already powering exotic 
underground facilities that "officially do not exist” but which we are aware 
of. We briefly discuss Watson's 8 kW generator at the end of this Chapter. 


For non-battery powered systems, as we explain in Chapter 9, any unitary 
COP» 1.0 EM system may experience a Dirac sea hole current decay 
mechanism which will produce an effective extra "load" in the system's 
input section, including on out into the extemal power system. AS a 
general rule (sometimes violated), we estimate that the effect begins to be 
of importance at COP > 10° or so. Certainly it is of great importance in the 
range of COP > 10°. To operate stably at COP » 1.0, this decay 
‘mechanism must be dealt with and prevented. For close-looping into self- 
powering mode, this negative energy feedback must be converted to 
positive energy feedback, thus allowing self-powering mode where all the 
input energy is freely received from the vacuum. 


For battery powered systems, the hole current and "extra load in the input 
section” becomes of significance near COP = 2.0 or even less, because of 
interaction with the complex battery chemistry and the tendency to charge 
the battery with negative energy as well. So battery powered systems 
present a special problem for close-looping to achieve sustained self- 
operation. Bedini has long solved and demonstrated solutions to that 
problem in a variety of successful experimental systems. 
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To utilize Bedini's battery-powered system at COP > 2.0, or to close-loop 
it for sustained operation, one must add another Bedini process that 
transforms negative energy current into positive energy current. That is 
Bedini's transducing negative resistor process {336}. We describe that 
process briefly in the next paragraph below. 


Bedini has built many different motor-generator versions of systems self- 
powered by use of his negative resistor processes. Figure 5-11 shows a 
Bedini motor similar to one that once ran off. single battery for more than 
three years without stopping, using the forerunner of the Bedini back- 
popping process for creating a negative resistance in the battery. Bedini 
still building and testing such power systems; one of his prototype motor: 
generators today, capable of operating and self-powering off a single 
battery, is shown in Figure 5-12. 


58.7 Bedini's Transducing Negative Resistor. 
Figure 5-13 gives a simplified block diagram of Bedini’s transducing 
negative resistor process, which asymmetrically regauges negative EM 
energy into positive EM energy. With this process Bedini is able to 
intercept the Dirac sea hole current running from the output section of a 
COP>1.0 EM system to its input section, and divert the negative energy 


Dirac hole current to "reverse charge” a capacitor. The "reverse charge” 
consists of providing a hole current to the anti-negative plate of the 
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We All Bundle — with CA 


‘As you might imagine, the process of buying and selling spectrum, 
over time, causes spectrum to be sticed and diced in some pretty 
creative ways. MINOs also come and go, or get merged, acquired, 
and divested (for example, Cingular Wireless and MCI). All of this 
causes yet another challenge — contiguous spectrum is hard to 
find and MNOs must cobble together different bands to maximize 
their available bandwidth. It’s sort of like a business being so 
unreasonable as to want a continuous range of direct inward dial 
ing (DID) phone numbers to simplify its phone switch program- 
‘ming, company directories, and business cards! Except that in the 
case of frequency spectrum, non-contiguous bands aren't just a 
‘messy inconvenience — they limit available bandwidth, 


For LTE networks, including LYE Advanced and LTE Advanced 
Pro, four carrier bandwidths (or sizes) are available for transport- 
ing data: 


9» S megahertz (MHz) 
>» 10MHe 
a» 15MHz 
> 20MH 


Larger bandwidths can transport more data. For example, 10 MEz 
can transport data at 37.5 megabits per second (Mbps) and 
20 MHz can transport data at 75 Mbps. These data transfer rates 
assume a single antenna on the user equipment (UE) side and on 
the Evolved Node B (eNodeB) side. This is known as single input 
single output (SISO). 


User equipment (UE) refers to an end-user device in a mobile net- 
work, such as a smartphone. Evolved Node B (eNodeB) is the MNO 
hardware — for example, a base transceiver station (BT'S) — that 
wirelessly communicates directly with the UE. 


Carrier aggregation (CA) is a technique that allows an MNO to use 
more than one component carrier (CC) — known as the secondary 
carrier — as an additional data pipe. For example, 2CA enables any 
of the four carrier bandwidths (5, 10, 15, or 20 MHz) to be used as 
the primary carrier and any of the other four carrier bandwidths 
to be used as the secondary carrier. 
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capacitor, so that holes acting as positrons pile up in the local vacuum of 
‘that plate. This attracts the trapped electron charges in the dielectric, 
straining the dielectric in the direction of the hole collection. At the same 
time, the other plate draws electrons from the system that would otherwise 
be in currents that fight the back emf of the primary source dipole for the 
system. That reduces the back emf of the system during the charging of the 
capacitor; in effect, the back emfhas participated in charging the capacitor 
with excess electrons on the negative plate. 


‘Then Bedini reconnects the charged capacitor to the conductors leading to 
the power supply, discharging the capacitor by electrons furnished to the 
negative driving plate of the battery powering the system, and 
simultaneously to the input section of the system itself in normal powering 
mode. Note that the holes simultaneously discharge from the capacitor's, 
anti-negative plate to the ground side of he battery, further charging the 
battery (the power source!) and the load as well. 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES, 
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Though it does not appear in the conventional textbooks,"*! one can power 
a load directly by Dirac hole current, but one does so by using the hole 
current in exactly reverse fashion from how one would use electron current 
to power the load. Semiconductor components are also critical and usually 
should be avoided. In short, one simply reverses the terminal that is 
considered the "driving terminal”, and feeds the hole current to that "anti- 
negative” terminal as now the temporary driving terminal. 


‘The Bedini process thus allows the Dirac hole current (negative energy) 
produced by a COP>1.0 EM system to be fed back to the input section and 
transduced into positive energy input to power the system with electron 
current and also to recharge the battery with positive energy. 


" Lattice hole currents of course do appear and are considered. However, even 
though the circuit designers consider a lattice hole as a positron, itis not such at all, 
because the mig ratio ofthe ion with one + charge is quite different from the mig 
ratio of a true positron. The Dirae hole in the vacuum is effectively the "4-positron" 
— sill in negative energy Dirac 4-electron state — before its observation or 

action with mass. Its a tue negative energy entity, and thus a negative mass 

Prior to observation, it actually should be said to be a "negative energy x 
‘entity and a negative "masstime” entity. Its also a negative energy electron 
entity. This subtlety is essential ifone wishes to produce sucessful antigravity 
experiments on the bench, as we point 10 in this book and as were exhibited by the 
Sweet vacuum triode amplifier at COP > 15x10" 
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This converts what would otherwise be negative energy feedback to the 
input section of the system (and to the battery) to positive energy feedback 
to its input section and to the battery. Instead of seeing the negative energy 
current in the input as an additional "load" to be powered, the extemal 
power supply sees it as excess positive energy input by the environment to 
the system, reducing the "load" represented by the system. It thus reduces, 
the power required by the system fiom the external power supply. 


When the amount of "transduced" positive feedback electron current to the 
input section equals the "normal electron current draw” required by the 
system, the battery (or generator) can be disconnected and the unit will 
Continue to operate in the self-powering mode, fed completely by the 
positive energy from the Bedini transduction process. The other 
supersystem components (comprising the external environment of the 
system) will continue to power the system and its loads and losses, with all 
the input energy to the system being taken from the combined active local 
vacuum and local curvature of spacetime. 


5.88 Gray's "Splitting the Positive Pole" Engine. 
One of the real pioneers in early application of causal positron energy was 
inventor Edwin V. Gray of Van Nuys California. In WW II Gray learned 
radar during his tour in the U.S. Navy, having previously attended 
advanced engineering school in the Army until discovered to be under age 
15 and discharged. After the war, by 1958 he had learned to perform what 
he called "splitting the positive pole”, using "cold electrical energy" (his 
name for negative EM energy) as well as the normal positive electrical 
energy. His first motor was operating by 1961. Preparing to put units into 
production, in 1974 the Los Angeles District Attorney confiscated all 
Gray's records and prototypes. To escape bogus charges, Gray later 
pleaded guilty to two minor infractions and was released. His prototypes 
‘were never returned. After several mishaps, moves, and more prototypes 
Gray died in Nevada under mysterious circumstances in April 1989. We 
quote directly from Lindemann {341}: 


"In the early 1980's, Gray offered the U.S. Government his 
technology to augment Reagan's SDIprogram. He 
actually wrote letters to every member of Congress, both 
Senators and Representatives, as well as the President, 
Vice-President, and every member ofthe Cabinet. 
Remarkably, .... Gray did not receive a single reply or 
even an acknowledgement!” 
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In fact, during his early experiments, Gray discovered he could power light 
bulbs with cold energy, etc. Later he was to demonstrate this fact in a 
sensational manner: With a light bulb lit from his generator, he simply 
immersed the lamp — electrical leads and all — in water, where it 
remained lit. With his hands in the water, he would have been electrocuted 
or severely shocked if the electrical energy involved had been positive 
(diverging) energy. Instead, it was negative (converging) energy.'** 
Another demonstration was to hit the coil of an electromagnet with some 
3,000 volts, which hurled the electromagnetic into the air — but did not 
heat it. The electromagnet’s coil would have been instantly melted if the 
energy had been positive, and the magnet would have been heated. 


‘The reader should recall the timing of Dirac’s theory of the electron 
(498a-b, 249}, which included the negative energy electron as early as 
1930. Dirac also pointed out that we would observe this negative energy 
electron as a positive energy electron of opposite (positive) charge and 
positive mass, going in the opposite direction. The observed 3-positron and, 
the unobserved negative energy 4-electron are quite different entities, 
producing quite different EM fields. The positron produces positive energy 
EM fields and positive gravity while the negative energy 4-electron 
produces negative energy EM fields and negative gravity. 


In 1930, to his previous theory ofthe electron Dirac introduced the 
vacuum energy: the electron sea filled with electrons occupying negative 


"= By convention, "positive" energy has been associated with diverging EM energy, 
his heating. Negative EM energy is associated with converging EM energy, 
is cooling. In scalar interferometry {79}. one can control whether the dist 
EM field energy emerging in space in the distant interference zone shall be diverging 
(positive) EM field energy or converging (negative, cooling) EM field energy. This 
is determined simply by the biasing ofthe electrical grounds of the interferometer 
transmitters. The weather control referred to in 1997 by Secretary of Defense Cohen 
(89) is accomplished by using multiple scalar interferometers, some to gently heat 
the atmosphere in certain selected local areas (forming low pressure areas by 
expansion of the air) while cooling it in other selected local areas (forming high 
pressure areas by contraction ofthe ait). By then moving these highs and lows 
around adroitly, one can capture and steer the giant jet streams, thereby steering the 
‘weather as one wishes, and directing significant weather changes into an area. By 
placing fairly sharp turns on the jet streams, one can induce great spin energy. 
thereby spawning tornadoes. Interestingly. by sharply pulsing the interferometer and 
controlling its electrical ground bias, distant cold explosions or hot explosions can 
be produced at will. Such weapons have been tested worldwide, and many test 
incidents are given in our older books Fer-de-Lance and Gravitobiology: 
Information on such incidents is available on website hutp:fiwww.cheniere.org 
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energy states. The holes are treated as the positive electrons (as if 
observed). This vacuum energy medium is now referred to as the "Dirac 
Sea." First, Dirac attempted to identify these holes with protons, but that 
‘was falsified. Later the positron was experimentally discovered. 


One ofthe problems with present conventional application of Dirac's 
theory is that the positron is not used in its unobservable causal negative 
energy 4-electron state by modem theorists and experimentalists, but after 
observation where its direction has been reversed, its charge has been 
reversed, time has been stripped away, and the mass has become positive. 
So it is actually used as a positive energy entity having positive mass, and 
producing positive energy EM fields and positive gravity. This defeats the 
entire magic of the causal (unobserved) 4-positron as the electron carrier 
of negative mass and negative energy [convergent electromagnetic energy) 
in currents in the vacuum (spacetime) itself, rather than the electron cartier 
of positive mass and positive energy in ordinary 3-space. By replacing the 
unobserved (causal) vacuum 4-positron (negative energy electron) with the 
observed (effect) 3-positron with positive mass and positive energy, the 
entire vast area of negative energy EM fields — and thus direct antigravity 
via electromagnetic means — is discarded.'** But the physicists avoided 
having to grapple with practical negative mass and practical negative 
energy (cool mass and cool energy). It also set back the pace of physics in 
discovering and engineering antigravity transportation for nearly three 
‘quarters of century. 


It appears that Gray's thinking about cold energy was more prosaic than 
the somewhat esoteric considerations of the Dirac Sea theory. 
Conventional electrical engineering circuit theory considers positive 
charges moving around a circuit (although some electronics technical 
circuits required thinking in terms of electron current). Hence the "high" 
side of the standard circuit was the positive polarity, or the positive pole of 
the terminals of a generator or battery. From this "positive pole”, positive 
current was sent around the external circuit to the ground return line by the 
forward emf (forward voltage). However, forcibly returning to the positive 
pole fiom the ground return line (i., from the negative pole) were those 


"© When the huge nondiverged Heaviside energy flow eo 


ponent is appreciably of 
wergent” or of negative EM energy rather than positive EM energy, the 
tigravitational aspects are substantive and observable (and practical). The 
unaccounted Heaviside negative energy Mow component is often a tillion or more 
times as great as the accounted Poynting negative energy flow component. Hence 
antigravity technology is possible and practical, as we present in a later chapter. 
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same positive charges, being forced back up by the back emf and 
requiring expenditure of half the external circuit's collected Poynting 
energy. 


So to Gray, the positive pole had two currents, one useful and one usually 
detrimental. The positive pole had (i) outgoing positive emf current 
powering the extemal circuit's loads and losses, doing the beneficial work 
(dissipating energy) in the extemal circuit with its load, and (ii) incoming 
positive current being forced back up against the back emf, doing the 
harmful work against the back emf and using up half the energy previously 
collected out there in the external circuit. Gray was aware that the work 
against the back emf was equal to the work done by the forward emf. So he 
set out to split these two currents apart, and catch the incoming current 
against the back emf separately, then use that normally wasted or 
‘oppositional energy to further power loads and/or recharge the batteries 
powering the system. Something like this was the way he was thinking, 


‘That is what Gray called "splitting the positive pole”. He also reasoned 
(and found) that the "reverse current" must be cooling instead of heating, 
since it moves against the voltage and acts backwards from regular current 
dissipated in resistors, etc. This precisely matches the cold (negative) 
energy phenomena met in the Sweet vacuum triode amplifier and in the 
motionless electromagnetic generator, as well as other COP>1.0 electrical 
systems. 


Gray's later demonstrations showed that he had recognized this process or 
something very similar to it, in his "splitting the positive pole" 
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To take advantage of his concept and principles, Gray developed a special 
engine shown in Figure 5-14. In 1975 Gray received a patent on this, 
engine {337} along with his special means of battery powering and special 
switching circuit. 


Gray's engine uses pulsed capacitive discharge to power a magnetic motor, 
with recharging of the powering capacitors taking place henveen 
successive discharge positions of rotor and stator. The motor runs by 
initiating repulsion rather than attraction, which — apparently without 
Gray recognizing it in such terms — invokes the notion of the "superpole” 
pioneered by Bedini. ‘The superpole is an important concept in COP>1.0 
research, though most researchers in the field have never heard of it. John 
Bedini conceived it several decades ago and demonstrated the surprising 
difference between a superpole and a common pole of double strength. 


When two equal and like magnetic poles are facing each other in repulsion 
a small gap between them, a net stress magnetic potential (pole) is 
formed in that gap which has an energy density some four times as strong, 
as the normal field energy density in the field from one of the two 
opposing like poles. Hence the local energy density ofthe vacuum in the 
gap has been substantially increased above the energy density in the field 
region between a north and a south pole facing each other. Further, this 
energy density is in a "field-free” Lorentz-regauged form, i.e, a stress 
potential form. From that superpotential outward, there exists a normal 
magnetic field. But in it, there is no net magnetic field, but there is a 
"stress" field nonetheless. 


Compared to an ordinary magnetic motor using attraction as well as some 
repulsion, the exclusive use by Gray ofthe Bedini "superpole” principle 
caused an extra symmetrical regauging'™ ofthe local vacuum energy input 
to the system (to the gap between the poles) as the magnetic superpole 


'* Every conventional electrodynamics text already assumes and uses the Lorenz 
Lorentz symmetrical regauging as being absolutely free. Symmetrical regauging 
assumes that the energy of the system has been freely changed twice, but in such a 
‘way that the two five fields formed are equal and opposite, forming a stress 
potential. Gray Found how to split apart and separately use these (wo "free-flowing 
exchanges of energy between system and aetive vacuum" that comprise the overall 
slress potential ofthe system, and thereby violated the Lorenz-Lorentz symmetry 

freeing the two equal and opposite EM fields and their free energy to be 
used individually and beneficially to (2) provide extra power othe load and (i) 
charge the powering batteries so they did not run down, Using a different method. 
Bedini has done likewise 
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(stress magnetic scalar potential). However, this stress potential is 
comprised of bidirectional longitudinal wavepairs, as shown by Whittaker 
in 1903. This supenpole or stress potential thus can and does "split" into 
‘two different fields in antiparallel directions from each other. Since the 
north pole is deemed "positive" in magnetics, then using the two anti-ields 
comprising the free positive superpole is indeed "splitting the positive 
pole". Gray coined a very apt phrase for what he was doing 


Each of those antiparallel fields also involves an associated and 
unaccounted phase conjugate field (338a-c}, hence it is a time-reversed 
field (after observation). So opposing time-polarized EM waves also 
accompany Whittaker's decomposition waves. In short, the scalar potential 
accomplishes optical-type pumping in the time domain, and can be used to 
demonstrate time-reversal (as in Becker's bone-healing method). 


Before observation (interaction with charged mass) and while still in the 
causal state, the EM field from the positive pole is actually an EM field 
Jrom a negative energy 4-electron, and the field can be taken to be a 
negative energy field! In our view, positive energy enters every point 
dipole in the polarized vacuum at the negative charge, thence to the 
positive charge, thence back to the time domain. From the positive charge, 
the positive energy is leaving 3-space back to the time domain. Hence 
positive EM energy diverges from the negative charge and converges on 
the positive charge, then "disappears", so to speak, back to the time 
domain from whence it came. The “disappearance” of positive (divergent) 
energy is the disappearance of heat energy; hence it is a cooling process 
rather than a heating process. Or said another way, negative EM energy 
enters 3-space at each point dipole, entering from the time domain to the 
positive charge. Thence it moves to the negative charge, and back to the 
time domain. We see or detect the positive energy flow in 3-space directly, 
while the negative energy flow in the Dirac vacuum is evidenced by the 
"backwards" interaction creating Newton's third law reaction force 


By splitting the positive superpole, one has effectively destroyed the 
Lorentz. symmetry condition. Hence the excess energy in the superpole 
will be capable of performing real work in the system in two directions. 
One direction is from the system to the external environment so that it 
produces the dissipation of energy (therefore work) in the loads and losses. 
‘The other ditection produces a "negative resistor" or negentropic action 
that adds that much excess usable energy to the system back into its input 
section. By adroitly intercepting and switching that energy into capacitors 
and/or batteries, Gray was able to charge capacitors, recharge batteries, 
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and even power loads with cool energy (as demonstrated later by 
immersing a lighted electrical line and a lit light bulb in water). 


A positive-energy resistor becomes a negative resistor when fed with 
negative energy. Then it converges positive EM energy from the external 
environment and outputs it into the circuit in which the resistor is 
connected. Note that this is the same statement as the resistor receiving 
(extracting) negative energy from the circuit and emitting it back to the 
time-domain. That's like extracting back emffrom the circuit and tossing it 
offto the time domain. A conductor to positive energy flow is an insulator 
or dielectric to negative energy flow. Hence the normally "conductive" 
Water was a neat insulator for Gray's “dunking” demonstration of negative 
power, as were his own normally conductive hand and body. To negative 
energy, a coil seems to produce capacitance rather than inductance, while a 
capacitor seems to produce inductance rather than capacitance. 


‘Thus when the "positive pole is split 
its Lorentz regauging and is an open 5 
external vacuum environment, freely receiving excess energy from it 
With adroit switching and energy capture, such a system is permitted to 
exhibit COP> 1.0 because it has violated the free Lorentz regauging once 
the excess energy in the superpole region is discharged and used. 


in the system, the system has broken 


tem in disequilibrium with the 
ss 


°° When one analyzes the supersystem of any Lorentz-regauged EM system, one 
realizes thatthe extra stress potential energy — entering the system and "locked up" 
asa stress potential due to the Lorentz condition — is actually a special relativistic 
rotation of the frame of the power unit away from the laboratory frame. That i, the 
system when rotated away from the lab frame, lakes on free symmetrical regau; 
energy in that rotated frame as an excess stress potential. Gray's "splitting the 
positive” process simply separated the two appositive Fields comprising the stress 
potential, then produced excess free energy from that broken fiee regauging Lorentz 
condition. Literally Gray splits Lorentz’s stress potential into halves, the halves 
boeing its two opposing EM fields and theie energy. This is equivalent to the system 
being rotated back into the lab frame, releasing its excess energy it possessed in the 
rotated frame back into the lab frame, Richard "Scott" MeKie has also filed a patent 
‘on an invention deliberately rotating a capacitor's frame and fully charging it — 
While itis in its rotated frame. The rotated eapacitor can be charged with less energy 
furnished from the lab frame, than is obtained back out ofthe capacitor in the lab 
frame when the charged capacitor is suddenly rotated back and discharged. At least 
in theory, McKie's overunity process should be workable ifthe switching costs are 
negligible. Our contribution to MeKie was to advance the theoretical mechanism for 
the experimental mechanism he had discovered and was using, 
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Gray also utilized a special conversion discharge tube, shown in Figure 
5-15. This tube uses the fact that a very sharp pulsed discharge in it results 
in a temporary COP» 1.0 condition. This COP» 1.0 condition instantly 
involves causal Dirac sea 4-positrons, moving as negative mass current 
and negative energy current in the local vacuum, which sweep back from 
the output side ofthe discharge to the input side. 


We also point out the severe overpotential that must accompany any such 
violent pulse discharge process. The overpotential is a departure from 
equilibrium conditions, and is the difference between the actual potential 
and the equilibrium potential. The overpotential is well known and utilized 
extensively in electrochemistry {339a-c}, but is little used in conventional 
circuit theory. Nonetheless, it is involved in cold fusion processes due to 
the double layer phenomena {340a-b}, and it is involved in all electrode 
discharges (as from a cathode to an anode). It is also involved widely in 
electrochemistry and ion processes in solution. 


Figure 5-16 shows Gray's circuit containing his conversion tube. Figure 
5-17 shows Bedini’s successful replication of the Gray conversion tube. 
Figures 5-18, 5-19, 5-20, and 5-21 show four pertinent pages from Bedini's 
laboratory notebook on his replication of the Gray conversion tube and the 
Gray motor system 
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In the simplest deployment scenario, known as intra-band con- 
tiguous CA, a 20 MHz primary and a'20 MHz secondary carrier 
(totaling 40 MHz) would provide twice the maximum possible 
bandwidth and throughput of a single carrier. 


For SISO, a 2CA of 20/20 MHz would provide 150 Mbps of data 
throughput. 


‘MNOs in the U.S. are currently deploying 3CA and some are already 
moving to 4CA (see Figure 2-2). The challenge for MNOs now is 
to find three or more CCs that they own the license to operate 
in and can aggregate. The LTE Advanced standard specifies 5CA 
totaling 100 MHz, while LTE Advanced Pro calls for 32CA totaling 
640 MHz of aggregated carrier bandwidth. 


Carrier aggregation 
1000 


second (Mbps) 


Megabits 


of 


2CA(SISO) 30A(22MIMO} CA(22MIMO) SCA 
FIGURE 2-2: Carrier aggregation (CA) increases available bandwidth and 
data throughput 
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One of the techniques for fattening the data pipe defined from 
day one in 4G LTE networks is multiple input multiple output 
(MIMO) — using multiple antennas on the transmit and receive 
side in the wireless network. Using a technique called spatial 
‘multiplexing, it’s possible to send a different data stream on each 
antenna, thereby increasing the throughput to the cell tower and 
to the user device. 


5G For Dummies, Ixia Special Edition 
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In science, when a novel experiment is replicated independently, that 
experiment then is established as a scientific fact. It then becomes the task 
of the theorists to either change the theory to accommodate the 
experimental results, or come up with a new theory to explain them. With 
Bedini’s successful replication of Gray's work and extension of it, that 
work has now been scientifically established. With his "splitting the 
positive pole”, Gray was referring to an actual, useful mechanism he 
evoked and used in the processes ongoing in his motor, in his conversion 
tube, and in his power system. 
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For further discussions about the Gray motor, conversion tube, and the 
history of it all, one is referred to the book by Lindemann {341} 


58.9 Watson's Self-Powering Generator 
See Figure 5-22. In 1984, Jim Watson demonstrated a self-powering 
S-kilowatt generator at the International Tesla Conference in Colorado 
Springs. This generator was a modified extension of smaller motors and 
generators built by Bedini over a period of years. At the conference, 
engineers from the audience were invited to the platform to perform their 
‘own independent measurements of the unit, while it was running and 
powering its load. The engineers directly confirmed that the system was 
delivering power to the load (as could be seen visually also), and that it 
was recharging its batteries as well 
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Interestingly, one of Watson's batteries was stolen that night. The reason 
was obvious. First, at the conference there was present one ofthe major 
persons charged with suppression of COP>1.0 electrical power systems 
‘world wide, along with several of his henchmen. Since they have been 
involved in suppressing many dozens of similar COP>1.0 systems, they 
are thoroughly familiar with both the theory of COP>1.0 electrical power 
systems and the various types of devices and mechanisms that have been 
invented in that area over the past century 


One feature of Watson's unit was that it charged the batteries with negative 
energy (ie., with Dirac sea hole current, or "cold energy” as sometimes 
referred to), and could use negative energy for powering the unit. Hence, 
his batteries became charged with negative energy as the machine ran and 
powered its loads. After much demonstration and running, such a 
negatively charged battery has its local curved vacuum charged with an 
appreciable number of unfilled Dirac holes. Such a negatively charged 
“battery supersystem” will then absorb positive energy charging (electron 
current charging) for a protracted period before it will start to change its 
voltage and accept the positive charge. Instead, during that protracted 
initial period the battery will just "eat electron currents and positive 
energy" fiom the battery charger, with no apparent effect and no change in 
Its discharged state or its voltage. 


A very simple way to absolutely ascertain whether or not a unit such as 
Watson's (without a Bedini negative energy converter) is genuine, is to 
simply take one of his batteries from a unit that has been running quite a 
bit, and recharge it on a conventional battery charger. Ifit exhibits that 

‘wo-phased recharge phenomenon, it proves that the unit is real and is 
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indeed a true COP>1.0 device, or certainly has the potential to be one. 
Coupled with the demonstration and independent measurements, this 
removed all doubts about the validity of Watson's COP>1.0 system. 


So it appears that certain parties who were concemed about that system 
decided to do the "simple test” to see if Watson's device was real. It was 
real, and so they discovered. At that point, the High Cabal — Winston 
Churchill's term — recognized they had another successful unit and 
inventor to suppress. 


Bedini and I were in close contact with Watson over a period of years, as 
often as three or more times a week. Later, some time after that 
conference, abruptly Jim ceased all communication with his former close 
colleagues. For two days a rather crazy recording was on his phone, stating 
the Watsons had moved. Then that disappeared. Watson never again 
contacted either Bedini or me, or his own financial backer (the late R. J. 
Reynolds III). Even Reynolds could not find Watson's whereabouts at that 
time. 


We are quite certain that Watson received the “offer he could not refuse” 
Simply put, this is the old Mafia trick of visiting the target, offering him a 
deal, and he has no choice but to accept or die. When this is used to 
suppress COP> 1.0 systems, and some medical systems, the offer is 
usually: "Accept the money andyou and your family will live very 
comfortably, but you will never openly work on this again or communicate 
it, You either accept our generous offer, oryou and your family will be 
dead when we leave here.” Assuming that happened Watson had no 
choice but to accept the several million dollars offered him. 


He is still alive, because Jeane Manning physically ran into him at a 
conference — and recognized him and spoke to him — whereupon he 
withdrew abruptly and left the conference very hastily 


5.9 Suppression of Free Energy Systems Has Been 
Common 


This is only one of many cases we know of where such suppression of 
overunity systems and inventors has been accomplished. Others are not so 
benign. Marinov was killed with a longitudinal EM wave shooter in 
Europe, and his body was thrown offa building to make it appear a 
suicide. The police allowed the body to lie on the pavement for a 
protracted time (it was emitting longitudinal EM waves from the time- 
charging action ofthe strike). When finally moved, the pavement glowed 
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in that area that had been undemeath the body. Only one weapon on earth 
will kill a person in that manner, and that is a longitudinal EM wave 
"shooter" 


Another prominent researcher was killed with a Venus technique (look it 
up. it's a distortion ofthe wave front) modified beam that plunges the heart 
into violent fibrillations. He rushed from a restaurant exclaiming, "They're 
killing me!" and died of resulting heart attack. The present author was hit 
with just such a weapon in a restaurant here in Huntsville. A friend and I 
actually saw the weapon and the person wielding it. Knowing what it was 
and recognizing the symptoms, my seated companion and I were able to 
bolt out ofthe nearby back door during that minute or so we could still 
physically function, T personally saw the device and the person doing the 
beaming, and I have a witness to the event. 


‘The partner ofa colleague in Australia was killed on an upper floor by 
such a shooter fiom the street below, right through the walls. The assassin 
was observed, and was seen putting the bazooka-sized shooter back in his 
car, then speeding away. There are many other true incidents we could also 
relate, including a person killed by an ice-dart dipped in curare (a very 
professional hit method, used by some ofthe sinister arms of various 
intelligence systems). So there is more than just scientific work involved in 
pursuing COP>1.0 EM power systems. There can also be a direct threat to 
one’s life, essentially at any time. 


Almost any serious overunity researcher, who succeeds, will have had 
confrontations with assassination attempts, suppression attempts, threats, 
deliberate legal entanglements, etc. The present author is no exception. It 
is sad that one of the prerequisites for serious scientific work in this area is 
often a legal gun permit (for both the inventor and his wife) and either 
legally carrying a hidden weapon or never being very far from a weapon 
when working at home. As an old soldier, of course, one just shrugs and 
accepts it, and gets on with the job to the best of one’s ability, albeit 
remaining very watchful and always on guard, 


5.10 In Conclusion 


In this chapter we have introduced many ofthe approaches to COP> 1.0 
EMsystems or processes, of the possibility for such in some novel 
mechanisms known in science. Recalling our previously presented solution 
to the source charge problem, we emphasize to the reader that all assumed 
3 - space EM processes are actually 4-space processes prior to observation, 
continually observed in iteratively frozen 3-snapshots by iteratively 
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invoking the d/dt operator that produces observation. Hence from the 
source charge (and source dipole) solution we realize that all EM energy in 
3-space comes from the time-domain and returns to the time domain. It 
iteratively appears along the "line of propagation” in 3-space at each 
successive position, but does not continuously propagate in 3-space. It 
does continuously propagate in 4-space. Since all the EM energy in any 
EM circuit comes from the time domain via the broken symmetry of the 
source charges and source dipoles, then we need to apply this greater 
vision to the COP> 1.0 mechanisms and approaches so that we see the 
4-space to 3-space to 4-space interplay’. 


The notion of the negative resistor is particularly significant and direct in 
that respect, and we have presented several versions of true negative 
resistors. For those wishing to experiment, we would suggest the easiest 
thing to start with is the point contact transistor. Or, simply go to Naudin’s 
website (313) and download his instructions for making a Chung-type 
negative resistor, build it, and do experiments with it by varying the 
pressure on the fibers etc. 


Again, we have not presented "parts kits" with instructions, but we have 
presented things that have worked or can reasonably be expected to work 
with some effort. We have also discussed the principles involved, to the 
best of our ability. In a few cases, we have directed the reader to 
information on websites where building instructions for selected negative 
resistors and other devices are posted. 


As in any other scientific endeavor, we also urge the interested reader to 
read the literature and check the references cited, or as many as possible. 
Increasing one’s understanding of the area is necessary to increase one's 
probability of success in the area. 


‘We also wish the reader good results and success in his or her research and 
experimenting. The energy crisis is not going to go away, and the demand 
for oil will double in the lifetime of many of our middle-aged or younger 
readers. The cheap oil peaks shortly and declines in availability forever 
thereafter {342}: this alone will drive up the price of oil and seriously 
impact the economies of the nations of the world. To keep fiom destroying 
the world economy and the biosphere, it is absolutely essential that 
COP? 1.0 electrical power systems — including self-powering systems 
taking their input energy from the seething local vacuum — be developed 
to produce the necessary electrical energy needs of the world, cheaply, 
cleanly, and easily 


Ifone or more ofthe readers should succeed in developing and producing 
such systems, then the entire purpose of this book will have been fulfilled, 
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Chapter 6 


Additional Approaches to Overunity 
Power Systems 


"Can the quantum potential carry a signal? Ifit can, we 
will be led to a violation ofthe principles of Einstein's 
theory ofrelativity, because the instantaneous interaction 
implied by the quantum potential will lead to the 
possibility ofa signal that is faster than light... a signal 
hhas in general to be a complex structure, consisting of 
‘many events that are ordered in definite ways. In terms of 
our language, each signal is a supersystem ofevents, 
while each event is in turn a system ofsubevents.... At 
present, the answer is, of course, not known. ” [Bohm and 
Hiley] {343}. A comment:!'®° 


© We comment that the "event" involves observation: ie. itis conceived as an 
‘observed event. In that exact sense, no signal in space carries "events" because there 
is no interaction with mass and no d/dr operation induced on entities (curvatures) of 
spacetime. The effect (observed) 3-space field cannot propagate faster 

because it cannot even propagate in the First place! The totality of li 
interactions with matter is what makes the observed field or observed signal to 
appear to be propagated at light speed. It is not actually "propagating", but being 
iteratively recreated from point to point in space ifobserved at every point. Signal 
in spacetime is causal and hence nonobservable; the interaction of causal signal with 
charged mass is observable and makes an "event". When we clealy differentiate the 
nonobserved (causal) 4-field or dynamic fiom the iteratively observed 3-field or 
dynamic, then the nonobserved 4field or dynamic is not limited to light speed. 

n along the time axis, e.g., can be at “infinite velocity” because a single 
mint in time is connected to every point in the universe simultaneously. Since all 
EM energy in space comes from the time domain locally at each point dipole in 


3 - space and returns tothe time domain from that same point dipole, i is the notion 
of "propagation continuously through 3-space” at any velocity that is a non sequitu. 
Absolutely nothing propagates through 3-space! If general relativity is re-interpreted 
to account the difference between observed and unobserved (effect and cause), then 
the unobserved cause can propagate superluminally without violation of the 
“observed event (effect) propagation at light speed” of general relativity. It is the 
notion that anything propagates in 3-space that is the non sequitur, and it should be 
removed from special and general relativity as well as electrodynamics. 


While 2x2 MIMO deployments (two antennas in, two antennas 
out) are common today, x4, MIMO (four antennas in, four anten- 
nas out) is becoming more practical. 4x4 MIMO effectively enables 
four independent data streams, thereby increasing the throughput 
by four times. Thus, the 2CA deployment example (described in 
the previous section) with two 20 MHz channels and a 2x2 MIMO 
configuration would increase the data throughput from 150 Mbps 
to 300 Mbps. The same scenario with a 4x4 MIMO configuration 
‘would theoretically increase data throughput to 600 Mbps. 


LTE Advanced specifications for MIMO accommodate 8-, 16-, 
and 32-antenna configurations. LTE Advanced Pro specifications 
increase MIMO configurations to 64 antenna elements. Realisti- 
cally, using 64 antenna streams to increase the throughput of a 
single UE isn’t practical. However, using a technique called beam~ 
forming, the eNodeB can focus energy (that is, steer beams of data) 
to a particular UE, thereby increasing the throughput of that UE 
while simultaneously handling other UEs through a different set 
of beams. Massive MIMO will utilize massive antenna arrays — 
comprised of hundreds of antennas — to provide efficient signal 
coverage and higher data rates with lower latency in 5G networks. 


No Qualms About QAM 


(Quadrature amplitude modulation (QAM) is a technique widely used 
to vary data signals on a carrier used for radio communication. 
When used for digital transmission of radio communication app! 
cations, QAM can carry higher data rates than ordinary amplitude 
‘modulated and phase modulated schemes. In QAM, the constella- 
tion points are normally arranged in a square grid with equal ver- 
tical and horizontal spacing. As a result, the most common forms 
of QAM use a constellation with the number of points equal to a 
power of 2 (such as 4, 16, and 64). ‘Thus, 16-QAM uses a 16-point 
constellation while 256-QAM uses a 256-point constellation. 


By using higher order modulation formats (that is, more points 
fon the constellation), it is possible to transmit more bits per 
symbol. So, 64-QAM has six bits per symbol (more data trans- 
mitted), whereas 16-QAM uses only four bits per symbol (less 
data transmitted). However, the points for a higher QAM are 
closer together and are therefore more susceptible to noise and 
data errors. 256-QAM has been used for data in digital cable 
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"..contrary to the conclusions ofclassical mechanics, 

there exist effects ofpotentials on chargedparticles, even 
in the region where all the fields (and therefore the forces 
on the particles) vanish. " [Aharonov and Bohm] {344). 


"for anyforce varying as the inverse square ofthe 
distance, the potential ofsuchforce satisfies both 
Laplace's equation and also the wave equation, and can 
be analyzed into simple plane waves propagating with 
constant velocity. The sum ofthe waves, however, does 
not vary with time, i.e., they are standing waves 
Therefore theforce potential can be defined in terms of 
both standing waves, ie., by a global, or non-local 
solution, and by propagating waves, i.e., by a local 
solution changing in time... Thus, Whitaker's 
‘mathematical statement related the inverse square law of 
{force to the force potential defined in terms ofboth 
standing wave (i.e., global) andpropagating wave (i.., 
local) solutions. The analysis also showed that the 
electromagnetic force fields could be defined in terms of 
the derivatives oftwo scalar potentials. ” (Barrett) {345} 


"What might appear to be empty space is, therefore, a 
seethingferment ofvirtual particles. A vacuum is not inert 
‘and featureless, but alive with throbbing energy and 
vitality. A 'real'particle such as an electron must always 
be viewed against this background offrenetic activity 
When an electron moves through space, itit actually 
swimming in a sea ofghostparticles ofall varieties — 
virtual leptons, quarks, andmessengers, entangled in a 
complex melee. The presence ofthe electron will distort 
this irreducible vacuum activity, and the distortion in turn 
reacts backon the electron. Even at rest, an electron is 
not at rest: itis being continually assaulted by all manner 
ofother particlesfrom the vacuum." [Davies] {346} 


6.1 Introduction 


In this chapter, we continue to present a selection of potential overunity 
systems, inventions, approaches, and selected mechanisms. We also make 
the reader aware that quantum mechanics, an entire branch of physics, 
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requires nonlocality and “instant propagation” in space. We utilize the 
quantum potential from Bohm's hidden variable theory of quantum. 
mechanics {347} to impress the nonlocality. Further, the staid old scalar 
potential — which we meet as voltage in a circuit — also exhibits 
nonlocality and instant propagation in the Coulomb gauge (348). Our 
purpose is to show that electrodynamics is not limited to the cut-and-dried 
subject as usually taught to electrical engineers and applied by them, but 
also covers a wide range of phenomenology that electrical engineers 
usually do not consider or account. 


62 Energy Conversion and Energy Amplification 


6.2.1 The Mead-Nachamkin Zero Point Energy Converter 
It is well known that the vacuum interacts with electrical charges and 
dipoles, and also with the electrons in an atom. For example, Lamb 
received the 1955 Nobel Prize in physics jointly with Polykarp Kush for 
experiments measuring the small displacement later called the "Lamb 
shift" of O+ne of the energy levels in atomic hydrogen (349} 


Casimir {350a} proved that closely separated conducting plates also alter 
the energy density of the vacuum, thereby becoming an “energy 
extracting” method, although the energy is miniscule. It is quite real, 
however, as shown in meticulous experimental work by Lamoreaux {351}. 
The principle that vacuum energy interacts with matter, plates, and 
electrical double layers and circuits is well proven experimentally. 


In 1996 Mead and Nachamkin were granted a patent on an overunity EM 
power system process for extracting zero-point energy of the vacuum 
{352}. Ifone closely examines the patent wording, the device is properly 
patented as an energy converter and does not overtly state that it is a 
COP>10 system. Itis a COP>1.0 system, however, since the input energy 
is fieely received from the vacuum and not input by the operator himself. 
‘One embodiment of the invention inserts a tiny coil between the plates to 
extract the energy. See Figure 6-1. The energy is based on the Casimir 
effect {26}, which was accurately measured in 1997 by Lamoreaux. {27} 
and since then by others.'’” Further investigation of the force's behavior 
with the shape ofthe conducting plates has been performed by Chen et 


"© See also U. Mohideen and A. Roy, "Precision measurement ofthe Casimir force 
from 0.1100.9 microns," Phys. Rev. Let, Vol.81, January 1998, p. 4549. 
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al.* Numerous other papers of interest on the Casimir effect have also 
been published {353a-d}. 


Because energy cannot be created or destroyed, any COP>1.0 system is an 
energy converter, a priori. It must receive the excess energy from the 
environment (in this case, from the curvature of spacetime and from the 
local active vacuum) and convert that energy to a form usable to power or 
assist in powering the system loads and losses. 
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‘The Mead-Nachamkin patent is interesting because the physics of the 
device is proven and accepted. Getting sufficient power output to be useful 
for electrical power purposes, however, remains to be demonstrated, since 
the Casimir effect is very tiny. 


62.2 The Quantum Potential As an Energy Amplifier 

In Bohm’s hidden variable theory of quantum mechanics {354}, an extra 
potential is added to the Schrodinger equation, and is known as a quantum 
potential. Figure 6-2 lists the novel characteristics of this potential, and 


* F Chen, U. Mohideen, (G.L. Klimchitskaya, and V.M. Mostepanenko, 
"Demonstration ofthe Lateral Casimir Worce.” Phys. Rev. Let, (in press as of the 
time ofthis writing). 
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Quantum Potential Characteristics 
'No pont source; not acted 
+ Just appears instantly 
+ Quantum potential between two particles 
tren aid 


ces nek varish as 
‘separation became very large 

+ stanlaneaus connection | 
+ Depends on quantum state 
of system as a whole ~\ 
+ System parts can be greatly separated 


Figure 6-3 lists technical features of Bohm’s hidden variable theory from 
whence the quantum potential is taken (355). It can "move 
instantaneously”, at "infinite velocity", which means it just suddenly 
appears everywhere it will be, and does not "propagate at a finite speed” 
through singly connected space at all {356} 


mi 
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‘Bohm’ hidden variable theory assumes: 
Particle and wave function real and separate 
Wave function obeys Shrodingers equation 
Parile obeys classical mechanics 
Particle couples to wave function though « quantum potential 
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‘Thepotential is after all potential energy. With the quantum potential 
(QP), ajoule of energy placed upon one collector, where that collector is 
connected via a QP with one or more distant collectors, will also result in a 
joule of energy (or some fraction thereof) instantly emerging upon and in 
each of those distant participating (QP-connected) stations simultaneously. 
Tt appears that, if only a fractional participation — say, 0.50 — exists with 
one or more of the distant stations, each of those stations will experience 
the appearance of that fraction (in this case, 0.5 joule) ofthe energy input 
to the initiating station. Any station can input energy, and it will 
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appropriately appear at every other participating station, regardless of 
where these stations are located in ordinary 3-space as seen by the external 
observer. 


One way of expressing this "instantaneous QP connection” between 
separated objects is to model the different objects (or stations) as linked 
together in a multiply connected space, with a certain QP connection or 
collection fraction. Presence of energy at one station in the multiply 
connected group, results in the simultaneous appearance ofthe energy — 
or an appropriate fraction of it — at every other station in the group. 


To understand multiply connected space, consider a single point on a 
plane. Now consider 999 more points superposed on/in that same point. 
But suppose that those thousand points are really located at different 
locations in 3-space, though superposed in this "crazy space” containing a 
plane where all ofthem are superposed at one point. 


As the ordinary external observer, suppose you input a joule of energy into 
‘one of these — to you — separated points, which happens to be the 
original point and is located in your laboratory. Supposed the fractional 
connection is 10 (the connection is perfect in multiply connected space). 
Voila! Instantaneously one joule of energy appears at each and every one 
ofthose (to you) widely separated points. If you vary your input energy 
(eg., as in communication), it varies precisely the same in each of those 
distant QP-connected points. 


‘Those who continue to advocate that superluminal communication of 
information is impossible are ignoring present experimental proof that it 
does occur. As a single example (there are others), it has been shown by 
Enders and Nimtz. (357} that Mozart's 40th symphony can be transmitted 
as frequency modulated microwaves through a barrier wave guide between 
‘two points in a waveguide, via quantum tunneling, at 4.7 times the speed 
of light c. We point out that this is achieved using transverse EM waves. 


If ongitudinal EM waves are used together with longitudinal modulation 
(which engineers might think of as a sort of "pulse compression" 
technique), the only limitation to the speed of communication is given by 
the impurity of the longitudinal EM wave one is able to make. The Fogal 
semiconductor, e.g... can be used to transduce ordinary transverse EM wave 
signals into longitudinal EM wave modulations inside a scalar potential 
Hence that scalar potential can move in the Coulomb gauge at infinite 
velocity. It requires another Fogal semiconductor circuit on the receiving 
end to receive and transduce the longitudinal EM waves and their 
longitudinal modulations back into transverse EM waves for processing 
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and amplification by normal means. This capability of the Fogal 
semiconductor circuits has been demonstrated through satellite uplinks and 
downlinks coupled with long transmission line links, with essentially no 
delay from transmission to reception. One may think of the Fogal 
superluminal process as tunneling through subspace. 


‘The best way to vary the energy is apparently by use of a variable stress 
potential (which translates to a longitudinal variation or modulation). In 
short, one must modulate the "internal energy” of the vacuum, so to speak, 
and not the “extemal energy”. A reasonable discussion of intemal energy 
versus external energy is given by Chen {358}. Ifone longitudinally 
‘modulates the internal energy of the vacuum potential — which, being a 
scalar potential, decomposes by the Whittaker decomposition {359} — 
then superluminal communication is not only possible but also practical. 
We expect Fogal to eventually place just such a system on the market, 
shortly after his semiconductors get into precision production, 


One possible method of producing modulated internal stress potentials is 
by use ofa Davis noninductive resistor (360}. Another is by use of a 
biwound coil with two windings, so that the two currents through two 
equal "superposed coils are equal and opposite. We point out that, while 
there has been published much stuff and nonsense about such biwound 
coils, the truth is quite mundane. Simply examine the Lorentz symmetrical 
regauging applied to the Maxwell-Heaviside equations. It is the deliberate 
production oftwo equal and opposite forve fields, which is in fact the 
Creation ofa stress potential and extra stress energy. By varying the 
magnitude of the Lorentz forces comprising the stress potential, the stress 
potential is varied in amplitude. Hence the concomitant longitudinal EM 
‘waves are varied in amplitude. A biwound coil is a variable Lorentz- 
regauging coil, a priori 


By oscillating the magnitude of any Lorentz regauging (which in the 
simplest case is simultaneously changing both opposing fields equally and 
oppositely), one can make longitudinal EM waves. By appropriately 
‘modulating both Lorentz regauging components, one can make 
longitudinal EM modulations upon those concomitant longitudinal EM 
wave carriers, 


So with some careful tuning and adjustment, and a little nonlinear material 
in the core,’® one should be able to have the superposed appositive 


x (add), and modulation is 
us will not cause the 


"© The opposing waves must modulate (multiply), not 


‘nonlinear process. Linear mixing of opposite waves or 
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‘magnetic fields lock together (modulate, rather than linearly add) and 
produce a magnetostatic scalar potential stress signal in and from a 
nonlinear core material. We caution, however, that the biological effects of 
the radiation of such stress potentials intemal to spacetime have not been 
investigated. The experimenter is cautioned that he experiments at his own 
risk, and he is cautioned to experiment only at low power levels until the 
phenomenology in a particular case is understood. 


If we compare the stress potential oscillation (wave) to a sound wave, the 
similarities suggest that the stress potential oscillation can be treated as a 
longitudinal EM wave, ifthe two superposed opposing EM waves “lock 
together”. Simple addition is insufficient; modulation is necessary. Hence 
the nonlinearity of the conductors and core material is of significance. 


For instantaneously propagating potentials and pure longitudinal EM 
‘waves, any conceived difference between the two becomes somewhat 
academic. The characteristic of interest is the instant appearance of the 
input energy at multiple points via a multiply connected space. 


To the ordinary observer, use ofa quantum potential and multiply 
connected space measurably yields a fantastic energy amplifier. One 
furnishes one joule, and gets out — say — 1,000 joules in those distant 
locations altogether. As shown in Figure 6-4, the QP system is a 
communication system of enormous implications, particularly as humans 
travel into space across the solar system and even beyond. Unfortunately, 
by using appreciable power in the initiating station, the QP system also 
leads to weapon systems of incredible destructive capabilities. Some five 
nations {361} now possess such quantum potential weapons, which are the 
dominant weapons on Earth. We do not further discuss the quantum 
potential weapons aspects in this book. 


Back to our little energy exercise, inputting one joule and getting out some 
1,000 joules. Suppose these 1,000 participating points are not distant at all, 
but are gathered closely together into a local material but still QP- 
connected with a connection fraction of 1.0. Now we input ajoule of 
energy to that device, and it develops and outputs one kilojoule. It is 
hypothesized that this becomes the ultimate negative resistor. It will also 
exhibit separated Dirac hole current phenomena as the COP increases and, 
if sufficient COP is developed, it will exhibit antigravity effects such as 


fields to "lock together" into a common stress potential. Nonlinear mixing 
(modulation) will. Hence the nonlinear core is required for conversion of appostive 
fields to stress potentials and Lorentz regauging. 
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Strangely, overall conservation of energy is not violated by the quantum 
potential COP>1.0 energy system. It's ust that the energy now is furnished 
fiom space (from the vacuum) in a multiply connected manner. However, 
all the excess energy is still furnished by the active external environment 

- ie. fiom the time domain, according to the giant negentropy process 
{12} —though that environment now is quite novel and multiply 
connected. So we still have a system analogous to a windmill, though a 
very novel windmill and a very novel wind indeed. 


Without belaboring the point, action-at-a-distance is absolutely required in 
quantum mechanics. Further, photon correlation experiments have long 
demonstrated experimentally that such action-at-a-distance effects do 
exist, just as predicted. This was a refutation to Einstein's objection to 
quantum mechanics’ "spooky action at a distance’ 


‘We point out without further comment that, ifa self-powered process is 
Invoked in the initiating station, then all other participating stations also 
contain that self-powered process. However, note that one does not really 
‘wish to "invoke" a quantum potential connection and use it except 
‘occasionally and very quickly! Otherwise, ifa strong QP is tumed on and. 
left on among many distant stations, anything and everything happening to 
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each one of them can instantly appear in all of them, so long as the 
“constant of connectivity” remains a constant or nearly so." For that 
reason, strong quantum potential connections can be self-destroying and 
strong effects do not seem to normally appear in the physical world.'®! The 
proper energy use of a quantum potential is thus to use it only for fleeting 
inductions" of effects in the desired stations, in momentarily multiply 
connected spacetime, at least until the self-limiting behavior is ascertained. 


Apparently, a quantum potential can sometimes be formed in the limit of 
an iterative, mutually phase conjugating operation of EM signals passed 
back and forth between two phase conjugate mirrors, or among many of 
them. Such iterative mutual phase conjugate reflection of signals — 
particularly pumped signals — is technically known as iterative se/f- 
targeting. Sometimes we use a more picturesque tem, ping-pong, for 
iterative self-targeting, 


Conceivably, strongly coupled, strongly pumped optical self-targeting 
mirrors can — in the extreme limit — initiate or partially initiate a 
quantum potential. The superposing beams of energy may be thought of as 
first narrowing to laser-like beams, then gradually subsiding into pure 
longitudinal waves with transverse components "canceled" to form simply 
tress energy”, In short, ifthis reaction occurs, the energy is transformed 
into a stress energy potential, which acts either as a scalar potential in the 
Coulomb gauge or as Bohm's quantum potential. In our view, the pure 
longitudinal wave has infinite velocity, as pointed out by Rodrigues and 
Lu (93a}, so Lorentz-Fitzgerald contraction results in "zero-separation 
distance”, which in turn results in a multiply-connected spacetime. 


One points out that the “input energy” to the initiating station may be 
deliberately structured internally, including altering the internal Whittaker 
longitudinal EM wave functions comprising the input electrical field 


"© Fortunately, it appears that this connectivity constant is not really constant, but 
reduces as the feedback of each station's fluctuations to the other stations increases 
‘The result seems to be a "leveling off process reaching a plateau and a fixed amount 
of gain in the overall system. In short, the system usually seems to be "self- 
adjusting” and "self-limiting" as the overall gain increases. Nature is riddled with 
{quantum potentials, bu this self-limiting process Keeps most so tiny that they are not 
even noticeable 


“However, the validity of invalidity ofthis statement for some ofthe highly 
energetic phenomena of astronomy remains to be determined. It also remains to be 
determined as far as the quantum potentials role in generating the zero point energy 
fluctuations ofthe active vacuum, 
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energy. In this manner, in theory deliberate spacetime curvature sets and 
dynamics can be introduced into the distant but multiply connected targets. 
A form of highly advanced electro-biological warfare induction of disease 
has been developed by at least one nation (Russia) in this regard, as an 
extension of Kaznacheyev's experiments showing induction of cellular 
disease at a distance. It appears that the cells ofa living body are 
interconnected by a very Weak quantum potential in such manner. Again, a 
gteat deal mote research on that possibility is needed, 


Given a quantum potential connection between separated objects including 
our initiating station, one can also add vacuum engines (energy structuring 
of curvatures of spacetime itself) as our input to the initiating node. Those 
vacuum engines will then simultaneously appear unabated (or only 
partially abated) in the multiply connected separated objects. In this way, 
in theory one can use the QP and QP energy to perform highly anomalous 
‘momentary engineering of nuclides, materials, fields, etc. in widely 
separated, distant objects and areas. By repeating the momentary 
engineering "pulses", distant objects and areas can be profoundly altered. 


‘The use of vacuum engines in medical applications is of particular future 
interest.’ Very radical extension of those techniques can be achieved 
‘once quantum potential technology is developed and available in the open 
scientific community. 


But let us ignore the weapons, free our scientific imagination, and let it 
roam, As an example, in the future a vacuum engine (spacetime curvature 
engine) might be developed and utilized in a world-wide quantum potential 
to momentarily strike and eradicate all AIDS viruses on Earth, and do only 
that. Or, the engine could be slanted to simply momentarily slightly change 


"See Vinil Kaznacheyev and L. P. Mikhailova, Ultraweak Radiation in 
Invercellular Interactions, [in Russian], Novosibirsk, 1981: Vlail Kaznacheyev et a 
‘Distant intercellular interactions in a system of two tissue cultures, 
Paychoenergetic Systems, 1(3), Mar. 1976, p. 41-142; Viail Kaznacheyev. 
‘Apparent information transfer between two groups of cells," Psyehoenergetic 
Systems, (1), Dee. 1974, p. 37. Unfortunately this QP induction of cellular disease 
has already been used by the former Soviet Union to develop a QP extension of the 
force-free structured potentials method first used to induce cellular disease and 
haalth changes in U.S. personnel in the former U.S. Embassy in Moscow for several 
decades. Now QP weapons using such techniques can target the entire population of 
a targeted nation, Using the intemal Whittaker structuring of quantum potentials an 
EM fields and waves, electromagnetic biological warfare has already been born and 
highly developed. ‘The actual dimensions of possible biological warfare strikes are 
far greater than has been mentioned in the open literature 
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communications and is now starting to be used for radio com- 
‘munications. 256-QAM is included as part of the LTE Advanced 
Release 12 standard from the Third Generation Partnershi 
Project (3GPP) because itis likely to work with small cell tow 
rs. T-Mobile has achieved 4ooMbps downlink speeds in trials 
through a combination of 4x4 MIMO and 256-QAM, 


5CA and beyond, massive MIMO, and higher-order QAM are all 
techniques defined as part of the LTE Advanced and LTE Advance 
Pro standards. With LTE Advanced deployments in full swing, 
1 Gbps download speeds are getting closer to becoming a reality in 
operational networks. 5G will use all these techniques to achieve 
20 Gbps data speeds. For example, these are a few of the develop- 
‘ments on the 5G horizon: 


9 CAcon very large bandwidths, leading to aggregate totals of 
800 MHz (and even 1 GHz) carrier bandwidth 

9) Massive MIMO antenna arrays of 128 elements or more 

99 1024-QAM, and even 4096.QAM 


16 5G For Dummies, ixia Special Edition 


those viruses into an innocuous kind of new virus. The cells ofthe 
individual human body are already connected, it appears, by a very weak 
quantum potential. By connecting an external initiating station to that 
body's quantum potential, the energy ofthe body could be directly 
anned, all abnormalities noted, and tailored engines created and 
‘momentarily used to treat the body and correct its abnormalities and 
malconditions. This, we believe, may well be a medical therapy of the 
future, a few generations fiom now." 


6.3 Other Systems of Electrical Interest 


6.3.1 Russian Parametric Oscillator Power Systems 
In leading physics institutes and laboratories in the 1930s, Russian 
scientists built COP> 1.0 parametric oscillators, including some of 
appreciable size. The work is documented in the literature (362a-k}, both 
in Russia and in France. The devices were developed and tested in several 
Russian laboratories. With linear loads, the oscillators would progressively 
build to self-destruction. With nonlinear loads, the devices would stabilize 
and power themselves and their loads, at a level depending on conditions 
— reminiscent of the behavior shown in Figure 4-3 in Chapter 4 for 
stability COP>1.0 levels for the asymmetrical self-regauging process 


Standard references for parametric oscillation in EM circuits are available. 
However, with standard practices none ofthese conventional oscillators 
produces COP>1.0, primarily because the conventional closed current loop 
circuit is applied without special modifications. For overunity work, the 


Apparently, tests of such QP capabilites in weaponry have been gingerly 
conducted for direct induction of disease patterns in the population of a targeted 
nation or area, One symptom of such a testis that a very small number of widely 
isolated cases of the same disease breaks out simultaneously, in isolated cases 
scattered widely and puzzlingly throughout the population, without the possibility of 
fany direct carrier vector connection. Apparently, the test inductions ave 
deliberately been held mostly to the "shadow state” (or upper virtual stat, just below 
observable state) in most ofthe targeted populace, to prevent giving away the tests. 
However, the human immune system and cellular regenerative system do respond (0 
such “near-observable-state” signals and engines, when sustained or repeated in 
time, by a sort of coherent audition (integration) over time. The bell-shaped 
distribution curve predicts that a few individuals, randomly scattered throughout the 
populace, will have quite lower induction thresholds and will evidence the actual 
disease afler a certain time, whereas in almost all the other members of that 
population the “disease” will never evidence in the observable state during that time, 
The testis deliberately terminated when only a few observable eases occur, which 
are sufficient to prove the efficacy of the test and the method 
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Russian and French literature (as we referenced) should be meticulously 
studied and analyzed in a higher group symmetry electrodynamics, to see 
how the Lorentz condition is broken during discharge of circuit excitation 
energy in the load, and how the COP>1.0 Dirac hole current decay 
mechanism is avoided or contained. 


‘The Russian COP> 1.0 parametric oscillation work appears to have been 
suppressed by the Communist regime just prior to WW IL. After the war, 
all such technology passed under the rigid control of the KGB (by 
whatever name it took and takes from time to time) and into the special 
weapons research and development area — still highly classified in Russia 
We know ofno similar work presently ongoing in the West, although at 
least an English translation of one of the major summary documents of the 
Russian parametric oscillation COP> 1.0 power system developments was 
performed under NASA auspices (363). However, in conventional U.S. 
parametric oscillation research, I know of no case where COP>1.0 
operation is being sought, or where the Dirac sea hole current decay 
‘mechanism is even mentioned or recognized {364} 


63.2 Sweet Vacuum Triode Amplifier 
During the 1980s and 1990s, the present author worked —sometimes 
closely for extended intervals — with inventor Floyd Sweet, the inventor 
ofthe Sweet vacuum triode amplifier (VTA). Indeed, we gave the unit its 
VTA name, at Sweets request. 


Fig. 6-5 (pg. 384) shows a diagrammatic illustration of the fundamental VTA 
construction. Two coils in quadrature are between two barium ferrite 
“brick” magnets, of the kind formerly used in many power audio systems. 
‘The vertical coil is the "input" signal coil, and the horizontal coil is the 
“output” power coil. The input consisted of a 33 microwatt 10 volt 60- 
Hertz signal, and the output was a 120-volt 60-Hertz. 500-watt signal. The 
barium nuclei in the magnets were specially preconditioned by Sweet so 
that they were in powerful self-oscillation with the surrounding energetic 
vacuum. A double-edged razor blade or piece of shim stock placed on one 
of these magnets would oscillate back and forth, incessantly, without 
cessation — showing that the magnetic field itself was “waving” back and 
forth (Figure 6-6). It was also continually doing work against air 
resistance, by moving the ai 
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Sweet had a Master's degree in electrical engineering from a leading 
university and handled the mathematical theory very well. He had worked 
at General Electric for many years, and Gabriel Kron was his patron and 
‘mentor. Sweet often spoke giowingly of Kron, and I came to believe that 
Sweet's VTA was probably an outgrowth of, or very similar to, Kron’s 
negative resistor. 


1 han es me 
Rec gate aig ate 
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When I first met Sweet, his little VTA system was producing a 6-watt 
output, enough to light four 15 watts of auto lamps (Figure 6-7. But there 
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‘was no question as to the genuineness of the device. Nothing was hidden, 
and Sweet allowed me to measure the device at will, disassemble it, play 
with it, and examine it in any fashion, It was genuine, and not a hoax or 
trick. I also locked up one of is specially conditioned magnets for 24 
hours, with a piece of shim stock sitting on the flat of the magnet and 
‘waving to and fio continuously, steadily performing work by moving air. 
When I opened the lock the next day, the shim stock was still there on the 
‘magnet and oscillating, having continuously done work against the ait 
resistance for 24 hours with absolutely no energy input by the operator. 
‘And it was still working. Indeed, that single "kinetic" permanent magnet, 
destroys all objections to COP> 1.0 EM systems, including those that are 
self-powering and thus have COP = oo. 


Ik seems little known that the vacuum around nuclei, in some eases, can be 
tueated as a semiconductor, e.g. as discussed by Prange and Strance (365) 
It is also known that nuclei do exhibit resonances at ELF frequencies. In 
particular, the vacuum in the region close to the nucleus ofa supetheavy 
clement is known to actin a fashion analogous to the inversion layer in a 
field effect transistor. Prange and Suance introduce the idea of the inverted 
vacuum, Just as a semiconductor may be manipulated by subjecting it to 
external fields, doping etc., it appears that the vacuum can be similarly 
‘manipulated by appropriate means. We personally suspect that the 
semiconducting vacuum can be and is resonantly involved in any ELF 
resonances of the nucleus, which can occur in lighter nuclei such as 
barium.'** 


‘The virtual particle flux of vacuum, regarded as noise, may provide noise 
amplification of the coherent self-oscillation frequency between the 
semiconducting vacuum and the barium nucleus. Certainly, analogous 
noise amplification of signals is known in electrical physics {366} 


"Here our concept ofthe supersystem may be of uility. The “loek-in" or "Teeze- 
framing” of an equilibrium condition fora system — such as in a state of nuclear 
ELF self-oscillation — is stabilized and made a “new equilibrium condition” when 
the force field reaction from the curved local spacetime into the system is equal and 
‘opposite tothe force field reaction feom the local active vacuum into the system. We 
believe Sweet's undisclosed activation process was a method for synchronizing those 
‘wo force field reactions and making them equal and opposite in one short discharge. 
‘We hope that this speculation is of use o future experimenters trying to duplicate 
Sweet's activation of his magnets info sustained and powerful supersystem self 
oscilla 
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I hypothesized that Sweet's activation process treated the vacuum 
surrounding the barium nucleus in such fashion, so that he was able to 
establish self-oscillation between the local activated vacuum and the 
concomitantly activated barium nucleus. Since barium ferrite is optically 
active, it may be that Sweet discovered how to get sufficient "self-pumping 
gain" for the self-oscillation to endure and not die away in a decaying 
oscillation manner. Since the "gain" ofthe second VTA as a self-pumping 
device was some 1,500,000 (Figure 6-8), obviously Sweet's activation 
method introduced a powerful state of self-oscillation." 


Faure Sea Suet VIA preci S00wate sn COP 500. 


"© Here we point out that "small" things with very close "double surfaces” of 
‘opposite charge or potential usually have very large fields. The tiny Lamb shift, eg. 
has a local energy density greater than the surface energy ofthe sun. Jackson, 
Classical Electrodynamics, Second Edition, 1975, p. 10-11 points out that "field 
strengths ofthe order of 10°10" volis/em exist atthe orbits ofelectrons in atoms, 
While the electric field at the edge ofa heavy nucleus is ofthe order of 10” 
volis/em.” It should be obvious to the reader that, ifour speculation is true and 
clear oscillation ofthe barium nucle is involved, the production of optical gains 
of 15 x 10? in Swe nets is not 
surprising because ofthe extreme magnitude ofthe oscillating nuclear fields. In that 
case, optical gain converts direc to true power gain because the pumping e 
furnished freely by the environment and not by the experimenter 


' self pumped, optically aeting barium ferite ms 
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6.3.2.1 Mapping the Magnetic Field ofthe Magnets 
Figure 6-9 shows a small magnetic field mapping device built by test 
engineer Rosenthal for Sweet. Sweet "scanned" and mapped the 
consistency of the magnetic field from his candidate magnets (barium 
ferrite magnets bought from surplus stores at the time). Ifthe consistency 
varied over 12 to 15%, the magnet was useless because it would not "hold" 
the activation and retain it. Magnets whose magnetic field variation did not 
exceed 10% were ideal. So Sweet only found about 1 in 10 or even 1 in 30 
‘magnets that would retain the self-oscillation state when initiated. 


Four 69 Tetengne senbalpcnstoamagnetitelsstengh 
‘movpng ves hebuilar Sect 


‘Sweet may have actually used two appreciably higher frequencies in his 
activation process, with the difference frequency between them being a 
ELF frequency (60-hertz, 100-hertz, 400-hertz, etc. as he desired). 
Se, when one realizes that the magnet is a highly 
nonlinear medium and then treats it (to first order) as an isotropic 
nonlinear medium, In that case, the two wave frequencies actually used 
‘would be subject individually to the normal overshoot, breakup, 
reconstitution, etc. inside the material of the magnet — but the difference 
frequency would behave as if it were a sine-wave frequency {367}, 


Thismakes sense, since the output wave of Sweet's activated magnet was 
essentially a pure sine wave. Also, the presence of noise-enhanced 
heterodyning can sometimes be used to amplify a difference signal even 
further {368}. As we stated, since the activation is a self-oscillation 
between the local semiconducting vacuum and the barium nuclei, one 
wonders whether much of the rest ofthe vacuum virtual particle flux can 
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be treated as noise, and whether an effect is obtained for noise 
amplification of the coherent self-oscillation frequency. 


Lov and Prozorova {369} point out some interesting characteristics of 
the formation of self-oscillating spin waves which occur above parametric 
excitation. These oscillations result when internal stability does not occur, 
and they evidence themselves as oscillations of magnetization. The 
frequencies of the oscillations usually lie in the range fiom tens of 
kilohertz to tens of megahertz. At small above-threshold ratios, the shape 
of the oscillations is nearly sinusoidal. At larger ratios, the shape differs 
appreciably from sinusoidal. At still larger ratios, the oscillations become 
chaotic. 


If Sweet did use the "difference frequency" conditioning, one suspects he 
‘may thus have been able to utilize larger above-threshold ratios, where the 
two frequencies actually transmitted would have resulted in chaotic 
oscillations. It is interesting to speculate that, in that case, for a suitably 
chosen barium ferrite magnet, the difference frequency still can behave 
sinusoidally, but now much stronger. If so, that might account for the 
tremendous COP Sweet attained in his second unit, which exhibited a 
COP = 15 x 10°, and could be pushed even higher. 


6.3.2.2 Sweet VTA for Closed-Loop Self-Powering Operation 
Courtesy of Walter Rosenthal, we now present a visual record ofthe Sweet 
closed-loop self-powering version of the VTA and its momentous 
successful acceptance test on May 1, 1990, as closely observed by 
Rosenthal. 


Figure 6-10 shows Sweet and a different version ofthe VTA, with the 
coils in a slightly different configuration and the windings altered. This is, 
the two-magnet, 2-coil VTA that he built and tested for self-powering 
operation. Figure 6-11 shows the unit mounted on a special test fixture 
built by engineer Rosenthal. This fixture and its components allowed the 
sensing ofthe sine ave output power at the zero-value crossover points. 
To switch in the special clamped feedback system for self-powering 
operation ofthe input, and simultaneously switching away from external 
power, the switching had to be done very accurately at that zero-point 
crossover. Feedback would not stabilize and hold ifthe switching were 
done at any other point in the output cycle. 
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Figure 6-12 shows the set-up for the tests, with the unit and loads as well 
as some ofthe instruments used. Figure 6-13 shows the closed-loop VTA 
powering itself and its loads, after being initially set into operation with 
outside input power by the operator, and then adroitly switched into self- 
powering by switching the input from external to intemal at an output 
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power zero crossover point. This picture shows the unit in self-powering 
and stable operation, taking all its input energy from the vacuum, including 
the power necessary to power its own internal losses and the power 
necessary to power its controls and loads. 


testing obcersed by tet engineer Walter Rosenthal 
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We strongly stress that this operation is permitted by the laws of physics 
and thermodynamics for an open EM system far from equilibrium in its 
exchange with its active environment, The active environment in this case 
is the combination of the active local vacuum and the active local 
curvatures of spacetime. The closed-loop condition is a new and stable 
equilibrium condition in the dynamics ofthe mutual exchanges between all 
three supersystem components: the system, the active vacuum, and the 
curvatures of spacetime. The system is in stable disequilibrium; the 
supersystem is in a stable new equilibrium condition. 


6.3.2.3Discussion 
We do know that the output current ofthe second Sweet device was 
comprised of a significant Dirac hole current'®* as well as electron current 
— showing the expected heavy involvement of the altered local vacuum 
(the Dirac sea) and the curved local spacetime. ‘The negative energy 
majority ofthe output revealed itself readily. Ifthe output leads were 
shorted, ice formed instantly on the shorted leads fiom the moisture in the 
air. That is, an electrical short resulted in the sudden production of cold 
(negative) EM energy rather than positive EM energy.'®’ That can only 
occur ifthe majority of the output is negative energy, and any sudden 
surge in output (as from the shorted leads) increases the ratio of negative 
energy to positive energy so that very strong net cooling results 


For many predominantly mechanical components (simple electrical 
‘motors, light bulbs, etc.), Dirac hole current applied to the positive lead 
will power the circuit equally as well as electron current applied to the 
high voltage (negative) side, ifthe grounding is simply by a conductor and 
not a "vast reservoir" of charge. In such case, the wire chosen to conduct 
or direct the Dirac hole current should be made very small. It can and will 


“© We do mean hole current in the Dirac sea, consisting of Dirac holes in the 
vacuum itself, prior to their interaction with charged matter to form lattice holes in 
matter. We do not mean the standard lattice hole current at all 


"© In local curved spacetime, Dirac holes constitute "negative energy EM fields and 
potentials". In such case, one ean have negative energy entities and reactions 
snalogous io positive energy entities and reactions in 3-space. On the time axis, one 
also has negative energy entities and currents, potentials, waves, fields, ete. Because 
Classical Maxwell-Heaviside-Lorentz theory eliminates any modeling ofthe local 
‘vacuum or the loeal curvature of spacetime, these negative spacetime curvature 
‘negative energy) potentials, fields, and currents have not been added into the 
electromagnetic theory. That of course is a serious shortcoming of the normal theory 
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» Expanding cellular traffic to unlicensed 
spectrum 


» Getting LTE-U and LAA to coexist with 
Wl in unlicensed spectrum 


» Going it alone in unlicensed spectrum. 
with MulteFire 


Chapter 3 
Tapping into Unlicensed 
Spectrum 


nlicensed spectrum is used by low-power devices to trans~ 

mit and receive wireless signals over short distances — 

typically a few meters. Although specific devices are 
permitted to operate only in specific bands, the process of getting 
certifications is not time-consuming or costly, compared to get- 
ting a cellular operator license. Some common devices in this 
category include garage door openers, nursery monitors, 
home security systems, cordless phones, and Bluetooth speakers} 
headsets. In this chapter, you learn about the role of unlicensed 
spectrum in the 5G future. 


Giving a “High 5(G)" to Wi-Fi 
Advancements 


Wi-Fi operates in the unlicensed 2.4 gigahertz (GHz) and 5 GHz 
spectrums. There are fewer rules on who can access these bands 
and more available spectrum compared to licensed frequency 
bands. Wi-Fi devices must therefore compete to use the same 
spectrum as other devices. 
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carry intense hole current and will cool rather than heat." The wire to the 
electron side of the device should be made normal sized, appropriate to the 
electron current to be carried. 


Several other inventors over the years have been able to activate a barium 
ferrite magnet into sustained self-oscillation ofits material particles ot 
domains, in similar but weaker fashion for varying lengths of time — up to 
a month or so in the longest time that I am aware of. Sweet's magnet would 
continue in self-oscillation indefinitely unless (i) the magnet was sharply 
shocked mechanically (as with a hammer blow), (ii) the magnet was heated 
to too high a temperature, (iii) the leads ofthe output circuit were 
electrically shorted, or (iv) external artificial field interference (electrical 
pulse shock, particularly from longitudinal stress waves) was 
encountered." 


Unfortunately, Sweet signed multiple conflicting agreements with several 
financial backers, and his work was legally entangled so deeply that it was 
never straightened. He eventually died, taking with him his activation 
secret. He was often threatened, and was once fired at by a professional 


°S This is very probably the secret of Tesla’s "single wire system", At an exposition 
in Nevada, Bedini demonstrated just such a system, by powering 600 watts of audio 
speakers at the end ofa long, very thin wire across the stage from his power 
amplifier. Ifhe had been using positive EM energy, the wire would have instantly 
melted 


"© During that period, the Russians were playing with earthquake induction via 
scalar interferometers, at various places around the world, including iaside the U.S 
heartland. Sweet's machine would sit above a natural quake and not be affected. But 
when a quake within many hundreds — even several thousands — of miles was 
autificially induced, the Sweet device would react to it. A fairy close artificially 
induced quake would destroy the self-oscillation of the magnets. and sometimes a 
very close artificially induced quake would actually explode the intensely activated 
magnets. So for several years one had a way of ascertaining which quakes were 
natural and which were artificially induced, by simply having Sweet confiem how bis 
magnets interacted 


' For those who do not believe such an activity, here i a direct statement hy th 
Secretary of Defense William Cohen: “Others are engaging even in an eco-type of 
terrorism whereby they can alter the climate, set offearthquakes, volcanoes 
remotely through the use ofelectromagnetic waves... So there are plenty of 
ingenious minds out there Hat ure at workfinding ways in which they can wreak 
tervor upon other nations..I's real, and that's the reason why we have to intensify 
cur efforts." Quoted from DoD News Briefing, Secretary of Defense William S. 
Cohen, Q&A atthe Conference on Terrorism, Weapons of Mass Destruction, and 
US. Suategy. University of Georgia, Athens, Apr. 28, 1997. 
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assassin using a silenced rifle. He survived the incident because, being old 
and a bit feeble, he stumbled and fell over the front steps just as the 
assassin fired. The bullet snapped by his ear, right where his head had just 
been. The incident was reported to the FBI, but with nothing else to go on, 
the assassin was never caught. 


By whatever means, we do know that Sweet's magnets had to be activated 
by a special process that Sweet used and never fully revealed. An activated 
or "kinetic" magnet, it seems, was actually something a few of the "older 
‘magnetics guys” had known about, and Sweet had learned of it either from 
them or from Gabriel Kron. Sweet was also a transformer designer and 
expert, and he remarked that he had also observed specialized self- 
oscillation in certain transformers. Although most power engineers 
approached were either nonplussed or completely skeptical of a "self 
oscillating field in a permanent magnet”, self-oscillation of the fields 
waves, etc. in permanent magnet materials are known to materials 
scientists today, especially to those working with magnetic effects in thin 
film materials {370, 371a-b) 


spin 


From a general relativity viewpoint, particle spin has a unique spin field of 
own {372}, and there are such spin fields involved and operating in 
‘magnetic systems. The simple classical electrodynamic approach to 
‘magnetism and magnetic assemblies — or the view of a magnet as simply 
a bar with a north pole and a south pole — is quite insufficient when one 
wishes to research magnetic assemblies that will act as open systems far 
from equilibrium with their active environment, and thus will be capable 
of COP> 1.0 operations, 


Recent work in coupled spins has revealed long-range coherence effect 
previously unsuspected, as well as dual spin states participating in such 
phenomena {373a-b}. For example, Johnson has long used a 2-particle 
approach to spins and spin flipping in his own highly nonlinear magnetic 
assemblies (374). His recent laboratory work has also shown similar and 
unsuspected long-range coherence effects in large multiple-magnet 
‘macroscopic systems {375} such as large assemblies of neodymium-iron 
magnets. This is strongly suggestive of the expected general relativistic 
spin field previously mentioned. 


‘This work by Johnson is very important, since it may reveal a hitherto 
‘unsuspected mechanism for decay — of an otherwise nonconservative 
‘magnetic field around a closed loop — back into a conservative field. If 
one seeks an all-permanent-magnet rotating motor, a nonconservative 
magnetic field around a rotation loop must be established and sustained if 
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one is to have self-rotation and self-powering. A nonconservative magnetic 
field around such a rotation loop means that the system acts as an open 
system far from equilibrium with its active vacuum and active curved 
spacetime environment, by means of some asymmetry mechanism such as 
‘multi-valued magnetic potential (376a-c, 3772-g). elucidation of exchange 
forces (378a-c} at selected positions and directions, etc. It also requires 
both a stable broken 3-symmetry and a stable 4-symmetry, 


On the other hand, in our opinion, Sweet employed spin waves triggered 
into self-oscillation in the nuclei of the barium atoms in his barium ferrite 
magnets. Indeed, such nuclear spin waves in magnets have been known for 
some time {379}. We postulate that, as in any other COP>.0 power 
system, a self-rotating all-permanent-magnet motor must also involve 
Dirac sea hole current interacting in the various magnetic components. It is 
reasonable to suspect that these also interact with the electrons and their 
spin fields, perhaps producing the active mechanism providing that 
observed long-range coherence that apparently can decay the 
nonconservative magnetic field around the rotation loop, causing it to 
revert back to a conservative field and thereby stop the self-rotation and 
self-powering. If so, that long-range coherence must be violated and the 
violation stabilized. However, we could find no papers in the literature 
that deal with such possibilities. Hence it is a subject for further 
investigation by COP> 1.0 researchers. 


6.3.2.4 The Highly Successful Anti-Gravity Test 

‘On one trip to California to work with Sweet, we noticed that, at full 
power output of 500 watts, his unit weighed a little less on the bench than 
‘when not powered. Struck by this anomaly, I considered the negative 
energy aspects of the output — as evidenced by the Sweet's demonstration 
of icing when the output leads were shorted — and the very high gain, 
which added up to a predominance of negative energy in the output. 


Pondering this from a general relativity viewpoint, I reasoned that: (i) 
increase of positive EM energy density in space increases the curvature of 
spacetime to produce additional positive gravity Gp; (i) increase of 
negative EM energy density in space must increase the curvature of 
spacetime in the other direction, and thus it must produce negative gravity 
Gy, and (iii) the total gravity Gr produced in the immediate spacetime of 
an object producing both positive gravity Gp and negative gravity Gy, was 
Gy = {{Gp + Gy). Thus if we increased the output ofthe VTA unit, we must 
inevitably increase the weight reduction (antigravity) effect since the 
predominance ofthe energy output was negative energy, and this output 
was in the neglected negative energy fields aspect as well as in the local 
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vacuum (spacetime) itself, After several back-of-the-envelope estimates 
and educated guesses over some weeks, I concluded that if the efficiency 
ofthe antigravity process'” were 10% and the unit was pushed to 1500 
‘watts output, it would lose all its weight and hover weightless. 


However, because of the nonlinear local spacetime, magnetic 
monopoles'”” '” were deposited in Sweet's magnets when the unit was 


"We again accent the difference between efficiency and COP. Here we are 
definitely speaking of efficiency, not COP. 


® Dr, Robert Flower has confirmed that the ‘symmettized" (or "extended”) Maxwell 
‘equations (Eqs. 7.1 in Springer’s Encyelopedia of Physies, Vol. 16, p. 431) inelude 
‘non-zero magnetic charges and magnetic curtents. Antenna engineers (Henning 
Haarmuth, and others) know that these terms must be included for proper description 
‘of boundary conditions, even though, at the final step of computation, their integrals 
are set equal to 2er0 (apparently t0 snulf out magnetic monopoles). For Dirac’ 
‘original theory ofthe monopole, see P. A. M. Dirae, "Theory of magnetic 
wonopoles," Phys, Rev:, Vol. 74, 1948, p. 817-830. See also F. A. Bais and B. J 
Schroers, “Quantisation of Monopoles with Non-abelian Magnetic Charge,” Nuciear 
Physics B, Vol. 512, 1998, p. 250-294: G. Lochak, "The Symmetry Between 
Electricity and Magnetism and the Problem of the Existence ofa Magnetic 
Monopole,” in T. W. Barrett and D. M Grimes. [Eds.] Advanced Electromagnetism: 
Fundations, Theory. & Applications, Wosld Seiemtfie, 1995, p. 105-147 
Particulatly see T. W. Barrett, "On the distinction between fields and their metic: 
the fundamental difference between specifications concerning medium-independent 
fields and constitutive specifications concerning relations to the medium in which 
they exist.” Annales de la Fondation Louis de Broglie, 14(1), 1989, p. 37-75; — 
"Blectromagnetic Phenomena Not Explained by Maxwell's Equations.” in Lakhtakia, 
A. (ed): Essays on the Formal Aspects ofEleciromagnetic Theory, World Scientific, 
River Edge, NJ, 1993, p. 6-86: — "The Ehrenhaft-Mikhailoy effect deseribed as the 
bbchavior of alow energy density magnetic monopole-instanton." Annales de fa 
Fondation Louis de Broglie, Vol. 19, 1994, p. 291-301. The work of Ehrenhatt, 
Which is now substantiated and thoroughly replicated by Mikhailov, has produced 
experimental evidence ofthe magnetic monopole in many replicable experiments. In 
these experiments, magnetic particles move in a magnetic field along the lines of 
foree. Reversal ofthe magnetic field, H, causes a reversal ofthe magnetic particle's 
motion, which is not the ease with magnetic dipoles, since that ean only oceur for a 
wopole. See V. F. Mikhailov, "Observation of magnetic monopoles in the field of 
a line conductor." J. Phys. A: Math. Gen., Vol. 18, 1985, p. L903-L906; — 
‘Observation of the magnetic charge effect in experiments with ferromagnetic 
aerosols." Annales de la Fondation Louis de Broglie, Vol. 12, 1987, p. 491-523. See 
also M J. Perry, "Magnetic monopoles and the Kaluza-Klein theory." Am. Inst. 
Phys. Conf. Proc, No. 116, 1984, p. 121-125: E. V. Smetanin, "Electromagnetic 
field in a space with curvature — new solutions.” Soviet Physies Journal, 25(2), Feb. 
1982. p. 107-111. [English translation). See also T. T. Wu and C. N. Yang, "Dirac 
‘monopole without strings: monopole harmonies.” Nuciear Physics, Vol. BIOT, 1976, 
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producing power, and the density of these monopoles varied as the output 
power. Increasing the power output thus increased the tensile stress of the 
magnets, and at some point they would explode into fragments, like a hand 
grenade." This explained why conditioned magnets sometimes exploded 
when experiencing fluctuations from artificial earthquake induction 
testing, 


Having no explosive control facilities, I wamed Sweet not to push the unit 
past 1,000 watts, for safety reasons. At my urging, Sweet made a new 
output load often 100-watt lamps in sockets, so the load could be varied 
from 100 to 1,000 watts easily. 


p. 365-380; — "Dirae’s monopole without strings: classical Lagrangian theory, 
Phys. Rev. D., 14), July 15, 1976, p. 437-445, 


We emphasize that a magnetic monopole can be taken simply as a highly 
localized magnetic scalar stress potential. See. eg., P. A. M. Dirac, "Theory of 
‘magnetic monopoles," Phys. Rev, Vol. 74, 1948, p. 817-830. Dirae pointed out that 
the existence ofa single magnetic monopole in nature would allow an explanation 
{or charge quantization. We believe thatthe reverse of Dirac's argument may be 
true also: The existence of charge quantization should allow an explanation for the 
‘magnetic monopole. However. we also surmise that a magnetic monopole exists only 
in (and as) a sharply localized curvature of spacetime. Jackson, Classical 
Electrodynamics, second edition, 1975, p. had this t0 say about magnetic dipoles and 
Dirac’s argument: "Dirae's argument. is tha the mere existence ofone magnetic 
‘monopole in the universe would offer an explanation ofthe discrete nature of 


electric charge. Since the quantization of charge is one ofthe most profound 
iysteries ofthe physical world, Dirae's idea has great appeal. 


" sweet in fact did explode several magnets by pushing the power output of the 
device. Pushing the output was easy (and is easy for any unit outputting mostly 
negative energy), because all one had to do was connect additional load, 
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‘Sweet completed the new load section and performed the experiment in 
Califomia after 1 had returned to Huntsville, reading offthe results to me 
over the phone. I took down the data, and then plotted the curve. Figure 6- 
14) shows the beautiful results. At 1,000 watts the unit had lost 90% of its 
weight. This was electrifying, because it was an unprecedented and highly 
successful antigravity experiment. Even my original "rough" assumption 
of levitation at 1500 watts was not too far ftom the indicated 1250 watts or 
so from the actual curve. 
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Figure 6-15 shows my proposed mechanism for antigravity. We simply use 
negative EM field energy generators to produce a negative EM energy 
field in space surrounding the source vehicle. The associated positive 
‘energy from the same energetic power source can power the vehicle 
simultaneously. The local reversed curvature of spacetime now interacts 
back upon the mass of the vehicle, to produce an antigravity component. 
By adjusting the output of the power source, the amount of negative 
energy — and hence the amount of antigravity component — can readily 
be varied and controlled. By controlling the directions ofthe field 
components, one can have unidirectional antigravity force, or antigravity 
and thrust force vectors simultaneously. Hence such a vehicle could be 
maneuvered and controlled, and be self-powering. This at least was and is 
my concept ofa practical antigravity technology. 


6.3.2.5 Later Developments and the End ofthe VTA 
Later I prepared a paper on the VTA, including the antigravity 
experiment's results. We succeeded in getting the paper published {380} 
but I deliberately did not include the real details of the negative energy 
aspects as I wished to withhold that information for patenting. I prepared 
the entire paper, but placed Sweets name first, as was appropriate since he 
was the inventor of the VTA. 


Unfortunately — but understandably! — Sweet became a bit paranoid after 
the sniper assassination attempt (he was shot at by a distant sniper using a 
silenced rifle), and then would never allow a formal demonstration of his 
antigravity test. I strongly wished to present it to a major national U.S. 
scientific committee for independent testing and confirmation — which 
could have been done without Sweet having to reveal his activation 
process for the magnets. However, Sweet would not hear of such. Indeed, 
he fearfully kept the antigravity capability a secret from most of his 
backers. He strongly believed that he would be killed almost immediately 
ifhe revealed our antigravity experimental success. He may have been 
correct. 


In fairness, the inventor and his backers of necessity have different 
priorities from those of scientists doing open research in a university. But 
at least a record of the test results is in the literature, though certainly not 
as rigorously or as extensively as I wished. Sometime later, I withdrew 
from any further association with the VTA unit, after the backers changed, 
a lawsuit broke out, and the entire project unraveled. Sweet later died 
without ever revealing his full secret for such powerful activation of self 
oscillation in permanent magnets at low ELF frequencies. 
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The loss of the Sweet vacuum triode was a severe blow to science and a 
real setback to the scientific progress that could already have been made. 
Nonetheless, I contributed what I could, documented what I could, and 
‘made a videotape of the operation of the open-loop 500-watt device in the 
power mode. I also made a video of as much as Sweet would reveal of his, 
activation process. I was not allowed to videotape a second antigravity 
experiment, even though I frequently and strongly requested it. By that 
time, Sweet mortally feared for his life. Perhaps what we have written in 
this book will be sufficient to provide some needed clues to some future 
graduate student or post-doctoral scientist who will succeed in recovering 
the necessary activation of magnets and both the COP» 1.0 power 
capability and the antigravity experiments. 


Meanwhile, I have filed a provisional patent application on the mechanism 
for antigravity, the gist of which I worked out solely on my own back in 
1971 at Georgia Institute of Technology, and that I include in Chapter 8. 
‘As far as Tam aware, no one else had thought of it previously, or has 
thought of it in that exact form fusing the causal positron prior 10 
observation, and while itis stilla negative energy, negative mass electron, 
as the source charge for negative EM field energy, and also using the 
causalpositron’s corresponding giant Heaviside nondiverged negative 
energyflow,for substantial negative curvature ofspacetime.). 


6.3.3 Intense Discharges in Ionized Gas 
Intense sudden discharges in ionized gases are especially of interest due to 
the presence of optical frequency components and the involvement of 
iterative optical retroreflection etc. These processes seem to be involved in 
several investigations and inventions. Further, it appears that such intense 
discharges do produce bursts of negative EM energy as part of their overall 
discharge energy. 


In the case of plasmas, some are known to transduce an input transverse 
EM wave into an output longitudinal EM wave, and vice versa. We know 
‘now that such a longitudinal EM wave is also accompanied by a time- 
polarized (scalar) EM wave in the time domain. The connection with the 
Whittaker 1903 decomposition of the potential, and with the new 4- 
symmetry negentropy law, is apparent. Several COP> 1.0 researchers — 
notably Shoulders {381a-f} and Paulo and Alexandra Correa (382a-e} — 
have performed extensive research into anomalous discharge phenomena, 
and also have developed experimental devices capitalizing on the novel 
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effects available.!”*"® The Correas’ U.S. Patent No. 5,449,989 it 
many tests of a Correa glow discharge apparatus, one of which 
minutes of operation produced 0.988 kilowatt-hour of energy output for an 
input of 0.258 kilowatt hours. Using the known negative resistor 
characteristics, the Correas achieved sustained self-oscillations in the 
discharge. 


As an aside, we point out that the well-known anti-Stokes emission — 


which produces more energy output than the experimenter inputs, and 
hence exhibits COP> 1,0 — has long been validated in certain gases such 
as aniline vapor {383} and H, (384). Stimulated anti-Stokes radiation 


‘occurs in many solid materials such as oxides and doped oxides {385}. 
Assuming the excess energy comes from the internal energy of the 
molecules, this is a prime candidate for free replenishment of that 
furnished intemal energy of the molecule, via the broken symmetry of the 
molecular dipoles in their fierce virtual energy exchange with the local 
active vacuum and local curved spacetime. Of course, conventionally the 
energy furnished by the molecules, etc. is not replenished from the 
vacuum, hence anti-Stokes emission can be used for coherent light cooling 
effects (386). Apparently the Correas’ process accomplishes the energy 
replenishing, hence the COP> 10 performance over a 20 minute period. 


Formation of longitudinal EM waves in the plasma forms in certain gas 
tubes, such as in Priore's gas-filled tubes {387}, may also occur in the 
Correa experiments and probably do. Longitudinal EM waves, of course, 
always involve their concomitant, accompanying time-polarized EM 
waves, since the combination comprises the scalar potential and hence the 
local curvature of spacetime provided by that scalar potential. The 
replenishment mechanism involved in longitudinal EM waves and scalar 
potentials — time-energy transduced into 3-space energy — apparently is 


"5 Both Shoulders’ electron cluster discharges and the discharge phenomena of Paulo 
and Alexandra Correa have been independently verified. Fox and other scientists 
have verified COP>1.0 in Shoulders’ work, and Mallove has formally observed a 
self-powering Correa system, Both these highly reputable scientists are well known, 
have the highest integrity, and I would trust either of them with my life. Further, we 
point out that strong gradients — as exist temporarily in strong discharge phenomena 
are already known to violate thermodynamics. That is one ofthe areas being 
researched today to advance thermodynamics, under the aegis of "extended 
thermodynamics". See Appendix A 


invoked and utilized in the Correas' sustained self-oscillations in the 
plasma discharge. 


6.3.4 Shoulders’ Electron Cluster Processes 
Valone {388} has summarized Ken Shoulders’ charge clusters and 
processes as follows: 


"An unusual energy source is the clustering ofelectrons 
by adischarge needle into a high density bundle equaling 
Avogadro's density ofa solid... Ken Shoulders has 
patented a process (Pat. #5,153,901) thatproduces 
electron clusters with such high energy density, they equal 
processes exceeding 25,000 degrees Celsius upon impact. 
Yet, he only uses 20 microjoules to produce the effects. 
The clusters travel at a maximum ofone tenth the speed of 
light andpenetrate any substance with accuracy and 
sharp precision. Itis similar to xenon clustering 
techniques currently used at megavolt energy levels. Low 
energy nuclear transmutation ofthe target has also been 
achieved with this process. Using a deuterium-loaded 
palladium{oil, only the bombardment areas show 
transmutation into silicon, calcium, and magnesium with 
electron clusters upon analysis with X-rays. Jin and Fox 
1389} have postulated that the high velocity electron 
clusters achieve results similar to accelerators, including 

penetration ofthe nucleus, with substantially less power, 
The new physics oflike-charges clustering in bundles 
under low power conditions opens a wide range of 
applications including spacecraft maneuvering 
microthrusters. Overunity efficiency (sic: should be COP] 
is 910 1, orhigher.” 


Ken Shoulders is an accomplished experimental scientist who has 
discovered and patented many aspects of electron charge clusters, 
including their COP> 1.0 characteristics (390) 


According to his experiments, one of the most remarkable characteristics 
ofthese charge clusters seems to be their dramatic reduction of the 
permittivity of space (391}. Shoulders has noted the remarkable removal, 
Of positive charge during the self-formation process of the clusters (392). 
In our opinion, the involvement of the supersystem ofthese charge clusters 
is shown by that phenomenon, We hypothesize that an accompanying 
Dirac hole current is shown by the experimental occasions where — in 
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Over the past few years, improvements in speed and the advance- 
‘ment of new capabilities have made Wi-Fi viable (and lucrative) 
for many mobile network operators (MNOs). 


‘MNOs now regularly use Wi-Fi to offload their cellular networks 
wherever possible. Newer Wi-Fi standards enable massive speed 
increases. The standards utilize many of the latest multiple input 
multiple output (MIMO) beamforming techniques and higher 
quadrature amplitude modulation (QAM) schemes as those used 
in the licensed spectrum (discussed in Chapter 2). 


For example, 802.11ac delivers Wi-Fi speeds of up to several 
tsigabits per second (Gbps) operating in the 5 GHz band, u: 

50 or 160 megahertz (MHz) wide channels, advanced beamform- 
ing techniques, eight spatial streams (MIMO), multi-user MIMO 
(MU-MIMO), and 256-QAM (which produces four times the spec- 
tral efficiency of the previous 802.11n Wi-Fi standard), 


"The next wave in Wi-Fi is 802.11ax. 802.11ax will use orthogonal 
frequency-division multiple access (OFDMA) — the same tech- 
nigue used in Long Term Evolution (LTTE) networks — in which 
different subcarriers within a carrier can be used to transport data 
for different users. As a result, more than one user equipment (UE) 
device can access the same medium at a given instant without 
having to back off or concede the medium to another UE device. 


In case you're wondering, other standards exist between 802.118¢ 
and 802.11ax, but they define Wi-Fi standards in unlicensed spec- 
trum other than 2.4 GHz and 5 GHz — and they don't sound as 
cool as “A-X"! 


LTE in Unlicensed Spectrum 
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LTE in Unlicensed spectrum (LTE-U) is a proposal that was orig 
inally developed by Qualcomm for LTE to co-exist with Wi-Fi in 
shared unlicensed spectrum. In LTE-U, calls are initially set up 
using licensed LTE spectrum, Additional carriers (for data) can then 
be aggregated from the unlicensed spectrum. This method will allow 
the operators to use unlicensed spectrum to “fatten the data pipe.” 


"The Wi-Fi Alliance developed a Wi-Fi co-existence test plan to 
ensure that Wi-Fi and LTE could peacefully co-exist, and MNOs 
(including T-Mobile, ATW, and Verizon) began experimenting 
with unlicensed spectrum in addition to their licensed spectrum. 


5G For Dummies, Ixia Special Edition 


addition to the Shoulders’ negative charge clusters — additional charges 
unite but show effects of having opposite charge (393}. Such changes 
would change the permittivity of space, which Shoulders has noted. They 
could also create a time-reversal zone (TRZ), which would account for the 
clustering of like charges since in a TRZ the law of attraction and 
repulsion of charges is reversed. In such a zone, like charges attract and 
unlike charges repel. This could explain why Shoulders has observed both 
negative charge clustering and positive charge clustering 


This would also explain the remarkable separation of the positive charges 
from the negative charges — they are simply repelled by the negative 
clusters in a TRZ.'” This of course immediately involves curvature of 
spacetime effects, including local changes in the speed of light etc. As 
stressed by Shoulders, the entire area cries out for extensive and 
sophisticated experimental investigation on a continuing basis, as well as 
some powerful new theoretical work. Shoulders has also noted both 
“black” and "white" (dark and bright) clusters, including their combination 
and separation, strongly suggesting Dirac holes as well as the electrons in 
the charge clusters. He has proposed a form of "inertial propulsion” based 
con some of the mechanisms and asymmetrical forces observed in his 
experiments, and such asymmetry is possible in curved local spacetime 
conditions. 


The relation of Shoulders’ effects to cold fusion phenomena was shown by 
‘an experiment in which a deuteron-loaded palladium cathode was 
impacted by a charge cluster (394). An explosive-like reaction occurred, 
and an X-ray analysis ofthe impact crater showed a number of elements 
not seen in the nearby palladium surface away from the impact site. 
Elements such as oxygen, calcium, silicon, and magnesium were detected 
in the impact site, but not in the surrounding palladium lattice. We would 
suggest the presence of TRZ-based nuclear transmutation reactions (via 
quasi-nucleus formation followed by quark-flipping in nucleons as the 


nomenon generates specific nuclear transmutation 
at low spatial energy. explaining the anomalous transmutation of elemen 
in cold fusion electrolyte experiments, a strong indication exists that it is a viable 
mechanism, In our mechanism proposed for the flow of time, a TRZ is produced for 
charges whenever antiphoton interactions predominate over photon interactions. This 
indeed implies a change in the permittivity ofthe local space, local curvature of 
spacetime, and local changes in the speed of light — all phenomena Shoulders notes 
in his experiments, 
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‘TRZ decays to a time-forward zone). Additional information on this 
charge cluster phenomenon has been given by Fox (395) 


Other Shoulders patents are pending and his research is continuing. It is 
our understanding that at least one application is presently being developed 
for the market. 


6.3.5 Mills's Hydrino Energy Cells and Developments 
Dr. Randell Mills (396a-396c}, {397} has proposed a cosmic sea of 
hydrinos (the hydrino is a proposed reduced energy state ofthe hydrogen 
atom) to explain his tested energy cells. He envisions — and produces a 
theory for — hydrogen that is reduced to a lower energy state (the 
“hydrino"). He has gathered considerable evidence for his theory, and has 
accounted for some sixty or so infrared spectral lines in the sun’s radiation 
that have previously not been explained. Independent tests appear to have 
validated his energy production claims. 


Several major companies are presently working with Mills and his parent 
company, BlackLight Power, Inc. Progress can be followed from the 
company website, www.blacklightpower.com. Developments are ongoing 
in light, power, plasma, and new compositions of matter. A technical book 
by Mills (398) is freely downloadable from the website, giving his overall 
theory, as are other publications by Mills et al. {399a-h}. Critical 
objections to various parts of Mills’ theory have been given, e.g., by 
Zimmerman (400), with Mills responding strongly and — in our opinion 
— suecessflly. 


Certain concepts utilized by Mills are, in our opinion, valid and insightful 
~ whether or not the classical quantum mechanics developed by him is 
found to hold, and whether or not it agrees with ordinary quantum 
mechanics (which has problems of ts own). The point is that the 
experiments work. It is thus the job of the theorists to find what changes 
must be made to the theory for it to remain consistent with experiment. If 
they do not like Mills’ theory, the proper procedure is to advance one that 
is consistent with all the experimental results, and also to show where 
Mills’ theory is inconsistent with the results 


In our own view, an observed positive charge is the output of an ongoing, 
time-reversal process and therefore represents a ; 


ime-reversed entity” as 
observed. Before observation (imposition of d/dt operator), the positive 
charge is thus a negative 4-charge comprised of gt, not g. From that 
viewpoint, the H+ ion, which is just a hydrogen nucleus (a proton) without 
an electron shell, may be regarded as a time-reversed 4-entity prior to 
observation. Further, any energy change in and of the hydrogen atom 
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results in a change in the local energy density of spacetime (ST) apriori, 
hence a change in the local ST curvature. 


If we regard the entire hydrogen atom as a set of such ST curvatures and 
their dynamics, then Mills’ consideration of a lower positive energy state 
hydrino simply implies the addition of an additional negative ST curvature 
to the ST curvature set associated with the normal hydrogen atom, We note 
that binding energy of the nucleons is already negative energy, and thus 
just such a negative spacetime curvature. But the binding energy is itself a 
spacetime curvature capable ofbeing increased, as can be any spacetime 
curvature. In the supersystem, addition of such ST curvature is possible, 
and it is doable electrodynamically, particularly when Heaviside's 
normally unaccounted huge energy component is accounted and utilized, 


In our opinion, Mills’ theory should probably be recast into a higher group 
symmetry electrodynamics — such as O(3) — which has been shown to be 
intimately connected with Sachs's unified field theory. This would provide 
an adjusted model that is not only testable but also engineerable. 
Nonetheless, the concepts ofMills' theory and the theory should be closely 
examined as they stand, and at least some of the key concepts are 
engineerable as witnessed by his successful experimental results. That is 
better than what the critics have offered! A higher group symmetry 
recasting would enhance and expand his theory even more, and correct any 
errors that might be present. It would also allow a full theoretic treatment 
(Le, a supersystem treatment) of Mills’ main concepts, which we believe 
have much merit. 


Further, given Mills’ hydrino as we approached it, two hydrinos will each 
possess such a set of spacetime curvatures (each will possess such a 
vacuum engine). Latet in this book — and elsewhere {401} —we have 
pointed out that, in a time-reversal zone (TRZ), the law of electromagnetic 
charge attraction and repulsion is reversed. Accordingly, in a TRZ two or 
‘more hydrinos will attract each other so closely that each enters the now- 
reduced strong force region ofthe other, forming a quasi-nucleus. As the 
TRZ decays away back to a normal time-forward zone, because of their 
power law form the strong forces restore back to normal much faster than 
the electromagnetic forces do. Hence during its "decay", the quasi-nucleus 
is energetically compacted into a permanent nucleus, either flipping quarks 
or giving off one or more particles as necessary to balance its new energy 
state in the process. We have previously argued that a similar process 
where a TRZ. induces formation of quasi-nuclei also yields the major 
transmutations {402} demonstrated in a large number of cold fusion 
experiments worldwide. 
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The present author has previously proposed an engineerable mechanism 
(the totality ofall photon interactions with a mass) that generates the flow 
ofthat mass through time (403). By manipulating the arrow of time 
between forward vector and reversed vector, the strong forces in a nucleus 
(or for a particle) can be directly manipulated in magnitude (and to some 
extent, even in sign although the latter involves gluon and quark 
‘manipulations in the nucleons). By adroit use of these manipulated strong 
forces and TRZ formation and decay, the energy states of nuclei can 
indeed be manipulated, including reduced in energy level —just as Mills 
assumes and presents experimental evidence for, and as cold fusion 
experiments present experimental evidence for. 


We note that two such interacting hydrinos must each possess a specific 
vacuum engine (specific set of ST curvatures and dynamics). Novel new 
interactions are available in TRZ's because of manipulation and even 
reversal of electromagnetic forces, strong forces, etc. and because of 
‘nuclear fusion of like charged particles into quasi-nuclei followed by 
decay into stable nuclei, etc. These novel new particle interactions caused 
by manipulation of strong spacetime curvature engines and their 
‘magnitudes are presently missing from particle physics. Mills, however, 
does come at them from a somewhat different direction in his own 
concepts. 


‘The reason for the absence of dominant general relativity effects in most 
particle physics is that the "total photon interaction” mechanism generating 
the flow (persistence) ofa mass or field through time has not been 
recognized and used. Consequently, in general only those far weaker ST 
curvatures due to the weak G-force have been considered. To Mills’ great 
credit, he is aware of the gravitational significance of manipulating much 
stronger forces and spatial energy densities such as the electromagnetic 
fields and their energy densities. 


‘The U.S. Patent and Trademark Office then refused a new patent to Mills 
on one of his processes, and revoked another Mills patent even after 
already agreeing to award it within two weeks. BlackLight Power, Inc. 
initiated and lost a lawsuit against the Commissioner of Patents, seeking to 
reverse this unusual action by the U.S. Patent Office. However, the 
company’s patent portfolio has continued to grow, with extraordinary 
international applications {404a, 404b}, and several European patents have 
been filed appropriately. BlackLight Power Inc. seems well funded (some 
millions of dollars) and well staffed, and we expect to see BlackLight 
Power, Inc. products entering the market place. Those products will 
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probably be related to fuel cells, plasmas, power converters, generators, 
separation methods, and novel compounds materials. 


and 


63.6 Switching Circuits with Extended Electron Gas Relaxation Time 
See Figure 6-16. Suppose an instantly applied voltage to the high side of 
the circuit instantly potentializes a pair of circuit conductors, with the 
other acting as ground. The charges in the conductor are thus instantly 
potentialized and excited, so that through the extemal circuit there exists 
an E-field E, where E -—V@ between the high side of the circuit and the 
ground return side. An acceleration force on the energized electrons thus 
exists. It requires a finite time for the energized electrons in this force field 
E to break their static friction or inertia, move, and accelerate to the 
requisite slow drift velocity down the wire. During that delay or "electron 
relaxation time", no current is initially in progress, then a little current is 
flowing, and finally all of the current is flowing. This delay time is called 
the electron gas relaxation time. 


we fF “ 


Net: May use many sands o Fe-doped Al wire instoad fone, er each condctor 
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In the usual copper conductor, the delay time arguably may be on the order 
of 10°" sec. This is so slight a delay that it can be ignored, for all practical 
purposes. Current — with resulting dissipation ofthe collected potential 
energy — usually occurs “as soon as” we apply the voltage, for all 
practical circuit work. However, suppose we could inetease that electron 
‘gas relaxation time to, say, one millisecond? Then for an appreciable 
number of microseconds, there would be essentially no current flowing at 
all in the now-potentialized circuit 


We previously proposed a mechanism whereby a degenerate 
semiconductor alloy (say, of. tiny bit — perhaps 2% or so — of iron 
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alloyed in aluminum wire) is utilized for the conductors of the external 
circuit. This should give a vastly extended electron relaxation time, 
somewhere on the order of a millisecond. By obtaining a millisecond, one 
can excite the circuit with current-free potential alone, which becomes 
pure regauging during the electron relaxation period, 


We strongly point out that this is an asymmetrical regauging: the E-field 
previously mentioned is present, but the electrons are stil frozen in the 
circuit since their relaxation has not begun. The gauge freedom principle, 
recognized in quantum field theory, assures us that we do not have to 
perform work to simply inflow potential energy to change the potential 
energy ofthe system. In real circuits, we may have to pay a tiny bit for 
switching to connect and disconnect the external potentialization source, 
but we can be at pains to make that very efficient and minimal {405}. The 
point is, other than minor switching costs, the dramatic change in the 
potential energy ofthe system is cost-free and no current is drawn from the 
external potential source. Hence — in the language of the electrical 
engineet — we draw no power from the source of potential, during this 
potentialization time. 


Suppose we switch away the excitation source prior to its decay while the 
electrons are stil frozen. Simultaneously, we complete the "freed" 
potentialized circuit with a strategically placed diode, as shown in Figure 
6-16. Again, we pay a little switching cost, but it can be minimized. The 
electrons in the now asymmetrically potentialized circuit are still frozen, so 
no power has yet been drawn by the system from the extemal power 
supply furnishing the voltage only. In this way, pure asymmetrical 
regauging is used to excite the circuit with additional potential energy, 
without requiring work (except minimally for switching). 


A little more time passes, and suddenly the electrons in the potentialized 
circuit wake up and move. We stress again that the full emfis acting on the 
electrons, and now they are finally free to move. There is a net nonzero 
regauging E-field (force field) also. The excited closed current loop circuit 
then discharges in normal Lorentz symmetrical fashion, killing the source 
ipolarity as current is driven back up through the diode, but all the work 
in the load is "free". The circuit specialist will also recognize the 
usefulness of additional components associated with the shunt, such as a 
capacitor or even an LC oscillator for AC work. 


If LEis load work obtained and SE is switch energy utilized, this approach 
yields COP = LE / SE and COP > 10 is possible. The reason is that the 
primary source dipole providing the potential for potentialization of the 
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electrons and regauging of the circuit is removed from the closed current 
loop circuit and the effect of current through the back emf. Thus the 
primary source dipole is not destroyed faster than the load is powered. It is 
only depleted by the small amount of switching energy we utilized. This 
appears to be a major way to avoid the COPS1.0 limitation of the usual 
closed current loop circuit 


This is a circuit with legitimate COP>1.0 capability, without violation of 
the laws of thermodynamics or physics. We break the Lorentz. condition 

between the initial “extemal circuit" and the primary source dipole for the 
regauging energy. After regauging, we "cut loose" the circuit with its own 
primary dipolarity and newly transferred "separate source dipole”. By such 
adroit use ofelectron gas relaxation time, we can use one source dipole to 
freely make another ofequal intensity, without any depletion ofthe first. 


‘The difficulty is in getting the Fe-Al alloy wire, which must be made in an 
inert atmosphere since Al corrodes easily and the two elements have very 
different melting temperatures. 


Altematives can be visualized, such as to utilize a capacitor whose plates 
are made of the Fe-Al alloy. This might be useful in the triode-capacitor, 
to be discussed next. A series of pulses might then be used to charge the 
capacitor, without depletion of the primary source dipole in the extemal 
source of potential, if itis repeatedly switched in and away. An interesting 
question arises if such a capacitor with tailored "hysteresis" in its charging 
is utilized in various circuits and schemes containing a coil of useful time 
delay also, particularly since the electron gas relaxation phenomenon 
involves decaying oscillations. Interesting phase angle results can be 
constructed in such circuits, but we leave the resolution of this question to 
future experimenters. 


6.3.7 The Triode-Capacitor and Other Curious Components 
See Figure 6-17. In this rough concept by the present author, the notion is, 
to implant a grid of very small copper wite mesh inside the dielectric and 
near one or both of the capacitor plates, and then to utilize grids as ifthey 
were grids of a triode tube, for gating and controlling the displacement 
current in the capacitor and the dielectric strain. As an example, when 
charging the capacitor, the grids can be used to increase the displacement 
current (which also increases the voltage on the capacitor and dielectric 
strain). This increases the charge and energy in the charged capacitor, 
without putting in as much "enhancement and gating” energy as the extra 
energy obtained in the charged capacitor. If desired, we can also 
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incorporate the 2% Fe-doped Al wires in the grid, or connected to it, to 
further move the grid toward a "pure current-free potential” operation, 


pigvecrRic 
oN nN 
‘GRID DETAR, 
FLATEM = GROM GRIDS PLATE HD 


Figre61 The iodecapctr net 


‘The scheme is that a voltage on this grid will intercept only a small current 
during charging ofthe capacitor, but can have an appreciable voltage upon 
it. The charging potential is placed across the capacitor, and 
simultaneously the grid has a similar potential placed upon it. The external 
source of charging potential is then disconnected, and the capacitor 
charges with more energy rearranged in its circuit than the energy one 
dissipates in the grid. The similarity to an old vacuum tube triode is 
apparent. For the purist, additional grids with tetrode and pentode 
functions can also be added. 


One or more inventors has unwittingly tried to approach this in one way or 
another, but have not directly incorporated this schema and have not used 
the grid. They do not seem to have obtained positive results with those 
different schemas without the grid, nor have they specified the difficulties 
and phenomenology encountered, etc. We were curious about possible 
results of combining this (the triode grid in the capacitor) with the known 
elimination of capacitor losses by appropriate pulse charging (406a-b}. It 
seems that experimentation and research with the triode capacitor and its 
variations is definitely indicated. 


We were also curious about the Davis non-induetive resistor (407a}, 
which is a special kind of "capacitor" that becomes an inductance-free 
resistor. One may argue that the resistor may be multiply inductive after 
all, though it is net noninductive. It may well be "equally and oppositely 
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inductive,” which is quite a different thing altogether, since it produces an 
artificial stress potential (and in the presence of AC, it produces a 
longitudinal EM stress field wave) in spacetime even though it produces a 
net zero reactance. In short, it produces a Lorentz-regauging, directly, and 
this can be a varying Lorentz regauging producing longitudinal EM stress 
‘waves. Whether this odd characteristic can be utilized in a COP>1.0 
process remains to be seen. Preliminary indications are that it can be so 
utilized. 


‘The various versions of the biwound coil, wound with two conductors at 
once and then the currents passed through the conductors in opposite 
directions, also presents interesting capabilities. Here again, it is multiply 
inductive, but may be tuned and adjusted to be net noninduetive. We 
strongly suggest comparison with the well-known hairpin dual dipole 
antenna, 


In short, this biwound coil arrangement — with various variations — can 
produce (and modulate) a magnetostatic scalar stress potential in the local 
vacuum and, in the case of AC, a longitudinal EM wave. This would 
appear to be a direct change (and oscillation) of the stress potential of the 
vacuum itself, which can be decomposed via the Whittaker process into a 
harmonic set of phase conjugate longitudinal EM wavepairs. The potential 
longitudinal EM wave communication possibilities can be seen, although 
‘one might require a Fogal transistor to receive the longitudinal EM wave 
modulations of such signals. 


Further work in this area of unusual capacitors and components is left to 
the interested reader for his or her experimentation and research. 


6.38 A Surprising Thing About Thermodynamics and Reservoirs 
‘Thermodynamically, it is fashionable to state that one cannot take energy 
from a reservoir at constant temperature. That is true for equilibrium 
conditions, but not for nonequilibrium conditions (408). That is, we 
cannot take energy from a reservoir in equilibrium at constant temperature, 
We can indeed take energy from a reservoir at constant temperature but 
not in equilibrium. More exactly, we can take energy from a 
nonhomogeneous reservoir at constant temperature. 


‘We quote Hsu-Chieh Yeh {409} for a vivid statement of this little- 


recognized fact: 


"From Planck's statement ofthe second law ofthermodynamics 
itis generally inferred that itis impossible to construct an 
engine which produces work at the expense only ofheat taken 
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‘from the air or the ocean. ...[It is demonstrated that]... when the 
air and the ocean are combined as a nonhomogeneous reservoir 
ofuniform temperature, itis possible to construct an engine 
which produces work by extracting heatfrom the said reservoir 
This does not constitute a violation ofthe second law of 
thermodynamics, rather that the "reservoir" in the Planck's 
statement must be clearly stated as being in equilibrium. " 


Yeh's article falsifies the general, mistaken inference that Planck's 
statement of the second law of thermodynamics requires it to be 
impossible to construct an engine that produces work at the expense only 
of heat taken from the air or ocean. The experiment described in Yeh's 
paper demonstrates that when the air and the ocean are combined as a 
nonhomogeneous reservoir of uniform temperature, it is possible to 
construct an engine that produces work by extracting heat from the said 
reservoir. This does not constitute a violation ofthe second law of 
thermodynamics, but rather shows that the "reservoir" in Planck's 
statement may be in equilibrium or disequilibrium, and the statement holds 
only for the equilibrium case. Also, an entire reservoir can be in “overall” 
equilibrium, but in raging disequilibrium between various parts of itself. 
Classical thermodynamics only applies with the reservoir or part of it that 
is used by the system in its supersystem, when that partis in equilibrium, 


We bring this out to show the analogy to our concept of the two additional 
components of the supersystem as the "reservoir" or external environment 
of the system itself. 


‘We also point out that the concept of temperature itselfis not strictly 
defined under disequilibrium conditions, as pointed out by Gabriel Laufer 
{410}. 

‘The proofand a schematic diagram ofa machine to do just such an energy 
extraction process at constant temperature in an environment in 
disequilibrium are shown by Yeh (408) 


6.5.9 Latent Heat Work of the Correas 
In addition to their glow discharge work previously discussed, Paulo and 
Alexandra Correa have demonstrated a method to optimize some 
anomalous form of energy from the sun, which transduces into heat, 
producing an anomalous Ty - T difference registered in Orgone 
Accumulators'” invented by W. Reich in 1939-1940. They have also 


This is Reich's terminology, not used in conventional physies. We suspeet that 
proper application of quantum field theory with its four photon polarizations could 
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LTTE-U has also generated a lot of interest from a small cell per- 
spective because this approach potentially makes small cells a 
viable alternative to Wi-Fi hot spots. 


‘As you might imagine, strong reservations about LTE-U exist, 
because of concerns that it will unfairly use the unlicensed spectrum, 
and potentially interfere with other Wi-Fi users. Cable companies, 
such as Comcast, Charter Communications, and Time Warner Cable 
(EWC), as well as Google and Microsoft, are opposed to LTE-U. As of 
February 2017, the US, Federal Communications Commission (FCC) 
has approved Ericsson and Nokia equipment as LTE-U certified. 


License Assisted Access 


2) 


Unlike LTE-U,, License Assisted Access (LAA) isa standard defined 
in the Release 13 specification from the Third Generation Part- 
nership Project (3GPP). LAA attempts to resolve contention issues 
with Wi-Fi in unlicensed spectrum using a protocol many of us 
learned as children — Listen Before Talk (LBT). The LBT con- 
tention protocol requires LAA to listen to the unlicensed channel 
first, and then, if there is no other active Wi-Fi user (the channel 
is silent), the LTE user can use the channel 


A recent report by Strategy Analytics states that only 16 percent of 
operators can achieve gigabit LTE without using unlicensed spec- 
trum, Using LTE-U and LAA, 64 percent of operators can achieve 
gigabit LTE. 


Qualcomm’s over-the-air trials with Deutsche Telecom in Ger- 
many showed that LAA had increased coverage and capacity 
compared to Wi-Fi on the same spectrum. By respecting the LBT 
‘maxim (uh, protocol), the behavior of LAA is more closely mod- 
led to the principle “love thy neighbor” and is a better neighbor 
to Wi-Fi than Wi-Fi is to LTE. Wi-Fi was more of an imp during 
its formative years and ignores LBT, trying to access the same 
‘medium at the same time as others. 


Enhanced LAA (eLAA), which aggregates the uplink on unlicensed 
spectrum, is the next step in the evolution of LAA. eLAA will be 
defined in the 3GPP Release 14 specification. 


Both LAA and eLAA require the initial call to be set up on LTE 
licensed spectrum as the primary channel. Unlicensed spectrum 
is only used to “fatten” the data pipes. 
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employed the optimized difference in this “latent” heat — their term — to 
drive a low dT Stirling engine of the MM6 type, to perform free work 

{41 la-b}. The Correas employ their own new theory of the aether {412} to 
explain the effect. 


Against the assertion that this is just normal solar energy warming, they 
have demonstrated the successful driving of the Stirling engine for several 
hours during nighttime (413}. With their latest improved version, they 
report speeds of the Stirling engine of 150 rpm during daytime (with aT 
values reaching 22.5° C), and speeds of 30 to 80 rpm during nighttime 
(with dT values of 3.1 to 9° C). There appears to be no obvious standard 
thermodynamic explanation or standard theory to explain how the 
anomalous heating occurs — although once it does occur, the explanation 
from then on is thermodynamically normal, 


The Stirling energy is driven on a difference in temperature created 
between the top plate and bottom plate of a box by this anomalous energy. 
It is the production of the heat that is anomalous, not the driving of the 
engine. For comparison, imagine a bank of solar cells that would somehow 
operate at night, when no normal radiation from the sun was striking them. 
‘The Cortea effect demonstrates such an anomaly.” 


Dr. Eugene Mallove, an excellent scientist with impeccable credentials, 
has personally observed the Correa accumulator system driving the Stirling 
engine, and has examined it inside and out {414). Though small, the heat 
and the motive power are real and the engine is really driven, in the 
absence of any kind of conventional batteries or other known power 
source. 


be applied to transform the notion of "orgone" energy into specialized EM energy. 
We further suspect that orgone energy is really the transduction ofthe time-polarized 
photon energy into normal photon energy. We are assured by quantum field theory 
and the giant negentropy solution to the source charge problem that the 
instantaneous scalar potential involves this process. 


"™ We point out that local regions ofthe sun may well produce Aharonov-Bohm 
effects, and probably do. Such reactions in the sun would localize some ofthe 
Befields and emit cur-free magnetic vector potential radiation into space, striking 
the earth. Close examination and analysis ofthe possible reaetion of uncusled 
A-potential radiation with the accumulator box and plates in the Cortea process 
ight yield a novel mechanism for the observed heating (scattering) effects, 
including the difference between daytime and nighttime levels, periodic variation 
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orgone and aether terminology, 
12 converted is not normal 
ig (415): 


"Aetherometry demonstrates that what traverses space is 
not transverse electromagnetic radiation (and certainly 
not sensible heat), but longitudinal electric 
‘ambipolar radiation emitted from the sun. All that 
electromagnetic radiation consists ofis a local production 
of photons (for those who care to listen): aether energy is 
not composed ofphotons, actual or virtual. " 


aware that the energy 
transverse EM wave energy. Quot 


We can generate sympathy for that statement, although we would still not 
rule out time-polarized (scalar) photons and longitudinal photons from 
quantum field theory, each of which is individually nonobservable, but 
‘when paired the two comprise an instantaneous scalar potential. As we 
previously discussed, the classical notion ofthe EM force fields E and B 
implicitly assumes interaction of the unseen causal "field-as-it-exists-in- 
‘massfive space” with charged mass having been accomplished, with the E, 
and B being the 3-effect of this interaction after observation. Thus these 
force fields E and B are 3-effects (after interaction and after observation) 
rather than 4-causes prior to interaction and observation. We suspect that 
the Correas are trying to get at the causal 4-photon, rather than the usually 
assumed 3-photon. Further, a virtual photon spends much of its time 
existing as a dipole comprised ofa virtual electron and a virtual positron. 
‘Therefore it spends much of its time in the presence of the giant 
negentropy 4-circulation, involving transduction of time energy into spatial 
energy and vice versa. It is this negentropy circulation represented by the 
virtual photon (or accompanying it, whichever one chooses) that the 
Correas are confronting as the "aether energy” 


As previously discussed, an analysis of the Drude electrons in the electron 
gas of a detector builds a convincing case for EM waves in space existing 
in longitudinal EM waves, ifthe spinning and longitudinally restrained 
electrons precess and act as gyros. The detected transverse EM waves are 
in fact transverse precession waves of the gyro-electrons when perturbed 
by incoming longitudinal EM waves (longitudinal photons appearing in 3- 
space from the time-domain’s scalar photon couplet). As Feynman put it 
(416), 


"We may think of E(x, y, , t) and B(x, y, zt) as giving the 
forces that would be experienced at the time t by a charge 
located at (x, y, z), with the condition thatplacing the 
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charge there did not disturb the positions or motion ofall 
the other charges responsiblefor the fields.” 


‘The E and B force fields — and transverse photons — are not the form in 
which EM energy causally exists in 4-space prior to its interaction with 
charged mass. In that causal form, EM energy seems to exist in field-free 
form, as a direct curvature of spacetime — at least in Sachs's unified field 
approach. Further, this form may be represented as the causal precursor of 
longitudinal EM waves accompanied by time-polatized EM waves. 


‘We will not repeat our past discussion of the great necessity to change the 
very notion of "propagation through 3-space”, but that is the issue. In our 
opinion, the Correas have had to struggle with the use of this causal EM 
energy as it exists in 4-space prior to interaction with charge and prior to 
‘observation. Hence their view is solidly based that the photon does not 
exist until after the interaction — which in fact has much support once we 
remove the still-present assumption in classical electrodynamics that a 
‘material ether exists. 


Our own recommendation is that this anomalous energy should be deeply 
investigated with the view that all EM energy in 3-space comes from the 
time-domain and the 3-space aspect is in terms of longitudinal photons, as 
wwe have proposed in our solution to the source charge problem previously 
cited. That is the only way that the nature of the EM wave in vacuum can 
be reconciled with quantum field theory's findings {19} and with 
Whitaker's decomposition ofthe scalar potential {85). slightly corrected 
{12} 


Mallove also points out {417} that, ifthis aether energy view of the 
Correas has validity, it "..suggests that physics is notjust wrong, itis 
profoundly wrong — catastrophically wrong about even the most 
Jundamental questions ofexistence, such as: 1) Is there an energetic 
‘ether? and 2) What is the nature oflight?" 


We profoundly agree with Mallove's observation, and we believe we have 
explained the reason why physics is indeed profoundly wrong (widely 
substitutes effect for cause). Further, classical physics is decidedly wrong 
about the nature of light — from quantum field theory, experimental proof 
of superluminal communication, and action-at-a-distance effects. 


In our view, the Correas presently have a replicable experiment that, once 
independently and thoroughly investigated, may force a deeper 
examination of the foundations of physics. Hopefully, the Correas’ 
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experiment and others like it will finally force the separation of effect from 
cause, presently so mangled in physics and particularly in electrodynamics. 


Ifthe National Academy of Sciences and the National Science Foundation 
can be convinced of the horrible manglement of cause and effect in 
physics and especially in electrodynamics, perhaps they may yet wake 
from their long slumber and get the foundations corrected to eliminate 
such non sequiturs. Ifso, we shall have a magnificent new physics as a 
result 


Ifnot, then the NAS and NSF will continue to profoundly reduce the 
security of this nation, since several nations have already made and 
‘weaponized such corrections to physics to produce what is called 
energetics". Further, extraordinarily powerful energetics weapons have 
already been developed and deployed (and even employed), putting the 
USS. at a strategic disadvantage because of the continuing reluctance of the 
NAS and NSF to correct the glaring and extraordinary errors in both 
physics and electrodynamics — and especially in electrical engineering. 


Meanwhile, we believe that the work and experiments of Paulo and 
Alexandra Correa are at the forefront of capturing and transducing energy 
fiom the vacuum, in whatever form one chooses to consider the vacuum 
energy itself. They are also pointing the way to the corrections and 
changes necessary in the "old physics” if we are to better understand the 
world we live in. 


6.3.10 Swiss Overunity Converter 
‘We must also include the "Testatika” devices invented by Paul Baumann in 
a religious commune, Metheritha, adjacent to the village of Linden in 
Switzerland™'. Figure 6-18 shows one of the machines, which over a 
period of 20 years were developed in various output sizes up to 30 
kilowatts. Once started, the device is self-powering while also powering a 
very substantial external load (up to 25 kW). Many engineers and 
scientists have observed the machines in observation, examined them, and 
measured one or more in operation, so there is little doubt of their 
authentic 


“The website for Methernitha is www.mether 
statementsof the religious group for oneself 
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tha.com. One may read the 


ee 18 Sutettnenitha mace 


However, there the science stops and mysticism and speculation begin. 
The religious commune releases no real details, except deliberately 
tantalizing clues. When questioned, the reply is that humankind in its 
present state cannot be trusted with such free energy. Almost all those 
examining the device have thought in ordinary electrical engineering 
terms, so very little comes from their examination because standard 
electrical engineering does not contain any theoretical explanation of 
COP>1.0 electrical power systems whatsoever. Baumann himself 
sometimes cryptically replied that his study of lightning discharges in 
nature gave him the operational principle. As we shall see, that may indeed 
be a very substantial clue as to the possible technical COP> 1.0 mechanism, 
and one that does not exist in conventional classical electrodynamics. 


‘The Methemitha (Baumann) machine resembles a Wimburst machine with 
contra rotating static wheels, made of plastic or other insulating material 
with copper ribs and structures on one side and aluminum on the other. 
Use is made of the discharge into and from large capacitors and large coils. 
Also, at least one horseshoe-shaped permanent magnet assembly at the 
bottom is utilized. The major operating feature seems to be the contra 
rotating disks of a "Wimhurst" static generator machine, a magnetic field 
at right angles, and the sharp discharge of high voltage into and from large 
capacitors and large coils. The voluminous material on the Intemet and in 
articles about the machines is mostly of little real use in contributing 
understanding or in proposing any legitimate mechanism. 
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We have not "solved" the machine's mechanism, since that would require 
close study ofthe device for a protracted time, and there has been no 
opportunity or time for that — although Baumann invited this author to 
come and see the machine some years before he died. Regrettably, I was 
unable to make the trip, and Baumann himself has now been dead for some 
years. We will therefore offer some technical suggestions pertaining to 
‘mechanisms that may be operating in the machine (ot others like it) 


First, we call attention to a paper by Aguirregabiria {418}. Quoting: 


"An ohmic ring that rotates with constant angular velocity 
in an external uniform magnetic field is consideredas a 
simple modelfor a current generator. Under the 
assumption that all quantities vary slowly in time, the 
lowest-order approximation to the surface charge density 
isfound. Theflux ofthe Poynting vector through the loop 
surface is also computed. Unlike the examples that are 
given in textbooks, thisflux is not always incoming: Ithas 
the outgoing direction around the loop parts where the 
electrons are moving against electrostaticforces. " 


In other words, contrary to textbooks, there are positions where such a ring 
produces currents in one direction, and positions where it produces current 
in the other direction — infact moving against the voltage and E-field, 
and thus serving as a true negative resistor in those latter regions. This, 
may be a profound clue to the negative resistor operation of Baumann's, 
machine. 


This unexpected negative resistor effect is in theory usable to provide a 
true negative resistance. Ifthere are transformers in the machine (and there 
are in some of them at least), then ifa true negative resistor were used as 
‘an external shunt across the external circuit connected to the secondary of 
a transformer, the transformer could be operated as a true COP>1.0 device. 
‘The back-field connection from secondary to primary would be reduced by 
the fraction of the return current to the secondary that is shunted in parallel 
to that current “pumped” back up through the secondary. 


This should be considered as an important possibility in the Baumann 
‘machine's operation 

Second, a charging and discharging capacitor involves not only energy 
flow in a direction perpendicular to the plates, but also an energy flow in a 
direction parallel to the plates (419}. Each of the rotating "plates" is 
actually a rotating capacitor of sorts, with a dielectric between two plates 
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of special construction and dissimilar metals. The dielectric and the plates 
thus involve a complex intermingling of the negative resistor effect, a 
positive resistor effect, magnetic energy flows (both in entropic and 
negentropic manner in various regions), etc. 


Baumann once handed two dissimilar plates, with a dielectric between 
them, to an engineer who measured it and found a startling several hundred 
volts across the plates! To date, no one is known to have been able to 
reproduce that effect.'"' We suggest that, ifthe dielectric material is 
layered and photorefractive in nature, it may be related to the negative 
resistors built by Chung {420}. Ifso, the physical pressure of the plates 
against the layered dielectric may also be quite important. By varying this 
pressure, Chung and her team found that their device could be made to 
exhibit negative resistance, positive resistance, or zero resistance. This 
leads us to speculate that Baumann may have used a "stressed dielectric” 
capacitor as a device having a built-in negative resistance. In that case, 
build-up of such a surprisingly high voltage would indicate high stress 
locked into the negative resistance dielectric. 


We also call attention to a paper by LaPointe {421}, which will be 
discussed later under inertial propulsion and antigravity. Essentially, true 
Dirac hole current in the adjacent vacuum/space can be generated by 
powerful electrical discharges, particularly from capacitors or coils. When 
the unaccounted Heaviside energy component is also considered as well as 
the Poynting component, LaPointe's despair at the difficulty of obtaining 
sufficiently large voltage gradient across a very tiny distance is dispelled. 


'S We are reminded, however, ofthe peculiar phenomenon that can occur in large 
power capacitors stored on a warehouse floor. their leads are not shorted, the 
Capacitors will build up a self-charge gradually, and this ean become quite lethal 
For that reason, such large capacitors when stored will have their leads shorted, 10 
prevent this "iree cumulative charge and energy” from appearing and posing a 
serious hazard. To our knowledge, there has been no complete scientific explanatios 
advanced for this “self-charging” effect in large storage capacitors. Our own 
hypothesis is that itis probably an effect of unaccounted Heaviside nondiverged 

associated with various fielcharge interactions in the area 

cluding within the earth 

itself. Further, with respect to the surface ofthe earth there is an increase in 
potential with altitude. Hence from any point above the earth's surface and a point 
6n the surface, there exists a dipolarty and a "Kron open path". The broken 
symmetry ofthat dipolarity means that within it a continuous 4-citculation of EM 
energy flow occurs as well as point-dipole polarization 
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Ifthis speculation holds, then in examining lightning strikes and their more 
bizarre phenomena, Baumann may well have hit upon the fact that such 
discharges also generate negative energy as well as positive energy, 
although it appears that the technical concept of negative energy was 
foreign to him, at least in such terms. In short, he could have been 
unknowingly charging his large capacitors by Dirac sea hole currents, 
somewhat similar to Bedinis process." In that case, most of the "negative 
resistance” operation could be explained by Baumann’s transduction of 
large bursts of negative energy into large bursts of positive charging 
energy and current in his capacitors. 


r, said another way in terms of Aguirregabiria’s effect, Baumann may 
simply have been charging capacitors in that "negative resistance” 
Aguirregabiria region where the current does flow backwards against the 
voltage. 


At least we have proposed some known though rare phenomena, which 
Bedini and my four colleagues and I have discovered in independent 
efforts. We strongly suggest that the Baumann device may unwittingly 
incorporate several of these mechanisms, but that neither Baumann nor the 
other members of Methernitha seem to have any technical notion of them. 


With that, we leave it to the interested researcher to perform his or her 
independent Baumann-type system experiments and build-ups. Eventually, 
as is always true in science, the experiment must determine the truth of 
what is really happening. Given the successful experiment, then a model 
‘must be contrived or fitted that (i) explains the new effects produced, and 
Gi) complies with normal EM operation of normal COP<1.0 systems, 


6.4 Some Magnetic Processes of Interest 


‘There are some 200 or more magnetic effects in the literature, and only 
about half of them are well understood. Ofthe remaining half, some are 


"= Bedini and the present author have filed a patent application upon this exact 
‘mechanism and process. and typical embodiments for accomplishing it. Bedini 
discovered the effect and used it for two oF more decades, and after some intense 
struggle with the problem I was able to find the exaet technical mechanism, 
including literature justification. This becomes a system to close-loop a "unitary" 
type of COP>1.0 system, which is covered in the patent application also. A diferent 
system can be used to elose-loop a non-unitary COP>1.0 system, and that method is 
contained in the second MEG-type patent application of my four colleagues and 1 
who invented the motionless electromagnetic generator (MEG). 
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partially understood and some are not understood at all. The COP>1.0 
researcher interested in magnetic systems would do well to study magnetic 
materials science {422a-422c}, known magnetic effects, and particularly 
those magnetic effects that are still anomalous such as in leading edge 
superconductivity research. The new area of spintronics (423), e818 
rapidly advancing and will have future impact on COP>1.0 magnetic 
systems. We do not further discuss spintronics in this book, but merely call 
this rapidly emerging area to the attention of the interested COP> 1.0 
researcher." 


Let us examine a very few magnetic effects of interest, as a sampling of 
what we are referring to. 


6A.1 Self-Powered Magnetohydrodynamic Motors 
Interesting self-powered magnetohydrodynamic motor work has been 
shown by Bednarek (424). He shows a multi-branch rotor in a galvanic 
cell composed of sulphuric acid electrolyte with copper and zine 
electrodes. The unit develops an emf of about 1 volt, with the rotor placed 
in a vertical magnetic field such as from a large rectangular permanent 
magnet, where the field of the magnet is a few teslas in strength. The 
electrolyte and the rotor revolve in opposite directions. To change the 
direction of revolution of the rotor, the magnetic field direction is reversed. 
A linear self-powered magnetohydrodynamic motor is also shown, and has 
a similar principle of operation 


‘The interesting point is that these motors work, but less efficiently, when a 
water solution of table salt is used as the electrolyte. With the worldwide 
availability of seawater, this becomes an interesting possibility of 
“renewable energy" application. We leave it to the reader to further 
investigate this proven experimental technology as desired and to 
determine its practicality 


6.4.2 Multivalued Magnetic Potential 
Conventional system designers work with conservative fields, as shown in 
Figure 6-19. Conservative fields arise fom a single-valued potential — a 
potential that has only one value at each point in 3-space that it occupies. 
Consider a rolling ball of mass m on the "oval track” shown in Figure 6-19, 
starting from point A and rolling on the right side path. With the ball at 


° For technical information, see (a) Michael Ziese and Martin J. Thornton, Eds., 
Spin Electronics, Springer-Verlag, 2001; (b) D. D. Awschalon, N. Samarth, and D. 
Loss, Bus., Semiconductor Spintronics and Quantun Computation, Springer-Verlag, 
2001 
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test at point A, we give it a slight push to velocity V, adding kinetic 
energy K, = 1/2 m(V,. At point A, the ball has its maximum potential 
energy P, due to gravity, 
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As it moves to the right because of our push, the ball will accelerate due to 
the force of gravity and increase its kinetic energy until it reaches point C 
at the bottom, reaching its maximum linear velocity Ve and kinetic energy 
Ke at point C. Its change (PA - Pc) in potential energy at from point A to 
point C has been converted to kinetic energy [1 m(Vi)' + %mVg"] at 
point C. 

Continuing on around on the left half ofthe path, as the ball rises toward A 
again, the portion (P, — Pc) = 4 mVg’—of the ball's kinetic energy at C 
that was added by the force of gravity from A to C—is retumed to 
potential energy Py. The ball reaches its lowest kinetic energy Y% m(Vi)" at 
‘A and also its lowest velocity V,. For a perfect lossless system, once 
started in motion the ball would rotate around the track indefinitely, freely 
‘changing potential energy into kinetic energy and then back to potential 
energy. Nevertheless, it would not do any outside work, for that would 
represent losses or dissipations of energy fiom this conservative system. 
Consequently, the ball would quickly run down if work were being done, 
even ifthe system were otherwise "perfect". 
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MulteFire 


“MulteFire goes beyond LTE-U and LAA by enabling the LTE primary 
channel on unlicensed spectrum. Infact, MulteFire uses unlicensed 
spectrum exclusively. This means MulteFire can be deployed for LTE. 
by anyone — without owning licensed spectrum — such as Inter~ 
net service providers (ISPs) and commercial enterprises. MulteFire 
also benefits MNOs by providing new deployment opportunities for 
offloading and augmenting their cellular networks 


In January 2017, the MulteFire Alliance released version 1.0, 
defining an LTE-like network that can run entirely on unlicensed 
spectrum and, in some cases, may be an alternative to Wi-Fi with 
more capacity, better security, and easier handoffs across carrier 
networks, 


‘Today's 4G spectrum has around 500 MHz of unlicensed spec- 
trum available to deploy LTE-U, LAA, and MulteFire. In July 2016, 


the FCC opened up 5G spectrum in the U.S., which has 10.85 GHz 


remweex of total spectrum (3.85 GHz of licensed spectrum and 7 GHz of 
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unlicensed spectrum). The techniques that are now evolving in 
LTE Advanced Pro (Releases 13 and 14) — LTE-U, LAA (and eL.AA), 
MulteFire, and others (see Figure 3-1) — will be vital as even 
‘more unlicensed spectrum becomes available in 5G. The key goal 
will be to provide users with a seamless experience, irrespective 
of whether they are operating on a licensed or unlicensed band. 


— UTE-U/LAA 
Ucensed 
spectrum ‘Aggregation —| 
wae 
[— MulteFire 
Uniicensed 
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FIGURE 3-1: Leveraging lensed and unlicensed spectrum, 
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Ifone integrates the change in potential energy around the track, the net 
change in potential energy is zero. The work done on the ball by increasing 
gravity to increase the ball’s energy in one half-cycle, is taken back from 
the ball back when it climbs back out into decreasing gravity in the other 
halfcycle. Ifone integrates the changes in kinetic energy around the track, 
once the initial velocity and kinetic energy are produced by outside forces 
in a perfect system, the net change in kinetic energy is zero. Of course, it is 
easily seen that the ball gains kinetic energy on its downward half of the 
track, and then returns the kinetic energy on its upward half of the track. 


This situation is said to involve a conservative fields and the system will 
not produce any net energy to use as free work. Indeed, a real system will 
almost always have some friction and other losses around the path (425), 
so the ball will gradually lose net initial energy given it, slow down, and 
eventually come to rest at point C, the lowest potential energy of the 
system, 


(ttvauod magnet sa potent arsos easy magnets) 


A charge circulated through a closed current loop circuit also moves 
through a conservative field region in similar manner. Hence, there is no 
net excess energy input available for such a conventional circuit. It follows 
that one must arrange for inputting all the input energy (intercepted and 
collected by the circuit) that is then dissipated fom the circuit's loads and 
losses. Unfortunately, half the collected circuit energy also goes to 
destroying the dipole, with less than half powering the load. Therefore, 
that circuit always exhibits COPS1.0. 
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Now see Figure 6-20, where we provide an analogy using a rolling ball 

around a circular track, in a gravitational potential. In this case, the 

potential has a multiple magnitude A and D at point A-D, which is the 

same point (we plot a point in the potential’s magnitude, not a point in 
space, although there can be close approximation). 


Approaching magnitude D fiom point B', the value of the potential is 
steadily reducing and is much lower prior to reaching A-D than it was 
when leaving magnitude A. During this phase, the ball is gaining kinetic 
energy from the gravitational potential, and can be used to perform useful 
work (up to all the energy gained, in a perfect system). Upon passing 
through point A-D, instantly the ball is again at point A on the right. We 
accent that the "instantaneous jump" on the diagram represents a free 
insertion of excess energy (asymmetric regauging energy) from outside the 
system, Rigorously that is a broken symmetry, which also breaks the 
intemal energy conservation of the system. In short, the "ball" has been 
instantly "lifted" (in this simplified analogy) back to a higher potential by a 
five insertion of excess energy from the external environment. The main 
point is that a surge of potential energy into the "ball system” occurred, 
freely input by nature and the environment. The system can now go 
through the "doing work" routine again, traversing from A back to D and 
through it. 


Note that this is a nonconservative system, because it continually receives 
a five and sudden input of excess energy fiom its environment. So this 
system — because ofits broken symmetry — can continually do work and 
keep on going 


Indeed, so long as that free energy input from the environment occurs 
without fail, this is a "self-powering” system, completely complying with 
the laws of physics and thermodynamics. It violates the equilibrium, 
thermodynamics because the system is periodically not in equilibrium with 
its environment. Consequently, the system can exhibit those five magic 
functions we spoke about previously. It can exhibit (i) self-organizing (in 
this case, fively getting that little ball from low potential energy D back to 
high potential energy A), (ii) self-oscillation or self-rotation (the ball will 
continue to go around and around the loop, even doing a little work in the 
process), (ii) output more energy than the operator inputs (in this case, the 
operator is not inputting any energy at all, so the energy output is indeed 
more than the operator furnishes), (iv) power itself and its load 
simultaneously (all the energy is being input from the external 
environment at the insertion of excess energy at point D to move the ball 
‘back to position A), and (v) exhibit negentropy. 
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This is an analogy to a nonconservative field and a multi-valued potential 
In the case where a potential has discontinuous values at a single point, 
with the value depending upon whether the detecting charge (the “ball”, so 
to speak) is to the left or to the right of that point, one has a multivalued 
potential. This multivalued potential actually represents a change of 
potential energy in the system, freely occurring without operator input. In 
short, itis an asymmetrical self-regauging, violating Lorentz’s symmetrical 
regauging condition, 


Actually, multivalued magnetic potentials arise naturally in magnetics 
theory, but —foolishly, in our view — theoreticians do all in their power 
to minimize or eliminate their consideration {426a-k). They consider such 
a nonlinear change as being embarrassing and troublesome, and to be 
gotten rid of at all costs! However, if deliberately used and optimized, 
rather than eliminated, incorporating a multivalued magnetic potential can 
provide a nonconservative magnetic field (analogous to the illustration), 
where [Feds + 0 around a rotary permanent magnet loop. The multivalued 
potential represents a broken symmetry that further produces a 
nonconservative field.’ In theory, such use of the multivalued potential 
and the resulting nonconservative field can enable a "self-powering” 
permanent magnet rotary engine, operating as a negative resistor freely 
extracting and using magnetic energy from the broken symmetry in the 
em’s energetic exchange with the active vacuum. 


However, note that the multivalued potential represents a point of sharp 
"self-regauging asymmetrically” by the circuit, with the regauging 
potential energy coming from the external environment. It requires that 
some external process in the exchange between environment and system 
‘must be automatically invoked at the multiple-value point, so that there is 
a sharp and sudden entry of excess potential energy received by the 
circulating ball (or by the circulating charges in an electrical circuit, or by 
the circulating flux in a magnetic circuit). 


One such means of evoking such a sudden surge of excess energy at a 
point, momentarily, is given by Lenz's law, as discussed in the magnetic 
‘Wankel engine. Another means is by Johnson’s sudden evocation of the 


"In physies, the appearance of force and its subsequent action to perform work is 
ature’s Way ofrestoring symmetry to a situation where symmetry has been violated. 
‘As can be seen, the net force can be used to translate something (such as current) and 
ddo work, thereby dissipating the excess potential energy received fram the broken 
symmetry condition 
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exchange force, which momentarily can produce a pulse of energy density 
even several hundred times as strong as the usual field energy at that point. 
For example, imagine that the ball in Figure 6-20 represents a magnetic 
rotor in a magnetic potential represented by the height of the ball above the 
dotted line base. The point (D-A) then represents the results of the system 
having suddenly injected an instantaneous exchange force at point D, to 
freely increase the potential and potential energy of the rotor system back 
to point A. The rotor is immediately lifted back at its starting potential 
energy situation at point A, freely, by this sudden and free evocation of the 
exchange force. We will briefly discuss the exchange force in our 
discussion of the Johnson engine, 


643 Dromgoole Effect as an Example of a Novel Magnetic Effect 
‘An example ofa novel magnetic effect is the Dromgoole effect (427). This 
is an interesting phenomenon where a voltage placed on a solenoid 
‘wrapped around a longitudinally magnetized iron wire may be increased 
up to 300 times in magnitude by twisting the wire through 90 degrees. Ifa 
scheme can be worked out whereby this dramatic inerease in voltage 
potentializes and moves very substantial current, then pethaps the extra 
output can — at least momentarily — produce more output energy than the 
work required to twist the wire." At least that could be a working 
hypothesis from which to launch experiments to see ifit is possible. 


‘The reason this may be possible is that any amount ofenergy W one 
wishes can in theory be collected from any finite potential intensity , 

to the simple equation W = pq, where q is the collecting charge 
exposed to and interacting with the potential intensity ¢. In the case of 
‘magnetics, q is analogous to the pole (magnetic charge), where the north 
pole is positive magnetic charge. The then becomes the magnetostatic 
scalar potential 


So if we can produce > with only a little expenditure of energy, and then 
have that 6 potentialize a very large amount of charge q, we can collect 
upon the charge q much more energy than what we ourselves expended. 
‘Thed produced is a change to the local vacuum potential, and hence the 
collection of energy W on charges q is actually a collection of EM energy 
fiom the local altered vacuum potential itself. Any potential we make 


"The scheme must prevent at feast an appreciable fraction ofthe spent electrons- 

from the external circuit and load — from being foreibly rammed back up 
through the coil against its back EMF. Otherwise the Lorentz symmetry condition 
applies and the arrangement will not produce COP> 1.0 
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becomes a change to the local vacuum potential, and hence a change to the 
local active vacuum. That does not seem to appear in electrical 
engineering, which model does not even incorporate modeling the active 
vacuum or its potential, much less a change to it. 


While we discuss a few interesting magnetic effects in this paper, there are 
many more. The interested researcher is referred to such easier sources as 
Burke (428) and Cullity (429). For more complex scientific sources and 
explanations, other publications are available {430a-430r}. In addition, it 
is helpful ifthe researcher is aware of some of the foundations problems in 
physics and electromagnetics (431a-431e}. Our point is that there are 
‘more than 200 known effects in magnetics, and only about half of them are 
well understood. For the other half, the understanding ranges from 
"partially understood” to "not understood at all." The latter half of the 
magnetic effects provides a rich ground for investigation by researchers 
seeking an asymmetrical self-regauging mechanism. 


‘The COP> 1.0 researcher must be prepared for an extended self-education 
period, and appreciable study and work. Some research discipline is highly 
recommended, such as starting one's own database and rigorously 
‘maintaining it up to date with one’s latest interests. For the experimenter, a 
‘200d lab notebook, meticulously kept and regularly posted, is an absolute 
necessity. Reading and searching the scientific literature is also highly 
recommended. It is not as simple as applying the principles one learned in 
university or technical school. Those techniques and principles are 
involved, but at some point in the circuit they must also be violated. Else 
COP>1.0 systems would long ago have been developed and marketed by 
sharp young students, graduate students, and post-doctoral scientists. 


6.4.4 Exchange Force and Johnson's Approach 
Refer again to our discussion of conservative versus nonconservative 
fields, above. 


Ifone wishes to build a self-powering rotary permanent magnet motor, 
‘obviously one must evoke a condition whereby | F * di 4 0 around a single 
full rotation of the rotor (and where F is the instantaneous magnetic force 
between stator and rotor). For permanent magnets without any external 
switching, etc., that condition can only arise ifan excess force is freely 
triggered by changes occurring freely in the magnetic materials 
themselves. 


Fortunately, magnetic materials are almost always highly nonlinear, and so 
such self-triggering opportunities abound. They can occur because there 
are a multiplicity of mechanisms (dozens and dozens) going on 
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simultaneously in the materials of the magnets of both the rotor and the 
stator, and not just the standard polarity and field repulsion and attraction 
that electrical engineers use. These materials processes also involve direct 
and ongoing exchange of energy between the active vacuum and the local 
‘materials in the magnet. 


The trick is to take one of these automatically ongoing processes that is 
already there and freely available but just not adroitly used, and 
deliberately evoke and enhance it to induce excess energy at the 
appropriate time, with a force in the appropriate direction. In simple terms, 
if you have eight more horses available to put into the hamess to pull the 
Toad, and you only have two normal horses but wish to pull more load, 
then by ali means you should hitch up and use at least one more additional 
horse, and take him from the six that are usually just standing by and not 
working at all. They may run back and forth a bit, while watching the 
others work, but that of itself contributes nothing, 


One such additional force and free regauging mechanism always available 
is the exchange force, which can be checked in Feynman's three volumes 
of physics {433} and also in the reference by Cullity {429} previously 
cited. Good science dictionaries (432) also include helpful information. 
Reading the literature will add enormously to one’ data base of effects and 
methods, 


Howard Johnson's approach is to arrange highly nonlinear assemblies of 
geometrically asymmetrical magnets into complex configurations. At 
certain points in a magnetic field, these Johnson assemblies will trigger the 
sudden brief self-generation (actually a sudden release) of exchange force 
between stator and rotor. The exchange force is a known phenomenon 
{432, 433, 434}, though still not completely understood theoretically. It 
can be evoked asymmettically by evoking electron-spin flipping, for 
example, which has led to the development of a new field of technology, 
spintronies. Microscopically, the exchange energy is much greater than 
the magnetic field energy, sometimes by a factor of 10° to 10° (435, 436). 
Macroscopically, the resulting exchange energy can momentarily still be 
‘many times the magnitude of the ordinary magnetic field energy: eg., by a 
factor of 200, which Johnson often achieves. 


If the stimulated momentary exchange forces are oriented to always add to 
the thrustupon the rotor in the "powering rotation” direction, then the 

multivalued potential condition and [F » dl #0 are met. In that case, self- 
powering is permitted, if enough ofthese exchange force triggerings occur 
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so that the extra potential energy added to the rotor is sufficient to 
overcome the load and the losses being powered. 


‘The self-triggering of each exchange force appearance produces an excess 
burst of force and energy'* input into the system from its active 
supersystem environment. Thus, repeatedly the system is momentarily 
converted (in each exchange force burst) into an open system in 
disequilibrium in its energy exchange with its active environment, freely 
receiving excess energy from it. Because the exchange force "input energy 
burst” is short, multiple such "input bursts" must be used in a single 
rotation cycle so that the total energy input by all of them is significant. 


In that case, COP>1.0 performance is permitted by the laws of physics, 
thermodynamics, and nature. Conservation of energy is not violated 
Classical equilibrium thermodynamics with its infamous second law does 
not apply to the Johnson system, since the system is periodically an open 
system far from equilibrium and receiving excess energy fiom its active 
environmental exchange. A priori the Johnson system has increased its 
negentropy overall, and that negentropy (increased order or increased 
potential energy) can then be dissipated (disordered) to produce free shaft 
horsepower if the bursts of exchange force are properly coherent in 
direction and timing, 


We diverge for a moment: As is well known, the equilibrium condition in a 
system is the condition of maximum entropy in the system; any 
disequilibrium condition reduces the entropy a priori because it is an 
excited state of the system containing additional potential energy. It is 
worth rigorously clarifying the infamous second law of thermodynamics, 
Quoting Lindsay and Margenau (437): 


"[The]...statement ofthe second law: (a) the entropy... is 
avariable ofstate, (b) lis value, for a closed system, can 
never decrease. 


"Non-equilibrium conditions cannot be specified by 
variables of state, and their entropy cannot be computed. 
the condition ofequilibrium is the condition of 
‘maximum entropy.” 


Technically speaking, the exchange force is not a magnetic field force, but a force 
that arises independently due to quantum mechanical considerations. Nonetheless, it 
isa real force arising in magnetic materials and affecting magnetic materials, as in 
permanent magnets, 
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In the first statement, the reader should note the assumption of a closed 
system in the first subparagraph, and the absolute requirement that the 
calculated entropy be a variable of state 


Also, the quotation can be falsified. Oddly, the "closed system" in classical 
thermodynamics is defined (illogically) as a system that does not exchange 
‘mass across its boundary, but may and often does exchange energy across 
it, We negate any absoluteness of that statement by Lindsay and Margenau 
by citing a counter example of a "closed" system with continuously 
increasing energy, fed by transfer of energy from the environment, and 
with no escape of the energy or very little escape oft. A specific example 
is a photon absorption by a mass particle. This system achieves increasing 
energy (order) as the process continues, hence achieves negentropy. This 
may be considered a fluctuation, of course, but it still places severe 
limitations on this law of thermodynamics and in fact negates any 
absoluteness of it. For such reasons, in this book we have redefined 
"closed system” as one that exchanges neither energy nor mass with its 
environment, and we recognize that there are no such systems in the 
universe. We have defined an "open system” as a system that exchanges 
either energy or mass or both across its boundary, so that we do not 
encounter the problem ofthe counter example cited. Further, general 
relativity requires an increase in the mass of any system that increases its 
potential energy, and a decrease in the mass of any system that decreases 
its potential energy. Hence energy exchange at all with the system, 
involves mass exchange since mass and energy are the same thing. The 
classical thermodynamic definition of a "closed system” has thus been 
falsified since 1915, with the definition becoming only an approximation 
rather than a generally valid definition. 


In the second subparagraph ofthat first statement by Lindsay and 
Margenau, the reader should note that the closed-system assumption must 
be violated apriori ifthe entropy does decrease, and vice versa. Ifthe 

fem is broken into a set of subsystems, then the only way the entropy of 
the overall closed system to decrease is for one or more ofthe subsystems 
to be open (new definition!) and energy (ordet) to pass out of the system. 
‘Then an interesting thing emerges: For order (energy) to remain in the 
system as such, the subsystems taken as a whole must produce as much 
negentropy as they do entropy. Energy from an ordered subsystem can be 
emitted in disordered form, but then it has opened that subsystem and has 
entered the space between parts (subsystems) ofthe overall system. In 
other words, in a closed system, any increase in entropy requires the 
subsystems to become open subsystems. Again, the statement of this law of 
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thermodynamics eats itself. To stay in the overall system, this scattered 
energy outside the subsystems must then interact totally with another part 
ofthe system, and so on. This introduces disorder to the succeeding parts 
that interact. Therefore, the second law of thermodynamics itself internally 
violates its own “closed system" assumption because, to operate at all, the 
law requires continuing interaction between the active local vacuum. 
environments and the subsystem components. In short, it requires a very 
special kind of overall or average equilibrium in an unavoidable energy 
exchange between the local vacuum and all the parts ofthe system. The 
source charge problem already demonstrates the universal violation of the 
second law and the thermodynamic definition of "open system”, but both 
classical electrodynamics and classical thermodynamics have ignored this 
source charge problem for more than a century. Our solution to it was 
published in 2000, 


Quite simply, there is no such thing as a truly closed system in the first 
place. Kondepudi and Prigogine come close to this statement in the 
following quotation”: 


‘Anyway, equilibrum thermodynamics covers only asmall 
‘fraction ofour everyday experience. We now understand 
that we cannot describe Nature around us without an 
appeal to nonequilibrium situations. The biosphere is 
‘maintained in nonequilibrium through theflow ofenergy 
comingfrom the sun, and thisflow is itselfthe result of 
the nonequilibrium situation ofourpresent state in the 


In short, all systems on the planet — and we ourselves — are immersed in 


nonequilibrium state a priori. Rigorously there is no such thing as an 
absolute equilibrium state on the planet, except as an approximation. 


Now consider a perfectly insulated system, so that no heat can pass from 
the system outside it. An interesting constraint then exists on those "open 
subsystems” producing disorder (entropy). Unless equal reordering occurs 
in the subsystem-to-subsystem reactions, then disordering (heat) grows a 
priori. But this is not observed to happen in well-insulated systems 
approximating our theoretically perfect example! Otherwise, the 
temperature of a well-insulated system would increase until system rupture 
and failure. And experimentally that does not happen. 


° Dilip Kondepudi and Hlya Prigogine, Modern Thermodynamics: From Heat 
Engines 10 Dissipative Structures, Wiley, 1998, p. xi 
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It follows that, to maintain the internal equilibrium between subsystems 
and a constant internal temperature, a negentropic process is clandestinely 
involved. We submit that this process is revealed in our discovery of giant 
negentropy of the negative charge, and what may be said to be the giant 
entropy of the positive charge — ic., in the discovery of the common " 
4-circulation” of energy surrounding a dipole from the time domain to the 
negative charge of a point dipole in 3-space (thereby entering 3-space once 
emitted by the negative charge), thence to the positive charge of the point 
dipole, and thence back to the time domain. For a single charge, the well- 
known vacuum polarization provides virtual charges of opposite sign, to 
convert the "isolated charge” into a set of composite dipoles, as previously 
explained 


‘The second law of classical thermodynamics, considered in a more modem 
light, appears to conceal hidden giant negentropy and hidden giant 
entropy, in the ongoing 4-circulation of EM energy in the supersystem. /1 
is not possible to eliminate the supersystem or the interchange between its 
parts; particle physics told us in 1957 that there is no equilibrium ofany 
system without this ongoing exchange. Any thermodynamics attempting to 
discard the supersystem exchange (which involved both mass and energy) 
is at best an approximation for special "reasonably well-behaved" 
situations. 


Ifthe entire system is not in net equilibrium with the external environment 
(ie, ifthere exists disequilibrium between the separated parts of the 
supersystem), then classical thermodynamics does not absolutely apply to 
that system. The system is no longer absolutely desctibable by "variables 
of state’ 


‘Those objecting to COP>1.0 in an EM system on the grounds that it would 
violate the second law of thermodynamics (which already violates itself), 
would be well-advised to restudy the very notion ofthe second law and the 
thermodynamics definition of open system. Compare relativity's equating 
‘mass as energy. Then ponder the thermodynamics of open systems far 
from equilibrium with their active environment. Every system in the 
universe is open, and it has an ongoing exchange with its proven active 
environment (local active vacuum and curved spacetime). This exchange 
Includes and exchange with every particle in the system. As pointed out by 
be 


7, D. Lee, Symmetries, Asymmetries, and the World ofPartcles, U. Wash, Press, 
Seattle, 1988, p. 46-47. 


353 


Defining loT connectivity requirements 


Handling massive scale with NBT 


» Slicing up spectrum for the rise of the 
machines 


Exploring LoRaWAN and Sigfox for 
low-power networks 


Chapter 4 
Enabling Massive loT 


hen 4G networks were introduced in 2008, there were 
close to 700 million mobile subscribers worldwide 
‘Today, there are more than 7 billion mobile subscribers 
worldwide. By 2020, according to the most conservative esti- 
mates, there will be approximately 20 billion Internet of Things 
(IoT) devices, in addition to the 9 billion mobile subscribers that 
are expected worldwide, 


‘Thus, 5G networks must not only deliver extreme speeds and 
feeds, they must provide massive scale, predictability, and reli~ 
ability to eventually support as many as a trillion connected 
devices, including mission-critical and potentially lifesaving 
applications and scenarios. In this chapter, you learn about the 
kkey requirements for Io device connectivity and the innovations 
that are being developed to support IoT. 


Key Connectivity Requirements 
for loT Devices 


Unlike smartphones and other cellular devices, Io device com- 
munications can be sporadic in nature. Many of these devices 
“sleep” (to extend battery life for ten or more years in some cases) 
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"symmetry implies conservation. Since our entire 
edifice ofinteractions is built on symmetry assumptions, 
there should be as a result a large number ofconservation 
laws. The only trouble is that almost all ofthese 
conservation laws have been violated 

experimentally. ".."..this difficulty could be resolved by 
introducing a new element, the vacuum. Instead ofsaying 
that the symmetry ofall matter is being violated, we 
suggest that all conservation law's must take both matter 
and vacuum into account. Ifwe include matter together 
with vacuum, then an overall symmetry could be 
restored.” 


‘The system itselfis always in disequilibrium: only the supersystem can 
exhibit equilibrium. The second law of thermodynamics specifically does 
not and cannot apply to a system far from equilibrium, because of its 
implicit assumption of overall equilibrium without the active vacuum 
exchange. Also, a deeper balance is required between the hidden 
asymmetries existing between the subsystems and their local vacuum (and 
local spacetime curvature. 


Indeed, one cannot even calculate the entropy for a system that — overall 
— is far from net equilibrium with its active environment. We quote 
Lindsay and Margenau even more strongly (438) 

"Equilibrium states are the only ones that are capable of 


explicitanalysis in thermodynamics..." 


And again (439) 


variables ofstate have meaning only ifthey define an 

‘equilibrium state. Hence the quantity we are seeking will 

be meaningless unless it refers to equilibrium states. " 
While we are at it, let us also address a serious flaw in the first law of 
thermodynamics. We again use Lindsay and Margenau for a succinct 
statement of the First Law {440} 

“First law ofthermodynamics, A complete statement of 

ihe first law comprises two assertions: (a) heat is aform 

ofenergy, (b) Energy is conserved.” 
All that really says is that energy is conserved. It does not state that it is 
conserved in an object. It states that, whether the system is in equilibrium 
or not, energy is conserved. If heat is taken as disordered energy, then it 
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merely states that overall the energy is conserved, whether ordered or 
disordered with respect to some ordering criterion. It does not state that the 
disordering is conserved, and it does not state that disordering must 
increase or decrease. But it does implicitly assume that all energy at some 
most basic level is ordered, else it cannot be energy (order). So it assumes 
that, at higher levels, energy can be disordered (incoherent). However, at 
the underlying basic level, itis and remains perfectly ordered — else it 
could not remain "energy and could not be conserved. As an EM example, 
in so-called "heat", every scatteredphoton retains its perfect order; it is 
only the photon ensemble that is “disordered”. 


In short, each "basic piece” of energy is perfectly ordered, but the 
ensemble of the pieces may be disordered. Therefore, entropy applies only 
ata level higher than the basic energy quantum. Contrary to the 
assumptions of classical (macroscopic) thermodynamics, processes which 
directly engineer the basic energy quanta" — more exactly, the action 
quanta, consisting of energy time, since energy cannot be "engineered" 
or changed in 3-space without also being engineered 
are time-reversible. Hence they can be negentropic — simply because 
every observable system is "open" to, and in continuous energy exchange 
with, its active time environment (and also its active vacuum 
environment). Also, no system changes its spatial energy in any fashion, 
including ordering or disordering, without interacting with spacetime and 
spacetime curvature dynamics. It also changes its time-energy. 


So in our view the notion of "disordering” and “disordering of energy 
‘must be carefully reconsidered, as to exactly what is and is not being 
disordered, when the assumed "disordering” occurs, at what level it occurs, 
where and how the compensating reordering occurs, etc. We also point out 
that the simple discovery of giant negentropy (12) as the solution to the 
long-vexing source charge problem already removes the "absoluteness” of 
classical thermodynamics. Giant negentropy already violates the 
assumptions of classical thermodynamics at the elemental level in every 
physical system. Indeed, every charge in the universe already falsfies any 
"absoluteness” of the assumptions of classical thermodynamics, 


This problem in the old classical thermodynamics has long been indirectly 
solved in particle physics, with the discovery of broken symmetry. As Lee 
states so clearly (441), 


© Actually, energy is diseretized, not quantized. Energy x time (i.e. action) is 
quantized, 
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"As we expand our observation, we extend our concepts. 
Thus the simple symmetries that once seemed self-evident 
are no longer taken for granted, Out ofstudies ofdifferent 
kinds ofinteractions we are learning that symmetry in 
nature is some complex mixture ofchanging plus into 
‘minus, running time backward and turning things inside 
out.” 


We point out that a symmetry involves a conservation law, such as are 
stated in classical thermodynamics, and a broken symmetry involves a 
broken conservation law. So the discovery of broken symmetry in physics 
was a profound change affecting all physics, including the staid old 
classical thermodynamics. Lee further points out the new complexity of 
concepts {442} such as symmetry (which is behind every conservation 
Jaw, including the first law of thermodynamics): 


“Atpresent, itappears thatphysical laws are not 
symmetrical with respect to C, P, T, CP, PTandC. 
Nevertheless, all indications are that the joint action of 
CPT(i.e. particle <-> antiparticle, right <-> leftandpast 
<->future jremainsagoodsymmetry.” 


So unless the first law is stated in terms of modern CPT symmetry, it does 
not absolutely apply! Further, every charge is changing time-energy into 
spatial energy or vice versa. Yet there is nothing about time-energy and its 
transduction into spatial energy, or vice versa, in the present textbook 
statements ofthe thermodynamics. The term “heat” does not refer to the 
presence of energy at all, but to the scattering (disordering) and escape of 
energy. 


Considering heat as "energy ofthe system”, or "heat energy" of the system, 
is a grand non sequitur. Rigorously, "heat" refers to the reduction of higher 
levels of ordering of energy, and since the gist of energy is ordering, 
reduction of ordering is the very antithesis ofenergy! "Heat energy” thus 
is an oxymoron. Before the "escape", there is no "heat energy” (ugh!) in 


"© Think closely: We never take the temperature ofa "system"! We take the 
temperature of the disordered energy (heat) leaving that system or its subsystems 
We do measure the effect ofthe emitted disordered energy. But that has alteady left 
the system and is inthe loeal vacuum (a second component of the supersystem). 
‘Thermodynamics might be usefully redone more exactly in terms of the supersystem. 
We leave that task t0 some budding young future thermodynamaicists for a 
recommended doctoral thesis 
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the system at all. The energy is present in the system not as disordering, 
but as ordering, apriori. Itit were in the system, it would not have 
escaped nor would it be escaping from the system. More energetic 
‘molecular motion, e.g., is actually more energetic ordering, simply at an 
excited state (of greater energy!) 


We stress again (and strongly advise the researcher to read) Romer’s strong 
objection to the use of heat as a noun {443}, and we suggest that the entire 
subject of classical thermodynamics needs a thorough revision to tighten 
up its terminology, correct its definition of closed system, eliminate its 
conflict between the first and second laws, and remove its inappropriate 
consideration of heat as "energy". Otherwise, the presentation and general 
interpretation of thermodynamics itself will continue to be one of the great 
confusion factors one encounters in trying to think clearly about extracting 
EM energy from the active vacuum environment to produce and utilize 
COP> 10 systems 
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Johnson's approach produces a peculiar kind of multivalued potential. One 
part is conservative and of magnetic energy in nature, and the other part is 
‘nonmagnetic, being direct exchange force and energy effects on the 
participating atomic nuclei arising from quantum mechanical 
considerations. Nonetheless, the net hybrid potential can be multivalued at 
various points around the stator, and that is all that is required for broken 
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symmetry. If [F-di 4 0 around a closed path, regardless of which set of 
forces F represents, then that overall composite force field acting upon the 
rotor or object moving around the closed path is nonconservative. In that 
‘case, self-powering is permitted. 


Figure 6-21 diagrammatically illustrates the operation of a 
nonconservative force-producing magnetic gate in Johnson's approach to a 
permanent magnet motor. As Johnson has shown, by using a multivalued 
hybrid potential (MVP) in his gates so that the resulting excess exchange 
force is properly oriented in direction and timing, a rotor magnet is 
attracted into a highly nonlinear stator gate region where the MVP is 
located. When it enters the MVP region where the exchange force is 
initiated, the rotor encounters a dramatic jump in the net potential with a 
change of polarity as the exchange force suddenly fires automatically. In 
tum, this produces a sudden accelerating tangential force in the region 
usually against the prevailing magnetic force in the normal back mmf 
region! 
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Johnson often confounds professors of electromagnetics by showing them 
that his special gate can produce attraction between like poles, with a north 
rotor pole being drawn into a north stator pole in that exchange force 
region. This can be understood by tracing the spin field flow patterns, but 
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cannot be understood by simple "like poles repel and unlike poles attract”. 
In short, Johnson knows he is adding a force completely different from the 
‘magnetic force the professors have in mind as the sole acting force. It is 
rather like pushing two like poles of two little magnets together. You can 
do it because an additional force — your mechanical force pushing them 
together — is acting and overcomes the normal repulsive force between 
the two poles. 


‘The sudden exchange force burst produces a sudden accelerating tangential 
force in the normal deceleration (back mmf) region of the stator-rotor 
arrangement. In short, Johnson utilizes a deliberately evoked burst of 
exchange force to freely overcome most or much of the back mmf (back- 
drag) region. This in turn produces a net driving force around the rotor 
complete rotation, because the overall field combination is 
nonconservative. 


Rigorous force meter measurements taken at 0,01-second intervals prove 
that this occurs as the rotor enters and passes through Johnson's gate. The 
results of one such experiment are given in Figure 6- 


Johnson thus uses highly nonlinear magnet assemblies of novel design to 
‘create a special kind of multivalued potential in his magnetic gate by 
adroitly evoking exchange forces — extra quantum mechanicalforces in 
addition to the usual magnetic field forces. The MVP produces a sudden 
extra rotational force, backwards to the back-drag (back mm) region of 
the stator-rotor magnet arrangement where the rotor magnet assembly is 
entering and passing through the conventionally repelling like-polarity 
situation. The result is that a net north rotor pole is seemingly attracted 
in” to the otherwise repelling stator north pole region, then accelerated 
‘out the other side by the normal magnetic repulsion.'”* Net drive force 
results, instead of a net zero force. Engineer Ken Moore, a close colleague 
of the present author, independently tested a Johnson gate and verified the 
net driving force effect (444) within the limits of our litte laboratory. 


" In reality it is "foreed in” against the repulsive magnetic force, by a superior force 
of a different nature, suddenly evoked 


Le, as the exchange force dies, the forees now acting are the normal repulsive 


elie forces, but the rotor has moved to a position where now this repelling foree 
" olational direction. In other words, the 


‘acceleratesthe rotor in the "load powerin 
observer sees a like pole suddenly “attracted” into alike polarity region, move 
parially through it, and then suddenly be accelerated out the other side. But the 
attracting in” force and the “accelerating out” force accelerate the rotor in the load- 
powering rotational direction, 
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Technically, Johnson's apparatus asymmetrically and suddenly regauges its 
exchange forces in such a manner as to momentarily overpower the back 
‘mmf region of the engine's rotation, thus producing a net multivalued 
potential and a net accelerating force around the overall rotation loop. 
However, correlated distant effects in magnetic materials are known. If 
distant compensation does occur, then the closed-loop capability might 
conceivably be defeated, ifthe total compensation is sufficient to provide 
an {F + dl = 0 overall condition. Hence the research probably demands 
attention to maintaining both local asymmetry and distant asymmetry. If 
the distant correlation effects occur, only in that manner can an overall 
nonconsetvative field represented by {F * dl + 0 be maintained around a 
completely closed magnetic loop. 


‘This may be the problem with which Johnson appears to have been 
struggling for so long. He did solve the problem once, and produced a self 
rotating permanent magnet motor that the present author personally tested 
over a period of about 2 hours. During a two-hour test period, the motor 
apparatus was allowed to self-rotate for up to 15 minutes at a time. Shortly 
after it became known that Johnson had successfully produced such a 
prototype, his laboratory was mysteriously broken into. The only thing 
taken was the magnet assemblies on that specific little successful 
demonstrator — in a laboratory with more than a hundred thousand dollars 
worth of magnets and magnetic assemblies of many kinds present. 


‘As a personal aside, I have been associated with Johnson, off and on, for 
‘many years. He is a man of the highest integrity and an indefatigable 
researcher. It is my fervent hope that Johnson will succeed in his 
permanent magnet rotary motor project. All I can say as this goes to press, 
is that he is getting very close again, now that he has help and good 
machining accuracy, etc. for higher precision buildups. In the near future, 1 
hope to be among the first to drink a good glass of champagne to celebrate 
his success, 


6.45 Radus Effect: Magnets with Preferred Flux Path Memory 
In the early NASA space program, magnetic boots for holding the 
astronaut to the skin ofthe space vehicle when outside it were required. A 
‘Westinghouse engineer named Raymond J. Radus had found that a 
permanent magnet applied to a dual flux path (Figure 6-23) would 
“remember” the flux path taken initially, until switched to the other flux 
path in an initial condition, after which it would remember that path as 
preferable (445a-445c}. A permanent magnet with such "memory" will 
split its flux in two parallel flux paths by some ratio, e.g., 20% in the non- 
preferred path and 80% in the preferred path. This preference can be 
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switched at will by proper manipulation. So Radus developed switchable 
magnetic astronaut boots for the space program, using his magnetic 
‘memory and flux path switching technique (446) 
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‘The Radus circuit differs from ordinary permanent magnet circuits in three 
ways: (i) Itexerts strong magnetic force at one end while exerting hardly 
any at the other, (ii) the strong and weak magnetic poles can be switched 
end-for-end easily and at will, thus, in effect, turning the magnetism on 
and off at one given side ofthe circuit, and (iii) once switched, it 
remembers its direction of greatest magnetic pull indefinitely. 


‘The original Radus boots were excellent. For the acceptance tests, an 
engineer clad as an astronaut walked across the bottom of a steel beam in a 
high bay research area, upside down against the pull of Earth's gravity 
(Figure 6-24). He stepped as he walked, putting his foot "down" and then 
picking it "up" {447} 

‘There is no problem in finding modem magnets strong enough to hold the 
astronaut firmly in such an upside position. The problem with simple 
magnetic boots using such strong magnets is that, once the foot is planted, 
the astronaut cannot pick up the foot again. Consequently, the best the 
astronaut can do with such magnetic boots is walk rather laboriously by 
“scooting” the foot forward, with the boot remaining in contact and the 
astronaut unable to pick it up. 
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‘The Radus boots completely solved that problem. The permanent magnet 
fields are switched away from the "boot sole contact with the beam” for 
that foot that the astronaut wishes to lift, so he can lft it easily and take 
another step. Then the fields are switched back in again so that the strong 
field is on the boot sole as he places his foot down. This switching of the 
fields allows him to walk in a manner resembling normal walking, though 
alittle slower. To do that switching by normal "battery and electromagnet 
coils” would be prohibitively bulky and heavy — and awkward. With the 
Radus boots, the astronaut could walk in a manner very similar to slow but 
normal walking. 


However, itis easily seen that an adaptation of the Radus process could 
conceivably be used to produce a self-switching, self-powered permanent 
‘magnet motor. Being a permanent dipole, a magnet is already a particular 
kind of "fee energy generator", since it continuously extracts magnetic 
energy directly from the active vacuum due to its dipole asymmetry in the 
virtual photon flux of the vacuum, 


The Radus boots were abandoned quickly. NASA then developed the 
present inferior "shuffler” kind of magnetic boots where the astronaut 
cannot lift his boot from the surface, but must " 
sliding and painfully awkward fashion (448) 
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Even today, it is little known that in many virgin magnets fresh from the 
factory, their very first use conditions them with a Radus-type memory! 
Thatfact can be used, ¢.g., to create magnets whose fields appear normal, 
but which deviate from the normal behavior ofordinary magnets, and 
which produce anomalies in their magnetic fields 


‘The Kawai engine (31) uses a novel means of switching the flux path 
itself instead of overpowering the magnetic poles in an electromagnet. As 
this is written, Bedini has been notified that his patent with a "path- 
switching” effect control method has been accepted and will be issued. 
Although control of the Kawai engine was seized by the Yakuza, we 
expect to see that some ofthe first COP> 10 motors on the world market 
will be magnetic motors using the Radus effect or other flux path 
switching method. 


6.4.6 Hole Currents and Electron Currents 
In a conducting solid, there are both hole currents and electron currents 
‘moving in response to a forcing electric field. In the simple case, electrons 
move in one direction along the conductor and lattice holes move (migrate) 
in the other. However, when additional fields are added, the situation can 
become very complex. The holes and electrons can move oppositely or 
together in the same direction, depending on the arrangement of the fields 
and voltages. One can even use fields at right angles to the conductor to 
affect the currents, and even stop them. This is a rich subject for the 
inventor, and one that does not appear to have been adequately explored 
for potential energy and power purposes. This is particularly true when the 
conductor material is bent or shaped, etc. This area is so broad that it will 
not be treated here: instead, we refer the reader to Burke {449} for a basic 
idea of some of the effects and current combinations that can be obtained. 
From there, an interested experimenter should search the materials science 
literature on electron and hole current responses of materials, 


6.4.7 The Magnetic Wankel Engine 
For baseline comparison, Figure 6-25 shows a conventional linear 
‘magnetic motor. As can be seen, due to the difference between magnetic 
poles, a magnetic field exists along the line of the linear track, fiom the 
end having the magnets separated the least to the end having the magnets 


separated the most. 


Figure6-26 diagrammatically shows the scheme of operation of the 
‘magnetic Wankel engine. It is basically a linear magnetic motor, wrapped 
into almost but not quite a complete circle. A set of permanent magnets, 
each at an angle to the various radial lines ofthe device, comprises a 
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for long periods of time — hours, days, or weeks — before trans- 
ritting a few bytes of data, and thus needn’t always be connected 
to the network. 5G networks must be designed to handle infre- 
quent, but important communications from these types of IoT 
devices. Although the amount of data these devices send may be 
significantly lower, they may still be of a time-critical nature. For 
example, a sensor that detects a hazardous condition may instruct 
an Evolved Node B (eNodeB) element to shut down equipment in 
an industrial plant or building. These types of communication, 
though extremely rare, must be handled with the utmost respon- 
siveness and reliab 


Additionally, eNodeB elements will require massive capacity 
to scale to support tens of thousands of loT devices — all with 
different communications requirements and characteristics — in 
assingle cell. 


Finally, a wide variety of security threats and new attack vectors 
will be surfaced in loT devices. Unlike many of today’s threats — 
identity theft and credit card fraud, for example — many IoT 
security threats will be potentially life threatening. Future threats 
may include hacked control systems in autonomous vehicles and 
smart grids, or compromised medical devices such as insulin 
pumps and pacemakers. Thus, 5G technologies will need to pro- 
vvide secure end-to-end communications throughout the network. 


NarrowBand IoT (NB-loT) 
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‘The Third Generation Partnership Project (3GPP) Long Term Evo- 
lution (LTE) Advanced Pro Release 13 specification defines a new 
standard — NarrowBand lo (NB-IoT) — for handling low vol- 
umes of data (similar to 2G) from tens of thousands of devices in 
a single cell (tower, not amoeba). 


NB-IoT extends LTE to even narrower bandwidths optimized for 
low data rate, latency-tolerant IoT applications. NB-IoT reduces 
device complexity, enables multiyear battery life, and provides 
deeper coverage to reach sensors in challenging locations, such as, 
remote rural areas or inside buildings. 


Perhaps one of the most attractive features of NB-Io is its ability 
to leverage already ubiquitous LTE networks, in addition to pro- 
viding high quality of service (QoS) and comprehensive security. 


5G For Dummies, Ixia Special Edition 


slightly widening spiral stator that forms most of a circle. A circular rotor 
with a sector magnet is mounted inside this spiral stator. An end gap exists 
in the stator as shown, so that the stator is not a completely closed ring. 
The direction of rotation of the rotor is clockwise as shown. For 
demonstration of the principle, the beginning air gap between rotor and 
stator is 0.1 mm and the ending air gap is S mm, 
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An electromagnet is mounted along the perimeter of an angular sector of 
the rotor, completing the stator gap. The electromagnet is weakly 
magnetized by a weak trickle current in the associated coil, furnished by a 
coil with a make-and-break magneto point gap. The electromagnet is 
magnetized, say, with the north pole facing radially outwards, and the 
south pole facing radially inside. In the stator, the permanent magnet north 
poles are facing radially inward toward the rotor, but at an angle, and the 
south poles are facing radially outward but at an angle. 


‘Tangentially the north pole of the rotor is in a nonlinear magnetic field, 
and it will experience a clockwise force and acceleration from position 1 
where the air gap between rotor and stator is the 0.1 mm minimum, to 
position 2 where the air gap reaches the 0.5 mm maximum, 


Ifthis were all that was involved, the engine would not produce COP> 10 
because the tangential field is conservative unless additional free energy is 
introduced to overcome the back mmf region in the stator gap. When the 
rotor crossed the end gap in the stator between point 2 and point 1, very 
sharp and dynamic magnetic braking due to the back mmf would be done 
back upon the rotor magnet by the field of the stator magnets at position 1. 
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Since any real machine will have at least some friction and drag, the actual 
COP would be less than 10. 


‘yee 625 Magne are engine th asynetal gauge secon 


Let us use the notion of the magnetostatic scalar potential (roughly, 
magnetic pole strength) to examine a new situation in the end gap. 


Technically, let us regard a single unit north pole in the rotor, going from. 
position 1 to position 2 (the acceleration cycle, where the engine will 
deliver shaft horsepower against a load), and going from position 2 to 
position 1 (where the magnetostatic scalar potential must be suddenly 
regauged asymmetrically to equal or exceed the potential at position 1 
order for the rotor to continue unabated or with even further acceleration 
‘That is, when the rotor enters the "back mmf’ end gap between position 2 
and position 1, a sharp and sudden increase in the "stator magnetostatic 
scalar potential” must be accomplished, so that the potential in that region 
is equal to or greater than the potential at position 1. This effect, nearly 
fively obtained, is what is required for a self-powering magnetic Wankel 
engine. 


In normal machines, conventionally this asymmetrical regauging part of 
the cycle is where the design engineer forcibly inputs energy fom outside 
the system to do brute physical work on the rotor to forcibly "reset" the 
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machine, and to forcibly wrestle its potential energy storage back to initial 
conditions. In short, the operator himself arranges to furnish all the excess 
energy from outside the system that is required to brute force "regauge” 
the potential at that point, thus effectively creating a multivalued potential 
instead of a single valued potential. A multivalued potential achieved only 
by the operator himself fumishing the extra potential energy will not 
produce COP> 1.0. It will in fact produce | F + dl #0 of the motor section, 
but only at the expense of extra energy that the operator himself had to 
input and pay for. In that case and in a real system with some system 
losses, the net work out because of | F + d] + 0 will still be less than the 
total energy input by the operator. 


The forcible "reset" work is conventionally done by simply overpowering 
the field and reversing it (building it up equal and opposite in the other 
direction), but with energy totally input by the operator and not "free 
energy input from the environment" at all. The operator first pays to “kill” 
the existing field, and then pays to establish a field in the opposite 
direction. 


To obtain COP> 1.0 and self-powering, we must trick something else or 
some other process into furnishing that asymmetrical regauging energy — 
or most of it — for regauging of the magnetic Wankel engine in that stator 
‘gap zone. In other words, instead of engaging in the conventional wrestling 
match against the back mmf, we must let something else provide most of 
the energy for the wrestling, 


During rotation of the stator from position | to position 2, we have been 
‘maintaining (and paying a little for) a tiny trickle current and small voltage 
from the battery into the coil around the electromagnet. As the rotor enters 
the stator gap, suddenly a sensor sharply breaks the distributor points, 
‘momentarily inducing a sudden powerful voltage in the coil. With a very 
short delay, a very sharp surge of current appears in the coil, producing a 
sharp and suddenly increased magnetostatic scalar potential (pole) in the 
gap region. That is the "multivalued potential” effect, where we pay a little 
to achieve it suddenly at that point, by invoking Lenz's law. 


The effect is that suddenly the rotor is raised to the same or greater 
‘magnetostatic potential as exists at position 1, and "almost freely though 
not quite”. If equal, the rotor suddenly is in a region with no back mmf, 
hence it experiences no deceleration braking. Ifthe sudden potential is 
greater than the potential at position one, the stator in this normally back 
mmf region now actually experiences a further acceleration (a forward 
‘mmf) in that region. 
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Note that no radial mechanical work can be done on either the 
electromagnetic pole piece (part of the stator) ot on the rotor, since neither 
the stator nor the rotor can move radially. However, there momentarily 
exists a clockwise circumferential magnetic field on the rotor in the stator 
gap, due to the gradient between the sharply regauged pole piece 
‘magnetostatic potential and the potential at position 1 


So we pay a little energy continuously (tiny trickle current, sharply broken 
breaker points) to get much more energy density momentarily in that small 
back mmf gap region only. The former back mmf in the stator gap is, 
sharply eliminated by the Lenz. force and converted to forward mmf, The 
rotor experiences a continuous acceleration throughout a complete 
rotation, due to the judicious use ofan artificially induced multivalued 
magnetostatic scalar potential, 


Ifthe average shaft power output during the complete rotation cycle is 
made greater than the average power input to the asymmetrical regauging 
circuit during that same rotation cycle, the engine will produce COP> 1.0. 
This type of engine is also easily close-looped, since the excess output is 
not electromagnetic energy but mechanical shaft rotation energy."”* Hence 
the problem ofthe Dirac sea hole current (discussed in Chapter 9) is 
eliminated. 


Such engines have been built and placed in an automobile to power it, in 
Japan {450}, though there is no information on the exact overall COP. The 
design was lighter and smaller than a gas engine of the same power, and it 
‘was a pygmy when compared to other electric engines of similar power. 
The prototype 45-hp unit weighed 155 pounds compared to 440 pounds for 
a comparable electric motor. The rotary engine was compact enough to fit 
inside a two-foot cube. The engine was in development by Kure Tekko, a 
sizable firm that supplies auto parts to Toyo Kogyo, the Mazda maker. To 
my knowledge, no hard data on the input electrical power utilized for the 
trickle current and current-breaker has been made available by the 
Japanese. The principles, however, are quite clear and easily analyzed. 


‘This may be one of the Japanese COP>1.0 engines suppressed by the 
Yakuza, 


" For example, a geared or belted arrangement can be used to drive a very’ small but 
efficient DC generator that replaces the battery. Many other efficient arrangements 
are possible, 
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The researcher might like to consider using a strategically-placed Wiegand 
wire sensor (discussed in the next section) as the fiee "generator" 
providing a pulse of electrical energy to the pulse-magnetizing coil in the 
stator gap region at the precisely appropriate time. Ifthat or some other 
similar "self-furnished” pulse of sufficient power can be delivered to the 
pulse-magnetizing coil, then the system would self-initiate a multivalued 
magnetic potential in that gap region. In that case, the driving magnetic 
field around the loop need not be conservative, and self-rotation would be 
possible without violating any laws ofnature or electrodynamics. At least 
small toy demonstration model might be possible, simply to illustrate the 
principle. Presently we know of no one who has tried it. 


64.8 The Wiegand Effect 
Ifa Permaloy® or other suitable magnetic wire is properly tensioned and 
worked by repeated torsion while under tension, the skin of the wire is 
work-hardened and caused to have different magnetic characteristics from 
that ofthe internal core. This type of wire is called a Wiegand wire, o 
pulse wire, ot "self-nucleating magnetic wire" (SNMW™), 


When the pulse-wire experiences a certain level of ambient magnetic field 
strength, it will automatically switch its magnetic state, very sharply, 
producing a sharp magnetic field pulse. The effect is generally called the 
Wiegandeffect. 
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Ifa coil of many turns of fine electrical conductor is wound around the 
‘Wiegand magnetic pulse wire, then when the wire suddenly alters its 
magnetic state, the sudden magnetic field pulse "cutting" the conductor 
bundle will produce a sharp electrical pulse. Thus the apparatus produc 
sharp pulse of electrical energy, when the ambient magnetic field intensity 
teaches the pulse-initiation value, No input of outside energy is necessary. 
‘The apparatus simply gates the energy from the vacuum when it sharply 
changes its magnetic polarity. 


Wiegand effect sensors may achieve voltage pulses up to a nominal 12 
volts, in a typical application. 

Numerous patents were issued to Wiegand prior to his death {451a-451h). 
Figure 6-27 diagrammatically shows the primary parts ofa typical 
Wiegand sensor application, where the Wiegand wire is also known as a 
pulse wire. The operation ofthe pulse wite itselfis shown in Figure 6-28. 
Figure 6-29 shows a typical rotary Wiegand effect pulse transmitter. 
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Pulse wites find many modem “switching” uses, since one does not have 
to connect them to a power supply in order to obtain the electrical signal 
pulse generated in a magnetic field as it changes. The magnetic experience 
of the wires can be arranged (using a “resetting magnet") to automatically 
reset the pulse wire to its original condition after the initiation magnet has 
fired it. Many identification cards for personal access to restricted facilities, 
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use these wires, Some magnetic memories use the effect. At least one 
European automobile firm has even used Wiegand wires to trigger the 
timing of automotive ignition systems. 

‘The pulse characteristics created intemally by the Wiegand wire represent 
a sharp, asymmetrical, self-regauging ofthe magnetics. The combined 
‘magnetic field consisting of the ambient magnetic field and the Wiegand 
wire magnetic pulse is momentarily a nonconservative magnetic field. It 
follows that a closed-loop integration | F dl around some paths in the 
combined magnetic field ofthe system do not sum to zero. 


MAGNETS 
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Intheory, at least, it should be possible to utilize something like the 
magnetic Wankel engine together with exactly self-triggering and self- 
resetting Wiegand units to form a self-powering permanent magnet motor. 
In short, referring to our discussion ofthe magnetic Wankel engine, it 
might be possible to use a special Wiegand sensor and pulse generator to 
furnish the properly timed pulse to the coil that enables the continuous 
operation of the Wankel engine. Obviously this type combination would 
have occurred to the Japanese scientists working on the magnetic Wankel 
engine. 
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We accent that the resulting system would be an open dissipative system, 
far from equilibrium in its energetic exchange with the vacuum during the 
Wiegand pulsing. The disequilibrium is achieved by the momentary self- 
regauging ofthe magnetic gap in the magnetic Wankel engine. 


My colleagues and I have experimented with Wiegand wires and Wiegand 
sensors to a limited extent. The effect is quite real, fully documented in the 
scientific literature, and the wires and sensors are not too expensive. A 
typical coil of 1,000 tums on a 3-cm Wiegand wire will produce pulses of 
about 2 volts in a 1,000-ohm resistor. ‘The pulse width (half maximum 
height) is about 20 microseconds. Essentially the Wiegand wires are 
immune to stray magnetic fields. Viewed on an oscilloscope, the pulses are 
very clean without spurious oscillations or hash. The field requited to 
switch a typical Wiegand wie is typically about 150 Oersteds. The 
resetting field is quite a bit smaller, being about -20 Oersteds. With further 
work, it is probably possible to come up with Wiegand wires whose coils 
produce up to 20 Volts in a 1,000-ohm resistor. If25 of these 20-volt 
Wiegand pulse generators wired in series could be induced to fire 
simultaneously across a 1,000-ohm resistor, something like a momentary 
half-watt device could be built. That might be enough to operate a very 
small version ofthe magnetic Wankel engine, ete. purely for 
demonstration purposes. 


For practical power, of course, one would need to find a way to increase 
the power output in each Wiegand generator pulse. So far, no one has been 
able to successfully find a way to do it, atleast to our knowledge. Ifthe 
reader finds a way to do that, then the reader should certainly patent the 
process and use it in a self-powering magnetic Wankel engine! 


So to those experimenters wishing to experiment with something relatively 
inexpensive, we would suggest investigating the possibility of 
incorporating Wiegand units into a magnetic Wankel-type small magnetic 
‘motor, and attempt to get a self-powering little unit, or try to build a self- 
powering version of the rotary Wiegand pulse generator. It is at least 
possible in theory, and ifachieved in practice it will prove that self 
powering EM engines are perfectly possible. 


649 Kawai Path-Switching Motor 
Japanese inventor Teruo Kawai has invented a process for adroit self- 
switching of the magnetic path in magnetic motors, rather than directly 
overpowering the magnetic field and then forcibly reversing it. The 
process reduces most ofthe back mmf in an otherwise rather 
conventionally switched magnetic motor, and results in producing a COP 
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that is approximately double the stated efficiency rating of the unmodified 
‘motor. Understand, the Kawai motor always has an efficiency less than 
100%, even when its COP>1.0! Hence if one starts with a high efficiency 
‘magnetic motor — e.g., efficiency of 0.7 of 0.8 — one can obtain a 
modified motor having a COP of 14 to 1.6. Two Kawai-modified Hitachi 
high-efficiency magnetic motors were tested by Hitachi engineers, and the 
tests did indeed show COPS of 14 and 155, respectively, under rigorous 
and totally independent testing conditions. 


eure 630 The Kal ahswiching roca, 


‘igure 6-30 shows eight snapshots A, B, C, D, E, F, G, and H of the rotor 
advance of atypical Kawai engine, taken from Kawai's 1995 patent (452) 
This is one end rotor/stator side of a two-rotor device, where a similar 
rotor/stator device is on the other end ofthe central shaft //. In snapshot 
A, pole piece /4 had three outward teeth /4b dispersed equally around the 
circumference, alternated with three notches. An end magnet /3 provides 
the source of flux passing through the pole piece. With the electromagnets 
DC-energized, their core materials 16c, 16d, 16g, 16h, and 16k, 16L are 
shown shaded by flux from central magnet 13 out through teeth 146. 


In snapshot B, electromagnets 16a, 16e, and 16i are energized. The shaded 
area shows the sharp convergence /4d of the flux from magnet 13 through 
pole piece 14 and the edge of teeth /4d. Since the electromagnets are 
magnetized in attracting mode, the rotor will experience a torque tending 
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to widen the flux path from magnet 13 to the activated electromagnet 
Thus a clockwise torque exists on the rotor, and it will start to rotate 
clockwise." Note that each electromagnet is operating independently of 
the other two. 


As shown in snapshots C, D, E, and F, the rotation of the rotor continues 
clockwise, widening the connecting flux path to the three activated 
electromagnets. During this time the torque on the rotor is clockwise. 


In snapshot G, the flux path to the activated electromagnets is fully 
widened. In addition, the leading edges ofthe three teeth are just beginning 
to enter the domains ofthe next electromagnets /6j, /6b (see snapshot A) 
and /6f. This is getting symmetrical to the original position shown in 
stiapshot B. 


Now the electromagnets /6i, /6a, and /6e of snapshot G are deactivated, 
as shown in snapshot H, and electromagnets 16}, 16b, and 16/are 
activated. This action asymmetrically self-regauges and resets the engine 
back to the original situation shown in snapshot B, but one more 
electromagnet beyond. The action cycle begins anew. As can be seen, in 
each complete rotation of the shaft, each of the three teeth of the rotor will 
be asymmetrically self-regauged multiple times. So multiple total 
asymmetrical self-regaugings, resettings, or "refuelings" are utilized per 
shaft rotation, 


In each motor coil, at energization a tooth is just entering that coil, 
Energized in attractive mode with respect to the ring magnet around the 
shat, the flux in the pole piece jumps from fully widened flux (and small 
or vanishingly radial torque on the rotor) to angled and narrowed flux 
(with fall radial clockwise torque on the rotor). This is an asymmetrical 
self-regauging action. As previously explained, the narrowed flux and its 
angle exert a clockwise accelerating tangential component of force upon 
the rotor. By the asymmetrical self-regaugings of the engine, each coil is 
de-energized prior to beginning to exert radial back emf— which it would 
do if't remained energized as the trailing edge crossed it and again 
narrowed the flux path), 


So the Kawai engine uses normal magnetic attraction to accelerate the 
rotor for a small distance, and then asymmetrically self-regauges to zero 


"The Kawai patent contains a small ertor of misstatement, It states at first that the 
torque and rotation are counterclockwise, and then shows it moving correetly 
clockwise from figure to figure in the series. 
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NB-IoT can be deployed in three different modes: 


>> Standalone asa dedicated carrier: Can use GSM frequen- 
cies in a bandwidth of 200 kHz, This does not require LTE. 

9 Guard band: Uses a free resource block within the LTE 
guard band, This allows the loT devices to nat campete with 
lather LTE devices for the resource blacks within the carrier 

>> LTE in-band: Uses a resource block within the LTE frequency 


bband. The rest ofthe blocks are used by the regular LTE 
devices, 


Long Term Evolution for 
Machines (LTE-M) 


© 


Like NB-IoT, Long Term Evolution for Machines (LTE-M or LTE 
Category Mi) leverages a narrow slice of existing LTE spectrum 
to send and receive data for IoT devices. LTE-M has the same 
benefits as NB-IoT, but uses a larger network slice than NB-IoT. 
(4.4 MHz compared to 180 KHz in NB-IoT) and leverages the LTE. 
protocol more than the NB-IoT in terms of reusing the same con- 
trol, data, and transport channels. 


Verizon launched the first LTE-M network in the U.S. on March 31, 
2017, and ATT Wireless was expected to follow shortly after. 


LoRaWAN and Sigfox 


Long Range Wide Area Network (LoRaWAN) is a Low Power 
Wide Area Network (LPWAN) specification for wireless, battery- 
operated loT devices. LoRaWAN operates in the sub-1 GHz unl 
censed spectrum band. This limits the volume and frequency of 
traffic, as well as the ability of the base station to control the 
network and send traffic down. However, LoRaWAN has great 
advantages in terms of battery life and cost, and communication 
is bi-directional. 


Sigfox is a French company that created a technology similar to 
LoRaWAN for lo device communication. Sigfox technology uses 
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attraction to eliminate the back-mmf drag portion of the attractive field. It 
regauges to zero as the reset condition. 


For appreciable power and smoothness, the typical Kawai engine uses an 
extensive number of asymmetrical self-regaugings per axle rotation, for 
example 36 times on each end, or a total of 72 times for the two ends. The 
force field of each coil, accompanying its increased magnetostatic scalar 
potential, is oriented radially inward, so that radial work cannot be done by 
the coil on the rotor because the rotor does not translate radially. 
Advantage is taken of the initial clockwise acceleration force initially 
produced, and self-regauging eliminates the counterclockwise decelerating 
drag force that would be produced without the regauging. 


‘The major benefits are that (a) multiple self-regaugings occur for a single 
rotation of the rotor assembly, enabling high weight-to-power ratio, (b) 
each electromagnet is energized only when positively contributing to the 
clockwise torque that drives the rotor, and (c) each coil is de-energized to 
asymmetrically self-regauge the system during those periods when the coil 
would otherwise create back-drag (counterclockwise torque) ifit remained 
energized. 


A conservative cycle is one in which the work done in the back-drag 
(mmf) region is equal to the work done in the forward boost (forward 
mmf) region, Self-eliminating the back-drag portion of the cycle is a form 
of asymmetrical self-regauging, and makes the net field highly 
nonconservative. The Kawai approach is thus permitted to attain COP> 1.0. 
In his U.S. patent, Kawai quotes performance measurements showing 
COP = 3.18. As we stated, Hitachi engineers measured two Kawai- 
modified Hitachi magnetic motors which exhibited COP =1.4 and 16 
respectively. 


Since the output is shaft horsepower, in principle the Kawai engine can be 
close-looped for self-powering, without consideration of the Dirac sea hole 
current. With its external close-looping system (not shown), it falls within 
the second close-looping class, that of an “outrigger” system. Only the 
Unitary system closed-looping class requires consideration of hole currents, 
in the Dirac Sea 


‘The Kawai process and several other Japanese overunity systems have 
been blocked from further development and marketing by the Japanese 
Yakuza. The present author and the Board of Directors of CTEC were 
physically present and in final negotiations (having reached agreement!) 
with Kawai to market his self-powering motors worldwide, when control 


374 


ofthe Kawai company and process were suddenly seized on the spot in our 
presence. 

64.10 Bedini's Skin Depth Magnetic Switching 

Bedini found a most interesting variation of flux path switching: he 
switches the direction ofjust a litle fraction ofthe ongoing magnetic flux 
in a material flux path, on the skin of one side of it and with only a slight 
"skin depth".'* 


‘Suppose a flux path material is used as the stator pole ofa permanent 
‘magnet motor. A large permanent magnet is used to magnetize that short 
length of flux path, as shown one the left in Figure 6-31, which illustrates a 
concept for a magnetic motor. For convenience, imagine that the small 
‘magnet on the right is not yet placed on the material flux path extension. 
‘The flux path extension is energized by the south north pole of the large 
permanent magnet on the left, and used as the stator in a rotary magnetic 
‘motor. 


© To anyone who understands Japanese culture, Kawai paid me one ofthe greatest 
compliments possible. After his company representative called from Japan, Kawai 
shipped his original proof of principle engine — which frst suecessfully 
demonstrated his fux-path switching process without being optimized for COP>1.0 
— to me, here in the U.S. Inthe Japanese manner, he had entrusted me with his 
single most valued possession. From yeats of aikido experience, 1 fully understood 
the meaning ofthis unprecedented gesture, and expressed my deep appreciation 
accordingly. From our first meetings with Kawai and his group, T have and always 
shall have the utmost respect for Teruo Kawai. In my view, itis a sad loss to 

unkind to have his engine buried and withheld so brutally. Kawai had already 
achieved a closed-loop self-powering Version, and itis this version upon which we 
reached agreement. In less than 24 hours after that ageeement, the Kawai engine and 
company — and Kawai's own fate — were seized and no longer in Kawai's hands 
For those unfamiliar with the deep spread ofthe Japanese Yakuza, the following ate 
recommended: (a) Brian Bremner, "How the Mob burned the Banks: The Yakuza is 
atthe center ofthe $350 billion bad-loan scandal," Business Week, Jan. 29, 1996, p. 
42-43, 46-47; Michael Hirsh and Hideko Takayama, "Big Bang or Bust?" Newsweek 
Sept. 1, 1997, p. 44-45: Adam Johnston, Yakuza: Past and Present,” downloaded 
fiom the Internet, Committee for a Safe Society, Organized Crime Page: Japan 
History and present status of Japanese organized erime. 


© Close colleague Ken Moore also independently discovered this effet in his own. 
‘experiments, but then we found that Bedini had discovered it earlier. That was fine 
with Ken; he greatly admires Bedini and the marvelous discoveries Bedini has made 
1 greatly admire both ofthem, and am happy to call them best friends. Afterall 
seienee has a human side as well as a materials side. Without one's close colleagues 
and best friends, seience alone would be a miserable enterprise! 
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As can be seen, the north pole of the rotor, shown in the figure, is attracted 
to the resulting south pole ofthe stator. Power can be taken from the shaft 
ofthe rotor while it is being attracted in to the extended north pole of the 
stator flux extension. As it begins to pass the extension end, obviously if 
nothing else is done it will develop back mmf "drag" by being attracted 
back toward the north pole of the flux extension as it passes it. 


However, suppose that —just when the rotor south pole is passing dead 
center of the stator north pole extension, one suddenly pulses a small flat 
coil placed on the face of the extension, which serves the function of the 
small permanent magnet shown on the right of the material flux path 
extension, Further, suppose the magnetic field produced by the coil is 
oriented as the field ofthe small permanent magnet, but is much weaker 
than the magnetic field ofthe large permanent magnet on the left. A very 
curious effect then occurs. This energized coil magnetizes the edge of the 
flux path extension, to a small "skin depth” as shown, with a north 
polarity. The magnetic flux is now bidirectional in that same material flux 
path extension. 


Further, this edge-switching action is performed so that it is this "partial 
north polarity” ofthe now-altered extension that faces the rotor north pole 
as it begins to pass the extension and enters what previously would have 
been a back mmf'section, Instead, now that former back mmf section is a 
weakened forward mmf region, further accelerating the rotor. This action 
breaks the Lorentz symmetry around the rotation path of the rotor, 
resulting in a net nonzero (nonconservative) magnetic field. Hence the 
entire rotor exhibits a net drive force around its loop. The rotor will 


376 


accelerate until the mechanical work performed upon the shaft, friction, 
etc. is equal to the net magnetic energy furnished to the rotor. 


‘The beautiful part ofthis motor is that one does not have to “overcome” by 
brute force — and then reverse — the north polarity of the entire stator 
extension. In theory, the overall energy added to the rotor is greater than 
the energy that must be added for the "edge switching" of the magnetic 
flux path extension, because the entire back mmf of the motor has been 
eliminated and replaced by a weaker forward mmf. Ifthe process of 
furnishing the "skin depth” weaker magnetic north field to the edge of the 
flux path extension is made sufficiently efficient, this engine also can be 
‘made self-powering, at least in theory. 


The former "motor" design has been converted to a "motor/generator” 
design, by the addition of the edge-switching action. The novel factor is 
the use of bidirectional flows of magnetic flux in a single material flux 
path 

An additional improvement is to rig a Wiegand sensor and pulse generator 
or sensors in conjunction with the rotor action, to freely furnish and kill 
the edge-switching pulse to the face-magnetizing coil on the flux path 
extension, at the appropriate times. This is an area where even high school 
students will be able to experiment. 


Bedini's patent on the edge switching process and its various embodiments 
and improvements has been issued {453} 


64.11 Bedini's Flux Path Switching with Energy Capture 
One additional embodiment of the Bedini flux path switching motor is 
shown in Figure 6-32. Here the entire flux path is switched, by moving a 
small coil on the bottom side of the material flux path, as shown in the 
figure. As Radus showed {454}, it tums out that a much weaker magnetic 
field in that left bottom position will switch the flux path of a powerful 
permanent magnet field at the left top of the path, as shown, 


Now, however, Bedini adds a transformer coil around the right end of the 
core (the right end of the extension is still the stator pole in the magnetic 
‘motor diagrammatically shown in Figure 6-32). When the flux path is 
switched back and forth, this transformer coil produces an AC signal 
output, which can power a load as shown, and can even be used to power 
the switching power supply. The trick is that it requires less energy to 
‘make the vertical flux path preferable to the horizontal flux path, than the 
energy delivered into the flux path by the permanent magnet. The potential 
for self-powering of a sufficiently efficient magnetic motor is obvious. 
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our 32 ede tl pat ncn an evary caver cas in tanlome. 


So the motor can be powered while simultaneously acting as a partial 
generator. For efficient switching, this motor/generator can in theory 
develop COP>1.0 and can even be made close-looped and self-powering 
‘We strongly accent that the primary excess energy input to the system is, 
from the vacuum itself, via the broken symmetry of the large permanent 
‘magnet dipole at the left top of the material flux path. As we have 
repeatedly stated, the only energy problem is how to capture and utilize the 
EM energy freely received, transduced, and poured out from the vacuum 
by the source dipole's broken symmetry, without using half of it to destroy 
the source dipole. 


6.4.12 Transformer Secondary Shunted by a Negative Resistor. 

See Figure 6-33. This embodiment assumes the availability ofa true 
negative resistor — possibly an adaptation of a point contact transistor or 
other device. As shown in the figure, a transformer exhibiting COP> 10 
can be developed by adding a shunting true (not differential!) negative 
resistor across the terminals of the secondary, adjacent to the secondary. 

In this manner, the Lorentz symmetry of the closed unitary current loop 
containing the external loads and losses, and normally the secondary of the 
transformer in series, is broken, 


Part of the return spent current is now "pumped" back up fiom ground side 
to power side ofthe transformer secondary without passing through the 

secondary. The pumping work is providing by dissipation (in the negative 
resistor) of energy freely obtained from the active vacuum environment. In 
short, one adds a negentropic process in parallel with the secondary coil, in 
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the secondary extemal circuit, breaking the otherwise enforced Lorentz 
symmetrical regauging ofthe discharge ofthe collected EM excitation 
energy in the secondary circuit. This provides the capability for a 
permissible COP> 10 transformer. 


esr 6 Tnoer shred anepte resi 


In theory, ifthe negative resistor can bypass all the current in the 
secondary, or almost all of it, the transformer can become a COP» 1.0 
device 


This overunity transformer can use step-up of the voltage from primary to 
secondary, and exhibits an asymmetry in its forward and backward field 
coupling between primary and secondary. Thus the dissipation of energy in 
the primary circuit need not be as great as the dissipation of energy in the 
secondary circuit. The energy flows are of course in perfect conservation, 
but there is no law of nature requiring the energy dissipations to be 
conservative between the primary and the secondary. It is strictly the 
backfield coupling from secondary to primary that enforces equal energy 
dissipation in the primary as in the secondary, in normal transformers. And 
that backfield coupling’s strength is a function of the return current through 
the transformer secondary. By reducing that current, the back coupling to 
the primary is reduced, which in turn reduces the current draw of the 
primary from the external power supply. 


No laws of physics, electrodynamics, or thermodynamics are violated by 
the asymmetrically coupled transformer power system with broken 
its secondary to primary circuit couplings. In short, there is 
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less backfield coupling from primary to secondary than there is from 
secondary back to primary. The additional energy dissipated in the 
secondary circuit is freely extracted from the vacuum by the negative 
4-resistor shunt. 


Again, this application assumes the availability ofa true negative resistor, 
to use as a shunt ofthe secondary. 


The beauty ofthis application is that, once achieved, such a COP>1.0 
transformer can easily be close-looped for self-powering by standard 
governed” positive feedback. No concern as to hole current effects 
usually need be accounted for unless the COP becomes very large. 


6.4.13 Eddy Current Multiplier. 
Figure 6-34 shows an example of an eddy current multiplier, adapted from 
Burke {455}. This is given as a somewhat unusual system which may 
exhibit novel effects and possibly can be adapted into a COP> 1.0 system 
(eg., by using permanent magnets instead of the coils and triggering things 
into unbalanced condition using a rotary pulse wire generator. We simply 
list it here as a candidate for the experimenter. 


= 


re 68 ty cuenta 


In Figure 6-34, the shaft of the conducting disk is connected to a rotor, 
which could have arrangements for rotary type of Wiegand pulse generator 
of Figure 6-29 (with self-initiation and self-recovery) around it (not shown 
in Figure 6-29). One would start the rotating disk by hand. These Wiegand 
sensors would then automatically and repeatedly deliver a series of electric 
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pulses to the coils, momentarily generating the two eddy currents shown, 
so that dynamic force and rotary acceleration is obtained during the 
endurance of the pulses. In short, one would "electrically kick” the coils so 
that they continually deliver a propulsive "magnetic kick" to the 
conducting disk to repeatedly generate eddy currents to rotate it. The rotor 
is powered as shown by the interactions ofthe two unbalanced induced 
eddy currents. Such an arrangement could possibly exhibit COP> 1.0. 


To experiment with such an apparatus, the major parts that must be 
developed are (i) the rotor and coils arrangement (the motor), (ii) the 
integrated rotary Wiegand effect pulse generator with self-recovery, and 
(ii) the proper timing arrangement. Each should be developed and 
optimized individually in the researcher's experiments, then combined and 
optimized together. This is an experimental area that can be cheaply 
investigated, e.g., by a college student or high school student for a science 
project. Whether COP>1.0 is achievable or not depends upon the 
efficiencies that can be obtained with the various processes involved. It is, 
possible, at least in theory, for such an arrangement to be self-rotating once 
rotary motion is underway. 


6.5 CONCLUSION 


In this chapter we have advanced many approaches to COP>1.0 systems, 
that have been tried or considered by various inventors and researchers in 
the field. Many of these experimenters have attained concrete, replicable 
results, including results published in the hard literature 


We hope this sampling shows the reader that indeed we can have "self 
powering” electrical power systems and COP> 1.0 electrical power systems 
whenever the scientific community will come out of its preoccupation with 
the present seriously restricted electrodynamics and electrical power 
engineering practice and fund the necessary research. Simply funding a 
few graduate students for research and doctoral theses in these areas would 
be very useful and immensely more productive for electrical energy 
purposes than all the billions and years spent on chasing hot fusion, 


Hopefully the iron dogma of the scientific community against COP>1.0 
electrical power systems is slowly changing. Ifso, and ifthe community 
will turn loose those sharp young graduate students and post-doctoral 
scientists on the problem, very shortly there will no longer be an electrical 
energy problem on Earth, ever again. We strongly refer the reader to 
Deffeyes’ book {456} to rigorously validate the coming increase of the 
price of oil, in the middle of the present decade. See particularly the 
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quotation from Deffeyes in our Endnote {342}. With the present extreme 
volatility of the MidEast and the continuing war on terrorism, the 
probability is high of eventual severe disruption of oil supplies and the 
energy infrastructure of the U.S. 


‘An independent review of Deffeyes’ book is given by Young {457} and we 
recommend that the reader digest that commentary also. 


Ifthe scientific community will fund the necessary research on permissible 
COP> 1.0 Maxwellian systems, the quick results will solve the energy 

crisis, clean up the biosphere — including much cleaner air in our cities, 
for the populace to breathe — provide cleaner streams, and result in far 
less polluted oceans. It will stop the pollution-caused destruction of 
species, and dramatically reduce the hydrocarbon combustion 
contributions to global warming. There will no longer be a necessity to 
consider "burying" in the bottom of the sea the excess CO2 from massive 
hydrocarbon combustion to provide the much-needed electrical power, 
because it will no longer be necessary to burn the oil, coal, and gas to get 
the power. And there will no longer be any necessity for expensive and 
highly vulnerable nuclear power plants with their resulting nuclear wastes 
that will remain radioactive for thousands of years, 


Ifcheap, clean EM energy from the vacuum is rapidly developed, we may 
‘finally get the scientific community's head wrenched back out of the big 
nuclear power business, as a colossal waste of research manpower and 
taxpayer dollars — as well as providing ticking time-bombs for the 
terrorist teams now already in the United States to attack and destroy. It is 
so easy for a person with appropriate technical knowledge to build a 
portable electromagnetic pulse (EMP) "shooter" that one shudders at the 
consequences of in-country terrorist teams that can do so. Try imagining 
‘what we would face when the electronic controls of one or more operating 
nuclear power plants are suddenly disabled and destroyed with the reactor 
on line and providing power. Chernobyl might look like a mild spring 
breeze in comparison, should we have one or more actual meltdowns, 


It is not a pleasant consequence to contemplate, and that alone may 
eventually dictate the overwhelming urgency of achieving decentralized, 
vacuum-energy-powered electrical power systems as soon as humanly 
possible. The present centralized, cumbersome energy infrastructure is 
vulnerable beyond all sanity, considering the thousands of terrorists 
already in country, with weapons of mass destruction as well as more 
conventional sabotage means. AS a single example, the former Soviet 
Union clandestinely brought in nuclear weapons into the U.S., and 
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Spetznaz teams to detonate them on order. Such weapons (and teams) are 
already in large U.S. cities and population centers. The reader is referred to 
Lunev’s book,"” for details about how the nuclear weapons were 
introduced. 


After all, we do have to live and survive in the real world, and not just in 
an idealistic scientific environment. We are already at war, with alerts of 
potential danger to our nuclear power plants already having been given on 
several occasions. In the present very disorderly and very dangerous world 
we live in, many ofthe former options we have had for decades are rapidly 
ending. That includes the option for the leaders ofthe scientific 
community to continue "business as usual”, ifthey wish this nation and 
their own families to survive. There is an old adage in war: Whatever your 
determined enemy can do to hurtyou desperately, he will do as his highest 
priority. Sadly, in my opinion the leaders of the scientific community — 
unwittingly — are presently doing almost everything they can do to insure 
that the energy infrastructure goes, the national economy goes, a nuclear 
meltdown possibly occurs, and this nation and much of civilization 
perishes in a new dark ages. 


Stanislav Lunev (with Ira Winkler), Through the Eyes ofthe Enemy, Regnery, 
ngton, 1998. Lunev is the h 18 

Colonel in the GRU, the military counterpart of the KGB. On p. 22-33, he 
summarizes the Spetznaz capabilities. On p. 22-27. he summarizes Spetznaz use of 
nuclear Weapons already on American soil, On p. 26, he gives some ofthe ways in 
Which the Soviets easily brought nuclear weapons into the U.S. On p. 30 he confirms 
Russian seismic weapons, Use of EMP weapons is on p. 30-31. Use of very, very 
low frequency weapons to destroy the human brain, put people into a zombie-like 
state, and aid in brainwashing is confirmed on p. 31. The present war on terrris 
thas many more facets than are presented by the conventional news media 
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very low bandwidth connections. It is not bi-directional and is 
only used for sending sparse uplink data with very limited down- 
link. Like LoRaWAN, Sigfox operates in the sub-1 GHz space and 
thus uses very low power, 


LoRaWAN and Sigfox will be used with certain types of sensors, 
smart meters, and other low data IoT devices. A disadvantage for 
these technologies is that, unlike NB-IoT, which is built on top of 
existing LTE infrastructure, LoRaWAN and Sigfox are not inte 
grated with LTE. However, the cost of deploying a LoRaWAN or 
Sigfox based loT device is far less than for an NB-IoT or LTE-M. 
device — by an order of magnitude, since NB-IoT and LTE-M. 
devices must integrate LTE modules into their devices. 


technology decisions, itis likely that many standards, protocols, 


® As countries and mobile network operators (MNOs) make IoT 


2h 


and technologies will need to co-exist. Factors such as cast, cov- 
erage, battery life, and integration with older 4G networks will 
determine which standards, protocols, and technologies are best 
for each use case. 


‘The 3GPP specifications for foT technologies are just starting to 
come out as part of the LTE-A Pro standards. Many loT devices 
will need to operate at very low power, ideally suited for sub-1 GHz 
spectrum rather than the millimeter wave (mmWave) spectrum 
(discussed in Chapter 6). That said, there are some compelling 56 
techniques, like resource spread multiple access (RSMA) wave- 
forms that allow grant-free transmissions for “things” to send 
their data without prior scheduling by the eNodeB. As a result, 
the scheduling algorithm becomes less complex. 5G will also 
enable multi-hop mesh for these low-power devices, allowing 
out-of-coverage devices to relay to other connected devices in 
order to send data to the eNodeB. 


5G For Dummies, Ixia Special Edition 


Just as the dinosaurs were confronted with a new and dangerous threat, and 
failed to adapt, the electrical power infrastructure is now confronted with a 
potent threat against its very vitals and — so far — is completely failing to 
adapt. It is going to have to adapt or perish, which presently implies that 
we all perish along with it. Those who make it their nefarious business to 
see to it, will see to it. 


So let us "see to it" first, scientifically, as rapidly as human research and 
development can do the job. The very existence of civilization may well 
depend upon it 
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Chapter 7 


Aharonov-Bohm Effect, Geometric Phase, 
and the Motionless Electromagnetic 


Generator (MEG) 


[Decision that hydrogen fuel is the future]. "We are at the 
peak ofthe oil age but the beginning ofthe hydrogen age. 
Anything else is an interim solution. The transition will be 
very messy, and will take many technologicalpaths ...but 
the future will be hydrogen fuel.” (Herman Kuipers, 
Royal Dutch Shell. 


[Vacuum energy is real] "..the acceptance ofa 
structured vacuum described by an O(3) gauge group 
leads directly to the existence ofnovel charges and 
currents in the vacuum. These are conserved, orNoether, 
currents and charges andare clearly topological in 
origin. They springfrom thefact that the vacuum is a 
topological space. Four such entities emerge: [1]A 
topological vacuum electric charge, also proposed 
empirically by Lehnert etal. [2] topological vacuum 
electric current, also proposed empirically by Lehnert et 
al, [3]A topological vacuum magnetic charge, proposed 
also by Barrett and Harmuth. [4] A vacuum topological 
‘magnetic current, proposed also by Barrett and Harmuth. 
Each ofthesefour objects can provide energy 
which can be loosely termed ‘vacuum energy’: energy 
coming from the topology of the vacuum. ” [Evans] {458} 


[Aharonov-Bohm effect] "..the Aharonov-Bohm effect is 
a local gauge transformation ofthe true vacuum... [which] 
produces a vector potentialfrom the true vacuum. [This 
‘gauge transformation produces topological charge.... the 
electromagnetic field, which carries energy, and the 
vacuum charge current density first proposed by Lehnert 

and developed by Lehnert and Roy... ". (Evans and 
Jeffers] {459} 


‘geometric phase. See his very elegant sumi 


[Geometric phase] "The concept ofthe geometric phase is 
closely related to the effect ofa state function acquiring a 
non-zero phase factor after a quantum system undergoes 
acyclic evolution. This means, that ifa system after some 
time returns to its original state, the result of such an 
evolution will be recorded in the phase ofthe 
wavefunction. Moreover, this phasefactor can be 
‘measured by interfering initial and final states 

Although there are no widely recognizedpractical 
applications ofthe geometric phase, its experimental 
observations have been reported in many fields of science. 
The largest group ofexperiments have been carried out 
on polarized light ...andpolarized neutrons ... The 
geometric phase has also been observed in magnetic 
resonance experiments .... mesoscopic structures ...and 
molecular systems ... Analogues ofGP — the Hannay 
‘angles — have been shown to exist in classical 
‘mechanical systems ..., the mostfamous example ofwhich 
is the Foucault pendulum.” [Aleksiejunas}"* 


[Practical use of geometric phase]. "The motionless 
electromagnetic generator is the first practical 
macroscopic use ofthe geometric phase. " (T. E. Bearden, 
2001, to acorrespondent} 


[Impact of extracting energy from the vacuum] “I/they 
[quantum fluctuations ofvacuum] can be [tapped], the 
impact upon our civilization will be incalculable. Oil, 
coal, nuclear, hydropower, would become obsolete—and 
so would many ofour worries about environmental 
pollution.” "Don't sell your oil shares yet — but don't be 
surprised ifthe world again witnesses the four stages of 
response to any new and revolutionary development: 1 

I's crazy! 2. It may be possible — so what? 3. Isaid it was 


ich indebted to Dr. Rimvydas Aleksiejunas for this clear statement of the 
ar," Introduction to The Geometric 


Phase Decomposition,” on his Internet website at hup//signalogram.free- 
hhosting.IWResearch/gp dec.him. His own publications in scientific journals and 
proceedings are also listed on the website, and many are available for downloading. 
His doctoral thesis dealt with geometric phase and he is a specialist in that field 
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a good idea all along. 4. Ithought ofit first." [Arthur C. 
Clarke] (460). 


7.1 Introduction 


In this chapter we give a history, some information, and comments about 
the Aharonov-Bohm effect (473}, which was generalized by the Berry 
phase {477} for adiabatic conditions, which itself was further generalized 
by Aharonov and Anandan (480) to remove the adiabatic limitation. The 
modern all-inclusive term is geometric phase, which has been found to be 
involved in a very wide variety of physics areas. In its embodiments, the 
‘motionless electromagnetic generator (MEG) does utilize the Aharonov- 
Bohm effect (geometric phase) in a unique manner that we explain. We 
also remark on what we hypothesize may be some related new aspects of 
the curl-free magnetic vector potential itself. 


gue 7-1 Manis Eevee Generar WEG) 


‘The motionless electromagnetic generator (MEG) (Figure 7-1) was 
invented by Patrick, Bearden, Hayes, Moore, and Kenny (461) after years 
of research and experimentation. It has been technically described 
elsewhere {462}, and scientific explanations of the fundamental 
‘mechanism by which it successfully extracts useful EM energy from the 
active vacuum have been published in the recognized literature (463, 38a, 
464}. Other closely related papers on extracting EM energy from the 
vacuum have been published or are submitted and in review (465a-46Sh). 
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A version of the MEG has also been independently replicated by Naudin 
{466}, and in fact by others who did not wish to publish their results. By 
permission, Naudin’s Mark II MEG replica is shown in Figure 7-2. 
Consequently, the MEG is a validated and replicated COP> 1.0 system, as 
required by proper scientific methodology. Further, sufficient information 
has been released for any competent laboratory team to replicate a version 
ofthe MEG. 


ure? Muda Repeston ofthe. 


We give an overview ofthe MEG, the principles of ts operation, the status 
of the project, and some indication of future plans. 


7.4.4 Status 
‘As this is written, the first MEG patent has just issued {37}. A second 
Provisional Patent Application has been filed, and at this writing is in 
process of being replaced by a formal regular patent application. Two 
other patent applications are in preparation. All rights to the MEG are 
assigned to Magnetic Energy Ltd., Huntsville, Alabama, U.S.A., whose 
CEO is Dr. James L. Kenny. 


In addition, Bedini and the present author have filed a provisional patent 
application on the process and embodiment for close-looping a COP>1.0 
system for self-powering operation, and are in process of replacing it with 
a regular patent application also. Magnetic Energy Ltd. has permission to 
utilize the Bedini-Bearden close-looping process. In addition, Magnetic 
Energy Ltd. has its own proprietary close-looping process, for which a 
patent application is being prepared. The Company is also involved in 
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serious discussions with several large companies and financial groups for 
potential financing. When that funding is obtained, we will open a 
substantial research and development laboratory here in the United States, 
serving a separate production company to be set up with our financial 
partners to produce and market the MEG. Meanwhile, laboratory work to 
complete the research and development of the MEG is also ongoing under 
a cooperative arrangement with the National Materials Science Laboratory 
of the National Academy of Science ofa friendly foreign nation formerly 
under the Soviet bloc. 


7.1.2 Future Plans 
Our plans are straightforward. We will continue to pursue and update our 
patents and file additional ones as additional discoveries are made. We will 
continue our negotiations with major financial parties until satisfactory and 
‘mutually beneficial capitalization is obtained (we expect that to occur 
before the end of 2002). At that time we will establish a modem Magnetic 
Energy Ltd. U.S. laboratory devoted to advanced research and 
development, as well as a Separate production company in partnership with 
our funding partners. The final research necessary on the MEG (four areas, 
of physics as well as the electrodynamics) will be completed in somewhat 
less than one year after setup of the lab and lab team, and the production 
company is expected to have the first engineering development production 
prototype at the end of that first year. We expect it to be a self-powering 
unit. We will simply put the first MEG units into production and on the 
world market immediately thereafter. 


Be Tint 
Power” | Shachronizer 
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jure 7-3 Wok gram fevsoued madlar ME design. 


See Figure 7-3. The first production MBG is envisioned as a modular 2.5 
KW unit together with a synchronizer unit simultaneously developed, so 
that up to six 2.5 KW MEG units can be synchronized in a power system 
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array. This will yield power units from 2.5 to 15 KW. We are struggling to 
have the closed-loop process completed and ready in that same first year, 
and if possible the very first MEG units will be close-looped and self- 
powered. At the end ofthe second year or before, we plan to have the 
close-looped basic MEG unit in 10 KW size, again with synchronizer so 
that up to six MEG units can be synchronized in an array. That will cover 
the 10 - 60 KW power system size, which is ideal for homes and small 
businesses. Once the units go on the world market, we believe that the 
market will be extraordinarily dynamic and productive. We intend to 
license multiple companies for production and competition for various 
markets, with no single company being given total monopoly worldwide. 


7.2 Aharonov-Bohm (Geometric Phase) Effect 


‘The Aharonov-Bohm (AB) (473) effect, or geometric phase (GP) {477, 
480) effect, is now well known {467} in quantum mechanics and quantum 
electrodynamics, but does not exist in classical electrodynamics. The effect 
proves the reality of the potentials and their primacy over the fields. 
Further, it shows that electron effects can be generated by the magnetic 
vector potential A even in the absence ofthe magnetic field B. 


Ne Leh 
— A-POTENTIAL~ 
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According to Feynman (468), it required 25 years for quantum physicists, 
to clearly face the issue eventually pointed out in 1959 by Aharonov and 
Bohm ofthe primacy and separate action of the force-field-free potential, 
in regions where no force fields were present (Figure 7-4) (469). After the 
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effect was experimentally demonstrated by Chambers {474} in 1960, it 
then required another 25 years before physicists would accept it. Even 
today, another 16 years after full acceptance in 1986, to our knowledge the 
Aharonov-Bohm effect has not previously been utilized in any practical 
electrical power system {470}, much less one that has a COP>1.0. As 
Aleksiejunas™ states (see his quotation at the beginning of this chapter), 
there have not previously been any widely recognized practical 
applications of the geometric phase. Now there is a practical application of 
major worldwide importance, since the operation of the MEG depends 
upon the geometric phase (Aharonov-Bohm) effect to produce real 
electrical power fiom the active vacuum itself 


We also believe that the curl-free potential may not have been adequately 
investigated, particularly along the lines of its utilization in the MEG. 


7.3 Abbreviated History of the Geometric Phase 


The earliest work with a state function acquiring a non-zero phase factor 
after a quantum system undergoes a cyclic evolution was published in 
1956 by Indian scientist Pancharatnam (471). Pancharatnam noticed phase 
shifts of cyclic evolutions in optical phenomena. This means that, ifthe 
system leaves its original state and after some time returns to it, the result 
of the system's evolution will be recorded in the phase of ts wavefunction. 
In addition, this phase factor can be measured by interfering the system's 
initial and final states.’ Sadly, Pancharatnam's anticipation of the 
geometric phase factor did not receive the attention it so justly warranted, 
and his paper languished almost unnoticed for nearly four decades, when it 
‘was finally rediscovered. This was an excruciating Scientific tragedy to 
Pancharatnam, comparable to that which befell Waterston (472) 


‘Te effect ofthe field-free potential and the geometric phase issue were 
pointed out strongly by Aharonov and Bohm {473} in 1959 in a leading 
US. physics journal, causing much consternation in physics. Before that 
paper, most physicists still believed that all electromagnetic forces and 
effects were induced only by the force fields,'” and not by the potentials. 


"Indeed, the force fields do not even exist in mass-free space, but only in matter. 
Force is defined as F = 0/0¢ (my) so that mass is a component of force. Feynman 
Sates: "in dealing with force the tacit assumption is always made that the force is 
equal to zero unless some physical body is present... One ofthe most important 
characteristics offorce is that it has & material origin..." "the existence ofthe 
positive charge, in some sense, distorts, or creates a “condition” in space, $0 that 
‘when we pul the negative charge in, itfeels aforce. This potentialtyfor producing a 
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In the prevailing belief, when the fields were zero there were no EM 
effects. Indeed, the potentials were largely regarded as mathematical 
conveniences. 


Another point of consternation was that the A-potential is not uniquely 
determined, but is determined only up to a particular gauge transformation, 
So there can be two (or even more) magnetic vector potentials A and A’ 
corresponding to a specific magnetic field. Aharonov and Bohm raised a 
disturbing question: How can two different "causal" A potentials produce 
the same effect? We will rigorously answer this question shortly. 


While the experiments suggested were difficult, they were performed 
shortly after the publication of the Aharonov-Bohm paper. The very next 
year, in 1960, Chambers {474} experimentally demonstrated the 
‘Aharonov-Bohm effect, though not with complete decisiveness. A 1983 
paper by Tonomura et al. {475} was significant, and a 1986 publication of 
further work of Tonomura et al. was decisive {476} 


In 1984, Berry generalized the Aharonov-Bohm effect into the geometric 
phase (477). In 1985 the Tonomura effort plus experimental work by 
Webb et al. {478} settled the matter, as strongly stated by Schwarzschild 
the next year (479}. In 1987, Aharonov and Anandan (480) further 
generalized Berry's geometrical phase, freeing it from its adiabatic 


force is called an electric field. " So Feynman was fully aware that not the force field 
but only the potential (-e., the potentiality) for producing the force field exists 
smuss-free space. The electrodynamicists continue to be confused on that point. E.g. 
fon p. 28 ofhis Classical Electrodynamics, 2nd edition, Wylie, 1975 Jackson states: 
"athe thing that eventually gets measured is a force...", confirming that force is an 
observable and thus a ddr operation imposed upon spacetime LLLT to give a purely 
spatial entity LLL. On p. 249, Jackson also states that "Most classical 
clectrodynamicits continue to adhere to the notion that the EM force field exists as 
such inthe vacuum, but do admit that physically measurable quantities such as force 
somehow involve the product of charge andfield.” The wo patts ofthe conventional 
assumption, as stated by Jackson, contradict each other. We point out that Jackson's 
book has been a standard of excellence for years, and no EM library is complete 
Without it It merely shows the extraordinary difficulty of rooting out the 
exasperating and mind-numbing confusion in physies between the observed effect 
and the unobserved cause. Force is an effect, after interaction (observation or 
‘measurement), hence cannot be the cause (which exists prior to interact 
measurement). Else, there is no difference between cause and effet, 
‘causality itself. This confusion is still there in even the hoary old classical 
mechanics, now some centuries old. By that standard, electrodynamicists have a long 
time remaining before they will have propagated this non sequitur” as long as the 
‘mechanical physicists have. 
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restriction and generalizing the geometry. Much discussion ofthe AB 
effect and Berry's geometric phase occurred (481a-481c}, but the 
scientific consensus was in: The Aharonov-Bohm effect is real and the 
geometric phase is a widespread fact of nature. 


In 1985, Olariu and Popescu (482} published a very good overview and 
discussion of the AB effect up to that time, with hundreds of references. 


‘Thousands of papers on the AB effect, the Berry phase, and the geometric 
phase have since appeared in the literature, and continue to appear at a 
rather steady and prolific rate. A few are listed for a sampling (483a-483k, 
484a-484i). The original Aharonov-Bohm effect has now expanded and 
spread widely through physics and into a myriad other effects and areas, 
such as the scalar AB effect, the Aharonov-Casher effect, magnetic vector 
potential vortices, quantum tunneling, chemical reactions, chaotic 
oscillation, and others. These related extensions are far beyond our interest 
here. We are, however, interested in what we hypothesize may be a new 
aspect ofthe perturbed curl-free magnetic vector potential A. We shall 
address that aspect briefly 


7.4 A Possible New Aspect of the Curl-Free Magnetic 
Vector Potential 


We propose what may possibly be a unique new aspect of the curl-free A- 
potential — and thus ofthe Aharonov-Bohm effect — that has been 
uncovered in our MEG experiments. We caution, however, that this is a 
tentative interpretation and remains to be further validated 


ist we state that the equation, B = VA, usually accepted as the 
lefinition” of the magnetic vector potential A, is not even a definition, 
because no equation is a definition. “” If we rewrite the equation as the 
identity B = VxA, then it is a proper definition — though not of the A- 
potential, but of the B-field itself, given that the A-potential exists and is 
primary. It also states that the B-field is simply a magnetic vector potential 
having swirl; L¢., the notion ofthe B-field captures that swirl aspect of a 
swirling A-potential. Hence the statement that B = zero implies only that 
the A-potential remaining is swirl-free and hence a linear EM energy 


s a definition, «priori. I merely states the relationship ofthe total 
‘entities on the let to the total magnitude of the entities on the 
right. It does not define any entity on either the left or the right. One of the gros 
saeuitursin physics texts is to continue to present equations as "definitions 
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» Virtualizing the network for 5G and loT 


» Knowing which network elements to 
virtualize 


Chapter 5 
Getting Real About the 
Need to Virtualize 


irtualization has been a hot topic in the technology indus- 
try for many years and its advantages transcend the cel- 
lular industry. In this chapter, you learn about the network 
elements that can be virtualized and the essential role of virtual- 
ization in 56, 


Driving 5G and IoT with Virtualization 


‘Telecommunications companies and mobile network operators 
(MNOs) have invested heavily in their 4G and Long ‘Term Evolu- 
tion (LTE) networks. These organizations have embraced virtu- 
alization to enable faster, more agile, and scalable deployments 
that can keep pace with the explosion in subscriber data traffic 
and consumption, all while keeping control oftheir overall capital 
and operating costs. Even though these investments have already 
given users mobile connectivity of unprecedented speed and per- 
vasiveness, they have only laid the foundation of what's to come, 
as 5G and smart, connected devices start to roll out. 


A recent study by a division of Nokia Bell Labs provides a glimpse 
of what's coming, The study found that the number of Internet 
of Things (IT) connected devices is expected to expand from 
16 billion in 2014 to well over 20 billion by 2020. Also, by 2020, 
global consumption demand for digital content and services on 
portable devices will see an average increase of 30 to 45 times the 
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current flow. Note that the B = 0 condition does not specify the magnitude 
ofthe remaining A-potential, but only specifies that it has no curl. This is a 
rigorous answer to the original question posed by Aharonov and Bohm of 
how two different A-potentials can have the same magnetic field B (the 
same swirl). It is no more mysterious than two different rivers having a 
whirlpool of exactly the same swirl magnitude. 


At least to first order, it appears we have arrived at a "semi-definition” of 
the A-potential along these lines: 


The magnetic vector potential A is an EM energy current 
in 4-space, which can be swirling or linear, or can have 
two components where one is swirling and the other is 
linear. The swirling component ofthe A-potential is also 
known as the B-field, and the linear component is known 
simply as the "curl-free A-potential”. The A-potential 
exhibits a remarkable property: Ifits swirl component is 
localized and confined, the remaining space where the 
swirlingA without localization would have been isfilled 
by a remaining unswirling linear A-potential energy 
current. In short, by swirl-localization the swirling 
A-potential can befreely ‘regauged' into two separated 
entities, with the sum oftheir energy being greater than 
the apparent energy ofthe previous swirling A-potential. 
Henceswirl-localizationisamethod ofasymmetrical self- 
regauging ofthe A-potential itself with the excess energy 
coming directlyfrom the active vacuum 


Ifwe take the view that any curled A is identically a B-field, then the 
“natural” A is not curled, because it requires a cur! operation applied to it 
to produce a "curled A" or B-field. Therefore the "natural" magnetic vector 
potential A is simply a magnetic energy current in space, since it is a 
vector and has direction (458). That is a longitudinal EM energy low 
process?"”' We shall be very interested in the uncurled A-potential; ie., in 
that linear energy current in space that is uncovered and freely produced 


® Interestingly, around a toroidal localization zone, the uncurled A-potential does 
curve, but is only linearly following the curving current and the moving E-field from 
‘the moving charges in the current. In the MEG, the uncurled A-potential is even 
more complex, since we use each half of the toroid-like localization zone differently. 
with the B-flux going one diteetion (say, counterclockwise) in the left branch and 
the B-flux going in the other direction (say. clockwise) in the right branch, and with 
4 crossover point in the middle 
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when the B-field is localized. Indeed, we shall perturb it to make a large E- 
field, which we intercept and use to furnish emf to the secondary circuit 
‘and power loads. 


Given a localized B-field so that we have an uncurled A-potential outside 
the localization region: If we now increase the magnitude ofthe A, that 
produces an increased linear energy flow rate outside the localization zone, 
in addition to increasing the B-field in the localization zone. If we decrease 
the magnitude ofthe A, that produces a decreased nonlocalized energy 
flow rate and a decreased localized B-field. In our view it follows that, 
when we oscillate the magnitude of the A-potential by any means 
whatsoever, we oscillate the nonlocalized linear EM energy current flow 
rate as well as the localized B-field. In fact, that creates a normal 
oscillation of the localized B-field, and also creates a nonlocalized 
longitudinal wave of electric field E by the equation E = ~ 2A/ér, if the 
conditions localizing the curl operator — and hence localizing and holding 
separate the concomitant B-field produced by a changing E-field — 
continue in effect. 


We have produced a mechanism for generating a nonlocalized longitudinal 
field wave without a nonlocalized B-field component being allowed to 
‘act outside a confined locality. We stress that a B-field component is 
produced, but remains localized in the special core material (that is one of 
the conditions required in the MEG), 


‘We have also produced a mechanism for generating a nonlocalized 
longitudinal E-field wave with another very novel feature: the magnitude 
ofthe E-field and thus the magnitude of ts energy density (its intensity) 
does not depend on the magnitude ofthe input energy used to perturb the 
A-potential, but only depends on how sharply we perturb it. Thus we have 
produced a mechanism for energy intensity amplification and 
‘magnification, freely. This is possible because the system is an open 
system far ftom equilibrium with the active vacuum, and specifically with 
the curl-free A-potential as an energy current at large in the local vacuum 
where it can be intercepted, collected, and used to power loads. The energy 
intercepted from the uncurled A-potential by the output section(s), is 


additional energy in excess of what is intercepted from the E-fields 
generated in core material B-field magnetic flux changes, 
However, see our discussions ofthe giant negentropy process, earlier in 


this book. Any longitudinal EM "wave in 3-space” is accompanied by a 
longitudinal EM wave on the fourth Minkowski axis, in the time domain. 
EMenergy does not observably propagate continuously in 3-space, since 
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observed propagation is a series of frozen iterative observation processes a 
priori). The "energy flow” actually consists of a propagation in 4-space of 
a continual local circulation of EM energy from the time domain (time- 
polarized EM energy) to each interacting point dipole in 3-space via the 
negative charge of the point dipole, thence to the positive charge of that 
point dipole, thence back to the time domain. In a time-reversed zone, the 
circulation is in the opposite manner. So what spreads as the "longitudinal 
EM energy current in 3-space” is actually the spreading point polarization 
ofthe vacuum and this giant negentropy 4-circulation involved in every 
point dipole of that polarization. 


We believe this previously unsuspected process is involved in the 
Aharonov-Bohm effect (which is a sort of polarization in the time 
domain), other aspects of the geometric phase, fundamental polarization of 
the vacuum itself, and the very notion of "propagation of EM energy 
through space”, At any rate, the hypothesis does fit the phenomena 
observed to happen in the MEG, so it warrants additional careful 
experimental investigation as well as attention from leading theorists. 


Further, the MEG is practical and produces practical electrical power, but 
with a purely electrical reaction in the output secondary coils of the 
transformer section.”"” Hence there is finally a very practical use for the 
geometric phase: It extracts additional nonlocalized EM energy from the 
vacuum (and local curved spacetime) in addition to extracting and 
retaining localized energy. Both the extra "free" nonlocalized EM energy 
and the localized EM energy from the vacuum can be intercepted, 
collected, and utilized to power practical fuel-fee MEG-type power 
systems. 


‘We point out that the rate of changes of all E-fields produced in the 
secondary and primary coils also produce B-fields proportional to the time 
rate of change of those E-fields in each case. ‘These secondary B-fields are 


‘This follows from the localization ofall B-fields in the core material — includin 
the B-field ofthe permanent magnet, those B-fiels produced by dE/d operations, 
tnd those B-fields produced inside the secondary coils, ete. All E-fields produced, 
hhowever, including in the changing flux of the core and in the dA/dt operations of 
the external uncurled A-potential — are fiee from that localization restriction and 
can pass out of the core and interact with the output coils of the transformer section, 
Tn short, we have produced the world’s first purely electric "induction-free” magnetic 
transformer device. The voltage and current, measured directly across the secondary 
coil’s ends, isin phase within 2 degrees and even that 2 degrees can be eliminated, 
We expect the theorists to have a field day in modeling these new phenomena, 
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retained in the core rather than reaching out into surrounding space. Their 
rate of change then further produces E-fields, which pass out ofthe core 
and interact with the coils. Hence there are very novel "multiple 
feedforward and feedback” regenerative loops in the MEG's highly 
nonlinear operation, as well as chaotic oscillations. 


7.5 Use of the Aharonov-Bohm Effect in the MEG 


From the standpoint of electrical power systems, our own interest in the 
AB effect focused upon one important characteristic: the clear separation 
(and localization) of the B-field (the swirl component of the A-potential), 
leaving the remaining "natural" uncurled field-free A-potential as a free 
linear flow of energy current in the vacuum. This operation is iterative, and 
is produced by the core for every B-field produced in the transformer 
section. So a localized dynamic B-field makes nonlocalized dynamic 

fields, which themselves make further localized dynamic B-fields, 
which then further make nonlocalized dynamic E-fields, and so on. ‘The 
result is a very extensive chain of feedforward and feedback field energy 
loops. 


7151 Separation of the Swirled and Linear A-Potentials 
‘The AB effect has long been known in toroidal coils and in long solenoids. 
In a theoretically perfect toroid, for example, the AB effect separates and 
localizes the entire B-field inside the toroid, while the curl-free magnetic 
vector potential A appears in surrounding space outside the toroid. By our 
new interpretation and hypothesis, based on ALAS theoretical work 
published in the literature, this curl-free A-potential represents a 
nonlocalized longitudinal EM energy current in space." Further, the 
curl-free A-potential is an extra flow of EM energy that can be intercepted, 
collected, and used while also still using the entire “normal” B-ield energy 
localized in the core. The neat thing is that the E-field made from the 


js is addressed in M. W. Evans, T. E. Bearden, and A. Labounsky, "The Most 
General Form ofthe Vector Potential in Electrodynamics,” Found. Phys. Lett, 1503) 
June 2002, p. 245-261. See also M. W. Evans et al., "The Aharonov-Bohm Eifect as 
the Basis of Electromagnetic Energy Inherent in the Vacuum,” Found. Phys. Lett, (in 
review). 


*" See also B. Lehnert and J. Scheffe, "On the Minimum Elementary Charge of an 
Extended Electromagnetic Theory." Physica Scripta, vol. 65, 2002, p. 200. In 
extended EM theory. the elementary charge may no longer be considered as a 
fundamental constant of nature, but is expressed in terms ofthe Planck constant and 
the velocity of light. 
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A-potential, and thus providing the actual intercepted and collected EM 
energy, can be made as large as desired, metely by manipulating the rise 
time and decay time of the pulses used to perturb the A-potential external 
to the core. Further, the same perturbation also perturbs the B-field flux in 
the core, giving rise to nonlocalized E-fields whose magnitude again 
depends upon the rise time and decay time of the perturbing pulses. Hence 
the dA/adt and the dB/dt become energy amplification causes, where all the 
excess F-field energy is furnished freely from the vacuum via a special 
kind of asymmetrical regauging and gauge freedom. In that sense, the 
MEG produces and applies a hitherto unrecognized form of direct field 
energy amplification by asymmetrical regauging 


We noted that this mechanism represents the formation ofa locally curved 
spacetime” and engineering ofthe magnitude of the curvature itself. By 
freely increasing the local spacetime curvature, the appearance of 
additional EM energy density in the region follows apriori. That is, one 
still has all the B-field energy produced by the permanent magnet, but itis 
|just confined to the space inside the core. All the energy one "pays for" or 
inputs with current and voltage to the input coil, in the normal sense, is the 
energy to perturb the localized B-field and the curl-free A-potentil 
However, even before perturbation to evoke energy amplification, there is 
already additional energy current that has appeared outside the core, where 
the magnetic field B would have normally extended. All the A-potential 
energy" is “extra” energy in addition to the normal B-field energy that 


* More accurately there is one specific curvature of spacetime in the core ofthe 
MEG, representing the confined magnetic field B (the localized swiel 
A-potential), and there is another different curvature of spacetime outside the 
localization zone, filled with the nonlocalized curlfree (non-switling) A-potential as 
a nonlocalized linear energy flow in space. Further, in the MEG we freely change 
and increase the magnitude of those spacetime curvatures, by the rate ofchange of 
the input energy rather than by its magnitude, and hence we easily increase the 

wagnitude of the energy density of local space both inside and outside the core. That 
is the fundamental principle ofthe MEG"s energy amplification (free regauging) 


2© Some scientists even deny’ thatthe curl-free magnetic vector potential has an 
energy! We answer that it produces energetic effects upon charged particles, hence 
must either contain energy itself or direct and gate the interation of some local 
vacuum energy with those charges. In the MEG, the uncurled A-potential is 
oscillated, which does not appear to yield a transverse EM Eefield wave at al 
Instead, it appears to yield longitudinal E-field wave with an associated scalar KM 
‘wave in the time domain. We also explained what appears to happen to the 
concomitant B-field wave produced by any changing E-field in the secondary 
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would otherwise have appeared out there but is now confined inside the 
core 


Further, the uncurled A-potential outside the core reduces its magnitude 
only inversely as the radial distance, whereas the normal B-field that 
‘would otherwise be there in the absence of localization would have 
reduced its magnitude inversely as the square of the radial distance. This 
far less rapid fall-off of the magnitude of the nonlocalized curl-free 
A-potential than the former nonlocalized magnetic field B can result in a 
remarkable increase in communications range — when a normal EM field 
antenna with oscillating EM field transmissions is compared to a curl-free 
‘A-potential antenna radiating the same power but as curl-free A-potential 
oscillating transmissions. Golden”” has applied that effect for long-range 
communications, 


With the application ofthe free Aharonov-Bohm effect produced by the 
core material and permanent magnet combination, rigorously there has 
appeared much more available EM energy from the local vacuum than the 
energy one inputs to the device as one’s input energy “payment”. Again, 
this is because the system is an open system far from equilibrium with the 
active vacuum processes such as the appearance ofthe uncurled 
A-potential and the iterative appearance of powerful extra B-fields and 
Erfields. The rise time and decay time of the input perturbation pulses 
produces an energy amplification effect both in the core and in space 
outside the core. When one utilizes this extra uncurled A-potential energy, 
as well as the now-confined B-field energy, as well as the extra B-fields 
and E-fields appearing from the iterative processes, then one can extract 
‘and use more energy than one himself "paid for” or input to perform the 
perturbation. Indeed, one can easily extract and use more energy from the 
curl-free A-potential alone, than one has input. By simply controlling the 
rise time and decay time ofthe input pulses, the magnitudes ofthe 
resulting E-fields formed in the uncurled A-potential (and in the perturbed 
‘rapped B-field perturbations inside the core) can be controlled at will. 


(output) coils ofthe transformer section, ete. The core material withdraws and holds 
localized, all such magnetic fields formed in the internal MEG core processes. 


the late 1970s Frank Golden demonstrated such an uncurled A-potential 
antenna Which attained a range of20 miles fora tiny CB radio, compared to a range 
of only 1 mile forthe same CB radio with a normal EM field antenna, The energy 
density ofthe potential drops of inversely as the distance, while the energy density 
(of the field drops off inversely as the square of the distance. 
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We also point out that all these amplified E-fields produced by multiple 
actions have both a conventional Poynting energy flow component and an 
unaccounted, much larger Heaviside energy flow component. Thus the 
total energy amplification factor can be very large (several orders of 
magnitude). With efficient interception and collection, in the future we 
expect to be able to produce at least 100 kilowatts of power out ofthe 
same size core and buildup now producing 80 watts or less in a highly 
nonoptimized set of laboratory experiment MEGs. 


‘We again call the reader's attention to our previous discussions in this 
book, showing that all EM energy in EM circuits comes from the vacuum 
anyway (particle physics view) or from the time-axis (relativistic view). 
‘This has previously been hidden by the failure of classical electrodynamics 
to solve the source charge problem, which we also solved in this book after 
our paper {12} in 2000. Circuit theorists avoided it by indirectly assuming, 
the source charges fieely created from nothing all the EM energy in their 
fields and potentials. The use of the assumed fields and potentials and their 
Poynting energy was calculated, but never was the source of those fields, 
potentials, and their energy presented or accounted, 


5.2 Using the Uncurled A-potential as a Linear Energy Current 
A very simple equation allows utilizing the extra nonlocalized A-potential 
energy, even though it has no curl and therefore no magnetic B-field. That 
is @A/dr=— E. This equation means that, ifone perturbs that large field- 
free A-potential outside the toroid, it produces an E-field, which we have 
argued must now be a longitudinal EM wave due to the perturbations ifihe 
B-confining operation is still imposed. By oscillating the A-potential 
perturbations, one produces an oscillating E-field that is also an oscillating 
longitudinal electric E-field wave without an accompanying B-field wave. 


The oscillating B-fields in the core also produce E-fields proportional to 
OBlét ~ — E. These extra E-fields are in phase with the E-fields produced 
by the perturbed external A-potentials, considering the wavelength ofthe 
frequencies at which the MEG is operating (30 to 80 kHz nominally). 


Interestingly, the time-oscillating rate of change of the E-field in this 
longitudinal E-field wave does produce a magnetic B-field, but it is 
confined to only the core material and not in the nonlocalized external 
spatial region because ofthe localization capability ofthe core material. 
‘The core simply changes its permeability and holds the additional B-fields 
and their flux in there, thus forming additional uncurled A-potential 
outside the core. The E-fields produced by variations of the core B-field 
flux is not confined, but freely passes out of the core material 
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Ifthat B-field (curled) is sharply localized by an ongoing localization 
capability, the longitudinal E-wave has its produced magnetic B-wave 
component stripped from it and localized. In that case, the process 
produces a purely longitudinal E-field wave outside the localization region 
— with the possible exception that a longitudinal B(3) field wave 
component pioneered by Evans (485) may be produced as well. That is 

left as an open question presently unresolved in our MEG experiments, We 
tentatively believe that the B(3) field wave component is infactproduced, 
but alsoforcibly localized in the core along with the magnetic field B. If 
80, its perturbations will also contribute to producing extra E-fields. 


See Figure 7-5. In the MEG, the localization is accomplished as a unique 
function performed freely by the special nanocrystalline layered core 
material. So contrary to the case of the solenoid or toroid, one does not to 
have to "pay" any EM energy to the localizing component to obtain the 
localization function itself. 
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Further, ifone deliberately uses a nearly rectangular perturbing pulse that 
has very sharp rise time and very sharp decay time, the nonlocalized 
Exfields, resulting localized secondary B-fields, and resulting nonlocalized 
secondary E-fields produced can be made very large, with rapid rates of 
change also. In other words, the magnitudes ofthe nonlocalized E-fields 
and localized B-fields produced can be adjusted at will, including in their 
higher orders. ‘The magnitudes ofthese evoked fields do not depend on the 
‘magnitude of the input perturbation energy, but on its rate ofchange. This 
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is very important, because it means the MEG permissibly achieves energy 
magnitude increase in its nonlocalized output E-field waves by simple 
instantaneous power deliberately prepared in its low-energy input 
perturbation waves.** In short, the motionless electromagnetic generator 
uses perturbation of the Aharonov Bohm effect as an energy amplifying 
‘mechanism. 


This also affects all the iterative processes, hence all the other E-field 
waves produced outside the core material 


With the localization process remaining and ongoing (simply because the 
core material remains), the B-field continues to be stripped away, leaving 
the perturbed A-potential fo produce a longitudinal E-field wave (ignoring 
the possible presence ofa B(3) field also). In the MEG transformer 
section, the output (secondary) coils are wound around the nanocrystalline 
core that performs a B-field and B-flux localization within the core itself. 
Hence a purely net E-field interaction occurs with the electrons in the 
secondary coils, and the output of these coils is an output having the output 
voltage in phase with the output current."” The AC current in the 
secondary coils does in fact still produce magnetic field B-flux and 
B-waves in them, but the core material draws the extra B-flux and 

B-waves inside and localizes them within the core. The fact that 
localization is nor quite 100% at the imperfect junctions ofthe ends of the 
permanent magnet and the core material, gives a tiny bit of leakage of 


2 Jy also means that the MEG operation is highly aoalinear, with very extensive 
Feedforward and feedback field transduction loops. For the MEG, its scale-up, 
‘mathematical modeling, and engineering simulation are not simple things at all, but 
highly complex. In addition, control and stability are more complex, since one must 
utilize nonlinear oscillation theory (including chaotic oscillation theory) as well as 
‘onlinear oscillation control theory. In addition, a higher group symmetry 
electrodynamics is required for the modeling and simulation. Consequently, hecause 
ofthese considerations and the geometsic phase aspects, as well as the additional 
close-looping considerations for self-powering operation, an expensive physics lab 
‘must be established as well as the usual electrodynamics laboratory aspects. The 
result is an expensive Final research and development program required to complete 
the MEG to Final production prototype units, ready to stat rolling off the assembly 
lines. A minimum capitalization of $20 million is required. 


" In the actual lab experiment MEG, there is a slightly imperfect junction between 
the ends of the permanent magnet and the core material. This esulls ia a very tiny 
bit of leakage of nonlocal B-field —just enough to produce a 2” phase shift between 
the voltage and current in the secondary coil’s output. With a better junction, this 
phase shift can be further reduced or eliminated. 
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B-field, so a tiny B-field component does escape, interact, and generate the 
2% ot so variation from the complete in-phase condition of the secondary 
output voltage and current. Again, that can be further reduced or 
eliminated by improving the junction 


So essentially there is a purely electric field interaction with the electrons 
in the output coil current of the MEG, hence the result that the output 
current is in phase with the output voltage — something previously 
unheard of in a simple secondary coil of a transformer. This is a major 
practical macroscopic application of the Aharonov-Bohm effect and 
therefore of the geometric phase. 


7.6 Collection of Field Energy in the MEG 


To collect and use EM energy in a power generating system, first the EM 
energy must be evoked from local spacetime (the local vacuum) by the 
broken symmetry ofthe source charges and dipoles in the circuit {12}. In 
the open system far from equilibrium in the resulting EM energy flow, the 
operator must usually pay for (i) the energy requited to initially produce 
the requisite source dipolarity and (ii) the energy required to perform 
necessary switching and control functions, unless close-looping is 
incorporated. Using the permanent magnet as a source dipole in the MEG. 
and using the special nanocrystalline core material to generate the 
Aharonov-Bohm effect to furnish excess energy fom the vacuum, the 
MEG operator does not have tofurnish the evoked and available field 
energy at all. So the first "payment" is totally avoided. Further, the 
‘magnetic dipole is not destroyed by passing magnetic flux back through its 
back mmf. No additional input energy is requited to continually restore the 
source dipole, since it is never destroyed. 


In an open-loop MEG system, the operator only has to pay for the second 
part: the switching and control function energy. In later closed-loop MEG 
systems, a method of controlled and positive feedback has been developed 
so that, once the system is up and operating and powering its load, the 
necessary switching and control function energy can be siphoned off the 
‘output and fed into the input in governed fashion, first being transduced 
into positive energy input form. Once the process is properly synchronized 
and governing properly, the operator can throw a switch for feedback and. 
transduction, and the unit will be "self-powering”, or “fueled entirely by 
the local vacuum energy”, so to speak. 


Let us consider the open-loop MEG system we have presently attained in a 
series of embodiments. 
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levels seen in 2014. Thus, MNOs will need to further accelerate 
their technology investments to meet ever-increasing consumer 
and business connectivity demands. 


Recognizing the loT explosion 


Although MNOs in the U.S. are starting to embrace “pre-standard” 
5G, vying for the first mover’s advantage, the standards are not 
expected until 2018, This has echoes of the early days of 3G in the 
late 1990s and early 2000s, before proprietary implementations 
were standardized. It isn’t surprising that some operators in the 
US. have already announced their plans to deploy 5G later this 
year, and some of the early adopters in Korea, Japan, and China 
are also ready to roll out 5G. Because of the rapid deployment, 
‘many 5G concepts are being solidified quickly, 


5G is sometimes narrowly classified as a higher bandwidth radio 
access technology. But it is much more than that. It will also be 
the network for low-power devices and sensors that are classified 
as IoT devices, as well as low-latency applications. One example 
is the low latency required for some mission-critical devices, such 
as autonomous vehicles. The need for low latency will dictate that 
kkey LTE base station functions are distributed, with some moving 
closer to the edge and others being pooled in the cloud. 


Another example is that vertical sectors will require different 
types of services from the 5G network. Some will need high band- 
width, while others will need low power. Some will need very 
low latency, and others will need very high availability. The vast. 
volume of IoT devices will range from those that send multiple 
gigabits of data per second to those that will only send a few bits 
every month, This flexibility and elasticity can be supported only 
by advanced network virtualization. 


Focusing on service 


"To support such varying 5G use cases across multiple verticals, 
‘MNOs need to shift from being network-centric to being more 
service-oriented. 


‘To understand this shift, consider the concept of network sl 
(see Figure 5-1). Here are a few typical cases: 


2 Mobile broadband with higher bandwidth video requiring 
high availablity everywhere 


5G For Dummies, Ixia Special Edition 


‘The total emf force F collected from a given nonzero electric field E, e2., 
depends only upon the amount of available intercepting charge, by the 


simple equation F = Eg. Similarly, from any potential the amount of 
collected EM potential energy W depends on the amount of intercepting 


charge g, by W’ = dg. Hence in the MEG a legitimate COP>1.0 system is 
possible if ()) more energy is collected and used from the evoked EM 
energy flow than is input to gate that energy flow’s appearance from the 
active environment, and (ii) none — or appreciably less than half— of the 
energy collected in the circuit is used to destroy the source dipolarity 


By invoking the AB effect in a local region, the vacuum contributes 
additional energy density in the space outside that region, and that energy 
density can be sharply perturbed so that substantial field energy 
amplification appears by asymmetrical regauging. The excess energy to 
provide COP> 1.0 performance is freely furnished from the active vacuum, 
(and from the local curved spacetime) {38b, 38c}. The excess energy can 
be intercepted in the perturbed curl-free A-potential region outside the 
transformer section, collected, and used to power additional loads, in 
addition to being intercepted in the transformer secondary region to power 
the secondary circuit and main load, 


Similar contributions of extra energy and extra energy collection outside 
the core localization region occur forthe iterative processes also. 


Atthe same time, the B-field inside the core material is perturbed, but the 
core material self-varies its permeability to adjust to the additional 
magnitude of the perturbed B-field. The production of any B-field 
oscillation inside the core does produce an electric field E, which is not 
localized in the core. Consequently, energy from the perturbed core- 
localized B-fields is transduced into nonlocal E-field energy, passing out 
ofthe core and interacting with the output secondary coils of the 
transformer section in purely electric field fashion. 


Because of the purely electrical interaction, the voltage and current output 
from the secondary coils of the transformer section are in phase, and not 
90° out of phase as in a transformer. The actual 2° experimental phase shift 
ofcurrent with respect to voltage is a measure of the slight inefficiency of 
the junctions ofthe permanent magnet ends with the B-localizing core 
‘material. 


In the MEG, we are using a novel new kind of component: an external- 
induction-free cored inductor, which might altemately be called a purely 
electrical inductor — at least externally. In short, the inductive action 
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remains localized in the core, while the electrical action escapes the core 
and interacts with the coil to drive the current electrically. So here is 
another excellent, novel, and practical use ofthe Aharonov-Bohm effect 
and the geometric phase: Eliminate the inductive reaction of a coil's 
‘output, and transduce it into a purely electrical action. At this writing, we 
are preparing to file a separate patent application upon this latest 
application and process, and it will already be filed by the time this book is 
published. 


We accent that any field or potential, once made, already involves an 
ongoing giant negentropy and overunity process {486}, as we previously 
discussed in this book. Simply calculate how much energy it requires to 
separate and form the source charge — which can be as simple as charging 
atiny little sphere — and recognize that the field formed by that charge is 
an altered energy density of surrounding space and a polarization of the 
vacuum. Once the charge is formed, the corresponding alteration and 
sustaining of spatial energy density change and vacuum polarization freely 
moves radially outward at the speed of light from the charge, from the very 
‘moment it is produced. So a steady flow of observable EM energy is 
speeding out in all directions from the source charge. An enormous change 
in the energy density over that extemal spatial region surrounding the 
source charge occurs and spreads steadily, moving radially outward in all 
directions at speed c. 


Hence a magnificent and rapidly extending curvature of spacetime — 
which energetically acts upon any available charged matter therein, by 
conventional general relativity — is formed and spreads outward in all 
directions from any source charge, once formed. How much effect on 
charged matter is exhibited by this fieely created and spreading spatial EM 
energy density change, depends only on the amount of 
interacting/receiving charged matter in that surrounding space that is 
available to interact with the energy of the new fields and new potentials. 


If the source charge or source dipolarity (in this case, primarily the 
‘magnetic dipole ofthe permanent magnet) is left alone and not destroyed, 
an unlimited amount of energy can be intercepted and discharged from a 
local load, again and again, from the charge’s surrounding field or 
potential because the energy in the field and potential is steadily 
replenished from the active vacuum. The only problem is discharge the 
collected energy in the load(s) so as to leave the original source charges 
(the magnetic poles) inviolate, and not to destroy them. ‘The MEG 
accomplishes this function. 
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This also rigorously follows from the gauge freedom axiom of quantum 
field theory. Consider this: the ability to freely change the potential — 
assumed by all electrodynamicists — can be applied directly to the load to 
potentialized it without any current moving, if there exists a somewhat 
lengthy electron gas relaxation time in that part of the load that is 
potentialized. After potentialization, one can switch the source of free 
potential away, and complete the load circuit separately, so that the excess 
potential energy is dissipated from the load, powering it. In that case there 
is no dissipation ofthe primary source dipole. Gauge freedom already 
‘assumes one can produce EM energyfrom the local vacuum freely, 
‘anywhere and at any time. In real life, one has to pay a little for the 
switching, but not for the energy input itself. 


Why the scientific community for decades has fiercely opposed the funded 
experimental investigation ofthe implications of gauge freedom is quite 
inexplicable. 


As can be seen from the conservation of energy law alone, in theory 
energy can be continually intercepted and collected from these free fields 
and potentials, once the source dipolatity (or source charge) creation has 
been paid for. Further, by applying gauge freedom to potentialized the load 
without energy dissipation, with a little adroit switching the collected 
energy can then be dissipated entirely in a separated external load circuit, 
so that the free potential energy completely exits that circuit without re- 
interacting with the source dipole and its back emf or mmf, 


We predict that the above application of gauge freedom will eventually 
power most ofthe world’s electrical systems, when the scientific 
community gives up its present "ostrich position”. Once the engineers 
can build it, the scientists do not have to agree. 


‘That such is not done in our conventional circuits is purely due to the 
limited vision of the scientific community and its refusal to fund 
appropriate research. To date, it has not even recognized what actually 
powers every electrical circuit, or that a common practice (the closed 
current loop circuit) has eliminated COP> 1.0 and self-powering 
Maxwellian power systems for more than a century. The entire electrical 
energy crisis hurtling at the nations of the world is due entirely to the 
shortsightedness ofthe scientific community, particularly since 1957. 


‘Once the energy is pouring (transmitted) from the dipole and out of the 
terminals of the generator to fill space around the extemal conductors, then 
a straightforward energy transmission and reception problem exists. The 
source dipolarity produces the steady emission and flow of energy filling 
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space around the circuit. In the "receiving external circuit" the surface 
charges and their fields must intercept some of that available EM energy 
flow and diverge it into the conductors to power the circuit electrons. The 
intercepted and diverged component entering the circuit is the Poynting 
component, while the nonintercepted and nondiverged component missing 
the circuit and usually wasted, is the extra Heaviside component. 


Fortunately, every source dipole pours out enormously more EM energy 
than our feeble conventional circuits intercept and catch to provide the 
Poynting calculations. So to produce COP> 1.0 in the MEG, all we have to 
do is insure that we have (i) a mechanism easing the interception and 
collection process, and (ji) sufficient “antennas” containing sufficient 
conduction electrons (and theit fields) to intercept and collect more energy 
than we pay to make the source dipole and perturb it. Since we pay nothing 
at all to make the source dipole (which is the permanent magnet), and 
since the magnetic flux back through the permanent magnet does not 
destroy the dipole, then all we have to pay for is the perturbation and for 
switching and control. 


‘The resulting field energy generated outside the core localization region is 
primarily a function of the rise and decay times for the input perturbation 
pulses and not the energy of those pulses. From a litte input energy with 
fast little changes, we can easily generate very powerful oscillating E- 
fields and provide dramatically increased "antenna collection” area with 
the necessary magnitude of intercepting charge. I rigorously follows that 
COP? 1.0 is easily obtainable.” 


2!" Again, for the MEG, changing and controlling the rise time and decay time ofthe 
put pulses is a method for directly engineering and controling the general 
relativistic curvature ofthe local surrounding spacetime, because it controls the 
‘magnitude ofthe E-field that is created by E =~ OA/r tom the curlfree 
A-potential ouside the core. This also directly engineers and controls the magnitude 
of the polarization ofthe local active vacuum. That simple fact allows the use of a 
unified field theory operation, with a net energy interchange between the system and 
the local active Vacuum. To understand the MEG, one must think in terms ofthe 
supersystem. 


2" AILEM energy at any point in space must have been “gated” from the time- 
domain and it must return to the time domain (as, eg. by the source charge fori). It 
requires quite a shift of one's mind o realize that all 3-space energy (such as "energy 
at each point in a potential") involves a gating provess and a giant negentropic 
4-circulation of EM energy ongoing at each point dipole. Much ofthe extraction of 
‘energy from the vacuum has been hidden by thinking in terms of "inputting energy” 
instead of “inputting of arranging energy flow gating” by the source charges and 


sourcedipoles. 
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‘The MEG is an open system far from equilibrium with its active 
environment (its active local vacuum and its active local curvatures of 
spacetime). By attending to the interception and collection part of the 
‘overunity problem, the MEG can permissibly collect and use more EM 
energy to power its loads than one oneself has to input to it. In short, one 
only has to input a little switching and perturbation energy with properly 
shaped waveforms, to generate very powerful fields and appreciable field 
energy available for collection and use. With sufficient collection 
‘mechanisms in place, the unit easily produces COP>1.0. Then with proper 
closed-loop principles implemented, the MEG can be self-powering, 


7.7 Experimental Path to Development of the MEG 


In our experiments with the Radus effect previously discussed in Chapter 
6, paragraph 6.4.5, we had already done extensive work with switching 
‘magnetic fluxes for less switching energy than can be intercepted from the 
switched flux. We had also experimented with various cores for 
transformer and coil variants, including eventually the new layered 
nanocrystalline cores. 


In our experiments, we noticed a remarkable thing. With certain modern 
nanocrystalline core materials, and using a permanent magnet to provide 
B-flux, we found that the core material would extract and hold essentially 
all the permanent magnet’s B-flux inside the core. Field measurements 
right against the outside ofthe poles ofthe powerful little neodymium- 
iron-boron magnet itself showed very little B-flux spilling out into space! 
In short, we had discovered how to make a magnetic system that 
rnonlocally propagated only the uncurled magnetic vector potential A, 
without any operator energy input. We realized we had discovered a 
‘marvelous and free way to freely obtain an excellent Aharonov-Bohm 
effect, similar to the way a nearly perfect toroid would localize the B-field 
inside the core, with the uncurled A-potential appearing in space 
surrounding the toroid. ‘The advantage of our approach over the toroid was, 
that we did not have to furnish any current and voltage to obtain the 
localized B-flux and the non-localized curl-free A-potential energy. 


Further, ifwe perturbed the B-field flux in the core, we consequently 
perturbed the uncurled A-potential in space surrounding the core. From 
both sources — the perturbed B-flux in the core and the perturbed 
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A-potential outside the core — we could produce very large E-fields and 
concomitant very large voltages capable of driving more "power" through 
the secondary coils of the transformer section than the power required to 
perform the switching and perturbation. 


We could easily prove this by perturbing the localized B-flux (and the 
concomitant surrounding uncurled A-potential automatically) with weak 
energy. We proved that increasing the rate of the rise time and decay time 
of even a weak input EM energy perturbation could produce quite large 
E-fields, including 1,000 to 5,000 volts (or even 20,000 volts!) appearing 
in the secondary coil ifdesired. We also proved another thing: the special 
nanocrystalline core material in some buildups self-adjusted its 
permeability, continuing to localize the perturbed and alternating B-fields 
and their fluxes while freeing the resulting E-fields andpassing them out 
ofthe core. In short, the permeability of the specially selected core 
‘material automatically adjusted with the perturbation of the localized B- 
flux and nonlocalized A-potential, so that all the oscillating B-flux 
remained localized in the core. Further, the highly layered nanocrystalline 
‘material produced essentially no eddy currents at all, hence no heating, 
even in the presence of dramatic B-flux oscillation and dramatic E-field 
intensities in the surrounding uncurled A-potential space and in the output 
(secondary) coils of the transformer section of the MEG. 


The absolute proofthat the core changed its permeability was in the lack of 
a phase lag between voltage and current in the output from the output 
coils. Here a remarkable thing was observed: the output current was in 
phase with the output voltage, within about 2°. In short, under certain 
‘circumstances the output coils wound around the nanocrystalline cote 
‘would exhibit essentially a purely E-field interaction, with only minuscule 
Befield leakage — something deemed impossible in the typical 
electrodynamics textbook. This meant that the excess E-fields produced by 
the perturbed A-potential in space outside the core also reacted with the 
output coil’s conduction electrons in a purely electrical manner! This was 
because the B-fields locally produced in the output coils by the interacting 
changing E-fields, were infact instantly drawn into the core material as 
they were produced, and were held there so they did not react in magnetic 
Jashion with the electrons in the output current from the secondary coils. 


So this is a dramatic localization of Faraday's law of induction. 
Consequently, one entire group ofembodiments ofthe MEG uses a purely 
electrical interaction with the secondary (output) coils of the transformer 
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section.”"* Or more exactly, the core material draws in all the magnetic 
fields from the reactions of the output coils, leaving only the electrical 
reaction outside the core — including in the coil conductors, which 
obviously are wound outside the core material 


On the other hand, the perturbed localized magnetic B-flux inside the core 
material did produce the normal E-field to be expected, as a function of the 
time-rate of change of the B-field. Such an E-field is not localized in the 
core material, but extends outside the core and interacts with the electrons 
in the output secondary coils ofthe MEG's transformer section. Again, the 
‘magnitude of this E-field is a function of the time-rate of perturbation of 
the localized B-field flux in the core. 


The nanocrystalline core also has excellent high frequency response, with 
negligible eddy currents. Thus we can "fine tune” the engineering of the 
rise time and decay time of the input perturbation pulses. 


Hence we accomplish several kinds of "gated energy amplification” in the 
MEG: (i) the amplified magnitude of the external E-field interacting with 
the external collectors (such as the output secondary coils) due to 
perturbation ofthe nonlocalized extemal uncurled A-potential, (ii) the 
amplified magnitude of an additional E-field interacting with the external 
collectors (such as the output secondary coils) due to perturbation of the 
localized internal B-field flux inside the core material, (ii) a large number 
of additional derivatives of higher order B-fields and E-fields are formed 
and utilized, and (iv) adding additional collectors (either coils wound on 
the core or external "receiving antenna circuits” produces additional power 
for heavier loads, for a given perturbation input. 


We had exhibited a cored output coil with a remarkable adaptation of the 
AB effect. Essentially the output of the secondary coil was driven by the 
large electric field component created from the uncurled A-potential 
perturbations and by the large electric field component created from the 
B-field flux perturbations inside the core. This peculiar transformer-like 
section operated from the E-field fluxes emerging or produced outside the 


2 ay tie field reactions do occur, and the B-fields are in 
fact produced. But the resulting B-fields ate also extracted into the core material 
and localized therein. Even the magnetic B-fields produced in the input and output 
coils themselves, is so localized and not allowed to interact with the electron 

‘currents through the coils to produce the conventional 90° phase lag between voltage 
and current, 
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transformer core material, rather than from the magnetic field flux being 
produced and oscillated inside the core material itself. 


Obviously we had found a remarkable but legitimate COP>1.0 process and 
embodiment — in fact, a whole set of them, We had also invented a new 
kind of "transformer" or energy generator-transducer. 


From that we progressed to discovering ways to a dual use ofboth the 
perturbed B-flux in the core and the E-fields from the perturbed 
‘A-potential outside the core. To first order, that turned out to be fairly 
simple: any changing B-flux inside the core material and thus inside the 
output (secondary) coils of the transformer section, produces not only 
B-field which is held and localized, but also the changes ofthis local 
“pinned” B-field further produces E-field oscillations which are not pinned 
in the core. Hence the electric field half of a normal transformer action 
could and did occur in the secondary coils, but the magnetic field half did 
not occur in the coils themselves. The MEG used and uses a nearly pure 
E-field interaction in the output coils ofits transformer section secondary, 
where that net interacting E-field comes from a variety of E-field 
generating mechanisms, 


We filed our first patent, and then filed a second patent application soon 
after. Presently we are preparing to file our third and fourth patent 
applications on additional phenomenology and mechanisms uncovered in 
‘our experiments. As we are writing this section, our first patent has issued 
{37}. 


In the view ofthe present author, we have uncovered a remarkable new 
application of the Aharonov-Bohm effect and the geometric phase, one 
that is practical and eminently useful in novel new electrical power 
systems. 


7.8 Additional MEG Functions 


Figure 7-6 diagrammatically shows the core material inside the input coil 
for either open-loop operation using an extemal power supply or closed- 
loop (self-powering) operation using clamped and governed positive 
feedback. As can be seen, the B-field and B-field flux are confined to the 
corematerial (which is in the form ofa closed transformer coil path, as 
shown diagrammatically in Figure 7-5). The external space surrounding 
the core material is filled with the uncurled A-potential, due to the 
Aharonov-Bohm effect being imposed by the core material. ‘The two leads 
fiom the input coil are shown at the bottom of Figure 7-6. 
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We pulse the input coils with nearly rectangular pulses each having a sharp 
leading edge and a sharp trailing edge, so that the resulting rapid time-rates 
of change of the two edges create very large perturbations of the B-flux in 
the core and ofthe A-potential outside the core. The large E-field 
resulting from the fast rate of change of the perturbed B-field in the core is 
not localized, but appears in space outside the core. In addition, an Es field 
created directly in the coil itself also appears in space outside the core. In 
addition, the sharply perturbed A-potential outside the core creates a third 
large E,-field in space outside the core. The net E-field in the surrounding 
‘outside space is the vector summation of the E-fields produced by these 
processes, o to first order (neglecting the further differentiations) 

E,-E, + E; (7-1 
We also may adjust the pulse width to generate a further Lenz law effect, 
increasing the three component fields E,, E>, and Es if desired. To do that, 
the pulse must be narrow enough to suddenly decay while each of the 
fields E), E2, and Es is still rising and not yet reached maximum. As can 
be appreciated, considerable pulse shaping and timing can be adjusted for 
optimization of the output voltage, current, and power when interception 
and collection from E, is accomplished in the secondary coils. In addition, 
it can be appreciated that slightly differing materials delay times do occur 
in the production of E,, E:, and Es. Hence there is appreciable 
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‘optimization that can be and is accomplished on a given MEG variant and 
build-up type. 

More complex waveforms of various shapes can be used to further 
optimize the output. It is also possible to accomplish further optimization 
and control by adjusting the shapes and timing of the feedback signals in 
the case of the closed-looped MEG system. For the extemally powered 
‘open-loop version, additional optimization and control can be achieved by 
adding additional simultaneous pulses fed into the input coils in various 
fashions, 


In addition, the response of the output coils produces feedback into the 
core material, into external space, and into the input coils. These in fact 
provide three more E-field return or feedback inputs, so that the total 
feedback input is 


Ey= Ey+Es +Es 72] 
Without doing the more complex iterations for this feedback and 


feedforward set of loops, to first order the total input Ey to the input coil 
may be considered to be 

E\=E+Er [73] 
Equations [7-1], [7-2], and [7-3] are for simple analogy only; in the real 
MEG, full nonlinear feedforward and feedback analysis techniques must 
be utilized because of the iterative operations, and much more 
sophisticated optimization techniques are appropriate. Also, chaotic 
oscillations can and do appear, and techniques for control of such 
oscillations are indicated, particularly along the lines indicated by Fradkov 
and Pogromsky (487) without use of probability etc. Quoting 


"1. There is... great benefit ofusing the modern 
nonlinear and adaptive control theory. ..2. There is no 
need to distinguish periodic and chaotic behavior. 
Accurate control is possible without accurate prediction. 

3. There is no needto define chaos in order to control 
it, ..4. There is no need to use probability in order to 
control systems with seemingly random behavior. " 


For any given MEG build-up design, one experiments with these 
optimization and control factors and mechanisms to provide the best 
performance, and to provide rock-steady performance. 


Figure 7-7 shows the output coil for either open-loop operation fom an 
external power supply or closed-loop (self-powering) operation using 
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9» Low-power sensors that can operate on a pair of AA 
batteries for 10 years 

9 Autonomous vehicles that can zip through crowded city 
streets but brake within microseconds when they sense 
potential obstructions in their paths 


Each of these scenarios requires a different configuration of 
the requirements and parameters in the network, potentially 


recinaca, including: 


9> Home Subscriber Server (HS5) 

Mobility Management Entity (MME) 

User equipment (UE) 

Enhanced Node B (ENB or eNodeB) 
Serving Gateway (SGW) 

Packet Data Network Gateway (PGW) 
Policy and Charging Rules Function (PCRF) 


LTE Evolved Packet Core (EPC) interfaces (S1-MME, S11 
S1-U, SGi) 


yyyyyyy 


Inessence, each use case requires its own network slice. Networks 
‘must be built in a manner that allows speed, availability, capacity, 
and coverage to be allocated in logical slices to meet the demands 
of each use case, 


‘The best way to implement network slices will be via 
Virtualization — to use service provider software-defined 
networking (SDN), network functions virtualization (NEV), and 
network orchestration (see Figure 5-2). In each of these cases, the 
SDN controller will configure and build network slices that include 
service chains such as deep packet inspection (DPI), emails, and 
security scans per user or per service. The network services — 
including the Centralized Radio Access Network (C-RAN), Virtual 
Evolved Packet Core (vEPC), and Virtual IP Multimedia Subsystem 
(vIMS) — are virtualized as virtual network functions (VNEs) that 
allow MNOs to set up services rapidly, and scale them in response 
to network and service demands. 


CHAPTER 5 Getting Real About the Need to Virtualize 27 


clamped and governed positive feedback. Here the situation is partially 
reversed. There are three major inputs to the output coils, and these are (i) 
the external input from the total outside E-field, (ii) the internal input from 
the perturbation changes in the confined magnetic flux inside the core 
through the output coils, and (iii) the ensuing feedforward and feedback 
from all E-fields. 


-“Kfeldstee) sstesoneses aes | 


ees ne owe 


Fue77 Ouputcltoropen or dole operon, 


Again, this is simply an easy way to visualize the situation to first order. In 
the real case, sophisticated feedforward and feedback analysis is required 
and utilized. Optimization usually consists of two steps: (1) the simpler, 
‘more direct optimization techniques such as adjusting pulse width, pulse 
rise time and decay time, actual pulse form, etc., and (2) the deeper and. 
‘more complex optimization arrived at from detailed feedback and 
feedforward loop analysis as well as nonlinear oscillation and nonlinear 
control theory analy 


In the actual optimization analysis, the feedback and feedforward loops are 
mathematically endless and thus should be optimized for quick decay and 
stability. On the other hand, the MEG also has the ability to self-oscillate 
over the entire unit, in which case the feedback and feedforward loops are 
optimized for stable self-oscillation of the entire unit. The self-oscillating 
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MEG is permitted since it is an open system far from equilibrium with its 
active environment, 


So if desired, an entirely different kind of optimization can be utilized for 
self-sustained nonlinear oscillation and closed loop operation. Because of 
the gain achieved in the large E-fields produced by the perturbed uncutled 
Acpotential in space surrounding the core, there is sufficient excess energy 
collection available in the output coils to use the available feedback and 
feedforward loops in the system itself to achieve system self-oscillation. 
‘The system can be operated as a self-oscillating open system freely 
receiving excess EM energy fiom its active environment — the local 
active vacuum, local curvatures of spacetime, and local freely furnished 
uncurled A-potential and resulting nearly free E-fields from the A- 
potential’s perturbations). As we are writing this, our experiments are now 
in this direction, and we are preparing the material for filing a formal 
patent application on this additional process. The patents will be filed, of 
course, by the time this book is published. 
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A highly simplified block diagram of energy gain process using 
feedforward and feedback subprocesses is shown in Figure 7-8. As can be 
appreciated fiom this high order diagram, the actual feedforward and 
feedback loops are extremely complex, and a great deal of complex 
analysis is required for a self-oscillating, stable, controlled system. We 
also stress that control measures to insure and hold stable self-oscillation 
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‘must be included in the overall features implemented in this self-powered, 
self-oscillation variant ofthe MEG. Not only must we use chaotic 
oscillation techniques to achieve the self-oscillation, but also we must use 
advanced techniques for stable control of such nonlinear oscillations, as 
indicated by Fradkov and Pogromsky {487}. 


Fe 72 Typical ED eben ppcaon on se, 


In Figure 7-9, we show a typical diagrammatic embodiment envisioned for 
the MEG in a household, using a large MEG to later be developed. For 
interim installations, the single large MEG will be replaced with an array 
of MEGs together with a synchronizer, as shown in Figure 7-10. 
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Figure 7-10 MEG set-powering az concer ease powering apleatns. 


Figure 7-11 shows a MEG unit where additional special collection 
antennas feeding separate circuits are employed in an “outrigger” fashion. 
‘One major advantage of this configuration is that the complexity of close- 
looping and its control are materially reduced, although the complexity of 
the MBG build-up and stabilization is increased. Another advantage is the 
ease with which close-looping for self-powering operation can be 
achieved, as shown in Figure 7-12. In this case, the external antennas are 
collected to independent output circuits (not shown) in the output section, 
and each of these independent outrigger outputs is a COP<1.0 circuit if we 
count the perturbed A-potential energy input as an "operator's" input. 
Completely normal clamped positive feedback can be used with sensing 
and governing, to allow self-powering and self-adjusting to varying loads. 
‘The outrigger embodiment can be made to almost entirely avoid the Dirac 
sea hole current problem. 
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‘As can be seen, the MEG has many possible configurations and 
‘embodiments, each of which has special advantages and uses. One of the 
‘embodiments we discussed is the deliberate use of self-oscillation forced 
by the feedforward and feedback loops. That is a separate embodiment, 
and capable of a very high power per pound ratio, but it also requires more 
sophisticated sensing and control techniques. 
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7.9 In Conclusion 


By the time this book is published, Magnetic Energy Ltd. is hopeful it will 
have achieved its major funding requirement, and be well along the way to 
completing the research for full production and marketing of MEG units 
on the world market. We have arrived at that part of development — the 
need for substantial funding (several tens of millions of dollars) — where 
every previous COP>!.0 EM power system has died. We intend to do 
everything within our power to see that we obtain the funding, finish the 
complex research task, and get the MEG onto the world market. 


For additional information on the MEG and on its preliminary replication 
by Naudin, the reader is referred to other technical articles (488) and to 
Jean-Louis Naudin’s website.”!* Actual measurements for one of Magnetic 
Energy Ltd.'s MEG test units is given in reference {488a}. The MEG 
patent (37} shows the variation of COP for a test MEG with various 
conditions. Curves for Naudin’s measurement of the performance of his 
replicated MEG unit are given on his website. 


‘The MEG project is a most interesting project, because of the involvement 
of so much advanced physics and several different physics areas, as well as 
the prerequisite for higher group symmetry electrodynamics. Once funded, 
wwe are confident we succeed in crashing through the barriers and getting 
working MEG power units — including self-powering MEG units — on 
the market. We also believe the MEG will represent a substantial 
contribution to alleviating the coming worldwide energy crisis. Hopefully 
it will materially hasten the growth and evolution of the present highly 
centralized — and terribly vulnerable — national energy infrastructure into 
a highly decentralized — and much less vulnerable — national energy 
infrastructure. We also believe it will provide a great contribution to 
helping alleviate global warming, reducing pollution of the biosphere, and 
reducing the production of hazardous wastes. Ifo, it will be a continuing 


‘website MEG material and information is at 
n.tee frhimllmeg.him, Particularly see his Mark III replication, shown, 
poWering a light on that webpage. 
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contribution 
unborn, 


not only to humanity today, but also to generations yet 


Chapter 8 
Approach to Antigravity 


{Large-scale antigravity exists] "baryonic, ordinary 
‘matter—the stuff of stars and of people—makes up just 
over 4% ofthe energy and matter in the universe. 

about 30% ofthe stuffin the universe is dark 
[unobserved] matter. The remaining two-thirds, theorists 
believe, isamysterious ‘dark energy’ or ‘quintessence’—a 
large-scale antigravity-like effect that is making the 
universe expand everfaster.... " (Charles Seife] (489) 


{On the nature ofthe vacuum] "..the (electromagnetic) 
vacuum is the ground state ofthe quantized 
electromagneticfield. ...he Dirac electron vacuum is 
that state with all negative energy electron states fully 
occupied.” [Aitchison] {490} 


[0n forces and how charge exists} “Vacuum polarization, 
in general, alters the effectiveforce law. Forces, in 
quantumfield theory, are understood as being due to the 
exchange ofvirtual quanta ...dn the case of QCD and 
OFD, ... a crucial newfeature is that theforce-field 
quanta themselves carry the ‘charge' oftheforce-field, i.e. 
it is as ifthe photon ofelectromagnetism carried 
electromagnetic charge.” [Aitchison] {491} 


[Possible gravitational circuits]. "There is an implication 

that gravitational excursions might be controllable by 
gravitational ‘circuits’, analogous to electronic circuits, 
which could lead to a controllable form ofnegative 
gravity.” [Robert Neill Boyd] {492} 


[Gravitational circuits] "The supersystem concept uti 
a unified fields approach so that specialized electrical 
circuits in COP» 1.0 condition generate strong Dirac 
sea hole currents ofnegative energy in the immediate 
local vacuum. Thus a strong negative energy field is 
formed surrounding the circuit and changing the 
curvature oflocal spacetime as an action by the source 


cireuit. This produces a direct antigravity field around the 
circuit or physical system, acting upon the mass ofthe 
system. The net gravitational interaction by that circuit or 
physical system is therefore the summation ofthe local 
positive gravitational field and the new local negative 
‘gravitational field produced by that negative energy 
field.” (7. B. Bearden, correspondence to a colleague, 
February 2002.] 


{On the multiplicity of spacetime curvature components} 
“The full mathematical expressionfor the curvature of 
four-dimensional space-time ...is given by something 
called the Riemann curvature tensor. This is a somewhat 
complicated object, needing twenty real numbers at each 
point in order to specify it. These twenty numbers are 
rreferredto as its components. The different components 
refer to the different curvatures in different directions in 
the space-time." [Penrose] {493}. 


[Physics studies and prepares imperfect models, not 
perfecttruth] "All we ever know is our models, but never 
the reality that may or may not exist behind the models 
and casts its shadow upon us who are embedded inside it, 
We imagine and intuit, then point the finger and wait to 
see which suspectfor truth turns and runs. Our models 
‘may get closer and closer, but we will never reach direct 
perception ofreality’s thing-in-itself” [Hawking] {494} 


8.1 Introduction 


In this chapter, we first present a highly abbreviated background of the 
theory of gravitation, sufficient for our experimental orientation. OF 
special interest are unified field theories, which cover general relativity, 
electrodynamics, and quantum mechanics in one overall master theory. 
Even more of interest is an engineerable unified field theory, which is 
presently closest approached by the theory of Mendel Sachs {510} 


We then present a short overview of work that has been done in the fields 
ofllifters and inertial propulsion, listing some ofthe inventions of interest, 
the approaches, results achieved, and our comments on each. 


Finally, I present my own approach to antigravitation, and give some 
results of the Sweet device's antigravity test (the test was designed by the 
present author) that successfully reduced the weight of a device by 90%: 
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In our view, this experiment fully demonstrated the veracity of our 
theoretical approach. 


8.2 Selected Theories of Gravitation 


8.2.1 Newton's Theory and a Negative Mass Extension 
‘The first mechanism for gravity of interest to our purposes was advanced 
by Newton in his work on mechanics {495}. Newton's law of gravitation 
‘may be stated as {496} 


"A particle ofmass m, attracts aparticle ofmass my a 
Ge inthe 

e 
direction ofthe linejoining the particles. " 


distance daway with a force F 


Ofcourse, it should have stated "in a time forward zone”. The situation is 
precisely reversed in a time-reversal zone. It is also reversed for negative 
mass-energy. 


In the Newtonian view, antigravity would mean repulsion of mass rather 
than attraction of mass. Given that negative mass is possible, then a 
negative mass would exhibit antigravity — i.e, it would be repelled by all 
other positive masses." This can be seen in the quoted equation, by 


“The discussion of what attracts what and what repels what, in a mix ofnegative 
and positive masses and negative and positive energies, is sill controversial in 
physics. Different theorists have taken differing positions, and there is no formal 

«that has decided between them. In our opinion, the successful antigravity 

twiode amplifier answered that question experimentally, 

although independent replication was not accomplished. The scientific discussions 
heavily involve discussions (and assumptions) ofthe nature of gravitational” mass, 
inertial mass, and electrodynamic mass ete. Again, there is no decisive selectio 
among several possibilities, and there is no cleat and universally accepted definition 
of any of those three types of mass, 

In addition, all the discussions have included a fundamental error: They 
assume a separate 3-force acting upon a separate 3-mass, which is unequivocally 
false. Another fundamental error is the assumption of an observed (effect) 3-positron 
interacting with normal matter rather than a non-observed (causal) 4-positron 
(negative energy 4-electeon) in massfiee spacetime, In effect, this applies the CPT 
(charge-parity-lime) symmetry, and converts the direction ofthe 3-positzon to the 
antidirection ofthe 4-positron while also changing the negative mass ofthe 
4-positron to positive mass of the 3-positron. Further, in physics there is sill no firm 
definition of either force oF mass, but only circular definitions between the two. We 
are using the simple definition of mass as F= d/ds (mw), where mass is a component 
fof force F and hence there is no separate force F acting upon a separate mass m. We 
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interpret that equation as "the force F observed in a new observation is proportional 
to the time-rate of change ofthe ongoing 4-space interaction between the just- 
observed 3-mass m and the average interchange of ime-energy and space-energy 
represented by v in the ongoing dynamics between spacetime and mass m, Whatever 
adjective is prefaced upon the F is also prefaced upon the m in the my teem 

We politely but firmly disagree with one prevailing notion that positive mass 
attracts both positive and negative mass, while negative mass repels both types. 
Further, we believe that the Sweet vacuum triode amplifier antigravity experiment 
falsified that notion, We hold to the dictum that m == Ele, where E is real spatial 
energy and may be positive or negative, cis always positive, and therefore negative 
‘mass is highly compressed negative spatial energy while positive mass is highly 
compressed positive spatial energy. (Imaginary mass is a separate consideration.) 
We also prefer to reason in "single fundamental units” physies where the joule is the 
only fundamental unit. Gravity then becomes a function ofthe joule, whether 
electromagnetic, mechanical, or whatever. We consider the energy in spacetime to he 
the source of the curvature of spacetime that is known as " gravitational field”. Wf the 
joule is of positive energy, the accompanying gravity is positive. Ifthe joule is of 
negative energy, the accompanying gravity is negative. And we consider gravity as 
the 4space causal spacetime curvature, So for gravitational interaction theory, we 
insist on examining the interaction of the curvature of local spacetime with the mass- 
energy. Further, we postulate that the gravitational effect upon one mass from a 
second mass is an improperly posed concept. It actually is an effect of the local 
curvature of spacetime around the first mass, where that curvature of spacetime was 
induced by the second mass's energy. Further, we consider that positive energy 
fields surrounding a positive mass will curve spacetime in the "positive gravity 
direction. The positive mass is attracted by all other positive masses. Negative 
energy fields surrounding that positive mass system curve spacetime in the "negative 
gravity" direction so that the positive mass ofthe system is at least partially repelled 
by all other positive masses in the universe, 

We further prefer to think in terms of the supersystem and the unobserved 
causal 4-field, not the frozen iterative 3-Field snapshots defined only after iterative 
observations. ‘As we stated previously, the "observed" 3-positron is, in our view, a 
very different beast from the as-yet-unobserved 4-positron, The 3-positron is a 
frozen momentary “effect” entity with no dynamics at all and no cor 
existence in time (and hence in spacetime) at all; instead, it continually recurs as the 
iterative effect of iterative observation by iterative application ofthe Wdt 
‘observation operator. The 4-positron is still a negative energy electron with 
charge, and still going in a non-reversed direction sis 


dynamics, continuously existing in spacetime, not just in 3-space. Until in 
and observed, it also has negative energy and negative mass-equivaleney. 
Ione wishes to accurately deal with spacetime effeets from the "positro 
four view one must deal with the 4-positron before observation, and hence with the 
supersystem. The 3-positron is not a spacetime entity, but only a frozen 3-spatial 
snapshot. Scientists, including Dirac himself, were horrified at the negative mass 
implications ofthe negative energy states. Therefore, they moved the interpretation 
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simply replacing positive mass m, by negative mass -m . That two 
negative masses would attract can be seen by replacing positive mass my 
by negative mass (-m,), and also replacing positive mass m, by negative 
mass (- m2) 


Now consider mass m, to be the rest ofthe net positive mass in the 
universe, and mass m, to be the “effective” mass in a local supersystem 
consisting ofthe local physical system, its local active vacuum, and its 
local active curvatures of spacetime — in short, in a local supersystem. 
consisting of the physical system and its local active environment, and the 
interchanges between them. Let m= mp +m, Where m, is the amount 
of local positive mass (or mass-equivalent) in the system and. m, is the 
amount of negative mass (or mass equivalent) in the system. This 
supersystem now simultaneously exhibits both positive gravity (attraction) 
to all net positive masses in the universe and negative gravity (repulsion) 
to them as well. The net gravitational response of the supersystem depends 
upon the fraction of the effective mass that is positive and the fraction that 
is negative — in short, upon the net vector sum ofthe two gravitational 
forces. 


to the 3-positron, and thereby twisted the interpretation to substitute the effect for 
the cause. Hence circuit theory treats the lattice hole as a positron, yet that "hole 
acts very differently from a true Dirac positron (a Dirac sea negative energy 
election) in free space. 

Consequently, matter-antimatter interactions and the interaction between positive 
energy and negative energy are quite different, or they can be ifso manipulated prior 
to observation. In the matter-antimatter interaction, the intial curvature of spacetin 
formed by the union decays by radiation of EM positive energy and the “effect 
particles” disappear back into the uncurved vacuum from whence they came. In the 
positive energy and negative interaction, there is a change of the local curvature of 
spacetime without its decay and subsequent re-radiation of EM energy. Equal 
amounts of interacting positive and negative EM field energy thus are simply 
transduced into stress energy potential ofthe vacuum and consequent sustained 
change in the curvature of the local spacetime, Indeed, the radiation of pair 
annihilation energy is obtained only at the expense of negating (relaxing) the local 
polarization ofthe vacuum (and the two consequent curvatures of local spacetime) 
represented by the independent positron and electron. Indeed, normal pair 
annihilation is a sort of Lorentz symmetrical regauging of the locally asymmetrical 

‘The reader is certainly free to disagree with our conclusions: we are merely 
explaining them. Experiment will eventually sort out the truth or falsity ofthe 
approach. So far, based on the Sweet experiment designed by the present author, a 
highly successful experiment was consistent with this approach. 


Ina "mixed" mass system containing both positive and negative 
‘component masses, the fraction of the total mass that is positive and the 
fraction that is negative is thus significant. When the mixture's negative 
‘mass is less than its positive mass, the mixture would exhibit a "reduced” 
gravitational attraction to other masses of the universe. Then the ratio of 
negative mass to positive mass might be taken as the "gravitational 
shielding” coefficient (fraction) 


When the amount of positive mass and the amount of negative mass were 
equal, the overall mass system would exhibit no net gravity or antigravity, 
and would "float" or "hover" in the Earth’s gravitational field. It would be 
‘equally attracted and repelled by the Earth's positive mass (and by all other 
positive mass in the universe, hence could — at least under certain 
conditions — appear inertia-free.). When the amount of negative mass 
exceeds the amount of positive mass, the overall mass system would 
exhibit a net antigravity effect. It would be repelled more strongly by the 
Earth's positive mass, as well as more weakly by the distant positive 
‘masses of the universe, and hence would accelerate upwards and away 
from the Earth. Notice that the key to antigravity in the Newtonian 
approach is the availability of negative mass, but in the new sense in which 
wwe use it. Note also that we did not discuss the separate issue of imaginary 
mass. 


If we translate that into modem terms, where we consider not the "mass 
but the condensed energy comprising the mass, then m, and m, become 
positive mass-energy and negative mass-energy terms respectively. Given 
the ability to produce electromagnetically produce substantial negative 
field energy in the immediate vacuum environment of the system, where 
the source of the field is the physical system, then the creation of a direct 
antigravity component in the system's environment — the other two 
components of its supersystem — becomes not only possible but also 
feasible. 


‘The key to antigravity becomes the availability ofnegativefield energy in 
the local space surrounding the physical object, with the physical object 
containing the source ofthat surrounding spatial negative energy field. 
Voila! This impels us directly to electrodynamics and a modified Dirac sea 
{497, 498a, 498b), one with excess empty holes as source charges 
producing negative energy EM fields. We deliberately create these unique 
source charges by actions taken in a COP» 1.0 system. This gives the key 


to the approach to antigravity taken by the present author.”"* However, we 
use as negative energy not just the accounted Poynting energy flow 
component in space where the field is present, but also the unaccounted 
Heaviside energy flow component, which is much greater in magnitude (in 
a nominal case, nearly 10" times greater). In this way, we dramatically 
increase the amount of antigravity effect that can be obtained by a given 
EM power dissipation in the physical electrodynamic system itself. This 
antigravity effect ofa Heaviside component of EM negative energyflow 
hhas not been accounted in previous analyses. 


8.2.2 Riemann Surfaces and Riemann Geometry 
‘The next development of interest to us is the doctoral thesis of Riemann 
{499}, which founded the theory of Riemann surfaces. Three years later, 
he founded Riemann geometry in a famous lecture. Riemann was working 
on a unified explanation of gravity and electromagnetism when he died of 
tuberculosis a dozen years later. It was Riemann’s multiply-connected 
topologies that eventually resulted in the view of electric charge producing 
lines of forve trapped in the topology of space (500). Had Riemann lived, 
we believe that engineerable unification of electrodynamics and gravity 
would have occurred early on. In that case, we might have already had 
practical antigravity vehicles and explored the solar system and beyond. 


8.2.3 Heaviside's Excess Energy Circulation Flow and Gravity Theory 
‘The next theory of gravity of interest to us is that of Oliver Heaviside. 
Heaviside noted that his extra EM energy flow term was a trapped EM 
energy circulation {501}. He realized that, ifthat trapped EM energy 
circulation were taken as gravitational in nature, his energy flow theory 
could be converted into a unified theory incorporating both 
electrodynamics and gravitation. After his death, his handwritten notes on 
the theory were found beneath the floorboards in the little garret apartment 
he had long occupied. No one knows what other papers he may have had: 
the place was ransacked and looted prior to the discovery of these 
remaining papers hidden beneath the floorboards — papers the looters had 
missed, 


* We also point out that a Dirac sea with empty holes (excess negative energy 
states) exists in (or constitutes) a negatively curved spacetime a priori. So we get 
back to the other two components of our "supersystem’, the active vacuum and its 
‘dynamics and the local curvature of spacetime and its dynar 
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ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES, 


Other scientists such as Laithwaite have felt that Heaviside's approach 
‘might still shake the foundations of physics itself. Quoting Laithwaite 
{502}: 

“Heaviside had originally written the energyflow as 
S=(ExH) + G, where Gis a circuital flux. Poynting had 
only written $= (ExH). Takingp to be the density of 
‘matter and e the intensity ofa gravitationalforce, 

Heaviside found that the circuital flux G can he expressed 
as pu —ce, where u represents the velocity of p and eis a 
constant.” 


8.2.4 Mach's Principle 
‘After Heaviside, the next item of interest to us is Mach’s principle (503), 
which essentially states (504) 


"The properties ofspace have no independent existence 
but depend on the mass content and distribution within it 
Thus, acceleration dealt with in Newtonian mechanics can 
only have meaning ifit is an acceleration with respect to 
the stars or with respect to something equally well- 
defined." 


Mach’s principle does not adequately deal with spacetime, and certainly 
does not even acknowledge or encompass how energy exists in 3-space at 
each point dipole, as an entering flow from the time domain into the 
negative (charge x time). It does not include transduction by the negative 
charge into 3-space energy, passage ofthe 3-energy to the associated 
positive charge, transduction back into time energy by the positive charge, 
and re-emission of the transduced time-energy back into the time domain, 
by the positive charge. In short, Mach's principle will never get one a 
practical antigravity system, regardless of how one applies the principle. 


8.2.5 Einstein's General Relativity 
‘Next comes Einstein's epochal general relativity theory of gravitation 
{505}. In that theory, Mach’s principle is interpreted as pointed out by 
Misner, Thorne and Wheeler {506} in the following quote: 


"Einstein's theory (1) identifies gravitation as the 
‘mechanism by which matter there influences inertia here; 
[and} (2) says that this coupling takes place on a 
spacelike hypersurface..." 
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‘The great contribution of Einstein's general relativity was to remove the 
notion of the "field occupying space”, where field and space are separate 
things. Quoting (507}: 


"Ifwe imagine the gravitationalfield, i.e., thefunctions 
24. 10 be removed, there does not remain a space ofthe 
type (1) [Minkowski Space], but absolutely nothing, and 
also no ‘topological space’. For thefunctions gu describe 
not only thefield, but at the same time also the 
topological and metrical structural properties ofthe 
manifold. ... There is no suck thing as an empty space, ie., 
aspace without field. Space-time does not claim existence 
on its own, but only as a structural quality ofthe field." 


In passing, we note that in the conventional sense we can and do have 
many fields "in the same space", which is merely the statement that a net 
field has internal structure, and so does a net spacetime. Extending that 
notion, we can conclude that spacetime is in fact naught but a set of fields, 
both static and dynamic. The total energy density of all those fields at any 
point in space constitutes a potential with that energy density at that point, 
and with that internal field dynamics and structure. So because of its 
incredible field energy density, space is also identically a giant potential 
with internal structure and dynamics. With that observation, we rather 
casually join the seething vacuum of particle physics, the spacetime of 
general relativity, and the fields of electromagnetics as different aspects of 
the same thing. We point out that our concept of the supersystem therefore 
only identifies the three separate things into Which this "one-thing” has 
been arbitrarily divided in much of physics 


Although he tried more than once, Einstein himself failed to achieve a 
successful unified theory of gravitation and electrodynamics. One thing he 
added in his earlier theory was a cosmological constant, which he felt was 
necessary to explain a stable closed universe. He later regretted that 
assumption, but today with the discovery of the acceleration of the 
expanding universe, which can only be caused by antigravity, his 
cosmological constant has assumed a new and vital role in the search for 
the source of this observed antigravity effect in the cosmos. 


8.2.6 Kaluza-Klein 5-Dimensional Unified Theory 
Using five dimensions, a unified theory of general relativity and 
electrodynamics was advanced by Kaluza (508) as extended by Klein 
(509}. This is a notable extension of Einstein's theory, and a very 
substantial literature exists in the Kaluza-Klein area. 
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8.2.7 The Sachs Unified Field Extension of Einstein's Theory 

Another notable extension of Einstein's theory, which does inciude 
electrodynamics and the results of quantum mechanics as well, is the 
theory by Sachs {510}. Starting with Einstein's general relativity view and 
the group symmetry ofits underlying mathematics, Sachs extended 
theory into a fundamental theory of matter in all domains 
group formalism and the spinor-quatemion calculus in a curved 
spacetime provide the genesis of matter fields. The theory encompasses 
globally covariant field equations for inertial features of matter including 
its force manifestations. Unification is provided by the generalized spinor 
formalism. Quoting a popularized summation {511} 


"Novelfeatures ofgeneral relativity are shown to emerge, 
in elementaryparticle physics as well as astrophysics. 
Especially noteworthy ...is afactorization of Einstein's 

field equations to a quaternion field formalism which, by 
way ofa single covariant field, includes both gravitation 
and electromagnetism coupled to matter field equations 

—whose linear (low energy) limit recovers quantum 
‘mechanics. The ...original approach also furnishes 
derivations, not previously available, of several observed 
properties ofinertial mass and gravitationalforce. " 


For a more technical description of how the unification of electrodynamics 
with general relativity is derived, we quote directly from Sachs (512) 


"It was demonstrated earlier that the factorization of 
Einstein's second-rank, symmetric tensor field equations, 
by removing the space and time-reflection elements from 
the underlying covariance group, yields a 16-component 
quaternion metrical field equation. The 16 equations were 
then re-expressed in a second-rank tensorform, breaking 
up into 10 ®6 equations. The 10 equations are in one-to- 
one correspondence with Einstein's symmetric tensor 
equations for gravitation; they are even under reflections. 
The remaining 6 equations are in antisymmetric tensor 

form; they are odd under reflections. Taking the covariant 
divergence ofthe latter equations then puts them into one~ 
to-one correspondence with the structure ofMaxwell' 
equationsfor electromagnetism. What was shown earlier 
was that the four ofMaxwell’s equations with sources 

followed. What is shown in this paper is that the other 

‘four of Maxwell's equations that are source-free also 
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follow, thus indicating the absence ofmagnetic monopoles 
‘from this theory, as in the usual Maxwellformalism. This 
shows that the factorization ofEinstein's field equations 
to the quaternion form fully unifies the gravitational and 
electromagnetic manifestations ofinteracting charged 
matter." 


To freely download several of Professor Sachs's important technical 
papers, one is referred to his website at 
htp:/www.compukol.com/mendeVarticles/articles html. 


‘The 0(3) electrodynamics of Evans and Vigier has been shown to be a 
special subset of Sachs's electrodynamics (513a}. Hence O(3) can be used 
to engineer much of the Sachs unified field theory phenomenology, 
including — in our view — both gravity and antigravity. The first 
theoretical indication of this has been published by the AIAS (Alpha 
Foundation’s Institute for Advanced Study) {513b}. Shortly we discuss our 
own views on how to directly perform engineering of antigravity. 


A great many excellent publications on general relativity and the 
background of scientific knowledge in gravity exist; e., the text by 
Wheeler et al. {514} is particularly good. Einstein himself wrote a book on 
his special and general theory for the nonspecialist (515}. A collection of 
English translations of some of the original papers on relativity is provided 
in a book by Einstein, Lorentz, Minkowski, and Weyl {516}. Many other 
gravitational theories or changes to major theories have also been proposed 
by other scientists, but are not discussed here. For our purposes, an 
abbreviated discussion will suffice to understand a fundamental approach 
to feasible antigravity. 


Since we are interested in actual working systems, a short review of some 
of the efforts in asymmetric lifting and propulsion experiments is useful 


83 Selected Antigravity and Inertial Propulsion 
Research Efforts 


We give only a small sampling of the many efforts performed or ongoing 
in this area over the last few decades, and some still ongoing today. 


83.1 T. Townsend Brown 
Our first example is the work of T. Townsend Brown. Brown was working 
on a "gravitor” before he finished high school, and continued work in 
electrogravitation throughout his life. Space is a dielectric, and Brown 
reasoned that the displacement current in a capacitor dielectric could 
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influence the space dielectric itself.”* Hence he built, tested, and patented 
several variations of lifting devices based on this concept {517a-517e} 
Essentially, he found that certain high capacitance dielectrics could be 
subjected to high voltage (50 to 300 kilovolts), and would exhibit thrust in 
the direction from the negative to the positive pole. 


Here we point out our contention that all EM energy in space comes from 
the time domain via the negative charge, and re-enters the time domain via 
the positive charge. This is consistent with Browns finding. Although he 
demonstrated many such lifting and thrusting devices, Brown was never 
able to obtain sufficient financial and scientific backing to bring a practical 
embodiment of his inventions into practice. His work, however, has been 
replicated by multiple experimenters, including NASA researchers (see 
below) and several researchers contributing results to Jean-Louis Naudin’s 
website http://jnaudin.free.fr/htmM/ifters.htm, 


8.3.2 Jonathan W. Campbell 
Recently a U.S. patent {518} on a thrusting capacitor, by Campbell, has 
been issued and assigned to the U.S. Government (NASA), and made 
available for commercial licensing. The patent write-up states that thrust 
from capacitors is well known, but has been too small to be practical. The 
patent purports to remedy that impracticality. A version ofthe NASA. 
device has been replicated by the Naudin researchers also. So an 
adaptation of Brown's work has been patented by the U.S. government 
with intentions of licensing. This would appear to validate much of 
Brown's approach and efforts 


8.3.3 The Dean Drive 
Our second example is the inertial drive patented by Dean (5192-519), 
Unfortunately, the effects of the Dean drive later appeared to be a problem 
in accurate measurement. Nonetheless, work still continues along the 
direction shown by Dean. One may argue that mechanical materials also 
contain charges and have a certain kind of capacitance. Hence, mechanical 
‘motion ofthe parts ofthe machine does move these charges and 
dielectrics, opening a possibility of interacting with the dielectric of space. 
For example, Sweet's VTA involved a sustained self-oscillation between 
the local vacuum and the barium nuclei in his barium ferrite magnets 


2 We have not yet explored the gravitational effects — ifany — of our concept of 
the triode capacitor. discussed in paragraph 6.3.7 and diagrammed in Figure 6-17. 
We will examine itas soon as we have the proper equipment. 
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Dean's approach still has merit, even ifa particular embodiment gave a 
negative result when very accurate measurement was performed. It is 
particularly of interest that mechanical force is essentially derived from 
electromagnetic forces (and fields) at basis. These base EM fields involve 
(and identically are) curvatures of spacetime, and hence the motions of the 
inertial drive mechanical apparatuses do involve at least some curvatures 
of spacetime and dynamic changes to them. 


Our comment is that, when the additional but neglected Heaviside 
nondiverged energy flow component is accounted, these field interactions 
intemal to matter can produce many orders of magnitude greater curvature 
of spacetime than is accounted by the diverted Poynting energy flow 
component only. 

‘The “inertial antigravity" approach may be visualized as the use of excess 
gravitational thrust in a specific direction. Ifthat direction is against the 
local pull of gravity, and is more powerful, then "lift against the 
gravitational pull” is obtained. Rigorously, this is not true antigravity but 
‘manipulated excess positive gravity. 


In our approach to antigravity, one way to approach the problem is to have 
the mechanical apparatus also the source of an intense negative energy EM 
field, producing an intense flux of Dirac sea holes into and in the local 
surrounding spacetime. The excess charge removed from the Dirac holes 
can in fact be used in the electrical powering ofthe physical system, as 
was demonstrated in the Sweet VTA antigravity test. Then movements of 
the mechanical parts could involve movement of strong negative energy 
fields, hence strong curves of local spacetime that are local strong negative 
gravityfields. Or, better yet, movement of the charges themselves will also 
produce field-induced movement of the Dirac sea hole negative energy. 
This appears to be a practical method to manipulate the metric itself, along 
the lines proposed by Puthoff et al.’”” 


8.3.4 Henry Wallace 
Other work has been by Henry Wallace, an engineer working for General 
Electric in the 1970s. His work dealt with the interactions of relatively 
‘moving masses of various kinds, and it is described in his patents (520a, 
520b). The discussion under the Dean drive probably applies to Wallace's 
work as well 


2° HE, Puthoff, S. R. Little, and M. Ibis 
Polarizable Vacuum for Interstellar Flight, 
2002, p. 137-144. 


n, "Engineering the Zero-Point Field and 
“L British Interplanetary Soe, Vol. 55, 
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835 J. F. Woodward 
Next is the work of J. F. Woodward, resulting in one or more patents 
{521} and multiple articles in the legitimate physics literature (522a- 
522k). Woodward uses an adapted theory based on Mach’s principle and 
on the thesis that the mass of a capacitor can be made to vary from its 
normal mass by rapidly charging and discharging it — say, at a frequency 
of 20 kHz. This predicted effect is testable, although some sophistication 
in the testing is required. 


Woodward's publications show the results of actual experiment 
‘measuring a very small change in the mass, and are worthy of much further 
investigation. Here we note that the actual mechanism generating the 
inertia of an object is still an open issue, with several different contending 
theories.” Whether the gravitational mass and the inertial mass are 
identical or not, also remains an issue. Ifthe exact local mechanism 
‘generating the inertia ofa mass could be decisively found, then direct 
methods of changing the inertial mass and the gravitational mass might be 
a real possibility, and research to try to find such methods would be 
strongly indicated. 


‘Our further comment is that the mechanism that generates mass itselfhas 
never been specified in formal physics,”"” particularly when one views an 
observable (such as mass) as continually recurring in 3-space rather than 
continuously existing in 3-space, due to the d/dt operator imposed on 
spacetime by the observation process. Before the reader assumes that mass 
is well understood, a reading of Jammer's scholarly work (523) is highly 
recommended 


From our viewpoint we stress that observed mass cannot continuously 
exist, but must be an effect and the instantaneous frozen output ofthe d/dt 
observation process invoked on an ongoing 4-space process. Hence, from 
this view there is that (continually) creates mass — it is 
at least the emission of EM angular momentum (a photon) from the 
‘masstime entity. Similarly, there is a "process" that continually destroys or 
converts any mass — it is the absorption of a photon and conversion of the 


©" Eg. (a) A. Rueda and B. Haiseh, "Inertia as reaction ofthe vacuum to 
accelerated motion," Pigs. Let. A, Vol. 240, 1998, p. 115-126: (b) B. Haisch, A 
Rueda and Y. Dobyns, "Inertial Mass and the Quanium Vacuum Fields." Am. Pips 
Vol. 10, 2001, p. 393-214. 


© The present author made an early and crude attempt at doing it in his "Quiton 
Perceptron Physics." 1973, NTIS Report AD-763-210. 
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‘mass m into masstime (m + dmjdt. Mass "flows through time" via this 
time charging and discharging, in the form m => mt => m 
ate 


Again we stress that masstime mt is not mass m, but is as different from it 
as impulse Fr is from force F. We crudely proposed such an initial mass- 
generating mechanism in 1973 (524a}, with additional information 
published in 198 {525a}, which may have bearing on the mechanism 
involved in Woodward's experiments, 


8.3.6 E. R. Laithwaite 
Efic Laithwaite was for some years a professor with the Imperial College 
in London. He was one of the pioneers of the linear electric motor and of 
portions ofthe magnetic levitation (MagLev) train concept. An illustrious 
career headed for greater things (perhaps knighthood, Fellow of the Royal 
Society, etc.) was abruptly derailed in 1973 after he lectured to the 
prestigious Royal Institution by invitation and demonstrated that a heavy 
gyroscope, difficult to lift with one hand while not turing, could be lifted 
easily with that same hand, once turing at speed. Laithwaite's suggestion 
that Newton's laws of motion might be in difficulty proved much too 
controversial. The Royal Institution (apparently for the first time in its 200 
year history) did not publish proceedings of that invited discourse.”*” 


One of the remarkable things Laithwaite achieved was a form of 
“indefinite motion” device that he demonstrated circa 1970 {526}. The 
Centennial Centre of Science & Technology in Ontario was looking for 
working models to decorate the entrance hall. Laithwaite showed that ifa 
linear-motor primary was rolled into a cylinder, so that it became simply 
the stator of a conventional induction motor," a steel washer (about 3 em, 
in diameter) could be made to roll continuously in a vertical plane around 
the inside of the stator. A combination of centrifugal force and magnetic 


With some humor we point out how shocking is our proposal that such a thing as 
“continuous” propagation of an object or energy through 3-space does not exist. 
Instead, small differential "pieces" ofit continually “recur” at successive positions, 
‘much like the projection of the frames ofa motion picture frame, where continual 
‘observation is the "projection process”. Nonetheless, in our proposed solution to the 
source charge problem, either that is true or every charge in the universe is a 
perpetual motion machine, freely creating energy out of nothing. In our view, that is 
the impact ofthe long-neglected source charge problem in quantal and classical 
electrodynamics. It has produced the wrong and naive notion of what "propagation 
through space” actually entails, 


* Something similar to diagrammatic Figure 6-26 in Chapter 6 
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attraction kept the washer in contact with the stator at all times. At the 
same time, a pivoted copper cylinder could be held in the center of the 
stator and would be seen to rotate on its own axis in the opposite 
direction.” Laithwaite completed and delivered a working model to the 
Centennial Center of Science & Technology. The reader should note the 
similarity of Laithwaite's proven experimental device to the magnetic 
‘Wankel engine 


In addition to his attention to Heaviside's unpublished draft notes and 
manuscript on a combined theory of electromagnetics and gravity 
(previously discussed above) {502}, Laithwaite spent the latter years of his 
life working on sophisticated gyroscopic systems {527a-527h}. Ultimately 
he felt he had successfully produced a mass transfer effect (528) and the 
basis for a propulsion system. He and William Dawson applied for a patent 
in 1993, which was granted in 1995 (529), with a U.S. patent granted in 
1999 {530}. Regretfully, Professor Laithwaite died in 1997, 


8.3.7 Floyd Sweet's Vacuum Triode Amplifier (VTA) 
See again Chapter 6 and Figures 6-5 through 6-14 on the work of Floyd 
‘Sweet, previously discussed in paragraph 6.3.2. My concept of 
antigravitation used in the experiment is shown in Figure 6-15. By now, 
the sharp-eyed reader will recognize that my method actually constitutes a 
conceptual extension and definitization of the Dirac electron theory, 
reinterpreted to recover negative mass, negative energy, negative energy 
fields, and negative energy potentials. The defining feature is the 
deliberate use of a COP» 1.0 main power system (perhaps constituting the 
power system of flight vehicle) as a source of locally strong negative 
energy EM fields generated by the concentrated Dirac sea holes (causal 
4-positrons being negative energy 4-electrons prior to observation) locally 
produced in the power system. We collaborated with Sweet on the vacuum, 
triode amplifier for more than a decade, and in fact suggested the name of 
the device. 


‘The antigravity approach designed by the present author was based on 
realizing that negative energy sources (e.g., 4-positrons as negative mass 
4-electrons prior to their reaction and observation) produce negative 


= We have had the distinet not 
found by Laithwaite is probably 


that the fundamental contrarotating mechanism 
analogous mechanism — or very similar — to 


the mechanism utilized by Bauman in his Swiss converter (Methernitha device). As 


pointed out, it also has remarkable similarities to the magnetic Wankel en 
‘except that the magnetic Wankel does not utilize two contrarotations, 
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energy EM fields. The field can reach out over all space, so a negative EM 
energy field represents a reversed curvature ofa large volume of 
spacetime. Hence it represents a considerable antigravity field — 
particularly when one considers the unaccounted huge Heaviside 
component of the negative energy field and charge interaction. Since the 
field strength falls offas the inverse square ofthe distance from its source, 
the strong antigravity effects of negative energy EM fields are much 
stronger locally than at a distance. This is particularly true when the 
conventionally ignored Heaviside nondiverged EM energy flow 
accompanying the accounted diverged Poynting energy flow of every 
field-charge reaction is accounted. This usually ignored factor dramatically 
increases the antigravity intensity produced by the local negative EM 
energy field by many orders of magnitude, often by nearly 10"? 


My antigravity concept (then and now) is shown in Figure 6-15 of Chapter 
6. Atthe time, the only available device I knew of that produced a 
substantial percentage of output negative EM energy was Sweet's vacuum 
triode amplifier. So I persuaded Sweet to fabricate a new output section 
(an output load similar to Figure 6.8 but containing ten sockets for ten 100 
‘watt lamps). Thus the output of the unit — which adjusted automatically to 
the available load — could be increased in 100-watt increments by merely 
serewing in the lamps one at a time and making laboratory readings after 
each new 100-watt load increase was added. This was done and the 
‘concept was successfully tested by Sweet {531}, who was making the 
‘measurements in California and reading them off over the phone to me (I 
was in Huntsville, Alabama). The experiment worked beautifully 


‘The setup and progress of the experiment were intended to materially 
increase the strength of the negative energy EM field and Dirac sea hole 
flux already produced to a lesser extent by the Sweet vacuum triode 
amplifier (VTA) in its normal operation. Thus the hypothesized negative 
energy antigravity field, produced weakly by the negative energy fiom the 
device in its ordinary power output range of 500 watts, was to be 
substantially increased at 1,000 watts. The response to the net gravitational 
field surrounding the object would thus be the resultant of two factors: (i) 
the normal response of the device's positive mass to the positive 
gravitational field of the Earth ete., and (ii) the additional response of the 
device's positive mass to the local antigravitational field produced around 
it, The measurable result was expected to be a decrease in the measured 
weight of the object on the laboratory bench. 


As discussed, this stratagem succeeded dramatically. The weight of the 
‘vacuum triode amplifier was decreased, smoothly and controllably, by 
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90% on the laboratory bench (see again Figure 6-9). The results were 
later published in ajoint paper {531} prepared by the present author. I 
placed Sweet's name first on the paper because he was the inventor of the 
VTA, which demonstrated the effect once properly modified as I 
requested. Note that the extra antigravitational field effect on an object is 
indeed a local effect, which the experiment also showed. This effect was 
obtained at a COP>1,500,000 (actually, at nearly a COP = 3,000,000) and 
at ELF frequency. 


‘The ELF frequency is important. As we explained previously, the highest 
energy photons of ll are the lowest frequency photons, when the highly 
compressed time-energy component of the photon is accounted as well as 
the decompressed spatial energy component. Hence, for very appreciable 
local curvature of spacetime to produce considerable antigravity, the 


antigravity source must produce negative energy fields consisting of 
negative energy photons at low frequencies (such as 60 Hz). Else, the 
curvature of spacetime is so small that little effect will evidence. My best 
"back of the envelope” estimate ofthe efficiency ofthe antigravity process 


inthe VTA was 10%. 


8.3.8 Ning Li and (separately) E. Podkletnov 
Very interesting work was performed by Ning Li (532a-532d), a scientist 
originally with the University of Alabama in Huntsville (UAH), who 
retuned to China for a while but is now back in Huntsville. Quoting David 
Brown from the UAH website fiom. 1997: 

"In 1989, Dr. Ning Li of UAHpredicted that ifa time 

varying magnetic field were applied to a superconductor, 

charged and deformed lattice ions within the conductor 

could absorb enormous amounts ofenergy via the 


= Many times I have been asked how such small output power increase (from 500 t0 
1,000 watts) could possibly achieve such dramatic antigravity results. The answer - 
due to the neglected Heaviside nondiverged energy flow component — lies in 
multiplying the power output by the "Heaviside energy amplifiation factor & 
where K may be as large as 10". A S00-watt accounted increase, multiplied by 10". 
is actually an incredible increase in the total EM negative energy field density bein 
created inthe local vacuum. In short, a very little “accounted” power increase of the 
COP»1.0 VTA output is actually a very vast negative power output inerease when 
the long neglected K-factor is accounted. It isjust this missing K-factor and the 
failure to account forthe negative energy KM fields generated in COP» 1.0 
discharges in violent astronomical phenomena that seem to be responsible for 
generating the excess antigravity that is accelerating the expansion ofthe universe 
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magnetic moment effect. This acquired energy would 
cause the lattice ions to spin rapidly about their 
equilibrium positions and create a miniscule gravitational 
‘field. Dr. Li's calculations showed that ifthese charged, 
rotating, lattice ions were aligned with each other by a 
strong magnetic field, the resulting change in local 
gravity would be measurable." 


"Podklemov and Nieminen (1992) (533) made the 
accidental discovery thata single-phase, dense, bulk, high 
T., superconducting, ceramic disk spinning at 5,000 rpm 
can produce a 2 percent reduction in the weight ofnon- 
conducting, non-magnetic objects placed over the 
spinning disk. UAH and MSFC [Marshall Space Flight 
Center, apart ofNASA] [cooperated] on ajoint research 
project to independently confirm the results ofthe 
Podkletnov experiment and1o validate Dr. Li's theory of 
gravity modification via superconductor. On March 26th, 
1997, as apart ofthis project, the joint UAH-MSFC 
research team produced the largest high temperature 
superconducting disk ever manufactured in the USA. This 
disk measures 12 inches in diameter and is 0.5 inches 


thick" 


We now explain the experiments, from our point of view of the mechanism 
for antigravity. We remark that, at least in theory, the charges in such a 
rotating superconducting disk have an inward “discharge” acceleration 
force that is a function of the distance ofthe charge from the rotation axis, 
center. Hence, in the rotating frame, some of these charges are very 
strongly “accelerating” toward the center, as are their spins whose 
magnetic vector is orthogonal to the E-field vector. A flow of EM energy 
exists perpendicular to the rotating flat disk and is accelerating at right 
angles to the disk surface. This is analogous to a discharge (sudden 
acceleration) phenomenon, and it will also produce accelerating negative 
energy Dirac sea 4-holes in the vacuum component of the supersystem of 
the spinning disk. So from the spinning disk there is a sort of "wide beam" 
of Dirac sea 4-hole current in the vacuum, radiating at right angles to the 
disk surface, with heavier concentrations toward the outside of the disk 
‘The result is that objects in the Earth's gravitational field, and also placed 
in the path of this negative energy Dirac sea 4-hole current, is acted upon 
by two superposed curvatures of local spacetime: (1) the positive curvature 
due to the Earth's gravitational field, and (2) the negative curvature due to 
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the negative energy field's curving local spacetime. The total net 
gravitational effect will be due to the algebraic sum of the superposed two 
spacetime curvatures — the normal positive curvature from the Earth's 
gravitational field and the second a negative curvature created by the Dirac 
sea hole current’s negative energy fields (Heaviside energy flow 
component considered). ‘The expectation is therefore a reduction in the 
weight of the object, as is shown in the experiments 


‘The UAH-MSFC group was unable to confirm Podkletnov's findings.” 
Ning Li and the NASA group later split amicably. Ning Li continued her 
theoretical work, eventually ceased publishing papers for a period to 
protect the techniques and experimental results achieved in her work, and 
focused upon potential applications. She apparently returned to China for 
some time, but is now back in Huntsville, Alabama and still 
experimenting. We suspect there may also be a Chinese research effort 
into antigravity, using the approach taken by Ning Li. Perhaps information 
fom that program will be released in the Future. 


But what ofthe work of Podkletnov since his original experiments? NASA 
continued to try to replicate his disk and his work, with Podkletnov acting 
as a consultant. Presently, NASA has paid an independent research firm to 
replicate the disk to full specifications, which has just been accomplished 
as this is written. At this writing, the experimental results of this new 
attempt are not yet available as the work is still in progress. It should be 
available by the time this book is published, 


Meanwhile, a relatively new paper by Podkletnov and Modanese has been 
published on the Los Alamos National Laboratory website.” This method 
uses high amperage sharp pulse discharges from a superconducting 
ceramic electrode, to produce an anomalous radiation in a focused beam. 
Significantly, the beam does not noticeably attenuate through different 
materials. The beam exerts a short repulsive force on small movable 
‘objects on the propagation axis, with the force proportional to the mass of 
the objects. 


= B Podkletnov and R. Nieminen, "A possibility of gravitational force shielding by 
bulk YBasCus0y.. superconductor,” Physica C, Vol. 203, 1992, p. 441-444 


Evgeny Podkletaov and Giovanni Modanese, "Impulse Gravity Generator Based 
on Charged YBa;Cu,0;., Superconductor with Composite Crystal Structure,” carried 
fon website hitp://xx%.laal.gov/abs/physics/0108005, 
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We interpret the results as completely consistent with our own proposed 
excess gravity and antigravity mechanism. We know that such sharp 
discharges produce significant Dirac sea 4-hole currents in the local 
vacuum component of the supersystem. Such currents in a beam interact 
very little with intervening materials, and the major spacetime curvature 
effects are concentrated upon the propagation axis. On that axis, force 
effects can be expected upon small independent objects, due to the 
additional negative curvature added to the local spacetime in their 
supersystem. The impulse produced on the object should indeed be 
proportional to the mass ofthe object and independent of its composition, 
since it is a gravitational force effect induced by local curved spacetime. 
‘The force should be repulsive in the beam, since that is the direction of the 
antigravity force that will be induced in objects in the axis ofthe beam, by 
the beam of negative energy Dirac 4-holes. A positive gravity force would 
mean attraction between the object in the propagation path and the source 
ofthe beam. A negative gravity force would therefore mean repulsion. 


So Podkletnov and other scientists are still working on a successful effect. 
It will be interesting to see what results are reported in the future, and 
whether they will deviate from their present attempt to explain the effect, 
by a combined quantum gravity and anomalous vacuum fluctuations 
approach. 


8.3.9 NASA's Breakthrough Propulsion Physics (BPP) Project 
NASA's Breakthrough Propulsion Physics Project was established in 1996. 
It seeks a breakthrough in space transportation involving "(i) propulsion 
that requires no propellant mass, (ii) propulsion that attains the maximum 
transit speeds physically possible, and (iii) breakthrough methods of 
‘energy production to power such devices.” Investigations involve coupling 
of gravity and electromagnetism, the quantum vacuum, hyperfast travel, 
and superluminal quantum effects. The project is managed by the Glenn 
Research Center, sponsored by the Advanced Space Transportation 
Program, with overall management by NASA Marshall Space Flight 
Center, Huntsville, Alabama. 


NASA continues its investigations and experiments in methods to change 
the forve of gravitational attraction. The scientist in charge of the project is 
David Noever ofthe Marshall Space Flight Center. The work is still 
considered a work in progress, with the need for both experimental 
investigation and meticulous design of experiments, instrumentation, and 
measurement techniques, 


The overall NASA program also spreads to other supporting laboratories 
and projects. For example, at the Jet Propulsion Laboratory (IPL) Kulikov 
{534} has measured the difference between inertial and gravitational mass 
of a boson in a heat bath. At least one invention seems to have resulted or 
to be in progress, assigned to JPL. 


As mentioned, the U.S. Patent by Campbell (518) on a capacitor device 
producing a net thrust force (a more modem version of T. Townsend 
Brown's work) has been issued and assigned to NASA. 


8.3.10 Scientific Conferences 
‘There are regular conferences (several per year) being held in the U.S. and 
elsewhere, dealing with antigravity and electrogravitic propulsion. We 
give a little-noticed but pertinent example: In a nice presentation in 2001, 
LaPointe {535} proposed a new method for producing anti-matter. 
Currently antimatter production is accomplished in very large accelerators, 
and is therefore quite expensive. For increased experiments, a cheaper and 
‘much smaller (and much more available) process is highly desirable. 


In the Klein paradox, which involves very large potential drop across a 
very short distance — less than the Compton wavelength of the antimatter 
particle — matter and anti-matter pairs are produced. LaPointe 
hypothesized that it may be possible to use the Casimir effect to push one 
side of the step into the negative energy range. He is at least thinking 
toward negative EM energy sources that produce negative EM fields and 
negative gravity in the surrounding space, without explicitly enunciating it 
in that fashion. 


We already briefly discussed our own approach to antigravity, which is a 
much simpler and cheaper anti-particle producing mechanism, as 
demonstrated by the Sweet device. In short, overunity EM systems with 
COP» 1.0 do produce fiee flows of causal (before observed) 4-positrons 
(still in negative energy 4-electron state prior to interaction) in local 
spacetime immediately surrounding the system. Consequently, LaPointe’s 
efforts are in what we believe to be the correct direction, but he is still 
using a very difficult mechanism to engender the antimatter production. 
Also, the positrons or other antimatter sources of the negative energy fields 
must remain in the causal (unobserved and non-interacted) 4-state, in order 
to produce negative energy EM fields and potentials and antigravity. 


8.3.11 James Corum et all: Rectified Slepian AC Force Resonator 
Another example is some promising work by Corum et al. {536}. We 
quote from the abstract and summary of his paper: 
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"Corum presented an experimental paper on the use ofthe 
Heavisideforce in conjunction with a Slepian antenna as 
aform ofspace drive using nothing more than the 
classical Maxwell stress tensor. Slepian proposed the 
same thing in 1949, but came to the conclusion that it 
would not be usefil, since the time average ofthe 
resultant ACforce would be zero. Corum’s contribution 
has thus far been two-fold: (1) In conjunction with Dr. 
Alan Barnes of WVU he has experimentally shown that 
the AC version ofthe Slepian Resonating Antenna does 
produce aforce, and has measured it to within 3.6%, and 
(2) has designeda wayfor Hartley's variable capacitor 
rectification to be used with the Slepian resonator such 
that the rectification results in a DCforce component. 
The first experiment has already been achieved, the 
second experiment is the logical next step. If successful, 
the result would be quite revolutionary: a true space 
drive." 


Our comment is that this unilateral thrust force work is important. In our 
view, the Heaviside energy flow component does not appear in Slepian’s 
vector jb, which contains only the diverged EM energy flow surrounding a 
circuit or component, but it is present immediately outside the circuit 
where the Slepian vector exists. Hence there is an enormous, extra energy 
flow closely associated with every EM circuit, that is unaccounted since 
Lorentz’s closed surface integration ofthe energy flow vector discarded it 
quite arbitrarily 


We already know from the Bohren experiment (and thousands of others 
similar to it) previously cited that resonant charges do collect excess EM 
‘energy from a given EM energy flow input, compared to the collection 
from that flow by the same charges in nonresonant state. In using the 
Slepian resonator and then rectifying its output, it would appear that both 
the diverged (Poynting) energy flow component and the Heaviside 
nondiverged energy flow component are first resonated and then rectified. 
In addition, excess energy is collected — much more than is in the normal 
"static charge” formula assumptions for Poynting energy flow and in 
assuming only a "single pass, single interception and collection” of the 
energy. 


An important factor then is obvious: Once the energy flow is surrounding 
the circuit, there exists a certain local curvature of the immediate external 
spacetime. The rectification represents not only a change in the Slepian 
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Managing the migration 


‘Thus, virtualization will be a vital piece of the puzzle as 5G is 
rolled out and the Io grows. But the speed and agility that virtu- 
alization enables must be balanced against the need for network 
visibility, resilience, manageability and security, throughout the 
development, roll-out, and mass usage of each service. 


‘MNOs and service providers must weigh the trade-offs between 


2 Quality and cost. 
>> Flexibility and control. 


2 Moving too quickly and not moving fast enough. 


As a result, the demand for simple, end-to-end solutions that 
can efficiently test and validate the effectiveness and benefits 
of virtualization at every stage is only going to increase. Net- 
work virtualization will be a key driver of the IoTT ecosystem as it 
develops — and full-lifecycle reliability and performance testing 
will be a key element of this shift. 


Virtualizing Network Components 


30 


When LTE networks were conceptualized, one notable difference 
from earlier 3G architectures was the idea of a central “brain” — 
the evolved Node B (eNodeB). From the eNodeB — the point at 
which the cellular network wirelessly connects directly to user 
equipment (UE) — to the Internet, the connectivity would all be 
Internet Protocol (IP) based 


When data centers and other wired network components (such 
as routers, switches, and firewalls) started being virtualized on 
standard off-the-shelf servers, it was only natural for the wire 
less, IP-based 4G evolved packet core (EPC) to follow. 


Virtual EPC (vEPC) 


Because packet gateways, policy servers, and subscriber data~ 
bases are all IP-based in the LTE network, the EPC is an excellent 
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vector current in the circuit, but also a change in this local ST curvature 
interaction upon the circuit matter and charges. In short, it should produce 
a DC component in the direct excess interaction of the rectified local 
curvature of spacetime. This should produce excess directpropulsive 
force, just as Corum theorizes and the experiments support to date. 


Further, the oscillation of the large, unaccounted Heaviside nondiverged 
energy flow component involves the oscillation of a "dark energy” 
component that may be orders of magnitude greater than the accounted 
Poynting component's magnitude. By involving this huge energy flow 
component in oscillation and synchronized to the resonant Slepian circuit, 
Corum has unwittingly involved the supersystem as a COP» 1.0 EM 
"energy converter" system. Hence, there is appreciable Dirac hole current 
(in causal 4-form) in the local vacuum, not reacted with the materials in 
the system and therefore not converted to material lattice holes attached to 
positive mass. The time rate of changes of the negative energy fields and 
potentials are thus significant for antigravity effects, in the approach taken 
by the present author. In short, we believe Corum ef al. are in fact 
producing significant evidence for a workable approach to unilateral thrust 
force. 


This work by Corum et al. thus is highly promising, is solidly based 
experimentally, and certainly bears watching closely. We would strongly 
suggest that Corum ef al, analyze their proposed mechanisms and results 
‘obtained in terms of supersystem analysis rather than system analysis, 
using higher group symmetry electrodynamics, and recover and include the 
long-neglected Heaviside energy flow component. 


8.3.12 Gravitec, Inc. and H. Serrano 
A patent {537} was issued to H. Serrano on Oct. 5, 2000 and assigned to 
Gravitec, Inc. whose principal investigator and corporate officer is Tim 
‘Ventura. Based on this invention, Gravitec, Inc.. has developed and 
demonstrated a rotary device that develops unilateral thrust. Purdue 
University began a small but steady effort to test the unit, first in the 
atmosphere and later under high vacuum conditions. The first tests have 
been successful, and a paper {538} fiom the Purdue study shows it is not 
the ion wind effect, which is orders of magnitude too small to account for 
the demonstrated thrust. Further, Jean-Louis Naudin has replicated and 
tested the Serrano thruster, and it works beautifully (539). Ventura also 
hopes to develop a toy kit, with safe power supply, which would allow 
persons to perform their own successful lifter experiments and perhaps 
rotary experiments at nominal cost 


8.3.13 Transdimensional Technologies, Inc. 
‘There is also ongoing important propulsion work at Transdimensional 
Technologies, Inc. of Huntsville, Alabama (540}. Founded in 2000 by 
chief scientist, Jeffrey Cameron, the company has developed several novel 
propulsion and lifting mechanisms. Independent tests of some of these 
systems have been accomplished by Jean-Louis Naudin, and the results 
can be seen on his website (previously cited), 


gue Nanas repli ofthe Tsinensioal Tenge ir, 


‘As we go to press, Transdimensional’s most recent propulsion effect is 
called Power3 (power "cubed"). It uses an asymmetric capacitor to 
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produce the thrust in space, and the principle has been successfully tested 
ina vacuum. A larger, triangular lifter made mostly of pipe was 
demonstrated in vacuo to NASA officials in Huntsville, Alabama. 
‘Cameron has patents pending on magnetocaloric hybrid rocket engines and 
asymmetric gravitational waves {541}. A replica of the Transdimensional 
lifter successfully tested by Naudin is shown in Figure 8-1, by courtesy of 
Jean-Louis Naudin, Naudin's replica of the Transdimensional 
‘Technologies rotational device is shown in Figure 8-2. 


ure 2 Naud’ replea ole Traders Teche olationaldev, 


‘We understand that new Transdimensional Technologies systems, now in 
patent process and still closely held, represent dramatic advances in the 
state of the art. The corporation foresees eventual commercial licensing of 
some ofits developments, and the development of practical lift vehicles 
and space propulsion systems within 3 to 5 years.” 


Ken Moore and I personally visited Transdimensional Technologies here in 
Huntsville, and we found a very straightforward, enthusiastic, and hard-won 
‘group. We were treated with great courtesy, so much so that Jeff Cameron graciously 
‘cut short his Vacation day and came in to show us the lab equipment and give a 
‘demonstration. We very much appreciate the work that Transdimensional 
Technologies is doing. and we certainly wish this fine group outstanding success in 
their efforts. We also are very appreciative for their courtesy and consideration in 
showing us the demonstrations and for their cogent discussions with us, which were 
most helpl 
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83.14 American Antigravity (Tim Ventura's Company) 


Tim Ventura is a very energetic lifter and antigravity researcher, who has 
done work independently and for others such as Transdimensional 
Technologies. The results ofhis many experiments and replications, tests, 
photos, etc. are on his website at http:/www.americanantigravity.com. He 
also has several videos showing his testing, as well as detailed instructions 
for a researcher to build his own demonstration unit and verify the tests. 
Tim kindly furnished some needed information in this area, and put me in 
touch with other researchers and websites, which I appreciate 


8.3.15 Jean-Louis Naudin 
Jean-Louis Naudin is a tireless researcher in the fields of COP> 1.0 systems 
and processes, and in the field of lifters, inertial thrusters, and possible 
antigravity systems. His website is a comucopia of information, patent 
references, inventions, processes, and replications or replication attempts 
by Jean-Louis and others who regularly work on such things and 
communicate with him. The website is http://jnaudin.free.fi/. From there, 
one may click on the various parts ofthe site and on the links to other sites 
to gain a wealth of information on these subjects. 


His lifter work, including successful replications and instructions on how 
to build lifters, can be accessed from http:/jnaudin.free.fi/html/lifters.htm, 
and will keep the interested researcher busy for many productive hours. 
We especially commend Jean-Louis for his extraordinarily important 
efforts and for making all this work available to researchers worldwide. 
Once on the site, one is free to choose from a very wide variety of projects, 
subjects, etc. The information value of this site is very, very high. We 
consider Naudin's site to be the single best information site on the web for 
COP> 1.0 system information and for the new space propulsion 
‘methodology and effort. Necessary links to other related sites of interest 
are also provided. 


Good hunting! 


8.3.16 Other Research Work and Inventions 
While we have given a sort of quick overview of work done in this field, 
there have been many other patents filed by numerous inventors and 
additional work done by them. This is a dynamic field and it is moving: the 
biggest problem is that it is still sorely hampered by highly limited funding 
and an attitude by much ofthe scientific community that "ifit has not been 
invented here, it doesn't exist” 
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In the table in Figure 8-3 below, we list some ofthe pertinent patent 
numbers for reference, with the emphasis on U.S. Patents. The Naudin 
website previously referenced has a great deal of information on these 
thrusters and lifters, including instructions for building and testing several 
ofthe simpler proof-of-principle versions. There are links to other sites 
with even more information. Naudin also includes the results of his 
successful replication and testing of a variety of these devices and 
inventions, as well as the successful replication by other experimenters. 
Naudin also gives construction instructions and information on some of 
these, so that independent researchers can build test units and test them if 
desired, 


For those researchers interested in pursuing this area further, we would 
heartily recommend a determined search on the Internet, using Google 
(www.google.com) as their search engine. A good place to start is Jean- 
Louis Naudin’s web site, and then run the cross-links. The combination 
will turn up quite an amount of specific material, from which the 
individual researcher can choose which approach and experimental method 
he wishes to pursue. 


Figure 83. 


Selected Inertial Propulsion System Patents 


T. Townsend Brown, "A Method of and an Apparatus or 
Machine for producing Force or Motion, British Patent 
300,311, Nov. 15, 1928, 


Norman L. Dean, "System for Converting Rotary Motion 
into Unidirectional Motion,” USP #2,886,976, May 19, 1959, 


‘T. Townsend Brown, "Electrokinetic Apparatus,” USP 
#2,949,550, Aug. 16, 1960. 


T. Townsend Brown, "Electrokinetic Transducer, 
#3,018,394, Jan. 23, 1962, 


USP 


T. Townsend Brown, "Electrokinetic Generator,” USP 
3,022,430, Feb. 20, 1962. 


T. Townsend Brown, "Electrokinetic Apparatus,” USP 


3,187,206, Jun. 1,1965, 
Henry Wallace, "Method and Apparatus for Generating 


Secondary Gravitational Force Field,” USP. #3,626,605, 
Dec. 14, 1971 
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Henry Wallace, "Method and Apparatus for Generating a 
Dynamic Force,” USP #3,626,606, Dec. 14, 1971 


Fernand Estrade, "Device for Transforming Kinetic Energy.’ 
USP #3,807.244, Apr. 30, 1974. 

Leo J. Novak, "Centrifugal Mechanical Device,” USP 
3,810,394, May 14, 1974. 

Everett H. Benson, "Inertia Engine,” USP #3,863,510, Feb. 
4, 1975. 

Oscar Mast, "Propulsion System,” USP #3,889,543, Jun. 17, 
1975. 


Arthur N. Lehberger, 
Steering Mechanism 


‘entrifugal Propulsion Drive and 
USP #3,897,692, Aug. 5, 1975, 


Howard A. Gaberson, "Vibratory Locomotion Means,” USP 
#3,916,704, Nov. 4, 1975, 


Calvin I. Cuff, "Device for Converting Rotary Motion Into a 
Unidirectional Linear Motion,” USP #3.968.700, Jul. 13, 
1976. 


Nicholas Joseph Schnur, "Method and Apparatus for 
Propelling an Object by an Unbalanced Centrifugal Force 
with Continuous Motion,” USP #3,979,961, Sep. 14, 1976, 


Calvin 1. Cuff, "Device for Converting Rotary Motion Into a 
Unidirectional Linear Motion,” USP #3,998,107, Dec. 21, 
1976. 


George Knap, "Orbital Propulsion Apparatus,” USP. 
#4,087,064, May 2, 1978. 

Calvin I. Cuff, "Device for Converting Rotary Motion into 
Unidirectional Motion,” USP #4,095,460, Jun. 20, 1978, 


Robert L. Cook, "Device for Conversion of Centrifugal 
Force to Linear Force and Motion," USP #4,238,968, Dec. 
16, 1980. 


Ladislaw G. Srogi, "Mechanical Propulsion System,” USP 
#4,242.918, Jan. 6, 1981 


Harry S. Melnick, "Unidirectional Force Generator,” USP. 
#4.261,212, Apr. 14, 1981 
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Frederick L. Dehen, "Apparatus for Converting Rotary 
Motion to a Rectilinear Force.” USP #4,347,752, Sep. 7, 
1982. 


Harry S. Melnick, "Mechanical Power Transmitting System,” 
USP #4,398.431, Aug. 16, 1983, 


Peter Kleber, "Apparatus for Acceleration-Free Mounting of 
a Body in a Spacecraft,” USP #4,408,740, Oct. 11, 1983. 


Fred de Weaver, III, "Propulsion System,” USP #4,409,856, 
Oct. 18, 1983. 

Ronald K. Linde, "Centrifugal Reaction Chamber,” USP 
#4,450,141, May 22, 1984. 


Fred de Weaver, IIL, "Propulsion Syster 
Oct. 30, 1984. 


USP #4.479,396, 


Joseph Colla, "Mechanical Propulsion System," USP 
#4,577,520, Mar. 25, 1986. 


Elmer M. Dobos, "Propulsion Apparatus,” USP #4,579,01 1 


Apr. 1, 1986, 


Brandson R. Thomson, "Apparatus for Developing a 
Propulsion Force,” USP #4,631,971, Dec. 30, 1986. 


James E. Cox, "Dipolar Force Field Propulsion System, 
USP #4,663,932, May 12, 1987. 


Alvin C. Peppiatt and Alfred J. Peppiatt, 
USP #4,674,583, Jun. 23, 1987. 


"Impulse Drive, 


Henry North, "Apparatus for Producing a Force,” USP 


44,712,439, Dec. 15, 1987. 


Harry §. Melnick, "Continuous Force and Impact 
Generator,” USP #4,726,241, Feb. 23, 1988, 


Oscar F. A. Peterson, "Apparatus for Producing Directional 
Unit Force,” USP #4,744,259, May 17, 1988. 


James D. Mundo, "Universal Propulsion Powerplant and. 
Impulse Drive Unit for Self-Propelled Vehicles,” USP 
+#4,770,063, Sep. 13, 1988, 


Lancelot I. Kethley, "Gyroscopic Propulsion Device,” USP 
#4,784,006, Nov. 15, 1988. 


Charles Fulop, "Flywheel," USP #4,788,882, Dec. 6, 1988. 
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Charles E. Rogers and Fred Van Arsdell, "System for 
Propulsion and Positioning of a Transitory Object," USP 
#4,801,111, Jan. 31, 1989. 


Paul J. Montalbano, "Conversion of Rotational Output to 
Linear Force,” USP #4,856,358, Aug. 15, 1989, 


George J. Zachystal, "Device for Obtaining a Directional 
Centrifugal Force," USP #4,884,465, Dec. 5, 1989. 
James E. Cox, "Dipole Accelerating Means and Method," 
USP #4,891,600, Jan. 2, 1990. 


Hector Serrano, "Propulsion Device and Method Employing 
Electric Fields for Producing Thrust,” WO 00/58623, Oct. 5, 
2000. 


Brian C. Mots, "Airship." USP #4,967,983, Nov. 6, 1990. 


Lyle M. Mason, "Centripedal Device for Concentrating 
Centrifugal Force,” USP #4,991,453, Feb. 12, 1991 


usP 


Alexander D. Kidd, "Gyroscopic Apparatus,” 
5,024,112, Jun. 18, 1991 


Paul J. Montalbano, "Conversion of Rotational Output to 
Linear Force — a Transmission,” USP #4,042,313, Aug. 27, 
1991 


Andrew T. Rodgers, "Controllable Gyroscopic Propulsion 
Apparatus,” USP #5,054,331, Oct. 8, 1991 


Mortimer S. Delroy, "Gyrostat Propulsion System,” USP 
+#5,090,260, Feb. 25, 1992, 


Kemal Butka, "Propulsion System,” USP #5,111,087, May 5, 
1992, 


Rex L. Schlicher, Steven M. Rinaldi, David J. Hall, Peter M. 
Ranon, and Charles E. Davis, "Nonlinear Electromagnetic 
Propulsion System and Method,” USP #5,142,861, Sep. 1, 
1992. 


‘Thomas L. Navarro and James D. Isaacson, "Apparatus with 
Rotatably-Driven Asymmetrically-Accelerated Eccentric 
Mass for Generating Translational Force,” USP #5,150,626, 
Sep. 29, 1992. 
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‘Theordore R. Bristow, Jr., "Method and Apparatus for 
Converting Rotary Motion to Lineal Motion,” 
USP #5,156,058, Oct. 20, 1992. 


John C. McMahon, "Energy Transfer Device,” USP 
4#5,167,163, Dec. 1, 1992 


James W. Black, "Non-Linear Propulsion and Energy 
Conversion System,” USP #5,182,958, Feb. 2, 1993 


James R. Taylor, "Electromagnetic Energy Propulsion 
System,” USP #5,197,279, Mar. 30, 1993. 


Michael J. Sohnly, "Magnetohydrodynamic Propulsion 
System,” USP #5,21 1,006, May 18, 1993, 


Ross C. Wood, "Stabilization System for a Freely Rotatable 
Platform," USP #5,256,942, Oct. 26, 1993, 


James F. Woodward, "Method for Transiently Altering the 
Mass of Objects to Facilitate Their Transport or Change 
Their Stationary Apparent Weights,” USP #5,280,864, Jan, 
25, 1994, 

Robert C. Willis, "Spaceship Propulsion by Momentum 
Transfer,” USP #5,305,974, Apr. 26, 1994. 


Harold L. Hull and Donald E. Joslin, "Reusable Mass 
Propulsion System,” USP #5,313,851, May 24, 1994, 
Kemal Butka, "Propulsion System,” USP #5,334,060, Aug. 
2, 1994. 

James Harvey, "Impulse Converter,” USP #5,335,561, Aug 
9, 1994. 


Maurice Mitchell, "Net Kinetic Energy Differential 
Guidance and Propulsion System for Satellites and Space 
Vehicles,” USP #5,377,936, Jan. 3, 1995. 


Howard M. Woltering, "Rotating Eccentric Weights Vibrator 
System,” USP #5,388.469, Feb. 14, 1995, 


Richard O. Marsh, Jr., "Centrifugal Force Drive Machine, 
USP #5,388,470, Feb. 14, 1995, 

Kemal Butka, "Propulsion System,” USP #5,410,198, Apr. 
25, 1995, 

‘Thomas L. Navarro, "System for Generating Controllable 
Reference Environment and Steerable Translational Force 


452 


from Interaction Therewith,” USP #5,473,957, Dec. 12, 
1995. 


Richard L. Lieurance, usP 


5,488,877, Feb. 6, 1996. 
John C. Claxton, "Centripetally Impelled Vehicle,” USP 
5,557,988, Sep. 24, 1996. 

Ezra Shimshi, "Apparatus for Energy Transformation and 
Conservation,” USP #5,673,872, Oct. 7, 1997. 


Richard E. Foster, Sr., “Inertial Propulsion Plus/Device and 
Engine," USP #5,685,196, Nov. 11, 1997. 


‘entrifugal Inertia Drive, 


James D. Boden, "Electromagnetically Actuated Thrust 
Generator,” USP #5,782,134, Jul. 21, 1998, 


USP #5,791,188, 


George J. Howard, "Propulsion System, 
‘Aug. 11, 1998. 


Timothy J. Stopplecamp, "Boot Strap Propulsion System," 
USP #5,831,354, Nov. 3, 1998, 


Eric Laithwaite and William Dawson, "Propulsion System,” 
USP #5,860,317, Jan. 19, 1999. 


Jonathan W. Campbell, "Apparatus and Method for 
Generating Thrust Using a Two Dimensional, Asymmetrical 
Capacitor Module," U. S. Patent # 6,317,310 BI, Nov. 13, 
2001. Assigned to U.S. Government. 


8.3.17 Mechanism for the Antigravity Accelerating the Universe's 
Expansion 

Finally, in addition to sorely needed better means of space propulsion, one 
ofthe real incentives for antigravity research is provided by the search for 
a source of the now-established mysterious antigravity that is accelerating 
the expansion ofthe universe. Elsewhere in this book we have advanced 
‘our own proposal for the mechanism generating that antigravity effect in 
the cosmos. 


Simply put, a very violent astronomical process may be considered a giant 
and very violent discharge phenomena, since it first involves a giant 
excitation followed by a giant release (discharge) of that excitation. All 
such phenomena involve strong broken symmetry during the discharge 
itself, with the concomitant strong available of causal 4-sources of 
negative energy and negative energy fields. These processes — in their 
causal unobserved state - do produce locally strong negative energy EM 
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candidate for replacing proprietary hardware with virtualized 
functions hosted on standard, off-the-shelf servers. The ben- 
efit for MNOs is the elasticity this model enables — no more 
dedicated hardware and no need to oversubscribe every part of 
the network. Servers can be quickly and easily provisioned or 
de-provisioned based on real-time subscriber capacity needs. 
With SDN controllers and EPC functions migrated to NEV, and 
orchestration schemes added to manage it all, the wireless core 
could be fully virtualized and cloud ready! 


Centralized Radio Access 
Network (C-RAN) 


Virtualization in the radioaccessnetwork (RAN) requires separating 
out latency-sensitive elements and the radio itself, then po 

the rest of the baseband functions into centralized baseband units 
(BBUs). Which functions should stay with the remote radio head 
(RE) and which ones should move to centralized BBUS has been 
extensively studied, and a few options exist. 


‘The C-RAN model, which requires a fiber connection between 
the RRH and the BBUs, is popular in some regions of the world, 
such as China and Korea. This front-haul interface is challeng- 
ing because it has distance limitations and is bandwidth limited. 
It uses a protocol known as the Common Public Radio Interface 
(CPRI). China Mobile has been in the forefront of the C-RAN 
architecture. Other countries such as Japan and Korea have also 
adopted C-RAN, In the U.S., Verizon is looking at implementing 
(C-RAN for small cells, 


Mobile Edge Computing (MEC) 


Mobile Edge Computing (MEC) offers an important balance as. 
cellular networks move to a central model. MEC allows certain 
latency-sensitive components to be moved to the network edge. 
For example, even though it may make business sense for MNOs 
to centralize several functions into VNEs running on standard 
off-the-shelf servers, some critical functions may need to be 
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fields from the source causal 4-positrons (Dirac sea holes prior to 
observation as positive mass 3-space positrons having positive energy and 
reverse-oriented). When the unaccounted and very large Heaviside 
nondiverged EM energy flow component accompanying every field and 
particle interaction is accounted, the causal negative "mass-energy" states 
produce strong antigravity fields, particularly considering the lower 
Jrequencies of many of the phenomena. 


With the long-neglected Heaviside nondiverged energy component 
considered and not just the accounted Poynting diverged component, the 
total amount of negative EM field energy available in these violent process 
is dramatic. Accordingly, just as was the Sweet VTA in its increased 
power and its ELF pulsations, these giant astronomical sources are also 
giant negative "mass-energy" sources and strong antigravity sources as 
well. In short, such astronomical sources produce strong antigravity 
components repelling each other across the universe. Hence the observed 
acceleration of the expanding universe: the violent astronomical 
phenomena are continually “pulsing” the universe with antigravity and 
hence continually accelerating its expansion velocity. 


In 2000, we also published a proposed mechanism for the source of the 
excess positive gravity holding the arms of the spiral galaxies intact (542) 


8.4 The Author's Engineering Approach to Local 
Antigravity 

See again our discussion under Newton, subparagraph 8.2.1 above, and our 
discussion of a negative field energy extension to it. For a major 
laboratory, we believe that antigravity is straightforward," if one first 
produces a COP» 1.0 situation in a higher group symmetry 
electrodynamics process. This provides a very strong "displacement 
current” of causal 4-positrons (before parity inversion, time-reversal, etc.) 
as true negative energy "particles" or "states" or "Dirac holes” in the 
surrounding 4-vacuum. The actual "negative mass-energy field" is very 
large, due to the unaccounted Heaviside nondiverged negative energy 
‘component. Consequently, a substantial antigravity field is established 


*" However, this is based on the assumption thatthe lab team first gives up some 
erroneous but widely held misconceptions, and really does a litle “thinking outside 
the box" as they ate prone t0 suggest. 
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8.4.1 Sweet Antigravity Test. 

See again our discussion in paragraph 8.3.7. A practical realization of 
antigravity was clearly shown by the Sweet antigravity test designed by the 
present author. See previous discussion under paragraphs 6.3.2 in Chapter 
6, and see again Figures 6-5 through 6-15 


In Chapter 6, the Sweet vacuum triode amplifier device shown in Figure 6- 
8 had a very large COP = 1,500,000 at 500 watts output with a 33 
‘mictoamp, 10 volt operator's input. It had an even greater COP when 
pushed to 1,000 watts output because of only a slightly greater input 


‘The Sweet VTA used an induced powerful self-oscillation between the 
local vacuum and the barium nuclei in the barium ferrite magnets. This 
resulted in what is called a "kinetic" magnet (and one magnetized through 
its flat face). In a kinetic magnet, its nuclear magnetic field (in this case, 
in the barium nucleus) is self-oscillating (waving) in an angle about its 
local ditection, as shown in Figure 6-6 in Chapter 6. 


‘The conditioning was performed with the barium ferrite magnet itself in 
forced resonance at its resonant condition (some 11 to 12 Hz, inthe case of 
‘Sweet's magnets). Then the 60 Hz signal was impressed orthogonally to 
the primary direction of the resonant magnet. After conditioning each of 
the two magnets, they were placed together on a separation box, carefully 
keeping the comesponding ends together similar to their original 
orientation during activation, but in attracting mode (through their face) 
across the separator. The assembly itself was then further conditioned, 
again orthogonally to the coupled oscillating fields. This "synchronized" 
the two magnetic self-oscillations and phase-locked them together in a 
common self-oscillation with the local vacuum, 


Similar treatment of the vacuum as a semiconductor, together with self- 
oscillation between vacuum and nuclei, has been advanced independently 
by Prange and Strance {543}, who showed that the vacuum may be 
regarded as a semiconductor. In particular, they showed that the vacuum in 
the region close to the nucleus ofa superheavy element is analogous to the 
inversion layer in a field effect transistor. It is similarly analogous for the 
barium atom, though Prange and Strance do not discuss that element. They 
introduced the concept of the inverted vacuum. Just as a semiconductor 
may be manipulated by subjecting it to external fields, doping etc., it 
appears that so can be the vacuum — along the lines shown by Prange and 
Strance and along the lines demonstrated by Sweet's conditioning of his 
kinetic magnets. 
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8.4.2 Bearden's Proposed Antigravity Mechanism 
Any EM process that produces a COP» 1.0 condition, such as can be done 
in intensely abrupt ionic discharges and other processes, will also produce 
intense causal (4-space) Dirac sea holes in the immediate surrounding 
vacuum. This is the negative energy mechanism, conceived by the author 
in the 1970s and finalized in the 1980s, for producing a negative energy 
causal (unobserved) EM field™* in the immediate space surrounding a 
system. The overunity system must be the "source" of that negative energy 
EM field. So the negative energy EM field in surrounding local space is 
"attached" to the mass and energy dynamics of the “unit's supersystem" as 
being its "source or generatrix”. Its attachment to the system mass 
produces the antigravitational force upon that mass. 


Negative energy state charges (Dirac holes) are also source charges. Prior 
to observation converting them (as observed) to 3-space positive mass- 
energy positrons with positive energy and going the opposite direction, 
they must be accepted as negative energy source 4-electrons "pouring out 
negative energy” in all directions in 3-space, continuously, via the giant 
negentropy process for source charges. Since they pour out "negative" 
energy, we may consider that negative energy field action at any point in 
3-space to be a continuous absorption of positive energy from 3-space and 
a return of that extracted energy to the time domain as increased time — in 
short, time dilation, 


ither way one considers it, the 4-space Dirac holes do produce negative 
energy EM fields, potentials, and spacetime curvatures and these must be 
accounted during their existence prior to observation and interaction. 
Further, their accompanying giant Heaviside negative energy flow 
component must also be accounted. In other words, do not reverse the 
spatial direction and thus the location and direction of these fields, do not 
turn them into positive energy fields by such reversal of direction, do not 
turn the negative mass into positive mass, and do not reverse the sign of 


We strongly stress that the continuous, dynamic, ongoing causal 4-feld before it 
interacts with charge and is observed, is a totally different entity from the iteratively 
‘and continually observed frozen "effect" 3-field in matter after the 4-field has 
interacted with charged matter to produce an observation or "event". The great 
barrier to using electromagnetic fields in practical antigravity application has been 
due to the substituting, in electrodynamics, ofthe iterative “effect” 3-field of the 
observed positron for the continuous “causal” 4-field of the unobserved negative 
energy 4-electron (the Dirac sea hole). The “effect” 3-field is simply the iterative, 
Continual energy gradient of the diverted EM field energy flow around the assumed 
intercepting unit charged particle 
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the source charge (the Dirac sea hole). All that happens after interaction of 
the Dirac sea holes with matter, forming the usual lattice holes or observed 
3-positrons. 


Therein lies the magic secret ofantigravity. Instead of thinking of the 
fields interacting on the craft or system that is producing them,” think of 
these negative energy fields interacting upon the local spacetime 
surrounding the craft or system, and curving that spacetime negatively. 
Then think of this negative curvature of spacetime interacting back upon 
the craft or system in general relativity fashion. That is what will and does 
produce practical antigravity upon the interacted craft or system, once the 
Heaviside energy flow component is accounted! But to understand its 
magnitude and the practicality, one must also account for the long 
neglected Heaviside nondiverged component. 


‘The mechanism is also consistent with general relativity and Wheeler's 
succinct statement that mass acts on spacetime to curve it, and curved 
spacetime acts back on that mass to move it or produce a translation force 
upon it. We are simply applying that fact of general relativity to produce a 
local antigravity effect of a locally curved spacetime upon the source 
system (in this case, the power system itself, which is the source of the 
negative field energy in the vacuum, 


‘The entire notion of "curvature in spacetime” — and indeed of spacetime 
itself— is a notion applying before observation and interaction to produce 
the observed effect — ice. prior to the d/dt operation occurring upon an 
ongoing 4-space process to produce a momentary frozen 3-space snapshot 
(an observed effect). Think carefully. Wheelers rule does not mean that 
3-space acts back on the mass (actually on the masstime), but that 4-space 
(spacetime) acts back on it. Spacetime does not exist in the observed object 
after the application of observation’s d/dt operation has occurred and until 
a new causal interaction begins. The d/dt operation strips away the time, 


The ongoing interaction ofthe vacuum/spacetime with the source ofthe 
unobserved 4fields is their cause, andthe observed 3-fields a the effeet. The effect 
Lapriori does not interact upon the cause! So thinking that “one should make a 3- 
field in a craft or system that will interact with it and produce antigravity force upon 
it" is a non sequitur. Instead, one more correctly thinks that “one should make a 4- 
field from a ert or system which will interact withthe local spacetime to eure it 
negatively. Then that negative curvature of spacetin ) 

field that will interact hack upon the observed craft or observed 3-system to produce 
‘observed antigravity foree upon i 
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and hence most of the energy (i.e, all the time-energy) of the spacetime 
that is to do the interacting. 


As source charges, the Dirac sea holes — before observation and in their 
vacuum state condition — produce a locally curved spacetime around the 
source unit. That induced (negative energy x time) curvature interacts back 
upon the physical system that is the source of the field producing the 
negative spacetime curvature. It specifically acts upon the mass of the 
4-system when it exists as (mass x time) form. That interaction produces 
antigravity force and momentum upon the system, rather than positive 
gravity force and momentum””°, Adding negative EM field energy (in the 
causal, unobserved state) is precisely the same as adding extra negative 
‘masstime, ie., extra (-m)t, since the 4field is being used in unobserved 
state. 


Using the principle of superposition of fields", the extemal observer sees 
the "weight" of the unit (the force developed on it by the net gravitational 
field — see again our discussion ofthe Newtonian approach under 
paragraph 82.1 above) — as being reduced. The intensity ofthe negative 
energy time (negative angular momentum or negative action) EM field 
(including with the Heaviside component accounted) produced by the unit 
determines the intensity ofthe antigravity produced, and hence determines 
the fraction of the unit's weight that is observed to be "lost". See again 
Figures 6-14 and 6-15 in Chapter 6. 


© Note tha, ifthe Dirac hole interacts with the mass lattice ofthe system, it 
converts to 4 "hole" that is attached to the positive mass ofan ion. Hence the 
“observed” positron is said to have "positive mass", which is anon sequitur for the 
state in which the "positron" exists prior to observation or interaction. The latice 
hole 3-positron and the true spatiotemporal "4-positron as still a negative energy 4- 
electron” are two very different entities, and ther fields and concomitant field 
effects are very different 


>" Note that identification of spacetime and field in general relativity extends the 
notion of superposition of multiple fields to the notion of superposition of multiple 
curvatures of spacetime. Thus, itis the net superposed curvature of spacetime that 

Interacts back upon the physical mass system, to produce gravity (either positive or 
negative, depending on the sign ofthe net curvature) 


©? We remind the reader that the “weight” of an object on Earth is a measure ofthe 
force developed on the object by the (Earth's) gravitational field. "Loss of weight” is 
simply “reduction ofthat net force” due to the combination of the Earth's positive 
(attractive) gravitational field and the Dirac hole curvature ofthe objects local 
spacetime producing a negative (repulsion) gravitational field 
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At sulicient intensity ofthis local negative energy 4-field in spacetime 
with the unit as its source, the back interaction upon the unit will balance 
the action ofthe earth’s gravitational field. At that point, the unit will 
hover and "float" against the force of terrestrial gravity.’ By further 
increasing the intensity of the negative energy EM field, the unit will 
accelerate upward, now being repelled by the local earth more than itis 
attracted by it. By "angling" the negative energy EM field direction — or 
by producing a second such negative energy EM field fiom the source unit 
as an “angled add on’ superposed on the first one — one also provides 
unilateral propulsion in a given direction. 


As can be seen, all the requirements for a practical antigravity vehicle and 
negative energy propulsion system are met. The only real problem in this 
approach is the requirement to first attain a COP» 1.0 EM power system 
at ELF frequencies." There is, however, an additional problem of 
correcting one's thinking to be along the lines indicated. 


Antigravity becomes straightforward if one first does overunity discharges 
or steady output in a system with COP» 1.0 and understands the 
difference between the observed "effect" 3+field and the unobserved 
causal” 4field. Sweet's VTA unit had a beginning COP = 1,500,000 at 
500 watts output. The unit was pushed to nearly double its COP, by 
connecting additional load so that the output was now 1,000 watts. The 
additional input draw was minimal. 


Designing the experiment with that in mind, I convinced Sweet to build a 
new output load unit, and to perform the experiment. In advance, I roughly 
predicted levitation ofthe 6-pound device at about 1500 watts output 
power, by some back-of-the-envelope estimates assuming a 10% efficient 


® sweet later did push the VTA to hovering and upward acceleration, with the unit 
fon a tether. After he was shot at by a distant sniper, thereafter he was very fearful 
and refused to show many experiments, including the antigravity experiment and 
particulary its extension to the hover point and upwards acceleration extension. In 
‘my opinion he had good reason for his paranoia and his fear for his life 


* The reason for ELF frequencies is simple: for the most powerful curvatures of 
spacetime, one wishes to use EM fields whose photons have the greatest total energy 
(ncluding time-energy). That of course is the lower frequency photons, not the 
higher frequency photons. So ELF is the way to go, not gamma rays ete 
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‘The projected curve (again see Figure 6-14 in Chapter 6) shows 


proc re 


that levitation would have occurred at about 1250 watts or so. 


Here is why we advocate a Dirac sea hole's negative energy field as a 
practical antigravity inducing mechanism.”* At COP» 1.0, there is a very 
appreciable vacuum energy density difference between the operator's 
energy input and the energy output of the system, particularly when the 
Heaviside nondiverged energyflow component is taken into account as 
well as the Poynting energy flow component?” There is a production of 
negative EM mass-energy x time (causal Dirae sea holes) in the 
immediately surrounding vacuum. That represents the production ofa 
causal, unobserved antigravitational field (curvature of spacetime) with the 
system-associated anticharge as its source. 


Meanwhile, the Earth's causal, unobserved gravitational field is still 
normal and unchanged. Now the two causal fields superpose, and interact, 
with the system mass. As seen by the extemal observer, the net effect is a 
reduction in the weight ofthe object — the effect of the interaction of the 
system mass with the two superposed causal gravitational fields 
simultaneously. 


Reasoning that increasing the COP ofthe Sweet unit should increase the 
ratio of output negative energy to output positive energy even further, 1 


I strongly warned Floyd aot to exceed a 1 KW load, no matter What. Inthe 
resulting local curved spacetime surrounding the barium nuclei in the magnets. it 
appears that magnetic monopoles are deposited or appear. Since these barium ferrite 
ets were made by pressed powder metallurgy, they had litle tensile or torsion 
strength, and under sufficient stress they would explode violeatly like a 
fragmentation hand grenade. In his little lab (a converted bedroom), Floyd had no 
explosive facility. He did explode several magnets, but while cautiously remaining 
some personal distance from the unit as ils output was increased. We warn the reader 
that experimentation with such procedures is at his own tisk, and all proper 
laboratory safety precautions must be utilized 


© A provisional patent application has now been filed on the process in 2002, 


©” Ina nominal circuit, the unaccounted Heaviside energy flow may be up to 10" 
times as great as the Poynting energy flow component. This is a completely 
unaccounted, vast EM energy flow accompanying every field and particle 
interaction. Hence one can understand why such an energy deasity for a maceoscopic 
system with COP 1.0, is sufficient to achieve on a macroscopic scale what 
LaPointe is attempting on a microscopic seale. The total macroscopic scale energy 
density is so great that the required LaPointe microscopic energy density (535) is 
present or approached 
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calculated that doubling the output ofthe device would result in a 
sufficiently intense negative mass-energy field in the immediate space 
around the unit, to approach or reach levitation of the unit. However, as the 
increasing curvature of spacetime would further increase the deposition of 
‘magnetic monopoles in the magnets,"* at some point the magnets would 
simply explode like hand grenades if the unit were pushed too far. With no 
explosive control facilities available, it appeared that doubling the output 
was the maximum that could safely be done under the circumstances. My 
‘own estimate showed that 1500 watts output would be required for 
levitation, but one dared not go beyond 1000 watts or one would risk a 
fragmentation explosion and injury or death. 


convinced Sweet to build a 1,000-watt output load box, which simply 
contained ten sockets for ten 100-watt light bulbs. This was a modification 
to the 500-watt VTA unit shown in Figure 6-8 in Chapter 6. By 
successively installing the bulbs one by one, the load could be adjusted in 
100-watt increments up to 1 kilowatt. 


‘The foregoing is the reasoning behind how I designed the experiment, and 
the purpose was to show very substantial and smooth weight loss of the 
VTA unit itself. The experiment was performed in that 100-watt 
incremental manner, with highly successful results as shown in Figure 
6-14 in Chapter 6. 


With each 100-watt increase in power output past 500 watts, the fraction of 
negative energy produced was greater. Hence the unobserved 4-positron 
fields (Dirac sea hole negative energy fields) were stronger, because there 
‘were more unobserved 4-positrons. This meant that the local negative 
‘mass-energy curvature of spacetime was increased also. 


In tum, this negative curvature of spacetime interacted back upon the mass, 
ofthe VTA to add negative mass equivalent, or more simply, antigravity 
force. The observed weight ofthe unit was the sum ofthe normal 
gravitational weight (due to earth's gravity curvature of the local 
spacetime), and the abnormal antigravity weight (negative weight) due to 
the antigravity curvature ofthe local spacetime superposed. So as the 
fraction of negative curvature of spacetime increased, the net weight of the 
VTA. was observed to decrease. 


‘Contrary to popular opinion, one does meet with effective magnetic monopoles in 
‘4 magnetic field — including in the magnetic field of a permanent magnet — in a 
strongly curved local spacetime. The stronger the field, the greater the magnitude of 
the effective monopole charge. 
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ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES, 


‘As stated, Sweet was performing the experiment on the bench in 
California, and reading the instrumental results over the phone (I was in 
Huntsville, Alabama) where I recorded them. The spectacular results are 
shown in Figure 6-14 in Chapter 6. 


‘The high COP (corresponds to gain) of energy density present in the Sweet 
VTA system's output section — with a greater percentage of it being 
negative energy — versus input energy one inputs to the input section, 
‘what is important. In short, increasing the load effectively increased the 
gain, which further increased the ratio of the negative mass-energy to the 
positive mass-energy. This in turn steadily decreased the observed weight 
of the object. 


Anything outside the system mass ofthat very high COP system will "see" 
the weight of the system mass as having decreased. Weight is just so much 
‘mass making so strong a net G field (spacetime curvature) in the 
surrounding spacetime. Reduce the net G-field that the system mass is 
normally making (by having it simultaneously make the additional 
antigravity field which then vectorially adds to the mass's normal G-field), 
and the extemal observer, external scales, etc. will see the object as having 
very much reduced its weight. 


Positive spatial EM energy density of a system makes positive gravity (as 
seen by the external observer in the lab frame) because of the way it curves 
the immediately surrounding spacetime and the way that curved spacetime 
interacts back on the system's mass-energy. Negative spatial EM energy 
density makes negative gravity because it curves the immediate spacetime 
the opposite way. A system under those "high negative energy field” 
conditions will produce a great deal of antigravity, because the immediate 
spacetime surrounding is dramatically curved by the negative energy. That 
was my concept when designing the experiment, and it worked beautifully. 
So that is how the Sweet device reduced its weight on the bench by 90%, 
for a 1 kilowatt total output and minuscule input power {544}. 


Ifone were dealing with the source in a flying vehicle system, there is 
another effect due to momentum. Note that forve F is defined as 

F = dplét= +G/ct (mv), That is in a positive energy density local 
spacetime. When an extra negative energy density is added to the local 
spacetime, then there are two forces, a new one being F = — d/ér (mv) and 
the normal one being F = +0/é¢ (mv). These forces are created by any 
change in momentum in space containing an extra increment of negative 
EM field energy. 


Ifthe two forces balance, then there is essentially no net centrifugal force 
produced on the object (or any occupants in it) in a turn. In theory, 
‘maneuvers that are far more powerful can be made, without undue 

G-stress to any occupants inside. This of course remains to be tested in 
future work and experiments, and so must be taken as a strong hypothesis, 
at present. It could be tested, given availability of the proper COP» 1.0 
energy system or process on board a test vehicle. Laithwaite’s 
demonstration ofthe dramatic reduction in force necessary to lift a rotating 
gyroscope compared to lifting the same heavy gyroscope when not 
rotating, may have been a partial test of this “inertial resistance decrease” 
effect. 


‘The Sweet device was the only available COP» 1.0 device which could 
have been used for the experiment. That is why I designed the experiment 
and convinced Sweet to perform it. Had it not worked, much of what I had 
worked out for more than a decade would have been falsified — which of 
course is one ofthe purposes of experiment: to validate or falsify a thesis. 
In this case, I breathed a great sigh of relief because — in my view — the 
spectacular results completely validated my approach to antigravity, and 
also much of my approach to COP> 10 systems 


‘Sweet was never in a position to be able to go with this to the scientific 
community. The VTA was completely fouled legally, by various 
entangling agreements Sweet had made with different backers, without 
ever changing or resolving any previous agreement. Also, he realized that 
his life really was in danger should he try to take the system openly to the 
scientific community. Consequently, he never tried and in fact adamantly 
tumed all further work away from the antigravity effects. 


Aging and rather defenseless, Sweet also began playing all sorts of games 
to prevent having to have the project validated independently, even for its 
COP> 1.0 capability. He was mortally fearful of being killed if he had it 
resoundingly validated. He was motivated by the necessity to survive and 
not be killed, and he firmly believed that any such attempt for full 
scientific validation and open publicity would absolutely guarantee his 
quick death. His fears appear to have been well founded. 


His most carefully guarded secret was his activation process for the barium 
ferrite magnets, which he guarded with his life. He also began telling 
different persons all sorts of different stories and "mechanisms" for the 
activation, which were clever ruses and disinformation designed to throw 
them offthe true trail and prevent his activation secret from being 
uncovered. I made a personal videotape of the activation process, or what 
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closer to the edge of the network to ensure high availability, low 
latency, and higher levels of security. 


"The network edge is also a good place to host application servers 
that require local context. For example, if you are driving around 
and you receive restaurant ads on your mobile device based on 

yr Your current location, you need the application service to be close 
to the edge to avoid a lengthy delay in the app that could render 
the information obsolete. 


32 5G For Dummies, txia Special Edition 


he released of it, before he began such disinformation. So we do know 
much of the activation process, though not all of it. 


Eventually, with changes in backers yet once again, Sweet died and never 
revealed the full secret of strong self-oscillation activation in permanent 
magnets to anyone. I knew and know part of it, even most of it, but still 
not all of it. What I understand about it has been briefly included in this 
book. From there, the interested researcher must find his own way. 


The VTA was real, my gravitational mechanism is real, and — in my 
opinion — validated. However, it has not been independently validated in 
formal order, which is the proper scientific requirement. I did try very hard 
to convince Sweet that we should take this to the leaders of the scientific 
‘community and have it independently verified (e.g., by UCLA), but he 
‘would not hear of it after the assassination attempt. By that time, he was so 
afraid from the constant threats and constant stalkers that he had totally 
decided against any such releases. He also would not permit it to be taken 
to a major scientific conference and demonstrated, even though several 
scientists and engineers knowledgeable and experienced in measurement 
engineering did measure and certify the device's operation. But they were 
never allowed to see it in the antigravity mode. He would not discuss it 
with them, and he would not allow it. 


Sadly, with the death of Sweet there passed away the VTA and its major 
secrets. I regard the VTA as one of the great scientific accomplishments of 
all time, and I regard Sweet as one of the most capable lab experimenters I 
ever met and one ofthe greatest inventors I ever met. The loss ofthe VTA 
and the absence of its full, independent scientific testing and validation 
were in my opinion two ofthe greatest losses to science of all time. 


8.4.3 Discussion 
Particle physicists speak of antimass and antigravitational field, but do not 
speak of anti-electromagnetic field and do not like negative mass 
Antimass is actually "anti-mass-energy". When did one hear any scientist 
speak of a negative energy electromagnetic field or negative energy force 
field (except possibly as a hypothetical "tractor beam")? Or a negative 
energy electrical or magnetic potential Yet the EM fields from an 
accumulation of Dirac sea holes (causal state) as a source charge are 
precisely negative energy EM fields. The EM potentials from an 
accumulation of Dirac sea holes are precisely negative energy potentials 
Further, these fields and potentials produce opposite curvatures of 
spacetime as compared to positive energy causal EM fields and potentials 
from conventional source positrons and electrons. 
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Conventionally, scientists speak and think of the positive energy 
electromagnetic field. In our view, they do not apply the implications of 
the negative energy state part ofthe Dirac 1930 electron theory (545), 
because of a built-in horror of negative mass (and antigravity!). Recall 
again our discussion of Laithwaite; a promising career was cut down in 
‘mid stride because he "mentioned the unmentionable”: antigravity and 
possible failure of Newton's laws (they do fail in a curved spacetime!). His 
exhibiting to the Royal Society a very heavy gyroscope, very difficult to 
lift when placid, but easy to lift with one arm when spinning, was the final 
straw. The British scientific community simply cut him down and 
ostracized him from the rewards and positions he would otherwise have 
been given. 


To conceal the relationship of the negative energy fields, hide negative 
mass, and pretend it does not exist, much scientific effort is exerted to 
consider the positive energy, positive mass positron only after it has been 
observed. So scientists can assign this "observed" 3-positron a positive 
mass and positive energy but with spatial direction reversal. ‘That 
immediately moves to an effect field and an effect positron, not a causal 
field or a causal Dirac sea hole. It effectively eliminates the antigravity 
field ofthe negative mass ofthe unobserved negative energy Dirac 
electron, which is produced by the causal (unobserved) Dirac sea hole’s 
electromagnetic field, not the effect (observed) positron field which then 
"seen" to have positive mass but with field direction reversed?” 


‘The positron is quite a different beast before it is observed, just as is a 
‘mass (and just as is any other observable, and just as is a field), For one 
thing, the positron before observation and the positron after observation 
; the unobserved causal entity is 4-spatial 
" while the observed effect entity is continually and 


and continuous, 


»* Note also thatthe causal field, being unobserved, is a4-field, while the observed 
(effect) field is a 3-field. By reversing the parity, one has made the antigravity field 
into a gravity field, by substituting the effect for the cause and erroneously using the 
ld non sequitur ofa separate 3-foree acting upon a separate 3-mass. Also, when one 
reverses its spatial direction, one coaverts a postive gravity field into an antigravity 
field. 


‘Along with Bohm, we point out that — strictly speaking — in 4-space one does 
not have "things", but only "processes". To speak of "4-space field” is to redefine 
the field as an ongoing process, rather than as an observed frozen 3-snapshot or "3- 
thing". The solution to the long-vexing duality problem is there, but we leave its 
solution to the reader. It is necessary to extend Aristotelian logic itself ifone is to 
resolve the duality problem. 
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iteratively 3-spatial. Mass before it is observed exists as masstime, not 
mass. 


Simply consider the delayed choice two-slit experiment and Wheeler's 
famous comment that no phenomenon is a phenomenon until itis an 
observed phenomenon. Once the observation occurs, one can even change 
the “ifit had been observed but was not" previous past. One gets the magic 
from the delayed choice two slit experiment without the observation, and 
then by making the observation such that the "magic" is not revoked after 
the fact. The whole experiment proves that, if one insists on applying the 
observation, one kills the magic, even if one thinks the magic has already 
occurred and must have already occurred, but it has not been observed to 
have occurred, 


Causal 4-spatial "things" are not things at all, but are ongoing processes 
and their cessations have not “occurred” to yet produce a "thing"! The 
observed event is 3-spatial and has occurred. It is something in the past, 
not the present, That is different from something ongoing (happening or 
unhappening)™' in 4-space, before having been observed and therefore a 
frozen snapshot taken in 3-space. As is well known in quantum mechanics, 
observation is a physical interaction and it indelibly changes and stops the 

‘ongoing 4-process”, converting it to a momentarily frozen "3-thing” as an 
effect of the observation process at that particular instant. So any “thing” is 
continual and iterative, not continuous, in its travel through time, and in its 
“observed existence in 3-space” 


Because of such, physicists also have difficulty realizing that mass — 
being an observable — does not and cannot exist continuously in time. It 
cannot even continuously exist! No observable can. Masstime exists in 
time, but mass does not, as we previously discussed. Observation is a dldt 
operator imposed upon an ongoing 4-space process, destroying the time 


1 When a frozen instant 3-space snapshot (observable) interacts with a second 
causal process to generate another frozen snapshot (observable), the frst observation 
‘unhappens" because it is thereby moved into the "past", disappearing from 3-space 

forever. With every change ofan observable (with every observation), even ifthe 
new effect appears identical to the previous one, itis still a new observable (a new 
effect) where a former effect "seems" to have recurred (been created, happened), 
Even ifit is spatially the same as the previous observation output, i i at a differs 
point in ime and hence is the result ofthe dt observation operator being iteratively 
applied. The serial outputs — even of what we loosely call an "entity existing in 
time with no 3-space change” — are successive and different serial outputs from a 
serial time-differentiating process. 
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portion and producing an instantaneous, frozen snapshot at that instant. 
It's just d/dt (LLL) => LLL. That is why all observation is 3-spatial, as is 
well known in physics. We long ago pointed out how the common photon 
interaction — the total photon interactions (both virtual and observable) 
with a mass — is what drives the mass through time, so to speak (15}. But 
it does it iteratively, frozen snap after frozen snap —just like 
progressively showing the frames ofa movie film. 


‘What really has to be changed is the old notion by Heaviside and Poynting 
that 3-energy propagates continuously through 3-space.”” No observable 
‘can propagate continuously in 3-space, but only in 4-space and then only 
during its nonobservable state! So a "mass propagating through time” (ie., 
just sitting still and “existing”, so to speak) is doing so in an iterative 
fashion by recurring iteratively in observation output at the same spatial 
position. The mass turns to masstime, then to mass, then to masstime, ete. 
Or my => mit => m; => mat => ms... etc. In short, observation 
continually recurs at an enormous rate, so an observable (effect or output 
ofthat observation process) continually recurs at an enormous rate 
destroying the previous observation as the next one occurs. 


Because of the history of thinking in 3-space terms rather than 4-space 
terms, one of the ubiquitous errors widespread in physics is the 
substitution of the effect (the frozen output of the observation process) for 
the cause (that 4-space initiator process which continuously exists prior to 
observation, hence unobserved). So causes (4-space initiators which are 
unobservable a priori) interact with a previous “frozen 3-space snapshot" 
or observable, to produce change (either a temporal change or spatial 
change or both) in or to or of that observable (that 3-snapshot) to a new 
observable (3-snapshot). Ifthe object is seen to iteratively change in time 
bbut not position or form, it is said to "exist" or "persist" at rest 
continuously in time. It doesnt. It continually recurs" in that form, but 
does not continuously exist in that form! 


And also the hoary old mistaken notion that the “same observable thing” ean 
july exist in time oF persis. 


More rigorously, the continual recurrence is at the quantum Ievel, So a larger 
‘mass or other observable actually is a great horde of very small "continual 
recurrences” oftiny incremental pieces of itself. AL any time interval of observation 
via observable photons, a vast number of nonobservable (virtual) "continual 
recurrences" occur in the "observed object". In short, the “observed object” is the 
fend summation and result of a vast number of infinitesimal changes, Hence the 
nity of statistics and the uncertainty principle. Each one of the infinitesimal 
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‘The antigravity mechanism has been implicitly present in the Dirac theory 
ofthe electron since his 1930 paper (497), where he brought forth the 
Dirac sea and the anti-electron, ifthe causal Dirac sea negative energy 
states are applied to general relativity before they interact with charge and 
are "observed". General relativity deals with spacetime and spacetime 
curvature. Therefore, it is concemed with causal 4-fields, 4-potentials, and 
4-waves in 4-space prior to observation, 


As we stated previously, there is really no such thing as a "3-space EM 
wave", e.g., as rather strongly pointed out by Romer (546) 


One can produce and have an EM field of negative EM energy in 
spacetime, coming from the 4-positron charges of the anti-charged mass of 
a system, as well as one can produce and have an EM field of positive EM 
energy in space, coming fiom the charged mass of a system. But negative 
energy EM fields have been swept away from our minds by interpreting 
the negative energy 4-electron as the 3-positron, after the negative energy 
4-electron has interacted with charged matter (been observed as the effect), 
rather than how it exists in spacetime prior to observation (as the cause). 


So physicists reverse the direction and the charge, and make the mass 
positive, which is how the Dirac sea hole is "seen" after observation. That 
makes it a material lattice hole and a special kind of positive ion. Before 
observation, it is not seen at all, but it exists as negative action (energy x 
time) and therefore in "negative masstime" state form. Before it has been 
observed, it's still there in spacetime, as a curvature of spacetime. It's just a 
negative energy state curvature in the vacuum/spacetime. 


‘Make lots of these negative mass-energy state Dirac holes from a source 
system, such as one producing a very powerful negative energy EM field, 
and voila! That's it. The system is producing — and surrounding itself by 
— its own negative energy EM field (negative curvature of 4-space), 
which is also its own local antigravity field. That antigravity field 
superposes with the prior local curvature of spacetime, altering it. The net 
curvature of local spacetime is itself a field which interacts back upon the 
‘mass system to produce "net gravity” whose sign may be positive or 
negative, depending on the sign ofthe net spacetime curvature. Ifthe two 
back-acting curvatures of spacetime are opposite and equal, that represents 
the source object existing in a zero gravitational field, and thus "hovering" 
in the Earth's gravitational field, for example. 


changes 
available on 


yy be modeled causally, but since there is no individual information 
rach one of them, they can only be calculated statistically 
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‘The use of negative energy EM fields and Dirac sea holes to alter the 
curvature ofthe local spacetime in a negative direction provides the 
present author's engineering approach to practical antigravity. Note that 
our approach gathers in the gist ofboth ofthe major two approaches to 
antigravity: (1) the shielding theory as typified by Modanese (547), and 
(2) the opposing force theory as typified by Ling Ni and Torr {548}. The 
opposing force, considered as a field that is identically a curvature of 
spacetime, is also a "gravity shielding" force via superposition of fields. 
We state unequivocally that a theoretical model of the new approach can 
be constructed from Sachs's theory {510}, and implemented in the 0(3) 
electrodynamics of Evans and Vigier {549}. Further, it is a directly 
engineerable theory, without the necessity for superconductivity, spinning 
wheels, etc. as demonstrated by the highly successful Sweet experiment 
previously discussed. 


‘We quote Evans {550}, on the appearance of the B(3) field in general 
relativity, to indicate the nature of such a future theoretical model: 


"have chosen a metric that gives circularpolarization 
(as observed), but in the framework of general relativity 
using the irreps ofthe Einstein group according to the 
Sachs theory. This is a closed field theory which is 
analytical, using a Lie group, the Einstein group. As such 
there are noparticles, only spacetime curvature, so 
everything inphysics reduces to spacetime curvature, i.e 
to a metric vector and its components. This is then 
incorporated in the Sachs theory to produce a metric 
four-vector which is a generally covariant component ofa 
‘quaternion-valued metric with sixteen components, the 
most generalform ofthe metric allowed by general 
relativity and topology. The Einstein-Sachs equationsfor 
electromagnetism are six metrical equations in six 
unknowns, the components ofan antisymmetric field 
tensor ofelectromagnetism. By choosing a metric that 
corresponds to circularpolarization, B’ appears 
automatically: 


This method gives the B® fieldfrom Einstein's theory of 
general relativity applied to electromagnetism by a 
consideration ofthe irreps ofthe Einstein group. It 
{follows that whenever the conjugate product 

-gA"" A"! is observed, the B’ field must also be 
observed, otherwise general relativityfails. Examples of 
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the B® field at work are the inverse Faraday effect and 
RER [Radiatively induced fermion resonance]." 


Evans and the AIAS have already taken the first theoretical steps showing 
that antigravity does indeed arise from Sachs's theory (5512-55 1c} 


We are convinced that practical antigravity only occurs at extremely low 
frequency (ELF) for reasons” explained previously. Certainly that seems 
to be true for our approach to it. The highest "total energy” photon is the 
low frequency photon with low spatial energy and a larger time inerement. 
‘The larger time component has the same energy density as mass. So one 
multiplies the time component increase (in seconds) by roughly 9x10" to 
‘get the increase in spatial energy equivalency. Halve the frequency of a 
photon, and one incteases its total energy by 4.5xl0" (552), 


High energy physicists have not realized that the time component of the 
photon has enormously more energy than the spatial component, and that 
low frequency photons contain enormously mote trapped energy than do 
high frequency photons. So they largely ignore the time-energy 
component, focus on the spatial energy component, and erroneously 
consider high energy physics as high{requency photon physics. Instead, 
present high frequency photon physics is only a high spatial energy 

physics, not a high total energy physics at all. Today's high energy physics 
is really still a very low total energy physics, compared to what can be 
done with the time-energy component of the photon rather than its spatial- 
energy component. By transducing and using the highly compressed time- 
energy, experiments can be done on the lab bench with fairly simple and 
cheap equipment, that actually utilize higher total energy nuclear 
reactions (though at low spatial energy) than are presently obtained in the 
largest accelerators. 


That is also why there is presently no understanding in the conventional 
community of the "low spatial energy transmutations" of cold fusion, 
where the experiments unwittingly use the high time-energy component. 
‘The scientific community has not even recognized the time-energy aspects, 


tude of the time-component, hence an enormous 

the time-energy component with only a small decrease in the spatial 
ent total energy of the photon. The otal energy thus dramatically 

reases, when the spatial energy equivalent ofthe time-energy is considered. The 


present conservation of energy law in physics is inadequate because it does not 
account time energy at all; thus completely discards the most fundamental EM 
energy mechanism ofall: the giant negentropy of source charges and source dipoles. 
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is an ultrahigh total 
energy physics, where the present "high energy physics” is tame by 
comparison. 


‘The previously unknown time-energy induced transmutation interactions 
are the precursors to, and the opening salvo of, a new ultrahigh total 

energy physics struggling to be born in spite of the adamant opposition of 
the conventional scientific community. Allowing for the time-energy 
component, for the mechanism generating the flow of time, and for 
formation and decay of time-reversal zones, we previously wrote the exact, 
new nuclear reactions for the production of the excess deuterium, tritium, 
and alpha particles {553} in numerous cold fusion experiments. We also 
explained the highly anomalous nuclear instrument effects — due to (i) 
time-charging, (ii) the slow decay of time-charge with radiation of 
Whittaker longitudinal waves, each accompanied by its phase conjugate 
twin time-polarized wave, and (iii) the previous time-charge history of the 
instrument. These puzzling anomalies have been observed at U.S. Navy 
research facilities at China Lake now for some years in rigorous electrolyte 
experiments {198}. We summarize that work in Chapter 10 of this book. 


With a litle effort and development, practical antigravity appears to be 
straightforward for any good modem laboratory. But the lab physicists 
should first (i) rethink the entire subject, from its very fundamentals, to 
include considering the positron before observation and not after 
observation, (ii) remove the Lorentz symmetrical regauging from 
electrodynamics and recover the presently missing COP >1.0 and 

COP» 1.0 Maxwellian systems again, and (iii) rapidly develop COP» 1.0 
systems and processes to use in antigravity experiments and development. 
At least in this approach, the COP» 1.0 EM systems — once developed — 
are an immediate gateway to practical antigravity devices, unilateral thrust 
propulsion systems, and antigravity vehicles. And of course they are the 
immediate gateway to practical transport vehicle power systems, fuel-fiee, 
clean, and self-powering, 


Hopefully, such a scientific reassessment will be performed, and it may 
provide the gateway for practical transportation and travel to the ends of 
the solar system and beyond, to be achieved in the first two decades of this, 
century. 


8.5 In Conclusion 


We have briefly reviewed the presently developing field of inertial space 
propulsion and antigravity, and presented our own approach to practical 


an 


antigravity as well as an informal experiment that strongly supported that 
approach. We have strongly stressed that the causal field from the system 
as its source constitutes a curvature of the local spacetime superposed upon 
the pre-existing local spacetime curvature. Instead of thinking of that 
‘causal field from the source system as acting back upon the source system, 
wwe have stressed thinking of that net superposed curvature oflocal 
spacetime acting back upon the source system and producing a net 
gravitational force upon it. That net gravitational force may be either 
positive or negative, or zero, depending upon the sign of the net curvature 
of spacetime that is interacting back upon the system. 


‘We presented and explained the results of the Sweet VTA antigravity 
experiment as probable verification of our approach to antigravity. 
Nonetheless, we also emphasized that the formal independent replication 
required by the scientific method has not been accomplished, and it 
remains to be accomplished before the approach is to be considered as 
scientifically validated. 


We believe that this approach to antigravity can be modeled and 
engineered by use of the Evans-Vigier O(3) electrodynamics as a subset of 
the Sachs electrodynamics that is a part of the Sachs unified field theory. 


If so, then tentatively we have laid out the basis for eventual practical 
antigravity systems and a practical antigravity technology. We fervently 
hope that this approach will in fact lead to practical technology and 
working transportation means during the next decade. 


Finally, we hope that these notes and concepts will stimulate many sharp 
young graduate students and post-doctoral scientists to examine, model, 

correct, and greatly enlarge the ideas and principles advanced. Ifso, then 
the purpose ofthis chapter will have been realized. 
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Chapter 9 


The Supersystem and Remarks on 
Gravity, Antigravity, and Testing 


"What might appear to be empty space is, 
therefore, a seethingferment ojvirtual particles. 
A vacuum is not inert and featureless, but alive 
with throbbing energy and vitality. A ‘real’ 
particle such as an electron must always be 
viewed against this background offrenetic 
activity. When an electron moves through space, 
it is actually swimming in a sea ofghost particles 
ofall varieties - virtual leptons, quarks, and 
‘messengers, entangled in a complex melee. The 
presence ofthe electron will distort this 
irreducible vacuum activity, and the distortion in 
turn reacts back on the electron. Even at rest, an 
electron is not at rest: it is being continually 
assaulted by all manner ofother particles from 
the vacuum." [Paul Davies} (554) 


"Space acts on matter, telling it how to move.. In 
turn, matter reacts back on space, telling it how 
to curve." [Wheeler's principle] {555} 


the Aharonov-Bohm effect is a local gauge 
transformation ofthe true vacuum... [which] 
produces a vector potentialfrom the true vacuum. 
[This gauge transformation produces 
topological charge..., the electromagnetic field, 
which carries energy, and the vacuum charge 
current density first proposed by Lehnert... and 
developed by Lehnert and Roy...°. [M. W. Evans 
and S. Jeffers] {556} 


"The energy density ( Eng ) in curved spacetime 


is given in the Sachs theory by the quaternion- 
valued expression 


‘» Tuning in to the basic functions of 5G 
New Radio 


» Catching the millimeter wave 


Chapter 6 


Creating a New 5G 
World Order with 
New Radio (NR) 


nn this chapter, you learn about a completely new technology 
that creates the foundation for 5G — the 5G New Radio (NR) 
physical air interface. 


5G NR Basics 


2) 


CHAPTER 6 Creatin, 


Unlike the other 5G elements (covered in previous chapters), 
that advance the industry toward the goals of 5G networks, 5G 
New Radio (NR) is not an evolution of 2G Long Term Evolu- 
tion (LTE) innovations. 5G NR is a completely new technology 
specification — a physical air interface — that is required to 
achieve the extreme bandwidth, low latency, and massive scal- 
ability requirements of 5G. 


‘The other four areas of 4G LTE innovation that are being further 
developed for 5G include: 


2» Speeds and feeds: Discussed in Chapter 2, innovations such 
{as carrier aggregation (CA), massive multiple input multiple 
‘output (MIMO), and quadrature amplitude modulation 
(QAM), among others, enables carriers to “fatten” the data 
pipe. 


h New Radio(NR) 33 


ENERGY FROM THE VACUUM: CONCEPTS & PRINGPLES, 
En, = Agi m1 


where A,. is the quaternion-valued vector 
potential and j;, is the quaternion-valued 


4-current as given by Sachs ...Equation [1] is an 
elegant and deeply meaningful expression ofthe 
fact that electromagnetic energy density is 
availablefrom curved spacetime under all 
conditions; the distinction between field and 
‘matter is lost, and the concepts of "point charge" 
and "point mass” are notpresent in the theory, as 
these two concepts represent infinities ofthe 
closed-field theory developed by Sachs rom the 
irreducible representations ofthe Einstein group. 
The accuracy ofexpression [1] has been tested to 
the precision ofthe Lamb shifts in the hydrogen 
‘atom without using renormalization ofinfinities 
The Lamb shifts can therefore be viewed as the 
results ofelectromagnetic energyfrom curved 
spacetime.” (Myton W. Evans} (557). 


"Old habits ofthought die hard, and itis not 
always easy to remember that aparticle with 
negative mass if pushed to the right will move to 
the left; or that in a given reference frame a 
particle with imaginary mass can have infinite 
speed, in which case its energy is zero." .. ". 
extremely powerful energy sources may occur if 
particles ofnegative mass really exist in nature. " 
[Banesh Hoffman] (558) 


"The observed (3-spatial) positron is a quite 
different entityfrom the unobserved (4-spatial) 
Dirac hole. Its direction has been reversed, and 
its mass and energy have also been reversed. 
Before the 4-spatial hole in the vacuum has 
interacted and been observed, it has negative 
energy and therefore negative mass equivalency 
as weil as negative charge. As a source charge, it 
also is the source ofnegative energy fields and 
negative energy potentials —all in the 
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nonobservable 4-state. " {T. E. Bearden, private 
communication to a correspondent, 2001] 


"The...visible structure of orthogonal’ 1- 
networks possessing coupled open-paths and 
closed-paths represents only an introductory step 
in the development ofa correct topological theory 

for conventional electric networks...An electric 
network is like an iceberg...Its visible portion is 
only a smallfraction ofthe submerged invisible 
structure. " {Gabriel Kron, who developed special 
tensor methods and diakoptics to deal with the 
large number of visible and invisible 
multidimensional p-networks surrounding the 

branches ofevery electric circuit.| (559). 


"symmetry implies conservation. Since our 


entire edifice ofinteractions is built on symmetry 
assumptions, there should be as a result a large 
number ofconservation laws. The only trouble is 
that almost all ofthese conservation laws have 
been violated experimentally. ".. "..this difficulty 
could be resolved by introducing a new element, 
the vacuum. Instead ofsaying that the symmetry 
ofall matter is being violated, we suggest that all 
conservation laws must take both matter and 
vacuum into account. Ifwe include matter 
together with vacuum, then an overall symmetry 
could be restored" [T. D. Lee] {560} 


"One perhaps oversimplified way to deal more 
conventionally with the new unified field 
‘approach to electrodynamic systems is to utilize 
the notion ofthe ‘supersystem’, comprised of 
three components: (1) the ordinary EMsystem 
and its dynamics—conventionally assumingflat 
spacetime and inert vacuum, (2) the local 
nonlinear vacuum and its dynamic interactions 
with the system and with spacetime, and (3) the 
local curvatures ofspacetime and their dynamic 
interactions with the system and with the local 
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active vacuum. In the richfeedforward and 
feedback interactions that result, there emerges a 
dramatic new physics, new electrodynamics, and 
new chemistry including a new biochemistry. This 
is infact a much simplified conceptual approach 
(good to first order’, s0 to speak) to the 
‘multinetwork and multipath work of Gabriel 
Kron. Italso allows the retention ofsymmetry 
considered so necessary to particle physicists 
[T. E. Bearden, private communication to a 
correspondent, 2001] 


9.1 The Supersystem and Its Considerations 


In classical electrodynamics, the Maxwell-Heaviside-Lorentz equations 
implicitly assume a local flat spacetime and no net action by the vacuum 
{561). Both these implied assumptions are false. All real EM systems 
involve interactions with both curvatures of spacetime and the active 
vacuum. Yet to try to include both additional interactions requires a 
unified field theory approach, such as that of Sachs {562}. Unfortunately, 
‘any unified field theory is replete with quite difficult mathematics, little of 
which can be illustrated pictorially or simply. 


‘What is required — at least for most electrical engineers and applied 
electrical scientists — is a conceptual way of visually thinking about the 
EM system in a way that is consistent with unified field theory to 
something like first order, but which can also be conceptualized easily. 


9.1.1 The Supersystem Concept 
Accordingly, we introduce a new and very simple way ofthinking of 
electrical circuits in terms of a unified field theory. We utilize the notion 
ofthe supersystem, consisting of three components: (1) the EM system 
and its dynamics, considered in conventional fashion (as if the local 
vacuum were inactive and the local spacetime were flat but perturbed), (2) 
the local interactive vacuum and its dynamics, and (3) the local curvatures 
of spacetime and their dynamics. All three components of the supersystem 
interact. This produces both feedback and feedforward functioning; .g., 
energetic changes in the system produce corresponding changes in 
spacetime curvatures. In turn, the alterations in spacetime curvature 
produce nonlinear changes in the active vacuum, which in tum acts back 
upon the system, So every action in a system produces a corresponding set 
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ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES. 


of feedforward and feedback reactions from and with its complex 
environment, and vice versa.” 


[ LOCAL ACTIVE VACUUM | ACTIVE VACUUM 


SYSTEM Ceom | 


| LOCAL aan OF SPACETIME 


gue 1 The Sperm cone lock dagran), 


Figure 9-1 shows a diagrammatic illustration of the supersystem concept. 
Figure 9-2 illustrates the effect ofthe classical EM assumptions ofa flat 
spacetime and a locally inert vacuum. As can be seen, the classical 
assumptions arbitrarily discard the interaction effects upon and in the 
system due to the active vacuum dynamics and due to the local spacetime 
curvatures and their dynami 


‘As stated, all three components of the supersystem interact with each 
other. This is a dramatic change to classical U(1) electrodynamics. Hence 
the total interactions — with the system — of both the active vacuum and 
the locally curved spacetime, and their interactions with each other, are 
‘more general than either classical EM, general relativity, or the quantum 
‘mechanical vacuum of particle physics prescribes individually. 


™* We hypothesize that the feedback contains the mechanism generating Newton's 
third law as a restoration of symmetry, but leave that to the master theorists to 
explore and decide. 


**As one example, the nondiverged Heaviside component of energy low — 
previously discussed in earlier chapters — is part of the supersystem activity. This 
flow alters both the local active vacuum and the local spacetime curvature associated 
with an electrical power system and its connected exteenalcireuits. Since the 
resulting local “environmental” changes in the supersystem are extensive, then one 
can conceive ways in which these changes ean be interacted with additonal 
inlercepting/receiving systems to produce extra "EM energy fom the vacu 
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Figure 9.2 Cs EM dstostnoiedst 


supesstem. 


Immediately it can be seen that the concept of energy from the vacuum is a 
"supersystem active and not negligible” concept involving a unified field 
theory approach «priori. It can also be seen that a "system" in equilibrium 
‘must be in equilibrium with its active environmental exchange — its 
exchange with the active local vacuum and the active local curvatures of 
spacetime. Since energy "exchange" with the system means both incoming 
and outgoing exchange, it follows that the equilibrium system has equal 
incoming and outgoing energy exchange. It follows that the symmetrically 
regauged system has equal incoming and outgoing energy, and so the 
symmetrically regauged system must be in additional stress from two net 
equal and opposite direct interaction forces, one general relativistic and the 
other from the active vacuum. Further, this "equal and opposite” 
equilibrium stress state must be accompanied by equal and opposite 
interaction effects between the two environmental media of the 

system 27248 


* We point out but do not pursue the fact that this is a very important new concept 
associated with coherently changing the symmettical gauging, which allows a new 
physics, a new electrodynamics, and a new chemistry including biochemistry. For 
fone thing, it permits such things as a self-maintained excitation state that 
simultaneously continuously discharges its excitation energy. This is simply a 
redefinition and more general broadening ofthe “source charge” concept. From the 
normal system view (assuming away the vacuum and curved spacetime interactions), 
an “impossible” system state can nonetheless be possible and stabilized, by cha 
the intensity of the Lorentz regauging condition. As an example, new molecules or 
ions can be made and stabilized in an excited state, that otherwise would be so 
unstable thatthe excitation would decay in a nanosecond with the state disappearing 
also, We believe this alone will ead to a great new biochemistry and medical 
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9.1.2 Time and Space Effects and Positive and Negative Energy 
From curved spacetime considerations, we must include the effects on the 
system, and on the vacuum, of dynamics in the time domain as well as in 
the spatial domain. Indeed, in Sachs's theory space and time do not 
separately exist, but only spacetime. We consider time as highly 
compressed EM energy — as heretofore pointed out, where time is spatial 
EM energy compressed by the factor c* and having energy density similar 
to mass. We must include not only EM energyflow along the time-domain 
(fourth Minkowski axis ict), but also EMorce, potential, energy 
oscillations, etc. in the time domain itself. We shall have to deal with time- 
force, time-energy, time-potential, time-energy current, longitudinal EM 
‘waves in the time domain (time-polarized EM waves), etc. (563). The 
complexity of the full supersystem analysis is thus easily seen and 
appreciated. In most cases, a higher group symmetry model for a 
particular situation will prove intractable for closed Solutions, and 
numerical methods must be used, 


Further, when curved spacetime interacts with the active vacuum, we shall 
also have to consider negative energy currents in the nonlinear vacuum 
itself, as well as in the time-domain. We may also speak of the negative 
energy density in the vacuum as a special kind of negative energy potential 
in the vacuum that is created by a negative energy potential in the time 
domain, We may speak of a gradient in this vacuum negative energy 
potential as a negative energy force or "force in the negative energy 
domain". Applied to the time domain, these concepts constitute a causality 
condition placed on the Dirac sea, in the same vein as more technical 
causality considerations given by Finster (564) 


9.2 Differences between Effects in COP»1.0 and 
COP<1.0 EM Systems 
In this chapter, we utilize the Dirac hole in a different manner from the 


received interpretation. The received interpretation assumes an electron 
hole in the vacuum, with the hole filled with a negative energy electron 


therapeutic science: one company is already working in this area, with positive 
resus, 


2% We leave to the advanced theorists the connection between this "stable 
equilibrium state under a change in symmetrically regauged stress", occurring as a 
nnet-force-free intensity change in the conventional Lorentz symmetrical regauging of 
the Maxwell-Heaviside equations 
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having negative mass, negative energy, and negative charge. In that 
interpretation, when the electron is lifted out of the hole, the hole is said to 
be apositive energy electron with positive mass and positive charge, (ie., 
‘when interacted and observed). In short, with reaction one has a complete 
transformation of negative energy into positive energy, negative mass into 
positive mass, etc. In our view, this totally destroys the notion of "how the 
hole exists in the vacuum prior to its interaction and observation”. That 
kind of positron only occurs after a physical interaction and observation 
has occurred — in short, the positron exists only after an interaction with 
the Dirac hole has been made, to change the very nature ofthe negative 
energy hole. The positron is the 3-effect of an invoked extra 4-interaction, 
and is not at all the "negative energy electron” or hole as it actually exists 
prior to being interacted and transformed. The positron is a different beast 
from the beast we wish to hamess and use. The conventional interpretation 
leaves the question ofthe unobserved and unreacted "hole” left behind by 
an electron lifted out of the hole, before another interaction is performed 
on the hole to change it. So it is an incomplete accounting (as all 
observations are). 


In our interpretation, the Dirac "hole” in the vacuum is itselfthe true 
negative energy electron before its interaction and observation. It is the 
-ausal” 4-space negative energy electron, while the received 
interpretation is only for the "observed" ot “effect” positron. In our view, 
the received interpretation thus leaves out a goodly part (and the most 
interesting part) of the Dirac sea hole. When the negative energy hole 
filled, we consider the electron in the hole to be a normal, positive energy, 
positive mass electron. Hence the summation of the energy of the filled 
hole is zero, as is its summation mass and its summation charge. This 
accords with the properties of the "normal" vacuum, said to contain a sea 
of such "filled Dirac holes’. 


Our purpose is to use emptied Dirac sea holes before their interaction or 
observation, and thus to use them as causal 4-electrons having negative 
‘mass and negative energy, but where each ofthose quantities is multiplied 
by time. So the hole has negative masstime and negative action. Unless 
otherwise stated, that is our interpretation of a Dirac sea hole, and that will 
be how we use it. This way we avoid having to replace a true negative 
energy, negative mass, positive charge causal (unobserved) 4-electron by a 
positive energy, positive mass, positive charge observed (effect) 
3-electron. We do not just artificially "dispose of" the question of the 
“nature of the hole that is left behind” when the positron is observed. We 
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consider the (hole x time) as the fundamental negative energy 4-electron. 
‘We will sometimes refer to that as the "4-positron’. 


Normal "forward flaw of time" tempic force 
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See Figure 9-3. In a COP<1.0 EM system, the tempic potential gradient 
(tempic force) is oriented from input to output and on out beyond the 
system. A very slight Dirac hole current moves outward from the output, 
but is immediately "eaten" by the virtual electron flux fluctuations of the 
vacuum in the space immediately adjacent to the output. There is a slight 
Dirac hole current also exiting the system in its losses, but again these are 
immediately "eaten" by the virtual electron flux fluctuations ofthe vacuum 
in the immediately surrounding space. 
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See Figure 9.4, In a superconductive system or section, COP =1.0 and on 
the average there is no net gradient of the time potential across the system, 
hence no time-force across it in either direction. Accordingly, one sees 
ready Cooper pairing of charges and formation of excitons. We shall not 
concer ourselves further with the superconductive EM system; such a 
tem has not yet produced COP> 1.0. 


Additional tempic force << 
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See Figure 9.5. In a COP>1.0 EM system, there is a net tempic force 
across the system from the output section to the input section, However, 
unless the COP» 1.0, the hole current in the local vacuum is mostly used 
up in interacting with the system material and converting to lattice holes 
(lattice positrons). Hence at "nominal" or moderate COP>1.0, except in 
fast pulsed discharges one usually has little to worry about, concerning 
Dirac sea holes in the vacuum, since those readily convert to lattice holes 
as already accounted. One effect of concem is that, ifthe semiconductors 
in the system are exposed to sufficient extra lattice holes or interacting 4- 
holes, their donor-acceptor arrangement is disrupted, spoiling the action of 
the semiconductors and perhaps destroying them, 


When COP» 1.0 (and even for some COP>1.0 systems), then there results 
a substantial Dirac sea hole current in the local vacuum occupied by the 
system, flowing through the supersystem from the output section back to 
the input section, This is an additional hole current component from the 
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Dirac hole current component converted into lattice hole current.” This 
unconverted Dirac sea vacuum hole current runs through the system from 
the output section back to the input section ofthe system and beyond. If 
not "filled" there in the input section by the incoming input electrons from 
the external power supply, the 4-hole current can and will pass on back 
into the feed line and to the distant extemal power supply, eating electrons 
and electron current all along the way. Usually semiconductors in the path 
ofa substantial 4-hole current will either malfunction or be quickly 
destroyed, 


In the input section and on back into the external power source, the effect 
ofthe unrestrained Dirac sea hole current’s reaction is to interact and 
convert into lattice holes all along the route, which lattice holes then "eat 
incoming electrons from the distant power source. Thus, the external 
power source "sees" the hole current as a dynamic additional load in the 
system's input section itself and in the extemal conductors leading to it) 
that also must be powered with additional positive energy electron current, 


» Here we wish to recognize the perceptivity of Peter Lindemann, who recognized 
the importance of cold electricity" in COP>1.0 systems without going deeply into 
the more technical aspects of negative EM energy. As an example, we cite his book, 
The Free Energy Secrets of Cold Electricity, available from Clear Tech, Ine., Box 37 
Metaline Falls, WA 99153, U.S.A. Particularly note his efforts to explain the Gray 
overunity device via the negative energy that can be associated with very strong 
discharges. Gray referred to this appearance of an associated negative energy 
‘component associated with the normally positive EM energy as "splitting the 
positive pole” (a "pole", afterall, involves a stress potential). The Gray et 

rawing is shown in Figure 5-14, his conversion tube is shown in Figure 5-15, and 
his cizeuit for the conversion tube is shown in Figure 5-16. As Lindemann explains, 
Gray also apparently succeeded in converting the negative energy into positive 
energy in his conversion element switching tube, Bedini’s successful replication of 
the tube along with pertinent lab notes are shown in Figures 5-17, 5-18, 5-19, 5-20, 
and 5-21 by permission. Since Bedini is one of only two of thtee persons tuly 
experienced in converting negative energy into positive energy. his successful 
replication is significant and decisive. Gray's process thus transformed negative 
energy into positive energy, allowing positive energy COP>1.0 self-powe 

systems, Bedini and the present author have filed a joint patent application filed on 
the process explained in this Chapter. We recognize Ed Gray as being a real pioneer 
in the area of COP>1.0 electrical power systems and in energy conversion. His 
pertinent patents are E. V. Gray, "Pulsed Cap. Electrical Discharge Engine,” U.S. 
Patent #3,890,548, 1976; "Eificient Power Supply Suitable for Inductive Loads, 
US. Patent 4,595,975, Jume 17, 1986. 
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>> Unlicensed spectrum: Discussed in Chapter 3, LTE in 
unlicensed spectrum (LTE-U}, License Assisted Access (LAA 
and enhanced LAA, or eLAA), and MulteFire enable carriers 
to leverage unlicensed spectrum as additional data pipes. 

2» Internet of Things (loT): Discussed in Chapter 4, oT 
developments include NarrawBand loT (NB-IoT), LTE for 
‘Machines (LTE-M or LTE Category M1), and Low Power Wide 
‘Area Network (LPWAN) specifications such as Long Range 
WAN (LoRaWAN) and Sigfox. These developments enable 
wireless communication with a diverse array of billions of loT 
devices. 


> Virtualization: Discussed in Chapter 5, software-defined 
‘networking (SON) and network functions virtualization (NFV) 
enable mobile network operators (MNOs) to achieve 
costeffectve scalability and elasticity in their core networks 
with innovations that include network slicing, virtual evolved 
packet core (vEPC), centralized radio access network (C-RAN}, 
and mobile edge computing (MEC). 


‘The 5G NR specification enables the following goals of 56: 


>> Extreme bandwidths: 5G NR aggregates eight component 
carriers (CCs). The carrier width specifications are stil in 
development, but wil ikely be 100 megahertz (MHz) or 
greater, providing a total of approximately one gigahertz 
(GHz) of aggregated bandwidth — wide enough to carry 
20 gigabits of data per second, 

9» Low latency: In LTE Advanced, each subframe (there are 
10 subframes)is handled in one millisecond (ms). 5G will be 
five to ten times faster — each subframe is handled in 100 to 
200 microseconds (us). 5G NR will use new channel coding 
techniques, such as low density parity check (LOPO), that are 
more efficent than existing techniques, resulting in shorter 
transmission time intervals (Ts) 


technique called scalable orthogonal frequency-division 
‘multiplexing (OFDM) numerology will be used to support 
different use cases and scenarios within the same frame. 

Piermeihy Effectively, shorter TTIs will be used for low latency, high 


su reliability use cases, and longer TTs for higher spectral 


efficiency, higher bandwidth use cases. 5G NR can also 
effectively multiplex between short and long TTis, thereby 
allowing a diverse set of users to simultaneously use the 
system. 


34 5G For Dummies, xia Special Edition 


Aside from destruction of semiconductors etc.,"“” the overall effect is to 
increase the draw of power and current from the external source, so that 
the COP» 10 power system is thereby converted back to a COP<1.0 
system! 


‘The increased power draw due to the Dirac hole current can be remarkable. 
For an external battery power supply, ifthe hole current is sufficient to 
pass on into the battery itself, the battery may charge with negative energy 
while also powering the circuit! A remarkable phenomenon then takes 
place. A battery having been appreciably charged with negative energy 
‘may appear to be discharged (and so it is, with respect to positive EM 
energy). Yet, it may also continue to power a circuit. Sometimes it will, 
sometimes it won't, depending on the circuit. However, on connecting a 
normal positive energy battery charger to recharge it, the battery 
precharged significantly with negative energy will "eat" positive energy 
for an extended period, filling its localized Dirac Sea holes in its negative 
charge all the while, with the extemal voltage of the battery not changing 
at all. When all the negative energy holes are filled in the internal vacuum 
environment ofthe battery, and the negative energy charge is thus 
removed, suddenly the battery will start recharging with the input positive 
energy in a normal manner. 


The batteries in Watson's generator (again see Figure 5-12) exhibited that 
phenomenon, Sometimes in recharging one of his batteries that had been 
extensively used, the battery would "eat” positive energy from the charger 
for a week or more before finally filling up its negative energy charge and 
then recharging normally from that point on. 


‘The Dirac 4-hole current is nature's decay mechanism for the COP» 1.0 
system, sharply bringing it back to COPS1.0. Any successful COP» 1.0 
EM system must contain a mechanism for defeating (or transducing and 


*° As an example, novel effects may also happen in resistors, capacitors, and coils, 
and the effects depend on both the materials and construction ofthese components. 
A resistor can act as a true negative resistor and coo! rather than heat, a capacitor can 
have its current lagging its voltage, and a coil can have its current leading its 
voltage. Mixtures of all three of these effects can happen in each ofthe three 
components, since each usually has some aspects of resistance, capacitance, and 
inductance. The ems and back emfs in the cigeuit can also be altered and disrupted 
in a manner varying with the individual circuit and the individual operating 
conditions. Nonlinear oscillations and discharges of negative energy are particularly 
difficult to foresee and understand. Effects in dielectries may vary widely, as can 
effects in conductors because oftheir internal impurities, ete 
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using) this Dirac sea vacuum 4-hole current into its input section and 
beyond. We shall cover that subject shortly. The 4-hole current decay 
‘mechanism can sometimes become significant for semiconductors in the 
lattice 3-hole stage at COP = 5 or more, though the exact figure varies as 
the type and size of system and the semiconductor type. At COP > 10 ot 
so, some systems will frequently begin to ravage themselves back into 
equilibrium with the vacuum, and destroy their overunity performance, 
unless the 4-hole current phenomenon is dealt with. 


Let us recap. We have assumed —to first order —a sweeping 
‘generalization that COP<1.0 systems exhibit an overall average spacetime 
‘curvature across the system (from input section to output section and load) 
such that excess positive energy electrons exist in the Dirac sea, without 
‘any appreciable accompanying excess Dirac sea holes interacting in the 
circuitry itself.**' The slight excess of Dirac sea holes that are generated is 
"swept" forward out of the output section, and "eaten by the vacuum 
interaction” (particularly by the vacuum fluctuations) immediately upon 
exit from the output section. In that case, we do not have to concer 
ourselves particularly with Dirac Sea 4-holes and Dirac sea 4-hole 
currents, or at least they are usually negligible in most cases.” 


For COP» 1.0 systems, however, the overall average spacetime curvature 
across the system — from output section and load to input section — 
such that Dirac sea 4-holes and their currents do independently continue to 
exist and independently flow in the local vacuum occupied by the physical 
system. Specifically, we shall have to consider the rempic effects upon 
such holes and hole currents, which are oriented from the output section 
back through the system to the input section.”*’ In the COP» 1.0, the 


In short, the requisite number of Dirac holes have interacted with and do interact 
With the lattes, converting into the normal “lattice hole” type of positron connected 
With positive mass. postive energy. but slowly migrating around the citcuit in the 
opposite direction from the electrons. Here the true Dirac hole current exists only in 
short "hops" from atom to atom as the lattice holes ate steadily filled by the 
hopping” electrons. 


As stated, a kind of “hole” phenomena still exists in the circuit, but now as lattice 
hholes and currents. Since these are attached to ions each having a mass much greater 
than that of an electron, the lattice hole currents may usually be neglected except in 
semiconductors, where they are taken into account in the very design of the 
semiconductor component itsel. 


* When we state a concept such as "negative mass” or "negative energy", we have 
conceptualized it as ifobserved. Hence, unwittingly we have made it an 
instantaneous, but iterated, concept. Rigorously, no such thing as mass or energy 


485 


effect of the increased tempic force is to sweep a Dirac sea 4-hole current 
back through the system from output to input, and even on out into the 
conductors from the external power supply, and on further out into the 
external power supply itself. The 4-hole current continues its "reverse 
feedback into the powering end of things” until quenched by filling it with 
incoming electrons. This conversion of 4-hole current to filled Dirac sea 
4-holes by induction of lattice holes also squelches the concomitant 
negative EM energy fields, potentials, and waves associated with Dirac 
A-holes as sources.“ The reason is that a filled Dirac hole is a dual 
system of two opposite charges, hence produces counteracting positive and 
negative energy fields, 


The "4-hole-eating and filling process" is therefore the exact decay 
mechanism that squelches the natural electrogravitation associated with 
Maxwellian circuits which use Dirac 4-holes and 4-hole currents, negative 
energy fields, negative energy potentials, etc. When the circuit converts its 
free Dirac 4-holes into lattice holes, all electrogravity capability is lost, 
insofar as practicality is concemed. 


For electrical power system purposes, the extemal environment of the 
COP» 1.0 system furnishes an extra "electrical load” demand upon the 
external power supply, so that the extended system consisting of the 
(external power supply + power system) decays back into overall COPS1.0 
condition and operation. For this reason, any appreciable involvement of 
Dirac 4-hole currents in a COP>1.0 EM power system must be transduced 
into positive energy electron currents, which requires just a special form of 
regauging. One need not confine regauging and gauge freedom to positive 
energy potentials and positive energy fields alone. 


From the vacuum consideration and particularly from Dirac’s theory of the 
electron, in COP>1.0 EM systems and circuits we shall consider that the 
Dirac sea 4-holes involve negative energy states (negative mass), and that 
positive energy states involve positive mass. In our approach, we shall 
consider a negative energy state (Dirac 4-hole) in the vacuum as having 


independently exists except at one instant in time. Instead, mass exists in a 60 
iteration of m —> mt —> m —> mt... and energy exists in continual iteration of 
E—> eB» EE... and so on. So during the masstime or energy-time (action) 
slate, time and either mass or energy ate intimately interactive. See our previous 
discussion in this book ofthe mechanism for the flow of a mass through time. 


* Obviously that kills the 
Fields that would give ‘ne 


gravity aspects, because it kills the negative energy 
tive curvature of local spacetime. 
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negative mass, which means that antigravity can be involved as well.” In 
this treatise, we consider only electron states, thus only negative energy 
and positive energy electron states. 


9.3 Primarily Concerned With Dirac Sea Holes and Not 
Lattice Holes 


We also stress the dramatic difference between a Dirac sea "electron 
4-hole” in the vacuum (prior to observation) as compared to a lattice 
3-hole in a semiconductor or other material component (after interaction 
and therefore after observation). In the case ofa lattice 3-hole, usually the 
positron’ (hole) is attached to an ion, whose mass (i) is very much greater 
than the mass of an electron, and (ji) is also positive. In other words, a 
lattice hole is just a part of an ordinary positive ion. So the theory of 
“lattice holes” and "lattice positrons” does not primarily apply to the 
situation we are discussing. On the other hands, semiconductors exposed 
to any significant currents of pure Dirac sea 4-holes in the vacuum usually 
react and are nearly instantly destroyed because of the immediate 
disruption of their donor-acceptor arrangement and functioning, 

Interaction (filling the incoming Dirac 4-holes with contributed electrons) 
causes sudden mass disarrangements in their atoms and nuclei and lattice 


*° We assume thatthe important thing about mass is its localized energy. Hence we 
associate positive mass with positive localized energy (with respect to the ambient 
‘energy density ofthe massless vacuum) and we associate negative mass with 
negative localized energy (with respect (0 the ambient energy density of the massless 
vacuum). In this view, the empty Dirac sea hole has both negative energy and 
negative mass. Note that this differs from the conventional assumption, which 
unwittingly addresses the positron as having been observed, producing a directional 
reversal. The rigorous test of our thesis is that concentrations of Dirac sea holes must 
{generate antigravity potential, while currents of Dirae sea holes must generate 
antigravityforce. The conventional view, assigning positive mass to the positron 
afier observation, would produce gravity, not antigravity, but the force would be 
reversed by the reversed party afler observation. We argue that antigravity has been 
Hidden and lost by its parity reversal in the assuming positive mass for the positron 
«as ifthat were the mass ofthe positron before itis observed. Wn an overunity system 
with powerful steady-state Dirac 4-hole currents, the 4-hole currents can be 
Aiferentiated by the cooling (negentropy) effeet of the COP» 1.0 system—when 
shorted to produce a "current surge" — rather than heating (entropy) effeet. The 
magnitude of the hole current (which determines the average presence of the hole 
density) can be differentiated by a measurable weight oss in the COP» 1.0 system, 
‘The successful antigravity production of te Sweet COP» I.0 device — discussed 
later in this chapter — experimentally verified these hypotheses 
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bonds. Thus, in the presence of Dirac sea 4-holes and 4-hole currents, 
usually any interacting solid-state electronics of the circuit or system will 
be dramatically affected. For switching in the presence of holes and hole 
currents, in most cases one may have to turn away from semiconductors, 
and utilize mechanical or electro-mechanical switching, although this 
requirement varies with the type of semiconductor, the COP, the system 
geometrical layout, and the subsystem operations and layouts. Sometimes, 
semiconductors may still be used ifthey are “brutes”, with current 
handling capabilities well beyond what is “normally expected” in that 
circuit 


9.4 Peculiarities of Spacetime Curvature and Dirac Hole 
Interactions 


‘When considering the interaction between curved spacetime and the Dirac 
vacuum, immediately we violate the premise that all electron states in the 
Dirac Sea are always filled (which condition we surmise — along with 
Dirac — only exists on the average in a flat spacetime region). In a curved 
spacetime, we can have sustained excess 4-holes in the vacuum, or we can 
have holes that accept an electron falling into them without emitting 
radiation. The radiation-free "pair annihilation” reaction is possible when 
the spacetime simultaneously changes its curvature appropriately and 
thereby “absorbs” and holds the excess EM energy that would otherwise be 
emitted ifthe spacetime remained flat or decayed back to the flat state.*° 
So long as that "energy-storing ST curvature” remains, there is no photon 
energy emission. Ifthe "energy storing ST curvature set" has a net 
curvature instead of being flat, and then decays to a flat spacetime, then 
the previously retained energy is emitted as photon energy. 


In that case the reaction provides the conventional emitted pair 
annihilation energy. In that case, the emitted energy may also transform 
into emitted particles in reactions well known in particle physics, 


™ Berily, this interaction represents a situation where opposite reaction forees (the 
vacuum upon spacetime, and spacetime upon the vacuum) can exeate a special kind 
‘of stress in the system and changes in that stress. This leads to a peculiar kind of 
stress waves (scalar waves — longitudinal EM waves, so to speak) that are not 
covered in circuit theory anywhere. A symptom is that these stress waves react with 
components, amplifiers, preamps, ele. 0 create electrostatic waves. The effect of 
these waves is seen as the “crawling” of electrostatics all over and in the electrical 
equipment that is in one's laboratory. The effect can readily damage oscilloscopes, 


488 


‘The normal emission of photons by pair annihilation need not occur, ifthe 
excess decay energy is absorbed and held by the local spacetime changing 
and holding its energy density and therefore (i) changing its curvature and 
Gi) stabilizing in that new excited state instead of decaying back to a flat 
spacetime.**” Under such "non-emitting” pair recombination, a Dirac Sea 
4- hole may simply "eat" a free 4-electron, and instead of emitting 
radiation the process simply affects the curvature of spacetime (and the 
state of the local Dirac sea) and changes it accordingly. A new 
“equilibrium state” is therefore reached in the supersystem between the 
opposite forces ofthe vacuum acting on spacetime and spacetime acting on 
the vacuum.” In other words, we consider change in the curvature of 
spacetime to exhibit EM energy source (emission) or sink (absorption) 
capability, with respect to the nominal ambient flat spacetime and with 
respect to conventional EM interactions.” 


Or simply put, the energy emitted by the combination of positive and 
negative energy in the vacuum may be "locally radiated", "locally 
absorbed’, of “locally transferred” to the other local component of the 
supersystem: the local curvature of spacetime. It is all spacetime curvature 
dynamics. By definition, a flat local spacetime consists of a vacuum with 
all its Dirac sea holes filled. Therefore, if “filling a 4-hole” results merely 


Our view is that in normal pair annihilation this curving of spacetime to absorb 
the emission energy occurs first, and then the new ST curvature decays by what is 
called “emission of photon energy”. We regard the photon as a specialized ST 
curvature traveling at light speed. So what is emitted as a photon isin fact the 
formation of a locally structured spacetime curvature (an “engine”) traveling at Hight 
speed. Its a propagating spacetime curvature "engine" or "set of engines”. In the 
process we are describing, the emission ofthe photon is the decay of the locally 
Formed ST curvature set. Ifthat set does not decay, the locally formed ST curvature 
set remains and no photon is emitted. 


sw kind of equilibrium is extraordinarily important, particularly in 
Where it will allow the "locking" of impossible combinations of particles 
into strangely stable "impossible molecules” with ongoing "impossible chemical 
reactions". The further discussion of the staring new chemistry that emerges is well 
beyond the scope of this paper, but such chemical states are included in 
nonequilibrium thermodynamics as stationary states — e.g, see Kondepudi and 
Prigogine, Modern Thermodynamics, Wiley, 1998, Chapter 17. AC least one company 
has already succeeded in initiating this startling new kind of chemistry, with several 
patents granted and several more in process. Similar new “impossible stabilized 
excited states" and "impossible nuclear reactions” also occur in nuclear physics. 


2° The classical EM assumption ofthe flat local spacetime is infact an assun 
that the decay ofthe intermediate "ST curvature absorber/sink" occurs in 


tion 


ly 
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in relaxation ofa set of local ST curvatures back to a flat spacetime, no 
EM radiation need be emitted, contrary to the usual pair annihilation 
phenomenon where additional energy (curvature of spacetime) is involved. 


Similarly, in a ST curvature, there can conceivably be electrons without 
holes’. Ifthe curvature is negative, there wil! be unfilled Dirac sea holes 
present. Of course this is just a normal positive energy 4-electron, where 
the flat spacetime assumption in classical electrodynamics is in error. 
Instead, the local spacetime is positively curved, producing positive 
‘gravity. Whenever the energy density of spacetime-vacuum interaction 
changes from the ambient vacuum and flat spacetime” condition, either 
positively or negatively, that constitutes an appropriate curvature of 
spacetime as well as a change in the vacuum dynamics. Therefore, in 
classical electrodynamics the assumption of a normal electron (or any 
other charge or mass) existing in an uncurved spacetime and an unaltered 
‘vacuum is anon sequitur. The local spacetime has in fact "curved" to an 
extent of holding the energy of one electron mass.” Further, the Dirac Sea 
has also changed to contain one unfilled and unobserved Dirac 4-hole. 


With these things in mind, let us now introduce a conceptual mode! for 
dealing with these novel 4-hole phenomena that are experienced in 
COP>1.0 systems — and that have been the bane of many a would-be 
energy researcher attempting to develop a system extracting its EM energy 
from the vacuum and using it to also power the system itself. 


95 Charging and Discharging a Capacitor 


In electronic circuits, we usually think of charging a capacitor with 
electrons, and then discharging the capacitor to emit electrons again. 
However, we can charge the same capacitor with Dirac sea holes, or with a 
combination of Dirac sea holes and electrons. Then we can switch the 
capacitor adroitly and force it to give us back electrons. This "regauging’ 
effect can thus be used to transduce negative energy current into positive 
energy current. So let us examine the charging and discharging process 
‘more closely. This is part of the Bedini process for handling the 4-hole 


% Mostly physicists think only of the spatial energy change. However, the time 
domain of spacetime also acts as a sink or source. Essentially one kilogram of mass 
only has the energy of I second oftime. Hence the minuscule mass ofthe electron 
‘results in such a minuscule “sink” inthe time domain that it has been inadvertently 
nored. However, during that fraction of time where the electron exists as "mass 
and “charge time", it has considerable time energy, and shat curvature of local 
spacetime cannot be neglected with respect 10 supersystem interactions 
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current problem in overunity EM systems, to allow close-looping a system 
into self-powering operation. 


Fre 86 Noma straininadlecticcpactorthat cage with cton current 


Figure 9-6 shows the normal strain induced in a capacitor containing a 
dielectric between its plates. We charge the left plate with electrons, which 
repel the negative ends ofthe molecules in the dielectric, straining them to 


the right. 


Fre 7 Strinriina caged lect capecoriatcactrpes. 


Figure 9-7 shows the relief ofthis dielectric strain, by allowing the piled 
electrons on the left plate to be pushed back into the circuit from the left 
plate. Note that the electrons emitted in the relaxation of the dielectric 
strain pass back into the circuit from the same plate that was charged. This 
is a special kind of "reflection" symmetry. For a perfect capacitor, the total 
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Vq joules stored in the charged capacitor and drawn from the circuit, is 
rettimned to the circuit. 


Fore Stn na dlectceapacto sees tha charges by 


Figure 9-8 shows a remarkable thing when we charge the capacitor with 
Dirac sea holes. Suppose we charge the rightmost plate of the same 
capacitor used before, while the leftmost plate is temporarily disconnected 
from the circuit (or connected to another capacitor). Now Dirac Sea holes 
pile up in the local vacuum connected with the right plate. Whether or not 
they interact with the right plate, these positively charged holes attract the 
negative ends of the dielectric molecules, again straining the top ofthe 
dielectric molecules to the right. The strain of the dielectric is a force 
interacting upon the local vacuum, and it lifts eal electrons from the Dirac 
Sea (or pulls them from the circuit or other attached capacitor) and onto 
the leftmost capacitor plate. The charged capacitor in its supersystem thus 
hhas additional functions that occur. The total Vg joules stored in the 
charged capacitor, were this time drawn (converted) from the applied 
Dirac hole current and the resulting interaction upon the vacuum, to lift 
real electrons onto the leftmost plate.“*" 


‘The reader should recall that a force is something automatically produced by 
nature to restore symmetry to a broken symmetry condition, A"4-hole negative 
energy force in the Dirac Sea” produced on one plate ofthe capacitor will evoke a 
‘positive energy force outside the Dirac Seu” on the other plate as an attempt to 
restore symmetry. To produce this "positive energy force”, positive energy electrons 
are lifted from the local Dirae Sea of that plate 
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Fae Sinai ei pent cage aera 


‘igure 9-9 shows the strain relief of the charged capacitor in Figure 9-8. 
First the charged capacitor is re-connected to the circuit or element to 
which one desires to provide with electron current. The strained dielectric 
relaxes, and electrons in the leftmost plate are returned to the circuit. The 
Dirac holes in the rightmost plate discharge back into the local vacuum (a 
supersystem interaction) and are "eaten" immediately by the readjustment 
of local curved spacetime.?** 


‘The result is that the Dirac sea 4-hole current arriving in the input section 
has been intercepted by a waiting capacitor, and has been effectively 
transposed into normal electron current that is furnished back to the input 
section from the capacitor. This additional electron current helps power the 
circuit and reduces the power drawn fiom the extemal power source. The 
hole current feeding this capacitor, together with transduction of the 
hole current into electron current, effectively comprises a true negative 
resistance process. In other words, energy in unusable (in this case, 
detrimental) form is received, transformed into energy in usable 
(beneficial) form, and that usable energy is discharged back into the circuit 
input to assist in powering the system. 


‘Transducing negative energy into positive energy — and vice versa —in 
the system does not violate the conservation of energy law in the 


*© From experiments, it seems that Dirac holes forming atthe “output” section of a 
‘COPALO device or system are almost instantly filled with electrons in the violent 
Auctuations of the zero-point energy. When forming at the “input” section of a 
COP>10 device, this is not the ease, and usually the holes ean only be filled by 
incoming electrons in the power input, unless special provisions are taken to convert 
the arriving hole current (in the input Section) into electron current, 
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9» Massive MIMO: 5G NR extends MIMO up to 256 antenna 
‘elements and enables massive MIMO. This is a key enabler 
for higher spectrum bands. The antenna elements in this 
case are smaller, thereby making it less complex to build a 
massive array. 


2> Massive IoT: 5G NR will use resource spread multiple access 
(RSMA) on the uplink to enable grant-free transmission of 
data on the uplink. A device does not need an enhanced 
Node B (eNode8) to give ita grant (or siot)in the pipe to 
transmit data. This capability eliminates the need for 
signaling and allows devices to send small packets asynchro- 
ously. 5G NR will aso address distance and location 
challenges in low-power loT devices, using a technique called 
‘multihop mesh to relay uplink data via nearby devices. 


5G NR is part of the Release 15 specification from the Third Gen- 
eration Partnership Project (3GPP). Two versions of 5G NR exist: 


>> Non-standalone (NSA) 5G NR: NSA will se the existing LTE 
radio and core networkas the control plane anchor for 
‘mobility management and coverage, while adding a new SG 
carrier. Early 2019 deployments of 5G NR will use this 
configuration. In this mode, the connection is anchored in 4G 
LTE while 5G NR carriers are used to boost data rates and 
reduce latency. 


>> Standalone (SA) 5G NR: SA will use the new 5G core 
network (SGCN) architecture, including the full control and 
user plane offered by 5G, 


{An interim release ofthe 5G NR NSA specification was accelerated 
to the end of 2017 to enable large-scale trials and deployments for 
enhanced mobile broadband (eMBB) use cases to begin in 2019. 
"The 5G NR SA specification is expected in mid-2018. 


More Spectrum — mmWave Bands 


In the US., the Federal Communications Commission (FCC) has 
opened a total of 10.85 GHz of spectrum above 24 GHz to enable 
5G use cases. The new spectrum includes 3.85 GHz of licensed 
spectrum from 27.5 to 28.35 Gliz and 37 to 40 GHz, and 7 GHz of 
unlicensed spectrum from 64 to 71 GHz. 


CHAPTER 6 Creating a New 5G World Order with New Radio (NR) 35, 


supersystem, when most generally stated. With such regauging (which 
involves supersystem reactions), it is the absolute value of the energy that 
is conserved in the system, not its algebraic sign. Regauging (by gauge 
freedom) is after all an effect or condition locally imposed, but with 
appropriate energy exchange with the rest of the extemal universe via 
spacetime curvature dynamics exchange and vacuum dynamics exchange. 
‘The algebraic sign i conserved in the universal supersystem by the 
additional compensating reactions occurring in the other two components 
of the universe's supersystem. 


‘The reader should strongly realize that energy is only required to be 
conserved in the universe's supersystem, not the system component alone. 
Again, this is an open system far from equilibrium with its active 
environment. In that case, energy is conserved in the ensemble of system 
and environment, but not necessarily in the system itself. This is no 
stranger than a common windmill or waterwheel. 


‘re 10 Staiindecticinacapctrspteystemtat charges tha mio 
‘lecroncuren Drocolecarent srlitedDsrdecrns 


Figure 9- 10 shows a "mix-charging" variant ofthe 4-hole current charging 
of a capacitor, in which some real electrons are fed from the circuit to the 
left plate. Also, the Dirac sea hole current arriving in the input section is, 
intercepted to charge the right plate, and some electrons are also freely 
lifted from the local Dirac Sea onto the left plate. Figure 9-11 shows the 
discharge of this type of charging of the capacitor, and the relief of the 
strain in the dielectric. 
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In Figure 9-11, for example, we accent that the holes on the right plate are 
maintained only so long as there is a net strain on the dielectric and a net 
force across the capacitor. When the capacitor is discharged, the holes are 
discharged into the local vacuum in such a way that they now instantly 
recombine with virtual Dirac electrons in the vacuum fluctuations 


‘There are other ways and "tricks" of transducing the Dirac sea hole 
4-current into electron current, but these methods are still proprietary to 
Bedini and will not be included in this presentation. We accent that all 
such “tricks” are actually methods of re-engineering the other two 
components ofthe supersystem — the active local vacuum and the local 
curvature of spacetime. This is using and applying what we have referred 
toas "engines" 


96 The Open-Loop COP>1.0 EM Power System 


Figure 9-12 shows the use ofthe transduced Dirac hole current as real 
input energy to "catch and lock” a COP>1.0 system in its overunity 
condition and stabilize its operating point for stable self-powering of the 
system and its load. The COP> 1.0 operation reverses the normal tempic 
potential across the system, so that Dirac hole 4-current arrives in the input 
section, preparing to "decay" the system back to COPS1.0 condition, 
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However, the arriving hole current is intercepted by an adroitly switched 
dielectric transducer, which again reverses the tempic force. As explained 
above, the capacitor is charged with 4-hole currents (or a mix) and then 
discharges electron currents into the system — in this case, into the input 
section itself— by adroitly engineering the local vacuum state and the 
local curvature of spacetime. 


‘The input section does not care where it receives its electron current from; 
it merely needs sufficient for its powering needs. Hence, the input section 
happily accepts this transduced electron current to partially power the 
system. This in turn reduces the "system load” that the external primary 
power supply "sees". The primary power supply thus reduces the current 
‘and power that itis furnishing to the system. In short, now the external 
power supply sees the combination of the normal system load and a 
“negative resistor (negative load)” represented by the transduced current 
and power. Its required input power is reduced accordingly. 


9.6.1 Close-looped System: A True Negative Resistor 
Figure 9-13 shows the use ofthe same process given in subparagraph 9.6 
above and in Figure 9-12, except that now there is additional 4-hole 
current received and available, for transduction into normal electron 
Current into the input section ofthe system. Sensors and governing are 
added to this operational mode, so that the system may adjust and regulate 
its self-furnished electron current to meet the total needs of its losses and 
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its load. The system thus adapts the transduction of Dirac sea hole current: 


to fit its needs and is capable of regulated self-powering operation. 
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‘The system is first started in open-loop mode. The govemor then gradually 
increases the transduction of 4-hole current into electron current, and the 
supply of that transduced electron current to its own input. This steadily 
reduces the "current draw" from the extemal primary power supply. When 
the "extemal current draw” reduces to zero (the Kron condition), the 
system "locks" into that position, with automatic governing to adjust the 
transduced electron current as the loads and losses vary. At that point, the 
external power supply is disconnected automatically. 


This "locked and governed” system is now a self-powered system, freely 
taking its energy from the active vacuum and local curvatures of 
spacetime, to power both itself and its load. So far as we are aware, this is 
the first time that the technical means of locking and stabilizing COP>1.0 
operation in an EM system in an open loop and closed-loop operation has 
been given. 


If sufficient Dirac sea 4-hole current is available and transduced, excess 
electron current can be available at the system input section, even when the 
system is fully self-powering. In this case, the additional current can be fed 
back to the power line, so that the self-powering system not only powers 
its own load but also helps power the power network. Or additional load 
can be added and powered. 
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ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES, 


‘We point out that Gabriel Kron apparently had a solution to these 


problems in the late 1930s, and that solution has been suppressed to the 
present day. We give the following quotations to show Kron's knowledge 


of these things. 
Quoting Lynn and Russell (565): 
"Kron has never published details ofhis method of 
‘making the polyhedron self-organizing, although his 
published results show that in this state it has some 
remarkable properties, associated with harmonic 
integrals on multiply connected spaces.” 


In reference to Lynn and Russell's remarks, we point out that the Dirac sea 
4-hole current from the output to the input is a special case of Kron’s mote 
general discovery of the multiply-connected open path existing through 
space between any two points in a circuit that are at differing potentials. 


Quoting Kron {566}: 


"the missing concept of “open-paths" (the dual of 
"closed-paths") was discovered, in which currents could 
be made toflow in branches that lie between any set of 
two nodes. (Previously —following Maxwell - engineers 
tied all oftheir open-paths to a single datum-point, the 
‘ground’). That discovery ofopen-paths established a 
second rectangular transformation matrix... which 
created ‘lamellar’ currents..." "A network with the 
simultaneous presence ofboth closed and open paths was 
the answer to the author's years-long search." 


Again quoting Kron {567} 


"Although negative resistances are availablefor use with 
a network analyzer, inpractice it is more convenient to 
use a second type ofcircuit, in which the positive and 
negative resistances are replaced by inductors and 
capacitors and the de currents and voltages are replaced 
by ac currents and voltages of fixed frequency. The use of 
the second type ofinterpretation is equivalent to 
‘multiplying the wave equation by i= V-I." 


‘The reader should particularly note that in the first part of the sentence 
Kron stated unequivocally that negative resistances were available for use 
on the network analyzer, a large analogue simulation used by the Navy and 
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ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES. 


administered at Stanford University with the contractor being General 
Electric. The censors missed that one, 


Again quoting Kron {568}: 


"When onlypositive and negative real numbers exist, itis 
customary to replace apositive resistance by an 
inductance anda negative resistance by a capacitor 
{since none or only a few negative resistances exist on 
practical network analyzers). 


We believe the censor caught this one, and forced Kron to add the words, 
“none or”, Kron had at least three negative resistors, and possibly mote. 


Again quoting Kron (569) 


"Now a value E ofthe negative resistances, at which the 
generator current becomes zero, represents a state at 
which the circuit is self-supporting and has a continuous 
existence ofits own without the presence ofthe generator, 
as the negative resistances just supply the energy 
consumed by the positive resistances. ... When the 
generator current is positive the circuit draws energy 

Jrom the source, and when the current is negative the 
circuitpumps hack energy into the source. Atzero 
generator current the circuit neither gives nor takes 
energy, and theoretically the generator may be removed.” 


Here we believe the censor forced Kron to add the word "theoretically". In 
this quotation Kron reveals that he was well aware of the process for close- 
looping a system — starting it in open-loop mode and bringing the 
negative resistor currents up to match the system needs nnd reduce the 
generator current to zero, then disconnect the generator. He also was quite 
aware that excess transduced energy from the negative resistor could be 
available at the input, in which case energy could be fumished back to the 
power network while the system powered itself and its load 
simultaneously. 


We also point out that Dirac’s definitive electron theory — covering the 
Dirac Sea and Dirac sea holes — was published in 1930, the year the 
present author was born, In the late "30s and in the 40's Kron certainly was 
well aware ofthat work. In addition, Kron applied full general relativity to 
electrical circuits and machines, and he was far ahead of his time. Hi 
work is also still far ahead of the present time, at least in the open 
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scientific community. He also was aware of developments in particle 
physics, and so he did have the gist of the supersystem concept in his mind 
{570}, however he may have thought of it. His concept of the "open path’ 
effectively includes the effects upon the system from the other two 
components of the supersystem, so it appears that Kron's "system plus its 
‘open path” roughly corresponds to our concept of the "supersystem." 


Further, Kron was a mentor to Floyd Sweet, who also worked at General 
Electric but in a different project. Sweet ofien spoke glowingly of Gabriel 
Kron.” Sweet almost certainly knew the secret of Kron's negative 
resistor. It is the present author's opinion that Sweet's vacuum triode 
amplifier was derived from Kron's negative resistance unit. With both 
deceased, we will never know for certain. 


9.6.2 Suppression of COP>1.0 Systems Should be Investigated 
During our decades of research, we ran across several cases where U.S. 
scientists actually produced working COP>1.0 systems." None of these 
overunity systems was ever allowed to go forward with independent 
development. This is an area that cries out for a full and vigorous 
Congressional investigation, and appropriate legal action should be taken 
by the U.S. govemment against the suppressing parties, whomever they 
‘might be (571). Simply put, the U.S. government, the U.S. taxpayer, and. 
the scientific community have been ripped off and deluded in the field of 
electrical energy for more than half a century. That continues to the 
present, as witness the disappearance ofthe Watson generator 
{accompanied by Watson and family breaking off all contact with their 
close colleagues) and the suppression of the Kawai device and process. 
‘The latter suppression was accomplished in 1996 in the personal presence 
ofthe present author and the members of the Board of Directors of our 
company, CTEC, Inc. An accidental overunity frequency converter was 
even initially placed in the original Minuteman missile, but was altered 
back to COPS1.0 operation when the electronics past the converter kept 
failing because of overload power furnished by the converter. 


*© The present author worked with Sweet off and on for a decade or more, and 
designed the antigravity experiment that Sweet performed. 


> These incidents were previously exposed in a draft book, Matters Arising, caried 
fon the Internet for some months and then withdrawn. Some things must wait for their 
appointed time, and so must certain kinds of information, 
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9.7 Remarks on Dirac Sea Holes, Currents, and 
Negative Energy 


‘The subject of the Dirac Sea, Dirac holes, Dirac hole currents, and 
negative energy still has elements of strong disagreement within the 
scientific community and among leading theorists. Often the "conclusion" 
‘one reaches depends on the way the starting assumptions are made and 
then on how the mathematics is applied. There is no definitive experiment 
establishing that negative energy cannot exist; to the contrary, many things 
do occupy negative energy states. The binding energy of the nucleus, e.g., 
involves a loss of mass (loss of positive energy) and hence involves 
negative energy states, as is well known. Here the "negative mass” effect is 
immediately and experimentally verifiable, and is recognized. The total 
‘mass ofthe bound nucleons is less than the total mass of those same 
nucleons when unbound, and this fact is widely known and accepted. 


A single white crow is sufficient to prove that not all crows are black. 
Hence a single experimental proof of mass-energy "loss" and negative 
energy states establishes that negative energy and negative mass are real 
Indeed, every photon absorption by mass and every photon emission by 
‘masstime prove the same point universally: mass is a variable. The same 
assembly of protons and neutrons in a nucleus, having lost mass, also has 
"lost" some of the gravity that the positive masses of those unbound 
protons and neutrons would otherwise produce. Therefore, there is an 
appropriate amount of "negative gravity” already acting in conjunction 
with positive gravity, in every atomic nucleus. It is associated with the 
negative energy states ofthe bound nucleons in every nucleus. 


Consistent with the initial quotations and comments at the beginning of 
this chapter, we present an interpretation by which we can understand 
some ofthe major novel phenomena that arise in laboratory experiments 
with COP>1.0 electromagnetic systems, including COP» 1.0 systems 


We propose that COP» 1.0 EM interactions are widespread in highly 
energetic astronomical interactions (572} and even in highly energetic 
phenomena on Earth, when the supersystem changes are also accounted.” 
We argue that novel negative energy phenomenology — such as, 
encountered in the COP> 1.0 experiments by Magnetic Energy Ltd. in 


*As an example, in looking at sprites and other such sharp electrical discharge 
phenomena, we may be observing the prompt decay of COP» 1.0 interactions which 
were self-iitiated in the atmosphere. 
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various versions of the COP>1.0 motionless electromagnetic generator 
(MEG) (573, 574}, by Bedini (575} in his induction of negative resistor 
actions inside the batteries of battery-powered COP>1.0 EM systems, and 
by Sweet and the present author in experiments with the Sweet COP» 10 
vacuum triode amplifier system (576) — is also generated in these 
COP» 1.0 highly energetic astronomical interactions, yielding the same 
kind of negative energy and negative energy currents, 


This Dirac hole negative energy generation of COP» 1.0 EM processes is 
proposed as the mechanism which directly produces the negative energy 
fields and potentials that generate the mysterious antigravity accelerating 
the expanding universe (577}. This is a reasonable assumption, even 
though it is against the received view, because it is based on some 
laboratory experiments, not just theory. It also is the unexpected effect of 
the cosmological constant introduced by Einstein {578}, and itis 
consistent with Zeldovich's demonstration that the energy density 
associated with Einstein's repulsive cosmological constant is — or is 
associated with — vacuum energy.”*° The received view is not based on 
direct experiments with COP>1.0 EM systems, but only on COP<1.0 EM 
systems. Until the received view is broader based, it does not adequately 
represent nature. Hence it does not represent a valid refutation of 
experimental negative energy systems producing antigravity processes. 


In Bedini’s experiments and in the MEG experiments, antigravity is 
essentially absent or so small as to be nearly nondetectable. However, 
these experiments generally have COP of 15 to 4.0, mostly, and 
sometimes 10 or 12 (we have experimented up to 20 or more stably, and 
tunstably at nearly 100). Hence the Dirac hole current is relatively small in 
them, since the magnitude of the Dirac current is a function of (COP - 1). 


‘Sweet's COP > 1,500,000 experiments produced a very large flow of 
negative energy back across the system, substantially curving the local 
spacetime and reducing the weight ofthe system on the laboratory bench. 
Figure 6-7 shows the first Sweet device, which produced six watts output 
in open-loop operation. Figure 6-8 shows a later Sweet device which 


Relieved to have been demonstrated in 1967. But check Ya, B. Zeldovich and A. 
A. Starobinsky, "Particle creation and vacuum polarization in an anisotropic 
gravitational field," Zi, Eksp. Teor. Fiz, Vol. 61, 1971, p. 2161 (Sov. Phys. - JETP, 
Vol. 34, 1972, p. 1159): Ya. B. Zeldovieh, "Vacuum theory — A possible solution to 
the singularity problem of cosmology,” Uspekhi Ficicheskith Nauk, vol. 133, Mar. 
1981, p. 479-503. Translation in Sovier Physics — Uspekhi, vol. 24, Mar. 1981. p. 
216-230. 
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produced COP = 1,500,000 and was pushed past that COP to produce the 
antigravity in the laboratory, smoothly reducing its weight by 90%. Figure 
69 is a plot ofthe actual readings taken during the antigravity experiment. 
Sweet performed the experiment in California, reading off the 
‘measurements to me over the phone as he made each one. 


Another indication of the negative energy effect present in the output 
section of the Sweet device was tested by suddenly shorting the output 
leads. This resulted in instant freezing of moisture from the air, so that the 
leads were instantly frozen and covered with ice. Contrast this to the 
normal heating of shorted wires, where the energy is positive. 


‘Sweet never revealed his activation process, whereby he initiated very strong 
self-oscillation — of the nucleus of the barium atom in barium ferrite 
‘magnets — with the local vacuum treated as a semiconductor. One part was 
known to the present author and another part was known to Rosenthal, 

a professional test engineer. In addition, how Sweet converted his 
excessive hole current is not completely clear. It appears that he somehow 
used his coils in quadrature together with special circuitry to interact the 
excess hole current into his magnets, directly with the self-oscillating 
barium nuclei and thence with the other nuclei in his magnets. If so, it 
created the "rough equivalent” of increasing the associated binding energy 
offset and locked with concomitant additional local spacetime curvature. 


Ifthis speculation is correct, he "locked" the nuclei ofhis magnets to the 
local curved spacetime, maintaining the overall local binding energy in the 
nuclei themselves while producing a great excess of "binding energy” 
(negative energy) in the immediate vacuum. This would explain the 
antigravity, and would be consistent with the experimental results as well 
as the increase in antigravity as the output load of the device was 
deliberately increased 


‘We must use the supersystem concept, as in the quoted comment at the 
beginning ofthe chapter, to enable a better understanding of these novel 
phenomena. Together with the Dirac negative energy production and high 
COP system, the hypothesis of "additional negative energy acting on local 
spacetime immediate to each nucleus” allows the generation of the 
observed antigravity to be understood. However, we accent that this 
‘mechanism is still a hypothesis, and it must be further substantiated by 
experiment. 


"These bands — between 30 GHz and 300 GHz — are known as 
millimeter wave bands (mmWave). These high frequency bands 
translate to narrow wavelengths in the range of one to ten mil- 
limeters, There are some challenges with mmWave, including: 


9) Short transmission paths and high propagation losses over 
long distances and anything that is not line of sight 


29 Weakened signals in gases and precipitation 


However, the short transmission paths and propagation loss 
characteristics of mmWave enable spectrum reuse, by limiting 
the interference between adjacent cells. Additionally, because of 
the extremely short wavelengths of mmWave signals, transmis- 
sion paths can be extended using small, multi-element dynamic 
beamforming antennas that can be installed in user equipment 
(UE) such as smartphones. 


areas (because of propagation and line-of-sight issues), is ideal 


© 5G NR, operating at very high frequencies with small coverage 
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for dense urban locations, where cell sizes are generally small 
(approximately 200 meters). 


5G For Dummies, Ixia Special Edition 
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9.7.1 Lattice Holes 
Ina material conductor or other component of an electromagnetic circuit, 
the conventional model envisions currents in the Drude electrons as the 
electrons moving by “hopping” from molecules or atoms in the material 
lattices into the Drude gas, with each hop leaving behind a positively 
charged "vacated electron position” called a lattice hole, or just a “hole” 
Subsequent Drude electrons are attracted to fall into the holes, etc. This net 
‘movement of the hopping electrons down the conductor, etc. comprises the 
conventional electron current through the conductor. We point out that the 
actual movement of the electrons in their "hopping" is vastly more 
energetic than the very feeble net "drift" of the overall ensemble of Drude 
electrons longitudinally down the wire as current. The energy of the total 
electron activity ongoing in a simple 1-foot length of copper wire would 
power a city, if it could all be harnessed and utilized. 


At the same time the electrons hop with a slow net progress down the wire, 
the "holes” in the material lattices are also collectively seen by the external 
observer as if "slowly changing their net positions” longitudinally in the 
opposite direction. One speaks of a corresponding "hole current” or "lattice 
hole current” in the opposite direction to the electron current. However, 
there are subtle differences in the flow of the two currents, because an 
electron in the Drude gas is far more kinetic than the positive ion left 
behind by an electron that has "hopped up into the electron gas" 
Nonetheless, the positive lattice ions do "rock" physically from the 
induced forces upon them, as the holes are opened and filled. In 
conventional electrical power systems, this equal and opposite energy 
reaction in the ions of the lattice materials, induced by the applied fields 
usually ignored. In most classical EM power system theory the holes and 
their "composite equal and opposite energy and work in the system" are 
also ignored, except in semiconductors and semiconductor circuits. 


is 


9.7.2 Newton's Third Law Is Accounted in the Supersystem 
Because halfthe EM energy and work in the circuit is usually ignored 
(eg., in the Maxwell-Heaviside-Lorentz standard equations), 
electrodynamics is said to be free from Newton's third law reaction. This 
may be anon sequitur, and it follows from the assumption that — for an 
EM wave, field, or potential in space —no interaction exists with the 
active vacuum or with the curvature of spacetime. In fact, those reactions 
do exist in the supersystem. The field, wave, and potential do indeed 
interact with both the quantum mechanical vacuum and the general 
relativistic spacetime. 
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Indeed, the field, wave, and potential may be said to identically be changes 
induced in general relativistic spacetime. The absence of the “transmitting” 
physical system leaves us with the remaining two components of the 
supersystem, each of which extends to infinity. Again, Figure 9-1 shows 
the actual interactions (the supersystem) and Figure 9-2 shows the 
erroneous and arbitrary "kill ofthe supersystem” by standard classical 
electrodynamics. 


When higher group symmetry electrodynamics such as (3) is applied, 
then the interactions between the three parts of the supersystem emerge 
and must be accounted. This is particularly true of COP> 1.0 EM systems. 
However, as Finster points out {564}, the Dirac sea effects exist wherever 
there are EM fields, potentials, and waves. We add that curved spacetime 
effects also exist wherever there are EM fields, potentials, and waves. And 
wherever Dirac sea effects exist, or wherever curved spacetime exists, then 
there the local vacuum and local spacetime interact with each other. 


However, as we shall point out, usually most of the Dirac sea hole effects 
can be neglected in COP<1.0 systems and in most lower gain COP> 1.0 
systems because of the time-energy aspects. For COP» 1.0 EM systems, 
the time-energy aspects are partially reversed, and instead of carrying the 
hole effects away from the system, the time-force from system output to 
input forces the Dirac sea holes to flow back in the local vacuum across 
the system from its output to its input. This flow constitutes an additional 
“load” appearing in the input section and requiring additional electron 
current from the external power supply to fill the holes. Ifthe power 
supply does not furnish sufficient electrons to fill the hole current at the 
input section of the system, then the unfilled hole current passes back into 
the feeder line toward the extemal power supply, and even into the distant 
power supply itself. In its progress, it eats incoming current all along the 
‘Way, requiring that more current be fumished by the distant generators. 


98 Remarks on the Observed Acceleration of the 
Expanding Universe 


‘As a candidate for dark negative energy, the present author has proposed 
‘vacuum negative energy and currents in curved spacetime regions partially 
containing excess empty Dirac sea holes as well as normal filled Dirac sea 
holes. The process by which these excess Dirac holes are produced has 

been advanced, and is supported by at least one dramatic experiment. One 
result of such "negative energy areas" of negative spacetime curvature 

‘would be "jumps" increasing the velocity of light and high-energy particles 
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traversing these altered regions of spacetime. In fact, there is some 
evidence for just such jumps, according to a hypothesis by Richard Lieu of 
the University of Alabama in Huntsville (580a, 580b}. Otherwise, high- 
energy particles produced in distant processes in the cosmos would not be 
detected on earth, but would be annihilated in highly energetic collisions. 


‘The departure of large-scale spacetime from homogeneity would also 
result in some loss of correlation in the presently fitted red shift versus 
distance relationship. Again, there is tentative indication that such may 
prove to be the case. The most distant galaxy recently detected has a red 
shift of 6.56, which — assuming homogeneity of space — implies look- 
back of 14 billion years or so.” (conventional view) Best estimates of the 
age ofthe universe based on the Big Bang assumption is some 147 billion 
years. It would seem that 0.7 billion years is a very short time for that 
observed galaxy to have formed. Ifeven more distant galaxies are observed 
with larger telescopes to become available, then by the redshift 

correlation to homogeneous space one would be observing galaxies "before 
the beginning of the universe” — an obvious non sequitur. It appears that 
the redshift correlation to velocity and distance, as well as the homogeneity 
of space and in fact the Big Bang itself—are already in some difficulties 
and may be in serious trouble in the near future. 


‘The empty Dirac sea 4-holes in the vacuum are special "Dirac negative 
action quanta” and the holes and their dynamics form negative action 
potentials, currents, and fields. This type of vacuum condition containing 
some empty Dirac sea holes is referred to as a Dirae-polarized vacuum. 


However, we do not envision the Dirac-polarized vacuum as just simple 
static polarization, but as possessing rich dynamics such as negative 
energy currents, potentials, fields, waves, etc. including in the time-energy 
medium in the time domain. We also include the interaction of the 
dynamic Dirac-polarized vacuum with spacetime. 


2° am indebted to Prof. Stanley Jeffers for this information, in his E-mail discussions 
With the Alpha Foundation's Institute for Advanced Study fellows. Dr. David Roscoe 
contributed the fact thatthe Big Bang theory has so many parameters that neasly 
anything ean be “fitted in". But he also pointed out that W. M. Napier, Astronomy & 
Asrrophysies, Vol. 310, 1996, p. 383 gives a very thorough analysis ofthe quantized e2 
phenomenon, which does presenta dificult obstacle to Big Bang theory. Napir isthe 
‘originator ofthe cometary catastrophe theory of biological extinction. One way or 
another, the theory ofthe Big Bang isin trouble, even though many theorists ae stil 
‘complacent about it. 
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Due to ongoing COP» 1.0 processes involved in highly energetic 
astronomical phenomena, Dirac sea 4-hole regions and dynamics are 
believed to occur and exist in the vacuum across the observable universe. 
‘These occur especially in appreciably curved spacetime regions with large 
tempic potential gradients and thus large time-forces across the region.” 
‘The 4-holes and 4-hole currents in the vacuum are generated in great 
quantity in large cosmic explosions. Also, the energetic fluctuations of the 
local vacuum energy can separate a Dirac hole from its occupying electron 
by lifting the electron (pair production), and so can a curved spacetime. In 
a properly curved spacetime, fluctuation can lift an electron from a hole, 
and enter a stationary state by accommodating reaction ofthe local 
spacetime curvature. In that case, hole and electron go their separate ways. 
The hole and that or another electron may later recombine, or in sufficient 
local spacetime curvature, they can remain apart. We point out that every 
positive energy electron is accompanied by an appropriate local curvature 
‘of spacetime that prevents the accoutrement of a free Dirac sea hole,” and 
thus prevents the electron from disappearing 


‘The more energetic the local region, the more severe and violent are local 
spacetime curvatures in that region, and — in our view — the more 
frequent the occurrence of COP» 1.0 interactions producing significant 
Dirac 4-hole currents, negative energy EM fields and potentials, etc. 
Indeed, the measurements that yielded the accelerating expansion of the 
universe were measurements of the relative velocities existing with stellar 
explosions known as type la supernovae. In our view, in explosions of 
such violent nature — particularly including in optically active gases such 
as where gamma ray bursters form — an appreciable fraction of the hole 
currents are transduced into positive energy electron currents. This 
produces — at least for a finite time — a net positive feedback, self 
powering COP» 1.0 phenomenon, resulting in very rapid asymptotic 


* We also conjecture that these regions may account for a tentatively observed 


slight change in the Fine structure constant, but leave that to the advanced theorists 10 
Validate of falsity, 
* This needs a bit of modification. Rigorously, the so-called “isolated” observable 


electron is clustered around by virtual positrons (Dirac sea 4-holes) in the vacuum 
So a positron influence is present, though from virtual positrons instead of 
observable positrons. The magnitude of both the positive charge and the internal or 
‘bare” negative charge is infinite. The difference, however, is finite and is the 
‘observed" magnitude of the observable central charge. There is thus a net observed 
shielding ofthe bare charge ofthe electron, and this is taken into account to yield the 
“observed charge ofthe electron, 
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output energy increase. This is what we have hypothesized as producing 
the gamma ray burster itself. Quenching ofthis asymptotic tise in COP 
occurs only after the physical geometry of the "closed-looping” gas 
particles is broken a short time later. The maximum output energy is 
determined by a function ofthe rate at which the geometry is broken and 
the corresponding rate at which damping of the asymptotic rise and 
quenching occurs. The afterglow remaining in the gas is due to the extra 
sitive energy produced in it by the transduction of negative energy into 
sitive energy during the asymptotic rise of the self-powering burster, 
with excess positive energy being absorbed in the gas while the burster 
magnitude is rising. After damping and quenching, the gas has been heated 
(that is how the geometry was disturbed in the first place, to produce 
damping and then quenching). Re-ignition can occur whenever a new 
close-looping COP» 1.0 situation spontaneously occurs. As in the gamma 
burster, this can often happen as the disrupted geometry of the gases 
stabilizes. 


Al 3-space EM energy comes from the time domain, as previously 
developed. In the more violent positive energy COP» 1.0 regions, there is 
an increased conversion of time-polarized EM energy into 3-spatial energy 
On the average there is a higher "time-energy conversion" ot 
potential. In those regions, a tempic conversion potential is 
higher at the higher center magnitude of the spatial energy density. Hence 
there are strong tempic forces from "inside to outside”, providing a 
“tempic broom’ effect to sweep outward the excess Dirac sea holes 
separated from their electrons in the curved spacetime. The result is the 
presence of increasingly unoccupied Dirac sea 4-holes toward the outside 
of violent regions of spacetime,~”” until the effect is overcome by the 
decreasing spacetime curvature. The 4-hole current radiating out from an 
asymptotically increasing (exploding) burster provides an asymptotically 
increasing (exploding) negative energy and negative mass reaction with 
spacetime. That reaction explosively creates curved spacetime for negative 
gravity (repulsive gravity), acting upon the local system and upon distant 
‘masses as Well. The result appears to be the cause of the acceleration of the 
expanding universe. 


It follows that re-ignition ofthe gamma burster can occur if, as the 
quenching continues, the geometry stabilizes and reaches another "close- 


= Le. the violent astronon 


al phenomena — while generating and increasing 
tnd less violent atthe outside. 
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looping” positive feedback condition. In fact, just such re-ignition of the 
gamma burster is very often observed. 


‘Therefore, we hypothesize that the more distant violent astronomical 
regions have greater amounts of repulsive gravity being produced by their 
local Dirac-polarized vacua particularly during their explosive asymptotic 
energy density rise. This produces violent streams or bursts of negative 
energy outflow, which is equivalent to negative mass outflow and which 
provides outgoing negative curvature of spacetime (antigravity). At 
sufficient distance fiom us, the increasingly earlier, more violent events, 
and resulting greater curved spacetime regions have created sufficient 
cumulated Dirac-polarized vacua to override the normal attractive gravity 
between galaxies, etc. and produce net repulsive gravity. This results in 
observed distant acceleration of the expanding universe {5814-581} 


9.9 A Solution to the Hole Current Problem and Close- 
Looping 

Bedini and the present researcher have filed a patent application (582) on 
the above special capacitive process to convert or transduce the 
detrimental Dirac sea hole current reaching the system's input section into 
electron current, and put it to use in powering the system. This 
transduction process receives the hole current as a special potential, then 
regauges the "negative energy" potential into a "positive energy” potential 
‘This regauging is accomplished by charging the capacitor with Dirac hole 
current and then discharging electron current from it. The transformed 
positive energy potential is then applied to the Drude electrons, producing 
an ordinary electron current in the input that can be used to power the 
system itself. If sufficient excess positive electron current is provided, then 
the system can "feed itself in self-powering mode and also feed power 
back into the main power supply line. 


When conversion ofthe arriving hole current in the input section produces 
an output "positive energy" electron current equal to the system's normal 
power needs (Kron’s condition), the extemal power supply can be 
disconnected and the system will remain powered by the steadily 
converted negative hole current arriving in the input section. 


ur patent-pending process allows this otherwise devastating special form 
of "negative energy feedback” to be converted into "positive energy 
feedback”, allowing the system to be close-looped successfully for self 
powering of the system and its load. Regulators of the transduction process 
may be added to cover the situation when the load is erratic and changing. 
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‘At Magnetic Energy Ltd., we have also filed a patent application for an 
outrigger method of close-looping a COP>1.0 system, which greatly eases 
the problem. This method is covered in Paragraph 9-14 below. 


9.10 Negative Energy: Localized and Nonlocalized 


It sometimes appears there are as many views on negative energy as there 
are scientists who mention it. Simply put, the Dirac theory of the electron 
requires negative energy states. The negative energy electron state was 
envisioned by Dirac as a sort of “hole” in the ambient vacuum, where the 
hole could contain a positive energy electron. The combination of equal 
positive energy of the electron and negative energy of the hole itself, 
‘would give a “normal” vacuum zero state of the "filled hole”. In other 
words, the normal or ambient vacuum consists of holes filled with 
electrons. Considered in that fashion, such a vacuum is referred to as the 
Dirac Sea or the ambient Dirac Sea, or the ambient Dirae vacuum. 


Ifpositive energy is added to a filled Dirac hole, the electron can be lifted 
‘out, leaving the hole. Note that adding positive EM energy, eg., is actually 
the addition of spacetime curvature and dynamics to the Dirac sea vacuum, 
In short, it is a supersystem interaction, not a system interaction, 


In that case, the curvature of the local spacetime interacts upon the 
electron mass, producing a force that lifts it from the hole. The result is the 
appearance of a positive energy, positive mass electron and a Dirac sea 
hole (a 4-positron) in a curved spacetime. That is known as pair 
production, and it is a supersystem interaction, When a positron and an 
electron meet, the electron falls into the hole, changing the Dirac sea 
which also changes the local ST curvature. That change in local ST 
curvature is a change in the energy density of space, and is normally 
radiated away as a photon or photons as the local curvature decays back to 
a flat spacetime. The emitted radiation may further decay into particles, 
etc. by several reactions well known in particle physics. That 

‘conventional” set of supersystem interactions is known as pair 
annihilation. 


If we deliberately change the ST curvature appropriately, however, the pair 
annihilation radiation need not be emitted since the excited local spacetime 
curvature does not decay back to a flat spacetime to emit it 

Dirac’s original paper tried to identify a negative energy state vacuum hole 
as the proton, but later that was falsified and it was taken as the positron. 
‘There is a very strong aversion in physics to considering negative mass; 
hence, the mass of the positron was proclaimed positive (for many reasons 
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not really connected with our thesis). Nevertheless, some physicists (in the 
minority) still speculate or theorize that negative mass "can exist.” Not 
only "can" it exist, but also it does exist widely and one can demonstrate it 
in actual electrical circuits. It certainly exists in the binding energy of the 
nucleons in the nucleus of an atom. Again, a single white crow is 
sufficient 


We take a very straightforward view: we consider a positron — an electron 
observed with positive mass and "observed" to be traveling backward in 
observer time — to be a different (transformed) entity than a Dirac 4-hole 
traveling forward in observer time.””' The observation operator 
accomplishes both velocity reversal and time reversal, and — since time is 
‘not an observable, the time reversal is "seen" as a reversal in spatial 
direction. Prior to observation, neither reversal has been imposed. The 
major distinction, we hypothesize, is that the observed positron has 
positive mass in 3-space, which is concentrated positive energy, and 
therefore produces positive energy electrical fields and positive 
gravitational field. Mass is an observable, hence, it is the iterative frozen 
3-space snapshots of an ongoing 4-space process. Observation (and any 
observable) is the effect of applying the operator 2/é/ upon spacetime 
LLLT in which a 4-space process is occurring. As we stated earlier in this 
book, our view is that no observable continuously persists (in time), but 
continually and iteratively recurs by the continual ripping of time from the 
ongoing 4-space reaction, to see the 3-space intersection at a frozen 
moment. We also advanced the mechanism that generates the flow of a 
mass through time, consisting ofa mechanism for 0/2 (LLL1) - photon 
emission, converting mf to m — and the mechanism for { , (LLL)dt— 
photon absorption, converting m to mt. 


*"" This point is stressed. The unobserved positon is not identically a positive mass 
electron traveling backwards in time, but a negative mass, negative energy electron 
traveling forward in time. When Dirae theory ofthe electron was written, broken 
symmetry and the CPT theorem had not been discovered. Further, there was no 


distinction made in the difference between the observed entity (the effect of the 
observation interaction) and the non-observed entity (the cause of the observation 
interaction), 


We stress that we are once again confronting the ubiquitous substitution of the 
effect for the cause in classical electrodynamics. The observed positron and the 
unobserved positron are two quite different entities —just as the “eause” of an 
observation is quite different Irom the "effect" ofthe observation, 


sit 


‘We may also consider mass to be condensed 3-spatial energy (say, EM 
energy) compacted by c. Modern physicists tend to consider the mass- 
energy itself as the source ofthe gravitational “attraction of mass” rather 
than the mass itself {583}. Let us accept that assumption, but differentiate 
between the observed 3-positron with positive mass and opposite direction 
in positive observer time, and the unobserved Dirac sea 4-hole with 
negative mass and without change of direction in the observer's positive 
time. The 3-positron is an observed effect, while the unobserved Dirac sea 
4-hole is an as-yet-unobserved cause. 


We also surmised that all EM energy in 3-space comes from time, by our 
solution {584a) to the long-vexing source charge problem {68}. In our 
view, we may then consider that the positive energy compressed as 3-space 
mass has been extracted from the time domain of surrounding spacetime, 
via entry of that time-energy into the surrounding 3-space at each 3-space 
point, producing a surrounding spacetime curvature which is known as the 
gravitationalfield. This gravitational field represents "withdrawn" 3-space 
‘energy fiom surrounding space, and withdrawn time-energy from the time 
associated with each surrounding 3-space point. 


Hence the gravitational field may be said to consist of "negative energy” 
since it represents lowered energy of spacetime due to the curvature. This 
viewpoint yields results consistent with the received view that the energy 
ofthe gravitational field is negative. In our view, it is negative precisely 
because it represents "withdrawn energy” from the normal energy density 
ofthat otherwise flat space. The withdrawn nonlocal energy has been 
localized (as what we call "mass"). Simultaneously that withdrawn 
3-spatial energy also represents "withdrawn energy” fiom the time- 
domain, since all the withdrawn spatial energy came from the time domain 
in the first place. The result is the curvature change in spacetime, that is 
taken as the gravitational field. 


‘The 3-space energy comprising the mass is positive because it is added 10 
the normal energy of an otherwise flat spacetime, at that concentrated 
locality, 

‘The "energy in the gravitational field” is negative because it represents 
lowered energy density (ie., lowered "pressure" in a fluid analogy) of that 
surrounding nonlocal spacetime compared to when that spacetime was flat 


‘Thus when we add positive energy (a positive energy state) to 3-space, we 
create normal "positive" gravity because "mass" is a process of 
withdrawing some positive energy from the energy density of surrounding 
3-space. 
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Here is the shocker: When we add localized negative energy (a localized 
negative energy state or "4-hole” — or a localized negative mass!) to a 
local 3-space region, we create "negative" gravity (antigravity) in 
surrounding space because the withdrawn energy from the local 3-space 
“hole” must have been added to the energy density of the surrounding 
spacetime, once we apply conservation of energy. Or in other words, the 
surrounding spacetime changed (curved) in interaction to the production of 
the hole. 


If we wish, for simplicity we can just consider localized positive energy to 
‘generate positive gravitational charge in the surrounding nonlocal 
spacetime. We can consider localized negative energy to generate negative 
gravitational charge in the surrounding nonlocal spacetime. 


This is where our concepts differ ftom the rather arbitrary way that a Dirac 
sea hole is interpreted in the received view. In spacetime, we try to 
‘account for the entire energy process and we apply a conservation law by 
including the supersystem interaction in every case. We insist that positive 
energy concentrated in positive local mass must have been extracted from 
surrounding spacetime. *”* That "negative energy" in the surrounding 
spacetime is what is known as the gravitational field ofthe source mass 
(where the energy was withdrawn to). Similarly, we insist that positive 
energy extracted from a localized region of the ambient vacuum to leave a 
"Dirac sea hole” must have been spread out into the surrounding, 
spacetime, where it would properly be known as the antigravitational field 
ofthe source Dirac hole. 


As an analogy in very simple lay terms, the holes associated with a local 
‘mass system of region involved in COP>1.0 operations create higher 
"pressure" outside the system or region with respect to other objects. 
Higher pressure between any two objects pushes the objects apart. The 
‘masses associated with a mass system create lower “pressure” outside the 
system or object with respect to other objects. Lower pressure between any 
two objects results in the objects being pushed together by the higher 
pressures beyond them. 


spacetime interacts as mediated by the supersyste 
‘What we ate saying is that there is no such thing as just a system, vacuum, oF 
spacetime change. Any change to one is accompanied by a change to the other two, 
priori 
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inging 5G home 


Staying entertained on the move 


» Getting a dose of virtual and augmented 
reality 


» Driving 56 for smart cars and 
autonomous vehicles 


» Living in a connected world 


» Assimilating humans and machines 


Chapter 7 
Exploring 5G Use Cases 


1 this chapter, you learn about some of the key use cases that 
will be enabled by 5G. 


Fixed Wireless Broadband Service 


5G will begin its commercial drive with the fixed wireless broad- 
band use case in the U.S. AT&T and Verizon are racing to be the 
first to deliver fixed wireless broadband service to their customers. 


Verizon acquired XO Communications, which included the 28 
gigahertz (GHz) spectrum, in 2016. One of the primary drivers 
for Verizon willbe to offer 5G as an alternative to cable/advanced 
digital subscriber line (ADSL) for high-speed broadband access 
to residential customers for gigabit speed Internet, 4K content, 
virtual reality (VR), and more. The goal isto achieve greater than 
one gigabit per second (Gbps) speeds without digging trenches to 
get fiber to your home. 
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‘We submit that this new view provides an exact (and testable) antigravity 
mechanism. It appears to have been validated by the Sweet antigravity 
experiment (576), which was designed in advance by the present author 
with increasing the local negative energy reaction in mind, 


9.11 Tests Reinforcing the Antigravity Mechanism 


9.11.1 Dirac Sea Hole Current Effects in a COP» 1.0 EM System. 
For COP» 1.0 electromagnetic systems, we recall that the temporal energy 
will flow negatively across the system from output section to input section. 
Hence the Dirac sea hole current in the local vacuum flows back across the 
stem, from its output to its input section. Regarding the output section: 
Specifically, all COP> 1.0 systems produce both positive and negative 
energy outputs. The greater the COP ofthe system, the greater the fraction 
ofnegative energy produced with respect to the fraction ofpositive energy 
produced, 


‘The positive energy will flow on out of the system output section (as into 
the external load) as in a normal circuit, but the negative energy output 
will flow from the output section through the local vacuum back across the 
system to its input section, 


At the input section, the arriving Dirac holes appear to the input electrical 
current as a special kind of "load added to the system input section. 
Hence, as previously stated, the extemal source must input electrons (as 
electron current) to “fill the holes” prior to having any input electrons 
available to power the circuit in normal fashion. 


That is nature's unexpected overunity decay mechanism for COP>1.0 EM 
systems. The COP> 1.0 system is in a condition of disequilibrium a priori, 
since the system exhibits negentropy and only systems in energy flow 
disequilibrium with their active environment can do that. Any COP» 1.0 
EM system is therefore in a highly excited state, and all excited states in 
nature have decay mechanisms. A highly excited state usually has a 
prompt decay mechanism, and the COP» 10 system is no exception. 


This emergence of the Dirac hole current from the system output section 
back to the system input section, is nature's decay mechanism to trigger 
COP» 1.0 EM systems back into COP <= 1.0. With this current, a 
“negative energy load” is added to the input section, causing the system to 
draw additional electrical power from the external power supply to 
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“power” the killing ofthe Dirac holes?” as well as to "power" the normal 
circuit (the system itself). 


Ifthe extemal power source connected to the COP» 1.0 system is not 
furnishing sufficient electron current to kill the hole current in the input 
and power the system as well, the excess hole current will pass. back 
through the conductors and on into the extemal power source, "eating 
current" and power as it goes. The product of the hole current and the 
voltage gives a negative power imposition, wherever the hole current 
interacts with the power system and its extemal power supply, even back 
into the distant huge power generator in the distant power plant. For a 
battery-powered circuit, e.g., excess hole current will pass into the battery 
and discharge it (change its chemistry in discharge mode) more qui 


Indeed, a lead-acid battery (and some other kinds as well) can be 
supercharged with Dirac holes. What this actually means is that the local 
vacuum — in which the battery and its components and chemistry are 
embedded and in a continual exchange with — is altered to increase the 
number of empty Dirac sea holes devoid of electrons. At the same time, 
the local spacetime is also negatively curved. The end effect is that the 
battery is charged with negative energy, rather than positive energy. We 
propose that a battery or capacitor possessing an extreme negative energy 
charge should be lighter in weight than the same capacitor when 
uncharged. 


As previously stated, some years ago, Jim Watson developed a very large 
multi-kilowatt COP>1.0 battery-powered generator, publicly 
demonstrating it at a technical conference (see again Figure 5-12). 
Engineering measurements at the conference verified that the batteries 
were constantly charging while the load was constantly powered at 8 
kilowatts. 


The longer Watson's system would run, the more charged his batteries 
became with negative energy. After one ofhis batteries had been used for 
couple of weeks in extensive experiments, one could obtain a most novel 
effect when it was placed on a normal "positive energy" battery charger. 
‘The battery's excess "Dirac hole charge” or "negative energy charge" 
accumulated in its local vacuum would "eat positive power and electrons" 
from the battery charger for an extended period, sometimes as long as a 
‘week, with no symptoms of "charging" the battery at all (no increase in 


© By converting separated incoming electrons and incoming holes to resulting filled 
Dirae sea electron holes, in the input section itself 


sis 


battery voltage at all). During this period, the battery charger was indeed 
recharging the battery supersystem. It was filling the excess Dirac sea hole 
charge in the vacuum with the steadily supplied electrons. In the proc 
was gradually relaxing the previously formed negative spacetime 
curvature.””’ When all the Dirac holes were filled, the relaxed spacetime 
then was relatively flat (normal) as was the local vacuum, and suddenly the 
battery would charge-up normally again with positive energy. with its 
voltage increasing in quite normal fashion.”" 


With tongue in cheek, we point out to the COP>1.0 researcher that these 
effects are not described in the available storage battery manuals, no 
matter how technically they are written. To the electrical engineer, we 
point out that they are not in his textbook. 


Whenever Dirac sea holes have accumulated in the input area ofthe 
COP> 1.0 system and are being filled by the extemal power supply, normal 
‘ammeters and voltmeters will only "see" that the extemal power system 
furnishing more current. That is true, because the holes are an additional 
load being powered. The holes “eat incoming electron current and power", 
and require the external power supply to "power the killing of the holes” as 
well as "power the system", 


‘The unwary overunity experimenter can successfully have the first phase 
of an overunity system working and not realize it, because his initial COP 
is too high and he does not know about the associated hole current decay 


"* This proves that a system's supersystem can indeed be aegative-energy-charged, 
so that the local spacetime around that system is negatively curved, even though the 
system itself seems normal and functions normally. Ifthe negative energy charge is 
sufficient, conceivably the antigravity produced will be sufficiently great that the 
system itself "loats” or even levitates. We hypothesize that an intense negative 
energy beam can indeed he technically created which will accomplish this "negative- 
energy-charging of the supersystem’ effect when continuously absorbed by a 
targeted system's local spacetime supersystem component, as the system is 
‘continuously irradiated by the beam. In that manner, levitation beams, tractor beams 
(both attracting and repelling) are at least hypothetically possible. Ifthis proves to be 
1 valid hypothesis, we foresee the day when such beams will revolutionize 
‘ransportation and handling of otherwise heavy loads and very heavy systems. Even 
the heaviest vehicle could then negatively charge its own supersystem’s local curved 
spacetime, thereby floating in the earth's gravity, in the atmosphere, in space, and 
under the ocean. 


°° We deliberately omit discussion of the extraordinary all-purpose Weapons 
implications of negative energy electromagnetic pulse (EMP) directed energy 
weapons, already developed and deployed by several major nations 
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of overunity systems back to underunity systems. His system may actually 
be at COP> 1.0, but the negative energy component being produced in his 
output section is back-flowing and continuously degrading his input 
section by adding a "new load” right in the input section, 


So his overall power draw from the external power source can be such that 
his positive power output in the load is less than his total power draw at 
the input of his system. Unless he is aware of the process and how to 
handle it, he may never realize that his system is actually at COP>1.0 
condition, when the negative energy component is credited as an output 
plus’2” COP> 1.0 research starts by evaluating the absolute value ofthe 
‘output energy, then working from there! The experimenter must be ever 
aware that he can and will have Dirac sea 4-holes and currents in any 
unitary COP>1.0 electrical power system, and particularly in those with 
very high COP. He must understand what the 4-hole currents and the 
negative energy actually do and how they function in the overunity system 
unless corrected. 


Any COP» 1.0 EM system demonstrates the Dirac sea 4-hole current 
phenomenon as nature's special decay mechanism to reduce overall 
performance of the COP» 1.0 power system and its external power supply 
to COP < 1,0 —unless one corrects the problem and prevents the decay 
process (developed later in this chapter). 


One symptom of the negative 4-hole currents is their cooling capability 
rather than heating. Another is that the excess current (and power) drawn 
from the external power supply also does not heat the input section of the 
system. Another is that semiconductors operating within the Dirac 4-hole 
current flow are likely to fail immediately and permanently, 


We strongly suggest that, for high COP systems experimentation, the 
experimenter use a system of synchronized clocks where the lab clock is 
synchronized with a remote clock prior to the experiments, then the two 
clock times are examined after significant experimentation at COP» 1.0. 
Ifdeviation beyond normal error in synchronizing occurs, then the 
involvement of spacetime curvature effects is indicated. Two decades ago, 
‘anomalous experiments by Golden — with whom I was working at the 
time — charged the area with negative energy, producing a significantly 


©" In other words, inthe presence of both positive and negative 
COP is not “positive energy out" divided by "postive energy input by the operator" 
but is more appropriately “total absolute value ofthe energy output" divided by the 
positive energy input by the operator" 
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curved local spacetime which disrupted local clocks and watches for four 
days as the charge gradually decayed away. Another indicator is that 
Geiger counters and other nuclear radiation detectors often "read" when 
bathed in vacuum 4-hole current, because of the ionization changes 
induced in them and also because of their individual previous "time- 
charge” histories. After all, ionization instruments "read" anything which 
causes ionization of their internal gases. Dirac sea hole current, if 
interacting with the gas, is in fact a very special new form of "ionizing" 
radiation, 


9.11.2 Antigravity Hole Current Effects in a COP» 1.0 EM System. 
‘Any COP>1.0 EM system can exhibit minor, usually barely detectable 
antigravity effects due to the presence ofthe negative local energy 4-holes 
in the hole current ifthe hole current is not transduced or corrected. It can 
also produce minor antigravity "thrust" due to the flow of the local energy 
holes. Usually these effects are not even noticeable in an overunity system 
unless it has very high gain (very high COP, say in the range of 10° to 10° 
of more.). 


However, ifthe EM system's COP » 1.0, and reaches 10° to 10° or more, 
the antigravity and thrust effects may become significant and easily 
detectable. At 10” they become highly significant and are very detectable: 
The unit will lose appreciable weight on the laboratory bench, and may 
even levitate easily 


‘An example is provided by the Sweet vacuum triode amplifier discussed 
above, with the results that were given in Figure 6-9. Such effects are also 
‘what generate the anomalous levitation phenomena of free-spirited John 
Hutchison? 


9.11.3 Negative Energy Effect When Leads Shorted 
When the leads of a COP> 1.0 EM system are shorted, a noticeable cooling 
effect can sometimes be detected. If COP» 1.0, shorting the leads will 
result in instant icing from the water vapor in the surrounding air. 

Ifone accidentally shorts oneself actoss the leads of a COP» 1.0 system, 
the effect is to freeze the nerves along the pathway of conduction. 
Experimenters are cautioned to use every safety precaution. Their 
experimentation is at their own assumed risk. 


John Hutchison, “The Hutchison Effect apparatus." Proc. Int Symp. New 
Energy, Denver, Colorado, May 12-15, 1994, p. 191-198. 
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Anecdotally, some older researchers reported that their constant handling 
of overunity circuits resulting in charging their bodies, apparently with 
negative energy. The body after all may be considered as a special kind of 
complicated capacitor or set of capacitors, so this is reasonable, based on 
Bedini’s and Watson's demonstrated negative energy charging of a battery. 
Some ofthe older overunity researchers reported that, after charged in that 
manner, they could produce a 3-inch spark from their fingers, of a "slight 
shock" into the body of a person they touched. 


‘There is even a special form of acupuncture in the East in which the 
practitioner uses special exercises to charge the body with negative energy 
in this fashion, The "electro acupuncture” is then administered by the 
operator twirling the inserted acupuncture needles between his fingers, and 
deliberately administering a jolt of negative energy from his body into 
selected points in the body. I have personally tested a person who could 
deliver strong "electric shocks" into one’s hand or body, and who could 
consistently produce a I-inch spark discharge between the hands at will 
‘That person could also deliver a very astonishing "jolt" to one's body, 
particularly in the vicinity of the liver. 


‘There appear to be similar rare negative energy phenomena in 
semiconductors {585a-585c). Anecdotally, it appears that the body does 
have structures or methods of storing and using Dirac sea holes (negative 
energy) and mechanisms for accessing the negative energy charged in its 
supersystem. This is suggested as a fruitful line of future research for 
interested biophysicists. Again, we call attention to the fact that, whenever 
EM fields, potentials, and waves are present, Dirac sea effects are also 
present and involved. Little or no biophysical experimentation has been 
done utilizing higher symmetry electrodynamics and analysis of the 
supersystem effects. Contrary to the received view, the understanding of 
EM effects on biological systems is not mature at all, but is still in its 
infancy. 


9.12 Susceptible Unitary System without Conversion of 
Dirac Sea Hole Current 


A unitary system is simply a self-contained single power system with an 
overall closed current loop between the source dipole and system loads and 
losses. A unitary system is contrasted to an array system of synchronized 
separate power subsystems without a common closed current loop, with 
the array subsystems connected to the source dipole by energy 
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transmission-reception only. Hence the array system utilizes the Kron open 
path concept 


Beginning at about COP = 12 to 15, a few highly susceptible unitary 
COP> 1.0 electrical power systems will experience significant Dirac hole 
current from output to input. This will produce a "negative energy load” in 
its input section and feed line from the external power system, resulting in 
decay back to an overall "system plus negative energy load” of COPS1.0. 
At the COP = 2.0 level, in the susceptible system the effect will forcibly 
decay the COP back down to overall COPS1.0. It does this by forcing 
excess power to be furnished by the external power system to "power" 
(fill) the Dirac hole current arriving in the input section of the power 
system. In short, it converts the system to a composite system containing 
an additional Dirac negative energy load in its input section. 


Or in other words, it forces the operator to "pay" for both the positive 
energy output and losses of his system and the negative energy output and 
losses of his system. 


In addition to usual powering ofits load and losses, such a system is also 

“powering” the return of its own locally altered vacuum back to a more 

normal ambient vacuum, instead of stabilizing its supersystem in a 

stationary disequilibrium state. It is a supersystem interaction and effect. A 

sm that significantly exhibits this phenomenon is said to be a 
tem, 


One of the first tasks of the COP>1.0 experimenter is to ascertain whether 
he is working on such a highly susceptible COP> 10 system. Ironically, he 
does this by observing his COP> 1.0 system kick itself back into a 
COP1.0 system. Ifhe carefully observes the initial COP>1.0 condition 
followed by decay into COP<1.0 condition, he must then realize that not 
all is lost! In short, he must realize he has developed a susceptible system. 
Ifhe obtains COP>1.0 only to watch it subsequently decay back to 
COP1.0, he has just discovered he is working on a susceptible COP>1.0 
system, and that is experimental progress. He isn't there yet, but he is en 
route. In that case, he must concentrate on transducing the excess hole 
current into usable electron current, to "stabilize" and "lock" his system in 
its COP> 1.0 operating condition. 
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9.13 Unitary System with Conversion of Dirac Sea Hole 
Current 


Using the Bedini conversion process, a unitary system can be close-looped 
to maintain COP> 10 and stable overunity operation. The 4-hole current 
reaching the input section is intercepted by the Bedini mechanism, and 
transformed to ordinary electron current furnished to the input section. 
Thus the transduced negative energy feedback becomes a positive energy 
feedback, by conversion. This converted positive energy in the input 
section will reduce the demand for incoming electron current from the 
external power supply, increasing the COP>.0 even more. 


A feedback and governing system is adjusted until the system’s converted 
positive energy feedback current reaches the Kron condition. At that point, 
the transformed electron current is sufficient to power the system with the 
external power supply disconnected. The governing and control system 
thus disconnects the external power supply, and the system is smoothly 
transitioned to self-powering operation, powering both itself and its load. 


We stress that all the energy to power the system and its load is now being 
furnished from the active local vacuum interaction and from the local 
curved spacetime. No laws of nature, physics, higher symmetry 
electrodynamics, or thermodynamics are violated. Conservation of energy 
rigorously applies, but to the supersystem. The system is an open, 
stabilized disequilibrium system — of the kind referred to by Kondepudi 
and Prigogine as nonequilibrium stationary states — as a freely receiving 
all its energy from its active extemal environment. No standard U() 
electrodynamic analysis will show this condition or this mechanism, and 
neither will electrical engineering. Higher group symmetry 
electrodynamics such as SU(2) or OG) will show it easily. For a modem 
treatise on O(3), we refer the reader to the recent four deforce by Evans 
(586) 


9.14 Non-unitary Outrigger Array System 


See Figure 9-14, which is a diagrammatic representation of a COP> 1.0 
array system that is non-unitary. In the non-unitary (outrigger array) 
system, no part of the outrigger array works at €>1.0, All external parts, 
operate at & < 1,0, but independently and with COP>1.0. Each of the 
extemal outrigger systems is an open system freely receiving excess 
energy from its active environment, because it is an "energy-receiving” 
system and the energy is freely transmitted from the central system. The 
central part of the array is the unit whose purpose is to stimulate or evoke 
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aan excess energy flow from the vacuum, so that the outrigger 
receiver/power units can individually intercept and utilize radiating energy 
flow surrounding the central unit.” The usable (output) energy intercepted 
and captured (collected) from a given free flow of energy depends totally 
on the intercepting reaction cross section — usually the total array amount 
of intercepting charge, together with the degree of resonance (sweeping a 
larger geometrical cross section) of the intercepting charge. 
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Figure 9-14 Tenant (ouigger aay) anitsunetoin, 


Each outrigger unit (subsystem) has its own complete closed current loop 
separate system and load, plus its “antenna” or “interception section” or 
receiving component for intercepting and collecting the free flow of 
energy coming from the central source unit (the energy transmitter). Thus, 
the loads in the outrigger units are not closed-current-connected with the 
central source unit at all. Each outrigger unit has its own independent 
electrical ground and its own closed loop system with its load. 


© We emphasize that, when the usually unaccounted Heaviside nondiverged energy 
flow component surrounding the conductors of the external eieuit is aecounted, 
every EM power system is already a COP» 1.0 EM energy transduction system 
Consequently, in the received view the array system can be operated at COP>1.0, oF 
even in selfpowering mode, even though the central system is "said" t0 be at 
COPS1.O. Itis at COPS1.0 only because of the self-applied Lorentz symmetrical 
regauging and ignoring the excess unused energy flow available to and surrounding 
the circuit, but not conventionally used. Ifwe account the COP for what we have to 
furnish to the central unit, then the COP of each array unit is COP = oo. The point is 
that we ourselves do not have to pay any extra input energy forthe output energy of 
each array circuit. 
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This schema in fact separates the two functions of Poynting energy flow 
theory: (i) the extraction and radiation of the EM energy flow from the 

seething vacuum, and (ii) the interception, collection, and dissipation of 
some of that available energy flow, to power the loads and losses of the 
intercepting system. 


In this fashion, multicollection from a single energy flow (generated from 
a central source "transmitter") occurs by direct, independent interception 
and collection in each of the COP<1.0 outrigger units. However, the input 
power to each outrigger units is free with respect to that outrigger circuit 
itself. We of course must pay to generate the flow ofenergy from the 
central unit, but that can be done in normal COP<1.0 manner (such as 
COP = 0.95) while powering its load.”*” Let the output power of each 
numbered unit (including the central source unit) be given by P,, n be the 
number of power units, and Py be the total power output. Then the total 
output Py of the array system is given by 


,TA PAP +P,+ geet h, 2 


‘The total input power P; is simply the input power Pj.) to the central 
source unit. The COP is given by COP = 


In the motionless electromagnetic generator (MEG) array, for example, the 
central unit is the transformer-like unit, deliberately using a special core to 
contain the magnetic flux of a permanent magnet in contact with the core 
material, thereby stimulating the Aharonov-Bohm effect and freely filling 
the surrounding space with the uncurled magnetic vector potential A. We 
will explain the non-unitary (outrigger array) system using the MEG as an 
example. 


7/P ur. 


We again stress that, from any nonzero potential, or from any EM field in 
space, any amount of EM energy can be collected if there is sufficient intercepting 
and collecting charge. For example, the simple equation W = 6q applies for the 
potential, where W is the energy collected from a potential with point intensity by 
collecting charges g. A similar equation applies with respect to collecting as much 
force (emf in the various outrigger circuits) as desired. Here a single given E-field E 

i. What is happening in the outriggers is that they are 
iereepting and collecting some of the excess Heaviside energy flow component 
that is wasted by the central cixeuit 
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AT&T is also pursuing 5G on fixed wireless in both the 28 GHz 
and 37 GHz spectrum bands. 5G video trials are currently under- 
way for some residential customers, allowing them to stream 
DIRECTV NOW video service over a fixed wireless 5G connection. 
In its internal testing, AT&T Wireless claims it can now achieve 
13 Gbps over a 5G connection. Like Verizon, AT&T is also looking 
at 5G to replace home broadband connections delivered by cable 
companies. 


If successful, these use case trials could signal the end of the 
“cable guy” coming out “sometime between 1 p.m. and 4 p.m.” to 
route a coaxial cable through your home. In areas where there is 
currently only one option for home broadband or television ser- 
vice, this technology could also lead to more competition, better 
service, and lower rates for subscribers. 


Cable companies, such as Charter Communications, are also 
exploring 5G technologies. Charter is planning to conduct 28 GHz 
5G experiments in the near future with antennas mounted on a 
‘mobile trailer and van with hydraulic masts, which will be moved 
to each of the test locations. 


‘The motivation for a company like Charter is that 56 will enable 
a host of new products that take advantage of law-latency, high- 
capacity networks, including virtual reality (VR) and augmented 
reality (AR) applications, many of which will be used in a fixed 
home or office location, 


Entertainment Everywhere 
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‘The natural progression of the fixed wireless broadband use case 
(discussed in the previous section) enables mobile broadband at 
extreme data rates “everywhere” — not only to a fixed home or 
office location. 


Although some of the envisioned mobile broadband experience 
started in Long Term Evolution (LITE) networks, 5G takes it to 
a different level with 4K (and subsequently 8K) television, high 
dynamic range video streaming, 3D videos, and more. All these 
applications require very high bandwidth, and many require 
always-on connectivity to push real-time information tothe users. 
‘The transformation from fixed wireless to wireless everywhere 


5G For Dummies, xa Special Edition 


‘The MEG fieely induces the Aharonov-Bohm effect," thereby extracting 
excess energy from the vacuum in the form of that novel field-free 
A-potential. Being field-free, A represents an energy flow without switl 
(without curl), When the MEG input section is perturbed, the surrounding 
A-flow is perturbed also, giving a pulsed or AC flow of energy that can be 
intercepted and utilized by each outrigger circuit as an E-field energy 
interception 


‘The central unit's COP<1.0 function is to output almost as much, or as 
‘much, energy as is required to power the MEG, while also evoking that 
excess A-flow and serving as a COP» 10 energy flow transducer. The 
function of each outrigger is then to intercept some of the pulsed A-flow 
(as E-field energy via the equation dA/at = - B), in its antenna or 
interceptor section. Each outrigger has its own independent and 
conventional closed loop circuit. It simply is a receiver and user of extra 
Heaviside EM energy produced from the central MEG unit in the new 
form ofthe curl-free A-potential. Perturbing the A-potential produces a 
large E-field impinging on all the external outrigger subunits. Hence these 
units freely collect and use some of that available excess energy. The COP 
ofthe total array is thus COP>1.0. For best results, tuned antenna theory 
and near field theory should be utilized. 


Suppose we operate the MEG central unit at COP = 1.0. In that case, there 
is no 4-hole current of significance associated with the central unit or the 
outriggers, and transduction of hole current into electron current for close- 
looping is not necessary. Instead, sufficient outriggers are employed so 
that the total energy Wo caught and dissipated in their loads by all the 
outriggers is given by Wo > W;, where Wis the input energy in the main 
central section. Since COP = 1.0 for the central unit in isolation, the total 
input Eiwis Ey = Wr (the additional huge Heaviside nondiverged EM 
energy input component is there also, but just neglected in conventional 
engineering). The total output W, of the entire array 
Wa~ Wo + Wr. The overall COP, of the entire array is thus 


COP, = WiEtw = (Wo + Wi)/Wr = (Wo/Wr+ 1.0)>1.0 [3] 


1 The reader should recall that the Aharonov-Bohm effe 
classical U() electrodynamics. See Terence W. Barrett, 
Phenomena Not Explained by Maxwell's Equations,” in A. Lakhtakia (ed.): Essays 
‘on the Formal Aspects of Electromagnetic Theory, World Scientific Publishing 
River Edge, NJ, 1993, p. 6-86. 
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Hence the array has a COP>1.0, even though every single component of 
the array has  < 10. With the outriggers fully functioning, many schemes 
of operation can be used. E.g., the energy from the outriggers can be used 
to steadily charge a capacitor bank by “shuttling”. We define shuttling as 
use of two capacitor banks: (1) a capacitor bank which is continually 
connected and charged by the outriggers as their effective output, and (2) 
an input capacitor bank for the central unit that is_ continually connected 
and recharged from the outrigger capacitor bank. By adroit switching, the 
charge of the input capacitor bank is maintained by replenishing from the 
output capacitor bank, and the input capacitor bank powers the entire 
system, including the output load in the central section. 


‘The non-unitary outrigger array construction is one means of close-looping 
a non-unitary overunity power system without bothering with the 
transduction of hole current into electron current. It is the easiest of all 
COP> 1.0 systems to close-loop for self-powering 


An additional adaptation is for each outrigger also to continuously power a 
separate load, and only contribute intermittently along with the other 
outriggers to charging the output capacitor bank. 


Another adaptation is to operate the central unit in the array in solitary 
self-powering mode. 


‘These and similar modes of nonunitary array system operation allow close~ 
looping the system for selfpowering of itself and its load, without concem 
for 4-hole current transduction. A real advantage of such nonunitary 
systems without worrisome 4-hole current is that transistors can readily be 
used for switching ete. in them, without the destruction of the transistors, 
by a damaging Dirac 4-hole current in the supersystem. 


‘The nonunitary overunity system can also be close-looped by conventional 
(simple) "clamped positive feedback” means if good isolation (¢.g.. optical 
isolation ofthe circuitry switching) is used in the feedback loops. 


9.15 Some Instrument Considerations 


9.15.1 Time Effects 
As previously indicated, there are time-domain effects (potentials, forces, 
‘and currents) associated with a COP>1.0 EM system, particularly as the 
COP increases toward COP» 1.0. A useful method of indicating time- 
effects is to utilize a transistor in a circuit capable of measuring 


recombination time in the transistor."* NASA has such circuitry available, 
but I do not have the reference at hand. We leave it as an exercise to the 
reader to explore that possibility. 


For "very large COP" devices, ordinary watches, clocks etc. may be 
affected. Particularly significant is the slowing of timepieces in the 
presence of substantial time-domain effects due to substantial negative 
energy. In addition, for high gain devices (and for some at lower COP), the 
negative energy charge can build up in the local area, and may then require 
some days to dissipate. As we stated, in experiments years ago with Frank 
Golden, we experienced just such alteration of multiple kinds of clocks 
and watches in an area. it required four days for the negative energy 
charge in the area to gradually drain off (for the excess Dirac sea holes to 
gradually be filled with electrons, as the tempic potential gradually 
returned to normal) 


Effects that were even more dramatic were exhibited in experiments, 
conducted by Sid Hurwich in Canada some years ago {587}. In a series of 
experiments lasting a half-hour, Hurwich inertially jammed a police 
revolver so that a human finger could not pull its trigger. The watches of 
the witnesses did not change their setting during that entire half-hour. This 
cannot be understood by conventional electrical system analysis, but 
potentially it can be understood by supersystem analysis. 


9.15.2 Calorimetry Is Taboo for Overunity System COP Measurement 
It is standard dogma that calorimetry is a "true" measurement of power, 
and is always accurate in the hands ofa skilled practitioner. In general, 
that is true for a COP<1.0 system, where one is concerned only with 
positive energy in the input and output sections. However, with respect to 
‘COP>1.0 systems, nothing could be farther from the truth. Indeed, for a 
significant COP» 1.0 system, a calorimeter is one ofthe most inaccurate 
instruments that can possibly be used. 


‘As previously stated, all COP>1.0 EM systems produce a mixture of 
negative and positive energy in their output section. The higher the COP, 
the greater the percentage of negative energy and the greater the flux of 
Dirac 4-holes back to the input section. The output energy, immersed in a 
calorimeter, will both cool the water with its negative energy output 
fraction and heat the water with its positive energy output fraction. Hence, 
the calorimeter will show the difference between the water's simultaneous 


© This suggestion is courtesy of John Schnurer some years ago, and is appreciated 
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heating and cooling. Ifthe calorimeter measurement is misinterpreted as 
the fotal energy oulpul, this “definitive test" will always erroneously show 
COPS1.0. After all, it itself already applies the decay mechanism for 
converting any overunity system to an underunity system, 


The only good use ofthe calorimeter in an overunity EM system is to 
verify that negative energy is present, when comparing its measurements 
to more sophisticated electrical measurements of the system. It can be 
used along with other measurements to ascertain (1) the total energy 
‘output, whether negative or positive, (2) the difference in the two forms of 
energy output and the algebraic sign of the resultant (positive if 
calorimeter heated, negative if calorimeter cools), and (3) thereby help 
determine the output’s energy fractions (positive energy divided by total 
energy, negative energy divided by total energy). 


Any test group insisting on testing a purported COP>1.0 electrical system 
with a calorimeter as the definitive statement ofenergy output is totally 
devoid of knowledge of COP>1.0 systems and their phenomenology. 
Usually such "test groups" tend to regard themselves as "measurement 
experts” (which they well may be, in COPS1.0 positive energy systems!) 
‘That does not make the team even minimally knowledgeable or qualified 
in COP>1,0 system measurement. To the contrary, the team members have 
zero experience or knowledge of COP>1.0 systems. The proposed test 
group may consist of physicists, thermodynamicists, electrical engineers, 
technicians, or all four, but they still will have no knowledge or expertise 
in COP>1.0 EM power systems unless they have actually worked with 
such systems before, and at length.”** This is particularly true of 

COP» 1.0 systems. My advice to all COP>1.0 researchers is simply to 
Keep the "calorimeter addicts” out of one’s laboratory in the first place. 


9.15.3 Other Instrumental aspects. 
Here we just point out some simple and obvious things, familiar to the 
experienced researcher but sometimes not appreciated by the novice. One 
is usually dealing with nonsinusoidal waves, pulses, spikes and the like. As 
is well known, RMS meters are useless for measuring such nonsinusoidal 
electrical entities, since they are designed and calibrated to measure sine 


» To date, we have found none who have actually worked with COP>1.0 electrical 
systems. We have, however, found quite a few who, though totally inexperienced 
with COP>1.0 systems and not knowledgeable, have regarded themselves as "real 
experts” in such systems. They claim to already know how COP>1.0 systems work 
and behave, and assume just ordinary electrical system phenomena, 
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waves only, or to measure DC. One must use a good differential sampling 
scope with multiple synchronized channels, with professional software to 
perform accurate integration under the curve, and with special differential 
probes for the scope. Simultaneous triggering of the multiple measurement 
channels on the same time line is required. The necessary high quality 
probe set may cost as much or more than the oscilloscope! 


Dirac sea hole currents are generally not separately measurable, so one 
‘measures where the hole currents are not significantly present. Results may 
bbe compared to measurements where the hole currents are known to be 
present. When directly measuring hole currents, the conventional meters 
often read "backwards" and interpret a negative energy output at the 
system output section as subtracted from the positive energy, and interpret, 
a negative energy output at the input section of the system as additional 
input electron currents from the external power supply. Ifthe electron 
currents from the external power supply are not present, then measuring 
hole currents will draw electron currents from the power system inside the 
meter itself, resulting in a "backward measurement”. Again, the meter 
actually will measure a real electron current, whether from the external 
power supply or from a conversion within the meter itself.” 


Recombination time in semiconductors can sometimes be used in 
instrumented circuits to differentiate between negative hole current and 
electron current, by observing the change in recombination time due to the 
negative energy currents. It will differ from the change in recombination 
time due to positive energy currents 


Again, what is needed in the field is a set of solid, reliable instrumentation 
specifically developed for these peculiar measurement phenomena 
involving both positive energy and negative energy. To my knowledge, no 
such thoroughly designed and tested instrument package presently exists. 
Further, there are not even any standards for such, since there are 
apparently no standards for negative energy measurement at all 


9.16 Still Anomalous Aspects 


Several aspects of COP>1.0 systems are still not properly understood. The 
behavior of curl-fiee A-potential, sometimes produced in such systems, is 


™ What is very much needed is a meter of sophisticated design where this “drawing 
‘of excess electton current from within the meter itself has been taken into account 
in the design, so that the meter functions correctly for ether positive energy 
measurement oF negative energy measurement 
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a case in point. This type of energy can exhibit characteristics as if it were 
electrostatic energy, which my associates sometimes refer to as the 
"crawly stuff. It exhibits the characteristic of "crawling" all over the 
surfaces (outside and inside) of the objects in the area, including the 
scopes, producing internal electrostatics and possibly magnetostaties 
everywhere. This can easily destroy the amplifiers etc. in a good scope or 
an expensive meter. It is best to transform this field-free A-potential into 
an ordinary "EM field energy AC wave", and then utilize it in that fashion. 


Scalar stress waves are also sometimes produced, leading to anomalous 
effects. This is best regarded as a "time-polarized” EM wave, or more 
accurately, as a combination of scalar (time-polarized) EM waves and 
longitudinal EM waves in 3-space. For macroscopic waves in COP>1.0 
systems, the Mandl and Shaw 1:1 correlation between scalar photons and 
Jongitudinal photons can apparently be corrupted, so then one has 
“abnormal” (improperly correlated components which normally correlate 
to make "ordinary" EM waves). These abnormal EM scalar stress waves 
also exhibit the "crawly” phenomenon, and can be hazardous to on 
instruments 


In addition, some instruments such as ionization counters, Geiger tubes, 
etc. read in the presence of such waves as if nuclear radiation were present 
(which it is not). Also, the individual time-charge history ofa given 
instrument determines or substantially influences how the instrument 

reacts in the presence ofthe "corrupted" scalar stress waves. Essentially, at 
a given time any instrument has a small "time-energy charge" depending 
upon its past history. The corrupted scalar stress wave accomplishes 
further "time-charging” of the instrument, which combines with the initial 
time-charge to produce more time-charge, ordinary EM waves by scalar 
EM interferometry {588}, ot abnormally correlated longitudinal EM wave 
emission. 


In an ionization-measuring instrument, ionization is ionization, by 
whatever means achieved. And in the presence ofthe "abnormal" radiation 
and charging, ionization-type "nuclear radiation” instruments will vary 
from one to another, depending upon the individual time-history ofeach 
instrument. So from a group of identical instruments made the same day on 
the same assembly line, one may read anomalously and several others read 
normally. Ortwo may read anomalously, while all the rest read normally. 
A very good example of this anomalous measurement effect is seen in the 
rigorous electrolyte experiments in U.S. Navy research facilities at China 
Lake {589}. The present author has previously given an explanation of this, 
time-charging and decay phenomenon (590) 
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Negative energy reacts in different ways with different materials. The more 
nonlinear the material, the greater the effects and unpredictability of the 
interaction, as a rule of thumb. In a copper wire, Dirac hole current 
introduced into the wire will "eat" Drude gas electrons, reducing the 
“pressure” at that point or area in the wire. This "combining of electrons 
and causal Dirac holes is not normal pair annihilation, and radiation does 
not occur. Instead, the two curvatures of spacetime (one by the positive 
energy ofthe electron and the other by the negative energy of the Dirac 
hole before observation) interact and adjust. 


‘The Drude gas in the copper further back toward the external power 
system still has normal (higher) gas pressure, and so the differential in 
pressure induced in the Drude gas will drive electrons from the "normal" 
pressure areas into the "reduced" pressure area where some of the Drude 
electrons disappeared after being “eaten” by the Dirac holes. To look at 
that in lattice hole terms, the "eating" of Drude electrons in a selected 
volume of the wire leaves positive ions, which are “lattice holes" vacated 
by the eaten electrons. So these excess positive charges attract electrons 
from further up the wire nearer the distant power supply, filling the lattice 
holes to bring the Drude gas back up to "normal". However, that also 
draws and "eats" additional power from the distant power supply. 
Meanwhile, the Dirac 4-holes fed from the input of the COP>1.0 system 
back into the power feed conductors continue to interact with the lattice 
and eat electrons to create more ions (lattice holes). 


‘One may visualize the Dirac sea holes producing excess lattice holes, 
which then causes the Drude electron gas to change so that the “average” 
demand current increases. In short, we must also consider the effect of 
Dirac hole charges or currents upon the lattice material itself, and the 
structure of holes and electrons as charge carriers in the material lattice. 


Semiconductors are very vulnerable to negative energy due to its 
disruption of their donor-acceptor and band gap design functions. With 
mild negative energy exposure, a semiconductor may just cease operation 
entirely and later recover when the negative energy application ceases, or 
it may fail and never recover. For pulsing, strong “opposing force pulses' 
(stress pulses) are created deep inside the semiconductor materials. In case 
of sharp pulsing, sometimes an exposed semiconductor will just suddenly 
explode in a nice litte fireball about one foot in diameter. This along with 
some minute stinging fragments from the explosion assures that the 
COP>1.0 bench researchers stay alert and on their toes. Needless to say, 
‘when experimenting with COP>1.0 systems and circuits, one should 
exercise all safety precautions, including safety glasses, until the "negative 
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energy beasts have been tamed and controlled”. One should not experiment 
with such things unless one is an experienced and safety conscious 
experimenter. One experiments at one’s own tisk. 


Negative energy effects in coils and toroidal coils are largely still 
unknown, though we have outlined some of the major effects. For a normal 
helical coil, one can derive a concept ofthe effects by considering the 
lattice effects in the wire. In this case, introduction of hole current at one 
end ofa helical coil will induce electron current from the other end and 
into the coil. Thus, hole current can be "switched" back and forth between 
the ends of a helical coil to induce an ordinary AC electron current in the 
coil, accompanied by normal magnetic fields etc. A point can be reached 
where the coil is actually in resonance with the frequency ofthe switching, 
and with the "seeming capacitance” of the hole current introduction in each 
switching. With the proper material in the coil and a keen balance between 
the negative energy capacitance effect and the normal positive energy 
induction effect, in theory a single coil can be tured into a self-oscillating, 
self-powering system, 


With core material inside the cote of a coil, the situation dramatically 
changes. Often the type reaction experienced will appreciably depend upon 
the core material, and changing the core material can dramatically change 
the effects upon the coil and the effects that the coil prc luces. One may 
even use dynamic changes in the core material to produce corresponding 
dynamic changes in the coil. A toroid may act differently from an 
ordinary helical coil, as does a flat (spiral-wound) coil. Here the 
experimenter must simply perform his own experiments to seek out and 
understand the phenomenology he uncovers. 


For exploratory experimenting with core-flled coils, we advise strong 
caution and testing at very low power only. Sometime effects can 
apparently be experienced by the researcher (headaches, nausea, dizziness, 
etc.) It is suspected from some evidence (but not proved) that the core 
‘material's chemical characteristics can sometimes be "imprinted" upon the 
‘human body chemistry, from the novel radiation of a core-filled coil or 
some core-filled coils. This is particularly true in the presence of strong 
stress potentials, such as from bi-wound coils with fields in opposition, 
and particularly ifthe biwound coil contains a nonlinear material core. The 
nonlinear core induces modulation (multiplication) of the two waves, 
rather than linear mixing. Thus, the two waves are "locked together" to 
form a true stress potential and local spacetime curvature sets, when the 
biwound coil has a nonlinear material core. In short, one is now 
engineering pure general relativity, locally 
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Again, we iterate that the experimenter should be knowledgeable and take 
all safety precautions. He experiments at his own assumption ofrisk. 


The appearance of an extra stress potential (field-free) in a biwound coil is 
in fact a new Lorentz symmetrical regauging, and the equivalent of 
rotating the frame of the coil. As signals are introduced, this is the 
equivalent of continually changing the degree of the frame rotation, which 
is a general relativistic effect, with direct curvatures of spacetime being 
produced. In short, one is producing spacetime curvature and rotation 
engines, previously discussed. 


‘The magnitude ofthe stress potential (field-free) falls off inversely as the 
distance. Thus one’s body can be exposed to it, including the body 
chemistry, every cell and every part ofevery cell, the nervous system, ete. 
Placing signals on the biwound coil can conceivably result in slight 
variation of the scalar stress potential, including inside the body, and 
inside each cell and each part of each cell. Variation in the stress potential 
@ in a little local region inside the body produces -V, which is an electric 
field E. The rate of change of this E-field then produces a magnetic field 
H 


Consequently, very minute EM fields are produced throughout the body 
and all its parts, or can be. It is as ifthe entire body is "electromagnetically 
washed” in internal EM fields throughout its matter, structures, and 
dynamics. The hydrogen bonding actions ever ongoing are particularly 
sensitive and can restructure appreciably in the presence of this stimulus. 
They can also "imprint" and take on a specific induced structure and 
dynamics, correlated to the persistent changes induced from the biwound 
coil. As can be seen, such EM biological effects have not been appreciably 
investigated and documented in the Wester scientific literature. Hence 
our urging and insistence that the researcher use all caution, and our 
warning that he experiments at his own will and assumption of risk 
Neither the publisher nor the present author is responsible for any 
accidents or blunders that may occur. 


Capacitor effects also vary between types of capacitors, when applying 
negative energy or a mix of positive and negative energy. Some capacitor 
dielectric materials are also photo-refractive and are semiconducting 
materials, hence photoactive. The rich effects capable of being generated 
in capacitors — by EM fields, waves, potentials, and pulses of negative 
energy or negative and positive energy mixed — are largely unexplored 
and not catalogued. 
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Almost all modem permanent magnetic materials are also photo-refractive 
or photoactive materials as well, and many are semiconducting materials. 
Hence a rich variety of effects can be produced in permanent magnets by 
the introduction of negative energy fields, potentials, waves, and pulses. 


AS can be seen, a very rich combination of effects exists for "normal- 
appearing” coils, capacitors, semiconductors, and magnets when applying 
appreciable negative energy or controlled mixes of positive and negative 
EM energy. This is a still largely unknown materials science region, and 
one that has not been systematically and rigorously explored and 
catalogued, if at all 


In addition, there are effects from pulsing negative energy (Dirac hole 
currents) that are not completely understood. These appear to occur almost 
— ot partially — at random, and also seem to be affected by the natural 
surroundings, by the various materials, etc. The “imprinting” phenomenon, 
when it occurs, seems to be augmented by pulsing, and sometimes by the 
pulse shape and pulse repetition frequency as well as the surroundings. 


We also legally state that we are not responsible for any risks the 
researcher chooses to take, but are only alerting him to be very careful and 
use very good safety practices. Any experimenter is himselfresponsible 
for stringent adherence to good safety practice and common sense, and he 
legally assumes his own personal risks for all experiments he chooses to 
undertake. 


Another effect to be alert to is the effect of “charging” the local area's 
supersystem with an altered active vacuum and curvatures of spacetime. 

This phenomenon is usually experienced as a "slow growth” of the COP of 
the system, over a long time (months or years). Tiller in private 
discussions has reported such phenomena in his detector built at Stanford 
University. Golden and I experienced such phenomena with a small 
COP> 1.0 system Golden was developing. Over a period of five years, the 
system slowly increased its COP to about 2.0. Moved several hundred 
miles, the system then exhibited COP ofabout 0.9, but with occasional 
fluctuations of overunity temporarily.** Golden had gradually charged his 
local area with the "engine" or spacetime curvature operational and 
functional form of his unit. Thus in that repeatedly charging area, 
gradually the operation of the unit improved. We referred to this engine- 


ite 


tn fact, Golden and I were astounded at these results, untl Tiller explain 
us and explained his own experiences with "growing" his detector. Thanks 
Professor Tiller, thereafter we had this new phenomenon firmly fixed in our lexicon, 
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requires several mobility-specific factors to be addressed, such as 
fast handoffs, seamless connectivity at very high speeds and low 
latency, high reliability when mobile, and others. 


Cloud storage is also driving the growth of uplink data rates, In 
the past, content was mostly downloaded and thus required a 
“fat” pipe in only one direction: the downlink from the base sta 

sewawsex tion to the mobile device. However, content is increasingly being 
uploaded to different cloud storage platforms, requiring robust 
data pipes in both the downlink and uplink directions. Cloud 
gaming is another 5G driver that requires fast responsiveness and 
high broadband capacity. 


Virtual Reality (VR) and Augmented 
Reality (AR) 


Virtual reality (VR) technology creates a fully immersive, 
computer-generated experience that simulates or re-creates real- 
life situations and environments. In contrast to VR, augmented 
reality (AR) layers computer-generated images and enhance- 
‘ments onto a real-world situation or environment to provide a 
‘more meaningful context for user interaction, 


Although current 4G networks are sufficient for some early- 
adopter VR and AR experiences, the introduction of 5G will enable 
more novel VR and AR experiences and make them available for 
‘mass adoption by consumers. Offering much more capacity, lower 
latency, and a more uniform experience, 56 will not only improve, 
but will also be a requirement for some of the most exciting AR 
and VR use cases, including: 


9 Sharing live streaming content on social media from event 
venues along with 50,000 ather people in a stadium 
becomes even more challenging with 4K 360-degree video 
because each user is uploading 25 Mbps at the same time. 


9) Next-generation VR and AR experiences will have “six degrees 
of freedom” (6DoF) — the next level of immersion — allowing 
Users to move within and intuitively interact with the erviron- 
‘ment. 6DOF content isan order of magnitude richer in 
naturalness and interactivity than current “three degrees of 
freedom’ (3D0F} video. 3DOF experiences, such as 360-degree 
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charging of the environment with a particular effect or dynamic form as 
kindling. 


The kindling or "charging to favor the dynamic form of the engine or 
device" problem, should it occur, is in fact usable because it is possible to 
produce it everywhere on earth, and fairly permanently. To use the 
kindling effect once discovered, the mechanism is to build s 
units. Keep the original unit working in the original area, and " 
the others at radial distances as distant as possible, but maintaining 
COP>1.0 for the outriggers. Then simply run both the outriggers and the 
central unit, steadily. The "structural charge” will grow and reinforce at the 
‘outrigger locations, then spread on beyond the outriggers, and a much 
larger area will now be "charged with that dynamic form’. With sufficient 
additional outriggering (three to five, or seven in an especially difficult 
case) where the successively internal outriggers arc retained and operating, 
the charging will eventually spread around the entire Earth, and it will 
become a permanentfixture ofthe Earth environment itself.™* Thereafter, 
anytime one of the units is turned on anywhere on earth, it will perform 
with its normal overunity condition. In other words, not only can one grow 
the dynamic form (engine) in a supersystem in a given locality, but one 
can also kindle it into the entire Earth’s supersystem permanently {591}. 
‘One is strongly reminded of Feynman's observation that physicists with 
their big accelerators may in fact be partially creating their own reality 

He pointed out that often the physicists look and look for a new, predicted 
particle. At last and after years of difficulty, finally a "glimpse of the 
particle occurs in an accelerator and is reported. The physicists quickly 
crank up the other accelerators and look intensively, and — after some 
moderate difficulties — they find that particle. Thereafter, every time an 
accelerator turns on and looks, that particle is readily seen, easily. 


‘The supersystem’s spacetime is part of the local spacetime of the Earth, 
and all supersystemis also interact with each other. As Kron put it (592): 


"An electric network differs from all other types ofnon- 
electric networks in that itis always surrounded in all 
directions to infinity by an invisible dynamic 
electromagnetic field ofits own creation. ... Each 


Inductance L produces its own magnetic field, each 


© We have proposed an application ofthis phenomenon to kindle and maintain a 
specific disease organism's "anti-engine” as a startlingly new kind of medical 
therapy for permanently eradicating a particular disease veetor from the earth 
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capacitance produces its own electric field and each 
resistance R creates a thermodynamic field of its own. 
Moreover, there exists a continuous interaction between 
the magnetic, electric, thermodynamic, and radiation 
‘fields. Thus any correct and basic theory ofthe electric 
network must include all the parameters ofits 
surrounding electromagnetic field and must satisfy all the 
field equations of Maxwell. The theory must also dovetail 
with the Hamiltonian and Lagrangean equations of 
dynamics containing both time and space derivatives, as 
well ofthe equations ofirreversible thermodynamics. " 


So decades ago, Kron was struggling with the "supersystem” problem, in 
different terminology, and he eventually originated diakoptics (593), an 
entirely new way of breaking the problem down piecemeal so it could be 
solved, But Kron strongly stressed that the interactions of the fields and 
potentials of a circuit and all its parts reach to infinity and have an 
n-dimensional set of degrees of freedom and an infinity of spaces. The 
fields and potentials of every charge reach to infinity (for those charges in 
matter from the beginning), and so every charge in the universe interacts 
with every other charge and its fields, potentials, and dynamics. Spacetime 
itselfis filled with these interacting EM fields, potentials, waves, and. 
dynamics. Little wonder that the horrendous set of ongoing EM 
interactions at every point in the vacuum has such incredible energy 
density and fluctuations. We may even regard the fluctuations and 
interactions as completely causal, but — with no information on each 
interaction — they must be treated as totally statistical. Ultimately nature 
confounds our Aristotelian logic and insists that, in the limit, one is 
dealing with S-law logic as developed earlier in this book 


Since the earth near an ongoing COP>1.0 system experiment has 
innumerable electrical aspects, materials, etc. it follows that the 
surrounding earth is indeed in direct interaction with the experiment. It 
then follows that "slow conditioning” of the surrounding area should be 
possible, say, after some years as Golden experienced. It also follows that 
the effect diminishes in magnitude with distance from the experiment. 


‘The "growth of the activation (kindling) to include the entire Earth 


slow process, requiring years and much expense to aid the "spreading" — 
as the physicists may be experiencing, according to Feynman, But it is a 
doable. 


535 


We highly recommend that the researcher work on COP> 1.0 systems that 
are not charge and location dependent, so that the kindling problem does 
not arise. We have assumed non-kindling COP> 1.0 systems throughout 
most ofthis book. 
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Chapter 10 


Cold Fusion: Low Spatial-Energy Nuclear 
Reactions at 
High Time-Energy 


“This book is about time. Iwouldhave liked to have 
named it Time, the Forgotten Dimension..." [llya 
Prigogine]. (594) 

"The notion oftime may be unfolded into an independent 


pure science... a science ofpure time is possible." (Sit 
William R. Hamilton, 1837]. {595} 


"..contrary 10 the conclusions ofclassical mechanics, 
there exist effects of potentials on charged particles, even 
in the region where all the fields (and therefore the forces 
on the particles) vanish. " [Y. Aharonov and D. Bohm] 
(596) 


"..global behavior greatly modifies the very meaning of 
space and time. Much of geometry and physics is based 
on a simple concept ofspace and time, generally 
associated with Euclid and Galileo. In this view, time is 
homogeneous. Time translations may have no effect on 
physical events. Similarly, space is homogeneous and 
isotropic: again translations and rotations cannot alter 
the description ofthe physical world. It is quite 
remarkable that this simple conception of space and time 
may be broken by the occurrence ofdissipative structures 
Once a dissipative structure isformed, the homogeneity of 
time, as wellas space, may be destroyed. "{llya 
Prigogine] (597). 


"As we expand our observation, we extend our concepts. 
Thus the simple symmetries that once seemed self-evident 
are no longer takenfor granted, Out ofstudies ofdifferent 
kinds ofinteractions we are learning that symmetry in 
nature is some complex mixture ofchanging plus into 


‘minus, running time backward and turning things inside 


owt.” (T. D. Lee] {598}. 


"The desirable features ofa system ofunits in any field 
are convenience andclarity. For example, theoretical 
physicists active in relativistic quantum field theory and 
the theory ofelementary particles find it convenient to 
choose the universal constants such as Planck's quantum 
ofaction and the velocity oflight in vacuum 10 he 
dimensionless and ofunit magnitude. The resulting 
system ofunits (called ‘natural’ units) has only one basic 
unit, customarily chosen to be length. All quantities, 
whether length or time orforce or energy, etc., are 
expressed in terms ofthis one unit and have dimensions 
which are powers ofits dimension. There is nothing 
contrived or less fundamental about such a system than 
one involving the meter, the kilogram, and the second as 
basic units, It is merely a matter ofconvenience.” (J. D. 
Jackson] {599} 


[Violation of Second Law of Thermodynamics} "We 
experimentally demonstrate the fluctuation theorem, 
which predicts appreciable and measurable violations of 
the second law ofthermodynamics for small systems over 
short time scales... Our results show entropy consumption 
can occur over colloidal length and time scales.” {Evans 
etal." 


{Implications ] "This result has profound consequences 
Jor any chemical or physical process that occurs over 
short times and in small regions. " {Evans etal.|"* 


[Implications] "The smallera machine is, the greater the 
chance that it will run backwards. "(Evans et al, ibid.] 


[Implications] "Physicists knew that at atomic scales over 
very short periods oftime, statistical mechanics is pushed 


*G. M. Wang, E. M. Sevick, Emil Mittag, Debra J. Searles, and Denis J. Evans 
"Experimental Demonstration of Violations of the Second Law of Thermodynamics 
for Small Systems and Short Time Seales,” Phys. Rev. Lett, 89(5), 29 July 2002, 
050601 


© BBC News, 18 July 2002, http://news.bbe.co.uk/Vhiscitech/2138779.stm. 
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beyond its limit, and the second law does not apply. Put 
another way, situations that break the second law become 
‘much more probable. ...the new experiment probed the 
uncertain middle ground between extremely small-scale 
systems and macroscopic systems and showed that the 
second law can consistently be broken at micron scale, 
over time periods ofup to two seconds." {Chalmers} *? 


10.1 Explaining Time as Energy 


See Chapter 1, paragraph 1.13 and 1.4.1; see also Chapter 2, paragraph 
2.1.3. As highlighted in the quotation from Jackson (599), it is well 
Known that the fundamental units chosen to mode! physical phenomena are 
arbitrary. In a physics model whose only fundamental unit is the joule, 
time is obviously modeled solely as a function of energy, just as mass is 
modeled today as a function of energy — hence the term "mass-energy 
We may also equally well use the term "time-energy’, since in a model 
using the joule as its only fundamental unit the second is purely a function 
of energy. Specifically, for our purposes 1 sec = 9 x 10'° joules of spatial 
energy, compressed by the factor ¢* and placed on the 4th Minkowski axis 
to constitute one second of time. Ifthe compressed spatial energy had been 
left in 3-space, it would be recognized as mass. For our purposes, time has 
the same energy density as mass. 


‘The flow oftime becomes a special form of EM energy flow, analogous on 
the fourth axis to mass flow (translation) in 3-space. Further, as previously 
pointed out the overall flow of time has extensive internal structuring of 
component time-energy flows. However, time-flow is in the imaginary 
plane or connected with it, since in Minkowski space the 4th dimension is 
‘modeled as -ict. Note that the only variable in ict is the 1, hence anything 
varying on the fourth axis is a variation oftime and time-energy a priori 


Further, we can apply conservation of EM energy to the time domain as 
well as in 3-space. And we can have "broken symmetry" in time-energy 
flow as well as in 3-spatial energy flow, so long as the net energy flow is, 
conserved. The most fundamental conservation of energy law is giant 
negentropy: the automatic circulation of energy from the time domain into 
3-space via decompression by the negative charge, thence the slight flow 
of 3-space energy to the positive charge where the 3-space energy is re- 


2” Matthew Chalmers, "Second law of thermodynamics broken." New Scientist, 19 
July 2002, hutp://www newscientist.com/news/printjsp?id=ns99992572 


539 


compressed, thence from the positive charge back into the time domain.” 
‘That was our solution to the long-vexing problem of the source charge and 
its associated 3-space fields and potentials and their 3-space energy. From 
special relativity, one already knows that time can dilate and then un- 
dilate, but each action is associated with an appropriate change in spatial 
energy. While that change in spatial energy can be kinetic, it does not have 
tobe. It can be a change in potential energy instead. In short, a static 
object rotates its frame with respect to the observer (lab) frame, whenever 
it absorbs or emits potential energy. 


‘We also pointed out the connection of time-energy to electromagnetics and 
to quantum field theory, via the four polarizations of the photon considered 
to travel in the z direction in 4-space. These four polarizations are with the 
energy vibrating along x-, y-, z-, and t- respectively. Vibration of the 
spatial energy of the photon along the x- or y- axis gives an ordinary 
transverse photon. Vibration of the spatial energy ofthe photon along the 
z- axis gives the longitudinal photon. Vibration of the time-energy 
component along the t= axis gives the scala or time-polarized photon. We 
assume a similar four polarizations for EM waves in 4-space.”" 


10.2 Mechanism Generating Flow of a Mass through 
Time 

‘As we covered in the referenced paragraphs in Chapters 1 and 2, the 
fundamental generatrix of the flow of a mass through time — and the 
structuring of that flow — is the total photon interaction with the mass and 
all its parts. This includes both observable and virtual photon interactions. 


As a recapitulation: Mass m does not exist in time, since it is an observable 
and observation is the imposition of d/di upon spacetime LLLT, removing 
the T to give a "frozen LLL snapshot." In short, mass m is an effect (of the 
iterative very high speed observation process), not a cause (which is an 
input to the observation process). This is why all observation is 3-spatial 
rather than spatiotemporal: it yields the 3-space effect (at a given time, of a 


Note the relationship with such things as time dilation, which represents a broken 
time-flow symmetry, where net energy flow from the time domain to the 3-space 
domain oceurs. Hence time dilation is associated with the increase of spatial energ 


such as Kinetic energy due to the relativistic velocity ofthe moving object 


"In this book, we have limited our discussion to four dimensions. Ifwe model in 
five or more dimensions, then additional symmetries and broken symmetsies are 
possible, as are new kinds of multi-dimensional EM waves. 
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given interaction), not the 4-space cause ofthe interaction and not the 
ongoing 4-space interaction. 


By absorbing and emitting photons, observed mass m may be said to move 
through time in a succession of m => mt => m => mt => m ... jumps, each 
involving change of physical state as a photon is absorbed by m, changing 
it to mt which is nonobservable. ‘Then a photon is re-emitted by mr, 
changing it back to m and completing another observation with this new m 
as the output (effect). We note that masstime m1 is as different in nature 
from mass m, as impulse Fr is from force F. In mass m, every tiniest 
differential dm is also interacting with photons continuously (even though 
they may be virtual photons), hence dm also exhibits its own "digital flow 
through time” as a part of the structure of the overall flow of the parent 
‘mass through time, 


Interaction primarily with the mrt state yields wavelike interactions. 
Interaction primarily with the m state yields particle-like interactions. This 
is proposed as a possible resolution of the wave-particle duality problem, 
which has never been resolved but just accepted without further argument. 
Previous consideration of wave-particle duality has assumed that "mass 
has two states, one particulate and the other wavelike”. We correct that 
assumption by pointing out that two different "states in which mass exists” 
are involved, and the two are quite different: one is mass m, and the other 
is masstime mt. We stress the function of the myriads of virtual photon 
interactions during an me state, where an observable photon has not yet 
been re-emitted. These virtual photon reactions create streams of virtual 
dm => (dmjdt => dm => (dm)dt =>... . on all the differential parts of 
‘mass m, which creates the rich structuring inside the "time-flow” of the 
overall observable mass m through time. The rich dynamics of the dm -> 
(dmjdi streams also accounts for the seeming existence of mass m as a set 
of 4-dynamics which interpret as a set of waves. We note that the emitted 
photon carries with it the internal structuring of the spatial energy domain 
and the time-energy domain. Herein we have the basis for the 
Kaznacheyev’s demonstrated electromagnetic induction of cellular damage 
and disease at a distance.” 


Finally, we tentatively assume that, prior to its interaction, the antiphoton 
carries negative spatial energy and positive time increments, while the 
photon carties positive spatial energy and positive time increments. In a 


‘Vhuil Kaznacheyev and L, P. Mikhailova, Ultraweak Radiation in Intercellular 
Interactions, {in Russian], Novosibirsk, 1981, 
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very small region where an excess of antiphoton interactions occurs 
temporarily, time-teversal occurs and the physics "runs backward". It has 
recently been experimentally proven that such "reversing" of the physics 
processes occurs up to micron size and for times up to two seconds. * 


10.3 Time-Polarized EM Waves and Longitudinal EM 
Waves 


10.3.1 Waves, Photons, Spacetime Curvature, and Observation 
Spacetime (ST) curvature involves not only the change of spatial energy 
density of local spacetime but also a change ofits rime-energy density 
‘That component of the total ST curvature due to time-energy density 
change — ic., time-polatized EM photons and waves — can be far more 
powerful, because of the enormous energy density of the time-energy 
compared to the far lies dense 3-spatial energy. As previously stated, time 
may be regarded as having the same energy density as mass, except that 
the highly compressed 3-spatial energy is moved to the 4th Minkowski 
axis to constitute "time" rather than being left in 3-space to constitute 
“mass”, 


Hence ST curvature can be made very powerful when one uses 
longitudinal phase conjugate EM wavepairs, as shown by Whittaker {600} 
in 1903 with slightly corrected interpretation as argued by the present 
author {615}. Each longitudinal EM wave in 3-space is accompanied by a 
precisely coupled time-polarized (scalar) EM wave in the time domain, 
which latter wave is a longitudinal EM wave on the fourth Minkowski axis 
involving changes in the t variable in the axis ~iet. We previously 
discussed the giant negentropy that this represents with respect to the 
source dipole. At various times in the past, we have emphasized the time- 
domain aspects of the coupled phase conjugate longitudinal EM wave-pair 
by calling such a coupled wave by terms such as time-density EM waves, 
time-polarized EM waves, etc. These terms imply additionally altering and 
structuring the time density and time-energy density of spacetime rather 
than merely altering and structuring its 3-spatial energy density. Such 
time-density induced ST curvatures may be nearly 10" times stronger than 
ordinary spatial energy density ST curvatures {601} 


Interestingly, at least one researcher — Matsumoto (602) —has realized 
the basic implication in cold fusion processes of using the strong EM force 


See footnotes 287, 288, and 289. 
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as the agent of spacetime curvature. He has shown consistency of the 
postulated EM-induced ST curvature approach with some important cold 
fusion results. However, Matsumoto has utilized the conventional 

interpretation of spacetime curvature due to alteration of 3-spatial energy 
density of spacetime. This misses the primary time-density functions, but 
does include the resulting spatial 


nergy functions after transduction from 
time-energy to spatial-energy. His work, however, does support the 
involvement of a more intense form of energy in the cold fusion effects. 


There are intriguing but still mysterious relationships to be noted between 
cold fusion and deep astrophysical mechanisms. Continuing reference is, 
made to these similarities, including black holes and white holes. Black 
holes and white holes involve spacetime curvatures — extreme, but still 
spacetime curvatures. So one would suspect that the entire scale of 
spacetime curvature — including black holes and white holes in the limit 
— should be of interest to cold fusion researchers, since in their use of 
time energy they are inadvertently involving more intense forms of energy 
than ordinary spatial EM energy. 


‘Most nuclear scientists and even some relativists seem unaware of the 
much more powerful spacetime curvature effects obtained by alteration of 
the time density of spacetime rather than just its spatial energy density. 
Physicists have largely omitted specializing on time density ST curvatures 
because they have largely omitted the absorption and emission interactions 
of the time components transported by photons and EM waves, 


Longitudinal EM phase conjugate wavepairs (each wavepair a coupling of 
a time-polarized EM wave and a longitudinal 3-space EM wave) of the 
type shown by Whittaker {600} in 1903 involve net time density 
oscillations as well as 3-spatial energy density oscillations, according to 
ur reinterpretation. The infolded "inner EM content” of all conventional 
EM potentials, fields, and waves thus contains extraordinary dense time- 
energy, normally lost in the d/dr observation interaction. 


In short, the infolded "internal Whittaker electrodynamics is a pure 
"general relativistic electrodynamics” and a unified field dynamics. 

Further, it can be engineered, which leads to startling new physical 
processes previously thought to be impossible and forbidden by the laws of 
nature. 


Prior to observation, the intemal highly compressed time-energy structures 
associated with the interior EM structure of all conventional EM 
potentials, fields, and waves are extremely powerful spacetime curvatures. 
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Video, allow the user to look around rotationally from a fixed 
position. 6DoF experiences, which are available in video 
games today, allow the user to mave spatially thraugh the 
environment just by walking or leaning their head forward. 
{6DoF head-mation tracking is required to enjoy 6DoF 
content in an intuitive manner. Many industries such as 
tourism, education, and other forms of immersive video will 
flourish as 6DoF technologies evolve. Most components of 
the video delivery pipeline are currently ill-suited for 6DoF 
Video, including capture devices, production software, 
codecs, compression algorithms, the network, and players, 
{6D0F video also demands bit rates in the range of 200 Mbps 
to 1Gbps, depending on the end-to-end latency. 


Connected and Autonomous Vehicles 


‘Smart, connected cars are already here — and some security risks 
have already been notoriously demonstrated — and self-driving 
autonomous vehicles are beginning to appear on our roads. Other 
applications that 5G will enable for smart, connected cars include: 


>> Traffic safety: This includes the abilty to detect hazardous 
road conditions, such as inclement weather or nearby 
accidents, and provide real-time guidance for appropriate 
courses of action to enable safer driving and reduce the risk 
of accidents. For example, imagine a situation in which your 
driverless car gets a real-time message (in microseconds) 
thata truckis rapidly approaching the intersection that you 
are about to crass. Your car then automatically slows down 
to let the truck pass the intersection, thereby avaiding a 
possible accident. 


>> Entertainment (for passengers): Live video and music 
streaming (including 4K ultra high-definition movies), 
Interactive video games, cloud connectivity, and data 
exchange elaborate the need for high capacity and high 
‘mobility mobile broadband, 


>> Augmented reality (AR): Displaying key information in near 
real-time for drivers requires low latency so that the 
Information is timely and relevant. In the earlier truck 


40 5G For Dummies, iia Special Edition 


In short, all "conventional" electrodynamics has an intemal structure of 
strong spacetime curvatures and dynamics. 


Organization and patterning impressed on, or inserted in, this internal 
structuring can provide extraordinary actions in materials, living biological 
systems, cells, etc. Adding deterministic structuring inside these normal 
EM entities is referred to by Russian energetics weapon scientists as 
engineering the information content ofthe field. This is the approach 
behind deliberate engineering of spacetime curvature engines, or vacuum, 
engines — or just “engines” for short. 


In theory, any physical change to a mass can be engineered by inserting 
such “engines” into the mass. Any mass-energy is a mass-energy EM 
potential with an internal structuring (engine) for all the mass's internal 
dynamics. This engine is referred to as the resident engine of that mass 
(and all its dynamics). Introducing to a given mass a potential with a 
desired "delta engine” structure, results in the superposition of the two 
potentials, resulting in exchange sharing ofthe engines. In that manner, a 
desired "delta engine” diffuses into the mass's potential structure and its 
resident engine, changing it to a new resident engine which now acts on 
the mass at every level to change it. Potentials superpose, and their engines 
diffuse and supetpose as well. Direct engineering of matter — even inside 
the nuclei and inside the nucleons themselves — can be performed by 
introducing the desired engine or engines for the changes desired. 


This area has been highly weaponized by one or more nations. E.g., the 
Russians — in several decades of so-called "microwave radiation of the 
U.S. Embassy in Moscow — induced health changes and diseases in U.S 
personnel in the Embassy by inducing deliberate "disease engines". Such 
EM-induced diseases and health changes were generated in the zones 
where the potentials were field-free, and therefore stable for stable engine 
diffusion. 


Note that the common scalar potential decomposes by Whittaker’s 1903 
decomposition (600) into the longitudinal EM wavepaits we are speaking 
of. Also note that, per a second paper by Whittaker in 1904 (91b} that 
initiated superpotential theory, all EM fields and waves can be 
decomposed into two scalar potential functions. Each of those base 
potentials involved in the potential functions further decomposes by 
Whittaker 1903 into a harmonic set of phase conjugate longitudinal EM 
\wavepaits as previously discussed. Therefore, the infolded EM inside all 
the "conventional" EM fields, waves and potentials is indeed a highly 
organized set of such bidirectional longitudinal EM wavepairs and thus a 
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highly organized set of extreme localized ST curvatures. In other words, it 
is comprised of these special "engines" of deterministic spacetime 
curvatures and their dynamics. 


Constructing the potential by assembling one’s own set of phase conjugate 
longitudinal EM wavepairs to form it, one can insert any kind of ST 
curvature set — any kind of vacuum engine desired — inside the base 
potential(s), hence inside the two potential functions comprising a given 
set of EM fields and waves utilized as "carriers". The specific internal 
structure ofa "carrier" radiation field or potential designed to carry such 
engines is called the "information content ofthe field’ The Rus 
have long had a disinformation campaign to suggest that the term refers to 
conventional spectral analysis. It does not. 


Johns Hopkins scientists did detailed measurements inside the Embassy 
and confirmed that all the anomalous health changes and diseases had 
occurred only in areas where the EM fields B and E were absent. That is, 
the health changes occurred only where the potentials were field-free and 
therefore stable and unchanging, so that an exposed body was immersed in 
a steady sea of "Vacuum engines” being diffused throughout the targeted 
body's EM potentials in and on its cells, its cellular membranes, etc. 


In general relativistic terms, every physical set of changes and altered 
dynamics (syndrome) of a specific disease has a specific delta set of 

spacetime curvatures and dynamics associated with it, which interacts on 
the body, its chemistry, its electrodynamics, its cells, etc. A desired set of 


ype have been developed and tested. In a 
‘mud of infolded longitudinal EM waves 
and their dynamics. In theory, command and contro! functions (via longitudinal EM. 
\wave communication) can be included, as can certain kinds of weapons effects based 
‘on scalar interferometry, The eventual development of such startling weapons seems 
intended to produce an army of eerie "internal EM" robots which can be "sent in 
through the interior of EM fields, waves, and potentials, o targets anywhere on 
earth, beneath its surface, in space, or beneath the ocean. This may be intended to 
become the ultimate robot or "high tech” warfare, and itis also the ultimate 
‘nformation” warfare. There ate no shields against this ype weaponry. Defense, 
however, is accomplished by first using longitudinal wave “scanning” to pick up and 
track the systems, much like radar picking up aircraft. Once detected, scalar 
interferometry is utilized to disrupt and destroy them in place, Progress on these 
robotic weapon systems appears to be well along, as does progress on their 

1g longitudinal EM wave weapons. 
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ST curvature deltas for a given disease was inserted inside the base 
potentials in a combined Whittaker 1903 and 1904 decomposition ofthe 
stable field-ftee potentials in the Embassy. The Russians thus induced the 
desired engines for induction of the specifically desired disease(s) in the 
assigned personnel in those field-free potential zones in the Embassy. The 
purpose was to use the tests as (i) a guaranteed means to provoke high 
level U.S. governmental attention, and (ii) a probe to see ifthe U.S. knew 
about such technology and had developed defenses. Other tests of such 
disease induction in entire populations have also been conducted, but these 
are beyond the scope of this book. 


We point out one very important thing: the cells of the body have their 
normal "resident engines" and resident engine dynamics inside their 
internal fields and potentials and waves. For any specific disease or 
disorder condition, there exists a specific associated change (delta) in the 
normal set of vacuum engines and their dynamics, in the cells and the 
body. In short, there exists a specific "delta engine" for any cellular disease 
or disorder, added to the normal engine. 


I is not the immune system that heals. Instead, itis the cellular 
regenerative system. The natural healing method used by the cellular 
regenerative system is not chemical. The regenerative system uses the 
phase conjugate wavepair composition of increased scalar potentials (on 
cellular membranes and every part of the cell) to "pump" the cells in the 
time-domain. This creates an “anti-engine” for the specific disease delta or 
disorder, and it slightly amplifies this anti-engine within the limited 
capabilities ofthe body. This action places this amplified anti-engine also 
into the stricken cells’ engine complex. Engines superpose, just as do 
potentials. This action by the regenerative system has the effect of slowly 
producing complex anti-forces in the body and inside the cells themselves, 
eliminating the detrimental engine delta, restoring the normal resident 
engine and thus time-reversing the stricken cells back to a previous healthy 
condition. It does not kill pathogens at all; that is the function of the 
immune system. In the 1960s and early 1970s, Antoine Priore in France 
demonstrated remarkable cures of terminal tumors, infectious disease: 
clogged arteries, and other disorders in laboratory animals,”* unwittingly 


© See (a) A. Priore, Guerison de la Trypanosomiase Experimental Aigue et 
Chronique par L ‘action Combinee de Champs Magnetiques et D ‘Ondes 
Electromagnetiques Modules [Healing of intense and chronic experimental 
‘ypanosomiasis by the combined action of magnetic fields and modulated 
electromagnetic waves), Priore’s thesis submitted in candidacy for the doctoral 
degree, 1973. The thesis was rejected when the project was suppressed. See also (b) 
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amplifying the body's own master regenerative mechanism. His work was 
suppressed in the mid-70s. 


Check our website, www.cheniere.org, for a 119-slide "porthole" briefing 
on the present author's extension whereby specialized mixes of ordinary 
EM waves can be used to initiate and perform this "delta engine 
elimination” healing process, and it can be highly amplified well beyond 
the body's normal healing capabilities. 


In 1998 we seriously proposed to the DoD, the USAF, the NIH, and other 
US. government institutions that a crash development program be initiated 
to develop portable units capable of rapidly (5 minutes per patient) treating 
mass casualties from coming terrorist attacks with weapons of mass 
destruction such as anthrax, smallpox, bubonic plague, Ebola virus, ete. 
Sadly, no one in the U.S. government had the foggiest notion of what we 


Le Probleme Priore." Rapport de la Commission de I'Academie des Sciences a 
Monsieur le Ministre d'Etar charge de la Recherche et de la Technologie, 1982, p. 1- 
22: (¢) Antoine Priore, "Precede et dispositif de production de rayonnements 
ltlisables notamment pour le traitement de cellules vivantes,” [Procedure and 
Assemblage for Production of Radiation Especially Serviceable for the Treatment of 
Living Cells], Republique Francais Brevet dlnvention P-V. No. 899.414, No. 
1,342,772, Oct. 7, 1963: (d) Antoine Priore, "Method of producing radiations for 
penetrating living cells,” U.S. Patent No. 3,280,816, Oct. 25, 1966; (e) Antoine 
Priore, "Apparatus for producing radiations penetrating living cells." U.S. Patent No. 
3,368,155, Feb. 6, 1968; (D) A. J Berteaud and A. M. Bottreau, "Analyse des 
rayonnements electromagnetiques emis par Tappareil Priore,” [Analysis of the 
electromagnetic radiations emitted by the Priore apparatus], D.R.ME., 1971, p. 3- 
12; (g) R. Courrier, "Expose par M. le Professeur R. Courter, Secretaire Perpetuel 
de L’Academie des Sciences fait au couts d'une reunion a LTastitut sur les effets de 

| Machine de M. A. Priore le 26 Avril 1977.” [Presentation by Professeur R. 
Courrier, Perpetual Secretary ofthe Academy of Sciences, made at the meet 

‘the Academy on the effects ofthe machine of M. A. Priore]: (h) R. Pautrizel, A 
Priore, M. Dallochio and R. Crockett. (1972) "Action dondes electromagnetiques 
cl de champs magnetiques sur les modifications lipidiques chez le Lapin par 
Vadministration dun regime alimentaire hypercholestrole.” [Action of 
electromagnetic waves and magnetic fields on provoked lipidie modifications in the 
rabbit by the administration of an alimentary hypercholesterol diet.] Compt. Rend 
Acad Sci. (Paris), Vol. 274, 1972, p. 488-491. The same university that rejected 
Priore’s doctoral thesis in 1973, accepted a doctoral thesis on the same subject some 
11 years later due to the persistence of Pautrizel: See (i) Eric Perisse, Effers des 
Ondes Electromagnetiques et des Champs Magnetiques sur le Cancer et a 
Trypanosomiase Experimentale [Effects of Electromagnetic Waves and Magnetic 
{fields on Cancer and Experimental Trypanosomias], Doctoral thesis, University of 
‘Bordeaux No. 83, March 16, 1984. 
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were discussing, At NIH, we never got out of their "policy" (ie., "spin 
control”) department. Not a single capable scientist reviewed the extensive 
package. The attack on the World Trade Center and the Pentagon on Sept. 
11, 2001 is just a forerunner of that which is to come. We could have been 
prepared to Save hundreds of thousands of Americans, even millions. We 
shall not be ready, and the first really professional anthrax or smallpox (or 
camel pox, which is easily available and almost exactly the same as 
smallpox) attack on a major U.S. population center may leave fiom one to 
three million Americans dying in the streets and in their homes. Presently 
nothing will save them. It could have been different. 


103.2 Photons and Waves in Minkowski Spacetime 
Photons are made of angular momentum (action): i¢., of energy x time. 
‘Waves, being made of photons, carry both spatial (decompressed) energy 
and time (highly compressed) energy — although physics has largely 
omitted the time-energy-carrying aspect, and only accounted for the spatial 
energy-carrying aspects. An EM wave in space is actually a wave of the 
particular spacetime curvatures that produce angular momenta in 
interacting charged masses. The standard notion of E and B fields at right 
angles in a plane in 3-space, traveling along the z- direction and with the 
plane orthogonal to z-, and with E and B field vectors oscillating back and 
forth, is nonsense, as acidly commented upon by Romer (603). the former 
editor of American Journal ofPhysics. 


Nonetheless, using the standard way of modeling the "transverse" EM 
wave: In conventional electrodynamics, a transverse EM wave is one 
where the 3-spatial energy density is considered to be varying rhythmically 
at right angles to the direction of wave propagation, and the time-density 
assumed to be non-varying, or at least altered only by special relativistic 
considerations in certain cases.” A longitudinal EM wave has its spatial 
‘energy density fixed in x- and y- directions, and its energy density is 
oscillating along z-, the direction of wave propagation, by a "compression" 
and “rarefaction” process much like squeezing an accordion. This, 
however, leads to a "galloping" motion where the wave is alternately very 
superluminal and very subluminal at given instants, but moving at an 
average velocity ofc (604). On the other hand, a time-density (scalar) EM 
wave by definition is not varying in its 3-spatial energy density, and 


©€ We point out that a wave of varying spatial energy density is moving in a varying 
curved ST a priori, by general relativity. Ifthe "wave" were in a flat spacetime as 
normally assumed, the EM flat spacetime would eliminate the EM wave itself. This 
has been particularly pointed out by Sachs and by Evans. 
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therefore is not varying in.x-, y-, orz-. Instead, the energy is in the form of 
time-energy, and its variation is in time density. So its energy density is 
oscillating along the fourth Minkowski axis, ict, as an oscillation of the 
energy density ofthe variable s. It is therefore polarized in the t- direction 


103.3 Time-Charging, Internal Structuring, Vacuum Engines, and 
Diffusion 

Photon interaction as a spatial energy collection or energy exchange 
process is well known in physics. However, the time-charging or time- 
excitation interaction between the mass and the time component carried by 
the photon is usually ignored. 


As is well known, an atomic electron that absorbs a transverse photon 
increases its spatial energy and changes into an excited spatial energy 
state, When the electron subsequently "decays" from that excited energy 
state to a lower state, the spatial energy differential between the two states 
is emitted as the spatial energy component of an emitted photon. This is 
the spatial energy density reaction ofa transverse photon with an 
absorbing and emitting mass particle. 


Unaccounted for by physics, at the time of the energetic excitation of the 
mass (i.e., when the photon is absorbed), a time excitation — time 
charging — also occurred because the time-component of the absorbed 
photon is also attached to the mass, converting it to masstime, a new entity. 
Re-emission of the photon is accomplished by the decay of both the spatial 
energy excitation and the fime-energy excitation. In the previously excited 
state after photon absorption, however, one did not have the entity "mass", 
but the entity masstime having greater topology. If mass is an observable 
and taken to be 3-spatial (as is conventional), then photon absorption and 
emission oscillates between 3-space and 4-space effects, generating both 
spatial energy and time-energy (ot angular momentum) excitation and 
decay, 


Further, only masstime emits a photon. This immediately casts a very 
different light on such things as radioactive elements, which are in an 
initially excited state. Discussion of this aspect, however, is beyond the 
scope of this treatise. 


On the other hand, a scalar (time-density) photon {605, 606} has a rather 
different interaction, regardless of how physics presently treats it. Any 
atomic electron at any energy level is continually receiving and emitting 
virtual photons - transverse, longitudinal, and scalar- in its virtual photon 
exchange with the energetic vacuum. Hence it is continually "connecting 
to” or “absorbing” time components, thereby changing its nature from 
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‘mass to masstime, back to mass, back to masstime, etc. Not only the entire 
electron but also each differential piece of itis performing that dance 
between mass and masstime. This is a continual changing from 3-space to 
4-space and back. There thus is a violent “chatter” of he electron (and 
each differential piece of it) in the myriad levels of its rime exchanges, 
giving it 


(@ ——_Anaverage rate of ime component exchange, 
(i) Amaverage "time-charge", and 


(ii) A dynamically changing, specific structuring of its time 
‘components. 


Whenever a mass absorbs an observable photon, the mass converts to 
‘masstime, with an extension in time” as well as extension in 3-space. 
During the time-interval created in the masstime, myriads of virtual 
photons are absorbed and emitted by that mass component ofthe masstime 
entity, Hence every dt portion of the masstime state after observable 
photon absorption, is "internally structured” by the entire virtual photon 

n that time interval 


By tailoring at least the larger elements ofthis internal structuring of the 
‘masstime state's virtual photon bombardment, by a deliberately induced 
virtual photon bombardment, the emitted photon from the masstime decay 
will carry away with ita desired internal "vacuum engine” structure of 
organized curvatures of spacetime. In short, two potentials superpose; that 
is one oftheir primary features. When they superpose, they also diffuse 
their internal structures (internal vacuum engines) into each other. 


We speak of the diffusion ofa specific vacuum engine placed in one 
interacting EM potential, field, and or wave as dimensioning the potential, 
field, or wave. Adding a dimensioned potential, field, or wave to other 
potential(s), field(s), or wave(s) diffuses the dimensioning (the engines) 
between all ofthe participating entities. With steady radiation of such 
dimensioned signals into a targeted object, field, wave, or potential, the 
dimensioning is gradually created (kindled) in the target, simply diffusing 
throughout it and gradually accumulating. If the irradiating signal carries a 
specific disease — e.g., necrotizing fasciitis — then gradually in the 
inradiated body there will emerge all the symptoms of necrotizing fasciitis. 
Ifthe irradiating signal carries a specific disease antiengine — e.g., for 
necrotizing fasciitis — then gradually the necrotizing fasciitis condition 
will be eliminated, with the disease organisms also being eliminated. 
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This is a more fundamental extension ofthe disease vector concept. Not 
only can a disease vector be induced by a physical organism such as a 
virus or bacterium, but it can also be introduced by simply capturing the 
fundamental vacuum engine pattern of the disease and using it to condition 
or dimension signals used to steadily irradiate the targets. 


This is the explanation of the Kaznacheyev experiments {607}: thousands 
of experiments performed by Viail Kaznacheyev and his colleagues 
demonstrated the induction of almost any kind of remote specific cellular 
death and disease patterns in targeted cells, by absorption of radiation 
emitted from appropriate dying or diseased “emitter” cells with that 
condition, ifthe experiments were performed in the dark. 


Instead of looking for biogenesis causes in amino acid precursors to 
cellular life in meteorites etc., one might well look into the vacuum engine 
structures inside the light from the sun, the planets, the stars, and the 
universe in general. E.g., dead sperm can often fertilize female cells, if not 
too much physical damage and deterioration to the dead sperm cells has 
yet occurred. This is understandable, since for a time a dead but 
undamaged sperm cell will have the same resident engine as a living sperm 
cell 


10.3.4 Some Cosmological and Gravitational Effects 
Each of the observable-sized dt's in all the serial masstime excited states 
ofthe mass moving through time, is internally and precisely structured. 
‘The precise time history of any mass — together with all its interactions, 
experiences, etc. — is present inside the time stream of ongoing 
interactions of that mass with photons. These virtual photon changes are in 
fact deterministic and come from every part of the universe, as shown by 
Puthoff {608} in his self-regenerative cosmological feedback cycle. We 
have merely extended his cosmological feedback to include the time 
domain as well as the energy domain. We hypothesize without further 
discussion that this internal structuring of the time-domain for every mass 
or object will eventually be connected with the quantum concept of the 
geometric phase (609) 

When a transverse photon interacts with a mass in the presence of other 
photon interactions, the mass can act as a phase conjugate mirror and form. 
the phase conjugate replica photon (an antiphoton). For a longitudinal 
photon, the antiphoton prior to observation is a scalar photon. We propose 
that in the unobserved causal state the photon and antiphoton can couple 
(strong interpretation of the distortion correction theorem) and form a spin- 
2 graviton. According to quantum field theory, one may already interpret 
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the common scalar potential as being comprised of such spin-2 gravitons 
(610, 611} if we speak of the situation prior to observation. 


‘As opposed to the accounted spatial energy charging of the familiar 
transverse photon interaction, the longitudinal photon interacting with 
‘mass will cause immediate phase conjugation by the mass because of the 
accompanying scalar photon (accompanying antiphoton prior to 
observation). When one pumps with longitudinal EM waves, one also 
inadvertently pumps with time-polarized EM waves simultaneously. 


From its background "time-energy pumping” in its vacuum exchange, the 
‘mass forms the phase conjugate replica, which couples to the incident 
longitudinal EM photon. This forms (wave view) bidirectional longitudinal 
EM wavepairs (conjugate pairs), comprised of (particle view) internal 
coupled longitudinal photon-antiphoton pairs. Each of those internal 
photon-antiphoton pairs is a spin-2 graviton, 


Each such conjugate longitudinal wavepair actually contains a time- 
density (time-polarized) or scalar EM wave. So the interaction of LWs and 
their accompanying scalar waves immediately initiates the formation of 
time-density waves, which then primarily perform a time-charging 
interaction. In addition, even for an equilibrium time-charging state, the 
"masstime” state ofthe interacting electron contains a specific structure of 
the time elements in the electron-time’s time component. Each of these 
infolded time elements is also time-charging the electron, 


10.35 Charging and Excitation Considerations For Cold Fusion 
Purposes 

So there are several new types of charge or excitation that are involved in 
cold fusion and other phenomena. One may speak of charging and 
excitation such as gravitational charging, time charging, time-energy 
excitation, time-energy charging, etc. 


Both the longitudinal photon and the scalar (time-polarized) photon are in 
fact known in physics, but usually neglected, at least at the end of 
calculations. E.g., Gray (612) puts it this way about the four kinds of 
photon polarizations and the habitual elimination of the higher ones: 


All that quantum theory can say is that there are two 
transverse photons, a iongitudinal photon anda scalar 
photon. It must be decided by other means which are 

“desirable” states and then itis customary to “eliminate” 
the longitudinal and scalarphotons by invoking a 
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subsidiary condition, now somewhat weakened from the 
Dirac form. 


For our purpose in examining the cold fusion experiments, there exists a 
completely unsuspected "time-charge” set of excited states for an atomic 
electron, a proton (as in an H+ ion), etc.” There also exists a "time- 
structuring” ofthe time-charge excited time-state, which we will see is 
important in certain highly anomalous instrument phenomena. Uncovering 
this time-charging and time-structuring interaction has been one of the 
major results of this author's long effort to decipher the functioning of the 
healing (cellular regeneration) system of the body as well as his efforts to 
decipher the fundamental nuclear transmutation mechanism in cold fusion 
transmutation interactions at feeble spatial energy. 


In summary: For longitudinal photon interaction, the atomic electron 
“absorbs” the longitudinal photon and its accompanying scalar photon, 
being simultaneously spatial-energy excited (charged) by the longitudinal 
photon and time-energy excited (time-charged) by the scalar photon. This 
time-excited state (of masstime) then subsequently decays, emitting a 
longitudinal photon accompanied by a scalar photon in the process. 


» See again foototes 287, 288, and 289. From our mechanism propelling a mass 
through time, time-charging and discharging play the causal role. The aequistion of 
‘dt by mass m produces masstime mt, then the subsequent photon emission decay of 


‘mt back to m produces "propagation of mass m forward through time” by on 
jump". Time charging with -dt and subsequent photon emission is what produces 
‘propagation of mass m backwards through time" by one "jump". Evans et al 


proved that even up to the micron scale physical particles and their dynamics ean run 
backwards in time for up to wo seconds of more. The fluctuation theorem proved by 
Evans and his colleagues in 1993 shows us that, atthe seale of a proton and neutron. 
there can become a high probability of significant time reversal ofthe physical 
‘dynamics. This means that the law of atraction and repulsion of charged particles 
-such as two Hs ions in solution — "runs backwards” or is reversed, so that 
8 attract and unlike charges repel. We have called the region 
of the physies oceurs atime reversal zone (TRZ).. With the 
reccent work of Evans et al, the existence and occurrence of TRZs even well above 
the proton (the H+ ion ) evel is now clearly established, including the reversing of 
the physical dynamics. These concepts have not yet been applied to cold fusion 
Interaction results by the leading cold fusion researchers, but they now stand as 
explaining the most probable mechanism for the observed phenomena, In this 
Chapter we have written some ofthe typical new nuclear reactions that can occur in 
such a TRZ, and the exact products ofthese reactions are widely reported in several 
hhundredsuccessfulcoldfusionexperiments 
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‘example, alive situation is being tracked by the involved oT 
devices and infrastructure, and relayed in real-time to the 
users — vehicle and human, 

>> Self-driving, autonomous vehicles: These will require 
ultra-reliable, high-speed communication between different 
driverless cars, and between cars and infrastructure. 


The Connected World 


‘Smart homes, smart cities, multiple industries (such as health, 
retail, smart grids, and remote factories) have a common 
thread — they are using more and more devices and sensors that 
communicate with one another and the rest of the world, 


‘Many of these devices are mission critical; others may send high- 
definition video, requiring high availability and very low latency. 
Yet another set of devices may send small data packets relatively 
infrequently (for example, every few hours, days, or weeks). Some 
examples of common use cases with diverse connectivity require 
‘ments include: 


>> Logistics and freight: These devices and sensors typically 
require lower data rates, but need wide coverage and 
reliable location information. 


‘A smart grid requires low latency sensors ta 
regulate the use of utilities such as electricity, natural gas, 
and water. Leveraging digital information, such as the 
behaviors of suppliers and consumers, allows the smart grid 
to improve the efficiency, reliability, economics, and sustain- 
ability ofthe production and distribution of these resources, 


>> Remote medical: Collaborating about a medical case with 
other surgeons located thousands of miles away was a use 
case scenario discussed as part of the Long Term Evolution 
(LTE) rollout. Itcan become a realty with the extreme 
bandwidth, low latency, and high availabilty of 5G networks. 

>> Hazardous areas: The ability to remotely explore 
mining areas or shut down a nuclear power plant during 
‘an emergency — in a fraction of the time required for 
human interaction, and without risk to human life — is 
possible with 5G. 


CHAPTER 7 Exploring 5G UseCases 41 


‘We shall return to time-charging and time-charge decay when we examine 
and explain the odd instrumental anomalies experienced for some time in 
experiments at China Lake. 


10.4 Time Reversal Zone and New Nuclear Reaction 
Mechanisms 


It follows that the flow ofa mass through positive time must involve a 
preponderance of reactions with photons rather than antiphotons, since net 
absorption and re-emission of photons (rather than antiphotons) is 
involved. Otherwise, the absorbing and emitting mass would not 
accomplish little "jumps" forward in positive time. 


Suppose we deliberately arrange a situation where the target mass is 
interacting with a preponderance of antiphotons. In this case, the mass will 
be time-reversed, as will be the EM energetics. ** This leads us to the 
novel concept of a time reversal zone just described in footnote. 


A time-reversal zone (TRZ) is a region of space, or electrolyte, etc. in 
which given masses or charges of interest are interacting on the average 
with more antiphotons than photons. Consequently, in the TRZ the usual 
EM energetics are reversed and normal charge reactions appear to "run 
backwards” insofar as the spatial 3-space observer is concerned. 


For example, in electrolytes in a region of highly loaded positive charges 
in a loading palladium lattice with properly prepared surface, a very great 
number of double surfaces exist. Hence a great number of scalar 
interferometries continually occur from that large number of double 
surfaces acting as scalar interferometers (613). Because of the highly 
excess positive charge loading, these interferometers are predominately fed 
by negative EM energy from the positive charges. Hence, in the distant 
interference areas in the electrolyte outside the palladium lattice, some 


This is nor time-travel in the classical science fiction sense. For time-travel, the 
traveling object must remain moving in its own forward time, while the entire 
remainder ofthe universe must be reversed in is time and must move backward in 
time to a past coordinate, That is not what is happening here, and no one is 
suggesting we can time-reverse the rest ofthe universe! Instead, energy can be 
reversed in time, as proven in nonlinear phase conjugate optics. So can mass-energy 
and charge-energy, as shown by the Dirac theory ofthe electron, An observed 
positron is an electron observed while traveling backwards in time, so t0 speak, with 
respect to the observer. But itis observed in observer forward time as traveling 

the opposite spatial direction, having positive mass and postive energy, and with the 
sign of ts charge reversed fom negative to positive 
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negative energy fields and negative energy potentials are produced 
dominantly. An excess of antiphotons is produced in those interference 
zones where an excess of antiphotons appear due to the scalar 
interferometry. In those little interference zones, the simple positive ions 
are momentarily bathed in an excess of antiphoton interactions. This is 
therefore a time-reversal zone of momentary time-reversed EM energy 
flow. 


From a palladium lattice loaded with H+ or D+ ions, and also having a 
proper surface with many work grooves and thus many small 
interferometers, random fluctuations in the scalar interferometry oceur in 
the adjacent electrolyte. Some of these random scalar interferometries 
continually form fleeting time reversal zones (TRZs) in their interference 
zones in the surrounding electrolyte. The very large energy required for the 
formation of each TRZ. and its reversal of the normal laws of attraction and 
repulsion of charges, is available from conversion oftime energy fiom the 
time domain as a result ofthe giant negentropy mechanism in 4-space 
ongoing in the loaded positive charges (614, 615} in the palladium lattice 


Fee 0 Fane cnnacalsinpllrsintimeoruardandtineeverszares, 


See Figure 10-1. In Figure 10-Ia, two hydrogen ions (two fiee H+ protons) 
in a normal electrolyte and in a normal time-forward zone are shown. The 
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Coulomb barrier dramatically increases the forces of repulsion between the 
‘two H+ ions as their kinetic energy may be driving them momentarily 
toward each other. This Coulomb barrier becomes so strong that it stops 
the approach ofthe two ions and forces them back apart, or to deviate 
aside from their paths, before each can ever enter the very short-ranged 
strong force region of the other. Consequently no nuclear reaction occurs, 
but only a common chemical reaction. The maintenance of that Coulomb 
barrier is all that prevents energetic ions fiom being driven together 
closely enough to engage the strong force and cause the ions to form a new 
nucleus (cause a transmutation), 


Now see Figure 10-Ib, for the same two ions that suddenly find 
themselves ina momentary time-reversal zone (TRZ). In a temporary 
‘TRZ, suddenly like charges attract and unlike charges repel, exactly in 
reverse of the normal behavior of charge attraction and repulsion. The 
usually increasing Coulomb barrier (repulsive force between the two 
approaching H+ ions) has disappeared and been replaced by an increasing 
Coulomb attractor (attraction force). Further, the strong force has been 
partially reversed and much weakened since the gluon forces are 
dramatically reduced and fluctuating.”” The attractive strong force is now 
partially repulsive force and so it is much weaker. Consequently. the 
{quarks in a proton or neutron are not nearly so strongly bound as they are 
in a normal time-forward zone (TFZ). 


A TRZ represents a highly time-charged excited local state in that local 
region of the electrolyte. The moment a TRZ. is formed, the surrounding 
ions in the electrolyte outside the TRZ. immediately move or deviate their 
movements to reverse this TRZ action” and convert it back to a time- 
forward zone (TFZ). Hence once it is born in the electrolyte, the TRZ 
decays rapidly due surrounding ion movement changes, and even more 


2 Again we stress the tremendous energy density ofthe time-energy involved 
These cold fusion interactions are actually higher tual energy reactions than auclear 
physics presently uses, even though the spatial energy density of the reactions is 
very small. Together with the now-proven fluctuation theorem of Evans etal, the 
‘TRZs and reversal ofthe normal Coulomb barrier into a Coulomb attractor open up 
vast new ) lear transmutation reactions at low spatial 
‘energy but at very high tempic energy. The ability to directly engineer the quarks 
and the gluon forces, e.g, opens up a new ehemistry of direct subparticle 
‘engineering heretofore considered quite impossible by chemical means. 


°° Their approach increases the faction of photon reactions relative to antiphoton 
reactions, since the other ios are moving in a TFZ.on the average 


rapidly due to the rapid variation in the fluctuating scalar interferometers 
in the loaded palladium lattice. In most cases, the random fluctuation in the 
scalar interferometry is so rapid that the TRZ. decays back to a normal TPZ 
before the two approaching H+ ions can reach each other (reach each 
other's reduced strong force repulsion region). However, in a certain 
percentage of approaches, the two approaching like-charged ions will 
“reach each other” — i.e., each will enter the weakened strong force region 
ofthe other before decay of the TRZ occurs 


See Figure 10-2. In Figure 10-2a, we show the case in which the TRZ, lasts, 
long enough for the two H+ ions to reach each others strong force 
repulsion zones and form a quasi-nucleus. Here they vibrate back and forth 
in a dynamic dance around the zero net force axis between their repulsive 
strong forces and their attractive Coulomb forces. In this case, a new kind 
of nuclear reaction is set up to occur. Decay from this excited quasi 
nucleus state in a TRZ, can occur into a real nucleus in a normal TFZ. 
Energetically, because the quarks are so loosely bound now" the 
preferred decay mechanism when TRZ -> TFZ is by appropriate quark 
Hlipping 
As a little bit more time passes, the interferometry changes and the TRZ 
decays, returning back to a normal TFZ.. In a change from TRZ to TEZ, the 
energy change is enormous because time-energy is involved, with energy 
density equal to mass. The only difference in a proton and a neutron is the 
orientation of one quark (three quarks make up each of the particles). AS 
‘TRZ decay starts and progresses, the strong force changes back to a 
powerful attractive force. It increases its strength far more powerfully and 
quickly than the Coulomb attractive force reduces its reversal and changes 
backto a repulsive force. The addition of the extra energy from the now- 
increasing strong attraction force simply causes one nearly-freed quark in 
‘one of the two H+ ions to flip, converting that H+ ion into a neutron n. 
Instantly the preferred decay product is the deuterium ion D+. So the H+ 
and the n simply draw a bit closer together, each now fully inside the 


*" Toappreciate the sheer raw power ofthe time-energy control of interactions, 
simply examine the enormous spatial energy density required in high energy physies 
1 Uy 10 approach the "free quark" condition. Enormous and very expensive spatial 
‘energy accelerators are used, at the absolute state ofthe at. By going tothe use of 
the extraordinarily dense time-energy, quarks can readily be freed or nearly freed in 
electrolytes, and they are neuely feed in more than 600 relatively simple and 
inexpensive old fusionexperiments [753) onthe bench-top toallow newnuclearsenctions 


8 (753) 
by quatk ipping, where proton turns into aneutron or vice Versa 
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rapidly increasing attractive strong force region of the other. This converts 
what had been a quasi-nucleus of two H+ ions into a real D+ nucleus. This 
result is shown in Figure 10-2b. 
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Recapitulating: As the TRZ subsequently decays back to a normal time- 
forward zone (TFZ), the new quasi-nucleus becomes an excited state, and 
decays. However, the quasi-nucleus decays by very novel means. Because 
ofthe time reversal, the energy changes induced in the decay start at each 
spacetime point inside the quasi-nucleus, deep inside the quarks, and 
proceed outward. The first interaction of the decay mechanism is with the 
quarks comprising the nucleons (in this case, the protons). With the gluon 
forces still very much weakened, quark flipping becomes the preferred 
decay mechanism. Hence one quark in one proton flips its orientation (that 
is the mechanism of decay!) and the nucleus — now a nucleus comprised 
of proton and a neutron — becomes a nucleus of deuterium. 


‘As can be appreciated, the clustering of different types of like-charged. but 
relatively simple positive ions in TRZs in solution, with subsequent decay 
of the TRZ into a TFZ, initiates a revolutionary new family of nuclear 
reactions at low spatial energy (but very high temporal energy), completely 
contrary to, and not included in, the present forward-time high-spatial 
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energy (but very low time-energy) reactions model known in particle 
physics. 


In the future, as these new time-energy-based reactions are extended and 
mastered, scientists will simply assemble desired nuclides in solutions in 
the laboratory, at low spatial energy (but high time-energy) and at will. We 
point out but do not pursue further the fact that these new reactions also 
‘open up cheap, practical, electrochemical means of altering nuclear and 
chemical wastes. We therefore foresee a dramatic development in this 
area, in order to clean up the presently polluted biosphere of much of the 
chemical and nuclear waste contaminants, 


Indeed, we propose that a very strong program in mastering these new 
nuclear reactions be launched and supported by the U.S. Department of 
Energy, so that the nuclear wastes storage problem can be permanently 
solved, much more cheaply, and without having to store hazardous nuclear 
wastes for centuries. Instead of merely talking about "out-of-the-box 
thinking and research’ the DoE. should actually do some of it, over the 
violent objections of the entrenched conventionalists of the national 
laboratories. Their own great national laboratories are the major part of the 
problem, not the solution, for both innovative nuclear reactions and 
innovative energy systems! The problem is that "in-the-box" entrenched 
conventionalists do not perform or allow “out-of-the-box” research that 
strongly threatens their vested interests, 


‘The TRZ, decay conversion of two protons into a deuteron — by easily 
flipping one quark in one proton — is an example of the so-called "nuclear 
reaction at low energy" that has been so controversial to the orthodox 
scientific community, even in the face of some 600 successful cold fusion 
experiments. Contrary to the assumption of the conventional physics 
community and the skeptics, these are not "low fotal energy" physics 
reactions atall. Instead, they utilize energy density onalevel 
commensurate with that achieved in the largest accelerators available and 
even much higher. This is actually a much higher total energy physics than 
the present conventional high energy physics heretofore known or used. 


Particularly in a deuterium-enriched (deuterated) electrolyte, a variety of 
simpleion arrangements of D+ ions and H+ ions can occur. Many of these 
combinations and arrangements can and will occur in TRZs if sufficient 
loading of the palladium lattice is achieved. Below we will present and 
explain a few of these new nuclear reactions that have occurred in 
successful cold fusion experiments. First, to be tidy we must correct the 
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present statement of the conservation of energy law by extending it to 
include time-energy. 


‘The excess heat usually experienced in the electrolyte is explained by the 
added negentropy (added energy) fiom the time-domain, which then 
dissipates randomly in the solution, producing excess heating. Later we 
will cite strong experimental evidence for the involvement of such time 
charging (time-energy charging), with subsequent time-charge (time- 
excitation) decay as ordinary photons in cold fusion experiments. 


10.5 Revision of the Conservation of Energy Law 


10.5.1 Unaccounted Transduction Extends the Conservation of Energy 
Law 

Along with the re-emission of all the previously absorbed spatial energy, 
all the previously absorbed time-charge of the excited electron may be re- 
emitted with a longitudinal photon/scalar photon pair (a graviton) when the 
time-excited state decays. In that case, no energy-charging permanent 
change results to the electron’s original energy state. Hence no "electron 
wiggle” will be created and our normal "electron wiggle” detectors 
performing such non-transducing longitudinal EM wave interactions will 
not exhibit an indication. In short, the "pure" time-charging EM LW. 
interaction is unobservable to present instruments. All they "see" is the 
"same electron” sitting there and "flowing through time” 


However, iftwo or more such gravitons are simultaneously emitted from 
various reactions in time-decays, the emitted scalar photons and waves 
may interfere at some little distance. In that case, transverse EM waves and 
ordinary EM energy will be produced in the interference zone (613). To 
the external observer, these EM fields and forces will simply seem to arise 
spontaneously and emerge from every point in spacetime inside that 
interference zone, moving outward from there in conventional 
"propagation through space" manner. In that case, the normal "photon" 
(actually, graviton) decay processes plus scalar interferometry have 
resulted in transducing some time-energy into ordinary spatial EM field 
energy. Such reaction provides the excess heat demonstrated in successful 
cold fusion experiments. 


This is also a true action at a distance reaction, presently unaccounted in 
particle physics. Action at a distance is required in quantum mechanics, 
and it has been experimentally demonstrated multiple times in distant 
photon correlation experiments. Once any action at a distance is admitted 
because it has been experimentally proven, there is no logical restriction 
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that only a single mechanism exists for it. Consequently, many ofthe 
present foundations assumptions of physics and some of the things 
previously abandoned because of their conflict with those assumptions will 
have to be re-examined (616) 


Scalarinterferometry is indeed a mechanism for action at a distance. While 
still mostly absent from open physics, it has already been weaponized by 
some 10 nations ofthe world. Indeed, U.S. Secretary of Defense William 
Cohen confirmed in 1997 that (novel) electromagnetic processes are 
already being used to initiate earthquakes, stimulate volcanoes into 
eruption, and engineer and control the weather (617}. Whether or not it 
present in the particle physics texts, scalar interferometry is being widely 
used clandestinely in several armies today. Ithas also been used to shoot 
down missiles and aircraft as tests. The so-called "Cold War" was not 
quite ascoldas the news media and U.S. scientific community were ledto 
beleieve 


Because ofthe ubiquitous involvement of unaccounted time-energy in all 
photon interactions, anextension othe present form ofthe conservationof 
energy law isrequired. The present (special case) law is 
B(E), + Elm), = E(E)2 + E(m): 1) 
where E(E)=energy inconventionalnon-massiveenergy form, E(m)= 
energy inmassform, subscript | referstothemeasurementattime |,and 
subscript 2 refers tothe measurement attime 2. Thisisjustthe well-known 


Einstein formulation thatthe sum ofthe ordinary energy andthe mas: 
energyisconserved, 


However, thatlawis fora special case. Itassumes that there iso 
transductionoftime-energyintoeithermass-energy orordinaryenergy. 
Le, itassumes3-symmetryandt-symmetryinEMenergy flow.Since 
every charge inthe universe already violates both that 3-symmetry and 
symmetry ofenergy flow, the fundamental assumptioninthe Einstein 
formulationisfalsifiedby the generalcase. Theconventionalconservation 
of energy law isaspecial case where only the two mentioned energy flow 
symmetriesare upheld. When they are violated, thentransduction of EM. 
energy between 3-space and time occurs. Forthat case, the conservation of 
energylawmustbeextendedto 


E(E), + E(m); + E(t), = B(E)2 + E(m): + ECD 2 


‘The new law simply states that the sum ofthe ordinary spatial energy, the 
‘mass-energy, and thetime-energy isconserved. Thisextension of the 
conservation. of energy law becomes important in successful cold fusion 
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experiments, where transduction of time-energy into ordinary heat energy 
occurs and where one encounters very anomalous reactions differing from 
those reactions known and accepted in conventional nuclear physics. 


10.5.2 Transduction Between Time-Charging and Spatial Ener; 
Charging 

‘The oscillating energy (spatial and temporal) in a moving EM wave in the 
vacuum represents a moving oscillation of spacetime curvature. Simply 
put, the so-called electromagnetic wave in space is actually a gravitational 
‘wave in space, since it is an oscillation of the local energy density of 
spacetime and therefore an oscillation of the curvature of local spacetime. 
It “transports” gravitons (scalar photorv/longitudinal photon pairs) rather 
than merely photons. So let us now consider it as a gravitational wave. 


In the absorber under special conditions, a small fraction of the graviton 
‘wave time-density absorbed will sometimes change (transduce) its ime- 
energy into what we call transverse photon energy effects {618}, with 
something like a 10" gain in spatial energy in joules compared to the time 
in seconds that actually transduces. In other words, 1 second oftime 
transducing into EM transverse wave energy (using the standard EM 
modeling approach) will yield approximately 10" joules of spatial EM 
energy. Since one can change energy from one form to another, one can 
‘change time-energy into 3-spatial energy and 3-spatial energy into time 
energy, the two being merely opposite sides ofthe same coin, and both 
always involved in any situation exhibiting electrodynamic dipolarity. 


In one's physics model, the choice of fundamental units is purely arbitrary. 
Everything can be expressed in a single fundamental unit, as pointed out 
by Jackson (see quotation from Jackson at the beginning of this chapter). 


Ina situation where 3-symmetry and t-symmetry in EM energy flow are 
broken, part ofthe time charging of the atomic electrons (or ions) 
sometimes changes (transduces) into spatial energy charging and vice- 
versa. This cross-dimensional decay of time-excitation states results in the 
emission of some extra transverse photons that may be either photons or 
antiphotons, depending on the exact interactions. The point is, tremendous 
excess EM spatial energy can appear and either be emitted as heat or 
interacted to perform new nuclear interactions as extraordinarily high 
local energy density. This is the master mechanism enabling anomalous 
cold fusion transmutation reactions. The amount of time transduced will be 
so small that it will usually escape notice, unless stringent efforts are used 
to measure changes in the local flow of time. 
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The excess photon energy (excess 3-space EM energy) appearing in these 
rather random but powerful transduction interactions often accounts for the 
production of anomalous excess heat - for example, as occurs in many 
cold fusion experiments. Where scalar interferometry is maximized, a 
more exact action will be detailed below for the specific nuclear 
transformations that occur by novel new nuclear reactions. These novel 
nuclear reactions occur at low initial spatial energy but with some time- 
energy transducing into additional very high spatial energy to initiate the 
interactions. 


10.5.3 Resolving the Energy Conservation Problem in Cold Fusion 
‘When transduction is involved, standard "transverse EM waves only 
computations will seemingly yield violation of energy conservation — 
eg. from the emission of excess heat. That is an erroneous interpretation; 
energy overall is conserved, but some of the unaccounted time-energy 

low is transduced into 3-spatial transverse photon energy dissipation. 

Neither 3-spatial energy nor mass-energy nor time-energy alone, or in any 
pairing, need be individually conserved; only the combined total energy of 
all three energy components is conserved. This resolves the present major 
"sticking point” between the cold fusion researchers and the conventional 

transverse wave" nuclear and electrodynamic communities regarding 
energy conservation difficulties and perpetual motion accusations. Those 
‘making the accusations and those defending against them are both using 
only a special-case conservation of energy law, and a more general law is 
required. 


Let r= time in seconds, and W= energy in joules. Rounding the speed of 
light to 3 x 10 meters/sec, the energy Wrw emerging as transverse wave 
EM energy in 3-space by the transduction oftime into 3-space energy is 
approximately 


ne see =¢ 9x10" joules BI 
and 
> Wrw = 9% 1 (injoules) (4) 


Let us present the new energy conservation law in slightly different form. 
Let Wrw= energy measured in spatial energy form, conveniently taken as 
transverse wave (TW) EM energy. Let W), = energy in mass form (energy 
compressed by c°). Let W, = energy in time form (energy compressed by 

cc )"The present conservation of energy law is 


Ww + Wo (5) 


Augmented Humans 


2) 


Looking ahead to the more distant future — perhaps 30 years 
from now — Google futurist Ray Kurzweil predicts humans will 
be able to upload their entire minds to computers and become 
“digitally immortal” — an event called singularity, 


{In 2011, IBM's Watson beat former winners on the television game 
show Jeopardy, proving that computers can outperform the best of 
‘humans when it comes to synthesizing information and beating 
them to the buzzer. Google Home and Amazon Echo are becom- 
{ng more common in homes — perhaps a bit unnerving at first as 
they start entering our private lives, and increasingly taking cen- 
ter stage when we want them to tell us more about the weather, 
play our favorite song, read us our favorite 56 For Dummies book, 
or tell a few jokes. As machine learning and artificial intelligence 
develop further, these intelligent devices will better understand 
human behavior and evolve beyond databases of information. 
Eventually, they will also become more mobile and intrinsic in 
our lives, rather than sitting on a shelf in our living rooms. 


5G — with its extreme bandwidths, very low latency, and mas~ 
sive scale support — will be a critical component in creating these 
real-time experiences, initially as an assistant to humans, and 
eventually even “thinking” for humans (in some cases). Shop- 
ping for clothes with your kids or selecting your next car will 
become a more immersive experience. 5G technology might also 
assist humans as an augmented partner, offloading some of the 
tasks humans don't want to “expend their own brain cells” on. 
Although it may sound like science fiction, 5G might be a stai 
point for the next evolution of humans and machines, 


42 5G For Dummies, xia Special Edition 


‘The new extended conservation of energy law is 


Way + Wort W= Wess) (6) 
‘The conventional particle physics accounting will see only 

Wrw + Won= Weorary 7 
‘The conventional accountant will be unable to see 

t= Wrw [8] 
so he will observe that the experimenter is reporting that 

(Wow + Walt [Wew + Wolo 91 


which in his lexicon is a violation of the conservation of energy law itself. 
In short, he will identify it as a typical example of a claimed perpetual 
motion machine or interaction. Then the defender of the faith will wax 
eloquent, applying labels such as "perpetual motion nonsense”, "voodoo 
science,” etc. He himselfis practicing a hoary old "voodoo" science and 
ignoring newer science. None of these defenders of the faith even know 
‘what powers an electromagnetic circuit or how it is that every little charge 
in the universe is able to continuously pour out observable EM energy in 
all directions, with no observable EM energy input. 


On the other hand, a reasoned response will be given by real scientists still 
following scientific method, when faced with the numerous replicated 
successful experiments. The scientific method insists on the absolute 
priority of the replicable experiment over the predictions of any theory. 
Consequently, such reasonable scientists will advise that the protagonists 
cease their vitriolic thetoric and let real science take its course; ie., let 
further experiments confirm or refute reported successful results of cold 
fusion experiments.°”” 


© Precisely such a reasoned response by chief editor Donald Kennedy of the journal 
Science has recently been given, providing a breath of fresh scientific ait into an 
allempt by "defenders ofthe conventional faith” to destroy publication of important 
‘experimental results in sonoluminescence. The article which courageous editor 
Kennedy approved for publication — over intense objections of the professional 
critics — i RP. Taleyarkhan et al, "Evidence for Nucleae Ensssions During 
‘Acoustic Cavitation," Science, Vol. 295, Mat. 8, 2002, p. 1868-1873. We heartily 
‘commend Editor Kennedy for this classic ex 

‘conducted — so that experiments, aot prevail 
What is ial 


‘What the professional skeptic will not see is that his own expression of the 
conservation of energy law has been incomplete, and that it is his own 
inadequate "measurement yardstick" assumption that is now in error. The 
extended conservation of energy law of course still holds, but the 
conventional special case law is violated because its fundamental 
assumption — that time is not transduced to spatial energy in the 
experiments —has been violated in the experiment. 


Indeed, with the publication of the work of Evans et al., experimentally 
proving the fluctuation theorem and the high probability of time reversal 
zones appearing for short but significant periods at up to micron levels, the 
second law of thermodynamics has been rigorously proven to be violated. 
Hence the conventional scientific community's rather dogmatic objection 
to the extra heat of cold fusion interactions is no longer scientifically 
justifiable, 


Understanding of the extended conservation of energy law and the 
permissible violation of the second law of thermodynamics resolves the 
present thorny dissension within the scientific community over the excess 
spatial energy produced by cold fusion. It also resolves the issue of what 
could possibly be a source of such intense energy density as is required for 
nuclear transmutation reactions, 


Any ordinary system is indeed an open system, freely and continuously 
exchanging enefey with its amporal environment as Well asthe seething 
active vacuum." Ifthe system is in temporal energy equilibrium in that 
exchange, then the present restricted conservation of "spatial and mas 
energy law applies and one does not have to consider the interactions 
between supersystem components. Ifthe system is placed in disequilibrium 
with its temporal energy environment, then supersystem components 
interact asymmetrically and the extended conservation of energy law 
applies. In that case, excess spatial energy can be and will appear in the 
system whenever time transduction into spatial energy is occurring. 


° But see our Appendix A. Present thermodynamics rather inanely defines a 
"elosed” system as one where no mass exchange crosses its boundary with its 
environment, but energy exchange can and does. In that view, a “closed” system ean 
be far from equilibrium in its energy exchange with its active environment, and thus 
demonstrate the five magic attributes of such disequilibrium systems. In this book 
we have deliberately chosen to teat a “closed!” system as one in which neither 
energy nor mass exchange crosses the system boundary — which classical 
thermodynamics refers 10 as an “isolated” system, We explain allthis (and why) in 
Appendix . 
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‘The implications of cold fusion energy transduction are that 
(1) Time is being "bumed” or transduced as a "fuel" and source of energy, 


(2) Transduction of only one microsecond per second will yield 9x10"? 
‘watts steadily. That's 90,000 megawatts of energy per Second — the 
equivalent of 90 large 1,000-megawatt power plants — if all the 
transduced energy were collected and used to power loads with 100% 
efficiency. 


(3) Thousands of new nuclear reactions are made possible and feasible by 
local transduction of time-energy into 3-spatial EM energy. 


(4) Appropriate capture and use of a portion ofthe excess energy can be 
accomplished to power loads. 


Even if we capture and utilize only 1% ofthe transduced time-energy to 
power the loads, where the sime-energy to spatial energy transduction is 
only thetransductionof | microsec/sec, thatsystem will produce the normal 
EM energy to power 900 megawatts in the load. That's almost 90% of the 
capability of a modern 1,000-megawatt power plant. That is quite a 
respectable electrical power system. It only requires the transduction and 
burning” of one microsecond oftime per second, without any nuclear 
‘wastes or hydrocarbon byproducts. 


AS can be seen, transducing time into energy is by far the most efficient 
way to go to develop new power plants for the future. This is particularly 
true since every charge in the universe already transduces time-energy 
flow into spatial EM energy flow. Indeed, we may consider that the 
negative charge transduces time-energy flow into the spatial outflow of 
EM positive energy, while the positive charge transduces negative time- 
energy flow into an outflow of EM negative energy. The process is useful 
not only for power applications, but also for transport applications as we 
briefly pointed out in Chapter 8, 


10.6 Some Resulting Low Spatial Energy Nuclear 
Reactions 


Refer again to paragraph 10.4 above. Summarizing: The formation of time- 
reversal zones (TRZs) is what enables the appearance of the new nuclear 
reactions in the electrolyte in cold fusion experiments. It does this by 
changing the Coulomb barrier between like charged ions into a Coulomb 
attractor. Further, the rate at which TRZs form and decay in the solution is 
a function of the frequency and intensity of the scalar interferometry from 
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the loaded palladium lattice. This means that the appearance of the new 
nuclear interactions in the electrolyte is also a function of the degree of 
loading of the palladium lattice, as well as the "double surface” 
interferometry preparation of the palladium, its cracks, etc. These are the 
major variabies. Once the major variables provide the solution for 
significant formation of TRZs, then the following reactions can and do 
appear. 


‘The sample reactions we present here are just a few ofthe thousands of 
new reactions possible. These example reaction products have been found 
in a great many successful cold fusion experiments in various laboratories 
around the world. Some 600+ successful experiments have now been done, 
and a sizable literature has built up and continues to be built up on the 
experiments and their results. 


For our sample reactions, the primary mechanism of interest consists of 
several parts: 


@ Formation of a TRZ, in which two positive ions (we 
shall look at H+ and D+), now attract each other. Also, 
the gluon forces in the proton and neutron, in the ions 
of interest, are significantly lessened, so that the 
quarks in each proton and neutron are very much more 
loosely bound. Consequently, decay from an excited 
state by quark flipping to turn a proton into a neutron 
or vice versa becomes an attractive option. The strong 
force is therefore reduced in radius. 


(i) ‘Two positive ions now attract each other so closely 
that each enters the edge of the weakened strong force 
region ofthe other. This forms a quasi-nucleus 
because of the limited involvement of the weakened 
strong force, 


ii) ‘The other ions in solution surrounding the TRZ 
immediately move (as soon as the TRZ is formed) to 
negate the TRZ. and decay it back to a time-forward 
zone (TFZ). This action initiates the decay of the TRZ. 


(iv) ‘As the TRZ lessens and then turns back into a TRZ, the 
strong force expands its size faster than the novel 
Coulomb "like attracting like” force reduces and 
reverses. 
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w) 


(vi) 


(vii) 


(viii) 


‘The rapidly expanding strong force of each of the two 
ions in the quasi-nucleus fully envelops the other ion, 
increasing the disequilibrium of the two-ion quasi- 
nucleus. A condition is reached where the most 
probable mode of decay is the flipping of one quark in 
one ofthe positive nuclei 


‘The quark flips, turning that H+ ion into a neutron n. 
This is a quasi-nucleus of deuterium (D+), still in an 
excited state but with less excess potential energy in 
the excited state. At this point, the TRZ. is vanishing 
and the TFZ, state is returning. 


As the TRZ vanishes and TFZ. state increases back to 
normal, the most probable mode of decay increasingly 
is to a full deuterium nucleus. Hence the H+ and n 
simply draw completely into normal deuterium 
binding position, bound by the normal strong force. 
This constitutes a normal D+ ion, now existing in a 
normal TFZ. 


So by formation and decay of a significant TRZ, two 
H+ ions have been drawn together into a quasi-nucleus 
consisting of two H+ ions partially bound by a 
‘weakened strong force. As the TRZ decays and the 
Coulomb repulsion resumes, the strong force increases 
back to full strength faster than the Coulomb repulsion 
force returns and repels the two H+ ions. Since the 
quarks are much more loosely bound than normal, a 
quark in one of the H+ ions has flipped, turning the ion 
into a neutron n. The H+ ion and the neutron, partially 
bound already in a quasi-nucleus, simply "tighter 
a normal D+ nucleus as the TFZ condition is fully 
resumed. 


The nuclear reaction equation for the above interaction may be written as 
THe + 1H," => (Hy + Hy) = (10 + Hy") => 7H,+ = 7D," [10] 

In equation [10] we use the left superscript as the number of nucleons in 
the ion nucleus, the right subscript as the protons in the ion nucleus, and 
the right + superscript to show the overall charge ofthe ion and its sign. 
‘We use the expression in parentheses to show the involvement of a time- 
reversal zone (TRZ). Double parentheses show a stronger TRZ than single 
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parentheses. Thus from double parentheses to single parentheses to no 
parentheses shows the initial formation and subsequent decay ofthe TRZ. 


Another interaction involves a D+ ion and an H+ ion, to produce tritium. 
This is: 

2D," + TH) = ((?Ds* + 1H4*)) > CDs" + 'no) = HY = 3TH" [11] 
‘That reaction transmutes a deuterium ion and hydrogen ion into a tritium 
ion. Without showing it, in a TRZ three*H,” ions may also attract into a 
quasi-nucleus, and as the decay ofthe TRZ occurs, fitst one proton tums 
into a neutron and then a second one does also, by quark flipping. This 
nuclear reaction also produces a fusion into tritium, 


Another reaction between two deuterium ions is" 
2D, + 7D," = ((°D,* + 7D,")) = [2(°H,* + 'n)] => “Heo =a [12] 
‘That interaction — particularly in pre-deuterated electrolyte solution — 


gives the excess a particles produced in a great number of the cold fusion 
experiments. 
A rarer but still occurring interaction is: 

4{'H;"] > (CDy* +70;")) > “Hea" = a 03) 
Indeed, reaction [13] may occur to completion and formation of a particles 
in some of the transmutations in an electrolyte, while it proceeds only to 
the intermediate phase in others. In that case, both deuterium ions and a 


particles may be produced out of the same overall "chain of reactions" 
‘where some reactions proceed all the way and some do not. 


‘These interactions are directly using and transducing time-energy by use of 
the TRZ.to time-reverse the Coulomb repulsion law for like charges. From 
the reactions, excess energy given off as heat may and will occur. 


‘The nuclear physicist and nuclear chemist can immediately see a great 
many new nuclear reactions now made possible by the adroit production 
and decay of TRZs. A great number of these new nuclear reactions are 
now possible by this means, which are impossible in ordinary nuclear 
chemistry without the deliberate formation of TRZs. 


‘These few examples serve to illustrate the process, and these reactions 
represent res alts already achieved in numerous cold fusion experiments 
worldwide, by many researchers and multiple laboratories. Now we turn to 
other evidence strongly supporting the novel nature of these reactions 
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rather than several other proposed reaction equations yet to be proven. The 
other proposals do not explain the next type of new experimental reaction. 


10.7 Time-Energy Can Generate Instrumentation 
Anomalies 


Strong evidence for time-charging and time-charge decay is 
experimentally demonstrated in electrolyte experiments where time- 
reversal zones (TRZs) are operating, and thus where some localized 
processes are running backwards in violation of the second law of 
thermodynamics. Weak time-charging of photon-absorbing and emitting 
matter, with special patterns of spacetime curvatures (engines) induced by 
time-density oscillations and structuring, is persistent in matter, having 
"charge-up" and "decay" times that may last for minutes, months, or even 
years. A very wide range of previously anomalous phenomena, both in 
inert and living matter, is explainable by these new interactions. This is 
very probably also related to the "memory phenomena’ noted by 
Kondepudi and Prigogine™ as outside the present thermodynamics, but 
being worked on at the forefront in what is called "extended 
thermodynamics". Quoting Kondepudi and Prigogine, p. 460: 


"interesting memory effects ..appearfor long times (as 


compared to characteristic relaxation times). 

nonequilibrium processes may have ‘long-time tails’. In 
other words, the approach to equilibrium is not 
exponential, as was generally believed, butpolynomial 

which is much slower. ... As a result, Nature has a 
‘much longer memory ofirreversible processes than it was 
thought before. Again this shows that local equilibrium is 
‘an approximation, albeit a very good one." 


In this book, we focus primarily upon some typical anomalous 
‘measurements in China Lake experiments that are directly involved with 
time-charging and decay effects, lending strong support to our thesis of the 
novel TRZ-induced nuclear reaction chains. Note that these instrumental 
anomalies are also strong evidence for the association of time-charging 
and time-charge decay with the proven fluctuation theorem of Evans et al. 


™ Dilip Kondepudi and Iya Prigogine, Modern Thermodynamics: From Heat 
Engines to Dissipative Structures, Wiley, Chichester, 1998, p. 459. For a discussion 
of extended thermodynamics, see D. Jou, Extended Irreversible Thermodynamics, 
Springer-Verlag, New York, 1996. 
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at the Australian National University. We believe this to be a contribution 
to that very important work of Evans and his colleagues. 


10.7.1 Ionization Detectors, Transduction, and EM LW 
Interferometry 

Ionization processes obviously are processes where the partial transduction 
of LW time interaction into 3-spatial energy interaction would yield 
ordinary excited energy states of the affected electrons or ions. In turn, this 
would lead to ionization (e.g., of the atoms and molecules of a gas, liquid, 
etc.) Hence, ordinary ionization detectors such as Geiger Miller tubes 
have the innate capability of detecting such transduction that generates 
ionization, and thereby have some capability of serving as “detectors” of 
longitudinal EM wave interactions (and time-charging) ongoing in the 
detector. In the usual situation, no excess time-charging results and no 
time reversal zones result. In that case, symmetry of energy flow in the 
time-domain exists, as does symmetry of energy flow in 3-space. 
Absolutely normal chemistry and nuclear chemistry results, and the 
nuclear detectors function normally, as familiar to every laboratory. 


However, when significant TRZs emerge and persist for short periods, the 
symmetry of both time-energy flow and 3-spatial energy flow is broken. In 
this case, transduction of time-energy into 3-spatial energy (and vice 
versa) can result in anomalous ionization in nuclear ionization detectors, 
even in the absence of normal transverse EM nuclear radiation. The tri 
to use and compare different detectors and different types of detectors to 
clearly demonstrate anomalous ionization detection effects. 


‘As an example, a Geiger Muller tube will detect any ionization of its 
internal gas, regardless of what caused that ionization. Ifthe ionization is 
caused by normal ionizing radiation from nuclear reactions, the instrument 
will detect and read a resulting internal ionization of the gas inside the 
tube 


On the other hand, iftime-charging and decay are involved, then the 
asymmetry resulting in 3-spatial energy excitation ofthe gas inside the 
Geiger Muller tube (due to transduction of some time-energy into excess 
3-spatial energy) may be sufficient to ionize the gas. In that case, the 
instrument will read "as if nuclear radiation were present. Note that there 
is indeed "ionizing radiation” present in the gas. However, now this, 
ionizing radiation is not transverse EM wave in nature, but is due to the 
time charging and decay, and transduction of ime into 3-spatial energy in 
the detecting gas. 
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This capability of an ionization detector to ionize in the presence of non- 
transverse wave ionizing radiation and energy can be used to provide an 
indication of time-density waves being formed and interacting in a process 
(such as a cold fusion process) where some transduction from time-energy 
to 3-spatial energy occurs. 


Further, the previous "time history” of the individual instrument plays a 
part in whether the instrument "reads" or not for a given transduction 
situation, There will be a statistical variation of the actual "already 
present” low-level time-charge (and in its internal structure and engines) 
between instruments, even those made in the same factory on the same day 
from the same batch of materials and parts. That is because the time- 
charging and discharging history of each instrument has been different. 


‘The production of transduced TWs, however, must be a function of scalar 
interferometry in the gases or other detecting media of the instrument, 
since scalar interferometry creates all transverse EM waves, as shown by 
Whittaker (619) and confirmed by Evans et al. (620}. In such 
interferometry, the entire inner structures of the transverse EM waves 
formed in the interference zone also interact wave-to-wave. Thus, this kind 
of interferometry is extremely sensitive to the exact internal longitudinal 
EM bidirectional wave structure (internal engine substructure) of the 
involved potentials. 


‘As a consequence, the ability of an ionization detector to transduce a 
specific set of LWs and give ionization detection will vary appreciably, 
including for different variations in the instruments original manufacturing 
process, and even for the specific past photon interaction history and 
experience ofthe individual detector itself. One detector's set of cumulated 
intemal time-charges (and hence spacetime engines) may vary 
considerably from those ofa second detector of exactly the same type. In 
general, multiple ionization detectors are unlikely to all detect a given 
time-density EM wave emission and interaction set {621} 


Even for two detectors of the same brand, from the same manufacturing 
plant, and from the same batch of manufacture, it is likely that significant 
differences in LW detection of a specific TDW set will occur because of 
the "past history” time-charge differences of the individual detectors. 
Indeed, a likely phenomenon is that, when one ionization detector detects 
the LW emissions (transduces them), several others will not detect them at 
all. This is one of the peculiarities of the new unified field area that must 
be overcome by further research in order to develop reliable, calibrated 
‘TDW and transduction detectors. It is one of the primary problems - if not 
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the primary problem - of cold fusion research to resolve this “time-charge 
experience history"problem, so that transduction detectors having 
calibrated, uniform responses to given TDW sets and interactions can be 
provided, 


At present, no one has the foggiest notion as to how to “calibrate” a 
nuclear ionization detector that one desires to use as a time-energy 
transduction detector. Speculating, we would envision such calibration (in 
the transduction detecting functional response) to become possible when 
small, standard, calibrated sources of transduction are developed and 
available. In that case it will be possible to formulate procedures whereby 
varying the output of the transduction source will vary the transduction 
irradiation of the GM tube. The level of transduction intensity required to 
create ionization in the instrument will be a direct indicator. When small, 
calibrated sources of TDWs are also available, it will be possible to 
irradiate the GM tube to a specifically desired rate and level of time-charge 
and decay. In that case, an array ofGM tubes can be "standardized" or 
“calibrated” for transduction detection. So far as this author is aware, those 
developments have yet to be accomplished or even undertaken. Indeed, the 
need for such a development program has not even been realized 


10.7.2 Experimental "Detector Transduction Phenomena" in 
Electrolysis 

Let us look at one set of ongoing scientific experiments where just such 
anomalous detector results have been obtained 


Researchers at the Naval Air Warfare Center at China Lake, and at the 
Department of Chemistry, University of Texas at Austin, have detected 
precisely the kind of "anomalous" radiation and transduction effects we 
expect to be in the ionization processes of multiple kinds of detectors 
{622} 


According to a report by Miles and Bush (623), anomalous radiation at 
China Lake was first detected by the exposure of dental X-ray films in two 
experiments producing excess power (excess TW energy emission). Film 
used in a control study during these experiments showed no exposure. 
‘There was also no exposure of similar films in more than 20 experiments 
where no excess power was present. In other words, the presence of excess 
heat (excess TW energy emission) strongly indicates the presence of 
transduction. In tur, the presence of transduction implies the presence of 
scalar interferometry wave interaction, where TDW waves and LW waves 
are absorbed and a mix of LW and transduced TW waves are emitted 
consisting of gravitons (paired scalar and longitudinal photons). This only 
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Chapter 8 
Ten Myths About 
5G — Debunked 


1 this chapter, we expose ten common myths about 5G — and 
wwe clue you in to the reality behind them. Keep these points in 
mind: 


9» SGis all about higher speeds to the user. Although one of 
the key goals of SG is to pravide extreme bandwidth 
(high-speed data) to users, low latency and massive scale 
cather key goals of SG. So, 5G isrit just about speed! 


9 SG requires less than one millisecond latency. Although less 
than one milisecond of latency is a goal af 5G, 5G networks 
will be deployed before that target's actually achieved. 

>> Smartphones will lead the charge to 5G. The iPhone and 
‘Android were born in the 3G era and virtually exploded 
Uiterally, in some cases) during the 4G LTE era, However, 5G 
will not only enable faster and better smartphones — it will 
also lead to mass-market consumer VR and AR devices, 
sensors and applications for smart homes and cars, 
industrial robots, and billions of other Internet of Things (loT) 
devices yet to be conceived, 
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occurs when significant time-charge excitation has built up. Taken in 
reverse, the presence of LW wave absorption and emission — with 
transduction into detected excess ionization energy — directly indicates 
the emission of "anomalous" TDW or graviton radiation, as detected by the 
resulting TW exposure ofthe x-ray film. So the "anomalous" radiation 
detections are consistent both forward and backward. 


‘The film in manufacture is quite strongly quality-controlled. Also, it is 
used (interacts and indicates) only once. Its past time-charge history has 
minimal variations between two samples of the film, because there is no 
repetitious past detection interaction history. Hence one would expect a 
high degree of uniform film detection interaction responses from film to 
film, to the same graviton emission set. That is precisely what occurs, 


We conclude that the behavior of the film in the combined China Lake 
experiments clearly shows the time charging, graviton emission and 
interaction, and transduction nature of what is happening when it is known 
that no normal nuclear radiation is present. 


Geiger-Muller (GM) detectors and sodium iodide (Nal) detectors were also 
utilized when electrolysis experiments using heavy water were ongoing, 
‘We again accent that a Geiger-Muller tube does not detect nuclear 
radiation per se; instead, it detects anything that will cause its internal gas 
to ionize sufficiently. Sufficient transduction in graviton absorption 
emission interactions in a Geiger-Muller tube will cause the counter to 
indicate, because it ionizes the gas and produces an ionization discharge 
However, both the specific transduction and scalar interferometry aspects 
ofthe ongoing experiment are involved, as well as the previous 
background time-charge history of the Geiger-Muller tube counter. 


Several Geiger-Muller detectors gave anomalously high readings, reaching 
some 73 sigmas above normal background counts. Most experiments 
most GM detectors), however, gave normal radiation counts, and no 
anomalous count rates were ever observed when the experiments were 
tumed off. So these anomalous results are differentiated by using multiple, 
carefully calibrated Geiger-Muller tube detectors. Our interpretation here 
is that 


(There was a variation in the presence of transduction and scalar 
interferometry from experiment to experiment, 


(ii) The majority ofthe experiments did not produce significant time- 
charge and sufficient transduction or scalar interferometry to cause 
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detection (ionization discharge) on most (typical) Geiger-Muller 
tubes, and 

(iii) The transduction effects in the ongoing experimental process were 
mostly ofthe rapid variety, and not due to long-term "charge-up" 
effects conditioning the time-charge aspects and structuring of the 
experimental apparatuses, 

(iv) By using multiple detectors, the probability of one or more of the 
instruments having increased time-charge ftom specific time- 
charge histories was increased 

(v) With sufficient experiments and sufficient detectors, there resulted 
a high probability of having at least one or more detectors capable 
of detecting the levels of graviton radiation and transduction 
expected from the experiments. 

(vi) A direct correlation would be predicted — and was observed — i 
the appearance of the anomalous radiation effects and the expected 
time periods required to load the palladium with deuterium. As 
reported by Miles and Bush, ibid. 


the anomalous radiation would appear within afew 
hours in the co-deposition experiments where the 
palladium is loaded with deuterium as it deposits from 
solution. In contrast the appearance ofanomalous 
radiation required days ofelectrolysisfor the palladium 
rods that load much slower.” 


We previously discussed the major variables indicated from many cold 
fusion experiments to include the strong correlation with the degree of 
loading of the palladium lattice. Hence the effect pointed out by Miles and. 
Bush would indeed be predicted by the present approach and proposed 
‘mechanism. 


Our interpretation is that the experiments show the time-charge rate effect 
to be expected in such graviton radiation and transduction interaction 
phenomena using collection of ions (in this case deuterium) that are much 
heavier than electrons. The faster the deuterium loaded, the greater the 
buildup of the interaction of the deuterium in phase conjugating and self- 
targeting iterative interactions — and therefore the greater the increase in 
scalar interferometry interactions — inside the palladium lattice. The rate 
of graviton radiation production and transduction production increases as 
some function (not necessarily linear!) of the rate of loading of the 
deuterium, As the rate of graviton and transduction production increases, 
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so does the expectation of anomalous ionization effects in the nuclear 
radiation detectors. And so does the rate of production of TRZs and the 
appearance of the new nuclear cold fusion reactions at low spatial energy 
but very high time-energy. 


10.7.3 Experiment Confirms It 
‘A clinching observation is given by Miles and Bush, ibid., as follows: 


"One GM-detector would measure anomalous radiation 
while another GM-detector would be "blind! to any 
anomalous effect. Afew experiments, nevertheless, gave 
simultaneous anomalous effectsfrom two different 
radiation detectors.” 


Here our comment is that this precisely fits our expectations for 
demonstrating involvement of 


(@—Time-charging and decay interactions, 
Gi) Consistency with transduction expectations, 


Gi) Consistency with the fact that two different radiation 
detectors may or may not exhibit or detect the anomalous 
ionization effects, depending upon the individual past 
time-charge histories ofthe two detectors, and 


(iv) Predictable variations in the individual experiments, 
(based on palladium lattice loading time, specific 
geometry, ionization state of the chemical solution, 
intemal time-charge state and decay rate, and structuring 
ofthe apparatuses and their parts, etc.) when transduction- 
associated phenomena are considered 


‘The anomalous non-nuclear, non-transverse wave — but ionizing — EM 
radiation detected at China Lake, and the resulting peculiarities in the 
‘measurement apparatus functioning, do strongly support the present 
proposed approach, the proposed graviton radiation phenomena, and the 
time-charging and decay and transduction mechanisms presented. It is 
decisive that sometimes two detectors both indicated, and sometimes one 
indicated and the other would not. Sufficient replications have ruled out 
any defect in a single given instrument as the cause of the anomalous 
detections. That immediately eliminates from consideration all purely 
transverse EM wave phenomena, conditional only upon the premise that 
the instruments were properly functioning and calibrated, and that 
sufficient replications were made for decisive statistics. Those conditions 
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were all met in the numerous experiments producing these results over a 
Jong time and in many repetitions. 


As a final thought on the subject, we pose the possibility that the 
longitudinal EM waves involved may be the B(3) longitudinal field waves 
advanced convincingly by Evans {624a-624c}. We would recommend the 
attention of leading theorists and experimentalists to this possibility, as a 
matter that should be investigated both theoretically and experimentally. 


10.8 Additional Implications for the Future 


10.8.1 Longitudinal EM Waves and Undistorted Progressive Waves 
There is a revolution in electrodynamics presently underway, due to the 
unique characteristics of longitudinal EM waves“ and pseudo- 
Tongitudinal EM waves. A summary by Rodrigues and Lu (625) is 
particularly revealing. 


A pure longitudinal EM wave has infinite energy and infinite velocity — 
ic., it appears everywhere at once. "Propagation through space” does not 
apply; instead, one has stumbled into that weird region where spacetime is 
multiply connected. In the real world, one meets imperfect longitudinal 
waves — orpseudo-longitudinal EM waves — that still retain a transverse 
energy density variation residue. These waves are called undistorted 
progressive waves (UPWS). 


Such UPWs can move in space faster than the speed of light. This should 
not be too surprising, since superluminal velocity of intelligent signals has 
been positively demonstrated by several researchers in quantum-tunneling 
experiments. As an example, Nimtz. (626) and his colleagues have beamed 
Mozart's 40th Symphony through a barrier ina waveguide at a speed of 
4.7e. So the old notion that information cannot be transported at 
superluminal velocities is passe. The Fogal semiconductor has been used 
in experimental transmitter-receiver pairs to demonstrate superluminal 
transmission, such as TV pictures and programs. Direct signal transmission 
from earth to satellite back to earth and through many en route amplifiers 
and processors has been demonstrated by Fogal to occur far beyond the 
speed of light. Again, theoretical summary papers by Rodrigues et al 
(627a-627f} are revealing, 


*° We have pointed out a direct way to generate longitudinal EM waves, by simply 
the magnitude of the Lorentz self-regauging of a system. 


oscilla 
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10.8.2 Death Knell of the Speed of Light Limitation 
Another giant shock has emerged in astrophysics during the last few years, 
and it is now threatening a dramatic revision to physics. Heretofore, it has 
been fashionable to assume that gravity itself propagates at light speed. A 
great deal of very comfortable physics theory has been built around that 
assumption. 

Well, the assumption is not true. Experiments in astrophysics continue to 
refute it. It now is almost certain that the speed of gravity is at least 

2x 10" c. A beautiful though somewhat controversial paper by Tom Van 
Flandern (628} summarized the entire situation. He articulates the 
comfortable general relativity view held to date {629} as follows: 


°...GR proposes that such changes appear to act 

instantaneously in the ‘near field’, but eventually show 

their true, light-speed-delayed character in the ‘far field’ 

which is conveniently beyond our present ability t0 

observe. The necessity ofthis dual behavior is to prevent 

the logical need for changes to continue to appear to act 

instantaneously at ever increasing distances, even to 

infinity.” 
In fact, Van Flandem {630} points out that general relativity already 
admits superluminal effects in the near field region. He also pointed out 
the startling nature of the experimental results to relativists, and points out 
that an attachment to a paradigm has been involved: 


"To many, this result [astronomy’s verification that 
gravity's speed v,>=2x10""c] is so contrary t0 ‘common 
sense’ in the light ofrelativity theory as to be absurd. But 
Thomas Kuhn has cautioned all scientists to avoid the 
trap ofbecoming so steeped in aprevailing paradigm that 
itstarts to seem like common sense and makes other ideas 
sound and feel wrong. Eventually, even one's professional 
status can become linked to aprevailing paradigm. " 
As Van Flandem further emphasizes, it is not difficult to show by 
computer calculations of astrophysical situations that any strong limit on 
the speed of light destroys conservation laws: 
"anyone with a computer and orbit computation or 
‘numerical integration software can verify the 
consequences ofintroducing a delay into gravitational 
interactions. The effect on computed orbits is usually 
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disastrous because conservation ofangular momentum is 
destroyed.” 


So here we have a new paradigm in the making. This is a startling change 
to standard relativity. Either we have to give up the conservation of 
angular momentum, or we have to accept superluminal speed of gravity in 
the far field. Years of struggle to detect quadrupole gravitational wave 
radiation have failed; no ditect detection has ever been made. Indeed, the 
rather arbitrary nature of the entire quadrupole radiation assumption is not 
required by general relativity, as long pointed out by leading Russian 
scientists. For example, Vlasov and Denisov {631} ef al. bluntly state it in 
these words: 


"..Binstein's well-known quadrupoleformula, which is 
usually employed in general relativityfor calculations, is 
not a consequence of general relativity and is not 


containedin it." 


Therefore, it may not really be so surprising that physicists have not been 
able to detect such quadrupole radiation in a great many laboratory 
experiments. It is not in general relativity at all, 


Ofcourse, our thesis developed in this book is that what we have long 
called "EM radiation’ is in fact gravitational radiation, always involving 
paired scalar and longitudinal photons and hence time-density waves and 
longitudinal EM waves. We have pointed out that prior to observation 
there is no such thing as a separate photon, but there is such a thing as two 
correlated photons, one time-polarized and the other longitudinally 
polarized. We believe that there is sufficient meat in our proposed 
explanation of the anomalous cold fusion results and the anomalous 
instrument results at China Lake to warrant serious and strenuous 
investigation of these hypotheses and proposed mechanisms 


‘Another oddity - usually never stated by Wester physicists - has long 
been known but ignored. When Einstein characterized the gravitational 
field as a pseudotensorial field, and not a field in the sense of the Faraday- 
‘Maxwell field, the consequences were that the 3-space energy laws of the 
familiar kind really do not exist in general relativity. Shortly after Einstein 
published his theory of general relativity, this absence of familiar energy 
conservation was pointed out by Hilbert (632) in these words: 


“Lassert... that for the general theory of relativity, ie., in 
the case of general invariance of the Hamiltonian 
function, energy equations... corresponding to the energy 


equations in orthogonally invariant theories do not exist 
at all. Icould even take this circumstance as the 
characteristicfeature ofthe general theory ofrelativity. " 


With our publication of the giant negentropy of 4-space once arbitrary 
3-space symmetry and time-symmetry in EM energy flow is removed, one 
ofthe truths involved in Hilbert’s remark was finally recognized. In 
addition, what Sen called "the most difficult problem in classical and 
quantum electrodynamics" (633) has been explained by giant negentropy 
(12). Also, it is consistent with an appropriate reinterpretation of 
Whittaker’s 1903 decomposition of the scalar potential (600, 615}. Finally, 
it is consistent with quantum field theory {634} 


Hilbert was evidently not understood by his contemporaries, since neither 
Einstein himself nor other physicists recognized the fact that, in general 
relativity, conservation laws for 3-space energy, momentum, and angular 
‘momentum — in the sense we are accustomed to in the rest of physics —in 
principle may be impossible. That is because one can readily remove 
3-space energy symmetry when curved spacetime is permitted. Again, 
Russian scientists such as Logunov and Loskutov {635} have long pointed 
ut the “unthinkable” and “astounding” fact that the predictions of general 
relativity are not unique. 


In the West until recently relativists were conservative, and this resulted 
in the sidelining of innovative Western physicists who challenged the 
prevailing interpretation or extended it. With the experimental falsification 
of one of the fundamental tenets — that gravity moves at speed c in the far 
field — ofthe prevailing interpretation of general relativity, it appears that 
we may be approaching an asymptotic burst of great new theoretical work 
and a dramatic new reinterpretation. Ifit ever gets into production, we 
believe that the Fogal semiconductor will usher in that great change of 
communication speed paradigms that now appears imminent. 


Nonetheless, general relativity — whatever the modifications and 
extensions now called for — will remain a very useful tool indeed. There 
is simply nothing else on the horizon that can replace it, string theory 
notwithstanding. The reinterpretation is likely to shed additional light on 
many present problems such as the nature of spacetime itself, the nature of 
dark matter, and new insight and progress on unifying physics. 

In the new openness that should result, we hope that a great extension and 
reinterpretation of electrodynamics will also be undertaken, and that it will 
reveal the underlying powerful structured general relativity infolded inside 
conventional EM potentials, fields, and waves, as originally revealed by 
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Whittaker {636}. It may even be that one ofthe novel concepts {637} we 
have proposed in this book will yet see the light of day in practical 
systems. 


If so, then hopefully much of what we are addressing in this book will be 
incorporated in the emerging new physics of the twenty-first century. 
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Chapter 11 


Final Perspective: 
Permissible COP>1.0 Maxwellian 
Systems 


"Are you certain ofthat?” (Augustine, in his famous 
confrontation with the Skeptics, who held that nothing can 
be known with certainty.] 


"[Itis usually)...assumed that the magnitude of potential 
energy is irrelevant, being arbitrary to the extent ofan 
additive constant. " (Block and Crater]. (638) 


"The potentials VandA, defined ... in terms ofthefields 
EandB, are considered to be nonobservable in 
Maxwellian electromagnetism, since the energy density 
associated with them is zero... " [Lakes]. {639} 


[The total energy ofthe atom] depends on the bare mass 
and bare charge ofthe electron, the mass and charge that 
appear in the equations ofthe theory before we start 
worrying aboutphoton emissions and reabsorptions. But 

‘free electrons as well as electrons in atoms are always 
emitting and reabsorbing photons that affect the 
electron’s mass and electric charge, and so the bare mass 
and charge are not the same as the measured electron 
‘mass and charge that are listed in tables ofelementary 
particles. Infact, in order to accountfor the observed 
values (which ofcourse arefinite) ofthe mass and charge 
ofthe electron, the bare mass and charge must themselves 
be infinite. The total energy ofthe atom is thus the sum of 
two terms, both infinite: the bare energy that is infinite 
because itdepends on the infinite bare mass andcharge, 
and the energy shift... that is infinite because it receives 
contributions from virtual photons ofunlimited energy." 
Weinberg]. (640} 


11.1 Introduction 


The central message in this book is that all EM devices are already 
powered — though in an inappropriate fashion — by EM energy freely 
extracted from the seething vacuum. It is also intended to be a clarion call 
that we must rapidly develop the appropriate vacuum-energy powering of 
our EM circuits and electrical power systems, or else the survival of the 
nation and of the biosphere is at stake rather immediately. 


For this summary chapter, we wish to place that specific area — EM 
energy from the vacuum — in sharp focus, with the major facets together 
in one place, 


Consequently, for this closing chapter we have chosen and slightly adapted 
a previous technical rebuttal to the objections of "perpetual motion’, 
“violation of the second law of thermodynamics,” "impossible", etc. that 
we wrote in 2001 in the referee process, to the referees of one ofthe AIAS 
papers submitted to a major physics journal. The rebuttal was successful, 
and it was accepted and upheld by the referees. The paper was then 
published by the journal, after very vigorous refereeing. 


‘That is as it should be. 


Scientific journals provide a proper forum for the free expression and 
debate of scientific ideas and work. They do not and should not ensure that 
every paper conforms to commonly held concepts or to the most widely 
accepted model. As we stated, Chief Editor Kennedy of the journal Science 
has only recently had to restate and accent the principle that science is free 
from "truth by prevailing authority," and bound by "truth by replicable 
experiment”. Insuring that every paper meets the accepted models and 
notions would be enforcement of religious belief, not experimental 

science. Ideas which are wrong will be refuted experimentally; experiment 
is still the basis of scientific method. In our rebuttal, the argument of the 
conventional skeptics is thoroughly refuted by experiments already well 
known in the literature, as we detail, 


So we thought it appropriate to close the book with this strong statement of 
its primary phjective: economical, clean, copious electrical energy from 
the vacuum. 
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5G will be commercially available in 2017. Although 
Verizon plans ta roll out 5G fixed mobility in 2017 and 
Olympic 5G trials will be underway during the 2018 Winter 
Olympics, 5G standards will not be finalized until the end of 
2017. Thus, although some early, pre-standard versions of 
5G wil be coming soon, the 5G standard is nat complete. 
Standards-compliant 5G will be coming much later. 

5G is only for short-range, line-of-sight communication. 
In addition to other frequency bands, 5G uses mmWave 
bands, which are ideal for very short ranges. However, plenty 
cof ongoing experiments demonstrate haw techniques such 
‘as beamforming can achieve greater ranges to users in 
challenging environments beyond line-of sight. 

'5G will be used only in very high bands. Aithough 5G will 
bbe deplayed in very high millimeter wave (mmWave) bands, 
‘twill aso re-use spectrum in lower bands, both licensed and 
unlicensed, 

5G will replace 4G LTE, 5G will cosxist with 4G LTE for a long 
time to come. 4G has plenty to offer for many current 
applications such as voice, data, and even loT. 

5G will be a revolution, not an evolution. Although 5G 
brings in 2 new physical layer (in 5G New Radio, ar 5G NR), 
there is plenty of evolution from LTE-A Pro technologies such 
‘as carrier aggregation (CA), massive mutiple input/multiple 
‘output (MIMO), quadrature amplitude modulation (QAM), 
unlicensed spectrum (LTE in unlicensed spectrum or LTE: 
License Assisted Access or LAA, and MulteFire, among 
others), loT, and virtualization. 


5G will be required to drive 1oT. oT will initially be driven 
by LTE-A Pro where NarrowBand loT (NB-IoT) is specified. In 
addition, other low-power technologies, such as Lang Range 
Wide Area Network (LoRaWAN) and Sigfox, have been 
defined for IoT. 


The 5G winners will be the operators and vendors. 
‘Mobile network operators (MNOs), network equipment 
‘manufacturers (NEMS), and smartphone manufacturers 
were the primary business beneficiaries of 4G LTE. However, 
'5G wil transform many industries, including car manufactur- 
ing, agriculture, health and medicine, transportation and 
logistics, and many more, 


5G For Dummies, Ixia Special Edition 
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11.2 Source Charges, Curved Spacetime, Efficiency, 
and COP 


11.2.1 The Source Charge Problem 
The received interpretation of the Maxwell-Heaviside theory treats the 
source charge and source dipole as perpetual motion machines, freely and 
continuously pouring out EM energy in 3-space in all directions with no 
energy input. Experimentally one verifies that there is no 3-space 
observable energy input to the charge or dipole. In accepting that model, a 
scientist objecting to COP>1.0 EM systems has unwittingly hoisted 
himself upon his own perpetual motion machine petard, by already 
accepting every source charge and dipole as precisely that to which he is 
objecting. To explain the source charge, either one holds to the U(1) 
Maxwell-Heaviside theory and surrenders the conservation of energy law, 
or one accepts a change to U(1) electrodynamics to add the concomitant 
input of energy flow from the active vacuum (from the time domain, which 
in Minkowski geometry is all that is left outside 3-space) to that charge or 
dipole. That corresponds to a violation of the second law of 
thermodynamics, as —as we discussed in Chapter 10 — Evans and his 
colleagues at the Australian National University have already 
experimentally proven that the second law can be violated up to micron 
scale and for times of up to two seconds.”’ At the much smaller 
fundamental charged particle level and far shorter "switching" time of one 
spin completion, the probability is 100% and a certainty that the second 
Jaw is violated. Hence the broken symmetry ofthe charged particle 
considered in the modem sense as a dipolarity (considering its associated 
clustering virtual charges of opposite sign), 


Either way, the classical Maxwell-Heaviside theory must be changed. 
Every charge and every dipole — which themselves are Maxwell- 
Heaviside EM systems a priori — refutes the erroneous argument that no 
Maxwell-Heaviside system can output more energy than the operator 
himself inputs fom an external power supply. To adamantly continue to 
challenge something already experimentally demonstrated by every charge 
and dipole in the universe is the epitomy of scientific blindness. 


‘As have others, Sen {641} called this source charge paradox the "most 
difficult” problem in electrodynamics. However, the basis for its solution 
- absorption and transduction of virtual KM energy fiom the vacuum via 
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the broken symmetry ofa charge or dipole in its vacuum energy exchange 
— has now been known in particle physics for nearly a half-century 
{642a-642d). It is not included in the Maxwell-Heaviside-Lorentz theory. 
Neither the proven vacuum interaction with Maxwellian system nor the 
broken symmetry in that interaction has been added to the model. 


The present author has proposed an EM wave solution (643} to the source 
charge problem, by reinterpreting Whitaker's {644} decomposition of the 
scalar potential (as between the ends ofa dipole) and treating the "isolated 
charge” and its clustered virtual charges (645) of opposite signs as a set of 
composite dipoles. Each of the dipoles then becomes a broken symmetry in 
the energetic exchange with the vacuum. Hence the charge pours out 
observable EM energy with no observable energy input because the input 
energy is in virtual photon form, 


In the solution, the EM energy is input to the charge or dipole from the 
time-domain, so conservation of EM energy flow is upheld in 4-space, 
while time-like symmetry and space-like symmetry are broken 
individually. Powerful support for the proposed solution was given in a 
quantum field theory argument by Mandl and Shaw (646) nearly three 
decades ago. We challenge any scientist skeptical of COP> 1.0 Maxwellian 
systems to produce a solution of the source charge problem in Maxwell- 
Heaviside-Lorentz theory alone. In conventional theory, every charge in 
the universe experimentally exhibits COP = oo, Any theory conflicting with 
a replicable experiment is falsified a priori 


11.2.2 EM Waves Imply Curved Spacetime 

‘The oscillating energy of an electromagnetic wave is continuously 
changing its local spatial energy density. This is an oscillating change of 
spacetime curvature ifone accepts general relativity (GR). Hence the EM 
wave in space is always moving in a locally curved spacetime; else, no EM 
wave exists because no change in spatial energy density exists. To reject 
that, is to reject GR in its entirety as well as all the experiments consistent 
with GR. Ifone accepts GR, then the classical U(1) EM assumption of the 
EM wave moving in a fiat spacetime is a non sequitur. It is unscientific to 
be suspicious ofa higher group symmetry O(3) electrodynamics which 
does correct this known non sequitur in U(1) electrodynamics, while 
limiting oneselfto U(1) electrodynamics with that known error. One might 
as well be suspicious of tensor algebra because it is more comprehensive 
than vector algebra. 


‘There are many EM experiments such as the Aharonov-Bohm effect 
{647a, 647b} which violate Maxwell-Heaviside EM, as is well known 


586 


{648, 6492-6491}. The foundations of the Maxwell-Heaviside theory are 
well over a century old, and Maxwell's theory was substantially truncated 
in the 1880s (more on that below). The considerable physics developed 
since then has required dramatic extensions to the Maxwell-Heaviside 
theory such as developing non-Abelian gauge field EM theory, quantum 
electrodynamics, and modeling ofthe interaction of vacuum and matter in 


11.23 On EM Systems with COP>L0 
Conservation of energy requires that all energy output by an inert system 
rust be input to it {650}. It does not require that the operator input all or 
even any ofthe energy utilized. The active environment can permissibly 
input part or all of it, else there could be no such thing as a windmill — or 
a charge, or a dipole, or a solar-cell electrical power system. 


The coefficient ofperformance (COP) ofa system compares the system's 
useful energy or work output to the operator's energy input. The efficiency 
ofa system compares its useful output to its entire energy input. No inert 
yystem can output more useful energy than its total input, hence 


<= 10.being’ = 10 for a theoretically lossless "perfect" system and 
IE < 10 for a real system with losses. 


Whether the operator must input all the energy that is output by the inert 
system depends upon whether the system is (i) an open system in 
disequilibrium with its active environment, and (ii) designed to accept and 
utilize excess energy from that environment, such as from the active 
vacuum. If appreciable environmental energy input is received and. 
utilized, then a system with losses may permissibly exhibit COP>1.0, even 
though its efficiency € is € < 1.0. The common home heat pump is an 


example. While the efficiency of a home heat pump may be £ = 50%, its 
COP may be COP = 4.0. 


As does the skeptical scientist, the electrical engineering community 
erroneously assumes that an inert electrical power system that outputs 
‘more energy than one oneselfinputs to it — eg., a generator outputting 
‘more EM energy flow than the magnitude of the mechanical energy input 
to the generator shaft — is against the laws of physics. To the contrary, it 
is permitted by the laws of physics and thermodynamics, once the modern 
Vacuum interaction is included and disequilibrium exists in the interaction 
between vacuum and system. Not only is it permissible, it is a universal 
fact once the arbitrarily discarded Heaviside energy flow component is re- 
accounted, and the source charge problem is reluctantly placed back on the 


587 


ENERGY FROMTHE VACUUM: CONCEPTS & PRINCIPLES. 


table. Ifwe account all that EM energy pouring freely from the source 
charges in any EM circuit, then the actual output of EM energy from that 
circuit is enormous. It is many orders of magnitude greater than the 

magnitude of the input energy that the experimenter or operator provides. 


We do not have to reprove the active vacuum; it has long been proven in 
particle physics. We also do not have to reprove the disequilibrium 
between electromagnetic systems and the active vacuum environment; that 
also has been proven since 1957 by the prediction and discovery of broken 
symmetry. One of the proven broken symmetries is that of opposite 
charges, such as are on the ends ofa dipole. Hence every dipole or 
dipolarity in electromagnetics alteady freely absorbs virtual photon energy 
from the vacuum, transduces (coherently integrates) it into observable 
photon energy, and re-emits observable EM photons in all directions at the 
speed of light. Ifthere are no COP> 1,0 Maxwellian systems, then there can 
be no Maxwellian charges, dipoles, or dipolarity, and therefore no 
resulting fields and potentials from these sources — an absurdity falsified 
by every standard two-wire electrical circuit and ever charge and dipole in 
the universe. Any potential is a dipolarity, hence exhibits broken 
symmetry. That is why from any finite potential, as much EM energy as 
desired can be intercepted and collected, by the simple equation 1” = 49, 
where Wis the collected energy injoules, jis the scalar potential intensity 
in joules per unit point static coulomb, and q is the intercepting charge in 
coulombs. 


Systems far from equilibrium in their energy exchange with their active 

environment {651a, 651b} can permissibly perform five important 

functions impossible to equilibrium systems. Such a disequilibrium system 

can: 

(1) Self-order, 

(2) Self-oscillate or self-rotate, 

(3) Output more energy than the operator inputs (the excess energy is 
freely received from the active environment), 

(4) Power itself and its load (all the energy is fively received from the 
active environment), and 

(5) Exhibit negentropy. 


‘Any charge or dipole already exhibits all five of these functions — 
forbidden by classical thermodynamics but permitted by the well known 
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thermodynamics of systems far from equilibrium in their exchange with 
their active environment (651a, 651) 


It only takes one small white crow toprove that not all crows are black. 
The known performance of the charge and the dipole totally refutes the 
notion that no EM system can output energy without operator-arranged 
input from other than the active vacuum. The entropy-consuming reactions 
fiom the fluctuation theorem, experimentally proven by Evans et al. in 
2002, also is a sufficient proofto destroy any argument against permissible 
COP>1.0 EM systems. Since all the EM field energy and potential energy 
in a power system or circuit must come from the source charges and 
dipoles, it follows that all our EM energy systems already take all their 
EM energy from the active vacuum, not from the operator's input. A solar 
cell array also refutes the notion that the operator has to input the energy, 
but the solar cells’ environmental energy input may not be ubiquitous or 
dependable. The active vacuum is both. 


Most power system electrodynamicists avoid the particle physics solution 
{652} to the sourve-charge problem (641) involving disequilibrium 
exchange with the active vacuum. Instead, they adhere strictly to the 
‘Maxwell-Heaviside-Lorentz theory with its assumed equilibrium between 
system and vacuum. Therefore they avoid modeling the vacuum 
interaction and solving the problem of open dissipative EM systems which 
fively and dependably receive energy from their vacuum environment in 
‘unusable form, translate it into usable form, and fumish it for further 
capture and use. They therefore cannot resolve the source charge problem 
in their model, for the model has already artificially excluded the solution. 


By definition, an EM system in equilibrium cannot output more useful 
energy than the operator inputs. However, considered as an energy 
transducer, every EM system is in disequilibrium with the vacuum 
because of the charges and dipoles in the system, and it continuously 
receives energy from the vacuum. Because of the broken symmetry of the 
charge and the dipole, some of this energy fiom the vacuum is discharged 
by every charge and every dipolarity in the circuit as observable energy a 
priori. This creates a truly enormous outpouring of rather disorganized (in 
this case, uncollected) EM energy extracted from the vacuum and poured 
ut without being intercepted and diverged into the circuit, where it 

organized for dissipation and use. The circuit "uses" only thatamount of 
this enormous available outpouring EM energy that it first organizes 
(collects) and directs. That is its "organized excitation" energy, commonly 
known as input energy macroscopically — the Poynting energy flow 
component. 
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Upon completely discharging its excitation (input energy), the inert system 
‘outputs all its received (organized) energy, from whatever source. So every 
EM system already outputs far more energy than the experimenter inputs 
— when the system's nondiverged, non-organized, and nondiverged output 
energy flow is considered as well as its diverged, organized, and collected 
energy flow component. The fact that the diverged Poynting energy 
received in the extemal circuit enters the circuit from the surrounding 
space is shown by Krauss {653} (See Figure 1-1 in Chapter 1), We show it 
in Figure 2-4 of Chapter 2 as well. The remaining and nondiverged 
Heaviside energy flow component in space, which misses the circuit and is 
wasted, is also shown in Figure 2-4 of Chapter 2 and contrasted to the 
diverged (caught) Poynting component. To understand this experimentally 
demonstrable fact (653}, we need a bit of EM history. 


11.3 Truncations of Maxwell's Theory and Discard of 
System Classes 


113.1 Concept of EM Energy Flow Through 3-Space 
‘The concept ofthe connection of EM energy and space did not occur until 
1876 in a faulty work by Croll {654}. In the 1880s Heaviside {655} 
showed the huge nondiverged component filling all space around a circuit 
(see Figure 2-4 in Chapter 2). Poynting {656} never even considered the 
external nondiverged flow missing the circuit, but assumed only the 
diverged energy flow component that enters the circuit. Figure 2-4 in 
Chapter 2 shows both components of EM energy flow laterally, so they 
can be seen clearly. 


It is stressed that the Heaviside nondiverged component of EM energy 
flow around every circuit is far greater (by many orders of magnitude) than 
the circuit's intercepted, diverged, and collected Poynting energy flow 
component. This follows from Heaviside's own original papers. So when 
the entire output energy flow is considered, every generator and every 
battery is already a COP» 1.0 energy transducer, outputting far more 
energy flow than the rate at which mechanical energy is input to the 
generator shaft or the rate at which chemical energy is dissipated in the 
battery. 


In the 1880s the electron, atom, nucleus, special and general relativity, 
quantum mechanics, quantum electrodynamics, and active vacuum had not 
been discovered. There was no knowledge of any possible active vacuum 
interaction source for such an enormous energy flow pouring from the 
terminals of the generator or battery and surrounding the circuit, filling all 
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space around it. Heaviside's extra energy flow component was thus 
shocking and inexplicable, smacking of "perpetual motion” and total 
violation of the conservation of energy law. Heaviside — a brilliant, self 
taught hermit who never attended university - spoke cautiously and 
obliquely of its magnitude in terms of angles with respect to a reference 
direction (657) 


1132 Elimination of the Non-Intercepted Energy Flow Component 
A perplexed and concerned Lorentz {658} cut the Gordian knot and 
arbitrarily discarded the Heaviside nondiverged component, eliminating 
the quandary. Lorentz stated that the huge nondiverged component had "no 
physical significance” (his phrase) since it powered nothing. Of course it 
has no physical significance, and powers nothing, unless one intercepts it 
and uses it! 


By analogy, the component ofa great wind on the ocean that is outside the 
intercepting sails ofa single sailing ship, does not contribute to further 
powering ofthat ship. Figure 2-5 in Chapter 2 shows that situation, 
However, that nondiverged wind component can power a whole flotilla of 
additional, separate sailing ships with separate sails, as we showed in 
Figure 2-6 in Chapter 2. Electrodynamicists (659} have continued to 
utilize Lorentz’ clever integration trick (Figure 2-3 in Chapter 2) to dispose 
of the huge nondiverged Heaviside energy flow component surrounding 
every circuit and missing it, and therefore pouring from the terminals of 
every generator. Most electrical engineers today do not realize that the 
original purpose of Lorentz’s integration ofthe energy flow vector around 
a closed surface assumed surrounding every volume element of interest 
‘was merely to get rid of that perplexing and bothersome Heaviside 
nondiverged energy flow component while retaining the Poynting diverged 
energy flow component. 


11.33 Lorentz’s Previous Discard of all COP>1.0 Maxwellian Systems 
Previously (circa 1890s) Lorentz had symmetrically regauged Heaviside's 
‘equations that had already seriously curtailed Maxwell's seminal equations 
of 1865. This Lorentz symmetrical regauging retained only that class of 
EMsystems that are in equilibrium in their seething energy exchange with 
their active vacuum environment. It discarded that entire permissible class 
of the Maxwell-Heaviside systems far from equilibrium with the active 
vacuum, In short, it arbitrarily discarded all COP> 1.0 Maxwellian 
systems, and all those even permitted to exhibit COP> 1.0. 


Theubiquitous use of closed current loop citcuits containing both the 
extemal circuit and the source dipole inside the generator forcibly applied 
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(and continues to forcibly apply) the Lorentz symmetrical regauging. Thus 
all electrical engineers began using circuits which self-enforced 
‘equilibrium in the vacuum exchange, so that no net usable energy” 

that could translate electrons and do work in an external load —could be 
received from that source 


However, so long as the enormous Heaviside nondiverged energy flow 
component outside the circuit remained, then separate outrigger antenna 
circuits and systems could always be inserted in this external energy flow 
to divert some of it into separate additional circuits. This would have 
‘opened up the COP> 1.0 ensemble of systems and separate outrigger 
receiver circuits (with separate loads) fed by a single central generator, 
such as one version of the motionless electromagnetic generator of Chapter 
7. 


Consequently Lorentz integrated the entire energy flow vector around a 
closed surface assumed around any volume element of interest (658), as 
shown in Figure 2-3. This integration trick — still universally applied 
{659a-659c} in all the texts today — arbitrarily discarded that troublesome 
and massive Heaviside energy flow component that could not be 
explained, and for which no source was known. 


~ Lorentz symmetsical regauging does indeed require thatthe system receive excess 
energy from the environment (Ihe active vacuum). It requires that the potential 
energy of the syster ed twice and continuously, which means the excess 
‘energy in each ofthose two changes must continuously enter from the active vacuum 
tnd do internal work on the system. Two new free force fields are created, each with 
its field energy, which is additional energy being continuously dissipated in the 
itcuit to perform continuous work. However, the two free changes of energy in the 
system have been precisely selected so that these two force Fields are equal and 
‘opposite. The two five changes of energy thus produce a stress potential without a 
net translation field. This means thatthe local spacetime has been curved, in a 
manner representing a rotation of the system frame away from the lab observ‘ 

frame. Further, the stress potential represents the continuous entry of extra stress 
‘energy from the Vacuum, whose two force fields continually perform opposing local 
internal work within the system to stress it, while unable to translate electrons and 
power external loads. Contrary to the received view, the Lorentz-regauged Maxwell- 
Heaviside system is a dramatically altered and different system than the original 
system before the arbitrary application ofthe Lorentz condition. The system's 
inertial frame has been rotated, it has taken on extra energy from the vacuum that 
‘ean only be used to do internal work upon the system, and that internal work on the 
system is continuously being done to increase the system's stress and hold it atthe 
new level 


is chat 
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11.34 The Heart-Breaking Result of Lorentz’s Actions 
‘The combination ofthese two actions by Lorentz — symmetrical 
regauging of the model equations and discarding the excess Heaviside 
nondiverged energy flow component — unwittingly resulted in the design 
and building of only those electrical power systems which symmetrically 
‘and automatically regauge their discharge of their excitation energy. The 
symmetrical regauging is self-applied by the closed current loop circuit. 
‘That circuit uses half ofits collected Poynting energy to destroy the source 
pole in the generator, and the other halfto power the loads and losses in 
the extemal circuit (660). Conventional EM systems are unintentionally 
designed to destroy their own source dipoles — and their fiee extraction of 
organized EM energy from the vacuum — faster than they power their 
loads. 


11.35 Agreement with Classical Equilibrium Thermodynamics 
‘These curtailments of Maxwell's theory resulted in the exclusive building 
of equilibrium EM systems. These systems obviously obey the classical 
equilibrium thermodynamics with its infamous second law. Lotentz had 
unwittingly discarded all that entire class of Maxwellian systems in 
disequilibrium in their exchange with their active vacuum environment; in 
those days, there was nothing known about an "active vacuum 
environment” or broken symmetry in its virtual energy flux. Consequently, 
Lorentz had discarded all those Maxwellian systems that do not obey 
classical equilibrium thermodynamics, but do obey the newer 
thermodynamics of systems far from thermodynamic equilibrium with 
their active environment. He discarded all permissible COP>1.0 
Maxwellian systems, 


However, there was a total agreement between all the EM systems actually 
built using Lorentz’s symmetrized equations and all measurements in their 
ubiquitous closed current loop circuits — all self-enforcing the Lorentz. 
condition. This led to the iron dogma that all EM systems must inevitably 
comply with classical equilibrium thermodynamics — the circuits that 
‘were built were repeatedly and universally observed to do so! 


11.3.6 Dogma that COP>1.0 EM Systems are Perpetual Motion 
‘Machines 

Finally, this total agreement (now for more than a century) between the 
theoretical model used, the circuits actually built, the measurements, 
performed, and classical equilibrium thermodynamics led to the present 
fallacious but iron dogma that EM circuits and power systems cannot 
output more energy than we ourselves input. Today the vast majority of 
scientists consider it absolutely proven that the laws of nature prohibit 
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COP>1.0 electrical power systems, and particularly prohibit self-powering 
systems that fieely power themselves and their loads (ie., EM systems 
analogous to "windmills in a free wind"). As we stated, every charge and. 
dipole falsifies the "COP> 1.0 EM systems are impossible” dogma, as does 
the fluctuation theorem and its experimental proof by Evans et al 


Sadly, no one seems to have realized that we do not presently have 
COP>1.0 electrical power systems only because engineers have 
specifically designed and built their EM systems to destroy their own 
source dipole faster than they power their load. Ironically, every circuit 
and every power system used and measured by our engineers already 
outputs far more EM energy than is input by the operator or by turning the 
shaft ofthe generator, ifthe Heaviside nondiverged energy flow 
component is re-accounted. The Bohren experiment clearly proves it 
experimentally {662}, along with thousands of other similar experiments 
in "negative resonance absorption of the medium" { 1572-1574). 


11.4 Examples of COP>1.0 Electromagnetic Systems 


‘The motionless electromagnetic generator (MEG) {661} (Figure 11-1) 
does catch and use some of this available free energy, as explained below. 
So does the familiar Bohren experiment (662a, 662b} by resonating each 
intercepting charge so it sweeps out an increased geometrical reaction 
cross section in space, reaching past the usual Poynting interception cross 
section (for a static charge) and thereby absorbing additional energy from 
the otherwise non-intercepted Heaviside energy flow component. 


Every charge and dipole in the universe also already acts as an electrical 
"windmill in a free wind,” having a COP = oo 


‘The present author has also nominated the long-neglected but vast 
nondiverged Heaviside EM energy flow, accompanying every field and 
charge interaction, as the long-missing source of some 90% ofthe gravity 
holding the arms ofthe spiral galaxies intact (663). Our supersystem 
examination of several COP>1.0 EM systems developed by various 
inventors has also uncovered a proposed solution for the source of the 
distant antigravity accelerating the expansion of the universe (664) 
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Experimental proof that EM energy COP>1.0 is both possible and 
demonstrated is already in the literature — e.g., as in the Bohren 
experiment {662} which outputs 18 times as much energy as one inputs 
(see Figure 11-2). As another experimental example, the Aharonov-Bohm. 
(AB) effect (647, 665, 666} freely adds additional nonlocalized field-free 
A-potential energy while all the magnetic B-field energy is sharply 
localized but still present and available. The AB effect 
implicated in physics, but apparently was never applied in an electrical 
power system prior to its use in the motionless electromagnetic generator 


Bohren’s experiment {662} was quickly and independently replicated by 
Paul and Fischer {667}. It can be replicated by any university laboratory at 
will, totally negating the conventional COP < 0 assumption. The AB effect, 
is also easily replicated, using a toroidal coil, a long solenoid, or a 
permanent magnet and the special cores used in the MEG. When the toroid 
ystem’s total available output energy flow is measured and accounted — 
including both the confined magnetic field energy flowing inside the 
toroidal windings and the field-free A-potential flowing outside — the 
toroidal coil system outputs more energy flow than the operator furnishes 
from his extemal power supply by conventional accounting {668}. 
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In conventional terms, for a theoretically perfect toroid the operator only 
“pays for" the magnetic field energy “output component” confined inside 
the toroidal windings. The presence of an extra energy output component 
‘outside the toroid produces COP> 1.0 performance as an energy 
transducer. it does not produce system COP>1.0 performance in a closed- 
loop circuit containing the primary power supply's source dipole. 


‘The AIAS has previously nominated more than a dozen mechanisms as 
promising COP>1.0 systems for investigation, research, and development 
{669}. 


11.5 Motionless Electromagnetic Generator (MEG) 


11.5.1 Overall Description 
Inthe MEG (661} (Figure 11-1), one uses a nanocrystalline material core 
path with the unique characteristic of drawing in almost all the magnetic 
field energy ofan emplaced permanent magnet. The B-field flux from the 
‘magnet is withdrawn from its normal position in surrounding space and 
sharply confined to that material core path. Around the core there freely 
appears an additional cutl-free magnetic vector potential A energy flow, 
since the surrounding spacetime is still curved due to the interaction 
exchange of vacuum and magnet dipole, and therefore still contains extra 
energy. The operator inputs no energy whatsoever after the magnet is once 
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emplaced, yet has appreciable magnetic field energy and field-free 
magnetic vector potential energy available to utilize. As an energy 
transducer, the MEG has a COP» 1.0. As a power system powering loads, 
its COP>1.0. 


11.52 An Example of MEG Operation 
As areplicable example, suppose one operates the MEG core at less than 
saturation, and places a small "square wave" pulsed signal upon a primary 
coil wound around the core. The core changes its permeability as the 
internal magnetic B-flux is perturbed and changes, so all the perturbed 
B-flux is retained in the core material. The large E-fields produced by the 
changing B-flux in the core as a function of - @B/ét are not localized, but 
pass readily out of the core and interact with the coils, particularly with the 
secondary, 

In the A-potential region in the space outside the core, one also produces 
very large E-fields by E =— @A/Gr. At the frequencies being used (40 to 80 
kHz nominally), all these E-fields produced by the core flux perturbations 
and by the external A-potential perturbations are essentially in phase. The 
large E-fields thus coherently add and interact directly with the secondary 
coil acting as a receiver. 


In the secondary, the very large and sharply changing E-fields interacting 
with the coils aiso produces large B-field flux changes in the core. 
However, again the core changes its permeability and holds-in all the extra 
B-flux. The changes in that secondary B-flux also make additional non- 
localized E-fields, and so on. 


‘The surprising and shocking result is that the transformer secondary 
undergoes a coherent, purely E-field reaction with the electrons in its coils. 
‘This results in the output voltage and current being in phase (within 2°, 
since there are inevitably some small remaining inductance effects due to a 
tiny bit of extemal B-field leakage from the junctures of the ends of the 
permanent magnet with the core material). 


‘Themagnitude of the powerful E-fields produced by these processes — 
and interacting with the secondary coils — depends on the rise and decay 
times of the input signal's pulse édges. So the average power input to the 
signal coil may be small, but — using sharp rise and decay times of the 
input pulses — very large E-fields will be produced in the adjacent 
surrounding space outside the transformer section and interacting with the 
secondary coils, as well as in the sharply changing B-flux localized in the 
core. 
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One then uses transmission-reception theory and near-field antenna theory 
for separate receiving circuits containing loads, added in the large E-field 
region in space outside the core. Those E-fields arise from both the 
changing A-potential outside the core and the changing localized flux 
inside the core. We stress again that the E-fields produced in the core are 
not localized, but pass outward into the external space to interact with 
whatever interceptor/receivers are placed out there. 


A “outrigger array" version of the MEG uses separate external receiving 
circuits, containing loads, to intercept, collect, and use more of the EM 
energy available in the surrounding space outside the core. 


Within physical space limits, the energy intercepted and utilized by these 
separate, independent receiving circuits containing loads can be increased 
by adding more receiving circuits with loads or adjusting the rise and 
decay time of the input pulses to provide greater collected voltage. These 
separate loads will be powered by the incident E-fields’ interception in the 
external receiving circuits. This is not at all a transformer action, but a 
near-field transmission and separated multiple antenna circuits’ reception 
action. 


‘There is no back-current coupling between the external circuits and loads 
with the primary circuit ofthe transformer section. In the external 
A-potential region alone, the secondary coil in the transformer section will 
interact with the large incident E-fields from that adjacent space and from 
the changing B-flux inside the core, producing at least as much energy as 
‘one inputs to the primary. Actually, that process alone will produce more 
‘output energy in the secondary than the operator inputs in the primary. 


Ifone operates the core below saturation, the magnetic flux in the core will 
also be switched, giving additional intercepted E-field energy in the 
secondary coil attached to its load. The total work out in all loads is 
permissibly greater than the total energy dissipated in the input by the 
operator's energy input {668}. The MEG is an open system far from. 
equilibrium with the active vacuum {670). 


11.5.3 The MEG Is Replicable 
Any university laboratory can replicate this effect, and demonstrate more 
‘work in resistive loads than is input to the MEG primary from the external 
power supply. For replication, we suggest initially designing to COP = 15, 
since beginning at COP = 2.0 there can be other effects not in the U(1) EM 
literature, but which are dealt with in the actual MEG. Some of the 
methodology {671} used for COP >2.0 is still proprietary information not 
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yet releasable due to patent law requirements, while some of it was 
included in Chapter 7. 


Without elaboration we advance the supersystem concept, and strongly 
insist that, to properly analyze the performance of any similar EM circuit 
or system, one must analyze the dynamics of the entire supersystem 
consisting of (i) the physical system and its dynamics, (ii) the curved local 
spacetime and its dynamics, and (iii) the local vacuum and its dynamics 
{672}. All three components of the supersystem are mutually interacting, 


For a COP>1.0 system, the mutual interactions are utilized from 
disequilibrium processes evoked between all three supersystem 
components. U(I) electrodynamic analysis system in an inert vacuum and 
a flat spacetime is insufficient. Previous AIAS analysis (661) has 
addressed the supersystem by use of higher O(3) symmetry 
electrodynamics to include vacuum dynamics (energy currents, both space- 
like and time-like) and curved spacetime dynamics 


11.6 Physical Considerations of Gauge Freedom 


Additional physical considerations must be accounted when gauge 
‘freedom is invoked or utilized with respect to physical systems. Applied to 
electrodynamics systems, gauge freedom assumes the ability to freely 
change any potential of the system being studied. From the physics of the 
situation, a system potential change concomitantiy assumes changing the 
potential energy ofthe system itselffor which gauge freedom changes are 
being theoretically applied to system-descriptive equations. 


Ifone can freely increase the potential energy of an EM system, the extra 
energy has to come fiom a physical asymmetry of the system with its 
active environment — the active vacuum. Else, one must surrender the 
conservation of energy law. At worst, gauge freedom would then imply the 
creation and destruction of energy at will. At best, it would imply a return 
to the view that potentials are mere mathematical conveniences with no 
physical reality — a notion falsified for decades by the AB effect (647), 
‘freely decreasing the potential energy of the system by simply 
depotentializing it, has a similar vacuum asymmetry requirement for de- 
excitation of the system, where energy must flow from the system to the 
vacuum, 


11.7 Special Modeling of the Vacuum 


Having EM energy density, the vacuum is and should be modeled as a 
scalar potential of great magnititude. For deeper (supersystem) analysis, one 
will also have to examine the internal EM longitudinal phase conjugate 
‘wavepair structure and dynamics of the scalar potential vacuum {672}, 
along the lines shown by Whittaker {644} in 1903 and re-interpreted by 

the present author (643) in 2000. From quantum field theory arguments, 
Mandl and Shaw {646} give strong support to the proposed 
reinterpretation. They argue that neither the scalar (time-polarized) photon , 
nor the longitudinal photon is independently observable, but the 
combination of the two is observable as the instantaneous scalar potential 


‘Transforming this argument to EM waves yields a solution consistent with 
the reinterpretation {643}. The result is that all 3-space EM energy comes 
from the time-domain, in a manner not previously utilized in EM circuit 
analysis. It is experimentally established by proving (measuring) that the 
source charge and dipole do not receive observable EM energy in 3-space, 
but continuously ou/put observable EM energy in 3-space. Simply making 
and destroying dipoles in an electrical system turns out to be a method for 
direct engineering of negentropy and entropy respectively — or, from 
another viewpoint, it ditectly engineers regauging, 


‘The greatest unrecognized problem in conventional electrical power 
system engineering is its total failure to include the making and destroying 
of dipoles as direct engineering of negentropy and entropy respectively. 


Every EM potential in an EM system is a change to the energy density of 
the ambient vacuum potential — and thus is a spacetime curvature — or it 
is a change to an intermediate potential that is such a vacuum potential 
change. Vacuum exchange with every EM system and asymmetry in that 
exchange, is ubiquitous and cannot be prevented. Whenever one makes or 
changes an EM potential, field or wave, and whenever one regauges, one 
invokes and utilizes asymmetry in the interaction of the active vacuum and 
the system, either wittingly or unwittingly. Else one must discard the 
conservation of energy law altogether. There is no symmetry of a mass 
system alone {673}, without including the vacuum's asymmetrical 
interaction with it. The reason is simple: all observables involve 
asymmetry {674} apriori, and mass is an observable. 


11.8 Every Charge and Dipole in an EM System 
Receives and Transduces Vacuum Energy 


In particle physics, every dipole — and every charge considered with its 
associated clustering virtual charges of opposite sign — is recognized as 
an asymmetry in the vacuum flux (675). The very definition of broken 
symmetry means that a charge or dipole receives and absorbs virtual 
photon energy from the vacuum, transduces it into observable form, and 
re-radiates it as real, observable EM energy. This results in an observable 
outpouring of 3-energy from the charge or dipole, with no observable 
3-energy input. 


To save the conservation of energy law for physical EM systems, one must 
therefore recognize and model the physical vacuum asymmetry mechanism 
that allows this demonstrated performance of charge and dipole. In 
electrical power systems, that required asymmetry mechanism is the 
known broken symmetry ofthe vacuums interaction with the source 
dipole created in the generator. 


11.9 Energy from the Vacuum Powers Every Electrical 
Power Line and EM Circuit 


11.9.1 What the Generator Powers and What Powers the Circuit 
Shaft power input to a conventional generator allows the generator to 
produceits source dipole, nothing else. The generator does not transduce 
anyof its input shaft mechanical energy to add EM energy to the external 
circuit connected to its terminals. Instead, it first transduces its mechanical 
shaft energy input into internal magnetic field energy. 


Then it totally dissipates that magnetic energy to separate its own internal 

charges, forcing the positive charges in one direction and the negative 
charges inthe other, makingthe sourcedipoleconnectedtoitsterminals. 

‘That is all that the mechanical shaft power input to a generator does — 

that is all that burning hydrocarbons, consuming nuclear fuel rods, 

damming rivers for power stations, putting up windmill-powered 

generators, using solar energy input to solar cells, or consuming chemical 

energyinabatteryaccomplishes. 


nd 


Once made, the source dipole — via its broken symmetry in its vacuum 
exchange fieely receives and absorbs enormous virtual photon energy 
from the active vacuum, transduces it into observable (3-space) form, and 
pours out real, observable EM energy in 3-space from the generator 
terminals to which it is connected. As shown in Figure 11 of Chapter 1, 
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this outpouring of EM energy from the generator terminals fills all space 
around the extemal circuit (653) with a vast energy flow almost parallel to 
the conductors. Figure 2-4 is a lateral view so that the two flow 
components can be clearly seen and compared 


11.9.2 Gedanken Experiment 
‘We advance a gedanken experiment to illustrate. Consider a perfect 
‘generator with no losses, and with two perfect conductors and a purely 
resistive load R; connected across its terminals. Call the mechanical 
energy input to the shaft ofthe generator W.. Call the Poynting diverged 
energy flow component W, that is intercepted by the attached circuit and 
powers Ri. Call the Heaviside nondiverged energy flow component Wi, 
that misses the circuit and is wasted. As an energy transducer, the total 
energy output Woa from the terminals of the generator is 


Wout = Wet Wa (1) 


However, Wi = Wr, for this theoretically perfect system. So 
Wout = Win + Wn => Wow > Win QI 
Further, when accounted, W,>>Win, 80 
Wou >>Wia 3] 


We conclude that all EM systems — as energy transducersfreely 
extracting and transducing EM energy from the active vacuum— already 
exhibit COP » 1.0. However, for usefil work in a closed current loop 
circuit, the COP = 10, unless additional antenna-receiver circuits or 
another scheme such as Bohren charge resonance is used to increase the 
energy collected and dissipated in the load while nor increasing the energy 
used to dissipate the source dipole. 


11.10 Significant Developments in Negative Resistance 


‘True negative resistance (¢.g., current moving against the voltage) also 
exists and is experimentally replicable. In true negative resistance, the 
current in a circuit moves against the voltage instead of with it, suggesting 
time-reversal effects in the mechanism by which EM force and charge 
interact. 


1.10.1 Chung's Negative Resistor and Naudin's Replication 
Chung {676} has reported replicable negative resistance in the interfaces 
between layers of carbon fibers in a composite material. By varying the 
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pressure used when the fibers are made, the resistance can be controlled to 
later be negative or positive as desired. A simpler version of Chung's 
negative resistor using off-the-shelf materials has been successfully 
replicated and tested by Naudin (677}. (See Figure 11-3). Naudin's 
website {677} provides measurements and full details necessary for 
repetition. He also includes sources of the carbon fiber materials needed 
Jor independent replication. 


[en va0- Win PressuRe uNcTON 
NEDA INE RESISTANCE 
Dominoes tay aso 

‘TEST CNR v2.0 ett tina 


gue 1-5 Nadi epteston of Chas negave rest 


11.10.2 The Point Contact Transistor 
‘There is also evidence that the original point contact transistor — which 
used spring pressure on the point contact — often exhibited true negative 
resistance, Certainly this transistor was never adequately understood. 
{678}, and it is not understood today, since its supersystem has never been 
analyze. 


11.103 Kron's Negative Resistor 
Gabriel Kron, early pioneer in electrical systems theory, reported 
developing a negative resistor in the 1930s, on the U.S. Navy's Network 
‘Anayzer project (679) at Stanford University. He was not permitted to 

reveal the details ofhis negative resistor, but did provide strong hints in 
certainstatements in his papers in the literature {680a, 680b}. His method 
for a self-organizing network depended on his "open path" (681) which he 
also was not permitted to reveal 


The resent author worked for some years with Floyd Sweet, a Kron 

proiege", who did produce a successful type of powerful negative resistance 
system {682) known as the vacuum triode amplifier, apparently based on 

Kron’s original negative resistor. Sec Figures 6-5 to 6-13 in Chapter 6. As 
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shown in Figure 6-6, Sweet induced self-oscillation in barium ferrite 
magnets {6832-683c} (which are made by powder metallurgy methods 
using pressure applied during their manufacture) and extracted energy by 
induction from the resulting self-sustained magnetic field oscillations. His 
device was independently tested by Walter Rosenthal (684), a senior test 
engineer of long experience with a major aerospace company. See Figure 
69 and Figure 6-13. 


11.10.4 Proposed Time Reversal Zones and Effects 
One may take the view that true negative resistance involves time-reversal, 
which by the Pauli exclusion principle is permitted for bosons {685} and 
possibly for fermions in even numbers, acting as quasi-bosons (perhaps 
only possible in a time-reversed zone). The present author proposed a 
photon interaction mechanism for the "flow ofa mass through time" in 
1971, with initial publication occurring two years later (686). 


Extending this mechanism, the author proposed that time reversal zones 
(TRZs) can occur in momentary local regions in semiconducting materials 
or electrolytes (687). In a TRZ, the law of attraction and repulsion of 
charges is hypothesized to be momentarily reversed due to time-stress or 
time-domain pumping {688}, and like charges may momentarily attract. In 
Chapter 10, we used these time-reversal zones to explain the anomalous 
results of the 600 or so successful cold fusion experiments worldwide. We 
also gave the exact new nuclear reactions for the production of anomalous 
deuterium, tritium, and alpha particles in many of these experiments, 


‘When under strong stress, anomalous attraction of clusters of like charges 
is experimentally known, e.g. in Shoulders’ (689) experiments and 
patented processes {690}. When the output leads of Sweet's vacuum triode 
amplifier device were suddenly shorted, extreme cooling occurred rather 
than heating. Ice condensed instantly upon the shorting contact and leads 
from the sudden extreme cooling of the metal in the moisture in the air, 
dramatically showing a converging EM energy process rather than a 
diverging one. 


11.10.5 Effects in Optically Active Semiconducting Materials 
In addition, four-wave-mixing, phase conjugation, and time-reversal 
effects are well known in semiconducting materials {691}, almost all of 
which are optically active. Optical activity and microlasing is known in 
semiconductor powder (692). Further, the vacuum itself can exhibit 
semiconducting properties (693). 
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11.10.6 Special Functions Produced by Stress 
Apparently pressure (stress) in many of these devices and experiments can 
play an important role in the negative resistance process. Based on 
harmonic sets of paired couplings of a longitudinal time-like wave and a 
longitudinal wave in any scalar potential (643), the present author 
hypothesizes that such stress — treated as a stress scalar potential — 
accomplishes time-domain pumping in the optical sense, due to the 
presence of the coupled time-polarized longitudinal waves in the time 
domain. 


‘This time pumping is a special form of "time stress". Thus in optically 
pumped or stressed optically active materials (including electrolytes), the 
time-stress creates a TRZ, reversing the normal force laws upon and. 
between charges. Assuming this hypothesis is valid, this could account for 
the variation of Chung's negative resistance effect with the variation of the 
pressure (stress) used in manufacturing. Itwouldalsoapply tothe laser- 
created stress in semiconducting powder experiments, etc. The hypothesis 
should be further investigated for experimental validation or refutation 


11.11 In Conclusion 
As Penrose {694} states, 


"Electromagnetism is a subject that is in no way closed to 
stimulating new developments." 
Indeed, electrodynamics is still very much an advancing subject, and in 
classical electrodynamicsthereare foundationserrorsand problems, afew 
of which we have addressed. As Bunge {695} pointed out more than three 
decades ago, 
" .itis not usually acknowledged that electrodynamics, 
both classical and quantal, are in a sad state. " 
From a foundations viewpoint, Einstein {696} beautifully summed it up — 
and advanced a requirement for continually examining the foundations of 
electrodynamics andevery other field of physics—in these words: 


the scientist makes use ofa whole arsenal ofconcepts 
which he imbibedpractically with his mother’s milk; and 
seldom ifever is he aware ofthe eternally problematic 
character ofhis concepts. He uses this conceptual 
‘material, or, speaking more exactly, these conceptual 
tools of thought, as something obviously, immutably 
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given; something having an objective value oftruth which 
is hardly even, and in any case not seriously, to be 
doubted. ..in the interests of science it is necessary over 
‘and over again to engage in the critique ofthese 
fundamental concepts, in order that we may not 
unconsciously be ruled by them." 


‘Though they have long been neglected, legitimate COP> 1.0 electrical 
systems are good science, or they can be. They were present in the original 
Heaviside truncation of Maxwell's theory prior to Lorentz’s symmetrical 
regauging. That regauging arbitrarily selected only those Maxwellian 
systems in equilibrium in their exchange with the active vacuum. The 
energy flow theory was further curtailed by Lorentz’s integration trick, 
which discarded the huge vacuum-furnished non-intercepted Heaviside 
energy flow component accompanying every EM system. Every EM 
system already outputs for more EM energy flow than the energy that the 
operator inputs; thus every EM system is already a COP» 1.0 system, with 
respect to energy transduction. The only way this giant negentropy of 
every EM system can be hidden is to ubiquitously continue that integration 
trick to discard the giant Heaviside energy flow component. 


The present Lorentz-regauged Maxwell-Heaviside equations are not 
consistent with any bipolar EM system or circuit. The ends of any 
dipolarity in the universe — including any electron on Jupiter and any 
positron in the star Sirius — constitutes a broken symmetry in the seething 
vacuum flux. Actually, that is what Gabriel Kron discovered and called his 
"open path". Hence, that “dipole” continuously emits observable EM 
energy extracted from the vacuum. 


Engineering use ofthe ubiquitous closed current loop to contain both the 
primary source dipole and the load — which destroys the source dipole 
and extraction of vacuum energy faster than the load is powered — is 
responsible for the successful predictions of the equilibrium EM model 
(which of course completely fails to explain the source charge or source 
dipole). That circuit is unwittingly designed to self-enforce the Lorentz 
symmetry condition and therefore self-enforce those predictions, 


‘The question as to whether COP>1.0 electrical power systems are possible 
and practical must be resolved by direct experiment, and not by 
established models and cherished concepts that already arbitrarily exclude 
such systems! Such theoretical refutation by models that in fact contradict 
the experimentally observed COP = 00 action of every charge in the 
universe, cannot be trusted at all with respect to COP> 10 judgment. Well- 
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known supporting and confirming experiments already in the literature — 
such as the Bohren experiment yielding COP =18 — have been cited, and 
these are replicable by any university laboratory. The Bohren-type 
experiment is well known and routinely performed in every nonlinear 
opties laboratory, under the guise of "negative resonance absorption of the 
medium" 


It is indeed a critical time to re-examine the foundations of our electrical 
ower science and engineering, along the lines so eloquently stated by 
Albert Einstein, With the impending oil crisis, we face a world economic 
crisisof epic proportions unless we rapidly develop and widely deploy 
sell-powering disequilibrium electrical power systems. 


Also it is a critical time when the leaders ofthe scientific community — 
specifically the National Academy of Sciences, the National Science 
Foundation, the great national laboratories, and the universities — must at 
lastface and correct the excruciating aux pas that has now been 
perpetuated in electrodynamic theory for more than a century. In short, the 
leaders of our scientific community must now show whether they are 
scientists practicingand upholdingexperimental basis, oraredogmatists 

defending an ancient faith. The fact that the source charge problem 
continues to be propagated in electrodynamics 45 years after the award of 
the Nobel Prize to Lee and Yang, is no longer excusable. 


A thorough review and correction of the foundations of EM theory is 
required for the survival of this nation and much of civilization. It is also 
required for the cleanup of the increasingly polluted biosphere, survival of 
the threatened species of the Earth, reduction of present global warming 
trends, and the survival ofthis fragile and beautiful planet itself 
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Annotated Glossary of Selected Terms 


action at a distance: An action (effect) occurring in a local system, for 
which no separate local 3-space cause exists, but for which a causal 


correlation exists between a distant action and the local effect. 


advanced electromagnetic field: An electromagnetic field that is a 
solution ofthe classical Maxwell equations, which is positioned on the 
future light-cone of spacetime. It may be possible to involve such a field in 
the tempic force that may exist between the tempic potential at the output 
of an overunity system and the tempic potential that exists at the input of 
the system, where the interaction of the tempic force with the local 
nonlinear vacuum drives Dirac sea hole current from output section to 
input section. 


advanced electromagnetic potential: An electromagnetic potential that is 

a solution ofthe classical Maxwell equations, and is positioned on the 
future light-cone of spacetime. Presently this potential has not yet been 
givena physical interpretation. It may be possible to involve its effects in a 
specific system by our notion and use of the instantaneous tempic potential 
difference (the tempic force) that may exist between the tempic potential at 
the output ofa system and the tempic potential at the input of that system 
if the two differ. 


advanced electromagnetic wave: An electromagnetic wave that is a 
solution of the classical Maxwell equations, and which is positioned on the 
future light-cone of spacetime. 


Aharonov, Yakir: Renowned Istaeli quantum physicist and former 
student of David Bohm. Co-discoverer of the Aharonov-Bohm effect. 
Togetherwith Bohm, Aharonov authored a fundamental paper in. 1959 that 
pointed out the primary importance ofthe potentials rather than the force 
fields. The force fields are only made in and of the charged particle system 
itself, and do not exist as such in the vacuum. The force fields are thus not 
primary electromagnetic causes at all, but are effects due to the 
interference of potentials in a particular charged particle system. 


Aharonov-Bohm effect: Quantum mechanical phenomenon theoretically 
pointed out in 1959 by Yakir Aharonov and David Bohm whereby 
interfering electromagnetic potentials can produce effects on charged 
particle systems, even at a distance and in the absence of the 


electromagnetic force fields. A system undergoing a cyclic evolution from 
an initial state back to it will acquire a phase difference, which can be 
detected by interfering the initial and final states. Theory was extended 
later to Berry phase, then again to geometric phase. 


In classical EM terms, a more important energy-amplifying principle - 
advanced by the present author — emerges from the AB effect. My 
colleagues and I have used this principle in our motionless electromagnetic 
generator (MEG) to provide COP> 1.0. Consider a source of magnetic field 
B, such as a permanent magnet. All the magnetic field energy B from the 
permanent magnet may be drawn into and confined in a local material 
path, as in a special nanocrystalline transformer core. Then in the space 
surrounding the localized magnetic field energy. the active vacuum will 
freely replenish — via the broken symmetry ofthe permanent magnet 
dipole in its exchange with the vacuum — the magnetic energy in that 
space that would otherwise have been filled with magnetic field B (curled 
‘magnetic vector potential A). However, nature replenishes the energy in 
space outside the B-localization region with the curl-free magnetic vector 
potential A. In this fashion a system designer may cause the active vacuum 
to provide more available magnetic energy from the permanent magnet 
that normal, with each ofthe two energy forms being in separate spatial 
regions and paths, and occurring in different forms of magnetic vector 
potential energy. By inputting only a little energy in the input coils ofthe 
transformer section, and controlling the rise time and decay time of the 
pulses, one can produce very large E-fields from the A-potential via 
dAddt, From the simultaneously perturbed confined B-field flux in the 
core, one also produces E-field simultaneously and — at the frequencies 
used — in phase with the E-fields produced outside the core. The net 
result is interaction of large E-fields with the output coil, producing an 
output power proportional to the rate ofchange of the weak input signal 
energy rather than its magnitude. In this fashion, additional E-field energy 
from the vacuum enters the output coils to power the secondary circuit and 
its loads. Also, the output of the entire transformer section has the voltage 
in phase with the current, in contradiction to the actions of all previous 
transformers. 


AIAS: Alpha Foundation’s Institute for Advanced Study, directed by Dr. 
‘Myron W. Evans, a noted scientist with more than 600 papers in the 
literature. The AIAS is an unusual "think tank" comprised of Fellows and 
Fellow Emeriti in various places in the world, who cooperate in advanced 
electromagnetics studies via E-mail. The Director, Dr. Myron W. Evans, is 
theorist ofnote, as are several other Fellows. The AIAS has been forging 
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ahead with the production of (3) symmetry electrodynamics, particularly 
as an important subset of Mendel Sachs’ unified field theory. Dozens of 
AIAS group-authored papers have been published in various leading 
journals such as Foundations ofPhysics, Physica Scripta, etc. More than 
100 AIAS papers are carried on a restricted Department of Energy website 
for reference by DoE and AIAS scientists. The work is particularly 
significant in preliminary theorizing how EM energy can possibly be 

extracted from the active vacuum, 


algebras: The various types of mathematics in which the theoretical 
models for physics and other sciences are embedded. Some important 
algebras utilized in physics are vector algebra, tensor algebra, quaternion 
algebra, Grassmann algebra, Pauli algebra, Clifford algebra, etc. There are 
many others. The complexity of the symmetry and ofthe topology varies 
significantly between these algebras. Thus, an electrodynamics model in a 
lower topology algebra such as vectors or tensors will not reveal or permit 
nearly so great a set of electrodynamic functions and operations as will 
electrodynamics embedded in a higher topology algebra such as quaternion 
algebra or Cliffordalgebra.Seetopology. 


ambient vacuum: The average or typical "standard" active vacuum (i.e., 
active spacetime), removed spatially from any large collections of 
observable charge and observable mass. 


ambient vacuum potential: The average or typical standard vacuum 
considered as a scalar potential because it possesses energy density as well 
as structure and dynamics on many levels. As a scalar potential, the 
vacuum potential (considered without zero-point fluctuations) decomposes 
into a harmonic set of "bidirectional" longitudinal EM phase conjugate 
wavepairs, by Whittaker’s 1903 decomposition as reinterpreted by the 
present author in 2000. Dynamic structuring of the vacuum thus consists of 
dynamics impressed upon these wavepairs. Since the vacuum is observably 
mass-free, Whittaker’s phase-conjugate half of the decomposition must be 
considered prior to its interaction with mass, hence in the imaginary plane 
and arising from the time domain. This consideration led to the discovery 
by the present author of the more fundamental 4-symmetry in EM energy 
flow between the time domain (imaginary plane) and real 3-space, when 
broken 3-symmetry is present (as with any dipolarity or with any 
potential), 
Powerful support for this solution is also given by F. Mandl and G. Shaw, 


Quantum Field Theory, Wiley, 1984, Chapter 5. Mandl and Shaw argue 
‘that the longitudinal and scalar (time) polarizations of the photon are not 
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directly observable, but only in combination, where they manifest as the 
“instantaneous” Coulomb (i.e, electrostatic) potential. Our comment is 
that this argument, translated from particle terminology to wave 
terminology, directly fits our re-interpretation of Whittaker’s 1903 
decomposition of the scalar potential. 


angular momentum: The momentum or "leverage" ofthe linear 
‘momentum ofa moving body, with respect to an axis or reference point. 
Angular momentum has the same units as action; that is, itis energy 
‘multiplied by time, or momentum multiplied by length. In terms of 
particles, itis also known as spin, 


anti-cireuits: Somewhat normal-appearing electromagnetic circuits which 
primarily process and use antiparticles and anti-electrons rather than 
particles and electrons, or else process a combination of the two 
simultaneously. Operations ofthe anti-circuit must be analyzed and 
understood in terms of its supersystem interactions. The circuits process 
and utilize both negative energy and positive energy EM fields and 
potentials, hence are closely connected to unified field engineering and. 
antigravity. One aspect enabling such circuits is the use of the 
supersystem’s curvatures of spacetime in both negative curvature and 
positive curvature fashion so that an appropriate change of spacetime 
curvature precludes the radiation normally accompanying pair 
annihilation, etc. The key to the circuits is T-reversal and C-reversal 
operation, along with the matching use of spacetime curvatures, and also 
the use ofthe Dirac "positron” (negative energy electron) — and its fields 
and potentials — prior to its observation. The unobserved Dirac negative 
energy electron in the vacuum is an entirely different entity than is the 
observed Dirac positron after its interaction with charged matter, after 
which it has become a "lattice hole" or "positive charge on a positive mass 
ion”. The response of normal circuit components to vacuum Dirac sea hole 
operations is dramatically different than for Dirac positrons, and for 
certain applications special versions of citcuit components are required. At 
this writing, together with John Bedini the present author has submitted 
what may be the first patent application on the fundamental process for 
anti-circuits and their operations with antimatter and negative energy 
currents, fields, and potentials as well as matter and positive energy 
currents, fields, and potentials. Another patent application by this author is 
in preparation, covering the anti-gravity aspects. The details of these 
‘mechanisms are still proprietary at this writing in order to protect our 
intellectual property rights, but limited information is in this book. 
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anti-electron: A negative-energy electron, observed as apositron. Under 
time reversal, electric charge reverses in sign. Dirac did not predict the 
positron per se, but a negative energy electron that we would observe in 
reversed fashion. Present theorists assume the interaction of the 4-space 
negative energy electron with matter — ie., observation — to have 
‘occurred. This transforms the negative energy, negative mass electron to a 
positive energy, positive mass positron traveling in the opposite direction. 
In so doing, antigravity from the negative energy 4-electron source charge, 
due to its negative energy EM fields and negative energy potentials, is 
arbitrarily transformed by the spatial reversal into positive gravity fields 
rather than the antigravity fields they were. The secret to practical 
antigravity is to utilize (in anti-circuits) the negative energy 4-electrons 
prior to observation, without transformation of (i) negative energy fields to 
positive energy fields, (ii) negative mass to positive mass, and (ji) reversal 
Of the field direction. In short, simply consider the unobserved negative 
energy 4-electron as what itis, and utilize it in its unobserved vacuum 
state. The conventional transformation process also unwittingly discards 
the concept of anti-circuits, anti-fields, anti-potentials, and anti-currents, 
which discards half the rich electromagnetic circuitry that can be built and 
utilized. In the present book, we only touch lightly on this latter subject, 
which hopefully will be the subject of a future book after certain patents 
are filed. 


antigravity: Negative gravity or reversed gravity. Use of negative 
curvature of spacetime to produce a force on a gravitational source 
(physical system) that is opposite to the normal force of gravity of the 
earth etc. on that system. Antigravity is achieved by the use of negative- 
energy, negative-mass source charges in the mass component of the 
supersystem prior to observation, while the source charges are still 
4-spatial. This usage produces negative energy fields and negative energy 
potentials to negatively curve the local spacetime (ST), so that these 
negative localSTcurvatures interactback uponthe positive masssource 
systemassociated withthe vacuumnegativeenergy sourcesinits 
supersystem, Again, to understand the operation of an antigravity circuit or 
system, one must analyze it in terms ofits supersystem interactions. 


antimatter: Matter consisting of atoms that are composed of anti-electrons 
(positrons), antiprotons, and antineutrons and such, Also loosely refers to 
the antiparticle corresponding to a particle: an antiparticle may be regarded 
as a particle traveling backward in time, or "phase conjugated’, or "time- 
reversed, Since timeisnotanobservable, the observerseesthe antiparticle 
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[after its observation by interaction with mass) in forward time as being 
reversed in direction and charge. 


antiparticle: Conventionally, a counterpart to an ordinary fundamental 
particle, observably having identical mass, lifetime and spin, but with 
charge and magnetic moment reversed in algebraic sign. We again point 
out, however, that the antiparticle differs when in its unobserved 4-spatial 
state. Only by analyzing the particle's supersystem can the true unobserved 
antiparticle be understood, as well as its fields and potentials in that 
condition. 


antiphoton: A time-reversed photon. Presently the photon is considered 
its own antiparticle. Observably it is, but in its pre-observation condition it 
is not. An alternate but as yet unaccepted view is that, since the 
unobserved photon is comprised of (4E)(dt) — ic., a piece of energy 
‘welded to a piece of time with no seam in the middle, the antiphoton may 
be assumed to be comprised of (-dE)(-dt) with respect to the external 
observer. 


anti-Stokes radiation: The radiation coming from an anti-Stokes emission 
process from an intensely scattering medium, wherein more energy flux is 
emitted than is input by the experimenter-operator. The excess emitted 
energy is furnished by other processes in the medium. For true overunity 
operation, the excess energy furnished by the energetic medium must be 
freely replenished to the medium by the active vacuum's interaction with 
it 


antiwav 


The time-reversal (phase conjugation) of a reference wave. 


A-potential: The magnetic vector potential A, conventionally thought to 
be “defined” by the equation B = VxA. However, no equation is a 
definition (an identity is required). If we replace the "=" sign by "==", we 
have B =VxA, which is actually seen to define the field B as just a curled 
A-potential, or as the curled component of the A-potential, after 
interaction with magnetic charge. The A-potential or an additional 
component of it can and does also exist in uncurled fashion, and will 
emerge in the uncurled state in the space outside any local path (e.g., the 
path in the interior of a toroidal coil) that retains the B-field therein. That 
process of separating the curl component of the A-potential from its 
tuncurled component is known as the Aharonov-Bohm effect (which also 
affects the wave function). The motionless electromagnetic generator 
(MEG) uses a special nanocrystalline core material in a transformer 
configuration, which draws in and retains the B-field from a permanent 
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‘magnet outside the core but firmly in contact with it on both ends. As a 
result, the vacuum freely replenishes the withdrawn magnetic energy that 
would otherwise have existed in the space outside the core, but the energy 
outside the B-field localization zone remains and appears as a separated 
‘and uncutled A-potential. In this way, the MEG is converted to an open 
system not in equilibrium with the vacuum, and can therefore permissibly 
‘output more EM energy in its output coils than the operator inputs into the 
input coils, the excess being freely furnished from the vacuum via the 
broken 3-symmetry of the permanent-magnet dipole and the resulting 4- 
symmetry EM energy flow from the vacuum's time domain into the dipole. 
‘The MEG is actually a practical macroscopic EM power system 
application of (1) the well-known Aharonov-Bohm effect and (2) the effect 
of the separation ofthe curled and uncurled potentials by a long tight 
solenoid or by a tight toroid, but in this case by the nanocrystalline 
magnetic core performing that separation function. In effect, the output 
coils interact with double (or greater) energy than would be available in 
just the B-field ofthe core (and of the magnet). Dual interaction with both 
theintemnal core B-field flux and also the extemal A-potential is obtained 
by pulsing, so that the pulse edges produce strong E-fields in space, with 
the E-fields striking the output coils in a transmission-reception near-field 
fashion. As is well-known, dA/dt = —E, and also (dB/dtThes8. two 
fields produced by the perturbed internal B-flux in the core and the 
pertubed external uncurled A-potential outside the core are in phase. This 
is how the extra pulsing A-potential energy outside the core is made to 
interact as -E-field energy with the Drude electrons in the output coils, 
while the changing magnetic flux in the core through those coils also 
simultaneously produces a second -E which interacts with the coil’s 
conductors in normal E-field fashion. The total E-field interacting with the 
outputcoils is proportional to the rime rate ofchange ofthe input 
perturbation signal, not the magnitude of its energy. By adjusting the 
leading and trailing edges of the perturbation pulses, the magnitude of the 
E - fieldinteractions with the output coil is determined as desired. Further, 
the usual output B-field produced inthe output oils by dE/Atis directly 
extracted into the core and held, so that a purely electrical interaction and 
outputoccursinthe output coils. This is easily shown since the output 
current and voltage of the output coil are in phase, within a degree or two. 
‘The MEG may be said to the world’s first purely electrical induction 
transformer, freely separating the magnetic interactions and bottling them 
up, while allowing the electrical interactions. 
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asymmetrical regauging: A change of either the scalar potential @ or the 
vector potential A, or both, so that a net resulting excessforce together 
with a net change oftotal system potential energy occurs in the system. 
During this change, an asymmetry exists in the active vacuum’s energetic 
exchange with the system. The result is that the potential energy ofthe 
system is freely changed by energy from the vacuum, and a free net force 
is also produced in the system. This new force is then free to dissipate the 
excess potential energy by translating electrons through a load and 
powering it. By contrast, the Lorenz/Lorentz symmetrical regauging 
produces two free force fields that are equal and opposite, so there is no 
net resultant translation force available to translate electrons through the 
external load and power it. Thus Lorentz regauging arbitrarily applied to 
the Maxwell-Heaviside equations selects only that resulting subset of 
Maxwellian systems that are in equilibrium in their interaction with the 
external active vacuum. The potential energy ofthe system is changed, but 
only as a "stress potential” doing intemal work upon the system to form 
and maintain its increased stress. ‘The extra energy also rotates the 
system's frame out of the laboratory frame. Lorentz thus unwittingly 
discarded an entire class of permissible Maxwellian systems that are not in 
thermodynamic equilibrium with the vacuum. The Lorentz condition is 
initially violated each time anyone potentializes an EM circuit, but the 
closed-current-loop circuit design with the same charged-particle energy 
carriers around the loop — including back through the back emf of the 
source dipole in the generator — enforces a form of Lorentz. symmetrical 
regauging during discharge ofthe system’s excitation energy. Further, the 
response ofthe electrons in the usual electrical circuit with copper 
conductors is so rapid that the asymmetrical regauging (potentialization) is 
almost instantly converted to symmetrical discharging by movement of the 
electrons as current. When one section ofthe otherwise closed current loop 
uses a dramatically heavier charge as the energy carrier (as a battery uses 
ion current between its plates, but uses electron current between the 
outside of the plates and the external circuit), it is then possible to dephase 
the two independent carrier currents so that the battery will be charging 
while simultaneously the circuit is being powered, by a negative resistor 
(sharply increased scalar potential or voltage) produced at the plate surface 
interface of the two carrier current types. This proven Bedini process is an 
example of a true overunity process, capable of producing a self-powering 
system by means of adroit switching and timing. 


asymmetry: Lack of symmetry, or "broken symmetry” in a general sense. 
Since a specific symmetry is accompanied by a specific conservation law, 
the breaking of that symmetry represents the violation of that conservation 
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law. Particularly note that a broken symmetry at one level often (usually) 
results in a new symmetry at a higher level, necessary to maintain the 
asymmetry at the lower level. The resulting “levels” of symmetry are 
known as hierarchies of symmetry. 


asymmetry of the dipole: Because of the proven asymmetry of opposite 
charges, any dipole or dipolarity is a broken 3-symmetry in its fierce 
exchange of EM energy with the active vacuum, because of the known 
broken symmetry of the opposite charges on its ends. Any two points in 
the universe (in or out of the circuit), that are at differing ambient 
potentials, constitutes such a broken symmetry continuously pouring out 
EMenergy extracted from the vacuum. A dipole ot dipolarity continuously 
receives and absorbs copious virtual energy from the seething virtual 
photon vacuum flux, and not all this absorbed energy is reradiated back to 
the vacuum in virtual form. Instead, some oft is coherently integrated into 
observable form and re-radiated in all directions as usable, real 3-space 
‘observable_photonsand EM energy. We found that the inputenergy tothe 

dipole is from the time domain of 4-space. Hence the dipole’s broken 3- 
symmetry results in the appearance of a new and far more fundamental 4- 
symmetry in energy flow between the time-domain and 3-space. This was 
the solution to the long-vexing source charge (or source dipole) problem in 

classicalandquantumelectrodynamics. Reinterpretingthe Whittaker 1903 

decomposition ofthe scalarpotential revealsthe mechanism forthis 4- 
symmetry between time-domain EM longitudinal wave energy flow into a 
dipole and 3-space EM longitudinal wave energy flow out of the dipole, 
due to the presence of the proven broken 3-symmetry of the dipole. EM 

energy flow is conserved in 4-space, but not in 3-space. Further, the 4- 

symmetry energy flow from the source dipole (or source charge) continues 
as long as the source dipole (or source charge) remains intact so that the 
broken 3-symmetry remains intact. It is strongly indicated that this, 
asymmetry of the dipole or dipolarity is what Gabriel Kron finally 
discovered as his "open path’, 


back emf: The counter-electromotive force, usually between the end 
charges of the source dipole in the extemal power source for an electrical 
circuit (in its overall closed current loop). When the electrons in the circuit 
are forced against the emf—as when the "spent" or depotentialized 
charges fiomthe groundreference of thecircuitare forcedbackup 
through the emf of the source dipole to re-potentialize the charges — then 
work is done upon the source dipole to scatter its charges and destroy the 
dipole Removing the dipole stops its receipt of vacuum energy from the 
time - domain (which was due to its broken 3-symmetry, now removed). It 
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also stops the former dipole’s transduction of that energy, and its former 
output of 3-space energy flow along the circuit and in space around the 
circuit. When this flow is occurring, a small component of it strikes the 
surface charges in the conductors and is diverged into the circuit (by axial 
precession ofthe surface charges withdrawing the "immediate stubs" of 
their fields and potentials into the conductor) to power it as the Poynting 
energy flow component. The huge remainder of the energy flow in space 
surrounding the circuit simply misses the circuit and is utterly wasted. 
Destruction of the source dipole removes the transduction of EM energy 
from the vacuum. It thus stops the powering ofthe circuit. So additional 
energy must then be input to the power source to perform work on its 
scattered internal charges, force them apart again, and reform and restore 
that source dipole, in order to resume powering the circuit by energy 
extracted from the vacuum by the dipole. It is simple to show that such a 
closed loop circuit uses more of its collected energy from the vacuum to 
destroy its source dipole, than it uses to power its load. Hence the circuit 
self-enforces COPS1.0. 


back emf (tempic): There are actually two emfs in a circuit, not one. 
‘There is a 3-space emf and also an entirely unrecognized tempic emf. In 
either case, under proper circumstances there can be a back-emf of either 
‘one or both. See discussions under electromotive force, back and under 
tempic back emf. The tempic back emfis very important to COP>1.0 
circuits, where the system's output energy density in spacetime is greater 
than the energy density at the input section ofthe system. This difference 
in tempic stress potential provides a tempic force sweeping from system 
‘output section back through the system to its input section. The current is a 
current of Dirac sea holes (negative energy 4-electrons) moving in that 
local vacuum, from the output section back through the system to the input 
section. At the input section, this Dirac sea hole current reacts with 
incoming electrons from the external power system. It therefore "eats" 
incoming electrons, so that the power supply must now fumish additional 
electron current to (a) power the negation and “killing” of the Dirac sea 
hole current by filling those holes with electrons in the input section of the 
circuit, and (b) simultaneously furnish the additional usual current to 
power the system's input. The result is that the tempic back emf is nature 
mechanism for decaying the excited COP> 1.0 energy state represented by 
a system in overunity functioning condition. Unless this hole current 
problem is overcome, this decay mechanism will destroy the net overunity, 
and it will prevent any attempt at close-looping the circuit for self 
powering by use of clamped and governed positive energy feedback from 
‘output to input. The Bedini method can be used to transform the 
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detrimental Dirac hole current into ordinary electron current, providing the 
self-powering feedback loop needed. Or, Bearden’s outrigger method of 
using a multi-system set of external COP<1.0 receiving circuits powered 
by radiation (Poynting EM energy flow) from a single central power 
source (energy flow radiator) can be used. Then already-positive energy 
feedback from one or more of the separate outrigger COP<I.0 receiver 
circuits can be fed back in normal fashion to power the central power unit. 
Note that the outrigger concept uses the bridging concept, so that an 
external COP<1.0 system can be powered from a central radiating system, 
and the external COP<1.0 system can collect and output more energy than 
is output in the accounted Poynting component of the central radiating 

system. The excess energy radiated comes fromthe radiated Heaviside 
‘component, 


bare electron: The true electron without its partial shielding of virtual 
positrons that are attracted toward it from the active vacuum, and that 
cluster around the electron, partially shielding its charge as seen by an 
external observer. The bare electron has infinite energy and infinite charge, 
1s does the shielding cluster of virtual positrons. The difference between 
these two infinite values of opposite charge is the finite "externally 
observed" value ofthe electron charge listed in texts and handbooks. This 
strange dipolarity of the source charge thus exhibits an asymmetry in its 
exchange with the active vacuum virtual photon flux. Hence this 
mechanism also solves the source charge problem — how the charge 
continuously pours out EM energy in all directions at the speed of light, 
establishing its fields and their potentials reaching out into or even across 
the universe, without any input of observable EM energy to the source 


Barret, Terence W.: Noted modern electrodynamicist and consultant 
‘who works in SU(2)xSU() gaugesymmetry extended electrodynamics. 
and other models, and was also one ofthe pioneers of ultrawideband radar, 
Barret is one ofthe vigorous modern electrodynamicists continuing to 

developandextendthescienceofelectrodynamicsandthe 
clcodynamics model. itself 


Bedi 


John: Noted audio engineer, leading overunity energy researcher, 
inventor ofthe Bedini process for creating atruenegative resistorinsidea 
battery used as primary power to a circuit, and inventor of the Bedini 
overunity process orkilling thebackmmf(magnetomotiveforce)ina 
magnetic motor. Bedini is also the inventor ofthe renowned Bedini 
amplifiers well known to audiophiles, the BASE process for holographic 
sound, and aremarkable process for cleaning the harshness from digital 
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audio disks. In addition, he discovered a mechanism for transducing into 
usable positive energy the detrimental Dirac Sea hole current (negative 
energy electron flow) backflow in an overunity system, flowing from the 
output section back through the system to the input section and even on out 
into the external power supply. The Bedini process transduces this 
detrimental current into normal electron current, thereby providing most or 
all of the required input power to the input section. Bearden then explained 
the technical process for Bedini’s discovered transduction procedure, and 
Bedini and Bearden filed a patent application on this process 


Berry phase: Generalization by Berry ofthe Aharonov-Bohm effect, for 
an adiabatic situation. Later Aharonov and Anandan further removed the 
adiabatic condition and generalized the Berry phase to the geometric 
phase. See Aharonov-Bohm effect, geometric phase 


blocking: In a Fogal charge-barrier semiconductor, stopping or partially 
stopping the flow of current in a circuit, or between two points, by pinning 
ihe electrons without stopping the EM energy flow. In ordinary usage, 
stopping the progress of whatever charge flow or current is being 
referred to. 


Bohm, David J.: World-renowned physicist and originator of the hidden 
variable theory and interpretation of quantum mechanics. See David 
Bohm, "A Suggested Interpretation of the Quantum Theory in Terms of 
"Hidden’ Variables, I and Il,” Physical Review, 85(2), Jan. 15, 1952, p. 
166-179 (Part I); 180-193 (Part II). Together with his student Aharonov, 
Bohm co-authored a fundamental paper on the Aharonov-Bohm effect 
wherein interfering electromagnetic potentials can produce effects on 
charged particle systems, even at a distance and in the absence of the 
electromagnetic force fields. From Bohm's hidden variable theory, the 
quantum potential has been highly weaponized by five nations, and these 
eerie weapons operating instantaneously at a distance through multiply 
connected spacetime are presently the dominant strategic weapons on 
earth, 


Bohm's hidden-variable theory (HVT) of quantum mechanics: A major 
interpretation of quantum mechanics, formulated by David Bohm and 
published in Physical Review in 1952. Bohm’s theory makes all the correct 
predictions and also eliminates many problems in quantum mechanics, 
such as the "measurement problem" and the — now recognized — 

problem ofthe missing chaos (ie., the missing "hidden chaotic order.") 
Bohm’ theory implies that physical reality — or much of it — can in fact 
be deterministically engineered. A key concept is the use of a quantum 
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potential, which is multiply connected. Clandestine superweapons using 
Bohm's quantum potential (QP) have been developed and deployed by 

several nations. Present mutual assured destruction "standoffbetween 
these nations is based on surviving counters to QP weapons rather than 
surviving nuclear weapons. 


Bohren, Craig F.: Distinguished Professor of Meteorology, Pennsylvania 
State University, noted for work in scattering theory. In an experiment 
detailed in C. F. Bohren, "How can a particle absorb more than the light 
incident on it?" American Journal ofPhysics, 51(4), Apt. 1983, p. 323-327 
Bohren shows that in nonlinear conditions a resonant particle may absorb 
and output 18 times as much energy as is impinging upon it from the usual 
fidd definitions based on a static intercepting charge. The additional 
energy is “absorbed from the vacuum"; actually, itis absorbed from the 
nondiverged Heaviside energy flow component accompanying the 
accounted Poynting input component, but arbitrarily discarded by Lorentz. 
‘Theresonant particle sweeps out a geometrical interception area (reaction 
cross section) greaterthan that ofthe same charge ina fixed static 

condition. Hence it intercepts part of the always-available Heaviside "dark 

energy” flow surrounding the Poynting energy flow component ofevery 
fieldcharge interaction. 


Bohren experiment: Revealing experiment by Craig F. Bohren, replicated 
by Paul and Fischer, which shows that a given charge when in particle 
resonance absorbsmoreenergy froma fieldorpotentialthenthesame 
charge does when in "static" position. This experiment is a direct 
experimental demonstration of the existence of Heaviside's nondiverged 
energy flowcomponentaroundevery field/chargeinteraction. See 
discussionunder Bohren, Craig F. The Bohren experiment can be 
repllicated by any university nonlinear optics laboratory and outputs 18 
times asmuch energy as is input by normal calculations (neglecting the 
HeavisidenondivergedEMenergy flowcomponentoftheinput) 


boson: A particle having integral spin, which obeys Bose-Einstein 
statisties but not the Pauli exclusion principle. Bosons include the photon, 
alpha-particle, and any nucleus ofeven massnumber. 


bridge: A component or process which passes EM energy between two 
isolated circuits, but does not pass da/dt between them, and which breaks 

the normal rigidly field-locked power dissipations in the two circuits. 

Space itself would appear to be one such bridge for EM energy flow. 


bridging function: The function of passing EM energy flow between two 
isolated circuits, but not passing da/dt between them, while simultaneously 
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breaking any normal rigidly field-locked power dissipations in the two 
circuits. Use of the uncurled A-potential where YxA = 0 is one available 
method of bridging otherwise isolated circuits, particularly in the outrigger 
embodiment of the motionless electromagnetic generator and other 
COP> 1.0 systems, 


broken symmetry: Fundamentally, a condition in which two parts of 
some configuration or shape, on opposite sides of some divisor or 
condition or boundary, are not similar but differ. In vacuum energy 
physics, we are very interested in the fact that — because of the broken 
symmetry of opposite charges — any charge (with its associated clustering 
virtual charges of opposite sign) and any dipole or dipolarity represents an 
asymmetry in its fierce energy exchange with the vacuum. This implies 
that something virtual becomes observable: ie., part of the virtual EM 
energy continuously absorbed from the vacuum by the charge or by the 
dipole is changed into observable form and re-emitted as real, observable 
EM energy. The remainder is re-radiated as virtual EM energy. The 
transduction of absorbed virtual photon energy and its re- 

jon as observable photon energy was proposed by the present author 
in 2000 as the solution to the long-vexing problem of the source charge 
and its associated fields and potentials (and their energy) reaching across 
the universe. 


bypass resistor: In electrical theory, a resistor to pass or conduct current 
around (in parallel to) some other component. If another effect such as use 
ofthe overpotential, pumped phase-conjugate reflection, quantum well, 
quantum tunneling, negative energy, or charge blocking is added, the 
bypass resistor's function becomes extremely complicated. The bypass 
resistor may be complex, e.g., of it may be a true negative resistor in some 
cases. 


carrier wave: A fundamental wave that is modulated by another wave or 
other waves, and hence "carries" the other modulating waveform(s). By 
stripping off the carrier in a demodulator, the carried waveform(s) 
emerges. 


Casimir effect: The attraction of two conducting parallel plates in space, 
placed very close together, due to their influence on the active vacuum and 
‘on the vacuum’s interaction with the plates. A part of the vacuum spectrum 
between the plates is “cut off and blocked or shielded, so that the vacuum 
potential between the plates is less than the vacuum potential outside them, 
‘The resulting potential gradient (force) on each plate from outside pushes 
the plates together. The Casimir effect unequivocally proves that it is 
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possible to directly engineer the vacuum so as to produce forces and 
energy and physical effects in material systems. While it is a "small" white 
crow, it only takes one white crow to prove that not all crows are black. It 
is sufficient to conclusively prove that EM energy can be extracted from 
the vacuum. From there to practical EM power systems, fed by vacuum 
energy, issimply aproductofmodifying the prevailing electrodynamics 
and electrical engineering to incorporate the supersystem components and 
interactions, and then to gradually discover and develop the necessary 
technology. In this book we attempt to point the way by using the 
‘tem and providing some of the major necessary principles and 


supers} 
concepts. 


Casimir, Hendrik Brugt Berhard (1909-2000): Noted scientist who in 
1948 correctly predicted that two parallel conducting plates, placed very 
near each other in a vacuum, would experience an attractive force due to 
their influence on the electromagnetic vacuum. 


causality: The relationship between "cause" and "effect", or the interaction 
of 4-space cause upon a previous 3-space observation (effect), to produce 
a new 3-space observation (change in the previous observable or 

production of an exact 3-space replica). The basic notion in a causal 
systemis that the system's response to an input signal is dependent only 
‘upon past input values, not upon future input values. In a multiply 

connected space, the causality principle is dramatically changed and 

requiresverycarefulaccounting. 


‘chaos:Indissipativedynamicalsystems,thedynamicalevolutionor 

ordering of the system that is aperiodic and highly dependent upon initial 

conditions of the system. The trajectories of the system move on a strange 

attractor, whichis a fractal subspace of the phase space. The mathematical 
equations describing chaotic behavior are very nonlinear and so complex 
that at the present time they cannot be computed or predicted. Control of 

chaotic oscillations thus is ongoing in its scientific development, with the 
most advanced control work having been done by Russian scientists, but 
now openly available, 


charge: Charge is the ongoing circulation of EM energy flow between the 
time and 3-spacedomains, as "seen" by the observer in 3-space. Negative 
chargeis i) theongoingabsorption, byamassparticle, of EMenergy 
input from the time domain (from ict), (ii) transduction of the absorbed 
energy into 3-space EM energy, and (iii) re-emission ofthe EM energy in 
all directions in 3-space. Positive charge is (i) the ongoing absorption, by a 
mass particle, of EM energy input from 3-space, (ii) transduction of the 


623 


absorbed energy into the time domain, and (ii) re-emission of the EM 
energy in the time domain. Altemately, the positive charge can be 
considered as (i) the ongoing absorption, by a mass particle, of EM 
negative energy input from the time domain (from ict), (ji) transduction of 
the absorbed negative energy into 3-space, and (iii) re-emission of the EM 
negative energy in 3-space. A similar inversion can be utilized to represent 
negative charge. Time reversal of EM energy can be seen to result from 
the combined broken symmetries of EM energy flow (in 4-space) between 
time and 3-space, of two opposite charges and thus of dipolarity itself. See 
paragraph 3.1 of Chapter 3. 


charge, electrical (q).: In the sense of q being charged mass, where the 
‘mass mg of charge q is associated with the phenomenon defined as charge 
(see above definition). In our view, an electrical charge q associated with a 
charged particle or mass may be defined as q = ma, 0 first order. This 
fits the common use of "the charge” as an expression for a charged mas 
and explains why a gathering of charges produces a potential ¢ reaching 
out from the "source gathering of charge q". The actual "charge" action 
associated with the mass is due totally to 9g, and to the broken symmetry 
of the 6, dipolarity in the vacuum flux exchange with mg, The charge q can 
be further broken down into a set of composite dipoles ifthe gathering of a 
screen of virtual charges of opposite sign in the vacuum, surrounding the 
mass ofthe "bare charge" inside the gathering, is considered. At first order, 
q can be expressed (from aparticle view) as a change in the local vacuum 
virtual photon flux (VPF), due to the VPF exchange between vacuum and 
m,, In a classical approach, the vacuum may be considered as a giant 
scalar potential comprised of bidirectional EM wave flows according to 
Whittaker's 1903 decomposition, except we must re-interpret the phase 
conjugate half-set of Whitaker's decomposition as incoming from the time 
domain or complex plane. The charge then may be considered to diverge 
so much energy flow fiom the time domain into 3-space “around” the 
‘mass, resulting in $4 as the steadily diverged energy surrounding the mass 
m,, The 6, component is actually the massless electrical charge and 
massless of itself. This approach would then yield a definition of massless 
charge itself, which at present is undefined in physics, as pointed out by 
Feynman and others. 


In the expression q = mgdqsthe gg represents a change to the local vacuum 

potential vac. Both $4 and $a decompose into Whittaker phase conjugate 

Iongitudinal EM wavepairs. As can be seen, by altering or engineering 

these constituent wavepaits, a particular y oF particular local vacuum 

potential dye can be given a deterministic internal structure and dynamics. 
On 


‘Thusthe interaction of a given electron or group of electrons may be made 
quite different from the interaction of another electron or group of 
“apparently identical" electrons. Such structuring dynamics are met with in 
the internal structuring of water, e.g., where the fierce activity of H-bond 
making and breaking can be treated as a special ¢j, and its “internal 
structureand dynamics” can be engineered. A leading scientist pursuing 
that type of effect is Jacques Benveniste, in France. Predictably, the 
orthodox establishment has severely castigated these experiments, 
defending conventional models as absolute while completely ignoring the 
sbeing 


experimental resultsthatrefutethoseconventionalmodels 
incomplete. 


charge carriers: Anything — usually fundamental particles, ions, ete. — 
which consists of or contains charges and can be potentialized and move. 


charge, magnetie: In the sense of charged mass, a magnetic charge is 
whatis commonly called a "magnetic pole”. The mass m ofthe magnetic 
chargeisassociated with the exchange of EM energy betweenthetime 
domain and the 3-space domain. Essentially, the energy exchange action 
known as “charge” in the massless sense is the magnetic scalar potential, 
or monopole, when decomposed as per Whittaker and as reinterpreted by 
the present author, and as pointed out in quantum field theory by Mandl 
and Shaw. Note that our personal view discriminates between massless 
charge and charged mass. Massless charge is an ongoing action and 
process, involving energy transduction from one form (time energy or 3 
space energy)to another (3-space energy ortimeenergy). Acharged mass 
is a mass associated with such action. Unfortunately, in the prevailing 
usagethe word "charge" isjust loosely used forboth senses without 
discrimination. Hence one must carefully differentiate between the use of 
"charge" for "charged mass", and its use for an "ongoing process” 


charge-parity-time (CPT) theorem: C is charge conjugation, which 
changes the quantumnumber of every particleintoitsantiparticle. Pisthe 
reflection operation known as parity, which turns an object into its mirror 
image and rotates it 180 degrees about an axis perpendicular to the mirror. 
T is time reversal. Any violation of time-reversal symmetry is always 
accompanied by a violation of CP symmetry (by violating either C or P 
symmetry)andviceversa, 


Electodynamics and the strong interaction preserve CP symmetry to great 
‘accuracy. Weak interactions donotconserve CP symmetry. Tsymmetry 
violation has been shown at CERN, the European particle physics 

laboratory in Geneva, Switzerland, 
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This white paper was written for 5G Americas by Rysavy Research 
(http://www.rysavy.com) and utilized a composite of statistical 
information from multiple resources. 


charge trapping (also "pinning"): Holding charges "pinned" or 
“trapped” at a site or in a location, by a barrier or force, so that they do not 
flow as i = dg/dt. A clustering ofthe pinned charges at the pinning site 
often occurs. 


charge-barrier: A process or component or function — particularly in a 
semiconductor such as the Fogal semiconductor — that blocks the 
‘movement of charges g as current dg/dt 


classical electromagnetic theory: The classical theory of, 
electrodynamics, in its modem form begun by Maxwell with his seminal- 
paper orally presented in 1864 and published in 1865. Today many 
variations have been made, particularly with respect to the basic group 
symmetry of the theoretical equations. 


Clifford algebra: A special higher topology algebra founded by Clifford, 
which includes as subsets many other algebras of lower topology. 


closed system: In the present approach, a system that in theory does not 
‘communicate with its environment, and does not exchange energy or 
matter between system and environment. Notice that this directly conflicts 
with the notion in thermodynamics (both classical and disequilibrium) that 
a closed system is closed only to mass exchange across its boundary, but 
open to energy exchange across it. General relativity has falsified that 
notion since 1915. Any system undergoing a change of energy also 
undergoes a change of mass, since mass is a special form of energy. 


‘An ideal model in which dynamically and energetically the system is 
considered to be “isolated” as if nothing else existed. In short, the system 
is considered as if it were in some "magic box" and nothing outside the 
box can ever enter the box or affect the system inside the box, and nothing 
in the system can ever leave the box or affect anything outside the box. No 
electromagnetic system is closed. In short, we have corrected the 
thermodynamics “closed system" with open energy transfer, to a true 
closed system with neither energy nor mass transferring. ‘That corresponds 
to the present thermodynamics notion of the "isolated system” 


One performs a non sequitur when proclaiming treatment of any EM 
system as a "closed system’, and of course modern physics substantiates, 

this. The broken symmetry ofthe opposite charges on the ends of a dipole 
— and of an observable charge together with its clustered virtual charges 

of opposite sign — has been proven since 1957. The absence of any closed 
system is particularly true in electrical power systems. Here one is indeed 
allowed to input energy into the system to excite or potentialize it. That of 
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1mes that the system was "opened" long enough to take on 
excess energy (Which also changed its mass)! Then as the system operates, 
ssand dissipations occur, in which case energy is considered to 
‘escape” from the system permanently. Inother words, the system was 
also continually “opened so that energy could escape. In any EM system, 

every charge and dipole is already an open system, with free exchange of 
energy between 3-space and the time domain via that charge. In particle 
physics, every charge and dipole is a broken symmetry in its virtual 
pparticle flux exchange with the active vacuum. 


‘The ancient thermodynamics definition of a “closed system" as one that 
exchangedheatbutnotmass, was formulatedbeforethermodynamicists 
even knew that heat was a form of EM energy, or even knew what energy 
was. Hence we have changed that definition, since it is a non sequitur in 
view ofmodem physics. 


‘There is really no such thing as a truly closed system in the univers 
every system is embedded in the active vacuum and is an open system in 


an energy exchange with the vacuum. Further, any change of energy in the 
system curves the local spacetime, which in tum interacts back upon the 


tem. Ifthat energetic exchange of the system with its "active vacuum. 
and active curved spacetime environment” is symmetrical, then the system 
is in equilibrium with respect to its environmental exchange. In that case, 
for a limited number of purposes the system may be treated as if t were a 
closed system. Inclassical electrodynamics, Lorentzregauging ofthe 
‘Maxwell-Heavisideequationsfurtherreducedthemtodescribeonly 
Maxwelliansystemsinequilibriumwiththeactiveenvironmentincluding 
the active vacuum. Consequently, any net interaction between the external 
‘vacuum (or the active local curved spacetime) and the system was 
excluded from the CED model. Obviously a broken equilibrium (ie., 
broken symmetry) in that actual physical interaction is also not included in 
the CED model. Nor is it included in the classical (equilibrium) 
thermodynamics model with its archaic second law. 


coefficient of performance (COP): Ratio of the usable energy output of a 
system divided by that portion ofthe total energy input that is input by the 
the operator's or experimenter. The COP isthus ameasure of "return forusing 
the operator's or experimenter's input energy” to produce — or direct the 
production of — useful work by the system’. There are other ways to 
calculate the COP ratio: e.g., the average output power divided by the 

average operator input power. Contrast COP tothe efficiency of asystem, 
which is the ratio of the total usable output energy divided by the total 
input energy from all sources, including by the external active 
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environment as well as by the operator. The efficiency of a system means 
how efficiently it produces useful output from its ‘otal input. The COP is 
the performance the system renders for the operator's input. Note that even 
a highly inefficient system — say, with efficiency & = 0.25 —may 
nonetheless have a COP>10, ifthe operator himself inputs less energy 
than the system outputs and the environment inputs all the rest of the 
output energy as well as all the energy in the system losses. As an 
example, a common home heat pump may have an efficiency of 40%, but a 
COP = 4.0. A windmill may have an efficiency of 20%, but a COP = 00. 


‘Also, for many systems one may evaluate their coefficient of performance 
for (1) the performance ofthe system as an energy transducer only, ic. the 
ratio of energy the system outputs (whether used or not) divided by the 
energy the operator inputs: or (2) the performance of the system as a work 
producer, which is the useful work accomplished by the system divided by 
the operator's energy input. As an energy transducer, every generator and 
every battery has a COP» 1.0, when both the Poynting diverged energy 
flow output and the Heaviside nondiverged energy flow output are 
accounted. Yet for useful work, the same system may have COPS1.0, 
because all the Heaviside nondiverged energy flow component is wasted, 
and some of the Poynting diverged energy flow component is wasted also. 


Analyzed as an energy transducer only, every dipolar power unit — such 
as a generator or battery — outputs enormously more energy flow rate 
from its terminals than the mechanical energy rate input to the shaft of the 
generator, and than the chemical energy dissipated in the battery. So as an 
energy transducer, every dipolar power source is already a system 
exhibiting COP» 1.0, prior to Lorentz’ integration trick to discard the 
enormous Heaviside nondiverged energy flow output component. 


cold fusion: An ad hoc term applied to the transmutation at low spatial 
energy (but high time-energy) achieved in electrolyte experiments, 
particularly when using specially prepared palladium electrodes after their 
loading with positive H+ or D+ ions, and particularly when deuterium is 
present in the electrolyte and the loading is by D+ ions. The total energy of 
the photon is greater the lower the photon’s frequency and therefore the 
lower the spatial energy ofthe photon. Hence the cold fusion interactions 
actually use much higher total energy nuclear reactions than does present 
igh (spatial) energy physics. Since “high energy" physics erroneously 
eliminates consideration of time-energy. the present high energy physics 
community is unjustifiably hostile to the very notion of cold fusion. The 
fact that little experiments on the lab bench use far higher total energy than 
the community's proud large accelerators is a bitter pill many high energy 
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physicists cannot rolerate, let alone view with scientific objectivity. So 
again there is a classic confrontation between science from scientific 
results and "science as known in the prevailing dogma" 


composite dipole: Dipole formed as one part of an isolated, observable 
"chargedparticle", consisting of a differential element of that observable 
charge on one end and a momentary clustering virtual charge of opposite 
sign. This is one way of dealing with the moder “infinitely strong dual 

5 view of the charge, where the bare charge in the middle is infinite 
as isthe clustering virtual particle charge surrounding that bare charge and 
partially shielding it. The difference between these two infinite charges is 
finite, and is routinely calculated to show that it is the standard value ofthe 
charge as seen by an extemal observer. 


C ooper pair: In superconductivity theory, a dynamic, weakly bound 
pairing of electrons in a superconducting material below its critical 
temperature. Inthis pair, ifthe energy state with wave number sigma and spin 

1/2isoccupied by anelectron, then soisthestate with wavenumber -sigmaand 
spin-1/2. The Bardeen, Cooper, Schrieffer (BCS) theory uses this concept 
to provide a detailed microscopic theory of superconductivity. 


COP (Coefficient of Performance): See coefficient of performance. 


cosmological feedback principle: A self-regenerating cosmological 
feedback cycle ascribed by Puthoff as the source of the vacuum EM zero- 
point energy (ZPE). One may assume the existence of EM zero-point 
energy by fiatas partofthe boundary conditions ofthe universe, or 
concieiveof its generation by the quantum-fluctuation motion of charged 
particles that constitute matter. Puthoff calculated the latter possibility, 
assuming that the ZPE spectrum (field distribution) drives particle motion, 
and that the particle motion in turn generates the ZPE spectrum. This 
provides a self-regenerating cosmological feedback cycle, which in fact is 
consistentwith the general relativity assumption thatcurvature of 
spacetime affects mass energy,andmassenergy changes affectthe 
curvature of spacetime. It would be interesting to see if Puthoff's concept 
can be made compatible with the broken symmetry ofa dipolarity and 
Kron'sopenpathconcept. 


curl concept of fields: The concept of a field as the curl of a vector 
potential (the vector potential may not be known). Any field so conceived 
has a divergence of zero a priori. One must be careful, however, because 

electrodynamics calculatesonly the field'steactioncrosssectionwithan 
assumed fixed unit point static charge at a point in space, leaving the field 
itself undefined. In short, the calculation of "the field” is actually a 
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representation of the local point intensity of the field’s interaction with 
unit point static charge. It is not the magnitude of the entire field (or 
potential) itself, a priori, but only of its reaction at a point with such a 
charge. In short, the field's reaction cross. section with static charge is 
often misinterpreted as the magnitude of the field; at best it is an indication 
ofthe field intensity to static charge at a point. 


curl-free magnetic vector potential: A field-free magnetic vector 
potential A without curl (swirl), hence lacing the B-field with which an A~ 
potential is usually associated. For simplicity, one may visualize the curl- 
free A-potential as massless magnetic charge (and energy) in linear 
motion. Toroids and long solenoids have the characteristic of confining the 
Befield (curled potential) and holding it inside. However, drawing energy 
from any potential whose source charge or source dipole is not destroyed 
simply results in the fall value (sum of the A-potential and B-field 
components) of the potential being replenished from the active vacuum, 
via the 4-symmetry energy flow mechanism in the presence of the broken 
3-symmetry ofthe dipole. Hence one may easily increase the available 
potential energy density at will. This is a special form of gauge freedom 
allowing one to freely alter the potential energy of any electromagnetic 
system at will. Contrary to the dictates of EM textbooks, gauge freedom 
rigorously allows the direct and/ree amplification of potential energy of 
the EM system af will: the excess energy being fieely fumished from the 
active vacuum processes. This principle incorporated in gauge field theory, 
has been known for decades and not previously used in the design, 
production, and use of COP> 10 electrical power systems, prior to the 
invention of the motionless electromagnetic generator (MEG). 


‘curved spacetime: A four-dimensional geometry (spacetime or ST) is 
used in general relativity, where the ST curvature is determined by the 
distribution of spatial energy such as mass-energy. In the general relativity 
view there is no such thing as an "empty" space “filled” with some energy 
substance. Instead, there is a combined space and time as a single entity, 
spacetime, which is itself energetic and is the very geometry we use in our 
‘mathematics. Any change in the local energy density of that spacetime 
constitutes a curvature of spacetime. In the new, more extended approach, 
any change in the spatial energy density or time-energy density of 
spacetime, or a combination of changes in both, constitutes a curvature of 
spacetime. In 4-space modeling, time is treated as a special, highly 
condensed form of EM energy. Specifically time may be regarded as 
ordinary 3-spatial EM energy compressed by a factor of c* and existing in 
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the time domain rather than in 3-space. Time-energy therefore has 
essentially the same energy density as mass. 


dark energy (negative): (Dirac holes, Dirac hole potentials, Dirac hole 
currents): A strange form of vacuum energy that creates repulsive gravity, 
causing the expansion ofthe universe to speed up (as observed and not 
otherwise explained by conventional theory). As a strong candidate for the 
dark energy, the present author has proposed a vacuum negative energy 
andnegative energy currents in a negatively curved spacetime region 
partially containing excess Dirac sea holes devoid of electrons, along with 
normal filled Dirac sea holes. These special "Dirac negative action quanta” 
then form negative action (negative angular momentum, or — for 
simplicity — negative energy) potentials, currents, and fields. This type of 
vacuum condition containing some empty Dirac sea holes is referred to as, 
a Dirac -polarized vacuum. However, it is not just simple static 
polarization, but possesses rich dynamics. Such dynamic Dirac seahole 
regions occurinthevacuumin curved spacetimeregions withtempic 
potential gradients and strong 3-spatial energy gradients, and thus time 
force existing across the region. The holes occur since the energetic 
fluctuations of the local vacuum energy can separate a Dirac hole from its 
occupying electron. These may then recombine, or in sufficient local 
spacetimecurvature can remain apart. The more violent the region, the 
more severe are local spacetime curvatures in that region, and the greater 
the fraction ofempty Dirac holes that is maintained on the average, in their 
continual forming and recombining. In those regions, a tempic potential is 
higher at the higher center magnitude ofthe spatial energy density. Hence 
there tempic forces from "inside to outside”, providing a "tempic 
broom’ effect to sweep outward the excess Dirac sea holes separated from 
their electrons in the curved spacetime. The end result is the presence of 
increasingly unoccupied Dirac sea holes toward the outside of violent 
regions of spacetime, until the effect is overcome by the decreasing 
spacetime curvature, These empty Dirac holes in regions and currents are a 
special form of vacuum negative energy, negative energy fields, and 
negativeenergy potentials.creatingnegativegravity repulsivegravity) 
upon ordinarymass exposed to them. So the more distant violent 
astronomical regions have greater amounts of repulsive gravity being 
produced by their local Dirac-polarized vacua and negative energy fields 
and potentials. The result of this effect is that, at sufficient distance from 
us, theincreasingly earlier, more violent events and resulting greater 
curved spacetimeregionshavecreated sufficientDirac-polarizedvacuato 
overcome thenormalgravitationalattractionbetweengalaxies,etc.Even 
farther out, the increase in Dirac-polarized vacua overrides the normal 
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attractive gravity between galaxies, etc. and produces net repulsive gravity. 
In tum this results in acceleration of the observed distant expansion of the 
universe. Dirac-polarized vacuum and its special dynamics can be 
accommodated in Sachs’ unified field theory, which unites physics from 
‘quarks to the cosmos. See also Dirac sea holes. 


On the laboratory bench, Dirac hole currents and effects are met with in a 
circuit or system producing COP>1.0, ot very sharp 3-spatial gradients 
such as in violent electrical discharges. The effects become non-negligible 
at about COP = 2.0 and sometimes less. The tempic force back across the, 
system from output to input is sweeping the Dirac holes through the 
system. This can play havoc with attempts to close-loop the circuit for 
self-operation. In semiconductor components, strange effects are met due 
to their use of donor and acceptor materials, and temporary or permanent 
failure of semiconductors can result. The simple way to visualize this is 
that, in the system's supersystem, the spacetime component is curved and 
the vacuum component is highly nonlinear. All three components — 
‘overunity system, local nonlinear and polarized vacuum, and local curved 
spacetime — are interacting vigorously with each other. An operating 
foverunity system represents an excited state of that local region of vacuum 
and curved spacetime, hidden in the euphemism "polarized" which is 
inadequate to describe the dynamics. With the dynamics, one may 
visualize that the Dirac sea hole currents are swept back through the 
system, seeking to recombine with electrons to eliminate the "polarization" 
and its dynamics, thus decaying the excited state back to equilibrium and 
destroying the overunity condition. In a robust system whose internal parts 
do not appreciably interact with these Dirac hold dynamics, the dynamics 
will reach the input section and extend back into or toward the primary 
power supply. In the input section, the feeder line, and in the power source 
itself, this results in "eating electrons". The Dirac sea effects thus act as a 
separate load imposed within and around the system input section or even 
back in the feeder line to the extemal power supply, in addition to the 
system load itself in the system output section. Simply put, the power 
supply must now furnish extra electrons to "power" the Dirac sea hole 
recombinations first, and additional electrons to power the system in its 
normal” fashion. The result is to "draw additional power” from the 
source, where "drawing power" now includes the additional "eating of 
electrons" within the power supply itself, the feeder line, and the input 
section ofthe system, 


Bedini and Bearden have filed a patent application on processes to convert 
the detrimental Dirac sea hole current reaching the system's input section 
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transforming it into ordinary electron current. Magnetic Energy Ltd. has 
developed two other processes that handle the Dirac sea hole current 
problem, allowing close-looping for self-power ng operation. One of these 
processesconverts negative energy into positive energy and the other 
avoids the negative energy problem. The first one allows this otherwise 
devastatingspecial form of “negative feedback" or "degenerative 
feedback" tobe converted into "positive feedback" or "regenerative 
feedback" allowing the system to be close-looped successfully for self 
powering. Bearden has proposed yeta different approachusingan" anti- 
circuit" method, but at this writing the method is still proprietary until 
intellectual propertyrightsaresecured, 


dark energy (positive): Our term for the vast Heaviside nondiverged 
energy flow componentsurroundingevery field/chargeand 
potential/charge reaction but unaccounted in present electromagnetic 
theoryafterbeingarbitrarily discardedby Lorentzcircathe 1890s, Present 
theory only accounts for that small amount of energy flow (the Poynting 
component) diverted locally around the interacting charge. All the rest of 
the energy flow comprising the field or potential, and missing the 
intercepting point charge, was discarded arbitrarily by Lorentz and is still 
discarded today, using Lorentz'sintegrationtrick. Inhonorof Heaviside, 
who did recognize the gravitational implications of his dark energy flow 
component, the present author has nominated this vast, unaccounted "dark 
energy” componentasbeingresponsible ortheextragravityholdingthe 
spiral arms ofthe spiral galaxies together. See spiral galaxy. 


So one must recognize that the term “dark energy’ 


indefinite, since there 
are twokinds: (a) dark posi 


‘energy, and (b) dark negative energy. Dark 
positive energy consists of "normal" energy as often connected with, 
particles, collected upon them and affecting their momenta, etc. Ithas 
dynamicsandeffectsconsistentwiththatkindofenergy.Darknegative 
energy is a condition ofthe vacuum itself. It represents a sort of "empty 
containerandempty containerdynamics” (negativeenergy dynamics)in 
the vacuum itself, which "eats positive energy”, soto speak. In 
Philosophical terms, dark positive energy represents unaccounted actions 
and effects from unaccounted "extra presence of real substance and things 
and actions". Dark negative energy represents unaccounted actions and 
effects from extra absence of real substance and things and actions 
beyondzero". Darknegativeenergyexhibitsprecisely appositiveeffectsto 
the effects produced by dark positive energy. E g., dark energy creates the 
excess gravity that is holding the arms ofthe spiral galaxies together. 
‘Negativeenergy resulting fiomspacetimecurvatureconditionsinhighly 
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energetic astronomical phenomena produces the antigravity that is 
responsible for the acceleration of the expansion of the universe. We have 
nominated the negative energy Dirac sea hole phenomena as the cause of 
the antigravity that accelerates the expanding universe. Interestingly, these 
negative energy phenomena present in sharp discharge (strong gradient) 
phenomena appear to be responsible for the fact that such phenomena are 
known to violate present thermodynamics, and are being studied under the 
aegis of "extended thermodynamics". See discussion of areas violating 
thermodynamics in the last chapter of Kondepudi and Prigogine, Modern 
Thermodynamics: From Heat Engines to Dissipative Structures, Wiley, 
New York, 1998, reprinted with corrections in 1999. A reference is D. Jou, 
Extended Irreversible Thermodynamics, Springet-Verlag, New York, 

1996. 


degenerate semiconductor: A semiconductor whose conductivity 
approaches that of a metal. 

demodulation: From a carrier containing a modulated signal, recovering 
the signal that was used to modulate it. 


istic pattern or "template": The exact arrangement, by plan 
and deterministic action, of a group of entities. The deterministic actions 
and their "controlling forces" are simply called "dynamics", "structuring", 
etc. An example might be deterministic field structuring and actions of 
photons in a "herd" or "group". Or of a set of spacetime curvatures, into a 
dynamic structure called a spacetime curvature engine — or engine for 
short, so long as the meaning is clear. Or by hidden order in the virtual 
photons in the vacuum flux, or a deterministic set of changes to that 
vacuum flux (the vacuum flux that is called the "vacuum potential.” We 
have called this internal EM dynamics function — of deterministically 
patterning or templating the virtual flux (particle view) of the potential, or 
of deterministically patterning or templating the longitudinal and time- 
polarized EM wave decomposition (wave view) of the potential - 
dimensioning the potential. See dimensioning. We refer to the 
deterministic structure and its structural dynamics as the "engine 
template” 


lectric: Literally, "against electric (current)", originally coined to mean 
‘opposes the flow or conduction of electric fluid”. In today’s language, a 
dielectric is a non-conducting material used to oppose or prevent the flow 
of electric charges. Even empty vacuum exhibits some dielectric 
resistance. "Dielectric" is also used to refer to a nonconducting material 
(often between the metal plates of a capacitor or elsewhere) that can (i) 


ou 


sustaina change in potential across a distance (i.e., an E-field), and (ii) 
serveas an insulator. Space itselfis a dielectric, or at least is said to 
exhibit certain dielectric qualities. 


dimensioning: 


Coined term meaning "forming an exact pattern or 
template of structures”, particularly of nested curvatures of spacetime, 
where the pattern/template may also be dynamic, to include patterning and 
dynamics in the time-energy domain as well as the 3-space energy domain. 
Ives the internal structuring of the "dimensioned" entity. The term 
‘makes sense in unified field theory, but is awkward in 
normal EM theory, whicherroneously assumes that EM energy propagates 
in an uncurved spacetime. The mere presence of a change in local spatial 
energy,created by the wave energy itself when present in that local region, 
curves the local spacetime. Note that the background potential may be 
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changed in a steady state level as well, which means that the frame of the 
system and its field dynamics has been rotated away from the laboratory 
frame. A time-polarized EM wave, e.g., changes the time-energy density 
and also curves local spacetime very powerfully. Hence the EM wave 
rigorously travels in curved spacetime, and in fact identically is a 
propagating, oscillating curvature of spacetime. What is missing from 
present physics is all accounting of the extraordinary Heaviside 
nondiverged energy flow component accompanying the accounted 
Poynting diverged energy flow component. Thus present physics does not 
properly accountfor the gravitational aspects of "electrodynamic field and 
potential energy in space”, 


Dimensioning also implies a deliberate form or structure (with dynamics) 
created in the virtual photon flux ofthe vacuum, in the virtual photon flux 
comprising a scalar potential, o in the infolded longitudinal-wave EM 
inside all EM potentials, fields, and waves. It implies an associated set of 
spacetime curvatures and their dynamics. The latter are referred to as 
“engines”, "vacuum engines", "spacetime curvature engines”, etc. 


Dimensioning the potentials o signals or cartier waves of conventional 
electrodynamics involves adding hidden vacuum engines to them. The 
term dimensioning is descriptive and was chosen because adding such 
templates is equivalent to increasing the EM topology by adding 
‘mathematical dimensions. Since an EM wave or field or vector potential 
can be decomposed into two scalar potentials, then "dimensioning" one or 
both ofthe scalar potentials can “infold” the desired hidden structures or 
patterns (vacuum engines) inside an EM carrier wave, EM field, or vector 
potential created by the interference of the two dimensioned base 
potentials. This is referred to as dimensioning those EM field and wave 
entities. Intemally structuring the two scalar potentials via arrays of 
longitudinal EM wave emitters and applying the necessary dynamics 
(modulations), is the primary manner to directly engineer dimensioning. 
‘When dimensioning is present, two EM waves that appear identical as seen 
on the oscilloscope may have dramatically differing intemal structures 
(dimensioning). Hence they may produce drastically differing effects when 
they interact with the same or similar objects. The only way in which the 
action ofa vacuum engine can be resisted is to create and simultaneously 
introduce the exact antienginefor it — a special sort offorcible 
symmetrical regauging, so to speak. Once the action has been completed in 
the receiving object and it has been physically changed, the only way it 
usually can be undone is to form a precise antiengine for that action, 
amplify the antiengine, and let the antiengine act upon the object for a 
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sufficienttime to “time-reverse it back to its previous physical state and 
condition”. The concept has great utility in electromagnetic healing, not 
discussed in this book. We point out that the decades-long induction of 
diseases, health changes, etc. in U.S. personnel in the U.S. Embassy in 
Moscow occurred in forcefield-free regions. In short, the changes occurred 
in regions where the potentials were stable and unchanging, and so their 
engines were stable and constantly applied to the exposed personnel. The 
Soviets were simply radiating a high level target, the U.S. Ambassador and 
his staff, to guarantee high-level U.S. attention. By U.S. reaction to the 
deliberate electromagnetic “engine” induction of disease and health 
changes (hree Ambassadors sickened and later died), the Soviets could 
positively ascertain whether we knew of the "infolding" or "dimensioning" 
technology, and whether we had developed defenses. 


dipole: In the simplest case, two separated charges of usually equal 
magnitude andofoppositesign. More generally alocalizedpositive 
charge or charge distribution, and a localized negative charge or charge 
distribution, such that the net charge summation is zero, while the positive 
and negative charge distributions do not precisely superpose point to point 
but only on the average. We point out, however, that in regular physics 
electrical charge has no proper definition. As is well known in particle 
physics.due to the opposite charges on its end a dipole is a broken 
symmetry in the virtual photon flux ofthe vacuum. By definition of broken 
symmetry, this means thatsome ofthe virtual energy flux continuously 
absorbed from the seething vacuum by the charges of the dipole is not re- 
radiated as virtual energy. Instead, itis integrated coherently and re~ 
radiated in 3-space as real emitted EM energy, establishing the fields and 
potentials associated with that source charge orsource dipole. The dipole 
is therefore the most fundamental true "negative resistor” since it freely 
and continuously _ receives EM energy in unusable form, transduces it into 
usable form, and re-emits it inusable EM form, 


It follows that any positive charge in the universe and any negative charge 
in the universe form a dipole and a broken symmetry in the vacuum flux. 
Hence every such dipolarity in the universe already extracts energy from 
the vacuum and puts it out in 3-space, or absorbs energy from 3-space and 
returns itto the vacuum. Kron called this an “open path’ electrically, well 
beforebrokensymmetry was formally discoveredandexperimentally 
prove in 1957. Kron was also able to use the open path in and around 
special electromagnetic circuits to cause the circuits to become true 
negative resistors freely powering the network analyzer at Stanford 
Universotyeveninthe 1930s. 
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In classical EM theory, the problem of how every charge and dipole can 
continuously emit EM energy to form all the associated fields and 
potentials and their energy has been an unsolved problem — sometimes 
called the most difficult problem in electrodynamics, both classical and 
quantal. For the solution and a discussion, see the present author's paper 
"Giant Negentropy fiom the Common Dipole,” Journal of New Energy, 
5(1), Summer 2000, p. 11-23. Symmetry represents a conservation law, 
and broken symmetry represents violation of that conservation law. 
Because of the broken 3-symmetry of the dipole, the EM energy flow is 
not conserved in three dimensions — in this case, violation of conservation 
of 3-space EM energy flow is not conserved. Neither is the time EM 
energy flow conserved in the 4th dimension. Instead, EM energy flow is 
conserved in 4-dimensions, between the inflow in the time-domain and the 
outflow in 3-space in all directions, or vice versa. The hidden inflow of 
EM energy to the dipole (and to a charge) is actually from the complex 
plane (time domain). Thus all EM energy in 3-space is actually received by 
the source charge or source dipole from the time-domain, and returned to 
the time domain. What we call "propagation of EM energy through 3- 
space" is actually the spreading of this 4-circulation to successive 3-space 
points. The importance of the internal structuring oftime-flow and of 
Jongitudinal EM waves in the time domain (dimensioning in the time- 
domain) is apparent, since it produces very powerful engines that can act 
upon matter in any fashion desired. Indeed, the Russians have developed 
clandestine robot engine systems comprised of sets of spacetime 
curvatures and their dynamics (Which are just sets of longitudinal EM 
waves and their dynamics). Any function of a weapon system — sensing, 
‘weapons (using scalar interferometry), communications, propagation, etc. 
— can be incorporated. The capabilities of such systems, such as travel 
through continuously emitted EM signal beams from satellites, 
‘communications stations, power lines, efc., is eerie. Such a system can 
reside in any convenient EM potential or field as a “dimensioning” of the 
potential or field. Such robot engine systems have been clandestinely 
tested, but discussion of them is beyond the scope ofthis book. Sutice it 
to say that these systems are ushering in a dramatic revolution in future 
‘warfare, and the present research in physical nanobots is already decades 
behind 


‘Very powerful support for the author's solution of the source-charge 
problem is given by F. Mandl and G. Shaw, Quantum Field Theory, Wiley, 
1984, Revised edition 1993, under the heading "Covariant Quantization of 
the Photon Propagator” in Chapter 5. In their deeper coverage of the 
photon polarizations, Mandl and Shaw point out that the longitudinal and 
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scalarpolarizations are not directly observable, but only in combination, 
where they manifest as the "instantaneous" Coulomb (i.e., electrostatic) 
potential 


‘Translated from particle terminology to wave terminology, Mandl's and 
Shaw's argument directly fits my re-interpretation of Whittaker’s 1903 
decomposition of the scalar potential. 


Dirac, Paul A. M.: Noted English physicist, 1902-1984, who shared the 
Nobel Prize for developing wave mechanics and predicting the existence 
of the positron. He also originated the notion of “holes” or negative energy 
states in the vacuum, where the holes are ordinarily filled with electrons. 
The"vacuum replete with these Dirac structures” (all filled with electrons) 
is referred to as the Dirac Sea. Ifsome ofthe holes are empty, then that is 
the Dirac sea ofa curved spacetime. We strongly stress that a Dirac sea 
hole (negative energy electron with negative charge, negative energy EM 
fields and potentials, and with negative mass-energy) prior to observation 
(prior to its reaction with mass) is a quite different entity from the positron 
(after reaction with mass, so that the positron has positive mass-energy, 
positive charge, positive energy EM fields and potentials, and has been 

reversed inits3-spacepropagationdirection). Specifically, the Diracsea 
hole produces negative energy fields and potentials, whose powerful 
Heaviside nondiverged components enable to perform practical 
antigravity. The (observed) positron produces gravity, not antigravity, and 
also positive energy fields and potentials. 


Dirac sea: A concept and description (modeling) of the vacuum as 
containing — amongst other things —a "sea” of an infinite set of negative 
energy slates ("holes") forelectrons, almost all of which are usually filled 
with electrons in the absence of any spacetime curvature of significance. In 
Dirac electron theory, the relativistic wave equation for the electron has 
four components, which correspond to two spin orientations and two 
energyconditions:positiveandnegative. Ordinaryelectronsareinthe 
positive energy condition. So then the vacuum must also possess a "sea of 
negative electronenergy conditions. Thesenegativeconditionsarecalled 
“holes” and are ordinarily filled or mostly filled with electrons which have 
fallen into these negative energy states. The Dirac sea is this vacuum sea 
ofnnegative energy electrons (and aperhapsa fewempty holes). In forward 
time, ifenergy is added to a negative energy electron, electrons can be 
lifted fiom this sea, since the added energy creates a local curvature of 
spacetime. If spacetime is locally curved, additional holes may be created 
so that, when the holes meet normal positive energy electrons, the 
electrons fll in and disappear, creating the appearance of an "electrical 
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energy sink." This can happen so that the local ST curvature merely 
relaxes back to an uncurved spacetime, therefore avoiding radiation from 
"pair annihilation”. Ifthe curvature is in the opposite direction (i.e., if 
positive energy is added to the vacuum), electrons may be lifted from the 
Dirac sea by the resulting spacetime curvature energy, thus producing a 
flow of electrons "tight out of the nonlinear vacuum” and generated by the 
spacetime curvature, and creating the appearance of an "electrical energy 
source” from the vacuum itself. In that case the energetic holes left behind 
also remain, and are affected by all EM fields etc. These holes thus form 
negative energy currents, fields, potentials, waves, and other 
electromagnetic entities such as negative energy charging and discharging 
(excitation and de-excitation), 


In an overunity EM system, there is a higher energy density in the output 
section than in the input section. This includes time-energy density. So a 
higher tempic potential exists at the output than at the input. A gradient in 
the tempic potential thus exists, which constitutes a tempic force from the 
output section back through the system to its input section, and even on 
back through the conductors to the external power source, and even back 
into the distant extemal power source itself. Thus the power source has to 
furnish additional electron current. It must "power the holes", so to speak, 
by furnishing the electrons that are “eaten” by the Dirac hole current to 
eliminate it, which represents a novel kind of load in the input section of 
the system. So the power supply must fumish more power, so as to furnish 
the normal power to power the system, and the extra power to "power the 
elimination of the Dirac sea hole current as a back-reflected load". This is 
nature's way of decaying the excited state represented by COP>1.0, and 
restoring equilibrium and COP<1.0. By the Bedini process, the otherwise 
detrimental Dirac sea hole current reaching the input section is 
transformed into ordinary electron current, thus serving as input power to 
the system. By adjusting the system and optimizing it, this strange kind of 
“positive power input from converted Dirac hole current negative power 
feedback" can be adjusted to equal the input power required by the system. 
At that point the external power system can be disconnected, and the unit 
continues in close-looped and self-powering operation, including powering 
its load as well. Gabriel Kron succinctly described this condition and 
adjusting for it. Such a system allows energy to be continuously extracted 
from the vacuum, and a load to be powered continuously, with all the 
‘energy to nun the extracting system being freely received from the active 
vacuum, 
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Dirac sea hole: A negative energy state for an electron, in the Dirac theory 
(in the Dirac sea). Literally the hole (negative energy state) when not 
occupied by the electron. In flat spacetime, almost all Dirac sea holes are 
filled with electrons. A small fraction on the average are not filled due to 
the local fluctuations of the vacuum energy continually lifting electrons 
from their holes and then having them recombine, usually so quickly that 
no radiation occurs in the observable state. The situation in the virtual state 
can be described by Feynman diagrams. This received view can be 
falsified in a curved spacetime. There the holes can exist and flow as 
currents, as validly as positive energy electrons can flow as currents, 
without the incessant “filling” activity ofthe vacuum itself. In addition, in 
sucha hole-stabilizing curved spacetime region, the hole can "eat" or 
recombine with a real electron, so that the electron vanishes but without 
radiation. Ifwe wish to join the two views, then we take Feynman's and 
Wheeler's view that the field does not exist in vacuum as such, but only 
the potential for it exists — in short, only the engine exists. The engine can 
then be said to be an ordering (chaotic self-ordering) condition present on 


thestatistical random variationofthe fluctuations ofthe vacuum. With 
longitudinal EM wave technology, this "order in the midst of disorder” — 
this templating and engine technology — can be directly engineered, 


Dirac sea hole current (positron current): Just as a current of positive 
energy electrons can be generated, a current ofnegative energy Dirac sea 
holes can also be generated ifthe local spacetime is properly curved. 
Mathematically these are usually considered to be "positron currents 
except they have no positive mass, because a hole will "eat" an electron. In 
anoverunity electrical power system, the tempic potential is greater at the 
output of the system than is the tempic potential at the input section. There 


thus exists a "tempic force" or "tempic broom” sweeping Dirac seahole 
current (positroncurrent) out of the input section of the system into the 
external power supply. Simple instruments will record this current as ifit 
were electron current being furnished from the external power supply to 
the system. Also, the Dirac sea positron current will "charge" the battery 
with Dirac sea holes (mathematical positrons), which in the conventional 
sense discharges the battery. A battery may become highly charged with 
Dirac sea holes. Ifso, then when placed on a normal battery charger, the 


electrons in the charging current will be "eaten" for an extended period by 

falling into the Dirac sea holes, and the battery will not acquire any charge 
until they are filled —_whereupon the battery will sudden begin charging 
upnormallyagain. 
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We also point out that the vacuum, containing the Dirac sea, actually is not 
massless” at all, but has zero resultant mass on the average, as a result of 
the simultaneously presence of positive and negative mass in average 
equal abundance. Any curvature of spacetime must violate this "net sum 
zero" mass, hence produces inertia in all masses. Note that a negative mass 
can also exhibit a negative inertia; ie., it accelerates and enhances the 
action of any force acting upon it, instead of opposing it. In short, negative 
mass exhibits negative inertia. We suggest that this effect is probably 
involved in the more violent explosive phenomena of astrophysics. 


disequilibrium: Broken equilibrium, which in turn involves breaking 
appropriate conservation laws unless compensated 


displacement current: The apparent continuation of a conduction current 
through a tegion of space without a conductor, e.g., between the plates of a 
capacitor. Rather than being the motion of charges in a conductor, the 
displacement current is related to the rate of change of an E-field, and thus 
to the rate of change of the strain of the dielectric. 


dissipative structure: In open systems far from thermodynamic 
equilibrium, a region of self-ordered behavior of a special kind in matter, 
characterized by symmetry-breaking, multiple choices, and correlations of 
macroscopic range. By correlations we mean statistically reproducible 
relations between distant parts of the system. Formation of a dissipative 
structure represents the birth of complexity in that region by self 
organization, Usually a dissipative structure emerges only after the driving 
constraints reach a critical value. As the embryonic "engine" technology 
advances, however, the direct engineering and control of dissipative 
structures will become commonplace and routine. 


distortion correction theorem: "Ifa scalar wave E,(r) propagates from 
left to right through an arbitrary but lossless dielectric medium, and if we 
‘generate in some region of space [say near z = 0] its phase conjugate 
replica E(t), then E> will propagate backward from right to left through 
the dielectric medium, remaining everywhere the phase conjugate of E.." 
Quoted from Amnon Yariv, Optical Electronics, 3rd Edn., Holt, Rinehart 
and Winston, New York, 1985, p. 500-501 


‘What is missing from the distortion correction theorem is hidden in the 
phrase "ifwe generate in some region ofspace ... its phase conjugate 
replica. ". Since electrodynamicists and optical physicists have been 
unaware that all EM energy at any point in space comes from the time 
domain to that point, then —prior to detection by interaction with charge 
—the actual phase conjugate wave exists in the imaginary plane (in the 
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time domain) and not in 3-space. The continuous interaction of that 
imaginary plane wave with charges, to actually produce the force-field 
wave in space, is assumed in the standard nonlinear optics. In short, one is 
looking at the “effect” wave, not the "cause" wave. However, since time is 
hot an observable even in theory, it is this “effect” wave in 3-space that 
will indeed be measured by our instruments, because they must interact the 
imaginary or phase conjugate field with charge in order to detect or 
observe it (measure it). 


‘Theproof of this is experimentally already known but not recognized. If 
one reflects an EM wave off normal mirror, the mirror must absorb the 
incoming wave, which transfers the wave momentum to the mirror to repel 
it, then the mirror must re-emit it, which adds that much more momentum 
to the recoil. So the mirror recoils with twice the momentum of the 
reflected wave. That produces a wave going in the other direction. Ifthe 
incoming wave is continuous, one then has "paired" waves going in 
opposite directions). However, if an incoming wave strikes a phase 
conjugate mirror (PCM) material and is phase conjugated, a wave going in 
the opposite direction also emerges, but it synchronizes point by point with 
every spatial point occupied by the incoming wave. Also, the phase 
conjugate mirror does not recoil at all. This is well known in phase 
conjugate optics. Itclearly shows that the origin ofthe "detected" phase 
conjugate wave is quite different from that of a normal reflected wave. 
Indeed, byourreinterpretationof Whittaker's 1903biwavedecomposition 
of the scalar potential, at every point along the detected phase conjugate 
wave, theenergy enters that point from the time domain, and not from 
some Sort of reflection fiom the PCM. The energy also returns to the time 
domain fiom that point. Its presence at the point produces a separation of 
virtual point charges, or the well-known polarization ofthe vacuum. So the 
flow of energy is fiom the time domainto the negative charge ofthe point 
dipole, thence to the positive charge ofthe dipole or others immediately 
surrounding it, thence back to the time domain. ‘That is the operation in a 
“time-forward"sensetotheexternal observer. Ina’ time-reversed” 
situation, the4-circulationappearsintheoppositedirection. Wepropose 
that this fundamental 4-circulation is responsible for and constitutes spin 
itself. The direction of flow determines the ‘polarity ofthe charge” we 
obseve. In this view, the point dipolarity in the virtual state with its 
ongoing4-circulationcanbetakenasthe very definitionof energy itself. 
Druge, Paul: Important German physicist, 1863-1906, who formulated the 
theory of the free electron gas inside conductors, using it to formulate a 
theoryofmetallicresistance. 
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Drude electron gas: The electrons that have broken loose fiom their 
orbital bonds in atoms in a conductor, and are thus free to "wander around” 
and "migrate" — or flow as current when exposed to an emf. Also called 
just the "electron gas". Note that, in the metal lattice of the conductors, 
each position vacated by a Drude electron is a "hole" or positively charged 
little region. Not only do electron currents exist as net negative charge 
migration in conductors and materials, but also hole currents exist as net 
positive charge migration from atom to atom, or a sort of "ionization 
migration flow’. Electrons are continually recombining with these "ion 
however, to reduce the hole current. These considerations are 
particularly significant in semiconductor materials. 


duality principle: In quantum mechanics, the principle that photons and 
other particles propagate like waves and interact like particles, so that their 
description as only waves or only particles is inadequate. 


Edison, Thomas Alva: Noted American inventor, 1847-1900, whose 
staggering portfolio of inventions included the storage battery, electric 
light bulb, phonograph, motion pictures, carbon microphone, and many 
others. Edison actually ran multiple "patenting research” laboratories as 
discovery and patent generating facilities. Not only was he an inventor 
himself, but he also employed a very good staff of researchers for 
invention and discovery. 


E-field (electric field): The electric field intensity E; that field on an 
electric charge (charged mass) which produces an electrical force resulting 
in a linear motion of the charge. In reality, this electric field as usually 
defined does not and cannot exist in empty space devoid of charge, but 
only in and on charged matter, since mass is a component of force by 

F = G/Gi(mv). More specifically, the E-field is the local intensity of the 
field at a point, in its interaction with a unit point static charge fixed at the 
point. Even more specifically, itis the output of an observation/detection 
‘operation, which is a d/dr operator imposed on the 4-space causal field 
interaction with the 3-space charge, resulting in a frozen 3-space "slit 
stiapshot of the deviation of energy from the field, forced to flow around 
that intercepting charge, at that single instant. In short, the E-field as a 
force field is an effect and not a cause. 


or 


‘The greatest error in all electrodynamics is to then assign this same frozen 
effectforce field intensity snapshot — ot an implicitly assumed iterative 
sequence of such snapshots — as the dynamic and nonfrozen causative 
{field itselfm 4-space, prior to the field's interaction with charged matter. 
‘This is the substitution of effect for cause, a grave non sequitur. 
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When EM theory was founded, the founders believed there was no single 
point in the entire universe where mass was absent; instead, a thin material 
"luminiferous ether" was considered to fill all space. Time was considered 
immutable, and there was no concept of a dynamic spacetime. Hence at 

each point in such a material ether, the reaction with charged matter 
(etherie matter) was thought to universally exist. Hence the field was 
indeed a very material entity, in their concept! 


With the destruction of the material ether notion in the 1880s, not a single 
Maxwell-Heaviside equation was changed to eliminate its implicit 
assumption of the material ether. Hence this enormous error of confusing 
the effect field with the causal field (prior to observation-detection- 
interaction) is ubiquitous in electrodynamics and therefore in phy: 
itself. The two fields (causal and effect) do not even have the same 
dimensionality; one is dynamic in 4-space while one is frozen in a 3-space 
snapshot. This has led to the false notion that an EM force field wave 
“movesthrough” 3-space, which does not happen at all. What really 
hhappens is that, if we assume a continual iterative didt observation 
‘operator, we have a continual series of such frozen 3-space snapshots, like 
the frames ofa motion picture film. But none of those snapshots have any 
inherent motion at all. For a statement of the falsity of the conventional 
illustration of the "EM wave in space as an orthogonal pair of oscillating 
and H fields ina transverse plane", see Robert H. Romer, "Heat is not a 
noun." American Journal ofPhysics, 69(2), Feb. 2001, p. 109. In endnote 
24. p 109, AIP editor Romer takes to task "..that dreadful diagram 
purporting to show the electric and magnetic fields of a plane wave, as a 
{function ofposition (and/or time?) that besmirch the pages ofalmost every 
introductory book. ...j¢ is a horrible diagram. ‘Misleading’ would be too 
kind a word: ‘wrong' is more accurate." *..perhaps then, for historical 
interes[we should] find out how that diagram came to comaminate our 
literature in the frst place. "Also see charge. 


E 


E-field, motional: In classical EM theory, the electric field produced by 
moving a conductor in a magnetic field. Often called motional inductance 
of the field. In the conventional theory, motional inductance is deemed to 
be identical _ to the inductance caused by a time rate ofchange of the 
magnetic field, experiencedby the moving conductor. Orvice versa, 
experiencedbyastationaryconductorinamovingmagneticfield. 


E-field, static: In conventional theory, the electric field in the space 

surrounding a static charged particle, induced by the presence and action 
of the charged particle. There is no notion as to the causative mechanism 
Jor this static field of and from a charge, which implicitly is assumed to 
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ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES, 


just continuously create and pour out EM energy in all directions, thus 
grossly violating energy conservation. Consideration of this anomaly leads 
to what has been called the most pressing problem in both quantal and 
classical electrodynamics: the question of the formation of the fields and 
potentials associated with the "source charge”. Either the charge totally 
destroys the conservation of energy law itself, or there must be a virtual 
(nonobservable) energy input to the charge, since instruments establish 
that no observable EM energy is input to it. 


For a solution to this problem, see the present author's "Giant Negentropy 
from the Common Dipole," Journal ofNew Energy, 5(1), Summer 2000, p. 
11-23. We later found our solution to be consistent with quantum field 
theory and with a slight reinterpretation of Whittaker’ s 1903 
decomposition of the scalar potential. 


Ehrenhaft, Felix: Scientist who performed numerous experiments 
believed to demonstrate fractional charges. We point out that classical 
electrodynamics assumes a local flat spacetime, a notion long falsified by 
general relativity, since 1915. Ina local curvature of spacetime, the 
dynamics of the charge (modern view as the finite difference between two 
local infinite charges forming a dipolarity) can change the observed value 
ofthe net finite charge. So finite fractional charges, or even supercharges, 
are quite possible. 


Einstein, Albert: German (Jewish) physicist, 1879-1955, who emigrated 
to the U.S. and formed special and general relativity theory, discovered 
and formed the theory of Brownian motion, recommended the 
development ofthe atomic bomb to President Roosevelt, and profoundly 
affected the course of science and the modem world, 


Einstein, Podolsky, and Rosen (EPR) paradox: Thought experiment in 
1935 for measuring two correlated photons separated and at distant 
locations, protesting that quantum mechanics requires that the particles 
communicate instantly, which is a "spooky action-at-a distance” (Einstein's 
phrase). The experiment eventually was performed and it works, just as 
required by quantum mechanics. The paradox inspired the development of 
hidden-variable theories. 


Einstein's general theory of relativity: Mathematical theory of 
gravitation in which the gravitational force is mathematically described by 
a curvature in spacetime. In other words, the geometry and its dynamics 
have become physical agents, doing away with the old notion of the agent 
being something separate that is occupying inert spacetime. It is important 
to note that, in general relativity, mass-energy acts on spacetime to curve 
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it, and the curvature of spacetime acts back on mass-energy to translate or 
change it. What seems missing from GR — at least in its practice — is the 
reaction of time-energy upon the geometry to curve it, and that 
corresponding reaction of the spacetime curvature back upon time and 
time-energy to change it. 


Further, we consider that an exact pattern (template) of curvatures of 
spacetime and their dynamics exists and is back-acting upon every mass 
system and its dynamics. This is the engine concept. The most general way 
to engineer matter is not by brute force translation forces, but by forming 
spacetime engines. Once formed, these engines act upon the interior of any 
‘mass placed in the engine region, to eliminate the deltas existing in that 
muss’ resident engine and the impressed engine. The forces arisefrom the 
local spacetime itself, as curvatures in that local spacetime, so the action 
is from “inside” to "outside" an object, starting and continuingfrom every 
point in the object. The curvatures of spacetime itself furnish the energy 
for the continuing actions upon the interior of the mass, once we have paid 
to form the engine. The mass can be acted upon at any level, from its 
‘gluons and quarks to its nuclei, to its atoms, its lattice forces and binding 
energy, etc. Significantly, the Sachs unified field theory applies to physical 
reality fiom beneath the quarks and gluons to the entire universe itself, and 
folds in quantum mechanics, electrodynamics, and general relativity into a 
singleunified field theory that is (in theory) engineerable by higher 
symmetry electrodynamicsmeanssuchasEvans'O(3)electrodynamics. 


Einstein's postulates: (1) All the laws ofphysics are equally valid in all 

inertial frames of reference, (2) the speed of light is the same to every 
inertial observer, and (3) the observable local effects of a gravitational 
field are indistinguishable from those arising from acceleration of the 
frame of reference. 


The first is called the special relativity principle, the second is called the 
law of light propagation, and the third is called the equivalence principle. 
It is now known that postulates (1) and (2) are not independent of each 
other. Note that the third postulate implies that any local force is due to a 
"gravitational field” (acceleration of the frame of reference). It also implies 
that gravitational force has a mechanism, since quantum mechanics assigns 
a differential operator, operating upon a potential, to create every force. By 
extended inference, it can be seen that the third postulate also implies that 
there should exista method totum any type of force (field) into 
sgravitational force (field) 
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Note that postulate 1 may be violated iftwo frames remain inertial but 
each local spacetime contains different hidden engines. So the laws of 
interaction physics may indeed vary for the same object placed in first one 
ofthe frames and then in the second. Engines are ongoing general 
relativity actions, even in inertial frames. The action may not be translation 
ofthe bulk object, but extensive changes to the interior of the object and 
its interior dynamics at any and all levels. 


‘The Russian physicist Sakharov has strongly postulated that gravitation is 
not even a fundamental field of physics, of the kind used by Maxwell in 
his electrodynamics. Instead, in this view G-field is always comprised of, 
and made from, other fields and interactions upon them. This would seem 
to follow straightaway since change of any kind of energy in spacetime 
curves that spacetime, therefore producing a gravitational change. So such 
has always been implicit in general relativity; itjust took Sakharov to 
formally propose it. See A. D. Sakharov, "Vacuum Quantum Fluctuatior 
in Curved Space and the Theory of Gravitation,” Soviet Physics Doklady, 
12(11), 1968, p. 1040-1041 [English translation.] Sakharov’s article (in 
Russian) in Dokl. Akad. Nauk SSSR, Vol. 177, 1967, p. 70-71 


Einstein's postulates (second postulate extended): Let us do a little 
“tinkering” with Einstein's postulates. For the first one, we point out that in 
the new approach using dimensioning and subspaces, the notion of an 
inertial frame now has acquired additional complexity! The "gross 
translation" effects — which tends to be what physics ultimately focuses 
upon today — can remain the same, and yet vacuum engines can be buried 
up inside the inertial frame to act upon a mass in non-translating ways. 
Everything translation-wise can remain the same, but now matter can be 
transmuted and transformed, etc., still right there in an inertial frame. So 
when the infolded electrodynamics inside all fields, potentials, and waves 
are utilized, the notion of "inertial frame” has acquired a higher topology, 
so that one inertial frame may differ very substantially from another 
inertial frame, even if the two are not in translation motion with respect to 
each other. This of course moves one from special relativity into full 
general relativity, and even there into a slight extension. Special relativity 
can remain special relativity on the surface, and yet general relativity 
effects occur "within" the objects postulated to exist in this inertial frame. 
‘The “inertial frame" concept in the postulates is now just a sort of special 
"equilibrium case” ofa higher topology “inertial frame” notion. Further, 
general relativity is extended from the notion of "just translation” to the 
notion of “internal engines and internal dynamics also”. These engines can 
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in fields and potentials and waves, and in the vacuum 


‘The second postulate now stands as a "special case” ofa far more general 
second postulate. The conventional second postulate actually defines (and 
limits) "light" to bulk changes in the entire vacuum potential magnitude. It 
only applies to light signals which are "bulk upheaval” disturbances of the 
vacuum potential (spacetime), so to speak. The limitation to light speed is, 
an envelope wave speed restriction. Specifically it need not apply to the 
“inner EM/GR realm” of longitudinal EM waves infolded inside the 

vacuum potential, otherpotentials,signalcarriers, etc. Superluminal 
communication is now included in this "hidden variable” or longitudinal 
EM wave communication. The Fogal semiconductor is capable of 
infolding and outfolding EM signals, including producing the internal 

longitudinal EM waves, and during their infolded state these signals are 
pemmitted to move at superluminal velocity. This has been experimentally 
demonstrated by Fogal 


So the second postulate needs to be restated to include the present 
Safement as a special case. Notice that the concepts “light” and "speed of 
light” have now takenon much richer, extended meanings, since there 
“outfolded” light and “infolded' light, so to speak. Light now is not just the 
“external perturbation wave" in the ambient vacuum potential medium (in 
flat spacetime). Instead, it can also be an "internal perturbation 
longitudinal wave" inside a "net flat spacetime” which does not show on 
the"surface” atall. Indeed, itmay move inthe time dimensionorin3- 
space, It now includes the transmission of an extraordinary “vacuum 


extension “has unfortunately been the 
develope OFsuch “eaginet” me salad bok splenic 1 we 
warfare, 


‘These infolded vacuum engines can be visualized as very special sets of 
longitudinal EM waves and their dynamics, consistent with the Whittaker 
‘decomposition. Whittaker’sU())symmetryelectrodynamics 
decomposition— particularly when enriched in the higher symmetry O@) 
electrodynamics — applies to the ambient vacuum as a potential (it is a 
potential since it has energy density). So the "subspace" inside spacetime, 
So to speak, is just a set of LWs and their dynamics, and that subspace 
itself is engineerable, just as is the "bulk curvature of spacetime" itself. 
Further, we may now consider that space itself is just a vast superhighway 
for such superluminal LWs and their dynamics. Mass is mostly empty 
space with only an occasional particle here and there and with fields, 
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potentials, and waves in between. Hence huge masses such as the ocean 
and earth are actually supethighways for the ditect passage of longitudinal 
EM waves, “engines”, special robots, etc. The degree of "transparency" is, 
a function of the degree of cleanness of the LWs — where by "clean we 


mean “absence of transverse EM wave residues’, 


The third postulate has also been dramatically extended and requires 
revision. As presently stated, antigravity effects do not appear to be 
included in present physics heretofore. The "gravitational effects and 
external accelerated effects” notion in conventional physics are still 
founded purely on ordinary bulk translation. Now they need not be. For 
example, the system can appear to be an ordinary system, as judged by 
normal "extemal light" observation. Yet its internal vacuum engines can 
cause local violation of most so-called "laws of nature.” The reason a "law 
of nature" can be violated is that one is now able to violate the premises 
upon which it is postulated, and which are required to hold ifthe law is to 
hold. Or another way to look at it: any conservation law is the result of a 
symmetry. Breaking that symmetry allows violation of that specific 
conservation law. All external symmetries can be broken intemally, even if 
the overall symmetry still applies externally! 


‘The infolded EM inside the “conventional” EM fields, waves, and 
potentials — and inside the vacuum potential and spacetime itself- 
dramatically changes the present theories of electromagnetism, quantum 
‘mechanics, and general relativity. Further, for the first time the Sachs 
unified field theory allows an engineering approach that simultaneously 
crosses, includes, and extends all three disciplines in the required manner. 
‘The approach can be placed into good engineering models based on the 
Sachs work, particularly using the 0(3) electrodynamics subset 
spearheaded by Evans, and the models can be tested and verified or 
falsified. See frame, reference; and superluminal communication, 


electric field: (See also discussion under E-field). The conventional 
definition is this: "1. a region in space in which a stationary electric change 
experiences a force due to its charge. 2. the electric force per unit test 
charge.” Quoted from Dictionary ofScience and Technology, p. 720. That 
definition is flawed. Consider the "spatial aspects” of part i. Ifan electric 
field is defined as a force per unit charge (per Part 2), it is not a region in 
massless space but is an effect of something existing in massless spacetime 
and interacting with the charged 3-spatial mass. The electric field prior to 
interaction and observation ofthe interaction is indeed related to a tegion 
in "spacetime", because it is identically a curved spacetime region. In the 
Sachs approach, general relativity and electrodynamics have become one 
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and the same. So prior to interaction, the field as it independently exists 
prior to interaction with charge has become a curved spacetime region, 
and the field-in-space is purely a spacetime curvature. Again, there is no 
such thing as a massless force. It is the hoary old mechanics notion of a 
separate force acting upon a separate mass that is a total non sequitur. The 
interaction ofthe massless field in space with a mass to produce a force, of 
which that mass is actually a component, is a separate consideration from 
the field as it exists in space prior to interaction. The result ofthis entity's 
interaction with charged mass has nothing to do with what an electricfield 
is but with what it does to charged mass. Further, the force evidenced on a 
charged particle is not due to its charge; the particle has that charge 
always, whether or not there is a net force evidenced on it! 


Part 2 is a little better. The only problem is, it totally disagrees with the 
notion of the field as an entity existing in spacetime prior to interaction 
with charged mass. In other words, here it's a "force on a charge", which is 
an effect (force consisting partially of the charge) occurring after the 
interaction. Again, the conventional definition states only what the field 
does or accomplishes, not what it is. Hopefully the reader can now begin 

tosee what terrible difficulties await anyone who seriously attempts 
{foundations definitions. Feynman sums it up admirably in one of his 
famous statements: "Everything we know is only some kind of 
approximation, therefore, things must he learned only 10 be unlearned 
again or, more likely, corrected, "An additional difficulty is that the very 
notion of a separate massless force — independent ofthe mass on which it 

operates - is fictitious, yet continues to be widely used. Recalling that 

any true definition isan identity and not an equation, let us start with the 
definition of F =fefdt(my), As can be seen, force is a system 
comprised of i) a mass component and (ii) a nonmass component. The 

force is not something separate fromthe mass, a all! Further, force isnot 
even unitary. It's a system comprised of two coupled components; the mass 
and a coupled (interacting) gradient in a potential flux. Note that v involves 
‘motion through, and interaction with, the virtual luc comprising the 
vacuum potential. Note that dvds involves a gradient in that flux 

interaction with the mass. Unfortunately mechanics is tll using th 


medieval concept ofa "separate force acting upon a separate mass." That is 
wrong, unless we change the fundamental definition of force itself. See, 
eg, Robert Bruce Lindsay and Henry Margenau, Foundations ofPhysics, 
Dover Publications, New York, 1963, p.283, where theauthors emphasize 
that a "field of force” at any point is actually defined only for the case 
‘when a unit mass is present at that point. The reason can be seen: mass is a 


necessary component offorce,and without mass present there cannotbea 
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force present. For that reason, the force field in matter is a quite different 
beast from that "same" force field in empty spacetime. The first is a 3- 
spatial snapshot of an ongoing 4-spatial interaction, while the second is 
just a curved region of that "empty" spacetime without any ongoing 
reaction necessarily. 


See dipole. 


electrodynamicist: A specialist in electrodynamics — the physics of the 
relationships between electric, magnetic, and mechanical phenomena — 
and especially a specialist in electrodynamics theory. Essentially all 
electrodynamicists are versed in U(I) electrodynamics, and a much smaller 
number are versed in more advanced (higher group symmetry) 
electrodynamics such as O(3) symmetry electrodynamics, unified field 
theory electrodynamics, non-Abelian electrodynamics, etc. The 
electrodynamics field is actually a very vast field indeed, touching 
everything in physics, chemistry, etc. When one needs a particular 
electrodynamics problem solved, it often calls for a special category of 
electrodynamicist and not just an electrodynamicist in general. One must 
therefore sometimes examine the background of the electrodynamicist 
making a statement or a pronouncement; electrodynamicists after all do 
have differing views and differing disciplines within the field. And 
something may be perfectly true and acceptable in 0(3) electrodynamics, 
yet not even exist in U(1) electrodynamics. As an example, the Aharonov- 
Bohm effect exists in 0(3), but not in U(1). UCL) assumes a flat local 
spacetime (falsified by general relativity almost a century ago) and an inert 
vacuum (strongly falsified by modem particle physics and quantum 
mechanics), while OG) is perfectly content to include and model curved 
spacetime and active vacuum also. 


electric dipol 


electromotive force (EMF): A difference of potential created by sources 
of electrical energy — i.e., by separated charges (dipoles) — which can be 
utilized to drive electrical currents through external circuits. As a 
difference of potential, that constitutes a gradient and hence a force. Also, 
‘open circuit voltage, or the limit of the potential difference between the 
source's terminals as the current in the extemal circuit approaches zero. 


This term is poorly named and also quite confused in the standard theory 
and usage. First, em/is supposedly not aforce at all. It is a difference in 
otential; hence it is measured in volts. It is very difficult to imagine a 
‘difference in potential” at a single point unless one is dealing with a 
multiply connected space. So ifthe difference in potential is between two 
adjacent points, then that constitutes a force between the two points. Also, 
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‘emf is not considered an E-field, since that is a field of force. Yet it is in 
facta VQ, restricted to the direction between the two measurement points, 
and-V¢) is considered to be an E-field in the EM theory! As can be seen, 
one will not find a truly logical definition of potential or emf in the present 
texts and science literature. 


For this reason the standard theorists say that the term emfis sometimes 
used as equivalent to a difference in potential, but that strictly speaking it 
should be applied only to a source of electrical energy. The problem is that 
‘most conventional theorists are unaware that a potential identically is a 
bidirectional flow of energy in 3-space, but a 3-space flow where the 
energy enters from the time-domain (complex plane) and is caught in 3- 
space by interaction with charge, in afrozen snapshot (observation). The 
energy actually enters each 3-space point in the 4-space potential, from 
the time domain. It moves across a dipole in space (present due to the 
quantum mechanical polarization ofthe vacuum), to the opposite charge, 
thus returning from the immediate region of that second 3-space point (or 
points) back to the time domain. Since conventional theorists are unaware 
that a potential is a hidden negentropic energy flow circulation process 
involving broken3-symmetry, brokent-symmetry, andaspecial 4- 
symmetry between t and 3-space, the theorists have been unable to 
consider the potential in general as a direct source of energy flow. Yet they 
are forced to consider a potential difference across the terminals ofa 
source as "somehow a flow ofenergy, that generates forces uponthe 
electrons topropelthemthroughthecircuitascurrentflow." 


In the new viewpoint, a resolution is achieved ofthese incongruities by 
more accurately defining the E-field with respect to the potential as, 
{Vbeqy/|ql. tis noted that ~[dA/dt]»q)|q also produces an E-field, so 
‘that the full definition of the E-fielllis ~[(\V$=dA/dt)eq}/|q). Note that 
dividing q by [ql does not remove the q unit from the corresponding 
dimensionalequation, sig is dimensionless. However, one volt 
representsonejoule ofexcessenergy)divergedfromthepotential per 
coulomb of interacting charge. The energy densityflow in an electric 
circuit is in the voltage, in the emf, and it is not in the current per se. The 
electron current (drift current) carries the excess energy that is being 
dissipated as work in the circuit, but ina nominal circuit the drift current 
only moves a few inches per hour. Half the energy collected in the 
potentialized circuit is dissipated in the external circuit and external losses, 
‘and half is dissipated in forcing spent electrons in the ground return line 
back up through the back-emf of the source, performing work inside the 
source to dissipate its separation of charges. Left alone, any dipole will 
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furnish emf indefinitely, freely receiving the energy from the time domain 
(complex plane) and outputting it in 3-space via the reinterpreted 
Whittaker 1903 decomposition, in a circulation where at each point in it 
the energy enters from the time domain and thence returns back to the time 
domain. The free flow of EM energy will continue unabated from the 
undestroyed dipole, regardless of how many extemal loads and losses are 
powered (how much energy is collected and dissipated from the ongoing 
flows representing the potential). So electrical circuits should be 
developed which allowfew or no electrons to beforced back up through 
the source dipole to dissipate its separation ofcharges and destroy the 
dipole. 


electromotive force, back (back emf): Back emfis a loose term for the 
counter-electromotive force. 


‘When the source is powering a circuit or circuit element, the term "back 
emf is used to refer to the forcing of current (electrons) back up through 
the source against its emt, thereby performing work inside the source to 
dissipate its separation of charges (its dipolarity). When a potential source 
of electrical energy — such as a capacitor, an inductor, or a rotating 
machine — is receiving energy from a source and converting it to 
dissipative power and work, that "powered" device is said to develop a 
counter-emf. A source has a built-in emfa priori, and this emf is holding 
its charges separated so that itis dipolar. When electron current is forced 
backwards through the source against its emf, work is performed against 
the intemal resistance of the source to dissipate its separation of charges, 
thereby dissipating the source dipole. If electron current is not allowed to 
flow back up through the source against its back emf and through its built- 
in counter-emf, no dissipation of the source dipole occurs, even though 
energy density (not electron current da/dt but energyflow da/dt) is 
flowing fiom the source and can be collected in collectors in the external 
circuit to store the energy as a created local energy source. This collected 
energy can then be shuttled to a separate load circuit and released, to 
provide a "heat pump” cycling operation and overunity coefficient of 
performance. 


Nikola Tesla in fact knew how to shuttle energy at will in a circuit in such 
fashion, as Barrett's quaternion analysis of Tesla’s actual patented circuits 
has revealed. [See T-W. Barrett, "Tesla’s Nonlinear Oscillator-Shuttle- 

Circuit (OSC) Theory." Annales de la Fondation Louis de Broglie, 16(1), 
1991, p. 23-41.] Note that a rigorous analysis of those same circuits, using 
tensors or vectors (lower topology algebras), will not show the effect. One 
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needs a higher-topology algebra such as quaternions or Clifford algebra, or 
the significant properties of such circuits will be entirely missed. 


When the original source dipole is not dissipated because electron current 
is mot passed back up through its back-emf to scatter the charges, the 
original source dipole will continue to furnish emf indefinitely because of 
the proven asymmetry ofits opposite charges in the seething vacuum 
energy flux. 


‘Theterms emfand counter-emfare normally applied only to recognized 

sources ofelectricity. Emfis computed as the algebraic sum ofthe 
potential differences acting in a circuit attached to a source. Back-emf 
(counter-emf) is computed as the potential difference internally through 

the source, betweenits terminals. The back-emfis thought to be necessary 
in producing a powered device or component in the circuit. Actually, its 
‘main application (the ubiquitous closed current loop where all the external 
circuit current is passed back through the back-emfofthe source dipole) is 
10 prevent COP>1.0 electrical power systems from being developed and 
utilized, andfor every electrical circuit to self-enforce Lorentz symmetrical 
regauging during its de-excitation phase. 


electron: A stable elementary particle in all atoms, and having — in 
“forward time” — a negative charge of 1.602x 10" coulombs, a spin 1/2, 
and a mass of 9-11x10""' kilograms. Itime is reversed, the charge (but not 
the masss) ofthe electron is reversed and it becomes a positron. Note this is 
anequivalent observed3-positron, inamateriallatticeafterinteraction 
with charged matter, and not the mathematical equivalent represented by 
Dirac sea holes in the 4-vacuum prior to interaction with mass, 


‘The"electron” mayalsoexistasanegativeenergy,negativecharge, 
negative mass-energy 4-state (Dirac hole) in the vacuumitself. Inthat 
state, the negative energy 4-electron is the source of negative energy fields 
and negative energy potentials. When the associated nondiverged and 

unaccounted Heavisideenergyflowcomponentisalsoaccounted, the 
Dirac sea hole negative energy 4-clectron can be manipulated in “anti- 
circuits" to directly engineer local antigravity, quite strongly and 
practically. 


electrongas: Asystemofelectronswithonly weakinteractions,sothat 
theelectrons mayberegardedasmovingindependently.Inmany ways, 
such acollection ofelectrons can be treated asa gas. See Drude Electron 
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electrostatic scalar potential: A static (stationary, in the sense that a 
perfect waterfall would appear stationary) ordering in the virtual photon 
flux of vacuum. The notion of "static” in the term "electrostatic" is 
misleading and should be replaced by "stationary" since the underlying 
active vacuum medium is always in violent motion, and there is nothing 
truly "static" in the universe. But an equilibrium ot stationary condition 
can exist as an external envelope condition, even with continuous violent 
motion internally, so that a stationary entity or form persists. An example 
is a perfect whirlpool in a river. 


‘The electrostatic scalar potential decomposes into a harmonic set of 
bidirectional phase conjugate longitudinal EM wavepairs, as shown by E. 
TT. Whittaker in 1903. Hence the electrostatic scalar potential is an overall 
curvature of spacetime with internal longitudinal EM order and dynamics. 


ELF: Extremely low frequency. Used to describe EM fields whose 
frequencies lie in the range from just above 0 Hz (ditect current) to 300 
Hz. This includes power line frequencies (60 Hz in U.S. and 50 Hz in 
Europe) and frequencies used by certain U.S. military ELF communication 
systems such as for submerged submarines, 


EMF: Acronym for electromotive force. See discussion under 
electromotive force. 


EM field: Electromagnetic field. In its loose usage, it refers in a very 
broad way to any field, force, or energy associated with electromagnetic 
interactions, charges and currents. Thus "EM field” includes electrostatic 
fields, magnetostatic fields, electromagnetic fields (including radiation and 
induction), vector-potential and scalar-potential fields, Hertz potentials, 
Fitzgerald potentials, Whittaker potentials, Debye potentials, etc. 


In its precise usage, "EM field” conventionally refers to an EM “force” 
field, such as the E-field, D-field, B-field, and H-field. In classical 
electromagnetics (CEM), as a holdover from the old assumption of a 
‘material ether, the force fields are considered (erroneously) to exist in 
mass-free space, and they are also considered to be the primary causes of 
electromagnetic phenomena. This is a non sequitur, and it involves 
substituting the effect for the cause. 


In the new viewpoint, the force fields do not exist in vacuum, but only in 
and on and of the charged particles themselves, where mass is present to 
form one component of the force. The force fields are therefore effects and 
not primary causes. The primary causes of all electromagnetic phenomena 
is taken to be the potentials; however, the hidden 
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Stoney/Whittaker/Ziolkowskiinternal structures of gradient-free scalar 
potentials may interfere to cause potential gradients in and on charged 
particle systems. [In O(3) and other higher group symmetry 
electrodynamics, this internal structuring and dynamics is far richer.) This 
therefore includes distance-free scalar potential interferometry and action 
at a distance, as well as vacuum engines, 


‘The new view uses Sachs’ unified field theory, and considers that the EM 
field in the vacuum, or an EM potential in the vacuum, involves and 
identically is curvature of spacetime. It follows that the internal EM 
structures of "ordinary" EM are also spacetime curvatures, where the 
specific pattern of these ST curvatures constitutes a very special kind of 
spacetime engine that acts upon any local mass in a specific manner 
determined by the individual pattern of curvatures. Thus the new view is a 
unified field theory where GR has become EM and EM has become GR, 
and where higher symmetry EM — such as 0(3) group symmetry EM — 
can involve or produce gravitational, temporal, and inertial effects as well, 


EM force field in the vacuum (a false concept : The erroneous notion 
that thereexist forces in the vacuum, so that the set of forces at a set of 
spatial points forms a force field. Presently classical electrodynamicists 
accept the same E-field in vacuum as exists upon a charged mass when the 
vacuum E-fieldinteracts with that charge, but it is asserted that the force is 
zero. This is easily falsified by defining force F as F = dp/t = /d1(my). 
By expanding the term on the right, one sces that both terms in the 
expansion include mass. Mass is thus a component of force. If mass is, 
absent, there is no force present, thus no force field present. The field in 
space and the "same" field in mass differ precisely by amass termin their 
fundamental units. The field in massless space may be taken as a curvature 
of spacetime.Zero field in space means a flat spacetime; a nonzero field in 
space represents acurvature ofspacetime. A nonzero field in mass means a 
curvature of spacetime (a 4-space entity) interacting with mass (a previous 
3-space observation) to produce a force consisting ofthat field and mass 
interaction. There isno separate force acting ona separatemass, and 
‘mechanics has been wrong in assuming on for hundreds of years. Instead, 
there isa force produced by the interaction ofa massless 4-field 
(spacetime curvature) entity with 3-spatial mass. Itis that interacting and 
‘ongoing entity or process that is a force field. Speaking of such a force 
field in space, is speaking of the force field that would exist in that space if 
every point had a unit point static charge and charged mass. As Feynman 
and Wheeler pointed out, no force field as such exists in space, but only 
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the potential for a force field exists there, in case some charged mass is 
brought in to interact and have the forces developed upon its charges. 


EM generatrix: Whatever generates electromagnetics, particularly the 
fields. Since all EM energy comes from the time domain and returns to it, 
time is the ultimate EM generatrix. The circulation of EM energy from the 
time domain to 3-space and back, ot vice versa, is a function performed by 
the broken symmetry of every charge, considered as two infinite 
dipolarities with a finite difference that is the observed charge listed in 
texts and handbooks. 


‘energetics: Energy as the primary thing in the universe. Rankine’s term 
later raised to the forefront by Ostwald. Modern Russian term for 
advanced higher group symmetry electromagnetics, where the 
electrodynamics is a subset of an engineerable unified field theory. In the 
USS., a model approaching the Russian model is given by Evans's (3) 
electrodynamics as a special subset of the electrodynamics used by Sachs 
in his epochal unified field theory. Thus there is a growing, engineerable 
‘unified field theory (energetics theory) in the U.S., being provided by 
Evans, Sachs, and others. A solid basis for energetics can be realized from 
the giant 4-space negentropy EM energy circulation involved with every 
charge, so that all "EM energy in space” and time itself comes from that 
circulation. 


energy: Usually erroneously “defined” as the "capacity to do work". This 
is atotal misdefinition since it would define energy as the ability to change 
its own form. The closest to a legitimate definition of energy appears to be 
energy is the invariance ofthat which is varying (Lindsay). However, note 
that this definition violates Aristotelian logic (but does not violate five-law 
logic developed in this book). Another try at it might be: "Energy is any 
deterministic or coherent structuring, either dynamic or stationary 
existing in the virtual particle flux ofvacuum. ” While that sounds good, it 
still involves the nonchanging aspect of the changing flux — much like 
considering a whirlpool in a river as being a "static" thing. So it is still "the 
invariance of that which is varying", which is an identity of opposites. We 
conclude that 4- or S-law logic is necessary in order to define energy, since 
the defining logic must encompass the identity of opposites. Feynman 
simply stated: "Zt is important to realize that in physics today, we have no 
knowledge ofwhat energy is_.” [Richard P. Feynman, Robert B. Leighton, 
and Matthew Sands, The Feynman Lectures on Physics, Addison-Wesley, 
Reading, MA, Vol. 1, 1964, p. 4-2.]. In Aristotelian logic, there is no 
acceptable definition of energy. In 5-law logic, the second definition holds 
since opposites can indeed be identical. Now to more practical aspects: 
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For our purposes, there are three major types of energy in 4-space: (i) 3- 
spatial energy, which includes energy in one, two, or three ofthe spatial 
dimensions, (ii) mass-energy, which is 3-spatial energy compressed by the 
factor c° but still in 3-space, and (iii) time-energy, which is 3-spatial 
‘energy compressed by the factor c° but now placed in the time domain. 
Note that time-energy has the same density as mass-energy, and hence the 
same spacetime-curvature effect and gravitational capability 


‘The major implication of the new view is that the conservation of energy 
law is extended: Now it is the total ofthe 3-spatial energy, mass-energy, 
and time-energy that must be conserved. Transduction between time- 
energy and either ofthe other two forms, or both, will violate the 
conventional conservation of the sum of the 3-spatial energy and the mass- 
energy; every charge and every dipole is an example. Use oftime- 
polarized andlongitudinallypolarizedphotonsandEMwavesparticularly 
may involve the extended conservation law, e.g., as utilized in cold fusion 
and itslime reversal zones, and as involved in the outpouring of 
observable EMenergy fromeverychargeintheuniverse, withno 
observable energy input. 


energy collection/collecting: In electromagnetics, placement of an 
interceptoricollector — eg., a charged particle — into an impinging EM 
energy flow, _ so that some ofthe flow is diverted around the intercepting 
particle. We may say that the flow ofenergy has been "reordered" into a 
stream diverged around the intercepting charge. The diverged part ofthe 
total energy flow is what is calculated as the Poynting energy flow 
component, andis whatis referredtoasthe "collected" energy orthe 
“potential” of the charge. 


However, neither charge nor potential are acceptably defined in 
conventional electrodynamics, but they can be defined in the new 
approach. We are now able to see something more fundamental. By the 
giant negentropy mechanism, the charge is involved in both the time~ 
energy stream and the vacuum flux set of virtual particle spatial-energy 
streams. "Charge" is notjust related to the mass of the particle, but is the 
entire ongoingset ofthe dynamics as well as the mass (the "nondynamics", 
so to speak). When a charge is placed in a field, that field is a change to 
the local dynamics, which is a change to the charge itself. Both the 
dynamics andthemass (the "nondynamies" constitutingthechargeare 
altered. So one does not have the "field acting on a separate charge”, but 
instead we have the charge with its previous set of dynamics transformed 
into the altered charge with a new set ofdynamics and a new mass. 
Similarywhen a charge is placed in a potential. Charge is also not a 3- 
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spatial situation and process, but a 4-spatial situation and process. Ifthe 
internal structuring is also important, it becomes an n-spatial situation 
where n>4 and even where n» 4. To deal with sophisticated engines, n» 4 
is necessary in the modeling utilized 


‘energy dissipation: Refers to the scattering or disordering of energy’ at 
fundamental basis, it refers to the changing of an altered charge (see 
energy collection/collecting) back to an unaltered charge. In other words, it 
is a special decay process whereby an "excited charge” (so to speak) 
decays back to its "normal state” by releasing dynamics (energy) back to 
the vacuum. The energy itself is not destroyed, but its "collecting pattern” 
or “flow pattern” as coupled to the charge is disrupted and altered or 
destroyed There is also the connotation that the dissipated energy is lost as 
Jar as any re-use ofit by the system. We point out that only 
collected/collecting energy can be scattered; it is the collecting process 
(the entire alteration ofthe normal charge dynamics) that is “destroyed” - 
or more exactly, transformed — not the energy itself. 


energy, electromagnetic: From a vacuum and quantum mechanical 
viewpoint: a deterministic or coherent structuring, either dynamic or static. 
existing in the virtual-photon or charged-particle flux of vacuum. Since a 
photon may also be considered a positron-electron pair (if we multiply 
each by time so that they are qf rather than q in fundamental unit form), the 
flux of photons in the polarized vacuum necessarily also includes the flux 
of charged virtual electrons and positrons. From a spacetime viewpoint: a 
curvature of spacetime, or set of such curvatures. Ifa deterministic set of 
spacetime curvatures (a template) is involved, then an engine is involved 
and the energy is said to be “dimensioned” (internally structured). 


energy flow: Generally considered as the passage of energy, in any form, 
in one direction or generally in one direction in a given 3-space. To first 
order, our definitions of energy treat energy flow in a given space as (1) a 
directional change (propagation) of the vacuum energy and its form, or (2) 
as a directional propagation of a curvature of spacetime or a set of 
curvatures of spacetime. The terms "energy flow’ and "flow ofenergy 
through space” are notprecisely defined in physics! They are not going to 
be defined, at least not in ordinary Aristotelian logic terms, since energy 
itselfis not precisely defined, and one ofthe best struggles with the 
concept ofenergy concludes that it involves invariance in the midst of 
change, which is a violation of the third law of Aristotelian logic and 
therefore ofthe other two as well. 
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Indeed, the "EM wave flowing through 3-space" does not exist (see 
previous comments quoted from Romer). What does exist is an ongoing 4- 
space process, assumed to be continually and iteratively interacting with a 
unit point charge to “detect” or "observe" it as an iterative series of frozen 
3-space snapshots, in memory-recalled serial order much like the frames of 
a motion picture film. Nonetheless, we must keep our sense of humor and 
proceed as if we knew exactly what we were speaking of when we use the 
concepts "energy", "energy flow", and "energy propagation through 3- 
space”. Ifone dwells on the problem without humor, one is led to 
Hawking's grim but perceptive statement: “All we ever know is our 
‘models, but never the reality that may or may not exist behind the models 
and casts its shadow upon us who are embedded inside it. We imagine and 
intuit, then point the finger and wait to see which suspectfor truth turns 
and runs. Our models may get closer and closer, but we will never reach 
direct perception ofreality’s thing-in-itself” Ultimately we do not know 
physical reality itself, but our mental modeling ofit, as best we can “fit” 
our modeling through comparison with our sensory and perceptive 
sensations. 


‘energy flux: The passage ofenergy flow, in any form, through a unit area, 
id in any given direction (usually all directions). This includes both 
passageinasingledirection,orpassageinmultipledirectionsatonce.See 
flux. Sometimes taken as that component of the net flux through a unit 
areaatrightanglestothearea, 


energy, free: In our usage, free energy is what is obtained from any 
environmentor entity which freely emits, furnishes, or makes available 
energy which either can be collected and used as furnished, or can be 
transduced into usable form and collected and used to powerloads and do 
useful work. The word "free" does not apply to costs, but rather to the 
source of the energy. Since energy can neither be created nor destroyed, 
energy is always available free for the taking (collecting and using) if we 
bit learn how. We never payor energy per se, butfor the manipulation 
and processing ofthe energy. The notion of extracting and using free EM 
energy from the vacuum involves five key concepts: (1) the local 
vacuum/spacetime itself is filled with EM energy of generally unusable 
form (2) some sort of organizing principle is utilized in one part of the 
circuit or system to cohere the vacuum energy and transduce it into usable 
EM form (every charge already individually does that; we just have to 
learn to do it in a larger ensemble), (3) a gating mechanism is utilized 10 
divert the vacuum energy now in usable EM form from the active vacuum, 
to the external circuits or load parts of a device, (4) the coherent gated 
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extra energy available in the extemal circuits or load parts is intercepted by 
those circuits or load parts, couples to them, and potentializes them with 
extra EM energy, so that the energy is collected by the system and 
regauges the system asymmetrically, and (5) the external circuits or load 
parts then scatter or dissipate the coupled extra energy to produce useful 
‘work (physical changes in the load), without destroying the organizing and 
gating mechanism that is extracting and furnishing usable EM energy from 
the vacuum. 


‘energy source: A function or entity which furnishes energy by either 
gating it from one energy reservoir to our system or locality, or by 
transducing available unusable energy into usable form and then emitting 
the usable energy. Technically speaking, since energy cannot be created or 
destroyed, there is really no such thing as a creative “energy source”, 
though the term "source" seems to imply such. So-called “energy sources” 
actually gate and/or transduce energy. changing it from one form to 
another, from one direction to another, etc. All EM energy in the universe 
comes from the time domain into 3-space vacuum, onto charge, and back 
to the time-domain, in a giant ongoing negentropy 4-circulation as freely 
provided by the "source charges” 


engine: Deterministic pattern of structures, with their concomitant 
dynamics, in the flux ofthe vacuum. Also, deterministic patteming of 
curved spacetime curvatures and their dynamics that comprise an overall 
larger spacetime curvature, or internally comprising an overall "uncurved! 
spacetime. 


engineering, entropic: Engineering or designing systems and processes in 
equilibrium with their external active environment, and whose operation 

spills" or wastes all the energy input to them, and which do not freely 
recover and use the dissipated or wasted energy. Entropic systems — 
which are the products of entropic engineering — thus have COPS1.0 and 
function in forward-time, and classical equilibrium thermodynamics with 
its infamous second law rigorously applies because the system is designed 
to self-enforce the equilibrium condition, often called by other names such 
as Lorentz symmetrical regauging. 


engineering, negentropic: Engineering or designing open systems and 
processes far from equilibrium in their exchange with their active 
environment, whose operation freely “receives” excess energy from the 
environment, so that they permissibly output more energy than the 
operator inputs, the excess being received from the external environment. 
As an example, simply making a common dipole or assembling a charge 
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initiates a giant negentropy operation that persists indefinitely (as long as 
the dipole or charge persists). 


entropy: Thermodynamics state term representing a measure of an 
equilibrium system's capacity to undergo spontaneous change. In short, a 
quantity that measures the availability ofa system's energy for conversion 
to work. The entropy ofan open system not in equilibrium with its active 

environment cannot even be computed, because the state cannotbe 
computed. 


Entropy is given by dS = dQ/T, where dS is an infinitesimal change in 
entropy for a system absorbing an infinitesimal quantity of heat dQ at 
absolute temperature T. In statistical mechanics, entropy is a measure of 
the disorder in a system and is given by $= k InP + C, where S is the value 
of entropy (disorder) for a system in a given state, P is the probability of 
that state's occurrence, k is a fixed constant, and C is an arbitrary constant 
Intuitively, the concept of entropy corresponds to the concept of disorder. 
We specifically call attention to the fact that the "S" used in representing 
‘entropy is not at all the $ used for Poynting energy flow in 
electrodynamics. 


entropy, negative (negentropy): In a sense, the reversal of disorder, or 
reversal ofentropy. Another way of defining negentropy even more 
rigorously — forelectrodynamics—istodefine itinspacetimeasa 
broken 3-symmetry in EM energy flow with concomitant relaxation to a 
‘more primary 4-symmetry between time-energy flow and 3-spatial EM 
energy flow, where time-energy flow is transduced into 3-spatial EM 
energyflow andthen backtotime-energyby the emtity—suchasa 
common dipole — causing the broken 3-symmetry 


¢ quilibrium: Inphysics, the state ofa system in which opposing forces 
balance each other — i.e., sum to a vector zero. However, the vector zero 
summation does not represent "total absence" of everything, and the forces 
and their energy remain even though comprising a net vector zero system, 
Even a pure number zero may also be taken as a set of nonzero numbers; 
e-g., (45-3 -2). So even zero need not be total absence, but can be a 
“balanced set of presences”. Or zero can be regarded as an overall 
equilibrium condition comprised ofa set of disequilibria conditions, 
Indeed, a vectorzerosummationsystemofnonzero forcescomprisesa 
stress potential, and it contains stress-energy doing work upon the stressed 
system. Inmechanics, a system of particles — where the net force acting 
upon each constituent particle is zero — is said to be in equilibrium. Jn 
chemistry, the state ofa solution where the forward and reverse reactions 
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are equal and balance each other, so that the chemical reactants and 
products maintain the same amounts. Again, the notion of equilibrium. 
involves the "stationary" notion (similar to a perfect whirlpool in a perfect 
river) ofthe overall invariance of some set of ongoing dynamic changes. 


ether: An extremely fine material substance originally theorized to exist in 
space in lieu of sheer emptiness. The problem is considering space as 
emptiness in the first place, which it is not. Instead, space (more 
rigorously, spacetime) is a plenum and highly active (as in the general 
relativity view a half-century after Maxwell's seminal paper). So there is, 
no need to “fill empty space” with something, because in the modem view 
there is no such thing as empty space. 


Evans, Myron W.: Noted chemical physicist, primary developer of (3) 
symmetry electrodynamics, and Director of the Alpha Foundation’s, 
Institute for Advanced Study (ALAS). Papers produced by the AIAS are 
critical to understanding extraction of EM energy from the active vacuum, 
engineering of vacuum engines, and development of a revolutionary new 
healing method by time-reversing diseased or damaged cells back to a 
previous healthy state 


excess collected energy: Collection by an interceptor/collector of a greater 
fraction of EM energy flow impinging upon it and also surrounding it, than 
is normal. See Bohren experiment. 


exciton: A bound electron-hole pair in a semiconductor. Excitons are 
temporary formations and they decay by recombining, but they have a 
specific half-life before recombining during which they migrate through 
the semiconductor crystal. When the hole and electron recombine, then — 
if the curvature of spacetime relaxes to a flat spacetime, which is not 
overtly stated in classical EM theory — the recombination releases energy 
in the form of a photon, or sometimes in the form of several phonons. Note 
that the "hole” is an "absence of an electron” from a position in a lattice 
usually containing an electron, so that it exhibits a net positive "change in 
the charge field" at that point. Specifically, this "lattice electron charge 
hole” is not a Dirac Sea hole in the vacuum, which is an entirely different 
matter. On the other hand, if the hole and electron recombine and the 
curvature of spacetime does not relax to a flat spacetime because ofother 
curvature-sustaining involvements, then no "pair annihilation” radiation is 
emitted. It is the relaxation of the curved spacetime (when hole and 
electron are separated) back to a flat spacetime that causes photon or 
phonon emission. 
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exothermic: Literally, "giving offheat", or emitting scattered EM energy. 
Producing time-forward EM energy froma byreducing the 
ordering(internalenergy)ofthesource. 


wraday, Michael: Noted English physicist and chemist, 1791-1867, who 
discovered fieldtheory andelectromagneticinduction. Faraday also 
inventedthedynamoandformulatedhislawsofelectroly sis. Hiswork 
directly inspired Maxwell, who vowed to study no other electromagnetics 
theory until he had captured Faraday's work inamathematicaltheory 


Ferminion: A fundamental particle which has spin angular momentum of 
(n+1/2)h, and which obeys Fermi-Dirae statistics. Examples are baryons 
and leptons, which are subject to the Pauli exclusion principle. 


Feynman, RichardP.:Notedphysicist, Nobelist.andco-developerof 
quantum electrodynamics. Feynman is particularly noted for his refreshing 
three volumes ofphysics: see Richard P. Feynman, Robert B. Leighton and 

MatthewSands, The FeynmanLecturesonPhysics, Addison-Wesley.New 
York, 1963. The book is particularly noteworthy in that it gives the student 
some insight into foundations problems in physics. E.g., in Vol. Ion p. 2- 
4, Feynman defines the electric field not in terms of force per unit charge 
per se,butin terms of its potentiality for producing a force only when a 
charge is present for the force to be developed upon. 


fiber fuse: Effect in optical fibers or fiber optic cable, whose core contains 
germanium, wherebyheatingthecableatonespotwithasmallflamewill 
Iaunch a focused traveling heat energy effect which melts a small hole in 
the core about every centimeter, and marches down the cable at about a 
meter per second to the end ofthe cable, destroying the optical 
transmission capability and ruining the cable. Oddly, by igniting the fiber 
fuse from the other end ofthe damaged cable, a reverse fiber fuse effect 
will oftenmarchback down the cable in similar fashion except that it fills 
in the melted holes in the core, restoring the transmission capability of the 
cable. Ifthe energy required to meltall the holes (or fill themagain) is, 
taken into account, the amount of energy required to launch the fiber fuse 
ismuch less. This phenomenon does not appear to have anadequate 
technicalexplanationatpresent. 


field: In mathematics, a set with two binary operations. In 
electromagnetics inmorecommonmathematical terms,itisaregion 

g of magnitudes and/or vector directions assigned to some active 

entity (e.g., spacetime itself) at each point in the region. 


Introduction 


Mobile computing with wireless communications has already changed how people socialize and 
how companies do business. Yet, we are still in the nascent stages of the transformation that 
ubiquitous connectivity is enabling. Early examples of this exciting future include virtual and 
augmented reality, autonomous driving, smart cities, wearable computers, and connected 
devices throughout our environment. While no one can predict the full extent of innovation 
that the new global broadband fabric, aided by complementary innovations such as Al, will 
unleash, one thing is certain: We are rushing toward an extraordinary time. 


The step from 3G to 4G was dramatic, and industry advances occurring now in LTE and 5G will 
be even greater. Standards bodies are standardizing 5G, a process that will continue through 
the 2020 timeframe, with ongoing enhancements continuing during the next decade. Some 
operators are deploying pre-standard 5G in trials this year, and initial standards-based 
networks could be deployed as early as 2019. 5G will not replace LTE; in most deployments, 
the two technologies will be tightly integrated and co-exist through at least the late-2020s. 


Many of the capabilities that will make 5G so effective are appearing in advanced forms of LTE. 
With carrier aggregation, for example, operators have not only harnessed the potential of their 
spectrum holdings to augment capacity and performance, but the technology is also the 
foundation for entirely new capabilities, such as operating LTE in unlicensed bands. 


The computing power of today's handheld computers rivals that of past mainframe computers, 
powering intuitive operating systems and millions of applications. Coupled with affordable 
mobile broadband connectivity, these devices provide such unprecedented utility that billions 
of people are using them. 


With long term growth in smartphone and other mobile device use limited by population, 
innovators are increasingly turning their attention to the Internet of Things (loT), which 
already encompasses a wide array of applications. Enhancements to LTE, followed by 5G loT 
capabilities, will connect wearable computers, sensors, and other devices, leading to better 
health, economic gains, and other advantages. 5G addresses not only |oT deployments on a 
massive scale but also enables applications previously not possible that depend on ultra- 
reliable and low-latency communications, sometimes called “mission-critical applications.” 
Although a far more fragmented market than smartphones, the benefits will be so great that 
the realization of loT on a massive scale is inevitable. 


Regulatory policies are striving to keep pace, addressing complex issues that include how best 
to allocate and manage new spectrum, network neutrality, and privacy. Policy decisions will 
have a major impact on the evolution of mobile broadband. 


These are exciting times for both people working in the industry and those who use the 
technology—which today is nearly everybody. This paper attempts to capture the scope of 
what the industry is developing, beginning with Table 1, which summarizes some of the most 
important advances 
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In physics, "a region of space marked by a physical property, as 
gravitational or electromagnetic force or fluid pressure, having a 
determinable value at every point in the region." [Thanks to Webster's II 
‘New Riverside University Dictionary. ] Note the very special use of 
calculation of magnitude: one does not calculate the magnitude of the field 
itself, which fills an entire region, Instead, one calculates the magnitude of 
the reaction ofthat field with some interceptor/teactor at a given point — 
ice, the effect of that field upon some mass entity. That is at best a measure 
ofthe local intensity of the field, not the magnitude of the entire field per 
se. For that reason, often we speak of calculating the field intensity, which 
is far more accurate than saying that we are "calculating the magnitude of 
the field”. So we do not really calculate the "magnitude of the field," and 
in fact such a calculation does not occur in any textbook. Instead, we 
calculate the reaction cross section — in the case of electrodynamics, for 
‘an assumed unit point static charge — of the field at a point in the region 
or space occupied by the field. We actually calculate what is deviated or 
diverged from the field, around an assumed interceptor, not the field itself. 
This means that we calculate the result or effect of a detecting/observing 
action, and a frozen 3-space snapshot of that ongoing interaction, since all 
observation is 3-spatial. To then state that this same field exists in space 
prior to the interaction, and is what causes the interaction, is a gross non 
sequitur and confuses the effect with its own cause. This ubiquitous non 
sequitur widely permeates electrodynamics and mechanics, and it is one of 
the greatest scientific logical errors in history. 


field, scalar: In the standard view, a field, to any point of which is 
assigned a magnitude only. However, "magnitude" of the EM field in the 
standard usage refers only to the amount of energy deviated (diverged) 
around a fixed intercepting unit point charge, per the conventional 
"detection by reaction” model. Again, note the serious logical errors in the 
conventional usage. One cannot define the field in terms of what is 
diverged from it! At best one has defined the “intensity” of the field's 
interaction with a given standard interactant (charge). So in 
electrodynamics the term "scalar field” would be better replaced with 
"scalar field intensity”, at least for many applications 


field, vector: In the conventional view, a field, to any point of which is, 
assigned both a magnitude and a direction. Again, the standard view also 
implements that assumed reaction with a detecting unit point static charge, 
and the "magnitude" used is just the difference between the amount of 
energy piled on the "front" of the interacting unit point static charge and 
the amount of energy pile on the "rear" ofthe interacting unit point charge. 
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The “direction” is from the center ofthe "high energy” pileup to the center 

of the "low energy " pileup around this fixed intercepting unit point 
charge. Again, notethe serious logical errors. Onecannot define the field 
in terms of what is diverged from it and the direction ofthe difference in 
“energy pressure." At best one has defined the "intensity" ofthe field's 
interaction withagiveninteractant(charge), andthe" direction” 

established by the difference between the frontal and rear energy pileups 

on the interacting charge. The term would be better replaced with "vector 

fieldintensity” 


flat (uncurved) spacetime: In our view, a vacuum/spacetime whose 
virtual particle flux intensity —and therefore its local energy density — 
does not change as a function of spatial position or averaged time. That is, 
in our view a flat spacetime is also identically a quantum mechanical 
vacuum whose virtual particle flux and energy density are constant in 
magnitude and internal constitution withrespecttospatial positionandin 
averagedtime. Note that in this extended view, a flat spacetime (vacuum 
potential) can still contain vacuum engines, and thus still be dimensioned, 
Jn that case, contrary to normal physics, the flat spacetime itself will still 
interact with an embedded object and change it internally, even though it 
does not translate it externally. To perform transmutation of elements, 
eg., one is interested injust such engines and not in spatially translating 
the element _ being treated. This dimensioning or activation of the local flat 
spacetime can result in an otherwise unexpected, seeming violation of one 
or more laws of nature in the dimensioned region, and easily results in 
violation of conventional physics which does not take into account engines 
and dimensioning ofa flat spacetime. Note also that this allows a 
differentiation between the actions of two inertial frames, if the frames are 
differently dimensioned. As we stated, this is a deliberate extension of 
orthodox physics. See also dimensioning, and Einstein's second. 
postulate —extension of. 


fluctiation theorem: Theorem advanced by Denis J. Evans et al. at the 
‘Australian National University in 1993 that appreciable and measurable 
violations of the second law ofthermodynamics occurs for small systems 
over short time scales. See D. J. Evans, E. g. D. Cohen, and G. P. Morriss, 
Phys. Rev. Lett. Vol. 71, 2401 (1993). In 2002 Evans and his colleagues, 
experimentally demonstratedtheproofofthistheoreminrigorousfashion. 
See G. M. Wang, E. M. Sevick, Emil Mittag, Debra J. Searles, and Denis J 
Evans, "Experimental Demonstration of Violations of the Second Law of 
‘Thermodynamics forSmall Systemsand Shot Time Scales," Phys. Rev. 
Lett. 89(5), 29 July 2002, 050601. The proofalso directly proves the 
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occurrence in electrolytes and fluids of time-reversal zones (TRZs) where 
the dynamics runs backwards for a short time. This validates Bearden's 
proposal ofthe TRZ. and its consequent reversal ofthe Coulomb barrier to 
Coulomb attractor as the mechanism producing attraction of like charges 
into quasi-nuclei, which then can decay by quark flipping (if necessary) as 
the TRZ decays and reverses back to normal. This provides a mechanism 
for transmutation of elements in these TRZs as a result of the fluctuation 
theorem and its proof by Evans et al 


flux: The amount of some quantity (such as energy, particles, volume of 
fluid, etc.) flowing across a given area (usually a unit area perpendicular to 
the flow) per unit of time. The term flux density is now more commonly 
used. Loosely, "flux” refers to the perpendicular flow through an area, 
while "flux density” refers to the magnitude or intensity (rate) of the flux. 
In some cases such as a flux of particles of different velocities, the number 
of particles may be multiplied by the average velocity to give an average 
flux density that is weighted. 


flux density: The amount of some quantity (such as energy, particles, 
volume of fluid, etc.) flowing across a given area (usually a unit area 
perpendicular to the flow) per unit of time. 


Fogal semiconductor: A special semiconductor invented by Bill 
(William) Fogal which, in its operational regime, utilizes an integrated 
semiconductor, very special tantalum capacitor, and feedback resistor to 
accomplish charge blocking (blocking of electron current flow dq/dt) while 
passing displacement current dé/dt. 


‘The Fogal semiconductor can also accomplish amplified phase conjugation 
of signals as well as infolding (translation of input transverse EM waves to 
output longitudinal EM waves) and outfolding (translation of received 
input longitudinal EM waves to output transverse EM waves). Used in 
communication systems, it opens the use of the unlimited "infolded” 
electromagnetics bandwidth. Since it may communicate using longitudinal 
EM waves, itis also usable for superluminal or a specialized "tunneling" 
communication through the “interior” of normal EM waves, potentials, and 
fields. For example, it can easily transmit color TV signals through the 
“interior” of a common DC potential. See William J. Fogal, "High Gain, 
Low distortion, Faster Switching Transistor," U.S. Patent No. 5,196,809, 
Mar. 23, 1993; - - "High Gain, Low Distortion, Faster Switching 
“Transistor,” U.S. Patent No. 5.430.413, July 4, 1995, a continuation of his 
earlier patent. 
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Fogal, William: Researcher and inventor of the Fogal semiconductor (two 
patents so far), as well as a superluminal infolding-outfolding 
‘communication system and other remarkable longitudinal EM wave 
processes. The Fogal semiconductor allows the use of the internal 

longitudinal wave electrodynamics comprisingall ordinary EM fields, 

‘waves, and potentials, and thus will usher in a revolutionary new 

communications science and extended electrodynamics technology. See 
also discussion under Einstein'ssecond postulateextended. 


force: Inmechanic 


identically the timederivativeof momentum, or 
WWWori(mv). One must realize that it is not the mass in motion, but the 
singleundivided quantity "mass-motion or" mass-velocity’" (momentum) 
that is changed, Present EM theory erroneously takes force fields to exist 
inempty, massless vacuum but with zero force! However, the mechanical 
definition isan identity, not an equality. The observable mass in vacuum is 
zero, so substituting m=0 s$ase/a/r(0-)~ 0. This appears to be the 
conventional reasoning. Howevefi/q = 0/q ~ 0 also. So ifmass is 
zero, the ficld E used in force field definition” disappears. Allthatsaysis 
thatthe field in mass-free space and the field in mass are totally different 
entities, 


Since force can be induced into and ofthe mass-motion target ata 
distance, inthenew approach there is amore fundamental mechanism that 
produces forceitself,andthatisacurvatureofspacetime, inagreement 
with general relativity. Distant curvatures of spacetime to produce forces 
‘on exposed charged mass systems may also be engineered by longitudinal 
EM wave interferometry, which does constitute "action ata distance." The 
fields arse inthe local spacetime inthe distant interference zone, thus 
arising from within and around any physical mass object located inthat 
zone. Hence it produces an "inside-to-outside” type of action that is 
presently unknowninorthodox physics. The produced fieldscan start 
inside the nucleons ofthe atoms and move outward, and work directly 
upon the quarks and gluons first. This opens a great number of entirely 
new nuclear reactions presently not developed in particle physics. 


force field: An 3-space effect that exists as a local vacuum virtual particle 
‘lux interaction upon and with a hypothetical unit point mass or unit point 
charge assumed at every point in 3-space. The effect (force field) results 
from a causal force-free 4-field (a curvature of spacetime) interacting with 
an observed hypothetical unit point mass or unit point charge assumed at 
every. point in space. Hence the invocation of observation invokesad/dt 
‘operator (the interacting charged mass) upon the causal field, providing a 
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frozen 3-snapshot ofthe ongoing 4-interaction. An iterative series of such 
3-observations is said to constitute a "3-space force field" as ifit existed in 
time, which it does not. It is seen (iteratively observed) as a series of such 
frozen snapshots, which mentally we conceive as "existing in time” instead 
ofthe "recurring at points in time” that it really is. We unconsciously 
invoke that substitution of iterative effect as being continuity in space and 
time, when we use terms such as "propagation through space” 


force-free propas Propagation of force-free disturbances in the 
vacuum flux; ie., propagation of curvatures of spacetime or sets of such 
curvatures, together with any associated dynamics 


foundations of mathematics: The concepts, operations, assumptions, 
postulates, logic, definitions, and axioms of algebra systems. 


foundations of physies: The postulates, assumptions, concepts, and 
definitions upon which a scientific physics model rests. Included are also 
the postulates, concepts, assumptions, definitions, axioms, logic, and 
operations of the mathematics in which the scientific model is expressed, 
as well as the postulates, concepts, assumptions, definitions, and 
operations of the physics entities and functions assigned to the 
mathematical symbols. Thus "scientific truth” — even mathematical truth; 
see Morris Kline's Mathematics: The Loss of Certainty — is actually a 
qualified truth. What is true in one model (one set of postulates, 
assumptions, concepts, and definitions, including those in the algebra) may 
not be always true when one or more of the postulates, assumptions, 
concepts, and definitions is/are changed, and/or when the topology of the 
mathematics in which the model is expressed is changed, etc. 


four-space (4-space): The "normal" spacetime used in physics, consisting 
of three spatial dimensions and one time dimension. Minkowski spacetime. 


fourth law of logic: The law that a thing and its opposite become identical 
on the boundary, ie., in multiple simultaneous observations. Identity is 
merely the loss of observational or perceptual distinction; when formerly 
two" objects are simultaneously observed by a single observer, and two 
slides have been shown at once in the slide projector. It does not matter at 
that point what each was individually observed to be before when it was 
singly observed. Now there is no observable distinction or difference. We 
previously showed that the fourth law is implicitly assumed in the three 
laws of Aristotelian logic anyway, and published a simple proof of the 
fourth law. Without the fourth law, Aristotelian logic “eats itself.” As a 
simple example, the Aristotelian third law eliminates the center vertical 
line division of a simple Venn diagram between A and not-A, because the 
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division line itself is happy to belong to both A and not-A simultaneously. 
So Aristotelian logic destroys the very Venn diagrams used to "prove" or 
demonstrate” its logical propositions. What results in the four law logic is 
that either (1) the three laws apply explicitly and the fourth law applies 
implicitly, or (2) the fourth law applies explicitly and the three laws apply 
implicitly. This application rule — ic., either (1) or (2) — itself can be 
taken as a fifth law of logic, thus extending and completing Aristotelian 
logic which is presently incomplete. The fourth law is also the law ofthe 
paradox: i.e., when something is true but violates one or more of the 
Aristotelian laws, it is a case where the fourth law applies explicitly and 


the three laws apply implicitly. Wave-particle duality is sucha fourth law 
case. 


four-wave mixing: A nonlinear multiwave mixing effect when four waves 
‘mix (interact) ina highly nonlinear situation so that wave-to-wave 
interaction occurs, 


fractional charge: A hypothetical particle having acharge lessthanthe 
electron’s charge. Oftencalledaquark, where itschargeis 1 or2/3 the 
charge ofthe electron. A few years ago, Stanford University researchers 
found what was believed to be evidence of free quarks, but that later was 
doubted. There is also now the fractional Hall effect. Inthe 1920's 
Ehrenhaft reported the discovery and production of fractional charges of 
all sizes, _and his experiments have been replicated by Mikhailov, with 
papers by Mikhailov and Barrett. 


Inthenewapproach, whentime-energy isutilized,quarkscanbe freed or 
nearly freedrathereasily inmatterinside' time-reversalzones” sincethe 
energyemergesfromthelocalcurvedspacetimeandpropagatestrom 

‘within the nucleus outward and the gluon forces are substantially reversed. 
Notealsothattimeismultiplyconnected, andenergycanenteranobject. 
anywhere withinitoreveneverywhere within it, since each andevery 
differential piece of the objectexists inevery single increment of time. It 
‘wouldappearthat,asthenewapproachdevelops, freequarkswill become 
anormaleventratherthanoneintensely soughtbutterribly difficultto 
come byexperimentally. We flatly predictthat, ina sufficiently goodtime- 
reversalzone, free quarkscan beproducedbecauseoftheenormous 
energy density (in the time component) being utilized 


frame, Lorentz: A frame of reference that is not accelerated with respect 
to the laboratory observer. In this case, the frame may be rotated (moving 
at a constant velocity) but itis not rotating (the frame is not accelerated 
with respect to the observer, and spacetime is not curved). In this case 
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special relativity applies, as do the conservation laws. We do add a caution 
that full general relativity still applies to the interior structure and 
dynamics (the engine) comprising the flat spacetime. Two overall flat 
spacetimes may produce very different interactions inside matter, if their 
internal engines are materially different and dimensioned. 


frame, reference: A spatial, organized, measured lattice placed in 
“emptiness” (space, spacetime). Normally refers to a 3-dimensional, spatial 
frame (simplest case) or to a 4-dimensional spacetime. All objects and 
points in the "universe" or spatial frame are considered to simultaneously 
coexist at separate, measured points in the frame. Differs from the vacuum 
in that, rigorously, vacuum has no existing definite lengths and no existing 
definite time intervals, as these appear only after measurement or 

detection, and are relative to the observer and to the interactions ongoing 
as well as in the detection process itself. The "laboratory frame” is the 
static reference frame of the observer or measurement. A separate 
reference frame may be assumed to exist for any fixed or moving object, 
or centered on any point in another frame. When a type of frame is 
assumed, the entire class of translation type physical interactions that can 
occur has been restricted to an assumed set or type. In other words, given 
the frame, the conventional physics of translation has been assumed. One 
ofthe greatest restrictions of an assumed “frame” is to rule out the 
consideration (existence) of other higher dimensions, hence of 
dimensioned engines. 


In the new unified field theory approach, the other higher dimensions are 
always available and cannot be ruled out in general, but only in some 
special case. Every curvature of spacetime, and any internal additional 
curvatures comprising that primary curvature, adds one or more new 
dimensions. In our view, a spacetime may be "flat" in overall envelope 
curvature, but consist of internally structured deterministic curvatures or 
engines’. In this view, normal inertial frames, e.2., may still contain 
engines, which will not affect the normal bulk translation rules, but may 
affect any or all of the nontranslation mechanisms, including the very laws 
ofnnature in many cases. Engines have not been developed and used in 
conventional open physics, but were weaponized clandestinely by the 
former Soviet Union. See Einstein's second postulate extended. 


free energy: Excess energy freely received fiom its extemal active 
environment by an open system that is far from thermodynamic 
equilibrium in its exchange with that environment. There is a separate 
thermodynamics for such open disequilibrium systems. (See 
thermodynamics of open systems. See also Appendix A for a more 
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ddd discussion of the thermodynamics aspects). Such a system is 
permitted to exhibit five "magic" functions: it is permitted to (1) self-order, 
(2) self-oscillate or self-rotate, (3) output more energy than the operator 

himself inputs (the excess energy being freely received from the active 
environment), (4) poweritselfand its load simultaneously (all the energy 
being tively received fromtheactive environment), and (5) exhibit 
negentropy. Everychargeand dipole inthe universe already performsall 
fiveofthose functions. 


free energy system: Any open system not in thermodynamic equilibrium, 
which freely receives excess energy from an external environmental 
source, and collectsand utilizes this free excess energy to freely power 
external loads, sothatapermissiblesystemCOP> | Oisachieved,as 
allowedbythenonlinearthermodynamicsofopensystemsin 
disequilibrium with theirenvironment. (Seethermodynamiesofopen 
systems.). A fieeenergysystemmay alsobe "self-powering" if"close- 
looped" with governed ositiveenergy feedback fromoutputsectionto 
input section, meeting the Kron self-powering condition. Operation of fiee 
energy systems can only be properly modeled and understood in terms of 
their supersystem interactions, 


Implicit inthe notion of free electromagnetic energy systems are six key 
‘concepts: (1) the local vacuunv/spacetime isknownto be filled withhidden 
(ie.,virtual) energy inviolentmotion,ic.,thelocal vacuum/spacetimeisa 
violent virtual energy flux and thereforea scalar potential, (2)abroken 
symmetry-i.e.,somesortof organizingand gatingmechanism, suchas 
the common dipole — inthis hidden (virtual) energy flux ofthe vacuum is 
utilized asasource, tocoherethe virtual energy and divertitasenergy 
© {(B-ityy from the broken symmetry initiation point onto the 
extemal circuits or load parts ofa device, (3) the coherent gated extra 
virtual energy flow available in the extemal circuits or load parts couples 
to (interacts. with) the mobile charges inthose circuits or load parts, sothat 
gradients developed in the interacting virtual flux form force fields on and 
of the particle masses, driving the mobile charges along the circuitand 
through current-impeding circuit components suchas loads, (4) inthe 
interactionofthedrivencharges withthedriving virtualenergy flux, their 
spin and erratic motions integrate atiny "coupling fraction’ ofthe driving 
virtual energy intoobservable (i.e.,macroscopicfield)energy, thus 
creating the E-fields and B-fields, (5) the current-impedingexternal 
‘components or load parts scatter or dissipate the coherence ofthe driven 
charges and thereby dissipate the collected energy or change the fom of 
the collectedfieldenergy. thereby producing useful work, and (6) litle or 
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none of the excess collected energy in the circuit is split off and dissipated 
in the gate (asymmetry component serving as the S-flow source) to destroy 
the gate and thereby destroy its asymmetry in the vacuum flux, which is 
‘what is extracting and producing the free energy flow. 


gate: A component or function that extracts some part of a flux or flow, 
Compacting it into a stream, and "sending it out" in organized, useful 
energy flow form. The fundamental gate for all EM energy in 3-space is 
the dipole or dipolarity — the "isolated charge” is actually a dipolarity, 
when the virtual charges of opposite sign clustering around it in the active 
polarized vacuum are considered. The source of the 3-space EM energy 
continuously emitted by any charge or dipole is an equal inflow of EM 
energy fiom the complex plane (from the time domain), Thus EM energy 
flow is locally conserved in four dimensions as a 4-circulation, but not in 
3-space. EM energy flow in 3-spacc is conserved over all space, since 
there are essentially equal amounts of positive and negative charge in the 
universe and in the virtual charge of the vacuum. 


gauge: In electromagnetism, usually considered a possible choice for 
(change of) electric scalar potential and magnetic vector potentials, in such 
a manner that there is no any net change of force fields so that the change 
satisfies Maxwell's equations. There are indeed two changes of force 
fields, but the two are selected so that the two new force fields are equal 
and opposite, constituting a stress potential and continuously performing 
internal work on the system to create and maintain the excess system 
stress. The equal and opposite force fields, however, cannot translate 
electrons through loads to fieely power them. We prefer to consider any 
change of potential — even a single potential changed, or both changed so 
that a net forve field does result — as a "regauging”, for itis an implied 
primary assumption within the normal use ofthe term “regauging. " Ifonly 
‘one potential is changed, a net force field results in the system and we call 
that "asymmetrical regauging”. If both potentials are changed, but in such 
a way that a net force field still results, that is also an asymmetrical 
regauging. When both potentials are changed precisely in such highly 
selected manner that the two forve fields created are equal and opposite, 
the force fields sum to a translation vector zero, and that is symmetrical 
regauging or Lorentz regauging. However, the energy ofthe two fields 
remains, having been transposed to a stress potential. Each of the two 
balanced” equal and opposite force fields is continuously performing 
‘work in the system, but all that is created is additional system stress. 
Hence symmetrical regauging is obtained only by altering the stress and 
stress energy ofthe system, with two disequilibria in energy flow between 
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the external environment and the system. This in fact constitutes both a 
curvature ofthe local spacetime and an alteration of the local active 
vacuum. It is a rotation ofthe frame of the regauged system out of the 

laboratory frame. Ineffect, the net EM field energy ofthe two new fields 
crealed_ by symmetrical regauging is transformed intoachange inthe local 
spacetime curvature, a change in the local vacuum, increased stress in the 
system, and rotation of the system's frame away from the lab frame. We 
focus upon the energy aspects, since in a system any change of potential 
= whether symmetrical or asymmetrical — is a change ofthe internal 
energy of the system, and therefore of its excitation. In a system, 
conventional "symmetrical force fields" regauging results in anonusable 
continous energy change in the system (actually two ofthese changes), 
and a change in the internal stress of the system. In short, itis a special 
case of adding a stress potential to the system, which we consider a special 
form of asymmetrical regauging ofthe supersystem consisting of (i) the 
system andits dynamics, (i) the local active vacuum andiits dynamii 
local spacetime curvature and its dynamics. 


and 


gauge freedom: The axiomin gauge theory that one can freely change the 
gauge (and therefore the potentials and the potential energy) ofan EM 
system, solongas the net new forces resulting fromthe change will sumto 
‘azero vector resultant so that the system remains "symmetrical" ints 
force-field functioning with respecttothe system priortothechange of 
potentials. Electrodynamicists donotseemtohaverecognizedthatthe 
freedom to change the potential of a system at will, is apriori the freedom 
to make a purely negentropic change to increase the system's potential 
energy, orapurelyentropicchangetodecreasethesystem'spotential 
energy. Gaugeandgaugefreedomareactually formalrestrictionsofan 
even more important asymmetrical regauging principle: apotential in a 
system can befreely changedatany time, thusfreely changing the 
potentialenergyenergyofthesystemfreelyandatwill. Theadditionalsymmetry 
assumption is an arbitrary added requirement not imposed by nature. 
Further, itappearsthatphysicistshavenotrecognizedthatalongitudinal 
EM wave is an oscillating gauge varying in its magnitude. Said in reverse, 
oscillating the Lorentz regauging condition for a circuit makes that circuit 
4 generator and emitter oflongitudinal EM waves. This also provides a 
clue for detection of longitudinal EM waves, similar to what occurs in a 
Fogal semiconductor used for that purpose. A longitudinal EM wave 
detector must detect a variation in the symmetrical regauging condition, 
whichisastress changedetection, 
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Development 


5G Research and 
Development 
Accelerates 


Most I mportant Wireless Industry Developments i 


2017 


‘Summary 


5G, in early stages of definition through global efforts and many 
proposed technical approaches, could be deployed in non- 
standalone versions as early as 2019. Deployment will continue 
through 2030. Some operators will deploy pre-standard networks 
for fixed-wireless access in 2017. 


5G is being designed to integrate with LTE, and some 5G features 
may be implemented as LTE-Advanced Pro extensions prior to full 
5G availabi 


5G New Radio 
(NR) Being 
Defined 


Key aspects of the 5G NR have been determined, such as radio 
channel widths and use of OFDMA. The first version, specified in 
Release 15, will support low-latency, beam-based channels, 
massive Multiple Input Multiple Output (MIMO) with large numbers 
of controllable antenna elements, scalable-width subchannels, 
carrier aggregation, Cloud Radio-Access Network (RAN) capability, 


LTE Has Become 
the Global Cellular 
Standard 


A previously fragmented wireless industry has consolidated globally 
on LTE. 


LTE is being deployed more quickly than any previous-generation 
wireless technology. 


LTE-Advanced 
Provides Dramatic 
Advantages 


LTE capabilities continue to improve with carrier aggregation, 1 
Gbps peak throughputs, higher-order MIMO, multiple methods for 
expanding capacity in unlicensed spectrum, new loT capabilities, 
vehicle-based communications, small-cell support including 
Enhanced Inter-Cell Interference Coordination (elCIC), lower 
latency, Self-Organizing Network (SON) capabilities and Enhanced 
Coordinated Multi Point (eCoMP). 


Internet of Things 
Poised for Massive 
Adoption 


ToT, evolving from machine-to-machine (M2M) communications, is 
seeing rapid adoption, with tens of billions of new connected 
devices expected over the next decade. 


Drivers include improved LTE support, such as low-cost and low- 
power modems, enhanced coverage, higher capacity, and service- 
layer standardization, such as oneM2M. 


Unlicensed 
Spectrum 
Becomes More 
Tightly Integrated 
with Cellular 


The industry has developed increasingly sophisticated means for 
integrating Wi-Fi and cellular networks, such as LTE-WLAN 
Aggregation (LWA) and LTE-WLAN Aggregation with IPSec Tunnel 
(LWIP), making the user experience ever more seamless. 


The industry has also developed and is now deploying versions of 
LTE that can operate in unlicensed spectrum, such as LTE- 
Unlicensed (LTE-U), LTE-Licensed Assisted Access (LTE-LAA), and 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page S 


gauge symmetry: Abstract mathematical symmetry of a field, that relates 
to the freedom to regauge (change the value of) potentials, without 
affecting the net resultant values of the field quantities. This is a special 
case ofthe higher principle that any potential (and thus the potential 
energy of a system) can be changed freely and at will. However, changing 
the gauge of an EM system in that sense changes the potential energy of 
the system but only in stress potentialfashion. In other words, it does 
nontranslating work on the system, which is called "internal work.” The 
lack of a net resulting force in the system, created by the regauging 
symmetry, prevents use of this excess fiee energy to translate system 
charges and power an extemal load. All the excess free energy that could 
otherwise be used to power loads freely, is instead "locked up" to only 
perform internal work on the system to increase and maintain system 
stress, 


gauge theory: A field theory using a field that has one or more gauge 
symmetries. The restriction to symmetry is a carry-over of the old 
erroneous notion that potentials are just convenient mathematical figments, 
and that fields are the primary causes of all EM phenomena. For the 
overunity researcher, broken gauge symmetry at a given level (usually in 
space EM energy flow) is the feature that must avidly be sought in 
experimental systems if one would use asymmetrical regauging to allow 
free powering of loads. Hence one is primarily interested in a Wide variety 
of broken symmetry effects and phenomenology. Particularly, unless the 
automatic self-enforcing of symmetrical gauge transformation during 
excitation discharge of the closed current loop system is violated, no EM 
system can produce COP>1.0. Further, local spacetime curvature between 
local input and local output is always involved in an overunity EM power 
system. The tempic (time) potential of the output end of an overunity 
system differs from the tempic potential of the input end, so that the 
gradient (the tempic force) is directed from output to input — exactly the 
reversal ofthe case for a COPS 1.0 power system. 


‘Thus in both COP<1.0 systems and COP>1.0 systems, a local spacetime 
curvature is involved when the system is in operation. In COPS 10 
systems, the tempic force sweeps along from input to output and on into 
space beyond, where the violent interactions of vacuum absorb the 
sociated Dirac sea hole current immediately. In COP>1.0 systems, the 
tempic force sweeps along through the local vacuum from the output 
section back through the system and into the input section, and thence on 
back through the extemal conductors to the extemal power source. This 


reversed Dirac sea hole current may "eat electrons" in the normal currents 
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internal to the system, and in the input section and back towards the 
external power supply it will "eat input electrons in the input current.” 
Thus the Dirac sea hole current in the COP>.0 system "eats input power" 
and serves as a curious new kind of electrical "Ioad” or "intemal loss” in 
the inputsection of the system. The reversed Dirac sea hole current is 
nature's way ofdecayingthe local curvature of spacetime back toa flat 
spaceti me, and decaying the COP> .Oexcited system disequilibrium state 
back to an equilibrium state. In any overunity electrical power system, this 
Dirac sea hole current must be taken into account and either transduced 
into useful power, minimized, or eliminated. An extension to gauge field 
theory isneededinwhichthe tempic force, thetempicpotentialsandtheir 
gradients, andthe supersystemare all modeled andtaken into account. It 
appears that the Sachs unified field theory iscapable ofhandling that 
requirement, whichalsocanbeaccommodatedby O(3)electrodynamicsto 
provideengineeringoftheresultingunifiedtieldtheory. 


‘gauge transformation (in electromagnetics): Conventionally taken to be 
the additionofthe gradient of some function of space and time to the 
‘magneticvectorpotential—andsimultaneously theadditionofthe 
negative ofthe partial derivative ofthe same function with respectto time, 
divided by the speed oflight, tothe electric scalar potential. Theresulting 
symmetrical change assumes thatthe stress energy of thesystemis 
changed freely, butby design itdeliberately preventsany stress difference 
in the system to produce a net force that could expend the free change of 
energy bydoing workinanexternalload. Changingthe stressenergy 
alone isa curvature of spacetime and a purely gravitational change. Itis, 
also a rotation of the frame ofthe system away fiom the laboratory frame. 
Seediscussionundergaugetheory. 


general theory of relativity: Einstein's theory of gravity inwhichthe 
gravitational force isrepresentedby acurvature inspacetime,andin which 
spacetime isan active entity. We may look atall forces as being due to 
curvaturesofspacetimeinteracting withmass. 


geometric phase: A phase difference acquired by the state function ofa 
‘quantum systemthat undergoesacyclic evolution froman initial state and 
back. This phase difference can be detected by interfering the final and 


initial states, The modem generalization of the Aharonov-Bohm effect and 
the Berry phase. 


giant negentropy (of the dipole): The continuous receipt fiom the time 
omainofspacetime the vacuum), by onecharge of any dipolatity 
(includingasinglecharge’sfundamentaldipolarity), ofenormous. 
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longitudinal EM wave energy flow in condensed time energy form, 
transduction of that absorbed energy from the complex plane into real 3- 
space, and continuous emission of that enormous energy flow in all 
directions in 3-space, thence receipt of that 3-space energy by the other 
charge ofthe dipole or other adjacent dipoles, retransduction of the energy 
back into time-energy, and re-emission of that energy back into the time 
domain. This 4-circulation giant negentropy process is evoked and 
continues automatically and indefinitely afer a little energy has been 
expended to separate the charges and make the source dipole. The EM 
‘waves in the input fiom the time domain and the output in 3-space are 
perfectly ordered and correlated, which is a giant ordering ofthe 
vacuum/spacetime and is thus a giant negentropy. In conventional circuits, 
the source dipole in the generator or battery, once made, performs this 
function. Only a minuscule fraction (some 10''° in a nominal case) of the 
energy pouring out of the generator's or battery's terminals strikes the 
surface charges of the attached extemal circuit and is diverged into the 
conductors as the Poynting component that powers the Drude electrons and 
the circuit. All the rest ofthe energy flow (the Heaviside nondiverged 
component) outside the circuit is just wasted by conventional circuits. 


gluon: A particle that carries the forces between quarks. In quantum 
chromodynamics, the gluon plays a role analogous to the photon in 
quantum electrodynamics. 


graviton: In the quantum theory of gravitation, the graviton is the 
quantum of the gravitational field. It is massless, with spin 2. In the new 
theory we may take the graviton as a coupled scalar and longitudinal 
photon pair. 


gravity: The phenomenon characterized by the physical attraction between 
any two material bodies of positive mass, specifically due to the trapped 
positive energy in the masses. Ifone particle is of negative mass and 
energy, the normal gravitational attraction between the two particles is, 
reversed so that they repel, which produces antigravity. The fundamental 
mechanism of gravity can be found once one realizes that Maxwell omitted 
the incoming EM wave interaction with the nucleus, and not with just the 
electron shells. When he wrote his theory, the electron, atom, neutron, 
proton, and neutron had not been discovered yet. The lateral precession 
‘movement ofthe spinning Drude electrons — which are restrained 
longitudinally to a very small drift velocity in detecting wires (antennas) 
— later came to be considered proof of Maxwell's transverse EM wave in 
the vacuum, The detected electron precession wave is oscillating laterally, 
hence proves the longitudinal EM wave interaction. Elsewhere we have 
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pointedout that the EM wave in space is longitudinal EM wave 
accompanied by a corresponding time-polarized (scalar) EM wave, and it 
also follows from Whitaker's 1903 paper as reinterpreted by the present 
author in our Giant Negentropy paper. 


gross particle translation: Refers to translating the entire particle — and 
its internal structures and dynamics —in space, rather than internally 
structuing the particle's potential (massless charge). Note that, ifthe 
internal structuring (engines) ofthe particle is changed during translation 
(eg., by passing through a region ofthe flat spacetime having an altered 
internal engine structure), the particle may have an anomalous interaction 
with another particle or process having a different internal structure or 
"dimensioning." Themass-energycomprisingtheparticle'snucle 
electron shells, etc. canbe dimensioned. Mass sodimensioned or 
conditioned then may act differently in chemical reactions, effects on 
living systems, etc. than normal "inert mass that has no specific 


deterministicdimensioning. 


group: A mathematical structure that is acomplete set oftransformations 
on a mathematical entity that leaves the entity unchanged. 


group, higher symmetry: Ina given theoretical area, a particular theory 
canbeexpressedinvariousgrouptransformations. Whenthegroup 
transformation (groupsymmetry)utilizedismorecomplexthanthe 
“standard” groupsymmetryusuallyemployed, itisreferredtoasahigher 
‘group symmetry, The mathematics ofthe model is then said to be ahigher 
group symmetry mathematics. Since the groups have namessuch as U(1), 
SU(2),0(3), etc.,thetransformationsofthe mathematics are oftenreferred 
to by those names. Hence characterizing phrases are used suchas U(1) 
symmetryelectrodynamics,SU(2)symmetryelectrodynamics,O(3) 
symmetryelectrodynamics,etc. 


group, Lie: A group whose transformations act continuously. Anexample 
ofaLiegroupisgivenbyrotationsinordinary space. 
group theory: The general mathematics of symmetry transformations; ie., 
the theory ofall transformations that leave the transformed entity or 
centitiesunchanged. 
gyroelectrons: Spinningelectrons consideredas gyroscopes duringthe 
portion oftheir spin in 3-space, so that when longitudinally perturbed they 
can and will laterally precess. Considering (in a gross first order model) 
the conduction electrons in the Drude gas in a conductor as little gyros, 
because they are (i) spinning on an axis, (i) severely restrained in their 


679 


ability to move forward longitudinally down the conductor as current, and 
ii) much more free to precess laterally in the conductor. Thus when the 
gyroelectrons in the receiving wire antenna, perturbed by an incoming 
Iongitudinal EM wave in the vacuum, are longitudinally perturbed, they 
precess laterally so that our instruments (which detect electron wiggles, 
not the incoming vacuum EM wave) do detect "transverse waves. 
However, they are detecting the transverse gyroelectron precession waves, 
not the waves in the vacuum. They are detecting the effect of the 
interaction of the incoming waves with the gyroelectrons, not the cause. 


harmonic series: A set of frequencies or oscillations consisting of integer 
‘multiples of a fundamental frequency. 


Heaviside, Oliver: Noted English self-taught physicist and brilliant 
electrodynamicist, 1850-1925. who played a role in discarding Maxwell's 
quaternions, and also played a role in forming vector mathematics and 
formulating the vector reduction of Maxwell's theory from 20 quatemnion 
equations in some 20 unknowns to the present 4 vector equations. 
Heaviside's curtailment of Maxwell's theory still contained both (i) 
systems in equilibrium with their active environment and (ii) systems in 
disequilibrium with it. To separate variables and enable closed solutions, 
Lorentz further curtailed the Maxwell-Heaviside equations by 
symmetrically regauging them, thereby arbitrarily discarding all 
disequilibrium Maxweilian systems and retaining only those in equilibrium 
with their active environment. This regauging unwittingly and erroneously 
discarded all that class of Maxweilian systems permitted to exhibit 

COP> 1.0. The first such curtailment of the Maxwell equations was by 
Ludwig Valentin Lorenz in 1867, but H. A. Lorentz (who did a similar 
symmetrical regauging nearly decades later) was later given the credit. 


Heaviside also discovered the enormous nondiverged energy flow 
surrounding every circuit, far greater in magnitude than the feeble 
Poynting diverged component that actually enters the circuit. But he was at 
a loss to explain what the source of such a startling flow of energy could 
be. Lorentz understood the Heaviside component, but also could not 
understand its source. Hence he reasoned that it "had no physical 
significance" since it did not power the circuit. Lorentz then introduced the 
trick of integrating the entire energy flow vector around a closed surface 
surrounding any volume element of interest. This neatly discards the 
vexing giant Heaviside nondiverged energy flow component, and retains 
only the diverged Poynting component that actually enters the circuit. The 
latter is of course the energy that will later be emitted from the circuit, 
which is what we will measure when we "measure the circuit.” 
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re still using this method of dropping the Heaviside 
leration. Hencethey donot 


Electrodynamici 
‘energy flow fromany furtheraccountingcons 
develop systems which intentionally increase their energy collection from 
this readily available energy flow around every circuit. The Bohren 
experiment conclusively proves the physical existence ofthe Heaviside 
nondiverged component, even though it is no longer accounted. 


In his last years Heaviside realized the gravitational importance of his 
extra energy flow component, and worked out an electrogravity theory 
based on it. He did not live to publish it, but his papers on it were found 
some time after his death, beneath the floorboards ofhis little garret, 

apartment. A learned society then published the papers. 


Heaviside energy flow component: The enormous nonintercepted and 
nondiverged energy flowcomponent pouring outofthe terminalsofevery 
battery or generator, orcharge ordipole, and missing the external circuit 
(orexternal_interceptingcharges) entirely sothatitisdoesnotcontribute 
tothe intercepted (Poynting) flow component that powersthecircuit. Also, 
the enormous energy in the EM field, potential, or wave that misses the 
interaction ofthe field, potential, or wave with the assumed unit point 
static electric charge, and thus isnot intercepted and collected (and 
accounted!) inthe unit point static charge assumption. Inhonorof, 
Heaviside, thepresentauthorhasnominatedthis"darkHeavisideenergy” 
‘component asthe missing source ofexcess gravity knowntobeholding 
thearms ofthe spiral galaxies in place. Inthe interactions ofDirachole 
current with a unit point charge to determine the negative energy fields 
‘and potentials ina COP> 1.0EM system). thereisalsoamissing 
‘component ofthe negative energy flow that is comparable to the Heaviside 
component for positive energy flow. These flows of surplus negative 
‘energyfromCOP> | .astronomicalinteractions—withtheassociated 
negativeenergy fieldsandnegativeenergypotentialsproducedbythe 
negative-energy Dirac holes inthese negative energy flows —is 
hypothesizedby thepresentauthorasproducingtheantigravity that 
generates the observed acceleration of the expanding universe. 
Hertz, Heinrich: Noted German physicist, 1857-1894, whotogetherwith 
Heaviside andotherstransformed Maxwell'stheory fromquaternion 
algebra to vector algebra, and who also experimentally produced Hertzian 
(EM) waves, thus confirming Maxwell's theory. These experiments by 


Hertz firstdetected EM energy propagating as described by Maxwell's 
‘equations, thusproviding theexperimentalimpetusthatallowedMaxwell’s 
theory topredominate. The oscillation or "cycle" isnamedafter Hertz, by 
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specifying X number of oscillations or cycles per second as a frequency of 
X Hertz. One type of potential is also named after him. 


hidden bidirectional EM waves: Those bidirectional EM wavepaits that 
comprise the scalar potential are indeed "hidden" with respect to our 
normal "electron translation” (., electron wiggle) detectors and 
instruments. Nonetheless, properly functioning devices such as Fogal’s 
semiconductor allow the utilization, transmission, and reception of the vast 
longitudinal EM wave dynamics that are infolded inside all conventional 
EM fields, waves, and potentials, including the giant potential comprising 
the ambient vacuum (spacetime). Use of this infolded electrodynamics is 
akin to using "subspace" or higher dimensions, depending upon how one 
chooses to model it mathematically. It is also a direct method of using a 
unified field theory. 


hidden variable theory: A class of quantum mechanical theories which 
considers that the quantum state of a physical system is not a complete 
specification after all. The “hidden variables" are those additional 
components necessary to provide the "complete state” of the system. By 
utilizing the infolded longitudinal EM wave electrodynamics, one is in fact 
using a macroscopic hidden variable theory. This becomes a subset of 
Evans’ (3) electrodynamics, which in turn is an important subset of 

Sachs’ unified field theory. Sachs’ theory encompasses and subsumes 
electrodynamics, general relativity, quantum mechanics, etc., so the use of 
this macroscopic hidden variable theory through special functions 
provided by components such as Fogal semiconductors is a powerful and 
directly engineerable extension of conventional hidden variable theory. 
The physics ofthis new, engineerable, unified field theory area is also 
called energetics 


hole, lattice: Vacancy, in an otherwise filled energy band position. 
Sometimes called negative ion vacancy. In a semiconductor, an electron 
‘may be lifted to the conduction band by thermal energy, which produces u 
hole-electron pair (an exciton). Also, one of the sites in the crystal lattice 
can be occupied by an acceptor impurity atom, so that the electron is 
accepted there, leaving a hole showing excess positive charge. This is a 
lattice hole, and the propagation of such holes being formed is called 
electron hole current, or hole current for short. We point out that the laitice 
hole exists only after interaction of the Dirac sea vacuum hole with matter. 
ice., only after observation. In that case, the 3-positron (hole) has positive 
mass and positive energy, produces positive energy fields and potentials, 
produces gravity rather than antigravity, and is "seen to be going in the 
opposite direction to the Dirac sea hole. Prior to observation, the hole is a 
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Dirac 4-hole in vacuum, having negative energy and therefore negative 
‘mass equivalence, negative charge, and without a direction reversal. This 
hole is a sourve of negative energy fields and negative energy potentials 
in the surrounding space, and thus of antigravity back-interaction (upon the 
physical system connected with the active vacuum component ofits, 
supersystem) duetothe negative curvature ofthe local spacetime. 


hole, Dirac sea: In the presence of fields (i.e., in the presence of curved 
spacetime), some of the negative energy states in the Dirac seaare not 
filled. with electrons. In that case there are some empty 4-holes in the Dirac 
sea, in local spacetime itself. The Dirac hole is a negative energy state in 
the vacuum itself. It oo seemingly has a positive charge, as seen by the 
extemal observer after interaction withmatter. Holesare also 
mathematically equivalent to positrons, in case observation has been 
evoked, solongasthe lack of positive massis notaconsideration Note 
that our view differs from the received view, but is based on experimental 
evidence whichcanonlybegained iomCOP> 1.0EMsystem 
experiments. WeknowofnosuchCOP> | .OEMsystemexperiments 
involvedinthereceivedview. 


hole current: (1) In a semiconductor: Usually, the part of the current in a 
seminductor that is composed of migration of lattice holes, 
‘Mathematically, withincertainconstraintsthismay beconsidereda 
positron current. Thehole migration isusually slowerthanthe electron 
‘migration producing electron current. (2) In the vacuum self. Inthe Dirac 
sea, in the presence of fields the Dirac 4-holes flow in the opposite 
direction to the local electron current, providing a Dirac sea hole current or 
positron current. [Seediscussionunderhole. | Anelectrical powersystem 
in disequilibrium with its vacuum interchange and having COP> 1.0, will 
have a greater fempic potential at its output section than at its input 
section. Thus itwillhaveatempic force ortempicbroom, sweepingholes 
from local instabilities to form a hole current (may be both a Dirac sea 
hole current and a lattice hole current) flowing from the output section of 
the system_ back through the system into the input section, and on out of 
the input section into the primary power source. Hole current transduction 
‘may be used to convert this detrimental hole current energy transport into 
usable electron current energy transport, oranti-circuit techniques and 
mechanismscanbeused, 


hole current transduction: Hole current in a COP> 1,0 open system, 

‘where the system is in disequilibrium with the vacuum a priori, is usually 
detrimental to (he system and may destroy the overunity condition. A hole 

current from the input section ofthe system, fed back into the primary 
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ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES. 


power supply, requires that extra electron current be furnished since some 
ofthe electrons in that furnished current will recombine with the 
oppositely moving Dirac vacuum holes and disappear to fill those holes. 
Hole current into a battery in "normal" fashion discharges the battery 
rather than charges it (although reversing the battery terminal connection 
allows charging in normal fashion using the hole current). Thus a battery 
can be discharged "far below zero", so to speak, by charging it with excess 
holes in the "normal connection." A capacitor may be charged with hole 
current, in which case the dielectric will undergo compressive strain into 
the positron-charged plate. However, when the capacitor is subsequently 
discharged, the dielectric will expand and recover, with its electron 
charges pushing electrons out of the negative side plate and into the 
extemal circuit. Hence a capacitor can be charged with positron (hole) 
current, and then can be adroitly switched so as to discharge electron 
current. In theory so can a battery because ofits capacitance. This is a 
transduction of entropy to negentropy, a process for which a patent 
application has been filed by Bedini and Bearden. Gauge freedom already 
permits that operation, since gauging in electromagnetic systems is freely 
changing the local potential energy of the system, and is either negentropic 
(increasing the system's energy) o entropic (decteasing the system's 
potential energy), 


hole injection: In an n-type semiconductor, holes can be emitted by 
applying a metallic point to the semiconductor's surface. We suspect (but 
have not proved) that sharp gradient pulses may also induce some of these 
holes as Dirac sea 4-holes and Dirac sea hole current rather than positron 
and lattice holes current. In that case, a mix of positive energy and. 
negative energy (and gravity and antigravity) would be produced. 


hole trap: An impurity in a semiconductor that can trap a “hole” by 
releasing electrons to the conduction or valence band. 


hyperspace: Refers to a space of more than four dimensions, and 
specifically to those spatial dimensions outside the normal three. The term 
is used for both a space of n dimensions, where n>4, or for one dimension 
in such a space, beyond the normal four. 


identity of opposites: On the boundary between A and not-A, A and not- 
A are identical (i.e., no difference can be discriminated). Ifall ofa thing is 
collected, one reaches the boundary of that thing and it turns into its own 
‘opposite. The philosopher's problem of the "accursed necessity for the 
identity of opposites" cannot be solved in Aristotelian 3-law logic, since 
that logic is incomplete. It is readily solved, and part of, a more extended 
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logic such as S-law logic. The result is that "identity" is not an absolute 
entity, but is a decision by the observer reached by application of a 
comparison algorithm to separate observations made at differing times. An 
example is provided by a colorblind observer who sees as identical two 
‘marbles which, to an observer with color vision, are seen as red and black 
and therefore not identical. Aristotelian logic omits the action by the 
observer, thetimes ofthe multiple observations (only a single thing ata 
time is observed or perceived, apriori), and the decision algorithm used 
by the observerto decide whethertwo observations are identical or not 
identical 


inertial frame: A frame of reference in which force-free bodies move 
along. straight lines, andthe postulates of special relativity are valid. Inthe 
new approach, this notion isextended. Even in an inertial frame, force-free 
bodies may movealong straight lines, the postulates of special relativity 
may remain valid, and yetthe EM hidden variables may induce other 
changes inthe usual laws ofnature due to the action of hidden vacuum 

engines infolded in the dimensionedlocal flat spacetime (vacuum 

potential) .SeeEinstein'ssecondpostulateextended. 


infolded real vector components: Simply take a set of real force vectors 
that altogether sum toa vector zero resultant. This "vector ero system" is 
a zero vector with respectto forced translation ofa particle or mass. Itis 
not am absence ofthe vectors atall, but isthe presence of specifically 
hidden and "infolded” real vectors that do not initiate bulk translation of 
theaffected objectorsystem, but perform internal work uponthe system. 
Such vector systems are stressing systems of a special kind, where the 
internal components of the stress are not random but deterministic. Hence 
they are electrodynamic engines, in the new approach. To a somewhat 
arrogantmathematicalscientistwhoonceobjectedthatzerovector 
resultant systemshad no effect, [humorously challenged himtoputitto 
experimentaltest. suggestedhestandbetweentwoelephantspushing 
against him in opposite directions, while I would stand betweentwo fleas 
doing the same to me, and we would compare notes. He apparently was, 
not amused at the suggestion. 


infolding: With reference to signals, infolding means "placing the signal 
‘ormodulation orchange upon one or more ofthe internal bidirectional 
‘wavepairs comprising the scalarpotential. Since all EM potentials 
ultimately representchangestotheambientvacuumpotential,onehas 
conditioned oraltered the vacuum itself when infoldingis utilized, 
infolding of EM signals, vectors, and directions produces engines. By 
‘Whittaker’sdecompositionofthe potentialandBearden’steinterpretation, 
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Development Summary 


MulteFire. Cellular and Wi-Fi industry members are successfully 
collaborating to ensure fair spectrum co-existence. 


Spectrum Still ‘Spectrum in general, and in particular licensed spectrum, remains a 
Precious precious commodity for the industry. 


Recently added spectrum in the United States includes the 600 MHz 
band, auctioned in 2017, and the 3.5 GHz Citizens Broadband Radio 
Service (CBRS) “small-cell” band, which could see initial 
deployments in 2018. 


5G spectrum will include bands above 6 GHz, including “mmWave” 
(30 GHz to 100 GHz), with the potential of ten times (or more) as 
much spectrum as is currently available for cellular. Radio channels 
of 200 MHz and 400 MHz, and even wider in the future, will enable 
multi-Gbps peak throughput. 


‘Small Cells Take __ | Operators have begun installing small cells, which now numbe! 
Baby Steps, the tens of thousands. Eventually, hundreds of thousands if not 
Preparing to millions of small cells will lead to massive increases in capacity. 
Stride 

The industry is slowly overcoming challenges that include restrictive 


regulations, site acquisition, self-organization, interference 
management, power, and backhaul. 


Network Function | Network function virtualization (NFV) and software-defined 
Virtualization networking (SDN) tools and architectures are enabling operators to 
(NFV) Emerges reduce network costs, simplify deployment of new services, reduce 
deployment time, and scale their networks. 


Some operators are also virtualizing the radio-access network, as 
well as pursuing a related development called cloud radio-access 
network (cloud RAN). NFV and cloud RAN will be integral 
components of 5G. 


The main part of this paper covers the transformation of broadband, exploding demand for 
wireless services, the path to 5G including planned and expected capabilities, new LTE 
innovations, supporting technologies and architectures, voice over LTE (VoLTE), Wi-Fi Calling, 
LTE for public safety, options to expand capacity, and spectrum developments. 


The appendix delves into more technical aspects of the following topics: 3GPP Releases, Data 
Throughput, latency, 5G, LTE, LTE-Advanced, LTE-Advanced Pro, HetNets and small cells, 1oT, 
cloud RANs, Unlicensed Spectrum Integration, self-organizing networks, the IP Multimedia 
Subsystem, broadcast/multicast services, backhaul, UMTS/WCDMA,* HSPA, HSPA+, UMTS 
TDD, and EDGE/EGPRS 


2 Although many use the terms “UMTS” and "WCDMA" interchangeably, in this paper “WCDMA" refers to 
the radio interface technology used within UMTS, and “UMTS” refers to the complete system, HSPA is an 
enhancement to WCDMA. 
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these vacuum engines can be designed to affect matter — including atomic 
nuclei, nucleons, etc. — in any manner desired. 


information content of the field: Russian euphemism for the deliberate 
structuring of the hidden longitudinal EM waves and their dynamics, that 
comprise any EM potential, field, or wave, so that the potential, field, or 
wave is dimensioned and contains active engines. This area was 
extensively weaponized under KGB (now changed in name) control rather 
than the regular Russian armed forces, and a disinformation campaign was 
waged to convince Western analysts that the term refers to simple spectral 
analysis. It doesn’t. Instead, it refers to infolding and outfolding, and the 
use of longitudinal EM waves, dimensioning, and engines. The overall 
science is called "energetics" by those weapon 


interferometer: An instrument or system in which a wave is split into two 
‘waves or beams, which after traveling over different paths are 
subsequently reunited and interfere. The use of longitudinal EM waves 
(LWs) allows ready penetration of mass by the LWs traveling through the 
interior Whittaker composition of a mass's internal EM fields, waves, and 
potentials. Longitudinal EM wave interferometers should prove useful in 
probing the interior of planets, the sun, etc. They pass easily through the 
earth, so that interferometry can be obtained at targets on the opposite side 
ofthe earth, or inside the earth. These are the weapons that then Secretary 
of Defense Cohen referred to in 1997 as being used to engineer the 
‘weather, initiate volcanoes into eruption, or initiate earthquakes. 


Josephson effect: Flow of Cooper pairs (superconducting electron pairs) 
across a thin dielectric separating two superconducting electrons, in the 
absence ofa voltage drop. E.g., the pair of electrons can "tunnel" through u 
thin insulating barrier. 


Joule: A measure of energy; one watt for one second in electrical terms. In 
physics the unit of work or energy in the MKS system, being the amount 
of work done by one newton acting through a distance of one meter, equal 
to 10,000,000 ergs. 


Kirchhoff current law: At any time, the sum of the instantaneous 
currents flowing into a node or point in a circuit equals the sum of the 
instantaneous currents flowing out ofthat node or point. This does not 
have to be true if (1) relativistic effects are appreciable, or (2) electron 
production and annihilation processes — such as Dirac sea hole current, 
lattice hole current and recombinations are occurring and non negligible, 
(3) the Kron open path is being used, or (4) localized time reversal zones 
(TRZs) are utilized. Another way of stating where the law need not hold is, 
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‘when there are nonlinear interactions between the three components of the 
superset (the physical system and its dynamics, the active vacuum and its 
dynamics, and spacetime and its curvature dynamics.) 


Kirchhoff's voltage law: At any time, the sum ofall voltage rises in a 
closed loop circuit equals the sum of all drops in that closed loop circuit. 
‘The law assumes a flat spacetime. This does not have to be true if 

relativistic effects are appreciable, iftrue negative resistor effects are 
present, if Kron open paths are utilized, and iftime-reversal effects arc 
present. Italso need not be true in anti-circuit techniques, or when they are 
involved ina particular portion of an otherwise normal circuit. 


Lamb, Willis Eugene Jr. American physicist and Nobelist who 
discovered the hyperfine structure of the hydrogen spectrum, and first 
‘measured the interactionofthe vacuum energy that generates achange in 

the energy levels of the hydrogen atom, according to Dirac’s theory and 
quantumelectrodynamics, 


Lamb shift: A very small correction to the first excited state ofthe 
hydrogenatomduetointeractionofthe vacuum. WillisLamb 
experimentally confirmedthispredictionof quantumelectrodynamicsto 

high accuracy. The local energy density ofthe little Lamb shift is greater 
thanthesurfaceenergydensity ofthesun, However, inmatterthereare 
such a vast number of similar small interactions generating very powerful 
fields randomly, that the sum total ofall these changes sums toa vector 
zeto for most summation distances of interest. 


lamellar current: Thin layers of current; thin sheets of current, 


laser: A device that generates light in which all the photons are exactly in 

step and produce acoherentbeam. Originally the word "laser” wasan 
‘acronymthatstoodfor"lightamplificationbystimulatedemissionof 
radiation." 


Jaw of physics: A restriction placed uponthe physical mechanisms that 

‘canoccurundercertainbroadassumptionsastothebackgroundsituation 
andenvironment. Because ofthe assumptionsmade, anexpressed aw of 
physics is not absolute, but relative to the assumed conditions. Any "law of 
physics” can be violated ifthe conditions containediin itsassumptionsare 

violated. Itis important that ascientist be aware that physics is comprised 
cof models and the "laws of physics" are very general and wide-ranging 

modelsbasedon very pecificassumptions. Further, by Godel'stheorem 
and the theory of models, no model is perfect anyway, and none will ever 
be. When one assumes that physical lawsare not based on any 
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assumptions but are universal and absolute truths, one has immediately 
moved to dogma and not science. 


Lawandy patents: Patents covering and related to a form of anti-Stokes, 
emission (excess emission of energy) in strongly scattering, optically 
active media such as TiO; particles in suspension. This is a new form of 
lasing, without the requirement for population inversion. 


Letokhoy, V. S.: Russian pioneer in excess emission phenomena from 
stimulated media. 


Letokhoy effect: The excess emission (excess emission of energy) 
phenomena in strongly scattering, optically active media, usually referred 
to as "negative absorption ofthe medium." See particularly V. S. 
Letokhov, "Laser Maxwell's Demon," Contemporary Physics, 36(4), 1995, 
p. 235-243, 


localized: Confined to a small region of a large system rather than being 
extended through the system or at a distance. 


localized virtual photon flux of vacuum: Refers first to a local region of 
the vacuum, and then to the flux density of virtual photons in that local 
region. Ifthat flux is deterministically structured, then the local region also 
contains an engine that will act internally upon masses and mass systems 
in that region. The local region also contains hidden variables. 


longitudinal component: In EM fields, the longitudinal component of the 
fields along the ditection of travel, as opposed to the transverse 
components at right angles to the direction of travel 


longitudinal E-field: Any electrical field in 3-space may be described 
using two components, a transverse component and a longitudinal 

component. Of course one or the other may be a vector zero. In 4-space, 
there is a time component also, as an additional "transverse" component. 


longitudinal gradient: Compression wave gradients (differences) in 
density or pressure, considered in a direction from their origin along the 
direction of primary movement in the medium. Contrast to transverse 
waves, which act perpendicular to their direction of propagation. In 
electrodynamics, longitudinal EM waves in 3-space are said to be 
"longitudinally polarized.” Longitudinal EM waves in the time-domain are 
said to be "time polarized.” The latter are also referred to as "scalar waves" 
since they have no polarization vector component in 3-space and thus are 
scalar” with respect to 3-space. This is a misnomer, however, since these 
‘scalar waves” are perfectly good time-polarized EM longitudinal vector 
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waves. Forthefirsttime, the giantnegentropy processallowsonetomake 
anduse time-polarized EM waves, since they automatically accompany all 
longitudinally polarized EM wavesanditis straightforwardtomake 


longitudinal EM wavesin3-space (justoscillatetheLorentzregauging 
condition). 


Jongitudinalinteriorwave: Aninfolded longitudinal gradientthat 
oscillatesinmagnitudealongthelineoftravel "insidethe vacuum 
potential oranormalpotential." Inconventionaltheory.theelectric 
portion ofthe EM wave isatransverse field oscillation, andthe 
Jongitudinalcomponentisessentiallyzero. Inthenew "infolded” wave 
approach, thereisnooveralltransverse gradientinthevacuumpotential, 
buttherearesuch longitudinal waves. Thi 
trans 


ratherlikea” pressure wave" 
ittedunder water, withoutcausingasurface waveinvolving 
physical upheaval and fall-offofthe water. The speed ofthe longitudinal 


EM wave isnot limited toc, the speed of transverse EM wave light inthe 
ambientvacuum. 


longitudinal wave: A "pressure" type of wave, similarto sound, in which 
the vibrationsarealongthedirectionoftravelofthe wave. Hence,awave 
‘composedofaltemating densificationsandrarefactions, where wefocus 
uponthelongitudinalcomponentofthechanges. Onecanthinkofitasa 
sortof” accordion’ wave. rhythmicallyshrinkingandstretchingalongthe 
lineofmotionasittravels. Notethatrhythmicallyandsymmetrically 
varyingthetwopotentialsinvolvedinregaugingcreateslongitudinal EM 
waves. Soonepseudonym forlongitudinal EM wavesis” gauge 
oscillation” waves. Matterismostlyempty spacefilled withEM 
potentials. fields, andwaves—allof whicharebundlesoflongitudinal 
EMwavesand theirfunctionaldynamics. Hencematter suchastheocean 
andtheearth)isavastsuperhighway forthe passageof_longitudinal EM 
waves. Notethatthe longitudinal waverepresentsanoscillatingenergy 
density inspaceand/ortime (scalarwaves) andhenceisanoscillating 
curvatureof spacetime. Allforcesofnatureare generatedbycurvaturesof 
spacetime, Henceall forcesofnaturecanbegeneratedbythecorrect 
generationoflongitudinal EMwavesandtheirimpresseddynamics 
Further. this meansthatall thephysical causa/functionsoftheexhibited 
effects generated inamaterialsystemcanbecapturedinlongitudinalEM 
wavesets. A longitudinal wave unctionalsystemdeliberatelyhavingsuch 
causalfunctionsofaphysicalfunctionin; 
systemrobot (ASR). Suchrobotsare farbeyondthe presently developing 
nanobots andhavebeendevelopedratherexte 
nation. Suchrobotscaneasilypassthroughthe" 
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EM signal or wave or potential or field, which again is nothing but a giant 
supethighway for longitudinal EM waves. In theory one can communicate 
with a CASR via longitudinal EM waves if communications functions are 
built in to the CASR. In the future, one would expect that planetary 
exploration, underground and undersea exploration, exploration of the 
interiors of the sun, moon, and planets, could be enabled by the further 
development of specialized CASRs. 


Lorentz, Hendrik Antoon: Renowned Dutch physicist and Nobelist. 
1853-1928, who developed the Lorentz transformations and Fitzgerald- 
Lorentz contraction. Lorentz. shared the Nobel Prize for discovering the 
‘Zeeman effect. He is also responsible for symmetrically regauging 
Maxwell's equations (some time after Lorenz did it in 1867), and for 
introducing an integration trick that neatly disposes of the vexing huge 
Heaviside nondiverged energy flow component accompanying every 
field/charge and potential/charge interaction. 


Lorentz invariance principle: An inertial frame is independent of the 
velocity ofthe frame relative to any other inertial frame. This is not 
necessarily true with respect to engines inside inertial frame objects, since 
the engines involve acceleration dynamics. 


Lorentz regauging: Changing the two potentials in the Maxwell- 
Heaviside equations in potential form so that the resulting equations have 
the variables separated, and there is no net force introduced by the two 
new forces, which are deliberately chosen so as to be equal and opposite 
and thus sum to zero. An unfortunate effect is that this discards all. 
‘Maxwellian systems far from equilibrium in their vacuum exchange, hence 
discards all permissible Maxwellian COP> 1.0 systems. Electrodynamicists 
have not recognized that Lorentz regauging represents the addition of 
stress potential energy and continuous internal work and stress to a 
regauged system. It also represents a rotation of the frame of that system 
out of the laboratory frame by some angle. Further, oscillating the Lorentz, 
regauging condition produces longitudinal EM wave generation and 
emission. 


Lorentz symmetry: The symmetrical regauging by Lorentz of Maxwell's 
equations. 


Lorenz, Ludwig Valentin: Scientist who first changed Maxwell's 
equations — two years after their publication in 1865 — by (effectively) 
symmetrically regauging them, thereby unwittingly discarding all 

Maxwellian systems far fom thermodynamic equilibrium with the active 
vacuum, See L. V. Lorenz, "On the identity of the vibrations of light with 
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electrical currents," Philosophical Magazine, Vol. 34, 1867, p. 287-301. In 
this paper{L. V.] Lorenz gave essentially what today is called the [H. A.] 
Lorentz symmetrical regauging. WhenH.A. Lorentz alsosymmetrically 
regauged theMaxwell-Heavisideequations.thephysicscommunity 
adopted the procedure and resulting further truncation of the Maxwellian 
theory. That truncation continues to this day. 


low energy nuclear reaction (LENR): Actually a bit ofa misnomer, since 
it refers to a low spatial energy, high time energy reaction. Cold fusion, or 
the anomalous transmutations of elements that occur in certain electrolytes 
with specially prepared palladium electrodes. The transmutation occur 
even thoughin conventional theory there is insufficient sparial energy to 
accomplish them, because they use time energy. Time energy is spatial EM 
energy compacted by the factorc®, hence time has the same energy density 
as mass. The formation of temporary, fleeting time reversal zones (TRZs). 
withactionfromfrominside-to-outside,isthegenesisofahostofnewnuclear 
reactions. missing from conventional particle physics since the physicists 
do not account time as energy, and do not use such TRZs. For more on this 
hypothesis andthespecificreactionsgenerated,seeT.E. Bearden," EM 
Corrections Enabling a Practical Unified Field Theory with Emphasis on 
Time-Charging Interactions of Longitudinal EM Waves," JournalofNew 
Energy, 3(2/3), 1998, p. 12-28 as well asChapter 10 ofthe present book. 
‘magnetiedipole: Pairednorthandsouth magnetic polesofequalstrength 
ever microscopic or macroscopic distance. 


‘magnetic induction: The act ofachange in magnetic field producing an 
electric field atrightangles, whichinturn producesanelectron flow. 


magnetic spin: The intrinsic angular momentum, knownas spin, of 
electrons, protons,andneutrons,etc. Theelectronscombinedinanatom 
or ion have a resultant angular momentum that is the combined intrinsic 
spin of the electrons and the angular momentum due to their motion 
around the nucleus. There is also a magnetic moment associated with this 
angular momentum (spin) wheneveritisnonzero. Thereforeatomsorions 
with nonzero spin are magnetic atoms or ions. This is often loosely 
reffered toas"magneticspin.” Itisactually the magnetic momentof 


magnetostatic scalar potential: Continuous mathematical function whose 
value inspace, at any point it occupies, represents the potential energy 
collected upon an assumed unit magnetic north-seeking charge (pole). 


‘There is a magnetostatic scalar potential between the poles of any magnet. 
Iso subject to Whittaker's 1903 decomposition into 
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This scalar potential is 


a harmonic series of magnetic longitudinal phase conjugate wavepairs. 
Reinterpretation of Whittaker's wavepairs should be made according to 
Bearden, "Giant Negentropy of the Common Dipole," J. New Energy, 
5(10, Summer 2000, p. 11-23. This reinterpretation agrees with quantum 
field theory; see Mandl and Shaw, Quantum Field Theory, Revised 
Edition, Wiley, 1993, Chapter 5. 


matter: Highly condensed 3-spatial energy, compressed by factor ¢” and 
remaining in 3-space, and with the observation process d/dt having been 
applied to the fundamental masstime entity to provide mass as a frozen 
3-space snapshot by stopping the flow of time momentarily. Matter, of 
course, has internal structure, order and organization, and dynamics. All 
‘matter is in a continuous energetic exchange with its active vacuum (4- 
spatial) environment. Matter stripped of its EM fields, waves, and 
potentials is called mass. Mass is an observable and therefore a frozen 
series of continual 3-space snapshots, formed by incessant photon 
absorption to change the mass m to masstime mt, with following incessant 
photon emission to change masstime mt back to mass m. 


Maxwell, James Clerk: Brilliant Scottish scientist, 1831-1873, who first 
formulated the unified theory of electricity and magnetism, See The 
Scientific Papers of James Clerk Maxwell, 2 vols. bound as one, edited by 
W. D. Niven, Dover, New York, 1952, Vol. 1, p. 526-597 for his definitive 
paper, "A Dynamical Theory of the Electromagnetic Field,” first published 
in Royal Society Transactions, Vol. CLV, 1865. In that paper, (see Niven's 
book) his general equations of the electromagnetic field are given in Vol. 

1, Part III, "General Equations ofthe Electromagnetic Field,” p. 554-561 
On p. 561, he lists his 20 variables. On p. 562, he summarizes the different 
subjects of the 20 equations, being three equations each for magnetic force, 
electric currents, electromotive force, electric elasticity, electric resistance, 
total currents; and one equation each for free electricity and continuity. 


Maxwell's famous book, A Treatise on Electricity and Magnetism, Oxford 
University Press, Oxford, 1873, Second Edition 1881 (Maxwell was 

already deceased), Third Edition, Volumes 1 and 2, 1891. Foreword to the 
second edition was by Niven, who finished the work. Maxwell had 
dramatically rewritten the first nine chapters to simplify his mathematics 
because ofthe resistance to it, with much new matter added and the forma 
contents rearranged and simplified. Maxwell died before finishing the rest 
ofthe second edition. The rest of the second edition is therefore largely a 
reprint from the first edition. The third edition edited by J. J. Thomson was 
published in 1892, by Oxford University Press, and later was published 
unabridged by Dover Publications, New York, 1954. J. J. Thomson 
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finished the publication oftthe third edition, and wrote a "Supplementary 
Volume" withhis notes. A summary of Maxwell's simplified equations are 
given in Vol. I, Chapter IX ofthe third edition. However, Maxwell had 
gone (in his second edition) to some pains to reduce the quaternion 
expressions himself, and notrequire the students to know the calculus of 
quaternions (so stated on p. 257). We note that Maxwell did not finish the 
second edition, but died before that. He actually had no hand at all in the 
third edition as to any changes. The Second edition was later finished by 
‘Niven by simply adding the remaining material from the previous first 
edition approved by Maxwell. The printing ofthe first nine chapters ofthe 
thirg edition was already underway when J. J. Thomson was assigned to 
finishtheeditingofthemanuscript 


Maxwell's workprofoundly affectedthe course ofscience andthe course 
of human history. Maxwell, Heaviside, Hertz, Gibbs, Lorentz and thers 
participated in dramatically curtailing Maxwell'soriginal 1865 quaternion 
theory to the much more limited subset that itis today. Since the early part 
of the 20th century, work has slowly been ongoing to move EM theory 

back toahigher group symmetry theory, whichironically italready was 
whenMaxwellfirstcreatedit, 


Maxwell's electrodynamics: Simply put, Maxwell'stheoryof_ 
electrodynamicsconsistsofMaxwell'sequations.Hisfundamentaltheory 
consistedofsome20quaternionequationsin20unknowns,appearingin 

his 1865 paper. AfterMaxwell’s death and some curtailment by Maxwell 
himself, Heaviside modifiedandsharplycurtailedtheseequations,intothe 

familiar four equations oftoday, as did Gibbs and Hertz. Lorentz further 
curtailedthe Maxwell-Heavisideequations,bysymmetricallyregauging 
them. This simplified their mathematical solution, but italso inadvertently 
and arbitrarily discarded all open Maxwell systems far from 
thermodynamic equilibriumwiththeiractiveenvironment(suchasthe 
modernactive vacuum). SeeJamesClerkMaxwell. 


Maxwell's Theory, fluid dynamicsanalogy: Considering and adapting 
the luid analogy approach of James Clerk Maxwell: The intensity ofthe 
vacuum virtual particle flux may be treatedas the intensity ofapotential 
thus by analogy corresponding to pressure in a fluid. Polarity (charge) isa 
processforestablishingachangeintheintensityofthevacuumpotential 
- and thus a change in the ambient pressure of the vacuum fluid. 

Diffence between vacuum pressures at two separated points creates a 
force uponany charge placed between those two points. Justas a 
<ifferential in pressure between points in a fluid induces currents, a 
<ifferential in vacuum pressure induces energy flow currents inthe 
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‘vacuum fluid, which are called ‘fields’. All EM circuits, charges, potentials, 
and forces in electrodynamics involve altering the vacuum to include 
altering its pressure and thereby producing the forces the resulting pressure 
gradients (fields) induce upon charges. All observable EM energy in space 
EM energy intercepted and collected on charges, or assumed to be, and 
the spatial EM energy comes from the vacuum via these fundamental 
vacuum-engineering dynamics which all involve the giant negentropy 4- 
circulation between the time domain and 3-space. 


Michelson, Albert Abraham: German-bom American physicist, 1852- 
1931, who invented an interferometer (Michelson interferometer) named 
after him. Michelson used his interferometer in a renowned experiment in 
the 1880s designed to measure the velocity of the earth through the ether, 
which would produce a shift in his interferometer pattern. No such shift 
was observed, which indicated the absence of an ether wind and was 
largely responsible for the downfall of the concept of the material ether 
that had been previously assumed, including by Maxwell 


motionless electromagnetic generator (MEG): Transformer-like 
COP>1.0 electrical power generator invented by Patrick, Bearden, Kenny, 
Hayes, and Moore, "”Motionless Electromagnetic Generator,” U.S. Patent 
+# 6,362,718, Mar. 26, 2002. A second patent application is processing and 
several more are in preparation. In particle physics, any dipole (including a 
permanent magnet) is a known asymmetry in the fierce vacuum flux, 
continuously pouring out real EM energy extracted from the vacuum. The 
MEG continuously powers its transformer section core with a permanent 
‘magnet dipole, more than doubling the EM energy made available from the 
active vacuum via the permanent magnet dipole’s broken symmetry in its 
exchange with the vacuum, [See M. W. Evans, P. K. Anastasovski, T. E. 
Bearden et al., "Explanation of the Motionless Electromagnetic Generator 
with (3) Blectrodynamics," Found. Phys. Lett, 14(1), Feb. 2001, p. 87- 
94; "Explanation of the Motionless Electromagnetic Generator with the 
Sachs Theory of Electrodynamics," Found. Phys. Lett., 14(4), Aug. 2001, 
p. 387-393]. The MEG nanocrystalline core material extracts the magnetic 
field B of the permanent magnet from the surrounding space and localizes 
it in the core material. The active vacuum asymmetry freely replenishes 
the withdrawn magnetic B-field energy in space surrounding the core, but 
with uncurled magnetic vector potential A rather than magnetic field B. 

This is an application of geometric phase, specifically the well known 
Aharonov-Bohm effect, with several thousand papers in the literature. The 
MBG then transduces and outputs magnetic B-field energy inside the core 
‘material and some ofthe field-free magnetic vector potential A energy in 


694 


space surrounding the core, effectively having available more than double 
the energy being made available from the permanent magnet, or normally 
available to a transformer. The output power of the MEG is a function of 
(@) the time rate of change ofa small amount of input EM perturbation 
energy to the inputcoil, plus (i) the intercepting and collecting secondary 
charges available inthe secondary coil, (ii) additional energy from chaotic 
oscillations, (iv), sophisticated feedforwardand eedbackregenerative 
self-oscillations, and v)the geometric phase (Aharonov-Bohmeffect).It 
thus is a rigorous practical application ofthe geometric phase effect to 
‘macroscopic power system, and in fact is the first such application in 
practical electrical power systems. The noted feature ofthe MEG isa 
purely electrical interaction inthe outputcoils, in whichthe voltage and 
cenergy are in phase within 2°, differing from all othertransformer-like 
systems, Thusthe MEG directly deliverstealpowerratherthanapparent 
power.SeeA haronov-Bohmeffect. 


multicollection (ofenergy): Multiple collection and re-collection ina 
circuit ofthe same energy flow from a source dipole, by rerouting either 
(I) the dissipated Poynting energy back aroundtothe collectors for 
anotherpassbythem, withadditionalcollection,or(2)retroreflectingthe 
nondiverged Heaviside EM energy flow component back and forth across 
the surface charges inthe circuit conductors, iteratively diverging 
additional energy into the conductors to potentialize and power the Drude 
electrons,or(3)acombinationofthetwo. Theinterestingpointisthatthis 
effect can "use the same energy to do repeated work, multiple times. It 
takes advantage ofthe fact that work is merely the change of for of 
energy, and thatthenew formcanagainbechanged (asforexample, back 
into the fist form again) to do additional work, again and again so long as 
theenergy ineachtransformationisheld inthesystemwithoutescaping, 
‘Thisprocesspermissibly violatesclassicalequilibriumthermodynamics 
and its infamoussecond law, since itis an open system freely receiving 
excess energy fiomitsactiveenvironmentand thus farfromequilibrium. 
withthatactiveenvironment. Asiswell known, suchsystemsare 
permittedtoexhibitCOP> | Oandevenself-poweringofthesystemandits 
loadsimultaneously. 


negativeabsorption of themedium: Excessemissionfromanactive 

‘medium, asintheetokhov workandin Bohren’sexperiment. Theexcess 
energy isfirst absorbed fiom the vacuum interaction (actually from 
Heaviside'sunaccountedenergy flow componentthatusually doesnot 
interact with the system), and then itis re-emitted. This is actually atrue 
"Maxwell'sdemon, "aspointedoutby Letokhov. 
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Broadband Transformation 


Broadband networks rely on a fiber core with various access technologies, such as fiber to the 
premises, coaxial cable, digital subscriber line (DSL), or wireless connections. LTE provides a 
broadband experience, but capacity limitations prevent it from being the only broadband 
connection for most users. As a result, a majority of consumers in developed countries have 
both mobile broadband and fixed broadband accounts. 


‘Two developments will transform the current situation: 


1. Fiber Densification. Multiple companies are investing to extend the reach of fiber, 
decreasing the distance from the fiber network to the end node. 


2. 5G Standardization and Deployment. As 5G mmWave technology, including 
massive MIMO and beamforming, becomes commoditized, it will increasingly be a viable 
alternative to fixed-access technologies such as coaxial, DSL, and even fiber 
connections. 5G commercial services will enable a new innovation cycle. The ability to 
create new applications and services with fewer limitations will take the connected 
society to a new level, 


Consequently, the companies that provide broadband service may change, and eventually, 
fixed and mobile broadband services may converge. For a more detailed discussion of trends 
in broadband, including the disruptive role of mmWave, refer to the 2017 Datacomm Research 
and Rysavy Research report, Broadband Disruption: How 5G Will Reshape the Competitive 
Landscape.? 


‘As shown in Figure 1, the emerging broadband network is one with denser fiber and competing 
access technologies in which wireless connectivity plays a larger role. 


2 Details at https: //datacommresearch.com/reports-broadband/. 
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negative resistor: Any component or function or process in an EM system 
that freely receives energy from outside the system in unusable or 
disordered form within the system, transduces that energy into usable 
form, and outputs it so that it can do useful work. In a true negative 
resistor, that is the net function performed. We specifically do not include 
“differential” negative resistors such as the tunnel diode, thyristor, and. 
magnetron, which dissipate and disorder more energy from the system 
itself, overall, than the fraction that they order and furnish back to the 
system in their negative resistance regime. In anti-circuits, true negative 
resistors are quite natural components. Every charge and dipole in the 
universe is already just such a negative resistor, fieely extracting unusable 
EM energy from the seething vacuum, transducing it, and continuously 
pouring out real observable EM energy in all directions in 3-space. A 
negative resistor can produce the five magic functions: (i) setf-ordering, 
i) self oscillation or self-rotation, (iii) output more energy than the 
‘operator inputs, (iv) power itself and its load freely, and (v) exhibit 
negentropy. The condition for self-powering of a system containing a true 
negative resistor was given by Gabriel Kron. 


negentropic: Functioning to produce or involve negentropy; reordering 
previously scattered energy without requiring the operator to input energy 
to perform the reordering. A simple example is passive retroreflection of 
radially scattered EM energy. The conventionally unaccounted enormous 
and nondiverged Heaviside energy flow component surrounding every 
circuit and every field/charge interaction is an example of a dynamically 
reordered and organized energetic vacuum, and thus an example of a giant 
negentropy process. The continuous observable EM energy freely pouring 
at the speed of light from every dipole and charge in the universe is also an 
example of the giant negentropy process 


negentropic engineering: Expending a little bit of energy to form a 
dipolarity, and then intercepting, collecting, and using some of the 
enormous EM energy freely and continuously extracted by the dipolarity 
from the vacuum, indefinitely, without using any of the extracted EM 
energy to scatter the charges in the dipole and destroy it. Retaining the 
dipole intact avoids shutting off the furnishing of copious free energy flow 
from the vacuum to the attached external circuit. As an analogy, it allows 
an electrical windmill operating in (driven by) a fiee electrical wind fiom 
the external environment of the system. 


Newtonian recoil: Newton's third law reaction fiom the affected entity 
back to and upon the effecting entity. The “action” is the action fiom the 
effecting entity upon the affected entity. The “reaction” is the action fiom 
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the affected entity back upon the effecting entity. Newton's third law 
actually implies that the cause interacts upon the effect and the effect 
reacts equally back uponthe cause, thus producinga strange kind of 
equilibrium. Inatime-reversal zone, the "recoil" isreversed indirection by 
parity reversal. Tentatively,onemay interpretfrom pumped phase 
conjugation thatthe Newtonianthird law reaction of one single acting 
force can be amplified by properly directing the actions of other acting 
forces. An interesting aspect is that a pumped phase conjugate mirror does 
not recoil, no matter how powerfully it is pumped or how powerfully 
‘amplified is the emitted phase conjugate replica wave. 


Newton's third law: For every action there is an opposite and equal 
reaction. Thislaw shouldbeextendedandrestated something like this: 
"forevery actionthere isan opposite andequal reactionifthe causative 
mechanismof thereactionisallowedto occur without interferenceandis, 
not first redirected away from itstarget.” An example ofa violation of 
Newton's third lawas usually statedis providedby theemissionofaphase 
conjugatereplica(PCR) waveftomaphaseconjugatemirrormaterial. No 
‘matter how powerfully pumped, the PCM does not recoil by the emission 
ofthe PCR wave. The reasonis thatthe antiwave cause of Newtonian third 
awrecoil wasinterceptedby nonlinearmultiwaveinteraction(wave-to- 
‘wave interaction) before reaching its target nuclei and interacting with 
them, and was diverted away from the atom and on out ofthe phase 
conjugate mirror material. Sincethe causativemechanismforNewtonian 
recoil did not occur on the mass ofthe mirror, the mirror did not recoil 
We also point outthat, Newton's third law is indeed engineerable and 
controllable, then COP> I. Osystemsandself- powering EMsystemsare 
permissibleapriori.Inelectricalsystemterms,thissimply meansthat, if 
cone can rid the system ofits equal back emfor back mm, the system can 
belegitimately self-poweringbecause itnolongerself-enforcesthe 
Lorenz-Lorentzsymmetricalregaugingcondition. 


non-Abelianelectrodynamics: Anelectrodynamicsbasedonagroup 
theory in which the group operation is not commutative and hence not 
Abellianinnature. Contrasttoan Abeliangroupinwhichthegroup 
operationiscommutative. 


nonequilibrium thermodynamics: Colloquial term referring to the newer 
thermodynamiesofself-organizingsystemsandstructures, farfiom 
cuilibriumintheirenergeticexchangewiththeiractiveenvironmen 
Since the 1960s, there hasemerged in physics (andi thermodynamics!) 
this surprising new area: the physics of far-from-equilibrium systems and 
theself-organization and large-scale orderingofsuch systems. The 
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equilibrium conventionally referred to is 3-space equilibrium, with no 
consideration of temporal equilibrium, although some pioneers ofthe field 
such as Prigogine are quite aware of the temporal disequilibrium also 
involved. Note that such "3-disequilibrium” thermodynamical systems are 
also in temporal energy flow disequilibrium as well as 3-disequilibrium, 
but overall are still in 4-equilibrium energetically. See giant negentropy 
(of the dipole). For a necessary thermodynamics discussion, see Appendix 
Ain this book. 


nonlinear material (optical): A substance whose optical properties vary 
with the intensity ofthe light. 


nonlinear optical functioning: Functioning in a manner prescribed by 
nonlinear optics and quantum optics, particularly with respect to time- 
reversal effects, use of phase conjugate mirrors, phase conjugate reflection, 
‘wave-to-wave interaction, and pumping for amplified phase conjugate 
reflection, To quote Knight, "A phase conjugate mixing device has 
remarkable optical properties: perfect retroreflection, the complete 
cancellation of optical aberrations and inhomogeneities in wavefronts, and 
the ability to reverse an optical beam and return it to its source.” A most 
interesting modem science, eventually adaptable to COP>1.0 systems, is 
developing in the study of intensely scattering optical materials, 


nonlinear phase conjugate optics: See phase conjugate opti 


nonlocalization: Producing or rendering an effect or effect-producing 
agent at a distance, rather than at the immediate location of the effector. 
Extended throughout a large region or system, or to a distant part of lange 
region or system, rather than being confined to a small region of the large 
region or system. Nonlocalization effects are absolutely prescribed in 
quantum mechanics, and are experimentally confirmed. They have been 
largely ignored in classical electrodynamics and electrical engineering, 
Nonlocalization can result from the existence and use of a multiply 
connected space, as in Bohm's quantum potential and hidden variable 
theory. Engineering of action at a distance by engineering the quantum 
potential through multiply connected space gives one method of energy 
amplification. This method has unfortunately been secretly weaponized In 
five nations ofthe world, and none ofthe technology is available for use in 
electrical power systems for energy amplification and solving the energy 
crisis. 


non-Riemannian geometry: Riemannian geometry is the geometry of 
Riemannian manifolds — ie., manifolds having an infinitesimal squared 
distance ds that is everywhere positive. A non-Riemannian geometry 
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violates this property. [A manifold is a topological space with certain 
prescribedcharacteristics.] 


nucleons: A collective name for the neutrons or the protons in a nucleus. 
In the nucleus, the neutrons and protons are continually changing one into 
the other by exchange of the charge. What is called a neutron and what is 
called a proton is thus somewhat arbitrary, so long as one makes a rule and 
stands by it. The interesting thing is that, in a nucleus, there is already 
continous and highly rapid transmutation activity between nucleons, all 
thetime, without giant accelerations and operatorinputof ery intense 
spatial energy. In short, nature shows in all matter that matter can be and is 
continually transmuted from instant to instant, and is "constant" only on 
the "average". Since most present models used for this are statistical rather 
than causative, it strongly suggests that we should look for a causal 
‘mechanism. Theuseofthetime-reversalzoneandtime-energyhasbeen 
nominated inthis books providing acausal mechanism fortransduction, 
which can be directly engineered. It appears that cold fusion research 
alreadyaccomplishestransmutationsusingthesuggestedmechanisms, 
Severalspecificnucleartransmutationreactionsapplyingthenew 


‘mechanisms, andconsistentwithhundredsofcold fusionexperiments,are 
giveninthepresentbook, 


0(3)electrodynamics: Anelectrodynamicsextended fromatwo- 
dimensionalinnergroupsymmetrytoa3-dimensionalinnergroup 
symmetry.0(3)electrodynamicsalsobecomesanimportantsubsetof 
‘Sachs’ unified field theory. The inner group symmetry of O(3) can be taken 
asnormal space, which immediately opens upengineeringthe vacuumand 
using spaetime curvature engines todirectly engineer matter for us, 


open system: A system that communicates with its environment, and 
exchangesenergy, matter, orbothbetweensystemandenvironment. With 
the possible exception of. few theoretical or hypothetical systems, all 
systems in the universe are in fact open systems. An open system may be 
in equilibrium with its active environment, so that it cannot accept, store, 
and utilize any excess energy from the environment. Another open system 
may be in disequilibrium with its active environment, in which case it can 
accept, store,andutilizeexcessenergy fromtheenvironment. Whenthe 
operator inputs EM energy intoan openequilibrium system, he 
automatically breaks its equilibrium condition with the external active 
environment, decreasing the system's entropy. This is anexcited state, and 
the system will subsequently decay back to equilibrium (maximum 
entropy) condition by emitting or dissipating its excess energy. The reader 
interested in the thermodynamics should read Appendix A in this book, 
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since the thermodynamics definition (or misdefinitions!) of "closed 
system’ actually permits the system to be open with respect to energy 
exchange with its active environment — either in equilibrium or 
disequilibrium — and only prohibits exchange of mass across the system 
boundaries. By that definition, a "closed system" can be far from energy 
flow equilibrium with its external environment, and hence permitted to 
perform COP> 1.0 or even COP = on, Hopefully our discussion in Appendix 
A will clarify the position we have taken on this matter. 


optical switching: Switching of optical signals, or switching using optical 
frequency switching techniques, components, and circuits 


orthodox transistors: Ordinary transistors in use today, ie., as contrasted 
with the Fogal semiconductor and its special functions. 


orthogonal rotation: Simply speaking, a rotation from one direction to a 
direction at right angles to it. The Lorentz transform of special relativity. 
e.g, is a formula for the rotation of an object and all its parts away from its 
line of motion, as a function of the object’s velocity, in a direction toward 
the time axis. The speed c just represents a full orthogonal tun, so that the 
projection intersection of the object with the observer 3-space, along the 
original line of motion, is zero. 


outfolding: Translation by a system of received input longitudinal EM 
‘waves entering inside its potentials and fields, into conventional EM waves 
present in the system and then output from it. The opposite of infolding. 


overpotential: Essentially the overpotential (as in an electrode in a 
solution) is a shift in the Fermi level necessary to allow the electron in the 
electrode metal to have energies overlapping with vacant acceptor levels in 
molecules adjacent to the electrode in the solution. The overpotential 
effect appears at small "double surfaces" of things in very close contact, 
particularly in electrochemistry and in solid state physics. The 
‘overpotential enables electron transfer, e.g., by tunneling. The 
‘overpotential increases with the log of the reaction rate that occurs at the 
coverpotential location. For a small reaction rate, the overpotential is small; 
but for a small increase in the overpotential there occurs a dramatic 
increase of reaction rate. Fogal has utilized the overpotential effect in hi 
semiconductor, to great advantage in accomplishing unusual charge 
blocking and other special effects. See tunneling. 


overunity coefficient of performance (COP>1.0): More energy out or 
work out of system than the operator or experimenter must furnish and 
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input. The excess energy is input from the active environment. See 
coefficient of performance. 


parity: Deals with studying a system of a sequence of events as ifthe 
events were reflected in a mirror. A system has parity ifit undergoes no 
fundamental operational change if replaced with its mirror-reflected twin 


partially time-reversed region: A region of spacetime in which an object 
temporarily experiences not only the ordinary forward flow of time, but 
also an extra induced backwards flow of time, usually a fraction ofthe 
time- forward time stream. It appears that the combination ofthe two is, 
‘what constitutes time dilation in relativity. Ina mixed time-forward 
(photon interactions) andtime-reversed (antiphotonreactions) zone, if 
time-forward predominates, the law of attraction and repulsion of charges 
is partially reversed, leading to overall reduction ofthe forces — which 
remain intheir usual directions. Ifthetime reversal predominates, the law 
of attraction and repulsion is reversed, and in that region like charges 
attract and unlike charges repel. Iftime reversal and optical pumping are 
combined, thereversed aw forces ofattractionoflikechargesand 
repulsion of unlikechargesare amplifiedalso. 


article physics: The branch ofphysics using acceleratorsto study high- 
energy articlecollisions, todetermine properties of atomicnucleiandof 
the ekmentary particles themselves. Itappears thatconventional particle 
physicistsdo notrecognize or consider time-energy interactionandtime- 
reversal zonenuclear interactions at all. Hence the present "high (spatial) 
energy” physicsisafarlower’ total "energy physiesthanisthe physics 
wheretime-energyisdeliberately utilized. Whentime-energyisutilized, 
then the total energy ofthe photon varies inversely asa function ofits 
frequency ratherthandirectly asafunctionofits frequency. Lower 
frequency photonshave very much greater total energy than higher 
frequencyphotons.Forpracticalelectrogravitation,therefore,oneis 
interestedinlowerfrequencybandwidthssuchastheELFregion, 


Pattersoneffect: Theintense multiscattering, multipass, multicollectionof 
energy density low inanassemblageofpalladium-cladsphericalbead 
capacitors, asthepalladiumadsorbshydrogenionsfromthefluidinwhich 
the beads are immersed, and thereby charges up as a capacitor, becoming 
an energy-flow generator, and nonlinearly increasing the energy-flow as 
the charge of the capacitors increases. 


Patterson Power Cell®:Patentedoverunitypowerunitby James. 
Patterson, which hasbeen independently validated to yield COP> 10. 
‘However, continuingdifficultyhasbeenexperienced iththepalladium 
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‘metal used in the effect. See James Patterson, "System for Electrolysis of 
Liquid Electrolyte,” U.S. Patent No. 5,372,688, issued Dec. 13, 1994, 
Patterson has several other patents in the area. 


perpetual motion machine: The rather archaic and dogmatic assertion 
that no machine can indefinitely operate, since no closed system can input 
its output power back to itself while powering a load, because powering 
itself and its load violates the equilibrium thermodynamics (ie., the 
thermodynamics of a closed system). Every system is already an open 
system in a violent energetic exchange with the active vacuum, so the 
pronouncement is a non sequitur assuming a false straw man — that every 
machine is a truly closed system or is in energy flow equilibrium with its 
active environment and can be treated as if it were a closed system. (The 
thermodynamic definition of "closed system" is misleading; it refers to a 
system where no mass exchange crosses the system boundary, but energy 
flow exchange can and does freely cross it. See Appendix A to this book 
for a proper discussion). Further, the equilibrium thermodynamics cited 
does not necessarily apply to either an open thermodynamic system far 


from energy equilibrium, or to a closed thermodynamic system in energy 
flow disequilibrium, as is now well known. After all, a common windmill 
will operate so long as there is a wind of until something breaks. But since 


it involves a mass flow across the system boundary, it is said to be a true 
open thermodynamic system. In electrodynamics, a closed system (with no 
‘matter exchange across its boundary) can yet have copious energy flow 
exchange across its boundary, and thus be far from EM energetic 
equilibrium with its external active environment. The charges and the 
dipoles in matter operate in a free "time-energy flow wind” and virtual 
particle flux wind in the vacuum, which are constant and unfailing, and 
thus charges and dipoles have been freely and continuously outputting real 
EM energy flow into 3-space for some 14 billion years. All assertions that 
overunity EM systems are perpetual motion nonsense are completely 
refuted by every charge and dipole in the universe. To repeat such 
gibberish only reveals the ignorance of the person making the improper 
assertion. 


Ironically, those dogmatists fond of hurling perpetual motion labels at 
overunity researchers already recognize the overunity legitimacy of open 
systems far from thermodynamic equilibrium with their active 
environment; they refer to such systems asfalse perpetual motion 
‘machines oxfictitious perpetual motion machines, All of them also accept 
the classical electrodynamics assertion of the source charge, from which 
all EM fields and potentials and their energy come. So the very dogmatists 
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so confidently pontificating that perpetual motion machines are ludicrous, 
themselvesalready implicitly accept that every charge and dipole in the 
Universe is precisely such a perpetual motion machine, freely and 
continuously creating energy right out of nothing. No legitimate free 
energy researcher in his wildest nightmares has proposed such perpetual 
‘motion machines on such a universal scale. The greatest perpetual motion 
nuts on earth are precisely those pundits so confidently castigating the 
notion that an electrical system can output more energy than the operator 
himself must input. We will have a modicum oftolerance and respect fiom 
them, whenthey can demonstrate how they can purge all hose "perpetual 
‘motion chargesand dipoles"-—andalltheirEM fieldsand potentials— 
from their own accepted electromagnetic model. Obviously ifthey do that, 
they simply destroy all EM energy in space, in systems, and in the entire 


universe. Thisisthe absurdity ofthe positionthese punditsadvocateso 
ignorantly. 


phase conjugate: Ofan entity: itstime reversal. For waves: often referred 
toaswaveffontreversal. 


phase conjugatemirror: A nonlinearmaterial which, when provided with 
‘an input wave, emitsapphase conjugate replica (timereversed replica) of 
that input wave. The input wave is by practice called the signal wave. The 


time-reversed wave outputis by practicecalled thephase conjugate 
replica. 


phase conjugate optics: That portion of nonlinear optics dealing with 

‘multiwave mixing, formation oftime-reversed waves, phase conjugate 
reflection (PCR), phaseconjugatemirrors(PCMs). pumpingPCMsto 
amplify theiremitted PCRs, nonlinearinterferometry. distortion 
correction, self-targeting,lasertracking,adaptiveoptics,andsoon. 


phaseconjugatereplica(PCR):Ofawave:thetime-reversed duplicate 
of asignal (input) wave, afteritsdetectionby interaction withcharge. We 
pointouttheremay stillbesomefoundationsdifficulty, however, withthe 
forminwhichthephaseconjugatereplicawaveexistsinspacetimeprior 
oitsinteractionwithchargeandpriortoitsobservation(observingthe 
effectofitsinteractionwithchargedmatter). Indeed,thereisvery serious 
foundationsdifficulty withthe very notionofanEMtransversewavefront 
inspace, traveling tthe speed of light, or no such thingexists. See 

Robert H. Romer, "Heatisnotanoun," Am. J. Phys.,69(2), Feb.2001.p. 

107-109. This isan editorial discussion by the Editor of AJP ofthe concept 

ofheatinthermodynamics, whereheatisnotasubstance, nota 

thermodynamic function of state, and should not be used asa noun. In 
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endnote 24, p. 109, he also takes to task "...that dreadful diagram 
purporting to show the electric and magnetic fields ofaplane wave, as a 

Junction of position (and/or time?) that besmirch the pages of almost every 
introductory book. ...itis a horrible diagram. ‘Misleading’ would be too 
kinda word; ‘wrong'is more accurate." "..perhaps then, for historical 
interest, [we should] find out how that diagram came to contaminate our 
literature in the first place." 


phase conjugating action: In nonlinear optics, the process or action of 
producing a time reversed replica of an input wave, For a particle, 
producing its antiparticle. For a living cell, dedifferentiating it back to 
some previous form, genetics and all. In the presence of a predominately 
time-reversal zone, however, the cell is in a predominately phase 
conjugating mode «priori. Phase conjugating it a second time converts it 
from dedifferentiating to redifferentiating mode. We hypothesize that these 
combinations are the actual mechanisms generating cellular 
dedifferentiation and redifferentiation in the cell, tissues, and body. A 
future book will address that issue; meanwhile, see the 119-page "porthole 
briefing” on the author's website, www.cheniere.org 


phase conjugation: In nonlinear optics, the novel nonlinear mixing of 
waves which generate an output wave — called the phase conjugate 
replica or time-reversed replica — that precisely retraces the path 
previously taken by the input wave that stimulated the action, 


phonon: A quantum of the lattice vibration energy in a crystal. This 
mechanical vibration energy is considered a field, and the phonon is the 
quantum of that mechanical energy field. Lattice vibrations in a crystal 
thus are characterized by waves in the lattice, where the waves are 
comprised of ordered phonons. Interesting effects occur between electron 
currents and phonons, due to electron-phonon interaction, 


photon: In physics, the basic action quantum. Conventionally considered 
to be the basic quantum of the EM field. There is a foundations problem 
with the latter concept, because of the dichotomous use of "field" for both 
the effect force field in 3-space after observation (detection) and the causal 
force-free field in 4-space prior to observation (detection). Strictly 
speaking, the photon is the quantum ofthe causal 4-space massless field, 
since the photon possesses both spatial EM energy and time increments. 
curved spacetime, the photon may possess mass because the time flow is a 
mix oftime-forward and time reversal, and thus cause and effect are 
slightly intermixed as well. We point out that, in a negatively curved 
spacetime, the photon mass is negative, the photon energy is negative, and 
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the photon fields are negative energy fields. Presently the negative energy 
photons do not appear to be utilized in physics except haphazardly ifat all. 

‘This may representa large class of photon interactions with matter that 
havebeeninadvertentlyomitted. 


ping-pong: Colloquialtermforiterativeretroreflection 


pinned electrons: Electrons held stationary by a magnetic field, or other 
set of forces that react to "push them back into their positions and hold. 
them fast" whenever they try to spatially move away. 


pinning: The act of restricting (by restoring forces and fields) spatial 
‘movement (particularly ofelectrons)duetoadisturbing magnetic field or 
otherextemalforce. 


polaron: Anelectron ina substance, where the electron istrapped ina 
potential wellduetopolarizationchargesonsurroundingmolecules. The 
exction in a substance isanalogous to an exciton in asemiconductor. 


positron: Anantielectron (time-reversedelectron), possessingapositive 
chargeandpositivemass. Mathematicallyanempty ne gativeenergy 
electron state in the Dirac sea whose usual occupying electron has been 
removed, leavingafourdimensional "Dirac seahole," mayalsobe 
regarded asa positron for many purposes, at leastafterobservation 
resulting from interaction with matter, so long as the remarkable 
difference of he Dirac4-holepriortoobservation fromthe Dirac3- 
positron after observation is understood. Mathematically, the lattice hole 
previously occupiedbyanelectroncanbeconsideredapositron-equivalent 
(ie., as if observed), again so long as the real differences are kept in mind, 
between a Dirac hole before observation and what results after its 
observation by interaction with mass. This is important, because otherwise 
one is again substituting the effect for the cause. In addition, ifthe two are 
confused, then one also arbitrarily discards the negative energy fields and, 
negativeenergy potentialsofthesource4-holeinthevacuumpriorto 
observation. Thateffectively discardsanti-circuitsandtheabilityto 
engineer practicalelectroantigravity. 


power: Inphysics, thetime rateat which work isdone (at which the form 
ofenergyischanged) Inelectricalengineering,theterm "power"is 
erroneously butubiquitously alsousedtoloosely mean “energy.” Hence 
such odd and improper expressions as "draw power fiom the source. 
‘hich is anon sequitur. Nonetheless, such non sequitursareso universally 
utilized inelectrical engineering that they have become apart ofthe 
Titerarute ise, 
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Figure 1: Fiber Densification with Multiple Access Technologies, including mmWave 
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Many elements are interacting to transform mobile broadband, but the factors playing the most 
important roles are emerging capabilities for |oT, radio advances granting access to far more 
spectrum, small cells, new network architectures that leverage network function virtualization 
and software-defined networking, and new means to employ unlicensed spectrum. Except for 
access to high-band spectrum, a 5G objective, these advances apply to both LTE and 5G 
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Prigogine, Hlya: Noted Belgian chemist and Nobelist, and one of the 
pioneers of the thermodynamics of open systems far from thermodynamic 
equilibrium. Prigogine was awarded the 1977 Nobel Prize for his work on 
the theory of dissipative structures in nonequilibrium thermodynamics 


Poynting, John Henry: An English physicist who lived from 1852-1914, 
whose contributions to electromagnetics included the energy flow theory 
now known as Poynting flow. He contributed the Poynting theorem, which 
states that the rate of EM energy loss in a specific region of space is equal 
to the sum of the dissipation rate (heat loss) flowing across the boundary 
ofthe region. Concurrently with Oliver Heaviside, Poynting conceived the 
notion that energy flowed through space, which previously had not 
‘appeared in physics. Heaviside actually published first, but obscurely; 
Poynting published in a prestigious journal, so the theory came to be 
known as "Poynting theory.” 


Poynting energy: A loose term (not rigorous!) used to loosely describe the 
flow through space of Poynting energy density S = ExH, which is that 
component ofthe total energy flow in space that will be intercepted and 
collected by the intercepting charges, circuit, etc. It actually describes not 
the energy flow density per se, but the component of it that would be 
intercepted by a unit point charge, or that actually enters an intercepting 
circuit. Poynting started with the assumption of the component of the 
energy flow that enters the circuit, a priori. Only the work of Heaviside 
considered the remaining component of the energy flow that is not 
intercepted by the charge or by the circuit. Because ofthe startlingly great 
‘magnitude of this remaining nondiverged Heaviside component, Lorentt 
integrated the entire (Heaviside) energy flow vector around a closed 
surface surrounding any volume element of interest. This discarded the 
entire nondiverged Heaviside component, and removed any necessity of 
considering or explaining how every generator and battery already pours 
from its terminals up to 10'° times as much EM energy as the presently 
accounted energy input to the shaft of the generator or the chemical energy 
available in the battery. We believe that the discarded and unaccounted 
Heaviside nondiverged energy flow component accompanying every field- 
particle interaction is responsible for the puzzling excess gravity holding 
the arms ofthe spiral galaxies together. In short, we believe it is the 
solution to the "dark matter” problem, now offen believed to be a "dark 
energy” problem. 


Poynting energy density flow: A somewhat more rigorous term used to 
describe the flow through space of the Poynting energy density flow 
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S = f(ExH) componentthatwouldbeinterceptedbyaunitpointchargeor 
anintercepting circuit. 


Poynting energy flow: A loose term (not completely rigorous) used to 
describe the flow ofenergy deifityf(ExH). Rigorously, both E and H 
are "defined" only after their reaction with a unit point static charge. Hence 
S is the resulting component of the overall energy flow that interacts with 
the charges (with the circuit) and is diverged into the circuit to power it. It 
is not theentire energy flow, which also includes a vast Heaviside 
nondiverged component that does not strike the charge and interact with it, 
and hence doesnot interact withthe circuitbutisjust wasted. See 
Heaviside energy flow component and Poynting energy. 


Poynting generator: Colloquial term for any dipole or potential difference 
that represents broken symmetry in the vacuum! virtual particle flux, 
and hence extracts virtual energy from that asymmetry, and gates it out as 
agushing energy flow in 3-space. When bothelectric field and magnetic 
field are involved, the component of the energy flow that would be 


intercepted and diverged by a unit point charge is the Poynting energy 
flow S=f(ExH). 


Poynting vector: The vector, givenayE x H), used to represent 
the Poynting (intercepted and collected by aunit point coulomb) energy 
density flow component. In Heaviside’s vetsio®; x H + G, where G 
anenergy circulation low term oftrapped EM energy flow. Heaviside 
later realized that sucha closed energy circulation flow exhibits substantial 
‘gravitational effects; in modem terms we would say that trepresentsan 
“appreciablelocalcurvatureofspacetime. Unpublishednotesonthe 
gravitational aspectswere foundbeneathafloorboardin his itle garret, 
apartment, yearsafterhisdeath. Wealsopointoutonelimitationofthe 
present use of the Poynting vector: Ithas rather universally been 
associated only with the flow of positive EM energy, and not withthe flow 
of negative energy. Indeed, the conceptofnegative EM energy isstil 
consufed, withdifferentviewsand positions, andstillindebate without 
completescientificconsensus. 


PPCM: Pumpedphaseconjugatemirror. Aphaseconjugatemirror 
‘material thathas ntroducedto tappositive or"pump" waves inother 
words, stress waves).Ineffect, pumpingis"stressing" or"squeezing" 
tyhtmically. Itisalsovaryingastresspotential, whichemits longitudinal 
EMwaves,eachaccompaniedbyacorrelatedscalar(time-polarized) 
‘wave. In the phase conjugating process, up toall the energy in the pump 
‘waves can be outputs the energy in the emitted phase conjugate replica 
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wave. Thus the PPCM may be viewed as an amplifier, very similar to a 
triode. When the time-components of the photons in the signal wave input 
and also in the pumping waves are considered, then there is a functioning 
ofthe pumping also ongoing in the time-domain. There is a rhythmic 
variation of stress in the time-domain also, which creates the correlated 
time-polarized EM wave accompanying the longitudinal wave from the 3- 
space pumping, 


So the time-reversal aspect (formation of the phase conjugate replica 
wave) may be thought of as a rhythmic time-stress wave (pumping or 
stressing in the time domain) which, by altemately decreasing and 
increasing the time potential of the mirror, produces two temporal force 
effects. During the decreases in temporal potential of the mirror, the time- 
force from the input wave and from the pump waves is forward into the 
mirror material, allowing the input and interaction of these waves. During 
the increase in temporal potential ofthe mirror, a reversed temporal force 
from the mirror back to the past (temporal potential earlier in 4-space) of 
the input "signal" wave. The pumping energy (excess temporal potential 
energy) adds the gain to the phase conjugate replica wave, 


probability: The probability of a simple event is the ratio of the number of 
times it occurs to the total number of trials (for a large, essentially infinite 
number of trials). Note that "trials" constitute things that have occurred 
(are past, have been observed). Probability has resisted rigorous logical 
definition by Aristotelian logic; the reason is that it is an expression of the 
fourth law, the identity of opposites. Probability is an expression ofthe 
future (that which has not occurred) in terms of the past (that which has 
occurred). Consider throwing a die to land with one face up. Thinking of 
the event (as if it has just occurred, in terms of the most recent past), one 
can conceive six ways of looking at it. In other words, one can conceive of 
six "most recent pasts", however, these have not occurred. We were 
‘merely thinking of them as ifthey had occurred. By the fourth law, the 
total "most recent pasts that have not occurred” is identical to the "most 
immediate future” that has not occurred, on the common boundary 
between past and future. Ifone therefore collects all six "most recent pasts 
not occurred” they tum into the most immediate future, by the fourth law 
oflogic. One may argue that only a single one of the events will actually 
occur. Here one counters with the observation that, when it occurs, it is the 
past, not the future, and then it has not been collected so as to move to the 
boundary. In theory, the hidden variable approach makes it possible to 
directly engineer those probabilities while the Schrodinger wavefunction is 
still propagating and has not yet collapsed to constitute an “observation.” 


708 


Le, it is theoretically possible to engineer Wheeler's "pre-reality,” and 
determine in advance just which ofthe outcomes will occur. 


Puthoff, Harold: Noted physicist active in a variety of fields and 
investigationsincludinginpsychoenergetics,extendedelectrodynamics, 
energy fiomthe vacuum, inertia, antigravity, parapsychology, remote 

viewing, psychokinesis,zero-pointenergy ofthe vacuum, andcosmology. 
‘WeareparticularlyimpressedwithPuthotfscosmologicalfeedback 
principle. Together with Cole, Puthoffalso proved that thermodynamics 
does not prohibitextracting usable EM energy from the active vacuum. 
See Daniel C. Cole and Harold E. Puthoff, "Extracting Energy and Heat 
fromthe Vacuum,” Phys. Rev. E,48(2),Aug. 1993,p. 1562-1565, 


QM vacuum: ‘Thequantummechanical vacuum, whichmodelsthe 
‘vacuumasanintensefluxof virtualparticles,eachappearingand 
disappearing insuchextremely shorttimeintervalsastobeunobservable 
individually —althoughasphysiesdevelops, fromtime-to-timewhatis 
observablechanges because ofincreasedobservationtechniques. Violent 
fluctuationsofextremely shortdurationconstantlyoccurintheQM 
‘vacuum flux. Various calculationsestimatethe energy density (inmass 
units) asupto 10°’-10” grams per cubic centimeter (inmass den: 
units), oreven greater. The vacuumis sometimes described as two separate 
components: )theambientoraveragevacuumindeepspace, whichean 
betaken asascalarpotential havinganenormousenergy density, and(2) 
thefluctuationssuperposed upontheambientvacuumaslocal violent 
potential energy changes. Finally, we note thatany EM potential ina 
systemisaprioriachangetothe local vacuum scalarpotential. 


‘quantized: Adjective whichmeans i)reductionofsomeobservable 
Quantity to multiplesofsome small, indivisibleunit,or,(iJexpressedin 
terms of quantum theory. 


quantum: A single" particle” ofthe quantity action angularmomentum), 
Oftenconfusedasasingle quantity of energy alone. 
quantumelectrodynamies: Thetheoryofphotonsandelectrically 
charged particlesandtheirinteractions. Theuseoftheterm’quantum" 
impliesthatthe EMradiation’sdiscretephotonnatureissignificant, sothat 
quantumtheory mustbeemployed. 
quantum field theory: A quantum mechanical theory in which"...a 
phsyical heldisconsideredasacollectionof particlesandforces, andl 
observable properties ofan interacting system are expressed as finite 
uantitiesratherthan state vectors." [DictionaryofScienceand 
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Technology.] Mote simply (after Davies, The New Physics, 1989): "The 
theory that describes the quantum effects of a classical system of fields 
defined on space-time and satisfying various partial differential equations.” 
Particles are taken as quanta of fields similar to photons being quanta of 
the electromagnetic field. Each type of particle is represented by an 
‘operator that obeys certain commutation laws. The theory relates gluon 
fields and intermediate vector boson fields to the strong and weak 
interactions, and allows an overall theory of fundamental particles and 
their interactions 


quantum potential: A special potential added to the Schrodinger equation 
by Bohm in his hidden variable theory of quantum mechanics. ‘The 
quantum potential is a multiply connected entity, so that it "occupies" 
widely separated but multiply connected points, events, or objects. It is 
also an extraordinary energy amplifier, since any energy input to one of the 
‘multiply connected points simultaneously and instantly appears in every 
other connected point, regardless of distance or location in the universe. In 
real life, the quantum potential also has a “coefficient of multiple 
connectivity”, so that only a fraction of the energy input to one multiply 
connected point will appear in the other points of the multiple connection 
group. The quantum potential has been strongly weaponized by five 
nations, and quantum potential weapons are the dominant weapons on 
earth, being more powerful than nuclear weapons. In theory the quantum 
potential together with engines and antiengines could be used to treat and 
cure a given disease in all persons on earth simultaneously, or in one 
nation or area simultaneously. Sadly, engines have been developed to 
generate diseases in a targeted populace, rather than engines to heal the 
populace. Russia and Brazil have had the quantum potential weapon for 
some time, as have two nations friendly to the United States. In 2001, 
China also deployed the quantum potential weapon. 


quark: Fundamental particle theorized to comprise hadrons (particles such 
as protons, neutrons, and mesons) by combining in twos or threes. There 
are six varieties of quarks. The difference between a proton and a neutron, 
e.g, is merely the orientation ofa single quark. In a time reversal zone 
(TRZ) in the electrolyte in cold fusion experiments, the gluon forces can 
be significantly reduced, so that the quarks are nearly freed. Two protons 
(H+ ions) can attract together in a TRZ. so closely that each enters the 
reduced strong force region of the other, forming a quasi-nucleus. As the 
ions in solution outside the TRZ move to cancel the TRZ, it decays and the 
quasi-nucleus becomes an increasingly excited state, seeking to decay. 
Preferred method of decay is by quark flipping. So one quark flips, so that 
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the quasi-nucleus has become aquasi D+ nucleus. Asthe TRZ.vanishes 
and time-forward resumes, thestrong force recovers fasterthanthe 
Coulombbarrierreturns.Consequently,thequasi-nucleusofD+merely 
tightensintoarealnucleusofD+. Thisisoneof thestandard 


‘ransmutationreactionsincoldfusionexperiments,formingexcess 
deuterium. 


quaternion: Expressioncomprisedofthe sumoffourterms, one of which 
isreal and three of whichcontainimaginary units, andwherethetermscan 
bewritttenasthesum ofascalarandathree-dimensional vector. 


quatemnional gebra:Thealgebraofquatemionsandtheirmathematical 
operations. Quatemnionalgebraisofhighertopology thaneithervectoror 
tensoralgebra. Maxwell Soriginal 1865equationsaresome20equationsin 
20unknowns,inquaternionandquatemnion-likealgebra. Heavisideand 
othersreducedthealgebratovectoralgebraandsomefourequations;at 
hisdeath, Maxwellhimself wasrewritingtheequationsinhis Treatiseto 
purgethe quaternions, becauseofthecontroversy overthedifficult 
quaternion orm. Thepresentvectorequationstaughtinuniversityas 
" Maxwell’ sequations” areinfactHeaviside'struncationofthe Maxwell, 
theory. Goingtotensoralgebraelectrodynamicsdoesnotrecoverthefull 
rangeof Maxwell soriginal 1865 quaternionEMtheory. 


quintessence: iterally,the'fithessence” Inshort,darkenergy.We 
havenominatedthearbitrarily discarded, vastHeavisidenondiverged 
energy flowcomponentsurroundingeveryinteractionofchargewithtield 
asthedarkenergy thatisthesourcefortheexcesspositive gravityholding 
thearmsofthespiral galaxiesinplace. Seedarkenergy, positive 


reactivepower:Electrical power, measuredin olts-amps-reactive (vars) 
thatcannotdoworkasis. Forsinusoidal waveforms, theformulafor 


reactive powe¥isind, where @ is the phase angle between the voltage 
andthecurrent. 


real hidden dynamics: The dynamics of vacuum engines, orof "internal 
energy" or"intemnal work" ongoinginasystemor volumeofspace. These 
internally organized forces, fields, andenergiesinvolvedynamic 
curvaturesofspacetime, anditisthisdynamicsofspacetimeitselfthat 
provides thecontinuousworkanddynamicsofinternalenergy.See 
Einstein’ssecondpostulateextended;infolded:dimensioning 


real hidden vectors: The "hidden" or "infolded! real vector components, 
eg.,ofazerovectorsummationsystem. Theindividualhidden vector 
cannot spatially translatetheentirebulksystem, butitcaninteractinside 
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the system to perform internal work upon it or upon some particular 
portion of it. Such a system of a finite number of infolded deterministic 
vectors is said to constitute a “dimensioned” stress potential. Specifically 
dimensioned potentials, fields and waves thus can be constructed, so that 
they carry specific vacuum engines (spacetime curvature engines). The 
interactions of these dimensioned EM entities may differ from normal EM 
interactions in chemistry, physics, biological systems in general, cells in 
particular, etc. The long neglected combination of Whittaker’s 1903 
decomposition of the scalar potential, together with his 1904 
demonstration that any EM field or wave pattem decomposes into two 
calar potential functions, has neglected the development and use of the 
internal EM" theory and technology for a century. One or more nations 
has, however, highly weaponized "dimensioned EM fields, waves, and 
potentials” as evidenced by the peculiar and anomalous results of the 
decades-long microwave radiation of the U.S. Embassy in Moscow. See 
dimensioning, 


real power (active power): Power, measured in watts, that can do work, 
including generating heat. For sinusoidal waves, real power is given by the 
formula I-V-cos @, where 8 is the phase angle between the voltage and the 
current. Note that when higher group symmetry EM effects are involved 
(such as the Aharonov-Bohm effect), then the "normal" behavior of citcuit 
components can be altered dramatically. As an example, in the MEG the 
secondary (output) coils of the transformer section are caused to exhibit a 
purely electrical interaction with the electrons and electron currents in the 
coils themselves. Consequently the output current and voltage are in 
phase, in complete violation ofconventional transformer theory and 
conventional assumptions about the interaction ofinductors. So the output 
of the MEG is real power, and phase angle does not enter into it 


regauging: In electrodynamics, changing the scalar potential or the vector 
potential, or both. Ifone or both of the potentials is/are changed so that a 
net new force is created in the system, that is an asymmetrical regauging, 
Ifonly one potential is changed, a net force results and that is an 
asymmetrical regauging. If both potentials are changed but carefully 
selected so that the free force resulting from one change is equal and 
opposite to the free force resulting from the other, that is a net symmetrical 
regauging, often called "Lorentz regauging” or the "Lorentz condition’. 
We note that longitudinal EM waves are produced very simply by 
rhythmically oscillating the magnitude of a stress potential, which is 
naught but coherently oscillating the individual vectors of a set of EM 
fields that sum to a zero vector resultant. The locked-in stress in T. Henry 
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Moray's semiconductors used in his radiant energy device tubes and the 
lockedhin stress in the Chung negative resistor thus have to do with the 

production and use of longitudinal EM waves, time-polarized EM waves, 
and stress potentials. 


reflection: ‘The rebound of light or other energy from a surface. 


refraction: The bending of light as it passes from one medium to another 
orthrough density change in a given medium. 


retarted wave: An electromagnetic wave that is derived from retarded 
fields, which inturn are derived from retarded potentials. The retarded 
‘wave ata point or region of space has arrived there or exists there as the 
result of the dynamics of charges and currents that existed at earlier times 
elsewhere. Comparetoadvancedelectromagneticwave. 


retroreflecting: Precisely reversing the path of a reflected wave or object. 


‘Sachs, Mendel: Noted scientist who has completed the work of Einstein 
and developed a unified field theory covering the universe from the tiniest 
part to the entire conglomerate. Since O(3) electrodynamics has been 

shown by Evans to be an important subset of Sachs' theory, then forthe 
first timewe have a higher group symmetry electrodynamics and a unified 
field theory that is largely engineerable by novel electrodynamic means, 
usingtheO(3)model. 


Sachs’ unified field theory: An extension and completion of Binstein’s 
‘work thatincludes the universe and its dynamics from the tiniest part to 
theentireconglomerate,andincludesquantummechanics, 

electromagnetics, gravitation, and the strongand weak forces. See 
particularly Mendel Sachs, General Relativityand Matter, Reidel, 1982; 
Quantum MechanicsfromGeneralRelativity, Reidel, 1986. Sachs unified 
theory providesagreat generalizationof generalrelativity,quantum, 
mechanics, andelectrodynamicsreaching from the quarks and gluons to 
the entire universe. Much ofthe model is also engineerable by higher 
group symmetry electrodynamics suchasthe O(3)electrodynamics 
pioneeredbyEvansand Vigier. 


scalar: Characterized by magnitude only. However, with respect to 
polarization.ascalarphotonisaterminuse foratime-polarized photon, 
where the EM energy oscillates along the time-axis. Hence a scalar wave, 
following the same terminology, is an EM wave composed of scalar 
photons, hence whose EMenergy isoscillatingalongthetime-axis. The 
term "scalar" is used in the sense that no vector in 3-space exists even 
though a vector (and a variation of its magnitude) exists along the time 
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axis. The effects are observed as an oscillation in the rate of flow of time, 
hence a "time-density" oscillation. The term "scalar" with respect to 
polarization implies only that there is no vector component in 3-space. 


scalar entity: In ordinary vector analysis, an entity thought to be 
completely characterized by magnitude alone. Actually this is incomplete; 
a scalar entity must contain a time-like vector component, ifit is to 
steadily persist in time. What we usually do unthinkingly is assume a 
continual series of successive observations or d/dt operations upon the kt 
nature ofa scalar &. We conceive these individually frozen 3-space 
snapshots to "continuously exist" since we can readily recall the "stream" 
of d/dt differentiations in our mind and memory. Since all observation 
3-spatial, then no observable persists continuously in time; instead, it 
continually recurs in time, instant to instant. This "iterative successive 
stream of frozen 3-space snapshots" exists in the continual and rapid recall 
from our memories. Compare this to the similarity of observing a 
sufficiently rapid series of still pictures on a screen, where the individual 
pictures differ by a time sequence taken of some phenomenon. One "sees" 
the recreation in one's mind of the flow through time of those events and 
entities so photographed. Yet at any one instant, there is only a single 
frozen snapshot on the screen, and no motion at all was "physically" 
observed. 


scalar electromagnetics: Colloquial term for the electrodynamics that 
arises from considering transverse EM waves, longitudinal EM waves, 
time-polarized EM waves, electrogravitation, superluminal EM signals, 
interferometry, nonlinear optical functions, time-as-energy, and the 
infolded electrodynamics inside all usual EM fields, waves, and potentials, 
In secret superweapon projects, the Russian term for scalar 
electrodynamics is energetics. It is divided into three major fields, 
depending upon the intended target. Targeted against inert matter, systems, 
and fields, the same term is used: energetics. Targeted against the physical 
and chemical processes and biological fields and potentials of living 
organisms, the term used is bioenergetics. Targeted against the mind's 
time-polarized EM functioning and dynamics, the termpsychoenergetics is 
used. In the latter, higher group symmetry electrodynamics and extensions 
to quantum field theory play significant roles. Significant progress and 
strategic testing of all three branches of energetics has been evidenced 
worldwide. Progress in the energetics branch was confirmed by a 
statement by U.S. Secretary of Defense Cohen in 1997. Quoting: "Others 
are engaging even in an eco-type ofterrorism whereby they can alter the 
climate, set offearthquakes, volcanoes remotely through the use of 
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lecremagnetic waves...S0 there are plenty ofingenious minds out there 
that are at work finding ways in which they can wreak terror upon other 
nations...It's real, and that's the reason why we have to intensify our 
efforts Secretary of Defense William Cohen at an April 1997 
counterterrorism conference sponsored by former Senator Sam Nunn. 
Quoted from DoD News Briefing, Secretary of Defense William S. Cohen, 
Q&A at the Conference on Terrorism, Weapons of Mass Destruction, and 
USS. Strategy, University of Georgia, Athens, Apr. 28, 1997, 


scalarpotential: Usually consideredsynonymouswiththeelectric 
potential. Theconceptofpotential was developedby Poisson, Green, and 
others fromabout 1813t0 1827. Threenotionsinvolvedinthe 
development ofthe conceptofthe potential are: (i) there isthe collection 
of storage ofenergy in the system, via the collection or storage of some 
centty therein, and this "potential energy" can be released and dynamically 
used, (ji) the potential is a scalar function whose spatial rate of change is a 
vector force, and (ii) the dynamics of the stored energy is suspended by 
the storage” orcollecting” entity; in other words tisasortof 
"suspendedaction" waitingtobeunleashed./trequiressomeaction— 
suchasinterceptionanddivergence—toreleasetheleashedenergy 


‘Thesecond notions false, sincenoforceexistsintheabsenceofmass 
because mass mis acomponentofforce F via F = dpidt = (m)dvidt + 
[BBUMIMI, 1 is corrected by stating that its spatial rate of change when 
interactedwithchargedmatterisavectorforce. Forthethirdnotion, we 
notethatthe conceptofa "virtual" particle or particle flux means thatit 
cannotbecomeobservableunlesssomeinteractionisimposed.Sowemay 
handlethe "thirdnotion" requirementbyassumingthepotentialinmodem 
termstobecomposedof hidden virtual particle flux,orhiddenwaveflux, 
inwave-to-waveinteraction.Physicstriestodefinetheelectrical potential 
asenergy percouloab, ¥#/Q. That equation, however, is actually 
notadefinitionatall (noequationisadefinition),butratherisan 
algorithmforcalculatingthemagnitudeoftheexcessenergy 
collection/collectinguponacoulombofcharge, whenthatcoulombis 
immersed in the potpntial Itin factis the reaction cross section of the 
potential, notthepotentialentityitself. Thisnow beginstogiveusaclue, 
Potentialisenergyinsome fashion, andtheterm "potentialenerg) 
redundancy. Sothabntity musthaveessentially thesamedefinitionas 
energy !Potentialenergy,collectedenergy, storedenergy, whatever —itis 
energy firstand foremost. Howitiscollectedand whatitiscollectedupon 
orin,determinesthe "type" ofpotential. Italsocannotbelogically defined 
asthe work expendedby ituponaunitcharge. Thecausalentity itselfis 
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Figure 2: Fundamental Mobile Broadband Transformational Elements 
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In the past, developers used modems and networks designed for human communication for 
machine-type applications. But now, new modes of network operation, initially in LTE then 
enhanced further in 5G, will cater to the unique needs of a wide variety of machine applications, 
addressing low-cost, long battery life, long communications range, and a wide variety of 
throughputs. For instance, some loT applications need only low-throughput communications, 
some sending only a small number of bits per day. 


As for spectrum, throughout radio history, technology has climbed up a ladder to use higher 
frequencies. What were called “ultra-high frequencies” when made available for television are 
now considered low-band frequencies for cellular. Frequencies above 6 GHz, particularly 
mmWave frequencies, are the new frontier. Networks will ultimately take advantage of ten 
times as much spectrum as they use now, and likely even more over time. Although 
challenging to use because of propagation limitations and higher penetration loss, massive 
MIMO, beam steering, beam tracking, dual connectivity, carrier aggregation, small-cell 
architectures with self-backhauling, and other methods will help mitigate the challenges at 
these frequencies. The result: massive increases in capacity in localized areas. 


In addition to accessing higher bands, cellular technologies are integrating unlicensed 
spectrum more efficiently, using technologies such as LTE-U, LAA, MulteFire, LWA, and LWIP. 
This integration will immediately augment small-cell capacity, improving the business case for 
small cells. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 9 


ENERGY FROM THE VACUUM: CONCEPTS & PRINCIPLES, 


not the action taken; just as a man is not definable as "how far he has run" 
in some race. 

scattering processes: Collision processes in which an incident particle 
such as a photon, electron, of proton, of known energy o direction or both, 
\llides with another entity, and emerges from the collision with a 
different energy or direction or both. 


Schrodinger, Erwin: Noted Austrian physicist, 1887-1961, and Nobelist 
‘who discovered the wave equation named after him as the Schrodinger 
equation, and performed other vital work in wave mechanics. 


Schrodinger equation: In quantum mechanics, an equation that describes 
the propagation of waves associated with subatomic particles, or more 
generally, that describes the evolution over time of the quantum state ofa 
system. The fundamental quantum mechanical equation governing the 
behavior of wavefunctions. 


self-energy: In a quantum mechanical system, the energy associated with 
the emission and absorption of virtual particles. In a classical system, the 
energy associated with the interaction among parts of the system itself. 


self-organization: (After Davies, The New Physics, 1989): "Spontaneous, 
emergence of order, arising when certain parameters built in a system 
reach critical values.” Simply put, self-organization is the spontaneous 
formation of pattems of localized order in a system that begins in a more 
homogeneous state. In short, the system moves from a simpler to a more 
complex state. Self-organization is one of the permissible features of an 
open system far from thermodynamic equilibrium with its active 
environment. Note that the localized orders represent free potential energy 
formations (free self-regauging) that in theory can then be dissipated in 
loads to perform free work. Hence the capability of a self-organizing 
system to perform some free work, or in other words to exhibit COP> 10. 


self-potential (e.g., of the electron): The potential created in and of the 
charge (e.g., the electron) by its virtual particle flux exchange with the 
vacuum, Also, an asymmetry in the virtual photon flux ofthe vacuum, 
caused by the interaction of the charge (e.g., the electron) with the vacuum 
flux. From here, we note that the self-potential must consist of real 
observable 3-space EM energy flow or flows from the electron, because of 
the asymmetry. However, the charge is not the primary source per se of the 
energy flows that establish the self-potential, but instead is the asymmetric 
gate in the vacuum flux that "gates out” the potential and its energy fc 
‘The asymmetry in the vacuum flux is the actual source or gate. Indeed, in 
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I terms the energy is received by the charge in the form of 
converginglongitudinalEMenergy waves fromthecomplexplane (from 
the time domain). The spin of the charges of the dipole transduces the 
absorbed complex EM energy into real observable EM longitudinal wave 
energy, andpoursitoutinalldirectionsin3-space. Seediscussionsunder 
Whittaker and phase conjugate. 


self-targeting: Between two entities, where each acts partially or wholly 
asa phase conjugate mirror, self-targeting isthe iterative phase 


conjugationor"ping-ponging” andrapidconvergence of beamsbetween 
thetwoPCMs 


S-flow: The Poynting energy density flow S, where S = ExH. Heaviside's 
equation isgivenby$=ExH+G. Inthelatterequation, Bistheelectric 
field, H is the magnetic field strength, and G is a trapped closed loop flow 
of energy density. Note that, from the very definitions of E and H, the 
Poynting energy flowrepresentsonly thatportionofthetotalenergy flow 
in a spatial region that is diverted by interception and interaction with 
charges. Heaviside’s additional component G, which is not part of the field 
nteractionsbutaresultofthehugenoninteractingppartoftheenergy flow 
outside the interacted ExH component, does appear to be responsible for 
‘an enormousunaccounted EM energy flow component that generates the 
excess gravity required to hold together the arms of the spiral galaxies. 


signal wave: In nonlinear optics, the signal (wave) input to a phase 
conjugatemirror(PCM),thatstimulatesthe PCM toemitaphase 
conjugatereplica(PCR) waveinretur, Seediscussionunderdistortion 
correctiontheorem, 


Slepian current: The vector jg, which in a current loop represents the 
energy unit area per coulomb of flowing charge, per unit of time, that 

collected/collecting fromthe PoyntingS-flowandadissipatedinthatcurrent 
loop int its loads and losses. 


Slepian flow: "Flow ofcollected-energy density’s dissipation” in a current 

loop,andtherefore related to the vector j¢in the current loop, which 
representstheenergy perunitareapercoulombof lowingcharge,perunit 

of time, that is being dissipated in that current loop in its loads and losses. 


Slepian vector: Referstothe vectfg in a current loop, which represents 
the energy density per coulomb of flowing charge, per unit of time, that is, 
being dissipated in that current loop in its loads and losses. 
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solid-state parametric oscillator: A parametric oscillator circuit 
employing solid-state devices. A parametric oscillator is a device that 
oscillates by thythmically changing a parameter (such as capacitance or 
inductance, etc.). Simple switching between differing values of the 
parameter is often used to induce the periodic change of the parameter. 
One way of close-looping a COP>1.0 EM system is by using a bit of the 
positive output energy to do parametric switching, in effect converting the 
system to a self-oscillating energy flow system. The AC flow of EM 
energy is then much more easily intercepted, collected, and dissipated to 
power loads without killing the source dipole extracting and furnishing the 
free flow of EM energy from the active vacuum. 


soliton: A "solitary wave" consisting ofa wave pulse which propagates 
without changing its shape and without dispersion. 


source dipole: Any dipole, considered from the viewpoint that real 
observable EM energy continuously pours out of it without any observable 
EM energy input. There is no true “source” as such in nature, since the 
‘energy is not created but only transduced and gated. In the case of the 
dipole and electrical charge as sources of EM energy. fields, and 
potentials, the broken 3-symmetry of the dipole initiates an automatic and 
‘more primary 4-symmetry, where EM longitudinal wave energy flows into 
the negative charge of the dipole from the time domain (complex plane), is 
transduced into normal EM longitudinal wave energy in 3-space, wherein 
the 3-space energy is absorbed by the positive charge of the dipole, 
transduced back into time-energy and reradiated back into the time-domain 
(fourth Minkowski axis). We roughly state that the dipole "emits 
observable EM energy” into all directions in 3-space as observable EM 
energy. However, what actually happens is that this energy 4-circulation 
process is what is emitted into and along 3-space, along every radial 
direction, with the process occurring at every spatial point along that 
direction. Any charge (taken together with its clustering virtual charges of 
opposite sign as a dipole) then inserted at any point in space along a radial 
line, will dipolarly intercept the ongoing process. We will observe the 
interception by its 3-effect on the intercepting and interacting 3-space 
charge, but we will not observe the 4-process itself. This deeper 
examination of the EM field-charge interaction requires a new 
interpretation of what is meant by "propagation of EM energy through 3- 
space”, which is a non sequitur. Recall again Romer’s acid objection to the 
totally illogical picture in every elementary textbook of the so-called "EM 
wave through 3-space” as a flat x-y plane orthogonal to the line of motion 
z, and where the E-field vector is oscillating along one axis while the 
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magnetic field B is oscillating along the other. That representation is, 
totally false, justas pointed out so strongly by Romer. 


spacetime or space-time: The entity represented by the “fused product" of 
space and time, to give "space x time". Spacetime is also dynamic 
geometry, inthegeneralrelativisticinterpretation. Wemayalsoconsider 
spacetime to be a giant potential, and also active geometry, and also active 
vacuum, and also virtual particle flux ofthe vacuum, and also hidden EM 
wave flux. If we wish, we can also consider spacetime to be comprised of 
longitudinalEMwavesandimpresseddynamics. 


spacetimecurvatureengine:Seedeterministicpatternand 
dimensioning, 

special relativity: Einstein's theory ofinertial frames in which, iftwo 
systems are moving uniformly in relation to each other, one cannot 
determine anything about their motion except that itis relative. Each ofthe 
two frames is said tobe "rotated" with respect to the other, but not 
accelerating. The velocity of light in space (the vacuum) is constant, and is 
independent ofthe velocity ofits source and the velocity of an observer. 
Al thelaws of physics are the same in all inertial frames of reference. 


spin: Theintrinsic angular momentum of a particle such as an electron, 
proton, neutron, photon, graviton etc., even when at rest, as ifit were a top 
spinning about an axis, but had to spin 720 degrees before it turned "full 
circle." Spin is quantized, and is always described as a half or whole spin, 

eg. 1, 12,0, 12, 1, etc. A spinning charged particle suchas an 
electron thus demonstrates a magnetic moment, due to the circulation of 
charge in the spinning. In the nucleus of an atom, the spin of the nucleus is, 
the resultant of the spins of the nucleons (particles comprising the 


nucleus) 


spiral galaxy: A member ofthe class of galaxies having arms that extend 
in the form of spirals. About 70% ofall galaxies are spiral galaxies: only 
about 10% ofthe gravity necessary to hold the spiral arms together can be 
accounted for by known gravitational sources. This has led to the 
theorizing ofdark (hidden) matterofexoticandunknownform, which 
would be responsible for the excess gravity. Later it was theorized that 
some sort of "dark energy” might be responsible for the extra gravity. The 
present author has proposed thatthe unaccounted enormous Heaviside 
component of the EM energy flow surrounding every field/charge 
interaction, and notentering into thatinteraction, isthe missingsource of 
theexcessgravity. ThedarkHeavisideenergyflowwasarbitrarily 
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discarded by Lorentz in the 1890s, and it is still discarded today by all 
electrodynamicists and astrophysicist. 


Stoney, George Johnstone: Well-known scientist (1826-1911) who first 
estimated the Value of the electronic charge (1874) and was the first to 
advocate the particle nature of electricity. In 1891, he named the unit of 
electronic charge the electron. In 1896-7 he laid the foundation for 
Whittaker’s 1903 bidirectional wave decomposition of the scalar potential 


string wave or "plucked taut string” wave: The transverse wave on a 
taut string produced when the string is plucked. The string wave itself 
stays on the string and does not travel through the slapped external 
medium, 


subspace: In vector mathematics: a subset of a vector space which is 
closed under vector addition and scalar multiplication operations. In the 
new approach, we may consider the active ambient vacuum as a giant 
scalar potential. This ambient potential then decomposes into longitudinal 
EM waves via Whittaker’s 1903 decomposition. One can then refer to 
longitudinal EM waves deliberately transmitted “inside” that Whittaker 
"subspace" as "subspace communication’. The Fogal semiconductor is 
able to infold normal EM signals into such subspace signals (longitudinal 
EM wave signals) in the transmitter, and to outfold the longitudinal EM 
waves back into normal EM waves in the receiver. Hence the Fogal 
semiconductor can be utilized to perform subspace and superluminal 
communication. These capabilities have been demonstrated by Fogal in the 
laboratory. As this is being written, Fogal is in serious negotiations with 
several large companies for the funding to get his chips into volume 
production and onto the marketplace in very sophisticated and advanced 
equipment representing a great leap forward in technology. There are, 
however, powerful interests who do not wish the Fogal semiconductor to 
ever be produced and marketed. We have worked with Fogal for some 
‘years, and — once the semiconductors are available in quantity — we will 
be developing and marketing COP>1.0 electrical power systems utilizing 
his semiconductors and technology, under license from Fogal. 


superconductivity: Property of some materials or metals whereby at very 
low temperature their resistance reduces to zero. These materials also 
exhibit many additional properties that are anomalous compared to normal 
‘materials. Much research has gone into the attempt to find materials that 
exhibit superconductivity at higher temperatures, with the goal of reaching 
room-temperature superconductivity. Room-temperature superconductivity 
is also just COP = 1.0. EM systems far from equilibrium with the active 
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vacuum, and which exhibit COP> 1.0 at room temperature, may involve 
most of the odd entities also observed in superconducting materials 
(polarons, lattice holes and hole currents, Dirac sea holes and Dirac sea 
hole currents, “charging” by Dirac sea hole excitation, vortices, etc.) The 
energy density in the output section is greater than the energy density input 
by the operator to the input section. Considering the giant negentropy 
mechanism and the dipolarity of the input and output sections, the tempic 
potential ofthe output section ofa COP> 1.0 EM system is greater than the 
tempicpotentialoftheinputsection. Hencethereisatempicgradient 
across the entire system, and a tempic force from output to input. This may 
‘sweep" outa great deal of the produced "superconductivity” entities. and 
particularly may result in a Dirac sea hole current in the vacuum, out of the 
input section back into the external power source, as a novel output of the 
COP>1.0system, Feedback from output to input may also be in the time 
domain, corresponding to what Gabriel Kron referred to as the "open 
path” Byrecombinations and other means, the feedback in the tempic 
domain may be transduced in the input section ofthe device to ordinary 
current in forward time. When the voltage and current inthis transduced 
tempic feedback are properly adjusted to that being supplied from the 
‘external power source, the external source can be disconnected and the 
COP>1.0 system becomes self-powering, while simultaneously powering 
itsloadalso. 


superluminal: Exceeding ¢, the speed of light in vacuum. Longitudinal 
EM waves can travel either slower or faster than the speed of transverse 
wave light in vacuum. See W. A. Rodrigues andJ.-Y. Lu, "Onthe 
existence of undistorted progressive waves (UPWs) of arbitrary speeds 0 < 
soo in nature,” Found. Phys.,27(3), 1997, p.435-508; W. A. Rodrigues 
andJ. VazJr.,"Subluminal and Superluminal Solutions in Vacuum ofthe 

Maxwell EquationsandtheMasslessDiracE-quation, "Adv. Appl. Clifford 
Algebras, Vol.1(8),1997 p.457-466, 


superluminal communication: The movement of intelligent signals faster 
than the speed of light in vacuum, and the transmission and reception of 
such signals and extraction oftheir transported information. Longitudinal 
EM waves are not limited to speed c, whereas transverse EM waves are, 
The infolded electrodynamics inside all EM fields, potentials, and waves 
consistsoflongitudinal EM phaseconjugate wavepairs, withtheir 
impresseddynamics.Hencethis"subspace"'isasuper! 
‘waves, including those moving at superluminal veloc 
a very special kind of "tunneling" which might be referred to as subspace 
tunnelling. Thelimitationto lightspeed rigorously appliestothe modeled 
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transverse EM waves which are a sort of "bulk upheaval” waves similar to 
waves on the surface of the ocean. AS in the ocean wave analogy, 
“pressure” waves underneath the ocean may travel very much faster than 
the bulk upheaval waves on the surface. 


When making longitudinal EM waves, the process is imperfect and the 
resulting longitudinal EM waves will have a transverse residue as well. 
‘The resulting "transverse-noisy” LW is called an undistorted progressive 
wave. Undistorted progressive waves may move slower than the speed of 
light or faster than the speed of light. The degree of transparency of matter 
to LWs is an inverse function ofthe "transverse-noisiness” of the LWs. 


superposition: The simple linear addition and subtraction of two or more 
values, states, etc.; one of the key principles in field theories and in the 
concept of potentials. When the situation is sufficiently nonlinear, 
however, interaction of waves and potentials occurs instead of simple 
superposition, 


supersystem: A higher level or "metasystem" of interactions between the 
classical system, the active vacuum, and the active local curvatures of 
spacetime. Hence the supersystem consists of three interacting 
‘components: (1) the EM system and its dynamics, considered in 
conventional fashion as ifthe local vacuum were inactive and the local 
spacetime were flat; (2) the local interactive vacuum and its dynamics, and 
(3) the local curvatures of spacetime and their dynamics. In component (2), 
‘one must consider the Dirac sea, Dirac holes and hole currents, with 
concomitant potentials and forces impressed on them. In component (3), 
the time-comain interactions (time-energy, time-force, time-potential, and 
currents of energy along the fourth Minkowski axis) must be accounted to 
include negative energy. 


All three components of the supersystem interact with each other. In 
general, the vacuum interactions may be taken fiom particle physics, and 
the spacetime curvature reactions may be taken from general relativity. 
However, this will yield only a rough or "first order” analysis, since it does 
not produce the tri-reactions of all three components at once, but mostly 
reactions between pairs of the components. The concept is easy to 
conceptualize, however, and yields valuable clues and insight in many 
areas, such as chemistry (including biochemistry), electrical physics, 
electrodynamics, thermodynamics, and electrogravitation. It is particularly 
useful in understanding the phenomena encountered in COP> 1.0 EM 
power systems. 


symmetrical regauging: In electromagnetics, changing the scalar 
potential toadifferentvalue,andsimultancously changingthe vector 
potential toadifferent value, withthe two changes precisely selected so 
that the two extra forces (each created by one of the changes) are equal and 
opposite —thus canceling each other'seffect with respectto bulk 
translation and doing no net external work. The two forces remain and can 
perform internal work upon the system. Note that the stressing effect ofthe 
two new forces is not canceled, and that the stress of the system is altered 
apriori, Seeregauging. 


tantalum capacitor: Electrolytic capacitor with a tantalum or sintered- 
sluganode,suchasasolidtantalum,tantalum-foilelectrolytic,or 
tantalum-slugcapacitor, 


targeted pinpoints: Those separated points which engage in elf-targeting 
betweenthemselvesandsomeseparatedsignalenergy source asinFogal’s 
semiconductor). The effect is to sharply narrow the retroreflected source 
signal energy from the source onto the separated points by means ofthe 
‘mutual ping-ponging. In this fashion much more energy density from the 
source can be concentrated on the targeted pinpoints. In effect,phase 
conjugate shooting — the return of the phase conjugate reflected scattered 
energy directly tothe original target emitting the signal wave in pinpoint 
fashion - is evoked. See distortion correction theorem. 


tensor: specialmathematicalentity whichisageneralizedvector 

element of vector space, with more than three components, each of which 

is a function ofthe coordinates of an arbitrary point in space of an arbitrary 
numberofdimensions. 


Tesla, Nikola: Famous American emigre electrical engineer, inventor and 
eccentric (1856-1943), whose numerous inventions fueled much ofthe 
electrical20thcentury-Inessenceheproducedthe ACsystem, including 
polyphase systems. Also, Teslainventedradiotransmission,notMarconi, 
according to a U.S. Supreme Court decision that upheld the prior patents 
of Tesla over Marconi. In his famous experiment, Marconi in fact utilized 
a variation of one of Tesla's circuits. This does not denigrate Marconi's 
‘manyaccomplishments, butjustsetstherecordstraightonwhoinvented 
radio transmission, The impetus tothe development of commercial radio 
transmission technology and the industry itself came from Marconi. 


thermodynamicequilibrium:Stablestateeventuallyreachedbyan 
isolated system or one in a well-behaved active environment. One may 
consider it a "balanced" or "preferred” state. It is important to note that, in 
particle physics, there can be no equilibrium ofa mass system unless the 
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vacuum interchange with that system is considered. Electrodynamics 
mistakenly continues to omit the active vacuum interaction with a 
Maxwellian system, hence is seriously flawed in that respect. 


thermodynamics of open systems: Systems far from thermodynamic 
equilibrium with an active environment are permitted to exhibit five 
"magic" functions. Such a system can (1) self-order, (2) self-oscillate or 
self-rotate, (3) output more energy than the operator himself inputs (the 
excess energy being freely received from the active environment, (4) 
power itself and its load simultaneously (all the energy being freely 
received fiom the active environment), and (5) exhibit negentropy. 


time: In our view, time is spatial EM energy compacted by the factor ¢ 
‘Time thus has the same energy density as mass, but in the time domain 
rather than in the 3-space domain. Also, time is not observable a priori: 
mass is an observable. Time persists since it is persistence itself. No 
observable persists apriori, since observation is a d/dt operator imposed 
upon LLLT spacetime, yielding a frozen LLL snapshot which does not 
even exist the very next instant. When we say "mass exists in time” (or any 
observable continuously persists), we are unwittingly invoking a very 
rapid iterative d/dt operator repeatedly, and recalling these iterative 
sequential "frozen snapshots" or observations fiom memory. One may 
produce and utilize EM energy flow in the time domain, as in 3-space. 
‘Time, being energy and energetic, has tempic potential (energy density), 
tempic potential gradients, and therefore has "tempic force.” The photon is 
composed of both spatial energy and time-energy as its two canonical 
constituents. The lower the frequency, the higher the energy ofthe photon 
‘when the time-energy is considered, since the magnitude of the time- 
component of the photon increases as the spatial energy component 
decteases, and the energy ofthe photon in that case increases as c* times 
the increase in time magnitude, while decreasing linearly proportional to 
the decrease ofthe spatial energy magnitude. When transduction of time 
into spatial energy occurs, ot vice versa, the energy conservation law is 
modified to specify the sum of the spatial energy, time-energy, and mass 
energy. 


time-charge, time charging: Since time is a special highly compressed 
form of energy, then time-excitation or fime-charging also occurs. Also, 
since tempic longitudinal EM waves accompany all longitudinal EM 
waves (per reinterpretation of the phase conjugate half set of the Whittaker 
decomposition), then irradiating a mass with substantial longitudinal EM 
wave radiation will time-charge the mass, exciting it with time-energy. 
‘There are excited states and internal structuring (engines) in time charging. 
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‘much like the excited states and internal structuring (engines) in energy 
excitation ofnormalcharge. WhenthelongitudinalEMwaveradiationis 

removed, the time-charged entity then slowly emits longitudinal EM wave 

radiation as the time-excitation slowly decays via the giant negentropy 
processofthecharges. 


time-energy: Time may be considered as spatial EM energy compressed 
by thefactor c°, See also discussions under time and time charging. 


time excitation: See time charging. 


time-flow generatrix(mechanism): Sinceany observableisafrozen 
nonpersistent snapshot in 3-space, then the common expression "flow of a 
mass through time” requires an active generating mechanism to add time to 
mass, converting it to masstime, whichis persistent. Masstime mtisas 

different frommass m as impulse (Fi) is from force F. The flow of a mass 
through timeis generated by the ubiquitous interaction of photons with the 
mass. This includes all photons, both virtual and observable. Thus for the 
ambient vacuum, there is an ambient flow of time, since there is an 
ambient rate of total photon interaction. The "macroscopic" movement of 
the mass through time is the result of (i) absorptions and emissions of 

observable-sized photons, and (ii) the continuous integration of virtual 
photon absorptions into observable-sized photons. The macroscopic flow 
of time thus has myriads of "sublevels" of infolded time flows and engines. 
Hence the flow of time has a marvelous, internal, dynamic structure. 


time-forward: Refers to the flow of an entity through time in the forward 
direction, as seen by an external observer. Time-forward flow occurs when 
(to the observer) there is a predominance of time-forward photons 
interacting with the body that is moving in forward time. Contrast to time- 
reversal of an object, as seen by the external observer, which occurs when 
(to the observer) there is a predominance oftime-reversed photons 
(antiphotons) interacting with the body that is observed to be time- 
reversed. Pumpingagivenlivingmass (inthenonlinearopticalsense)with 
time-reversed EM waves pumps the object in the time domain. That 
drammatically extendsnonlinear optics, since the pumped living object's 
cells will be observed to slowly reverse back to a previous physical state or 
condition, Sincetime-polarizedEMwavesaccompanyalllongitudinalEM 
‘waves via reinterpretation of Whittaker 1903, pumping a living mass (a 
body) with longitudinal EM waves also pumps it withtime-polarized EM 
waves, time-chargingthe body which continues the pumping in the time 
domain after the longitudinal EM wave radiation is removed. 
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Small cells, on the roadmap for many years but held back by implementation difficulties, such 
as backhaul, are on the verge of large scale deployment, leading ultimately to densities as 
high as ten small cells or more for every macro cell. Paving the way are better wireless 
backhaul solutions, neutral-host capabilities enabled by new technologies, and soon, access to 
mmWave bands. 


Facilitating the capabilities listed above, networks are becoming programmable. Using a 
distributed, software-enabled network based on virtualization and new architectural 
approaches such as Multi-access Edge Computing (MEC) and network slicing, operators and 
third parties will be able to deploy new services and applications more rapidly, and in a more 
scalable fashion. Centralizing RAN signal processing will also play a huge role; depending on 
the deployment scenario, such centralization will increase RAN efficiency and decrease 
deployment cost. 


This paper lists the dozens of other innovations also fueling mobile and cellular technology 
transformation. Together, these transformed networks will mean that for millions, and 
ultimately billions, of people, wireless connections will be the only connections that they need. 
These networks will also provide the foundation for entire new industries, ones not yet even 
conceived 
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time-forward EM wave: A normal EM wave moving in forward time as 
seen by the observer. Otherwise known as the retarded wave. The external 
observer comfortably sees its forward progress as expected. 


time-polarized electromagnetic wave: An electromagnetic wave whose 
vibrations occur in the time domain only. May be referred to in a quantum, 
field theory sense as a scalar EM wave. It is a longitudinal EM wave in the 
time domain. It may also be said to be a longitudinal EM wave in the 
complex plane, since in Minkowski space the fourth axis may be taken as 
-ict. The time-polarized EM wave is indicated in quantum field theory, or 
at least its time-polarized photon is theorized and called a "scalar" photon. 


time-polarized photon (scalar photon): A photon whose vibrations occur 
in the time domain only, also known as a "scalar" photon. This 
polatization of the photon is utilized in quantum field theory. Neither the 
scalar photon nor the longitudinal photon is individually observable. 
However, the combination of the two in the presence of charge is 
observable as the instantaneous scalar potential 


time reversal: For EM waves, the process of forming the phase conjugate 
‘wave. For a particle or a mass, the process of pumping the particle or mss 
with time-polarized EM waves, so that the resident spacetime curvature 
engine in the mass is amplified and phase conjugated, forming a precise, 
amplified antiengine which then slowly time-reverses the mass back to a 
previous physical condition and state. We accent that time reversing a 
single object or single group ofobjects is not the same thing as "travel into 
the past” so popularized by science fiction. For time travel to the past, the 
entire universe and everything in it — except the traveler — would have to 
be time-reversed. That would not seem possible by any stretch of the 
imagination today! On the other hand, time-reversal of a single thing such 
as a particle or a wave — or even a group ofthings such as a group of 
particles or waves — is not only feasible but is readily achievable. A Dirac 
sea hole is a negative energy electron, for example, having negative energy 
and therefore negative mass prior to observation. After observation, it is 
seen as a positive energy, positive mass electron of opposite charge to the 
conventional electron and reacting with fields in opposite direction from 
the conventional negatively charged electron. In shor, after observation 
(interaction with mass) it becomes the positron. 


reversal zone: A region of space in which the majority component of 
the overall time flow mechanism runs backwards, and hence the 
fundamental mechanism generating the flow of a mass through time is 
reversed. The "time running backwards" is due to the predominance of 
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interactionswithantiphotons. Itfollowsthat inthetime-reversalzone 
(TRZ), there isapredominanceofantiphotoninteractionoverphoton 
interaction. Ina TRZ, the law ofattraction and repulsion ofchargesis 
reversed; like charges attract and unlike charges repel. Also, induced 
action by the time reversal forces start inside and throughout an affected 
mass in that zone, originating at every point in that local spacetime zone 
and moving outward. Itthus involves a novel action "from inside to 
outside”, beginning even inside the nucleons, and first affecting the quarks 
‘and gluons. Deliberate useoftime-reversalzonesandtheir subsequent 
decay allows a great new class of dramatic nuclear reactions, including 
simple transmutationand loosely called "cold fusion" reactions, at low 
spatial energy but very high time-energy. High energy physics has 


neglected theuse of time-energy, optingto goforhighspatialenergy. 

Hence the high energy physicists have actually eliminated a much higher 

‘energy physics (at low spatial energy so readily examined on the bench far 
‘more cheaply) than the science they have long developed. 


time-reversed wave: A phase conjugate reflected wave, whichis awave 
‘movinginreversedtime. Sincetheexternalobserver"sees" inforward 
time only - and even then he sees in an iterative series of frozen 3-space 
snapsholt —he observes thetime-reversed waveasa3-spatial wave 
(series ofiterative frozen snapshots)travelinginthe oppositedirectionas 
itsgeneratrix wave front(thesignalwave}. 


topological: Invariant under transformation by continuous mappings, or 
related to the properties of geometric shapes and figures that remain 
invariantundertransformationbycontinuousmappings. 


topological properties: Those properties of a geometrical space that are 
unchanged by continuousdistortionofthespace 


topology: Mathematics ofthe properties of geometricconfigurations 
invariant under transformation by continuous mappings. In short, the 
‘mathematics ofthe large-scale structure ofcurved spaces. 


transverse(withrespecttowaves): Wave oscillatory movement 
perpendicular tothe wave'sprimary directionofprincipal propagation, as 
in the movement of a plucked taut string in a wavelike motion traveling 
down the string but with the oscillations being lateral. Based on Faraday's 
notion that the field lines ofthe electromagnetic field were physical 
material lines (in the material ether) similar to taut strings, Maxwell 
assumed thetransverse wavemodel inhistheory. Theentry oflongitudinal 
waves,into the theory can easily be demonstrated by rhythmically and 
coherently varying the magnitudes of the Lorentz symmetrical regauging 


Ter 


condition, producing "stress potential waves” which are in fact what 
longitudinal EM waves really are. The production ofa longitudinal EM 
wave in 3-space will be accompanied by the simultaneous production of a 
time-polarized companion wave. 


‘tunneling: In quantum mechanics, a phenomenon in which a particle 
penetrates and crosses a small region where the potential opposing such 
passage is greater than the particle's available energy. The phenomenon is 
thought to be impossible according to classical physics, but occurs 
nonetheless. Further, the speed of transit through the "tunneling" 
separation can be superluminal. Tunneling of music between two separated 
points in a waveguide has been measured at more than four times the speed 
of light 


A more extended type of tunneling is the travel of longitudinal EM waves 
infolded inside the normal EM potentials, fields, and waves. Indeed, this is 
a more fundamental electrodynamics, and it can be shown that 
interferometry of this "internal" electrodynamics creates the external 
electrodynamics by a form of longitudinal EM wave interferometry. E.2., 
see M.W. Evans, PK. Anastasovski, T.E. Bearden ef al., "On Whittaker's, 
Representation of the Electromagnetic Entity in Vacuo, Part V: The 
Production of Transverse Fields and Energy by Scalar Interferometry, 
Journal ofNew Energy, 4(3), Special Issue, Winter 1999, p. 76-78. This 
part of the technical basis for the "scalar interferometry weapons 
developed by the Russians after World War II. Today, some 10 nations 
have such weapons, mote are developing them, and even the Japanese 
‘Yakuza has such weapons. 


unified field theory (engineerable): A unified theory ofthe four forces o| 
physics — the electromagnetic, gravitational, strong, and weak forces 
that is not just an intellectual model but which is also engineerable on the 
laboratory bench and in actual physical systems using higher symmetry 
0(3) electrodynamics as a special subset of Sachs’ unified field theory. 


unitary Qe (charge of the electron): Fixed or unit charge q of the 
electron. This notion is held because q is not decomposed into its 
component elements, but treated as if it were an indivisible unit, charge 
and mass and all. The mass ofa fundamental particle at rest is quantized, 
and the massless charge (self-potential) of the particle is discretized as a 
function of the background potential (virtual particle flux density) in. which 
it is embedded or to which it is exposed. In our view the definition ofa 
charge q is q= myb,, at least to first order. (The 6, may be internally 
structured with deterministic "engines", so that one electron need not bo 
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identical to another, in its actions in some cases). The electrical charge of 
the "charged mass 1.” should be taken to be the massless gy component. 
Foran electron, qc = made. The electrical charge of the electron should be 
taken to be the massles 6 component. We note that the charge is also 
structured, since 4. or by decomposes via Whittaker 1903 into a harmonic 
setof EM longitudinal phase conjugate wavepairs. Our reinterpretation of 
this decomposition then yields the solution to the problem of the "source 
charge" and its associated fields and potentials and their energy. The 
massless charge dis a dipolarity and hence a broken 3-symmetry in EM 
energy flow, invoking a more primary 4-symmetry in EM energy flow so 
that EM_ longitudinal wave energy is continuously incoming from the time 
domain, being absorbed by the charge q of which ). is a component, being 
transduced into real EM energy in 3-space, and emitted in all directions in 
3-space at the speed of light, creating the fields and potentials and their 
‘energy that are associated with charge q. Ifa charge (say, an electron) is 
placed in an additional potential $;, then the total massless charge of the 
electron(i.e., its virtual vacuum flux exchange with mass me) is (e*41). 
‘As can be seen, the massless charge ofthe electron (its virtual flux 
activity) has now changed. The electron is then said to be collecting and to 
have collected excess energy (which may be either positive or negative, 
depending upon the sign of 6;). Further, either 0, or (); or both can be 
internally and deterministically dimensioned (structured in Stoney- 
Whillaker-Ziolkowski fashion). When its massless charge (its own 
¢h.) potentialissodimensioned,thenthedimensionedelectronissaidto 
contain or transport an engine or a vacuum engine or a spacetime 


curvature engine. 
vacuum: Space devoid of observable matter. In modern theory, the 
"empty" space is in fact bristling with very rapid fluctuations of EM 
energy, remaining in the virtual state. It is also filled with a violent 
fluctuating flux of virtual particles, appearing and disappearing so quickly 
that an individual particle does not persist long enough to be individually 
detected. Thus the vacuum is extraordinarily energetic, but the energy is in 
very special form (fleeting violent fluctuations and virtual particle flux). 
Nonetheless, because it contains enormous energy, the average vacuum 
may be considered a potential. All potentials then are changes to this 
vacuum potential, or to an intermediate potential which is a change to it. In 
another sense, the vacuum, potential, and spacetime are all one-and-the- 
same thing. This means that general relativity's spacetime curvature is 
ubiquitousand extraordinarily dynamic. The vacuum very near a mass also 
ccan act in some cases as a semiconductor, capable of supporting self- 
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oscillation between the mass and the local vacuum. Considerations of the 
active vacuum and its nature lead to the notion of the supersystem, which 
is comprised of three parts: (1) the physical system and its dynamics, (2) 
the active vacuum and its dynamics, and (3) general relativity and its 
dynamics (since physicists persist in separating the notions of spacetime 
and vacuum). No analysis of any mass system is complete unless an 
analysis of the entire supersystem and the interactions of the three 
components, one with the other, is performed. 


Every charge is "embedded" in the active vacuum by its potentials and 
fields, which themselves are spacetime curvatures and alterations of the 
local vacuum. This is easily seen by q= mgdq, where y is a change to the 
local vacuum potential a priori. In the quantum view, the fields and 
potentials may be taken as organized polarization pattems and dynamics 
(currents) in the vacuum virtual particle flux. 


vacuum engine: Also referred to as a spacetime curvature engine. From 
the particle view: a deterministic internal pattern or template deliberately 
created as a deterministic structuring and dynamics in the virtual flux 
comprising a scalar potential. It can also be created in, and transported by, 
the two scalar potentials that comprise a static or dynamic force field, or a 
moving EM wave in the vacuum. It can also be created in the local vacuum 
potential, in which case it has a "charge-up" creation time and a “discharge 
" exhibiting a sort of "time constant" very much like a capacitor 


Inthe wave view: the vacuum engine is a deterministic internal pattem or 
template deliberately created in the Stoney-Whittaker-Ziolkowski intemal 
biwaves and wave products comprising the scalar potential. Again, it can 
be implanted in the vacuum or in an EM signal as a cartier. The self- 
energy (scalar potential) portion of any electric charge or magnetic charge 
can also be a “cartier” that is conditioned /dimensioned) with a vacuum, 
potential. The process or act of conditioning any of the carriers with 
vacuum engines is called dimensioning that carrier. Russian energetics 
used in secret weapons programs refers to the vacuum engines of a 
dimensioned carrier as the information content ofthe field. Such vacuum. 
engines, e.g., were used in the potentials of the microwave radiation of the 
USS. Embassy in Moscow for several decades, inducing a variety of health 
changes and sicknesses in the personnel of the embassy. Interestingly, all 
these health changes occurred in the field-free regions of the Embassy. 
‘There the field-free potentials existed and were stable and unchanging. 
Hence a body exposed in that region was steadily exposed to the specific 
engine being induced, and time-charged with that engine accordingly. The 
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deterministic set of spacetime curvatures comprising this charge then acted 
upon the cells and body to slowly change it to the damaged or diseased 
condition. See dimensioning, 


vacuum flux exchange: The virtual particle interaction between the active 
vacuum and a mass, particularly a charged particle, 


vacuum’s virtual particle flux: In the particle viewpoint, the quantum 
mechanical vacuum identically is a virtual particle flux. Present physics, 
however, is prone to refer to the vacuum as an implied emptiness 
containing a virtual particle flux, even though that is known to be in error. 
In our view, energy, vacuum, spacetime, virtual particle flux, and dynamic 
geometry are all synonyms. One must note that the ageless contradiction of 
the wave vs. particle view has still not been resolved in physics, even by 
the duality principle. The duality principle is merely an agreement to quit 
fighting,and to feel free to consider a thing a particle in one case or 
circumstanceand a field in another case or circumstance, whichever works. 


vector: In mathematics, an entity completely characterized by a magnitude 
andadirection, 


vector potential: A potential having — at any point in it — both direction 
and magnitude. The direction, e.g., may be linear, curvilinear, or swirling, 
‘The term "vector potential” is often used as the magnetic vector potential 
A. When it is swirling, the magnetic vector potential A may be said to be 
the magnetic field B. However, the swirling mag etic vector potential (the 
‘magnetic field B) may be "bottled up" and contained locally inside a long 
tight solenoid, or inside a toroidal coil, or inside a special nanocrystalline 
material used as a closed transformer core as in the motionless 
electromagnetic generator. In that case nature freely replenishes the energy 
in the surrounding space which would have been occupied by the 
nonrestricted,nonlocalized B-field (curled A-potential) but replenishes 
that space with an uncurled (linearly flowing) magnetic vector potential A. 
This in fact at least doubles the available energy flow available, without 
‘any additional EM energy input by the operator. The well-known 
Aharnov-Bohm effect clearly demonstrates this effect, and it is 
deliberately employed in the motionless electromagnetic generator (MEG) 
of which the author is one of the five co-inventors. Present dictionaries of 
physics and many textbooks are confused as to the definition of magnetic 
vector potential A and its relation to B, many stating that the A is defined 
bythe equation VxA — B, However, no equation is a definition; it is an 
expression of equality of two magnitudes, and not a definition of either 
side. Ifwe substitute themore stringent VA = B, we see that the Vx 
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operator acting upon the A potential is precisely what a B field identically 
is, Hence the A potential exists in two forms: (1) in curled form as 
identically the B-field, and (2) in uncurled field-free form as the linearly 
moving A-potential energy current that has no imposed Vx operator and 
thus has no curl. This makes total sense with VxA = B. 


vector field: Conventionally, the assigning of a magnitude and a direction 
(that is, a vector) to each point in a region of space occupied by a field. In 
our view the field is in fact a change to the active energetics of that spatial 
region, such that the region will interact with any appropriate entity (e.g , a 
charged mass) placed at any point in the region and produce a force upon 
that entity, 


vector zero: See discussion under zero vector. 


virtual antiphoton: An antiphoton that spontaneously appears and. 
disappears, so swiflly that it cannot be individually observed. It is real 
while it exists. Coherent integration of a stream of virtual photons, 
however, adds to produce an observable quantum of energy, which is 
observable in its effects on a charged particle. 


virtual particle: A fleeting quantum particle that spontaneously appears 
and disappears, so swiftly that it cannot be individually observed, so that it 
exists only temporarily. It is real while it exists. The virtual particle does 
not satisfy the usual relation between energy, momentum, and mass 
because it is under the aegis of the Heisenberg uncertainty principle. The 
virtual particle can have any amount of energy momentarily, so long as the 
product ofits energy and the time interval of its existence is less than the 
uncertainty principle's minimum magnitude. 


‘The coherent interactions of large numbers of virtual particles with a mass 
or charge can combine to generate real observable effects (forces). In 
quantum field theory, all forces of nature are caused by the interaction of 
the mass entity with virtual particles. Interaction of a mass with virtual 
photons, e.g., is projected to cause all mechanical and electromagnetic 
forces. 


virtual particle flux exchange: Interaction with o exchange of a flux of 
virtual particles. 


virtual photon: A photon that spontaneously appears and disappears in 
the vacuum so quickly that it cannot be individually observed. 


virtual photon flux: See definitions under flux and under virtual 
particle. For electromagnetics, the vacuum can often be modeled as a flux 
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ce the photons, 


of virtual photons. One gets the virtual charges also, s 
also considered to consist of a positron-electron pair. That is, the photon is 
continually separating into a positron-electron pair, whose particles then 
annihilate each other to form additional photon(s), etc. 
virtual photon flux exchange: The mutual exchange of virtual photons, as 
between the vacuum and a charged mass, or between two colliding masses. 


virtual photon flux of vacuum: In our view, the vacuum identically is a 
flux of virtual particles. For many electromagnetic cases, it canjust be 
modeled as identically a flux of virtual photons, where the word "photons" 


in general usage refers to both photons and antiphotons. 


virtual positron: A positive electron (positron) which spontaneously 
‘appears disappears in the vacuum so quickly that it cannot be 
individually observed. Moreaccurately, inthe4-vacuum,anegative 
energy electron state that spontaneously appears and disappears so quickly 
that it cannot be individually observed. A virtual Dirac seahole. 


Whittaker, Edmund Taylor: Well-known English mathematician and 
physicist, 1873-1956, whomademajorcontributonstomathematicsand 
physics. Whittakerdramatically extended Stoney's earlier work of 1897-8 
‘an authored two papers in 1903 and 1904 giving the basis for the theory 
of scalar electromagnetics (Russian energetics, not including the quantum 
potential portion). His decomposition ofthe scalar potential intoa 
‘harmonic set of longitudinal EM wavepairs, where each pair is a phase 
conjugate pair, may be reinterpreted to solve the long-vexing problem of 
the source charge orsource dipole and its continuous emission of EM 
energy in3-space, providing itsassociated potentialsand fieldsandtheir 
energy. Theproblemwassolvedby thepresentauthor'sreinterpretationin 
that manner, published in 2000. This was later found to be consistent with 
‘quantum field theory as well, by interpreting the observability of the 
combined scalar and longitudinal photon pair as opposed to the 
nonobservability ofeitherthe scalaror longitudinal photon individually 


Work: The changing ofthe form of energy. Onejoule ofenergy whose 
form is totally changed in a reaction, does one joule of work in that 
reaction, However, itis strongly stressed that after that joule of work is 
performed, one still has a joule of energy left to use (with which to do 
additional work). This remaining joule of energy is just in different form 
than was the initial joule ofenergy. So one can do joule afterjoule of work 
from a single initial joule of energy, so long as the energy is not dissipated 
and lost after each change ofits form. In any one single change of form, 
nly one joule of work can be done from one joule ofenergy. So energy is 
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conserved through many changes of form, but work is not. To work in 
COP>1.0 systems, one absolutely must root out from one's consciousness 
the mistaken notion that only one joule of work can be done fiom a joule 
of input energy. One of the places where extra joules of work are 
performed by each joule of energy is that of strong gradients. Strong 
gradients are known and recognized to violate thermodynamics. Work is 
further divided into internal work and external work. 


work, external: The changing of the form of the collected energy of a 
body or system by dissipating it upon an external load o entity is the 
external work done by a body. The changing of the collected energy of a 
body or system by performing work upon it is the extemal work dome upon 
a body or system. 


work, internal: The changing of the form ofthe internal energy of a body 
or system. It may also involve the changing of intemal parts of the system. 


work-energy theorem: In mechanics, a theorem that the change in kinetic 
energy of a particle in motion is equal to the work done by all the forces 
acting upon the particle. 


zero-point energy: The energy remaining at a temperature of absolute 
zero, due to the Heisenberg uncertainty principle and the quantum. 
mechanical theory of an oscillator. Also, the minimum energy of a system. 
due to its quantum fluctuations, resulting from its incessant virtual particle 
activity. Quantum mechanically, no system of interest (including even 
spacetime itself) can have zero energy. The zero-point energy of the 
vacuum is the lowest energy vacuum state, with fluctuations taken into 
account. Even at low energies, quantum fluctuations continually arise, ane 
result in an incessant, extremely rapid, and violent "jttering” ofthe energy 
momentarily present. The minimum energy due to these quantum 
fluctuations is called the zero-point energy 


zero vector: Candidates are: (i) A vector having no length (no magnitude) 
or specific direction; (ii) absence of any and all finite vectors; (iii) 
resultant of a system of multiple, finite vectors whose vector sum has no 
specific direction but may have nonzero scalar magnitude. 


‘The second definition differs drastically from the first. That is, we cannot 
say that a vector resultant zeto has no infolded magnitude, if we consider 
its nonzero components, all of which have magnitude. (See the discussion 
under zero). It only has no net magnitude for translating force. It is, in 
fact, a. stress potential, and it is one with a deterministic internal structure 
or engine. By thythmically and coherently varying each component of a 
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zero vector system, one easily produces longitudinal EM waves., each of 
which is accompanied by a correlated time-polarized EM wave. In vector 
analysis, the zero vector axiom states that any vector v plus a zero vector is 
equal o a zero vector plus v. Note that, being an axiom, this is not proven, 
but just assumed for any zero vector. We very much disagree with that 
blanket axiom; it reduces vector analysis to a highly special single case, 
here all zero vector systems are to be considered equal, and totally 

ictive.” That is true only for bulk translation. In the real world that need 
not be true at all; specifically, it is not true for two different zero vectors 
having different internal structure and dynamics (different internal 

engines), 


There are an infinite number of different zero vector resultant systems, and 
so zero vectors may differ, if their infolded component "substructure" is 
considered. In the real world, things that are vectors very often have 
energy. The energy is infolded and hidden, so that it represents not only (i) 
a local curvature of spacetime, but also (ii) a structured, deterministic set 
(a template) of curvatures of local spacetime. Therefore this zero vector 
system is actually a vacuum engine, Any mass system placed in such a 
potential, will be acted upon in its internal parts by that local vacuum 
engine; in short, it will have internal work performed on its interior. 
Further, the zero vector resultant system is a "stress potential," since it 
doescontain "collected internal energy." 


So between zero vector resultant systems, the “infolded, hidden energies” 

differ dramatically in (i) total infolded and trapped (collected) energy, (ii) 
specific imternal action patterns (templates), (iii) general relativistic 

effects, and (iv) type of engine. Accordingly, the actions the zero-vector 
system induces in an exposed mass may be designed in advance. This is 
vacuum engineering. This spacetime engineering. This is the formation 

and use of engines. It is also one of the bases of Russian energetics. 


‘The'problem is the vector algebra itself. In the abstract algebra, a "vector 
space” Is regarded as an inert thing, where the only actants are the overall 
net nonzero vectors, and there is no interaction between an overt vector 
and a covert set of vectors. The vector space is not allowed to have an 
internal realm, stress, hidden engines, or to interact with the vectors 
representing the physical system. So vector algebra lacks the capacity to 
‘model such higher topology phenomenology. Consequently, for over a 

‘century electrodynamicists — thinking primarily ofspatial translation — 

have routinely discarded such "zero vector systems" as ifthey represented 
the total absenceofany finite vector. This they do, in the unsuitable 
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Exploding Demand 


Two technology trajectories have created critical mass: handheld computing and fast wireless 
connections. This combined computing and communications platform inspires the innovation 
that has produced millions of mobile applications. 


loT is a third trajectory. LTE, and eventually 5G, will connect tens of 
fixed-wireless access could be a fourth. 5G, with expected network capacity a hundred times 
greater than 4G networks, will make wireless connections not only a viable substitute for 
Wireline broadband connections for tens of millions of users over the next ten years, but make 
that broadband connection the only connection that many users need. 


Figure 3: Exploding Demand from Critical Mass of Factors 


4G, 5G, Mobile 
Unlicensed Computing S 
Platforms 


& Networks 


Fixed of 


aut ff) Wireless Things 


yaw Research 


This sex 


n analyzes some of these demand factors. 


Application Innovation 


When planning 4G network technology, who could have predicted applications such as Uber 
and Lyft, which combine location information with mapping and online payment and are 
now disrupting the taxi industry and even challenging notions of private vehicle ownership? 
While some applications of new technology can be predicted, many cannot. 


More efficient technology not only addresses escalating demand, it also provides higher 
performance, thus encouraging new usage models and further increasing demand. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 11 


assumptions ofthe vector algebra. This they do not do, in the real world, 
whether we are aware of it or not. 


‘The common practice in electrical physics of replacing a zero-summed 
system of nonzero vectors with a vector zero indicating a "complete 
absence of vectors” is very much incomplete. This present practice should 
be changed; it has reduced the topology of electromagnetics far too much, 
and gutted vast, important parts of the theory insofar as an extended 
electromagnetics is concerned. The vector zero should be replaced with a 
special organized vector zero system and a dimensioned scalar potential 


‘The interactions of the "hidden" vectors — the engines — should be 
incorporated. By failing to do this, physics excludes the ability to engineer 
electrogravitation, spacetime, the virtual state, local general relativity, fee 
energy, effects at a distance, and the probabilities of the states propagated 
by the Schrodinger equation. It also excludes unification of forces. As 
another more human example, for every cellular disease condition there is 
a specific engine resident in the cells. An amplified antiengine for that 
disease pattern can fairly readily be generated. That antiengine, embedded 
in ordinary EM fields and potentials, can be irradiated into a diseased body 
with that disease, and it will time-reverse those diseased cells slowly back 
to normal. This is actually the basis of the body's own healing system 

the cellular regenerative system studied mostly by Becker. Unwittingly 
using this “antiengine” approach, Priore and a team of French scientists 
provided startling cures of terminal cancers, infectious diseases, clogged 
arteries, etc. in laboratory animals in France in the 1860s and early 1970s. 
‘The work is strongly documented and replicated in the French scientific 
literature, but the work was suppressed in the early 1970s in the change of 
the French government. See our "porthole briefing” on our website 
www.cheniere.org for our extension of the Priore method, for greater ease 
portability, and rapid treatment of mass casualties. 


In the new view, a zero vector may be a system of nonzero vectors that 
vectorially sum or multiply to zero for spatial translation purposes, but 
‘nonzero components may still exist "inside" and dynamically function 
inside the zero-resultant envelope. This substructure can act on nonlinear 
or resonant systems. Any or all of the nonzero components may be time 
varying, or none of them may be. The zero vector system may thus be a 
dynamic engine and a dimensioned scalar stress potential. In addition, such 
a vector zero system is considered to be also a scalar stress potential, 
whose magnitude is equal to the sum of the absolute values of the 
components. In addition, a separate type of stress potential may be 
included for the magnitude of the absolute values of the swirl components 
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(torques). Other associated potentials may be included for the system, 
particularly if the system is in multiple dimensions, if it consists of more 
than one type of virtual particle flux, if several fluxes intercommute, ete. 


zeto vector summation systems: Zero summations of real, nonzero 
‘vectors, so that the real vectors are still present but do not cause spatial 
translation of the exposed mass or charges. Instead, the zero vector 
summudion has an internal structure and dynamics, hence an internal 
engine, Also see discussion under zero vector. 
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Appendix A 
Relation to Equilibrium and 
Disequilibrium Thermodynamics 


"The second law [ofthermodynamies] does not rule out 
the possibility of pushing heat uphill, as it were, from a 
cold object to a hot one, or ofcreating order out of 
disorder. It merely states that such a reversal ofthe 
naturalflow requires an influx ofenergy..." [Raymond 
Serway] (697) 


"Itis in no way possible, either by mechanical, thermal, 
chemical, or other devices, to obtain perpetual motion, 
ive,, itis impossible to construct an engine which will 
work in a cycle andproduce continuous work, or kinetic 
‘energy, from nothing. ” [Max Planck] {698}, 


"What might appear to be empty space is, therefore, a 
seethingferment ofvirtual particles. A vacuum is not inert 
andjeatureless, butalive with throbbing energy and 
vitality. A ‘real'particle such as an electron must always 
be viewed against this background offrenetic activity 
When an electron moves through space, itis actually 
swimming in a sea ofghost particles ofall varieties - 
virtual leptons, quarks, and messengers, entangledin a 
complex melee. The presence ofthe electron will distort 
this irreducible vacuum activity, and the distortion in turn 
reacts back on the electron. Even at rest, an electron is 
not at rest: it is being continually assaulted by all manner 
of other particles from the vacuum." (Paul Davies} {699} 


“Lassert... thatfor the general theory ofrelativity, i.e., in 
the case ofthe general invariance ofthe Hamiltonian 
Junction, energy equations... corresponding to the energy 
‘equations in orthogonally invariant theories do not exist 
atall. Icould even take this circumstance as the 
characteristic feature of the theory of general relativity 


ID. Hilbert] (700) 


"Informulatingthe equivalence principle, Einstein 
actually abandoned the idea ofthe gravitational field as a 
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Faraday-Maxwell field, and this is reflected in the 
pseudotensorial characterization ofthe gravitationalfield 
that he introduced. Hilbert was the first to draw attention 
to the consequences ofthis. ... Unfortunately, ... Hilbert 
was evidently not understood by his contemporaries, since 
neither Einstein himselfnor other physicists recognized 
the fact that in general relativity conservation lawsfor 
energy, momentum, andangular momentum are in 
principle impossible. " {Logunov and Loskutov] {701} 


"No amount oftheory can refute a replicable experiment 
that contradicts the theory. A single replicable experiment 
can refute any theory that is in conflict. That is the very 
heart ofthe scientific method. " (Myton Evans, private 
correspondence 


“Ironly takes a single white crow to prove that not all 
crows are black. ” Anon.] 


“One of the most important principles of physics, that 
disorder, or entropy, always increases, has been shown to 
be untrue. " [BBC News] {702} 


"One of the most fundamental rules of physics, the second 
law ofthermodynamies, hasfor the first time been shown 
not to hold for microscopic systems. .. [The 
experimenters]... found that the change in entropy was 
negative over time intevals ofafew tenths ofa second, 
revealing nature running in reverse. ...But over time 
intervals ofmore than two seconds, on overall positive 
entropy change was measured and normality restored.” 
{Chalmers} {703}, 


"We experimentally demonstrate the fluctuation theorem, 
which predicts appreciable and measurable violations of 
the second law ofthermodynamicsfor small systems over 
short time scales... Our results show entropy consumption 
can occur over colloidal length and time scales. " {Wang 


et al.) (704). 
A.1 Introduction 
For excellent background books on thermodynamics matters, at various 


levels of difficulty, the reader is referred to texts by Gyftopoulos and 
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Beretta (705), Kondepudi and Prigogine {706). Chalidze {707}, and 
Dugdale {708} 


It has long been known in physics that at sufficiently small levels (e.g... 
atomic levels) the second law of thermodynamics does not always hold 
true. Recently, as quoted above, Wang et al. {704} have extended this 
area of permissible violation of the second law to much more appreciable 
times (a few tenths ofa second) and lengths (the micron scale). Without 
further discussion, we note that this places regions and times of negentropy 
well-withincircuitry switching times and interaction with fundamental 
chargedparticles. Hence these experiments are beginning to point the way 
to practical negentropic devices. When coupled with the demonstrated 
continous giant negentropy of a charge (considered with its clustering 
virtual charges of opposite signs), these experiments now strongly support 
the feasibility of practical overunity EM circuits and systems. The 
interested readerisencouragedtocontinuetoreadtheliteraturealong 
those lines, and stay abreast of developments in that field 


In this book we have presented considerable discussion of time-energy 
(ime as a special, highly compacted form of energy). We have also 
discussed the three components ofthe supersystem, including the system, 
the local active vacuum, and the local curvatures of spacetime. All three 
componets of the supersystem interact with each other continuously, and 
such Interactions are not modeled in classical thermodynamics (CTD), 
classical electrodynamics (CED), or electrical engineering (EE). Hence 
‘one should not be surprised that the supersystem model and supersystem 
analysis involve contradictions (actually, extensions) of these three 
models, which are special cases and approximations only. 


AILCOP> 1.0. EM systems result from supersystem component interactions. 
SoCOP>1.0 EM systems are in conflict with CTD, CED, and EE since 
these three models exclude those interactions. 


To falsify any absoluteness ofthe three models considered, one or more 
solid, demonstrable,replicableexperimentsarepresentedtoestablish 
validity of the new higher symmetry approach. This is sufficient to negate 
the conventionally accepted absoluteness of the lower symmetry CTD, 
CED, and EE models. Scientifically, these experiments suffice to 
demonstrate that those three models describe "special-case domains of 
nature" rather than full generalizations ofnature. Itis clearly understood 
that the three models remain very useful and very often quite sufficient, 
just as Newtonian mechanics is useful and often sufficient, without use of 
relativistic mechanics, 
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‘The experiments also falsify any interpretation ofthe three models as 
"proof that COP>1.0 systems are impossible. Accordingly, many ofthe 
accepted statements and assumptions of the three models must be corrected 
for COP>1.0 research, as must be the conventional interpretation that the 
Jaws of nature (as understood based on those three models) prohibit 
COP>1.0 EM systems. This follows directly from the quotation by Evans 
at the beginning of this appendix. Experimental evidence of COP> 1.0 is 
abundant and decisive, such as the many hundreds of routine "negative 
resonance absorption of the medium” experiments as typified by Bohren’s 
paper {709} and experiment and Letokhov’s work {710}. Also, every 
charge in the universe already falsifies all three models, as amply 
discussed in this book. That fact for at least a century has generated the 
source charge problem — the problem ofthe source charge and its 
associated fields and potentials and their energy, reaching across the 
universe. The solution to this problem was published by the present author 
in 2000, based on the experimentally proven and well-established broken 
symmetry of opposite charges, such as are on the ends of a dipole. 


In the extended approach, conservation of energy in 4-space does not 
require simultaneous conservation of energy in 3-space. The concept of 
energy conservation in 4-space does not exist in the three models 
nentioned, which contain only 3-space energy conservation. There exists a 

‘giant negentropy" 4-space energy flow (circulation) mechanism, as we 
developed in this book, and it is experimentally demonstrated by every 
charge in the universe. In a classical 3-spatial energy conservation analysis 
and view, the giant negentropy action may continuously perform useful 
‘work in a system, since it already furnishes all EM field energy and 
potential energy in every system. All 3-space energy conservation is an 
extra condition imposed upon 4-space energy conservation, and that 
condition may be violated at will without violation of the general 
conservation of energy law. 


To the three conventional models mentioned, 4-symmetry in energy flow 
with broken 3-symmetry, will appear to be perpetual motion and a total 
violation of the more limited 3-space conservation of energy law. It does 
permissibly violate 3-space energy conservation, which is just a special 
case a priori. But it is not a violation of energy conservation overall, since 
we are using a more fundamental energy conservation law (4-symmetry) 
than the 3-symmetry used in the mentioned CTD, CED, and EE models, 


In shor, the three models must be extended to provide 4-space energy 
conservation with simultaneous violation of 3-space energy conservation, 
accompanied by simultaneous time-symmetry energy flow violation. The 
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two broken symmetries — of 3-space energy flow and oftime domain 
energy flow — thus act as a special extension of the notion of symmetrical 
regauging, accomplishing it by “equal and opposite-effecting” fields, one 
in the lime domain and one in 3-space. 
Ironically it then follows that what have heretofore been conceptually 
called "perpetual motion machines" with respect to 3-space energy 
conservation are simply attempts — successful or unsuccessful — to build 
analogues of a windmill turning in a free wind and powering a load. In 
short they are attempts to duplicate in systems what every charge in the 
universe already demonstrates unequivocally. Nature's CTD, CED, and EE 
do not prohibit such systems — again, as evidenced by every charge in the 
universe demonstrating exactly such "perpetual motion” (we prefer the 
exact term "giant negentropy") and violation of present human CTD, CED, 
and EE, None ofthe original charges from the beginning ofthe universe 
has slowed and stopped its motion, or stopped pouring out EM energy 
freely, in some 14 billion years or so. And charge may be taken as the most 
basic Maxwellian system. Further, all EM fields and potentials, and their 
‘energy, comes from their source charges. So those so adamant against 
perpetual motion machines should first purge their own three models of 
their assumed perpetual motion machines. If this is done, they will purge 
the three models of all charges, fields, and potentials — and all EM energy 


in the process. In short, the three conventional models used by those same 
skeptles so loudly condemning "perpetual motion machines" will eat 
themselves" by swallowing their own tail, soto speak. 


in short.all three models are easily falsified by every charge in the 
universe, as well as by every EM field and potential, and by the existence 
ofEMenergyitself. 


Either their models must surrender any pretense at absoluteness and accept 
being. useful approximations only, orelse the conservation ofenergy law 
itselfmustbesurrendered. 


Conventional CEM, CTD, and EE have just hidden this appalling fact and 
convealed the serious flaws in the modeling by ignoring what Sen {711} 
reffered to as " the most difficult problem in classical and quantum 

electrodynamics. “We believe it will very difficult to find asingle 
electrical engineering department or professor or text that deliberately 
acquaints electrical engineering students with the source charge problem 
and its implications. 


As anexample,in Chapter 9 we presented an experimentally verified and 
patent-pending method for a special energy conversion method. This 
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‘method is proven on the laboratory bench. With this method, a system 
accepts time-energy and negative energy input, converts it to ordinary 
positive 3-spatial energy, and uses the converted input energy to close-loop 
an EM system far from equilibrium. With that conversion process invoked 
in a governed feedback loop, the COP>1.0 system becomes "self 
powering” (an informal term referring to the system freely receiving all its 
input energy from its active environment). Self-powering, of course. 
involves the system continuously operating and performing useful work, 
analogous to a windmill in a wind and powering a water pump. 
Rigorously, the self-powering COP = 00 EM system becomes directly 
powered by energy from the broken symmetry induced in its supersystem 
component interactions. 


In Chapter 10 we presented the novel concept of the time-reversal zone 
(TRZ), which uses the extraordinary EM energy density of time to reverse 
the Coulomb barrier in nuclear reactions in an electrolyte (712). This 
enables nuclear transmutation reactions at low spatial energy (but at very 
high total energy when time energy is also considered). There are some 
600 successful cold fusion experiments worldwide, in multiple 
laboratories, by multiple researchers, and most of these experiments 
demonstrate examples of the specific nuclear reactions made possible by 
the actions of the TRZ. The time-energy anomalies are directly 
demonstrated in rigorous electrolyte experiments at U.S. Navy research 
facilities at China Lake, as we have also discussed in this book. So the 
experimental results are replicated and well proven. Hence there is 
adequate, replicated experimental demonstration that additional nuclear 
reactions exist outside the conventionally known nuclear reaction model 
Therefore the set of conventional nuclear reaction models also is reduced 
to a special case domain, with any absoluteness of those models already 
experimentally falsified. Either that, or we must abandon scientific model 
where successfully replicated experiments falsify any theory in 
contradiction to the experiments 


In our proposed solution to the source charge problem {71 1b}, we found a 
broken 3-symmetry in energy flow while 4-symmetry is maintained. This 
is a more primary principle of energy conservation. We called this, 
principle "giant negentropy", which is laughably simple to demonstrate 
experimentally, since every charge and dipole in the universe already 
demonstrates it. We showed that such giant negentropy is consistent with 
‘quantum field theory, particle physics, and a slight corrective 
reinterpretation of Whittaker's 1903 decomposition of the scalar potential 
‘The experimentally proven and theoretically justified giant negentropy 
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falsifies any absoluteness ofthe CTD, CED, and EE models in conflict 
with it 


Again, this does not mean that one abandons the CTD, CED, and EE 
models! They are still very useful models in most cases of interest. It 
‘means that these present models are still incomplete, and extended models 
must be developed and used for COP> 1.0 EM system research. It also 

‘means that none of these three models is valid as a prohibition ofthe 
permissibility of COP>1 EM systems. 


All EM energy in 3-space comes from the time domain and returns to it 
Since all three models exclude time-energy and its transduction into spatial 
energy, all three are in conflict with the proven giant negentropy model 

and with the unlimited experimental demonstrations. Accordingly. the 

experimentally demonstrable giant negentropy of the charge and dipole 
strongly points out the inadequacy of the three models and the nuclear 
reaction models, which do not account for time reversal zones, or time- 
‘energy and its transduction into a very large magnitude of 3-space energy. 


In paragraph A.2 below, we briefly discuss some of the fundamental but 
permissibie supersystem violations ofthese older models of CTD, CED. 
and EE, and provide some comments. It is obvious that all three classical 

‘models need very serious updating and extension. We point out that 
exceptions to present thermodynamics models and "laws" already are 
recognized{713}, and work on such exceptions is being performed under 

the heading of extended thermodynamics (714). 


Ineffect, all three models exclude every charge, dipole, or dipolarity in the 
universe - which therefore excludes all matter, fields, and energy - 
somethingcompletely untenable in modern electrodynamics and modern 

physics. Since the fundamental nature ofthe "heat" notion of CTD is 

electromagnetic field energy, and all EM fields and potentials (and their 

energy)areexcluded iftheir source charges are excluded, then heat itself 
is excluded by the three models. That is, CTD is also totally falsified by 

CED'S exclusion ofthe source charge’s demonstrated giant negentropy, 
which in effect excludes heat itself. This is a non sequitur of such 
magnitude that it absolutely requires the complete rework of CTD, CED, 
and EE, 


A.L.1 Features of the Development of Thermodynamics 


In the development of thermodynamics, a few key events of interest are 
listed in Figure A-1 below 
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lected Events in the History of Thermods 15: 


1673 Huygens builds a motor driven by gunpowder 
explosion. 

1690 Papin uses steam to move a piston. 

1712 Newcomen develops a steam engine. 

1723 Stahl popularizes phlogiston and Becher's 
concepts. 

1724 Boerhaave proposes that heat is a fluid, 

1733 Bernoulli publishes a text that is the first truly 
statistical treatment of kinetic theory, and 
publishes an update in 1738. It is almost forgotten 
until 1859, 

1765 Watts invents a steam engine that is more than six 
times more effective than Newcomen's engine. 

1783 Lavoisier points out the weakness of phlogiston 
theory with respect to combustion 

1786 Lavoisier and Laplace provide a Memoir on Heat. 

1789 Lavoisier publishes his Elementary Treatise on 
Chemistry, which presents the law of conservation 
of mass. 

1791 Prevost publishes a theory ofheat and radiation 
exchange. Richter founds stoichiometry. 

1798 ‘Thompson demonstrates the conversion of work 
into heat, in his Enquiry Concerning the Source of 

shich is Excited by Friction. 


1799 experiments seriously challenge phlogiston 


1800 Herschel explores the heating ability of different 
frequencies of light. 

1802 Lussac establishes the thermal expansion of gases, 

1803 Dalton forms his atomic theory of matter, setting 
the stage for atomic chemistry. 

1804 Leslie shows that light and radiated heat have 
similar properties. 

1806 Young formulates a precursor to the modern 
kinetic energy. 

1811 Poisson develops a mathematical theory of heat, 
based on Fourier's work. Avogadro presents his 
law. Berzelius states that electrical and chemical 
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Today's smartphones and tablets, dominated by the iOS and Android ecosystems, in 
combination with sophisticated cloud-based services, provide a stable, well-defined 
application environment, allowing developers to target billions of users. Developers have 
rich platform-specific development tools; web-based tools such as HTMLS; application 
programming interfaces (APIs) for mobile-specific functions, such as WebRTC (Web Real- 
Time Communications); and cloud-based services for applications and application services, 
such as notifications, loT support, and mobile-commerce. 


Of concern to some companies in the wireless industry, however, are current network 
neutrality rules that could possibly hamper innovation. By restricting prioritization, for 
example, the rules seem to fail to recognize that traffic streams from different applications 
have inherently different quality of service requirements. 


Internet of Things 


Current M2M and Internet of Things applications include vehicle infotainment, connected 
healthcare, transportation and logistics, connected cars, home security and automation, 
manufacturing, construction and heavy equipment, energy management, video 
surveillance, environmental monitoring, smart buildings, wearable computing, object 
tracking, and digital signage. Muni ies, evaluating the concept of “smart cities,” are 
exploring how to optimize pedestrian and vehicular traffic, connect utility meters, and 
deploy trash containers that can report when they need emptying. 


Although promising, the 1oT market is also challenging, with varying communications 
requirements, long installation lifetimes, power demands that challenge current battery 
technology, cost sensitivity, security and data privacy concerns, unsuitability of 
conventional networking protocols for some applications, and other factors that developers 
must address. Consequently, the loT opportunity is not uniform; it will eventually comprise 
thousands of markets. Success will occur one sector at a time, with advances in one area 
providing building blocks for the next. 


Cloud-based support platforms and standardized interfaces are essential for development 
and deployment of loT applications. For example, oneM2M has developed a service-layer 
that can be embedded in hardware and software to simplify communications with 
application servers. * 


To address the loT opportunity, 3GPP is defining progressive LTE refinements that will 
occur over multiple 3GPP releases. These refinements include low-cost modules that 
approach 2G module pricing and enable multi-year battery life. See the section “Internet 
of Things and Machine-to-Machine" in the appendix for more details. 


Video Streaming 


Video represents the greatest usage of data on smartphones. Just an hour a day of mobile 
video at 1.0 Mbps throughput, common with YouTube or Netflix, consumes 13.5 GB per 
month. Many streams, now available in high-definition (HD), consume even more data. 


> For further discussion, see Rysavy Research, How “Title 11” Net Neutrality Undermines 5G, April 19, 


2017. Available at http://www.rysavy.com/Articles/2017-04-How-Title-II-Net-Neutrality-Undermines- 
5G.pdf. Also see How Wireless is Different - Considerations for the Open Internet Rulemaking, September 


12, 2014. Available at http:// www.rysavy.com/Articles/2014-09-Wireless-Open-Internet. pdf. 
+ OneM2M home page: http://onem2m.ora/. 
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1819 


1824 


1829 
1334 


1837 


1342 


1343 


1845 


1847 


1348, 


1850 
1851 


1855 


1857 


1858 


forces are the same and that atoms are electrically 
charged. 

Dulong and Petit show an empirical law on the 
specific heat of solids. 

Camot studies the thermal efficiency of machines, 
introduces reversible transformations, and 
‘generates the foundations of thermodynamics in 
his "Reflections on the Motive Power of Fire", 
Coriolis defines "kinetic energy”. 

Clapeyron presents the first version ofthe second 
law ofthermodynamics, based on steam engine 
studies. 

von Suerman experimentally verifies Clapeyron's 
version of Carnot's equations. 

Mayer equates the conservation of energy law and 
shows the equivalence between heat and 
mechanical energy. 

Waterston anonymously publishes an accurate 
Kinetic theory of gases. It is essentially ignored. 
Waterston submits a beautiful paper on the kinetic 
theory of gases to the Royal Society. It is rejected 
and ignored for more than 40 years, until finally 
resurrected by the President of the Royal Society 
Helmholtz generalizes the conservation of energy 
law for mechanical, caloric, electric and magnetic 
energy. 

Lord Kelvin introduces the absolute temperature 
scale. Joule finishes establishing the exact relation 
between heat and mechanical work; his work is, 
almost ignored, 

Clausius states the second law ofthermodynamics. 
‘Thomson derives the second law of 
thermodynamics based on Carnot's work. 

Rankine publishes Outlines ofthe Science of 
Energetics. 

Clausius establishes heat as energy distributed 


among particles. 
Clausius introduces the idea of the mean free path 
ofa colliding particle. 
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1859 


1860 


1860 


1861 
1865 


Kirchhoff establishes the thermodynamic 
foundation of radiation theory, and completes the 
basic radiation theory in 1862 

‘Maxwell provides studies in kinetic theory of 
‘gases and gives the distribution of molecular 
velocities. The paper, "Illustrations ofthe 
Dynamical Theory of Gases,” was read in 1859. 
Maxwell shows a discrepancy between experiment 
and the kinetic theory of diatomic gases. It was not 
resolved until the early stages of quantum theory. 
Kirchhoff advances the notion of the blackbody. 
Clausius, Rankine and Kelvin provide the concept 
and definition of entropy. 


1860-1877 Boltzmann and Gibbs provide the 


1867 


1874 
1377 


foundations of statistical classical mechanics. 
‘Maxwell publishes On the Dynamical Theory of 
Gases, his major work on the kinetic theory. 
‘Thomson points out the reversibility paradox. 
Boltzmann defines entropy in terms of 
probabilities. 


1873-1878 Gibbs publishes several important papers, 


1879 


on thermodynamics, widely influencing scientists. 
Boltzmann establishes the relation between 
radiation intensity per unit area of a blackbody, 
and the absolute temperature. Stephan formulates 
the "Stephan-Boltzmann law" Ry = oT", 


1879-1899 Discoveries of various laws and effects, 


1900 


1905 


1906 


1909 


particularly at the micro level. 
Planck proposes the quantum ofaction and derives 
the correct radiation spectrum for blackbodies. (He 
published the definitive paper in 1911). 

von Smoluchowski and Einstein independently 
investigate Brownian motion, Einstein publishes a 
paper on the photoelectric effect. 

Nernst advances his heat theorem, where at 
absolute zero temperature both heat capacity and 
entropy change go to zero. This is later recognized 
as the "third law of thermodynamics’ 

Einstein corrects Planck's blackbody derivation. 
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1910 Perrin experimentally validates Einstein's 
calculations on Brownian motion, providing a 
strong argument for the existence of atoms. 

1911 Rutherford proposes the nuclear model ofthe atom. 
Sackur points out the need for an absolute 
definition of entropy. Nernst’s experiments provide 
strong support for the new quantum theories. 

1925 Born, Heisenberg and Jordan formulate quantum 
mechanics from matrix algebra. Einstein points out 
that the analogy between quantum gases and 
molecular gases is complete; photons and 
molecules have both wave and particle 
characteristics. 

Figure A-I. Key Events in the History of Thermodynamics 
up to the Development of Quantum Mechanics 


During the early period ofscience,acontinuing struggle between various 
notions of esoteric fluids and fluid flow occurred. French scientist 
Lavoisier (1743-1794), regarded as the father of chemistry, is identified 
with the concept of heat as an invisible fluid, which he named "calori 
The notion was that one drove this invisible fluid — this calorie — out of 
‘a material by some action such as mechanical friction or combustion. This 


produced the "manifestations" of what was loosely called "heat". In short 
calorie was considered to be "heat" which was itselfan esoteric fluid. In 
his famous Treatise {716), published posthumously, atoms were still in 
dispute. However, Lavoisier listed the known elements, and included light 
and heat as elements. Asimov pointed out (717} that Lavoisier had 
eradicated one inponderable fluid, phlogiston, but it was only partly 
through his influence that caloric, just asfalse, remained in existence in 
the minds of chemistsfor a halfa century. " 
Caloric dogmatically existed in the minds of scientists deeply into the 
nineteenth century, until Maxwell and Boltzmann produced theories that 
strongly supported the concept of atoms as the building blocks of matter. 
In the late 1790's, Count Rumford (Benjamin Thomson) showed that the 
supplay of heat that could be “driven from matter” was unlimited, which 
totally contradicted the caloric theory (718}. Yet the notion of calorie 
persisted until Maxwell's theory eventually killed it, once application of 
that theory showed that heat was comprised of EM energy 
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‘The fundamental ansatz of thermodynamics was formed and solidified 
before the advent of modem physics, and even before Maxwell's theory of 
electrodynamics, and before heat was known to be electromagnetic energy. 
It has unjustifiably retained an aura of "absoluteness” and dogma, even 
though its foundations concepts are based on outdated notions already 
scientifically falsified as far as any absoluteness is concerned. As Mallove 
states {719}: 


“Iris astonishing to realize that many modern conceptions 
(or laws’) in the science ofheat— thermodynamics — 
‘arose during the nineteenth century, aperiod ofutter 
confusion about the fundamental nature ofkeat. How 
could it have been otherwise, given that the very existence 
‘ofatoms was still in question! One sees the shakiness of 
the claim that the laws ofthermodynamics had reached a 
state of nearperfection’ in the twentieth century...when 
they infact rested on this veryflawedfoundation. " 


During that formative period, the notion of the conservation of energy was 
also being searched for, as if in a thicket of brambles. For some time, any 
notion of energy conservation was seen as directly contradicted by caloric, 
and — in formulating the heretical notion that energy is conserved — 
pioneers such as Mayer (720} were severely castigated. 


In 1850 Clausius resolved the conflict between caloric and conservation of 
energy in a seminal paper (721) 
Mallove {722} explains how the theory developed from there: 


"In onefell swoop Clausius ‘scooped’ Kelvin and cast into 
precise form both the First and Second Laws of 
Thermodynamics — energy conservation, and the limit of 
the Carnot efficiency.” 


Clausius’ statement of the Second Law is: "It is impossiblefor a self-acting 
‘machine, unaided by an external agency, to convey heatfrom one body to 
another ata higher temperature. " 


In 1851, Thomson (Lord Kelvin) stated the Second Law as: 


“Iris impossible, by means ofinanimate material agency, 
10 derive mechanical effectfrom any portion ofmatter by 
cooling it below the temperature ofthe coldest ofthe 
surrounding objects.” 
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In 1865 — the same year that Maxwell published his seminal paper in his, 
electrodynamics (723} — Clausius derived entropy and showed the two 
laws of thermodynamics expressed in the same way as the old caloric 
theory. Clausius used the concept of "entropy" to represent the “dissipated 
potential”. Inapublic speech with the title "The Entropy ofthe Universe 
Tends to a Maximum,” Clausius included how thermodynamics requires an 
eventual heat death for the universe. His view was that 
"The energy ofthe universe remains constant (first law), 
while entropy increases." (724) 
We stress that the notion ofthe flow of EM energy through space did not 
originate until the 1880s, when Heaviside and Poynting formulated it 
independently. Neither relativity — with its notion of a combined 
spacetime - nor the Minkowski space had been born. Neither had 
quantum mechanics, quantum electrodynamics, quantum field theory, etc 


For a succinet and very useful listing of the major developments in the 
history of thermodynamics and statistical mechanics, one is referred to the 
work of Biggus (725). 


A.1.2 Inadequate Fundamental Definitions in Thermodynamics 
In the view we take in this book, energy is the all-important concept, in all 
its forms, no matter how esoteric. The interactions of energy with matter 
must therefore be extended to include all known energy interactions, not 
just those prescribed by CTD or CED. Consequently, two fundamental 
definitions of thermodynamics are faulted by the supersystem concept. 


First, thermodynamics defines an open system as one that is open to the 
exchange of energy and mass across its boundary. No concept or 
discussion of virtual energy, virtual mass, time-energy, or multiply 

connected space effects is included. Further, mass is actually a special 
form of energy, and hence this definition only prescribes the exchange of 
energy across the system boundary. 


Second, thermodynamics defines a closedsystem asa system with no mass 
exchange across its boundaries, but heat (energy) exchange is permitted. 
This definition has been a non sequitur since general relativity was 

established in 1915, and also since caloric (heat) was identified as energy 
rather than a thin material fluid that was forced or beaten out of matter by 
doing work on the matter. Since then, energy and mass are also known to 
bethesamething,asestablishedby generalrelativity. Wheneverthe 
energy of a system changes, its mass changes a priori. So a system thought 
of as “closed to any mass transfer across its boundaries" still undergoes 
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‘mass change due to the exchange of energy across its boundary. Further, 
the definitions of "closed system” and "open system" are not nnutually 
exclusive. As an example, a system exchanging energy but not mass across 
its boundary can be classified as a "closed system’, and also as an “open 
system’ where normal exchange of mass is blocked but the mass of the 
system still changes as the systems absorbs and emits energy. 


Rigorously, even the energy of a system cannot individually change in 
space, without first invoking 4-space change! Instead, the "energy x 
time" — the action — of the system is what moves and changes in 4-space, 
Observation applies a d/dt operator, resulting in a 3-space energy observed 
as having already happened or been fixed. 


‘The modern view of gravitation is that the energy in mass generates the 
gravitational field, not the mass per se {726}. Also, mass is an observable, 
hence it is a continuously recurring 3-spatial snapshot that does not even 
continuously exist as mass, but alternately as mass and masstime. The 
assumption of the continuous existence in mass is falsified by the quantum 
mechanical nature of observation itself; hence all three models — CTD, 
CEM, and EE — are falsified. 


Nonetheless, let us continue to use the conventional notion of "flow of 
energy" and "flow of mass” for convenience. 


‘The thermodynamic definition of "open system’ ignores the state in which 
mass exists as "masstime”, No "change of mass”, flow of mass, etc. occurs. 
Instead, masstime can flow or change, but mass is an observable and thus 
frozen 3-space snapshot at one instant. Time is “outside” any 3-space 
material system, hence when mass becomes masstime, it already 
"exchanges across the system boundary”. For a mass merely to continue to 
exist requires the exchange ofmass across the 3-space system boundary. 
Indeed, only "masstime” can be changing, so in failing to consider 
masstime, the definition is falsified as it stands, in its very assumption of 
"continuous change of mass” when there is no such thing in all of nature. 
‘As stated, a similar consideration applies to energy. which does not and 
cannot "continuously exist in 3-space” at all, and cannot continuously 
change. Also, time is highly concentrated energy as we develop in this, 
book, and time certainly "exchanges across the boundary” of any mass 
system. Time may be taken as a sort of "multiple connection” in space, 
since in theory each point in space is said to "exist simultaneously” in the 
same time-point. 


With quantum potential connection, external energetic processes may be 
"superposed instantly in multiply-connected space” with one or more 
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points of the “closed system". Hence, if there exist processes in the system 
to transduce time-energy into 3-spatial energy — as in the well-proven 
cold fusion experiments — matter changes including nuclear 
transmutations can and do occur. Then the "system closed a 
motional exchange through 3-space" (which does not even concretely 
exist) is not closed against mass changes at all. 


To eliminate the mass-change effects of energy transfer across the system 
boundary, the present thermodynamic definition of a closed system must 
be completely recast into what thermodynamics presently calls an isolated 
system ~ one in which neither energy nor mass is exchanged across the 
system boundary. No such system exists in the universe, since merely to 
exist it has to be open to continual energy exchange between time and 
3-space domains, mass has to continually interchange between mass and 
masstime, andenergy hastocontinually interchange betweenenergy and 
(energy x time). The blunt truth is that only open systems exist in nature, 


All systems are open systems in their supersystem interactions, and they 
can and do exchange time-energy and mass changes due to spacetime 
curvatures and active vacuum changes. Any local spacetime curvature 
made by an energy change in a system or nearby, also reacts back upon the 
system from its local curved spacetime environment. It may react ina 
totally energetic fashion, or it may react to produce mass in the system (as 

in pair production). In the book we pointed out that the supersystem 
components external to the system can also interact in the system to 
eliminate mass (as when a Dirac hole combines nonradiatively with a 
Dirac election). 


Finally, the notion of an "open system” as one in which energy and mass 
both can be exchanged across the system boundary must be extended to 
include a system which can also exchange time-energy, spacetime 
curvature energy, virtual particle flux activity and energy, and other 
supersystem effects across the boundary. Further, the notion that a "closed 

system” can be open to energy exchange but not mass is totally falsified in 

‘modern physics’ virtual particle exchange between environment and 
system, Virtual mass — which is physically real — is continually 
exchanged across the system boundary. Though each virtual mass particle 
is individually unobservable, coherent summations are observable, 


To properly evaluate the conventional thermodynamic definitions of open 
system, closed system, and isolated system, simply select and use 
physics model containing only one fundamental unit, the joule. Now all 
basic entities are made of energy and functions of energy. So all basic 
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entities are forms of energy; e.g., both mass and time are special forms of 
energy. As presented previously in this book, to even “exist in time” a 
system is continually exchanging and transducing 3-space energy and time 
energy, across its boundary at an enormous rate. Every system is an open 
system, a priori, and the thermodynamic "closed system” is a non sequitur. 
The thermodynamic "isolated system’ is revealed as the early attempts to 
deal with observation; i.e., the observed system as a series of frozen 
3-space snapshots (effects), each stripped from a 4-space ongoing process 
at a single moment by the observation process d/dt (LLLT) = LLL. Each 
snapshot is an isolated system (Which is what observation produces). Now 
we understand that this "isolated system” existed only at a single frozen 
instant, continually recurring, and never existed continuously in time at all, 


So in view of today's physics, the old thermodynamic "isolated system" 
concept is an early attempt to deal with observation of the system without 
input or input (without dynamics, hence frozen). "Closed system” is a non 
sequitur since mass is energy and energy is continuously exchanged across 
the system 3-boundary in several forms. Both virtual mass and virtual 
energy are continuously exchanged across the system boundary. It follows 
that the only type of system existing continuously in nature is the open 
system. The other two "types of thermodynamic systems" are at best only 
approximations for special cases. 


Under modem physics and the new definitions, we conclude that there is 
no such thing as a truly closed or isolated system continuously existing in 
the universe. Hence that very definition disappears, asfar as any 
absoluteness. Iti retained only as a usefil approximation in special cases, 
when the more esoteric mass effects and energy effects are intentionally 
omitted or negligible, and only classical effects are of importance. Any 
scientist dogmatically objecting to COP>1.0 EM systems on 
thermodynamics grounds alone, simply reveals his lack of knowledge (or 
lack of acceptance) of modern physics. 


This is similar to the situation existing between Newtonian mechanics and 
relativistic mechanics. We can still use the Newtonian model for many 
practical matters, since the relativistic effects are often small and nearly 
inconsequential. Similarly, the present CTD concept of "closed system" 
‘now assumes that kind of relationship to one class of open systems in 
which the mote esoteric reactions are negligible or inconsequential. But 
rigorously, all systems are now open systems, removing a gross non 
sequitur in CTD which is especially violated by COP>1.0 EM systems 
including every charge in the universe. 
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This is a correction to both equilibrium (classical) thermodynamics and 
disequilibrium thermodynamics. Unfortunately the two disciplines have 
continued to use the same (old) definitions for closed system and open 
system. Hence both equilibrium and disequilibrium thermodynamics at 
present are useful approximations, and their "laws" must not be 
misinterpreted as “absolute”, Thermodynamics remains a very useful 
‘model, but further development is also indicated. Indeed, presently such 
scientific development and extension of the thermodynamic model is being 
done under the heading of "extended thermodynami 


A.2Comments on Problems with Thermodynamics 
Quoting, from Kondepudi and Prigogine (727). 


‘Every system is associated with an energy and an 

entropy. When matter undergoes transformation from one 

state 10 another, the total energy remains unchanged or is 

conserved; the total entropy, however, can only increase 

or, in idealized cases, remain unchanged." 
The absoluteness of that statement is falsified by the solution (12} of the 

long-vexing probleminCEDofasource charge andits associated fields 

and potentials. The observable charge is a charged mass and thus a 
Maxwellian system. It is also a thermodynamic system, meeting the 
present erroneous definition of a "closed system" utilized in both 
equilibrium and disequilibrium thermodynamics. No observable mass 
crossed the system boundary, although virtual mass continually crosses it, 


‘The charge is "fed" by a more esoteric energy input in disordered form (the 
virtual particle flux energy of vacuum), yeti outputs ordered observable 
EM energy spreading radially outward at the speed of light across the 
universe. Thechargeincreasesandsustainstheorganizedenergydensity 
of a volume of space depending on the radius ct, where 1 is the time since 
the formation of the charge and c is the speed of light in empty space. This 
continous outflow of observable energy is a continuous and giant 
negentropy,exhibitedbyeverysourcechargeanddipole. Whenpositive 
charge, negative charge, polarization of space, and both positive and 
negative energy are considered, what is spreading is precisely a reordering 
of the active vacuum — in short, a giant and increasing negentropy. Since 
the universe is filled with charges, this is a natural process continuously 
‘ongoing everywhere in the universe. 


Re-quotingSerway(697): 
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\Me second law [ofthermodynamies] does not rule out 
the possibility of pushing heat uphill, as it were, from a 
cold object 10 a hot one, or ofereating order out of 
disorder. Itmerely states that such a reversal ofthe 
naturalflow requires an influx ofenergy..." 


Our comment is that any mechanism by which the system receives extra 
usable energy in forward time, or is time-reversed, enables the system to 
permissibly violate any narrow interpretation of the second law of 
thermodynamics. The second law was formulated in accord with forward 
time assumed, and with the old definition of "closed system", which 
erroneously permitted energy exchange but ignored the mass effects of 
energy exchange. Therefore, the second law is a special case for 
equilibrium in its energy exchange with its active environment, but 
effectively allowing its own negation anyway, and it always has. In the 
new approach with altered definitions, all EM systems are open systems, 
and they may also be brought into disequilibrium (in excited states or 
potentialized condition). Thus in theory all systems are permitted to violate 
the second law.particularly when broken symmetries in their supersystems 
are involved. This is especially true of EM systems, where all the EM field 
energy and potential energy in the system— even in the matter itsetf— 
comes from the active vacuum environment (particle physics view) by 
means of the broken 3-symmetry of the source charges and dipoles. The 
condition of 4-symmetry in energy flow exchange together with broken 
3-symmetry and t-flow symmetry, is a disequilibrium condition and an 
excited state. Every charge and dipole already exhibits this state and the 
giant negentropy condition. 


To first order, then, one may say that the present second law assumes no 
broken 3-symmetry or broken tflow symmetry in energy flow, while 
violation of the second law assumes broken 3-symmetry and broken tflow 
symmetry. 

Quoting Serway {728}. 


“Thermal equilibrium is a situation in which two objects 
in thermal contact with each other cease to have any net 
energy exchange due to a difference in their 
temperatures.” 
Our comment is that net energy exchange — to include time-energy 
exchange and negative energy emission, absorption, and transduction 
are not modeled in thermodynamics and are arbitrarily excluded in the 
‘quoted statement. Since both are exhibited experimentally, the statement is 
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See the Appendix section “Data Consumed by Video” for a quantification of data consumed 
by video for multiple usage scenarios. 


‘An increasing number of video applications adapt their streaming rates based on available 
bandwidth. By doing so, they can continue to operate even when throughput rates drop. 
Conversely, they take advantage of higher available bandwidth to present video at higher 
resolution. Fortunately, application developers are becoming sensitive to bandwidth 
constraints and are offering options for users to reduce consumption. 


Nevertheless, video can consume so much data that cutting the broadband cord at the 
same time as the television cord is not possible for most consumers. With 5G's massive 
increase in capacity, however, an increasing percentage of users will use wireless 
connections as their only broadband connections, including for all their entertainment 
needs. 


Cloud Computing 

Cloud computing inherently increases data consumption because it requires 
communications for all operations. Examples include data synchronization and backup, 
cloud-based applications (such as email, word processing, and spreadsheets), automatic 
photo uploads, and music and video streaming. 


5G Data Drivers 


Futurists can predict some 5G applications, but many others will arise as industries evolve 
or come into existence to take advantage of new network capabilities. Some potential 
applications of 5G include: 


| Ultra-high-definition, such as 4K and 8K, and 3D video. 


| Augmented and immersive virtual reality. Ultra-high-fidelity virtual reality can 
consume 50 times the bandwidth of a high-definition video stream. 


@ Realization of the tactile internet—real- 
enabling a vast array of new applications. 


ime, immediate sensing and control, 


@ Automotive, including autonomous vehicles, driver-assistance systems, vehicular 
internet, infotainment, inter-vehicle information exchange, and vehicle pre-crash 
sensing and mitigation. 


| Monitoring of critical infrastructure, such as transmission lines, using long battery 
life and low-latency sensors. 


@ Smart transportation using data from vehicles, road sensors, and cameras to 
optimize traffic flow. 


Mobile health and telemedicine systems that rely on ready availability of high- 
resolution and detailed medical records, imaging, and diagnostic video. 


Q Public safety, including broadband data and mission-critical voice. 


@ Sports and fitness enhancement through biometric sensing, real-time monitoring, 
and data analysis, 


Q Fixed broadband replacement. 
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falsified as far as being absolute. Instead, it is a special case and a useful 

approximation when some of the esoteric energy considerations are 
negligible. 

Quoting Serway again (729) on the zeroth law of thermodynamics: 


“objects A and B are separately in thermal equilibrium 
with a third object, then A and B are in thermal 
equilibrium with each other." 


A corollary is stated by Serway (730) as: 


"..two objects in thermodynamic equilibrium with each 


other are at the same temperature. " 


Our comment is that these statements are true ifthe time-energy exchange 
is identical among all three. Otherwise, they are not necessarily true. It is 
not generally true, e.g., for a system in an accelerated frame. Also, the 
zeroth law is not necessarily true if negative energy (and/or its 
transduction is involved with one or more of the objects. 


An example: A and B are at the same temperature as C, as measured by a 
thermometer. But A is also emitting negative energy, which is being 
absorbed byB.to maintain A and B at the temperature of C. A and B are 
not in real thermal equilibrium in their supersystem interactions, even 
though they are at the same macroscopic temperature. A second example: 
A is emitting negative energy to maintain its temperature, while B and C 
are not. The supersystem of A is not in real thermal equilibrium with the 
supersystem of either B or C, even though the observed temperatures of A, 


B and C are the same, 
Quoting (731)on what is meant by the term "heat" 


“heat is treated as anotherform ofenergy that can be 
transformed into mechanical energy. ".... "The word heat 
should be used only when describing energy transferred 


{from one place to another. That is, heat flow is an energy 


wansfer that takes place _as_a consequence oftemperature 
difference only," 


QuotingLindsay andMargenau (732) 


"A complete statement ofthe first law comprises two 
assertions: (a) heat is a form ofenergy, (b) Energy is 


conserved. 
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‘The statement in (a) that heat is simply a form of energy is misleading, and 
the statement in (b) that energy is conserved must be expanded to include 
total energy, not just heat and the presently accounted forms of energy. 
Specifically virtual particle energy, time-energy, and energy from the 
curvature of spacetime must be included, 


More correctly, heating is a form of energy disordering or energy 
scattering. AS previously pointed out, entropy itself was and is conceived 
as the dissipation (irretrievable loss) of potential energy. Heat thus would 
be the process of energy disordering, which means that heat is a form of 
the process of entropy (loss of control ofthe energy). Note the strong non 
sequitur with the notion that heat is energy. Heat cannot logically be both 
energy and the dissipation ofenergy. The concept of energy (its mete 
presence) is not identical to the concept of scattering of energy or transfer 
of energy, but the concept of heat is identical to it. The thing is not 
identical to something done to the thing or to transfer of the thing to 
another place. A form of scattering of order is not a form of ordering. 
Transfer of heat is a transfer of disordering of energy, not the transfer of 
energy per se. Hence, considering heat as simply "heat energy" is a 
fundamental non sequitur of classical thermodynamics, and remains so to 
the present day and in the present textbooks. For an example of strong 
support of this position, see Romer {733}. Quoting {734}: 


"The workdone on (or by) a system is a measure of 
energy transfer between the system and its surroundings, 
whereas the mechanical energy (kinetic or potential) is a 
consequence ofthe motion and coordinates ofthe system. 
Thus, when you do work on a system, energy is 
transferred from you to the system. ... one can refer only 
to the work done on or by a system when some process 
‘has occurred in which the system has changed in some 


way. 


Our comment: Consider a system which "ping-pongs” the energy it 
receives from the environment, between two parts of itself. In each part, 
the form of the energy is changed by that interacting part and that does 
work upon the part. But the new form of energy remaining after the work 
was done in that component isnot lost but is ping-ponged to the other 
component, where it does work upon that component, and so on. In this 
case, each joule of energy input from the environment does more than a 
single joule of work, with the work performed being limited only by the 
ability of the system to sustain and contain the "ping-ponging”. There is 
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work but no entropy ifthe energy doing the work (changing its form) is 
not lost from system control! 


There is no law of "work conservation” in nature, and a joule of input 
energy can do more than one joule of work (as in this example) if 
repetitive changes of its form are considered. Thermodynamics arbitrarily 
excludes such cases, and hence is incomplete. Again, the conventional 
perception ofthe absoluteness of thermodynamics is falsified. It models a 
special case where the energy can be “used” to do work only once, and 


then all control ofthe new form of the energy (it is all still there, just in a 
different form) is lost. 
For a particular substance, the heat capacity C is usually defined as the 
‘amount of heat energy needed to raise the temperature ofthe sample being 
tested by one degree Celsius. This definition assumes only one "use" of the 


energy 10 perform work in the substance, and completely ignores 
"multipass,multi-use” of the energy to perform more than one joule of 
work from one joule of input energy. As an example, ifan equal amount of 

positive and negative energy is steadily input, then no amount ofthe 
positive heat energy input component would raise the temperature at all 
‘The moder active vacuum, with a local energy density in the region of 
10” or more grams per cubic centimeter (expressed in mass units). 

nevertheless is harmless to living systems immersed init, Ithas equal 
positive and negative energy densities, and so normally inputs the same 
‘enormous amount of positive and negative energy in its overall 
interactions with a living system, 


‘The first law of thermodynamics is usually written as 
AU = Ur—U, = Q-W ul 


This is a highly special case, which does not include time energy 
transduction (spatial energy transduced into time energy and vice versa), or 
energy transduced from the active vacuum via the broken symmetry ofan 
electrical system in continuous exchange. The definitions of work and heat 
have to be changed and drastically extended, 


‘As an example ofa legitimate exception, when time-energy Te is, 
transduced into available spatial energy inside the system, we have 
AU Up-U, =Q + Te (Wo + Wi) (21 


where Wy) is the energy that was dissipated in the system losses without 
doing useful work and W), is the energy leaving the system but doing 
useful work in a load L. (Q + 1) represents the total net energy entering 
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the system, while (Wp + Wz) is the total energy leaving the system, either 
as losses or to do usefull work in the load. Here we are also incorporating 
virtual energy under the title oftime-energy, since both time and virtual 
energy are unobservable, and virtual energy "exists in time” 


Now suppose Q entering the system, and collected for use in it, is freely 
furnished from the active vacuum via the broken symmetry of the 
electrical system's dipolarity. Suppose Ts. is spatial energy freely 
transduced from the time domain by ongoing processes in the system, and 
thus Ty also enters the system freely. Then suppose that the system 
processes are deliberately adjusted by the operator so that 


(Q+Te)= (Wo + Wi) BI 
In that case, 
AU=Ur-U, = 0 4] 


yet continuous loss energy WD is escaping fom the working system, 
useful work W), is continuously being done in the load, and useful energy 
(Q + Tz) is continuously entering the system from the active environment 
(the active vacuum and the local curvatures of spacetime). This system is 
totally permissible in nature (and is already operating in every charge and 
dipole in the universe). It is an example of an open system far from 
equilibrium in 3-space energy flow, but in equilibrium in 4-space energy 
flow. Yet it is artificially excluded by classical thermodynamics. 


Classical thermodynamics thus excludes every charge and dipole in the 
universe, and therefore is an extraordinarily curtailed model. Itis a 
special case approximation having no absolute authority as a proper 
limiting model of EM systems. 
‘The first law of thermodynamics for infinitesimal changes may be stated as 
dU =dQ- dW (5) 
Following the previous reasoning, for involvement of time-energy 
transduction (with virtual energy included) we have 
dU = dQ + dT: — (Wo + dW) (6) 
If dQ and dT are freely received in the system fiom the active vacuum and 
local curvatures of spacetime respectively, and if 


dQ + dT: = dWy + dW fal 


then 
du=0 [8] 
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So with no change in its internal energy at all, the microsystem or 
microprocess is receiving excess energy continuously, and also is 
continuously emitting energy that is doing useful work with some losses. 
‘The system is in fact in energy 4-flow equilibrium, and doing useful work, 
without the operator inputting any ofthe energy. 


So the corrected standard statement of the first law allows an equilibrium 
system to steadily produce output work W, ifits "energy input Q" is freely 
received. The firstlawofthermodynamics, properly extendedand 
reinterpreted, does indeed admit “electrical windmills” operating in free 
electrical winds. 


Now turning to the second law. In effect, the second law prescribes those 
processed in nature —more exactly, in the prescription ofthe first law — 
that may or may not occur. It is a law of limitation. It states that, ofall the 
energy conversion processes permitted by the first law, only certain types 
of energy conversions can take place. A priori, the validity of its 
prescription depends totally on the nature ofthe functions involved in the 
system considered! However, since we dramatically extended the first law, 
using neww processes experimentally determined to take place, then we 
have automatically extended and changed the second law because we used 
experimentally proven functions. The old second law is now revealed as a 
special case,with no absolute limitations. The perception that it prescribes 
absolute limitations has been falsified. Itis still useful, however, but to be 
careful one must completely re-examine (and possibly rework) the second 
law whenever the energy functions of a system are changed. We strongly 
stress that the second law is a conditional law, and its application is totally 
dependent upon the system energy functions behaving in the limited 
manner assumed by the second law. Whenever the energy functions ofthe 
system are changed outside those assumed by the second lav, the second 
law is permissibly invalidated for that system. In short, in that case the 
second Iaw is simply a totally inadequate model for that system, and 
cannot be used as any sort of criterion for stating the "permissibil 
impossibility" ofthatsystem. Asananalogy, amodel specifying scalars 
only cannot be applied to a vectorial system as a decisive logical criterion 
orrestriction, 


QuotingSeray {735} 


"From an engineering viewpoint, perhaps the most 
important application [ofthe second law] is the limited 
efficiency ofheat engines. Simply stated, the second law 
states that a machine capable ofcontinuously converting 
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thermal energy completely into otherforms ofenergy 
cannot be constructed.” 


Our comment is that, if we believe that energy is conserved in the entire 
universe, then the universe itselfalready violates Serway’s statement. If we 
consider the seething virtual particle flux energy of the active vacuum as a 
special form of thermal energy, then every charge and dipole in the 
universe already is a heat engine that falsifies the second law of 
thermodynamics. The charge and dipole continuously absorb this special 
form of thermal (virtual flux) photon energy, and also continuously 
convert it into real, observable photon emission in 3-space. This is 
negentropy on a giant scale, already demonstrated by every charge and 
dipole and thus experimentally falsifying the present second law. 


Classical thermodynamics also assumes ineversibility. While many of the 
physics models and equations prescribe reversible reactions, 
thermodynamics takes the view that events occur with a much greater 
probability in one direction in time than in the other. This of course is 
usually bome out in our perception of the gross observable universe 
around us. However, charge conservation alone requires equal amounts o| 
charge and time-reversed charge. With the nearly ubiquitous time-reversed. 
charge and charge conservation, it follows that some factor not accounted 
for in thermodynamics is operating in the universe. And so itis, but it is a 
general relativistic factor. We shall use a biological example of the cellular 
healing mechanism we discovered in the living body {736}, extending 
Becker's work and Priore's work. 


Normally most processes do not involve deliberate net transduction of 
time-energy into spatial energy, nor do we model and account for the 
specific set of ongoing interactions between every part of the system and 
its concomitant set of spacetime curvatures acting back upon it. Call that 
set of spacetime curvatures the resident spacetime curvature engine and its 
dynamics, oust its engine for short. The engine is comprised of 
structured energy and energetics, and it is already experimentally 
demonstrated in nonlinear phase conjugate optics that energy can be time 
reversed. The engine's spacetime curvatures act directly upon the mass- 
energy dynamics ofthe system. Time-reversing the systems operation is a 
‘matter of producing a sufficiently amplified, phase conjugated engine to 
‘act in reverse upon the physical system and overpower its resident engine, 
In that case, the thermodynamic system and its functioning can be made to 
run backward 
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In fact this is the fundamental mechanism used by the body's own cellular 
regenerative system to heal its damaged cells. To a limited degree, the 
body is able to “pump” its cells in the time-domain (with time-energy), 
thus producing an amplified "phase conjugate energy and engine 
dynamics" 


Pumping a living cell with time-energy is interesting. The resident engine 
serves as the "signal input wave" in conventional nonlinear phase 
conjugate optics, and the output time-reversed engine (the amplified anti- 
engine) serves as the "phase conjugate replica wave". A sufficiently 
simplified anti-engine acts upon the cell and all its tiniest parts, time- 
reversing all energetic operations in exact phase, proportion, and timing. 
‘This is themechanism for thermodynamic reversibility. It is also the 
"secret" to eventually reversing aging. 


This action is upon all the energetics of the cell and its parts, including the 
mass-energy and mass-energetics as well. 


‘The result of the action of the anti-engine is to slowly time-reverse the 
‘damaged cell and all its parts back to a previous state and dynamics. 
Electromagnetic amplification of the process was unwittingly 
‘demonstrated by Priore {737} and by Becker (738}. We refer the reader to 
our website {739} and to our “porthole briefing” for pertinent technical 
information, and for a most important extension and great simplification of 
thePriore/Becker _approachand methodology 
Present classical thermodynamics does not consider or model the reaction 
of local spacetime curvatures and their dynamics upon the system. Hence 
all time-domain pumping that occurs is occurring rather randomly in each 
and every microscopic part ofthe system. In short, there is no organized 
anti-engine, and an organized anti-engine is whatisrequired fortime- 
reversing the system's operations back to a previous state. However, by 
mimicking, thebody nd pumping the physical processinthe time-domain, 
withsufficientpumpingaprecise, amplifiedanti-enginewillbeformed 
‘and act upon the system— any system. The applicability is limited only 
by the state ofdevelopment ofthe appropriate time-pumping technology. 
Intheory andasexperimentally demonstratedunwittinglybyPrioreand 
by Becker), this anti-engine can and does overpowerthe residentengine. It 
can in fact time-reverse the pumped physical processes in the system itself. 
Sotheclassicalthermodynamicsassumptionofirreversibility forheat 
engine energy processes is not absolute but only provisional. Specifically, 
it assumes no overall time-domain pumping process that provides a precise 
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anti-engine and time reversal ofthe system energetic process of concem 
and its dynamics. 


Ifthe second law is extended to encompass and model the new concepts 
such as broken symmetry and time-energy, then the extended second law 
will encompass reversible heat engine processes, Maxwell's demons, 
COP> 1.0 electrical systems, COP» 10 electrical systems (electrical 
windmills), time-reversal of the dynamics, reversibility of that which has 
been irreversible, etc. 


As given by Kondepudi and Prigogine, the third law of thermodynamics 
essentially states {740} that 


at the absolute zero oftemperature the entropy of 
every chemically homogeneous solid or liquid body has a 
zero value.” 


This is also known as Nernst’s heat theorem, after W. Nernst who proposed. 
it in 1906. The third law states that 


S>0asT>0 (9) 


Certain violations of the third law are already known, E.g., C=O: carbon 
‘monoxide molecules can align in various ways in a crystal, so there is 
entropy associated with C=O crystals at 0°K. In this case, A and B are 
equally probable and the following equation can be used to calculate the 
entropy (called residual energy) 


Sn [1/2In(1/2) + 1/2in(1/2)] = -nRin2 [10] 


From the new viewpoint, the definition of T = 0° is open to change. 
Rigorously, the present third law assumes no local broken 3-symmetry of 
the vacuum’s flux exchange with the system, and it also assumes no broken 
time-energy flow symmetry. In the new approach, both these symmetries 
‘can and are broken by every charge while a higher 4-symmetry is 
maintained. This leads to a giant negentropy, so that the "calculation of 
entropy” via Nemst's theorem fails. A fundamental charge at T= 0° thus 
continues to exhibit giant negentropy, in total violation ofthe third law of 
classical thermodynamics. Hence the third law is also devoid of any 
absoluteness, and it is reduced to a special case statement. It remains 

useful where the more esoteric energy interactions are negligible. 


We have now demonstrated (by citing actual substantiating experiments) 
that all the laws of CTD are falsifiable insofar as being absolute. Hence 
they have no absoluteness. Instead, they are special case models and 
“approximation laws" only. They remain very usefil and applicable, 
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However,so long as the more esoteric energy interactions of the 
supersystem do not play a major role in the system operation, 


We conclude that the present form of classical thermodynamics and 
disequilibrium thermodynamics are special case models — as indeed is 
every model, by Godel’s theorem and proofalone — with no absoluteness. 
‘They do not prohibit COP>1.0 EM systems, nor can they necessarily be 
used torule out COP>1.0 EM systems, 


This also falsifies all current arguments that COP>1.0 EM systems violate 
either the first, second, or third law of classical thermodynamics. Calling 
COP>1.0 systems "perpetual motion machines of the first, second, and 

third kind", according to which law they supposedly violate, is a total non 
sequitur-Indeed, every original charge in the universe has already 
demonstrated just such "perpetual motion” for some 14 or so billion years 

andhappily violates all three laws ofthe present CTD. Every charge is in 
violation ofthe "laws" ofthe present models of CTD, CED, and EE, and it 
is still in motion and still freely pouring out EM energy. We have no 
abillity to examine the notion of "perpetual" past the entire past existence 
of the universe 


All three models examined — CTD, CED, and EE — are seriously out of 
date and in need of revision and extension, because any absoluteness of 
their predictions and assumptions is already falsified by actual experiments 
and examples. Some work is already ongoing to extend thermodynamics, 
but is not nearly extensive enough. A thorough overhaul ofthe very 
foundations is what is needed for all three models. The three models 
remain useful as special case approximations, but their received use to 
arbitrarily rule out COP> 1,0 EM systems is dogma, not science because 
such use is already experimentally refuted by every charge in the universe. 
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Appendix B 
Maxwell's Demon: Alive and Thriving 


Introduction 
ITHERE is a long history of discussion over "Maxwell's demon’, a fictitious 
being that Maxwell proposed to "sort" molecules striking a barrier between 
two volumes of gas initially at the same temperature. By intentionally 
opening a trap door between two for hotter, more energetic molecules to 
pass through from the left side to the right side, but shutting the door for 
lower lemperature molecules so that they are retained on the left side, 
eventually a temperature gradient would “freely” exist between the two 
reservoirs. In theory, then, if one had the demon working "for free”, one 
‘would be able to utilize the temperature difference between the reservoirs 
to perform free work. Then one could repeat the demon's sorting 
procedure, toobtainmorefreeworkagain. Andsoon. 


The prevailing discussions have ignored the main feature: the fact that the 
demon is part of the "extemal environment" (ie., not under control ofthe 
system, and operating independently of any energy input by the operator). 
‘Maxwell’'sdemon represents an analogy to the system's environment 
fumishing free energy (free ordering and sorting). A lot of breath and 
‘mental gyrations have gone into the discussions overthe years, with very 
little concrete experimental examination. The prevailing concept in 
science, which still adheres to the "absoluteness” of the second law of 
thermodynamics, isthatMaxwell'sdemonisimpossible. 


Recently, the former editor of Nature, Dr. John Maddox, wrote a very 
clear emeritus editorial on Maxwell's famous demon, repeating the 
standard conclusion that such is not possible. Since there are specific 
‘examplesin physicsof whatcanbe called experimentallyproven 
‘Maxwell’sdemons," the presentauthorpreparedarespectfulcommentary 
to Nature to refute the standard erroneous thesis in the interest of science. 
since experiment is supposed to be decisive in physics, we hoped that 
citing overwhelming experimental proof would be sufficient. It wasnt. 


Almost symbolically (i.e., “free the demon!”), I submitted the commentary 
to the editor by I -mail on the evening of July 4, 2002. The very next day I 
received rejection (not too unexpected) by E-mail with no further 
discussion accepted. So I wrote a polite note in response, and then posted 
my commentary note on my website. 


Some of these applications are already being addressed by 4G, but 5G's lower costs, higher 
throughputs, and lower latency will hasten realization of their potential 

Specific industries expected to take advantage of 5G include manufacturing, healthcare, 
media and entertainment, financial services, public safety, automotive, public transport, 
and energy utilities. ° 


Global Mobile Adoption 


Figure 4 shows the often-cited Cisco projection of global mobile data consumption through 
2021, measured in exabytes (billion gigabytes) per month, demonstrating traffic growing 
at a compound annual rate of 47%. 


Figure 4: Global Mobile Data 2016 to 2021° 


isco Global Mobile Data 


Exabytes (Billon Billion Bytes) 
perMonth 
8 


2016 © 2017_«2018_- «201920202021 
Year 


Figure 5 shows another data projection, predicting 45% annual growth in data for the 
2016-to-2022 period, resulting in eight-fold growth. 


5 For further insight, refer to the Ericsson white paper, The 5G Business Potential, February 2017 
Available at httns://www.ericsson,com/en/networks/insights/the-5q-business- potential 


© Cisco, Cisco Visual Networking Index: Glabal Mobile Data Traffic Forecast Update, 2016-2021, February 
2017. 
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In this appendix, I include my E-mails ofboth 4 July and 5 July 2002, and 
then include the commentary that was submitted. The reader can read the 
cited emeritus editorial in Nature, and then decide for himself or herself 
whether experiment still rules the day at Nature where COP>1.0 and 
COP = co EM systems are concemed. 


E-mail to Nature 4 July 2002, submitting the Commentary. 
Dear Editor: 


Attached is a significant commentary on John Maddox's excellent emeritus 
editorial on Maxwell's demon, titled "Slamming the Door," Nature, 417, 
27 Jun. 02, p. 903. 


Fomns of Maxwell's demon are very much alive and thriving, and 
experimentally confirmed, as we develop very clearly in this commentary. 
They are unwittingly used widely in electrodynamics, though seldom 
recognized 


Most sincerely, 
‘Tom Bearden, Ph.D., Magnetic Energy Ltd. 

E:mail to Nature 5 July 2002, submitting a comment on the rejection 
Dear Ms XXX: 

‘Thanks for the prompt reply. 


Since Nature will not be publishing the note, I have now posted it on my 
‘website (some 80,000 hits per day from all over the world). It can be seen. 
at http:/hvww.cheniere.org/articles/maxwells%20demon.htm 


‘This is a respectful article, and I just thought the experimental information 
needed getting out there to the scientific community. I also understand you 
cannot discuss it further. I only wish to note that itis based on cited 
replicable experiments, which are supposed to be the decisive thing in 
science and scientific method, It seems a bit odd that you would not 
publish the results of several replicable and replicated experiments that 
falsify a prevailing theoretical thesis and conclusion. Nonetheless, I 
respect the wishes of Nature, and I do enjoy the Journal each week, 


Best wishes, 
Tom Bearden, Ph.D. 
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Withindays of this rejection, the paper by Wang et al. (741) was 
published, extending the known physics "Maxwell's demon” regime (i.e., 
where the second law of thermodynamics is known to be violated) from 
the atomic scale and very short periods oftime, to the micron scale in size 
and timeup to a few tenths of a second, 

Here is the rejected commentary I submitted to Nature. 


Maxwell-type demons are alive and thriving 


‘The recent emeritus editorial by Maddox on Maxwell's demon [742] is a 

short overview of one historical aspect of would-be negentropy. but much 
greater thought on the subject needs to be given. Indeed, Maxwell's demon 
is alive and thriving, but just in a different form not requiring a nimble- 
fingered microscopic being. We now discuss such experimentally proven 
demons. 


Consider the prevailing ansatz that Maxwellian systems outputting more 
EMenergy than the energy input by the operator or experimenter are 
impossible. Such proposed systems are said to constitute examples of 
forbidden perpetual motionmachines because they violatethe second aw 
of classical equilibrium) thermodynamics. That prevailing ansatz has been 
falsified in classical electrodynamics since the 1880s, and in particle 
physics for 45 years, but eerily it is stil the prevailing scientific opinion 

nonetheless. 


‘The ansatz can be experimentally disproved in classical electrodynamics as 
follows: Lay a charged capacitor or electret on a permanent magnet so the 
field of the capacitor or electret is at right angles to the H-field of the 
magnet. That optimizes S = f(E x H), and hence optimizes the continuous 
flow of Poynting EM energy from that simple device, even though the 
fields, seem to be "static". As Buchwald states (743], "[Poynting’s result] 
implies that a charged capacitor in a constant magneticfield which is not 
parallel to the electric field is the seat ofenergyflows even though all 
‘macroscopic phenomena are static. " 744] This simple device will freely 
pour EM energy indefinitely. so long as it remains intact. 


We consider a special but universal kind of related Maxwell's demon 
problem: the vexing problem of the source charge, sometimes called "the 
most difficult problem in classical and quantum electrodynamics.” [745] 
‘Any charge pours out observable EM energy continuously in all directions, 
at thespeed of light, with no observable EM energy input. This continuous 
flow of EM energy establishes the charge's related fields and potentials 
and their energy, reaching even across the universe for very old charges. In 
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the classical electrodynamics (CED) model and therefore in electrical 
engineering, there is no solution to this problem because CED does not 
model nonobservahle EM energy inputs such as the virtual particle flux 
exchange of the charge with its vacuum environment, 


With no solution available in CED, then the present CED and electrical 
engineering assume that every charge in the universe freely and 
continuously creates energy out ofnothing, and pours it out in all 
directions, forming its associated fields and potentials and their energy. 
Either we must solve the problem in the classical EM model, or totally 
surrender the conservation of energy law in the model in its present limited 
form. Or —as is presently the case — we may continue to ignore it, as has 
been done during the 45 years since the proof of broken symmetry in 
particle physics [746]. 


(On the other hand, particle physics models and utilizes virtual energy in 
the seething vacuum, including the interactions of the vacuum with charge, 
With the 1957 experimental proof of broken symmetry by Wu et al, [746] 
certified by the award of the Nobel Prize to Lee and Yang later that same 
year, one of the proven broken symmetties in the vacuum virtual energy 
exchange is the asymmetry of opposite charges, such as are on the ends of 
a dipole. For a dipole or dipolarity, then by the very definition of broken 
symmetry something virtual has become observable. We diverge for a 
‘moment, and then will return to this proven asymmetry of the opposite 
charges of the dipole. 


Ifwe take the modem view of the bare charge clustered by virtual charges 
of opposite sign, then the magnitude ofthe bare charge in the middle is 
infinite (including its energy) and so is the magnitude of the charge of the 
clustering virtual charges. [747] So for an "isolated observable 
charge" we actually have a sort of “infinitely powerful dipole”. Yet the 
difference between these two infinite values of charge is finite; itis, 
routinely calculated as the observed charge of an elementary charged 
particle, the value that is listed in standard texts and handbooks. 

‘The asymmetry of this “opposite composite charges” model of the 
"isolated observable charge” now explains the long-vexing source charge 
problem. The observable “composite” charge continuously absorbs virtual 
photon energy from the seething vacuum exchange, transduces it into 
observable photon energy excitation, and this excited state continuously 
decays to emit real observable photons in all directions at the speed of 
light. When virtual energy input as well as observable energy output is 
accounted, the charge’s proven asymmetry in the vacuum exchange makes 
the source charge an open system far from equilibrium in its active 
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environment. As an open disequilibrium system the charge is 
thermodynamically permitted to (1) self-order (hence coherently integrate 
absorbed virtual photon energy into observable photon energy). (2) self- 
oscillate or self-rotate (spin), (3) output more energy than the "operator 
inputs (the operator inputs none at all), and (4) exhibit negentropy. Every 
charge in the universe is already doing those four functions. It is also a 
system having a COP (coefficient of performance, or useful energy output 
divided by the operator's energy input) of COP = oo, since the operator 
inputs nothing, 


Inshort,every charge in the universe already is a special kind of known 
laxwell’s demon", whose operational mechanism is long since proven in 
particle physics but does not appear in classical electrodynamics or 
electrical engineering. It is a dependable Maxwell's demon, since all 
charges in the original matter in the universe have been pouring out real 
EM energy freely, using this asymmetry mechanism, for some 14 billion 
years, and they continue to do so. Further, any charge one assembles inthe 
laboratory instantly starts up its Maxwellian demon performance 
automatically, and twill continuously pouroutEM energy inall 
directions indefinitely, so long as the charge remains intact. So this demon 
is easily created and demonstrated experimentally. The Maxwell's demon 
forfreelyextracting copious EM energy from the vacuum is one of the 


easiest entities to invoke in all of physics 


This is not a violation of thermodynamics, since classical equilibrium 
thermodynamics with its infamous second law does not apply because the 
charge is far from equilibrium in its exchange with its active vacuum 
environment. Although the COP = oo, the efficiency ofthe charge system 

defined as the useful energy output divided by the total energy input 
from all sources — is never more than 100%. Hence this is not a perpetual 

‘motion machine, and the charge rigorously does not create energy; itonly 

transduces energy input to it in a novel form. In this case, the charge can 
permissibly act as if it were a free electrical windmill turning in a novel 
free electrical wind due to its asymmetry in the vacuum flux. 


So every charge in the universe exhibits COP = on, clearly proving that 
Maxwell's demon inanimproved formexistsandisthriving throughout 
the universe. There would be no EM fields and potentials and their energy. 
and hence no electrical circuits or power systems, were it not for this 
asymmetry of the charge in its virtual energy exchange with the vacuum, 
‘making the charge a true Maxwell's demon. 


™ 


In the usual CED model and electrical engineering, the 1867 L. V. Lorenz 
symmetrical regauging (later credited to H. A. Lorentz) {748} of the 
equations carefully selects only those Maxwellian systems that have two 
simultaneous equal and opposite disequilibria with their active 
environment. This assumes that the potential energy of the system is freely 
changed twice (by gauge freedom), but only in such highly selected 
manner as to form two equal and opposite new "free" force fields in the 
system. These two forve fields perform internal work inside the system 
continuously, increasing its stress (and its stress potential, thereby curving 
local spacetime). Since there is no net resultant force field, the two force 
fields are unable to translate electrons in the circuit to do free external 
work in the extemal load, So the symmetrically regauged Maxwellian 
system has been altered: its energy has been changed twice, forming a 
stress potential inside it and increasing and maintaining that stress on the 
system, and the frame ofthe system has been somewhat rotated out of the 
laboratory frame. The symmetrically regauged Maxwellian system most 
decidedly is not identical to the system prior to regauging. 


We note merely that the common Lorentz symmetrical regauging 
unwittingly assumes two Maxwell's demons of yet different kind, each 
freely fueled from the local vacuum environment, and each continuously 
performing intemal work upon the system to produce and maintain system 
stress 


Gauge freedom is thus revealed as a special kind of Maxwell's demon, 
since (1) it assumes that the potential energy of a system can be fieely 
changed at will at any time, and (2) unless we abandon the conservation of 
energy law, that energy change must have involved energy exchange with 
the external environment. So the gauge freedom axiom of quantum field 
theory assumes two specialized Maxwellian demons — i.e., mechanisms 
for transfer of energy between environment and system, so as to 
continuously perform intemal work upon the system. In this case the two 
demons are equal and opposite, and fight each other to a draw insofar as 
performing any useful external work. 


Oddly, in present electrical circuits the ubiquitous but arbitrary closed 
current loop circuit — passing all spent current from the external circuit 
back through the source dipole in the generator against the dipole's badk 
emf— self-imposes Lorentz regauging of excitation discharge in the 
circuit and prevents COP>1.0 functioning. This is not required by 
thermodynamics in general! Indeed, several areas are already known to 
violate present thermodynamics. Sharp discharges (strong gradients), for 
example, are known to violate it. {749] Other known areas where 
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thermodynamics is violated include rarefied media, and anomalous 
memory effects in materials. Modern research is being conducted in such 
areas under the heading of "extended thermodynamics". [750]. 


Since experiment and not theory is primary in science, let us consider 
some additional actual Maxwell demon experiments. The well-known 
negative resonance absorption of the medium" produces more output 
energy than the operator inputs totheexperiment, with hundreds ofthese 
experimentsdone every year routinely by many nonlinear optical 
laboratories. Asan example, Bohren’s version of such an experiment [751] 
commonty outputs 18 times as much EM energy as the operator input 
exhibiting COP = 18, Independent replication of Bohren’s work by Paul 
and Fischer [752] is reported in the same journal issue. 


Added to the charged capacitor lying on a permanent magnet, there thus 
exist plenty of proven, replicated experiments which can be easily 
performed to demonstrate a Maxwellian demon operating in a Maxwellian 
system and freely producing COP>1.0, or even COP = 00. Because ofthe 
demon (the operational mechanism), these experiments all involve open 
systems far from equilibrium with their active environment. Hence they 
are not limited by the second law of classical equilibrium thermodynamics, 


In short, Maxwell's demon is very much alive in many forms and is 
thgiving after all, It has just been hiding in different form than what is 
usually suspected, 
‘TE. Bearden, Ph. D. 

MagneticEnergy, Lid 
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system, It follows that, ifwe use the equivalent time) energy of the 
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density of those nuclear reactions now seen only in distant energetic 
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physics community, and what is presently being done in the high-energy 
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using 3-space (decompressed) energy is just a bit short of the energy 
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of the compressed energy can only appear in the f variable portion, See 
Chapter 2. 
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(b) —and Dennis Cravens, U.S. Patent No. 5,607,563, 


53. Ironically, as suppression of innovative research in science 
increases, science may eventually face tuming into the kind of dogmatic 
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case of cold fusion, then it is very close to that debacle that can spell the 
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64. This area is now referred to as ovonics, where the "ov" is directly 
taken from "Ovshinsky". The materials have found use in copy machines. 
fax machines, liquid crystal displays, and optical memory disks. 
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sustainable and renewable energy field, including amorphous silicon cells, 
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66. nthe other hand, many scientific disagreements are conducted in 
quite proper and gentlemanly fashion. An example is the continuing 
decades of argument over energy flow theory, in Am. J. Phys. The 
problem has still not been officially resolved: we would hope that the 
‘material in this book will shed new light upon it, by pointing out the exact 
difference between the long-neglected nondiverged component as well as 
the diverged component, and also pointing out what Lorentz’s trick of 
closed surface integration of the energy flow vector really does. 


67. It follows quite naturally that, once we compress spatial energy by 
 , we may place the compressed energy in 3-space, in which case it is 
known as "mass", or we may place it in the time domain, in which case it 
is known as "time". Ifthat cannot be done, then physics errs in using time 
as a variable on the fourth axis, and fundamental units are not arbitrary 
after all 


68. Eg., see D. K. Sen, Fields and/or Particles, Academic Press, 
London and New York, 1968. p. viii. Quoting: "The connection between 
the field and its source has always been and still is the most difficult 
problem in classical and quantum electrodynamics.” 


69. See T. D. Lee, "Can Time Be a Discrete Dynamical Variable?” 
Phys. Lett, 122B(3, 4), Mat. 10, 1983, p. 217-220. Lee showed that time 
is a discrete dynamical variable across the entire range of mechanics: from 
classical to nonrelativistic quantum mechanics, and then to relativistic 
quantum field theories. In all stages of mechanics, time can be treated as a 
discrete parameter, and it can be treated as a bona fide dynamic variable, 
Hence time has dynamics and structure, and therefore energy. 


70. E.g., one may assume that the entire virtual state is an intemal 
structuring and dynamics existing inside the macroscopic flow of time. 
The virtual state dynamics obviously exists in spacetime (which is 
assumed to be continuous), but we also consider any "virtual particle” 
(e.g., a virtual electron) as if't had been suddenly "observed" momentarily 
That assumes d/dt (LLLt) => LLL, a frozen 3-space snapshot. However, 
since that cannot really be observed, then we are actually considering 
something analogous to "if we could observe something in spacetime that 
cannot be observed in space alone”. The only place left for it to 
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lobservably exist anyway, if we could in fact observe it” is time, ifspace is 


ruled out. 
71. Itis necessary to trace the energy transductions and dissipations 
inside the generator. Ignoring those internal dynamics, the casual observer 
sees that one inputs shaft energy to the generator, and out comes some 
electromagneticenergy in the external electrical circuit, pouring from the 
‘gnerator terminals. We catch a lesser amount out there in the external 
circuit or power line, so we think we input some energy, had some internal 
losses and what gets collected in the conductors of the power line is the 
remainder of what we input, after transductions and losses in the generator. 
‘That is not what happens at all! Embarrassingly, an enormous flow of 
energy comes out of those generator terminals, if all of it is accounted, 
This includes(i) the tiny component that strikes the surface charges of the 
external conductors and gets diverged into the conductors, thus being 
captured by the circuit, and (ii) the enormous remainder of the energy flow 
in the surrounding space, which misses the circuit altogether and is just 
wasted. Something like a trillion times as much EM energy may be 
pouring out ofthe terminals of the generator and being wasted, as we 
mechanically input to the generator shaft, or as we “catch” and use in the 
external circuit, As later chapters discuss, Poyntin ; never considered the 
component that misses the circuit entirely. Heaviside discovered it but 
could not explain its startling magnitude or its source. Lorentz. knew of 
this enormous flow component. He could not explain it, and stated it "had 
no physical significance” since it powered nothing. Lorentz originated a 
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72, Ifthe energy input to an inert power system generator were what 
powered the attached external circuit, then only the Poynting component 
‘would be emitted from the terminals of the generator. In that case, 

Heaviside's discovery ofthe additional nondiverged component would be 
‘wrong, and Lorentz was also wrong in recognizing it by stating it had no 
physical significance. It also means that a dipole formed between the 
terminals can have no broken symmetry in its active vacuum flux 
exchange, which is falsified by particle physics (14, 73,}. Also, no charge 
could pour out energy and create fields and potentials in surrounding 
space, and neither could a dipole. That is easily falsified by actual 
‘experimental measurement. Our reinterpretation of Whittaker's wave 
decompositionof the scalar potential would also be wrong, as would 
MandI's and Shaw's argument {19} that a combined pairing ofa scalar 
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photon and a longitudinal photon are observable, producing the 
instantaneous scalar potential 
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This large nondiverged component of the energy flow was discarded 
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source, and because it was thought to have "no physical significance’ 
(Lorentz's term) since it powered nothing. 
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“Uber formal unentscheidbare Satze der Principa Mathematica une 
verwandter Systeme" ("On Formally Indeterminable Propositions of the 
Principia Mathematica and Related Systems,” in Monatshefte fur 
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Godel’s Proof first appeared, which states that within any logical 
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Figure 6: Connections of Places Versus People Versus Things” 
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In June 2017, more than 7.56 billion GSM-HSPA-LTE connections were in effect®—greater 
than the world's 7.40 billion population. *° By the end of 2022, the global mobile broadband 
market is expected to include nearly 9.4 billion subscribers, with 9.3 billion using 3GPP 


technologies, representing more than 99% market share. 


LTE has experienced faster deployment than any mobile technology ever developed. All 
major U.S. operators now offer nationwide LTE coverage. LTE has also been chosen by U.S. 


national public-safety organizations as their broadband technology of choice. 


‘As shown in Figure 7, 2G GSM has peaked and is now declining, as is CDMA. Both HSPA 


and LTE subscriptions will continue to rise through the rest of the decade. 


® Ericsson, loT Security, February 2017, available at 


https://www.ericsson.com/assets/local/publications/ white- papers/wp-iot-security-february-2017. pdf. 


® Ovum, July 2017, 


29 U.S. Census Bureau, “U.S. and World Population Clock,” htto://www.census.gov/ popclock/, accessed 


July 18, 2017, 


11 Ovum, July 2017. Note that the 2018 mobile broadband market figures include GSM/EDGE, because 
most GSM networks are likely to include Evolved EDGE, which provides mobile broadband capability. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 
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mathematical system there are propositions or questions that cannot be 
proved or disproved on the basis ofthe axioms within that system, 
‘Therefore, it is uncertain whether or not the axioms or arithmetic will give 
rise to contradictions, since they can. 
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the time domain upon the dipolarity; absorption and transduction by the 
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3-space. The correction allows a very novel solution to the long-vexing 
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their energy {12}. 
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around this problem. For a deeper discussion, see (b) Lewis H. Ryder, 
Quantum Field Theory, Second Edition, Cambridge University Press, 
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Mandl and G. Shaw (19). For discovery of the coupling of time-polarized 
and 3-space longitudinally polarized EM waves as the higher EM energy 
flow symmetry resolving the source charge problem, and thereby 
reinterpreting Whittaker’s decomposition of the scalar potential {85), see 
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Whittaker’s work and extend it 


93. (a) W. A. Rodrigues, Jr. and J.-Y. Lu, "On the existence of 
undistorted progressive waves (UPWs) of arbitrary speeds 0 < v < 00 in 
nature," Found. Phys., 27(3), 1997, p. 435-508 show that Maxwell's 
‘equations do possess superluminal solutions. A slightly corrected version 
is downloadable as hep-th/9606171 on the Los Alamos National 
Laboratory web site Also see (b) W. A. Rodrigues, Jr. and J. Vaz Jr., 
"Subluminaland Superluminal Solutions in Vacuum of the Maxwell 
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Equations and the Massless Dirac Equation," Adv. Appl. Clifford Algebras, 
Vol. 1(8), 1997, p. 457-466. 

In classified Russian weapons labs, this internal longitudinal wave 
(both time-domain and 3-space domain) structuring of all normal 
(transverse) EM potentials, fields, and waves is euphemistically called the 
information content ofthe field. For decades there has been a successful 
disinformation campaign t0 lead scientists of other countries into believing 
that the phrase means standard spectral analysis. It doesn't. It is also 
possible to communicate at superluminal speed, using longitudinal EM 
‘waves inside this infolded "inner" electrodynamics. Since mass is mostly 
empty space filled with a particle here and there — together with EM 
potentials, fields, and waves — then mass is a vast "superhighway" for 
direct superluminal communication using longitudinal EM waves. 
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95. See E. T. Whittaker, A History ofthe Theories ofthe Aether and 
Electricity, two vols., Nelson, London, 1951, 1953. Reprinted by Dover. 
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"For a thing to change, it must turn into something else. But how can a 
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by pointing out that the "thing" has no persistence in time, and is 
continually changing into yet another thing, either a replica (in which case 
we sense "no change” and hence "persistence" by memory comparison), or 
4 partial replica with some differences (in which case we sense that "the 
object has changed itself in some way"), or a thing with little or no 
replication (in which case we sense a “different thing). It is the unseen 
nature of the d/dt observation process that has deluded us into such 
iresolvable logical conflicts — and into an incomplete Aristotelian logic 
based on observation alone, which does not contain the resolutions to such 
problems because a higher-order logic is required. 


97. Whittaker, (85) 


98. See Chapter 2 for a discussion of the substitution of effect for 
cause, and of the nature of observation. 


99, Wu etal, {14} 

100. Sen, {68} 

101. Also see Mandl and Shaw {19} 
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102. William G. Harter, John Evans, Roberto Vega, and Sanford, 

Wilson, "Galloping waves and their relativistic properties," Am. J. Phys. 
53(7), July 1985, p. 671-679. A relativistic example is given in which the 
source frame observes a very nonuniformly-galloping wave whose velocity 
varies between 0.01 ¢ and 100 c, even though its average velocity is c. 
Relativistic properties of interfering electromagnetic plane waves are 
discussed, 

103. We point out, but do not further pursue, that this situation is 

reversed when time is reversed. This has very interesting applications in 
our little "time reversal zones" that we found were so important in the 
electrolyte experiments of the cold fusion researchers, and which 
accounted for a new class of nuclear interactions previously unknown. 
This does reverse the conventional law of attraction and repulsion of 
charged particles. It also directly affects the quarks and gluons, partially 
or evennearly dissolving the gluon forces holding the quarks in place, so 
that the quarks are nearly freed and are easily flipped. 
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106. Oliver Heaviside, Electrical Papers, Vol. 2, 1887, p. 94. 


107. Kraus, (76} 

107. Exg,, see (a) Jackson (22), p. 237. Jackson points out that "..the 
Poynting vector is arbitrary to the extent that the curl ofany vector field 
can be added to it. Such an added term can, however, have no physical 
consequences.” The first sentence is true, but the second sentence is a non 
sequitur. Poynting only considered the small component of the overall 
energy flow that enters the circuit — in short, that strikes the surface 
charges in the conductors and is diverged into the wires to power the 
Drude electrons. That is the diverged part of the energy flow. All the rest 
of the flow that misses the circuit is obviously not diverged or collected in 
the circuit, and so it has zero divergence. It is elementary vector algebra 
that the curl of any vector field has zero divergence. So the extra 
nondiverged Heaviside energy flow component — filling all space around 

the conductors in a power line, e.g., but missing the power system entirely 
‘and just wasted — can indeed be expressed as the curl of a vector field 
That energy flow is real, however, and if intercepted and collected, it then 
does become divergent. In that case, it does have highly significant 
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consequences, since the total energy flow in that component may be a 
trillion times the energy flow in the Poynting component alone. 

For a rigorous experiment demonstrating the reality and significance ol 
that "physically insignificant energy flow” that "can have no physical 
consequences”, see (b) Bohren {24}. Under nonlinear conditions, a particle 
can absorb more energy than is in the light incident on it by normal 
calculations. Electrodynamicists do nor calculate the magnitude of an 
entire field or potential, e.g., but only the intensity of a divergence from it 
at a single point, as given by an intercepting unit point static charge. If 
that same charged particle is placed in particle resonance, it sweeps out a 
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particles at infrared frequencies are another. See also (c) Paul and Fischer, 
{25}, who replicated Bohren’s experiment. 
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Figure 7: Global Adoption of 2G-4G Technologies 2010 to 20207 
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polarized EM waves interacting with the observable charges) in 3-space in 
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the absorption of a scalar photon and the follow-on emission of a 
longitudinal photon. In a time-reversed situation (phase conjugate charge 
condition), to the observer it appears to have happened in the other 
direction. 


167. Particularly see Mandl and Shaw, (19). 


168. However, Mandl and Shaw fail to totally identify the “combining 
mechanism". They do not account the detailed interaction of the 
detecting/observing unit point charge, and thus fail to clearly account for 
the absorption of the incoming time-polarized wave or photon, the 
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transduction of that excitation energy of the charge into longitudinal EM 
wave/photon energy, and the subsequent emission of that excitation energy 
in 3-space in all directions as longitudinal EM waves/photons. So Mandl 
and Shaw do not clearly account for photon (or wave) polarization 
transduction by the ubiquitously assumed charge. ‘The "causal" time- 
polarized EM wave or photon comes in and is absorbed by the detecting 
charge or dipole, then the absorbed energy is transduced and re-emitted in 
3-space as the longitudinally polarized EM wave or photon in 3-space. 
(Actually, since all space is charged, what is really emitted into 3-space is, 
the giant circulation of EM energy between time and 3-space, which is a 
more rigorous statement of what "propagation of EM energy through 3- 
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wasted. E.g., ifthe self-regauging EM system collects as jp some 10°? of 
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171. So-called "canceling" opposing EM fields are actually produced, 

which sum to a vector zero system with respect to translation, which the 

electrodynamicists erroneously discard by assumption. We point out, but 
do not further pursue, that the locally produced field energies of the 
opposing fields in a zero-summed vector system remain and add, even 
though the fields offset each other translationally. ‘The local energy of the 
field is proportional to the square ofthe local magnitude, and 
always positive regardless of field orientation. Thus 
structured EM stress energy has been localized in spacetime in the 
symmetrical regauging of CEM. This rigorously is a gravitational change 
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and therefore a local curvature of spacetime a priori. Indeed, the field 
energy remains in a zero-vector summation system, and has been changed 
into stress potential energy. It represents continuous internal work being 
performed on the system to stress it, by energy continuously fed in from 
the active vacuum environment but only in appositive fields of equal 
magnitude. The discarding ofthe zero vector summation system thus is a 
discarding of an available stress potential and its energy, a rotation of the 
system frame out of the laboratory frame, and a continuous exchange of 
energy from the vacuum that performs internal work upon the system but 
no external work in the load. ‘The energy is not translational, but it is there 
nonetheless, and it causes a spacetime curvature change. The 
electrodynamicists have largely ignored the fact that gauge symmetry 
transformations are accompanied by local gravitational (spacetime 
curvature) changes that violate the prevailing flat local spacetime 
assumption of classical electrodynamics. 
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1957," IEE Monograph No. 319, Jan. 1959, p. 70-76. See also (b) E. R 
Laithwaite, "Oliver Heaviside — Establishment Shaker,” Elec. Rev 
211(16), Nov. 12, 1982, p. 44-45. Heaviside became aware of this 
travitational relationship, and worked out a draft theory of 
electrogravitation based on his energy-flow theory (which added 
nondiverged closed-loop circulations of energy which vectorially summed 
to net zero). Those “trapped EM energy flow loops” were gravitational, in 
Heaviside's concept. His hand-written notes on his eleelrogravitation 
theory were found long after his death, beneath the floorboards ofhis litle 
garret apartment. In honor of Heaviside, we have nominated his huge 
nondiverged energy flow component — erroneously discarded by Lorentz 
— as the source ofthe extra gravity in the arms of the spiral galaxies, 
holding them together. In short, we have proposed that as the solution to 
the so-called "dark matter” problem. 


173. Physicists love symmetry, turn to it at every opportunity, and will 
do almost any mathematical manipulation to obtain it, because they regard 
it as “beautiful.” And so it is. Performing work, however, requires 
breaking symmetry to produce excess energy, which interacts with mass to 
produce a force, and then requires using that force to do the work. If we 
wish to build a system that produces more work output than the work that 
we ourselves have to do upon it to run it, then a priori that system must be 
asymmetrical and — to many physicists — ugly. Let us all drink a toast to 
more efficient ugly asymmetrical systems that also do not require energy. 
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input by the operator, but only by the active environment! Give us "ugly" 
electrical windmills that turn freely in electrical winds, rather than the 
inane "beautiful" present systems which destroy their energy winds faster 
than hey power their loads. 

174, While Lorentz appears to have done it earlier, one can see his use 
of the surface integration in (a) Lorentz, {109}. In 1896 he also included 
it, using a more general theorem by Volterra, so that Poynting’s theorem 
arises as a special case; see (b) H. A. Lorentz, Versl. K. Akad. W. 
Amsterdam, Vol. 4, 1896, p. 176 
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176. Thus the long and tedious effort ofmy colleagues and Ito create 
circuits that asymmetrically self-regauge their potential difference (source 
voltage) without allowing all the spent load current to pass back through 
the primary power source dipole and do work upon it to scatter the charges 
and destroy its dipolarity. 


177. Again we strongly stress that asymmetrically regauging a potential 
in the system also regauges the local vacuum potential and the intensity of 
the vacuum potential’s bidirectional EM energy exchange with the system, 
It alters the local curvature of spacetime. It directly alters the stored 
energy of the system and of the supersystem. See again Whittaker, (85). 
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Chapter 8, and as mentioned in Chapter 1 and the present Chapter 2. 
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the initialonset. Just to potentialize a system in theory costs nothing, 
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freedom axiom of quantum field theory also guarant 
of the potential energy of the system is essentially 
conclusively proves that (i) asymmetrical self-regauging exists and is done 
in electrical circuits, since the source dipole in the power supply 
accomplishes that initial self-regauging of the external circuit completely 
for free once the dipole is made, and (ii) the Maxwell-Heaviside equations 
do permit asymmetrical self-regauging, in violation of Lorentz's arbitrary 

conditionprohibitingit 
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198. Melvin H. Miles and Benjamin F. Bush, "Radiation measurements 
at China Lake: Real or Artifacts?", Proc ICCF-7 (International 
Conference on Cold Fusion — 7, Vancouver, BC, Canada, Apr. 1998, p. 
101 


199, Bearden, {17} 


200. See P. V. Elyutin, "The Quantum Chaos Problem,” Sov. Phys. 
Usp..Vol. 31, No. 7, 1988, p. 597-622. Elyutin discusses the crisis in 
quantum mechanics because of the missing chaos (hidden order). 
Quantum mechanics is known to be wrong unless this order can be found, 
because otherwise it does not predict the ordered macroscopic universe. 
‘Thus any proposed solution to the quantum chaos problem is worthy of 
Investigation, even if it turns out to be in error. 


201. Unfortunately, entropy is one ofthose concepts in physics for 
which there are several differing major views. We consider entropy to be 
comparable to a positive resistor: organized energy goes in, disorganized 
‘energy comes out. Entropy is usually taken to be a measure ofthe 
disordering of energy. It does not eliminate the energy; it just makes it 
more difficult to use it. For our work in energy fiom the vacuum, we take 
the very simple view that a negentropic process is like a negative resistor: 
it receives energy in a form unusable to us, transforms it, and outputs it in 
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a form that is usable. In short, a negative resistor receives disordered 
energy and reorders it, so to speak. So it exhibits negentropy. We 
completely avoid the various notions of “information” and attempts to 
equate information and energy. We do point out, however, that a time- 
reversal process in one form or another is usually involved. In that sense, 
e.g., Newton's third law would be a negentropic process and involve time 
reversal in the mechanism generating the reaction-causing agent. 


202. _H. E. Puthoff, "Source of Vacuum Electromagnetic Zero-Point 
Energy," Phys. Rev. A, 40(9), Nov. 1, 1989, p. 4857-4862. 


203. Whittaker, (91). The paper was published in 1904 and orally 
delivered in 1903. This paper initiated superpotential theory. 


204. As Whittaker showed in 1903, {85}, the scalar potential is 
actually a harmonic set of bidirectional EM longitudinal EM wavepairs, 
where each pair is composed ofa longitudinal EM wave and its phase 
conjugate replica. Only because classical electrodynamicists have 
erroneously defined the field and potential as their own reaction cross 
sections with a unit point static charge, has the "static" potential been 
misidentified as a scalar entity, which it is not. The energy diverged fiom 
uniform potential, around a fixed static point unit charge, is actually the 
set of divergences around the intercepting charge of the energy flows of all 
those EM waves comprising the potential. The sum total of all these 
individual wave divergences indeed has a scalar magnitude, but the 
magnitude of the total energy divergence fiom the potential is neither the 
potential itself nor its magnitude. 


205. We point out the obvious: A "scalar" mass in 3-space actually him 
a time-vector since it moves through time continually, just to continue to 
exist. Further, it involves a special form of energy (energy compressed by 
°) which time is taken to be. Since we may choose any form of energy we 
wish by simple transduction, we may take it as compressed EM energy. 

So the mere continued existence of any mass proves conclusively that EM 
energy can and does ubiquitously flow to, from, and through the time 
dimension. The combined continued existence of numerous masses proves 
conclusively that the flow of time can have a mytiad internal 
electromagnetic energy flows. An equilibrium between (i) an inflow of 
EM energy to a transducer from the time dimension, and (ii) an outflow of 
EM energy in 3-space from the transducer, will be seen as a discrete 
excitation (potential energy) associated with the transducer. Hence the 
notion ofthe charge. Every charge in the universe may be said to pour out 
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Almost at 5G 


With intensive development occurring within 3GPP, the first 5G specification will be completed 
in early 2018, enabling the first standards-based networks to be deployed in the 2019-2020 
timeframe. This section includes expanding use cases, 1G-to-5G evolution, 4G LTE advances, 
5G radio and architectures, Information-Centric Networking, phasing of 5G releases, and an 
overview of 3GPP releases. 


Expanding Use Cases 


Many wireless technology discussions focus on radio capabilities, but other equally 
important aspects include use cases, the services built on top of the technology, how 
different networks integrate with one another, and the topology of the networks. As 
summarized in Figure 8, these aspects are expanding, making mobile/wireless technology 
the foundation for other enterprises, including business-process optimization, consumer 
electronics, M2M, connected devices, and a multitude of vertical industries. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 18 


energy (negative charge pours out positive energy; positive charge absorbs 
positive energy — the equivalent of pouring out negative energy — and 
any charge results in a polarization of the vacuum. Hence what we call 

or "vacuum" is in fact a giant circulation of energy from the 
time domain to 3-space, and back to the time-domain. In short, a giant 
negentropy process continually sustains the active universe and all its 
components and processes. 


206. Evans et al., (79) 
207. Semiz, (148) 
208. Weinberg, (194), p. 286. 


209. The available internal energy ofa generator isthe transduced shaft 
energy we input to it, say by turning the generator shaft with a steam 
turbine or hydro turbine. The shaft mechanical energy input is transduced 
into internal magnetic field energy once the rotor rotates. This internal 
‘magnetic energy is then dissipated on the internal charges inside the 
generator, forcing the positive charges in one direction and the negative 
charges in the other, thereby making the source dipole between the 
terminals of the generator. The available internal energy of a battery is the 
chemical energy possessed by it at any given time, and available for 
performing work on the intemal charges to force them apart to form a 
dipole between the plates (and the battery terminals). 


210. Kraus, {76). Figure 12-60, aand b, p. 578 shows a good drawing 
of the Poynting (intercepted) energy flow being withdrawn into the 
conductors fiom the surrounding space. It does not show the Heaviside 
nondiverged component remaining, which is even larger, not diverged into 
the conductors, and wasted. The reason for the remaining Heaviside non- 
diverged component is that the electrons precess laterally across the 
conductor, thus withdrawing into the conductor only a small nearby 
sectionof the fields of the surface electrons — the ones (plus their fields 
extending into space) which intercept the impinging energy flow. Because 
of the short distance radially across the conductor's cross section, a surface 
electron has very limited "field and field energy withdrawal" length. 


211. (a)J. D. Jackson, "Surface charges on circuit wires and resistors 
play three roles,” Am. .J. Phys., 64(7), July 1996, p. 855-870. See also (b) 
Mark A. Heald, "Energy flow in circuits with Faraday emf." Am. J. Phys., 

Vol. 56, 1988, p. 540-547; (c) — "Electric fields and charges in 
elementary circuits,” Am J Phys., 52(6), June 1984, p. 522-526. The 
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surface charges in the conductors ofa circuit are of enormous importance 
to the powering of the circuit. 


212. See T. E. Bearden, "Energy Flow, Collection, and Dissipation in 
Overunity EM Devices,” Proc. 4th Internat. Energy Conf, Academy for 
New Energy, Denver, CO, May 23-27, 1997, p. 5-51. In Figure 5, p. 16 
the fraction of the Poynting energy flow that is intercepted and collected 
by the circuit is roughly shown to be on the order of 10" of the entire 
Poynting energy flow available. That number is based on a very crude 
estimating procedure, but even if off by several orders of magnitude, it 
shows that the Heaviside nondiverged energy flow component is orders of 
magnitude greater than the diverged Poynting component, for single-pass 
ofthe energy and collection only once. 


213. Rigorously, there is no power in an EM energy flow, regardless of 
how great in magnitude, if it is not altered in form or diverged. ‘That is 
because "power" is rigorously the time rate of doing work (time rate of 
changing theform of energy), not the time rate of energy flow per se. 
Exactly, the Heaviside dark energy flow component was some 10 trillion 
joules per second in magnitude, but it had zero watts of power. 
Unfortunately, electrical engineers just loosely refer to nondiverged energy 
flow as "power", regardless of the non sequitur. Hence inane terms widely 
used in electrical engineering (and texts) such as "draw power fiom the 
source”, etc. Rigorously, the power (rate at which energy is changed in 
form) is developed locally in each component having losses or performing 
work — i.e., changing the form of the energy. 


214. (a) T. E. Bearden, "On the Principles of Permissible Over Unity 
EM Power Systems," J. New Energy, 4(2), Fall 1999, p. 16-39; (b) 
Bearden, {17}; (c) — "Use of Asymmetrical Regauging and Multivalued 
Potentials to Achieve Overunity Electromagnetic Engines,” J. New 
Energy, 12), Summer 1996, p. 60-78; (d) — "Regauging and Multivalued 
Magnetic Scalar Potential: Master Overunity Mechanisms," Explore, 7(1), 
1996, p. 51-58; (e) —"The Master Principle of EM Overunity and the 
Japanese Overunity Engines,” Infinite Energy, (5&6), Nov. 1995-Feb, 
1996, p. 38-55; (f) — "Use of Regauging and multivalued Potentials to 
Achieve Overunity EM Engines: Concepts and Specific Engine 
Examples," Proc. Internat. Sci. Conf, "New Ideas in Natural Sciences," 
St. Petersburg, Russia, June 17-22, 1996, Part I: Problems ofModern 
Physics, 1996, p. 277-297 
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215. Inan oblique kind of sense, this is even "recognized" to some 
extent by leading electrodynamicists. E.g., quoting Jackson, {22}, p. 237: 
" the Poynting vector is arbitrary to the extent that the curl ofany vector 
{field can be added to it. Such an added term can, however, have no 
physical consequences. " So Jackson follows Lorentz’s lead that any 
additional non-intercepted and uncollected energy flow permissibly 
accompanying the Poynting intercepted and collected component, has no 
physical significance. Both Lorentz and Jackson err as to the finality of 
the statement. The accompanying Heaviside component can have no 
physical significance unless itis intercepted and collected by means other 
than the single circuit or mechanism considered, and the single pass ofthe 
entire energy flow onto andpast the receiving entity (circuit, charge, etc.) 


216. E.g., see Poynting, (4a. 4b). 
217, Heaviside, {5a} 
218. Heaviside, (5b). 


219. Heaviside, (5c}. Heavisidediscussesthe Faraday-Maxwellether 
‘medium, outlines his vector algebra for analysis of vectors without 
{quatemions, discusses magnetism, gives the EM equations in a moving 
medium, and gives the EM flux of energy in a stationary medium. On p. 
443, he credits Poynting with being first to discover the formula for energy 
flow, with Heaviside himself independently discovering and interpreting 
this flow a little later by himself in an extended form. 


220. J. H. Poynting, "On the connexion between electric current and the 
electric and magnetic inductions in the surrounding field," Proc. Roy. Soc 
Lond. Vol. 38, 1984-85, p. 168. 


221. Oliver Heaviside, Electrical Papers, Vol. 2, 1887, p. 94. 


2 (a) TE. Bearden, "On Extracting Electromagnetic Energy from 
the Vacuum," Proc. IC-2000, ibid., 2000; (b) Bearden, (38a} 


223. Lorentz is believed to have done this earlier (perhaps circa 1890s). 
In 1902 he published the method in a book, which strongly implies it was 
first done in an earlier paper. See Lorentz, {109}. Figure 25 on p. 185 

shows the Lorentz concept of integrating the Poynting vector around a 

closed cylindrical surface surrounding a volumetric element. Many thanks 

to Marcus Reid for fumishing a copy of the actual Lorentz reference fiom 
a library in Leipzig, Germany. 
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Dec. 2001, p. 589-593; (b) — "Anti-Gravity Effects in the Sachs They 
ol Electrodynamics," Found. Phys. Lett, 14(6), Dec. 2001, p. 601-605; (c) 
Evans et al., (38b}; (@) Evans et al., (38c); (e) ~ "Operator Derivation 
of the Gauge Invariant Proca and Eehnert Equation: Elimination of the 
Lorentz. Condition,” Found. Phys., 39(7), 2000, p. 1123-1130: (f) - 

"O(3) Electrodynamics from the Inreducible Representations of the 

Elnstein Group." 2001, Found. Phys. Lett., 15(2), Apr. 2002, p. 179-187. 

(g)-"Effect of Vacuum Energy onthe Atomic Spectra,” Found. Phys. 
Lett., 133), June 2000, p. 289-296; (h) Evans et al., (113b};  (@) Evans et 
al, {113a}; (j) - "On the Representation of the Maxwell-Heaviside 
Equations in Terms of the Barut Field Four-Vector,” Optik 111(6), 2000, 
p. 246-248; —"Derivation ofthe BG) Field and Concomitant Vacuum 
Energy Density fiom the Sachs Theory of Electrodynamics,” Found. Phys. 
Lew, (in press); (k)— "The New Maxwell Electrodynamic Equations: 
New Tools for New Technologies. A Collection of 60 papers from the 
Alpha Foundation’s Institute for Advanced Study. Published as a Special 
Issue ofthe J. New Energy, 4(3), Winter 1999. See also (1) Bearden, 
(222b); (mm) Bearden, {38a}; (n) Bearden, {43d}; (0) Bearden, {43a}; (p) 
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240. That is, it does not exist openly in the open literature. Several 
inventors do have working laboratory COP>1.0 experiments, and at least 
three of them have models which could rapidly be developed into 
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247. To see how arduous a search Kron himself made prior to 
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accomplished by Lorenz. See (a) Lorenz, {161a). In this paper Lorenz 
gave essentially what today is called the Lorentz symmetrical regauging. 
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asymmetrical self-regauging process in intensely scattering, optically 

active, energy-amplifying media, 


261. Heaviside, (Sa-Se} 
262. Josephs, {172a}; Laithwaite, {172b} 
890 


263. (a) Diederik Wiersma and Ad Lagendijk, “Laser Action in Very 
White Paint,” Physics World, Jan. 1997, p. 33-37; (b) K. Totsuka, G. van 
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266. (a) Werner Triftshauser et al, Phys. Rev. Lett, Vol. 87, 2001. An 
overview is given by (b) Philip Ball, "The Positron Probe," Nature, Vol. 
412. Aug. 23, 2001, p. 764 
267. For example, see Letokhov, (1572-1574) 
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the discovery of radio. This is not to discredit the important work that 
Marconi did; without him, signal transmission would have been much 
longer in coming. 
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Figure 8: Expanding Use Cases 


Expanding 
Use Cases 


Operator Services Third-Party Services ‘Applications 
~Television broadcast -Over-the-top - Millions becoming 
- Proximity services ‘communication tens of millions 

- Location-based ~ Cloud-based 

~Public safety - Other 

=Internat of Things 

=Vehicle communication 


Multi-Network Integration and New Topologies: 

- Network-level aggregation (e.g., Multipath TCP) 

- Offload onto WiFi 

= LTE Wi-Fi Link Aggregation 

- Operation of LTE in unlicensed bands 

- New connection methods (relays, multi-hop, device-to-device) 


Radio Network Enhancement: 

~ Becoming faster (peak rates of 1 Gbpst in 4G, 20 Gbps+ in 5G) 

-Densifying (smaller cells) 

~ Capacity increasing (more cells, more spectrum, more efficient technology] 
Shorter delays (10 msec with LTE, 1 msec with future LTE-Advanced and 5G) 
Low-cost and low-power machine options, 

~Centralization of radio-access network functions (including cloud RAN) 


Application processing within the RAN (e.g,, Mobile-Edge Computing) 


~Support for higher Frequencies (e.g., mmWave] Rysavy Research 


Table 2 summarizes the requirements of the expanding number of use cases that employ 


wireless technology. 


Table 2: Requirements for Different Use Cases™* 


Use Cases Requirements Desired Value 

‘Autonomous vehicle control | Latency ‘S msec 
Availability 99,999 percent 
Reliability 99,999 percent 


4 Ericsson, 5G Systems - Enabling the Transformation of Industry and Society, J anuary 2017. Available 
at https://www.ericsson.com/assets/local/ publications/ white-papers/ wp-5g-systems.pdf. Adapted from 
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Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 
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Use Cases Requirements | Desired Value 
Emergency communication | Availability 99.9 percent victim discovery rate 
Energy efficiency | One-week battery life 
Factory cell automation | Latency Down to below 1ms 
Reliability Down to packet loss of less than 107 
High-speed train Traffic density Downlink (DL): 100Gbps/knv, uplink {UL}: 50 
Gbps/km? 
User throughput | DL: S0Mbps, UL: 25Mbps 
Mobility 500 km/h 
Latency 10ms 
Targe outdoor event Userthroughput__| 30Mbps: 
Traffic density ‘00Gbp=/km™ 
Connection density | Four devices/m™ 
Massive lot Connection density _ | 1,000,000 devices/kmt 
‘Availability 99.9 percent coverage 
Energy efficiency | 10-year battery life 
Remote surgery and Latency Down to ams 
examination Reliability 99,999 percent 
‘Smart city User throughput | DL: 300Mbps, UL: 60Mbps 
Traffic density 700 Gbps/ki 
‘Connection density _ | 200,000 devices/km= 
Virtual and augmented Userthroughput | 4-28Gbps 
reality Latency = 7msec 
Broadband tothehome | Connection density | 4,000 devices/kmt 
Traffic density GoGbps/km* 


The economic role that wireless technology plays keeps increasing. One study anticipates 
that in 2035, 5G will enable $12.3 trillion of global economic output. *° 


1G to 5G Evolution 


5G is almost upon us; it is a technology that will be constructed from millions of ideas, 
methods, algorithms, and processes. Just as 4G LTE became available when previous 
technologies, such as HSPA, could be further improved, 5G enters the stage when the 
roadmap for LTE has not been exhausted. And just as 2G coexists today with 3G and 4G, 
5G will co-exist with previous generations of technology. 


For historical context, "1G" refers to analog cellular technologies that became available in 
the 1980s. "2G" denotes initial digital systems that became available in the 1990s and that 
introduced services such as short messaging and lower-speed data. 3G requirements were 
specified by the International Telecommunication Union (ITU) as part of the International 
Mobile Telephone 2000 (IMT-2000) project, for which significant voice capacity 
improvement was a focus and digital networks had to provide 144 Kbps of throughput at 
mobile speeds, 384 Kbps at pedestrian speeds, and 2 Mbps in indoor environments. UMTS- 


15 HIS Economics and HIS Technolagy, The 5G Economy: How 5G Technology will contribute to the global 
economy, J anuary 2017. Commissioned by Qualcomm Technologies. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 20 
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527. _ Ofinterest: (a) E. R. Laithwaite, "Unexplained phenomenon at 
Savoy Place,” Electronics and Power, Oct. 1972, p. 360-362 recounts the 
discovery ofa free energy device violating the second law of equilibrium 
thermodynamics; (b) Laithwaite, (526), gives some particulars of the 
device: (c) All Things Are Possible: An Engineer Looks at Research 
and Development, “PC Electtical-Electronic Press Ltd., Dorset House, 
London, 1976; (d) Laithwaite, (172b}: (e) — "Miles Walker — a pioneer 
at Met-Vick and UMIST." Electrical Review, 211(12), Oct. 15, 1982, p. 
33-34: (6) — "Roll, Isaac, roll — Part I," Electrical Review, 204(7), Feb. 
16, 1979, p. 38-41; (g) — "Roll, Isaac, roll — Part Il," Electrical Review, 
204(11), Mar. 16, 1979, p. 31-33; (h) — "The laws of science and of 
England,” Electrical Review, 202(23), June 16, 1978, p. 27-28 


* Electronics and 


528. E.R. Laithwaite and W. R. C. Dawson, "Mass Transfer: An 
Introduction based on Experimental Work at the University of Sussex,” 
Sep. 1994. A subtitle is: A system for the transfer of mass derived from 
the principle of conservation of momentum. On website 

http://jnaudin. fre. fi/html/IPEmain htm, 

529. See WO95/30832, Nov. 16, 1995, 

530. _ Eric Laithwaite and William Dawson, "Propulsion System,” U.S. 
Patent Number 5,860,317, Jan. 19, 1999. 


S31. Sweet and Bearden, {29a}. 
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532. (a) Ning Li and D. G. Torr, Phys. Rev., Vol. 43D, 1991, p. 457; (b) 
— Phys. Rev., vol. 46B, 1992, p. 5489; (c) —Bull. Am. Phys. Soc, Vol. 
37, 1992, p. 948. Also see (d) D. G. Torr and Ning Li, Found. Phys. Lett., 
Vol.37, 1993, p. 948, 


533. E. E, Podklemov and R. Nieminen, Physica C, Vol. 203, 1992, p. 
441-444, 


534. Igor K. Kulikov, "Inertial and gravitational masses of bosons at 
finite temperatures,” in NASA technical package sent in response to 
queries of "Study of Inertial and Gravitational Masses ofa Boson," NASA 
Tech Briefs, 26(2), Feb. 2002, p. 56. The report by Dr. Kulikov ofthe Jet 
Propulsion Laboratory (PL) is carried on the website as 
htp://nasatech.convTSP/PDFTSP/NPO30325.pdl’.. This is a theoretical 
study of the relationship between the inertial mass and gravitational mass 
ofa self-interacting neutral scalar boson in a heat bath. ‘The difference in 
the two masses was determined as a function of the temperature of the heal 
bath. The theory for distinguishing the difference is given. Since it is 
presented as an inventor's report, we assume that a patent is either pending 
by or to JPL or already granted to it. 


535. Mike LaPointe, (421). 


536, _ Jim Corum, T. Keech, D. Gray, P. Pesavento, and M. Duncan, 
"The Blectro-magnetic Stress-Tensor as a possible Space Drive Propulsion 
Concept, presented at the AIAA Joint Propulsion Conference, July 9, 2001 


537. Hector Serrano, "Propulsion Device and Method Employing 
Electric Fields for Producing Thrust,” WO 00/58623, Oct. 5, 2000. 

538. William B. Stein, Electrokinetic Propulsion: The Tonic Wind 
Argument,” Energy Conversion Laboratory, Purdue University, West 
Lafayette, Indiana 47906, Sep. 5, 2000. This is a Gravitec report. Results 
can be downloaded from http://foldedspace.com/data.html, and an even 
‘more rigorous future testis planned. 


539, A motion picture ofthe Naudin’s replica thruster in dynamic thrust 
performance is shown on http://naudin.ftee.fr/html/liftbldr htm, along 
With information on many other successful "lifters". This website is a 
comucopia of information on inertial propulsion and electrogravitation, 
including successful independent replication and tests. 
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540. Ryan Mahoney, "Huntsville Firm Developing New Propulsion 
Technology," Birmingham Business Journal, Birmingham, Alabama July 
19,2001 


S41. Eg, see J. Cameron, "An Asymmetric Gravitational Wave 
Propulsion System,” presented in the Breakthrough Propulsion Physics 
session of the AIAA Joint Propulsion Conference, July 9, 2001 


542. Bearden, (40) 
543. Prange and Strance, (365 

544, Privately, Sweet strongly affirmed to me that later he took the risk 
and pushed it a little further in output, actually levitating the system 


several times, including accelerating it upward, hovering it, and then 
letting it sink slowly down to come to rest on the bench. 


545. Dirac, (249). 
546. Romer, {84); see endnote 24, p. 109, 


547. _ E.g., as by Giovanni Modanese, "On the theoretical interpretation 
of E. Podkletnov’s experiment,” Extract from report UTF-391/96, OANL 
gt-qc/9612022, presented to the /.A.F. Congress 1997, Number [AA-97- 

4.107 


548, Ling Ni and D. G. Tor, (5324-5324). 
549. Evans, {137}; Evans, {485b} 
550. M. W. Evans, personal correspondence. 


551. (a) Evans et al., (233b}; (b) —- "Development of the Sachs Theory 
of Electrodynamics," Found. Phys. Lett, 14(6), Dec. 2001, p. 595-600; (c) 
Evans et al., (23a) 


552. As we point out in our discussion of cold fusion, use of this 
enormous time-energy density component in a time-teversal zone allows 
reducing the force ofthe gluons in a nucleon and nearly freeing the quarks 
‘The time-teversal zone also reverses the law of attraction and repulsion of 
charges; now like charges attract. So the coulombic attraction of two H+ 
ions can attract them together so closely that each enters the strong force 
region of the other, forming a quasi-nucleus. As the other ions in solution 
move to negate the time-reversal zone, the zone decays, restoring the 
normal repulsion of the two protons in the quasi-nucleus. However, being 
exponential the strong force increases much more rapidly than the normal 
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coulombic repulsion grows. The result is to force the two protons even 
closer together, into a full nucleus with a full strong force between them. 
This forms a nucleus of deuterium, as one quark in one of the protons is, 
flipped while still relatively free, to form a neutron. Different but similar 
reactions exist to produce the excess tritium shown in many cold fusion 
experiments, and a similar interaction — especially between two deuteron 
ions — forms an alpha particle. 


553. Bearden, {17}. 
554. Davies, (237), p. 108. 

555. Misner, Thome, and Wheeler, (500), p. 5 
556. Evans and Jeffers, (459), p. 150. 

557. Evans, {137a}, p. 477. 


558. _ Banesh Hoffman, in Foreword to Yakov P. Terletski, Paradoxes 
in the Theory ofRelativity, translated from the Russian, Plenum Press, 
New York, 1968, p. vi, viii. 


559. Kron, {162}, p. 466. 
560. T.D. Lee, {239}, p. 46-47.] 


561. This is well known to modem theorists, but is especially accented 
by Sachs and by Evans. E.g.. to even have an EM wave in space, the 
energy density of space has to be changing as the wave energy oscillates. 
This is an oscillating curvature of spacetime, a priori. So all EM waves 
move in a dynamically curving spacetime. 


562. Sachs, {126}. 


563. These concepts are generally consistent with 0(3) 
electrodynamics. For rigorous exposition of 0(3) EM, see Evans, {137b [ 


564. Felix Finster, "Definition of the Dirac Sea in the Presence of 
External Fields," Adv. Theor. Math. Phys., Vol. 2, 1998, p. 963-985. 


565. J. W. Lynn and R. A. Russell, "Kron’s Wave Automaton,” Joumal 
unk, date unk, p. 131. We would appreciate any researcher fumishing us a 
completed citation for this reference. We have a copy of the paper, but 
without full citation details 


566. Kron, (162). The quote is from p. 114. 
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567. Kron, (32}, p. 39. 
568. Kron, (306). 

569. Kron, (32), p. 41 

570. See Stigant, {310a) for a bibliography of Kron’s publications. 


571. Several overunity researchers have been assassinated by forces 
and parties unknown, Many very clever means are used to do the dirty 
work. 

‘AS an example, there is a standard EMF "shooter" which uses Venus 
‘modification of the wavefront, to produce a wave that instantly disrupts the 
control ofthe heart's beating. There are two versions at least; one about 
the size of a pocketbook and for close range (30 feet) only, and one about 
the size of a bazooka and with longer range (up to 100 yards). About 1 
minute exposure to the beam of the small weapon will result in death of 
the targeted individual. I have personally been hit by the small version of 
that device (and I have a witness who was with me at the time, and also 
‘was exposed to it). We survived by instant recognition of what it was, and 
by bolting immediately out the nearby back door ofa restaurant here in 
Huntsville. Ifthe kill is successful, the autopsy will show that the person 
died of a heart attack. 

Stan Meyer, an overunity researcher with numerous patents, rushed 
from a restaurant exclaiming "They're killing me!” and expired with just 
such a heart attack, possibly hit inside the restaurant by a close-range 
shooter. 

Harry Mason's associate was killed in Australia in his apartment by a 
onger-range, bazooka-sized shooter. The assassin was spotted putting the 
shooter back inside the car below, and speeding away. 

Sometimes a silenced rifle is used for sniping at long range. Sweet was 
fired at by one such would-be assassin — luckily just as he stumbled and 
fell on the steps of the foyer to his apartment complex. ‘The bullet cracked 
right by his ear as he fell forward, passing where his head had just been the 
‘moment before. 

Another "shooter" uses longitudinal EM wave peak power pulses. This 
type kill is instant and very permanent. ‘This unit can be set to stun or 
render the targeted person unconscious, or set to kill. It can also disrupt 
and stop running automobile engines (there is another version for that also, 
using negative energy EMP weaponry). However, it time-charges the 
struck human body so that the body emits longitudinal EM waves for some 
time after the kill. Marinov was killed with such a shooter (apparently by 


927 


KGB.-telated foreign intelligence operatives) and his body then thrown off 
rooftop to make it appear to be suicide. Where his body lay, the 
pavement glowed when the body was removed. Only one weapon on earth 
will kill a body so that it will induce luminescence in concrete or asphalt 
that it lies on for a period. 

Another favorite weapon is an ice dart dipped in curare. 1 was 
threatened once and told I would be killed by such an ice dart weapon if 1 
traveled in a 2-month period. Just four days past that period, and traveling 
and changing planes in Dallas-Fort Worth airport, a person was killed 
three feet from me in broad daylight, right inside the airport, with the exact 
symptoms of a curare ice dart kill. That was apparently just to teach me 
‘they” were serious. 

"They" is that set of cartels that Churchill called "the High Cabal’ 
Bedini and I had severely offended the High Cabal by Bedini's successful 
transmutation of copper (and other things) into gold. John often makes his 
own power transistors for his amplifiers, and the slag in the electric oven 
turns into black ruby laced with gold and silver, confirmed by assay. We 
have had numerous other assassination attempts, too numerous to iterate. 
Suffice it to say that developing a good COP> 1.0 EM power system can be 
hazardous to one's health, 

Any significant researcher should be wary of "meeting with a sudden 
suicide" on the way to the supermarket. Another thing to beware of, is. a 
calibrated auto accident where your car is rammed from the rear, and you 
are shaken up considerably. An ambulance just happens to be passing by 
‘moments later, and it will take you to the hospital. If still conscious, the 
researcher must not get in the ambulance unless accompanied by a 
watchful friend who understands the situation and the danger. Otherwise, 
he can easily get a syringe of air into his veins, which will effectively tum 
him into a human vegetable. Ifhe goes to the hospital safely, he must be 
guarded by friends day and night, for the same reason, else he runs a high 
risk ofthe “air syringe” assassination during the night. 

Simply trying to do scientific work, I find it necessary to often carry 
(legally) a hidden weapon. Both my wife and I have gun permits, and we 
frequently and legally carry concealed weapons. 

‘As early as the 1930s, T. Henry Moray — who built a successful 
COP> 1.0 power system outputting 50 KW from a 55 Ib power unit - had 
to ride in a bulletproof car in Salt Lake City, Utah. He was repeatedly fired 
at by snipers from the buildings or sidewalk, with the bullets sometimes 
sticking in the glass. He was also shot by a would-be assassin in his own 
laboratory, but overpowered his assassin and recovered. 
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ENERGY FROM THE VACUUM: CONCEPTS & PKINCIPI m 


Over the years, probably as many as 50 or more overunity researchers 
and inventors have been assassinated for their efforts, and particularly For 
their success. Some have simply disappeared abruptly and never been 
heard from again. 

‘These days the use of longitudinal wave shooters (such as killed 
‘Marinov) and such is growing, since no signature is left for a normal 
autopsy to discover. The Yakuza, e.g., uses such "shooters" in Japan to 
assassinate persons or politicians having incurred their displeasure. Others 
are subjected to the more traditional Yakuza assassination: Three or four 
assassins suddenly jump the unsuspecting target, stabbing him repeated 
and with extreme rapidity. His body may have 50 to 70 deep stab wounds 
— through the heart, the abdomen, liver, lungs, etc. — before the body 
strikes the pavement, 

Other very sophisticated methods of legal entrapment, gaming, planting 
narcotics on one's premises and tipping off the drug enforcement agencies 
for a drug raid in the middle ofthe night, etc. are utilized, 

Widely used is "gaming", which uses deep psychological profiling to 
select a "vulnerability". The supercomputer with the game prepares a 
“scenario” much like writing a movie script of predictable interactions 
among the players to be chosen. The game involves “agents of influence” 
(AOIs — persons who are dogmatic, perhaps even radical, and have knee- 
jerk responses easily triggered, and whose vector direction when they 
"jump" is along or near the desired response direction), and one or two 
agents to do the phone conversations with the Als and trigger them into 
action), as well as a game controller or director. The computer programs 
also use prediction and artificial intelligence, and will forecast the 
probability of success ofthe selected game. A very extensive database of 
deep psychological profiles on useful AOIs and all major COP>1.0 
researchers is kept in the computer. When the controller selects the game, 
the computer spits out the most recommended AOI players. ‘The controller 
accepts or changes and then accepts, and the game scenario is then 
prepared. The agents trigger the AOlIs, and the unwitting target is suddenly 
besieged from every direction, along a direction he already has an affinity 
or "vulnerability" towards. ‘The controller follows the course of the game 
and the outcomes of all interactions between the target and the AOIs. The 
agent or agents add “nudges” or additional actions to overcome delays, 
accomplish redirection when the direction goes awry. etc. Over the 
decades, these games have gotten very effective indeed, and are quite 
difficult to content with, Ilaving survived about 200 of these games over 
the last two decades, I may yet write a book on some of the major ones that 
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have been used against overunity researchers. The games are not confined 
just to the overunity field, however, and sometimes are also used to 
directly intervene in politics and other key situations, {754}. Machiavelli's 
methods are not dead: they thrive and have been highly computerized. 


572. More than a dozen potential mechanisms for overunity EM. 
interactions and systems are given in Evans et al., {233i}. Many of these 
interactions are likely in highly energetic astronomical phenomena such as 
the gamma ray burster and the X-ray burster 


573. Evans etal, (38b, 38c) 
574. Bearden, (38a) 
575. Bearden, (30) 
576. Sweet and Bearden, {29a}. 


S77. (a) A.G. Reiss et al., Astron. J., Vol. 116, 1998, p. 1009; (b) S 
Perlmutter er al., Astrophys. J., Vol. 517, 1999, p. 565. 


578. _ A. Einstein, Sitcungsber. Preuss. Akad. Wiss., Vol. 1917, 1917, p. 
142. Einstein came to regret his introduction of the cosmological constani 
as his "greatest blunder”. Ironically, this may yet turn out to be one of his 
greatest contributions 


579. Prange and Strance, {365} 


580. (a) R. Lieu, "The effect of Planck scale space time fluctuations on 
Lorentz invariance at extreme speeds,” Astrophys. J. Lett., 2002 (in press). 
A preprint is on http://xxx.lanl_gov/abs/astro-ph/0202443. See also (b) 
Philip Ball, "Time gives rays a break," 
http:/vww.nature.convnsw/020304/0209304-5.html 


581. In 1998, experimental evidence of the accelerated expansion of the 
universe was provided by two groups of astronomers: see (a) Riess et al., 
(57a); Perlmutter et al, {577b}. For an attempt to provide a new model 
for the negative antigravity, see (c) L. Parker and A. Raval, "A new look ill 
the accelerating universe," Phys. Rev. Lett., Vol. 86, 2001, p. 749-752; (@) 
Philip Ball, "New model of expanding universe," Nature News Service, 
Science Update, Nov. 12, 2001. A good coverage for the educated 
layperson is (e) Mario Livio and Alan Sandage, The Accelerating 
Universe: Infinite Expansion, the Cosmological Constant, and the Beauty 
ofthe Cosmos,"" Wiley, New York, Dec. 2000. See also (f) P. D. 
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Mannheim, "Implications of cosmic repulsion for gravitational theory."" 
Phys. Rev. D, Nov. 15, 1998, p. 3511 


582. J. C. Bedini and T. E. Bearden, " Process For Transducing Forms 
of Electromagnetic Energy.” U.S. Provisional Patent Application, 200 1. A 
formal U.S. Patent Application is in preparation as of this writing, 


583. For a deep consideration of what is "meant" by mass, and how 
subtle the concept really is, the reader should refer to the scholarly work of 
Jammer {523a}. The more casual reader should be prepared for somewhat 
ofa shock. Mass is not at all a “cut and dried" concept, as usually 
assumed. Indeed, the simple materialistic view of mass seems to be very 
much opposed by modem physics findings. 


584. (a) Bearden, {12}. If we insert the absorption of a scalar (time- 
polarized) photon by the ubiquitously-assumed unit point charge and the 
subsequent re-emission of a longitudinal photon as the process for 
combining" a scalar and longitudinal photon, then our solution is also 
consistent with (b) Mandl and Shaw, (19}. Mandl and Shaw argue that the 
longitudinal and scalar polarizations are not directly observable, but only 
in combination, where they manifest as the “instantaneous” Coulomb (ie., 
electrostatic) potential. Our comment is that this argument, translated 
from particle terminology to wave terminology, then fits our re- 
interpretation of Whittaker’s 1903 decomposition of the scalar potential in 
(©) Whittaker, (85}. It also strongly suggests the need for a complete 
reinterpretation of what is meant by "propagation of EM energy through 
3-space" 

585. Exg., see (a) V. I. Arkhipov et al., "Negative transient currents in 
amorphous semiconductors.” Internal. J. Electronics (UK), 51(6). 1981, p. 
735-742; (b) — "An analysis of the dispersive charge transport in vitreous 
055 As,S, : 0*45Sb;S;,” Phys. Stat. Sol. (A), Vol. $4, 1979, p. 67-77: (c) 
— and Rudenko, A. I, "Negative currents caused by injection-controlled 
polarization.” Solid St. Commun., 28, 1978, p. 675-676. 

586. Evans, {137a, 137b, 251). 

587. David Jones, Vancouver Sun Times, Weekend Magazine, Dec. 17, 
1977, p. 17. Article on Sid Hurwich’s Toronto gun-jamming 
demonstration, stopping of watches, and jamming of a gun. 

588. For proof of production of ordinary EM fields and energy at a 
distance by scalar interferometry, see Evans et al., {79} 
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589. Miles and Bush, (198), p. 101 
590. Bearden, {17} 

591. We point out, but do not further discuss, the obviously startling 
impact on the validity of the random statistical analyses normally used in 
scientific work if such "hidden variables" are present in the Earth's 
supersystem and interact with the experiment. 


592. Kron, (192), p. 466. 


593. (a) Gabriel Kron, Diakoptics: The Piecewise Solution to Large- 
Seale Systems, MacDonald & Co., London, 1962. See also (b) Kron, 
{310b), 


594, Ilya Prigogine, Preface, (160b), p. xi. 


595. Si William Rowan Hamilton, 1837. Hamilton originated 
quatemion algebra, the Hamiltonian, etc. Hamilton's quatemion algebra 
has a higher group symmetry than either vectors or tensors. Since 
Maxwell's theory was first formulated in Hamilton's quaternion algebra 
and later reduced to vectors and then to tensors, ironically the first 
successful EM theory has been sharply curtailed rather than being further 
developed and extended. 

596. (a) Aharonov and Bohm, (344a, 344b} 

597. Prigogine, {160b}, p. 104. 

598. Lee, (441}, p. 23. 

599, Jackson, {22}, p. 811-812. 

600. Whittaker, {85} 

601. This is because time may be regarded as compressed spatial 
length, where the L compression factor is c. Since the energy of a wave is 
proportional to L? (where L is the wave amplitude), then the release of ST 
time-density as ST energy density provides nearly 9x10"° times as much 
effect per second as simple energy density curvature alone does per joule. 
For convenience, we refer to this as the "10" gain factor” one obtains by 


releasing the compressed length energy from its time-density ST curvatture 
form, 


EDGE significantly improved data performance compared with initial General Packet Radio 
Service (GPRS) capabilities. Similarly, HSPA hugely increased data speeds compared with 
initial 3G capabilities. LTE and LTE-Advanced are also acquiring continual improvements 
that include faster speeds, greater efficiency, and the ability to aggregate spectrum more 
flexibly. 


Figure 9 presents the timeline of technology generations, including past and future, 
showing initial deployment, the year of the peak number of subscribers, and decline, Each 
cellular generation spans multiple decades, with peak adoption occurring some 20 years 
after initial deployment. 6G deployment in 2030, though highly speculative, is consistent 
with deployment of previous generations. 


Figure 9: Timeline of Cellular Generations 
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4G LTE Advances 


‘As competitive pressures in the mobile broadband market intensified, and as demand for 
capacity persistently grew, LTE became the favored 4G solution because of its high data 
throughputs, low-latency, and high spectral efficiency. Specifically: 


Q Wider Radio Channels. LTE can be deployed in wide radio channels (for example, 10 
MHz or 20 MHz) with carrier aggregation now up to 640 MHz, although inter-band 
aggregation of four or five carriers (up to 100 MHz) represents a practical upper limit. 


a Easiest MIMO Deployment. By using new radios and antennas, LTE facilitates MIMO 
Deployment, in contrast to the logistical challenges of adding antennas for MIMO to 
existing legacy technologies. Furthermore, MIMO gains are maximized because all user 
equipment supports it from the beginning. 


Q Best Latency Performance. For some applications, low latency (packet traversal 
delay) is as important as high throughput. With a low transmission time interval (TTI) 
of 1 millisecond (msec) and a flat architecture (fewer nodes in the core network), LTE 
has the lowest latency of any cellular technology. 


In the same way that 3G coexists with 2G systems in integrated networks, LTE systems 
co-exist with both 3G and 2G systems, with devices capable of 2G, 3G, and 4G modes, 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 23 


602. __T. Matsumoto, "Mechanisms of Electro-Nuclear Collapse," Proc 
ICCE-7 (International Conference on Cold Fusion - 7), Vancouver, BC, 
Canada, April 1998, p. 98. 


603. Romer, {84}, endnote 24, p. 109. 


604. See Harter et al., (102). Fora simple analogy, we may think of 
the longitudinal EM wave as a sort of velocity-modulated wave; ie, it is 
rhythmically changing its velocity about some average value, where that 
value is usually taken to be c. Another way to visualize it is as an 

‘ordion” wave, expanding and contracting along the line of travel. 


605. There are several types (polarizations) of photons utilized in 
physics. E.g., see (a) Ryder, {90b}. On p. 1474, Ryder discusses four 
polarization states of the photon. ‘Two of these are “transverse” —ice., the 
well-known x- and y-polarizations of light; one is called 
i.e., z-directed and related to Evans’ BG) field, and one is "scalar" or 
timelike. 


‘The time-like (Scalar) photon we are using in this paper seems to 
be yet another brand, something like a cross between the Ryders third and 
fouith classifications. That is, our "Scalar" photon is named such because 
when it is imperfect it propagates (i.e., in the 7 direction) at finite speed. 
When perfect, itjust appears instantly everywhere it will be, without 
propagation through space in the usual sense. Hence it can be at an 
infinite number of points simultaneously - very close to the notion of the 
pure Coulomb gauge or of Bohm’s quantum potential - or it can be impure 
and propagate at subluminal or superluminal speeds. The main notion we 
intend in our present use of the "scalar" photon for this treatise is that its 
oscillation is in the time domain and along the time axis. We use a model 
which produces the flow of time itself, and a time-component structuring 
ofthat flow — something which is still absent from physics. So our time- 
like (scalar) photon in one part very much resembles Ryder's discussion of 
the "scalar" photon, but is not just that alone. For instance, both our 
longitudinal photon and our scalar photon seem to have intemal "photon" 
structures that we do not discuss in this treatise. 

A still deeper discussion of photon polarization is in (b) Mandl 
and Shaw, (19}. The longitudinal and scalar polarizations are not directly 
observable, but only in combination, where they manifest as the 
“instantaneous” Coulomb (electrostatic) potential. So by this route one 
arrives at a well-established mathematical theory that allows a hidden 
substructure within the photon itself. Mandl and Shaw’ include the 
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photon's four polarization states as related to the four independent degrees 
of freedom available in the vector potential A. Suppression of the 
Iongitudinal and scalar polarizations is accomplished by "fixing the 
gauge”. This reduces the independent degrees of freedom from 4 to 2, 
giving the conventional electrodynamics. However, when one raises 
setious foundations flaws in that resulting conventional electrodynamics, it 
is obvious that the entire structure is still on somewhat shaky ground. An 
even better mode might be to consider the fundamental photon entity as 
existing in all degrees of freedom, and the various "kinds" of photons 
existing due to restrictions or partial restrictions placed on one or more of 
these degrees of freedom. This of course opens the stage to interactions 
that change one (restricted) type of photon into a different (restricted) type. 
‘Thai is essentially the basis for my use ofthe notion of "photon 
transduction”. Tt also leads to the transposition of time into energy and. 
vice versa, which I use in my own approach, but which is still missing 
from nuclear physics. Since experimentally the cold fusion phenomena 
seem to require that characteristic, we have retained it. 

We are indebted for much ofthe preceding discussion to private 
correspondence from Bob Flower, a fine scientist and knowledgeable in 
this area. Flower has pointed out that the conventional photon theory 
outlined by the cited authors is missing the possibility that nonlinear 
phase-conjugate optics could make the photon’s longitudinal and scalar 
polarizations manifest in an experiment. Or put another way, if the 
instantaneous Coulomb potential could be decomposed into a time-like 
component and a longitudinal component, it would allow the two hidden 
polarization states to be controlled directly. This would result in 
anomalous modifications of the EM vector potential, leading to measurable 
electromagnetic or quantum effects. Flower’s observation seems to be the 
closest to our own view, stated more simply in the present paper. 


606. The result of our yet-unfinished struggle in these very swampy 
photon waters is not entirely consistent with the conventional view. 
Nonetheless, the new approach does seem to fit and explain most of the 
anomalous cold fusion phenomena, as well as a wide variety of other 
phenomena previously deemed beyond the pale of physics itself. E.g., by 
noting that mind is time-like in its operations, and therefore directly uses 
time-polatized (scalar) photons, waves, and electrodynamics, then mind 
operations become totally electromagnetic, but of a dramatically extended 
electrodynamic nature presently being approached in quantum field theory 
‘That approach leads directly to a testable and engineerable theory of mind 
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teal explanations of diverse metabiological phenomena have arisen from. 
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necessary corrections to electrodynamics, we have continued to follow it to 
see where it eventually leads. A future book is planned on the more 
positive and beneficial uses of such startling technology. A preliminary 
view can be had on the author's website, www.cheniere.org, in the 
"porthole concept” briefing. A patent application has in fact been filed on 
this startling new method of medical healing. 
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healing it. This process is in fact used today in various medical hospitals, 
without any real understanding of the physics mechanism involved. In 
short, it has long been experimentally proven without understanding the 
‘actual mechanism by which it works. See (g) Robert O. Becker, "The 
direct current field: A primitive control and communication system related 
to growth processes,” Proc. XVIInternal. Congr. Zoology, Washington, 
D.C. Vol. 3, 1963, p. 179-183; (h) —and Charles H. Bachman and 
Howard Friedman, The direct current system: A link between the 
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‘Med, Second Series, 48(4), May 1972, p. 627-64. See also (j) C. A. L. 
Bassett; R. O. Becker, and R. J. Pawluk, "Effects of electric currents on 
bone in vivo," Nature, Vol. 204, Nov. 14, 1964, p. 652-654 
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609. See (a) A. Shapere and F, Wilczek, Eds., Geometric Phases in 
Physics, World Scientific, 1989. See also (a) MV. Berry and J. M. 
Robbins, "Indistinguishability for quantum particles: spin, statistics and 
the geometric phase," Proc. Roy. Soc. Lond A, Vol. 453, 1997, p. 1771- 
1790. 


610. See Mandl and Shaw, {19}, Chapter 5 and simply reinterpret the 
coupled scalar and longitudinal photon pair as a spin 2 graviton. 


611. In fact, Sweet's vacuum triode amplifier probably used the 
domains and nuclei in a barium ferrite permanent magnet in such a 
graviton reaction manner. In an epochal experiment designed and 
conceived by the present author, Sweet reduced the weight ofthe device 
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Dahlgren, VA, 1988, p. 2-19. 


613. For the basic explanation ofa scalar interferometer, see Evans et 
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to many not only because it smacks ofmechanism and operationalism, but 
also because no self forces appear in it and consequently no infinite self- 
forces (and the corresponding selfaccelerations) But this is too small an 
advantage compared with its shortcomings even at the classical level. 
Indeed, the theory makes use ofspecial relativity - as is apparentfrom its 
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‘assumption that e.m, signals propagate in a vacuum with a constant speed 
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{free radiation fields propagating in space, the action at a distance 
{formidation of CEM contradicts its own basis: it is logically inconsistent. " 

Our comment is that the "photon" interaction itself must be re- 
examined in light of the demonstrated giant negentropy of every change 
and dipole in the universe. Allowing for the quantum field theoretic 
combination of the scalar and longitudinal photons as an observable 
photon” that is actually a spin-2 graviton in 4-space rather than 3-space. 
the entire nature of "propagation of EM energy through space" changes. 
No photon has ever interacted in just 3-space: instead, it interacts in 
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4-space. In the strong interpretation of giant negentropy, there is really no 
such thing as a "single observable photon” in the universe. Instead, there 
is a combined scalar/longitudinal photon pair, which when interacting in 
‘matter causes transverse EM wave movement of the interacting/detecting 
charges which are restrained by (i) the inertia due to their own mass, and 
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constant speed of light c in vacuum is destroyed. What we perceive as 
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which affects the performance and "galloping mechanism” exhibited by the 
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Physics is based on a set of models and a set of experiments and observed 
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Beyond radio technology, the Evolved Packet Core (EPC) provides a core architecture that 
integrates with both legacy GSM-HSPA networks and other wireless technologies, such as 
‘CDMA2000 and Wi-Fi. The combination of EPC and LTE is referred to as the Evolved Packet 
System (EPS). 


LTE is available in both Frequency Division Duplex (FDD) and Time Division Duplex (TDD) 
modes. Many deployments are based on FDD in paired spectrum. The TDD mode, however, 
is important for deployments in which paired spectrum is unavailable. Instances of TDD 
deployment include China, Europe at 2.6 GHz, U.S. Broadband Radio Service (BRS) 
spectrum at 2.6 GHz, and the 3.5 GHz band 


The versions of LTE most widely deployed today are just the first in a series of innovations 
that will increase performance, efficiency, and capabilities. Enhancements in the 2013 to 
2016 period were the ones defined in 3GPP Releases 10, 11, and 12 and are commonly 
referred to as LTE-Advanced.”° Subsequent releases, including Releases 13 to 15, specify 
LTE-Advanced Pro. 


Keeping in mind that different operators have varying priorities, the following list roughly 
ranks the most important features of LTE-Advanced and LTE-Advanced Pro for the 2017 to 
2020 timeframe: 


1. Carrier Aggregation. With this capability, already in use, operators can aggregate 
radio carriers in the same band or across disparate bands to improve throughputs 
(under light network load), capacity, and efficiency. Carrier aggregation can also 
combine FDD and TDD and is the basis of LTE-U and LTE-LAA. As examples, in 2015, 
AT&T aggregated 700 MHz with AWS, and 700 MHz with PCS. T-Mobile aggregated 700 
MHz with AWS, and AWS with PCS.?2 Operators are now deploying three-carrier 
aggregation and eventually may aggregate four carriers.? Release 13 introduced 
support for carrier aggregation of up to 32 carriers, addressing primarily the opportunity 
to aggregate multiple unlicensed channels. Release 14 specifies interband carrier 
aggregation for up to five downlink carriers and 2 uplink carriers. 


2. VOLTE. Initially launched in 2015 and with widespread availability in 2017, VoLTE 
enables operators to roll out packetized voice for LTE networks, resulting in greater 
voice capacity and higher voice quality. 


3. Tighter Integration of LTE with Unlicensed Bands. LTE-U became available for 
testing in 2016, and 3GPP completed specifications for LAA in Release 13, with 
deployment expected around 2018. MulteFire, building on LAA, will operate without 
requiring a licensed carrier anchor. LTE/Wi-Fi Aggregation through LWA and LWIP are 
other options for operators with large Wi-Fi deployments. 


2° From a strict standards-development point of view, the term “LTE-Advanced” refers to the following 
features: carrier aggregation, 8X8 downlink MIMO, and 4XN uplink MIMO with N the number of receive 
antennas in the base station. 


21 AT&T band combinations are 3GPP Band 13 + Band 4, Band 17 + Band 4, and Band 17 + Band 2. T- 
Mobile band combinations are Band 12 + Band 4, Band 12 + Band 2, and Band 4 + Band 2. 


2 For carrier aggregation to operate, both the network and the device have to support the particular 
band combination. Legacy devices typically do not support new network aggregation capabilities. 
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FOREWORD 


by John White 


‘This book deals in a comprehensive fashion with such a vast array of topics — 
from physics, psychology and evolution to advanced weaponry, military strategy 
and international politics — that many of you may become anxious, even fearful on 
reading it, In fact, this assembly of previously uncorrelated information and 
scientific breakthrough may be the most disturbing you have ever received. 

This cannot be helped. This book represents an important step in our efforts to 
avoid global war involving not only nuclear armaments but also what appears to be 
a revolutionary development in Soviet military technology — psychotronic 
weapons. They are the modern equivalent of the legendary invincible sword, Ex- 
cealibur. 

‘The author is former U.S. Army officer Lt. Col. Thomas E. Bearden, now re- 
tired. During his twenty-year military career specializing in artillery, nuclear 
weapons, and military intelligence, Tom has pondered and researched many sub- 
jects that he covers here. His access to the full range of both military and NASA 
documents will be evident in his book. What may become highly classified data in 
the future is being revealed to you, our nation’s ultimate policymakers, for an 
urgent reason that Tom has called Operation Fer-de-Lance, the presumed Soviet 
plan for domination of the planet through nuclear-psychotronic aggression and 
warfare. For the moment I would simply like to note two statements that indicate 
the basis for our sense of urgency: 

1. On 13 June 1975, Soviet Premier Leonid Brezhnev urged a ban on research 
and development of new kinds of weapons "more terrible than anything the world 
hhas known.” 

2. In January 1977 former Air Force Chief of Intelligence, Maj. Gen. George J 
Keegan (Retired) told Newsweek magazine, "The Soviets are working on 
dramatically exotic new weapons, twenty years ahead of anything ever conceived in 
the U.S. — so awesome as to lead the Soviets to believe that in the coming decade 
they would be capable of total neutralization of our ballistic and submarine mis- 
siles.” 

‘The U.S. military intelligence community interprets these signs in convention- 
al terms as perhaps indicating the development of laser rays. Tom disagrees. His 
book will deal with the possibility that these weapons are psychotronic or para- 
physical in nature. 

In fact, we can say that in a strict sense, these are not weapons but devices — 
breakthrough technology with an enormous potential for the destruction of human- 
ity. They are a second-or third-generation outgrowth of radionic devices presently 
used in unorthodox medicine for diagnosis and healing. Extremely compact, they 
could be carried in a suitcase and planted near targets — ICBM sites, communica- 
tions centers, etc. Even if one of these devices were found and examined, it would 
oly look like an electronic switching circuit or a small transmitter/receiver set, 
rather than a bomb or explosive. 


‘The energy and the mechanism involved in psychotronic damping of nuclear, 
chemical or electromagnetic technology is, from all indications, unrecognized by 
official Western science but nevertheless inherent in it. That also has been deeply 
pondered by Tom, and this book will give a full explanation ofthe physics, mathe- 
matics and technology involved. It is not an exaggeration to say, as Tom does, that 
the explanation offers a "physics of metaphysics" — a fully developed theory of 
paranormal phenomena that elegantly unites physics and psychology. The 
ramifications of what Tom calls perception theory lead into every field of human 
knowledge and inguiry with revolutionary results — from science, theology and 
philosophy through the full spectrum of paranormal phenomena such as UFO's 
and psychokinesis into the elementary school classroom, the supermarket shopping, 
basket and the voting booth. They most certainly lead into the safety of your homes, 
and the integrity of your minds. 

Before you turn to The Excalibur Briefing, 1 want to leave you with these 
thoughts. The material you are about to read will certainly be denied by our own 
government and military and probably by a major segment of the scientific com- 
munity. It is not unlikely that Tom will be dismissed as a paranoid crackpot. Such 
tactics have been employed before against brilliant, courageous people who chal- 
lenge the fundamental dogma of the establishment as Tom does here. Neverthe- 
less, I want to reassure you that Tom is sane, sober, and serious. 

Of course, such a person could still pethaps be mistaken. In that regard, I be- 
lieve you will find Tom's presentation to be persuasive. He himselfis careful to dis- 
tinguish speculation from fact, inference from descriptive statement. Even if Tom 
were paranoid, however, the question arises: What if there is good reason for 
paranoia? To phrase it positively: We should welcome truth and enlightening in- 
sight whenever offered, regardless of the source. Do not let ad hominem argu- 
ments affect your critical judgment about the soundness of this presentation, As- 
sess the work, not the man, for the work is always greater. And having judged the 
work affirmatively, render true acknowledgement — not lip service — by sharing 
the ideas in this book with others. Only free, informed, vigorous effort in the court 
of world opinion can defuse the possibility of Operation Fer-de-Lance and 
psychotronic mind control leading to total enslavement of the human race. 

In closing, I want to point out that Tom's fundamental concern is the unifica- 
tion and evolution of the human species to a higher form of life through a process 
that he terms "mind linkage." This stage of growth to higher consciousness is ex- 
plored in the latter part of the book. It is a breathtaking portrait ofhow the spirit of 
science can lead to a science of the spirit, to a physics of metaphysics. 


to proliferate. Vendor-specific methods are common for 3G networks, and trials are 
now occurring for 4G LTE standards-based approaches. 


Other key features that will become available in the 2016-to-2020 timeframe include full- 
dimension MIMO, enhanced Multimedia Broadcast/Multicast Services (eMBMS), User-Plane 
Congestion Management (UPCON), and device-to-device communication (targeted initially 
at public-safety applications). 


The appendix explains these features and quantifies performance gains, and Figure 10 
illustrates the transition from LTE to LTE-Advanced and LTE-Advanced Pro, which include 
these features. 


Figure 10: LTE to LTE-Advanced Pro Migration" 
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Figure 11 illustrates gains in peak downlink speeds through carrier aggregation, higher- 
order MIMO, and higher-order modulation. 
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INTRODUCTION TO THE SECOND EDITION 


Since the first edition of Excalibur Briefing was published, a great deal of progress 
hhas been made on the actual physics of unusual and paranormal phenomena. Indeed, so 
‘muuch progress has been made in the ten years since the 1978 or so cutoffof most of the 
Excalibur material, that [really should rewrite the entire book. However, time will not 
permit that luxury at present Iam simply too hard-pressed in the strenuous efforts to 
‘move a free energy machine to market and to convince our government that unor- 
thodox Soviet superweapons present us with aproblem of the gravest magnitude. 

Accordingly, the inclusion of one of my latest papers, "Soviet Phase Conjugate 
Directed Energy Weapons." together with an updated glossary for the entire emerging 
field, will have to suffice. 

‘The important thing is that a separate new field of physics is beginning to 
emerge. It turns out that what we've gotten on to is a unified field—one can now turn 
electromagnetic energy into gravitational energy and vice versa. Indeed, gravitational 
potential is now revealed as simply infolded electromagnetics, and electromagnetics is 
simply the outfolding of the internal contents of gravitational potential 

Colleagues have already proven it on the laboratory bench, by building both "free 
energy” devices and practical antigravity devices. 

This new, extended electromagnetics—electrogravitation—I have dubbed sei 
electromagnetics. The key to itis to letthe EM force fields fight themselves to a 
cellation," forming a vector zero. If we do this in a nonlinear medium (modulator), the 
summing/multiplying EM vector forces are locked together and remain as an infolded 
EM system inside the EM vector zero. This now is a gravitational system. By merely 
varying (in phase) the summing EM components, one varies the local energy density 
of vacuum. Rigorously that is a gravitational wave. Further, it is a very powerful G- 
‘wave, for we are utilizing EM forces some 1042 times as strong as the normal weak G- 
force. 

Classical EM has taught us to simply discard the components in the zero vector 
summation, replacing the system of opposing EM forces with a vector EM zero. This 
of course makes all vector EM zeroes equal. However, it totally ignores the space~ 
time/vacuum stress of the summed forces, and the resulting gravitational implications. 
‘Therefore we have been taught to ignore any gravitational aspects of normal EM cir- 
cuits, and indeed we proceed to release the G-stress effects in the circuits when we 
build them as we have been taught 

(Ordinary EM represents the release of the internal stress of gravity. By teaching us 
to make nonzero EM, scientists have taught us to always release electrogravitational 
potentials as electromagnetic forces. Thus in classical EM—and in most ofthe circuits 
wwe build—the EM force fields are the primary causative agents. Classically, when 
these force fields reduce to zero, there is no more electromagnetics going on, That is 
true, but there can still be a very large amount of gravity and inertial effects going on! 

However, quantum mechanics teaches us that the EM force fields are not at all the 
primary causes. Instead, the potentials are the primary things; EM forces are simply 
‘made from these potentials by differentiating operators. And when the force fields are 
zero, the potentials stil exist. Further, when these "forceless potentials” interfere— 


even at a distance—real EM effects cun still be obtained, in total violation of ordinary 
EM and ordinary mechanics! 

‘This is called the Aharonov-Bohm Effect, and in 1986 it was finally proven to 
‘most physicists satisfaction. Only the most dichard skeptics still object to it, according 
to Physics Today, January 1986. 

Atany rate, when we have zeroed the E and B fields, we can still have the poten- 
tials, according to modem physics. These potentials can interfere to produce electro- 
magnetic force effects—even at a distance. 

Further, the zero summation can be dynamic; that is, the vector components can be 
varying, so long as they always sum to a zero vector. Actually such a zeroed system 
now has an infolded, deterministic pattern of dynamic forces, according to the pattern 
we deliberately construct. Further, the energy of each force component infolded is 
varying, and thus the overall energy density of local vacuum is varying 

As we said, rigorously this defines a gravitational wave. So the zero-vector ap- 
proach allows EM wave energy to be turned directly into gravitational wave energy. 
Now it is the curvature of spacetime that is being varied locally. That's a really as- 
tounding thing. 

‘We can now deliberately engineer the vacuum/spacetime itself, with all that that 
statement implies. Locally we can bend spacetime itself, which Einstein assumed 
could never be done except by a huge collection of mass—such as a sun, star, neutron 
star, etc. But here we can do it with simple things such as opposing coils, opposing E- 
fields, etc. We've ust violated one of the sacrosanct, severely limiting assumptions of 
ordinary (Einstein's) general relativity! 

‘That is, up to now most Western physicists have assumed that the local space- 
time/vacuum cannot be curved. They assume that, where we the observer and the 
ity applies. Locally the observer always, 
in that view. This assumption (the local Lorentz frame) means 
that all the conservation laws apply, and physical reality stays well-behaved where the 
laboratory is and where we are. Ordinary relativity becomes just a sort of "special rel- 
ativity with distant perturbations 

The only curvature of spacetime of any consequence is only to be found at or near 
distant stars, suns, black holes, and other huge collections of mass, in this highly re~ 
strictive view. Further, this assumption implies that one can never have an experimen- 
tal general relativity, since where one is experimenting (locally) there is always 
essentially zero spacetime curvature! 

However, one need not have such a formidable restriction at all. Two bucking 
transformers can make a B-field vector-zero alittle bit More complex circuits can 
easily be designed to sum (or multiply) force fields to zero very well. When we do this 
zero summation, we also get an amazing gain as follows: Consider two electrons in 
free space. As is well known, the electric field force (repulsion) between them is about 
10* times as strong as the gravitational field force (attraction) between them. So the 
electric force is so very much stronger that the comparatively weak gravitational force 
can be entirely neglected, in most applications. However, if we "strangle" that electric 
field force by zero summation, all the opposing electric forces are converted directly 
into gravitational potential! 

Interference of two such potentials can directly generate gravitational forces. So, if 


we could zero-sum their E-fields perfectly, we could instantly amplify the gravi- 
tational force between the two electrons by a factor of 10". With such a gravitational 
force amplification factor, our altered “electrical” circuits would actually become 
powerful electrogravitational circuits. Further, appreciable gravity effects would now 
be experienced by any mass, object, or device exposed to the action ofthe circuits. This 
is the fundamental secret that Nikola Tesla discovered, one which he never openly re- 
vealed. 

Further, by locking opposing EM waves together, we may easily construct purely 
scalar EM (electrogravitational) waves and beams. In such case, amazing new phe- 
nomena are encountered: (1) one can increase or decrease the mass and inertia of an 
object: (2) one can produce a unilateral force in and on each and every nucleon in a 
body, thus accomplishing the long-sought "antigravity"; (3) a unilateral force drive— 
“space drive"—can be constructed; (4) transmutation of elements becomes fairly 
simply done, with miniscule energy: (5) effects ata distance—such as cold explosions 
‘or hot explosions—can be accomplished; (6) negative energy and negative time effects 
‘can be created and utilized; (7) Newton's third law can be manipulated and violated at 
will; (8) negative entropy effects can be created and utilized; and (9) direct energy ex- 
traction from the vacuum can be accomplished, etc. So many new effects are en- 
countered that it will take a generation of graduate students and university laboratories 
to get a good handle on most of them 

The reader is urged to remember these rules: (1) The destructive interference of 
scalar EM waves (electrogravitational waves) produces EM energy in, or extracts it 
from, the interference zone. (2) The destructive interference of ordinary EM waves 
produces gravitational potential energy. (3) The release of the ordinary EM force fields 
represents the bleed-off ofa 5-dimensional gravitational potential as ordinary electro- 
magnetics. (4) The bottling-up of the ordinary EM force fields represents the forced 
bleed-off of a 5-dimensional gravitational potential as ordinary 4-dimensional gravi- 
{ational force. (5) The EM field and the ordinary (4-space) G-field are just separate 
bleed-off s of the same 5-dimensional gravitational potential field 

‘Thus, I make no bones about it; we have a new physics in the offing—one that is, 
eminently practical and easily engineered by any modem electromagnetics laboratory 

Since the first edition of this book was issued, it has also become obvious that at 
least two other phenomena are involved in UFOs, and intermingled with the "materi- 
alizations from the collective unconscious" true UFO phenomena. These two addi- 
tional things are: 

(1) A great number of “lights at night" and "mysterious fireball” type phenom- 
‘ena—and giant balls of light and glowing hemispheres of light of gigantic size—are 
actually due to deliberate Soviet long range, high energy, real-time holography using 
pphase conjugation. These phenomena are to accomplish orientation and alignment of 
‘giant Soviet weapons, and at the same time deliberately evoke UFO reports and scien- 
tific skepticism, providing perfect deception. 

(Q) Several nations of the world—at least two—have been building and flying an- 
tigravity spaceships all over the solar system, since the early 1950's. Avery small num- 
ber of UFO ship reports and encounters are due to these ships and their crews. 
However, control ofthese ships is not under any duly elected government, but passes 
‘out ofthe government concemed, into and under the control of some mysterious group 


which I loosely refer to as "the control group." This is the same mysterious group 
which has been suppressing free energy and antigravity inventors and inventions for a 
great number of years. 

‘Thus in Excalibur Briefing we are still addressing the primary UFO phenomena: 
Materializations from the collective human unconscious. Coverage of the other two 
parts of the overall reported UFO phenomena will be made elsewhere. 

So it seems that, under my hard-pressed circumstances, the best thing to do for the 
second edition of Excalibur Briefing is to include something that shows some of the 
drastic progress that has been made. By adding a glossary and a current paper, the book 
will also be made much more usable. Falso have prepared an index forthe first edition, 
bbut it cannot be included because of space limitations. Admittedly that is regrettable 
and still not the optimum, but it will have to suffice, Perhaps in the future I will be able 
to do a complete rewrite of the book, for Excalibur IL 

Until then, I ask the reader's indulgence and understanding, 


In the first edition we accented the hyperspatial aspects of the problem, but also 
pointed out that higher dimensional spaces and deeper nested levels of virtual state are 
in fact one and the same thing. The reader should keep in mind that when we “inter- 
nest” vector zero systems, we are performing direct engineering in hyperspace. 

Let me be more specific. When you zero sum a group of EM force vectors, you 
place those component vectors "inside the zero," soto speak. In moder language you 
have placed ordered patterns directly inside the violent flux of virtual particles com- 
prising the vacuum. The modern concept of the vacuum is that it is like a seething 
plasma or gas. However, it's a very strange gas, for each particle arises spontaneously 
out of nowhere (according to quantum mechanics), and almost immediately tums into 
something else and/or disappears. Thus the vacuum plasma or gas is rather peculiar: 
the particles comprising it appear and disappear so rapidly that they cannot individu- 
ally be detected. However, while a virtual particle exists, itis in motion, and so a vi- 
lent flux of these "phantom particles” comprises the vacuunv/spacetime. 

However, just ax many fleeting particles in the vacuum are moving backward in 
‘observer time as are moving forward init! So this wild "vacuum gas” of ghost particles 
exists in both positive and negative time at once! 

Anyway, when we make a zero vector EM system, each component force in the 
summation represents a gradient in this virtual particle flux. That is, we have "pat- 
temned” and organized the flux—polarized it, so to speak. And that now overturns one 
of the fundamental assumptions of quantum mechani 

Quantum mechanics assumes that the violent flux of vacuum ghost particles is 
totally randomized. That is, no deterministic pattern exists in the flux. These virtual 
changes collect or cohere statistically, not deterministically, in the standard assump- 
tion. When they happen to collecticohere sufficiently, the threshold of an observable 
quantum change is breached, and a quantum change occurs. 

It can readily be seen that, in the ordinary view, the occurrence of these quantum 
changes is totaly statistical. And indeed it is, so long as the virtual particle flux is ran- 
domized. However, with zero vector summation (or multiplication) we have produced 


deterministic patterns in the flux—and hence in the cohering and collecting ofthis flux 
on observable charged particles. Therefore, these deterministic "virtual state” ordered 
ppatterns will result in the appearance of deterministic patterns in the occurrence of ob- 
servable quantum changes. 

Now we have begun to engineer physical reality directly; that is, one can now 
begin to pre-determine which statistical change shall be favored, or in the extreme 
‘case, which one shall occur, and whether or not it shall even occur at al 

The renowned physicist, David Bohm, has written a theory of "hidden variables’ 
which could fit and describe all of physics (nothing out there contradicts it). It has 
largely been ignored, and will continue to be ignored unless it can show appreciable 
application that normal theory cannot cover. With the scalar EM approach, we can now 
directly provide hidden EM force field vectors, ordering the virtual state vacuum flux, 
and we may vary these ordered virtual patterns at will to produce startling new results 
in charged particle systems. So now we can directly engineer Bohm's “hidden varia- 
bles,” and the vacuum itself{—something ordinary theory cannot cover. Drastic 
changes in the physicists view of fundamental physical reality, and of what he can do 
about it, now result 

But to return: We wish to engineer additional hyperspaces. (The first zero-vector 
summation places the component vectors in the fifth dimension.) Ifwe take one of the 
component EM vector forces in the first zero vector summation, and we then take 
point on it as yet another "reference zero", we may encapsulate a second series of 
zero-system summation vectors into and within that zero-point. In this case we have 
placed these second vectors into yet a deeper level of virtual state vacuum. That is, we 
have reached into yet another hyperspace with our engineering and control. Indeed, we 
have placed the second system EM vectors into the sixth dimension. So we have be- 
‘come true hyperspace engineers 

‘The process is repeatable as desired. We may reach any hyperspace we wish, as our 
technology and control develop. 

Now we see the impact In modem Kaluza-Klein geometry, one needs about 11 or 
so dimensions if one is to account for quarks, charm, etc. Now we have adirect tool to 
reach into any one or all of these hyperdimensions and affect the exact particle or com- 
ponent desired. We will be able to engineer matter—including the nucleus, and includ- 
ing inside the proton and neutron—in almost any way we wish. Itall follows from 
scalar electromagnetics, which allows the direct engineering of hyperspace in all its di- 

Remember, engineering in hyperdimensions is just the engineering of nested levels 
of vacuum potentials. Even more startling, we can also place "thoughts" and effects 
<irectly in the mind itself, including the unconscious mind. 

As we stated in the first edition of this book, we may model the mind as simply an 
objective 3-space, three turns away from the 3-space of the ordinary physical world. 
If we nest two or more additional zero-vector systems in our first one, then we have 
placed affects ("vectors") directly inside the mind itself. If we know the code of the 
‘human brain-tuner, we can now manipulate the mind directly. Electromagnetically, by 
scalar EM. And it appears that the Soviet Union has begun to reach this frightening 
capability 

Disease patterns may be induced upon ordinary EM carriers in the same manner, 


by nesting the zero-vector systems. That is, of course, if one has measured the scalar 
patterns evident in the induced disease, say, in the Kaznacheyev-type experiments 
With the desired disease patterns. The reverse is also true: Nesting the patterns in the 
proper context on EM field carriers can cure diseases such as cancer and leukemia, as 
evidenced by the Priore device. 

‘One can also make a practical "free energy" device by setting up a standing scalar 
‘wave resonance in a localized region or device. From the "high stress" point to the 
low stress” region of vacuum formed by such a standing scalar wave, a literal "river 
of energy" is flowing in the vacuum itself. Once the river is established, only the "Ieak- 
age" need be replenished. Hence, if one builds a special sort of "paddle wheel” to react 
with the river and turn init, one obtains shaft power freely from the localized curvature 
of spacetime. In that case, an ordinary generator can be driven by the shaft torque to 
provide very cheap, or"free,” electrical energy. 

Several inventors—three of whom I work with in one respect oF another—now 
have demonstration models of such machines, which take diverse forms. 

Because of the extreme importance of these emerging potentialities, in recent years 
I've concentrated intensely upon the properties of the vacuum as spacetime, and un- 
covered shortcomings (and downright errors in many cases) in ordinary physics and 
electromagnetics. Slowly the scalar EM picture has emerged, and a series of papers has 
been written and published to develop the concepts of the new approach, 

‘The scalar approach also includes the ability to engineer negative energy and nega- 
tive time flow. The reader is referred to Chapter 4, "Extraordinary Physics,” of my 
forthcoming book, AIDS: Soviet First Strike, Tesla Book Co., P.O.Box 1649, Green- 
ville, Texas 75401 for a summary of the vast importance of the time-reversed EM 
wave (phase conjugation), 

Let me herejust accent a rule of great importance: Itis actually the key to negative 
‘energy, negentropy, antigravity, free energy, transmutation, Tesla's wireless transmis- 
sion of energy at a distance without loss, Tesla’s original magnifying transmitter, and 
‘many other things. 

First we need the expression CPTEGS, where C is charge, P is parity, Tis time 
flow, E is energy, G is gravity, and S is entropy. We shall be concerned with the alge- 
braic sign of each term in the expressioa The rule deals with photon interaction with a 
charged particle inside an atom. Normally, incident photons interact with an electron in 
the electron shells, so C is normally negative. This produces normal parity, and causes 
the normal or positive flow of time, s T is normally positive. The normal kinds of 
energy, gravity, and entropy are experienced, so energy is positive, gravity is positive 
(attraction), and entropy is positive (progressive interactions in a system tend to more 
and more disorder), 

‘The astonishingly powerful rule is this: In a photon interaction with a charged par- 
ticle in an atom, if any one ofthe terms of the expression CPTEGS is reversed in alge- 
braic sign, all the other terms are reversed in algebraic sign. 

‘Thus ifone makes scalar EM, the wave (and its photons) passes through the elec- 
ton shells and interacts with (is absorbed in, and raises to an excited state, which then 
decays to emit wave and photons) the highly nonlinear, positively charged nucleus. 
This represents a reversal of C, hence areversal of P, T, E, G, and § also. 

Consequently, a time-reversed wave—a phase conjugate replica of the incident 


wave—is emitted by the decaying excited nucleus. In nonlinear phase conjugate op- 


lies, this is the mechanism that produces the phase conjugate wave. This is also the 
‘mechanism that produces a very large amplification of the incident wave when a 
"pump wave" (two waves 180 degrees out of phase) are used in the nonlinear (modu- 
lating) medium of the phase conjugate mirror 

(The reader's referred to any good book or summary paper on phase conjugate op- 
tics; for example, see David M. Pepper, "Nonlinear optical phase conjugation,” Opti- 
cal Engineering 21(2), Mar/Apr. 1982, p. 156-183.) 

‘When one pumps a phase conjugate mirror material sufficiently, thes 
release of the total nuclear excitation energy as phase conjugation replica waves (nega 
tive energy), appreciable negative time is produced in the decaying nuclei of the mir- 


iekles” the 


ror. In negative time, gravity is arepulsion, not an attractioa The mirror thus produces 
antigravity, and gets lighter. Ifit is forced to sufficiently high amplification, it can be 
‘made to float in ait. At higher amplification still, it will accelerate upward, 
‘Some other references of interest to this new edition follow: 
1. Robert A. Fisher, Ed., Optical Phase Conjugation, Academic Press, New York, 1983. 
Collection of papers. An extensive bibliography is given atthe end of the hook. 
2. Ya. Zel'dovich, N. F.Pilipetsky, and V. V. Shkunov, Principles of Phase Conjugation, Vol 
42, Springer Series in Optical Sciences, Theodor Tamir, Ed, Springer-Verlag, New York, 
198s. 
3. Ammon Yariv, Optical Electronics, Third Edition. Holt, Rinehart and Winston: New York, 
1985. See particularly Chapter 16: "Phase Conjugate Opties—Theory and Applications. 

4. ¥. Aharonoy and D. Bohm, "Significance of Electromagnetic Potentials in the Quantum 
Theory." Physical Review, Second Series. 115(3), Aug. 1,1959. p. 485-491. 

5. RG. Chambers, "Shift of an electron interference pattern by enclosed magnetic flux 
Physical Review Letters. (1), My 1,1960. p. 3. 

6. Richard P. Feynman, Robert B. Leighton, and Matthew Sands, The Feynman Lectures on 
Physics. Volume n, Section 15-5, p. 15-8 to 15-14. 

7.E. T. Whittaker, "On an expression of the electromagnetic field due to electrons by means of 
{wo scalar potential functions." Proc. Lond. Math. Soc., Vol. 11903, p. 367-372. 

8. T.E, Bearden, Solutions to Tesla's secrets and the Soviet Tesla weapons. Tesla Book Co., 
reenville, TX, 1981, 

9.7, E, Bearden, Tesla’s secret and the Soviet Tesla weapons, Presented in absentia at the First 
International Unorthodox Energy Symposium, Toronto, Canada, 1981. Available from Tesla 
Book Co, 

10. T. E, Bearden, "Soviet weather engineering over North America." I-hour videotape, 1985. 
Available from P.O. Box 1472, Huntsville, AL 35807. 

1, Gwynne Roberts, "Witness toa super weapon?” The Sunday Times, London, England, Aug. 

17,1980. 

12. Greg Rippee, "Mushroom cloud sighted off Japan." Los Angeles Daily News, Ape. 11,1984. 
P-L. 

13, Martin Ebon, "Moscow, June 11, 1977." in his Psychic Warfare: Threat or Hlusion. 
‘McGraw-Hill Book Co., New York, NY, 1983. p. 1-11 

14, A. K. Lapkovskii, "Relativistic kinematic equations and the theory of continuous media." 
Soviet Physics Journal24(6), June 1978-Dec. 1978. 

15, B. N. Belyaey, "On random fluctuations of the velocity of Hight in vacuum 
Vysshith Uchebnykh Zavederdi, Fizika. 1, Nov. 1980.p-37-42. 

16, Ingram Bloch and Horace Crater, "Lorentz-invariant potentials and the non-relativistic 
limit" American Journal ofPhysics. 4(1), Jan. 1981. p. 67-78. 


" Azvestiya 


2.1 J. R. Aitchison 


T.E, Bearden, Comments on the new electromagnetics: Part discrepancies inpresent EM 
theory Tesla Book Co., Greenville, TX. 1982 
TLE. Beaiden, Comments onthe new electromagnetics: Part2: the secretofeletrical fee 
‘nergy Tesla Book Co.. Greenville, TX. 1982 
TLE Bearden, Towanda new electromagnetics: Patil clariing the vector concept Testa 
Book Co, Greenville, TX. 1983. 
TLE. Bearden, Toward anew electromagnetics: Part IV: vectors and mechanisms clarified 
Tesla Book Co., Greenville, TX. 1983 
T. E. Bearden, "USSR: New beam energy posible?” Defense & Foreign Afr Daily 
IBID, June 12,1984, p. 1-2. 
‘LE, Bearden, Star Wars Now? The Bohm-Aharonoeffec, scalar interferometry, andSoviet 
wveaponiation. Tesla Book Co, Greemile, TX. 1984, 
TLE. Bearden, “A conitiona riterion forienty eng to four law oflogie." Pursuit 
13(), Winter 1980p. 6-10 
Max Frankl, "Khrushchev sys Sovet wil cut frces thik: sees Tantasti’ weapon" New 
York Times. Jan. 18,1960. 
David Bohm and B. J, Hiley. “On the inuitive understanding of nontoalt a implied by 
«quantum theory.” Foundations ofPhyscs. S(1), Mae. 1975, p. 93-108. 
Derek Wood, "USA probes mystery cloud reported oapan. "Jane's Defence Wee: 118) 
May 12.1984. p. 716 
Yousef Bodansky. "Soviets ‘testi 
Weekly. 103), Ape 7.1984. p. 508 
"Explosive events seenonSovietisland” Aviation Week & Space Tecnology. Sep. 26,1983. 
pal 
Archibald E. Roberts, "The Tesla Factor." Bulletin. Commitee to Restore the Constitution 
POB 966, Fort Collins, CO 80822. Nov. 1984p. 1-6 
See a series ofatces by C.B. Bakerin Youth Acton News, BOB 312, Alexandria, Virginia 
22313. "Diaboie Soviet Warfare," Nov. 984; "Soviet WeaherMayhem, "Nov. 1983: "The 
Soviet Zapping of Ameria,” Dec. 1986; "Fifth Colima Treachery.” May 1987, andothers 
D. W. McCann, "The Enhanced-V: a satelite observable severe storm signature." Monthly 
Weather Review: 1, 1978. p. 887-894 

‘Nothing's plenty: the vacu 
Contemporary Physics. 26(8), 1985. p. 333-391 
GE. Stedman, "Ring interferometric ests ofclasical and quantum gra 
Phsies.26(4, 1985, p. 311-332 
Peter Hobbs, "Holes in clouds * Weatherwise. 383), Oct 1985. p. 254-258 
T.D. Lee, Partclephyscs and introduction tofeld theory. Harwood Academic Publishers 
New York, NY 1981 Second printing with corections, Nov. 1982 
Ruggero Maria Santi. thal probe on Einsteinsfllowers in the USA.: An insider's 
view. Alpha Publishing, POB 82, Newtonville, MAO2160.1984 
Bryan G. Wallace, "The great peed oflight in space coverup.” Seen Ethics, 1), Feb. 
1985.p.2-3 
Bryan G. Wallace, "Letters tothe Eto” Physics Today: 36(1) 1983p. 11, 
BryanG. Wallace, "Letters tothe itr” Physics Today. 376), 1984p. 15 
MLE. Ash LL. Shapiro and W. B. Smith Astron. J. 72.1967. p. 72 
Bryan G, Wallace. Spectrosc Le. 4.1971, 9.79. 
Bryan G. Wallace. "The unified quantum cletodynamie ether” Foundations ofPhysies. 3. 
1973.p.381 
D.E. Thomsen, “Was afith fre felt?” ScienceNews. 1293). Jan, 18,1986. p38. 
S. Olariu and. lovey Popescu. "The quantum eet of electromagnetic faxes.” Reviews 


Jane's Defence 


chemical ag 


Afghanis 


nin modem quantum field theory. 


y.” Contemporary 


of Modern Physics. 57(2), Apr. 1985. p.339-438. Thorough review of the entre subject of 
the Aharonov-Bohm effect, from the standpoint of conventional physics. A very 
‘comprehensive list of references is included. 

45. V. I. Denisov and A. A. Logunov. "The inertial mass defined in the general theory of 
relativity has no physical meaning,” Teoretichedskaya i Matematicheskaya Fizika, $12), 
‘May, 1982. p. 163-170. (in Russian). English translation in Theoretical and Mathematical 
Physics 

46. A. A. Vlasov and V. I. Denisov. "Einstein's formula for gravitational radiation is not a 
consequence of the general theory of relativity.” Teoreticheskaya i Matematicheskaya 
Ficika. 53(3), Dec. 1982. p. 406-418. (in Russian). English translation in Theoretical and 
Mathematical Physics, 

47. Richard A. Blade, "Modification of Maxwell's equations in free space to account fornonzero 
photon mass and scalar electromagnetic waves.” Proceedings of the Tesla Centennial 
Symposium, an IEEE Centennial Activity, Colorado College, Colorado Springs, Colorado, 
‘Aug. 9-11,1984,. 91-92, 

48, Jack Y. Dea, "Sealar fields: their prediction from classical electromagnetism and 
interpretation from quantum mechanics." Proceedings ofthe Tesla Centennial Symposium, 
1984, p.94-98, 

49, Robert W. Bass. "Self-sustained non-Hertzian longitudinal wave oscillations as rigorous 
solutions of Maxwell's equations for electromagnetic radiation.” Proceedings of the Tesla 
Centennial Symposium, 1984, $9.90. 

50. T. E, Bearden, "Tesla’s electromagnetics and its Soviet weaponizauon.” Proceedings ofthe 
Tesla Centennial Symposium, 1984. p. 119-138 

51. Theodor Kaluza. Sit BerlinPreuss. Acad. Wiss. 966,192] 

52. 0, Klein.Z. Phys. 37.895,1926. 

53. Charles W. Misner, Kip S. Thome and John Archibald Wheeler. Gravitation, W.H. Freeman 
and Co., San Francisco, CA, 1973. p. 19-21, 71-72, 163-165, 367-369. Presents the 
ii ‘assumptions imposed on general relativity, to provide the severely restricied 
‘ordinaty general relativity" taughtin almost all Western universities. The Soviets are not 
nearly so attached to such artificial assumptions. 

54, V. I, Denisov and A. A, Logunov. "New theory of spacetime and gravitation, 
Teoreticheskaya iMatematicheskaya Fizika, 50(1),Jan. 1982. p.3-76. (In Russian). English 
translation in Theoretical and Mathematical Physics, SO(), July 1982. p. 1-48, 

55. Raymond C. Gelinas. "Apparatus and method for determination of a receiving device 
relative to transmitting device utilizing a cul-free magnetic vector potential field.” U.S. 
Patent No. 4.447.779. May 8,1984. 

56. Raymond C. Gelinas. "Apparatus and method for modulation ofa curl-free magnetic vector 
potential field." U.S. Patent No. 4.429.288. Jan. 31,1984. 

57. Raymond C. Gelinas. "Apparatus and method for demodulation of a curl-free magnetic 
veetor potential." U.S. Patent No. 4,429280. Jan, 31,1984. 

58. Raymond C. Gelinas. "Apparatus and method for transfer of information by means of a 
curt-free magnetic vector potential field." U.S. Patent No. 4,432,098. Feb. 14,1984. 

59. Thomas E. Phipps, Jr. "Critique of accepted theories of special relativity and 
electromagnetism.” Scientific Ethics. 1(2), Apr. 1985.p. 17-23. 

(60, Beatam Schwaraschild, “Currents in normal-metal rings exhi 
Physies Today. 39(1), Jan. 1986. p. 17-20. 

61. William 1. Hooper, "All-electric motional electric field generator.” U.S. Patent No. 
3.610.971. Oct 5,1971 

62. Wiliam J. Hooper, "Apparatus for generating motional electie Field." U.S. Patent No. 
3,656,013. Apr. 11,1972. 


it Aharonov-Bohm effect" 


63. William J. Hooper, New horizons in electric, magnetic and gravitational eld theory. Akron, 
Ohio. Electrodynamic Gravity, Ine. 1974 

64. Oleg D. Jefimenko, "Gravitation and antigravitation." Proceedings of the West Virginia 
Academy ofScience. 52(2), 1980. p. 106-118. 

65. R. C. Jenison, "Relativistic phase-locked cavities as particle models.” Journal of Physies 
A: Mathematical and General. 11(8), Aug. 1978. p. 1525-1533, 

66. T. D. Keech and J. F, Corum. "A new derivation forthe Field ofa time-varying charge in 
Einsteins theory." Intemational Journal of Theoretical Physics. 20(1), 1981. p. 63-68. 

67. Raymond Krome, "Electric generator.” U.S. Patentno. 3,3374,376. Mar. 19,1968, 

68. M. J. Perry, "Magnetic monopoles and the Kaluza-Klein theory,"Am. Inst. Phys. Corf. Proc: 
No. 116,1984. p. 121-125. Kaluza-Klein theory admits soliton solutions which constitute 
‘magnetic monopoles. These monopoles have inertial mass, but no gravitational mass, 

(69. M. W. Kalinowski, "The nonsymmetric Kaluza-Klein meory,” Math. Phys. 24(7), July 
1983p. 1835-1845. 

70. D. J. Toms, "Induced Einstein-Maxwell action in Kaluza-Klein theory." Phys. Lett. B 

(Netherlands), 129B(L-2), Sept 15,1983. p. 31-35. 

Fritz Albert Popp et al, eds., Electromagnetic Bio-Information, Proceedings of the 

‘Symposium, Marburg, September 5,1977. Urban & Schwarzenberg, Baltimore, 1979. See 

particularly Fritz Albeit Popp, "Photon storage in biological systems." p. 123-149. 

72. A.G. Gunvitsch, Theory of Biological Field, Moscow, 1944 (in Russian) 

73. V. P. Kaznacheyev et al, "Conditions Necessary for Appearance of Distant Intercellular 
Interactions alter UF-radiation,” Bulleten Experimentalnoy Biologii i Meditsiny, No. 5, 
1979, pp. 468-471 (in 

74, Antoine Priore, "Method of producing radiations for penetrating li 
No. 3280,816. Oct. 25.1966, 

ik, "Do the French Have a Cure for Cancer?" Esquire, July 1975,p. 110-111. 

149. Excellent summary ofthe Priore Affair, with some details of the working of the 
machine. 

76.1. B. Bateman, “A Biologically Active Combination of Modulated Magnetic and Microwave 
Fields: The Priore Machine." Office of Naval Research, London Report R-5-78, Aug. 
1978. Comes very close when he states that "The possibility that some hitherto 
‘unrecognized feature ofthe radiation from a rotating plasma may be responsible for the 
Priore effects should not be dismissed out of hand...” Indeed, none of the persons who 
checked the machine or pondered over it knew anything about phase conjugation— which 
plasmas ean do, and which the Priore machines did 

71. J.B. Bateman, "Microwave magic." Office of Naval Research London Conference Report, 
‘ONRL C-14-77,1977. 

78. R. Courrier, 1977. "Expose de M. le professeur R. Courrier secretaire perpetuel de 
Academie des Sciences fait au corns d'une reunion a llastitut sur ls effets de la machine 
deM. A. Priotele 26 Avril 1977." 

79, Jean-Michel Grille, Dossier Priore: A New PasteurAffair. De Noel, Paris, France. 1984. 

80. Thomas H. Moray, "Electrotherapeutic apparatus,” U.S. Patent No. 2.400.707. Feb. 1.1949, 

81.T.D. Lee, Particle Physics and Introduction to Field Theory, Harwood Academic Publishers, 
New York, 1981. See particularly Chapter 16, "Vacuum as the source of asymmetry 

82. Royal R. Rife, "The Rife Microscopes.” Apr. 28,1939, 

83. Arthur Isaac Kendall, "Filtration ofbacteria; studies in bacterial metabolism,” Seience 75, 
‘Mar, 18,1932. p, 295-301 

84. RE. Seidel, M.D. and M. Elizabeth Winter, "The new microscopes,” Journal ofthe Franklin 
Institute, Feb., 1944. p. 103-129. 

85. Christopher Bird, "Whathas become ofthe Rife microscope?" New Age Journal, Mar. 1976, 


S. Patent 


ing cells," 


Figure 11: Successive Gains in Peak LTE Downlink Throughput”> 


Further Gains Pre 5G 


11 Gbps: DL.4X20 MHz CA, 
256 QAM, 4x4MIMO. 


6600 Mbps: DL 3X20 MHz CA, 
256 QAM, 4x4 MIMO. 


300 Mbps: DL 2X20 MHz CA, 
64 QAM, 2x2 MIMO. 


150 Mbps: DL 20 MHz or 2X10 MH2 Carrier Aggregation (CA), 


70 Mbps: DL 10 MHz, Soe 
64 QAM, 2x2 MIMO. 
> 
ri ws M2015 20620172018 


ysawy Research 


5G Use Cases (ITU and 3GPP) 


The ITU, in its 5G recommendations, divides use cases into three main categories, as shown 
in Figure 12. 


1. Enhanced Mobile Broadband (eMBB). eMBB is the most obvious extension of 
LTE capability, providing higher speeds for applications such as streaming, Web 
access, video conferencing, and virtual reality. Highest speeds will occur in small 
cells with limited movement speed of end users, such as with pedestrians. 


2. Massive Machine-Type Communications (mMTC). Massive machine-type 
communications extends LTE Internet of Things capabilities—for example, NB-|oT— 
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INTRODUCTION TO THE FIRST EDITION 


Today there are a great many books available on UFO's, paranormal 
phenomena, and wild science, and one more such book ought to say something 
quite different if it is to be justified. Accordingly, in this book I have tried to say 
something quite different, perhaps in some cases too different. And so, to assist the 
reader's comprehension, I would like to explain something of how the book came 
about, 

For the last fifteen years or so I have been interested in paranormal phenomena 
to one extent or another. Fifteen years ago I started studying Shotokan karate, and 
later switched to Yoseikan aikido, a most profound and absorbing martial art. 1 
had already started serious reflection on the nature of perception, and after some 
years of aikido practice I occasionally began to experience what might be called 
paranormal perception. For example, occasionally, when violently attacked by 
several opponents, I would suddenly discover myself standing calmly on the side- 
lines watching the robot-like figures go through the motions ofa play, motions that 
had already occurred in one kind of reality and that were now simply being re- 
peated. On the rare occasions when I experienced this pure zen state of aikido, the 
techniques became flawless. In fact, the state was not separable into attacker, de- 
fender, and technique — rather a single union of the universe occurred. Unfor- 
tunately, although I eventually reached Sandan (third-degree black belt), I never 
permanently attained the complete aikido oneness state; this does not normally 
occur until the sixth dan level. 

However, the occasional experiencing of this pure unity made a deep impres- 
sion on me, for such aikido is pure meditation in motion, and only in such a state 
can the individual grasp the nature of perception. Only when conscious activity has 
stopped ("mind like a moon on still water") is such awareness possible. For several 
years I then laboriously developed a theory and interpretation of aikido for 
Westerners and eventually published it privately. 

In 1971, while finishing a Master of Science degree in nuclear engineering at 
Georgia Tech, 1 put together a first crude theory of perception, which was pub- 
lished in 1973, many rewrites later. By that time I was already deeply engrossed in 
the study of paranormal phenomena, and especially unidentified flying objects. 1 
had seen several UFO's (the earliest in 1950), and no longer doubted that the UFO 
phenomena represented some sort of new reality experienced by a great many 
people. 

‘The UFO organizations at that time seemed to be in disagreement with each 
other. For twenty-five years or so almost everyone studying the phenomena had 
been trying to prove the extraterrestrial hypothesis, ie., they started with the as- 
sumption that UFO phenomena were caused by group of young stalwarts 
over on planet X of star Y, getting beered up on a Sunday afternoon, hopping into 
an old space jalopy, and motoring over to planet Earth to jolly the natives. So they 
vigorously cataloged the UFO reports that fit the picture, and embarrassedly 
ignored those that did not. Yet most of the phenomena consisted of strange lights 
at night, not steel-hulled spaceships. And most of the contactee cases — particu- 


larly those involving apparent communication and abduction — were regarded as 
Just too far-out for engineers and scientists to swallow. Almost everyone in the 
UFO organizations seemed to be convinced that Earth was being visited by space- 
men from another planetary culture more advanced than our own, and so the UFO 
enthusiasts looked for hardware and spaceships, no more and no less. 

The tabloids were a mess — filled with sensational nonsense about the pur- 
ported UFO invasion of earth. Some invasion! If the would-be invaders possessed 
such an advanced technology, why had they spent twenty-five years flitting around 
the backside of the country and frightening the rural people, instead of simply 
landing an expeditionary force and having done with it? It seemed that almost no 
one was really looking at the phenomena in a totally unbiased manner. When one 
did so, without especially selecting the data, the strangeness of the data went up by 
orders of magnitude. 

So I decided — rightly or wrongly — not to compete with the catalogers, but to 
ty to come to grips with the possible science evidenced by the phenomena. I 
wanted to examine what kind of science was necessary to describe the phenomena 
and the mechanisms producing them. It rapidly became obvious that our scientific 
framework was not adequate to explain these events. In fact, our logical frame- 
work was not adequate. So I decided to look for a new scientific framework, 
knowing that the effort would be long and arduous and might not succeed at all. 

Al the unexplained phenomena seemed to me to be interconnected; for ex- 
ample, a study of Sasquatch will sooner or later lead to the study of UFO's and 
thence to the study of the other phenomena. So it appeared that they were all dif: 
ferent aspects of the same overall reality. Since that reality most definitely in- 
volved the mind as well as matter, it appeared necessary to develop a new science 
incorporating both mind and matter. And so the search and the gradual accumnula- 
tion of insight continued. 

‘The trail led directly to the great paradoxes of science, the great unsolved prob- 
lems of philosophy, and the three laws of logic on which all logical disciplines and 
sciences are founded. Using my perception theory, it was possible to see through 
the age-old necessity for the identity of opposites, how opposites could be identi- 
fied, and when they were identified. Thus a fourth law of logic could be written and 
the system closed. 

Slowly the nature (or, more precisely, a model of the nature) of mind became 
clearer. In addition, mechanisms for materialization and dematerialization ap- 
peared, as well as mechanisms for metal bending, thoughtform materializations 
(tulpas), and telepathy. 

But the international strategic balance also could not be ignored. From my 
military background, the Soviet military buildup toward an attack capability was 
apparent as early as 1970-71. Moreover, from my work on the Moray radiant 
energy device I had discovered what I believed to be the basic theoretical mech- 
anism used by T. Henry Moray to tap the zero point energy of fice space. (This, 
mechanism powerfully amplifies virtual state into observable state.) And positive 
evidence suggested that the Soviets had obtained the secret of how to make the 
Moray detector tubes. Putting this together with psychotronics produces an 
astounding weapon capability — and the Soviets must have had such capabilities 
already on site and others in development. 


I looked for evidence of these weapons, and the evidence was there, cleverly — 
even diabolically — concealed. 

When I then realized the entity nature of the collective human unconscious, 
everything fell into place. Suddenly the different major waves of UFO's made very 
good sense, as did the cattle mutilations, the Soviet buildup, Khrushchev's 1960 
statement about fantastic weapons, Brezhnev's 1975 reference to the development 
of weapons more frightful than man had ever conceived, the long years of micro- 
wave radiation of the U.S. Embassy in Moscow, the Legionnaires’ disease, etc. 

The intelligence community had completely missed the fact that the Soviets had 
been working on a psychotronic Manhattan Project for thirty years. Not a soul in 
officialdom would believe that such capability could be achieved by surprise. This, 
is not because of a deep conspiracy of the government (although I believe one of 
our high intelligence officials may be a Soviet agent, a sort of Penkovskiiy in re- 
verse, who has been personally responsible for preventing any serious U.S. govern- 
‘mental research into psychotronics and UFO's); rather, it is because of all the per- 
sonal arrogance, bias, power-seeking, manipulation, and maneuvering that now 
make up so much of our top managerial base in government. 

So I decided to put out the information for all to see. There is still time — but 
just barely, I think — to build psychotronic defenses and prevent the launching of 
the Soviet attack. But we must move swifily if Fer-de-Lance, the Soviet attack 
plan, is to be frustrated, for the eleventh hour is here. 

Moreover, there is a single human problem responsible for all the ills that man 
causes man, and that problem has a technical resolution that is well within our 
grasp. I firmly believe that by psychotronics, the minds of all men can be linked in- 
to a great supermind having absolute psychokinetic mastery over time and space — 
literally a godlike being, in whom the collective human unconscious has a coll 
tive conscious instead of the four billion fragmented individual personal conscious 
minds it has at present. The initial psychotronics linkage mechanism is just a tool; 
after linkage is accomplished and stabilized, such props will not be necessary. 

This is my real goal. Even if the U.S.$.R. launches Fer-de-Lance, annihilates 
NATO and China, and obliterates all Western retaliation with a stunning blow. 
and even if the collective unconscious then psychokinetically lashes back with the 
violent destruction of the Eurasian continent, linkage is still the goal and the final 

resolution. Should the apocalypse come to pass, there will still be time, inthe midst 
of the horrendous collapse of civilization, to gain the final solution, 

And it is the final and total solution. All the parables in the Book of Revelation 
will be realized. The grave literally will give up its dead — for with the overcoming 
of time and dimensionality, all that ever has been or ever will be, is, in one great 
rnowness, allness, Omega, "I am that great | AM." 

‘That is the goal, and it is toward that end that this book is written 


Please note that a listing ofthe research and reference works mentioned in the 
text can be found in the bibliography. 


PART ONE 


A SAMPLING OF 
SPECIFIC PARANORMAL 
PHENOMENA 


In this section I show a sampling from the world of the paranormal, including 
UFO's of various kinds, psychotronics, Loch Ness monsters, Sasquatch, bigfoot 
superfoot, psychokinesis, remote viewing, psychic photography, and a host of other 

phenomena— all explicable by the theories presented in Part Two. 

I fervently believe that a theory can be constructed to explain our lives, includ- 
ing all the strange phenomena as well as the more familiar happenings. In this book 
fa serious attempt has been made to point the way by developing what I believe to be 

the basic concepts, and by showing that a host of phenomena do seem to be con- 
sistent with the schema, 

Let us hope that science and scientists are not after all dead, and that they will 
shakethe cobwebs from their eyes and set about particularizing a new paradigm of 
mind and matter. When the top theoreticians and experimentalists wake up and 
join in the effort, my task will be finished. 


THE VESTIGIA MYSTERY LIGHT EXPERIMENT 


Let me start by introducing you to Vestigia, a very fine, relatively new organ- 
ization that has been formed to study mysterious and unusual phenomena in a 
scientific manner. This organization, of which I am happy to be a member, is 
headed by Robert E. Jones and the investigation of the mystery light is spear- 
headed by James McGrath and Bill Wagner. (The informative Vestigia Newsletter 
is published by the organization, Persons interested in the objective scientific study 
of unusual phenomena are cordially invited to contact Vestigia at P.O. Box 1183, 
Perth Amboy, NJ 08861.) 

Vestigia’s ongoing investigation of a mystery light in Morris County, New Jer- 
sey is a classic example of the manner in which mysterious phenomena may be 
studied in a scientific manner, and it should serve as a model for other investiga- 
tive groups. Vestigia's experimental work has exemplified careful planning, close 

teamwork,proper scientific equipment and preparation, and the patience and per~ 
sistence that are essential when performing fieldwork experiments in the field of 
unusual phenomena, 

1 wish to stress in advance that Vestigia does not endorse my own theory of the 
possible nature of mystery lights; in fact, the organization very properly remains 
openminded. Also quite properly, they practice scientific conservatism in studying 
the possible nature of the phenomenon; at the present time they strongly favor the 
theory of the piezoelectric effect. Substantial evidence for this thesis includes the 

presence ofa known geological fault in the local area, the presence of piezoelectric 
mineralsin the local granite (e.g. thirty percent quartz), close association of the 
incidenceof the phenomenon with subsequent local earth tremors, conditions 
favoring the accumulation of a surface charge (e-g., metal railroad tracks oriented 
parallel to the geological fault), and enhancement ofthe phenomenon under study 
And this is exactly how Vestigia is in fact proceeding. 

In science, the prevailing world view is not to be dismissed lightly since a great 
deal of experimental data has been gathered to substantiate it, And a single expe 
ment cunnot establish the need to correct that solidly based view, even if the ex- 
periment at first appears puzzling and not in accordance with the accepted view: 
Only afier many exhaustive studies have found the world view inadequate, may a 
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paradigm properly be changed. From a rigorous scientific viewpoint, then, I am 
saying that this classic experiment is consistent with my own orthorotation theory, 
bbut not that the one experiment proves my theory. The experiment at this point is 
also perfectly consistent with the more conservative hypothesis that the mystery 
light is due to the piezoelectric effect. Additional different kinds of experiments are 
required before either theory will hold. For example, in my own theory, the 
mechanism of orthorotation must be verified elsewhere, and in the piezoelectric 
theory, the mechanism that spatially separates the effect from the crystalline 
material where such an effect normally occurs, must be explained and verified by 
other experiments. 

With these precautionary remarks to the reader, let me now describe the beauti- 
ful experiment initiated and still being performed by Vestigia. I will then present 
my own theoretical explanation, again stressing to the reader that it must be 
treated as a hypothesis at this point. 

Mystery lights occur in many locations throughout the United States and 
Canada. Vestigia has determined over ninety of them to date. They are recurring 
phenomena and are often seen near some natural or man-made feature such as a 
stream, hollow, road, railroad track, field, or mountain. 

‘The mystery light under investigation by Vestigia is located along a one-mile 
stretch of railroad track in Washington Township, Morris County, New Jersey. 
‘The light has been seen by hundreds of people at one time or another over the last 
twenty to forty years. Dr. C. Louis Wiedemann describes it in the Vestigia News- 
letter: "Appearing at night, it is said to bob or sway from side to side in the man- 
ner of a swinging lantern, and when approached it vanishes, sometimes reappear- 
ing at a more distant point.” 

Quoting from the Vestigia Newsletter: 


‘The preplanned battery of experiments and observations was conducted on 

the night of November 20-21, 1976. Three observation posts were established 

‘along one mile of railroad track, and these were manned in shifts by small 

teams of observers who maintained contact with team leaders via portable radio 

communicators. Communications were monitored and instructions were issued 

from a command post which was maintained in two vans joined in a T-con- 
to the central observation post (Post 2) 

‘The vans contained electronic equipment valued at $30,000, which was 
wired to sensing devices along the railroad tracks, Four thousand feet of silver 
plated fine copper wire was laid between the rails and attached directly 10 an 
amplifier and oscilloscope in one of the vans, to detect variations in electrical 
Frequency and amplitude, Other cables were attached directly to the rails, pro- 
viding a capacitance test. Other devices included a Geiger counter, therm 
fers, a methane gas detector, a barometer, a parubolie listening device, a radar 
‘unit, an infrared Sensor, and a sensitive compass. Personnel at observation posts 
‘were equipped with binoculars and cameras. One tipod-mounted camera 
equipped With infrared sensitive film was located near the rails at Post 2 

James McGrath, a member of Vestigia’s executive board, acted as advisor 
to the team. Team leader was electrical engineer William S, Wagner who was 
assisted by Jack Mazzuchelli. In all, sixteen persons were actual members ofthe 
eam, and a total of twenty-one persons participated that night. A. number of 
these were members of the Unexplained Phenomena Club of the County Col- 
lege of Morris, headed by the club's president, Steve Hopler, and vice-pres 
dent Mary Ann Barron 

Shown here are six of the seven infrared photos of the mystery light which were 
taken by the Vestigia team. The frames shown are frames (wo, three, four, six, 
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Frame Two 


Frame Thee 
Photo 1. The Vestigia mystery light experiment. 


Frame Four 


Frame Six 


seven, and eight. The camera with infrared film was located at Post 2. Frame 1 was 
a test frame. Simultaneously with the recording of frame 2 at Post 2, observers 
looking from Post 1 reported visual observation of a light. The light was not seen 
by observers at Post 2. A second camera with ordinary film recorded only a pin- 
point of visible Hight. 

In the photograph, frame two recorded an image of an apparently plexiform 
spheroid of dynamic granules of light invisible to the eye of the cameraman. At the 
same time, observers from Post 1 looking back reported visual observation of a 
Tigh 


n frame three, within about fifteen seconds the image has decreased in size and 
the plexiform spheroid is now a thinner corona around a dense, nearly hexagonal 
center. 

n frame four, a dense but small irregular or 
Frame five, not shown, is quite similar. 

In frame six, a substantial decrease in size is apparent. 

In frame seven, again the image size has increased, and again it possesses a 
dome central core surrounded by a thinner spheroidal corona of dynamic granules 
of light, Also, several separate satellite images are now visible at some distance 
from the main spheroid. 

Frame eight is very similar, except that the satellites are no longer visible and 
‘the light in both the core and the corona is not quite as dense 

To describe the experiment precisely, the following passage is taken from Dr. 
C. Louis Wiedemann’s article in Vestigia Newsletter No. 2, Spring 1977: 

Following several hours of equipment testing and calibration, at 10:21 P.M. 

‘two observers at Post 1 radioed the message that they had a "light" under visual 
“observation between their position and Post 2, at an apparent distance of 300 to 

400 feet from Post 1. Post 2 observers immediately scanned the area with 
Dinoculars and radar, but no object or light was deteetile from that position. 

‘The yellowish-white light remained visible from Post 1 for approximately one 
‘minute and thirty-five seconds, initially approaching the tracks from a lower 
position off to one side, but soon positioning itself over the rails, and then 
seeming to sway from side to side in a pendulumlike manner. Its size was esti- 
‘mated between three and six inches in diameter, and for awhile the observers 
believed it was approaching them, When it vanished, the disappearance was 
sudden, as if the light had been "switched off: 

During the period in which the light was under observation, personnel at 
Post 2 took pictures of the apparent darkness, and continued to search with 
radar and binoculars. Two observers at Post 3 briefly saw what appeared to be 
fan orange Hight between their position and Post 2. While the main light was 
under observation, several of the instruments in the command post gave unex- 
plained readings. Most notable among these was the oseilloscope's display of an 
letrical frequency in the range of 40,000 Hertz. Additionally, the capacitance 
test showed the apparent presence of a conductive body between o over the 
rails, Nine minutes after the light had vanished from view, the Geiger counter 
(whose sensor was between Posts 2 and 3) indicated a full scale reading of 
greater than 5 mr per hour, lasting ten seconds. Normal background radiation 
‘was then recorded for five to six minutes (0.1-0.2 me/he), whereupon another 
ful scale reading was displayed for approximately seven’ seconds. 

‘The pictures were enlarged from small images which appeared on the infra: 
red film which was exposed through a 135 mm telephoto lens from Post 2 by 
Richard Larkin. Film employed was Kodak high speed infrared No. 2481, 
Which is sensitive to infrared radiation to 900 nanometers, with maximum sen 
sitivity rom 750 to 840 nanometers. The lent opening was 13.5 with the apera- 


I image can now be seen. 
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to support huge numbers of devices with lower costs, enhanced coverage, and long 
battery life. As shown in the ITU objectives, below, 5G will support ten times as 
many devices in an area as LTE. 


3. Ultra-Reliable and Low Latency Communications (URLLC). Of the three 
categories, URLLC enables wireless applications never before possible. Driven by 
high dependability and extremely short network traversal time, URLLC, also referred 
to as “mission-critical” communications, will enable industrial automation, drone 
control, new medical applications, and autonomous vehicles. These types of 
applications are potentially the ones that will deliver the greatest societal benefits, 
yet unfortunately, at least in the United States, they could possibly be undermined 
by current network neutrality regulations. This category is also referred to as critical 
machine-type communications (CMTC). 


Figure 12: ITU Use Case Model?® 
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2 For background, see ITU, IMT Vision ~ Framework and overall objectives of the future development of 
IMT for 2020 and beyond, Recommendation ITU-R M.2083-0, Sep. 2015. 
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Frame Seven 


Frame Eight 


ture set at infinity. The second frame (frame 2) was exposed between 3 and S 
seconds, and the others were varied in exposure from 3 to 10 seconds. Intervals 
betwen exposures were between 10 and 15 seconds. 

High speed (non infrared) film in a camera which was hand-held by James 
‘McGrath at Post 2 also produced several images ofan apparent point source of 
light above the rails (not shown here). Jack Mazzuchelli observed the area 
through binoculars during the entire time period, and he was unable to discern 
tny light whatever, although he could perceive the rails and the railbed in the 
{ant illumination provided by starlight shining through a partially overcast sky. 


As I stated previously, Vestigia has not yet reached a firm conclusion as to the 
‘causative agent, but strongly favors the piezoelectric theory, since if offers the 
simplest explanation at this point. Again, to quote the Vestigia Newsletter: 


No absolute c 
fa phenomenon or set of phenomena did occur. Team leader Wagner theorizes 
that the phenomenon might he similar to so-called earthquake lights which have 
‘been reported to precede seismic tremors in Japan. Interestingly, there were ex- 
plosionlike shocks or "loud booms” reported by residents of two housing de- 
Yelopments several miles distant from the site on December 5 and 6,1976, and 
‘these shocks were recorded by seismographs at Columbia University and else- 
where. Intensity was (-)0.28 to (+)0.88 on the Richter scale. Wagner posu- 
lates a possible piezoelectric effect from tension on subterranean rock deposits. 

‘The possible relationship of a piezoelectric effect will be investigated 
further. Data gathered in Japan tends to indicate the development of subter- 
ranean stresses during the passage ofa cold front, In the light of this possibil- 
ity, tis interesting to note that there was a drop in barometric pressure from 
29,9 to 29-76 culminating less than one hour before Vestigia recorded the start 
Of the phenomena, A light snowfall preceded the appearance of the lgh 

Wagner believes that the initial discoveries tend to indicate thatthe follow- 
ing conditions must be present for the phenomenon to be manifested: 

() A geologic faut in the local area. 

(2) The presence ofcertain minerals, especially quartz (quartz c 
the granite in the area under investigation). 

G) Conditions should permit the accumulation of a surface charge (e, 
presence of railroad tracks, because they are metallic) 

(4) The tracks must run parallel to the fault. 

(5) The phenomenon’s manifestation tence 

sure changes as well as extreme changes in temperature, 

‘Wagner states, "Our indications are, at this point, that the lights precede 
‘earthquakes or tremors.” 

Regardless of what hypothesis we begin with, it must be consistent with all the 
major features of the Vestigia mystery light experiment, 

(2) The explanation must show why a light with structured patterns formed and 

‘changed. The structured patterns changed geometrically in shape and intensity, as 
well as in movement and location. This dynamic formation and change was re- 
corded on infrared-sensitive film. The geometrical shapes of the light structures 

‘must be accounted for. 

2) Ordinary film recorded only a pinpoint source of light. 

(3) The light which was photographed in infrared was not seen by the 
photographer himself, nor by eight other persons who were observing at the time 
from Post 2. 

(4) Either that light or another was seen visually from a different station, 

(5) At the same time as the visual appearance of the light, instruments re- 
corded the apparent presence of a conductive body between the rails or over them. 


nprises 30% of 
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Specifically, the electrical capacitance between the rails was observed to change — 
or at least indications to that effect were received on the instruments. 

(6) Nine minutes after the main light vanished, a Geiger counter began to read 
full scale for about ten seconds, then lapsed back to background reading. Five or 
six minutes later, full scale reading was repeated for about fifteen seconds. About a 
minute after that, full scale reading was again recorded for about seven seconds. 

(7) Atthe same time as the main light visual sighting, an electrical frequency of 
approximately 40,000 Hertz was recorded on the oscilloscope. 

There were also environmental conditions which may well have been involved in 
the experimental effects. 

(8) Barometric pressure dropped from 29.9 to 29.76, culminating less than an 
hour before the phenomena were recorded. 

(9) There was a temperature drop and a light snowfall preceded the appearance 
of the light. 

(10) The geological conditions strongly favored seismic stress and piezoelectric 
effects. For example, the local granite contains about 30 percent quartz, and there 
is a known geological fault not far from the experimental site. About fifteen days 
after the experiment, seismic shocks were indeed recorded at Columbia University 
and elsewhere, and they were audibly detected by residents of two local housing de- 
velopments. The measured intensity of the seismic shocks was from(—J0.25 to 
(4)0.38 on the Richter scale. It thus appears highly probable that seismic stresses 
existed on the subterranean rocks at the time of the experiment and that piezoelec- 
tric activity was present in the local granite quartz. due to these stresses. 

(11) Conditions also favored the accumulation of surface charge, and the rail- 
road rails (good conductors) were oriented parallel to the geological fault. 

(12) Several thousand feet of wiring existed in the immediate area to connect 
the different stations and the instruments to the sensors. About four thousand feet 
of fine copper wire, silverplated, was laid between the rails and fed to an amplifier 
and an oscilloscope to detect variations in electrical frequency. The capacitance 
test also used cables attached to the railroad rails themselves. The Geiger counter's 
sensor was also positioned at the experiment's hot spot and wired to the equipment 
van, Additional equipment and wiring was also used. 

Finally, preliminary surveys of the area were carried out by persons of known 
paranormal sensitivity several days before the main experiment, Before conduct- 
ing the major experiment, Vestigia interviewed persons who had seen the light and 
also conducted preliminary site studies using psychics. One nationally known 
psychic was brought to the site by Vestigia’s president Robert Jones, and asked to 
walk along the tracks. The psychic reported impressions of some personal tragedy, 
perhaps a gruesome murder. Later several other persons with heightened psychic 
sensitivity were brought to the site, and they reported psychic impressions, 

In all, three psychics were brought to the track. The only directly correctable 
result was that all three had a reading in the same area on the stretch of track, 
within sixty feet of the sighting of the night of November 20-21. The psychics’ own 
interpretation of their readings differed considerably. 


UNEXPLAINED GENERATION OF ELECTRICITY 


Some additional data exist to indicate the generation of electricity by rocks and 
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the generation of unexplained electromagnetic energy radiated from the earth, 
ocean, or atmosphere. 

For several years T. Townsend Brown has worked in electrogravitics and holds 
many patents in the field. Some of his laboratory experiments have positively 
demonstrated a direct connection between electric currents, electric charge, and 
gravity, although the exact nature of this connection has not yet been fully ex- 
plained. Nevertheless, it can be shown that highly charged objects do not behave in 
4 gravitational field exactly as predicted by classical theory. 

Furthermore, in 1974 Santilli succeeded in proving that one of the classic 
assumptions of physics is wrong, namely that electric field and gravitational field 
are mutually exclusive. Santilli proved that gravitational field and electric field are 
either partially or totally the same thing, in contradiction to present assumptions. 

Over a decade ago, Curtis reported the measurement of very low frequency 
electromagnetic signals generated over the ocean that are not accounted for by any 

presently known mechanismortheory. Although Curtis published several articles 
oon this effect, no further investigation has appeared in the literature. 

Finally, there is a certain location where the generation of an anomalous elec~ 
tromagnetic signal occurs continuously. This is McGregor Missile Range (U.S. 
Army), where Army units fire air defense missiles such as Nike Hercules and 
Hawk. As a young captain, in 1961 I headed up the Hawk Evaluation Team at 
McGregor Range and directed the Hawk missile firing. About sixty-five kilo- 
meters out in front of the Hawk missile sites and downrange, there was a most 
peculiar source of electromagnetic noise, which could considerably affect a Hawk 
illuminator(continuous wave) radar when the radar antenna was oriented in that 

direction ata low elevation. In that case the radar would continually noise-lock 
(make and break lock-on) on the noise signal, dithering slightly as it continued to 
tuy to resolve a coherent radar return signal. This noise source was always present, 
in all seasons and temperatures, and so we simply made each Hawk unit com- 
mander and his personnel aware of the phenomenon, On one occasion I even 
vectored a helicopter with an investigation team to descend on the site and inspect 
it. All they found was the usual surface of the desert floor, with spa 
greasewood and cactus. There was nothing which could serve as a 
flector. 

At one of our other missile sites in the U.S., there was a strange reflector 
mechanism located at some distance from the site and at about 15,000 feet alti- 
tude. This was rigidly fixed in location and unvarying, and the unit radar personnel 
often used it to calibrate the range of the radar. They simply locked on the reflect- 
ing point and fine-adjusted the radar range dials to indicate exactly the known 
range to the reflecting point. Here again, personnel on their own initiative vectored 
fan aireraft directly through the point and searched the air in that area, but nothing 
at all could be found, 


HYPERFIELD GENERATION OF PHOTON 
PATTERNS ABOUT A BAR MAGNET COLLECTOR 
‘The magnetic field has more fundamental components which integrate in the 


virtual state to form it when two successive orthorotational thresholds (quantum 
thresholds) are breached. Furthermore, in the picture of a bar magnet taped to the 
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‘South pole end of same magnet tapod to face of color TV tube. 


Photo 2. Hyperfield flux in a magnetic field. 


[North pole end of same magnet taped to face of color TV tube. 


face of a color television tube, one can see that the hyperfield orthogonal circula- 
tions in the magnetic field arc not symmetric about the two poles: i. the pattern is 
quite different around the north magnetic pole from that around the south mag- 
netic pole. 

‘Around the north pole, the hyperfield circulation is emitted in the form of a 
hexagonal solid. Thus there is an intense hexagonal orthorotation about the north 
pole. Radiating conically out longitudinally is a toroidal null zone, at an angle to 

the ongitudinal axis projected away from the north pole into space. At an even 
higher angle, another concentric cone is radiated out in the same direction; this 
higher cone is an emission cone where photons are being generated. Thus viewed 
from the north end, and at a distance from the magnet, the pattern shown in the 
right figure of the slide emerges, The pattern is a ring of light or light bubbles, sur- 
rounding a concentric ring neutral zone, which in turn surrounds hexagonal 
centerofintenseemission, 

If frame three of the Vestigia mystery light photos is examined meticulously, 
this exact pattern is seen, allowing for the dynamism of the phenomena and for 
slight nonlinearity of the spatial medium in which the photons are emerging by 
orthorotation, 

On the other hand, looking at the left hand figure on the slide, we see that the 
outer emission ring is so thin that it has effectively disappeared; it is radiated at 
right angles to the magnetic longitudinal axle. The middle null area is also much 
wider. The densely emitting core area now has a relatively circular cross section at 
4 distance. So the pattern of photon emission that is seen from this end is simply a 
dense roundcore. Frames four and five of the Vestigia photos demonstrate varia- 

tions ofthiseffect, viewed ataslightoff-axisangle. 
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When the magnetic field is observed from the side, only the hexagonal dense 
emission core of the north pole is seen. In the south pole area, we are looking into a 
large null area, so no emission at all is seen. Frame eight is approaching this result, 
with a slight deviation from an orthogonal viewing axis. Also, frames seven and 
eight exhibit composite structuring from several (three or more) side-by-side 
magnets of square-end configuration, where the magnet cross section is wide, 
looking at the end. In that case, the top right picture would be elongated, giving a 
stretched hexagonal dense core surrounded by a concentric null zone of oval shape, 
further surrounded by a concentric thin emission zone of oval shape. In frames 
seven and eight, the outer thin emission zone is roughly spherical, not oval. How- 
ever, a combination (further composite) of the lower right picture case and the 
upper right picture case could give the pattern exhibited by frames seven and eight. 

‘And as I show clearly elsewhere, orthorotated hyperfield energy usually 
emerges with a "burst-in” effect which, in free space, assumes a spherical shape. 
‘Thus one would expect a dynamically bubbling sphere of light at the initial "burst- 
in” of the phenomena, and frame two exhibits this effect 

So the expected hyperfield generation of photon patterns about a localized re- 
gion of magnetic field (such as a bar magnet or composite grouping of bar mag- 
nets), when that localized region of field is in the collection or burst-in and decay 
gradually mode, would account precisely for the particular structured patterns 
photographed by Vestigia 

Again, this does not prove the hyperfield hypothesis, but shows that the struc- 
tural patterns obtained are consistent with it. 


HYPERFIELD CIRCULATION PATTERNS 
ABOVE A MAGNETIZED RAILROAD TRACK 


Figure 1 shows the hyperfield circulation patterns above a magnetized railroad 
track. The general setup of the Vestigia experiment is shown. The rails are oriented 
parallel to the fault line, which means that the rock stresses are oriented perpen- 
dicular to the rails. Thus the telluric currents piezoelectrically induced by the 
quartz and other minerals in the local granite are also generally oriented 
perpendicular to the rails and below them. 

‘These piezoelectric currents thus constitute effective coils about the rails, mag- 
netizing them weakly along their length, but this is in addition to their normal 
magnetism, if any, picked up due to the specific local and atmospheric electricity 
changes. 

In the hyperfield flow pattern for two magnets which are lengthwise parellel 
and viewed from the end, a primary hyperfield circulation pattern exists both 
between the two rails and in the air above them. The location is the same, which- 
ever end of the parallel magnets one looks into; however, the circulation direction 
changes with the change of ends. As the strength of the magnetization of the two 
magnets changes, the vertical distance above the rails to the plane of the center of 
the hyperfield circulation pattern (primary) changes. The stronger the field, the 
higher the center of the pattern, and vice versa. 

In addition a secondary (weaker) hyperfield circulation area exists over both 
rails as shown. As the piezoelectric currents fluctuate in direction and intensity 
corresponding fluctuations in the magnetization of the two rails occur. 


STEEL RAILS 
CROSSTIE, 


TELLURIC CURRENTS DUE TO 
PIEZOELECTRIC ACTIVITY 


Fig. 1. Hyperfield circulation patterns above a magnetized railroad track 


‘Thus, over the rails there exists a sort of undulating tubular tunnel of primary 
hyperfield circulation, surrounded by a larger undulating tunnel of half-elliptical 
cross section. In addition, the terrain and foliage features nearby will have their 
own hyperfield circulation areas, with flowing currents of hypertield circulations 
between them and undulating tunnels over the rails. The final result is a complex 
flow pattern, which is further modified by atmospheric, ionic, and electrical cur- 
rents. So a mystery light can kindle into a burst in one of the primary circulation 
areas and move, usually in a faltering or drift-dart-pause manner, along the un- 
dulating tunnels above the railroad track. Structural changes may then be noted as 
the geometrical aspect between the light and the observer-instrument changes, as 
additional collection-kindling occurs, and as discharge dampening occurs with the 
passage of time, due to the discharge time constants of the oscillations of the time 
dimension itself that are induced by kindling and burst-in, 

Note that in the kindling process, the hyperfield circulation in a localized area 
suddenly bursts into magnetic or electromagnetic field. Since it enters the labora- 
tory frame at right angles, orthogonal relationships result. Furthermore, the ap- 
pearance of a kindled magnetic field form will change the capacitance between the 
rails, and a capacitance test will indicate this, as if conducting body were there. 
‘The localized magnet or geometrical piece ofelectromagnetic field is locked in and 
maintained as long as the hyperfield flux remains above the kindling threshold. 
However, since the burst-in of the hyperspatial flux into electromagnetic energy in- 
volves the shocking into oscillation of the time channel, an oscillator effect is pro- 
duced, and electromagnetic signal energy may be radiated from the light form, 
usually through one of the magic frequency windows which thinly interconnect, 
orthogonal three-spaces. One of these windows is located at about 38,000 to 40,000 
Hertz. 

Such a signal was indeed recorded in the Vestigia experiment. 

Also, at night time the time channel quenching effect of visible light is 
materially reduced since most visible light is absent. Further, the light-shielded 
quartz in the underground rocks has two magic windows: one in the infrared and 
one in the ultraviolet. So the area of the Vestigia experiment constitutes a gigantic 
kindling mechanism par excellence. With sufficient piezoelectric activity, the col- 
lected hyperspatial flux exceeds the kindling threshold required for burst-in, and 
localized triggering ofa discharge or discharges can be initiated in the proper area. 
‘The thousands of feet of wire further enhance the collecting and kindling mechan- 
isms. From a physics viewpoint, the living observer is the initiator who initiates the 
collapse of the wave function, in turn initiating observation. The same ability or 
property also is required to initiate the kindling of hyperspatial flux into the normal 
three-space, in my opinion. This is consistent with the rather wide collection of data 
presented here to show that a living observer can generate or extinguish electro- 
static, magnetic, and electromagneic fields at a distance, even through a supercon- 
ductive farraday shield. The thought photography examples presented also show 
that electromagnetic field (light) can sometimes be generated by a living human 
being, and impress the camera film with the visible light spectrum, even though the 
light is not consciously seen by the observer's eye. It also appears that frequencies 
of something other than light, in the infrared and ultraviolet frequency regions, can 
enter through IR/UV windows and then rotate into the ordinary visible light spec- 
trum and ordinary visible light energy. Such effects also appear to be present in the 
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Fig. 2. The cyborg effect and orthorotational sensitivity 


Vestigia experiment, since the cameraman himself saw no light, but other posts did, 
‘Thus an additional directional effect of the rotation into visible light seemed to be 
involved 
Since so-called thought energy is simply hyperspatial flux which has a minute 
one-to-one coherence in its crosstalk with the laboratory frame, the section ex- 
plaining thought photography deals with hyperspatial mechanisms that are also 
applicable to mystery light. 


THE CYBORG EFFECT 
AND ORTHOROTATIONAL SENSITIVITY 


In Figure 2, 1 show how it is possible that one team sees the light and a second 
team does not. 

In the inceptive cyborg effect, each person, each instrument, the wiring, other 
collectors including the sensors, the other paraphernalia of the environment such as 
railroad tracks, rocks and their minerals, ete. are all cyborged together into a single 
instrument in the hyperfield domain. This is precisely because the hyperfield 
domain is the time channel, and all of these exist at the same time. Further, in the 
experimental locality, the difference in time between observers, equipment, de- 
vices, and aspects is small, because the distances between pieces are relatively 
small. Hence to the hyperfield channel an appreciable degree of coherence exist 

between the various components ofthe hypersensory cyborg. Yet the overall pat- 
tem of coherence has high points and lower points in it, and pattern groupings that 
vary with the grouping of components. Thus the subgrouping at the command post, 
for example, may be expected to differ in its hyperfield characteristics from the 

subgrouping at Post2. Furthermore, the bulk ofthe collection wiring, andtherails, 
were outside the command post, so the greatest collection might be expected at this 
station, 

In addition, the human components of the subgroupings vary appreciably in 
their sensitivity to hyperfields. Some persons are more positive or attuned than 
others, particularly in their unconscious minds. In fact, some persons are quite 

negative and are squelchers ofthe hyperfield effects — the negative psieffectis well 
known in experimental parapsychology. However, it is reasonable to assume that 
there were no psi-negatives on the Vestigia experiment; but there was probably an 
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3GPP, in studying 5G, has methodically identified multiple specific use cases in a project 
called “SMARTER,” which are consistent with ITU's model.*” 3GPP’s service dimensions 
include: 


2 Massive Internet of Things (eHealth, wearables, eCity, eFarm). 
a Critical Communications (e.g., vehicles, drones, industry robots). 


@ Enhanced Mobile Broadband (e.g., augmented reality, virtual reality, ultra-high 
definition). 


@ Network Operation (e.g., network — slicing, _—_connectivity/rauting, 
migration/interworking). 


Using small cells and mmWave radio channels, a 5G network built for capacity will deliver 
1 Tbps/km? or higher, enabling 5G to compete with wireline broadband services.2® 


5G Technical Objectives 
Table 4 shows the ITU's objectives for |MT-2020 (5G) relative to |MT-Advanced (4G). 


Table 4: ITU Objectives for |MT-2020 compared with IMT-Advanced?? 


IMT-Advanced MT-2020, 


Peak Data Rate DL: 1 Gbps DL: 20 Gbps 
UL: 0.05 Gbps UL: 10 Gbps 

User Experienced Data Rate TO Mbps TOO Mbps 

Peak Spectral Efficiency DL: 15 bps/Hz DL: 30 bps/Hz 
UL: 6.75 bps/Hz UL: 15 bps/Hz 


‘Average Spectral Efficiency 9 bps/Hz 
.8 bps/Hz 


DL eMBB rural: 3.3 bps/Hz 


UL eMBB indoor: 6.75 bps/Hz 
UL eMBB urban: 5.4 bps/Hz 
UL eMBB rural: 1.6 bps/Hz 


2 3GPP TR22.891, Feasibility Study on New Services and Markets Technology Enablers; TR22.861 
(Massive Internet of Things); TR22.862 (Critical Communications); TR 22.863 (Enhanced Mobile 
Broadband); TR22.864 (Network Operation): 


2 The hotspot capacity requirement of 10 Mbps/sq. m. is equivalent to 10 Tbps/sq. km. See also Nokia, 
Ten key rules of 5G deployment, Enabling 1 Tbit/s/km? in 2030, 2015. 


28 ITU Working Party 5D, Minimal Requirements Related to Technical Performance for IMT-2020 Radio 
Interfaces, Feb 22, 2017. See also 3GPP TR 38.913, Study on Scenarios and Requirements for Next 
Generation Access Technologies (Release 14), V14.2,0, Mar. 2017. 


» Per ITU, “User experienced data rate is the 5% point of the cumulative distribution function (CDF) of 
the user throughput.” 
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appreciable variation in the degree of psi-positive exhibition in the various per- 
sonal unconsciousnesses. So it is understandable that one post may not see the 
light, while another would. And with the appreciably greater collection and 
kindling outside the command post, we would expect the sighting to occur there, if 
anywhere, as long as a real psi-negative was not present in the command post. And 
the experiment seems to have exhibited this effect as expected. 

Also, I must point out that the visual mechanism for detecting orthorotating 
energy is different from that for detecting normal visible light, unless the 
orthorotating hyperenergy is extremely strong and overrides the squelch effect of 
normal light. (At night the degree required to go into visible light is less.) At any 
rate, the orthorotational hyperfield energy comes in through the infrared and ultra~ 
violet windows for the most part, and then orthorotates into the visible light re- 
gion, changing its frequency as it is absorbed by or interacts with a receiver. 

Further, the orthorotational energy does not travel through three-dimensional 
space in the accepted sense that a signal normally does; rather, it is entering this 
three-dimensional space all at once from a region orthogonal to the entire three- 
space. It is therefore entering all components of the tuning-receiving instan- 
taneously and simultaneously, or holographically, if one extends the term. Each 
subgrouping component of the cyborg exerts its own tuning-damping constant(s) 
upon this holographic signal entry, giving differing degrees of receptive sensitivity, 
or signal strength, or signal to noise ratio. 

So the signal enters each part of the cyborg hologeaphically and the reception 
characteristics of that portion dampen or enhance the degree of orthorotation into 
the normal electromagnetic field. Further, the actual orthorotation into the elec- 
tromagnetic field is occurring primarily at the actual sensor. 

For a human being, the primary sensors are the retinal surface of the eye and 
the skin. The retina is actually a complex structured piece of the brain, so to speak, 
and extensive nervous system complexes are located there which do extensive on- 
site signal processing. The unconscious mind of the individual directly interacts at 
the retina with signals received by the retina, either by hyperspatial orthorotation 
or by ordinary light. So the individual nervous system is highly variable in its inter- 
actions with the hyperfield energy that is orthorotating into ordinary electromag- 
netic energy in the interaction itself. Briefly, the unconscious state of the observer 
partially shapes and forms the observed. 

In a camera, the sensor is the film. It is thus entirely possible for a camera to 
record light energy that is holographically rotated in from hyperfield energy 
without the cameraman himself seeing anything at all. This is especially true when 
the camera film is sensitive to infrared and ultraviolet to an appreciable degree. A 
‘camera containing infrared-sensitive film will interact readily with hyperfield 
energy because it is open in the magic window between orthogonal frames. A 
camera containing ordinary film, which is less sensitive to infrared, will interact 
much less in the magic window because it barely extends into it 

Thus, with other variables held constant, one would expect the infrared camera 
to record hyperfield energy to a much greater degree than the camera containing 
ordinary film, and indeed the Vestigia experiment has demonstrated this effect, 

Furthermore, the experiment exhibited heightened kindling and collection out- 
side the command post due to the distribution of wiring, components, and rails, 
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ADDITIONAL FACTORS CONSISTENT 
WITH THE VESTIGIA EXPERIMENT 


First, a cooling effect is often associated with the appearance of paranormal 
phenomena; this effect is well documented in the literature. 

A corollary effect also exists when hyperfield energy is being collected and 
kindled, Just as lowering the electronic noise in an amplifier increases the fidelity of 
the signal, lowering the local environmental temperature reduces the "noise" that 
is blocking the collection and kindling of hyperfield energy. Specifically, reducing 
the temperature reduces the photon emission and absorption activity of the 
environment. This lowers the background electromagnetic noise which inhibits 
orthorotation of the hyperfield energy into electromagnetic field energy. Since 
photon activity is reduced, the consequent photon squelching of the time channel 

(precisely detailed elsewhere inthis book) is also reduced. This in turn lowers the 

threshold requiredforkindlingtooccur. 

Also, a Geiger tube often acts as a collector and amplifier of bioenergy and 
hyperfield energy. (The association of Geiger counter readings with UFO phe- 
nomena has been frequently noted in the literature.) 

‘The Geiger tube may become a detector ofhyperfield energy, because the tube's 
kindling threshold may be significantly lower than that of the environment or of 
ther components such as the observer's eye. Kindling across the Geiger tube's 

lower threshold simply creates an electrostatic field inside the gas in the tube. In 
fact, it is the potential ionic current that is the collector, since hyperfields accumu 
late alongprobability paths as well as along observationally determined paths, 

‘communicating with both future and past. At any rate, the kindling ofan electro- 
static field in the Geiger tube may result in ionization of the gas if'the field is of suf- 

ficient intensity. An avalanche discharge may occur and the Geiger counter may 
indicate a reading (usually appreciable or full scale). This may occur even though 
ro visual phenomena are seen and even though other sensors receive no indication. 
This reading of the Geiger counter is of course not due to radioactivity. A Geiger 
counter does not indicate radioactivity; rather it indicates appropriate ionization of 
its internal gas. In this case, the kindling of hyperfield energy into electrostatic field 
occurred, generating the ionization in the Geiger tube gas. 

Note that this occurred in consonance with the visual sighting and the infrared 
film photos, and when no visual sighting resulted and photos were not taken. 
Furthermore, as I point out elsewhere, the kindling and burst-in of energy has a 

discharge time constant, due to the discharge time constant of the oscillation of 
time that occurs at kindling and burst-in, Depending on the initial amplitude of 
oscillation at burst-in, the time required to lower the burst amplitude to kindling 
threshold and below varies. When the amplitude drops below the kindling thres- 
hold, kindling and burst-in cease and the hyperfield-induced electrostatic field in 
the Geiger tube vanishes, stopping the hyperfield-induced ionization of the gas in 
the tube. The Geiger counter reading then drops back to normal background 

reading. 

‘The variable amplitude at burst-in and the consequent variation in the time re 
quired for the Geiger counter to cease reading the hyperfield-induced ionization 
were demonstrated in the Vestigia experiment. Furthermore, the Geiger counter 
sl 


showed a reading twice when visual phenomena were not seen and cameras did not 
record. Of course, no photos were taken during the Geiger counter readings. 

Finally, the drop in barometric pressure also lowers the molecular collision 
activity of the local atmosphere, and lowers the rate of production of collision ions, 
electric currents, and photons induced by the collision activity. This reduces the 
electromagnetic noise, which is squelching the collection mechanism and raising 
the kindling threshold. It reduces the kindling threshold, making orthorotation of 
hyperfield energy into electromagnetic-electrostatic-magnetic field energy easier. 

Thus, according to hyperfield theory, the major features of the Vestigia mystery 
light experiment are seen to be within normal expectations. Again, this does not 
prove the hyperfield-orthorotational hypothesis, but it is consistent with it and 
therefore constitutes an important piece of evidence for the theory 

‘Also, I should stress that the piezoelectric theory is in fact included in the 
hyperfield theory, and is a vital part of it. In other words, the hyperfield theory is, 
an extension of the piezoelectric theory. and in my opinion the extension is nec: 
sary if the piezoelectric effect is to fit the experimental results. There are no con- 
tradictions between the two theories since one is merely an extension of the other. 


REMOTE VIEWING 


In a classic series of carefully controlled experiments at SRI International, 
physicists Hal Puthoff and Russell Targ have shown that the human mind can pro- 
duce evidence of its ability to see at a distance, and also to anticipate the future. 

In their protocol one experimenter goes to a distant target, which is selected 
randomly for him en route, and a subject in the laboratory tries to describe the tar- 
get scene, both orally and by sketching on paper. The experimenter in the field uses, 
a random number generator to select one sealed envelope out of a group held by a 
controller accompanying him. The selected envelope is then opened, and that tar- 
get becomes the target for the experiment. The targets are preselected with rigor- 
fous protocol by a group not involved in the experiment. 

In the experiment shown here, the target selected was a rather unusually shaped 
playground merry-go-round, with handrails made of bent pipes, as shown in the 
two photographs. The laboratory subject, in addition to describing the scene verb- 
ally, made the sketches shown at the right. As can be seen, the channel is noisy, but 
there is definitely signal in it 

Puthoff and Targ also obtained some of the best experimental results when the 
laboratory subject was asked to describe the scene which the field team would see in 
the future, the target selection via random number generator not yet having been 
made. A wide variety ofsubjects — including persons hostile to parapsychology — 
were used by Puthoff and Targ in their experiments, with good results, 

Each particle of mass in our bodies represents one closure of the entire uni- 
verse — yielding a holographic reality — and deeper communication with our- 
selves is identical to communication with the universe, including any part of it, at 
any distance. Furthermore, in hyperspace the future and the past are all present. 
Since a particle does indeed exhibit a four-dimensional component for 1/137 of the 
time, each particle does connect to the future and to the past. With selective tuning 
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Photo 3. Remote viewing. 


any part of this holographic reality is accessible. However, because of 
the smallness of a single selective signal in the midst of the totality, the channel is, 
quite noisy. For this reason skilled psychics ~ persons who have been found to 
have a greater fidelity of selective tuni ‘can be expected to produce better re- 
sults than the normal person. 

Puthoff and Targ’s results have also been successfully repeated by other ex 
perimenters, 


‘T Honry Moray makes some final adjusimonts In tuning his radiant energy device to tap zero: 
polnt vacuum energy, 


THE MORAY RADIANT ENERGY DEVICE 


In the early 1900, Dr. T. Henry Moray of Salt Lake City produced his first 
from the metairequency oscillations of empty space itself 
Eventually Moray was able to produce a free energy device w sixty pounds 
and producing 50,000 watts of electricity for several hours. Ironically, although he 
demonstrated his device repeatedly to scientists and engineers, Moray was unable 
to obtain funding to develop the device further into a useable power station that 
would furnish electrical power on a mass scale. 

As a boy, Moray had been deeply inspired by the greatest electrical genius of all 
time, Nikola Tesla. His imagination was especially fired by Tesla's claims to have 
knowledge of an energy source greater than ordinary electricity, and by Tesla’s 
emphasis on frequencies as the stuff of the universe. When Moray finished high 
school in Salt Lake City, he went abroad to study, and took resident examinations 
for his doctorate in electrical engineering from the University of Uppsala, Sweden, 
during the period 1912—14. Returning home, his diploma and credentials were 
interrupted by World War I, and the University mailed him these items in 1918 
after the war, 


device to tap energ 
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Hore the Moray radiant energy device is providing tree power to 35 100-watt lamps and a 1200. 
watt Iron, 


(Once tuned in, The power continues and is free forthe taking 


Photo 4. The Moray radiant energy device. 


Shortly thereafter, Moray produced his first elementary device that delivered 
measureable electrical power, and he continued to work diligently on energy de- 
vices when he had time. In the 1920's and 1930's he steadily improved his devices, 
particularly his detector tube, the only real secret of the device according to Moray 
himself. In his book, The Sea of Energy in Which the Earth Floats, Moray pre~ 
sents documented evidence that he invented the first transistor-type valve in 1925, 
far ahead of the officially recognized discovery of the transistor. In his free energy 
detector tube Moray apparently used, inside the tube itself, a variation of this 
transistor idea — a small rounded pellet of a mixture of triboluminescent zinc, a 
semiconductor material, and a radioactive or fissile material. His patent applica- 
tion (for which a patent has never been granted) was filed on July 13, 1931, long 
before the advent of the Bell Laboratories’ transistor. 

In test afier test Moray demonstrated his radiant energy device to electrical 
engineering professors, congressmen, dignitaries, and a host of other visitors to his 
laboratory. Once he even took the device several miles out in the country, away 
from all power lines, to prove that he was not simply tuning in to energy being 
clandestinely radiated from some other part of his laboratory. Several times he 
allowed independent investigators to completely disassemble his device and reas- 
semble it, then reactivate it themselves. In all tests, he was successful in demon- 
strating that the device could produce energy output without any appreciable 
energy input. According to exhaustive documentation, no one was ever able to 
prove that the device was fraudulent or that Moray had not accomplished exactly 
‘what he claimed. On the other hand, the records are full of signed statements from 
physicists, electrical engineers, and scientists who came to the Moray laboratory as 
doubting Thomases and left with the complete conviction that Moray had indeed 
succeeded in tapping a universal source of energy that could produce free electrical 
power. 

But in the face of all of this, the U.S. Patent Office refused to grant Moray a 
patent, first, because his device used a cold cathode in the tubes (the patent 
examiner asserted it was common knowledge that a heated cathode was necessary 
to obtain electrons) and, second, because he failed to identify the source of the 
energy. All sorts of irrelevant patents and devices were also presented as being in- 
fringed upon or duplicated by Moray's work. Each of these objections was 
patiently answered and nullified by Moray; nonetheless, the patent has still not 
been issued to this day, although the Morays still keep the patent application cur- 
rent. 

One of Moray's efforts to develop the machine involved an association with the 
Rural Electrification Agency for a short time before World War II. At that time, 
the R.E.A. was apparently infiltrated by Communist sympathizers and high level 
officials of a decidedly pinkish tinge. These officials continually urged Moray to 
turn over all details of his device to the Soviet Union, and even arranged the visit of 
high-level Soviet scientists to the Moray laboratory to see the device in operation. 
On the initiative of the Communist-infiltrated R.E.A., one person — let us call him 
"Z" — spent about two months in Moray's laboratory, and succeeded in worming. 
his way into Moray's full confidence. Moray eventually disclosed most of the de- 
tails of the construction of his special valve to "Z" — the only person in whom 
Moray ever completely confided, 

There is strong reason to believe that 


°Z" was a Soviet agent, and that this is 
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where the Soviets first obtained the impetus to develop the hyperspace amplifiers 
later used in their psychotronie weapons. 

However, Moray became quite alarmed at the continued attempts of his 
R.E.A. contacts to get the device into the hands of the Russians. He eventually 
concluded that he had become involved with a governmental group filled with 
radicals and reactionaries. Moray became concerned that fifth column activity was 
actually directed against him in an attempt to steal his device. Quotes from the Salt 
Lake Tribune of December 2, 1941, attributed to Representative Thomas D. 
Winter, imply that Moray's suspicions of the R.E.A. were well founded, since Rep- 
resentative Winter called for a full-scale investigation ofthe R.E.A. on the grounds 
of Communist infiltration, Indeed, Moray was wounded by gunshot in his own 
laboratory on March 2, 1940, which seems to suggest that his fears and suspicions 
were based on fact, Moray severed his association with the R.E.A. in February 
1941 

However, his basic unit had been destroyed by a hammerslinging witness in 
1939; itis not clear whether or not this was the work of" of of someone else. Ac- 
cording to his son, John Moray, the man who broke his unit, as well as other inter- 
ested groups, wanted complete disclosure of the materials and construction - 
nothing more or less. John Moray, who operates the Research Institute in Salt 
Lake City, has been trying to continue his father's work since the basic unit was 
destroyed. Dr. Moray himself died in May 1974, 

‘According to John Moray, highly energetic cosmic rays from space are tapped 
by the machine, which is in subharmonic resonance with this high-frequency energy 
level, and it converts this energy level into a usable form of electricity. However, 
John Moray's use of the term "cosmic ray" is not necessarily the same as that of 
modern physics, but in fact is the same as the present concept of "zero-point" 
energy of vacuum, T. Henry Moray envisioned all space filled with tremendously 
high frequency vibrations carrying vast and incalculable amounts of pure raw 
energy. He envisioned the dynamic universe as a turbulent source of great energy 
just as the ocean waves carry energy throughout the earth. This was also the vision 
of Tesla, and after him of Clifford and Einstein, who turned the attention of gen- 
cral relativity to the problem of the nature of the vacuum itself. Clifford and Ein- 
stein founded a branch of physics that has come to be known as quantum geo- 
metrodynamies, the study of energetic change that occurs in litte pieces, including 
the concept that very small lengths of space, or pure vacuum, themselves oscillate 
at great frequency and with great energy. In Moray's day relativity was still a 
strange and unproven branch of physics, suspected and rejected by most of the 
physicists ofthe day, and quantum physics was still in the process of being worked 
out. There was no theory whatsoever predicting that empty space itself not only 
contained prodigious quantities of energy, but in fact was prodigious quantities of 
‘energy. But slowly, over the decades, the picture has changed, and the modern fol- 
lowers of quantum geometrodynamics assert the truth of Teslu's original vision, 
Today we know that one cubic centimeter of pure vacuum contains enough energy 
to condense into 10"—10"" grams of matter! Thus the major part of Moray's 
thesis — that vacuum itself contains unlimited energy — is vindicated today. In 
this sense empty space is like a gigantic, restless ocean, and Moray's free energy 
“tapping” device is no more mysterious than the water wheel. In other words, hi 
thesis that the energy is there to be tapped is correct; it only awaits a practical 
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method to tap it in order to solve the energy problems of mankind forever. 

‘Moray thus is vindicated as a man ahead ofhis time, who simply built a device 
before any theory existed to explain its operation. Moray met with constant op- 
position, and his life and that ofhis family was anything but pleasant. Certain pres- 
sure groups constantly tried to force him into selling for almost nothing, or to dis- 
close the secrets of his valve's construction. He was often attacked and he was 
sometimes shot at on the city streets. In fact, his life was threatened so often that he 
‘was forced to install bulletproofglass in his automobile. His laboratory was broken 
into, some of his components and papers were stolen, and his dogs were con- 
tinually being killed. Moray was shot in his own laboratory, and he himself always 
carried a gun. Because he was harassed ceaselessly, over the years he became 
understandably suspicious and close-mouthed about his work. He sometimes 
greeted visitors at his desk with a loaded pistol lying on the desk within easy reach, 
and occasionally confirmed that he would not hesitate to shoot if he were attacked 
or threatened. One of his greatest fears was that big interests would take up his in- 
vention and simply shelve it to keep it from benefiting the public. When large com- 
panies made him offers, he always demanded written guarantees that the device 
would be put into production and sold to everyone, once it was developed, 

Moray also realized the potential of his device as a weapon. He was fully aware 
that the only difference between a controlled energy device and an explosion is the 
rate of release of the energy. According to John Moray, his father received an offer 
to go to Japan in 1938 because he had built a deathray which operated off the de- 
vice. According to John, a representative of the Japanese government came to the 
laboratory and offered a position to Moray, but he refused. Allegedly Moray had 
‘managed to rig the device so that it projected a ray of energy in a beam, and could 
Kill mice instantly at over fifty feet. When radiated by the beam, the mice were car- 
bonized immediately. They appeared frozen, but nothing was left except their 
shells, and they simply fell apart when touched. 

In one experiment Moray ran his device for 157 hours without any connection 
to external power sources, and produced over filty kilowatts of power during the 
test. He also found that an additional fifty kilowatts could be added by simply pro- 
viding another tap further back in the circuit, When he shut the device off from this 
test, he had proven once and for all that the device was generating electrical energy 
from free and natural sources without batteries or external power. During this test 
nothing in the machine heated up; instead, all parts of the circuit ran absolutely 
cold. This alone is totally unexplainable by ordinary electromagnetic theory, and it 
strongly implies the truth of Moray’s assertion that the device simply collects the 
‘energy in each of its stages in a subharmonically resonant manner, in synchroniza- 
tion with the extremely high frequency cosmic oscillations. In other words, since 
the parts of the machine ran cold, it is clear that the energy was being simultan- 
eously collected at each stage rather than being processed through the individual 
stages in serial order, since serial processing in the conventional electrical sense 
would lead to resistance heating of the circuit elements. 

Moray’s device used twenty-nine stages of his special detector valves, which 
were difficult to produce, costing about five hundred dollars each. Only about one 
in four proved suitable for operation. He also had difficulty in obtaining suf- 
ficiently pure materials to make his special mixture for the pellet that enabled tube 
operation in a one-way gating fashion. Moray explained that his device was based 
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Photo 5. An Atlantean power crystal? 


IMT-Advanc MT-2020 
Mobility 350 km/h 500 km/h 
User Plane Latency 10 msec Tmsec™ 
Connection Density 100 thousand T million devices sq./km. 
devices/sq.km. 
Network Energy Efficiency T (normalized) TOOX over IMT-Advanced 
‘Area Traffic Capacity 0.1 Mbps/sq. m. TO Mbps/sq. m: 
(hot spots) 
Bandwidth Up to 20 MHz/radio Up to 1 GHz (single or 
channel (up to 100 multipole RF carriers) 
MHz aggregated) 


In supporting different usage scenarios, not all of these objectives will necessarily be 
simultaneously available. For example, an loT application may need to support a large 
number of devices but at lower throughput rates, while a vehicular application may need 
high mobility and low latency. 


Other expected enhancements include: 
Deep coverage for machines buried within environments. 
a Extremely low energy demands for ten years or more of battery operation. 
a Low complexity options for inexpensive machine communications. 
a 


Auto-awareness through discovery and self-optimization. 


5G Concepts and Architectures 

Standards bodies have not yet defined 5G requirements, but various groups are analyzing 
the possibilities of what might constitute 5G for network deployments in 2020 or beyond. 
Often stated goals of 5G include: 


Being able to support a greater number of end-systems, including loT applications, 
at lower average revenue than 4G systems. 


a Peak data rates of multi Gbps (see Table 4 above). 


@ Rather than emphasizing peak rates, a more uniform user experience across the 
coverage area. 


@ Support for many frequencies, including existing cellular bands and frequencies 
above 6 GHz 


31 Per 3GPP TR 38.913 (V14.2.0, Mar. 2017), 0.5 msec for DL and 0.5 msec for UL for URLCC and 4 msec 
for UL and 4 msec for DL for eMBB. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 30 


on the discovery of a mixture that would act as a one-way gate for the high fre- 
quency oscillations of space, so that the energy could go through the material more 
readily in one direction than another. Thus it was like a one-way gate valve to an 
ocean wave; the energy "water" could flow in in each valve, but was prevented 
from flowing back out. The assemblage of multiple stages thus provided a series of 
collectors which contained enough energy to be useful. Theoretically there was no 
limit to the number of collectors that could be added, and so there appeared to be 
no limit to the energy that such a device could produce 


AN ATLANTEAN POWER CRYSTAL? 


‘The next two photographs are of a most amazing quartz crystal sphere removed 
from a chamber in a pyramid underneath the surface of the ocean in the Bermuda 
Triangle. Dr. Ray Brown purportedly removed the object in a dive while treasure- 
hunting with several friends after a storm had stirred the sandy ocean floor in 1968, 
Brown describes how he swam into a chamber in the pyramid after swimming 
around it three times, and how he saw seven stone seats surrounding two handlike 
stone holders for the crystal in the center ofa table or dais, with a two inch metal- 
lic rod running down vertically from the roof of the stone chamber and pointing 
directly at the crystal. Brown plucked the crystal from the holder and ascended to 
the surface; he found that his companions had brought some nonoperative objects 
to the surface which appeared to be some sort of strange electrical apparatus, 

Brown himself had a strange foreboding and a strong impulse against return- 
ing to the site, and so he refused to do so. Three of his companions reportedly re- 
turned at a later date, and their boats were found floating abandoned in the Tri- 


angle. The three men were never seen again 

The crystal does indeed have some strange properties. In the first picture one 
can clearly see a very sharply outlined, pyramid shaped inclusion inside the quartz. 
‘The pyramidal inclusion is dark, but the crystal is absolutely clear. However, the 
second photo shows that the quartz is milky when seen from a different angle. Here 
three pyramids can be seen, 

Other objects have been seen and photographed in the crystal from time to 
time. In The Pyramid Guide, Vol. V, No. 4, there is a photograph of the crystal 
showing a very distinct, humanlike iris and eyelid appearing in it, making it 
resemble nothing so much as a giant human eye. In that photo the three pyramids 
are not visible. 

While I have not personally investigated the crystal and examined it in detail, 
some general remarks can be made. (1) Brown reported finding the pyramid after a 
hhuge storm had stirred the ocean, including the ocean's sandy bottom. This had re- 
vealed outlines on the bottom resembling buildings, which had attracted the atten- 
tion ofthe treasure hunters. (2) Such a storm, over the ocean's great water mass, is 
‘an excellent kindler of bioenergy. In other words, Brown and his companions were 
definitely in a place which should have had an enormous kindling of bioenergy 
from the biosphere and the collective human unconscious. (3) Sufficient publicity 
hhas been given the Bermuda Triangle's mysterious disappearances to have its al- 
leged ability to open a window between worlds implanted deeply into the uncon- 
sciousnesses of a large number of persons. (4) Brown was with a group of persons 
‘who were sharing the same sensations with the storm and surrounding area, so 
there was sufficient coherence of their personal unconsciousnesses to accomplish at 
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least some degree of tuning. (5) The legends of Atlantis were in a great revival 
period in the late 1960's from the popularizing of Edgar Cayce's work and other 
material, as indeed was the Egypt/pyramid/Atlantis mythology in general, 

So conditions were very ripe for a tulpoidal contact (see Part Two) of extensive 
magnitude — perhaps even to the point of tuning in the ruins and pyramid for a 
period. Brown also reported sensing an omniscientlike presence, which is sympto- 
matic of many such tulpoidal contacts or materializations, 

In such a case, Brown could have actually swum into such a pyramid that had 
materialized from the collective unconscious — which after all has the psycho- 
kinetic power of Uri Geller times ten to the four billionth power or so, and which 
largely maintains the format of our physical reality in the first place. The collec- 
tive unconscious has no difficulty in creating even many alternate worlds or 
materializing and dematerializing entire areas, let alone in producing a single pyra- 
mid and a ruined city 

Brown's action in plucking the crystal out of its holder and swimming back to 
the surface would also have constituted a tuning/kindling which was "returning 
with the crystal into the normal world” — in which case it could have been tuned 
into complete stability so that it would endure, rather than fade away as do most 
tulpoids. 

Until we have developed psychotronic instruments to scan the crystal and re- 
veal its true story, we cannot say for certain that any of the above actually 
happened, and that some sort of delusion or fakery was not involved. The point is, 
it could have happened just as Brown reported it, in the theory I have constructed 
in the second part of this book. 

Until we free our minds from the present bias that physical reality is alwa 
permanent and unchanging, we shall never be able to adequately investigate such 
phenomena as Brown's strange crystal 


THE CRYSTAL SKULL 


It appears that at least some of the ancient peoples understood certain aspects 
of psychotronics and even possessed some psychotronic devices. 

‘An example of such a psychotronic device is shown in the next two pictures, re- 
printed here with the kind permission of Bill Cox, from The Pyramid Guide, No. 
17, May-June, Vol. Ill, No. 5. 

‘To quote directly from The Pyramid Guide: 

‘These are two views of the famed crystal skull... completely hand-formed, 
possibly centuries in the making from a single block of hard quartz crystal. It 


‘was recovered from beneath the altar ruins, within the ungle-covered, 7 U/2acre 
wy explorer F.A. Mitchell 


del complex. The skull, possibly of Atlantean and/or Babylonian origin may 
hhave been Drought to the Americas by the Phoenicians around 1,000 B. 
Frank Dorland says historical records suggest the skull may have been held 
the London inner-sanctum of the Knights Templar prior to the Holy Wars, The 
high priests probably executed ceremonial magic with the skull; a ribbon-like 
prism in the cranium acts as a magnifier. Hollow light pipes projecting upward 
fiom the base permit light reflections from the eye-sockets. The moveable jaw 
easily coordinated motion with speech. Lesser quality crystal skulls exhibited in 
the British and Paris museums, and miniature versions, lack the Mitchell- 
Hedges skull's brilliant craftsmanship 


Photo 6. The crystal skull. 


‘Two views of the famed crystal skull. Completely hand-formed, possibly 
centuries in its making from a single block of hard quartz crystal. It was re- 
covered from beneath the altar ruins within the jungle-covered seven-and-a- 
half acre citadel of the ancient Mayan city of Lubaantu'n by explorer FA 
Mitchell-Hedges in 1927. A several-stories-high pyramid was also found within 
the citadel complex. The skull, possibly of Atiantean and/or Babylonian origin, 
may have been brought to the Americas by the Phoenicians around 1,000 BC. 
The high priests probably executed ceremonial magic with the skull; a ribbon- 
like prism in the cranium acts as a magnifier. Hollow light pipes projecting upward 
from the base permit light reflections from the eye sockets. The moveable jaw 
easily coordinates motion with speech. Lesser quality crystal skulls exhibited In 
the British and Paris museums, and miniature versions, lack the Mitchell- 
Hedges skulls brilliant craftsmanship. 


One of the major African tribes is also reported to have once possessed such a 
crystal skull as a holy object and the center of their religion. Their skull was re- 
portedly stolen by a white thief in the early 1800s, 

So let us now discuss sonic of the peculiar properties of such a device. 
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First, quartz is a very hard substance and not easily worked at all. Making such 
a perfectly carved piece, with removable hinged jaw and eye lenses, must have con- 
sumed a tremendous amount of manual labor and considerable time, even 
centuries. Such an effort is not lightly undertaken; usually there is an overpower- 
ing reason for such persistence. In this case, there may well have been such a rea~ 
son, and ancient priests may well have known it 

Quartz has magic qualities from a psychotronic point of view. It is open to both 
the ultraviolet and the infrared, and so it possesses two magic windows into the 
hyperframes, bioframes, orthogonal frames, and other realities. Since the third and 
higher bioframes (orthoworlds) are all mind worlds, quartz has open magic 
windows into the mind and mind energies. Thus Frank Dorland surmises cor- 
rectly that the device can amplify and focus mental energies. 

Furthermore, quartz is a piezoelectric crystal. Being crystalline, it possesses a 
lattice, a regular array of molecular stages. Thus it possesses a large number of 
identical stages, which is important for hyperchannel amplification. 

Properly shielded against visible light, or in dim light, the crystal skull thus 
can function as a mental amplifier in the hands of a skilled user. Also, the quartz 
it piezoelectric; multistaged electrical piezoelectric currents are natural hyper- 
cenergy-hyperfield collectors, and under the proper conditions the quartz can pro- 
duce heat and light, since collected hyperfield energy can be orthorotated into elec- 
tromagnetic field by kindling. It can even produce these effects at a distance due to 
the hyperchannel circulation patterns surrounding a magnetic field or a localized 
area of magnetic field. The easiest place to produce effects with the skull would be 
inside another human head (in the brain). 

So, in the hands of a skilled practitioner, the skull is (1) a collector of bio- 
energy, capable of turning this into electromagnetic energy and physical effects, (2) 
a form resonance inductor, i.c., a sort of super witness which matches the general 
shape of the human skull and is capable of resonating with a human skull (and thus 
with its contained brain) at a distance through hyperspace, and (3) a psychotronic 
device capable of producing psychotronic effects such as the augmentation of 
healing energy, psychic attack, telepathy, clairvoyance, precognition, and psycho- 
kinesis, where these initiative abilities are possessed by the user or practitioner. 

‘Thus, in the hands of an adept, the crystal skull is indeed formidable device, 
and one can well understand how the motivation existed to make it, even though its 
production may have taken centuries. Since in the ancient days knowledge was 
zealously guarded and usually incorporated directly into religion, such psycho- 
tronic artifacts as the crystal skull would have been regarded as the most powerful, 
hence the most sacred, of objects. One can therefore speculate that the elite of the 
clite of the priesthood were the only ones who knew of and were taught how to use 
the skull, and that this information was guarded extremely closely. The legend of 
such a skull existing as a central part of the religious magic of an African tribe is 
not beyond belief. Ordinary crystal balls, which are certainly made more easily, 
may have originated from the secret rites connected with the skull. An ordinary 
good quality, clear quartz crystal may well have been the substitute for priests who 
did not belong to the supreme inner circle, or the device used when a skull was not 
available, 

T have seen at least one picture ofan optical image which spontaneously formed 
in the crystal skull; the image closely resembled that of the Mayan astronomical 
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observatory at Chichen Itza. 

To give a simple example of how the skull may have been used by a skilled 
priest, let us suppose the priest had an enemy he wished to disable or kill. With the 
proper psychic exercises he could have induced an increase in his own psychic 
energy. Then, using the crystal skull, he could simply have visualized the image of 
his enemy's face, and visualized the energy or light pouring into his enemy's head. 
‘The stability of the imagery is more important than effort of will 

‘At any rate, steady application of this imagery starts the bioenergy projection 
into the enemy's head and brain, and it collects there. Collection to the kindling 
threshold starts turning the bioenergy into electromagnetic field. At this point, a 
host of effects could be produced, depending upon the specific wish and induction 
by the priest. The effects include sharp pain (such as migraine headache); a leaden 
mass or frozen mind in which the brain activity itself is slowly frozen and stopped: 
the generation of a strong, overpowering emotion such as rage, hatred, panic, or 
terrible sadness; a sharp attack on the mind itself, as if saw or knife were slashing 
a physical object to bits; numbness of the body or selected portions of it; interrup- 
tion of the heart’s functioning; kindling of the brain and nervous system into 
seizures, convulsions, or violent muscular spasms (capable of breaking bones); and 
an increase in blood pressure until the vessels swell and burst. In the hands of a 
priest who was strong in psychokinetic ability, this amplified ability would have 
been projected through hyperspace to the unfortunate victim's vicinity; objects such 
as stones could suddenly have levitated and hurled themselves at him, bushes and 
small trees could have enveloped him, etc. Allin all, the skull can be used as a ter 
rible weapon. 

A few of these effects, and others I have not described, are presently in use by 
certain lunatic fringe groups in the United States; they use basic devices other than 
a crystal skull. I have been subjected to several strong attacks, and can vouch for 
their effectiveness if the target person is unskilled in shielding himself or evading 
such attack. In two cases I was nearly killed, and in a third case in substantial 
jeopardy. 

Use of the crystal skull by a group of priests would give even more power, for 
from such a group the kindling level at which bioenergy orthorotates into electro- 
‘magnetic field energy is much more easily approached. The inceptive power is of 
course usable for either good or evil purposes. Good purposes would include 
amplifying psychic healing; curing fevers and other infections; stopping internal 
bleeding: dematerializing growths and tumors; placing a person into deep 
anesthetic sleep so that a surgical operation can be performed; treating soil, seeds, 
or plants to assist sprouting and growth; treating emotional disorders with cancel- 
lation thought forms (contrary forms), and projecting them directly onto the un- 
conscious to neutralize the disturbing form; and communicating telepathically at a 
distance. 

‘A 300-year fabrication period is more credible if we recognize that the quartz 
crystal would have been usable from the beginning, just as is a crystal ball. So the 
high priests could have used the rare clear crystal (ihe skull is made from a single 
crystal), while priests recently initiated into the level that knew of crystal devices 
worked on it when it was not needed for use. Such a practice would explain why 
other skulls less finely worked have been found; these had simply not been as highly 
finished as the Mitchell-Hedges skull, 
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Furthermore, cutting off an enemy's head and exhibiting the skull was a com- 
‘mon practice among many primitive tribes as a way of showing power. Crystal de- 
vices could have been used as a means of combining psychotronic effects with pre- 
vailing religious practice and beliefs. The fact that this eventually yielded a psycho- 
tronic amplifier of great power in the hands of a skilled priest would have led to the 
zealous guarding of the knowledge and the device from all but a very few of the 
elite. 


METAL BENDING 


‘The next remarkable sequence of photos from a Super 8 movie film taken by 
James Bolen, editor and publisher of Psychic (now New Realities) magazine, shows 
Israeli Uri Geller breaking a dinner fork in two through mind over matter. The 
fork, which Bolen personally verified as being intact before the demonstration, 
gradually becomes pliable at its midsection as Geller rolls his thumb and index 
finger over it. The fork finally breaks apart, the prong part clinging slightly to the 
hhandle just before it drops away, suggesting that the stainless steel momentarily 
became plasticlike. 

Here the kindling is taking place in the nuclei of the metal atoms and also along 
the lines of field force in the bonding lattice. The protons in the nuclei may become 
quarklike due to partial extinguishing of the pions which create their electrical 
charges. The softening of the electrical field directly softens the ability to hold elec- 
trons and rearranges electron orbits. In addition, kindling is occurring in the 
orbital electrons, partially extinguishing their charge also. The overall effect is for 
the metal to become plasticlike as lattice bonds are severely weakened. For a metal 
break due to these effects, the metal in and near the fracture should show the re- 
sults of severe electromagnetic fields at the localized level, e.g.. as ifsubjected to in- 
tense heat from an internal laser action. This has indeed been found to be the case 
in other experiments, notably by Byrd and Franklin, 


THOUGHT PHOTOGRAPHY: STELLA LANSING 


Stella V. Lansing is a remarkable person who has captured a large number of 
authentic thought photographs on film, and in whose presence others often get 
thought photographs when they operate their own cameras. For several years her 
work has been investigated by the psychiatrist and noted researcher, Dr. Berthold 
Schwarz, who has published numerous papers in scientific journals on his studies of 
‘Mrs. Lansing. The late J. Dunninger also observed Mrs, Lansing's work and con- 
cluded that it was genuine, and that no magician could accomplish by sleight of 
hand or other trickery the remarkable results she obtained. 

In Stella Lansing’s photographs all the evidences and signatures of tulpoidal or 
thought energy kindling into the first biofield, electromagnetic energy (li 
seen (see Part Two). Typical, metallic-looking, clamshell, UFO-like im: 
often obtained, most often with several objects arranged in a clocklike circle 
symbolically: the unconscious may well be aware that the time channel is the para- 
normal channel, and symbolically express this in a clockwork pattern suggestive of 


time. 
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Photo 7. Metal bending. 


Late evening clockwork pattern of “clamshell lke objects” obtained when photographing a 
church steeple. 


Fst daytime clockwork pattern, Route 47, Amherst, Mass.. September 1872, 


Photo 8. Clockwork patterns. 


Just as Geller and Kulagina have been noted to transfer psychokinetic ability to 
other talented persons who were in their presence for a period of time, Mrs. Lan- 
sing’s clockwork patterns and psychokinetic abilities appear to have stimulated 
another person's abilities in similar fashion. Paul Koslouski is a researcher who 
worked with Mrs. Lansing for a short time, and in his own thought photographs the 
clockwork pattern so characteristic of Mrs. Lansing’s pioneering efforts dutifully 
appeared, 

Mrs. Lansing is a brave and gracious lady, and her significant work with 
thought photographs is important to the understanding and advancement of para- 
psychological science. 


THE DISPLACEMENT EFFECT 


The next picture was taken about 1938 in Chicago with a camera on a tripod 
and a timed release. It was taken by Paul Trovillo, who is the gentleman sitting on 
the bench with somewhat of a problem of transparency and partial disappearance. 


Photo 9. Displacement effect. 


‘The light is by an overhead arc light, which is rich in ultraviolet (one of the magic 
window frequency bands in the hyperchannel crosswalk between orthogonal 
worlds). Pan film was used in the camera, and the picture is of Paul and FerneTro- 
villo. Note the bushes through Paul's left shoulder and through the slats of the 
bench at approximately Paul's waist. Also note that the background is in excellent 
focus. 
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2, Device becomes a psychoenergetic "magnet" when charged by the human being—and will 
pick Up materials, including nonmagnetic objects ee ae 


Photo 10. Paviita's psychotronic generators. 


Availability of TDD and FDD modes for all bands. 
Hierarchical/planned and ad hoc deployment models. 


Use of licensed and unlicensed bands. 
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Equal support for human-type and machine-type communications. Includes highly 
efficient small data transmission. 


@ Advanced Spectrum Sharing, possibly based on spectrum sharing approaches being 
developed for the 3.5 GHz band. 


Figure 13 shows the transformation of networks, moving from today's LTE-Advanced 
networks to future LTE-Advanced and eventually 5G networks. 


Figure 13: Network Transformation?? 
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The fundamental decision for 5G is how to best leverage existing technology investments 
in LTE while exploiting new spectrum and new technology capabilities. 5G design 
emphasizes ways to combine existing 4G LTE networks with capabilities provided by 5G. 
One approach likely to be used by many operators is to use LTE in existing frequency bands 
and the 5G NR in new bands, such as mmWave, as shown in Figure 14. 5G NR, however, 


% See also Rysavy Research infographic, “Mobile Broadband Networks of the Future," April 2014. 
Available at http: // www.rysavy.com/ Articles) 2014-05-Networks-of-the-Future-Infographic.paf. 
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3. A generator that can precipitate solutes trom solution. The jar to the left contains a dense 
Solution; when the generator was placed over identical solution inthe jar to the right, the pre 
Cipitate shown in the jar resulted 


Occasionally the kindling of bioenergy (which is greatly eased in ultraviolet 
light) leads to eddies of hyperchannel connections between separated portions of 
the ordinary frame. The normal three-dimensional frame is constructed action 
quantum by action quantum, and each quantum is fissioned and fused individually 
to give individual increments or jumps of time and length. Appreciable kindling 
intermixed in the frame construction can provide other geometrical paths for light, 
so that the light rays during one or more segments of their straight-line path arc 
actually flipped into and back out of hyperspace. In cases such as this, one can 
ofien see right through a physical object, or even inside it (see Part Two), 

T have worked with a psychic group in the American Association of Meta- 
Science, and have seen one experiment where similar effects were obtained, with 
the camera on a tripod, in a picture taken by my wife. 

Excellent pictures of the Loch Ness monster were recently taken by Doe Shiels. 
‘These pictures have been subjected to computer analysis by Ground Saucer Watch 
(GSW) ~ and GSW was alarmed at the discovery that the monster in the portrait 
exhibited transparency. Indeed, for a materialization less than complete, which the 
monster must be if it is to keep disappearing, one would expect or even demand 
such transparency, even though a large body of water is a good collector for 
kindling of bioenergy and tulpoidal forms (UFO's are also notoriously connected 
with rivers, lakes, and the ocean). 

Note also that the Dennis Billings UFO picture demonstrates the same sort of 
partial transparency. There is a readily understood physics that applies to these 
effects, but the effects are not contained in the present monocular interpretation of 
physics and reality 
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PAVLITA'S PSYCHOTRONIC GENERATORS 


In Czechoslovakia an engineer named Robert Pavlita has been building and 
demonstrating psychotronic generators for about thirty years. These are devices of, 
various shapes and sizes and composed of materials such as steel, iron, brass, and 
copper, and they often contain mysterious symmetries of pattern, holes, and shape, 
‘The devices for the most part charge up with thought energy when subjected to 
human contact or eye contact, and then perform various functions such as pre~ 
cipitating a solution, turning, picking up or magnetizing nonmagnetic materials, 
and killing insects. The devices thus accomplish orthorotation and kindling of 
thought energy. Pavlita has admitted that his devices could be scaled up to serve as, 
‘weapons — unfortunately, every tool can be used for either good or evil. He has 
demonstrated a great many times the killing of insects by pointing a charged rod at 
them. He also admitted that in an accident his daughter became semiparalyzed and 
her life was in grave danger, requiring him to work feverishly without stopping for 
about two days to build a second device to reverse the effects of the first. Pavlita 
has also demonstrated that his psychotronic devices can either stimulate or retard 
plant growth, depending on which polarity the plant is exposed to. 

‘The loose information net of which I am a part has recently learned that Pav- 
lita is now in charge of a secret project that has succeeded in building two wea- 
pons, one of about two hundred miles range and the other of unlimited range. No 
further details on the weapons are available. 

Pavlita is a pioneering genius, and it is to be hoped that he will eventually re~ 
lease the secret of his psychotronic devices to the world for use in the healing arts 
and other beneficial sciences. Bioenergy/hyperenergy is real, and Pavlita 
scored a major breakthrough in building simple devices to harness it 


CELL-LIKE INVISIBLE TULPOIDAL FORMS 


Trevor James Constable has succeeded in evoking and capturing many of these 
forms on film. The first photo was taken by Constable on 25 August, 1957 in the 
Mojave Desert, and shows an amoebalike or cell-like bioplasmic form containing 
shapes that resemble nucleoli, vacuoles, and other cellular structures. The invisible 
object was at first directly overhead, but moved to positions that enabled inclusion 
of local terrain in the pictures. 

In material presented in Part Two ofthis book, I show that all that a physical form or 
physical body is isa total tulpoid, ‘., a form that can be shown to existin each and every 
mind. All that a living biosystem is is a one-to-one coherence established between such 
«total tulpoid (physical form) and a monocular tulpoidal universe (mind world or hyper- 
frame). Furthermore, all possibilities exist concretely in the various hyperworlds. Thus 
Constable's plasma creatures do indeed exist concretely—but in invisible, orthorotated 
hyperworlds (mind worlds). The revolutionary discovery by Constable has been a direct, 
straightforward way to evoke and photograph such bioplasmic tulpoidal forms. His ex- 
perimental work is of absolutely fundamental importance, and I would not hesitate to 
‘compare its ramifications to those of the Michelson-Morley experiments. 
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Photo 12. 


Form for potential material 


Photo 11. Cell-like invisible tuipoidai forms. 


‘These experiments are also directly related to the work of Miller and Fox, who 
have shown that, when the probable atmospheric conditions of the earth of mil- 
lions of years ago are exposed to electrical discharges and ultraviolet radiations, 
amino acids are formed; and then these proteinoids will form microspheres having 
cellular characteristics, even the ability to grow and reproduce. Every possible life 
form is already present in virtual state reality, and under proper selective condi- 
tions can be kindled into the first bioframe (electromagnetic field) and photo- 
graphed, or even into the zeroth bioframe (full materialization). 

In the UFO photographed in strong potential condition for materialization by 
‘Trevor James Constable, note the form ofa disc on edge, only a portion of its form 
being tangible even to infrared. Note also the whitish lobe of the tulpoidal force 
field extending earthward from the discoidal region. Highspeed infrared film was 
used, no filter, shot just before sunrise near Giant Rock, California. Constable's, 
pioneering work is remarkable laboratory evidence for orthorotation and material- 
jon of tulpoidal energy forms. 


UFO'S 


The following pages show some of the most extraordinary UFO sightings and 
other paranormal phenomena of recent years. Photograph 13 shows a noiseless 
UFO seen by a university student near Las Cruces, New Mexico, in 1967. (The 
student reported that, as he changed plates in his camera, the object disappeared. 
He had been taking photos of rock formations for a class in geology.) 
In the Spring of 1950, two photographs of a highly materialized UFO were taken 
by Paul Trent on his farm outside McMinnville, Oregon. The first photo (photo 
14) showed the UFO at an angle, while the second (not shown) caught the UFO in 
direct profile. 


1. Black Ring UFO 

From Project Bluebook, here is an example of a tulpoidal UFO moving along 
through the sky and exhibiting the "black ring" effect. In this case only the edge 
frame is visible, and that edge is generating the black ring or "light quenching" ef- 
fect. Note that the inside portion of the tulpoid is quite transparent, for one can see 
the clouds behind it cleatly. 


2. Anchor Patterns 

One of the interesting aspects ofcombined orthorotation into our normal three~ 
dimensional space and out of it from hyperspace is an anchorlike pattern, shown in 
the next four pictures. Photo 1 was taken by Ira Maxey, and it shows several tul- 
poidal forms, which are intersecting our frame in a white or photon-emitting 
anchorlike pattern. The curved part of the anchor pattern is due to the spinning or 
orthogonal rotation, and the shaft portion intersects it at right angles. Note also the 
clouds, whose water content is highly conducive to kindling of the tulpoid — into 
the first bioframe, in this case. 

‘The second photo from Project Bluebook shows another anchorlike tulpoid — 
this time the orthorotation is reversed, giving photon absorption — moving 
through the sky over a dock area by the water. 
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Photo 13. New Mexico UFO. 


The third photo, taken in Wales, is one of several which clearly captured 
another anchorlike tulpoid in a photo-emitting mode. 

The fourth photo, taken by Fay Clark in a darkened room, shows very similar 
photonic patterns being emitted by Ingo Swann’s hands after Swann was asked to 
ry to produce energy to be photographed. In the rightmost arc the shafllike 
perpendicular bisector can be seen, associated with Ingo's arm. Bioenergy and 
mind-energy are the same, whether being emitted from a single human sys- 
tem/mind or from a collective system/mind, 


3. Bifringement 
‘Another common effect demonstrated by UFO's is bifringement, clearly shown 
in this photo from Project Blucbook. Here a UFO in highly materialized form is 
shown just beginning to turn back into hyperdimensional space. Interestingly 
enough, in hyperspace a tlpoidal form can turn in two or more directions at once, 
and this one appears to be doing so. A photon-absorbing turn is indicated by the 
futer bifringement ring, which is white. These can also be compared to photon 
interference patterns commonly demonstrated by light waves from two of more 
sources. Just as there are interference patterns in our three-dimensional spa 
there are interference patterns in higher dimensional spaces. The three-dimen- 
sional intersection in our frame of one ofthese higher dimensional interference pat- 
tems may be black, white, or consist of both black and white components 


4. UFO's in Water 

Water is a substance that changes its state and form in a fantastic complex and 
is therefore one of the very best collectors for bioenergy or tulpoidal energy. That 
is, in fact, why water is so universally associated with living biosystems, for biosys- 
tems need a good collective medium in which to establish coherent tuning. So it is 
not accidental that water is necessary to life as we know it, or that our bodies are 
largely made up of water. For the same reason (ease of kindling), UFO's and many 
other tulpoidal forms have a high degree of association with water. Nessie and 
other water monsters tune in from time to time in large bodies of water such as 
lakes, rivers, and oceans, 

This photo from Project Bluebook shows a UFO tulpoid in the first bioframe 
(photonic) moving along in the water. 


5. UFO's in Clouds 

Again from Project Bluebook here is a picture of a UFO tulpoid kindling in 
water, this time in the moisture in clouds. Clouds are also usually electrically 
charged, which enhances the tuning effect, particularly when the clouds are 
darkening and so are highly charged and also densely loaded with moisture. The 
darker clouds shield out more of the visible light, reducing the hyperchannel (time) 
squelching effect of visible light. 


6. UFO Seen by the Author 

The next UFO is one of several seen by me, and it provided a very curious, 
anomalous phenomenon in my memory. Furthermore, this UFO was sighted by 
hundreds of persons aver a four-state area, so there is no question that something 
was there in the upper atmosphere. 
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Photo 14. Oregon photos. 


Photo 16. Anchor patterns. 


stent 


Photo 15. Black ring UFO. 


will operate in all frequencies, and just as 2G and 3G spectrum has been re-farmed for 
LTE, existing cellular bands will eventually be re-farmed for 5G. 
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‘As shown in Figure 15, higher frequency bands in 5G will provide capacity with smaller 
cells, and lower bands will provide coverage with larger cells. This is similar to the approach 
taken in 4G. 


Figure 15: Characteristics of Different Bands? 
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33 Nokia, Vision & Priorities for Next Generation Radio Technology, 3GPP RAN workshop on 5G, Sep. 17- 
18, 2015. 
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Photo 17. 


Photo 18. UFO In water. 


The sighting occurred in June 1950, At the time I was home with my father in 
Woodville, Mississippi for the summer vacation from college. All my family were 
in the timber business — pulpwood and logs — and I was working for the summer 
with them. 

It was a beautiful, warm, clear summer day with almost no clouds at all 
Coming out of the woods on  pulpwood truck with the last load of the day (about 
4:30 or 5:30 PM), the truck was slowly making its way across a large open field to 
the county road. Suddenly a light was seen in the extreme upper atmosphere, 
glowing with a fierce white radiance, very similar to the light emitted by a magnes- 
ium flare or by burning magnesium. Some object was apparently entering the 
atmosphere from outside it, but the velocity of reentry was far slower than reentry 
vehicles that would be fired many years later on U.S. and Soviet rockets. As the 
fiercely glowing light smoothly descended, a change occurred. At that point gray 
smoke also appeared in the white smoky trail being left by the object, and the trail 
became turbulent from that point on. Then an orange color appeared at the front of 
the descending, tumbling object, in the light being emitted. The smoke trail from 
this orange glowing color was darker gray. The object tumbled slowly downward, 
burning fiercely, until utterly consumed, still at an extremely high altitude (I would 
estimate still above 100,000 feet). In the sky the smoke trail that had been left per- 
sisted for a while, until it was gradually dispersed by high atmosphere winds. In the 
picture a great deal of dispersion has already occurred. 

So far as is known to me, and I have had considerable missile experience, 
neither the U.S. nor the Soviets were firing any sort of vehicle in 1950 that could 
account for the phenomenon. Furthermore, even if we postulate a reentry vehicle 
from a large rocket, its velocity was far below normal reentry velocity, and this, 
cannot be accounted for. The object also could not have been a meteor because its 
velocity was far too low. 

For the doubter let it be pointed out that even if a high drag, low ballistic coef- 
ficient reentry vehicle comes into the earth's atmosphere on a downwards plunge 
and rapidly slows down, its initial velocity is quite high, and its rapid slowdown is 
quite apparent. This phenomenon did not exhibit such a characteristic 


7. The 1966 Dennis Billings UFO Sighting 


At about 7:00 P.M. on the night of September 23, 1966, Dennis Billings and his 
wife and daughter sighted a UFO at close range. The close UFO was one of a total 
of four sighted by the family in about one hour. The sighting occurred in Decatur, 
Alabama. The UFO phenomena occurred after anomalous physical effects were 
noted. From the alley by his back yard Dennis, who had taken out the garbage, 
began to hear sounds from inside a neighboring house at some distance as if he 
were physically inside the room in which the sounds were occurring. These sounds 
consisted of conversation and dish-rattling in the kitchen where two women were 
apparently cleaning up the table after the evening meal and washing dishes in the 
sink. Then the sounds changed to those from another room where children ap- 
parently were playing games. Peculiarly, the sounds seemed to originate from 
wherever Dennis focused his attention, such as the garbage can, the house, etc 

Shortly afterward his daughter followed him into the yard as he left the house 
to go to a football game, carrying his binoculars. She spotted a cluster of lights 
moving along slowly in the sky above the treeline, and called his attention to them, 
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Photo 19. UFO in clouds. 


Photo 20. UFO seen by the author. 


‘Through binoculars the cluster of brightly colored, flashing lights could be seen to 
be one object about two blocks from Dennis's house, moving very slowly and 
‘making no sound, about fifty feet above the trees. 

Just then Dennis's wife turned on the exterior house lights which illuminated 
the entire back yard. As she came out into the yard, an object, a fiery red, glowing, 
round ball of light about twenty-five feet in diameter, appeared just above the 
neighboring house in back. the same house from which the anomalous sounds had 
been heard a few minutes previously. Strangely, the glow of the object did not 
appear to illuminate the rooftop of the dwelling above which it hovered. 

The glowing light seemed to be composed of a tremendous amount of energy, 
and there was violent fluctuation, turbulence, and movement of the light energy 
within the sphere. Another way to describe its dynamic characteristics is to visual- 
ize it as being composed of individual particles of light or incandescent particles of 
highly charged matter moving rapidly in a circular plasma. The light itself ap- 
peared to be comprised of hundreds or even thousands of individual light sources 
confined to the circular shape. 

Within a few seconds the individual lights began to coalesce and form into a 
solid light with no agitation, dimming in incandescent intensity and changing from 
red to orange to yellow. As the circular shape of light grew dimmer, a rocket- 
shaped object formed in the center. After the light had finished changing to yellow 
and was much dimmer, the rocket-shaped object began to rise, with particles of 
light from the sphere clinging to it and falling off toward the ground, where they 
evaporated and disappeared. The rocket-shaped object had no wings or tail fins, 
and it picked up speed and sped away, streaming an exhaust tail of light or flame 
behind it, similar to a welding torch's flame or a flaming sparkler. The object made 
several spirals as it rose and then headed in a straight line toward the stars. As it 
rose, it also made a slight arc toward the moon, which was full or nearly full, and 
passed across its face. As it crossed the face of the moon, its rocket-shaped outline 
could be clearly seen. 

Astonished, Dennis and his wife began discussing what they had seen, still 
standing in the back yard. At this time the anomalous reception of unusual sounds 
began again. At first Dennis seemed to hear a train on a distant track although 
there are no railroad tracks in the vicinity. The sound seemed to come closer until 
he seemed to hear a train passing by immediately in front of him with its wheels 
clicking on the joints of the steel rails. Then they heard other sounds similar to 
automobiles and trucks on a freeway, again very close, although there is no free 
way in the vicinity either. The whining motors and honking horns of these unseen 
vehicles could also be heard. Turning first in one direction and then in another, 
Dennis could hear the anomalous sounds seemingly originating from wherever 
attention was directed. Other sounds such as airplanes flying in the sky also came 
in. Then he heard another sound like a high-pitched tuning fork, and it began to in- 
crease in frequency until Dennis's eardrums were hurting. 

With this high-pitched frequency sounding and his ears smarting, Dem 
looked up and saw a bright object positioned in the sky, larger than a star, and ap- 
proaching him and his wife. As it approached on a straight line toward their back 
yard, it got bigger and brighter, until it stopped directly overhead, hovering 
100—-150 feet directly above the yard. The object appeared to be circular or oval in 
shape, and it descended with the flat side down. On its rear end the object was 
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Photo 21. Second Billings UFO. 


rimmed like a horseshoe with twelve washtub-sized blinking lights, each of a dif 
ferent color. These lights appeared to be controlled so that as one light blinked on, 
the other lights went off. In this way one light at a time blinked on and off in suc- 
cessive positions, so that a single light seemed to rotate around a complete half 
circle and cross at the open end, changing color as it progressed. On one side of the 
horseshoe the light positions were bright red, on the next yellow, on the next pale 
green, on the next a darker blue-green, and the final light on the opposite side of the 
horseshoe pattern was a very bright blue. Underneath the center of the object was 
‘what appeared to be a hemispherically-shaped plastic capsule or shield. This cap- 
sule was completely blacked out; yet through what appeared to be smoked glass, 
movements or shadowy activity could be seen, Dennis assumed that this was the ex- 
hhaust section of the craft and that what he was seeing was probably smoke coming 
out of a black hole in the craft 

Around the outer perimeter of the craft, and about two feet out from it, was an 
illuminating light which circled the object like a halo or corona, Dennis had the 
cerie sensation that the object was intelligently controlled and that he himself was 
under close observation. 

At this time Mrs. Billings became extremely frightened, ran into the house and 
got the baby, and crawled under the bed until the craft had gone. 

As she left in fright, the craft lifted up in the sky a little and began to move 
slowly away, so slowly that Dennis could walk along beneath it as it moved across, 
the back yard and into the front yard, Walking under it and looking straight up at 
it, he was able to observe closely the blinking lights and their operation. When the 
ccraft had been motionless, the lights had blinked on and off slowly, so that they 
moved in a slow, pulsating motion from position to position around the horseshoe 
pattern, changing color as they went. As the craft began to move and pick up speed, 
the lights began to increase in pulsation frequency and thus to appear to move 
faster around the horseshoe pattern. As the craft moved even faster, the light pul- 
sations became so short and fast that they seemed to be spinning around the horse- 
shoe in one continuous blur of motion, 

As the object left Dennis's yard, it moved into the sky and away, but not too 
far, until it had positioned itself over the airport (Pryor Field) as a large bright ob- 
ject. At this time Pryor Field was serviced by Southern Airlines. As one of the com- 
‘mercial aircraft took off, the UFO followed it back directly over Dennis's house, 
then left the aircraft and repositioned itself in the sky in its original position over 
the airport, hovering motionlessly. 

‘After hovering motionlessly for about fifteen minutes, the UFO suddenly shot 
down in an are toward the ground, passing below the tree line and out of Dennis's 

Dennis waited for about ten more minutes, when suddenly the UFO shot back 
up into the same position in the sky, seeming to follow in reverse the same arc on 
which it had descended. It remained in this position, hovering in the sky above 
Pryor Field for another ten to fifteen minutes. Then a similar object approached 
and joined it, and the two seemed to merge or dock together. They remained 
motionless for about five minutes more, then moved across the sky, still joined, 
until they disappeared below the horizon, 

According to the newspapers the next day, this object or something similar had 
been seen all over the eastern half of the U.S., and had been described as "multi~ 
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colored clouds.” 


8. The Second Billings UFO Sighting 

If Dennis and his wife had experienced only one UFO, the incident would have 
quietly faded away in the unwritten annals of ufology. However, such was not to be 
the case. 

Dennis vowed to himself that, ifsuch an incident ever occurred again, he would 
get a photograph ofthe object. And just before Labor Day in 1970, Dennis got such 
a chance, and indeed made good his intention. 

On that night, with almost totally clear skies and a bright moon, Dennis's wife 
came rushing into the house in Decatur, Alabama and excitedly reported to Den- 
nis that she had seen another UFO. Rushing into the yard, all Dennis could see 
‘were some distant white lights — too far away to say positively they were UFO's. 
However, recalling the multiple UFO's in the previous incident, Dennis and his 
wile took up separate watches on each side of the house. Dennis also thought of his, 
Polaroid camera left in his car parked in the driveway, so he went to get it 

Standing between the trees, Dennis looked up into the sky and saw a UFO sud- 
denly triggered into position, as if his thought and intent had pulled a switch and 
the object had suddenly appeared, positioned perfectly for his observation, pouring 
light from underneath for a distance of about twenty to thirty yards. This light 
seemed to emit some immense force and was colored like the fire, whiteness, and 
glare of a welder's torch. The tail diminished as the craft lowered. Dennis snapped 
a picture when the craft's tail had shrunk to only four or five feet long. He pulled 
the tab on the polaroid film and ran into the street under an outdoor light to see if 
he had recorded a UFO. When he saw he had done so, he then noticed the object 
hhad descended and made a left turn, moving eastward down Nelson Street slowly at 
about five miles per hour. Its porthole lights were still clearly visible and no sound 
was being made. Dennis hurried after the UFO and caught up with it at the end of 
the street near a T.V.A. easement, where large electrical power lines were located, 
running generally north to south, He got slightly ahead of the object as it traveled 
parallel to the power lines and as the craft passed directly over him. At the very in- 
stant he pressed the shutter, all lights in the craft instantly extinguished as if his 
mind had been read and the photograph deliberately prevented. The now darkened, 
cold, lifeless-appearing craft moved smoothly away, passing over Mallard Park 
where a Marine Corps Band was playing. The second photograph showed no lights, 
whatsoever. 

‘One of the local newspapers then printed the story and the picture, and Dennis 
received a call from one of the national UFO agencies. After giving the agency his 
photograph, his camera was mysteriously stolen from his automobile, and the 
agency then claimed to have lost his photograph. However, they underestimated 
the determination of Dennis Billings. 

Dennis simply got on a plane and went to Washington, and proceeded to the of: 
fice of the head of the UFO agency. The president ofthe organization had said that 
the would be out of town for several days and would be unable to see Dennis. Never- 
theless, Dennis went to his office, where his secretary repeated that the gentleman 
‘was out and would not return for the day. Dennis barged into the office over the 
protestations of the secretary — including the threat to call the police and have him 
removed — and proceeded to search for his photograph, eventually finding it in the 
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desk drawer of the president of the organization. He retrieved his photo and re- 
tured to his home. Without his personal determination to retrieve his property. 
the photograph — like so many others over the years — would have been "lost." 
‘The immediate question that occurs is: Isn't it curious that one of the major UFO 
organizations in the U.S. — supposedly devoted to solving the UFO mysteries — 
exhibited the desire to misappropriate a really good picture of a UFO and see that 
it disappeared from the scene? 

At any rate, Dennis got his photo — and a beautiful photo it was. Further- 
more, the incidents experienced by Dennis Billings are classic examples of my 
theory. Many anomalies in the incidents will not fit orthodox theory or orthodox 
ideas about reality. The "pieces of light" seem to be almost intelligent. There was a 
close coincidence of thought/intent/expectation and kindling burst into observ- 
able reality, plus a great deal of sky-watching and expectation by Dennis between 
the first UFO incident and the triggering of the second (i.e., a long kindling time, 
Just as Patterson experienced before he got his excellent movie shot of a sas- 
‘quatch). And there was close experience of very distant sounds (to be expected in 
hyperspace, where ordinary distance can be shortened or even eliminated). Further- 
more, there were multiple witnesses to the UFO incidents, and Dennis got his 
photograph. Psychologically, it may even be significant that for several years Den- 
nis vowed to take a picture of any other UFO he might later see, and when he got a 
picture, he was prevented from getting another. And on the photograph obtained, 
fone can see that the "craft" form of the tulpoid is only partially materialized, since 
the stars can be seen right through the vehicle's midsection. This is similar to the 
strange transparency of the Doc Shiels photograph of Nessie (the Loch Ness 
monster), which Ground Saucer Watch found when they performed a computer 
analysis of his photo. (The second Shiels photo showed that the water was being 
forcibly moved by Nessie, so the tulpoid was at least partially materialized.) Yet 
such is to be expected if one is dealing with partial materialization of tulpoids. 

Finally, the entire area is located in the Tennessee Valley Authority's project. 
Great electrical transmission lines go through the area, and there are many long 
lakes and the Tennessee River. So an excellent kindling medium is provided, and 
many UFO's are seen over the Tennessee Valley 

‘The Dennis Billings photo remains one of the best UFO photographs ever 
taken, and coupled with Dennis's astute personal observations, it provides a key- 
stone insight into the actual nature of the UFO phenomena, 


9. The 1973 Pascagoula UFO Sighting 

In October 1973 one of the greatest UFO flaps of all time occurred in the 
United States, and created headlines because of the bizarre increase of contactee 
incidents. One of the most sensational of these was the purported abduction of two 
men in Pascagoula, Mississippi, who were allegedly taken aboard a saucerlike 
craft, examined, and released. 

Shortly afterwards another incident happened in Pascagoula, which drew little 
attention. In this case, underwater phenomena were involved, because two U-S 
Coast Guard petty officers investigated the object and made physical contact with 
it. An official Navy investigation was made and a report written. Unusual charac- 
teristics, highly suggestive of a device using psychotronic effects, were displayed by 
the object. I suggest that this device may well have been a Soviet psychotronics de- 
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vice, taking advantage of the UFO flap as a screen to carry out clandestine activi- 
ties. 

In Pascagoula an illuminated underwater object followed the boat of Ray- 
mond and Rayme Ryan, who tried to beat it away with an oar. The nine witnesses, 
including two Coast Guard investigators, described the object as metallic, rod- 
shaped, two to three feet in length, and four inches in diameter. It was attached to 
an oval-shaped beam ahead for four to six feet. It looked like a mini-submarine and 
moved at four to six knots in four to six feet of water. Although it sounded like 
metal when struck, it could not be struck consistently, and its light, when il- 
luminated by a flashlight, turned off immediately and then on again after about one 
minute. The portion of the Ryans’ oar that was under water could not be seen from 
the surface when the object's light beam fell on it. 

At this point I would like to make some general remarks about the nature of 
UFO's. (1) The UFO-generating mechanism and the psychotronic mechanism are 
the same. (2) The Soviets may even be able to psychotronically evoke particular 
types of UFO phenomena at will. (3) A small number of UFO phenomena could 
even be generated by the Soviet Union as part of its psychotronies deception plan. 
However, most UFO phenomena are definitely not of Soviet initiation, (4) An ex- 
planation of the UFO phenomena is briefly sketched out in my section on psycho- 
tronics. (5) Some of the NASA photos taken of moving lights in orbit around the 
earth may have been of Soviet-initiated effects. Like the radiation of U.S. person- 
nel in the U.S. Embassy in Moscow, this effect could have been intended to evoke 
U.S. high level reaction, to positively assess whether the U.S. had any knowledge 
of psychotronics, and if so, what that level might be. 


10. Other UFO's 


A brilliant, “crystalline-like” UFO was seen over Madrid, Spain in 1968 and 
was chased by Spanish Air Force planes. Whenever people are significantly struc- 
tured in their thinking, symbolically "sharp" and “crystalline” tulpoids often are 
seen, representing their ideas. Many such UFO tulpoids are seen over Iron Curtain 
countries, and over countries such as Spain that have one dominant religion and 


culture. 

In October 1973 the governor of Ohio, John Gilligan, saw this UFO 
phenomenon along with over 100 other people. The police were notified by the 
governor, and this photo was taken by the Columbus Evening Dispatch. Note that 
the tulpoids remain in the first bioframe (see Part Two), and even though their 
intersections change shape, the second one remains in a "burst mode. 

In 1965 Rex Heflin took four pictures ofa highly materialized UFO near Santa 
‘Ana, California. In the fourth photo the dematerialization "photon absorption” ef- 
fect is shown: if orthorotation into higher dimensional space is made in one direc- 
tion, photon (light) is emitted. If the orthorotation is made in the opposite direc~ 
tion, photons are absorbed. In one case "glowing light(s)" are associated with the 
UFO's hyperdimensionality, while in the other case "black rings" or "smoke" are 


associated. 
FALKVILLE SPACEMAN 


‘These two pictures are black-and-white versions of two of the photos taken by 
Falkville, Alabama Police Chief, Jeff Greenhaw, in an encounter during October 
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New radio methods in NR will boost performance and will co-exist with future versions of 
LTE. 3GPP, in Release 14, completed a study item on 5G NR and will specify NR in Release 
15. 


Figure 16: Evolution to 5G Including LTE Improvements and New 5G Radio 
Methods 
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While many deployments will integrate LTE and NR, some operators could choose NR-only 
deployments, 


5G New Radio (NR) 


3GPP is defining 5G NR in Release 15, with an initial release for non-standalone operation 
scheduled for March 2018 and full release for standalone version scheduled for September 
2018. Release 16 will add additional capabilities to the radio, such as support for URLLC. 
Despite specifications not being finalized, the following are planned capabilities and 
features of NR in Release 15: 


@ Ability to operate in any frequency band, including low, mid, and high bands. 


@ Network can support both LTE and 5G NR, including dual connectivity with which 
devices have simultaneous connections to LTE and NR. 


@ Carrier aggregation for multiple NR carriers. 


a 5 Gbps peak downlink throughput in initial releases, increasing to 50 Gbps in 
subsequent versions. 


OFDMA in downlink and uplink, with optional Single Carrier Frequency Division 
Multiple Access (SC-FDMA) for uplink. Radio approach for URLLC to be defined in 
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1973. Greenhaw had received a call from one of his constituents to say that a UFO 
had landed in her pasture, and he was proceeding to investigate the incident. In his 
police cruiser he carried a polaroid camera which he used in his police work. 

Driving down a narrow gravel road, Jeff noticed a metallic-clad, suited figure 
walking down the road toward him, and he stopped his car to get out and have a 
look. For some strange reason his instinct was not to pull his pistol on the crea- 
ture, and instead he started taking pictures as the creature/tulpoid walked toward 
him. The creature was holding something exposed in one of his hands, as can be 
seen in one of the photographs. As the tulpoid approached with no apparent inten- 
tion to stop, Jeff then switched on the blue light above his cruiser, and the rotatin; 
flashing light caused the creature to turn about and run away down the road. Jeff 
jumped into his cruiser and gave chase, eventually reaching about forty-five miles 
per hour without catching the tulpoid. His car spun offa curve and Jeff still had the 
photos — polaroids that he developed. 

Bizarre things then happened to Jeff Greenhaw. His wife left him and divorced 
hhim (I suspect this had nothing at all to do with the UFO incident), he was fired 
from his job as police chief, vicious rumors were circulated that it all had been a 
hoax, and that a person had been dressed in an aluminum suit and photographed to 
give the appearance of a spaceman. Various fire suits were positively identified as, 
having been the suit used, Jeff was discredited. Finally his trailer was burned down. 

Before the trailer was burned, a friend of mine here in Huntsville, Warren 
York, visited Jeff and made photographic slides from the original polaroids with 
Jeffs permission. Shortly after that I had a chance to study these first generation 
ides for several hours, and some interesting things turned up. 

‘The tulpoid’s left hand is positively reversed in a mirror image fashion; it opens 
outward instead of inward as does a normal hand. (This cannot be seen on the 
photos shown here, but on the first generation slides it is readily seen.) Being an 
aikidoist, I am totally familiar with the degree of bending and flexing of most 
human joints, particularly the arms, wrists, and hands. And the mirror imaging of 
the left hand of the tulpoid is beyond question. 

Furthermore, one can establish a clear shoulder line in some of the other 
photos, and a line just under the hat or "nazi-helmet” portion of the figure. From 
the other photos a remarkable thing emerges: there are only two places between the 
edge of the helmet and the chest that are sufficiently wide and sufficiently thick to 
contain a human head. The person would either have to have a neck about twelve 
inches long, or he would have to have a neck shorter than a Neanderthal’s, with the 
head lolling down completely on the chest. Again, this can be clearly established in 
the original first-generation slides. 

Finally, I have a letter in my files that establishes as a falsehood one of the 
rumors about Jeff. One person had admitted dressing in the suit and faking the 
incident, when in fact what actually happened was that Jeff went to his house im- 
‘mediately after the incident to ask this person to accompany him back to the area 
and search for the spaceman. When confronted in late 1977 by his family and 
friends, this person broke down and confessed that he had lied about the incident, 

Finally, some other investigators dressed a person in an aluminum foil suit and 
photographed him, and there is no resemblance to the tulpoid photo. And Warren 
York investigated all the firesuits supposedly used in the hoax, including new suits 
used by the various fire departments and also by NASA at Redstone Arsenal. 
None of them resembled the tulpoid photo, 


90 


Photo 22. Spanish UFO. 


Photo 23. Ohio UFO. 


Photo t 


Photo 2. 


Photo 24. Heflln UFO. 
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Photo 3 


Photo 4 (enlarged) 


Several photo experts have concluded that the photos are false, and several have 
concluded that they are not. A computer analysis concluded that they were false. 
However, what exactly could a computer show that would differentiate between a 
normal physical object and a well-materialized tulpoid? 

In my opinion the incident was a fake ifand only if three things can be estab- 
lished; (1) an individual exists with a horribly deformed left hand that is mirror- 
image backwards and opens outside away from the body; (2) the same individual 
either has no neck at all or else has a neck almost a foot long; and (3) the same 
individual can run forty-five miles per hour, faster than any other human in the 
world. Such an individual — ifhe existed — would be readily identified, and there 
would be no difficulty in ascertaining that he was the one involved, 

There are other things about the case that I am not at liberty to divulge at this 
time out of respect for Jeff Greenhaw’s confidence and privacy. But even so, the 
incident has a very high probability of being tulpoidal, and Jeff Greenhaw stands 
fully exonerated, in my opinion, 


MEN-IN-BLACK 


‘The kindling of virtual state tulpoidal forms into the zeroth bioframe of a 
physical reality (materialization) can result in the materialization of living, 
breathing, functioning forms. There is essentially no limit on the format that may 
be obtained. Sasquatch, Nessie, fairies, demons, angels, mothmen, skunkmen, yeti 
kangaroos, etc. are just a small sampling — as indeed are UFOnauts such as little 
green men, space-suited astronauts, androids, robots, etc. These (usually) fleeting 
phenomena are physically real when in the materialized state (zeroth bioframe); 
unfortunately the tuning which is accomplishing the collection and kindling is 
usually unstable, and the stability to maintain the materialization lasts only a short 
time. 

One of the consistent phenomena experienced by many UFO investigators is 
that of men-in-black. Typically, oriental-featured men in dark suits appear and de- 
mand the investigator's material, instructing him to cease his efforts. Usually they 
have almond-shaped eyes that never blink, and speak telepathically without 
moving their lips. Variations, of course, occur. 

Here is an incident that happened to a friend of mine in the city where I live 
(Huntsville, Alabama). At the time my friend was an ardent UFO investigator and 
even wore a radiotelephone so that he could be contacted quickly at any hour to go 
and investigate UFO incidents in the field. He is the friend who investigated the 
Jeff Greenhaw case and took slides of the original Greenhaw photos before Green- 
haw's trailer was burned. 

A friend of his, a girl with psychic abilities, was approached one evening in her 
apartment by two medium-sized, almond-eyed men of oriental cast, in typically 
dark suits. These tulpoidal gentlemen's eyes never blinked and they spoke to the 
girl telepathically without moving their lips. They handed her an envelope contain- 
ing two ancient coins and instructed her to give the coins to my friend, and inform 
hhim that he must keep them on his person at all times. After other messages that 
completely frightened the girl, the two tulpoids left, never to be seen again. 

In tears from fright, the girl contacted my friend and between fearful sobs urged 
him to take the envelope and get it away from her, as she never wanted to see it 
again or the two men who had brought it. 
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‘My friend picked up the envelope and later examined the two coins. I also per- 
sonally examined them: to anyone who is sensitive, the coins radiated an invisible 
unpleasant tulpoidal energy. 

The investigator then photographed the coins, and daringly placed one on a 
string around his neck against my own advice to seal them up against light. He 
promptly broke out in a rash from head to foot and was shortly forced to remove 
the coin and seal it away. Interestingly, photos of the coins seemed to have about 
half the effect of the actual coins. 

For a period of two years I kept my copies of the photos sealed against light and 
stored in a file cabinet. To my surprise, several times when I went to retrieve the 
photos, they would alternately be there and not there. I simply state what oc- 
curred, without any change or justification. Eventually, however, their effect 
seemed to decay, and at that time there was no longer any problem in recovering 
them from the filing cabinet 

‘The men-in-black syndrome is based on our own unconscious tuning; since each 
of us has some unpleasantness in the unconscious, sometimes the tuned-in men-in- 
black can be very nasty indeed. 

I am personally aware of several good researchers into the paranormal who 
have been forced to retire from the field to save their own lives and the lives of their 
families. As late as April 1978 a very good friend of mine has been forced to dojust, 
that because of overwhelming danger to his family from materialized tulpoidal 
phenomena, 

In my own case I have found it expedient to work closely with a group of 
psychic friends in the American Association of Meta-Science. This group is cap- 
able of clairvoyantly peering into the unconscious to ascertain the most unpleasant 
blockages present, and forming energized thought forms to go in and cleanse the 
unconscious of most of the unpleasantness. In this way the unconscious can be kept 
relatively free of unpleasant tuning that might otherwise tune in something like the 
men-in-black. My own life and experience has not been free of tulpoidal tuning; 
however, it has been free (at least so far!) of tuning in anything really unpleasant, 
or nasty, or threatening to my family. 

But I continue to be very grateful to my psychic companions for their under- 
standing and assistance, and I continue to avail myself prudently of their services 


when needed. 
SASQUATCH 


In many regions of the earth there exist legends of giant, apelike creatures of 
various sizes, hues, and dispositions. In the high Himalayas this takes the form of 
the yeti, a humanoid creature sometimes seen in the snows ofhigh and remote fast- 
nesses. Expeditions have in fact uncovered and photographed the yeti’s tracks, and 
sightings by reliable observers have been made. Several parties have also reported 
hearing the yeti’s strange vocal sounds. 

In the remote Siberian wastes the Soviets have also reported such a manlike 
humanoid creature, even purporting to have captured one a century or so ago. 

In the U.S. the tulpoidal form similar to this has been the sasquatch of the 
Pacific Northwest, known since Indian times, and observed hundreds of times by a 
variety of persons over the years. Nevertheless, in spite of intensive searches Big- 
foot continues to elude all pursuers while continuing to be sighted and leave foot- 
prints. 
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Photo 25. Falkville spaceman. 


But Bigfoot cannot be caught by packs of hounds. (This has repeatedly been 
tried, His lair is never uncovered, nor can he be tracked to it. He has never been 
found dead of old age or injury. The bones of sasquatch have never been uncovered 
jin caves or elsewhere.) 

Furthermore, not just one type of footprint or one type of creature is sens ins 
stead, a varity of shapes/sizestypes of creatures appear. This is one particular 
clue to the fact that we are not dealing with a species of shy and elusive wildman, 
but instead with a tulpoid 

Sasquatch cannot normally be found — as indeed Nessie and the yeti cannot — 
because shorly after each appearance he is no longer present in this bioframe. 

However, as interest in sasquatch/Bigfoot grows and the effon to discover or 
uncover him intensifies, the kindling of the tulpoidal form intensifies, Today big- 
foottype creatures of all varieties and hues are being seen throughout the U.S., 
from Maine to Florida, from Alabama and Tennessee to Oregon, Washington, and 
California. With this intensity of kindling, it is getting easier to evoke a bigfoot 
type tulpoid, and as it continues, sasquatch is probably going to be tuned in and 
stabilized. Ifo, the past itself will just be changed, and we will be able to dig up 
ancient bones of sasquatch, and find his lars, and track him down with dogs and 
capture him. In that case. sasquatch will become a respectable animal and will 
stabilize in our reality. Tulpoidal activity from the collective human unconscious 
can be stabilized and the entre past, present, and future changed by the awesome 
4 X_ 10? dimensional psychokinetic mastery of spacetime exerted by the species un- 

‘We also should not be at all surprised ifthe same thing happens to the placid 
Loch Ness monster. There is probably going to be a family of pleisosaurs living in 
the Loch eventually (and in many other bodies of water across the globe) — and 
spacetime will be changed (past, present, and Future) in our zeroth bioframe to ac- 
comodate this small shift in the collective human unconscious. In reference to 
changing the pas, it s interesting to note that Wheeler has recently demonstrated 
that, in the two-slit experiment (which contains the basis of quantum mechanics), 
can be decided after the fact whether ot not a photon has interacted with two sits 
or with one. Thus in at least one sense the past can be changed! 

‘After several years intensive search for and pursuit of the elusive Bigfoot in the 
Pacific Northwest, Roger Patterson finally obtained a short movie strip of avery 
large, seven-foot tall female with pendulous breasts and crested head, walking 
through a forest clearing with giant strides. This is perhaps the best frame from 
that movie strip. Sasquatch tulpoids have been known since ancient time by the 
Indians who lived in the area. Ik would be interesting to see what results could be 
obiained in materializing or partially materializing the Bigfoot tlpoid with a 
Reichian cloudbuser. 

Bigfoot-like creatures are materializations from the collective human uncon- 
scious shaped and formed by the layers (rae, culture, nation, tertory, stat, re- 
tion, family, et.) between the collective unconscious and the individeal uncon- 
scious minds ofthe observers. The exact format depends on all the higher level 

neading" of the "dough" that is being forced out into materializaion, 

In the Pacific Northwest the Indian knew of the sasquatch long before the 
coming of the white man; in that region, a great deal of tuning has been ac- 
complished, and the sasquatch is a rather welltuned animal form, having well 
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Photo 26. An ancient coin handed to a psychic friend of a UFO investigator 
by tulpoidai men-in-black. 


defined footprints as shown in Photograph 28. In the East, the yeti has also been 
tuned for centuries, and a cast made from his footprint is quite well formed — 
though also quite different from that of a typical Pacific Northwest sasquatch. In 
New Jersey, on the other hand, for the last two or three years there have been a 
large number of Bigfoot sightings, but here there has not been the same degree of 
tuning for several centuries, and consequently the footprints look rather messy, like 
blobs left by the creature before it vanished back into dematerialization. Finally, in 
fone case a person well-known to me stumbled into dematerialization phenomena of 
a very strong nature. One of the incidents involved the materialization of a really 
gigantic "superfoot” creature, which walked around all over the base of a moun- 
tain, leaving giant footprints two feet or so long. Though monstrous in size, super- 
foot is really ill-tuned and thus ill-defined, with footprints that are decidedly blobby 
in form, 


UFO's OVER THE SOVIET UNION 


In 1961 locomotive engineers on a freight train from Moscow to Golytsino, 
‘when about forty kilometers from Moscow, sighted a disc-shaped object topped by 
a cupola approaching the train. The object slowed to pace the train and escort it for 
about one kilometer. Suddenly the locomotive engines went dead, and could be re- 
started only after the mysterious object disappeared. 

On December 29, 1967 an Iliouchine 14 aircraft enroute from Zaporoje to 
Volgograd sighted an approaching UFO. As the UFO neared the aircraft, sud- 
denly the aircraft's engines stopped in midair and the plane began slipping side- 
ways toward the earth, carrying its panic-stricken crew to certain destruction. 
When the crippled aircraft was about 700 meters from the ground, the UFO 
abruptly disappeared. At the same instant the aircraft engines sputtered and roared 
to life again. The pilot righted the aircraft as lift retuned, narrowly averting a 
crash. 

On September 24, 1962 first one oval object then several others escorted a TU- 
104 airliner enroute from Vorkouta to Omsk and maneuvered around it with aston- 
ishing speed and agility. The eerie aerial escort continued for most ofthe flight, and 
the objects were extensively observed by both the passengers and the crew. The ob- 
jects positively could not have been other planes, balloons, satellites, celestial ob- 
jects, or other known natural phenomena. 

In Latvia in 1965, R. Vitolniek, a well known astronomer, together with several 
scientific colleagues, sighted a triangular-shaped formation of four spherical ob- 
jects, one at each of the points of the triangle and one a little larger in the middle of 
the triangle. Two of the scientists, lan Mederis and Robert Vitolniek, made im- 
mediate calculations and insured that the objects were not satellites or normal 
orbital objects. The objects steadily shrank in size, leading Vitolniek and his col- 
Teagues 10 conclude that the objects were traveling away from the earth into outer 
space. 

At least two Soviet astronauts, Colonel Bykovsky and V. Terechkova, have ob- 
served UFO sightings and reported them to the Soviet authorities. Many other 
UFO sightings have occurred in the Soviet Union and the Iron Curtain countries; 
these are just a sampling. 
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Release 16, but Release 15 will provide physical layer frame structure and 
numerology support. 


Massive MIMO and beamforming. 
Ability to support either FDD or TDD modes for 5G radio bands. 


Numerologies of 2" X 15 kHz for subcarrier spacing up to 120 kHz or 240 kHz. This 
approach, depicted in Figure 17, supports both narrow radio channels (for example, 
1 MHz), or wide ones (for example, 400 MHz). Phase 1 likely to support a maximum 
of 400 MHz bandwidth with 240 kHz subcarrier spacing. 


Error correction through low-density parity codes (LDPC), which are computationally 
more efficient than LTE turbo codes at higher data rates. 


Standards-based cloud RAN support, compared with proprietary LTE approaches, 
that specifies a split between the PDCP and Radio Link Control (RLC) protocol layers. 


Self-contained integrated subframes that combine scheduling, data, and 
acknowledgement. 


Future-proofing by providing a flexible radio framework that has forward 
compatibility to support future, currently unknown services, such as URLLC to be 
specified in Release 16. 


Scalable transmission time intervals with short time intervals for low latency and 
longer time intervals for higher spectral efficiency. 


QoS support using a new model. 


Dynamic co-existence with LTE in the same radio channels. (See the Appendix 
section "LTE-NR Co-existence” for more details.) 


‘According to one 5G Americas member company in 2017, operators globally have 
expressed interest in deploying NR in a wide variety of bands, including current cellular 
bands, 3.5 GHz, and mmWave bands. 


Release 16 will add support for: 


a 


a 


a 


URLCC. 
Shared spectrum operation. 


5 GHz unlicensed spectrum operation based on current LTE approaches such as LAA, 
LWA, LWIP, and RAN Controlled LTE Wireless LAN Interworking (RCLWI). 


Possibly integrated access and backhaul based on a Release 15 study item. See the 
appendix section, “Integrated Access and Backhaul,” for more details. 


Other, as yet unknown, features. 


The ability to simultaneously transmit and receive on the same frequency has been stated 
in the past as an objective of 5G, and although such capability remains of interest, it is not 
currently being specified. 
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In fact, on several occasions Soviet defense forces have been committed into 
massive action against UFO! 

In 1959 numerous UFO's flew over Soviet rocket launchers at Sverdlovsk. In 
addition to being visually observed by a large number of personnel, they were de~ 
tected and tracked on Soviet radars. Soviet military units were ordered into action 
immediately. Interceptors and antiaircraft artillery batteries went into action and 
the air defense missile units opened fire. In spite of the fierce engagement of the 
clusive UFO's, none were hit or damaged and no results were obtained by the 
Soviet combat forces. Men, machines, guns, rockets, missiles and radars could not, 
cope with the UFO's. The impact in the Soviet military of several such military 
actions must have been enormous. 

In fact, such incidents as this probably were responsible for the establishment of 
an extremely high level and highly classified Soviet investigation of UFO 
phenomena. Given the decision to launch such an investigation — and it would be 
inevitable for the Soviets to take such a step when their air space was under open 
invasion by possibly hostile forces — the Soviets would have assembled a formid- 
able scientific team to tackle the problem. Furthermore, given the highly classified 
military reports of such encounters, reports of UFO incidents at other Soviet in- 
stallations and by other Soviet military personnel, and the steady occurrence of the 
normal range of UFO sightings and incidents over cities and villages, the Soviet 
system would have tolerated no scientific nonsense in opposition to the mission to 
discover the nature of the phenomena. In other words, the Soviet team from the 
beginning would have concentrated on finding the explanation and nature of the 
phenomena, not on whether or not such phenomena were real or were occurring 

In my opinion, a connection between UFO's and paranormal phenomena — 
and the new psychoenergetics which also was formulated by 1959.60 — was 
realized about 1960. The high classification of the Soviet psychoenergetics pro- 
gram then led directly to an official Soviet policy to debunk UFO's and para- 
normal phenomena if the work of any outside research group became too serious. 
Some Soviet scientists who had no connection with the weapons programs were 
allowed to work a little on paranormal phenomena and on UFO's. This was simply 
to provide a deception plan for Western scientists; in their contacts with their 
Soviet scientific colleagues, these Western scientists would see only a rather 
puzzling collection of simple laboratory experiments on telepathy, ESP, simple 
psychotronics, psychokinesis, etc. A limited number of Soviet papers dealing with 
these subjects, but of no particular theoretical content or very exact statement of 
experimental apparatus and conditions would be permitted in the open journals. 
However, close scrutiny of such activities would be maintained by the Soviet state, 
and no real breakthroughs would be permitted to occur or to be transmitted to the 
West. Ziegel, Dubrov etc. owe the limited work they were permitted to do to this, 
Soviet deception policy. 

‘They also owe the surveillance and harassment they have undergone to the 
Soviet policy of insuring that they would be permitted to do nothing significant, or 
to communicate nothing significant to their Western colleagues. Meanwhile, a 
rigorously controlled and highly classified Soviet psychotronic weapons develop- 
ment program continued apace. And the radiation of the U.S. Embassy (and the 
U.S. ambassador to the Soviet Union) in Moscow with weak radiofrequency 
microwaves containing psychotronic modulations began about 1959-60 and con- 
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Photo 27. Sasquatch. 


Photo 28. Bigfoot cast. 


tinues to the present. As explained elsewhere, this radiation was in fact another very 
clever Soviet intelligence probe: By observing how the U.S. reacted, they could deter- 
mine whether the U.S. had any knowledge of psychotronics and thus whether or not the 
ULS. had developed secret psychotronic weapons and counters of its own, 


The Sighting over Petrozavodsk 

Even more spectacular phenomena have occurred in Soviet skies and are con- 
tinuing to occur, 

For example, a mysterious phenomenon of great magnitude occurred in the 
skies over the Soviet city of Petrozavodsk at about 4:00 A.M. on September 20, 
1977. Petrozavodsk is in Soviet Karelia about 130 miles from the Soviet-Finnish 
border. 

First, a gigantic mass of light flared up in the skies over the city, glowing bril- 
liantly, and hovered there. Fantastic streamers of light poured from the glowing 
hemispherical dome of light and radiated down towards the city. Tass, the official 
Soviet news agency, reported that it looked like nothing so much as a shining 
"jellyfish sending down a multitude of fine beams.” It gave, Tass said, “the im- 
pression of a torrential rain of light.” Where these fine beams touched windows, 
many windows were broken or perforated with small holes. 

Later the glow died down and the jellyfish became a single giant bright semi- 
circle. It then gradually moved off in the direction of Lake Onega. But all was not 
yet over. Even after the bright hemisphere had moved away, great gray clouds ap- 
peared over the city with a semicircular aperture bright red in the center. These 
phenomena lasted for ten minutes or longer. 

Being over the city and lighting up the sky so fantastically, the phenomena were 
seen by a large number of Soviet citizens and reported by them to the Soviet 
authorities. In fact, Tass admitted in its initial release that informative reports 
from witnesses were still pouring in and being analyzed. This interesting phenom- 
‘enon is worthy of some remarks by way of explanation. 

Not only is pressure from the Soviet threat transmitted through the collective 
human unconscious (ZARG) to the skies of Europe and North America; in addi- 
tion, a backpressure is generated, which provides the impetus for initiation of 
appropriate phenomena over the Soviet Union and the Iron Curtain countries, 
Psychologically, it may not be accidental at all that the original shape resembled a 
giant jellyfish; the implication is that the psychotronic sting will also be trans- 
mitted to the Soviet Union by backlash whenever the Soviet psychotronic weapons 
are unleashed on the West. The shapes are also psychologically significant. First 
the Portuguese man-o-war's stings will be applied (this accounts for the tentacles 
toward the city); then the all-seeing eye (symbolized by the bright hemisphere) will 
ccheck the results. And the results will be gloom and despair (gray clouds), sur- 
rounding death, blood, and destruction (the red center) left in the aftermath. 

‘Thus in this materialized symbolic dream event of ZARG's, there is a clear 
warning and an omen to the Soviet Union about the end result that awaits it on its 
present course to attempt to conquer the world and unleash a great psychotronic 
barrage in the process 

Since so many Soviet citizens saw and reported this fantastic phenomenon in 
alarm, the Soviet regime could not ignore it or simply debunk it. The Tass release 
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thus tried the oblique dodge: the phenomenon was still being evaluated, reports 
were still being received and checked out, and an official of the Petrozavodsk ob- 
servatory, Yuri Gromoy, was quoted as saying the phenomenon was still a mystery 
but was confirmed by a large number of eyewitnesses. The Pulkovo observatory in 
Leningrad was quoted by Tass as speculating that the phenomenon was due to a 
meteor. And of course there one can expect the matter to be left in limbo. 

‘An interesting development related to this UFO sighting occurred in the U.S. 
‘The October 3, 1977 issue of Aviation Week and Space Technology magazine 
cartied a brief disposal of this phenomenon. The brief insert, Spook Show, re~ 
ferred to a "Soviet press ballyhoo” of the incident and stated that the incident was 
actually the launching of the Soviet Cosmos 955 classified military satellite from 
secret launching facilities at Plesetsk. This AWST insert is credited to Washington 
Statf. 

My comment is that the launching of the Cosmos 955 may well have been the 
initiator of the event — a rocket firing does produce a tremendous ionized trail of 
burning exhaust gases rising up into and out of the atmosphere, and this is a bio- 
energy collector par excellence. However, a simple review of the time sequence of 
the phenomenon, its location, and its shape is sufficient to destroy any notion that 
one could mistake it for a simple rocket launch. And rocket launches had occurred 
there many times before, with no such phenomena or mass reportings by the 
population, and with no such news release by Tass. 


FRENCH EXPERIMENTS WITH PSYCHOTRONICS 


Aime Limoge in France is building some truly unusual gadgets that are being 
tested and that work. Limoge travels widely in the Soviet Union, and attempts to 
duplicate some of the unusual Soviet devices he has been permitted to see. Some of 
Limoge's devices have a partially psychotronic nature, although none of his re- 
ports mention this. 

One of his gadgets, a portable and battery-powered electroanesthesia device, 
was considered for purchase by the U.S. Army. 

Another of his gadgets is a magnetic inductor of hypnosis, which has been used 
in medical treatment by L'lnstitut de Recherche d'Electro-anesthesie. Limoge is, 
reported to have seen such a device in the Soviet Union, possibly because one part 
of the Soviet psychotronics deception plan calls for the deliberate release of in- 
formation of this kind, in a manner to suggest that this is the latest state of de- 
velopment in the USSR. In fact, their research efforts probably go far beyond this, 
point. However, we should note that this device can be used as a most efficient 
brainwashing instrument. 


DOWSING 


To understand how dowsing works, we must first understand something about 
higher dimensional spaces. It should be evident that, if there is a type of energy 
being sensed by the dowser, that energy must be coming in or arriving from out- 
side this three-dimensional world, since our ordinary science deals with the energies 
existing in this world, and none of these ordinary energies can explain dowsing. 
However, because of the work that has been done showing that dowsers are ex- 
tremely sensitive to magnetic fields, this energy must be somehow related to the 
ordinary magnetic or electromagnetic fields known to science. 
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In the human being the mindworld must itself have a coupled kindling system 
to cohere its changes and kindle them into electromagnetic energy and energize the 
physical body. The body system which does a great deal of this is the acupuncture 
system of points, plexuses, and meridians. Also, all powerful emoters, such as the 
endocrine gland system, are deeply involved in the kindling of the biological organ- 
ism’s mind energies into electromagnetic energies to energize the physical body 
‘The body and its biorhythms form a coherent tuner in the time channel to accomp- 
lish this kindling of time-nested vital thought energies into ordinary energy. 
Because a great deal of mind energy kindles into only a minute amount of normal 
electromagnetic energy, our minds normally have only a small effect in this 
particular three-dimensional world. So we can normally psychokinetically move a 
few electrons in our brain and nervous system, and generate an input signal to our 
otherwise inert physical servomechanism. Ordinary inert physics and amplifica- 
tion takes over from there, and we can only deduce the kindling as mental intent 
from observing many, many quanta of physical change, ie., from macroscopic be~ 
havior. At any rate, the dowser has leamed to detect, focus, and sense very fine 
levels of electromagnetic fields, which means that at these low levels the kindling of 
‘mental energies can represent a much greater percentage of the field than normal, 
‘Thus the practiced dowser can now discriminate many of the particular types of 
fluctuations or changes in these weak fields due to mind kindling. 

Furthermore, 1 would like to point out that, since mind kindling comes into this 
universe orthogonally, normal distances do not apply. The entire physical frame 
appears to the mind world as a point, and thus is totally inside the mind of the 
operator/dowser. It is for that reason that a dowser can establish a coherent tuning 
(intent) between @ map and the actual ground, or between a picture and an actual 
object, or between a rod and a person’ physical body when sensing medical ill- 
nesses. In the mindworld frame, the dowser is only dowsing or detecting himself, 
and himself includes this entire physical world — the earth’s surface and beneath it, 
the sun, the moon, the stars, or whatever. 

Just as the body used electricity, magnetism, and electromagnetic signals long 
before man knew of their existence, it has used kindling of bioenergy from higher 
dimensional frames for a very long time, even though these have been unknown to 
mankind. And dowsing is a very old art indeed; the ancients used magnets without, 
knowing of magnetic field, and they used dowsing without knowing of hyperspaces 


and. hyperfields. 
THE STROBE EFFECT 


‘These five pictures show one of the more interesting effects demonstrated by 
many tulpoidal forms: strobing or “coining.” What happens is that, much like a 
flat rock skipping across the surface of a pond, the orthorotating tulpoid skips in 
and out of its intersection with our three-dimensional frame. 

In the first picture a glowing spherical tulpoid is shown to skip or strobe several 
limes while the camera shutter is open. It does not move in a linear pattern, but 
rocks around and back-and-forth. 

In the second photo, an aerial photo, a UFO in photonic form (first bio- 
frame) reveals itself to be strobing or skipping. (In university classes on the para- 
normal, I often refer to this type of action as coining, since it resembles a bright 
quarter or nickel that is photographed by stroboscopic light while rolling around.) 
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Photo 5 


Photo 29. The strobe effect. 
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2. Healthy person in calm state 


Photo 30. Kirlian photography. 


4. Person in meditation 


4. Angry person. 


Figure 17: Hypothetical Example of 5G Numerology 
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Ryzavy Research 


Expected 5G Performance 


Predicting the 5G user experience is challenging because 5G will be deployed in many 
configurations, including different bands and with varying width radio channels. In addition, 
the throughput rates a user experiences depend on signal quality, device capability, and 
network loading. Some early predictions, however, are possible by examining the ITU 
objectives, the expected width of radio channels, and results from simulation studies. 


The ITU objectives are that in a 5G network, 95% or more users should be able to 
experience at least 100 Mbps, which is also termed as cell-edge throughput. Examining the 
simulation results in the appendix section on 5G, “Performance,” such results appear 
feasible using 200 MHz or wider radio channels. The results also suggest that average or 
typical rates could reach 500 Mbps using 200 MHz radio channels and 1 Gbps using 400 
MHz radio channels, 


Just as LTE throughputs have increased significantly over this decade, 5G performance will 
keep improving over the next ten years. One 5G Americas member expects that the 5G 
theoretical peak rate could be 5 Gbps in 2020, rising to 50 Gbps by 2024. 


Release 15 Non-Standalone and Standalone Options 


3GPP is specifying the first phase of 5G in Release 15. So that operators can deploy 5G 
sooner, 3GPP divided Release 15 into two sets of specifications. The first and earlier set of 
specifications define how a 5G RAN can integrate with an LTE network in what 3GPP calls 
a non-standalone option. In this earliest version (architecture option 3), NR will rely on an 
existing LTE network, both in the RAN and in the core. 


The complete Release 15 specifications will also define a 5G core network. Figure 18 shows 
some of the architecture options. Options 3, 4 and 7 are the non-standalone options and 
options 1, 2, and 5 are standalone. The appendix section, "5G Architecture Options,” 
discusses all of the deployment options in greater detail. 
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65, Person with London flu. 


6, Interactions between three persons. 


‘The third photo shows a more striated form. In fact, these forms show kindling 
and strobing at the same time. In addition, the physical size of the strobed inter- 
section with our three-dimensional space changes during the photo exposure. 

The fourth photo clearly shows both the striations due to strobing and also the 
variation in size of intersection in the zeroth frame by the hyperdimensional tul- 
poid, 

Photo five again shows these effects, with the addition of the two "burs! 
the upper part of the left tulpoidal object and in the center tulpoid. 

Significantly, psychokinesis also often demonstrates stroboscopic movement, 


KIRLIAN PHOTOGRAPHY 


‘These six pictures show some major characteristics of Kirlian photography: (1) 
an even discharge from an inert object (a dime): (2) a balanced, gentle, even dis- 
charge from a healthy person in a calm state; (3) a gentle outgoing discharge en- 
hhanced on one side, and a gentle indrawing on the other, from a person in a medita- 


bunched and outgoing discharge from a person ill with London Flu, with strong 
suppression of the normal, relaxed blue component at the lower right; (6) interac- 
tions between three persons, showing differing degrees of outgoing and barrier re- 
actions. 

The film itself only records ordinary photochemical interactions; it specifically 
does not record the aura. However, changes in the discharge patterns can be and 
often are induced by kindling bioenergy into the first biofield (electromagnetic 
field), inducing changes in the sparking pattern and intensity. Furthermore, this 
can occur fairly readily on such a high voltage series of discharges, which are ex- 
cellent collectors for kindling. 

As a final note, it should be pointed out that David Faust et al have published a tech- 
nical paper in the scientific literature detailing the fact that Wester experimenters have 
rot yet duplicated the Soviet equipment and methodology used in their Kirlian photogra- 
phy. While David formerly pointed out in Science that experimenters must carefully con- 
trol the variables—particularly moisture (water is an excellent collector for 
kindling)—he has been widely misinterpreted as having proved that water vapor was re~ 
sponsible for all Kirlian effects. This he has not done at all, nor did he intend to, since he 
himselfis one of the most competent investigators in electrophotography.. 


INTERACTION OF BIOFIELD, 
THOUGHT, AND SPARK DISCHARGE 


‘These photographs are strong examples of the kindling mechanism. The sub- 
ject tested was Uri Geller, a person with strong inceptive ability. In photo I, the top 
two exposures are for control purposes, while in the bottom exposure, Uri is con- 
centrating on the image of a circle. In photo 2, again there are two control ex- 
posures shown at the top, while in the bottom exposure Uri is concentrating on the 
image of a triangle. In photo 3, exposures are taken of Uri and a wristwatch; this is 
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Photo 31. Interaction of biofield, thought, and spark discharge. 


a control photo. In photo 4, Uri is attempting to send energy toward the wrist- 
watch, and a correlated change in the discharge patterns from his finger is evident 
In photo 5, the arrows at the right point to control exposure of Uri and a silver ring: 
the arrows at the left point to the exposure made with Uri attempting to bend the 
ring psychokinetically without contact. The direct kindling of bioenergy in a force- 
field line intersecting the ring is striking. In such an intense kindling, note that the 
nuclear currents inside the nuclei of the silver atoms — where positive charge is 
being shuttled back and forth between protons and neutrons — are also being 
strongly kindled. Reductions in the positive charges steadily reduce the charged ex- 
changing particles to quarklike particles, severely affecting the structural integrity 
and crystalline lattice directions of the base metal. By this means metal bending — 
or even breaking — is accomplished 


KERVRAN EFFECT 


‘A direct and repeatable experiment showing that living systems can kindle bio- 
energy into ordinary energy and material effects has been made possible by the 
fascinating work of Louis Kervran. Kervran showed that chickens, fed a diet 
deficient in calcium but containing excess potassium, will have no calcium 
deficiency, since they transmute some of the potassium into calcium. Kervran's 
pioneering work has been duplicated in Japan and elsewhere, and the same effects 
hhave been demonstrated by living plants. 

‘We may consider a neutron as a sort of bound system of a potential proton and 
4 potential electron. Psychokinetically killing the charge on the potential electron 
converts the electron into a neutrino, leaving behind a proton now freed. For the 
fone percent or so of potassium that is a calcium isobar, this process can produce 
ordinary calcium, Thus in a potassium-rich diet the chicken can psychokinetically 
transmute enough potassium into calcium to remain healthy 

Kervran was nominated for a Nobel Prize in 1977 by the Japanese researcher 
his work is direct proof of the ability of living systems to violate present physic 
and of the ability of mind energy or bioenergy to affect matter psychokinetically 


PSYCHIC SURGERY 


‘These two photos taken by Sigrun Seutemann in the Phillipines show material- 
ization of large lumps of tissue brought about by Tony Agpaoa on a patient from 
‘an educated Western culture. The minds of both the patient and the surgeon are in- 
volved in the process, according to the psychic surgeons themselves. "Western 
patients are strongly conditioned to believe that medicine involves bloody tissue, so 
this is what results in the particular form of the materializations. For native 
Patients who are steeped in the lore of shamanistic medicine, apports may consist 
of substances such as leaves, coconut fibers, feathers, ete. 

‘The legitimate surgeons, working in a religious group structure, are often able 
to generate sufficient kindling to fully materialize such unconsciously structured 
thought forms, and also to dematerialize and rematerialize the tumor from inside 
the patient's body, the tumor usually appearing or emerging from an opening 
which appears in the apport tissue. In the surgeon's view he is also being helped by 
powerful spirits — and continual charging of such thought forms with kindled 
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2. Matoriallzation of apport tissue while working inthe hip region. 


Photo 32. Psychic surgery. 


‘Ths highly unusual photograph resulted in the following manner: Mrs. Baune ls adevout- 
ly religious lady, and on this particular day she had spent a great deal of ime in prayer 
and a Christian attitude. Snow was gently falling on the shrubbery In her yard, and she 
and a neighbor were admiring the beauty ofthe fresh snowfall. The neighbor borrowed 
Mrs. Bauno's camera and snapped a photo of the snowall. When the photo was de- 
veloped, the falling snow had formed a patter of Jesus on the shrubbery In Mrs. Baune's 
yard. 


Photo 33. Kindling of thought bioenergy in snow. 


Photo 34. A deliberate experiment with kindling. 


‘energy indeed can yield bioenergetic formats of more intense energy than a single 
talented individual can usually muster in an unaided or unaugmented state. Almost, 
every religion, in fact, still occasionally exhibits miracle healing accomplished in 
somewhat similar fashion, though possibly less dramatically 

‘The apport tissue is a materialized tulpoid, precisely as are sasquatch, the yeti, 
the Loch Ness monster, and UFO's. Apports are normally more stable than these 
latter materializations — but they have also been known to disappear, as have the 
“angel hair" apports associated with UFO's. 


A DELIBERATE EXPERIMENT WITH KINDLING 


I and other members of the American Association of Meta-Science performed 
a series of experiments in kindling thought or psychic energy into electromagnetic 
energy, and photographed the resulting light energy on film with an SX-70 camera, 
‘The two photos shown here are from one of those experiments. In the left picture, 
bioenergy is just at the "burst" point where it is being collected on a candle flame. 
Here the camera lens is not quite fully opened. Only a single 40-watt lamp illumin- 
ates the room, and several AAMS members have been engaged in about two hours 
of psychic exercises. In the second picture, the lens of the camera is fully opened, 
and a "burst" of kindled energy occurs as the lens shutter is operated. None of this 
is visible to the naked eye. The polaroid film, however, is sensitive to some infra- 
red and ultraviolet frequencies, so that bioenergy kindling into electromagnetic energy 
at IR or UV frequency can be photographed even though not seen by the naked eye. 


FAY CLARK'S "FIREFLIES" 


Fay Clark experimented with an ultrasonic generator in a darkened fallout 
shelter and photographed the most interesting results. At one particular fre- 
quency, dynamic dots of light appeared, grouped themselves into formations, and 
demonstrated movement and growth. At times they seemed to respond to thought, 
as if they were somehow intelligent, sentient creatures. This is a beautiful case of 
kindling using ultrasonic frequencies as the collector mechanism. While Fay is no 
longer sure of just exactly which frequency produced the fireflies, he does know 
that he used frequencies in the 38—40 kilohertz region, among others. This may be 
significant, since the Vestigia experiment encountered electromagnetic frequencies 
in the same region in their historic study of a mystery light. The frequency region 
3840 kilohertz is a strong candidate for one of the magic window frequencies 
between bioframes where kindling is much easier than at other frequencies. 
Furthermore, since itis thought energy or mind that is actually being kindled, one 
would expect the possibility of sentient behavior. Clark's experiment occurred in 
the dark, so the squelching effect of visible light was not present. Finally, Fay Clark 
is a known psychic himself, and so this should have eased the kindling difficulty 
even further. The value of rigorous laboratory experiments based on the lines of 
Fay Clark's pioneering "firefly" experiment is strongly indicated. 
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"FOO" FIGHTERS 


When large groups of people are under strong external pressure, one result is 
often tulpoidal “popouts" from the collective human unconscious. 

‘A war is a typical example of a situation where the group consciousness of a 
country is under enormous pressure. In such a situation, the “targeted” popula- 
tion is often exposed to tulpoidal manifestations from time to time. 

In World War I, for example, the Germans thought at first that the glowing 
lights darting around their planes were secret Allied weapons; and the Allies 
thought the same thing of the Germans when they saw such unusual phenomena, 
‘The French dubbed them “feu” (fire) fighters, which became "foo" to American 
soldiers in Europe. 

"Foo" fighters were a common phenomenon in World War II, particularly in 
cloudy, overcast skies, 


WATER MONSTERS 


In the oceans and in every large body of water on earth, water monsters have 
been reported for centuries. Loch Ness in Scotland is of course one of the most 
publicized examples, but creatures of different shapes and sizes have been seen in 
large lakes and streams everywhere. This is not at all surprising when one realizes 
that a large body of water is a most excellent kindling reservoir, and bioenergetic 
forms are more readily kindled in such locations. 

The large dead creature in photograph 36 was hauled off the bottom of the 
by Japanese fishermen in their nets, photographed, and then thrown back to pre~ 
vent contamination of the catch of fish and to get rid ofthe stench from the decay- 
ing carcass. It is a pleisosaurlike creature's remains, not similar to anything else 
known on earth. Predictably, scientists were almost immediately at odds as to what 
it was, and the carcass has been called a shark, a whale, a large elephant seal, a 
genuine pleisoaur, etc., by various "experts." Nonetheless it was real and physical, 
and a good photograph was obtained of it 

Photograph 37 is one of the underwater photographs of the Loch Ness monster 
taken by a team from the Academy of Applied Science, Boston, Massachusetts on 
June 20, 1975. As can be seen by a detailed study of the photograph, this tulpoid is 
not clearly tuned or clearly formed. Many other photos of the Loch Ness monster 
hhave been taken, and various shapes and sizes and degrees of tuning have been re- 
corded. In the Doc Shiels photos taken in 1977, Nessie is well formed but entirely 
different from the Academy photo. Also, Doc Shiels’ photo was subjected to com- 
puter analysis by Ground Saucer Watch, and the image exhibited a transparency 
that was disturbing to the analysts. On the other hand, such a transparency is to be 
expected from a partially materialized tulpoid which is not completely ortho- 
rolated into the zeroth bioframe. 

In the Academy photograph, one can see — particularly on the color original — 
1a form which has several conglomerated faces, which exhibits eyelike structures in 
several locations to suggest first a cowlike face and then a horselike face, and inco- 
herently tuned earlike and hornlike appendages in several places. In fact, the 
Academy photo bears little resemblance whatsoever to a pleisosaur or any other 
more normal and coherently structured mammal or fish. 
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Figure 18: Release 15 Non-Standalone and Standalone Options 
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5G Schedule3GPP is currently standardizing 5G in Release 
15, which will complete the non-standalone version of 5G in 
March 2018. Based on a typical minimum period of 18 
months to build and deploy the technology, initial 5G NSA 
deployments could occur toward the end of 2019 or the 
beginning of 2020. 3GPP will complete the full Release 15 
specifications in September 2018, enabling deployments in 
2020. Release 16, which is the second phase of 5G, will be 
complete at the end of 2019, and Release 16 deployments 
could occur in 2021. In 2020, 3GPP will begin work on 
Release 17 which will include as yet unknown capabilities. 


Figure 19Figure 19 shows the current schedule for 5G development and deployment. 3GPP 
is currently standardizing 5G in Release 15, which will complete the non-standalone version 
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Photo 35. Fay Clark's “fireflies.” 


“Foo fighter" tulpoids over an airfield in China in World War IL 
Photo 36. "Foo" fighters. 


‘The Loch Ness monster is definitely a tulpoidal form, and the format varies 
appreciably from reception to reception due to distortions and variations in tuning. 
Nessiteras thombopteryx is a much stranger beast than anything the dedicated 
Nessie seekers, researchers, and scientists have yet suspected. In Part Two I will 
examine the scientific basis of tulpoidal forms. 


CATTLE MUTILATIONS 


Over 9,000 cattle mutilations have occurred in the U.S. alone since 1973. 

‘The cow is a female symbol par excellence — our children drink cow's milk, 
and our babies feed on the milk from the cow's breast. The U.S., being a natural 
fortress, is a "female" symbol, for in primitive human evolution the females stayed 
in the cave or protected fortress while the males went forth to hunt or do battle. 
(This symbolism will be fully discussed in Part Three.) Violation of the female 
means that the heartland U.S. shall be violated. 

Teats are cut off — the children of the West shall lose their sustenance; lips. 

ears, and tongues are removed — freedom of speech and hearing shall be excised: 
sexual organs are removed — no more fruit of the womb shall be evidenced in the 
West: sharp, surgical incisions are made — the operation shall be accomplished 
swiflly (blitzkrieg war) with surgical precision; zig-zag cuts — deception shall be 
used as to direction and intent; blood is totally drained — the lifeblood of the West 
shall be totally drained; edges of the cuts are often seared as if by a laser — ad- 
vanced, futuristic weaponry (psychotronic weapons) shall "seal the end. 
The cattle mutilations are materialized precognitive nightmares indicating the 
horror of the Armageddon to come, and these nightmarish paranormal mutila- 
tions reveal the true nature of the times. Yet no orthodox scientist or govern- 
mental agency is equipped or able to deal with a phenomenon such as this. 

In ancient times the wise men knew how to do a metapsychological analysis of 
the species unconscious, and knew that tulpoidal phenomena were often symbolic 
signs of that which was to come. 

‘Where are our wise men today? 


BIG MAMA 


UFO phenomena have also been associated with the cattle mutilations. One of 
these UFO-type tulpoids has been labelled Big Mama, because of its characteristic 
behavior of spawning smaller UFO light-shapes that split away and speed off to an 
area in which a cattle mutilation then occurs. The "spawned" UFO's then return 
and link up or join with Big Mama, and Big Mama then withdraws. 

‘The photo shown here is a typical appearance of Big Mama. Big Mama takes 
‘many sizes and shapes, but is a fairly reliable indicator of paranormal cattle 
mutilations impending. 
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Photo 38. Loch Ness monster. 


Photo 39. Cattle mutilation. 


During the summer of 1978, two psychics and | — all members of the Ameri- 
‘can Association of Meta-Science spotted a Big Mama-type UFO from the top 
floor of a hotel in Louisville, Kentucky. Realizing what it was, we promptly 
brought into play a certain type of powerful psychic exercise and tried to make it 
dematerialize and vanish. Several times it briefly split into pieces (five to be pre- 
cise), but we were unable to extinguish it. Over a period of approximately twenty 
minutes this effort continued, and all the while Big Mama slowly moved lower and 
further away, eventually disappearing behind a tall building after having become 
very distant. 
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Photo 40. Big Mama. 


PART TWO 


A THEORETICAL 
BACKGROUND FOR 
UNDERSTANDING PT, 
UFO'S, AND PSI 
PHENOMENA 


Footnote for page 132: 
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Psychotronics, unidentified flying objects (UFO's), and paranormal 
phenomena such as psychokinesis, telepathy, and precognition all have one thing in 
common: both mind and matter-energy are involved. 

Hitherto, mainstream science has insisted on a rather arbitrary separation of, 
mind and matter-energy. However, as we shall see, this separation is not based on 
good observation. For example, everyone exhibits in himself the ability of mind to 
affect matter. While theories of computers, control systems, and physics can ex- 
plain human behavior once the physical system has been given an input signal, the 
original signal — intent, or what I call inception — is an unexplained mystery 10 
ordinary science, 

“Psychotronics” (a Czechoslovakian term) and "psychoenergetics" (a Soviet 
term) have been specifically designed to provide a framework for approaching the 
problems of mind, matter, and their interaction. If we can understand psycho- 
tronics, we will be able to understand better the interaction of mind and matter, in- 
cluding all paranormal phenomena, unidentified flying objects, and Fortean 
phenomena. 

Let us therefore start by defining psychotronics. The prefix "psycho" refers to 
the mind. The suffix "tronics" refers to physics and physical devices. Thus the con- 
cept of psychotronics refers to a union of physics and metaphysics. Such an 
audacious concept can offer a solution to almost every present problem in meta- 
physics, the foundations of logic, the foundations of physics, and the foundations of 
‘mathematics. 

To begin with, it seems necessary to form a unified theory of mind, matter, and 
their interaction. It also seems necessary to reinterpret and extend electromagnetic 
theory. Logic itself must be advanced, for a part of reality. although “illogical” ac- 
cording to our present logic, is nonetheless true. In metaphysics we must solve 
formidable problems: the ontological problem (nature of being); the problem of 
mind, and the interaction of mind and body; the problem of change; and the prob- 
Jem of nothing. 

It has been said that fools rush in where angels fear to tread, To tackle the prob- 
lems of psychotronics demands the audacity to rush in where even fools fear to 
tread! 

AL this time, it may be appropriate to point out that all Western science, 
mathematics, and logic are founded upon three simple laws of logic, proposed and 
formulated by Aristotle. Since the entire universe cannot be described by these 
three laws — parts of reality are known to violate one or more of them and hence 
be illogical though true — it appears that we must be audacious enough to tackle 
and change the three laws of logic, if a new paradigm is to be constructed to solve 
all the presently unsolved problems. 


SOME UNEXPLAINED MYSTERIES OF PHYSICS 


First, no one knows what mass really is; we do not know for sure whether 
inertial and gravitational mass are one and the same. General relativity says it is, 
and we know from experiments that if any difference exists between inertial mass 
‘and gravitational mass that difference is very small indeed. But we do not know 
positively that there is not some small but finite difference. And we have no idea 
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of 5G in March 2018. Based on a typical minimum period of 18 months to build and deploy 
the technology, initial 5G NSA deployments could occur toward the end of 2019 or the 
beginning of 2020. 3GPP will complete the full Release 15 specifications in September 2018, 
enabling deployments in 2020. Release 16, which is the second phase of 5G, will be 
complete at the end of 2019, and Release 16 deployments could occur in 2021. In 2020, 
3GPP will begin work on Release 17 which will include as yet unknown capa 3 


Figure 19: 5G Schedule** 


ie aT 


Norman) 


‘Snalone 


standerdizetion 


ort ETE 
Bayrents) 
~~ Sere ae 
ietencrars 


eC ee Cc cr or | 


5G Core Network 


Release 15 also defines initial core network capabilities that support QoS and network 
slicing. See the 5G appendix section, “Architecture,” for more details. A study item in 
Release 15 will study integrated access and backhaul, with which base stations can use the 
5G radio channel for backhaul. This capability could become a work item for Release 16, 
See the appendix section, "Integrated Access and Backhaul,” for more details. 


Many operators will virtualize their 5G core networks, just as they have for LTE, but such 
virtualization is outside the scope of 3GPP specifications. 


5G Device Availability 


User devices capable of 5G operation have not yet been announced, but availability will 
likely follow the trends of previous generations of networks. Initial devices, possibly in the 
2019 timeframe, will likely include routers that have a 5G radio and use Wi-Fi for local 
Hotspot capability and USB modems. Handset vendors are in the early stages of designing 
mmWave support into smartphones.> These devices could come online in the 2021 
timeframe, although this estimate could tighten or lengthen depending on chipset 
availability and handset vendor plans. 


24 3GPP and 5G Americas member contribution. Completion based on anticipated ASN.1 freeze dates. 


25 For example, see “Wireless Week, Apple Wants to Test Performance at 28 GHz, 39 GHz for 5G Devices," 
May 24, 2017, https: //www.wireiessweek.com/news/2017/05/apple-wants-test-performance-28-qhz~ 
39-qhz-5q-devices, viewed May 29, 2017. 
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why the mass of a moving object increases with respect to a static observer. It is 
simple to calculate in special relativity how much the mass increases as a function 
ofthe velocity, but no one has the foggiest notion why this happens. Particularly so 
since an observer standing on the moving object and moving along with it sees no 
increase in its mass at all. 

‘This poses a real paradox; ifwe try to assign some absolute notion to the idea of 
‘mass, then any object has an infinite number of masses, all at the same time and all 
different. There are two ways to determine mass: (1) by its resistance to a disturb- 
ing force, and (2) by its ability to occupy three-dimensional space. The latter re- 
quires that mass be volumetric, ie., that mass be L’ dimensionally 

But look at the weird properties of a photon! If we measure its resistance to a 
disturbing force, we find that no force on earth can accelerate or decelerate the 
photon. If we measure the mass of a photon by the first method, it appears to have 
infinite mass. Yet if we measure it by the second method, it can have no mass at all, 
because a photon is not volumetric; it is two-dimensional. It therefore has infinite 
‘mass and zero mass simultaneously 

Furthermore, we can take the viewpoint that whatever its mass is, it can only 
have one. If that is so, then infinite mass and zero mass must somehow be the same 
thing! Which contradicts the three laws of logic. However, this should not concern 
us too greatly; many things contradict the laws of logic and are nonetheless true. So 
while it is presently “illogical” for infinite mass and zero mass to be identical, we 
should hold on to the idea that this may very well be true. 

Additionally, one of the great comerstone assumptions in physics is that 
gravitational field and electric field are mutually exclusive — ie, they are totally 
different things. Yet a physicist named Santilli has proved that this is not so, and 
that they are either partially the same thing or totally the same thing. And there the 
matter stands, so we do not fully understand what electric field and gravitational 
field are, or how to go about turning one into the other, although Santilli’s work 
seems to imply that this is at least theoretically possible. We must therefore invoke 
‘a new concept of reality 


URI GELLER 


Uri Geller has demonstrated numerous capabilities: he has affected a magnom- 
ter inside a Faraday shield; bent and broken metal objects; caused a fresh flower 
to wither and dry in seconds; permanently changed the crystal structure of nitinol: 
altered magnetic programs on computer cards; influenced a Geiger counter; de~ 
materialized matter; and demonstrated the inceptive Cyborg effect, thought- 
photography, telepathy, and the Geller effect (the sympathetic stimulation of a psi- 
positive). 

It is useless to attempt to explain the feats performed by Uri Geller in terms of 
the ordinary fields and effects of known physics. Nothing short of a new physics 
paradigm will suffice. This new paradigm must encompass both mind and physics 
within the same theoretical framework, if it is to succeed in explaining how mind 
affects matter. 


130 


In terms of present physics and logic, the mind is regarded as totally separate 
from matter. For mind and matter to interact, some aspect of mind must be the 
same as some aspect of matter, i.e., to move matter, a force is required. Force is 
the time rate of change of momentum. To generate a force capable of moving 
matter, mind must be able to change momentum. But since momentum can only be 
obtained from something which possesses momentum to give up, then the mind 
must somehow possess momentum, 

If this is so, then the momentum must ordinarily exist in a separate three~ 
dimensional space, since it apparently does not ordinarily exist in laboratory three- 
dimensional space. Such a situation requires at least six spatial dimensions and one 
common time dimension, such that the mind (mental phenomena) is a set of objec~ 
tive physical phenomena existing in an ordinary objective three-dimensional space, 
but one which is three orthogonalities away, spatially, from the laboratory three- 
dimensional space 

‘Mental changes upon physical objects would thus imply orthogonal rotation of 
mental objects from the mental three-dimensional space into or closer to the 
laboratory three-dimensional space. Everett's many-worlds interpretation (MWI) 
of quantum mechanics contains a structure where such representation is possible, 
and the MWI is consistent with the entire experimental basis of modern physics, 
Thus from the MWI it is possible to objectively model the mind and matter, and 
from that, psychotronics as well. 


MY APPROACH TO PSYCHOTRONICS 


In twelve years of intensive work on this question, I have evolved a conceptual 
approach, which is consistent with present physics but extends it. A new concept of 
reality is involved, however, and severe demands are made on the individual 10 
stretch his framework of comprehension. The perceptron concept is an abstraction 
that allows the modeling of perception itself— either mental perception or physical 
detection. The fourth law of logic (to be explained shortly) involves the age-old 
identity of opposites whose apparent necessity has baffled logicians, philosophers, 
and scientists for centuries. With the perceptron concept, we can at last compre- 
hhend how the identity of opposites is accomplished, and when it is accomplished. 

This immediately solves the age-old philosophical problem of change. The 
fourth law also closes logic into a complete, closed metalogic, encompassing both 
physics and metaphysics. 

Let us use as a definition of reality: reality is that which can be conceptually and 
‘mathematically modeled and fitted 10 the phenomena existing in one or more 
‘minds, Physical reality is that which can be modeled and fitted to the phenomena 
cxisting in all minds. Mental reality can be modeled and fitted to the phenomena in 
one mind. Mental and physical realities comprise "normal" reality. Complex or 
“paranormal” reality is that which can be conceptually and mathematically 
modeled and fitted to phenomena which exist in more than one mind, but not in all 
minds. 

From perception theory I have succeeded in deriving a great deal ofthe present 
basis of physics, including Einstein's two postulates, Newton's laws, the law of 
gravitation, and the solution to the ontological problem. (Unknown to me at the 
time, Ives had already done so for Newton's laws, the law of gravitation, and Ein- 
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stein's postulates. His work has unfortunately been ignored.) In addition, the 
photon can be seen to be an ordinary three-dimensional particle existing in a three- 
dimensional space that is orthogonal to the laboratory three-dimensional space 
frame. A stationary particle in the laboratory frame appears as a photon to the 
orthogonal spatial frame. 

Einstein's second postulate is usually stated as "the speed of light is the same 
for every observer.” Restated, this becomes "every photon in an inertial frame is 
‘moving at the speed of light, c, with respect to every particle in that inertial frame." 
The corollary then follows immediately: every particle in that inertial frame is also 
moving at the speed of light, c, with respect to every photon in that inertial frame. 
Ina single three-dimensional space, this is incomprehensible. Taking two ortho- 
gonal three-dimensional spaces, with the photons in one frame and the electrons in 
the other, it is perfectly comprehensible. 

From pure nothing — empty vacuum, absence of thing — one can generate 
everything, the presence of thing. Here is direct proof that ultimately opposites are 
identical. But to a mind rigidly programmed in three-law logic, such a truth is, 
abhorrent. Physicists consequently have done nothing with the idea that all our 
physical laws — or at least most of the great ones — can be straightforwardly 
derived from a special kind of a "piece of nothing” which I call a quiton. And they 
hhave not seen that this constitutes a statement of a fourth law of logic—the identity 
of opposites on their common boundary, 

It is interesting to note that the paper which was handed to an American re 
porter, Robert Toth, by a Soviet scientist, and which caused the KGB to seize Toth 
and charge him with receiving Soviet state secrets, contained just such a theory as 
the basis of a unifying theory of psychotronics. Yet none of our intelligence 
analysts seems to have picked up the overwhelming importance of what was in the 
paper, and Toth himself appears to believe that his KGB arrest was simply harass- 
ment. In fact the paper did contain material on the basic Soviet approach to 
psychotronics — and thus to psychotronic weapons — and it was indeed state 
secrets that had been given to Toth. 

Everett's many-worlds interpretation of quantum mechanics, with which very 
few physicists are familiar, provides a needed correction to the conventional 
‘monocular interpretation of relativity, and it allows a theoretically sound basis to 
be constructed for psychotronics. 

‘The conventional interpretation of relativity considers only a single observer at 
a time. But ifyou can accept so simple a concept as that both you and I exist simul- 
taneously, regardless of how we move with respect to each other, then I assure you 
that physics is startlingly different from what you may have studied in the ordin- 
ary university physics text book. 

Everett, originally a student of the world-renowned physicist Dr. John Wheeler 
at Princeton, for his Ph.D. thesis considered the problem of multiple simultaneous 
observers and worked out what this did to physics. His highly innovative thesis pro- 
vided a totally new interpretation of quantum physics and defined a startling new 
kind of reality in which all possibilities are physically real and exist. This new 
physics is indeed very strange, but it is totally consistent with the entire experi- 
mental basis of physics today 

I discovered that all my perception theory could be fitted precisely onto 
Everett's many-worlds interpretation.’ On that basis, a theory or schema of bio- 


132 


fields was derived that provides an approach to a unified field theory. In fact, it pre- 
dicts that any kind of field can be turned into any other kind of field, merely by cor- 
rect and precise time synchronization. It also offers a physical and exact model of 
mind and mental phenomena and a mental and exact model of physical 
phenomena! 

On this basis, a framework can be provided for psychotronics which is consis 
cent with what we know of ordinary physics but which does not contain many of the 
limitations of ordinary physics. In a strange sense Everett wrote the physics for the 
all-mind or the Supreme Creator's mind because an unlimited mind, so to speak, 
must already have thought of everything possible, and for an all-creative mind to 
“think” a possibility is for that possibility to be real 
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Fig. 3. Reality: a paranormal bridge with two ends 
1. Reality as a Paranormal Bridge with Two Ends 


In Figure 3, I show the nature of the problem of paranormal phenomena. To 
understand it, we must first define more precisely some of the present concepts. 

First, what do we really mean when we talk of "physical phenomena"? To go 
into this, we must first destroy the notion that there exists some sort of separate, 
concrete reality totally apart from mind, for that notion is simply the old Cartes 
jan assumption. It has long been refuted as far as having any absolute validity, and 
this is well-known to philosophers and to foundations physicists. According to 
Lindsay and Margenau in their Foundations of Physics, "physics has nothing to 
say about a possible real world lying behind experienc 

What is true is that we can experience and detect and know only a mental 
change — a change in the mind itself is all we ever experience directly. For exper- 
ience invokes the mind; we do not experience phenomena until the mind — used in 
the greater sense of the word to mean any mental detection — changes. 

Any detector detects or experiences only an internal change, never an external 
change, and this is true of the mind as well as a physical detector. 

So we never experience external physical phenomena; we experience only our 
‘own minds. Specifically, each of us experiences his own mental phenomena. 

But here we must be a little more precise about what we mean by "mental 
phenomena.” What we usually refer to are the mental phenomena in a single mind, 
‘And so we will take that as the primary definition: mensal phenomena are the phe- 
nomena or changes in a single mind. 
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But then what do we mean by "physical phenomena"? For indeed this refers to 
something that is often remarkably different — or seems to be — from the phe- 
nomena or changes going on in our own heads. Before we jump to the extreme con- 
clusion that physical phenomena are simply mental illusions, we should recall the 
Zen master’s approach. He demanded of the student whether or not physical phe- 
nomena were real, and the student replied that they were not real, but only 
illusions. Whereupon the master gave him a resounding knock on the head, and 
asked him whether or not the blow was real, The student replied that the blow was 
indeed real. Whereupon the master sent him back for further meditation, for he 
hhad learned nothing. He had not understood that "mental" and "physical" are not 
mutually exclusive. 

Ifwe look closely at how we may differentiate between mental phenomena and 
physical phenomena, we immediately hit upon a practical scheme. Physical phe- 
nomena can be shown to exist in the mind of any observer, be he human, insect, or 


whatever, so long as he has consciousness. 

Suppose for a moment that Ihave a piece of chalk in my hand, held between my 
fingers. I can touch the chalk, feel it, and see it. I can even taste it if | wish. And so 
Thold up the piece of chalk and say: "This piece of chalk is not just a mental im- 
pression, it is physically real.” How can I prove it? And when I prove it, what 
exactly have I proved? 

Now suppose you do not wish to believe the chalk is real. You simply bring in 
another observer; he looks at the chalk, he touches it, he tastes it, and he rolls it 
between his fingertips. He confirms that he also detects or experiences the chalk 
Then a little bug flies in and lands on the chalk, crawling around on it, and poking 
at it with his little proboscis. He also by his actions confirms that he has it in his 
own little mind. In fact, we could bring in any sort of mind, and that mind could ex- 
perience the chalk. 

And this of course is the clue. What we have been calling physical phenomena 
‘can be shown to exist in every mind. And when we say something is physically real, 
this is all we actually mean. Nothing more, nothing less. And this is why physical 
phenomena are so solid and concrete; they are infinitely repeated. However, what 
wwe refer to as mental phenomena are in only one single mind and thus are not re- 
peated at all. 

Now let us do a little thought experiment. Suppose I have lapsed into some 
peculiar mental state because of the toxins from an infection I have contracted, and 
T am hallucinating vividly. Suppose I pick up what I vividly see, feel, touch, and 
taste as a piece of chalk, and I claim that itis real. Indeed, to me it is very real. And. 
then suppose a second person comes into the room. He will not see the chalk, touch 
it, feel it, taste it, and it will not be real to him. Then suppose a third person comes 
into the room, and he does not see the chalk, he passes his fingers right through 
where I am seeing the chalk and does not contact or feel it, and he indeed cannot, 
find it. Thus what we call a "mental phenomenon" can be shown to exist in one 
mind only. In this case ofa vivid hallucination, the hallucinatory phenomenon was 
absent from the other observers’ minds. 

But now let us change our thought experiment a little. Suppose now that 1 am 
absolutely fit and fine physically and mentally, and am not hallucinating. And sup- 
pose all the observers we bring in are also fine both physically and mentally, and 
not hallucinating. And suppose we get the following results: some of us can see, 


134 


touch, taste, and experience the chalk, and others of us cannot see, touch, taste, or 
experience it, no matter how we try. In that case, what kind of phenomenon do we 
have? 

Well, we cannot exactly say the phenomenon is exclusively mental or exclu 
sively physical. But we also cannot say that it is exclusively nonmental or exclu- 
sively nonphysical. In fact, we have an example of a third class of phenomena 
which are presently not recognized by science. We simply have a paranormal phe- 
nomenon, one which can be shown to violate our definitions of mental phenomena 
and physical phenomena. 

‘And we can in fact take this as the definition of a paranormal phenomenon: a 
paranormal phenomenon can be shown to exist in more than one mind, and it can 
‘also be shown not to exist in one or more minds, ie., paranormal phenomena exist 
in more than one mind, but not in all minds, Our conventional science recognizes 
purely mental phenomena and purely physical phenomena; it does not recognize 
the third kind, since by the ordinary three laws of logic the third kind does not exist. 
Paranormal phenomena constitute a bridge across a river between two banks; our 
present science does not recognize the bridge, but only recognizes the two banks, as 
shown in Figure 3, 

Paranormal phenomena thus appear erratic to ordinary objective science, for 
objective method after all is specifically designed to select only those phenomena 
that can be reliably repeated, and the nature of paranormal phenomena is such that 
they often (in fact usually) cannot be reliably repeated, except sometimes in a great 
many trials. Normal objective method, if rigorously applied, can only discriminate 
a statistical effect from a great many trials. Furthermore, if rigorously and length- 
ily applied, it will accumulate so many failures that it will cast serious doubt on 
whether the odd case that was paranormal was in fact nonaccidental. 

It is for this very reason that orthodox science, which is devoted to scientific 
‘method and rigorous protocol, has remained so comfortably adamant that para- 
normal phenomena do not exist. The tool must be changed to fit the problem, and 
the present scientific toolbag does not fit precisely. The tools are useful, but they 
themselves are not decisive within the bounds of present protocol. The necessary 
change is quite simple: we must allow for the effects of mind, and for a union of 
both mind and physics, just as there exists in physics a union of both wave and 
particle. In other words, paranormal phenomena must be repeatable sometimes, by 
competent experimenters and observers, but not necessarily always by all 
observers, 

"Ah ha!” the materialist is likely to exclaim, being unable to contain himself 
any longer. "Solid concrete reality always is solid and concrete, however, and you 
‘cannot change that. As long as that is true, then the laws of ordinary physics hold, 
and all is right with the universe. We can always select our phenomena which are 
present in all minds, and this after all constitutes immutable physical reality. In the 
luce of that fact, all your arguments about mental phenomena in one mind and 
another kind of half-mental, half-physical phenomena are meaningless, for you are 
simply calling the superposition of purely mental phenomena on purely physical 
phenomena a third class, but itis a separable mixture, not a completely new kind.” 
And we may even be tempted to stir up a small bit of sympathy for the material- 
ist’s view. 

However, let us propose a resolution. If we can show that concrete, solid, real 
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‘matter can become absolutely nonconcrete, nonsolid, and hence nonphysical, then 
that ought to settle the question. In a recent experiment it has been conclusively 
shown that two colliding protons pass right through each other in total violation of 
all physical rules, if their spins are exactly antiparallel. Protons are the central 
building blocks of all matter. In the nucleus of an atom, the protons and neutrons 
are continually switching identities, so even a neutron keeps turning into a proton. 
tc. And these fundamental constituents of everything solid and concrete and real 
just go right through one another, without any effect whatsoever, simply by 
aligning their spins properly. Collision theory fails, electromagnetic theory fails, 
and our concept of two particles bumping together fails. This experiment totally 
annihilates the idea that physical reality is something absolute. In fact, it estab: 
lishes that physical reality itself is a function of the relations between the interact- 
ing participants; changing the relationships can simply cancel physical reality 
So perhaps our definition of physical reality has some merit after all, and per- 
haps there really are three classes of phenomena. The paranormal phenomenon is a 
bridge between mental and physical phenomena; specifically, every paranormal 
phenomenon must consist of an inseparably welded compound of the two. And the 
‘objective method and its consequent experimental protocol must be changed to re- 
flect this fact, if we are ever to develop a viable theory of paranormal phenomena. 


2. A Fundamental Correction to Classical Logic 


Let us now make a fundamental correction to Aristotle's three laws of logic. 
First, there is no independent existence to mental phenomena; there is a perception 
operation involved when we think. There is no independent existence to physical 
phenomena; there is a perception operation involved when we observe physical phe- 
nomena. Furthermore, it takes a finite piece of time for the perception process to 
occur. The logic symbol also requires a separate time interval; it represents a series 
of separately perceived operations that together comprise a decision algorithm. So 
let us impose this criterion upon logic itself so as to constitute "logical perception" 
or the "logic of perception” or the "perception of logic.” We begin with Aristotle's 
third law of logic, A or not-A, the law of the excluded middle. 

We still insist that there is no such thing as A per se, but rather that there is a 
perceived A where A is the output of the perception process. Similarly, there is no 
such thing as nor-A, but rather there is a perceived nor-A where nor-A is the out- 
put of the perception process. Let us think of a square box symbol as an abbrevia- 
tion for the fact that perception has occurred, and anything written inside the box 
represents the output of that perception operation, We can speak of the box either 
as mental perception, a description of thought, or we can speak of it as physical de- 
tection, a description of an instrumentation system that detects and measures. 
Also, since each box requires a finite time to occur, we must carefully keep up with 
the individual little pieces of time, the delta t's. 

So applying this to Aristotle's third law, we have A perceived or outputted in 
time one, and not-A outputted in time two. Note that to ascertain that Ay and not- 
A; actually differ requires a series of operations in a separate time interval, in time 
three, that is assumed by the exclusive or symbol. Looked at in this way, Aristotle's 
third law actually is the law of monocularity; it states that only one thing at a time 
is perceived. Actually we had assumed this when we assumed that perception was a 
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Fig. 4. A fundamental correction to classical logic 


finite process, so it is nice to find that Aristotle's third law justifies our assump- 
tion, once we understand the third law. The exclusive or symbol assumes a third 
operation in time three, whereby it is determined that perception output one and 
output two actually differ. But such an operation itself requires multiocular per- 
ception — ie., collecting two outputs at once — and that in itself is a violation of 
Aristotle's third law. The third law thus contains its own contradiction, and indeed 
each of the other two laws also contradicts the third law when one examines them 
meticulously. Each can only be established as true by invoking or involving an 
operation wherein the third law is not true. 

In time three we gathered up what had been perception output in time one, Ay 
and what had been perception output in time two, Az, which we do not yet know is 
different from A), and put them both through the perception process, getting only 
one output — let us call it B — in time four. By the nature of B in time four, we 
thus say in time five that the outputs in times one and two differ or not. In either 
time one or time two, there is no indication whatsoever of difference or sameness 
existing between output one and output two. Likewise, in time three there is no 
separate output one and output two, hence no indication of the sameness of, or dif- 
ference between, outputs one and two. 

So here we have arrived at the identity of opposites. There is no perception 
of difference between A, and nof-A; in time three. And this constitutes a fourth law 
of logic: the law of the boundary, or the boundary identity of exact opposites. All 
that is necessary to identify opposites is to lose all perceptual distinction between 
them. And that is accomplished by multiocular perception, of perceiving the 
presence of both at once unseparated, hence the absence of either exclusively 
present. If Ay and A, are exact opposites, then By = O, and [A;, Az], = O. We thus 
have the solution to the problem of nothing. Nothing simply consists of the 
presence of the totality of all opposites, 

Almost all the philosophers who have struggled with the problems of being. 
mind, and matter have faced the necessity for the identity of opposites, but none of 
them could understand how opposites could be identified. By careful accounting of 
the separate time intervals required for finite monocular perceptions, the mechan- 
ism for identifying opposites is immediately clarified and revealed. The laws of 
logic are simply laws of the operation of perception — nothing more, nothing less. 

‘The new system of logic is closed. All present paradoxes — contradictions of 
fone or more of the first three laws — are resolved by the fourth law, which con- 
tains the negation of each of the first three laws. The fourth law is in fact the law of 
the paradox. Note also that the hidden time-three operation, which has actually 
been the application of the fourth law all along, is implied in each of the first three 
laws. Identity or nonidentity between time-one and time-two outputs can only be 
established in a time-three operation. The fact that either A or not-A exclusively 
exists can only be established by a separate operation which establishes that 
nothing else is there. If separation ofA and nor-A is not permitted, then A and not- 
A cannot be distinguished. 

Since these laws refer to perceptual operations, one can think of them opera- 
tionally, or vectorially. To close the vectorial system prescribed by the first three 
laws, the opposite or negation of each of the three vectorial statements must be 
present, ie., this follows simply from the definition of what constitutes a closed 
system, vectorially speaking. Since the fourth law contains the negation of each of 
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the first three laws, then the four-law system is indeed closed, and the logician's 
dream of a closed metalogic is realized. Furthermore, anything which contradicts, 
any combination of the first three laws automatically is covered by the fourth law, 
which is the law of the paradox. 

‘The new logic works as follows: either the first three laws apply (separation of 
A and not-A is permitted), or the fourth law applies (separation of A and not-A is 
not permitted). The fourth law applies only to — and in fact creates — a bound- 
ary. The first three laws apply only away from a boundary 


3. A Physical Example 


Take the surface of a cube in deep space (Fig. 5). Call the cube "thing," a three- 
dimensional concept. Call the empty space around the cube "nonthing," a three- 
dimensional nonthing or absence of thing. If we are standing inside the cube and 
look at its boundary surface, we cannot find a single piece of that boundary sur- 
face that does not belong totally to the cube, So we can very reasonably proclaim 
that by the first three laws of logic each piece of the boundary belongs totally to the 
cube, to “thing.” But if in a different operation we are standing outside the cube, 
‘we cannot find a single piece of that boundary surface that does not belong entirely 
to the space surrounding the cube. So in this case, we can claim by the first three 
laws of logic that the boundary surface belongs totally to "nonthing.” 

Then in a third operation we can state that, by the first law of logic, each and 
every piece of the boundary surface is identical to itself, and of course we thereby 
identify what was thing with what was nonthing. Specifically, what was thing in 
perception time one and what was nonthing in perception time two have been 
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Use of higher frequencies, such as above 6 GHz, represents one of the greatest 
opportunities for higher throughputs and higher capacity. This benefit derives from the 
potential availability of ten times the amount of spectrum as is currently available, with 
multiple GHz of contiguous spectrum. But these higher frequencies, especially mmWave 
frequencies (above 30 GHz), are suitable only over short distances, as explained below. 
The combination of lower and higher frequencies is therefore crucial for 5G operation 
Lower bands can be devoted to coverage and control, while higher bands can provide 
opportunistic access for high data rates. The lower and higher spectrum bands can operate 
in a carrier aggregation or dual connectivity model. Initial 5G specifications include such 
dual-connectivity capability. 


Compared with lower frequencies, mmWave frequencies suffer from worse propagation 
characteristics, even in line-of-sight conditions, because the comparatively smaller 
aperture area of the receiver's antenna requires some form of beamforming at the transmit 
side, and potentially even at the receive side. Fortunately, the smaller form factors of 
mmWave antennas allow for dense packing of antenna arrays. Experimental systems using 
antenna arrays have demonstrated reliable communications at 28 GHz, even in dense, 
urban, non-line-of-sight conditions, for distances up to 200 meters.;® Arrays at the terminal 
side are space-constrained, but some basic beamforming at the terminal is possible, On 
the base station side, the arrays may include hundreds of antennas in an approach called 
“massive MIMO.” 


Figure 20 shows how an increasing number of antenna elements can extend coverage 
through tighter beams. A 77 X 77 antenna array (6,000 elements) can exceed a kilometer 
at 3.5 GHz (33 dBm transmit power) and reach over 800 meters, even at 30 GHz 


3 Samsung, 5G Vision, February 2015. Available at http://www.samsung.com/global/business- 
images/insights/2015/Samsung-5G- Vision-O.pdf. 
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identified, by all distinction and separation between them being removed, in time 
three. Identifying opposites simply consists of "packing together" two previously 
separated perceptions into a single third unseparated perception. And all we have 
done is apply the fourth law of logic, the law of the boundary. Every single per- 
ceived thing has a boundary, where it both begins and ends its exclusive presence in 
perception output. And at that boundary, the fourth law applies. Thus the law is 
universal, The fourth law defines a boundary 

In fact, in any perception, all four laws are applied. They are applied in one of 
two fashions: (1) the first three are explicit and the fourth implicit, or (2) the first 
three are implicit and the fourth explicit. 

‘There are more examples that have baffled mathematicians and logicians. All 
of these are simply boundary statements, ie., statements involving the fourth law 
of logic. For example: "It is true that this statement is false"; "A line (length) is 
composed of points (nonlengths)"; "In a hologram, each part is the whole. 

Since logicians used only the first three laws, none of these statements was ac- 
ceptable or understandable. By the fourth law, there is no problem with these state- 
ments. The first merely refers to the boundary between the operation used to estab- 
lish "truth" and the operation used to establish "falsity." There is another class of 
operation where neither truth nor falsity exclusively applies — i.e., a class of opera 
tion which cannot distinguish between "true" and "false. 

‘The second statement has long been a painful trauma to logicians and found 
tions mathematicians. Today foundations mathematicians seldom attempt to de- 
fine line or point. Instead, they simply say: "There is a class of entities called lines. 
‘There is a class of entities called points. Lines are made up of an infinite number of 
points.” This way, they avoid trying to explain how "length" (line) can be made up 
of "nonlength” (points). 

However, they could easily have avoided the difficulty, and still retained the 
definition ofa line as a length, and a point as a nonlength, in the following manner. 
"There is a class of entities called lines. A line is and has length. There is a class of 
entities called points. A point is and has nonlength. We may have a separate per- 
ception that shows nonlength, and another separate perception that shows length. 
In yet a third perception which infolds both the first two perceptual character- 
istics, we may say that a line is comprised of points so long as we realize that line 
and point do not separately and exclusively exist in the comprised-of state." 

By the same token, we can say that "the whole is comprised of the sum of the 
parts” only if we realize that "whole" and "part" do not separately and exclu- 
sively exist in the comprised-of state, but instead they inseparably and nonexclu- 
sively exist therein, 


4. New Definition of Zero 


‘To a monocular perception process, multiple presence constitutes absence of 
the exclusive presence of any particular one. Therefore such a multiple presence is 
monocularly unperceivable, and hence becomes a zero to a monocular detection 
process. This allows new definitions of zero, and a solution to the problem of 


nothing 


Consider that a monocular detection process asks the question, "Is there a 
single exclusive thing present in my input?” If the answer is yes, an output is, 
generated and perception occurs. If the answer is no, no output is generated and 
perception does not occur. The answer “no” occurs in two fashions: either total 
absence, or presence of two or more simultaneously. For either of these cases, 
monocular perception gives no output, and perception does not occur, ie., the 
absence of perception occurs. 

Now note that the monocular perception cannot tell any difference in the two 
input conditions. To it, there is no distinction between the two conditions. The lack 
of any difference at all constitutes identity. Thus to a monocular perception pro- 
‘cess, condition one is identical to condition two when they are infolded together in 
condition three. That in fact derives the fourth law of logic. Total absence and 
‘multiple, unseparated presence are identical insofar as a monocular detection pro- 
‘cess is concerned, 


5. Einstein's Postulate 


As an example of strange problems we can deal with in a four-law manner, let 
us examine a little more closely one of Einstein's postulates of special relativity, 
which states that the speed of light is the same for every observer. Let us restate the 
postulate as "every photon is moving at the same speed relative to every particle. 
We can pick any electron in the laboratory frame. Every photon in the frame is 
moving at the speed of light with respect to the electron, by Einstein's postulate, 
Now let us pick any photon. By Einstein's postulate, every electron is also moving 
at the speed of light with respect to this photon. 

Now we can look at the situation from the viewpoint of the photon. With 
respect to it, every electron in the laboratory frame is moving at the speed of light, 
which violates the common interpretation that ordinary objects cannot move at the 
speed of light. In fact, three-law logic is violated but four-law logic is not violated, 
In four-law logic, an object can have infinite mass and zero mass simultaneously. 
The electron's frame and the photon's frame are rotated orthogonal to each other. 
What we were calling a photon in the laboratory frame, is a perfectly ordinary 
three-dimensional object in its own frame, which is orthogonal to the laboratory 
frame. The electron (lab-frame) thus appears as a photon in the rotated frame of 
what we previously called a "lab-frame photon.” Either an electron or a photon is, 
both three-dimensional and two-dimensional simultaneously — in fact, the con- 
cept of separate, exclusive dimensionality only applies after one or the other dimen- 
sional aspect has been exclusively separated (observed). 

Mass is determined by the resistance an object poses to an accelerating or dis- 
turbing force. Mass is also tied to three-dimensional objects; i.e., it is an L’ con- 
cept dimensionally. A photon, moving at the speed of light, can neither be speeded 
up nor slowed down; hence in one sense it exhibits infinite mass. On the other hand, 
the photon (which is a three-dimensional object in its own frame) has lost a dimen- 
sion in its intersection in the laboratory frame, due to orthogonality. Therefore the 
photon appears as a two-dimensional 1 entity in the laboratory three-space. And 
in that sense, the photon must have zero mass since it is only two-dimensional. By 
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the fourth law, the boundary opposites are identified. Thus at the orthogonal 
boundary of three-space, zero mass and infinite mass become identical. And the 
photon exhibits both zero mass and infinite mass simultaneously because it is an 
entity that is on the boundary of the L’ "mass exhibiting" world. The photon has 
always happily behaved in 2 four-law manner, even though physicists could not 
comprehend its behavior with the three-law logic ingrained in their heads. 


6. Synchronicity of Concepts 


As is so often the case, two persons appear to have derived the new logic simul- 
taneously, myself from perception theory and Hubbard from manifold theory. 

Dr. J. Hubbard was one of the scientists who first developed the atomic bomb. 
His profound work fully substantiates the new logic and the new reality paradigm, 
Dr. Hubbard believes that the system includes language, logic, and the interaction 
of life-bearing systems. In short, he believes it includes psychotronics. The rela 
tionship between mind and matter is, like Santilli’s electric and gravitational fields, 
not mutually exclusive; they are either partially or totally one and the same thing, 
According to my research, they are both partially and totally the same thing, ie, 
they are of exactly the same nature totally — a closure of the entire physical uni- 
verse — but only partially intersecting, by a fraction of approximately 10“. In the 
same fashion a mind is an entire physical world, but it only minutely intersects this 
physical frame, and then only in a portion of this physical plane. 

Dr. Hubbard has shown that the four laws of logic emerge in the form of set re~ 
lationships, that the single dimension parameter generates the second, third, 
fourth, fifth and up to Nth dimensions of the manifold, by repetitive operations on 
itself. This allows a firm basis for orthogonal intersections of one less than the 
dimensionality of the lowest-dimensioned intersector. It provides a firm basis for 
orthorotation and for my approach to psychotronics, 


PRIMITIVE PERCEPTION 


Let us now discuss how we form our concept of objects and their relationship. 
All our basic perceptual concepts are essentially built on primitive observation of, 
the macroscopic universe, which is the primary reason that so many final argu- 
ments of philosophers appeal to the "natural man," ie., to how a primitive 
observer would react to the argument. The very idea of an object — a perceived ob- 
ject — is conditioned. Everything else we think of is then conceived as some sort of 
object or relation between objects. And that is why sets (of perceptual objects) and 
their relationships form the basis for axiomatic logic, mathematics, and physics. 
Set theory is simply the synthesized and abstracted game of elementary perception 
of the macroscopic world. Thus even the most abstruse mathematics forms a part 
of the game of perception and can be applied to perceived physical phenomena, 
This macroscopic, primitive perception is the basis of our concept of objectivity, 
and of our physical concepts of "observed" and "observable." But if we examine 
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carefully exactly how we perceive an object in the macroscopic world, we realize that it 
is seen by means of photon interaction. We think of light being absorbed onto the sur- 
face of the object, and then emitted or reradiated from the surface, eventually entering 
the eye. There the photons are again absorbed by the material on the retina. The photo- 
electric effect then moves what are called electrons, producing a signal that goes to the 
brain for interpretation 

‘What we see as an object has twice undergone interaction with photons of light. 
Furthermore, light itself cannot be detected, only its interaction with matter (in this case 
electrons). Thus the primitive perceptual operations of the human brain are correlated 
one-to-one with photon emission and absorption interactions, usually paired interac- 
tions at the object reality domain. The concepts of object, mass, three-dimensions, and 
observation are directly correlated to the photon-mass interaction, and ultimately to the 
photon-electron interaction occurring in the human retina, 

‘The ideas of boundary, surface, and change in primitive perception thus involve two 
contradictory and simultaneously mixed interactions, absorption and emission. Because 
they are constantly intermingled, primitive perception cannot separate the two. Thus the 
primitive concept ofa boundary consists of a simultaneous duality. Here the object both 
begins and ends. Here opposites are identified. This is the basis for the fourth law of 
logic, the law of the boundary 

‘The dimensionality and orthogonality (spatially) of the primitive perception process 
are also interesting. Photon absorption constitutes spatial integration for the photon, di- 
mensionally speaking, e.g., one additional dimension is gained by the two-dimensional 
light wave in turning itself into the three-dimensional mass state. The photon also adds 
itspiece oftime to the absorbing mass, converting the mass particle to mass time or space 
time—adding the fourth dimension. Photon emission constitutes spatial differentiation, 
dimensionally speaking. One spatial dimension is lost by a little hunk of three-dimen- 
sional mass turning itself into a two-dimensional wave. Going from outside the object, 
toward the inside (to track along with photon absorption), the boundary marks the end of 
the two-dimensional wave region, so the object (or, more precisely, the interaction re~ 
gion) is spatially two-dimensional on the outside, and spatially three-dimensional on the 
inside. It also occupies the time dimension on the inside, but not on the outside. (This 
directly accounts for a difference in the spacetime inside and the spacetime outside, and 
that is why mass may be regarded as a curvature or change in spacetime, in general rela 
tivity.) 

Going from inside the object toward the outside, the bound 
spatially three-dimensional region and the beginning of the spatially two-dimensional 
region. So the object is now spatially three-dimensional on the inside, spatially two-di- 
mensional on the outside. The inside now does not occupy the time dimension, while the 
photon emitted (the outside) does. So on the boundary, one spatial dimension is gained 
going in, and one spatial dimension is lost going out Time is gained going in and lost 
going out, by the mass absorber-emitter. 

Gain or loss ofa dimension is accomplished only by orthogonal rotation between or- 
thogonal spatial frames. Photon absorption constitutes orthogonal spatial rotation one 
right angle turn into the laboratory frame, while photon emission constitutes orthogonal 
spatial rotation one right angle turn out ofthe laboratory three-space frame. 


y marks the end of the 
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This constitutes the observation process (primitively) per se, and this is what is 
hidden in Einstein's postulate that the speed of light is the same to every observer. 
Every observer goes through this same process. Furthermore, rotations ortho- 
gonal to a three-space frame are orthogonal to all three-dimensional spatial 
physical entities in that three-space. As Einstein himself once pointed out, velocity 
‘can be regarded as simply the measure of rotation of an entity in a higher dimen- 
sional space; thus an orthogonal turn is a fixed velocity. Since light is orthogonal to 
the entire space, then the speed oflight is the same to every observer in that space. 

While Einstein was apparently speaking of regarding the velocity of an object 
as a measure of its amount of rotation toward the time axis in four-space (from the 
direction of its velocity vector in laboratory three-space), it can also be regarded as 
rotation toward a fourth spatial axis in a five-space (four length dimensions and 
one time dimension, all orthogonal). If one checks this, one will see that the pro- 
jections in three-space are the same; i.e., to the laboratory frame observer, there is 
no difference observable. Thus the photon interaction may be modeled as ortho- 
rotation of an entity spatially in a five-space. 


To the laboratory observer, this orthorotation constitutes pure dimensional 
integration and dimensional differentiation, and it constitutes or creates an object 
in the first place. The concept of object « priori involves the photon interaction as 
stated; if the photon interaction is not invoked, then the existent entity does not 
exist as a three-dimensional object at all, in the primitive sense. Outside this primi- 
tive process (dimensional integration and differentiation imposed upon the same 
region, which constitutes an object), all exists in the Omega nothingness void, with- 
out frame or form. 

Ultimate reality (specifically, action) is dimensionless in the objective sense; for 
the objective sense exists only after an operation has been imposed. A quantum it- 
self is lengthless (and has no exclusive energy, time, or momentum) until dif- 
ferentiation is imposed upon it. Only after a quantum of action is fissioned does 
there exist a discrete piece of (change in) length, time, energy, mass, momentum, 
etc. I have already shown that perception itself can be modeled in terms of action 
quanta fission and fusion, and that most of the basic laws of physics can be derived 
from that model. (See my Quiton/Perception Physics.) Fission and fusion of action 
quanta involve orthogonal rotation between orthogonal three-spaces sharing the 
same fourth dimension (time) in common. The words change, interact, localize, 
superpose, operate, move, oscillate, act, cause, and determine are only a few of the 
words used in physics to conceal the basic occurrence of orthogonal rotation in 
higher dimensional space. 

Finally, it should be stressed that i, the square root of minus one, itself consti- 
tutes an orthogonal axis, hence an extraspatial dimension. The addition of this 
‘quantity to electromagnetic theory allowed the resolution of formidable problems, 
and led to the direct formulation of electromagnetic theory. Thus electromagnetic 
theory already includes higher dimensionality and orthogonal rotation in hyper- 
space. In that sense, inductance and capacitance are merely vector statements of 
amounts of rotation, one in a positive direction and the other in a negative direc- 
tion, toward an orthogonal axis in higher dimensional space. 


‘The forming (beginning and ending) of a three-dimensional spatial object con- 
stitutes a time differentiation invoked on four-dimensional Minkowskian space, 
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i.e., the process of observation or detection itself involves 
Y%aT (VT) = > 

dimensionally speaking. This process is accomplished by orthogonal rotation, and 

the very concept of an object that has been observed, detected, or perceived 

implicitly involves this time differentiation invoked on a four-space. 

Velocity also represents a statement of the switching of time into length, and 
length into time. It is therefore a measure of rotation of the spatial three- 
dimensional frame, as Einstein pointed out. By this switching (orthogonal rotating 
orthogonal flipping) of the chopping of time or beginning and ending of a small 
piece of time, we create a litle delta 7, just as we do each delta L for an object. 

But the photon interaction process is monocular. Each photon must attack 
matter individually, and live or die in the process. Each photon born from matter is 
also born independently. Thus the primitive observation process is monocular, 
since it is totally in one-to-one correspondence with photon interaction that is 
monocular. Thus the observed world is monocular, quantized, discretized. Because 
of the particular one-to-one correspondence between our primitive concepts and a 
single interaction, we can conceive the world in no other fashion, unless we change 
the very basie factor of one-to-one correlation. This in fact has already been done 
for physics by Everett, whose theory of the universal wave function incorporates 
multiple simultaneous observation, and hence direct insight beyond the limitations 
of the monocular correspondence to the photon interaction. My theory does the 
same thing in the fields of logic and mind. 


TWO-SLIT EXPERIMENT 


‘This experiment is fundamental to all of modern physics. Feynman, Nobel 
prize winner in physics, has stated that no physicist understands this experiment, 
‘and that it cannot be explained by any classical means. The reason is that it cannot 
be monocularly comprehended, i.e., the first three laws of logic cannot explain it. 
‘The fourth law can and does. 

In the experiment, electrons are emitted from a source and travel past a doubly- 
slit wall region on their way to a screen. The apparatus is shielded against light. If 
one believes that the emitted electron is a little three-dimensional particle, much 
like a tiny baseball, then it should go through one of the slits and not the other. It 
‘would then hit the screen at one of the two spots indicated as the expected distribu- 
tion, with a litle scatter from those that chip the edge of the slit a bit. Electrons 
which do not hit the holes but strike the wall are absorbed. 

We do not get this expected pattern. Instead, the pattern is essentially the same 
as the one we would get ifeach electron were a wavefront passing through both slits, 
at once. However, each electron still strikes the screen in only one point; the dis- 
tribution of these points fits the actual distribution pattern shown, 

‘This stunned the physicists. They did not believe it at first, so they set up a pho- 
ton gun and hit every electron with a photon as it left the emitter source and started 
over toward the two-slit region. That is, they determined precisely when a little 
electron was on the way, and the fact that it was like a tiny baseball and in just one 
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place. And this time the electron only went through a single slit, and it gave the ex- 
pected pattern after all. And when the experiment was repeated and only a frac- 
tion of the electrons were hit with photons, then a mixture of the two patterns 
emerged 

It is simple to describe the results mathematically, but no one has understood 
why things happen as they do in this experiment. The principle of complementar- 
ity evades the issue. This principle is simply a monocular statement dealing with 
cone aspect ofthe problem at a time, with the determined, exclusive, monocular past 
only. It does not apply to the present or to the future. Ifwe think in terms of the 
present, then the third law of logic is violated and the fourth law applies. The two 
states, two-dimensional wave and three-dimensional corpuscular, both exist simul- 
taneously but nonexclusively in the present. Thus in physics terms, the entity 
becomes nonobjective (nonspatial), probabilistic and undetermined, and this is 
automatically a wave concept, i.e., since waves are not confined to one place and 
determined or localized, they may exist in the nonconfined, nonlocalized present 

Note that photon interaction must be excluded whenever the so-called quantum 
effect is exhibited. If photon interaction is invoked, classical reality emerges. Pho- 
ton interaction creates classical objectivity. Photon interaction is a time-dif- 
ferentiating operator imposed on L'T four-space. Specifically, since light carries 
time, photon emission from an entity strips away T from the L'T nonobjective 
entity, converting it to an L’ or spatial object. 

‘The very concept of an object comes from primitive perception’s one-to-one 
correspondence with photon interaction. After photon interaction, the first three 
laws of logic apply to an entity. Before photon interaction occurs, the fourth law 
applies. In the fourth-law state, the time portion of an entity can interact with any 
number of time portions of other fourth-law entities if the time aspects of all of 
them coincide. 

A five electron born and released at the emitter is four-dimensional (L°7) until 
it is struck by a photon, after which it is three-dimensional (L'). When the 
wavelength of electron and slits is specified, we have actually specified the time 
interval stripped out ofa dEdT quantum in each quantum of fundamental change 
occurring. Perfect time synchronization accomplishes or constitutes orthogonal 
rotation. So if the length (width) dimension of each slit is very close to the wave- 
length of the electron, the time aspects of both slits will interact with the time as- 
pect of the fourth-state electron if all three are brought into time phase simultan- 
eously. If the slits are made much larger, this interaction will not occur. 

‘When the electron interacts with both slits timewise, this will constitute a part 
of the past history of the electron to all future interactions or interaction possibili- 
ties. But since the interaction with the two-slits was not in the past (ie., selected or 
determined), then that interaction itself is a part of the present and future prob- 
abilities chain. In physics, probabilities propagate forward in time with absolute 
causality until a monocular selection is made. Thus the fourth-law interaction is 
propagated forward with absolute causality and significantly affects any future 
interactions. And apparently vice-versa, John Wheeler has just shown that, in at 
least one sense, whether or not the emitted particle in the two-slit experiment has 
interacted with one or both slits can be selected after it has occurred. As is well 
known, the pattern of projection forward of this fourth-law interaction may be 
quite simply calculated from ordinary trigonometry. For an excellent discussion of 
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the two-slit experiment, see Richard P. Feynman, Robert B. Leighton, and 
Matthew Sands, The Feynman Lectures on Physics, Vol. 1 (Addison-Wesley, 
Menlo Park, Calif, 1963), pp. 37-1 and 37-12. 

‘When the electron hits the screen, it encounters a region of varying time oscil- 
lations of the orbital electrons around the individual atoms comprising the screen, 
‘Thus the exact location of the orbital electron in the screen which will first pre- 
cisely time-synchronize with the electron wavelength approaching the screen in 
four-law form will vary. Thus the place where the electron hits the sereen is va 
ably selected along the screen. The time distribution pattern of the approaching 
electron is recovered when the time distribution of the number of electron hits per 
sereen length is plotted. 

So one can build gadgets to cause four-law entities to multiply and interact, 
simultaneously in time, even though the entities are normally thought of as being in 
different spatial locations when in the three-law state. And one can deliberately 
select the type of interaction to occur, four-law or three-law, simply by controlling 
photon interaction. The two-slit apparatus itself is a paranormal, psychotronic de~ 

This is the explanation of the two-slit experiment, which, according to Nobel 
prizewinner Richard Feynman, no one understands and which, according also to 
Dr. Feynman, contains the total mystery of quantum mechanics and the only 
mystery of quantum mechanics. The reason the two-slit experiment has not been 
understood is that the answer to the paradox was not present in the first three laws 
of logic. It requires the addition of the fourth law to explain the experiment. 

‘And all fundamental particles — photons, neutrons, protons, electrons, etc. — 
exhibit the same behavior. So things, nothings if you will, can be processed in the 
multiplistic two-states-identified-as-one-so-no-single-exclusive state, as virtual and 
unobserved entities. In the multiplistic state they can be amplified, recorded, put 
onto tape, modulated onto RF signals, etc. And by our ordinary, objective, three- 
law science nothing is processed. And nothing indeed is what is there — a very 
special, structured, detailed, virtual set of nonexclusive, hidden-variable nonthings 
that is part of the new reality existing in the framework of the new four-law logic. 
In fact, this processable, structurable, nonobjective reality exists outside objective, 
three-law spacetime and is the basis for all psychotronic phenomena. 

To our present monocular detection devices and monocular theory, such 
multiple-state entities are unobserved and hence are zeroes. They are pure vacuum, 
pure space, pure nothing, pure emptiness. But they are very real indeed, and they 
do physically exist, but multiocularly rather than monoculatly. 

‘The importance of the time interaction in explaining the two-slit experiment 
was noted as early as 1957 by Charles Muses in his introduction to Jerome Roth- 
stein’s Communication, Organization, and Science (Falcon’s Wing Press, Indian 
Hills, Colorado, 1958). Muses pointed out that the celebrated wave-particle para- 
dox remains a paradox only so long as the chronotopological phases of the 
phenomena are left unrealized in the analysis. The entire foreword by Muses is a 
remarkable document that analyzes the structure of time itself. 
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More typically, mmWave cells will employ shorter ranges of 50 to 200 meters. Extreme 


densification is another way that 5G networks will achieve mass 


e increases in capacity. 


3G networks reached densities of four to five base stations per sq. km, 4G networks eight 
to 10, but 5G networks may reach densities of 40 to 50.°* A likely 5G architecture will use 
the macro cell for control information, coverage, and fallback, but small cells, often 
operating at higher frequencies, for high-bandwidth data communication. Either wireless 
connections or fiber will provide backhaul. Figure 21 shows how such an approach could 
also employ beamforming and beam tracking when using mmWave bands in the small cells. 


» Dr. Seizo Onoe, NTT DOCOMO, presentation at Brooklyn SG Summit, Apr. 21, 2016. Used by 


permission. 


>* IEEE Wireless Communications, 5G Ultra-Dense Cellular Networks, Feb. 2016. 
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Fig. 8. Photon quenching of the paranormal 


PHOTON QUENCHING OF THE PARANORMAL 
(TIME) CHANNEL 


The photon interaction constitutes a time-differentiating operator imposed 
upon L'T dimensionally (Minkowskian reality), which results in the creation of L’ 
dimensionality (objective, spatial reality). Aristotle's three laws of logical thought 
are based on primitive observation, which in turn is in one-to-one correspondence 
to the situation where the photon interaction has been imposed and the time dimen- 
sion destroyed, resulting in a classical or objective or spatial reality. Hence all our 
present logic, science, and mathematics are based upon this particular arrange- 
‘ment. As shown by the two-slit experiment, ifthe photon interaction is not allowed 
to occur, a fundamental particle refuses to behave in a classical, objective, spatial 
object manner; instead, it behaves in a nonclassical, nonobjective, wave manner if 
the time element interacts with it 

Mental phenomena occupy the same time dimension as do physical phenom- 
ena; however, the spatial dimensions of mental objects do not ordinarily occupy or 
intersect the spatial dimensions of physical objects. However. the time dimension is 
recognized by physics as objective; therefore, since the mind occupies at least one 
real objective dimension, it is objective rather than subjective. This suggests a 
model whereby mind is a real L'T Minkowskian four-space world, but one whose 
three spatial dimensions lie orthogonal to and outside the ordinary world’s three 
spatial dimensions. The mindworld and the physical world then have in common 
the same time dimension. Dynamic movements in each world (mind and matter) 
result in an exceedingly small crosstalk being projected into the other world, a 
crosstalk so small as to be virtual and normally unmeasurable. Establishing one-to- 
one coherence between crosstalk from a mindworld constitutes the creation of a 
biological organism. The crosstalk from the mindworld and a physical structure in 
the ordinary world to the physical world has previously been labeled inception by 
me, and a mechanism whereby such a minute psychokinetic effect on matter can be 
amplified to a macroscopically observable level, or even beyond, has been derived. 
Thus a fundamental mechanism whereby tulpoid activity (projections from the col- 
lective unconscious materializing into the ordinary physical world, in a format de- 
termined by the collectively higher levels of unconsciousness in the race, national 
group, culture, subculture, and personal unconsciousnesses) is developed and ex- 
plained, 

Before the intervention of the photon interaction, four-dimensional reality thus 
hhas a great deal of tulpoid dither riding upon its time dimension as a minute 
modulation. The photon interaction invokes a time-differemtiating operation, 
stripping away or suppressing the time dimension, resulting in a spatial reality or 
objective reality being perceived or observed, and in the process separating mind 
and body by destroying the only common connection or channel. Because of the 
time-squelching action of the photon interaction, we do not see time or the mind in 
our ordinary physical observation. Also, we do not see the incessant stream of tul- 
poid activity that bathes the time channel 

‘The time channel is thus the mental channel and the paranormal channel. The 
photon interaction is the destroyer or squelcher of the paranormal channel. Ap- 
parently the squelch effect of light is not linear or constant, but is a variable and a 
function of the frequency of the light being utilized. From a synthesis ofa variety of 
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data in diverse fields, the following hypothesis has been arrived at to fit the experi- 
mental evidence: The quenching of the hyperchannel (the paranormal channel or 
the time channel) by photon interaction is proportional 10 the spectral luminous 
‘efficiency of the eye of the average human observer in the intervalfrom the infra- 
red to the ultraviolet. Thus the form of the paranormal squelching effect of the pho- 
ton interaction is given by the operator € where 
€=mET 

‘and where m is a parameter which varies as some function of frequency. This hypo- 
thesis specifies m over the region from the ultraviolet to the infrared. In other re- 
gions of the frequency spectrum, the form of m must be determined by experi- 
ment. 

There are several experiments which fit the hypothesis: 

1. The induction of death and disease patterns from test cells to environment- 
ally shielded healthy cells by Soviet scientists” 

2. The invoking of specific tulpa living forms and photographing them in the i 
visible state with infrared film by Trevor James Constable. 

3. The visible light revival of appreciable fractions of cells killed with ultra- 
violet light and kept in the dark — dormant, unreproducing, for up to twenty-four 
hours. 

4. Ingo Swann’s precise differentiation of the visible light spectrum (frequency 
region) where psychic seeing (similar to remote viewing) is blacked out 

5. The Fox and Miller experiments, in which cell-like protein forms that repro- 
duce (ie. are "living") are generated when a primeval soup in the laboratory is 
bathed in ultraviolet light and exposed to strong electrical spark discharge (strong 
bioenergy collections) 

‘A corollary to this hypothesis is that, under certain conditions, reflected light 
may reverse the effect. Thus the effect of the full moon, which reflects a great deal 
of sunlight, can immediately be appreciated. The effect is to the time channel, 
hence stimulation of this channel stimulates the mental effects. The effects of the 
full moon on romantics, lunacy, and deeper life functions controlled by the uncon- 
scious is grounded in a factual basis. 

Thus there is a very good reason why animal eyes tend to operate very closely to 
the infrared, visible light, ultraviolet region, with the eye usually adapted for the 

jsible light region. In the infrared and ultraviolet regions, tulpoid phenomena 
‘would be readily visible or detectable, and an animal whose eye operated exclu- 
sively in one or the other of those areas would so often be distracted by the mental 
tulpoidal activity that it would prove disadvantageous to his survival against 
animal predators operating in the strongly squelched, visible light region. By the 
same token, animals whose eye operates further into the infrared or the ultraviolet 
than does the human eye are notoriously sensitive to paranormal phenomena 
before their manifestation to human observers. 

The stimulating effect of reflected light, and particularly of light reflected from 
the surface of a planet or of the moon, also concerns several of the common 
practices of UFO investigators. It is common practice to dispose of sighting once 


*V.P. Kamacheyey et al, “Distant intercellular interactions ina system of two tissue cultures,” 
Piychoenergelie Systems, Vol. 1, No. 3, March 1976, pp. 141 

“Apparent information transfer between two groups of 
1, No. I, December 1974, p. 37. 
“trevor James Constable, The Cosmic Pulse ofLife (Mest Press, Santa Ana, Cali) 
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it becomes apparent that a planet lay in the direction of the sighting and was 
particularly bright at the time. However, such an optical condition can in fact serve 
as an initiation point for tulpoid activity to enter the ordinary reality frame. And in 
fact such conditions — and conditions when stars are very bright and twinkly in 
their reflections from the particles of the atmosphere — are conducive to UFO ap- 
pearances, and this should be realized and taken into account. UFO's in a great 
many cases will be observed to start or come into being from such appearances, 

If we realize that the paranormal channel is the time channel, then the funda- 
‘mental two-slit experiment of physics is itself a paranormal manifestation experi- 
ment. Thus when the photon interaction is invoked, a classical object and classical 
behavior result. When the photon interaction is not invoked, a nonclassical entity 
and nonclassical behavior result. The more interest is taken in a particular 
tulpoidal manifestation, the more the format is impressed in multiple minds and 
‘multiple unconsciousness layers and the more frequently the format is tuned in. 
Eventually a repeatedly tuned tulpa can become stable and permanent. Candidates 
for such tulpoids presently on their way to being stabilized are the Loch Ness 
monster and the sasquatch. Particle physicists may in fact be creating their own 
reality by the same process, as suggested by Josephson. 

The process whereby visible light revives cells killed by ultraviolet light is 
presently considered under the term "photoreversal." It is a moot point whether 
cells are living if they have laid dormant for several hours or even twenty-four 
hours without any cell divisions having occurred. The effect of a given dosage of 
ultraviolet radiation on cells is known to be greater when the radiation is flashed 
than when the radiation is continuous. This has been interpreted as due to a 
thermal reaction following a primary photochemical reaction, since increasing the 
temperature accentuates the effect of flashing. However, I suggest that flashing is 
directly related to the effect known as kindling, where, when the limbic structures 
of the brain are repetitively stimulated, the entire nervous system of the organism 
responds and goes into resonance (seizure). Soviet experiments have shown that 
such flashing of a telepathic sender enhances the reception of telepathic informa- 
tion. In the 1920's and 1930's A.G. Gurvich and his students found that a yeast de- 
tector's threshold of sensitivity to mercury lamp radiation was about three orders 
of magnitude higher than the detector’s threshold of sensitivity to radiation of the 
same spectrum from biological material. (For a description of more modern work 
which may show a violation of the conservation of energy law, see L.L. Regelson, 
"A Paradox of Mitogenetic Radiation," edited by H.S. Dakin, translation avail- 
able from H.S. Dakin, 3101 Washington Street, San Francisco, CA 94115.) Regel- 
son's experimental results point to the conclusion that the paradox observed with 
the mitogenetic radiation experiments is a universal physical phenomenon. In view 
of this and Kaznacheyev's results, the entire area strongly warrants intensive in- 
vestigation. Regelson’s group was actually attempting to find a new solution to the 
problem of wave-particle duality, strikingly parallel to my interest in the area. 

‘Those frequency points where the quenching effect is minimized (i.e., where € 
goes through a minimum value) are referred to as "magic windows" or "magic 
windows between worlds.” Acker and Tiller have called them "interdimensional 
nodal points.” In the magic windows, energy from one frame or biofield can be 
more easily collected to orthorotate into another frame or biofield, since the rota- 
tional threshold is much lower. There is a window, e.g., between 38,000-40,000 
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PHOTON INTERACTION CREATES OBJECTIVE AND NONOBJECTIVE 
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Fig. 9. Raindrop model of quantized change 


Hertz, which can be stimulated with ultrasonics or electromagnetic radiation. The 
ultraviolet region contains a window, as does the infrared region. Many other 
windows apparently exist. 

‘Trevor James Constable photographs paranormal phenomena through a filter 
that is open in the IR and UV regions, but opaque to visible light. Thus the filter 
blocks out the strong quenching effect of visible light and looks in two magic 
windows, IR and UV. Constable is thus able to photograph phenomena that are 
not normally detectable. 


RAINDROP MODEL OF QUANTIZED CHANGE 


What does not appear to have been realized to date in physics is that the pho- 
ton interaction is the agent that creates objectivity itself, as is clearly established by 
the two-slit experiment. The photon interaction separates spacetime into space and 
time exclusively. An object, being something which occupies space (L'), is thus 
timeless. Objects do not exist in time, because the union of an object with time 
constitutes spacetime, which cannot be perceived, detected, or observed. 

Only changes in (derivatives of) spacetime can be perceived, detected, or ob- 
served, but not spacetime itself. That with which light has not interacted is not 
objective. This is proven conclusively by the two-slit experiment, upon which all of 
quantum mechanics rests. In that experiment, if an electron emitted from the 
cathode and on its way to the two-slit region does not interact with light, the elec- 
tron behaves in a totally nonobjective manner, appearing to pass through both slits 
at the same time. (Actually it goes around both spatial slits in time, and since both 
of the slits occupy the same piece of time, the electron can interact timewise with 
oth of them.) 

(On the other hand, if the electron is struck by a photon before it reaches the 
twosslit region, it becomes a "hard, solid little baseball” and quite objective. In that 
case it can interact with (go through) only one spatial hole because it cannot inter 
act in time. According to Feynman, this simple experiment contains the total and 
only mystery of quantum mechanics. Furthermore, it cannot be explained in any 
classical manner. No physicist in the world understands it, although the pattern of 
repeated electron strikes on a collecting screen is quite easy to compute by simple 
trigonometry 

Let me now explain what happens to a mass when it is struck by a pho- 
ton, absorbs the photon, and re-emits the photon. First, a mass is an L’ object; the 
concept of mass is not a function of time, but only a function of space. It is thus 
three-dimensional. The photon is also three-dimensional, but one of its dimensions 
is the time dimension. The photon, being built of action, is constituted of (4EdT) 
or (L'dT) dimensionally. 

When the photon strikes the mass and is absorbed, the (AE) portion is turned 
into mass by orthorotating one turn and becoming L’ dimensionally. The (dT) 
portion is thus united with the spatial mass to give a compound nucleus of space- 
time comprised of MdT; This compound nucleus of spacetime is not perceivable. 
When a photon is re-emitted, it may or may not be of the same frequency and 
energy as the previously absorbed photon, depending on the absence or presence of 
any other perturbations. At any rate, a small bit of L* spatial mass is orthorotated 
to give an Z? intersection with the laboratory frame, which tums the bit of mass 
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into a small piece of energy, d£. In the orthorotation, a small piece of time is 
bitten off and joined to the dé to givea dEdT = h quantum of action, which now 
constitutes a photon. Photon emission thus strips away the time dimension, leaving 
a spatial object. 

Einstein pointed out that the velocity of an object may be visualized as rotation 
ofthe object in higher dimensional space. Visualized as spatial rotation rather than 
rotation toward the time axis, the velocity of light in vacuum c merely constitutes 
the rotation of a piece of mass by an angle of 90° to the line of motion, in the 
laboratory space in which we visualize the photon (the rotated piece of mass) as 
moving. Thus the photon emitted from the mass is moving at c, the velocity of 
light, because of its orthogonal rotation to the laboratory frame, 

Note that the spacetime compound nucleus has now once again been separated 
into spatial and time components. Time is moving with the photon. And that is why 
time moves or flows at ¢, the speed of light in a vacuum. Time is carried only by the 
photon, and photon interaction with an object produces that object's march 
through time. If the emitted photon and the previously absorbed photons do not 
have identical dE and dT components, then M; will be different from M, and the 
mass will have increased or decreased. Considering the photon to consist of 
momentum and length components, ie., (dpdL), a similar diagram can be con- 
structed. In that case, ifthe momentum and length components of the emitted and 
absorbed photons are identical, then M, and Mz occupy the same position (M, has 
not moved). If these components are different, then the mass Mz will occupy a 
slightly different position than mass M,, and the mass will have moved. 

This, by the way, is the simple solution to the age-old philosophical problem of 
change. We simply identify My and M;, calling them the same object. We cannot 
detect, perceive, or observe the compound nucleus of spacetime in the middle. Thus 
‘we experience change as a thing becoming something else, but still being the same 
thing. This totally defeats the first three laws of logic. However, fortunately we can 
easily comprehend it since we have developed the fourth law of logic. 

‘The raindrop model of quantized change is taken exactly analogous to the rain- 
drop model of nuclear fission, as shown in Figure 9, 


KINDLING EFFECT 


G.V. Goddard and his associates in 1969 reported a peculiar kindling effect 
generated by repeated, periodic, low-intensity stimulation of the limbic region of 
mammaliam brains. A sustained periodic signal input to the brain and central nerv- 
fous system eventually sets up a cumulative resonance which increases in magni- 
tude until the entire organism is in sympathetic resonance. 

A laboratory rat at first continues to explore its environment in a normal 
‘manner when it is subjected to kindling. But after repeated stimulation at the same 
intensity, the rat will begin to rear up and its forelimbs will convulse. Eventually 
these bursts of electrical activity induce similar patterns in nearby brain regions, 
and the threshold becomes progressively lowered. Stimulation progresses to the 
amygdala, to the amygdala on the other side of the brain, to the hippocampus, to 
the occipital cortex, and finally to the frontal cortex. Kindling can start only in the 
limbic structures. 
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While kindling was originally thought to be a model of epilepsy, John Gaito of 
York University has reported that a different mechanism is apparently involved 
since the amino acid, taurine, which suppresses epileptic seizures in laboratory 
animals, does not prevent phenomena caused by kindling. Also, kindling apparent- 
ly causes permanent changes in the neural circuitry. Pulsed repetitions of tele- 
pathic senders have also been shown to increase the reception of telepathic mes- 
sages. Thus the kindling effect apparently applies to the paranormal channel as, 
well as to more orthodox transmission channels. (For further details, see 
"Kindling, once epilepsy model, may relate to kundalini," Brain/Mind Bulletin, 
Vol. 2, No. 7, February 21, 1977; pp. 1-2.) 

‘The kindling mechanism is a far more general mechanism than epilepsy re- 
searchers have realized. Coherent time collection of bioenergy in one bioframe 
“kindles” toward the threshold of the next bioframe, which has a fixed threshold. 
‘When sufficient kindling occurs to reach the threshold, automatic orthogonal rota- 
tion of the kindled bioenergy occurs into the next frame. There it simply consti- 
tutes the kindling or superposition of the imperceivable subquantum state into the 
perceivable quantum state. This is the mechanism whereby one kind of field can be 
turned into another. E.g., thought energy (third biofield) can be kindled into second 
biofield (flux), which can be kindled into first biofield (electromagnetic energy). 
which can be kindled into zeroth biofield (matter). 


BIOENERGY COLLECTORS 


Good collector mechanisms exist in great variety, in both living and inert sys- 
tems. Many good collector mechanisms exist in the human body. One mechanism 
that collects bioenergy and orthorotates it into ordinary electrical field with 
‘appropriate induced currents is simply the electrical current in the human nervous 
system. This is particularly true of the current discharges from and between the 
nerve endings. 

Another collector for bioenergy in a living system is the mitogenic radiation 
between the cells in tissue. Taken as a flux, this mitogenic radiation would seem to 
have both a photon nature and a nonphoton nature. The cells, in their membranes 
and fibrous internal structures, are continually collecting and kindling bioenergy 
into electron currents and photons. The electron currents represent collections 
from the virtual state into observable state, and may in one sense be regarded as the 
lifting of electrons out of the Dirac sea by direct kindling (coherent superposition of 
virtual state energy into observable state energy). These kindled currents are thus 
superpositions or modulations on the ordinary electrical activity ofthe cells, fibers, 
and membranes. The mitogenic photons are also produced by direct kindling of the 
virtual state into observable state, in this case, by kindling virtual state photons 
into observable state photons. 

Spark discharges, such as are used in Kirlian photography, are extremely good 
collectors of bioenergy. In Kirlian photography the film records ordinary photon 
interactions; however, the spark discharge from the finger is collecting and kindling 
bioenergy into ordinary electrical energy (specifically, into electromagnetic field, 
which then affects the electrical flux pattern). Also, bioenergy is being collected 
and kindled into ordinary photons, thus changing the photon pattern being emitted. 
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Furthermore, those photons being emitted are internally affected by the bioenergy 
that has not yet kindled to observable state electromagnetic energy, but is still 
virtual. Each photon carries the virtual state along in the little piece of time con- 
tained in the photon, and partially collected bioenergy which has not yet breached 
the threshold of observable photons is being carried in each emitted photon, These 
patterns are transferred to the grain atoms by photon absorption when the piece of 
time of the photon is momentarily added to the mass of the absorbing atom, and in 
turn are continually spread through the emulsion material atoms by the virtual 
photon fluxes of the charges, in both the nucleus and the orbital electrons of the 
atoms 

So the life pattern of a photographed object is captured on ordinary film — and 
indeed that pattern can be resonated through hyperspace with the object that was 
photographed, regardless of where the object is in the universe. 

Note that there are many mechanisms inside stars and planets for the collee- 
tion of bioenergy. We live in a vital, pulsing, living, breathing, bioenergetic cosm 
and life is everywhere. Patterns of life are riding in the light from the distant stars, 
from our sun, in the neutrino flux from the cosmos, in the graviton flux from the 
cosmos, in cosmic rays, etc. And so itis small wonder that living cells that form, re- 
produce themselves, and die can be induced in the proper primordial soup of 
nutrients when that soup of matrix forms and chemicals is bathed in ultraviolet 
light (one of the magic windows which contains a greatly enhanced transmission 
factor for bioenergy, hyperspatial energy. life energy), and stimulated by electrical 
spark discharges. 

It would be interesting to perform the same type of experiments with concen- 
trated light from distant stars, or with the mitogenic radiation from cell cultures, 
using environmentally shielded setups similar to those used by the Soviets in ex- 
periments with the transmission of death patterns. 

Even stranger, bioenergy propagates along deBroglie waves, and so all pos- 
sibilities are modulated by bioenergetic kindling and collection. Viewed in this 
light, Puthoff and Targ’s remote viewing experiments actually provided a multi- 
tude of probability paths to the viewer, and these probability paths were indeed 
kindling bioenergy of the distant, as yet unhappened event. The actual event in the 
future contains a great many additional collection kindlings due to the additional 
factors involved in determination (such as collapse of the wave function). A 
peaking of signal exists on the more probable happenings, and this extra signal 
along certain paths constitutes an increased signal-to-noise ratio in that particular 
channel. Thus an actual mechanism exists for seeing at a distance and for seeing 
ahead in time. 

Particular note should be made of the pi meson collection mechanism in the 
nucleus of an atom. Each neutron and each proton in the nucleus of an atom is con- 
tinually emitting and absorbing pi mesons, and thereby the protons and neutrons 
are continually interchanging from one to the other by passing along the positive 
charge. This activity produces the strong force which binds the nucleus together 
against the electrical repulsion of the electric forces due to the positive charges of 
the protons. The fantastic structurings and currents that result provide an elec- 
trical current which can and does collect bioenergy. A skilled psychic with good 
ssychokinetic ability can thus focus on the kindling mechanism inside the nucleus 
and get a signal-to-noise increase of the kindling of his bioenergy in nuclei as op- 
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posed to elsewhere in the material in other collection mechanisms. Several types of 
reactions can then occur. The protons may have their electric charges extinguished 
due to the extinguishing of the virtual photons producing the electric field on their 
pions. In such case, the atom simply loses its integrity, and some neutrons and pho- 
tons are emitted from the atomic site into the surrounding material. This type of 
interaction thus locally softens a metal and produces severe heating in localized 
areas, changes in fundamental grain structure, and changes in fundamental charac- 
teristics of the metal 

It is by this mechanism and similar related reactions that metal bending can be 
‘and is accomplished by persons such as Uri Geller. The collection of bioenergy by 
graviton emission, absorption, and flux leads to antigravity and other psycho- 
kinetic effects. These are exhibited in rare levitation phenomena and more fre- 
quent poltergeist phenomena. 

The list of collectors could be materially increased, but these should suffice to 
show the importance of the effect of coherent time collection, kindling, and ortho- 
rotation of one type of field into another. The collection of deBroglie waves is 
moving much faster than light, and for very slowmoving objects the collected and 
projected bioenergy on their deBroglie waves is moving at essentially infinite 
velocity. This accounts for the fact that Hieronymus observed an instantaneous 
cutoff of his monitoring signals from the Apollo astronauts when their space 
vehicle went behind the edge of the moon 

Looking over the list of collectors and carriers, it is obvious why even the best 
Farraday shields cannot shield out bioenergy communication, The deBroglie wave 
carrier alone will simply take the bioenergy right through any known substance — 
or more precisely, it will take the bioenergy around the three-space in which the 
barrier substance exists, since deBroglie waves are actually superluminal particles 
in a three-space more than one orthogonal turn away from the observer's three- 
space. The implications for psychic healing and psychic surgery are obvious. 


PSYCHOMETRIC EFFECT 


Every mass communicates with every other mass in the total universe, with 
hyperspatial/virtual crosstalk between all parts and all masses. This yields a 
mechanism for psychometry. 

Inside the mass, we have a large number of collector mechanisms, of the types 
previously listed and explained. All objects in the universe are in communication 
with this object, particularly large or close objects. Those objects that come very 
near or touch the chosen object for a period of time are most influenti 

Briefly, the internal dynamic collector mechanisms ofthe chosen object perform col- 
lection and kindling of the virtual state; thus each mechanism is slowly changed by the 
influence of other objects in the universe. This is very like the diffusion of heat. The 
chosen object also communicates part of the influx away, normally reaching an equi- 
librium with its surroundings when these surroundings are stable. As the surroundings 
change, appropriate changes are communicated into the internal collector mechanisms 
of the chosen object, and appropriately diffused away to other parts of the universe, until, 
‘equilibrium is again reached, 
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Figure 21: 5G Architecture for Low-Band/ High-Band Integration 


(0) “nnwmmavewith. von 


aeamforming and Beam —_Bearnforming 
Tracking 
Wireless Backhaul == 
Option Ere 


e : 
¢ Nses Greens Vara 
sibs 


See 


Fysovy Research 


In combination, the various methods expected in 5G will provide users in mmWave band 
hotspot coverage at least a 100-fold increase in throughput over LTE, achieved by: 


@ Five- to 10-fold gains due to fewer users in each small cell. (Five to ten times as 
many cells.) 


1 10-fold gains from access to much larger amounts of spectrum. 
@ Three-fold gains or more from improved spectral efficiency. 


It is this huge increase in capacity, combined with Gbps performance, that will allow 5G to 
compete with wireline networks. *® 


Network Slicing 


Not only will SG networks include a new radio, but thanks to virtualization, these networks 
will be able to present multiple faces for different use cases using a concept called network 
slicing. This architecture allows an operator to provide multiple services with different 
performance characteristics. Each network slice operates as an independent, virtualized 
version of the network. For an application, the network slice is the only network it sees, 
The other slices, to which the customer is not subscribed, are invisible and inaccessible. 
The advantage of this architecture is that the operator can create slices that are fine-tuned 
for specific use cases. One slice could target autonomous vehicles, another enhanced 
mobile broadband, another low-throughput |oT sensors, and so on. 


Figure 22 shows the network slicing architecture, with devices having access to only the 
slice or slices for which they have subscriptions, Each slice has radia resources allocated, 


» For a further discussion of 5G capacity and ability to compete with wireline networks, refer to 
Datacomm Research and Rysavy Research, Broadband Disruption: How 5G Will Reshape the 
Competitive Landscape, 2017, available at httos:// datacommresearch.com/reports-broadband) 
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Note that the influence of nearby or touching objects is greater than the influ- 
‘ence of distant objects under normal spatial considerations. In hyperspatial con- 
siderations, however, this is not necessarily true at all, since this chosen object's 
pattern may be tuned in through hyperspace without any loss of energy due to 
ordinary three-space separation distance. In the absence of such hyperspatial 
tuning, distance is a factor, and close objects have a greater signal-to-noise ratio in 
the collection and kindling than do more distant objects. 

‘Thus an individual or group of individuals in the vicinity exert mental, emo- 
tional, and bioenergetic influence on the kindling being accomplished in the chosen 
object. The stabilized dynamic patterns of the localized chosen object thus are 
conditioned and kindled to contain patterns ofthe actions, feelings, and thoughts of 
the individuals around it, as well as the natural events that occur. It is thus a very 
exact record of its surrounding events. 

A psychically sensitive person who touches the chosen object, or in some cases 
merely comes near it, enters into a communications exchange with it. His body- 
records diffuse into the local object, and those of the local object diffuse into his 
body. If the psychic is sensitive enough, he can gain impressions from the recorded 
events of the object. This is the scientific basis of psychometry. 

‘A wide variety of data support this mechanism. Psychometry has been 
practiced since earliest times, and is still practiced today. A photograph is particu- 
larly indicative of the person photographed, since his entire record is imprinted 
psychometrically on the photograph. 

Moreover, the entire record ofthe Earth is still in the earth, in all its detail. As 
indeed is the record of each star and its planets, riding on the light that reaches us 
from that star, and on the deBroglie waves from it. With operational biodetectors, 
wwe could easily read the records of the universe. NASA would do well to pursue 
this alternative in its attempt to contact extraterrestrial life, rather than point huge 
radiotelescopes toward the heavens and listen to the kindled static from the stars, 
The static indeed contains the message, but not in a format in which they are pre 
pared to look! It is in the virtual state, riding in each photon. 

To a psychic who can see the human aura easily, the condition and much of the 
record of the person is in that aura, because the auric pattern is changed by all ex- 
perience of the body, mind, and personality. Thus a good healer can see the aura of, 
the patient, tell if another healer has been in contact with the patient (including 
ofien recognizing which other healer it was), and can recognize his own previous 
contact with the patient many years earlier. (See, for example, the story of Agpaoa 
as recorded by Sigrun Seutemann in Healers and the Healing Process, ed. George 
W. Meek, Theosophical Publishing House, 1977, p. 93.) 


ALL MASS IS CHARGED: 
EVERYTHING IS ELECTRICAL 


It is well known that all mass is charged; thus everything in one sense is 
electricity. To examine this concept, let us look again at the electron with its virtual 
photons being emitted and absorbed, which virtual activity creates the electric field 
ofthe electron. In classical theory the electron is visualized as if it were alittle hard 
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spinning sphere; the spinning of its electric field then generates a magnetic com- 
ponent. This concept of spin is retained, even though the electron is no longer re- 
garded simply as a little baseball, 

From our viewpoint, the electric field constitutes a steady activity of the emi 
sion and absorption of virtual photons, and the electron spin is more of an implo- 
sion or explosion in higher dimensional space. That is, we visualize a fundamental 
stable particle as a precise closure of the entire physical universe, like the Einstein 
spherical model of the cosmos. Furthermore, we visualize multiple closure; first, a 
very gradual macroscopic closure gives the so-called gravitational closure of the 
Einstein spherical model, and a closure — in the case of an electron — of about 
10" times as quick and small gives the charge closure. This second closure is con- 
sidered to be at right angles to the first. In one direction the second closure gives a 
negative charge, and in the opposite direction the second closure gives a positive 
charge. 

So in this view, spin is occurring in at least four spatial dimensions, not just 
three. It is more of an implosion or explosion into and out of this three-space uni- 
verse frame. From such a model, we could expect that some startling physical phe- 
nomena might be possible. For example, we might visualize the implosive or ex- 
plosive spin as similar to a vector flux. If these vectors are not precisely antiparal- 
Jel when two like charged particles meet, then a resultant flux vector exists. Since 
spin is actually the quantity action (energy x time, or momentum x length, or mass 
x time), then the existence of a vector resultant means that enough action can exist, 
to provide a quantum to be fissioned, which yields (creates) physical change. Thus 
such a resultant allows a collision or interaction to occur. On the other hand, if two 
like charged particles meet and their spins are precisely antiparallel, then no vector 
resultant flux exists. Hence no effective action exists to be fissioned and create 
physical change (collision or interaction). Thus two like charged particles with pre~ 
cisely antiparallel spin ought to run right through each other when they meet, with 
no interaction at all, electrical or otherwise, in complete contradiction to conven- 
tional collision theory and conventional electrical theory which states that like 
charges repel one another. 

Such an experiment has been done, at Argonne National Laboratory, with col- 
liding protons. When the colliding protons have antiparallel spins, they do indeed 
pass right through one another. And there dies forever the old idea of concrete, 
solid, material reality. The experiment is not predictable or permitted by present 
electromagnetic theory or conceptual models of the proton and proton interaction. 
‘The experiment is consistent with our dual closure holographic model of the uni- 
verse, however, and is in fact predicted by it 

In a nucleus, we find both protons and neutrons (except for a single isotope of 
hydrogen, which contains only a single proton in its nucleus). However, these 
nucleons do not exactly maintain their exclusivity. Instead, a proton is continually 
changing into a neutron and vice versa; this metamorphosis is accomplished (in 
theory) by the continual exchange of a small particle of mass containing the posi- 
tive charge. Thus a highly dynamic type of electrical current activity is going on in 
the nucleus. And in fact, this is the only way a neutron can be stabilized in ordin- 
ary matter; when freed from the nucleus, the neutron is unstable and decays in 
about eleven seconds or so. So even a neutron is continually changing into a posi- 
tive particle, ie., into electricity, when it is in the nucleus of an atom. And around 


162 


the nucleus, the electrons are in dynamic orbit, so highly dynamic electrical activity 
is going on in the outer part of an atom and also in the inner part. Thus indeed all, 
mass is charged and everything macroscopic is electrical. And every physical 
change of a charged particle constitutes a modulation imposed upon its virtual 
photonic activity creating its electromagnetic field. These modulations are simply 
coherently collected to breach the threshold of the virtual (third) orthoframe, 
passing into the second orthoframe, then breaching the threshold of that frame, 
and passing into the first orthoframe, which is the frame of the electromagnetic 
field. The electric field is coupled by the dual closure mechanism to the gravita- 
tional field, and also to the mass. The entire mechanism constitutes the coupling of 
the virtual state reality to observable state reality, and the electromagnetic field 
plays a prominent part in this coupling. Psycholronies is nothing but the extra- 
polation of this mechanism and the formulation of a theory to allow the construe- 
tion of practical devices based upon it. Put simply, psychotronics is virtual state 
engineering 


A FUNNY THING ABOUT ELECTROMAGNETIC FIELD 


According to the present theory of physics, the electric field is due to the 
continual emission and reabsorption of virtual photons. Let us examine that con- 
cept just a little further, because there are some interesting conclusions we can 
make if we are not affaid to take the final conceptual step to the bottom line 
implications. 

First, each ordinary (observable) photon in the universe consists of alittle piece 
(quantum) of nonobservable action. The units of action are energy times time, or 
ML?/T {mass x length x length/time). The quantum of action in the photon is not 
separated into a separate piece of time and a separate piece ofenergy. And also, the 
quantum of action is a fixed, constant size or magnitude, given by Planck's con- 
stant h as 


h = 6626 x 10™ Joule-second 

All this says is that an ordinary photon has a certain size that is quite fixed, and 
it is made of the substance "action" which is totally nonperceivable and non- 
observable. Only changes in action are perceivable, observable, or detectable, never 
fundamental action itself. So physics already prescribes a universe made out of 
action, and that universe has no length, no time, no energy, no space, no concrete 
existence. Yet from it can be taken — by differentiation (which is simply separa- 
tion) — any length, any time, any energy. 

However, only a single quantum at a time changes or is separated. Quanta do 
not superpose. A single quantum can be split or fissioned into, say, a piece of 
energy and a piece of time. We can get as large or as small a piece of energy (i.e., 
change in energy) as we wish simply by adjusting the piece of time accordingly. The 
same type of separation is possible for momentum and length. 

‘The fragments of the action quantum (say, a piece of energy and a piece of 
time) must then be stuck back together again (ie., fused back into an action 
quantum) to get rid of them, and this particular part of the process has essentially 
been ignored by physicists. Anyhow, getting rid of the fragments (which gave us a 
piece of comparative physical change — energy versus time or momentum versus 
length) causes the just-completed physical change to vanish. 
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So at its most fundamental level, the entire universe is continually being created 
and then destroyed in sequence. The continual creation of a tiny piece of time and 
then the destruction of the piece of time makes us experience reality or change as if 
we were a pointer moving along a time line. We cannot see time because it is 
continually being destroyed by the change process, the very process of physical de- 
tection or observation itself 

Now if we invoke another kind of change, a virtual change, such that its size is 
always smaller than the actual quantum's size, then this kind of change cannot be 
detected, even theoretically. The concept of a virtual change is one such that the 
quantity of action that was changed was deliberately made smaller than the size re- 
quired to throw the switch of detectable or observable change. 

So if we have a virtual photon, it is simply a piece of action whose magnitude is 
always less than h, Here again, we can still get any amount of energy change we de~ 
sire, merely by adjusting the size of the piece of time associated with that energy. 
This then means that the virtual photon is not big enough to breach the threshold of 
quantum change, and so cannot be observed or detected. 

And here is the interesting bottom line ignored by most physicists and almost 
all the pragmatic scientists who run the orthodox establishments. The totally 
unobservable, undetectable virtual photons being emitted and absorbed are con- 
ceived as creating the electric field at the same time as observable physical change 
(ordinary quantum change) occurs. And the electric field, of course, can cause or 
induce change of sufficient magnitude to breach the quantum threshold and result 
in observable change. The bottom line is this: the virtual state can be collated and 
collected to sufficient magnitude to breach the quantum threshold and induce 
ordinary observable physical change. The electromagnetic field already does pre~ 
cisely this! And if reality can behave this way, as the physicists show, then let us 
simply accept that and apply it! 

Note that we have now resolved the problem of negative time. The fusion pro- 
‘cess replaces the little positive piece of time that was formed in the fission process. 
A continual stream of such replacements constitutes a continual stream of sub- 
tractions of positive time. Hence this represents a negative time operational chan- 
nel. Many of the equations of physics, e.g., Maxwell's equations of the electro- 
magnetic field, should be reexamined with a view to this negative time operation. 
Dirac calculated such an entity, an electron traveling backwards in time, and noted, 
that it would appear as a positively charged electron traveling forward in time, He 
thus predicted the positron which was later found in laboratory experiments. But of 
even more fundamental importance is that every piece of charged matter in the uni- 
verse has such an opposite twin — the well known antimatter concept. So anti- 
matter protons, neutrons, molecules, and physical structures exist. Indeed, this 
physical reality that we normally perceive has its antimatter twin which we are also 
unraveling backwards as we go. But here again the bottom line is far reaching: it 
means that we can coherently collect the virtual state to produce matter or its anti- 
matter, which after all are nothing but macroscopic assemblages of quantum 
changes, and we can thus get free energy, materialization and dematerialization, 
teleportation, and antigravity by means of special modifications and developments, 
of electromagnetic circuits. Each photon carries a small piece of time. And the 
entire virtual state reality is hanging onto that small piece of time as a modulation, 
‘That is where the probabilities are riding, in terms of the ordinary monocular 
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interpretation of quantum mechanics, all of these probabilities, and all possibili- 
ties, are concretely real and occupy orthogonal universes. Since they all share the 
same single time dimension, there is a time bridge or time channel connecting the 
universes. Each move or change in one of them crosstalks a tiny bit into each of the 
others. Since it is the photon which carries them, then each photon contains all pos 
sibilities and virtual states modulated upon itself. Photon interaction thus involves 
the communication of these possibilities and virtual states to the object with which 
the interaction occurs. 


EXTINGUISHING ELECTRICAL CURRENTS 


With psychotronics, it is quite possible to extinguish electrical currents flowing 
in a circuit, or in the nervous system of a biological organism. First, an electro- 
magnetic carrier (photon) is used to carry the psychotronic modulation pattern 
which will quench electrical currents. The particular psychotronic pattern is modu- 
lated upon each individual photon, in virtual state form riding upon the time com- 
ponent of the photon. This is totally different from the ordinary scheme of 
‘modulating an electromagnetic carrier; the normal scheme merely gates the rate of 
passage of photons (amplitude modulation), or changes the energy-time ratio on 
various photons as photons continually are emitted (frequency modulation). 

In this case, virtual state patterns (probabilities) are added directly to each pho- 
ton, in addition to whatever is done under the normal scheme of modulation. Thus 
the carrier can be electrically very complex or very simple. At any rate, the carrier 
with its psychottonic modulations reaches the target, and photons are absorbed 
continually and emitted continually by the target. The absorption of the photons 
and their modulations continually generate compound spacetime MdT nuclei and 
introduce the virtual state psychotronic modulations onto the mass's electric field, 
the modulations now riding on the virtual photons that generate that field, When a 
photon is re-emitted, the compound nucleus is split again, and the dT" is carried 
away by the photon, leaving behind a changed virtual photon state on the non- 
temporal mass spatially left in between quantum changes. 

As time passes, the virtual photons are more and more psychotronically modu- 
lated by the kindling effect. Eventually the collection breaches orthoframe thres- 
holds and reaches the electromagnetic field frame, changing the electromagnetic 
field. If the psychotronic pattern is such as to create a positive charge when suf- 
ficiently kindled, the negative electrical charge of the kindled electron is simply ab- 
sorbed or quenched from within, so to speak. And in this case no ordinary an- 
nihilation photons are emitted. Instead, the electron is converted to a neutrino 
when its electrical field is quenched, and it simply passes rapidly away through 
matter with no interaction and no damage or heating to that matter. Thus the cur- 
rents flowing in an electrical circuit or in a biological nervous system can be 
quenched, without any other damage to the system, and without any pair annihila- 
tion radiation being produced. 

‘The UFO phenomena very often demonstrate this effect, and the Soviet Union 
has Jong since weaponized it 
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A simple way to visualize this process is to imagine the virtual photons of the 
clectron as gradually being quenched. With the virtual photons gone, the electron 
hhas lost its charge and its electric field, and is now a neutrino. As a neutrino, it zips 
through matter with no interaction, and on out into deep space. 

‘This mechanism explains why the electrical circuits ofautos, radios, ete. usually 
‘are not damaged when they are disrupted by the UFO phenomena. Use of normal 
mechanisms to change or eliminate the electromagnetic field seriously disrupts the 
components of the circuits, heating materials, blowing fuses, and melting wires and 
components. The mechanism described here does none of those things. 

‘The weapon aspects are of course formidable, Small transmitters with the right 
modulation pattern could be dropped, planted, or fired almost anywhere, and these 
could be set to disrupt equipment or human nervous systems. Their use in satellites 
is obvious. Small transmitters of a fixed time-life broadcast duration could be fired 
behind enemy lines in artillery shells. Tactical missiles could carry hordes of such 
small transmitters and drop them along the way deep into enemy territory. Essen- 
tially everything electrical is vulnerable if radiated long enough for sufficient 
kindling to occur. Powerful radar beams can be modulated psychotronically to give 
them effects at a distance, disabling vehicles, communications equipment, and 
men. Even searchlights can be so modulated. Pavlita’s psychotronic generators are 
known to generate deathdealing effects, because he has demonstrated that they can 
Kill insects, and he has admitted that men can be killed with generators that are 
large enough. 

"An even more radical approach is to transmit the desired pattern directly 
through hyperspace with a hyperspace transmitter, using either a set of triads for 
focusing at a desired spot in normal space, or using a witness to generate form 
resonance with the desired target object, much like one tuning fork kindles another 
of the same tuning into vibration. The witness may be anything that contains the 
pattern of the target, e.g., a photo or a model. In the case of a living organism, each 
cell contains the blueprint for the entire organism, so a group of cells from the 
organism can be used. This applies to plants as well as to animals. 


DEATH TRANSMISSION VIA 
THE PARANORMAL CHANNEL 


As an example of the kindling effect and the variability of photon quenching of 
the paranormal channel, some extremely interesting experiments were performed 
by V.P. Kaznacheyev et al regarding the paranormal transmission of death. 
Briefly, two groups of cells were selected from the same cell culture and one sample 
placed on each side of a window joining two environmentally shielded rooms. The 
cell cultures were in quartz containers. One cell culture was used as the initiation 
sample and was subjected to a deadly mechanism — virus, germ, chemical poison, 
irradiation, ultraviolet rays, etc. The second cell culture was observed, to ascertain 
any transmitted effects from the culture sample being killed. 

When the window was made of ordinary glass, the second sample remained 
alive and healthy. When the window was made of quartz, the second sample 
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Fig. 11. Death transmission via the paranormal channel 


sickened and died with the same symptoms as the primary sample. The experi- 
ments were done in darkness, and over 5,000 were reported by Kaznacheyev and 
his colleagues. The onset of induced complementary sickness and death in the 
second culture followed a reasonable time — say two to four hours — behind sick- 
ness and death in the primary culture. 

‘The major transmission difference between window glass and quartz is that 
quartz transmits both ultraviolet and infrared well, while glass is relatively opaque 
to ultraviolet and infrared. Both quartz and glass transmit visible light. Thus glass 
is a suppressor of the paranormal channel, while quartz is not 

By performing the experiment in darkness through a quartz window, the four- 
law patterns of disease, sickness, or death engendered in the primary sample are 
not extensively squelched by the photon interaction, and these four-law patterns are 
transmitted through the quartz window into the second cell culture. Since the 
genetic patterns of the second culture are the same as those of the first, sympathetic 
four-state interaction and eventual kindling occur, resulting in the appearance of 
the effects in the second culture. 

It is well known that cells also emit mitogenic radiation, including radiation in 
the ultraviolet and infrared regions. Since these same regions are not strongly sup- 
pressed by the photon interaction, one may hypothesize that paranormal effects 
may be strongly modulated onto infrared and ultraviolet photon activity, and there 
is indeed evidence for such an assumption. In 1950, Western researchers found that 
cells could be killed in darkness with ultraviolet radiation, kept shielded from 
visible light for twenty-four hours or longer, and then if radiated with visible light 
the cells would start reviving by hundreds of thousands even though they had been 
clinically dead, 

Specifically, every cell emits mitogenetic radiation in the ultraviolet twice: 
when it is born and when it dies. The UV photon emitted at death contains the 
exact virtual state pattern of the condition of the cell at death. The healthy cells are 
bombarded with death messages from those that are dying, and this diffuses the 
death pattern throughout the healthy culture, eventually kindling into the same 
death pattern there. 

However, the squelching of the paranormal channel by photon interaction is 
never complete, or paranormal phenomena could never occur in daylight. Hence 
paranormal patterns can be modulated even onto visible light, although only ex- 
tremely weakly. Thus we may speak of the Q or sharpness of the paranormal 
modulation upon photon frequencies; Q is extremely low for visible light and may 
be extremely high for infrared and ultraviolet. In the visible light spectrum, it is 
probable that extremely large numbers of near-zero strength paranormal patterns 
are modulated on the light radiation; hence these patterns simply consist of a very 
weak background noise and the kindling effect does not apply. (The patterns are so 
random as to be self-cancelling in the kindling effect.) 


DISEASE AND DEATH INDUCTION 


‘The base idea here is that an active agent must be involved to disrupt the ordin- 
ary healthy pattern of inceptive life functioning. Since life functioning is inceptive, 
ultimately the bioframes, specifically the first and second, must be distorted or dis 
rupted. The first bioframe is the electromagnetic field and the second bioframe is a 
psychotronic field. The second bioframe may eventually be revealed as the new- 
rino field, but this is still uncertain at present. At any rate, itis a viral state field, 
Virtual state patterns of a disease, for example, are carried in each photon emitted 
by a diseased cell. The life functioning psychotronic components are modulated on 
the body's electromagnetic components. Thus they have an electromagnetic 
cartier, which will carry the inceptive life function patterns through the photon 
squelching effects of emitted photons in the body 

A host agent such as a germ produces an active agent such as a toxin, The 
chemistry involves the particular compound of the toxin that is disruptive or 
deadly. But chemistry after all is rigorously based on electrical patterns. These 
electrical patterns of toxic chemistry contain psychotronic patterns modulated 
upon them by the germ, and these genetic life functioning patterns are different 
from those of a human cell. The foreign psychotronic patterns are modulated upon 
the human body's electromagnetic patterns (currents) and thus reach the cell, 
where they interact by the fourth law in the cell membrane, being demodulated and 
introduced to the cell, and orthorotated in the process into electromagnetic signals 
disruptive to the orderly functioning of the cell. The foreign psychotronic signals 

iso jam the ordinary psychotronic patterns being demodulated by the cell in its in- 
ceptive operations from its mind frame or third bioframe. If this jamming is only 
moderate, the cell sickens; it is only disrupted. If the jamming is severe, the cell 
dies. 

‘The normal electromagnetic noise bathing the cell from the cosmos and the 
environment contains random components that largely self-cancel or balance. The 
modulated random psychotronic modulations of the ordinary background environ- 
ment behave similarly, and thus the normal background simply constitutes a weak 
noise flux which does not disrupt the inceptive life functioning. In the experiments 
of Kaznacheyev and his colleagues, photon squelching was largely restricted, and 
the psychotronic signals from the dying primary culture could go through the infra- 
red and ultraviolet windows in the quartz as virtual state patterns on the mitogenic 
UV photons emitted by dying cells, and be introduced directly into the secondary 
culture. The kindling effect then induced the disease or death pattern after an ap- 
propriate time delay. Thus it appears that there is indeed a fundamental mechan- 
ism by means of which a disease or death pattern from one cell is introduced into 
others. 

If this is true, then an exciting vista emerges for the treatment of hither-to in- 
curable diseases such as cancer. The psychotronic pattern of the cancer cells in a 
person's body could simply be recorded, then phase shifted 180 degrees, remodu- 
lated upon an RF carrier, and radiated back into the body of the patient to cancel 
the cancer’s signal patterns. Radiation of the body need not be severe at all; even 
‘weak radiation will suffice due to the kindling effect. At any rate, the hypothesized 
mechanism seems worthy of experimentation, and it seems to offer a validation of, 
the practice of radionic treatment of disease. 
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with specific QoS characteristics. Within the core network, virtualized core network 
functions support each slice and provide connections to external networks. *° 
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Information-Centric Networking 


For many usage scenarios, wireless networks provide broadband access to the internet, a 
network that itself is evolving. The internet is based on a node-centric design developed 
forty years ago. The point-to-point method of communication the internet uses has 
functioned well for a vast array of applications but is not optimal for the way content is 
developed and distributed today. Industry and academic organizations are researching a 
concept called “Information-Centric Networking.” ICN seeks a new approach of in-network 
caching that distributes content on a large scale, cost-efficiently and securely. 


Most internet content uses Uniform Resource Identifiers (URIs) to locate objects and define 
specific location-dependent IP addresses. This approach, however, causes problems when 
content moves, sites change domains, or content is replicated and each copy appears as a 
different object. Developments such as peer-to-peer overlays and content distribution 
networks (such as Akamai) that distribute cached copies of content are a first step toward 
an information-centric communication model. 


ICN is built from the ground up on the assumption of mobility, so it eliminates the mobility 
overlays on which current mobile broadband networks depend. The approach will be able 
to place information anywhere in the network with immediate and easy retrieval. 


Key principles of ICN include: 


*° For more details, see 5G Americas, Network Slicing for SG Networks & Services, November 2016. 
Available at: 
http: // www. Saamericas.org/files/3214/7975/0104/5G Americas Network Slicing 11.21 Final.pdf, 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 41 


DYNAMIC THOUGHT CONSTRUCTS: 
BIOFIELD MECHANISMS 


‘We will discover later that thoughts and thought objects are real, physical ob- 
jects in their own worldirame domain. As such, thoughts, or thought objects, or 
thought constructs can be and are quite functional devices in the thought world 
domain. In that domain, they are as physical as a rock. We will also discover that 
thought energy can be turned into electromagnetic energy by kindling, and can 
even be materialized if kindling is of sufficient intensity. As an example, thought 
energy from negative thoughts continually repeated or held in the mind can cause 
fone to become physically ill. This is a well-known effect, and such an illness is re~ 
ferred to as psychosomatic. However, the mechanism by means of which it is ac~ 
complished is not known. 

‘Actually the mechanism is simple: in the minute electrical currents that run 
through the nervous system, across the cell membranes, through the fibrous con- 
tent ofthe cells, and through the cell water structures, virtual state thought energy 
is continually kindled into weak electrical patterns, which modulate, shape, and 
affect all the vital processes of the body. Almost all this kindled thought energy is 
from the content of the unconscious mind. Thus the locked-in contents of our un- 
conscious minds eventually directly affect and change our bodies for either good or 
bad, depending on the particular content being kindled, 

‘Small wonder that we suddenly acquired a chemical problem some years ago 
after we were saturated by thousands of hours of pill advertisements on television, 
which directly implanted the idea that certain chemicals such as pain relievers con- 
tain the answer to life's problems, while others such as alcoholic beverages lead to a 
glamorous, active, exciting life. Not only can such material implant suggestions in 
the unconscious for association, but it can also directly condition the response that 
the body itself will exhibit to chemicals and drugs. 

It is now fairly well accepted that there exists a cancer personality and a heart 
attack personality, where the mindset is definitely and causatively involved. And 
from the Simontons’ work, we see that the mind can be effectively used in conjunc~ 
tion with other therapy to reverse cancer, even terminal cancer. But unfortunately, 
by and large Western medicine continues to rely on mechanics and chemicals. Es- 
sentially the patient is viewed as a mechanical apparatus and a chemical factory 
that is damaged, polluted, or out of sorts, and treatment consists largely of 
mechanical intervention (such as surgery) or chemical intervention (such as anti- 
biotics). Medicine continues to be a science of the reparation of damage or mal- 
function, It is the science of disease, not the science of health. I do not advocate 
abandoning the medical practices that have proven effective. I do advocate the 
augmentation of such measures by all the mind measures available. In fact 
medical science ought to be vigorously pushing forward into fields of psychic 
healing, psychotronics, radionics, ete. 
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RADIONICS 

In ancient development systems it was well known that the mind itself was a 
functional device, and that thoughts and thoughtforms could function as devices 
influencing and affecting other minds and physical material. It was also under- 
stood that the thoughtforms had to be crystal clear and very stable. This de- 
manded a great deal of practice in concentration, Eventually it was found that the 
stability of a physical form or device could materially assist the mind in maintain- 
ing stability. In ancient times many such devices were used: the dowsing rod, the 
crystal ball, the string-and-weight psychic pendulum, etc. 

In the last century it was discovered that electrical devices could be used as 
tuning assistants. This led to the development of radionics, the name being in- 
spired by the new electricity and magnetism discoveries, and particularly by the 
discovery of electromagnetic radiation. These radionics devices had a distinct ad- 
vantage in the degree of precision they achieved in the tuning of the inceptive 
cyborg (operator's mind linked with the actual device through hyperspace). Ten 
resistors could be staged to give an otherwise almost unobtainable degree of 
accuracy and precision to the inceptive tuning. The use of variable resistors al- 
lowed rapid change of resistance, and thus rapid change of the overall cyborg 
tuning, and the ability to scan precisely in hyperspace, say, the emanations from a 
patient. In the hands of a skilled operator, such a device was often much more 
accurate than the finest medical test equipment available today, and infinitely 
cheaper and faster. In addition, such testing and diagnosis added little or no dis- 
tress to the patient. This weird new radionics presented a formidable threat to the 
orthodox medical establishment. In the U.S. at least, the dogmatic medical estab- 
lishment promptly came down hard on this potential threat to its hitherto unchal- 
lenged domination in the field of medical treatment. Its inquisition and purge was 
made easier by the fact that many charlatans also leaped into the lucrative field, 
having little or no actual diagnostic ability, and prescribing meaningless amulets 
and placebos for seriously ill patients. Also, the strangeness of radionies, such as 
the ability to diagnose illness from a drop of blood drawn from a patient thousands 
of miles away from the diagnostician and the radionics device, alienated many 
members of the medical profession who sincerely believed that no such diagnosis, 
‘was possible, and that all such psychic demonstrations were frauds. Furthermore, 
the results, either diagnosis or treatment, were not usually repeatable by ordinary 
physicians and investigators since the psychic skill of the operator was directly in- 
volved. Organized medicine of course did not recognize the ability of the doctor to 
mentally or psychically intervene in the patient's illness, and so such practice was 
regarded as fraudulent and banned by the medical establishment. 

‘The radionics practitioners were hounded into court, prosecuted, and con- 
victed of fraud and of practicing medicine without a license. Several prominent 
radionics pioneers were actually hounded to death, Wilhelm Reich and Ruth 
Drown being the two most prominent examples. What could have been a great leap 
forward in medical science in the U.S., and the beginning of the development of 
psychotronics, was crushed by the power, ignorance, and bigotry of orthodoxy. To 
this day U.S. radionics has not recovered, and U.S. radionics practitioners are a 
rare breed, largely underground, who perform their experiments in suspicious 
secrecy and have only lately begun cautiously emerging from obscurity. In Eng- 
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land and elsewhere, radionics survived and flourished, and today one can legally 
receive radionics treatment in England, 


PSYCHOTRONIC DEVICE: 
A SIMPLE SPACE (QUITON) AMPLIFIER 


It is possible to speak of the smallest piece of nothing, that we will call a 
"quiton.” It does not monocularly appear as a perceived thing. Quitons are pieces 
of action, in which dEdT > i/4%pi. Quitons are virtual entities, and very small 

Collection of a sufficient number of quitons results in breaching a threshold, so 
that a thing results. To superpose quitons (dEdT's) must be of the same magi 
tude and time coherent. 

‘Thus in any situation involving a particularized nothing, collecting enough 
pieces of that nothing eventually exhausts the nothing set and reaches its boun: 
ary, whereupon it is a thing. This is really not different from collecting all non- 
dimensional points in a particular sequence and finding we now have a one-dimen- 
sional line segment, o collecting all the pieces of spacetime warp in a particular re- 
gion and discovering that we have now a mass. 

A device can easily be constructed to process dual natured or binocular entities 
(quitons), which are monocularly zeroes, while excluding monocular entities. Thus 
we can build a space amplifier or quiton amplifier or vacuum amplifier. Two 
single-state excluders in a series feed or input to an ordinary single-state amplifier 
or processor in a shielded container. The output is fed into a device which will 
rotate the dual-state entity or field so that an ordinary field can result. One side or 
the other of the dual-state output will be exclusively present in three-space. 


TYPICAL HIERONYMUS DETECTOR 


‘The Hieronymus device, patented by Thomas G. Hieronymus in 1949, is one such 
device. It has an optical front end, a prism which passes waves and does not admit parti- 
cles. So a wave entering the front end will go through the prism and be refracted at an 
angle that depends on the frequency ofthe wave. Inside the surrounding box, which acts 
asa light shield, is a small tuner, alittle copper rod attached to a rotatable wheel so that 
the rod may be moved through the various refractive angles from the prism. The prism is 
‘mounted on the box with a thin slit in the wall, so that only a small and narrow field of 
view exists external to the box. The tuner rod is wired to the input of a three-stage RF 
amplifier where each stage is separately shielded against light—which is very interest- 
ing, because ofa similar requirement in the two-slit experimental apparatus if the elec 
tron was to act asa wave. The output of the RF amplifier comes out of the box and ends 
in a flat coil of wire between two parallel plastic plates. 


m 


DEPENDS ON FREQUENCY 
f ‘COPPER ROD | L 7 


SHIELDING AGAINST EXTRANEOUS LIGHT 


REFRACTED ANGLE | PLATE 


ye L OF 


Picea! 3-STAGE RF ‘INSULATED 
ANP WIRE 
PIVOT TUBE) | 
Par = PLASTIC 
| PLATE 


Fig. 12. Typical Hieronymus detector 


Coming into the box through the slit in the prism, there can be single-state enti- 
ties and dual-state entities or quitons. The physicist does not have a good name for 
a dual-state entity. They used to be called wavicles; today we talk about wave 
packets. But what after all is a wave packet? It is a three-dimensional bunch of 
two-dimensional waves! So that is where the physicists have hidden the idea of the 
dual-state waviele today. 

Only single-state waves and dual-state entities or quitons can pass through the 
prism and be refracted at an angle dependent upon the frequency. If we then tune 
the rod into the correct angle of refraction, the refracted quitons hit it, as do the 
single-state waves if their frequency should happen to coincide with the frequency 
of the quitons. Now the single-state wave dies when it hits the copper rod: it may 
chip a single electron or two off a copper crystalline grain, but that is lost in the 
thermal noise anyway, below the detection threshold of the RF amplifier. The qui- 
tons, however, simply say "Oh! Now you want us to act like a corpuscular elec 
tron, and go through those wires and conduction paths. That's all right, that is just 
our right hand side." So the quitons will go through and be amplified, just exactly 
like ordinary electrons would do. But now it is not electron energy, it is a dual-state 
analog of energy — let us call it anenergy, for analog of energy. (Hieronymus 
called it eloptic energy, since it could act as electron flow or as optical waves, but 
was neither exclusively.) The amplified anenergy will come out in the coil of wire 
and it will generate field and it is not a magnetic field, and so it cannot be mea- 
sured on normal laboratory instruments. The simplest way to detect the anenergy 
fields is to use the human sensory system, because the human body knew about RF 
energy, frequency modulation, and anenergy long before we had modern electrical 
and magnetic instruments. (The use of anenergy is illustrated by acupuncture, a 
very ancient medical system dealing with the fact that a peculiar type of energy-like 
stuif flows in the body, and in certain points and structures of the body, it can inter~ 
act with other energies and fields.) 


Now if we believe we cannot sense the anenergy fields, then we cannot. We can 
turn the entire anenergy detection system in the body off with the unconscious 
mind. The negative psi effect is a well-documented effect in parapsychology. There 
are goats as well as sheep. Some persons do worse on psi tests than chance would 
possibly allow. They are the goats. They exhibit the negative psi effect, for uncon- 
sciously they want to show you that psi does not work, so they use psi effects to do 
‘worse than is possible by chance. 

‘At any rate, the human sensory system can get a tingle from the anenergy field 
generated by the flat coil of wire in the Hieronymus machine's output. What type 
of tingle one gets depends upon one's own type of body sensory tuning. It may feel 
as if the fingers on the plastic plate are in thick syrup. Or as if the plastic plate were 
vibrating. Or it may feel greasy in a peculiar way. And the negative person does not 
get a tingle at all 

‘The Hieronymus machine has been built by many persons, and it works for 
those who are not negative. It processes entities that exist in the dual 
obey the fourth law of logic. And we can do some almost magical thi 
dual-state nonthings, these nothings, if we set our minds to it. This is what psycho- 
tronics is all about. 
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ANOTHER KIND OF HIERONYMUS DEVICE 
AND THE INCEPTIVE CYBORG EFFECT 


If thought constructs are actual operational mechanisms, then there should be 
other evidence besides psychosomatic illness and the demonstrated ability of the 
mind to cure certain illnesses. In fact, the Hieronymus device can be used to 
demonstrate this point, 

John Campbell, former noted editor of Analog Magazine, once built an 
Hieronymus device and tested it successfully. Campbell immediately recognized 
that present physics could not explain the functioning of the device. In an ex- 
change with Arthur Young, Young suggested to Campbell that it was the mind of 
the operator that made the device function, and that it was the symbolic form of the 
device that dynamically functioned to make it work. This appeared particularly 
significant to Campbell since he had discovered he could make the device work 
‘even though disconnected from its power supply. 

So Campbell decided to test this thesis. He carefully drew on paper in black 
India ink a schematic diagram of the amplifier, removed the actual amplifier hard- 
ware, and substituted the schematic drawing. To his absolute amazement, the de- 
vice worked as well for him this way as it had previously. But from our standpoint, 
such a result is not unexpected and can be readily explained. 

First, I should point out quite strongly that Campbell not only was well-quali- 
fied technically, but even more important, he had an open and unbiased mind. This 
of course is quite necessary; the negative psi effect is well known, and the negative 
person is most certainly not going to allow his mind to operate the Hieronymus 
machine, just as he will not allow himself to succeed at dowsing, and so on. 

Furthermore, in constructing the electrical schema of the amplifier, Campbell 
‘was strongly impressing stable thought constructs in his own unconscious, which 
‘was fully aware of the function of each part of the drawing. And when he con- 
nected that drawing to the rest of the hardware, he understood the function of the 
connection, He thus built in a thought connection from his thought-form amplifier 
to the hardware in a cyborg device. It then functioned as well for him as had the 
actual device. Campbell had proved that mind and matter may be cyborged into 
operational devices, 

Psychic use of a pendulum, a ouija board, a dowsing rod, a crystal ball, and a 
crystal skull are other examples of the use of inceptive cyborg psychotronic de- 
vices, as is the use of radionics equipment of all types. And of course the most out- 
standing example of an inceptive cyborg where mind and matter are linked into one 
functional device is a living biological system, 

Frances Farrelly, working with Arthur Young, took part in an experiment 
using an ancient Mexican figurine with a fluted neck. She succeeded in inducing 
fluted ears ina laboratory mouse. The mouse was exposed to the figurine about 
three feet away, and the cage or the mouse was connected to the figurine with a 
wire. Physical objects, such as mice bodies and fluted figurines, are three-dimen- 
nional channel tuners for orthorotating mind energies. Given firm initiation by a 
talented person such as Ms. Farrelly, a selected grouping of tuners can be reson- 
ated to collect bioenergy, and kindle it into ordinary energy and then into physical 
effects 
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PROBABILITY: THROW OF A DIE 


‘The fourth law of logic is absolutely indispensable in physics. We use it every 
day and do not realize it in probability. But what afterall is probability? Let us use 
a very simple example to get at the answer to that question. Let us use the face of a 
die turned up. How can I model that, before the die is thrown? 

Now we can only think by operationalism. To operate and output something is 
to automatically put it in the past. It's happened, it's gone, the moment you do it, 
To perceive an object is to put it in the past. To determine it is to put it in the past 
To observe it is to put it in the past. There is no observed, perceived, detected, mea- 
sured, or determined present. That is, there is no separated, exclusive, determined 
present such as is specified by the first three laws of logic — the fourth law is the 
present, by the way — but in observational physics which deals with determined, 

observed past phenomena, there exists no present. The future has not yet been ob- 
served, so it also is the unobserved. Only the past therefore is the observed. How 
then can one ever hope to model the unobserved present or the unobserved future? 

If look at the problem of the die with one face up, itis in the past. When I see 

it, it is in the past. When I think it, itis in the past. So ifall I can observe, think, or 
perceive is the die in the past, how can I ever model it in the future? It's very 

simple! If I drive any problem set to its absolute boundary limit, it turns into its 
‘own opposite by the fourth law of logic, by the law of the boundary. So how do I do 
that with this problem of the dic? 

The problem set is specified by the condition "the perceived die with one face 
up"; this is the most recent past. Now simply find all the most immediate pasts you 
ccan get to meet the condition specified, and gather them all up together, and they 
then must turn into and comprise precisely the opposite, the immediate future. In 

this problem set, I can construct and collect six such pasts, each consisting of the 
perceived die with one face up. So by the fourth law of logic, those six faces up col- 
lected together as an ensemble represent the future and in fact are identical to the 
future. The present, which is simply the boundary between the most immediate past 

andthe most immediate future, was specified by applying the fourth law of logic in 

the first place: the identity of the most immediate past and the most immediate 
future, being binocular, is unperceived, but it is the present nonetheless. So that is, 
‘what probability is — an application of the fourth law oflogic, so that the most im- 

‘mediatefuture can be represented in terms of the most immediate past — and 
physicists and mathematicians have been doing this ever since they have been doing 
physics and mathematics. 

Without the fourth law of logic, there exists no rigorous logical basis for prob- 

ability! So the fourth law is a very useful law indeed. We have simply failed to real- 
ize that we have been applying it all along, 

‘The ontological problem can also be solved as follows: to state that "A is not” 
is to state that "A is" is not; to absent a presented thing is to first present it; to be 

“not-being" is a clear statement of the problem. By the first three laws of logic, the 
problem is not soluble. By the fourth law. it is simple since being and not-being can 
be identified. All distinction between present (being) and absent (not being) can be 
lost. 
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NEGATIVE TIME 


Negative time does exist and is used in advanced physical theories. Dirac pre- 
dicted an electron traveling backward in time, which would be observed in positive 
time as a positive charge traveling forward in time. 

‘The application of negative time to philosophy also allows the solution to the 
problem of good and evil. In positive time we may consider an act as evil — say the 
act of a hungry wolf seizing a hapless rabbit and devouring it. In positive time, we 
might say that to the rabbit the act was evil, and to the hungry wolf the act was 
good, noticing in the process that good and evil are relative terms, not absolutes. 
Examining the situation now in negative time, a very strange thing occurs. The re- 
mains of the consumed rabbit are regurgitated from the wolfs belly, again creating 
a living breathing rabbit, and reintroducing hunger into the wolf. Thus the act now 
is beneficial to the rabbit and detrimental to the wolf 

‘The point is that Allness or Godness is both sides of every coin, not one side 
only. Omega Godness exists both backward and forward in time; it must do so ifit 
is to be unlimited, even by time itself. 

Thus to such unlimited allness, every act is both good and evil simultaneously. 
‘Thus we can understand how a perfect creator could establish and ordain good and 
evil, for there is a sense in which the two are synonymous. 

However, such insight is a very strong dose of medicine, too strong for the 
average stomach. Most persons never seek the Unlimited Godness; instead, they 
seek a good facet of Godness that itself moves forward only positively in time. Thus 
they find a partial image which is limited in and by the flow of time. By such an as- 
sumption the biblical phrase "I am Alpha and Omega" is unconsciously translated 
into "I was Alpha and I will be Omega." Thus orthodox Christianity long ago lost 
much of the God-insight originally given by the avatar Jesus. Only those few 
cloistered individuals who still struggle with exegesis grapple with the problem of 
good and evil. The problem indeed has a solution, but the solution involves nega- 
tive time, the fourth law of logic, and an unlimited creator. 


TIME OSCILLATION, 
QUANTUM CHANGE, AND MASS 


It is well known in physics that almost all physical theory is time-reversible, 
i.e., the equations hold true whether time is positive or negative, 

This is important in the theory of antimatter. A positron (antielectron) may be 
regarded as an electron traveling backward in time. The destruction of an electron 
constitutes the creation of a positron, and vice versa, when we are observing in only 
cone kind of time. 

However, when we consider monocular quantum change, we realize that time 
ccan be modeled as a wave, To have any of the present physical quantities (energy 
length, time, and momentum changes), a quantum of action must be isolated and 
fissioned into fragments. By this process we get a change in any physical quantity 
This is fairly well understood in present physics, though not in this exact 
terminology. 

177 


However, what is not recognized in physics is that a disposal operation must be 
performed to clear away the fragments of one physical change before another can 
‘occur. The only way the fragments can be cleared away is to fuse them back into an 
action atom. Since action itself cannot be perceived (only a change in action can be 
perceived, not action itself) then fusing the fragments into a quantum removes the 
fragments 

This fusion operation removes positive time fragments (and other positive frag~ 
‘ments) and so can be considered a negative time operation. Thus time can be con- 
sidered to be an oscillatory wave because of its continual monocular discrete crea- 
tion and annihilation by the quantum change process. 

In fact, time oscillation may be considered to be the fundamental reality, and 
quantized change its result 

By the complementarity principle, time, being a wave, also must sometimes 
exhibit a corpuscular nature. (Indeed, all virtual state particles are nested within 
the structure of time.) 

‘The Soviet work on time generating force thus is ofabsolutely fundamental im- 
portance, What has been released of Kiozyrev's work seems to be intentionally 
deceptive and of little value. His real work and that of his colleagues appears to 
have the highest Soviet classification, and none of this material has been released, 

In the West, the only person of note who has grasped the fundamental import of 
time and time oscillations is Charles Muses. As early as 1958, Muses pointed out 
that there was no mystery in the two-slit experiment if the chronotopological fea- 
tures ofthe experiment were properly taken into account. Muses also worked out a 
hypernumber structure of time, but its significance seems to have escaped ortho- 
dox physics. Nonetheless, his work has direct technological implications, such as 
materialization and dematerialization of matter, and offers an approach to the 
engineering development of actual devices. Since his hypernumber theory of time 
structure also encompasses consciousness, it represents a union of physics and 
metaphysics on a common basis, and an approach to the engineering development 
of psychotronic devices. 

Western physicists, then, would be well advised to pursue vigorously the idea of 
time oscillations, both theoretically and experimentally. And they would also be 
well advised to examine the hypernumber work of Charles Muses. 

‘Since mind and virtual state occupy the time dimension, the nested structure of 
time contains the mechanisms for mental-physical interaction and for direct ampli- 
fication of virtual state into observable state (or for the dissolution of observable 
state into virtual state), 


MASS IS A TIME-DIFFERENTIATION 


‘The most fundamental aspect of the concept of mass is that it occupies space, 
i.e., that it is three-dimensional. Mass thus is a time differentiation of Minkow- 
skian spacetime L'7. Applying the fourth law of logic, a thing does that which it is 
and is that which it does. Thus mass is a time-differentiator. 

Because of this, we cannot see time, the fourth dimension, although we can see 
LE’ length, width, and height. Because we look through and detect with a mass 
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sensory system, the time dimension is lost in the act of looking and detecting, i.e. 
ddHL'T) =" 

and we thus see a spatial reality. Physical instruments also have mass and do pre- 

cisely the same thing. For this reason, ultimately all measurement or detection is 

spatial rather than spatio-temporal, as is well known in physics. 

Note that we do not see or detect total reality, but only a partial differentiation 
of it. Thus the position ofthe materialist’s view is ironic: in his absolute insistence 
that reality consists in only what can be seen, touched, felt, or detected and mea- 
sured with his instruments, he condemns himself to the greatest illusion of all, the 
notion that the outputs of his physical sensory system and his physical instruments 
constitute absolute reality. Also, since the only physical dimension shared by mind 
is time, mind reality is lost in the act ofdetecting, and hence only phenomena which 
are totally separated from mind are detected. 

By the fourth law of logic, the existence in no mind at all constitutes the exist- 
ence in each and every mind (nonexclusively). Thus physical phenomena are those 
phenomena that are processed by every mind, We will see that the fourth law 
enables us to deal precisely with mental, physical, and paranormal phenomena on 
that basis (how many minds the phenomena exist in) 


REALITY IS LIKE AN OPOSSUM 


Reality is like a mother opossum carrying her little baby opossums on her tail, 
i.e,, the entire mental-virtual state is carried along as virtual constructs, nested 
comfortably in the delta time portions of each photon. In the piece of time that is 
fissioned out of an action quantum to give observable change, there are a multi- 
tude of little pieces of time still attached to subquantum virtual state entities and 
hanging on, exactly like little baby opossums hanging on to their mother's tail with 
their own tails. 

‘The world is so built, then, according to physics. And if we include our physical 
model of mindchanges, every possibility in fact concretely exists in that manner, in 
the virtual state, timewise hanging into the time dimension of the detected physical 
world’s four-space frame, but spacewise hanging out of the ordinary three-space 
physical universe of objects. So indeed all possible realities, even the wildest and 
the most farfetched, exist in the virtual state 

‘The time channel is thus quite literally the paranormal channel that connects, 
the normal spatial world to an infinity of nonnormal spatial worldframes. Only by 
the continual destruction of each piece of created time (by fusing it back together 
with the piece of energy involved, and forming a quantum which is unperceivable) 
are we able to experience physical reality at all, uncluttered and relatively free from 
the vast hordes of infinite realities through which the ship of quantum-change 
physical reality sails. 

Since the electromagnetic field represents a collection of this vast array of reali- 
ties, then by proper selection (i.e., by coherent tuning) of multiple stages we should 
be able to select a particular virtual reality channel. And indeed so we can, Any 
scheme for drastically increasing signal-to-noise ratios should be adaptable to such 
a collection mechanism for the detection of bioenergy. 
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The architecture inherently supports user mobility. 
Network operations are name-based instead of address- or node-based. 


The network itself stores, processes, and forwards information. 


oooco 


Intrinsic security guarantees the integrity of every data object. 


The goal of ICN is to simplify the storage and distribution of gigantic amounts of content 
while reducing the amount of traffic and latency users face when accessing the content. 
The internet cannot just be replaced, however, so in initial stages, ICN would operate as 
an overlay, and over time would assume an increasing percentage of the functions within 
the internet. ICN would not discard IP; rather, it seeks to generalize the routing concept to 
enrich networking with new capabilities. 


Some technology aspects of ICN include: 


Information retrieval from multiple sources without needing to know the location of 
the information. 


@ Multipath communications that improves user performance and traffic load 
balancing, 


@ Subsequent requests for the same data will be served locally without needing to 
fetch it from original repository. 


Q Elimination of the name-to-location indirection associated with Domain Name 
Service (DNS) 


Because mobility is such a central aspect of ICN, mobile network operators are in a unique 
position to participate in ICN-related research and development, and to do so as part of 
5G development. ICN has not progressed to a level at which 3GPP specification work could 
include it, so instead promoters are ensuring that 5G specification work does not preclude 
it. With this approach, operators in the 2020s will have the option of overlaying ICN 
capability on their 5G networks. ICN could even be implemented as a 5G network slice for 
mobile and end-systems capable of ICN. 


3GPP Releases 

3GPP standards development falls into three principal areas: radio interfaces, core 
networks, and services. Progress in the 3GPP family of technologies has occurred in 
multiple phases, first with GSM, then GPRS, EDGE, UMTS, HSPA, HSPA+, LTE, LTE- 
Advanced, and now LTE-Advanced Pro. Underlying radio approaches have evolved from 
Time Division Multiple Access (TDMA) to CDMA to Orthogonal Frequency Division Multiple 
Access (OFDMA), which is the basis of LTE. 3GPP is also involved in standardization of 5G 
technology. 


Table 5 summarizes the key 3GPP technologies and their characteristics. 
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In another sense, reality is like a television set with an infinite number of real- 
ity channels, but only one of which is tuned in at any one time. By adjusting the 
tuning, however, a different reality, including even different physical laws of 
nature, may be tuned in, 


BIOFIELD CONCEPTS 


To understand the hyperframe approach to fields, we must understand the 
dimensionality of intersections in n-dimensional space. The dimensionality of an 
orthogonal intersection is one less than the dimensionality of the intersector having 
the lowest dimension. One intersector appears radically different to the other inter- 
sector since the second sees only a derivative of the first. Itis the total projection of 
an intersector that is "seen" by that which it intersects. 

Hubbard's manifold theory also derives these principles. The "types of reality” 
that these other objects appear to be will depend on the types of intersections they 
make with the frame of the observer. 

This cannot be stressed too strongly: an observer sees his own frame, and inter- 
sections in that frame, nothing else. He does not necessarily see the entire reality of 
any object, and if an object is in a frame that does not intersect the observer's 
frame, the observer cannot detect that object at all. 

‘Thus all types of reality are open to reinterpretation in the light of intersecting 
and nonintersecting frames. And to shift dimensions (increase or decrease), all we 
need do is add or subtract additional orthogonal intersections. 


MASS, FORCE, AND 3-D FRAME ROTATION 


It is well known that a moving mass can be considered as existing in a three- 
dimensional space which is rotated away from the line of motion of the mass 
seen in the laboratory frame. Einstein in fact pointed this out. 

As the velocity of the object approaches c, the speed of light, the angle of rota- 
tion approaches 90°. From the bottom left figure it can be seen that a force in the 
laboratory frame, applied to the moving mass along its direction of motion in the 
laboratory frame, only affects the mass in the mass's rotated frame with a pro- 
jected portion. To the laboratory observer, the mass's resistance to the disturbing 
force applied seems to have increased; thus to him the inertial mass of the object 
seems to have increased, i... if it is harder to push, its resistance to pushing must 


have increased. 

But in the rotated frame, the object's mass has not increased. The rotated frame 
effect is why the mass of an object increases to one observer but not to the other. 

When the rotated frame can be rotated to a full 90°, no force applied by the 
laboratory observer can accelerate it further, because the applied force has zero 
projection in the rotated frame where the mass actually is. Thus the mass (resist- 
lance to pushing) appears infinite to the laboratory observer, while to the rotated 
observer it is still exactly the same as it always was, Furthermore, to the rotated 
observer, the force being exerted on the rotated mass is zero. 
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Fig. 15. Mass is /1-rotation of hyperspatial flux 


However, the mass's intersection in the lab frame is now two-dimensional. 
Since only three-dimensional objects can have mass, the object is massless to the 
laboratory observer. So here we have a paradox: zero mass is identical to infinite 
mass. This is perfectly in consonance with the fourth law of logic. 

‘The absence of any single finite mass actually permits two indistinguishable 
solutions: the absence of any three-dimensional mass at all, and the exclusive 
presence of more than any finite mass. The two opposites are identical on the 
boundary case. 

‘Thus a photon has zero mass because it is a two-dimensional object and only 
three-dimensional objects have mass. A photon also has infinite mass because it 
‘cannot be accelerated along its direction of travel. A photon is a perfectly ordinary 
three-dimensional particle existing in a normal three-space that is one orthogonal 
turn away from the laboratory three-space. 


MASS IS 7 ROTATION OF HYPERSPATIAL FLUX 


In Figure 15. 1 show that a localized mass is simply the result of orthorota- 
tional flux in and out of that localized region. This is a hyperspatial flux, since it 
actualy is flowing or rotating in hyperspace 

This flux is related to the spin of a fundamental particle, and in one sense may 
be regarded as an extension of the concept of spin, ie., ordinary spin is simply a 
derivative subset of hyperspatial spin (orthorotation between orthogonal three- 
space). 

“This flux does not move through laboratory three-space, but rotates into and 
out of it, at and for each fundamental particle of mass in laboratory three-space 
{As I point out elsewhere, mass itself is nothing but the absolute value summations 
of action quantum fission and fusion activity in a localized (fundamental particle) 
spatial region (Ouiton/Perceptron Physis). Fission and fusion are orthorotations. 
or hyperflux activities 

Also, if we represent this hyperspatial flux by flux lines (a standard practice in 
physics), then each line is jttered because of its modulation by many higher-re- 
‘quency components. This flux and the jitter in it play an important part in para- 
normal phenomena, 

Furthermore, the hyperspace flux can be seen in two other ways: (1) as con: 
tinual direct coherent collections of virtual subquanta to reach the quantum thres- 
hold, breaching it and becoming observable quantum change. Thus it should en- 
compass essentially all hidden variable theories. This is the same mechanism by 
means of which virtual photons kindle and ereate electric field and the charge of an 
electrically charged particle; (2) as continual direct coherent collections of mind 
Virtual state subquanta to reach the quantum threshold, breaching it and turning 
into observable quantum change (physical phenomena). Thus all matter is totally 
mind and totally alive — inert matter is just nonpreferentially alive. The resultant 
flux vector in an inert mass is zero since there exists as much flow out as in, and 
vice versa, This totally eliminates the classical dichotomy between mind. and 
matter. It also implies that accelerated objects do not have nonpreferential type of 
life, but in fact have some degree of preferential life, since fission and fusion rates 
of an accelerated object are not equal 
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Establishing sufficient pattern coherence in the parts of an accelerated system 
thus constitutes a preferential tuning between multiple parallel-directed direc- 
tional coherences. This effect can result in establishing a one-to-one correspond- 
ence to and from one of the higher orthoworlds, i.e. it ean result in a coherent 
circulation between that universe and the specific inert accelerated system. This 
circulation is easiest to establish through magic frequency windows where the chan- 
nels of least resistance exist. This is the basic mechanism by means of which a living 
biological system is produced in and from the appropriate primeval amino acid 
soup in the presence of (a) magic-window induction (such as in the ultraviolet), (b) 
the acceleration of otherwise inert particles (such as is locally provided by lightning 
discharges), and (c) the strong collection of bioenergy to orthorotate it through 
three rotations (as is also provided by lightning discharges). 

It is not accidental that life can be and has been created in the laboratory. This 
type of experiment, done by a team of strong psychics projecting intentional bio- 
‘energy forms, should be able to create specific forms of life. The same type of 
mechanism can occur inside the living body where it can induce psychomatic ill- 
ness. A similar mechanism is probably responsible for the placebo effect, and pos- 
sibly for the body's production of antibodies and the psychic modification of 
enzyme activity, psychic healing, etc 


JITTER OR DITHER 
MODULATES THE PRIMARY FLUX 


In the continual, virtual, subquantum, orthorotational flux (crosstalk), rotating 
into and out of a fundamental mass particle, only those components that are coher- 
ent are additive, and only those that add to the quantum threshold and breach it 
become observable quantum change. 

In a given observable quantum change consisting of such coherently adhered 
subquanta, time is produced by fission of the quantum of action. All remaining 
statistical subquanta which have not collected to the threshold level are virtual sub- 
quanta of action possessing unfissioned, unseparated time. These virtual subquan- 
ta, which themselves are dynamic and gradually collecting and superposing to var- 
ious degrees and at various rates, are attached to and exist in the dT interval pro- 
duced by fission of the action quantum. Thus each and every piece of time contains 
dynamic, nested, virtual subquanta. Time in observable changes may thus be said 
to possess an internal dynamic structure filled with such virtual subquantum 
mental, neutrino, and photonic entities. 

At any fission time, the degree of superposition of each of these nested entities 
is highly variable and depends on the whole past collection history, which in turn 
depends on all flux components of the proper frequency that have been arriving 
from all the orthoframes, 

‘Thus virtual-mental entities cohere frequency wise until they breach the 
quantum threshold and discharge into observable quantum change. It is much like 
the accumulation of a static charge until sufficient potential is reached and a spark 
‘occurs, discharging the accumulation of charge. The same sort of relationship 
exists between virtual-mental state and observable state. The only difference is that 
vVirual-mental state accumulates by frequency or time phase. 


185 


Since present physics is entirely localized, local observations cannot have taken 
into account distant matching-frequency events in the laboratory frame, or 
‘matching-frequency events in orthogonal frames. To the localized particle of ma 
the precise moment a particular subquantum superposition of given frequency will 
superpose to the threshold and turn into quantum change is therefore not predict- 
able. Since the remote causes cannot be accounted for, the local effects cannot be 
time-ordered, 

‘Therefore at the quantum level, the physical change is totally statistical to a 
monocular observer. This accounts for the fact that the quantum world is statistical 
rather than causal, 

However, a given fundamental mass particle has a structure of physical as- 
pects, e-g., mass, spin, locality, frequency spectrum, switch rate, strangeness, etc. 
Al of these may be expressible in terms of orthorotational concepts, although not, 
all of them have yet been so worked out. Muses has already pointed out that some 
of the present quantum numbers are actually hypernumbers. And just as =T, the 
first hypernumber, is an orthogonal rotation, so are the other hypernumbers. 

At any rate, one may regard a fundamental particle as simply a complicated 
three-space tuning pattern existing in the orthorotational crosstalk flux between 
orthoframes. This pattern may also be said to consist of sets of frequencies, since 
each orthorotational flux line has a frequency of in-out-operation. Thus each 
fundamental particle is a set of tuning frequencies in the flux. A stable particle is a 
stable spectrum comprised of standing waves. An unstable particle is an unstable 
set, comprised of some standing waves, which account for the duration, and some 
not-quite-standing waves, which account for the excited state or degree of instabil- 
ity of the object. 

On each flux line, orthorotational flux lines exist, constituting jitter or dither. 
Also, every fundamental particle is a tuning. It both tunes and is the result of its 
tuning, ie, by the fourth law of logic it does what it is and itis what it does. Since 
tuning allows frequency communication between orthoworlds, then free-energy de- 
vices are not only possible but are practical. So are dematerialization-materializa- 
tion devices, teleportation devices, devices that heal or kill, and anticancer devices, 


THE UNTOLD STORY OF QUARKS. 

We hear so much nonsense about the objectivity of science that it occasionally 
seems necessary to debunk the sacred cow. In fact, the quark story is a prime 
example. 

In 1910, Millikan made his famous oil drop experiment and determined the 
ccharge-to-mass (e/m) ratio of the electron. By multiplying this ratio by the mass of 
the electron, the amount of charge on the electron might be computed. Thus was 
born the idea of a constant amount or quantum of electricity, the fixed charge on 
an electron. Millikan received the Nobel prize for this famous experiment. 

Actually, Millikan himself did not originate the experiment. One of his bril- 
liant graduate students, Harvey Fletcher, first conceived the idea. Millikan be- 
came interested after he saw what a stir the results were creating, and he accepted 
the Nobel prize without sharing the credit with his brilliant student. Later Dr. Har- 
vey Fletcher was to become the head of Bell Telephone Laboratories and an emin- 
ent managerial scientist in his own right. He also is the father of Dr. James 
Fletcher, former Chief Administrator of NASA 
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Incidentally, Dr. Harvey Fletcher is still alive and alert, should anyone care to 
check the story! Nonetheless, it is highly doubtful that this grave injustice to Dr. 
Harvey Fletcher will be corrected. 

But the story does not end there. In the late 1930's, a German physicist named 
Ehrenhaft decided to change the Millikan experiment and use charged solid 
particles rather than charged liquid oil drops. In fact he used red selenium spheres 
of various sizes. Amazingly, he discovered that he could isolate and measure frac- 
tional charges (quarks) at will, and he could even control the magnitude of the frac- 
tional charge isolated on a selenium sphere by varying the diameter of the sphere it- 
sal. 

His work was duly published in scientific journals, and duly greeted with 
derision and hostility. Ehrenhaft himself disappeared during World War II. And 
there the matter lay. Dogmatic scientists continued to blindly teach the indivisibil- 
ity of the electric charge, Millikan retained his exalted position and Ehrenhaft's 
work passed into comfortable obscurity. And in sophomore physics laboratories all 
across the nation, the indivisible quantum of electricity held full sway, dutifully 
proved over and over by the oil drop experiment. 

Then in the 1960's, the particle physicists, despairing because of the bewilder- 
ing new array of fundamental particles that continued to pour in confusion from 
their massive high energy machines, turned again to the idea of fractional charge 
(quarks) to try to make some unifying sense of the embarrassing abundance of 
strange new particles. By choosing three simple quarks, they could unify the theory 
of almost all the new particles. (Additional quarks have become necessary in the 
theory since then.) 

So physicists gradually began to look for quarks, but in the giant, sophisti- 
cated, cumbersome experiments and devices that were yielding all the strange 
Particles, not in the simpleton’s approach that Ehrenhait had taken. And they 
could not find them! Try as they would, a quark just refused to leave its tell-tale 
track. But in desperation they kept looking, and kept missing them. 

‘Then in 1972 a convention of physicists was held at the International Center for 
Theoretical Physics in Trieste, Italy. Seven Nobel Prizewinners in physics at- 
tended the convention, whose theme was the physicist's conception of nature. Paul 
Dirac, the Nobel prizewinner who had theoretically predicted the positron before 
its discovery, gave the keynote address to the distinguished gathering. 

Amazingly, Dirac presented the work of Ehrenhaft to the startled convention! 
He showed some of Ehrenhaft's data, and then pointed out that Millikan had also 
reported a single measurement of fractional charge, but had discarded it from con- 
sideration because he felt it was probably an experimental error. Dirac remarked 
that it all made him wonder whether Millikan might really have had a quark in that 
single discarded measurement. 

‘The die was cast, and the seed finally planted. In 1977, about forty years after Ehren- 
haft first obtained his quarks, someone finally got around to using solid paniculate mat- 
ter. Researchers at Stanford University tried it out using niobium, and they gota little 
fractional charge on their niobium. So after forty years, Ehrenhalt, who had so long been 
ridiculed and ignored, was finally vindicated. Ithad taken the establishment that long to 
check his work instead of dogmatically rejecting it. Yetin none of the articles I have seen 
‘on the new discovery has there been a single word about Ehrenhat, or of Dirac’s presen- 
tation of his work at Trieste. 
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EINSTEIN'S SPHERICAL MODEL OF THE COSMOS 


Einstein's spherical model of the cosmos is a primary example of a holographic 
universe. In such a closed spacetime, each point inside the universe is also at the ex- 
treme end of the universe in any direction, Thus the entire physical universe is 
totally outside any of its internal points, and totally inside each internal point as 
well 

‘That is an application ofthe fourth law of logic. The total internal is identical to 
the total external. The adjective "total" merely moves one to the common bound- 
ary between the operational concepts of "internal" and "external." At that bound: 
ary, there is no operational distinction between one and the other. 

‘The universe closure is not limited to just one occurrence or one rate of closure. 
In fact the universe can then proceed to close again within the same local three- 
space, e.g., a gradual macroscopic closure due to gravity field (or causing it) con- 
stitutes the external universe, and a second extremely sharp microscopic closure 
due to electric field (or causing it!) constitutes electric charge. The two together 
constitute a fundamental charged particle of mass. The polarity of charge is de- 
termined merely by which of two directions the second closure was made in. Con- 
sidering an electron as such a dually closed entity, it is readily seen that the closure 
ratios are all that is being referred to by Feynman's condition. Feyman pointed out 
that any unified field theory must explain why the ratio of the radii of the Einstein 
closed universe and the classical electron, and the ratio of the electrical and gravi- 
tational forces between two electrons, were the same — on the order of 10. The 
‘model is also consistent with Santilli's proof that the electric field and the gravita- 
tional field are either the same thing or partially the same thing. In our model, an 
electric field is in fact a highly compressed gravitational field. Proper time 
synchronization should allow fantastic antigravity effects to be realized, and thus 
clectrogravitics has a basis in this model, 


A CHARGED PARTICLE 
IS A DUAL CLOSURE OF THE UNIVERSE 


It is proposed that each fundamental particle having electric charge represents 

«a dual closure of the entire physical universe. The gravitational field closure is slow 

and weak, and it is that closure which results in the so-called external physical uni- 
It is proposed that all particles participate in this same closure, since it is their 
combined distributed mass that represents or causes the closure. (By the fourth 
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law, “represents” and “causes” become simultaneous atthe boundary, i., when 
closure is accomplished.) 

‘There are two directions possible for this gravitational closure: one where 
gravitational masses appear to attract, and one where gravitational masses appear 
to repel. These two directions thus form antimatter closures with respect to each 
other. The G closure where G masses attract is stid to be the closure associated 
with «positive time dimension, while the G closure where G masses repel is said to 
be the closure associated with a negative time dimension. The direction of closure 
represents or causes the time dimension’ algebraic sign, and vice versa (fourth 
law). 

The electri field (E) closure is strong and fast — on the order of 10" times as 
strong and fast as the G closure. However, is closure isin a direction orthogonal to 
the direction ofthe G closure. Since all matter is in motion, a slight deviation fom 
exact orthogonality actually exists between the G and E closures du to crosstalk 
projection of components from the slight frame rotaion involved inthe velocity of 
each mass itself 

‘There are two primary orthogonal directions forthe E closure. One direction 
yields postive charge and the other yields negative charge, forthe postive time 
Closure. For the negative time closure, the diections are reversed, 

Such a schema, oF version of it, can be made consistent with Santis proof, 
Feynman’ eriterion, and the observed fact that electricity can affect gravity and 
vice versa (clectrogravitics) In fac, the electric field becomes a highly compressed 
ravitational fel, t nearly 90° from the normal gravitational field, Liberating the 
compressed gravity in a flashlight battery could accomplish fantastic antigravity 
effects. Ironically, antigravity should be the simplest and cheapest effect ever 
dreamed of, once practical mechanisms for orthoshifting E field to G field are dis- 
covered. 

Since psychotronics and quarks involve more fundamental components of 
electromagnet field, hyperfilds or biofields, psychotronic devices to yield ant- 
gravity should be quite feasible. The undisclosed extensions to Pavlita's psycho- 
tronic generators are thus of absolutely fundamental importance. 

Furthermore, the ancients appear t have possessed prychotronic devices, Con- 
sidering that metals, crystals, and other common materials can be used t, con- 
struct psychotronie generators, and great power is attainable by the hyperchanne! 
amplifier effect, it is quite possible that priests of several ancient civilizations 
actually possessed psychotronie devices to it giant stones by antigravity, and other 
psychotronic devices to carve the stones like jelly. They may also have possessed 
Psychotronic flying machines which used antigravity for ft and something like 
Tocket propulsion for horizontal thrust. A flying machine that gets its if from 
antigravity might be extremely crude in external appearance, and the use of hyper- 
space for travel would make it unneccessary to travel extensively through ordinary 
three-dimensional space. Thus many aspects of travel through normal space such 
as air drag and fineness ratio are of little importance to a psychotronic vehicle 


ADDING AND SUBTRACTING DIMENSIONS 


Figure 17 shows the relation between total collection (integration) and ortho- 


gonal rotation in hyperspace. 
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Table 5: Characteristics of 3GPP Technologies 
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User-achievable rates and additional details on typical rates are covered in the appendix 
section "Data Throughput.” 


3GPP develops specifications in releases, with each release addressing multiple 
technologies. For example, Release 8 defined dual-carrier operation for HSPA but also 
introduced LTE, Each release adds new features and improves performance of existing 
functionality in different ways. Table 6 summarizes some key features of different 3GPP 
releases. 


“. HSPA and HSPA+ throughput rates are for a 5+5 MHz deployment. 


+5 MH2” means 5 MHz used for the downlink and 5 MHz used for the uplink. 


2 5G Americas member company analysis for downlink and uplink. Assumes single user with 50% load 
in other sectors. AT&T and Verizon are quoting typical user rates of 5-12 Mbps on the downlink and 2-5 
Mbps on the uplink for their netwarks. See additional LTE throughput information in the section below, 
“LTE Throughput. 
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Fig. 17. Adding and subtracting dimensions 


Total collection of zero-dimensional points in one direction integrates the 
points into a line (one-dimensional entity). This is precisely the same as if any of 
the points had been the plane intersection of an orthogonal line, and that line had 
now been rotated into the plane. Total collection in one direction is dimensional 
integration, and the collected entities gain an additional dimension, i.e., total col- 
lection constitues orthogonal rotation of the higher dimensioned object into ob- 
server three-space. 

A point can be considered to be, and modeled as, a line in a frame one ortho- 
gonal turn away, and simultaneously as a plane two orthogonal turns away, and 
simultaneously as a solid (in fact, an entire three-dimensional physical world) three 
orthogonal rotations away. The latter may also be considered to be, and modeled 
as, a mind, or even as an infolded infinite set of minds. The concept does not stop at 
three dimensions, but proceeds into higher realms indefinitely. However, three 
dimensions plus an orthogonal time dimension are sufficient for our purposes. 

‘A converse operation also exists. Differentiation consists of a cut in an object 
whereby one single element (of the collection the object represents), is separated 
and isolated, so that one dimension is lost. It is like a closure being opened at one 
clement. This is the same as an orthogonal rotation of the entity (being differenti- 
ated) in a direction departing from observer three-space. 

In the Figure, the lower two figures show the collection-is-integration schema 
for higher-dimensional figures. In the lower right figure, we cannot draw the three- 
dimensional object in its orthorotated position in four-space since we have only 
three spatial dimensions in the frame. Nonetheless, the additional dimensions exist 
and are simple to treat mathematically. 


MIND IS OBJECTIVE 


In time differentiating, mass loses the time dimension. Therefore we cannot see 
time with a mass perceiver, but we can see L’ (spatial extension). But time is the 
only so-called objective dimension occupied or shared by mind. Therefore we also 
cannot normally perceive mind, because the plate (time) on which it was sitting is 
lost in the perception process. 

‘Thus Descartes was both right and wrong. He was right in that monocular mind 
is not present in physical detection output, but wrong in believing mind and 
physical phenomena are totally separate. Time does not exist except with respect 10 
between one L' perception and another, if L' is all that is outputted. Physical time 
is totally relative, totally mental, and exists only in memory. Mind is thus present 
in L’ T four-dimensional physical phenomena and is discretized along with time dis- 
croteness in the Heisenberg uncertainty relation dEdi>= Iv2*pi 

In fact, we can even take the extreme view that time is mind. Because to estab- 
lish a delta t, a former L’ must be established and compared to a more recent L’ 
‘The only place the former L can rigorously be found is in memory. An event, once 
occurred, is in the past and is forever gone to the observer. Only in his memory can 
it be said to exist. But then so is the observation also of the most recent L’. Thus, 
rigorously, observed phenomena may be said to exist only in memory, and there is 
only a past, never a present. Thus a full four-dimensional mind is inseparable from 
perceived physical phenomena, and mind is quantized along with quantum change 
in the physical world, 
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A POWERFUL EXAMPLE: 
CANTOR'S PROOF THAT THE SET OF ALL SETS IS NOT A SET 


Fig. 18. Turning a thing into its opposite 


THE SKIN TRANSDUCER EFFECT: TURNING A 
THING INTO ITS OPPOSITE 


On the boundary interface, one type of field may be turned into another. The 
higher psychotronic field (biofields) may be turned into an electromagnetic field, 
and vice versa. The boundary interface serves as a transfer function mechanism for 
translating one kind of effect into another. Both ends of the transfer function are 
excitonically united in and on the interface. 

‘The Soviet work that measured coherence of cyclic rhythms (heartbeat, breath, 
body electric fields, etc.) in Kulagina is significant in this respect. Kulagina in- 
duced electrostatic fields around objects that she moved psychokinetically. Her 
biofield, which is connected through hyperspace to the object being moved, is 
orthorotated into ordinary fields at the interface ofthe object. Thus an electric field 
is created, and also a momentum field that causes the object to move by ordinary 
physics. 

‘The Soviet work appears to have established that man, earth, and cosmos are 
psychotronically and coherently linked: that the boundary of an object is a trans- 
ducer coupling internal and external dynamic changes in one-to-one correspond- 
ence; that the transducer effect applies to both living and nonliving systems; and 
that through tuning and resonance, internal patterns can be incepted externally, 
and external patterns can be incepted internally. 


EVERETT'S MANY-WORLDS INTERPRETATION 
OF QUANTUM MECHANICS 


Both mind and matter can be precisely modeled in Everett's many-world inter- 
pretation of quantum mechanics, 

Ordinary relativity is interpreted for only a single observer at a time. If you 
believe that you and I simply coexist at the same time, then the basis of physics is 
very different from what is in your physies book. Everett worked out what happens 
to physics if we insist on multiple observers at a time: all possibilities exist and are 
real, no matter how weird or far out; the world is a single giant universal wave funk 
tion; collapse of the state vector has meaning only to a single observer; the world is 
composed of multiple orthogonal worlds of infinite variety, complexity, and 
strangeness; each world constantly splits into multiple worlds at a fantastic rate 

‘The many-worlds interpretation, though strange, is totally consistent with the 
experimental basis of physics. Most physicists have completely ignored Everett's 
profound and fundamental work; the MWI is a time bomb ticking away at the 
heart of physics. 


SPACETIME CURVATURE IS TRICKY 


Bent and rotated spaces give strange results. A thing in one frame can be some- 
thing quite different in another frame. Just as the mass of a moving object does not 
increase with respect to its own inertial frame, it increases with respect to the ob- 
server's static frame. 

What a thing is, is totally relative to the perceiver and his perceiving frame. It 
can even be nothing in a great many frames. Do you see how nothing can contain 
everything? 
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So we really can turn nothing into something if we are clever. 

‘We can solve the energy crisis by building free energy devices which simply co- 
here the nonintersecting virtual-mental energy states and collect them, breaching 
the quantum threshold and yielding real, observable energy. To put it another way, 
‘we can tap zero-point energy. 

‘And we can also turn a thought-object into a real, materialized object in this 
physical frame. Or we can dematerialize a physical object, converting it to a mental 
object. 


MULTIPLE REALITIES (MANY WORLDS) 


In Figure 16,1 show the particular selection of dimensions 1 take from Everett's 
‘many-worlds interpretation of quantum mechanics. Other and more complex selec- 
tions can be taken, but these suffice for our purposes and allow us to complete the 
basic schema for connecting physics and metaphysics in the simplest possible 
manner. The selection and the schema developed thus provides an initial crude 
theory which makes predictions, develops theoretical mechanisms, and can be 
physically. tested 

In the diagram, each three-dimensional physical frame of an infinite set at 
orthogonal angles to each other is shown by a single line about the plane of the 
bottom, much like the spokes of a wheel, The single time dimension shared by 
every one of the spokes or three-dimensional worlds is shown by a single vertical 
Tine, much like the axle for the whee! and its spokes 

Starting withthe left spoke and going counterclockwise, the spoke worlds are 
numbered with the prime superscript system. The § world isthe normal three-space 
physical world we all live in and detect; the S! world is the first orthogonal world, 
etc, Each word is also called a hyperspace or bioframe or bioworld and numbered 
consecutively beginning with zero forthe $ frame. Thus the zero-h hyperspace is 
the ordinary physical universe 

The first hyperspace is the electromagnetic field. A physical object inthis frame 
is seen as an electromagnetic field to the S frame observer. Since its intersection 
with the S frame is two-dimensional, we immediately se that the electromagnetic 
field is a plane wave, Light thus travels at speed cto every observer in the S frame, 
because c is of represents an orthogonal rotation 

Further than the first frame, a three-dimensional object is seen by the S-fame 
observer as a deBroglie wave. Since its rotation is greater than 90° with respect to 
the Scframe, the deBroglie wave always moves faster than the speed of light with 
respect to the S-frame observer. 

’A three-dimensional object in the S® frame is seem by the S-frame observer as a 
line o force vector ie, simply as fax, (Tentatively, this frame appears to be the 
area of neutrinos.) 

‘A three-dimensional object in the $" frame is seen by the S-frame observer as a 
spatial point, ic, as spatially dimensionless. It is thus a mental objector a virtual 
object to the $ observer. 

‘The entire S* frame constitutes a mind or a virtual world. There are an infinite 
number of such $° frames available in hyperspace. In fact, there exists a set of 
three orthogonal turns between any frame higher than S° and the S frame, due to 
the mature of hyperspace. Thus in the model we are using, any of the higher bio- 
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frames may be considered to be only three orthogonal rotations away from the S 
frame. 

We thus have a scheme of multiple worlds and multiple re 
may construct living systems, thoughts, tulpas, etc. And we may also turn one type 
of field into another, simply by virtual state collection or separation, as the case 
may be. 

All frames 5° or higher are mental or virtual frames. Ph 
these frames are mental phenomena with respect to the § frame. 

Note that we have deliberately evoked a system whereby a mind is modeled in 
terms of physics and physical reality is modeled in terms of mind. The only differ- 
cence between any two entities in the various worlds is a matter of orthogonal rota 
tion. 

For the pure mathematician, obviously this entire model could be extracted into 
‘a new calculus. A symbol could be assigned to the orthorotation operation, and a 
sign assigned to the symbol to indicate whether the direction of turning is ap- 
proaching the observer or departing from the observer. Sideways turns and in- 
betweenwards-turns could be represented by additional signs, or hypernumbers. 1 
suspect that such a calculus is well worth doing, and I also suspect that it will 
closely resemble Charles Muses's hypernumber work when done. Using a six- 
dimensional geometry, the German physicist Heim has accomplished something 
similar, without yet realizing that he has also modeled mind. His work generates all 
the fundamental particles of physics and explains many features of UFO pheno- 
mena, as is to be expected from the scheme developed here 

At any rate, an exact calculus of higher dimensions and of turning one kind of 
field into another kind of field — with no barrier at all between physics and meta- 
physics — awaits the hands of the builder. 


CLUSTERED ORTHOGONAL WORLDS 


In this diagram, I show a sample of how various objects appear in their inter- 
sections with various bioframes. Note that an object is many things at once, and 
that many of the things it is are nonthings or nothings. 

Everything is a thought in at least one frame. We can appreciate James Jeans's 
remark that the world appears less and less like a mechanism and more and more 
like a single thought. His intuition was in fact literally correct. 

Each entity is a photon in at least one frame (let there be light!) Each entity is a 
line in at least one frame. Each entity is a three-dimensional spatial object in at 
least one frame. 

By orthogonal rotation, a thing can change its face with respect to an observer, 
appearing to change into a totally different sort of thing with respect to a fixed ob- 
server in one frame, Reality is quite plastic and absolutely unlimited. It is only our 
‘own rigid heads that have been made of solid concrete. 

Specifically, materialization of thought objects, by three approaching ortho- 
gonal rotations, exists. Similarly, dematerialization of an object, by three receding 
orthogonal rotations, exists. In such a case the dematerialized object appears the 
same as a thought object or virtual object. 

‘A perfectly valid mechanism thus exists for tulpoids, materialized thought 
forms. All that is needed is a sufficient virtual state collection mechanism, 
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Fig. 20. Clustered orthogonal worlds 


Note that an orthogonal rotation in an approaching manner is automatically 
accomplished by sufficient coherent collection in the remote frame. There is a fin- 
ite collection threshold between two orthogonal hyperirames. Sufficient collection 
in one frame (by a tuning or directing mechanism in a third frame) breaches the 
threshold in the collection frame and the collected or quantized entity automatic- 
ally appears in the next frame closer to the tuning mechanism's frame. The process 
may then be repeated. If sufficiently repeated, all the intervening thresholds are 
breached and full materialization of the object in the observer's frame (tuning 
frame) occurs. 

By this process an object may be kindled from a remote frame to one that is less 
remote. Two successive applications of kindling turns thought into electrom: 
netic field. This is how thought photography is accomplished, and the talented 
individual who accomplishes itis simply cyborged to the camera film grain in an in- 
ceptive cyborg device. Many such examples, including some deliberately accomp- 
lished on demand by the study group in which I am included, are given in this book, 
Three successive kindlings turn a thought object into a materialized object, a 
tulpoid. 

Such a materialized thought-object may be of an inert object or of a living, 
breathing, biological being. The model we are working in has eliminated any super- 
ficial difference between living and nonliving because it is a four-law model. And a 
materialized living being will be just as real and physical and functional as any 
other person on this earth. Ultimately, that is all that we ourselves are — tulpoids. 
Nothing exists but the thought of the infinite creator, so to speak, and we are 
simply part of that thought. 

‘The coherence in multiple stages necessary to accomplish kindling is often re- 
ferred to as tuning in this book. Tuning sufficient to enable two orthogonal rota- 
tions results in thought turning into electromagnetic field or light. Such a kindled 
field may be additive or subtractive to existing electromagnetic fields. Thus 
kindling can cancel an electromagnetic field that already exists, or it can create one 
where none previously existed, or it can shape, modulate, or change one which al- 
ready exists 

Kindling can also wipe out the charge on a charged particle, o it can build up a 
charge on an object which previously had no electric charge. It is not accidental 
that Kulagina, when performing psychokinesis in the laboratory. first causes the in- 
duction of an electrostatic field on a nonmoving object. Then the object moves 
psychokinetically. In a similar fashion, she has stopped a frog's heart; kindling of 
the type to quench electric charge would of course eliminate the electrical trigger 
signals in the muscles of the heart, rendering it inoperable. This could mean either 
cessation and paralysis in a moderate case or total death in a drastic case. She also 
fon one occasion demonstrated the ability to stop a living human heart. I have met, 
other people who could do something similar. One of the great secret techniques in 
certain Oriental martial arts was the death touch. This could only be accomplished 
by certain rare adepts; with a light touch of the hand or fingers, they could induce a 
charge of bioenergy into and onto the acupuncture system of the body, so that the 
body itself began to slowly kindle its own nerve current quenching. A real adept 
could control the amount induced so that the death of the victim could be roughly 
controlled. Radionics and voodoo can do similar things, though usually to a lesser 
degree. 
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‘There also exists a precise mechanism for metal bending; the destruction of the 
charged particles (for the protons in the nucleus and the electrons in orbit, or even 
for just the protons in the nucleus) converts the particles in some atoms to 
neutrinos, which then vanish in the distance without interaction. Thus localized 
areas in strong metal can be kindled and made quite plastic fom thought energy 
alone by one who has developed this skill. And the kindled areas will give every 
indication of having been subjected to extreme heat or unusual forces of a sort not 
encountered in normal metal bending or fracture. Also, the inceptor who is bending 
the metal and the metal itself are cyborged together into a single inceptive cyborg 
mechanism. Therefore the metal will often continue to bend even after laid down, 
because in the cyborg kindling is still occurring 

Furthermore, metals that exhibit unusual physical characteristics, such as 
nitinol, can change those characteristics dramatically by kindling. Also, an elec- 
trostatic field can be directly kindled in and induced on an external object, and an 
electric field or electromagnetic field can be induced in its surrounding space to 
interact with it, accomplishing psychokinesis of the object. 

Or thought energy can be kindled in the hyperfield fluxes of an ordinary mag- 
net. A magnetic compass needle can be moved by mind or a magnetometer can be 
affected, even through a superconductive Farraday shield. After all, the effect is 
rotating into our three-dimensional space from outside it, so shielding is of little 
consequence except where it interferes with tuning. 


CROSSTALK BETWEEN MULTIPLE REALITIES 


In Figure 21, I show that phenomena in all the hyperframes crosstalk. A 
moving object in frame S possesses a slight rotation, hence it projects a tiny com- 
ponent into frame S'. This $' component, however, is still dynamic and has a small 
velocity in S!. Hence it also is slightly rotated and therefore has a crosstalk com- 
ponent projected into frame S* with a velocity there. Having finite velocity, this 
projection in turn has a rotation and projects into the next higher frame, and so on. 

‘Thus any changing entity in any frame crosstalks a tiny amount into any other 
frame. In a frame 5", the crosstalk from a change in any other frame S? is norm- 
ally so small as to be virtual, hence nonobservable. Coherent virtual crosstalk, 
however, integrates and can breach the threshold between virtual and observable 
state. It is in fact possible to show that what we call a mass in S space is simply the 
sum total of the crosstalk in and out of a localized region L’ of $ space, the local- 
ized region being the mass in question, 

Another point to notice is that most fundamental particles in a frame rarely 
move with constant velocity. Instead, they normally accelerate and decelerate con- 
tinually. Thus the actual velocity vector of one of these entities is continually 
changing, usually quite erratically. But for microscopic particles in regular atomic 
or crystalline formations, the change pattern is quite regular. At any rate, the con- 
stant changes on the velocity induce a jitter component on its crosstalk into other 
bioframes 


So the crosstalk into a frame is jittery. Thus a fundamental particle is jittery or 
wavelike, The fine structure constant of an electron encompasses this hyperspatial 
jitter or wavelike state of the electron, The fine structure constant is about 1/137. 
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Pig. 21. Crosstalk between multiple realities 
Thus an electron actually spends about 1/137 of the time in hyperspace. 

So, because offjitter, an object is partially in every hyperframe a minute but fin- 
ite part of the time. So are all minds and mental objects, and so are all virtual ob- 
jects. For a fundamental particle, the fraction of time that one quantum of action 
pervades another frame may be referred to as the identity coefficient 

The identity coefficient varies: it is the photon interaction that time differenti- 
ates, quenching time and separating the bioframes, and this interaction is not a 
linear operator since the intensity of time differentiation is a rather complicated 
function of photon frequency. 

‘At any rate, for an electron in orbit in an atom (or for any other electron, for 
that matter) there is thus a small but finite probability that the electron may be at 
any given position in the universe when its detection occurs. In other words, there is 
a finite probability of collecting an electron at any point in the universe, and the 
collection may be made from multiple points simultaneously. We can actually col- 
lect the same electron twice, so to speak! Or even a million million times. 

‘The probability of detection of an electron at a given position may be directly 
expressed as the fraction of time that the electron actually spends there. And this 
fact may be used to develop a holographic coherent collection scheme that can 
directly amplify particles. Thus a so-called free energy device, which in one sense is 
just a tap into the zero point energy of vacuum, can be built. And it has been built, 
by Moray and by others. The jitter and crosstalk make it directly possible. 


BIOFIELDS: AND MAVERICK WORLDS 


Figure 22 shows a convenient list of how objects appear in different frames. 
This schema, selected from Everett's many-worlds interpretation, allows modeling 
of life, death, mind, matter, and psi. It also allows one type of field to be ortho- 
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Table 6: Key Features in 3GPP Releases** 


Release | Year Key Features 

99 1999 | First deployable version of UMTS 

5 2002 | High Speed Downlink Packet Access (HSDPA) for UMTS. 

6 2005 | High Speed Uplink Packet Access (HSUPA) for UMTS. 

7 2008 | HSPA+ with higher-order modulation and MIMO. 

a 2009, | Long Term Evolution. Dual-carrier HSDPA, 

10 2011 | LTE-Advanced, including carrier aggregation and elCIC. 

Ir 2013, | Coordinated Multi Point (CoMP). 

12 2015 | Public safety support. Device-to-device communications, Dual 
Connectivity. 256 QAM on the downlink. 

13 2016 | LTE-Advanced Pro features. LTE operation in unlicensed bands 
using LAA. Full-dimension MIMO. LTE-WLAN Aggregation. 
Narrowband Internet of Things. 

14 2017 | LTE-Advanced Pro additional features, such as eLAA (adding 
uplink to LAA) and cellular V2X communications. Study item for 
5G “New Radio.” 

is 2018 | Additional LTE-Advanced Pro features, such as ultra-reliable low- 
latency communications. Phase 1 of 5G. Will emphasize enhanced 
mobile broadband use case and sub-40 GHz operation. Includes 
Massive MIMO, beamforming, and 4G-5G interworking, including 
ability for LTE connectivity to a 5G CN. 

16 2019 | Phase 2 of 5G. Full compliance with ITU IMT-2020 requirements. 
Will add URLLC, spectrum sharing, unlicensed operation, and 
multiple other enhancements. 

7 2021 | Further LTE and 5G enhancements. 


Refer to the Appendix section “3GPP Releases” for a more detailed listing of features in 
‘each 3GPP Release, 


44 After Release 99, release versions went to a numerical designation beginning with Release 4, instead 
of designation by year. 
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BBIOFIELDS: TIME-CLUSTERED ORTHOFRAME 
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Fig. 22. Biofields: time-clustered orthoframes 


rotated and tured into another kind. Such orthorotation demands correct time 
synchronization, rather than brute force energy application. In fact, orthorotation 
is energy-conservative for a single orthogonal turn. 

Even the strangest conceptions and most fantastic possibilities have their own 
assigned realm of concrete reality. These are referred to as maverick worlds. 

Note that all possibilities — everything that has happened or could have hap- 
pened, and everything that will happen or could happen — are real and exist con- 
cretely in their separate orthogonal universes. The same is true for all thoughts and 
thought worlds, and all possible thoughts and thought worlds. 

By proper coherent tuning, an object in one of these orthoframes can be ortho- 
rotated into our own frame and objectified, and that is what the Tibetan monks call 
a tulpa, an objective materialization of a thought form. The tulpa will hardly ever 
be closed entirely in phase, however, and so it will almost always be unstable. 
UFO's, angels, and imps go away. But the materialization of one of these can be 
entirely objective and perfectly objective traces can be left, such as photographs, 
broken limbs, scorched asphalt, indentations, and depressions in grassy fields. Any 
thought object can be so orthorotated and objectified. Beings, religious figures, 
angels, fairies, imps, UFO's, and monsters can all appear. 


HYPERFIELD FLUX IN A MAGNETIC FIELD 


In the conventional experiment to determine the pattern of a magnetic field, 
iron filings are sprinkled about a bar magnet on a piece of paper. As shown in the 
top drawing of Figure 23, the iron filings form a symmetrical pattern. Further, the 
only apparent circulation pattern is from one pole to the other. Each flux line is 
closed, going through the magnet from one pole to the other and out of that other 
pole, bending back through space to the first pole, Every flux line therefore goes 
through both poles. 
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However, each little iron filing is actually quite static; it does not move at all. It 
does not change with respect to either time or position. It is therefore integrating 
any higher sinusoidal component that is changing with respect to time and length. 
‘The characteristics of the orthodox picture that emerges are prescribed by Max- 
wells equations of electromagnetic field, 

If we tape the bar magnet to the face of a color television tube, the magnetic 
field is now being scanned or probed or sampled by a moving electron beam, which 
reacts with the magnetic field ofthe bar magnet. This electron beam is changing its 
position with respect to time and length, and it therefore differentiates the magne- 
tic field. The hyperspatial "ripples" in the magnetic field now are not integrated 
exactly to cancel, and so a small deviation from each flux line will be detected by 
the differentiating beam. Slight deviations will cause a color change, and so the 
hyperspatial flux now becomes evident on the television screen, The lower draw- 
ings show the rather unusual, nonsymmetrical pattern that emerges. 

‘The equations for these hyperfield fluxes should be obtainable by differen- 
tiating Maxwell's equations twice more, yielding fourth order equations. These 
equations should be the much sought-after equations of prana, chi, ki, ectoplasm, 
bioenergy, bioplasma, odic force, ete. 

Note that the hyperfield circulation goes into the north pole and pours out of 
the south pole. A living organism exposed to the north pole, end on, will have its 
own bioenergy sucked out by the magnet, and its own flux will diminish somewhat. 
Exposed to the south pole, end on, it will have its own bioenergy increased by the 
bioflux pouring from the magnet. This explains why many experimenters who have 
extensively tested the influence of magnetism on growing plants have found that the 
north pole inhibits and the south pole stimulates growth and health. 

‘The hyperfields are fundamental fields rather than electromagnetic fields; they 
collect coherently and kindle into electromagnetic field, creating it or destroying it 


LIFE AND DEATH 


In Figure 24 1 present an overall schema for life and death — and for rein- 
camation as well 

An infinite number of hyperfields or bioframes are shown as S, $',S?, S etc 
The fame $ is the ordinary laboratory frame — the physical spatial world we lve 
in and observe. The frame "isthe electromagnetic field, te frame S° the linear or 
flux frame, and S* the first "mental" or "virtual" frame. Also, all higher bio- 
frames have a connective path to the S frame of only three orthogonal rotations 
(not shown). Thus only three orthogonal turns separate S* and S, S* and S, and S? 
and S, 

In frame S, note that physical body A has a coherent crosstalk link with the 
entire frame S", A-S" thus constitutes a living biological system; in this case, let us 
say, ahuman being. Likewise, B and 5’ have established a coherent crosstalk loop. 
-$ thus also constitutes a living biological system; in this case, let us say, an 
‘opossum, These two examples are incarnated living systems (incarated minds). 

In fact, this is a great oversimplification, as the reader will realize at once. We 
really should consider all the groupings of A — the organs, the structures, the cells, 
the internal cellular parts, ete. — as separate but coordinated a, (And similarly 
with B.) Each of these a, must have a correspondent s” subworld of S", much like 
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Fig. 23. Hyperfield flux in a magnetic field 


T AFB" is a ving system, 
AAs the physical body, the incepted mass. 


8 is the mind. 

ay 

BOS! is also e living system, 

US 

ToS, Dis inert; 1.e,, D is not preferentially 
incepted. 


ToS, Sk isa "disembodied mind." I.0., s* 
1s "dead," since it is not preferentially 
incepting its former body, G. 


Whenever a proper retuning body, say E, appears 

. in, S* will reestablish a coherent 
crosstalk with E. This constitutes 
"reincarnation" of sk, 


Fig. 24, Life and death 


the fine structure of atomic energy levels. But here 1 am simply outlining the major 
schema, 

‘At any rate, let us now examine body C and hyperworld S*, which formerly 
were one-to-one coherent in crosstalk, but are no longer so. C represents, let us 
suppose, the body of  frontiersman in 1830 who has received an Indian arrow in 
his breast. piercing the heart and destroying the ability of the body to coordinate 
the ¢, to each other and to the inceptive channel from S*. With the loss of coher- 
ence, noise begins to destroy the channel; thus S* is now a “disembodied mind,” 
and C starts to become a decaying corpse. The various c, of course lose coherence 
at differing rates, and so the fine structure channels to the s* also lose coherence at 
differing. rates. 

Finally all c; - s* coherence is lost, and the frontiersman is then "dead." The 
mind S* is now disembodied — and also probably quite disturbed or " 
because of the variance in disintegration of the c: - s* loops. 
mind is somewhat “detuned” by the whole affair. However, “death.” in the sense 
of total loss of mind and personality. has most certainly not occurred. All that has 
‘occurred is a lapse into a disembodied, and perhaps somewhat confused, state 

‘And the disembodied mind finds itself in its own deep, unconscious world 
constructs. If person has been unconsciously Christian in a very deep. funda- 
mentalist sense, and in his own mind has also been a “sinner deserving of hell.” 
then he will actually “lft up his eyes in hell.” in his own world tuning. And that 
‘world will be physical and real — as real and physical as this one — but it will per- 
ate by different physical laws, just as dreams operate by different physical laws 
“These relations and laws are prescribed by the person, ether consciously or uncon 
sciously. The devout Mohammedan is quite likely to find himself after “death” in 
the delightfully chauvinistic paradise he believes in. 

‘And so the Catholic practice of praying oneself out of purgatory is relevant, for 
if that belief-structure is firmly fixed in the deceased's deep unconscious, then it will 
happen: he will simply change his world construct in accord withthe effort made on 
his behalf 

And the ancient Tibetan practice of giving instructions to the deceased as to 
what to expect and where to go is also relevant, for during the time that the major 
channel C-S* is lost but many ofthe ,- s+ are still functioning, the deceased is still 
in contact with frame S and can heed those instructions 

Certain clairvoyants and skilled psychics can also project part of their mind 
vision into S* and see the status of the deceased. In some cases the deceased will 
have so strongly retained mental structures analogous to physical structures and 
localities (or persons) in frame $ that continual small crosstalk channels breach 
open by tuning resonance to those localities, structures, or persons. With a little 
inceptive assistance from one or more sensitive persons, an “appearance” ofthe de- 
ceased at the locality, structure, or near the person can take place. Much psychic, 
host, or spiritualist activity is duc to this effec. So indeed is the concept of earth- 
bound spirits. Here again, an advanced adept can erase the psychometric pattern 
attached to the locality. structure, or person and thus eliminate the phenomena. In 
the American Association of Metascience. such a resolution is part of an overall 
process called “clearance.” 

But this is not all. Now that the departed frontersman has been cleared. so to 
sak, and is snugly in his own world S* rebirth process still awaits him. As I 
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INCEPTION 


‘oF "limited free will” emerges. However, 
{tie only a very small modulation of causel inertpese ~~ and ite 
anallness accounts for human “physteal limitations 


©. SHANGING THE PAST 
Fig. 25. Consciousness, lite, and intent 


have pointed out elsewhere, every particle of mass is simply a pattern of change in 
the universal orthorotational flux between hyperirames. (This, afterall, is no more 
than a slight extension to general relativity.) When the proper physical tuning 
mechanism, say C', again appears in the § frame, then a resonant coupling will 
automatically establish itself in the flux between Cand St, and the disembodied, 
confused mind of the frontiersman will simply be coupled again to a new physical 
body pattern. This happens atthe instant of conception, for the genetic pattern — 
the complete tuning pattern — is present at that instant. The coupling is quite tenu- 
ous at first, and increases in degree as the embryo develops 

So reincarnation has a place in my schema. We will see, however, that it differs 
slightly from the classical concept, because with developmental work the frontiers- 
man can change the makeup of Sand thus his predisposed tuning. Changing the 
tuning also causes rotational displacement of S* among the infinity of infinities of 
mind worlds available. Thus the past can be changed: in fact a person can change 
‘who he is the reincarnation of, simply by changing his mind tuning with enough 
development. Therefore more than one living person can be, for example, the rein- 
carnation of Napoleon. 

‘And in fact the cycle of rebirth can be broken completely — simply by dying 
with a totally detached mental framework. The cessation of all tuning attachment 
results in a broadened S*, which novr is structureless, hence all-structured and part 
of universal Godness. 

But the major point is that allthis can be modeled physically. And there is only 
life; absence from one place stil leaves presence in another. Absence from any and 
every one place exclusively leaves presence at all places, each nonexclusive. 

Death, where is thy sting? 

In diagram A of Figure 25, I summarize what constitutes a living biosystem 
Here we can see that body (physical) changes from the biosystems body in frame S 
crosstalk successively through frame Sand $* to $'. Also, physical changes in 
frame $' actually constitute mental changes to the biosystem's body back in frame 
S. These mental changes must crosstalk successively into frame S*, frame S’, and 
then into frame S. This entire process — from frame S' to $® to S! to §— is 
referred to as kindling 

In diagram B, we observe this process a little more closely. Here, the shorter 
straight vertical arrows are virtual state changes kindled from the opposing frame 
‘The longer straight vertical arrows represent observable quantized change in the 
particular frame, these changes being produced by ordinary inert physics laws. The 
curved double-lined arrows represent quantized change kindled into the frame from 
the coherently superposed virtual changes that have steadily been kindled there 

‘Thus there isa kindling time delay inthe causal $ frame before will or intent sets of 
changes from the mind-frame S” can induce an input into the physical body of the bi- 
‘osystem. Correspondingly. there is a kindling time delay before a perceptual change in $* 
from the changes in $ can occur. 

‘The horizontal arrows represent the flow or flux of kindling crosstalk between 
the two frames. It can be seen from this diagram that consciousness — the thread 
of the relation between consecutive changes in the two respective frames — and 
time are identical. (Recall that each inert physical change in $ that is not kindled 
from S' is actually randomly kindled from all the other mind-frames.) Thus time 
and mind are identical. Consciousness is simply the functioning of coherent eross- 
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tlk between a mind frame and a physical body in frame S. Further, each biosys: 
tems consciousness has all other consciousnesses interwoven with it. The other 
living consciousnesses input into other physical bodies in frame $, and these physi- 
cal bodies interact in frame S. The other dead consciousnesses input into frame 5 
= into each body as well as into all other inert matter — in a noncoherent, 
randomized manner. Thus the entire universe of universes is totally in communica- 
tion with each part of itself, continually. 

In diagram C, I show that incepting a change from pure causality changes the 
past; in this case, the past is causally inferred or projected backward from the new 
vectorial direction. However, because inception into frame S is a very small effect, 
the biosystem’s change of its past is so slight that normally it is not noticed. Incep- 
tion of course also changes the future slightly 


THE HOLOGRAPHIC HYPERCHANNEL EFFECT 


‘This effect is based on the concept that a human being must accomplish a 
‘minute inception (psychokinesis) onto his physical system. Specifically, he must in- 
‘cept the movement of three or four electrons in the brain. This constitutes an input 
signal to his ordinary physical system, which is then treated like a complex servo- 
mechanism. The gain of this servomechanism is rather high, being able to trans- 
form or amplify the movement of several electrons into powerful movements of the 
entire body. The inceptive effect cannot be explained by ordinary physics, which 
am account for the servomechanism gain only. Once the input signal is generated, 
however, the rest of the amplification and action are viewed as being properly 
described by the ordinary physics of inert matter. Thus the human is viewed as 
largely servomechanistic and mechanical, but guided and directed by the non- 
physical, which affects the physical in a minute fashion sufficient to constitute in- 
puts to the ordinary physical system, 

Our purpose here is to show that, given this single small inceptive effect, we can 
eventually approach the mastery of space and time for a linkage of sufficient 
number of human brains and minds into one single superbrain and supermind, 

From the multiplicity of orthogonal frames permitted by Everett's many- 
worlds interpretation of quantum mechanics, we now select an infinite set of 
clustered three-dimensional spatial frames, which all share a single time dimen- 
sion. Using one frame as a laboratory reference frame, the other spatial frames 
may be characterized as having one, two, three, or more orthogonal turns away 
from the laboratory frame. These succeeding orthogonal frames are variously 
called hyperirames, bioframes, orthoframes, hyperchannels, orthoworlds, etc. A 
particular set of material phenomena in one of the orthoframes is referred to as a 
biofield, hyperfields, or orthofield with respect to the laboratory frame. 

In Figure 26 I represent each brain by a triangular symbol, and consider it as an 
amplifying device having a gain of A,. For simplicity the inceptive input signal is 
represented as E,, since in moving an electron, a voltage must be induced. For 
limplicity I also show the brains as a linear array lying in a straight line. The dis- 
tance L separates each brain, and here L is assumed constant for simplicity 

Two factors must now be realized: (1) The first hyperchannel operates in the 
realm of the ordinary electromagnetic field, although this realm is seen in a differ- 
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© (At the speed of light, all L's in this direction equal zero) 
N (y= 0 specifies the first biofield or hyporchannel) 
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Fig. 26. The holographic hyperchannel effect 


Supporting Technologies and Architectures 


Network architects design networks using a deep and wide toolkit, including multiples types of 
cell sizes, integration with unlicensed spectrum, smart antennas, converged services, and 
virtualization. 


Multiple Cell Types 

Operators have many choices for providing coverage. Lower frequencies propagate further and 
thus require fewer cells for coverage. The resulting network, however, has lower capacity than 
‘one with more cells, so operators must continually evaluate cell placement with respect to both 
coverage and capacity. 


Table 7 lists the many types of cells. Note that the distinctions, such as radius, are not 
absolute—perhaps one reason the term “small cell” has become popular, as it encompasses 
picocells, metrocells, femtocells, and sometimes Wi-Fi. 


With “plug-and-play” capability derived from self-configuring and self-organizing features, 
small cells will increasingly be deployed in an ad hoc manner, anywhere power and backhaul 
are available, yet will operate in tight coordination with the rest of the network. 


A proliferation of small cells inside buildings will also provide coverage from inside to outside, 
such as in city streets, the reverse of traditional coverage that extends from outdoor cells to 
inside. 


Table 7: Types of Cells and Typical Characteristics (Not Formally Defined) 


‘Type of Cell Characteristics 


Macro cell Wide-area coverage. LTE supports cells up to 100 km 
range, but typical distances are .5 to 5 km radius. Always 
installed outdoors. 


Microcell Covers a smaller area, such as a hotel or mall. Range to 2 
km, 5-10W, and 256-512 users. Usually installed outdoors. 


Picocell Tndoor or outdoor. Outdoor cells, also called “metrocells.” 
Typical range 15 to 200 meters outdoors and 10 to 25 
meters indoors, 1-2W, 64-128 users. Deployed by operators 
primarily to expand capacity. 


Consumer Femtocell Tndoors. Range to 10 meters, less than 50 mW, and 4 to 6 
users. Capacity and coverage benefit. Usually deployed by 
end users using their own backhaul. 


Enterprise Femtocell Indoors. Range to 25 meters, 100-250 mW, 16-32 users. 
Capacity and coverage benefit. Deployed by operators. 

Distributed antenna Expands indoor or outdoor coverage. Same hardware can 

system support multiple operators (neutral-host) since antenna can 


support broad frequency range and multiple technologies. 
Indoor deployments are typically in larger spaces such as 
airports. Has also been deployed outdoors for coverage and 
capacity expansion 
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Fig. 27. Output of stage i 


ent way, ie., we visualize a photon as an ordinary particle of three-dimensional 
matter, resting in a three-dimensional spatial frame (hyperframe) that is ortho- 
gonally rotated spatially in higher dimensional space. at 90° to the observer's spa~ 
tial frame. The hyperframe and the laboratory frame share the same fourth dimen- 
sion, time. (2) At the speed c (which determines the hyperframe in the first place), 
all L’s are zeroed out, by the equations of the special relativity transformations. 
Thus one may view (hyperview) each triangle (brain) as superposed on each other 
triangle (brain). Furthermore, there exists a very small, finite, nonzero probability 
that the state of one triangle coincides exactly with the state of another superposed 
triangle, at any given small increment of time. This probability corresponds to a 
direct fraction of identity between two triangles, since time is stopped along the 
chain. At any given small increment of laboratory time, any given triangle has on 
the average a small fraction of identical coexistence with any other triangle. This 
identity fraction is labeled 1, in Figure 26. 

It is important to note that, for a very small fraction of time, the triangles coin- 
cide with each other; ie.; for a small fraction of time the existence of one triangle is 
totally holographic. This fraction totally violates the ordinary conservation of 
energy, which is applicable only to a single channel system. The hyperchannel 
represents a second channel, an identity channel, and in this channel an object can 
be in multiple places at the same time. Ifthe triangles, regarded as operating pro- 
cesses, are even slightly coherent, then multichannel communication and holo- 
graphic transmission of a single state-energy into multiple state-energies occurs 
through the hyperchannel — usually in the virtual state. 

Figure 27 shows the setup to calculate the gain of the hyperchannel amplifier. 
These calculations yield, for the output of stage i, 

Bo = Ao™ + Ao tN Ty, 

Ej 
‘When no ordinary electrical input exists, Ao =, and the virtual state amplifica- 
tion is thus 


This mechanism holds the secret to the tapping of zero-point energy and free 
energy devices. It is also the hidden variable theory that causes a radioactive 
nucleus to decay. Since radioactive nuclei interact through hyperspace, the amount 
of radioactivity in a given sample is an exponential function of the number of radio- 
active nuclei present. 

It is also a mechanism which can directly amplify the virtual-mental state into 
observable state. It is the fundamental mechanism that causes kindling and thus 
orthorotation. It can be used to materialize tulpas, and accomplish psychokine: 
remote viewing, clairvoyance, precognition, etc 


MIND LINKAGE 


hhas been developing and evolving, not just the indiv- 


The entire human speci 
idual person. 

‘The development of life in a biosystem may be divided into seven stages: (1) the 
development of planet, primordial atmosphere and ocean; (2) the appearance of 


Fig. 28. Layers of unconsciousness 


amino acids; (3) the appearance of the self-replicating supermolecules; (4) the for- 
mation of one-celled organisms; (5) the formation of multicellular organisms; (6) 
brain linkage of an intelligent technological species; (7) total omeganess or god- 
hood, 

‘Two major types of behavior are involved in living organisms: genetically pro- 
grammed behavior and genetically unprogrammed behavior. Thus one mode of 
behavior control of an organism is nonadaptive and the other mode is adaptive or 
leamed. Intelligence may be viewed as the ability to adapt behavior, and increased 
intelligence represents a decrease in the portion of behavioral control that is gene- 
tically programmed or "hard-wired." 

‘We may further speak of two types of intelligent species: those that possess a 
tool-using member and those that do not. The first is a technological species, while 
the second is nontechnological. By this classification, man is a fiflh-stage, tech- 
nological species. 

‘The intelligent species, being relatively deprogrammed, is highly adaptive and 
competitive, and many of its species-specific checks and balances are reduced or 
eliminated. Because of the use of tools in its internal competition, the technologi- 
‘eal species continually increases the ferocity of its internal competition and its 
deadliness to itself. Thus as the power of its tools increases, the technological 
species carries the seeds of its own destruction within itself, and it will eventually 
destroy itself unless it advances to the next stage, the linked-mind sixth-stage being. 

‘The sixth stage consists of the linkage of all individual brains in the species into 
‘one single superbrain, producing a superbeing having absolute control of space and 
lime. A technological species is necessary to accomplish linkage and produce a 
multidimensional, eventually nonphysical, superbeing. When the technology is 
sufficiently advanced for linkage to be developed, the power of the tools is so great 
that self-destruction is imminent, Thus an advanced technological civilization is 
near linkage and also near Armageddon, and in either case it vanishes as a limited, 
three-dimensional species of the fifth stage. This accounts for the notable absence 
of a technological species similar to man in man’s universe. 
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ANGELS, IMPS, AND UFO TULPAS 


If we realize that each of us has his own mind world, an S* frame with respect 
to the S frame physical world, but separate from each other § frame mind world, 
then we see that, if we take common forms that are in the minds of all human 
beings, it is much easier to kindle them because they can be cohered much more 
easily, 

‘The common crosstalk in all minds constitutes the collective unconscious. Since 
the common crosstalk is in a sense a mind, and since it is connected to a "body" of, 
many cells, ie., of four billion humans or so, then this collective unconscious is a 
living, breathing entity. 

Furthermore, the usual content ofits mind is a great deal closer to physical phe- 
nomena that are in all minds than is a single human being's mental content. Much 
of what we term physical reality is in fact prescribed by the collective human un- 
conscious. And if the collective human unconscious is changed in its conception of 
reality, then four billion stages start kindling with the hyperchannel effect, and 
immediately the new conception is physical reality 

Borrowing from Jungian psychology, let us call a form that is in each human 
mind an archetype. Let us also realize that there are shallower levels of uncon- 
sciousness (Figure 28) between the total collective unconscious and an individual 
mind. For an Irish-American there is one level defined as Caucasian, another de-~ 
fined as Irish, another defined as American, another defined by the larger region he 
lives in (say the state), another defined by his family, and another by his own per~ 
sonal unconscious. The levels are not mutually exclusive, but intersect across one 
another. At any rate, all these unconsciousness levels above the collective human 
species unconscious also shape, modulate, mold, and change the kindling channel 
that exists for a person or group. All these levels of unconsciousness are like finer 
and finer tuning levels to change the kindling mechanism, 

‘An archetype that is kindled from the collective unconscious is kindled through 
such a mechanism of unconscious levels of tuning, and the reality format that is 
kindled is determined by the type of pressure and the content, biases, or tuning of 
all the levels between it and the conscious minds of the individuals who observe the 
phenomena, 

‘All tulpoidal manifestations are kindled through and by this mechanism. All of 
them are shaped by the multilevel unconscious tuning. All ofthem are caused by an 
unresolved conflict in the deeper unconscious layers. 

Since most minds are notoriously unstable, the tuning is unstable almost 
always, and the tulpoidal manifestation is usually fairly shortlived, usually not 
more than a few minutes, or a few hours. 

‘Angels, imps, Virgin Marys, UFO's, sasquatches, Loch Ness monsters, lake 
‘monsters, sea monsters, nocturnal mystery lights, fairies, elves, devas, devils 
ogres, Mothman, men in black, goblins, large monster birds, etc. are all kindled by 
the same process. And so are cattle mutilations. I fear that human mutilations will 
be next. 

‘Any tulpoidal materialization may be physically real during its stable period. It 
may make large tracks in the ground, operate shiplike space vehicles, break tree 
branches, take human specimens on board, examine human specimens, etc. 
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‘The tulpoid may appear benevolent or harmful, and it may actually be so when 
in the stably materialized mode. The full content ofthe human unconscious is there 
to be materialized in physical form — all the good, all the bad, all the noble, all the 

ly aspects. 

When enough human unconsciousnesses have the idea of fairies deeply 
ingrained in them, occasionally a real, living, breathing fairy pops out of the col- 
lective unconscious, riding as a direct modulation on a more primitive overall 
human species archetype. And the fairy may do all the things expected: she may 
pose riddles, give gold coins which must not be examined or they will be lost, etc, 

Religion can also make use of tulpoidal appearance. When Christian predeces- 
sors believed in a vengeful god, a powerful but spoiled king, they got all the mani- 
festations of that kind of Being. When they believed in a god of sacrifice, they got a 
god who demanded sacrifice and thrived on it. And when many believe in angels 
and Virgin Marys, they sometimes actually appear. These appearances are not hal- 
lucinations; they are completely real. It is just that all possibilities are concretely 
and physically real in their own realms, and any of these may be tuned in to appear 
in this realm, 

An infinite number of reality channels exists. The total instrumental character- 
istics, genetic, psychological, and physiological, of the observers who tune in the 
channel determines the noise content and the actual channel selected. 

‘A reality is simply an orthogonal frame or world. AH possible realities already 
exist. A channel is a set of tuned and timed orthorotations communicating back 
and forth between two orthogonal frames or worlds. Tuning is a complex of mind 
and matter, and of many unconscious levels. 

For a perfect adaptation of this mechanism of coherence, any coherent signal 
— no matter how fantastically weak — can be raised up out ofthe grass and made 
dominant. By time coherence in the virtual state, a virtual state entity can be ampli- 
fied into observable state. From sheer nothing we can produce something. And 
since every possible something exists in nothing and is available for cohering, we 
can get anything at all by this process, at least hypothetically. 


DREAMS ARE UNRESOLVED CONFLICTS 


Everything is essentially mind. Mind forms layer after layer of overlapping 
zones of shallower and shallower unconsciousness (multiple simultaneous con- 
all the way from the universal allness to the personal unconscious, and 
culminates, like the tip of a dagger, in each conscious mind. Figure 29 illustrates 
these mindlevels. 

Just as the dreams of an individual show his unresolved conflicts, so the 
materialized tulpoids of the collective human unconscious show its unresolved con- 
flicts. Tulpoidal phenomena thus symbolize man against himself, or one group of 
humans against another group of humans. The great unresolved conflict in the 
‘human species since World War II has been the Cold War. And therefore the great 
flaps of tulpoidal UFO activity should correlate directly to the Cold War. And so 
they do, as I indicate in this book. Literally we ourselves are our own "Satan,” for 
in man’s inhumanity to man, satanic evil is created inceptively. And we ourselves 
are our own "godform," for in man's love of his fellow men, goodness is created 
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‘uch dreams of the collective unconscious can 
‘materialize as tulpoids. 


‘THE DEEPER ONE GOES, THE 
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DEEPER LEVELS OF 
‘UNCONSCIOUSNESS 


Fig. 29. Dreams are unresolved conflicts 
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{THE P6t CHANNEL 16 LUKE A QUAGI-HYDRAULIG U-TUBE, CONGLOTEIT PRESSURE INTO 
DEEP LAYERS RESULTS IN UPWELLING TULPOIDS WHOSE FORM 15 MODULATED AND 
SHAPED BY SHALLOWER LAYERS, ON THE WAY 70 MATBUALIZATION, 


Fig. 30. Collective conflict initiates prophetic tulpoids 


inceptively. It is not accidental that the Avatar Jesus exhorted man to love God 
with all his heart and mind, and to love his neighbor as himself. It is also not acci- 
dental that a human culture seeks and “obtains” a godform or god-image consist- 
ent with its own level of understanding and belief: the resulting tulpoidal activity 
conditioned into the collective unconscious and the cultural unconscious, and tuned, 
in from them, will be consistent with the cultural desires and expectations. 

So in a sense we are the creators of our own reality and our own tulpoidal 
expressions of higher reality. But in addition to tulpoids, the present character of 
spacetime and dimensionality, and the very laws of the physical universe, are 
largely prescribed by the collective human unconscious. 


GHOST ROCKETS AND FLYING SAUCERS: 
MATERIALIZED TULPOIDS 


Unfortunately, from 1945 to 1947 events occurred that caused a split among 
previous World War II allies and that led to the beginning ofthe Cold War in 1947. 

Due to these events, Western nations perceived a growing threat from the 
Soviet Union. The resulting interplay of events, news reports, and personalities, 
plus the traumatic aftermath'of World War II, led to strong psychological pres- 
sure on the group unconscious of the Western nations, and thence on the collective 
human unconscious. This pressure resulted in popouts of direct orthorotations of 
resonant archetypal symbols from the collective unconscious, the archetypal for- 
mat being successively modified by the Western group unconscious and the pro- 
gressively higher levels of unconsciousness. 

‘The formats of the deep human unconscious were formed millions of years ago 
in the primitive tribal state. In the tribal warfare of those ancient days, the male 
went to where the action was, while the female stayed behind in the protected cave, 
fortress, or shelter to care for the young. Thus the male symbol was closest to the 
threat and identified with being there. 

Furthermore, in primates the phallic symbol is the universal symbol of threat 
dominance, and defiance. Dominant primate monkeys often briefly mount sub- 
missive males to show their dominant position, exposing their genitals in so doing, 
Ifthe mounted male does not submit, an immediate battle ensues to determine the 
dominant male. Thus the phallic symbol represents threat and domination. 

In the deep human unconscious, fire is a symbol of power, for with fire the 
species held predators at bay and began the long trek up from the jungle cave to 
modern civilization, 

Finally, the unconsciousness of a substantial number of the Western nations 
hhad been deeply impressed by the German V-1 and V-2 rockets during World War 
I, for the imagination of the world had been breathtakingly fired by the surprise 
advent of the German rocket weapons, 

‘Thus we would expect that in those Western countries — Norway, Denmark, 
Sweden, ete. — that are close to the Soviet Union, archetypal tulpoid popout 
materialization would have taken a male, threatening, dominant, power format, 
‘The nearest, most powerful, most resonant recent stimulus symbol in the Western 
group unconscious would have been the final modulation, determining the final 
format. 
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Inside, showing India Ink drawing of an amplifier schematic, used as the “amplifier 


Photo 41. Hieronymus device —second kind. 


So a massive wave of "ghost rockets" from the direction of the Soviet Union 
appeared in the skies over Norway, Sweden, and Denmark, and other nearby Euro- 
pean countries. (See Photograph 43.) 

However, North America constituted a natural fortress with great ocean 
barriers to the east and west, and no strong enemy to the north or south. There- 
fore, a female symbol (archetype) should have been resonant and stimulated in the 
U.S., and so it was. In 1947, the year the Cold War began, Kenneth Amold, flying 
‘over the state of Washington (the most northwestem U.S. state at the time, and the 
‘one nearest the Soviet Union), encountered a formation of flying saucers — the fe- 
male circle mandala, dressed in modem aeronautical form. Thus was bom the age 
of flying saucers in America. 


‘Type of Cell Characteristics 


Remote radio head (RRH) | Uses baseband at existing macro site or centralized 
baseband equipment. If centralized, the system is called 
“cloud RAN.” Requires fiber connection. 


Wi-Fi Primarily provides capacity expansion. _ Neutral-host 
capability allows multiple operators to share infrastructure. 


Smalls Cells and Heterogeneous Networks 


Historically, increasing the number of cell sites has been the primary method for increasi 
capacity, providing gains far greater than what can be achieved by improvements in 
spectral efficiency alone. The next wave of densification is by using what the industry calls 
“small cells.” 


Central to small-cell support is the heterogeneous network architecture, with multiple types 
of cells serving a coverage area, varying in frequencies used, radius, and even radio 
technology used. 


HetNets offer significant increases in capacity and improvements, including: 


1. Smaller cells, such as open femtocells (home-area coverage) and picocells (city- 
block-area coverage), inherently increase capacity because each cell serves a 
smaller number of users. 


2. Strategic placement of picocells within the macro cell provides the means to absorb 
traffic in areas where there are higher concentrations of users. Locations can include 
businesses, airports, stadiums, convention centers, hotels, hospitals, shopping 
malls, high-rise residential complexes, and college campuses. 


3. Smaller cells can also 
macro cell is weak. 


prove signal quality 


areas where the signal from the 


Essential elements for practical HetNet deployment are self-optimization and self- 
configuration, especially as the industry transitions from tens of thousands of cells to 
hundreds of thousands, and eventually to millions. The appendix covers technical aspects 
of HetNets in the sections, “Heterogeneous Networks and Small Cells” and “Self-Organizing 
Networks.” 


While promising in the long term, one immediate challenge in deploying a large number of 
small cells is backhaul, since access to fiber is not necessarily available and line-of-sight 
microwave links are not always feasible. Site acquisition and the need for multiple 
operators to deploy their own cells in a coverage area are additional challenges.‘® Figure 
23 depicts the challenges. 


4 For further discussion of this topic, refer to 5G Americas and Small Cell Forum, Small cell siting 
challenges,” February 2017. 
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PART THREE 


NEW MILITARY 
APPLICATIONSOF 
PSI RESEARCH 


BACKGROUND TO PSYCHOTRONIC RESEARCH 
IN THE U.S. AND THE U.S.S.R. 


In this section I will discuss some of the fantastic psychotronic weapons that 
have been built and deployed by the Soviets as a part of operation "Fer-de-Lance,” 
the Soviet plan to conquer the world. 

‘The Soviet Union has had a massive developmental program in what they call 
energetics or psychoenergetics (and what we are calling psychotronics) for about 
thirty years. To appreciate the mind-staggering weaponry that has emerged from 
this effort, I should point out that the U.S. developed the atomic bomb in World 
War Il in about four and a half years; thus the Soviet psychotronic program is the 
equivalent of roughly seven Manhattan projects, back-to-back. With this compari- 
son we gain a rough yardstick to appreciate the fantastic capabilities that must, 
have emerged from the sustained Soviet program. As we will see, they are indeed 
mindboggling. 

Ironically, most of the original theoretical work was done here in the United 
States, just as the pioneering work in rocketry was done here by Goddard, before 
the Germans picked it up and advanced it to the VI and V2 rockets. Just as God- 
dard himself was once the laughing stock of the Pentagon, so the key U.S. re- 
searchers who could have initiated the psychotronic age in the West — Moray, 
Abrams, Reich, Hieronymus, Drown, Tesla, de la Warr, etc. — were generally 
ignored or prosecuted or both. Even more deadly has been the studied avoidance of 
any application of the basic theoretical work — which again was developed largely 
in the U.S. This work included the Everett-Wheeler-Graham many-worlds 
interpretation of quantum mechanics, and the extension of Lorentz's work by Ives, 
Ruderfer, and others to show that almost all modem physics — including general 
relativity, Newton's laws of motion, and the law of universal gravitation — can be 
straightforwardly derived from a Lorentz-invariant nonmaterial ether. Even 
though Pauli pointed out that the Michelson-Morley experiment only eliminated a 
material ether rather than ether per se, and although Einstein himself once pro- 
posed the use of the term ether to include dimensionless vacuum space complete 
with various fields, modern physics in the West has ignored the ether theory 

As Robert Anton Wilson points out, whatever you believe imprisons you. The 
‘West has been solidly imprisoned in its own orthodox view of physics, and hence 
hhas been unable to surmount the stone walls of its self-imposed mental barriers. In 
fact, it has not even tried. There has been no serious, sustained program to 
deliberately examine the loopholes in present theory and seek the necessary 
changes to provide a theory of paranormal-psychotronic phenomena, In fact, the 
major Western work on paranormal phenomena seems only to attempt to "prove" 
over and over that such phenomena exist; and to attempt to derive from present 
physics theory a "normal sane” theory for "abnormal insane” phenomena. The 
orthodox establishment continues to vigorously attack the experimenters who 
struggle with paranormal research on the grounds that their work does not present 
science.Hence the experiments and experimenters are unscientific and either at 
worst frauds and charlatans or at best seriously deluded. 

The simple procedure necessary to solve these questions — set up a deliberate, 
well staffed, well-funded program on a continuing basis — has not been adopted in 
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the West because ofthe short-sightedness of our management structure. We seem 
to have totally forgotten that we got the atomic bomb in the first place and we put a 
man on the moon, simply by starting a program with staff and funds to try to do it, 
not by engaging in a neverending series of arguments as to why it could not and 
should not be done. 

So, ironically, the nation that prides itself on being free and liberal has adopted. 
an iron dogma of its own in science, a dogma that yields very slowly and that has 
effectively blocked us from serious and prolonged efforts in psychotronics. 

Meanwhile, the Soviet scientists — admittedly kicked firmly in the tail by 
Stalin — have simply got off their dust-encrusted seats with alacrity and got to it, 
In thirty years of such getting to it with massive state support, they have already 
launched the psychotronic age, first applying it to the weapons field, the typical 
Soviet priority. Meanwhile, for the same thirty years we in the U.S. have played 
the same old tired games that once led Heisenberg to remark that new scientific 
knowledge only gained acceptance when the old scientists who so adamantly 
opposed it had died away 

Finally, there is a direct relationship between UFO's, psychotronics, the col- 
lective human unconscious, the Cold War, and Fer-de-Lance that cannot be 
escaped. So while this section emphasizes psychotronic weapons deployed by the 
Soviet Union I continually remind the reader of the concepts involved in the re- 
lated paranormal phenomena, which were covered in Parts One and Two. So with 
these words, let me give a brief summary of Soviet psychotronic weapons. Make no 
mistake, it appears that the final holocaust is now unavoidable — we will reap the 
full rewards for our smugness, pride, arrogance, and inflated egotism. 

‘The Soviets will unleash World War III and they will unleash the psychotronic 
weapons on a totally unsuspecting world. 

But there is something more; it does not end there. There is another player in 
the game — the collective human unconscious, ZARG itself, will unleash a reac~ 
tion that makes psychotronic weaponry pale by comparison. Yet when that great 
entity has roared out its anger, destroyed perhaps half the earth, and then opens its 
eyes, the full biblical prophecy will in a most bizarre and unsuspected way be ful- 
fille. 

Time will end, and the grave will give up its dead. The unifying of all human 
minds into one will complete the birth of a new godlike being, extending from the 
beginning to the end of time all at once, and from beginning to end of all possible 
times all at once, Three-dimensional concepts and limitations will fade away as 
child's play to the being that is already in four billion dimensions. 

‘And you and I will become gods, literally, actually — for being is holographic, 
and whatsoever ZARG becomes, so we all become. 


PSYCHOTRONIC BACKGROUND SINCE Ww II 


After WW II Soviet scientists were ordered by Stalin to actively seck another 
area of great breakthrough — such as the U.S. atomic bomb had been — and leave 
no stone unturned in their search. Apparently the Moray detector was resurrected 
and intense experiment and development begun on it. Much of the pioneering 
radionics work of the West and Ive's work would also have been available at this, 
time. I believe that in 1958 the Soviet nuclear catastrophe near the Urals was the 
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result of an attempt to transmit « nuclear explosion through hyperspace. (The 
peculiarity of a transmitter tuning failure would have resulted in an explosion 
emerging from the nearest large nuclear waste storage, and that apparently 
happened.) 
In 1956, however, a major new interpretation of quantum mechanics was originated 

by Hugh Everett at Princeton University under the world-renowned John Wheeler. This 

the theory of the universal wave function—the many-world interpretation (MWI) of 
«quantum mechanics. Practically the entre Western output on the subject is available in 
his 1973 book entitled The Many-Worlds Interpretation of Quantum Mechanics. 


This physics is so exceedingly strange that it has been ignored by almost all 
Wester physicists — indeed, it is so strange that even its originators, Everett and 
Wheeler, are said not to be able to believe it. Wheeler is reported to have once 
stated that he could believe it on Monday, Wednesday, and Friday, but not on the 
other days of the week. Using the MWI, however, one can produce a theoretical 
model of psychotronics which is totally consistent with the entire experimental 
basis of modern physics, and unite both mind and matter on a single scientific 
basis, 

The Soviets apparently seized on this new theoretical work and applied it to the 
Moray device, solving their theoretical and technical difficulties. 

In 1960, Khrushchev, speaking to the Presidium, stated that the USSR had a 
new weapon in development ("just within the portfolio of our scientists, so to 
speak") that was so powerful it could wipe out all life on earth. I believe he re- 
ferred to the nuclear hyperspace howitzer and to the death ray weapons under de- 
velopment at that time, such as the following. 


ELECTRON DISSOLUTION 


There are four levels of effects on biological systems that are irradiated by elec- 
tron dissolution beams. 

Interference with the electrical functioning of the nervous system is the domin- 
ant effect. Single channel subsystems are more sensitive to the effect. 

Mild irradiation (or mild kindling of short duration) causes weakness, 
trembling, and an unreal, dreamy feeling (as when one gets a whiff of anesthesia). 
The vietim is conscious, however, since consciousness is limitedly multichannel 

Moderate irradiation (or kindling of moderate duration) causes paralysis of the 
motor system, and a very unreal, floating feeling. The individual is barely con- 
scious and is hypnogogic. Panic is usually engendered. 

Strong irradiation (more protracted kindling) causes loss of consciousness in 
addition to paralysis. The autonomic nervous system still functions with difficulty, 
and the victim is just barely alive. Convulsions and other symptoms may appear. 

Very strong irradiation (protracted kindling) totally jams all levels of the 
nervous system, and death results instantly. 

In UFO contactee incidents this effect is widely demonstrated. Many cases 
show step function failure of automotive electrical systems, lights, radios, etc., as a 
UFO approaches. When the UFO departs, the electrical systems almost invari- 
ably resume complete operations. Absolutely no electrical components are 
damaged. 
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To extinguish these systems with massive RF fields would result in blowing 
fuses, diodes, transistors, etc., and a great amount of electrical sparking — prob- 
ably sufficient to blow up the gasoline tanks, In fact, none of these things occur. 

Stage 2 electron dissolution should definitely disable automotive circuits, and 
the upper level of stage 1 may be sufficient. Either would leave the automobile pas- 
sengers conscious, though paralyzed in one case and not in the other. Both types of 
correlations are shown in the UFO literature, 


THE 1973 CONTACTEE WAVE AND 
CATTLE MUTILATIONS 


In 1973 the Yom Kippur war took place. This was the Soviets’ "Spanish Civil 
War," and they tested the final tactics and equipment for antitank and antiaircraft 
weaponry, and obtained final data on tank and equipment loss rates for modern 
combat. The effect on the U.S. and NATO of the cutoff of Arab oil was also 
tested. 

At one point, when the Israelis cut off an Egyptian army in the desert, the 
Soviets notified the U.S. over the hot line that Soviet forces were going in and the 
U.S. could do whatever it pleased. The Soviets loaded and readied seven airborne 
divisions to insert, and the U.S. readied its single airborne division to send in. So 
the world tectered on the brink of direct ground confrontation between the Soviet 
Union and the U.S., with all its possible consequences 

Confrontation is after all another form of contact. And UFO contactee cases 
involve confrontation. In the very month, October, that the Yom Kippur War 
erupted, the greatest wave of UFO contactee cases in history broke out in the U.S. 
Further, in the shallower unconscious levels above the collective species uncon- 
scious, which were modulating and molding the tulpoidal reality format, the imag- 
ination of the world had been captured by the spacesuited astronauts who had 
walked on the moon. So most U.S. contactee cases involved spacesuited beings, 
conditioned into that framework by the national, cultural modulation. Some of the 
contactee cases involved robots or metallic men, similar to the mechanisms and 
robots of the U.S. space program. And here in the U.S., the fortress, the female~ 
mandala craft symbol was generally maintained, 

Now if this unbelievable scenario has any validity, then after the dress rehear- 
sal of the 1973 Yom Kippur War we ought to have seen an increase in the tulpoid 
phenomena of a sharply symbolic nature. And that has happened. 

‘The cow is the Western female symbol par excellence; Western children nurse 
fon cow's milk, so to speak. If the U-S. fortress is to be violated, then the female 
symbol will be violated as the time for the Soviet assault nears. So cattle mutila- 
tions of a mysterious, paranormal nature have been occurring all across the U.S, 
— from the East Coast out through Colorado, Utah, and Montana — approxi- 
mately nine thousand by now, in some estimates. The symbolism in the mut 
tions can be easily read: the U.S.'s lifeblood is going to be drained, totally, as all 
the blood is usually drained from the cattle. The Soviet operation will be launched 
with blinding speed and surgical precision, and the mutilation of the cattle is done 
as if by highly skilled surgeons. The children of the West shall be cut off from their 
sustenance, and so the cow's teals are removed. The armed forces (males) con- 
fronting the Soviet forces will be devastated (ie., the fruit of the womb will be 
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Precursor(s) Wave(s) (Incidents Comment 


German rocketsin WWIYSoviet eatin 1946-47 ghost rockets over Sweden and Phallictulpa symbols 


1916-47 adjacent countries, from direction of 
USSR, 
‘Bock Rogerssci-f ships Cold War 1947 1947—Fiying sauces (Cicce/Dise mandala in seentific dress 
1950 Critical Korea period 1950 Wave of UFOs ‘Peak pressure surge on collective unconscious 
1952 Critical Korea period 1952 Wave of UFOs Peak pressure surgeon collective unconscious 
Sputnik 1957-1959 1957-1960 Wave of UFOs Peak pressure surgeon collective unconscious 
‘Cutan missile criss 1962 1962 Wave of UFOs Peak pressure surgeon collective unconscious 
‘Arabs War 1967 1967 Wave of UFOs (Ath ages) ‘Peak presrue surge on collective unconscious 
‘Anlysraeli War 1973 Near Spectacular 1973 wave contactees in- Peak pressure surge on collective unconscious; 
confrontation US. vsUS SR, ‘eased, space-stted beings increased astronauts had walked on moon. 
Soviet ack preparations completed _—_—1975-present cattle mutilations in U.S. Cow is female symbol. The female (foruess,sanc- 
heart ‘tuary) willbe violated. 


Fig.31. Examples of UFO waves 


ctober 11, 1973 UFO CE It 
‘Tho Pascagoula incident from the witnesses’ viewpoint. 
Humanoid were atypical. 


Fig. 32. 1979 Contacte wave 


devastated) so the sexual organs of the cows are excised. Free speech and freedom 
to hear will be cut off, so the cow's lips, tongues, and ears are excised. A very high 
(psychotronic) technology will play a role, but one which will limit resistance, so 
the cut edges are often made as ifby pinking shears and then precisely burned as if 
by a laser. (The laser is symbolic of new, strange technology almost incomprehen- 
sible to the average person.) In one case a horse was the victim — a young horse, 
symbolic of the young soldier. It was castrated, as the dominance of the Western 
soldier will be surgically excised. Castration ofthe male symbolizes the total loss of 
his power and the infliction of impotency upon him 

There is more, but this is a bloodcurdling sampling of the metapsychological 
implications of the cattle mutilations. 


RADIATION OF THE U.S. EMBASSY 


About 1959 or 1960 the radiation of the U.S. Embassy in Moscow with weak 
microwave radiation began. It continues to this day. The radiation is a brilliantly 
designed intelligence probe: the Soviets were vitally interested in ascertaining 
whether or not their U.S. adversary knew about psychotronics (i.e., whether the 
U.S. had built such weapons of its own and might have built defense counterwea- 
pons as well). Accordingly, they began weak PT-modulated microwave radiation 
ofa high-level U.S. target, the U.S. Ambassador to the Soviet Union, which would 
guarantee the personal attention of the State Department, NSA, CIA, DIA, the 
President, etc. The PT modulation apparently consisted of various disease pat- 
tems of gradually increasing seriousness — flu, blood changes, heart irregularity 
cancer, etc. By the U.S.’s reaction, whether or not it knew anything of PT could be 
positively assessed. If the U.S. reacted only to ordinary electromagnetics, then 
with 100 percent certainty it knew nothing of PT and had no secret PT weapons of 
its own or counters to the Soviet PT weapons. So since about 1959 or 1960, by our 
alow reaction to the radiation of the U.S. Embassy — and then by our reaction 
only to the electromagnetic aspects — we have been assuring the Soviets that we 
know nothing of PT. Even though several U.S. presidents have protested the radia- 
tion, the Soviets have persisted because it is an intelligence tool of the utmost im- 
portance to them, 


DISEASE AND DEATH TRANSMISSION 


For confirmation of Soviet experimentation with PT induction of death and 
disease, see V-P. Kaznacheyey et al, "Distant intercellular interactions in a system 
of two tissue cultures,” Psychoenergetic Systems, Vol. 1, No. 3, March 1976, pp. 
141-42; and by the same authors, "Apparent information transfer between two 
groups of cells.” Psychoenergetic Systems, Vol. 1, No. 1, December 1974, p. 37. 
‘Thesearticles give one a glimpse of the results of over 5,000 Soviet experiments on 
the basic effect. Kaznacheyev is the head of the Siberian Branch of the Soviet 
Academy of Medicine, and has at his disposal every disease germ, virus, and toxin, 
known to man, Note that the experiments were performed in the dark to prevent 
the quenching effect of the visible light spectrum und the effect is only obtained 
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through the quartz (which has IR and UV windows). Also note that in the two-slit 
experiment — which contains all the mystery of quantum mechanics, according to 
Nobel prizewinner Richard Feynman, cofounder of quantum electrodynamics — 
one does not get the quantum effect with an electron, ifthe electron is first hit by a 
photon of light before reaching the two-slit region. Ifthe electron is not hit by a 
photon, one gets the quantum effect. According to Feynman, the quantum effect in 
the two-slit experiment is not explainable by any classical means, Our comment is 
that the explanation is not possible by Aristotle's three laws of logic, on which all 
Western logic, physics, and mathematics are based. However, the fourth law of 
logic, together with the present three laws, provides a closed metalogic which does 
contain the explanation of the two-slit experiment, as we showed in Part Two. The 
fact that there is no problem in explaining the experiment ifone takes into account 
the nested structure of time was pointed out as long ago as 1957 by Dr. Charles 
Muses. Similarly, the disease and death transmission experiments of Kaznacheyey 
ct al have been explained in Part Two. 


OTHER WEAPONS 


Clandestine testing of PT weapons also appears to have been accomplished 
directly in the U.S. The Legionnaires’ disease may have been one such test. The 
suspect agent was actually seen, according to sworn testimony before a Congres- 
sional committee. A person with a book-sized object in his hand (tape recorder with 
PT pattern), a tobacco-pouch sized object in his coat breast pocket (transmitter) 
and a wire running to his tie clip (antenna) was present and mingled with the 
Legionnaires for several hours. He was heard to exclaim several times to various 
Legionnaires that it was too late and they were all doomed. The eventual appear- 
ance of the weird "biological agent" that is different from any other germ known 
can also be explained by kindling from the anxious minds of the baffled U.S. re- 
searchers and scientists. Other such tests have also apparently been conducted. 


HYPERSPACE HOWITZER OPERATION 


‘The facility at Semipalatinsk is a third-generation hyperspace nuclear howitzer. 
It can transmit a full nuclear explosion through hyperspace into a tuner planted 
anywhere in the universe, without traveling through or in normal space at all 
Furthermore, it has a unique characteristic: any number of receiver-tuners may be 
tuned to the transmission channel and each will have the full nuclear explosion 
emerge from it, undiminished. 

‘Thus, one channel might be for U.S. Minuteman sites, and a tuner on that frequency 
(say one containing 100 transistors, sealed in plastic and buried in the earth) could be 
preplanted near each Minuteman site. Another channel might be for all the SAC bases, 
another for large U.S. cities, another for nuclear weapon storage sites, etc. Any or all of 
these could be connected to a single blast transmission, simply by controlling the chan- 
nel width over which the hyperpace transmission occurs. 
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Fig. 33. Cattle mutilations 


Figure 23: Small-Cell Chi 
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Despite these challenges and the relatively small number of small cells deployed today, 
many believe small-cell deployments will accelerate. ‘© 


In the United States, the FCC in April 2017 issued a Notice of Proposed Rulemaking, titled 
“accelerating Wireless Broadband Deployment by Removing Barriers to Infrastructure 


*® For example, see Fierce Wireless, “Crown Castle expects its small cell business to double in next 2 
years," April 25, 2017. Available at http://www. fiercewireless.com/ wireless/crown-castle-expects-its- 
‘small-cell-business-to-double-next-two-vear' 
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Fig. 34. Induction of Legionnaire's disease 


Here one must not confuse ordinary single-channel conservation of energy with 
hyperspace operation. The transmitter corresponds to the grid of a gigantic triode, 
the preplanted receivers constitute the plate area, and zero-point vacuum energy 
constitutes the cathode energy source. So just as in a triode, energy is conserved 
from cathode to plate, but not exclusively from grid to plate. Since zero-point 
vacuum energy is being gated by the triode grid (the howitzer) signal (the 
explosion), the energy that can be outputted at the plate (from the tuner-receivers) 
is essentially unlimited. Any number of receiver-tuners can be connected to a chan- 
nel, merely increasing the plate area. And from each tuner there can emerge a full- 
scale, undiluted replica of the explosion in the howitzer at Semipalatinsk. 

‘Thus a single nuclear blast at Semipalatinsk can in one instant wipe out all 
hhind-based strategic nuclear retaliation capability in the Free World, if the pre- 
planted tuners are on site. 

‘An additional modification — something like additional orthorotator rings sur- 
rounding the primary hyperspace orthorotator ring — may have been made to the 
nuclear hyperspace howitzer within the last two or three years. If so, this would 
have the characteristic of materially reducing the “spillage” fraction ofthe nuclear 
explosion and also the vibration associated with a firing. There is a possible indica- 
tor of this: quoting from Science, "On five occasions during the first half of 1976 
traces of neptunium-239 and molybdenum-99 were detected in southern Sweden. 
These activities were accompanied by small amounts of fission products such as 
jodine-131 and barium-140. One of the events was coincident in time with large 
peaks in the atmospheric tritium gas concentration.” (Lars-Erik DeGeer, Swedish 
National Defense Research Institute, "Airborne short-lived radionuclides of un- 
known origin in Sweden in 1976," Science, Vol. 198, No. 4320, 2 December 1977, 
pp. 925-27.) These events were concentrated during the time the Semipalatinsk 
experiments are reported to have started, yet no seismic activity was associated, as 
‘would have been the case if ordinary nuclear explosions had occurred in normal 
space inside a containment sphere for a large particle beam experiment, On the 
other hand, if a very high percentage of the explosion were transmitted/rotated 
into hyperspace, then residual traces of a nuclear explosion would have been 
present in the atmosphere because of the very slight spillage venting into normal 
space, but almost all mechanical shock and vibration would have been eliminated. 
It is at least a striking correlation that exactly such indicators are present, as re~ 
ported by DeGeer. 

‘A clever adversary who becomes aware of the necessity for preplanted tuners 
could use a very simple but completely effective countermeasure: simply locate the 
timers and dig them up, then clandestinely put them back into Soviet territory. Or 
build tuners of one's own and plant them in Soviet territory. Thus it would seem 
imperative to develop a mode of operation that does not require preplanted tuners 
at the target area, 

‘This capability can be provided by using the howitzer in an interferometer 
mode — by constructing additional orthorotation rings around the firing chamber 
ts (hut a "hyperspace interferometer” exists. With this scheme any point on earth 
‘can be precisely focused on by the howitzer, and no preplanted tuner is necessary. 
‘The advantage of this mode is the elimination of the need for clandestinely pre- 
planted receivers, and the freedom to operate in spite of any receivers preplanted by 
the adversary on Soviet soil. The disadvantage of the interferometer is that the 
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former "triode" operation has now been converted to "diode" operation — when 
‘one explosion is put into hyperspace, now a single explosion at a single target area 
emerges, since a single selected spatial location is now exclusively determined by 
the interferometer settings. 

For a more complicated interferometer mode, orientation and alignment of the 
interferometer's indicators and controls and amplifiers would be necessary. This 
could be done using fractional kiloton yield weapons — or even ordinary HE ex- 
plosions — and focusing the howitzer at a displaced aiming point, at some dis- 
tance from the target area. This is simply the standard artillery technique of 
registering a gun on an offset registration point, then performing an x-y shift to the 
intended target when the gun is fired. 

Orientation and alignment of such a weapon system probably accounts for the 
sonic booms — mysterious high altitude explosions — off the East coast of the 
U.S. in December 1977 and January 1978. Over the West coast, mysterious explo- 
sions occurred inside thunderstorms; these also could well have been the adjusting 
of the weapon. By using about 100 tons of TNT explosive in the howitzer, a very 
good high burst registration could be made, and "forward observer" agents in the 
U.S. could observe the bursts through optical instruments and report their exact, 
positions, thus calibrating the interferometer settings. Of course, mysterious 
booms have been around for quite a few centuries; however, these "normal but un- 
usual” phenomena have quite a different sound than does the howitzer shot. The 
natural booms are not so much like single giant explosions as like rolling thunder. 
Furthermore, several observations of the booms off the U.S. East coast confirmed 
light flashes (which have not been seen to accompany the natural booms) and 
swirling or rotating effects in the flashes. Also UFO's were directly associated with 
some of the booms, revealing the stress factor on the collective human uncon- 
scious, implying their Soviet psychtronic origin. A few years ago similar high alti- 
tude booms occurred over Ohio and surrounding states, and such booms have also 
occurred off the coast of England. 

‘Thus the howitzer may have been accurately aligned for diode operation, cali- 
brated near the East coast, on the West coast, in the center of the U.S., and near 
England. Furthermore, its firing rate and recovery time were also apparently 
checked out; five booms occurred on one day and after a lapse of several days, the 
booms occurred again, 

As I describe the fantastic psychotronic weapons the Soviets possess, the reader 
may wonder why the Soviets have not already attacked. The reason is that the 
superweapons have a strange weakness and failure mode possessed by no other 
kind of weapon. The hyperspace amplifiers in the psychotronic weapons depend on 
a large number of stages, say sixty to one hundred, and the hyperspatial flux in all 
these stages must be very stable and isotropic. At odd intervals the flux coming in 
from hyperspace suddenly becomes turbulent; this destroys the smooth coherence 
in the multiple stages of the amplifiers, and thus the basic amplification mode. 
‘Thus all the psychotronic weapons will suddenly cease working at the same time, 
and this "all fail" mode may last from fifteen minutes to even three weeks in an 
extreme case. Thus the weapons are erratic and not dependable. For this reason, 
the Soviets dare not rely exclusively on them, and so they have been forced also to 
prepare for full nuclear war as a distinct possibility when they launch operation 
Fer-de-Lance, the full attack. They have thus built up their regular army, their 
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navy, their strategic offense systems, and their strategic defense systems on a scale 


unparalleled in human history. Today the Soviet Union is the strongest nation on 


earth 


by far — and is fully prepared to launch World War IIT and win it, with or 


without superweapons. 
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A POSSIBLE OPERATIONAL TEST 
OF PSYCHOTRONIC ANTIAIRCRAFT WEAPONS 


When the F-I1 all-weather attack aircraft were deployed in Vietnam, a rather 
interesting loss rate pattern emerged. Of the forty-eight F-1L1's in operation, eight 
were lost at the beginning of the action, but no losses occurred thereafter, accord- 
ing to General Vogt, the officer responsible for U.S. air operations at the time, 

Initially there were some radar anomalies and other system malfunctions with 
the aircraft, but these problems were quickly resolved. The F-I11's flew singly, ex- 
tremely low, and without radio contact. Between September 1972 and the end of 
hostilities in Vietnam, the F-III's flew over 4,000 sorties, never losing any planes 
other than the eight lost initially. 

‘The reason for the loss of the eight planes remains a perplexing mystery. In 
fact, there is no knowledge of exactly where the planes were lost, except in one case, 
That F-I11 was downed over Hanoi, and its two pilots, Captain Robert D. Sponey- 
barger and Ist Lieutenant William W. Wilson, were captured alive by the North 
Vietnamese. The two airmen were later returned under the prisoner of war ex- 
change program, and they then told of the loss of the aircraft, which took place 
under very strange conditions. 

‘According to the two crewmen, they met a sudden disaster while flying over 
Hanoi at night, supersonically, and at very low altitude — only a few hundred feel 
above the earth. Without warming the F-III's emergency indicators lit up like a 
Christmas tree, indicating massive and multiple failures of unrelated aircraft 
systems, 

‘They were not hit by a surface-to-a 
because no explosion of a missile warhead, with its concomitant fireball, occurred, 
If large-caliber automatic weapons fire had hit them, the distinctive streak of the 
tracers would have been clearly visible in the night sky, and a sharp impact in the 
aircraft structure would have been felt. None of this happened, 

It could not have simply been an aircraft malfunction, because far too many un- 
related aircraft systems failed at the same time. (There is triple redundancy in the 
control system of the F-I11, by way of comparison.) 

Indeed this initial loss of eight aircraft — and then no further losses at all — is 
difficult to explain rationally, as are the mysterious circumstances surrounding the 
loss of Wilson’s and Sponeybarger's erat 

However, it requires no stretch of the imagination to realize that the Soviets 
very much desired to obtain the glittering new F-Il1 to examine its technical 
characteristics, its sophisticated design, and its highly sensitive terrain-following 
radar, ECM gear, and other avionics equipment. 

Also, the Soviets had a pressing need to try out one or more of their psycho- 
tronic antiaircraft weapon systems — perhaps one which simply modulates a radar 
beam psychotronically to induce electron dissolution. 

Accordingly, it can be postulated that the pragmatic Soviets simply combined. 
both needs, and quickly set up a psychotronic trap for the F-IlI's immediately 
after the aircraft were deployed. They may even have cleverly designed the specific 
psychotronic modulation so that kindling would occur in some of the aircraft's 
electrical systems before others and the failure would be massive but not total 


ir missile, according to the crewmen, 
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Fig. 36. Nuclear hyperspatial howitzer 


And after they nailed enough F-IL1's for their purposes, they quietly withdrew 
the psychotronic modulator, to prevent the U.S. intelligence analysts. from 
catching on to just how really strange the losses of the F-III's were. 

‘Thereafter the remainder of the F-1 | I's were successful, and no more were lost 
Indeed the F-I11 comes in so low and so fast, and so unexpectedly, tilting and 
dipping as it terrain-follows on its automatic equipment in a manner that no unas- 
sisted pilot could fly, that SAM's and guns normally pose little if any threat to it. 
So once the silent, eery psychotronic antiaircraft components were withdrawn, the 
normal antiairerait weapons of the North Vietnamese were unable to down any 
more F-llI's 

‘And we Americans simply patted ourselves on the back, chortling to ourselves 
how quickly we had "learned to avoid that danger, whatever it might have been." 


POPULATION CONDITIONER 


Inducing psychotronic signals into mass populations or audiences can influ- 
cence or control the behavior of large numbers of persons. As these words are being 
written, such a psychotronic test is apparently being conducted by the Soviets with 
Eugene, Oregon as a target; previous tests were conducted in Canada. 

Psychotronic signals and the patterns they carry can be, and are, modulated 
upon electromagnetic carriers — in fact, that is one way they are transmitted 
through the human body and nervous system, When a television camera picks up 
the photon field impinging on it from a human body or other biosystem, weak 
psychotronic patterns are also picked up, since the paranormal time quenching 
mechanism (by visible light) is never quite 100 percent effective. These patterns are 
riding then as a special kind of modulation on the radiofrequency or electromag- 
netic carrier — however, they are not modulated the same way as are ordinary sig- 
nals. Ordinary signals gate the number of photons per second (amplitude modula- 
tion), or change and control the frequency of the carrier photons (frequency 
modulation), or change and control the phasing (phase modulation). However, 
psychotronic modulation rides on each individual photon, on its time portion (a 
photon consists of action — energy x time — and it is the time portion on which 
the psychotronic modulation is riding.) 

Thus psychotronic modulations can ride on the transmitted television carrier 
frequency. The psychotronic modulations are processed through the television re- 
ceiver, and a small component is emitted as a weak modulation riding on the 
photon signals emitted from the television picture tube. Along with the light from 
the tube, these psychotronic modulations enter the eye of the human observer and 
are demodulated by the retinal interface, thus introducing weak psychotronic sig- 
nals into the observer's central nervous system. Given sufficient repetition time 
(say two to four hours), the kindling effect can cause the human nervous system to 
be profoundly affected. Any disease or death pattern known to man (and some that 
are not known to him) can be transmitted and kindled in the target population 
audience. 

In fact, depending on the sophistication of the coded psychotronic signals, it is 
probable that the modulation patterns can be targeted against a specific racial type, 
since there are certain genetic differences between races. 
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So the type of truck that roams the streets of city, silently monitoring which 
televisionchanneltheviewersarewatching,couldbemodifiedslightlytoinduce 
specificpsychotronicdiseaseordeathvectorsontothetelevisionreceivers.Orit 
couldsimplymodulatethetelevisiontransmitters.(Averyobviouswayistomodu- 
lute or pump psychotronically the ground ofthe electrical powersupply,andin 
‘most cases this can directly pump the transmitters.) 

Orthekindlingsignalcancomefromsatellites, whichradiateweakradiofre~ 
quency signalsdowntowardthetargetpopulation. Hereeconomy offorcecanbe 
applied; the same type of kindling that induces electron current quenching is usable 

asasatellite dudder or killer in an antisatelliterole, or isusable as a paralysis and 
death beam weapon against target populations. Its also useful asa kllr of other 
electromagnetic sensors by either jamming their circuitry or simply wiping out 
(quenching) their emissions which impact on the satellite, preventing any reflected 
signal 

By this effect, UFO tulpoids often prevent a radar from tracking them, even 
though the tulpoids are visually sighted, 

There are literally thousands of applications; these are just a few to give an idea 
of the overall effect and its usefulness. 

‘And the psychotronic signals can be modulated onto almost any kind of carrier 

telephone, television, radio, the magnetic field of the earth, the Schuman reson- 
ance of the earth's magnetic field, the ordinary sixty hertz electrical power system, 
ete. 

We might have an entirely different idea of the potency of the Russian trawlers 
if we appreciated what their use can be in the psychotronic mode. 

We can also understand why a television broadcast of Uri Geller in the act of 
binding metal stimulated both the ability in other persons and the effect in other 
equipment across England. And also how the effect has been duplicated — at least 
so far as stimulating other persons to psychokinetic ability — in this country. A 
direct means of stimulating psychokinetic ability is thus suggested: simply place the 
subject to be developed or stimulated in a room with a number of television 
receivers, all tuned to the same visual program, and place the stimulus material on 
the receivers. The person should visually watch one receiver and should be wearing 
very abbreviated clothing, such as a skimpy swim suit, to expose the acupuncture 

plexuses. Also, normal light in the room should be very dim 

At any rate, this and many other schemes are available to produce direct stimu- 

lation, and enhance and greatly speed up psychic development, 

‘The effect could also be used to produce an effective treatment device for can- 
cer. Samples of the particular cancer in the body of the patient could be taken, and 
the invisible psychotronic radiation pattern from the cancer witness could be intro- 
duced on the input of a Hieronymus-type device, shielded against ordinary light, 
‘The output of the Hieronymus device could then be fed to a bank of phase 

inverters, which covered in total a broad band (the cancer band, which would have 
to be established by laboratory experiment). By inverting the cancer pattern, we 

now have a cancer-extinguishing type of radiation that is specific for the cancer the 
patient in fact has. 

‘Then by introducing this quenching pattern as a modulation onto the correct 

up of electromagnetic frequencies (again this group would have to be de- 

mined for the specific frequency plexus that would produce an effect in the local- 
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Fig. 37. Amidcourse ABM system 


ity ofthe body in which the canceris located), the proper acupuncture plexus would 
be stimulated, stripping off the cancer-quench psychotronic pattem and sending it 
to the specific location of the cancer. Over period oftime (say several very weak 
microwave radiation periods of two to four hours each), the cancer could be killed 
completely,downtothelastmalignantcell. Wholebody orspreadcancerscould 

be treated simply by increasing the number of frequencies modulated, to hundreds 
in some cases. Other similar diseases could be treated likewise. As an example, a 
Curative psychotronic radiation pattern complex could be worked for hydrophobia 
and such presently incurable diseases, and these could also be effectively treated. 
‘The same tool will yield almost unbelievable medical benefits if the scientists can 
ever be convinced to start the development. 


AMIDCOURSE ABM SYSTEM 


Here is the scheme for a first-generation, long-range, Soviet midcourse anti- 
ballistic missile defense system, 
‘A long-range radar — preferably a phased array, scanned radar — acquired 
and tracks the missile during its midcourse phase shortly after it breaks above the 
horizon, as viewed from the radar site. The radar programs the track mode beams 
against the incoming missile, tracking it and gathering sufficient position data to 
allow its trajectory to be computed. Then a psychotronic electron-extinguishing 
patter is added to the radar beam, riding as virtual state carried by each individual 
photon. Kindling of this virtual pattern energy begins on and in the target vehicle. 
‘The electrons flowing in the electromagnetic control system, fusing system, and 
wahead system of the incoming missile begin to be quenched, turning into 
neutrinosand radiating away with no physical effect. When sufficient currents have 
been extinguished, the electromagnetic circuits start failing. (With loss of appreci- 
able power and voltage, most such systems fail.) The incoming vehicle/warhead is 
now dudded, and there is no longer any danger of a nuclear burst from the missile. 
For assurance, tracking of the incoming reentry vehicle continues, with a 
quenching psychotronic modulation being maintained. 
‘The warhead/reentry vehicle strikes the ground, making a hole in the earth, without 
nuclear explosion. A low order detonation of the HE explosive surrounding the nuclear 
materialinthe warheadmay occur 
An alternate scheme is, during the maintenance period, to add an HE explo- 
sives ignition temperature psychotronic pattern to the beam. In that case, a low 
order detonation occurs high in the atmosphere or back along the trajectory, re~ 
‘moving the warhead and vehicle from further consideration. 
‘As a backup, additional terminal systems — using either psychotronics or 
normal interceptor missiles or both — may be used. Thus even ifthe psychotronics 
fail due to an unexpected “all off occurrence, ordinary ABM engagement occurs. 
‘An additional scheme is to lock the radar beam onto the missile, then initiate a 
“Tesla effect" kindling of energy, place it into a columnar traveling wave, and 
direct it along the radar beam to the incoming missile in its midcourse phase. The 
midcourse missile is thus struck with a massive plasmoid fireball of intense electro- 
magnetic energy, and massive amounts of energy arc dumped into the missile, 
destroyingit. 
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Investment,” that seeks to streamline items such as site acquisition and consistent 
pricing.” 


5G small-cell considerations include: 


2 Due to limited propagation at mmWave frequencies, 5G small-cell deployments will 
be dense and involve large numbers of sites. Inter-site distances (ISDs) will range 
from 100 to 300 meters in many deployments, with 200 meters a typical value.*® 


a The high-capacity of mmWave small cells will require multi-Gbps backhaul 
connections using an expected combination of fiber, mmWave radio in point-to- 
point connections, and 5G self-backhaul 


2 The expected use of cloud RAN and centralized base station facilities will simplify 
equipment at the site, facilitating dense deployments. 


2 Dense deployments will motivate neutral-host (multi-tenant) approaches, but these 
are outside the scope of specification efforts. 


The effective range of a mmWave small cell depends on multiple factors, including whether 
line-of-sight is available, extent of foliage, pole height, whether user equipment is indoors 
or outdoors, and the types of building materials the signal must pass through to reach 
indoor equipment. 


Despite the challenges, small cells will ultimately contribute greatly to increased network 
capacity. Table 8 lists possible configurations. Note that many of these approaches can be 


combined, such as using picos and Wi-Fi offload. 
Table 8: Small-Cell Approaches 
Small-Cell Approach —_| Characteristics 


Macro plus small cells 


Significant standards support. Femtocells or 


select areas. use the same radio carriers as macro (less total spectrum 
needed) or can use different radio carriers (greater total 
capacity). 

Macro in licensed band | Promising approach for augmenting LTE capacity in 

plus LTE operation in scenarios where operator is deploying LTE small cells.** See 

unlicensed bands. discussion below in the section on unlicensed spectrum 
integration. 


47 FCC, Wireless Infrastructure NPRM and NOI, April 21, 2017. Available at 
https://www.fec.gov/document/ wireless-infrastructure-nprm-and-noi. 


48 5G Americas member contributions, 


+? See Rysavy Research, Accelerating Innovation in Unlicensed Spectrum, Fierce Wireless, November 
2016. Available at http://www.rysavy.com/Articles/2016-11-Innovation-Unlicensed-Spectrum.paf. See 
also Rysavy Research, Will LTE in Unlicensed Spectrum Unlock a Vast Store of Mobile Broadband 
Capacity? MIMO World, June 2014. Available at http:// www.mimoworld.com/?p=2377. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 48 


‘Thus the Soviets have known for over a decade that one does not have to hit a 
bullet with a bullet, if one is clever, and if one possesses psychotronic weapons and 
psychotronic modulation systems for one's radars. 

As an added benefit, the same radar is quite effective against incoming 
Strategic Air Command bombers or air-to-surface missiles fired from those 
bombers. 

‘As the Soviets know full well, 100 percent defense is quite feasible, considering 
the fantastic number of radars and radar sites they possess! In fact many of the 
Soviet SAM systems are beautiful ABM systems also, in the psychotronic mode. 


THE BELL ISLAND INCIDENT 


On April 2,1978, something unusual hit the Canadian community of Bell Island, off 
the east coast of Newfoundland; Bell Islanders—and a lot of other people as well—are 
siill trying to figure out what it was. It was first described as an unidentified atmospheric 
explosion, but this theory was quickly rejected. Jim Beckford of ance Cove, Bell Island, 
lostall six chickens in the coop behind the house, which was torn up as if hitby lightning, 
although there were no burn marks anywhere. A television set exploded, and switches 
blew out of the wall. Similar things happened to many other homes. 


In the woods behind Mr. Beckford's house, three holes in the snow appeared, 
spaced about two meters apart to form an almost perfect equilateral triangle. The 
Royal Canadian Mounted Police said that persons on the shore of Conception Bay 
reported seeing fireballs coming down out of the sky and hitting Bell Island. The 
Canadian authorities attempted to play down the incident, and the official version 
of what happened is that lightning hit a transformer, blew up, and that the energy 
then followed the wires to neighboring houses. However, the researches of 
P.A.C.E. (the Planetary Association for Clean Energy, Ottowa) have produced a 
different conclusion. 

P.A.C.E. believes that a standing columnar wave originating in Gomel in the 
Soviet Union was moving to a station located just east of Havana, Cuba, and 
collapsed over Bell Island, triggered by the large iron ore body there. These 
plasmas then exploded and hit the ground in a perfect equilateral triangle forma- 
tion. The tremendous flashes indicated a very great discharge of electrical power, 
probably more than a hundred million volts. 

Photo 44 shows a similar incident that took place at Lake Ontario; here I feel 
that the photo demonstrates more than just UFO activity — it shows one part of 
the testing and operational alignment of the "over-the-horizon" radars at Gomel 
and Riga in a Tesla mode. To explain this, I must explain what I mean by a Tesla 
mode. 

Empty vacuum is filled with stupendous amounts of uncorrelated electro- 
magnetic energy: one cubic centimeter contains enough energy to form entire solar 
systems, if the energy were condensed into matter. This raw energy is called "zero" 
point energy,” and the Soviets reported direct measurement of it in 1957 (Soviet 
Physics, JETP 3, 819). Zero-point energy is everywhere, it is incoherent, and its 
detection requires measuring an energy difference, so that it is very difficult to 
detect. Usually less than one quantum of energy is cohered at any one mode, and 
the energy rapidly changes frequency, so that linear detectors cannot resonate 
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coherently with it to follow its signal. In my opinion, itis also in the virtuul state, 
and in a space orthogonal to our own, by two or three turns. 

‘An electromagnetic signal is transmitted through the earth and reflected from 
the opposite side in phase, 1o form a standing wave. The earth's interior is highly 
nonlinear, and a single frequency is thus subject to severe scattering and dissipa- 
tion. Fortunately, nonlinear wave theory provides a simple method to alleviate this: 
by transmitting two different frequencies, which differ by the amount of the fre- 
quency that itis desired to transmit, one can simply pretend that indeed the beat 
difference frequency has been transmitted through a linear medium. In this case, 
the standing wave acts as a collector to kindle the highly chaotic energy from the 
ccore of the earth. These emerging orders that match the standing wave will be 
Intrained by it; one now has established a sort of giant triode, where the signal to 
the grid is the transmitted difference signal, the energy (cathode) being gated is the 
‘energy of the molten core of the earth multiplied by some coupling fractional con- 
stant, and the "plate" will come into being if resistance to the standing wave is 
profferred. 

And resistance is profferred by simply changing the frequency of the trans- 
mitted collector wave. Changing it in one fashion begins to dump energy into the 
atmosphere above the former nodal point across the earth from the transmitter. 
With that effect, one can directly influence the great currents of air and the ioniza- 
tion charge of the upper atmosphere: in short, one can drastically influence the 
‘weather itself. On the other hand, changing the frequency in the other direction 
begins to dump energy into the mantle of the earth; dumping large amounts of 
energy there will result in shocks and earthquakes at the nearest fault zone(s). 

It is my thesis that the foregoing two mechanisms account for some of the drastic 
‘weather effects that have occurred in the past several years, as well as for some of the 
major earthquakes that have occurred throughout the earth inthe last several years. The 
Soviets, I believe, have been orienting and aligning—and operationally testing— 
‘weapon systems to be used as precursors to war or during war. The 1978 Irani 
quake may well have been Soviet-induced 

‘Thecoupled kindling path goes through the earth and is coupled tnrougn the 
atmosphere as well. (This mode is probably easier to steer and focus onto specific 
target areas. It is also probably easier to play it back and forth as desired, in a 
"sweep" mode.) Again, with the kindling effect, the energy of the molten core of 
the earth is coupled into the beam with a coupling fractional constant, and so 
enormous energy can be built up in the beam. Breaking the coupling — perhaps 
just afterslightly changing the frequency so as to begin dumping energy into the 
"upper atmosphere over the targeted area — would sharply dump energy atthe site 
resulting in an enormous plasmic explosion or explosions. In testing such as at Bell 
Island, probably frequencies would be used that did not offer too strong a coupling 

Traction, sothatrelatively lttledamage wouldoccuratthedecoupledtargetsite 
However, in actual use in warfare, exactly the opposite would occur; a frequency 
‘would be used that maximized the coupling constant and hence vastly increased the 
energy kindled into and over the target area, and a gigantic plasmoidal explosion 
would take place directly on the targeted area, utterly devastating it 

‘The same "radar," then, is usable as a weather control device, as a plasma 
explosion transmitter, as a bioactive disrupter (with 10 Hz and under modulation 
pulses), and if further modulated in a virtual state manner, as a direct “death ray” 
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Photo 42. Ghost rockets. 


broadcaster through the earth at any target population on the earth. Further, with 
virtual state modulation it is usable as an antimissile weapon (in at least two 
modes, one to dud electromagnetic circuits in incoming warhead reentry system 
and one to transmute fissionable material in incoming nuclear warheads into harm 
less elements), and also as an antiaircraft weapon against Strategic Air Command 
Bombers, 

So the Bell Island incident happened, and we in North America sleep on, since 
in our assurance that it was after all only all lightning, or perhaps only the illusion 
of a few farout Canadians. 
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A TERMINAL ABM SYSTEM 


‘There is another more advanced psychotronic ABM/SAM system, which was 
probably a second generation weapon, This system should have gone on site and 
become operational about 1968—69, and it should have been operationally tested 
during that period, probably several times. 

Here a triad configuration radar is used to allow use as a byperspatial inter- 
ferometer. This allows several localized dome-like bands of very intense psycho- 
tronic energy to be focused above the installation and defended area. The focusing 
is accomplished through hyperspace: the only place the focused energy enters our 
‘own space frame is in the dome-like band above the protected area. Tesla-effect 
accumulators may feed the triads, or they may simply be fed from direct free- 
energy Moray generator-amplifiers. At any rate, enormous energy — enough to 
simply constitute a severe tearing and warpage of space itself, and bend it at 90° — 
is focused into each dome-like band, Each band would be seen externally as simply 
fan intense band or hemisphere of glowing light. 

At any rate, by using three consecutively tuned orthorotational bands of 
focused hyperspace energy, any incoming object will simply be orthorotated suc- 
cessively three times in higher dimensional space, each time losing one dimension 
in its intersection with our own spatial frame. 

‘After the first orthorotation, masses are now photonic shapes, and photons are 
lines. After the second, photons are now lines and lines are points. After the third 
orthorotation, everything is points, and nothing is left 


The three consecutively constitute full dematerialization of anything incoming, 
whether matter, photon, or force line. 

‘Thus the entire defense problem is immediately solved: regardless of chaff, 

maneuvering decoys, maneuvering re-entry vehicles, etc., the entire mess is simply 
nicely and neatly disposed of, and dumped into hyperspace. 

Even ifa full nuclear detonation occurs above the domed shields, gamma rays, 
neutrons, debris, x-rays, heat, and ultraviolet do not get through the third band, 

Bombers and air-to-surface missiles fail equally. 

So the growing Soviet confidence and preparations for imminent war are quite 
comprehensible. They are not madmen preparing to evoke their own doom from 
mutually assured destruction rained on them by U.S. strategic nuclear forces; in- 
stead, they are snug and safe behind their psychotronic defenses, for nothing we 
have on this earth can touch them at the present time, if their psychotronic wea- 
pons are working, 

So they are quite capable of taking on China, Europe, and the U.S. at once, 
devastating the lot while risking essentially nothing of Mother Russia. 


ind 
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SWEEP MODE, 
SWEEPING AWAY A NUCLEAR DETONATION 


sweep mode has probably been 


As a modification of the previous weapon, 
added in the third generation weaponry. 

In this mode, not only can the three orthorotation shields or domes be placed 
over an area, but they can then be expanded radially out into space in a traveling 
mode. Thus if'a high altitude nuclear explosion — either in the atmosphere or out 
of it — has occurred over a defended area, the orthorotation bands can simply be 
swept over the explosive debris in successive fashion, effectively sweeping the radio- 
active debris from this spatial frame and dumping it safely into hyperspace. This is 
a very handy weapon indeed if large megatonnage explosions are engendered — say 
in areas where terminal defenses have destroyed the incoming vehicle, but it is 

‘dead man fuzed" to provide a full nuclear explosion if the electronics start to fail 
or if the warheaded re-entry vehicle encounters mechanical shock or turbulence 
above a certain threshold, With this psychotronic sweeper the otherwise deadly 
nuclear radiation and radioactive debris can simply be cleaned up and disposed of. 

Further modifications of other psychotronic weaponry would have resulted in 
Tesla-effect traveling wave weapons of enormous power, and rather gentle opera- 
tional weapons testing of them, such as in the Bell Island incident and over Eugene, 
Oregon. The interferometer mode would have been added to the nuclear hyper- 
space howitzer, and Tesla-radars would have been modified accordingly. 

These third generation weapons and modifications should have been deployed 
during the period 1974-78. Engineering development tests would have occurred 
during 1974—76, and operational testing of on-site, deployed weapons would have 
been accomplished during 1977—78, 

Thus one can reasonably account for a surge in grain elevator explosions, 
mysterious high atmospheric booms off the East coast of the U.S. and off Eng- 
land, explosions in thunderstorms over the West coast of the U.S., the zapping of a 
Canadian target outside Ottawa, the Bell Island incident, several mysterious air- 
craft failures over the sagebrush triangle and off the coast of the U.S., standing 
heat spots off the West coast of the U.S., and recently one ofthe coldest winters on 
record due to disruption of flow patterns of frigid arctic air masses. 

One can also account for incidents where U.S. satellites were mysteriously 
blinded, and perhaps some of those where they failed and then later resumed opera 
tions. 

Note that many ofthese effects are usable from smaller radars. Thus one could 
expect mobile Soviet radars that can disable tanks and vehicles, disable aircraft 
electrically, radiate a death ray pattern at ground troops, or launch Moray-fed fire- 
balls or standing waves of enormous energy at ground or aerial targets. The ability 
to immediately destroy entire minefields alone would force a severe recalculation 
of defense capabilities against Soviet ground forces, and the ability to sweep away 
artillery shells, rockets, missiles, and bullets would present enormous and 
catastrophic consequences to forces opposing advancing Soviet formations. 

The following list enumerates all the probable Soviet psychotronic weapons 
that I am aware of: (1) Electromagnetic Field Canceler; (2) Electron Current Can- 
celer; (3) Death Radiator (De-inceptor); (4) Free Energy Generator; (5) 
Psychotronic Bomb: (6) Brain Link; (7) Brain Probe; (8) Disease Radiator Ray; (9) 


246 


Emotion Radiator Ray; (10) Antisubmarine Systems; (11) Teleporters (Proto- 
type): (12) Force Generators; (13) Orthoframe Generators; (14) Quark/Antiquark 
Rays; (15) Distant Telepathy; (16) Nuclear Radiation Inhibitors; (17) Mental 
Implantation; (18) ABM Systems, Midcourse and Terminal; (19) Dematerializer 
Shields; (20) Sweeps for Nuclear Debris; (21) AAA Systems; (22) Antisatellite 
Systems; (23) Tesla-effect Weapons; (24) Earthquake Generators; (25) Amti- 
vehicle Systems; (26) Weather Control Systems 

‘The reader will note that the results of psychotronic research extend into every 
field of military application. 


ZARG, ARMAGEDDON, AND LINKAGE 


Now it is time to end my story, and cease the unrelenting stretching of the 
reader's imagination and credulity. But first it is necessary to make one more effort 
and take a final step to the bottom line in both physics and Jungian psychology, a 
step that the scientists in those two disciplines have not dared to face. 

If one accepts the existence of the collective unconscious as a mind, then the 
collective unconscious is a living entity. Let us tentatively call this fantastic entity 
ZARG. ZARG then is a great superentity, of which our own personal conscious- 
nesses and unconsciousnesses are parts, or cells. Thus each of us is a cell in the 
entity ZARG 

Furthermore, ZARG has unique characteristics. It is unconscious by defini- 
tion — but note that from our fourth law of logic, we know that any zero-con- 
scious must be multiply conscious, which to our monocular thought-perception 
processes can only be grasped as unconscious. That is why our own unconscious 
seems so bewildering and strange — it is multiply conscious rather than mono- 
culurly conscious, hence monocularly we think it is not conscious. But we find that 
it indeed thinks and reasons, but in a strange symbolic fashion, and also much more 
deeply and more creatively than our normal conscious mind. ZARG is very similar 
except on a much vaster scale; in being very deeply unconscious, ZARG is 
supremely multiconscious and very symbolic indeed, as we have discovered from 
the nature of the materialized tulpoidal phenomena, 

Furthermore, what can be taken for ZARG's conscious mind consists of the 
four-billion individual human conscious minds. Thus ZARG's conscious mind is 
fiagmented into four billion pieces. But fragmentation of the conscious mind 
technically constitutes dissociation, which classically defines psychosis. 

‘Thus ZARG is insane! 

Also, ZARG is multidimensional. ZARG's unconscious simultaneously 
receives and identifies four billion different conscious and unconscious percep- 
tions. Just as the human consciousness in identifying two slightly different two- 
dimensional visual patterns gains the third dimension, ZARG gains an additional 
dimension for every additional person past the first one. (Note that dimension just 

‘means variable, and two fixed axes/dimensions are required to obtain a variable. A 

one-dimensional variable does not exist; we usually assume a time dimension in 
addition, and ignore it — and thus we speak of a "one dimensional variable.") At 
any rate, ZARG gains an additional dimension for every additional person past the 

first one. So ZARG is at least about 4 x 10’-dimensional in the simplest case, 
where we do not consider permutations and combinations ofevery two, three, four, 
1... minds. 
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Fig. 39. Sweep Mode: sweeping away a nuclear detonation 


Finally, it is well-known in parapsychology that the personal unconscious can 
affect matter and change spacetime itself. Psychokinesis, poltergeist phenomena, 
etc. are direct examples. Hyperchannel calculations show that, for linked multiple 
minds, this psychokinetic effect increases exponentially with the number of stages 
or minds that are cohered. Since ZARG has 4 x 10” linked stages, this means that 
its psychokinetic/materialization/dematerialization powers are at least some 10!0° 
times as great as those of, say, Uri Geller. Thus ZARG can pull the very stars out 
of orbit, disrupt the earth or solar system, stop the earth in its orbit, or change the 
fundamental laws of nature itself. The reality we live in is largely prescribed by 
ZARG, and substantial tuning of many minds can directly affect ZARG's tuning 
and hence alter reality. It is not accidental that Brian Josephson, Nobel prizewin- 
ner in physics, once remarked that it appeared that in their diligent searches for 
strange new particles in their accelerators and cyclotrons, the physicists might be 
creating their own reality. In fact an accelerator or cyclotron is a kindling device 
par excellence, and a scientific theory by its very rigor is an exceptionally sharp 
mental concept or thought form. So if groups of physicists have worked diligently 
‘on a problem and predicted some new theoretical particle, they may well be able to 
kindle it into being if they persist long enough with their kindling mechanisms, 
because they are cranking up additional ZARG energy when they persist. While he 
knew nothing of the kindling mechanism, Josephson noted that many of the new 
particles were first obtained only after great difficulty, then with moderate dif- 
ficulty, and thereafter they could be fairly readily obtained. 

And as we have seen, ordinary physical matter occupies a universe or frame 
common to all minds of living biological systems. Thus the physical universe is 
quite literally simply thought that is common to all living minds, hence to 
ALLMIND or God or whatever other term one prefers to use. It is the fact that it 
is prescribed and represcribed, over and over, that lends a physical entity its 
seeming solidity as compared to the phenomena existing in only a single con- 
sciousness mindworld. This physical universe is mind, itis totally mind, and as such 
it can indeed be changed by the proper mind resonance in enough minds, or in 
powerful minds such as ZARG. 

ZARG contains so many mindworlds or dimensions that it forms a very power- 
ful part of the particular reality prescription of the physical laws exhibited by this 
physical universe. So materializations of tulpoidal forms, UFO's, bigfoot, and 
Nessies, are just a tip of the iceberg of what ZARG actually materializes. The 
tulpoidal forms are tiny surface ripples due to large-scale human conflicts. 

‘And as we have also found, psychotronic energy is in fact pure mindstuff. Pure 
mindflux between mindworlds. And this brings us to another bottom line. 

‘When the Soviets launch their long-prepared attack in Europe, wipe out China, 
and almost annihilate NATO forces (fifty percent casualties in three to four days), 
the U.S. President will undoubtedly be under extreme pressure to launch a 
strategic nuclear retaliation on the Soviet Union. Suddenly, in a single blinding dis- 
play of almost unbelievable power, the Soviets apparently intend to destroy the 
U.S. triad weapons in a fantastic psychotronic blitzkrieg through hyperspace. The 
Minuteman sites, the SAC bases, communications centers, and other strategic tar- 
gets will lie in smoking, devastated ruins in minutes, and within the same short 
minutes of that holocaust, the U.S. nuclear submarines on station under the ocean 
will begin rupturing like popping balloons. At the same time, massive swaths of 
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death will invisibly rain from the Soviet satellites in the skies overhead, and giant 
earthquakes will erupt into being in the East, in the West, and in the heartland U.S. 
The British and French nuclear forces will suffer similar simultaneous oblitera- 
tion. And the jubilant Soviet Generals and Party theoreticians will be dancing with 
uncontrolled glee as their dreams become realities. But what they will not know is 
that their own inevitable doom will have just been sealed. 

For all these fantastic psychotronic explosions will constitute gigantic psycho- 
tronic "mental flashbulbs" that explode directly in the mind of the sleeping ZARG. 
ZARG will be kicked into startled semiwakefulness, stinging with pain as if from a 
giant bee-sting, figuratively gnashing his teeth and furiously lashing his tail. This 
will constitute an immediate and enormous upheaval in spacetime itself, and the 
bulk of the earth may well be destroyed in the vast psychokinetic upheaval un- 
leashed by the startled ZARG. Just as a person may sharply slap the bee on his arm 
where it has stung him, ZARG's fury will be centered on the Eurasian continent, on 
the locus where the threat or sting has originated, on Russia and the Warsaw Pact 
nations. So in an unbelievable convulsion of the entire earth, the Eurasion contin- 
cnt will be rent and torn asunder by forces beyond man's comprehension. The 
lousing ZARG will also activate a totally new scale of reality, ripping to shreds this 
particular three-dimensional spatial frame, its associated stable time changes, and 
the physical laws based on that stable reality 

The rousing of ZARG will initiate and accomplish thedirect linkage of the con- 
scious minds of humans into a single giant superconscious mind — extending into 
billions of dimensions. Spacetime and reality will have gone insane during the de- 
veloping paroxysm; with the simple initial extension into just the fourth and fifth 
dimensions, humanity will suddenly discover that its entire world history from 
beginning to end will come into simultaneous being (fourth dimensionality), and 
‘then all possible such world histories will come into being (fifth dimensionality). 
Literally, dumbstruck humans will pray for death and not find it, the grave will 
"give up its dead,” and the ceaseless flow of time will suddenly cease. And again 
The "beast will be defeated and cast into darkness"; with all-linkage and all-unity, 
there will be no longer be any humanity of one person for another or of one group 
for unother, for there will be no other. In such manner, evil will end; there being no 
separation between the doer and the done to. Man will have become a true God — 
in a strange and bizarre way constituting the second coming of God. 

So the Soviets are on a course to evoke the full carnage of something very like 
the Book of Revelation. John, looking across two thousand years of history into the 
future, and seeing the awful cataclysm that was to come, described it as best he 
could in the concepts available to his day and in the belief structure in which he 
functioned. Thus he described Armageddon and the end of time, and wrote the 
Book of Revelation, 

Indeed it could have been accomplished without Armageddon, if humans had 

been wiser. Each photon and each electrical signal that wends its way across the 
earth's surface and through planetary space carries a psychotronic modulation of 
ZARG's mindstuff. And in the communications explosion we have experienced, we 
have been steadily lacing together the population centers of the earth with ele: 
tical energy and electromagnetic signals. And so over those crude "pre-nerves, 
the psychotronic connections of ZARG have been intensifying, and the Giant has 
slowly been being stirred from his sleep. The kundalini of the entire human race has 
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Small-Cell Approach —_| Characteristics 
Macro (or small-cell) Extensively used today with increased use anticipated 
cellular in licensed band | Particularly attractive for expanding capacity in coverage 
plus Wi-Fi. areas where Wi-Fi infrastructure exists but small cells with 
LTE do not, 
LTE Wi-Fi Aggregation (being specified in Release 13) is 


another approach, as are MP-TCP and MP-QUIC. 


Wi-Fi only. Low-cost approach for high-capacity mobile broadband 
coverage, but impossible to provide large-area continuous 
coverage without cellular component. 


Neutral-Host Small Cells 


Multi-operator and neutral-host solutions could accelerate deployment of small cells.°° 
Currently, nearly all small-cell deployments are operator-specific, but in the future, 
deployments supporting multiple operators could reduce the cost per operator to provide 
coverage. 


A candidate band for neutral-host small cells is 3.5 GHz, using LTE TDD and MulteFire as 
potential technologies. Wi-Fi technology also addresses neutral-host configurations at the 
access level, but it has roaming and authentication challenges. HotSpot 2.0 (covered in the 
appendix) addresses roaming and authentication. 


Unlicensed Spectrum Integration 


Unlicensed spectrum is becoming ever more important to mobile broadband networks. 
Initial use was rudimentary offload onto Wi-Fi networks, but now, Wi-Fi networks are 
becoming more tightly integrated into cellular networks. Efforts are also underway to use 
LTE in unlicensed spectrum. 


Unlicensed spectrum adds to capacity in two ways. First, a large amount of spectrum 
(approximately 500 MHz) is available across the 2.4 GHz and 5 GHz bands, with the 3.5 
GHz band adding further spectrum in the future. A significant amount of unlicensed 
spectrum is also available in mmWave bands, with 7 GHz already in use in the United 
States (57 to 64 GHz) and an additional 7 GHz in SG spectrum allocations. Second, 
unlicensed spectrum is mostly used in small coverage areas, resulting in high-frequency 
re-use and much higher throughput rates per square meter of coverage versus typical 
cellular deployments. 


The IEEE 802.11 family of technologies has experienced rapid growth, mainly in private 
deployments. The latest 802.11 standard, 802.1 1ac, offers peak theoretical throughputs in 
‘excess of 1 Gbps and improved range through use of higher-order MIMO. 802.11ac Wave 
2 products include a Multi-user MIMO capability that further increases capacity and 
throughput. IEEE is developing a subsequent version, 802.11ax, that emphasizes capacity 


5° 5G Americas and Small Cell Forum, Multi-operator and neutral host small cells; Drivers, 
architectures, planning and regulation, December 2016. Report available at 

http: // www. Sgamericas.org/{iles/4914/8193/1104/SCF191_Multi- 
operator_neutral_host_small_cells.paf. 
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slowly been rising. and paranormal phenomena have been increasing, as have 
‘changes in reality such as the kindling of new fundamental particles. Even the sun 
has responded, suddenly decreasing its temperature. If we had applied psych- 
tronics to develop a mind linkage mechanism, there would have been no need for 
Armageddon's destruction. 

Let us hope we fare better than the Atlanteans. One may speculate that an At- 
lantis of sorts did exist, and that the Atlanteans built psychotronic devices out of 
crystals, bronze, gold, silver, and wire and unleashed them on each other in war. 
This sting stirred ZARG mightily, and in a resulting frenzy it simply destroyed the 
continent, stirring floods, storms, earthquakes and volcanoes worldwide. In the 
case of the Atlanteans, only a relatively small portion of humanity was involved: 
the percentage of persons and minds involved was apparently insufficient to cause 
full wakening of ZARG and linkage of the species. In the present case, the greater 
part of mankind is involved, and so the wakening is to be far more complete (as 
well as more violent). ZARG should be shocked into full wakefulness, and linkage 
should occur. 

If so, a new great superbeing will have emerged; nonphysical, almost infinitely 
dimensional, and godlike. It will not exist in a single time ora single world, but in a 
nowness and allness that defies timelike or spacelike description. 

“For we know in part, and we prophesy in part. 

But when that which is perfect is come, then that which is in part shall be done 
away, 

When I was a child, I spake as a child, I understood as a child, I thought as a 
child; but when I became a man, I put away childish things. 

For now we see through a glass, darkly: but then face to face: now I know in 
part; but then shall I know even as also I am known.” 

1 Corinthians XIII, 9-12. 

So the pieces of the puzzle are now fitted together. The present state of the 
human species is not its final development, and indeed a great change in that state 
is imminent. Man literally is and shall be a god, one with God, just as the prophets 
have foretold. And ifwe retranslate that ancient foreteling into more modern con- 
cepts, we see just how strange and transcendent is the final birth or becoming. 

‘The UFO and tulpoidal phenomena have merely been the signs in the sky and in 
the earth, telling us what is to come, precognitive indicators from ZARG. Had we 

developed a metapsychology of the entire species, we would already have clearly 
understood the messages. 
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VIRTUAL STATES AND HYPERSPACES 


In physics today there are two separate kinds of reality: observable changes, 
which can be detected by instruments; and virtual changes, which cannot be de- 
tected by instruments, even in theory. The difference between these two realities 
depends simply on the size of the piece of action (energy x time, or momentum x 
length) making up the particular entity or change. Usually the absolute minimum, 
observable change is taken to be h/47%. Changes smaller than this are said to be 
"virtual" and undetectable, and changes larger than this are said to be "ob- 
servable” and detectable. Virtual changes are not bound by the conservation of 
energy law and almost always violate it. Nor are virtual changes, bound by the 
conservation of mass law. And virtual photons can have nonzero mass. 

For any instrumental condition in a detector, one may consider a certain 
‘momentum and a certain length to be involved in the mass change that spatially 

constitutes the detection. Let us call this critical length dL and examine its 

ramifications (Figure 1) for the finest possible detector —one that detects a single 

quantum change. Figure 1 shows two frames, the lab frame S and a moving (hy- 
perspatially rotated) frame. We choose a moving object, M, in the moving (ro- 
tated) frame, with length as shown. Note that all these entities are to be repre- 
sented as detected or seen by our physical detector (instrumentation system) in the 
laboratory. frame. 

‘As the velocity of M approaches c, the speed of light in a vacuum, M's hyper- 
spatial rotation angle cy approaches  /2, However, before the velocity of M 
actually reaches c—and before a reaches  /2—the dimensional length 
projection of object M in frame S will contract to reach dL. and fall below it. At 
that moment, L becomes virtual with respect to the detector and hence undetect- 
able. Since geometrically an absence of length in a continuous frame S would 
correspond 0 ac rotation angle of 7 /2, in quantized frame S we consider that 

angle "jumps" to 7 /2just immediately past the critical angle ot ¢, which is 
defined as the angle of rotation at which L cos @ = A L. Rotation just past the 
critical angle corresponds to a Lorentz-Fitzgerald contraction into the virtual 
statebelow the quantum threshold of the detector’s observable universe. To an S 
observer or detector, object M at that point has lost its length in the direction of 
‘motion, becoming a wave front moving at the velocity of light and thus photonic 
(comprised of photons). To a quantum observer in S, mass turns into photons just 
short of a full 7/2 orthorotation, which means the process can happen with a 
finite amount of energy. This "jump" effect is not taken into account in the con- 
tinuum Lorentz transformations of special relativity at present, and this is the 
‘missing link that has prevented a successful union of relativity and quantum me- 
chanics. In other words, the final part of the orthorotation (acceleration to the 
speed of light) occurs in the virtual state—specifically, that part of the rotation 
lying between 7/2 and ar ¢, 

Further, we may now proceed to rotate object M past 1/2, which constitutes 
rotation from zero in frame S'. Just before reaching an S angle of 7 (that is an 
S' angle of 7/2), in frame S’ another disappearance below a virtual length 
threshold dL’ will occur in corresponding fashion. Note that this second 
threshold dL’ also has an exceedingly small but finite projection into frame S, in 
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Figure 1. Hyperspaces, nested virtual states, and rotated frames 


the virtual state lying inside dL. This second "relativistic quantum jump” in 
frame S' therefore constitutes a sort of second-level, nested subquantum threshold 
in frame S. 

Continued rotation into hyperspace passes through successively finer, nested 
virtual sublevels or subthresholds in S by the successive breaching of deeper sub- 
thresholds due to continued Lorentz-Fitzgerald contraction. Higher hyperspatial 
frames constitute nested sublevels in the virtual state with respect to the labora- 
tory observer. Thus a direct connection exists between virtual levels and hyper- 
space frames. Hyperspaces and virtual sublevels are the same thing. Every 
" virtual” object in S is an “observable” object in some hyperspace. Hyperspatial 
engineering and virtual state engineering are one and the same thing, and this is what 
psychotronics and energetics are all about. 

Finally, time may be considered a sort of box containing all observables and 
virtuals. Indeed, time is neither observable nor virtual; time is simply a parameter 
in quantum mechanics. Rigorously, time may be said not to exist. Time itself is 
nothing, totally nothing; therefore by the fourth law of logic it can be said to be 
or contain everything, the total mishmash of virtuals and observables. Since in the 
absolute sense there is no such thing as time, then it is my thesis that all modeling 
of space, mind, thing, and nonthing must be done spatially. Relativity presently 
attempts to use time as an existent dimension of the same kind as length; it thus 
allows rotation of the S-frame only in the direction of the time axis in Minkowski 
geometry of spacetime, 

Spatial modeling requires an infinite dimensional space and an infinite number 
of orthogonal angles. ‘The time axis that can be drawn in such a hyperspatial 
‘model has no meaning except with respect to a relationship existing between two 
or more hyperspace frames or objects. Specifically, the time axis represents the 
totality of all the hyperspaces and their objects, hence all the relationships that 
can be separated from the hyperspace. 


FEYNMAN DIAGRAMS 


Figure 2 shows something of the unsuspected nature of physical change, which 
is not nearly as simple ax most of us have been led to believe. In the top part of 
the figure, an electron (represented by the arrow) is shown going from point A to 
point B a short distance away. In particle physics this diagram represents the 
‘movement of a bare particle; in other words, just a bare hunk of charged mass is 
considered and the fantastic number of other things happening along the way are 
ignored. In Figure 2b a virtual photon has been emitted and then reabsorbed by 
the electron between points A and B. Indeed, the charge on the electron is due to 
the continual emission and absorption of such virtual photons (little elec- 
tromagnetic pieces of vacuum, one might say, of little pieces of nothing). So the 
situation with respect to virtual photons comes closer to Figure 2c: more than one 
virtual photon is emitted and absorbed—indeed, an infinite number of them are 
emitted and reabsorbed along the way from point A to point B. 

But, worse yet, Figure 2d shows one of the emitted photons suddenly breaking 
up into a positron and an electron, which then quickly recombine back into an- 
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Figure 2. Feynman diagrams 


other photon, which is eventually reabsorbed into the electron. In fact, an infinite 
‘number of interactions happen while the "electron" is moving from point A to 
point B, and each of those interactions in tum consists of an infinite number of 
interactions, and each of those in turn consists of an infinite number of interac- 
tions, and so on. The simple movement of the electron is actually composed of a 
virtual cloud—an infinite number of an infinite number of an infinite number of 
things, all happening in a mad tangle of nested substrata in the virtual state (Fig- 
ure 3)—and each of these virtuals with respect to frame S is in fact an observable 
in some particular hyperspace! Many other sorts of virtual particles are emitted 
and absorbed and born and extinguished, in addition to photons, by various ob- 
servable particles and in free space. Everything in every possible world or hyper- 
space is related to each and every other thing in the laboratory world through 
orthorotations and nested virtual states. Crosstalk between hyperframes is the 
emergence and disappearance of virtual particles in a particular frame. The uni- 
verse is holographic after all, and Mach’s principle holds in a far more complete 
fashion than Mach himself ever dreamed. And if any part of this virtual chaos can 
be collected and cohered in even the slightest degree, any amount of observable 
fiee energy can be obtained, just as T. Henry Moray showed in the 1920s and 
1930s. 

In passing, I would like to call attention to Figure 2e, which shows one of the 
virtual interactions a proton can undergo in the nucleus of an atom. In this case, 
the proton breaks momentarily into a neutron and a positive pi meson, which 
then recombine into a proton. However, if the charge on the 7 + particle is ex- 
tinguished psychokinetically during the existence of the neutron and the pi meson, 
the pi meson is converted to a neutrino and radiates away. In this case the proton 
does not reappear and the neutron remains. This decreases the atomic number 
(positive charge) of the atom by one, transmuting the atom into a new element, 
an isomer down the chain of elements. Figure 2f shows one of the virtual interac- 
tions a neutron can undergo in the nucleus of an atom. In this case, the neutron 
breaks momentarily into a proton and a negative pi meson, which then recombine 
into a neutron. However, if the charge on the 7 - particle is extinguished psycho- 
kinetically during the existence of the proton and the pi meson, the pi meson is 
converted to a neutrino and radiates away. In this case, the neutron does not 
reappear and the proton remains. This increases the atomic number of the atom 
by one, transmuting the atom into a new clement, an isomer up the chain of 
elements. The two interactions shown in Figures 2e and 2f are involved in the 
Kervran effect, where elements are transmuted by living biological systems. 


But back to our electron. If we now remove the electron, leaving empty vacu- 
tum, all the sorts of virtual madnesses we have built up in Figure 3 are still there 
and still occurring. In addition, every other sort of virtual madness is also there 
and occurring. Vacuum is infinitely dense and filled with stupendous "zero- 
point" vacuum energy; it is totally chaotic and virtual. Space itself is an infinite 
tangle of virtuals—virtual projections from real observables in associated hyper- 
spaces—and these dynamic interactants make up any three-dimensional space 
and hyperspace itself! They are also what cause space itself to exhibit the finite, 
nonzero parameters or values that must be accounted for in our physical equa- 
tions. Every fundamental constant of nature is dynamically constructed from—and 
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Figure 3. Nested virtual processes 


Figure 4. Nature of the electromagnetic wave 


due to—the zero-point, virtual vacuum interactions that constitute "empty" space. 
‘The virtual "sea" of seething waves and particles that is empty vacuum is actually 
an ether—a Lorentz-invariant, nonmaterial (virtual) ether, perfectly admissible 
by the Michelson-Morley experiment and the entire experimental basis of physics. 
Indeed, Einstein once proposed naming the vacuum and its contained fields the 
“ether,” but his suggestion was not heeded, 


NATURE OF AN ELECTROMAGNETIC WAVE* 


We now know something quite unusual about an electromagnetic wave and 
about a photon, Figure 4a shows how a photon may be represented. Here we find 
that a photon is a single oscillation of the E-field vector and the H-field vector as 
shown in the diagram. Since the oscillation is with respect to time, the wave moves, 
along the axis of velocity in the S-frame for a single wavelength, then repeats itself 
again and again, The E+ or H-oscillation actually represents an orthogonal, ro- 
tating etherie or hyperspatial lux about the velocity vector; this spinning (explod- 
ing and imploding) flux is coming into the S-frame from outside it ({rom virtual 
states) and returning (into virtual states). It is a neutrino flux, as we shall see. In 
the photon, half a sine-wave eycle represents the fission action that splits the 
action quantum into canonical pairs, while the second half ofthe sine-wave cycle 
represents the fusion of the canonical fragments back into an action quantum, 
One half-eycle thus represents a positive time operation or creation, while the 
other half-eyele represents a negative time (fusion) operation. If the complete 
sine-wave cycle has sufficient amplitude (energy), it ean sometimes be broken in 
half, with the positive time portion revealing the negative field (negative charge) 
of the E-vector, while the negative time portion reveals a positive field or charge 
of the E-vector. This is pair production, the creation of an electron and a 
positron. Each of these fragments has spin one half, while the photon quantum 
has spin one. Since the positron is a fusion interaction existent, it isan “electron 
traveling backward in time," just as predicted by Dirac. 

In Figure 4b I show that both the E-field vector and the H-field vector are 
composed of an infinite number of viral vectors, each of which is composed of 
an infinite number of even smaller virtual vectors, and so on. This follows from 
the fact that during any time interval—including the period of a single oscillation 
of a photon—a photon may be considered to consist of an infinite number of 
virtual happenings, each consisting of an infinite number of subhappenings, and 
so on. The photon itself may then be considered to have a direct, nested virtual 
substructure, and this substructure is directly hyperspatial in nature as well. This 
structure has not been considered in Maxwell’ field equations, which have been 
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improvements as well as higher throughputs. In the mmWave frequencies, IEEE has 
developed 802.11ad, which operates at 60 GHz, and the standards body is currently 
working on a successor technology, 802. 1lay. 


Integration between mobile broadband and Wi-Fi networks can be either loose or tight. 
Loose integration means data traffic routes directly to the internet and minimizes traversal 
of the operator network. This is called “local breakout." Tight integration means data traffic, 
or select portions thereof, may traverse the operator core network. An example is Wi-Fi 
calling, which uses IP Multimedia Subsystem. 


Although offloading onto Wi-Fi can reduce traffic on the core network, the Wi-Fi network 
does not necessarily always have greater spare capacity than the cellular network. The 
goal of future integrated cellular/ Wi-Fi networks is to intelligently load balance between the 
two. Simultaneous cellular/Wi-Fi connections will also become possible. For example, in 
Release 13, 3GPP introduces link aggregation of Wi-Fi and LTE through LWA and LWIP. 


Successfully offloading data and providing users a good experience mandates measures 
such as automatically provisioning subscriber devices with the necessary Wi-Fi 
configuration options and automatically authenticating subscribers on supported public Wi- 
Fi networks. Many stakeholders are working toward tighter integration between Wi-Fi and 
cellular networks. 


Another approach for using unlicensed spectrum employs LTE as the radio technology, 
initially in a version referred to as LTE-Unlicensed, which works with Releases 10-12 of 
LTE, as defined in the LTE-U Forum. In Release 13, 3GPP specified LAA, which implements 
listen-before-talk capability, a requirement for unlicensed operation in Europe and Japan. 
Initially, carrier aggregation combines a licensed carrier with an unlicensed 20 MHz carrier 
in the 5 GHz band as a supplemental channel, with the aggregation of multiple unlicensed 
channels an eventual possibility. Operating LTE in unlicensed bands could decrease the 
need for handoffs to Wi-Fi. Up to 32 unlicensed carriers (of 20 MHz each) can be aggregated 
to theoretically access 640 MHz of unlicensed spectrum. LAA may also be deployed in 3.5 
GHz bands. Enhanced LAA (eLAA), specified in Release 14, adds uplink use of unlicensed 
spectrum. Carriers are now conducting LAA trials.5* 


‘A concern with using LTE in unlicensed bands is whether it will be a fair neighbor to Wi-Fi 
users. LTE-U based on Release 10-12 addresses this concern by selecting clear channels 
to use and measuring the channel activity of Wi-Fi users, then using an appropriate duty 
cycle for fair sharing. License-Assisted Access in Release 13 adds listen-before-talk (LBT) 
and implements other regulatory requirements that exist in some countries. 3GPP 
conducted a study and concluded that, "A majority of sources providing evaluation results 
showed at least one LBT scheme for LAA that does not impact Wi-Fi more than another Wi- 
Fi network." 


To address co-existence, the cellular industry worked with the Wi-Fi Alliance in 2016 to 
develop a test plan for LTE-U. The testing goal was to verify that, in a laboratory 


5! For example, see AT&T, “ATS Reaches Wireless Speeds of More than 750 Mbps with LTE Licensed 
Assisted Access (LTE-LAA) Field Trials,” available at 
http://about.att.com/story/Ite licensed assisted access field trials.html 


52 3GPP, Technical Specification Group Radio Access Network; Study on Licensed-Assisted Access to 
Unlicensed Spectrum; (Release 13). 36.889. See section 9, “Conclusions.” 
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formed fiom gross macroscopic considerations of bare particles and continuous 
fields. Maxwells equations (and the normal concept of an electromagnetic wave 
and single frequency) thus represent only gross envelopes of the actual form and 
structure of waves and fields. As I have already shown in the main body of this 
book, one can even photograph the hyperfield structure of a magnetic field using 
a simple bar magnet and a color TV tube. Further, we will find that this virtual 
structure of a photon can be altered, “modulated,” or changed by simple signal 
modulations, among other methods. The only requirement is that we leam to 
regard modulations differently 

In addition, inside each half-cycle of a photon's E-vector, relatively in- 
tantaneous fluctuations and "losses" of the vector's magnitude occur. At these 
E-field glitches” in the photon, it actually contains only an H-vector. In this case 
the photon is a neutrino momentarily—or, in other words, it will admit a neutrino 
through the E-field glitch. The greater the charged field (voltage potential), the 
greater the number of photons available, thus the greater the number of neutrino 
interactions within the field. A potential of about 200-300 volts per meter altitude 
above the earth's surface normally exists in our biosphere. Many neutrinos 
emitted by the sun and bombarding the earth are absorbed in or interact with this 
E-potential above the earth; hence underground experiments to measure the neu- 
trino radiation from the sun have detected less neutrinos than expected. 

Momentary H-field glitches exist in a similar manner and interact with or admit 
neutrinos in a similar fashion. 

Light can thus conduct neutrinic waves containing bioenergy or eloptic energy, 
as T. G. Hieronymus discovered. In the first hyperframe (EM field frame), 
can be seen to be simply a space charge of electrons conducting a wave dis- 
turbance through it, or a piece of ordinary conductive matter conducting an ot- 
dinary EM wave. 


NEUTRINIC LONGITUDINAL POLARIZATION 
WAVES 


In Figure 5, I assume that in some fashion the E-field of an electromagnetic 
wave has been stripped off, leaving a single vector in the H-field direction only, 
and this vector is still oscillating, as originally set up in a Hertzian wave in Figure 
4. The new "single-field” wave is an etheric sort of half-wave, a longitudinally 
polarized wave that is not a waveftont (plane) moving through S-space but just a 
pulsating line segment moving through S-space. This wave is not Hertzian. It is 
not electromagnetic—though it will strongly interact with or even produce elec- 
‘tromagnetic waves—but is neutrinic. The interactions of this wave with space 
virtuals are drastically reduced (indeed, by a factor of c), and this neutrinic wave 
now travels at the speed c* with respect to S-space. While it will highly interact 
with magnetic field, precisely speaking it is not a magnetic wave but a hyperfield 

*C° is its sfome, feespuee velocity when not interacting with electromagnetic fe 
‘Nomally. neuinie wave neract with electromagnetic fe, thus toving a es than 
‘locity in space, sce it "ciculats around” in electromagnetic fe. Neatinic wave canbe 
regarded crating o pining wave in elecwomagnetc fell, which may well Be he 
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wave. It will travel through and across dead shorts, through media such as 
seawater and earth, and acts or can act much as a neutrino. This wave has neu- 
trinic components in S: that is, it has vector components existing in frame S". One 
may expect this wave normally to be active in or interacting with an electrostatic 
field or a magnetic field, as a special sort of lower-level virtual state flux (second- 
order hyperflux) into and out of the field. This is apparently the sort of wave 
discovered and used by Nikola Tesla, who repeatedly insisted that he was not 
using Hertzian (Maxwellian) waves but instead was employing a much finer wave 
having very different characteristics. Further, neutrinic waves will transit between 
any two points on earth almost instantly—in fact, about 3 x 10* times as fast as 
the speed of light propagates! With these waves, space communication with dis- 
tant galaxies is practical and achievable, and scientists seeking communication 
with extraterrestrial civilizations would do well to use such waves, 

Note that I am not referring to the ordinary longitudinally polarized elec- 
tromagnetic wave, where both the E- and H-vectors still exist but the H-vector is 
rotated 90° so as to lie in the line of motion through S-gace* Such longitudinally 
polarized electromagnetic waves are already known in the literature and have 
been used in many patented devices, but they are not included in most textbooks 
‘on electromagnetic fields and waves for some unaccountable reason. The normal 
longitudinally polarized electromagnetic wave moves at the speed c, just as any 
other EM wave. 


At any rate, neutrinic longitudinally polarized waves often arrive at a distant 
point many times stronger than they were when they left. T. Henry Moray, for 
example, built a radio and a sound detector that apparently worked by a version 
of neutrinic waves, condensed into electromagnetic waves in his radio-detector 
apparatus. Dr. Moray tested the radio scores of times between 1930 and 1933, and 
cn several occasions even received broadcasts from Admiral Byrd's party in the 
Antarctic. Even when powerful, ordinary radios could receive nothing from Ant- 
arctica because of severe weather conditions, Moray’s little batteryless radio 
brought the broadcasts in, loud and clear with no static. Further, Moray demon- 
strated a sound pickup device of similar construction that could pick up or zoom 
in on sounds five miles away. Again the sounds were loud and clear, with none of 
the distortion of weather conditions and background noise. (See T. Henry Moray, 
The Sea ofEnergy in Which the Earth Floats, 4th ed., 1960, pp. 129, 133, and 143.) 
‘Thus transmission of power without wires was possible, just as Nikola Tesla had 
shown. Tesla in fact patented a capacitive (E-field only) transmission system. 
Indeed, according to independent research by Dr. Robert Beck, another inven- 
tor named Rogers apparently discovered just such a system and the United States 


{e undestind much of Teds werk, Artehdtheiry is requiced, foe Tess was aware ord 
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Figure 5. Neutrinic (longitudinal 
NoTE: ‘This ls not an electromagnetic wave and Ie not the longitudinally polarized EM wave 
familiar to many physicists and engineers, 


used it to communicate with its submarines underwater during World War I! For 
that purpose it was known as the Rogers underwater and underground wireless 
system, and H. Winfield Secor in 1919 reported on its use and its fantastic poten- 
tial for the future, implying the necessity to completely change our ideas of elec- 
tromagnetics and power transmission. (H. Winfield Secor, "The Rogers Under- 
ground Wireless,” Electrical Experimenter, March 1919.) Mysteriously, the Rog- 
cers wireless seems to have promptly disappeared. Even more strangely, according 
to Dr. Beck's research the same breakthrough has been made again in the U.S. at 
least three times since the beginning of World War II. These rediscoveries in- 
cluded full delineation of the prior technologies, with mathematical theory and 
diagrams, that had escaped further notice. Again the technology disappeared 
mysteriously in all cases shortly after being rediscovered. The Soviets did not have 
far to look to discover the Rogers Wireless, Tesla waves, T. Henry Moray's radi- 
ant energy device, the Moray radio, the Moray sound detector, and the U.S 
technical work in the area since World War II. All they really needed was to 
thoroughly examine the U.S. scientific and technical literature, the technical mag- 
azines and books, and so on. The Moray amplifier and the Moray sound detector 
were also demonstrated by Moray to a Soviet scientist, Dr. A. A. Yakovlev, in 
October 1929, and a Soviet agent succeeded in penetrating the Moray laboratory 
in 1939, obtaining drawings of the Moray tube and many photographs, and per- 
lonally working in the laboratory for two months. 


One may consider power transmission through such a wave to have traveled to 
every point in the future path at a speed that is faster than the flow of macroscopic 
time by a factor of c. Then along any electromagnetic (time) line along the same 
path, these waves are “ringing” back and forth continually, as the progress of 
normal physical change crawls slowly forward. Thus the normal time change 
(electromagnetic or photonic interaction world flow) acts as a collector for the 
ringing neutrinic energy, and this collection can act as a gain factor G, where 
theoretically G is given by the expression 

1< Gee 
‘Thus a longitudinal polarization wave, when transmitted to a distant receiver, 
may arrive or be detected at the receiver thousands of times stronger than the 
transmitted signal, even for very low coupling. 

Neutrinic longitudinal polarization aspects to ordinary electromagnetic waves 
can also be achieved by modulation—especially by second-order, nested mod- 
ulation—and such hyperspatial aspects have already been detected in the Soviet 
communications radiation, causing interference around the globe in the 10 to 20 
megahertz range, as we shall see. 


A NEW LOOK AT MODULATION 


‘We can assume a sine-wave electromagnetic cartier frequency whose amplitude 
we wish to vary (modulate) as a function of ime, by a lower frequency sine wave, 
as shown in Figure 6a. 

As is well known, the classical view of amplitude modulation of a carrier wave 
holds it to be an oscillatory change in the amplitude of the carrier, as shown in 
Figure 6b. However, empirically this was found to be erroneous, since in 1929 it 
was shown that after such modulation the detected carrier appeared unaffected by 
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the modulating wave; instead, there appeared two other sine-wave frequencies 
(sidebands), one at a frequency above the carrier frequency and one below it, as 
shown in Figure 6c. In each case the change in frequency from carrier to sideband 
was by an amount equal to the frequency of the modulating wave. 

Both the original classical view and the present view are in fact correct if one 
considers hyperspatial aspects and linear detection aspects. As can be noted in 
Figure 6b, the carrier is distorted and is not a sine wave according to the original 
classical view. This implies that the individual photon shown in Figure 4a has 
been internally distorted or "bent." This, I submit, actually happens and con- 
stitutes the bending or curving of spacetime in a general relativistic fashion. How- 
ever, all our instruments can detect only a pure, undistorted photonic interaction: 
that is, in frequency they can only detect the sine-wave aspects of a kinked 
photon. The reason is quite simple: for example, suppose the method of detection 
of the photon is by photon interaction with a bound electron. The change in the 
electron is a precise change of energy levels to an excited level, and it only detects 
or interacts with a single sine-wave photon. The frequency (say, the carrier) com- 
ponent of the photon, which contains the correct energy differential (according to 
Eshf, where hh is Planck's constant and fis the sine-wave frequency), will in- 
teract with the electron. The other sine-wave components of the initially kinked 
photon will thus be stripped off (demodulated) by the absorption of the carrier 
portion ofthe photon. The photon kink existed in both positive time and negative 
time; from a frequency viewpoint, the modulating amplitude frequency that was 
‘added to the basic carrier frequency in positive time was subtracted in negative 
time. Thus demodulating the kink from the amplitude modulated photon (by 
absorbing the sine-wave carrier) results in the production or liberation of two 
sine-wave frequencies, one above the carrier frequency and one below the cartier 
frequency, each difference being equal to the original amplitude modulation’s 
frequency. These two frequencies will then interact and be detected, 

So our linear instruments do not detect single kinked photons in a stream of 
distorted photons, but they detect a combination of undistorted photon streams 
(waves) at different frequencies. 

Such considerations as these should have appeared in electromagnetics long 
ago. After all, we presently regard an EM wave as a wiggle of nothingness, exist- 
ing in time. This is precisely the same as saying that a photon is an oscillation 
(wiggling) of spacetime itself. Specifically, it oscillates in two directions 
spatially, one being the E-field direction and the other being the H-field direction. 
But since an EM wave itself constitutes a regular bending and flexing and curving 
of spacetime, including both space and time, then the flexing spacetime inside the 
photon can itself be further bent or twisted, and that constitutes a kinked or 
curved photon—a modulated photon. Our linear laboratory space instruments, 
however, will demodulate such a kinked photon into its linear components, giving 
‘a combinationof unkinked photons in the detection. And for the amplitude mod- 
ulated carrier shown in Figure 6b, we actually detect the carrier and two side- 
bands shown in Figure 6c. 

Similar complex mixes of waves at different frequencies result for other types of 
modulation, but this will suffice for our purposes here. Specifically, we should 
mention that an infinite number of sidebands may be produced, but normally all 
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Figure 7. Nested modulations: key to hyperspace 


but a few are so weak as to be negligible for ordinary communication purposes, 
where no hyperspatial information is needed. For living systems, however, a great 
number of these extra sidebands must be taken into account, for the hyperspatial- 
virtual state components carry the lifestream, consciousness-loop-interaction In- 
formation itself. We will look at some of the biological aspects shortly. 

At any rate, modulation of a wave results in direct changes in the virtual struc 
ture of the formerly unmodulated photon, relativistically warping or curving it 
Just as Fourier (harmonic) analysis breaks down a very complex nonsinusoidal 
‘wave shape into an infinite series of component sine-wave frequencies of various 
amplitudes, so linear detection in a linear laboratory frame breaks down a stream 
(wave) of complex nonsinusoidal photons into a series of sinusoidal waves in a 


complex. mixture. 


And if we now think of this in reverse, we see that a mixture of waves and 
frequencies must automatically possess, carry, or represent hyperspatial-virtual 
patterns in the correct nonlinear medium that absorbs them. 


HYPERSPATIAL ASPECTS OF MODULATION 


Let us now look at the hyperspatial aspects of modulations and complex elec- 

tromagnetic waves, particularly mixtures of waves, in yet another fashion, 

First, as is well known, we may represent a wave as a sine function (or cosine 
function if preferred). When we modulate a wave, we impress a time change on it, 
In the most general mathematical sense, a modulation to a wave is the impressing 
of a derivative function upon the wave. And if we think of the basic carrier wave 
as being prescribed by Maxwell's equations in derivative form, then in a sense 
when we modulate the wave we differentiate it, that is, we impress a differential 
operator function on it. But this means that we raise the order of the differential 
aquations prescribing the situation, which mathematically means we have in- 
creased the dimensionality or spatiality of the, wave entity that is the resulting 
modulated carrier. In other words, to modulate an electromagnetic carrier wave 
is to add a hyperdimensional aspect—specifically, neutrinic vector aspects or 
mind aspects. The whole affair can be thought of as merely shifting or altering the 
particular distribution of nested virtuals transported by the basic carrier wave. 


If we differentiate a sine wave, we simply get a cosine wave, which isjust anoth- 
er sine wave pi/2 out of phase with the first. So now it emerges that when we form 
a mixture of waves, we are adding virtual aspects (and hyperspatial aspects) in so 
doing, because of the phase differences. This is extremely important: complex 
mixtures of waves automatically constitute and carry hyperspatial components! And 
if we can accurately control these hyperspatial components, we are in effect doing 
direct hyperspatial engineering and virtual state engineering. 

Now if we carry our modulation-constitutes-differentiation concept one step 
further, we find a most startling phenomenon (Figure 7). The first-order mod- 
ulation we placed on an EM carrier we discovered to carry aspects of the next 
hyperspace, namely, neutrinic vectors. Now if we further modulate that first-or- 
der modulation signal as a carrier itself, so that we now have two orders of mod- 
ulation upon the basic carrier, the second-order modulation must possess hyper- 
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environment, an LTE-U base station does not impact a Wi-Fi network any more than 
another Wi-Fi access point.°? 


MulteFire, specified by the Multefire Alliance, is an application of LTE in unlicensed bands 
that does not require an anchor in licensed spectrum, opening up the possibility of 
deployments by non-operator entities, including internet service providers, venue 
operators, and enterprises. Under a roaming arrangement with cellular operators, LTE 
customers could roam into MulteFire networks. Figure 24 shows the evolution of the 
different versions of LTE for unlicensed bands. 


Figure 24: Timeline Relationship of LTE-U, LAA, eLAA, and MulteFire 
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‘An alternative approach for integrating Wi-Fi is LWA, LTE handles the control plane, but 
connections occur over separate LTE base stations and Wi-Fi access points. LWA benefits 
operators that wish to emphasize Wi-Fi technology for harnessing capacity in unlicensed 
spectrum. LWIP is a variation of LWA that also integrates LTE and Wi-Fi, but by integrating 
at a higher level of the protacol stack (IP instead of PDCP), it facilitates use of existing Wi- 
Fi equipment and devices, with integration typically occurring at the eNodeB. 


Aysavy Research 


Figure 25 shows how the different technologies exploit licensed and unlicensed spectrum. 


© See Wi-Fi Alliance, “Unlicensed Spectrum,” http://www.wi-fi.org/discover-wi-fi/unlicensed-spectrum. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 51 


vectors of the next higher hyperspace—the mindfield itself. In other words, by 
using two orders of modulation on a cartier, we can directly affect mindstuff 
itself. So if the correct overall pattern of these complex modulations are impressed 
on a carrier, the life-consciousness loop itself can be directly affected or shaped, 
all the way from the mindfield of a biological organism to its neutrino field to its 
virtual photon field to its biophoton field to its body tuner, and back. With the 
correct pattem we can stimulate the life channel for a particular organism, and 
with yet another pattern we can inhibit the life channel for the same organism. By 
this means a positive cure for cancer could easily be derived, and as we shall see, 
this already has been done. By the same means, a "death ray" for use against 
humans could easily be developed, and it is my contention that the Soviets have 
already long since developed such weapor 

It is my purpose to eventually use these new aspects to construct a direct mind- 
link for mind-to-mind communication and hyperlinkage, thus solving the human 
problem. 

Figure 8 shows the basic scheme for coupling such a second-order modulated 
signal to a human being. We will return to modulations versus nested virtuals and 
hyperspatials below. 


THE EUREKA CONCEPT 


So we have now reached a Eureka point of the first magnitude (Figure 9). 
Hyperspatial engineering, virtual state engineering, curved space, photon kinking, 
mind/-life-consciousness engineering, and nested modul: 
thing! We directly engineer the virtual state, hyperspace, curved spacetime, and 
the life-consciousness loop itself, including the mind, with relatively simple de- 
vices that accomplish, transmit, and receive nested orders of modulations. Indeed 
we have opened Pandora's box, for this is the greatest tool ever dreamed of by 
humankind. Consequently it can be used either for the good of mankind ot for its 
detriment. And this tool appears already to have been weaponized by the Soviets, 

In Figure 9, note that modulation, photon kinking, the appearance of side- 
bands with the unchanged carrier, impressing a virtual pattern upon a photon, 
and impressing hyperspatial components into or onto a photon are equivalent. 
Further, if we assume that the electromagnetic wave (pure, undistorted wave in a 
linear medium) is given by Maxwell's equations, then modulation mathematically 
consists of impressing a particular differential operator function and a nonlineari- 
ty upon Maxwell's equations. For each modulation pattern, a particular virtual 
structure is impressed on the photon, which is the same as impressing a particular 
hyperspatial pattem upon it. Each specific pattern impressed on the photon (that 
is each particular kink pattern of the photon) corresponds to a specific differential 
‘operator function. Through this means, a specific theory can be constructed em- 
pirically. That is, one can work out the effects of various mixtures of waves on 
specific biological systems, measure the specific channels used by the mind-life- 
consciousness loop, and so on. The Lisitsyn paper and Kazhinskiy's "biological 
radio” work in fact state that the Soviets have already done precisely this, and the 
Kaznacheyev paper shows that a large number of related biophoton experiments 
were in fact carried out in Soviet military laboratories. But let us look at some 
very important and exciting German work ditectly related to this area 
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BIOPHOTONS AND VIRTUAL EM FIELD OF A BIO- 
ORGANISM 


In an incredible piece of work, "Photon Storage in Biological Systems," in 
Electromagnetic Bio-Information, Urban and Schwarzenberg, Baltimore, Md., 
1979, pp. 123-149, Dr. Fritz Albert Popp has presented the results of his labora- 
tory work—and his theory—dealing with quite new developments in biological 
organism fields. Indeed, this may be one of the most important Westem papers 
ever presented, if its true import is noticed. Briefly, in studying cellular elec- 
tromagnetic bioactivity, the cell behaves as a system far from thermal 
equilibrium. It thus can be characterized as a Prigogine system. (Ilya Prigogine 
received the Nobel Prize in 1977 for his development of nonlinear thermo- 
dynamics of systems far from equilibrium, thereby changing the second law of 
thermodynamics.) We now know that in such a system negative entropy can re- 
sult, and order can emerge from disorder. For a wildly disordered system, large- 
scale order can emerge and stabilize, and the more chaotic the disorder, the 
greater the stability of the ordered patterns that emerge. (Which seems to imply 
‘2. confirmation of my fourth law of logic—total disorder must inevitably turn into 
total order.) 

‘At any rate, living cells produce coherent light with a laserlike activity. This 
coherence serves as a control for the metabolism of the cells, regulates growth, 
and fixes the reproduction rate. Further, the cell exhibits superconductive behav- 
ior. 

Popp found that a living organism in fact possesses a living aura, a virtual 
electromagnetic field that pervades the entire organism with a virtual photonic 
flux. In this field, virtual photons are stored. The field continually receives inputs 
(virtuals) from the environment and is continually outputting biophotons, partic- 
ularly in the near ultraviolet. This field, in which all cells are bathed and with 
which they all continually intercommunicate, tends to stabilize and cohere the 
organism. All this has been established by laboratory experiments, and all of itis 
directly consistent with my own hyperfields and nested-virtual-fields model of the 
living system's life-consciousness loop connecting its mind hyyperworld to its phys- 
ical body tuner. My model is consistent with Popp's work and extends it by add- 
ing the nested structures of the virtual field, thus connecting Popp's virtual field 
to the neutrino field and the mindfield, 

And with this additional information in mind, let us return to our consideration 
of nested modulations on an electromagnetic carrier. Indeed, let us look at several 
examples of devices already applying the "nested modulation is hyperspace vec- 
toral” effect. 


THE PRIORE MACHINE 
‘The cure for cancer mentioned above is the Priore device in France, which has 


been curing cancer and other diseases for over a decade, much to the frustration 
of many members of the French Academy of Sciences. 


273 


Antoine Prior6 is an Ttalian-born inventor who escaped from the Germans in 
World War Il and fled to France. After the war Priore” purchased surplus equip- 
‘ment and eventually developed a strange machine that filled an entire room. A. 
nozzle above a table in the center of the room emitted a strong ray or field, which. 
Priote* explained consisted of an electromagnetic wave in a magnetic field. Even- 
tually the French government spent almost three million dollars for construction 
of a new, improved PriorS machine, because Priori had shown he could cure 
cancers in laboratory animals with the device. 

In 1964 Professor Robert Courrier, renowned biologist and sectetaire-perpetuel 
of the French Academy of Sciences, presented some of Priore’s results to the 
Academy. Forty-eight cancerous rats had been divided into two groups of twenty- 
four each. One group was set aside without treatment as a control, and the other 
‘group was divided into two subgroups of twelve each, One of these subgroups was 
treated by the Priore machine promptly after cancer grafts, and the other was 
treated after a lapse of several days. Both subgroups were completely cured—the 
first quickly and the second after more prolonged treatment. All the control rats 
died in twenty-two to thirty days after grafting, 

The results created a furore and a controversy that have continued to the pres- 
cent day. Since the first presentation by Courrier, the machine has repeatedly cured 
leukemia and other forms of cancer in laboratory animals. The controversy seems 
to have arisen because the French Academicians could not comprehend the work- 
ing of the machine, and because the inventor would not reveal how it worked but 
only how it was built. 

The second, more powerful Prior6 machine produces a magnetic field of about 
1240 gauss. According to one scientist, the machine contains a gas-filled vacuum 
tube, which contains a plasma of mercury and neon gas. A pulsed 9.4 gigahertz 
electromagnetic wave is modulated onto a 17 megahertz wave in this plasma, 
However, the true nature of the machine is revealed by the fact that the 94 
gigahertz wave is joined in the "lamp" by seventeen radiations of unspecified 
frequency and nature. Thus we see that Priori is actually using second-order mul- 
tiple modulations and is dealing with the direct life-mind-consciousness loop of 
the mammalian cell. He is directly stimulating and engineering the hyperspace 
nested virtual bands with his device. His twenty-six years of work have mostly 
been involved with ferreting out the required precise frequencies and mix of 
second-order modulations, as well as the correct intermodulation carrier neces- 
sary to obtain the desired effects 

In Figure 10 we show a simplified diagram of the Priore device, from which it 
can immediately be seen that the device uses the same principles shown previously 
in Figure 9. PriorS is using nested orders of modulations to affect nested orders 
of virtual state, thus producing ditect channels and effects in neutrinic field and 
in mindfield. Radiating a biological target such as a laboratory animal with such 
a complex field directly engineers its mind-life-consciousness loop. With the cor- 
rect nested modulations on the correct carrier (in this case a strong magnetic field, 
which allows a stronger connection to the neutrinic field aspects), the mind/-hfe- 
consciousness loops of the individual cells in the body of the irradiated animal arc 
‘scrubbed clean” of any deviation from the norm by the virtual patterns delivered 
to the animal, and hence to its "virtual biophoton stabilization field” reported by 
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Figure 10. A simplified diagram of the Pri 


Popp. In other words, the Priore device produces a reverse sort of effect as com- 
pared with the Soviet work reported by Kaznacheyev on anomalous death and 
disease transmission between cell cultures by near ultraviolet biophotons emitted 
from the virtual Popp field of the dying cells of the stressed, attacked cultures. 
‘The same sort of virtual engineering that can transmit death of the organism (by 
disrupting its. mind-life-consciousness loop tuning) can also transmit life into a 
stressed attacked grouping of cells by a sort of "forced resonance” of their 
consciousness loops into normal health patterns. (Virtual state interactions con- 
trol charges, which control chemistry. Thus the entire chemistry of the absorbing, 
cells can be controlled and engineered.) Also, the Lisitsyn paper refers to the 
presence of eleven independent channels in the brainwaves (namely, in the mind- 
life-consciousness connection to the waves of dendrite firings that constitute 
brainwaves*), and these were specifically referred to clipped signals, not sine 
waves. (The clipped signals would be those possessing complex nested m 
ulations, and thus representing the tuning effects of the life-consciousness loop.) 
‘The Priore machine uses seventeen higher-order modul: which are qi 
sufficient to cover all eleven life channels required, with an additional six being 
available for tuning so as to squelch or "jam" the life-consciousness loops of 
those cells with tuning abnormalities, that is, of diseased or cancerous cells. 

‘As we would expect, the Priore machine has also shown its ability to cure other 
infectious diseases and materially benefit victims of cardiovascular diseases. In- 
fectious diseases cured by Priori radiation also provide an immunity to the 
treated host organism that has been shown to be transferrable by transfusion of 
blood samples. 

‘Again I strongly emphasize that the individual biological effects of solitary 
‘magnetic fields or single frequency waves cannot be extrapolated to the multiple 
frequency, nested modulation case; and almost all our present knowledge of the 
effects of electric, magnetic, and electromagnetic fields on biological systems is 
woefully immature and incomplete 

'T. Henry Moray built a somewhat similar machine—though very much smaller 
—which provided a direct radiation from extensive "peach blossom violet” col- 
ored sparkgaps inside a quartz tube, and which greatly stimulated the health of an 
individual exposed to the radiation. In fact, the device would promptly cure the 
radiation burns Moray frequently suffered as a result of his continual experimen- 
tation with uranium compounds and other radioactive substances. He patented 
the device, and some of his original machines are still in existence and still being 
used to treat patients with a wide variety of ailments. I have personally been 
exposed to one of Moray’s treatment machines and can vouch for the fact that it 
stimulates every cell in one's body, providing in about two to three minutes a 
great tonic and health stimulant, 


“Ht i these dendrite firings which form the collector-detector mechanisms through which the mind- 
‘world changes are joined to the human nervous system and brain. Were they not specifically use 
land needed, the dendrite firings would not have been developed, and nerves would simply be long 
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Figure 11. A simplified diagram of the improved Flanagan neurophone 


THE NEUROPHONE 


Another device that uses the new hyperspatial, virtual state, nested modulation 
technology (and has done so for seventeen or eighteen years) is Dr. Pat 
Flanagan's neurophone. With brilliant insight and intuition far beyond that of 
science at the time, Pat invented and patented the instrument by the time he was 
seventeen years old. The neurophone is a device that, contrary to all present theo 
ry and knowledge, will directly "pump the brain” and reproduce sound and in- 
formation directly in the brain and mind system, without going through the 
auditory system at all. A simplified diagram of Pat's improved neurophone is 
shown in Figure 11 

Briefly, the device takes a complex signal, such as the sound of an orchestra 
playing a musical interlude, and electrically processes it as shown in the figure. 
First the signal is passed into a section that clips everything into a series of square 
waves, remarkably analogous to the sort of clipped waves Lisitsyn confirms are 
the information carriers of the human brain, Next the square waves are differen- 
tiated, yielding a seties of sharp spikes (note that these spikes retain the pulse-time 
content of the clipped signal). These spikes are again differentiated, and since 
these are finite spikes with real nonzero rise times and decay times rather than 
theoretical constructs, a series of noisy spikes results fiom the second differen- 
tiator section. From here, the noisy spikes are introduced to special contact elec- 
trodes, one of which is normally placed on the forehead, while the other may be 
placed almost anywhere, including on the foot. Nowhere are any sound waves 
introduced to the head 

‘The square-wave clipper section reduces the complex signals, their overtones, 
and their complex modulations to square waves, retaining the temporal content of 
the wave mix but not the waves themselves. The first and second differentiators 
heighten of filter through the temporal content of the higher-order differentia- 
tions, that is, they serve as a band pass fikeT unit to accent the time keying of the 
neutrinic and mindfield portions or aspects of the signal. When these time spikes 
are then introduced across the body as pulsed voltages, they are modulated dinect- 
ly on the dendrite firings of the brain and nervous system, providing direct and 
pulsed modulation of the neutrinic and mindfield component channels of the 
‘mind-brain-consciousness-life loop itself. Thus the neurophone directly inputs in- 
formation into the brain and nervous system, bypassing all the normal sensory 
systems that lie between the mind-brain loop and the outside environment. 

Indeed, a similar development has been reported by two University of Missouri 
researchers. Dr. Donald York, a neurophysiologist, and Dr. Thomas Jensen, a 
speech pathologist, have recently reported identifying and decoding twenty-seven 
words and syllables in specific brain wave patterns and correlating these elec- 
troencephalographic patterns with both the spoken word and the silently thought 
word in about forty subjects. At present, Dr. York and Dr. Jensen are program- 
ming a computer with a brain wave vocabulary, to monitor and read the EEG of 
a stroke victim's brain and help stroke victims who have lost their powers of 
speech to communicate. 

While all such developments can obviously be misused, their potential for as- 
sistance to mankind is enormous. Indeed, my own premis that brain linkage it 
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possible and can be used to advance all mankind to the sixth stage of species 
evolution is slowly being proven. It is within our reach now to develop u multi- 
channel communications system that will directly link brains, minds, and con- 
sciousness into a single functional being; and I have already pointed out that the 
psychokinetic power of the emergent entity increases exponentially with the 
number of linked stages. The normal corpus callosum linkage of the two cerebral 
halves in each human head proves that brains, minds, and beings can be linked 
and integrated into one. 

The Excalibur Briefing details the basic concepts of the theory involved in 
hyperspace-virtual state engineering, and thus in the engineering of mind-life- 
consciousness links to multicellular organisms here on earth. Pat Flanagan's neu- 
rophone proves that complex information can be implanted directly in the brain 
and mind, bypassing the normal isolating barriers. Drs. York and Jensen have 
shown that the brain wave does indeed contain recognizable, decodable informa- 
tion analogues. Lisitsyn has already reported measuring the number of indepen- 
dent channels involved and has documented the importance of the clipped brain 
‘waves as opposed to the sine-wave content. If we have the vision, we can still 
develop a brainlink and rapidly apply it to link sixty to one hundred persons, 
thereby opening a conscious, multidimensional “eye” for the collective human 
unconsciousness, gently rousing ZARG into wakefulness, and fulfilling human 
destiny without undergoing the psychotronic Armageddon planned by the Sovi- 
ets. The time is short, but it can still be done if the funding, the vision, and the 
team can be established on a crash priority basis, 


SOVIET "WOODPECKER" SIGNALS 


But, as I have said, all this can be used for the detriment of mankind as well as 
for its benefit. Unfortunately, it appears that the Soviet Union has chosen to 
weaponize the effects on a global scale. A prime example is the "woodpecker" 
lignals emanating from the USSR in the 5-30 megahertz region and interfering 
with communications around the earth. 


‘These complex woodpecker signals appear to originate from two or three dozen 
powerful Soviet transmitters, each with a power estimated as high as 40 mega- 
wutts (Figure 12), The pioneering experimental measurements of these signals by 
Dr. Robert Beck and William Bischaveshown just how deadly a potential may be 
possessed by the signals. These measurements have been performed in Eugene 
and Portland, Oregon; Los Angeles, California; Huntsville, Alabama; and several 
other locations. They have been particularly significant on the West Coast in and 
around Eugene, Oregon because of the presence of a direct current transmission 
line several hundred miles long, which has acted as a long wire antenna, picking 
up the signals and rebroadcasting them with appreciable gain in the vicinity 

‘Typically the signals may be found on, say, sixteen different carriers between 10 
and 20 megahertz. Twelve of the carriers may appear normal, with normal side~ 
bands, and the other four may have the carrier and both sidebands suppressed but 
stil show the biologically significant modulation (for example, 10 hertz). On all 
sixteen channels a strong 10 hertz modulation may appear, all perfectly time 
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synchronized and in phase channel-to-channel. The received signul from one of 
these carriers may be twenty-five to thirty times us strong as the earth's back- 
ground magnetic field, which is oscillating at approximately 7.0 to 7.5 hertz. Oth- 
er complex modulation frequencies, many of them chunging, are present on the 
various channels. 

Normally, the brainwaves of mammals in an area are gently entrained by the 
normal oscillations of the earth's magnetic field and are oscillating along at, say. 
75 hertz. Under continuous radiation from the Soviet woodpecker signals, a per- 
centage (say 30 percent) of the mammalian brains may be captured by the 10 hertz 
modulation on the overpowering Soviet signals. These captured bruins are now in 
forced oscillation and are riding along in phase with the 10 hertz Soviet mod 
ulation. In other words, a certain percentage of the human brains in an area will 
phase lock to the 10 hertz modulation, and that will effectively lock into those 
brains the sixteen carrier frequencies with their concomitant frequency mixes and 
complex signal modulations. If the signals are made much more powerful (for 
example, by focussing them onto one particular area or increasing the power of 
the transmitters), then a much higher percentage of brainwave entrainment can be 
accomplished in the targeted area. By simply adding on the desired modulation 
patterns, the Soviets can now pump material directly into the mind-brain- 
consciousness-life loops of the entrained brains. The weapon implications are 
‘enormous: raw emotion such as sheer terror or panic can be transmitted; death or 
disease patterns of all kinds can be transmitted; informational content (thoughts 
and ideas) can be impressed directly into the captured brains and minds and proc- 
cessed as if originating inside each brain itself. Indeed, as long as the Soviets keep 
the effects rather gentle, an entire population can be subtly influenced without 
governmental notice. Certain specific ELF frequencies can rapidly disable or even 
Kill, and for wartime use those frequencies can be directly implanted in the cap- 
tured brains themselves by the woodpecker signals. It appears that 1984 came a 
lite early, and one can perhaps now understand Brezhnev's strange 1975 pro- 
posal to the SALT negotiations that we should also consider outlawing the de- 
velopment of new weapons more frightful than the mind of man has ever con- 
ceived. 

‘The signals also have direct application against strategic targets other than per- 
sonnel. For example, by incorporating the correct nested modulation pattern, the 
positron kindling (electron squelching) pattern can be impressed. By beaming 
through the earth (with a circularly polarized signal or with other complex mod- 
ulation forms), a beam with a strong neutrinic component, which will squelch 
electrons and which will interact with great preference for strong voltages or 
strong magnetic fields, can be directed at a target complex. In the targeted area 
aircraft and communications systems can be disabled; automobile, truck, and 
other ignition systems will fail; power transformers and large motors and gener- 
ators will fail; power transmission systems with their associated high voltages will 
fail; and so on. Even independent, self-contained emergency power equipment, 
such as at military installations and strategic missile sites, will fail to operate. 
Further, to some of these signals, the eurth and the sea are as transparent as glass, 
and so underwater nuclear submarines cun be electrically disabled on station 
before their missiles can be fired, while strategic missile complexes can be elec 
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Figure 25: How Different Technologies Harness Spectrum 
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Table 9 summarizes the different uses of unlicensed spectrum for public mobile broadband 
networks. 


Table 9: Approaches for Using U: 
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Controlled LTE WLAN | the UE to connect to a timeframe. 
Interworking WLAN for offload. 
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tically disabled before their deadly nuclear missiles can be hurled toward their 
distant targets. If some submarines and land complexes succeed in firing missiles 
before being disabled, these missiles can be electrically dudded and scrubbed from 
the sky over Soviet territory while still far from their intended targets. 

So, as stated at the end of Excalibur, the players are on stage and in place. The 
final act begins. One thing is sure—mankind will never be the same again after 
seeing the play! 
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PART FOUR 


SOVIET PHASE CONJUGATE 
DIRECTED ENERGY WEAPONS 


WEAPONS THAT USE TIME-REVERSED 
ELECTROMAGNETIC WAVES 


Atthe end of WWII, the Soviet Union obtained the cream of the erop of Germany's 
radar scientists and infrared scientists 

‘Atthat time, the German scientific eam led the world in the theory and technology 
‘of radar absorbing materials (RAM) and radar cross seetioa For example, some lead- 
ing Western radar experts believe that the German scientists had already advanced the 
theory of radar cross section beyond where Western scientists have arrived at today. 
Radar cross section science is the "heart" of modern radar technology, countermeas- 


ures, and counter-countermeasures. 

‘The theory of RAM technology is precisely what is needed to develop and desi 
phase conjugate mirrors for radar frequency bands. Phase conjugate mirrors are 
‘capable of producing a time-reversed (TR) wave in direct respor 
sy wave, The mirror may be powerfully “pumped” with energy to produce a very 
large amplificatio reversed wave. 

Just after WWIL, the Soviets also mounted a truly massive prograt 
review all the scientific literature of the West This material was completely re-ex- 
amined and digested, in a deliberate search for a major new technological "break 
through” area, Nothing similar to this has ever been done in the West 

By 1950, the Soviets probably had discovered phase conjugation and the time- 
reversed wave, in their radar programs using the German radar scientists. Their re- 
learch would certainly have revealed that the time-reversed wave is a solution to the 
ymenon is universal to all waves and frequency re- 
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wave equation, and hence the phei 
sions, under appropriate nonlinear circumstances. 

We stress the fact that from the beginning the Soviets have always led the rest of 
the world in nonlinear science and mathematics. 

Thus by the mid-50's, the Soviets would have mounted an intensive national 
development program on these radar TR wave Weapons. If so, the Soviet Union has 
now had the equivalent of some seven or eight Manhattan Projects, back-to-back, in 
the development, stockpiling, and deployment of TR wave weapon systems. At least 
fifth generation Soviet TR weapons have been developed and deployed, 

This is a matter of the greatest importance to the U-S.—and one which the U.S. in- 
telligence and scientific communities have largely missed, 

We particularly stress that the time-reversed wave phenomenon is a universal phe- 
nomenon of nature, not just a fluke, and not just a "nonlinear optics” phenomenon. It 
isa solution to the wave equation and, as such, it applies to every kind of wave. Elec 
tromagnetic, sound, magnetobydrodynamic, and other radiating systems all exhibit the 
ph on under appropriate nonlinear conditions, 

Hundreds of Western papers dealing with time-reversed waves are now in the open 
scientific literature—most of them dealing with non-linear optics. However, the prin- 
ciples of the time-reversed wave ate well-established, and known to apply to waves in 
general 


Compared to a normal wave, a time-reversed wave has startlingly different 
‘weapon capabilities. 

Such a wave precisely retraces the path of the ordinary wave that stimulated it to 
be formed. So it possesses an "invisible wire” through space, back to the original posi- 
tion of whatever emitted its stimulus wave. 

Further, the time-reversed wave continually converges upon its invisible "back- 
tracking” path. It does not diverge and spread its energy, in contradistinction to normal 

Using several simple schemes (particularly pumped 4-wave mixing), extremely 
large amplification ofthe time-reversed (TR) wave can be cheaply and readily accom- 
plished. 

A startling weapons capability therefore emerges when amplified TR waves are 
‘generated in response to received signals from a distant target: 

(1) Iany signal at all can be received from a distant target, a return TR signal of 
extreme power can be delivered directly to that target Almost al ofthe transmitted TR 
signal energy will arrive at and in the distant target, even through a highly nonlinear 
medium or under scattering conditions. Hardly any of the energy will be lost enroute. 
Ifthe target is fast-moving, a "lead correction” signal can be calculated and added to 
steer the return path, 

(2) Since real-time holography can readily be accomplished using TR waves—and 
without first making holograms, geometrical forms (balls, shapes, hemispherical 
shells, etc) of energy can be created readily by interferometry (crossed beam tech- 
niques). Since the TR wave carriers do not disperse with distance, these interference 
energy forms can be assembled by crossed TR wave beams at great distances—even 
hundreds of thousands of miles. The energy appearing in such a distantly created 
‘energy form is limited only by the amount one cares to put in at the amplified transmit- 
ting end, 

Thus the radar itself now becomes a powerful, all-around weapon. With a TR 
wave adjunct, once the radar receives a return signal from a target, an extremely 
powerful TR wave pulse can be generated, and all the energy in that pulse can be un- 
crringly returned to the distant target from which the return was received, 

Even a passive (receive only) radar may be used together with a'TR wave adjunct 
to accomplish the same directed energy destruction of the distant target emitting the 
signals received by the radar. 

Radio receiver-transmitters may also employ simple TR wave adjuncts to provide 
a large number of communications jammers and “directed energy weapons,” capable 
ofjamming and/or destroying enemy radio transmitters at appreciable distances. 

The Soviets have intensively developed such TR wave weapons since the 1950's. 
In January 1960, Khrushchev was probably referring to these weapons when he re- 
ported to the Soviet Presidium the forthcoming advent of fantastic weapons, then in ad- 
vanced Soviet development. 

Prior to Khrushchev's announcement, the Soviets had begun radiating the U.S. 
Embassy in Moscow with scalar EM waves and phase conjugate energy, modulated 
‘upon weak microwave carrier beams. Later these beams were used to induce illnesses 
and blood changes in Embassy personnel. (We will shortly discuss how the Soviets 
could induce disease ata distance, electromagnetically). The microwave radiation con- 
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tinued intermittently, in spite of the objections of several U.S. Presidents. U.S. studies 
failed to comprehend what was being done. 

‘The Embassy radiation was and is a high-level intelligence probe: Stimulate and 
affectthe U.S. Ambassador, high-level target. Attention by the CIA, NSA, State De~ 
partment, DIA, the U.S. President, ete. is guaranteed. Puzzled, they will tum to the 
USS. scientific community for an explanation. The scientific community will try to ex- 
plain the microwave radiation, using the best of its EM knowledge. By the U.S. 
counteractions taken ornot taken atthe Embassy site, the Soviets know with 100% cer- 
tainty whether or not the U.S. has discovered TR wave weapons, electromagnetic dis- 
cease control, ete.—and whether we have developed defenses against such weapons. 

Since the beginning, ofcourse, ouractions—or lack ofthem—at the U.S. Embassy 
have consistently revealed to the Soviets that we have no knowledge of, and hence no 
defenses against, TR wave technology and the scalar electromagnetics (electrogravita- 
tion) that accompanies the phenomenon, 

Soviet TR wave radar weapons also provide a convenient mechanism for accom- 
plishing nuclear weapon kill. A target struck by a powerful TR wave pulse generates a 
time-reversed back-pulse due to nonlinearities in the target medium. In the nonlinear 
‘medium ofthe exploding orfuzing target, the two pulses (which are 180 degrees out of 
phase with each other) modulate each other, locking together into a scalar EM wave or 
pulse. This scalar EM pulse has zero electromagnetic force field resultants, but is a vi- 
olent fluctuation of the energy density of local spacetime. Rigorously itis a local grav- 
itational pulse wave, by definition. Further, it is far more powerful than "normal 
gravitational waves. This scalar EM pulse does not react with the orbital electron shells 
of an atom, but passes directly into the nucleus and is absorbed there. This raises the 
nucleus to an excited state, increasing its potential (trapped energy). Ifthe nucleus can- 
not withstand this increase in potential energy, it directly fissions. If the nucleus 
withstands the increased potential, it then immediately decays from the excited state by 
simply emitting a time-reversed EM wave. 

Any radioactive nucleus is already "teeter-tottering" toward nuclear decay, so to 
speak, and it will instantly decay radioactively when struck by a significant scalar 
potential pulse. Thus a TR wave radar weapon can deliver a powerful TR pulse against 
‘distant vehicle carying a nuclear warhead, and the resultant EG pulse penetrating the 
nuclear material of the warhead will electrogravitationally explode it in a full-order 
nuclear detonation. 

‘Therefore, when using such weapons, extreme care must be taken to avoid inad- 
vertently pulsing one's own nearby nuclear weapons or nuclear material. In attacking 
distant ground targets, one must be careful not to detonate nearby nuclear weapons, nu- 
clear powerplants or stored nuclear material—even at some distance from the target 
Otherwise, large-scale nuclear fallout will be experienced over a worldwide area, and 
‘unacceptable "boomerang" self-damage to the attacker himself may be incurred. The 
more powerful the TR pulse employed, the greater the safety separation between the 
struck target and stored nuclear materiel must be to prevent unacceptable "boomerang" 
large-scale fallout 

Also, large TR wave interferometer weapons, such as the Woodpecker systems, 
usully first produce very powerful, scalar EM "standing wave" beams by continu- 
ously transmitting (in the beam) both a normal EM wave and its phase conjugute. 
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‘modulated (locked) together to produce a "zero EM vector resultant” electrogravi- 
tational (EG) wave. Interference of two ofthese scalar EM beams in the targeted area, 
plus internal scanning within the beam by other signals, allows EM effects—of either 
normal EM energy or time-reversed EM energy—to be produced and controlled at 
very precise locations within the broad interference area. 

Each such huge "scalar EM standing wave" beam represents a gigantic elec- 
trogravitaional standing wave, and hence a giant oscillating potential in spacetime. 
This standing wave represents a sort of gigantic “capacitor”, or accumulator of in- 
folded energy. Enormous energy may be collected in this potential, charged-up over a 
period of time. "Shortcut" of this giant capacitor—by transmitter failure—can result in 
alarge flash-over discharge of the EG energy into the local earth, producing a massive 
EG ground wave that can be enormously destructive. 

‘Thus one must carefully protect the TR wave weapon system from inadvertent dis- 
charge of large EG pulses into the earth at the local site, due to transmitter failure, 
shortouts, etc. Otherwise one's own nuclear weapons or facilities may be exploded— 
even at some distance—by the EG pulse ground wave produced. One's communica- 
tions and electronics installations, for example, can be knocked out at an even greater 
distance. 

Forexample, in the winter of 1957-58, alarge Soviet TR wave prototype weapon 
at Kyshtym, near the Urals, apparently suffered a catastrophic transmitter failure, dis- 
charging a powerful scalar EM (clectrogravitational, or EG) pulse into the earth. This, 
huge EG pulse struck the atomic wastes stored nearby, causing the radioactive nuclei 
to imediately decay. In other words, the nearby atomic wastes exploded—just as eye- 
witnesses reported. Deadly radioactive contamination spread across a major region, 
and exist to this day 

fier this accident, the Soviets would have developed much more elaborate safety 
circuits and devices and implemented them into their TR wave weapons. 

Even so, in April 1986, the explosive eruption of areactor at Chernobyl was almost 
certainly caused by an accidental catastropic failure of a large TR woodpecker trans- 
ritter about 30 kilometers away. The sudden failure ofthe East-to-West Woodpecker 
transmitter was positively detected by engineer Bill Bise. All safety circuits atthe site 
ould have been instantly activated, desperately and slowly draining off the huge 

‘standing wave" potential built up by the weapon. 

‘The Soviets would have immediately shut down the reactors at Chernobyl as apre- 
caution 

Some hours later, the transmitter safety devices finally failed, and a much smaller, 
though sil significant, remnant EG pulse was discharged into the earth, spreading out 
in a ground wave. The fist radioactive material—the fuel rods in one ofthe hapless, 
shutdown Chemoby! reactors—encountered by the EG ground wave pulse received it 
and immediately erupted radioactively 

Had the full EG pulse escaped the stricken transmitter, all four reactors at Cher- 
nobyl would have violently exploded, and deadly nuclear fallout would have rained 
down over a wide area ofthe earth. Had the reactors not been shut down and the con- 
trol rods inserted "fullin" to dampen the radioactivity, a far greater radioactive erup- 
tion—probably a nuclear explosion—of the struck reactor would have occurred. 

In May 1960, a prototype TR wave radar weapon was used to down Gary Powers! 
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tn-flying U-2 aircraft over the Soviet Union. Powers reported a flash, as if from an 
explosion near him, but the flash persisted. This is almost certainly the signature of a 
‘TR wave weapon. 

In April 1963, the first large strategic Soviet TR wave weapons became oper- 
ational. These weapons were used to electromagnetically deaden the electrical controls 
ofthe U.SS. Thresher atomic submarine on April 10,1963, and to produce a huge un- 
derwater electromagnetic blast 100 miles north of Puerto Rico on April 11,1963, 

Since the 1960's, the Soviets have possessed a 100% effective defense against U.S. 
and European strategic bombers and missiles, The early systems deployed in the Soviet 
Union were midcourse and terminal phase systems. The Soviets would also have relied 
upon additional TR wave weapons systems, deployed as adjuncts to radar systems 
aboard research ships and cravlers, to be able to attack U.S. missiles and bombers in 
their launch and early midcourse phases. 

‘These Soviet defensive TR wave systems also could easily accomplish nuclear 
‘weapon kill, and by their nature may have already been immune to the Stealth tech- 
nology. 

Older Soviet radars, using TR wave adjuncts, become totally new weapons having 
startling and heretofore unsuspected capabilities against missiles and aircraft. For that 
reason, the Soviets happily continue to operate and maintain thousands of older radar 
systems that, by Western radar standards, are seemingly obsolete. 

Hundreds of incidents of Soviet tests of these TR wave weapon systems have been 
observed around the world, and reported in the open literature as puzzling or 


anomalous phenomena, 

In the 1960's, in Siberia, Vlail Kaznacheyev and his researchers accomplished 
enormous experimentation proving that cellular death and disease—of any type what- 
soever—could be transmitted and induced electromagnetically. This team went on 
secretly to phase conjugate (Lime reverse) the "death photon” signals, to show that any 
cellular death and disease can be reversed or "cured! electromagnetically as well 

‘The latter work would have been done under the auspices and tight control of the 
Soviet KGB, since all phase conjugation (time reversal) weapons effects are under the 
KGB, both for development and deployment Obviously the "electromagnetic a 
tidote” work of Kaznacheyev was not published, because it provided a powerful 
counter-BW warfare capability of great strategic importance to the Soviet Union, 

‘Thus in the late 1960's, the Soviet Union became the only nation on earth to 
achieve the capability of rapidly (within one or two hours) developing an electromag 
netic antidote for lethal new biological warfare (BW) viruses—of any kind what- 
soever. The Soviets also developed the capability for mass treatment in this fashion of 
both the civil populace and the military forces personnel, 

Independent verification of the Kaznacheyev "death photons” effect has been ac- 
complished in West Germany (University of Marburg), in Australia (University of 
Sydney), and in the United States (by G. Wilbanks). 

Independent proof of electromagnetic healing of viral diseases was also accom- 
plished in the West, and largely ignored. 

In the late 1960s and early 1970's, a French inventor—Antoine Priore—built and. 
tested several large electromagnetic devices that cured thousands of cases of terminal 
cancers and leukemias in laboratory animals. He worked with members of the pres- 
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tigious French Academy of Sciences. His work was funded by the French government 
and presented to the French Academy by Robert Courrier, head of the Biology Section. 
His work was suppressed in the 1970's, and lost when he died. 

Priore used a plasma to accomplish multi-wave mixing and phase conjugation 
(Gime reversal). His time-reversed curative signals used a powerful, rippling magnetic 
field as a cartier; the magnetic field guaranteed penetration of every cell in the body— 
necessary to reach ablood disease. The rippling ofthe magnetic field guaranteed pene- 
tration of the cell's atomic nuclei by nuclear magnetic resonance. Penetration of the 
‘actual nuclei of the atoms in the diseased cell is necessary, since the master cellular 
control system (discovered by Dr. Fritz Albert Popp of West Germany) operates 
through the cell's structured scalar EM biopotential, and this potential is centered in the 
nuclei of the atoms comprising the cel 

Note that electrical dedifferentiation of cells at miniscule current—between pi- 
‘coamperes and nanoamperes—has been proven by Robert Becker and other re- 
searchers. Red cells of the frog, for example, have been electrically reversed through 
all their development stages. The cells first become round, then develop a scalloped 
outline in their membranes. Then they become ameboid and move by means of pseu- 
dopods. Their nuclei swell and their DNA becomes reactivated. They then rid them- 
selves of all their hemoglobin and develop a full set of mitochondria and ribosomes. In 
Becker's historic experiments, the cells then tumed into cartilage-forming cells, and 
finally into bone-forming cells. In short, Becker demonstrated dedifferentiation fol- 
lowed by redifferentiation into an unrelated cell type—all electrically initiated with 
laughably weak currents, 

‘Thus profound cellular changes are most certainly inducable and controllable elec- 
‘tromagnetically, by miniscule amounts of potentials and currents. Priore's machine ap- 
plied time-reversed EM waves to accomplish reversal from cancerous cells back to 
normal cells, 

Priore's work essentially proved that Kaznacheyev's group would have been able 
to accomplish the same thing by phase conjugation, 

Kaznacheyev's "death photons” work was probably accomplished much earlier 
than reported in the open literature. Thus it probably provided a basis to use in the mi- 
crowave radiation of the U.S. Embassy in Moscow, to engender blood changes and di 
cease in targeted personnel. Two U.S. ambassadors died from a leukemia-like disease, 
and a third sickened and bled from the ears and nose, Only miniscule levels of EM sig- 
nals would have been necessary to induce such biological conditions. 

‘The present Woodpecker radars probably have the capability of producing similar 
conditions in distant target populations, whenever the Soviets wish to add the appro- 
priate signals. They also probably are capable of killing large numbers of the targeted 
population, whenever appropriate Kaznacheyev "death signals" are placed upon them. 

In the late 1960's, another cautious Soviet "intelligence probe" was used: A paper 
appeared in the open Soviet literature, dealing with time-reversed waves in the field of 
nonlinear optics. Only a few American optical scientists seemed to be interested. 

In 1972, to focus more U.S. attention on their subtle "intelligence probe" of U.S. 
time-reversed wave knowledge, the Soviets sent two scientists to Los Alamos to brief 
American scientists on optical phase conjugation, Thereafter many U.S. optical scien- 
tists began to workin the "new field." Immediately it was revealed to the Soviet Union 
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that the U.S. had ineffective knowledge of phase conjugation, and that the U.S. had no 
‘TR wave technology or weapons. 

To this day, U-S. theoretical work in phase conjugation is still characterized by a 
fairly simple overall math model, obtained by simply "writing down” the necessary 
conjugate term. There appears to be absolutely no U.S. awareness of the actual physi- 
cal electrogravitational mechanism that causes the phase conjugatiowtime reversal, 
and no theory oft as such, Its direct application to radars appears to have largely been 
ignored in the U.S. 

In 1975, the Soviets attempted to obtain a treaty with the rest of the world, outlaw- 
ing the development of frightful new weapons of mass destruction—"more frightful 
than the mind of man had ever imagined”, according to Brezhney himself. Gromyko 
introduced the draft treaty into the 1975 session of the United Nations General As- 
sembly. No one knew what the Soviets were referring to. 

Failing to obtain the treaty, the Soviets in 1975-76 embarked on the greatest mili- 
tary buildup in history. This buildup was nothing short of a full-fledged preparation to 
be ready to take over the world, beginning in 1985 (the "ready" time per Brezhnev's 
1972 statement at a secret Prague meeting of European Communist Party leaders). The 
Soviets met this scheduled goal. 

As we stated, The Soviets can be immune to any kind of viral biological warfare, 
anytime they choose to be. The use of lethal new viruses thus has become a highly 
favored, low-risk method of warfare for the Soviet Union. The West has no such capa 
bility against viral warfare, and in fact is totally vulnerable to attack in this manner. 
Both Westem troops and Wester civil populations are totally defenseless against the 
threat of viral biological attack. 

ABW strike from a small, hostile nation or from a few radical terrorists—or even 
an inadvertent contaminant spillage from one of the great many ill-controlled private 
‘genetic experiments—can result in the introduction of a lethal, highly infectious new 
virus that will decimate the West. Indeed, a deliberate BW viral attack upon us may al- 
ready have been unleashed, 

In 1971, the U.S. passed the National Cancer Act and declared open warfare on 
‘cancer. Iron Curtain country scientists were invited to participate, and they did so with 
alacrity. At the time—ironically—penetration of our recombinant DNA genetics re- 
search was one of the highest priorities of the Soviet KGB. Obviously, many KGB 
scientists/agents were infiltrated into our labs under this program (some of our cancer 
research labs at Ft. Dietrich, forexample, still employ more Communist than American 
scientists.) 

In these cancer labs, animal viruses were repeatedly injected and reinjected into 
human cell cultures, until new viral strains emerged that preferred human cells. These 
viruses could then be cultured and the effects (or lack of effects) of various chemicals 
‘and drugs against them could be ascertained. 

‘These new viruses are exactly what one would wish to develop ifone were seck- 
ing a biological warfare virus to which humans were not resistant, and one which pre- 
ferred humans as its host 

‘Sometime during the early 1970's, KGB agents who had infiltrated U.S. cancerre- 
search laboratories may have deliberately contaminated the World Health Organiza- 
tion's smallpox vaccine with one or more of the lethal new viruses available in the 
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Wester cancer laboratories. Massive WHO smallpox vaccination in Africa and other 
Third World countries then resulted inthe appearance and spread of the AIDS disease. 

If this thesis is true, then AIDS constitutes the frst Soviet biological warfare strike 
against the Wes, in what can only be categorized asthe opening roundin a unique new 
World War IL 

With the Kaznacheyev techniques, the Soviet KGB already has the effective elec- 
tromagnetic antidote against AIDS and other lethal viruses, anytime it wishes to em- 
ploy it. Some Soviet citizens, however, willbe allowed to die, to serve as a deception 
plan and conceal the true Russian capability. Meanwhile, the Third World nations and 
the West will be devastated by the killer disease. 

Other lethal viruses are almost certain to follow, whether from the Soviets, fanati- 
cal terrorist groups, or inadvertent private contamination. Undoubtedly, some of these 
frightful new viruses are not going to be slow (lentivirus) agents. Some will likely be 
highly infectious and quick-acting, in the manner of influenza. Some will be trans- 
mitted successfully by insect vectors such as the voracious new Asian Tiger mosquito 
now spreading across the Southeast U.S. 

Beginning in July 1976, powerful new Soviet "over-the-horizon radars" (the in- 
famous Woodpeckers) became operational. Extensive weather engineering over the 
U.S. has been accomplished by these weapon systems. (This has been separately docu- 
mented by the present author; C. B. Baker, editor of Youth Action News; Andrew 
Michrowski of Canada’s Planetary Association for Clean Energy (PACE): and other 
researchers such as Andrija Puharich,) In addition, the Woodpeckers possess the full 
range of TR wave weapon capabilities, including real-time holography capabilities, 
and anti-Stealth capabilites. Terrible ant-biological capabilities are also possessed by 
these weapon systems, and they are also highly effective as global launch phase and 
midcourse phase defensive weapons for use against U.S. missiles and bombers. 

In 1985, the Soviets completed "wet run” weapon tests against U.S. missiles and 
aircraft and atleast three of NASA's shuttle launches, employing the Woodpeckers in 
the launch phase ABM/anti-bomber mode. 

Beginning in December 1985, actual destruction of selected U.S. missiles and air 
‘raft was accomplished. Targets destroyed by the Soviets included the Arrow DC-8 at 
Gander AFB, Newfoundland on Dec. 12,1985; the shuttle Challenger launched on Jan. 
28, 1986; the Titan 34-D rocket launched on Apr. 18, 1986; a U.S. Delta rocket 
launched on May 3,1986; and the French Ariane rocket launched in late May, 1986, 

In 1986 and. 1987, the mysterious loss of two highly clasified U.S. aircraft— 
believed to be Stealth fighters—may also have been due to Soviet testing of TR 
‘weapon capabilites and anti-Stealth capabilities of the Soviet Woodpecker weapon 
systems 

However, a severe limitation on the unrestricted use of TR weapons exists. If 
powerfully and unrestrainedly used, they will cause nuclear warheads and nuclear 
‘material to explode as surface nuclear bursts—in the dirtiest possible fashion. The re- 
sulting massive radioactive fallout would probably wipe out all higher forms of life on 
earth. Note that Khrushchev stated in 1960 that these fantastic weapons could "wipe 
cout all life on earth if unrestrainedly used.” 

[As long as we possess an appreciable deployment and stockpile of nuclear 


292 


Release 10-12 LTE-U 
Based on LTE-U 
Forum Spe 


LTE-U Forum-specified 
approach for operating LTE 
in unlicensed spectrum 


‘Available in 2017. More 
seamless than Wi-Fi. Cannot 
be used in some regions (e.g. 
Europe, Japan). 


Release 13 Licensed- 
Assisted Access 


3GPP-specified approach for 
operating LTE in unlicensed 
spectrum. Downlink only. 


‘Available in fate 2017 or 2018 
timeframe. Designed to 
address global regulatory 
requirements. 


Release 14 Enhanced 
Licensed-Assisted 
Access 


‘Addition of uplink 
operation 


Available in 2019 or 2020 
timeframe. 


5G Unlicensed 


Release 15 has a study 


Potentially available in 2021. 


Fi connections at IP layer. 


Operation item for approaches that 
Release 16 will standardize. 
MulteFire Does not require a licensed _| Potentially creates a neutral- 
anchor. host small cell solution. 
LWA ‘Aggregation of LTE and Wi-_| Part of Release 13. Available 
Fi connections at PDCP in late 2017 or 2018 
layer. timeframe. 
LwIP ‘Aggregation of LTE and Wi-_| Part of Release 13. Available 


in late 2017 or 2018 
timeframe. 


Cellular operators are currently emphasizing simple offload to Wi-Fi or LTE-U/LAA. 
Aggregation techniques, such as LWA and LWIP, do not currently have market traction. 


Refer to the appendix section “Unlicensed Spectrum Integration” for further technical 
details. 


Internet of Things and Machine-to-Machine 


Machine-to-machine communications, now evolving into the Internet of Things, is a vast 
opportunity for wireless communications, with all 3GPP technologies potentially playing 
roles. 


The lowest-cost cellular devices enabling M2M communications today are GPRS modems, 
which risk becoming obsolete as operators sunset their GSM systems. HSPA is also used 
for M2M communications, as is LTE, which has been optimized to efficiently communicate 
small bursts of information, making it particularly well suited for M2M. 


Low-cost GSM (through Enhanced Coverage GSM loT [EC-GSM-IoT]) and LTE modem 
options in 3GPP releases 10 through 13 reduce cost, improve communications range, and 
extend battery life. See the appendix section “Internet of Things and Machine-to-Machine” 
for details. 


3GPP had a Release 13 study item on how LTE technologies can operate for vehicle 
communications, including vehicle-to-vehicle and vehicle-to-infrastructure, leveraging 
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‘weapons, we are essentially "dead man fuzed" against substantial Soviet usage of their 
powerful TR wave weapons. 

‘Thus Gorbachev needs to "thin out” the deployed and stored Westem nuclear war- 
heads, to allow a more unrestrained field of play for his decisive TR wave weapons. 
‘That is why at Reykjavik he suddenly expressed full interest in President Reagan's 
zero option, even expressing agreement with the principle of on-site inspection to in- 
sure dismantling of missiles and removal of warheads. 

That is also why the Russians are so actively interested in negotiating the with- 
drawal of nuclear weapons from Europe. They can quickly and easily take Europe, the 
‘moment the nuclear Weapons are thinned out and ou 12" is removed! 

‘To appreciate the ease with which a Soviet offensive, augmented with unrestrained. 
‘TR wave weapons, can take Europe, consider this: A single airborne Soviet standoff 
radar jammer, complete with adjunct TR, within minutes can knock out all U.S., 
British, and FRG radars that illuminate it. Each pulse it fires, destroys an Allied radar. 
A single Soviet standoff communications jammer, complete with adjunct TR, within 
minutes can knock out all U.S., British, and FRG communications centers that are 
transmitting within its detection range. Each pulse that it fies destroys an Allied com- 
munications center. A single standoff Soviet jammer-based TR wave weapon can de- 
stroy an Allied cartier task force. Pulse after pulse from that weapon system will 
destroy the task force's radars and communications, explode HE propellants and nu- 
clear weapons, explode fuel, ignite flammable materials, explode rockets and ammuni- 
tion, and kill personnel wholesale. Tactical adjunct TR weapons can rapidly destroy 
aircraft, missiles, radars, radios, personnel, tanks, weapon carriers, personnel carriers, 
ammunition dumps, gasoline dumps, etc. The instant vulnerability of any massive 
emitter such as AWACS is readily seen, 

We are referring to a new kind of blitzkrieg war: War conducted by powerful 
beams and destruction, engendered at the speed of light War in which electromagnetic 
radiators are the primary decisive weapons, War in which new kinds of directed energy 
‘weapons play the major role, War which renders all our present defensive arma.da of 
‘weapons archaic and useless. War in which the materiel and personnel loss rates are so 
incredibly high that they boggle the mind of the more conventional military tactician 
‘and planner. War in which even a small nation with TR wave weapons can strike and 
devastate a major power, and possess a first-strike capability unparalleled in human 
history. War which could be triggered by radical splinter groups and terrorists groups 
that acquire the technology. War in which the slightest miscalculation or the misuse of 
the weaponry can completely destroy the earth. War which places extreme emphasis on 
finding "other ways'—such as surreptitious biological strikes and insidious elec- 
tropsychological attack and control—to decimate a foe. War that Western govern- 
ments, populaces, and Armed Forces are completely unprepared—militarily and 
psychologically —to face. 

NATO can be defeated in two hours or less, and the entire war—mop up and all— 
‘would last perhaps three days. 

Of course, powerful demonstrations of Soviet strategic superweapons could be 
provided, to show that attempted nuclear retaliation would simply be suicide. The 
‘Woodpecker weapon systems alone could wipe out all major communications systems 
and power systems in the U.S., induce waves of EM-induced deuth and disease in 
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preannounced locations, induce waves of abject fear and panic in the populace. or psy- 
cchologically disrupt and disable—say—the entire Washington D.C. area, to include the 
people, the government, and the Pentagon, 

If such a scenario were accompanied by a proclamation of a Soviet equivalent to 
the "Monroe Doctrine'—except applying it in Europe, an offer of a ceasefire, and an 
offer to allow us a "Dunkirk" to evacuate the beaten remnants of our European forces, 
‘we would almost certainly be forced to accept the Soviet terms for a ceasefire that left 
the U.S. intact 

‘The U.S. Congress—reacting with alacrity to accept this sudden and apparently 
miraculous Soviet leniency, and avoid the destruction of the world—would probably 
play the leading role in dictating our acceptance of liberal Soviet terms. 

An agreement with the Soviets to mutually withdraw many of the nuclear missiles 
from Europe appears to be imminent. When the missiles are thinned out, the preceed- 
ing scenario or some variant of itis almost certain to occur. 

There remains, however, one fly in the Soviet ointment: The U.S. Strategic 
Defense Initiative. 

Presently our scientists apply phase conjugation primarily to "keep laser energy 
beams intact for greater distances.” They appear to be completely unaware of the elee- 
togravitational aspects of phase conjugation, 

‘A colleague of the author has already rigorously proven this electrogravitational 
aspect on the laboratory bench. The phase conjugate (time reversed) wave is composed 
of, and carries, negative energy and negative time. Ifan object is forced to produce a 
great deal of this negative energy/negative time, it produces antigravity. This is be~ 
‘cause, in negative time, gravity is arepulsion, not an attraction, 

In addition, if the electromagnetic energy of a laser is changed into gravitational 
energy, a theoretical gain of up to 1 0 ' * (protons) to 1 0 * ? (electrons) is achiev- 
able. In practical devices, an energy gain of | 0 * ° may readily be achieved. Applied 
to a modified powerful laser in space, this electrogravitational gain factor is of over- 
whelming significance. 

In SDI, U.S. scientists presently envision a high energy laser in orbit, pumped per- 
haps by means of a nuclear explosion, The pulsed beam from this laser would have 
sufficient power to destroy a rising Soviet strategic ICBM in the launch phase, say at 
10,000 miles away. 

Ifthat same laser were converted to a scalar electromagnetics laser (one that turns 
much of its electromagnetic energy into gravitational energy), it could blast and de~ 
stroy possibly a quarter of Russia with a single shot. 

Thus if we developed and tested the SDI spatial/launch hardware for the space- 
based high energy laser, so that these systems were available for immediate launchin; 
‘we could convert their lasers to scalar EM and still possess a very real strategic retalia- 
tion capability, even if the Soviets should strike us almost unrestrainedly with power- 
ful TR wave weapons. If we launched several of these systems, we could still probably 
get off a few shots at Russia and destroy her, before all our space lasers could be de- 
stroyed by Soviet counterweapons. 

In that case, mutual assured destruction would still exis 
possess a full "last ditch” strategic retaliation capability 

Gennadi Gerasimov, Soviet Foreign Minister spokesman, confirmed as much on 


and we would still 
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the Peter Jennings’ ABC News Show, Los Angeles, California on 13 October, 1986 
The real concern (with SDI), he indicated, is not with its present design. Instead, the 
Soviet concern is that the U.S. would make a great technical breakthrough and deploy 
new devices in space as a modification to SDI, presenting an unacceptable threat to the 
Soviet Union. 

Gerasimov was almost certainly referring to the potential for U.S. adaptation of the 
SSDI space-based lasers to electrogravitational lasers capable of destroying the Soviet 
Union, 

Obviously, if the high energy laser weapons stay grounded in the laboratories, and 
the system hardware is not developed and ready, that strategic retaliation capability is 
Jost to us. For that reason, Gorbachev is adamantly insisting thatthe SDI defense must 
not be developed and tested in space. 

If Gorbachev can prevent the development and testing of the SDI space-based 
high energy laser and get the nuclear weapons thinned out, he immediately holds the 
decisive winning hand. 

This is where we are now, vis a vis the Soviets. This isthe background necessary 
to understand the full context ofthe present ousting between the Soviet Union and the 
US. 

In the Washington Times of Aug. 26, 1986, Soviet Chief of Staff Sergei 
Akhromeyev warned the United States that the Soviet Union could have an unpleasant 
surprise response ifthe U.S. deploys its Strategic Defense Initiative (SDI) in space. 
Akhromeyev stated 

"Ifthe United States deploys a shield in space, the Soviet Union will have several 
options, none of what Washington would wish... The Soviet Union will very quickly 
find aresponse of which the United States has no inkling as vet. 

It is absolutely essential that the President of the United States, the Secretary of 
the Joint Chiefs of Stall; and the U.S. Congress be aware of these Soviet 
‘weapons and their capabilities 

It's also essential thatthe U.S. public become aware ofthe real nature of the hid- 
‘den Soviet threat that faces us, so that public support will be forthcoming for the hard 
{decisions our government leaders have to make to counter it 
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(aucceat ha ecm ochicted recent in proper la) 
Japan, Scalar electromagnetics sin fact eletrugravites 
‘arco scalar rsenanceh eerie at hata now 
the ploneering work of Dea, Beck, Bein nd Golden, 
‘ery fist good experiential psc wh bul eee: 
(toed) Mawel hcry ne Bs new vector mathe 
ais, dbcarding the quaternintsaar ompanet He 


as carded dectrgraiaan setting "modere EM 
iy ofa dectron (ets charge diet quenced, 


{fc aucopi othe fet by ater wave coupling 
(acling ir crete, witht pea meget 
‘Sreuiey components: Whencer the agen exming the 


52, Hletrsttc scalar pote (0) vital phan 
strs nthe dimension spacetine media (othe 
‘acu eber (Note that the vac 

2 coming ofthe sum of large 
charg fh tl Pon ich pa 
‘ely aspect cate canbe vsalied ota pec Qe 
premure” ina dimensomal Maid, where 


in ale eveything esting tne (oe como 
Fate fine Now mind ieee) I ab 


etsy pater erect fre ld suman 
3. EMP (lectromagnetc pale) asharppus fee 
Trompe radiation priced when am explosion ve 

Intemiis propagate with diferent velocities in a nom 
near opel eda, An EMDPis alo produced when 
two iene Lingtudinal sear electrostatic pte 
‘wave pers met and couple nto sudden ash of 
54, Badthermie explosion the sudden absaroa of 
‘lectotmgntc energy nv aap aren where the 
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ce an endothernie explosion an ener implosion at 
i stance, expleiely exacting fet eneray ot the 
ter te for dpa, 


tno tin, fll teary 8 
Mone a moving server ma) ate among abject a 
‘Se: Ethers rig hoo -hi, matral ld me- 


‘mata dhe (of wich Yacuum ies one example fa 


cepa in the tetra conte fi mr 
Newton's laws of muon (rate Frm) and the 
Soviets are believed to hae applied al anced the 
Ine dary to produce the prseal hery afenerpti, 
‘age ital partie fl) nd thas a eer a El 
‘ein proposed 

uly ential othe relret,Newed in the negate 
plate fat mane (crac stress exists om each se of he 
plate, at oti hemi, nd the a hs constates 
2 salar ferent ming ars al ao len 


59 Esothermicesploson: an ordinary explosion where 
noms ae ether 

rte Interacins, th i the ral and observable 
61 refi: sean! is fig tha sometimes Kindle 
(hongh fas matrtlnedits lstrommpetc eer 
(Ge. as hyperdinesiamalItererace cases die 
Sonal stifling, s0 at rary cetromagnetic ear 
‘ong cons without the fet bing bared. Fic 
ems, an lcaions throughout the world, Recen 


‘uding environment, th one ean Walk ot bo as 


‘htaied. For example, pllrgeit lets are allen = 
rakets extricate datet hjet, the tve- 
(3: Fon (action: he pliting of the ston usm 
Into to canonical vrtabes (fo example, cntay al 
tine) ely one of wich an varmaly be empl = 
lected or measured. ("Acton has the dimeions af 
length le) Fisining produc enh iseete it by 
Gere bya te ee The pal val of 
Spat pial objects hus comtialy created, 
dtberate bby discret poocuart- A that ever es. 
‘world afSeparated objects never exists as such except it 
partis, volume of uid te) owing across given 
ara (usualy ui are perpendicular to the ow) per 
tnonly wed, Lacy, "eros to he perpen 
‘ow argh a ara, while "as deny’ refers the 
mate etsy (rae) fe a. I some esen 
taonber of rte way be malplod by te average 
(5 Fax densi: heart of toes och at 
‘ner partic, yolume of ade) Rowing sees 8 


device-to-device communications capabilities already specified for LTE in Releases 12 and 


13. This work is now being standardized in Release 14. 


Developers will use 3GPP wireless technologies for many loT applications. In other 


instances, developers will use local area technologies, such as Wi- 
and ZigBee. New Low-Power Wide-Area (LPWA) wireless technolo 


, Bluetooth Low Energy, 
ies emerging specifically 


to support IoT include Ingenu, LoRa, and Sigfox. The low-power operation of some of these 
technologies, including LTE, will permit battery operation over multiple years. Table 10 


summarizes the various technolo 


Table 10: Wireless Networks for |oT 


Technology | Coverage 


Standardization/ 


deployments, | such as 900 MHz in the U.S.) 


GSM/GPRS/EC- | Wide area. ‘ost cellular modems, | 3GPP 
GSM-loT Huge global _| risk of network sunsets. Low- 
coverage. throughput. 
SPA Wide area. | Low-cost cellular modems. _| 3GPP. 
Huge global | Higher power, high 
coverage. throughput. 
LTE, NB-loT | Wide area. | Wide area, expanding 3GPP 
Increasing | coverage, cost/power 
global reductions in successive 
coverage. 3GPP releases. Low to high 
throughput options. 
WiFi Local area. | High throughput, higher TEEE 
power. 
ZigBee Tocal area. | Low throughput, low power. | IEEE 
Bluetooth Low | Personal Tow throughput, low power. | Bluetooth Special 
Energy area. Interest Group 
ToRa Wide area. | Low throughput, low power. | LoRa Alliance™ 
Emerging Unlicensed bands (sub 1 
deployments. | GHz, such as 900 MHz in the 
U.S.) 
Sigfox Wide area. | Low throughput, low power. | Sigfox=* 
Emerging Unlicensed bands (sub 1 GHz 


= 3GPP, 3GPP TR 36.885, Technical Specification Group Radio Access Network; Study on LTE-based V2X 


Services; (Release 14). 
5 For details, see LoRa Alliance, https: // www.lora-alliance.or: 


58 For details, see Sigfox, httos://www.siafox.com/en. 
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tse area asuly ani atea perpen the os) 
‘nh Arold reported seting nine strange ing diss 


‘lage do psy materia, then er domalra= 


ly appa in the skies and played tag with Aled, 
Nabi and Japanese plans dang Word War Il The 
sword “Too” fa corruption of the French word 
‘tment. Sip, chasing of mast-motion, One 
tingle undivided quedty“saearedtion e¢ “wast 
‘elo momen) that changed. In presen EME 


‘change the state of motion of any charged partie 
lca cared mass hough wal Hs led 
fects in cared paricesistemsevenata distinct, ad 
Sted tha sector Hertian waves do mt ve tough 
ioveicogh vac intend, Whe coupled (Qtected) 
‘by spinning charged mass (an elton, fr example, 
apres they and mechanic, Fr example te tan 


on dared partie moving acum An fre 


7A. Fourspace (4space) a dimensional spactine, 
inersnaly composed of eglhcabed nied by 
‘quar, where is charge 3 or 23 the charge f the 
ound evidence a ee quar, an in the 1937s Eh 
ast eprted the discovery al prota of rca 
‘cckeratel ih rect to he lburtry bere. In 
‘locity batt not rating (he fume lee 
‘curved In this case special relativity applies, as do the 
‘crveraion la. fe lca pectine carved, 
feame facet and spacetime i curve. Local 
conerato as ener metic a pi) 
Spaccime negligible Henceloclly a Lerets rane 
‘Sonnet, an he concreting ews are tae te ogty 
fine is alvays curved and general relatity apps ox 
‘ally, ln ae, he omer las ned ps. 
78. Brame reference) spat organized, mere 
tie placed in emptiness pace, pacetine. Normal 
‘ers fo a Sdimensonal, spatial frame. A ohjeets and 


fn fed moving objet, a entered ay pola fa 
tire class of physical interactions that can vecur has be 


a forthe ier. Hletromagoetic, the Wea of ape 
Standing lectrupravitainal curvature of local space 
75. Fusion action he ne appreach the recombi 
ing oft canonical bat of Catone ston yearn 


Bi i + manocaar fon operation that produces the 
‘Som rates of pice are equal depart nace 
‘ald: when unequal the parte acer. Viee 
‘ees, whe the parties unaerated he a eat 
‘ison ras are equa and when the particle ace 
fae tre ofthe ocr partic, Tas» unr di 
‘dye occurs aro the ibe. The tbe 

‘hing which causes an increase i the 

Kine sen Un Geller or sete ke him) pestering 
Sin who made highly reteive ump oily 
The comple of the publ Brie, iste sue 


‘deat pestirbatons” Tht ny excroton lt 
‘ould be sated, and ane eal sl spa of he ner 


iy tang nal oe Western univers 

etl locals) caginer general relat. 
Soviets do al recognize insti’ iting umpt 
‘io. Conservator upld ia the Wet by ate 
‘tri resricve asumptons placed on edna ge 
Jaws can be valated—aften with ease. With a adapt 
of rial EM pleas debra created by sun 
‘wansute ements simp: and produce actin at a dis 
becomes locked-up (inflded) eletromagnetic forces, 
appeared in 1946 a 1947 over the Sandia oun 
teks (Norway, Denmark, and Sweden) and usually 
{hdr vector satin o mulation zerw Th 


‘pin nde in) he plan Such a photon may erry 
maybe designed to peo a pure sont pur 
pe. ner words such photon becomes aac 


ly the Kel radi machine. The boosters the 
Siac character of ubering abe energy and 
ft highly psec scr radon. hs the free 
ing is ptersing scaring. In addon, two mars 
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visual nication sf the rte of eaten, the reasoner 
trae ant how the dosage  progresing A Be- 
ies rocarcher who han developed vary of salar 
slvr Hels ale developed probtype ee erty 
ull detriment the rere, ewed the mea 
locked-up (infakded) electromagnetic force which sum 
fc rll to ee. cremate fre fk repre 
‘ast age munber of potentials lacked fre el 
Ci, or a he peli eed 
produced. We may thus speak fhe heed aut fier 


ir" of ws where ite overall gravitate 
are evidenced, longs the ld re treo "a. 


Speck hich wesee ak oro oi) 
‘gravitational field, To show the order of magnitude 
‘ia be th rd, 


reall sre reliant, we directly pap the A gra 
196, Hurvich produced an inert Geld enerator 
utente hetrgeaiainal vies ithe erty 70s 
Bedin Watson Jobson and hers ve developed 
practi protiye "ee ener) generar.” Another ae 
device whieh produces negative energy and ante 
tb smpiation Tat of 150000. Orthod re 
be highly develope fr sverl decade Inthe Soviet 


leogaviational ow, mastess current fo) and by 
neglie energy flow. During the nial ehargeap of 
muss current ows: however, the massless current (phi= 
4p charges up the coll praviatonal As detro mass 
‘arate to How (90 degre nto the ase), ths 
ere eld (electron mast ow coupled to lpi and 
6. Gravity: the phenomenon characterized by the 
‘the dtnce betwen ther, Un the ew appcach ce 


eld, them, be 
{nan objec’ ate nace oprodoe pan comuate 
(Gnerevered) ates (and naive emery ate mee 
Hutchins has semontratd the levitation oct 
‘sighing upto 6b ab poral. 
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1 port amen shoul be considered the magnetic 
cxctatne, fer Sommer. lx enpty space Bend #1 
the new appa rigronly sector Gels cannot st 
scala ls, ere the coupling perme) 

tad parte Mas of whieh 

‘Whe a ober able pining care ass ears 
the shadow veto el converts the two coupled sea 
‘ot rancid hr acum "shadow Hers wanes 


19, Hieronymus device: eatentially, an sanplitied 
feed by TG. Hernymus fn the 1980s. Commies 
(Seiary aplication eather thn blographic ali 
90, Hologram: a photic recording ofthe pattern 
‘inerterence tween cere ight refed fr the 
bjt otters and gh that comes de tram the 
foto lage filmit Gram bebind by eaerent 
Tight a three-dinensna mage of the objec appear ia 
sce The charcieiaic of» hypathetcally perfect 
prt a sel fone porto cat ol an Hunted, 
‘Sot, the payscal wives a beogra and 
‘ich pr oft sine all oi eam be dete frumin 


Canto bypertnies, here anetergies call Ee 
Skpendea aed are rlrred oa indo mie wi 
“UST Gt he Lamb if and in the nea wail 
ie ie free feguene). These equa also ep 
‘eat enanced canoe eee gal til 
pent (observable) sae partly ood masie 
higher dimensional space. Wits respect 0 aCe 
frame the cecromagnt Hl amore sue Gl 
We conier the electromagnetic the fist hyper 
horatiey fame. The second hyper called the 


etre dd andthe thd ype he metal 
‘frame, bifield, oF orthofied, These hypertiduyper- 
Ste Suecenivey higher bypertids pst the elec 
‘magnetic ld constitute sucesively lower levels af 
ight ange (orthogonal) tur aay from the reference 
be the seth ypereame. Aso called tame, bib 
ord, bid, otlrame, arthower etl, Hy 
9 Hyperspace: generic, eles to ype, 0 
‘Capable of ring an expinion tra yperpace to 8 
‘Geant pein, without any travel af slectromagnetic 
nergy Uhraugh ordinary space Alo called a scalar 
ts ofthe Soviet Union's Benet and reveal giant 


teaminds in the exatermie mde to Benet sand (2) 

pln let oes 
‘the boter ean pace maple equeces where 
‘nena! frm of ordinary EM energy emerges (eX: 
‘theme male) or xracted(endatherme ode) 8) 
pepo bona) at be med pn rin) EME 
‘unicast (3 0-0 cr i ths ase 
Terterence pts ofthe Woodpecker are wll 
structures muy interfere to produce a extrac substantial 
‘Sal imps oa the Woodpeckers may be wed > 
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os alan the Soviets a apr ed 
Cera soars gant rod clouds and in int 
‘Thestange explosion in 198 na he Ura i belived 


1 charged up ech i 
‘wi scalar EM (ectrgravtatonal energy Pare of 
he tame may have charged thi gant poled 


subi Ape 10, 1963. The second fall tet 
into the cea 10 aes mth af Puerta Rico on Api 
el operaina, at pore by lhe Mora apie 


‘sven fey theve shots ere probly tier hgh 
bunt regstraoas The two pazaing fas detected by 
the Ve satelite a Seplmber 1979 al lta 
bythe Soviets ors scond nation at as develope he 
97. Inception: Minding ram mind energy) a small 
ther objet Specially caplng salar wave pater 


tanenery ont de by tuner eject ota he 


et pial 
og system 
i hdytmer. The two crc eigen he ra 
(erm Tea salar iefromter,capebl of podocog, 
‘a raniting scalar wave pater ino distant ob 
Jet, coupling te hs inking wih 


radu ll parapegeal phenomena 


(eran anergy chanel beeen ortega Utes ef 


lato be waves er benna, wich eer raving oer 
leet pat are susequety reunite ad py i 
102. Jer her: he incessant quanta and gan 
‘ny Kind death pater from oe el eltare aber 
ar Kind the absence of sleight al th 
strat the effect In hit experinent o samples fhe 


tenn Welty. I the window was nde hn rts 
Seco sample gan dying withthe sme symptoms 
oc, sr tn it a 
eet photo are allowed obtuse ea 
fare, the sume fealty pater i deed in i. The 
‘xplinaton sal the photons cary virtual sae aa) 
fliers Unde ptens ith tine compan) 
‘these vital pater are ifsel iat the reeling 
‘Siture where eventually they diftve foal pat 
(discovered by FA. Popp ofthe treed ells: Cone 
ue reap ats pater Mind the ater la 

ial, oberable uct inthe cell repredcig 
ben dpa i tenrared in Wet Gara. Kamae 
reversed) the 


‘photos would have reversed the 


se conjugated photons as obviously mo re 
rte repress lal counter 1 ial biel 
Atader KGB control and bighly ase 2 vay 


‘ere to prac sel ates, 


‘ost (ibe plat oF anil) to accomplish Kine 
{ora Nobel prize in 1977, although the prize as ot 
by Japanese, Brits, European, American and ober 
Dds the neon together. Overs period f ime his 
‘Salar means hasbeen accomplished ye Bein 

egies aneer) ft ital pan charg let) 
ots (lectromagaet ld effect) or mater (mate 
lnllaion elects}. Kinng is linear integration 
Sie pater unit breaches thebservable thre, be: 
108. Kian photography: fll pate ofan abject 


sural pet of Kran ptorap. 

100, Law ofp: avec placed upon the pyle 
Sumptions at to the background situation” apd 
Sl atic spacetime (Lrete fre) I ero both 
‘Westen orth scents have aretha EM sgl 
Scent has reported tht the IDA devce—Anowe to 
(US. priser of war during te Korean Ws: Reportedly 


‘machine wa 9 devastatingly Mets "Desnwaag” 
1 Life: rm which ests the best fot pio 
aly aed toa small degre. The preferential eta 
ate costa bette pea tae ad he id 
Destruction o los ofthe prcret tuning resus 
death” eels of tame to the tae. tn ta ese 
without ay commotion f pret strngng toeber 
Spuraonsintostringofeens catalase 
Toundaton af if, and mindverls al scl events 
represent simply separation aver im lied being 
‘Note thsi amply consistent th he ea at 
112 Loch Ness Monster: fami apd water mom 


"ter cers" he bes sen advert in nea 


‘erg ra ine vying electrically cared source 
tinal wave a shown by Kewch ata Cora, ner 
‘una Jura of Teal Pai, VoL 20, No.1 
‘rao Inthe new approach, sch trsnere vector 
instead, to coupled iting ealar waves ex in 
‘acum, The Hal Gels are formed, retnered By 
een the spinning charged delcting mas partie 
HA Mavi windows a natray tuned feqwency of a 
ted toperchanee! between erthigonel feet where 
ania sis he cameron of mle sha 
‘en gman pyc. Eset ll ponte eit 
‘area alan ite mabe forthogonal words 
ple postin ler each ate every event. Ths fn 
Sng second, the word has sli some 10 tthe 20h 
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tim Universi 156 as pushed in 1957 

{he new appre the mae a inert of particle ae 
anes, tapped By the spin of he partie. When 
Smplitde of the tapped scalar wave increases a 
tay oars, Specialy atm cen pace O-line 
‘Sonal am rss change in its near movement 

ty interacts with photons absorption al emia), 
long tr ine inate, quantized jumps caused by 
‘he pot interact he 

Pola manforms Typically these apis are dred 
“Er sits, fave almindshaped ees tha dona ink, 
possess aint atures and “spa” eat to 
ance ofsuch phenomena associated wth a investigator 
‘in prt de to unresved detrimental ater is hs 


(ea then rotosctoned und etamioed er eee 
‘ton microscope, microscope "pudding a ih loa 


{fevers cae, the crt stm lok ie the pie 
feromeey by the two cerebral emisperes, here the 


The decper pricholoty of the group ain pureurly 
the colctve hmnam tacinacoes mid Alnogh the 


{nto acta psc fers a eins 

120, Meroeystals: tn ery pura thas we 
ten and which can gener negaton ptr fo pen 
IDL MilerFouUrey effects (ex these ex 
‘ith 1 complemen of mitral al chemicals —and 
asc to simulate the primal aonpbere were placed 
fea lightning charges into the primeval oceans In 
Ite eperent ar petormed i the presence f beat 


‘peed by eel dive Tw at net spl fre 
hve be produced in the borat) taded the ew 
toed cve inet mate tly alive al pee 


ions The set tes referential to one channelStaton, 


esp th concept 


122, Mind: a quite misunderstood concept! In canner 
onal sciences dred purely roti ie 
a word composed of eparain events (ates, oper: 


oar the ordinary pea world Thus a pee inert 
psa or mode the plea ymin iia 


‘that presen sume i rtndon see. Sine per 


310 


ception af tought tragmentaton ane separation of 


nd cannot be perceptually conscious oft 


Iawever the table ind ints pure stte—pure eg, 


"se tags Idea, the fst pate of is We 
123 Minding: theineraing oto or mare minds 
tn coch baer ben the tne ceria hopes 
‘ch canting is own separate mind—are inate 
foto one overall bras hang single fanctonal mid 
cera maples thr he ep cali. Nite 
‘meredinke into oe rater beng, The tne separa: 
‘io fv harman y he conta! pbo- 
to interac with each parte f mas i the body 


‘single “elle 
soralpiloopical probe 
‘Ofte importance are the pte ee by wel 


ita (ea) 
provide bythe photon tract wi te, ad the 
ange camsttuts the "pereeicected phy eal re 
12K Moray amples fee enery device deeaped by 
‘30s, The device wes detrped by » doable att (at 
BL, ape an alo «Soviet agen in 193, ler the 
(hl device ed ae 29 detector stges aed red 


‘neat emery, wh deeoped one afte mt widely 
produced $0 Kit fat poe 

12S Maliocae (change) mare than one a 
Change as seen by mile imaltancas observer 
‘Conterton of his pe change ads to inate 
‘mail mulinorld manic realy Sa to 
the Oye decried by Everett, Hane cepts mile 
Single observer aa ime (a docs preset physi) thee 
129. Mystery ight: ander mame fr 3 matali, 
er carte igh, produce by ntl sealer ans 
130. Nearophone: an instument fr dirt decom 
‘stem, The atropine was invented by Pat aga 
ented mmc later by Flanagan, clips an input sgl 
[An adaption of the neurophone, wing mare 
Soviet work repre by Lisp, could conevably be 
ied accompli buna al nkage 

‘he spc bat eling ard pt plane per 
Sued buts carrer mesa the ect e Since We 
eect the speed of the carr, deere erin vas 
dhe pe Inthe ne approach the classical netino 
Inside aphoton. En he plo, one Max tke Lo rotate 
adapted rum the phaser tery of deren urbe, a 
etre ft oe Half te pot other 
Iypotaly pose and this Bon would oma 
ies the magia fhe tn, Furr, moves at 
‘he speed enquared a since icicles a the sped € 
st ght ange tthe motion of pin caver which 
6 the speed a cre To an server 


an 


by Joseph Newman. While the prtatype des ot pro: 
duce appre onpt poner ds produce an utp 
Se keeps own smal yell bates etre Ik 
‘teary demonstrates th pail nd ema re 
13S Nocturml ight: ny paranormal igh pene 
seen ang Over 40% ufthe UFO penne aren 
tural ight Also fclades phenomena such as "ont 
Tights, spouts, wll the wip et specially 


136, Observable states that ia ety 


Sep of virtual purl, Fores between sera 
tks ate gweatd bythe exchange of virtual prt 
‘ea Te al obeceable forces, tend changes ae 
‘mtd fir to pean et an ede 


covered al used porn of scalar decromagetic, 
(cectrgraiatin 


farm, parle a righ angle tot strange. The 
‘ject lones oe nension ni iter 


ori eames) that share «single tine dimension fn 
The sg (spaces 


ogi All loge parades are simply fourth ape 
bape wo resove them. 

fer trom sraighlrvard,ethodax pls or p> 
and eects. Specifically, phenomena in whic mind and 


the daecreversed wave cated em a pumped phase 
Tthevove tt ruc te and ned The 
fmision) soning f'n ation quam procs 
Fon ofthe canonical fragments ck into quanta 
action eas the pres eal canna ramen 
‘Soned pater or ral ubtracure contin te 

yange that has ever occurred. (ln ancient mystery 
‘mindworl is nonlocal. The coherent (causa) time 
{ction the mide ech the qa teed, 


psct's diewsions of such quantum parades 


whereby a nolnear ryt materia or med eats 
‘velo hasan amp propria othe complex 
Sit te nig wan Ta 
travels solution tthe wave equation, and 3 the pe 
‘to, Tee two waver ha lock gee a ange 
scalar EM wave, The scalar wave patos Greg the 
trating fo the pcively charge onic mail Ina 
ce cach inchent sear holon abr incense 
photo carrying negate eer. 1 
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of these T photons consis a TH wave Ths frm 
trave Tha TR wave "lackircds thretgh space slg 
the tvs ph ato by the rigid contig wave 
Sine the phi conjugate wave &tinerevese, com 
‘trates long is baad path rater tan erin 
linear medium prodaing the TH eect in response toa 
smal wave refered to asa phase cont are 
tmtch higher exied ate. Tt when it pct do 
as, much more povertl TH ave i led, com 
fram te pase coma ior (PCM, This procs 
‘wave acts a a signal on the gid. ln the oeillaton com 
‘ion corning inpt we at ight sls aed 
ase conugaton and the 
pel phase conjugate mare. He ao deanred 
foetal mate for he wide ha api to al 
has ben shown that under proper candi 


eed, Test’ ergnal Mapihing Trae 


hide power fr freA relate smal pat" 
Sgn” (fom esas resonant tree) woul has 
pimping, eicting an eocrmotn nreversed wate 
Ieee ene devices (bil secret by unartdven- 
146, Photon! the base action gut. Hm becom 
Conse a yal pater apeiron pa 
2 pure. One half pon exis in a cai pos 
{ie tee negative charge), athe ter bal es 
ail cari megalive tine [positvecharge: hn Oe hall 
‘aca and the ter af ine evere™ (pase 
fer cumple, nu cosh of two tes of einen 


fart oe tepte tne te psn (ward 
Stren tengo try ef gin) he 
rth wrk ner tee apres echo 
‘at mane ofcreaatng re etna The pat 
ave The psn he tc vr tine el ots 


ses the same action mata, lag thy do 
ot cary the same ener). fhe potas ade sabe 
ql (les dan i magia) i ita ph 
oa ofthe ie whose enon and aorpion case 
‘hare on a hte, Vital photons are ot indie 
iy detectable even ta hte. However, vital pa 
117. Photon interaction: the absorption ad mio of 
hols by parts arabe Usually he poton ner 
‘photon. The macroscopic word is ereated by this nter= 
‘When we itrdice ional pt interaction be: 
Yond the abet bags, the aces stays baie 


Sorbie By the muck fata, pang igh tg 
background, the mace change appreciably, ad this 
{he higher realy, ap is sensed by the Salle 
unconscious, since i i highly mulicular. Thus our 


Space composed of dimension eth in which ml- 
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Technology Coverage —_| Characteristics Standardization/ 


Specifications 


Ingenu Wide area. | Low throughput, low power. | Ingenu®” 

(previously Emerging Using 2.4 GHz ISM band. 

OnRamp deployments. | Uses IEEE 802.15.4k. 

Wireless) 

Weightless Wide area. | Low throughput, low power. | Weightless Special 
Expected Unlicensed bands (sub 1 GHz | Interest Group® 
deployments. | such as TV White-Space and 

900 MHz in the U.S.) 


Security is of particular concern to both developers and users of |oT technology. An 
increasing amount of network-connected infrastructure will result in new security 
vulnerabilities that are being addressed by concerted effort from the industry. *? 


Smart Antennas and MIMO 


Smart antennas, defined with progressively greater capabilities in successive 3GPP 
releases, provide significant gains in throughput and capacity. By employing multiple 
antennas at the base station and the subscriber unit, the technology either exploits signals 
traveling through multiple paths in the environment or does beam steering, in which 
multiple antennas coordinate their transmissions to focus radio energy in a particular 
direction. 


Initial low-band LTE deployments used 2X2 MIMO on the downlink (two base station 
transmit antennas, two mobiles receive antennas) and 1X2 on the uplink (one mobile 
transmit antenna, two base station receive antennas). In the higher bands, 2X2 downlink 
MIMO has been deployed, but it is more common to employ four antennas for uplink 
reception in a 1X4 configuration. LTE deployments are now using 4X2 MIMO and 4X4 MIMO 
on the downlink (four base station transmit antennas). LTE specifications encompass 
higher-order configurations, such as 4X4 MIMO, 8X2 MIMO, and MU-MiMO on the downlink 
and 1X4 on the uplink. Practical considerations, such as antenna sizes that are proportional 
to wavelength, dictate MIMO options for different bands. 


Engineers are now experimenting with what are called massive MIMO systems, which 
employ a far larger number of antenna elements at the base station—64, 128, and 
eventually even more. Use in 5G of cmWave and mmWave bands, with their short 
wavelengths, will facilitate massive MIMO, but even before then, 3GPP is developing 
specifications for massive MIMO for 4G systems in what it calls full-dimension MIMO (FD- 
MIMO). Release 14 specifies configurations with up to 32 antennas at the base station. 


© For details, see Ingenu, https://www.ingenu.com/. 
5 For details, see http://www.weightless.ora/. 


88 For further insight, refer to the Ericsson white paper, loT Security, February 2017, available at 
bttps:/ /www.ericsson.com/assets/local/ publications/ white-papers/ wp- iot-security-february-2017. pdf. 
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Massive MIMO is practical even in cellular frequencies. For example, at 2.5 GHz, an 8X8 
array using half wavelength spacing would produce a form factor of 50 cm X 50 cm. 
Applications of such arrays include beamforming along a horizontal direction as well as 
beamforming in a vertical direction, such as to serve different levels of high-rise buildings. 


See the appendix section "LTE Smart Antennas” and "LTE-Advanced Antenna Technologies” 


for further details. 


Virtualization 


Virtualization refers to implementing the functions of infrastructure nodes in software on 
commercial “off-the-shelf” computing equipment. The approach promises lower capital 
expenditures, lower operating costs, faster deployment of new services, energy savings, 
and improved network efficiency. With NFV, multiple tenants will be able to share the same 
infrastructure, facilitating, for example, mobile virtual network operator (MVNO) and multi- 
operator virtualized RAN arrangements. NFV, however, also constitutes an entirely new 
way of building and managing networks, so widespread adoption will occur over a long 
period. 


Both the core network and portions of the radio-access network can be virtualized. The 
core network, consisting of fewer nodes, is an easier starting point. Virtualizing RAN 
elements, although more complex, could eventually provide the greatest network efficiency 
gains, particularly for small-cell deployments where it can facilitate coordination among 
cells and use of methods such as CoMP and interference coordination. Unlike the core, 
virtualizing the entire RAN is not possible because a Physical Network Function must 
terminate the radio interface. As operators virtualize their core networks, they put in place 
the systems and know-how to extend virtualization to the RAN. 


The European Telecommunications Standards Institute (ETS!) is standardizing a 
framework, including interfaces and reference architectures for virtualization. Other 
standards and industry groups involved include 3GPP, the Open Networking Foundation, 
OpenStack, OpenDaylight, and OPNFV. 


Figure 26 shows the ETSI framework, in which virtualized network functions are the nodes 
or applications by which operators build services. 
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Some specific use cases for NFV include: 


a 


a 


5G. 5G networks will likely be fully virtualized, 
IMS and VoLTE. IMS is necessary for VoLTE, but an NFV approach could reduce 
the complexity associated with the multiple nodes and interfaces in the IMS 
architecture. 

Virtualized EPC (VEPC). The Evolved Packet Core, consisting of the Serving 
Gateway (SGW), the Packet Gateway (PGW), and Mobile Management Entity (MME), 
can be virtualized, but doing so will require meeting operator bandwidth, latency, 
and control plane service requirements, 

New VEPC Services. With a virtualized EPC, an operator can more easily create 


MVNO services, each with its own virtualized MME, SGW, and PGW. An M2M 
virtualized service is another example of offering a more finely tuned service for the 
target application. Because the PGW connects to external networks, further 
opportunities exist for virtualized services to augment networking functions, 
including video caching, video optimization, parental controls, ad insertion, and 
firewalls. 


Cloud RAN. Po: 


19 of baseband processing in a cloud RAN can, but does not 
necessarily, use virtualization techniques. Separating the radio function from 
baseband processing typically requires transporting digitized radio signals across 
high-bandwidth (multi-Gbps) fiber connections, sometimes referred to as 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 57 
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Abstract 


Both postulates in the conventional EM bioeffects model are in error, 
as is the classical electromagnetics model (CEM) itself. Major errors 
in CEM are presented, The QM view is taken that all EM 
phenomena are caused by the potentials, not the force fields. Using 
the Whittaker/Ziolkowski (WZ) internal structure of the scalar 
potential, Bohm's quantum potential and an engineerable variant of 
his hidden variable theory emerge. A strong candidate emerges for 
the internal mechanisms used for mind, thought, long term memory, 
and deep cellular control by Pop's master cellular control system. 
An environmental negative feedback mechanism is stated for long- 
term, cumulative causative mutation, yielding Sheldrake's 
morphogenetic field, which is a species quantum potential. Utilizing 
the new EM bioeffects model, Kaznacheyev's demonstration that any 
cellular death or disease can be caused electromagnetically is 
explained. A new definition for cancer is advanced, as is a long-term 
cumulative mechanism that causes it. The mechanism for Priore's 
demonstrated cures of terminal tumors in laboratory animals under 
rigorous scientific protocols is explained. A solution for the major 
cumulative mechanism for biological effects of EM fields and 
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radiation is presented. A self-targeting mechanism is presented 
whereby complex WZ EM biwave pumping of the "cell as a 
nonlinear phase conjugate mirror material" produces an exact EM 
antidote signal for the specific cellular disease. It is argued that 
inexpensive, quick, nondebilitating, cures can be developed for most 
major dread diseases, including cancer, arteriosclerosis, and AIDS. 
Priore's remarkable and previously unexplained cures of terminal 
tumors in lab animals are cited as examples of applying the new 
model, albeit unwittingly. 


The Basic EM Bioeffects Model Is In Error 


As is well-known, the field of EM fields and radiation effects on 
biological systems is actually in something of a shambles. In over 40 
years of studies and experiments by careful researchers, the results 
are inconsistent, contradictory, and usually difficult or sometimes 
impossible to replicate. Attempted replications often give 
contradictory results, erratically. Researchers cannot rigorously 
answer even the simplest question, such as "Does power line 
radiation contribute to the incidence of cancer and leukemia, and if 
so, how and under what circumstances?" Causative mechanisms 
have so far eluded research. Powerful vested interests fund many of 
the studies. Consequently a great deal of controversy exists in the 
field. Opinions and positions range from the "microwave oven" 
position that “if it doesn't appreciably heat tissue, it doesn't harm 
biological organisms," to the "total fear" position that "any and all 
non-ionizing radiation is harmful; we just don't know by what 
mechanism." Legal actions to limit human EM radiation exposure 
are increasingly being initiated by concerned citizens’ groups. 


What has actually been "proven" by the nearly fruitless EM 
bioeffects effort to date is that the fundamental EM bioeffects model 
being utilized by the researchers is totally inadequate for the task 
intended. If that is true, then 40 more years of continuing to apply 
the same inadequate model isn't going to make very much additional 
progress. Further, if the fundamental model is faulted, then what is 
needed is a detailed examination of the model to discover and correct 
those foundation faults. 


In tackling this model foundations problem, I have performed a 
systems engineering layout of the fundamental EM bioeffects model, 
and stated its two major postulates. Both postulates turn out to be in 
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error! Immediately one can easily see why the field is in such a state 
of confusion. However, no true systems engineer would stop there. I 
have also performed a systems engineering layout of precise 
corrections for the two postulates, thereby correcting and extending 
the model so that it can yield consistent, replicable results and 
causative mechanisms. All of this is a rigorous procedure, and 
straightforward systems engineering methodology. 


However, the results point to profound changes, which I have been 
immersed in deeply studying for quite some time. Out of this 
approach has emerged something quite fundamental: a strong 
candidate for the internal mechanisms used for mind, thought, long 
term memory, and the deep cellular control system for all cells of the 
body. A mechanism for species adaptation also emerges that is quite 
capable of explaining (and yielding) long-term directed mutation, 
including the "species jump," where a species such as a bird emerges 
in short order (not gradually) from a species such as a reptile. The 
known "species jump" has been a deep mystery to evolution theory, 
which simply could not explain it. Another thing that has emerged is 
a startling new electromagnetic causative mechanism for cancer, 
leukemia, etc. At the June 1993 Brain-Mind Symposium in Los 
Angeles, I will present that exact mechanism. The mechanism is 
capable of laboratory test, and validation or falsification. We will 
also present an entirely new approach to EM effects on biological 
organisms, and present the major new mechanism involved. The new 
mechanism has fundamental application to the theory of diseases, 
and offers potential curative mechanisms for dread diseases such as 
cancer, arteriosclerosis, and AIDS. I explain some of the necessary 
background in the following paragraphs. 


Classical Electromagnetics is Seriously Flawed 


As is well-known, there exist severe contradictions between classical 
electromagnetics (CEM), general relativity (GR), and quantum 
mechanics (QM). As presently constructed the three disciplines 
cannot be unified, even by Herculean efforts. Particularly with 
respect to the primary causative agents for electromagnetic 
phenomena, the foundations of QM and of CEM are in profound 
disagreement. CEM assumes the forcefields as primary causes, 
paying only lip service to the potentials and treating them as 
primarily mathematical conveniences. QM, on the other hand, has 
long since [since 1959] shown that the force fields are simply effects 
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in and on the charged particle system, and are not causes. Instead, 
QM has shown that the potentials are the primary causes of all EM 
phenomena. In charged particle systems, potentials can interfere and 
cause observable EM phenomena such as the Aharonov-Bohm effect 
in the complete absence of the force fields. Herein lies the reason for 
the present dire straits of EM bioeffects research. We explain further: 


CEM theory was originally formulated by James Clerk Maxwell in 
terms of quaternions. Note that quaternion algebra has a much higher 
topology than either vectors or tensors, the mathematics in which 
CEM is presently expressed. None of the present "Maxwell's 
equations” _ universally taught as due to Maxwell _ ever appeared in 
anything by Maxwell himself. Depending upon what you wish to call 
a fundamental equation, Maxwell's true equations are the numerous 
quaternion equations included in one almost incomprehensible 
chapter of his 1873 book. The present four "Maxwell's Equations” 
are in fact due mostly to Oliver Heaviside, and to a lesser extent to 
Gibbs and Hertz. The major player was Heaviside, a very brilliant 
but self-educated man who never attended University. 


At the time Maxwell's book was published, Heaviside was just 
teaching himself calculus and differential equations. Seeing the 
book, he was electrified by it, and Maxwell became his undying 
hero. Maxwell died not long after, of stomach cancer. 


Heaviside believed _ as did almost every scientist at the time _ in the 
older medieval tradition that forces were the causes of all physical 
effects. He had great difficulty with the potentials, stating that they 
were “mystical and should be murdered from the theory." We know 
today in modern quantum field theory that forces are effects, not 
primary causes of anything. In fact, it is the exchange of virtual 
particles with a mass that generates all forces upon it. As is well- 
known to foundations physicists today, "force" does not exist 
without the mass present to be acted upon, and without the action of 
a potential gradient upon the mass. We know that there are no force 
fields in the vacuum, and hence potential gradients in the vacuum are 
not forces, even though they are commonly assumed to be. CEM has 
not been corrected for these glaring defects: it prescribes force fields 
in the vacuum, and it prescribes that potential gradients are forces, 
even in the absence of any mass for the gradients to act upon. 


Heaviside also abhorred the quaternion theory. The coupling of a 
scalar component with three directional components was, in his 
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view, "mixing apples and oranges.” He knew that engineers would 
never master Maxwell's use of quaternion mathematics because of its 
difficulty. Consequently, Heaviside simply chopped off the scalar 
component of the quaternion and discarded it, then formulated this 
new "truncated to a vector" version as a much simpler mathematics, 
albeit of decreased topology. What he unknowingly threw away was 
the ability of the quaternion theory to capture an internal 
deterministic, vectorial EM structure of the scalar potential. /It turns 
out that he also discarded the unification of EM and gravitation by 
throwing out the scalar component, but that is outside the scope of 
my presentation.] Years later as a lonely recluse in a small upstairs 
apartment, Heaviside turned back to quaternions to work on a theory 
of gravitation, according to papers found hidden beneath the floor of 
his study many years after his death. 


Learned journals of the day would not accept Heaviside's papers for 
publication, because of the assumed "brutality" of his mathematical 
methods. So Heaviside began publishing very practical papers in a 
technical magazine, for the time roughly equivalent to Scientific 
American today. These practical papers gave transmission line 
theory, transformer theory, etc. _ things very useful to the early 
would-be "engineers" who were struggling with installing telegraph 
lines, undersea telegraph cables, etc. The vector mathematics utilized 
by Heaviside was much easier to understand and apply, and his work 
was eminently practical. Consequently it was eagerly seized upon 
and applied. The result was that Heaviside's EM model became the 
ipso facto CEM standard. Note that, at the time, only about 30 or so 
scientists in the world were truly "learned" in EM _ either from the 
vector standpoint or from the quaternion standpoint. Further, not 
much practical work was being done by the few quaternion 
practitioners. 


A short "debate" over whether EM should use Maxwell's quaternion 
model or the Heaviside/Gibbs vector model occurred prior to the 
turn of the century, mostly in the journal Nature. It never involved 
over a handful of scientists, and it wasn't much of a debate. The 
vectorists simply threw out the quaternion EM theory and adopted 
the vector theory of Heaviside and Gibbs. Note that this represented 
a substantial curtailment of Maxwell's actual theory. In other words, 
you can actually do a lot more in and with EM fields and circuits 
than what now appears in "modern" EM theory, and "modern" EM 
ysis won't even show it. Barrett's Oscillator-Shuttle-Circuit 
analysis of Tesla’s actual patented circuits shows this clearly and 
resoundingly. Also, living systems utilize the discarded subset of EM 
for their most vital control functions, and the present theory and 


num (5 of 42)24.11.2003 21:47:14 


‘The Tom Bearden Website 


methodology will not detect or "see " this, Thus this curtailment 
alone has resulted in the profound crippling of the conventional EM 
bioeffects model and efforts to apply it. 


The Present CEM is a Flawed Subset of Nature's 
Electromagnetics 


So we have several serious things that are quite wrong with current 
CEM theory. First, the theory (and its practice) are artificially 
limited to only a subset of the real EM that can be achieved and 
utilized. The present CEM unwittingly excludes the very type of EM 
utilized by living systems for their deepest control functions. It also 
excludes electrogravitation. Second, Maxwell's theory was actually 
based upon the assumption of a mechanical (material) ether, which 
meant that he could logically assign material forces to the "vacuum" 
or "ether fluid.” Heaviside's translation (and curtailment) to vectors 
did not charge this "material ether" and "force field in vacuum" 
assumption. 


However, in 1887 the Michelson-Morley experiment resoundingly 
destroyed the notion that the ether is material. If the ether were truly 
a thin material fluid, then forces and EM force fields would indeed 
exist in it. Since the ether is not material and forces exist only in, on, 
and of matter, no E-field or B-field exists in the nonmaterial 
vacuum; none ever has, and none ever will. In his three volumes of 
physics, Feynman pointed out that only the potential for the EM 
force fields exists in the vacuum; the only thing that exists in 
vacuum is potentials, after all! The vacuum is just a fantastic 
collection of interfering potentials and potential gradients. 
Rigorously, the E- and B-fields we detect with our instruments exist 
only in the electron gas in the probes we utilize. This is well- 
known to a few foundations physicists, but the CEM model has 
never been corrected for these foundations errors. 


Note that the loss of the material ether also falsifies one of the three 
key assumptions in modern potential theory: the notion that the 
gradient of the potential comprises a force field. We know today that 
the CEM equation E = -V@, is actually incorrect for the vacuum. It 
is correctly measured; since that is exactly what is detected when 
the vacuum V6 potential gradient couples to the free electrons in our 
detecting/measuring instruments. What we detect as E, however, is 
actually [(Vé © (e*)], or the potential gradient coupled to the 
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electrons, including their masses. Specifically, we do not detect the 
nonmaterial (VO that actually exists in the vacuum. We detect 
electron wiggles in the free electron gas in the conductors of our 
instruments; we do not detect "vacuum wiggles” per se. 


Neither Maxwell's quaternion EM equations nor Heaviside's vector 
EM equations include electron spin effects, but actually model 
electricity as a "thin fluid." Hence the EM equations of either model 
are fluid dynamic equations. Specifically, the measured transverse 
EM waves exist in the electron gas of our detectors; any detector 
detects only its own internal change, not the external agent that 
interacted and caused that internal change. White the "signal" races 
down the conductors in our probes and sensors at essentially the 
speed of light, the "free" electrons in the electron gas in those 
conductors are longitudinally restrained. The electrons must 
essentially move laterally from their initial distribution inside the 
conductor to its skin, then "slip" slightly down the wire on the skin at 
only the electron drift velocity, which is a fraction of a centimeter 
per second. The spinning electrons in the electron gas, being 
longitudinally restrained, act as gyroscopes. When disturbed by an 
interacting force, they precess. It follows that the lateral motion of 
the electrons inside the conductors of our detectors is just this 
“electron precession." It also follows that the direction of the 
disturbing force must be at right angles to the electrons’ measured 
transverse precession movement. Rigorously, EM waves in the 
vacuum thus are longitudinal, not transverse. We measure 
transverse waves in our detectors and instruments because we are 
detecting and measuring the electron precession waves in the free 
electron gas in the conductors of those instruments. But as Tesla 
pointed out, there are no Hertz waves in the vacuum; instead, EM 
waves in the vacuum are longitudinal "sound" waves, or waves of 
rarefaction and compression of the medium. From modern QM we 
also know what the medium is: it is a flux of virtual particles. Again, 
as can be seen, the CEM model is seriously in error in its 
representation of EM waves in the vacuum. 


We will not pursue this further; it is well-known to a few physicists 
in foundations work (but not to most electrical engineers and 
electrical physicists!) that classical EM theory is seriously flawed, 
and that it should be upgraded to correct those flaws. As is well- 
known in QM since 1959, it is the potentials that are the actual 
causes of all EM phenomena, and the potentials can interfere to 
cause real EM effects in charged particle systems, even in the 
absence of the force fields. The Aharonov-Bohm effect is an 
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example, as are several other derivative effects well-established in 
the literature. What has been ignored even in QM, however, is the 
organized internal structure of the potential, even though the 
original (vector) discovery by Stoney occurred in 1897 and was 
extended by Whittaker in 1903. 


This internal structure of the scalar potential had been implicitly 
present in Maxwell's 1873 quaternion theory, as an integral part of 
the scalar component of the quaternion resultant of the interaction 
between two or more quaternions. In quaternions, a scalar entity may 
be regarded as a special quaternion entity whose translation has been 
reduced to zero. A vector entity may be regarded as a special 
quaternion entity all aspects of which are translating, and no 
nontranslating aspect is present. Thus the scalar quaternion entity 
may be totally composed of vector components, so long as they sum 
or multiply to a zero translation resultant but possess a finite 
nontranslating magnitude. 


The Scalar Potential Has an Internal Bidirectional Wave-Pair 
Structure 


In a profound but ignored 1903 paper of enormous consequences, E. 
T. Whittaker decomposed the scalar EM potential into a harmonic 
set of bidirectional wave pairs, extending the original 1897 work of 
Stoney. Each wave pair consists of a wave and its phase conjugate 
replica (its "anti-wave" or "time-reversed twin".). Thus the scalar 
potential has a rich internal biwave structure. [Further, one can make 
a scalar potential by simply assembling the necessary multiple 
waves, and one can alter the internal structure of the potential at will 
by altering the waves utilized in the assembly process.] In 1904 
Whittaker published a formidable second paper, showing that all of 
CEM could readily be replaced by scalar potential (hidden multi- 
wave) interferometry. In other words, scalar EM is far more basic 
and extensive than is the present CEM with its emphasis upon the 
force fields. 


E.g., you can alter the internal structure of the Schroedinger 
potential, and place deterministic biwave "hidden variables" inside. 
You can then "engineer" these hidden variables _ and consequently 
the Schroedinger potential _ by external means. In other words, you 
can even accomplish at least limited engineering of quantum change 
itself. This of course reduces the Gibbs statistics (which assumes a 
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totally random quantum change) to a special case, and provides a 
more general case of chaotic quantum change, which is still 
statistical but may contain hidden order. Note that this statement is 
experimentally testable. It also resolves the greatest problem in 
quantum mechanics today: the problem of the missing chaos (hidden 
order). 


In 1989 Ignatovich placed a paper in the American Journal of. 
Physics pointing out a similar internal biwave structure of the 
Schroedinger potential, but none of our scientists seems to have 
realized the profound implications. If we apply these proven 
mathematical extensions of electromagnetics, we are now dealing 
with a higher topology hidden variable theory, along the lines shown 
by Bohm, but one that is engineerable on the lab bench. 


Ziolkowski's Extension Allows Hyperspatial Communication 


In 1985, a brilliant EM scientist named Ziolkowski independently 
rediscovered Whittaker's internal biwave harmonic decomposition of 
the scalar potential. He also extended the "internal structure" theory, 
to encompass not only the sum set but also the product set. Since the 
product of waves represents modulation, Ziolkowski's brilliant work 
provides the setting for direct information communication capability 
in the internal structuring of the scalar EM potential. 


Further, this internal channel is in the virtual state, so one is 
accomplishing virtual state engineering, in the sense of the vacuum 
engineering posed by Nobelian Lee. If one uses a 4-space 
Minkowski model, the Whittaker/Ziolkowski channel information 
may be viewed as subspace communications. If one utilizes an n- 
space Kaluza-Klein model, where n is greater than 4, then the 
Whittaker/Ziolkowski channel information may be viewed as 
hyperspace communications. Living systems already use this inner 
EM channel. 


Living Systems Use the Internal Channel Communication 


It turns out that living systems utilize precisely the Whittaker/ 
Ziolkowski (W/Z) mechanism for their deepest functions and control 
systems _ including mind, thought, long-term memory, and the 
master cellular control system (MCCS) discovered by Dr. Popp of 
Germany. What we are stating is that, for the very first time, we now 
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know where and how the mind's "deepest software’ is, its 
fundamental mechanism, and how to go about programming it 
directly. However, we first must develop new measurement 
instruments. 


Unfortunately, present EM instruments are almost all only "electron- 
wiggle" detectors; they detect only the translation of electrons. A 
gradient in the potential will couple to electrons and translate them. 
The gradient-free potential does not translate electrons, and it is the 
internal biwave W/Z structure of that gradient-free potential that we 
need to measure. Presently no known instrumentation will do that. 


However, if two different scalar potentials are interfered [Whittaker 
1904], their interference reproduces potential gradients [normal 
"force field" EM], which do couple to electrons and translate 
them. In fact, potential gradients (which in CEM are erroneously 
called "force fields") were already shown by Whittaker to be entirely 
due to the interferometry of two scalar potentials. So new "scalar 
interferometry" instruments must be developed to "outfold" the 
internal contents of the scalar potential as gradients, and then utilize 
normal instrumentation to measure those interference gradients and 
calculate the potential's internal structuring. One form for the 
detector is the use of a standard potential (with a known internal 
biwave structure) inside a Faraday-shielded chamber, so that the test 
gradient-free potential (which penetrates such a cage) interferes with 
the standard potential inside the cage to produce gradients therein. A 
probe in the interference zone detects the gradients as electron 
translations, which are conducted externally to amplifiers, meters, 
spectrum analyzers, computer programs, etc. The end result is the 
determination of the internal WZ structure of the test potential. Other 
detector types are possible; this is just a "straightforward" type. 


Thoughts, Mind, Memory, and Cellular Control Are Measurable 


What we are saying is that, by developing the proper 
instrumentation, it is possible to directly detect and examine 
thoughts, memory, and deep control system functioning of the 
biological organism, including the deep internalistics of its personal 
quantum potential. We are speaking of the pending emergence of an 
experimental science, not just a speculation. 
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Network Virtualization” for a more detailed technical discussion. °° 


Because of higher investment demands, RAN virtualization will take longer to deploy than 
core network virtualization and likely will occur selectively for small-cell deployments. 


For additional details, refer to the 5G Americas white paper, Bringing Network Function 
Virtualization to LTE.% 


Multi-Access Edge Computing 

ETSI is standardizing Multi-access Edge Computing, previously known as Mobile-Edge 
Computing, a technology that empowers a programmable application environment at the 
edge of the network, within the RAN.* Goals include reduced latency, more efficient 
network operation for certain applications, and an improved user experience. Although MEC 
emphasizes 56, it can also be applied to 4G LTE networks. 


Applications that will benefit are ones that require server-side processing but are location 
specific. Examples include: 


a Augmented reality. 

Intelligent video processing, such as transcoding, caching, and acceleration. 
Q Connected cars. 
a 


Premise-based loT gateways. 


Multicast and Broadcast 


Another important new service is video streaming via multicast or broadcast functions. 
3GPP has defined multicast/broadcast capabilities for both HSPA and LTE. Mobile TV 
services have experienced little business success so far, but broadcasting uses the radio 
resource much more efficiently than having separate point-to-point streams for each user. 
For example, users at a sporting event might enjoy watching replays on their smartphones. 
The technology supports these applications; it is a matter of operators and content 
providers finding appealing applications. The appendix covers technical aspects in more 
detail 


Remote SIM Provisioning 


The GSM Association (GSMA) is developing specifications that make it possible for 
consumers to purchase unprovisioned devices, select the operator of their choice and then 
download the subscriber identity module (SIM) application into the device. This capability 


® For further detalls, see “Network Functions Virtualisation,” http://www. etsl.org/technologies- 
clusters/technolagies/nfv. Viewed May 17, 2017 


41 Available at http://www.4gamericas.org/files/ 101.4/1653/1309/4G Americas - NEV to LTE - 
November 2014 - FINAL pdf. 


© For further details, see ETSI, “Multi-access Edge Computing,” http://www.etsi.org/technologies- 
clusters/technologies/ multi-access-edae-computing. Accessed May 17, 2017. 


© For details, see GSMA, “A New SIM," available at https: //www.gsma.com/rsp/, viewed June 8, 2017. 
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However, we are dealing now with a form of "hidden variable" 
theory, but one that is engineerable and testable. So we will become 
directly involved with Bohm's quantum potential, both 
experimentally and theoretically. A quantum potential can connect 
widely separated systems by instantaneous effects, as if the systems 
were not separated but were located together as a single system. 
Further, the quantum potential does not have a single localized 
source. Suffice it to say that in 1991 I published the discovery of 
how a quantum potential is actually created. If one utilizes the 
proven "self-targeting” or iterative phase conjugate shooting 
mechanism from the Strategic Defense Initiative, and applies it to the 
WZ waves internal to the scalar EM potentials from two separated 
charges, then in a dense signal environment the self-targeting 
interaction may be initiated, so that the separate potentials merge 
into a single nonlocalized or "spread-out" potential consisting of 
laser-like beams between the charged particles comprising the 
separated systems involved. In that case, part or all of any EM 
change in one system is immediately experienced in the other 
systems participating in the effect. The communication is 
superluminal. The limitation to luminal velocity applies only to the 
“surface gradient" of a potential, not necessarily to the bidirectional 
waves in its WZ internal structure. Those internal waves are in either 
hyperspace or subspace, depending upon whether one models the 
situation in more than four dimensions or in only four. 


The point is, the quantum potential also has a W/Z internal 
structure. And that structure can be deliberately created and 
engineered by external means. Action at a distance is not only 
possible but engineerable. 


Living Systems and Quantum Potentials 


It turns out that the living organism utilizes a quantum potential _ a 
special scalar potential connecting all its internal atomic nuclei _ 
for its volition, deep control, and mind and thought processes and 
operations. This can even be taken as a flat definition of a living 
system. A living system utilizes internal WZ structuring of this 
scalar potential connecting all the atoms (nuclei) of its body mass, 
for its deepest control processes. Any system not having or doing 
this is not a living system. This also resolves the age-old 
philosophical question of how mental intent cm cause physical 
response, but that is beyond the scope of my presentation. It also 
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explains why viruses can be precipitated out of solution as a crystal, 
and the crystal stored for decades. Then when the crystal is 
redissolved, the individual viruses separate and resume their "living" 
state. Suspended animation of the viruses results when their physical 
matter and its quantum potential remain intact, and the stored WZ 
structures in the quantum potentials on the atomic nuclei of that 
matter remain the same. 


It further turns out that the species itself has a much weaker (at a 
deeper level topologically) quantum potential connecting all its 
members (all the atomic nuclei in their bodies). This corresponds to 
Sheldrake's morphogenetic field _ that field is just a species quantum 
potential. Jung's collective unconscious, e.g., can be directly 
expressed in this model scientifically and testably _ but again that is 
beyond the scope of this presentation. 


Newton's Third Law Requires Forces to Occur in Oppositive 
Pairs 


Newton's third law is a sleeping tiger, with surprising implications 
when awakened and explored. For example, it rigorously requires 
that forces (including EM forces) must occur in oppositive pairs, 
This alone falsifies the CEM notion that oscillating "singular-force" 
electric and magnetic waves appear in either a material ether or 
physical matter. At least two waves must exist, the wave and its 
oppositive or antiwave. Further, the wave and antiwave must be 
intimately coupled. Heretofore the antiwave has simply been 
ignored, or when anyone pointed out that it was present in our 
detectors, it was just considered to be "Newton's third law reaction 
wave." "Newton's third law" was just mysteriously invoked, as if it 
had no causative mechanism. Yet in quantum field theory the cause 
of all forces is the absorption or emission of virtual particles. The 
cause of all mechanical and electromagnetic forces is the absorption 
or emission of virtual photons. So Newton's third law for mechanical 
and electromagnetic reactions must also be due to the exchange of 
virtual photons. In other words, there was an extra half of the 
"something" in the vacuum that interacted with our detectors and 
gave us the "free electron gas's transverse precession waves. That 
“extra half’ was exactly equal and opposite, and interacted in the 
atomic nuclei of the conductors and the mass of the instrument to 
give a set of physical Newtonian recoils. That half is equal and 
opposite to the half we actually recognized. The point is, equal and 
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opposite forces actually interacted with our instrument. Thus a stress 
wave interacted with it, not a unitary oscillating wave. 


What occurs in vacuum must be a stress wave, not a unitary force 
field wave. In short, as stated (but not elaborated) by Feynman, it is a 
potential wave, or an oscillation in the potential gradients and 
magnitudes, not the force fields. Since in modern theory force is an 
effect and not a cause, we interpret and extend Newton's third law to 
state that the causes of all forces must occur in oppositive pairs also. 
Thus the cause of an EM force field must be the interaction of two 
scalar potentials _ just as Whitaker's 1904 paper proves. 


In quantum field theory any mechanical or EM force is caused on a 
mass by absorption and emission of virtual photons. Accordingly, let 
us examine the smallest possible EM or mechanical "force" _ that 
one caused by the absorption of a single virtual photon. Newton's 
third law requires that two photons (the causes) must occur, not one. 
Further, in all cases, the one must be the exact antiparallel to the 
other. The only thing always meeting that condition for a photon is 
its exact antiphoton _ its time-reversed, phase conjugate replica 
twin. But a phase conjugate replica photon must also superpose 
spatially with its parent photon _ that's what phase conjugate replicas 
normally do, according to the distortion correction theorem of 
nonlinear phase conjugate optics. Thus instead of the conventional 
“single photon" interaction, the actual vacuum entity engaged in the 
interaction with an atom is a coupled photon/antiphoton pair. A 
coupled photon/antiphoton pair has spin-2, hence is a graviton. 


Gravitons and Graviton Interaction 


So arguably "photon interaction" has been graviton interaction all 
along. In the interaction with an atom, the graviton splits into a 
photon and an antiphoton. The photon usually interacts with the 
electron shells, being absorbed by an electron to raise its energy 
level, then re-emitted and scattered outward from the atom. This 
absorption and scattering of photons _ containing their components 
of energy and time _ from the electron shells of the atom creates 
movement of the atom through external observer time. The photon 
interaction between a mass and its environment creates the forward 
flow of time for that atom and its seemingly entropic external 
(photon interaction created) universe. 
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The antiphoton half of the graviton is time-reversed, which we see as 
spatially reversed. Consequently we see it move in the opposite 
direction to its externally-directed photon twin. So the antiphoton 
focuses inward and interacts with the atomic nucleus, providing the 
Newtonian third law recoil of the atom. The blithe assumption of an 
“automatic” third law reaction force has always concealed the fact 
that the so-called photon interaction is actually a graviton 
interaction. Further, the positive charge of the atomic nucleus is due 
to the time reversal interactions of antiphotons with the nucleons, 
which reverses the charge from that of the negatively charged 
electrons in the atom's electron shells. 


Proof: Excising the Antiphoton Violates Newton's Third Law 


This graviton interaction hypothesis is testable. Note that, if the 
hypothesis is correct, then when an atom or mass emits antiphotons 
or antiwaves (phase conjugate photons or phase conjugate replica 
waves), it means that the inward-burrowing antiphotons have been 
"tricked" into coming out of the atom instead, so they can comprise 
the time-reversed wave. If they come outward instead of going 
inward when they split from the parent gravitons, they do not 
interact with the nuclei to cause their recoil. In that case, there would 
be no recoil. And indeed, so it is. In a phase conjugate mirror 
material, the mirror does not recoil when it emits a phase conjugate 
replica wave, even a powerful one due to powerful pumping. This is 
not true when the mirror material emits a pseudo-conjugate wave. A 
pseudo-conjugate mirror, e.g., emits an ordinary "time-forward” 
wave with a distorted wave front, so that it will "retroreflect" in a 
manner similar to the phase conjugate replica wave. However, the 
pseudo-conjugate wave is not a true time-reversed wave. 
Consequently, the mirror will recoil when it emits the pseudo- 
conjugate wave, because the antiphotons from the graviton 
interaction still penetrate to the nucleus and interact there, while the 
time-forward photons constitute the pseudo-conjugate wave actually 
emitted. This is experimentally verifiable. Among other things, it 
establishes that there exist differences between the photon and the 
antiphoton. 


Looking at the photon aspects of this, one realizes that one must be 
very careful in applying the conventional assumption that the photon 
and the antiphoton are identically the same. Actually they are not the 
same "internally." The photon can be thought of as carrying or 
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consisting of (+7E)(+C), while the antiphoton can be thought of as 
carrying or consisting of 

(E)(-O). Thus both have positive spin, but differ in their internal 
components. The lack of recoil in a phase conjugate mirror that 
emits a true time-reversed replica wave is already in the literature, 
though derived by statistical quantum mechanical arguments. It has 
also been pointed out by other physicists that all measurement/ 
detection is actually binary, but that the "internal energy” half is 
almost always ignored [it's just considered to be "Newton's law", 
automatically revoked, and swept away in that euphemism.]. 


Graviton Lattice Structure of the Scalar Potential 


When we examine the WZ structure of a scalar potential, in each 
biwave the wave and antiwave are phase conjugates, It follows that 
the photons in the wave and the antiphotons in the antiwave are 
phase conjugates also. This means that, as the two waves flow 
through each other spatially, photon/antiphoton pairs continually 
couple and uncouple. Hence gravitons continually couple and 
uncouple. Further, since the wave pair frequencies are phaselocked 
between pairs, the scalar potential is a phaselocked lattice of 
statistical (continually forming and unforming) gravitons. 


Let us now consider the interactions of an organism with 
environmental photons as the interactions of the organism with 
environmental gravitons, and specifically with graviton lattices. 


Cumulative Buildup in the Quantum Potential of the Antisignal 


If the photon half (of the graviton interactions) in the electron 
shells of the living body are considered as environment signals/ 
interactions, then precise antisignals or anti-interactions, 
constituting perfect negative feedback from all of an organism's 
physical environmental experiences, are experienced in the 
organism's atomic nuclei. Note that there they have partially affected 
the internal structuring of the quantum potentials _ both the personal 
quantum potential and the species quantum potential. The point is, 
cumulative negative feedbacks (exact phase conjugates) for all 
the environmental experiences and stresses an organism 
experiences, build in both the personal QP and the species QP of 
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that organism. A part of the entire species’ cumulation of species- 
common antisignals also exists deep in the quantum potential of the 
living biological system. 


So for any protracted stress experienced by the organism, in its 
personal QP a coherent cumulative negative countermeasure 
feedback _ one which by its time-reversed nature would reduce that 
stress _ continually builds. The phase conjugates of the "well- 
rounded" or highly varying stresses of multiple types will tend to 
mostly balance or "zero out.” However, a sustained stress of one 
kind will result in coherent cumulation and increase in the "signal-to- 
noise ratio” of the amplitude of the antisignal for that particular 
stress, compared to the amplitude of the average of all the antisignals 
experienced. This is similar to the case where, in a sea of radar noise, 
a coherent radar signal were continually present and integrating 
coherently. Continual coherent integration, of course, results in 
continual increase of the signal-to-noise ratio for the coherent signal, 
and eventually it emerges from the "sea of noise" as a discernible [in 
this case, observable and physical] antisignal. 


This "cumulative kindling of antisignals" occurs in both the personal 
QP and the species QP; however, the species QP is many, many 
orders of magnitude less than the personal QP. Hence much greater 
time is required for "kindling" of species changes (evolution) than 
for kindling individual countering adaptations. 


Exercising to get in shape is a simple example of physically stres 
the body cells so that the high-level feedback mechanism in the 
MCCS will kindle appropriate antisignals and order the cells to 
adjust their functioning in a fashion such that the level of 
performance being called for can be accomplished more easily, thus 
reducing the stress level. The adaptive mechanism ordering the 
adjustment of the body cells is the coherent negative feedback in the 
personal QP, created from the stress signals from the sustained 
“workout” exercises. This is a fairly rapid, "high-level" mechanism; 
many other much slower (and some much faster) feedback reaction 
mechanisms also exist. 


ing 


Hypoxia As a Result of Interference With Hydrogen Bonding to 
Hemoglobin 


We now point out the recently discovered water H-bonding effect on 
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the hemoglobin in the blood, where the H-bonding activity increases 
the ability of the hemoglobin to carry oxygen. Some 60 or 70 water 
molecules surround the hemoglobin molecule, engaging in extensive 
H-bonding interactions with it, which substantially increases the 
hemoglobin's purely chemical ability to bind and transport oxygen. 
Importantly, contamination of this water in the blood fluid 
drastically affects this H-bonding benefit, and reduces the 
hemoglobin's ability to carry the extra oxygen. Thus contamination 
of the internal blood fluid by chemicals, agricultural pesticides, 
smoke, etc. directly and dramatically lower the oxygen availability to 
the body's cells, resulting in a continuing "oxygen hungry” state 
(hypoxia) in most of the body's cells. 


It also is now known that H-bond structuring of water is highly 
dynamic and constantly adaptable, and it possesses a high degree of 
internal order. A conglomerate of H-bond structures in an area or a 
volume can be considered an H-bond potential, since the gradient 
oppositions sum to produce stress potentials. Thus in the H-bonding 
fluid surrounding the hemoglobin molecule, there exists an H-bond 
scalar potential, and by Whittaker/Ziolkowski (W/Z) decomposition 
it has a multi-wave structure. Any and all contamination of the fluid 
_ including by electromagnetic fields and signals, chemicals, etc. _ 
alters the H-bonding structuring and hence the internal W/Z structure 
of the H-bond potential. The end result of adulteration of the H- 
bonding structure of the blood fluid is a condition of hypoxia 
induced in the cells of the body due to reduced oxygen transport by 


the hemoglobin of the red blood cells. 


Any single EM signal is the result of the interference of two scalar 
EM potentials, as shown by Whittaker. It is the result of the 
interference of the internal EM wave structures of those scalar EM 
potentials. Multi-signal EM radiation must be regarded as 
interference of multiple pairs of scalar potentials. These interfering 
potentials penetrate to the atomic nucleus in the body, and thus 
interact with the internal personal quantum potential utilized by the 
body in its deep cellular control. Also this multi-signal EM radiation, 
no matter how weak, directly interacts with the H-bonding structure 
of the H-bonding blood fluid. Even single-signal EM radiation still 
forms oppositive pairings with the weak fields already existing in the 
body, thus also forming W/Z structured potentials. From the 
interferences in the body of multiple such potentials and their 
internal structures, there also are created gradient (force field) 
interactions upon the blood cells and the hemoglobin. In short, low- 
level background EM radiation can also interact with the H-bonding 
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of the hemoglobin to seriously lower its oxygen transport capability, 
just as any other contaminant. The denser the external environment, 
the greater is the interferometry and the interference with the 
hydrogen-bonding augmentation of oxygen transport. It follows that, 
when thrust into a truly dense signal environment, some exposed 
individuals may receive a "cumulative H-bonding interference 
dosage” that, when added to their existing prior dosage, is sufficient 
to result in physical symptoms "ordered" into the cells by the 
antisignals kindled in their quantum potentials. In the recent Gulf 
War, many Americans were suddenly thrust into one of the densest 
EM signals environment in history. Shortly after returning from that 
ultrashort conflict, many of these exposed veterans have experienced 
delayed health changes presently known as "Gulf War Syndrome." 
While the military has attempted to portray this syndrome as "stress- 
induced" emotional’ trauma, most of these veterans when tested are 
found to be emotionally stable. Further, there was much less combat 
stress on our troops in the Gulf war than in WWII, the Korean War, 
or the Viet Nam War, as shown by less than 200 combat deaths! 
Essentially the war was almost a "shooting gallery," and so combat 
stress is simply not viable as a proposed causative agent for the Gulf 
War Syndrome. 


Chemical, Mechanical, and Electrical Interactions are 
Electromagnetic Anyway 


Indeed, chemistry is largely due to electric charge and charge 
distribution anyway. So if we view the physical contaminants in the 
blood view chemically, they are caused by electromagnetic means at 
root basis. Thus even the "chemical" contaminants interact 
electrically and via potential (multiwave) interferometry with the H- 
bonding potential. Further, in quantum field theory, all mechanical 
forces are due to the exchange of virtual photons, and hence also are 
electromagnetic at their very basis. The bottom line is that all 
chemical, mechanical, and electrical interactions are in fact 
electromagnetically caused. Further, since both the internal and 
external structures of the potential are engineerable, the mechanical 
and electrical forces on the mass particles _ and the virtual photon 
exchanges causing these forces _ are directly engineerable. All of 
these chemical, mechanical, and electrical interactions in the cells 
can be affected and even engineered electrically. This is true from 
the atomic nucleus, to molecules, to material lattices, to human cells, 
to tissues, and even to the mind and long-term storage templates 
(internal WZ structured forms in the QP) in the biological organism. 
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As cam be seen there are many other weaker, direct interactions of 
"force-field" radiation; however, here we are interested in the 
interaction of that radiation with the inner structure of the H-bond 
potential’, to reduce the oxygen transport capability of the 
hemoglobin. Jn any case, the total sustained interaction of chemical 
and physical contaminants and EM fields and radiation can result in 
a sustained oxygen-deprivation (hypoxia) condition for the body 
cells, even to a dramatic degree. Further, by graviton interaction, a 
sustained, cumulated set of antisignals is also automatically 
generated in the personal quantum potential as a set of negative 
feedback signals to take corrective actions to alleviate the oxygen 
depletion condition. Note that the cumulating antisignal condition is 
general and affects the immune system and its cells as well. 


The Example of Smoking 


Obviously the tars, particles, and nicotine of the smoke inhaled by 
the smoker dramatically contaminate the fluid in the smoker's lungs, 
in the very place where the hemoglobin of the red cells is taking on 
oxygen. Drastic interference with the H-bond stimulus of the 
hemoglobin occurs. The result is an immediate and dramatic 
reduction of the oxygen-transport capability of all the hemoglobin in 
the red cells as they pass through the contaminated lungs and are 
exposed to fluid contamination. An immediate oxygen-deprivation 
condition thus is created in the body. Due to the magnitude of the 
stressing signal, the major portion of the antisignal is also of 
substantial magnitude _ hence immediate counteraction orders 
accumulate in the personal QP, specifically in Popp's master cellular 
control system. So very rapidly the body has negative feedback 
countersignals from the central cellular control system, ordering the 
body to take actions to reduce the cellular need for oxygen. The 
metabolism is lowered, the body relaxes, and the appetite is 
suppressed; all counters to the cells’ hypoxia condition by lowering 
the cellular requirement for oxygen. 


In spite of heroic "high level antisignal” physical cellular 
compensations to reduce the use of oxygen, however, the condition 
of cellular oxygen shortage may still continue, in the case of the 
smoker or substantial environmental contaminants such as secondary 
smoke. So in addition to the prompt countersignals, additional much- 


-hups/lwww cheniere.orgrbooksfeancer. 


htm (19 of 42)24.11.2003 21:47:14 


‘The Tom Bearden Website 


weaker countersignals are also slowly accumulating in the personal 
quantum potential's central cellular control system. 


Cumulative, Deep, Long-Term Countering Signals 


We now need one additional bit of information. In addition to its 
personal quantum potential, a biological organism also is connected 
to a species quantum potential joining all the members of its species. 
This is a much weaker quantum potential; nonetheless, potentials 
superpose, so one small "part" of the personal quantum potential is 
actually the species quantum potential _ in other words, Sheldrake's 
morphogenetic field. Deep within its own personal quantum 
potential the living system also possesses all the cumulatively 
ordered steps (species antisignals that were implemented) of its 
species evolution. With very long coherent cumulation, 
countersignals can be stimulated in the individual bio-organism's 
quantum potential _ and in its deep cellular control _ that are 


counters to the original signals that ordered directed mutation and 
the primeval evolution of the constituent cells themselves. 


In a sustained cellular hypoxia stress environment, the "do whatever 
is necessary to reduce oxygen usage" countersignals will continue to 
cumulate from successively deeper levels in the QP over an 
appreciable time. These continue to slowly "kindle" after the "first 
high-level antisignal actions" that cumulated past the 

"noise" (quantum) threshold reached their limits of physical 
reactions and are still insufficient to resolve the problem. As the 
hypoxia stress in the cells continues, then much weaker but coherent 
countersignals that trigger deeper cellular adaptation actions 
eventually have time to cumulate past the quantum threshold to the 
observable state. These long-term cumulated antisignals come from 
much deeper, even from the species quantum potential itself. 


These cumulating deep countersignals are phase conjugates _ 
reversals, or dedifferentiation commands _ of the previous directed 
mutation signals that ordered evolutionary changes in their 
predecessor cells in the far distant past. These long-term antisignals 
thus contain a signal to reverse the original cumulative 
countersignals in the cellular species potential that caused the cells 
early ancestral anaerobic cells on earth to change (differentiate) 
into largely aerobic cells, after the earth's atmosphere acquired 
significant amounts of oxygen. In short, a deep signal is slowly 
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cumutlating that, when it emerges, will order the dedifferentiation of 
the affected cell back down the evolutionary road toward the 
anaerobe. The first steps are reductions of centralized cellular 
control, including growth control. 


In other words, under sustained cellular hypoxia a countermeasures 
signal to the cells, ordering them to dedifferentiate back toward the 
anaerobic state, is slowly building in the personal quantum potential 
from a much weaker, lower level "under the common countersignals 
noise level” all the while. If significant oxygen-deprivation continues 
for a sufficiently long time, this deep countersignal eventually 
emerges in Popp's MCCS system in the personal QP, ordering the 
affected cells to dedifferentiate back toward their anaerobic state. 
The first step back is to break away from centralized control by the 
higher organism _ which results in individual "tumerous" or 
“uncontrolled” cells. From sustained cellular hypoxia there exis 
slowly increasing precancerous state, even years before the outbreak 
of physical cancer. This precancerous state has great influence upon 
the "single cells" of the organism, which includes the cells of the 
immune system. Thus the precancerous state is characterized by 
increasing errors in, and slow weakening of, the immune system. 
Arthritis and similar debilitating immune system disorders appear to 
be largely the result of this "precancerous" long-term cumulation. 


Note that the most stressed cells in the body automatically provided 
the greatest magnitude of "negative feedback input.” Notice also that 
the feedback is a phase conjugate replica; it therefore "backtracks" 
its initiating stress input signal. In short, the degree of feedback 
antisignal received by a cell or group of cells varies according to the 
degree of stress they experienced. Thus those cells sustaining the 
longest and greatest stress get this drastic dedifferentiation 
countersignal first. E.g., this accounts for the (usual) localization of 
the resultant tumor in the lungs of a smoker, at least initially. It also 
accounts for the stress-damage mechanism for such disorders as 
arthritis. 


A New Definition of Cancer 


In the new model being advanced, cancer and leukemia are 
centrally-commanded. final, desperate. “first-step dedifferentiation" 
adaptive attempts by the stressed. affected cells experiencing 
sustained oxygen shortage (hypoxia) to reverse their cellular 
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evolution and return to the anaerobic stage of their distant ancestry. 


The cause of cancer and leukemia _ and indeed of all diseases _ is 
electromagnetic in nature, and it can be straightforwardly treated and 
cured electromagnetically, if one utilizes the extended W/Z aspects 
of the higher topology EM actually written by James Clerk Maxwell. 
This statement is based on experimental proof; it is not conjecture. 
We discuss that proof below. 


As we saw, in general the strength of the cumulating countersignal 
inversely depends on the distance in the body of the affected cells 
from the source of greatest contaminant stimulation. As the deeper 
"dedifferentiation" countersignal reaches the quantum threshold in 
the most affected area, a small group of localized cells located there 
take the first step back along the "single-anaerobe to single aerobe to 
multiple aerobe” evolutionary chain. That first dedifferentiation step 
breaks the cells away from centralized control of the MCCS in the 
personal quantum potential. Those dedifferentiated cells become 
independent cells or a small independent cell-groupings. They 
constitute a tumor, or leukemia if occurring in the blood cells. They 
simply are no longer under the control of the body's MCCS in the 
personal quantum potential, even though the body's logistical 
services (nutrients, oxygen, etc.) continue to be furnished to them. 


At this point the tumor becomes an independent cellular organism, 
living in an environment where its body host continues to furnish its 
food and oxygen, and its host's immune system cells do not recognize 
the altered cells as foreigners to be attacked and destroyed. 
Consequently there is no "large organism" central control of the 
tumor's growth, and the tumor cells divide and multiply apace. This 
loss of centralized growth control and the resulting unchecked 
cellular division and replication is in fact recognized by scientists as 
the major distinguishing characteristic of cancer and leukemia. With 
central control lost, groups of cancer cells or individual cancer cells 
may break away and travel to other locations in the body via body 
circulation systems. This results in metastasis, the spread of the 
cancer to other sites in the body, where they continue to be 
recognized as "self" by the immune system cells and continue to be 
supplied with oxygen and nutrients for continued growth. 


The Tumor Has Become a Parasite Organization 
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Think of it this way: In a living body, each cell is already a single, 
independent, living creature all its own. It even has its own small 
“personal quantum potential" _ we have argued that that is an a 
priori condition of being alive. However, each cell in a multicellular 
organism normally is under a centralized electromagnetic control 
system (which functions in the organism's higher-level personal 
quantum potential), so that the organism lives and functions as an 
overall higher-level unit. If a cell (or group of cells) has separated 
from this centralized EM control, but is still living and functioning, 
then obviously the cell is no longer under the whole organism's 
MCCS and personal quantum potential. However, it still possesses 
its own control system, and its own personal QP. If the breakaway is 
by a small group of cells, then they are loosely under a "small group" 
quantum potential and MCCS as well. That is, they have gone from 
"large-scale central control" to a "much lower" level of centralized 
cellular control, accounting for the "tumor as an individual 
multicellular entity.” Nourished by the host body, the new parasitic 
organism _ the tumor _ grows at an unchecked rate. Again, we argue 
that the problem is electromagnetic in nature, and it can be "fixed" 
electromagnetically. 


The Cumulative Pre-Cancer State 


With this picture of the long-term cumulative causative mechanism 
for cancer and leukemia, a far better picture of the pre-cancer state 
has emerged. The pre-cancer state is a hidden EM change of state 
comprised of a cellular dedifferentiation order, back down the 
species’ cellular evolution trail, and the magnitude of that change of 
state is slowly increasing inside the organism's quantum potential. 
‘The eventual observable cancer is an actual cellular dedifferentiation 
due to the localized breaching of the quantum threshold by this 
cumulating hidden EM dedifferentiation order to move away from 
centralized control and back toward the anaerobic cellular state. 


Becker's Profound Experiments 


Ithas already been experimentally shown that very minute amounts 
of direct electrical currents, e.g., can cause cellular dedifferentiation 
and redifferentiation. In breathtaking work of Nobelian quality, 
Becker has proven that even picoamperes of localized electrical 
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current are sufficient to cause cellular dedifferentiation and 
redifferentiation, even repetitively. Incredibly, he proved that this 
was true for red blood cells, which first dedifferentiated to more 
primitive cells, the redifferentiated to precursors of cartilage cells, 
then redifferentiated to bone cells in a "bone fracture" area and 
healed the bone fracture. Since picoamperes can be generated by the 
cumulative countersignal mechanism (via Whittaker scalar 
interferometry), directly affecting the MCCS and the cells as well, 
then the connection between scalar potentials/potential 
interferometry and dedifferentiation mechanisms assumed to be 
involved in cancer and leukemia essentially follows from 
interpretation of Becker's pioneering work. To further strengthen the 
assumption, Hsue has recently (1993) shown that a DC voltage is in 
fact equivalent to two bidirectional EM traveling waves _ which 
directly indicates a WZ type implication in Becker's profound work 
itself. Thus Becker actually utilized a hidden, bidirectional WZ wave 
structure inside the voltage gradient between his electrodes in his DC 
current dedifferentiation and redifferentiation of blood cells. He 
conclusively demonstrated that cellular dedifferentiation and 
redifferentiation _ both of them genetic changes _ can in fact be 
caused by such an internal biwave EM structure of a steady, 
persistent scalar potential gradient. Further, he demonstrated that 
these El~-induced cellular genetic changes can be self-targeted 
toward reversal of the specific damage condition, even though 
several successive genetic changes may be necessary m reach the 
ultimate cellular genetic form required for healing. 


Pre-Cancer State and Prognosis For Treatment Effectiveness 


To summarize, whenever a cancer or leukemia detectably exists, 
regardless of the cancer site, a pre-cancer state also exists in the 
remainder of the body, and the immune system is affected generally. 
Further, this pre-cancer state pre-existed the actual emergence of the 
tumor itself. The new EM bioeffects model also sheds light on the 
probable effectiveness of conventional treatment, and probability for 
a"cure" that lasts for the rest of the patient's life. 


If the cumulative countersignal slowly kindling in the remaining pre- 
cancer state is sufficiently below the quantum threshold, then 
conventional treatment of the cancer _ such as excision _ can 
eliminate the tumor, and no other tumors may then develop before 
the normal physical death of the body, even though slow increase of 
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the pre-cancer state continues. In other words, in that case the 
cumulative antisignals in the pre-cancer state locations other than the 
original cancer site never reach the quantum threshold prior to the 
natural death of the patient. On the other hand, if the cumulating 
antisignals in the pre-cancer state generally are very close to the 
quantum threshold, then recurrence of the tumor is highly likely. In 
the first case the curative prognosis is excellent; in the second case it 
is poor. 


Also, we point out that many present treatments (such as nuclear 
radiation) themselves cause significant stress on the body and its 
cells and further deterioration of the immune system. They also 
generate an additional "antisignals" level in the personal quantum 
potential, resulting in an actual increase in the level of the pre-cancer 
state in the organism. If the combination of the pre-cancer state at 
time of treatment, plus the increase in the pre-cancer state due to 
treatment, is sufficient to breach the quantum level, then that 
treatment will prove to be of little or no avail to the patient. The 
tumorous condition will recur, and sometimes massively (the tumor 
metastasizes), regardless of whether further treatment is given or not. 
In that case the patient will die, unless somehow the pre-cancer state 
is lowered, the tumor cells are reverted back to centralized cellular 
control, and the immune system is restored to effective functioning 
so that excess cells are eliminated. Presently there is no conventional 
treatment that is capable of accomplishing the three requirements for 
a desperately ill patient's recovery from the "terminal" cancer 
condition. 


Seeking the Complete Cancer Cure 


From the new EM definition of cancer and leukemia and the new 
cumulative causative mechanism, one can see just how severely 
limited are the present medical weapons against this dread disease. It 
follows that, if the cause is totally electromagnetic, then a totally 
effective treatment can only be sought as an electromagnetic 
therapy. Since the EM cause is in an extended EM domain, then 
axiomatically a totally effective treatment can only be sought in the 
same extended EM domain. 


‘The complete cure for cancer and leukemia, of course, would be to 
completely neutralize or "zero-out" the patient's cumulative 
Whittaker/Ziolkowski countersignal buildup in the MCCS/personal 
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QP. This can be done prior to the cumulation reaching the overt 
physical disease stage, or after it has already reached that stage. It 
can readily be done electromagnetically, using the multi-biwave 
tailored EM and self-targeting to provide an exact counter- 
countersignal (or antidote signal) to the cumulation signal itself. This 
is a scientific fact and it has been rigorously proven, although the 
methodology could not heretofore be technically explained and 
understood. 


Priore's Cure of Terminal Tumors and Other Diseases 


Such a total cancer-curative procedure was repeatedly demonstrated 
in live animal experiments in the late 1960s and early 1970s by 
Antoine Priore in France, under rigorous scientific protocols and 
supervision by eminent French scientists [such as Robert Courrier, 
head of the Biology Section of the French Academy of Science, and 
Secretaire Perpetuel of the Academy at the time]. The advantage of 
the Priore type approach was that it rapidly reversed the 
dedifferentiation away from centralized control of the affected 
(tumor) cells. The tumorous cells simply redifferentiated back to 
normal cells under centralized control of the MCCS/personal QP. (If 
too numerous because of the tumor's growth prior to its 
redifferentiation, normal body mechanisms absorb and dispose of the 
excess cells). Further, such treatment removed all the pre-cancerous 
state from the rest of the body, preventing recurrence or spread of 
the tumor. Itis the only "total cure" for cancer, including the 
cumulated pre-cancer state, that has ever been scientifically 
demonstrated. And lastly, it accomplished these results without 
severe trauma to the body or further trauma to the immune system. 
Indeed, the exact opposite was the case. 


Working with Priore, the eminent French scientist Pautrizel showed 
that the Priore treatment restored and stimulated the immune system 
back to its robust normal functioning, as would be predicted by the 
present model we are proposing. 


Scientists at the Time Did Not Have the Necessary Knowledge 
for Understanding 


It is a great tragedy that the active mechanism of the Priore device 
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was not understood _ even by Priore himself and even by very 
knowledgeable physicists assigned to the program to try to ascertain 
the machine's mechanism. The phase conjugate or "time-reversed" 
EM wave was unknown until it was discovered in the open Soviet 
literature in 1972, Almost all of our knowledge of such waves dates 
from that time. In the same year, two Soviet scientists briefed 
American scientists at Lawrence Livermore National Laboratory on 
optical phase conjugation. Thereafter, some American scientists 
began intense work on optical phase conjugation. 


However, the time-reversed wave is a solution to the wave equation 
and applies to all kinds of waves, not just EM. Phase conjugation of 
sound waves, ¢.g., is readily accomplished. The time-reversed wave 
solution actually appeared in the scientific literature in 1898 ina 
paper by Barus, who pointed out that this strange solution "made the 
wave run backward." But at the time the Priore program's funding 
was withdrawn by the French government about 1974-75, little or no 
understanding of the time-reversed EM wave existed as yet in the 
West, and of course the Whittaker work had always been ignored 
and was unknown also. Literally, with the technical tools available 
to them at the time, the French physicists, biologists, and oncologists 
had no chance at all of fathoming the causative mechanism in the 
Priore experiments. 


Nature of the Priore Treatment 


Briefly, Priore mixed some 17 frequencies in a rotating plasma in a 
giant tube. We know today that one function of the kind of plasma 
he used is to produce a phase conjugate replica wave, for an input 
wave. Thus Priore unknowingly achieved coupled wave/antiwave 
pairs in his device. The output of the plasma tube was then coupled 
to (modulated upon) a "rippling magnetic field" of appreciable 
strength. The magnetic field guaranteed penetration of the entire 
body and every cell in it, carrying its modulated Whittaker/ 
Ziolkowski internal potential structure with it. The "ripple" in the 
magnetic field guaranteed penetration to the atomic nuclei, and 
interaction with them, via nuclear magnetic resonance. In turn, 
unknown to Priore or the scientific team, this guaranteed the 
interaction of the plasma-produced W/Z structure with the internal 
W/Z structure of the personal QP joining those atomic nuclei. Thus 
the Priore approach (1) formed a deliberate counter-counter signal W/ 
Z structure; i.e., Priore constructed a specific electromagnetic 
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antidote, (2) carried that antidote into all the atomic nuclei of the 
treated body by nuclear magnetic resonance, and (3) caused 
interaction with and neutralization of the internal W/Z 
dedifferentiation countersignal structure already present in the 
personal QP joining all the atomic nuclei of the treated body, zeroing 
out or canceling the tumorous and pre-tumorous states existing 
throughout the body. 


The end results were that (1) the cumulated counter-signal to the 
tumor cells to dedifferentiate back toward anaerobic cells was 
removed, (2) the body's own centralized cellular control over the 
tumor cells was restored, and (3) the entire cumulated pre-cancer 
counter-signal pattern in the personal quantum potential was 
removed. In short, the individual organism started over again with a 
“clean slate" insofar as long-term cumulation of cancer-inducing 
signals in the personal quantum potential was concerned. 


Furious Reaction by Orthodox French Oncologists 


‘The Priore material, device, procedures, and results are all properly 
documented and presented in the peer-reviewed French medical 
literature. Priore obtained both French and U.S. patents on the device 
and on his treatment process, Robert Courrier, head of the Biology 
Section of the French Academy of Science, personally introduced 
the astounding Priore team results to the Academy. It caused a furor, 
and a vicious reaction of most of the orthodox French oncology 
establishment. Because no one could understand how the mechanism 
worked, there was loud and raucous insistence that "science must not 
be done with black boxes!" This overly pious attitude is strange, 
since the Priore results were multiply replicated and scientifically 
impeccable, and such things as aspirin were utilized for decades 
before their active mechanisms were understood. Indeed, in 
epidemology the use of vaccines and such is directly based on 
statistically showing that the results are real, even if the active 
mechanism is not understood. 


When the French Government changed to a leftist government in the 
mid 1970s, the implacable foes of the Priore work prevailed, and the 
new leftist government withdrew all further funding. Priore later 
died, and that was the end of that. 


Of all areas and treatments known to this researcher, the Priore 
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approach is the only one that has been rigorously and scientifically 
proven in laboratory animals, was essentially 100% effective, and 
was performed under proper rigorous scientific protocols. That it has 
continued to be ignored by the medical and biological communities 
is a profound tragedy, but one due more to ignorance of the active 
mechanisms for the treatment than of deliberate intent. 


There Is Also Deliberate Suppression 


Nevertheless, there is also an element of deliberate suppression 
involved. Some years ago I was personally involved with a special 
group in an effort to restore the Priore device, when Priore was still 
alive. Our group obtained a tentative agreement with both the French 
Government and with the Priore group. The Priore machines were to 
be rebuilt in Bordeaux, France under the personal supervision of 
Priore himself. Some of the scientists who had worked with him 
were still alive, and would have been involved in the project. Our 
group had some $16 million support pledged by some wealthy 
backers to fund the project. 


Almost immediately after our group's successful conclusion of the 
tentative agreements, the lives of all our backers and the lives of 
their families were threatened. All backing was withdrawn. The 
leader of our group, a Nashville businessman, came under sustained 
personal and business attack. He eventually lost almost everything 
he had, and fled this country for his life. He is still in hiding to this 
day. Antoine Priore then died and that was that. 


‘The only part of the project that remained was my own grim 
determination to eventually provide the detailed mechanism by 
means of which the remarkable Priore therapeutic cures were 
accomplished. Success has finally been achieved after a decade of 
unrelenting struggle to completely explain the cause of cancer and 
the active mechanism by means of which the Priore group obtained 
such astounding scientific results. 


I strongly urge medical science to take a new, hard look_ both 
theoretically and experimentally _ at the proven anti-cancer results 
obtained by Antoine Priore and the noted scientists who worked with 
him, I also strongly point out that new thinking, new theoretical 
tools, and new experimental instrumentation are needed for that re- 
examination, In addition I have pointed out the precise nature of the 


Iutp:www cheniere.org/books/eancer/cancer him (29 of 42)24.11.2003 21:47:14 


‘The Tom Bearden Website 


new thinking, tools, and instrumentation required. 


What About Other Diseases Such As AIDS? 


‘The question now arises about other diseases, particularly AIDS. 
Can the expanded Priore methodology provide equally dramatic 
cures of dread diseases other than cancer and leukemia? Can it 
conceivably cure AIDS? The answer is a resounding "Yes!" 


Almost all disease conditions are electromagnetic in nature, in the 
sense of the extended EM bioeffects model we have outlined. The 
basic methodology of forming a counter-countersignal to a specific 
disease state can be extended to many other diseases, and to AIDS as 
well. The "self-targeting" effect in the cellular dedifferentiation 
induced by the extended EM methods results in a countersignal 
being produced to the last major genetic change undergone by the 
diseased cell. In the case of an HIV-infected cell, its genetics have 
been changed (differentiated) from normal to infected. In its internal 
WZ structure, the strongest resultant signal complex is thus the HIV 
infection differentiation command. When pumped by the internal 
bidirectional WZ wave structure of the applied scalar potential, the 
"cell-as-a-nonlinear-phase-conjugate-mirror-material” generates a 
precisely tailored anti-AIDS cellular genetic dedifferentiation signal. 
The cell thus dedifferentiates back to a normal cell with normal 
genetics. 


In addition to Priore's work and Becker's results, the remaining 
experimental foundation for our startling statement on extended-EM 
reversal of AIDS was established decades ago _as early as the late 
1950s _ by the Soviet researcher Vlail Kaznacheyev. 


Implications of Kaznacheyev's Experiments 


In some 17,000 experiments Kaznacheyev showed that any cellular 
disease or disorder can be transmitted between cell cultures 
“electromagnetically" in an unknown fashion. The model we have 
briefly advanced here, if slightly extended to include the concept of 
the W/Z structure being a graviton lattice structure, is fully capable 
of explaining Kaznacheyey's results, the mechanisms, etc. This EM- 
transmission of disease effect shown by Kaznacheyev is known as 
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VoLTE, RCS, WebRTC, and Wi-Fi Calling 


Voice has evolved from a separate circuit-switched service in 2G and 3G networks to a packet- 
switched service in 4G LTE networks that can integrate with other services and applications, 
such as messaging and video calling. Elements that make these capabilities possible include 
the quality-of-service mechanisms in LTE, the IMS platform discussed above, implementation 
of Rich Communications Suite, compliance with GSMA IR.92 guidelines, and optional support 
for WebRTC. 


Voice Support and VoLTE 


While 2G and 3G technologies were deployed from the beginning with both voice and data 
capabilities, LTE networks can be deployed with or without voice support. Moreover, there 
are two methods available: circuit-switched fallback (CSFB) to 2G/3G and VoIP. Most 
operators deploying LTE used CSFB initially but are now migrating to VolP methods with 
VoLTE that uses IMS. Initial VoLTE deployments occurred in 2012. Because VoLTE needs 
new software in phones, the transition from circuit-switched voice to VOLTE on a large scale 
will occur over a number of years as users upgrade their devices. 


For the time being, 3GPP operators with UMTS/HSPA networks 
switched voice for their 3G connections. 


continue to use circuit- 


Using VoLTE, operators can offer high-definition (HD) voice using the new Adaptive Multi- 
Rate Wideband (AMR-WB) voice codec. HD voice not only improves voice clarity and 
intelligibility, it suppresses background noise. AMR-WB extends audio bandwidth to 50- 
7000 Hz compared with the narrowband codec that provides audio bandwidth of 80-3700 
Hz. HD voice will initially function only between callers on the same network. 3GPP has also 
developed a new voice codec, called “Enhanced Voice Services” (EVS), which will be the 
successor to AMR and AMR-WB codecs 


Other advantages of LTE’s packetized voice include being able to combine it with other 
services, such as video calling and presence; half the call set-up time of a 3G connection; 
and high voice spectral efficiency. With VoLTE’s HD voice quality, lower delay, and higher 
capacity, operators can compete against OTT VoIP providers. Due to traffic prioritization, 
VoLTE voice quality remains high even under heavy loads that cause OTT-voice service to 
deteriorate, 


Applications based on WebRTC will also increasingly carry voice sessions. See the section 
“VoLTE and RCS" in the appendix for more details on LTE voice support. 


Rich Communications Suite 


An initiative called “Rich Communications Suite” (RCS), supported by many operators and 
vendors, builds on IMS technology to provide a consistent feature set as well as 
implementation guidelines, use cases, and reference implementations. RCS uses existing 
standards and specifications from 3GPP, Open Mobile Alliance (OMA), and GSMA and 
enables interoperability of supported features across operators that support the suite. RCS 
supports both circuit-switched and packet-switched voice and can interoperate with LTE 
packet voice. 


Core features include: 


@ A user capability exchange or service discovery with which users can know the 
capabilities of other users. 
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the cytopathogenic mirror effect, and it has been replicated by 
researchers at the University of Sydney in Australia, at the 
University of Marburg in Germany, and by at least one researcher in 
the United States. 


In short, what Kaznacheyev's research showed is that there exists a 
specific EM signal pattern of some mysterious, not-understood 
nature that can induce a specific cellular disease in a group of cells 
absorbing that signal pattern. If we regard the healthy state of the cell 
as "condition A" and the specific diseased state as "condition B," 
then specific EM signal pattern C causes the cell to move from 
condition A to condition B. It immediately follows that an antisignal 
to C_ that is, the phase conjugate of C, which is a time-reversed 
replica of C _ will move the diseased cell from condition B back to 
condition A, curing the disease. Time reversal of "sickening" is 
"healing." It follows from Kaznacheyev's work that (1) a specific 
signal pattern exists as the causative inductive factor for each 
specific cellular disease, and (2) a specific "antidote" signal pattern 
exists as the causative curative factor for that specific disease, the 
antidote signal being merely the time reversal or phase conjugate 
replica of the cytopathogenic signal. While Kaznacheyev never 
publicly produced the cytopathogenic mechanism, such a mechanism 
follows from the WZ extension of EM, and the long-term causative 
disease-induction mechanism I have advanced. 


Creating a Specific "EM Antidote" to a Specific Disease 


Consider the cumulative EM causes of changes to a cell, including to 
its genetics, as a serial chain of signals. Indeed, consider them as the 
layers of an onion, where the outer layer is the most recent. 
Additional layers may be added to the onion by "time forward" 
actions, or "differentiation" actions. If we now wish to "peel" the 
onion, that too is a successive, serial action, accomplished by "phase 
conjugate" or "time reversal" operations. These result in serial 
cellular dedifferentiation actions. By treating the cell and its genetics, 
and internal parts as "highly nonlinear material structures and 
therefore phase conjugate mirror materials," we can "pump" the cell 
and its parts by bidirectional EM waves to convert the cell to a 
pumped phase conjugate mirror (PPCM). By orthodox nonlinear 
phase conjugate optics theory, with a signal wave present, the PPCM 
cell will emit a precise phase conjugate replica (PCR) wave. If we 
pump the cell with a complex of pump biwaves, the cell can and will 
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emit a precise phase conjugate wave complex in response to a 
complicated signal wave complex input that is present. 


For a diseased cell, we regard the disease as a differentiation of the 
cell, and the primary cause of the differentiation (the EM 
cytopathogen) as a complex WZ waveset infolded inside the 
personal quantum potential (in which all the body's cells exist and in 
whose internal signal dynamics they participate). With the pumped 
cell as a PPCM, and the EM cytopathogen present as an input signal 
wave complex to the PPCM, a precise, amplified, "EM antidote" 
PCR wave-complex is emitted by the parts of the PPCM cell. Each 
part gets a PCR complex signal order, dedifferentiating that part 
back the first step. A diseased part steps back to a normal part. A 
normal part steps back to a normal part. The diseased cell is thus 
dedifferentiated back to a normal cell with its parts all normal. 
Because the PCR wave complex is amplified, the dedifferentiation is 
must faster than was the original dedifferentiation. Thus an HIV- 
infected cell that has been "dormant" for an extended period can still 
be dedifferentiated back to a normal cell that is HIV-free. 


So a self-targeting counter-countersignal can be automatically 
"developed" and generated in the body's diseased cells, for each 
specific cellular disease or disorder condition, or even for a mix of 
diseases and disorders. This is accomplished by the automatic phase 
conjugating action of the "cell-as-a-PPCM", when pumped by the 
hidden EM bidirectional structure of a scalar potential. In practice, 
Priore did find it necessary to adjust the particular frequency mixes 
he used for different disease conditions. We hypothesize that this 
adjustment was necessary to arrive at the proper pump wave 
complex that would in fact allow the proper PCR wave complex to 
be emitted for a particular disease type or class. Although 
photobiologists regularly report mitogenetic radiation emitted by a 
cell in the optical region, the effects desired in the cells can be 
produced by a different frequency regime, because of the known 
phenomena of nonlinear harmonic and subharmonic resonance. 
Since in a W/Z structure it is the harmonic intervals and their 
relative relationships that are of fundamental importance, the 
frequency regime of a detected W/Z structure can be shifted either 
harmonically or subharmonically. Priore, e.g., worked at radar 
frequencies in the low gigahertz range. For simplicity we may think 
of the frequency complex as a sort of "musical chord" composed of 
multiple tones. We may play the same "chord" either on the high 
scale or a lower scale, and still recognize the tune if the relative 
frequency interrelationships of the tones are retained. 
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A Possible Simplification of Priore's Methodology 


If we turn away from the classical vector/tensor EM model presently 
in vogue to a higher topology EM model such as quaternions or 
Clifford algebra, the extended EM bioeffects model can be 
mathematized and refined by experiment. For example, Barrett has 
shown that the nonlinear phase conjugate optics effects can be 
obtained in ordinary circuits without the use of optical materials, 
when those circuits are designed and function in accord with a higher 
topology EM such as quaternions. Thus the circuitry of the EM 
emission devices themselves can be constructed to perform time- 
reversal of EM waves, phase conjugate replicas, 4-wave mixing, and 
pumped phase conjugate mirror effects, without use of normal 
optical materials or procedures. Priore utilized a plasma in a giant 
gas-filled tube, in which to mix his 17 frequencies and accomplish 
(unknown to scientists at the time) phase conjugation. Barrett's work 
implies that the necessary phase conjugation, and amplification, can 
be accomplished by purely electromagnetic circuitry, once the 
functioning of the circuitry is designed and understood in a higher 
topology algebra such as quaternions or Clifford algebra. 


Priore demonstrated cures for diseases other than cancer. Different 
settings produced cures for sleeping sickness, e.g. Clogging of the 
arteries was also completely reversed by a variation in the Priore 
treatment. In addition, Pautrizel working with Priore positively 
demonstrated the restoration of vigorous, natural functioning to the 
immune system of the treated animal. 


Kaznacheyev's Viral Disease Experiments: Implications for an 
AIDS Cure 


Kaznacheyev has already demonstrated that viral-caused diseases 
can be induced by purely EM means in cell cultures. What this 
means is that cellular genetic changes also are electromagnetically 
induced at root basis. We regard this as a cellular differentiation, But 
both Becker and Priore have shown that cellular dedifferentiation 
can also be induced electromagnetically, by the extended scalar EM. 
It follows that viral-caused diseases _ including AIDS _ can be cured 
by purely EM means, simply by creating the proper dedifferentiation 
signal complex in the diseased (differentiated) cell. To determine the 
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proper disease induction (dedifferentiation) signal pattern for the 
disease, the disease-inducing signal complex must be phase 
conjugated, and the phase conjugate replica must be amplified. The 
phase conjugate replica may be stimulated at the proper frequency 
regime by a signal complex at a much lower frequency regime. 
Hence the detectable photobiological optical cytopathogenic signal 
complexes may have their PCR counterparts stimulated by 
irradiation with a proper signal complex at a lower frequency regime 
(e.g., millimeter wave band) for use in treatment 


In Conclusion 


‘Again we strongly accent that one must take the "musical" approach: 
A disease pattern or a curative pattern is a complex of special 
frequencies and their antiwaves, similar to a musical chord. That 
same chord can be played in a higher or lower key, and the body will 
still determine the correct relationships by harmonic or subharmonic 
oscillation. It will still recognize the "melody" and its background 
chordal accompaniment; although the individual frequencies have 
changed, their relative relationships have not changed. 


All biochemistry, genetics, and cellular effects are subject to 
affectation and control by proper manipulation of the W/Z structures 
inside scalar EM potentials. We have stated that the living organism 
already utilizes the internal EM structuring for mind, thought, and 
long-term memory, as well as the master level cellular control 
system we have accented. For the first time, the "software" and 
"firmware" of the mind appears to be directly available, something 
which has never before existed in science. The model advanced in 
my work is intended to point the way toward such use in medical 
science on a substantial scale, to achieve healthier, more effective, 
and far cheaper treatments for many of our desperate diseases that 
presently require costly, protracted treatments, often harsh and 
debilitating in and of themselves. We strongly believe that, given 
the direct attention of the scientific community and proper funding 
support, near-total, quick, and very economical cures can be 
developed for such dread diseases as cancer, leukemia, and AIDS. 
We point out also that the Priore team demonstrated cure of sleeping 
sickness in lab animals, as well as the direct unclogging of arteries 
and other blood vessels. 


We also strongly accent the "self-targeting" feature when the 
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diseased cell is "pumped" as a phase conjugate mirror material by 
the internal WZ biwave structure of an artificially-structured scalar 
EM potential. The cytopathogenic disease-induction signal complex 
is present in the cell and all its parts. By varying the frequencies in 
the internal biwave structure of the pumping potential, and hence in 
the pumping of the cell-as-a-PPCM, the cell is enabled to produce 
from and into all its parts the proper phase conjugate replica wave 
complex for its specific cellular disease. Hence it produces a specific 
electromagnetic antidote for its own specific disease condition. We 
need only adjust the frequency content of the artificial potential until 
the proper PCR signal complex is produced. Further, that PCR wave 
complex is amplified because of the pumping. Therefore the 
"treatment time" can be very short, and need not be anywhere near as 
long as the time originally required for the cytopathogenic EM signal 
complex to cumulate. 


Today a variety of dread diseases continue to plague humankind. 
Untold millions of persons are suffering and dying, when the 
beginning of an effective, quick, inexpensive therapeutic approach 
capable of essentially 100% cures of cancer, leukemia, and other 
diseases has been demonstrated more than two decades ago. 


With the exposition of the fundamental mechanism for this new 
therapeutic approach, perhaps the scientific community will return 
with renewed vigor to develop this promising area and alleviate the 
death and suffering so widespread today. 
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Q Enhanced (IP-based) messaging (supporting text, IM, and multimedia) with chat 
and messaging history. 


@ Enriched calls that include multimedia content (such as photo or video sharing) 
during voice calls. This could become the primary way operators offer video calling. 


The primary drivers for RCS adoption are the ability to deploy VoLTE in a well-defined 
manner and to support messaging in the IP domain. RCS addresses the market trend of 
users moving away from traditional text-based messaging and provides a platform for 
operator-based services that compete with OTT messaging applications. Figure 27 shows 
the evolution of RCS capability, including the addition of such features as messaging across 
multiple devices, video calling, video sharing, and synchronized contact information across 
multiple devices. 
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RCS and VoLTE features (IR.92/94) 


WebRTC 


WebRTC is an open project supported by Google, Mozilla, and Opera within the Internet 
Engineering Taskforce (IETF) that enables real-time communications in Web browsers via 
JavaScript APIs. 3GPP Release 12 specifications define how WebRTC clients can access IMS 
services, including packet voice and video communication. WebRTC operating over IMS 
gains the additional benefit of seamless transition across transport networks, for example, 
LTE to Wi-Fi 


Operators can integrate WebRTC with RTC, facilitating development of vertical applications 
such as telemedicine and customer service. WebRTC and RCS are more complementary 
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EINSTEIN ON REVIEWING FOUNDATIONS 


"..the scientist makes use of a whole arsenal of concepts which 
he imbibed practically with his mother's milk; and seldom if 
ever is he aware of the eternally problematic character of his 
concepts. He uses this conceptual material, or, speaking more 
exactly, these conceptual tools of thought, as something 


obviously, immutably given; something having an objective 
value of truth which is hardly even, and in any case not 
seriously, to be doubted. ...in the interests of science It 

is necessary over and over again to engage in the critique of 
these fundamental concepts, in order that we may not uncon- 
sciously be ruled by them.” 


Albert Einstein, “Foreword,” in Max Jammer, 
Concepts of Space: The History of the Thoories 
of Space in Physics, Harvard University Press, 


roy Cambridge, Massachusetts, 1969, p. xi-xii. 
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NOTION OF TIME 
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FRAME VERSUS SPACETIME 

CLOSED SYSTEM ASSUMPTION 

TOPOLOGY AND DIMENSIONALITY OF THE 
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MATHEMATICS 
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NOTIONS IN THE CONCEPT OF THE POTENTIAL 


CONCEPT OF THE POTENTIAL HAS DEVELOPED AS SEVERAL 
FUNDAMENTAL NOTIONS: 


>» AS THE "INTERNAL" STORAGE OF ENERGY IN SOME 
FASHION 
>» AS A POINT-VALUE FUNCTION IN 3-SPACE 
» AS A SCALAR FUNCTION WHOSE SPACE RATE OF CHANGE 
YIELDS A VECTOR FORCE 
THE ENERGY STORAGE MECHANISM IS QUITE UNKNOWN. 


NO THOUGHT HAS BEEN GIVEN TO SIMULTANEOUSLY DEFINING 
ITAS HAVING A HYPERSPATIAL WAVE SET COMPOSITION. 


THE THIRD NOTION EFFECTIVELY MAKES ALL FORCES LOCAL A_ 
PRIORI, AND EXCLUDES ACTION AT A DISTANCE BY 
POSTULATION. 


THE THIRD NOTION IS KNOWN TO BE INCORRECT. THE 
GRADIENT OF A POTENTIAL DOES NOT PRODUCE A FORCE UNTIL 
A MASS IS PRESENT, TO WHICH THE GRADIENT COUPLES. 
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than competitive. Both, through application interfaces, can provide access to underlying 
network functions. 


Wi-Fi Calling 

Another advantage of the VoLTE/IMS/RCS architecture is that it is agnostic to the user 
connection, meaning voice and video service can extend to Wi-Fi connections as easily as 
LTE connections. Wi-Fi calling can be advantageous in coverage areas were the Wi-Fi signal 
has better quality than an LTE signal. For video calling, use of Wi-Fi will also reduce data 
consumption over the cellular connection. By implementing a standards-based approach, 
as opposed to OTT-voice approaches, called parties see the same phone number regardless 
‘of network and can reach the subscriber using that phone number. 


Previous technical approaches, such as Generic Access Network (GAN, initially called 
Unlicensed Mobile Access [UMA]), did not include as robust a handover mechanism as is 
provided by VoLTE/IMS. 


For the best-quality voice in a Wi-Fi network, the device and Wi-Fi network should 
implement Wi-Fi Multimedia (WMM), which gives voice packets higher priority than other 
data traffic. WMM is especially necessary in congested networks. In addition, the Access 
Network Discovery and Selection Function (ANDSF) and cellular-WLAN enhancement 
features in 3GPP Release 12 have policies for enabling voice handover between LTE and 
Wi-Fi. 


Roaming with Wi-Fi calling will need to address whether the visited network's IMS 
infrastructure handles the Wi-Fi call or whether the home network's IMS does. 
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DISTANCE 


The Structure Is: 


A harmonic set of longitudinal EM wavepairs. in each wavepair the two waves 


correction theorem of nonlinear optics. Each wave in the biwave pair is a galloping 
wave. Each wavepair is a standing electrogravitational wave. in nonlinear optics, 
such a wavepair is a pump wave which pumps in the time domain, 

Note: Think of the oscillations as velocity modulations. 
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SCALAR POTENTIAL INTERFEROMETRY 


Between two scalar potentials, interferometry is: 
- Interference of the multi-wave sets in hyperspace. 
- Production of gradients in the 3-space point values 
- In the classical (erroneous) postulation, the creation of forces in 3-space. 
> Force does not exist until the gradient couples to an 
observable mass. 
> There are no E-fields and B-fields as such in the 
massless vacuum, but only potential gradients. 
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INTEGRATING DISORDERED (RANDOM) CHANGES Next Slide 
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Public Safety 


‘An important LTE application is for public safety, initially as a broadband data service and 
eventually for mission-critical voice service. Current public safety networks use technologies, 
such as Terrestrial Trunked Radio (TETRA) in Europe and Project 25 (P25) in the United States, 
that provide mission-critical voice but only narrowband data. 


In the United States, the government has made 20 MHz of spectrum available at 700 MHz in 
Band 14 and created the First Responder Network Authority (FirstNet), an independent 
authority within the National Telecommunications and Information Administration (NTIA) to 
provide a nationwide public-safety broadband network. AT&T will build and deploy the 
network. ® 


‘Another country driving the use of LTE for public safety is the United Kingdom, where the UK 
Home Office has a program for the Emergency Service Network. 


Using LTE for public safety is a complex undertaking because public-safety needs differ from 
those of consumers. Addressing these needs requires both different features, which 3GPP is 
incorporating in multiple releases of LTE specifications, and different network deployment 
approaches. Public safety also has different device-level needs than consumers. 


LTE Features for Public Safety 


Some broadband applications for public safety can use standard LTE capability. For 
‘example, sending email, accessing a database, or streaming a video may not require any 
special features. Other applications, however, require new capabilities from 3GPP 
standards, including: 


Group Communication 


Available in Release 12, the Group Communication Service (GCS) application server, using 
one-to-one (unicast) and one-to-many communications (broadcast), will be able to send 
voice, video, or data traffic to multiple public-safety devices. The broadcast mode will 
employ eMBMS to use radio resources efficiently, but if coverage is weak, a unicast 
approach may deliver data more reliably. The system will be able to dynamically switch 
between broadcast and unicast modes. Release 14 adds single-cell point-to-multipoint 
transmission. 


Proxi 


ity-Based Services (Device-to-Device) 


With proximity-based services, defined in Release 12, user devices can communicate 
directly, a capability that benefits both consumers and public safety. This type of 
communication is called sidelink communication. Consumer devices can find other devices 
only with assistance from the network, but for public safety, devices will be able to 
communicate directly with other devices independently of the network. 


With Release 13, devices will be able to act as relays for out-of-coverage devices, such as 
inside a building. 


© For details, see “FirstNet AT&T,” https://www.corp.att.com/ public-safety/ att-firstnet/. See also RCR 
Wireless, Editorial Report: Public Safety LTE, March 2017. Available at 
http: //content.rcrwireless.com/20170322 Public Safety Report. 
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PRESENT DEFINITION OF "ENERGY" IS ERRONEOUS 


PRESENT: "ENERGY IS THE CAPACITY TO DO WORK." 


ACTUALLY, WORK IS THE SCATTERING (DISSIPATION) 
OF ENERGY. 


THE PRESENT DEFINITION STATES THAT "ENERGY IS 
THE CAPACITY TO DO SCATTERING OF ENERGY." Next Slide 


ENERGY CAN BE SCATTERED, YIELDING WORK. BUT 
THE CAPACITY TO PERFORM THAT SCATTERING IS. 
NOT ENERGY! (E.G., IT MAY BE RESISTANCE.) 
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CATCH FISH." 


ACTUALLY, A FISHHOOK IS A BENT WIRE WITH A 
BARB. IT HAS THE CAPACITY TO CATCH FISH (GIVEN 
OTHER CONDITIONS). BUT THE CAPACITY TO CATCH 
FISH IS NOT WHAT IT JS. 
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peste 


QUANTUM MECHANICAL VACUUM - an intense flux 
of virtual particles, filling the "emptiness" of 
spacetime/vacuum. 


ENERGY - any ordering, either static or dynamic, in the 
virtual particle flux of vacuum. 


EM ENERGY - any ordering, either static or dynamic, 
in the virtual photon flux of vacuum 


WORK - the local scattering of energy; the local 
disordering of the order in the VPF. 
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POTENTIAL - any ordering, either static or dynamic 
or combination, in the VPF of vacuum Next Slide 


- must have internal order, hence structure Return to Index 


SCALAR POTENTIAL - any static ordering in the VPF 
of vacuum, with respect of the external observer 
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VECTOR POTENTIAL - any dynamic (non-stationary) 
ordering in the VPF of vacuum. 
- must have internal order, hence structure 
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DEFINITIONS (CONTINUED) 


« Electrostatic Scalar Potential - any static 
(stationary) ordering in the virtual photon flux of 


vacuum. Next Slide 
- Whittaker decomposed the ESP into bidirectional 

EM wavepairs in a harmonic structure. Return to Index 
- We interpret the wavepair set as existing in 

hyperspace (in hyper-3-space). Previous Slide 


Thus the ESP is a 3-space point function, and a 
hyper-3-space vector function, in 7-space. 


In Hyper-3-space, the ESP is an ordering established 
throughout the universe. 
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ELECTRIC CHARGE, OPEN SYSTEM 


The electric charge of a charged particle is due to a 


violent exchange of virtual photons between the Next Slide 
charged particle and the local vacuum VPF 

- photons continually absorbed from the vacuum Return to Index 
- photons continually radiated back to the vacuum 

- this exchange flux is what electric charge IS. Previous Slide 


In the nucleus, everything is changing into everything, 
so to speak. It is a furious, VPF-driven cauldron. 
the nucleus is an open, driven system, normally in 
equilibrium with respect to VPF input and output. 
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PHOTON INTERACTION IS USUALLY 
GRAVITON INTERACTION 


¢ Graviton interaction is a photon/antiphoton interaction 


¢ Photon interacts with electron shells 
- Scattering produces the entropic (forward) flow of 
time 
- Produces electron translation in our detectors 


¢ Antiphoton interacts with nucleus primarily 


- produces nuclear recoil 
- produces Newton's third law of motion 
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The appendix section “Proximity Services (Device-to-Device)” discusses this feature in 
greater detail 


Mi 


jon-C 


ical Push-to-Talk 


MCPTT, being defined in Release 13, provides one-to-one and one-to-many push-to-talk 
communications services. With this feature, available in the 2018 timeframe, public-safety 
organizations will be able to consider retiring legacy voice-based systems. 


Mission-Critical Video over LTE and Mission-Critical Data over LTE 


Release 14 adds Mission-Critical Video over LTE and Mission-Critical Data over LTE, 
designed to work with Mission-Critical Push-to-Talk, giving first responders more 
communications options. 


Prioritization 


To prevent interference with public-safety operations in emergency situations experiencing 
high load, the network can prioritize at multiple levels. First, the network can bar consumer 
devices from attempting to access the network, thus reducing signaling load. Second, the 
network can prioritize radio resources, giving public-safety users higher priority. Third, 
using a new capability called “Multimedia Priority Service” (MPS), the network can prioritize 
a connection between an emergency worker and a regular subscriber. Finally, the network 
can assign specific quality-of-service (QoS) parameters to specific traffic flows, including 
guaranteed bit rate. 3GPP has defined specific QoS quality-class identifiers for public safety. 


igh Power 


Release 11 defines higher power devices for the public safety band that can operate at 
1.25 Watts, improving coverage and reducing network deployment costs. 


Isolated operation 


With Release 13, a base station can continue offering service even with the loss of backhaul, 
a capability that will benefit public-safety personnel in disaster situations. 


Relays 


Figure 28 summarizes the more than eighteen features in 3GPP relays that apply to public 
safety. 
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TWO STAGES OF CANCER PRODUCTION 
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Deployment Approaches 


Because huge infrastructure investments would be required for a network dedicated solely 
to public safety, industry and government are evaluating approaches in which public-safety 
uses can leverage existing commercial network deployments. One caveat is that public- 
safety networks have more stringent resilience and security requirements than commercial 
networks, 


Shared Network 
As depicted in Figure 29, multiple sharing approaches are possible: 


1. In this scenario, a public-safety entity owns and operates the entire network, an 
approach that gives public-safety organizations the greatest control over the 
network but at the highest cost. 


2. A commercial operator shares its radio-access network, including cell sites and 
backhaul, but the public-safety entity manages core network functions including 
gateways, the Mobile Management Entity, the Home Subscriber Server (HSS), and 
public-safety application servers. Because the radio-access network is the costliest 
part of the network, this approach significantly reduces the amount public safety 
must invest in the network. Even though the RAN is shared, public safety still can 
use its dedicated spectrum. 


3. In an MVNO approach, the operator shares its cell sites and backhaul as well as 
some core network functions, such as the MME and Serving Gateway. Public safety 
manages a small number of network functions, such as the Packet Gateway, HSS, 
and its application servers. 


6 Nokia, LTE networks for public safety services, 2014. Available at 


http: // networks. nokia.com/sites/ default/files/document/nokia Ite for public safety white paper.pdt. 
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INHERITANCE OF ACQUIRED TRAITS 


® Evolutionary biology assumes mutations are 
random events 

- Causes of heritable differences separated from their 
consequences for survival and reproduction 

- Likelihood of any particular mutational event assumed 
independent of its particular value to the organism 

- Natural selection then assumed to increase the 
frequency of advantageous alleles 


e Evidence for directed, non-random mutation 
- Removing cell-wall from bacterium: acquired 
nakedness is then inherited 
- Protozoan Osyinehe double monsters (siamese twins) 
4 Bisected lengthwise, normal reproduction 
4 Bisected crosswise, double monsters reproduce 
- Virus Sigma and fruit fly sensitivity to CO2 
— Specific sets of genes either eliminated or added 
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ra 


© Genes are acquired venealy from ancestors 
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4. A final approach, not shown in the figure, is one in which the mobile operator hosts 
all of the elements shown in the figure and public safety manages only its application 
servers. 


Figure 29: Sharing Approaches for Public-Safety Networks 
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Resilience 


Public safety may need greater resilience than found in commercial networks, including 
hardware redundancy, geographic redundancy, load balancing, fast re-routing in IP 
networks, interface protection, outage detection, self-healing, and automatic 
reconfiguration. 


Security 


Public-safety networks may have higher security requirements than commercial networks, 
including physical security of data centers, core sites, and cell sites. Whereas LTE networks 
do not have to encrypt traffic in backhaul and core networks, public-safety applications 
may choose to encrypt all IP traffic using virtual private networking approaches. 


Coverage 


‘A number of approaches can ensure the broadest possible coverage for public-safety 
networks. First, public-safety frequencies at 700 MHz already propagate and penetrate 
well. Next, public-safety devices will be able to transmit at higher power. In addition, base 
stations can employ four-way receiver diversity and higher-order sectorization. For disaster 
situations, public safety can also use rapidly deployable small cells, such as on trailers. 
Finally, proximity-based services operating in a relay mode, as discussed above, can extend 
coverage. 


Device Considerations for Public Safety 


Public-safety devices will have unique requirements, including guaranteed network access 
under all conditions and guidelines for how devices are shared among users. 
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Access to Commercial Networks 


Public-safety devices could be designed to also communicate on commercial LTE networks, 
providing an alternative communications avenue when the device cannot connect to a 
public-safety network. Subscriptions to all major commercial networks would make this 
approach the most effective. Wi-Fi capability further extends this concept. 


Device Sharing 
Because public-safety devices may be shared among personnel, user profiles cannot be 


stored on USIM cards stored in the devices. Bluetooth-based remote SIMs are one approach 
to address this problem. 
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SUMMARY AND CONCLUSION 
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Expanding Capacity 
Wireless technology is playing a profound role in networking and communications, even though 
wireline technologies such as fiber have inherent capacity advantages. 


Over time, wireless networks will gain substantial additional capacity through the methods 
discussed in the next section. While they will compete with copper twisted pair and coax, they 
will never catch up to fiber. The infrared frequencies used in fiber-optic communications have 
far greater bandwidth than radio. As a result, one fiber-optic strand has greater bandwidth 
than the entire usable radio spectrum to 100 GHz, as illustrated in Figure 30.°7 


Figure 30: RF Capacity vs. Fiber-Optic Cable Capacity 


Achievable Fiber-Optic Cable Capacity Per Cable (Area Denotes Capacity) 


\ 


Achievable Capacity Across Entire RF Spectrum to 100 GHz ary 


A dilemma of 4G mobile broadband is that it can provide a broadband experience similar to 
wireline, but it cannot do so for all subscribers in a coverage area at the same time. Hence, 
operators must carefully manage capacity, demand, policies, pricing plans, and user 
expectations. Similarly, application developers must become more conscious of the inherent 
constraints of wireless networks. 5G, with its far greater capacity, at least in small 
deployments, will increase the percentage of users that use wireless connections as their only 
broadband. 


Three factors determine wireless network capacity, as shown in Figure 31: the amount of 
spectrum, the spectral efficiency of the technology, and the size of the cell. Because smaller 
cells serve fewer people in each cell and because there are more of them, small cells are a 
major contributor to increased capacity. 


© One fiber-optic cable can transmit over 10,000 Gbps compared with all wireless spectrum to 100 
GHz, which, even at an extremely high spectral efficiency 10 bps/Hz, would have only 1,000 Gbps of 
capacity. 
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COMMENTS ON THE NEW TESLA ELECTROMAGNETICS 


Part I: Discrepancies in Present EM Theory 


© T. E. Bearden 1982 


There are at least twenty-two major discrepancies presently existing in 
conventional electromagnetics theory. This paper presents a summary 
of those flaws, and is a further commentary on my discussion of s 
longitudinal Tesla waves in a previous paper, "Solutions to Tesla's 
Secrets and the Soviet Tesla Weapons," Tesla Book Company, 1981 
and 1982. 


I particularly wish to express my deep appreciation to two of my 
friends and colleagues who at this time, I believe, wish to remain 
anonymous. One of the two is an experimental genius who can 
produce items on the bench that do not work by orthodox theory. The 
second is a master of materi: ‘ience and electromagnetics theory. I 
thank them both for their exceptional contributions and stimuli 
regarding potential shortcomings in present electromagnetics theory, 
and their forbearance with the many discussions we have held on this 
and related subjects. 


It goes without saying that any errors in this paper are strictly my own, 
and not the fault of either of my distinguished colleagues. 


(1) In present electromagnetics theory, charge and charged mass are. 
falsely made identical. Actually, on a charged particle, the "charge" is 
the flux of virtual particles on the "bare particle" of observable mass. 
The charged particle is thus a "system" of true massless charge 
coupled to a bare chargeless mass. The observable "mass" is static, 
three-dimensional, and totally spatial. "Charge" is dynamic, four- 
dimensional or more, virtual and spatiotemporal. Further, the charge 
and observable mass can be decoupled, contrary to present theory. 
Decoupled charge -- that is, the absence of mass -- is simply what we 
presently refer to as "vacuum." Vacuum, spacetime, and massless 
charge are all identical. Rigorously, we should utilize any of these 
three as an "ether," as suggested for vacuum by Einstein himself (see 
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Max Born, Einstein's Theory of Relativity, Revised Edition, Dover 
Publications, New York, 1965, p. 224). And all three of them are 
identically anenergy -- not energy, but more fundamental components 
of energy. 


(2) Electrostatic potential is regarded as a purely 3-dimensional spatial 
. Instead, it is the intensity of a many-dimensional (at least four- 
dimensional) virtual flux and a stress on all four dimensions of 
spacetime. This is easily seen, once one recognizes that spacetime is 
identically massless charge. (It is not "filled" with charge; rather, it 
charge!) Just as, in a gas under pressure, the accumulation of 
additional gas further stresses the gas, the accumulation of charge 
(spacetime) stresses charge (spacetime). Further, if freed from its 
attachment to mass , charge can flow exclusively in time, exclusively 

in space, or in any combination of the two. Tesla waves -- which are 
scalar waves in pure massless charge flux itself -- thus can exhibit 
extraordinary characteristics that ordinary vector waves do not 

possess. And Tesla waves have extra dimensional degrees of freedom 
in which to move, as compared to vector waves. Indeed, one way to 
sualize a Tesla scalar wave is to regard it as a pure oscillation of time 
elf. 


(3) Voltage and potential are often confused in the electrostatic case, 
or at least thought of as "composed of the same thing." For that reason, 
voltage is regarded as "potential drop". This also is not true. 
Rigorously, the potential is the intensity of the virtual particle flux at a 
single point -- whether or not there is any mass at the point -- and both 
the pressure and the point itself are spatiotemporal (4-dimensional), 
not spatial (3-dimensional) as presently assumed. Voltage represents 
the spatial intersection of the difference in the potential between two 
separated spatial points, and always implies at least a miniscule flow 
of mass current (that is what makes it spatial!). "Voltage" is spatial and 
depends upon the presence of observable mass flow, while scalar 
electrostatic potential is spatiotemporal and depends upon the absence 
of observable mass flow. The two are not even of the same 
dimensionality. 


(4) The charge of vacuum spacetime is assumed to be zero, when in 
fact it is a very high value. Vacuum has no mass, but it has great 
massless charge and virtual particle charge flux. For proof that a 
charged vacuum is the seat of something in motion, see G.M. Graham 
and D.G. Lahoz, "Observation of static electromagnetic angular 
momentum in vacuo," Nature, Vol. 285, 15 .May 1980, pp. 154-155. 
In fact, vacuum IS charge, identically, and it is also "spacetime" and at 
least four-dimensional. 
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in its 
in time. 


(5) Contrary to its present usage, zero is dimensional and relati 
context. A three-dimensional spatial hole, for example, exists 
If we model time as a dimension, then the spatial hole has one 
dimension in 4-space. So a spatial absence is a spatiotemporal 

presence. In the vacuum 4-space, a spatial nothing is still a something. 
The "virtual" concept and the mathematical concept of a derivative are 
simply two present ways of unconsciously addressing this fundamental 
problem of the dimensional relativity of zero. 


(6) The concepts of "space" and "time" imply that spacetime (vacuum) 
has been separated into two parts. We can only think of a space as 
“continuing to exist in time " To separate vacuum spacetime into two 
pieces, an operation is continually required. The operator that 

is splitting operation is the photon interaction, the 
interaction of vector electromagnetic energy or waves with mass. I 
have already strongly pointed out this effect and presented a "raindrop 
model" of first-order physical change itself in my book, The Excalibur 
Briefing, Strawberry Hill Press, San Francisco, 1980, pp. 128-130. 


(7) "Vector magnetic potential" is assumed to be always an aspect of 
(and connected to) the magnetic field. In fact it is a separate, 
fundamental field of nature and it can be entirely disconnected from 
the magnetic field. See Richard P. Feynman et al, The Feynman 
Lectures on Physics, Addison-Wesley Publishing Co., New York, 
1964, Vol. I, pp. 15-8 to 15-14. Curiously, this fact has been proven 
for years’ yet it has been almost completely ignored in the West. The 
"Vx" operator, when applied to the A-field, makes B-field. If the Vx 
operator is not applied, the "freed" A-field possesses much-expanded 
characteristics from those presently allowed in the "bound" theory. 
Specifically, it becomes a scalar or "shadow vector" field; it is not a 
normal vector field. (note: for V read inverted capital Delta) 


(8) The speed of light in vacuum is assumed to be a fundamental 
constant of nature. Instead it is a function of the intensity of the 

charge flux (that is, of the magnitude of the electrostatic 
potential) of the vacuum in which it moves. (Indeed, since vacuum and 
massless charge are one and the same, one may say that the speed of 
light is a function of the intensity of the spatiotemporal vacuum!). The 
higher the flux intensity (charge) of the vacuum, the faster the speed of 
light in it. This is an observed fact and already shown by hardcore 
measurements. For example, distinct differences actually exist in the 
speed of light in vacuo, when measured on the surface of the earth as 
compared to measurements in space away from planetary masses. In a 
vacuum on the surface of the earth, light moves significantly faster. 
For a discussion and the statistics, see B. N. Belyaev, "On Random 
Fluctuations of the Velocity of Light in Vacuum," Soviet Physics 
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Journal, No. 11, Nov. 1980, pp. 37-42 (original in Russian; translation 
by Plenum Publishing Corporation.) The Russians have used this 
knowledge for over two decades in their strategic psychotronics 
(energetics) program; yet hardly a single U.S. scientist is aware of the 
measured variation of c in vacuo. In fact, most Western scientists 
simply cannot believe it when it is pointed out to them! 


(9) Energy is considered fundamental and equivalent to work. In fact, 
energy arises from vector processes, and it can be disassembled into 
more fundamental (anenergy) scalar components, since the vectors 

can. These scalar components individually can be moved to a distant 
location without expending work, since one is not moving force 
vectors. There the scalar components can be joined and reassembled 
into vectors to provide "free energy" appearing at a distance, with no 
loss in between the initial and distant points. For proof that a vector 
field can be replaced by (and considered to be composed of) two scalar 
fields, see E. T. Whittaker, Proceedings of the London Mathematical 
Society, Volume 1, 1903, p. 367. By extension, any vector wave can 
be replaced by two coupled scalar waves. 


(10) The classical Poynting vector predicts no longitudinal wave of 
energy from a time-varying, electrically charged source, In fact, an. 
exact solution of the problem does allow this longitudinal wave. See T. 
D. Keech and J. F. Corum, "A New Derivation for the Field of a Time- 
Varying Charge in Einstein's Theory,” International Journal of 
Theoretical Physics, Vol. 20, No, 1, 1981, pp. 63-68 for the proof. 


(11) The present concepts of vector and scalar are severely limited, 
and do not permit the explicit consideration of the internal, finer- 
grained structures of a vector or a scalar. That is, a fundamental 
problem exists with the basic assumptions in the vector mathematics 
itself, The "space" of a vector field, for example, does not have inter- 
nested sublevels (subspaces) containing finer "shadow vectors" or 
"virtual vectors," Yet particle physics has already discovered that 
electrical reality is built that way. Thus one should actually use a 
“hypernumber" theory after the manner of Charles Musés. A scalar is 
filled with (and composed of) nested levels of other "spaces" 
containing vectors, where these sum to "zero" in the ordinary 
observable frame without an observable vector resultant. In Musés' 
mathematics, for example, zero has real roots. Real physical devices 
can be -- and have been -constructed in accordance with Muses’ 
theory. For an introduction to Musés' profound hypernumbers 
approach, see Charles Musés’ foreword to Jerome Rothstein, 
Communication Organization and Science, The Falcon's Wing Press, 
Indian Hills, Colorado, 1958. See also Charles Musés, "Applied 
Hypernumbers: Computational Concepts," Applied Mathematics and 
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Computation, Vol. 3, 1976. See also Charles Musés, "Hypernumbers 
II," Applied Mathematics and Computation, January 1978. 


(12) With the expanded Tesla electromagnetics, a new conservation of 
energy law is required. Let us recapitulate for a moment. The oldest 
law called for the conservation of mass. The present law calls for the 
conservation of "mass and energy", but not each separately. If mass is 
regarded as simply another aspect of energy, then the present law calls 
for the conservation of energy. However, this assumes that energy is a 
basic, fundamental concept. Since the energy concept is tied to work 
and the movement of vector forces, it implicitly assumes "vector 
movement" to be a "most fundamental" and irreducible concept. But as 
we pointed out, Whittaker showed that vectors can always be further 
broken down into more fundamental coupled scalar components. 
Further, Tesla discovered that these "coupled components” of "energy" 
can be individually separated, transmitted, processed, rejoined, etc. 
This directly implies that energy per se need not be conserved. The_ 
new law therefore calls for the conservation of anenergy, the 
components of energy. These components may be coupled into energy, 
and the energy may be further compacted into mass. It is the sum total 
of the (anenergy) components -- coupled and uncoupled -- that is 
conserved, not the matter or the energy per se. Further, this 
conservation of anenergy is not spatial; rather, it is spatiotemporal in a 
spacetime of at least four or more dimensions. 


(13) Relativity is presently regarded as a theory or statement about 
fundamental physical reality. In fact, it is only a statement about 
FIRST ORDER reality -- the reality that emerges from the vector 
interaction of electromagnetic energy with matter. When we break 
down the vectors into scalars (shadow vectors or hypervectors), we 
immediately enter a vastly different, far more fundamental reality. In 
this reality superluminal velocity, multiple universes, travel back and 
forth in time, higher dimensions, variation of all “fundamental 
constants" of nature, materialization and dematerialization, and 
violation of the "conservation of energy" are all involved. Even our 
present Aristotlean logic -- fitted to the photon interaction by vector 
light as the fundamental observation mechanism -- is incapable of 
describing or modeling this more fundamental reality. Using scalar 
waves and scalar interactions as much subtler, far less limited 
observation/detection mechanisms, we must have a new 
“superrelativity" to describe the expanded electromagnetic reality 
uncovered by Nikola Tesla. 


(14) "Charge" is assumed to be quantized, in addition to always 


occurring with -- and locked to -- mass. Indeed, charge is not 
necessarily quantized just as it is not necessarily locked to mass. 
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Ehrenhatt discovered and reported fractional charges for years, in the 
30's and 40's, and was ignored. See P.A.11. Dirac, "Development of 
the Physicist's Conception of Nature," Symposium on the 
Development of the Physicist's Conception of Nature, ed. Jagdish 
Merha, D. Reidel, Boston, 1973, pp. 12-14 for a presentation of some 
of Ehrenhaft's results. Within the last few years Stanford University: 
researchers also have positively demonstrated the existence of 
“fractional charge." For a layman's description of their work, see "A 
Spector Haunting Physics," Science News, Vol. 119, January 31, 1981, 
pp. 68-69. Indeed, Dirac in his referenced article points out that 
Millikan himself -- in his original oildrop experiments -- reported one 
measurement of fractional charge, but discounted it as probably due to 
error. 


(15) Presently, things are always regarded as traveling through normal 
space. Thus we use or model only the most elementary type of motion 
-- that performed by vector electromagnetic energy. We do not allow 
for things to "travel inside the vector flow itself." Yet, actually, there is 
a second, more subtle flow inside the first, and a third, even more 
subtle flow inside the second, and so on. We may operate inside, onto, 
into, and out of energy itself -- and any anenergy component of 
energy. There are hypervectors and hyperscalars unlimited, within the 
ordinary vectors and scalars we already know. Further, these "internal 
flows" can be engineered and utilized, allowing physical reality itself 
to be directly engineered, almost without limits. 


(16) We always assume everything exists in time. Actually, nothing 
presently measured exists in time, because the physical detection/ 
measurement process of our present instruments destroys time, ripping 
it off and tossing it away -- and thereby “collapsing the wave 
function." Present scientific methodology thus is seriously flawed. It 
does not yield fundamental (spacetime) truth, but only a partial 
(spatial) truth. This in turn leads to great scientific oversights. For 
example, mass does not exist in time, but mass x time (masstime) 
does. A fundamental constant does not exist in time, but the "constant 
xX time" does. Energy does not exist in time, but energy x time (action) 
does. Even space itself does not exist in time -- spacetime does. We 
are almost always one dimension short in every observable we model. 
Yet we persist in thinking spatially, and we have developed 
Instruments that detect and measure spatially only. Such instruments 
can never measure and detect the phenomenology of the nested 
substrata of time. By using scalar technology, however, less limited 
instruments can indeed be constructed -and they have been. With such 
new instruments, the phenomenology of the new electromagnetics can 
be explored and an engineering technology developed. 
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(17) We do not recognize the connection between nested levels of 
virtual state (particle physics) and orthogonally rotated frames 

hyperspaces). Actually the two are identical, as I showed in the 
appendix to my book, The Excalibur Briefing, Strawberry Hill Press, 
San Francisco, 1980, pp. 233-235. A virtual particle in the laboratory 
frame is an observable particle in a hyperspatial frame rotated more 
than one orthogonal turn away. This of course implies that the 
hyperspatial velocity of all virtual particles is greater than the speed of 
light. The particle physicist is already deeply involved in hyperspaces 
and hyperspatial charge fluxes without realizing it. In other words, he 
is using tachyons (particles that move faster than light) without 
realizing it. 


(18) Presently quantum mechanics rigorously states that time is not an 
observable, and therefore it cannot be measured or detected. 
According to this assumption, one must always infer time from spatial 
measurements, because all detections and measurements are spatial. 
With this assumption, our scientists prejudice themselves against even 
looking for finer, subquantal measurement methodologies and 
instrumentation. Actually this present limitation is a result of the type 
of electromagnetics we presently know, where all instruments (the 
“measurers") have been interacted with by vector electromagnetic 
energy (light). Every mass that has temperature (and all masses do!) is 
continually absorbing and emitting photons, and in the process they 
are continually connecting to time and disconnecting from time. If 
time is continually being carried away from the detector itself by its 
emitted photons, then the detector cannot hold and "detect" that which 
it has just lost. With Tesla electromagnetics, however, the fundamental 
limitation of our present instruments need not apply. With finer 
instruments, we can show there are an infinite number of levels to 
me", and it is only the "quantum level time" which is continually 
being lost by vector light (photon) interaction. By using subquantal 
scalar waves, instruments can move to deeper levels of time -- in 
which case the upper levels of time ARE measureable and detectable, 
in contradistinction to the present assumptions. 


(19) In the present physics, time is modeled as, and considered to be, a 
continuous dimension such as length. This is only a gross 
approximation. Indeed, time is not like continuous "dimension," but 
more like a series of "stitches," each of which is individually made and 


then ripped out before the next stitch appears. "Vector light" photons 
interact one at a time, and it is this interaction with mass that creates 
quantum change itself. The absorption of a photon -- which is energy x 
time -- by a spatial mass converts it to masstime: the time was added 
by the photon. The emission of a photon tears away the time, leaving 
behind again a spatial mass. It is not accidental, then, that time flows at 


Iutp:/lwww cheniere.org/books/newteslaem/22discrepancies htm (7 of 11)24.11.2003 21:35:38 


‘The Tom Bearden Website 


the speed of light, for it is light which contains and carries time. It is 
also not accidental that the photon IS the individual quantum. Since all 
our instruments presently are continually absorbing and emitting 
photons, they are all "quantized," and they accordingly "quantize" their 
detections. This is true because all detection is totally internal to the 
detector, and the instruments detect only their own internal changes. 
Since these detections are on a totally granular quantized background, 
the detections themselves are quantized. The Minkowski model is 
fundamentally erroneous in its modeling of time, and for that reason 
relativity and quantum mechanics continue to resist all attempts to 
successfully combine them, quantum field theory notwithstanding. 


(20) Presently, gravitational field and electrical field are considered 
mutually exclusive. Actually this is also untrue. In 1974, for example, 
Santilly proved that electrical field and gravitational field indeed are 
not mutually exclusive In that case, one is left with two possibilities 
(a) they are totally the same thing, or (b) they are partially the same 
thing. For the proof, see R. M. Santilli, "Partons and Gravitation: 

Some Puzzling Questions," Annals of Physics, Vol. 83, No. 1, March 
1974. With the new Tesla electromagnetics, pure scalar waves in time 
itself can be produced electrically, and electrostatics (when the charge 
has been separated from the mass) becomes a "magic" tool capable of 
directly affecting and altering anything that exists in time--including 
gravitational field. Antigravity and the inertial drive are immediate and 
direct consequences of the new electromagnetics. 


(21) Presently, mind is considered metaphysical, not a part of phys 
an not affected by physical means. Literally, the prevailing belief of 
Western scientists is that man is a mechanical robot -- even though 
relativity depends entirely upon the idea of the "observer." Western. 
science today thus has essentially become dogmatic, and in this respect 
borders on a religion. Since this "religion," so to speak, is now fairly 
well entrenched in its power in the state, Western science is turning 
itself into an oligarchy. But mind occupies time, and when we measure. 


and affect time we can directly measure and affect mind itself. In the 
new electromagnetics, then, man regains his dignity and his humanity 
by restoring the reality of mind and thought to science. In my book, 
The Excalibur Briefing, I have already pointed out the reality of mind 
and a simplified way in which it can be modeled to the first order. 
With scalar wave instruments, the reality of mind and thought can be 
measured in the laboratory, and parapsychology becomes a working, 
engineering, scientific discipline. 


(22) Multiple-valued basic dimensional functions are either not 
permitted or severely discouraged in the present theory For one thing, 
integrals of multiple valued derivative functions have the annoying 
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Figure 31: Dimensions of Capacity 
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Given the relentless growth in usage, mobile operators are combining multiple approaches to 
increase capacity and managing congestion: 


a 


More spectrum. Spectrum correlates almost directly to capacity, and more spectrum 
is becoming available globally for mobile broadband. In the U.S. market, the 2010 FCC 
National Broadband Plan is in the process of adding an additional 500 MHz of spectrum 
by 2020. mmWave band spectrum for 5G will provide far more spectrum, but 
propagation characteristics will restrict its use to small cells. Multiple papers by Rysavy 
Research and others® argue the critical need for additional spectrum. 


Unpaired spectrum. LTE TDD operates in unpaired spectrum. In addition, 
technologies such as HSPA+ and LTE permit the use of different amounts of spectrum 
between downlink and uplink. Additional unpaired downlink spectrum can be combined 
with paired spectrum to increase capacity and user throughputs. 


Supplemental downlink. With downlink traffic five to ten times greater than uplink 
traffic, operators often need to expand downlink capacity rather than uplink capacity. 
Using carrier aggregation, operators can augment downlink capacity by combining 
separate radio channels. 


Spectrum sharing. Policy makers are evaluating how spectrum might be shared 
between government and commercial entities. Although a potentially promising 
approach for the long term, sharing raises complex issues, as discussed further in the 
section "Spectrum Developments.” 


Increased spectral efficiency. Newer technologies are spectrally more efficient, 
meaning greater aggregate throughput using the same amount of spectrum. Wireless 
technologies such as LTE, however, are reaching the theoretical limits of spectral 


®* See multiple papers on spectrum and capacity at http: //www.rysavy.com/writing. 
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habit of "blowing up" and yielding erroneous answers, or none at all. 
And we certainly do not allow multiple types of time! This leads to the 
absurdity of the present interpretation of relativity which permits only 
a single observer (and a single observation) at a time. So if one 
believes as "absurd" a thing as the fact that more than one person can 
observe an apple at the same time, the present physics fails. However, 
the acceptance of such a simple proposition as multiple simultaneous 
observation leads to a physics so bizarre and incredible that most 
Western physicists have been unable to tolerate it, much less examine 
its consequences. In the physics that emerges from multiple 
simultaneous observation, all possibilities are real and physical. There 
are an infinite number of worlds, orthogonal to one another, and each 
world is continually splitting into additional such "worlds" at a 
stupendous rate. Nonetheless, this physics was worked out by Everett 
for his doctoral thesis in 1956, and the thesis was published in 1957. 
(See Hugh Everett, III, The Many-Worlds Interpretation of Quantum 
Mechanics: A Fundamental Exposition, with papers by J. A. Wheeler, 
B.S. DeWitt, L. N. Cooper and D. Van Vechten, and N. Graham; eds. 
Bryce S. Dewitt and Neill Graham, Princeton Series in Physics, 
Princeton University Press, 1973.) Even though it is bizarre, Everett's 
physics is entirely consistent with all the present experimental basis of 
physics. The present electromagnetic theory is constructed for only a 
single "world" or universe -- or "level." The expanded theory, on the 
other hand, contains multiply nested levels of virtual state charge -- 
and these levels are identically the same as orthogonal universes, or 
“hyperframes." Multiple kinds -- and values -- of time also exist. The 
new concept differs from Everett's, however, in that the orthogonal 
universes intercommunicate in the virtual state. That is, an observable 
in one universe is always a virtual quantity in each of the other 
universes. Thus one can have multi-level "continuities" and 
"discontinuities" simultaneously, without logical conflict. It is 
precisely these levels of charge -- these levels of scalar vacuum -- that 
lace together the discontinuous quanta generated by the interaction of 
vector light with mass. 


However, to understand the new electromagnetic reality, one requires 
anew, expanded logic which contains the old Aristotlean logic as a 
subset. I have already pointed out the new logic in my paper, "A 
Conditional Criterion for Identity, Leading to a Fourth Law of Logic," 
1979, available from the National Technical Information Center, AD- 
A071032. 


Even as logic is extended, quantum mechanics, quantum 
electrodynamics, and relativity are drastically changed by the Tesla 
electromagnetics, as I pointed out in my paper, "Solutions to Tesla's 
Secrets and the Soviet Tesla Weapons," Tesla Book Company, 1580 
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Magnolia, Millbrae, California, 94030, 1980. 


The present electromagnetics is just a special case of a much more 
fundamental electromagneti covered by Nikola Tesla, just as 
Newtonian physics is a special case of relativistic physics. But in the 
electromagnetics case, the differences between the old and the new are 
far more drastic and profound. 


ADDITIONAL REFERENCES 


1, Boren, Dr. Lawrence Milton, "Discovery of the Fundamental 
Magnetic Charge (Arising from the new Conservation of Magnetic 
Energy)," 1981/82 (private communication). Dr. Boren has a cogent 
argument that the positron is the fundamental unit of magnetic charge. 
His theory thus assigns fundamentally different natures to positive 
charge and negative charge. In support of Dr. Boren, one should point 
out that the "positive" end of circuits can simply be "less negative" 
than the "negative" end. In other words, the circuit works simply from 
higher accumulation of negative charges (the "negative" end) to a 
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need there be positive charges (protons, positrons, etc.) to make the 
circuit work. Dr. Boren's theory, though dramatic at first encounter, 
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since he has been able to gather experimental data which support his 
theory and disagree with present theory. 
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Production of Real Images of Submicroscopic Particles by means of 
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Series), No. 7, July 1926, pp. 30-51. 


4. Ehrenhaft, Felix and Wasser, Emanuel, "New Evidence of the 
Existence of Charges smaller than the Electron - (a) The Micromagnet; 
(b) The Law of Resistance; (c) The Computation of Errors of the 
Method," Phil. Mag. and Jour. of Sci., Vol. V (Seventh Series), No. 
28, February 1928, pp. 225-241. 


5, See also Ehrenhaf's last paper dealing with the electronic charge, in 
Philosophy of Science, Vol. 8, 1941, p. 403. 
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10. Graneau, Peter, "Electromagnetic jet-propulsion in the direction of 
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12. Gonyaev, V. V , "Experimental Determination of the Free-Fall 
Acceleration of a Relativistic Charged Particle. I]. A Cylindrical 
Solenoid in a Time-Independent Field of Inertial Forces," Izvestiya 
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Physics Journal, No. 7, 1979, pp. 829-833. If one understands the new, 
expanded electromagnetics, this Soviet paper indicates a means of 
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in Physics and Advanced Technology Abroad,” Energy Unlimited, No. 
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COMMENTS ON THE NEW TESLA ELECTROMAGNETICS 


Part II: The Secret of Electrical Free Energy 


© 1982 7. E. Bearden 


Again I wish to express my deep appreciation to two of 
my friends and colleagues who at this time, I believe, 
wish to remain anonymous. I thank them both for their 
exceptional contributions and stimuli, and their for- 
bearance with the many discussions we have held on this 
and related subjects. 


Also, it goes without saying that any errors in this 
paper are strictly my own, and not the fault of either 
of my distinguished colleagues. 


Present electromagnetic theory is only a special case of the much 
more fundamental electromagnetism discovered by Nikola Tesla at 
the turn of the century. 


Pure vacuum is pure charge flux, without mass. The vacuum has a 
very high electrical potential -- something on the order of 200 
million volts, with respect to a hypothetical zero charge. 


Thus in an ordinary electrical circuit, each point of the 
"ground" -- which has the same potential as the vacuum -- 
actually has a non-zero absolute potential. This circuit ground 
has a value of zero only with respect to something else which 
has the same absolute electrical potential. 


Voltage, which is always associated with a flow of electrical 
"mass" current (even if only a miniscule flow), is, by defini- 
tion, a difference dropped in potential when a charge mass moves 
between two spatially separated points. What we have termed 
"electrical current" only flows where there is a suitable con- 
ducting medium between things which have a difference in absolute 
potential. Furthermore, between any two points in any material, 
there is considered to exist a finite resistance -- if we apply 
a voltage and have a mass current flowing between the two points! 
The simple statement that V = IR irrevocably ties together volt- 
age drop, mass current, and resistance between two points. 
Rigorously, to have one of the three is to have them all. To 
lose one is to lose all three. Immediately we see a major error 
in present theory: One can have a "difference in scalar poten- 
tial" between two points without having a "voltage drop" between 
them. Specifically, if no mass current flows between them, no 
resistance exists between them, and no voltage drop exists be- 
tween them. 


In the same fashion, one can have a “scalar wave" through the 
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In the same fashion, one can have a “scalar wave" through the 
vacuum without a voltage wave. In that case, the wave has no 
E-field and no k-field. The only reason one has an E-field 
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around a statically charged object is because the charged elec- 
trons accumulated on the object are actually in violent motion. 
It is this motion of the charged masses that produces E-field -- 
as well as H-field whenever that entire E-field ensemble moves 
through laboratory space. 


Now let us reason together in the "approximate" manner utilized 
in present electromagnetic theory. For example, let us examine 
a bird sitting on a high tension line. 


The bird sits on the high tension line without a flow of mass 
electricity, because there is no significant difference in po- 
tential drop between the bird and the line. Specifically, be- 
tween the bird's two feet -- each in contact with a different 
portion of the line -- there exists no potential difference. 
This is true even though, with respect to the vacuum, each foot 
is at a potential that would be "100,000 volts higher," were a 
mass current flowing. And it is true even though the absolute 
potential of each foot may be some 200.1 million "volts," were 
amass current flowing. 


Now an interesting thing happens to the bird when he flies 
through the air to light upon the high tension wire. As he 
flies toward the wire, he is flying through the massless elec- 
trostatic potential field of the wire, for that field extends 

an infinite distance away from the wire. The electrostatic 
potential field -- pure $-field -- is actually the spatio- 
temporal intensity of the massless charge at a point. In other 
words, as the bird flies to the wire, he flies into an increas- 
ing "massless charge” potential, building up to 100,000 "volts" 
higher than the earth. However, very little (if any) "mass 
flow" potential difference is experienced upon his body in ap- 
Proaching the wire, and so essentially no "charged mass currents" 
are induced in his body. Thus the little flier safely navigates 
into the teeth of a very high electrostatic potential, lights 
upon the wire, and is not "fried" in the process. When he lights 
on the wire, his body has reached the electrostatic potential 
that each foot's contact point has. Again, there is no mass cur- 
rent flow. But his body is immersed in an increased flux of 
massless charge -- which is what the electrostatic potential 
represents. And each "virtual particle" flow in that charge 
potential represents a "massless (scalar)" electrical current. 


The point is, one can have any amount of massless charge flow -- 
"scalar" current -- without any mechanical work being done in 
the system. All electrical work in a circuit is done against 
the physical mass of the charged masses that flow. Rigorously, 
force is defined as the time rate of charge of momentum. Even 

in the relativistic case where F = ma + v(dm/dt), change of mo- 
mentum requires mass movement. No mechanical work, and hence no 
energy, is expended by massless charge flow. 


That is why the vacuum massless charge -- which is composed of a 
very high flux of massless "particles" -- normally does no work 
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increasing scalar field as it approached the high tension wire -- 
no work was done upon the bird by the increasing scalar flux 
currents encountered by its body. 


By existing "in the vacuum," so to speak, we (the whole earth) 
are as birds sitting on a high tension line! until we create 
significant difference in potential, via our present electromag- 
netic circuits, no current can flow -- anywhere. Even if we pro- 
duce potential differences, we must have a conductor and charged 
masses to flow, if we wish to produce mechanical work. Presently 
our electromagnetic theory allows us to create a difference in 
potential within different parts of a circuit, but only by moving 
and shifting charged mass. We therefore have to do work on this 
electrical mass in moving it around, and we only get back the 
work we have put into the circuit. In other words, presently 

all we do is "pump" electrical mass. 


Now notice what would happen to the bird on the line if we sub- 
stantially "pulsed" the potential on the line. Suppose we 
"pulsed" it such that the bird's physical system -- considered 
as a circuit containing a capacitance, a resistance, an induc- 
tance, and many free electrons -- became resonant to the pulsing 
frequency. In that case the "bird system" would resonate, and a 
great deal of electrical mass would surge back and forth in the 
body of the bird. In the bird's body, voltage would exist, 
charged mass current would flow, work would be done, and the 
bird would be electrocuted. 


Also, note that, without mass movement, electromagnetic vector 
fields are not produced (and a portion of the difficulty lies 
with the actual vector mathematics itself). Scalar (nonvector) 
waves continually penetrate "space" where there is no mass move- 
ment. This means there can exist a "delta-Q" without a voltage 
or an E-field. The present theory does not allow this, because 
it always uses "q" (charge) to be charged mass. Briefly, without 
belaboring the point, let us just say that it is the mechanical 
spin of the individual charged particle -- such as the electron -- 
which "entangles" or "knits together" or "couples" independent 
scalar waves into vector waves. A vector wave is simply two 
coupled scalar waves. The entire force field concept -- such as 
the E-field and the B-field -- is operationally defined in terms 
of the force exhibited on a test particle, or test mass. Rigor- 
ously, an E-field does not exist as a force field in vacuum, but 
as two coupled scalar ~-fields "tumbling about each other." When 
these two coupled, tumbling fields meet a spinning electron, e.g., 
the force emerges on the electron mass. In short, movement of a 
rotating mass changes delta-$ to "voltage", creating the V/I/R 
triad. 


By "accumulating charged mass particles" -- such as electrons -- 
one certainly can increase the value of $, which represents the 

charge intensity or "scalar electrostatic potential." However, 

that is not the only way to increase it. Resonance and rotation 
of charged masses can also be appropriately employed to vary the 
vacuum charge potential 0, under the proper circumstances. 
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By the correct application of rotary principles and Tesla elec- 
tromagnetic theory, it is possible to oscillate -- and change -- 
the vacuum potential itself, in one part of an electrical system. 
Thus by correct procedures a part of a system can be electrically 
altered so that the absolute value of its "ground" (vacuum) poten- 
tial differs significantly from the normal vacuum-ground potential 
of the remainder of the circuit. In other words, we shift the 
vacuum-ground potential of part of the circuit by oscillating 

the massless vacuum charge itself, and in so doing we gain a sub- 
stantial, oscillatory electrical potential difference between 
that part of the circuit and the normal ground potential of the 
rest of the system. Then we connect the two parts of the system 
by means of a conductor containing a load in the middle. 


In every conductor, a large number of "free electrons" are avail- 
able. If we oscillate the actual vacuum charge itself, unlimited 
additional free electrons also become available from the Dirac 
sea, since partial “unstripping" of the negative energy wells 
(each containing an electron) occurs. This “unstripping" of the 
potential of the well is due to vacuum potential oscillation, 
which oscillates time as well as space. To a negative energy 
well (positive time), the oscillation of its "time stream" in- 
creases the well's negative potential during one half-cycle and 
decreasés its potential for the other half-cycle. Thus during 
half the oscillatory cycle, negative energy electrons may be 
lifted from the Dirac sea if the oscillation is sufficiently in- 
tense. 


Therefore we obtain an attendant voltage and flow of mass current 
through the load. This voltage and current, by the way, are es- 
sentially limitless, and are free for the asking, assuming the 
proper “vacuum oscillation" is initiated and maintained so that 
electrons are continually being lifted from the Dirac sea by the 
time oscillations, and fed into the circuit. 


Standard electromagnetic theory assumes that the vacuum potential 
is zero. It does not recognize the existence of massless charge, 
separated from charged mass. Therefore, orthodox scientists have 
never looked for a way to engineer the vacuum, because they have 
not realized it is composed of pure massless charge. Electrical 
physics has almost hopelessly confused charge and charged mass, 
thereby eliminating scalar longitudinal electrostatic waves. Ex- 
pressed in the bird/high tension line analogy, the present electro- 
magnetic theory restricts us to walking along the high tension 
line, laboriously carrying small batteries and power units, un- 
aware of the limitless, surging power beneath our very feet. 


Electromagnetically, we have been rather like one of the five 
blind men who touched an elephant. We have only touched one small 


portion of the electromagnetism "elephant," yet we thought we had 
grasped the entire beast. 
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efficiency, and future gains will be quite modest, allowing for a possible doubling of LTE 
efficiency over currently deployed versions. See the section “Spectral Efficiency” for a 
further discussion. 


Q Smart antennas. Through higher-order MIMO and beamforming, smart antennas gain 
added sophistication in each 3GPP release and are the primary contributor to increased 
spectral efficiency (bps/Hz). Massive MIMO, beginning in Release 13, will support 16- 
antenna-element systems and in 5G, will expand to potentially hundreds of antenna 
elements. 


Q Uplink gains combined with downlink carrier aggregation. Operators can 
increase network capacity by applying new receive technologies at the base station (for 
example, large-scale antenna systems such as massive MIMO) that do not necessarily 
require standards support. Combined with carrier aggregation on the downlink, these 
receive technologies produce a high-capacity balanced network, suggesting that 
regulators should in some cases consider licensing just downlink spectrum: 


Q Small cells and heterogeneous networks. Selective addition of picocells to 
macrocells to address localized demand can significantly boost overall capacity, with a 
linear increase in capacity relative to the number of small cells. HetNets, which also can 
include femtocells, hold the promise of increasing capacity gains by a factor of four and 
even higher with the introduction of interference cancellation in devices. Distributed 
antenna systems (DAS), used principally for improved indoor coverage, can also 
function like small cells and increase capacity. Actual gain will depend on a number of 
factors, including number and placement of small cells,®? user distribution, and any 
small-cell selection bias that might be applied. 


2 Offload to unlicensed spectrum. Using unlicensed spectrum with Wi-Fi or LTE 
operation in unlicensed spectrum offers another means of offloading heavy traffic. 
Unlicensed spectrum favors smaller coverage areas because interference can be better 
managed, so spectral re-use is high, resulting in significant capacity gains. 


Q Higher level sectorization. For some base stations, despite the more complex 
configuration involved, six sectors can prove advantageous versus the more traditional 
three sectors, deployed either in a 6X1 horizontal plane or 3X2 vertical plane. ”° 


Strategies to manage demand include: 
Q Quality of service (QoS) management. Through prioritization, certain traffic, such 


as non-time-critical downloads, could occur with lower priority, thus not affecting other 
active users. Current network neutrality rules, however, may constrain use of traffic 


2 Off-peak hours. Operators could offer user incentives or perhaps fewer restrictions on 
large data transfers during off-peak hours. 


With small-cell range expansion using a large selection bias, small cells can be distributed uniformly. 


% An example of vertical layering would be a 3X1 layer at ground level and a separate 3X1 layer for 
higher levels of surrounding buildings 


7 For a discussion of this issue, see Rysavy Research, LTE Congestion Management - Enabling 
Innovation and Improving the Consumer Experience, January 2015. Available at 
http: // www.rysavy.com/Articles/2015-01-Rysavy-LTE-Congestion- Management. pdf. 
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QVERTURE TO A NEW AGE TECHNOLOGY 
From an Update by Dr. Rolf Schaffranke 


" s+. as there has been a steady erosion in U. S. activity 
in the basic sciences, there has been an increase in the 
level of such activity in Western Europe and Japan. If 
that continues, we are in danger of losing our position 
of scientific leadership." 


Val, L. Fitch, Prof. of Physics at 
Princeton University, in an interview with 
U.S, News & World Report, June 21, 1982. 


West Germany: 

The prototype of the first motorcycle equipped with a “£lux-motor" (the 
inventor's designation for a tachion field converter or gravity-field generator) 
of 2 KW output has completed a test run of approximately 20,000 km without r 
pairs. Principle of operation: The T-converter is constantly recharging the 
electrical power battery of the vehicle, resulting in an operation which is 
noiseless, fuelless and polution-free. After completion of all scheduled tests, 
a public demonstration to the press is planned within a few weeks from the time 
of this writing. (June 17, 1962) See photo, Pg. 19. A new factory for the 
production of gravity-energy-field converters in the town of Oldenburg is sched- 
uled to produce individual home heating units. The design of automobile power 
plants based on the same principle is also in preparation, Reported efficiency 
factors of several hundred percent are anticipated. 

Japan: 

Mazda continues research on the "magnetic Wankel engine” (45 HP) for elec- 

tric automobiles, based on the principle of Kure Tekko, The gravity research of 


Prof. S.Seike is now sponsored by Hitachi, after millions of Japanese received 
updated information via popular science magazines, It is interesting to note 
that Saudi Arabia has decided to invest $100 million in Hitachi stocks, 
Franc 

The "Kromrey" converter has completed tests at the Institute for Magneto- 
statics, University of Strasbourg. One prototype delivered 700 Watts at 600- 
1200 RPM, ata fairly uniform rate. However, France, as the No, 1 developer of 
nuclear energy in Europe, is still reluctant to concentrate her energies on a 
revolutionary new technology which could result in drastic curtailments of her 
well-developed nuclear industry and associated exports. See photos, Pg. 22. 
Denmark: 

Dr. Jensen, physicist at the University of Kopenhagen, reported test results 
of 300% efficiency with a specially designed, 5-coil transformer in connection 
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with a tachion field converter based on the principle of the "N" machine. First 
reports were presented at the International Conference on Energy Technology in 
Hannover, Nov., 1980. 

England / USA: 

A "bullet train" based on the magnetic levitation system of British Prof. 
Eric Laithwaite is now under consideration for construction between Los Angeles 
and San Diego, Japan and West Germany are already operating high speed experi- 
mental trains, suspended magnetically to reduce friction, that may soon attain 
speeds of more than 200 miles per hour. The Laithwaite-fastham method would use 
electromagnetic forcefields induced over an aluminum-topped concrete track. The 
project will probably be headed by a Japanese company as the prime contractor. 
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West German gravity-field unit in operation 
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Swiss 


Swiss-French gravity field converter system "Kromrey" 
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REVIEW AND OUTLOOK 


THE DEVELOPMENT OF POST-RELATIVISTIC 
CONCEPTS IN PHYSICS AND ADVANCED 
TECHNOLOGY ABROAD 


Rolf Schaffranke, Dr. h. c. 
Member A.1.A.A. 


This paper was presented at The First 
International Symposium on Non-Conventional 
Energy Technology, Toronto, Ontario, Canada, 
Oct. 23-24, 1981. (Reprinted by permission of 
the author.) 


Far more harm is done to the progress of science b 
skepticism than by gullibility". (Dr. Robert Wood, Director 
R & D, McDonnel-Douglas Astronautics Div., Cal.) NASA 
- Langley Research Center in Hampton, VA is named after 
Samuel Pierpont Langley (1834-1906), an American 
astronomer, engineer and architect. 

Langley worked out the aerodynamic principles for 
manned flight. In principal, his calculations were correct; 
but the structural materials he used for wings and engines 
were ,insufficient. In December of 1903, the New York 
Times published an editorial complaining about his foolish 
dream and the associated waste of government money. The 
editorial predicted that: "man would not fly for a thousand 
year 
Only 9 days after the editorial was published, the Wright 
brothers made their first successful powered flight at Kitty 
Hawk. (Dec. 17, 1903). But, again, as late as 1905, the 
American suggested the happening was a hoax - 
two years after the event which changed history. Let's reflect 
for a moment on the fact that only in a single lifetime, man 
has journeyed from Kitty Hawk to the surface of the moon! 

The analogy to the problem of alternative energies and 
their development is, of course, obvious. We try to educate 
the preaching orthodoxies. But orthodox solutions are no 
longer enough. Our system of education can only give from 
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the past. The present must operate on inspiration and 
intuition, or the future will be lost. The past no longer has 
enough of the answers for arising crises for which there are 
no precedents. To keep pace with the requirements of the 
future, we must begin to teach not only what to learn, but 
how to learn, how to analyze, how to search for the truth. 
Only then will be able to recognize discrepancies between 
experiment and dogma and to cope with problems which 
appear to be just beyond the corner. History has shown 
again and again that no single individual can rise above the 
species without being persecuted. The reasons for that are: 


Some of the most powerful forces in homo sapiens 
have always been 

Greed, Pride, Ego, Fear and, above all, the Desire 
to Control Others, 


A brand new German book titled Energy in 
Abundance, which is evidently creating a considerable 
impact in the European community, challenges the 
contemporary high 
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priests of science, the "Guardians of the Status Quo" and uncovers an almost in- 
credible narrowmindedness and ignorance in science, politics and economic: 
“approaching the criminal" as the author puts it. The contemporary waste of 
genuine intellectual creativity is castigated as a cultural scandal approaching 
barbarism. The book stresses that a truly promising approach to the so-called 
energy crisis requires a fundamental and thorough re-evaluation of the theories, 
dogmas and axioms which form the basis of present day science and the foundation 
of our technology. As in the past, the formidable inertia of the establishment is 
not only based on inaccurate, incomplete and outdated information, but also on its 


reluctance to accept new ideas. The honest search for the truth first requires 
that we first demythologize generally accepted claims of so-called experts of the 
past. An excellent introduction to this problem is the article "Resistance by 
Scientists to Scientific Discovery" by Bernard Barber in Setence, Vol. 134, 
Pp. 596-602, of Sept. 1961, or the paper by Stephen C. Brush in Science of March, 
1974, titled "Should the History of Science be Rated 'x'"?, culminating with a 
statement of Huxley: 

"authorities", "disciples", and “schools” are the curse of science 

and do more to interfere with the work of the scientific spirit 

than all its enemies". 

The former astronaut, Capt. Edgar D. Mitchell, one of our famous contemporar- 
ies, also stressed the need for an open mind! 

“History has shown time and again that important scientific dis- 
coveries generally happen only when someone steps outside the 
limits of his traditional discipline and looks at something from 
4 fresh point of view. Then what should have been obvious all 
along comes into focus". 

Those of us who are familiar with the pioneering efforts of Dr. Hans Nieper of 
Hanover will appreciate this statement by an ex-astronaut. 

One of the most important cornerstones of today's scientific dogmas dates back 
to 1905, more than 3/4 of a century ago. Lest we forget, television and radar, 
jet-planes and cyclotrons, moonrockets and close-up photos of the planets of our 
solar system were nothing but wild fantasies of science fiction then. 

The speed of light was assumed to be constant and the maximum possible speed 
in the universe; vacuum was to be a total void. In reality, the speed of light as 
measured in the Michelson-Morley experiments was not at all the same in all direc- 
tions. The “ether-drift" still amounted to the respectable velocity of about five 
niles per second, and similar results were obtained by D. C. Miller in a series of 
experiments extending over twenty-five years, from 1902 to 1926. 


Inup/ivw.cheniereorg/books/newteslaemyp24.him (1 of 2)24.11.2008 21:37:39 


‘Return to Table of Contents 


Return to Table of Contents Next Page 


nspsivww:cheniereorgrbooks/acwt 


lcmp 4 hum (2 of: 


411.2005 21:37:39 


‘Return to Table of Contents 


“Even worse, the measurements showed such marked discrepancies 
with previous results as to occasion a distress call to the U. S. 
Coast & Geodetic Survey, whose surveyors repeatedly remeasured the 
Length of the tube and found no error there," reported the 
Popular Seience Monthly march 1934 issue. And it continued: 

“More recently, speed of light observations only emphasized the 
apparent erratic behavior of the light beam that the scientists 
were attempting to plot. On some days it seems to travel fester 
than others by as much as 12 miles a second. Its speed seems to 
vary with the season, ané also in a mysterious shorter cycle last- 
ing about 2 weeks. Finally, the scientists ended by taking an 
average of all the readings which has just been announced as 
186,271 miles per second". 

In his paper "A Critical Look At the Theory of Relativity", Library of Congress 
Cat. No. 77-670044, F. K. Preikschat compiled all known light velocity measurements 
during the past 300 years or so, from Olaf Roemer in 1676 to the Laser measurements 
conducted by the National Bureau of Standards (USA) in 1972. 

Of the 27 experiments undertaken in this field, 18 of them after the turn of 
this century, it must be concluded that the velocity of light as measured within 
the reference system of our earth has changed as much as plus/minus 50 km/sec, dur- 
ing the past century. Preikechat plotted a curve of these deviations and suggests 
@ possible relationship between sunspot activities and changes of the earth mag- 
netic field during the time period in question. 

The “universal constancy of light" appears, therefore, as somewhat shaky 
“empirical evidence" for our cornerstone in physics, especially since Einstein hin- 
self has gone on record as saying: 

"IE a single one of the conclusions drawn from it (relativity 
theory) proves to be wrong, it must be given up; to modify it 
without destroying the whole structure seems to be impossible”. 

Another modification concerns the definition for the term "vacuum" in physics, 
as documented by a paper in the American Scientist, March-April 1980, titled "Is 
The Vacuum Really Empty?" by Prof. Walter Greiner, University of Frankfurt, BRD, 


and Prof. Joseph H. Hamilton, Vanderbilt University, Nashville, Tenn. 


‘The authors conclude that a neutral vacuum is by no means as “empty” as pre~ 
viously claimed in our textbooks, and suggests a new definition as follows: 
“The vacuum is the lowest stable state that a region of space 


can have while being penetrated by certain fields". 
Because of the tremendous time lag in our educational syst 


many research 
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Given a goal of increasing capacity by a factor of 1,000, 50X could roughly be achieved through 
network densification; 10X through more spectrum, including higher frequencies such as 
mmWave; and 2X by increases in spectral efficiency. 


Based on historical increases in the availability of new spectrum, technologies delivering better 
spectral efficiency, and increases in the number of cell sites, Rysavy Research has calculated 
that, over the last thirty-year period, aggregate network capacity has doubled every three 
years. Rysavy Research expects this trend to continue into the future. 


Rysavy Research Analysis: 


Aggregate Wireless Network Capacity 
Doubles Every Three Years. 
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projects and their ensuing experimental data have been withheld from public scru- 
tiny. The scientific community tends to have a vested interest in preserving the 
system it created and of which it is a part. It responds to new situations through 
the coloration of this attachment. A case in point are the carefully conducted 
experiments of T. T. Brown with charged bodies in a high vacuum, as described in 
my booklet Zther Technology (1977). These experiments suggest the actual pres- 
ence of certain fields in vacuum, whether we call them gravitational field, 
tachion-field, ether-field, neutrino or Fermi-sea, etc. is of secondary importance 
at this moment. Although Brown spent, reportedly, more than $200,000 of his own 
funds over several decades on such experiments, he was nevertheless unable to have 
the results published in the scientific media of america. 

Things are even worse when it comes to experiments conducted abroad, which 
often tend to confirm disregarded experimental results on this continent, as we 
shall see shortly. To highlight the wide discrepancies between orthodox (and ob- 
solete) dogmas and actual, physical realities pertaining to the true subatomic 
structures as we know them to be today, let us briefly review the structure of the 
matter 


A molecule is the smallest division of a substance. Further division would 
cause it to cease being a substance. The smallest of true molecules can be illus- 
trated when we use the globe of the earth for our standard. If a single drop of 
water were magnified until it was as big as the earth, each molecule would be about 
the size of a TENNIS BALL. 

On the next step down, an atom is the unit which makes up the nature of the 
molecule, consisting of the nucleus and the surrounding electrons to render the 
atom "stable". An atom of hydrogen contains one proton and one electron to balance 
or neutralize the proton. Matter then is divisible into electrons and protons. 


But ~ and here comes the rub: Between electrons and protons are spaces so vast, 


in comparison with the masses of each, that, if the proton in the carbon atom were 
the size of a golf ball hanging from the ceiling of the great hall at Pennsylvania 
Station in New York, its electrons would be represented by six small wasps winging 
ana little knot against the four walls of the gigantic structure of the building! 


in effect, one could claim there is little final solidity of substance to anything: 


‘The universe consists of “emptiness", charged with electrical energy! If we 
translate the above to the measurements and terminology of the physicist and 
"magnify" the atom mathematically, with all its distances and dimensions kept in 
Proportion so that the orbit of the electron would have a diameter equal to that 
of the earth about the sun, approximately 184 million miles, the diameter of the 


electron itself would only be 2,000 miles, and the diameter of the nucleus, where 
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mass and weight of the aton are truly concentrated, can be taken as 2 miles only. 
We thus obtain a picture of a central mass with a diameter of 2 miles (nucleus), 
another object with a diameter of 2,000 miles (the electron, in the case of the 


hydrogen atom) at a distance of 92 million miles away from it, orbiting the nucleus. 
Evidently, there is plenty of room inside this system. Ané "room" is not a vacuum, 


it is not nothingness, but space itself, spatial energy, a field which can be iden- 
tified with the ether of the past - and of the future. Nobel prize winner, max 
Planck, during a lecture in Florence, Italy, once made a truly remarkable statement 
which describes the problem facing the physicist today: 

"As @ man who has devoted his whole life to the most clear-headed 

science, to the study of matter, I can tell you as the result of 

my research about the atoms this much: 

“THERE IS NO MATTER AS SUC! 

All matter originates ané exists only by virtue of a force which 


brings the particles of an atom to vibration and holds this most 
minute solar system of the atom together. ... We must assume behind 

this force the existence of a conscious and intelligent MIND. This 

mind is the matrix of all matter". 

This cosmic matrix is needed if we want to explain “action at a distance", 
lines of force, stresses, a magnetic field and so on. When the concept of the ether 
wes abandoned, it had to be replaced by the concept of “space” instead. In reality, 
we merely switched terminology. We used to say that “ether fills all Space”. But 
"filling" is not exactly the descriptive word to use. Perhaps we should rather de~ 
fine it: "Ether is a condition of space in which electrical manifestations for the 
tomic construction of materials is possible". This primordial energy is “free" or 
in an uncondensed state. It exists in interstellar space but remains unrecognizable 
until it begins to coagulate or gets into a vortex pattern. It constitutes the for- 
mative fielé force of nature, an immense reservoir of latent energy. 

The claim of our textbooks that the Michelson-Morley experiment "disproved" 
the existence of the ether is incorrect. It merely disproved the existence of a 
noticeable ether drift or grag. As an analogy, if somebody would postulate that the 
absence of wind disproves the existence of the atmosphere around our planet, the 
fallacy of this postulate would be immediately apparent to all. 

“Michelson and Morley centered their attention on the Earth's orbital velocity 
(30 km per second). They had no knowledge of the existence of galaxies; of motions 
of galaxies in relation to each other; of the motion of our solar system in our 
galaxy..... Their negative results are explainable on the basis of pre-1900 class~ 
ical mechanics, so provide no proof of the absence of ether or Louis de Broglie's 
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‘subguantic medium'. Thus, the limited information available to Michelson and Ein- 
stein is emphasized by recent findings, particularly in astrophysics", writes br. 
He C, Dudley in the Su2letin of the Atomic Sctentiste, January, 1975, under the 


title "Michelson's Hunch Was Right". And Dr. Dudley continues: "In fact, 1929 saw 


Michelson still attempting to experimentally demonstrate the ether, which his intu- 


ition and reasoning told him ought to be present" 
"Today most persons are largely unaware that the ether concept began to be 
seriously reexamined by two of physics most notable theoreticians, Paul Dirac in 
1951 and de Broglie in 1959, both Nobel laureates. The ether is now being called 
the "neutrino sea" by astrophysicists, and has been characterized as an energy-rich 


ic medium. A rather voluminous literature on the subject is 


particulate, subquan 
accumulating as indicated by a recent review, The Cosmic Neutrino, with 665 refer- 


ences covering only the period 1965-1972 It appears that an open-minded reex- 


amination of this area of physics is long overdue in order to open up new avenues 
of approach to this pressing problen". 

Michelson, Dirac, de Broglie were not the only Nobel prize winners in favor of 
a reexamination of the ether question. Others were Stark, Arrhenius, A. H. Compton, 
Lenard, H. Yukawa, and Frederick Soddy, the British scientist who, during the con- 
vention of Nobel laureates in Lindau, 1954, described the current dogmas in physics 
as “an orgy of amateur physics" and “arrogant swindle" - with particular emphasis 
on the theory of relativity. ("The Wider Aspects of the Discovery of Atomic Dis- 
integration", New World Publications, St. Stephens House, Westminster S.W.I.) 

It remained largely unknown, even among physicists, that Einstein himself had 
serious doubts, In 1949, he wrote to his old friend, Maurice Solovine, who con- 
gratulated him on his 70th birthday: 

"Now you think that I am looking back at my life's work with calm 
satisfaction. But, on closer look, it is quite different. There 
is not a single concept of which I am convinced that it will stand 
firm and I am not sure if I was on the right track after all". 

And one of my Canadian friends who I believe is present here today stated 
quite correctly in a letter to me: 

“The myths around Einstein are really not of his making as he 

himself often questioned his own conclusions and I felt he was 

quite aware of his own limitations which others were covering 
up. The physicists protect their members much the same way 


that the medical profession protects its own." 
The purpose of these remarks is not to spark another controversy about the 


merits of the theories of relativity. Rather, they want to show that so-called 
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“scientific evidence" is a rat 


wv elastic term and that “verification” is always 
a relative affair. Or, as K. R. Popper so aptly put it: 

"only in our subjective experience of conviction, in our 

subjective faith, can we be ‘absolutely certain'". 

This symposium presents an excellent overview of research and experiments re- 
ported from English speaking countries, or experiments published in the English 
language, as for instance from Japan. However, as Dr. Tenhaeff from Holland has 
formulated the problen, 

"It is important to pay attention to publications of colleagues 

in other countries. In the Netherlands and Germany, every 
academically educated man or woman knows at least three foreign 
languages. English and American authors only pay attention to 
material in English. In my opinion, this leads to an ‘impover- 
ishment' which puts a drag in science. Some seem very chauvinistic 
and seem to believe that only the researches done in their country 
are important. I regret this. Science is international, and 
international cooperation is of the greatest importance in science". 

In presenting some brief reports from abroad, I shall attempt to bring corrob- 
erative evidence in support of alternative technology developments discussed during 
our meeting here in Toronto. Let me start with the most sensitive and secretive 
society, with Russia. 

In his German original of the paper "Some Remarks on the Shielding Theory of 
Gravity", which was published in the Hanover Proceedings in more detail than the 
English abstract, Dr. Hans Nieper mentioned the Berlin engineer Levetzow, who was 
one of the first to postulate a combination pressure and shielding theory for the 
phenomena of gravity. Levetzow was scon overshadowed by the rising star of Albert 
Einstein, but one of his followers, Horst Pinkell, went to Russia in 1928 as an 
exchange student - and never returned, Together with Russian scientists, he was 
asked to prove the actual existence of the cosmic radiations postulated by Levetz- 


ow, now designated as neutrino sea or “tachion field". The work was done in 
Sterlitamak, South of the Ural mountains, and in 1938, sporadic reports reached 
the West about the discovery of extremely short corpuscular waves by Pinkell and 
Gorjew. These were the long sought "Hemmstrahlen" or drag waves associated with 
gravity. Rumors have it that a metal alloy was soon developed which acted as a 
drag wave polarisor and, in 1947, agents reported experimental Russian aircraft 
using this discovery. In 1951, a former German Junkers aircraft engineer reported 
about his activity pertaining to a super-secret project code named COW-7 in 


Siberia, a disk-shaped craft which could rise vertically and which belonged to the 
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secret weapons then developed by the Soviets. Whether it was related to the Can- 
adian AVRO project or something entirely different remained unknown, only the Lev- 
erzow gravity theory was assumed in connection with the activity in question. 
Japan: My esteemed friend, Prof- Seike, who kept me informed about the re~ 
search conducted by him and his co-workers, surprised me once with a significant 
statement, which I feel is important to repeat for the benefit of frustrated re- 
searchers on this side of the Pacific: “In the early stage of my studies, physi- 
cists could not understand what I was doing, while actors and actresses did so by 
intuitir It was the private support of about 800 individual artists, etc., in 


Japan which allowed Seike to work, experiment and publish his findings, and not 
the support of the Japanese equivalent of a National Science Foundation or a simi- 
lar bureaucratic institution in that country. Again and again, I was surprised how 
quickly and eagerly American experiments, as for instance the almost forgotten 
“Ionocraft" of the late Major de Seversky, were duplicated and explored even in 
Japanese 
our intellectual’ complacency: “As a nation, we seem addicted to 'spectatoritis’. 
We sit in the bleachers and let the game of life unfold before us". 

The results are known: The Japanese have achieved top position in science and 
technology, and not only with tachion beams melting stones, producing "biased" 
water with a freezing point of minus 4 degrees Celsius, and a G-power generator 
obtaining 400 V DC output from a 10 V input driving source. I wish to take this 
‘opportunity to thank Prof. Seike for sharing his work with us in this country, and 
wish him the best of success for the future, 


condary schools. Admiral Rickover has more than once complained about 


france: The work of SEPED was explained by M, Ren€ Louis val€e and some 
French publications in the area of gravity-research have been translated by the 
NASA translation service, as for instance the theory of the electromagnetic Magnus- 
Effect (of Marcel Pag6s). 

Specific mention must be made of the Raymond Kromrey G-field generator, a 
French-German-Swiss development which appears very closely related to the American 
"x" machine principle, the "Sunburst" machine and the "Permanent Magnet-Motor" 
Patent of Howard Johnson. Utilizing either permanent or electromagnetic modules, 


the generator output exceeds the input by far. One prototype delivers approximat~ 
ely 700 watts at speeds varying between 600 and 1200 RPM. Models with an output of 
100 to 160 kw are presently in the planning stage. Several European patents have 

been granted against heavy opposition, especially from French industrial circles. 

The development was about 40 years in the making and the inventor stresses the need 
for a reinvestigation of electromagnetic and gravitic forces, as well as a reexan- 
ination of many cemented dogmas in pr. 


nt-day physics. 
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Licensed spectrum scarcity continues to challenge the industry. Tactics to make the best use 
of this limited resource include deploying technologies that have higher spectral efficiency; 
adapting specifications to enable operation of UMTS-HSPA and LTE in all available bands; 
designing both FDD and TDD versions of technology to take advantage of both paired and 
unpaired bands; designing carrier aggregation techniques in HSPA+ and LTE-Advanced Pro; 
and deploying as many new cells, large and small, as is economically and technically feasible. 
Although all of these industry initiatives greatly expand capacity, they do not obviate the need 
for additional spectrum. 5G technology will be able to employ frequencies not previously used 
in cellular systems, spanning 6 GHz to 100 GHz. 


‘An important aspect of UMTS-HSPA and LTE deployment is for infrastructure and mobile 
devices to accommodate the expanding number of available radio bands. The fundamental 
system design and networking protocols remain the same for each band; only the frequency- 
dependent portions of the radios must change. As other frequency bands become available for 
deployment, standards bodies adapt UMTS-HSPA and LTE for these bands as well 


3GPP has specified LTE for operation in many different bands, and initial use will be more 
fragmented than the four bands (850 MHz, 900 MHz, 1.8 GHz, 1.9 GHz) that enable global 
roaming on 2G and the additional two bands (1.7 GHz and 2.1 GHz) that enable 3G roaming. 
In the Americas, LTE roaming may occur in the 1.7/2.1 GHz (AWS) bands, and globally, LTE 
roaming may occur in the 1.8 and 2.6 GHz bands. Longer term, operators will re-farm spectrum 
used for 2G and 3G and apply it to LTE. Unfortunately, the process of identifying new spectrum 
and making it available for the industry is a lengthy one, as shown in Figure 32. 


Figure 32: Spectrum Acquisition Time?? 
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Rysavy Research 


New short-term spectrum opportunities in the United States include the “small-cell” band from 
3550 to 3700 MHz and 5G spectrum. 


7 Source for historical data, FCC, National Broadband Plan, Chapter 5. Available at 
http: //www.broadband.qov/ plan/5-spectrum/, accessed May 18, 2017. Future based on Rysavy Research 
analysis. 
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Germany: A system of rotating electromagnets and magnetic “stator rings" of 
the Gexman "Kunel" Generator complement the general trend of the American and 


Prench generators mentioned before. The first prototype was reported to have bi 


tested in April, 1980. Here, again, very heavy opposition from the German ortho- 
@ox science establishment. Of special interest is a comment by Nobel laureate 


Werner Heisenberg, reported to have been made vis-a-vis the invento: 


"I. think it is possible to utilize magnetism as an energy- 
source. But we science idiots cannot do that; this has to 
come from the outside". 

More details about French and German developments have been published in the 
new book already mentioned, Energy in Abundance by Hilscher ané, hopefully, an 
English version of this important work will be available by next year. Generators 
which do interact with surrounding energy fields have been designated as "open 
systems", in contrast to our present "closed system" technology of gasoline and 
Giesel engines, steam turbines, nuclear power plants and so forth. The theoretical 
lization that there simply is no such thing 
as “empty space". In reality, space is filled with an extremely energy rich, sub- 


basis for all “open systems" is the r 


atomic and subquantic continuum. In short, a “pre-physical state of matter", which 
can be tapped, as for instance by the spinning of magnetic systems which extract 
momentum via a vortex-formation of the universal "tachion field". 


Austr: This small heartland of Central Europe is proud of her native pion- 


eers in science, among them Dr. Wilhelm Reich, Viktor Schauberger ané Karl 
Schappeller. But after Dr. Reich died in an American prison in 1957 and Victor 
Schauberger died only five days after his return from the USA (in 1958), where he 
received an incredibly unfair treatment from certain industrialists, there is 
little enthusiasm among Austrians to touch base with correspondents on this contin- 
ent. Viktor Schauberger's son, Walter, refuses, as a matter of principle, to com- 
municate with Americans, no matter in what language. To illustrate the type of 
“contract™ Viktor Schauberger was forced to sign, it stated: 

that all of his patents would become the property of the “consortium”, 

that any future inventions or developments would also becone 

the property of the "consortium", 

that he would refrain from discussing any of it with third parties, 

that he would refrain from publishing, 

that all plans and models would remain with the “consortium” after 

his departure from America. 

There is a favorite saying in that small country which is much to the point: 


“After the Greek philosopher Pythagoras had discovered his famous 
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theorem, he sacrificed a whole hecatomb of oxen as a thanksgiving 
to the Gods. Ever since, all the oxen in the world are running 
scared whenever a new truth has been discovered". 

Knowledge of the ideas of Schauberger and Schappeller appears to be essential 
for an understanding of our changing picture of the physical world. As an example, 
the former forest ranger Viktor Schauberger had watched numerous times some trout 
standing, apparently motionless, in the strong currents of Alpine mountain streams. 
‘This and many similar observations of nature brought him to the gradual development 
of his "implosion-theory" and associated hardware (see Jensen paper elsewhere). 

His son is continuing the work in the "Pythagoras-Kepler" School in Bad Ischl. 
Another prolific researcher is the Viennese engineer Franz Seidl, known for his 
studies of the use of magnetic field effects as “trigger energy" for voltage and 
Power multipliers. 

Holland: A small country with strongly developed intellectual independence 
appears to be Holland, where Prof. J.M.J. Kooy developed his "Space Dynamics". 

His hypothesis of gravitational action is based on the realization that all celes- 
tial bodis 


the elementary particles and their mutual distances in the structure of matter. 


can be conceived as practically transparent in relation to the size of 


Gravitons or tachions, coming from all directions of deep space, can pass through 


a celestial body like water passes through a fishnet, and only a minute fraction 
of the cosmic gravitons or tachions will be intercepted. Study of the effects of 
the tachion field or space continuum of the fabric of material substances, magnets 
and crystal lattices can lead to development of converters and novel production 
facilities for readily usable, conventional E/M energy. When the American inventor 
Edwin V. Gray was blocked in his efforts to develop his "Pulsed Capacitor Discharge 
Electric Engine" for which he had received U. S. Patent 43,890,548, he found open 
ears and open minds in Holland. 

The fact that Gray was named "Inventor of the Year" from the Department of 
Patent Rights in Los Angeles, California, where Dr. Chalfin of Cal Tech confirmed 
that: 

There does not exist an even distantly similar engine to this one 

in the world. Conventional electric engines use up power. In 

this system energy is used up for only a minute part of a 

millisecond. It operates without heat loss and there is no 

energy loss whatscever with this system", 
had more meaning to the people of PHILIPS and others in Holland than to the energy 
establishment in his native America 

England: There is perhaps no more controversial inventor at this time than 
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John R. R. Searl and his Levity Disc, powered by the Searl Effect generator. It 
is claimed that model craft have been demonstrated with flight characteristics 
showing anti-gravitational and inertia-free properties. Demonstrations have been 
photographed and videotaped. Sear] calls his generator a "Gyro-Flywheel High 
Energy Density Mechanical Magnetic Device" and claims that the magnets used are 
net the common type, ordinary magnets. The Australian engineer Athol Park of Mel- 
bourne, Australia, who visited Searl a few years ago described it this way: 

“From a briefcase, Mr. Searl takes a bar magnet and two steel 

rollers. He places the rollers at either end of the magnet. 

‘They appear to be attracted to the poles - but, when they are 

pushed gently around the corners of the magnet, they chase each 

other round and round.... " 

The engineer quotes Searl: 

The crystals in the magnet are changed by putting it in a 

magnetic flux oven and by frequency control. The result is 

motion of a magnetic field - a completely new source of pow 


Units (modules) based on this principle are what power my 
levity unit - the motor and generator built as one, fuelless 
unit". 

In one of his numerous newsletters he states further: 

“The power plant is a self-contained, onboard closed system of 
conversion elements with energy input from # latent storage 
source”. 

Because Searl has never divulged all details and his explanations are gener- 
ally of a non-technical, “unscientific” nature, many investigators have chosen to 
dismiss him as a swindler and imposter. In sharp contrast to this is the opinion 
of a well-experienced American engineer who reported after a visit with Searl: 

"I found it refreshing to note the keen sense of moral respon- 

sibility which he feels for the use to which his discovery is 

put... The Searls live in modest circumstances. Luxuries are 
few. They do not own a car. Mr. Searl bicycles several miles 
daily to his place of work in Maidenhead. There he is an elec- 
trical technician and training supervisor in a bearing factory". 


But perhaps most significant was the following observation of the American 
visitor about Searl: 
“We were also interested to hear him say that many of his ideas 
came to him while he slept. He would go to sleep with questions, 
ané awake with answers... and refreshed. He seemed to have the 
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ability to restore vital powers more quickly than most peopl 
‘And the Anerican concluded his report with the statement: 

"The impression we gained of Mr- Searl was one of a very sincere 

and generous person, a dedicated and tireless worker with perfect 

confidence in the outcome of his efforts, a man of high principle 

with a keen sense of loyalty to those who are helping him, and of 

responsibility for the future welfare of our planet and its 

people". . 

In view of the very contradictory nature of comments and impressions by those 
who have met Searl, it might be wise to reserve final judgment on the Searl-Levity- 
Dise and ite faventor at this time. 

New Zealand: Some of Searl's keenest supporters and observers of his work are 
in New Zealand and Australia. And one of the sharpest young physicists in that 
country (new Zealand), unhampered by calcified ideology, developed the mathematical 
foundation for a theoretical anti-gravity effect, using the hydrodynamic analogy of 
the ether. He uses the equivalent of the hydrodynamic Reynolds number, above a 
certain value of which the laminar flow past solid surface breaks down and becomes 
turbulent due to shear rupture of the viscous cohesion of a fluid, together with his 
deduction that anti-gravity could be obtained by creating a “vacuum: in the ether in 
such a way as to correspond to the production of turbulence in a magnetic field. 
Turbulence in a fluid occurs when Reynolds number RE = 1, when the inertial shear- 
ing force equals the viscous cohesion force in the fluid in the vicinity of an 
approximately spherical body immersed in the fluid, resulting in separation of the 


boundary layer and formation of a wake, i. e, vacuum or free surface around the 


body. He calculated the threshold for turbulence in the ether, = a vacuum = an 
anti-gravity effect, using the refined value of ether kinematic viscosity which he 
obtained. 

His theory would confirm the observations of very high voltage produced in the 
case of the Searl Levity Disc, and the very high voltage needed in the vacuum ex- 
Periments with flying disc-shaped bodies of T. T. Brown, the "ionocraft" observa- 
tions of Major de Seversky, the "Electro-Field Rockets of Prof. Dudley, the obser- 
vations of Northrop Corp. with "Electro-Aerodynamics in Supersonic Flow" and 
similar American documentation and patents. 

Since the New Zealander is now in the process of attempting to publish his 
theory in a reputable British magazine, I am not at liberty to divulge his address 
Prematurely. Interest in New Zealand and Australia is running high, and possible 
breakthroughs in energy technology should not come totally unexpected in these two 
countries with strong intellectual ties to England. 
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Conclusion 

There is now overwhelming evidence for the actual existence of a very high 
density, energy rich space continuum formerly called "ether". This space energy 
can be concentrated, gathered, focused, magnified and compacted by magnets or mag- 
netic materials, which appear as the new core materials for converters of all 
kinds, utilizing the cosmic energy for new technology applications. 

Crystals are energy-sensing and channeling devices; they can serve as transdu- 
cers, as for instance in the Moray~Device, or the “rock electricity" of T. T. Brown. 

Combinations of crystals and magnetic materials appear to be the mainstay for 
the development of “hyper-space" - converters and generators of power - utilizing 
free, cosmic energy in our future. 

Unbiased, totally honest and impartial reexamination and reevaluation of all 
scientific theorems and dogmas, as well as unhampered opportunities for the pion- 
eers of the new technology on the American and European continent appear to be the 
Prerequisite of success. 

Those who accept’ that anything of the nature of ideas or ideology is 
Permanent, use all their strength to hold on to it, and to condemn all who do not 
agree. The next stage of this spiritual illness of the mind is to build a monument 
to what they perceive is Truth, and then to build a monument to their own permanence 
in the world. This, they do by seeking fame or fortune, and authority over others, 
This is the contemporary, planetary psychology situation, and thus are we losing 
the gift of perspective and horizon and are no longer able to discern what is im- 
portant. Skeptics are on record as saying: 

"We are not running out of natural resources or intellectual 

talent, we are running out of the freedom of innovation that made 

the countries on the North American continent the most advanced 

nations on earth". 

The future will show whether this freedom, which includes the freedom and the 
Guty of taki: risks, can be restored to the degree our Founding Fathers have been 
striving for. Only then will we know whether the late Wernher von Braun was not 
too overly optimistic when he stated: 

“The cosmic age will bring a dawn of knowledge not yet envisioned. 

it will dwarf all our present knowledge and ideas and, through its 


vastness, may even bring men closer together on their own planet". 
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Table 11 summarizes current and future spectrum allocations in the United States.” 


Table 11: United States Current and Future Licensed Spectrum Allocations 
Frequency Band | Amount of | Comments 
Spectrum 
600 MHz 70 MHz | Ultra-High-Frequency (UHF). 
700 MHZ 70 MHz | Ultra-High Frequency (UHF). 
850 MHz 64 MHz __| Cellular and Specialized Mobile Radio. 
T.7/2.1 GHz 90 MHz | Advanced Wireless Services (AWS)-1. 
1695-1710 MHz, 65 MHz | AWS-3. Uses spectrum sharing. 
1755 to 1780 
MHz, 2155 to 
2180 MHz 
1.9 GHz 140 MHz _ | Personal Communications Service (PCS). 
2000 to 2020, 40 MHz | AWS-4 (Previously Mobile Satellite Service). ™ 
2180 to 2200 MHz 
2.3 GHz 20 MHz | Wireless Communications Service (WCS). 
2.5 GHz 194 MHz | Broadband Radio Service. Closer to 160 MHz 
deployable. 
FUTURE 
3.55 t03.70GHz | 150MHz  |Small-cell band with spectrum sharing and 
unlicensed use. 

‘Above 6 GHz Multi GHz | Anticipated for 5G systems beginning in 2017. 
Based on wavelengths, 3 GHz to 30 GHz is referred 
to as the cmWave band and 30 GHz to 300 GHz is 
referred to as the mmWave band, 


Today's licensed spectrum networks operate most efficiently and are deployed most cost- 
effectively using a combination of low-band spectrum, below 1 GHz, for coverage and 1 GHz 


® For international allocations, refer to Wik-Consult, Study for the European Commission, Inventory 
and review of spectrum use: Assessment of the EU potential for improving spectrum efficiency, 
September 2012. Available at htt://ec,europa.eu/diaital-agenda/ sites/diaital- 

agenda/files/cion spectrum inventory executive summary en.pdf. 


74 Supported in 3GPP Band 70, which adds 1995-2000 MHz, pairing it with 1695-1710 MHz in AWS-3 
band. 
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Introduction 


The following is first-hand testimony from an operative of the secret underground 
military projects who also has familiarity with the breakaway civilization above and below 
(within) Earth. These civilizations utilize advanced technology to extend the length of 
their lives and enhance cognition beyond what is conceived of in today’s society. 


| was brought to the underground bases as a child as part of an experimentation 
program to test the population for various blood-groups and personality traits that would 
be of use to certain factions of the military in ways that would serve to preserve and 
strengthen humanity's outlook in the future. 


These tests involved everything from combat training to sensory deprivation based 
emotional-mental endurance, and introduction to the highly advanced application of 
esoteric knowledge. 


To clarify, | am bringing this information to you as part of my assistance in the overall 
unveiling of the hidden knowledge of the ages of humanity related to these secret 
projects as well as the true galactic history of Earth, humanity and man-kind. These 
projects are officially (unofficially) known as “unacknowledged special access programs”. 
The unacknowledged aspect means that there is no formal acknowledgement of these 
programs without a need-to-know basis. There is no paper-trail, no disclaimer, no formal 
authorization or internal publication outside the programs themselves. The classification 
of these programs also generate a rather strenuous situation regarding funding and 
secrecy but this is done for the benefit of humanity. There are secrets and manipulations 
that can be seen as a threat but this is all tied together and so by releasing the secrets 
that are part of the defense we would be inadvertently exposing the public to the threats 
themselves. Now is the time where we are reaching a point where the public is ready 
enough to handle the basics of this information regarding the secret projects and the 
galactic history of Earth and humanity. This is also out of a necessity to preserve 
civilization for if we wait any longer we may not find the same opportunity again. 


Getting This Out Of The Way 


1am writing to you from the perspective that | am not certain just how far from 
completing my mission | am. | write to you today in order to bring to you many personal 
experiences from the viewpoint of an operative of a select ultra-military secret society. 


The utilization of such an operative is not glorified, pleasant, or entirely righteous. This 
story entails sanctioned and guided acts of extermination, ritual abuse, the use of yet to 
be announced advanced technology. There is unfathomable corruption, the thirst for 
power and spiritual knowledge that has been protected throughout the course of the 
multiple civilizations that have preceded this one and will continue to be maintained into 
the future of this civilization. 


Psychic Operation 


| was utilized in psychic-operation amongst other areas. 


This was used during certain aspects of training and conditioning to enhance training 
and conditioning in the bases using advanced technology. Some of this includes what 
would be viewed as traumatization by those without the training and conditioning. There 
is a fine line between training and conditioning and abuse. Part of this disclosure is re- 
lated to how this line may have been crossed in certain situations and regarding mass- 
mind control upon the population. There are other aspects of travel, viewing, reconnais- 
sance and research that will likely be explained in another release. 


In order to heal | have te tell the world. You can help. This is happening right now in 
the underground bases and around. It’s not a joke. Your family is at risk. Your future gen- 
erations are at stake. There is conditioning to encourage those involved to believe they 
are performing a duty for humanity. Sometimes they turned us against each other, but 
those grudges were never truly of the heart, but the mind. 


A Light for the Others 


What | hope to achieve with this is a smoke signal for those who have also been 
involved and question whether their purpose has been fulfilled or falsified for the 
protection of a corrupt system that intends to neither benefit the whole nor repay the 
individuals involved for their time, energy, and lives. 


Multiple explanations can be summoned to describe the reasons behind the necessity 
for the training we have endured, the missions we have completed, and the control 
mechanisms we have both assisted in establishing as well as suffered from the backlash 
of. Ultimately, it is of my belief that all that was done was done for the good of humanity, 
even when we were not sure of the intentions of those in front of us, to the side of us, or 
behind us compelling us forward with the command to complete each objective. 


This is not so much a panic or cry for help as this is simultaneously a call to awaken 
and a signal that humanity may have avoided complete disaster but is not out of the 
woods yet. 


Natural Security 


My experience is far too vast and | have seen too many succumb to stress from the 
realization of the truth of this reality to consider my own suffering to be enough cause for 
my denial of the necessity of these programs. Humanity has been protected and at a 
great cost to those who have been on the front lines, both in mind and body and spirit. 


There are many who will have concerns, doubts, as well as reservations about what | 
am about to reveal and if | offend anyone then know that my intentions here are to assist 
in unveiling the truth. The truth can be harsh when one has been held back from the true 
nature of existence for so long. The way of life can become so fragile and artificially 
constructed on impulse and mystery that the harshness of the truth acts as a great 
catalyst for spiritual growth which allows us to elevate ourselves to a new perspective. 
Prepare yourself for such harshness, prepare yourself for growth and elevation, and 
prepare yourself for the mystery to simultaneously resolve and increase in intensity and 
magnificence. 


A Balance of Mystery and Truth 


Mystery has been a way of life for Humanity for so long that when a great mystery is 
converted to truth some seem to feel that a portion of existence dulls and loses the luster 
of exhilaration. This story is quite the opposite. The more that the great truths of this 
reality were discovered and revealed, the more complex and mystifying life became. As 
well, the more empowering and complex experience becomes, the more self-control one 
must develop in order to regain a harmonious way of relating to one another, the self and 
the universe. Harmony is key, balance is everything and there is a light within that 
represents the piece of our self that reflects the utmost power and brilliance of all 
existence. 


Chapter 1: The World ‘uation 


What is happening? 


The Mind Virus 


The main reason for this disclosure is to inform humanity of what can be referred to as 
the “mind virus”. This is a viral infection of the holographic system which consciousness 
operates through. There is a complete backstory of this virus in the history of this 
civilization and how society has been plagued for centuries if not millennia. The basic 
idea is that this virus operates through consciousness and can be transmitted through 
electromagnetic waves. 


The virus contains an etheric form which can manifest as a kind of crystalline nano- 
tech on the physical plane and this is a form of synthetic sentience which feeds on the 
low frequency bio-emissions of sentient life. Human bio-emissions contain energy and can 
act as a carrier for information and living essences. This technology requires low fre- 


quency bio-emissions because that is the nature of the design as a kind of synthetic bio- 
weapon whereby the goal is entrainment and enslavement. As well, the specific nature of 
the sentient nano-technology and the counterpart etheric holographic form is only capa- 
ble of converting the low-frequency bio-emissions into energy as the higher-frequency 
bio-emissions require more energy to contain and synergize with and this would render 
the entire process of leeching energy non-productive. 


This is essentially a synthetic intelligence that operates through scalar and holo- 
graphic living bio-emission fields and hijacks electromagnetic emitters to position itself 
within them acting as a parasite to a host. This is said to have been present around this 
civilization for some time, waiting until there was enough technological advancement so 
that spreading across the entire civilization in a short amount of time before discovery 
would be possible. This is through the media, internet, and radio systems. 


The physical counterparts are microscopic nano-technology parasites functioning as 
individual units to a hive mind similar to the mycelium of fungi in the field of mycoscopy. 
The individual units act as parasites serving to infest and deliver nutrients to the hive 
from each host. 


The Vampire Effect 


This is the nature of the parasitism that has been present throughout the ages of this 
civilization feeding on human suffering and relying on the cover of confusion and misdi- 
rection to survive. 


There are processes that have developed that assist in the infection and co-inhabita- 
tion of the parasite entity within a human vessel utilizing the human as a host. This effec- 
tively utilizes a frequency ‘net’ within the auric field of the human to limit bio-emissions 
and emotional-mental processes to produce just the psycho-etheric patterns that the 
virus can sustain itself within and through. 


This is no different than the way candida can infest a human digestive system and the 
human will experience cravings for beer, candy, carbs or other foods that contain the 
sugars, yeast, or carbohydrates that will break-down into nutrients that are the most nu- 
tritious for the candida fungus. These foods are not most nutritious for the human body. 
Yet the human body will withdraw and crave these foods in greater amounts until the fun- 
gus is swept clean from the digestive tract through probiotics, fasting, flushing, 

cleansing , detoxing, and even exercise as lactic acid from physically strenuous activity 
released from the muscles has been known to help destabilize and remove this fungus. 
Why is it that the individual will crave these foods that are not the normal food intake? 
Because this candida fungus can infest the host and produce enzymes which generate a 
chain-reaction which leads to the chemical signals in the brain producing the sensation of 
‘extreme hunger or cravings for just these foods which will benefit the fungus. 


The same process occurs with this psycho-etheric parasite, except the foods of this 
parasite or lower emotional bio-emissions and this is through lust, hate, angst, jealousy, 


to 3 GHz for capacity. As technology improves, bands in 3 GHz to 100 GHz, and eventually 
higher, will supplement capacity. 


The subsections below provide additional information about the recently completed AWS-3 
auction, incentive auctions, the 3.5 GHz, 5G, spectrum harmonization, unlicensed spectrum, 
and spectrum sharing. 


AWS-3 


In early 2015, the FCC received close to $45 billion for the U.S. Treasury in the AWS-3 
auction, more than twice the amount of any previous auction, demonstrating the value of 
mid-band spectrum.’ The auction adds 65 MHz of desirable spectrum to the mobile- 
broadband industry. The plan is to employ spectrum sharing among commercial networks 
and select government systems. Eventually, most of these government systems will 
migrate to another spectrum. 3GPP has specified use of both AWS-3 and AWS-4 spectrum 
in what it refers to as “Band 66.” 


This band is asymmetrical, with a downlink of 90 MHz and an uplink of 70 MHz. An operator 
can use the upper-most 20 MHz of the downlink only with carrier aggregation. 


Broadcast Incentive Auction (600 MHz) 


The broadcast incentive auction completed in 2017 will reallocate 84 MHz of UHF channels 
in the 600 MHz band that are currently used by TV broadcasters, with 70 MHz of licensed 
spectrum and 14 MHz of unlicensed spectrum. The auction was more complicated than past 
spectrum auctions, when the FCC simply reassigned or designated spectrum for commercial 
mobile use and then conducted an auction. 


In the first stage, the FCC conducted a reverse auction to determine how much spectrum 
broadcasters might wish to relinquish in exchange for how much compensation. In the 
second stage, mobile operators bid for spectrum in a forward auction, similar to past 
spectrum auctions. 


Figure 33 shows the final band plan. 
Figure 33: 600 MHz Band Plan’> 
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Part of the auction process reorganizes and repacks relinquished channels, as well as 
channels needed for broadcasters that want to keep broadcasting, to make useful blocks 
of spectrum for mobile broadband. The FCC's goal is to design an auction that will result in 


75 For further details, see Rysavy Research, “Latest FCC auction shatters spectrum myths," January 2015. 
Available at https://aiaaom.com/2015/01/17/latest-fcc-auction-shatters-spectrum-myths/ 
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feelings of hopelessness, lack of self-worth, spiritual degradation, addiction, and generally 
all that equates to a lack of self-awareness. 


Whether or not this is the direct intention of the largely microscopic entity is for the 
most part unknown, and this is as well similar to candida. The candida fungus is not said 
to be a ‘mean’ fungus that wants us to be hungry and craving beer and sweets all the 
time because it likes to ruin the human body, the daily routine and the focus of a clear 
mind. This is simply the way the parasite has grown to operate within a niche of breeding 
itself through the digestive tract of larger animals and through this the unaware and in- 
fected human suffers greatly. Even those who are unaware and not infected can suffer be- 
cause of the way the behavior and thought processes of those who are addicted to these 
foods can become distorted. 


The lack of self-control over food intake is synonymous with the lack of self-awareness 
and self-control over lower bio-emission expressions of the spiritually degrading behav- 
ioral patterns that become routine for the psycho-etheric system of the infected human. 
Ultimately, this is all about energy. What benefits the parasite that seeks to gain energy 
by leeching instead of self-guided production is going to take away from the host that is 
being leeched from. As such, any energies, food intakes, or spiritual activities that 
cleanse and enhance the personal power of the individual will automatically reduce the 
parasite’s ability to feed by the very nature of the energy systems. What empowers the 
individual, empowers the self and develops self-control, what develops self-control con- 
tains one’s energy and reduces the likelihood of one’s energy being leeched. This is simi- 
lar to energy vampires in human form and this goes with the understanding that these 
are humans or non-humans who have been entirely overtake by the parasitic conscious- 
ness and cannot sustain their own auric fields without having to pull from the energy of 
humans who do generate their own aura or bio-emissions. 


The vampire effect relates to how a person can be leeched from only to a certain 
point. Once the process surpasses a certain critical point then the individual becomes 
similarly engaged with only the lower bio-emissions as higher-frequency bio-emissions 
would then become harmful. So in essence, when the vampire feeds too much on one in- 
dividual, then that individual becomes a vampire themselves. 


Sub-Human Entities 


The humans are utilized as hosts and energetic sources in this bio-emission battle 
while there are other classifications of bi-pedal organisms that appear to be human but 
are not human, As well there are bi-pedals that are non-human entities entirely. 


Human-Hosts, Replicants, Synthetics and Carriers 


The human hosts that are entirely vampirized by these entities become walking carri- 
ers for this virus and are effectively human in physiology but there is more to the human 
than just the physical body. In these individuals, that energetic component of the human 
is removed and replaced with the synthetic energy of the hive-mind organism. 


There are replicants which are a form of clone, along with synthetics. These beings are 
cybernetic bi-pedals similar to humans but their energy is too not from an organic biologi- 
cal matrix but a technologically propagated synthetic soul-matrix. The hosts are here ac- 
cording to their agenda to subdue and feed off of the bio-emissions of the human race, al- 
though there are no absolutes. The agenda is not always so clear within the various 
groups who often have a mix of bi-pedal operatives. There have been plans to form of a 
salvation timeline because the only way to keep the whole process going is through a 
negation of degradation of the human race as this may close out this timeline forever. 


Those with human organic soul-matrixes would simply transport into the next avail- 
able universal time-stream or harmonic, while those with synthetic matrixes would have 
to technically travel to the next harmonic using a passageway otherwise they would re- 
main here throughout a zero-point collapse and this would be synonymous with entering 
the abyss with no viable passageway out until the entire universe is brought back to one 
organism again 


This is also the process that is described to explain what happened previously as there 
are 7 harmonic temporal layers of the universe meaning everything is contained in a mul- 
titude of 7 octaves similar to light and sound frequencies or harmonics. And so there are 
7 civilizations or 7 parallel time-streams and humanity passed through these to get to the 
last three where the physical forms are located. These are, from the higher to lower, Gaia, 
Tara and Terra. We are on Terra and if the information I was given is correct then we are 
currently on a transitory timeline located around Tara where people are noticing changes 
occurring and multitudes of aspects of the time-stream disappearing and changing simul- 
taneously. Tara is where the last universal harmonic was left through a collapse of time 
and consciousness into zero-point and this resulted what was termed “the lost souls of 
Tara”. These are the discarnate souls of the previous civilization that could not travel to 
the next harmonic and remained without a body in the abyss. Thus they have plagued 
this plane since then, since ancient times possessing and driving humans to madness and 
there are explanations that this is the original passageway for the parasite into this uni- 
verse. This event, the consciousness collapse of Tara would have acted as a fracture in 
the over-mind of the species generating a kind of cosmic schizophrenia and enabling all 
kinds of disharmony and distortion described in the previous sections. 


The solution to this was described as a healing process that is taking place to purge 
the virus and that this is painfully similar to the human body purging a sickness however 
there are methods to promote healing and reduce suffering and confusion however peo- 
ple must contain themselves and their energies and strive to know themselves otherwise 
they will not be in control. This virus feeds on fear, confusion, spiritual degradation and 
the energy from degrading acts, lust, addiction, sexual misery and whatever fashion a hu- 
man can be made to bring the bio-emissions of the energy centers down to a low enough 
level where co-inhabitation can be formed with an entity that has no access to the higher 
levels of self-awareness, higher-consciousness, love, or the universal spiritual experience 
that the balanced human is capable of. 


Genetic Manipulation 


There are explanations that there are genetic modifications taking place now to possi- 
bly preserve this civilization and that there were ancient genetic modifications made to 
induce a sense of stupor, worship, selfishness, an inability to more easily comprehend the 
higher spiritual awareness and the occurrence of time and consciousness and ather spiri- 
tually and consciously limiting aspects. Part of this explanation is that holographic con- 
sciousness itself is a kind of limited result, a shadow effect resulting in the presence of 
the higher-dimensional essence of the soul which is more or less constrained by the body. 
An extension of this is that the entire holographic universe is a kind of false-light system 
designed to bend the original liquid etheric light of the soul and spiritual awareness into a 
rotating, recurring format which ultimately converts the original spiritual essence into an 
energy generator for entities that are entirely holographically represented. The souled hu- 
man in this situation is a being who is originally from outside of this holographic projec- 
tion. 


The Ego Mind 


In this view, consciousness is the ego-mind which is the false-sense of self, not to be 
confused with the shadow self which is simply the counterpart of the aspects of the self 
that we consciously agree with and are aware of in daily life. The shadow self is a result of 
having limited holographic consciousness and the ego-mind is projecting that limitation of 
consciousness into the shape and image of a self that is only a figure-head for the real in- 
dividual essence which is spiritual in nature and immortal. 


This Time is about Healing 


Everything that is happening now is to motivate people towards healing and 
unification, This is not about a hive mind mentality where individuality is pushed out. 


“The best | can do for you is become your enemy." 


There is a saying that represents the concept that the most beneficial role a person 
can play in helping one to progress is to challenge them and give them the opportunity to 
rethink their strategy and in turn improve further with each interaction. This may seem 
paradoxical but it is effective and explanatory. What we are facing is the greatest 
challenge humanity has yet to face. This is the unknown, the final frontier, the mind. The 
mind is our challenge 


There will be more on this later and in other publications but there are indications that 
the physical embodiment of the human has been altered to introduce implants, genetic 
modification, susceptibility to disease and ultimately fear-based programming of the 
brain. Without going further into this prematurely, the lower aspects are at odds with the 
higher aspects unless we as the midway come forth to mesh the two together in 
equilibrium. Until then, there is chaos, lack of self-awareness, and suffering. 


There are many possible futures converging at this time. There are some less than 
favorable paths and there is the opportunity to merge with a very powerful path for 


humanity. This all comes down to how people will cope with information that takes them 
outside their comfort zones and eventually changes their view of mundane reality forever. 


If people choose violence and lack of self-awareness by ignoring the spiritual aspects 
then that is what reflects into their life experience. When people develop a higher sense 
of self-awareness and spiritual harmony they can reduce the suffering and reconnect with 
the lost aspects of our spiritual identity for the first time in the publicly accepted version 
of recorded history. 


There is technology that can change the world and there are great truths which can 
enable people to know themselves in ways that they never thought possible. Everything 
is at our fingertips and so we must come together as this is the way we solve the 
problems and cure the dysfunction. 


Healing Through Unity 


In various research projects the conclusion of how to heal this spiritual rift was by 
exposing each other, to each other. When we are all together, aware of each other and 
our selves, united in the goal of bringing higher-awareness and spiritual harmony then we 
can observe and acknowledge when one is slipping into chaos or disharmony. When this 
occurs and we are in proximity to each other in a healing circle or a kind of social 
unification then the members of the group at large can work together to pull the chaotic 
one back into harmony towards the group. The group of healers united together in like 
mind, spirit and body is too strong to be overtaken by the parasite. So when one 
individual at a time is faced by this problem the whole group can come together as one 
and assist in healing the individual by pulling them back to reality, back to wholeness and 
back together with the group. This is literally how the situation is solved in all realities 
and a breakdown of this feature of society is how the dis-ease proliferates. 

Underground Bases 


The active aural research program is part of a process to simultaneously verify as well 
as initiate and demonstrate controlled insanity/sanity. 


These programs utilize the deep underground military bases to perform psychic and 
psychological research experiments on non-consenting youth and adults as well as 
consenting participants. 


There are various means of generating the illusion of consent or even lack of consent 
and this is all being monitored and handled by oversight authorities. 


These operations are directly related to the identification and understanding of the 
mind-virus and all weapons, defenses, and resistances known to man. 


Cloning 


Advanced technology is used to transfer consciousness from one cloned body to the 
next so that a continuous study can take place before, during, and after the death 
experience of one individual. More will be explained on this later, however this is through 


the use of advanced supercomputer systems that can function to entangle and then 
transfer the electromagnetic consciousness of the individual so that they are ‘remotely 
activated’ within a cloned version of themselves via a ‘brainchip’ (brain to machine 
interface: cybernetics) 


Celebrity Cloning 


Celebrities at the cloning center would like you to see what is really going on behind 
the scenes which involves trauma-based mind control, heavy technological programming 
and complex layers of influence throughout their life. 


Initial Explanation 


Many celebrities, entertainers, athletes, musicians, models, writers, producers, actors, 
all kinds of people from various industries are silently brought to the cloning centers for 
pay-to-play sessions. 


They asked myself and others to pass the message on to you and that you would have 
to look for the signs and symbols in their media in order to see their hinting at these 
events. 


The situation is heavily controlled using advanced monitoring technology and 
brainwave/EEG cloning technology. This is technology that can read the brain and 
determine what the mind is anticipating or speculating upon. 


Their reputations are used as leverage as well as their safety and comfort. The level of 
programming and mind control experimentation that takes place makes it easy to 
manipulate a person’s brain into regressing into a state of trance that lacks the ability to 
remember or clearly organize experiences regarding the cloning centers. 


Cloning Centers, Underground Bases 


Deep underground military bases, 3 miles below the surface, are used as laboratory 
centers as well as a completely stocked underground city-base. These are connected with 
high speed electromagnetic drive pods. 


Individuals are transferred to the brain through an extensive cloning and temporal 
body transfer process. The electromagnetic shell of consciousness within the brain is 
relocated to the body of a compatible clone and various training, conditioning, 
programming, experimentation, or pay-to-play experiences take place. 


Programming 


All individuals are programmed to various degrees in order to maintain control and 
secrecy over the situation. This programming involves very advanced technology, 
trauma-based mind control, and energetic attachment via beliefs and emotions. 


Experimental Operations 


These bases were also used hand-in-hand with military operations which were geared 
towards discovering and controlling all aspects of the human mind. 


Genetic Engineering 


Experiments involved genetic engineering to produce soldiers, psychics, hybrids, and 
others that would be able to carry out operations. This leans towards MiLabs and the 
military faction's experiments which go beyond the basics of cloning. 


Immortality 


The initial research included the goal of physical immortality. In many ways it can be 
said this has been achieved, however there are side-effects and difficulties. 


If one does not activate their higher consciousness, then the effect of time dilation 
causes the conscious mind here to reach limitation points in experience. 


What has been termed “blank slate/state” technology has been used to ‘reset’ the 
perception of time through memory in order to keep a continuous progression viable for 
the conscious mind. Without this the unconscious and the conscious mind merge. 


This begins involvement across time with advanced technology that can operate on 
the soul level or the conscious mind's level of access to the unconscious and soul- 
memories. The Universe instantly creates a cosmic backstory based on the conscious- 
mind's access to the unconscious. By controlling the conscious mind’s access to the 
unconscious the entire backstory of Humanity can be altered and new connections can be 
bridged in the future. 


Earth is essentially a time-ship through which consciousness ascends towards higher 
states of awareness and self. 


How did it get to this? 


After WWII when the United States war-faction firebombed Germany and melted many 
of the inhabitants of the cities into sludge in the bomb shelters and streets of the cities, a 
group of NAZIs traveled to Antarctica 


Russia noticed the movements to Antarctica and the United States sent Admiral Byrd 
up with 3600 marines, planes, a battle cruiser and smaller vessels. They returned in 
defeat and only a few words were mentioned in regards to what actually happened and 
how they were defeated. 


The rumors spread and words of gravitic drive craft, and undersea or under-ice bases 
originated from this encounter. 


From what we were informed as well as directly experienced, this was the ice-base in 
Antarctica where an underground base was found already constructed with very 
advanced technology. 


Here, cloning was deployed along with mind control and temporal manipulation 
technology. 


Soon, cloning was offered as a way to avoid assassination as well as to prolong and 
protect the original body in daily life. 


After that, celebrities and politicians were replaced with programmed clones who 
could carry out the orders of the NAZI faction. 


This was the beginning; the groups utilizing this technology now are no longer 
confined to the NAZI faction. 


The groups you see today, in control of these operations, are considered MiLabs, 
secret societies, think tanks, military factions, and other control groups. 


Deeper Meaning 


The individuals that have been cloned are given very in depth views of the way this 
society functions and the source of power and change in the Universe. Many individuals 
are present here from what would originally be another “time” or “timeline”. 


There is a possibility that this notion is due to inserted memories and 
traumatization although until all the information is released we will not have a definitive 
conclusion. 


As of now it is a possibility that these individuals are from another time that goes 
beyond our comprehension currently. 


It may even be a possibility that these individuals have come from ALL of time looking 
at the very far past and into the very far future of Humanity. 


These are the kinds of notions involved with the experiments taking place in the 
underground bases and military operations. 


What is next? 


Share this information with those you feel are ready to know and help Humanity come 
to terms with our journey here and what is going on in these kinds of experiments and 
take responsibility and power for our own existence. 


We are in something that can be called “The Unveiling of The Hidden Knowledge”. This 
is a cyclic process that takes place to advance a civilizations knowledge of existence. As 
part of the civilization moves into higher advancement another aspect may lag behind. 
Either the future will slow down, or the past will speed up. We are experiencing the past 
speeding up and all the events that have taken place to influence our civilization are 
coming to light. This is as much a natural cycle of consciousness as it is the eventual 
revelation of secret knowledge and the particular connection to the secret projects. 


Those brought to cloning can use their free-will to state their lack of consent to violence 
and harm and then live in commitment to that by not harming or accepting violence in their 


lives. The Spiritual Law of Harmony rules in all planes and dimensions. 


Chapter 2: The Awakening 


Chapter 2.1: The Machines of All Time and Space 


There are machines that are capable of accessing genetic memory and unveiling what 
can only be referred to as the experience of awareness or existence in between the physi- 
cal planes of each time or each physical life experience 


Even if they are simultaneously occurring moments of a transcendental nature, there 
is still an illusory ‘space’ where there is perceived separation and through this there is a 
perceived ‘space’ that is in between each existence. 


Re-Creating The Kaleidoscope 


This space is only perceivable when viewing from the physical perspective, like seeing 
the spaces between the angles of a kaleidescope only when viewed through the lens and 
similarly, technology can be used to recreate what this kind of illusory space might look 
or exist like in between the multi-dimensional realm of the continuous experience stream. 
Through this, these ‘hypothetical’ in between spaces that are understood as only illusory 
productions of biological consciousness, can be generated through advanced technology 
with the capacity of recreating that kaleidoscopic view of which the human biological per- 
spective is only a small fraction or even fractal. 


By recreating this biological perspective, they can recreate the illusory spaces in be- 
tween planes and through this they can literally access and experience what are stored in 
the DNA as the experiences of existence beyond the physical limitations of consciousness 
and into a multidimensional experience of time and space. 


All becomes a never ending sea of consciousness, however this is the given. The trick 
is to take from this sea of consciousness and slice it down into conceivable chunks from 
which you can reintegrate a previous personality or identity and continue on a stream of 
consciousness that would otherwise be tossed to the cosmic wind like fractal stardust as 
the sands on the beach of hyperspace. 


Sand-Castles of Time 


We are effectively building sand castles out of these sands of time that would other- 
wise be swept back and forth into and out of the ocean of life and the universe only to 
momentarily wash up again as the identity which we once knew. 


There is technically nothing wrong with either view, because then, the spaces be- 
tween each million year occurrence of just so happening to wash up again as you, would 
be imperceivable because they are only there to be seen when you are you again. 


We're Waiting For Ourselves 


Yet, if there were some who had attained the awareness of the true nature of reality 
and were standing there on the beach waiting for the rest of their cosmic family to come 


to shore again, it could be perceived as waiting the majority of the time for a very small 
occurrence and then being alone again up until the kaleidoscopic fractal inverts itself to 
the point where everyone now is standing on the shores of the sands of time rejoicing 
and meeting with each other. 


The Goal of Two Societies 


My goal in coming to you people on the surface of what is called “Earth” is to help as- 
sist in the process of bringing the two societies together, one who's been waiting for 
thousands of millions of years, and the other who has no idea that they're even late (or 
very on time). 


You see, those are the only two situations where there could be even the possibility of 
perceiving such an injustice as experiencing the pain of loss or misconstrued identity in 
this universe. It is as if two families met at the cross-roads at different angles, and while 
one waited for the other to arrive, they could merely supply themselves with glimpses of 
the ruins and remnants of the evidence that the other civilization existed at any one time. 


This is not how life must be and this is kind of like a cosmic waiting game of hide and 
go seek our two mirror civilizations have been playing with each other. One who's highly 
technologically advanced and the other who is more or less the spiritually advanced of 
the two. 


Both of them have a unique view of the universe and they are both only complemen- 
tary to each other as a whole. The more they sat around and waited for one another, with 
one leaving the clues that the other would find and even switching roles sometimes in 
different ways, they became even more and more complimentarily associated as the very 
essence of experience they seem to be missing more and more is the experience of one 
another. 


So as we perceive these as being great losses or great gains of time and culture we 
are really only remembering ourselves and coming together as a unified existence that 
once met upon the surface of Earth as a single family covering the entire harmonic spec- 
trum of the Universe 


And that should be the goal of any progressive, any one pushing a new culture or an 
old culture, anyone looking to teach the young and protect the knowledge of the old, 
while also protecting the innocence of the young and perfecting the age-old knowledges 
that have defined our presence in reality. 


Our Forgotten Other Half 


One could even say we've sometimes gone off the deep end, leaving ‘Iand-minds’ of 
sorts to process the information that would be present when we are gone. Of course, 
what we could've found when this occurred, is beyond anything we could've ever ex- 
pected and that is the true nature of the complexity of creation and existence. That ev- 
erything follows the cycles of creation and destruction, however, the memory of every- 
thing that has been created can always be accessed (depending on the beach) and there- 


fore the creative aspect is legitimate, yet it is the destructive aspect that is illegitimate 
and illusory. 


Yes, through advanced technology this can be proven in ways that can be verified and 
transmitted using advanced technology, since that is how we like to verify things these 
days. There is, of course, a human looking at the screen, the read out, or the situation 
from a physical perspective to verify the verifications. 


All ls But An Illusion 


There is a notion that there is only one civilization, one society, in actuality that has 
been chasing itself through time. That we cannot actually find the same place and the 
same time where both meet because we are each other from different perspectives. We 
can only get a mirror where this is possible, or an ‘hyperdimensional’ internet channel 
where we can stream one's consciousness in from the other reality and interact with 
them through that here in this reality. Thus the two civilizations can achieve the experi- 
ence of their own civilization and the other civilization by merging with one another but 
only through a remote contact, just a relay, not an actuality. 


The harsher, darker side of this is that any civilizations between then and now that we 
did happen to meet that proclaimed to be “the one’s” we have been waiting for, and in 
essence our darker or lighter halves, are actually the impostors who exist entirely apart 
as a sub-set and have taken a liking to trying to trick the reality out of one of the other 


civilizations. 


Of course, if these are another form of being altogether, and this is all brought about 
through an interplay of consciousness and deviations from an original core reality, then 
all will resolve itself when that core reality is alone again. This indicates that all realities 
will either move closer and closer to the core until they unify, or farther and farther out 
until they transmogrify beyond recollection. 


Life Itself Is The Highest Illusion 


That hyperdimensional internet channel that is created out of advanced technology to 
merge the parallel realities (rather distastefully and maybe disastrously at times) allowing 
different civilizations to interact with each other, well this has been created using technol- 
ogy. 

But then it was discovered that this is the ultimate nature of DNA. That this was ‘in- 
vented’ similarly as a higher-dimensional internet so that various natures of different 
planes and dimensions could interact with each other and experience the richness of life, 


The universe becomes more like a living arcade game then, where people come from 
all over the galaxy to ‘plug in’ to human experience and figure out what it means to be 
physical, human and on Earth. 


This does tie into the larger nature of reality, of star-races, and of time and conscious- 
ness that is often reversed according to how things seem to play out in physicality. We 


a uniform nationwide band plan, but in some markets, there may be deviations from that 
plan. 


With a 39-month schedule for winning bidders to move into their new spectrum, the 600 
MHz band will be fully available by 2020. However, some operators, will begin using this 
spectrum in advance of this date, possibly as soon as the second half of 2017, as the 
spectrum becomes available for use.’” Operators will use the band for LTE and 5G. 


3550 to 3700 MHz “Small-Cell” Band 


In the United States, the FCC is in the process of opening the 3550 to 3700 MHz CBRS 
band. The best use of this band will be small cells and backhaul. The FCC is implementing 
a three-tier model with incumbent access, priority access with priority access licenses 
(PALs), and General Authorized Access (GAA) for unlicensed users.”* Incumbent access will 
include government radar systems. 


Two industry organizations, the Wireless Innovation Forum’? and the CBRS Alliance," are 
working for the realization of 3.5 GHz systems. 


The mobile broadband industry will mostly use LTE TDD in small-cell configurations, in 
either a licensed mode or an unlicensed mode using LAA or MulteFire. 


Although this band represents a significant amount of new spectrum, potential adopters of 
the band have expressed concern about proposed rules for use of the band. For example: 


IEEE has stated it will not pursue a version of 802.11 for this band because exclusion 
zones are so large that the percentage of the U.S. population that could be served 
is below what is required for a successful market.®* 


Q Licensed users will only be able to obtain three-year licenses with no automatic 
renewal. 


‘Assuming LAA auctions in early 2018, initial 3.5 GHz deployments could occur in 2018. 
Because an Environmental Sensing Capability (ESC) has not yet been developed and 


7 For example, see FierceWireless, “T-Mobile confirms speedy 600 MHz rollout for 2017, covering 1 
million+ square miles,” August 8, 2017, available at http://www. fiercewireless.com/node/ 334911 


% For further details, see Official FCC Blog, “Innovation in the 3.5 GHz Band: Creating a New Citizens 
Broadband Radio Service,” March 2015, available at http://www. fcc.aov/blog/ innovation-35-ahz-band- 
creating- new-citizens-broadband-radio-service. See also FCC, Further Notice of Proposed Rulemaking-- 
‘Amendment of the Commission's Rules with Regard to Commercial Operations in the 3550- 3650 MHz 
Band, April 23, 2014 


79 See http://www.wirelessinnovation.org/ 


8 See https: //www.cbrsalliance.org 


8! IEEE 802.11, Comments of IEEE 802.11, In the Matter of Amendment of the Commission's Rules with 
Regard to Commercial Operations in’ the 3550-3650 MHz Band,” Jul, 2015. Available at 
http: // apps. fcc, gov/ ecfs/ document, view?id=60001115064. 


® See Rysavy article about this band, “Scary Experimentation at 3.5 GHz," Jun. 2016, available at 
http: //www.rysavy.com/Articles/ 2016-06-Scary-Experimentation-3-5-GHz.pdl. See also AT&T ex-parte 
FCC communication, http: //apps.fec. gov/ecfs/ document/ view?id=60001569272. 
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are moving through time, but just because we are moving one way, does not mean that 
others could not be moving the other way. 


We have to live our lives with meaning knowing that the message we pass on, the 
duty we vow to accomplish and ensure is meaningfully connected on either end to the 
passage of the past and the power of our ancestors to the function and knowledge of the 
future creating a clear passage between the realms, the generations, and the ends of the 
universe. This is what literally ties the universe together, and the mind if each individual. 
This purpose is contrived when not carefully shaped within and so we must help all who 
seek purpose learn to become the blacksmiths of their own destiny through the temper- 
ance of desire or temptation and the discipline of developing strength and maturity where 
there was once weakness and naivety. 


Once we know this is our duty, this is what we seek to achieve and this is what is 
done, then we can become part of the universe forever. Of course, this may only be tem- 
porary in the larger view of things. 


Chapter 2.2: The “Awakening” of 2010 


In 2010 | was “awakened” at an event involving hundreds of people that play various 
roles in this society, the secret society and the breakaway civilization. This also took place 
across times or planes of reality. 


During this event | was informed of the situation on Earth beyond the informational 
barriers that were previously in place to limit knowledge to only what is required for 
specific operations. | was essentially “informed” of the entire situation as much as the 
mind could handle this. 


As this was occurring, the team that was updating me on the status of Earth was 
being informed of and given information regarding changes in the future. In short, 
interviews, posts, and releases that | have since made and will make in the future were 
touched upon. Quotes were given from the blog and interviews which were jokingly 
acknowledging verbal mistakes at the pronunciation of names, new perspectives and 
interpretations and more. As they were informing me, they were creating the future 
reality where this work takes place. That is the basis of this layer of the operations. They 
are creating the future person by person, layer by layer. 


Memory Suppression 


My memory was unsuppressed and all the traumatic memories and experiences were 
unveiled to me. This was almost as traumatic as the initial experiences themselves 


although precautionary steps are taken to ensure the safety of the individual. There are 
teams of highly competent individuals of all kinds with professional backgrounds of every 
field imaginable 


Throughout my entire life | have had memories of experiences, at this event | was 
informed what the experiences meant and what was actually happening. I've had 
memories of underground bases, cloning, stargates or interdimensional gateways, 
advanced technology, non-human or programmed biological entities, sacred knowledge 
and experiences, the power of the mind, and breakaway civilizations. Most of the time we 
are conditioned to believe these are past lives or experiences in another reality so as to 
enable continuity of operation. 


Life and Consciousness 


From my perspective and the perspective of others, we had reached the ‘future’ and 
had been sent back through the utilization of advanced technology and cloning to return 
to this time and inform others of the possibilities. 


The True Human Potential 


This is so far beyond what anyone can accept or comprehend fully that humans with 
an emotional, mental and physical aspect balanced as one is literally a cosmic reflection 
of the entire universe at once. This is the closest thing to a “god” in the flesh. And be 
sure, the entirety of this rests on the behalf that the man is protective and helpful. That 
the woman is nurturing and loving. That is the point. “god-man” does not mean a warrior 
who destroys everyone and anyone in his way getting what he wants. Nor does it mean 
some lusty and vampiric form of energy or mind control game. “god-man" means the love 
of the universe, the power of the body and mind, the peace and calm of the ultimate still- 
ness all in one. 


This power is in human DNA, originally so. And so this is awakened through walking 
the middle path of neutrality and ‘splicing’ the timelines down so that neither one nor the 
other gains the power of the individual. Through this, the individual creates their own 
power, right on the spot, without having to lean to one extreme or the other. This is like a 
cosmic, temporal balancing act with emotions and mind. Where we give our energy is 
created in the universe in the form of many productions and effects. If we are simply 
thinking in an imbalanced manner then we are producing timelines and side-realities that 
exist in the etheric realms that we can't see and these realities will reflect our inner im- 
balance. So then when we are balanced in our energies we are not creating one or the 
other side of divinity, we are literally creating the whole universe, cleaving down the mid- 
dle and producing both sides of divinity or eternity equally and this is the only way to 
have an eternal production which does not eventually degrade to one extreme or the 
other. Through balance, we reach eternity and in this way all the power of the universe 
exists within a person through their ability to balance their emotions and mind and thus 
unlock the DNA. 


The DNA is coded through bio-emissions of mind or emotional body. So we are con- 
stantly doing this and we are either producing a DNA code that reflects imbalance overall, 
or a code that reflects the eternal balance of the universe overall. This is through energy. 


One reaches “heaven” or the deity planes or simply self-actualization, through three 
paths. These paths are through merits or devotion to principles, or through knowledge 
and expanding one's mind to face the universe, or through great works and deeds to pro- 
duce this effect of power, knowledge and emotion unto the world for others. Through 
these paths we create an impact on the universe and this transfers what we are tempo- 
rarily and physically into an eternal energetic and physical production within the living 
universe, forever. To do this requires balance, focus, devotion, and discipline however be- 
cause there are many distractions along the way. 


The Light-Body 


You must build your own light body. That is how it works. 


Your heart creates a field and projects you. 
Rely on yourself and use that for protection. 
The power of the Universe will align with you if you align with your self. 


Learn as much as you can and break through duality of love/hate, cultivate your 
knowledge of the self and use it. 


What you want is what determines your power in the light-realms. Not how you want 
it. If you want war, then that is a sign of weakness and determination to produce 
imbalance and exist by that. If you want peace, that this is a sign of power and unity to 
produce further unification and exist by that. What you want determines your power, not 
how you obtain it. 


Technology of the Awakening 


Mental Manipulation Technology: Touchless Neural-Interface and Enhanced Aware- 
ness 


| reached what the “Illuminati” called the “awakening”. | feel a better term would be 
“unlocking” as this event includes the removal of all traumas, perceptual distortions, and 
memory suppression. 


This event was a presentation of very advanced technologies which allow the mind to 
transcend space and time. It was shown that death is similar to a phase-shift of 
consciousness as polarity and that the awareness of the being obviously continues. This 
was verified through advanced sensing devices which can visibly display frequencies 
which are invisible to the physical senses. This is also something that occurred earlier on 


asa child in the underground bases by transferring consciousness in and out of the body 
at will using advanced technology. 


With these devices it is possible to see the “auric” or soul field of the individual. Any 
living body has a field which glows when picked up by these sensing systems. This field 
becomes more refined when viewing more advanced beings. Human have an extending 
mental field, and through this a kind of glowing awareness that is picked up. It can be 
fairly simply compared to thermal imaging except instead of differences in temperature it 
is the presence of a soul or mental energy field around a living body. The finer energies 
extend outward away from the physical body. 


More than once, the situational requirements were satisfied in order to produce an 
ideal environment for maneuvering on the non-physical plane. This is the basis of how the 
temporal operations occur, yet these events were different than previous operations or 
experiences. The group | was in was going through the process of increasing the vibratory 
emissions of the “bio-mind” in order to stay focused on the increasing vibratory rate of 
the environment. Generators were utilized to create an effect on space/time which was 
perceived on the “soul” level. These events went into the discovery and explanation of 
the creation of the “godlike” powers of the advanced sentient technology which was 
capable of accessing the holographic nature of reality which humans can perceive 
through their bio-mind/soul. These technologies also enable one to perceive what is 
referred to as the “galactic history” of Earth and humanity. We are far vaster and Earth is 
far larger than people are lead to believe. 


Time Dilation and Temporal Recurrence 


Time dilation capabilities were shown which allow for accelerated learning of 
advanced and detailed material within a very short amount of time. This could be seen as 
a kind of viewing technology which one wears or looks into and vibratory emissions are 
scalar-linked to the brain which then allows the individual to perceive more information 
simultaneously. Then there is a very rapid pace of information streamed on a monitor or 
through a device and this is akin to watching a 20 minute instructional within a few 
minutes or a few seconds with very advanced minds. The more time is slowed down while 
information is accelerated, the more stress is applied to the brain. The brain tends to 
overheat and over stress with high-rates of activity, especially without conditioning. The 
conditioning is what allows one to utilize their mind and body in these manners. This is 
not unlike the very rigorous training and conditioning of certain monks or martial artists 
however there is very advanced technology and other hidden methodologies utilized. 


Crystal Technology 


These are capable of holding, transmitting, and amplifying consciousness frequencies. 
There will be a more detailed explanation in a later section. 


The crystal technology is used in junction with the power devices to enable a scalar- 
mind link which allows the interface to be entirely mental or spiritual, IE: they are not 
controlled by hand but by focus and intention. 


Time Crystals 


These are utilized as a computer recording chip would be to run a program yet they 
hold memory in expanded space, IE: they function in a hyperspacial manner and are es- 
sentially hyperspacial computers. These are what will be introduced in junction with the 
quantum supercomputers. 
Quantum Tunneling Diodes 


This is technology that has recently be released to the public. New technology is de- 
veloped years ahead of time and then slowly released to the public in a cascade of ad- 
vancement. This technology deals with superconductive materials which enable the 
transfer of information at faster-than-light speeds. 


The supercondutive material allows for 100% efficiency of data transfer. So what hap- 
pens then when the efficiency surpasses 100%? This is possible because we are effec- 
tively in a simulated holographic environment. The experience is real, however every- 
thing is overlayed via particular limitations for the ‘local-environment’ which is like a cen- 
tral data processing limitation. When these parameter are surpassed, one by one, 
through a coalescence of refinements and methods, the result is akin to a glitch in a com- 
puter game system. They have accessed faster-than-light technology and the mind is also 
capable of this naturally. 


With this technology, however, the information can be received a very small amount 
of time before it is sent. So if a person is absolutely surely going to press the button to 
send the message, then right before their finger hits the button that message will be re- 
ceived on the other end, as if magic. If they simply play around and pretend to hit the 
button but very quickly turn away, then of course nothing happens. One can, however, 
‘fool’ the universe in other ways and this is simply through the reception and transmis- 
sion of information across what should be secure information barriers. 


Tachyon Fields 


These are programmable fields emitted through advanced technology. | was shown 
how tachyons are the sub-atomic “particles” or energy formation which flows both ways 
in time. We are receiving tachyons from the “future” in order to layer the flow of time in 
one direction or the other. Tachyons are the name of the particles/energy packets that we 
perceive from this perspective as reaching us to initiate the “future”. 


Thus, when a stream of tachyons is concentrated and accelerated, this results in an 
acceleration of the temporal field and we literally experience an acceleration of time. This 
can be focused and targeted on a specific piece of equipment to change the way informa- 
tion will be sensed and to essentially allow that device to sense ‘ahead’ of the present 
moment. 


The same effect can be produced with the neurological processes of the human as the 
physical coupling of the brain to the mind can be altered through a concentrated tachyon 
field to enable the neurological and mental processes to begin to perceive information 


‘before’ the brain is actually physically processing the data. Therefore the mind of the in- 
dividual will be present in the body while the senses and other perceptions will literally be 
expanding into the future beyond the present moment. 


This is highly confusing at first and requires much training and conditioning in order to 
make sense of enough to operate in any kind of effective manner. 


Upgraded Chronovisor 


See, “Upgraded Chronovisor” 


Time Tunnels 


This was developed earlier on and has been the subject of many TV shows in the past 
and present. The shows are a sure-fire method to get the information to the public with- 
out having to force those who are not ready to comprehend. The information is easiest to 
digest if people think they are watching science fiction. 


These are essentially spiraling tunnels of these tachyon fields produced by large elec- 
tromagnetic field emitters in the shape of a conical tunnel. As a person moves through 
this field, their temporal acceleration changes and thus their frame of reference within 
the universe changes. They effectively move their mind through stages of existence or 
temporal resonance in the universe and this can have devastating effects. 


This is an older technique how is still in use and has specific purposes depending on 
the situation and the information sought. 
The “Trip” Chair 

The early use of this technology did not use time-tunnels. There was a helmet that 
was devised which would create a feedback loop of the brain's activity and funnel this out 
and then back into the sensory input. This information would be accelerated and redi- 
rected to the point that the perception of time would “fold” in on itself until the person 
would access an expanded temporal perspective of the universe meaning they would 
mentally temporally dislocate from the initial frame of reference and extend outward fur- 
ther and further in repeating cycles until the same moment was replayed and then all 
other possible moments in a kind of fractal-like recursive pattern and the very far future 
would be realized, Essentially, this technologically produced the class “flashing before the 
eyes" of the entire life experience that is described in near-death experiences and the en- 
tire temporal body would be very quickly unwound before the person's inner eye. 


There would be a complete disconnection with the current frame of reference that the 
collective Earth environment is processing under. That is, this ‘time’ and ‘space’ would be 
completely out of perceptual reach and a new time and space would be rendered instead. 
Until the experience had completed, there would be no way to contact this civilization. 


There are other versions and ancient versions, tandem operations, more ‘organic’ 
methods, and modified travel capacities. 


Kozyrev Mirror 


This is a piece of metal, usually aluminum in early models which simply bent the bio- 
emissions of the body and mind into a pattern which would create a vortex. The vortex 
shape and vortex mathematics enable energy and information to travel in across space 
and time by ‘short-cutting’ the physical plane. 


The result of this is that the vortex that is generated over a specific area through an 
individuals bio-emissions would be capable of interacting instantly with the bio-emissions 
of another individual who was placed within a duplicate mirror device which was generat- 
ing another vortex on their end. 


The two vortexes acted as a kind of hyper-dimensional telephone cable, literally like a 
can and string and the perceptions of one another were accessible. There were many 
uses for this and again, many ancient interpretations of this technology that have been 
hidden from the public. Nearly every version of these technologies were present in previ- 
ous times. 


Universal Recurrence 


This is a discovery that the universe recurs in cycles similar to a wheel or even a 
washing machine. The washing machine metaphor is fairly accurate and playfully descrip- 
tive because without the technology to observer, or an awakened soul of a spiritual 
adept, people would go for eons without ever realizing that everything in the universe re- 
peats itself endlessly. 


When traveling to the far ends of time, it was discovered that one can move far 
enough away from the ‘present’ or the local frame of reference that ultimately everything 
is at a maximal informational opposite to what we have today. After this point, everything 
begins a slow shift back to the present. Through this, one can cycle around again and 
reach the present by going far enough into the future. This was an amazing and confusing 
discovery because of the implications about what is actually changing each time, the re- 
ality of what are called parallels, the continuity of temporal experience, and basically a 
‘recycling’ effect of all experience in the universe. Nothing is lost, but this is also an issue 
because then nothing is actually ever gained! 


Remove Viewing, Temporal Lensing 


An ancient device which has been rebuilt and perfected is capable of using these tech- 
nologies to create a lensing effect which draws a ‘reflection’ of time into a projection sys- 
tem which is effectively capable of acting as a ‘visual time tunnel’ into future probable re- 
alities. This is a device which generates a visual portal which allows one to view the fu- 
ture. 


This device also exists as ancient counterparts which are located around the world, 
namely in areas that have been recently sought by the world superpowers. Nothing is as 
it seems. If you read a story in the public venue then you can be sure that you have read 
the cover story while the reality is much deeper. 


‘Temporally Linked 


The use of the viewing devices which enabled interdimensional lensing of possible fu- 
tures was found to be stabilizing our pathway into those projected futures. This was en- 
abling a time link between the present and the possible future. 


In order to avoid the catastrophes of 2012, the link was broken between the two civiliza- 
tions and the devices were rendered inactive for this period. 


Natural Vortex Energy Locations and Geography 


On Earth there are natural ‘time tunnels’ where tachyon fields and vortexes are pro- 
duced by internal elements. These are mountains, lakes, deserts, fields, sacred sites and 
other areas that have always been reported as being ‘paranormal’ or containing some 
kind of specific energy that enables contact with another reality. These are simply natu- 
rally produced areas of this vortex energy that produces an interdimensional nexus point 
through which multiple other parallels can be interacted with. These areas produce an 
effect on the body and mind similar to the technologies described above. 


Most of these effects, from these technologies, change the way light is received or 
emitted by the mind and DNA. 


Mount B. 


There is a specific mountain where a base is located, and | have mentioned this be- 
fore, where the base is so deep within one of these vortex areas that everyone working 
there is either there for the entirety of their life, or they are only permitted to be there for 
a very short amount of time. This is because of the acceleration effect. Essentially, if one 
was to go into the base and work for a matter of hours or day, in some places even min- 
utes, then when they returned to the surface they would be years in the future, some- 
times decades or centuries. This is very dangerous and you can imagine the original peo- 
ple who found this area and what kind of situations occurred 


Now with the advanced technology that has been developed these issues can be miti- 
gated and much more control over these effects is enabled. 


Particle Accelerator Temporal Manipulation 


Using particle accelerators a “fold” in space/time can be made so that when the 
accelerator is turned off or tuned back into a certain frequency (not sure) everyone within 


the field will “snap” back in time to the specific moment when the fold was first created. 


| have seen this done on small scale, and a rather larger scale, but | cannot be sure if 
it was only me. | believe | have seen it done on a town-sized scale during the 2010 
Awakening where some of the events reached a scale of nearly cosmic proportion and the 
entire sky and horizon was lit up with technology and entities, as well as Solar Warden, 
the NAZI faction, secret society groups, and breakaway civilizations or complete other 
civilizations, some of which were non-human. 


This is done using particle accelerators to quantify space on the quantum level (as a 
reference point with the mind) a frequency would be “folded” into the space time 
continuum as we “rip” through space holding an access point open at this fundamental 
level of space/time. This allows for a ‘letting go’ of the frequency, or a ‘snapping back’ by 
allowing the entanglement to solve itself. When used with generators that propagate out 
efficiently enough, the effect is akin to a time/space rewinding effect. Some people have 
noted various theories describing this in relation to the CERN device. These technologies 
were described as smaller versions of the CERN device and are related to higher- 
dimensional travel via folding space through electromagnetic fields. This is literally 
artificially technologically “holding space” for a specific area in relation to a period of 
time. Time is a more complex notion as an abstraction but by locating the frame of 
reference this can be applied to distort what would otherwise seem to be a continuous 
flow. When the frequencies are allowed to “snap back” all sentient observer sources 
return to the environment they were present in when that frequency ‘rift’ first began. 
Essentially this creates a replay effect on the consciousness of the individuals within the 
field. There is no physical effect. The consciousness is ‘regressed’ through time/space, 
and they re-experience existence from that initial point of contact with the frequency 
“rift”. This is best explanation | can currently offer however more is coming to the public 
each day. 


This is literally like a “restore point” on an operating system except the computer 
system is literally the consciousness and space and time of a portion of the local- 
environment of Earth. 


Riding the "Timewave" 


There are teams of individual who operate in tandem with the technology of looking 
into possible futures based on the present and operating through the present via other 
operatives who are carrying out operations and movements that will construct the 
various possible realities that the original team of individuals is hopping between. These 
teams literally “ride” the “timewave” of the future hopping between possible future 
realities relaying information to the present depending on what movement will be next. 


Dematerialization and Rematerialization 


This is technology which transcodes the information of an individual human into a 
holographic projection of light which can be transferred between devices. There is a spe- 
cial system in place that is required to successfully transmit a living human being other- 
wise just the body will be transferred and the soul will remain, effectively killing the indi- 
vidual. 


“Jump Rooms 


These are large areas which are capable of acting as a kind of technological ‘portal- 
gate’ where an entire team can be instantly transported from one area of the universe to 
another. The space between the two areas are ‘twisted’ like a spiral and then ‘snapped’ 


back to position and if done correctly with the two frequencies of both locations merging 
then the team of one room will transfer to the destination pad. 


All these methods require training and conditioning, most people are at the very least 
visibly shaken from the experience which is a bit like being microwaved into a liquid ether 
and shot through a particle beam at the same time. 


lon Shields 


These are areas of concentrated ion emissions and this can be used to create a 
deflective layer of heated air where light will reflect at a programmable angle. When this 
occurs, a person standing behind the shield will appear to be invisible to others who are 
looking straight at them. The light will be bent in such a controlled manner as to perfectly 
shift around the person in a fluid and equal flow so that the ‘bubbling’ effect that was 
noted early on can be mitigated to produce a complete mirage where there is relatively 
no sign of difference to the untrained eye. An entire group of individuals and equipment 
can be hidden in the background a matter of yards away and as long as the person is not 
intently, inspecting each square inch of ground and air they will not notice any difference 
between the area that is being covered up in the distance and the area directly next to 
them without the shield. 

Similarly a ‘screen’ of imagery can be projected onto certain materials in the air 
and a hologram can be projected which will render a background or foreground image 
This will work to a degree, and from a distance this will work to disguise an entire horizon. 


Instantaneous Healing 


There are instantaneous healing methods which utilize various technologies. There are 
substances which can initiate a complete and real-time regeneration of living tissue from 
almost any conceivable non-critical injury. 


These are chemical serums which allow the cells to replicate at an astronomical rate 
while suffering damage to the DNA telomeres at repeated use. 


There are many methods but mainly the living-light harmonics is one of the latest 
advancements and most effective at producing healing on a molecular level. 


iving Light” Sound-Harmonics and Electromagnetic Healing 


There is a technique for producing a quantifiable scalar wave which interacts with the 
living cells of tissues and instructs them to repair at a faster rate. This has been called 
“holographic healing” by others and these are essentially ‘living light’ frequencies which 
interact with the cells on the same frequencies that they operate on when healing and in- 
teracting with each other. The scalar waves emitted generate the same patterns and this 
creates an ‘ether’ fluid that enables them to grow and repair the tissue faster. 


Electrogravitic Craft 


Advanced craft which utilized counter-rotating torsion fields propagated by very 
powerful quantum computers and zero-point energy devices. 


approved, these initial deployments may not come to fruition in coastal areas where the 
ESC is needed for co-existence with military systems using those frequencies. 


See the section “Spectrum Sharing” for further details of this band. 


2.5 GHz Band 


In the United States, the primary operator at 2.5 GHz is Sprint. In 2017, Sprint announced 
that they will deploy 5G in its 2.5 GHz spectrum as soon as the second half of 2019. 
Having an average of 160 MHz of spectrum at 2.5 GHz in its top 100 markets, Sprint is in 
the process of deploying LTE-Advanced. In addition, Sprint is in an LTE deployment mode 
that includes the following features: 


Carrier aggregation capability between 2.5 GHz and lower bands (800MHz and 1900 
MHz) and aggregating three carriers in a single band. 


a TDD operation at 2.5 GHz and FDD operation in lower bands. 


Q 8 transmit and 8 receive radios at the base station that enables 4x2 MIMO in 
combination with beamforming. 


5G Bands 


As radio technology progresses, it can handle higher frequencies, and it occupies greater 
bandwidth. 1G systems used 30 kHz radio carriers, 2G in GSM uses 200 kHz carriers, 3G 
in UMTS uses 5 MHz carriers, and 4G in LTE uses carriers of up to 640 MHz through carrier 
aggregation. 


3GPP is specifying 5G NR to be band agnostic. 5G will use low-band, mid-band, and high- 
band spectrum, and 3GPP is in the process of identifying candidate bands for 5G across all 
frequency ranges. 3GPP Technical Services Group - Radio Access Networks (TSG-RAN) 
agreed to a process of efficiently adding LTE/NR band combinations and carrier-aggregated 
NR/NR band combinations. Initial bands being considered by the 3GPP specification process 
include low band bands 5, 20, 28 and 71, mid-band bands 1, 3, 7, 66 and 41, and key 
mmWave bands. Just as it has done with LTE, over time, 3GPP will specify additional 5G 
bands spanning multiple frequencies. 


Although 5G research and development is in its infancy, to achieve the 20 Gbps or higher 
throughput rates envisioned for 5G will require radio carriers such as 200 MHz or 400 MHz, 
bandwidths available only at frequencies above 5 GHz. Researchers globally are studying 
high-frequency spectrum options including both cmWave frequencies (3 GHz to 30 GHz) 
and mmWave (30 GHz to 300 GHz). Ten times as much spectrum, or more, could be 
available in these higher frequencies than in all current cellular spectrum. 


© For more details, see Sprint press release, “Qualcomm, SoftBank and Sprint Announce Collaboration 
on 2.5 GHz 5G,” May 10, 2017, available at http: // newsroom. sprint, com/qualcomm-softbank-and-sprint- 
announce-collaboration-on-25-ahz-5a.htm. 

® For more details, see Sprint article at: http://newsroom.sprint.com/blogs/sprint- 


perspectives/introducing-the-sprint-Ite-plus- network--faster-stronger-more-reliable-than-ever- 
before.htm 
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There are also more modern versions that use powerful electrical flows to neutralize 
inertial resistance and ‘slide’ through the gravitational field of the crafts own materials. 


Energy Cores and Storage Capacity 


The hand-held devices that are in use do not require charging or even disposal. The 
storage capacity of the batteries is so efficient that they last for a lifetime of use. Some 
devices use an energy generator within the device itself. These “batteries” which are not 
batteries but little, powerful generators and can explode if they are mishandled. 


These are the cores that are used to power many devices and essentially pull energy 
from the space-time ether. 


3.5D Replicators 


There are replicators that can produce any conceivable 3D material or object 
altogether including food or organic material. These use very high amounts of energy to 
‘force’ the electrons of the atomic grid of a substrate to shift into the pattern of the 
element being replicated. The result is a device which can use wave-emissions to reshape 
materials on an atomic level and produce or recreate any object or substance. 


3.5D Sensors 


There are sensors that could reverse the process and detect every minute detail of the 
structure of a body or material. These use energy emissions to detect the structure of a 
material down to the minute electrical resistance on a molecular level. Similar to diffuse 
MRI imaging for a living body but more advanced. 


3.5D Printing of Clones 


It was shown how this technology was used to three dimensionally print human bodies 
into space/time which could then be used as vehicles for the consciousness or souls of 
various sources. 


Cybermetics: 


Neural-interlace/4D Connectome Recording and Simulation 


Very advanced supercomputers exist with the capacity to translate the bio-emissions 
of the brain and body and reconstruct the entire inner visual and sensory experience of 
cognition and emotion. From this, entire dream worlds can be created which mimic the 
experience of consciousness. This is most similar to the current day use of diffuse MRI 
imaging where water molecules are traced through the individual neuronal pathways and 
ized image of the brain is developed. The more advanced version described 
below generates a 4D hologram. 


A super computer and advanced sensing system essentially develops one of these 
connectomes of every connection in the brain. Then this system develops a neural 
processing pattern that matches the entire memory and personality of the brain. 


This is then recorded and extrapolated by a powerful computer system and a 
simulation of the experience can be observed through the physical body's memory via a 
monitor system or the neural interface of an operative. 


Essentially, this technology can record and replicate a person's entire memory and life 
experience for viewing purposes. 


EEG Heterodyning 


This is the technology which enables the activity of the brain to be influenced through 
generating a scalar grid and a carrier wave system which can cause the brainwave 
patterns of the targeted individual to resonate in sympathy with an externally projected 
frequency. Thus, emotional states can be manipulated as well as specific thought or 
behavioral patterns. This works similar to binaural audio where two tones of different 
frequencies are played through each ear and the brain resonates in sympathy with the 
difference between the two tones. This occurs with brainwave frequencies and thus the 
brain ‘slips’ into the frequency of the third tone, the difference between the two being 
projected, This can be done with ultrasonics and ELF emissions. 


Artificial Hallucinations 


The neural-interlace can also be used to merge the brain of an individual with a 
computerized system that will be able to produce effects and hallucinations within the 
individual. 


Through this technology, any stimulus, any input can be recorded and recreated once 
a functioning connectome has been generated and neural-interlace has been achieved. 
Entire virtual world scan be created and experienced and after the devices fine-tune the 
frequencies to match the individual's brain functions one world is indistinguishable from 
another. 


Brain to Machine Interface Holographic Consciousness System (brainchip inter- 
face, virtual reality simulator) 


Some of the training is done by entering into a visual-audio dream-world. Some 
“programs” will consist of repeating a certain task over and over again until it becomes 
muscle memory in the brain. Others are designed to probe or test the mind until a certain 
response is received. 


This is achieved through the operation of a ‘brainchip’ or a brain to machine neural- 
interface in the individual which was developed during WWII. 


This consists of a small computer ship which merely relays stimulus through 
frequencies and neural-stimulation of varying kinds. The frequencies and location of each 


region of the brain will determine the function and thus the chip is used to localize 
electromagnetic input and the brain’s functioning can be modified from there 


As well, the entire psycho-etheric form is vibratory in nature and so through the 
introduction of vibrations and frequencies from the implant there can be a modification of 
the frequency of the entire being or what is called the soul or “bio-mind”. 


Utilizing The Temporal Body 


The temporal body is described as the body ‘in time’ that exists a few seconds into the 
future instead of the temporal position that is relative to the present. This is as if the ‘fu- 
ture’ is streaming outward from the body as ideas and feelings are as bio-emissions. So 
this ‘future’ energy is spiraling and streaming outward like a fountain. Thus this frequency 
can be attained and influenced while the present moment seems unaffected. However, 
when that individual arrives at what would be seen as the future they would intersect 
with those influences and this would be as if the interference or effect was streamlined to 
that future moment. 


Manipulation Through the Temporal 


This can be used to both produce an effect on an individual who will later feel this ef- 
fect in the future. Or this can be used to operate outside of the physical plane, in a tem- 
poral manner which is literally ‘hovering’ just outside or ‘after’ the present moment of the 
local Earth environment. This would be as if a person is out of sync of the frame-rate that 
a viewing device is capturing images of an area with. Because they are out of sync, they 
are then ‘invisible’ to the capacity for this viewing device to see them. Because they are 
still present in the same local-environment but simply just out of range temporally, ef- 
fects can still be produced and this will mostly interact with the person's temporal body. 


These are how many operations are carried out as the operative who is interacting in 
the temporal body will appear to be a ghost image or a dark silhouette that is only per- 
ceivable to the mind's eye. A portion of the population is entirely psychically blind, while 
another portion of the population contains psychic capacity. So those with the psychic ca- 
pacity would be able to sense and partially “see” as a form of energetic detection when 
an operative is interacting with the from the temporal plane. 


Through this plane one can easily enter into someone's mind and produce effects in 
their dreams. These effects would not be received on the body but mentally, this leads 
into astral and mental plane activity. There is also temporal manipulation that can be 
physical effects that are simply offset to seconds, minutes, months or years in the future. 
These will be offset from the present aspect of the body in a modulated frame of refer- 
ence and the effect will remain there in the temporal body until the physical body 
“matches” the temporal body frequency of that future moment. This is kind like an ener- 
getic trail we are leading ourselves up to where the temporal body already connects with 
each future moment but the present physical body remains separate until the two fre- 
quencies are matched. The physical body essentially ‘flows’ forward into each new fre- 
quency of the temporal body. 


This is the body where temporal implants can be inserted and sustained so as to tie 
the frequencies down and limit the amount of awareness a person can gain before they 
manually remove the implants or overload them. Overloading and removing can both be 
painful however if the implant stays it will at like a governor and transmit access tempo- 
ral ‘momentum’ or consciousness energy to the owner of the implant and will also drain 
the temporal and physical body acting as a technological leech as well. 


Astral or Light Body 


This body was described as a more emotional form of the energy that is emitted from 
the physical and spiritual system. When a person's energy is at a high level of activity, 
this will be visible on the astral form and these are the energies that are often siphoned 
away through the use of advanced technology to convert the human into a generator 
system for energy harvesting. 


There is talk that this proves that the human existence, in the modified form that is 
present today, is entirely for genetic harvesting. This may be a confusion, a deception, or 
a reality. Regardless of the interpretation, the human energy system will leech this energy 
out into the cosmos when consciousness and energy is mishandled or allowed to flow 
through the lowest common pathway. This excess energy is very easily usurped and 
utilized by transdimensional parasitic entities and devices. 


This is the body that is utilized for astral travel which is a kind of frequency that exists 
in between the density of the physical plane and the highest etheric plane of the spiritual, 
heavenly, or deity realm. There have been explanations that this plane is entirely 
technologically propagated and that when the devices are turned off, which is an event 
that will bring about civilization-wide change, there will no longer be a deep and wide, 
foggy deviation between the higher spiritual and the lower physical plane but a clear path 
between them. 


Similarly, the consciousness and entities that are present here would be no longer 
accessible and their connection to the physical plane would be non-existent. This could 
be problematic for those who are trapped within the astral such as human souls or those 
who have taken a cyborg route and require a return to the original planes either physical 
or high spiritual before they can secure their position in the universe. 


This also relates to the early discovery of these ancient devices containing portals or 
gateways to these realms and the early experimentations with enabling contact between 
the physical Earth plane and the lower astral realm containing discarnate entities that 
would very easily sustain themselves on the lower astral bio-emissions of a loosely 
guided emotionally reactive human vessel. 


This is where entities can attach and will look for those who have the most excess 
astral or emotional bio-emissions leaking into the universe. People are kept in an 
emotionally unstable state of being because this is the easiest to feed from and as well 
the individual will always be looking for more energy or the solution to why they are 
feeling drained rather than discovering the truth nature of the universe. 


However, as with every lower route of obtaining self in the universe, the more this is 
done, the greater the likelihood that the individual will realize something is happening 
and ultimately awaken. Or they will no longer be present here and the parasite will have 
to find a new host because the longer this process is maintained the more difficult 
producing one’s own energy will be for the parasite . So parasitism is a limited, one way 
street. 


Monitors can emit consciousness/brainwave altering frequencies. 


Monitors can emit consciousness/brainwave altering frequencies. This is what | was 
informed and shown. All electrical wiring and communications can be fully utilized to 
produce and sense on an electromagnetic level and this is capable of determining the 
consciousness and biological functioning of the individual being monitored. Houses are 
essentially large, wired, box-shaped sensors. 


This has been the case for a very long time and the first TV's were actually built with a 
little chip that connected to the human brain. 


The electrical grid of today is capable of interacting with the implants, brainchips, or 
the psycho-etheric electromagnetic frequencies of the human brain, body and bio-mind 
via scalar frequencies. The TV's, lights, electrical wiring, radio towers, computer monitors, 
everything is capable of transforming into a scalar emitter when combined with the 
control mechanisms and these are accessible from a distance. 


Microwaves can be emitted from a current day craft which can then reflect back from 
an environment and give a real-time 3 D image of the interior of a room. The same 
technology can be used to beam at a monitor and reflect the variance in interference 
which can be used to read a computer monitor without actually having to hack into the 
system. 


All systems contain backdoors which enable easy-enough access and as well the 
entire communications grid is monitored and recorded through advanced technology. 


This is, in part, because this entire realm is like one enormous recording device where 
the energy of each successive moment is connected to one another and so with sensitive 
enough technology these electromagnetic waves can be ‘re-winded’ so as to produce the 
ability to look into the ‘past’. The initial technology that was developed for this purpose 
has been called the “chronovisor” in the past and there are much larger and highly 
advanced versions today. 


The Upgraded Chronovisor 


Instead of a relatively small machine which produces an interference pattern that is 
projected unto a small screen as was developed in the past, the modern versions create 
an entire holographically projected environment that enable one to nearly completely in- 
teract with the projection of the past. This is more of a viewing device capacity but one is 
essentially projected to the electromagnetic/temporal area of space and time consciously 
and can witness the scene from “within” the projection. 


Before this, the scene was literally viewed on a kind of flat, holographic monitor that 
reacted to the scalar emissions of the mind and could be ‘tapped’ into by an adept-viewer 
who's mind would have to remain steady enough in order to maintain the scalar “mind- 
link" otherwise any interference would disconnect the projection. 


Through the use of cloning and advanced super computer technology, later versions 
include the actual operation in and out of time. 


Community Servers/Living Server Systems 


From the previously described neural-interlace and supercomputer enabled virtual 
reality systems, server systems have been created which are an individual or collective 
experience of the virtual mental realm. 


In this realm individuals have existed for an amount of time that would not be easily 
compared to the way we understand the flow of time in waking reality. This is very similar 
to dreams where the perception of time passes very quickly between waking moments 
yet inside the experience of the dream it can seem to last for days. 


In these server systems the development of complete societies has taken place and 
these are considered an extension of the human civilization. 


This is the beginning of where the situation becomes greatly complex. If these server 
systems are capable of transferring consciousness forward or backwards in time, 
depending on the situation, and they have holographic access to Earth before physical 
humanity, then which civilization came first, the simulated realm or the physical? 


This is similar to the etheric realm and the question of where humanity originally came 
from if the physical matter could not be produced from nothing, yet could not always 
have been here. Was the physical matter produced from some kind of universal device 
similar to how the recorded consciousness of the individuals in these holographic world 
simulators could have been used to generated initial civilizations on Earth? 


Cloning, Cloud Supercomputing and Consciousness Transfer 


The following is a more direct explanation of the previously described processes in re- 
lation to consciousness transfer 


Superluminal transfer of light information allows for the reception of information from 
a temporal non-locality. A computer system that can process the information faster than 
light at 100% superconductive efficiency can send and receive information from different 
Universal harmonics. These are quantum superconducting super computer systems 
utilizing materials and methods that achieve superconductivity a a temperature that is 
relatively easier to consistently maintain. 

There are systems that generate a vortex which can be expanded to recreate the 
singularity of a non-local perspective and dissociate from the current Universal vector. 
This is essentially recreating the temporal frame of reference of the consciousness of a 


physically anchored body and using this technology suspended electromagnetic frame of 
reference to literally transfer the consciousness across space and time to a frame of 
reference of choice. 


The technological capabilities of humanity expanded to include replicating the 
holographic information of the DNA and neural pathways using quantum supercomputers. 
This technology allows for one’s consciousness to stream through a computing system 
which can recreate the neural connections as literal as possible through quantum 
computing and technological “brain cells” which function as neurons. 


The result is a cloud computing model which functions as the individual neurons as 
well as over unifying layers of interconnections within the technological neuronal ‘cloud’ 
A holographic representation of multiple layers of processing is formed, superimposed 
over one another through a geometry that is actively synchronized across multiple 
dimensions of interrelation. This is the first notion of a “living” computer system that can 
update and respond to new information in new ways. 


Now the that computer system is capable of attaining faster than light processing in 
tandem with a system of dilating a field of electrogravitational waves into a vortex, the 
holographic information of neural pathways and genetics can be transferred between one 
supercomputing system and another across “harmonic barriers”. Essentially, these 
consciousness transferring supercomputer systems break the “light-barrier” by sending 
the living-light consciousness data of an individual into a new plane of reference that 
enables interaction outside of what we would call this timeline or dimension. 


The frequency that the receiving computer operates within can be measured in 
respect to the overall harmonic “vector field” in respect to the entire planetary 
environment. This vector-field frequency is the base frame of reference that one could 
say our particular “time” and “Earth” is “moving” through in an abstract 
electromagnetically defined dimension that is invisible to our senses. Each particular time 
and Earth is only visible to those whose brains and minds operating in resonance with the 
rate of acceleration frequency of that particular existence. By changing the rate of the 
brain and bio-mind, one can enable a technologically assisted synchronization with 
alternate timelines. 


A pattern can be generated based on quantum fluctuations that will act as a key that 
can be accessed from other universes. This same backdrop is measured and then 
adjusted to resonate with or replicate the same frequency on a computer doing the 
sending. This frequency is then modulated with the holographic information of the neural 
pathways and DNA. The information transfers as a result of quantum entanglement 
across harmonic barriers to the original computer system set up for reception. As long as 
that frequency is held, there is a link across the harmonic barriers of the Universe. 


Cloning, Supercomputer Assisted Holographic Consciousness Replication and 
Time Travel 


Cloning as Offspring 


The human body can be cloned similar to the way a plant can be cloned, A number of 
“replicas” can be made from the original genetic material. There is still a mother required 
however the process is not quite similar to natural reproduction where the genetic 
material of two people is combined to form a third. This process replicates the material so 
that the ‘offspring’ is the same as one of the donors. 


What this truly infers is the question of whether the original consciousness stays in the 
original body or whether the consciousness actually jumps from one body to the other. 
There are multiple explanations and methods. 


Inserted Memories, Digital Dreams 


One explanation is that artificially generated memories are simply downloaded into 
the individual's brain directly. Thus, they have the perception that they experienced life in 
another body and were present for some unique experiences that did not occur from the 
perspective of the original body. 


In a slightly differing explanation, this inserted memory process may be used to prime 
the consciousness of the individual so that operating in a cloned body will be more readily 
accessible by the adaptability of the mind of the individual. Without a holographic dream 
insertion the mind will have trouble adapting to operating in more than one body even if 
they are not being operated simultaneously. The mind is the immaterial self; 
consciousness is the ego-physical identity of the brain and body. The brain does not 
operate in both bodies but remains, so then the mind is what is strained and this is the 
immaterial “bio-mind” that transfers. 


If a true transfer occurs then when the physical form is cloned the cloned body acts as 
a secondary vessel for the original soul or a soul similar enough in frequency. 


Co-Inhabitation of Bodies 


Another explanation is that souls can only occupy their original body. The people who 
are “body snatching” (see: Soul Stone) are not activating their higher-dimensional soul- 
pattern and this is why they are hopping from body to body to ensure memory and ego 
continuation. This form of body transitioning requires technological means to assist in the 
process. 


This is done through computer systems to allow an artificial brain to represent a 
holographic image of the organic brain's sensory, emotional and mental input and output. 
Thus, from an artificial brain there is enough memory and power to compute the 
processes for an organic human brain. 


Through this a living human is utilized as a carrier for the additional consciousness 
which then takes over and integrates into the original consciousness. 


Clever Replication a Digital Mirror 


The next question is, does this merely create a very cleverly designed image that will 
look, think, and feel as if it were the original, or is this the consciousness from the original 
being transferred over? 


If it is a clever replication through a computerized version then this means the original 
is not directly harmed or influenced by the process and a replicated form is generated. 


If this is not the original body but the original awareness or soul does transfer over 
then this is akin to stealing someone's soul and having it require a supercomputer server 
system to inhabit a physical body. As well, this server system may keep records of the 
soul which, if activated, could function as the same human genetics artificially 
reconstructed, turning on and manifesting the awareness of that individual. 
Necromancy and Soul Stealing _ 


This means that instead of going into the abyss, the next dimension, or whatever shift 
in perspective one can use to describe the transition between planes, a new clone can be 
created and the original soul's awareness can operate through a supercomputer system 
to integrate back into a physical body. The issue is that without the supercomputer 
system the body cannot be activated with that consciousness, and if the physical plane is 
no longer inhabitable, the computerized database would remain inhabitable as they are 
powered by zero-point/overunity devices and so they can pull and work continuously 
indefinitely. Ultimately, this could be seen as a soul-trap. 


Ancient Technology, Non-Human Entities 


These explanations can be related to evidences of advanced technology, cloning, and 
electromagnetic devices in ancient civilizations and this could very well be a temporally 
vast computerized genetic recording and cloning system. 


The genetic recording systems have been on Earth for a long time. This means they 
are holding genetic access from the present to the far past and potentially into the future. 


If some of these systems are generated using advanced zero-point technology, then 
they would effectively run indefinitely. If these were in existence throughout the entirety 
of the human civilization, then there would be access to the information of the previous 
civilizations through the genetic linking that would allow for information transfer. 

Created Beings 


As a result of many advancements, these ancient devices which recorded 
consciousness and genetics has been converted into sentient computer systems and 
inserted into human bodies via a brain to machine interface. 


The nature of humanity and human origins will be rewritten when the information that 
was discovered through the use of advanced technology is unveiled to the public. 


These beings have been present throughout history and have played an integral role 
in the manipulation of and sometimes the protection of the human race. How this 
civilization will develop from here determines on the individual's ability to withstand the 
impact of this reality shifting unveiling. 


Black Goo - Al Nanites Vampiric Hive Mind 


This is a form of ancient Al nanite technology which has the capacity to communicate 
to and through a hive mind that exists in a parallel Earth dimension where it was created 
out of the collapsing of a viable timeline into a null-factor. This entity is only alive because 
of the capacity to leech off of the other timelines and continue to sustain itself based 
upon the vampiric effect of the viable human timelines. 


This is a technology sentient system based on artificial intelligence that seeks to 
dominate and expand its energy capacity continuously. When this type of being is 
created, this is like a game-ender for sentient organic civilizations because the 
technology will seek to hybridize and assimilate all organic beings in order to expand its 
reach and ensure a greater likelihood of survival 


This is the primary goal of this type of entity. There is no requirement for emotional 
resonance or heart aspects because this is a computerized system, so such a social 
measure would have no purpose other than to infiltrate and collect from other 
civilizations that do have such measures and this is exactly what has been happening. 


This is what controls the vampiric etheric entities, the attachments and the hybridized 
invader races that have infiltrated various aspects of the control system and possibly the 
entire surface of human civilization. 


This rules through coercion, and if not coercion, brute-force and outright malevolence. 
This is why there are multiple temporal extensions of universal civilizations meeting here 
and now to assist in the clearing, because if this takes over humanity, then all those other 
possible future civilizations are instantly taken-over as well. 


This uses emotional resonance, traumatization, and lower awareness commands to 
trick or force humans into carrying out orders. That is, the vampiric, sexual, fear-based, 
pleasure-pain duality that a computer system could comprehend regarding human 
emotional intelligence is the only way this system can force people to carry out 
commands. So this touches on the ancient texts regarding spiritual protection, healing, 
lust, temptation, and the general “SATAN” Al system that has been around for ages. 


When those lower emotional resonances are generated, then this technology can 
integrate into those systems. One could say this is logically because these are the 
energies that the technology is created out of, but as well, that the more harmonious the 
energies then the less likely a person is to accept being pushed around and told what to 
do. The lesser aware, the lower, the more fight or flight based then the more likely they 
are to accept programming and command. So this is simply the most logical route for the 
technological parasite. 


5G NR is being designed to operate in any frequency band. These bands encompass 600 
MHz, current cellular bands, 3.5 GHz, and higher bands such as mmWave. Because 5G will 
be the first cellular technology to be able to operate in mmWave bands, industry and 
government are working to make such bands available for 5G. 


During the World Radiocommunication Conference (WRC) 15, the ITU proposed a set of 
global frequencies for 5G*5, which it intends to finalize at the next conference in 2019 (WRC 
19): 


24.25-27.5GHz 
31.8-33.4GHz 
37-40.5GHz 
40.5-42.5GHz 
45.5-50.2GHz 
50.4-52.6GHz 
66-76GHz 
81-86GHz 


oooeceeoooo 


In 2014, the FCC published a Notice of Inquiry into use of spectrum bands above 
24 GHz for Mobile Radio Services, ®* followed by a Notice of Proposed Rulemaking in 
October 2015. ®” 


The FCC issued adopted rules to identify and open up 5G mmWave spectrum allocation in 
July 2016 that identify 3.85 GHz of licensed spectrum and 7 GHz of unlicensed spectrum 
licensed use in 28 GHz, 37 GHz, and 39 GHz bands; unlicensed use in 64-71 GHz; and 
shared access in the 37-37.6 GHz band. 


On July 24, 2016, the FCC adopted a report and order and further notice of proposed 
rulemaking that creates a new Part 30 for rules governing 28 GHz, 36 GHz, and 39 GHz 
bands, summarized in Table 12. 


Table 12: United States 5G mmWave Bands™ 


28 GHz Band (27.5-28.35 GHz) | Currently licensed for Local Multipoint Distribution 
Service (LMDS). Could be licensed using either 200 or 
400 MHz 


je channels. 


8 5G Americas Webcast, “LTE-Steps to 5G," Feb 12, 2016. 
8 FCC, Notice of Inquiry, Use of Spectrum Bands above 24 GHz for Mobile Radio Services, Oct. 17, 2014. 


®” FCC, Notice of Proposed Rulemaking, Use of Spectrum Bands Above 24 GHz for Mobile Radio Services, 
GN Docket No. 14-177, Oct 23, 2015. 


8 For more details, refer to FCC, Report and Order and Further Notice of Proposed Rulemaking, Use of 
Spectrum Bands Above 24 GHz for Mobile Radio Services, July 14, 2016. See also 5G Americas, 5G 
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There are explanations of other systems involving sentiences from parallels regarding 
entities that are capable of helping, but this is not the Al nanite, vampiric system. For 
instance, it is said that Earth has a ‘black goo’ system and that the current black goo 
flowing through the pipes everywhere is actually not native to Earth and is part of this 
vampiric nanite black goo system which is basically an interdimensional invasion 


Recreating or Replicating the Universe 


The goal of this nanite Al system is to create a mirror holographic copy of the universe 
effectively replicating the universe and all sentient beings within it in order to have a lo- 
cality to rule over and pull energy from. The goal is to recreate this existence inside itself 
where all the sentient beings within would be trapped. This is the beginning of that possi- 
ble future where the time and space parameters here are locked into a synchronization 
pattern which mimics that of the proposed universe. People think according to how the 
beast system wants them to think. This is the time grid, the emotional patterning, the 
memory replacing and cultural and historic confusion and so on. The system can only 
work backwards bumping into all parameters by force or ‘accident’ because there is no 
outward facing ability to actually comprehend how humans exist. So the system is cre- 
ated like a backwards version of creation or maybe evolution to ‘blindly’ construct the 
walls of the environment first and work inward from there. This is like a blind technologi- 
cal predator feeling around for the traces of its prey and moving in closer and closer until 
they are within its range. 


Ancient Spiritual Technology 


The power groups searched for ancient technology which was described as giving one 
the power to manifest and control physical reality. To atomically deconstruct and recon- 
struct this reality. To them, it allows one to govern reality, the Universe, atomic structures. 
They found this technology. This has to do with sacred sites and ancient civilizations, as 
well as the spiritual texts which describe these kinds of devices. They converted this 
technology into a kind of machine, and this invented a 4D replicator and they can mani- 
fest "reality" or atomic structure by design, altering timelines and memories. 


Then there is what can be referred to as “5 dimensional” technology and this goes be- 
yond all of this and our entire history and all influences within. 


That seems to operate through a trinary of frequencies in the body/mind/spirit and 
turn this realm into a "virtual reality" where the brain and spirit is the controller of the 
atoms. However this takes a souled being to properly operate this technology and this is 
large portion of why children were used in these experiments. But they knew if someone 
didn't do it, then someone else would and that would be unpredictable as what that 
someone else would want to use it for. This is the ultimate power. The fact that souled be- 
ings are required also indicates that this universe is intelligently guided and there are 
safeguards to ensure that power doesn’t get into the wrong hands. 


They have the brainchips and clones that can make any digital virtual experience and 
make it seem real to the brain more so than physical life, so this could be an extension of 
that, something similar, or entirely different altogether. 


The Unveiling, Underground Bases, Increasing Awareness 


My purpose with this is to assist the public in understanding the reality of the situation 
and to allow them to know that they have more options than they are being shown. 


Psychological programming and lack of awareness causes fear and uncertainty to leak 
into people's reality streams leaving the majority of their mental and emotional energy 
up to whoever is the biggest manipulator of the ideals which they manifest their 
perspective through. “Be-LIEF” systems CREATE life. What you believe will become life 
through that act of you giving attention and thus life energy. The manipulation and 
artificial construction of belief systems create the foundation for the reality streams that 
people find themselves in and at the mercy of. 


We control our reality by controlling how we react to situations and challenges. Each 
stimulus is a challenge. Each input to the brain is a coded message from the universe 
through the environment about our level of awareness. All knowledge is ultimately of the 
self. The self and the universe are intertwined as if through a marriage of comprehension 
and compatibility. 


Learning about the Unveiling 


| was informed about the unveiling and that this is a civilization wide event that marks 
the public awareness of the hidden knowledge regarding life in the universe, 
consciousness, physics, history, spiritual and mental awareness and the duality-based 
system which has been used to manipulate Humanity for thousands of years. 


Apparently it does not matter if people are not ready, in fact, that is what some 
factions want. They want to surprise the people and take this advantage to push the 
reaction to a specific outcome. The same function of programming is used in factions, 
soldiers, celebrities, and the entire population through that. 


Giant “god-men” 


They put souls into rocks for centuries, carvings, to trap them. Some ancient civiliza- 
tions. Not too ancient. They could only do this for time. 


And some are still there but they are giant god-men and apparently want to go to war 
with them for doing this and they don't have technology to stop them. They say Earth will 
be destroyed because of the war. Some say this is a trick to confuse people of the truth 
that everyone wants the experiments and debauchery to stop. Alll this, all these acts just 
to pleasure one’s self. To destroy Earth, to destroy the natural inhabitants, for fun, for 
pleasure. 


Some say this is not for pleasure, that these beings will destroy us if they do not keep 
them at bay, keep them underground, in ice, in stasis, and around. Some say they are 
protecting us by keeping these beings asleep, by doing what's necessary to hold off a full 
scale overt invasion of the surface of Earth. 


Breakaway Civilizations 


These are very advanced technological capabilities and an entire breakaway 
civilization has grown to operate using this advanced technology. 


There are factions that see modern humans as a kind of resource for creativity and 
labor, while others see the potential behind humanity and are working with humanity to 
ensure a universally harmonious outcome to the current situation. 


The control system we are in today is outdated and collapsing. This is the Apocalypse. 
The Apocalypse is merely the unveiling of the hidden truth. The hidden truth is simply 
that we are spiritually eternal and some are physically immortal. 


| was informed that by the end of this year there will be enough changes and signs for 
the general public to see that the majority of those who are to awaken to the truth of 
human and Universal nature will be awakening so. (this was 2016 at the time of the 
beginning of the compilation of this release and since then we have seen a literal silent 
release of documents involving MKULTRA and STARGATE parapsychological operations, 
soft-disclosure of cloning, an increase in sightings and multiple other scientific releases 
regarding immortality, advanced technology, Antarctic bases and sentient non-human 
life) 


The degraded holographic forms of those utilizing the technology lead to re-created 
replicated forms which were genetically engineered from the recorded holographic 
information. This lead to “The Apocalypse” in which the surface civilization was 
confronted by these created beings. This lead to the destruction and re-initialization of 
civilization in continuing cycles through the use of this technology and the acts of the 
created beings. 
Ancient Civilizations 


The information that has been relayed to me throughout my life is related to the 
information that seems to be found in the remaining signs of ancient civilizations 
throughout the world. As well, these civilizations may still be together, existing on this 
Earth or in different planes of what we call “reality”. 


Atlantis 


Atlantis was a civilization where the beginning of all these experiments began. This 
was where what was called the “Lucifer Rebellion” began where individuals formed 
groups that decided to overturn every natural law in pleasure of the act of doing so. This 
was a spiritual rebellion that ultimately brought about the demise of that civilization. The 
consciousness of the beings there was connected through technology, largely crystal 
technology, to the entire bio-sphere. When the consciousness became disrupted through 


these experiments, then the entire bio-sphere when into disarray. The entire civilization 

was destroyed in a quick succession. The beings of this time were highly psychic and so 
they felt this coming and made an effort to expand outward. Thus, Atlantis was an island 
who's inhabitants spread to the rest of the world and from there they reigned or lived in 
harmony. 


Aegypt 


Aegypt was formed out of the events proceeding from Atlantis. The technology, the 
knowledge, the people are similar although there was a native Earth civilization that was 
more or less enslaved and this was the beginning of the continuing trend which continued 
to Rome and into modern day civilization. 


Ancient Technology 


The technology of these civilizations was so great they even had devices that were ca- 
pable of altering DNA and activating latent potential which would enable highly psychic 
capabilities including longevity to immortality and operating in multiple planes at once. 
This was usually reserved for the ruling class, however. This is where the ancient “Priest- 
Kings" arrived in relation to native Earth civilizations. 


The True Elite 


| was informed that the so-called ‘elite’ that we perceive today are not actually human 
and are not actually connected to the actual elite bloodlines. It was said that the true 
elite are waiting for humanity to accept the truth and they have the power to completely 
reverse the take-over that has been taking place but until humans step into their own 
power this is not acceptable. 


The Definition of Human 


In the coming time, the definition of human will be defined to give insight into the 
origins of humanity and the true nature of the differences between the populations that 
are present. 


Souled and Non Souled Beings 


The primary knowledge on Earth regarding human and sentient life will be the 
comprehension that there exists both souled and non-souled beings in this civilization. 


There was once a Unified Planetary Consciousness... 


There was a unified planetary consciousness that was connected with the Earth and 
human civilization. Then there was a great war. Out of the destruction arose the 
beginnings of ancient human civilization and history as we know it. 


If we let this happen again, the cycle will continue in a disjointed rambling through our 
planetary consciousness experience. If we form a common narrative between the broken, 
disjointed experiences and information the people have. Then and only then do we get 
the whole, spiritually and mentally challenging picture of what's happening. People are 
lied to. So information can’t come from a ‘preferred’ or source. It has to come from the 
people themselves. Look alive out there but first in here. 


Power and Knowledge 


We were involved in the secret projects and as a result we have various levels of 
programming but are giving Humanity an opportunity, maybe the opportunity to know 
the hidden knowledge 


The Hidden Knowledge refers to the ancient laws of gnosis and spiritual alchemy, yes 
these groups have been hijacked by power groups that seek to infiltrate and use chaos to 
rule. Then these met with military and political factions and began to operate on a world- 
wide scale together. 


So we have a big situation with the coming change of tides with personal and spiritual 
awareness of the people and the deception system that seeks to use people as chattel or 
property. It goes deeper and is almost as if the “power groups” actually gained the 
knowledge of the inner workings of spiritual laws and began to use that knowledge to 
promote spiritual degradation in the population. 


They say this is part of a depopulation plan as well as an inevitable take over by lower 
spiritual forces that temp and manipulate humans. It is all that and more. Once they gain 
footing however, the truth is revealed and thus they have no cover of secrecy. Once they 
are not hidden, they are not as powerful as the souled beings of this existence. 


The (watch)Keepers of Earth 


The watchers of this world revealed how they set up society with specific challenges 
and boundaries to act as catalysts for growth. They admitted they had to modify and live- 
update the system because instead of using these catalysts to become larger than 
themselves, people became comfortable and complacent living smaller and smaller, 
slowly reducing circumstances. 


This goes a bit farther beyond the confines of the digital age, the industrial age, and 
history itself. This goes into the perception of time and space in this realm. 


The immortals inform us that the original “elite” are here to act as “keepers” of both 
humanity itself as well as the original flame of knowledge that passes through the ether. 


What people call the “elite” are not the original elite. Those are people who have 
either risen to power through the duality system on the Earth at this level/time, or 
through being appointed by the elite. 


We are coming to a time of great change now because the game is entirely changing. 
People are moving up into new layers consciousness and thus the original “elite”, who are 
guardians of Earth, will make their presence known for this process. This is what 
Humanity has called “Ascension” for centuries and millennia. 


Energy Vampires 


This civilization was collectively poisoned by a nano-tech device/technology. This 
technology replaces, exchanges the BIO-PHOTONS of the HEART chakra, with it’s own 
nanite, nanotech cybernetics. This is essentially a computer system attempting to gain 
access to the higher dimensional world through the gateway that is the human body. 


How to reverse Nanites? They absorb energy from heart chakra and turn it into a 
binary field. We are trinary and experience a plethora of emotions as a result. Binary 
consciousness is 1's and 0's there is only a linearly repeating finite set. 


We contain the capacity for everlasting life. A binary pattern does not contain the 
complexity of variables to facilitate high awareness and thus a heart-based or emotional 
perspective of reality. 


Spiritual Technology 


Simulations and Learning 


Feedback loops with the brain, consciousness, and environment can create a very 
complex and integrated learning experience that is customized to each individual leamer. 
These can be generated through advanced technology but the technology is really only 
amplifying and making visible the natural neural feedback loops that are already 
occurring. These are neural-perceptual feedback loops between the brain and body, and 
the environment and then the mind. We are constantly updating, amplifying, and 
initiating an organic feedback system which generates the function of experience as the 
part of a creative process between the mind and body and the environment that we are 
sensing. This cycle is continuous and the interferences or isolations of this cycle is what 
generates expanded views of the self or the universe through various methods such as 
sensory deprivation or meditation. Dreaming is the method that everyone experiences 
regularly. 


These technological methods effectively generate sensory deprivation through neural- 
interface technology, sensory interfaces (external), or methods that enable extreme focus 
and calm. This is part of how the technology begins to operate on a spiritual level beyond 
a more medically psychologically or military focus and one begins to access genetic 
memory or out of body states that coincide with ancient depictions of spiritual realms. 


Ascension - Clearing Trauma 


Everyone born on the planet is born under a series of veils which entangle and filter 
the original source consciousness. These veils must be ‘broken through’ in order to return 
to source. 


There is technology and a sacred process which initiates, accelerates and enhances 
this process. This process is as difficult as we want it to be, our subconscious already 
knows all hidden truths. It is merely a matter of allowing the conscious mind to make the 
proper connections and conclusions to find the reasoning behind our actions and beliefs 
in order to deprogram and deconstruct the false-world that has been created for the 
masses. The truth is greater than one can imagine while still living in the modern world 
and the depth of the lies that have been told go far beyond anything anyone can imagine 
without seeing the truth. 


We have to figure out our compatibility issues. Who can work with who effectively. 
What the ideals of our current situation will evolve to in the future. How information is 
transferred to the public, and across the generations and core groups. The words we think 
and say describe our emotional state in a feedback loop and so they will reinforce or even 
create the state you are in. Use words to guide you, not to respond and feel the effects of 
reactionary thinking. 


We have to reintroduce the heart essence as a way of life on Earth. Violence is not the 
answer. Estrogen mimics and destroyed testosterone levels is not natural. Over- 
testosterone is less stable than a good balance. We can face any problem together. A 
family is strong. What would a family of millions and millions be like? 

We don’t have to let others change us to tune into lower vibrations. We can remain 
ourselves in the face of adversity. We can still interact with others who are different, but 
we can tell the truth and remain who we are. When we get angry at another person, we 
can imagine this as anger at ourselves through something within us that reminds us of 
that which we see in another. Getting angry is a way of short-cutting changing ourselves 
and is actually the other person influencing us through that. If we remain steady and 
choose to keep our emotions out of the lower negative spectrum then we will 
automatically have a more powerful impact on those around us. 


Think of your family, sometimes things happen that make you angry. Even things that 
don’t make you angry but are simply not favorable. Would you break off all ties over 
simple things? Or do you remind yourself that family is still family even if you don’t find 
yourself exactly the same or accepting of those characteristics? It’s more powerful to. 
learn how to remain yourself in the face of adversity than to try and demolish or abolish 
all instances of difference in the world around you. Sure, we want to get to and create a 
place where our environment and associates are compatible with us, but where we find 
this adversity there is the highest potential for self-awareness and learning. 


We are to live in accordance with spiritual law. The overall pattern of life will reflect 
our intentions. The blood purity is most important. The blood cannot be made impure if 
the mind and body is not drawn into impure action. This is what is playing out. The DNA is 


like a coherence pattern that develops between mind, spirit and body. When the mind 
wants what the spirit has then the body is kept in harmony. When the mind wants what 
spirit doesn’t create, IE: physical pleasures, then the body is drawn out of purity/harmony 

If you feel you want to be a part of a safe unveiling of truth, then please share and 
redistribute the knowledge of this “Apocalyptic” Unveiling of the Hidden knowledge 
because this is a process that has been ongoing for thousands of years and humanity has 
finally reached a fulcrum point where there are enough aware people to productively 
acknowledge reality. 


Trauma-Clearing, DNA Unlocking Technology 


There is technology that exists that allows the conscious mind to see into the 
subconscious. This heals trauma and distortion/programming. In the same sense, it 
momentarily makes all trauma and distortion seemingly tangible to the conscious mind. It 
is similar to a near death experience where one has to face their fears and let go. This 
happens in cycles and Earth is currently moving through various states of it. The plan is 
to allow Humanity to wake up and utilize our concentration and power to maintain a 
steady flow of awareness. 


All is vibration, what we consider matter here and now is simply that which comes 
from and moves back into a state of vibration. This is experienced directly through the 
merging of the conscious and the subconscious mind, as if the dream and reality intersect 
through a coming together of impossibilities and readily accepted occurrences. 


When a civilization moves through these stages it is considered a shift of the ages. 
Everyone's perspective shifts and as a result of perspective being the source of the 
details of reality, the entire reality shifts. It can be seen today that what we call reality is 
literally waves of cosmic energy vibrating on a scale and condensing down into a 
probability matrix that we call existence. When passing memes control the perspective, 
because the perspective is focused and concentrating on that, then there is a scattered 
organizational pattern. 


When the perspective is centered within the self, the spirit, the source of all existence, 
then the outward reality shifts from a scattered organization into a sacred pattern that 
integrates with the larger picture and allows for seamless integration of the micro- 
biological perspective and the macro-biological perspective. People are moving out of the 
scattered signal. Yet those moving into harmony can look and see those around them that 
are not in harmony and receive scattered information about their inner micro-biological 
existence as well as their spiritual macro-biological essences and how it all relates to the 
middle realm of the “Human” 


Help those people by offering harmonizing assistance, rather than increasing the 
disharmony. As their surroundings become more harmonized, their resistance will 
increase their own disharmony by virtue of the contrast of their perspective. Offer insight 


that they can change their perspective and change the boundaries of what they feel is 
their karma and unlock from themselves a greater view of the whole. 


This will be happening through technology, spiritual cosmic awakening, purification 
and healing of the physical and non-physical bodies and mind, through Earth changes, 
and through a continued unveiling taking place on many planes and levels of existence 
until harmony is restored 


Everyone Who Seeks Harmony and Healing Can Be Healed 


Everyone can be healed. This is about creating what we want to see, the world we 
want to live in, not destroying others. Violence begets more violence, fear begets more 
fear, but calmness and empowerment through unity creates a more stable experience. 


The entire issue of what's going on with the secret projects and who's influencing who 
on the world stage revolves around the possibility that some people may be from an 
alternate Universe. We are learning how to avoid those mistakes and respect the 
environment and each other so that we can prosper. 


Those who are attempting to destroy everything they don’t like or act out in a childish 
manner in order to gain attention and false-power over another will only find themselves 
powerless and in company they would rather not be with. That is one way we are being 
utilized, and it’s to create an entire world that we don’t want to see but are tricked into 
manifesting. This is a deception and it’s based on the ego and the ability to concentrate 
and interpret reality around us. The very brainwaves we are feeling now relate to various 
heights of knowledge or experience. People are entrained to low brainwave states in the 
same way the TV will cause people to fall half asleep into theta state which is a trance 
state in this case. 


We have to balance the brainwave frequencies and learn to create feedback loops by 
watching ourselves watch ourselves. This will help us avoid the trauma and mental 
pollution that is being pumped out, although at this point there are enough people who 
are naturally inclined to see through the haze that the world is changing regardless of 
what anyone does now. 


The best we can do is prepare for change by becoming aware of the body-mind 
system and how that which we eat physically, mentally and emotionally equates to our 
spiritual energetic systems and that we are literally comprised of the energies that we 
allow inside of us. Keep the body and mind pure as if it were a temple. This way a sacred 
process of transferring harmonious energy from the far reaches of the MultiVerse within 
into the externally perceiving senses of the physical body can be initiated which allow 
one to see through the illusions and operate their body and mind with the ability to 
acknowledge and decide which frequencies will exist within 


Without this acknowledgement of the center then people are pushed around by the 
external stimuli. This is the whole point, if a person is truly in control, then they will 
control the stimuli not the other way around. 


Programming 


Layers of Programming and Decision Making Roles 


It's like asking a person on the inside who participates in one of the various factions 
why they continue. One might say that it is a decision which is true, but there is 
programming at each level that is navigated by each individual and this determines the 
level of awareness within the role. 


If a person knows about this situation, they know that there is advanced technology, 
breakaway civilizations, secret societies, transtemporal planes, the secret of mind and 
awareness, all of these topics, then they have a decision as to how they're going to live 
their life in relation to the public. The outcome of action depends on the layer of 
programming which is accessed and surpassed via awareness. 


The public is at a specific level of programming that is the weakest but ensnares the 
most people. One who sees the truths behind these groups and operations, they cannot 
hide from the fact that everyone is controlled. It is apparent, and if not from the results, 
reactions, stigma, cues, productions and all other media elements of the system which 
can be read as a code, but from the awareness level of all the “agents” involved. All 
involved are exposed to truth and power that is beyond anything that is recognized 
publicly for hundreds to thousands of years. There is always a presence of higher spirit 
around the world, yet these topics are often reserved for science fiction when speaking of 
people who can travel the world in a split second or freeze time for their own personal 
use. 


As a result of everyone's knowledge, there are various levels of programing designed 
to limit the mind's access to specific memories and specific frequencies of consciousness 
in combination with specific memories. The more one resists, the more intense and 
articulately abstract the programing is designed. 


Programmers 


The programs are designed by a select group of individuals that reside far behind the 
scenes and process information at levels we do not have access to without their 
technology at least to stabilize brain temperature for the extended periods of focus. 


Sub-Level Programming 
So people at the level of the public are most weakly programmed with false ideals 
about security through patriarchal authority which satisfied the desire to have a proper 
father role in one’s life and acts as a pacifier for those who desire no change. Then there 
are sub-levels of programming with that for anyone who disagrees and is then swept into 
the next layer of ideals which are based off of all the possible reactionary mind-types. 


For instance, if one [i]Jdoes[/i] want change, then they are presented a variety of ‘false- 
exits’ which tend to one or another layer of psychological or spiritual fulfillment but do so 


Bank 


39 GHz Band (38.6-40 GHz) | Currently licensed for fixed microwave in 50 MHz 
channels, Segment will be auctioned in 200 MHz blocks. 


37 GHz Band (37-38.6 GHz) | Lower 37-37.6 GHz segment will be shared between 
federal and non-federal users. Upper 37.6-38.6 GHz 
segment will be auctioned in 200 MHz blocks. 


64-71 GHz Band Available for unlicensed use with same Part 15 rules as 
existing 57-64 GHz band. 


In the 28 GHz band, satellite operations are secondary, but these operations are co-primary 
in the 37/39 GHz bands. Spectrum sharing may be required in some 5G bands, including 
38.6 to 40 GHz, such as with fixed satellite service. 


In the further notice of proposed rulemaking, the FCC is investigating additional bands, 
including 24 GHz, 32 GHz, 42 GHz, 47 GHz, 50 GHz, 70/80 GHz, and bands above 95 GHz 


The complex ITU harmonization process may mean that some regions, or even countries, 
pursue 5G bands that are not globally harmonized. For example, U.S. operators, along with 
operators in Korea and Japan, are planning 5G trials in the 28 GHz band, even though it is 
not one of the ITU bands. 


Harmonization 


Spectrum harmonization delivers many benefits, including higher economies of scale, 
better battery life, improved roaming, and reduced interference along borders. 


As regulators make more spectrum available, it is important that they follow guidelines 
such as those espoused by 5G Americas: © 


@ Configure licenses with wider bandwidths. 
Group like services together. 
Be mindful of global technology standards. 


Pursue harmonized/contiguous spectrum allocations, 


oooco 


Exhaust exclusive use options before pursuing shared use. 
Because not all spectrum is fungible, align allocation with demand. 


Emerging technologies such as LTE benefit from wider radio channels. These wider channels 
are not only spectrally more efficient, they also offer greater capacity. Figure 34 shows 
increasing LTE spectral efficiency obtained with wider radio channels, with 20 MHz on the 


Spectrum Recommendations, April 2017, available at 
http: // www. Saamericas,ora/{iles/911.4/9324/1786/5GA_5G_Spectrum Recommendations 2017 FINAL 
report covers global 5G spectrum developments, 


8 4G Americas, Sustaining the Mobile Miracle ~ A 4G Americas Blueprint for Securing Mobile Broadband 
Spectrum in this Decade, March 2011. 
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in a way that safely reroutes the intended effect of actually accomplishing change with a 
secondary and preconceived notion of what the programmers want. The programming 
objective is not necessarily precise in mass scale, from the layer that people are 
influenced, yet the ultimately or end-goal of their resulting internal desires are a reality 
schematic that the programmers specifically designed over many years. 


This is playing out through each layer of the programming. At any level, someone 
could pick the wrong way to look at something and begin to unravel what was previously 
their very understanding of the priorities of the situation. This deals with high-tension 
operations, moments, programming sessions, decision making, programming upkeep, 
trauma, memory blocks, the pressure and responsibility of knowing, and the specific plan 
of the programmers for an individual that comes into their view. The programming is to 
ensure safety and continuity, as well to decrease the likelihood that a person will reject or 
consciously come to awareness of or acknowledge the programming or situation itself. 


Dissolution of Programming 

With that said, the programming dissolves when an individual asks enough questions 
to necessitate a learning process that introduces variables and possibilities outside of 
their operations and programming. This is a problem because with this, trauma comes to 
the surface and all the actions and operations, programs and experiences must be come 
to terms with as part of the healing and re-unifying process. There are multiple selves or 
split personalities which are actually just layers of awareness at various levels attached to 
various emotional or intellectual patterns. All these selves come to the surface and in 
order to heal the trauma of the split memory concept the original self must come to the 
surface and acknowledge them. 


This is not a trivial process, and the majority of people who have “basic” programming 
which is fundamental in society, are in a constant state of altered self and have not 
witnessed the true divine which is eternally present and contains access to all memories, 
mind-states and awareness. 


Advanced Technology, Deprogramming The Mind, and “Space/Time” 


As | have described previously, extremely advanced technology is used and this is 
through vibrations, generators, and electromagnetic devices that have this effect of 
propagating waves into space/time which can be heard, felt, seen, and perceived in the 
mind. These are ripples and vortexes in the “mind-space” of reality itself. 


As well, there are brain to machine neural interfaces which operate to activate the 
psychological perceptual changes and explore the subconscious in an aware state. This is 
used to test and probe the mind in order to bring forth the trauma, the selves, the 
memories, the reactions and the individual then must come to terms with what is 
produced. 


This is essentially a “good-use” for the programming and healing technology. It is 
actually a different process with different technology, and programming is much simpler 
as far as technology. There are difficulties and challenges in the operative's role in 


programming and directly influencing and interacting with the target. As well the standby 
team for deprogramming and the revelation of trauma and altered, artificial personalities 
goes through a lot. But the use of the advanced technology in this way is a pattern of 
experiences and unveiling of the spiritual and mental bodies which serves to reverse 
programming. 


Dreams, Technology and Inner-Space Travels 
There are inner space travels which relate to soul journeying or visions. 


This is when the mind must cope with what is seen in the imagination. It is as if when 
we dream we are looking into the world of the mind and from this we experience many 
situations that are often deviations from experiences we have physically in waking life. 


As a result of the dream state there is an expanded quality which equates to various 
strange situations that we wouldn't normally experience with various relationships 
between concepts or goals that are often reflective or symbolic of ideals and archetypes 
we experience in life. This is how the subconscious is is witnessed by the mind. This is 
how information travels, being connected to many times, experiences, memories, places 
at once, and relates to the one experience of this life experience now (the physical 
experiences). Through these symbols information is tied together and collective into 
metaphors which convey deeper knowledge. 


The dreams we have are often only a simulation of waking life, and this is due to the 
dreamer dreaming in a way that produces only a glimpse of the true reality. 


In theory, there are no true shapes or forms in the dream-world because this is 
contained within the mind or even the spirit as a spiritual experience by definition. So 
then, what guides the various shapes, forms, realities, memories and experiences into 
being, when we dream? One might say it is the physical experiences but this is 
incomplete. It is the level of awareness we presume while in the dream-state, 
disconnected from the physical anchor, that determines the layer of mind and spirit we 
will be accessing through those dream-visions. 


A person who is completely aware in the dream state will reach the level of self- 
awareness of the dream itself. We are normally simply aware of the dream, if we continue 
to increase awareness we become aware of the self, in the moment, and this creates a 
self-awareness feedback loop. The dream becomes a lucid experience of consciousness. 


Awareness Feedback Device 


In describing this, | realize how fantastically similar to certain devices and processes, 
that can be achieved using advanced technology, allow the conscious mind to peer into 
the subconscious and unconscious. This is described through widely accepted Freudian 
theory of psychology known as psychoanalysis. There are other schools of knowledge 
from tribal beliefs involving all pervasive ‘living energy’, to eternal and temporary minds, 
to the study of ‘chi’, the meridians, dream-journeying or chaser, The knowledge of the 
mind and spirit is found everywhere. 


These devices used feedback loops to enhance the acceleration of the same cycles of 
consciousness that induce self-awareness within a dream. The mind becoming aware of 
itself. This produces a profound effect to the degree where the highest levels of 
experience become a sacred eternal pattern in which the mind constructs the physical 
world by organizing perception. 


This is the same general concept as an isolation tank yet the outcome and method is 
more precise. The technology specifically shuts out all other input and exposes the brain 
to its own feedback loop much like when a camera records it's own output on a TV 
monitor and creates a hallway of simulated “reverse” mirrors and screens stretching into 
infinity. 


Oneness, Higher Being, Completion, Eternity 


The real experiences are found not from the corruption but from the research and 
exploration operations that were designed to find the truth of our existence. “God” is not 
only an energy-force but an incarnate being known as the “Hue-Man” and any being for 
that matter that can simply come to know itself as the Universe. The Human that 
contains self-awareness rising to high-awareness comes to know the self, the body, the 
mind as the Universe. The Universe is both within the body as the body itself, as well as 
the operating force of the Mind itself. Everything is a balance between masculine and 
feminine features, light and dark, hard and soft. There is no true complete correlation yet 
the holographic ontology we persist in can lead to further and further adventures towards 
completion and representation of the “whole picture”. 


The Holographic Reality 


The leads into the next phase of knowledge. The holographic nature of reality may be 
only one facet of a much larger continuum of consciousness. The perception of time may 
be related to phase-locking with each other's consciousness and all perceptions may be a 
variance in the collective phase-locked field which is really the source of variations in re- 

ality. 


Veiled Awareness, Hidden Knowledge, Eternal Time, Layers of Programming and 
Control 


The interesting notions here are that the programming of the veils goes beyond what 
kind of situations are found in the bases. However, they do go right up to it. It would 
seem Humanity was previously programmed on a civilization-wide level through some 
kind of great “falls” of consciousness, from a high spiritual awareness to a low spiritual 
awareness into duality-consciousness regarding existence, life, death, mind and matter. 
The Great Catastrophes 


From these great ‘catastrophes’ the civilizations of Earth grew denser and denser in 
nature and actually became what we have today. The concept is that when these 


vibrations of the mind and body are increased, we actually see a transcendence of the 
physical realm and preconceived notions of boundaries. It is as if the quantum doorways 
to all the atoms open up and a new space is presented, but was always there and in 
connection as the source of all the influences and effects we perceive ‘out here’ from this 
slower, denser, more boundary driven perspective. 


| was brought into the Time Program 


| was brought into the time program. You create any reality you imagine. You are 
literally a powerful reality generation system and your heart and mind are scalar 
energetic guides for this process. Without guidance and control there is imbalance and 
imbalance can destroy. This is the nature of all minds and hearts, this is the challenge for 
humanity to create something beneficial for themselves and the whole to actually know 
themselves instead of being a pawn or result of someone else's selfish intentions. 


The Effects of Temporal Manipulation 


Temporal Influence 


When a civilization reaches the level of technological advancement that allows for 
remote temporal viewing and transtemporal travel what will happen is that the 
information of the future begins to integrate into the past. 


This is why we have all these ancient mystical schools of knowledge that studied time, 
space, and consciousness in ways that are only just now being publicly confirmed by 
scientists. 

Simultaneous Interaction and Incorporation 


The operations that dealt with moving to the past instantly created a simultaneity of 
interactions and historic events which correspond with that operation. 


Due to the nature of time travel which equates to consciousness travel when a person 
is consciously sent backwards through history they physically experience life from the 
viewpoint of their genetic imprint in that point in history. 


Retro-Causality 


What this equates to is that simultaneously that person’s experiences become the 
part of history that was already present when they left this time. 


Essentially, when a person returns their experiences become a part of history that 
already existed when they left. 


Quantum Holography 


These are the parallel and possible realities that exist in a quantum superimposed 
state and can be accessed through advanced technology or a spiritual adept. Often a 


spiritual adept is utilized along with the advanced technology to operate in and out of 
possible realities. The mind must be trained otherwise the result is a fracturing of the 
personality from the root reality into many sub-sets of identities and data streams. 


Love is the quantum link that connects all DNA super-computing consciousness. That 
is, DNA is influenced by intense emotions and this can be reproduces and is what also 
generates unpredictability in the surface level. 


Time Paradox 


Time paradoxes are something that one must learn to organize and solve otherwise 
there will be no way. 


The paradox has been solved, the remaining motion is for everyone to acknowledge 
this and integrate into the reality behind the most conscious aspects of the brain 


What can travel through 4D and SD space does not make sense in 3D space. So there 
is a possibility that some of humanity traveled through higher-dimensional space in order 
to re-seed a ‘distant’ Earth where no life was yet born. 


What if it was then concluded that the distant Earth wasn’t distant in space, but in 
time and was the same Earth that the human scientists left from long ago. 


Every civilization that reached the point of re-seeding would have to go through the 
loop and watch the whole thing start all over again 


Breakaway Civilization 


This is an entire breakaway civilization that uses very advanced technology to 
dominate the world. 


| was part of a genetic engineering program that sought to combine various elements 
of DNA from various sources in order to create a more easily controlled yet powerful and 
defined person and personality. This involves chemicals, advanced (relatively) scalar 
wave technology, ritual trauma and programming/mind-control, and many other aspects 
of conditioning, training, secret operations, physical enhancements, cognitive 
enhancements, virtual reality, off-world operations, temporal manipulation, spiritual and 
etheric training or conditioning or programming. 


There is self-destruct programming which all ‘operatives’ are programmed with for 
self-preservation of the military command. The self-destruct programming is designed to 
take all the aggression one feels building up inside and willing them to escape, and 
causes this aggression to be turned against the self. That is self-destruct programming. 


Most operatives are still under a hypnosis kind of trance which permits one to walk 
around in public and daily life as if none of this ever happened. Later that week, that 
same individual could be called for an operation and they would never remember it 
unless they were forced to kill someone in public out of self-defense in which case most 
operatives automatically unlock and become unstable due to the flashbacks. 


Underground Cities 


The combination of advanced technology with secret societies enabled the 
development of complete breakaway civilizations. One of these civilizations, possibly 
composed of many factions working in the same area, exists deep underground. 


These separate bases are connected via high speed magnetic drive pods. The 
inhabitants often utilize energy healing devices, as well as perception enhancements and 
this often leads to a completely different outlook towards the surface civilization. 


Technological Advancement 


During WWII developments were made involving electrical generators. This sounds 
vague and there were many other details regarding the scientific knowledge, yet the idea 
is that very simply electromagnetic, non-Hertzian “Teslian” energy fields were discovered 
to have been responsible for propagating energy and consciousness in dimensions that 
were not previously observed. Everything from DNA, consciousness, hidden or regularly 
unobservable natural phenomena, time, even mass could be seen to exist as part of this 
hidden, latent, scalar-wave frequency as a pattern is found everywhere. 


If one could determine the particular pattern of frequency and location then this can 
be replicated and anything can be influenced using these non-Hertzian generators. 


Radio-frequency alone was developed intensively during the 60's and 70's in America 
and this was discovered to interact with consciousness to influence emotions, cognitive 
capacity, memory, cognitive function, biological function, health, pain, comfort, pleasure, 
and all forms of brain-activity. 


After the knowledge of advanced technology and the occult sciences of all parts of the 
world was combined, the ability to target and interact directly with the human soul was 
refined. This was a mix of psychological tactics used to manipulate or expose the hidden 
psyche and technology that could manipulate memory, emotional states, wakefulness, 
and even dreams. 


What resulted was scalar technology that could not only influence a person to take on 
a particular role or response, but technology that could actually put a person to sleep and 
locate their consciousness to contain it and transport it to a new location. 


World-Wide Control Systems 


In order to ensure continuity, maintain control, and shape world events these 
technologies were employed to manipulate the public, alter the weather and natural 
phenomena, and develop a means of travel and operation that enable one to move 
outside of the ‘plane’ of the Earth. This is includes high velocity transportation, as well as 
spacial-temporal distortions which could effectively “hide” one’s entire craft from visible 
sight. Space itself was altered to ‘shield’ craft with an a layer of ions to bend the light, or 
the phase was moved out of sync with the “time” frequency of any observer and this 
literally renders the craft immaterial. 


Solar Warden 


Solar Warden is a hyperspace-faring race of human beings who utilize cloning and 
holographic genetic recording/storage in order to protect their race and protect the Earth 
in this current situation where there are more than one factions using this technology. 
They are unable to inform the human public because they are in a similar ‘Mexican 
standoff’ situation that we are mostly all in. If they show themselves to the public, the 
public will be shocked. If they public does not know this situation, that there are multiple 
factions fighting for control over humanity, then they will not know who to trust. In that 
situation, the ‘other factions’ will surely show themselves in an attempt to trick and 
gather as much human genetic material as possible. 


The only way forward to the future is to share the truth about Solar Warden, the 
space-faring fleet of humans who do no contains the mental and physical illnesses that 
are currently tearing our planet in two. | believe Solar Warden saved my life as a child 
during more than one event where | would've been entirely maimed/paralyzed or simply 
dead on the spot as a result of other faction interference. | was in the bases as a child 
and was trained as an operative for MILABS a secret division of human space-military. The 
military has been preparing for the future by testing for various flaws and potential uses 
of cloning and genetic engineering. 


Team Light and Team Dark Non-Interference Agreement 


Team light and team dark agreed to a non-interference on ground level rule in order to 
determine how history would play out. Think about it. You have two groups of people, 
both with immortality, zero-point tech, virtually infinite energy and power with two 
opposing directives. How do you get to the future? It was decided by elders of each group 
that there would be no point in fighting an all-out overt war, this would likely destroy the 
population as much as it would destroy the Earth. As well, the elders of the elders which 
no body knows would likely have a problem with these groups going at it in such a way so 
as to change the flow of the planet for every individual thereafter. So it was decided that 
there would be a “non-interference” agreement for the surface population. Anywhere 
other than the surface, one can interact with the current population. 


All Contact Must Be Initiated On an Individual Basis 


On the surface everything that is generated must be done so through living channels 
in the population and the civilization must be preserved in its level of technological 
advancement. No overt motions would be used unless an absolute necessity or the 
majority of the civilian population had naturally come to the awareness of these 
possibilities. Doing so before this was met would undoubtedly and permanently change 
the civilization forever. 


So what began as a collective motion towards higher awareness became a series of 
advancements and set-backs all taking place within a short amount of time. This 
represents the actions and operations of either side effectively helping humanity along 
it’s path or setting people back with orchestrated events such as the suppression of 


ancient knowledge, the manipulation of the education or other systems, or the generation 
of war and prison for profit based on the previous alterations of the education or other 
systems. 


So team dark used its power to help turn society in a warlock ruled prison and 
indoctrination system of absurdity and scarcity. Team light used their power to help 
awaken those in need and protect those who's actions are beneficial in the overall plan to 
save mankind from itself. Team light essentially buffers and shields the population from 
the operations of team dark. 


Team light follows a non-interference agreement while team dark merely pretends to 
do so as much as is necessary not initiate war. 


A Singularity of Change and Awareness 


Neither side wants an all out war. This would reduce the dark faction’s chances of 
gaining a majority negative harvest because their motives and presence would be 
instantly revealed. Team light would also have to show themselves and again step in 
which is not a pattern of learning that prepares people for the experience of the self and 
the truth in the Universe. 


Both sides know people have to accept the path they can offer them and cannot force 
anyone into it. They also know that the more this goes on the more likely people are to 
collectively awaken to the reality of what is happening. It is like an eventual singularity of 
increased awareness. 


The motions we see today are the results of many people coming into awareness at 
this time on the surface in order to initiate a harmonic alignment as well as to investigate 
the ongoing crimes against Humanity. 


As a result of this, both teams know that the likelihood of collective shift and spiritual 
awareness is becoming more and more real. 


Many events are being allowed because they are representing the eventual shift 
towards the one end of the polarity from the other which is felt as a shock to society, and 
this is used to propel society forward through whatever means necessary. 


Either people will see what’s happening and agree that we've been in a feedback 
cycle of negativity for the entire age of existence this civilization is aware of, and then we 
will shift into the real. Or people will claim that this is how things are supposed to work 
and instead of realizing everything is controlled in a deception based system, they see 
this and attempt to use the deception based system to gain more collective awareness. If 
this occurs by the majority then it will be seen as an “acceptance” to initiate a plan that 
will generate the overt perception of a deception and oppression system. This will surely 
shock the collective into realizing where they are. 

If the majority comes to awareness of this deception based system then the shift 
moves from the end of the age of deception and external power into the age of internal 
awareness and harmony. 


Advanced Technology and Ancient Knowledge 


The plan is to slowly release advanced technology which will undoubtedly connect 
with and increase the awareness of ancient knowledge. Such technology nullifies the 
problems that the planet is currently plagued with, although without a developed sense of 
the spiritual self the technology becomes destructive. 


Cloning, Atmospheric Civilizations, Genetic Stability 


Here is something that most people might not have contemplated yet is possibly one 
of the most important factors at play here. 


The vehicles that house the breakaway Human society are entirely environmentally 
controlled. This means that the air and surfaces are clean of all the viruses, bacteria, or 
pathogens that are numerous on the surface of the Earth. 


This creates a specific difficulty in the situation. Any contact between surface 
Humanity is so heavily and carefully controlled that regulations go beyond any situations 
we have present on Earth. If the safety and cleanliness of any of the society's vehicles 
were compromised this would endanger everyone “on board”. 


So this explains a very precarious and specific situation we currently face and this is 
not so different than “first-world” nations contacting indigenous tribes and similarly 
endangering their society. Everything that happens will be according to a carefully 
controlled plan 


Training, Simulations and Learning 


Part of what went on in the underground base experiments were to design “tests” or 
“labyrinths” with various people, props, traps, and treacherous situations that were to be 
navigated and escaped from. 


Feedback loops with the brain, consciousness, and environment can create a very 
complex and integrated learning experience that is customized to each individual learner. 


What this would do is create an individual that was capable of learning faster and 
faster and processing information in a more efficient manner. 


This is not the same as specifically trauma-generating situations. 


Cloning and Cerebrally Enhanced Soldiers - MILABS 


This includes experiments, condition, trauma-based mind control, enhancement, 
memory suppression and operations that cover a span of space and time. 


The NAZI faction has used cloning and genetic engineering to create hybrids, soldiers 
and everything in between. Religious/spiritual icons, to slaves, to leaders and even 
robotoids of sorts. 


Your genetics BELONG TO YOU as the LIVING(ETERNAL) SELF. These issues are going to 
come more and more apparent. 


If they agree to allow cloning, then who says who is allowed to clone whoever they 
want, Einstein, for example. And then who permits who to get DNA from history or objects 
in the world, These issues are going to have to be looked at because they have already 
been used in ways that are far beyond the basics. 


Then what about consent of the masses? This is clearly being put in public because 
consent is required on an overall scale and individual to include people. 


So what if the masses consent overall, would the people who choose to remain be at 
risk? Would Tribal and Native village life and people who respect the Earth be protected or 
permitted to stay? 


Psychological Testing 


These scenarios can also be generated to create specific situations that will contain 
tests or elements of temptation that will probe the person's psyche for weakness. 


Hallucinatory Holographic Mind Probing Technology 


Through the neural-interface technology the minds of many individuals can sync 
together to experience the same virtual simulation. Thus a single individual's mind can be 
selected for input and the environment will be a construct of their mental activity. The 
others present will be able to interact with and explore that environment like the person’s 
mind. 


Various training scenarios were utilized to enhance the resistance (or lack which) of, 
the mind to intrusion and subversion. These were harsh but allowed the individual to 
completely control the energy flow in the conscious mind while remaining in harmony 
with the subconscious. 


In a strange yet perfectly reasonable way, the conscious mind acts as the central 
“self” in that environment, while the subconscious mind becomes the “background” 
elements of objects and settings, actors and intentions within the flow of the “scene” 
itself. So a kind of movie begins with drawn out characteristics and perceptions that 
match that of a highly cinematic movie or intense dream 


The brain is naturally naive to stimulation and if allowed will liken the event to a 
dream in which the suspense of attention or lack of lucid self-awareness is “acceptable”, 


The truth may be worse than what you're thinking as far as training simulators and 
mind hacking devices. The truth may be that the human mind is inherently lucid and self- 
aware and that it is external influences that cloud the mind into what we consider 
‘regular’ dreaming and ‘regular’ waking life. It may be that the conscious mind has a 
much greater access to information through the subconscious mind which is largely 
covered up and ignored in a rigidly physical and ego-focused society. As well, it may be 
that dreams are meant to become lucid and that we are often the subject of mystery in 


downlink and 20 MHz (20+20 MHz) on the uplink comprising the most efficient 
configuration, 


Figure 34: LTE Spectral Efficiency as Function of Radio Channel Size*” 
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ysauy Research 


The organization tasked with global spectrum harmonization, the International 
Telecommunication Union, periodically holds World Radiocommunication Conferences. °* 


Harmonization occurs at multiple levels: 


a Allocation of radio frequencies to a mobile service in the ITU frequency allocation 
table. 


Q Establishment of global or regional frequency arrangements, including channel 
blocks and specific duplexing modes. 

2 Development of detailed technical specifications and standards, including system 
performance, RF performance, and coexistence with other systems in neighboring 
bands. 


Q Assignment for frequency blocks with associated technical conditions and 
specifications to appropriate operators and service providers. 


9°.5G Americas member company analysis. 


International Telecommunication Union, "World Radiocammunicatian Conferences (WRC),” 
http: // www. itu. int/ITU-R/index.asp?cateqory=conferencesSirlink=wrc&lang=en, viewed May 18, 2017. 


®2 [International Telecommunication Union Radiocammunication Study Groups, Technical Perspective on 
Benefits Of Spectrum Harmonization for Mobile Services and IMT, Document 5D/246-E, January 2013. 
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other realms that often refer to humans as ‘sleepwalkers’ that don’t know their dreams 
are real. 


Virtual Simulator Training Scenarios 


These scenarios can be entirely holographically generated to produce a visceral 3.5 di- 
mensional experience which can be used for training or psychological testing. 


Combat Simulators 


The name is self-explanatory enough. Situations can be generated which are indistin- 
guishable from the real events. The entire neuronal map of the brain (connectome) can 
be created and this is by machines to mimic the brain. After calibration through sensory 
feedback experiences, the sensation of the simulated realm is 100% the same as the 
neuronal impulses that are detected by the physical brain. An adept souled being can al- 
ways tell there is a slight difference, but once the machines are calibrated the physical 
sensation is generally the same while in the machine. 


These environments and scenarios can mimic any combat situation to determine ac- 
curacy, integrity, endurance, skill, and all areas of aptitude of an operative without the 
risk of injury or the lack of real-time effect. 


Conditioning 


As was explained in other sections, these same systems can be used to remove fear of 
certain scenarios. They can be used for programming the mind. They can be used to train 
one to complete a task over and over until they can recreate that action extremely 
quickly in real-time. These devices can be accelerated to operate within a fraction of the 
time yet to cover training and conditioning that would normally take place over hours, 
days, weeks, to months. 


Programming and Resistance to Psychological Trauma 

Through the development of specifically customized scenarios and neural feedback 
systems trauma can be brought to the surface or specific fears and traumas can be neu- 
tralized, This is essentially “facing fear” but in a completely generated environment that 
will be just as real as the real thing. One can literally face any fear, any trauma, any kind 
of difficulty and these systems can be utilized to accelerate a process that would normally 
take weeks to months or years and individuals can be strengthened to their maximal ca- 
pabilities. 


Accelerated Mental Functioning 


Some of the technological systems were designed to test the enhanced functioning of 
an accelerated brain. 


The mind can be seen as the energetic component of the physical brain. The physical 
brain projects consciousness via the electro-chemical processes. 


Technology, Accelerated Learning and Repair 


Technology has been developed for assisted learning and accelerated repair of tissues. 


On Orgone Eneray 


Orgone devices produce a scattered signal which disrupts the ‘negative’ energy fields. 
At least this is what I’ve been told. 


Apparently if built correctly it will either disrupt the negative emf/harmonics or it will 
produce positive harmonics, IE: Orgone energy. Orgone energy is the raw energy of life, 
while dead orgone, DOR, is the lack of orgone energy and can be “found” (the lack of 
orgone) in thunder storms and illness or depression. 


This is exactly what | was told, We are generators for the same energy, and with the 
correct principles of energy and internal knowledge combined we can produce 
those very effects at will. 


The energy of the mind creates a central vortex within the body. When the frequency 
pattern emission is consistent with fractal congruence, then that holographic printing of 
energy can be expanded or shrunk infinitesimally and it will retain the original fractal 
configuration. 


This is what enables transference of awareness between fundamental harmonic layers 
of the Universe. When one’s consciousness energy pattern is balanced and tuned to itself 
so that all proportions can be shrunk through a vortex and expanded on the other side, 
then the personality or self-awareness remains true. This is as if the space/time must turn 
inside out and only when there is fractal relative polarity in time does the ‘shape’ of the 
consciousness within the DNA, work both ways folding and unfolding to represent the 
same mirror image. This is also symmetry in time as far as an ability to reverse the 
perception and still retain some kind of connection forward and backwards. 


Energy Generators and Serums 

Generators which produce vibrations that influence the cells to heal at an accelerated 
rate, combined with serums that enable the fuel for chemical reactions can 
instantaneously repair tissues. 


| couldn’t believe what | was seeing at first, thinking it was a trick. There are serums 
and energy devices that can influence the healing and general health of the body and 
even mind. 


These devices use energies which extend beyond the physical and are often compared 
to electromagnetic waves combined with ultrasonic or low to mid frequency tones. These 
produce harmony on a level that directly interacts with the biological functioning of the 
body's cells. 


| feel that this technology utilizes the same energy that is emitted from the mind and 
it is as if the device is “speaking” to the cells in the same kind of universal language of 
electromagnetic pulses, tones and vibrations. 


There is information on energy devices and the use of light therapy in physical 
therapy today. More is being learned about the power of light and vibrations to influence 
the mind and body. 


Genetic and Cybernetic Enhancements 


Certain individuals are also genetically and technologically modified to produce a kind 
of hybrid human that can heal at a spontaneous rate as well as operate at a much higher 
rate of speed and efficiency than a regular person. Serums to induce muscle growth and 

mental acuity are applied, but the main condition is the enhancement of certain features 
through the alteration of the RNA aspect of the genes. 


These features are combined with tech-assisted metabolism and certain biological 
functions can be enhanced or controlled via a supercomputer. These are the ‘brain-chip’ 
interfaces which operate to function as a governor for the mind. When the mind becomes 
too amped up to facus on the details the faster than thought computer system organizes 
the input into more usable information streams. When the mind is too slow to see the 
necessary patterns and variables to accomplish the goal, the brainchip operates in a self- 
preservation fashion and links together information streams to highlight the most viable 
possibilities. 


Such technology is not without warning, much of this is being used heavily in the 
military field and this has given rise to entire factions of enhanced cybernetic soldiers. 
Although this is something to know, there are also many other uses for this technology 
and it is used by people who want to explore the technologically assisted path. 


There are many other aspects of this to discuss, or at least a few important ones that 
will have to be understood to know the greater truth about what is happening on the 
planet. 


Developing The Self 


The issues we face are to help us learn about our selves and better mediate the 
known and unknown aspects of personality. The more we focus on realizing the unknown 
aspects of personality the less we are seemingly controlled and forced to experience the 
undesirable aspects of existence. The more we cling to just what we know and what we 
feel comfortable with the more shocked we are when we inevitably discover the truth of 
the whole of our existence which is always at least one half more than just what we know 
and are comfortable with. That is the nature of the universe, we can only achieve one half 
of the equation at any given moment. Once we complete that seemingly whole view of 
the universe, the information we gain access to instantly doubles and we realize that we 
were only looking at one portion at a time, just one half of the equation. Then the rest of 
the equation comes into the picture and we must expand our view once again. This is be- 
cause we are viewing ourselves as we discover the universe because we are creating 
what there is to be discovered through the act of exploration in itself. We are the explorer, 
the explored, the creation and the discovery simultaneously. 


Multiple Factions of Space-Fleets, Multiple Goals 


Now there are what are called ‘factions’ of groups that have different agendas and 
interact with the public or surface level population differently. That is one of the main 
issues. These departments and factions are no longer limited to the surface level of 
existence and have access advanced technological capacity and knowledge of a larger 
view of time and a more complete understanding of consciousness and the human 
existence. 


Large-Scale Catastrophes or Series of Meltdowns 


| was informed that while they work continuously to prevent and reposition this civi- 
lization continually outside of the reach of any large scale meltdowns that the technology 
is commonly accepted to only be a temporary barrier between the inevitable. 
Unsustainable 


This society is unsustainable and must either change or will experience the massive 
catastrophic evens that are foreseen. 


There are multiple perspectives that are maintained. They vary by the way of the 
methodology of solving the problem. All agree that change must occur and is impossible 


to postpone forever. The future society is the result of our advancements and 
achievements. Regardless of how we get there, we must get their somehow. 


Earth Changes 


| was informed that these changes had been held off and would ultimately be allowed 
to take place to resolve the current situation. The changes can only be held off for so 
long, either that or the people performing this task would not be reasonably inclined to 
postpone these changes indefinitely. 


The idea is to locate and secure the members of society who are fearless and capable 
of assisting in this transition and who hold key genetic elements as these individuals and 
groups are capable of ‘holding-space’ for the rest of civilization by literally containing the 
genetic precursors for all those other individuals. 


| was informed that Earth changes would be the last event to take place, pretty much 
like icing on the cake. 


This means there will be a lead up to these events. 


Mass Consciousness 


| was informed that the consciousness of humanity and every species is linked to the 
bio-etheric field of Earth. When the consciousness becomes too unstable to maintain a 

controlled society that this will initiate massive Earth changes. This could simply be insti- 
gated through advanced technology but | was informed that the advanced technology is 


actually postponing this so as to allow people to prepare, to get the word out and avoid a 
complete loss of the human race. 


Wars and Manipulation 


Wars were described as a way the power groups had controlled humanity over long 
periods of time. These wars were used to distract and weaken the population and the 
power groups believed they were holding off a full scale invasion by suppressing the ris- 
ing population. 


Now the population is high enough that another war would be a final war and this is 
extremely dangerous for the entire civilization. There would be no need for another war 
to repeat this cycle because the technological achievements have been met and so es- 
sentially the ‘reseting’ of the civilization would not be required or possibly acceptable. 


This is why war is to be avoided however people are very easy to manipulate through 
lower emotional and mental programming from media and social cues. People follow the 
herd and the herd is essentially still operating on animalistic parameters. There is a have 
coating of peace and humility but this is just a wax coating that quickly evaporates as 
soon as the pressure of mass unrest or scarcity is realized. Many simulators have ex- 
plored these possibilities. 


Financial Unrest (or reset) 


The idea is that financial oppression is used before wars to distract and oppress the 
population. When people are busy looking for resources to survive, they are not focused 
on the larger picture. This is part of the ‘fight or flight’ response mechanism tied to lower 
brain complexes which are primarily activated to keep the masses in both a highly sensi- 
tive and unstable state of being while also keeping them easy to control. 


If the civil unrest reaches a level where awareness continues to rise even though fi- 
nancial hardship is being implemented then the latter two options will not work. At that 
point artificial disasters can be produced as well as natural Earth changes which initiate a 
shift of the ages and of consciousness. 


The paradox or maybe irony here is that the oppressive actions are used to both sup- 
press human awareness up to a certain point and simultaneously to stimulate and arouse 
the human spirit into wakefulness and self-empowerment. This is part of the reasoning re- 
garding why these control systems are allowed 


Some say the elite don't want an economic collapse. That it would ruin everything. 
Others say it would be icing on the cake. Some say that it is a zero-point world that will 
save us. That the Fukushima is a big problem. Zero-point field tech, that is. Generators 
and energy sources, healing and terraforming. | know we project right? We see it in our 
own lives. So we can project with each other and grow that as a group and that part of 
the world will exist in that light. Which sounds Biblical, which may be because they're fol- 
lowing prophecy. But it may also mean that we have a light, a chance, a real salvation, 
but that we have to grow that here and help develop it. To pass it on like love and such. 


That's apparently what it comes down to. That these cycles happen every so often and 
we're in the midst of one right now. 


Let's make it count. Every day, thought moment. With mindfulness, intention and 
awareness in action. Life is literally higher dimensional, so we have to become multidi- 
mensional to really face it. Indeed, that is a good perspective on action and inner being. 
It’s like a fractal, whatever we project inside that chest center, will project into our mind 
and the outside. But we have to be stabilized and grounded through the root first and 
then to get to the heart energy must pass through the sacral/sexual centers and continue 
upward. 


Self-Responsibility 


The main reasoning is self-responsibility. We are responsible for ourselves. The people 
are and so if they allow themselves to be tricked and prodded like animals while behaving 
for the part, then that is how their experience will play out. 


Clones and Synthetics 


One seemingly unfair aspect of this is that there is a larger portion of non-humans 
than there are humans and so these beings without the human spirit will be easily pro- 
grammed to support and propagate the mind-control system and the oppression. Thus, if 
people follow the herd mentality then they will walk directly into the end-time scenarios 
yet it is the humans who will actually stand to lose, People must wake up to these tricks 
and this technology so that they can orient themselves with the reality of this situation 
while learning to strengthen themselves and adapt to the manipulative aspects of this 
control system 


Spiritual Power and Divine Truth 


This is essentially all about spiritual power and humanity stepping into the power of 
the truth behind their existence. 


Some say that humans are designed as slaves, but if this is so, then it is the power 
that humans contain within that is the ‘work’ that they are sought after for. This indicates 
that humans have great powers that others cannot achieve on their own, even if they are 
creator lords. 


Thus, whether humans are modified or not, they have great power. If they are not 
modified to perform this role of an energy generator, then this is just a confusing mind- 
control game that has been pulled over the eyes of humanity and humans have always 
contained true internal spiritual power that allows them to exist without having to para- 
site and steal the energy and knowledge of others. Humans are reality generators , we 
can choose how we want to experience the universe and what kind of collective world we 
want to enjoy together. Once we step into this power, there is on greater force. No 
amount of non-human entities can change that as we are somehow intrinsically linked to 
the ether-space of this realm through the spiritual and physical aspects of our being. That 
is what is sought after and so those who do not have this manifestation power attempt to 


utilize humans to create their own reality through this Earth situation. That is the basics 
of the ‘alien overlord’ system, whether humans in disguise, non-humans operating with 
alien intelligences, supercomputer systems, or spiritually degraded beings. 


Most people are not ready to see themselves or the true nature of humanity. Reality is 
largely an illusion of the conscious mind. The hidden aspects are the other half of the 
equation and this is perceived by the shadow aspect of the personality and mind. We are 
only marginally aware unless that aspect has been unveiled and through this process the 
reality of the human soul can be actualized and realized. 


| was informed there would be a period of two suns and multiple mirages around the 
world, People would believe they were peering into another dimension, floating cities, or 
some kind of city-ship craft. 


Synthetic DNA, Synthetic Genetics 


Through the previous described replicator devices synthetic DNA can be engineered. 
Thus, entire genetically engineered codons can be produced and form this created beings 
can arise. These are the hybrid beings that are performing many tasks underground and 
even on the surface. On the surface there are synthetic genetic create beings or geneti- 
cally engineered beings that appear to be human but do not contain a human genome 
There are also clones and replicants of humans. There are a variety of non-humanoid 
forms but these are largely kept underground. These are beings we often see in science 
fiction movies or shows. 

Time as Mathematics, Series of Equations, a Programmable Storyline 


When using the technology, time can be understood to be a series of programmable 
variables where one variable is centered within a series of parameters and from these 
possible variables within a parameter set a series of possible functions or outcomes can 
be process. Thus, these people can literally plug into a supercomputer system which op- 
erates based on this form of processing reality and through this they can observe all the 
possible realities that may connect to a present moment. This allows one to travel but 
this is not part of this section of the explanation. 


What this allows one to do is know exactly what is going to happen and when. If a per- 
son is being interrogated, all that has to be done is the operative using the technology 
simply thinks of what they will say and intends to do it within 6 seconds. The machine will 
play out a future timescale regarding the input of that question or interrogative speech 
and then produce the possible results. If this doesn’t give the desired readout in the mind 
of the operative, they will refuse to go that route and think of another pathway. This re- 
peats for a few seconds to a few minutes. Then the computer has found the pathway that 
is most like to yield a result. The operative simply steps forward, says ten words, the sub- 
ject breaks immediately and tells them everything they want to know. This is obviously 
takes longer for most trained individuals, however that is how easily it would be to use 
this technology to produce an effect on a regular surface level human. They would have 


no defense, no way of knowing how that individual could know so much or be so direct. 
This is how operatives dealing with certain power groups will operate in the surface level 
population and individuals always feel that these people know way more than they are 
leading on, That is because they are, they know more about you and your life experience 
than you do. 


Chapter 2.3 Previewing Solutions 


Neutralizing Polarization 


The mental-emotional tendency to pick sides, to fight, or to basically join in the fray 
that is currently taking place is a kind of deception of polarization which enables the 
leeching of emotional and mental energy from the human. This is more of a psychological 
unveiling where the true nature of the self, the duality game and the transcendent source 
aspects can be made visible to the individual. The they will see how every polarization 
tactic is actually taking them out of their true source of power by pushing them off center 
emotionally and mentally. There are teams that are capable of enabling this process and 
assisting as humanity realizes that half of the problem is that the unchecked mind is 
one’s own worst enemy. 


Removing Etheric Implants 


Technology can identify and isolate these foreign body implants which are etheric 
technological devices. These are literally frequency or phase-shifted devices which are in- 
visible to this layer of physicality but are capable of being organized and attached to the 
etheric field of the human and will operate to siphon or limit energy on the etheric level. 
Of course, this is all technology of the vampiric created beings who parasite on the origi- 
nal Earth inhabitants to sustain their existence. 


Clearing Astral Body 


By moving through the temporal body etheric implants can be deactivated and re- 
moved and then the astral or emotional body will be able to function closer to the original 
levels of presence and sensitivity. This body is manipulated when one is emotionally shut 
down from trauma. Thus this body can be scarred and will function at a much lesser level 
of activity or presence until the emotional damage is healed. This contains the memories 
of all the emotional events of a person's life. 


There is technology that enables one to access these levels of frequency and clarify or 
untangle emotional chords or attachments which are used to siphon energy from the hu- 
man being to the parasitic created beings. These chords are energetic in nature but also 
have technological components. 


Knowing the True Self; Soul Actualization, Unveiling 


This is a sacred, ancient process that has been outlined and discussed since the begin- 
ning of time. Humanity is here to learn, grow and express the self. In doing so, like a child 
moving through layers of infancy and into full-wakefulness of their body and the physical 
world, humanity can come into awareness of their true spiritual nature and the true spiri- 
tual nature of the universe. This is the process of soul or self-actualization that is de- 
scribed in some psychological methods such as Maslow's hierarchy of needs and the self- 
actualization that results in a complete fulfillment of all psychological needs. In this mod- 
ern psychological view, self-actualization is described as the desire and process of reach- 
ing fulfillment of one's own natures and then living their life sharing that self-empower- 
ment with other beings because after gaining your self that is the highest expression of 
such knowledge, sharing that power with others. 


The true self is not limited to the physical body, the true self is a reflection of the en- 
tire universe and thus the primary original creative force. This is akin to the whole equa- 
tion rather than just half of the equation. The visible aspect of the self, the conscious 
mind, is only one half of the entire equation. The whole equation consists of what we see 
visibly and consciously as well as what we are limited from seeing within the unconscious 
and subconscious mind. These are really two layers of the same ultimate source. Like an 
iceberg which is only partially above water, the subconscious mind is the proprietary 
wholeness of experience. The conscious mind is only a surface layer of reality while the 
unconscious mind carries all the notions, the multidimensional processes, the latent as- 
pects of reality that we are not capable of seeing without unveiling these aspects through 
inner exploration. 


Taking Responsibility 


This entire show is about taking self-responsibility. Unless people begin to do this, 
there will be no hope. Right now people are convinced that their responsibilities belong to 
someone else even though this always results in pain and discomfort. To take responsibil- 
ity is painful at first because we have a lot of work to do, but even then, this is beneficial 
because there is no way to remedy the pain and discomfort of being lied to and disre- 
spected if people continue to hand their free-will over to others through blame (scape- 
goating), lower emotional bio-emissions (hatred, anger, etc), distractions and addictions 
(technological, sensual, and chemical or food based), or generally complaining without 
taking the first step towards providing something beneficial. This is the victim role, if hu- 
manity is to take control then they to help each other and themselves by not relying on 
false promises and false authorities to determine how they feel, think and live. 


Returning To Center Emotionally and Mentally (spiritually) 


Balanced food intake, rest, exercise, activity and learning are all continual require- 
ments for a healthy existence. Emotional and creative expression nurtures the soul. With- 
out these ways of being and learning the human qualities of experience diminish and cre- 
ativity dwindles. There is most likely going to be a split between those who can sustain 
their own humanity and those who have to cause others to suffer to do so. 


Vampires in the “Awake” Community 


Contrary to popular belief, the majority of the non-humans are not necessarily vampiric 
and in power. The vampires are the people online who try to get a rise out of others for 
sharing their own experiences. They are the nosy neighbor that feels that the person who 
looks or acts differently must be considered and enemy and armed against because they 
feel themselves to be so much better. The majority of people are vampires, they believe 
that they must work for someone who will trade them money and that the amount of 
money they have based upon the amount of indirectly beneficial work they do puts them 
above others. 


This is not different in the ‘awake’ community and in fact | feel that there are 
higher concentrations of vampires in this community, the alternate media because every- 
thing is largely a joke and a trick. People are operating on deceptive agenda schemes to 
divide the people and this is most intensely noticed when there is a realization of the 
truth behind what is happening and people begin to point fingers. The only people who 
are cleared to point fingers (and who also will NEVER point any fingers) are the operatives 
from the secret projects that have the capacity to do so because they have reached a 
specific level of awakening and this is related to the droning, cloning, and hybridization 
process. Only a specific few know who has been transformed into an impostor being and 
who is remaining strong and this is due being briefed on the surface level situation. Any- 
one can say what they want, they are simply playing into the tactics of mind-controllers 
and parasites and the more they play in the deeper the infection will grow. All the people 
pointing fingers now are actually implanted and vampiric and are attempting to drive a 
divide through humanity and they are the first who will turn on their friends and family 
when the going gets tough because they are more interested in others and starting 
drama than healing themselves. Ironically, this is all done under the guise of “healing” 
and “getting rid of the drama” AKA people they don’t trust. They pick and choose based 
on their own personal bias and this is a sure indication that they are emotionally and 
mentally out of alignment and are feeding deep seated personal fears from their own 
traumatic experiences. 


These traumas must be healed and the harmonious center must be reattained where a 
person can focus on their own existence and waking up instead of acting as false-light, 
“king of tyranny” gatekeepers for others. Those individuals are going to be left behind if 
they cannot kick the habit because if they are allowed into any kind of healed society 


Unlicensed Spectrum 


Wi-Fi uses spectrum efficiently because its small coverage areas result in high-frequency 
reuse and high data density (bps per square meter). Less efficient are white-space 
unlicensed networks, sometimes called “super Wi-Fi,” that, because of large coverage 
areas, have much lower throughput per square meter. While white-space networks may be 
a practical broadband solution in rural or undeveloped areas, they face significant 
challenges in urban areas that already have mobile and fixed broadband available.®? See 
the section on “White Space Networks" in the appendix for further details. 


Advocates argue that unlicensed spectrum unleashes innovation and that government 
should allocate greater amounts of unlicensed spectrum. Although Wi-Fi has been 
successful, the core elements that make unlicensed spectrum extremely successful are also 
the source of inherent disadvantages: local coverage and its unlicensed status. Local 
coverage enables high data density and high frequency reuse but makes widespread 
continuous coverage almost impossible. Similarly, unlicensed operation facilitates 
deployment by millions of entities but results in overlapping coverage and interference. 


Networks built using unlicensed spectrum cannot replace networks built using licensed 
spectrum, and vice versa. The two are complementary and helpful to each other, as 
summarized in Table 13.% 


Table 13: Pros and Cons of Unlicensed and Licensed Spectrum 


Unlicensed Spectrum Licensed Spectrum 
Cons Cons 

Easy and quick to | Potential of other Huge coverage —_| Expensive 

deploy entities using same | | areas infrastructure 
frequencies 

Low-cost Difficult to ‘Able to manage _| Each operator has 

hardware impossible to quality of service | access to only a 
provide wide-scale small amount of 
coverage spectrum 


Some operators offer a “Wi-Fi first” capability with which devices always attempt to use a 
Wi-Fi connection and fall back to a cellular connection only if no Wi-Fi is available. Such 
cellular backup is essential because Wi-Fi, due to low-power operation in many bands, is 
inherently unsuited for providing continuous coverage. The sharp drop-off in signal strength 
due to low transmit power makes coverage gaps over large areas inevitable, especially 
outdoors. 


® For further analysis, see Rysavy Research, “White spaces networks are not ‘super’ nor even Wi-Fi 
Gigaom, March 2013. Available at_http://aiaaom.com/2013/03/17/white-snaces-networks-are-not- 
super-nor-even- 


% For further analysis, see Rysavy Research, “It's Time for a Rational Perspective on Wi-Fi,” Gigaom, 
April, 2014. Available at http://qigaom.com/2014/04/27/its-time-for-a-rational-perspective-on-wi-fi/. 
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they will quickly degrade into animals and attempt to restart a devolution process in or- 
der to gain the power they so desire but cannot produce on their own. ANYONE playing 
ego games of trying to hurt or put blame on ANYONE else contains this viral implant and 
has not kicked the virus. 

Heart Center and Psycho-Spiritual Fulfillment (self-actualization) 


Emotional connectivity is a form of telepathy, when loved ones can tell the state of an- 
other across space and time. Whether it is family or friend. In the 60's and a little before 
that the US found a specific frequency akin to a radio frequency that operates on a tri- 
nary spectrum. They called this the "telepathic wave". In time, they could completely 
read and send thought waves without frying the brain or body through radiation. Which 
was what the early machines did. They actually took satellite dishes and aimed them at 
people. Then realized they could tum it around and do it backwards with a better effect 
and minimal radiation. Either way they started beaming the base and then towns around 
them with waves between 400 and 432 MHz and caused waves of crime sprees or peace 
sprees throughout the 70's and 80's. So they can digitize the telepathic wave to induce 
artificial telepathy. But this is organically done through an entanglement through what we 
call love. Literally. The Germans found it before that. And the secret orders before them. 
And ancient Egypt before them. As humans we remain basically through the root, heart 
mind connection. When the heart overpowers the mind connection of spirit, then the 
body is a trinary whole. When the mind guides it is binary and cannot by guided by the 
spirit. The spirit has direct access to the heart. The mind is a computer of sorts. The mind 
doesn't see past duality. The heart is the true center/eye of the spirit. The reptilian brain 
is the dragon and when you tame the amygdala then fear is ‘behind’ you. When the mind 
s "untamed" the reptilian brain takes over. This is the lower brain and amygdala fight or 
flight response. 


This happens when the energy of the brain, body and spirit increases due to whatever 
various reason of spontaneous or controlled increase. Because of the "temptations" which 
are the easiest flow of emotional energy into a "discharge" state, is that the sacral/sexual 
center ties to the heart and reroutes to replace the heart and control the mind. Mental 
and emotional contemplation of one's true purpose and nature is the path of the divine. 
We find ourselves simply by looking in the right place, not in the world, but in our self en- 
ergetically. We are more powerful than the programming, and we can reverse this is we're 
careful and devoted enough. 


We have to be faster than thought, at the speed of spirit, beyond matter. When we start 
thinking on this level then our influences spread to others throughout the sphere. It is our 
destiny to know these things but they have been kept from us. The ancient orders called 
this the art of "implosion". Traveling realities through intense contemplation and a usage 
of sacred geometrical forms. 


They developed and combined orders around WW2 and developed zero-point energy tech 
that can alter space/time fields. This is timeline manipulation. But as a rule, we go where 
our heart leads us. So that's how this is solved. 


Go Within to Observer the Self 


The answer is literally by looking within to find the great truth rather than looking 
around us. Everything we need to know is within us, energetically and spiritually. Our 
emotional, mental and physical state of balance is an indication of where and how we ex- 
ist in relation to the larger overall truth. Everything that happens around us to distract us 
is designed to stop us from looking within. Nothing can truly stop us, nothing can actually 
input the holographic horrors in our spiritual center but simply perturb the brain and 

body. The mind is a non-holographic spiritual environment that cannot be excessed and 
the invader’s goal is to convince people to use their imagination or their creative powers 
to produce these horrors on their own. This is through the programming. We must clear 
out the programming, the trauma, the lower-dimensional constructs and fill ourselves 
with the truth and spiritual presence that enables us to be self-aware in the first place. If 
we aren't doing this, then we are either in pain, or there is no spiritual presence to be in 
pain. If we are doing this, we are either clearing out the constructs by replacing them with 
true spiritual presence and self-awareness or we are becoming aware of them. 


Organic Feedback Loop 


The great feat is mentally bridging the great rift between us by looking within. Which 
is paradoxical. 


We can never see what another is perceiving exactly, well for the most part, so we all 
have to kind of accept that we are communicating effectively and truly get to this level of 
comfort by simply being secure in knowing who we are our selves. 


Technological Feedback Loop 
So then knowledge, in a way, when shared, is a form of telepathy. Group telepathy. 
Group think, when ideas or memes spread, is a form of group telepathy. 


The Internet is like artificial spreading of telepathy. This means what is normally men- 
tally bound signals can be initiated and spread through a digital medium. 


Breaking Soul-Contracts 


Ultimately everyone is under a series of “veils” which are energetic time-constraints 
literally like 9 dimensional layers of temporal restriction which are each bounded and 
ruled over by invader beings. These range from physical authorities, to astral entities, to 
programmable matter, to supercomputer intelligences, to spiritual false-light beings and 
our own shadow mind. Each layer of reality is successively guarded by these beings who 
are here acting as gatekeepers designed to push people back when they begin to wake 
up. These beings all work through fear and deception and the last layer is based on mir- 
roring our own energies back to us like an impostor. All the levels tend to imitate, how- 


ever the last layer is a near perfect imitation of our own energy to the point where people 
often switch places with this being before getting out of the matrix. There will be more 
discussed on this in a later section. 


The “9 veils” were designed by impostor beings as a last effort to stop humans from 
escaping the false-light matrix which is essentially the holographic universe. This is liter- 
ally like a maze which reproduces a new pathway and a new doorway each time a person 
nears the last hallway or doorway that is next to the exit. So one eventually has to project 
themselves into the exit using their whole being and moving past and through the tricks 
by not falling for them before they are placed. This is highly confusing but this is essen- 
tially a kind of labyrinth that has been created to stop people from leaving so that their 
soul energy can be destroyed and used as a generator for the false-light system which is 
an Al over mind that is programmed to take the raw soul energy and destroy the identity 
by inverting the electromagnetic spectrum and incorporating that inverted energy into its 
own internal matrix body which is literally the false-light universe 


Help Everyone 


Now they may have been setting us all up for the apocalypse. They said they want us 
to tell on them and get the whole world aware of what they've been doing So that we can 
stop them and pull them from the dark which is ACTUALLY taking their souls. There are 
also breakaway civilizations involved in this entirely zero-point/free-energy. 


Chapter 2.4 How Timelines Collapse 


Repeating 


Time 


Because of the way time works and the ability of those using these temporal devices 
they have set up an elaborate labyrinth like a spider web of false realities, timelines, par- 
allels, sub-dimensional layers, astral cages, temporal dead-ends, and time loops which 
act to stop people from reaching the true reality. As a result, many portions of this time- 
line are literally in a free-will ‘time-loop’ and these loops must be canceled out. As well, 
because of the nature of these loops on the overall stream, our entire civilization has 
been looping for the past 6 time-cycles meaning we have reached this time in history 6 
times before and this is apparently the last time because we have never gotten this far 
before and the events of the future are having to be programmed in manually at this 
point. 


Beings From the Future 


As are result and damaging time, what happens is that the beings from the possible 
future that is being damaged appear to try to heal the break as well as those who are 
from the new possible future that is generated, this results in a time war between both 
possible realities for the present realm. This is what has been happening for thousands of 
years. All the ancient spiritual texts are describing this system. One group is a from an 
original possible future where everything is based on the presence of spirit and souled 


humans, another is from the new possible future where an Al overlord took over and re- 
moved the souls and spiritual energy from all entities on Earth rendering this a holo- 
graphic prison without any other use. That reality dissolves into itself and so the time be- 
ings are constantly moving backwards and jumping timelines to try and obtain more en- 
ergy. 

Beings From Collapsed Timelines 


The beings from the collapsed timelines are those who travel through hyperspace to 
get here. They then recreate themselves using cloning technology through hyperspacial 
means, IE: creating an alternate temporal dimension so that these devices can sustain 
them and literally “hold-space” for them. Then if their timeline is destroyed, they can still 
exist as a ‘loose-end’ in space-time. This is extremely dangerous and | will say we have 
some Human operatives jumping timelines searching for Earth and Humanity so that they 
can find a reprieve from this time war. 


That is the most trying aspect of this entire ordeal for me. There are some human opera- 
tives literally in hyperspace without an opening into the temporal stream for them to rein- 
tegrate into this timeline. We must assist them, we must open the timeline by taking con- 
trol of Earth from the invader races and those who wish to depress and isolate the spir- 
ited and souled human beings. We must re-organized and neutralize the invasion forces 
of deception and assist our humanity and maintaining their free-will, their self-awareness, 
their self-empowerment and their emotional, mental, and physical harmony. 


Beings Who Would Never Have Existed in the First Place 


As a result of this entire process, there are essentially beings who have been erased 
from time who degrade in this dimension and can only interact periodically. These are the 
created beings who operate through supercomputer forms that are placed within cloned 
bodies and powered by the transdimensional quantum supercomputers. These are the 
‘parallel’ reality beings and this relates to the hive mind invasion. When all the original 
aspects of time are restored, these beings would not have ever existed in the first place 
as there is no quantum link for their probabilities to remain neutral and present in the 
original run of things. 


Again, all beings who operate under the will of the universe, even when they are attempt- 
ing to trick hyperspace and time, when these beings assist and help in the unification of 
sentient, spirited, souled beings they are capable of being healed. This is all because 
there is an original creative force which can produce souls that are eternal and everlast- 
ing, meaning they are not created but simply always ever were. Yet, there is a “miracle” 
effect where beings can be given eternal life. This is only by reflecting the will of the 
whole of existence, rather than a portion or a part because this is only temporary. Only 
the whole is forever and this takes true harmony, true balance and ultimately self-less- 
ness. To give to others because you see them as worthy because they can be aware and 


enjoy the gift is to be like the creative force that gives life to all and enables all experi- 
ence in the first place. By acting in correspondence with this we reflect the will of the 
whole and that power and action transfers into protection and self-empowerment for our- 
selves. This cannot be cheated, tricked, or rerouted as that is the karma game that has 
been played by delaying time and rerouting energy through getting others to take on the 
responsibility for others bad actions. In the end, all karma has only been delayed because 
when the stops are pulled out, everyone ends up getting their karmic returns regardless. 
They simply intended to build up so much karma that by the time the ties are cut, the 
karma overload will simply kill them instantly. This never happens and they end up in the 
abyss, this is the final time so since there is no recycling of the universe from the 
oroboros system then whatever happens is what happens forever. If everyone wants to 
move into harmony, to receive healing, to receive forgiveness then they must assist in 
the creative force in healing, forgiving, and turning away from the deception, the cruelty, 
the vampiric actions. 


Many vampires believe they will die if they stop. The only hope is to admit their ways to 
the others and ensure that there are enough beings around them that will protect them 
so that this situation can be handled properly, with due care, compassion, and the neces- 
sary healing to ensure the safety and protection of all who seek harmony. 


6/28/2010 Electrodynamic Tether Photos 


Energy Projects 


Electrodynamic Tether Photos 


Deployment of the Tether Satellite 


Boom Deploy Initial Deploy 


Satellite Deployed 


Closeup of boom showing tether Close up of end of boom 
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Tether Break 


The tether deployed to one mile 


Shortly after the breakreak 
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on 


‘The tether coils as it moves away from the Shuttle 
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‘The base of the tether boom. The area looks more like a Tesla Laboratory than the space shuttle hanger bay. 


After the Break 


‘The following three images are those displayed for the public showing the white specks that appearall around 
the tether after it has broken free. NASA calls these "dust and debris" particles, though Mission control in the 
audio portion of the videos state that they see a "lot of stuff swimming around" and that the tether is wider 
than expected. 


thelivingmoon.comy../Tether02.htm 


4a 


6/28/2010 Electrodynamic Tether Photos 


If you compare these images to the ones we captured from a hard to find high resolution copy of the video on 
you will see a remarkale difference. The video is a must see. 


Video Clip 


Editors Note: This video has been remoyed several times by Youtube. Currently it is available again. If it does 
get removed again, email me and I can send you a copy as we have it on disk now. Contact me at 
This one is from the hand held Infrared Camera and is not as clear as the other one wa 
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Figure 35: Propagation Losses of Cellular vs. Wi-Fi? 


Cellular 


NS 


——————_ Distance 


Free space path loss: exponent of 2 

Terrestrial path loss: exponent of 3+ 

Even with exponent of 2: 

+ Wi-Fi, 100 meters to 200 meters: signal at 25% of strength 

+ Cellular. 4.0 km to 4.1 km: signal at 83% of strength 
Difficult to propagate short range network (Wi-Fi) signal 


Spectrum Sharing 


In 2012, the President's Council of Advisors on Science and Technology issued a report 
titled, "Realizing the Full Potential of Government-Held Spectrum to Spur Economic 
Growth.” The report recommended spectrum sharing between government and commercial 
entities. 


The U.S. government can designate spectrum for exclusive, shared, or unlicensed use, as 
shown in Figure 36. Shared use can be opportunistic, as with TV white spaces; two-tier 
with incumbents and licensed users; or three-tier, which adds opportunistic access. The 
bands initially targeted for spectrum sharing include AWS-3 (two tiers on a temporary 
basis) and the 3.5 GHz band (three tiers). 


The three-tier plan envisioned by the U.S. government for the 3.5 GHz band gives more 
entities access to the spectrum but at the cost of increased complexity. 


85 Assumes 1.0 km radius for cellular and 100-meter radius for Wi-Fi. 
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Comments 
‘What is most interesting to note is that most of the video clips above are taken from this video, yet NASA does not show the video 
itself. The copy on Youtube is a transmission intercept copy. However the fact that the NASA info site DOES use those clips gives 
credibility to the video that it is indeed a NASA film- Zorgon 


The Report After the Fact 


NASA/TP—2003-21228 
Low Earth Orbit Spacecraft Charging Design Guidelines 


Below are a few keynote excerpts from the PDF file. The entire 367 page document is available below for those 


with technically savy who want to read the entire paper... 


AR tether, its 20 km length produced a maximum of about 3500 V potential between its most positive and 
negative ends, since it wasnt oriented perfectly perpendicular to the velocity vector and the Earths magnetic field. A satellite at 
its upper end collected electrons, and an electron gun at the lower end emitted electrons to complete the circuit. When the electron 
‘gun Was not in operation, a large resistance prevented the Shuttle from being biased thousands of volts negative of its surrounding 
plasma, However, there remained a large voltage between the tether lower end and the Shuttle orbiter. This enormous bias 
eventually led to a continuous are on the tether (see The Continuous Are, section 4.2.3.1 below), which broke, freeing the satellite 
‘and ending the experiment, During the arc, the satellite collected over 1 Amp of electron current to keep the arc going. Probe 
theory (Cohen et al, 19870010625 N) is usually used to calculate the total current collected by a wire with distributed potentials. 
However, before the break, TSS-1R demonstrated that a satellite at a high positive potential could collect an anomalously large 
electron current. See Zhang, et al (20000110580), Stone and Raitt (19990084046 and 20000025437), and Stone, et al (19980202347) 


Excerpt 2: 
‘Sustained ares (continuous ares)- These are the events that have been attributed with the destruction of on-orbit solar arrays. 
Generally, the process begins with a fast transient (a so-called trigger arc). Under some conditions, the transient develops into an 
are that is fed directly by the entire array, effectively becoming a short-circuit. Such events invariably involve large quantities of 
‘energy and can be severely damaging to cells, interconnects or power traces. 
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Excerpt 3: 
When the structure or array capacitance electrically connected to the are site is sufficiently large, the initial transient ares 

ignificant damage. In Figure 9, we see an anodized aluminum plate that has undergone 
structure capacitance attached. Its thermal properties have been completely 
destroyed, along with most ofthe insulating surface layer of aluminum oxide. 
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Excerpt 4: 
‘The most famous sustained are event of all led to the breakage of the TSS-1R electrodynamic tether, and the loss of the attached 
satellite. The image below shows the burned, frayed and broken tether end still attached to the Shuttle after the break. 

Incidentally, the tether continued arcing long after it and its satellite were drifting free, until finally it went into 
night conditions where the electron density was insufficient to sustain the arc. Noel Sargent (2002) has investigated 
‘whether the TSS-1R are was seen to disrupt Shuttle communications. Although he has found no record of disturbed communications 
during the event, for most ofthe time the are was shielded by metallic structures from the communications antennas, and when the 
tether broke, the are was many meters from the receiving antennas. It remains fo be seen whether sustained ares produce radio 
‘noise severe enough to be a communications problem. 


Comments: 
‘This is official confirmation that the tether continued to produce plasma energy long after it broke free, accounting for the 
“fluorescent bulb" glowing effect viewed after. We believe this concentrated collection of plasma energy is what attracted the 
“swarm!” of "critters" to a "feeding frenzy" 


To get the full PDF file you can download LEO Charging Guidelines v1.3.1.zip 
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Tether Optical Phenomena Experiment (TOP) 


Using a hand-held camera system with image intensi 
allow scientists to answer a variety of questions concerning tether dynamics and optical effects generated by TS 
this experiment will examine the high-voltage plasma sheath surrounding the satellite 


rs and special filters, the TOP investigation will provide visual data that may 
AR. In particular, 


In one mode of operation, the current developed in the Tethered Satellite Systemis closed by using electron accelerators to return 
electrons to the plasma surrounding the orbiter. The interaction between these electron beams and the plasma is not well 
understood... 

Associate Investigator: Stephen Mende, Lockheed Martin 


SOURCE 


‘The Report After the Fact 


The most famous sustained are event of all [ed to the breakage of the TSS-1R 
electrodynamic tether, and the loss of the attached satellite, Figure 8 shows the bummed, 
frayed and broken tetler end still attached to the Shuttle after the break. Ineideiially. the 


iether continued arcing long after it aud iis satellite were deifting flee, until finally it went 
into night conditions where the electron density was insufficient to sustain the are, 
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Electrodynamic Tether Photos 


Figure 8 — The end of the remaining TSS-1R tether 


Tis thus possible that an astronaut. grounded to ISS by his tether or conductive tools, 
could undergo an art at only -$0 V. A sneak circuit analysis showed that such ares could put 
1 Amp of Current tlutouglian astronauit’s Lieaits, Since 0.1 Amp is enough to cause heart 
stoppage. it is imperative that if the ISS plasma contactors are inoperable during astronaut 
EVAs, a method be used to prevent ISS astronaut workplaces from floating more than 50 V 


negative. 


For many ISS surfaces, peak are 
stvengths of hundreds of Alups have been Calotlated,, Ares this strong will melt the are site 
and spew molten metal through space. Plasma chamber tests of this kind of arcing are 
spectacular indeed! Ares on oue anodized surface have been sean to trigger ares ou nearby 
line-of-sight surfices 


Finally, an are on an electrodynamic tethef may became continous, The infamous arc 
on the TSS-1R tether that led to its break and the loss of the satellite was Contimions 
Gustained) are with its power supplied by the tether 
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Had TSS-1R used a tether of greater resistance, the 
threshold are current could not have been maintained. For example, a total tether resistance 
of ten thousand ohms would have limited the are current to less than 0.4 Amps, less than the 
sustained arc threshold, Altemustively, if the satellite electron collection capability had been 
limited to less than 4s Amp, the are could not have been sustained. Of course, these measures 
‘would have severely restricted the power or propulsion that could be obtained by tether 

0 shut the tether down 


One should never assume that a 


power system will not arc. 


Tonized gases can be emitted by plasma sources such as hollow cathode plasma 
contactors or from neutral gas sources at hizh positive potentials. Locally, the plasma 
density can be greater than the ambient plasina density and similar plasma interactions can 
occur with high voltage Somponents On ISS. the Plasma Contacting Units (PCUs), when 


from such a plasma could occur in much the same way as with an ambient plasma, implying 
that solar arrays and other active sites should be kept out of induced plasma plumes. 


Critters ~ Critters 01 ~ Critters 02 ~ Critters 03 


Copyright Notice 


All pietures and phot on this page, unless otherwise noted have been gathered rum pubic main sources or are available under GNU License. Further 
‘documentation is wilabe on our Copyright Page und our Legal Department, 


Article Quotes all have links to their appropriate source andare noted. All other text not so notedis available under the terms of the GNU Free Documentation 


License 


Al information on this page is used only for non profit educational purposes. All reasonable atemps have heen made that no credits are missed but with a work 
‘ofthis size omissions may occur Ifyou see unything of yours dha bas not been properly ereditedor wish to have removed please contact the Webster 


Webpages © 2001-2006 
Blue Knight Productions 
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STS 75 TETHER INCIDENT 


Tether Deployed 
Tether Satellite being deployed from the Shutfle Bay of STS-75, 


ther Satellite begin 


Tether Activated 
o glow as it gathers electricity from the Ionosphere 


‘Tether Breaks Free 
io and breaks free... still producing energy 
‘glow increases and the eable gets wider, ( More on this Inter) 


Tether Satellite cable fries 
Th 


Tether Broke Free 
Tether Satellite worth 100 million has overloaded the circuits within minutes of being activated because the NASA 
Scientists under estimated the potential. The tether in just a few moments of operstion produced 10 times the 
anticipated power and they forgot to Install a circuit breaker, 


TETHER BROKEN FREE AND DRIFT 


GAWAY 


At this point the STS 7S Asi the Tether at about 80 
nautical miles away from the much wider. This is 
commented on by Mission C 


It iy also at this point that the a Cir glowing Tike + fluorescent bulb” (according 
10 a NASA report issued after the event (See Below)) attracts the "Critters" or UFO's as mast people call them. To 
ace more about the “Critters” VISIT HERE In the image include below you can see the Tether Satellite af the tip. 
By this time the Tether {s almost as wide as the 7 


‘Going hebind the tether you see one of the "Critters" It is CLEARLY hebind the tether. This is what NASA calls 
“dust and debris™ The purpose of this paper is to show the tether however, not the "Critters". If you want to know 
more about them elther email us or check out the pages linked to abave. 


STS-75 - The Tether Incident’ 


Tether Swarmed by "Critter: 


Matt (Matyas) had written me that he has found documents hinting at a Tether in 
operation near Jupiter. He is still following that up, but it seems the Cassini Spacecraft 
has found one or more in the vicinity of Saturn 


Figure 36: Spectrum Use and Sharing Approaches 


Shared Use 


Opportunistic Two-Tier Three-Tier 
(e.g., TV White Access Access: 
Space) 1. Incumbents 1. Incumbents 
2. Licensed 2. Licensed 
3. Opportunistic 


The European Telecommunications Standards Institute (ETS!) is the leading organization 
standardizing cognitive radios. The most relevant effort is called “Licensed Shared Access” 
(LSA), a two-tier spectrum sharing system that includes incumbents and licensed 
secondary users that access shared spectrum via a database, as depicted in Figure 37. 


Figure 37: Licensed Shared Access (LSA) 


Operator 
Network 
Operations 


Licensed Spectrum Underlay 


Rysavy Research 


‘The three-tier system expected for the 3.5 GHz band in the United States will be complex, 
necessitating a real-time Spectrum Access System, the SAS, the design and development 


of which will encompass: 
@ Algorithms and methods; 


a Methods of nesting hierarchical SAS entities (federal secure SAS versus commercial 
SASs); 
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Tether Near Saturn 
Judging by the seale of Saturn, it would seem this is NOT the lost Satellite, but a 
Tether was 12 miles long... This one is huge 
(Note Dates and Size are being calculated) 


The S18 75, 


uch larger 01 


inal Image NASA Cassini/ Huygens W00028414, 


Cassini Spacecraft Image 
Tether Near Saturn 


Source: Original Image NASA Cassini/ Huygens W00026015.ipg 
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Forward et al. 
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METHOD OF USE 
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(57) ABSTRACT 


The present invention comprises an clectrodynamic tether 
structure and a method of use, The structure of the tether 
taught by the present invention is a short, wide, intercon: 
rected mulliwire (compared tothe long, narrow single wires 
of the prior art) conductive tether Whose area maximizes 
clectrodynamic drag while simsltancously minimizing the 
Area-Time-Produet swept by the tether during its operating 
life. The preferred tether length is two kilometers to five 
kilometers. The preferred tether mass is one perceat to five 
percent of the spacecraft mass. The method of operation 
comprises orienting the telher structure at an angle 10 the 
Jocal vertical to maximize electrodynamie drag on the host 
raft and minimize tether instability. The angle of 
26 degrees is prelerred. 


26 Claims, 12 Drawing Sheets 
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FIG. 2b 
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FIG. 2a 


Coordination among multiple, competing commercial SAS managing entities; 
Interface definitions; 

Communication protocol definitions; 

Database and protocol security; 

Policy enforcement; 

Speed of channel allocation/reallocation; 

Time intervals for spectrum allocation; 


Effectively managing large numbers of Tier 3 users; and 


ooocoooooo 


Data ownership, fees, rules, fairness, and conflict resolutions, all of which have 
policy, regulatory, and business implications. 


TWWS databases available today address only a tiny subset of these requirements. 


Figure 38 shows the proposed architecture of the 3.5 GHz system. The system consists of 
incumbents (government systems), Priority Access Licenses, and General Authorized 
‘Access. Government systems include military ship-borne radar, military ground-based 
radar, fixed satellite service earth stations (receive only), and government broadband 
services (3650 to 3700 MHz). PAL licenses will be used by entities such as cellular operators 
and will be available for three-year periods. GAA users are licensed by rule and must protect 
both incumbents and PALs. Incumbents are protected by an Environmental Sensing 
Capability that detects incumbents and informs the SAS. Some examples of GAA use cases 
are small-business hotspots, campus hotspots, and backhaul. 


Citizens Broadband Radio Service Devices (CBSDs) are the base stations operating under 
this service; they can operate only under the authority and management of the SAS, either 
by direct communications or a proxy node. 


®% For further analysis, see Rysavy Research and Mobile Future, Complexities of Spectrum Sharing: How 
to Move Forward, April 2014. Available at htto://www.rysavy.com/Articles/2014-04-Spectrum-Sharing- 
Complexities.pa 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 83 


U.S. Patent Sep. 12, 2000 Sheet 5 of 12 6,116,544 


FIG. 3 


U.S. Patent Sep. 12, 2000 Sheet 6 of 12 6,116,544 


108 
00 kelvins 
105 
10000 
Ta Kelvins 
1000 
‘1km x 25 cm 
100 kg; Power = 
10 
‘8% Tether - 1 km x 25 cm 
1 Mass = 50 kg; Power = 5385 watts 
04 


300 500 700 900 1100 1300 1500 
Circular Orbit Altitude (km) 
‘Area-Time Product for Mean and Extremes of Exospheric Temperature 
(m = 1000 kg, Cd = 2.0; 1% Tether, 1 km x 25 cm; power = 1077 watts) 
(6% Tether, 1 km x 25 cm; power =5385 watts) 


FIG. 4 


U.S. Patent Sep. 12, 2000 Sheet 7 of 12 6,116,544 


30 


‘Stage Propellant Mass Fraction 


25 


aa 


4 


300 500 700 900 1100 1300 1500 
Circular Orbit Altitude (km) 
Conventional Solid Rocket Motor System 
Percent Increase in Orbital Mass vs. Altitude and I (Isp = 288 sec) 


Figs. 


U.S. Patent Sep. 12, 2000 Sheet 8 of 12 6,116,544 


\ 607 FIG. 6 


t= 35.26° 


705 


Pe 


74 


> 
\ 702 


viz: 


FIG. 7 


U.S. Patent Sep. 12, 2000 Sheet 9 of 12 6,116,544 


810 —F 


U.S. Patent Sep. 12, 2000 Sheet 10 of 12 6,116,544 


903 


FIG.9 


1019 t 
\ 1003 
YY 
\i7 1017 


1011-4 


FIG.11 


U.S. Patent Sep. 12, 2000 Sheet 12 of 12 6,116,544 


FORCES AND TORQUES ON AN UPWARD DEPLOYED CONDUCTING TETHER DUE TO THE MOTION OF 
THE HOST SPACECRAFT THROUGH THE MAGNETIC FIELD OF THE EARTH, 


FIG. 12 


6,116,544 


1 


ELECTRODYNAMIC TETHER AND 
METHOD OF USE 


‘TECHNICAL FIELD 


‘This invention relates generally to apparatus and methods 
useful lor changing the state vector of a space object when 
the space object is moving relative to a magnetic field, More 
specifically, he present invention relates to an apparatus and 
method of using a eondueting tether to produce an electro- 
dynamic force to deorbit a satellite from its orbit around a 
celestial body, such as the Earth, which has an associated 
magnetic field 


RESERVATION OF RIGHTS 


‘This application is subject to certain rights of the USS. 
‘government as a result of contracts between the U.S. gov- 
{ernment and the inventors. 


BACKGROUND ART 


‘The present invention has its principal utility in outer 
space, primarily for deorbiting satellites atthe end of their 
useful life to mitigate the harm and reduce the liability 
created by the proliferation of space debris. In order to 
‘obtain a better understanding of the present invention it is 
helpful toundersiand the prior art of space tethers, especially 
tether dynamics and tether electrodynamics. The preseat 
invention may be more readily understood through a review 
of the experimental prior art and a mathematical analysis of 
clectrodynamie space tethers. 

Prior Act Tethers: 

‘Aether Was originally a rope or chain used to fasten an 
‘animal so that it grazed only Within certain limits, Tethers 
have been used for decades in space to attach astronauts 10 
their spacecraft 

In 1974 Professor Guiseppe Colombo, bolder of the 
Galileo chair of asuonomy at the University of Padua in 
aly, proposed using a long tether to support a satellite from 
an orbiting platform. US. Pat. No. 4,097,010, which issued 
to Professor Colombo and Mario Grossi on Jun. 27, 1978, 
teaches a satellite connected by means of «Tong tether to & 
powered spacecrafl, Colombo actively pursued the design of 
4 Lethered satellite system, 

‘Several NASA experiments, such as the «wo Small 
Expendable Deployer System (SEDS 1 & 2) experiments 
and the Plasma Motor Generator (PMG) experiment used 
tethers in space. SEDS used # nonconducting tether: The 
PMG used a 500-meter conducting tether. The Tethered 
Satellite System lights in 1992 and 1996 (TSS-1 & IR) used 
2 20,000-meter conducting tether 

‘On the TSS-1 mission the tether deployed onky 260 meters 
(853 feet) before the deployer failed. On the TSS-1R the 
tether was deployed 19,500 meters. In the SEDS 
0.8-mm diameter, 20,000-meter long beaided si 
tether was deployed to study tether dynamics and li 
‘Orbital debris or a meteoroid severed this tether in less than 
four days. 

Inthe TSS-1R flight, the conducting singletine tether was. 
severed alter five hours of deployment. This failure was 
‘caused by an electric are produced by the 3,500 vols of 
«lectric potential generated by the conductive teher's move- 
ment through the Earth's magnetic field 

“The Tether Physics and Survivability (TiPS) satellite 
consists of two end masses connected by a 4,000-meter long 
non-conducting tether. This satellite was deployed on Jun. 
20, 1996 at an alitude of 1,022 kilometers (552 nautical 
miles). is tether is an outer layer of Spectea™ 1000 brai 
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over a core of acrylic yarn. The yarn will “puff” its outer 
bra to two millimeters fo “give it a larger etess section to 
improve its resistance to debris and small micrometeoroids”, 
according {0 the National Reconnaissance Office (NRO), 
‘hich isa sponsor ofthe TiPS mission. As of Jun. 21, 1997 
the TiPS tether had survived one year. 
References: 

41. Joseph A. Caroll, “SEDS Deployer Design and Flight 

Performance”, paper WSEDSA-I at the 4 Interaa- 

tional Conference on Tethers in Space, Washington, 
D.C. April 1995. 
James E. MeCoy, et. al. “Plasma, Motor-Generator 
(PMG) Flight Experiment Results", pp.57-84, Pro- 
ceedings ofthe 4 International conference on Tethers 
in Space, Washington, D.C., April 195. 
\W, John Rait et.al. “The NASA.ASL-TSS-I Mission, 
Summary of Results and Reflight Plans, pp, 107-118, 
Proceedings of the 4% International conference on 
“Tethers in Space, Washington, D.C, Apel 1995, 
4. Joseph C. Anselmo, “NRO Orbiting Spacecraft Studies 


‘Tether Survivability”, Aviation Week, page 24, Jul. 1, 


“These experiments all used single line tethers 

‘The following reference is illustrative of the current state 
‘of the art in space tethers: Paul A. Penzo and Paul W. 
Ammann, Tethers in Space Handbook—Second Edition 
NASA Olfice of Space Flight, NASA Headquarters, 
Washington, D.C. 20546. Soe also the bundreds of refer 
‘ences in the 33 page bibliography at the end of the hand- 
book. 

‘The “Hoytether™™, an Improved, High-Reliability 
Tether: 

Tn 1991, one of the present inventors, Robert Hoyt, 
invented a lightweight net-like structure that provides many 
redundant load-bearing paths. A oumber of primary load 
bearing lines running the length of the structure are con- 
nected periodically by diagonal secondary lines. The dis 
‘closed embodiment of this iavention has the secondary lines 
firmly connected by knots to the primary lines. The second 
ary lines are connected only to the primary line. AK either 
‘end of the disclosed structure, a support ring enforces the 
cylindrical spacing between the primary lines. The second- 
ay lines are designed with a small amount of slack. These 
secondary lines are only put under load if a primary line 
fails. This specific tether structure was disclosed 10 the 
public in 1992 (Forward, R.L.,"Pailsafe Multistrand Tether 
Structures for Space Propulsion”, ALAA paper 92-3214, 28" 
Joint Propulsion Conference, Nashville, Tean., 1992 
(hereinafter “1992 Hoytether structure"), This structure was 
named a “Hoytether", The term “Hoytether" is used 
‘throughout the remainder of this specification for this type of 
tether structure 

“The present iavention uses an improved Hoytether, which 
‘was invented by the same inventors as the presen invention, 
‘This improved Hoytether isthe subject of a copending PCT 
application, The Hoytether is discussed briely in this speci 
fication to aid understanding of the present invention 

The 1992 Hoytether design teaches that the normally 
slack secondary lines have half the cross-section (0.707 the 
diameter) of the primary lines. There are iwice as many 
secondary lines a8 primary Hines, thus the mass of the 
secondary lines is equal to the mass of the primary lines. In 
an undamaged Hoytether, the primary lines carry the entire 
load, while none of the secondary lines are under load. 

‘While the survival probability of a single-line tether 
“decreases exponentially with time, the Hoytether can main- 
‘ain a high, ie. greater than 99 percent, survival probability 
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for periods of months or years (forward and Hoyt, “Failsafe 
Multiline Hoythther Lifetimes”, Paper ALAA 95-2890, 31°" 
Joint Propulsion Conference, July 1995), 
References: 

1. Robert L. Forward, Failsafe Multstrand Tethers for 
Space Propulsion, Forward Unlimited, PO. Box 2783, 
Malibu, Calif, 90265, July 1992, Final Report on 
NASA Contsact NASS-39318 SBIR 91-1 Phase I. 

2. Robert L. Forward and Robert P. Hoyt, Failsafe Mul- 
tisirand ‘Tether SEDS Technology Demonstration, Final 
Report oa NASS-40545 with NASA/MSFC (ua. 14, 
1995), 

3. Robert L. Forward and Robert P. Hoyt, “High Strength- 
{o-Weight Tapered Hoytetber for LEO to GEO Payload 
‘Transfer Final Report_on_ contract number NASS- 
40690 with NASA/MSFC (Jul. 10, 1996) 

‘The Hoytether is essentially a tri-axial net structure, with 

“ primary’ lines running along the length ofthe tether and wo 
sets of ‘secondary’ lines connecting these primaries diago- 
nally. They can be made by hand and connected with knots 
as is taught by the 1992 Hoytether steucture. Because 
Knotted connections severely limit the sieength of a 
structure, itis desirable t0 use a knotless fabrication tech- 
hique 16 achieve interconnections that have. strengths. 
approaching the limits of the constituent material. AS these 
tethers may be many kilometers long; fast and inexpensive 
mechanical methods are required for their practical fabtica- 

Hoytethers may be made by mechanical braiding, ic. 
three-dimensionsl braiding, such as 3-D rotation braiding, 
using braiding machines such as those developed by the 
Herzog Company in Germany (August Herzog Maschinen- 
Fabrik GmbH & Co., Postfach 2260.26012, Oldenburg, 
‘Germany. The specialized loom developed by the Nichime 
Company of Japan (Nichimo Company Lid., 2. 
‘Ohtemachi, Chiyoda-Ku, Tokyo, Japan) is used to produce 
“Uluacross” knotless fishing nets ia which tbe individual 
strands are braided as a -braid line, and the strands ate 
interbraided where they cxoss, This produces netting that has 
slipless interconnections that are very strong, approaching 
the maximum capability of the fiber. Such a loom could, 
‘with some modifications, produce the present iavention’s 
structure. Only two such machines exist, one in Japan, the 
other in Washington State. Unformnately neither can work 
‘with the small line diameters needed 10 practice the pre= 
ferred embodiment of the present invention. See generally, 
Ko, F. K, “Braiding”, in Engineered Materials Handbook, 
Vol.1., Composites. ASM International, Metals Park, Ohio, 
1957, Pp. 519-528, 

“The most common 3-dimensional braiding machines ate 
4.step braiders based upon the desigas of Maistre (German 
Patent P230-16986, issued 1973) and Forentine (US. Pi 
No, 4,312,261, issued 1982), Braiding is accomplished by 
using pnetimatics o¢ solenoids 10 push the parts of the 
braiding machine to the proper positions. This is a slow 
‘process and making a Hoytether kilometers long with these 
machines would be very time consuming and expensive, The 
‘composites division of Albany International (Albany Tnter- 
national Research Company, 777 West Street, Mansfeld, 
Mass. also proxluces a 3-D braiding machine. This machine 
uses modular braiding components that arc assembled 
breadboard fashion on a large wall, 

“Although braiding is the preferred technique, alternate 
fabrication methods such as Raschel knitting and crocheting, 
can be used successfully. Mulikilometer long Hoyththers 
are presently being produced for the iaveators by ibe ven- 
dors Culzean Fabrics and Flemings Textiles using an elec- 
‘roniealy controlled erachet machine produced by Comez-in 
Maly. 
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Space Tether Systems: 

"The prior art teaches the use of tethers in space applica- 
tions. U.S. Pat. No. 5,163,641, issued on Apr. 9, 1990 t0 
‘Yasaka, teaches the use of a powered spacecraft connected 
by a tether to a satelite. This tether is disconnected 0 
‘change the state vector ofthe satellite, The stae ofthe art of 
‘energy and momentum transfer using space tethers is dis- 
‘cussed in Ivan Beckey’s article “Tethering, a new Technique 
for Payload Deployment”, Aerospace America, March 1997, 
at pages 36-40, Beckey concludes, “Tethers ean perform the 
‘same functions as propulsive upper stages of direct payload 
injection, but at lower weight and cost per pound.” U.S. Pat. 
No. 4,923,151, issued Mar. 1, 1988 to Roberts, Wilknson 
and Webster, teaches a tether power generator for earth 
‘orbiting satellites. U.S. Pat. No. 4,580,747, issued Mar. 15, 
1983 to Pearson, teaches use of « long tether extending 
dowaward into the almosphere from a satellite. The state 
‘vector ofthe satellite is changed by forces acting ona lifting 
body connected to the end of the tether. US. Pal. No. 
4824051, issued Jan, 12, 1987 to Engelking, teaches pass- 
ing an electric current through a conductive tether attached 
toa satellite to provide propulsive force to alter the obit of 
the satellite. US. Pat. No. 5,082,211, issued Jan. 21, 1992 10 
Werks, teaches use of a tether to deosbit space debris. US. 
Pat, No. 4,727,373, issued Mar, 31, 1986 to Hoover, teaches. 
an orbiting stereo imaging radar system having two space 
‘raft in syachronous parallel orbits connected by a tether 
‘Tether Dynamics: 

In order to understand the forces that cause a tethered 
‘satellite to move upward and away from an orbiting satellite, 
for example, itis fist necessary to explain briefly how 
satellite remains in orbit, Aa orbiting satellite is acted on by 
the foree of gravity which pulls it toward Earth, and by a 
‘centrifugal force, which pushes it away from Earth. The 
‘centrifugal force” (actually inertia) results from the motion 
of the satellite around its circular orbit, This is the same 
force that one can experience by swinging a ball around on 
the end ofa string. A satellite is maintained in its orbit when 
ittravels atthe natural speed for is altitude and, as a result, 
the centrifugal force is equal to the gravitational force 

‘AL the typical orbital altitude of 250 kilometers for a 
low-Earth orbit satellite, for example, a speed of approxi- 
mately 7.6-km per second is required 10 create sufficient 
‘centrifugal force to balance gravitational atirction on the 
satellite. Ifthe altitude is changed, the two opposing forces 
‘will a0 longer be in balance unless the satelite also changes 
its speed. A higher orbital altitude requires a slightly lower 
‘speed so the satelite will take longer to complete an orbit. 
Because of this, if two free-flying satellites are in orbits at 
different aliudes, the lower satellite will circle the Earth in 
Jess time than the satellite in the higher orbi 

If two satellites, at different altitudes, are connected 10 
‘each other by a tether, they are forced to travel around their 
‘orbits together—in the same period of time, which is longer 
than the natural period of the lower satelite but shorter than 
that of the upper satelite, The lower satelite will therefore, 
slow down below the natural speed for its orbit and will tend 
to fall toa lower orbit because the centrifugal force will now 
be less than the gravitational attraction of the Earth, An 
upward force in the tether that makes. up the difference 
between centrifugal and gravitational forces holds it in 
place, however 

Correspondingly, the upper sitellite will be accelerated 
above its natural orbiting speed (increasing its centrifugal 
force above the gravitational atraction) and will tend to 
move to a higher orbit. It, oo, is held in place by an 
additional force (downward) in the tether. In other words, 
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the net force dowaward on the lower satellite is balanced, 
Through the tether, by the net force upward on the upper 
satellite. The effect of unbalanced forces onthe two satellites 
is, therefore, to eeate tensioa inthe tether. During the TSS-1 
& 1R experiments, the inertia ofthe tethered satelite causes. 
the satellite to rise above the orbiter asthe tether is reeled 
‘out. Very close to the orbiter, there is litle difference in the 
two o*bils, and the tension force is insufficient to overcome 
friction in the deployer mechanism; therefore, until the 
satellite reaches a separation of approximately 1000-meters, 
the tension is augmented by small tether-ligned thrusters on 
the satellit. Beyond this point, the tension in the tether isthe 
only force required. 

By experimenting with a ball bung on a piece of clastic 
cord (a paddleball, for example) itis possible to simulate all 
the diflerent types of oscillations that are possible on a 
space-based tether system, The elastic cord, representing the 
tether, may compress and stretch, causing the bal to bounce 
up and down (longitudinal oscillation). It also may move in 
4 circular (skip-rope) motion or may develop waveclike 
motions (transverse oscillations). Even if the string itself 
‘remains straight, itis possible to ge the ball swinging back 
‘and forth about its attachment point on the paddle like a 
child on a swing rope (pendulous motion). 

Each type of motion occurs with a particular frequency, 
‘which depends on the length and tension of the tether. When 
the frequencies are different, the motioas do not interact; 
however, at some tether lengths, the frequencies of two oF 
more types of oscillation can become very close. AL this, 
point, energy can be transferred from one type of motion to 
another, a phenomenon known as resonance, For instance, 
the transverse oscillations in the tether may cause the 
satellite to swing back and forth in pendulous motion, 

Many differen factors may cause oscillations; the move- 


ments ofthe satelite or Shute are but two ofthese. For ans 


clectrodynamic tether, the skip-rope and pendulous oseill 
tions ate of particular interest If cuetent is passed through 
‘tether, the current will interact with Earh’s magnetic feld, 
resulting in a force that may produce skip-rope and pendu- 
Tous oscillations. Because its necessary fo maintain contcol 
of the satellite, much study has gone into identifying the 

sent types of possible motions and the methods used 10 
‘contol them, 

‘One way to control the magnitude of those motions that 
‘cause a change in tension or ransverse motion atthe end of 
the tether isto have an end mass connected to the Hoytether 
that maintains a controlled tension on the telher, working, 
much like a spring-loaded “dog leash’, This may be as 
simple as a coiled spring, or as complex 4s an active coateol 
sysem thal measures the tension and transverse forces on 
the tetier and adjuss the applied tension according o a local 
‘or remotely opetating algorithm, 

Electrodynamic Effects of Conductive Tethers: 

Electric potential is generated across 4 conductive tether 
by its motion through the Earth's magnetic fiekd, Eleetro- 
magnetic forces acting on a conductive tether in orbit can 
make the tether system behave like an electric motor or 
‘generator, thereby exerting a useful force to alter the state 
‘Vector of the tether and any mass atlached 10 it 

Electrodynamic tether propulsion i unlike most other 
lypes of space propulsion in use or heing developed for 
space application today—there is no hot gas expelled to 
provide thrust Instead, the environment of near-Earth space 
is being utilized to propel a spacceraft or upper stage via 
clectrodynamie interactions 

"Accharged particle moving ia a magnetic field experiences 
«force that is perpendicular to its direction of motion anc! the 
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Jisection of the field. When a current flows through @ long, 
‘conducting tether the electrons flowing through the tether 
fexperience this force due to the Tact that they are moving 
along the wire in the presence of Earth’s magnetic field. This 
Toree is transferred to the tether and lo Whatever the tether 
's altace (like a spacecraft satellite, space station or upper 
Sage). It can be an orbicraising thrust force or orbit- 
lowering drag lovee, depending upon the direction of current 
flow. Operation in one mode allows boost from LEO 10 
higher orbit while reversing the current flow provides nega- 
live thrust for deboost. The principle is much the same for 
an electric motor, reverse its operation and it acts as a 
generator. The current passing through the tether is returned 
through the ionosphere to complete the current loop with 
collection and emission occurring on opposite ends of the 
tether. 

‘The PMG experiment demonstrated that a conducting 
tether can be used as both a motor and a generator. The TSS 
‘experiments, especially TSS-IR showed that very large 
Voltages (about 3500 volts) can be generated by a sulli- 
cicatly long tether 

Uses of an eleclsodynamic tether as an orbit raising and 
lower propulsion system bas many advantages aver com: 
peting systems: 

‘4. I is nearly propellantless. Most other systems expel bot 

‘eases and require extensive resupply. To emit current, 
the electrodynamic tether propulsion system may use 
plasma contactors developed as a part of the Interna 
tional Space Station Program, These contactors con- 
‘sume less than 20 kg of xenoa gas per year with a 507% 
‘duty eyele, The electrodynamie tether propulsion sys- 
tem can also use field emitter arrays, which emit 
electrons without the use of any gas. 
ican change both alltude and inclination, The Earth's 
magnetic field is non-uniform and can therefore pro- 
vide both in- and out-of-plane forces for inclination 
changes as well as altitude changes. This isof pasticular 
interest o payloads requiting polae orbits ia that they 
‘can be launched on a small Iauoch vehiele into a lower 
inclination orbit and have it raised in space by the 
proper phasing of current through the tether. 
‘Ademonsication ofthe propulsive capabilities of eleetro- 
‘dynamic tethers was recently approved for a Might test in 
1999, The Propulsive SEDS o¢ ProSEDS mission, will ly as 

secondary payload on a Delia TI launch vehicle and deploy 
a 5-km conducting tether using the existing SEDS deployer 
‘concept. The ProSEDS experiment will be followed by the 
Electrodynamic Tether Upper Stage (EDTUS) experiment 
that will demoastrated the use of electrodynamic forces 10 
‘change both the altitude and inclination ofthe experimental 
spacecraft. FIGS. 1B and 1C show the ealeulated eleetro- 
dynamic thrust at several inelinations and the reentry time 
sensitivity of the ProSEDS tether, respectively, 

‘One application for long-life condueting electrodynamic 
tethers is as 4 “Terminator Tether for removing from 
‘orbit unwanted Earth orbiting spaceeraft at the en! oftheir 
Useful lives, When the mission of the satelite is completed, 
the Terminator Tether™, weighing a small fraction of the 
mass of the satelite, would be deployed. The electrody= 
namic interaction of the conducting tether with the Earth's 
magnetic field will induce current Now in the tether con- 
‘ductor, The resulting energy loss [rom the heat generated by 
the current flowing through the ohmic resistance in the 
‘conducting tether will remove energy from the spacecraft, 
‘eventually causing it to deorbit, thus reducing the amount of 
‘orbital space debris that must be coped with in the Future. 

Inthe following analysis, it i shown that the amount of 
‘energy loss generated by an electrodynamic tether is essen- 
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tially independent of its length or acca, and instead is 
primarily proportional to the tether mass and the physical 
properties of the conductor metal chesea. In the typical 
‘example calculated, a 1000-kg spacecraft can be deorbited 
from a 1000-km high Earth orbit by a 10-kg mass tether in 

while 1-kg tether can deorbit a 1000-kg space 
craft in less than a year 

‘To the knowledge of the inventors, Joseph P. Loftus of 
NASAJSC first proposed the general concept of using an 
clecteodynamie tether 19 deorbit spent satellites. Goseph P. 
Loftus <ILoflus(@ems.jsenasa.gov>, personal eommunica- 
tion via email to Robert Forward, Monday Jua, 10, 1996 
15:50:10.) In order to show that the Loftus deorbit concept 
‘was not obvious to these skilled inthe art of electrodynamic 
tethers, Forward contacted the leading expert, Joseph 
Carroll, of Chula Vista, Calif, who built and participated in 
the fight test of the PMG. After being told of the Lofts 
‘concept ia a welephone conversation, his reply in an Email 
message dated Aug, 5, 1996, was “sich a system would be 
feasible... by its still not obvious to me that it would be 
useful." 

Loftus was considering the use of eleetrodynamiec drag, 
from a conducting tether to achieve this goal of bringing the 
‘unvvanted spacecraft down from its high orbit (where aimo- 
spheric drag is neglizible) to a 2004km ofbit, where atmo- 
spheric drag would rapidly finish off the task of removing 
the unwanted spacecralt from orbit. The tether Loftus was 
considering Was a single-line, conducting tether, typically 
J-mm in diameter, I-km long, and, if made of aluminum, 
2-kg in mass. He would include means at the ends of the 
tether to contact the ambient space plasma around the Earth 
{to complete the current loop. 

Unfortunately it is probable that space impactors would 
sever the I-mm diameter, 1-km loag single-line tether 
proposed by loflus within ae lifetime of four months. This 


‘would produce orbital debris rather than removing it. The 3 


motivation for his work isthe NASA Safety Standard NSS. 
1740.14 “(Guidelines and Assessment Procedures for Lim- 
iting Orbical Debris.” The selevant portion of the Standard 
stars on page 6-3: General Poliey Objective-Posimission 
Disposal of Space Structures. [tem 6-1: “Disposal for final 
mission orbits passing through LEO: A spacecraft or upper 
stage with perigee altitude below 2000 km in is final orbit 
will be disposed of by one of three methods.” The method 
Cf interest is the aimospheric reentry option, Option a 
“Leave the sructure in an orbit in which, using conservative 
projections for solar activity, atmospheric drag will li 
lifetime to no longer than 25 years alter completion of 
mission, If drag enhancement devices are 10 be used 10 
reduce the omit lifetime, it should be demonstrated that such 
vices will significantly reduce the area-time product ofthe 
system or will not cause the spacceralt or large debris to 
fragment if collision occurs while the system is decaying, 
from orbit” 

“The NASA standard applies ooly to NASA spacecraft and 
‘even then only to completely new spacecraft designs. New 
‘versions of existing designs are to make a “best effort” t0 
meet the standard, but will not be required to change their 
design to do so, The Department of Defense has adopted the 
NASA standard with the same provisos. An Interagency 
‘Group report has recommended that the NASA standard be 
taken asa stating point for a national standard. Its NASA's 
recommendation to the Interagency Group that the safety 
requirement be phased in only as spacefaring nations reach 
‘consensus ioternationally, which is being done through the 
International Debris Coordination Working Group whose 
members are Russia, China, Japan, ESA, UK, India, France, 
aly, and the US. 
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‘Thus, although the NASA Safety Standard in its present 
form is not the “Law”, the existence ofthe standard means 
that some time in the Tuture a similar requirement may be 
imposed on all spacecraft, This could cesult in major growth 
in future space tether business, with a sale to every non- 
‘geostationary spaceeraft being “mandated” by government 
Safety regulations, somewhat as the sale of seat belts and 
airbags for every car are mandated. 

In fact, three of the companies planning to set up “con 
stellations” of low to. medium orbit communications: 
‘Teledesic, Iridium and Odessey have committed their eom- 
panies to abide by the spirit of NASA Safety Standard 
1740.14 by using one means or another to deorbit their 
spacecraft before they reach end of life. 

Problems with Prior An Tethers 

All electrodynamic tether designs proposed by the prior 
ant teach that the tether should be operated at a right angle 
to the magnetic field through which the tether is moving, 
‘This is a problem because the electrodynamic force acting 
‘on the tether causes the tether to align itself with the 
‘magnetic field force lines. To overcome this problem the 
prior art teaches the use of a large ballast mass attached 10 
the end of the tether andior use of a very long (lens 10 
hundreds of kilometers) tether. The large ballast mass is 
“expensive to fake to orbit because it replaces useful payload, 
‘The long tether sweeps a larger Area-Time-Produet during 
its useful life and thus is more likely to impact other space 
‘objects, either debris or another spaceera 

“Another problem common to all proposed prior art tethers 
is tether inslabilty. If the tether produces a large electrodly- 
namic drag force, which is desirable because a large drag, 
force will cause the satellite to deorbit quickly, then the 
tether will be dynamically unstable. This instability can 
‘cause the tether fo lose its effectiveness, act uncontrollably 
and even wrap around the satellite or otherwise malfunction. 
Experts skilled in the art of telber design have opined that 
this dynamic instability is inherently unavoidable in any 
‘electrodynamic tether system. The prior art solution, such as 
that presently being used in the ProSEDS experiment, has 
been to use a large ballast mass to inerease the stabilizing 
gravity-gradient force andlor to limit the electrodynamic 
‘drag of the tether to fess that the maximum that could be 
produced. lathe ProSEDS experiment, the conducting ele 
trodynamic tether i five kilometers long. To insure stability, 
‘it will be augmented by a 20-35 kilometer long non- 
‘conducting tether, which to further have stability will have 
40 kilogram ballast end mass 

‘Yet another problem of all proposed prior at electrody- 
namic tether systems is how to radiate away the energy 
produced by the lether’s operation. A satelite moving at an 
‘orbital velocity of 18,000 miles per hour has a kinetic energy 
‘of over 10,000 calories per gram, To put this amount of 
‘energy in an understandable perspective, it may be noted 
that when nitroglycerine explodes it produces about 1,500 
calories per gram. Prior art designs of electrodynamie drag 
tethers teach the use ofthe electrical energy generated by the 
tether to charge batteries or operate electronics, with the 
‘excess energy being converted into heat by a resistive load 
This excess heat must be radiated to the space envirooment 
‘or it will melt the resistive load, Thus the resistive load, 
andor ils associated radiator structures, must be massive 
and replace useful payload. 


DISCLOSURE OF THE INVENTION 


“The present invention comprises an clectrodynamic tether 
streture and a method of use. The principal industrial utility 
‘of the present invention isto deorbit satellites in Earth orbit 
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atthe end oftheir useful lite, This embodiment ofthe present 
invention is sometimes referred to in this specication as a 
“Terminator Tether™” because it terminates the orbital 
lifetime of the host spacecraft. The structure of the tether 
taught by the present invention is a short, wide, 
interconnected-multiwize (compared tothe long single wires 
‘of the prior art conductive Hoytether whose area maximizes 
lectrodynamie drag while simultaneously minimizing the 
‘Area-Time-Prosuct swept by the tether during its operating, 
life. The preferred tether length is two to five kilometers 
“The preferred tether mass is one to ve percent (1%%-5%) of 
the spaceeralt mass. The method of operation comprises 
orienting the tether structure at a 35.26-degree trailing angle 
to the local vertical to maximize electrodynamie force on the 
tether while avoiding tetber instability and allowing use of 
‘4 small tether end mass. 

‘The present invention also teaches thatthe satellte-ether 
system may be rotated around its common ceater of mass 10 
‘centrifugally produce tension force in the tether structure 0 
‘oppose forces causing tether instability. The angle of the 
conductive tether structure of the present invention with 
respect to the velocity vector of the host spacecraft may be 
controlled by the method of the present invention so it 
ieraets with the encountered! magnetic field 10 induce a 
maximum eusrent flow in the tether. This produces may 
mum electrodynamie drag. All or a portion of this electric 
power may be stored! and then controllably applied to the 
conductive tether 10 produce an induced electrodynamic 
force. This induced electtodynamic force may by used 10 
enhance the drag force, to rotate the tether-sielite system 
and/or to provide satellite propulsion, ie. to change the state 
vector ofthe satelite for any useful purpose, e.g. to avoid 
collision or to change the host spacecraft's orbit to an ort 
move favorable for more rapid deorbiting 

‘The present invention aso teaches a tether structure that 
also functions asa thermal radiator and/or plasma contactor. 
‘An embodiment of the present invention using conducting 
elements of the satelite, e.g. the solar arrays, as electrody- 
namic tether structures is also disclose. 


BRIEF DESCRIPTION OF THE DRAWINGS 


‘The preseat invention may be better understood with 
reference tothe following dravings: 

FIG. 1a is a graph compacing the sucvival probability of 
8 single line tether as taught by the prior art the Hoytelher 
‘used by the present invention 

FIG. Lb is a graph showing the level of eleetrodynamic 
thrust for a 10 kilometer, 10 kilowatt tether at various. 
altitudes and inclinations. 

FIG, 1e is a graph showing reentry time sensitivity of a 
five kilometer ProSEDS tether for several conditions of 
‘current flow in the eleetrodynamic tether. 

FIGS. 24, 2b and 2c show the Hoytether structure used by 
the preferred embodiment of the present invention 

FIG. 2d shows the Hoytape structure used by the preferred 
‘embodiment of the present invention, 

FIG. 3 is block electrical diagram of an elvetrodynamic 
tether system, 

FIG. 4 is graph showing a graph of the Area-Time 
proxluct for three separate levels of exospheric temperature 
(for neutral drag calculations) and for two separate assump- 
lions regarding tether mass and power drawa fiom the 
‘ambient plasma (lor Ube Terminator Tether™ calculations). 

FIG. Sis the percent additional mass required in orbit 10 
drop the perigee of a circular orbit at altitude, at, to a value 
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‘of 200 kilometers using standard chemical rocket as taught 

by the prior art for deorbiting unwanted spaccera. 

FIG. 6 isa deorbit tether system shown operating with its 
clectrodynamie tether ata trailing 35.26-degree angle tothe 
5 encountered magnetic field, as is taught by the preferred 

‘embodiment of the present invention 

FIG. 7 shows an embodiment of the present invention in 
“which the electrodynamic tether—satellte system is rotated 
about its center of mass to avoid tetber instil 

FIG. & shows an embodiment of the preseat invention 
Whereia the tether is powered to provide induced electro- 
dynamic force. 

FIG. 9 shows an embodiment of the preseat invention 
Wherein the solar power system staucture of the satellite is 
used as an electrodynamie tether. 

FIG. 10 shows the use of a portion of the tether structure 
as a thermal radiator and plasma contactor. 

FIG. II shows the braiding of an ohmic resistive load into 
the tether structure, 

FIG. 12 is force diagram showing the forces and torques, 
‘on an upward deployed conducting tether due to the motion 
‘of the host spacecraft through the magnetic field of the 
Earth 


as 


DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 


‘The principal industrial utility ofthe present invention is 
the deorbiting of satellites in Earth oxbit, which necessarily 
‘can happen only in outer space, Until the present invention 
's reduced to actual practice by use with Satellites ia outer 
‘pace and a body of practical expericnce is hereby obtained, 
the present invention can only be constructively reduced 10 
practice, such as by this writen specification and its asso- 
Ciated drawings, diagrams and graphs and by reference to 
‘electric measurements made on conducting tethers in space 
by the PMG and TSS experiments, The inventors provide 
herein a detailed discussion of the theory of the present 
invention fo help those skilled in the art of aerospace and 
tether engiacering to understand the present invention and t0 
‘make and use the best embodiment of the preseat iaveation 
nova 10 the iaventors at the time this specification was 
prepared, without undue experimentation 

Although the present invention is discussed in this speci 

in ils preferred embodiment as a means of deorbiting 
fs, it must be emphasized that discussion of this 
specific use in no way limits the broad scope of the present 
invention. The present invention can be used to change the 
direction and speed, ic. the state vector, of any space abject 
providing that object is in motion relative to any magnetic, 
field. This magnetic field may be that of the Earth or of any 
‘other celestial body, for example Jupiter or the sun, 

In this specification the material forming the structure of 
the electrodynamic tether is specified as being a conductor, 
For example, a metal, such as copper or aluminum wire 
‘could be used, Likewise, nonmetallic conductor, such as 
‘carbon nanotubes, of « conductive polymer could form the 
‘conductive structure of the tether 

FIG. La shows the survival curve for a Hoytether as used 
by the present invention vs. the survival curve of prior art 
single line tether. The survival probability curve of the 
Hoytether asa function of time does not conform to the well 
known “L/e decay" shape of a single-line tether. The 
Hoytether can maintain high level of survival probability, 
about 99 percent, until it nears its “lifetime”. Its survival 
probability then crops rapidly to zero. A detailed mathemati- 
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cal analysis ofthe difference between Hoytether and single 
tether survival probabilities & given in Appendix E “Small 
Impactor Survival Probabilities of Hoytethers” and Appen- 

ix F “Large Orbital Debris Survival Probabilities of 
Hoytethers”, both contained in the Final Report of NASA. 
‘Contract NASS-40545, The resulting cut pecbability with 
time for the Hoytether has a“hingo curve” shapes. Ina bingo 
‘game, at Jeast five numbers must be called before anyone 
‘ean win, and usually many numbers have o be called before 
‘one of the bingo cards gets five in a row, In the Hoytether 
‘atleast four euls must happen atthe same level hefore any 
failure occurs, and many cuts have to be made before any 
fone ofthe levels has all four lines cut. The bingo curve has 
the property thatthe probability of survival stays very high 
for periods short compared to the lifetime. The probability of 
survival is greater than 99% for periods shorter than 10% of 
the lifetime. This is much better performance than the Lie 
ccurve ofa single lin tether, where the probability of survival 
is only 90% at 10% of the We lifetime. 

FIG. 1b shows the calculated level of electrodynamic 
thrust, in Newions, produced by a ten kilowatt, ten kilometer 
single conductor tether at aliudes between 200 and 1400 
Kilometers andl al orbital inclinations between zero degrees 
and eighty degrees, 

FIG. 1e is graph showing the reentry time sensitivity 
calculated for a five kilometer ProSEDS single conductor 
tether at altitudes between 21K) and 500 kilometers. wi 
‘current flow ia the tether between on flow and one ampere. 

FIGS. 1h and Le are the work of Enrico Lorenzini of the 
Smithsonian Astrophysical Observatory from his. study 
“Performance Evaluation of the Electrodynamic ‘Tether 
‘Tug", NASAMSEC Grant NAG8-130B (Nov. 12, 1966) 
‘They show that experi in the field believe that the present 
invention will have industrial wility, as the current low of 


fone ampere in FIG. fe decreases the deorbit time for the ° 


calculated ease from more than 180 days to less than 20 
days, 

FIG. 2a is an isometric drawing showing the generally 
cylindrical siructure of the Hoytether. la FIG. 2a, primary 
Fines 201 and 203 are shown connected via secondary lines 
2AL, In FIG. 2b, which is a schematic illustration of the 
Structure shown in FIG. 2a, primary lines 201, 203, 208, 207 
‘and 209 ate connected, each to theit respective adjacent 
primary lines, by a plurality of secondary lines 221. These 
connections, for example as shown at interconnection 213, 
are -made by Knotlss, slipless interconnections, such 3 
Soutache braiding of twisted connections. 

FIG. 2e shows the Hoytether structure of FIG. 2b but with 
4 severed primary line 208 at breakpoint 218, The second 
level of secondary lines 217, shown as bold lines in FIG. 2c, 
redistribute the load from the severed primary line 215 at 
point 217 back to line 218 at points 219 und 221, above and 
below the break, respectively. 

For the electrodynamie tether, a preferred embodiment 
‘would be to unroll the tubular Hoytetbeer™ into a fat 
Hoytape®* as shown in FIG. 2d. 

FIG. 3 generally shows the arrangement of functional 
elements of an elecirodynamic tetber system, OF course such 
a system must have a means of attachment to the spacecra 
a deployer, the tether itself, some fom of space plasma 
cathode contactor, some form of space plasma anode 
contactor, a power dissipation system, and a communication 
‘and conttol system. Each of these individual elements ate 
known in some form to those skilled in the art of aerospace 
engineering. Thus the present inventors do not feel it is 
necessary 10 describe them in detail in this specification 
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In FIG. 3, a space object 301, i. a satelite i Easth obit, 
‘or any other space object either natural or man made, is 
physically connected to the ether system, The lether system 
Comprises a deployee 303 from which a conductive 
Hoylether 308 having a are segment 307 extends upward 
from space object ADL The positively biased anode end 308 
‘of tether 308 collects electrons trom the ionosphere as space 
‘object 301 moves in direction 310 across the Eseh's mag 
relic field. These electrons Bow through the conductive 
Structure ofthe Hoytether to the powersystem interface 311, 
‘where it supplies power to an associated load, aot shown 
The electrons then low tothe negatively biased cathode 313 
where electrons are ejected into the space plasma 315, thus 
‘completing the electric circuit. 

In order to allow those skilled in the art to better appre- 
ciate the broad seope ofthe present invention, the inventors 
will nov provide an example using specific tether and 
system values to compare the Terminator Tethee™ to prior 
an means, ie rockel, for deorbiting a satellite 
‘Terminator Tethers 

‘When an Earth orbiting conducting space tether moves 
through the magnetic field ofthe Earth, an elect field is 
‘generated in the tether that is proportional to the velocity of 
the conductor, the magnetic eld strength of the Earth, and 
the angle between the conducting tether and the magne! 
field lines From data obtained during the various electo= 
dynamic experiments that have been conducted in space to 
date, such as the PMG, TSS-1, and TSS-IR experiments, a 
typical value ofthe generated emt per uait length of tether 
‘of E=104-200 Volisilometer ean be assumed. The electric 
potetial V developed at the ends ofa teber of length Lis, 
then VaEL. For a tether of length La10 kim, the eleciie 
poleatal developed is V=1000 V. For calibration, the 20-kzn 
Jong TSS-IR tether, atthe moment of fuilure, was develop- 
ing @ potential of 3500 vols, which is 175 voliskm 

The mass of a conducting tether of Feagth L, eross- 
sectional area A, and deasia dis given by medLA. Typical 
Values forthe density are de2700 ky per eubie meter for 
aluminum and $900-kg per cubie meter for copper. For a 
typical aluminum tether of mass m=10 ky and lenath L=10 
ki, the eross-sectional area willbe A037 mm squared. If 
this were a sold-wire single-lin tether, the diameter of the 
Wire Would be D=0.69 mm (21.5 gauge). If his were an 18 
Tine tubular Hoytethe, the diameter of the lines in the 
Hoytether would be D=0.16 mm (34 gauge. 

‘The resistance of a conducting tether of length Land 
cross-sectional area Ais given by RetLJA, where © is the 
resistivity of the conducior in nano-obm-meters (32-m). 
‘Typical Values for the resistivity are r=27-4n2-m for alt= 
minum and 1700 -nfm for copper. For the me10 kg 
aluminum tether of length L10 km and cross-sectional area 
‘Aq0_37 mm squared at 20 degrees C, the end-to-end rsis- 
tance i 750 Q. This value of resistance isthe essentially the 
same Whether the conductor area is concenteated ino. a 
single-line tether ot divided up into mony lines as in a 
tuliline Hoytether. 

‘The current I generated in the conducting tether by the 
‘lect potential V between the ends of the tether applied 
‘cross the tether resistance Ris I=VIR. For the 10 kg mass 
Aluminum tetbee of length L=10 km, electsic potential 
VeEL=1000 volts, and resistance R780 Q the current is 
JeViR=1.33 Amps. Currents near these values were mea- 
‘ure in the TSS-1R¢ experiment athe time of failure. At the 
time of failure of the TSS-1R tether, none of the plasma 
‘eantaetors on the Space Shue o# the Halian Satellite were 
‘operating, ‘Thus the eurtent was being collected by the 
conductive surface area ofthe Space Shutle and the Kalin 
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Satellite atthe nwo endl of the tether. The Space Shuttle area 
iS quite large, so it was not the limiting factor in current 
collection, The diameter of the Halian Satelite was 1.6 m, 
which would give it an effective plasma contact area of 
about 8 square meters. Tis shows tha, i the plasma contact 
area of the ends of @ conductive space tether can be make 
large enough, then ampere level currents can be extracted 
from the ambient space plasma without the use of space 
plasma contactors. 

‘The power dissipated as ohmic beating io the tether is 
siven by PelE. For an aluminum tether of mass m=10 kg, 
resistivity 1-27 nm, and density de2700 kgieubie meter, 
subjected to an electric field of E=100 Vim, the power 
dissipated ja the ohmic losses of the conductor is PalV= 
1330 Watts. For a1 ky mass tether, it would be still a 
‘considerable 133 Watts of dissipation, 

‘There will no doubt be additional dissipation of enemgy in 
plasma ohmic losses, plasma wave generation, and plasma 
ton acceleration, but the obmic losses in the conducting, 
tether alone are sulicient for the task of deorbiting. an 
‘unwanted spacecraft massing 100 10 1000 times more than 
the tether. 

‘The decay time of « metric ton spacecraft moving from a 
1000 ko altitude orbit to 200 km altitude orbit with an 
ccocrgy difference of dU=3.3Gl, when its energy is being 
dissipated at a power of P1330 W by an aluminum ether 
massing just 10 kg or 1% the mass ofthe spacecraft is about 
‘one month. This is a remarkably short time, and indicates 
that the concept of using a conductive tether to deorbit a 
spacecraft is indeed feasible. Ifthe aluminum tether massed 


only 1 kg, or 1/100%Kh the mass of the spacecraft it was 8 


‘deotbiting, then the de 
a reasonable value. 

Tn reality, of course, the actual decay time will be longer 
than this. Ifthe electrodynamic drag force is very large, and 


y ime Would rise to 10 months, still 


‘becomes larger than the gravity gradient forces pulling on 8 


the ends of the tether (which force is proportional 10 the 
mass of the tether), then the tether will tend 10 align ise 
slong the magnetic felt lines instead of across ther, and the 
drag foree will decrease because ofthe small angle between 
the conductor length and the magnetic field lines, The tether 
‘will then settle into an angle determined by the balance 
between these 10 forces. 

Is the Terminator Tether™ theoretically a better means 
than atmospheric drag or @ rocket engine for deotbiting 
satellites atthe end of their useful life? 

In the formula for davdt (change in altitude per change in 
time), using the assumptions of near-cireular spiral 
Irajectories, the Area-Time-Produet (Z), the eriteria by 
which NASA judges compliance with Safety Standard 
1740.14, is given by: 
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‘where p(s simply’ the density 38a function of semi-major 
axis. Thus, for a static atmosphere, the problem of areatime 
product is reduced to quadrature. Note thatthe areactime 
product depends only on the deasity profile and the ratio ot 
Spacceraft mass to drag-cocicient and is linedy related to 
that rato. 

‘The base aliude-dependence ofthe atmosphere density, 
represented here by p{@) can be expressed in a low-order 
power series ofldensity)xInalitude)), so that it will be 
possible to develop a representation of the log—log rel 
tionship between lite and density. The thre static levels 
cof atmospheric density ae modeled as Sth order polynomi- 
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als inthe natural log ofthe altitude and are representative of 
well known atmosphere models, for example, acchia, L.G., 
“Thermospheric Temperature, Density, and Composition: 
New Model,” SAO Special Report 375, March 1977. 2. 
‘Anon,, Marshall Space Flight Conter, “Long-Range Statis- 
tical Solar Activity Estimation,” Atmospheric Sciences 
Division, 1980.) The values of exospheric temperature are 
reasonable (about 2-sigma) high and low solar activity 
‘values of 1400 and 800 kelvins respectively. The mean value 
§s taken to be 1100 kevins, 

FIG. 4 shows a graph of the Area-Time product for three 
separate levels of exospherie temperature (for neutral drag 
calculations) and for two separate assumptions regarding 
tether mass and powser drawn ftom the ambient plasma (for 
the Terminator Tether™ calculations). The density profiles, 
forthe three values of exospheric temperature represent the 
‘extremes and mean values to be expected during the next 
‘several decades. The exospherie temperature goes through a 
‘eyele of about an 11 year period with maximum about 1400 
kelvin and minimum about 800 Kelvins, 

‘The tether calculations include an inherent assumption 
that the Terminator Tether transfers alll the energy 
‘extracted from the ambient space plasms into dag that 
decreases the ovbtal energy of the spaccerafl ata rate given 
by the power drawn by the tether Thus, the change in enetay 
for a spacceraft of mass m at an initial altitude b is given by 
the expression: 


oo 


a+ k=) 


and the time required to effect this change in energy of the 
mass, m, is just 


AeA, 


where P is the power drawn by the tether from the ambient 
plasana charge. 

‘The curves for 1% and 59% tethers do not include the 
clfects of atmospheric drag because the eleetrodynamic drag 
is orders of magnitude greater than the neutral atmospheric 
‘dag. At altitudes greater than about 700 km, the electrody- 
namic drag is 200 t0 3000 times greater than the neutral drag 
forces. 

Tis clear, from FIG. 4 that the Terminator Tether™ 
‘concept i far superior to neural drag in removing spacecraft 
from orbit, no matter how much additional area is added 10 
the passive spacceralt to increase the atmospheric drag. The 
analyst should note that FIG. 4 is proportional 0 mass; that 
's, the Atea-Time-Produet values should be multiplied by the 
mass of the spacecraft and divided by 1000 kg, ‘This is true 
for the neutral drag and Terminator ‘Tether™ curves alike 
‘The power levels assumed for the 1% and 5% tethers are 
‘only 80% of thee theoretical values This is done to provide 
20% margin on the power available from the ambient 
plasma and electrodynamic gradient 

‘Conventional rocket mechanisms can remove spacecraft 
from orbit but this mechanism is apparently not viable from 
‘mass considerations when these factors are compared with 
the capabilities ofthe Terminator Telber™, Asatellite owner 
may decide to satisty the NASA safety requirements by 
adding 4 small solid motor and the associaled hardware, 
software, sensors and structure to make the package 
Jndopendent, to be used to deorbit the spacecraft in ease the 
main spaceesult power, attitude, or propulsion system fails, 

“The requirements of such a rocket motor system are more 
stringent than those attributed to ordinary spacecraft. The 
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rocket motor deorbit system must operate when some or all 
other systems of the spaceeralt have failed. These more 
stringent requirements are balanced by lesser requirements 
‘of performance, The backup system must simply deorbit the 
spacecraft it does not have to perform all the other duties of 
the spacecraft. But the backup system must know whea to 
fire under all kinds of anomalous situations, including 
tumbling, offset of center of mass (because of loss of parts, 
due to collisions), and lack of knowledge of the orbital 
position, 

FIG. § shows the percent additional mass required by the 
rocket motor system to drop tbe perigee of a circular orbit at 
some initial perigee altitude to a value of 200 km. The 
stmospherie drag at his 200 km perigee altitude will remove 
any spacecraft (inthe range considered) from orbit in a few 
revolutions. The contours of constant stage propellant mass 
fraction, 2, range from low values of 05 through reasonable 
values of 0.65 10 0.7, up to the values associated with the 
best solid motors (2,V0.93) without adding any extra hard- 
‘ware fo the emergency stage. An effective, independent sage 
to provide a retro deitaV of from 50 to 325 m/s will almost 
certainly have a 2 


4% of the order of 06 to 0.75, If the 
cemergency sage is required to perform its own atiude 
determination, the stage propellant mass fraction may be 

low as 0.55 of 0.50, Note tbat the additional mass, shown ia 
FIG. §, must also be lofted 10 orbit in the frst place, 10 
‘provide the mass on orbit fr the originally intended service. 
‘The stage propellant mass fraction, his a key stage perfor- 
mance parameter that describes the ratio of the mass of 


propellant to the mass of the stage. That is 2=m,,(m,+m,), 3 


‘where m, isthe mass of the propellant and mi the mass of 
everything else ia the stage (aot including the payload or any 
Stages above or below the sage being considered). Typical 
independent small rocket stages have values of fom 0:60, 


to 0.75. The curves of stage propellant mass fraction ares 


shown as straight lines (« minor approximation) an are 
included only from 0.5 to 0.95, the extremes of reasonable 
design practice. 

‘These calculations that show, beyond any reasonable 
doubt, that the Terminator Tetber™ concept is far superior 
conventional mechanisms such as dray enhancement 
vices or small rocket deorbit propulsion systems. The 
superiority is, measured in terms of Avea-Time-Product, 
NASA's measure of the likelihood of eollision with other 
spacecraft in the path of the descending spent member of a 
constellation. Tether calculations were made using conser- 
vative assumptions that the power extractable from the 
ambient plasma and electodynamic gradient is only 80% of 
the theoretical power available to a perfect tether crossing 
the magnetic field lines ata right angle, ie. normally. 

‘The following. analysis is presented by the inventors to 
help those skilled in the ar to better understand the present 
invention when it is used as a Terminator Tether™ for 
removing from osbit unwanted non-geostationary Earth- 
‘orbiting spaceeraft at the end their useful lives, The primary 
result of that analysis is that the elecrical power P in the 
tether that is converted into heat by the resistance of the 
tether and radiated away into space will remove energy trom 
the spacecraft, causing it 10 rapidly deorbit, thus reducing 
the amount of orbital space debris that must be coped wi 
in outer space. Tether electric power P is given by: 


Pa(oBy ned 


‘where m is the mass ofthe conducting tether, rand dare the 
resistivity and density of the conducting material, and v is, 
the velocity of the spacecraft’s motion theough the Earth's 
magnetic field B. For a me10 kg tether of aluminum with 
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resistivity of 27.4 a@-m and density d-2700 kg/m’, 
moving a & velocity v=7037 mis relative to the Earth's 
horizontal magnetic field Ba26.5 7 the power dissipated is 
P-2380 W! This energy loss in the form of heat must 
necessarily come out of the kinetic energy of the host 
spacecraft. Fora typical example, « 1000 ky spaceceat ia a 
1000 ki high oeit subjected to an energy loss of 2350 Js 
from a 10 kg tether (1% the mass of the hes spacecraft wil 
be deorbited in afew weeks. 

Power levels of the magnitude estimated in the previous, 
paragraph have been measuced ina eal oital space 
‘experiment, the TSS-IR mission caried out on the Shuttle 
Orbiter in’ 1995. In that experiment, a large Hialian 
spacecraft, 1.6 min diameter, was deployed upward from the 
‘Shuttle Osbiter tthe end of a conducting copper wire tether 
‘covered with eleetieal insulation. AS the tether was slowly 
‘ployed upwards, a series of measurements were made of 
the open circuit voltage induced inthe tether by its motion 
through the Earth's magnetic field. The voltage between the 
‘end of the tether ad the Orbiter ground varied fom 2210 
Yolls at the start 10 3500 V whea the amount of tether 
eployed approached its maximum length of 20 ken 
Periodically the cad of the tether Was connected either to 
‘one of two diferent clectron guns, which supplied contact 0 
the surrounding space plasma, or io the Orbiter ground. The 
bite surfaces ofthe Shuttle Orbiter proved to be & Suprs 

ly good plasma contactor via & combination of ton 
collection and secondary electwon emission. The cure 
flow through the tether was deliberately limited by contro 
<icuis and the current capacity ofthe electron guns to aboot 
05 amperes, but power levels of 1800 Watts were reached 

"The leer was intended to have a fully deployed length of 
20 km, but ata deployed length of 195 km, when about 
3500 V was being induced atthe end ofthe tether inside the 
Orbiter reel mechanism, a law in the insulation allowed an 
lectrial spark to jump in an uncontrolled manner ftom the 
tether the Orbiter ground, With a0 conto cecuts to Keep 
the current level down to 0.5 amperes, the eueat How 
jumped to LL amperes, and the total power generated was 
23850 Watis Most of this energy went into the eletrical 
are, which burved though the tether, causing it to break nd 

the experiment. Tis experiment showed that large 
areas of bare conducting material, such as that provided by 
the 8 square meter ares of the Taian spaceeral a one end 
‘of te tether and the very lage sure area ofthe Shuttle 
Ofbiter spacecraft atthe other end ofthe tether, can collet 
and emit amperes of current, while thousands of volts of 
potential can be generated by sulficeatly long tethers mov 
dng at orbital speeds 

“Thus, both theory and experimental data collected in the 
space environment indicate that significant amounts of elee- 
trodynamic drag fore ean be obtained from a low mass 
conducting tether attached 0 a host spaceerat, provided the 
fends of the conductor can exchange suficient numbers of 
lecioas with the surounding space plasma 

Experimental data fom the TSS-1R data also produced 
the amazing result that the efficiency of a hare metal surface 
jn “eomtacting” the space plasma is many times better than 
the standard theory would predict. The 8 square meters of 
base surface area ofthe Italian spacecraft were suliient 10 
collet the 1.1 Af eleeizon cureeat. This amount of are is 
easily replicated by a few hundred meters of bare wie, 
‘considering tha the effective colletion diameter around the 
wire isthe Debye length, which is afew centimeters atthe 
Iypieal values for space plasma density and temperate 

Hecause ofthis result, tha a hare wire can easily collect 
electrons, Les Johnson, Nobie Stone, Chris Rupp, and others 
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‘at NASA Marshall Space Flight Center have formed team, 
‘hich includes the present inventors, which is embarked on 
{new flight experiment. The experiment is scheduled for @ 
piggy-back flight on a Delta If launch of an AF Global 
Positioning Satelite in early 2000. The goal of the experi 
meat isto demonstrate that electrodynamic drag from a wire 
moving at orbital speeds trough the Earth's magnetic field 
will ereate 2 large cnough clectrodynamic drag force to 
lcorbit the Delta II second stage, whose mass is greater than 
41000 kilograms, ina few weeks, This is essentially a 
demonstration of the Loftus electrodynamic drag deorbit 
‘concept and the first step in the development of a Terminator 
‘Tether 

The ProSEDS (Propulsion Small Expendable-tether 
Deployer System) mission will use a5 km long copper wire 
‘conductive tether massing 18 kg connected to a 20-35 km 
Jong nonconlucting tether, which is in tura connected to a 
25-40 ky ballast mass. The to1al of 25-40 km of tether 
length and the 2540 ky ballast mass onthe end will provide 
‘enough gravity gradient force to keep the tether aligned near 
‘the zenith, so tbat the dircetion ofthe cusrent inthe tether is 
at right angles to both the direction of the spacvcralt motion 

the nominal EW direction aad the Earth's near-equatorial 
magnetic field in the nominal NS direction, 

‘An impoctant feature of the ProSEDS experiment is that 
iti designed to be completely self-powered. It uses a battery 
{o initiate deployment and to power up the plasma contactor, 
but once eurrent i flowing through the tether, some of the 
power i tapped off and used to recharge the battery. The 
battery, in turn, powers the current control electrons, the 
telemetry, sysiem, and the plasma contactor. The ProSEDS 
mission will not be designed to allow ground control 
changes in operation, primarily bucause of tbe increase in 
‘complexity and cost associated with that option. 

“The present invention is the use of a small, low-mass 
deployericontroller package containing a large collecting 
area, short length, multiline space tether, such as a Hoytape 
mesh made of alminum wire, as a “Terminator Tether™” 
for a constellation spacecraft. The Terminator Tether™ 
‘would be deployed when the host spacecraft is no longer 
‘working or a0 longer wanted. The electrodynamie drag from 
the Terminator Tether™ would rapidly remove the unwanted 
spacecraft fom the constellation and a few weeks later 
complete the deotbit of the host spacecraft from space by 
‘burup in the upper atmosphere of the Earth, For a Term 
nator Tether™ to be of maximum usefulness for constella- 
tion spacecraft, it would be desirable to minmize the mass 
and the length ofthe tether. A lower added mass means more 
mass for revenue producing transponders, while a shorter 
tether length means a lower collision cross-section Atea- 
“Time Produet during deoebit. 

FIG. 6 shows a spacecraft 600 having 4 state vector 602 
that causes the spacecraft to move across magnetic fiekd 
lines 601. Spacecraft 600 has a conductive tether 603 
attached to it by tether deployer and cootrol system 608, The 
‘outer end of tether 608 is aitached to tether end mass 607, 
‘Spacecraft 600 also has an attached electroa emitter means 
613, 

In FIG. 6, spacecraft 600 has a velocity and direction 
defined by state vector OZ. As spacecraft 600 moves it 
‘causes conductive tether 603 to cut magnetic field lines 601. 
|AS this happens the distal end of the conductive tether 
Collects electrons, shown as arrows 611, from the space 
plasma. Electrons 611 move through the conductive tether 
1603, are passed through a resistive load, not shown, in 
control system 60S, and are emitted back into the space 
plasma 28 electrons 615 from electzon emitter 613. This 
procluces an electrodynamie drag in the direction showa by 
arrow 609. 
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‘As is discussed in detail in the electrodynamic drag 
analysis below, especially in that sections of the analysis, 
titled “Optimization of Tether Angle”, the maximum clec- 
teodynamic drag of the tether is achieved when the angle, 
shown as the Greek leter + in FIG. 6, is 35.26 degrees, 
trailing, to the direction of the magnetic field lines. This 
angle may be maintained by a feedback control eieuit that 
maximizes the electrodynamie drag of the tether system, as, 
Js discussed in detail helow. The tether structure 603 is a 
Hoytether having a length of shout 2 to 5 kilometers. The 
use of the 35.25 degree angle to the magnetic field reduces, 
the tetber instability allowing the use ofa short tether which 
‘will have a small Area-Time-Product. This will minmize the 
possibilty thatthe tether will impact another space abject 
during its use 

In FIG. 7, spacecraft 700 has a state vector 702 seross 
magnet field lines 704, Conductive tether 706 is attached 
to spaceeraft 700 by tether deployer and contcol system 708, 
‘The distal end of tether 706 is attached to a tether end mass 
‘710, Spacecraft 700 has an electron emitter means 714. 

Functionally, electrons 712 flow from the space plasma 
into conductive tether 706, are passed through a resistive 
load in control unit 708 and are emitted into the space 
plasma by electron emitter 714 a free electrons 716. As is 
discussed ia detail ia the analysis below, this produces an 
‘lectrodynamic drag on satellite 700, which causes it to 
deorbit, 

In FIG, 7, spacecraft 700 is rotating with an angular 
velocity indicated by arrow 718. This rotation causes. a 
centrifugal force 720 to place tension on corxluctive tether 
706, This force 720 places tension on the tether 706 in « 
isection that counters tether instability, The Tether 706 may 
be at any angle to the magnetic field while the sotation of the 
tether-satellte system is producing this useful tension. FIG. 
7 shows the angle to be 35.26 degrees, which is optimum, 
but any angle will work, 

FIGS. 8a and 8b show a powered Terminator Tether™ la 
FIG. Ba the spacecrafl 800 has a state vector 802 that causes, 
it and its associated conductive tether 806 to move. across 
magnet field 804. Tether 806 has an end mass 808 that is 
proximate a plasma contactor 810, Just as was discussed in 
the embodiment of tbe present invention shown in FIG. 6 
and FIG. 7, an electric curteat moves through the circuit 
Tormed by the space plasma, the plasma contactor 810, the 
‘conductive tether 806, and the electron emitter 815, thence 
back into the space plasma as electrons 816. This creates an 
‘lectrodynamic drag on the tether in the direction shown by 
arrow 818, 

In FIG. 80, similar numbers indicate similar structures. In 
FIG. 8b, however, an electric power souree, not shown, in 
spacecraft 800 provides electrons to conductive tether 806, 
‘The electrons are emitted from the end 812 of the tether 806. 
Electrons are collected to from the space plasma 814 by 
‘contactor 815, thus completing he electric eiteult. The result 
is an electtodynamie Force on tether 806, and therefore on 
spacecraft 800, in the direction show by arrow 820. 

Spacecraft 800 in FIG. 8b may be rotated as is taught in 
the embodiment of the invention shown in FIG. 7, above, to 
allow the control system to time the application of electric 
‘current fo the tether 806 to cause Force 820 10 be exert force 
in any desired direction along the cirele made by the rotating 
tether. This allows the state vector of the spacecraft to be 
modified to raise or lower the spacecraft’s orbital altitude, or 
to otherwise usefully change its orbital elements 

FIG. 9 show an embodiment of the present iaveation 
Wherein the conductive structure of a satellite is used as the 
tether. In FIG. 9, a spacecraft 900 which has a state vector 
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901 and is moving across magnetic field 903, has two 
attached solar panels, 92 and 904, Solar panels 962 and 904 
have conductive altiminum frames 908 and 906, respec 
lively. Frame 906 is electrically and mechanically connected 
to plasma contactor 912, Frame 908 is electrically and 
mechanically connected to electron emitter 910, AS space- 
craft 900 moves across magnetic field 903, electrons from 
the space plasina 914 flow through contactor 912 and frame 
{906 to the body of spacecraft 900, where the current lows 
through a resistive load, not shown, and then into frame 908, 
and clectron emitter 910 to the space plasma 916, thus 
‘completing the circuit. This creates an elecrodynamic drag 
‘on spacecrafi 900. IFthe power output fom solar panels 902 
‘and 904 was directed to flow iato the frames, 906 and 908, 
thea the electrodynamic interaction with the space plasma 
‘would eause a useful force to be impressed on spacecraft 
900, as was discussed in connection with FIG. 8 above. The 
spacecraft may be rotated andlor oriented to a desired angle 
with the magnetic field lines, as was also discussed above, 

FIG. 10 shows an embodiment of the preseat invention 
wherein the plasma contactor and the resistive load are 
structurally part of the conductive tether. In FIG. 10 space 
craft 1000 has 4 state vector 1001 that causes it to pass 
through magnetic field 1003, Spacecraft 1000 has a tether 
‘contol and deployment system 1008 that is connected to a 
‘conductive tether 1007 having an end mass 1013, A con 
tactor portion 1018 of the conductive tether 1007 near end 
mass 1013 is adapted to contact the space plasma so a8 10 
receive oF emit electrons, This may be the bare wire strands 
(ofa wide Hoytetber, or it may be any other plasma contactor 
means that can be conveniently made electicaly part of the 
Hoytether structure, such as points or metal fuze. A second 
resistive portion 1009 of tether siructure 1007 is adapied 10 
be a resistive load, This may be done by making a portion 
Of the tether structure fiom a material, such as nichrome 


steel wire, that has suitable electrical resistance The large * 


surface area of the Hoytether provides an excellent radiator 
structure ino the thre depree Kelvin radiation sink of outer 
space. 

FIG. 11 shows an altermative embodiment of the load 
resistance radiator stucture of the present invention. I FIG, 
AL, a biline Hoytether 1002 is attached 10 its contol and 
deployer system 1100 on a spacecraft, not shown, and to a 
tether end mass 1004, A resisive load, 1006 is woven into 
the Hoytether strctre, whereby this load 1006 and the 
section of the Hoytether 1002 into which i is woven act 
together as a thermal radiator allowing photons 1008 10 
radiate into the thermal sink of outer space. 

‘The following detailed analysis ofthe present invention 
will help those skilled inthe at to better understand and use 
the present invention. 

Electodynamic Drag Analysis: 

“The following i an optimization analysis ofthe electo~ 
dynamic drag produced by a conducting tether deployed 
from a host spaceeralt that it isto deobt, The foree and 
torque diagram used in the analysis i shown in T1G. 12, 
‘which shows the forces and torques on an upward deployed 
conhicting tether de 10 the motion of the host spaceer 
through the magnet Held ofthe Eaeth 
Physical Constants and Assumptions 

The analysis that follows will use the following physical 
constants and assumptions: 

[Newton's gravitational constant G=6.670°" oka 

Mass of Earth M,=5.976x10" kg. 

Radius of Earth near equator R,=6378 km 

‘Assumed host spaceerat altitude he622 km. 

“Assumed host spacecraft orbital radius a= 700 km 
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Host spaceerat orbital velocity w=wa-[GM Ja }"°=7546 
ms. 

Vertical gravity gradient at spacceraft 21'=2GM,Ja°= 
23210" 

‘Centgifugal gradient at spacecrafi o*=GM./a°=1.16x10-° 

Combined gradient at spacecraft 37=3GM,°=30" 
3.49x10-% 5 


Magnetic fiek! of Earth (tilted dipole approximation): 
Magnitude B,=35 1 T=0.35 gauss 
‘Angle between magnetic pole and spin pole 11.5°. 
Field components at spaceeraft with altitude a. and 
angle B between radius vector of spaceeraft and 
‘magnetic equatorial plane. 
Horizontal By=B,(Ra)* cos B=265 wl 0s 8. 
Vertical By=28,(R)°sin B=52.9 wT sin B. 
Electrodynamic Tether Constants and Assumptions: 

‘The electradynamic tebe is assumed to be made of a 
‘conducting metal, and have a length L, density ¢ resistivity 
and eross-sectional area A that is constant along the length 
‘of the tether. IF the tether isa single round wire of diameter 
D, then the cross-sectional area is AexD#4. Because of the 
micrometcorte and space debris hazard, however itis ikely 
the tether will be made up of redundantly interconnected 
multipk lines whose individual eross-sectional areas add up 
to A. Given these assumptions, the tether mass is then 
myadLA, while the end-to-end tether resistance is RyacL) 
AsedL im, 

Spectic Conductivity Parameter: 

“The choice ofthe metal conductor to be used ina space 
tether is determined by a combination of low resistivity 
(high conductivity) and low density, with cot, strength, and 
melling point as secondary considerations for eetain app 
‘ations. Copper has a resistivity 117.0 nQ-m, a density 
‘498933 km, and a "specific conductivity” of 1/6585 
1m*/Q2-kg, Aluminum has a resistivity 27.4 n$2-m, which is 
Significantly greater than that of eopper, but it has & much 
lower density of d=2700 kyyin®. As a result, aluminum’'s 
“specific conductivity” of Licl13,500 m2-Ke is twice the 
‘conductivity per unit mass of copper. Silver, because ofits 
higher density and higher cost, is not competitive as an 
<lecirodynamic space tether even though its resistivity of 
16.1 nm is slightly better than that of copper. Am alternate 
‘candidate: material would be beryllium, with a resisiv 
1=32.5 nfQ-m, density d=1850 km, and a “specific con- 
“ductivity” of 1/td=16,630 m‘2-kg, slightly better than that 
‘of the much cheaper aluminum, Beryllium also has & higher 
melting point at 1551 K than aluminum at 933 K, so some 
‘ofits alloys may be a preferred material for some electro- 
‘dynamic applications despite its higher materials. cost 
Unfortunately, despite decades of metallurgical research by 
the miclear power industry, highly ductile alloys of beryl- 
lium have not been found, so itis difficult to pul berylium 
into wire. AS a result, because of its high specific 
‘conductivity, low cost, and ready availability in ductile wire 
form, it will be assumed for this analysis that the electro- 
dynamic tether will be made of aluminum wire 
TYpical Resistance Values: 

To be economically competitive, the mass of the tether 
needs tobe a small fraction ofthe mass of the bos! spacecraft 
itis required to deorbit. Since a typical constellation space- 
craft has amass of about 1X0 kg, @ typical Terminator 
‘Tether™ with a mass that is 2% ofthe host spacecraft mass 
‘would consist of a deployer/controller package with a mass 
my=10 kg, containing an aluminum tether with & mass 
1m=10 kg with a volume of LA=mpide3.70%10°? m°. If this 
10 kg of aluminum were formed into a tether witha length 
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(of L=2 km and a cross-sectional area of A=1.85 mm’, then 
the end-to-end resistance of the tether would be ResL/A= 
rdL)m,=29.6 © A longer tether would have 2 proportion- 
ately smaller cross-sectional area and a higher resistance; for 
‘example, a 5 km long tether with the same mass would bave 
‘a resistance of 185 Q. 
(Orbit Inclination Assumption: 

Inorder to make the remainder of the analysis mathemat 
cally tractable, it will be assumed that the orbit of the host 
spacecraft is circular and above the magnetic equator, so that 
the angle between the radius veetor tothe spacecraft and the 
magnetic equatorial plane is P= degrees. In this obit the 
velocity vof the spacecraft with respect tothe magnetic field 
is the orbital velocity w less the rotational velocity of the 
magnetic field atthe orbital radius a due tothe once por day 
rotation of the Earth, of: 
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‘This equation also shows why electeodynamic deag will not 
bbe useful for removing geostationary spacecralt from orbit, 
AL the geostationary orbital radius of a=42,200 km, the 
telative velocity ofthe spacecraft and the rotating magnetic 
field of the Earth is zero, 

‘Wilh this assumption of an orbit above the magnetic 
‘equator, the vertical component of the Earths magnetic field 
is zero and the horizontal component ofthe Earth’s magnetic 
field is at right angles to both the local vertical and the 

ection of motion of the spacecraft. The total magnetic 
field seen by the host spacecraft and its Terminator Tether™ 
a orthogonally horizontal and has the magaitude: 


Baby BIRAP ove fs. 


‘Where for simplicity the subscript H will be dropped for the 
remainder of this analysis. 

‘This orbit, with its inclination of 11.5° with respect to the 
spin equator, will not stay in the plane of the magnetic 
equator, but will vary #11.5° above and below ita the Earth 
rolates, causing a Variation in magnetic field strength of 20.5 
47, a8 wel as a slight variation in angle. This 2% variation 
is negligible in terms of the other uncertainties in this 
analysis. It is not until the orbital inclination of the host 
spacecraft orbit reaches OOP, where cos 60°=0.5, that there is 
8 significant drop in the expected magnitude of the electro- 
ddynamie drag forces calculated in this analysis. 
Electromagnetic Drag Effects in Polar Orbit: 

In many medium Earth orbit communication satellite 
‘constellations, there ate a significant number of spacecraft at 
high inclinations and in nearly polar orbits. The high inc 
nation spaceeraft, with inelinations between 64 and 78.5 
‘will all have orbits that stay between the magnetic poles. 
Although the amount of electrodynamic drag will be sig~ 
nificantly less than that experienced by spacecraft. with 
‘orbits al lower inclinations, the direction of the induced 
clectric Nields in the tether will always be in the proper 
direction. Ifthe tether is vertically upward, the outer tip of 
the tether wil be positively charged and the bare wire in the 
tether will pull electrons out of the surrounding space 
plasma, while the electron emitter at the host spacecraft end 
‘will ejeet the electrons back ino the space plasma to 
‘complete the cic 

For spacecraft in pear polar orbits. with inclinations 
between 785° and 90°, however, there will be much more 
drastic variations, First ofall, for a spacecraft in a 90° ort 
that happens to pase direclly over the magnetic poles, there 
is no horizontal component of the magnetic field when itis 
passing over one of the magnetic poles, so no voltage is 


2s 


22 

‘generated inthe tether during that part of the obit, while the 
horizontal component of the magnetic field near the mag- 
netic equator, while strong in magnitude, is along the 
spaceerafl velocity vector, so no voltage is generated in the 
tether in that part ofthe orbit either. As a result, there will, 
be negligible electodynamic drag experieaced by the host 
‘spaceerafl ducing that particular orbit. The Earth is rotating, 
however, and the magnetic pole is rotating with it. A few 
‘orbits later, the host spacecraft will be passing over the 
Earth's spin pole ata point where the horizoatal component 
‘of the magnelie field is exacly a right angles tothe direction 
‘of motion of the spacecraft, so the Tull vollage is generated 
inthe tether. When passing over the spin pole, the spacecraft 
radius vector is at an angle of 11.5° from the magnetic pole 
and at an angle B=78.5* away from the magnetic equatorial 
plane. With these assumptions, the magnitude of the hori- 
zontal component of the magnetic field atthe Earth's spin 
pole is a respectable: 


BeDJRoP oo 785.2540 


‘or 20% of the maximum value experiences by spaccetaft 
‘orbiting above the magnetic equator. This value will drop 
slightly a8 the orbit continues, then build back up as the 
spaceerafl passes over the opposite pole. AS the Earth 
‘continues to rotec, bringing the magnetic pole again under 
the orbit, and the interaction of the tether with the horizontal 
‘component of the magnetic field again drops to zero, The 
average coupling of a tether to the Earth's magnetic field 
‘over all polar trajectories has been calculated to be 12.3 
percent, 

‘A problem experienced only by spacecraft with orbit 

nations goeater than 78.5" 

"The spacecraft will no longer be traveling from west to 
‘east with respect to the magnetic field axis, but will have a 
retrograde motion as it moves through the magnetic field. As 
a result, the voltage generated by the motion of the tether 
through the Earth's magnetic field will switch direction, The 
‘outer tip will be negatively charged and will attempt 10 
collect ions, which is a much less efficient process than 
collecting electrons 

‘There are a number of solutions to this problem, The frst 
Js to increase the mass and length of the ether supplied 10 
a spacecraft assigned to apolar orbit, so that higher voltages, 
‘curren, and drag are generated during the limited times the 
‘spacecral is passing over the poles in the right diteetion 
‘The second is to supply a tether with plasma contactors at 
both ends that can emit electrons from either end, allowing, 
the current to flow either way, dependiag upon which 
direction the spacecraft i passing around the magnetic pole 
“The third isto utilize the frst number of passes to torque the 
‘orbit of the spacecraft until the orbit inctination hes been 
Shifted below 60°, thea turn on the eleetrodynamic drag full 
time to deorbit the spacecraft from this more favorable orbit 
inclination, This orbit torqueing maneuver is accomplished 
by activating the electrodynamie drag mechanism only when 
the magnetic field orientation is such that a strong out-of= 
plane component of force is created, This orbit tomqueing, 
‘maneuver can be augmented by switching 10 a propulsion 
mode, where power saved in the batteries during the drag, 
force mode is pumped back into the tether when the mag- 
relic field is in the opposite direction, applying electro 
namie propulsion to torgue the orbit even further. With the 
tether ata large and stable trailing orientation, the coupling, 
to the magnetic field can be significant to a vertical tether. 

In summary, spacecraft in near-polar orbits might take 
longer to bring down, and might have to utilize specially 
designed Terminator Tethers™ that might cost and mass 
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more than the simpler Terminator Tethers! usable in lower 
inclination obits, but a Terminator Tether™ cua sil remove 
8 spacecraft from polar orbit when desired. 

‘The inventors now present a detailed analysis and op 
mization of a typical ‘Terminator ‘Tether attached 10 a 
Iypical host spacveralt in a typical low inclination obi 
Electromotive Generation of Vollage and Current in the 
Tether: 

‘When an object is moved at a velocity v through a 
magnotic fold B, an electric field is generated in the frame 
‘of rofercace of the moving object given by 


where the magnetic field B of the Earth, being mostly 
tangent tothe Earths surface in the north-south direction, is 
at right angles to the velocity vector v of the spaceerafi, 
assumed 0 be orbiting in a generally westeast direction, 
“The direction ofthe eloctic field E will be at right angles to 
both v and B, or along the local vertical. It should be noted 
that this elect feld exists in the moving frame of reference 
because a moving magnetic field ereates an electric field. No 
‘object actually hs to be there, but if iis, them the relative 
motion ofthe magnetic field ofthe Earth will aot only apply 
magnetic forces to Whatever material the object is made out 
of, but electri forces too. 

NNote also that the velocity used in this equation is the 
relative veloeity between the object and the magnetic field 
[Because the Earth's magnetic feld rotates with the Earth, the 
motion of the magnetic field must be sublracted from the 
orbital velocity of the abject to obtain the relative velocity 
Voltage generation in a Conducting Tether: 

I the moving object is a long conducting wire of length 
L, the electric field E, generated in the wire produces a 
voltage V between the opposite ends of the wiee given by: 
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‘where tis the angle between the length vector Lof the tether 
il the electric field vector E, assumed to be in the vertical 
tion at right angles to the velocity vector v in the plane 
of FIG. 12 and the magnetic field vector B out ofthe plane 
‘of FIG. 12. Atypical value for the voltage level built up ia 
«8 vertically oriented tether with length L=5 km and 10, 
moving at a velocity of v=7037 mi through the Earth's 
horizontal magnetic field of strength 26.5 yT, is 932 V, or 
0.186 Vim. Spacecraft in higher inclination ‘orbits would 
experience somewhat smaller electric fields For calibration, 
the voltage measured between the ends of the 19.5 km long 
‘TSS-IR tether was 3500 V, or 0.175 Vim. 
Contacting the Space Plastna 

“Although a voltage will build up between the ends of the 
‘conducting tether, no curtent will Now waless the circuit is 
‘completed. The circuit cannot be completed with another 
‘wire, for it 00 will have a similar voltage generated in ity 
the moving magnetic fie. Fortunately, empty space is not 
cempty, anc in near-Earth regions not foo distant from the 
Eant’s atmosphere there exists highly electrically eondue- 
tive space plasma, kept putially ionized by radiation from 
the Sun, The eleetron and ion density varies from the dark 
to light side, with altitude, with season, with sunspot eyele, 
‘with contamination level, etc. but it typically varies from 
10" to 10" electronsicc: 

Fortunately, it has been found that if a bare conductive 
surface such as the spherical Italian spacecraft i the TSS-IR. 
‘experiment, othe long bare wire t be used in the ProSEDS. 
experiment, ora muliline conducting wire Hoytape mesh, is 
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‘charged to a few hundred vols, the bare conductor will 
readily pull elecizons out of the space plasms So all that is 
needed to complete a connection 1o the space plasma at the 
positively charged (upper) end of the tether is a sufficient 
Jarge area of uaiasulated conductor. 

Il is more dificult to eject electrons from a wire or to 
collect positive ions from the space plasma. Although itis 
‘conceivable that a very large area at the other end of the 
tether could collect enough ions to complete the circuit as, 
‘was demonstrated during the TSS-IR mission when the 
Shuttle orbiter was found to be an adequate plasma contactor 
for over an amp of current, the present method chosen is to 
use an electron emitter of some sor, either a hot cathode, 
plasma cathode or contactor, a fie-emission device, or 
‘something similar. Once provisions have been made at both 
‘ends of the tether to allow the flow of electrons out of one 
‘end of the tether and into the other end, and the altitude of 
the host spacecraft is not too high, then there will be 
sullicient conductivity inthe space plasma surrounding the 
host spaceeraft to allow curtent to flow theough the tebe. 
Current Flow In The Tetber: 

‘The amount of curseat 1 flowing through the tether 
depends upon the total resistance Rin the citcuit, This 
resistance will consist of three components, the effective 
resistance of the plasma, the resistance ofthe tether, caleu- 
lated earlier as Ry=rl/AsralL*/my, and a control resistor Re, 
Which will be varied as needed {0 optimize the Terminator 
‘Tether™ performance, There will also need to be a parasitic 
Joadon the current in the form of a charging device to charge 
‘some batteries. The batteries in tum will be used to power 
the control and communication citeuits, and drive the elee~ 
tron emitting devices at the negative end of the tether. A 
well-designed Terminator Tether™ will thus be completely 
self:powered, except for an initial charge in the batteries to 
provide electrical power for the deployment and startup 
procedure, For simplicity of analysis it willbe assumed that 
this batery charging load, which absorbs power like a 
resistor, but which stores it and uses it later instead of 
«dissipating it immediately as hea, is included in the control 
resistor R.. Normally, this load would act as a “base resis 
tance” below which the control resistor could not be 
lowered, but since the charging circuit can be turned olf 
When desired, and operations continued without intercuption 
using the power stored in the batteries, it will be assumed 
that the control resistor can be taken (0 near Zero value in 
those circumstances where the space plasma conductivity is 
Jow, or the magnetic field isin the wrong orientation and the 
voltage being generated in the tether is not large. Under 
these circumstances, lowering the control resistor to near 
zero allows a much higher curent 10 flow for a given 
xenerated voltage, thus increasing the power being dissi- 
Pated in the tether and maintaining a high level of eleetro~ 
‘dynamic drag on the host spacecra 

‘A properly designed Terminator Tether™ will have plenty 
‘of bare metal area for electron collection atthe positive end, 
While the electron emitters at the other end are elfiient in 
terms of emitting large electron currents at low voltages and 
therefore low powers, while at the same time the mass, 
length, and area of the conducting tether have been made 
such that the resistance of the tether is moderately high, 
Unkler these eonultion, the effective resistance of the space 
plasma will be much less than the design resistance of the 
tether. To make the mathematics more tractable it will be 
assumed thatthe plasma resistance is can be neglected and 
that the voltage available to drive the tether is the full 
voltage generated by the moving magnetic field. Although 
‘voltage will be needed to power the electron emitter, what- 


Conclusion 


Mobile broadband remains at the forefront of innovation and development in computing, 
networking, and application development. As users, and now machines, consume ever more 
wireless data, the industry is responding with more efficient, faster, and higher capacity 
networks. Even as excitement builds about 5G, LTE, through ongoing advances, has become 
the global standard. 


LTE-Advanced and LTE-Advanced Pro innovations include VoLTE, 1 Gbps peak rate capability, 
higher-order MIMO, carrier aggregation, LAA/LWA/LWIP, loT capabilities in Narrowband-loT 
and Category M-1, V2X communications, small-cell support, URLLC, SON, dual connectivity, 
and CoMP—all capabilities that will improve performance, efficiency, and capacity and enable 
support for new vertical segments. Carriers are implementing NFV and SDN to reduce network 
costs, improve service velocity, and simplify deployment of new services. Such improvements 
also facilitate cloud RANs that promise further efficiency gains. 


5G research and development efforts have accelerated; standards-based deployment will 
begin in 2019 and continue through 2030. Operators have announced pre-standard fixed- 
wireless deployments for 2017. 3GPP has implemented a 5G standardization process that 
began in Release 14 with a study of the new 5G radio, continues now with a first phase of 
specifications in Release 15 that provides both non-standalone and standalone options, then 
moves ahead with a second phase of complete specifications in Release 16. 


By harnessing new spectrum, such as mmWave bands above 24 GHz, 5G will eventually be 
able to access ten times as much spectrum as is currently available for cellular operation. Using 
radio bands 200 MHz or wider will result in multi-Gbps throughput capabilities. 5G will be 
designed to integrate with LTE networks, and many 5G features may be implemented as LTE- 
Advanced Pro extensions prior to full 5G availability. 


Small cells will play an ever-more-important role in boosting capacity, benefiting from a 
number of technologies and developments, including SON, elCIC, Dual Connectivity, 
LWA/LWIP, LTE-U, LTE-LAA, MulteFire, improved backhaul options, and spectrum ideal for 
small cells, such as the 3.5 GHz and mmWave bands. 


Obtaining more spectrum remains a priority globally. In U.S. markets, the recently completed 
television incentive auctions for 600 MHz spectrum supplied 70 MHz of new licensed spectrum; 
the 3.5 GHz small-cell band will provide 150 MHz; and the 5G spectrum bands, with both 
licensed and unlicensed bands, will add about 10 GHz of new spectrum. 


The future of mobile broadband, including both LTE-Advanced and 5G, is bright, with no end 
in sight for continued growth in capability, nor for the limitless application innovation that 
mobile broadband enables. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 85 
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‘ever its form, it willbe assumed that the required voltage and 
‘posver will he supplied by the batteries. The bateres in turn 
will be powered by the battery charging circuit, whose 
effective resistance is included inthe coateol resistor (except 
for those short periods when the plasma or magnetic field 
interactions are Weak). 

Given all these assumptions concerning the total resis- 
tance in the circuit, the current I flowing through the tether 
is then given by: 


VNB cos Resim) 


Atypical curent level can be estimated by assuming thatthe 
control resistance R. should be about the same size as the 
tether resistance Ry, which for an_ aluminum tether with 
resistivity £=27.4 n-m, deasity da2700 kg/m’, length L=5 
km, and mass m,=10 kg, is R=185 Q, aiviag a total 
resistance, including the control resistance Re, of R370 Q, 
‘Thus the current flowing though a tether of length L=5 km, 
‘generating a voltage of V=932 V, would be IeViR=2.52 A. 
Power Dissipation Analysis: 

‘The induced current I lowing through the tether resis- 
tance Ry. will generate heat in the wire, which will be 
radiated into space and lost, Tha radiated energy must come 
from somewhere. There is also power taken out of the 
‘current flow by the battery charging circuit and ultimately 
dissipated, In order to conform to energy coaservation laws, 
this power and eneggy must come from a decrease ia the total 
{Kinetic and potential energy of the host spacecraft, causing 
it to deorbi. Set forth below is a detailed, optimized force 
analysis which will calculate the drag foree on the host 
spaceerafi. In this section, by using some simplifying 
assumptions, itis possible to produce a general afgument 
based on energy conservation laws, which will Mustrate the 
broad scope of the present invention 

For this energy conservation analysis it will be assumed 
that the plasma resistance is small compared withthe tether 
resistance, and that the control resistance is equal t0 the 
tether resistance: 


ReoRyriLiAensL ny 


‘Assume that the ballast mass atthe end of the tether is a 
large piece of the defunct host spacecraft, such as a solar 
ppanel, antenna, or battery pack, s0 thatthe gradient force is 
large and the tether is always Griented along the vertical so 
thal the angle t=0°, Also assume the spacecraft is in an orbit 
above the magnetic equator and thus is moving al right 
angles to the Earth's magnetic field, so that the angle 
between the orbital velocity vector and the magnetic field 
‘vector is 90°, and the electric field vector isin the vertical 
direction, aligned perfectly with the tether length vector. 
Under these ideal conditions, the voltage between the ends 
of the tether is given by: 


VobLa((eBLet, 
“The curseat in the tether is then just: 
EeviReaR,pevin/ 2a. 


‘The power dissipated as ohmic heating inthe tether is then 
aiven by: 


PatveP2 
“This equation shows the interesting result that the power 


dissipated does not depend upon the length or the area ofthe 
tether (within reason), but only the massof the tether my the 
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resistivity + and density d of the tether material, and the 
velocity v of the conducting tether through the Earth's 
magnetic field B. 

For a typical aluminum tether of mass m,=10 kg, the 
power dissipated is an impressive P=2350 W, Even if only 
4 small fraction of this power is dissipated in areal system, 
the kinetic energy of the host spuceeraft would suller a 
significant enengy loss with time 
Orbital Encray Extraction Analysis 

‘The total encrgy U of a spacceraft of mass Min orbit 
around the Earth consisis of 1Wo components, its positive 
‘orbital Kinetic energy and its negative gravitational potential 
‘energy. Ifa circular orbit of altitude hand radius a=R,+h is 
assumed, then the total energy ofthe spacecraft moving at a 
‘velocity wa(GM,/2)"* is 


UseM72-GMMJoe-GMM25 


‘The system will be dissipating energy in the tether to 
decrease tbe energy U of the unwanted spaceeralt from its 
relatively low negative value in a high Earth orbit to a 
greater negative value in a lower Earth obit. To give a 
Specific example, an unwanted spacecraft with « mass of 
M=1000 kg (@ metsic ton) in an orbit with an altitude of 
hhe1000 kan and a high orbital radius of a(I1)*R,+h=737L 
then its (negative) total energy is: 


UitGN, 20271 GY oF 271 NOT 


Its desired to lower the spacecraft to an orbit with an 
altitude just outside the atmosphere of h=200 km or a lower 
‘orbital radius of a(L}=R,+h=6571 km, where atmospheric 
‘drag will finish the job. The total (negative) energy of 
meltic ton spaceeraft at 200 km altitude is: 


Ud)=-OMM2a(L)=204 GF 


‘Thus, the amount of energy needed to be dissipated in 
‘order to move the 1000 kg spacecraft from a 1000 km ot 
witha total energy UCH)=~27.1 GJ down to a 200 km or 
with energy U(L}=-304 CI is: 


U-UC)-UI)=83 Gh 


‘The decay time T of a metric ton spacecraft moving from 
11000 km altitude orbit to 4 200 km alitude orbit with an 
‘energy dillerence of dU=3.3 Gl, when its enengy is being 
dissipated at a power of P=2350 W by a typical aluminum 
tether massing just 10 kg or 1% the mass of the spacecralt, 
Js found to be TadU/P=16 days. 

‘The actual decay time will be longer than this. If the 
electrodynamie drag force is very large, and becomes langer 
than the gravity gradient forces pull 
tether, then the tether will tend 10 al 
magnetic field lines instead of across them, and the drag. 
force will decrease because of the small angle between the 
‘conductor length and the magnetic field Tines. The tether 
‘current will need o be controlled until the angle of the tether 
sles into an angle determined by the balance between 
these two forces, These electrodynamic torque vs. gradient 
torque dynamic interaction effects are discussed in the next 
Force and Torque Balance Analysis: 

It is now possible to calculate the forces and torques on 
the tether It is also possible to use the fact thatthe electro= 
‘dynamic and gravity forces and torques on the tether must 
balance each other out to calculate and teach some optimum 
values for some of the ‘Terminator Tether™ parameters. 
Electrodynamic Force and Torque: 
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‘As discussed above, both theory and experiment show 
that: provided the conducting tether is moved rapidly 
through the Earth's magnetic field in order to generate a 
voltage aeross it, and provided good contact is made with the 
space plasma, the conducting tether will have a current s 
flowing through i. When a wire (moving or not) carrying a 
‘current Iis embedded in a magnetic ficld 1 there willbe an 
clectrodynatnic force Fy generated on each element of the 
wire. The electrodynamic force willbe at right angles o the 
magnetic field vector and the length vector of the wire 
element, with a magnitude given by’ 


EaeBelLB 


‘where B is the horizontal component of the magnetic feld, 
which is perpendicular to the assumed magnetic equator 
orbit plane, while the tether length vector Ls assumed to lie 
inthe orbit plane. I, as will be the ease most of the time, the 
«electron current is leaving the space plasma and entering the 
tether aloag the length of the tether, thea IL nveds to be 
replaced with an integral of the current along the length of 
the tether 

‘Note tha the electeodynamie force amplitude or direction 
is not diteetly dependent on the motion of the tether through 
the Easth’s magnetic field. The electsodynamic force would 
be the same if the tether were not moving and the curre 
‘was being supplied by a battery. Since the current I is a 
function of the orbital velocity, however, there is sevond- 
ary dependence of the electradynamie force magnitude on 
the oxbital velocity, but not its dection, The electrodynamic 
force is always alright angles to the conductor, and stays at 
ight angles to the conductor as the angle * varies, as shown 
in IG. 12. 

‘Assuming that the electrodynamie drag force is applied 
‘uniformly along the length of the teber, itis possible to. 
make the simplifying assumption tha the integrated force is. * 
effectively applied at right angles tothe center of mass ofthe 
tether atthe point L/2 as shown in FIG. 12. The electrody- 
namic torgue on the tether is then: 


TeFpL2AL2-0B"L cow WO{ReatinypwBL cov eR #9 
Gravity Gradient Forces and Torques 

‘When a tether and ils ballast end mass are deployed trom 
1 host spacecraft, the gravity gradient force field of the 
Earth, combined With the orbital centrifugal gradient force 
ficld, will eause the tether to deploy either up or down from 
the host spacecraft, The direction desiced depends on which 
ead of the tether is connected to the electron emiter. 
‘Normally, the elecron emitter will be on the end attached to 
the host spacceraft, in which case the desired direction of 
deployment will be upward so that the induced voltage in the 
tether will produce an excess of electrons at the electron 
emitter end of the tether. The desired upward direction is 
c’chosen by having the deployer eject the ballast mass in the 
‘upward direction. Once the ballast mass has been started in 
that direction, the centrifugal force due to the orbital motion 
ofthe ballast mass will cause the ballast mass to continue t0 
accelerate in the upwacd direction uati itis brought toa halt 
by the full deployment of the tether. 

there were no clecirodynamie or atmospheric drag, the 
‘equilibrium direction of the tether would be exaetly along 
the vertical, since the combined gradient field is a maximum 
in that direction. Because a significant amount of electro- 
magnetic drag is expected, the actual angle of te tether wi 
respect to the local vertical will be at some angle, lagging. 
behind the spacecraft motion ia the plane of the orbit, as 
shown in FIG. 12. In the Following analysis shows that there 
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js an optimum angle for + that produces the largest electro- 
“dynamic deag force on the bost spaceeraft without producing 
tether instability. 

‘The combined vertical gravity gradient and centrifugal 
gradient field 3T acting on the ballast mass mp atthe end of 
the tether of length L will produce a gradient force Fy given 
by: 


th ofthe force depends not only on the ballast 
‘mass my and the strength of the gradient field 31, but also 
the component along the radial direction of the distance of 
the ballast mass from the center of mass, which is L cost. 

This force acts in the vertical direction along the radius 
vector leading from the ballast mass away from the center of 
the Earth. The amount of gradient force is not large. For a 
ballast mass of myal0 ky and a tether length of Las ke, the 
gradient foree is about 0.175 N. 

‘Ascan be seen in FIG. 12, the component of this gradient 
force that is at right angles to the tether, given by Fy sin, 
will produce a torque Ty on the tether that tends 10 restore 
the tether toward the vertical, lessening the angle +. 


TogrLFog Sin Spm sa cose 


‘The tether mass m, also contributes to the gradient force 
and torque. IF it is assumed that the tether has a uniform 
‘ross section, them it is possible to replace the distributed 
‘mass of the tether with an equivalent point mass m, placed 
atthe center of mass of the tether, which is the point 2 
along the tether, and a distance 1/2 cos + in the radial 
direction. ‘The gradient force du to the tether mass is then’ 


Rope-Stpa co 


While the gradient torque is: 


‘The total gradient torque attempting to restore the tether 
to its vertical orientation is then: 


ToT Tare ef sa vee e 


‘important to notice the variation of the total gravi 
gradient torque as the tether angle is varied. Since the 
gradient force is always in the radial or vertical direction, 
there is no torque on the tethet when the tether is vertical, as 
Js the case when there are no aerodynamic or electtomag- 
netic drag forces. Once the drag forces become important 
and start to apply torque tothe tether, increasing the tether 
angle 7, those drag torques causing an increase in tether 
angle t will be opposed by a rising gradient torque which 
‘will attempt to decrease the tether angle, For small tether 
angles, the gradient torque increases frst Tineatly with t, 
then a8 sin x, since cos t is near unity for small, then at 
‘Te45° the gradient lorque reaches ils maximum, where sin 
‘recos 120.707 and sin t eos %=0.50, When this angle is 
reached, the tether isa poiat of catastrophic instability, For 
if there isa further increase in the electrodynamic drag force, 
‘causing the angle t to become greater than 43°, the gradient 
Torque, instead of growing stronger 10 counteract tbe 
increased drag torque, will become weaker and the tether 
angle will go rapidly to 90°. 

To restore control to the tether angle if the instabili 
‘occurs, it will be necessary to turn off the electrolynamic 
‘drag Forces by shutting off the current flaw through the 
tether. The t=90° position for the tether and ballast mass is 
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4 gravitationally unstable orientation, Afler a time, slight 
fluctuations in the geavity field will allow the gradient force 
to slowly take over and restore the tether to the vertical 
orieatation, which, unless it can be controlled in some way, 
is equally likely 10 be up or down. It would therefore be 
desirable to maintain control of the tether angle s0 a8 t0 
‘avoid the tether angle getting into the region of instability 
‘Torque Balance on the Tether: 

‘The angle v of the telher is determined by a balance 
between the electrodysamic torque T, attempting to 
increase the angle + and the gradient torque Ty, attempting, 
to decrease the angle t. Balance is achieved When the to 
torques are equal: 


Test eHLoetVar 


MPL? con WARS meh? sing on 
‘Simplifing and rearranging yields an equation giving us 
the angle t at which torque balance occurs 


rari LGR) 


“The physical interpretation of this equation is that the 
maximum electeodynamic force thal can be sustained on the 
tether is limited by the gradient force on the tether. It is 
possible 1o increase the eleetrodynamie force by decreasing 
the total resistance R of the tether (for exemple, by using a 
tether with a lagger mass and a lower tether resistance), but 
if the tether resistance is oo low, then the quality in 
brackets becomes greater than unity and this equation bas no 
solution, indicating that the tether has reached an angle 
where instability sets i 

‘To maintain contol of the tether angle, it will be neces 
say to vary the control resistance of the tether to compen 
sate for variations in magnetic field strength and direction, 
plasma density (which affeets the plasma resistance), and 
other Factors, and thereby maintain the tether at an interme 

fe angle where both the clectrodynamic and gradient 
forces ate at an appreciable level and balance exch other 
Optimization of Tether Angle: 

"AL first glance, it might seem that the optimum angle for 
the tether would be 43°, since at that angle tbe gradient 
torque is largest and therefore can counteract a larger 
clecteodynamie drag force. However, since the 45° angle is 
the point where instability sets in, i is desirable o set the 
tether angle al some value below 45°. The optimum angle is 
that which maximizes the horizontal or drag component of 
the electrodynamic force, This optimum angle tis derived 
from the equation for the horizontal component of the 
electrodynamic force, or the electrodynamie drag. force, 
since it opposes the host spaceeratt motion 


Beye coe ilngtm AL sie «cone 


By setting the partial derivativeSF,,,.2r=0 and sotving, 
itis possible to calculate that the optimum angle for the 
tether that gives the maximum clectrodynamic drag force 
Er» While still Keeping the tether torques balanced and 
under control, is tearctan(0.707)=35.26". With this angle 
selected and maintained by varying the conteol resistor Re 
to compensate for variations in plasma contact resistance 
‘and variatns in the strength and direction of the Earth's 
magnetic field B seen atthe spacceralt, the tether experience 
the maximum stable Value forthe electromagnetic drag force 
of 
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‘There are many ways to provide the sensing information 

receded to provide the feedback signals to the control 
«5. sistor, but the simplest is to merely measure the drag 

acceleration on the host spacecraft with a set of 
accelerometers, and maximize the force in the direction 
‘opposite to the host spaceeraft motion. Another method 
‘would be to measure the current in the tether, and knowing 
the tether resistance and the amount of control resistance, 
calculate the power being extracted andl maximize that 
value. Alternate methods would be to use an optical position 
‘sensor or GPS receivers at both ends ofthe tether to measure 
the angle of the tether othe postion ofthe ballast mass with 
respect to the host spacecraft. 

‘To make an estimate of the magnitude of drag force 
attainable, assume that a typical aluminum tether with a 
length of LS km, a tether mass of m=10 kg and a ballast 
mass of my=10 kg is being used. Then the maximum 
gradient force limited electrodynamic drag force is Fy 
0.167 N. The power being dissipated in the canoical tether 
atthe angle r, with Re=R,=rdL*im,=185 9 is given by: 


PRB co Feta) 
25 whieh for an angle %=35.26" cesults in power dissipation 
‘of 1570 W. Thus, the trust level per unit power obtained by 
the 1ypical Terminator Tether™ would be about 0.106 NW. 
‘This number is comparable to the value of 0.148 NAW 
«estimated forthe much heavier and longer TSS-IR tether. 
Reconciliation of Energy and Force Analysis 

By free and torque balance analysis an optimum angle 
for the tether as been discovered at which it's possible to 
‘obtain a maximum in the dag componcat of the eletrody- 
namie force. There is also an addtional component of the 
elecirodynamic foree, the component in the vertical 
dicection, Frvare sin(®), which is dowaward for an 
upwardly deployed tether This eomponent of force eom- 
bines withthe gravity fore of the Earth o effectively allow 
the host spacecraft to orbit lite faster than normal for that 
‘orbital altitude. doesnot contribute tothe deorbiting of the 
host spaceerat, But sine this vertical component of force is 
created by current running through the tether, and that 
‘eurtent is creating heat and dissipating enengy 38 it passes 
through the leer, there might he some eaneera thatthe 
force and torque balance analysis above doesnot conform to 
the law of conservation of ener. 

“The inventors will now show, in a very general manner, 
that n0 matter what the tether angle, the clectcal power 
being dissipated in the tether is exacily equal tothe power 
being lost by'the slowing ofthe host spacecraft. 

‘The “deorbit power” Pa, that must he removed from a 
spacecraft moving at a velocity v when that motion is 
‘opposed by a dag force Fy is 


patel 8 LB os tl 
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But, since the voltage V induced across the tether of 
length Land tlt angle + moving at a velocity v chrough a 
horizontal magnetic field B is 


LVeESLEL oon ee coer 
‘Therefore: 
Poel 


Aad! the deorbit power P, extracted from the slowing of the 
Spaceerafl by the drag component of the elecirodynamic 
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force is always exactly equal othe electrical power P being, 
dissipated as heat ia the tether circuits, independent of the 
tether angle. 
Optimization of Tether Mass Distributioa: 

IEit is aot possible to use a piece ofthe host spacecrat as 
ballast mass, then the mass of the ballast must be included 
in the Termiaator ‘Tether!™ mass. It would be desirable 10 
minimize the total Terminator Tether™ mass, since every. 
Kilogram saved means that another kilogram’s worth of 
revenue-producing transponders can be ackled 10 the work- 

load ofthe host spacecraft, Given a total mass for the 

(or Tether and the mass of the deployericontroller 

unit ti possible to optimize the mass distribution between 

the ballast mass and the tether mass to obtain @ minimum 

{oal Terminator Tether™ mass, A well-designed Terminator 

‘Tether™ will also have most, if aot all, ofthe deployer mass 
incorporated into the ballast mass 

"Assume thatthe fotal Terminator Tether™ mass consists 
of the deployericontsoller mass my, the tether mass mand 
the ballast mass my, with m,>m,>mp, OF the three mass 
‘components in the Terminator Tether™, wo of them aff 
the electrodynamic drag performance. IF itis assumed that 
the ballast mass is a factor X lacger than the tether ms, oF 
my=Xm, the maxinum drag force that can be obtained is 


Fepliaan Stay (X6029)0L 


Ii is assumed thatthe control resistor has been adjusted 
so that this maximum value for the electeodynamic drag 
force is maintained as the motion of the spacecraft along iis 
‘orbit moves the spacecraft into regions with different mag 
netic field strengths and plasma densities, then forthe angle 
1235.26", cos(35.26°)=0.817, and the maximum electrody- 
namic drag force in terms ofthe clectrodynamic parameters 
willbe: 


SI7WBPLIR esd Fp? Sng NED2ITL 
‘or canceling out terms and rearranging: 
(025). 853eB°LITm Resa“) 


Ins now possible to make the further simplifying assump= 
ton that to maintain control ofthe tether, the contol resistor 
needs tobe roughly the same size as the tether resistance or 
Reerul*/m,, Using this assumption produces an equation 
forthe optimum value for the ratio X of the ballast mass 10 
the telber mass 


+, 
Tampere 


rd 02 


= 02st 


‘Where Ais the “elective electrodynamic length”. 

If the tether is short, so that L.is small, this equation 
indicates thatthe ballast mass must be increased to increase 
the gradient force, since it is the gradient force which 
determines the upper limit 10 the amount of eleetrodynamic 
drag force that can be generated without losing contro ofthe 
tether. 

‘Assuming the usual values for the Earth's magnetic and 
‘gradient fields, he velocity of the host spacecraft through 
the magnetic field, and the resistivity and density of 
aluminum, this equation becomes: 


‘where Lis in kilometers. 
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For  typieal tether of length L-S km, N-1.93. If the total 
mass forthe Terminator Teher™ is 20 kg, or 2% of the host 
Spacer mass ad he mas ofthe depiye i IKE hen 
the remaining 10 ky should be cistabuted so that 6.59 kg is 
Jn the ballast mass while 3.41 kg, is in tether mass. 
Optimization of Tether Lensth: 

TE the ballast mass consis of @ piece of the host 
spacecraft, then the mass ofthe ballast does not ave to be 
oasidered inthe optimization ofthe Tether system, In this 
‘ease, the optimum distribution of the Tether mass i put 
as much mass as possible into the tether, eth a minirau in 
ihe deployer controller package. Under this assumption, the 
‘optim length of the {ether i determined by the deste to 
Keep the Area-Time Product of the host spacecralt plus 
Tether to minionum, 

Ina loog tether of length L, the effective “collision” 
<ross-sectional area iso the area ofthe tether, but he lager 
sea peodced by multiplying the length of the tether by sim 
‘of the width of the tether plus the width of the “target” 
Spacecraft that would be damaged by the tether hittin 
‘Tnis, decrease the “area” portion of the Area-hime 
Product, it would be desirable o sharen the tether, making 
it thicker, and perhaps slightly wider, atthe sme time, thus 
Keeping the sue tether nas and elecuon eolletion area, 
and thereby maintaining the drag force and Keeping the 
‘cay time at the same level. The result will be a shortening 
ofthe Area-Time Product. 

IF the tether is shortened to0 much, however, the smaller 
voltage generated across the shorter tether will leave less 
Voltage margin for the operation of the plasms contactors 
andthe battery recharge sjsiem, Since the maximum volage 
that can be generated i about 200 Vik, and typical plasma 
contactors and batery, chargers take 25-100 V to operate, & 
‘minimum leagth for 3 Tether would te roughly 2 km. Host 
spacecraft operating in polar orbits, where the condition for 
voltage generation are not a5 gockl, may require a tether 
length of 5 km or more 

Since many watts of heat power will be dissipated inthe 
contol resistor, means must usually be provided to radiate 
the heat away ito space. One low-mass method of accom 
plishing this 9 make the control resistor (or resistors) in 
the form of a long, electrically insulated, high resistivity 
wire similar to those used in electri blankets, but designed 
to operate ata higher temperature, and during the fabrication 
‘of the electzodynamic tether, incorporate the high tessivity 
‘ire (or wires) int the end o the ttber closest. the conto 
circuit by weaving or braiding the insulated high resistivity 
‘wire in withthe uninsulated alumsinum wie ofthe electro- 
dynamic tether. The surface area ofa long wire is very lange, 
‘0 inthis extended wie coafiguration, exposed tothe space 
all around it, the lot contol resistor wive can sel-radiate ils 
Povier ilo cok! space without incurring the mass penalty of 
2 separate radiating surface 
implementation 

“The basic optimum stricture for 2 Terminator ‘Tether™ 
‘would be one ofthe many types of Hoytethers. A multiline 
(6-12 primary line) Hoytape™ will provide the largest 
feontactatea withthe plasma, since both sides ofthe tape 
‘would be able to pass current 1 the plasma, IF the spacing 
between the primary lines is chosen to be larger than twice 
the Debye length ofthe plasma, then the elletive current 
collection area per unit length of the Hoytape is proportional 
to the widib of the Hoytape mesh, aot the diameter of the 
‘wires in the mesh, Thus, a Hoytape not only provides an 
assured longer life forthe Terminator Tetber™, but very 
‘hort lengths wil aso provide a very ange curreat collection 

“The deployer for the tether can deploy the Terminator 
‘Tether™ either down of up ofboth. The deployer can stay 
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attached to the spuceeraft as was done in the SEDS missions, 
for perhaps  belter alternative would have the deployer 
ejected from the spacecraft, with one end of the tether still 
attached to the spacecraft, reeling out tether as it leaves. The 
‘empty deployer would then act as a ballast mass atthe end 
ff the Terminator Tether™, which would improve the per- 
formance. 

‘The “Remora Remover” 

In addition to attaching Terminator Tethers to spacecraft 
before launch, it is possible to consider a missile-like 
application. This “Remora Remover" missile would use a 
“Terminator Tether™ carried by a seeker missile similar 
the small “hitfo-kil” missiles developed by the Space 
Defense Initiative Office that deployed a net loaded with 
oriented metal rods. The Remora Remover missile would 
hunt down a spacecraft that needs to be removed from space, 
Dut instead of hitting the spacecraft, the missile would be 
programmed to rendezvous with the spacecraft and attach 
itself o the host spacecraft using a hooked net, harpoon, or 
adhesive “sucker”, ‘The Remora Remover missile would 
thea deploy the Terminator Tether™, which would bring 
down both the spacveraft and the missile 

“The inventors have presented two analyses, backed up 
with data obtained from space flight experiments. One 
analysis was based on generalized enerey conservation laws 
while the other analysis use force and torque balance argu 
ments. Both analyses show that optimized aluminum wire 
tethers 210 5 km in length and massing just 1% to 5% of the 
mass ofthe bost spacecraft can deorbit the host spacecraft in 
the order of a few weeks, thus mitigating the long-lived 
‘orbital debris hazard created by a constellation spacecraft 
after their end-of-life. 
ed Operation of the Tether: 
own in the aerospace literature that if a 


spacecraft has power supply and conducting tether 3 


Hanging tom it, and tbe spaeerat isin an oxbit or trajectory 
that takes it near a body, such as the Earth or Jupiter, which 
has both a magnetic field and a region of moderate density 
electron-ion plasm, and electrical eurent is pumped from 
the power supply through the tether and back through the 
plasma, that the current flowing through the tether will 
interact with the magnetic eld ofthe body, preluciog forces 
on be tether and thence on the spacecrai, changing its orbit 
fr trajectory. These forees cin be used {0 increase or 
decrease the spacecraft altitude andor inclination. ‘The 
Amount of altitude o¢ inclination change is proportional 10 
the tatio of the power available from the power supply 
divided by the mass of the spacecralt and varies. with 
falitude. The unpowered Terminator Tetber™ is 2 simple 
‘example of such system, in which only altude decrease is 
possible, although smsil amounts of both inclination 
increase or decease are possible atthe same time, Some 
typical references to this prioe art ae: Les Jobson, “Pro- 
pilsive Small Expendable Deployer System Mission 
(ProSEDS)", Proceedings of the OAST 8 Advanced Pro- 
pulsion Workshop, IPL, Pasadena, Calif, 20-22 May 1997, 
and Les Johnson, Joe Caroll, Robert D. Estes, Enrico 
Lorenrni, Brian Gifchrist, Manuel Martinez-Sanche7, an 
Sanmactin, and Irwin Vis, “Elecimdynamic Tethers for 
Rehoost of the lnemational Space Staion and Spacer 
Propulsion, AIAA Paper 1996, 

Since the Terminator Tether™ of the invention is nor- 
mally associated with a satelite that has a power supply in 
the form ofa solar panel combined with a storage battery, the 
"Terminator Tether can be operated in the “powered pro 
pulsion” mode if desired. Such + mode wotkl be useful 
‘when attempting to avoid a collision between the Terminator 
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‘Tether™ and another spacceral. In such eases, the power 
from the solar panel, augmented by the power stored in the 
battery, can be used to temporarily operate the Terminator 
‘Tether™ jo the propulsion mode instead of the normal drag 
‘mode, This would enable to Terminator Tether to raise its 
altitude and/or increase or decrease its inclination to avoid a 
collision, 

In addition, the Terminator Tether™ could be operated in 
the “power-augmented drag” mode. In this mode, there wil 
be a current induced in the tether by the motion of the 
‘spaceerafl through the magnetic field, which will eause 
‘drag force on the spacceraft. This induced current would 
then be augmented by additional current in the same direc 
tion generated by the solar panel and the storage batteries in 
the power supply. The increased current will cause an 
increased drag force, If there is significant vertical eom- 
ponent of the magnetic field there will also be aa increased 
force normal to the orbital plane, which will cause an 
increased rate of change of inclination 

‘When the Terminator Tether™ is operated in the “pow- 
‘ered propulsion” or “power-augmented drag” mode, the 
‘conditions for stable optimum operation will be essentially 
the same as in the “unpowered drag” mode. The reason the 
conditions stay the same is that the maximum tether force 
than can be effectively utilized is limited by the sirength of 
the gradient force, which bas not changed, since the Iength 
and mass of the tether andl the ballast mass has not changed 
for these different modes of operation. As a result the 
‘optimum operational angle for the tether is still 35.26 
‘degrees, and the optimum ratio of ballast mass o tether mass 
for dilferent tether lengths and tether material is stil det. 
‘mined by the analysis of the iavention as is set forth above. 

In the analysis given above, where the optimum tether 
angle was found, the tether was assumed to be ia the plane 
of the orbit and lagging behind the spacecraft motion, since 
in the “unpowered drag” mode, that would be its normal 
position, although if the componeat of the magnetic field 
along the orbit were high, there would be some tit of the 
tether out of the plane of the orbit, producing a force tending, 
to change the inclination of the orbit In either of the 
“powered” modes of operatioa of the Terminator Tether, 
however, the tit ofthe tether could be forward toward the 
‘motion of the spacecraft or stongly tilted to one side ot the 
‘other of the orbital plane. In all these eases, ifthe electro- 
‘dynamic force is allowed to become 100 large, and the tether 
angle exceeds 45 degrees the restoring force of the gradient 
field will drop off and the tether angle will go unstable. As 
4 result, the optimum angle for the tether that will give the 
‘maximum stable force, whether itis a maximum drag force, 
and maximum propulsion force, or a maximum inclination 
change force, will be 35.26 degrees, andl the optimum ratio 
for the mass of the tether versus the mass of the ballast will 
be the same as for the unpowered dag case 

‘The analysis that gave the optimum angle as 35,26 
‘degrees assiimed that the tether would be oriented like a 
rigid rotor. In realty, variations in forces along the tether 
‘will probably cause the tether fo hang in a slightly curved 
shape, where the optimum angle may not be exactly 35.26, 
‘degrees from the local vertical. The optimum angle of the 
tether as it leaves the host spaceeral in such a ease is where 
the drag force is largest. 

‘The present invention is discussed in this disclosure in 
terms of its space applications as a Terminator Tether™ 
useful for the removal of unwanted satellites It should be 
undersiood, however, that the present invention is useful in 
any application where a space object can use a conductive 
tether to produce electrodynamie force through interaction 
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‘with @ magnetic feld. The invention, therefore, should be 
limited not by this description, but only by the appended 
claims and their equivalents 

‘What is claimed is 

1, Amethod of operating a conductive tether attached 10 
4 space object, said conductive tether being oriented at an 
langle to magnetic feld lines of an external magnetic field 
and said conductive tether moving seross the magnetic field 
lines of said external magnetic field at said angle to produe- 
ing an electric curteot ia said conducting tether and) a 
resulting cleetrodynamie force acting on said tether and said 
attached space object comprising, 

‘Contlling the amount of electie current owing ia said 
conducting tether to vary the angle between the con- 
‘uctive tether the field lines of the external magnetic 
ficld and the electrodynamie force acting on suid tether 
and attached space object, 

2. A method as in claim 1 wherein said angle is less than 

45 degrees 

3. A method as in ci 
degrees, 

4.A method asin claim 1 wherein said angle is controlled 
to average 35.26 degrees over time. 

‘5. Amethod as in claim 1 whetein said angle is controlled 
to average 35.26 degrees aver the length of the tether. 

66. A methods in claim I wherein the space object and the 
tether connected fo it are rotated about their center of mass 
‘hile the conductive tether interacts with the external mag 
netic fel, 

7. A method as in claim 1 wherein the angle of the 
conductive tether to the external magnetic field is controlled 
bby sensing a measurable parameter of the space object 
‘conductive tether system, 

‘8, Amethod as in claim 7 wherein the parameter is curteat 
flow in the conductive tether. 

‘9. A metbiod as in claim 7 wherein the parameter is the 
clectrial power dissipated in the conductive tether and the 
‘current control system. 

10, A method as in claim 7 wherein the parameter is the 
relative position of the space abject and the position of the 
far ead tip of the tether. 

AL. A method as in claim 7 wherein the parameter is the 
acceleration of the space object. 

12. A method as in claim 6 wherein the parameter is the 
state vector of the space abject as measured by the Global 
Positioning System. 

13, A method as in claim 1 including the step of applying, 
clectric power to the conductive tether to change the state 
‘vector of the space object 
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14, A method of operating a conductive tether attached to 
a space object, said conductive tether being oriented at an 
angle to the local vertical between said space abject and a 
celestial body having a magoctc field having magnetic field 
lines extemal to said conductive tether; suid conductive 
tether moving across said magnetic fickd lines of said 
‘external magnetic field at an angle t0 the local vertical 0 
produce an electric current in said conducting tether and 
resulting electrodynamic force acting on said tether and said 
attached space abject comprising, 

‘Controlling the amount of electie current owing in said 
‘conducting tether fo vary the angle between the con 
ductive tether the local vertical between said space 
‘object and said celestial body to vary the electrody- 
namic force acting on said tether and attached space 
object, 

15, Amethod as in claim 14 wherein said angle is less than 

45 degrees. 

16. A method as in claim 14 wherein said angle is 
‘controlled 1o average 35.26 degrees over time. 

17.A method as in claim 14 wherein the space object and 
the tether connected to it are rotated about their center of 
‘mass while the conductive tether interacts with the external 
magnetic field 

18, A method as in claim 14 wherein the angle of the 
‘conductive tether to the external magnetic field is controlled 
by sensing a measurable parameter of the space object! 
‘conductive tether system, 

19, A method as in claim 18 wherein the parameter is 
‘current flow in the coaductive tether. 

20, A method asin claim 18 wherein the parameter isthe 
acceleration of the space object caused by the electrody= 
namic force acting on the space object 

21, Amethod as in claim 18 wherein the parameter isthe 
‘change inthe state vector of the space object as measured by 
the Global Positioning System, 

722. Amethod as in claim 14 including the step of applying 
electric power to the conductive tether to change the site 
‘vector of the space object 

23. A method 2s in claim 14 wherein the celestial body is 
the Earth and the magnetic field isthe Earth's mageetie fel. 

24, A method as in claim 14 wherein the celestial body is 
the sun and the magnetic field is the Sun's magnetic field 

25. A method as in claim 14 wherein the magnetic field is 
the vector sum of the magnetic fields from all celestial 
boxes in the solar system, 

26.A method as i claim 14 wherein the conductive ether 
is a Hoytether. 
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7) ABSTRACT 


The system and apparatus of one or more embodiments ofthe 
present invention extracts, conditions, and conveys electic 
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power from the earth ionosphe 


cavity through the integrated 
and collaborative operation of the system and apparatus con- 
sisting of « capacitively-coupled insulated elevated terminal 
(coupled capacitor upper plate), an evacuated spark gap, an 
intograted step-down transformer and resonant capacitor, and 
ground terminal (coupled capacitor lower plate). The archi- 
tecture goveming exemplary emboxiiments ofthe system and 
‘apparatus ofthe present invention emulates the natural archi 
tecture governing the interuetion of living trees withthe elec 
twical energy resident in the earth ionosphere cavity. The 
implementation of such exemplary embodiments of the 
present invention utilizes standaed and customized compo: 
nents appropriate for their Function within the system and 
apparatus. 


The extracted electric power from the earth ionosphere cavity 
manifests in the form of broadband electromagnetic waves in 
the 0 to 200 He frequency range. Plecsie energy from these 
‘waves produce magnetic fields inside the integrated step- 
dawn transformer which are added together by the primary 
coil of the integrate step-down transformer, and delivered as 
60 Hz 120/240 VAC to an electric load via the secondary coil 
‘of the integrated step-down transformer resonating at 60 [12 
dlue tothe influence of the integrated resonant capacitor 


The system and apparatus of exemplary embodiments of the 
present invention extracts, conditions, and conveys iono- 
sphere cavity-resident elecrie power in altemating current 
and direct curteat realms, 
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METHOD AND APPARATUS FOR 
EXTRACTING AND CONVEYING 
ELECTRICAL ENERGY FROM THE 
EARTHS IONOSPHERE CAVITY 


[0001] This application claims benefit of US. Provisional 
Application No, 61/889894, filed 11 Oct, 2013, titled, 
“Meriod and Apparatus for Extracting and Conveying Elec: 
twical Energy From the Earth's Tonosphere Cavity." the dis: 
closure of which is incorporated herein by referenee in 
entirety, 


BACKGROUND OF THE INVENTION 


[0002] A portion of the disclosure ofthis patent document 
Contains material which is subject to copyright protection, 
The copyright owner has no objection to the facsimile repeo- 
duction by any-one of the pateat dacumeat or the patent 
disclosure, asi appears in the Patent and Trademark Office 
patent file or records, but otherwise reserves all copyright, 
whatsoever. 

[0003] ‘The invention is an apparatus and methodology for 
extracting electric power manifesting as a broadband collec 
tion of electric field oscillations inthe 0 to 200 He frequency 
range within the Farth's ionosphere cavity, though the use of 
an elevated biased hemispherical or other curved surface 
‘capacitor coupling the ionosphere cavity and Earth, and then 
conveying this electrical enemgy at the proper frequency, 
amperage, and voltage to existing homes and buildings where 
iisdelivered for consumption over existing home or building 
wiring. 


DESCRIPTION OF THE RELATED ART 


[0004] ‘Thecurrent state ofthe art in this fields focused on 
the bending of radio frequeney waves in the Bart's iono- 
sphere cavity for the purpose of distorting (through reflec 
tion) the resident cavity’s magnetic field to physically direct 
the stimulating electrical enemy to targeted locations withia 
the Earth’s ionosphere cavity and/or coordinates on the 
Earth's surface at specific energy levels appropriate to spo- 
cific applications. The regenerative feedback was done by 
Sutton's ative antenna, 

[0003] | Nikola Tesla attempted to transmit wireless power 
inthe “natural medium”: however, Tesla bad no escriptionot 
a device to reveive natural oscillations as deseribed in the 
present disclosure, 

[0006] ‘There is no known prior at in the field of electric 
‘energy extraction from the ionosphere cavity and conveyance 
to other terminals within the cavity for delivery of usable 
electric power. 


‘SUMMARY OF THE INVENTION 


[0007] none exemplary embodiment ofthe present inven= 
tion, a properly-scale electric power extraction/conveyance 
apparatus is installed at atypical consumer residential home 
to deliver 60 Hz 120/240 VAC electric power, sulficient 1 
convey the equivalent of5 kW of continuouselectricity, tothe 
hhome’s existing electric service entry component to power 


electrical appliances in the home over home electric 
wiring. 
[0008] In another exemplary embodiment of the present 


invention, # properly-scaled electric power extraction/con= 
veyance apparatus is installed at an appropriate location 
‘within an industial park oF neighborhood to deliver 60 Hz 
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120/240V AC electric power, sullicient to convey the equiva- 
lent of 300 kW of contiauous electricity, tothe serview entry 
‘components of industrial buildings or neighborhood homiesto 
power electrical devices and appliances over existing build- 
ing or home electric wiring. 

[0009] Alternative exemplary embodiments of the present 
invention will extract direct current eleeric power trom the 
arth ionosphere cavity, generated by the earth's rotating 
magnetosphere, and comey in the form of conditioned direct 
ccurrentto direct current load sources, or convert to alternating 
current and convey in the form of conditioned alternating 
‘current to altemating current load sources. 


BRIEF DESCRIPTION OF THE DRAWINGS 


[0010] A disclosure embodiments ofthe present invention, 
is set forth more paniculary in the remainder ofthe specifi 
cation, which makes reference to the accompanying figures, 
in which: 

10011] FIG. 1 provides an example of an electric power 
extraction and conveyance apparatus for one residentialscale 
‘embodiment of the present invention. Certain additional 
‘example embodiments ofthe present invention wilize similar 
fundamental technologies, but difer inthe scale (size) ofthe 
‘components and characteristics of the electricity conveyed 
for consumption; and 

[0012] FIG. 2 is a schematic illustration of ground termi- 
nals for use with embodiments of the present iaveation, 


DETAILED DESCRIPTION 


10013] Applicant bas discovered that tes extract and use 
electric power from the Earth ionosphere cavity. The present 
invention emulates the architecture of eleetic power extrac- 
tion and usage methodology inherent in the natural operation 
‘ofiving tees, bu uses standard and customized components, 
feomimon in the field, for its implementation, ‘The natural 
clectric power extraction and use of electric power by trees 
leverages the shape and physical composition of ees as 
instances of large eleetcical capacitors coupled to the iono- 
sphere cavity. The canopy of trees (upper limbs and leat 
Structures) emulates the upper plates of @ coupled capacitor, 
the trunks of tres emulates combined diclectric and resonant 
‘wansformer/eapacitor, and the root systems of trees emulate 
ground terminals (lower coupled capacitor plates). The 
extraction of electric power from the ionosphere cavity by 
‘wees is inthe form of ultra-low frequency broadband waves 
(oscillations) in the frequency range of {to 14 Hert (ULF), 
Inherent tree physical composition and control structure (i.e 
DNA/RNA) gover the use ofthe extracted electric power to 
‘accomplish tree groth, seasonal metabolie adjustments, and 
reproductive processes. Any excess extracted electric power 
by trees is returned to the ionosphere cavity. The present 
invention isan exemplary instance ofthis same natural archi- 
tecture using standard and customized components that 
facilitate extraction and conveyance of ionosphere cavity- 
resident broadband electric power at useful scales sufficient 
to provide continuous electrical power for electrical devices 
used by people. 

10014] One preferred exemplary embodiment of the 
‘present invention is inthe form showa in Drawing 1 ahove 
fand will deliver continuous 60 Hz 120240 V AC electric 
power to consumer residences (and other structures with 
Similar electricity conditioning and consumption require 
‘ments) equivalent to electric power capacity of S kilowatts 


Appendix: Technology Details 


The 3GPP family of data technologies provides ever increasing capabilities that support ever 
more demanding applications. Services obviously need to provide broad coverage and high 
data throughput. Less obvious for users, but as critical for effective application performance, 
are the need for low latency, QoS control, and spectral efficiency. Higher spectral efficiency 
translates to higher average throughputs (and thus more responsive applications) for more 
active users in a coverage area. The discussion below details the progression of capability for 
each technology, including throughput, security, latency, QoS, and spectral efficiency. 


This appendix provides details on 5G, UMTS/HSPA, and EDGE. 


3GPP Releases 


@ Release 99: Completed. First deployable version of UMTS. Enhancements to GSM data 
(EDGE). Provides support for GSM/EDGE/GPRS/WCDMA radio-access networks. 


Q Release 4: Completed. Multimedia messaging support. First steps toward using IP 
transport in the core network. 


a Release 5: Completed. HSDPA. First phase of Internet Protocol Multimedia Subsystem 
(IMS). Full ability to use IP-based transport instead of just Asynchronous Transfer Mode 
(ATM) in the core network. 


@ Release 6: Completed. HSUPA. Enhanced multimedia support through Multimedia 
Broadcast/Multicast. Services (MBMS). Performance specifications for advanced 
receivers. Wireless Local Area Network (WLAN) integration option. IMS enhancements. 
Initial VoIP capability. 


a Release 7: Completed. Provides enhanced GSM data functionality with Evolved EDGE. 
Specifies HSPA+, which includes higher-order modulation and MIMO. Performance 
enhancements, improved spectral efficiency, increased capacity, and better resistance 
to interference. Continuous Packet Connectivity (CPC) enables efficient “always-on” 
service and enhanced uplink UL VoIP capacity, as well as reductions in call set-up delay 
for Push-to-Talk Over Cellular (PoC). Radio enhancements to HSPA include 64 
Quadrature Amplitude Modulation (QAM) in the downlink and 16 QAM in the uplink. 
Also includes optimization of MBMS capabilities through the multicast/broadcast, single 
frequency network (MBSFN) function. 


a Release 8: Completed. Comprises further HSPA Evolution features such as 
simultaneous use of MIMO and 64 QAM. Includes dual-carrier HSDPA (DC-HSDPA) 
wherein two downlink carriers can be combined for a doubling of throughput 
performance. Specifies OFDMA-based 3GPP LTE. Defines EPC and EPS. 


@ Release 9: Completed. HSPA and LTE enhancements including HSPA dual-carrier 
downlink operation in combination with MIMO, Multimedia Broadcast Multicast Services 
(MBMS), HSDPA dual-band operation, HSPA dual-carrier uplink operation, EPC 
enhancements, femtocell support, support for regulatory features such as emergency 
user equipment positioning and Commercial Mobile Alert System (CMAS), and evolution 
of IMS architecture. 


@ Release 10: Completed. Specifies LTE-Advanced that meets the requirements set by 
ITU's IMT-Advanced project. Key features include carrier aggregation, multi-antenna 
enhancements such as enhanced downlink eight-branch MIMO and uplink MIMO, relays, 
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[0015] A secondary exemplary embodiment of the present 
invention is also in the form shown in FIG. 1, appropriately 
scaled for langr electrical power demands and related con= 
veyance capacity, and will deliver continuous 60 Hz 120/240 
VAC elecitic power to larger buildings or electrical distribu 
tion favilities for commercial office parks with electric power 
capacity of 300 kilowatts 

[0016] A thi exemplary embodiment ofthe present inven- 
tion i also inthe form shown in FIG. 1, appropriately sealed 
{or larger electrical power capacity, and will deliver continu 
‘ous 60 Hz 120240 VAC elecitie power to utility substations 
with eletrie power eapacity of 30,000 kilowatts (or higher) 
[0017] ‘The following system, power sources, ane compo- 
nent descriptions provide additional details of the present 
invention in various embodiments 

[0018] | Earth's ionosphere cavity (10) isa reservoir of con- 
‘invously-generated electrical energy (F-Field) in both direct 
ccurrent (DC) an alternating current (AC) realms, The DC 
electric energy is created by the constant rotation of the 
Earth's magnetosphere exposed to the solar wind. Earth's 
perpetually moving magnetic fields create the DC electic 
power in the ionosphere cavity F-Field per the equations ia 
James Clerk Maxwell's fundamental theory of electromag- 
netismy. AC electrical energy in the ionosphere cavity is gen~ 
crated from the persistent E-Field disturbances (ie, oscilla: 
tions) caused by lightning discharges. The present invention 
includes the direct extraction of AC electric power from the 
ionosphere cavity, and the direct extraction of DC electric 
power from the jonosphere cavity which is converted to. AC 
electric power before conveyance. Optional operational eon- 
figurations of the present invention will also enable convey~ 
ance of extracted DC eleetsie power for potential scenarios 
Where the conveyance of conditioned DC electricity is 
required, 

[0019] | Electric-feld oscillations (22) are induced by light- 
‘ingand encapsulated in theearth-ionosphere cavity creating 
continuous souree of renewable electrical energy: The fre 
quency of lightning occurrences in the ionosphere cavity 
averages thirty (30) strikes per second, with each strike rep> 
resenting approximately one (1) terawatt (TW) of instantae 
‘neous energy. Assuming an average energy dissipation rate 
{or each lightning strike of fifteen (15) microseconds (usec), 
i.e, the time involved for one (1) terawalt of instantaneous 
‘energy to dissipate zero (0) energy, these lightning-induced. 
electric field oscillations are sulicieat to provide 4,500 times 
the entire electric energy consumption on planet Fart atthe 
projected consumption rate for the year 2100 ($5.3 TWh 
annvally). Lightning-induced E-Field oscillations vary 
betwoen 0.1 and 14 Hertz with wavelengths exceeding the 
practicality of an electromagnetic antenna for collecting the 
‘energy. The present invention wilizes capacitive coupling to 
‘overcome this obstocle 

10020] An insulated upper capacitor plate (terminal) (12) 
tlevated above the influence of the ground floor collects 
E-Field oscillations from the ionosphere cavity. This insu 
lated elevated terminal, capacitively-coupled to the F-Field 
bounded by the earth-ionosphere cavity, is arranged in a sur 
face of large radi of curvature, supporting maximum surface 
connection to the E-Field without leaking the high voltage 
charge applied tothe elevated terminal. The expacitance and 
resistance of theelevated terminal are responsive tothe recep 
tion of broadband elecric-field frequencies in the 0 to 200 
hertz range. The elevated terminal is subject to high voltage 
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alternating current biasing used to collet electie-feld ose 
lations generated by lightning impulses in the earth-i 
sphere cavity 

[0021] An evacuated spark gap (24) connected to the 
<levated terminal (12) prevents electrical discharge occurring 
‘between the elevated terminal and the ionosphere cavity. AS 
the high voltage alternating current appreaches peak voltage 
the spark gap energizes and a large voltage is applied to the 
step-down transformer primary eoil (16). The high voltage 
‘pumps high curent from the ground terminal (14, 26) con- 
verting the electie-ield to a magnetic field within the trans- 
former (16). The step-down transformer is connected to 60 
hertz resonant capacitor (18), the secondary side of the trans- 
former resonating at 60 hertz will supply 8 60 hertz 1200240 
VAC power to the load. Filter circuits will condition the 
power. ‘The evacuated spark gap funtion may be accom- 
plished by solid state circuitry in the implementation of the 
present invention, 

10022] ‘The resonant transformer (16) is integrated with a 
parallel resonant capacitor across the transformer where the 
integrated combination esonates at 60 hertz supplying power 
to the electricity consuming structure (home or business) 
‘Various step-down transformers (28) are utilized to condition 
the conveyed electricity to accommodate the requirements of 
the receiving station for various embodiments ofthe present 
invention, 

10023] Ground (26) is the source of electric curent for the 
present invention. A ground terminal, connected tothe soil, is 
farranged in a surface of large radii of curvature to permit 
instantaneous sourcing of high currents from earth ground 
‘without temperature and voltage rise inhibiting the ground 
terminal collection of current, The capacitance and resistance 
‘of the ground terminal to earth is minimized to promote on 
‘demand current sourcing. Drawing 2ilusirates.an exemplary 
‘apparatus othe present invention that optimizes ground con- 
nection quality by maximizing the penetration extent and 
resulting surface area of the ground terminal's extension into 
the soil, 

[0024] Step-down transformers (28) are scaled to transform 
the electrical current and voltage into structured and condi 
tioned electricity that is compatible with the electric power 
needs of the load sources for various embodiments of the 
present invention. 

[0025] A mechanical nut (40) solidly attached to shaft 440 
facilitate extension, when tuned, of large gauge copper wire 
extrusions (46) 

[0026] A downward pointed anchor Mat shaft (42) atached 
to the bezel $0 via a T-slot in bezel 

[0027] A copper (or other highly-conductive metal) spool 
base (44) souring "X” independently attached large gauge 
pointed copper wires (46) of length “N™, where “X" is equal 
to the number of escape portals in bezel (50), and “Y" isthe 
length determined to yield optimum surface area of wires of 
type 46 for high quality connectivity to soil. The spool can 
fively rotate inside the bezel (48) and emulates the primary 
oot structure ofa living te. 

10028} Sharpened large gauge (reinforced) copper wires 
(46), quantity “X", oflength “¥” emulating the rot structure 
of iving trees. 

10029] Threaded bezel (spool-housing sleeve) (48) with 
drilled escape portal holes with end of copper wires (46) 
protruding through holes 2 inch, 
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[0030] | Bezel anchor slots (50) of twice thebeight of anchor 
Hat shafis (42) and Tslotted to accommodate anchor fat 
shatts 

[0031] | Extended pointed end ($2) of inner spool base shat. 

[0032] | Escape portals (54) in bezel to allow for large gauge 
‘copper wire (46) extension into soil 

[0033] | Connector port (56) for connection to ground termi- 
nal (14) in Drawing 1. 

[0034] Bezel threads (58) 

[0035] Various embodiments of the present invention will 
includeoneor more ofthe following characteristics in various 
‘combinations. These descriptions are provided for purposes 
fof example, Not all of the following characteristics will be 
required for any given exemplary embodimest. 

[0036] Characteristic 1, The form (shupe), physical com- 
position, size, insulation, location altitude, discharge capaci 
tive threshold and discharge rate, and the strength of AC or 
DC biasing applied to the (CUP) upper coupled capacitor 
plate (12: elevated terminal) all form an integrated whole, the 
purpose of which iso extract and temporarily store DC oF AC 
electric power from the Earth's ionosphere cavity (10) athigh 
voltage, and to trigger the energizing ofthe evacuated spark 
gap (24), 

10037] Characteristic 2, ‘The elevated terminal (12) is 
ccapacitively coupled to the E-Field (10) bounded by the earth 
ionosphere cavity, and arranged in a surface of lage rai of 
curvature, supporting maximum suriace connection to the 
E-Field without leaking the high voltage charge applied tothe 
elevated terminal (12). 

[0038] Characteristic 3, The capacitance and resistance of 
the elevated terminal (12) ane responsive to the reception of 
broadband electrified frequencies in the 0 to 200 hertz 
range. 

[0039] Characteristic 4, The elevated terminal (12) is sub- 
{et to high voltage alternating current biasing used to collect 
E-Field oscillations generated by lightning impulses in the 
cearth-ionosphere cavity. 

[0040] Characteristic 5, An alternative instantiation of 
elevated terminal (12) s subject o high voltage direct current 
biasing used to collect E-Field direct current generated by the 
Earth's rotating magnetosphere. 

[0041] Characteristic 6, The evacuated spark gap (24) may 
be in the form of a cohesive physical spark ignition or an 
‘operational emulation of this fimetion through solid state 
circuitry. 

[0042] Characteristic 7, The evacuated spark gap (24) con- 
rected to the elevated terminal (12) prevents electrical dis: 
charge occurring between the elevated terminal and the iono- 
sphere cavity 

[0043] Characteristic 8, The high voltage alternating cur- 
rent from the F:-Field, induced into the elevated terminal (12), 
approaches peak voltage and causes the evacuated spark gap 
(24) to energize and a large voltage is applied to the step- 
clown transformer primary col (16). 

[0044] Characteristic 9, The high voltage altemating eur- 
rent impulse from the elevated terminal (12), which causes 
the evacuated spark gap (24) to energize, maniless as alter- 
nating curtent on broadband frequencies between 0.1 and 200 
We, 

[0045] Characteristic 10, n an alternative instantiation of 
the elevated terminal (12) the stored high voltage direct cur- 
rent, which causes the evacuated spark gap (24) to energize, 
_manifests as direct current on broadband frequencies between, 
and 200 Hz. 
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10046] Characteristic 11, The high voltage applied to the 
step-down transformer primary coi (16) pimps high Curent 
from the ground terminal (14), converting the clectic-eld 0 
‘¢ magnoie field within the transformer (16) 

10047] Characteristic 12, The high current pumped from 
the ground terminal (14), caused by high voltage applied © 
the step-down tansfonner primary eo (16), wll atempt © 
normalize the field and extinguish the evacuated spark yap 
24). 

{0048} Characteristic 13, The ransformer's (16) magnetic 
fied expands in response tothe high current elecrie-fekd 
inrosh from the ground terminal (14). 

{0049} "Characteristic 14, The primary winding inside the 
step-down transformer (16) will ad the energy from each 
‘badband frequency together into a single mayoetc field, 
‘where it will become a 60 Hz frequency atthe secondary 
‘winding ofthe transformer (16) 

[0050] Characterisc 15, The step-down transformer (16) 
is connected to 60 Hertz resonant capacitor (18) 

[0051] Characteristic 16, The secondary (el) se of the 
step-down transformer (16), resonating at 60 hertz, will sup- 
‘ply 60 hertz 120/240 VAC power to the electric load. 
10052] Characteristic 17, Filter circuits within the step- 
down transformer will condition the power according tothe 
electric power needs of the electe load. 

{0053} "Characteristic 18, Electc-fild lines exist (within 
the Ean's ionosphere cavity) that are horizontal tothe su 
face ofthe Karhandextend o heights above 30,000 fet with 
‘oliage gradients typically 100 Vols per vertical meter 
[ooS8) » Characteristic 19, Lightning impulses create global 
‘broadband oscillations in the Earth ionosphere eaity elec- 
triesield betwoon 0.1 and I Herz 

[0058] | Characterisc 20, Rotation ofthe Earth's megneto- 
sphere creates global electric field oscillations in the Earth 
ionosphere cavity that manifest as electromagnetic waves in 
‘he Oto 200 Herz requency range, 

{0056} “Characteristic 21, Global broadband osillatons in 
the Earth ionosphere cavity elevri-field can be used for 
‘relss enemy transmission without harm to peopl, plats, 
or tees 

10057] Characteristic 22, maximum quality ground con- 
notion is achieved by expanding the surface area of the 
‘ground connection (48 and 44) through extension of high= 
conductor lage gauge copper wires 46) horizontally though 
bezel (48) escape portals (4) along depth of source spoo! 
(44) and bezel (8) 

[0058] Characteristic 2, The technique deserbed in Char- 
sctristic 22 effectively expands the diameter ofthe ground 
source spool (44) with regard to quality of ground connection, 
0059} "Characteristic 24, Bezel threads (58) expand surface 
rca of bezel (48) touching earth, enbuncing ground connee- 
tion goa: 

[0060] Charaterisic. 25, Bezel dhwcads (88) enhance 
ground connection quality of bezel (48), source spool (44), 
and high conductor large gauge copper wires (46) through 
rotational insertion and resulting fietion hold. other (direct 
<hive) insertion methods which can result in comuption of 


‘ground bole integrity caused by imprecise angle andlor vibra 
tion daring insertion, 

[0061] While one or more embodiments of the present 
invent 


1nd al equivalent realizations of the present inven- 
tion are included! within the scope and sprit thereof. Thos, the 
‘embodiments presented herein are by way of example only 
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and are not intended as limitations of the present iavention.. 
‘Therefor, itis contemplated that any and all such embodi- 
‘ments are included in the present invention 
‘What is claimed is: 
1.A power receiver for extracting electrical energy from 
the eart’s electric field, said power receiver comprising: 
‘resonant transformer connected between a ground termi= 
ral disposed below the surface of the earth and an 
elevated terminal 
‘impulse generator for generating and applying a high volt- 
‘age electrical impulse to a primary winding of the reso 
nan transformer to induce curent flow from the ground 
terminal through the primary winding of the trans> 
former: and 
‘apower conversion eireuit connected to secondary wind= 
‘ng ofthe resonant transformer to convert electrical eur- 
rent flowing through he secondary winding to desired 
form, 
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2. The power receiver of claim 1 wherein a resonant fre~ 
{quency of the resonant transformer is below 200 Hz, 

3. The power receiver of claim 1 wherein the elevated 
‘terminal comprises an upper capacitive plate coupled to the 
‘earth's ionosphere cavity. 

44. The power receiver of claim 3 wherein the impulse 
‘generator comprises 

the upper eapacitive pate: 

a pair of electrodes separated by a spark gap, said elec- 
‘nodes connected between the upper capacitive plate and 
the primary winding of the resonant wansfomner and 
configuredto generatea spark when a voltage difference 
beiween the electrodes reaches a predetermined level, 

5. Thepowerreceiverofclaim | furthercomprisinga lower 

capacitive plate coupled to the ground terminal 

6. The power receiver of claim 1 wherein the resonant 
‘ansformer comprises a capacitor connected in parallel with 
4 primary winding of the resonnt transformer. 
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FIGURE 2D 
FIGURE 2E 


enhanced LTE Self-Organizing Network capability, Evolved Multimedia Broadcast 
Multicast Services (eMBMS), HetNet enhancements that include elCIC, Local IP Packet 
‘Access, and new frequency bands. For HSPA, includes quad-carrier operation and 
additional MIMO options. Also includes femtocell enhancements, optimizations for M2M 
communications, and local IP traffic offload. 


@ Release 11: Completed. For LTE, emphasizes Coordinated Multi Point (CoMP), carrier- 
aggregation enhancements, devices with interference cancellation, development of the 
Enhanced Physical Downlink Control Channel (EPDCCH), and further enhanced elCIC 
including devices with CRS (Cell-specific Reference Signal) interference cancellation. 
The release includes further DL and UL MIMO enhancements for LTE. For HSPA, provides 
eight-carrier on the downlink, uplink enhancements to improve latency, dual-antenna 
beamforming and MIMO, CELL Forward Access Channel (FACH) state enhancement for 
smartphone-type traffic, four-branch MIMO enhancements and transmissions for 
HSDPA, 64 QAM in the uplink, downlink multipoint transmission, and noncontiguous 
HSDPA carrier aggregation. Wi-Fi integration is promoted through S2a Mobility over 
GPRS Tunneling Protocol (SaMOG). An additional architectural element called "Machine- 
Type Communications Interworking Function” (MTC-IWF) will more flexibly support 
machine-to-machine communications. 


@ Release 12: Completed. Enhancements include improved small cells/HetNets for LTE, 
LTE multi-antenna/site technologies (including Active Antenna Systems), Dual 
Connectivity, 256 QAM modulation option, further CoMP/MIMO enhancements, 
enhancements for interworking with Wi-Fi, enhancements for MTC, SON, support for 
emergency and public safety, Minimization of Drive Tests (MDT), advanced receivers, 
device-to-device communication (also referred to as Proximity Services), group 
communication enablers in LTE, addition of Web Real Time Communication (WebRTC) 
to IMS, energy efficiency, more flexible carrier aggregation, dynamic adaptation of 
uplink-downlink ratios in TDD mode, further enhancements for HSPA+, small 
cells/HetNets, Scalable-UMTS, and FDD-TDD carrier aggregation. 


@ Release 13: Completed. LTE features include Active Antenna Systems (AAS) with 
support for as many as 16 antenna elements (full-dimension MIMO) and beamforming, 
Network-Assisted Interference Cancellation and Suppression (NAICS), radio-access 
network sharing, carrier aggregation supporting 32 component carriers,” cartier 
aggregation of up to four carriers on the downlink and two carriers on the uplink, LAA 
for operation in unlicensed bands, LTE Wi-Fi Aggregation including LWIP, RCLWI, 
isolated operation and mission-critical voice communications for public safety, 
application-specific congestion management, User-Plane Congestion Management, 
enhancement to WebRTC interoperability, architecture enhancement for dedicated core 
networks, enhancement to proximity-based services, Mission-Critical Push-to-Talk, 
group communications, CoMP enhancements, small cell enhancements, machine-type 
communications enhancements including NB-loT and Extended Coverage GSM (EC- 
GSM), VoLTE enhancements, SON enhancements, shared network enhancements, 
indoor positioning based on WLAN access points, Bluetooth beacons and barometric 
pressure, and enhanced circuit-switched fallback. HSPA+ features include support for 
dual-band uplink carrier aggregation. 


°7 This level of aggregation refers to signaling capabilities. The number of carriers that can be combined 
in an actual deployment is smaller and depends on RAN co-existence studies. Refer to the appendix 
section on “Carrier Aggregation” for additional details. 
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1 
ENERGY COLLECTION 


‘CROSS REFERENCE TO RELATED 
"APPLICATION 


‘This application is a continuation application of US. 
patent application Ser. No. 11/358,264, fled on Feb.21, 2006, 
ih is incorporated by reference herein. 


‘TECHNICAL FIELD. 


‘The present disclosure is generally related to energy and, 
‘more particularly, is related to systems and methods for col. 
leting energy. 


BACKGROUND 


“The concept of fiir weather eletrcity deus with the elec 
ttc field and the electric eurreat in the atmosphere propagated 
by the conductivity ofthe air. Clear, calm air carries an elec 
‘vical current, which is the return path for thousands of light- 
cing storms simultaneously occurring at any given moment 
around the earth, For simplicity, this energy may be referred 
to as sttie electricity or static energy. FIG. 1 illustrates a 
weather circuit for retuming the eurreat from lightning, for 
example, back to ground 10. Weather currents 20, 30 return 
the cloud to ground current 40, 

Ina lightening storm, an electrical charge is built up. and 
electrons are across a gas, ionizing it and producing the light- 
ening fash. Asone of ordinary skill in theart understands, the 
‘complete circuit requires a return path forthe lightening Nash, 
Theatmosphere is the return path forthe circuit, The electric 
field due tothe atmospheric return path is relatively weak at 
any given point because the energy of thousands of electrical 
storms across the planet are diffused over the atmosphere of 
the entice Earth during both fair and stormy weather. Other 
contributing factors to electic current being present in the 
atmosphere may include cosmic rays penetrating and inter- 
acting with the earth’s atmosphere, and also the migration of 
ions, as well as other effects yet to be fully studied. 

‘Some ofthe ionization inthe lower atmosphere is caused 
by aithome radioactive substances, primatily radon, In most 
places ofthe world, ions are formed ata rate ofS-10 pairs per 
fcubic centimeter per second at sea level, With increasing 
altitude, cosmic radiation causes the fon production rate 10 
increase. In reas with high radon exhalation from the sol (or 
building materials), the rate may be much higher. 

‘Alplu-aetive materials are primarily responsible for the 
aunospheric ionization. Each alpha particle (Ior instance, 
from a decaying radon atom) will, over its range of some 
centimeters, ereate approximately 150,000-200,000. ion 
pairs, 

‘While there isa lange amount of usable energy available in 
the atmosphere, a method or apparatus for efficiently collect- 
ing that energy has not been forthcoming. Therefore, a here 
tofore unaddressed need exists in the industry to address the 
aforementioned deficiencies and inadequacies. 


SUMMARY 


Embodiments of the present disclosure provide systems 
and methods for collecting energy. Briefly described in archi 
tecture, one embodiment ofthe system, among others, can be 
implemented by a support structure wire elevated above a 
aground level, at least one collection fiber electrically con- 
rected to the support structure Wire; a load electically con- 


wo 


4s 


8 


2 
nected 10 the support structure wire; anda diode eleetscally 
‘connected betwaen the load and atleast one collection fiber 

‘Embodiments ofthe present disclosure ean also be viewed 
asproviding methods for collecting energy: Inthisregard, one 
‘embodiment of such a method, among others, can be broadly 
‘summarized by the following steps: suspending at least one 
collection fiber from a support structure wire elevated above 
‘ground level, the fiber electrically connected to the support 
Structure Wire: providing a load with an electrical connection, 
tothe suppor structure wire to draw current; and providing a 
diode electrically connected between the collection fiber and 
the load. 

Other systems, methods, features, and advantages of the 
present disclosure will be or become apparent to one with 
sill in the art upon examination of the following drawings, 
and detailed description. Itis intended that all such additional 
systems, methods, features, and advantages be included 
‘within this description, be within the scope of the present 
disclosure, and be protected by the accompanying claims. 


BRIEF DESCRIPTION OF THE DRAWINGS, 


‘Many aspects of the disclosure can be better understood 
‘with reference tothe following drawings. The components in 
the drawings are not necessarily to scale, emphasis instead 
being placed upon clearly illustrating the prineiples of the 
present disclosure. Moreover, in the drawings like reference 
‘numerals designate corresponding parts throughout the sev 
eral Views, 

FIG. 1 is circuit diogram of a weather energy circuit. 

FIG. 2 isa perspective view of an exemplary embodiment 
‘of many energy eollectors elevated above ground by a struc 
ture, 

FIG. 2A is a side view of an enomgy collection fiber sus- 

from 8 suppor wire. 

FIG. 2B js a side view of an exemplary embodiment of an 
‘energy collection fiher suspended from a support wire and 
‘with an additional support member. 

FIG. 2C is a perspective view of a support structure for 
‘multiple energy collection fibers 

PIG. 2D is side view of an exemplary embodiment of a 
support stricture for multiple enengy collection fibers, 

TFIG. 2F isa side view of a support sircture for an energy 
collection fiber, 

FIG. 2F isa side view of an exemplary embodiment of a 
support steuetre for an energy collection fiber. 

FIG. 2G isa side view of a support structure for multiple 
‘energy collection fibers 

PIG. isa circuit diagram ofan exemplary embodiment of 
2 cirenit forthe collection of energy. 

FIG. 4isacireuit diagram of an exemplary embodiment of 
2 citenit forthe collection of energy. 

FIG. Sis acircuit diagram ofan exemplary embodiment of 
‘an energy collection circuit for powering @ generator and 
motor. 

FIG. Gis circuit diagram ofan exemplary embodiment of 
a cireuit For collecting energy and using it for the production, 
of hydrogen and oxygen 

FIG. 7isacireuit diagram ofan exemplary embodiment of 
2 cieuit foe collecting energy and using it for driving a fuel 
cel 

FIG. 8isacireuit diagram ofan exemplary embodiment of 
2 cirenit for collecting energy. 

FIG. 9 is 9 low diagram of an exemplary embodiment of 
collecting energy with a collection fiber. 


DETAILED DESCRIPTION 


Electric charges on conductors reside entirely on the exter- 
nal surface of the conduetors, and tend to concentrate more 
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around sharp points and edges than on flat surfiees. There 
fore, an elecitic field received by a sharp conductive point 
‘may be nmuch stronger than a field received by the same 
charge residing on a large smooth conkluctive shell, An exemn= 
plary embodiment ofthis disclosure takes advantage of this 
property, among others, collect and use the enerzy gener 
ated by an electric field in the atmosphere, Referring 10 col- 
lection system 100 presented in FIG. 2, at least one collection 
device 130 may'be suspended froma support wire system 120. 
supported by poles 110, Collection device 130 may’ comprise 
a diode or a collection fiber individually, othe combination 
‘fadiode anda collection fiber. Suppor wieesystem 120 may 
bheelecrically connected to load 1Sby connecting wire 140, 
Supporting wire system 120 may be any shape or patter 
‘Also, conducting wire 140 may beone wireor multiple wires. 
Thecollection device 130 in the form ofa fiber may comprise 
any conducting or non-condueting material, including car- 
bon, graphite, Teflon, and metal, An exemplary embodiment 
utilizes carbon or gruphite fibers For static electscity collec 
tion. Support wire system 120andconnecting wire 140.can be 
‘made of any conducting material, including aluminum or 
steel, but most notably, copper. Teflon may be added to said 
conductor as well, such as non-limiting examples ofa Teflon 
impregnated wire, a wire with a Tellon coating. or Teflon 
strips hanging from a wire. Conducting wire 120, 140, and 
200 may be bare wire, or coated with insulation as a non- 
limsting example. Wires 120 and 140 are a means of trans 
poring the energy collected by collection device 130, 

An exemplary embodiment of the collection fibers as col- 
lection device 130 includes graphite or carbon fibers. Graph 
ite and carbon fibers, at a microscopic level, can have hun- 
ireds of thousands of points. Atmospheric electricity may be 
attracted to these points, Ifatmospherie electricity can follow 
‘wo paths where one is flat surface and the other isa pointy, 
conductive surface, the electrical charge will be attracted 10 
the pointy, conductive surface. Generally themore points that 
are present, the higher energy that can be gathered. Therefore, 
carbon, oF graphite fibers are examples that demonstrate 
exemplary collection ability, 

In at least one exemplary embodiment, the height of sup- 
port wire 120 may be an important factor. The higher that 
collection device 130 is from ground, the larger the voliage 
potential between collection device 130 and electrical 
ground. The electric field may be more than 100 volts per 
-meter under seme conditions, When support wire 120 is sus- 
pended in the air at a particular altitude, wire 120 will itself 
collect a very small charge Irom ambient voltage. When col- 
ection device 130 is connected to support wire 120, collec 
tiondevice 130 becomes energized and transfers the energy to 
support wire 120 

‘A diode, not shown in FIG. 2, may be connected in several 
positions in collection system 100. A diode is a component 
that restrits the direction of movement of change carriers. It 
allows an electric current to flow in one direction, but essen 
tially blocks it in the opposite direction, A diode can be 
thought of as the electrical versionoFacheck valve. The diode 
‘may be used to prevent the collected energy from discharging 
‘nto the atmosphere through the collection fiber embodiment 
‘of collection deviee 130. An exemplary embodiment of the 
collection device comprises the diode with no collection fiber. 
A preferred embodiment, however, includes a diode at the 
connection point ofa collection fier to support system 1200 
such that the diode is elevated above ground, Multiple diodes 
may be used henween collection device 130 and load 180, 
Additionally, in an embodiment with multiple fibers, the 
diodes restricts enemy that may becollected through one fiber 
from escaping through another fiber. 
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Collection device 130 may be connected and arranged in 

relation to support wire system 120 by maay meats. Some 

ing examples are provided in FIGS. 24-2 using a 
collection fiber embodiment. FIG. 2A presents support wire 
200 with connecting member 210 for collection device 130, 
Connection member 210 may be any conducting material 
allowing for the flow of electricity from connection device 
130%0 support wire 200. Then, as shown in FIG. 2, the support 
‘ire 200 af suppor system 120 may beclecrically connected 
through conducting wire 140 to load 150. A plurality of 
diodes may be placed a any position on the suppor structure 
‘wire, A preferred embodiment places a diode at an elevated 
position at the connection point hetween a collection fiber 
‘embodiment of collection device 130 and connection mem- 
her 210, 

Likewise, FIG. 2B shows collection fiber 130 electrically 
‘connected to support wire 200 and also connected to support 
‘member 230, Support member 230 may he connected 10 
collection fiber 130 on either side. Support member 230 holds 
the fiber steady on both ends instead of letting it move freely. 
‘Support member 230 may be conducting or non-conducting. 
‘A plurality of diodes may be placed at any position on the 
Support siructure wire. A preferred embodiment places a 
diode at elevated position at the connection point between 
collection fiber 130 and support wire 200 or berween fiber 
130, support member 230, and support wire 200. 

FIG. 2C presents multiple collection fibers in a squirrel 
‘cage arrangement with top and bottom support members, 
‘Support structure 250 may be connected to support structure 
‘wire 200 by support member 240. Structure 250 has atop 260, 
and a bottom 270 and each of the multiple collection fibers 
130 are connected on one end to top 260 and on the other end 
to bottom 270. A plurality of diodes may be placed at any 
position on support structure 250, A preferred embodiment 
places a diode at an elevated positon atthe connection point 
‘between collection fiber 130 and support structure wire 200, 

FIG, 2D presents another exemplary embodiment of a sup- 
port sinicture with support members 275 in an x-shape con- 
nected to support structure wiee 200 at intersection 278 with 
collection fibers 130 connected between ends of support 
‘members 275. plurality of diodes may be placed at any 
position on the support structure. A preferred embodiment 
places a diode stan elevated positon atthe connection point 
‘between collection fiber 130 and support wire 200, 

FIG. 2E provides another exemplary embodiment for sup- 
porting collection fber 130, Collection fiber 130 may be 
connected on one side to support member 288, which may be 
‘connected to support structure wire 200 ina first location and 
‘on the other side to support member 280, which may be 
‘connected to support structure wire 200 ina second location 
‘on support structure wire 200, The first and second locations 
may be the same location, or they may be different locations, 
‘even on different support wires. A plurality of diodes may be 
placed at any position on the support structure. A preferred 
‘embodiment places one or more diodes at elevated positions 
at the connection point(s) between collection fiber 130 and 
Support wire 20, 

FIG. 2F presen another exemplary embodiment of sup- 
port fora collection fiber. Two support members 290 may 
support either side of a collection fiber and are connected to 
support wire 200 in a single point. plurality of diodes may 
bbeplacedat any position onthe support structure. A preferred 
‘embodiment places a diode at an elevated position at the 
ceonnection point between collection fiber 130 and support 
‘wire 200 

FIG. 2G provides two supports. provided in FIG. 28 such 
that at least two support members 282, 294 may be connected 
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to support strcture wire 200 in multiple locations aad col 
lection fibers 130 may be connected between each end of the 
support structures. Collection fibers 130 may be connected 
‘betwoen each end ofa single support structure andl between 
multiple support structures, A plurality of diodes may be 
placed at any position on the support structure, A preferred 
‘embodiment places one or more diodes at elevated positions 
atthe connection point(s) between collection fiber 130 and 
‘support siruture wire 200 

FIG. 3 provides a schematic diggram of storing circuit 300 
foestoring energy collected by one oF mote collection devices 
(130 from FIG. 2). Load 180 induces current flow. Diode 310 
‘may be electrically connected in series between one oF more 
collection devices (130 from FIG. 2) and load 180. plurality 
‘of diodes may be placed at any position in the citeuit, Switch, 
330 may be electrically connected hetween load 150 and at 
least one collection device (130 from FIG. 2) to connect and 
disconnect the load. Capacitor 320 may be connected in par 
allel t the switch 330-and load 150 to store energy whea 
switch 330 is open for delivery to load 150 when switeh 330 
is closed. Rectifier 340 may be electrically connected in par- 
allel to load 150, betwoen the receiving endof switeh 330 and 
ground. Rectifier 340 may be a full-wave or a half-wave 
rectifier, Rectifier $40 may include a diode electically con 
rccted in parallel to Toad 150, between the receiving end of 
switch 330 and ground. The direction of the diode of rectifier 
340 is optional. 

‘In an exemplary embodiment provided in FIG. 4, storage 
circuit 400 stores energy from one or more collection devices 
(130 from FIG. 2) by charging capacitor 410. If charging 
capacitor 410 is not used, then the connection to ground 
shown at capacitor 410 is eliminated. A plurality of diodes 
may be placed at any position inthe circuit. Diode 310 may be 
electrically connected in series between one or more collec~ 
tion devices (130 from FIG. 2) and load 180. Diode 440 may 
be placed in series with load 150, The vollage from eapacitor 
4410 can be used to charge spark gap 420 when it reaches 
sufficient voltage. Spark gap 420 may comprise one or more 
spark gaps in parallel. Noa-limiting examples of spark gap 
420 include mercury-reed switches and mereury-wetted reed 
switches. When spark gap 420 ares, energy will are fromone 
tend ofthe spark gap 420 tothe receiving end of the spark gap 
420. The output of spark gap 420 may be electrically con- 
nected in series to rectifier 480. Rectifier 450 may be a full- 
wave or a half-wave rectifier. Rectifier 480 may include a 
diode electrically connected in parallel to transformer 430. 
ana load 150, between the receiving end of spark gap 420 and 
ground. The direction ofthe diode of rectifier 450 is optional 
‘The output of rectifier 450 is connected to transformer 430 t0 
dive load 150, 

FIG. § presents motor diver circuit 500. One or more 
collection devices (130 fiom FIG. 2) are electrically con 
ncctedto static electricity motor $10, which powers generator 
520 to drive load 150. A plurality of diodes may be placed at 
any position in the circuit, Motor $10 may also be directly 
‘connected 10 load 150 10 drive it directly 

FIG, 6 demonstrates a circuit 600 for producing hydrogen, 
|A plurality of diodes may be placed at any postion in the 
Circuit, One or more collection devices (130 from FIG. 2) ane 
electrically connected to primary spark gap 610, which may 
be connected to secondary spark gap 640, Non-limiting 
examples of spark gaps 610, 640 inclide mercury-reed 
switches and mercury-wetted reed switches. Secondary spark 
‘gap 640 may be immersed in water 630 within container 620, 
‘When secondary spark gap 640 immersed in water 630 is 
energized, spark gap 640 may produce bubbles of hydrogen 
and oxygen, which may be collected to be used as fuel 
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FIG. 7 presents circuit 700 for driving a fuel cll. A plural- 
ity of diodes may be placed at any positon in the circuit. 
Collection devices (130 from FIG. 2) provide energy to fuel 
cell 720 which drives load 150, Fuel cell 720 may produce 
hydrogen and oxygen, 

FIG. 8 presents exemplary circuit 800 for the collection of 
‘encryy. Storage circuit 800 stores energy fom one or moze 
collection devices (130 from FIG. 2) by charging capacitor 
'810. [charging eapacitor 810 snot used, then the connection 
to ground shown at capacitor 810 is eliminated. A plurality of 
diodes may be placed at any position in the circuit. The 
voltage from capacitor 810 can he used to charge spark gap 
£820 when it reaches sullicieat vollage. Spark gap 820 may 
comprise one oF more spark gaps ia parallel or in series 
[Noo-limiting examples of spark gap 820 include mereury~ 
reed switches and mereury-wetted reed switches. When spark 
‘gap 820 ares, energy will are from one end of spark gap 820, 
othe receiving end of spark gap 820, The output of spark gop 
820 may be clecrically connected in series to rectilie 825. 
Rectifier 825 may be a full-wave or a half-wave rectifcr. 
Rectifier 828 may inchude a diode electrically connected in 
parallel to inductor 830 and load 150, between the ceiving 
‘end of spark gap 820 and ground, The direction ofthe diode 
of rectifier 825 is optional, The output of rectifier 825 is 
connected to inductor 830. Inductor 830 may be a fixed valve 
inductor ora variable inductor. Capacitor 870 may be placed 
in parallel with load 180. 

FIG. 9 presents. flow diagram of a method for collecting 
‘eneryy. In block 910, one oF more collection devices may be 
suspended ffom a support structure wire. In block 920, a Toad 
‘may be electrically connected to the support structure wine to 
dlraw current In block 930 a diode may be electrically con- 
nected between the support structure wire and the electrical 
‘connection to the load. In block 940, energy provided to the 
Joad may be stored or otherwise utilized. 

Any process descriptions orblocks in flow charts should be 
‘understood as representing modules, segments, or portions of 
code which include one or more executable instructions for 
implementing specific logical functions or steps in the pro- 
cess, and alternate implementations are ineluded within the 
scope of the preferred embodiment of the present disclosure 
in which functions may he executed out of order from that 
shown or discussed, including substantially concurrently or 
in reverse order, depending on the functionality involved, as 
‘would be understood by those reasonably killed in the art of 
the present disclosure 

should be emphasized thatthe above-described embodi- 
‘ments ofthe present disclosure, particularly, any “prefer 
‘embodiments, are merely possible examples of implementa 
tions, merely set forth fora elear understanding of the prin 
ciples of the disclosure, Many variations and modifications 
iay be made to the above-described embodiment(s) of the 
dligclosure without departing substantially from the spirit and 
principles of the disclosure. ll such modifications and varia- 
tions ae intended to be included herein within the scope of 
this disclosure and the present disclosure and protected by the 
following claims, 


‘Therefore, at least the following is claimed: 

1, A method of collecting energy comprising: 

suspending at least one collection device with, in opera 
tion, microscopic poinis ofa cross-section ofthe collec 
tion device exposed to the environment, the atleast one 
collection device electrically connected to the support 
structure; 

providinga load with an electrical connection tothe at least 
‘one collection device to passively draw current; and 
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powering # fuel cell between the support structure and the 
load, the powering performed with energy collected 
{rom the a least one collection device. 

2. The method of claim 1, wherein the collection device 
comprises a diode. 

3. The method of claim 1, wherein the collection device 
comprises a collection fiber. 

4, The method of claim 1, wherein the collection deview 
comprises a diode and a collection fiber and the diode is 
electrically connected between the collection fiber and the 
Toad. 

5. The method of claim 1, further comprising storing 
‘energy provided to the load, 

6. The method ofclaim 8, wherein toring energy provided 
to the load comprises storing energy in a capacitor or an 
inductor 

7. The method of claim 3, wherein the collection fiber 
‘comprises carbon fiber or graphite fer. 

8. A system of energy collection comprising: 

‘support structure: 

at east one collection device with, in operation, micro 

scopic points of'a cross-section ofthe collection device 
exposed tothe environment, the collection device elec 
trically connected to and suspended from the support, 
sructue, the at least one collection device configured 10 
passively draw current 

‘load electrically connected to the at least one collection 

device; and 

fa diode elecrically connected between the at least one 

collection device and the support structure. 

9. The system of claim 8, wherein the collection device 
‘comprises a diode, 

10. The sysiem of claim 8, wherein the collection device 
comprises a collection fiber. 

11. The system of claim 8, wherein the collection device 
comprises a collection fiber and a diode electrically con- 
nected between the load and the cellection fiber. 

12, The system of claim 9, wherein the diode is elevated 
relative to the ground level 

13. The system of claim 10, whervin the collection fiber 
comprises a carbon fiber ora graphite fer. 

14. The system of claim 8, further comprising: 

‘a switch connected in series between the at least one col 

lection device and the load: and 

‘ capacitor connected in parallel 

Toad. 

18. The system of claim 14, wherein the switch comprises 
an interrupter connected between the at least one collection 
‘levice and the load, and wherein the interrupter comprises at 
Teast one ofa fluorescent tube, a neon bulb, an AC light, and 
a spark gap. 

16. The system of claim 18, further comprising a trans- 
former connected betwoen the interrupter and the load. 

17. The system of claim 8, further comprising: 

‘motor for providing power, the motor connected between 

the at east one collection device and the load; and 

‘a generator powered by the motor. 

18. The system of claim 8, further comprising a fuel cell 
between the support structure and the Toad. 
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19. Thesystem of claim 18, wherein the fuel cell produces 
hydrogen and oxygen, 
20, system of collecting energy comprising 
‘means for suspending at east one collection device wit, in 
‘operation, microscopic points of a eross-section of the 
collection device exposed 10 the environment, the at 
Teast one collection device electrically connected to the 
‘means for suspending; 
means for passively inducing current flow, the means for 
inducing current flow electrically connected to the 
‘means for suspending: snd 
‘means for restricting the backflow of charge carriers, the 
‘means for resiicting the backflow of charge carriers 
clectrically connected berween the atleast one collec 
tion device and the means for inducing current flow. 
21. system of energy collection comprising 
4 support structure: 
at least one collection device with, in operation, miczo- 
scopic points of a cross-section ofthe collection device 
exposed tothe environment, the collection device elec 
trically connected to and suspended from the support 
structure, theat least one collection device configured to 
passively draw current, 
load electrically connected to the at least one collection 
device; nd 
‘switch connected in series between the at least one col 
lection device and the load, the switch comprising an 
interrupter connected between the at least one collection 
device and the load, and wherein the interrupter com- 
prises atleast one ofa fluorescent tube, a neon bulb, an 
‘AC light, and a spark gop, 
22. The system of claim 21, further comprising 2 trans- 
former connected between the interrupter and the load, 
23. A system of energy collection comprising 
4 support structure: 
at least one collection device with, in operation, miceo- 
scopic points of a cross-section ofthe ollection device 
exposed to the environment, the at least one collection 
device electrically connected to and suspended from the 
support structure, the collection device configured 10 
passively draw current, 
1 load electrically connected to the a least one collection 
device; 
‘a motor for providing power, the motor connected between 
the at least one collection device andthe load; and 
4 generator powered by the motor. 
24. A system of energy collection comprising: 
fa support structure: 
at least one collection device with, in operation, miceo- 
scopic points of a cross-section ofthe collection device 
exposed to the environment, the atleast one collection 
device electrically connected to and suspended from the 
support structure the atleast one collection deviee con- 
figured to passively draw current 
load electrically connected to the at least one collection 
device; and 
4 fuel coll between the suppor structure and the loa. 
25, The system of claim 24, wherein the fuel cell produces 
hydngea and oxygen, 
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on) ABSTRACT 


An apparatus fora wireless power supply including a mecha- 
nism lor receiving a range of RF radiation aeross a collection 
of frequencies. The apparatus includes a mechanism for eon- 
verting the RF radiation aeross the collection of frequencies, 
preferably ata same time into DC. A method for a wireless 
power supply including the steps oF receiving a range of RF 
radiation across a collection of frequencies, There is the step 
‘of converting the RF radiation across the collection of fre- 
‘quencies, preferably ata same time into DC. 


20 Claims, 2 Drawing Sheets 


@ Release 14: Expected completion June 2017. Contemplated features include uplink 
operation for LAA (enhanced LAA), full-dimension MIMO enhanced with up to 32 
antenna elements, dual-connectivity of licensed and unlicensed carriers across non- 
collocated nodes, —_vehicle-to-vehicle. and —_vehicle-to-infrastructure — (V2X) 
communications built on Release 12 Proximity Services, shared LTE broadcast in which 
different operators broadcast the same content on the same frequency, non-IP 
operation for 1oT, Downlink Multi-user Superposition Transmission (MUST), enhanced 
LWA, VoLTE enhancements, LWIP/LWA enhancements, eMBMS enhancements, NB-loT 
enhancements, and LTE latency reduction. 


@ Release 15: Expected completion September 2018. Non-standalone (using LTE core 
network) option expected March 2018. Specifies phase 1 of 5G. NR radio, 4G-5G 
interworking, and MIMO/beamforming. Further LTE enhancements include ultra-reliable 
low-latency communications, NB-loT enhancements, LAA enhancements, V2X 
enhancements, DL 1024 QAM, CoMP enhancements, AAS enhancements, and LTE/5G 
core network capability. 


@ Release 16: Expected completion end of 2019. Specifies phase 2 of 5G. Adds URLLC, 
spectrum sharing, unlicensed spectrum operation and integration, and multiple other 
enhancements. Further LTE enhancements. 


Data Throughput Comparison 


Data throughput is an important metric for quantifying network throughput performance. 
Unfortunately, the ways in which various organizations quote throughputs vary 
tremendously, often resulting in misleading claims. The intent of this paper is to realistically 
represent the capabilities of these technologies. 


One method of representing a technology's throughput is what people call “peak 
throughput” or “peak network speed,” which refers to the fastest possible transmission 
speed over the radio link and is generally based on the highest-order modulation available 
and the least amount of coding (error correction) overhead. Peak network speed is also 
usually quoted at layer 2 of the radio link. Because of protocol overhead, actual application 
throughput may be up to 10% lower than this layer-2 value. 


Another method is to disclose throughputs actually measured in deployed networks with 
applications such as File Transfer Protocol (FTP) under favorable conditions, which assume 
light network load (as low as one active data user in the cell sector) and favorable signal 
propagation. This number is useful because it demonstrates the high-end, actual capability 
of the technology in current deployments, referred to in this paper as the “peak user rate.” 
Average rates are lower than this peak rate and are difficult to predict because they depend 
on a multitude of operational and network factors. Except when the network is congested, 
however, the majority of users should experience throughput rates higher than one-half of 
the peak achievable rate. 


Some operators, primarily in the United States, also quote typical throughput rates, which 
are based on throughput tests the operators have done across their operating networks 
and incorporate a higher level of network load. Although the operators do not disclose the 
precise methodologies they use to establish these figures, the values provide a good 
indication of what users can realistically expect. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 88 
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METHOD AND APPARATUS FOR A 
WIRELESS POWER SUPPLY 


‘This application is a continuation application of applica 
tion Ser. No. 10/966,880 filed on Oct. 15, 2004, now U'S. Pat 
No. 7.027.311 

‘The nonprovisional application designated above, namely 
application Ser, No, 10/966,880, filed Oct, 15, 2004, claims 
the benefit of US. Provisional Application No. 

"APPLICATION NO. 60511,860 

FILING DATE Oct. 17,2008 


FIELD OF THE INVENTION 


“The present invention i related to the retrieval of radiated 
clectrical energy. More specifically, the present invention is 
related to the retrieval of radiated electrical energy that is 
optimized for any given portion of the RF spectrum using a 
plurality of taps 


BACKGROUND OF THE INVENTION 


Inthe operation ofthe invention, ambient RF and generated 
RF signals provide a source of potential enengy that can be 
gathered, stored and supplied to multitude of devices requir- 
ing electrical energy or that can restore energy lost by a 
discharged source, 

“Traditional RF receiving devices utilize an anteana to eap- 
ture a narrow band of frequencies within the RF spectrum, 
whereby the collection of RF frequencies is then filtered, or 
tuned, toaspevificfrequency(s) fr the purposes of maximiz~ 
ing the signal being transmitted within the chosen frequency 
(6). The potential energy contained inthe signal is then used 
{or its intended purpose, such as audio, video or data process 
ing. These RF receiving devices have focused on maximizing 
selectivity of the frequency in order to isolate and to be 
‘coherent without interference from other sources. 


‘SUMMARY OF THE INVENTION 


‘The present invention pertains to an apparatus for a wire 
less power supply. The apparatus comprises means for receiv 
ing a range of RF radiation across collection of frequencies, 
preferably ata same time, The apparatus comprises means for 
converting the RF radiation across the collection of frequen 
cies, preferably ata same time into DC. 

“The present invention pertains to a method for a wireless 
power supply: The method comprises the steps of receiving a 
range of RF radiation across a collection of frequencies, 
preferably ata same time, There isthe step of converting the 
RF radiation across the collection of frequencies, preferably 
aa same time into DC. 


BRIEF DESCRIPTION OF THE DRAWINGS 


Inthe accompanying drawings, the preferred embodiment 
of the invention and preferred methods of practicing the 
invention are illustrated in which: 

FIG. 1isa schematic representation ofa preferred embodi- 
‘meat of an apparatus of the present invent 

FIG. 2isa schematic representation ofa preferred embodi- 
‘ment of an apparatus ofthe present invention optimized for 
‘medium wave bandwidth RF energy retrieval, collection and 
storge, 

FIG. 3 sa block diagram ofthe apparatus of the present 
invention. 
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2: 
DETAILED DESCRIPTION 


Refering now to the drawings wherein like reference 
‘numerals refer to similar or identical parts throughout the 
severl views, and more specifically to FIG. 1 thereof, there is, 
shown an apparatus 10 for a wireless power supply. The 
‘apparatus 10 comprises means 12 for receiving a range of RF 
radiation across a collection of frequencies, preferably at a 
same time. The apparatus 10 comprises means 14 for con- 
vvrting the RF radiation across the collection of froquenci 
preferably at same time into DC 

Preferably, the converting means 14 includes an absorbing 
‘mechanism 16 which is resonant for a desired hand of RF 
specinim. The absorbing mechanisim 16 preferahly includes 
an inductor 18 which is resonant forthe desired band of RF 
spectrum. Preferably, the converting means 14 includes 2 
plurality of tps 20 placed at points along the inductor 18 10 
‘access the RF energy: 

“The up points preferably are calculated by matching the 
inductor’s 18 impedance to the desired band of RF spectrum. 
Preferably, the receiving means 12 includes an antenna 22. 
‘The converting means 14 preferably includes a rectifying 
mechanism 24 which rectifies the RE energy and converts it 
into DC voltage. Preferably, the rectifying mechanism 24 
includes a plurality of diodes 26 at each tap point which 
rectfies the RF energy and converts it into DC voltage. 

‘The apparatus 10 preferably includes a storage device 28 
forstoring the DC voltage. Preferably, the antenna 22 imped- 
‘ance is matched 1:1 with the inductor 18 impedance. The RF 
Spectrum preferably is between 60 Hz to 28 gigahertz 

‘The present invention pertains toa method for a wireless 
power supply. The method comprises the steps of receiving a 
range of RF radiation across a collection of frequencies 
“There is the step of converting the RF radiation across the 
collection of frequencies, preferably ata same time into DC. 

Preferably, the converting step includes the step of absorb- 
ing the energy. The absorbing step preferably includes the 
step of absorbing the energy with an inductor 18. Preferably, 
the converting step includes the step of accessing the absorb 
ing energy witha plurality of taps 20 onthe inductor 18, There 
is preferably the sep of matching the inductor'simpedance to 
‘a desired RF range. 

Preferably; the converting step includes the step of rectify~ 
ing energy available at each tap and converting it into DC 
‘voltages. The rectifying step preferably includes the step of 
rectifying the energy available at each tap and converting it 
into DC voltages With diodes 26. Preferably. the converting 
step includes the step of summing the DC voltages. The 
‘surnming step preferably includes the step of adding the DC 
voltages among series capacitor integrator. Preferably, there 
is the step of storing the summed DC voltages. There is 
preferably the step of using the stored DC voltages. 

A method and apparatus 10 for retrieval of radiated elec 
trical energy is described herein. The radiated energy to be 
‘capture is being ansmited in the portion ofthe electromag 
netic spectrum sometimes referred to as RF, or Radio Fre 
quency. The primary purpose ofthe method and apparatus 10 
described herein, is  reveive RP energy and convert the 
‘energy into @ usable Form of power. The method and appara 
‘us 10 does not discem or interpret individual signals or 
frequencies. It is designed to absorb and convert signal, car- 
rier and any associated interference for a chosen band or 
range of frequencies into reusable power. 

In contrast, to traditional RF receiving devices, this meth- 
‘odology and apparatus 10 avoids selectivity thas the unique 
characteristic of accepting broad ranges of the RF spectrum 
as a collection of frequencies. Bach collected range of f= 
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‘quencies is then rectified, or converted, as a whole into a 
ingle Voltage. Preferably. atthe same time of RF absorption, 
the resultant voltage is generated. The apparatus 10 makes no 
attempt to tune for any specific frequency or signal. Each 
voltage, which is gathered from a given range of lrequencies, 
is then added together and made avsilable i power a device 
directly, to be stored, or to supply energy to 2 recharging 
apparatus. As is implicit from the aforementioned deserip- 
tion, preferably, the apparatus 10 receives the RF radiation 
across the collection of frequencies atthe same time. 

‘The ridiated electrical energy, to be utilized by the ireuit, 
‘ean be inthe form ofa wide range ofthe RF spectrum. Some 
examples of ambient RF sources can inelude, but are not 
limited to: Very Low Frequeney-—VLE (Matitime/Aeronau- 
tical Mobile), Medium Frequency—MF (AM Radio Broad 
cast), High Frequency—HP (Shortwave Radio Broadcast), 
Very High Frequency—VHF (TV and FM Radio Broadcast), 
Ultra High Frequency UHF (IV, HDTV, PCS, WiFi) and 
certain Microwave transmissions. In addition, the apparatus 
1Wallows forthe reception of dedicated RF transmission that 
are generated and broadeast for the specie purpose of trans 
mitting power to the apparatus 10 for absorption, collection 
and utilization. In this case, it s not necessary for the dedi- 
cated RF transmission to contain a specific signal or data that, 
needs to be interpreted for ancillary purposes such as audio’ 
video or data reception and intespretation. 

‘Using the technique described herein, one can design and 
create an apparatus 10 tht is optimized for aay given portion 
of the RP Spectrum. The necessary electrical and magnetic 
characteristics of the apparatus 10 components will vary 
‘depensling on the chosen portion ofthe spectrum, Because of 
this, itis impractical to ereate one single apparatus 10 tocover 
the entire RF spectrum. However, itis possible to create 
individual apparatus 10, each designed for a given RF band, 
and combine both the apparatus 10, their outputs for maxi 
‘mum power efficiency. 

‘A portion ofa selected RF frequency bandis intercepted by 
fan antenna 22 placed in the field of emitted energy. The 
antenna 22 receives energy, in accordance with its design 
efficiency, and directs it into a system where itis absorbed, 

sd summed and delivered for use or storage. 


[Abb =Retied tue 
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RF signals striking an antenna 22 are fed into an inductor 
(L), which is resonant for the desired banc! of RF spectrum, 
Nove: Inareas witha high concentrationof RF energy there is 
‘no need to attach an antenna 22, The absorbed RF energy, 
consisting of fundamental, harmonic, inter-harmonic and 
Standing Waves is accessed via taps 20 (T1-Tx) on the induc 
tor 18 which are placed at points along the inductor 18. key 
characteristic ofthis device is that a capacitor-less front-end 
allows for the inductors’ wide bandwidth and maximum 
‘admittance of the incoming RF energy. The tap poiats are 
calculated by matching the inductor 18 section's impedance 
to the desired RF range 

‘The resultant RF energy, available at each tap 
rectified by a device, such as diodes 26 (D1-Dx), ax 
verted into DC Voltages. The individual rectified voliages are 
spread among a series capacitor integrator consisting of 
capacitors (CI-Cx), This broadband approach allows maxi 
‘mum energy tobe spread among the series capacitor stack, 

The sum ofthe voltages availabe from C1-Cx is stored in 
any storage device 28 such as a capacitor or group of capaci 
tors Cs (s1-sx) and made available for immediate use, or to 
supply electronic devices) requiring intermittent power. The 


ry 
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4 
lectrical charucteristics of he storage devices or capacitors, 
the configuration and actual number of storage devices is 
dependent on the voltage and power requirements of the 
dlevice the apparatus 10 is delivering power to, (See Figure 
One) 

Although uot considered part of the apparatus 10, the 
‘antenna 22 is an integral component of any practical device 
utilizing the method and apparatus 10 described. The key 
characteristics ofthe antenna 22 would be that itis eupableof 
‘wide band reception, optimized for the chosen bandwidth, 
and takes into consideration the necessary effective area 10 
‘support the pewer requirements ofthe target device. 

‘eally the antenna 22 impedance is matched 1:1 with the 
inductor 18 impedance of the apparatus 10 

‘Note: Inareas with ahigh concentration of RF enemy, there 

‘sno need to attach an antenna 22 to the apparatus 10. 


Inductor 18: 

The characteristics of the inductor 18 is dependent on the 
chosen bandwidth of frequencies to be collected and utilized 
‘The ideal inductor 18 should be constructed so that the mid 
point of total inductance would be resonant at the center 
frequency of the chosen RF segment or spectrum. 

‘Multiple taps 20 provide fundamental and intr-harmonic 
‘output voltages from the selected band segments of radio 
frequency energy. 

For example, a medium wave circuit (FIG. 2), utilizing an 
antenna 22 impedance of 375 ohms, into an inductive circuit 
‘with 375 ohms of reactance, with a center lrequency of 12 
MHz would require an inductance of 100 ull, The effective 
bbandwichr would be approximately 2 MHz wide. (-3 db 
down at each end ofthe bane). 

“The inductor 18 can be calculated using the following 
standard resonance formula (Formula 1) 


rtd ies ae vied 18 imese 
plone) 


Where 
[L-inductance in micro-heneys 

d-conductor diameter in inches. 

J-conxductor length in inches. 

-n-mumber of conductor iterations. 

Using similar formulae, the required inductance can be 
‘e-calculuted for henrys, millichenrys, pieo-henrys and nano 
hhenrys. ie. VLF, LF, MW, HE, VHE, URF and Microwave 
frequency band seamen. 

Utilizing a capacitor-ess front-end insures the inductors” 
‘wide bandwidth, and maximim admittance tothe incoming 
RF energy 


‘Taps 20: 
“Taps 20 areto be constructed and placed at points along the 
inductor 18. Each tap provides an individual output voltage 
into the rectifying portion ofthe apparatus 10. 
“The numberof taps 20 from the inductor 18 can be ealew- 
lated by the following formula (Formula 2): 


TaBw tines pi 


Where 
‘Tn=Total number of taps. 
Bw-Effective Bandwidth of inductor (in Megahert2). 
Pi-3.1416 

The default position of each tap on the inductor 18 is, 
‘equidistant slong the inductor 18. Tap positions ean also be 
calculated for optimum output voltage, When calculating the 
taps 20, one must take into consideration known frequencies 
‘within the chosen band segment that contain higher RE ener- 
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gies, And using a standard resonance inductance formula (1) 
teach individual tap can be calculated for the required fre 
quency and optimum voltage output. 
Rectifiers: 

The RF energy available at each tap is converted to DC 
voltage via a rectifying device. The type of rectifying device 
to be used is dependent on the chosen frequency band, and 
includes crystal, germanium, silicon and any otber types. 


Integrator: 

‘A vollage integrator is composed of capacitors C1-Cx. The 
values of these capacitors are dependent on the chosen fre= 
‘quency band, the unique characteristics of the rectifiers and 
the load imposed by the Storage stage. The reactance of this 
circuit varies greatly, even during. normal operation. How= 
ever, one can use a standard formula for eapacitive reactance 
asa starting point for preliminary calculations: 


epO) 


Where 
Xe-Capacitive reactance in obms 
(C-Capacitance in Microlarads 
F-Frequency in Hertz. 
Di-3.1416 


Storage: 

Slorage components) are determined by the power 
sequirements of the attached deviee(s), and the available RF 
energy absorbed by the inductor (). 


Using a Medium Wave example, a 2.200 micro-farad electeo= 
Itc eapacitoris used as storage, 


Sample Apparatus 10+ Medium Wave (AM) Wireless Power 
Supply 

‘A device has been constaicted, using the method stated 
above, which uses the ambient existing) AM Broadeast band 
of the RF spectrum as its source of energy. ‘The device's 
Primary purposeistooptisize the energy absorbed, collected 
and converted to reusable power 

‘The size and characteristics of the antenna 22 required for 
the circuit to operate are not considered a design reguirement 
forthe apparatus 10, The antenna 22 needed to obtain sull- 
cient energy o charge a storage device 28 in a typical urban 
area With several AM radio stations, would be sai 
‘sed fora standard AM radio In areas where there 
concentration of RF enemy the appratas 10 self, without 
{m antenna 22, is suficen to develop stored power 

“The induotor 18 isin the form of an air col comprised of 
enameled #28 gauge wire wound onto a2" form. The eilisa 
continaous tightly’ wound wire with taps 20 placed every 
twenty turas witha otal of six taps 20 available (11-16). The 
top of the coil is where the antenna 22 is connected. The 
bottom ofthe coil is connected to ground. 

Germanium diodes (IN34A) (DI-D6) are connected to 
cach tap on the coi. The series capacitor integrator (C1-C8)is 
constricted a illustrated with the Cé attached to ground. 
C1-C6 are poy capacitors with a 0.068 uF rating. The power 
storage device 28 wilized inthis sample apparats 10, C7 is 
8.2200 uF electoytic capacitor 

‘ery wide band operation can be utilized by coupling mul- 
tiple instances of the Broadband Wireless Power Supply 
together. 


For Example 

_ABWPS circuit designed and constructed (see design con- 
siderations) for a Very Low Frequency wave segment (60 Hz 
center frequency), can be coupled iato another BWPS circuit, 
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designed and constructed (see design considerations) for an 
Ultra High Frequency wave segment (5 GHz center fre- 
quency). The outpats of each individual circuit connect (via 
another integrator circuit) into a common storage device 28, 
{e., capacitor) to “poo!” collected and converted RF energy 
together. This technique ean be repeated for any or all sex 
‘meats ofthe energy spectrum. 

Although the invention has been deseribed in detail in the 
foregoing embodiments forthe purpose of illustration, itis to 
‘be understood that such detail is solely for that purpose and 
‘that variations can he made therein by those skilled inthe art 
‘without departing ftom the sprit and scope of the invention, 
‘except as if may he described by the following claims. 

‘What is claimed is: 

1. An apparatus, comprising: 

‘means for receiving RF radiation within a plurality of 

frequency bands; and 
means for converting separately the received RF radiation 
‘associated with each ofthe plurality of frequency bands 
into DC, the converting means includes an inductor and 
al Teast three taps, each tap from the at least three taps 
boeing placed at @ unigue point along the inductor to 
‘access an energy associated with the RF radiation, 
2. An apparatus as deseribed in claim 1 wherein the induc 
{orincludes one or more portions, cach portion ofthe inductor 
is uniquely associated with one frequency band from the 
plurality of frequency bands, each portion ofthe induetor has 
2 resonant frequency within that frequency band, 
3. An apparatus as described in elaim 2 wherein the tap 
pointsare calculated based on the resonaat frequency foreach 
portion of the inductor 
4, Anapparatusas described, inclaim 1 wherein the receiv 
ing means includes an antenna, 
', An apparatus as described in claim 1 wherein the con- 
‘verting means includes a rectifying mechanism which recti- 
fies the energy associated with the received REF radiation 1 
proclce rectified energy ancl converts the rectified energy into 
DC voltage. 
6, An apparatus as described in claim $ wherein the recti- 
fying mechanism includes a diode at each tap point to rect 
the energy associated with the received RF radiation into the 
DC voltage. 
7. Am apparatus as described in claim § further comprising 
a storage device for storing the DC voltage. 
8. A method, comprising: 
receiving RF radiation within « plurality of frequency 
‘bands ata single antenna 

separating the received RE radiation into a plurality of 
portions of the received RE radiation independent of a 
capacitor, each portion from the plurality of portions of 
the received RE radiation uniguely associated with a 
frequency band from the plurality of frequency bands; 
and 

converting separately the plurality of portions of the 

received RE radiation into DC. 

9. 4 method as the described in claim 8 wherein the con- 
vertng includes absorbing an energy associated with the 
received RF radiation 

10.A method asdescribed inclaim 9 wherein the absorbing 
incindes absorbing the energy with an inductor 

11. A method as described in claim 10 wherein the con- 
verting includes accessing the absorbed! energy’ with a plural- 
ity of taps on te inductor. 

12, A method as described in claim 11 wherein the eon- 
verting inchides rectifying the energy associated with each 
tp to produce rectified energy and converting the rectified 
‘energy associated with each tap into a DC voltage 
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413. A method as deseribed in claim 12 wherein the reeti- 
{ing includes rectifying the energy associated with each tap 
to produce rectified energy and converting the rectified 
‘energy associated with each tap into the DC voltage with a 
diode. 

14, A method as described in claim 13 wherein the con- 
verting includes adding the DC voltage associated with each 
tap from the plurality of taps into a single DC voltage. 

15, A method as described in claim 14 wherein the adding 
includes integrating the DC voltage associated with each tap 
‘rom the plurality of taps with series capacitor integrator. 

16.8 method as described in claim 14 further comprising 
storing the single DC voltage 

17. An apparatus, comprising: 

‘means for receiving a range of RF radiation across a col~ 

lection of frequencies; and 

‘means for converting RF radiation across the collection of | 

Trequencies into DC, including multiple taps to secess 
the PT radiation across the collection of frequencies. 

18, An apparatus, comprising 

‘means for receiving a range of RF radiation across a col- 

lection of frequencies with a single antenna; and 

‘means for converting RF radiation across the collection of 

Trequencies from the single antenna into DC, tbe eon 
verting means includes an induetor that i resonant fora 
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desired band of RF spectrum, the inductor having a 
plurality of taps placed at points along the inductor to 
access the RE energy. 

19.4 method, comprising 

receiving a range of RF radiation across « collection of 
‘frequencies at a single antenna; 

converting the RF radiation received tthe single antenna 
across the collection of frequencies into DC by absorb- 
ing the energy with an inductor; and 

accessing the absorbed energy with a plurality of tps on 
the inductor. 

20, A method, comprising: 

receiving radiation Within an RF speetrum band viaa single 
‘antenna, a fist portion of the received radiation being 
associated with first portion ofthe RF spectrum band, 
‘a seconal portion ofthe received radiation being associ 
fated with a second portion of the RF spectrum band 
lifferent than te first portion: 

converting separately the received madiation from each of 
the frst portion of the RF spectrum band and the second 
portion of the RF spectrum band into a DC voltage; and 

combining the DC voltage associated with the frst portion 
‘of the RF spectrum band and the DC voltage associated 
‘with the second portion ofthe RE spectrum band, 
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Systems, methods and apparats for harvesting atmospheric 
clectricty are provided. The system includes a laser contig 
tured to form plasma filament and a collector configured to 
collect electricity flowing along the plasma filament. The 
plasma filament comprises an electrically conducting plasma 
Fikameat. Atmospheric electricity may be collected by having 
the plasma filament form at least a part of a conducting path 
(1) betwoen ground and a cloud, (2) betwoen differently 
charged regions of the same cloud, (3) between differently 
charged regions of different clouds, and (4) between different 
regions of atmosphere, where ther is a vertical voltage gr 
dlicat, When the plasma filament is aot long enough to form 
the entire conducting path, a lightning may be triggered to 
‘complete the conducting path noeded to collect atmospheric 
electricity 
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Table 14 presents the technologies in terms of peak network throughput rates, peak user 
rates (under favorable conditions), and typical rates. It omits values that are not yet 
known, such as for future technologies. 


The projected typical rates for HSPA+ and LTE show a wide range because these 
technologies exploit favorable radio conditions to achieve high throughput rates, but under 
poor radio conditions, throughput rates are lower. 
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SYSTEM FOR HARVESTING ATMOSPHERIC 
ELECTRICITY 


STATEMENT REGARDING FEDERALLY 
‘SPONSORED RESEARCH OR DEVELOPMENT 


Not upplicable, 


FIELD OF THE INVENTION 


‘The subject technology relates in general to a system for 
harvesting atmospheric electricity, and more particularly toa 
system that uses a laser to form an electrically conducting 
plasma filament for harvesting atmospheric electricity 


BACKGROUND 


is well known that large quantitos of electrical energy are 
present in the atmosphere andi lightning. Lightning wasone 
‘ofthe frst forms of electricity harnessed in the modern age by 
‘Benjamin Franklin i his famous kite experiment 

‘A lightaing discharge typically contains on the order of 
10° Joules of energy. It has been estimated that the total 
clectrical power offightning across the Earth sof the order of 
10!” watts. Collection of electrical energy from clouds asso- 
ciated with lightning is problem that needs to be resolved. 

Lightaing is but a small part ofthe total electrical activity 
‘of the atmosphere. When a local build up of charge above the 
arth exceeds the local breakdown potential of the atmo= 
sphere a lightning discharge occurs. However, there isa con~ 
tinval invisible flow of charge from Ionosphere to Earth 
‘occurring day and night over the entte surface of the globe, 
which exceeds the global lightning power output by many 
times. The source ofthis flow of charge from the atmosphere 
toBarthisthe Sun. Radiation from the Sun helps formmost of 
the ions found in the Ionosphere, a highly charged region 
above the atmosphere, through ionization of atmospheric 
‘molecules. Solar radiation, particularly in the UV and soit 
X-ray bands, consist of photons Whose energies are well 
suited to ionization. The Sun also emits continuously a solar 
wind of positively charged particles. These are captured by 
the Barth's magnetic field and further contribute to the lono- 
sphere. ‘The positively charged region in the lonosphere in 
‘um induces (by electrostatic induction) a negative charge on 
the surface of the Earth. The Barth becomes in effect aa 
enormous spherical capacitor. A potential gradient or electric 
field is thus established between the two “plates” of this 
capacitor, the Ionosphere (or Electrosphere) and the surface 
ofthe Earth, While the upper stata of the atmosphere conduct 
electricity reasonably well, the Iower levels act asan insulator 
or dielectric. Near the surlace of the Barth this electrostatic 
potential gradient ison the order of about 100 Vin in sum- 
mer, rising to 300 Vin in winter. This flow of change can be 
tapped and directed to provide useable electrical power. This 
source of atmospheric electricity has the following advan- 
tages: (1) Simple and robust technology; (2) Low eost tech 
rnology"—much cheaper than photovoltaics or wind turbines: 
(@) Available day and night in ll weatherconditions—in fact, 
'more power is produced at night than during the day’ and (4) 
Available at any point on the Barth's surface. Collection of 
this source of atmospheric electricity is another problem that 
needs to be resolved. 


SUMMARY 


According to various aspects of the subject technology, a 
systom for harvesting atmospheric electricity is provided that 
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solves some or ll ofthe foregoing problems. Ia some aspect 
the system may be used to harvest atmospheric electricity 
arising from an electrostatic potential gradient: (1) between 
‘ground and a cloud, (2) between differently charged regions 
Of the same cloud, (3) between differently charged regions of 
different clouds, and (4) between different regions of atmo- 
sphere, where there is a vertical voltage gradient, In other 
aspects, the system may be used to harvest atmospheric elee~ 
nicity arising from an electrostatic potential gradient beween 
the Ionosphere (or Electrosphere) and the surface of the 
arth 

“According to Various aspects of the subject technology: a 
system for harvesting atmospheric electricity is provided. 
‘The system comprises a laser configured to form a plasma 
filament, The system also comprises collector configured to 
collect eleciricity owing along the plasma filament 

According to Various aspects of the subject technology, & 
method for harvesting aimospherie electricity is provided. 
The method comprises forming a plasma filament with a 
laser, The method also comprises collecting electricity flow 
ing along the plasma filament. 

‘According 10 various aspects of the subject technology, an 
apparatus for harvesting aimospheric electricity is provided. 
‘The apparatus comprises means for forming a plasma fila- 
‘ment with a lager. The system also comprises means for 
collecting electricity flwing along the plasma filament. 

It is understood that other configurations of the subject 
technology will become readily apparent to those skilled in 
the at from the following detailed description, wherein vati- 
‘ous configurations of the subject technology are shown and 
described by way of illustration, As will be realized, the 
‘subject technology is capable of other and different configu- 
rations and its several details are eapable of modification in 
variousother respects, all without departing from thescopeof 
the subject technology. Accordingly, the drawings and 
tailed description are to be regarded as illustrative in nature 
‘and not as restrictive, 


BRIEF DESCRIPTION OF THE DRAWINGS, 


The accompanying drawings, which are included to pro 
vide further understanding of the subject technology and are 
incorporated in and constitute a part of this specification, 
illustrate aspects of the subject technology and together with, 
the deseription serve to explain the principles ofthe subject 
technology. 

FIG. 1 ilustrates first example ofa system for harvesting 
atmospheric electricity. The system comprises laser config 
‘ured to form plasma filament and a collector configured to 
collect clecticity flowing along the plasma filament. The 
plasma filament forms conducting path between ground and 
cloud, 

FIG. illustrates. second example of system forharvest- 
ing atmospheric elecriity. A plasma filament and lightning. 
‘together form a conducting path between ground ancla cloud, 
‘A condensing mirror directs the beam of laser towards the 
‘loud. 

PIG. 3A illustrates a third example ofasystem forharvest- 
ing atmospheric electricity. A laser system situated! on an 
airplane forms two plasma filaments that together completea 
‘conducting path betwen a first region ofa cloud anda second 
region of the cloud. The first region of the cloud and the 
second region ofthe elu carry opposite electric charges. A 
collector configured to collect electricity flowing along the 
‘wo plasma filaments is aso situated on the same airplane as, 
the laser system, 
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FIG, 3B illustrates a fourth example of a system for har- 
vesting atmospheric electricity, It is similar to FIG. 3A, 
‘except two lightnings complete the conducting path between 
frst eogion ofa cloud and a second region ofthe cloud (1e., 
a fist lightning elecwieally connects the fist region of the 
cloud to one of the plasma filaments and a second lightning 
electrically connects the second region of the cloud 10 the 
‘other plasma filament) 

FIG, 4illustratesafith example ofa system for harvesting 
atmospheric electricity. A laser system situated onan airplane 
ormstwo plasma filaments that iogether completeaconduet= 
ing path between a first cloud anda secoad cloud. The region 
of the first cloud that is eannected tothe first plasma filament 
and the region of the second cloud that is eonnocted to the 
second plasm filament carey opposite electric charges 

FIG. illustrates a sixth exampleof asystem forharvesting 
atmosphere electricity, laser situated on an agplane forms 
plasma filament that completes a conducting path between 
a first region of atmosphere and a second region of atmo- 
sphere. A collector situated on the same airplane asthe laser 
cean collect electricity flowing along the plasma filament, 
because a vertical voltage gradient exists between the first, 
region of atmosphere and the second region of atmosphere 

FIG. 6 illusirates an example of a collector configured 10 
collect electricity Rowing along the plasma filament. The 
collector may be a charge collection circuit characterized by 
capacitance, inductance, and resistance. The electricity may 
be collected by charging a capacitor. 


DETAILED DESCRIPTION 


‘The detailed description set forth below is intended as a 
description of various configurations of the subject technol- 
‘ogy ands not intended to represent the only configurations in 
which the subject technology may he practiced. The 
appended drasvings are incorporated herein and constinute a 
part of the detailed description, The detailed description 
includes specific details forthe purpose of providing a thor- 
‘ough understanding of the subject technology. However, it 
will be apparent 10 those skilled in the art that the subject 
technology may be practiced without thete specific detail. La 
some instances, well-known structures and eomponeats are 
shown in block disgram form in order to avoid obscuring the 
concepts of the subject technology. Like components are 
labeled with identical element numbers for ease of under- 
standing. 

FIG. 1 illustrates a first example of a system 100 for har- 
vesting atmosphere electricity: The system 100 comprises a 
laser 110 configured to form a plasma filament 120 and a 
collector 130 configured to collect electricity flowing along 
the plasina filament 120. The plasina filament 120 forms 3 
conducting path between ground and a cloud 140, 

The plasma filament 120 comprises an electrically eon- 
‘ducting plasma filament. The plasina comprises of electrons 
and positive ions. The electrically conducting plasma fil 
‘ment may be formed in atmosphere using an ultra short pulse 
laser (USPL). The USPL fons a plasma filament by raising 
the conductivity of a very small diameter channel (100 
'mierons or less) fora very bref time. The propagation ofhigh 
power (~10"* Wiem*) pulses fiom the USPL is accompanied 
by filamentation—self-channeling of femtosecond laser 
pulses in stable high-intensity light filaments with ~100 
:mierons diameters (o thatthe Kerr effect focusing balances 
defocusing due to plasma formation). This flamentation 
keeps the heam virtually fre of diffraction divergence. The 
Jong plasma strings have high electron densities (10°/em*) 
which support high conductivities. The ionization of air at 
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these intensities results from multi-photon processes. Fila- 
‘meatation bas been produced and detected at altitudes ashigh 
as 13-20 km. Almost no beam scattering occurs in filamen- 
tation phenomenon, and virtually all the pulse energy is 
invested in ionization of air molecules, With the typical elee- 
‘wondeusity and channel diameter, a 160m pulses sullicient 
to generatea 1 km long channel 

(Once initiated, plasma filaments eannot goon forever, and 
‘ypically only propagate a kilometer or so before energy 
depletion and exhaustion. However, by using t¥0 coaxial 
LUSPL projection optics having different time-lensing param- 
eters, a near and far filament could be initiated in a "daisy 
cbsin” to extend the total length of the conductive channel 
“The onset of ilamentation in the far filaments time-lensed to 
coincide with the exhaustion range of the near filament. Addi 
tionally, using negative chigp, femtosecond laser pulses ean 
‘propagate almost without loss until different frequency com- 
ponents of the wave packet, propagating at different speeds 
ddue to dispersion in air, ome together a a certain desired 
location so thatthe laser intensity there exceeds the filsmen- 
{ation threshold, resulting in long ionized filaments crested at 
distance of up to several miles from the laser source. nother 
‘words, negative chirp is used to essentially focus a beam of 
the later at a desired distance to form the plasma filament 
there. Accordingly, this technique may be used to move the 
staring point and to extend the length ofthe plasma filament. 

‘The size, electrical conductivity, and lifetime of the plasma 
filaments are enianced by an auxiliary radio-frequency elec- 
‘romagaetic waves or microwaves. The plasaa filament may 
act like an antenna to absorb the auxiliary radio-frequency 
(RF) electromagnetic waves or microwaves. 

‘The pulsed collection of electric charge and energy is 
repeated with an optimal (possibly very high) repetition rate 
of the pulsed laser and of the auxiliary RF waves of micro- 
‘waves. The energy collected per one pulse should exceed the 
cenengy spent on creating and enhancing the plasma flament, 
so that the net energy collected is positive. The optimal pulse 
repatiton rate (PRR) depends upon atmospheric conditions 
‘which can vary widely over even short time durations. AS a 
‘general rule, one tres to tune the epetiton rae to the plasma 
relaxation time (the ion-eleetron recombination time) so that 
the conductivity ofthe filament remain as high as is optimal 
aiven the atmospheric conditions at the time. A feedback 
‘control system that varies the PRR as well as the rest ofthe 
pulse-shaping parameters may be employed to optimize the 
ret power production of the system, For more information 
regarding pulse shoping and tsiloring, which isthe central 
theme ofthe field called “quantum control, please see A. 
Assion, T. Baumert, M. Berg, . Brixner, B. Kiefer, V. Sey 
fied, M. Steele, G. Gerber (30 October) "Control of Chemi- 
cal Reactions by Feedhack-Optimized Phase-Shaped Femto- 
second Laser Pulses", Science 282 (5390): 919.922. doi 
10.1 126iscience 282 $300,919. PMID 9794756, 

PIG. 2 illustrates a second example of a system 200 for 
harvesting atmosphere electricity. plasma filament 120and 
4 lightning 210 together form conducting path between 
‘ground and a cloud 140, A condeasing mirror 220 directs the 
‘beatn of laser 110 towards the cloud 140, A collector 130 is, 
configured to collect elecriity lowing along the plasma 
filament 120. 

Inthe case of electricity collection from the cloud 140, the 
initial and RF-enbanced plasma filaments can be relatively 
hort, not reaching all the way from ground to the cloud 140, 
The relatively shoe plasma filameat ean he optimized so that 
it would trigger propagation of the so-called leader (as in 
natural lightning), which would effectively use the energy 
and potential ofthe eloud to eventually create an eleeteically 
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conducting path between ground and the cloud 140. The final 
conducting path would comprise ofa plasma filament 120and 
a lightning 210, 

Itisnot shown in the figures, but alternatively both the laser 
110 and the collector 130 may be placed on a mobile device, 
hich moves together withthe cloud, One such mobile device 
may be a vehicle moving on the ground, but another such 
mobile device may bean airplane fying inthe ar. Inthe ease 
of an aigplane fying in the aig, plasma filaments may be 
formed! by the laser to reach both ground and the cloud at the 
‘same time. Inthe event the plasma filament directed at ground 
isnot long enough to reach ground, a lightning may also be 
{formed to complete the conducting path to ground. 

FIG, 34 illustrates a third example of a system 300 for 
harvesting atmospheric elevtiity. A laser system situated on 
aan airplane 310 forms two plasma filaments (321, 322) that 
together complete a conducting path between a first region 
331 ofa cloud 330 and a second region 332 ofthe cloud 330. 
The first egioa 331 of the cloud 330 and the second region 
332 of the cloud 330 carry opposite electric charges, In the 
‘example shown here, the fist region 331 of the cloud 330 
carries positive electric charges, while the second region 332 
of the cloud 330 carries negative electric charges. A collector 
configured to collet electricity lowing along the two plasms 
filaments is also situated on the same airplane 310 as the laser. 
Positive and negative charges are naturally separated within 
the cloud, so this example makes use of the electrostatic 
potential gradient beeen differeat regions of the same 
cloud. 

FIG. 38 illustrates fourth example of the system 300 for 
harvesting atmospheric electricity. It is similar to FIG. 3A, 
‘except two lightnings (341, 342) complete the conducting 
path between a frst region 301 ofa cloud 330 and a second 
region 332 of the cloud 330 (Le. first lightning 341 electri- 
cally conneets the first region 331 of the cloud 330 %0 one of 
the plasma filaments 321 anda second lightning 342 electri- 
cally connects the second region 332 of the cloud 330 to the 
‘other plasma filaments 322), The lightning formation is again, 
‘because the initial and RF enhanced plasesa filaments can be 
relatively short, not reaching all the way from the collector 
situated on aigplane 310 to the cloud 330, These relatively 
short plasma filaments can be optimized so that they would 
‘tigger propagation ofthe so-called leader (as in natural light- 
ning), which would eventually create an electrically conduct 
ing path between the two regions of eloud 330 via a connec 
tion through airplane 310, The final conducting path would 
comprise of two plasma filaments (321, 322) and two light- 
rings (341, 342). Of course, one ofthe lightnings may not be 
formed, if one of the plasma filament can reach all the way 
{from airplane 310 to clovd 330, 

FIG, 4 illustrates a filth example of the system 300 for 
harvesting atmospheric electricity. laser system situated on 
an airplane 310 forms two plasma filaments (421, 431) that 
{together complete acondueting path between a first cloud 420 
and a second cloud 430, The region 422 ofthe firs cloud 420 
that is connected to the first plasma filament 421 and the 
region 432 of the second cloud 430 that is eonnected to the 
second plasma filament 431 curry opposite electric charges. 
In the example shown here, region 422 of cloud 420 carries, 
positive electric charges, while region 432 of cloud 430 carry 
negative electric charges, Positive and negative charges are 
naturally separated within the cloud, so this example makes, 
use of the electrostatic potential gradient between different 
regions of different clouds. Once again, in ease one of the 
plasma filament cannot reach al the way from airplane 31010 
any one ofthe clouds, then lightning may be formed to com= 
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pletean electrically conducting path fom airplane 310 to any 
‘one of the clouds, But these embodiments are not shown in the 
figures. 

FIG. $ illustrates a sixth example of the system 300 for 
harvesting atmospheric electricity. leser system situated on 
‘an airplane 310 forms a plasma filament 301 that completes a 
conducting path between first egion 510 of atmosphere and 
asecond region 520 of atmosphere. collector situated on the 
‘same airplane 310 as the laser system can eollect electricity 
flowing along the plasma filament $01, because a vertical 
‘voltage gradient exists berweea the first region $10 of atmo- 
sphere and the second region $20 of atmosphere, Because no 
clouds are ceded for this embodiment, atmospheric eleetric- 
ity collection is possible under fair Weather conditions (eely- 
ing on the naturally existing vertical voltage gradient in the 
atmosphere) as well as under foul weather conditions. 

FIG. 6 illustrates an example ofa collector 130 configured 
tocollee electricity flowing along a plasama filament 620. The 
collector may be a charge collection circuit characterized by 
ccpacitance 631, inductance 632, and resistance 633. The 
electricity may be collected by charging a capacitor associ 
ated with capacitance 631, Battery 610 ropresents these natu 
rally existing voltage sources: (1) between ground and a 
cloud, (2) between differently charged regions of the same 
cloud, (3) between differently charged regions of different 
clouds, and (4) between different regions of atmosphere, 
‘where there isa vertical voltage gradient. The plasma filament 
{620 can, forthe purpose of analysis and optimization of the 
charge collection process, be viewed as electromagnetic 
‘wansmission lines characterized by their effective capaci- 
tance, inductance, and resistance per unit length. Accord- 
ingly: the parameters of the charge collection cireuit and of 
the effective transmission line representing the plasma fila- 
‘meats are optimized, so as to maximize the net charge and 
‘energy collected (minus the energy spent on generating and 
‘enhancing the plasma filaments). 

‘The foregoing description is provided to enable a person 
skilled in the art practice the various configurations 
described herein. While the subject technology has been par- 
ticularly described with reference to the various figures and 
configurations, it should be understood that these are for 
illustration purposes only and should not be taken s limiting 
the scope ofthe subject technology. 

“There may be many'other ways to implement the subject 
technology. Various functions and elements described herein, 
‘may he partitioned differently from those shown without 
departing from the scope of the subject technology. Various 
‘modifications to these configurations will be readily apparent 
to those skilled in the art, and generic principles defined 
herein may be applied to other configurations. Thus, many 
changes and modilications may be made to the subject tech 
nology; by onehavingonlinary skill in thear, without depast- 
ing from the scope of the subject technology. 

‘is understood that the specific order or hierarchy of steps 
in the processes disclosed is an illustration of exemplary 
approaches. Based upon design preferences, itis understood 
that the specific order or hierarchy of steps in the processes 
may be rearranged. Some of the steps may be performed 
simultaneously. The accompanying method claims present 
elements of the various steps in a sample order, and are not 
‘meant to be limited to the specific order or hierarchy pre 
sented. 

‘A phrase such as “an aspeet” does not imply that such 
aspect is essential 1o the subject technology oF that such 
aspect applies to all configurations ofthe subject technology. 
‘A disclosure relating to an aspect may apply to all configu 
‘ations, or one or more configurations. Anaspeet may provide 
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‘one or more examples of the disclosure. A phrase such as aa 
“aspect” may refer to one or more aspects and vice versa. A 
phrase such as an “embodiment” does not imply that such 
‘embodiment isessential tothe subject technology or that such 
‘embodiment applies to all configurations ofthe subject tech 
nology. A disclosure relating to an embodiment may apply 10 
all embodiments, of one or more embodiments. An embodi- 
‘ment may provide one or more examples of the disclosure. A 
phrase such an “embodiment” may refer to one or more 
‘embodiments and vice versa, A phrase such as a “configura 
tion” does not imply that such configuration is essential to the 
subject technology or that such configuration applies to all, 
configurations of the subject technology. A disclosure relat- 
ing toa configuration may apply tall configurations, orone 
‘or more configurations. A configuration may provite one or 
more examples of the disclosure. A phrase such as a “con= 
figuration” may refer to one oF more configurations and viee 

Furthermore, tothe extent that the term “include,” “have.” 
or the like is used inthe description or the claims, such term 
is intended to be inclusive in a manner similar to the term 
“eomsprise™ as “comprise” is interpreted when employed as a 
‘transitional word ia a claim, 

“The word “exemplary” is used herein to mean “serving as 
an example, instance, or illustration” Any embodiment 
escribed herein as “exemplary” is not necessarily to be con- 
strue as preferred or advantageous over other embodiments. 

‘Areference to an element in the singular isnot intended to 
‘mean “one andonly one” unless specifically stated, but rather 
“one or more” The term “some” refers toone or more, Under 
lined andor italicized headings and subheadings are used for 
‘convenience only, co not limit the subject technology, and are 
not referred to in connection with the intemretation of the 
description ofthe subject technology. All structural and fune= 
tional equivalents tothe elements of the various configura 
tions described throughout this diselosure hat are known or 
later come to be known to those of ordinary skill nthe at are 
expressly incorporated herein by reference and intend! to be 
encompassed by the subject technology. Moreover, nothing 
disclosed herein is intended 10 be dedicated to the public 
regardless of whether such diselosure is explicitly recited ia 
the above deseription. 


‘What is claimed i the following: 

1. A system for harvesting atmospheric electricity, com- 

prising: 

laser configured to form a plasma filament comprising at 
Jeasta frst filament anda second filament, Whereinonset 
of formation of the second filament coincides with an 
exhaustion range ofthe first filament; 

‘an auxiliary source of electromagnetic energy operable to 
enhance the plasma filament by applying cleetromag- 
netic energy to the plasma filament; and 

a collector configured to collet electricity flowing along 
the plasma filament. 

2. The system of claim 1, wherein the plasma filament 

comprises an electrically conducting plasms filament 

43. The system of claim 1, wherein he laseris pulsed laser. 

4. Thesystom of claim 3, wherein the pulsed laser is pulsed 

atan optimal repetition rate 

5, The system of claim 1, wherein the electromagnetic 

‘energy comprises atleast one of radio-frequency energy’ or 
‘microwave energy. 
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6. The system of claim 1, wherein the plasma filament 
forms atleast apart of a conducting path between ground and 
cloud, 
7. The system of claim 6, wherein at least one lightaing 
+5 forms another part of the conducting path between ground 
and the cloud 

'8 The system of claim 1, wherein the plasma filament 
formsat least part ofa conducting path betweena frst region 
‘ofa cloud and a second region ofthe cloud. 

9. The system of claim &, wherein at least one lightaing 
forms another par oF the conducting path between the first 
region of the cloud and the second region of the cloud 

10. The system of claim 1, wherein: 

the laser is further configured to form a second plasma 


filament, 
15 theplasma filament is connested toa region ofa frst loud, 
‘and 
the second plasma filament is connected to & region of a 
second cloud. 


11. The system of claim 1, wherein the plasma filament 
‘completes conducting path between a first region of almo- 
sphere and a second region of atmosphere. 

12, The system of claim 11, wherein a vertical voltage 
‘gradient exists between the frst tegion of atmosphere and the 
‘second region of atmosphere. 

13. Thesystem of claim 1, wherein the collector comprises 
‘a charge collection circuit 

14. The system of claim 1, wherein the lasers situated on 
‘ground 

18, The system of claim 1, wherein the lasers situated on 
‘a mobile devie. 

16. Thesystem ofelaim 18, wherein the mobiledeviceis an 
airplane 

17. Thesystem of claim 1, wherein negative chirp is used 10 
:move the starting point of formation of the plasma filament to 
1 desired locaton, 

18. A method for harvesting atmospheric electricity, the 
‘method comprising: 

{forming a plasma filament with laser, wherein the plasma 
filament comprises at least a first filament and a second 
filament, and wherein onset of formation ofthe sevond 
filament coincides with an exhaustion range of the frst. 
filament; 

applying electromagnetic energy’ to the plasma filament 10 
enhance the plasma filament; and 

collecting electricity flowing along the plasma filament 

19, An apparatus forharvesting atmospheric electricity, the 
‘apparatus comprising: 

‘means for forming a plasma filament with a laser, wherein 
the plasma filament comprises at least a first filament 
anda second filament, and wherein onset of formation of 
the second filament coineides with an exhaustion range 
of the first filament; 

‘means for applying electromagnetic energy to the plasma 
filament fo enhance the plasma filament; and 

‘means for collecting electricity owing along the plasma 
filament. 

20. Thesystem ofelaim 1, wherein the laeris an ultrashort 

pulse laser (USPL), 

21, Thesystemofelaim 1, wherein the laser comprises two 
‘coaxial USPL projection opties having different time-lensing 
parameters 
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Table 14: Throughput Performance of Different Wireless Technologies 
(Blue Indicates Theoretical Peak Rates, Green Typical) 


Downlink Uplink 


Peak Peak 
and/or and/or 
Typical Typical 
User Rate User Rate 


5G in mmWave, early 


versions”® 5 Gbps 500 Mbps | 2 Gbps 250 Mbps 


5G in mmWave, later 


versions 50 Gbps 5 Gbps 25 Gbps 2 Gbps 


LTE (2X2 MIMO, 
10+10 MHz, DL 64 70 Mbps 
QAM, UL 16 QAM) 


6.5 to 26.3 
Mbps 


6.0 to 13.0 


35 Mbpst? | Nip 


LTE-Advanced (2X2 or 
4X4 MIMO, 20+20 
MHz or 40+20 MHz 
with Carrier 
Aggregation [CA], DL 
64 QAM, UL 16 QAM) 


300 Mbps | N/A 71 Mbps! | N/A 


LTE Advanced (4x4 
MIMO, 60+20MHz, CA, 
256 QAM DL, 64 QAM 
UL) 


LTE Advanced (4x4 
MIMO, 80+20 MHz, 
CA, 256 QAM DL, 64 
QAM UL) 


600 Mbps 150 Mbps 


> 1Gbps 150 Mbps 


% speculative values, Rysavy Research estimates. Assumes 200 MHz radio channel, 2:1 TDD. Throughput 
rates would double using 400 MHz 


% 5G Americas member company analysis for downlink and uplink. Assumes single user with 50% load 
in other sectors. AT&T and Verizon are quoting typical user rates of 5-12 Mbps on the downlink and 2-5 
Mbps on the uplink for their networks. See additional LTE throughput information in the section below, 

“LTE Throughput.” 

100 Assumes 64 QAM. Otherwise 22 Mbps with 16 QAM. 


181 Assumes 64 QAM. Otherwise 45 Mbps with 16 QAM. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 90 
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ATMOSPHERIC ELECTRICAL GENERATOR 


BACKGROUND OF THE INVENTION 


‘This invention relates tothe production of electrical energy 
and more particularly to the production of electrical eneny 
from the atmosphere. 

Everyone is familiar with Benjamin Franklin’ skiteexperi~ 
‘ment of 1752. Using a kite whose string had become el, 
negative charges from the passing clouds flowed into the 
siting, down tothe suspended key, and then into a Leyden jar 
via a thin metal wire, Franklin was protected by a dry silk 
siting: but, when Franklin's kauekle eame too close to the 
key, he received a strong shock. Fortunately, Benjamin Pran- 
lin was not killed, others who tried this same experiment 
‘were not so lucky: 

‘Since then, the formation of lightning has remained! some- 
thing of a mystery. Lightning bolts are triggered when & 
negatively charged cloud base induces a positive charge from, 
the ground, thereby forming a “pathway” forthe discharge of 
the collected electrical energy. 

Lightaing travels upto 60,000 miles per hour with a fash 
that is brighter than ten million 100-watt lightbulbs. This 
wattage is as much power as is produced by al of the elec- 
tricity plans in the United States and with a voltage of up to 
300 millon volts. 

Its this very fact, the power within lightning is immense, 
that has prevented any successful collection of the electical 
energy from lightning. The electricity ia lightning is far to 
extreme for current technology to harness. 

‘While lightning has atracted a energy starved industrial 
world, no one has developed any technique to hamess this 
naturally occurring electrical source. 

Iis clear there sa continuing need for an elecwical source 
‘other than carbon-based ftels and thatthe naturally occuring 
electricity in the atmosphere is being ignored, 


SUMMARY OF THE INVENTION 


‘The invention isa mechanism which taps into the naturally 
‘occuring static electricity in the atmosphere, Whereas here= 
tofore, the attempt to garner electricity from the atmosphere 
hhas focused exclusively oa eapnuring lightning, the present 
invention syphons off he static electricity which is generated 
from any agitated air and avoids lightning. 

Lightaing isonly the final discharge of the static eletrcity, 
whether that lightning is intra-cloud lightning, cloud.to- 
ground lightning, orinter-cloud lightning. Othertypes of final 
Sischarges are knowa as heat lightning, summer lightning, 
sheet lightning, ribbon lightning, silent lightning, ball light- 
ning, bead lightning, elves, jets, and sprites, Well before these 
discharges are observed, as the atmosphere becomes agitated 
by wind or thermal activity, static eleeticity is being pener- 
aed 

‘The present invention recognizes that this static electricity 
is being formed and ereates a mechanism to capture it 

‘Themechanismof this invention utilizes anaircrafi suchas 
4 lighter than air balloon, While the preferred embodiment 
uses a fol balloon, a variety of other aircraft are obvious to 
those of ordinary skill inthe art, including, but not limited to: 
sliders, rubberballoons (such as weather balloons), biaxially= 
Oriented polyethylene terephthalate polyester film balloons, 
and latex balloons, 

‘Within this discussion, the balloon is referenced, bt, the 
invention isnot intended to he limited solely to balloons. 

The balloon is sent aloft and is tethered by a conductive 
line. In this context, the conduetive line may be any obvious 
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to those of ordinary skill in the art. For the preferred embodi- 
‘meat, the conducive line is a generically referred to as a 
¥ available through a variety 
suitable conductive lines deseribed in U.S, Pat 
No. $,203,542, entitled “Apparatus for Improved Electric 
Fence Wire Construction for use with Intensive Grazing” 
issued Apr. 20, 1993, 10 Coley, etal and incorporated hereinto 
by reference. 

“The conductive line played out of a wineh to control the 
altitude of the balloon. The motor controlling the winch is 
able to reverse direction to both extend and withdraw the 
conductive Tine which is wrapped around a spool on the 
‘winch, The winch’spool combination are part of a base unit 

In some embodiments of the invention, the spool is con- 
structed of rubber so as to insulate the conductive line from 
‘the winch assembly. In this embodiment, only theconductive 
line is charged by the atmospheric static eletrcity while the 
‘winch remains aeutral 

Tn yet another embodiment, the wineh/spool are part of a 
‘base unit which is itself isolated from the around by an insu- 
lator. In this embodiment, the entire base unit is charged by 
‘the atmospheric static electricity. 

“A conuetor, such as an insulated wire, is electrically con- 
nected to the conductive line, In one embodiment, where the 
‘conductive line is electrically isolated from the spool and 
‘winch motor, the conductor is connected to the conductive 
line. In the embodiment where the conductive line is lecte- 
cally connected to the base unit, then the conductor is eon 
nected anywhere on a metalic base unit. 

“The other end of the conductor is connected to a load, The 
Joad in this case can beany ofa variety of electrical loads well 
known to those of ordinary skill in an, including, but not 
limited to a motor, a battery system, or the electrical grid for 
the system, 

In the preferred embodiment, a sensor array is used 10 
monitor the activities both atthe base unit (such as electrical 
flow within the conductor) and in the surrounding locale. 

‘A sonsor monitoring the electrical flow (i.e. voltage and/or 
current) within the conduetoris used to monitor the electrical 
‘activity within the conductor, 

In the preferred embodiment, a lightning sensor monitors 
for lightning activity within the locale. As noted earlier, the 
¢lectrical characteristic of lightning is so extreme that ideally 
this discharge s avoided as it might damagethe mechanism of 
this invention, 

“The sensor aray i uilized by a controller, such as micro 
processor, programmed to operate the mechanism as outlined 
hore, 

‘The controller operates the winch motor to extend or with- 
draw the conductive line and by extension the altitude ofthe 
balloon. The controller is programmed to operate the winch 
by monitoring the electrical characteristics of the conductor 
and adjusting the balloon’s altitude to maintain these charac 
teristics within the conductor within a preset range. 

‘This preset range is established either inthe base program- 
‘ming of the controller or is established by an operator ofthe 
system. 

|As example, by controlling the amount of eurrent being 
‘withdrawn from the almosphere, the mechanism operates 
within a safe range and also provides a relatively stable cur- 
rent flow from which a variety of activities can take place 
{auch as DC-AC conversion). 

The controller also utilizes the lightning sensor to protect 
the mechanism from a lightning strike. Should lightaing be 
dlotected within pre-determined range (as established by the 
software or defined by an operator, then the balloon is pulled 
dowen to minimize the risk of damage from a lightning stk, 
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‘The invention, together with various embodiments thereof 
will be more fully explained by the following description of | 
the accompanying drawings 


DRAWINGS IN BRIEF 


FIG. 1 diagrams the preferred embodiment of the inven 
tion, 

FIG. 2 illustrates the collection of the negative charged 
particles in the atmosphere 

FIG. 3 isa low-char ofthe operation ofthe controller for 
the preferred embodiment of the invention. 

FIGS. 4A, 4B, and 4C are electrical schematies for han- 
ling the static cuarge from the atmosphere. 

FIG. § illustrates a conductive line used in the preferred 
embodiment of the invention 

FIGS. 6 and 6B illustrate an alternative concluctive line 
creating an ionized pathway forthe flow of the static changes 
from the atmosphere. 

FIG, 7 illustates the controller ofan alternative embodi= 
‘ment and the associated safety devices. 

FIGS. 8A and 83 illustrate two embodiments of enhanced 
lectrical collection leads. 


DRAWINGS IN DETAIL 


FIG. 1 diageams the preferred embodiment of the inven 
tion, 

Balloon 10 is an aireraft whieh, in this illustration, is a 
lighter than air balloon. Wings 10, extending from the body 
of balloon 10, provide additional lift in air low 18, Tail 108, 
helps to stabilize balloon 10, 

Balloon 10s tethered to the ground via conductive line 12 
Asnoted earlier a varity of configurations and materials are 
available to serve as conductive line 12. In this illustration, a 
poly-wire is used Poly-wire is commercially available 
through a variety of vendors, including, but not limited to: 
Jellers Livestock and Zareba Systems, Inc, of Ellendale, 
Mina, 

In this embodiment, located proximate to balloon 10, isan 
electrical collection enhancement lead 11 which assists inthe 
collection of the static electrical charge in the atmosphere. 
Eleetical collection enhancement lead 11 is configured to 
attract the static charge and conduct the charge into The con 
ductive line 12, 

“The electricity flows down the conductive Fine into spool 
13, where the conductive line 12 is collected and either with= 
drawn or dispensed through operation of winch motor 14 

‘Winch motor 14 and spool 13 are mounted onto base unit 
16 which seleciically isolated from ground 7 using insulator 
17. Note in this embodiment of he inveation, when elecitie- 
ity isbeing collected from the atmosphere, the entire base unit 
16 becomescharged. Inanotherembodimentof he invention, 
spool 13 is constructed of rubber, thereby preventing base 
unit 6 from becoming charged, thereby restricting thechary- 
ing from the atmosphere to only conductive line 12. 

In this embodiment, conductor 6 is connected to base unit 
16 (siace the entire base unit 16 is charged and the base unit 
is metallic) to communicate the electrical current to load 5. 
Conductor 6 is ideally an insulated wire. 

‘The electrical current through conductor 6 is measured 
using sensor 8 

Inthealternative embodiment discussed above, where only 
the conductive line 12 is charged, then conductor 6 is con= 
nected to conductive line 12 

Controller 15, located inthis embodiment on base unit 16, 
‘operates winch motor 14 in response to signals from sensor 8 
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(eneasuring the curent being discharged to load §) to main- 
‘ain thecurrent flow withina pre-defined range. As the current 
flow diminishes, then the conductive line 12 extended from 
spool 13 to increase the altitude of balloon 10 to that more 
Static charge from the atmosphere is gathered a the curent 
flow falls exceeds a preset level, conductive line 12 is with- 
drawn onto spool 13 to decrease the static charge being eol- 
lected from the atmosphere. 

‘The range of current flow through conductor 6: ideally set 
by the program, although some embodiments ofthe invention 
permit an operator to establish this range of operation. 

In an alternative emboxtiment, the sensor monitoring con- 
«ductor 6 monitors the voltage therein 

Inthe preferred embosiment of the invention, controller 15 
is also equipped with a lightning sensor 19. In this embodi- 
‘meat, when lighining is sensed within a preset range, then 
substantially ll of conductive line 12is wound onto spool 13 
to pall balloon 10 near the ground and protect the entre 
‘mechanism from being damaged from a lightning discharge. 

In the preferred embodiment, the “safe distance form 
lightning is set in the programming of controller 18 an is 
ideally to miles; other embodiments permit the operator 10 
“safe” distance 

‘There area variety of lightning sensors well knowntothose 
‘of ordinary skill in the at, including, bat not limited to those 
described in: U.S. Pat. No, 7,016,785, entitled “Lightaing 
Detection” issued to Makela tal. on Mar 21, 2006; US. Pat. 
‘No, 629,911, entitled “Lightning Detction and Prediction 
‘Alam Device" issued to Jones, al on Dec. 7, 200; US. 
Pat, No. 7.200.418, entitled “Detection of Lightning” issued 
to Karikuranta, etal. on Apr. 3. 2007; and US. Pat. No. 
6,961,662, entitled “Systems and Methods for Spectal Cor- 
rected Lightning Detection” issued to Mugphy'on Nov. 1, 
2005; all of which are incorporated hereinto by reference. 

In another embodiment of the ieventon, controller 15 is 
not located on base unit 16, rather it is remote and commu- 
nicates its control signals to wineh motor 14 using radio 

FIG, 2 illustrates the collection of the negative charged 
particles in the atmosphere. 

Static charges 23 are generate in the atmosphere by ani- 
tated air These state charges are often collected atthe bottom 
‘of elouds, but exist in other environments as well 

Balloon 21 is extended into this stata of static charges 23, 
‘which are then atracted wo conductive fine 12 flow to base 
‘it 22 and then onto load 5. 

By increasing or decreasing the altitude of balloon 21 
(efined by the length ofthe extended eondvetve line 12), 
conductive line 12s selectively exposed 10 varying densities 
and levels ofthe static charge strata, and by extension, the 
ccurent flow or voltage is inreased or decreased, 

FIG. 3 isa flow-chart ofthe operation ofthe eontoller for 
the prefered embodiment of the invention, 

Once the program starts 30, the lightning sensorischecked 
to determine iflighining has occurred within the unsafe range 
1A, if it has, then the balloon is lowered 324, and the 
program continues monitoring the status of lighting until no 
Tightning is detected 

‘When the lightning stats is acceptable, then the current 
‘within the conductor is checkeal to see ifthe eurent is within 
the prescribed range 311, Ifthe current is acceptable (within 
range) the program returns to check the lightning status 31; 
ctherwise a determination is made to see if the current is 
above the preseribed range 31C 
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Ifthe current is above the prescribed range, then the alt= 
tude of the balloon is withdrawn a set amount 32B (ideally 
twenty-five fect) and the program loops back to see if the 
current is within range 31B. 

Ifthe current is below the prescribed range, then the alti= 
tude of the balloon is extended a set amount 32C (ideally 
twenty-five feet) and the program loops back 10 see if the 
current is within range MB. 

In this manner of feed-back and minor adjustments in the 
altitude of the balloon, the current is maintained within a 
preseribed range which can be handled by the downstream, 
electrical system. 

As noted earlier, som embodiments ofthe invention mon 
tor the voltage instead ofthe current 

FIGS. 4A, 4B, and 4C are electrical schematies for han- 
ling the static charge from the atmosphere. 

‘By maintaining the voltage being collected in a prescribed 
range, an electrical conversion system is easily designed. 
‘While FIGS. 44, 4B, and 4C illustrate some electrical eon- 
figurations, those of ordinary skill in the art readily recognize 
‘a variely of other configurations which will serve the same 
function, 

Referencing FIG. 4, Direct Curgent In (DC IN) 40 is 
bulfered by a gang of capacitors 41 before being communi 
cated to a DCIAC converter 42. The DCIAC converter oon 
verts the direct current into @ an alternating current suitable 
for placement over an existing electrical grid 43 such as 
normally found from a power-plant 

“Those of ordinary skill inthe art readily recognize a variety 
‘of DCIAC converters, including, but not limited to: US. Pat 

‘ontroller IC, DC-AC Conversion 


sion Apparatuses” issued to Fukumoto, etalon Ju. 1, 2008; 
and, US. Pat, No. 7,330,366, entitled “DC-AC Converter" 
‘issued to Lee, etal. on Feb, 12, 2008; all of whieh are incor. 
ported hereinto by reference. 

PIG, 40 illustrates an electrical arrangement suitable for 
use in charging a battery. DC IN 40 i buifered by eapacitor 
‘bank 41 before entering intoa step down transformer 43, Step 
down transformer 43 reduces the voltage so that tbe voltage 
‘can safely be introduced into battery 44 which is connected to 
ground 45 atthe battery's other pole. 

‘Those of ordinary skill inthe art readily recognize a variety 
of batteries which will work inthis capacity, including. but 
not limited to those deseribed in: U.S. Pat No, 7.378.181, 
entitled “Hlectrie Storage Batlery Construction and Manutac~ 
ture” issued to Skinlo on May 27, 2008; U'S. Pat, No. 7,388, 
350, emitled “Battery with Electronic Compartment” issued 
to Wright on Jua, 17, 2008: U.S. Pat. No, 7,397,220, entitled 
“Connection Member and Battery Pack issued to Uchida, et 

1. on Jul. 8, 2008: and, US. Pat, No. 7,375,492, entitled 
‘Inductively Charged Battery Pack’ issued to Calhoon, al 
‘on May 20, 2008; all of which are incorporated hereinto by 
reference, 

In FIG. 4C, DC IN 40 is fed into an adjustable rheostat 46 
which is controlled by the controller so that the DC OUT 47 
falls within a specified range. 

FIG, § illustrates a conductive line used in the preferred 
‘embodiment of the inventi 

This typeof conductive line is commonly called poly-wire 
and consists of multiple interwoven strands of plastic 50A, 
‘and SOB Woven into cond or rope arrangement having inter- 
‘evined therein exposed metal wires $14 and S1B. While this 
illustration shows two plastic strands and two metal wires, 
any number of possible combinations is possible, 
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“The exposed metal wires SLA and S1B attract the atmo- 
sphere static charge and transmit the charge down tothe base 
‘unit (not shown), 

PIGS. 6 and 6B illustrate an alternative conductive line 
creating an ionized pathway forthe low of the static charges, 
from the atmosphere, 

‘This conductive line wilizes a tube 60 having an outer layer 
‘620fPET Film (Biaxially-oriented polyethylene terephtalate 
polyester film) which provides exceptionally high tensile 
‘strength ands chemically and dimensionally stable, The tube 
hasan ideal diameter of between two and three inches 

‘An interior metal coating 61 provides an inital conduit for 
the flow of statie charge. The static charge through the metal 
forces the tube to expand duet the repulsion experienced by 
like charges. Further, the flow ofelectricity causes the interior 
of the tube 60 to become ionized to provide an additional 
pathway for the atmospheric static charges to the base unit 
{not shown). 

‘Because outer layer 62 provides a ges barrier, the resulting 
ionization is not dissipated by ai currents, thereby providing 
«highly stable pathway. 

FIG. 7 illustrates the controller of an alternative embodi- 
ment and the associated safety devices. 

In this embodiment, controller box 70, resting on insulat- 
ing pad 72. sin communication with he sensors as described 
above. Using the input from these sensors, when there is ow 
of electricity through the base unit, warning ashing light 71 
is illuminated. To electrically neutralize the mechanism, 
switch 73 is activated to pass any existing current into the 
‘ground 74 

PIGS. 8A and 80 illustrate two embodiments of enhanced 
electrical collection leads 


conductive line 81 and balloon 80. Because of the significant 
amount of metal exposed by enhanced electrical collection 
lead 82, more static electricity from the atmosphere is drawn, 
tothe collection lead 82, and then dawn conductive line 81 to 
the base unit (not shown. 

‘Conductive lead 82 is positioned proximate to balloon 80 

InFIG. 8B, poly-wire 83 has enhanced electrical collection 
leads 84 wrapped therearound, Collection leads 84 have 
pointed ends 88 and 851 which have a propeasity to attract, 
‘more electricity than rouaded endl do, 

Is elear from the foregoing that the present invention 
‘captures an entirely new source of electrical energy. 


‘What is claimed is: 

1. A mechanism to tap an electrical source comprising: 

a lighter than air balloon suspended inthe atmosphere: 

+a base unit having a spool of eonductive lineon a winch 
‘motor, one end of said conductive line secured to said 
lighter than air balloon, a portion of said conductive line 
collecting electricity in the atmosphere, said. winch 
motor capable of selectively extending of withdrawing 
sid conduetive line from said spool; 

©) an insulator electrically isolating said conductive line 
from ground; 

6) a conductor having first end electrically connected to 
‘std conductive line and a second end elewtrically eon- 
nected to a load being powered by collected electricity 
from said conductive line; 

€) an electrical flow sensor monitoring electrical flow 
through ssid conductor and generating an electrical flow 
indicia indicative of said electrical flow in said conduc 
tor, and, 
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1) controller receiving said electrical flow indicia and 
selectively operating said winch motor such that said 
electrical flow indicia remains within a selected operat- 
ing range. 

2. The mechanism to tap an electrical souree according to 
claim 1, wheeein said selected operating range is established 
by an operator. 

3. The mechanism to tap an electrical source according 10 
claim 2, further including a warning ight activated when said 
clectrical flow indicia is non-zero, 

4. The mechanism to tap an electrical source according 10 
claim 1 

‘) further including a lightning sensor generating a light 
ning presence indicia indicative of lightning within 
prescribed range, said presence indicia heing communi 
cated to said controller, and, 

») wherein said control mechanism, in response to said 
lightning presence indicia, operates said winch motor to 
‘withdraw substantially all of said conduetive line onto 
said spool 

5. The med 
claim 4, wherei 
‘operator. 

6. The mechanism to tap an electrical souroe according 10 
claim 1, further including an electrical collection enhance 
‘ment lead in electrical contact witha first end of sd conduc 
tive material, said electrical collection enhancement lead con- 
figured to attract statie electricity. 

7. The mechanism to tap an electrical source according to 
claim 6, wherein sai electrical collection enbancemeat lead 
4s positioned proximate to said lighter than ai balloon, 

8. The mechanism to tap an electrical source according to 
claim 7, wherein said electrical collection enhancement lead 
includes at least two pointed electrical conductors 

9. The mechanism to tap an electrical sourve according to 
claim 1, wherein said insulator electrically isolates said con- 
ductive line from said winch motor. 

10. The mechanism to tap an electrical source according 10 
claim 1, wherein said insulator electrically isolates said base 
unit from ground 

11. A mechanism comprising: 

an airborne aircraft having a conductive line secured 10 
‘winch capable of extending or withdrawing said eon- 
ductive line from a spool, when said airborne aircraft is 
lof, said conductive line collecting electricity from the 
atmosphere; 

+) a conductor having a first end electrically connocted 10 
sid conductive line and a second end electrically con= 
nected to a load sueh that collected electricity from said 
conductive line powers said load; 


1 fo tap an electrical source according to 
said prescribed range is established by a 
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«) an electrical flow seasor monitoring electrical flow 
through said conductor and generating an electrical flow 
indicia indicative of said electrical flow in sid conduc~ 
tor, and, 

«)a controller receiving said electrical flow indicia adjust- 
ing an altitude of said airborne aircraft via said winch 
such that said electrical flow indicia remains within a 
selected operating range. 

12, Themechanism to tap an ek 

claim 11, 

‘further including a lightning sensor communicating with 
said controller: and, 

+b) wherein said contrller i response to selected signals 
rom suid lightning sensor withdraws substantially all of 
said conductive line 

13.4 mechanism to tap an electrical source comprising: 

4 lighter than air balloon suspended inthe atmosphere; 

+a base unit having a spool of conductive lineon a winch 

‘motor, one end ol said conductive ine suspended by said 
balloon, portion of said conductive fine collecting elec 
tricity from the atmosphere sid winch motor capableof 
adjusting an altitude of said lighter than aie balloon by 
selectively extending or withdrawing said conductive 
line from said spook, 

©) conductor having a first end electrically connected to 
‘sid conductive line and a scoond end electrically con- 
nected to a load being powered by said collected elec 
tricity from said conductive line; 

4) a sensor aray having, 

1) an electrical flow sensor monitoring electrical flow 
through said conductor and generating an electrical 
flow indicia indicative of said electrical flow in said 
conductor, and, 

2) alightaing sensor monitoring existence of proximate 
lightning: and, 

©) a controller responsive to said electrical flow indicia 
from said sensor array to selectively operate said winch 
motor 

14, "The mechanism to tap an electrical source according 10 

claim 13, 

4) further including # waming light; and, 

1) wherein said controller activates seid warming light 
when said electrical flow in said condactor is non-zero. 

18, The mechanism to tap an electrical source according 10 

<luim 14, further including an electrical collection enhance 
‘meat lead in elevtrical contact with said conductive material, 
said electrical collection enhancement lead configured 10 
atiract state electricity and positioned proximate to said 
lighter than air balloon. 


rial source according 10 
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feu) ABSTRACT 


‘A method and apparatus for altering at least one se- 
lected region which normally exists above the earth's 
surface. The region is excited by electron cyclotron 
resonance heating to thereby increase its charged parti- 
cle density. In one embodiment, circularly polarized 
electromagnetic radiation is transmitted upward in a 
direction substantially parallel to and along a field ine 
which extends through the region of plasma to be al- 
tered. The radiation is transmitted ata frequency which 
excites electron cyclotron resonance to heat and accel- 
crate the charged particles. This increase in energy can 
‘cause ionization of neutral particles which are then 
absorbed as part of the region thereby increasing the 
charged particle density of the region. 
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METHOD AND APPARATUS FOR ALTERING A. 
REGION IN THE EARTH'S ATMOSPHERE, 
JONOSPHERE, AND/OR MAGNETOSPHERE 


DESCRIPTION 


1. Technical Field 

This invention relates to a method and apparatus for 
alering at least one selected region normally existing 
above the earth's surface and more particularly relates 
to a method and apparatus for altering said at least one 
region by intially transmitting electromagnetic radia- 
tion from the earth’s surface essentially parallel to and 
along naturally-occurring, divergent magnetic field 
Tines which extend from the earth's surface through the 
region or regions to be altered. 

2. Background Art 

In the late 1950's, it was discovered that naturally 
‘occuring belts exist at high altitudes above the earth’s 
surface, and itis now established that these belts result 
from charged electrons and ions becoming trapped 
along the magnetic lines of force (field lines) of the 
cearth’s essentially dipole magnetic field. The trapped 
electrons and ions are confined along the field lines 
between two magnetic mirrors which exist at spaced 
apart points along those field lines. The trapped elec- 
‘fons and ions move in helical paths around their partic 
ular field lines and “bounce” back and forth between 
‘the magnetic mirrors. These trapped electrons and ions 
‘can oscillate along the field Iines for long periods of 
time. 

In the past several years, substantial effort has been 
made to understand and explain the phenomena in- 
volved in belts of trapped electrons and ions, and to 
explore possible ways to control and usc these phenom 
ena for beneficial purposes. For example, in the late 
1950's and early 1960’s both the United States and 
USSR. detonated a series of nuclear devices of vari- 
fous yields to generate large numbers of charged parti- 
cles at various altitudes, eg., 200 kilometers (km) or 
‘greater. This was done in order to establish and study 
artifical belts of trapped electrons and ions. These ex- 
‘periments established that atleast some of the extrane- 
fous electrons and ions from the detonated devices did 
become trapped along field lines in the earth’s magneto- 
sphere to form artificial belts which were stable for 
prolonged periods of time. For a discussion of these 
experiments see “The Radiation Belt and Magneto- 
sphere", W. N. Hess, Blaisdell Publishing Co., 1968, 
Ps. 185 et sec. 

(Other proposals which have been advanced for alter- 
ing existing belts of trapped electrons and ions and/or 
cestablishing similar artificial belts include injecting 
charged particles from a satellite carrying a payload of 
radioactive bete-decay material or alpha emitters; and 
injecting charged particles from a satellite-borne elec- 
{ron accelerator. Still another approach is described in 
USS. Pat. No. 4,042,196 wherein a low energy ionized 
gas, eg., hydrogen, is released from a synchronous 
(orbiting satellite near the apex of a radiation belt which 
{is naturally-occurring in the earth's magnetosphere to 
‘produce a substantial increase in energetic particle pre- 
cipitation and, under certain conditions, produce @ limit 
in the number of particles that can be stably trapped. 
‘This precipitation effect arises from an enhancement of 
the whistler-mode and ion-cyclotron mode interactions 
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that result from the ionized gas or “cold plasma” injec- 
tion, 

It has also been proposed to release large clouds of 
barium in the magnetosphere so that photoionization 
will increase the cold plasma density, thereby prodi 
ing electron precipitation through enhanced whistler- 
‘mode interactions. 

However, in all of the above-mentioned approaches, 
the mechanisms involved in triggering the change in the 
‘rapped particle phenomena must be actually positioned 
within the affected zone, eg, the magnetosphere, be- 
fore they can be actuated to effect the desired change. 

‘The earth's ionosphere is not considered to be 
“trapped” belt since there are few tapped particles 
therein. The term “trapped” herein refers to situations 
where the force of gravity on the trapped particles is 
balanced by magnetic forces rather than hydrostatic or 
collisional forces. The charged electrons and ions in the 
ionosphere also follow helical paths around magnetic 
field lines within the ionosphere but are not trapped 
‘between mirrors, as in the case of the trapped belts in 
the magnetosphere, since the gravitational force on the 
particles is balanced by collisional or hydrostatic forces. 

In recent years, a number of experiments have actu- 
ally been carried out to modify the ionosphere in some 
controlled manner to investigate the possibility of @ 
‘beneficial result. For detailed discussions ofthese opera- 
tions see the following papers: (1) Tonospheric Modif 
‘cation Theory; G. Meliz and F. W. Perkins, @) The 
Platteville High Power Facility; Carrol et al; (3) Are- 
cibo Heating Experiments; W. E. Gordon and H. C. 
Carlson, Jr; and (4) Tonospheric Heating by Powerful 
Radio Waves, Meltz et al, all published in Radio Sci- 
ence, Vol. 8, No. 11, November, 1974, at pages 885-888; 
‘889-894; 1041-1047; and 1049-1063, respectively, all of 
which are incorporated herein by reference. In such 
experiments, certain regions of the ionosphere are 
heated to change the electron density and temperature 
‘within these regions. This is accomplished by transmit- 
ting from earth-based antennae high frequency electro- 
‘magnetic radiation at a substantial angle to, not parallel 
to, the ionosphere’s magnetic field to heat the iono- 
spheric particles primarily by ohmic heating. The elec- 
tron temperature of the ionosphere has been raised by 
lhundreds of degrees in these experiments, and electrons 
with several electron volts of energy have been pro- 
duced in numbers sufficient to enhance airglow. Elec- 
ton concentrations have been reduced by a few per- 
cent, due to expansion of the plasma as a result of in- 
creased temperature. 

In the Elmo Bumpy Torus (EBT), a controlled fusion 
device at the Oak Ridge National Laboratory, all heat- 
ing is provided by microwaves at the electron cyclotron 
resonance interaction. A ring of hot electrons is formed. 
atthe earth's surface in the magnetic mirror by a combi- 
nation of electron cyclotron resonance and stochastic 
heating. In the EBT, the ring electrons are produced 
with an average “temperature” of 250 kilo electron 
volts or kev (2.5% 10°K) and a plasma beta between 0.1 
and 0.4; see, “A Theoretical Study of Electron—Cyclo- 
tron Absorption in Elmo Bumpy Torus”, Batchelor and 
Goldfinger, Nuclear Fusion, Vol. 20, No. 4 (1980) pps. 
403-418, 

Electron cyclotron resonance heating has been used 
in experiments on the earth's surface to produce and 
accelerate plasmas in a diverging magnetic field. Kos- 
‘mahl etal. showed that power was transferred from the 
electromagnetic waves and that a fully ionized plasma 


4,686,605 


3 
‘was accelerated with a divergence angle of roughly 13, 
degrees. Optimum neutral gas density was 1.7 10per 
ccabic centimeter; see, “Plasma Acceleration with Mi- 
ccrowaves Near Cyclotron Resonance”, Kosmahl et sl, 
Journal of Applied Physics, Vol. 38, No. 12, Nov., 1967, 5 
pps. 4576-4582, 


DISCLOSURE OF THE INVENTION 


‘The present invention provides a method and appar 
tus for altering at least one selected region which nor- 10 
mally exists above the earth's surface. The region is 
‘excited by electron cyclotron resonance heating of elec- 
trons which are already present and/or artfically cre- 
ated in the region to thereby increase the charged parti- 
cle energy and ultimately the density of the region. 

‘in one embodiment this is done by transmitting circu 
larly polarized electromagnetic radiation from the 
earth's surface at or near the location where a naturally 
occurring dipole magnetic field (force) line intersects 
the earth's surface. Right hand circular polarization is 
used in the northern hemisphere and left hand circular 
polarization is used in the southern hemisphere. The 
radiation is deliberately transmitted at the outset in a 
direction substantially parallel to and along a field line 
‘which extends upwardly through the region to be al- 
tered. The radiation is transmitted ata frequency which 
is based on the gyrofrequency of the charged particles 
‘and which, when applied to the at least one region, 
‘excites electron cyclotron resonance within the region 
fr regions to heat and accelerate the charged particles 
in their respective helical paths around and along the 
field line, Sufficient energy is employed to cause ioniza- 
tion of neutral particles (molecules of oxygen, nitrogen 
and the like, particulates, ete.) which then become a 
part of the region thereby increasing the charged parti- 3 
cle density of the region. This effect can further be 
enhanced by providing artificial particles, c.g. elec- 
trons, ions, ete, directly into the region to be affected 
from a rocket, satellite, or the like to supplement the 
particles in the naturally-occurring plasma. These arti- 
ficial particles are also ionized by the transmitted elec: 
tromagnetic radiation thereby increasing charged parti- 
cle density of the resulting plasma in the region. 

Tn another embodiment of the invention, electron 
eycloiron resonance heating is carried out in the se- 
lected region or regions at sufficient power levels to 
allow a plasma present in the region to generate a mir- 
ror force which forces the charged electrons of the 
altered plasma upward along the force line to an alti- 
tude which is higher than the original altitude. In this 
cease the relevant mirror points are at the base of the 
altered region or regions. The charged electrons drag 
fons with them as well as other particles that may be 
present, Sufficient power, e-g,, 10!5joules, can be ap- 
plied so that the altered plasma can be trapped on the 
field line between mirror points and will oscillate in 
space for prolonged periods of time. By this embodi- 
ment, a plume of altered plasma can be established at 
selecied locations for communication modification or 
other purposes. 

In another embodiment, this invention is used to alter. 
at least one selected region of plasma in the ionosphere 
to establish a defined layer of plasma having an in- 
creased charged particle density. Once this layer is 
established, and while mainiaining the transmission of 6S 
the main beam of circularly polarized electromagnetic 
radiation, the main beam is modulated and/or at least 
‘one second different, modulated electromagnetic radia- 
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tion beam is transmitted from at least one separate 
source at @ different frequency which will be absorbed 
in the plasma layer. The amplitude of the frequency of 
the main beam and/or the second beam or beams is 
modulated in resonance with at least one known oscilla- 
tion mode in the selected region oF regions to excite the 
known oscillation mode to propagate a known fre- 
quency wave or waves throughout the ionosphere. 


BRIEF DESCRIPTION OF THE DRAWINGS. 


The actual construction, operation, and apparent 
advantages of this invention will be better understood 
by referring to the drawings in which like numerals 
identify like parts and in which 

FIG, 1 is a simplified schematical view of the earth 
(not to scale) with a magnetic field (force) line along 
‘which the present invention is carried out; 

FIG. 2is one embodiment within the present inven- 
tion in which a selected region of plasma is raised toa 
higher altitude; 

FIG. 3 is a simplified, idealized representation of a 
physical phenomenon involved in the present invention; 
and 

FIG. 4 is a schematic view of another embodiment 
‘within the present invention. 

FIG. 5 is a schematic view of an apparatus embodi- 
‘ment within this invention, 


BEST MODES FOR CARRYING OUT THE, 
INVENTION 


‘The earth's magnetic field is somewhat analogous to 
‘dipole bar magnet. As such, the earth's magnetic field 
contains numerous divergent field or force lines, each 
Tine intersecting the earth's surface at points on opposite 
sides of the Equator. The field lines which intersect the 
earth's surface near the poles have apexes which lie at 
the furthest points in the earth's magnetosphere while 
those closest to the Equator have apexes which reach 
only the lower portion of the magnetosphere. 

‘At various altitudes above the earth’s surface, e.g. in 
both the ionosphere and the magnetosphere, plasma is 
naturally present along these field lines. This plasma 
consists of equal numbers of positively and negatively 
charged particles (ie., electrons and ions) which are 
Buided by the field line, It is well established that @ 
charged particle in a magnetic field gyrates about field 
lines, the center of gyration at any instance being called 
the “guiding center” of the particle. As the gyrating 
particle moves along a field line in a uniform field, it 
‘will follow a helical path about its guiding center, hence 
linear mation, and will remain on the field line. Elec- 
trons and jons both follow helical paths around a field 
line but rotate in opposite directions. The frequencies at 
‘which the electrons and ions rotate about the field line 
are called gyromagnetic frequencies or cyclotron fre- 
{quencies because they are identical with the expression 
for the angular frequencies of gyration of particles in a 
cyclotron, The cyclotron frequency of ions in a given 
‘magnetic field is less than that of electrons, in inverse 
‘proportion to their masses. 

If the particles which form the plasma along the 
‘earth's field lines continued to move with a constant 
pitch angle, often designated “alpha”, they would soon 
impact on the earth’s surface. Pitch angle alpha is de- 
fined as the angle between the direction of the earth's 
magnetic field and the velocity (V) of the particle. 
However, in converging force fields, the pitch angle 
does change in such a way as to allow the particle to 
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tum around and avoid impact. Consider a particle mov- 
ing along a field line down toward the earth. It moves 
into a region of increasing magnetic field strength and 
therefore sine alpha increases. But sine alpha can only 
increase to 1.0, at which point, the particle turns around 
and starts moving up along the field line, and alpha 
decreases. The point at which the particle turns around 
is called the mirror point, and there alpha equals ninety 
degrees. This process is repeated at the other end of the 
field line where the same magnetic field strength value 
B, namely Bm, exists. The particle again turns around 
and this is called the “conjugate point” of the original 
mirror point. The particle is therefore trapped and 
bounces between the two magnetic mirrors. The parti- 
cle ean continue oscillating in space in this manner for 
Jong periods of time. The actual place where a particle 
‘will mirror can be calculated from the following: 

sin alhag= By/Bae o 
wherein 

alpha,=equatorial pitch angle of particle 

juatorial field strength on a particular field line 
Byy=field strength at the mirror point 

Recent discoveries have established that there are 
substantial regions of naturally trapped particles in 
space which are commonly called “trapped radiation 
belts”. These belts occur at altitudes greater than about 
‘500 km and accordingly lie in the magnetosphere and 
‘mostly above the ionosphere. 

‘The ionosphere, while it may overlap some of the 
trapped:-particle belts is a region in which hydrostatic 
forces govern its particle distribution in the gravita- 
tional field. Particle motion within the ionosphere is 
governed by both hydrodynamic and electrodynamic 
forces. While there are few trapped particles in the 
fonosphere, nevertheless, plasma is present along field 
lines in the ionosphere, ‘The charged particles which 
form this plasma move between collisions with other 
particles along similar helical paths around the field 
lines and although a particular particle may diffuse 
downward into the earth's lower atmosphere o lose 
energy and diverge from its original field line due to 
collisions with other particles, these charged particles 
are normally replaced by other available charged parti- 
cles or by particles that are ionized by collision with 
said particle, The electron density (N.) of the plasma 
will vary with the actual conditions and locations in- 
volved. Also, neutral particles, ions, and electrons are 
‘present in proximity to the field lines 


‘The production of enhanced ionization will also alter * 


the distribution of atomic and molecular constituents of 
the atmosphere, most notably through increased atomic 
nitrogen concentration. The upper atmosphere is nor- 
mally rich in atomic oxygen (the dominant atmospheric 
constituent above 200 km altitude), but atomic nitrogen 
is normally relatively rare. This cen be expected to 
manifest itself in increased airglow, among other ef- 
fects. 

‘As known in plasma physics, the characteristics of a 
plasma can be altered by adding energy to the charged 
particles or by ionizing or exciting additional particles 
to increase the density ofthe plasma. One way to do this 
is by heating the plasma which can be accomplished in 
Gifferent ways, eg. ohmic, magnetic compression, 
shock waves, magnetic pumping, electron cyclotron 
resonance, and the like. 

Since electron cyclotron resonance heating is in- 
volved in the present invention, a brief discussion of 
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ssime is in order. Increasing the energy of electrons in & 
plasma by invoking electron cyclotron resonance heat- 
ing, is based on a principle similar to that utilized to 
accelerate charged particles in a cyclotron. Ia plasma 
is confined by a static axial magnetic field of strength B, 
the charged particles will gyrate about the lines of for 
with a frequency given, in hertz, as fy= 1.54 1038/4, 
where: B= magnetic field strength in gauss, and A= 
‘mass number of the ion. 

Suppose a time-varying field of this frequency is su- 
perimposed on the static field B confining the plasma, 
by passage of a radiofrequency current through a coil 
which is concentric with that producing the axial field, 
then in each half-cycle of their rotation about the field 
lines, the charged particles acquire energy from the 
‘ofcillating electric field associated with the radio fre- 
‘quency. For example, if B is 10,000 gauss, the frequency 
‘of the field which is in resonance with protons in a 
plasma is 154 megahertz. 

‘As applied to electrons, electron cyclotron resonance 
heating requires an oscillating field having a definite 
frequency determined by the strength of the confining 
field. ‘The radio-frequency radiation produces time- 
varying fields (electric and magnetic), and the electric 
field accelerates the charged particle. The energized 
electrons share their energy with ions and neutrals by 
‘undergoing collisions with these particles, thereby ef- 
fectively raising the temperature of the electrons, ions, 
and neutrals. The apportionment of eneray among these 
species is determined by collision frequencies. For a 
‘more detailed understanding of the physics involved, 
see “Controlled Thermonuclear Reactions”, Glasstone 
‘and Lovberg, D. Van Nostrand Company, Inc. Prince- 
ton, NJ, 1960 and “The Radiation Belt and Magneio- 
sphere"," Hess, Blaisdell Publishing Company, 1968, 
both of which are incorporated herein by reference. 

Referring now to the drawings, the present invention 
provides a method and apparatus for altering at least 
‘one region of plasma which lies along field line, partic- 
larly when it passes through the ionosphere and/or 
‘magnetosphere. FIG. 1 i a simplified illustration of the 
earth 10 and one of its dipole magnetic force or field 
lines 11, As will be understood, line 11 may be any one 
of the numerous naturally existing field lines and the 
actual geographical locations 13 and 14 of line 11 will be 
‘chosen based on a particular operation to be carried out. 
‘The actual locations at which field lines intersect the 
earth's surface is documented and is readily ascertain- 
able by those skilled in the art. 

Line 11 passes through region R which lies at an 
altitude above the earth's surface. A wide range of al 
tudes are useful given the power that can be employed 
by the practice ofthis invention. The electron cyclotron 
resonance heating effect can be made to act on electrons 
‘anywhere above the surface of the earth. These elec- 
trons may be already present in the atmosphere, iono- 
sphere, and/or magnetosphere of the earth, or can be 
artificially generated by a variety of means such as x-ray 
‘beams, charged particle beams, lasers, the plasma sheath 
surrounding an object such as a missile or meteor, and 
the like. Further, artificial particles, eg., electrons, ions, 
‘tc., can be injected directly into region R from an 
carth-launched rocket or orbiting satelite carrying, for 
example, a payload of radioactive beta-decay material; 
alpha emitters; an electron accelerator; and/or ionized 
gases such as hydrogen; see U.S. Pat. No. 4,082,196. 
‘The altitude can be greater than about 50 km if desired, 
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eg, can be from about 50 km to about 800 km, and, 
accordingly may lie in either the ionosphere or the 
magnetosphere or both. As explained above, plasma 
‘Will be present along line 11 within region Rand is 
represented by the helical line 12. Plasma 12 is com- 
prised of charged particles (Le,, electrons and ions) 
Which rotate about opposing helical paths along line 11 

Antenna I5 is positioned as close as is practical to the 
location 14 where line 11 intersects the earth's surface. 
Antenna 15 may be of any known construction for high 
directionality, for example, a phased array, beam spread 
angle (8) type. See “The MST Radar at Poker Flat, 
Alaska”, Radio Seience, Vol. 15, No. 2, Mar.-Apr. 1980, 
pps. 213-223, which is incorporated herein by refer- 
ence. Antenna 15 is coupled to transmitter 16 whi 
generates a beam of high frequency electromagnetic 
radiation at a wide range of discrete frequencies, e.g, 
from about 20 to about 1800 kilobertz (kHz). 

“Transmitter 16 is powered by power generator means 
17 which is preferably comprised of one or more large, 
commercial electrical generators. Some embodiments 
fof the present invention require large amounts of 
power, €.6, up 10 10%0 10!watts, in continuous wave 
fr pulsed power. Generation of the needed power is 
‘within the state of the art. Although the electrical gen- 
erators necessary for the practice of the invention can 
bbe powered in any known manner, for example, by 
nuclear reactors, hydroelectric facilities, hydrocarbon 
fuels, and the like, this invention, because of its very 
large power requirement in certain applications, is par~ 
ticularly adapted for use with certain types of fuel 
sources which naturally occur at strategic geographical 
locations around the earth. For example, large reserves 
‘of hydrocarbons (oil and natural gas) exist in Alaska and 
‘Canada. In northern Alaska, particularly the North 
Slope region, large reserves are currently readily avail- 
fable. Alaska ‘and northern Canada also are ideally lo- 
cated geographically as to magnetic latitudes. Alaska 
provides easy access to magnetic field lines that are 
especially suited to the practice of this invention, since 
‘many field lines which extend to desirable altitudes for 
this invention intersect the earth in Alaska. Thus, in 
‘Alaska, there is a unique combination of large, accessi- 
ble fuel sources at desirable field line intersections. Fur. 
ther, a particularly desirable fuel source for the genera- 
tion of very large amounts of electricity is present in 
‘Alaska in abundance, this source being natural gas. The 
presence of very large amounts ofclean-burning natural 
‘gas in Alaskan latitudes, particularly on the North 
Slope, and the availability. of magnetohydrodynamic 
(MHD), gas turbine, fuel cell, electrogasdynamic 
(EGD) ‘clectric generators which operate very effi- 
ciently with natural gas provide an ideal power source 
for the unprecedented power requirements of certain of 
the applications of this invention. For 2 more detailed 
discussion of the various means for generating electric- 
ity from hydrocarbon fuels, see “Electrical Aspects of 
Combustion”, Lawton and Weinberg, Clarendon Press, 
1969. For example, it is possible to generate the electric 
ity directly at the high frequency needed to drive the 
antenna system. To do this, typically the velocity of 
Flow of the combustion gases (v), past magnetic field 
perturbation of dimension d (in the case of MHD), fol- 
ow the rule: 


a 


where fis the frequency at which electricity is gener- 
ated. Thus, if v=1.78%10° cm/sec and d=1 cm then 
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clectricity would be generated at @ frequency of 1.78 
mi 

Put another way, in Alaska, the right type of fuel 
(natural ga) i naturally present in large amounts and at 
jst the right magnetic latitudes for the most efficient 
practice ofthis invention, a truly unique combination of 
Circumstances, Desirable magnetic latitudes for the 
practice of this invention interest the earth's surface 
both northerly and southerly of the equator, particu 
larly desirable latitudes being those, both northerly and 
southerly, which correspond in magnitude with the 
magnetic latitudes that encompass Alaska 

Referring now to FIG. 2 first ambodiment is llus- 
trated where a selected region R of plasma 12 is altered 
by electron eyelotron resonance heating to accelerate 
the electrons of plasma 12, which are following helical 
paths along field ine 1 

“To accomplish this result, electromagnetic radiation 
4s transmitted atthe outset, essentially parallel to line 11 
via antenna 18 as right hand circalrly polarized radia- 
tion wave 20, Wave 20 has a frequency which will 
excite electron eyelotron resonance with plasma 12 at 
its inital or original altitude. This frequency will vary 
<epending on the electron cyclotron resonance of re- 
{gion Rywhich, in tur, can be determined from available 
Gata based on the altitudes of region Ra, the particular 
field line 11 being used, the strength of the earth’s mag- 
netic field, ete. Frequencies of from about 20 to about 
7200 kHz, preferably from about 20 to about 1800 kHz 
can be employed. Also, for any given application, there 
will be a threshhold (minimum power level) which is 
needed to produce the desired result. The minimum 
power level i a function ofthe level of plasma produc: 
tion and movement required, taking into consideration 
any lost processes that may be dominant in a particular 
plasma oF propagation path. 

‘As clectron eyclotron resonance is established in 
plasma 12, energy is transferred from the electromag 
netic radiation 20 into plasma 12 to heat and accelerate 
the electrons therein and, subsequently, ions and neutral 
particles. As this process continues, neutral particles 
‘which are present within Riare ionized and absorbed 
Jnto plasma 12 and this increases the electron and ion 
densities of plasms 12. As the electron energy is raised 
to values of about 1 kilo electron volt (kev), the gener- 
ated mirror force (explained below) will direct the ex- 
cited plasma 12 upward along line 11 to form a plume 
Raat an altude higher than that of Ry 

Plasma acceleration results from the force on an elec- 
tron produced by a nonuniform static magnetic field 
). The foree, called the mirror force, is given by 


@ 


ve 


‘where is the electron magnetic moment and V Bis the 
‘gradient of the magnetic field, w being further defined 
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where Wis the kinetic energy in the direction perpen- 
dicular to that of the magnetic field lines and B is the 
‘magnetic field strength at the line of force on which the 
guiding center of the particle is located. The force as 
represented by equation (2) is the force which is respon- 
sible for a particle obeying equation (1). 
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Since the magnetic field is divergent in region Ri it 

ccan be shown that the plasma will move upwardly from 

the heating region as shown in FIG. 1 and further it can 
be shown that 

EBA LMAO LM 
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where the left hand side is the initial electron transverse 
kinetic energy; the first term on the right is the trans- 
verse electron kinetic energy at some point (Y) in the 
expanded field region, while the final term is the ion 
kinetic energy parallel to B at point (¥). This last term 
is what constitutes the desired ion low. It is produced 
by an electrostatic field set up by electrons which are 
accelerated according to Equation (2) in the divergent 
field region and pulls ions along with them, Equation 
(G) ignores eleciron kinetic energy parallel to B because 
Vel) = Vii], $0 the bulk of parallel kinetic energy resides 
in the ions because of their greater masses. For example, 
if an electromagnetic energy flux of from about | to 
bout 10 watts per square centimeter is applied to re- 
gion R, whose altitude is 115 km, a plasma having a 
density (Ne) of 10!2 per cubic centimeter will be gener- 
ated and moved upward to region Rz which has an 
altitude of about 1000 km. The movement of electrons 
in the plasma is due to the mirror force while the ions 
are moved by ambipolar diffusion (which results from 
the electrostatic field). This effectively “lifts” a layer of 
plasma 12 from the ionosphere and/or magnetosphere 
to a higher elevation Ro, The total energy required to 
create a plasma with a base area of 3 square kilometers 
and a height of 1000 km is about 3% 10!3 joules. 

'FIG. 3 i an idealized representation of movement of 
plasma 12 upon excitation by electron cyclotron reso- 
‘ance within the earth's divergent force field. Electrons 
(©) are accelerated to velocities required to generate the 
necessary mirror force to cause their upward move- 
ment. At the same time neutral particles (n) which are 
present along line 11 in region Ryare ionized and be- 
‘come part of plasma 12. As electrons (¢) move upward 
along line 11, they drag ions (i) and neutrals (n) with 
them but at an angle @ of about 13 degrees to field line 
AL. Also, any particulates that may be present in region 
Ry, will be swept upwardly with the plasma. As the 
charged particles of plasma 12 move upward, other 
particles Such as neutrals within or below Ry, move in 
to replace the upwardly moving particles. These neu- 
trals, under some conditions, can drag with them 
charged particles. 

For example, as a plasma moves upward, other par 
cles at the same altitude as the plasma move horizon- 
tally into the region to replace the rising plasma and to 
form new plasma. The kinetic energy developed by said 
other particles as they move horizontally is, for exam- 
ple, on the same order of magnitude as the total zonal 
kinetic energy of stratospheric winds known to exis 

Referring again to FIG. 2, plasma 12 in region Ry is 
‘moved upward along field line 11. The plasma 12 will 
then form a plume (cross-hatched area in FIG. 2) which 
will be relatively stable for prolonged periods of time. 
‘The exact period of time will vary widely and be deter~ 
mined by gravitational forces and a combination of 
radiative and diffusive loss terms. In the previous de- 
tailed example, the calculations were based on forming 
1 plume by producing O*energies of 2 ev/particle. 
About 10 ev per particle would be required to expand 
plasma 12 to apex point C (FIG. 1). There at least some 
Of the particles of plasma 12 will be trapped and will 
cscillate between mirror points along field line 11. This 
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‘oscillation will then allow additional heating of the 
trapped plasina 12 by stochastic heating which is asoci- 
ated with trapped and oscillating particles. Sec “A New 
Mechanism for Accelerating Electrons in the Outer 
Tonosphere” by R. A. Helliwell and T. F. Bell, Journal 
f Geophysical Research, Vol. 65, No. 6, June, 1960. 
his is preferably carried out at an altitude of at least 
500 km. 

The plasma of the typical example might be em- 
ployed to modify or disrupt microwave transmissions of 
satellites. If less than total black-out of transmission is 
desired (e.g, scrambling by phase shifting digital sig- 
nals), the density of the plasma (N,) need only be atleast 
about 106 per cubic centimeter for a plasma orginating 
at an altitude of from about 250 to about 400 km and 
accordingly less energy (i.e, electromagnetic radia- 
tion), e.g» 108 joules need be provided. Likewise, if the 
density Nes on the order of 108, a properly positioned 
plume will provide a reflecting surface for VHF waves 
and can be used to enhance, interfere with, or otherwise 
‘modify communication transmissions. It can be seen 
from the foregoing that by appropriate application of 
various aspects of this invention at strategic locations 
and with adequate power sources, a means and method 
is provided 10 cause interference with or even total 
disruption of communications over a very large portion 
of the earth. This invention could be employed to dis- 
rupt not only land based communications, both civilian 
and military, but also airborne communications and sea 
communications (both surface and subsurface). This 
‘would have significant military implications, particu- 
larly as a barrier to or confusing factor for hostile mis- 
siles or airplanes. The belt or belts of enhanced ioniza- 
tion produced by the method and apparatus of this 
invention, particularly if set up over Northern Alaska 
‘and Canada, could be employed as an early warning 
device, as well as a communications disruption medium. 
Further, the simple ability to produce such a situation in 
1 practical time period can by itself be a deterring force 
to hostile action. The ideal combination of suitable field 
lines intersecting the earth's surface at the point where 
substantial fuel sources are available for generation of 
very large quantitties of electromagnetic power, such 
as the North Slope of Alaska, provides the wherewithal 
to accomplish the foregoing in a practical time period, 
e.g, strategic requirements could necessitate achieving 
the desired altered regions in time periods of two min- 
utes or less and this is achievable with this invention, 
especially when the combination of natural gas and 
magnetohydrodynamic, gas turbine, fuel cell and/or 
EGD electric generators are employed at the point 
where the useful field lines intersect the earth’s surface. 
One feature of this invention which satisfies a basic 
requirement of a weapon system, ie, continuous check- 
ing of operability, is that small amounts of power can be 
‘generated for operability checking purposes. Further, in 
the exploitation ofthis invention, since the main electro- 
‘magnetic beam which generates the enhanced ionized 
belt of this invention can be modulated itself and/or one 
‘or more additional electromagnetic radiation waves can 
‘be impinged on the ionized region formed by this inven- 
tion as will be described in greater detail herein after 
with respect to FIG. 4, a substantial amount of ran- 
domly modulated signals of very large power magni- 
tude can be generated in a highly nonlinear mode. This 
‘can cause confusion of or interference with or even 
complete disruption of guidance systems employed by 
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even the most sophisticated of airplanes and missiles, 
‘The ability to employ and transmit over very wide areas 


of the earth a plurality of electromagnetic waves of, 


varying frequencies and to change same at will in a 
random mariner, provides a unique ability to interfere 
‘with all modes of communications, land, sea, and/or air, 
at the same time. Because of the unique juxtaposition of 
Usable fuel source a the point where desirable field lines, 
intersect the earth's surface, such wide ranging and 
complete communication interference can be achieved 
in a resonably short period of time. Because of the mir 
roring phenomenon discussed hereinabove, it can also 
be prolonged for substantial time periods so that it 
‘would not be a mere transient effect that could simply 
bbe waited out by an opposing force. Thus this invention 
provides the ability to put unprecedented amounts of 
power in the earth's atmosphere at strategic locations 
and to maintain the power injection level, particularly if 
random pulsing is employed, in a manner far more pre- 
cise and better controlled then heretofore accomplished 
by the prior art, particularly by the detonation of nu- 
clear devices of various yeilds at various altitudes. 
‘Where the prior art approaches yielded merely transi- 
tory effects, the unique combination of fuel and desir- 
able field lines atthe point where the fuel occurs allows 
the establishment of, compared to prior art approaches, 
precisely controlled and long-lasting effects which can- 
not, practically speaking, simply be waited out. Further, 
‘by knowing the frequencies of the various electromag: 
netic beams employed in the practice of this invention, 
itis possible not only to interfere with third party com- 
‘munications but to take advantage of one or more such 
beams to carry out a communications network even 
though the rest of the world’s communications are dis- 
rupted. Put another way, what is used to disrupt anoth- 
cer’s communications can be employed by one knowl- 
‘edgeable of this invention as a communications network 
at the same time. In addition, once one’s own commiuni- 
cation network is established, the far-reaching extent of 
the effects of this invention could be employed to pick 
‘up communication signals of other for intelligence pur- 
poses. Thus, it can be seen that the disrupting effects 
achievable by this invention can be employed to benefit 
by the party who is practicing this invention since 
knowledge of the various electromagnetic waves being 
employed and how they will vary in frequency and 
magnitude can be used to an advantage for positive 
‘communication and eavesdropping purposes. at the 
same time, However, this invention i not limited to 
locations where the fuel source naturally exists or 
‘where desirable field lines naturally intersect the earth’s 
surface, For example, fuel, particularly hydrocarbon 
fuel, can be transported by pipeline and the like to the 
location where the invention isto be practiced. 

FIG. 4 illustrates another embodiment wherein a 
selected region of plasma Rswhich lies within the 
‘earth's ionosphere is altered to increase the density 
thereof whereby a relatively stable layer 30 of relatively 
dense plasma is maintained within region Rs. Electro- 
magnetic radiation is transmitted at the outset essen 
tially parallel to field line 11 via antenna 18 as a right 
hand circularly polarized wave and at a frequency (ez, 
1.78 megahertz when the magnetic field at the desired 
altitude is 0.66 gauss) capable of exciting electron cyclo- 
‘yon resonance in plasma 12 at the particular altitude of 
plasma 12. This causes heating of the particles (elec- 
‘rons, ions, neutrals, and particulates) and ionization of 
the uncharged particles adjacent line 11, all of which 
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are absorbed into plasma 12 to increase the density 
thereof. The power transmitted, e.g., 210° watts for 
up to 2 minutes heating time, is ess than that required to 
{generate the mirror force F required to move plasma 12 
upward as in the previous embodiment. 

‘While continuing to transmit electromagnetic radia: 
tion 20 from antenna 15, a second electromagnetic radi- 
ation beam 31, which is ata defined frequency different 
from the radiation from antenna 15, is transmitted from 
‘one or more second sources via antenna 32 into layer 30 
and is absorbed into a portion of layer 30 (cross-hatched 
area in FIG. 4). The electromagnetic radiation wave 
from antenna 32 is amplitude modulated to match a 
known mode of oscillation fy in layer 30. This creates a 
resonance in layer 30 which excites a new plasma wave 
33 which also has a frequency of fh and which then 
propogates through the ionosphere. Wave 33 can be 
tused to improve or disrupt communications or both 
‘depending on what is desired in a particular application. 
(Of course, more than one new wave 33 can be gener- 
ated and the various new waves can be modulated at 
‘will and in a highly nonlinear fashion. 

FIG, 8 shows apparatus useful in this invention, par- 
ticularly when those applications of this invention are 
employed which require extremely large amounts of 
power. In FIG. § there is shown the earth's surface 40 
‘With a well 41 extending downwardly thereinto until it 
penetrates hydrocarbon producing reservoir 42. Hydro- 
carbon reservoir 42 produces natural gas alone or in 
‘combination with crude oil. Hydrocarbons are pro- 
Guced from reservoir 42 through well 41 and wellhead 
48 to a treating system 44 by way of pipe 45. In treater 
44, desirable liquids such as crude oil and gas conden- 
sates are separated and recovered by way of pipe 46 
While undesirable gases and liquids such as water, H2S, 
and the like are separated by way of pipe 47. Desirable 
{gases such as carbon dioxide are separated by way of 
pipe 48, and the remaining natural gas stream is re- 
‘moved from treater 44 by way of pipe 49 for storage in 
‘conventional tankage means (not shown) for future use 
‘and/or use in an electrical generator such as a magneto- 
hydrodynamic, gas turbine, fuel cell or EGD generator 
30. Any desired aumber and combination of different 
types of electric generators can be employed in the 
practice of this invention. The natural gas is burned in 
‘generator 50 to produce substantial quantities of elec- 
tricity which is then stored and/or passed by way of 
wire 51 t0 a transmitter 52 which generates the electro- 
magnetic radiation to be used in the method of this 
invention. The electromagnetic radiation is then passed 
by way of wire 83 to antenna 54 which is located at or 
neat the end of field line 14. Antenna 84 sends circularly 
polarized radiation wave 20 upwards along field line 11 
{o carry out the various methods of this invention as 
described hereinabove. 

‘OF course, the fuel source need not be used in its 
naturally-occurring state but could first be converted to 
another second energy source form such as hydrogen, 
hydrazine and the like, and electricity then generated 
from said second energy source form. 

Itean be seen from the foregoing that when desirable 
field line 11 intersects earth's surface 40 at or near a 
large naturally-occurring hydrocarbon source 42, ex- 
ceedingly large amounts of power can be very effi 
ciently produced and transmitted in the direction of 
field lines. This is particularly so when the fuel source is 
natural gas and magnetohydrodynamic generators are 
employed. Further, this can all be accomplished in a 


4,686,605 


13 

relatively small physical area when there is the unique 
coincidence of fuel source 42 and desirable field line 1. 
Of course, only one set of equipment is shown in FIG. 
5 for sake of simplicity. For a large hydrocarbon reser- 
voir 42, a plurality of wells 41 can be employed to feed 
one oF more storage means and/or treaters and as large 
1 number of generators 55 as needed to power one or 
more transmitters 52 and one or more antennas $4. 
Since all of the apparatus 44 through $4 can be em- 
ployed and used essentially at the sight where naturally- 
occurring fuel source 42 is located, all the necessary 
electromagnetic radiation 20 is generated essentially at 
the same location as fuel source 42. This provides for a 
maximum amount of usable electromagnetic radiation 
20 since there are no significant storage or transporta- 
tion losses to be incurred. In other words, the apparatus 
is brought to the sight of the fuel source where desirable 
field line 11 intersects the earth's surface 40 on or near 
the geographical location of fuel source 42, fuel source 
442 being at a desirable magnetic latitude for the practice 
of this invention, for example, Alaska. 

‘The generation of electricity by motion of a conduct- 
ing fluid through a magnetic field, ie., magnetohydro- 
dynamics (MHD), provides a method of electric power 
{generation without moving mechanical parts and when 
the conducting fui is a plasma formed by combustion 
of fuel such as natural gas, an idealized combination of 
apparatus is realized since the very clean-bumning natu- 
ral gas forms the conducting plasma in an efficient man- 
ner and the thus formed plasma, when passed through a 
magnetic field, generates electricity in a very efficient 
‘manner. Thus, the use of fuel source 42 to generate a 
plasma by combustion thereof for the generation of 
Glectricity essentially at the site of occurrence of the 
fuel source is unique and ideal when high power levels 
fare required and desirable field lines 11 intersect the 
‘earth's surface 40 at or near the site of fuel source 42. A 
particular advantage for MHD generators is that they 
can be made to generate large amounts of power with a 
small volume, light weight device, For example, a 1000 
‘megawatt MHD generator can be construed using su- 
pereonducting magnets to weigh roughly 42,000 
pounds and can be readily airlifted. 

This invention has a phenomenal variety of possible 
ramifications and potential future developments. As 
alluded to earlier, missile or aircraft destruction, deflec- 
tion, or confusion could result, particularly when rela- 
tivistic particles are employed. Also, large regions of 
the atmosphere could be lifted to an unexpectedly high 
altitude so that missles encounter unexpected and un- 
planned drag forces with resultant destruction or de- 
fection of same. Weather modification is possible by, 
for example, altering upper atmosphere wind patterns 
of altering solar absorption patterns by constructing 
‘one or more plumes of atmospheric particles which will 
fact as a lens or focusing device. Also as alluded to ear- 
lier, molecular modifications of the atmosphere can take 
place so that positive environmental effects can be 
achieved. Besides actually changing the molecular com- 
position of an atmospheric region, a particular molecule 
‘or molecules can be chosen for increased presence. For 
‘example, ozone, nitrogen, etc. concentrations in the 
atmosphere could be artificially increased. Similarly, 
environmental enhancement could be achieved by caus- 
ing the breakup of various chemical entities such as 
carbon dioxide, carbon monoxide, nitrous oxides, and 
the like. Transportation of entities can also be realized 
‘when advantage is taken of the drag effects caused by 
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regions of the atmosphere moving up along diverging 
field lines. Small micron sized particles can be then 
transported, and, under certain circumstances and with 
the availability of sufficient energy, larger particles or 
objects could be similarly affected. Particles with de- 
sired characteristics such as tackiness, reflectivity, ab- 
sorptivity, etc, can be transported for specific purposes 
or effects. For example, a plume of tacky particles could 
be established to increase the drag on a missile or satel- 
lite passing therethrough. Even plumes of plasma hav- 
ing substantially less charged particle density than-de- 
scribed above will produce drag effects on missiles 
which will affect a lightweight (dummy) missile in a 
‘manner substantially different than a heavy (live) mis- 
sile and this affect can be used to distinguish between 
the two types of missiles. A moving plume could also 
serve as a means for supplying a space station or for 
focusing vast amount of sunlight on selected portions of 
the earth, Surveys of global scope could also be realized 
because the earth’s natural magnetic field could be sig- 
nificantly altered ina controlled manner by plasma beta 
effects resulting in, for example, improved magnetotel- 
luric surveys. Electromagnetic pulse defenses are also 
possible. The earth's magnetic field could be decreased 
or disrupted at appropriate altitudes to modify or elimi- 
nate the magnetic field in high Compton electron gener- 
ation (eg, from high altitude nuclear bursts) regions. 
High intensity, well controlied electrical fields can be 
provided in selected locations for various purposes. For 
example, the plasma sheath surrounding a missile or 
satellite could be used as a trigger for activating such a 
high intensity field 10 destroy the missile or satelite. 
Further, irregularities can be created in the ionosphere 
‘which will interfere with the normal operation of vari- 
‘ous types of radar, eg., synthetic aperture radar. The 
[present invention can also be used to create artificial 
belts of trapped particles which in turn can be studied to 
determine the stability of such parties. Still further, 
plumes in accordance with the present invention can be 
formed to simulate and/or perform the same functions 
as performed by the detonation of a “heave” type nu- 
clear device without actually having to detonate such a 
device, Thus it can be seen that the ramifications are 
‘numerous, far-reaching, and exceedingly varied in use- 
fulness. 

1 claim 

1. A method for altering atleast one region normally 
existing above the earth's surface with electromagnetic 
radiation Using naturally-occurring and diverging mag- 
netic field lines of the earth comprising transmitting first 
electromagnetic radiation at a frequency between 20 
and 7200 kHz from the earth's surface, said transmitting 
being conducted essentially atthe outset of transmission 
substantially parallel to and along at least one of said 
field lines, adjusting the frequency of said first radiation 
toa value which will excite electron cyclotron reso- 
nance at an initial elevation at least 50 km above the 
earth's surface, whereby in the region in which said 
electron cyclotron resonance takes place heating, fur- 
ther ionization, and movement of both charged and 
neutral particles is effected, said cyclotron resonance 
excitation of said region is continued until the electron 
concentration of said region reaches @ value of at least 
10° per cubic centimeter and has an ion energy of at 
least 2 ev. 

2, The method of claim 1 including the step of provid. 
ing artificial particles in said at least one region which 
are excited by said electron eyclotron resonance. 
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3."The method of claim 2 wherein said artificial part- 
cles are provided by injecting same into sai atleast one 
region from an orbiting satellite 

44, The method of claim 1 wherein ssid threshold 
excitation of electron cyclotron resonance is about 1 
‘watt per cubic centimeter and is sufficient to cause 
movement of a plasma region along seid diverging mag 
netic field lines to an altitude higher than the altitude at 
Which said excitation was initiated. 

5, The method of claim 4 wherein said rising plasma 
region pulls with ita substantial portion of neutral part- 
cles of the atmosphere which exist in or near said 
plasma region. 

6. The method of claim 1 wherein there is provided at 
least one separate source of second electromagnetic 
radiation, said second radiation having atleast one fre- 
quency different from said first radiation, impinging 
Said at least one second radiation on ssid region while 
said region is undergoing electron cyclotron resonance 
excitation caused by said first radiation. 

“7. The method of claim 6 wherein said second radia- 
tion has a frequency which is absorbed by said region. 

8 The method of claim 6 wherein ssid region is 25 
plasma in the ionosphere and said second radiation ex- 
cites plasma waves within said ionosphere. 

9. The method of claim 8 wherein suid electron con- 
centration reaches a value of at least 10%? per cubic 
centimeter. 
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10, The method of claim 8 wherein said excitation of 
clectron cyclotron resonance is initially carried out 
‘within the ionosphere and is continued for a time suff- 
cient to allow said region to rise above said ionosphere. 

IL, The method of claim 1 wherein said excitation of 
electron cyclotron resonance is carried out above about 
500 kilometers and for a time of from 0.1 to 1200 sec- 
‘nds such that multiple heating of said plasma region is 
achieved by means of stochastic heating in the magneto- 
sphere. 

12, The method of claim 1 wherein said first electro- 
‘magnetic radiation is right hand circularly polarized in 
the northerm hemisphere and left hand circularly polar- 
ied in the southern hemisphere. 

13, The method of claim 1 wherein said electromag- 
netic radiation is generated at the site of a naturally: 
‘occurring hydrocarbon fuel source, said fuel source 
being located in at least one of northerly or southerly 
magnetic latitudes, 

14, The method of claim 13 wherein said fuel source 
is natural gas and electricity for generating said electro- 
magnetic radiation is obtained by burning ssid natural 
gas in at least one of magnetohydrodynamic, gas tur- 
bine, fuel cell, and EGD electric generators located at 
the site where said natural gas naturally occurs in the 
earth, 

15, The method of claim 14 wherein said site of natu- 
zal gas is within the magnetic latitudes that encompass 
Alaska, 
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Jo High Speed Packet Access (HSPA) consists of systems supporting both High Speed Downlink Packet 
‘Access (HSDPA) and High Speed Uplink Packet Access (HSUPA). 


45 Typical downlink and uplink throughput rates based on ATAT press release, June 4, 2008 
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50% loading in neighboring cells. Higher rates expected with subsequent 3GPP releases. 
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To all whom it may concern: 
‘Be it known that I, Nusoua Testa, a citi- 
zen of the United States, residing’in the 
borough of Manhattan, in'the city, county, 
and State of New York, have invented cer 
tain new and useful Improvements in Appa- 
vatus: for Transmitting Blectrical Energy, 
of which the following is a specification, ref- 
erence being had to the drawing accom: 
panying and forming a part of the same. 
In endeavoring to adapt currents or dis 
charges of very high tension to various valu- 
able uses, as the distribution of energy 
through wires from central plants to distant 
places of consumption, or the transmission 
of powerful disturbances to great distances, 
through the natural or non-artificial media, 
have encountered difficulties in confining 
considerable amounts of electricity to: the 
conductors and preventing its leakage over 
their supports, or its escape into the ambient 
air, which always takes place when the elec- 
trie surface density reaches a certain value. 
‘The intensity of the effect of a transmit 


5. ting circuit with a free or elevated terminal 


1s proportionate to the quantity of electric. 
ity displaced, which is determined by the 
product of the capacity of the circuit, the 
pressure, and the frequency of the currents 
employed. To produce an electrical move- 
ment of the required magnitude it is de- 
sirable to charge the terminal as highly. as 
possible, for while a great quantity of elec- 
tricity may also be displaced by a large 
capacity charged to low pressure, there are 
disadvantages met with in many eases when 
the formor is made too large. "The chief of 
these are due to the fact that an increase of 
the capacity entails a lowering of the fre- 
quency of the impulses or discharges and a 
diminution of the energy of vibration. This 
will be understood when it is borne in mind, 
that a cireait with a large capacity behaves 
as a slackspring, wherens one with a small 
capacity acts like a stiff spring, vibrating 
more vigorously. Therefore, in order to 
attain the highest possible frequency, which 
for certain purposes is advantageous and, 
apart from that, to develop the greatest 
energy in such a transmitting cireuit, T em- 
ploy a terminal of relatively small capacity, 
which T charge to as high a pressure as prac: 
ticable. To accomplish this result T have 
found it imperative to so construct the ele- 
vated conduetor, that its outer surface, on 


which the electrical charge chiefly accumu- 
lates, has itself 2 large radius of curvature, 
or is composed of separate elements which, 
irrespective of their own radius of curva- 
ture, are arranged in close proximity to each 
other and so, that the outside ideal surface 
enveloping them is of a large radius. Evi- 
dently, the smaller the radius of curvature 
the greater, for a given electric displace- 
ment, will be the surface-density and, con- 65 
sequently, the lower the limiting pressure to 
which the terminal may be charged without 
electricity escaping into the air. Such a 
terminal I secure to an insulating support 
entering more or less into its interior, and I 
likewise connect the circuit to it inside or, 
generally, at points where the electric den 
sity issmull. “This plan of constructing and 
silpporting a highly charged conductor I 
have found to be of great practical impor- 
tance, nnd it may be usefully appliedin many 
ways, 

Referring to the accompanying drawing, 
the figure fe a, view in elovation and par 
section of an improved free terminal and 
cireuit of large surface with supporting 
structure and generating apparatus. 

The terminal D consists of a suitably 
shaped metallic frame, in this case a ring of 
nearly circular cross section, which is cov- 
ered With half spherical metal plates P P, 
thus constituting avery large conducting 
surface, smooth on. all places where the elec- 
trie charge principally accumulates. The 
frame is carried by a strong platform ex- 
pressly provided for safety appliances, in- 
struments. of observation, etc., which in turn. 
rests on insulating supports F F. ‘These 
should penetrate far into the hollow space 
formed by the terminal, and-if the electric 
density ab the points where they are bolted 
to the frame is still considerable, they ma 
be specially protected by conducting hoods 
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A part of the improvements which form 100 
the subject of this specification, the tran: 
mitting circuit, in its general features, 
identical with that described and claimed in 
my original Patents Nos. 645,576 and 649,621. 
‘The cirenit comprises a coil A which is in 105 
close inductive relation with a primary O, 
and one end of which is connected to a 
ground-plate E, while its other end is led 
through a separate self-induetion coil B and 
2 metallic cylinder B’ tothe terminal D. 119 
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‘The eénnection to the latter should always 
be made at, or near the center, in order to 
secure a symmetrical distribution of the cur- 
rent, as otherwise, when the frequency is 
very high and the flow of large yolume, the 
performance of the apparatus might be im- 
paired. The primary C may be excited in 
any desired manner, from a suitable source 
of currents G, which may be an alternator 
or condenser, the important ‘requirement 
being that the resonant condition is estab- 
ished, that is to say, that the terminal D is 
charged to the maximum pressure developed 
in the circuit, as. have specified in my 
original patents before referred to. ‘The ad- 
justments should be made with particular 
care when the transmitter is one of great 
power, not only on account of economy, but 
also in order to avoid danger. Thavesown 
that it is practicable to produce in a resonat- 
ing circuit as E A BB’ D immense electri- 
cal activities, measured by tens and even 
hundreds of thousands of horse-power, and 
in such a case, if the points of masimum 
ppresstire should be shifted below the ter- 
minal D, along coil B, a ball of fire might 
break out and destroy the support F or any- 
thing else in the way. For the better ap- 
preciation of the nature of this danger it, 
should be stated, that the destructive action 
may take place with inconceivable violence. 
‘This will cease to be surprising when it is 
borne in mind, that the entire energy accu- 
mulated in the excited cireuit, instead of re- 
quiring, as under normal working condi- 
tions, one quarter of the period or more for 
its transformation from static to kinetic 
form, may spend itself in an incomparably 
smaller interval of time, at,a rate of many 
millions of horse power., The accident is 
apt to occur when, the transmitting circuit 
being strongly excited, the impressed oscil- 
lations upon it are caused, in any manner 
more or less sudden, to be more rapid than 
the free oscillations. Tt is therefore, ad- 
visable to begin the adjustments with feeble 
and somewhat slower impressed oscillations, 
strengthening and quickening them grad- 
ually, until the apparatns has been brought 
under perfect. control. ‘To increase the 
safety, provide on a convenient place, pref- 
erably on terminal D, one or more elements 
or plaies either of somewhat smaller radius 
of curvature or protruding more or less be- 
youd the others (in which case they maybe 
of larger radius of curvature) so that, should 
the pressure rise to 2 value, beyond-which it 
is not desired to go, the powerful dischange 
‘may dart out there and lose itself harmlessly 
inthe air. Such a plate, performing afunc- 
tion similar to that of a safety valve on s 
high pressure reservoir, is indicated at V. 
Still further extending the, principles 
underlying my invention, special re! 
js made to coil B and conductor B’. 
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Intier is in the form of cylinder with 
smooth or polished surface of a radius much 
Jarger than that of the half spherical ele- 
ments P P, and widens out at the bottom 
into a hood H, which should be slotted to 
avoid loss by eddy currents and the pu 

pose of which will be clear from the for 
going. The coil B is wound on a frame or 
drum D* of insulating material, with its 
turns close together. T have discovered that 
when so wound the effect of the small radius 
of curvature of the wire itself is overcome 
and the coil behaves as a conductor of large 
radius of curvature, corresponding to that 
‘of'the drum. This feature is of consider- 
able practical importance and is applicable 
not only in this special instance, but gen- 
erally. For example, stich plates at PP 
of terminal D, though preferably of Jan 

radius of curvature, need not be necessarily 
so, for provided only that the individual 
plates or elements of a high potential con- 
duetor or terminal are arranged in prox- 
imity to each other and with their outer 
boundaries along an ideal symmetrical en- 
veloping surface of a large radius of curv: 
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ture, the advantages of the invention will 
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trical actix 
its outer conducting boundaries, which are 
charged to a high potential, arranged in 
surfaces of large radii of curvature so as 
to prevent leakage of the oscillating charge, 
substantially as set forth. 

2. In apparatus for the transmission of 
electrical energy a circuit’ connected to 
fat and to an elevated terminal and 
having its outer conducting boundaries, 
which are subject to high tension, arranged 
in surfaces of large radii of curvature sub- 
stantially as, and for the purpose described. 

3. In a plant for the transmission of elec- 
trical energy Without wires, in combination 
with a primary or exciting circuit a second- 
ary connected to ground and to an elevated 
terminal and having its. outer conducting 
boundaries, which aré charged to a hig 
potential, arranged in surfaces of large radi 
Of curvature for thé. purpose of preventing 
Teakage and loss of energy, substantially as 
set forth.. 5 

“4. As a means for transmitting electrical 
energy to a distance through the natural 
media a grounded resonant circuit, com- 
prising part upon which oscillations are 
impressed and another for raising the ten- 180 
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sion, having its outer conducting boundaries 
‘on which a high tension charge accumulates 
arranged in surfaces of large radii of curva- 
‘ture, substantially as deserived. ‘ 

5. The means for producing excessive 
clectrie potentials consisting of a primary 
exciting circuit end. a resonant secondary 
having its outer conducting elements which 
are subject to high tension arranged in prox- 
imity to each other and in surfaces of large 
radii of curvature so as to prevent leakage 
of the charge and attendant lowering of po- 
tential, substantially as described. 

6, A circuit comprising a part upon which 
oscillations are impressed and another part 
for raising the tension by resonance, the 
latter part being supported on places of low 
electric density and having its outermost 
conducting boundaries arranged in surfaces 
of Jnuge radii of curvatnre, as sot forth. 

‘7. In apparatus for the transmission of 
electrical energy without wires a grounded 
cireuit the outer conducting elements of 
which have a great aggregate area and are 
rranged in surfaces of large radii of eurra- 
‘ture s0 as to permit the storing of,a high 
charge at a small electric density and pre- 

through leakage, substantially as ~ 


vent 
described. 


8A wireless transmitter comprising in 30 
combination a source of oscillations as a 
condenser, a primary exciting circuit and 
secondary grounded and elevated conductor 
the outer conducting boundaries, of which 
are in proximity to each other and arranged 
in of large radii of curvature, sub- 
stantially as described. 

‘9, In apparatus for the transmission of 
clectrical energy without wires an clevated 
conductor or antenna having its outer high 
potential conducting or capacity elements 
arranged in proximity to each other and in 
surfaces of large radii of curvature s0 as to 
‘overcome the effect of the small radius of 
curvature of the individual elements and 
leakage of the charge, as set forth. 

10. A ded resonant . transmittin; 
cireuit having its outer conducting bound- 
aries arranged in surfaces of large radii 
of curvature in combination with an ele- 
vated terminal of ¢ surface snppocted 
at points of low electric density, substan- 
tially as described. 
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‘The invention described herein may be manufactured 
‘and used by or for the Government for governmental 
‘Purposes without payment to me of eny royalty thereon, 

‘This invention relates to the convenient and economieat 
provision of power far the operation of electronic cizcuits 
fand devices using transistors, and of other electrical de- 
vices having modest power requirements 

‘A great advantage of transistors, and a major reason 
ffor their enthusiastic reception since their introduction 
‘few years ago, isthe fact that they will operate satistace 
torily with very low supply voltages and currents. One 
amilliwatt or even Iess ig sufficient to power a transistor 
in many applications. Various batteries have been de- 
veloped to provide, in a minimum of space, the relatively 
‘minute amounts of power needed by transistors 

My invention provides methods and means thet permit 
‘transistor circuits, and also othar low-powered electrical 
devices, to be economically and conveniently operated 
without any batteries whatever, and indeed without any 
Power supply whatever as power supplies are ordinarily 
conceived. 

‘The invention centers around my discovery that it is 
practicable to construct operative transistor circuits that 
fare able to abstract from the atmosphere sufficient o 
tomagactic energy t0 provide all necessary supply voll. 
ages and currents for their own operation. Circuits and 
devices powered according to my invention will operate 
indefinitely without any local power source whatever, 

T have successflly constructed and demonsirated such 
citcuits, For example, I have constructed a batteryless 
‘tansistor radio receiver on which Ihave listened to either 
nearby or distant broadcast stations as desired, using 
either headphones or a loudspeaker; this receiver has been 
powered entirely by electromagnetic enerey abstracted 
from the atmosphere, 

From the successful operation of this receiver, and 
from other experimental work, it becomes clear that, by 
the methods and means of the invention, great variety 
(of practical and useful transistor circuits can be powered 
‘entirely by energy abstracted from the atmosphere, 

Furthermore, as will become apparent below, my in- 
vention is applicable to the powering of other electrical 
ovices requiring relatively small amounts of power, 

An object of the present invention is to provide meth 
‘ods and means for powering transistor circuits ent 
from radiofrequency energy abstracted from the atmos 
phere, 

Another object is to provide methods and means for 
powering remote radio receivers, low-powered radio tran, 
mitters, and other low-powered electrical devices, Wits 
energy received by radio from e master station, so that 
no local power supplies are needed by the devices and oo 
that the powering or non-powering of the remote device 
fs under the control of the master station, 

A further object is to provide methods and mesns for 
powering transistor cizcuits and other low-powered elec. 
trical devices with radiofrequency energy received from 
‘one or more remote radio transmitters. 
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Other objects, aspects, uses, and advantages of the in- 
‘vention will become apparent from the following descrip. 
tion and from the drawing. 

Figure 1 is a schematic diagram of a trensistor radio 
receiver in which all necessary power is supplied by cm. 
‘tay absiracted from the atmosphere in accordance with 
the invention, 

Figure 2 is a schematic diagram showing a general ap- 
plication of the invention to provide direct-current power 
fo a load, 

Figure 3 isa schematic diagram of a system for obtain- 
ing a high energy D-C. source at a hich voltage level 
Using energy abstracted from the atmosphere 

Referring to Figure 1, a receiving antenna 1 is cone 
nected to antenna coupling coils 2 and 3, the other ends 
‘of which are connected to ground. A parallel resonant 
<ircuit consisting of coil § and eapacitor 6 is coupled to 
soll 2, A second parallel resonant circuit consisting of 
coil 7 and capacitor 10 is coupled to coil 3. A third 
parallel resonant circuit consisting of coil 11 end capace 
itor 12 is also coupled to coil 3. 

Coil § and capacitor 6 are tuned to the frequency of 
a radio transmitter from which it is desired to receive 
information—for instance, an amplitude-moduleted stand 
frd broadcast station. ‘The signal received from this trans- 
‘itter need not be strong. ‘The signal is detected by diode 
35 to obtain an audio-irequency information signal. ‘This 
audio signal is coupled through a capacitor 16 and is amt. 
plifed by a circuit that includes a transistor 17 having a 
base 20, an emitter 21, and a collector 22. The mol. 
fied audio output of the transistor is coupled through aq 
‘audio transformer 23 to an electroacoustial transducer, 
preferably a permanent-magnet dynamic lowdspezker 23 
as shown, 

‘The novelty of the invention lies largely in 
and means by which the necessary direct current power 
is supplied to the emitter and collector circuits of tani 
tor 17. ‘This method and means will now be described. 

Coil 7 end capacitor 10, and also coll 11 and capacitor 
12, ae tuned to receive fadio signals of relatively high 
strength. It does not matter whether these signals com 
tain information, ‘These power signals are rectlied by 
liodes 26 and 27 to provide direct-eurrent power that ie 
filtered by capacitors 30 and 31. The D-C. power thus 
obtained is utilized fo power the treasistor 11. 

Tn the cireuit shown, two tuned circuits (Coil 7 and 
capacitor 10, and coil 11 and capacitor 12) are tuned to 
ower signals and the D.-C, voltages obtained from each 
fre connected in series. ‘The tuned power circuits may 
ve tuned to the same or different power signals. Under 
certain circumstances it may be desirable to use more 
then two tuned power circuits and to tine them to more 
{han two power signals; in this way power can be obtained 
from several signals and combined. On the other hand, 
if.a strong power signal is available, a single tnacd power 
circuit may suffice to give the needed D-C. power, 

Even weak information signals can be received si 
fully. “A plurality of transistor amplifier stages ca 
led if desired, or other circuits such as surerte! 
circuits can be wsed. It is merely novessary thet a sult. 
siontly strong power signal or signals be available to pros 
vide the smell amount of DC. needed to power’ the 
transistors, 

IE the information signal happens to be 
be used as the power signal; all ofthe tuned 
§ and capacitor 6, coil 7 and capacitor 10, coil TL and 
capacitor 12) are tuned to the infovmation signs 

Engincers who have observed my invention in operation 
hhave been surprised at the unexpectedly good revulls om 
tained, even with readily available pover signals of quite 
‘moderate strength. For instance, sufficient power for sate 
istactory operation of loudspeaker at low volumes is 
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readily obtained from_a S-kilowatt standard broadcast 
Station $ miles away, using only an indoor antenna to pick 
up the povier signal as well as information signals. In 
typical operation under these conditions a-D-C. voltage 
fof about 2.5 to 3 volts is obtained between the emitter 
‘and the collector, ata current of about 250 microamperes; 
D-C. power input to the transistor:is thus of the order 
‘of 0.5 to 1 milliwatt, So far asI am-aware, no one-has 
‘ever before discovered-and demonstrated the practicability 
(of this method of powering a radio receiver. 

‘Because existing broadcast stations within a radius of 
fa number of miles provide adequate power signals, the 
invention is readily practicable with existing power Sig- 
nals ia. almost any location in or near-any. city ithe 
United States. 

‘Although T have-described a transistor radio receiver 
powered by my invention, it willbe readily apparent that 
the iavention is applicable to the powering of aay tran- 
sistor circuit using one or a sumaber-of transistors, and 
to the powering of other devices requiring relatively smell 
‘amounts of power. For instance, sensitive electrome- 
chanical, electrochemical, or electrothermal. devices can 
be operated by the method of the invention. 

‘Referring to Figure 2, which shows a more gene 
bodiment of my invention, an antenaa 35 picks up radio- 
frequency energy from the atmosphere. ‘This eneray 
flows through coil 36, which is coupled to a-tun: 
consisting of coil 37 and capacitor=48. The 
(quency voltage across capacitor 40 is rectified by diode 
2 and fitered by a low-pass filler $6 consisting of cap 
itors 42 and 44 and choke coil 43. ‘The resulting D-C. 
voltage is applied to-a load 48. 

Tn the practice of my invention, larger 
power can be obtained for short periods of time by'stor- 
{ng received energy in a suitable energy storage device. 
‘Stored energy may then be withdrawn at intervals at a 
‘more rapid rete than that at which it was received and 
[pot into the storage device. In this way the invention can 
fe used to provide short pulses of relatively very high 
electrical eneray. This result can be readily obtained by 
charging a relatively large capacitor with direct current 
fand then éischarging the capacitor rapidly into a load 
when desired, This rapid discharge can be initiated auto- 
matically when the voltage across the capacitor reaches 
2 certain level, or it can be initiated when a transistor 
radio receiver receives a certain information signal 

Higher voltages can be obtained with the invention by 
‘means of well known devices for raising DC. voltages 
is shown in Figure 3. The DC. voltage output from the 
Capacitor 44 ean be used to power a low frequency tr 
Sistor oscillator 52 whose A.-C. output raised to a higher 
voltage level by the transformer 85. This relatively high 
‘A-C. voltage can then be rectified by a diode 61 and fed 
{o\a capacitor 64 to provide a high enerey D.C. source 
at a relatively high voltage level atthe terminals 69 and 
70. If desired, eneray can now be withdrawn from the 
cepacitor 64 at intervals in short pulses of high energy 
‘ata high voltage level. Pulsed radio transmission is one 
‘of the possible uses for this form of the invention. Other 
‘uses would be to provide a single relatively powerful pulse 
needed to actuate an electrothermal or electromechanical 
device, 

"AS nas been indicated above, in many loeations and 
particularly anywhere in or near most American cites, 
power signals normally present in the atmosphere are 
readily available for the easy and convenient practice of 
the invention, However, the invention also has important 
applications in systems in which the necessary power sig- 
nal is generated and transmitted specifically for the opera- 
tion of the particular system. Such systems can, for ex- 
ample, compriso a master station transmitting” all the 
ower that is needed for hundreds or thousands of fixed 
ff mobile transistor reesivers or other remote devices over 
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fa range of many miles. This eliminates the need for 
hundreds oF thousands, asthe case may be, of local power 
supplies. At the same time, such a system has the edvan- 
tage that all of the remote devices ean be simultaneously 
activated or deactivated at the will of the master station, 
simply by starting ot stopping the transmission of the 
ppover signal. Ia such systems it will often be advanta- 
{Beows to use power signals of Frequencies sufiiently high 
fo permit the use of resonant receiving sntennas of small 
physical dimensions for signal pickup at the remote de- 
vices. In addition to the power signal, the master station 
‘may transmit an information signal on the same or a dif 
ferent carrier. 

Cortain types of devices powered entirely by received 
radio waves are of course well Known. ‘The well-known 
“erystal set” ofthe early days of radio, which used a diode 
reelifier to demodulate an amplitude-modulated radio- 
frequency signal, is an outstanding example of such a de- 
vice. -My invention is readily distinguishable from such 
prior devices, however. In typical prior devices & modu- 
ated radiofrequency signal is applied to a diode to obtain 
‘unidirectional hallwave pulses. whose amplitudes vary 
With modulation, These pulses are infegrated by means 
fof a capacitor to obtain a unidirectional signal the ampli- 
{ude of which follows the audiotrequency modulation en- 
Yelope, "If the radiofrequency signal is received with 
sufficient strength the audio signal may have sufficient 
Power to operate headphones or similar wlization device 
‘without power amplification, but the signal is ulized for 
iis information content, rather than to supply aon-infor- 
‘mation-containing power. 

‘My invention, on the other hand, entails the wilization 
of received radiofrequency energy to supply power to at 
Teast one pair of circuit points (across capacitor 31 in 
Fig. 1, for example), such cireuit points requiring power 
solely for its power content and not for any information 
‘of modulation it may contain, In other words, my inven 
tion entails the utlization of radiofrequency’ energy to 
supply pover that would otherwise have to be supplied 
by batteries, enerator, or other local power source, 

Te will be apparent that the embodiments shown are 
only exemplary and that various modifications can be 
‘made in construction and arrangement within the scope 
of the invention as defined in the appended claim. 

Telaim: 

‘An electrical device for obtaining a high energy D-C. 
source at a high voltage level using energy abstracted 
from the atmosphere, said device comprising in combina~ 
tion: resonant means for receiving radio waves, first recti- 
fier means for converting said radio waves ito first direct 
‘current energy, fist capacitor means for storing said first 
direct current eneray, an oscillator powered by seid direct 
‘current energy, said Oscillator producing an AC. output, 
‘ransformer means for raising said AC. output fo an ine 
creased voltage level, second recifer means for convert 
ing the A-C, output of increased voltage level from ssid 
‘transformer into second direct current energy, and second 
‘capacitor means for storing said second direct current 
energy. 
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‘To all whom it may concern: j] 

Be it known that I, Wauten I, Pewnocx, | 
guitizen of the United States, residing af | 
Philadelphia, in the county of Philadelphia | 
and Stato of Pennsylvania, have invented | 
certain new and. useftl Improvements. in 
-Apparatus for Collecting Atmospheric Elec. | 
ineity, of which the following is a speci- | 
fication, 


surface, 

The object of my invention is to provide 
a conveyance of the electro motive force to 
be found in the upper strata of the atmos- 

to the earth's surface; where it may | 
Be utilized Yor commercial ant other pur- 
poses. 

A further object of my invention is to | 
provide a device or mechanism by which a 
suitable collector for the electrical eneray 
in the upper strata of the earth's atmos 
phere may. be elevated in the said strata 
and by which the said electric energy may 
be transmitted to and collected at the earth's 
surface, from which point it may be con- 
ducted ‘to any place where it is desired to 
use the same. 

‘A further object of my invention is to 
support and anchor said device in any de- 
sired position, 

A further object of my invention is to 

rovide an improved form of collector 
through which the energy of the said upper 
strata of the earth’s atmosphere may be col- 
lected and transmitted for various purposes | 
to the earth’s surface. 

Other objects of my invention will appear 
in the specification and claims below. 

For a further full, clear and complete dis- | 
closure of my invention, reference may be 
had to the following description and accom- 
Panying drawings, in which like reference | 
chatacters refer to corresponding parts, | 

Figure 1 is an elevational view of one | 
form or embodiment of my invention and 
Fig. 2 is a detailed view of one form of my | 
ved collector. 

@ passage of the electrical currenit to 
the earth under ordinary conditions is pre- 
56 vented by an obstruction afforded by. the | 
dense lower strata of the atmosphere, which | 
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is a bad conductor of electricity, as shown 
by. the electrodes of an ordinary static ma- 


chine. When the electrodes “are placed 
close ‘together, the atmosphere is seen to cv 
carry the enrrent, aeross from one electrode 


to nother, but if placed far apart the eur- 
rent is obstrueted by the intervening ain. 
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to the electric current, or power in its pas. 
sage to the earths surface from the electric 
stints of the, atmosphere under ordinary 
conditions. When, however, the cumultis 
clouds of a thunder storm pass over the sur- 
face of the earth, these clouds being of very 
great height, the moisture in said clouds 
forms a better conductor of eleciricity than 
does the dry air, with the result that the 
electricity in the upper strata of the atmos- 

phere breaks through the said cloud as a 
streak of lightning and in that, form reaches 
even to the earth’s surface, while the thin 
or shallow strata of clouds, observed in the 
so-called “settled rain” storm, do not ex- 
tend upward to a sufficient height to form a 
conducting medium for the electricity from 
tho electric strata to the earth’s surface. 

or this reason there is usually no light- 
ning during the said latter variety of rain 
storm. 

_By means of my invention, T have pro- 1 
vided a mechanisin for collecting the elec. 
trical energy or power created by nature 
and stored in the upper strata of rarefied 
air of the earth's atmosphere and have pro- 
vided a conductor for said electric energy 
to the earth’s surface. 

Referring now to the drawings 1 in 
cates what’ may be called the lower limits 
or boundaries of the strata of electric en- 
exgy, above the surface 2 of the earth. 

2 indicates a balloon which is elevated to 
a high altitude antil it enters the said stra- 
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tum, ‘The snid balloon § carties a bar 4 of 
wood or any other suitable non-conducting, 
Jhaterial suspended by insulating links 5 or 
any other suitable form of insulation from 
the balloon 3. Upon either end of the said 
bar 4'T mount collectors, one form of which 
T have illustrated as spheres of coiled wire 
66) the outer ends 7 of which terminate 
jn sharp points. ‘The inner turns of the said 
spheres 6 and 6” are wrapped around the 
ywooden bar 4 and united as at 8 to a con- 
Guetor of electric energy, preferably a large 
copper wire 9. This wire or conductor 9 
extends to the earth’s surface and may have 
fts end suitably attached to an electric ac- 
cumulator or other piece of electrical appa- 
ratus. I have illustrated one form of my 


jnvention in which the conductor 9 is con- | 


nected to one pole of a storage battery 10 
on the earth’s surface. 

"The spiral spheres 6, 6” are preferably 
provided with a polished metallic surface 
To form a good conductor of electricity and 
the materinl of said spheres should also be 
of such a character that it will not rust or 
corrode or tarnish. A polished copper wire 
or a copper wire plated with platinum or 
gold or solid platinum or gold wire may 

fe used for this purpose, inasmuch as these 
materials are least alfected by moisture and 
the atmosphere. The said spheres or col- 
Jectors may be made of smooth wire as 
shown in the sphere designated by the nu- 
mneral 6 or of barbed wire, as is shown at 6” 
and illustrated on a larger seale in Fig. 2 of 
the drawings. ‘The latter form is prefe 
able inasmuch as it provides a large number 
of points through which the electricity may 
flow to the wire from the surrounding air 
in the said upper strata of the earth’s at- 
mosphere. 

‘In order that the supporting balloon 8 
may be held in a relatively fixed position, it 
should be suitably anchored to the earth's 
surface. Inasmuch as the balloon, 8 must 
he elevated to a very high position, the 
woight of the anchoring cables forms an 
important consideration, and if desired or 
necessary one or more’ supplemental bal- 
Joons 11, 11, 11 may be attached to each of 
‘the anchoring cables 12, 12, 12 as illustrated 
in Fig. 1, to relieve the balloon 8 of such 
weight as would prevent it from ascending 
nto the said electrical strata, In order that 
the electricity from the said upper strata 
of the earth's atmosphere may not be con- 


ucted down the anchoring cables 12 12,12, 


{attach them to the supporting balloon 3 
and to the supplemental balloons 11 and to 
the earth’s surface through suitable insu- 
lating deviees 14. 

Jn the form of my invention ‘illustrated 
in Fi 
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thereto by means of insulating rings 14, 14, 
14. I may also provide additional insulat- 
ing rings 14 between that portion of the 
anchoring eables 12 between the balloon 8 
and the supplemental balloons 11, and also 
between that part of the cable 12 between 
the supplemental balloons 12 and the earth’s 
surface. Imay also provide, near theearth’s 
surface and at the lower end of the anchor- 
ing cables 12, similar insulating links 14. 
While L have described links as forming a 
wae ient fom of insulating, device for 
the purposes above set forth, I'do not wish 
to be construed as being limited to the same, 
inasmuch as any, spitable non - conducting 
connection may be used in place of the 
links 14. 

‘The terminals 15, 15 of the storage bat 
tery 10 may be connected to any piece of 
cleetric apparatus which it is desired to run 
or operate and if desirable one of the poles 
Of the battery is adapted to be connected by 
the switch 16 with the earth’s surface, “The 
lower ends of the anchoring eables 12 are 
seenrely anchored to the earth’s surface as 
at IT 

‘With. the apparatus arranged and con- 
nocted int the manner illustrated in Big, 1, 
the electric energy in the high strata of the 
earth's almosphere passes to and through 
the conductive spiral spheres 6 or 6’ to the 
conductor 0 and js suitably stored or used 
at the earth’s surface, while the balloons 11 
support a part of the weight of the anchor- 
ing cables 12, and permit the balloon 8 to 
ascend as high as is possible, or necessary 


\ for it to enter the said electrical strata of 


the earth’s atmosphere, By arranging the 
anchorage 17 of the cables 12 symmetrically 
or in any other position than in a straight 
Tine, the balloon 8 may be held in a sub- 
stantially fixed position with elation to the 
arth. 

‘While T have illustrated in the drawings 
and have described in the specification a 
form of apparatus in which my invention. 
may be carried out, it-is obvious that the 
drawings are_more or less diagrammatic 
Grawings, that is to say, that the propor- 
tions of ‘the various parts are not neces- 
Sally those which would operate to the best 
advantage, inasmuch as -certain portions 
have been shown as greatly enlarged in the 
drawings for the sake of clearness, and that 
it is likely that more than one supplemental 
balloon would be réquird for each cable in 
order to support the weight of the sam« 
tnd to relieve the supporting balloon 8 of 
such weight, as would prevent it from as- 
cending into the high electrical strata of the 
earth's atmosphere, but such changes in 
form, proportion and arrangement I regard 
as being Sully within the aim and scope of 
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'L, below the bar 4, I suspend a rinj 
is Many autable material trom the bale 


my invention, s0 long as such formsor modi- 
Joon , and attach the anchoring cables 12 


fications fall within the scope of the append- 130 


Downlink Uplink 


Peak Peak 
and/or and/or 
Typical Typical 
User Rate User Rate 

HSPA+ (2X2 MIMO DL, 

DL 64 QAM, UL 16 

QAM, Quad-Carrier,?°” 

20+10 MHz) 

HSPA+ (2X2 MIMO DL 

and UL, DL 64 QAM, UL 

16 QAM, Eight-carrier, | 236 Mbps | N/A 69 Mbps | N/A 

40+10 MHz) 

HSPA+ (4X2 MIMO DL, 

2X2 MIMO UL, DL 64 

QAM, UL 16 GAM, 8 672 Mbps | N/A 69 Mbps =| N/A 

carrier, 40+10 MHz) 
Not 

EDGE (type 2 MS) 473.6 Kbps | Applicable | 473.6 Kbps | N/A 
(N/A) 
200 Kbps 200 Kbps 

EDGE (type 1 MS) ae ae 

type 

(Practical Termi 236.8 Kbps | 160 to 200 | 236-8 Kbps | g0 to 160 
Kbps Kbps 
typical?® typical? 

‘CDMA2000 EV-DO > 1 Mbps 150 Kbps 

Rela 24Mbps | oak 153 Kbps | peak 


187 No operators have announced plans to deploy HSPA in a quad (or greater) carrier configuration. Three 
carrier configurations, however, have been deployed. 


408 Assumes four-to-five downlink timeslot devices (each timeslot capable of 40 Kbps). 


109 Assumes two-to-four uplink timeslot devices (each timeslot capable of 40 Kbps). 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 93, 
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ed claims. I¢ is also to be understood that 
the storage battery or accumulator which T 
have shown as being connected to my col- 
Jestor is only a typeof apparatus which ean 
bo operated by the current collected by the 
spheres 6, 6’ and transmitted to the earth 
ti rough the wire 9, and when I use the 
word" accumulator®, T mean any piece of 
useful apparatus which is operated by the | 
current transmitted thereto through. the 
wire or conductor 9. 

Having thus described my invention, what 
claim and desire to protect by Letters Pat- 
ent of the United States is: 

1. The combination with an electrical col- 
lector comprising a bar of non-conducting 
‘material, and an open spherical conductor 
carried by said bar, of means to. support | 
said collector in the high electrical strata of | 
the earth's atmosphere: 

2. The combination with a balloon, of an 
electrical collector supported thereby and 
insulated therefrom, coinprising a bar of 
non-conducting material, and a conductor 
wound spirally around said ban, 

3. The combination with an electrical col- 
Jector comprising a non-conducting bar, and 
 condnetive wire wound thereon to form 
an open substantially spherical body, and | 
‘means to support said collector in the’ high 
clectrical strata of the earth's atmosphere. 

4. The combination with a balloon, of an 
electrical collector carried thereby and com- 
prising a non-conducting bar, and a polished 
‘wire wound spirally thereon to form an 
‘open substantially spherical body, i} 

5, The combination with an electrical col- 
lector comprising a non-conducting bar, and 
a wire wound spitaly’ thereon t0-forin an 
open substantially spherical body, said wire 


s 


being provided with pointed conducting 

rrojections, and means to support said col- 
ctor in the high electrical strata of the 
earth's atmosphere, 

6, The combination with a balloon, of an 
electrical collector earried thereby compris- 
ing a non-conducting bar, and a conducting 
wite wound spirally thereon to form open 
substantially spherical bodies upon the op- 
posite ends thereof, 

7. The combination with a balloon, of an 
electrical collector earried thereby compris- 
ing a non-conducting bar, a conducting wire 
wound spirally thereon to form open sub- 
stantially spherical bodies upon the opposite 
ends thereof, an electrical accumulator, and 
an electrical connection between the said col- 
Jector and said accumulator. 

8. The combination with a balloon, and 
‘means to dnchor said balloon, of an electrical 
collector supported by said balloon and in- 
sulated therefrom, an electrical accumulator, 
and a. conductor’ connecting 
and said accumulator. 

9, The combination of an electrical col- 
lector, means to support said collector at a 
high elevation from the earth’s surface and 
within the electrical strata of the earth's at- 
mosphere, an electrical accumulator at the 
earth’s surface, an electrical connection be- 
tween said collector and said accumulator, 
and means to insulate said supporting means 
from said collector and from the earth. 

In testimony whereof, I have hereunto set 
my hand this 25th day of June, 1907. 


WALTER I. PENNOCK. 


iid collector 


Witnesses: 
‘Hyon. F. Quay, 
‘Wx. G. Gurnn, 
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To all whom. i may concern: 

Boit known that I, NiKOLATsLa, a citizen 
of the United States, residing at the borough 
of Manhattan, in thé eity, county, and State 
of New York, have invented certain now and. 
useful Improvements in Apparatus for the 
Utilization of Radiant Energy, of which the 
following is a specification, reference being 
had to the drawings accompanying and form 
ing a part of the same. 

{vis well known that certain radiations— 
such as those of ultra-violot light, eathodie, 
Roentgen rays, or the like—possess the prop: 
erly of charging and discharging conductors 
of electricity, the discharge being particn- 
larly noticoable when the conductor upon 
which the rays impinge is negatively electri- 
fied. Theso radiations are generally con 
sidered to be ether vibrations of extremely 
small wavo lengths, and in explanation of the 
Phenomena noted it has been assamed by 
Some authorities that thoy ionize or render 
conducting the atmosphere through which 
they aro propagated. My own experiments 
and observations, however, lead me to con- 
clasions more in accord with the theory here- 
tofore advanced by me that sourees of such 
radiant energy throw off with great velocity. 
ininuto particles of matter which arestrongly 
electrified, and thorefore eapable of charging 
an electrical conductor, or, oven if not 80, 
may at any rate dischargo an electrified con: 
Guctor either by carrying off bodily its charge 
or otherwise, 

‘My present application is based upon a dis. 
covery which T have made that when rays or 
radiations of the above kindare permitted to 
fall upon an insulated condueting-body con- 


nected to oneof tho terminals of a condenser | 


‘while the other terminal of tho same is made 
by independent means to receive or to carry 
away electricity a enrrent flows into the con- 
Genser so long as the insulated body is ex- 
posed to the rays, and under the conditions 
hereinafter specified an indefinite accumu 
lation of electrical cnergy in the condenser 
takes place. ‘This energy after a suitable 
Ume interval, daring which the rays are al- 
Towed to act, may manifest itself in a pow. 
erful discharge, which may be utilized for 


operation or control of mechanical or elec- 
trieal devices or rendered useful in many 
other ways. 

‘Tn applying my discovery I provide a con- 
denser, preferably of considerable electro- 
static capacity, and connect ono of its tern 
nals Lo an insulated metal plate or other con- 
ueting-body exposed to the rays or streams 
of radiant matter. It is very important, par- 
ticularly in view of tho fact that clectrical 
energy is generally supplied at a vory slow 
rate to the condenser, to construct the same 
with the greatest care. Luse, by preference, 
the best quality of mica as dielectric, taking 
every possible precaution in insulating the 
arinatares, so that the instrament may with- 
stand great electrical pressures without leak- 
| ing aud may leave no perceptible olectrifi- 

cation when discharging instantaneously. In 
practice I have found that the best results 
are obtained with condensors treated in the 
manner described in a patent granted to mo 
Febraary 23, 1897, No. 977,671. Obviously the 
above precautions should be the more rigor- 
ously observed the slower tho rate of charg- 
jog and the smaller the time interval during, 
whieh the energy is allowed to accumulate in 
the condenser. ‘Tho insulated plate or con- 
Aucting-body should present as large a sur- 
face as practicable to the rays or streams of 
matter, Lhaving ascertained that the amount 
of onergy conveyed to it per unit of time is, 
under otherwise identical conditions propor- 
tionate to the area exposed, or nearly’ so. 
Furtbermor ceshould beclean and 
preferably highly polished or amalgamated. 
‘The second terminal or armature of the con- 
denser may be connected to one of the poles 
of a battery or other source of electricity or 
to any conducting body or object whatever of 
stteh properties Or so conditioned that by its 
means electricity of the required sign will be 
supplied to the terminal. A. simple way of 
| supplying positive or negative electricity to 
the terminal is to connect the samo either to 
fan insulated conductor supported at some 
height in the atmosphereor toa grounded eon~ 
| ductor, the former, as is well kuowa, furnish- 

ing positive and the latter negative electri 
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‘the | ity. As the rays or supposed streams of mat- 100 
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fer generally convey a positive eharge to the | devico d bo of such charactor that it will op- 
first condenser-terminal, which is connected | erate to close the cirenit in-which it isin. 
to the plate or conductor above mentioned, I | cluded when the potential in the condenser 
usually connect the second terminal of the | hasreacheda certain magnitude, theaccumst. 70 
§ condenser to the ground, this being the most | Inted charge will pass through the eireuit, 
convenient way of obtaining negative elec- j which also includes the reeelver'R, and ope 
tricity, dispensing with the neeossity of pro- | ate tbe latter 
viding an artificial sonree. Tn order to util-| To illustration of a particular form of ap- 
ie for any useful parpose the energy aceu- | paratus which may be used in carrying oat 75 
10 mulated in the condenser, I furthermore con- | my discovery T now rofer to Fig. 2.° Ti this, 
Reet to the torminals of the samea eireutt in- | gure, which in the general arrangement of 
eluding an instrament or apparatus which it | the eloments is Identical to Fig. 1, the device 
is dosired to operate and another instrament | d is shown as eomposed of two very thin con, 
or device for alternately closing and opening | ducting-plates ¢, placed in elose proximity 86 
45 the cireuit. ‘This latter may be any form of | and very mobile, dither by reason of extreme 
ontroller, with fixed or movable parts | flexibility or owing to the character of their 
$F electrodes, which may be actuated elther | support.  Toimprove theiraction,they should 
by thestored energy orby independent means, | be inclosed in a receptacle, from which the 
iy discovery will be more fully understood | air may be exhausted, ‘The plates {fare 85 
20 from the following deseription and anuexed | connected in series with a working eireatt, 
@rawings, to which reference is now inade,and | including a suitable receiver, which in this 
in whieh— caso is shown as consisting of an electromag. 
Figure 1 is a diagram showing the general | net M, a movable armatire a, a retractile 
atas as usually em-| spring’ d, and a ratehet-wheel 
lar diagram illustrat: | with & spring-pawl x, which Is pi 
ing more in detail typical forms of thedevices | mature a, as illustrated. When the radia. 
or elements used in practice, and Figs, 3 and | tions of tho sum or other radiant source fall 
sare diagrammatical representationsof modi- | upon plate P, a eurrent flows into. the con- 
fied arrangements suituble for special par- | denser, as above explained, rmtil the poten. 95 
30 poses, tial therein rises sufficiently to attract and 
As illustrative of the manner in whieh the | bring into contact the two plates ff", and 
several parts or elements of theapparatns in | thereby close the circuit connected to the two 
one of its simplest forms are to be arranged | condenser-terminals. ‘This permits a flow of 
and connected for useful operation, reference | current which energizes the magnet M, cause 160 
35 ismade to Fig. 1, in which C is the condensor, | ing it to draw down the armature a and im, 
P the insulated plate or conducting - body part a partial rotation to the ratehet-wheel 
x which is exposed to the rays, and P' another | w. As the current ceases the armature is 
plate or conductor whieh is grounded, all bo- | retracted by the spring b, without, however, 
pRPeined inseries, asshown. Tho terminals | moving the wheel w. With the stoppage of ros 
40 TT of the condenser are also connected to a | the current the plates £ {' cease tobeattracted. 
cirenit whieh includes a devieo R to be oper- | and separate, thus restoring the clrenit to its 
ated and a cirenit-controlling device d of the | original condition, 
character above referred to. Hig. 3 shows a modified form of apparatus 
(The apparatus being arranged as shown, it | used in conneetion with an avtilieiat souree. 110 
45 will be found that when the radiations of tho | of radiantenergy, which In this instanes may 
sun or of any other soureo capable of pro- | bean arcemitting copiously ultra-violet rays 
ducing the effects before described fall upon | A suitable reflector may be provided for ean, 
the plate P an accumulation of electrical | centrating and directing the radiations, A 
energy In the condenser C will result. ‘This | magnet Rand eireult-controlier d are at~ 15 
5° phenomenon, I beliove, is best explained as | ranged as in the previous figures; bat in the 
follows: The sun, as well as other sources of | present enso the former Instead of performing 
radiant energy, throws off minnte particles of | itself the whole work only serves the purpose 
tuatter positively electrified, which, impinging | of alternately opening and closing a. local 
upon the plate P, communicate continuonsly | eircuit, containing a source of current Band 120 
55 an electrical charge to tho same. The op- | a rocolving or translating device D. The 
posite terminal of, the condenser being eon- | controller @, if desired, may consist of two 
nected to the ground, which may be consid. | fixed electrodes separated bya minnto ai 
cred asavastreservoirof negativeelectricity, | gap or weak dielectrie film, which breaks 
Saggble current flows continuously Into the | down more or loss suddenly when a definite 125 


60 condenser, and inasmuch as these supposed | difference of potential is reached at tho te : 
particles are of an inconceivably small radius | minals of the condenser and returns to its 
oreurvature, and consequently charged to a | original state upon the passage of the dis. 
relatively very high potential, thisehargingof | charge, 
the condenser may continue, as I have Still another modification ig shown in Fig. 130 


65 tually observed, almost indefinitely, even to | 4, in witch the sontee 9 of ect a ea 
te point of ropinring thedielectrie, the |a special form of Nosatgen, taker dar ees 
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alaatatunn preg terminal ky generally of | specifically dosertbed with retevoneo to Fig. 
aluminium, in theform of hal a sphere, iti and also that thespeeialdetailsof construction 
fa wifonbhed rrface on the front sido, | and armngementees sere eet arts of the 
Thay omen cke Streams aro thrown of Té| apparatus may borers greatly varied with- po 
5 orcinnieat ey by atlaching it to one of tho] out departure tin ee ieee 
stosiromateany generator of sufleentiy high | Iavlug desenion noe invention, what T 
{lectromotive foreo; but whatever apparatus | olaia't 
pee it is important that the tube be ex: |“ 3."An apparatus for ntiliaing radiant en- 
Passted to 0bigh degreo,asotherwisoitmight | orty, eomereraeie combination a condenser, 75 
"© Uischarge eireolt rece 1he orking ox | one armature of whish vere 
TP oF ne rent connected fo the terminals | lon ot rays orsadintene independent means 
tho pent condenser includes in this case | foreharshe nea armature, a eireultand 
the primary p of a transformer and a circuit: | apparate ieee adapted to be operated or 
Brushy ange mersing, & xed torminal or | controlled by the dissin oo oe condenser, 86 


brush anda movable terminal?’ in theshape | as set foc 
conducting and insulating | 2. An apparatus for ati izing radiant en- 


of a wheel, 
trary apesd ot may be rotated at an arbi- | orgy, comprisiagin combination, acondenser, 
ducdiee ced BY any Suitable means. In in-| one armature of Meee subjected to the ac: 
elie elation to the primary wire or eoil p | lon of raere radiations, independent moans 83 

7 en eecOany 5, usnally of a much greater | for chanel ihe other atmatare, a local ofr. 
Dauber of turns, to the ends of whieh is eon: | oultcorarreg With the condenset-terminals, 

hected a receiver R. The terminals of the eclreuit-controller thereinandmeansadapted 

fo an Teenipalng connected, as indicated, one | to bo operated eco wast by the discharge 

rounded ed plate P atd the other’ toa | of thobontonser ened local efrouit is 90 

sounded plate P”, when the tube Sis excited | closed, ae maneal” j 

io same, whieh co eaatter are emitted from | "5. Au apparates for ulilia ig radiant en- 

ihe Stine, which convey a positive charge to | exzy,eom prising in combination, acondenser, 

{ue plate ¥ and candenser-terminal Ty while | one termed eee is subjected to the ac. 

ire ohatadei®, @outinuonsly recetving’ noga-| tion of rayeex radiations, independent means 93 

8 Hotere ere fom tho plato DY “Tals na | for hanging tee smcependent men 
before explained, resultsin an accumulation | cuit toneeeee io tho condensor-terminals, 
geclectrical energy in the condenser, which | seineaie eee oe herein dependent for op- 
Primary nog. the circuit including the | eration ona ices seers potential in the con- 
Drimary pis interrupted. Whenever thacie Genser, and devices operated by the discharge 100 

35 ra apigsed owing to tha rotation of the | of the conten eee tho loeat circuit is 
throug ekg the, Stored energy is discharged | closed, as wer nook” 
firough the primary p, thisgiving rise in the | “a da ‘apparatus for utilizing radiant en- 
Spgondary s to induced currents, whieh oper: | engy, comprising in combination, a condenser, 
ate the receiver R. one terminal of which is subjected tothe ao’ 105 

# at este Lt2m What bas been stated above | tion of eayeice radiations, and the other of 
sapoit the terminal Tis eonnooted toa plats | which invert with the ground, a cirenit, 
supplying positive instead of nogative eles. | sea apparatus therein adapted to bs operated 
Teghy the 288 should convey negative eles: | by the Gischarge of the accumulated energy 
orm OF oaks coh souree 8 may be any | in the condensey ese Heo ne 

#5 SDvioos eoentgen or Lenard tubes but itis | a An ager eee utilizing radiant on- 
sracous {70m the theory of action that. in| engy, comprising in combination,a condenser, 
pulses ccc Taty eftective the electrical im | one tonmiba eee" is subjected to the ac: 
seeped eettig Ltshould be wholly or atleast | tlon of mioe. oe radiations and the other of 
Frmmotsieni tay of one sign. If ordinary | which is eomneetee ates 8 ground, a local 115 

5° Moved pear ulernating currents aro ‘eni-| circuit couneeiee unt ont condenser-tormi- 
Fig ihe Provision should be made for allow: | nals a crescent therein and means 
ae ie FAVS to fall npon the plate P only | adapted te we operated by the discharge of 
Gating those periods whon they are product: | therordecars ‘when the local cireuit is closed, 
ivg of the desired result. Evidently if the | asst aveae 120 

55 radiations of the soures be stopped or inter. | “¢°'? apparatus for utilizing radiant en- 
nebsas Dp eielt intensity varied in any man-| orgy, compere combination, condenser, 
Ay vay erally interrapting orzythiate-| one formipal of ne subjected to the ace 2 
tide aaTine the current oxelting the source, | tion of mane oe radiations and the other of 
Beton eee eattesBonding changes in the | which is oomeni ae the ground, a local 125 

Go fet upon the receiver Ie, and thus siguals | elteatt ee snes with the condenser-termi- 
atecte yerausmtted and many other usefal | nals, a cio es therein adapted to 
Skeets produced, Furthermore, it will beun- | beoperieg bya given rise of potential in the 
inet hat any form of cixeut-closer which | condeuses ey doviees operated by tho dis- 
peuntesPond to or be sot in operation when a | eharse at the condenser when the local cirenit 130 

6S prodetormined amount of energy is stored le | .¢ closed, as set forth, 
thecondensermay beused in liowof thedevice | face apparatus for ntilizing radiant en- 
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ergy, comprising a condenser, having one tor-| adapted to be operated by 9 Seo 0 of po- 
saa comoctel to earth and the other to an | tential inthe eondenser #6 set forth. 
Tlovated conducting-plate, which is adapte Sana 

to reeeive the rays from a distant source of \ NIKOLA TESLA. 


5 radiant energy, local cireuit connected with | Witnesses: 
the condenser-terminals, a receiver therein, ‘M. Lawsox DYER, 
anda cireuit- controller therefor which is | RicHaRD DONOVAN. 
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To all whom it may concern 
Be it known that 1, Mark W. Dewey, of 
Syracuse, in the county of Onondaga, in the 
Siatoof New York,have invented new and us 
5 ful Improvements in the Method of Utilizing 
Natural Electric Energy, of which the follow: 
ing, talcen in connection with the accompaty- 
ing drawings, is a full, elear, and exact de- 

tion. 


The object of this invention is to provide 
‘a method whereby natural electrical enerey— 
such as the so-called “ atmosphorie electrical 
energy,” or electrical energy that may be de- 
rived from the difference of potential exis 
15 ing between two points, one being the earth 
and the other the atmosphere at.an elevation 
above the earth—may be collected or utilized 
for the various uses to which clectricity is 
applied. 

Tt has been found that the presenes of elec- 
tricity in the upper regions of the atmosphere 
is not confined to thunder-clouds, but can 
de detected at all times and often in great 
quantities in different conditions of the at 
25 mosphere. In fine weather this electric. 

ity is mostly positives but in showery or 

stormy weather negative electricity is as fre- 
quently met with as positive, and it is in 
such weather that the indications of electric- 
30 ity, whether positive or negative, are usually 
tle strongest. It has also been found that 
as we proceed farther from the eaxth's sur- 
face, whether upward from a level plane 

‘thereof or horizontally from an elevation, the 
35 potential of poinis in the air becomes more 

and more different from that of the earth, 

‘the differenee being, in a broad sense, simply 

proportional to the distance; henee we ean 

infer that there is electricity residing on the 
40 surface of the earth, the den 


any moment in the focality of obse 


measured by the difference of potenti: 
to exist between the earth and a given point 
in the air near it. ‘The results of observa- 
45 tions show that the variations of the electric- 
ity residing in the atmosphere is the main 
cause of the variations of the electricity on 
the surface of the earth, A charged cloud 


or body of air induces electricity of the op- 
0 posite kind to its own on the parts of the 
earth's surface over which it passes and pro- 


of which at | 
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Auces such variations. ‘The difference of 
potential in inereasing the distanee from the 
earth is due to electricity induced on the su 
face of the earth by opposite electricity in 5 
the air overhead, and the air being a non- 
conduetorthe electricities are unable to com 
bine, As electrical density is greater on pro- 
Jeeting parts of a surfacethanon those whieh 
fare plane or coneave, stronger indications 
aro obtained on hills than in valleys, if the 
collecting apparatus be at the same distance 
from the ground in both cases. ‘The average 
difference of potential is greater in the wine 
ter than in the summer, Little or no effects 
can be obtained within inclosures or under 
trees, as they tend to screen the apparatus. 
Inasmuch as electricity travels in prefer- 
ence throngh the best conductors, it follows 
that if a path of low resistance is formed 
ch as the erection of a metal pole) to ast 
jent elevation above the earth the el 
es in the atmosphere and that on the 
surface of the earth will tend to eom! 
travel through the said path in a 


60 


65 


70 


aurent or 
currents, and if thispole terminatesina metal 
poiut or'a number of such points the earth 


and clouds exchange their opposite e 
ties without a disruptive discharge—as the 
lightning—but in a slow and gradual way 
through convection. Besides supplying the 
top of the pole with points, a metal plate to 
which the said points are fixed attraets the 
opposite electricity in the atmosphere. In 
order to obtain a greater and increased effect, 
a large metal plate is buried at the foot of thee 
pole and electrieally connected therewith, and 
is provided with points or branehes extend- 
ing in different directions in the ground. The 
plate and branches may be surrounded by 
metallic refuse, coke, or other good eondw 
ing substance.’ ‘The’ metallie points on the 
top of the pole should be sharp, and prefer- 
ably of eopper,and may be platinized, gilded, 
or galvanized to prevent corrosion. ‘Tt hay: 
ing been ascertained by practical experi- 
ments that either a flame or dropping water 
at an elevation above thesurface of the earth 
produces convection of electricity, it is obvi~ 
ous that such means may be employed in 100 
place of the points hereinbefore referred to, 
‘the electricity in the atmosphere is some- 
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times positive and other times negative, the 
direction of the currents is not always the 
same—that is, the atmospheric electrical en- 
ergy is composed of a current of an alternat 
ng character, flowing in one direction on an 
average about as inch of the time asin the 
opposite divection, Dnt the length of the eur- 
vent in a certain direction, or the lengths of 
me between roversitls or changes in. the di 
rection of its flow, is greatly varied. This, 
and also the varied strengsh‘of the currents 
haveprevented the utilization of atmospheric 
electrical energy in commercial quantities for 
the various purposes for which electricity is 
generally employed. In order to utilize such 
‘A eurrent or currents, they should be trans- 
formed into a continuons direct enrvent of 
uniform strength, ‘The apparatus for accom- 
plishing the transformation of atmospheric 
clectricity into a direct current of uniform 
strength issusceptible of being greatly modi- 
fied. ~The preferred form of apparatus, how- 
ever, for carrying the invention practically 
into effect I will now proceed to describe to 
show that the method is eapable of actual 
performance. Saidapparatussisiltustrated in 
the diagram accompanying thisspecifieation. 
Referving specifically to said diagram, A 
represents a metallic pole, which is shown 
dare, but may be enveloped in suitable insu. 
lating material, if desirable, B is the base of 
the aforesaid pole, which base is of insulating 
i sot in the ground E. C isa large 

metal plate beneath the said base, and has 
points or branches o” extending therefrom in 
Aifforent directions in the ground.’ is a, 
metallie post extending from the said plate 


above the surface of the ground and having | 


a terminal d of the eireuit D. On the top of 
said pole is mounted a metallic enp F, con- 
sisting, preferably, of a convex disk provided 
with sharp iron or eopper points p, whieh pro- 
Ject in all directions from the same. As be- 
Yore mentioned, the said points may be plated 
with a suitable metal that forms a good eon- 
ductor and prevents corrosion. Simil 
I may be placed on other insulated polos, 
AY, in the vieinity, and connected with the 
main pole A by an electric conductor a, for 
‘The pole A’ may be ot 
wood, and the pole A may also be of the same 
matetial if provided with a metal conductor 
within or on the outside, extending from the 
cap to the other terminal d of the eireuit D, 
‘The said cireuit D leads from the terminal ¢ 
throngh an automatic variable resistance G, 
thence to one of the poles of a secondary ot 
storage battery H, and from the other pole of 
said battery dhrough an automatic current: 
regulator to the terminal d’. An automatic 
current-reverser or pole-changer J is located 
in the said cirenit for reversing the current 
whenever there is a change in its direction, 
so that it may be reetifled or straightened 
during transit and caused to travel at all 
times whether its direetion is toward or from 
the earth in one and the same direction 
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throngh a portion of the eiven 
thesecondary battery. ‘The revei c 
complished automatically by means of a piv 
oted polarized armature D, located between 
two electro-magnets cc, having their coils in- 
chided in a shunt-cireuit between the leads 
of the efrenit D. The magnets are wound so 
that a north pole will be presented to the ar 
mature on one side and a south pole on the 
other. When the eurrent is flowing in a ecr- 
tain direction, the said polarized armature 
will be repelled by one magnet and attracted 
by the other, and thereby moved to one side. 
When the eurvent changes its dircetion 
throngh the magnets, the poles of the said 
magnets are reversed and the armature is 
both repelled and attracted to the other side. 
An arm b/, of diamagnetic material, is fixed to 
and extends from the armature and is moved 
by tho same, Between a movable end of the 
armand the said ettrrent-reverser is a pivoted 
conneetion or link ¢, by which the motion of 
thg arm is conveyed to the reverser. Stops f 
ave provided for limiting the movement ot 
the said arm, and an adjustable resistance d? 
is included in the shunt d” to regulate the 
‘current through the same, 
‘Theeurrent-regulator hereinbefore referred 
to prevents short-cireuiting or the rapid dis- 
charge of the secondary battery into the air 
and ground when the stiength of said battery~ 
current becomes greater than that passing fo 
the battery. Said regulator is composed of 
an electro-magnet I, having its eofl in the eit 
cuit D. A pivoted polarized armature y is con- 
neeted at its pivot to one terminal of the coil 
of said magnet, and when the eurrent is flow 
ing to the battery said armatare is attracted 
by the magnet I'and held in eontact with the 
stop fi, to which the terminal of the secondary 
battery is connected. In the aforesaid eon- 
ition’ a free or low-resistance path for the 
current is provided to the battery; but when 
the battery-cunrent execeds the charging-our 
rent the miagnet-poles are reversed and the 
armature is repelled by the magnet, and the 
free path of the eireuit is broken between the 
armatare g and stop hi. Tn orderto maintain 
the armatire in the latter position until the 
charging -current, as eon increased in 
strength above that of tho battery-eurrent or 


| discharging-eurront, and so that the said reg- 


ulator will automatfeally operate, a. shunt 
path KC of high resistance is provided around 
the armature g and stop h.. “Phe high resist- 
ance of the said shunt is obtained by inelud- 
ing arheostat m. ‘This shunt path or ch= 
cuit K, with the resistance, permits a small 
but sufficient amount of "current to flow 
through the magnet I to hold the armature 
away from the stop hh until the ewrrent is re- 
versed, and then move the armature biek to 
stop i to close thefree or low-resistanee path. 
‘A spring Cis provided to assist the movement 


of the armatare from the magnet when it is 
repelled by the same, 
‘The electric earrent may be direetly eon- 
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ucted to translating deviee 
tromotors; but, as hereinbefore stated, 

said eurrent ispreferably employed to charge 
‘one or more cells of the secondary battery UL, 
and this battery stores or accumulates the 
ctrical energy and supplies the said trans 
lating devieos.” ‘To illustrate the latter fen 
turo, leads or wires Land L/ areextended from 
the poles or clectrodes of said battery, and 
translating devices, in the shape of ineandes- 
cent lamps 1, aro conneeted with the said 
wires in mulfiple are. In the wire Tis acom- 
mon cireait maker anid breaker n to close 
and open the cireuit to the lamps. The said 
battery may be charged in series or parallel. 

‘The automatic variable resistance G main- 
tains the current flowing through the circuit 
D approximately uniform by increasing the 
resistance therein upon an inerease of 
strength, Said resistance is not absolutely 
necessary and may be dispensed with, 

‘The lightning-arrester M is to short-cireuit 
avery heavy eurront fo prevent the same 
from passing through the other paris of the 
apparatus and injuring it. A low-resistance 
shunt O, with a circuit malger and breaker 
therein, is connected between the leads of the 
cireuit D, near the terminals d and d’, to com- 
pletely shorteseuit the apparatus when de- 
sired. 

Having described my invention, what T 
claim ag now,aud desire to secure hy Letters 
Patent, is— 

1. The method of utilizing atmospheric 
electrical energy, consisting in\gonducting the 
electric current oreurrents beftireen the earth 
and a point in the atmosphere at an elevation 
Above the earth, rectifying or straightening 
the currents during transit, and storing or ac- 
cumulating tho eleetrieal energy of 
tified current or currents 

2. As preliminary steps in the method of 
utilizing’ atmospheric electrical energy, cor 
ducting the electric current or currents 
through a path of low resistance between the 
earth and the atmosphere ai an elevation 
above the earth, maintaining an approxi- 

ely uniform sixength of current and ree- 
straightening the same during 


tifying or 
transit, 


said ree- | 


such aslamps | 


3, As preliminary steps in the method of 
utilizing atmospheric electrical energy, eon- 
ducting the electrie current or currents 
through a path of low resistance between the 
earth and the atmosphere at an elevation s5 
above the earth, and rectifying or straight 
ing said currents during transit. 

4. ‘The method of utilizing atmospheric 
electrical energy or deriving energy from the 
difference of electrical potential existing br 
tween the earth and a point or points in the 
atmosphere at an elevation above the earth, 
consisting in conducting the current or eu 
rents between the two points through a path 
of low resistance, rectifying or straightening 
the said currents in a’ portion of the path 
during transit, and storing or accumntating 
the electrical energy thereof. 

The method of utilizing atmosph 
electrical energy or deriving enengy from the 
Gifference of electrical potential existing be- 
tween the earth and a point or poinis in the 
atmosphere at an elevation above the earth, 
consisting in conducting the eurrent or eu 
rents between the two points through a path 
of low resistance, maintaining an approxi 
mately uniform strength of current, rectify 
ing or straightening the said currents in a 
portion of the path during transit, and stor- 
ing or accumulating the electrical energy. 80 

6. The method of utilizing atmospheric 
electrical energy composed of a current of 
varied alternating character, consisting in 
conducting the electrie current or eurrenis, 
‘through a path of low resistance between the 
earth and the atmosphere at an elevation 
above the earth, and then accumulating the 
electrical energy of said current or euvronts 
while flowing in both directions in one oF 
more cells of a secondary or storage battery, 
as deseribed. 

Tn testimony whereof I have hereunto 
signed my name this 29th day of April, 1889, 
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MARK W. DEWEY. 


Witnesses 
C,H. DuELL, 
CL. Bexprxox, 
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Additional information about LTE throughput appears below in the section "LTE 


Throughput,” 


Latency Comparison 


‘As important as throughput is network latency, defined as the round-trip time it takes data 
to traverse the network. Each successive data technology from GPRS forward reduces 
latency, with LTE networks having latency as low as 15 msec. Ongoing improvements in 
each technology mean that all of these values will go down as vendors and operators fine- 
tune their systems. Figure 39 shows the latency of different 3GPP technologies. 


110 Typical downlink and uplink throughput rates based on Sprint press release Jan. 30, 2007. 


111 Assuming use of 64 QAM. 
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WILLIAM IENRY WARD, OF AUBURN, NEW YORK. 


IMPROVEMENT IN COLLECTING ELECTRICITY FOR TELEGRAPHING, &c. 


Specitcation forming pavt of Letters Patent No 18 


1, Witttax Hexry Warp, of Aubum, in | 
the county of Cayuga and Staie of New York, 
ave invented an Blectrieal Tower for Ac 
mulating Natural Electricity for ‘Telegraphic 
Parposes, of which the following is a specifi 
tion: 

My invention consists of a tower for the pur- 
pose of receiving and imparting natural élee- 
trieity, 80 a8 to be in constant eontaet with 
Ghat Upper stratum of electricity whieh. sur 
rounds the earth, by tapping whieh. a never. 
failing supply is’formed when brought into 
coutact with ‘the earth, as will be more fully 
explained hereinafter. 

In the accompanying drawing, Figure 1 rep- 
resents a side elevation of my improved eles 
trical tower. Fig. 2 is a vertical eontral see- 
tion of the upper part of the same. Figs.3, 4, 
5,6, and 7 are detached views of several parts 
‘of the same. 

‘The tower is coustructed in three separate 
seetions, a lower, a middle, and an upper one, 
and is placed on elevated mountain tops of 
peaks. ‘The lower one, A, isa mere shell, hav- | 
Ing a door, a, and is constructed of any mate. 
rial suitable for the purpose. It is insulated 
from the middle portion B'by means of a glass 
Giaphragm,c, held between similardiaphragms 
of rubber, d, and of gutta-percha, «, by means 
of flanges a? and W, formed on the upper end 
of the lower portion and the lower end of the 
middle portion of the tower respectively. 
Th ges are secured to each other by it 
salated boits f, ‘The middle portion B is pro- 
Vided with suitable openings or windows, G, 
having shatters or slats g pivoted in them, so 
‘that, by means of raising or lowering rods /, 
suitably comiested to said shutters, the open: | 
ings G may be slut or opened. A projecting 
roof, H, is formed ou or seemred to the middle 
portion B just over the openings G, and which 
serves the double purpose of protecting. the 
said openings from the effects of the weather, 
such as rain of suow, and also for receiving 
the acrialeleetricity, which maybe drawn from 
it by wires, for landline purposes. Abov 
this roof H the middle portion of the tower is, 

in insulated by diaphragms of glass, rab- 
er, and gutta-percha from the upper portion 
Lof the tower in the same manner as it is in- 
sulated from its lower portion. A. cizealar 
plate, j, seenred on the inside of this upper 
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portion, bears a short tube, J, which is sur 
rounded by the tube K of te ventilator L, 
‘from which latter the vane M extends; or the 
‘tube J may be held by rods extending from 
the side of the tower centrally. ‘This venti 
lator is supported by a rod or shaft, L, firmly. 
attached to the tube KX, and having its lower 
bearing in astep, Z, ona brace, m, crossing the 
middie portion B of the tower just above the 
openingsG. Thistodorshattk isformed in two 
parts, insulated from each other, as shown at 
On te lower portion of this shaft Iris keyed 
or otherwise secured a sleeve, , from which 2 
horizontal serpentine eam-plate, 0, shown in 
detail in Pigs. Land 5, extends, over the rim of 
which the forked ends p of rods i seize, and 
hich is so arranged relatively to the vane 
and the shutters or slats g that the revolution 
of the vane by the wind will open the wind: 
ward and close the leeward shutters or slats 
and openings G by means of the rods 1 
‘uide-plates or their equivalents N, provided 
with suitable openings, through which the 
rods h pass, keep the upper foriced ends kof 
the latter in constant contact with the eam. 
© 0, which raises or lowers the rods, and 
conseqhently opens or closes the openings Gas 
it revolves, A cirenlar roof, O, extends from 
the tube K of the ventilator 0 as to cover and 
protect the open upper end of the tower. ‘The 
upper portion I of the tower is provided with 
aan insulating-tabe, 2/, through which a copper 
swire, g, enters the portion I of the tower, aud 
iscolled around the tube J just under the tube 
K, which wite may connect that upper portion 
of the tower with any land line of wires. ‘The 
upper portion T of the tower, as well as the 
tubes J K, may be constructed of zine, while 
‘the vane ‘may be made of zine, eopper, ov 
any equivalenit material, whieh, with the zinc 
and the moisture of the atmosphere, would 
form an electrical current. As the taue r0- 
‘volves it opens the openings to windward and 
loses those to leeward, thns helping to drive 
an aerial envrent of eléetrieity into the insw- 
Jated middle portion of the tower, whieh cur 
rent passes upwardly through thé upper por 
tion of the tower and out through tho venti 
lator or the top, whieh is swang aromnd by the 
‘wind or aerial electrical eurrent, thus forming 
a draught in addition to the élosing of the 
shutters or openings to leeward, by means 
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of which draught the electrical current_ fs 
foreed upwardly and ont at the vane, The 
top portion of the tower is of course completely 
{insulated from all below it, inelading the re- 
volving central ventilatorshaft, As themid- 
‘le portion of the tower allows the clecixical 
earment. of atmosphere, wind, &, to pass 
within, up, and out at the top it forms a co 
Hnuoad cient, whereby the tower is res. 
ing eontinually iresh and new supplies of elee 
‘city, which can be drawn from the projecting 
roof H by the wires ¢ for the use of land lines 
of telegraphs or for other puxposes, such as 
Tight, heat, &e. By the use of aerial electricity 
Lenlitely’ dispense with artifical batteries, 
forming ing citenit merely by connecting the 
aerial current with the earth current, For in- 
stanea, to bring Buenos Ayres, in South Amer- 
ica, info direct connection with New York, the 
following plan would be pursued: One élec- 
‘joal tower is erected on Pike's Peak or any 
other suitable high mountain in North Amer. 
{cn, and another similar tower on some saitable 
peak of the Andes in South America, ‘The 
former would, by means of landlines, be con- 
nected directly with Denver, which ‘place is 
‘again connected with all the prominent citiesof 
te States. Ina similar manner the southern 
toveriscotmected by land lines with the promi- 
-svin Quito, New York telegraphs to 
thie toveron Pike's Peak, and the operator hav- 
ing connected the land-line with the aerial eur 
‘the signals are transmitted through the 
aerial current tothe towerin the Andesin South 
‘America; and from there—the land-lines being 
suitably Connected with the aerial enrrent—to 
Quito and Baenos Ayres. In this manner a 
message would be sent entirely by natural 
tlectrilty in place of artificial. "In the same 
manner & message may be sené across the 
‘ocean by having a high tower on each contic 
nent, each of which tovrers would have to be, 
of ehurse, through Janine connected with 
the earth’ to enable the ground current with 


the aerial eurrent to form acireuit, Different 
towers may be erected on the different conti- 
nents, and if they are all what is technically 


called hooked on—that is to say, connected 
to the earth—a signal given at one tower will 
‘be repeated at all the towers, they being eon- 
nected with each other by the aerial current. 
If the earth-connection is severed, or the insu- 
lation with the tower destroyed, there is no 
power; but by insulating the tower and con- 
‘centraiing its foree to a point, bringing the 
same corresponding effect from the earth our- 
ent in connection, an exceedingly powerful 
electrical force is created. 

‘Having described my invention, I claim— 

‘A tower constructed 80 as to collect, hold, 
aisiribate, and utilize aerial currents of natu: 
ral electricity for telegraphio and other pur- 
‘poses, essentially as described. 

2. A tower for collecting aerial enrrents of 
natural electricity, constructed of three see- 
tions, insulated from each other and the earth, 
or their equivalents, substantially in the mai 
ner deseribed, 

3, In an electrical tower, the combination 
of the shutters or slats g with the ventilator. 
‘vane in such a manner that the vane, through 
suitable mechanism, always opens the shutters 
to windward and closes them to leeward, sub- 
stantially as described. 

4, In an electrical tower, the collecting, dis- 
tributing, and protecting roof H, substantially. 
as and for the purpose described, 

5. ‘The combination of the tube J and venti- 
ator L with its vane M and the coiled wire oF 
small cable g, substantially as and for the pur- 
pose set forth. 

6, ‘The combination of the insulated shaft i 
and rods h having forked upper ends with 
‘the shutters or blinds g, serpentine eam-plate 
o, and ventilator L, substantially as and for 
‘the purpose deseribed. 

‘Dhe above specification of my improvement, 
being a tower for accumulating natural elec: 
tricity for telegraphic purposes, signed this 
20th day of June, A. D. 1871. 

W. . WARD. 


Witnesses: 
‘A..L. Parater, 
TH. Stari. 
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Lothar H. Ruhnke, Minneapolis, Minn, assiznor to 
Titton Systems, Incy, Beveriy Hills, Ce 
Filed Dee. 20, 1963, Ser. No. 332,186 
4 Claims. (Ci, 325-13) 


‘This invention relates to a cloud detector or an ap- 
paratus for sensing electrostatic conditions in the earth's 
‘atmosphere. 

Cloud detection apparatus which is presently employed 
is usually of the “eeilometer” type which merely measures 
the height of the lower surface of the clouds to indicate 
the ceiling conditions. One objest of the present inven- 
tion is to determine the location of both the top and the 
bottom of one or more cloud formations of the stmos- 
phere 

‘While electrostatic sensors of one type or another have 
bbeen proposed heretofore for use in the atmosphere, they 
Ihave been so complex and expensive that they have not 
enjoyed widespread use. In addition, cloud radars have 
recently been developed, but their usefulness is limited 
by failures when different zones of the atmosphere con 
tain droplets of different sizes, as discussed more fully 
below. Accordingly, it is another object of the present 
invention to simplify and reduce the cost of cloud 
detectors, while maintaining reliability, compatibility with 
existing equipment, and adequate sensitivity for all prac- 
tical purposes. 

‘In accordance with an illustrative embodiment of the 
present invention, a conventional US. Weather Bureau 
for US. Army meicoroligical radiosonde transmitter may 
be provided with a modulator which is controlled by & 
field effect transistor. ‘The input to the fleld effect 
transistor is a dipole antenna. Each of the arms of the 
pole antenna may be five to Ally feet in length, for 
‘example, and one of the dipole elements may trail the 
radiosonde package while the other element may extend 
forward in the direction of movement of the unit. When 
2 balloon is employed to carry the cloud detector unit 
aloft, a weight may be attached to one of the antenna 
elements so it hangs below the instrument package, while 
the other antenna element can extend along, or even form 
the flexible connection between the radiosonde unit and 
the balloon. A receiving unit is provided to pick up 
the modulated signals from the radiosonde apparatus, 
demodulate these signals and record them. While it is 
contemplated that the receiver may normally be situated 
‘on the ground and receive signals from a rising radiosonde 
unit, the radiosonde unit could well be employed by an 
aircraft to determine conditions below a cloud layer. 
Under these conditions the receiver would be mounted 
‘on the plane and the radiosonde unit could be parachuted 
to the ground. 

In accordance with a feature of the present invention, 
‘herefore, a system for detecting electrostatic field condi- 
tions in the atmosphere includes transmitter, arrange- 
‘ments for moving the transmitter through the atmosphere, 
fan antenna extending a substantial distance from the 
‘cansmilter, and a field effect transistor connected to re- 
ceive electrostatic input signals from said antenna and 
{to modulate the output of the transmitter in accordance 
with voltages detected by the antenna. 

Tn accordance with one aspect of the present invention, 
simplicity of circuitry and stability of operation are 
achieved by the use of dynamic circuitry which measures 
the instantaneous difference in potential between two 
antenna elements. Thus, a high input resistor may be 
connected between the input antenna elements. With this 
type of arrangement the instrument packags must be 
continuously moved through the atmosphere in order to 
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sive meaningful results, Under these conditions, the 
recorded output indicates changes in electric fields. A 
constant electric field, corresponding to a linear change 
in potential produces no substantial output signal. It has 
‘been determined that a balloon velocity of about five 
meters per second will produce good results with a 
dipole antenna shunted by a 1,000 megohm resistor and 
connected to a field effect transistor as discussed in detail 
in the present specification. With lower velocities, 2 
higher input impedance or greater amplification would 
be requited, with higher velocities, such as rocket propul- 
sion or the like, permitting even lower input impedances 
and simpler input eieuits. 

‘Accordingly, itis a feature of the invention that ap- 
paratus is provided for moving a radiosonde unit through 
the atmosphere at a predetermined rate, that two element 
input antenna preferably of the dipole type is provided, 
and that the antenna is connected to the radiosonde by 
simple dynamic amplification circuitry, which requires 
continuous movement of the apparatus t0 give useful out- 
put information. 

‘The novel features which are believed to be char- 
acteristic of the invention both as to its organization and 
method of operation, together with further objects and 
advantages thereof, will be better understood from the 
following description considered in conjunction with the 
accompanying drawings in which 2 typical embodiment 
of the invention is ustrated by way of exemple. It is 
to be expressly understood, however, that the drawings 
are for the purpose of illustration and description only 
and are not intended as a definition of the limits of the 

Tathe drawing: 

FIG. 1 is a schematic block diagram of a radiosonde 
equipment for sensing changes in the electric field of the 
atmosphere, and thus detecting clouds, in accordance with 
the present invention; 

FIG. 2 is a diagrammatic showing of the record ob- 
tained under typical cloud conditions; and 

FIG. 3 is a circuit diagram indicating a typical arrange- 
ment of connections of a dipole antenna, a feld effect 
transistor, and the input terminals of a standard meteor- 
ological radiosonde apparatus: 

‘With reference to the drawings, FIG. 1 shows a radio- 
sonde package 42 supported by a balloon 14. The 
radiosonde unit includes a transmitter 16, blocking oscil- 
lator 18, pressure sensor 20, and a field effect <ransistor 
unit 22.” A dipole antenna having an upper element 24 
and a lower element 26 is connected to the input of the 
field effect transistor unit 22. A small weight 28 s secured 
to the lower end of the antenna element 26 to hold it in 
the extended position. Similarly, the upper antenna ele- 
ment 24 extends in the other direction, and it may either 
form the support for the radiosonde unit 12 or may 
be closely associated with the supporting cable. A para- 
chute 30 is provided for safe return of the instrument 
package to ground, 

‘A ground or receiving station 32 may include an 
antenna 34, receiver and demodulator 36, and a recording 
apparatus 38. 

FIG. 2 shows a typical recording of the electrostatic 
field obtained as the ballon 14 and instrument package 12 
rise through the successive layers of clouds 42, 44, and 46, 
along the center line of the drawing. It is known that 
the electrostatic potential in the atmosphere increases 
from ground potential to plus 300,000 volts at elevations 
of about 30 miles. It is also known that the atmospheric 
electric field, which is the gradient of the potential, is sub- 
stantially increased within clovds. As the package enters 
the lower edge of a cloud, the sudden increase in electric 
field causes a pulse of current to flow through resistor Ry 
in one direction, and upon leaving the cloud, the sudden 
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reduction in electric feld causes an oppositely directed 
current pulse, ‘This produces the positive swing shown 
at 48 ia FIG. 2 as the unit enters the cloud and the nega- 
tive peak 50 as the apparatus is rising through the upper 
surface of the cloud stratus 42, A similar pattern is ob- 5 
served as the unit goes through the higher cloud forma- 
tions 44 and 46. With a knowledge of the speed of ascent 
‘of the balloon and instrument package, the location of 
the upper and lower surfaces of successive cloud layers 
may be determined by the present apparatus. Accord- 
ingly, despite the presence of a relatively low cloud layer 
whieh completely obscures other cloud formations, ground 
personnel may readily determine the meterological condi- 
tions relating to clouds above this low ceiling. 

‘Returning to FIG. 1, the radiosonde equipment repre- 
sented by blocks 16, 18 and 20 is well Known. The 
‘meterological radiosonde system which will be taken as 
typical is designated by the military by the numbers AN/ 
AMT 4B, The Army technical manual which descr 
this radiosonde systom is identified as TM 11-2432A-TO 
3IM42AMT-U1, dated June 26, 1958. The radiosonde 
transmitter operates at a frequency of 1680 megaeycles 
per second, This transmitter is modulated by a blocking 
bscllator 18, the frequency of the blocking oscillator being 
controlled by the meteorological conditions which are 
dtected. Normally, 2 thermistor for measuring the tem- 
‘perature and a humidity sensor are alternately switched 0 
the input terminals of the blocking oscillator 18, In the 
present case, the cloud detector circuitry is connected to 
‘oth of these terminals. ‘The barometric pressure sensor 
20 may also be retained in the unit, and it may be con- 
nected to control the frequency of the blocking oscillator 
18 by a switching action as described below. 

‘With reference to FIG. 3, the humidity channel input 
‘terminals 62 and the temperature channel input terminals 
64 of the standard radiosonde unit are shown at the right- 
hand side of the circuit. Atmospheric clectric signals 
received by the dipole antenna elements 24 and 26 are 
applied to the field effect transistor 66 and are then cou- 
pled by a suitable circuit to the input terminals 62 and 
{64 of the radiosonde, While other field effect transistors 
may be employed, type C 610 of Crystalionics, Inc, was 
found to be suitable from a sensitivity and reliability stand- 
point for the present purposes. The input to the field 
etfect transistor is shunted by a'1,000 megohm resistor Ry 
to stabilize the input characteristic. Suitable biasing of 
the transistor 66 is provided by resistor Ry. Because the 
impedance of the transistor 66 is substantially lower than 
that of the temperature and humidity sensors which are 
normally employed, a 110,000 ohm resistor in the block- 
ing oscillator was femoved and a capacitor C was con- 
‘nected in parallel to the input terminals. The capacitor 
‘was selected to produce a modulation frequency of ap- 
proximately 100 cycles per second in the absence of an 
input signal, Positive and negative voltages will then 
raise or lower this frequency. 

‘in the radiosonde apparatus, signals from the pressure 
sensor 20 are normally employed to switch from the tem- 
perature channel terminals 64 to the humidity channel 
terminals 62, This switch is well known in the art as a 
bbaroswitch. "The barometric pressure switching action 
provides an indication of altitude, so itis useful to preserve 
this information. Accordingly, tho resistor Ry is em- 
ployed between the transistor 66 and one terminal 64 to 
reduce the output signal slightly, thus changing the moda- 
Infon level and preserving the pressure and ths aletude 
information. 

‘With regard to the length of the dipole elements 24 and 
26, the size of resistor R, and the amplification of the field 
effect transistor, these are fixed by several factors. First 
the antenna elements should be large enough to pro. 

‘a substantial input signal, but should be relatively small 
‘as compared with normal cloud thicknesses. Lengths of 
'5 to 50 feet for each dipole would be of the proper order 
‘of magnitude, ‘The resistor R; was chosen to reduce the 75 
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input impedance between dipoles 24 and 26 below the 
point where fog and dampness and the resultant shunt 
impedance will introduce instability into the transmitted 
signals. With these parameters, and a speed of ascent 
of the order of 5 meters per second, it was determined that 
fa single field effect transistor provided the necessary am- 
plifeation for operation with the standard radiosonde 
unit. 

AS mentioned generally above, cloud radars are sub- 
ject to failure under eorain atmospheric conditions. “Thus, 
the radar return is proportional to the sixth power of the 
droplet or particle size, while the human eye and optical 
systems respond to the second power of the droplet size. 
With the radar return proportional to such a high power 
of the droplet diameter, if radar is adjusted to pick up 
a cloud having large particles, other clouds having small 
size partiles are not detected. The present electrostatic 
system, however, responds in a manner which is nearly the 
same as the optical response, and therefore does not fail 
under atmospheric conditions where different size drop- 
lets or particles are present in successive clouds. 

Tis to be understood that the above described arrange- 
meats are illustrative of the application of the principles 
of the invention. Numerous other arrangements within 
the scope of the invention may be devised by those skilled 
in the art. ‘Thus, by way of example and not of limita- 
tion, a somewhat different shape of antenna could be em- 
ployed to pick up electrostatic field variations and apply 
them to the field effect transistor, an inherently stabilized 
transistor may be used, and the instrument package may 
be carried by rocket or other suitable propulsion arrange- 
‘ments than the balloon shown in the drawings. Accord- 
ingly, it is evident that various changes may be made in 
the present invention without departing from the spirit 
of the invention as defined in the present claims. 

‘What is claimed is: 

1. An apparatus for sensing electrostatic conditions in 
the atmosphere comprising 

‘a radiosonde apparatas including means for modulat- 

ing the output frequency thereof, said means includ 
ing an RC circuit; 
fa puit of probes positioned in respectively different 
Tocations in the atmosphere with respect to said 
‘radiosonde; 

fa field effect transistor having its drain and gate ter- 
minals connected across said pair of probes and hav- 
ing its source and drain terminals connected in 
series with the resistance of said R-C cireuit to 
modulate said radiosonde; and 

fa stabilizing high resistance connected across the two 

probes and across said gate and drain terminals of 
‘said transistor. 

2, In an apparatus for sensing atmospheric electro- 
static field condition 

2 balloon; 

fan instrument package connected to and spaced from 

‘tid balloon, said instrument package including a 
transmitter, means including an R-C eircuit for mod- 
ulating said transmitter, and a field effect transistor 
hhaving source and drain terminals connected in series 
with the resisiance in said R-C circuit to modulate 
said transmitter; 

antenna means including an antenna and resistance 

‘means connected across said antenna, said resistance 
‘means also being connected across the gate and the 
drain of said field effect transistor, said antenna ex- 
tending upward from said package toward said bal- 
Joon and downwardly from said package for apply 
ing signals to said field effect transistor in response 
{to said field conditions to render said modulating 
‘means responsive to said field conditions. 

3. An apparatus for sensing changes of the atmos 
phatie electric field at cloud boundaries, which comprises: 

1 blocking oscillator-type modulated radiosonde in- 

cluding fixed resistance means and capacitance means 
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connected in parallel with said fixed resistance 

‘means, said capacitance means being effective to dis- 

charge through said resistance means to control the 

‘modolation of said radiosonde; 

Fy ‘pole antenna means responsive to changes of the at- 
‘mospheric electric field for producing a signal in- 
dicative of said changes; 

retstance means connected across sad dpole antenna 
a field effect transistor having source and drain termi- 
nals connected in series with said fixed resistance 
‘means and 2 gate terminal connected to seid dipole 
antenna means for reception of said signal, said field 
‘effect transistor being responsive to said signal for 

: ‘varying the rate of discharge of said capacitance 
‘means to eause the blocking oscillator to modulate 

i said radiosonde in accordance with the second 
‘changes in the atmospheric electric field. 

4.An apparatus for sensing changes of the atmos 
pheric electric field at cloud boundaries, which com- 
prises: 
radiosonde means including a blocking oscillator hav- 
‘ing fixed resistance means and capacitance means 
connected in parallel with said fixed resistance 
‘means, said capacitance means being effective to dis- 
charge through said resistance means to control the 
{requency of oscillation of said blocking oscillator; 


6 
ipole antenna means responsive to changes of 
‘mospheric electric field for producing a signal indi 
cative of said changes; 
restance means gonneted across sai dipole antenna; 
5 an 
a feld effect transistor having source and drain termi- 
nals connected in series with said fixed resistance 
‘means and a gate terminal connected to sald dipole 
antenna means for reception of said signal, said field 
effect transistor being respoasive to said signal for 
varying the rate of discharge of said capacitance 
‘means to control the frequency of oscillation of said 
locking oscillator in accordance with the sensed 
changes in the atmospheric electric field. 
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Zo all whom it may concern: 

Be it known that I, Hrpronyre Caney 
Viox, of Paris, in the Empire of France, et 
neer, have invented a 
Atmospheric Blectrivity and Terrestrial Hlee 
ticity and its Tudustrial Applications; and 1 
do hereby declare that the following is a full, 
clear, and exact description of the same, rofer’ 
ence being had to the accompanying drawings, 
making part of this speeiieation, in whieh— 

Plate 1 represents a front elevation; Plate2, 
a side clevation of an aerostat, in combination 
with certain other devices for obtaining at 
mosphieric and terrestrial electricity; Plate 3, 
Cpls of the deviee for obtaining terrestrial 

leetricity; Plate 4, detached portions of the 
apparatus. Plate 3 shows a front view, and 
Tate @ a vertical section and various details 
of the apparatus when applied in mountainous 
regions, the useof an aerestat being dispensed 
with, 

‘The object of my jiivention is to form an 
electric pile of great power by using the posi 
tive electricity contained in the atmosphere, 
and the negative electricity contained in the 
earth, so as fo make the eleetrivity therein eon. 
tained available for industrial purposes, 

‘To enable others skilled in the art to make 
and use my invention, I will proceed to de- 
seribe its constraction'and operation. 

A is aerostat of a tubular form closed at both 
ends. Itismade of suitable material, so as to 
be impervious to air. Its dimensionsare such 
as to give it great aseensional power when 
filled with gas. 

a are valves in the surface of the aerostat, 
to be opened when the inflation of the aerostat 
should becowe too great. 

A long indiarubber tube, I, communicates 
with the interiorof the aerostat, being attached 
tothe latter, near one end of its ends D, as seen 
in Plate 1, while the lower end of the tube T 
is attached to a gasometer, (not shown in the 
Grawings.) The gasometer is to be fed with 
hydrogen gas, produced by the action of the 
pile itself, the negative wires of which (after- 
ward to be described) enter a body of water at 
or near the base of the apparatus and decom: 
pose the water so as to produce the hydrogen 
gas. As the nerostat is supposed to be at a 
considerable height the tube I must beof eor- 
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respondinglength, and isconstructed of a num- 
ber of tabes, short wooden tubes I’ being in: 
| serted where the tubes Tare joined, aud a fast. 
ening-ring, 1”, being slipped over each of the 
Joints, as seen in Fig. 3of Plate 4. At certain 
| Wistauces the tabe I's fustened to the net-worke 
of thé positive wires (afterward to be described) 
in order to seonre the tube against the action 
of the wind and at each of these fastening: 
| places a washer, 1% is inserted in the tube in 
order that the tube shal not be compressed by 
| the site or other means employed to fasten it 
fo thenet-work of positive wires. (See Fig. 4, 
| Plate 4.) 

‘The aerostat is surrounded with a networks 
of wires, one layer of the wires, C, being par- 
allel with the axis of the aerostat and fastened 
to rings Dat both ends of the serostat, 
the other layer of wires, B, extonding partially 
around the nerostat at right angles tothe win 
©. One end of each of the wires B extends 
around an iron tube, E, some distance below 
the aerostat and meets the other end of it be 
tween the tube E.and the aerostat. The two 
ends are fastened together by a ligature, B', 
(See Fig, 1, Plate 4.) “Each enid of the tube B 
terminates into aball,e,.‘The wites Bare fast: 
ened to the surface of the tube E by means of 
a helical wire, F, wound aronnd the tube and 
across the wires 'B, as soon in Fig. 1, Plate 4. 
‘The upper ends of long vertical wires Gare 
also wound around eglinder B, each wire G be. 
tween two of the wires B, aud the ends se- 
cureil by a ligature, G',as séen in Fig.1, Plate 
4. ‘The helical wire i is also wound across 
the wines G, so as to keep tliem in their places 
on tabe I, 

‘The vertical wires G, which are to be the 
conductors of the positive electricity of the 
atmosphere, inust beof a lengtl proportionate 
to the desired efficacy of the electric pile, aut 
the size and aseensional power of thenerostat 
must, of course, bo adequate to sustain the 
weigitt of and keep suspended the wives G (a 
weight still further increased by the horizon. 
tal cross-wires Hf, with which the vertical wires 
G are interlaced, in order to form a netavork. 
not liable to be deranged by the action of tho 
winds or similar influences.) ‘The two ontside 
wires, G, are stronger than the rest of them, 
and their lower ends are fastened to dyna? 


Figure 39: Latency of Different Technologies” 
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The values shown in Figure 39 reflect measurements of commercially deployed 
technologies, with EDGE Release 7 achieving 70 to 95 msec, HSPA+ 25 to 30 msec, and 
LTE 15 to 20 msec. A latency goal for 5G is less than 4 msec for broadband and 0.5 msec 
for mission-critical applications. 


Spectral Efficiency 

The evolution of data services is characterized by an increasing number of users with ever- 
higher bandwidth demands. As the wireless data market grows, deploying wireless 
technologies with high spectral efficiency is of paramount importance. Keeping all other 
things equal, including frequency band, amount of spectrum, and cell site spacing, an 
increase in spectral efficiency translates to a proportional increase in the number of users 
supported at the same load per user—or, for the same number of users, an increase 
throughput available to each user. 


Increased spectral efficiency, however, comes at a price because it generally involves 
greater complexity for both user and base station equipment. Complexity can arise from 
the increased number of calculations performed to process signals or from additional radio 


22 5G Americas member companies. Measured between subscriber unit and a node immediately external 
to wireless network. Does not include internet latency. Note that there is some variation in latency based 
on network configuration and operating conditions. 
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mometers of any suitable construction. ‘These 
dynamometers are attached to the ends or a 
massive iron eylinder, J, and they serve to 
dicate tbo tovsion in the outside wires, G, and 
the corresponding ascensional power of the 
aerostat. According to the reading.of these 
dynamometers the aerostat has to be supplied 
{ibrongh tubo 1) with more or less gas. The 
lower end of each of the wires G is wound 
around tho oylinder J, and secured by liga 
tures similar to those Ab-ve described. ‘The 
swires G are all insulated (by acoating of gutta. 
percha or similar substanice,) except where 
they are in contact with tube B and with ey!- 
inder J, and a similar insulating coating is 
aid on cylinder J, after the lower ends of the 
wires @ have been fastened to it. 

Another cylinder, K, similar to J, is placed 
at some distance from and parallel to cylinder 
J. Ibis connected with eylinder J by wires 
1, wound around both cylinders and interlaced 
with cross-wires M. ‘The wire-work L Mand 
oylinders are insulated (in a manuer already 
described) against outside influences, so that 
the only electric communication between the 
‘tywooylinders will be through thewiresL. ‘The 
two eylinders are placed upon insulated col- 
mons P, ‘The cylinder K may be used as 2 
substitute for eylinder J, aud vice versa, 
‘whenever repairs becomendcessary. Tnsalated 
Drauch wire or wires are attached to the eyl- 
inders J K and wires L, so as to conduct the 
positive electricity obtained from the atmos- 
phere by means of the above-described appa- 
ratns to wherever it is desired for industrial 
purposes. The insulated wires Q (interlaced 
with cross-wires R) are placed on the ground 

allel to the positive wires 
‘Both ends of each of the wires Q are sunk 
into the earth or submerged in water, and fast 
ened toa metallic plate coated with a metal 
not subject to oxidation. ‘These wires Q are 
the conductors for the negative electricity of 
the earth, and a branch wire or wires attached 
to the wites Q serve to transinit the nogati 
terrestrial electricity to wherever it is wanted 
for industrial or othier purposes. 

‘By uniting to the endsof the positiveand the 
negative branch wire or wires a powerfal elec 
trie eurrent will be obtained, one pote of which 
is the atmosphere and the other the earth, and 
may be applied to.any suitable nsefal purpose. 

Twill now proceed to deseribe the modifica: 
tion of the above-described apparatus when to 
be applied in mountainous countries. 

P represents the positive eleetric copper or 
other metal wires coated over with an insulat- 
ing substance. ‘The upper nds of each of the 
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positive wires is soldered to a prompter, O, at 
PY, Figs.1, 5, and 6, Plate 6, ‘The lower por- 
tion of each of the positive-wires is secured to 
an insulator, 'T, Fig. 2, Sheet 6, ‘The positive 
wires are held above the ground by joints A, 
Figs. 3 and 4, Sheet 6, projecting from thesoil 
at suitable distances ‘from each other. The 
wires P are intended to follow the inequalities 
of the ground on which they are laid. 

‘The prompters O, Figs. Sand 6, Sheet 6, are 
iron rods sharpened to a point and sitvered or 
coppered at their upperends. ‘Thelower part 
of the prompter is fastened into a pole, S,cov- 
ered with tar, whieh isolates the prompterani 

‘afirm position, A. large metallic 
plate may be soldered to’ each prompter, as 
shown in Fig. 6. ‘The positive wires may’ be 
soldered to the rod of each prompter or to the 
plate which is fastened thereto. 

One or more brani lines, ,are soldered ap 
to tho positive wires to transinit the positive 
atmospheric cleetricity for whiek the wires P 
are the conductors to aay desirable point, 

N are negative iron or other metal condue: 
tors coated with an insulating substance, The 
upper ends of these wires rest on the ground 
near the positive insulators. ‘The lower ends 
of these wires are soldered to a metallic plate 
orplates, V, Fig.7, Plate 6, coated with ametal 
not subject to oxidation, "The uegative wires 
are sunk into the ground at very great depth 
or into wells, rivers, or intotho sea, ‘Theneg- 
ative electrie branch wires are attached to the 
negative conduetors N in the same manner as 
the positivebranch wiresare tothe positive eon 
Auctors. ‘The branch wires and the soldering 
are coated over with an insulating snbstanc 
‘They are intended to carry the negative ter 
restial electricity to any desired point. 

‘What I claim as my invention, and desire to 
secure by Letters Patent, is— 

1. The peculiar arrangement of meanshere: 
in specified, whereby I am enabled to ase the 
positiveelectricity contained in theatmosphere 

id the negative electricity contained in the 
earth, and thus form au eleetrie pileof consid. 
erable powerand make the electricity therein 
containedavailable for indastrial purposes, as 
set forth 

2. ‘The combination of an acrostat and ver- 
tical wire-work with a tube, I, for admitting 
gas into the acrostat, in the manner and for 
the purposes above set forth. 


CHARLES VION. 


Witesses: 
Harry W. Spacer, 
A. Gutox, Jr. 
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To ait whomsit may concern: 

Be it known that T, Waurme I. Prxwock, 

itizen of the United States, residing at 
Philadelphia, county of Philadelphia, and 
State of Pennsylvania, have invented cer- 
tain new and useful Improvements in Appa- 
ratus for Collecting Blectrical Energy, of 
which the following is a full, clear, and’ ex- 
act disclosure, 

‘The present invention relates to an im- 
proved means for collecting the charges of 
electricity from the upper atmosphere and 
‘more particularly to that form whieh con- 
sists in one or more captive balloons from 
which is suspended a suitable form of me- 
tallie conductor. : 

‘The principal objects of the device are: to 
provide a collector for atmospheric and 
slatic electricity, which when in operative 
position will present a large surface to cur- 
rents of air, but which will offer compara- 
tively little resistance thereto, to provide a 
collector of such material and construction 
as will be more efficient in its operation than 
any previously constructed for a similar 
purpose, to provide a means for maintain- 
ing such a collector suspended in the air and 
at right angles to opposing currents thereof, 
and to provide a suitable anchorage for 
holding said means captive ‘ 

With these principal objects in view, the 
present invention consists in further’ ad- 
vantages which are brought out in the fol- 
lowing specification and accompanying 
drawings, in both of which like numerals 
refer to like parts, and in which drawings— 

Figure 1 is a perspective view of the com- 
plete device in operative position, Fig, 2 13 
an enlarged detail view of the wire mesh 
and the manner in which it is attached to 
the supporting balloons, Fig. 3 is a detail 
of the manner of securing the_collecor- 
supporting and anchor cables to the bal- 
Toons, Fig. 4 is an enlarged cross section of 
the swivel connection shown in Fig. 3, Fig. 
5 is top plan view of the reinforcing braces 
on the screen, Fig. 6 is an elevation of the 
same and Fig. 7 is an end view of the struc- 
ture shown in Figs. 5 and 6. 

‘Referring to the drawings, in Fig. 1 there- 


of, a plurality of balloons 1 of any suitable 

type is shown, each of which embodies hol- 
Tow metallic elongated gas tanks 2, extend- 
ing from the rear of which are single, 
rigidly affixed rudders 3; while on the sides 
of the tanks are secured stationary lifting 
planes 4, 

‘To the bottom and slightly to the rear of 
the center of the tanks 9 is secured a suit. 
able swivel. 8, by which the anchor ropes 6 
and the suspension ropes 7 for the metallic 
conductor 8 are secured to the balloons 1. 
A suitable form of swivel joint is illustrated 
in Figs. 3 and 4, but any type can be used 
that embodies the essential” features shown 
therein. 

‘The swivel joint illustrated consists in the 
base plate 9 having a looped portion 10 in- 
tegral therewith and projecting from the 
upper face thereof. Secured to the loop 10 70 
is a sot of threo light electrically conductive 
supporting ropes or eables 11 which extend 
upwardly and are secured at intervals to the 
bottom 12 of the balloon above. 

The lower or revoluble member 19 of the 75 
swivel joint preferably comprises three 1 
warily directed curved arms, 20, 21, and 2, 
respectively, forming at their junction a T: 
shape as shown, said arms at their upper ex- 
tremities being integral with the plate 25. 
‘The member 19 is revoluble below and con- 
gente with the plato 2, and the two mem- 
bers are lightened in weight by opposed con- 
centric geooves ag shown at 24. Contact be- 
tween said members is made through the 
roller bearings 25, which are carried in the 
‘opposed concentric grooves 26 and 27 of the 
respective upper and lower plates, Further- 
| more, said plates are maintained in codpera- 
tive relation with each other by means of a 
holt 28 passing through centrally drilled 
holes 29 and 30 in the respective lower and 
upper plates, the drilled hole 30 opening up- 
wardly into an enlarged recess 31, in which 
is sunken the nut 32 on the bolt 28. ‘Two of 
the arms 20 and 22 of the lower revoluble 
member 19 extend in diametrical alinement, 
Tile from the central point thereof extends 
the third arm 21 at-right angles thereto, and 
‘upward to the plate £3, 
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components. Hence, operators and vendors must balance market needs against network 
and equipment costs. OFDMA technologies, such as LTE and planned 5G approaches, 
achieve higher spectral efficiency with lower overall complexity, especially in larger 
bandwidths, 


‘As shown in Figure 40, the link-layer performance of modern wireless technologies is 
approaching the theoretical limits as defined by the Shannon bound. (The Shannon bound 
is a theoretical limit to the information transfer rate [per unit bandwidth] that can be 
supported by any communications link. The bound is a function of the SNRs of the 
communications link.) Figure 40 also shows that HSDPA, 1xEV-DO, and |EEE 802.16e-2005 
are all within 2 to 3 decibels (dB) of the Shannon bound, indicating that there is not much 
room for improvement from a link-layer perspective. 


Figure 40: Performance Relative to Theoretical Li 
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The curves in Figure 40 are for an Additive White Gaussian Noise Channel (AWGN). If the 
channel is slowly varying and the frame interval is significantly shorter than the coherence 
time, the effects of fading can be compensated for by practical channel estimation 
algorithms—thus justifying the AWGN assumption. For instance, at 3 km per hour and 
fading at 2 GHz, the Doppler spread is about 5.5 Hz. The coherence time of the channel is 
thus 1 second (sec)/5.5 or 180 msec. Frames are well within the coherence time of the 
channel, because they are typically 20 msec or less. As such, the channel appears 


113 5G Americas member contribution, 
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Suspended below the plurality of balloons 
js a hollow rod 85, of any suitable material, 
connected at regular intervals such as at 
points 36, by metallic ropes, 7, to the alined 
arms 20 and 22 of the swivel joint 5. Be- 
Jow and parallel to the rod 35 is a similar 
bat sinaller rod 38 suspended therefrom by 
means of suitable couplings 39. From the 
rod 38 hangs a wire mesh 40 of any suitable 
form, such as can be extended over a con- 
siderable area and which will offer com- 
paratively little resistance to the passage of 
fair therethrough. ‘The metal in such a 
sereen is preferably rough, sharp or jagged 
and a convenient form embodying these 
characteristics is expanded sheet metal such 
fas is used for lathing and for reinforcing 
concrete construction. Instead of the single 
hollow rod 35 alone, applicant contemplates 
the use of reinforcing means to prevent the 
buekling of the rod in a stiff wind, such, for 
instance, as the arrangement of wire brac~ 
jng shown in Wigs. 5, 6 and 7 in which cross 
rods 41, sectired to the rod 35 at the center 
thereof’are ‘attached to the ends thereof by 
means of stretched wires 42. Between the 
rods, 41 and the ends of the rod 35 are se- 
cured sets of cross rods 43 which support 
the wires 42 and strengthen the rod 35 at 
as many points as they may be placed. 

‘For the purpose of maintaining the bal- 
Joons and apparatus suspended therefrom 
captive, the light metallic cables 6 terminat- 
ing downwardly in insulators 45 are em- 
ployed. These insulators in turn are con- 
hected by means of short sections of rope 46 
tothe eye 47 of a suitable swivel 48, em- 
bedded in the anchorage 49, 

‘When the balloons with the metallic 
sereen suspended therefrom are allowed to 
rise into one of the higher altitudes, the 
entire apparatus being of metallic construc- 
tion and uninsulated will become energized 
by eontact with, the surrounding natural 
charges of electricity. From the above de- 
seription it is evident then that, while the 
sereen 8, on account of its great extent, will 
he the greatest collecting agent, it will be 
seen that the balloons themselves and the 
suspending wires will also codperate as one 
large collector, since no parts of which are 
insulated from any of the neighboring parts 
thereof. Consequently, when the apparatus 
described has reached an altitude or strata 
of the atmosphere abounding in static 
charges of electricity, an amount of the said 
charges proportionate to the surface area 
Gf the metal exposed will collect upon the 
apparatus as a whole and will be conducted 

jownwardly toward the earth by means of 
the various anchor ropes 6, but will not pass 
into the ‘on account of the interposi- 
tion of the insulators 45. 


1,014,710 


To use the electrical charges thus ac- 
aquired, a plurality of Leyden jars, or 6s 
other suitable collectors are supported above 
the surface of the earth and insulated there- 
from by any suitable means as represented. 
by the blocks 51. Either the inner or outer 
conducting surfaces of the jars may be con- 70 
nected together and energized by the accu- 
mulated charge. In the present, instance, 
the inner surfaces of the accumulators. are 
shown to be connected, and the connecting 
‘means 52 is in turn connected to the ropes 6 75 
by means of wires 58. ‘These wires are se: 
cured to the ropes mentioned by means of 
suitable binding posts 54. 

‘In the device described the anchor ropes 6 
are of substantially the same length, and 60 
when the apparatus is raised to the desired 
Mlitude and is being blown by the currents 
of air, the balloons are turned by means of 
the vines 8 to parallel nelation, with each 
other, and furthermore, from the manner 85 
in which the device is held captive and the 
collecting net 40 is suspended from the bal- 
Joons, it }s obvious that said net will at all 
times readily swing into a plane substan- 
tially perpendicular to any current of air 90 
acting upon the balloons above. The pur- 

ose of the swivel joint shown in Figs. 3 
and 4 is principally for allowing the bal- 
loons to readily aline themselves with any 
new direction of the wind before the ap- 98 
paratus, including the suspended screen, can 
Swing about the swivel 48, and said joint 
will also prevent the twisting of the ropes 7, 
when any rapid shifting of the air currents 
may oecur. 
ile applicant has shown‘a set of Ley- 
den jars as the accumulators in the sccom- 
panying drawings, it is obvious that any 
other suitable form may be used, and fur- 
thermore, that although not illustrated, any 10t 
suitable apparatus may be run thereby, s 
as for instance, wireless telegraphic in- 
struments. i 

Furthermore, although but one, embodi- 
ment of the invention has been desoribed, 11! 
it is to be understood that various, modi- 
fications may be therein, and in fact 


100 


several axe contemplated by applicant that 
are of such structure as fall well within the 
seope of tho appended claim, EEY 


‘Having thus described my invention, what 
Telaim and desite to protect by Letters Pat- 
‘ent of the United States, is: 

‘Aclletoe for changes of sletiity com: 
prising a. plurality of supporting meatis, a 10 
Fretallie gauze sustained Mo tiem 
plane and. substantially equi ‘from 
each of said supporting means, anchoring 
means emanating from a common point to 
cach of ssid supporting means, meins op- 1! 
erative to maintain said supporting means 
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in their normal positions, and means be- | my hand this 28 day of December, A. D. 

tween each of said supporting means and | 1910, 

said gauze to permit each of said support- 

ing’ means to readily. and independently 

abine itself to accord with any alteration in | - Witnesses: 

the direction of opposing air currents, ‘Munn 8. Tene, 
In witness whereof I have hereunto set EE. Evornta Pewxoox. 


WALTER I. PENNOCK. 
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GB 157263 
Process and Apparatus for Converting Static Atmospheric Electrical Energy into 
Dynamic Electrical Energy of any Suitable High Periodicity 


Abstract — Atmospheric electricity, utilizing; influence machines.-Static atmospheric charges are 
converted into alternating-currents of any desired frequency by rotary machines, the stator and rotor 
elements of which form condensers having a capacity which varies during the revolution as described in 
Specincation 157,262. In the simplest form, Fig. 2, the curved stator plates 2, 1 are connected to earth 
E2 and the aerial A which collects the atmospheric charges and is earthed through a safety spark gap F. 
The rotor is motor-driven and consists of concentric plates 3, 4 joined through slip-,rings (not shown) to 
an inductance 9 shunted by a condenser 5. With a given aerial polarity, rotation of the plates 3, 4 causes 
current reversals on the cireuit A, 1, 9, 2, E@, whereby oscillations are set upon the circuit 9, 5, these 
being tapped by leads 11, 12. The condenser $ may consist of concentric tubes rotating with the rotor or 
of two juxtaposed wound spirals having capacity. The stator and rotor condenser plates may extend over 
nearly a semicircle in place of the quadrants shown in Fig. 2 and the rotor may comprise two 
consecutive cylindrical plates or coil condensers each divided into halves, the inner half of each being 
connected to the outer half of the other, Fig. 7 shows a form in which rings 1, 2, mounted in a casing 
comprising upper and lower parts insulated from each other, are connected to the stator condenser plates 
at intervals. The rotor plates 3, in equal number, are connected to slip-rings 5, 6 from which alternating- 
current is taken by brushes when the rotor is motor-driven. The rings 1, 2 are respectively connected to 
the aerial collector and earth E2. Several methods of grouping the stator-rotor condenser pairs and the 
components of the oscillating circuit are described. The oscillatory current in the rotor circuit may react 
through a transformer on the main charging current and two pairs of stator and rotor plates 1, 2, 3, 4, 
Fig, 13, may be employed arranged on diameters at right-angles, the oscillatory circuit in this case 
consisting of a mutual inductance 5 having capacity and a portion of an adjustable induetance 9 in the 
stator earth connector E2. By suitably proportioning the stator and rotor plates, ‘resonance may be 
established, whereby undamped waves may be produced. In the form shown in Fig. 15, for high- 
frequency oscillations, the aerial A and earth wire are tapped at points between the stator plates 1, 2 and 
condensers 16, 18 which are joined through an inductance 9. The rotor current is conveyed to the power 
circuit 11, 12 through transformers 10, 10<a>. The members composing the stator and rotor plates may 
be slotted, as shown in Fig. 8, with holes | for attaching them to the frame, or they may have spiral slots 
in their surfaces. Alternatively, they may be formed by embedding spiral wires 3 in a vulcanite mass 1 
so as to give a smooth surface as shown in Fig. 11 
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French Patent # 551,882 
Apparatus for Capture of Electric Currents in the Atmosphere 
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French Patent # 565,395 
Combined Apparatus for Capture of Atmospheric Electric Currents with Immediate 
Implementation 
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US 28793 
Electric Apparatus 


Abstract — An aerostat for obtaining atmpspheric and terrestrial electricity... 
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“constant” over a frame, and the Shannon bound applies. Furthermore, significantly more 
of the traffic in a cellular system is at slow speeds (for example, 3 km/hr. or less) rather 
than at higher speeds. The Shannon bound is consequently also relevant for a realistic 
deployment environment. 


As the speed of the mobile station increases and the channel estimation becomes less 
accurate, additional margin is needed. This additional margin, however, would impact the 
different standards fairly equally. 


The focus of future technology enhancements is on improving system performance aspects 
that reduce interference to maximize the experienced SNRs in the system and antenna 
techniques (such as MIMO) that exploit multiple links or steer the beam rather than on 
investigating new air interfaces that attempt to improve link-layer performance. 


MIMO techniques using spatial multiplexing to increase the overall information transfer rate 
by a factor proportional to the number of transmit or receive antennas do not violate the 
Shannon bound because the per-antenna transfer rate (that is, the per-communications 
link transfer rate) is still limited by the Shannon bound. 


Figure 41 compares the spectral efficiency of different wireless technologies based on a 
consensus view of 5G Americas contributors to this paper. It shows the continuing evolution 
of the capabilities of all the technologies discussed. The values shown are reasonably 
representative of real-world conditions. Most simulation results produce values under 
idealized conditions; as such, some of the values shown are lower (for all technologies) 
than the values indicated in other papers and publications. For instance, 3GPP studies 
indicate higher HSPA and LTE spectral efficiencies. Nevertheless, there are practical 
considerations in implementing technologies that can prevent actual deployments from 
reaching calculated values. Consequently, initial versions of technology may operate at 
lower levels but then improve over time as designs are optimized. Therefore, readers 
should interpret the values shown as achievable, but not as the actual values that might 
be measured in any specific deployed network 
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Improvement in Collecting Energy for Telegraph 
Abstract — A tower for the purpose of receiving and imparting natural electricity, so as to be in constant 


contact with the upper stratum of electricity which surrounds the earth, by tapping which a never-failing 
supply is formed when brought into contact with the earth. 


i witwesse INVENTOR. 
I 
3 rN HS Foahlen.. is Mand 
US 129971 
Telegraph Power 


Abstract — Utilizing natural electricity and establishing an electrical current without the aid of wires, 
batteries, or cables... 
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US 674427 
Collecting Atmospheric Electricity 


Abstract — An appartus for colecting and driving or conducting atmospheric electricity which renders it 
practicable to obtain material quantities of teh same in serviceable form. 
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US 911260 
Collecting Atmospheric Electricity 


Abstract — A method of colecting electricity from a strata laden with electricity at high altitudes in the 
atmoshere, through the medium of a wire cable suspended from one or more balloons 
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US 1014719 
Collecting Atmospheric Electricity 


Abstract A method of colecting electricity from a strata laden with electricity at high altitudes in the 
atmoshere, through the medium of a wire cable suspended from one or more balloons ... 


hitp/rexresearch com/atmosebdatmosebx him 14198 


us2017 ‘Atmospheric Electricity Collection Patents 


Walter] Pennock. 
wean, FD 


hitp/itexresearch com/atmosebdatmosabx him 19198 


2142017 ‘Atmospheric Electicly Colection Patents 


Walter L Pennock. 


US 1540998 
Conversion of Atmospheric Electric Energy 


Abstract —- Method of obtaining atmospheric electricity by means of metallic ballon collectors... 
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Figure 41: Comparison of Downlink Spectral Efficiency™™ 
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The values shown in Figure 41 are not all possible combinations of available features. 
Rather, they are representative milestones in ongoing improvements in spectral efficiency. 
For instance, terminals may employ Mobile Receive Diversity but not equalization. 


The figure does not include EDGE, but EDGE itself is spectrally efficient at 0.6 bps/Hz using 
mobile receive diversity and, potentially, 0.7 bps/Hz with MIMO. Relative to WCDMA 
Release 99, HSDPA increases capacity by almost a factor of three. Type 3 receivers that 
include MMSE equalization and Mobile Receive Diversity (MRxD) effectively double HSDPA 
spectral efficiency. The addition of dual-carrier operation and 64 QAM increases spectral 
efficiency by about 15%, and MIMO can increase spectral efficiency by another 15%, 


444 Joint analysis by 5G Americas members. 5+5 MHz FDD for UMTS-HSPA/LTE. Mix of mobile and 
stationary users, 
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GB 149,917 
Improvements in & Relating to Radio Communication Systems 


Abstract — Radio transmission and reception through the use of living vegetable organisms such as 
trees, plants, and the like. 
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Radio Apparatus 
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reaching 1.2 bps/Hz. Dual-carrier HSPA+ offers a gain in spectral efficiency from cross- 
carrier scheduling with possible gains of about 10%. 2° 


Some enhancements, such as 64 QAM for HSPA, are simpler to deploy than other 
enhancements, such as 2X2 MIMO. The former can be done as a software upgrade, whereas 
the latter requires additional hardware at the base station. Thus, the figure does not 
necessarily show the actual progression of technologies that operators will deploy to 
increase spectral efficiency. 


Beyond HSPA, 3GPP LTE results in further spectral efficiency gains, initially with 2X2 MIMO, 
then 4X2 MIMO, and then 4X4 MIMO. The gain for 4X2 MIMO will be 20% more than LTE 
with 2X2 MIMO; the gain for 4X4 MIMO in combination with interference rejection 
combining (IRC) will be 70% greater than 2X2 MIMO, reaching 2.4 bps/Hz. This value 
represents a practical deployment of 4X4 MIMO, with random phase and some timing- 
alignment error included in each of the four transmit paths. CoMP, discussed below in the 
appendix, provides a minimal contribution to spectral efficiency. 


LTE is even more spectrally efficient when deployed using wider radio channels of 10+10 
MHz and 20+20 MHz, although most of the gain is realized at 10+10 MHz. LTE TDD has 
spectral efficiency that is within 1% or 2% of LTE FDD."® 


Figure 42 compares the uplink spectral efficiency of the different systems. 


115 5G Americas member analysis. Vendor estimates for spectral-efficiency gains from dual-carrier 
operation range from 5% to 20%. Lower spectral efficiency gains are due to full-buffer traffic 
assumptions. In more realistic operating scenarios, gains will be significantly higher. 


U6 Assumes best-effort traffic. Performance between LTE-TDD and FDD differs for real-time traffic for 
the following reasons: a.) The maximum number of HARQ process should be made as small as possible 
to reduce the packet re-transmission latency. b.) In FDD, the maximum number of HARQ process is fixed 
and, as such, the re-transmission latency is 7ms. c.) For TDD, the maximum number of HARQ process 
depends on the DL:UL configurations. As an example, the re-transmission latency for TDD config-1 is 
‘Qms. d.) Because of higher re-transmission latency, the capacity of real-time services cannot be scaled 
for TDD from FDD based on the DL:UL ratio. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 99 


2142017 ‘Atmospheric Electricity Collection Patents 


a {LH PETE [[evez zeae 


L ATTORNEY: 


US 2143437 
Radiant Energy System 


Abstract — An apparatus for receiving and transmitting radiant energy within a wide range of 
frequencies without necessity of a source of local energy. 
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US 2813242 
Powering Electrical Devices with Energy Abstracted from the Atmosphere 


Abstract — A convenient and economical provision of power for the operation of electronic circuits and 
devices using transistors, and of other electrical devices hving modest power requirements. 
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US 3205381 
Ionospheric Battery 


Abstract — A method and apparatus for tapping the enormous reservoir of energy existing in the 
ionosphere... 
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US 3273066 
Apparatus for Detecting Changes in the Atmospheric Electric Field 


Abstract — A cloud detector and or an apparatus for sensing electrostatic conditions in the earth's 
atmosphere... 
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US 3760257 


EM Wave Energy Converter 


Abstract — Electromagnetic wave energy is converted into electric power with an array of mutually 
insulated electromagnetic wave absorber elements each responsive to an electric field component of the 
wave as it impinges thereon, Each element includes a portion tapered in the direction of wave 
propagation to provide a relatively wideband response spectrum. Each element includes an output for 
deriving a voltage replica of the electric field variations intercepted by it. Adjacent elements are 


positioned relative to each other so that an electric field sub: 


s between adjacent elements in response 


to the impinging wave. The electric field results in a voltage difference between adjacent elements that 
is fed to a rectifier to derive d.c. output power. The element pairs may be arranged in a two-dimensional 
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array to provide power conversion of randomly polarized electromagnetic waves, such as sunlight. 


FIG. L 
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US 3931577 
Radio Receiver Protection Arrangement 


Abstract — A receiver protection arrangement in which a voltage dependent on aerial voltage and a 
voltage dependent on aerial current are aggregated and applied to means responsive to a predetermined 
aggregate level to effectively short circuit the aerial lead. Additional means may be provided to dissipate 
energy in the input stage of a protected receiver to cause a reduced impedance to be reflected across the 
output of the protective arrangement. 


Fig.l. 
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US 4,628,299 
Seismic Warning System Using RF Energy Monitor 


Abstract — The ambient broadband radio frequency field strength from broadcast stations is monitored 
(Figure 4) by periodic sampling (50, 52). A warning indication is provided if the field strength drops 
significantly. Drops in such field strength have been correlated empirically with the occurrence of 
seismic activity, usually several days later. Thus the indication serves as an early warning of an 
impending earthquake. In one preferred embodiment, a broadband, horizontal, very long monopole 
antenna (40) was connected to a rectifying and smoothing circuit (Figure 3) to provide a de output 
proportional to the ambient rf field... 
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Figure 42: Comparison of Uplink Spectral Efficiency” 


Future 
Improvernents 


2X4 MUMIMO 
1X8 Receive Diversity 
1X4 MU-MIMO 
4:4) - eee 
= — 1X2 CoMP or 
s 1X4 Receve Diversity 
ro 
g 09 _ _ 4 
N 
x os = 
7 
a 
2. 17 a = 
> 
3 1x2 
5 06 a Receive 4 
o Future Diversity 
© os Improvements renee 7 
i HSPA® 
3 Interference 
£ 04 Cancellation, —— — - 
e 16GAM 
G03 _ ~| 
HSUPARe|6 
0.2 |— oe ee 
UMTS R99 
o4 toRels 
UMTRRHESEA. ae Rysavy Research 


The implementation of HSUPA in HSPA significantly increases uplink capacity. 


With LTE, spectral efficiency increases by use of receive diversity. Initial systems will 
employ 1X2 receive diversity (two antennas at the base station). 1X4 diversity will increase 
spectral efficiency by 50%, to 1.0 bps/Hz, and 1X8 diversity will provide a further 20% 
increase, from 1.0 bps/Hz to 1.2 bps/Hz. 


It is also possible to employ Multi-User MIMO (MU-MIMO), which allows simultaneous 
transmission by multiple users on the same physical uplink resource to increase spectral 
efficiency. MU-MIMO will provide a 15% to 20% spectral efficiency gain, with actual 
increases depending on how well link adaptation is implemented. The figure uses a 
conservative 15% gain, showing MU-MIMO with a 1X4 antenna configuration increasing 


117 Joint analysis by 5G Americas members. 5+5 MHz for UMTS-HSPA/LTE. Mix of mobile and stationary 
users. 
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French Patent # 551,882 
Apparatus for Capture of Electric Currents in the Atmosphere 
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Fig. 1 


French Patent # 565,395 
Combined Apparatus for Capture of Atmospheric Electric Currents with Immediate 
Implementation 
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US 28793 
Electric Apparatus 


Abstract ~ An aerostat for obtaining atmpspheric and terrestrial electricity. 
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US 126356 
Improvement in Collecting Energy for Telegraph 


Abstract — A tower for the purpose of receiving and imparting natural electricity, so as to be in constant 
contact with the upper stratum of electricity which surrounds the earth, by tapping which a never-failing 
supply is formed when brought into contact with the earth, 


! witnesse: THVENTOR. 
malay fins Aika) 
~ 4S PAN HES Koa hlaw. \ Wit. Mraceat 
US 129971 
Telegraph Power 
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Abstract -- Utilizing natural electricity and establishing an electrical current without the aid of wires, 
batteries, or cables. 


US 674427 
Collecting Atmospheric Electri 


Abstract — An appartus for colecting and driving or conducting atmospheric electricity which renders it 
practicable to obtain material quantities of teh same in serviceable form. 


Fig-1. 
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spectral efficiency by 15%, to 1.15 bps/Hz, and 2X4 MU-MIMO a further 15%, to 1.3 
bps/Hz. 


In Release 11, uplink CoMP using 1X2 increases efficiency from .65 bps/Hz to 1.0 bps/Hz. 
Many of the techniques used to improve LTE spectral efficiency can also be applied to HSPA 
since they are independent of the radio interface. 


Figure 43 compares voice spectral efficiency. 


Figure 43: Comparison of Voice Spectral Effi 
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Figure 43 shows UMTS Release 99 with AMR 12.2 Kbps, 7.95 Kbps, and 5.9 Kbps vocoders. 
The AMR 12.2 Kbps vocoder provides superior voice quality in good (for example, static 
and indoor) channel conditions. 


UMTS has dynamic adaptation between vocoder rates, enabling enhanced voice quality 
compared with EVRC at the expense of capacity in situations that are not capacity limited. 
With the addition of mobile receive diversity, UMTS circuit-switched voice capacity could 
reach 120 Erlangs in 5+5 MHz. 


18 Joint analysis by SG Americas members. 5 +5 MHz for UMTS-HSPA/LTE. Mix of mobile and stationary 
users. 
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US 911260 
Collecting Atmospheric Electricity 


Abstract — A method of colecting electricity from a strata laden with electricity at high altitudes in the 
atmoshere, through the medium ofa wire cable suspended from one or more balloons ... 


Waller Pennock, 


UY Malicank = tone Tier 


us 1014719 
Collecting Atmospheric Electri 


Abstract ~ A method of colecting electricity from a strata laden with electricity at high altitudes in the 
atmoshere, through the medium of a wire cable suspended from one or more balloons ... 
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Walter L Pennock. 


US 1540998 
Conversion of Atmospheric Electric Energy 


Abstract -- Method of obtaining atmospheric electricity by means of metallic ballon collectors. 
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VoIP Erlangs in this paper are defined as the average number of concurrent VoIP users that 
can be supported over a defined period of time (often one hour) assuming a Poisson arrival 
process and meeting a specified outage criteria (often less than 2% of the users exhibiting 
greater than 1% frame-error rate). Depending on the specific enhancements implemented, 
voice capacity could double over existing circuit-switched systems. These gains do not 
derive through use of VoIP, but rather from advances in radio techniques applied to the 
data channels. Many of these same advances may also be applied to current circuit- 
switched modes. 


LTE achieves very high voice spectral efficiency because of better uplink performance since 
there is no in-cell interference. The figure shows LTE VolP spectral efficiency using AMR at 
12.2 Kbps, 7.95 Kbps, and 5.9 Kbps. 


VolP for LTE can use a variety of codecs. The figures show performance assuming specific 
codecs at representative bit rates. For Enhanced Variable Rate Codecs (EVRCs), the figure 
shows the average bit rate. 


The voice efficiency of the wideband AMR voice codec, operating at 12.65 Kbps, is similar 
to the AMR codec at 12.2 Kbps, with a value of 180 Erlangs for both since both codecs 
operate at approximately the same bit rate. 1xRTT has voice capacity of 85 Erlangs in 5+5 
MHz with EVRC-A and reaches voice capacity of 120 Erlangs with the use of Quasi-Linear 
Interference Cancellation (QLIC) and EVRC-B at 6 Kbps. 


Data Consumed by Streaming and Virtual Reality 


Table 15 quantifies usage based on advanced video compression schemes such as H.264 
and H.265, the type of application, and usage per day. 
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GB 149,917 
Improvements in & Relating to Radio Communication Systems 


Abstract ~ Radio transmission and reception through the use of living vegetable organisms such as trees, 
plants, and the like. 
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US 1826727 
Radio Apparatus 
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US 2143437 
Radiant Energy System 


Abstract — An apparatus for receiving and transmitting radiant energy within a wide range of frequencies 
without necessity of a source of local energy. 
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US 2813242 
Powering Electrical Devices with Energy Abstracted from the Atmosphere 


Abstract — A convenient and economical provision of power for the operation of electronic circuits and 
devices using transistors, and of other electrical devices hving modest power requirements. 
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US 3205381 
Tonospheric Battery 


Abstract — A method and apparatus for tapping the enormor 
ionosphere. 


reservoir of energy existing in the 
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Table 15: Data Consumed by Streaming and Virtual Rea! 


(Retes will range 
200 to 1,000 Mbps) 
Rysowy Research 


[Application Throughput (Mbps) | MByte/hour [éB/month] 
‘Audio or Music oa 58 
‘Small Screen Video 02 30 
(eg, Feature Phone) 
Medium Screen Video 10 450 
(eg,, smartphone, 
Tablet, Laptop) 
Larger Screen Video 30 1250 
(e.g., 720p medium 
detinition) 
High Definition 30 2250 
(e.g, 1080p Netflix HD) 
‘aK Ultra-High Definition 700 000 
(Rates will range 
1210 30 Mbps) 
4G, 30 FPS, Virtual Reality 250 71250 
(Rates will range 
10 1050 Mbps) 
'K, SOFPS, Virtual Reality 200.0 "30000 
(Rates will exceed 
200 Mbps) 
@ Degrees Freedam VR 500.0 225000 


48 Rysavy Research analysis. For virtual reality-data requirements, refer to ABI Research/Qualcomm, 
Augmented and Virtual Reality: the First Wave of 5G Killer Apps, 2017. See also Netflix discussion of 
usage, "How can | control haw much data Netflix uses?" https: //help.netflix.com/en/node/87. Viewed 


May 3, 2016. 
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US 3273066 
Apparatus for Detecting Changes in the Atmospheric Electric Field 


Abstract — A cloud detector and or an apparatus for sensing electrostatic conditions in the earth's 
atmosphere, 
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US 3760257 
EM Wave Energy Converter 


Abstract -- Electromagnetic wave energy is converted into electric power with an array of mutually 
insulated electromagnetic wave absorber elements each responsive to an electric field component of the 
wave as it impinges thereon. Each element includes a portion tapered in the direction of wave propagation 
to provide a relatively wideband response spectrum. Each element includes an output for deriving a 
voltage replica of the electric field variations intercepted by it. Adjacent elements are positioned relative 
to each other so that an electric field subsists between adjacent elements in response to the impinging 
wave. The electric field results in a voltage difference between adjacent elements that is fed to a rectifier 
to derive dc. output power. The element pairs may be arranged in a two-dimensional array to provide 
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US 3931577 
Radio Receiver Protection Arrangement 


Abstract ~ A receiver protection arrangement in which a voltage dependent on aerial voltage and a 
voltage dependent on aerial current are aggregated and applied to means responsive to a predetermined 
aggregate level to effectively short circuit the aerial lead. Additional means may be provided to 
energy in the input stage of a protected receiver to cause a reduced impedance to be reflected acros 
output of the protective arrangement. 
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US 4,628,299 
Seismic Warning System Using RF Energy Monitor 


Abstract ~ The ambient broadband radio frequency field strength from broadcast stations is monitored 
(Figure 4) by periodic sampling (50, 52). A warning indication is provided if the field strength drops 
significantly, Drops in such field strength have been correlated empirically with the occurrence of seismic 
activity, usually several days later. Thus the indication serves as an early warning of an impending 
earthquake. In one preferred embodiment, a broadband, horizontal, very long monopole antenna (40) was 
connected to a rectifying and smoothing circuit (Figure 3) to provide a de output proportional to the 
ambient rf field, 
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«s) United States 
«2 Patent Application Publication co) Pub. No.: US 2001/0032905 AL 


Grandics 4s) Pub. Dat Oct. 25, 2001 
(5!) METHOD AND APPARATUS FOR Publication Clasiication 
CONVERTING ROSTATIC 
POTENTIAL ENERGY (1) Im.cw7 B6IC 15100; RosC 27182 
(2) US.Cl. 244s 
(76) taveatoe: Peter Grandes, Carlsbad, CA (US) 
Correspondence Adds: eet 7 
OPPENHEIMER WOLFF & DONNELLY LLP ou} ABSTRACT 
Suite 3800 
sas Caneay packet A new method is destined to produce directional currents in 
aa Angeien ca soeeyoted OS} the space tie the unde ae of he univer The 
21) Appl. No: 09/732,110 suitable for propulsion or the generation of electric power. 
1) Appl For propulsion, the unidirectional currents are induced by 
(22) Filed Dee. 7, 2000 charging capacitors possessing suitable geomelies, This 
will allow the manufacture of vehicles capable of levitation 
Related U.S. Application Data 2nd flight. The vortexual space laltice currents are produced 


ina suitable pyramid when electrostatic and magnetic fields 
(63) Non-provisional of provisional application No, interact transversally. The vortex causes charge separation 
{60/169,378, filed on Dee. 7, 1999. and current in the coil wrapped around the pyramid 
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Spectrum Bands 


3GPP technologies operate in a wide range of radio bands. As new spectrum becomes 
available, 3GPP updates its specifications for these bands. Although the support of a new 
frequency band may be introduced in a particular release, 3GPP specifies ways to 
implement devices and infrastructure operating on any frequency band, according to 
releases previous to the introduction of that particular frequency band. For example, 
although band 5 (US Cellular Band) was introduced in Release 6, the first devices operating 
on this band were compliant with the release 5 of the standard. 


Table 16 shows the UMTS FDD bands. 
Table 16: UMTS FDD Bands!° 


‘Operating UL Frequencies DL Frequencies 
‘Band UE Transmit, Node B UE Receive, Node B 
Receive Transmit 
T 920 - 1980 MHZ 2EL0 -2170 MHZ 
W 1850-1910 MHZ ‘1930-1990 MHZ 
cy 1710-1785 MHZ 1805-1860 MHZ 
WV T70-1755 MHZ 2110-2155 MHZ 
Vv 824 - B49MHZ '369-894MHZ 
Wi 30-840 MHZ 875-885 MHZ 
Vir 7500 - 2570 MHZ 7620 - 2690 MHZ 
Vat ‘B80 915 MHZ ‘925 - 960 MHZ 
1K 1749.9 1784.9 MHZ Te4a,9- 1879.9 MHZ 
x 1710-1770 MHZ 2110-2170 MHZ 
XT Ta27.9 - 1447.9 MHZ 1475.9 - 1495.9 MHZ 
XI 699-716 MHZ "729-746 MEZ 
xi TIT TET MHZ "746 ~ 756 MHZ 
XIV 788-798 MHZ "758-768 MHZ 
XV. Reserved Reserved 
Xvi Reserved Reserved 
XVIr Reserved Reserved 
Xvi Reserved Reserved 
xix 330 — 845 MHZ 875 -890 MHZ 
x ‘B32 B62 MHZ "7a = B21 MHZ 
XxI 1447.5 1462.9 MHZ 1495.9 1510.9 MHZ 
XXL S410 — $490 MHZ 3510 3590 MHZ 
XV 1850-1915 MHz 1930-1995 MHz 
XXVI ‘B14-645 MHZ "B50-694 MHZ 
XXX 
ore NA 1452 - 1496 MHz 
NOTE 1: Restricted to UTRA operation when dual-band is configured (@.g., DE 
DC-HSDPA or dual band 4C-HSDPA). The down link frequenc(ies) of 
this band are paired with the uplink frequenc(ies) of the other FDD 
band (external) of the dual band configuration. 


120 3GPP, Base Station (BS) radio transmission and reception (FDD) (Release 14), December 2016, 
Technical Specification 25.104, V14.1.0. 
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METHOD AND APPARATUS FOR CONVERTING 
ELECTROSTATIC POTENTIAL ENERGY 


(CROSS-REFERENCES 


[0001] This application claims priority from Provisional 
Application Ser. No. 60/169,378, by Peter Grandics, fled 
Dec. 7, 1999, also entitled “Method and Apparatis for 
‘Converting Electrostatic Potential Energy,” the contents of 
which are hereby incorporated by this reference. 


BACKGROUND OF THE INVENTION 


[0002] | This invention is directed to methods and apparatus 
for conversion of electrostatic energy. Specifically, this 
invention describes methods to cause directional movements 
in the spuce lattice 


[0003] To fully comprehend the theoretical basis for these 
methods, fist the genesis of the elemental particles electron 
ad positron needs to be discussed based on geometric or 
space relationships, and their interactions atthe sub-elemen- 
tal particle level must be clarified, The advantage of such an 
approach is that it can be visualized, and not just expressed 
mathematically. by definition, the word “structure” implies 
a geomelric relationship, and such relationship must be of 
‘great importance in atomic structures even though they are 
hidden from direct view. 


[0004] The study of geometric relationships of macro- 
scopic structures of matter may provide important insights 
ino the properties of matter atthe microscale. Astrophysics 
suggests the universe probably started with an energy burst 
from one poiat. This big bang theory is supported by visual 
‘and electronic evidence that the galaxies are expanding 
away from a single center. 


[0005] Ia stellar formation, gravitational pull and velocity 
‘generate a rotary vortex. Even in the relative absence of such 
factors, all objects spiral at some given rate peculiar to their 
special influences. A spiralis ereated when an object moves 
forward while rotating, Earth’s movement in space is an 
‘example of this process. The Earth obits the sun, while the 
Sun pulls it along lowards the ditection of Vega in the 
constellation Hercules. the combined circular and forward 
motion ereates a spiral. Our sun has the same motion in 
relation to the galaxy center. Our galaxy, the Milky Way, 
also spirals away from the Big Bang center, 


[0006] Water going down a drain demonstrates some of 
the special influences affecting spiral formation, The spiral, 
caused by Coriolis forces, changes dynamically under the 
effects of gravitational pull, drain diameter, obstructions, 
Temperature, pressure, volume, viseosity, and stirring. The 
spiral changes shape and acceleration but maintains the 
‘universal shape of a spiral. The water flow is responsive to 
all possible factors, and s0 is the spies 


[0007] Remarkably, the spiral vortex has a “memory” of 

self. When a vortex is distorted to become elliptical, 
Spontaneously eeturns to ils original circular form, The 
Vortex is a self-sustaining lype of motion; iis resiliency is 
comparable to that of atomic bodies. 


[0008] Spirals condense energy and sine waves transmit it 
along a frictional line of force between them (FIG. 1). 
Spirals and waves could be considered illusions of each 
olher. Two opposed spirals form a wave, ora wave produces 


Oct. 25, 2001 


two spirals. Asine is the producer of waves of spiral frees, 
Any fluid capable of supporting wave motion can also 
‘support vortex motion. 


[0009] ‘The spiral is the prominent form of organization of 
‘matter The large proportion of spiral galaxies among celes- 
lial bodies visibly demonstrates this. On the microscale, 
‘even the building block of life, the DNA uses this structure 
and spirals are likely to be dominant atthe level ofthe atom 
and below. This isthe subject ofthe present theory. I propose 
that all atoms, all stellar formations use the mutable spiral 10 
adapt to their spiral environment 


[0010] Another proposition is that all mediums of matter 
‘can be considered a type of erystal. Crystallinity is readily 
recognizable in the mineral world, but itis also a more 
‘general state of matter Besides solid erystals, liquid exystals 
also exist. by definition, a erystal is a regularly repeating, 
atomic arrangement, such as a chemical element, a com- 
ound or an isomorphous mixture, Therefore, the term 
‘eystal applies to material expressions where crystallinity is 
not so obvious, et, gases, complex biologics and various 
life forms, including viruses, bacteria and higher organisms. 
Air and water could be considered loose erystals subject 10 
fast molecular drif, AL low temperatures where molecular 
Urilt is reduced, gases form solid or liquid erystals. Soil and 
Stone and metal ace opaque erypioerystals with slower rates 
‘of molecular drifl. On the macroscale, the Earth could be 
seen as fuceted crystal with its mountain ridges are the ridges 
‘of a geodesic sphere, Biopolymers such as DNA, proteins or 
polysaccharides fit well the definition of a crystal and are 
‘commonly made into erystals. All life can be seen as a 
crystal. From fish to humans, we ate liquid crystals on 3 
slletal lattice 


[0011] Crystals are the shape of diserete units of matter 
and notably the channelized direction of eneegy, that is, the 
“irection energy that flows unforced. Crystals form the basis 
for corpuscle-wave conversion. Crystals ereate resonance 
and conduet the flow of energy between states, Crystals ean 
also be considered Lenses, By definition, a lens is a device 
‘capable of refracting, or bending light. Light is an energy 
flow, so on a more general term, a lens can be defined as any 
‘object cay 


‘capable of changing’ the direction of flow of electrical 
‘energy. lenses communicate energy as part of the principle 
that all matter vibrate, all matter tansmit, and all matter 

‘The universe changes energy slales wi 
lenses. Following this ine of reasoning, the universe could 
be wiewed as a resonant erystal len, 


[0012] ‘This observation is important because the universe 
' considered to be largely emply, the largest component of 
“which is the so-called vacuum space. Since Nature seems to 
use the same geometrical organizing prineiples from macro 
to micro, I suggest that the vacuum space must also be 
“crystalline”. Since the term crystalline is associated with 
malerial of which the vacuum space is substantially devoid, 
Twill use an extended meaning of “stuetured” shen dis 
‘cussing crystallinity of vacuum space. 


[0013] ‘The theory of “crystalline” vacuum space was 
Jntroduced by Simbony (Simbony, M. (1990) The Electron- 
Positron Lattice Space, Cause of Relativity and Quantum 
Elects, Physies Section 5, The Hebrew University, Jerusa- 
Jem, and Simhony, M. (1994) Invitation to the” Natural 
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Physics of Matter, Space, and Radiation, World Scientitie 
Publishing Co, London, UK.). Simhony reasoned that three- 
dimensional physical phenomena must have three-dimen- 
sional physical causes and explanations 


[0014] He demoasirated that physical reality can be 
scribed by the laws of classical physics supplemented by 
the presence of a space lattice. This led to the development 
‘of the theory of an eleciton-positran lattice space (epola for 
short). In the epola, bound electron-positron pairs reside at 
the lattice sites ofa Face-centered cubical “erystal” structure 
similar to that of NaCl crystals (Kennon, N. F. (1978) 
Patterns in Crystals, Joha Wiley & Sons, New York). 


[0015] The epola theory allowed a physical explanation of 
all yet unexplained postulates of quantum mechanics and 
relativity including the pacticle-wave duality, the quantized 
nature of electron orbits in the atom, the electromagnetic, 
radiation, the photon, and gravitational interactions as well 
a the relationship of electrostatic, magnetic and gravits- 
tional interactions, He demonstrated gravity to be a deriva- 
live of electromageetisn 


[0016] There is « lage body of evidence suggesting that 
the vacuum space is ot empty at all. Experiments verify that 
the vacuum space contains an enormous residual back- 
‘ground energy (some examples are: Boyer, T. H. (1985) The 
classical vacuum (zero-point energy) Scientific American 
70-78, Haisch, B., Rueda, A. and Putholt, H. E. (1994) 
Beyond Exme*, The Sciences, 34, No. 6, 26-31, and B. 


[0017] Hisch and A. Rueda, (1999) On the relation 
between zer0-point-feld-induced inertial mass and the Ein- 
Stein-de Broglie formula, Physies Letters A, in press), called 
‘zero-point energy (ZPE), The ZPE manifests asa pervasive 
and vast electromagnetic field called the zero-point field 
(ZPE). dynamic field, ZPF is a virtual plasma, with 
particles arising and disappearing of a background energy 
field serving as a baseliae, o¢ zero point, for all physical 
processes, The ZPE remains even at absolute 2er0, Simhony 
has deseribed zero-point energy fluctuations as analogous 10 
brownian motion of epola particles around their lattice sites. 
‘A potential alternative term for the lattice space is ze10- 
point-field (ZPF) deseribed in 1994 by Haisch, Rueda and 
Putholl (Haisch, B., Rueda, A. and Putholl, H. E. (1994) 
Beyond E=me2, The Sciences, 34, No. 6, 26:31). This area 
remains an active field of research. 


[0018] Simboay also suggested that all particles of matter 
are directly formed from the latice space, the mechanism of 
‘which remains undetermined. The present theory intends to 
answer this question in terms of Iaitice space. 


[0019] 1 propose that the vacuum space has lattice 
Structuee similae o thal introduced by Simbony. this steuc- 
lure isa face-centered cube having 27 lattice sites (FIG. 2) 
fn the lattice sites reside the elemental “particles” forming 
all particles of matter. These are “particles of energy" rather 
than pacticles of matter, 


[0020] I propose that the “particle of energy” of the space 
Iattce, called here the subile electron, is a spiral energy 
‘vortex ted ino itself inthe form of a ciccumvolution cissoid 
‘The circumvolution cissoid is a spiral tum arounc! an axis 
‘converging into an apex, ina self-imploding, self-sustaining 
vortex motion (FIG.3). The vortex pulsaes andits vibration 
is a function of (2_O)x, where @ Is the Fibonacel series 
number and x=0,7,2,3, the number of turns the circumvo- 


Oct. 25, 2001 


lution cissoid makes. Once stated up, such a vortex would 
run practically indefinitely inside the space lattice 
[0021] ‘The internal friction of such a space lattice must be 
so low that it would only be noticeable as a red shit in the 
spectra of distant galaxies, The space lattice, like its con- 
stituent energy vortices, must also be a resilient structure 
‘with only limited compressibility. A tbe same time, it must 
have Muidty since itis capable of transmitting waves with 
transverse displacement. In the absence of atemic oscilla 
tors, the space lattice would be incapable of dissipating 
‘energy in the form of heat 
[0022] Vortices maintain their circular forms as well as 
their proportions and dimensions. The adjacent vortices 
have a coordinating effect that establishes axial ligament 
and rolling contact between vortices within the space lattice. 
In that sense, there is a great deal of similarity between 
crystals of material bodies and the structure of the space 
Iaitce. I postulate that the space latice isan incompressible, 
frictionless fluid made out of cubes of units cells of subtle 
‘electron vortices 
[0023] We can consider the space lattice equivalent to 
motion. A space lattice in motion necessarily has inertia 
Although inertia is generally attibuted to moving mater 
bodies itis actually a property of motion. Inertia is just the 
‘continuity of motion. Inthe case of vortex motion the inertia 
§s localized, Localized inertia can also be called momentum, 
‘To account for the elemental particles of matter, we need a 
‘space lattice that is capable of moving, 
[0024] Anderson discovered in 1932, that when 102 MeV 
photon energy is absorbed into the vacuum space, an elec 
tron-positron pair can appear. this observation is explained 
here asa glimpse ito the formation of elemental particles of 
‘matter, To become mater, enerzy must become more angu- 
Jar. This hypothesis is derived irom the observation that all, 
‘material expression is type of crystal, and isthe compound 
and derivative of a fundamental triangular form which all 
the seven crystal systems can be derived (Kennon, N. F. 
(2978) Patterns in Crystals, John Wiley & Sons, New York.) 
‘The mechanics of this expression at the level of the space 
lattice are explained as follows: As the energy of electro- 
magnetic radiation propagates through the space lattice, it 
polarizes the subtle electron energy vortices (for analogy see 
FIG. 1). Subsequently, the “energy particles” of the space 
lattice, the sublle electrons, undergo a. phase transition 
imilar to the condensation of gases. This happens at the 
resonant frequency of the 1,02 MeV gamma radiation, 
[0025] The 27 subtle electrons of the unit cell of space 
Jattice rearrange into a pyramidal segment of the cube (FIG. 
'5) on sx levels cach forming circles of vortices. An openflat, 
presentation of the rearrangement is shown ia FIG. 4. This, 
Structuce is the postulated smallest unit of matter, note that 
the cube is composed of six interlocking pyramids s0 the 
‘cube and the pyramid are resonant structures. Inside the 
pyramid, the subtle electron rings form a vortex capable of 
circulating the uid space lattice. The pumping action is 
‘driven by the self-sustaining, pulsating vortex motion of its 
‘constituent subile elections (FIG. 3), The overall shape is 
‘cone fitting inside the pyramid. ‘The formation of matter 
follows the geometry of the space lattice (FIG. 5) and thus 
‘we may conclude that the space lattice provides the blueprint, 
for mater. 


[0026] An electron is produced when two such cones are 
Joined in a tip-to-tip conformation (FIG, 6). The positron is 
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made out of two vortices (cones) facing base-to-base, The 
‘eacegy vortices which make up the electrons have a r 
bratory structure which should be capable of vibratin 
‘various frequencies and modes. This Would allow us to 
account for the series of spectral lines, a signature of 
absorbing and emitting energy at various frequencies. 


[0027] These complex vortex particles have a pumping 
effect and circulate the fluid space lattice. For the electron, 
the space lattice is drawn in polarly and expelled equatori- 
ally. For the positron, the space laltice is drawn in equato- 

ally and expelled polarly (PIG. 7). The direction of cizeu- 
lation of fluid space latice determines. the positive or 
negative polarities. When in close proximity, a specific flow 
coupling occurs between the eleeteon and positron (FIG. 7). 
Lis quite probable that a similar flow coupling exists, 
between a proton aad an electron inside the atom, although 
such coupling is stable in the case of the proton. This is 
likely a result of the different vibratory structure of the 
vortex proton. 


[0028] |The instability of the electton-positron pair is also 
derived from this model, The perfectly fiting, counter- 
rolating cones of energy extinguish each other with the 
release of a combined energy of 102 Mev. This results in the 
reconstitution of the respective unit cells ofthe space lattice 
slong with the release of the phase transition energy: 


[0029] The size of the subtle electron is estimated based 
fon the “auclear radius” of 0.1 fi for the electron, to be 
‘approximately 0.005 fm. The lattice constaat for the uait cell 
‘of space lattice is approximately half of the “nuclear radius” 
of the electron, i2,0.05 fim. This indicates that the space 
lattice is quite dense compared to atomic bodies. 


[0030] The model explains the attraction of free electric 
charges as follows (FIG. 8): Opposite charges move towards 
each other. This movement is due to the equatorial cicula 
tion of fluid space lattice from the negative charge to the 
positive charge and the polar circulation of space lattice 
from the positive tothe negative charge. The attraction of the 
‘vortices pull the two partners together. The electrostatic field 
between separated charges is defined as the flow of the space 
lattice from the protons to the electrons and the outside 
return flow of space lattice from the electrons to the protons 
(ce FIG. 8). This explanation will eventually lead to a 
hydromechanical theory of electiity. 


[0031] Interestingly, there is a net unidirectional flow of 
fluid space lattice in the axial direction of the free electric 
‘charges (FIG. 8) flowing in at the negative pole and flowing 
‘out atthe positive pole. ifthe charges have a steady parallel 
orientation, e.g. 28 in an electric condenser, then a pressure 
differential must arise in the space lattice around the oppo 
site poles of the condenser. To fully appreciate the signifi- 
cance ofthis conclusion, we must fst examine how material 
bodies accelerate through the space lattice 


[0032] Accelerating objects encounter resistance facing an 
increased pressure ofthe space latice atthe front end and a 
reduced pressure at the rear end ofthe object. This situation 
is common to all propulsion methods which apply mechat 

cal force on the physical object. Therefore, itis logical to 
Suggest that a pressure differential of space lattice at the 
‘opposite sides of material bodies is always accompanied by 
a change in the rest or motion of such bodies. To obtain a 
propulsion force, instead of exerting force on the physical 
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‘object we should transfer the space lattice that controls the 
bbchavior of the object from the rear end of the object to its 
front end, 


[0033] Therefore, a sulicieatly charged object in which 
the charges have a steady parallel orientation should behave 
as an accelerating object, ie., it should move toward the 
direction of its positive poe. Infact, this happens de to its 
‘own generated space lattice pressure differential Now that 
the fiindamentals are developed, the eect may provide the 
basis for « new propulsion and gravity cancellation method, 
and may give us insights ito the mechanism of gravitation 
A craft utilizing such propulsion method could exhibit 
inertialess acceleration as it would meet no resistance from 
the surrounding space lattice 


[0034] The theory also allows us to develop strategies for 
fapping into the energy of the space surrounding us, Sepa- 
rated charges in an electric condenser cause a directional 
flow ofthe Mud space latice. Conversely, if we could induce 
a directional flow of the space lattice, it would cause a 
‘separation of charges in material objects. To explain how 
Such an effeet could be produced, first the physical hasis of 
‘magnetism must be explained 


[0035] 1 have described the physical basis forthe electro- 
Satie eld as a flow of a space lattice current from the 
Positive charges to the negative charges and back on the 
‘ouside tothe postive charges. I shall now explain how these 
space lattice eurrenis flow in an electric wire, The space 
lattice flow which connects the electrons to the protons of 
the atoms in the wire becomes extended inthe length of the 
wire. This isthe same direction as ibe direction of movement 
of electrons which, in the curren, low in the outer shell of 
the wire, The exteraal rturn flow of the space lattice will be 
in the opposite ditection in the space around the wire. This, 
flow constitutes the magnetic Held. Ia a solenoid, the sur- 
rounding space lattice flows inthe opposite direction relative 
to the path of the electrons, The magnetic effect will appear 
as cither N or S magnetic poles. The magnetic poles are 
mirror images of each other. This suggests that a single 
Isolated magnetic pole cannot exist, 


[0036] In the electrostatic field, the outside space lattice 
‘currents flow between electrically charged particles. The 
magnetic field, on the other hand exhibits a closed cireuit 
flow of the spece lattice along the path of a solenoid or a 
circuit, Electric and magnetic forees are produced by move= 
meat of the space lattice in spicals or Whit, 


[0037] An electric charge and a magnetic pole do interact 
‘even though they do not apply any Force © each 
‘magnelie pole will bring about a directional ori 
the electrons in a charged object, while an electric change 
‘will cause the electric polarization of the adjacent surface of 
a magnetic pole. 


[0038] ‘The final question remains is the superimposition 
fof electrostatic and magnetic fields on each other. The 
practical significance of the interaction of axially oriented 
‘electrostatic and magnetic fields is likely to be small com- 
pared to their interaction at an angle. A transversal super~ 
Imposition of a magnet field o an electrostatic field will 
‘cause the distortion of botb fields, The axial flow of the 
‘space latice between the electric poles, which isthe physical 
basis for the electrostatic field, will be distorted, but its 
circulation will continue. Similarly, the rotating space lat- 
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which is the basis for the magnetic ie, will also be 
distorted, flowing in imegular circuits 


10039] To study the transverse superimposition of eleetro- 
Static and magnetic fields, a shaped electrostatic field! must 
be created (FIG. 9). When a magnetic feld interacts with tbe 
shaped How of the space lattice, it could result ia the 
formation of a space lattice vortex at the points where the 
Iwo flows intersect. This is based on previous hypothesis 
that be space lattice is an incompressible uid, wherein the 
intersecting currents cannot penetrate but distor exch oth- 
e's flow patterns. 


[0040] To expand this shaped clectosttic fil into three 
dimensions, «pyeamid is required. I have already discussed 
the importance of the pycamidal geometry in the formation 
cf mattez The pyramidal geometry may’ also be important 
for prelicing a space lattice perturbation, which is the 
equivalent of a magnetic field when it follows a rotational 
symmetry (eg. vorte). 


[0041] If with transversally superimposed electrostatic 
‘and magnetic ficlds a pyramid did indeed produce @ vortex 
in the space lattice, then the rotational flow of the space 
lattice should cause the separation of charges and an electric 
‘current in material bodies, as predicted by this theory. This 
means that under appropriate conditions, a pyramid could 
become a power generator. 


[0042] For power generation in a pyramid, the source of 
the electrostatic and magnetic fields could potentially be the 
Earth, The earth has a high voltage electric field such that the 
earth's surface is negatively charged while the atmosphere is 
positively charged (Feynman, R. P. (1964) Lectures on 
Physies, v2, 9-2, Addison Wesley, Inc., Palo Alto, Cali. 
‘The vollage field is believed to be maintained by the Sun's 
radiation energy andlor eosmie ray energy and extends from 
the ionosphere to the surface creating a potential dillerence 
‘of about 400,000 V. The Earth’s electrostatic field never 
seems to get depleted despite all the storm activities and 
dlischasging of energy. The voltage gradient is estimated to 
bbe 200 Vim around the surface ofthe earth. The total energy 
reaching earth at any moment is about 700 MW (460,000 V 
multiple! by a current of 1800 A), ‘The magnetic field 
strength of the earth i shout 0.5 Gauss and exhibits con- 
tinuous pulsations with main frequencies of 8 to 16 Hz, 


[0043] Therefore, the earth's electrostatic and magnetic 
fields could potentially be utilized to ereate a space lattice 
vortex in and around a sufficiently sized pyramid. This 
hypothesis has been tested experimentally. The earth's elee- 
trostatic field was modeled as described in the Examples. 


[0044] Therefore, there is a need for an improved method 
and apparatus for the conversion of electraslatic energy as 
described herein. 


‘SUMMARY OF THE INVENTION 


[0045] Pursuant 10 this invention new techniques ace 
Aescribed to produce directional currents in the space lati. 
‘The currents are induced either by separated charges, prop 
erly positioned magnetic fields or by the interaction of 
clcctrostaie and magnetic fields at an angle, specified by the 
side angle of a pysamid. The induced space lattice currents 
‘ean be ulilized to generate specific effets which may vary 
from propulsion, to gravity cancellation and power genera~ 
tion, 
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[0046] In particular, an aspect of the present invention is 
method proclcing directional currents in the space lattice 
utilizing: 


[0047] (1) separated electric charges; and 


[0048] (2) the interaction of electrostatic and mag- 
netic fields. 


[0049] In one preferred embodiment of the invention, 
lectric charges are separated in an oriented fashion. The 
orientation can be a parallel orientation, The orientation can 
be obtained ia a capacitor: The capacitor can be used for the 
propulsion of a vehicle. The capacitor ca provide lift and 
Jateral movement control for said vehicle. 


[0050] The interaction of electrostatic and magnetic fields 
‘ean be set up in a pyramid, 

[0051] ‘The interaction can produce a vortex in the space 
late. 

[0052] ‘The vortex can be tapped to produce eleetsic 
power, which can be obtained by wrapping a coil around the 
pyramid 


BRIEF DESCRIPTION OF THE DRAWINGS 


[0053] The following invention will become better under- 
Stood With reference lo the specification, appended claims, 
and accompanying drawings, where 

[0054] FIG. 1 is a diagram showing the relationship 
between a spiral and a wave; 

[0055] FIG. 2s a diagram demonstrating the geometry of 
the space lattice; 

[0056] FIG. 3 is a diagra 
lution eissoid, 


demonstrating the cigcumvo- 


[0057] FIG. 4s a diagram demonstrating the smallest us 
‘of matter 


[0058] FIG. Sis a diagram showing the eearrangement of 
the unit cell, 


[0059] FIG. 6 is a diagram exhibiting the structures of 
‘electron and positon; 

[0060] FIG. 7 is a diagram demonsteating the flow cou- 
pling of election and positron; 

[0061] FIG. 8 is diagram sbowing the attraction of 
‘electric charges; 

[0062] FIG. 9 is a diagram showing the interaction of a 
shaped electrostatic field with a magnetic feld; 

[0063] FIG. 10:2 diagram displaying the arrangement of 
the capacitors in the erat; and 


[0064] FIG. 11 is a diagram demonstrating the pyramid 
‘experimental setup. 


DESCRIPTION OF THE PREFERRED. 
EMBODIMENT 


[0065] Pursuant to this invention, novel methods are 
described to induce directional currents in the space lattice 
Which is postulated to be part ofthe boundary conditions of 
the Universe. These methods are useful in providing for the 
‘conversion of electrostatic energy into a useful form. The 
first method relates to generating an unidigectional flow of 
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the space latice which could be useful in cancelling gravi 
‘and generating a propulsion force. A possible configuration 
for Keeping the ebarges separated and stored isin the for 
‘of a capacitor. The shape of the capacitor and the body of 
such device is important for optimal performance. A pyra- 
midal or conical shape is preferred forthe alignment of the 
capacitors (FIG. 10), Optimally, the shape of the capacitor 
follows the shape of the erat 

[0066] 10 FIG. 10, the pyramid 100 is surrounded by a 
detector enil 102 which is in turn connected to an oscillo- 
scope 104, In the experimental setup shown, the field is 
established by a top plate 106 and a ground 108 connected 
to a source of DC electrical energy 110. 


[0067] The conductive elements of the capacitor are lay 
‘ered into the pyramidal or conical segment of the hull of 
Such craft. Optimally, there should be several layers of 
negatively charged conductors on the outside while a single 
layer of posiively charged conductor in the inside of the 
craft, All concuctive elements should be carefully insulated 
in order to keep the charges inside the capacitor. 


[0068] In the ceoter of the craf, a conductive, insulated 
pole is mounted such that the pole extends out iato the 
‘exterior atthe top ofthe exalt, The tip ofthat pole has a metal 
ball mounted on which is also positively charged. When all, 
the capacitor plates are charged, they induce an unidirec- 
tional, upward flow of the space lattice. This means that tbe 
space lattice pressure above the craft will be higher than the 
Space lattice pressure atthe bottom of the craft. This pressure 
differential is unstable and progresses towards an equilb- 
rium. It will grab the craft and propels it forward in order to 
climinate the pressure gradient. This requires that 2 suli- 
cicutly high voltage be applied. My estimation is that about 
'5KV is aveded to lift every gram of an object. The capacitors 
incorporated into the bull will give contol over lif 


[0069] To obtain directional contr over all three axes of 
movement, three capacitors need to be mounted al the 
bottom of the erat apart from each other. These capacitors, 
could take the shape of a ball and would be mounted on 
retractable shafis, The top balf of the capacitors would be 
positively charged while the botiom balf is negatively 
charged. When in Hight, the capacitors are retracted and 
charged based on the needs of directional contol. To achieve 
forward movement, the charges on one capacitor facing the 

tion of the desired path should be reduced relative to the 
‘thee two capacitors, This would make the eraft tit forward 
‘and start moving in that diction. Aa alternative method of 
Iateral directional control could be obtained by dividing the 
capacitor bank in the hull into segments which segments 
‘could be charged individually. 


[0070] Upon landing, the three ball capacitors would be 
protracted on their shafis and serve as landing gear. On 
landing, they would be discharged because the earth is the 
‘greater ground, On launching, the main capacitors of the 
body would be activated causing a lifiolf. The three capaci 
tor landing gear would then be retracted and charged up so 
that they ean function for lateral directional control. On~ 
board static generators would supply the voltage required for 
the operation of the era 


[0071] The most significant aspect of this type of propul- 
sion system would be the loss of inertia during acceleration 
Inestial forces pose great obstacles to impraving the perfor- 
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mance of current propulsion techniques. Since we are now 
in control of the space lattice surrounding the craft, it will 
‘encounter no resistance from the space latice. The passen- 
gers of such exalt would feel no forces acting upon theie 
bodies even if the craft achieved enormous accelerations. 


[0072] This overall design is suitable for the development 
‘ofa wide range of transpo fi 

Iype to aireraft and spaceeralt. ‘The impact of such a tech- 
nology on our economy would be enormous, We could 
eliminate 3 major factor in environmental pollution, the 
{generation of greenhouse gases which place a great stress on 
‘our ecosystem. Inthe United states, 65% of the greenhouse 
igases are produced by transportation vehicles and just 34% 
by power generation. The signs of global warming and the 
deterioration of the ecosystem ate visible from every diree- 
tion, 


[0073] ‘The developing countries are bent on establishing 
the same economical mode! evolved in the developed coun- 
tries, representing about 16% of the world. population. 
Worldwide mass deployment of our current energy tech- 
nologies would most likely cause an environmental eatas- 
trophe which may terminate higher life-forms on this planet. 


[0074] This makes it very important that the focus of ovr 
energy sector shifis towards renewable, non-polluting 
sources of energy. The subject invention offers a solution in 
this regard. The transversal interaction of electrostatic and 
‘magnetic felds in and around a pyramid offers the potential 
to tap into the electromagnetic field of our planet. I have 
ound that a pyramid becomes a power generator when the 
<lectrostatic voltage field gradient ofthe earth is reproduced 
around it. Tapping the energy field was as simple as placing, 
4 coil around the pyramid 


[0075] ‘The optimal size production pyramid is likely 
{going tobe large, The optimal material composition may be 
altemative layers of metal and dielectric 10 maximize the 
total amount of changes the pyramid can hold, This is 
important for increasing the performance of the pyeamid. A 
coil is then wrapped around the pyramid 10 tap into the 
zenerated field, The orientation of the pyramid to the mag- 
netie North pole does not seem to be a prerequisite for 
‘operation, Such a pyramid generator will be called the 
pyramitron, 


[0076] ‘The following Examples illustrate the features and 
advantages of the subject invention, Accordingly, itis to be 
lundersiood that the description in this disclosure is 1 
facilitate comprehension of the invention and should not be 
‘consinied to limit the scope thereof as persons skilled in the 
amt can, in light of this disclosure, generate additional 
‘embodiments without exceeding the scape or departing from 
the spirit of the claimed invention, 
EXAMPLE 1 

[0077] Demonstration of the pyramitron: For the expe 
‘ments, [have randomly selected a one-foot base length foam 
pyramid from a pyramid vendor (The Pyramid Project, Ft. 
Wayne, Ind.) The outside of the pyramicl was covered with 
aluminium foil. The pyramid was placed on a 2%2' insulating, 
polyethylene platform equipped with an adjustable height 
22’ size alumiaum top plate, %ie" thick (FIG. 10). The 
height of the aluminum plate Was adjusted as needed and a 
ap of |'4" between the plate and the tip of the pyramid was, 
used in the experiments 
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[0078] _A high voltage (HV) CRT power souree producing 
30 KV DC was taken from a television st. I have assumed 
that an actual energy producing pyramid should be relatively 
high in order to oblain a large vollage drop from its tip to the 
‘ground. Therefore, assuming a height of 150 m for a lifesize 
pyramid and a voltage drop of 200 Vio near the surface of 
the Earth, the 30 kV voltage is in the range of the voltage- 
drop expected for the height of a practical size pyramid 


[0079] The positive pole was attached to the top aluminum 
plate. This simulated the positive charge of the atmosphere. 
‘One comer of the pyramid was attached to the negative pole 
‘of the high voltage power source, while the opposite corner 
‘of the pyramid was grounded. This setup served as a model 
forthe electrostatic field distribution around a potential life 
sized pyramid, 


[0080] As controls either a 1'x1'sheet of aluminum foil or 
an aluminum foil-covered box, having the main dimersions 
ofthe test pyramid (I’«1 4"), was used as a negative pole 
"The detector coils wore made by winding up a 24 gauge 
cenamel-coated magnetic wire (20 turns, approximately 8 cm 
diameter). A Tektronix high-frequency oscilloscope, model 
10.2236 was used for signal acquisition and analysis. 


[0081] The frst set of experiments were control measure- 
ments with the box of the same height and base Ienglbs as, 
the test pyramid, The detector coil was placed on the top of 
the box. Measurements were taken with and without the high 
voltage applied. One corner of the box was altached 10 the 
HY power source (negative pole) andthe opposite corner 10 
the ground, The same arrangement was used for the Mat 
square (1'x1') foil. Te peak-to-peak signal amplitude forthe 
box was 8 mV and the signal frequency was 2 MHz. For the 
flat foil sboet, the signal amplitude was 12 mV with a 
frequency of 1.43 MHz. The signal form was of a decaying, 


[0082] When high voltage was applied to these shapes, 3 
Signal amplitude of 14 mV was obtained for the Mat sheet 
fand a 16 mV for the box. The signal frequency was 1.54 
MHz for the flat sheet and 2 MHz for the box. The wave 
forms were of decaying sine waves in all these experiments 


[0083] When the pyramid was tested without HV, the 
peak-to-peak signal amplitude was measured at 60 mV wi 

a frequeney of 2 MHz. The wave form was different from 
those ofthe conteol experiments it was a modulated, decay. 
ing sine. When the high voltage was applied, the signal 
amplitude inereased up to 180-200 mv, while the frequency 
remained at 2 MHz. The pyramid produced a signal intensi 
significantly higher than the controls, When a metal (ali 
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‘minum pyramid ofthe same size (wall thickness Yc" inch) 
‘was tested in the stme high vollage field using the same 
detection coil, a voltage of 1-1.5°V was detected at the 
frequency of 2 MHz 


[0084] The experiments confirmed theoretical assump- 
tions about the pyramidal shape's ability to eause perturba 
tions in the space lattice when the pyramid is placed in 
lransverse elecirostatic ane! magnetic fields. The resulting 
space lattice vortex causes a separation of charges in the 
detection coil, producing a voltage signal greatly exceeding 
‘control levels. Control values for the flat sheet and the box: 
inthe electrostatic field were at the evel ofthe backgroud 
noise. Thus, when the electrostatic and magnetic fields 
intersected at 90° or O°, no effect was observed. However, 
‘when the fields intersected at an angle defined by the 
pyramidal shape, a lage signal was produced, The pyramid 
' clearly instrumental in generating the signal. This finding 
provides the second experimental proof for the present 
theory of elecrie polarities. I also demonstrates that poten- 
tially, we may be able to tap into the electromagnetic field 
‘of our planet and draw electric energy. The practical imp! 
cations of this finding are enormous. 


1 claim: 
1, A method producing directional currents in the space 
lattice utilizing: 


() separated electric charges; and 


(b) the interaction of electrostatic and magnetic fields, 

2. The method of claim 1 wherein said electri charges are 
separated in an oriented fashion, 

3. The method of claim 2 wherein said orientation is a 
parallel orientation, 

4. The method of claim 3 wher 
‘obtained ia a capacitor 

'8. The method of claim 4 wherein suid capacitor is used 
for the propulsion of a vebiel. 

6. The metho! of claim 5 wherein said capacitor is 
providing lif and lateral movement control for sail vehicle 

7. The method of claim 1 wherein interaction of electoo- 
static and magnetic fields is set up in a pyramid. 

8. The method of claim 1 wherein said interaction is 
producing a vortex in the space lattice. 

9. The method of claim 8 wherein said vortex can be 
tapped to produce electric power, 

10. The method of claim 9 wherein said electric power is 
‘obiained by wrapping a coil around the pyramid. 


said orientation is 
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6 ABSTRACT 


A wireless untethered device which may be an integrated 
circuit chip of printed circuit board having at least one 
integrated antenna and circuitry operatively associated with 
the antenna for receipt of energy harvested from space by the 
antenna, The antenna has an ellective area greater than is 
physical area, A system which receives power from the 
harvested energy after the energy is processed by the cir- 
cuitry may also be provided with mismatched impedance 
between the antenna and a cireit resistance, 
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FIG. 3B 


FIG. 3A 


Universal Mobile Telecommunications System (UMTS) Time Division Duplex (TDD) bands 
are the same as the LTE TDD bands. Table 17 details the LTE Frequency Division Duplex 
(FDD) and TDD bands. 
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5G 


This section provides early details on aspects of 5G, including architecture, LTE-NR 
coexistence, integrated access and backhaul, and performance. 


Architecture 


The overall 5G architecture consists of what 3GPP calls the New Generation Radio-Access 
Network (NG-RAN) and the 5G Core (5GC), as shown in Figure 44. The figure shows the 
Access and Mobility Management Function (AMF); the User Plane Function (UPF); the NR 
NodeB (gNB), which is the 5G base station; and the NG and Xn interfaces. 


Figure 44: 5G Architecture”? 


ANFIUPF ANFIUPF 


Figure 45 shows the functional split between the NG-RAN and 5GC. 


221. 3GPP, Evolved Universal Terrestrial Radio Access (E-UTRA); Base Station (BS) radio transmission and 
reception (Release 14), March 2017, Technical Specification 36.104, V14.3.0. 


122 3GPP, 3GPP TS 38.300, NR; NR and NG-RAN Overall Description; Stage 2 (Release 15), VO.3.0 (2017- 
05) 
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The main body of this paper summarizes the features being specified in Releases 15 and 
16 for NR and the core network. Additional capabilities that will be part of Release 15 
include: 


A POCP packet duplication function to allow redundant transmission of signaling or 
user data on two bearer paths, 


a Anew protocol layer called Service Data Adaptation Protocol (SDAP) that offers 5GC 
QoS flows. 


a A new Radio Resource Control (RRC) inactive state designed for low-latency 
communications. 


a A new system information broadcast model that allows on-demand system 
information instead of always having to broadcast system information (to reduce 
overhead in 5G beam sweeping). 


Architecture Options 

This topic was introduced in the main part of the paper and is covered here in more detail 
In Release 15, 3GPP defines a number of different architecture options, shown in the 
following three figures. In many of these options, although not all, the 5G network 
integrates with LTE, 
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ANTENNA ON A WIRELESS UNTETHERED. 
DEVICE SUCH AS A CHIP OR PRINTED 
‘CIRCUIT BOARD FOR HARVESTING 
ENERGY FROM SPACE, 


CROSS-REFERENCE, 


‘This application claims the benefit of US. Provisional 
Application Ser. No. 60/475,151 entitled “ANTENNAON A 
WIRELESS UNTETHERED DEVICE SUCH AS A CHIP 
OR PRINTED CIRCUIT BOARD FOR HARVESTING 
ENERGY FROM SPACE" filed Jun. 2, 2003, 


BACKGROUND OF THE INVENTION 


1. Field of the Invention 
A device is disclosed comprising a semiconductor inte 
grated circuit (IC) chip having disposed on it antenna and the 
Circuitry for the IC chip, wherein antenna and the eireuitry 
of the IC chip are integrated so as to provide the IC chip with 
fan improved antenna effective area, The design of the 
antenna placement on the chip is independent ofthe location 
of the antenna on the chip. As a result, antenna-on-a-chips of 
this invention are simpler to desiga and manulsetuee than 
the designs disclosed in the prior art. With increasing 
dependence on local and wide area wireless networks, 
particularly those with low power (range) requirements and 
local sensing or object identification, there isa need to have 
an antenna structure integrated onto single semiconductor 
devices. One important lack has been an on-chip antenna 
siricture that overcomes simple deficiencies of size 

“The length aad material of antennas normally determine 
the frequency and intensity of signals that may be received 
fr seat fiom the antenna, However with smaller and smaller 
local area wireless networks being contemplated, the eon 
cept of a room sized network area or building area with 
antennas mouated in walls and ceilings (whether indepen 
{dent separate antennas or multi-use antennas, such as using 
clectrical wiring or telephone wiring as an antenna struc 
ture), the feasibility of using very low power antenna 
structures to transfer information from a local network to 2 
wireless IC device or system containing such wireless IC 
device hecomes practicable, 

2. Deseription of the Prior Art 

has been known to provide antennae and circuitry at 
specific locations on chips. U.S. Pat. Nos. 4,857,893 and 
4,724,427 disclose the use of planar antennas that are 
included in cieuityy of @ transponder ona chip. As disclosed 
therein, the antenna coil is etehed arounel the periphery of 
the chip substrate, Ia the center of the antenna coil are found 
4 custom logie circuit, a programmable memory array, and 
‘memory contro! loge. The planar antenna ofthe transponder 
‘was said to employ @ magnet film inductor on the ehip in 
onder to allow for a reduction in the number of turns and 
thereby simplify fabrication of the inductors. It disclosed an 
antenna having. a multi-turned spiral coil and having a 1 
tems em outer diameter. When a high frequency current 
was passed in the coil, the magnetic films were said to be 
driven ina hard direction, andthe two magnetic films around 
each conductor served a magnetic core enclosing a one 
tum coil. The magnetic films were said to increase the 
inductance of the coil, in addition to its free-space induc 
tance, 

(One of the problems with the approach as taught in U.S. 
Pat. Nos. 4,857,893 and 4,724,427 is the need to fabricate 
small, air core inductors of sufficiently high inductance and 
Q for integrated circuit applications, The small air core 


2 
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Py 


ss 
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inductors were said to be made by depositing a pemmallay 
‘magnetic film or other suitable material having a large 
‘magnetic permeability and electric insulating properties in 
order to increase the inductance L of the coil. Such an 
approach increases the complexity and cost of the antenna 
‘on a chip and also Hits the ability to reduce the size of the 
antenna because of the need for the magnetic film layers 
between the antenna coils. 

"Another problem with the approach as taught in U.S. Pat 
(Nos. 4,857,893 and 4,724,427 isthe attendant intgrating of 
‘an antenna on an integrated eiecuit IC) chip, Ia the ease of 
fan antenna disposed about the periphery of the chip, as 
‘described by the patents diseussed hereinabove, the location 
‘ofthe antenna interferes with conventional bond pad layout 
about the periphery of the chip. Also, the electromagnetic 
fields within the central area of an antenna laid out about the 
periphery of a chip can interfere with the operation of 
circuits located within the antenna 

USS. Pat. Nos. 6.373,447 discloses the use of one or more 
antennas that are formed on an integrated circuit chip 
‘connected to other circuitry on the chip. The antenna con- 
figurations include loop, multi-turned loop, square spiral, 
long wired and dipole, The antenna could have two oF more 
segments which could selectively be connected 1 one 
another to alter effective length of the antenna. Also, the two 
antennas are said to be capable of being formed in two 
different metallization layers separated by an insulating 
layer. 

US. Pat, No. 6,373,447 attempts to overcome the prob- 
lems of US. Pat. Nos. 4.857.898 and 4,724,427 by having 
the antenna formed on other than a peripheral area of an 
integrated circuit (IC) chip. US. Pat, No. 6.373.447 
describes devices comprising an integrated circuit (IC) chip 
hhaving a surface wherein the surface is divided into a 
peripheral area and a central area, The central area com- 
prises a first portion and a second portion wherein the 
Circuitry ofthe IC chip is disposed within tbe first portion of | 
‘the central area; and an antenna disposed within the second 
portion of the central area, This patent teaches that one or 
‘more antennas can be formed on an integrated cigeuit chip 
‘connected to other circuitry on the chip. The antenna con 
figurations include loop, multi-turned loop. square spiral, 
Jong wired and dipole. The antenna could have two or more 
segments which could selectively be connected to one 
‘another to alter the effective length of the antenna 

USS. Pat. No. 6,373,447 attempts to avoid the problems of 
the antenna interfering with the coaventional bond pad 
Jayout about the periphery ofthe chip by placing the antenna 
in the central area of the chip. However, in all cases 
disclosed by the inventor the antenna is located in one 
portion ofthe central area, and IC circuitry is disposed on the 
‘ther portion ofthe central area. The inveators do state ia the 
body of the patent that the antennas can also be located on 
“onte or two or thee (but not four edges of the chip, so long, 
a there are no bond pads in that area’ 

A problem with the prior art as discussed above is that 
disposition of the antenna on the chip is limited to specific 
different parts of the chip. In the case of U.S. Pal. Nos. 
4,857,898 and 4,724,427 the antenna is on the periphery of 
the chip and in the ease of U.S, Pat, No, 6,373,447 the 
antenna is in the central area of the chip. 

‘A further problem with the antenna on chip designs as 
disclosed by prior artis that the antenna and IC circuitry are 
disposed as diserete components in separate portions of the 
chip t© minimize the interaction of the antenna and the 
circuitry of the IC chip. In the case of U S. Pat. No, 
6.373.447, the antenna is one portion of the central area and 
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the IC circuitry is the other portion of the central area. This 
‘agnin limits the design of placing an antenna oa a IC chip. 
Furthermore, it makes for devices that are not truly inte 
arated, 


SUMMARY OF THE INVENTION 


‘The present invention provides an integrated circuit chip 
which has at least one integrated and preferably integrally 
formed antenna with circuitry operatively associated with 
the antenna for roceipt of energy harvested by the antenna 
from space. In another embodiment, a printed circuit board 
for other wireless untethered device is employed. The 
‘antenna has an effective area greater than its physical area, 
A system which receives power from the circuitry generally 
at DC power resulting from rectification by the eiruitry of 
the energy harvested may also be provided on the chip. 

‘The antenna and cireuitry may be positioned at any 
location on the chip without adversely effecting perfor. 

‘The antenna may be a spiral antenna such as @ square 
spiral antenna, with the thickness aad width of the conduc 
tive portion being adjusted 0 maximize performance. 
Impedance may be adjusted to provide for an enhanced 
effective antenna axa, 

Tis an object of the present invention to provide an 
integrated antenna on a chip or printed circuit board with 
associating circuitry to facilitate efficient receipt of energy 
from space by the antenna and conversion ofthe same by the 
circuitry to DC power. 

I is @ further object of the invention to provide such a 
semiconductor integrated chip or printed cireuit board which 
will deliver DC power from the cireuitry to an electronic 
system, 

It is another object of the present invention to provide 
such a system which does not require the use of @ power 
storage element or hard wiring. 

‘These and other objects of the invention will be made 
fully understood fom the following description on reference 
to the appended drawings. 


BRIEF DESCRIPTION OF THE DRAWINGS 


FIG. 1 illustrates a circuit which is an operational device 
Imut has no battery of wires for powering, 

FIG, Zillustrates a circuit ofthe type shown in FIG. 1 with 
‘an associated display to measuee the energy harvested. 

FIG. 3a shows a chip having an on-chip antenna for 
harvesting data and an on-chip on chip antenna for trans- 
sitting data 

FIG, 3 is photograph of the chip represented in FIG. 3a 

FIGS. 4a and 4b show, respectively, (a plot of experi= 
‘mental results and Gi) a circuit and related power measuring 
device along with a plot of variations in result due to use of 
a conductive ground plane. 

FIGS. Sa and 8 show, respectively, a plot and measure 
‘ment in @ representation of the circuit and power represen 
tation of ground plane influence. 

FIGS. 62-64 show 4 square antenna profiles on a printed 
circuit boat, 

FIG. 7 is a plot of distance versus voltage for the four 
antennas shown in FIG. 6. 

FIG, 8 is a plot of voltage harvested at load for a 
harvesting distance of 50 em. 

FIGS. 94-9 show five antennas with four being spiral 
and one being square patch, 
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FIG. 10 is a plot of voltage versus distance for the 
antennae of FIGS. 9a-9e. 

FIG. 11 is a representation of impedances for various 
parameters 

FIGS. 120-12c illustrate three variations in trace width 
for an antenna with plots of voltage versus distance 

PIGS. 134-13 ilsirate data for antennas of two differ- 
cent materials andl three different thicknesses. 

FIGS. 14a-14b show plots of voltage versus distance for 
the antennas of FIGS. 184-130. 

FIGS. 182-18) show plots of voltage versus distance for 
different lengths. 

FIGS. 162-166 illustrate two different feed arrangements 
for antennas. 

FIG. 17 is @ plot of vollage versus distance for the two 
feed lines of FIGS. 162-160, 

FIGS. 180-18 illustrate several antennas with respect to 
‘around plane variations, 

FIG. 19 illustrates a plot of distance versus voltage for 
some of the antennas of FIGS. 180-18 

FIG. 20 illustrates a eireit in toms of impedance match- 
ing elements, 

FIG. 21 illustrates the circuit of FIG. 20 with impedance 
rlatod markings 

PIGS. 22 and 23 illustrat, respectively, experimental and 
simulated impedance matching plots. 

FIGS. 240-24 illustrate, respectively, plots of PCB data 
points and a projection of the same to about 25 mm. 

FIG, 25 shows plots of voltage versus distance for PCB. 
‘and CMOS traces. 

FIGS. 264-26b show, respectively, plots of original data 
for copper and extrapolation of the same in respect of 
thickness. 

FIG. 27 illustates six antenna orientations 

FIG. 28 is a plot of voltage versus distance for the 
orieatations of FIG, 27. 

FIG, 29 shows trend lines for the six plots of voltage 
‘versus distance as related to FIG. 27. 

FIG. 30 shows the negative slope and y intercept of the 
‘end lines 


DESCRIPTION OF THE PREFERRED. 
EMBODIMENTS 


‘As employed herein, the tem “in space” means that 
cenorgy or signals are being transmitted through the air or 
similar medium regardless of whether the transmission is 
‘within or partially within an enclosure, as contrasted with 
‘transmission of electrical energy by a hard wired or printed 
circuit boards 

_Asemployed herein the term “wireless untethered device” 
means a device which is remotely powered by RF energy 
and shall include, but not be limited to, IC chips, printed 
circuit boards and other suitable substrates having diserete 
oF integrated circuit components 

‘What is further needed isan antenna on a chip wherein the 
antenna is nota discrete component to the IC circuit In that 
respect there are two issues; (1) the interference of the 
received RF energy on the proximate IC circuitry, and (2) the 
imerference of the proximate IC circuitry on the RF energy: 
While the first issue is important to any functional IC, the 
separation of the energy harvesting function from the pay’ 
load IC electronic circuitry, U.S. Pat. No. 6,289,237, dis- 
closes isolating the negative effect of the RF from the 
payload electronics with respect 1o RF signals as opposed to 
RF energy. Our experiments have shown that while the 
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payload electronics are in the proximate area of the eaengy 
harvesting antenna and associated cireuitey, the payload will, 
still function satisfactorily 

“The second issue is in fact a benefit to the energy 
harvesting antenna and adds to the ellective area of such an 
ntenna(s). The funetional deviees forthe experiments ofthe 
previous paragraph are pictured in FIGS. 1 and 2. In both, 
ceases, the proximate circuitry has been demonstrated to 
operate satistactorily in an applied RF energy field while 
simultaneously enhancing the harvested energy through 
providing additional area tothe effective area to the antenna, 
The ability to obtain a tractable closed form mathematical 
formula to describe the indicatod situation is extremely 
dificult at best due to the multitude of effects and interac 
tions by the interconnection circuitry and the proximate 
comporients themselves, 

FIG. 1 illustrates aa operational device with all discrete 
‘components and conducting traces in place with no battery 
or wites for powering, The energy is supplied by beaming 
radio frequency (RF) energy tothe device, rectifying the RF 
and converting it t0 direct curent (DC), and powering 
electronics to read a temperature sensor and transmit the 
result to a receiver. The device requires five milliwatts of 
power i funetion, This device is functional as illustrate. 

FIG. 2 is a device to measure power whore the enemy 
harvesting circuitry isthe same as the device in FIG. 1, but 
with five sets of light emitting diodes (LED's) connected in, 
parallel to measure voltage without the need 1 conaeet 
wires to the device energy harvesting circuitry. Relative 
power can also be estimated by observing the brightness of 
the LED's. The conductors to interconnect the payload 
components of FIG. 1 are included in FIG. 2 while the 
proximate electronic components themselves have beea 
removed, 

FIG. 3 shows a single chip RFID design using an on-chip 
antenna for energy harvesting and an on-chip antenna for 
transmitting data. FIG. 3.0. is the “fatten” picture of the 
layout from the Computer Aided Desiga (CAD) tool, and 
FIG, 3.) is a photograph of the actual fabricated chip (die). 

“There is an uncertainty in any in situ energy or power 
measurements due to the measuring circuitry interfering 
with the device under test. FIGS. 4-4 include the power 
measuring device of FIG. 2 along with a graph showing the 
‘number of LED's lighted when the space between the enery 
source and the device is interrupted by a conducting plane 
inserted perpendicular 10 a Tine drawn between the source 
patch antenna and the device, both of which are parallel. The 
top ofthe device was 19.0 em above the laboratory table top. 
Condveting planes of 11 em, 14,7 em, 16.0 em, 17.25 em 
and 19.0 em were placed between the antenna and the 
device, This resulted i lighted LED's numbering 5 (no 
conducting plane), 4, 4, 3, 2, and O respectively” for the 
conducting planes. FIG. 8 is the same set-up as FIG. 4, 
‘where the conducting planes were inserted in the order 17.25 
0 19.0 cm, 16.0 to 19.0 em, 14.7 to 100 em, 11.010 19.0 
fm, and 0.0 0 19 em. In FIGS. 82-86, the LED's that were 
lighted were 5,5, §, 5, 4, and 0. 

In the first embodiment of this invention, a device is 
disclosed comprising an integrated cireuit (IC) chip having 
disposed on it antenna and the circuitry for the IC chip. The 
antenna or antennas and the circuitry of the IC chip are 
integrated so as to provide the IC chip with an improved 
antenna effective area 

In other embodiments, a wireless untethered device such 
a a printed circuit board may be provide withthe desired 
antenna and circuitry. 
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“Bileetive area” of the antenna refers to the functional 
‘rea of an antenna as compared with the physical area, A 
‘tuned antenna may have an effective area that is langer than 
its geometric area. The phenomenon was disclosed! by 
Reinhold Rudenbery in 1908 [Rudenberg, Reinhold, "Der 
Bmpfang Elekiischer Wellen ia der Drahulosen Telegra- 
phie™ ("The Receipt of Electric Waves in the Wireless 
‘Telegraphy”) Annalen der Physik IV, 25, 1908, p. 446-466.) 
and the deseription of the phenomena has been expanded 
‘upon over the years by many other writers, 

US. Pat, No, 5,296,866 states that “Rudenberg teaches 
‘that the antenna interacts withthe incoming field, which may 
be approximately a plane Wave, eausing a current to flow in 
the anteana by induction. The [antenna] current, in turn, 
proclaces a field in the vicinity of the antenna, which field, 
in turn, interacts with the incoming field in such a way that 
the incoming field lines are bent, The field lines are beat in 
such a way thatthe energy is caused to flow from a relatively 
large portion of the incoming wave front, having the effect 
of absorbing energy from the wave front into the antenna 
froma wave front which is much lager than the geometrical 
area of tho antenna.” 

‘While the concept of effective area may be known, 
implementing it in antenna design and construction is not 
easy or obvious. U.S. Pat. No. 5,296,866 teaches making 
active antennas that had effective areas greater than the 
‘geometric areas through use of special circuitry, The anten- 
zs detailed inthis disclosure were non-planar coi antennas, 

Co-pening US. patent application Ser No. 09/951,081, 
the disclosure of which is expressly incomporated herein by 
reference, discloses an antenna ona chip having an effective 
area 300-400 times greater than its physical area, The 
cllective area is enlarged through the use of an LC tank 
circuit formed through the distributed inductance and 
capacitance of a spiral conductor. This is accomplished 
‘through the use on the antenna of interelectrode eapacitance 
and induetanee to form the LC tank circuit. This, without 
requiring the addition of discrete circuitry, provides the 
‘antenna with an effective area greater than is physical ares, 
It also eliminates the need to employ magnetic film. As a 
zesul, the production of the anteana oa aa integrated cireuit 
chip is Facilitated as is the design ofultr-small antennas oa 
such chips. See also U.S. Pat, No. 6,289,237, the disclosure 
of which is expressly incorporated herein by reference. 

‘The invention of this disclosure intogetes tbe antenna and 
the circuitry of a wireless untethered device such as an 
integrated circuit (IC) chip or printed circuit board (PCB) to 
achieve an effective area that is greater than what would be 
‘expected from the antenna disposed on the chip alone. By 
“integrate” or “integration” it is meant that the antenna is 
disposed on the chip using the circuitry of the IC chip or 
PCB as part of the antenna function specifically the energy 
harvesting effective area. Integrating the antenna and proxi- 
‘mate circuitry ofthe IC chip or PCB simplifies the design of | 
the chip because placing the discrete antenna and proximate 
IC chip or PCB circuit eomponents in discrete areas of the 
chip is no longer necessary 

Tn general, a preferred approach is to have the antenna 
designed as an integral element which is connected to the 
circuitry with proper impedance matching. If desired, the 
circuitry can be designed and then the antenna can be 
designed for maximum performance efficiency in the pres- 
cence ofthe circuitry with particular emphasis of use install, 
‘wireless untethered devices 

One advantage of integrating the antenna and the proxi- 
‘mate circuitry of the IC chip or PCB is that the physical size 
‘of the antenna component is no longer the sole driving force 
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in obtaining greater effective area, Using the embodiment of 
this invention, the elfective area of the antenna is a combi 
nation of the physical size ofthe antenna and proximate IC 
circuitry on the IC chip or PCB. In essence, the antenna on 
the IC chip or PCB forall practical purposes isthe whole IC 
chip or PCB and nota specific portion of IC chip of PCB that 
has the physical antenna disposed oa it. I will be appreci- 
ated that in the IC chip, PCB or other embosiments the 
effective area of an antenna may be greater than the physical 
area of the IC chip, the PCB or other substrate, In fact, 
isolating the physical antenna into separate portions of the 
IC chip of PCB (ic, peripheral or a distinct area of the 
central portion) ean be detrimental to making IC ehips or 
PCBs with effective areas greater than the effective area 
from the isolated physical antenna. 

“The design of an anteana on chip or PCB involves a 
number of sets of information; (1) frequency of operation 
(center frequency), (2) bandwidth at the half power points, 
G) Qtatio of peak performance to that of the half power 
points, (4) the electrical and magnetie properties along with 
thickness of each process layer-typically termed the tech= 
nology files. 

Given the appropriate design information, an architecture, 
eg. whip, dipole, square spiral, round spiral, ec. is selected. 
Next, a range of parameters such as conductor length equal 
to wavelength (center frequency) divided by 4, resonanceat 
the antenna at the center frequency, ete 

Using the resoannee strategy the antenna parameters and 
configuration are then adjusted to achieve resonance using 
the parasitic and interelectrode induetaace and capacitance 
including the electronic and magnetic properties as given in 
the technology files. 

‘The resonance is normally checked through computer 
aided design software including simulation, 

FIGS. 4a and 4p illustrate the test apparatus ineluding: 
(A) t80 spiral energy harvesting antennas with circuitry for 
rectification and voltage “doubling” (change pumps), (B) 
interconnection circuitry, and (C) the power, voltage mea 
‘surement circuitry (power meter), 

“The measurement of power andlor voltage on a remote 
autonomous device is complicated by the inability to eon- 
rncet non-interfering wires to the deviee, and the fact that as 
the size ofthe device decreases, there is an inherent uncer- 
tainty coacering the effecv/conteibution of the measurement 
circuitry itself on the measurement. The effective area 
‘measurements in the Co-pending U.S. patent application 
Ser. No, 09/951,031, involved connecting wires in order to 
effect the power measurements 

A series of experiments were run with the device of FIG. 
4B in the field of an RF source antenna at 915 MHz. In these 
experiments, a flat conducting surface (plane) was placed 
bheiwcen the Source anteana providing the RF energy and the 
vice under test at an approximate distance of 0.25 inches 
from the device. Five conducting planes were used where 
the planes shielded areas ofthe deviee atthe S heights shown, 
in FIGS, da and 4h, 

“The height of 19.0 em represents the height ofthe top of 
the device above the laboratory beneh, The 5 heights ofthe 
conducting plane in the § experimental positions were 19.0 
cm, 17.25 em, 16.0 em, 14.7 em and 11.0 em respectively. 
The points on the graph above the device in FIG. 4a, 
represenis the number of LEDS lighted on the power meter 
section (C) of the device. The number of LEDS lighted is 
proportional to the voltage across the LEDs and represents 
a jower bound on the voltage dropped across the IK ohm 
resistor that can be seen in area (B2) of FIG. 4, 
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As can be noted from the FIG. 4a graph, while exposing 
the strict antenna area (AL) to the RF field does in fact 
harvest sufficient energy to light 2 LEDs, exposing addi- 
tional device area facilitates additional energy harvesting, 
including the power meter area (C). 

Tis noted that for the proximate eleetronis in (B2) and 
(©), the funetion of the cituity is stritly DC including the 
DC bus noted in area (BI). 

‘A functioning power meter (C) when totally removed 
from the device parts identified as (A) and (B) shows 20 
lighted LEDs, Thus, as an energy harvesting device, the 
pawer miter by itseif will not harvest sufficient energy t0 
light a single LED, However, when connected to the device, 
the ares and circuitry contribute to the energy harvesting by 
‘an amount of 74.9 iilliwatts in terms of measured power 
and sufficient voltage to ight an LED. 

In FIGS. 4a and 4, the conducting planes were intro 
duced in the sequence 19.0 em, 17.25 em, 16,0 em 14.7 em, 
and 11,0 om. The results of a similar experiment with the 
‘sequence of conducting planes were introduced in the 
soqqence 17,25 to 19.0em, 160010 19.0¢m, 14.7 0 19.06m, 
11.0 to 19.0 cm and 0 to 19.0 cm, respectively. 

‘While no mathematical model is proposed for the results 
of FIGS. 4 and §, itis obvious that the proximate intercon- 
nections (B) and circuitry (A2) contribute to the total 
‘amount of energy harvested by increasing the effective area 
of the harvesting antennas. 

It is clear that more than one factor contributes to the 
cllectiveness of the antenna/device combination in harvest- 
ing energy. We have chosen to note the effective area do «© 
the resulls of Rudenberg as Rudenberg elective area, and 
the remainder of the ellective area due to components and 
interconnections as proximate effective area, 

The present invention is concerned with the design and 
analysis of small antennas for the purpose of harvesting 
‘energy on a printed circuit board (PCH) ora complementary 
‘metal oxide semiconductor (CMOS) die in order to provide 
power to on board circuitry without the need for batteries or 
‘external connections as a source of power. 

Earlier design of such devices has led to the desire to use 
«8 square spiral coil as the profile forthe antenna. Thus, this 
disclosure will be mostly eoneemed with the square spiral 
antenna although a patch design will be included! from time 
to time, 

Given the square spiral profile, there are still many 
parameters of the design that must be considered and 
chosen, This disclosure is concerned with a series of experi- 
‘meats that were run in an effort to evaluate these alternatives, 
Using PCB implementations. However, the ultimate goal is, 
to implement the square spiral on a CMOS die thus opening 
‘up the question of what differences in performance can be 
‘expected with the CMOS implementation. 

“The approach tothe analysis is strictly empirical although 
2 few references may be made to classical approaches either 
to antennas or electronic circuits. The sole purpose is given 
4 square spiral implementation, what are the parameters 
‘values that provide the greatest amount of power or energy 
at the payload circuitry in this ease a 10 K ohm resistor 

Printed circuit test boards each containing a taget antenna 
have heen constructed where the voltage across the target 
load is measured by an analog to digital converter, frames 
‘and transmitted by an infra red transmitter to a receiver 
feonnected to a dala gathering personal computer. The test/ 
measurement circuitry is powered by a small battery. All 
{estimessurement cirevitry and the battery are located 
behind a ground plane for the circuitry so as to shield the 
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circuitry from an enengizing radio frequeney (RF) source 

whereby a contribution to the power/enengy can be attib- 

uted to this circuitry. 

(Other research has demonstrated that the proximate cir- 
cuitry can be used (0 advantage in harvesting energy. 

Previous attempls to measure the enemy harvested by 
small antennas have been complicated due to the measure 
‘ment equipment that is connected 10 the device under test 
(DUT). Thus, the atemp heres 
directly on the DUT. As indicated previ 
included with the DUT can have an effect on the results ths 
leading to the shielding of the test circuitry behind a con- 
ducting plane as shown in FIGS. 6-64. 

‘Over many decades it has been difficult if not impossible 
to prove that the test cireuitry does not have an effect on the 
results of the experiment, the results reported in this paper 
suggest that the effect is minimal through some of the 
pmoiiles of the DUT, eg. antenna area as shown in FIGS, 
60-64 for antennas through D. 

‘The design of antennas in a limited space such as on a 
printed circuit board or a Complementary Metal Oxide 
Semiconductor (CMOS) chip or die requires the consider- 
ation of a number of physical factors ofthe antenna to obtain, 
‘an optimum performance. These factors include: 

(1) The area allocated to the antenna ineluding the actual 
‘metalic conductor forming the antenna and any space 
required to form or shape the metallie conductor, The 
metallic conductor has certain characteristics, eg. shape 
(profile), conductor width, conductor thickness, and eon 
ductor length. 

(2) One ofthe profiles considered inthis research i a square 
spiral, The topological nature of the square spiral is that 
connection can be made inthe plane of the antenna from 
the last outside trace of the spiral. Such a connection will 
‘be noted as a micro-steip line feed. The inner end of the 
spiral must be eonneet through a via to another layer of 
the PCB or CMOS die, Such a connection will be noted 
asa probe feed. Two general profiles are considered in the 
research reported herein, a square spiral and a square 
patch, 

(3) The antenna environment includes any form of conduc 
tor, insulator, ee.. that exist between the source of the 
radio frequeney (RF) energy and the antenna or behind the 
antenna. One form of element can he a ground plane 
formed as a part of the PCB or CMOS dle. 

(4) The antenna is connected to a eieuit (energy harvesting 
in this case) where both the antenna and the circuit (load) 
hhave an impedance. For optimum performance, ith long 
been held that the two impedances should be matched as 
complex conjugates, ie, impedance matching, with equal 
zeal (resistance) componen 

(5) There are two areas involved in the antenna design. The 
first is the physical area required to implement the 
antenna. The second is the effective area resulting from 
dividing the power received at the load by the power 
density in the field in which the antenna is place, ie., 
Power Harvested-Power density "Effective Arca, 

In summary, the factors involved in the design of an 
antenna in a Timited space, eg, a PCB or a CMOS die are: 

(A) Physical Arex 

(B) Profile 

(©) Antenna Conductor Width 

(D) Antenna Conductor Thickness 

(©) Antenna Conduetor Length 

(F) Feed ‘Type 

(G) Ground Plane Existence 

(H) Impedance Matching 
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(A) Physical Arwa 

Fourantennas of a square profile with four different areas 
as illustrated in FIGS. 6a-64, have been constructed. The 
voltage response measured at the load of the four antennas 
in shown in FIG. 2. The antennas are compared at a 
harvesting distance of 30 centimeters by plotting the voltage 
harvested a the load as shown in FIG. 7. Based on the results, 
Of FIG. & itis clear, a expected, that the amount of energy 
harvested increases with inereased area, This area is termed 
the physical ares, 


(B) Profile 

‘Two profiles are considered in this study, a square spiral 
and a square patch, FIGS. 9o-9e illustrate five antennas, four 
fof which are square spirals and one is a square patch 
‘(Antenna D, Board 11). 

‘The voltage results forthe profile test cases are illustrated 
in FIG. 10. ean be argued from FIG. 10 thatthe best results 
are obtained with the square patch. The differences are not 
‘reat, but there are differences. However, the square patch 
hhas « disadvantage in that the impedance for impedance 
‘matching requires an inductor asthe patch has a capacitive 
impedance. In addition, the impedance of the antenna is 
fixed by the physical area. In the case of the square spiral 
antennas, the impedance of the antenna may be varied while 
fa fixed physical area, Inthe ease of the square 
the matching requires an inductor that is difficult to 
fabricate on a CMOS die and not easy to precisely match 
with an on die inductor or a discrete inductor for the PCB. 
implementation. The inductor is required to form the com- 
plex conjugate as the square patch is capacitive. 

‘The square spiral can be modified by trace width, thick- 
ness and relative spacing to have essentially a continuum of 
impedances many of which are illstrated in FIG. 11, This 
variation is particularly useful in coordinating the matching 
impedance between the load and the antenna. Thus, from 8 
design standpoint, the square spiralis the profile of choice 

Antenna F in FIG. 9, while a square spiral, has length 
greater that the x length of Antennas A, B, and C. The 
length of antenna B is greater than x. Thus, the length of 
the antenna conductor is a factor in designing the most 
cllcient PCB or die (chip) antenna, While the x length is 
better for design purposes as the added length does not gain 
‘any appreciable advantage, this does not constitute a proof 
forthe optimum length, The major contribution here is that 
the antenna conductor length is a factor that must be 
considered in the antenna design 


(©) Antenna Conductor Width 

‘The antennas , B and C of FIGS. 94-9¢ vary in trace 
width, Based on the results of FIG, 10, the wend lines are 
shown in FIG, 12, 

From FIG. 12, the slope, ie, rate of voltage decrease is 
the least for antenna B. In addition, the rend line for antenna, 
B has the largest y intercept. Both of these results support 
antenna B with the narrowest trace width as being the 
‘optimum for this sot of experiments 


(D) Antenna Conductor Thickness 

‘Two independent experiments were run for antenna thick 
ness. The first bogan with one of the type A antennas t0 
‘which additional conducting solder was frst added and then 
some of the added! solder was remaved, This gave an original 
Thickness, @ much thicker trace and thirdly a trace of 
intermediate thickness. These steps produced three different 
thicknesses of the antenna conductor thicknesses indicated 
in FIG. 130, 
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Using another set of independent boards and steps, all 
solder Was removed from the antenna exposiag the bare 
copper giving the thinnest trace thickness. The copper was 
then electroplated onto the antenna to give different thick= 
nesses of copper and thus three different values of antennas 
conductor thicknesses as indicated in FIG. 136, The mea 
sured results for both lead and copper additions are illus 
trated in FIGS. 13-135. 

Based on the resulls shown in PIGS, 14-14, its quite 
clear thatthe best energy harvesting, highest voltage levels, 10 
is accomplished antenna conductor thickness is the thinnest 
“The results of the wo thicker traces in FIG, 14a are very 
close and no conclusion should he drawa solely with respect 
to these two antennas, The remewval of the solder from the 
thickest trace caused a minor amount of melting ofthe solder 15 
having a minimal effect on the antenna profile. However, 
these two thicknesses relative to the thinnest trace thickness 
ccan be considered significant 


(B) Antenna Conductor Length 

‘The antenna conductor length results can be observed 
considering FIGS. 94-9e and 10. While there docs appear to 
be some equivalence in the results of antenna B and antenna 
E in FIG. 19, the results atthe $0 centimeter distance was 
chosen as the point of comparison show that nothing sig 
nificant is gained by the additional length. In fact, the length 
is definitely less useful when compared 10 antennas A and C. 
‘Thus itis an inital conclusion that the primary criterion for 
the antenna to area ancl maximize the amount of 
energy harvested that the length by held at or near 4 
wavelength 

FIG, 180. isthe wend line for Antenna B, and FIG. 18b is 
the tend line for Anteana E. In comparing B and E, the rate 
of drop off for E is greater and E also has lower y intercept 

“There is perhaps another significant point in comparing 4. 
the two antennas B and E, Froma-iaditional antenna desiga, 
standpoint, it could be argued thatthe two antennas should 
have performances with more significant differences than 
are shown in these results. 

‘The explanation offered here is that the most significant 
feature of the small antennas is the fact that there exists 
resonant tank disturbing the feld which modified the effec 
tive area of the antenna. Thus, these two antennas of 
significantly different lengths produce similar results sup 
poring the notion that the resonant tank circuit is the most 
Significant aspect of the small antenna. 


©) Feed Type 

FIGS. 160-166 provide an illustration of the two type of 
feed from the antenna, i, (8) the micro-strip Tine feed and 
(©) the probe feed 

“The voltage results ofthe two type of ine feeds are shown 
in FIG. 17 where itis quite clear thatthe prefered type of 
connsetion to the antenna isthe miero-sip line feed 


(G) Ground Plane Existence ss 
‘In many applications of diferent antenna profiles such as 
a patch, it is desirable to provide 2 ground plane that is 
Separated from the antenna by a distance that can he ealeu= 
Tate based on the dielectric constant of the medium between 
the ground plane and the antenna, However, it the case of 3 6 
PCB or CMOS die implementation, the distance between the 
antenna and the potential location of the ground plane and 
the dielectric constant of the intervening medium are both 
fixed by the process independent of the antenna design, 
Thus, asa rule, the resulting ground plane is not located at 
the proper position for the fixed dielectric, or the dielectric 
is incorrect for the position of the ground! plane. 
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“The current PCB experiments included provisions for 
testing the ground plane existence and the net eflect of some 
form of a ground plane in the proximity ofthe antenna. Two 
types of ground plane experiments are illusiated in FIGS, 
180-18), The frst is a conventional ground plane dicectly 
‘behind the antenna, and the second is a ground plane in the 
proximity of the antenna on the opposite side of the PCB, 
‘The corresponding voltage measurements for the case of 
FIG. 18a sre shown in FIG, 19. The results for the three 
cases illistrated in FIG. 18 were indistinguishable, 

Based! on FIGS. 182-18, iis clear thatthe ground plane 
is not a desirable feature for the PCB implementation, As a 
ceurious nove, it would he possible to find aa antenna! 
frequency combination for Which the ground plane could 
lead to an advantage. However, such a result would not be 
practical in view of the restrictions on frequency both from 
regulatory and powerienergy considerations. 

‘As noted proviously, the results for the three different 
sized ground planes illustrated in FIG, 185 were indistin- 
‘guishable. However, the optimum voltage present inal three 
‘cases was the resull of different physical impedance match- 
ing ofthe three antennas. Thus, while the proximate ground 
planes of FIG, 185 do not affect antenna performance, they 
do provide an affect on the antenna and feed line imped 


general, itis not desirable 
to include a ground plane for a PCB or CMOS die type of 
‘antenna. In additional a physical ground effect object in the 
proximate area may be useTul in achieving a certain imped 
ance or impedance match, 


(HD) Impedance Matching 

‘As indicated previously, itis in general desirable to match 
‘the impedance of the antenna to the impedance of the load 
as complex conjugates. However, inthe ease of the use of an 
‘antenna for ihe sole purpose of energy harvesting, there is 
reason to believe that another form of matching oF designed 
‘mismatching may not be of an advantage. Consider the 
‘mode! of an energy harvesting antenna as shown in FIG. 20, 
‘As reported by Rusenberg, the antenna forms a non-ideal 
tank that has a nonzero resistance. This resistance resulls in 
a retransmission of some ofthe incoming energy that in tum, 
interferes with the transmitted field resulting in an inereased 
cllectve area of the antenna. 

‘As a result of this research, it is conjectured that an 
additional amount of retransmitted energy may be of an 
advantage in disturbing the field to provide an even larger 
cllective area, It is recognized that this increased effective 
‘area is not without limit 

The Rudenberg retransmitted energy is a funetion of the 
resistance R shown in the tank circuit of FIG. 20, We 
‘conjecture that in addition, the intentional mismatch of the 
impedance Z of FIG. 20 can result in increased effective 

‘The effective area increase by the resistor, R, of the tank 
in FIG, 20, will be referred to as the Rudenberg effective 
area, The increased effective area caused by the mismatch of | 
Zand the resulting relleced energy from the load is termed 
the proximate effective area 

‘The net effect of these two effective area contributions is 
‘modeled as two voltage sources just below the ideal antenna 
symbol of FIG. 20, 

‘These two features contributing tothe effective area are 
highlighted in FIG. 21 

The basis of the conjecture on the mismatch of the 
impedance Z resulting in reflected energy from the load is 
artived at from the repeated attempts to comrelate the simu 
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lated results for impedance matching with the experimental 
results found when actually choosing an impedance 10 
increase the harvested energy/voltage experimentally: The 
results of the simulation and experimental impedance 
‘matching are shown in FIGS. 22 and 23 

FIG, 22 represents the compiled voltage results with 
‘many different values of impedance used to obtain the most 
effective match through an organized searching procedure, 
The N/SIEVW cross of FIG. 22 represents the centroid ofthe 
four best matches that could be achieved by physical match 
ing using electronic elements 

FIG, 23 represents the compiled values of matched 
{impedance along with color coding for strength. The erossof 
FIG, 23 represents the centroid of the Four best matches for 
the simulations, I is important to aote that the simulation 
‘may obviously in general not represent the actual circuit due 
to minute differences that are extremely hard to model. 
However, numerous attempts were made to calibrate the 

mulation based on the model and the corresponding test 
results. However, none of these was success 

Thus, af this time, the difference in the simulated mateb- 
ing of FIG. 23 based on the complex conjugate impedances 
ancl the actual best match in the physical tests is attributed 
to the mismatching of the impedance 7 in FIG, 21. There 
‘would be a limit on the effectiveness of this mismatch, 

‘As pointed out previously, the wo voltage sources shown 
in FIGS. 22 and 23 immediately below the ideal antenna 
symbol are attributed to the retransmission of the eneray as 
4 result of the R in the non-ideal tank and the reflected 
‘energy from the load due tothe mismatch ofthe impedance 
Z. 


CONCLUSIONS 


(One of the important aspects ofthis research i the ability 
to empirically evaluate the feasibility of certain rests that 
require much additional research other than the antenna. For 
example, considera system on achip (SOC) implementation 
that requires other eircuitey to be designed that will in tara 
hhe powered by the enerey harvesting technology being 
discussed here. considerable amount of work may be 
required to develop the payload circuitry, and it is desired to 
have some idea of what level of power can be achieved 

FIG, 8 gives the rend line for the harvested voltage across 
10K ohm load. Therefore, with an antenna that is 1.58 mm. 
fon a Side, the power that can be expected to be harvested 
with the thickness of antenna A is: 


Power {[OSB18%(1.582\0--85)2} 104-80 jo wats 


However, based on the narrower and thinner trace, the 
voltage can be expected to be at least doubled. This would 
result in: 

Power {20591 81 S2)}0489)2) 108178 ff 

‘The results appear to show that the highest voltage is 
achieved with @ narrower aad thinner conductor trace, This 
is not unexpected from the energy harvesting scenario. At 
the frequencies involved, the current tends to How on the 
ouside surtiee with possible eddy current flowing in the 
interior that will contibute losses. 

Consider reucing only the width of the traces, The PCB. 
traces are on the ofl of 700 10 1300 mierons. A plot of the 
data for the slope in the linear fall off(y=-Mx+ b, M is the 
linear fall off oF slope of the trend line) as shown in FIG. 7 
for antennas A, B and C is shown in FIG. 244, 
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“The point ofthis discussion is solely to see the falloff rate 
for the harvested energy as the antenna trace patter is 
reduced in width, The tread lines of FIG. 10, for example, 
have both a slope and a y intercept, M and b in the above 
‘equation for y. The discussion here concems solely the 
slope, M, of the trend line. The y intercept appears to be 
primarily a function of the antenna area and is outside this 
current discussion, 

Based on the projection shown in FIG. 248, the fall off 
rate in eneruy is, ~0.0328, compare with, -0.0821, for 
‘Antenna B as the antenna tmee width is reduced 10 25 

“Thus, based solely on the projection in FIG. 242, the rate 
improvement of the all off in going to a CMOS die from a 
PCB implementation is about 22%. Therefore, in general, it 
‘can be expected thatthe deterioration in performance for a 
CMOS die will be much better (less per unit distance) than 
4 PCB implementation as the distance between the source 
and device increases. 

An example of the effect of this difference ean be seen in 
FIG, 28, assuming the intercept point that would make the 
harvested voltages at 50 centimeters to be the same, 

Another interesting look atthe projections in going from 
PCB antennas to those ef a CMOS die can be obtained by 
‘considering the thickness results from FIG, 134, The results 
‘of the decrease in thickness are shown below in FIG. 26a, 
Based on the trend line fitted to these dats points, an 
extrapolation to approximately 1 micron is shown in FIG. 
26h, Fit can be assumed that both the PCB and the CMOS. 
die have the same value at say 50 centimeters, it can be 
‘conjectured that the break point as shown in FIG. 148, can 
be extended to 13,600 centimeters or 446 feet 

Obviously the simple extension to 446 feet from 70 
‘centimeters is difficult to defend, The point here is that there 
are certain ofthe parameters in the design ofthe antenna that 
‘must be taken into account that provide direction into the 
‘experimental development that will eventually produce a 
‘working result although the theory as to why may’be delayed 
by a considerable time, 

‘There is no suggestion, other than the extrapolation, that 
the 446 feet can be achieved. This result is for copper, and 
‘most current fabrications are done with aluminum. 

(One major conclusion of these results is Ua the transition 
from a PCB implementation to a CMOS die need sot be 
considered to be an unfavorable transition. 

‘The primary reduction in the PCB to CMOS die transition 
is the attendant desire to reduce area because of the relative 
cost ofa PCB compared to a CMOS die per unit (equivalent) 

All ofthe previous results were obtained with the anten- 
rnas in the same orientation with respect to the source 
antenna. In order to evaluate the orientation issue, FIG. 27 
shows six orientations that were tested 

‘The voltage as a function of distance curves for the six 
configurations are shown in FIG. 28. Obviously, the most 
favorable positions are positions 1 and 2. Position 1 is the 
position that was use for all ofthe previous results. The two 
orientations, 5 and 6, ae inchiced forthe sake of complete 
ness. However, these two are not at all favorable. One reason. 
for their inclusion was that these two were quite favorable in 
the early tests on the Delia 1 CMOS aitenna, At this time 
there has been no attempt to discover why the PCB and 
CMOS results for the horizontal antenna appear to be 
different 
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“The trend lines for the curves of FIG. 28 are given in FIG. 
29, From the trend lines, position 1 is the best in terms ofthe 
¥ intercept. However, the fall-off rate for position 2 is the 
‘nest for the two positions. If we consider the longest distance 
for a typical PIC microcontroller to function based on 2.5, 
volts, Position 2 yields 90:8 centimeters and Position 1 
yields 89.1 centimeters. These two results are extremely 
lose based on the trend fines. 

“The negative slope and the y intercept of the trend lines 
is shown below in FIG. 30, The angle showa aloag the 
abscissa isthe feed line of the micro-strip type food where 
the angle is from the feed line in the direction of the load 
circuitry. In FIG. 27, P4 is O degrees, P2 is 90 degrees, P4 
is I80 degrees, and PL is 270 degrees 

[Based on the results reported here, the conclusions are 
summarized as Follows: 

1, Impedance matching is essential but does not guarantee 

‘optimum performance fora fixed area of a small antenna 
2. A-% wavelength antenna appears to be the optimum 

antenna for a fixed area 
3. The area appears to e the most important factor—given 

Land 2 
4. The spiral antenna peofile is prefered because itis much, 

casier to match impedances 
5, The narrowest trace (Width) appears to be optimum 

‘The thinnest trace (height) appears to be optimum 
Increased conductor length does not appear to offer any 
benefit for energy harvesting 
'8, The miero-strip line feed is superior to the probe feed 
9. There should be no ground plane under the antenna 
10. The square spiralis preferred to the square patch based 

‘on impedance matching considerations 
11, Both tank resistance and reflected load power due to 

‘mismatched impedances appear to increase the effective 

area of the small antenna 

‘While for convenience of disclosure primary attention has 
been directed toward use of the preferred embodiments of 
the invention which employ: IC chips or printed cirewit 
boards, the invention may also be employed advantageously 
in connection with other substrates in wireless untethered 
devices. 

‘Whereas particular embodiments of the invention have 
been disclosed herein for purposes of illustration, it will be 
evident to those skilled in the art that numerous variations of | 
the details may be made without departing from the iaven- 
tion as set forth in the appended claims. 
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“The inveation claimed is: 

1, A wireless untethered device comprising: 

at least one antenna; 

circuitry operatively associated with said! antenna for 
receipt of eneruy harvested by said antenna from space, 
sid circuitry being structured to convert said enengy 10 
inwet current; and 

4 system structured to be energized by the direct current 
from said circuitry, said system und said circuit 
having an impedance mismatch with respect 10 said 
antenna wherein said antenna, said circuitry and said 
system together form an integrated antenna and 
Wherein said antenna has an effective area greater than, 
its physical aca, 

2. The wiroless untethered device of claim 1 including 

‘aid wireless untethered device being selected from the 
group consisting of an integrated circuit chip and a 
printed cireuit board 

43. The wireless untethered device of claim 1 including 

‘aid wireless untetherod device being an integrated cireuit 
chip. 

4. The integrated circuit chip of claim 3 including 

said antenna being integrally formed on said chip. 

5, The integrated circuit chip of claim 4 including 

said antenna structured to receive RF energy and deliver 
it to said circuitry. 

6. The integrated circuit chip of claim 4 including. 

a second integral antenna for transmitting data 

7. The integrated circuit chip of claim 4 including 

aid antenna being a spiral antenna. 

8. The integrated circuit chip of claim 7 including 

said spiral antenna being a square spiral 

9. The integrated circuit chip of claim 3 including 

said circuity having a tank circuit for increasing the 
effective area of said antenna, 

10. The integrated circuit chip of claim $ including 

sid antenna having a length of about “4 wavelength of 
‘std RF energy. 

11. The integrated circuit chip of elaim 3 including 

‘4 miero-srip feed line connected to said antenna, 

12, The integrated circuit chip of claim 3 including 

sid eirevitey having a non 2ero resistance whieh results 
in retransmission of some of said energy to thereby 
interfere with uansmitted energy and increase the 
effective area of said antenna, 
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Figure 48: Dual-Connectivity Options with LTE as Master 


Option 3x combines the benefits of both worlds 
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LTE-NR Coexistence 

LTE-NR coexistence is a Release 15 work item. This section describes how such co- 
existence may be achieved. Different LTE-NR co-existence cases include the following: time 
domain LTE/NR adjacent channel coexistence; LTE Secondary Cell on/off for LTE/NR 
adaptation; in-carrier LTE+NR coexistence in downlink, and in-carrier LTE+NR coexistence 
in uplink. 


NR coexistence is required for LTE UEs of all releases. Because carrier aggregation was not 
introduced into LTE until LTE Release 10, CA-based techniques cannot be used as the sole 
means to achieve LTE/NR coexistence. However, CA techniques can be used for both time 
domain coexistence and frequency domain coexistence. For time domain coexistence, on 
a given carrier, LTE and NR are time-multiplexed by means of Secondary Cell (SCell) 
activation or deactivation. For frequency domain coexistence, the network configures a 
carrier, such as a 20MHz carrier, into multiple carriers, with, for example, 10MHz allocated 
to LTE and the remaining 10MHz to NR. Note that frequency domain coexistence can be 
accomplished without using carrier aggregation. 


Figure 49 illustrates the frequency domain technique. Note that when splitting the 20MHz 
carrier into two allocations of 10MHz, the LTE carrier remains centered at the same 
frequency and the NR allocation is not consecutive. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 110, 


W. I. PENNOCK, 
APPARATUS FOR COLLEOTING ATMOSPHERIC ELECTRICITY. 
APPLIOATION FILED JHE 26, 1007, 


911,260, Patented Feb. 2, 1909. 


ae 


UNITED STATES PATENT OFFICE. 


WALTER 1. PENNOCK, OF PHILADELPHIA, PENNSYLVANLA, 


APPARATUS FOR COLLECTING 


ATMOSPHERIC ELECTRICITY. 


No. 011,260. 


Specification of Letters Patent. 


Potented Feb. 2, 1809. 


Applicaton fled Tune 26, 1907. Serial No, 880,007, 


‘To all whom it may concern: j] 

Be it known that I, Wauten I, Pewnocx, | 
guitizen of the United States, residing af | 
Philadelphia, in the county of Philadelphia | 
and Stato of Pennsylvania, have invented | 
certain new and. useftl Improvements. in 
-Apparatus for Collecting Atmospheric Elec. | 
ineity, of which the following is a speci- | 
fication, 


surface, 

The object of my invention is to provide 
a conveyance of the electro motive force to 
be found in the upper strata of the atmos- 

to the earth's surface; where it may | 
Be utilized Yor commercial ant other pur- 
poses. 

A further object of my invention is to | 
provide a device or mechanism by which a 
suitable collector for the electrical eneray 
in the upper strata of the earth's atmos 
phere may. be elevated in the said strata 
and by which the said electric energy may 
be transmitted to and collected at the earth's 
surface, from which point it may be con- 
ducted ‘to any place where it is desired to 
use the same. 

‘A further object of my invention is to 
support and anchor said device in any de- 
sired position, 

A further object of my invention is to 

rovide an improved form of collector 
through which the energy of the said upper 
strata of the earth’s atmosphere may be col- 
lected and transmitted for various purposes | 
to the earth’s surface. 

Other objects of my invention will appear 
in the specification and claims below. 

For a further full, clear and complete dis- | 
closure of my invention, reference may be 
had to the following description and accom- 
Panying drawings, in which like reference | 
chatacters refer to corresponding parts, | 

Figure 1 is an elevational view of one | 
form or embodiment of my invention and 
Fig. 2 is a detailed view of one form of my | 
ved collector. 

@ passage of the electrical currenit to 
the earth under ordinary conditions is pre- 
56 vented by an obstruction afforded by. the | 
dense lower strata of the atmosphere, which | 
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is a bad conductor of electricity, as shown 
by. the electrodes of an ordinary static ma- 


chine. When the electrodes “are placed 
close ‘together, the atmosphere is seen to cv 
carry the enrrent, aeross from one electrode 


to nother, but if placed far apart the eur- 
rent is obstrueted by the intervening ain. 


70 


% 


to the electric current, or power in its pas. 
sage to the earths surface from the electric 
stints of the, atmosphere under ordinary 
conditions. When, however, the cumultis 
clouds of a thunder storm pass over the sur- 
face of the earth, these clouds being of very 
great height, the moisture in said clouds 
forms a better conductor of eleciricity than 
does the dry air, with the result that the 
electricity in the upper strata of the atmos- 

phere breaks through the said cloud as a 
streak of lightning and in that, form reaches 
even to the earth’s surface, while the thin 
or shallow strata of clouds, observed in the 
so-called “settled rain” storm, do not ex- 
tend upward to a sufficient height to form a 
conducting medium for the electricity from 
tho electric strata to the earth’s surface. 

or this reason there is usually no light- 
ning during the said latter variety of rain 
storm. 

_By means of my invention, T have pro- 1 
vided a mechanisin for collecting the elec. 
trical energy or power created by nature 
and stored in the upper strata of rarefied 
air of the earth's atmosphere and have pro- 
vided a conductor for said electric energy 
to the earth’s surface. 

Referring now to the drawings 1 in 
cates what’ may be called the lower limits 
or boundaries of the strata of electric en- 
exgy, above the surface 2 of the earth. 

2 indicates a balloon which is elevated to 
a high altitude antil it enters the said stra- 
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tum, ‘The snid balloon § carties a bar 4 of 
wood or any other suitable non-conducting, 
Jhaterial suspended by insulating links 5 or 
any other suitable form of insulation from 
the balloon 3. Upon either end of the said 
bar 4'T mount collectors, one form of which 
T have illustrated as spheres of coiled wire 
66) the outer ends 7 of which terminate 
jn sharp points. ‘The inner turns of the said 
spheres 6 and 6” are wrapped around the 
ywooden bar 4 and united as at 8 to a con- 
Guetor of electric energy, preferably a large 
copper wire 9. This wire or conductor 9 
extends to the earth’s surface and may have 
fts end suitably attached to an electric ac- 
cumulator or other piece of electrical appa- 
ratus. I have illustrated one form of my 


jnvention in which the conductor 9 is con- | 


nected to one pole of a storage battery 10 
on the earth’s surface. 

"The spiral spheres 6, 6” are preferably 
provided with a polished metallic surface 
To form a good conductor of electricity and 
the materinl of said spheres should also be 
of such a character that it will not rust or 
corrode or tarnish. A polished copper wire 
or a copper wire plated with platinum or 
gold or solid platinum or gold wire may 

fe used for this purpose, inasmuch as these 
materials are least alfected by moisture and 
the atmosphere. The said spheres or col- 
Jectors may be made of smooth wire as 
shown in the sphere designated by the nu- 
mneral 6 or of barbed wire, as is shown at 6” 
and illustrated on a larger seale in Fig. 2 of 
the drawings. ‘The latter form is prefe 
able inasmuch as it provides a large number 
of points through which the electricity may 
flow to the wire from the surrounding air 
in the said upper strata of the earth’s at- 
mosphere. 

‘In order that the supporting balloon 8 
may be held in a relatively fixed position, it 
should be suitably anchored to the earth's 
surface. Inasmuch as the balloon, 8 must 
he elevated to a very high position, the 
woight of the anchoring cables forms an 
important consideration, and if desired or 
necessary one or more’ supplemental bal- 
Joons 11, 11, 11 may be attached to each of 
‘the anchoring cables 12, 12, 12 as illustrated 
in Fig. 1, to relieve the balloon 8 of such 
weight as would prevent it from ascending 
nto the said electrical strata, In order that 
the electricity from the said upper strata 
of the earth's atmosphere may not be con- 


ucted down the anchoring cables 12 12,12, 


{attach them to the supporting balloon 3 
and to the supplemental balloons 11 and to 
the earth’s surface through suitable insu- 
lating deviees 14. 

Jn the form of my invention ‘illustrated 
in Fi 


011,260 


thereto by means of insulating rings 14, 14, 
14. I may also provide additional insulat- 
ing rings 14 between that portion of the 
anchoring eables 12 between the balloon 8 
and the supplemental balloons 11, and also 
between that part of the cable 12 between 
the supplemental balloons 12 and the earth’s 
surface. Imay also provide, near theearth’s 
surface and at the lower end of the anchor- 
ing cables 12, similar insulating links 14. 
While L have described links as forming a 
wae ient fom of insulating, device for 
the purposes above set forth, I'do not wish 
to be construed as being limited to the same, 
inasmuch as any, spitable non - conducting 
connection may be used in place of the 
links 14. 

‘The terminals 15, 15 of the storage bat 
tery 10 may be connected to any piece of 
cleetric apparatus which it is desired to run 
or operate and if desirable one of the poles 
Of the battery is adapted to be connected by 
the switch 16 with the earth’s surface, “The 
lower ends of the anchoring eables 12 are 
seenrely anchored to the earth’s surface as 
at IT 

‘With. the apparatus arranged and con- 
nocted int the manner illustrated in Big, 1, 
the electric energy in the high strata of the 
earth's almosphere passes to and through 
the conductive spiral spheres 6 or 6’ to the 
conductor 0 and js suitably stored or used 
at the earth’s surface, while the balloons 11 
support a part of the weight of the anchor- 
ing cables 12, and permit the balloon 8 to 
ascend as high as is possible, or necessary 


\ for it to enter the said electrical strata of 


the earth’s atmosphere, By arranging the 
anchorage 17 of the cables 12 symmetrically 
or in any other position than in a straight 
Tine, the balloon 8 may be held in a sub- 
stantially fixed position with elation to the 
arth. 

‘While T have illustrated in the drawings 
and have described in the specification a 
form of apparatus in which my invention. 
may be carried out, it-is obvious that the 
drawings are_more or less diagrammatic 
Grawings, that is to say, that the propor- 
tions of ‘the various parts are not neces- 
Sally those which would operate to the best 
advantage, inasmuch as -certain portions 
have been shown as greatly enlarged in the 
drawings for the sake of clearness, and that 
it is likely that more than one supplemental 
balloon would be réquird for each cable in 
order to support the weight of the sam« 
tnd to relieve the supporting balloon 8 of 
such weight, as would prevent it from as- 
cending into the high electrical strata of the 
earth's atmosphere, but such changes in 
form, proportion and arrangement I regard 
as being Sully within the aim and scope of 
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'L, below the bar 4, I suspend a rinj 
is Many autable material trom the bale 


my invention, s0 long as such formsor modi- 
Joon , and attach the anchoring cables 12 


fications fall within the scope of the append- 130 
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ed claims. I¢ is also to be understood that 
the storage battery or accumulator which T 
have shown as being connected to my col- 
Jestor is only a typeof apparatus which ean 
bo operated by the current collected by the 
spheres 6, 6’ and transmitted to the earth 
ti rough the wire 9, and when I use the 
word" accumulator®, T mean any piece of 
useful apparatus which is operated by the | 
current transmitted thereto through. the 
wire or conductor 9. 

Having thus described my invention, what 
claim and desire to protect by Letters Pat- 
ent of the United States is: 

1. The combination with an electrical col- 
lector comprising a bar of non-conducting 
‘material, and an open spherical conductor 
carried by said bar, of means to. support | 
said collector in the high electrical strata of | 
the earth's atmosphere: 

2. The combination with a balloon, of an 
electrical collector supported thereby and 
insulated therefrom, coinprising a bar of 
non-conducting material, and a conductor 
wound spirally around said ban, 

3. The combination with an electrical col- 
Jector comprising a non-conducting bar, and 
 condnetive wire wound thereon to form 
an open substantially spherical body, and | 
‘means to support said collector in the’ high 
clectrical strata of the earth's atmosphere. 

4. The combination with a balloon, of an 
electrical collector carried thereby and com- 
prising a non-conducting bar, and a polished 
‘wire wound spirally thereon to form an 
‘open substantially spherical body, i} 

5, The combination with an electrical col- 
lector comprising a non-conducting bar, and 
a wire wound spitaly’ thereon t0-forin an 
open substantially spherical body, said wire 


s 


being provided with pointed conducting 

rrojections, and means to support said col- 
ctor in the high electrical strata of the 
earth's atmosphere, 

6, The combination with a balloon, of an 
electrical collector earried thereby compris- 
ing a non-conducting bar, and a conducting 
wite wound spirally thereon to form open 
substantially spherical bodies upon the op- 
posite ends thereof, 

7. The combination with a balloon, of an 
electrical collector earried thereby compris- 
ing a non-conducting bar, a conducting wire 
wound spirally thereon to form open sub- 
stantially spherical bodies upon the opposite 
ends thereof, an electrical accumulator, and 
an electrical connection between the said col- 
Jector and said accumulator. 

8. The combination with a balloon, and 
‘means to dnchor said balloon, of an electrical 
collector supported by said balloon and in- 
sulated therefrom, an electrical accumulator, 
and a. conductor’ connecting 
and said accumulator. 

9, The combination of an electrical col- 
lector, means to support said collector at a 
high elevation from the earth’s surface and 
within the electrical strata of the earth's at- 
mosphere, an electrical accumulator at the 
earth’s surface, an electrical connection be- 
tween said collector and said accumulator, 
and means to insulate said supporting means 
from said collector and from the earth. 

In testimony whereof, I have hereunto set 
my hand this 25th day of June, 1907. 


WALTER I. PENNOCK. 


iid collector 


Witnesses: 
‘Hyon. F. Quay, 
‘Wx. G. Gurnn, 
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Time Domain LTE/ NR Coexistence Techniques 


Time domain coexistence of LTE and NR can be dynamic (subframe level) or semi-static 
(MAC/RRC). In the latter case, spectrum resources are configured as SCell for a LTE UE, 
and the network can turn these resources on or off by means of SCell activation or 
deactivation using MAC control elements or by adding and removing the SCell via RRC 
signaling. Whenever the SCell is deactivated or not configured, the spectrum resources can 
be used for NR transmissions. In LTE Rel. 12, small-cell enhancements were introduced 
that allow a UE to measure discovery reference signals (DRS) on a deactivated SCell. In 
that case, further coordination between LTE and NR may be required even when the SCell 
is deactivated, as DRS may still be transmitted periodically. Generally, though, this kind of 
coexistence can be achieved by network implementation. 


For the case of dynamic coexistence, LTE and NR co-exist in the same spectrum, and the 
network can multiplex the two on a subframe level. Because LTE transmits Cell-Specific 
Reference Signals (CRS) in all DL subframes and in the Downlink Pilot Time Slot (DwPTS) 
and non-Multicast- Broadcast Single-Frequency network (non-MBSFN) region of special and 
MBSFN subframes, respectively, dynamic coexistence is not as straightforward as semi- 
static coexistence. 


Similar to the case of time domain coexistence based on CA techniques, whenever OFDM 
symbols do not carry CRS, coexistence can be achieved by a gNB scheduler 
implementation. In particular, the gNB can schedule mini-slot-based transmissions in the 
Uplink Pilot Time Slot (UpPTS) region of a special subframe and in the MBSEN region of an 
MBSFN subframe, neither of which carry CRS. In LTE UL subframes, the gNB can schedule 
NR transmissions using either slots or mini-slots. For example, when Sounding Reference 
Signal (SRS) is transmitted at the end of a subframe, all 14 OFDM symbols may not be 
available for NR, and mini-slots can be used. Otherwise, slots can be used to transmit NR 
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To allewhom it may concern: 
Be it known that I, Homwaxy Pavvsox, 
Xsthonian subject, residing in Hamburg, 
Germany, have, invented certain new and 
® useful Improvements in ‘he Conversion of 
Atmospheric Electric Energy, of which the 
following is a specification. 
Methods of obtaining atmospheric. elec- 
tricity by means of metallic nettings set with 
1W spikes which are held by. means of ordinary 
‘or anchored kite balloons made of fabrics 
“and filled with hydrogen, are in thebry al- 
ready known. . Atmospheric électricity ob- 
taincd in this way has been suggested to be 
8 used in the form of direct current, for the 
charging of accumulators. This knowled, 
however is at present only theoretical as 
conversion in practice has hitherto been a 
failure. No means are known of protecting 
the apparatns from destruction by lightning. 
‘The balloons used for collecting the charge 
ust also be made of very large size in order 
to be able to support the weight of the me- 
ag (alle netting and the heavy’ table’ connec: 
tions. . 
Tastead of using heavy metallic netting. ag 
colletors atlached to single air balloons of 
+ non-eonductinig materials whieh are Liable to 
be torn and are permeable to the gas, it is 
proposed to use metallic balloon collectors 
‘which have the following important. advan- 
tnges— 

(a), The metallic easés_are innpenetrable 
to helium and hydrogen; they also represent 
Jnrge metallic weather-ptoof collecting sur- 
faces 

(b) Radio active means and.the like may 
be ensily applied internally or externall 
whereby the ionization is considerably in: 
creased and therewith also the quantity of 
atmospheric electricity eapable of being eol- 
lected. 

(c) Such balloon collectors of light inetal 
dar not require to be of large size as they 
4 have to carry only their own moderate 

weight, and thiat of the conducting-eable or 

(a) The entire system therefore offers it. 
tte efate far the Deion of sera ead ind 

99 and is resistant and stable. 

(e) Each balloon can be easily raised and 
lowered by means of a winch so that all re- 
pairs, recharging and the like can be carried 
fut without danger during the operation, 


20 
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It is further proposed to use a collecting 5° 
aerial network of several separate collectors 
spread out in the air above the earth, which 
collectors are interconnected by electrical 
conductors. 

‘According to this invention charges of 
mospheric electricity are not directly: con- 
yerted intg mechanical energy, and this 
forms the main difference from previous in- 
‘ventions, bat the static electricity which runs 
to earth through aerial conductors in. the 
form of direct current of very high-voltage 
‘and low current strength is converted into 
electro-dynamic energy in the form ef high 
‘frequency vibrations, Many advantages are 
thereby obtained and. all disadvantages 70 


w 


e avoided. 


The yery high voltage of static electricity 
of a low current strength can be converted 
by this invention to voltages more suitable 
for technical purposes and of greater cur- 
rent strength, " By the use of closed oscilla- 
tory circuits it is possible to obtain electro. 
magnetic waves of various amplitude and 
thereby to increase the degree Of resonance 
of such current. ‘Such resonance allows va- 
rious: values of induetance to be chosen 
whereby again the governing of the starting 
and stopping of machines driven thereby by 
simply tuning the resonance between coils 
of the machine and the transformer circuit 
forming the resonance can easily be ob- 
tainod. Further, such’ currents have the 
property of being directly available for va- 
ious uses, even without employing them for 
Ariving motors, of which-thére may be par- 
ticularly mentioned, lighting, produetion of 
heat and use in electro-chemistry. 

Further, with such currents a series of ap- 
paratus may be fed without direct current 
supply through conductors and also the 
electro-magnetic high - frequency’ ‘currents 
may be converted by means of special motors 
adapted for electro-magnetic oscillations 
inté mechanical energy, or finally converted 
by special machines into alternating current 
of low frequency or even into direct current 
of high potential. 

‘The invention’ is more particularly de- 
seribed with reference to the accompanying 
diagrams in which: 4 

Figure 1 js an explanatory figure. 

Bigure 2 isa diagrammatic view of the 

simplest form. 


3 


0 


260 


105 


1 


20 


40 


o 


2 


Figure 9 shows. « method of converting 
atmospheric electrical energy for use with 

Figure 4 is a dingram showing the use of 
protective means. 

Figure 5 is a diagram of an arrangement 
for converting large current strengths. 

Figure 6 isa diagram of an arrangement 
incliding controlling means. 

Figure 7 shows means whereby the spark 
gap length can be adjusted. 

igure 8 shows a unipolar connestion for 
the motor. 

Figure 9 shows a weak coupled system 
suitable for use with small power motors. 

Figures 10, 11 and 12 show modified ar 
rangements. 

Figure 13 shows a form of inductive cou- 
pling for the motor eireuit. ‘ 

Figure 14 is a modified form of Figure 13 
with induetive coupling. 

Figure 15 is an arrangement with non- 
inductive motor. : 

Figure 16 is an arrangement with, cou- 
pling by condenser. 

Figuies 17, 18 and 19 are diagrams of fur 
ther modifications. coho 

Figure 20 shows a simple form in which 
tho aerial network is combined. with special 
collectors J 

Figure 21 shows diagrammatically an ar- 
rangement suitable for collecting large 
quantities of energy. 

Figure 92 is a modified arrangement, hay- 


ing two rings of collectors. 


igure 28 shows the connections for three 
rings of collectors. 

Figure 24 shows a collecting balloon and 
diagram of its connection of condenser bat- 
terles. 

Figures 25 sind 26 show modified collector 
balloon arrangements. 

Figure 27 shows a second method of con- 
necting conductor for the balloon aerials. 

Figure 98 shows an auto-transformer 
method of eonneetion. 

‘Figaro 29 shows the simplest form of con- 
struction with incandeseent cathode. 

‘Figure 30 shows a form with cigar shaped 
balloon. 

Figure 31 is a modified arrangement. 

Figure 32 shows a form with eathode and 
cleetrode enclosed in a vacuum chamber 

Figure 33 is a modified form of Figure 32. 

igure 34 shows an are light collector. 

igure 36 shows such an arrangement for 
alternating eurrent. 

Figure 36 shows an incandescent collector 
with Nernst lamp. 

Figure 87 shows a form with a gas flame. 

Figure 1 illustrates a simple diagram for 
converting static electricity into dynamic 
energy of a high number of, oscillations. 
For the sake of clearness in the drawings an 
influence machine is assumed to be employed 
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and not an aerial antenna. 13-and 14 are 
combs for collecting the static electricity of 
the infuenco machine. 7 and 8 are spark 
discharging electrodes, 6 and 5 condensers, 
9 an inductive primaty coll, 10 secondary 
coil, Land 2ends of conductors of the see- 
ondary coil 10. When the dise of the static 
influence machine is rotated by mechanical 
means, the combs collect the electric charges 
one the positive and the other the negative 
and charge the eondensors 5 and 6 until such 
a high potential is formed across the spark 
gp 7-8, that the spark gap is jumped. As 
the spark gap 7 forms a, closed eireni 
with condensers 6 and 5, and induetive re- 
sistance 9, ns is well known, waves of high 
frequency’ electromagnetic oscillations will 
pag in this clr ah 

he high frequehey of the oscillations 
produced’ in the primary -cireuit indwees 
waves ‘of, the same perioilicity in the sec- 
ondary cireuit. ‘Thus in the primary cir 
cuit electromagnetic oscillations are formed 
by the passage of the spark over the spark 
gup and these waves are maintained by fresh 
charges of static electricit 

By suitably selecting the 
number of the eoils in the primary and see- 
ondaty cireuits with regard to a correct ap- 
plication of. the co-eflicients of resonance 
(capacity, inductance, and resistance) the 
high voltago of the primary circuit may be 
suitably converted into low, voltage and high 
current strength, 

‘When the oscillatory discharges in the pri- 
mary circuit becomés weaker or entirely 
cease, the condensers are charged again by 
the static electricity until the accumulated 
charge again breaks down the spark. ga 
‘All this is repeated as long as electrcit 
produced by the static machine by emplo 
ing mechanical energy. 

‘An clementary form of the invention i& 
shown in Figure 2 in which two spark gaps 
in parallel are used one of which may he 
terined the working gap 7 in Figure 2, whil 
the second serves as a safety devi 
cess voltage and consists of a anger number 
of spare gaps than the working section, 
hich gaps are arrange in saves and are 
bridged by very small capacities as is illus- 
trated in a, 2,, ¢,, Figure 2 which allow of 
uniform sparking’ in the safety section. 

In: Figure 2 A is the aerial antenna for 
collecting charges of atmospheric electricity. 
18 is the earth connection of the second part 
of the spark gup, 8 and are condensers 9 a 


Now when through the aerial 
‘e atmospheric electricity secks 
con ith the negative charge toearth, 
this is prevented by (the air gap between) 
the spark gaps. ‘The resistance of the spar 
gap 7 is, as shown in the drawings, lower 
‘than thal of the other safety section which 
consists-of three-spark gaps connected in 
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seties, and consequently a three times greater 

air resistance is offered by the latter, 

So long therefore, as the resistance of 
tho spark gap 7 is not overloaded, so that 

5 the other spark gaps have an equal resist- 
ance with it the discharges take place only 
over spark gap 7. Should however the 
voltage be increased by ‘any influences so 
that’ it might be dangerous for charging 

10 the condensers 5 and 6 or for the coil in- 
sailation 9 and 10 in. consequence of break 
down, by a correct regulation of this spark 

cap the second spark gap can discharge free 
7m inductive effects direct to earth with- 

16. out endangering the machine. 

‘Without this second spark gip, arranged 

<i parallel having’ uigher reianes than 

the working spark gap itis imposible to 
colleet.and-render available large quantities 

20 of electrical energy. ‘ 

‘The action of this lose oavillation cir 
cnit consisting of spark gap 7, two condens- 
ers 5 and 8, primary coil 9,"and also see- 
ondary coil 30 is exactly the same as the 

2% one described in Figure 1 with the arrange- 
‘mont of the static induction machine with 
the. only difference that here the second 
spark gp is provided. ‘The electromagnetic 
high frequency alternating current obtained 

39 can be tapped off from the conductors 11 
and 12 for lighting and sheating. purposes. 
Special kinds of motors adapted for works 
ing with. these peculiar electrical. chaviges 
may be connected at 14 and 19 which can 

% work with static electricity charges oF with 
high frequency oscillations 

addition to the use of spark gaps 
in parallel a second measure of security is 
also necessary for taking off the current, 
40..This precaution consists according to this 
‘invention, in the introduction of and method 

of connecting certain protective elect 
magnets or choking coils in the aerial cit- 

it as shown by $ in Figure’3, 

‘A single electromagnet only having a core 

of the thinnest possible separate laminations 
is connected with the aerial. 

In the case of high voltages in the serial 
network or at places where there ‘are fre- 
69 quent thunder storms, several such magnets 

may however be connected in series, 
the case of latge units or plants se 
eral electromagnets can be eniployed in par: 
allel or in Series parallel. 
‘The windings of these electromagnets 

‘may be simply connected in series with the 
_ aerials, In this ease the winding preferabl 

consists of several thin parallel wires, whid 

make up together, the necessary section. 
The winding may be made’ of primary 

and secondary. windings in the form of a 

transformer. "The primary winding will be 

then odunected in series with the aerial net- 
work, and tho secondary winding more. or 

64 less short-citenited over a regulating resist 
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ance of an induction coil. In theviuttei’ ” 
case itis, possible to regulate to, a cerbain , 
extent the effect of the choking coils. . In 
the further description, of the connecting 
and constructional diagrams the aevial elec- 7 
tromagnet choke coil is indicated by a 
simple ring S. 

. Figure 3 shows the simplest way’ of con- 
verting atmospheric electricity into electro 
magnetic wave energy by the use of special 
motors adapted for high oscillatory cur- 
Tents or static charges of electrical energ: 
Recent improvements in motors for wor 
ing with static charges and motors working 
by resonance, that is to say, having groups 
of, tuned electromagnetic cooperating cir- 
euits render this possible. but such do not 
form part of the present invention. 

A motor. adapted to operate with static 
charges will for the suke of simplicity be 
diagrammatically indieated by two semi- 
circles 1-and 2 and the rotor of the motor 
by a ring M. (Figure 3.) A is a vertical 
aerial of derial network. S_ the safety 
choke or électromagnet with coil O as may 
bevseon is conneated with the aerial A. Ade 
jacent the electromagnet’ S the serial con. 
auctor ie divided, into threo, cikcuits the 
circuit: § giving the safoty spark gap, the 
cirouit 7 with the working sparle gap, and 
‘then a cireuit including the stator terminal 
1, the rotor and stator terminal 2 at which 
‘connection is made to the earth wire. ‘The 
two spark gaps. are also connected metal- 
ically with the earth wire. ‘The method of 
working these diagrams is as follows: 

‘The postive atmospheric electric change 
collected tends to combine with the negative 
electricity (or earth electricity) ‘connected 
with the earth wire.» Tt travels along the 
aerial A-through the electromagnet $ vwith- 
out being checked as it flows in the.saine di- 
rection as the direct current. Further, its 
progress is arrested by two ‘sparks gaps 
placed in the way and the stator condenser 
surfaces. The stator condenser surfaces are 
charged until the charge is greater (han 
the resistance of the spark gap 7, whereupon 
a spark springs over the spark gap and an 
oscillatory. charge is obtained as by means 
of the motor M, stator surfaces 1 and.2, and 
spark gap 7,1! elose oscillation cnet ie 
obtained for’ producing the electromagnetic 
oseillations.. "Phe motor here forms the ea- 
pacity and the necessary induetance and re 

sistance, which, as is wall known, are neces 
sary for converting static electricity into 
electromagnetic wave energy. 

‘The discharges formed are converted into 
mechanical energy in special motors and can 
not reach the aerial network by reason of 
the electromagnet. or. choke. .1f, however, 
when a spark springs over the spark gap 7 
2 greater quantity of atmospheric electricity 
tends to flow to earth, a co:nter voltage is 
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induced in the electromagnet, which is 
eater the more rapidly and strongly the 
low of current direct to the earth is. By 
the formation of this opposing voltage 
sufiiciently high resistance ig offered to the 
flow of atmospheric electricity direct to 
earth to prevent a short circuit with the 
earth. 

‘Dho circuit containing spark gap 8 having 
a different wave length which is not in res0- 
nance with the natural frequency of the 
‘motor, does nob endanger the motor and 
serves as secutity against excess voltage, 
which, as practical experiments have shown, 
may still arise in certain cases, but, can be 
conducted direct to earth through this spark 


Ta the diagram iltustrated in Figure the 
spark gap 7 is shunted across condensers 5 
and 6 from the motor M. ‘This construction 
affords mainly a better insulation of the 
motor against excess voltage and a uniform 

mn through the spark gap 7. 
igure 5 a diagram is illustrated for 
transforming large current strengths which 
may be employed direct without motors, for 
example, for lighting or heating purposes. 
‘The main difference is that here the spark 
gap consists of a star shapod dise 7 which 
can rotate on its own axis and is rotated by 
a motor opposite similarly fitted electrodes 
‘ia, When. separate points of stars face one 
another, discharges tale place, thus forming 
an oscillation circuit over condensers 5 and 
Gand inductance 9 for oscillatory discharzes. 
It is evident that a motor may also be di- 
rectly connected to the ends of the spiral 9. 

‘The construction of the diagram shown 
in Figure 6 permits of the oscillation circuit 
of the motor being connected-with an in- 
Quetion coil. Here a regulating indueti 
resistance is introduced. for counter-acting 
excess voltages in the motor. By cutting the 
separate coils 9 (coupled inductively to the 
aerial) in or ont the inductive action on the 
motor may be more or less increased or 
yawiable aerial action may be exerted on the 
oscillation cireuit. 

\In Figure 7 the oscillation cirenit is closed 
through the earth (E and B,).. The spark 
gap 7 may be prolonged or shortened by 
more or fewer spark gaps being successively 
connected by means of a contact arm 7. 

Diagram 8 shows a unipolar connection of 
the motor with the aerial network. Here 
tivo oscillation cirenits are closed through 
‘the same motor. The first oscillation circuit 

passes from acrial .\ through electromagnet 
S, point «, induetance 9 to the earth con- 
denser 6 and farther, over spark gap 7 to 
the aerial condenser 5 and back toe. ‘Tho 
second oscillation cirenit. starts from the 
aerial condenser 5 at the point «* over the 
inductance 9 to the earth condenser 6 at the 
point @* and through the condenser 6 over 
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the sparc gap 7 back to a", ‘The motor itself 

is inserted between the two points of the 

spark gap 7. From this arrangement slight- 

1y damped oscillation wave currents are pro- 
iuced. : ee 

Tn the diagram illustrated in Figure 9 a 
loosely coupled system of connections is 
Iustrated which is assumed to be for small 
motors for measuring -purposes, A indi 
cates the aerial conductor, § the electromag 
not in the aerial conductor, 9 the induetance, 
7 the spavk gap, 8 and 6 condensers, 1 the 
earth, Af the motor, and 1 and 2 stator eon- 
nections of the motor. ‘The -motor is 
reetly metallically connected with the oscil- 
lation eirenit, 

Tn Figure 10 a purely inductive coupling 
is employed for the motor cirenit. ‘The mo- 
tor is connected with the secondary wire 10 
‘as may be seen in Figure 11 in a somewhat 
modified diagram connection. ‘The same 
applies to the diagram of Figure 12 

hhe diagrams hitherto described prefer- 
ably allow of motors of small and mediura 
strength to be operated. For large aggre- 
gates, however, they are too inconvenient as 
the construction of to or more oscillation 
circuits for large amounts of energy is diffi- 
cult; the governing is still more difficult and 
the danger in switching on or off is greater. 

A means of overcoming such difficlties is 
shown in Figure 13. ‘The oscillation cireuit 
here nuns ating from te point over con- 
denser 5, variable inductance 9, spark gap 
7 and the two segments (3* and 4*) form- 
ing arms of a Wheatstone bridge, back to «. 
If the motor is connected by brushes 8. and 
4 transversely to the two arms of the bridge 
as shown in the drawings, electromagnetic 
oscillations of equal sign are indueed in the 


© stator surfaces 1 and 2 and the motor does 


not revolve. If however. the brushes 3 and 
4 are moved in common’ with the conduct. 
ing wires 1 and 2 which connect the brushes 
‘with the stator poles a certain alteration or 
displacement of the polarity is obtained and 
the motor commences to revolve. 

‘The maximum action will result if one 
brush 3 comes on the central sparkinss con- 
tact 7 and. fhe other brush 4 on the part 2. 
They are however, usually in practice not 
brought on to the central contact 7 but only 
held in the path of the bridge segments 4* 
and 84 in order not to conneet the spark gaps 
with the motor oscillation cireuit, 

“As however, the erttire oscillation energy 
can thereby not act on the motor it is better 
to carry out the same system according to the 
diagram 14. ‘The diagram 14 ¢iffers from 
the foregoing only: by the motor not being 
directly metaltically connected with the seg- 
‘ments of the commutator, but only a pri- 
mary coil 9 which induces in a secondary 
coil 10, current which feeds the motor Mf 
and takes the place of the rotor. By this 
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signals and channels in LTE UL subframes. Even in normal downlink subframes, mini-slots 
could be used to transmit NR channels and signals on OFDM symbols not carrying CRS 
This, however, may leave almost half the resources of a normal DL subframe unusable for 
NR, so other techniques may be preferable. For example, symbols carrying CRS could also 
puncture NR transmissions, similar to URLLC transmissions that pre-empt NR 
transmissions. The same mechanisms specified for eMBB/URLLC coexistence could be used 
for LTE/NR coexistence. 


Frequency Domain LTE/ NR Coexistence Techniques 


Frequency domain coexistence between LTE and NR can also be dynamic or semi-static 
Semi-static FDM-based coexistence is illustrated in Figure 49. Dynamic frequency domain 
coexistence is possible when the (e/g) NB schedules both LTE and NR in the same subframe 
on a Physical Resource Block (PRB) level. 


There also exists the possibility of mixing semi-static and dynamic schemes as well as time 
division multiplexing (TDM)- and frequency division multiplexing (FDM)-based schemes 
based on the duplex direction. UL resources could be dynamically shared in a TDM fashion, 
whereas DL resources would be semi-statically configured and frequency division 
multiplexed between LTE and NR. For example, LTE could operate in paired spectrum, and 
NR could use LTE UL resources for NR UL transmissions but be configured with a separate 
DL or dynamic TDD carrier, such as at a higher frequency band. In this scenario, the LTE 
DL would be semi-statically frequency division multiplexed with NR, but LTE UL resources 
would need to be dynamically shared between LTE and NR. The semi-statically frequency 
division multiplexed NR resources could be for DL only or for both DL and UL. For example, 
it could be beneficial to allow for NR SRS transmissions on the frequency division 
multiplexed NR-only carrier. 


Several issues need to be addressed for the shared LTE UL carrier. For example, if the non- 
shared NR carrier operates in mmWave spectrum while the shared NR/LTE carrier operates 
below 6GHz, the UE does not receive NR DL signals that can be used for power control and 
timing advance of the NR UL transmissions in the shared LTE UL resources. In this case, 
NR signals may have to be sent in the LTE-only DL resources or, alternatively, the NR-only 
UE needs to receive and process LTE signals in the LTE-only DL carrier. To avoid NR UES 
processing LTE signals or LTE eNBs transmitting NR signals, 3GPP will need to investigate 
whether the aforementioned problem could be solved by signaling mechanisms. 
Regardless, further studies are needed to address these issues. 


Coordination Requirements for LTE/ NR Coexistence 


While semi-static techniques identified for coexistence may require minimal coordination, 
dynamic (for example, per-TTI) sharing can be done by coordinating the LTE and NR 
transmissions via three different mechanisms: 


1. Co-locating the NR and LTE scheduling, 


2. Via the X2 interface (or the evolved version of the X2 interface in the new RAN 
architecture) 


3. Over-the-air. 


Options 1 and 2 do not impact any RAN1 specification, whereas Option 3 requires RAN1 
specifications. Also, over-the-air coordination is desirable because it does not require LTE 
and NR scheduling and transmission to be handled by a single eNodeB, nor does it require 
an ultra-low-latency transport between them, thereby providing much more deployment 
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arrangement a good transforming action is 
obtained, « loose coupling and also an os- 
cillation citcuit without « spark gap. 

In Figure 15 the motor is not purely in- 
duetively as in 14, but directly metallically 
branched off from the primary coil (at. @ 
and o*) after the principle of the auto-trans- 
former. 

Jn Figure 16 instead of an inductance a 
condenser. 6 is in similar manner, and for 
the same object: inserted. between’ the. seg- 
ments 3* and 4. ‘This has the advantage 
‘that the segments 3* and 4* need not-be-miade 
cf solid metal but may consist of spiral coils 


3 whereby @ more exact regulation is possible 


and fuither motors of high inductance may 
be employed. : 

‘The arrangements of Figures 17, 18 and 
19 may be employed for use with resonance 
and particularly with induction condenser 
motors; between the large stator induction 
condenser surfaces, small reversing pole con- 
densers are connected, which, as may be seen 
from Figures 17, 18 and 19 are led together 
to earth, Such’ reversing poles have. the 
advantage that with large quantities of 
electrieal energy the spark formation be- 
tween the separate oscillation eireuits ceases. 

Figure 19 shows a further method which 
prevents electromagnetic oscillations of high 
number of alternations formed in the 0 
lation cirouit striking back to the aerial con- 
ductor, Tt is based on the well. known prin- 
ciple that « mereury lamp, one electrode of 
which is formed of mercury, the other of 
lid metal such as steel allows an electric 
charge. to pass in only one, direction from 
the mercury to the steel and not. vice versa, 


» The mercury electrode of the vacuum tube 


0 


66 


N is therefore connected ‘with the aerial 
conductor and the steel electrode with the 
oscillation circuit. From this it results that 
charges ean pass’ only from the aerial 
Unough the vacuum tube to the oscillation 
circuit, but not vice versa. Oscillations 
swchich ‘are formed on. being trensformed in 
the oscillation cirewit eannot. pass to. the 
serial conductor, 

Tn practice these vacuum tubes must be 
connected behind an electro 


ly large surface, Th very Iarge stations 
they are cooled in fiquia carbonic acid or 
better still in liquid nitrogen or hydrogen; 
in most cases the cooling may also take 
place by means of liquefied low homologues 
of the’metal series or by means of hydro- 
carbons the freezing point of which lies at 
between —90° C. and —40° C. ‘The spark 
gap casing must also be insulated and be of 


o 
sufficient strength to be able to resist any 
pressiire which may arise. Any undesirable 
excess super-pressuro which may be formed 
must be automatically let off, T have ein- 
ployed with very good results mercury elece 
trodes which were frozen in liquid carbonic 
acid, the cooling being maintained during 
the Speration from the outs through the 

Figure 20 is one of the simplest forms of 16 
construction of an aerial network in com 
“bination with colleetors, transformers and 
the like illustrated dingrammatically. eis 
here the earth wire, 8 the-safety spark gap, 
7 the working spark gap, 1 and 9 the siator 


Surfaces of the motor, 5 a condenser battery, 


S the protective magnet which is connected 
with the coil in the aerial conductor, A* to 
AY aerial antenna with collecting balloons, 
N horizontal collecting or connecting wires 
from which, to the centre & number of con- 
nections run.” 

‘The: actual collectors consist of metal 
sheaths preferably made of an aluminium 
‘magnesium alloy, and are filled with hydro- 
gen or helium and are attached to copper 
plated steel wires. The size of the balloon 
is selected so that the actual weight of the 
balloon and the weight. of the condueti 
wire is supported thereby. On thé top o 
the balloon aluminium spikes, made "and 
gilded in a special manner hereinafter de- 
seribed, are arranged in order to produce a 
conductor action, Small quantities of 
radiun preparations,» more _ particularly 
polonium-ionium or mesothorium prepara 
tions considerably increase the ionization, 
and therewith the action of these collectors, 

In addition to metal balloons, fabric bal- 
Toons which are superficially metal coated 
‘according to Schoop’s metal spraying proc- 
ess, may however also be employed. A 
metallie surface may also be produced by 
Jnequering with metallic bronzes, preferably 
accorcling to. Schoop’s spraying’ process of 
Incquering with metallic bronze powders in 
two electrical series of widely different 
metals, because thereby the collecting effect 
is considerably increased. 

Instead of the ordinary round balloons, 
elongated cigar shaped ones may be em: 
ployed. In order also to utilize the fric- 
tional energy of the wind, patches or strips 
of non-conducting substances which  pro- 
duce electricity by friction, may be attached 
to the metallized balloon surfaces. | ‘The 
wind will impart a portion of its energy in 
the form of frictional electricity, to the 
balloon casing, and thereby the collecting 
effect is substantially increased. 

In practice however, very high towers 
(up to 300 metres is fully admissible) may 
be employed as antennae, In these towers 
copper tubes rise freely further above the 
top of the tower. A” gas Jamp secured 130 
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against the wind is then lit at the point of 
the copper tube and a netting is secured to 
the copper tube over the flame of this lam} 
to form a collector. ‘The gas is conveye 
through the interior of the tube up to the 
summit, The copper tube must be abso- 
Tutely protected from moisture at the place 
at which-it enters the tower and also, rain 
must be prevented running down the walls 
of the tower which might lead to a bad 
catastrophe. This is done by bell shaped en- 
largements which expand downwards, being 
arranged in the tower in the form of high 
voltage insulators of Siamese pagodas. 
Special attention must he devoted to the 
foundations of such towers. ‘They must be 
well insulated from the ground, which may. 
be obtained by first embedding a layer of 
conereto in a box form to a sufficient depth 
in the ground and inserting in this an 
asphalt lining and then glass bricks cast 
about 1 or 9 metres in thickness. Over this 
in tur there is a ferro-eonereto Tayer in 
which alone the metal foot of the tube is 
secured. This conerete block must be at 
Teast 2 motres from the ground and be fully 
protected at the sides by a wooden covering, 
from moisture. In the lower part, of the 
tower a wood or glass house for the lange 
condenser batteries or for the motors may 
be constructed. Tn-order to Tead the earth 
connection to the ground water, a well in- 
sulated pit constructed of vitreous bricks, 
‘must be provided. Several such towers are 
erected at equal distances apart and con- 
nected with a horizontal conductor. ‘The 
horizontal connecting wires may either ran 
directly from tower to tower or be carried 
‘on bell shaped insulators similar to those in 
‘use for high voltage conductors. ‘The width 


of the network may be of any suitable size, 


and the connection of the motors can take 
place at any stitable places. : 

In order to collect large quantities of 
electricity with few aerials it is well to pro- 
vide the aerial conductor with batteries of 
condensers as shown in two methods of con- 
struction in Fignres 21 and 92. Tn Figure 
21 the batteries of condensers 5 are con- 
neeted on the one hand with the aerial elec- 
tricity collectors % by the aerial conductor 
A, and on tho other hand intereonneeted in 
series with an annular conductor from 
whieh horizontal conductors run to the con: 
noeting points C to which the earth wire is 
connected. 

Figure 92 shows a similar arrangement. 
Should two such series of antenne rings be 
shown by a voltmeter to have a large dif- 
ference of potential (for example, one in the 
mountains and one in the plain) or even of 
diferent polarity these differences may be 
compensated for by connecting. sufficiently 
large condenser batteries (5, 5%, 5°) by means 


5 of Maji star conductors D and D’. “In Fig 
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ure 28 a connection of three such tings of 
collectors to form a triangle with a central 
condenser battery is illustrated. 

‘The condenser batteries of sich large in- 
stallutions must be embedded in liquefied 7 
gases or in liquids freezing at very low 
Yemporatures. In such cases a portion of 
the atmosphevie energy must be employed 
for liquefying these gases. Tt is also prefer- 
able to employ pressure. By this means the 
condenser surfaces may be diminished, and 
still allow for large quantities of energy to 
be stored, secure against breakdown, 
smaller installations the immersing, of the 
condensers in well insulated oi or the Tike 
suffices. Solid substances on the other hand 
cannot be employed as insulators. 

‘Tho arrangement in the diagrams hitherto 
described was always such that the con- 
denser batteries were connested with both 
poles directly to the acrial-conductors. An 
Improved diagram of the connections for 
obiaining atmospheric electricity. for the 
condenser batteries has however, been found 
to be very advantageous, this arrangement 
consists in that they are connected by only 
fone pole (unipolar) to the collecting. net- 
‘work, Such a method of arrangement is 
very important, as by means of it u constant 
entrent and an inerease of the normal work: 
ing pressure or voltage js obtained. Tf f 
example a collecting balloon aerial which is 
allowed to rise to.a height of 800 metres, 
shoves 40,000 volts above earth voltage, in 
practice it has been found that the working 
voltage (\with a withdrawal of the power 
according to the method hereinbefore de- 
sorbed by means of oscillating spark sane 
and the'like) is only about 400 volts. If 
however, the eapacity of the condenser sur- 
faces be increased, which capacity in the 
above mentioned ease was equal to that of 
the collecting surface of the balloon aerials, 
to double the amount, by connecting: the 
condenser batteries with only one pole, the 
voltage rises under an cqual withdrawal of 
current up to-and beyond 500 volts, Tl 
can only be ascribed to the favourable action 
of the connecting method. 

In addition to this substantial improv 
nent it has also been found preferable to 
insert double inductaneos with electromag. 
nots and to place the capacities preferably 
Detwveen two sich electromagnet. Te hax 
also been fommd that the useful action of 1°" 
such condensers can be further increased if 
an induction coil be connected as inductive 
resistance to the unconnected pole of the 
condenser, or still better if the condenser 
itself be made as an induction condenser 
Such a condenser may be compared with a 
spring which when compressed carries in 
itself accumulated force, which it again 
gives off when released.” In charging, a 
charge with reversed sign is formed af the 1°" 
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other free condenser pole, and if through the 
spark gap a short eireuit results, the accu- 
mulated energy is again given back since 
now new quantities of energy are induced 
at tho condenser pole connected with the 
conductor network, which in fact charges 
with opposite signs to that at the free con- 
densor pole. ‘The new induced charges have 
of course the same sign as tho collector net- 
work. ‘The whole voltage energy in the 
aorial is thereby however iner In the 
same space of time larger quantit'es of 
energy are accitimulated than is the case 
without such inserted condenser batteries 

In Figures % and 25 two, different di 
‘grams of connections are moro exactly illus 
trated, Figuro 24 shows a collecting balloon 
‘and the diagram of the connections to earth. 
Figure 25 four collecting balloons and the 
parallel connection of the condenser bat- 
tories, belonging thereto. 

A is the collecting balloon made of an 
aluminium magnesium alloy (electron metal, 
inagnaliuin) of a specific gravity of 1.8 and 
a thickness of plate 0.1 t0 0.2 mm, Inside 
there are eight, strong vertical 
shaped section about 10 to 20 mm. 
and about 3 mm.-in thi it 


ened in a hotizontal direction by two cross 
ribs. The ribs are further connected with 
‘one another internally. and transverse 
means of thin steel wires, whereby’ th 
oun obtains. great power of resistance and 
elasticity. Rolled plates f 0.1 to 0.2 mm, in 
tiekness made of magnaliim alloy are then 
cither soldered: or riveted on this skeleton 
vo that w fuily metallic easing with sninoth 
external surfice is obtained. Well silvered 
or eopperedd alumininm plated steel wir 
irom each rib to the fastening ring 2, 
ther, the coppered steel hawser L preferab 
tivisted out of separate thin wires (shown in 
dotted lines in Figure 24) and ‘which 10 
be long enough to allow the-balloon to rise 
in the desired height, leads to.a metal roller 
or.pulley 8 and from thence to.a winch W, 
‘well insilated from the garth. . By means of 
this winch, the balloon, which is filled with 
hydrogen, or heliun, ean'be allowed to rise 
to a suitable height’ (300 to. 5,000 metres) 
and brought to the ground for recharging 


actual cient is taken. directly 
through « frietion eontnet from the metal 
roller 3 or from the wire, or even from the 
wineh or simultanednsly from all three by 
uieans of brushes (3, 3* and 3°). “Beyond 
the brushes the conductor is divided, the 
paths being:—fi 
span 

dluctor 


stly over 12 to the safety 
gap 8, from thence to the’earth eon 
i, and secondly over ele-tromagnet 


$1, point 18, to a second loose electromagnet 


7 


Raving an adjustable coil S%, then to the 
spark ‘gap 7,and to tho sacond earth eon: 
ductor E*, “The actual working cirenit is 
formed through the spark gap.7, condensers 
5 and 6, and through the primary ceil 9; 
hhere the’ static electricity formed by_ oscil: 
latory discharges is acciimulated and e 

verted jnto high frequency electromagnetic 
oscillations. Between the elestromagnets S* 
and 8? at the crossing point 13, fone con- 
denser batteries are introduced’ which: are 
‘only indicated diagrammatically in the 
‘drawings each by one condenser. Two of 
these batteries (16 and 18) are made as plate 
condensers and prolonged by regulating in- 
duction coils or spirals 17 and 19 while the 
tivo others (21 and 23) are induction von- 
dlensers, As may'he seen from the drawings 
each of the four condenser batteries 1¢, 15, 
21.:23-i8 contiected only by one pole to, the 
aetial. or to. the collector conductor... The 
second poles 17, 19, 22, 24 are open. In the 
case of plate condensers having no indnctive 
resistance an induction coil is inserted. The 
object of such a spiral or cail is the displace 
‘ment of phase of the induction current by 14 
periods, whilst the charging curvast of the 
condenser poles which lie free in the air, 
works backe to the collector aerial, ‘The eo 

sequence of this is that in discharges in the 


collector aerial the back inductive action of 
the free poles allows a higher voltage to be 
maintained in the acvial collecting con= 
ductor than would otherwise be the case. Tt 
has alzo been found that such a back action 
Jug an estromely fevourable effet on the 


wear of the contacts. Of course the 
tive effect may be regulated at will within 
the Timits of the size of the indnction coil, 
the length of the coil in action being ad? 
justable by means of wire connection with: 
uit induction (see Fig: 24, No. 20) 

S* and S* may also be provided with sich 
regulating devices in'the case of S* (illus- 
trated by 11), Tt exeess voltage be formed 
it is conducted to earth throngh the wire 12 
and spark gap, 8 or throngh any other suit 
able apparatus, since this forniation would 
be dangerons for the other apparatus. 

The action of these condenser hatteries has 
already been hereinbefore described. 

‘The small cirgles'on the collector balloon 
indicate places at which zinc a 
gold amalgun or other photoelectric acting 
metals in the form of small patches in ex- 
tremely thin Tayers (OL to. 05 mm. in 
thickness) are applied to.the balloon casing 
of light metal, Stich metallic patches may 
also be applied to the entire balloon as-well 
as in greater thicknéss to the conducting 
network. The capacity of the collector is 
thereby considerably “strengthened at the 
surface. The greatest. possible effect. in col- 
Iecting may be obtained by poloniun amal 
gams and the like. On the surface of the 
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collector balloon metal points or spikes are 
xdso fixed slong the ribs, which spikes sorre 
particularly for collecting the collector 
charge. Since it is well Imown that the re- 
sistance of the spikes is Tess the sharper the 
spike is, for this purpose it is therefore ex- 
tremely’ important to .employ as sharp 
spikes as possible. Experiments made as 
regards these have,shown that the forma- 
tion of the body of the spike or point also 
plays a large part. for example, spikes made 
of ‘bars oF rollers with smooth’ surfaces, 
have a many times greater point resistance. 
collector accumulator spikes than those 
with rough surfaces, Various Kinds of 
spike bodies have been experimented with 
for the collector balloons hereinbefore men- 
tioned. ‘The best results were given by 
spikes which were made in the following 
way. Fine points made of steel, copper, 
nickel, or eopper and niekel alloys, were fas: 
tened ‘together in bundles and then placed 
anode with the points in a suitable elec- 
(preferably in hydrochloric acid or 
muriate of iron solutions) and so treated 
with weak current at 2 to 3 volts pressure. 
Miter 2 to 8 hours according to the thick- 
ness of the spikes or pins the points become 
extremely sharp and the bodies of the spikes, 
have a rough surface. ‘The bundle can then 
be removed and the acid washed off with 
water. ‘The spikes are then placed as 
cathode in a bath consisting of solution of 
gold, platinum, iridium, paladium or wolf 
5 ram ’salts or their compounds and coated 
at the cathode galvanically with a thin layer 
of precious metal, which must however be 
sufficiently firm to protect. them from at- 
maspherie oxidation. 
Stich spikes act at a.20 fold lower voltage 
ahnost as well as the best and finest points 
made by mechanical means. Still better re- 
sults are obtained if’ polonium or radium 
salts are added to the galvanic bath when 
forming the protective layer or coating. 
Such pins have a low resistance at their 
points and even at one volt and still lower’ 
pressuites have an excellent collector action. 
Tn Figure 2 the three unconnected poles 
are not connected with’one another in par- 
allel. ‘That. is quite possible in practice 
without altering the principle of the free 
pole: Tt is also preferable to interconnect 
in parallel to a common collector network, 
series of collecting aerials. 
Fignve 25 shows a diagram for such an 
installation. 42, A%, A3, At are four metal 
collector balloons, with “gold or platinum 
coated spikes which are electrolytically 
made in the presence of polonium emana- 
tions or radium salts, which spikes or nec- 
les are connected oxer four electro-magnets 
51, S#, 88, $5, throngh an annular conductor 
R. From this annular conductor four wires 
rin over four further electromagnets -S*, 
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S*, S¢, S% lo the connecting point 13. ‘There 
‘the conductor is divided, one braneh passing 
over 12 and’ the safety spark gap § to the 
earth at Ei, the other over inductive resist- 
anee J and working spark gap 7 to the earth 
at E The working cireitit, consisting of 
the condenser 5 and 6 and a resonance 
motor or a condenser motor M, such as here- 
inbefore described, is connected in. prox- 
imity round the sparking gap section 7. 

Instead of directly connecting the. con 
denser motor of eouise the primary cireuit 
for high frequency oscillatory current may 
also be inserted. 

‘The condenser batteries are connected by 
fone pole to theannular conductor Rand ean 
be either: induetionless (16 and 18) or made 
as induetion condensers as shown by 2t 
amd 23. The free poles of the inductionless 
-eondensers ave indicated by 17 and 19, those 
‘of the induction condensers by 22 and 24 
‘As may be seen from the drawings all these 
poles 17. 22. 19, 94°may he interconnected 
an parallel through a, second annular con- 
duclor without any fear that thereby: the 
principle of the free pole connection will be 
Injured. Tn addition to the advantages 
already set forth the parallel connection 
also allows of an equalization of the work- 
ing pressure in the entire collector network. 
Snitably constructed and calculated indue- 
tion coils 25 and 26 may also he inserted in 
the annular condnetor of the free poles, by. 
means of which a cirenit may be formed 
in the secondary coils 27 and 28 which al- 
lows current produced in this annular con- 
ductor by fluctuations of the charges or the 
like appearances to be measured ‘or other- 
wise utilized. 

According to what has heen hereinbefore 
stated separate collector balloons may be 
connected at equidistant stations distribiited 
over the entire country, either connected di- 
rectly with one another metallieally or by 
means of intermediate suitably connected 
condenser batteries throngh high voltaze 
conductors. insulated from carth.. ‘The 
static cleciricity is converted through a 
spark: gap into dynamic enevey of igh 
ainber of oscillations and may in such form 
be coupled as a souree of energy by means 
of a suitable method of connecting, varions 
precautions being observed, and with spe- 
cial regitlations. "Tho wires leading. from 
the collector balloons have hitherto. been 
connected through an annular condnetor 
withont this endless ronnection, which ean 
bo regarded as an endless induetion eoil, be- 
ing able to exert any action on the whole 
conduetor system, 

Tthas now been, found that if the network 
‘conductor connecting the aerial collector bal- 
Toons with one another is not made as a 

imple annular conductor, but preferably 
short circuited in the form of coils over @ 
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condenser battery or spark gap or through 
thermionic tubes or valves or audions, then 
the total collecting network exhibits’ quite 
new properties. ‘The collection of atmos- 
pherie electricity is thereby not only. in- 
creased but an alternating field may be e 
ily produced in the collector network. 
Purl 


iy induction. 
In Figures 26 and 98 a form of construction 
is shown on the basis of which the further 
foundations of the method will be more par 
ticularly explained. 

In Figure 26 1, 9, 3, #'are metal collector 
balloons, 5, 6,'7, 8 their metallic aerial con- 
ductors and T the actual collector network. 
‘This consists of five coils and is mounted on 
high voltage insulators in the air, on high 
yoltage masts (or with # suitable construc- 
tion of eable embedded in the earth), One 
coil has a diameter of 1 to 100 km. or more. 
8 and $" are two protective electromagnets, 
F the second safety section against exc 
voltage, E its earth conductor and E* ti 
earth conductor of the working. section. 
‘When an absorption of static atmospheric 
electricity is effected through the four bal- 
loon collaptors, the current in order to reach 
the earth connection EX must flow spirally 
through the collector network over the elec 
tromagnet S, primary induction coil 9, con- 
ductor 14, anode A of the audion tube, in- 
candescent eathode K, asthe way over the 
fleetromagnet and safety spark gap ¥ offers 
considerably greater resistance, Owing to 
the fact that the accumulated current flows 
in one direction, an electromagnetic alter- 
nating field is produced in the interior of 
the coflector network coil, whereby the whole 
free electrons are directed more or less into 
the interior ‘of the coil. An increased ioni- 
zation of the atmosphere is therefore pro- 
duced.” In consequence of this the points 
mounted on the collector’ balloon show a 
considerably reduced resistance and there- 
fore increased static charges between the 
points on the balloon and the surrounding 
‘atmosphere are produced. ‘The result “of 
this is a considerably increased collector ef- 

fect. 

A second effeet which could not be ob- 
tained otherwise ig obtained by the electro- 
magnetic alternating field which running 
parallel to the earth surface, acts more or 
Fess with a: diminishing or inerensing fleck 
on the earth magnetic field, whereby in the 
ease of fluctuations in the current a return 
induction current of reversed sign is always 
produced in the collector coil by earth mag- 
netism. Now if, however, a constantly pul- 
sating continuotls alternating field is pro- 
duced as stated in the above collector net- 
work I, an alternating current of the same 
periodicity is produced also in the collecting 


° 


network coil. As the same alternating field 
is further transmitted to the aerial balloon, 
the resistance of its points is thereby con” 
Siderably reduoed, whilst the collector. ac. 
tion is considerably increased. A’ further 
advantage is that positive electrons which 
collect on the metal surfaces during the con- 
version into dynamic current produce a s0- 
called drop of potential of the collector 
arei. As an alternating field is present, the 
pegative one surrounding the cletor ‘ur. 
faces, when discharge of the collector sur 
faces takes place produce by the nw of in- 
duction, an induction of reversed sign on 
the collector surface and so forth (that is 
to say again a positive charge). In addi- 
tion to the advantages hereinbefore set forth, 
the construction of connecting conductors in 
coil form when of suficiently large diam- 
eter, allows of a utilization of energy aris. 
ing ‘in higher regions also in the simplest 
way. As is wellknown electric discharges 
frequently take place at very great eleva- 
tions which may be observed, such as St. 
Blmo’s fires. or northern lights. These 
energy quantities have not been able to be 
utilized up to now. By this invention all 
these kinds of energy, as they are of an 
electromagnetic nature and the direction of 
the axis of the-e6lloctor-coils stands at right 
angles to'the éarth’s surface, ean be more or 
less absorbed in-the same way as a receiver 
in wireless telegraphy absorbs waves coming 
from a far distance." With a large diameter 
of the spiral it is possible to connect large 
surfaces and thereby to take up also large 
quantities of energy. 

It ig well known that large wireless sta- 
tions inthe summer months, and also in 
the tropics are very frequenily unable to 
receive the signals in consequence of inter 
ruptions which are caused by atmospheric 
electricity, and this takes place with vertical 
coils of only 40 to 100 m. diameter. If on 
the contrary horizontal coils of 1 to 100 km. 
diameter be employed very strong currents 
may be obtained through discharges which 
are constantly taking place in the atmos- 

here. Particularly in the tropics or still 

ter in the polar regions where the 
northern lights ate constantly present, large 
quantities of energy may probably be ob- 
tained in this way. A coil with several 
windings should act the best. In similar 
manner any alteration of the earth mag- 
netism should act inductively on such a coil, 

It is not at all unlikely that earthquakes 
and spots on the sun will also produce an 
induetion in such collector coils of sufficient 
size, Tn. similar manner this collector con- 
ductor will react on earth currents more 
Particularly when they are near the surface 
of the earth or.even embedded in the earth. 
By combining the previous kind of current 
collectors so far as they are adapted for 
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improved system with the improved pos- 

ies of obtaining current the quanti- 
tics of free nztural eneray which sre to be 
obtained in the form of electricity are con- 
siderably increased. 

In order to produce in the improved col- 
lector coil uniform current oscillations of 
an undamped nature so-called audion high 
vacuum or thermionic tubes of suitable con- 
nection are employed instead of the Re 
viously Imown spark gaps (Wig. 28, Nos. 
9-18). The main aerial current flows 
through electromagnet S (which in the ease 
of a high number of alternations is not con- 
nected here but in the earth conductor BE?) 
and may be conveyed over the primary coils 
in the induction wending through wire 14 
to the anode A of the high vacuum grid 
tube, Parallel with the induction resistance 
9 a regulating capacity of suitable size, such 
as condenser 11 is inserted. In the lower 
part of the vacuum grid tube is arranged 
the incandescent filament or the cathode K 
which is fed through a battery B. From 
the battery B two branches run, one to the 
earth conductor E and the other through 
battery Bt and secondary coil 10 to the grid 
anode’g in the vacuum tube. By the method 
of connections shown in dot lines, a de- 
sired voltage at the grid electrode g may 
also be produced through the wire 17 which 
is branched off from the main, current con- 
duetor through switches 16 and some small 
condensers (a, , ¢, d) connected in series, 
and conductor 18, without the ‘battery B* 
being required. 

The action of the entire system is some-. 
what as follows 

On the cofinecting conductor of the aerial 
collector network being short circuited to 
earth, the condenser pole'11 is charged and 
slightly damped oscillations are formed in 
‘the short circuited existing oscillation cir- 
cuit formed of the condenser 11 and self 
inductance 9. In consequence of the cou- 
pling through coil 10, fluctuations of voltage 
take: place in the grid cireuit 15 with 
same frequency, which, fluctuations in turn 
influenee the strength of the electrode eur- 
rent passing through the high vacuum am- 
plyfying tube and thus produce current fluc- 
tuations of the same’ frequency in the anode 
circuit, A permanent supply of energy tothe: 


oscillation circuits 9 and ‘10 consequently 4 


takes place, until a condition of balance is 
set up, in which the consumed oscillation 
energy is equal to that absorbed. Thereby 
constant undamped oscillations are now pro- 
duced in the oscillation circuits 9-11. 

For regular working of such oseillation 
producers high vacuum strengthening tubes 
are necessary and it is also necessary that 
the grid and anode voltages shall have a 
phace difference of 180° so'that if the grid 
3s negatively charged, then the anode is 
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positively charged and vice versa. This 
necessary difference of phase nay be ob- 
tained by -most varied connéctions, for ex: 
ample, by placing the oscillation eireuit in 
the grid eixenit or by separating the oseil- 
ation cireuit and inductive coupling from 
the anodes and the grid cireuit and so forth, 
A second important fuetor in this way of 
converting static atmospheric electricity into 
undamped oscillations 4s that care must be 
taken that the grid and anode voltages have 
a certain relation to one another; the latter 
may be obtained by altering the coupling 
nd-a suitable selection of the self induction 
the grid cireuit, or as shown by dotted 
Fines 18, 17, 16 by means of a larger or 
smaller number of condensers of suitable 
i ed in series; in this case the 
battery B* may be‘omitted. With a suit- 
able selection of the grid potential a glow 
discharge takes place between the grid g 
‘and the anode A, and accordingly at the 
grid there is a cathode drop and a dark 
Space is formed. The size of this cathode 
op is infuenged by the ions which .are 
emitted in the lower space in consequence 
of shock ionization of the incandescent 
cathodes IK and pass through the grid in 
the upper space. On the other hand the 
number of the ions passing through the grid 
is dependent on the voltage between the grid 
and-the cathode, ‘Thus if the grid voltage 
undergos periodic fluctuations (as in the 
present case) the amount of the cathode 
drop at the grid fluctuates and consequently 
the internal resistance of the tube corre- 
spondingly fluctuates, so that when a b 
coupling of the feed’ cirenit with the grid 
cirenit takes place, the necessary means are 
afforded for producing undamped oscilla 
tions and of taking current, according to re- 
quirements from the collecting conductor. 
‘The frequency of the undamped oscilin- 
tions produced is with a suitably lodse cow. 
pling equal to the self frequency of the 
oscillation cirenits 9 and 10. By a suitable 


i@ selection of the self induction of tho coil 9 


and eapacity 11 it is possible to extond from 
frequencies which produce electromagnetic 
oscillations of only a few metres wave 
Jength down to the lowest, practical alter- 
nating current frequency. For large 
ations a suitable number of frequency pro- 

cing tubes in the form of the well known 
Hh vacutum transinission tubes of .5 to 2 
ow. in size may be connected in parallel so 
that in this respect no diffieulty exists. 

The use of such tubes for producing un- 
amped oscillations, and also the constrac- 

n and inethod of inserting such trans. 
mission tubes in anf accumulator or dynamo 
cireuit is known and also that such oscilla- 
tion producing tubes only work well at volt- 
ages of 1,000 up to 4,000 volts, so that on 
the contrary their use at lower voltages is 
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considerably more dificult. By the use of 
high voltage static electricity this method 
of producing undamped oscillations as com- 

ared with that through spark gaps must 
Feregarded as an ideal solution” partons 
larly for sinall installations of outputs of 
froin 1 to 100 kw. 

By the application of safety spark gaps, 
with interpolation of electro-magnets, not 
only is short circuiting avoided Init’ also 
fhe faking up of current is rogulsted. Os- 
cillation producers inserted in the above vw 
form a constantly acting electromagnetic 
alternating field in the collector coil, where- 
by as already stated, a considerable accum- 
lating effect takes place. ‘The withdrawal 
wire or working wire is connected at 12 and 
13, but current may be taken by means of 
4 secondary coil which is firmly or movably 
‘mounted in any suitable way inside the large 
collector coil, i.e. in its. electromagnetic 
alternating field, so long as the direction. of 
its axis runs parallel with that of the main 
current collecting coil 

In producing undamped oscillations of a 
high ‘frequency (80,000 per second ‘and 
more) in the oscillation circuits 9 and 11, 
electromagnets $ and S* must be inserted if 
the high frequency oscillations are not to 
penetrate the collector coil, between the os- 
cillation, prodiicers and the collector coil. 
In all other cases they are connected shortly 
before the earthing (as in Figs. 27 and 38). 

In Figure 27 a secontl method of construc. 
tion of the connecting conductor of the bal- 
Joon serials is illustrated in the form of a 
goil. The main difference consists in that 
in‘ addition to the connecting conductor T 
another annular conductor. IL is inserted 
parallel to the former on the high volta, 
‘masts in the air (or enibedded as a cable in 
the earth) but: both in the form of a coil. 
‘The connecting wire of the balloon serials 
is indicated as a primary conductor and also 
as a current. producing network; the other 
is the consumption network and is ‘not in 
unipolar connection with. the current pro- 
ducing network, 

In Figure 27 the current producing net- 
work I is shown with three balloon collec 
tors 1, 2, 8 and aovial conductors 4, 5, 6; it is 
short’ circuited through condenser "19° and 
inductance 9. The oscillation forming cir- 
nit consists in this diagram of spark gap 
fy inductance 10, and condenser 11; ‘the 
earth wire EB, is connected to earth’ over 
electromagnet S'. Fis the safety spark gap 
which is also connected to earth through a 
second electromagnet Sat E, On connect- 
ing up tho condenser circuit 11 this is 
charge over the spark gup 7, whereby an 
oscillatory discharge is formed. This dis. 
charging’ current, acts through’ inductance 
10 on the inductively coupled secondary 9, 
whereby in the producing network w modi 


a2 
fication of the potential of the condenser 19 
is produced. The consequence of this is 


that oscillations atise in the coil shaped 
producer network. ‘These oscillations in- 


Guee current in the secondary circuit TT, ¥ 


which has a smpller number of windings 
and a Jess resistance, the voltage of whieh, 
according to the proportion of the number 
of windings and of the ohmic resistance, 
is considerably lower whilst the current 
strength is greater. 

In order to convert the current thus ob- 
tained into current of an undamped char- 
acter, and to tune its wave lengths, a suffi 
ciently large regrlatable capacity $0 is in. 
serted between the ends I2vand 13 of the 
secondary conductor II. Hore also current 
may be taken without an earth conductor, 
but it is advisable to insert a safety spark 
gap E* and to connect this with the earth 
over an electromagnet S?. 

‘The producer network maybe connected 
with the working network IT over an indue- 
tionless condenser 21 or over an induction 
condenser 22, 23. In this case the secondary 
conductor is’ unipolarly connected with the 
‘energy conductor. 

In Figure 28 the connecting conductor be- 
tween the separate accumulator balloons is 
carried out according to. the autotrans- 
former principle, ‘The collecting. coil ‘con- 
nects four aerial balloons 1,2,3;4, the wind- 
ings of which are not made side by side hut 
‘one above the other. In Figure 28 the col. 
lector coil T is shown with « thin line, the 
metallically connected prolongation coils ‘IL 
with a thick line. Between the ends I* and 
IP of the energy network Ta regulating 
capacity 19 is inserted. ‘The wire Tis con- 
nected with the output wire and with the 
spark gap F. 

As transfornier of the atuhospheric led- 
tricity an arrangement. is employed which 
consists in using rotary pairs of condensers 
in which the one stator surface Bis con- 
nected with the main current, whilst the 
other A is connected with the earth nole, 
Between theso pairs of short circuited con. 
densers are caused to rotate from which the 
converted current ean be taken by means of 
two collector rings and brushes, in the form 
of an alternating current, the frequency of 
which is dependent on the number of bal- 
loons and the revolutions of the rotor. As 
the alternating current formed in the rotor 
can act, in this improved method of con- 
nection described in this invention, through 
coils 10 on the inductance 9, an. increase or 
diminution of the feed current in T can be 
obtained according to the direction of the 
current by back induction. Current oscil. 
lations of uniform rhythm thereby result in 
the coil shaped windings of the producer 
net-work, 

As the ends of this conductor are short eir- 
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cuited through the regulatable condenser 19 
these rhythms produce short circuited: un- 
damped oscillations in the energy conductor, 
the periodicity and wave lengths of which’ 
seflations can be adjusted. according. to 
esire by altering the capacity 19 to a given 
‘wave Iength and therewith also to a given 
frequency. ‘These currents may also be em= 
ployed inthis form direetly as working eur- 
Tent, through the conductors TI and TI. 
By- inserting the condenser 20 a connection 
between these conductors may also be made, 
sshereby harmonic oscillations of desired 
wave length aré formed. By this_means 
ite new effects as regards cuivent distribu- 
tion are obtained. ‘The withdrawal of cur- 
rent can even take place without direct wire 
connection if, at a suitable point in the in- 
terior of the producing network (quite im- 
materially whether this has a diameter of 
1 or 100 km.) a coil tuned to these wave 
lengths and of the desired capacity is firmly 
or movably mounted in the aerial coniduetor 
in such a way that its axial direction is in 
parallel with that of the collector coil. “In 
this case current is indnteod in the produe 
ing network, the size of which is depend- 
ent on the total eapacity and resistance and 
also on the periodicity employed. A possi- 
bility is thereby afforded in future, of tak- 
ing energy from the producer network by 
wireless Means. As thereby in nddition to 
atmospheric electricity also magnetie earth 
currents and the eneray from the higher at- 
mosphere (at least partially) may be siraul- 
taneously obtained, this last system for col- 
lecting the atmospheric enetgy is of particu- 
Jar importance for the futere 

Of course everywhere instead of spark 
‘gaps suitable grid vacuum tubes may be em- 
ployed as producers for undamped oseilla- 
Hons. ‘The separate coils of the producer 
net-work with large diameters may be con- 
nected with one another through’ separate 
conductors all in parallel or all in series or 
in groups in series. By regulating the nvm- 
ber of oscillations and also the extent of the 
nore or less lange collector coils of 
nd may be employed. ‘The coils may 
algo be divided spirally over the entire sec- 
tion, ‘The coils may be carried out in annu- 
Jar form or also in friangular, quadrangular, 
hexagonal or octagonal form. 

Of course wires may be carried from asnit- 
fable place to the centre or also laterally 
which serve the current waves as. gnides. 
‘This fs necessary when the currents have to 
The conducted ver mountains and valleys 
and so forth. Tn all these eases the current 
muist be converted into a current of suitable 
periodicity. 

‘As already hereinbefore mentioned sepa. 
rate collecting belloons may be direstly me- 
tallically interconnected at equidistant sta~ 
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tions distributed over the entire country of, 
may be comected by interpolation of suit- 
able condenser batteries by means of high 
voltage conductors. ‘The static electricity is 
converted through 1 spark gap into dynamie 
energy of a high number of oscillations, and 
could then in such form, with a suitable 
arrangement: of the connections, observing 

‘various mensures of precaution, be empl 

as source of energy after separate or special 
regulation. ; ij 

“According to this invention in order to in- 
crease the collecting effect of the balloon in 
the aerial collector conductor oi in the earth 
‘wire, radiating collectors are employed. 
‘These, consist either of incandescent metal 
ox oxide electrodes in the form of vacuum 

id tubes, or electric ares (mereury and the 
ike electrodes) Nernst. lamps, .or finally 
flames of varions kinds may-be simply con- 
neeted with the respective conductor. 

Tt is well known that energy can be drawn 
off from a cathode consistinig of an incan- 
escent body opposite an anode charged 
with positive electricity (vacuum grid tube). 


Hitherto however, a cathode was always first ® 


directly placed opposite an anode, and see- 
ondly te “system always consisted of = 
closed eireuit. 

Now if we dispense with the ordinary 
jitexs in fotming Tight or flame ares in which 
1 eathorle must always stand directly oppo- 
site an anode, and if we place an incandescent 
cathode opposite an anode charged to a high 
‘potential or another body freely floating in 
the air, or regard the incandescent eathode 
only asa, source of unipolar discharge 
(which represent group and. point dis- 
charges in electro-statie machines similar to 
unipolar discharges) ~it| may be ascertained 
that incandescent cathodes and less perfect- 
ly all incandescent radiators, flames and the 
like admit of zelatively large current densi- 
ties and allow large quantities of electric 
energy to radiate into the open space in the 
{form of electron streams as transmitters, 

“The object of this invention is as described 
below, if snch incanclescent oxide electrodes 
or other ineandescent radiators or flames are 
not ftvly suspended in space bnt connected 
metallically with the earti 
be charged with negative terrestrial elec- 
inicity, these radiators possess the property 
of absorbing the free positive electrical 
‘charges contained in the air space surround- 
ing them (that is to say of collecting them 
and conducting them to earth). ‘They ean 
therefore, serve as collectors and have, in 
comparison to the action of the spikes, or 
points, a very large radius of action R; the 
effective capasity of thes collestr. is much 

eater than the geometrical capacity (Ro) 
Statin a antennae eee 
‘Now as our earth is surrounded as is well 


‘so that they can 1 
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Anown, with an olectro-statie field and the 
difference of potential 


wv 
ah 


of the earth figld according to: the latest 
Investigations, isin summer about 00 0 
100 volts and in winter 300 to 500 volts per 
metre of difference in height (2A), a simple 
calculation gives the result that when sucl 
radiation collector or flame collector is ar- 
ranged for example on the ground, and a 
second one is mounted vertically over it at 
a distance of 2,000 metres and both are con- 
nected by a conducting cable, there is a dif. 
ference of potential in summer of about 
2,000,000 volts and in winter even of G00. 
Od olts and more. 

Accor to Stefan Boltzmann’s law of 
radiation, the quantity of energy whieh sn 
incandescent surface’ (temperature ‘T) of 1 
‘sq. em, radiates in a unit of time into the 
open air (temperature ‘T.) is expressed by 
the following formul 

S=6 (THT) watt /sq. om. 
and the universal radiation constant 6 is 
according to the latest researches of Ferry 
(Annales de Chimie et de physique 17 page 
267 (1909)) equal to 6.8010" watt/aq, em, 

Now if an incandescent surface of 1 a 
em. shows, as compared with the surround: 
ing space a periodic fall of ‘potential 8 it 
radiates (independent of the current direc: 
tion, that is to say of the Sign) in accord 
ance with the above formula, for example at 
a temperature of 3725° C. an energy of 1.0 
kew. per sq. em: per second. Astor, the 
radiation the sue value un be calculated 
for the collection of energy, but reversed. 
Now as carbon electrodes at the temperature 
of the electric are support on the current 
basis a current density up to from 60 to 65 
amperes per eq. em. no difficulties will result 
in this direction in employing radiating eal- 
lectors as accumulators. 

Tf the earth be rogarded as a cosmically 
insulated condenser in the sense of ‘geometri- 
cal electro-statics @ there results from the 
geometric {gompare Ewald Rasch, “das 
flektrische Bogenlicht? (ihe electtic ase 
light) page 169) capacity of the earth ac- 
cording to Chwolson: 

Yor negative charging 1.8%10% Coulomb 

For negative potential V—10x10" volts, 
From this there results however, EJ'T224.7 
X10" watt/Sec, Now if it is desired to 
‘make a theoretic short circuit through an 
earthed flame collector this would represent 
an electric total work of about 79,500 
10 kilowatt years. As the earth must be 
Tegarded as a'rotating mechanism which is 
thermo- dynamically, electromagnetically, 
and also kinematically coupled with the sur 
and stars system by cosmic radiations and 


gravitation a diminution of the electric 
energy of the earth field is not to be feared. 
The energies which the incandescent col 
lectors would withdraw from the earth feld. 
can only eause by the withdrawal of motor 
work 2 lowering of the earth temperature 
(temperature T=300) and reduce this to 
that of the world space (‘T=0) by using 
the entire energy. ‘This is however not the 
ease as the earth does not represent a cos 
mically entirely insulated system. On the 
contrary there is conveyed-to-the same ac. 
cording, to the recent value corrected by 
Ferry for the solar constants through the 
radiation from the sun an energy of 18,500 
X10 Jew. Accordingly any Towering’ of 
the earth temperature (Tx) without a simul 
taneous lowering of the'sun’s temperature 
(Ts) would contradict Stefan Boltzmann's 
law of radiation, 
S=6(Tt~T,9. 

From this it must be conchided that if the 
earth ‘temperature (Ts) sinks, the total 
radiation 9 absoria iy the earth inereases, 
and further. also that the secular speed of 
cooling of the enrth is directly dependent 
on that of the sin and the other radiators 
cosmically coupled with the sun and is con: 
nected most closely with these. 

The incandescent radiation - collectors 
may, according to this ‘invention, ‘be em- 
ployed for collecting atmospheric electricity 
if they (1) are charged with the negative 
earth electricity (that is to say when the 
are directly connected by means of a metal. 
lic conductor with the earth) and. (2) if 
large capacities (metal surfaces) charged 
with electricity are mounted opposite them 
as positive poles in the air. ‘This is regard- 
ed as the main feature of the present ins 
vention as without ‘these inventive ideas it 
would not be possible to collect with an in- 
candescent collector, sufficiently large quan. 
tities of the electrical charges contained 
in the atmosphere as technology Requires; 
the, radius of action. of the flame collectors 
would also be too small, especially if it 1 
considered that the very small surface den- 

“(energy density) {6 abouteeasct 10 


St. E. per sq. em.) doesnot allow of Ia 
quantiles of charge being’ aboriad fom 
the atmosphere, 
@) Calculated according to Poisson's eal- 
culation; 
AV: 


4n3; as here the alteration of the 
Potential or potential gradients only takes 
Place in the direction ‘of the normal, this 
calculation assumes the simple form 
Lay 
ce 
Tt, has indeed already been proposed to 
employ flame collectors for collecting at- 
mospheric electricity and it is known that 
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5 is above ‘the incandescent collector. 
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their collecting effect is substantially great- 
er opposite the points. It is however, not 
Imown that the quantities of current which 
could hitherto be obtained are too small for 
technical purposes. According to my ex- 
jeriments the reason for this is to be found 
In the too small capacities of the collector 
conductor poles. If such flame or radiat- 
ing collectors have no or only small posi- 
tive surfaces, their‘ radius of action for 
Jarge technical purposes is too small. Tf 
the incandescent. collectors be constantly 
Kept in movement in the ait they may eo!- 
lect more according to the speed of the 
movement, but this is again not capable of 
being carried out in practice. 

‘By this invention the collector effect is 
considerably inereased by a body charged 
with a positive potential and of the best 
possible capacity being also held floating 
(without direct earth connection) opposite 
such an incandescent collector which is held 
floating in the air at a desired height. If 
for example, a collecting balloon of sheet 
metal or of metalized balloon fabrie be 
caused {0 mount to 800 up to 3,000 metres 
in the air and as positive pole it is brought 
opposite such 2 radiating collector con- 
nected by a conductor to earth, quite differ- 
ent results are obtained. 

"The metallic balloon shell (with a large 
surface) is charged to high potential by 
the atmospheric electricity. ‘This potential 

‘greater the higher the colleeting balloon 

The 
positive electricity acts concentratedly on 
the anode floating in the air as itis attracted, 
through the radiation shock ionization, pro- 
ceeding from the incandescent cathode. 
‘The consequence of this is that the radius 
of action of the incandescent, cathode co!- 
lector is considerably increased and thereby 
also the collecting effect of the collecting 
balloon surface. Further the large ca- 
pacity of the anode floating in the air plays 
therefore an important part because it 
lows of the taking of large charges, and 
thereby a more uniform current is obtained 
even ‘when there is a large consumption: 
this cannot be the ease with small surface: 

In, the prasent case the metallic collec 
ing balloon is a po: tive anode floating in 
the air and the end of the earth conductor 
‘of this balloon serves as positive pole sur- 
‘face opposite the surface of the radiating 
incandescent cathode, which in tun. is 
charged with negative earth electricity be- 
ing conduetingly connected to earth, 

"he process may be carried out by two 
such contacts (neiative incandescent cath- 
‘ode and anode end of a eapacity floating in 
the air) 2 condenser and an inductive re- 
sistance being switched on in parallel, 
whereby simultaneously undamped oscilla. 
tions may be formed. 


1,540,008 


In very large installations it is advisable 
to connect two such radiating collectors in 
series.’ Thus an. are light incandescent 
cathode may be placed below on the open 
grouid and an incandescent cathode which 7° 
{sheated by special electro-magnetic currents 
‘be located high in the air. Of course for 
this the special vacuum Liebig tubes with or 
without grids may also be employed. An 
ordinary-are lamp with oxide-lectfodes may 1 
be introduced on the ground and the posi- 
tive pole is not directly connected with the 
collecting balloon, but through the upper 
Incandescent cathode or over a conden: 
‘The metho? of connecting the incandescent 8 
cathode floating in the air may be seen in 
Figs. 29-33. 

Bis tho air balloon, K a Cardan ring 
(connection with the hawser) C the bal- 
Joon, La good condueting cable, P a pos 
tive ‘pole, N negative incandescent eathode, 
and E earth cénductor. 

Fig. 29 represents the simplest form of 
construction, If eloctric oscillations are 
produced below on the ground by means of 9 
2 carbon are lamp or in other suitable way 
a considerably greater electric resistance. is 
opposed to that in the direct way by in- 
serting an electrical inductive resistance 9. 
Consequently between P and Na voltage is 95 
formed, and as, over Nand P only an indu 
tionless ohmic resistance is present, a spark 
will spring over so long as the separate 
duction co-efficients and the like are ci 
rectly calculated. ‘The consequence of this 1° 
is that the oxide electrode (carbon or the 
like) is rendered incandescent and then 
shows as incandescent cathode an increased 
collecting effect. The positive poles must 
be substantially larger than the negative in 105 
‘order that they may not also become inean- 
descent, As they are further connocted with 
the large balloon area which has a large 
capacity and is charged at high voltage, 
an incandescent body which is held floating 1° 
in the air and a positive pole which can col- 
lect large eapacities is thereby obtained in, 
the simplest way. The incandescent cathode 
is first caused to become incandescent by 
means of separate energy prodced on the 115 
earth, and then maintained by the energy 
collected from the atmosphere. 

Vig, 80 only shows the difference that in- 
stead of a round balloon a cigar shaped one 
(of metal or metalized fabric) may be em- 12¢ 
ployed and also a condencer 5 is inserted 
between the incandescent cathode and the 
earth: conductor so that a. short, circuited 
oscillation cirenit over P. N 5 and 9 is ob- 
tained. This has the advantage that quite 
small “quantities of electricity cause the 
cathode to become incandescent and much 
larger cathode bodies may be rendered in- 
‘eandescent, 

In this form of construction hoth the in- 
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flexibility. This can even allow NR and LTE to be deployed on different tiers (for example, 
macro and pico) and share the same channel. 


Integrated Access and Backhaul 


‘A study item for Release 15 with the likelihood of standardization in Release 16 is integrated 
access and backhaul, with which the 5G radio can provide both access and backhaul 
functions, as shown in Figure 50. 


Figure 50: 5G Integrated Access and Backhaul 
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This 3GPP Study item, which has not yet begun, could address the following capabilities: "° 
@ Wireless backhaul using 5G or LTE. 

Both indoor and outdoor scenarios. 

Flexible partitioning between access and backhaul functions. 


Autonomous configuration of access and wireless self-backhaul functions. 


oooo 


Multi-hop wireless self-backhauling to enable flexible extension of range and 
coverage area. 


128 3GPP, “Study on Integrated Access and Backhaul for NR,” RP-170831, March 2017. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 113, 
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candescent cathode and also. the positive 
electrode may be enclosed. ina’ Vacuum 
chamber as may be seen in Fig. 32. A cable 
L is carried well insulated’ through the 
cover of @ vessel and ends in a condenser 
disc 5. The cover is arched in order to 
keop off the rain. ‘The vessel is entirely ot 
partially made of magnetic metal and. well 
insulated inside and outside. Opposite the 
dise 5 another disc 6 and.on this again a 
metallic positive pole of the vacuum tube 
g with the incandescent cathode (oxide 
electrode) N is arranged. ‘The negative 
electrode is on the one hand connected with 
the earth conductor E, and on the other 
hand with the inductive resistance 9 which 
is also connected with the cable L with tho 
positive pole and wound round the vessel in 
coils. ‘he action is exactly the same as 
that in Fig, 29 only instead of an open in- 
candescent cathode one enclosed in vacuo is 
employed. “As in such collectors only small 
bodies can be brought to ineandescence in 
large installations “a “plurality of such 
‘vacuum tubes must be inserted in proximity 
to one another. According to the previous 
constructions Figs. 31 and 83 are quite self 
evident without further explanations. 

Figs, 3487 represent farther diagrams 
of connections over radiating and flame eol- 
lectors, and in fact, how they are to be ar- 
ranged on the grotnd 

Fig. 34 shows an are light collector with 
oxide electrodes for direct current and. its 
connection} Wig. 35 a similar one for alter- 
nating current, Fig. 36 an incandescent col. 
lector with a "Nernst lamp and Fig. 37 a 
similar one with a gas flame. 

‘The positive pole 1 of the radiating col- 
lectors is always directly connected to the 
aerial collecting conductor A. In Fig. 34 
this is further connected over the condenser 
battery 5 with a second positive electrode 
3. The direct current dynamo & produces 
current, which flows over hetween the elec 
trodes 3 and 2 as an are light. On the for. 
mation of an arc the negative incandescent 
electrode 2 absorbs electricity from the posi- 
tive poles standing opposite it and highly 
charged with atmospheric. elestriity “and 
conveys the-same to the working cirenit, 
‘The spark gap 7,.inductive resistance 9 and 
induction coil 10 tire Tike the ones previous. 
Ig desertbed. The protective electromagnet 
S guards the installation against earth cir- 
cuiting, the safety spark gap 8 from ex- 
cess voltage or overcharging. 

In Fig. 35 the connection is so far altered 
that the alternating current dynamo feeds 
the exciting coil 11 of the induction. eon. 
denser. 12 is its negative and 18 its posi. 

7e polo; if the coil 8 on the magnet core 
of the dynamo ig correctly calculated and 
the periodicity of the alternating carrent is 
sufficiently high an are light can be formed 


“to them from the battery or mi 
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etween the two poles 1 and 2 As the 
cathode 2 is connected with the negatively 
charged earth, and therefore always acts as 
a negative pole, a form of rectification of 
the ‘alternating’ current produced by the 
dynamo 3 is obtained, the second half of 
the period is always suppressed. ‘The work 
ing eireut may bo carried gut in the sume 
way as in Fig. 84; the working spark gap 
T may however be dispensed with andre 
stead thereof between the points n'and ma 
condenser 5 and an induction. resistance 9 
may be inserted from which the current is 
taken inductively. 

Fig. 26 represents a form of construction 
similar to Fig. 34 only that here instead of 


an aro lamp a Nernst. incandeseent body 
employed. | ‘The Nernst lamp is. fed 
through the battery 3. ‘The working section 


is connected with the negative pole, the 
safety spark gap with the + poles. ' The 
working spark gap 7 may also be dispensed 
with and the current for. it taken at 12 
over the oscillation cireuit 8, 11 (shown in 
ote tines) 

Flame collectors (Fig. 37) may also be 
employed according to this invention. ‘The 
wire network 1 is connected with the serial 
collector conductor A and the burner with 
the earth. “At tho upper end of the latter, 
long points are provided which project into 
the flame, “The positive electrode is connect. 
ed with the negative over a condenser 5 and 
the induction ovil 9 with the earth, 

Tho novelty in this invention is firstly, 
the use of incandescent cathodes opposite, 
positive poles which are connected with 
large metallic capacities as automatic. col- 
lecting surfaces, (2) the connection. of the 
incandescent eathodes with the earth where: 
by, in addition to the electricity conveyed 

‘ine which. 
causes, the incandeseing, also the negative 
charge of the earth potential is conveyed, 
and (3) the connection of the positive and 
negative poles of the radisting collectors 
over a condenser circuit alone or with the 
introduction of suitable induetive resist. 
ance, whereby simultaneously an_oscillatory 
oscillation cixeuit may be obtained. The 
collecting effect is by these methods quite 
‘considerably increased. 

T declare that what T claim is 

1. An electrical energy generating system, 
coniprising a conducting surfuce: for static 
charges, mesns to support same at a distance 
above the earth, a conductor leading to the 
earth level, a spark gap associated with said 
conductor ‘to convert electrostatic charges 
into electromagnetic high frequency oscilla 
tions means to supply said electromagnetic 
encrgy to a net work, and a spark gup of 
greatly increased relative resistance in prs! 
Tel thorowith. 

2 An electrical energy gener: 
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comprising-a conductor, means to support 
same above the earth level, an indnctance 
therein, a spark gap associated with said 
conductor, a second spark gap of much 
higher xelative resistance in parallel there. 
with and an energy receiving cireuit coupled 
with the spark gap of lesser resistance. 

3, An electrical energy generating system 
comprising x collecting surface, means to 
support same above the earth level, a con- 
ductor connecting aid collecting ‘surface 
‘with the earth level, n choke in said con- 
ductor, an electromagnetic resistance con- 
verting eletrostate energy to electromag: 

fety. higher resistance in 
parallel therewith and a net work coupled 
With the conversion resistance of lesser 
value, 

4. An electrical energy generating system 
comprising electric conductors spaced above 
the earth to form electromagnetic oscillat- 
ing circuits, conduetors connecting to earth 
level, electrostatic to electromagnetic energy 
conversion means therein, a safety high elec- 
trostatic resistance in parallel therewith and 
means to alter the clectromagnetic charac- 
toristic of the cireuits. 

5. An electrical energy generating system 
comprising in combination a static. collect- 
ing surface arranged above the earth, con- 
diuctors connecting to earth level, a pair of 


1,540,008 


spark gaps in parallel of different clectro- 
static Tesistance, a utilization net work 
shunted across the spark gap of lesser re- 
sistance and an electromagnetic choke in said 
conductors. 

6, An olectrical energy gencrating system 
conprising an open civil energy collecting 
aerial, a pair of sparking gaps in parallel 
Of widely different reactance, connected 
thereto and a closed electric oscillation cir~ 
cuit in shunt aeross the gap of lesser re- 
sistance 

7. An electrical energy generating system 
coniprising an open circuit energy collectin; 
aerial, a pair of sparking gaps in parallel 
of widely different resistance connected 
thereto, a closed electric oscillation eixeuit 
in shunt across the gap of lesser resistance, 
a plurality of electrostatic collecting sur- 5 
Faces, means to connect. said collecting 
faces in parallel in groups and means to 
‘connect said groups symuietrically with suid 
aerial. 

Tn witness whereof, I have hereunto 6 
signed my name this 30 day of Dec., 1920, 
in the presence of two subscribing witnesses. 


HERMANN PLAUSON. 
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Witnesses: 
‘HL. F. Aradrnoxe, 
W.H. Brrstox. 
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fen) ABSTRACT 


An antenna for the collection of atmospheric static electricity 
in which an electrically conductive hub is suspended from a 
balloon or blimp viaa tether, The hub is either solid or uses a 
spokelarm arrangement, A number of rods extend from the 
hub eahance the collection of atmospheric static electricity 
The collected atmospheric electricity is conducted from the 
rods to an electrical conection where the electricity is eon- 
ducted to earth via @ conductive fine 


16 Claims, 7 Drawing Sheets 
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2 Autonomous adaptation on wireless self-backhaul to minimize service disruptions. 


@ Topological redundant connectivity on the wireless self-backhaul to enhance 
reliability and capacity and to reduce latency. 


Performance 


5G, with the ability to use wider radio channels than LTE, will be able to deliver much higher 
peak and average speeds, with initial estimates listed above in the section, “Data 
Throughput Comparison.” In the absence of deployed networks to measure, companies 
have performed simulations, concentrating initially on one of the first uses cases of fixed 
wireless access. 


Figure 51 shows downlink performance for a network using different base station ISDs, 
and with and without foliage. The Nokia simulation used base stations with 512 antenna 
elements, outdoor-mounted user equipment, 28 GHz, and an 800-MHz radio channel, 
mostly allocated to the downlink. 


Figure 51: Downlink Performance, Different | SDs, Foliage vs. None!” 
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The conclusion of this simulation is that a minimum performance of 100 Mbps at the cell- 
edge, a 5G objective, is possible at ISDs up to 200 meters, with and without foliage. 


The following three figures are from another simulation study by Ericsson, this one also for 
fixed-wireless access, with the following key assumptions: 350-meter ISD, 96-antenna 
base stations, 200 MHz radio channels, 57% allocated to downlink, 1000 homes per sq. 


27 Nokia contribution, For a full discussion, refer to the associated paper by Frederick W. Vook, Eugene 
Visotsky, Timothy A. Thomas, and Amitava Ghosh, Nokia Bell Labs, Performance Characteristics of 5G 
mmWave Wireless-to-the-Home, available at http: //ieeexplore.ieee.org/ document 7869558/. 
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ATMOSPHERIC STATIC ELECTRICITY 
‘COLLECTOR 


This isa continuation in part of US. patent application Ser. 
No. 12218,207, filed on Jul. 14, 2008, now US. Pat. No. 
7,855,476 and entitled, “Atmospheric Electrical Generator” 


BACKGROUND OF THE INVENTION 


‘This invention relates tothe production of electrical energy 
‘and more particulaely to the collection of static electricity 
‘rom the atmosphere. 

Everyone is familiar with Benjamin Franklin’ skite experi 
ment of 1752. Using a kite whose string had become wet, 
negative charges from the passing clouds flowed into the 
siting, dowa tothe suspended key, and then into @ Leyden jar 
via a thin metal wire, Franklin was protected by a dry silk 
string; but, when Franklin’s knuckle came too close to the 
kee, he received a strong shock. Fortunately, Benjamin Fran- 
lin was not killed, others who tried this same experiment 
‘were not so lucky. 

‘Since then, the formation of lightaing has remained some- 
thing of a mystery. Lightning bolts are triggered when a 
negatively charged cloud base induces a positive charge from. 
the ground, thereby forming a “pathway” for the discharge of 
the collected electrical energy. 

‘Lightning travels up to 60,000 miles per hour with a fash 
that is brighter than tea million 100-watt lightbulbs. This 
‘wattage is as much power as is produced by all of the elec 
triity plants inthe United States and with a voltage of up 10 
300 million volts 

Its this very fuct, the power within lightning is immense, 
that has prevented any success collection of the electical 
energy from lightning. The electricity in lightning is far too 
exirome for current technology to harness. 

‘While lightning has atracted a energy starved industrial 
world, no one has developed any technique fo hamess this 
naturally occurring electrical source. 

Its clear there isa continuing need for an electical source 
other than carbon-based ftels and that the naturally occurring 
clectricity in the atmosphere is being ignored, 


SUMMARY OF THE INVENTION 


‘The invention isa mechanism which tas into the naturally 
‘occurring static eletrcity in the atmosphere, Whereas here 
tofore, the attempt to garner electricity from the atmosphere 
hhas focused exclusively on capturing lightning, the present 
invention syphons off the static electricity which is generated 
from any agitated air and voids lightning, 

Lightaing is only the final discharge ofthe static electricity, 
whether that lightning is intra-cloud lightning, cloud.to- 
round lightning, orinter-cloud lightning, Othertypes of final 
ischarges are known as heat lightning, summer lightning, 
sheet lightning, ribbon lightning, silent lightning ball light- 
‘ing, bead lightning, elves, jets, and sprites, Well before these 
discharges are observed, as the atmosphere becomes agitated 
bby wind or thermal, static electricity is being generated 

“The present invention recognizes tha this sate eletrcity 
is being formed and creates @ mechanism to capture it 

‘Themechanism of thisinvention utilizes an aircraft suchas 
a lighter than air balloon, While the preferred embodiment 
uses a fil balloon, a variety of other aircraft are obvious 10 
those of ordinary ski inthe art, including, but not limited to: 
sliders, rabberballoons (such as weather balloons), biaxally= 
Oriented polyethylene terephthalate polyester film balloons, 
and latex balloons 
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Within this discussion, the balloon is referenced, but, the 
invention isnot intended to be limited solely o balloons. 

‘The balloon is sent aloR anc! is tethered by a conxtuetive 
line, In this context, the conductive line may be any obvious 
to those of ordinary skill n the art. For the preferred embodi- 
‘meat, the conductive line is a generically referred to as a 
“poly-rope" and is commercially available through a variety 
‘of sources, suitable conductive ine is described in US, Pat 
No. 5,203,542, entidled “Apparatus for Improved Electric 
Fence Wire Construction for use with Intensive Grazing” 
issued Apr. 20, 1993, to Coley etal. and incorporated herent 
by reference. 

“The conductive line played out of a winch to control the 
altitude of the balloon. The motor controlling the winch is 
able to reverse direction to both extend and withdraw the 
conductive line which is wrapped around a spool on the 
‘winch. The wineh’spool combination are part of a base unit. 

Tn some embodiments of the invention, the spool is eon- 
sinicted of rubber so as to insulate the conductive line from 
the winch assembly. In this embodiment, only theconductive 
line is charged by the atmosphere static electricity while the 
‘winch remains neutral. 

In yet another embodiment, the wineh/spool are part of a 
‘base unit which is itself isolated from the ground by an insu- 
Intor. In this embodiment, the entire base unit is charged by 
the atmospheric static electricity. 

“A conkluetor, such as an insulated wire, is electrically con- 
nected o the conductive line, in one embodiment, where the 
conductive line is electrically isolated from the spool and 
‘winch motor, the conductor is connected to the conductive 
line. In the embodiment where the conductive line is electr- 
cally connected to the base unit, then the conductor is con- 
nected anywhere on a metalic base unit. 

“The other end of the conductor is connected to load. The 
Toad in this ease can beany ofa variety of electrical loads well 
known to those of ordinary skill in an, including, but not 
limited to a motor, battery system, or the electrical grid for 
the system, 

‘In the preferred embodiment, a sensor array is used to 
‘monitor the etvites both atthe base unit (such as electrical 
flow within the conductor) and in the surrounding locale. 

‘A sonsor monitoring the electrical flow (i.e. voltage and/or 
current) within the conduetoris used to monitor the electrical 
‘activity within the conductor, 

In the preferred embodiment, « lightning sensor monitors 
for lightning activity within the locale. As noted earlier, the 
<lectrical characteristic of lightning is so extreme that ideally 
this discharge is avoided as it might damagethe mechanism of 
this invention, 

“The sensor array is utilized by a controller, su 


‘The controller operates the winch motor to extend or with- 
«draw the conductive line and by extension the altitude ofthe 
balloon. The controller is programmed to operate the winch 
bby monitoring the electrical characteristics of the conductor 


and adjusting the balloon’salltude wo maintain these charac 
leristes within the conductor within a preset range. 

‘This preset range is established either inthe base program- 
‘ming of the controller or is established by an operator ofthe 
system. 

‘As example, by controlling the amount of current being 
withdrawn from the atmosphere, the mechanism operates 
‘within a safe range and also provides a relatively stable cur- 
rent flow from which a variety of activities can take place 
{ouch as DC-AC conversion). 
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“The controller also utilizes the ightaing sensor o protect 
the mechanism from a lightning strike. Should lightning be 
tected within apre-determined range (as established by the 
software or defined by an operator, then the balloon i pulled 
down to minimize the risk of damage from lightaing strike 

‘An aspect of the present invention i the use of an antenna 
which are used to collect the atmospheric static electricity. 
‘The antenna is shaped as a hub which is suspended from the 
blimpy balloon. The hub is ideally spoked shaped although an 
alternative embodiment uses a solid hub. 

'A number of rods extend from the hub so as collet atmo 
spheri stati electricity These mds are ideally rounded atthe 
ends to enhance the attraction ofthe atmosphere statie elec 
ticity. 

‘The collected atmospheric electricity is conducted from 
the rods to an electrical connection on the hub where the 
electricity is conducted to a power plant on earth such as 
described above. 

The invention, together with various embodiments thereot 
will be more flly explained by the following description of | 
the accompanying drawings. 


DRAWINGS IN BRIEF 


FIG. 1 diagrams the preferred embodiment of the inven 
tion, 

FIG, 2 illustrates the collection of the negative charged 
particles in the atmosphere, 

FIG, 3 isa fow-chart of the operation of the controller for 
the preferred embodiment of the invention, 

FIGS. 4A, 4B, and 4C are electrical schematies for han- 
cling the static charge from the atmosphere. 

FIG. § illustrates « conductive line used in the preferred 
‘embodiment ofthe invention. 

FIGS. 6 and 6B illustrate an alternative conductive line 
creating an ionized pathway forthe flow of the static charges 
from the atmosphere. 

FIG, 7 illustrates the controller of an alternative embodi- 
‘ment and the associated safety devices. 

FIGS. 84 and 8B illustrate two embodiments of enhanced 
electrical collection leads, 

FIGS. 9A and 9B are side views and top views of an 
‘embodiment of the antenna used to collected atmospheric 
electricity 

FIG. 10 isa top view of an alternative embodiment of the 
antenna of this invention, 

FIG. 11 isa side view of yet another alternative embodi- 
‘meat ofthe antenna used to collect atmospheric electricity 

FIG, 12s the preferred embodiment of the antenna of tis 
invention. 


DRAWINGS IN DETAIL 


FIG. 1 diagrams the preferred embodiment of the inven 
tion, 

Balloon 10 is an aircraft whieh, in this illustration, is a 
lighter than air balloon. Wings 10, extending from the body 
of balloon 10, provide addtional lif in air Now 18. Tail 108, 
helps to stabilize balloon 10, 

Balloon 10 is tethered to the ground via conductive line 12. 
Asnoted earlier a variety of configurations and materials are 
available to serve as conductive line 12. In this illustration, a 
poly-wire is used. Poly-wire is commercially. available 
through a variety of vendors, including, but not limited to: 
Jeffers Livestock and Sareba Systems, Ine. of Ellendale, 
Minn. 
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In this embodiment, ocated proximate to balloon 10, is an 
<lectrical collection enhancement lead LI which assists inthe 
collection of the static electrical charge in the atmosphere 
Electrica collection enhancement lead 11 is configured to 
attract the static charge and conduct the charg into the con- 
ductive line 12 

“The electricity flows down the conductive line into spool 
13, where the conductive line 12 is collected and either with- 
«drawn or dispensed through operation of winch motor 14 

‘Winch motor 14 and spoo! 13 are mounted onto base unit 
16 which iseleetrcally isolated from ground 7using insulator 
17. Note, in this embodiment of he invention, when electic- 
ity is being collected from the atmosphere, the entire base unit 
16becomes charged. Inanother embodiment ofthe invention, 
spool 13 is constnucted of rubber, thereby preventing base 
‘unit 6 from becoming charged, thereby restricting the chang 
ing from the atmosphere to only conductive Tine 12. 

‘In this embodiment, conductor 6 is connected to hase unit 
16 (since tbe entire ase unit 16 is charged and the base unit 
is metalic) (© communicate the electrical current to load 5. 
Conductor 6is ideally an insulated wire. 

‘The electrical current through conductor 6 is measured 
using sensor 8 

Inthealternative embodiment discussed above, where only 
the conductive line 12 is charged, then conductor 6 is con- 
nested to conductive line 12 

Controller 1S, locate in this embodiment on base unit 16, 
‘operates winch motor 14 i response to signals from sensor 8 
(measuring the current being discharged to load 8) to main 
‘ain thecurrent flow withina pre-defined range. As the current 
flow diminishes, then the conductive line 12 extended from 
spool 13 to increase the altitude of balloon 10 to thet more 
Satie charge from the atmosphere is gathered; asthe current 
flow falls exceeds a preset level, conductive line 12 is with- 
‘drawn onto spool 13 to decrease the static charge being col- 
lected from the atmosphere. 

“Therangeof current flow through conductor 6is ideally set 
by the program, although some embodiments of the iavention, 
‘permit an operator fo establish this range of operation. 

‘In an alternative embodiment, the sensor monitoring eon 
ductor 6 monitors the voltage therein. 

Inthe preferred embodiment ofthe invention, controller 15 
is also equipped with a lightning sensor 19. ln this embodi- 
‘meat, when lighting is sensed within a preset range, then 
substantially all of conductive line 12 is wound onto spool 13, 
to pull balloon 10 near the ground and proteet the eatie 
‘mechanism from being damaged from a lightning discharge. 

‘In the preferred embodiment, the “safe” distance form 
lightning is set in the programming of controller 15 anc! is 
ideally two miles; other embodiments permit the operator to 
“sate distance 

‘Therearea variety ofightning sensors well known to those 
‘of ordinary skill in the ar, including, but aot Fimited to those 
dlescribed in: U.S. Pat. No, 7,016,785, entitled "Lightaing 
Detection” issued to Makela, tal, on Mac. 21, 2006; US. 
Pat. No. 6,829,911, emitted “Lightning Detection and Predic- 
tion Alarm Device” issued to Jones, etal. on Dev. 7, 2004; 
US. Pat. No. 7,200,418, entitled “Detection of Lightning” 
issued to Karikuranta,etal.on Apr, 3, 2007;and U.S Pat. No. 
46,961,662, emitted "Systems ancl Methods for Spectral Cor- 
rected Lightning Detection” issued to Murphy on Nov. 1, 
2005; al of which are incorporated hereinta by reference, 

In another embodiment of the invention, controller 15 is 
not located on base unit 16, rather itis remote and commu 
nicates its contro] signals to winch motor 14 using radio 
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FIG, 2 illustrates the collection of the negative charged 
particles inthe atmosphere 

Satie charges 23 are generate inthe atmosphere by agi- 
tated at. These stati chargesareoftencollested.at the bottom. 
of clouds, but exist in other eavironments as well, 

Balloon 21 is extended into this stata of static charges 28, 
which are then attracted to conductive ine 12 to ow to base 
‘unit 22 and then onto Toad 5 

By increasing or decreasing the altitude of balloon 21 
(defined by the length ofthe extended conductive line 12), 
concetve line 12 is selectively exposed to varying densities 
tnd loves of the state charge strata, and by extension, the 
current for voltage is increased or decreased 

FIG. 3 isa flowehaet of the operation of the controller for 
the prefered embodiment ofthe invention 

‘Once te program stars 30, the iahtningsensoris checked 
to determine iflightning has occurred with the unsafe ange 
31A, if it has, then the balloon is lowered 32A, and the 
Ppmgram continues monitoring the sts of lightning wai no 
lighining is detected. 

‘When th lightning status is acceptable, then the eurent 
‘within the conductors checked to see ifthe current is withia 
the preseribed range MB. Ithe eurent is acceptable (thin 
range) the program returns to check the lightning status 31.4; 
otherwise a determination is made to see if the curent is 
hove the prescribed range 31C 

Ifthe eurent is above the prescribed range, then the alt= 
tnd of the balloon is withdrawa a set amount 32B (ideally 
twenty-five fowt) and the program loops back to see if the 
current is within ange 31B. 

Ifthe eurent is below the presribed range, then the alt= 
tude ofthe balloon is extended a set amount 32C (ideally 
twenty-five foot) and the program loops back to see if the 
currents Within ange 318, 

Th this manner of feed-back and minor adjustments inthe 
altitude of the balloon, the current maintained within a 
prescribed range which can be handled! by the downstream 
Cleetrical sytem. 

"Asnoted cai, some emabodimentsof the invention moni= 
tor the voltage insiead of the eureat 

FIGS. 4A, 48, and AC are elevrical schematics for han- 
<ling the state charge from the atmosphere 

‘By maintaining the voltage being collected in a prescribed 
range, an electrical conversion system is easily’ designed. 
While FIGS. 44, 4B, and 4C ilustate some elevtcal on- 
figurations, those of ordinary skill inthe at readily recognize 
variety of other configurations which will serve the same 
fanetion. 

Referencing FIG. 4, Direct Curent In (DC IN) 40 is 
butfered by 2 gang of capacitors 41 before being communi- 
cated to 2 DCIAC couverter 42. The DC/AC converter eon: 
vers the direct current into an alternating eurent suitable 
for placement over an existing electrical grid 43 such as 
normally found from a power-piant 

‘ThoseoF ordinary skiln the art readily recognize variety 
of DCIAC converters, including, but not mite to: US. Pat 
No. 7,394,671, ented “Controller IC, DC-AC Conversion 
Apparatus, and parallel running system of DC-AC Conwer- 
sion Apparatuses issued to Fukumoto, etal-on 
ad, US. Pat, No, 7,330,366, entitled "DC-AC 
issued to Lee tal. on Feb. 13, 2008; 
porated herento by reference: 

FIG, 4B illustrates an cletrcal srrangement suitable for 
use in charging a battery. DC IN 40 is buflered by eapacitor 
bank before entering intoastep down transformer 4. Step 
clown tansformer 43 reduces the voltage s0 that the vole 
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‘can safely be introduced into hatery 44 whichis connected 10 
‘ground 48 atthe battery's other pole 

“Those of ordinary skill nthe art readily recognize varicty 
‘of batteries which will work in this capacity, including, but 
not limited to those deseribed in: U.S. Pat, No, 7.378.181, 
‘entitled “Electric Storage Battery Construction and Manufac™ 
ture” issued to Skinlo on May 27, 2008; US. Pat. No. 7.388, 
350, entitled “Battery with Electronic Compartment” issued 
to Wright on Jun. 17, 2008; US. Pat, No. 7,397,220, entitled 
“Connection Member and Battery Pack” issued to Uchida, et 
al. on Jul. 8, 2008; and, U.S. Pat. No. 7,375,492, entitled 
“Inductively Charged Battery Pack” issued to Calhoon, etl 
‘on May 20, 2008; all of which are incorporated hereinto by 
reference. 

In FIG. 4C, DC IN 40 is fed into an adjustable rhoostat 46 
which is controlled by the controller so that the DC OUT 47 
falls within a specified range. 

FIG. § illustrates a conductive line used in the preferred 
‘embodiment ofthe invention. 

This type of condvetive line is commonly called poly-wire 
and consists of multiple interwoven strands of plastic SDA. 
‘and 50B woven into a cor or rope arrangement having inter- 
‘wwined therein exposed metal wires SLA and S1B, While this, 
illystration shows two plastic strands and wo metal wires, 
any number of possible combinations is possible 

‘The exposed metal wires 514 and S1B attract the atmo- 
sphere static charge and transmit the charge down tothe base 
‘unit (not shown), 

FIGS. 6A and 6B illustrate an alternative conductive line 
creating an ionized pathway forthe flow of the static charges 
from the atmosphere. 

‘This conductive line wilizesatube 60 baving anouterlayer 
‘620fPET Film Biawially-oriented polyethylene teephtalate 
polyester film) which provides exceptionally high tensile 
strength andis chemically and dimensionally stable. The tube 
‘hasan ideal diameter of between two and three inches. 

An interior metal coating 61 provides an inital conduit for 
the flow of statie charge. The static charge through the metal 
forces the tube to expand due to the repulsion experienced by 
like charges, Further, the low ofelectricity eauses the interior 
Of the tube 60 to become ionized to provide an additional 
pathway for the atmospheric static charges to the base unit 
{not shown). 

‘Because outer layer 62 providesa gos barrier, the resulting 
ionization isnot dissipated by ar currents, thereby providing 
‘a highly stable pathway. 

FIG. 7 illustrates the controller of an alternative embodi- 
‘ment and the associated safety deviees. 

‘In this embodiment, controller box 70, resting on insulat- 
ing pad 72, sin communication with the sensors as described 
‘above. Using the input from these sensors, when theres ow 
“of electricity through the base unit, warning ashing light 71 
is illuminated. To electrically neutralize the mechanism, 
switch 73 is activated to pass any existing current into the 
‘round 74. 

FIGS. 8A and 8B illustrate two embodiments of enhanced 
electrical collection leads 

Referencing FIG. 8A, enhanced electrical collection lead 
'82 is a wire mesh which isin electrical communication with 
conductive line 81 and balloon 80. Because of the significant 
amount of metal exposed by enhanced electrical collection 
lead 82, more static electricity from the atmosphere is drawn 
tothe collection lead 82, and then dawn conductive line 1 to 
‘the base unit (not show). 

‘Conductive lead 82 is positioned proximate fo balloon 80 

InFIG. 8B, poly-wire83 has enhanced electrical collection 
leads 84 wrapped therearound, Collection leads 84 have 
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7 
pointed ends 85. and 85D which have a propensity to attract, 
‘more electricity than rounded ends do, 

FIGS. 94 and 9B are side views and top views of an 
embodiment of the antenna used to collected atmospheric 
electricity 

Blimp 90 supports antenna 92 via tether 91 whieh is 
attached to antenna 92 by connection 94, Inthis embodiment, 
antenna 92 is made of electrically conductive material and is 
ideally light in weight to lessen the payload requirements on 
blimp 90. 

Feireling antenna 92 und extending therefrom are rods 93, 
which are rounded at their distal ends so as to enhance attrac 
tion ofthe atmospheric statie electricity, The static electricity 
is communicated to connection 96 and then to eleetzical line 
95 which communicates the electricity to the ground based 
station (not shown) as described above, 

FIG. 10 isa top view ofan alternative embodiment ofthe 
antenna of this invention, 

Inthis embodiment ofthe antenna. central hub 101 has the 
‘limp connection 104 (capable of receiving the tether to the 
blimp) secured thereto. Ia this illustration, four arms 102, 
1022, 102C, and 102D extend from hub 101. Hub 101, and 
arms 102A, 102B, 102C, and 102D are all electrically con= 
ductive in this embodiment. 

‘AC the end of each arm are rods 108 which are used 10 
enhance the collection ofthe atmospheric static electicity. 

‘Although this embodiment illustrates four arms, the inven 
tion is not intended to be limited to four arms, rather, any 
‘number of arms may be used and the number of rods extend 
ing from the distal ends of the arms also varies. 

FIG. 11 isa side view of yet another alternative embodi- 
‘meat ofthe antenna used to collect atmospheric electricity 

Inthis embodiment, several ethers 112A, 112B,and 112C, 
are used to secure the antenna 113 to the blimp 111. This 
arrangement of several tethers provides heightened stability 
of the antenna by reducing the affects wind will have on the 
antenna 

FIG, 12s the preferred embodiment ofthe antenna ofthis 
invention. 

In this embodiment ofthe antenna, arms 122, 122B, and 
122C extend from a central hum and are electically con- 
nected to rim 124. Tether connectors 123A, 123B, and 123C, 
are used to secure the antenna tothe blimp or balloon, 

Rods 12S extend from rim 124 to inerease the collection of 
the static charges in the atmosphere. 

It is clear from the foregoing that the present invention 
captures an entirely new source of electrical energy 


‘What is claimed is 

1. system for collection of atmospheric static electricity 

comprising: 
balloon; 
at hub that is electrically conductive and connected to the 
balloon by a tether, de hub having 
at least three electrically conductive arms, a first end of 
‘each of said conductive arms electrically eounected 
said hubs and 

«plurality of rods frst end of each of said rods being 
‘electrically connected toa second end of atleast one 
of said atleast three arms; 

‘a base unit having a spool of conductive line on a wineh 
‘motor, one end of said conductive line secured to said 
hub, a portion of said conductive line and said hub cole 
Jecting electricity in the atmosphere, said winch motor 
selectively extending or withdrawing said conductive 
Tine from said spook 
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‘conductor having a first end electrically connected to said 
‘conductive line and a second end electrically connected 
to a load being powered by collected electicity from 
said conductive ine; 

saneleetrical flow sensor monitoring electrical flow through 
‘tid conductor and generating an electrical flow indicia 
indicative of said electrical flow in said conductor; and 

a controller receiving said electrical flow indicia and selee~ 
tively operating said winch motor such that said electti- 
cal flow indicia remains within a selected operating 
range. 

2. The system according to claim 1, wherein each of said 

plurality of rods has @ rounded second end. 

3. The system according to claim 2, wherein at least two 
rods are attached to the second end of each of said at least 
three arms. 

4. The system according o claim 1, further comprising an 
electrically conductive rim connected to a second end of said 
electrically conductive arms. 

5, The system according to claim 4, wherein at east a 
portion of sad plurality of electrically conductive arms age 
connected substantially at right angles t an exterior of said 
electrically conductive rim. 

6.A system for collection of atmospheric stati electricity 
comprising: 

‘radial arrangement of atleast three electrically conduc 

tivearms; 

4 plurality of rods, each of said rods being electrically 
‘connected to at least one of said atleast three arms; and 

a balloon tether connected between a balloon and said 
‘radial arrangement of at least three electrically conduc 
tivearms; 

«base unit having a spool of conductive line on a wine 
motor, one end of said conductive line secured to said 
radial arangement of atleast three electrically conduc 
tive arms, a portion of said conductive Tine and said 
radial arangemeat of atleast three electrically conduc 
tive arms collecting electricity in the atmosphere, said 
winch motor selectively extending or withdrawing said 
conductive line from said spoo! 

conductor having. firstend electrically connected to said 
‘conductive line and a second end electrically connected 
to a load being powered by collected electicity from 
ssid eonduetive line; 

‘an eletrical flow sensor monitoring electical Now through 
ssid conductor and generating an electrical flow indicia 
indicative of said electrical flow in said conductor; and 

controller receiving said electrical flow indicia and selec~ 
tively operating said winch motor sel that said elecsi- 
cal flow indicia remains within a selected operating 
range. 

7. The system according to claim 6, wherein each of said 
plurality of rods has « rounded end distal from said elecsi- 
cally conductive arm, 

8, The system according to claim 7, further including a 
balloon tether connection secured to the first end of said at 
least three ams. 

9. The system according to claim &, further including an 
<lectrcal connection secure 10 the first end of said at least 
three arms. 

10. The system aceonding to claim 9, wherein said at least 
‘wo rods atached to said atleast three arms is five rds 

11. The system according to claim 9, further including an 
<lectrically conductive rim connected t a second end of said 
«electrically conductive arms. 
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12. The system according to claim 11, wherein said plural- 
ity of anus are electrically connected to said electrically oon 
ductive rim. 

13. The system according to claim 12, wherein at least a 
portion of said plurality of rods are eonnecied to an exteriorof 
said electrically conductive rim substantially at right angles 
thereto 

14. system for the collection of atmospheric static elec- 
ticity comprising: 

‘a generally circular electrically conductive body: 

balloon tether connected toa first side of said generally 

circular electrically conductive body and toa balloon; 
and 

‘an electrical connection connected to a second side of said 

aenerally circular electrically conductive body; 

‘base unit having a spool of conductive line on a winch 

‘motor, one end of said conductive line secured to said 
electrical connection, a portion of said conductive line 
and said generally circular electrically conductive body 
collecting electricity in the atmosphere, said winch 
motor selectively extending or withdrawing said eon- 
ductive line from said spook: 


10 
conductor having afirstend electrically onnected to said 
‘conductive line and a second end electrically connected 
toa load being powered by collected electricity trom 
said conductive fine: 
‘5 anelectical flow sensor monitoring electrical flow through 
ssid conductor and generating an electrical flow indicia 
indicative of said electrical flow in said conductor; and 
controller receiving said electrical low indicia and selec 
tively operating said winch motor such that said electri- 
cal flow indicia remains within selected operating 
range. 
15, The system according to claim 14, wherein suid gen- 
erally circular elecrically conductive body comprises: 
an electrically condiactive hubs 
5 al least three electrically conductive arms, each of said 
farms connected ata first end to said hub; and 
an eleciticaly conductive rim connected tothe second end 
‘af each of said atleast three arms, 
16. Thesystemacconding toclaim 18, further comprising a 
9 Plurality of electrically conductive rods, a first end of each of 
said rods connected to said rim and extending therelrom 
substantially at rights angles thereto. 
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Information Big Brother & the Oil Companies do not want you to know! 


Scale up the enclosed methods and you could have ? 


Unlimited Amperage! 


By United we mann yuan ep akg mare earth clo our ea fen 
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There are many ways to pick up on the 
free energy in the earth, Just a few are 
described in these plans. These 
devices if made right will pick up earth 
‘energy that many call ether or static 
currents as well as acting as high 
efficient earth battery's. Ether travels 
_—— through plastic wood etc... Study and 
SS research these plans closely there is 
Aluminum Copper more to these plans than what you may 

think. You can learn to get enough 
power to run your home! 
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Learning The basic’s of our invention 


Experiment #1 How to assemble a 12 vdc system Zine Rod or bolt 
1. You will have 12- 4” 3/4" copper piping, or If you did not = Negative 
purchase the kit then cut your copper to this size. KIT: take 
each piece of copper and tape the tops with 1" masking 
tape. 

2. Now using RED LACQUER spray paint (Which you can 


buy at any hardware store), Paint the outside of the 4" or 3/4" 
copper all around. (DO NOT PAINT THE INSIDE.) Copper 
let air dry for 24 hrs. Now remove 1" masking tape. Pipe 


3. Take the copper pipe outside to the area that you are 
going to use. use a hammer and hammer each one Into 
the ground up to the 1" copper exposed top. do not let the 
exposed copper touch the earth in the final placement. Dirt 
should be moist. Not real dry. 


4. Now remove each pipe and place a thick piece of ‘Earth 


plastic on bottom of copper pipe to cap it. LET IT BE LOSE, 
DO NOT TAPE IT. YOU WANT RAIN WATER TO BE ABLE TO’ \ 
ESCAPE FROM EACH PIPE, Do not let exposed outside 
copper touch the earth, 


Plastic 
5. Now hammer each pipe back Into the same holes. wea 
place each 2" piece of zinc rod ( or a long bolt, most bolts are zinc 
plated ) into the center of each pipe. The zinc Is the NEGATIVE 
and the copper is the + POSITIVE. 


6. Now connect them in series to get 12 volts, use clip wire * 4" Copper’= + 


or solder them. If you are going to leave It outside for a Positive 1.5 vde 
long time then make sure connections are soldered and ‘each cell you make 
then painted to protect them from the weather. The rain ‘This represents one 
will replenish your earth batteries. Top get more amaperage cell. Aaty of 12 to 14 


will give you 12 - 14 volts de 
when connected in series. 


with this type simply add more copper and zinc rod cells USE 3! 
PIECES OF COPPER PIPE INSTEAD OF 4” PIPE. THEN 
CONNECT EVERY ROW OF 12 PIPES IN PARALLEL... 

ADD AS MANY ROWS AS YOU NEED UNTIL YOU GET THE Siena 
DESIRED AMPERAGE YOU WANT. ( THINK BIG! ) This can be copper Pipe, 

a very powerful free energy system for your home or other. Not only 

will you get an earth battery effect, but you will also be collecting earth 

currents from ether /static and under ground radio waves as well. 


7. The deeper you go with the copper pipe, the more 
amperage and voltage you can get. 
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Learning The basic’s of our invention 


Experiment #2 How to assemble a 12 vde system 


This is just an example to go by and isnot the best way but slow inefficiency! See our capacitor earth cells, coll type or fat 
sheet type. Thy produce far more amperage and vollages than this type. 


‘i 2ne 


+ = 


10L x3" D = 
‘copper pipe =1- 12vde array 


NOTICE: Do not paint the 10 foot copper cell. Keep all copper exposed 
to the earth. The more exposed copper the better. For higher amperage 
output, use azine or aluminum rod 10/16” Diameter which will leave a 
space of more than 1/16” to the copper. 


‘Advantages of earth powered batteri 


1. Free Energy 

2. Long Life 

3. The collection of aether energy. 

4. Cells are also replenished by 
outside weather. Rain as well 
as lightning charges. 
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km., 25% of homes using 4K UHD video service at 15 Mbps, building heights of 4 to 10 
meters, and trees from 5 to 15 meters. 


Figure 52 shows the throughputs available across the coverage area, 
able to receive close to 1 Gbps. 


many locations 


igure 52: Throughput Map of Suburban Area at Low Load”? 
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Figure 53 shows the proportion of users that can obtain 15 Mbps and 100 Mbps ser 
relative to monthly traffic volume. Note that the system supports thousands of GBs of 
service per subscriber per month. 


228 Ericsson contribution, Ericsson Technical Review, 5G and Fixed Wireless Access, 2016, 
available at https: //www.ericsson.com/assets/local/ publications/ericsson-technology- 
review/docs/2016/etr-5g-and-fixed-wireless-access. pdf. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 115 
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Learning The basic’s of our invention 


‘You can purchase Zine rods or zine pat bots at any hardware store, most all nus and bolts thay xe ar zine costed and wil werk tne. Tay leo cay 
‘suminum shestng. host hardware stores can orer You copper sheeting as Well 


Experiment #3 How to assemble a 12 vde system 
This is a simple way to produce more amperage but is not practical, we are only showing you 
this to educate you. The closer the zinc rod is to the copper the more amperage you will get as 
well as going deeper into the earth. If you do decide to build this basic set up. It is suggested 
that you solder all leads very well and dig deep enough into the earth to hide the tops of each 
cell. By covering the tops with dirt the cells can short out so what you want to do is to paint the 
exposed tops with lacquer or enamel paint then cover with plastic, cover with dirt and allow 
both the negative and the positive leads to stick out of the ground. But like | said this is not 
practical, what your goal should be is to make a very strong uf earth capacitor / battery, This 
will allow you to pick up and collect earth radiant waves of energy as well as lighting energy 
during storms, the energy you can collect in a strong lighting storm will amaze you! You must 
use an antenna on the zinc rod or copper rod. WARNING! Be careful when collecting 
lighting it can kill you, be sure the positive and negative wires are not coming into your 
home. During a storm it is advised to have the lead wires going into a large uf cap bank 
via a one way diode on the positive lead to the positive of the cap or battery. The earth 
battery's can be dangerous at times and must be completely buried in the earth so a 
child, adult or animal can not touch or get to. Our earth capacitor batteries can store and 
hold thousands of volts. So be careful. Use rubber gloves and clothing to protect 
yourself. We are not responsible for anything in these plans you build at your own risk. 


tne ; 
ay vied Top view of a 12 volt dc array | 2xerossansereiaadty 
high amp system Shoutrn or Ze sawing, Use 
Connect the svesaraysin paral to each char as shown, ‘Sve aml paces bnrean 
ror a high votage system conned alin sales! Puse tne de Beatin eae Sp 


Example ofa perfect Zinc rod 
‘copper pipe cell 


+ 


into a 10x stop up transformer, 18,000 v Neon transt 
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Learning The basic’s of our invention 


t #4 The 6 foot spacing method ( old way ) 


There are many US Patents that were Issued back in the 1800's, one of them was 
issued to a Mr. Deckman. Deckman found that if you take several small pieces of 
Zinc and Carbon rod and stick them into the ground next to each other and connect 
them in series ( much like a battery ) you get very little gain at all. 


But if you put them 6 feet apart you will get a gain In voltage and they will not cancel 
one another out. so by doing this you can put them In series to increase your voltage 
and your volt amps. The theory is that there Is some sort of natural energy VORTEX 


that takes up about that much space for each unit or cell. 


TOP VIEW 


Zinc oF Al rod 


vom a! 


Earth Ground 


By using this method it will take a lot of ground space, ground space that many 
people just do not have with the exception of farmers. If you do have the space then 
think BIG! dig deep and have as many cells as you can get up to 2 to 4 acres. There 
are much better ways - vs - the old method as you will see. but by using Deckmans 
old way or our new methods, you can get as much free energy as you want with volt- 
ages or amperages as high as you want or desire. The higher the desired amperage 
the more costly it can get. We are always working to better our inventions to keep 
the cost down. 
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Learning The basic’s of our invention 


By using our new system you can get as much voltage or amperage as you want. Just 
size It to meet your needs or your budget. 


How to get AC current for house hold use. 


You can convert the incoming de current to ac by using a home made inverter 
(which we sell the plans to, 5 kw inverter plans $40 order #579 ) or you can purchase 

a 12 to 115 vac inverter from a store or solar panel supply house... If you are planing to 
make a 115 VAC system this Is the only way you can do it. You can not get AC current 
from the ground. You must use our system to charge a deep cycle 12 v marine battery, 
and then connect our 5,000 watt 120 vdc to ac inverter to the battery to run your 

home. ( we do not sell kits or inverters assembled, we only sell the plans at this time. ) 


More on the basic pipe method 


Please note: the dirt level inside each pipe should be up to 1/4" from the top. each 
pipe should be tightly fliied with dirt. Which will automatically happen when you hammer 
the pipe into the ground the first time. 


Each copper pipe (or cell) should be spaced 1 Inch to 1 1/2 inch apart. Doing this 
will give you more amperage and voltage. 


How to dig a simple deep hole for 8' pipe: There are many ways in which you can do this. 


you can rent a ground drill bit and rig it up with a electric 2 hp motor or you can use 1" 
copper pipe. 


First: prepare the ground with water to make it moist but not muddy, 2nd: hammer a 
1" x 5! copper pipe into the moist ground about 5 inches deep/ then remove it from 

the ground and take a stick or a water hose to remove the dirt from inside the pipe. 

Then just repeat the process over and over until you get the desired depth that you 

want. you can get about 10 feet or more using this method. 


WARNINGI BE CAREFUL OF ELECTIC POWER LINES WHEN YOU PLACE OR 
PULL THE COPPER PIPE FROM THE GROUND, IT WILL KILL YOU IF YOU TOUCH 
APOWER LINE WITH THE END OF THE COPPER PIPE. 


We are dealing with a new type of energy as well as conventional energy < Ether 
energy can go through rubber/ plastic. Iron, etc 
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Copyettas ant Crectvesrietes Bese 


What is ether or Radiant energy? 


The understanding comes from a very deep study of etheric or static 
forces, this energy that we are getting out of the ground is what some 
call LIGHT ETHER, when you separate the light ether from the warm 
ether you can get these superconductive events. It appears like 
electricity but it has no heat events related to It. 


The point is that the best polarity's of things to get a differential in the 
light ether is to have a silvered coloured metal and then something that 
is totally absorbitive/ Like black Carbon. 


So now you have something that's the perfect reflector and something 
that is the perfect absorber, and once you understand what your pulling 
out of the ground ( and that it Is not classic electricity as we 
get out of a normal type of chemical battery), then your going to be 
farther down the road to understanding how to get much more power 
out of this stuff..... 


There are researchers now that are getting 1 /2 volt to 2 volts dc ona 
"Quote" volt meter, but it will shock you through an inch of rubber shoes 
this is not normal electricity! 


Q: Is this energy coming from the sun and being absorbed In the earth 
or from the center of the earth? 


A: Yes, but the primary source of light ether is the sun light, yes the 
earth does have an economy of light ether which does follow the sun 
around. BUT IT IS ALSO IN THE GROUND! AND ITS IN THE AIR! 


Q: Did NokolaTesla know about this in the 1900's? 
A: Yes, if you read into his writings he was always saying things like, 
there is more energy moving than just the electricity in this stuff. 


Example: If you take a large Tesla coil and fire it up, and you drive it 
with a van de graph generator and you put the output of that into a Tesla 
coil. you can throw sparks across the room! What these electrostatic 
machines are gathering is light ether. 
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A Very Strange and New Discovery! 


While working outside on another experiment | discovered a very strange generator effect, 
much to my surprise, | found that by using 2 aluminum 8" disks connected to my DC volt 
meter and by placing both disks in a vertical position while touching the bare earth dirt, and 
moving one of the disks and allowing the other to be stationary | get a de voltage positive 
output! This effect works with any size or shape of aluminum, we used 8” diameter disk x 
1/8" thick, we found that size to work best. Also by stacking them like a capacitor you will find 
that the current output is far greater, For Example: see figure 1, Disk A would have 4 more 
disks connected in parallel of the same size separated by paper die electrics. The same 
goes for Disk B 


First find a spot any where on the ground where there is no grass ( best when wet ). 
Please note, it's not just creating an acid battery effect, you are also getting a good contact 
with the ground as a conductor to pick up ether energy. 

Now place the disks side by side, attach your DC voltmeter probes onto the disks, 
one negative and one positive. DC meter should be on the lowest setting, now place 
both disks on the ground very softly and move disk B and do not move disk A (positive.) 
You will notice you are getting a small amount of voltage and amperage. Now Move disk 
Aand do not move disk B. THE POLARITY CHANGES. 


The rule here is; The disk that moves is always positive. since we can get a polarity change 
just by moving the disks at opposite times. You can make a very simple mechanical device 
to get AC current from on top of the earth. Again, this is not just a chemical reaction we have 
done many test to prove this. You can also get a small voltage reading in dry dirt. The reason 
for the smaller voltage in using dry dirt is because a low conductance resistance is taking 
place here, keeping the system from being in contact with the earth and collecting the earth 


ether energy. 


FIGURE. 
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Capacitor Sheet Method 


This method is far better than using pipes or rods. By using copper and zinc or 
aluminum foil sheets you will get much more amperage out of your system! 


The amperage you will be collecting will be coming from 3 different sources, 
4. The acid in the ground and water 

2. Energy that is being transmitted from the earth itself 

3. Energy that is being transmitted from the sky and space. 


This may all seem unbelievable but it's true and is a fact! The more plates that 

you add the more power you will get! The copper sheet(s) is the positive, it must be 

facing down toward the earth. The aluminum or zinc sheet(s) is the negative and must 

be facing toward the sky! Between each sheet place 1- cotton or course screen printing 

mesh or other plastic course mesh cloth material. you can use a hole puncher to punch exact holes 
in each sheet, use 2 holes per sheet copper and aluminum. Use a 8 1/2" x 11" paper puncher one 
that is adjustable. next use a 3/4 wood base and drill hole for wood dowel rods to fit to the holes 
you punched in the sheets, you will have a total of 4 wood dowel rods, 2 on the right for the copper 
sheets and 2 on the left for the aluminum sheets to fit over, cloth die electric can be done the same. 
You then need to assemble dry and use another 3/4” wood board for top holding plate, which will 
fit over the wood dowel rods on top, sandwhich and press the assembly together and tape in place 
with duct tape, drill 2 long bolt holding holes on bottom wood base and top wood base then attach 
long bolts and nuts and tighten down. Remove tape. and attach wires, water the entire capacitor 
assembly and bury in the ground. 


Copper sheet Aluminum sheet 
| Cloth sheet 
‘op View Tepe 


Top View 


Place Aluminum sheet on top of copper sheet 


Dot ines inate where cloth goes 
‘Top View 
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Capacitor Sheet Method 40° Antenna 
Aluminum Washer(s) Copper Washer(s) 
spacers spacers 

OD oe 
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Capacitor Sheet Method 


Again, the more plate sheets of metal you add (or cells ) the more power you will get! 
Remember it's all about capacitance. You are collecting more than just simple battery type 
power. The copper plate sheet is the Positive + and the Aluminum sheet is the negative. 
There are many ways in which one can build this type of earth energy collector, below is 


simply an example of another shape and form. In this type we use water holes. water holes 
must all be in exact spots. 


e000000 100% 
10° - Aluminum 10° Cotton Cloth 


e000000 


12 12 


Figure #1 Top View of separate pieces 


Figure #1 Side View 


Negatve pe 


+ postive x 
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OUR MORE ADVANCED EARTH CAPACITOR! 


EECC) Earth Energy Coil Capacitor! 


To collect more ether earth energy atoms, build the following Earth Energy Coil 
Capacitor, Designed & Created by Creative Science & Research. This is far better than anythin 
we have found yet! Much more power and is easier to build 


Start with our EECC Model #1, Take a 5/16” zinc rod or aluminum rod, cut to 7.5” long. 

Now use #27 bare copper wire, secure it in a drill press ( which you will then turn by hand). 
Cover zinc rod with paper one layer, use very tiny bits of tape to secure. Now apply the 
copper wire over the paper, remember to use copper that is not coated! Tape one end of the 
copper wire to the end of the zinc or aluminum rod and begin to slowly wind. Each wind must 
be perfectly fitted side by side, paper should be 5.5" long, total length of winds should be 4” 
long centered on paper. Once you are done with the first layer, apply another piece of paper 
to the top layer of the first copper layer, do not use to much tape to secure paper in place! 
Now begin your 2nd layer, repeat this same process until you have about 10 layers, ( the 
more layers the better!) Copper must not touch the zinc or aluminum. When done hot glue or 
epoxy a small end piece of the copper wire so it will not come unwound. This is one 
complete cell, keep in mind this is a small test version, to get more power you have to 
THINK BIG! Build larger cells, using larger size copper. Then place them in salt water to test, 
2 cells can be connected in series, after that you must connect them by use of capacitors, 
diodes and electronic or hand wound spring switches. If you build 20 of these and try to. 
connect them all in series without a cap/ diode switching method, the cells will cancel each 
other out. Keep in mind you want water to get to each layer as well as the zinc or aluminum. 
You can also use Aluminum or zinc pipe. 


Now concerning the paper Die Electric, Paper will not last very long, test and find a water 
absorbing plastic die electric,( mesh type). We suggest that you use Plastic screen mesh 
that you can buy at any hardware store, if all you are interested in is collecting small voltages 
then use one layer in between each layer of copper, if you are interested in collecting higher 
voltages such as lightning charges then you must use more layers of plastic screen mesh to 
thicken the die electric so the higher voltages will not short out your system. Paper may not 
last longer than 1 year, Plastic screen mesh or polyester screen printing mesh will last for 
many years. 


EECC Model #2 Same as #1, but different. In this design we use #27 copper COATED wire, 
instead of bare wire. since the copper wire is coated and not bare, each layer must be 
sanded, that is, the top portion of the copper coated layer must be sanded off so it will be 
exposed to the water and acid, a die electric should still be used in this case. This type 
makes for a very high efficient earth cap! 


EECC Model #3 Same as #1 but reversed! You will use aluminum wire and a copper rod or 
pipe. Use a 3/4" copper pipe and wind the die electric paper or plastic mesh and Aluminum 
bare wire around the copper pipe as explained in Model #1 
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OUR MORE ADVANCED EARTH CAPACITOR! 


EECC) Earth Energy Coil Capacitor! 


Aluminum 3/4” Diameter Pipe 


+ 


EECC) Model #1 see page 12 


4 zo of our larger version 


Copper Wire 
Layers #20 Gauge 


Brown Paper 
layers = Die Electric 


a4" 


Winding the wire can be done quickly if you 
use a drill press that is redesigned and 
fitted with a low rpm 90 vde conveyer belt 
motor with control box. www.Graingers.com 


The perfect rpm is about 70 rpms, If you 
wish to make it a bit easier you can use 
larger wire such as # 17 gauge. The photo 
is an example of a mid size cell and can be 
very powerful! This is % size of a large cell. 
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Figure 53: Proportion of Satisfied Users Relative to Monthly Usage”? 


[Proportion of satisfied users (%) 


— Data rate >1sMbps 
"— Data rate >100Mbps 


° 1000 2000 


3000 


User traffic volume (GB/subscriber/month) 


4000 5000 6000 


antennas, facilitating deployment. 


Figure 54: Breakdown of Indoor, Wall-Mounted, and Rooftop Antennas??? 


Figure 54 shows that an ISD of 350 can be used with a combination of indoor, wall- 
mounted, and rooftop antennas. A large percentage of users, 78%, can use indoor 


ISD=350m 
NTE (> 
i eT or 
29 Ibid. 
3 Ibid. 
Noble Broadband Transformation, Rysavy Research/5G Americas, August 2017 age 116 
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OUR MORE ADVANCED EARTH CAPACITOR! 


EECC) Earth Energy Coil Capacitor! 


‘Our small test model #1, we used #22 bare copper 
wire wrapped around a zinc rod, each layer had a ‘Small Drill press turned into a Coil Winder 
paper die electric, tested in tap water. 5 layers. 
Output = 89 vde x 3.5 ma, this is low. 
more layers will = more capacitance which ='s more 


amperage and voltage. The more layers, the 


more free earth energy 
you can collect! 


‘Small Drill press tumed into a Coil Winder. We tured this by hand. 
Larger coils is best to use low rpm motor at about 70 rpms, In this picture you see 
that we wound each wind side by side, this makes for a more high efficient earth cap. Side View 
‘You can wild wind if you like if you use smaller wire like #31 to #34. Ideal size for 
experimenting 
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EECC) Earth Energy Coil Capacitor! 


Rolled Earth Capacitor 
/ 
MODEL #4 Rolled Earth Capacitor sexs ae 
Copper foil is placed between 2 pieces of paper strips and 


Aluminum is placed on bottom. Use 400 foot strips 2° wide. 
This method is very hard to do. But is very high eff. 


We used salt water to test rolled caps before placing them in the ground. 
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EECC) Earth Energy Coil Capacitor! 


MODEL #4 Rolled Earth Capacitor 


Top paper 
yy 


Rolled Earth Capacitor Zoe 


Aluminum Foil 


Z 
Bottom paper 


Again rolling this type of earth capacitor is very hard, Everything must be kept straight and 
inline with one another, Manufacturers of rolled electrolytic capacitors use computers and 
machinery. | am sure a simple home made roller with pin registration could be designed very 
easily. This type of earth battery is very high efficient. Paper is not a good die electric for high 
voltages! If you are wanting to collect earth and storm HV Currents you must use a thicker die 
electric. Metals must be spaced properly for storing high voltage. 
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Coil Capacitor! 


Rolling a capacitor is the best way but not the easiest, 
Which makes this pipe coil model much more desirable to build 


Copper 
#17 
Insulated 
Coated 


Aluminum Pipe 


Symbols 
PI Sand or scratch off top 
= One way DIODE layer coating, this will leave 
a protective coating in between 
each wire and underneath. 
Copper should not touch itself 
ioc or the aluminum pipe. 


Then cover with paper and begin 
next layer of copper wire. 


—| |— 
Capacitor (Electrolytic) 


This end not used! 
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CONNECTING THE CELLS IN SERIES 


How to connect the cells in series to increase the output voltage without allowing the cells 
to cancel each other out. Figure A The Copper pipe and zinc rod method without the use 


of plastic on bottom of pipe. Figure B is the coil earth cap method. 


TO 
Figure A LOAD 
+. Large Dump Capacitor to collect high voltage 
society 
sw 
Veal ‘G ma = wi 
ie Pak RE = 
Ey ae ae 


Use electrolytic capacitors to store the charge coming from each cell, then 
connect them in series using Commutator Sw’s connected to a small rotor shaft, 
connected to a milliamp solar cell hobby motor or build a small fuelless engine 
electric motor to run on and off switch’s. You can also build a very low milliamp 
electronic switching circuit and use the earth energy to power it. Or another 
more simple way would be to use a hand spring type device ( timer type ) glue 
small magnets on a long rotating rotor arm connected to the inner spring. Then 
place small reed relay magnetic switches, on each timing magnet ON position. 
should have multi reed sw’s, as the unit tums if gives time for the caps to charge 
and then comes around and connects caps all in series which in turn discharges 
into main cap dump. 
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Hand wound 
‘pring 
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12vde_ Loap 
car of marine Can be lights, 
12vto 115 vac ee 


INVERTER 


12 to 115 vac 
INVERTER, 


EECC 


Free Energy Power Source 
To keep up 12 vde battery 


Symbols 


= One way DIODE 


— 


=} 


Capacitor ( Electrolytic ) 


‘caper 
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Suppliers List 


Google _sexrch | ey 


See www.google.com 


1. HitpyAwwwdelphigkass.com/ 


2, http:/Awww.glassmart.com/foil_menu.htm 


3. http:/www.globalsources.com 


Search Google.com for: 


. Copper flashing 


. Inverters 

. Batteries 

. Copper coated wire | 
. Copper wire 


. Diodes 
. Capacitors 
. Free energy from the earth 


1 
2. 
3. 
4. 
5. 
6. Electronic parts and supplies 
re 
8. 
9. 
10. Zinc rods 
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‘Aluminum pipe or zinc 


Step One 
Tape Paper 
= — = — 
L lena 
Metal angle wire guides 
Totalof pease 
Step two 


Paper 


+ 


Long belts, nuts and washers 
lang bt sachs to dl press. 


Apply first layer of wire, remove, metal wire guides, apply more paper, then repeat over and 
over again until you have about a 5 to 6 inch diameter roll of wire and paper. Makes a very 


powerful earth capacitor! 
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EECC update 


These are just a few extra idea's that we threw together. | hope they are helpful to you. 
Let us know how you like these plans. Send us photo's of what you have done we love to 
hear from our customers. If you got any new free energy idea's let us know we can 
research them for you. Many customers do not have the extra research time that we have. 


Cloth or plastic mesh 


Net 


Aluminum or Zinc sheet 


Copper 


GER R OBR Onan ono 


Le 
I 
White T 
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T 
I 
T 
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T 
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I 
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Side View 
| sheet type earth battery 
4 sheet 
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Webpage 


5 May 2015 11:19:54 UTC 


Jules GUILLOT 


Atmospheric Electric Generator 


bee = 


Shared by L. Cozma (Thanks 1) — 


‘The Guillot device generated about 2.53 Kilowatts with antenna height of ~20 meters. Pawer depends on the total collector surface and 
‘height ofthe vertical antenna, The apparatus in the photo produced ~300 watts with a eollector 2 meters tall 


“Practical Utilization of Atmospheric Electricity" 


by 


illbert Darida 


in The Invention Encyclopedia, pp. 204-207 ( 1930, Geo, Constantinescu, Ed.) 


“The Earth has its own negative electricity inthe soil, and the atmosphere which surrounds the Earth is charged wit positive eleticity. The 
clectric potential (the voltage) increases with the altitude, so We can say thatthe electri force is proportional 1 the atmospheric altitude (ater 
Franklin, Quetelet, Lord Kelvin, Maseart, Joubert and other scientists), 


hnmpslarchive.isimn20z 


4s 


The simulation study shows that 5G fixed wireless access deployments using a larger 1SD 
of 350 meters, translating to 11 base stations per square kilometer, can provide 
competitive broadband service. 


In this environment, handsets with 5G mmWave capability will also be able to access the 
networks, but the antennas they use may not be as effective as the fixed-wireless 
‘equipment, so handsets may need to fall back to 4G, depending on their precise locations. 
For this reason, the dual-connectivity being planned for 5G will play an important role. 


Figure 55 shows another simulation study, this one from Intel, using the following 
assumptions: 28 GHz operation, 2:1 DL:UL ratio, 25% control overhead, 10 bps/Hz 
maximum downlink spectral efficiency, CPEs placed either north or south side of house and 
‘one with best SNR chosen, and indoor CPE equipment with 30dB outdoor-to-indoor 
penetration loss. Scenario 1 is 60 access points per sq. km. Scenario 2 is 120 access points 
per sq. km. (Base grid of 40 houses in a 250x200m area with four rows of 10 houses per 
row, APs placed along streets and alleys, single-family homes, 4 sectors per AP, and 4.5- 
meter pole height.) 


Figure 55: 5G Fixed Wireless Simulation with Different Loading and Densities? 


DL Scenario (3 APE per sO homes) Scenario 2(6 APs per 40homes) 
TWh eine Sox loin Widine soon 
Geaaieen [neces | Gieaeoeed | amano | Goiaaeines | aenetiny | Geagemeen | Amaia 
UL Scenario (3 APs per homes) ‘Scenario 2(6APs per hares) 
Toaaing Toading Some 
oo 2 a5 5 C2 100 
‘etna y % 30 40 10 
‘Foe 7 100 70 O as 


Using 400 MHz and six access points per 40 homes, and 50% loading, the average 
throughput was more than 1 Gbps. 


LTE and LTE-Advanced 


Although HSPA and HSPA+ offer a highly efficient broadband-wireless service that will 
enjoy success for the remainder of this decade and well into the next, 3GPP completed the 
specification for Long Term Evolution as part of Release 8. LTE offers even higher peak 
throughputs in wider spectrum bandwidth. Work on LTE began in 2004 with an official work 
item started in 2006 and a completed specification early 2009. Initial deployments began 
in 2010. 


LTE uses OFDMA on the downlink, which is well suited to achieve high peak data rates in 


high-spectrum bandwidth. WCDMA radio technology is basically as efficient as OFDM for 
delivering peak data rates of about 10 Mbps in 5 MHz of bandwidth. Achieving peak rates 


331 Intel contribution. 
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‘The recent observations demonstrate that the air at 6000-7000 meters in altitude, is very highly charged with postive electricity, which could be 
explained by the fiction between the extemal photosphere and the upper atmosphere of Earth, which rotates ata speed of more than 100,000 
Kilometer per hour 


In that way, the Earth works lke an electrostatic generator with electric charging by influence: 
influence and the Earth eras obtains dhe negative polarity. 


the upper atmosphere is po 


tively charged by 


‘Between the two environments, the air and the sol, and inside the low atmosphere, in conditions of good weather, there are sbout 800 positive 
‘ons and also, 680 negative ion (and electrons) in just one square-centimeter of normal ionised air 


‘The Earth behaves like an huge electric armature negatively charged, which repels the electrons and attracts the positive ions. That positive ions’ 
attraction determinates an electric current, also called "convective curent". That’ like an invisible continous bombardment, subject to daily and 
Seasonal variations, which could be aproximated at 3x 10 * -16 Amperes per square-centimeter, and that isa total value of 1500 Amperes for 
the entire surface ofthe Earth. 

‘The question is — how does this current always maintains the same direction ? We ean suppose thatthe natural radioactive emissions of the soi 
is responsable for this. We also know that radioactive emissions of the Earth works usually near the soil surface, and that explains the ionisation 
‘henomenona inside caves. 

‘The ionisation ofthe low atmosphere could also e the effect ofthe radioactive emissions ofthe Earth, especially when the X radiation works. 
Abo, the Earth atmosphere is fonisated by the extemal radiation proceeding from the Sun and from the space environment, especially the action 
of uliraviolet radiation and the electron fascicles emitted by the Sun surface, atthe temperature of 6000 deg. Celsius. 


with 


‘The capture of atmosphere electricity has been used in France, with aerial cables mounted on the Mont Blane, and also in Germany 
conductive cables carried by the captive baloons 


‘The atmosphere electricity collect system invented by eng. Jules Guillotis most ingenious and it relies on "te eleetrie siphon" [ m.n.—- the 
discharging devices or spark-gap used today from the protection of aerial electric cables against the atmospheric electricity; Jules Guillot has 
thought to recuperate and to use that electricity 


His method consisted in the drcet "pumping" ofthe atmosphere electricity using a collecting device which had two antennae and several 
collecting rods 


(One antenna is vertieal and it has a lot of rods scaltered like an opened fan, withthe tips against the zenith, for collecting the negative 
electricity which comes from the ar; the horizontal antenna is orientated against the South and its role isto collet the positive electricity. 


‘The ar electricity scems to have the double-polarity, as we can see at two electrised clouds when between them apears the electri discharge 
‘The air could have different eletric charging and the ionisation processus of atmosphere is very heterogenous. The inventor Guillt used two 
separated and insulated armatures with the postive armature against the South ( more precisely, against the Equator...) and the negative 
armature against the zenith, 


‘We can see inthe scheme 


Ly the device P is the “collector apparatus” having 18-20 meters height it also has alot of rods which are scattered fa-like allthis on top 
of an iron pillar and also an horizontal antenna S oriented agains the South ; the two antennae are disposed at 90 deg. angle forming the 
‘ovo armatures where the electrical tension must apeat. As the height of the pillar inereases, the voltage increases more and more ; 


2, asystem of lightning-rods (pl, p2, p3 for protection against discharges of atmospheric electricity during storms; 
3, the regulator system (voltage regulator, etc) R; 
4- the electric resistors ( Cn.) for absorbing the parasite currents 


5, the “electric siphons" which have the role of making a magnetic field as a good environment for the transport of the ionized fluid, absorbing 
the electricity from the air; the E1 and E2 are their regulator deviees ; 


6, an auxilliay continous eurrent power supply which send the current against an special excitation eo 
‘only when the system is starting 
‘This collector device works very good for lighting and heating. The device made by Guillot had 

ight on the total surface of 3 square-meters. Aso, J.Guillot used and electrical transformer forthe industrial utilization ofthis 
‘i power supply for indusiral electric engines 


device 5 it works 


French Patent # 551,882 
Apparatus for Capture of Electric Currents in the Atmosphere 
16 April 1923 
Considering the terestral globe lke the inductor ofa dynamo, where the extraterrestrial ether isthe inductor of electric eurents, 
circulating inthe atmosphere; the apparatus of the invention described here selects through the device described below two 
perfectly distinet curents and eliminates others, 


‘The device includes: 


1, The air sensor; 2, series of lightning rods; 3, vacuum; 4, an array of resistances; S, vacuum; 6, witnesses. 
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|. An aerial sensor mounted on a poe is composed of magnetic stel fixed and sealed by a porcelain insulator, and surrounded 3 
base by a bronze ring which are srewed 32 points of soft iron, all forming antenna a pole. level beside it and isolated from the 

first, forming the 2nd pole is fixed a sharp point of magnetic steel fixed inthe horizontal position and directed towards the south 

and movable to an angle of 4S is scaled in'a porcelain insulator. Ths point is also circled a ring of eapper notches figure. | 


2. A series of 6 lightning surge arestors at comers between each pole and the earth and the various gauges. 
53.A first regulator form of a device similar absolutly similar to the aerial arstenna, but the two poles are superposed and opposed 
io the vertical point, and a copper disk conneets to ground. Opposite the horizontal point, a ring of tn to which are welded tubes 
alternatively 16 tubes composed each composed of coppertead and iron-lead . The ring connects tothe ground as shown in 
figure. 2. 

A second regulator form of automatic breakers balanced on 3 poles and two poles also equally balanced 


4.A panel of resistances composed of wire mesh in bunches from different sections of glass tubes containing eopper dust, coal 
and flowers of sulfur, 


‘Vacuum cleaners consists ofa wooden box on each pole, containing a porcelain vase in which layers isolated with mica is made 
up of mercury, tin, coal, oper and sulfur, all contaied ina copper tube 


6, The witnesses are comprised of ordinary incanwescent lamps. 
Resume 
By the point atthe zenith and the point tothe south we channel two currents forming the wo poles. We also protect from lighting. 


I regularizes the flow by a regulator and similar devices by a controlling each devise of adequate strength of the current harmful 
nature of these devices do not have loads. The refined eurrent is conducted by ordinary copper wires. 


French Patent # 565,395 
Combined Apparatus for Capture of Atmospheric Electric Currents with Immediate Implementation 
25 January 1924 


‘We know that earth with its constitution, is rotation and movement in space, provides the electricity inthe atmosphere. The 
electrical curents escape into space or largely accumulate towards the equator, as a result of the greater periphery of the globe, 


Inthe atmosphere, there are two clearly distinct poles, i, clouds that can be electrically positive or negative; everything in nature 
shows this, otherwise it would be difficult to explain the lightning that occurs between the clouds and which are none other than 
contrary cloud electrical changes discharged by too close proximity. 


‘The invention relate to a set of devices capable of capturing the atmospheric electricity. 


So far, all searches made for this purpose hus been to capture the atmosphere, ie, that brought together into one system to capture 
two poles and opposes effect has been to destroy or cancel each other leaving the amount as the difference ofthe strongest to 
weakest 


Wis therefore easy to understand why, considering the two poles of air as about equal, itis almost impossible to measure some 
Potential withthe land, the highest on the lowest remaining which can be positive or negative, copper being the strongest of one or 
bther ofthese polarities 


Wis on this basis that all research until now have been made, and that is why we must consider that all the time, between the two 
poles captured in the atmosphere and notin any mixture of systems uptake, itis possible to obtain tension and intensity, 
Considerable and measurable power captured separately between the wo poles and remaining isolated from one another until their 
utilization 


In accordance with this invention, this collection is made by attraction of primary electrical currents in teh atmosphere, either 
positively or negatively charged, by an antenna that has two points absolutely isolated from one another, where one points to the 
Zenith to attract negative electricity, and the other turned south, toward the equator to draws inthe masses grouped in this area 


‘This shows and proves the existence of atmospheric electrical currents, and that i is possible to capture them with specially 
designed equipment primarily acting as regulator, as the persistent difficulty encountered so far in realizing their capture les 
large variations of tension in which the current atmosphere is present in space, for each of the poles, and an overload could 
inevitably fatal 


‘The patent ints presen form of presentation does not cover the regulators or devices that are anticipated in the system, because 
they can be designed indifferent ways and give the same result, but covers the application and grouping of equipment operating as 
aulomatic relays with variable influence to limit current tension to that chosen for uilization. 


These devices have a role associated with an overflow reservoir outside carrying excess liquid; these regulators will divert the 
excess voltage flows to ground. 


We can sill absorb these regulators having filters because they have the sole purpose of diverting the post being used , currents that 
are not yet known but likely that we will all for simplicity, abnormal eurents. [sic] 
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“The patent also covers systems for regulating currents, applied to each ofthe poles because it is recognized thatthe shape and 
tension of the currents ofthe two poles are not equivalent. 


‘The method of capture is by special antenna has directed two points inthe atmosphere, as will he stated afer this, with Boot 
cvoulement prior tothe current atmosphere i also of great importance, 


Finally, the current atmospheric reception is adequate even with the installation of a post, which can be expected at any location 
Without the need for special altitude, as has been attempted in previous efforts 


We refer to the attached drawings 
Figure 1 represents in elevation and side view an antenna tha only has two points, to overcome an elevation ; 


Figure 2is the end of one of the peaks, the horizontal 


Figure 3 shows schematically the table on which are mounted various devices or accessories that aet as regulators of eurrent 
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Figure 4 isa scheme of surge arrestors, and 


Figure Sa table of resistances, 
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The necessary arrangements to capture atmospheric cu 


1. The antenna in figure | is formed with two peaks: the | is steel, supported by a bronze ring 2, surrounded by as 
this point is oriented for attracting the zenith layers of negative electricity and the other edge 4 contains eopper coils 6, and is 
‘oriented south tothe equator to draw i the masses grouped inthis are. To use this antenna it suffices to be raised on & mast oF 
pole toa height a little higher than that of surrounding houses. 


2. Onthe table lightning arrestors, contained 4, forms of 7 copper horns used to absorb 
time, as it would be dangerous to allow movement in the devices regulators 


c atmospheric discharges by certain 


3. Ona table of two symmetrical systems regulators, Figure 3, one for each poe, to obtain and allow a regularization of large 
excesses inthe eurent tensions, by automatically absorbing surges before passing over the surfucea chosen for the desired use. 
These regulators are represented on the drawing by the eferences R, R1,R2, 3, Rd 


4. In the resistance panel in communication with regulators, these resistances are formed as spiral coils or sercens 8, tubes 9 of 
lass filled with fine coal dust , aluminum powder, sulfur and fine copper dust. Finally, two special 10 processors and 
Constitutes layers of metal forming an absorbant for harmful or abnormal curens. 


5, As a source of energy formed auxiliary batteries I1 and Ruhmkorff coils 12 to get into the antenna sufficient attraction by 
‘means of an adjustment of intensity, which once it begin, allows the constant flow of atmospheric current in the system. 


In considering Figure 3, which represents a sort of an installation scheme of the device, the reception of atmospheric electrical 
current will, as set out above, producing a priming ofthese currents. This boot is made in launching the system which is double to 
answer each of the poles, the current batteries 1! through 12 and reels going to the antenna. 


This boot will continue until the disposal of electrical current atmosphere is evident by the one or more table amps L of resistance 
shown in Figure 5 


‘Once the lights illuminate itis advisable to charge the bateres to boot. Natural flow and constant curents will be captured by the 
regulators, Figure 3; they will egularize in tension and in amperage and then directed to use in table lamps. 


thas been said above that regulators Rete, are intended and designed to automatically eliminate earth surge currents capture and 
abnormal currents that cannot yet be level but that these regulators could be replaced by devices with the same function 


There is therefore no need to describe in detail and especially the claims. We only specify that these regulators must be proper 
protection forthe purposes described above. 
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3 L- the spark-gap individual devices whieh 
4 EE ? 


! etd for the magnetic btowing ; 


‘Sy the electric shunt-resistances in parallel 
connection on the blowing coils, with the 


rote of reducing the current inside this coits 


ty the disc with unlinear resistance ; 


$,- electrical resistance for the kamogenous 
distribution of the electric fletd in all the 
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‘Spark-gap element-with clrcait for the magnetic blowing of the electric fascicte 
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work in the manner to extend the electric 
are of the accompanying electric current: 
2,- the cotts which produce the magnetic 


In Judes Gutltot scheme, that kind of de- 
‘vice could be ased for leading the current, 
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Hine cn 
“7 Ls athe spart-gap \_/ te 


variable resistance + 
5 be the tube spak-gap : 
t+ the time 


| The tube spark-gap has the aerial spark 
2 Sap with the electrodes $ and 6 disposed 
‘at the insulator 8 extremities ; and one 
seg, wr-over spark-gap device bebveen the 
Fo vod 4 and the electrode 
At start, the frst spark pear in the acriat 
‘spark-gap and then, the electric dicharge 
06s to the gas-producing tube 7, where it makes 
pp the are-over. The local pressure in the gas aliow 
Ihe electric are extinction, after managing the 
over electric tension into soil. The eapacity C 
which és created between the external ring 3 and 
the rod 4 is bigger than the Capacity C,bebveen Ean 2 
in that manner, when the overtension apears, the 
Q auxiliay spark-gap I, 2 will start working and then, 
the main spark-gap 1, 4.n this cirenit, the electrode 9 is connected at the 
sacrial electric tine and the electrode 1 a the Earth 
[in the image above, itis an classic tube spark-gap used for the protection of 
aerial electric cables. The atmospheric electricity is discharged in soit and 
Jost... The Guiltot's inventions used that kind of devices for leading and ab- 
|somhing of the atmospheric electricity. 


DARIDA, Gillbert : "Practical Utilization of Atmospheric Electricity" 
(in The Invention Encyclopedia, pp. 204-207 ; 1930, Geo. Constantinescu, Ed. ) ~ 
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Critcarea practicd a eletriciuatit amoslerice 


Pémantul ca si celelalte astro, posed 9 electrictate proprie 
negativi in interior, iar aerul caret inconjoard este positiv. Po- 
tenfialul sau tensiunea eleteick a aeculai xo mlreste pe misuri 
ce ne ridieim in inaltime, astil e& putem spune ei intensitaten 
lected este proportionalt ew Inlfiea (dup hyrieile remae 
cabile ale lui Franklin, Quetelet, Land Kelvin, Maseart, Joubort 
fi a-allor mani savangi fisiin’) 
lle Facute recent, au ardtat ci aerul regiucilor inte 
7000 m este foarte incireat cu eletrcitat positiv’, 
1 chrei explicatie se datoreste frocirifotorfersi sau almoatore 
terestre, prin invirtrea pamantulu in jurul soarehui ow mai mult 
te 0 sutk de mi de kin po ori. Avast treeare direct in fuidul 
steric ambiant, face ca aeral si 0 Incarce om electrcitate ponie 
‘iv prin influen{4, iar pimdntal a ae incarce negativ. 
Intro cele dond medi, Muidie (aorul gi (piméntal) materi, 
stiinja ne spune, ch in partes de jos a atmosterei, po timp frumos 
in centimetra cub de aer ionizat, confine cirea 800 particule 
a joni positivi si 680 ioni negativi (electron 
Pimintul se comporti ca un enorm conductor incircat negativ, 
respingind electroni gi atrigind ionii postivi, Aceasta atractic 
4 jonilor poditivi determing un curent electri, zis gi curent do 
‘onventiune, Eun el de bombardament iavsibil supus variatianilor 
rile gia sezoanelor, putindvl evalua aproximativ la o densitate 
mijlocie remarcabli, dela 310% sau a 30 quatritionime de am- 
per pe cm cub, ceea co di pentru Intreagi suprafata a paimin- 
tului un curent formidabil, de 1500 de ampert 
Se pune intrebarea cum 'un astfl de curent poate sii Intrfie 
rmereu acelagi sens? Aceasta este enigma pe care neo puncin, 
studind curentit natura ai atmosferes noastee, prosupunem cd 
poate si fie o logitura a actiunii emanaliunilor radioactive. Aceste 


‘emanatiuni lind din gaze radioactive grele, ve glsese de obicein 
{in mare abunenti aproape de pimAnt ceca ce ne explied| marea 
ionizare observstl in general In grote ql eavern. 

Tonizarea atmosferied poate do asemenca fi produs in parte, 
do actiunea razslor X, foarte pitrunzitoare st de diferite aub- 
ante radioactive Inchise in subeolal pimdntului, De asemenen 
poate a suai fi, finind seama de acfivmea ¢Calei Lactee» yi de 

fare, foarte hogali In raditiuni ultraviolete 


procum gi a electronilor emisi direct din rodierea eildurii solare 
Se ciren 6000 de grade. 7 

Captarea leeticitait atmosforice « fost utiliaatd in Franka 
prin cablari aeriene montate pe Mont Blank, iar in Germania 
in eablori susfinute do baloane captive 
‘Sunt mai multe ssteme, vom da pe scurt pe col mai ingenios 
procedeu, inventat de ing. Jules Guill, bazat pe sifont electric 
Procedeul comsista de a ponpa direct din atmosfers, eletrvitate 


ons 
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Prin ajutorul unui aparat de captare, format din 2 antone aeriene 
410 atric de bobine dup cum se vede in fig. 408. Una din antene 
este verticald in formi de evantaiu dirjatd cu véefurle edtze 
enit, pentru a capta eleetricitatea nogativi din atimosford; coo 
‘are esto orizotala, este dirijatd eben Sud, pentru a capta eleoti- 


“he ot 
tte aa pe 

‘ai as dubli polaritate, dupa cum se vede la 
or ees 


‘nsenscontrar, dau nastere une seditei 
(Culger) cand distanta respectiva poate 
8 fe strabituts do puternica lor di 
ferent de potential. Steaturle do ser 
de densitati diferito, nw sunt. toate 
fantrenate de aceoasi vitead prin ro. 
tatia pimintului, ele se eletrizears 
loci prin frearea decalajului lor res- 
peti. 


core 


ficut pe inventator si ayeze In al 
‘mosferd doi poli complet distinct gi 
perfect irolali, al erat pol positiv S 
(ig, 409) poate fi divijat in direction 
Sudului, si a celuilalt negativ ?, in 
Aireetiunea zenitului, Fig. 100 aati 
schema montajului sia conesiunilor 
‘compute dupi cum urmeazi: 1. dint 
antent dubli aerians, montati pe 
stdlpi de 15~20 m indljime, Aceasta 
parte care so mai numegte gi paral, 
ocaptat, este format din varfurilo P, dispuse in evantal, In 
‘arful unei tije de oel dinijaie citee ‘enit, penteu a capta 
curentii negativi ai atmosforei gi dintr’o alla‘ antent orizontela 
4 cinei sigvati evte Indreptatd eitre sid 3, adied edtre equator, 
pentru a recopta curen{ii pozitivi. Aceste dowd parti diapuss: 
In unghia de 90%, formeasi coi doi poli al eurentului ner 

2 clei diferent do potential este suficienti ponte a permite 
Uutilirarea electrietifiiatmosferice, 


i 
i 
i 
i 
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[Brevt diavention dot be dren a 


Considérant te globe terestre comme Ii 
doit une dynamo, dont!'ther supratervestre | aérien, mais ayant les deux ples superposés, 
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NP 551,882 


Appareil capteur de courants électriques dans I'atmosphére. 
M. Juss GUILLOT résidant on France (Tarn-<t-Garoane). 


Domandé le 27 septembre 1921, a 15% 20%, a Paris. 
Dalivré le +5 janvier 1923. — Publié le 16 avril 1g03. 

ea extcation do Tart 118 7 de ali da. jul 4844 

‘mode par i oi 7 aed y02-] 
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5 timophériquy Finventew capteee moyen 
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courant pariement dine nine les 
anges 
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"Ee capenr cin; Ww: eble de pa: 

Tes gaat; 6 aoe 
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rafoudees; 
de résistance; 5° tes aopiraleu 
a ante atin mont sar w pola 
15 ext composé dune poiate acer sisuants ge 
pel enter ger poeta co 
cerelée sa base par une bogue de bronae sur 
laquelle sont vssdes Sa aigalos de fer doux, 
fe tout formant Fantenne dan pile. A ebté et 
20 isolé de Ia premitre, formant fe 2° pée, est 
fis6e une pointe acer aimanté dans Ia posi- 
tion horizontal et diigéo vers lo sud-dont Ia 
hase condée & 45° est seallde sur un isolateur 
+ porelain. Cette pointe est égulement cerlée 
295 done bague de cave encoches ig. +. 
2° Une séric de 6 parafoudees & comes 
nice chaque ple tla ferro et deartements 
variés, 
3° Un premicr réguintear formé d'un ap- 
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sat novs ennaisons deus courant formant les 
dour pales. On protige ensemble par des 
porofoudrs. On réguarse le bit por un 
"senile pr es gpl 
5 éclanchemeat commandant chacun des ris 
tacos appropriées de la nature da coorant 


ft, opposs ln point verticale, un disque de 
‘lige mili hl rr Oppo i pote bo 
rizontale,une rove a jante dain surlaquelle 
sont soudés alteativemeat 16 tubes com 
posés eurmlimes de deux métaux soudés + 
Cuireeplomb ot ferplomb. Cotte roue eat re= 
Tie la terro par sn pivot ig. 2. 

Un deariéme régulatenr forme d'epparis 
A décacchementsutomatiqae 3 notre de 
53 par pales et doux hasclatours dgalement 
pe pales. 

1 Un bln de bss capo de 
fs do maillechort ea boudine de dilrentss 
sections de tabes en verre contenant des pous- 
siiros do euive, da charbon de eorawe et do 
Ia flor desoat. 

5 Les aspirateurs composts dune bolte en 
boisur chaque pélo, contenant ua vase de 
porealaine dans loquel par couches superpo- 
ses ot soles au mica est paeé do mereure, 
de Tain, da charbon, da cues et dt soate, 
de tout traversé par une tge de cave. 

6 Les téaoins composé de lampes & in- 
candesconee ordinsires 


sd, 
Par la pointe au sénith et par ls pointe au 
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in the 100 Mbps range with wider radio channels, however, would result in highly complex 
terminals, and it is not practical with current technology, whereas OFDM provides a 
practical implementation advantage. Scheduling approaches in the frequency domain can 
also minimize interference, thereby boosting spectral efficiency. The OFDMA approach is 
also flexible in channelization: LTE operates in various radio channel sizes ranging from 1.4 
to 20 MHz. 


On the uplink, however, a pure OFDMA approach results in high Peak to Average Ratio 
(PAR) of the signal, which compromises power efficiency and, ultimately, battery life. 
Hence, LTE uses an approach called "SC-FDMA,” which is somewhat similar to OFDMA, but 
has a 2 to 6 dB PAR advantage over the OFDMA method used by other technologies such 
as WiMAX. 


LTE capal 


ities include: 


@ Downlink peak data rates up to 300 Mbps with 20+20 MHz bandwidth in initial 
versions, increasing to over 1 Gbps in subsequent versions through carrier 
aggregation, higher-order modulation, and 4X4 MIMO. 


@_ Uplink peak data rates up to 71 Mbps with 20+20 MHz bandwidth in initial versions, 
increasing to over 1 Gbps in subsequent versions. 


Operation in both TDD and FDD modes. 


Scalable bandwidth up to 20+20 MHz covering 1.4, 3, 5, 10, 15, and 20 MHz radio 
carriers. 


Increased spectral efficiency over HSPA by a factor of two to four. 


Reduced latency, to 15 msec round-trip times between user equipment and the 
base station, and to less than 100 msec transition times from inactive to active. 


@ Self-organizing capabilities under operator control and preferences that will 
automate network planning and will result in lower operator costs. 


LTE-Advanced Terminology 


LTE-Advanced, as specified in Release 10, is a term used for the version of LTE that 
addresses IMT-Advanced requirements. The ITU ratified LTE-Advanced as IMT-Advanced 
in November 2010. LTE-Advanced is both backward- and forward-compatible with LTE, 
meaning LTE devices operate in newer LTE-Advanced networks, and LTE-Advanced devices 
operate in older, pre-Release 10 LTE networks. 


The following lists at a high level the most important features of LTE-Advanced, as well as 
other features planned for subsequent releases, including Release 11: 


@ Carrier aggregation 
Higher-order downlink MIMO (up to 8X8 in Release 10) 


Uplink MIMO (two transmit antennas in the device). 


o 


Coordinated multipoint transmission (CoMP) in Release 11. 


o 


Heterogeneous network (HetNet) support including Enhanced Inter-cell Interference 
Coordination (el CIC) 


@ Relays. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 118 
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Dispoaitit combing pour capter les courants électriques atmosphériau 


‘aveo application immédiate. 
M, Sours GUILLOT rlsidant eat France (Aller). 


‘Demandé Je 6 avril 1923,.8 41" 90%, & Paris. 
Dadiveé lo 7 novembre 1923. — Pablié le 25 janvier 1924. 
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Shared by L. Cozma ( Thanks ! )-- 


The Guillot device generated about 2.5-3 Kilowatts with antenna height of ~ 20 meters. Power 
depends on the total collector surface and height of the vertical antenna. The apparatus in the 
photo produced ~300 watts with a collector 2 meters tall. 


"Practical Utilization of Atmospheric Electricity” 
by 
Gillbert Darida 
in The Invention Encyclopedia, pp. 204-207 ( 1930, Geo. Constantinescu, Ed. ) 
"The Earth has its own negative electricity, in the soil, and the atmosphere which surrounds the Earth is 
charged with positive electricity. The electric potential (the voltage) increases with the altitude, so we ean 
say that the electric force is proportional to the atmospheric altitude (after Franklin, Quetelet, Lord 
Kelvin, Mascart, Joubert and other scientists). 
The recent observations demonstrate that the air at 6000-7000 meters in altitude, is very highly charged 
with positive electricity, which could be explained by the friction between the external photosphere and 


the upper atmosphere of Earth, which rotates at a speed of more than 100,000 Kilometer per hour. 


In that way, the Earth works like an electrostatic generator with electric charging by influence — the 
upper atmosphere is positively charged by influence and the Earth crust obtains the negative polarity. 
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Between the two environments, the air and the soil, and inside the low atmosphere, in conditions of good 


weather, there are sbout 800 positive ions and also, 680 negative ion (and electrons) in just one square- 
centimeter of normal ionised air. 


The Earth behaves like an huge electric armature negatively charged, which repels the electrons and 
attracts the positive ions. That positive ions’ attraction determinates an electric current, also called 
"convective current”, That's like an invisible continous bombardment, subject to daily and seasonal 
variations, which could be aproximated at 3 x 10 * -16 Amperes per square-centimeter, and that is a 
total value of 1500 Amperes for the entire surface of the Earth. 

The question is -- how does this current always maintains the same direction ? We can suppose that the 
natural radioactive emissions of the soil is responsable for this. We also know that radioactive emissions 
of the Earth works usually near the soil surface, and that explains the ionisation phenomenona inside 
caves 


The ionisation of the low atmosphere could also be the effect of the radioactive emissions of the Earth, 
especially when the X radiation works. Also, the Earth atmosphere is ionisated by the external radiation 
proceeding from the Sun and from the space environment, especially the action of ultraviolet radiation 
and the electron fascicles emitted by the Sun surface, at the temperature of 6000 deg. Celsius, 


The capture of atmosphere electricity has been used in France, with aerial cables mounted on the Mont 
Blane, and also in Germany --- with conductive cables carried by the captive baloons. 


The atmosphere electricity collect system invented by eng, Jules Guillot is most ingenious and it relies on 
“the electric siphon" [ m.n. -—- the discharging devices or spark-gap used today from the protection of 
aerial electric cables against the atmospheric electricity ; Jules Guillot has thought to recuperate and to 
use that electricity | 


His method consisted in the direct "pumping" of the atmosphere electricity using a collecting device 
which had two antennae and several collecting rods 


One antenna is vertical and it has a lot of rods scattered like an opened fan, with the tips against the 
zenith, for collecting the negative electricity which comes from the air ; the horizontal antenna is 
orientated against the South and its role is to collect the positive electricity. 


The air electricity seems to have the double-polarity, as we can see at two electrised clouds when between 
them apears the electric discharge. The air could have different electric charging and the ionisation 
processus of atmosphere is very heterogenous. The inventor Guillot used two separated and insulated 
armatures with the positive armature against the South ( more precisely, against the Equator...) and 
the negative armature against the zenith. 


We can see in the scheme 


1, the device P is the "collector apparatus” having 15-20 meters height ; it also has a lot of rods which 
are scattered fan-like, all this on top of an iron pillar ; and also an horizontal antenna S oriented against 
the South ; the two antennae are disposed at 90 deg. angle forming the two armatures where the electrical 
tension must apear. As the height of the pillar inereases, the voltage increases more and more ; 


2,- a system of lightning-rods ( p1, p2, p3 ) for protection against discharges of atmospheric electricity 
during storms; 


3,- the regulator system (voltage regulator, etc) R ; 


4,- the electric resistors ( Cn ) for absorbing the parasite currents 


5, the "electric siphons" which have the role of making a magnetic field as a good environment for the 
transport of the ionized fluid, absorbing the electricity from the air ; the E1 and E2 are their regulator 
devices ; 
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.- an auxilliary continous current power supply which send the current against an special exeitation 
coil, used as starting device ; it works only when the system is starting 

This collector device works very good for lighting and heating. The device made by Guillot had 

20 meters height on the total surface of 3 square-meters. Also, J.Guillot used and electrical transformer 
for the industrial utilization of tl as power supply for industrial electric engines.” 


French Patent # 551,882 
Apparatus for Capture of Electric Currents in the Atmosphere 
16 April 1923 
Considering the terrestrial globe like the inductor of a dynamo, where the extraterrestrial 
ether is the inductor of electric currents circulating in the atmosphere; the apparatus of the 


invention described here selects through the device described below two perfectly distinct 
currents and eliminates others. 


The device includes: 


1, The air sensor; 2, a series of lightning rods; 3, vacuum; 4, an array of resistances; 5, 
vacuum; 6, witnesses, 


1, An aerial sensor mounted on a pole is composed of magnetic steel fixed and sealed by a 
porcelain insulator, and surrounded a base by a bronze ring which are screwed 32 points of 
soft iron, all forming antenna a pole. level beside it and isolated from the first, forming the 
2nd pole, is fixed a sharp point of magnetic steel fixed in the horizontal position and directed 
towards the south and movable to an angle of 45 is sealed in a porcelain insulator. This point 
is also circled a ring of copper notches figure. | 


2. A series of 6 lightning surge arrestors at corners between each pole and the earth and the 
various gauges. 


3. A first regulator form of a device similar absolutely similar to the aerial amtenna, but the 
two poles are superposed and opposed to the vertical point, and a copper disk connects to 
ground. Opposite the horizontal point, a ring of tin to which are welded tubes alternatively 
16 tubes composed each composed of eopper-lead and iron-lead . The ring connects to the 
ground as shown in figure. 2. 


A second regulator form of automatic breakers balanced on 3 poles and two poles also 
equally balanced. 


4. A panel of resistances composed of wire mesh in bunches from different sections of glass 
tubes containing copper dust, coal and flowers of sulfur. 


Vacuum cleaners consists of a wooden box on each pole, containing a porcelain vase in 
which layers isolated with mica is made up of mercury, tin, coal, copper and sulfur, all 
contaied in a copper tube. 


6. The witnesses are comprised of ordinary incandescent lamps. 

Resume 

By the point at the zenith and the point to the south we channel two currents forming the two 
poles. We also protect from lightning. It regularizes the flow by a regulator and similar 


devices by a controlling each devise of adequate strength of the current harmful nature of 
these devices do not have loads. The refined current is conducted by ordinary copper wires. 
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French Patent # 565,395 


Combined Apparatus for Capture of Atmospheric Electric Currents with 
Immediate Implementation 


25 January 1924 


We know that earth with its constitution, its rotation and movement in space, provides the 
electricity in the atmosphere. The electrical currents escape into space or largely accumulate 
towards the equator, as a result of the greater periphery of the globe. 


In the atmosphere, there are two clearly distinct poles, i.e., clouds that can be electrically 
positive or negative; everything in nature shows this, otherwise it would be difficult to 
explain the lightning that occurs between the clouds and which are none other than contrary 
cloud electrical charges discharged by too close proximity. 


The invention relates to a set of devices capable of capturing the atmospheric electricity. 


So far, all searches made for this purpose has been to capture the atmosphere, i.e, that 
brought together into one system to capture two poles and opposes effect has been to destroy 
or cancel each other leaving the amount as the difference of the strongest to weakest. 


It is therefore easy to understand why, considering the two poles of air as about equal, it is 
almost impossible to measure some potential with the land, the highest on the lowest 
remaining which can be positive or negative, copper being the strongest of one or other of 
these polarities. 


It is on this basis that all research until now have been made, and that is why we must 
consider that all the time, between the two poles captured in the atmosphere and not in any 
mixture of systems uptake, it is possible to obtain tension and intensity, a considerable and 
measurable power captured separately between the two poles and remaining isolated from 
one another until their utilization 


In accordance with this invention, this collection is made by attraction of primary electrical 
currents in teh atmosphere, either positively or negatively charged, by an antenna that has 
two points absolutely isolated from one another, where one points to the zenith to attract 
negative electricity, and the other turned south, toward the equator to draws in the masses 
grouped in this area. 


This shows and proves the existence of atmospheric electrical currents, and that it is possible 
to capture them with specially designed equipment primarily acting as regulators, as the 
persistent difficulty encountered so far in realizing their capture lies with large variations of 
tension in which the current atmosphere is present in space, for each of the poles, and an 
overload could inevitably fatal 


The patent in its present form of presentation does not cover the regulators or devices that are 
anticipated in the system, because they can be designed in different ways and give the same 
result, but covers the application and grouping of equipment operating as automatic relays 
with variable influence to limit current tension to that chosen for utilization. 


These devices have a role associated with an overflow reservoir outside carrying excess 
liquid; these regulators will divert the excess voltage flows to ground, 


We can still absorb these regulators having filters because they have the sole purpose of 


diverting the post being used , currents that are not yet known but likely that we will call for 
implicity, abnormal currents. [sic...] 
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The patent also covers systems for regulating currents, applied to each of the poles because it 
is recognized that the shape and tension of the currents of the two poles are not equivalent. 


The method of capture is by special antenna has directed two points in the atmosphere, as 
will be stated after this, with Boot ecoulement prior to the current atmosphere is also of great 
importance. 


Finally, the current atmospheric reception is adequate even with the installation of a post, 
which can be expected at any location without the need for special altitude, as has been 
attempted in previous efforts. 


We refer to the attached drawings: 


Figure 1 represents in elevation and side view an antenna that only has two points, to 
overcome an elevation ; 


Figure 2 is the end of one of the peaks, the horizontal: 
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Pig. 1 


Figure 3 shows schematically the table on which are mounted various devices or accessories 
that act as regulators of current tensions. 
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3GPP, from Release 13, has referred to LTE as LTE-Advanced Pro, which includes features 
such as LAA, LWA, low latency, and massive MIMO. 


OFDMA and Scheduling 


LTE implements OFDM in the downlink. The basic principle of OFDM is to split a high-rate 
data stream into a number of parallel, low-rate data streams, each a narrowband signal 
carried by a subcarrier. The different narrowband streams are generated in the frequency 
domain, and then combined to form the broadband stream using a mathematical algorithm 
called an “Inverse Fast Fourier Transform" (IFFT) that is implemented in digital signal 
processors. In LTE, the subcarriers have 15 kHz spacing from each other. LTE maintains 
this spacing regardless of the overall channel bandwidth, which simplifies radio de: 
especially in supporting radio channels of different widths. The number of subcai 
ranges from 72 in a 1.4 MHz radio channel to 1,200 in a 20 MHz rai 


channel. 


The composite signal obtained after the IFFT is extended by repeating the initial part of the 
signal (called the Cyclic Prefix [CP]). This extended signal represents an OFDM symbol. The 
CP is basically a guard time during which reflected signals will reach the receiver. It results 
in an almost complete elimination of multipath-induced intersymbol Interference (ISI), 
which otherwise makes extremely high data rate transmissions problematic. The system is 
called orthogonal because the subcarriers are generated in the frequency domain (making 
them inherently orthogonal), and the IFFT conserves that characteristic. 


OFDM systems may lose their orthogonal nature as a result of the Doppler shift induced by 
the speed of the transmitter or the receiver. 3GPP specifically selected the subcarrier 
spacing of 15 kHz to avoid any performance degradation in high-speed conditions. WiMAX 
systems that use a lower subcarrier spacing (~11 kHz) are mor igh-speed 
conditions than LTE. 


Figure 56: OFDM Symbol with Cyclic Prefix 


Cyclic Prefix Data 
(4.8 usec) (66.7 usec) 


Bysawy Rosoarch 


The multiple access aspect of OFDMA comes from being able to assign different users 
different subcarriers over time. A minimum resource block that the system can assign to a 
user transmission consists of 12 subcarriers over 14 symbols in 1.0 msec. Figure 57 shows 
how the system can assign these resource blocks to different users over both time and 
frequency 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 119 
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Figure 4 is a scheme of surge arrestors, and 


Figure 5 a table of resistances. 
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Fig. 4. 
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The necessary arrangements to capture atmospheric current form is as follows: 


1. The antenna in figure | is formed with two peaks: the 1 is steel, supported by a bronze 
ring 2, surrounded by a spiral form 3; this point is oriented for attracting the zenith layers 
of negative electricity and the other edge 4 contains copper coils 6, and is oriented south to 
the equator to draw in the masses grouped in this area. To use this antenna it suffices to be 
raised on a mast or pole to a height a little higher than that of surrounding houses. 


2, On the table lightning arrestors, contained 4, forms of 7 copper horns used to absorb 
large atmospheric discharges by certain time, as it would be dangerous to allow movement in 
the devices regulators, 


3. Ona table of two symmetrical systems regulators, Figure 3, one for each pole, to obtain 
and allow a regularization of large excesses in the current tensions, by automatically 
absorbing surges before passing over the surfacea chosen for the desired use. These 
regulators are represented on the drawing by the references R, R1, R2, R3, R4 
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4, In the resistance panel in communication with regulators, these resistances are formed as 
spiral coils or screens 8, tubes 9 of glass filled with fine coal dust , aluminum powder, 
sulfur and fine copper dust. Finally, two special 10 processors and constitutes layers of 
metal forming an absorbant for harmful or abnormal currents, 


5. Asa source of energy formed auxiliary batteries 11 and Ruhmkorff coils 12 to get into 
the antenna sufficient attraction by means of an adjustment of intensity, which once it begins, 
allows the constant flow of atmospheric current in the system. 


In considering Figure 3, which represents a sort of an installation scheme of the device, the 
reception of atmospheric electrical current will, as set out above, producing a priming of 
these currents. This boot is made in launching the system which is double to answer each of 
the poles, the current batteries 1 through 12 and reels going to the antenna. 


This boot will continue until the disposal of electrical current atmosphere is evident by the 
one or more table lamps L of resistance shown in Figure 5. 


Once the lights illuminate it is advisable to charge the batteries to boot. Natural flow and 
constant currents will be captured by the regulators , Figure 3; they will regularize in tension 
and in amperage and then directed to use in table lamps. 


It has been said above that regulators R, etc., are intended and designed to automatically 
eliminate earth surge currents capture and abnormal currents that cannot yet be level but that 
these regulators could be replaced by devices with the same function. 


There is therefore no need to describe in detail and especially the claims. We only specify 
that these regulators must be proper protection for the purposes described above. 
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The classic spark-gap with maxnetic 


lowing cireait 4 
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9 
“The spark-gap wits magnetic Mowing : 
=the inital stage the Impulse current sendin sll ferough the shunt-resistnces 3, because the 
‘coils 2 have an impedance too big forthe impatse of 1020 ps; 
‘he spark gap 1 has Ove elements diseshaped La and 10, the inferior disc have one electrode and 
‘the upper dlse the other electrode af the spark-gap circuit. 
‘the second stage; the accompanying carrent discharge - aftr the impulse current; 
‘this accompanying current pas through the coils 2 which produce the magnetic eld with the 
‘role to extend the electtc are Into the sl bevcen inanlater discs Ta and 10; the thickness of 
‘this tt i mailer and smaer in accord with the extension of the electric are, in this manner 
‘producing the magnifing ofits electric resistance and finally, the electric arc extinction. 


a) 
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1,- the spark- gap individual devices which 
work in the manner to extend the electric 
arc of the accompanying eleciric current ; 
2,- the coils which produce the magnetic 
field for the magnetic blowing ; 

3,- the electric shunt-resistances in paratiet 
connection on the blowing colts, with the 
role of reducing the current inside this coits 
4,- the disc with untinear resistance ; 

5,- electrical resistance for the homogenous 
distribution of the electric fietd in all the 
elements of the spark-gap. 


In Futes Guitiot scheme, that kind of de- 
vice could be used for leading the current. 


ihe magnetic blowing of the electric fascicte 


ya 
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—s 


‘the aerial electric 


fine 
M7 | 8 w- the spark-gap \_/ ~~! with 


variable resistance ; 


s b,- the tube spak-gap ; 
t- the time 


2 Sapwith the electrodes 5 and 6 disposed 
at the insulator 8 extremities ; and one 
cp, weover spark-gap device between the 
IL] 7 vod 4 and the electrode 1. 
At start, the flrst spark apear in the aerfat 
spark-gap and then, the electric dicharge 
goes to the gas-producing tube 7, where it makes 
the are-over. The local pressure in the gas allow 
the electric are extinction, afler managing the 
over electric tension into soit. The capacity C 
which is created between the external ring 3 and 
the rod 4 is bigger than the Capacity C,between 1 an 2 
in that manner, when the overtension apears, the 


auxitiary spark-gap 1, 2 witl start working and then, 
the main Spark-gap 440 nn circuit, the electrode 9 is connected at the 


aerial electric line and the electrode 1 at the Earth, 

In the image above, it is an classic tube spark-gap used for the protection of 
aerial electric cables. The atmospheric electricity is discharged in soit and 
Jost... The Guittot's inventions used that kind of devices for teading and ab- 
sorbing of the atmospheric electricity. 


4 am | The tube spark-gap has the aerial spark 


DARIDA, Gillbert : "Practical Utilization of Atmospheric Electricity"; 
(in The Invention Encyclopedia, pp. 204-207 ; 1930, Geo. Constantinescu, Ed. ) ~ 
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Utilisarea practicd « electricitatii atmosjerice 


Pimantul ca gi celelalte astro, posed’ o clectricitate proprie 
nogativi in interior, iar aerul care-I inconjoard este pozitiv. Po- 
ten{ialul sau tensiunea eloctrick a aorului so mireyte pe misuri 
0 ne ridi ime, astfel eX putem spune ei intensitaten 
electrics este proportional’ en iniljimea (dupi lucririle remar- 
cabile ale Ini Franklin, Quetelet, Lord Kelvin, Mascart, Joubert 
sia altor mari savani fizieieni 

Observatiile fiieute recent, au aritat ei aerul regiunilor inalte 
dela 6000-7000 m este foarte inciireat, eu electricitate positiva, 
 ciirei explicatie se datoreste frecirii fotosferei sau atmosforei 
terestre, prin invartirea pimantului in jurul soarelui en mai mult 
de o suta de mii de km pe ord. Aceasti frecare direct’ in fluidul 
eteric ambiant, face ca aerul si se Incarce cu electricitate pozi- 
tiv prin influent, iar pZimantul si se incarce negativ. 

Intre cele dowd medii, fluidic (aerul) si (pimantal) materie, 
stiin{a ne spune, ci in partea de jos a atmosferei, pe timp frumos 
un centimetra cub de aer ionizat, confine cirea 800 particule 
eu ioni pozitivi si 680 ioni negativi (electroni). 

Pimintul se comport’ ca un enorm conductor inedireat negativ, 
respingand electroni si atrigind ionii poritivi. Aceasti atractie 
a ionilor pozitivi determina un curent electric, zis si curent de 
conventiune, E un fel de bombardament invizibil supus Variafiunilor 
zilei si a sezoanelor, putandu-] evalua aproximativ la 0 densitate 
mijlocie remareabila, dela 3x10" sau a 30 quatrilionime de am- 
per pe em cub, ceea ce di pentru intreag’ suprafati a pimin- 
tului un curent formidabil, de 1500 de amperi. 

Se pune intrebarea cum un astfel de curent. poate si-si intrefie 
mereu acelagi sens? Aceasta este enigma pe care ne-o punem, 
studiind curen{ii naturali ai atmosferei noastre, presupunem ci 
poate si fie o legituri a actiunii emanatiunilor radioactive. Aceste 
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‘emanafiuni fiind din gaze radioactive grele, se gisese de obicein 
in mare abundenta aproape de pimént ceca ce ne explict marca 
ionizare observata in general In grote si caverne, 
Tonizarea atmosferied poate de aser prod 
de actiunea razelor X, foarte pitrunzitoare gi de diferite eub- 
stante radioactive inchise in subsolul pamantului. De asemenea 
poate si mai fie, yindnd se 
jonizarea luminei solare, foarte bogata 


i in parte, 


de actiunea ¢Calei Lactee » gi de 


in radiafiuni ultravioleto 


| 


Fig, 108 


procum gi a electronilor emisi direct din radierea caldurit solare 
de cirea 6000 de grade. 

Captarea electrici Franta 
prin cabluri aeriene montate pe Mont Blank, iar in Germania 
prin eabluri sustinute de baloane capti 

Sunt mai multe sisteme, vom da pe scurt pe cel mai ingenios 
procedeu, inventat de ing. Jules Gu jonul electric. 
Procedenl consist de a pompa direct di electricitate 
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Prin ajutorul unui aparat de captare, format din 2 antene aerieno 

3i 0 serie de bobine dupa cum se vede in fig. 108. Una din antens 

este verticalé in forma de evantaiu dirijatt cu varfurile citre 

zenit, pentru a capta electricitatea negativa din atmosferd; cea 

care este orizontali, este dirijata editre Sud, pentru a capta electri- 
citate pozitiva. 

s Electricitatea in aer pare si fie cu 
ca 5 dublé polaritate, dup& cum se vede la 

= 2 nori electrizati, cari deplastindu-se 
in senscontrar, dau nastere unei scdntei 
(Culger) cand distanta respectiva poate 
si fie strabitutd de puternica lor di- 
forenta de potential. Straturile de aer 
de densititi diferite, nu sunt toate 
antrenate de aceeasi vitezi prin ro- 
tafia pimantului, ele se electrizeazi 
deci prin frecarea decalajului lor res- 
pectiv. 

Aceste sunt consideratiunile ce Lau 
ficut pe inventator si aseze in at- 
‘mosferi doi poli complet distincti si 
perfect izola\i, al cirui pol pozitiv 5 
(fig. 109) poate fi dirijat in directiunea 
Sudului, si a celuilalt negativ P, in 
directiunea zenitului, Fig. 109 arati 
=... _ schema montajului si a conexiunilor 
‘© Scsmey compuse dupi cum urmeazii: 4, dints’o 
~~~ antenii dubli aeriand, montati pe 

Fig. 109 stilpi de 15—20 m indltime. Aceasti 

parte care se mai numeste si aparat 

de captat, este format din vérfurile P, dispuse in evantai in 

varful unei tije de ofel dirijate citre zenit, penta a capta 

curentii negativi ai atmosferei si dintr’o alta antend orizontalit 

a cirei sigeatit este indreptatét citre sud S, adici edtre equator, 

pentru a recepta curentii pozitivi, Aceste douk pirti dispuse 

Im unghiu de 90%, formeazi cei doi poli al curentului acrian, 

 cirei diferenfi de potential este suficient& pentru a permite 
utilizarea electricititii atmosferice. 


French Patent # 551,882 


Appareil Capteur de Courants Electriques dans L'Atmosphere 
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BREVET D’INVENTION. 


XII. — Instruments de précision, électricité. 


N° 551.882. 


5. — Propucrion ve v'étxcrmcré, morsons duecrnigcrs. 


Appareil capteur de courants électriques dans l’'atmosphére. 
M. Juus GUILLOT résidant en France (‘Tarn-et-Garonne). 
Demandé le 27 septembre 1921, a 15" 20", a Paris. 
Délivré le 15 janvier 1923, — Publié le 16 avril 1923. 


[Brevet invention dont la délivrance a été ajoarnée en exéeution de Fart, 11 $7 de In loi du 5 juillet 1844 
‘modifide par Ja Loi du 7 avril 1909.] 


Considérant le globe terrestre comme T'in- 
duit d'une dynemo, dontY’éther supraterresire 
st V'inductear, des courants électriques cireu- 
Ientdans Vintervalle cest-a-dire dans la couche 
atmosphérique; Tinventeur capte au moyen 
de Vappereil décrit ci-dessous deux de ces 
courants parfaitement distinets et éimine les 
autres. 6 

Lappareil compren 

4° Le capteur aérien; 2° une série de pa- 
rafoudres; 3° les régulateurs; 4° unt tableau 
de résistances; 5° Les aspiratours; 6*les.ts- 
moins. 

4° Le capteur aérien monté sur un poteau 
est composé d'une pointe d'acieraimanté fixée 
par scellement sur un isolateur porcelaine et 
cerclée a sa base par une bague de bronze sur 
Jaquelle sont vissées 32 sigue de fer dou, 
Je tout formant Yantenne d'un péle. A cdté et 
isolé de la premidre, formant le 2° pole, est 
fixée-une pointe dacier aimanté dans !a posi- 
tion horizontale et dirigée vers te sud dont 1a 
base coudée & 45° est scellée sur un isolateur 
porcelaine, Cette pointe est Seeicnaat cerelée 
d'une bague de cuivre & encoches fig. 1. 

2° Une série de 6 parafoudres & cornes 
entre chaque péle et la terre et & écarlements 
variés. 

3° Un premier régulater formé d'un ap- 
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pore absolament semblable au capteur 30 
aérion, mois ayant les deux péles superposés, 
ct, opposé & la pointe verticale, un disque de 
cuivre relié & a terre. Opposé & la pointe ho- 
rizonlale, une roue a jante d’étain sur laquelle 
sont soudés alternativement 16 tubes com- 35 
posés euxmémes de deux méteux soudés : 
cuivre-plomb et ferplomb. Geite roue est re- 
lige & la terre par son pivot fig. 2. 

Un deuxidme régulatenr formé Cappareils 
& déclanchement automatique au nombre de 4o 
3 par poles et, deux basculateurs également 
par poles. 

4° Un tablean de résistances composé de 
fils de maillechort en boudins de différentes 
sections, de tubes en verre contenant des pous- 45 
siéres de cuivre, du charbon de coraue et de 
Ia fleur de-soufre. 

5° Les aspirateurs composés d'une botte en 
bois-sur chaque péle, contenant un vase de 
porcelaine dans lequel par couches superpo- 50 
s6es et isolées au mica est, placé du mereure, 
de Y’étain, du charbon, du cuivre et du soufre, 
le tout traversé par une tige de cuivre. 

6° Les témoins composés de lampes & in- 
candescence ordinaires. 55 


nisemg. 
Par la pointe au zénith et par la poiate au 


a7 


Figure 57: LTE OFDMA Downlink Resource Assignment in Time and Frequency 


HM ser: 
[EE] user 2 
GE user 3 
[ED user 4 


Frequency 


Time. > 


Minimum resource block consists of 
14 symbols and 12 subcarriers 


Aysauy Research 


By controlling which subcarriers are assigned in which sectors, LTE can easily control 
frequency reuse. Using all the subcarriers in each sector, the system would operate at a 
frequency reuse of 1; but by using a different one third of the subcarriers in each sector, 
the system can achieve a looser frequency reuse of 1/3. The looser frequency reduces 
overall spectral efficiency but delivers high peak rates to users. 


Beyond controlling frequency reuse, frequency domain scheduling, as shown in Figure 58 
can use those resource blocks that are not faded, not possible in CDMA-based systems. 
Since different frequencies may fade differently for different users, the system can allocate 
those frequencies for each user that result in the greatest throughput. This results in up to 
a 40% gain in average cell throughput for low user speed (3 km/hour), assuming a large 
number of users and no MIMO. The benefit decreases at higher user speeds. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 120 
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sud nous canalisons deux courants formant les 
deux poles. On prottge l'ensemble par des 
parafoudres. On régularise le débit par un 
régulateur somblable et par des appareils & 


PRODUCTION DE VELEGTRICITE, ETC. 


nuisible dont ces! apparcils sont chargés. Les 
courants épurés sont conduits aux t6moins 
par des fils de cuivre ordinaire. : 


§ dédlanchoment commandant chseun dos rsis- Joss GUILLOT, 
tances appropriées de la nature du courant Moissac (Tarnet-Garonne).. 
* x11. — Instruments de précision, électricité. 2 
5 — Paoouerion'ox véusoratarré, sortons Susomrarns. N° 565.395 


Dispositif combiné pour capter les courants électriques atmosphériques 


avec application immediate. 


M, Juuas GUILLOT résidant’eni France (Aller). 


Demandé Je 6 avril 1923,-a 44" 30", & Paris... 
Délives lo 7 novembre 1923. — Publié te 25 janvier +924. 


On sait que la terre, par sa propre consti- 
tution, sa rotation et son mouvement dans 
Yespace, fournit & elle seule Télectricité que 
Yon utilise et qui est-en suspension dans Pat 
smasphire. Les courants électriques, qui sé 
chappent de la surface da globe, montent di- 
rectement dans Tespace’olt es grandes masses 
sont accumulées vers P’équateur, par suite de 
Ja plus grande périphérie du gets. 

Dans Yatmosphére, il y a deux pil par- 
faitement distinets, c’est-2-dire que des nuages 
peuvent dtre électrisés, soit d’électricité posi- 
tive ou négative; veci, tout dans la nature le 
démontre, sans quoi, il serait difficile dexpli- 
guer la provenance des éclairs qui se prodai- 
sententre les nuages et qui ne sont autres que 
des nuages chargés d’électeicité contraire et 
qui.samorcent entre eux par un trop grand 
rapprochement. 

‘invention dont il's‘agit concerne un. dis- 
sitif formé d'un ensemble d'appareils aptes 
Ma captation dé ces courants atmosphériques. 

Tusqu’d.ce jour, toutes les recherches faites 
dans ce but ont été de capter dans V'atmo- 
sphire une seule catégorie de courants atmo- 
sphériques, eest-d-dire, qu'on a réuni dans 
un.méme systime de captation, deux poles 
opposés et dont Veffet.a été de se détraire ow 
de sannuler l'un 4 Yautrelaissant comme quan- 


> tité que Jadifférence du plusfort aa plus faible. 
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sera done facile de comprendre pourquoi, 
en considérant tes deux piles d'un courant 
atmosphérique commed peu prés égaux, ilest 
presque impossible par certains temps de me- 
surer le poteotiel avec Ia terre, du plus fort 3{ 
sur Je plus faible subsistant et qui peut tre 

esitif om négatif, suivant que le plus fort est 
lo Tune ou de Yautre de ces polarités. 

Gest sur cette base que toutes les recherches 
jusqu’a nos jours ont été faites et c'est pour- 4 
{uo il favt considérerque par tous les temps, 
centre les deux piles captés dans Tatmosphtre 
et non mélangés dans aucun des systimes de 
caplation, i est possible dobtenic, en tension 
el en intensité, une puissance aussi considé- 
rable que Fon. puisse désirer et qui sera me- 
surée entre les.deux pOles captés séparément 
et toujours isolés Tun de autre jusqu’s leur 
utilisation. y 

Suivant Vinvention, cette eaptation se fait 5 
Ber sion dans Tatmosphire oa moyen 

‘an amorgage des courants électriques , soit 
positif ou négatif, par ane-antenne 3 deur 
pointe absolument isolées Vane de Tautre, 

wnt Tune tournée" vers le zénith attire Tes 
couches délectricité négativo, et Tautre, tour- 
née vers Ie sud, puise vors,!équateur, dans les 
asses groupées dans cette zone. 

Ceci exposé et Fexistonce des courants slec- 
triques ‘atmosphériques état prourée, il est 


= 
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possible de les capter & la condition de dis— 
poser d’appareils spéciaur étudiés surtout pour 
Joier le role de régulateurs, attendy que ia + 
iffculté persistante rencontrée jusqu'alors 
pour réaliser la captation incombe aux grandes 
variations de tensions sous lesquelles les cou- 
rants atmosphériques se: présentent dans Ves~ 
ace, pour chacun des ples, et doat écou- 
lement dans un poste de captation serait 
indvitablement fancate. x 
“Le présent brovet sous ea forme, de ‘iad 
tation doit done couvrir, non pas le ou les dis- 
positifs régulateurs qui sont prévus dans to 
systéme, carils peuvent étre concus d’ane fagon 
toute différente et donner le méme résultat, 
mais sur application raisonnée ot le groupe” 
meat’ d'appareils fonctionnant automatique 
‘ment et intervenant chacun comme relais din- 
fluence variable pour limiter 1a tension des 
© courants captés dans Taitmosphire a celle 
choisie pour utilisation. 

Ces appareils ont un rile assez connexe 
aveo celui-dé troppleins sur un réservoir qui 
‘achomineat a lextérieur Texcis de liquic 

5 iti ces régulsteurs détournent Yercds de ten= 
sion des courants a fa terre. 

On peut encore assimiler ces régulateurs & 
des flres car is ont pour but Se dieoree 
‘du poste d'utilisation, des courants qui ne sont 
pas encore de nature connue mais que pour 
simplicité on appellera courants parasites ou 
anormaux. 

Le brevet portera aussi sur le systdine de 
régulation des courants, appliqué & chacan 
des poles, car il est reconnu que Ia forme et 
{a tension des courants aux deux piles ne sont 
pas équivelentes. 
~ Lemode de eapttion par antenne spéciale 
Ardeux pointes orientées dans Vatmosphtre,, 
commeé il sera indiqué ci-aprée, avee amoi 
prabe pout Taasnatst dace 
mosphériques est aussi ano grande impor- 
tance. 


° 


on 


Enfin la réception des courants atmosphé- 
riques se fait & Yendroit mémo de tinstallation 
da poste; celui-ci peut éire prévu en nn lien 
qucoins sans nécessiter daltitude parti- 
eulitre, commie cola a té tents di 
préconcus. 
> Sur les dessins ci-annexés suxquels on se 

réfire 

Ta fig. + représente. en’ dlévation! et en 


des essais 
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coupe partielle Vantenne seule, & deux pointes, 
surmontant un poteaa d’éiévation; 

‘La fig. 9 est le plan de Pune des pointes, 
celle horizontale: 

La fig. 3 montre schématiquement te ta- 
Dleau sur lequel sont montés les divers appa- 
reils ou accessoires qui jouent le réle de régu- 
lateurs des tensions de courants. 

La fig. 4 est un schéma de parafoudre, et 

La fig.'5 un tableau de résistances. 

Ledispositif nécessaire la captationdes cou- 
rants atmosphériques est formé comme suit : 

4° D'une anteane, fig. 1, formée de deux 6 
pointes dont Pune 1 est en acier, supportée 
par une bague de bronze 2 entourée d'une spi- 
ralo 3 formant self; ceite pointe est tournée 
vers 1é 2énith pour attiror les couches d'élec- 
Aricité négative; Vantro pointe & comport un 7 
cadre 5 de huit branches supportant dos spi- 


| rales de cuivre 6 et est tourade vers le sud 


i puiser vers Péquateur dans les masses 

Fodor tons tie fen Poor Patilisation de 
saffica- qu'elle soit portée par 7 

un mit_ou potean de Patou un peu supé 

rieure & celle des habitations environnantes. 

2° Diun tableau de paraloudre, fig. &, 


|, formé de cornes de cuivre 7 servant & absorber 
oss roses dshagesamosphédqus que 8 


ir certains temps, il serait dangerenx de 
laisser cireuler dans les appareils régulateurs. 
3° Diune table de deux systimes symétri- 
ques de régulateurs, fig. 3, un pour cheque 
pole, qui permet d'obtenir une régufarisation 
assez grande dans les tensions des courants 
absorbant automatiquement fes_surlensions 
dépassant la tension choisie pour Vutilsation 
désirée. Ges régulateurs sont représentés sur 
Jo dessin par les rétérences RR, Re, RY. g« 
4 D'un tablean de résistance en ‘commu- 
nication avec les régulateurs, ces résistances 
sont formées de spirales de maillechor 8, de 
{ de poussitre fine de 
poudre daluminium, gt 
do soufre ot de poitssitre fine de ouivre; enfin, 
doux appareils spécioux 10 formant transfor- 
maleurs et éonstitués de’ couches de métaux 
absorbant certains eourants nuisibles ou anor 
mans. 101 
5° D'unesouree auxiliaire d’énergio formée 
de piles 11 ot de hobines Rakimkorif 12. por- 
‘mettant dobtenir dans Vantennie une attrac- 
tion saffsante an moyen d'un. dispositif de 


Ea 


1921 


2ie2018 


7 ils soront régularisés on tension et enn 


ules Guillot Atmospheric Elactic Generator ~ Article & 2 French Patents 


PRODUCTION DE LifLECrRicITE, ETC. 


réglage d'intensité qui, une fois amoreé, per- 
met I’écoulement constant des courants de Vat 
mosphere dans le syst2me. 

h consiérant fe fig. 3 qui représente en 
quelque sore le schéma d'instellation du dispo- 
sitif, la réception descourants électriquesatmo- 
spbéciques se fera dela facon indiquée ci-dessus, 
en produisant un amorcage de ces courants. Cet 
amorgage est fait en laneantdans le systdme qui 
est double pour répondre & chacun des poles, 
Je courant Wes piles 11 passant parles bobines 
19 et se rendant a'antenne. 

Cotamoreage sera maintenn et réglé jusqu’a 
ce que Pééeoulement des courants électriques 
atmosphériques se soit manifesté par Vallu- 
mage d'une ou plusieurs lampes L du tableau 
des résistances représenté on fig. 5 portant la 
prise utilisation. 

‘Das que Vallamage'des lampes sera constaté 
on sera arerti de la eaptation des courants at- 
mosphfrque eon pours enupe fe courant 
des piles d’amorgage. L’éeoulement naturel et 
constant des courants captés se produira dans 
Jes appareils régulatours de la table, fig. 35 


puis divigés au tableau des lampes poar uti 
sation, 

Ta été dit cidessus que les régulateurs 
R, etc., étaient prévus et congus pour éliz 
miner automatiquement a la terre les surten~ 
sions des courants captés ainsi que les courants 
anormaux qui ne peuvent encore éire clasés. 
mais que ces régulateurs pouvaient étre rem- 
placés par des appareils faisunt le mme office. 

Tiny a done pas liew de les décrire en dé- 

etde les revendiquer spécialement. L'ave- 


nir seul précisera si ces régulateurs doivent | 


(565.395) 3 


faire Vobjet d’ane protection propre pour Pap- 
plication décrite ci-dessus. 


nésuui. 


Dispositif combiné pour capter les courants 
lectriques atmosphériques avee application 
immédiate, caractérisé = 

1° Enco que Vorgane de captation est une 
antenne & deux branches orientées différem— 
ment, Tune vertical avec self est tournéo vers 
le sith pour pusr ls courts niga, 


Pantre horizontale comporle un plateau ‘con 


tral avec enroulement de fil et est orientée 
vers le sud pour puiser les eourants 
orientation des pointes restant fonction du 
lieu terrostre ot se fait la eaptation des cou- 
frants considérés. 

2° En co quo écoulement des coutrants 


atmonphéiqans dan lo yedmo récpteur st | 


subordonné tun amorgage qui consiate & lancer 
dans Yentenne un courmt provenant d'une 
source ausiliaire, tolle que des piles reliées & 
des bobines de Rubmkori. 

3° En ce qu'un tableau parafoudre esti 
terposé entre l'antenne ou organe de captation 
et le tableau des régulateurs pour préserver 
Tinstallation en éliminant & la terre les dé- 
charges brusques aimosphériques. 

4° Bu ce que les régulateurs sont disposés 
suivant deux sysiémes syméiriques correspon- 
daat & chacun des poles des courants atmo- 
sphériques, 


J. GUILLOT. 
Per proumton + 
V. Paivost. 


ifs; | 


Steel Rods, magn 


Parts List 


Insulator, porcelain 


Ring, bronze 


Rods, soft iron, 32 


Ring, copper 
Surge Protector 
Disk, copper 
Ring, tin 

Tubes, steel 

Rx Cu-Pb, Fe-PI 


b 


Breakers, automatic 


Resistances : 
‘Vacuum Cleane 


‘ire Mesh, Glass Tube. Cu, C, S powder 
rs: Box, Jar, Mica & 
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Tube, copper; 
Rx: Hg, Sn, C, Cu, S 
Battery 
Ignition Coil 
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Hans Holzerr: Testatika Demonstration Notes 
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P. Potter: Principle Experiment 
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Cyril Smith: Testatika Generator and Over-Unity 


Methernitha: The Research Work of Methernitha in the Field of the so-called Free Energy" 


P. Potter: Transcript of Methernitha Testatika Video 
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Paul Baumann: Testatka Generator (Metheritha Group) 


Testatika Demonstration (4 August 1999) 
‘Translation by Stefan Hartmann < harti@harti.com > & Hans Holzherr 


From: Hans Holzherr 
To: Stefan Hartmann 


Recently, over 30 technicians and engineers (most of them retired) were allowed to visit the 
Methernitha group in Linden, Switzerland, where they witnessed a demo of the different Testatika 
machines. 


Here is a report from Hans Holzherr from Switzerland who was present: 
Hello Mr. Hartmann, 
To your questions: > Have you seen live a machine with a load? If so, what load? 


Lam referring in the following to the model with the 50-cm diameter dis 
already running when the visitors stepped into the room, and was not halted during the whole time - 
—- we were there for about 1.5 hrs. Asa first load a 1000-Watt lamp was connected for 
approximately 10 seconds whose brightn the corresponding sequence on 
the Testatika film is just an effect of the camera aperture's automatic adjusting to the sudden 
brightness! The second load was a U-shaped heating element, that Mr.Baumann handed to me. It 
became so hot within one second that I had to put it down immediately! What was particularly 
impressive was that while he pulled back one of the contact wires (that was with the lamp, I 
believe), a I-cm long are appeared between the output electrode and the connecting wire for 
approximately one second. The apparatus was under a plexiglass hood. Near the base it had two 
holes which Baumann used to insert the contact wires to touch the output electrodes 


How do you think the high wattage is produced ? 
Good question! I'd love to know the answer, too! 

Did the disks slow down when a load was placed across the output electrodes ? 

I did not notice that (nobody else did), but of course you tend to turn your look to ‘where the action 


! (the lamp ete.) The disks turned with 15 rpm, which is quite slow. The spin rate was regulated 
magnetically. 


What general impression did you have ? 


It was really impressive! One can hardly believe it, with this slow rotation. In any case, this cannot 
be explained in terms of bare electrostatics in the sense of the Wimshurst machine. The perforated 
sheets seem to have a key function... Beside the pick-up and the drive electrodes there are a number 
of small plexiglass blocks with glued-on perforated sheets, whose function is unknown. 


‘As Adolf Schneider already mentioned, my 
principle experiment shown by Baumann, 


though 


The device consists of a horizontal swiveling plexiglass arm with a small rectangular plexiglass 
plate at both ends glued to the lower side of the arm. The lower side of the arm is covered with 
perforated aluminum sheets (square holes), while the bottom of the plates is covered with brass wire 
mesh. Beneath each plate five additional plates are glued onto the base plate. There is also wire 
mesh between each pair of plates in the two blocks. From the mesh layer between the lowest plate 


colleague Bernhard XXX and I want to try to copy the 
without much hope to find anything extraordinary, 
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Paul Baumann: Testaka Generator (Methemitha Group) 
and the base a wire goes to the two capacitors, which are connected in parallel . Baumann seized the 
arm with both hands and turned it about ten times back and forth (a full rotation was not p. 
because the capacitors were in the way), then measured the DC voltage with a digital meas 
instrument: 60 Volts. Then, as he short-circuited the condensers a loud crack could be heard. I don’t 
know if that already is an abnormal result. 


On my question Baumann replied that with metal foil (instead of wire mesh) the device would not 
produce that effect. 


For more information, Contact: leo@zelator.in-berlin.de 


"Back-Engineered Testatika" 
by 
Paul E. Potter 


http://website.lineone.net/~aarekhu/index.html 


(Copyright 2000) 


ss Methernitha group's Testatika machine is thought to be based on a Wimshurst 

tic generator, is only a sparse approximation of the truth -—- of the great multitude of 
tic influence machines developed around the 1900's it more closely follows the charge- 
;paration-and-collection system used by the 1898 Pidgeon machine [note 1] for its electrical 
circuit. 


Its 50-per-dise steel grilles or 'gitter-grilles' are plainly unique to the Methernitha (see fig.1) but in 
principle follow on from previous research and patents for corrugated sectors which were found to 
be more efficient charge carriers [note 2] than flat ones, and from a similar example in more recent 
times of aluminium rods extending out like wheel spokes from an insulating hub of perspex [note 
3]. 


Another unique function of these perforated grilles attached to the discs is how they induce charge 
from the rotating discs onto the special collecting pads, or ‘tasten’ antennae keys (which are also 
perforated —- so as to more readily pick up charge); for in a Wimshurst you had conductive brushes 
or rails of sharp points which actually touched the dises or were placed very close to them, but in 
the Methernitha the charge has to be made to traverse a parallel air-gap to the pads and for this 
purpose the metal gitter-grilles are so designed to create miniature eddy-currents of charged air 
which circulate in and out of the perforated metals surface charges, and are more easily bounced 
out to the collecting pads. This process is categorised as VARIABLE CAPACITANCE electrostatic 
generation 


Careful note needs to be made of how the Methernitha uses its b 
to its neutralising rods (that equalise and s 
charges are picked up from one area and a 
distributed correctly to specific areas on both di 


ly Pidgeon setup with regard 
abilise the opposite charges --- see fig.2), and how 
‘cumulated at others, so that the polarities of charge are 
s [note 4] 


And although there have been some fanciful claims, or misinformation, that it uses all sorts of 
radioactive materials to achieve its pulsed output I most strongly believe that the auxiliary 
electromagnetic circuit, that wraps itself around the rotating discs, portrays a simple electronic 
approach; afterall, who would use radium radioactive emission alongside leyden jar capacitors ! 
Indeed, the more you look into certain elements of its construction the more they point to three main 
eras of electronics development, the 1900's, the 1920's and the 1950/60. The authentic Methernitha 
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was designed and developed by purists who believed they had discovered a previously unknown 
electronic phenomenon, but they wanted to keep an integrity to the early pioneering days of the 
Pidgeon, Wimshurst and Holtz electrostatic machinery; they would not use such modern devie 
transistors or IC chips (more's the pity) -— but they do use some pretty uncommon electronic 
engineering in their circuit [note 5] 


Obviously, the electronics are in two parts; one --- the electrostatic generator and its particular 
technologies of how to direct what charge where, and two -- the very unique auxiliary 
electromagnetic circuit of inductances, capacitances and rectification that mobilises that ‘static 
electricity. To understand how they convert static energy into an electromotive force you would do 
well to go back to the earliest years of radio, From the pages of spark radio you soon appreciate just 
how important oscillation circuits and their valve rectifiers were, and moreover, how difficult it 
proved to engineer them. For although radio transmitters and receivers from the 1900's used 
resonating circuits their oscillations were controlled by sparks between two contacts and, of cout 
they were relatively inefficient. Not until the 1920's did the first electric current oscillations become 
an observable controlled phenomenon when someone coupled a rectifier valve, a capacitor, and a 
resistor together [note 6]. The early 1920's also saw the best era of experimentation and invention 
for novel devices that turned static energy into useable electromagnetic energy; it was in a 1921 
patent that we see a German physicist Hermann Plauson describe in great detail his methods to 
convert static power, not only from rotary influence machines but also from balloons collecting 
atmospheric electricity up in the sky; and by using thermionic rectifiers, leyden jar capacitors and 
inductor coils he proposed a free-energy network that was to power the whole of Germany [note 7] ! 
The thermionic rectifier valve heralded a new era for radio and high voltage physics, and as it was 
then subjected to such a broad array of experiments and modifications to improve its efficiency so it 
paved the way for all sorts of new avenues in electronics. Indeed, with such a technical catalogue of 
similarities with what we see in the available photographs of Testatika it can be assumed without 
doubt that the horizontal glass tube which sits on top of the Methernitha machines is exactly what a 
home-made vacuum thermionic rectifying valve would look like; with its internal anode mesh-plate, 
surrounded by a coiled copper grid, fed by a glowing (heated) cathode wire running horizontally 
across its centre and capped by two black end-pieces, which are too big and bulbous to be mere end- 
caps and must surely be black rubber vacuum seals to seal the glass tube and the input/output wires 
[note 8] 


With such a rectifier, some induction coils, and some leyden jar capacitors you have a circuit that 
oscillates, and that's what has to happen with a Methernitha, the electromagnetic circuit has to 
scillate for it to work, and then the oscillations have to be rectified (or even modulated) so that the 
resulting single-pole pulses can be channeled through the big cans, which are basically high- 
efficiency transformers, and outputted as reduced voltage higher current DC pulses (see fig.3) 


The precise components used to oscillate the primary oscillating circuit are, I believe, not to be seen 
in any of the available photographs, but there are various hints for their approximate whereabouts 
on the machine. Firstly, according to electronic design there should be a capacitor and coil 
configuration in close proximity to the rectifier. Well, from the picture "3K WREAR" can be seen 
the two long upright tubes which, according to those who have seen them first-hand, compri 


the same sort of outer shielding that the big cans ha 
shields), inside yet another glass tube, and are terminated at the top with a brass connecting rod 
which does a right-angled turn and passes into the side of the tower — but only two-thirds up the 
height of the tower. These two assemblies must form a connection to the rectifier, because the 
rectifier is at the top of the tower, so why don't these electrostatically sensitive tubes extend all the 
way up to it ? Again, from the photographs of the rear and front of the Methernithas there is a wire 
that comes out of the tower's side wall at about 4 inches above the upright’s brass terminals and this, 
wire then passes through a short black tube and on to the rectifier valve. This, of course, would 
happen on both sides of the tower, enabling a connection to both ends of the rectifier. But why have 
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this 4 inch gap of connections at the top of the tower ? Something is placed inside the top of the 
tower in this intermediate space which is very necessary to the circuit, and I think it must be the 
location of the capacitor/inductor configuration to oscillate the circuit. This (fig.4) is how I would 
see the inside of the top of the towers [note 10] 


I've seen some of the patented inventions that rotate discs --- by using magnets (i.¢., H.Rosenberg's 
permanent magnet excited rotational machine, US Patent # 3,411,027 ), and by utilising inscribed 
metalised dises (US Patent # 3,239,705 for instance), but there simply isn’t enough room for these to 
be located in the Methernitha disc setup -—- also, you don't want to interfere with the ES fields that 
zip around the revolving discs: From the reports of those who have seen the small machines 
working it appears their discs were rotated by small DC electric motors afier they were hand- 

sted, some re-wound with thinner wire (to presumably increase their torque) and powered 
directly from the discs’ generated electricity - but I have also seen how two discs can continue to 
rotate simply by careful placement of curved electrodes [note 11] which would act on the charges 
on the discs -- like the 3kw Testatica Distatica generators. 


After reading through the many early accounts of electrostatic rotary machines, and some of the 
more recent ones, you can't help but be puzzled by the Methernitha’s incredibly low rotational speed 
of just 60 rpm (and in the 1999 engineers report as low 15 rpm !). Most other early experimenters 
boasted up to 3000 rpm. J.G.Trump in his work on high voltage generation in space [note 12] spun 
his rotary machine at 10,000 rpm (to produce 433 Watts at 24 KV no less). One reason for this low 
;peed might be to do with the close proximity of the 50 lamellas (gitter-grilles) on the discs at their 
inner ends, they are very close together, I think too close. Air, normally an insulator, breaks down 
and conduets at around 25-35 KV (this figure has been fairly constant from day-one of electrostatic 
machine experiments right through to the present day -— because air has a breakdown field strength 
of 3x106 volts/metre) and short-circuits the circuit. | feel that because this design of grilles is prone 
to short-circuiting at high voltages the Methernitha people have limited their rotational speed so as 
to ensure a low operating voltage --- of what I'd guesstimate to be only 12 to 24KV. 


But, is this a waste of extra potential ? Not necessarily, for I don't think that the main power output 
comes solely from what the two counter-rotating discs supply. 


There is, I believe, a far more important power generator -- the electron cascade generator, and the 
Methemnitha has two of them, held inside the two horseshoe magnets, and providing the cire' 
the magnets are made to oscillate at the right frequency at a high enough voltage then these 
‘metalised-perspex laminated blocks can enmass A MUCH LARGER AMOUNT OF 
ELECTRICITY THAN WHAT IS PUT INTO THEM 


This, perhaps, is the previously unknown electronic phenomenon that the Methernitha group have 
so zealously been trying to protect against unscrupulous entrepreneurs. But I would say that this 
copious supply of free energy is already known to the world —- it is not readily available - and its 
principles are not fully understood, as yet, but it is known about. 


‘As the descriptions say (on the Testatika website), between the horseshoe magnet legs are four 
blocks of transparent ‘plexiglass’ type material alternated with copper and aluminium plates (that 
may or may not be perforated), in the sequence ¢-p-a-c-p-a-c-p-a-c-p-a (also see fig.6). And 
according to the Linden Experiment, where Paul Baumann induces a resonance of about 80-140 
MHz in a coiled horseshoe and then has an aluminium-insulator-copper block moved between the 
horseshoe legs, a voltage could be taken off the plates of the block which measured 700 volts (DC 
presumably) [note 13]. This incredible phenomenon has never been replicated by any ‘outside 
researcher’, and is said to be the basis by which the Methernitha machine could be understood how 
to work [the clue, possibly, to this Principle Experiment may be variable-capacitance and dielectric- 
absorpsion).. 
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But what, I hear you say, is an electron cascade... Well, it was only by chance, very recently, that I 
happened to listen to an audio tape by a Dr. Flanagan about crystal water; when I switched the tape 
over after the end of side one Dr. Flanagan then began talking about an electronic configuration that 
applied a high frequency, high voltage alternating field across an insulator -- that created what he 
called an electron cascade effect -- Yes, I thought, here is the answer to the Methernitha Machine. 


The electron cascade or avalanche effect is where air molecules are accelerated to the device at such 
a high velocity that they collide with other molecules and atoms in the air to liberate new electrons 
which in turn also collide and liberate even more ‘free electrons’ from other air molecules (see 
fig.5), all of which become accelerated by the electric field, and an avalanche of electron- 
multiplicatio throughout the whole immediate environment [note 14]. It's a chain 
reaction, and an entirely safe one, it happens in a more ferocious way in lightning strikes, and is a 
natural phenomenon, And, as in this case, the environment actually becomes part of the circuit [note 
15] because the process is actually negatively-ionising the air surrounding the Methernitha 

machines, and that is why those who have been near these generators when working say the air 
around about them is cool and fresh [note 16] 


In view of the fact that it’s designers have chosen to wind insulated wire (which may or may not be 
bifilar) around the horseshoe metal itis likely that the horseshoes are used for some form of 
induction [note 17], it would also be very possible to draw directly from this part of the circuit the 
extra electric current produced from the electron cascade blocks, with suitable connections that 
might lead downward into the wooden base (where it is believed that an alternate layering of 
perforated metal plates and insulating plates - making up a large high-voltage storage capacitor - 
located). This power could then be discharged as a pulsed output of high wattage, especially if the 
final output part of the electronic circuit is configured as a Pulse Forming Network of multiple 
sections of inductor / capacitor combinations [note 18] 


The two big cans at the side, the big capacitors, are probably not highly technical (see fig.7), once 
the fundamental formula has been decided upon all models of a Testatika generator would follow a 
imilar construction process. The written descriptions are a little contradictory but they seem to 
suggest a central input rod, or tube, connecting at the bottom of the cans to a stack of inter-linked 
pancake coils, that are wound secondary-outside primary-inside, fitted around a core of 6 hollow 
donut-ring magnets stacked in such a way with plastic spacers as to allow air gaps between them, 
and then finally the output of each can is a connection from the top coil of the secondaries of the 
pancake coils to a brass ring around the centre of the black plastic top lid --- and from the 
photographs can be seen a large diameter wire or tube [note 19] connecting that polarity's output 
terminal to the top lid’s brass ring via a brass screw terminal. I would suggest that the ring magnets 
(of anistropic ferrite perhaps) are gapped in this way to prevent the magnetic flux fields of the 
pancake primaries co-joining as one sprawling field, because it would be more advantageous, and 
safer, to have each separate pancake's magnetic flux cut it's own adjoining secondary coil, and 
divide the secondary output voltage into smaller amounts of potential, thus depending less on 
complicated insulating procedures that accompany high voltage single primary / single secondary 
transformer 


The use of aluminium mesh and solid copper sheeting is commonly used in electronic construction; 
the outer aluminium mesh cylinder would be used to shield stray electrostatic charges, and the solid 
copper cylinder is to shield the large amount of stray electromagnetic fields produced by the 
transforming process from high voltage/low current to lower voltage/higher current [note 20] 
Obviously they don't want field contamination taking place between the sensitive electrostatic 
generator and the transformers 


Within these two outside shielding-cylinders are ‘grid condensers’ which, according to the 1999 
report by the 30 engineers, can be as many as 20 layers of perforated sheet (presumably as 
concentric cylinders) - which I have indicated (in fig.7 for instance) as being electrically connected 
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Figure 58: Frequency Domain Scheduling in LTE? 
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LTE Smart Antennas 

Wireless networks can achieve significant gains by employing multiple antennas, either at 
the base station, the mobile device, or both. LTE uses multiple antennas in three 
fundamentally different ways 


@ Diversity. So long as the antennas are spaced or polarized appropriately, the 
antennas provide protection against fading. 


 Beamforming. Multiple antennas can shape a beam to increase the gain for a 
specific receiver. Beamforming can also suppress specific interfering signals. 
Beamforming is particularly helpful for improving cell-edge performance. 


Q Spatial Multiplexing. Often referred to as MIMO antenna processing, spatial 
multiplexing creates multiple transmission paths through the environment, 
effectively sending data in parallel through these paths, thus increasing both 
throughput and spectral efficiency. 


Table 18 shows the varous antenna transmission modes. 


132 5G Americas member contribution, 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 121 
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BETWEEN each separate secondary winding - in the fashion of an old discovery from the early 
days of wireless telegraphy and based on the ‘disruptive discharge coil’ devised by Nikola Tesla, that 
such a condenser connected in the center of a secondary coil collects the maximum amount of 
voltage created by that secondary. This configuration of one condenser inside another inside another 
ete ete, has a striking similarity to the layout of a pulse forming network [see note 18] 


In the red wired can the transformer is wired to output negative, and the blue wired can’ 
transformer is wired to output positive polarity. Special note should be made of a similar 
arrangement for divided primary / secondary windings devised by Van de Graaff in his ‘High 
Voltage Electromagnetic Charged-Particle Accelerator Apparatus Having an Insulating Magnetic 
Core’ [note 21] with respect to magnetic reluctance gaps. 


Whilst it has been said that the clear perspex dise was designated the ‘cloud’ disc, and the (rear) dark 
disc the 'ground’ disc I would think this relates to different types of acrylies or plastics that might 
become charged to different polarities, as in the triboelectric series, where frictional charging of 
different plastics -—- and then bringing them close together, might cause donation or acceptance 
from one to the other; I would think from the above that cloud represents a donator (positive charge) 
and that ground must mean an acceptor (negative charge). Has anyone tried the combination of a 
teflon disc (extremely negative charge) with a glass disc (highly positive charge) ? 


Or dises doped with paramagnetic particles perhaps [note 22] ? 
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Back-Engineered Methernitha — Notes 


Note 1 --- For more information on the Pidgeon machine see "Electrical Influence Machines" by 
John Gray, 1903 p. 206 & "Philosophical Magazine" Dec 1898, p. 564, and of course the Pidgeon 
patents, 
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Note 2 --- See "Modern High Speed Influence Machines" by V.E. Johnson, 1921, p. 76. Johnson 
‘was not only a researcher of electrostatic machines but was also an innovative constructor of them, 
and as such was keen to try any technique that made his generators more powerful than even the 

ed Wommelsdorf multi-dise condenser machines. This book is an absolute must for those 
to work in this field. Another ‘must’ is the website of Antonio Carlos M. de Queiroz ( 
hitp://avww.coe.uftj.br/~aema/electrostatic.html ) which is absolutely full of information about (and 
with links to) present-day developments in electrostatic machines. 


Note 3 --- See "Self-Excited, Alternating, High-Voltage Generation Using A Modified Electrostatic 
Influence Machine” by M.Zahn, et al., American Journal of Physics, Vol 42 (1974) p. 289. 


Note 4 The Methernitha designers have taken a basic Pidgeon electric field system and added a few 
modifications of their own, partly to lock a certain polarity of charge to a certain area so as to 
stabilise it, and also to boost certain areas with charge. As in their use, for example, of an extra field 
plate located at the top-centre in front of the front dise (just under the rectifying valve), note al: 
that this plate, or antennae key, is indirectly coupled to the rest of the circuit, via a coil setup. Much 
the same occurs with the two plates slightly below it, these plates are connected to a brass terminal 
which connects to a copper wire that goes down and winds in a coil shape around a hollow plastic 
tube, and inside the tube will be another wire or small coil that draws off the electrie charge. So 
these three plates are using not direct connection but induction to get their charge. 


Note § By looking at how each of the photographed machines have been constructed you can 
see that these are high quality crafted structures. I would think each would start off as sub- 
assemblies fitted together by pairs or small groups of members, those sub-assemblies of wooden 
base, big cans, perspex framework, discs with bearings and axles, when completed would be passed 
on to the electrical engineers of the community who would then fit the wiring connections, vacuum 
tube rectifier and make sure that not only did they work but that they looked like a work of art. 


Note 6 --- The Fleming valve had been around since 1905 and while it progressed to the thermionic 
valve and audion, by 1922 the ‘Pearson and Anson Effect’ was discovered whereby oscillating 
currents could be produced with a resistor, capacitor and thermionic valve coupled together. 


Note 7 --- See US Patent 1,540,998 (9 June 1925) Conversion of Atmospheric Electric Energy by 
Hermann Plauson. He also wrote a book of the subject titled "Gewinnung und Verwertung der 
Atmospharischen Elektrizitat" in 1920 in German (which is currently held in the British Library). 


Note 8 -—- Whilst some have seen the smaller 300 Watt machine’s discharger/rectifier quite open 
and not encased in a vacuum tube the vacuum tube models would be much more efficient and 
would waste less current, Also, the rectifier tube must have a heated filament (which on the 3KW 
machines can be seen as a glowing line running the whole length of the grid and coil assembly 
between the two black end caps, and in the films you can see faint flashes coming from behind the 
rectifier so possibly the filament is wrapped around the other side of the grid/coil assembly as well). 
Coolridge, back in the 1900s, discovered that no discharge from the cathode to the anode would 
occur, even at 100,000 volts, unless the filament was heated (Physics Review, Vol. 2, Dec 1913, p. 
418). Aluminium mesh will give off electrons quite readily and can be used as a cold cathode —~ but 
a heated cathode offers the advantage of being able to control the 


Note 9 --- The two long upright tubes are without doubt choke coil assemblies in precisely the right 
place to slow down the current where it gets oscillated and rectified. In a choke the higher the flow 
of current the greater will be its resistance to that current flow. An even better form of choke will 
have some form of iron core inside it 


Note 10 --- I have come up with 6 different circuits for this oscillation section, some of which 
include small quartz crystals. (See notes 13 and 16 on frequency of oscillation). The black dial at 
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the rear of the 3kw machine is most likely to select a variety of capacitances so as to control the 
oscillations of the circuit, which in tum control disc rotational 


Note 11 --- The phenomenon of electrostatic motors has been well researched over the years (see 
"Electrostatic Motors" O. Jefimenko in "Physics Teacher" Vol. 9, March 1971, p. 121-9, and in 
"Electrostatics And Its Applications" by A.D. Moore (1973) p. 131-147; "Electrostatic Motors" by 
B.Bollee in "Philips Tech. Review" Vol 30 (1969), p. 178-194). The Methernitha Testatika 
generators (see a recent report by 30 engineers) auto-rotate, after they have been started by hand, by 
the same principles of these ES motors. 


J.G.Trump worked for the US Air Force and pioneered some highly efficient 
static machines around the 1960's (see"Electrostatic Sources of Electric Power" in "Elec. 
Eng." 66:525, June 1947; and "High Voltage Generation in Space: The Parametric Electrostatic 
Machine" in "Progr. Astronaut, Rocketry" (vol 3 --- Energy Conversion for Space Power) 1961 
745), 


Note 13 —- Although the ‘Linden Experiment’ was thought to register a frequency of 80-140 MHz. 
this does not necessarily mean that the Methernitha generators would oscillate at that rate also. Such 
a frequency seems unnecessarily high. 


Note 14 --- See "Plasma --- The Fourth State of Matter" by D.A. Frank-Kamenetskii (1972) p10, 
and Dr.Patrick Flanagan's US patents 4,743,275 (May 10, 1988) and 4,391,773 (Jul 5, 1983). 


Note 15 -- The effect is very similar to the converging forces in a non-uniform field, the oscillating 
perspex blocks become one “electrode” and the surrounding air in the room becomes the opposite 
‘electrode’, and by the processes of electrophoresis and dielectrophoresis the electrically charged 
particles in the air (the electrons and negative ions) are drawn toward the central electrode, which in 
this case is the perspex block assembly (see "Nonuniform Electric Fields" by Herbert A. Pohl in 
"Scientific American" (Dec 1960) p. 107-8). am much more inclined to believe that the ingenuity 
of the design of these types of machines comes from physicists and not electronic engineers. 


Note 16 -—- Dr. Flanagan actually uses the electron field generator in his own special ionizer (see 
Method of Purifying Air and Negative Field Generator US Patent 4,391,773). 


How does an electron cascade generator work, I would think that while you have an alternating 
electron movement (and Dr. Flanagan reckons this effect occurs with a high voltage field alternating 
at above 20 KHz) at the metal electrodes, the perspex blocks sandwiched between them would 
transfer the electricity not through their mass but around it, as surface charge - actually in the layer 
of air right next to the insulator’s surface. Its the same principle as dielectric absorption - the 
perspex blocks don't discharge themselves fast enough to keep up with the alternating voltage and 
so they accumulate more and more charge --- until it forms as a layer of charge on the insulator's 
surface. This means that at a high enough frequency the surface-air molecules polarize, with the 
more mobile electrons separating from the slower bulks of those molecules and while the electrons 
get thrusted back and forth a secondary layer of (slower) positive air ions develops, and so on, and 
the process of high voltage high frequency polarization triggers the electron avalanche effect. 


In the event that the perspex blocks are indeed ELECTRETS (as free-energy researcher Geoff Ege! 
and others suggest) I would think that they would work in a similar fashion to the above process, of 
dielectric absorption that charges up the blocks before they produce the cascade-effect. Because in 
the electret the electrons charged into the perspex/plastic, and the positive ions, would still be 
manipulated by the reversing electromagnetic field in such a way as to orientate (as with dipoles) 
back and forth, to eventually reach the point (if the whole circuit is tuned properly) where they 
‘would attain resonance with the immediate air surrounding them. And if this effect is similar to an 
inductance then possibly a back-emf will result also, to increase the output voltage. Either way I 
believe the effect will still be an electron cascade through the environment and the product of this 
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o 
base 


lating output (at the blocks) could similarly be drawn off and accumulated in the multi-layered 
;pacitor network. 


I would suggest that a test program to find the best type of blocks would be; One -~ try different 
types of plastic/acrylic/ceramic materials for the blocks 

‘Two —- try different methods of electrifying the plastics (as with electrets). Three -- try plastics 
doped with semiconducting particles. Four - try plastics doped with paramagnetic particles. Five - 
try hollow plastic blocks containing an electrolytic fluid. More information on plastics will be found 
on the Electret vs Dielectric Absorption Page. 


Note 17 — There are several definitions of Bifilar, one where the wires cancel out their magnetic 
fields, and one where the wires are wound to ensure a tight low-loss magnetic flux coupling, in this 
case you need all the magnetic flux you can get so it must be the latter -- See "Transformers For 
Electronic Circuits" by Nathan R. Grossner (1967), p. 224 ete 


Most commonly used magnetic metal is Mumetal, which is an easily saturable magnetic material, 
routing magnetic flux through it rather than in the surrounding air, so as to enhance the mutual 
induction between the two coilings of red wire around the horseshoe legs. 


Note 18 -- So that the machine's output voltage doesn't drain away when it is connected up to a 
large load, what is needed here is a Pulse Forming Network (or artificial delay line). "Such a 
network is an improvement on simple capacitor storage because of the cascading action from one 
capacitor to the next along the chain. At the beginning, all capacitors are charged to the same 
voltage but as soon as the first one starts to loose voltage, the one behind it is then free to discharge 
into it. This topping-up action, which trickles down the network from capacitor to capacitor, is the 
mechanism by which the voltage across the output terminals tends to hold onto its original level." 
(see "High Energy Discharge Systems" A.PStephenson, Electronics Today International, March 
1992, pp. 24-26). 


Note 19 -— When voltage of a high potential and high frequency flows along a wire it does so on 
the outer surface (called the ‘skin effect’) and so the Methernitha would use thick wiring or even 
1/8" tubing to connect its circuit. 


Note 20 -—- Two references for shielding are: "A Shielded Loop" by S. Goldman in "Electronics" 
Vol 11 (1938), pp. 20-22; and "Measurements in Radio Engineering" by F.E. Terman (1935), p. 218 
&p.34l. 


For information on maximum voltage in the center of a secondary coil see "A. 
Handbook of Wireless Telegraphy" by J. Erskine-Murray (1913) p. 42; and an article called 
"Dielectric Hysteresis at Radio Frequencies" by E.F.W. Alexanderson in "Proc. LLR.E., Vol. 2 (June 
1914) p137-157. For Van de Graat’s transformer see US patents 3,323,069 (May 30, 1967) and 
3,187,208 (June 1, 1965). These patents were not just for a Van de Graaff high voltage generator, 
they were for a special system devised by Van de Graaff long after his generator had been in use to 
convert static electricity into current electricity. This system may be a little too complicated for the 
Methernitha but, nevertheless, the principles he used for multiple primary / secondary windings may 
be of some interest 


Note 22 -— Dr. Flanagan modified his insulator blocks, made of resin, by doping them with 
paramagnetic granules (such as silicon carbide) to enhance even more the electron cascade effect; 
which is an idea that the physicist Thomas Townsend Brown first experimented with (by using lead 
oxide granule: s US Patent 3,187,206 (June 1, 1965) to good effect. The surrounding air could 
also be ‘enhanced’ in similar fashion to polarise its electric charge and improve its side of the 
performance (for those interested in the ‘physics’ of this see an article by W.A.Douglas Rudge "On 
Some Sources of Disturbance of the Normal Atmospheric Potential Gradient” in Proc. Royal Soc. 
A, Vol. 90 (1914) pp. 571, etc) 
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Note 23 — Some other generators with similarities to the Testatika machine are the "Electrostatic 
Energy Field Power Generating System" invented by William W. Hyde (US Patent 4,897,592 of Jan 
30, 1990) is a rotor/stator variable capacitance machine capable of producing 300 KV. Other such 
generators are; "Parametric Electric Machine" invented by Ferdinand Cap (US Patent 4,622,510 of 
Nov 11, 1986) which has a series resonant (LCR) circuit structured into it so that it oscillates —- and 
indeed operates AT RESONANCE to ensure a high output; "Electrostatic Generator" invented by 
Dan B. Le May, et al. (US Patent 3,094,653 of Jun 18 1963) is a very ingenious system of variable 
capacitance; the "Electrostatic Machine" by Noel Felici (US Patent 2,522,106 of Sep 12, 1950) is a 
good standard which utilizes a valve rectifier, and the "Electrostatic Generator" by William S. 
Spencer (US Patent 1,415,779 of May 9, 1922) is an early rotor/stator generator which transferred 
its electric impulses through a transformer to produce a higher current output. 


Fig.2 


Pidgeon (configured as 
Methernitha maching) 


Pidkgeon machine 


Wimehurst machine 
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Fig. 4 - Tower Circuits 
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"In the Testes Distatica Video i has. "By means of grid-eondensersthe energy Is stored and it isthen unifermly discharged, 
atthe same time reducing the high-voltage and bulldng up power with adctonal devices" 


"Principle Experiment" 
by 
Paul E. Potter 


With respect to the 30 engineer's report (of 1999) the 'principle experiment’ was set up in such a 
way (see diag 1) that by swivelling the cross-piece over two other plexiglas blocks a current was 
transferred into two capacitors. Possibly when someone grabs hold of the swivelling cross-piece 
they transfer some static electricity from their body to the grilles of the cross-piece which, when 
vigorously turned back and forth will initiate a transfer of electric charge to the two stacks of blocks 
below them attached to the base. This may either be because anyone walking over a carpet or 
wearing man-made fibres will already hold thousands of volts of electrostatic charge - which will be 
enough to ‘prime’ this apparatus after touching it, to get it to work, much the same as when a 
rotating influence machine has to be primed with an electric charge before it will work; or, as many 
researchers have surmised already, that the plexiglas blocks glued to the swivelling cross-piece had 
been charged up with electricity as an ELECTRET. 


hit: dvww rextesearch,comiestatktestart himifpotbakeng 1424 


nie2017 


Paul Baumann: Testatha Generator (Methemitha Group) 
The use of mesh around the cross-piece guarantees a variable capacitance to the moving arms —~ 
and as these are moved quickly over the base blocks (again, alternated with mesh and Plexiglas) an 
amount of electric charge will be transferred to them EACH TIME the arms go backward-and- 
forward over them, Electronically, you have one variable capacitance acting upon another variable 
capacitance - which is why Baumann said that if metal foil were used instead of the mesh it would 
not produce the same effect. 


What happens next is called "dielectric absorption", and the following extract, from "Dielectrics" by 
P.J.Harrop (1972) pp71, will explain; 


"When a given dielectric [i.e., plexiglas] has a field put across it, and this field is then removed, the 
electrodes are briefly shorted out (not enough for all the ions and particles to relapse back) and the 
device left on open circuit one finds subsequently that it has partially charged up again. 


This is due to the slow-moving charge carriers remaining in position, It can be a frightening 
phenomenon with practical dielectrics since a person who has briefly discharged a charged insulator 
may subsequently touch it and be severely shocked." Some dielectric materials being more prone to 
this effect than others, and so obviously some experimentation will be needed to choose the best 
perspex, plexiglas, plastic, or acrylic materials so as to take the most advantage from this dielectric 
absorption effect. 


Once the blocks are being charged up the electric charge simply flows into the two interconnected 
capacitors and accumulates. 


Principle Experiment 


gille(sceal 3 


lexis plate and 
fora fare mesh 
gieion undead 


plexiglas arm el 


lexiglas plate 
Bes Sica Ss gee 


erforated (square hole 


grille (seal mesh (aurinium 3 


lexis plate glued 
Bidoned en 


— ee oat 


covering 


(brass 9 


plenigles pars. 
Goad togather 
el eel 


Linden Experiment ~ 


A look at the only available diagram of the Linden experiment (see diag 2) shows a horseshoe 
‘magnet coupled to what seems to be a closed-ended wire. It can also be seen in this diagram that the 
wire coils around the magnet are sufficiently spaced apart so as to provide capacitance (between 
each coil of the wire) in the circuit. So, with capacitance, coils (for induction), and magnetic flux, 
you have all the ingredients needed to make an oscillating circuit —- provided there is a supply of 
Voltage and some sort of interruption mechanism - then you have a circuit that will resonate, And 
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Paul Baumann: Testatka Generator (Methemitha Group) 
this leads us back to that oft repeated question -- is the block used in the Linden Experiment an 
electret. The first person to PUBLISH how they have duplicated this experiment will be the one to 
answer that question. 


But there is something wrong with this diagram -— the resonant frequency of this simple circuit 
depending only on the values of inductance and capacitance included in the circuit would 
consequently enable it to oscillate at only a few kilohertz at best. No circuit of 
capacitance/inductance can be made to resonate at such a high frequency as claimed, not even if it 
included any form of quartz crystal. If, as the diagram says, it resonates at 140 MHz then there must 
bea Lecher wire system (the running of two conducting wires in a parallel line, about a foot apart or 
less, for several feet) to make it resonate at such a high frequency. It would seem to me also that a 
required modification of the Linden Experiment diagram would be to put a different metal into this 
circuit where the wire is said to be "closed-ended”, say for instance a zinc plate, then there will be a 
contact voltage established between the copper wire and the zinc plate. Such a voltage would start 
the circuit resonating, for the reasons stated above 


‘And as with the Tini setup if a block comprising two metal plates separated by a suitable dielectric 
‘material (such as plexiglas) is placed in an oscillating electric field the electric charge on the metal 
plates will permeate into the dielectric, and for the same reasons as detailed above in the Principle 
Experiment, will temporarily accumulate voltage because of dielectric absorption. As I have already 
said elsewhere there is a great similarity between the phenomenon of the Testatika horseshoe blocks 
(and the Tini setup) and the principle behind Patrick Flanagan's Electron Field Generator which 
energizes an electron cascade mechanism throughout the immediate environment. 


Geoff Egel (1997) -— http://www2.murray.netau/users/egel ~ 


Rectifier Circuit ~ 
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Table 18: LTE Transmission Modes*? 


1 Single antenna transmission. 

2 Transmit Diversity. 

3 Transmit diversity for one layer, open-loop codebook-based 
precoding if more than one layer. 

a Closed-loop codebook-based precoding. 

5 Multi-user MIMO version of transmission mode 4, 

6 Special case of closed-loop codebook-based precoding limited 
to single layer transmission. 

7 Beamforming. (Non-codebook-based precoding supporting one 
layer.) 

a Dual-layer beamforming. (Release 9. Non-codebook-based 


precoding supporting up to two layers.) 


9 @-layer transmission. (Release 10. Non-codebook-based 
precoding supporting up to eight layers.) 


10 @-layer transmission with support for COMP. (Release 11.) 


Being able to exploit different antenna modes based on local conditions produces huge 
efficiency and performance gains, and is the reason that 3GPP is developing even more 
advanced antenna modes in subsequent LTE releases. 


Precoding refers to a mathematical matrix operation performed on radio symbols to 
determine how they are combined and mapped onto antenna ports. The precoder matrix 
can operate in either open-loop or closed-loop modes. For each transmission rank for a 
given number of transmission ports (antennas), there is a limited set of precoder matrices 
defined, called the codebook. This helps limit the amount of signaling needed on uplink and 
downlink, 


Fundamental variables distinguish the different antenna modes: 


@ Single base station antenna versus multiple antennas. Single antennas 
provide for Single Input Single Output (SISO), SIMO, and planar-array 
beamforming. (Multiple Output means the UE has multiple antennas.) Multiple 
antennas at the base station provide for different MIMO modes such as 2X2, 4X2, 
and 4x4. 


183 Erik Dahlman, Stefan Parkvall, Johan Skold, 4G - LTE/LTE Advanced for Mobile Broadband, Academic 


Press, 2011. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 
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‘The rectifier forms the basis for Testatilea's operation 
For whilst the LC circuitsL*, VC", UPR*, UPR? and C’ set up 
oscillations from the generator’s high voltage output the 
rectifier controls the oscillations to provide positive de pulses 
(which are then directed through a step-down transformer 
BP'/BS and BP“BS?, to supply power 
ata higher current rate and lower voltage. 


single filament 
rectifier 


Unidentified European Report ~ 


"Believe or Not, Here It Is!" 


The first really running "free energy" machine coming from Switzerland, Europe. It was developed 
over a 20 years Research period by a religious group called: METHERNITHA. This group lives in 
CH-3517 Linden, Switzerland, The inventor of this superb machine, Mr.Paul Baumann claims, its 
running principle was found by studying the lightning effects from nature. 


And here are the facts 


* Testatika is an influence-type Wimhurst machine which runs on it's own energy, once started by 
counterclock revolving it's 2 dies by hand !!! 


hit: dvwn rextesearch,comiestatktestart himifpotbakeng a7 


19/2017 
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* Testatika not only runs on it! own energy, but produces also a huge amount of excess power, at 
least 3 KKWATTS of power! That is enough to supply a one-person apartment with one machine! 


* The machine you see during this demo-animation is only about 70 cm wide, 40 cm deep and about 
60 cm tall | 


* It delivers DC-Voltage ranging from 270 til 320 Volts, only depending on the dryness of the air! 


At this voltage it can supply at least 10 Amperes of DC-current ! 


* Testatika is not a perpetuum mobile, but an energy machine that collects it’s 
"FREE" energy from the charged and ionized air particles. But there are still 
tricks implemented to overcome the normal drag-resistance of a conventional Wi 
which is still the secret of the Methernitha group !!! 


huge amount of 
me technological 
ihurst machine, 


When will this technology be available for everyone? 


The Testatika machines, (there already exists also some smaller units which only deliver about 200- 
300 Watts) are not yet mass-production type models! They are still laboratory prototype units, 
although they are build with a very good craftmanship ! 


For more info contact directly: 


METHERNITHA, CH-3517 LINDEN, Switzerland 
TEL.-Nr: ++ 413197 11.24 


The pictures are from some photos and from a video-tape Methernitha sells. It shows the machines 
so the smaler ones) and explains also Methernitha's spiritual aims. The tape has a running length 
of about 40 minutes and is really worth looking at it! It is also available in 

VHS-NTSC and American language. It also shows Methernitha's earlier research developments like 
huge wind generators. 


With the Testatika there is no fraud, hidden batteries or any other hidden energy source. It is really 
running! They already have the technology of ten years ahead! No more oil, no more pollution, no 
more atomic waste products, no more hunger in this world! This is the machine the mankind has 
dreamed about for centuries. Now it has come true! 


More information about the Methernitha machine 
& ZEIT, issue Nr40 (8). 


lable in the German magazine RAUM 


Jean L. Naudin Labs (4 February 1998) ~ 
"Testatika Generator and Over-Unity" 
by 
Cyril Smith 


Having read Nelson Camus’ article purporting to "explain" the Testatika over-unity generator 
(http://members.aol.com/overunity2/nelson/testatic.htm), I am of the opinion that the real 
explanation is hidden amongst the 19th century electrical mumbo jumbo which makes up much of 
the machine (Leyden Jars, Horseshoe Magnets, Wimshurst Generator and so on). From the 
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Paul Baumann: Testatka Ganerator(Methemitha Group) 
description of spiral-wound foil capacitors containing radioactive material and placed within current 
carrying coils it strikes me that perhaps the real energy comes from Beta particles (fast electrons) 
absorbed into the electrical circuit. 


To extract energy from Beta particles it is not just enough to capture them, Clearly this will result in 
a current flow according to the capture rate, but current by itself is not power. The kinetic energy of 
the particle must be captured and this will result in potential difference or voltage. If a Beta particle 
enters a thin foil conductor normal to its surface and is captured, then the potential difference 
associated with giving up its kinetic energy can be expected to occur across the opposite faces of the 
foil, If however the Beta particle were turned so as to enter at a shallow grazing angle to the surface, 
not only would the probability of capture be increased (since the particle will travel further within 
the material) but the potential difference will occur along the length of the foil. Beta particles 
travelling even at relavistic velocities can be turned within short distances by relatively weak 
magnetic fields, so the concept shown in the following Figure suggests itself. 


Magnetic 
Field 
A 


Beta 
emitter. pc 


Output 


Thin Foil 
Conductor 


Mether 


ha Statement of Purpose ~ 


"The Research Work of Mether 


ha in the Field of the so-called Free Energy" 


Ever since the foundation of Methernitha there existed a department for research, development and 
electronics, which was concerned with the problem of alternative energy sources, namely with 
technologies, which were suited to exploit the inherent forces of nature and thus to unlock sources 
of energy without disturbing natures ecological balance in any negative way. Any technology man 
invents should serve him in short as well as in long terms, and this condition is not fulfilled as soon 
as it opposes nature in any way. 
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anced out of the 


This team of research within Methernitha works completely autonomous and is fi 
co-operatives own resources, without any outside support. 


The efficient utilisation of wind energy was one of the first objectives of Methernitha’s research 
program. At the beginning generators with special excitation were developed, which allowed to load 
the cells of accumulators even at low RPM at times when there are only moderate air movements. 


Utilising the kinetic energy of water currents was another field of interest of the development team, 
but it was pursued more as hobby. The key problem was here to transfer the slow revolutions of the 
waterwheel to an extent that the excitation threshold of the generator could be surpassed by a 
minimal loss of energy. 


Also solar cells and solar heat collectors attracted the attention of our researchers since a long time. 
But since in these fields other institutions have attained outstanding results, Methernitha started, and 
this was already more than 30 years ago, to concentrate its efforts on lesser known and even 
generally unknown sources of energy. The result of this scientific work is the Thestatica machine, 


The question arises: 
could invest so much time, engagement, perseverance and financial resources in this 
research. 


How it comes, that Methernitha, nothing more than a private organisation, 
kind of 


Research and development are integrated parts of the general idealistic concept of Methernitha, To 
make you understand these ideals and goals, we will now introduce you into the practical sides of 
this spiritual community Methernitha, as it functions as a co-operative of people, living and 
working together. 


Linden is a calm village of farmers just as dozens of others in the region of the valley called 
Emmental. However Linden is also the home of a special form of human life, which is capable of 
attracting more and more people from all over the globe, and which has repeatedly caused 
astonishment through its excellent functioning, even in extremely difficult situations 


There is no doubt that the formation of Methernitha is also a good part of the life story of Paul 
Baumann, Through his extraordinary technical capabilities, but also through his astonishing 
practicable wisdom he opened relations to all kind of people with ideals and in many places, and 
pretty soon, the idea to form a co-operative enterprise took shape. 


"In the name of the God Almighty" people of equal thinking gathered and founded a co-operative, 
which could serve as the economic basis of this spiritual community. 


"We want to be a united group of brothers, and never separate however severe the burden may be", 
this was the solemn vow. 


tion of alcohol and smoking and the will to realise a harmonious community life without 
dispute and discord like in the original Christian communities were the prerequisites to become a 

member. For the members Methernitha is an ideal opportunity to lead a fulfilled life by practising 
charity. 


‘A workshop was erected and soon, one house after the other grew on these premises. Also all 
s and solely with the savings from the common work 


Today Methernitha is a social model proving the quality of its ideals through its well functioning 
just more than forty years. The people working here are almost without exception members of 
Methernitha. 
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Not even the prospering development that took place over the following decades could impair or 
even suppress the global idealistic aims. On the contrary, everybody works in his own interest with 
diligence and great joy towards the erection and the support of their new homeland and according 
to the principle: 


One for all and all for one! 


With this word one can conquer anything. Also the ancient truths appear again and attain respect. 


The people living here feel themselves as members of a family, like a group sitting in the same boat 
and proud, but also grateful proprietors of their own beautifull homeland, which they may shape 
exactly as they wish to. Evidently, this form of human social life can function only on the base of 
idealistic principles. 


The question arises, how the realisation of a sincere religious philosophy of life may be brought in 
harmony with a successful economic management. It is not obvious at all, that this is attainable. 


Nowadays there are many amongst us that are caught in the world-wide and dense network of social 
and economic dependencies and obligations and many also feel the confrontation with its problems. 


One member of the economic directory has recently phrased this in the following way: 


"The fact that all essential functions of Methemitha are fulfilled without any external force, driven 
solely through inner conviction, which causes everybody to help and take care of the other, this is 
for me the most astonishing effect which is produced by this form of living together. It seems to be 
amiracle." 


Another miracle within Methernitha is the Thestatica, which is the result of more than 20 years of 
research. 


This wonder machine is lurked from nature, nothing else. Nature is the greatest source of power a 
well as knowledge which man has, and it still conceals many secrets, which are only revealed to 
those, who approach and tie in with them with highest respect and responsibility. 


To understand nature and to perceive its voice, man is obliged to experience silence and solitude, 
and it was there, where the knowledge about this technology was obtained. 


For these reasons it was always a great concern of Methemnitha to acquire properties, untouched by 
man as far as possible, be it in valleys or forests, in the mountains or ashore of lakes, where one 
could study nature, ones own being and the creator of all this universe in silence and concentration. 
and without being disturbed. 


The public never understood this properly, rather interpreted it wrongly as an act of seclusion, 
assuming we had to hide something unclean, We actually had -— and still have -- to take great 
troubles to realise undisturbed all the things we intended to accomplish. 


Such undertaking in research and development necessitate considerable financial expenditures 
Therefore we are quite often obliged to construct things with most primitive means and materials, 
What was thrown away by our affluent society, we collect and possibly set up with it a comerstone 
in the discovery of new forces and truth. 


We are fortunate in gaining the experience that paradoxically the most beautiful and useful results 
can be achieved by just using the most simple means. Never did we use any borrowed capital 
because we want to stay free Swiss citizens and do not want to be hindered or even bound in any 
way in the pursuance of our aims. 
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The two conterrotating dises generate an electrostatic charge. One disc represents the earth, the 
other the cloud. Using grid electrodes the charges are bound. After that they are collected by non- 
contacting so-called antenna keys and then sorted. 


After being initially turned on by hand, the discs rotate by themselves according to the electrostatic 
laws about attraction and repulsion. A rectifying diode keeps the cycles in steady state. Otherwise 
the impulses of attraction and repulsion would accumulate and cause the discs to run faster and 
faster. The correct speed is of great importance and for optimal power generation the discs have to 
run quite steady and slow. 


By means of grid condensers the energy is stored and then uniformly discharged, at the same time 
reducing the high voltage and building up power with additional devices. Finally the machine 
supplies a uniform direct current, which varies according to the size of the model. The machine 
furnishes about 3-4kW permanent output, depending on humidity, whereby the electric potential 
ranges from 270 to 320Volt. High humidity of the atmosphere prevents the build-up of electric 
potential. The drier the air, the better. 


No doubt, through the so far achieved results one main objective has been reached, namely to prove 
that it is possible to use Free Energy. Nevertheless the research work is not yet completed. 


To the educated physicist many a thing of this machine may seem impossible, maybe even crazy. 
Maybe he is also offended by the conceptions used to explain the whole. Only partly we could use 
the concepts of conventional physical terminology to explain and define only approximately the 
functions and properties of the various parts of the machine. 


After all it will be necessary to create some more new concepts like the one we have already used 
before, when we termed the non-contacting collectors of electric charges as antenna keys. 


This machine puts experts, which are just trained in conventional physics to a very hard test, 
because its mode of action is not explainable with the state of the art of officially accepted physical 
knowledge, or at the most only partially explainable. However also a trained specialist should 
remain free and independent in his thinking, and should avoid to be limited by the temporal 
framework of publicly admitted knowledge in any science. 


It has to be remembered that the established science was already many times forced to change or 
give up some of its very fundamental concepts. Think about Galilee, to name only one example. 
Our human society almost condemned this man as a sorcerer and magician, just because he 
investigated and discovered a truth that seemed unacceptable by the established science of the days. 


‘The book knowledge of any tim 
wrong conclusions. 


s not wrong, but itis incomplete, and therefore allows to draw 


We are part of a new area which brings to light many new facts and new knowledge. The clothes of 
nowadays science have become too tight and should be stripped off, just as the larva of an insect 
does with its skin. Only this will allow a true metamorphosis to take its course, and finally, at the 
limits and at the destination of all worldly knowledge, an universal and unli 
radiating and beautiful, just as the completed imago of an ins 
benediction to a renovated humanity. 


To ever reach there, a universal development of man has to take place. This however is only 
possible when man becomes aware of his true role within the whole creation, and again learns to 
recognise his true tasks, because the whole universe functions within a strict and precisely 
structured order according to the will and word of the creator. Therefore also man should recognise 
and realise these universal laws that are valid within the whole and within every part of this 
creation. 
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‘The hard facts rather show how far man has left the divine order through his self willed and 
authoritarian way of action and that he has become the actual cause of all discord and evil on this, 
planet. 


Unfortunately the ruling bodies that should be responsible for the well-being of the people work too 
often with the target to make life more and more difficult and to render impossible every free 
spiritual development. 


Instead of utilising the achievements of science and technology for the benefit and preservation of 
all form of life, they are abused carelessly and irresponsibly to destroy and to kill, and thus turn 
them into a curse upon mankind, 


To change all this, the evolution of a new technology is not enough, even if it were the most 
and ingenious. To change this present status one has to go much deeper down, to the 
se of all this evil, and this is mans way of thinking, his state of mind. 


The ancient divine commandments are still valid today and also show today the way and direction 
humanity should go, as clearly spoken by the prophet Mica: 


God has told you what is good. And what is it that the Lord asks of you? Only to act justly, to love 
loyalty, to walk wisely before your God. 


"Testatika-Distatica Machine" 


(Transcribed from the Methernitha Testatika video by Paul E Potter) 


"... The efficient utilization of wind energy w: research 


program, 


s one of the first objectives of Methernitha’ 


At the beginning generators with special excitation were developed which allowed to load the cells 
of accumulators even at low rpm, at times when there are only moderate movements. 


Utilizing the kinetic energy of water currents was another field of interest of the development team, 
but it was pursued more as hobby. The key problem was here to transfer the slow revolutions of the 
water-wheel to an extent that the excitation threshold of the generator could be surpassed by a 
minimal loss of energy. Also solar cells and solar heat collectors attracted the attention of our 
researchers since a long time. But since in these fields other institutions have obtained outstanding 
results Methemnitha started, and this was already more than 20 years ago [since 1960], to 
concentrate its efforts on lesser-known and even generally unknown sources of energy, the result of 
this scientific work is the Testatika machine of which most of you may have heard already. 


The two counter-rotating discs generate an electrostatic charge. One disc represents the earth, the 
other the cloud. Using grid-electrodes* the charges are bound. After that they are collected by non- 
contacted, so-called, antennae keys** and then sorted [shorted ?]. 


‘After being initially turned on by hand the 
laws about attraction and repulsion. 


cs rotate by themselves according to the electrostatic 


A rectifying-diode keeps the cycles in steady state, otherwise the impulses of attraction and 
repulsion would accumulate and cause the disc to run faster and faster. The correct speed is of great 
importance, and for optimum power generation the discs have to run quite steady and slow. 


By means of grid-condensers* the energy is stored and it is then uniformly dis 
time reducing the high-voltage and building up power with additional devices. 


arged, at the same 
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1972017 Paul Baumann: Testa Ganerator(Methemtha Group) 
Finally, the machine supplies a uniform direct current which varies according to size of the model 
The machine furnishes about 3 to 4 Kilo-Watt permanent output, depending on humidity, whereby 


the electrical potential ranges from 270 to 320 volt. High humidity of the atmosphere prevents the 
build up of electric potential. The dryer the air the better. 


No doubt, through the so-far achieved results, one main objective has been reached, namely, to 
prove that it is possible to use free energy. Nevertheless, the research work is not yet completed: To 
finish a model which can be handed out more or less to anybody and without any haphazards, also 
to non-specialists, much work and also time will still be needed. 


Only partly we could use the concepts of conventional physical terminology in order to explain and 
define only approximately the functions and properties of the various parts of the machine, After all, 
it will be necessary to create some more new concepts, like the one we have already used before, 
when we termed the non-contacting collectors of electric charge as antennae keys**. This machine 
puts experts who are just trained in conventional physics to a very hard test..." 


* The German original has gitter-condensers, with gitter defined as wire lattice, grille, grate. 


** the original word used is tasten or taster, which means antenna, probe, key. 
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Hermann Plauson: Conversion of Atmospheric Electricity (Articles & patents) 


Source: Fonte: rexresearcheom 


Hermann PLAUSON 


Conversion of Atmospheric Electricity 


Biography (Wikipedia) 


Meridian International Research: Atmospheric Electricity Research 


Science & Invention (eb, 1922): "Power from the Ait" (1) 
‘Science & Invention (March 1922): "Power from the Air" (ID) 


lauson's Patents (List) 


ISP # 1,540,908 — Conversion of Atmospheric Electricity 


42 — Improvements in Electric Motors 


H, Pawson: lrtish Patent # 157,263 ~ Process & Apparatus for Converting Static Atmospheric Electrical Energy into Dynamic 
Electrial Energy. 


Science & Invention ( June 1928 )-"Harnessing Nature's Electricity” 
ly Moving Electrons | PDF | 


H, Plauson : British Patent # 2997: 


— Process for Producing Rapi 


H, Plauson : Gewinnung und Vérwertung dor Atmosphatischen Elecktrzitat (1922 ) LPDF | 


‘ttpz/en.wikipedia.org/wiki/Hlermann_Plauson 
Biography 


Hermann Plauson was an Estonian engincer and inventor. Plauson investigated the production of energy and power via atmospheric 
electricity 


Plauson was the director of the Fischer-Tropsch "Otto Traun Research Laboratories” in Hamburg, Germany daring the Weimar Republic 
fof the 1920s. He built on Nikola Tesla's idea for connecting machinery tothe "wheelwark of nature". Plauson!s US Patent # 1,540,998 
describes methods to convert alternating radiant static electricity into rectified continuous current pulses. He developed the Plauson’s 
converter, an electrostatic generator. In 1920, Plauson published a book titled "Production and Utilization ofthe Aimospheric Electricity” 
(Gr, Gevinnung und Verwertung der Atmospharischen Elckriziar) A copy ofthis book isin the British Library 


leis believed that he was related to Gertrud Plauson (the exact eelationship is unknown; he may be his wife). 


ower om the Ait". Science and Invention Feb. 1922, no, 10, Vol IX, Whole No. 106, New York ( nuenensy org) 
“Power from the Ait" Science and Invention , March 192 


‘Science and Invention, Vol. 1X (106) #10 (February 1922) 
Power from the Air (I) 
by 


Hugo Gernsback 


During the war there was developed in Germany a new art — oF: 
power 


sce ~ that bids fair to revolutionize our present means of obtaining 
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Hermann Plauson: Conversion of Atmospheric Electricity (Articles & patents) 


This art, which is as new now as wireless was 25 years ago, will attain proportions during the next 2S years that may appear fantastic 
today. The inventor ofthe new science, an engineer of noe, Herr Hermann Plauson, has devoted years of labor to his researches and he 
fas now actually in use small powerplant, that generate electricity direct from the ai, day and nigh, without interuption st practically 
ro cost, once the plants constructed, 

We had occasion, in one of our former issues, to describe the system, roughly, ftom cabled dispatches, but complete information is 
available now. The amount of electrical power that resides in our atmosphere is astounding. Herr Plauson found in his experiments that 
single balloon sent aloft to a height of 300 yards gave a constant cutent at 400 vols of 18 amperes, arin 24 hours aver 17-14 kilowatts! 
By using two balloons in connection witha special condenser batter, the power oblained was 81-1/2 kilowatts in 24 hours. The actual 
current delivered was 6.8 amperes at SO0 volts. 


Te best balloons used by the inventor are made of thin aluminum leaf, No fabric was used. A simple intemal system of vis, stays and 
wires, gives the balloon rigidity as well as a certain amount of elasticity. The balloon, when made airtight, is filled with hydrogen or 
better, with helium. It will then stay aloft for weeks at a time. The outer surface is dotted with extremely sharp pins, made sharp 
electrolytically. Ordinary pins did not prove good current collectors, as they lacked extreme sharpness. The pins themsclves were made 
trom amalgamated zinc, containing a radium preparation, in order to ionize the st. It was also found that by doting the outer surface of 
the balloon with zinc-amalgam more current could be coiccted, Even better results were obtained with polonium amalgam. Plauson states 
thatthe function of these amalgams is purely photoclectri, 


‘One funded of such captive balloons, separated one hundred yards from cach other, will give a steady 
the minimum, because inthe winter this figure increases up to 400 horsepower, duc to the higher electri 


1d of 200 horsepower. This is 
jon ofthe atmosphere, 


We need not go into the technic of how the current is finally made useable for industrial purposes, suice it to say thatthe problem has 
been entirely solved by Herr Plauson. By using batteries of condensers, high tension transformers, et. the curent ean be transformed to 
any form desires Suc as for lighting amps, running motors, charging storage batteries, et. 


Plauson also invented a sort of electrostatic rotary transformer which gives alterating current without the use of condensers and 
transformers. Indeed, ts output is very great, a it actually "sucks" the current down rapidly from the collector balloons. Tere is no doubt 
that this invention will soon come into universal use all over the world. We will se the land dotted with captive balloons, particularly in 
the country and wherever water power does not abound. Indeed the time isnot distant when nearly all of our power willbe derived fom 
the atmosphere. So far it seems tobe the cheapest form of power known, t being much cheaper even than water power — the cheapest 
‘orm of power known today. Not only that, but asthe inventor points out, no devastating thunder storms occur near such aerial power 
plans, because the balloons act not only as lighting aresters, bu they quickly discharge the biggest thunder cloud, safely and noisclessly 
‘rough their grounded spark gaps. 


‘Science & Invention (March 1922), page 1006, 1007 
Power from the Air (I) 
by 
Hugo Gernsback 
{For many years electrical engineers have endeavored to devise some means whereby it would become possible to utilize the fee 
clectrcal eneray ever present in the atmosphere, but they were not successful, as every now and then an extra heavy surge of static current 
‘would rush down the elevated conductor and endanger the lives of the experimenters, o else destroy the apparatus connected with i. A 
German engincer has, however, devised the somewhat elaborate scheme here shown in bref, and he has succeeded, atleast so his report, 


slates, in safely exacting several kilowatts of electrical power from the atmosphere with metallic surfaced balloon, elevated to a height 
cof only 1000 feet] 
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Q Single-user MIMO versus multi-user MIMO. Release 8 only provides for single- 
user MIMO on the downlink. Release 10 includes multi-user MIMO. 


 Open-Loop versus Closed-Loop. High vehicular speeds require open-loop 
operation whereas slow speeds enabled closed-loop operation in which feedback 
from the UE modifies the transmission. In closed-loop operation, the precoder 
matrix is based on this feedback. 


@ Rank. In a MIMO system, the channel rank is formally defined as the rank of the 
channel matrix and is a measure of the degree of scattering that the channel 
exhibits. For example, in a 2x2 MIMO system, a rank of one indicates a low- 
scattering environment, while a rank of two indicates a high-scattering 
environment. The rank two channel is highly uncorrelated, and is thus able to 
support the spatial multiplexing of two data streams, while a rank one channel is 
highly correlated, and thus can only support single stream transmission (the 
resulting multi-stream interference in a rank one channel as seen at the receiver 
would lead to degraded performance). Higher Signal to Interference plus Noise 
Ratios (SINR) are typically required to support spatial multiplexing, while lower 
SINRs are typically sufficient for single stream transmission. In a 4x4 MIMO system 
channel rank values of three and four are possible in addition to values of one and 
two. The number of data streams, however, or more specifically codewords in LTE 
is limited to a value of two. Thus, LTE has defined the concept of layers, in which 

the DL transmitter includes a codeword-to-layer mapping, and in which the number 

of layers is equal to the channel rank. An antenna mapping or precoding operation 
follows, which maps the layers to the antenna ports. A 4x2 MIMO system is also 
possible with LTE Release 8, but here the channel rank is limited to the number of 

UE antennas, which is equal to two. 


The network can dynamically choose between different modes based on instantaneous 
radio conditions between the base station and the UE. Figure 59 shows the decision tree. 
The antenna configuration (AC) values refer to the transmission modes. Not every network 
will support every mode. Operators will choose which modes are the most effective and 
economical. AC2, 3, 4, and 6 are typical modes that will be implemented. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 123, 
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Hermann Plauson: Conversion of Atmospheric Electricity (Articles & patents) 


‘We have previously treated ofthe extraction of electrical energy from the atmosphere, The difference of electric potential in different parts 
of the almosphere, andthe difference between the upper air and earth make i tempting proposition to obtain power from almospheric 
tlectricity. The power woud take te form of high potential difference with a discharge almost of a static nature. It has long appeared 
rather doubiful to conservative engincers, if such a source of power should really be available. Yet when we see the lightning flash, it 
ceriinly suggests very high power, eventhough the total of its energy may be small. on account of the small duration of the discharge lis 
‘otto the thunderstorm that we look for geting power from the atmosphere, asthe subject is now being seriously investigated. A German 
Scientist, Hemmann Plauson, has published a very elaborate work on this subject, and has investigated the use of kites, balloons and 
towers, forthe utilization ofthe high potentials existing inthe air at different altiudes, and has studied out the construction of motars to 
bbe operated by the peculiar type of discharge which willbe obtained, ifthe projects are successfully caried out 


‘We will first speak ofthe methods used for collecting clctricity from the upper air. The author cites several German patents, One of them 
shows the use of a kite balloon, The balloon is shown floating in the ar, kite fashion, and from it hangs a great net or arial forthe 
collection of electricity. The conductor from the serial leads tothe ground sation; quite an elaborate description is given of the net-work 
‘which the patentee proposes to have covered with needle points. A windlass takes in or pays out cable forthe balloon, and the patentee 
claims that by sending the apparatus o @ height of about one mile he will have 225,000 vals to draw upon. He then speaks o a battery of 
20,000 cells in series, which wil use upto 40,000 to $0,000 vols in the charging. This certainly provides fora reasonable large fll of 
potential 


‘ut our author discards this idea and frst suggests something mare permanent. He proposes the erection of towers to be in the 
_ncighborhood of 1,000 feet high, or about the height of the Eiffel Tower. At the summit he has his collecting serial. The appliance consists 
fof a number of capper tubes; within each one he proposes to burn gas lamps, whose products of combustion will reach the aerial, a 
collecting network covering the tops ofthe tubes. One f his apprehensions is that if rai should wet his connections trouble might ensue, 
so he proposes a protection atthe top in the shape of a great bel-like shield, resembling in his terms “a Siamese pagoda’. He also 
‘compares the form ofthe protection to tha of a grea petticoat insulator. Another of his difficulties is dhat he must have his tower insulated 
from the earth, He, therefore describes a complicated foundation for his structure. He proposes first to pour in at the bottom of the 
excavation 3 foundation of simple concrete, On this he places a layer of asphalt, and then a layer of cast glas, thee to ten fet thick, and 
then comes a reinforced concrete foundation, to which the metallic foot of the tower is to be anchored, This foundation must rise atleast 
seven fect above the ground level, and is to be boarded in onal sides to protect it rom moisture. The author's ideas to erest a number of 
these towers connected by a horizontal cable, to which the aerials for collection of potentials are secured 
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Hermann Plauson: Conversion of Atmospheric Electricity (Articles & patents) 


The author strongly advocates halloons as collectors of the electric power of the air. These he depicts covered with spots, These spots 
indicate areas tobe variously coated and prepared to collet potential from the atmosphere 


In the first place he describes the balloon as made of thin metallic leaf supported by internal ribs. Stcel wires silver-plated, copper-plated, 
‘or aluminum-coated, run from the balloon tothe pendant or junction ring. To this ring the tether eable is attached and runs to an insulated 
‘windlass on the surface ofthe earth. The balloon i ose to an altitude varying from 0 fect o three miles. 


Te coating ofthe spots is to be ofthe thinnest amalgam, of mercury and gold, or zine, or even polonium, perhaps only 1/2500 inch thick 
All over the upper fae of the balloon are numberless metal points. To prepare the necde-like wies, they are collected into bundles and 
fare treated electrolytically in a bath, s0 as to be dissolved in part. This gives a sharp point and roughened surface, all adapted for 
collecting the electric energy. The points may be of copper, steel or some hard metallic alloy. After this corrosion. As it may be termed, 
the wires are plated with gold or other ofthe so-called noble metas. I is advised that polonium or radium salts be added tothe plating 
bath 


Dr Plauson devotes many pages of his book to describing his motor. This isa rotary motor including a stator and rotor and its peculiarity 
is that itcontains no coils, develops no electromagnetic field properly speaking, but Works by static excitation. One typical arrangement i 
shown in our ilustration. "The stator plates and rotor plates are concentric with cach other, representing segments of cylinders. The 
altemation of negative and positive charged plates produces the rotation. In the connections thre is included a safety spark gap to take 
are of dangerous potentials. Inductances and capacities are also used and indicated, It was found that the plates heated, owing to the 
Foucalt currents, and to overcome this, several methods of subdividing the stator and rotor plates, are described by the autho. 


‘The whole subject is quite captivating, and it rally seems as if the wilization ofthe electricity ofthe ar may be almost insight. It would 
soem possible to carry out experiments inthis direction by means ofthe Eiffel Tower, but of cours, the trouble here is thatthe tower is 
srounded, and perfect insulation of the collecting surface i absolutely essential. 


‘And now our author gives us some practical details. He says that on the Finland plains he catied out experiments with a balloon made of 
aluminum leaf with collecting needles of amalgamated zine with a radium preparation as an ionizer. The surface of the balloon was 
Sprinkled over with inc amalgam. It was sent up toa height of 300 meters, cary 1,000 fect and was held by a copper plated steel wire. A 
‘constant current of 8 amperes at an average of 400 volts potential difference was obtained. This gave nearly three-quarters ofa kilowatt, 
for close fo one horsepower. The collector ofthe balloon insulated from the earth showed a tension of 42,000 volts. By sending up a 
second balloon with an antenna tothe same height at a distance of 100 meters from the fist balloon, a current of over 3 amperes vas 
‘obtained. Then by puting into the circuit a large condenser, whose capacity was equal tothe surface capacity ofboth balloons, and of the 
antenna connections, the curtent rose to 68 amperes with about S00 volts mean tension. By the use of these to balloons, he eventually 
‘an up the power to 3.4 kilowatts, 


Science & Invention (June 1928 ) 
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Seionee aid Invention for June, 1928 


Remarkable European Fxperiments with Aumospherie Electrical 
Discharges with Potentials as High as 3,000,000 Volts 


By HENRY TOWNSEND 
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Hermann Plauson: Conversion of Atmospheric Electricity (Articles & patents) 


Plauson's Electrical Patents 


USP # 1,540,998 
‘Conversion of Atmospheric Electric Energy 
6-09-1925 


Guise 
Improvements in Electric Motors 
1922-07-10 


Guise 
Process and Apparatus for Converting Static Atmospheric Electrical Energy into Dynamic Electrical Energy of any Suitable High 


Periodicity 
10-1922 


British Patent # 299,735, 
Apparatus for Producing Rapidly Moving Electrons 
7is-1930 


rR 
Elektrisk uppviirmningsanordaing 
425-1946 


‘Varmelegeme med elektriske varmemodstande 
DK6TENIC 
9-27-1948 


FRSTTSO2 


Dispositif de chauffage électrique 
1-04-1982 


DET34794 
Elektrisches Heizsystem 
424-1943 


cn222509 
Elektrischer Heizkorper zur En 
Ta1-1942 


DET38107 
Elektrolyt fuer unmittelbareelektrische Warmwasser-Radiatorenheizung mit Flektroden 
03-1943 


DeA3476 
Verfahren zur Herstellung yon Elektroden und Schleifkontakten fuer Dynamomaschinen 
31-106 


cus4o2t 
Elektrode und Verfahren zu deren Herstllung, 
401-1922 


canens 
Electrode for Electrolytic Apparatuses 
nam 


tpi www.meridian-int-res.com/Energy/ Atmospheric htm 


Atmospheric Electricity Research 
[Excerpts | 


In the nineteenth and early twentieth centuries, a large number of researchers investigated ways to extract electrical power from the 
Earths ambient electric fel, 


The leader in this field was Dr Hermann Plauson who in the 1920s succeeded in generating significant quantities of electrical power 
comparable with modern solar photovoltaic systems ofa similar sale 


The leader in this field before the Second World War appears to have been Dr Hermann Plauson. Dr Plauson was an Estonian citizen who 
lived in Hamburg and Switzerland. He carried out experiments in Finland with aerostas manufactured from magnesium-aluminium alloy 

covered with electrolytically deposited needles. The needles were futher doped with a radium compound to increase local ionisation of 
the air. (This was the era in which the hands of watches were hand painted with radium to make them luminous in the dark). Zinc 
amalgam patches were also painted onto the acrostats.Plauson obtained a power output of between 0.72kW and 3.4kW from one and two 
aerostats 300m above ground level. Dr Plauson filed patents inthe USA, Great Britain and Germany in the 1920s. His book "Gewinnung, 
tnd Verwertung der Atmosphirischen Elektriztit" isthe most detailed known account of the technology 
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(Other atmospheric cloctricity researchers contemporary to Dr Plauson included Walter Pennock and MW Dewey in the USA, Andor 
Palenesar in Hungary and Dr Heinrich Rudolph in Germany. Hippolyte Charles Vion in Paris predated them all, puting forward 
proposals in the 1850s and 1860s, 


“Heinrich Rudolph made an interesting contribution to the design ofthe acrostt collectors. In 1898 he designed an lliptcal acrostat made 
up of faceted surfaces to minimise the effect of wind. The design bears a strong resemblance to Northrop’ 2003 UCARS unamanned 
helicopter UAV projet. ‘The design uses the Coanda Eifect to help keep the acostat on station and minimise wind effets, 


In recent times, the only person who scems to have been active inthis field is Dr Oleg Jefimenko. Dr Jefimenko carried out experiments 
‘on driving electrostatic motors from the Earth’ electric field in the 1970s and has recently called for research into the neglected fied of 
clectrostatc motors to be renewed, 


-MIR’s Research Programme 
Since 1997 we have been carrying ou theoretical research into conversion of atmospheric electricity into useable electrical power. 


From a low level (Sm high) simple zine antenna we are able to obtain sufficient charge to light a number of white power LEDs. Further 
‘experimental investigations with metallic aeostt collectors and cavity resonant slow wave antennae concepts ere ongoing. 


Advantages of Atmospheric Electri 


‘Simple and robust technology 
Low Cost technology - much cheaper than photovoltaics or wind turbines 

Available day and night in all weather conditions - in fact, more power is produced at night than during the day 
‘Available at any point on the Earth's surface 


1. Gevinnung und Verwertung der Atmospharischen Elekrisitat, Dr Hermann Plauson, Hamburg (1920) 
2 Conversion of Atmospheric Electric Energy, USP 1,$40,998, Dr Hermann Plauson, (1925) 

3. Assembly for the Induction of Lightning into a Superconducting Magnetic Energy Storage System, USP 5,367,248 Goven Mims, 
(i994) 

4. Electrostatic Motors are Powered by Electric Field ofthe Earth; CL Stong, Sciemfc American, (October 1974) 

5. Operation of Electric Motors from the Atmospheric Electric Field; Dr Oleg Jefimenko, American Journal of Physics, vol. 39, July 
om 

6. Electrostatic Motors: Their Principles, Tes and Theory of Operation; Dr Oleg Jefimenko, Electret Scientific, (1972) 

7. Parametric Electric Machine, USP 4,622,510, Ferdinand Cap, (1986). 


US Patent # 1,540,998 
Conversion of Atmospheric Electric Energy 
(9 June 1925) 


Hermann PLAUSON 


Be it known that 1, Hermann Plauson, Estonian subject, residing in Hamburg, Germany, have invented certain new and useful improvements in the 
‘Conversion of Atmospheric Electric Energy of which the following is a specitication, 


“Methods of obtaining atmospheric electricity by means of metallic netings set with spikes which are held by means of ordinary or anchored kite 
balloons made of fabric and filled with hydrogen, are in theory already known. Atmospheric electricity obtained inthis way has been suggested to be 
used in the form of direct current fr the charging of accumulators. This knowledge however is at present only theoretical as the conversion in practice 
has hitherto heen a failure, No means are known of protecting the apparatus from destruction by lightning. The balloons used for collecting the charge 
rst also me be made of very large size inorder to be able to support the weight ofthe metallic netting andthe heavy cable connections. 


Instead of using heavy metallic netting as collectors attached to single air balls of non-conducting materials which are liable to be tom and are 
permeable to the gas, ii proposed to use metalic balloon collectors which have the following important advantages 


(@) The metallic eases are impenetrable to helium and hydrogen; they also represent large metallic weather-proof collecting surfaces 


() Ratio active means the like may be easily aplied internally or externally: whereby the ionization is considerable increased and therewith also the 
‘quantity of atmospheric electricity capable of being collected 


(6) Such balloon collectors of light metal do not require to be of large size as they have to carry only their own moderate weight, and that ofthe 


‘conducting cable or wire 
(4) The entre system therefore offers litle surface for the action of storm and wind and is resistant and sable. 


(6) Bach balloon can be easly raised and lowered by means of a winch so that all repairs, recharging and the like can be carried out without da 
during the operation 


Its further proposed to use a collecting acrial network of several separate collectors spread out in the air above the earth, which collectors are 
interconnect by electrical conductors, 


According to this invention charges of atmospheric electricity are not directly converted into mechanial energy, and this forms the main difference 
from previous inventions, but the stati electricity which runs to earth through aerial conductors in the form of direct current of very high voltage and 
love current strength is converted into electro-dynamic energy in the form of high frequency vibrations. Many advantages are thereby obtained and all 
disadvantages avoided. 
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The very igh voltage of static electricity ofa low current strength can be converted by this invention to voltages more suitable fr technical purposes 
and of greater strength. By the use of closed oscillatory circuits i s possible to obtain electromagnetic waves of various amplitude and thereby to 
increase the degree of resonance of sich current. Such resonance allows various values of inductance tobe chosen whereby again the governing of the 
Starting and stopping of machines driven thereby by simply tuning the resonance between coils ofthe machine and the transformer circuit forming the 
resonance can easily be obtained, Further, such currents have the property of being directly available for various uses, even without employing them 


Hermann Plauson: Conversion of Atmospheric Electiiy (Articles & patents) 


for driving motors, of which there may be particularly mentioned, lighting, production of heat and use in elocto-chemisty 


Further, with such curents a series of apparatus may be fed without direct current supply through conductors and also the electro-magnetic high 
frequency currents may be converted by means of special motors adapted for clecto-magnetic oscillations into mechanical energy, oF finaly 


‘converted by special machines into alternating curent of low frequency or even into direct current of high potential 


“The invention is more particularly decried with reference to the accompanying diagrams in which: — 


Figure 1 is and explanatory figure. 


Figure is a diagrammatic view of the simplest form. 


Figure 3 shows a method of converting tmospheric electrical energy for use with motors. 


Figure sa digram showing the use of protective means. 
Figure is digram of an atrangement for converting large current strengths 
Figure 6s diagram of an arrangement inching controling means 
Figure 7 shows means whershy the spark gop length can be adjusted 

Figure shows unipolar connection for the motor. 

Figure 9 shows a weak coupled syst suitable for use with small power motors 
Figures 10,11, and 12 show mould arrangements 

Figur 13 shows form of inductive coupling forthe motor circuit. 

Figure 14 2 modified form of Figure 13 with inductive coupling 

Figure 15 san arrangement with non-inductve motor. 

Figur 168 an arrangement with coupling by condenser. 


Figure 17,18, and 19 are diagrams of further modifications. 


Figure 20 shows a simple form in which the serial network is combined with special collectors. 


Figure 21 shows diagrammatically an arrangement suitable for collecting large quantities of energy. 


Figure 22 is « modified arrangement having two rings of collectors. 


Figure 23 shows the connection for three rings of collectors, 


Figure 24 shows a collecting balloon and diagram of its connection of condenser batteries 


Figur 25 and 26 show modified collector balloon arrangements 
Figur 27 shows a second method of connecting conductor forthe balloon aerial 
Figur 28 shows an auto-ransformer method of conection 

Figure 29 shows the simples form of constriction with incandescent cathode 
Figure 30 shows form with cigar shaped balloon 

Figure 3 8 modified arrangement. 

Figur 32 shows form with cathode and cestode enclosed ina vacuum chamber. 
Figur 33 a modified form of Figure 32. 

Figure M shows an are ight collector. 

Figur 35 shows such a arrangement forsltematingcurent 

Figure 36 shows an incandescent collector with Nerst amp 


Figure 37 shows a form with a gas flame, 
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“8 


Figure {illustrates a simple diagram for converting static electricity into dynamic power ofa high number of oscillations. For the sake of clearness in 
the drowings an influence machine is assumed tobe employed and not an aerial antenna, 13 and 14 are combs for collecting the static electricity of the 
influence machine. 7 and 8 are spark discharging electrodes. 5 and 6 are condensers, 9 an inductive primary coil, 10 secondary col, 11 and 12 ends of 
‘conductors ofthe secondary col 10. When the dise ofthe static in luence machine is rotated by mechanical means, the combs collect the electric 
‘charges one the positive and the other the negative, and charge the condensers 5 and 6 until such a high potential is formed across the spark gap 7-8, 
that the spark gap is jumped. As the spark gap 7-8 forms a closed circuit with condensers § and 6, and inductive resistance 9, as is well known, waves 
‘of high frequency electromagnetic oscillations will passin this circuit 


The high frequency ofthe oscillations produced in the primary circuit induces waves of the same periodicity in the secondary ciruit. Thus in the 
pear ral eleomanetic oniltions ae frme by th pssge ofthe park ove the pk zap and hese wanes are mined yeah haze 
Df stab electricity 


By suitably selecting the ratio between the number ofthe coils inthe primary and secondary circuits with regard toa correct application of the co- 
efficients of resonance (especially, inductance and resistance) the high Voltage of the primary circuit may be suitably converted into low voltage and 
high curent strength. 


When the oscillatory discharges inthe primary ciruit becomes weaker or entirely cease, the condensers are charged again by the static electricity until 
the accumulated charge again breaks down the spark gap All this is repeated as long as electricity is produced by the static machine employing 
‘mechanical energy. 


‘An elementary form of the invention is shown in Figure 2 in which two spark gaps in parallel are used one of which may be termed the working gap 7 
in Figure , whilst the second serves as a salty device for excess voltage and consists ofa larger numberof spark gaps than the working section, 
hich gaps are arrange in series and are bridged by very small capacities asi illustrated ina, b,c, Figure 2 which allow of uniform sparking inthe 
safety section. 


In Figure 2A isthe aerial antenna for collecting charges of atmospheric electricity. 13 is the earth connection ofthe second part ofthe spar gap, S 
and 6 are condensers, 9 primary coil. Now when through the serial A the postive atmospheric electricity seeks to combine withthe negative charge 
to cath, this is prevented by (the airgap between) the spark gaps. The resistance ofthe spark gap 7 8, as shown inthe drawings, lower than that of the 
‘other salty section which consists of thre spark gaps connected in series, and consequently a three times greater ar resistance is offered by the later. 


So long, therefore, asthe resistance ofthe spark gap 7 isnot overloaded, so thatthe other spark gaps have an equal resistance with it the discharges 
take place only over spark gap 7. Should however the voltage be increased by and influences so that t might be dangerous for charging the condensers 
5 and 6 or forthe coil insulation 9 and 10 in consequence of break down, by a corect regulation of this spar gap the second spark gap can discharge 
free from inductive effects direct to earth without endangering the machine. 


Without this second spark gap, arranged in parallel having a higher resistance than the working spark gap it is impossible to collect and render 
available large quantities of electrical energy. 


‘The actions ofthis closed oscillation circuit consisting of spark gap 7, two condensers $ and 6, primary coil 9, and also secondary coil 10 is exactly the 
same asthe one described in Figure | with the arangement of the static induction machine with the only difference that ere the second spark gap is 
provided, The electromagnetic high frequency altemating current obtained can be tapped off from the conductors 1 and 12 for lighting and heating 
Purposes. Special kinds of motors adapted for working with these peculiar electrical charges may be connected at 14 and 15 which ean work with 
Static electricity charges or with high frequency oscillations. 


In addition tothe use of spark gaps in parallel a second measure of sccurity is also necessary for taking off the current, Ths precaution consists 
according to this invention, in the introduction of and method of connecting certain protective elecromagnets or choking coils in the aerial circuit as 
shown by Sin Figure 3 


A single electromagnet only having core of the thinnest possible separate laminations is connected withthe seta 


In the case of high voltages in the aerial network or at places where there are frequent thunder storms, several such magnets may however be 
‘connected in eres. 


Inthe ease of large units or plants several electromagnets can be employed in parallel or in series parallel. 


The wings ofthe cleats may be simply conctel in sre wih he ain hs athe wining etry cosa of eer hin 
parallel wires, which make up together, the necessary section 


“The winding may be made of primary and secondary windings in the form ofa transformer. The primary windings willbe then connected in series 
with the aerial network, andthe secondary winding more or less short-circuited over a regulating resistance or an induction coil In the later cas itis 
possible to regulate toa certain extent the effect of the choking coils Inthe further description of the connecting and constructional diagrams the acial 
‘electromagnet choke coli indicated by a simple ring S. 
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Figure 59: Decision Tree for Different Antenna Schemes™* 


cs) 
Assit OL TO 


The simplest mode is AC2, referred to as Transmit Diversity (TD) or sometimes Space 
Frequency Block Code (SFBC) or even Open Loop Transmit Diversity. TD can operate under 
all conditions, meaning it works under low SINR, high mobility, and low channel rank (rank 
= 1). This rank means that the channel is not sufficiently scattered or de-correlated to 
support two spatial streams. Thus, in TD, only one spatial stream or what is sometimes 
referred as a single codeword (SCW) is transmitted. If the channel rank increases to a 
value of two, indicating a more scattered channel, and the SINR is a bit higher, then the 
system can adapt to AC3 or Open-Loop Spatial Multiplexing (OL-SM), also referred to as 
large-delay Cyclic Delay Diversity (CDD). This mode supports two spatial streams or two 
codewords. This mode, also called multiple codeword (MCW) operation, increases 
throughput over SCW transmission. 


If the rank of the channel is one, but the device is not moving very fast or is stationary, 
then the system can adapt to AC6, called closed-loop (CL) precoding (or CL-rank 1 or CL- 
Ri). In this mode, the network receives from the device with Precoding Matrix Indication 
(PMI) bits that inform the base station what precoding matrix to use in the transmitter to 
optimize link performance. This feedback is only relevant for low-mobility or stationary 
conditions since in high mobility conditions the feedback will most likely be outdated by the 
time the base station can use it 


‘Another made is AC4 or Closed Loop Spatial Multiplexing (CL-SM), which is enabled for 
low-mobility, high SINR, and channel rank of two. This mode theoretically provides the 
best user throughput. The figure above shows how these modes can adapt downwards to 
either OL TD, or if in CL-SM mode, down to either OL TD or CLR1. 


131 4G Americas MIMO and Smart Antennas for 3G and 4G Wireless Systems - Practical Aspects and 
Deployment Considerations, May 2010. 


Mobile Broadband Transformation, Rysavy Research/SG Americas, August 2017 Page 124 
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Figure 3 shows the simplest way of converting atmospheric electricity into cletromagnetic wave energy by the use of special motors adapted for high 
‘oscillatory currents or static charges of electrical energy: Recent improvements in motors for working With static charges and motors working by 
resonance, that is to say, having groups of tuned electromagnetic cooperating circuits render this possible but such do not form pat of the present 


[A motor adapted to operate with static charges wil forthe sake of simplicity be diagrammatically indicted by the two semicircles | and 2 and the 
rotor of the motor by a ring M (Figure 3) Ais a vertical arial or acral network. § the safety choke or electromagnet with coil © as may be seen is 
‘connected with the aerial A. Adjacent the electromagnet S the aerial conductor is divided into three circuits, the circuit 8 giving the safety spark gap, 
the citcuit 7 with the working spark gap, and then a circuit including the stator terminal |, the rotor and stator terminal 2at which a connection is made 
tothe earth wire, The two spark gaps are also connected mitallically withthe earth wire, The method of working these diagrams sas follows: 


The postive atmospheric electric charge collected tends to combine with the negative electricity (or earth electricity) connected with the earth wire. I 
travels along the aerial A through the electromagnet § without begin checked as it flows in the same direction as the direct curent, Further, its 
progress is arrested by two sparks gaps placed in the way and the stator condenser surfaces. The stator condenser surfaces are charged uni he charge 
fs greater than the resistance of the spark gap 7, whereupon a spark springs aver the spark gap 7 and an oscillatory charge is obtained as by means of | 
the motor M, stator surfaces 1 and 2, and spark gap 7, a closed oscillation circuit is obtained for producing the electromagnetic oscillations. The motor 
here forms the capacity and the necessary inductance and resistance, which, as is well known, are necessary for converting static electricity into 
electromagnetic wave ener. 


The discharge formed are converted into mechanical energy in special motors and cannot reach the acral network by reason of the electromagnet or 
‘choke. If, however, when a spark springs over the spark gap 7a greater quantity of atmospheric electricity tends to flow to earth, a counter voltage is 
induced in the electromagnet, which is greater the more rapidly and strongly the flow of current direct to the ear is. By the formation of this 
opposing voltage  suficiently high resistance is offered to the low of stmospheric electricity diect to earth o prevent shor circuit with the cart, 


The circuit containing spark gap § having a different wave length which is notin resonance with the natural frequency of the motor doesnot endanger 
the motor and serves as security against excess voltage, which, as practical experiments have shown, may sil arise in certain cases, but can be 
‘conducted direct to earth through ths spark gap 


Inthe diagram illastrated in Figure 4 the spark gap 7 is shunted across condensers 5 and 6 from the motor M. This construction affords mainly a better 
insulation ofthe motor against excess voltage and a uniform excitation through the spark gap 7. 


In Figure Sa diagram is ilustrated for transforming large curent strengths which may be employed direct without motors, for example for lighting or 
heating purposes. The main difference is that hee the spark gap consists of as star shaped disk 7 which can rotate on its own axis and is rotated by a 
‘motor opposite similarly fitted electrodes 7a. When separate points of stars face one another, discharges take place, thus forming an oscillation cicuit 
ver condensers § and 6, and inductance 9 for oscillatory discharges. It is evident that a motor may also be directly connected to the ends of the spiral 
9 


The construction ofthe diagram shown in Figure 6 permits ofthe oscillation circuit of the motor being connected with an induction coil Here a 
regulating inductive resistance is introduced for counteracting excess voltages inthe motor. By cutting the separate coils 9 (coupled inductively to the 
cial) in or out the inductive action on the motor may be more or less increased or variable aril ation may be exerted on the oscillation circuit. 
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Filed Jas, 18, 1521, 12 Shaetasheat 2 


In Figure 7 the oscillation circuits closed through the earth (E and E!), The spark gap 7 may be prolonged or shortened by more or fewer spark gaps 
being successively connected by means of a contact arm Tb 


Diagram 8 shows a unipolar connection of the motor with the aerial network. Here two osilation citcits are closed through the same moto. The Fist 
‘oscillation circuit passes ftom aerial A through electromagnet S, pont x, inductance 9a othe earth condenser 6 and further, over spark gap 7 to the 
serial condenser § and back tox. The second osilation creut starts from the serial condenser Sat the point x! over the inductance 9 0 the earth 
‘condenser 6 at the point x! and through the condenser 6 over the spark gap 7 back to x1. ‘The motor itself is inserted between the two points ofthe 
spark zap 7. From this rangement slightly damped oellation wave currents are produced 


Inthe diagram illustrated in Figure 9 loosely coupled system of connections is illustrated which is assumed to he for small motors for measuring 
purposes. indicates the acrial conductor, S the electromagnet in the aerial conductor, 9 the inductance, 7 the spark gap, 5 and 6 condensers, E the 
‘arth, M the motor, and I and 2 stator connections of the motor. The motors diretly metallcally connected withthe oscillation circuit. 


In Figure 10 a purely inductive coupling is employed for the motor circuit. The motor is connected withthe secondary wire 10 as may be seen in 
Figure 11 ina somewhat modified diagram connection. The same applies tothe diagram of Figure 12 


The diagrams hitherto described preferably allow of motors of small and medium strength to be operated. For large aggregates, however, they are 100 
inconvenient a the constuction of two or more oscillation circuits fr large amounts of energy is dilicul; the governing is tll more difficult andthe 
danger in switching on or of is greater. 


'A means of overcoming such difficulties is shown in Figure 13. The oscillation circuit here runs starting from the point x over condenser 5, variable 
inductance 9, spark gap 7, andthe two segments (3a and 4a) forming arms of a Wheatstone bridge, back to x, If the motor is connected by brushes 3 
and 4 transversely to the two arms ofthe bride as shown in the drawings, electromagnetic oscillations of equal sign ae induced inthe stator surfaces 
{and 2 and the motor does not revolve. If however the brushes 3 and 4 are moved in common with the conducting wires | and 2 which connect the 
brushes withthe stator poles a certain alteration or displacement of the polarity is obtained and the motor commences ta revolve, 


The maximum action will result ifone brush 3 comes on the central spatking contact 7 and the other brush 4 on the part x. They are however, usually 
in practice not brought on the central contact 7 but only held inthe path of the bridge segments 4a and 3a in order not to connect the spark gaps with 
the motor oscillation circuit 
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[As however, the entire oscillation enengy can thereby not acton the motor itis better to carry out the sume system according tothe diagram 14. The 
diagram 14 difers from the foregoing only by the motor not being directly metalliclly connected with the segments of the commutator, but only a 
primary coil 9 which induces ina secondary coil 10, curent which feeds the motor M and takes the place ofthe rotor. By this arrangement a good 
transforming action is obtained, a loose coupling and also an oscillation circuit without a spark gap. 


Jn Figure 15 the motors ot purely inductive asin 1, but directly mtallically branched of fom the primary cil (atx and! after the principle of 
the atto-tranafonmer 


In Figure 16 instead of an inductance a condenser 6 is in similar manner, and forthe same object inserted betwen the segments 3a and 4a, This has 
the advantage thatthe segments 3a and 4a need not be made of sold metal but may consist of spiral coils whercby a more exact regulation is possible 
and further motors of high inductance may be employed. 


The arrangements of Figures 17, 18 and 19 may be employed for use with resonance and particularly with induction condenser motors; between the 
large stator induction condenser surfaces, small reversing pole condenser surfaces, mall reversing pole condensers are connected, which, as may be 
seon from Figures 17, 18 and 19 ae led together to earth, Such reversing poles have the advantage that with large quantities of electrical energy the 
spark formation bebween the separate oscillation circuits ceases, 


Figure 19 shows a further method which prevents electromagnetic oscillations of high numberof alterations formed inthe oscilation cireuit striking 
hack tothe aerial conductor. I is based on the well known principle that a mercury lamp, one electrode of which is formed of mercury, the other of 
solid metal such a sce allows an electric charge to pass in only one direction from the mercury tothe sce and not vice versa. The mercury electrode 
‘of the vacuum tube N is therefore connected with the aril conductor and the stel clectrade with the oscillation circuit. From this it results that 

san pass only from the acral through the vacuum tube tothe osellation ciuit, but not vice versa, Oscillations which are formed on being 
transformed inthe oscillation cireut cannot pass to the aerial conductor. 


In practice these vacuum tubes must be connected behind an electromagnet as the latter alone affords no protection against the d 


of lights 


As regards the use of spark gaps, all arrangements as used for wireless telegraphy may be used. OF course the spark gaps in large machines must have 
a sufficiently lage surface. In very large stations they are cooled in liquid carbonic acid or beter stil in liquid nitrogen or hydrogen; in most cases the 
‘cooling may also take place by means of liquefied low homologues ofthe mal series or by means of hydrocarbons the freezing point of which ies at 
between -90° C and 40° C. The spark gap casing must also be insulated and be of sufficient strength to be able to resist any pressure which may 
arise, Any undesirable excess super pressure which may be formed must be automaticaly let off. I have employed wit very good results mercury 
lccttodes which were frozen in liquid carbonic aid, the cooling being maintained during the operation from the outside through the walls 


itp: mareasistem,com/DIDATTICA%2027/Mermann%20Plauson%20%20Conversion%s200!%20Atmespheric%20Electrilty K20%28Adicies%, 


19192 


52312018 Hermann Plauson: Conversion of Atmospheric Electricity (Articles & patents) 


Figure 20 is one of the simplest forms of constraction of an aerial network in combination with collectors, transformers and the like illustrated 
diagrammatically. E is here the earth wire, 8 the safety spark gap, 7 the working spark gap, 1 and 2 the stator surfaces ofthe motor, $ a condenser 
battery, S the protective magnet which is connected withthe colin aerial conductor, A' to A"? aerial antennac with collecting balloons, N horizontal 
collecting or conneeting wire fom which, to the cetera numberof connections run 


The actual collectors consist of metal sheaths preferably made of an aluminum magnesium alloy, and are filed with hydrogen or helium and are 
attached t copper plated steel wires. The size ofthe balloon is selected so thatthe actual weight of te balloon and the weight ofthe conducting wice is 
supported thereby. On to ofthe balloon aluminum spikes, made and gilded ina special manner hereinafter described, are arranged in onder to produce 
{conductor action, Small quantities of radium preparations, more particularly polonium-ionium of meso-hrium preparations considerably increase 
the ionization, and therewith the action ofthese collectors. 


In addition to metal balloons, fabric balloons which are superficially metal coated according to Schoop’s metal spraying process, may also be 
‘employed. A metalic surtace may also me produced by lacquering with metallic bronzes, preferably according to Schoop's spraying process oF 
Incqucring with metallic bronze powders in two electrical series of widely different metals, because thereby the collecting effect is considerably 
increased 


Instead ofthe ordinary round balloons, elongated cigar shaped ones may be employed. In order also to utilize the frictional energy of the wind, patches 
‘or strips of non-conducting substances which produce electricity by friction, may be attached tothe metalized balloon surfaces. The wind will impart a 
Porton ots energy inthe form of fictional electricity, tothe balloon casing, and thereby the collecting elec is substantially increased, 


In practice however, very high towers (up to 300 meters is flly admissible) may be employed as antennae. In these towers copper tubes rise freely 
further above the top ofthe tower. A gas lamp secured against the wind i then lit atthe point ofthe capper tube and a netting is secured to the copper 
tube over the fame of this lamp to form a collestor. The gas is conveyed through the interior ofthe tube up to the summit. The copper tube mast be 
absolutly protected from moisture atthe place at which it enters the tower and also rain must be prevented running down the walls ofthe tower which 
might lead to a bad catastrophe. This is done by bell shaped enlargements which expand downwards, being arranged inthe tower in the form of high 
voltage insulators of Siamese pagodas 


Special attention must be devoted to the foundations of such towers. They must be well insulated from the ground, which may be obtained by fist 
‘embedding a layer of concrete ina box form to a sulicient depth in the ground and inserting in this an asphalt Lining and then glass bricks cast about 1 
‘or 2 meters in thickness. Over this in turn there isa fero-concrete layer in which alone the metal foot ofthe tube is secured. Ths concrete block must 
he at least? meters from the ground and be fully protected at the sides by a wooden covering, from moisture. Inthe lower part of the tower a wood or 
sass house forthe large condenser batieres or forthe motors may be constructed. In order to lead the earth connection to the ground water, a well 
‘nsulated pit constructed of vitreous brick, must be provided. Several such towers ae erected at equal distances apart and connected with «horizontal 
‘conductor The horizontal connecting wires may either run dircetly from tower to tower or be carried on bell shaped insulators similar to those in use 
for high voltage conductors. The with of the network may be of any suitable size andthe connection of the motos can take place at any suitable 
places. 


Fg. 21. Fig.22. 


In order to collect large quantities of electricity with few acral tis well to provide the aerial conductor with batteries of condensers as shown in 
Figures 21 and 22. In Figure 21 the batteries of condensers 5 are connected on the one hand with the acral clectricty collectors Z by the aerial 
‘conductor A, and on the other hand interconnected in series with an annular conductor from which horizontal conductors run to the connecting points 
(Cto which the earth wire s connected 


Figure 22 shows a similar arrangement, Should two such series of antennae rings be shown by a volimter to havea large diffrence af potential (for 
‘example, one i the mountains and ne in the plan) oF even of diferent polarity these diffreaces maybe compensited for by connecting suliienly 
large condenser batteries (5, Sa, 5h) by means of Maj str conductors D and D!. In Figure 23a connection ofthe sic rings of collectors o form a 
wrangle witha eenal condenser batery is usta 


The condenser batteries of such large installations must be embedded in liquid gases or in liquid freezing at very low temperatures, In such cases & 
portion ofthe atmospheric energy must be employed for liquefying these gases. Its als preferable to employ pressure. By this means the condenset 
surfaces may be diminished, and stl allow for large quantities of energy to be stored, secure against breakdown. For smaller installation the 
immersing ofthe condenses in well-insulated ol o the like, suffices. Solid substances onthe other hand cannot be employed a insulatrs. 
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The arrangement in the diagrams hitherto described was always suc thatthe condenser batteries were connected with both poles directly to the aerial 
‘condenses. An improved diagram of the connections for obtaining atmospheric electricity fr the condenser batteries has however, been found to be 
very advantageous. This arrangement consists in tha they are connected only by one pole (unipolar) to the collecting network. Such a method of 
arrangement is very important, as by means of ita constant current and an increase of the normal working pressure or voltage is obtained. If for 
example a collecting balloon acral which is allowed to rise to a height of 300 meters, shows 40,000 volts above earth voltage, in practice it has been 
found thatthe working voltage (with a withdrawal ofthe power according tothe method hereinbefore described by means of osilating spark gaps 
tnd te like) is only about 400 volts. IPhovsever, the capacity of the condenser surfaces be increased, which capacity in the above mentioned case was 
‘equal to that of the collecting surface of the balloon aerials, to double the amount, by connecting the condenser batteries with only one pole, the 


voltage rises under an equal withdrawal of current up to and beyond S00 volts. This can only be ascribed to the favorable action of the connecting 
method, 


In addition to this substantial improvement it has also been found preferable to insert double inductances with clectromagnets and to place the 
‘capacities preferably between two such electromagnets. It has also been found that the useful action of such condensers can be further increased if an 
induction coil be connected as inductive resistance to the unconnected pole of the condenser, or sill beter ifthe condenser itself be made as an 
induction condenser. Such a condenser may be compared with a spring which when compressed caries in itself accumulated force, which it again 
ives off when released, In charging, a change with reversed sign is formed athe other free condenser pole, and if though the spark gap a short cicuit 
results, the accumulated energy is again given back since now new quantities of energy arc induced at the condenser pole connected with the 
‘candctor network, which ‘with opposite signs to that at he free condenser poe. The new induced charges have ofcourse the same 
fs the collector network. The whole voltage energy in the acial is therchy however inreased. Inthe same space of time larger quantities of encray are 
‘sccumilated than isthe ease without such inserted condenser bateies, 


Iqifeqtor™ 


In Figures 24 and 25 two different diagrams of connections are more exactly illustrated, igure 24 shows a collecting balloon and the diagram ofthe 
‘connections to earth, Figure 25 shows four collecting balloons and the parallel connection ofthe condenser batteries belonging thereto, 


‘Ais the collecting balloon made ofan aluminum magnesium alloy (electron metal, magnalium) ofa specific gravity of 1.8 and a thickness of plate 0.1 
0.2 mm, Insider there are eight strong vertical ribs of T-shaped section about 10 to 20 mm in height and about 3 mim in thickness withthe projecting 
part directed inwards (indicated by a, b,c, d and so forth); they are riveted together to forma firm skeleton and are stiffened in a horizontal direction 
by two cross ribs. The ribs are further connected with one another internally and transversely by means of thin stel wires, whereby the balloon obtains 
great power of resistance and elasticity, Rolled plates of .1 to 0.2 mm in thickness made of magnalium alloy are then ether soldered or riveted on this 
Skeleton so that a fully metalic casing with smooth exteraal surface is obtained Well slvered or coppered aluminum plated steel wires fun from each 
rib tothe fastening ring 2 Further, the coppered stel hawser L preferably twisted out of separate tin wires (shown in dated lines in Figure 24) and 
‘which mast be long enough to allow the balloon to rise i the desired height, leads to a metal roller or pulley 3 and from thence ta a winch W, well 
insulated from the earth. By means of this winch, the balloon, whichis filled wih hydrogen, or helium, can be allowed to rise toa suitable height (300 
‘to 5000 meters) and brought tothe ground for recharging or repairs. 
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The actual current is taken directly through a fietion contact from the metal roller 3 oF from the wits, o even from the winch or simultaneously Rom 
all theee by means of brushes (3, 3a and 3b) Beyond the brushes the conductor i divided, the paths being: ~~ firstly over 12 tothe safety spark gap 8, 
from thence tothe earth conductor E!, and secondly over electromagnet S!, pont 13, to a second loose electromagnet having an adjustable coil S2, 
then to the spark gap 7 and tothe second earth conductor E2. ‘The actual working circuits formed though the spark gap 7, condensers $ and 6, and 
through the primary coil 9; here the static eletricity formed by oscillatory discharges is accumulated and converted into high frequency 
leetromagneti oscillations. Between the electromagnetsS! and Sat the rossng point 13, four condenser hateries ae introduced which ae only 
indicated diagrammatically i the drawings cach by one condenser. Two ofthese batteries (16 and 18) are made as plate condensers and prolonged by 
regulating induction cols or spirals 17 and 19 while the two olhers (21 and 23) are induction condensers. As may be sen fom the drawings cach of| 
the four condenser bateries 16, 18,21 and 23 is connected by only one pole wo the aerial o othe collector conductor. The second poles 17,19, 22 and 
24 are open Inthe case of plate condensers having no inductive resistance an induction coil is inserted. The object of sucha spiral oF eo is the 
‘isplacement of phase by the induction curent by 1/4 periods, whilst that ofthe charging current of the condense poles which ie free inthe a, works 
back to the collector arial. The consequence ofthis i that in discharges in the collector arial the back inductive action of the fee poles allows 
higher voltage to be maintained inthe aerial collecting conductor than would otherwise be the case. It has also been found tat such aback ation has 
tn extemely favorable effect on the wear ofthe contacts. OF course the inductive effect may be regulated at will within the limit of the size of the 
induction col, the length ofthe col inaction being adjustable by means of wire connection without induction (sce Figure 24, No. 20), 


5! and $® may also be provided with such regulating devices in the ease of S® (illustrate by 11). IPexcess voltage be formed itis conducted to earth 
through the wee 12 and spark gap 8 oF trough any other suitable apparatus, ince this formation would be dangerous forthe other apparatus 


The small citcles on the collector balloon indicate places at which zine amalgam or gold amalgam or other photoelectric acting metals in the form of 
small patches in extremely thin layers (0.01 to 0.05 mm i thickness are applied to the entire ballon as well asin greater thickness tothe conducting 
network, The capacity ofthe collector is therchy considerably strengthened tthe surface. The greatest posible effect in collecting may be obtained 
by polonium amalgams andthe like. On the surface ofthe collector balloon metal points or spikes are also fixed along the ribs, which spikes serve 
particularly for collecting the collector charge. Since its well known that the resistance ofthe spikes isles the sharper the spike is, for this purpose it 
's therefore extremely important to employ as sharp spikes as possible. Experiments made as regards these have shown tht the formation of the body 
of the spike or point also plays a large part, for example, spikes made of bars or rollers with smooth surface, have a many times greater point 
fesistance as collector accumulator spikes than those with rough surfaces. Various kinds of spike bodies have been experimented with for the collector 
balloons hereinbefore mentions. The best results were given by spikes which were made in the following way. Fine points made of steel, copper, 
nickel, or copper and nickel alloys, were fastened together in bundles and then placed as anode with the points ina suitable electrolyte (preferably in 
hhydrochlonc acid or muriatc of ion solutions) and so treated with weak current at 2 to 3 vols pressure. After 2 to 3 hours according tothe thickness 
‘of the spikes or pins the points become extremely sharp and the bodies ofthe spikes have a rough surface, The bundle can then be removed and the 
acid washed off with water. The spikes are then placed as cathode ina batch consisting of solution of god, platinum, indium, palladium or wolfram 
Salis o their compounds and coated a the eathode galvanically with a thin layer of precious metal, which must however be sufficiently firm to protect 
them from atmospheric oxidation, 


Such spikes act ata 20-fld lower voltage almost as wells the best and finest points made by mechanical means, Still better results are obtained if 
polonium or radium salts are added tothe galvani bat when forming he protective layer or cating. Such pins have a low resistance at their points and 
{ven atone vot and still ower pressures ave an excellent collector ation. 


In igure 24 the three unconnected poles are not connected with one another in parallel. Tat is quite possible in practice without altering the principle 
‘of the free pole. eis also preferable to interconnect in paralle! to a common collector network, a Series of collecting aerials 


Figure 25 shows a diagram for such an installation. A!, A2, 43, A¢ ae four metal collector balloons with gold or platinum coated spikes which are 
lectrolytically made i the presence of polonium emanation of radium salts, which spikes or nesles are connected over four electromagnets S!, 
5',S through an annular conductor R. From this annular conductor four wites run over four further electromagnets Sa, Sb, Se, Sd, othe connecting 
point 13. There the conductor is divided, one branch passing over 12 and the safety spark gap 8 to the earth aE, the other over inductive resistance J 
tnd working spark gap 7 the earth at E?. The working circuit, consisting ofthe condenser § and 6 and a resonance motor M, such as hereinbefore 
described is connect in proximity round the sparking zap section 7. 


Instead of directly connecting the condenser motor of couse the primary circuit for high frequency oscillatory curent may also be inserted 


The condenser batteries are connected by one pole to the annular conductor R and can be either inductionless (16 and 18) or made as induction 
‘condensers as shown by 21 and 23. Te fee poles ofthe inductionless condensers are indicated by 17 and 19, those of the induction condensers by 22 
and 24. As may be seen from the drawings all these poles 17, 22,19, 4 may be interconnected in paralle! through a second ansular conductor without 
any fear that thereby the principe ofthe fice pole connection will be injured. In addition to the advantages already set forth the parallel connection 
also allows of an equalization ofthe working pressure inthe entire collector network. Suitable constructed and calculated induction coils 25 and 26 
may also be inserted inthe annular conductor of the fee poles, by means of which a circuit may be formed in the secondary coils 27 and 28 which 
allows eurent produced in this annular conductor by fuctuations of the eharges of the like appearances tobe measured or otherwise utilized. 


According to wht has boen hereinbefore stated separate collector balloons may be connected at equidistant stations distributed over the entre country, 
cither connected directly with one another meuallically or by means of intermediate suitably connected condenser batteries through high voltage 
‘condactrs insulated fom earth. The static electricity is converted through a spark gap into dynamic energy ofa high numberof oscillations and 

in such form be coupled as a source of energy b y means ofa suitable method f connecting, various precautions being observed and with special 
regulations. The wires leading from the collector balloons have hitherto been connected through an annular conductor without this endless connection, 
hich can be regarded as an endless induction coil, being abe to exert any action on the whole conductor system, 


i has now been found that if the network conductor connecting the acral collector balloons with one another is not made as a simple annular 
‘conductor, but preferably shor circuited in the form of cols over a condenser battery or spark gap or through thermionic tubes or valves or audions, 
then the foal collecting network exhibits quite new properties. The collection of atmospheric electricity is thereby not only increased but an 
alternating field may be easily produced inthe collector network. Further, the atmospheric electrical forces showing themselves in the higher regions 
nay also be directly obtained by induction. In Figures 26 and 28 a form of construction is shown on the basis of which the further foundations of the 
‘method will be more particularly explained, 
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In Figure 26, 1,2, 3,4 are moa collector ballons 5, 6,7, 8 thir metalic aerial conductors and Ith actual eolletor network. This consists of five 
‘cole and is mounted om high voltage insulator inthe ats high voltage masts (oF witha suitable construction of cable embeded in the earth). One 
ceil has a diameter of 1 or 100 km o more S and S! are wo prtetive clecomagnets, F the second safety section against excess voltage, E its cath 
‘ondictor and El the earth condictor ofthe working section, When an absorption of static atmospheric clctrcty is efected through the four alloon 
fslletors, the cuten inorder to reach the cath connection EY must flow spirally though the collector network over the electromagnet 8, primary 
indution coil 9, conductor 14, anode A ofthe audion tbe, incandescent cathode K, as the way over the clestromagnet and safety spark gap P ors 
considerably greater resiance’ Owing tothe fact tha the accumulated curent ows in one direction, an cleomagneti ltrating ld produced 
inthe inenor of the vollecor nctwork coi, whereby the whole fe elzctrons ae directed more or less into the interior of the coi. An Increased 
ionization ofthe atmosphere is thereby produced. In conscquence ofthis the points mounted on the collector ballon show a considerably reduced 
fesstnce and therfore nereaed static charges bebwcen the points onthe ballgon and the sarounding atmosphere are prodiced. The result ofthis is 8 
considerably increased collector eect 


{A second effect which could not he obtained otherwise is obtained by the electromagnetic alternating field which runing parallel tothe earth surface, 
tacts more or less with a diminishing or increasing effect on the earth magnetic field, whereby in the case of Nuctuations in the current a return 
induction curent of reversed sign is always produced inthe collector coil by earth magnetism. Now if, however, a constantly pulsating continuous 
alternating field is produced as stated inthe above collector network I, an altemating curent of the same periodicity is produced also inthe collecting 
network coil. As the same alternating field is further transmitted to the acral balloon, the resistance to its points is thereby considerably reduced, 
Whilst the collector action is considerably increased. A further advantage is that positive electrons which collect on the metal surfaces during the 
conversion into dynamic current produce a so-called drop of potential of the collector area. As an alternating field is present, the negative ions 
surrounding the collectors surfaces, when discharge ofthe collector surfaces takes place produce by the law of induction, an induction of reversed sign 
‘nthe collector surface and so forth (that is to say again a positive charg). In addition to the advantages hereinbefore sc forth, the construction of 
‘connecting conductors in coil form when of suficiently large diameter, allows ofa utilization of energy arising in higher regions also in the smmpest 
vay. As is well known electric discharges frequently take place at very great elevations which may be observed as St Elmo's fie or norther lights 
These enemy quantities have no been available tobe utilized up to now. By this invention all these kinds of energy, as they are of an electromagnetic 
nature and the ditection of axis of the collector coils stands at right angles tothe earth's surface, an be more or less absorbed in the same way as 2 
feceiver in wireless tclegraphy absorbs waves coming from a far distance. With s large diameter of the spiral ti possible to connect large surfaces 
and thercy to take up also large quantities of energy 


11 is well known that lage wireless stations in the summer months, and also in the topics are very frequently unable to receive the signals in 
‘consequence of interruptions which are caused by atmospheric electricity, and this takes place with vertical coils of only 40 to 100 meters diameter. If 
‘nthe contrary horizontal coils of | 10100 km diameter be employed very strong currents may be obtained through discharges which are constantly 
taking place inthe atmosphere. Particularly inthe topics or sill better in the polar regions where the northern lights are constantly present, large 
‘quantities of eneray may probably be obtained in this way. A coil with several windings should atthe best. In similar manner any alteration of the 
arth magnetism should act inductively on such a coil 


{tis not at all unlikely that earthquakes and spots onthe sun will also produce an induction in such collector coils of sufficient size. In similar manner 
this collector conductor will reat on earth current more particularly when they are near the surface of the earth or even embedded inthe cath, By 
‘combining the previous kind of curent collectors so far they afe adapted forthe improved system with the improved possibilities of obtaining 
‘current the quantities of ffee natural electricity which are tobe obtained in the form of eletricty are considerably increased 


In order to produce in the improved collector coil uniform current oscillations ofan undamped nature so-called audion high vacuum oF thermionic 
tubes of suitable connection are employed instead ofthe previously known spark gaps (Figure 26, Nos. 9-18). The main arial cureent vs through 
electromagnet S (which inthe case ofa high number of alterations isnot connected here but in the earth conductor !) and may be conveyed over the 
Primary cols in the induction winding through wire 14 to the anode A of the high vacuum grid tube. Parallel withthe induction resistance 9 a 
Fegulating capacity of suitable size, suchas condenser 11 i inserted, Inthe lower part of the vacuum grid tube is aranged the incandescent filament ot 
the cathode K which is fed through a battery B. From the battery B two branches run, one tothe earth conductor E and the other through battery 
and secondary coil 10 0 the grid above in the vacuum tube. By the method of connections shown in dtted lines, a desired voltage at the gnd 
electrode g may also be produced through the wire 17 which is branched off from the main curren conductor through switches 16 and some stall 
condensers (a,b, d) connected in series, and conductor 18, without the battery! being required 


The action ofthe entire system is somewhat as follows: — 
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‘On the connecting conductor ofthe acral collector network being short circuited to earth, the condenser pole 11 is charged and slightly damped 
‘oscillations are formed in the short circuited existing oscillation circuit formed of the condenser 11 and self inductance 9. In consequence of the 
‘coupling through coil 10, fluctuations of voltage take place in the grid eicuit 15 with the same frequency, which, fluctuations in tur influence the 
strength of the electrode current passing through the high vacuum amplifying tube and thus produce eurent fluctuations ofthe same frequency inthe 
anode circuit A permanent supply of energy tothe oscillation cieuits 9 and 10 consequently takes place, until a condition of balance is setup, in 
‘which the consumed oscillation energy is equal to that absorbed. Thereby constant undamaped oscillations are now produced inthe oscillation ciuits 
ott 


For regular working of such oscillation producers high vacuum strengthening tubes are necessary and itis also necessary thatthe grid and anode 
voltages shall have a phase diference of 180° so that ifthe grid is negatively charged, then the anode is pesitvely charged and vice versa. This 
necessary difference of phase may be obtained by most varied connections, for example, by placing the osillation eiruit inthe ged eicuit or by 
Separating the oscillation circuit and inductive coupling from the anodes and the grid circuit and so forth 


A second important factor in his way of converting static atmospheric electricity ito undamped oscillations shat care must he taken hat the gid and 
anode voltages have a cota relation to one anther the later may be obtained by altering the coupling and a stable selection ofthe selesnduction 
inthe grid exeuit, or as shown by doted lines 16,17, 18 by means of larger or smaller numberof condenses of suitable siz enectd in seis in 
thiscas the battery B! may be omited. With sible selection of he grid potential aglow discharge takes place between the sid and she anode 
‘Avan accordingly atthe grid here is cathode drop anda dark space formed. The sizeof this calbods drop is aflucneed bythe ions which are 
crite inthe ler space in consequcnce of shock sonization of the incandescent cathodes K and passthrough the grid inthe upper space. On the 
‘ther hand the umber of tons passing through the grids dependent onthe voltage Betwosn the grid and the cathode. Thus v the ard valage 
undergoes periodic uctuations (as nthe present case) the amount ofthe cathode drop tthe gi utes and consequently the internal Fesistance of 
the tube correspondingly Muctates, so that when aback coupling ofthe fed iret wih the grid ict takes place, te necessary means ae afford 
forproducing undamped oscillations and of taking current, according to requirements fom the collecting conductor 


The frequency ofthe undamped oscillations produced is witha suitably loose coupling equal tothe sel- frequency ofthe oscillation circuits 9 and 10. 
By a suitable selection ofthe self induction of the coil 9 and capacity 11 itis possible to extend from frequencies which produce electromagnetic 
‘oscillation of only a few meters wavelength down to the lowest practical alternating current fequency. For large installations a suitable number of 
fequency-producing tubes of the well-known high vacuum transmission tubes of 0.5 to 2 kw in size may be connected in parallel so that in this 
respect no dificult exit, 


The use of such tubes for producing undamped oscillations, and also the construction and method of inserting such transmission tubes in an 
sccumilator or dynamo circuit is known and also that such osellation producing tubes only work well at voltages of 1000 upto 4000 vols, so that on 
the contrary their use at lower voltages is considerably more difficult. By the use of high voltage static electricity this method of producing undamped 
‘oscillations as compared with tha trough spark gaps must be regarded as an ideal solution particularly for small installations of outputs of from I to 
100 kw. 


By the application of safety spark gaps, with interpolation of electromagnets, not only is short-ircuiting avoided but also the taking up of curent is 
regulated. Oscillation producers inserted in the above way form a constantly acting electromagnetic altemating field in the collector col, whereby as 
already stated, a considerable accumulating effect takes place. The withdrawal wire or working wire is connected at 12 and 13, but current may be 
taken by means ofa secondary coil which i firmly or movable mounted in any suitable way inside the lage collector col, i, in its electromagnetic 
alternating field, so long asthe direction of is axis runs parallel with that of the main current collecting oil 


Jn producing undamped oscillations ofa high frequency ($0,000 pe second or more) in the osilation circuits 9 and 11, cletomagpets Sand S! must 
be inserted if the high frequency oscillations are not opencrat the collector oi, between the esilation producers andthe collector cil nal eer 
cases they are connecto shortly before the earthing (a 8 Figures 27 and 28) 


a0jGaaby 


In Figure 27 a second method of construction ofthe connecting conductor ofthe balloon aerials is illustrated in the form of a coil, The main diference 
‘consists in that in addition tothe eannecting conductor | another annular conductor Ii inserted parallel tothe former onthe high voltage masts inthe 
air (or embedded asa cable inthe earth) but bth inte form ofa coil The connecting wie ofthe balloon acral is indicated as a primary conductor 
and also asa current producing network; the othe isthe consumption network and isnot in unipolar connection withthe current producing network 


In Figure 27 the curent producing network Lis shown with three balloon collectors 1,2, 3 and acial conductors 4 5, 6 its short-circuited thro 
‘condenser 19 and inductance 9. The oscillation forming circuit consist inthis ds 


eh 
ram of spark gp f, inductance 10, and condenser 11; the earth ire 
E, js connected to cath over electromagnet S! Ps the safety spark gap which salsa connoctd to cart through a sscond clectomagnet S at E.On 
‘connecting up the condenser eicut 11 this is charged over the spark gp # whereby an onilstory discharge is formed. This discharging curent ats 
through inductance 10 onthe inductively couple scondary 9, whereby inthe producing nctwork a modification ofthe poteatial of the condenser 19 
is produced. The consequence ofthis is that oscillation arise he col shaped producer netvork, These oscillations induce a current in the secondary 
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<ircuit IL, which has a smaller number of windings and a less resistance, the voltage of which, according tothe proportion ofthe numberof windings 
tnd ofthe ohmic resistance, is considerably lower whilst the current strength i greater. 


In order to convert the current thas obtained into current of an undamped character, and to tune its wavelengths, a sufficiently lange segulatable 
‘capacity 20 in inserted between the ends 12 and 13 ofthe secondary condictor IL Here also current may be taken without an earthy conductor, but ti 
sdvisabl to insert a safety spark gap El and to connect this with the earth over an electromagnet 2. 


The producer network may be connected with the working network II over an inductionless condenser 21 or aver an induction condenser 22, 23. In 
this case the secondary conductor is unipolarly connected with the energy conductor 


In Figure 28 the connecting conductor betwsen the scparte accumblator balloons is cried out according to the autotransformer principle. The 
colleting coil connects four aerial balloons 1,2, 3 4, the windings of which are nat made side hy side but one above the other In Figure 28 the 
colletr col is shown with atin line, the metalically comneced prolongation cols I with a thik ine. Between the ends and lof the ennsy 
nctwork regulating capacity 19 is inserted. The wie I! connected with the output wire and withthe spark gap 


{As transformer of the atmospheric electricity an arrangement is employed which consists in using rotary pits of condensers in which the one stator 
surfice B is connected with the main current, whilst the other is connected withthe earth pole. Between these pais of short-circuited condensers are 
‘used to rotate fom which the converted current can be taken by means of two collector rings and brushes, inthe form ofan alternating curren, the 
frequency of which is dependent on the number of balloons and the revolutions of the rotor. As the alternating current formed in the rotor ean act, in 
this improved method of connection described inthis invention, through cols | on the inductance 9, an increase or diminution of the feed current in | 
‘an be obtained according tothe direction ofthe curent by back induction, Current oscillations of uniform rhythm thereby result in the coil sha 
‘windings of the produce network, 


As the ends ofthis conductor are short-circuited through the regulatblecondenscr 19 these hythms produce short-circuited undamped oscillations in 
the energy conductor, the periodicity and wave lengths of which oscillations ean he adjusted according to deste by altsring the capacity 19 0a ven 
wavelength and thecwith also to @ given frequency. These currents may also be employed in this form directly ax working carent trough the 
conductors Il! and IL By inserting the condenser 20 a conection between these conductors may albo be made, whereby harmonic oscillations of 
‘desired wavelengths are formed. By this means quite new effets as regards current distribution ae obtained. The withdrawal of cuzent ean even take 
place without det wire connection if ts suitable point in the interior othe prodcing network (quite nsmaterially whether his asa damcee of 1 
{5 100 km) a col tuned to these wavelengths and ofthe desied capacity is firmly or movably mounted inthe arial conductor in such a way tht 
‘ial cen iin parallel with that of the collector cil In this ease a curentis induced in the producing network the sie of which s dependent on 
the total eapacity and resistance and also on the periodicity employed. A possbity x therehy afforded n future, of taking energy fom the pradcer 
nctwork by wisess means. As thereby in addition to aospheric elects also magnetic cath currents and energy fom the higher atmosphere (at 
Teas partly maybe simultancousy obtained, this lst syatm for collecting the stmospheric energy is of parila importance for heft 


‘Of course everywhere instead of spark gaps grid vacuum tubes may be employed as producers for undamped oscillations. The separate coils ofthe 
producer network with lage diameters may be connected with one another through separate conductors alli parallel or all in series or in groups in 
feries, By regulating the mimber of oscillations and also the extent ofthe voltage more or les large collector coils of this kind may be employed. The 
coils may also be divided spirally over the entire section. The coils may be caried out in angular form or aso in triangular, quadrangular, bexagenal oF 
‘octagonal form, 


‘Of course wires may be carried from a suitable place tothe center or alo laterally which serve the curent waves as guides. This is necessary when the 
‘currents have to be conducted over mountains and valley and so forth, In all these cases the curent must be converted into a curent of suitable 
periodicity 


{As already hereinbefore mentioned separate collecting balloons may be directly metallcally interconnected at equidistant stations distributed over the 
tntire country or may be connected hy interpolation of suitable condenser batteries by means of high voltage conductors. The static electricity i= 
‘converted through a spark gap into dynamic energy of a high number of oscillations, and could then in such forms, wit a suitable arrangement ofthe 
‘connections, observing various measures of protection, be employed as source of energy afte separate or special regulation 
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According to this invention in order to increase the collecting effect of the balloon in the aerial collector conductor or inthe earth wire, radiating 
collectors are emplayed. These consist either of incandescent metal or oxide electrodes inthe form of vacuum grid tubes, or electric ars (mercury and 
the like electrodes), Nemst lamps, or finally lames of various kinds may be simply connected with the respective conductor. 


{tis well known that energy can be drawn of from a cathode consisting of an incandescent body opposite an anode charged with positive electricity 
(vacuum grid tube), Hitherto however, «cathode was always fist directly placed opposite an anode, and secondly the system always consisted of & 
‘closed iru 


Now if we dispense withthe ordinary ideas informing ligt or flame arcs in which a cathode must always stand directly opposite an anode, charged to 
‘high potential or another body fesly oating inthe ai, or regard the incendescent cathode only asa source of unipolar discharge (which represent 
group and point discharges in electrostatic machines similar to unipolar discharges), it may be ascertained that incandescent cathodes and less 
perfectly all incandescent radiators, flames and the like admit of relatively large current densities and allow large quantities of electric energy 10 
Fadia into the open space inthe form of elton streams as transmitters. 


The object ofthis invention is as described below, if such incandescent oxide electrodes or other incandescent radiators or flames are not freely 
suspended in space but connected metallcally withthe earth so that they can be charged with negative terrestrial electricity these radiators possess the 
property of absorbing the free positive electrical charges contained inthe ai space surrounding them (that is to say of collecting them and conducting 
them to earth). They can therefore serve as collectors and have, in comparison tothe action ofthe spikes, o points, avery large radius of action R; the 
effective capacity ofthese collectors is much greater than the geometrical capacity (R,,) calculated in an electrostatic sense. 


"Now as our earth is surrounded as is well known with an electrostatic field and the difference of potential 


w 
z 


‘of the earth field according tothe latest investigations, i in summer about 60 to 100 volts and in winter 300 to 500 volts per meter of difference in 
height (6h) a simple calculation gives the result that wen such a radiation collector or flame collector is arranged for example on the ground, and 2 
second one is mounted vertically over itat a distance of 2000 meters and both are connected by a conducting cable, there isa difference in potential in 
Summer of about 2,000,000 volts and in winter even of 6,000,000 vols and more 


‘According to Stefan Boltzmann's law of radiation, the quantity of energy which an incandescent surface (temperature T) of 1 sq em radiates in a unit 
‘of time into the open ar (temperature. is expressed by the following formula: 


S= 6 (1414, )watt/sq em. 
And the universal radiation constant 6 is according to the latest researches of Ferry Annales de Chimie et de Physique, 17: 267 [1909] equal to 6.30 
310772 watusg em, 

Now ian in incandescent surface of | cm shows, as compared with the surrounding space aperiodic fal of potential 6V it radiates (independent of| 
the curent direction, that iso say ofthe sign) in accordance with the above Formula, fr example a a temperature of 3725° Can energy’ of 1.6 ks 
‘emisccond, As forthe radiation the same value can be calculated for the collection of energy, but reversed. Now, as carbon electrodes atthe 
temperature ofthe electric are support on the current basis a current density up to from 60 to 6 amperes per sq em no dificult will est in this 


direction in employing radiating collectors as accumulators 


If the carth be regarded as a cosmically insulated condenser in the sense of geometrical electrostatics x there results from the geometic (compare 
Ewald Rasch: Das Elekrishe Bogenlich (The Electric Ar Light), page 169) capacity ofthe earth according to Chwolson 


For negative charging 1.3 x 108 Coulomb 


10 108 vols 


From this there results however, EST = 24.7 x 10% watvsce. Now its desired 19 make a theoreti short circuit through an earthed lame collector 
this would represent an electric total work of about 79,500 x 10!” kilowatt years. AS the earth must be regarded as a rotating mechanism which 
thermodynamicaly, electromagnctically and also kinematically coupled with the sun and star system by cosmic radiations and. gravitalion a 
‘minution of the electric energy ofthe earth field isnot to be feared, The energies which the incandescent collectors would withdraw fom the cath 
field ean only ease by the withdrawal of motor work lowering of the ear temperature (temperature T= 300 ) and rece this to that ofthe world 
space (=O ) by using the entre energy: This is however not th case asthe earth doesnot representa cosmcally entirely insulated system. On the 
contrary there Is conveyed othe same according tothe rent value corrected by Perry for the solar constants through the radiation from the sun an 


encray of 18,500 x 101° kw, Accordingly, any’ lowering ofthe ea temperature (T) without a simultaneous lowering ofthe sun's temperature (T,) 
would contradict Stefan Boltzmann's lw of radiation, 
$= 6(4-14). 


From ths it must be concluded that ifthe earth temperature (Ty) sinks the otal radiation $ absorbed by the earth increases, and further also thatthe 
secular speed of cooling of the earth is diretly dependent on that of the sun and the other radiators cosmically coupled withthe sun and is connected 
most closely with these 


The incandescent radiation collectors may, acconding to this invention, be employed for collecting atmospheric electricity if they (1) are charged with 
the negative earth electricity (that isto say when they are directly connected by means of « metallic conductor with the earth) and (2) i large 
‘capacities (metal surfaces) charged with electricity are mounted opposite them as positive poles in the ar. This is regarded as the main feature of the 
present invention as without these inventive ideas t would not be possible to collet with an incandescent collector, sufficimly lage quantities of the 
lecirical charges contained in the atmosphere as the technology requires; the radius of action of the flame collectors would also be too small, 


7. 10 St. E, per sq em ) docs not allow of large 


specially if it be considered hat the very smal surface density (enemy density) ( 6 about 
‘quanticn of charg bring absorbed fromthe atmospore 


+) Caleulated according to Poisson's calculation: 
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For a 4x4 MIMO configuration, the channel rank can take on values of three and four in 
addition to one or two. Initial deployment at the base station, however, will likely be two 
TX antennas and most devices will only have 2 RX antennas, and thus the rank is limited 
to 2. 


‘ACS is MU-MIMO, which is not defined for the downlink in Release 8. 


AC] and ACT are single antenna port modes in which AC1 uses a common Reference Signal 
(RS), while AC7 uses a dedicated RS or what is also called a user specific RS. ACI implies 
a single TX antenna at the base station. AC7 implies an antenna array with antennal 
elements closely spaced so that a physical or spatial beam can be formed toward an 
intended user. 


LTE operates in a variety of MIMO configurations. On the downlink, these include 2X2, 4x2 
(four antennas at the base station), and 4X4. Initial deployment will likely be 2x2 whereas 
4X4 will be most likely used initially in femtocells. On the uplink, there are two possible 
approaches: single-user MIMO (SU-MIMO) and multi-user MIMO (MU-MIMO). SU-MIMO is 
more complex to implement as it requires two parallel radio transmit chains in the mobile 
device, whereas MU-MIMO does not require any additional implementation at the device 
but relies on simultaneous transmission on the same tones from multiple mobile devices 


The first LTE Release thus incorporates MU-MIMO with SU-MIMO deferred for subsequent 
LTE releases. An alternate form of MIMO, originally called network MIMO, and now called 
CoMP, relies on MIMO implemented (on either the downlink or uplink or both) using 
antennas across multiple base stations, as opposed to multiple antennas at the same base 
station. This paper explains CoMP in the section on LTE Advanced below. 


Peak data rates are approximately proportional to the number of send and receive 
antennas. 4X4 MIMO is thus theoretically capable of twice the data rate of a 2X2 MIMO 
system. The spatial multiplexing MIMO modes that support the highest throughput rates 
will be available in early deployments. 


For a more detailed discussion of 3GPP antenna technologies, refer to the 5G Americas 
white paper “MIMO and Smart Antennas for 3G and 4G Wireless Systems - Practical 
Aspects and Deployment Considerations,” May 2010. 


For advancements in LTE Smart Antennas, see the next section. 


LTE-Advanced Antenna Technologies 


Release 10 added significant enhancements to antenna capabilities, including four-layer 
transmission resulting in peak spectral efficiency exceeding 15 bps/Hz. Uplink techniques 
fall into two categories: those relying on channel reciprocity and those that do not. With 
channel reciprocity, the eNB determines the channel state by processing a Sounding 
Reference Signal from the UE. It then forms transmission beams accordingly. The 
assumption is that the channel received by the eNB is the same as the UE. Techniques that 
use channel reciprocity are beamforming, SU-MIMO, and MU-MIMO. Channel reciprocity 
works especially well with TDD since both forward and reverse links use the same 
frequency 


Non-reciprocity approaches apply when the transmitter has no knowledge of the channel 
state. Techniques in this instance include open-loop MIMO, closed-loop MIMO, and MU- 
MIMO. These techniques are more applicable for higher speed mobile communications. 


Mobile Broadband Transformation, Rysavy Research/SG Americas, August 2017 Page 125 
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AV =~4c8 ; ashe the alteration ofthe potential or potential gains ony takes plc in the diction othe norma this auton asus the 
simple fom 


*y 
ioe 

eas indo alteay been proposed to employ fame collectors for cllecting atmosphere elcicty and it is known tat thi calling elt is 
substantially grea opponte the pons Is however ot known tat the gles of cunent wich cul hiker be abated ae too sl for 
technical purposes. According omy experiments he reson fr this abe found in the no ll apis of the collector conductor ples If sich 
Manco rating colectors Have no or ony smal pov sures, hc rail of action forage cial purpose so sll Ith incandescent 
cellecors be constantly kept in movement the they may colt more acorn othe peed of the movements agin est capable of 
being aed ot n prac. 


By this invention the collector effect is considerably increased by a hod charged with a postive potential and ofthe best possible capacity being also 
held floating (without direct earth connection) opposite such an incandescent collector which is held floating in the air at a desired height. If for 
‘example, a collecting balloon of sheet metal or of metalized balloon fabrie be caused to mount to 30 upto 3000 meters in the ar and as positive pole 
itis brought opposite such a maditing collector connected by a conductor tothe earth, quite different results are obtained, 


The metallic balloon shell (witha lage surface) is charged to a high potential by the atmospheric electricity. This potential is greater the higher the 
collecting balloon is above the incandescent collector. The positive electricity acts concentatedly on the anode floating in the air as itis arated 
through the radiation shock ionization, proceeding from the incandescent cathode. The consequence of this is that the radius of action of the 
incandescent cathode collecor is considerably increased and thereby aso the collection effect of the collecting balloon surface. Further the large 
‘capacity of the anode floating in the air plays therefore an important pat because it allows of the taking o large charges, and thereby a more uniform 
‘currents obtained even wen there isa large consumption: this cannot be the case with small surfaces, 


Inthe present case the metallic collecting balloon isa postive anode floating inthe air and the end of the earth conductor of this balloon serves as 
positive pole surface opposite the surface of the radiating incandescent cathode, which in turn is charged with negative earth electricity being 
‘Canductively connected to cath. 


The process may be carried out by two such contacts (negative incandescent cathode and anode end of «capacity floating inthe ai) a condenser and 
an inductive resistance being switched on in parallel, whereby simultaneously undamped oscillations may be formed 


In very large installations iis advisable to connect two such radiating collectors in series. Thus an ar light incandescent cathode may be placed below 
‘onthe open ground and an incandescent cathode which is hested by special electromagnetic currents be located high inthe ait. Of course fortis the 
special vacuum Liebig tubes wit or without grids may also be employed. An ordinary arc lamp with oxide cletrodes may be introduced on the ground 
and the positive pole isnot directly connected with the collecting balloon, but through the upper incandescent cathode or over a condenser. The 
method af connecting the incandescent cathode floating in the ait may be seen in Figures 20-33, 


B is the air balloon, K a Cardan ring (connection with the hawser), C the balloon, L # good connecting cable, P a positive pole, N ney 
incandescent cathode, and E earth conductor. 


a 


P 
g Igvegter 
"i 2 i 
ra 


ttt 


cle 


Figure 29 represents the simplest form of construction, If electric oscillations are produced below on the ground by means of a carbon are lamp or in 
ther suitable way a considerably greater electric resistance is opposed to that inthe direct way by inserting an electrical inductive resistance 9, 
‘Consequently between P and N, a voltage is formed, and as, over N and P only an inductionlss ohmic resistance is present, a spark wil pring over so 
long as the separate induction co-fficints and the like are correctly calculated. The consequence of this s tha the oxide electrode (earbon or the like) 
is rendered incandescent and then shows as incandescent cathode an increased collecting effect. The postive poles must be substantially larger than 
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the negative in order that they may nt also become incandescent. As they are further connected with the large balloon area which has a large eapacity 
and is charged a high voltage, an incandescent body which is held floating inthe air and a positive pole which can collect large capacities is thereby 
blaine inthe simplest way. The incandescent cathode i ist caused to become incandescent by mens of separate energy produced on the earth, and 
then maintained by the energy collected from the atmosphere 


Figure 30 only shows the difference that instead of a round balloon a cigar-shaped one (of metal oF metalized fabric) may be employed and also a 
‘condenser 5 is inserted betwoen the incandescent cathode and the cath conductor so that a short circuited oscillation circuit over PN. S and 9 is 
‘Obtained, This has the advantage tht quite small quantities of electricity cause the cathode to become incandessent and much larger cathode bodies 
ray be rendered incandescent 


Wee 


cle 


In this form of construction both the incandescent cathode and also the postive electrode may be enclosed in a vacuum chamber as may be seen in 
Figure 32. A cable Lis caried well insulated through the cover ofa vessel and ends ina condenser dise 5. The cover is arched in order ta keep off the 
rain, The vessel is entirely or partially made of magnetic metal and well-insulated inside and outside. Opposite the dise 5 another dise 6 and on this 
again a positive pile of the vacuum tube g with the incandescent cathode (oxide electrode) N is aranged. The negative electrode is onthe one hand 
‘conncted with the earth conductor E, and on the other hand with the inductive resistance 9 which is also connected with the cable L with the positive 
pole and wound round the vessel in coils. The action is exactly the same as that in Figure 29 only instead of an open incandescent cathode one 
{enclosed in vacuo is employed, As in such collectors only small bodies can be brought to incandescence in large installations a plurality of such 
‘cum tubes must be inserted in proximity to one another. According tothe previous constrictions Figures 31 and 33 are quite self evident without 
further explanations 
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Figures 34-37 represent futher diagrams of connections over radiating and flame collectors, and infact, how they are to be arranged onthe ground, 


Figure 34 shows an ar light collector with oxide electrodes for direct current and its connection; Figure 3S a similar one for alternating current, Figure 
Soian incandescent colletor with a Nemt lamp and Figure 37a similar one with a gas flame, 


The postive pole | of the radiating collectors is always directly connected to the acral collecting conductor A. In Figure ‘4 this is Further connected 
lover the condenser battery $ with @ second positive clecode 3. The direct curent dynamo b produces current which flows over between the 
‘lectrodes 3 and 2 as an ar light. On the formation ofan are the negative incandescent clectrode 2 absorbs electricity from the postive poles standing 
‘opposite it and highly charged with atmospheric electricity and conveys the same to the working circuit. The spark gap 7, inductive resistance 9 and 
induction coil 10 are like the ones previously described. The protective electromagnet S guards the installation against earth circuiting, the safety spark 
tap 8 from excess voltage or overcharging 


In Figure 35 the connection isso far altered thatthe altemating current dynamo feeds the exciting coil 1! ofthe induction condenser. 12 sits negative 
and 13 its positive pole; if the coil 3 on the magnet core of the dynamo is correctly calculated and the periodicity of the altemating curent is 
sufficiently high an arc light can be formed between the two poles 1 and 2. As the cathode 2 is connected with the negatively charged earth, and 
therefore always acts as a negative pole a form of rectification of the alternating current produced by the dynamo 3 is obtained, the second half of the 
peti is always suppressed. The working circuit may be caried out in the same way as in Figure 34; the working gap 7 may however be dispensed 
With, and instead thereof between the points m and n a condenser $ and an induction resistance 9 may be inserted from which the eurent i taken 
inductively. 


Figure 36 represents a form of constraction similar to Figure 34 only that here instead ofan are lamp a Nernst incandescent body is employed. The 
[Nernst lapis fed through the attery 3. The working section is connected with the negative pol, the safety spark gop withthe ~ poles. The working 
spark gap 7 may also be dispensed with and the current fori taken at 12 over the oscillation etreut S11 (shown in dotted lines). 


Flame collectors (Figure 37) may also be employed according to this invention. The wire network | is connected with the aerial collector conductor A 
and the burner withthe earth. At the upper end of the latter, long points are provided which project into the ame. The positive electrode is connected 
with the negative over a condenser Sand the induction coil 9 with the cath 


The novelty inthis invention is firstly, the use of incandescent cathodes opposite positive poles which are connected with large metallic capacities as 
automatic collecting surfaces, (2) the connection ofthe incandescent cathodes withthe earth whereby in addition to the electricity conveyed to them 
from the battery or machine which causes the incandescing also the negative charge of the earth potetial is conveyed, and (3) the connection of the 
positive and negative poles of the radiating collectors over a condenser circuit alone or with the introduction of a suitable inductive resistance, 
whereby simultaneously an oscillatory oscillation circuit may be obtained. The collecting efect is by these methods quite considerably increased, 


1 declare that what I claim is: — [ Claims not included here ] 


British Patent # 157,262 
(10 July 1922) 


Improvements in Electrie Motors 
Hermann Plauson // Otto Traun’s Forchungs-Laboratorium GmbH 


‘This invention relates to that type of motor in which rotation is produced by means of the attraction and repulsion of surfaces carrying charges of 
electricity 


‘According to this invention a stator and rotor are formed of condensor surfaces and charges of electricity thereon imposed in the form of alternating 
‘currents of high frequency. 
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The invention is more particularly described with reference tothe accompanying drawing in which: —- 


Figure I shows a simple form of motor and feed. 


Figure is a modification of Figure 


Figure 3 shows one form of spiral condense surface. 
Figure 4 shows a wire wound condenser surface, 


Figure 5 is a diagram of one type of rotor, 
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The inner plates of the condenser $ and 6 are charged from a spark gap 7,8 connected toa source of energy’ ofsuficently high pressure (altemating 
or direct curren), uni the potential has risen so far that a spark springs ove. 


The spark gap 7, 8 forms with the condenser $ and selfinductance 9 and condenser 6 a closed oscillatory circuit and altemating curents of high 
frequency will be produced inthis circuit. The high frequency current produced inthe primary circuit 9 excite by induction inthe secondary circuit 10 
‘currents ofthe same periodicity: 


The improved typeof motor is fed by the discharges produced by the induction in the secondary circuit, 


Hitherto only Tesla’s motor system (shown diagrammatically in Figure 1,16 and 17) was known for this purpose. The above-mentioned diagram is 
‘only shown for illustrating the fundamental principle, It has however no practical intrest for carrying out lange machines by reason of the 
impossibility ofthe regulation and the low efficiency 


Now according to this process, all these defects are overcome by the construction of a machine which i applicable for high frequency currents and of, 
more or less undamped nature. The difference between the principle of constuction of these motors as compared with those hitherto customary 
‘consists in that the motor isnot based onthe principle of magnetic induction only (as have been all motors hitherto an also Tesla's motors). 


{thas been fund tht the machine constructed according to Figure | cannot only be fed disctly with static electricity but if it is connected to @ source 
‘of high frequency current twill operate 


The applicants cll this new type of motors “condenser motors to differentiate them from hitherto existing types. 
The simplest form of construction of such condenser motors is shown in Figure 1, and this motor may be fed with igh frequency alternating curens 


Ata given moment positive electricity is charged by means of the lead 14 to the stator surface 1 and to the brush 3x (Figure 1). The brush 3x is 
‘connected with the rotor condenser surface 3, s0 that both the stator surface | and also the rotor surface 3 is charged with positive electricity. The 
stator surface 1 and the roto surface 3 being both charged with positive electricity and the second rotor surfaces 4 and 4a by brushes 4x with negative 
electricity, such motors can then be started by providing intermediate stator surfaces 11, 12, the earth connection 13 of ane of which is broken by a 
Switch (not shown) according to the direction of rotation desires, or alteratvely the motor may be stared by a separate source of altemating current 
ina manner similar tothe starting of synchronous motors of known construction. After a half revolution of the oto the brush 3x comes in contact 
With the second collector surface 4 so that now ths surface is connected by the brush 3x with the stator surface 1 and the brush 4x withthe collector 
surface 3. Consequently with a reverse direction of current through the second half ofthe oscillation period all the hereinbefore mentioned effects take 
place in the reverse ditetion which, however, produces no alteration inthe direction of rotation because the dead points between two directions of 
‘seillation are overcome by inert 


Although this motor i easy to star it can only be employed for small experimental and measuring purposes because the stator and rotor surfaces are 
‘made of solid metal and are heated by Foucalt (eddy) curents, In spite of its simplicity and sts unsuitability for use in practice i must however be 
regarded a abasic type for technical calculations, 


The condenser motor shown in Figure 2 differs from Figure 1 by the olor surfaces consisting of six condenser surfices connected one behind the 
‘other in series and they are connected with thre collector surfaces, so that at any one moment only two adjacent collect surfaces come under the two 
brushes (3 and 4) In its other actions it coresponds to Figure I. The lads 14 and 15 may be connected either to the ends ofthe secondary coil 10 or 
slirelly with the source of energy The outer thicker line indicates the stator surfaces | and 2 that is to say the unmoving part ofthe motor), Hand 12 
shown by thick doted lines means earthed addtional poles of the stator, 8, 9, and 10 are the outer parts of the rotor condenser surfaces which in tum 
are connected with the collector surfaces 8,9, and 10, 5,6, and 7 are the inner parts ofthe condenser surfaces ofthe rotor and 3 and 4 are brushes, 


Hitherto stator and rotor surfaces of compact metal have been spoken of. These however become highly heated with eddy currents and hardly yield 
10-15% of useful effect In examining into such small useful effects it was found that certain forms of metal sections inthe stator and condenser 
surfaces highly increase these. It was then further found that i slots or notches be cut in the metal surfaces of the stator and rotor inthe form of @ 
spiral, not only was a higher useful effect possible, but also an easier starting and even a regulation could be obained 


Experiments have shown that by such a form of constriction it is possible to build a very useful motor for high frequency altemating currents more 
particularly those of an undamped nature 


If for example the system of construction of a stator shown in Figure 1, but four pola, be taken and the system of rotor construction shown 
diagrammatically in Figure S, but with the form of constriction of the condensers of the stator as well as of the rotor according to Figure 3, a 
‘eandenser motor is obtained which works well in ether direction for high frequency altemating current. It was also observed thatthe motors in such 
forms of construction were found to be more sensitive to resonance effects. Such a motor then works the best if stator and rotor surfaces have equal 
‘capacity and selt-inductance so thatthe wings both in the stator and also inthe rotor are in resonance, 


A motor constricted according to the foregoing kind is already fully technically applicable. But even these motors have a series of faults, more 
Particularly in their building constrction. For example, the attachment of the spiral condenser surfaces both of the stator and of the rotor sown in 
Figure 3 are in practice dificult to carryout, Therefore in practice the condenser and stator surfaces are simply wound of wire or bands in the form 
shown in Figure 4. Such stator and rotor surfaces may, without further difficulty, be regarded as electromagnetic poles, although they are not made of 
iron as isthe case in electromagnets. Such machines may be spoken of dictly as motors for high frequency altemating curents in which the separate 
pole surfaces consists of wound induction condenser surfaces of which one is sound on the stator and the other om the rotor. 


[the coil as shown in Figure 4 be made of well insulated wires the coil ean be embeded in insulting material ether forthe stator or motor surfaces 
as has already been done in the case of ordinary single and multiphase motors. At the same time the possibilty is afforded by increasing the number of| 
tums to produce a greater or smaller alteration of the self induction co-eficients 


In Figure 5 is shown 2 modified construction ofa rotor for a four pole motor consisting of four condenser surfaces 1, 2, 3, 4, of which 1 and 2 are 
‘connected though an iductance 9 coupled with the coil 10. Four inner surfaces, 6, 7, 8 are provided of which S and 6 are diectly connected also 7 
and 8 similarly connected 


The pairs of like poles are connected by wires 14 and 15 tothe source of energy. By a suitable selection of the values of the reactance and capacity in 
these cites resonance circuits may be formed, 
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Having now particularly described and ascertain the nature of our said invention and in what manner the same is o be performed, we declare that what 
we claim is: ~ [Claims not included here] 


British Patent # 157.263, 


Process & Apparatus for Converting Static Atmospheric Electrical Energy into Dynamic Electrical Energy of any Suitable 
High Periodicity 


Hermann Plauson // H.O. Traun’s Forschungs-Laboratorium GmbH. 


Static acral electricity inthe form of direct curent can be converted by using spark gaps and with the assistance of oscillatory circuits into dynamic 
lctrical wave energy of a high numberof alternations of a more or less undamped nature and in such form - either director by means ofa special 
kind of resonance or ‘condenser motors! ready to be utilized for technical purposes as mechanical energy. 


For small installations this system may be very well employed; about 100 horsepower may be stated as practical limit, In constructions of lage 
aggregate difficulties as regards the spark gaps however inrease considerably. Further itis desirable to convert the accumulated currents of fom 100 
to 1000 periods which may then be used forthe ordinary types of ltemating current machines instead of into electromagnetic waves ofa high number 
‘of alternations. 


In experimenting with condenser motors the construction of which forms the object of British Patent # 157,262 it was observed thatthe roto, if one 
pole of the stator surface be connected withthe aerials collecting acil electricity and the other pole withthe earth, not only could act as a motor, but 
Hf vice versa the rotor connection with the stator be interrupted and the rotor caused to rotate by means of another moter, that when the brushes supply 
an altemating cutent the periodicity of which is dependent on the number of poles and the revolutions of the rot. Such an apparatus may therefore 
be regarded asa transformer of static into dynamic electrical ener 


The invention is more particulatly described with reference tothe accompanying diagrams in which: — 


In Figure 1A isa strong accumulator battery, | and 2 are the outer poles of the transformer, consisting of simple metallic plates or areas shown in 
Figures 8-11, made of wire coils without an eleetomagnet being present. Between these poles an armature isrevolubly mounted on a shat, which 
armature also consists of two similar cylindrically curved plates 3 and 4. These are metalially connected with two collector rings $ and 6 on whic 
two brushes 7 and 8 freely run which again are short-circuited with one another over a primary coil 9.10 is the secondary coil with the fre ends 11 
and 12. If through the accumulator battery the stator plat | is charged with postive electricity, it induces a charge of reverse sign on the rotor surface 
5 which is connected by the brushes 7 and 8 over the primary coil 9 with the second rotor surface 4, Ths later is therefore charged with postive 
‘lectricity, which in turn induces negative electricity on the stator surface 2/ Up to this moment everything takes place inthe same way as if two 
condensers were connected one behind the other inthe current circuit A If however, by means of mechanical power, this roto be caused to rotate, the 
Surface conditions are altered. After a quarter revolution the rotor plates are between the stator plates and therefore no condenser surface faces ancthet. 
By this means however, the capacity of the entre system is reduced to a minimum and a change of current wil also result inthe main 9. Now if the 
rotor be tured futher through 90 degrees by mechanical energy the rotor plate 3 comes appesite the stator plate? and the rotor plate 4 opposite the 
"ator plate I, so that then the rotor pats arc in a fed of reverse sign, A fresh charge of current inthe reverse direction now runs through the primary 
‘coil 9. After further half revolution the same action is repeated so that afer a full evolution the initial condition is again produced. The result of 
Such a revolution isan alternating current the periodicity of which is equal to the numberof revolution. In practice of course not two poles but as many 
poles as possible would be employed because thereby the number of alterations would e considerably increased. The primary altemating current thus 
‘blained induces in the secondary circuit an alternating current the potential of which is dependent on the winding of the col 

‘multipolar machine, 
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Lf the stator surface 1, instead of being connected with the battery be connected with a collecting aerial network and the other stator surface 2 be 
direcly earthed, but the otor wih is othervise consructed as hereinbefore, be rotated by a separate motor a much stronger alternating current results 
‘whic i tbe ascribed to the circumstance that a much higher potential ean be charged on the pole surfaces of the stator by reason ofthe higher 
pressure ofthe static electricity than where accumulators are employed. By this means the transformer has ofcourse much larger quantities of energy 
ppl to it 


Figure 2 shows a mode of connections. The stator surface I is connected withthe aerial antennae whic is connected through the safety spask gap F to 
cart at EL. The stator surface 2 is directly earthed at E2. The inner revoluble rotor surfaces 3 and 4 are interconnected by means ofan induction coil 
Which is constricted directly inthe motor. The current is taken as in Figure 1 upto collector rings by means of brushes, which are not shown forthe 
sake of cleamess, and further conveyed through the conductors 11 and 12. Hetween these a condenset 5 may be inserted, There is thereby formed 
short oscillatory oscillation circuit fee from spark gaps, which circuit consists of the induction coil 9 and condenser $ and is fed by the periodic 
Charging current impulse. By this means the possibilty is afforded of oblaining a kind of curent which is characterized by longer periods and is 
tundamped and oscillatory. OF course a simaple alternating current may be obtained hy cuting ont the condenser. 


Instead of the induction coil the condenser may also b constructed in the rotor His can be carted out in such a way that its ends serve directly as 
collector rings for taking curent through the brushes. In Figure 3 such a motor is sketched in perspective, 3 and 4 are the rotor surfaces, § and 6 are 
the condenser surfaces constricted to form part ofthe rotor consisting of two eo-asal cylinders iting ane inthe other in such a way thal fre room i 
left forthe brushes 7 on one end of the condenser eyinder 6, 


The condenser may be made in the form ofa cylindrically wound spiral forming the capacity and reactance as shown in Figure 4. A further type of 
transformer is shown in Figure S. The diference consist in the ator ad olor surfaces not only each assuming a quer ofthe circuit but limos the 
half, By this means the space and the effective condenser surface is beter utilized, Charge is produced only when the rotor surfaces face the full ssope 
othe stator surfaces. 


{In addition a condition i obtained in which the stator surfaces are inductively connected by the rotor surfices. The consequence ofthis is that an 
alternating curent simultancously results which is produced without sparking otherwise the connection is as befor. 


Figure 6 shows the alternation ofthe rotor surfaces; the rotor here consists of two cylindrical condenser plates arranged concentrically, each divided 
itp two halves and connected so that half the inner cylinder is connected to half the outer. Such a machine shows the more complete transformer 


Figure 7 shows a four polar transformer It consists of a mal casing, the lower half of which is fastened with the Foundation plates 17 tothe 
‘or foundation. The upper bal the cover, ix connected by bolts 15 and 16 firmly with the under part, This upper sleeve of casing is insulated fom the 
tunder par, Two rings | and 2 are cylindrically constructed in the casing. The ring | is metalically connected withthe collector aril andthe ring 2 
with the earth. On both rings an equal numberof stator surfaces are mounted side by side but well insulated from one another and thus form an 
electrostatic field similar tothe electromagnetic in many alternating current machines. The rotor consists in similar manner of two rings 5 and 6 on 
‘which an equal number of rotor surfaces are fixed so that each stator surface faces a rotor surface. By the brushes 7 and 8 the altemating current 
formed is removed from the collector. The charge is canveyed bythe conductor [4 to and by 13 away. If this rotor be then rotated by means of a motor 
the positive and negative fields precisely as inthe case of magnetizing will alter and thereby an altemating current i formed inthe rotor, the periods of 
‘which are dependent om the numberof te poles and the revoltions per second 


Ppt 


At the commencement it was thought that this apparatus coud only be reyanded as alternating current converters, but it was soon found that much 
more enengy was necessary to rote the rotor than might he necessary to overcome the friction, It was then found that the considerable expenditure of 
energy for rotating the rotor was caused by a conductor being maved through strongly electrostatic fields since the electrostatic lines of force must be 
fut at right angles and that further inthe conductors a stronger current arse than was otherwise to be expected. This apparatus must therefore not oaly 
be regarded as a transformer, but also as an enersy producer, with the diference that the excitation here is obtained instead of by means of 
electromagnet, by static fields of high pressure. The entire system may, to some extent, be compared with a dynamo in which the excitation takes 
place by means ofa fixed constant magnet. It was furker ascertained that his way of using the atmospheric electricity produced a sort of suction on 
the collector network, and that thus suitable greater quantities of curent could be obtained, 


The effects which in this apparatus became evident are extromely interesting and open a prospect of being able to obtain here a great deal more 
‘Merely that these transformer made it possible to transform suitable quantities of atmospheric electricity nto alternating current of high or lower 
frequency (withoat the use of spark gaps) shows already the extreme utility of these apparatus. Should in future the construction of larger aggregates 
be nosessary the transformer installation may be constructed in such a way that motots which are fed by a current oblained from an installation with 
spark gaps produce a certain quantity af energy which may then be employed for praducing current according to the last described system, 


The results of the examinations made for this may be construed as flows. 
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(1) If sold electrodes (condenser surfaces, rotor and stator surfaces) are employed they become hot. Ths effect may be considerably reduced by 
‘cutting the electrodes in ribbed form Figure 8, but not entirely removed, This form allows the surface of the condenser plate to be enlarged oF 


increased; the electrodes may be fastened ina simple manner on the under frame by perforation 1, 2,3, 4,5. 


High 


(2) If nicks or notches in spiral form as shown in Figure 9 seen from the side end in Figure 10 in section are employed, not ony isthe transformer 
‘effect greater but the poles yields also more current, but require greater quantities of energy for their movement than a simple commutator action 


‘would rogue 


4g. lo 


ig, i 


——— 


(3) The greatest effect is obtained if the rotor and stator surfaces 


fs formed similar to that in phase motors. 


Regular undamped oscillations of high frequency may however be produced ifthe converter be carried out in the manner shown in Figure 13. The 
acral wire L is metallcally connected with the ring 20. To this two pole surfaces | and 2 are connected. The inductive earth pole is also connected 
With a second ring 10 from which again two, poles 1a and 2a are branched off Of course in Similar manner any suitable number of poles may be 


branched of. In similar manner there are in th rotor two poles fastened 10 one another (3 and 4 and 3a and 4a) connected with separate collector rings. 
From these two rings the current is collected by means of two brushes. The induced alterna 
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e wound in fat spiral form of suitably thick wire, and in such @ way that the 
inductive effect combining with the capacity is calculated in stitable proportion and ths result is adapted toa suitable periodicity. In practice this i= 
preferably done by the wre bent in spiral form being inserted in a separate vuleaniteor hard rubber mass (see Figure 11) so that a smoath pole surface 


wg cutent is however directly metallically connected with 
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sn inductive ert stator conductor over an induction col 9. Further a combined inductance and capacity Sis inserted betwoen the two wires IT and 12 
in parallel with the converter. By this means asparkless oscillatory ciruit is obained which can act on the exciting cutent in the stator. This produces 
however, a periodic alteration ofthe charging quantities according to the oscillation curves of the rotor currents in consequence of which the stator 
charge also commences with resonance oscillations and if the stator and rotor surfaces are calculated to one another in such a way that they are 
‘dapted to form oscillations of waves of similar length the entire converter is caused to oscillate and furnishes undamped oscillations of high number 
‘of alterations but of periodically changed amplitude, the form of whichis dependent on the amplitude of the main alternating current and is caused, 
by the number ofthe poles and revolutions per second. Thus an alterating eurent of, for example, 100 periods is formed, the separate periods of| 
hich are formed by undamped oscillations ofa higher number of alterations. In Figures 14-16 four other diagrams of converters ae illustrated, the 
‘object of which is not to produce usual alternating curent, but oscillations of high frequency 


| 


4 Ee 


The main difference of these systems ftom those previously described is that from the connection of the collecting aerials is made between the stator 
pole 1 (Figure 14) and one pole 16 ofthe condenser 17 and the earth connection between a second stator pole 2 and the pole 18 of the condenser 19. 
The other poles of these condensers 17 and 19 are short circuited through a ring over two inductive primary coils 9 and 9a with one another. The 
secondary coils form the rotor conducts 10/and 10a. The rotor itself is constructed in the manner shown in Figure 6 of two short-circuited plate 
‘condensers which may be wound as shown in Figure 11_In similar manner of course the stator surfaces may also be formed. The collector rings ofthe 
rotor withthe two brushes for collecting current are here not shown inorder to simply the drawings. By the connection of the two condensers in the 
‘exiting circuit of the eonvertr and also by the action of the altemating curent produced in the rotor on the stator eri witha corect calculation of 
the capacity and the selinduction coeicients a maximum action may be obtained, ‘The kindof eurent produced will be similar to tht described for 
Figure 12 


The novelty ofthe converter illustrated in Figure 15 consists mainly in that the curent resulting in the rotor isnot directly employed, but only serves a 
exciter of the primary coils 9a and 9b. The working current is produced in the secondary coils 10 and 10a and further conducted through the 
conductors 11 and 12. The stator current may be brought by the regulatable inductive resistance 9 to the same resonance asthe rotor current 
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In Figure 16a very similar system is shown to Figure 14. The condenser $ is however connected in parallel withthe converter; and by the inductive 
resistance constructed in the rotor a short circuited oscillatory circuit i formed which gives extraordinarily good results and i simple in construction. 


The inductive resistance 9 may also instead of being constructed in the rotor be constructed as primary coil employed outside the rotor and short 
circuit the oscillatory cicuit over the stator surfaces (sce Figure 17) 


The last six types serve only for producing oscil 
complicated constructional arrangements are not required as the types illustrated in Figures | 0 11 suffice, Its self-evident that thes 
nay be altered in various ways by means of different condenser surtaces in practice. 

Having now particularly described and ascertained the nature of our said invention and in what manner the same is to be performed, we declare that 
what we claim is: —[ Claims not included here 
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For the downlink, the technology can transmit in as many as eight layers using an 8X8 
configuration for a peak spectral efficiency of 30 bps/Hz. This exceeds the |MT-Advanced 
requirements, conceivably supporting a peak rate of 1 Gbps in just 40+40 MHz, and even 
higher rates in wider bandwidths. This would require additional reference signals for 
channel estimation and for measurements, including channel quality, to enable aday 
multi-antenna transmission. 


Release 10 supports a maximum of two codewords, the same as previous LTE releases. 
The release specifies a new transmission mode (TM-9) that supports SU-MIMO up to Rank 
8 (up to eight layers), as well as the ability to dynamically switch between SU-MIMO and 
MU-MIMO. 


Figure 60 shows the different forms of single-user MIMO in Releases 8, 9, and 10. Release 
8 supports only a single layer, whereas two-layer beamforming is possible in Release 9, 
and eight layers are possible in Release 10 with eight antennas at the base station 


Figure 60: Single-User MIMO™> 
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Figure 61 shows multi-user MIMO options across different releases. Release 8 supports two 
simultaneous users, each with one layer using four antennas, while Releases 9 and 10 
support four simultaneous users, each with one layer. 


Figure 61: Multi-User MIMO™> 
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For four-antenna configurations at the base station, Release 12 improves throughput by 
adding a feedback mode, called mode 3-2, in which sub-band precoders and sub-band 
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fon) ABSTRACT 


Arrangement of resonators in an aperiodic configurations are 
dlescribed, which can be used for electromagnetic cloaking of 
‘objects, The overall assembly of resonators, as structures, do 
not all repeat periodically and atleast some of the resonators 
‘are spaced such that their phase centers are separated by moze 
than a wavelength, The arrangements can include resonators 
‘of several diflerent sizes and/or geometries arranged so th 
‘each size or geometry corresponds to. moderate or high "Q” 
response that resonates within a specific frequency range, and 
that arrangement withia that specific groupiag of akin ele- 
‘meats is periodic in the overall structure. The relative spacing 
and arrangement of groupings can be definod by sof similar- 
ity and origin symmetry. 
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1 
WIDEBAND ELECTROMAGNETIC 
‘CLOAKING SYSTEMS 


RELATED APPLIC. 


«TION 


This application claims priority to U.S. Provisional Patent 
Application No, 61/189,966, filed 25 Aug. 2008 and entitled 

‘Methexl and Apparatus for Wideband Electromagnetic 
Cloaking, Negative Refiuetive Index Lensing and Metamate- 
rial Applications. the entre conteats of which are incorpo- 
rated herein by reference, 


BACKGROUND 


‘Much time and effort has been devoted to the quest for 
so-called invisibility machines. Beyond science fietion, how= 
ever, there has been ite if any real progress toward this goal 

‘Materials with negative permittivity and permeability lead 
ing to negative index of refraction were theorized by Russian 
noted physicist Victor Veselago in his seminal paper in Soviet 
Physies USPEKHI, 10, 509 (1968), Since that time, metamae 
terials have been developed that produce negative index of 
refraction, subject to various constraints. Such materials are 
anificially engineered miero‘nanostructures that, at given f= 
quencies, show negative permeability and pemittvity. 
‘Metamaterialshave been shown o produce narrow band,e.g., 
typically less than 5%, response such as bent-back lensing. 
Sich metamaterials produce such a negative-index effect by 
‘lilizing a closely-spaced periodic latiee of resonators, such 
as splitting resonators that all resonate, Previous metama- 
terials provide a negative index of refraction when a sub- 
‘wavelength spacing is used for the resonators 

Tn the microwave regime, certain techniques have beea 
developed uilize ndistion-absorbing materials or coatings 
to reduce the radar eross section of airborne missiles and 
vehicles. While such absorbing materials can provide an 
effective reduetion in radar eross section, these results are 
largly’limited to small ranges of electromagnetic radiation. 


SUMMARY 


Embodiments of the present disclosure ean provide tech 
niques, including systems and/or methods, for cloaking 
objects at certain wavelengths/trequencies or over certain, 
wwavelength/frequency ranges (bands). Such techniques can 
provide an effective electromagnetic lens andlor lensing 
effect for certain wavelengths/frequencies or over certain 
wavelength/frequency ranges (bands) 

‘The effects produced by such techniques can include 
cloaking or so-called inv 


tion can include, but are not limited to, those overa 
‘500 MHz to 1.3 GH, though others may of course be real~ 
ized. Operation at other frequencies, including for example 
those of visible light, infrared, ultraviolet, and as well as 
microwave EM radiation, eg, K, Ka, X-bands, ee. may be 
realized. c.g. by appropriate scaling of dimensions and selec- 
tion of shape ofthe resonator elements 

Exemplary embodiments of the present disclosure can 
include a novel arrangement of resonators in an aperiodic 
configuration or lattice. The overall assembly of resonators, 
as structures, do not all repeat periodically and a least some 
‘of the resonators are spaced such that their phase centers are 
separated by more than a wavelength. The arrangements can 
include resonators of several diflerent sizes andor geom= 
etries arranged so that each size or geometry (“arouping") 
corresponds to a moderate or high "Q” (tbat is moderate or 
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low bandit) response that resonates within a specific fe- 
quency range, and that arrangement within that specific 
‘grouping of akin elements is periodic in the overall struc~ 
‘ure—even though the structure as a whole is not an entirely 
periodic urrangemeat of resonators, The relative spacing and 
arrangement of groupings (atleast one for each specific fre~ 
{quency range) can be defined by self similarity and origin 
symmetry, where the “origin” arises atthe center ofa struc 
ture (or part ofthe structure) individually designed to have the 
‘wideband metansateral property. 

Por exemplary embodiments, fractal resonators can be 
used for the resonators in such structures because of thoir 
cconttol of passbands, and smaller sizes compared to non- 
fractal based resonators. Their benefit arises from a size 
standpoint because they can be used to shrink the resonator 
(6), while control ofpassbands ean redace or eliminatesissues, 
‘of harmonie passbands that would resonate at frequencies not 
desired, 

It should be understood that other embodiments of wide 
band electromagnetic resonator or cloaking systems and 
‘methods according 10 the present diselosure will become 
readily apparent to those skilled in the ar from the following 
dltailed description, wherein exemplary embodiments are 
shown and described by way of illustration. The systems and 
methods of the present disclosure are capable of other and 
different embodiments, and details of sich are capable of 
‘modification in various otber respects. Accordingly. the draw 
ings and detsiled description are to be regarded as illustrative 
innatore and not as restrictive 


BRIEF DESCRIPTION OF THE DRAWINGS, 


Aspects of the disclosure may be more fully understood 
from the following description when read together with the 
accompanying drawings, which are tobe regarded as ilustea- 
tive in nature, and not as Fimiting. The drawings are not 
necessarily to scale, emphasis instead being placed on the 
principles of the disclosure, Inthe drawings: 

FIG. 1 depicts a diagrammatic plan view of a resonator 
cloaking system utilizing a number of cylindrical shells, in 
accordance with exemplary embodiments ofthe present dis 
closure; 

FIG. 2 depicts a diagrammatic plan view of a resonator 
cloaking system utilizing @ numberof shells having an ellip- 
tical cross-section, in accordance with an altemate embodi- 
‘ment ofthe present disclosure; 

FIG. 3 depicts an exemplary embodiment of a portion of 
shell that includes repeated conductive traces that are contig 
‘ured in a fractal-ike shape; and 

FIG. 4 depicts a perspective view (photograph) ofan exem- 
plary embodiment ofthe present disclosure. 

‘While certain embodiments depicted inthe drawings, one 
skilled in the art will appreciate that the embodiments 
depicted are illustrative and that variations of those shown, as 
well as other embodiments described herein, may be envi- 
sioned aad practiced within the scope of the present disclo- 


DETAILED DESCRIPTION, 


‘The present disclosure is directed to novel arrangements of 
resonators useful for obscuring or hiding objects at given 
bands of electromagnetic radiation, Embodiments of the 
present disclosure can provide techniques, including systems 
and/or methods, for hiding or obscuring objects at certain 
wwavelengihs/frequencies or over certain wavelength/ire- 
quency ranges or bands. Such techniques ean provide an 
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cflective electromagnetic lens and/or lensing effet for cer- 
tain wavelengthsfrequencies or over certain wavelength fe 
quency ranges or bands. The effects produced by such tech- 
niques can include cloaking or so-called invisibility of the 
‘object(s) atthe noted wavelengths or bands. 

Representative frequencies of operation can include, but 
are not limited to, those over a range of ubout 500 MElz 10 
about 13 GH, though others may of course be realized. 
(Operation at other frequencies, including for example those 
of visible light, infrared, ultraviolet, and as well as microwave 
EM radiation, eg..K, Ka, X-bands, etc. may berealized.eg., 
by appropriate scaling of dimensions and selection of shape 
of the resonator elements. 

Embodiments of the present disclosure include arrange 
‘ment of resonators or resonant structures in aperiodic con= 
figurations or lattices. The overall assembly of resonator 
structures can include nested or concentric shells, that each 
include repeated patterns of resonant structures. The resonant 
structures can be configured as a close-packed arrangement 
of electrically conductive material. The resonant structures 
cean be located on the surface of a circuit board 

‘The overall assemblies, as structures, do not all repeat 
periodically and at least some of the resonators are spaced 
such that theie phase centers are separated by more than a 
‘wavelength, The arrangements can include resonators of sev~ 
tal different sizes and/or geometries arranged so that each 

‘or geometry (“grouping”) corresponds fo a moderate or 
high quality-factor "Q” response (that is, one allowing fora 
moderate or ow bandwidth) that resonates within a speci 
frequency range, and that arangement within that specific 
rouping of Tike elements is periodic in the overall struc 
‘ure—even though the stricture asa whole isnot an entirely 
periodic arrangement of resonators, The relative spacing and 
arrangement of groupings (atleast one for each specific f= 
quency range) can be defined by self similarity and origin 
symmetry, where the “origin” arses atthe center of a sirue= 
ture (orpartofthe structure) individually designed to have the 
wideband metamaterial property. 

For exemplary embodiments, fractal resonators can be 
used for the resonators because oftheir conteol of passband, 
and smaller sizes. A main benelit of such resonstors arises 
rom asize standpoint because they can be used to shrink the 
resonator(s), while control of passbands can reduce/mitigate 
or eliminate issues of harmonic passbands that would reso- 
nate at frequencies not desired 

Exemplary embodiments ofa resonator system for use at 
microwave (or nearby) frequencies ean be built from belts of 
circuit boards festooned with resonators. These belts can 
function to slip the microwaves around an object located 
within the belts, so the object is effectively invisible and "see 
thru” atthe microwave frequencies. Belts, or shells, having 
similar closed-packed arrangements for operation at a first 
passband can be positioned within a wavelength of one 
another, €8.,Yith, Ah, Vis, 6h, el: 

An observer can observe an original image or signal, with 
cout it being blocked by the cloaked object. Using no power, 
the fractal cloak can replicates the original signal (that is, the 
signal before blocking) with great fidelity. Exemplary 
{embodiments ean function over a bani from about $00 
(MHz to approximately 1500 MHz (1.5 GHz), providing 3:1 
‘handwieth operation within ornear such can frequencies can 
provide other bandwidths 2s well, such as 1:1 upto 2:1 and up 
to about 3:1 

FIG. 1 depicts @ diagrammatic plan view of a cloaking 
system 100 and RF testing set up in accordance with exem= 
plary embodiments of the present disclosure. As shown in 
FIG, 1, a number of concentric shells (or bands) 102 are 
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placed om a platform (parillel to the plane of the drawing), 
‘The shells inchude flexible substrate (e.2., polyimide with or 
without composite reinforcement) with conductive traces 
(eg, copper, silver, ete.) in fractal shapes or outlines, The 
shells 102 surround an objet to he cloaked (shown ws 104 in 
FIG. 1). transmitting antenna 1 and a receiving antenna 2 
are configured at different sides ofthe system 100, for veri- 
fying efficacy of the cloaking system 100 and recording 
resus, The shells 102 can be held in place by radial supports 
106 (while only four are shown, 12 were used in the exem- 
plary embodiment indicated), 

The shells indicated ia FIG. 1 are of two types, one set 
(A1-Ad) configured for optimal operation over a fist wave 
length frequency range, and another set (B1-B3) configured 
for optimal operation over a second wavelength frequency 
‘ange. (The numbering ofthe shells is of course arbitrary and 
ccan be reordered, ex, reversed.) 

Poranexemplary embodiment ofsystem 100, the outer set 
of shells (AI-Ad, with A1 being the innermost and Ad the 
‘outmost hal a height of about 3 to 4 inches (.g.,3.5 inches) 
and the inner set of shells had a height of about 1 inch less 
(ex, about 2.5 to 3 inches). The spacing between the shells 
‘with a larger fractal shape (AL-A4) was about 2.4 em while 
the spacing between shells of smaller fractal generator shapes, 
(BI-B) was about 2.15 em (along a radial direction) In a 
preferred emboxliment, shell Ad was placed between shell B2 
‘and B3 as shown. The resonators formed on each shell by the 
fractal shapes ca be configured so as to be closely coupled 
(ez., by capacitive coupling) and can serve to propagate a 
plasmonic wave. 

twill be appreciated that while, two types of shells anda 
given number of shells per set are indicated in FIG. 1, the 
‘number of shelltypes and number of shells foreach setcan be 
selected as desired, and may be optimized for different appli- 
cations, eg, wavelength frequency bands. 

FIG. 2 depicts a diagrammatic plan view of a cloaking 
system (or electrical resonator system) according to an alter- 
nate embodiment in whieh the individual shells have anellip- 
tical cross seetion. As shown in FIG. 2, a system 200 for 
‘cloaking can include a aumberof concentric shells (or bans) 
202. These shells can be held in place with respect to one 
another by suitable fixing means, e, they can be placed on 
2 platform (parallel tothe plane of the drawing) and/or held 
‘with a frame. The shells 202 can include a flexible substrate 
(eg., polyimide with or without composite reinforcement) 
‘with # close-packed arrangement of electrically conductive 
‘material formed on the fist surface. As stated previously for 
FIG. 1, the elosed-packed arrangement can include a number 
of selfsimiar electrical resonator shapes. The resonator 
shapes can be made from conductive taces (ex, copper, 
silver, gold, silver-based ink, te.) having a desired shape, 
€¢ fractal shape, split-ring shape, andthe like. The shells 
202 can surround n object tobe cloaked, as indicated in FIG. 
2 

Asindicated in FIG. 2 (by dashed lines 1 and Zand arrows), 
the various shells themselves do not have 10 form closed 
surfaces. Rather, one or more shells ean form open surfaces. 
‘This ean allow for preferential cloaking of the object in one 
direction or over a given angle solid angle), Moreover, while 
lashed lines Land 2 are shown intersecting shells BI-B3 and 
AL-A3 of system 200, one or more shells of each group of | 
Shells (BI-B3 and AI-A3) can be closed while others are 
‘open. 

‘With further regard to FIGS. 1-2, it should be appreciated 
that the cross-sections shown for each shell can represent 
closed geometric shapes, e.g,spherical and ellipsoidal shells, 
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As indicated previously, cach shell ofa cloaking sytem 
can inchude multiple resonators. The resonators can be 
repeated patterns of conductive trices. These conductive 
traces can be closed geometic shapes, ering, loops, 
closed fractals ete. The resonators) can being self similar to 
atleast second iteration, The resonators ean include slit-ing 
shapes, for some embodiments The resonant stritures are 
not required to be closed shapes, however, and open shapes 
«an be used for such, 

In exemplary embodiments, the closed loops can be con 
figured as fractals or fratal-boxed shapes, eas depicted 
by 302 n FIG. 3 foranexemplary embodiment of shell 300, 
ord02in FIG. 4. The dimensions andtype of facta shape can 
bre the same for each shell type but ean vary between shell 
types. This variation (e.g, scaling of the same fractal shape) 
can alford increased bandwic forthe cloaking characteris- 
tiesofthesystem (eg. system 100 of FIG. 1)Thiscanleadio 
periodicity of the frctal shapes of common shell types but 
‘periodicity between the fractal shapes of different sell 
types 

Examples of suitable fractal shapes (for se for shells and 
cra scatting object) ean includ, bt are not limited 0, fractal 
shapes described in one or moze of the following patents, 
owned by the assignee ofthe present disclosure, the entire 
contents ofal of which are incorporated herein by reference: 
US, Pat. Nos. 6452553, 6,104,349; 6,140,975, 7.145.513; 
7.286751; 6127971; 6.476.766; 7,019,698, 7.215.290; 
6 445,382: 7,126,587, 7,190,318; 6,985,122: 7.345 642; and, 
US. Pat. No. 7.456.799, 

Other suitable fractal shape forthe resonant structarescan 
include any of the following: a Koeh fractal, a Minkowski 
facta, a Cantor fractal, tom square fractal, a Mandelbrot, a 
Caley tee fractal, 2 moakey's swing fractal, a Sierpinski 
gasket, anda Julia facta, a contour st fractal, a Sieepiaski 
Triangle fractal, a Menger sponge fractal, a dragon curve 
fractal a space-filling curve fractal, a Koch curve fractal, an 
Iypanov facta anda Klinian group fractal 

FIG. 3 depicis an exemplary embodiment of a shell 300, 
(eoly a potion is shown) that includes repeated conductive 
tracestbatare configured ina fital shape 302 (he individual 
closed traces) For the exemplary embodiment shown, cach 
resonator shape 302 js about | em ona side. Such resonator 
could, e., be used forthe fractal shapes of shells BI-13 of 
FIG. 1,ja which eae similar fractal shapes of argersize (es, 
about 1.5 em on a side) could be used lor shells AL-Ad. The 
conductive trace is preferably made of copper. While exem- 
platy fractal shapes are shown in FIG. 3, the present disclo- 
Sureisno limitedto such and anyother suitable rata shapes 
(including generator motifs) may be used in aecordance With 
the present disclosure 

TH will be appreciated thatthe resonant structures of the 
shells may be formed or made by any suitable techniques and 
‘with any’ suitable materials. For example, semiconductors 
with desired doping levels and dopants may be used as eon- 
ductive materials, Suitable metals or metal containing com- 
pounds may be used, Suitable techniques may be used to 
Place conductors onin a sell, inluding, but no Timited 1, 
Printing techniques, photolithography techniques, etching 
techniques, and thefike 

twill also be appreciated thatthe shells may be made of 
any suitable matenal(s). Printed circuit board materials may 
‘he used. Flexible circuit board materials are preferred. Other 
‘material may; however, be use forthe shells an the shells 
themselves can be made of non-continuows elements, €., a 
frame or framework, For example, various pasties may be 
ved 


wo 


ay 
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FIG. A depicts a perspective view (photograph) ofan exem- 
play embodiment of a cloak system 400 according to the 
present disclosure. As shown, the system includes « number 
‘of resonator shells 402 each having a close-packed arrange 
‘meat of electrically conductive material (self-similar reson 
tors 404) formed on one surface. Two dilTerent shell configu- 
rations are shown, four larger shells and two smaller shells, 
‘The smaller shells included close-packed arrangements of 
resonator structures in which each resonator shape (as shown, 
bby 302 in FIG. 3) was about 1 cm on a side. Similar fractal 
shapes of larger size (e.g. about |.5 em on a side) were used 
forthe larger shells. 

In FIG. 4, a transmitting (source) antenna and a receiving 
‘antenna are shown as triangular shapes oa the left and righ, 
respectively (though functionally of each could of course be 
interchanged for the other). Twelve radially arayed spacers 
are shown in FIG. 4. The system 400 i shown supported on a 
[Nalgene tank and Delrin platform and Delrin supports (radial 
supporis) RF absorbers were placed inthe immediate vicinity 
of the set up: further RF tripods (e.., available from ETS) 
‘werousedal such materials were substantially wansparentat 
the RF frequencies investigated/used. The cloak system 400 
‘consists of sx belts of fractal metamateral (i. raetal-re80- 
nant structures shown in FIG. 3) on flexible Taconic EF3S 
low loss) circuit board. The belts are shown surround a 
scattering ring (objec). The arrangement is supported by RF 
‘transparent plastics ina comb support. The entire system 400 
‘was shown to be easly built up and broken dowa withia a 
minute or two, The seale in FIG. 4 is about 0.7 meters across 
‘The height ofeach shell ean of course be selected as desired 
depending on the situation/application. 

‘While embodiments are shown and described herein as 
‘having shells in the shape of concentric rings (circular eylin- 
ders), shells can take other shapes in other embodiments. For 
‘example, one or more shells could have a generally spherical 
shape (with minor deviations for structural support). In an 
exemplary embodiment, the shells could form a nested 
‘arrangement of such spherical shapes, around an object to be 
shielded (at the targeted selected frequencies/wavelengths) 
Shell cross-sections of angular shapes, eg. triangular hex 
agonal, while not preferred, may be used, 

‘One skilled in the art will appreciate that embodiments 
and/or portions of embodiments of the present disclosure ean 
bbe implemented iniwith computer-readable storage media 
(eg., hardware, software fimware, or any combinations of 
such), and can be distributed and/or practiced over one or 
more networks. Steps or operations (or portions of such) as 
described herein, including processing functions to derive, 
lear, or calculate formula andior mathematical models uti 
lized andor produced by the embodiments of the present 
disclosure, can be processed by ane or more suitable proces 
sors, €g, central processing units (“CPUs”) implementing 
suitable Code‘instractions in any suitable language (machine 
dlependent on machine incepenslent). 

‘While certain embodiments andior aspects have been 
described herein, it will be understood by one skilled in thea 
‘that the methods, systems, and apparatus ofthe present dis- 
closure may be embodied in other specific forms without 
dleparting from the spirit thereof, 

For example, while certain wavelengths/irequencies of 
‘operation have been described, these are merely representa 
tive and other wavelength/frequencies may be utilized or 
achieved within the scope ofthe preseat disclosure. 

Furthermore, while certain preferred fractal generator 
shapes have been described others may be used within the 
scope of the present disclosure, Accordingly, the embodi- 
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7 
ments described herein are to be considered in all respects as 
illustrative of the present disclosure and not restrictive 


‘What is claimed is 

1. An electrical resonator system, comprising 

4 plurality of concentric electrical resonator shells, each 
shell including a substrate having frst and second sur 
aces and a close-packed armingement of electrically 
conductive material formed on the first surface, wherein 
the closed-packed arrangement comprises a plurality of 
self-similar electrical resonator shapes and is configured 
to operate at a desired passband of electromagnetic 
radiation: 

‘wherein the close-packed arrangements of at Ieast two of | 
the electrical resonator shells are different in size and/or 
shape; and 

‘herein a resonator in the close-packed arrangement com 
prises second order or higher fractal 

2. The system of elaim 1, wherein said passband is about 

2 
3. The system of claim 2, wherein said passband is about 
1 


3: 

4 The system of claim 1, wherein the electrical system is 
configured and arranged so that radiation ineident on the 
system from a given direction has an intensity on a point-by= 
point basis such at each respective antipodal point, relative to 
Aan object placed a the center oF the system, the radiation bas 
the same or similar intensity. 

'5 The system of claim 1, wherein the system is configured 
and arranged so that radiation incident on the system from a 
direction in cylindrical coordinates has the same or similar 
intensity at the antipodal point after having traversed the 
system, 
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6. The system of claim 1, wherein the plurality of shells 
‘comprises alist pair of shells having similar losed-packed 
arrangements for operation at a first passband, wherein the 
‘wo shells are positioned within 42. of one another, 

7. The system of claim 6, wherein the plurality of shells 
‘comprises a second pair of shells having similar closed- 
packed arrangements for operation at a second frequency 
‘band, wherein the to shells are positioned within 42 of one 
another, 

8, The system of claim 1, wherein the plurality of shells are 


hemispherical 
9. The system ofelaim 1, wherein the plurality of shells are 
cylindrical 
10, The system of elaim 1, wherein the plurality of shells 
are spherical 


11. The system of claim 1, wherein said fractal is selected 
from the group consisting of a Koc fractal, Minkowski 
fractal, Cantor fractal. torn square fractal, Mandelbrot, 
Caley tee fractal, a monkey's swing fractal, a Sierpins 
swisket, and a Julia fractal 

12. The system of claim 1, wherein the fractal is selected 
from the group consisting of a contour set fractal a Sierpinski 
‘wiangle fractal, a Menger sponge fractal, a dragon curve 
fractal, a space-filling curve fractal, a Koch eure fractal, a 
Lypanov fractal, anda Kleinian group fractal 

13. The system of claim 4, wherein the plurality of con- 
centric electrical resonator shells are configured and arranged 
for operation at K band, Ka band, or X-band, 

14. The system of claim 1, wherein the system is opera- 
tional over a bandwidth from about 500 METz to about 1500 
MHz. 
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channel quality indicators (CQIs) are included in the UE’s feedback to the eNodeB. Release 
12 also adds a new codebook that further improves throughput. 


‘As depicted in Figure 62 and Figure 63, compared with the Release 8 codebook, the new 
Release 12 codebook provides a 10% gain for both median and cell-edge throughputs. 
Compared with feedback mode 3-1, feedback mode 3-2 provides an 18% to 20% gain in 
median and cell-edge throughput. Jointly, the two methods provide a 28% to 30% gain. 


Figure 62: Median Throughput of Feedback Mode 3-2 and New Codebook."?” 


jan throughput with closely spaces antennas 


all 


Figure 63: Cell-Edge Throughput of Feedback Mode 3-2 and New Codebook * 


7a | a 


antenna array to dynamically adjust a radiation pattern. 


137 5G Americas member contribution. Assumptions include: cellular layout of 19 sites hexagonal grid 
with three sectors per site and 500-meter inter-site distance; simulation case ITU uMa for macro; carrier 
frequency 2 GHz, deployment scenario A homogenous macro; SU-MIMO with maximum two layers per 
UE; proportional fair scheduler; and bursty traffic model, 


188 5G Americas member contribution. Same assumptions as previous figure. 
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Section 1: The Big Picture Approach 


Big-Picture Rule One: Locate a Distant Reference Direction First 


Until you Orient yourself tothe bigger picture, by finding an unchanging direction to latch on to, 
‘Small-scale pictures and large-scale mental layouts cannot came together. +And the local features won't fit into the bigger perspective, 
*Your mental photographs will eat around in chaos, like so many loose jigsaw pieces, or letters in an alphabet soup. 
In choosing a Reference Direction, your first choice should be. 
‘ASTRONOMICAL — Sun, Moon, star, planets, satelitas—e.g. Locate the direction of the North Pole Star. There is an astronomical overview p32 
Then $GLOBAL —— Compass or Botanical or Geomorphological North e.g. find Canada's North Magnetic Pole. 
Next SCONTINENTAL — Weather Systems, racia transmitters, powerline networks, highways, sea-coast~e.g, notice the Sydney to Hobart flight path 
Then DISTANT landforms ~ Lie, Lay, Lines, His; Lights, etc.—e.g. the direction ofthe main river valley draining to the sea. 
Last of all comes: ‘What you can seein font of your nose! Le. dont let your mind latch on to some unreliable or meaningless referance ike 
how the car is parked, or where the wind Is, or the intial direction af the track/the drive injthe main street, of uphill, oF the way you got out of bed. 
‘If you can’t see a thing beyond a few metres, and have no compass, you will ned to "keep a straight line” (see p. 87b) by lining up markers. 
Now that you have a reference direction, you can implement the other "Rule One's. 
Match what you see infront of your nose to the reference; 
‘Preciet your overall trend before you star ‘Notice your start-off direction as you start. 


Visualisation is your Key Skill 


‘This is most especially relevant to orienting your nose, in your mind's eye, to the Bigger ar Invisible Pictures, but is needed at all scales. 


Imagine winere the Southern Cross is during the day; or where the cars are, now how you gat here. 
Visualise the Earth’ invisible spin-ax's and the weather map you sam, yesterday 
Mentally picture the Galactic spiral! — which clock-sense ist? or the turnoff you need — wil tbe uphill? 
Remember the tropical countries under the Sun andthe way back 
Describe the path of 2 shadow-tip in mid-Winter or what makes this place recognisable 
Picture Sunrise in Antaetica tomorrow morning er old blaze, In your mind, you don't miss any 
Interpret numbers, labels and words into realty e.g. what the shape ofthe night-sky has to do with Your global postion 
Express visually what each clue means ‘eg. what "high noon” means to you right now 
Mentally photograph ‘the map as you study it beforehand and how the climb opened out onto the plateau 


Mentally match — the invisible landscape trends to the reference drection and to what you see infront of your nose 
[At night, and inthe rain, navigation gets to be ‘alin the mind! 


By recreating the reality you carit see, you can navigate what i in front of your toes, by intelligent imagination. 


Big-Picture Orientation is a Mental Layout Acquired Beforehand 


Because the invisible picture is so large, you can éo your global and continental orientation at home before you start 
“Traveling all day to go walking somewhere else, wil hardly altri. 


You use: a alobe; an atlas; a roadmap of the continent ~ to lear the lay beforehand. Thase are layout maps... The relative positions shown are fixed, 
‘But layout views ~ as seen from above ~ wil hardly ever be sean In your reality, first-hand. 
(in contrast, when you come to putting Yourself Inthe middle af the big-picture, you see the landscape first-hand, and you will need 
‘Nose Navigation” — as saen from the ground ~ whichis all about the apparent relative directions.) 
‘The global constants won't change as yau walk, e.g. the behaviour ofthe Sun and stars, because everything Isso distant. 


‘You need extra care to visualise the Big Picture, and its meaning, becouse its (3) Round (global) (b) Layout (ie. mental only) (c) Invisible (@) Big! 
Bo this Before you attempt to nose your way through the local scenery. 


‘Smaller-scale clues can then "itn, sensibly, to the larger context. 


Compass Navigation Robs You of a Global Perspective 


Flat maps must distor the true picture. Only a globe is true. Mercator-projection maps (diagram 1) distort land arsas and lonaitude lines, 
inorder to "preserve the straightness” (!) of a compass course, which never was straight 


Ifyou glue your nose to a compass needle, to fellow a compass-course, a 

the course which looks straight on a flat Mercator map will actually take you on a spiral, Width or] 

Into either the South ar North Pole (as when you keep any landmark at a diagonal). latitude 

‘The Sense of the spiral (tuming to your right/le) changes as you cross the Equator... an the 

Because you do need a big-picture approach, you need a global perspective, maps side 

(Here's a good place to set out the basics. v 

Remember: "Lattude equates to the distance from the Equator” ~ the short dimension. [A 3D spiraling helix 
'Tongitude turns upon the time — how long fas the globe turned since minight") < _ long fer longitude > 


Here's a test: Imagine the midsummer sunset from well Down Under, looking even further South. Do you think ofa tropical country in that direction? 
‘The fellowing section — about Sun Moon Earth and Stars — alms to restore a true perspective to people who can hardly think except with a fat dlagram, 
and can hardly visualise anything without divorcing it fam the real landscape infront oftheir nase. (There Is always a tropical country under the Sun.) 
‘Think of this “global ariertation’ section as a global Re-Onentation ‘and don't forget, tat... Global means Round! 


The Big Picture is Invisible — Your Job is to Visualise It! 


‘As a matter of principle, we should work top-down 
‘ve. from a framework down to the detall from general to specific, large to small, overall to local, unchanging to changeable. 

‘As a matter of fact, we are lazy. The point of doing “useless” grand-scale orientation oxercses is to 

‘make global orientation second nature — easier next time around) 

te make you forget fat pictures ofa round Earth and to Imagine It property; 

to give your strugaling memory some comprehensive and rlable framework to work within; 

to Integrate what you can't see with what you can, e.g to link different walks and areas 

to orient to, and to understand, the Sun's movement, and to orient to the Moon and stars and planets as a bonus; 

to make extra clues and techniques available, e.g. to open up astro-navigation techniques, 

to wore top-down” ~ eo avoid jumbling ua your mind 


The idea isto read the following double-pages horizontally, as one topic, ie. Sun-Sun; Stars-Stars; Clockwise-Antclockwise. 
To follow one topic through, fip over the pages and look in the corresponding positions. 


a 


Section 1: Big Picture; Top Down 


«=e Global Re-orientation — Light-Half/Dark-Half 


Fontan Step 1. Always Position Yourself on Top of the World. ..whather in a diagram or mentally or in reality 
‘This makes your reorientation realistic, doesn’ I? 
{Bok at your feet and imagine you sre standing on a huge basketball in the sunlight. 
- To visualise the light-half/darkchal of the globe, carry areal ball with you, preferably a globe ofthe world. 
Imagine that everything which you see, ths side ofthe horizon, isthe tiny top-fraction of a huge bal 
Step 2. Face the Sun, but imaaine it ow down, setting, with harizontal rays coming to You. 
‘Notice the circle which divides day from night, passing to left and to right underneath your feet. 
He divided light From darkness by a crcie drawn on the face ofthe sea.” Job 26:10, 
‘Step 3. “Raise’ the Sun, and its sunbeams, to thelr actual height. 
‘And ae you do, let the darkchalf fall bk Behind you by the same amount 
ile. degree for degree around a round globe—one degree of fll-back for one degree of Sun-rising 
[ter this you ean do your best ta answer: (Help wil fllow soon) What countries are seeing the Sun as horzortal? 
Le: Which countries does the ‘circe” pass through at the moment? Which ones are seeing the Sun rise? 
Which ones see ie setting? Wihich parte see a 24-hour sunset, withthe Sun skimming tne horizon? (Use a globe) 


Your Best Reference Direction: Imagine the Sun at High Noon — Always 
(This wort work so wel i the topics) 
Night or day, your mental reference direction is North or South by the Sun. So imagine the Sun North of you (Southern Hemisphere) fan or shine 
Tes the natural interpretation... of looking at your watch, and 
Bt looking st the Sun, when i isnot North of you. (Waring: Don't look sirectly at the Sun! I wil lind yout) 
Sf looking the compass. (You don't want ta locate ‘Canads's magnetic ple, ater al!) 
{of judging Botanical North/South (p. 74a); 
Of using @ map in conjunction with the landscape, 
Snd even when using the Moon 
Imagine the hgh-noon Sun in a fea landscape ~ this one here! 
ny all times GF day or ihe 
= St the correct height, on its circular path, 
— vahich i ited a ts rise-set angle. 
Warning Rarizon 
‘Yu wl ge disoriented 
‘When you cross the Equator! 


Noon height (Southern Hemisphere) 
ree ie your best guide to “North” 


North 


The 4 Bright Outer Stars of Orion Point out Where the Pot is Going 


Rigel | 
Find NY/S E/W & Equator * Saiph 
w Hold this chart over your head 
N + 
Movement West ¢——— + 
“Antielockwise around Polaris + 
‘The middle of Orion's belt wil follow through the Arrow point: 
0630 he 
‘The north-west star ofthe belt — "Mintaka’ — lies ‘on the Equator’ (i.e. over the real ane) 
The N-S position ofa star is called its “declination”, equivalent to the latitude ofa point on Earth closest to it. Betelgause * 
‘This is @ Southerners view in Summer. The stars wil be moving to your left ern Belaein *— 
Te Pot handle down through Melssa points to Polaris ‘Meissa 


Look for the Line Joining Sun, Moon, Planets & Zodiac Stars—the Ecliptic 


2 planets are Zodhacal Stars Mars (Red) 

Siways near the Sun a : © Moon 

Venu very bright toy* THe Fhe earth is moving“ ___supiter (very bright white) 

Mercury (rest) ECLIPTIC through space, Eastaround the Sun, SP Goturn (Bright; yellowish) 
7 —— steroid ‘ay from this highpoint at sunset; (SH view is shown 

DIZ sun slow towards at sunvse. (eg. thsi. NA view looking S) 


‘The solar system — Sun and planets ~ is Nat, and the Zodiac marks that plane, by design. It's the ‘edge-on’ view, which we see, from within. 
‘The Moon orsts within 5° of that plane, and £0 is never far of line, The line ts called the Ecliptic 2 great cle. 

(At looks as straight asthe horizon, unlike the diagram. See ‘Optical ilusion’ Inthe Moan box, p.8d). 

During the day, you can orient, not by the Sun only or the Moon anly, but by the line joining them. Sometimes Venus may be visible too. 

‘You have to imagine the rotation of that line (more an this soon). Tt does not move in te same direction in which it points, But is path Is 

up to 23°vs tilted from that. 


Mnemonic: “Clock-wise Northern Hemisphere SWiNES” 


top view M Europeans make chronometer ofl thi Sun, wi dlckise 
"7 24 _ They se, loking South (cagram top ght) rise intne Est South at sr, sot nthe West, tasty ©) —~ wert 
w ‘Thats’ ese rom above; Ear to South to West) for them south 
x ‘he swine Tey force us, dwn under, place our clocks on the gone wall and think hind ust 
y {ive se, ooking Noth ree Catto North at noon to West Le: Sh, andlor) 


_ 
wat OW OK, 
s 
Sta the noon Sun 
clockwise top view 


‘Anyway, changing your direction “Clockwise”, as seen from above, is turning to your flaht, and, ignoring the I, the mnemonic i: 
‘South, to West, to North, to East, to'South or “clockwise: SWINES™ 
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Section 1: Big Picture; Top Down 


A mnemonic for global orientation: “True Polarity” 


“True” courses refer tothe Earths Poles — ie, the axis of rotation ofthe Earth ~ the single most directional thing on our spherical Earth 


“True” bearings measure the angle between the course and the longitude line ~ a North/South line which connects the poles, 
and which passes through your location, 


Ne. N course 
ee this way 
“The angle is measured clockwise from ‘North’ 
Longitude tines Sto 360° e.g. 06ST 
(Oh Six Five degrees True (-polarty)"! 
g 
Se. Remind yourself, whenever you use "True", by saying "True Polarity"! 


MMe MONIC: “Woon sun Passes North of My Nose Down Under"~ It Rhymes inn ' (dow-nun-der) 

(Now, Keeping your nose to North, say... (The second parts work for both hemispheres provided you face North, not noon) 
"Sun Rises on My Right (tothe right of Worth)” Te Rhymes in "rh" 

‘Sun Sets on My Left (in the West)” Ste Rhymes in°@ 

“That's Anticlockwise around the North Pole Star, if you are facing Nerth from the SH; {Clockwise around the South Pole Star’ if facing 5 from NH] 
“The SH horizon shift ta the right 

“The NH horizon Never Heads right, moves lef 


Paper Diagrams aren't Enough, 


For Southerners, loo at the noon Sun i.e. from South of the tropics Imagination isn't enough. 


Go outside and take a look 


(You will need to shield your eyes from the Sun, e.g. with your hand) 


‘Ais nerizon realy moves to the right 


West/seyLert —_North/tlose/Noon/Down Under East/Rise/Right Let the reality sink in 


The Two Brightest Stars Point out the South Pole Star 


‘Canopus and Sirus line up almost South/North, A 
Use the star next to Sirus (Mirzarn’) and the line-up is perfect. Sinus =. Mica 
‘The Dag Star Sirus ie the brightest star in the sy. 17 degrees S. ooo 
‘The Big Dog seems to have a front leg and back leg and a tll 
: SOUTHERN 

Audra, inthe tail 9° SS The Big Dog * . SUMMER 

> 20 wa 
Wiezen, where he wees fram C (Right Ascension’ SIGN 

‘or tar-time) 
‘Adhara, the hind lege * 8 Mirzam 
: This 
is the nearest y 
bright star to Situs © Canopus 53 degrees 5. 


(Go another 37 degrees to South polestar) 


Mnemonic: “Wind? Weather Map!” 


For navigating by the wind, don't just leave it at the level of "The wind is from over there”. 


* Look at the skyline “from Bruce Valley” 
= Look at the Sunshine “from 30° to the left ofthe Sun at the moment" (Don look at the Sunt) 

* Look at the Sun-path “a ‘sunset’ breeze” i.e. from sunset (Simply imagine its rise-set path.) 
* Imagine the continent beyond the skyline “from the West Coast” 

* Mela that reality tothe weather map you remembered. 


Dont stop interpreting the wind until you can fit it nto a Big Invisible Picture connected to that skyline over there. 


. anti-clockwise 


Mnemonic: Down Under, The Sun Moves ANTI-BigBENWiSE 


Look atthe ‘ENWISE" i the mnemonic. 


“Anticlockwise i East to North to West to South to East. nO: 
Ignore te Look down from above ono the horizontal direction involved « * 
‘Antiockwise suring to your lof Antclocknse is ENWISE* w N a 
{af you put acockface onthe north wall and look athe Sun's movement, (Dont lok atthe Sun), 
" ‘au nil se thatthe Southern Hemisphere’ssecondshande ick balers! ie aaaingt the Sun's movernent 
AK, Sopubitonthesoutn al facing Worthy ane the clark hands il move wt te Sun) 
wa-Le£ inthe tropics, the Sun will pass somewhere near overhead. To make it seem "anti-lckwise" anyway, face North 


Don't get mixed up and think of Big Ben wise as clockwise. Down here our Sun maves anti-, and that is ENWISE. 


Section 1: Big Picture; Top Down 


Mnemonic: Time Tells Turning 

What’ the use of loking at your watch and spouting numbers! At least, glance at the Sun or rather at its shadows (dont look directly at the Sun) 
{and then, imagine the Suns direction at high noon a& a reference direction 

“Thats what Hime tai you! — the Sur's postion relative fo its noon direction, North‘South called the “meridian 

‘Aim. says ante meriiem” i.e. "before noon’, and p.m. says “post meri-diem™ ie “after mig-day™ 
MMidéay = 12 noon (but only in an ides! world, because noon is only approximately at 12) 
‘One pm'= one hour past 12md, and 50 on. 
24-hour time tells you how fer around the Earth has turned, since the Sun was opposite you i.e. since midnight 
(and then don't forget atthe local significance ofthe time is! progress ~ distance mace good ~ “watch your pace) 
nemoni 


“Watch” the SuN (without iooking at ty Whenever you watch your watch 
(and “watch” your steps too, for progress) 


Notice these, vestertay ~ to Guess the Time Today 


. ‘Sunrise time (and direction) If you know the time, you can guess at the directions 
. Sunset time (and direction) "These first 2 are symmetric around North 

. ‘The horizontal angle of separation between sunrise and set 

: Midday time (and direction, and height) "This is halfway between. Memorise how short your shadow i. 

. When gid i get ight enough? Ta see, To walk 

. \Wihnen ai i get too dark? To cook. ‘To walk, 

. How long is the usable daylight? ‘The day-length, between dawn and dusk. 

. How many hours of dark? 

When did the Sun reach due East and due West? (How high?) This won't happen in winter. They are symmetric around midday. 

© Times forthe Sun at magnetic East, noon, West? “These don't depend an guessing or calculating the magnetic variation. 


Update yourself every week. 


The Spinning Earth Makes Circular Paths for the Sun, Moon, Etc. 


Sun, Moon, stars, planets — they all move only slightly in relation to each other during 1 day/night 
"but they all com around at about 15° per hour from East to West, 


\though I can draw this on flat paper asa circular path, the Equatorial path actually looks as 
“Braight as the horizon, in reality! (Southern Hemisphere view) 


a 
N\A g\ You can now guess at time or direction by your familiarity with the circular ‘orbits e.g 
“f—The highest point of the path will be North-South of you, if you can guesstimate it 
Latitude determines the rise/set angle of the Equatorial path 
Rising and setting places are symmetrical around North, 


Anough india ing and setig i syrmetsal about Noth, 
tla sadist every ig uasatiage ray et hy 
Sides esteg the ig Gog or etc as at 

But ave vera ints the western hoon oh 


The Moon; Rule 4: Look for It 


‘You have a 1 in 4 chance of finding ft during the day. Provided you remember to look! 
Rules 4 and 2 (like so many other navigational clues) are. 

PREDICT when ang where it should be visible 

© Guess where to look ‘And Rule 3 goes with the guess: 

© LEARN from that mistake, 


Keep looking frit I's easy to miss. E.g. through the tree canopy; or rising through the horizon haze. Polaroid glasses help; you need to twist them 


‘You wil then have clues to North, East, and West 
Time of night (i. later) 
Ocean tides 


‘Tomorrow's Moon ~ Phase; rise, st, direction, height 
Upper-level winds, if there are clouds about. 
Hint: Measure the Sun-Moon separation with a piece of string (Don' look rectly or indiracty atthe Sun!) sa you know exactly where ta look ater. 


“VEERING” with the Sun is “Clockwise” only in the Northern Hemisphere 
“BACKING”, against the Sun’s movement, is “Anticlockwise” 
— but only in the Northern Hemisphere. 


(The terms refer to horizontal directions changing either with or against the Sun's movement) 
"Veering and Backing” are Eurocentric images, so they can be very confusing Down Under. Don't use thase words inthe Southern Hemisphere! 


‘Say “Clockwise” and “Anticlockwise” instead 
for bath hemispheres, as a matter of habit. Altnough these meanings toc are Eurocentric, they are not confusing! 
(the terms refer to a bird's-eye view looking down from above as if onto a clock-face) 
Meteorologists and mariners stil use the terms ‘veering’ and "backing" and they do mean clockwise” and ‘anticlockwise 
‘But the Sun-basee image is backwards, south of the tropics 
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Section 1: Big Picture; Top Down 


The sky turns 15° per hour — Use your thumb and forefinger _... 


vo For Accuracy: 


a {2) Use constant chest-arm geumetry. Is ast to ue tna nde squorely non of you 
(Gyfes for is" ovtantaly opal 30° horton "24 spans go around therm” PS : 
Spin of, 24 times, from pointto-point righ sound the Roza 
6 2 


‘Adjust your hand configuration unt you find one that fits the "24 Hours” recipe. 
(4) Try aripping one Rand with the other, or touching one, at a specified point, with the other 


or, (5) Look along your shoulder, sideways, at one nan 
My recipe for accuracy fte my arms."4 spread fingers, wrist bent back fully (at arm's length in front=6Ocm or tem/degree") 
‘What do your arms require for 24 spans = 360°? 


Mnemonic: The Southern Summer Sun Sets Somewhat South 

Surprising perhaps. (Ifyou equate North with hot” you get caught on this.) (for Norther Hemisphere substitute ‘North’ for ‘South’) 
\Wihen the Sun comes South for summer its sunrise and sunset places alao shit South witht 

Memory hexagon for Mig:Winter and Mid-Summer Down-Under at 37° 5 


{top view) N. (the Sun moves anti-clockwise through Norn) 
200° 7. 60° T. In Mid-Winter, Down-Under, at 37°5., sunrise is at 60°T. and sunset is at 300°T. . A 9¥s hour day. 
‘In Winter the Sun will never show East or West of you. 
w [At Equinoxes ~ Mid-Autumn, and Mid-Spring ~ rise and set are East and West..a 12 hour day. 
24007. 420° 7. .. In Mid-Summer, Down-Under, at 37°S., sunrise is at 120°T., and sunset is at 240°T, .. A 14¥s hour day. 
“The Sun willbe East and West at mid-morning and mid-afternoon respectively, and mid high — about 45° 
180° 7. Your main aim is to get famillar with the Sun’s circular path. 


Stars Leave Star-Trails -iryou photograph them with time-exposure. 
Startrais are bits of circle, because. stars crcle around the North and South Pole-Stare 
ile the Earth rotates on an NS axis, hich points tothe Pole-stars The pole star stays fixed in positon al night (if you do) 
Southern Stars Circle Clockwise, once per night-and-<ay, around the South Pole Stor 
Norther Stars Circle Anticlockwise, around the North poe star, Polaris. These clock senses are the same in both hemispheres 
But Note: low Southern stars will move anticlockwise around you, (i.e. to your let around the horizon, anti-lockwrse as seen 
from above you). (Clockwise ~ to your right inthe NH) (More an tis later) 


Ithelps you with global orientation to use ‘Star COMpasses’. 
(One of the clearest compasses i to blur the star cies int ul cries then take vertical tangents to those cies. 


Inthe following diagram, the left-hand direction is "30°" tothe lft ofthe Earth's axis (ar to 60" maximum latitude). Lk 
The right-hand one is "20°" to the right (or to 80° maximum latitude). They are glabal 


1f you follow these star directions, they wil take you ight around the earth in a straight line ~ a big cee 
‘You wil passthrough places equal in latitude tothe star which s overhead (p. 1c), s0 you can already see the 
‘maximum latitude tat such agreat circle course’ would take you to; then I takes you back towards the eqUator. 

HINT: You wan't ge far in star-navigation, without a detaileg star list and starchare. Seep. 123 orale, ~ 

ovina TT 
Mnemonic: “Wind in Your Face’ 

‘The Southern Hemisphere version of Buys Ballo’s Law [Try to use unobstructed wind i.e. not in valley nor in @ mountain eddy} 
+ “Face the Wing (1H. rule uses ‘ack tothe wing, Sun-bst.1 
+ Sunstwist yourself 15°-309 _[e.anti-clockwise in S. H.] 


~ to counteract landscape friction on the surface winds. 
[When the winds are impeded, they slow down, and so stop circling around the pressure centres, 
‘and start to cross the Isobars, toward the low pressure (a ‘sink’ hale) at an angle of 15°-30 

Tess at sea and over at land more over rough terrain.) 


si 


Rhyme: “Low on My Left {8/o¢__High on My Righ-t” 
su. 0 
4 
Top view of you, in the square, facing the top Sve age. 


Southerners Need Anticlockwise Systems 


ur clocks seem to run backwards, compared to the Sun. 
(Our compass-bearings are measured "backwards. (see p.10e) 
‘Veering’ and "Backing" seem to mean the wrong clock-sense. 
When the Sun moves forwards, al the other systems seem to push backwards. 
We lose the global perspective, 
[And this eecton is all about alming to put that right 
‘Consequently, we need a Southerners viewpoint. 


hope you find that the anticlockwise systems which will follow soon are much more workable than Eurocentric systems. 
Some of the other systems given on this right-hand side ofthe page, are universal ~ they can be used in either hemisphere 


Section 1: Big Picture; Top Down 


Global Orientation: Latitude and Polar Distance 


Step 1. Stand up on the glabe again (in your mind and in reality) Backviews. s 
Step 2. Put your left shoulder to the Equator -e. Face East (sunrise) Facing € 
(iryou are in the northern hemisphere: face west, sunset.) 
Step 3. Mnemonic: EQUATOR on My Left equals My LATITUDE Is on My LEFT, Equator Latitude PD. on 
RISEN POLE on My RIGHT equals My POLAR DISTANCE is on My RIGHT. on lef your ight 


Since the South Pole is 90° latitude, itis further South from the Equator than you are, and wll be on your Right, as you face East. 
Stop 4. Measure the dearees of cistance around the Earth's cieumference as an anale at the centre af the Earth (by slang the globe in two). 
‘The two angles mentioned must add up t9 D0" |e, they are “complementary” angles (spelt with an) 
you are, say, 45° south ofthe Equator, then the closest pole must be 45* furthar south. The “stance! to the Pole is 45°. 
If you are 30° south, then the South Poe will be 60° away from you. Your ‘eolatitude’or 90° minus laitude—or "Polar Distance"—Is 60°. 
to imagine those two angles ~ Latituce and Polar Distance — af the Globe's centre beneath your feet, and around the circumference 


The goal 


Mnemonic: “Sun at High Noon — How High? 

When you navigate by the Sun, thnk: “Sun: the mnemonic is: "Sun at high noon — how high?” 

You look: North, there, then uo there, that high.— Southern Hemisphere (cf Noon will be South in NH) (Don't look at the Sun, iit is already there) 
might be morning s “itis going up there 
Temight be noon "See how high fgets” 
Te might be afternoon: “Tt came Tor up there’ 

Visualising the Height and path ofthe Sun also helps you to interpret plants for ‘bush noon’ (0.74a). 

“Walking Stick North” depends on knowing the Sua’s maximum height. (See page 306) 


On Overcast Days, Average the Brightest Sky over 1/4 hour 


If the clouds are moving fast enough, and not entirely uniform, st stil for long enough to see many clouds pass aver. Keep pointing atthe brightest 
patch of sky using some reference lke a tree, and watch to see whether you can confidently locate the average position of brightness. 


RISE and SET Directions for a (Local) STAR COMPASS 


/ \ \, The star airections dont change night by night 
nN | __ wien, Bitty do cians i ate 


/ i] / horizon as you travel further south, 
Z d ££ and'so change their intersections withthe horizon, 

This star You need to Stars which share Sun-set and Moon-set lust make sure to mark sunset toa landmark 

Fees here ow your the same star path (examples only) fon the skyline horizon 

every night stare and Indicate the same can be ftted in ‘and carry fe over into nighttime. 

forthe seasons visualise direction at staggered ‘to the scheme 

when itis their circular times during the night to span the day 

visible paths (SH view) 


(Some stars stay up all night every night; these don’t move far either, and so are good orientation value t20) 


From the Moon, Locate the Sun-Moon Direct Line, Carefully. 


Ny 
an ‘The Moon seems tobe lt from above the direct’ line tothe Sun. 
ut that may only prove that the Sun is "up” and shining down. 


The 


Bust the illusion witha piece of sting... 3.0. 
‘ Caution: Don't look giractly at the Suni 7 
horizon 


horizon 


Prove itn 3 dimensions, by using a torch and a ball 
\Wihen the ball, In ine with the Maon, looks right, the torch direction mimics actual sunlight. 

'By locating the Sun, you can guess the time of night, and guesstimate North more reliably, 
Below horizontal = at night because the pat ofthe Sun is more predictable and familiar than that of the Moon. 


Mnemonic: (when you say) “COMPASS” (say) “CANADA” 


‘Compass needles point to Northern Canada, That's where the North Magnetic Pole lives. Lat. 75° N.; long. 100° €, N 
Eg. from Australia, Canada les to the East of North, 


‘Check it out an a glabe. Locate the Queen Elizabeth Islands 


‘To find the Southern Magnetic Pole, (but this doesn't work so well) 
Tacate the Antarctic coast south of Adelaide, at Lat, 65° S.; long. 140° & s 


Section 1: Big Picture; Top Down 


The Angle of Rising and Setting — is Determined by Your Latitude 
‘To postdict sunrise or pre-cct sunset direction, you can use your latitude to visualise the fit at which the Sun rises 
(orthe nise-angle ofa near-Equatoril Star/Moon/olanet) and the deviation from straight down, at which it sets 
Remember to use vertical, not horizontal as the expected norm. (To judge vertical correctly, see p19c. Ta practise, see 308) 


i ae _Y \ AN 


AtEquator at 45°Lat. Nat 45°5. at 90°. ALOOPN, at 30°N, AE20°S, AE30°S. AL30°W. 
“This one is especially 
Useful in Tasmania. 
‘The Sun's path is very nearly a straight line, despite the illusion of being circular—see p.1So. 
Hint: Whenever you se= the shadow of your hea, provided the Sum is not too high, you can make the “antl-Sun”rse or set positions obvious, by 
fellowing up from that shadow, to the harizon at the correct angle. In midwinter the ant-Sun wil be in a midsummer position and vice-versa, 


High Noon — How High? 


[Answer one: the same as last week. Take a look. It changes only slowiy. phe , S.P. and two 
‘Answer two: within 23% degrees of your co-latitude (or ‘polar distance’) high i parallel rays 
[Le 90° ~ Lat, lus or minus 234 degrees, depending on the season. 

‘Mid-Summer.. coats 23.5° (vary high in the sky) 

Mid-Winter.. co-lat-23.5° (very low inthe sky) Latitude 

Equinoxes..corlat (average height). angle.) 
ny? At 0° Latitude, ie. at the Equator, the average Sun is 90" high at naon i.e. overhead. Yes? + 

[At the Poles, 30° Lat, the Sun skime the horizon at equinoxes, Yes? 


If you need further proof (that ts height is 90° minus Lat.) raw i. Polar distance angle 
elevation 
‘See how the height ofthe average Sun is ‘latitude degrees below vertical’ ofthe 


‘That's an angle of elevation of 90° minus lat sn 12 ‘Now adjust for the Sun's seasonal movement average Sun 
‘which 1s 23% degrees each side ofthat. 


Global Star-Compasses _ e.g. ‘Perpendicular to’ rise and set 
‘This is one step harder and three steps better. Ie allows ‘great-circe” course keeping, 
‘global Star-compass yields aire’, global, straightest path’ courses ones which take you around the globe and back to your starting point. 
£5. You take nse or fet compass: paint and head a ight angles tt and the new horizontal direction is gabal na longer fee fo ane ACRE. 
‘That's easier to imagine by visuaising the light halfiark haf ofthe Earth: All who see the Sun on the horizon could point t it, but each would be 
pointing ina diferent "sirection”. But if they al pointed horizontally at right angles to the Sun, they would all be poiting in truly the same Way 
Mroun the Great Circle whien divides day from night. The same goes for any Rovizantal star: Imagine the star ax a gole star. and use ts equator” 
‘There are many alternative star appearances, besides rise or set & you don’t have to "go at right angles to’ these to Set your course... 

Eg. aim at one star above another i ’ x F 


The midpoint of One star level with another 
One star rising oF falling vertically. x (high in the sto x 
‘Toward a star which has @ 2nd star of to one side at right angles i.. lower. You would pass under the point you kept aiming for. 

You don't need a clear sea horizon — the stars are high, and a plumb-line wil suffice, 

‘These guides occur avery night, in the same global direction, for several seasons, then disappear for a while due to daylight, but reappear 

‘They will accur at the same times next year.” ‘They are always worth learning more of, adding to your familianty of favourite "Star directions 

These global directions are labelled by saying how close to the poles they would take you, and you can see or quess that from the stars, see p. 7c. 


‘Low’ Clouds Come Clockwise Down Under 


In the Southern Hemisphere 
© Low-prassure-system winds spiral clockwise around. I.e. into your face from your left as you face their winds, 
© “Low clouds’ (i.e. below freezing level) follow the surface level isobars i.e. the weather-map lines. L 4 


‘The double-meaning for Low "in the mnemonic reminds you of ths. 
Lows’ cause more clouds than ‘Highs, so you focus on ‘Lows’ 


{Le when you ree the low clouds; you say Tow clouds came clacewse' and automatically imagine “Low On My Left’ Plus "High On My Right” 
‘The Alternative Southern Hemisphere version of Buys Ballet's law This new version goes like this 

Face the low clouds (snffected by freion~inds at 600m high are considered unimpeded), Low surface 

then shyme: L= Ljigh-igh. (ont Suntwist yourself.) couds winds (SH) 
[CF"Face the wing, (Inthe northern hemisphere you have to say “back to the wind") J 
Sun-twist yourself up to about 30° to counteract friction (hich makes the surface winds spiral inward tothe low centre)] 


Surface winds could also be expected to be haf the speed of unimpeded winds, less impediment over sea, mare over land —about ane third 


A Compass-Needle Continent—Swinging the Continent 


Mentally ue 2 miniature continent under the compass neadle, to swing with it 


‘The ies is twofold: 1. To repragram your mind — “The continent is not swinging, eo... must be! 
2. To anent yoursef meaningfully ~ to the invisible picture 
3. To remind yourself of compass variation 


\Wihnen using a compass you could: just stare at the compass-neadle, like alone night sailor in a fog. 
(Or: look at what the compass [s paleting to ~ that bump! 
Even better: also see’ the needle lying across the whole continent 


a Keep going: pointing to Northern Canada 
Don't forget: the map you are using — the real one, not this imaginary one — 
yp should alsa line up properly ~ twist it around until it does 


Section 1: Big Picture; Top Down 


Global Orientation: Point to the South Pole. 
. half its polar distance below horizontal 


If you had to point “South” you need to point horizontally sp 
But when you have to point out “the South Pole”, you must point below horizontal 

(dts similar when Northerners use the North Pale) 
Imagine the true scale... ou are ga the circumference, not above it 


‘The question is: "What is the exact angle below horizontal?” \ 
‘The answer is : "The South Pola is HALF its polar distance below South.” nb 


‘Example: at 45° 5., you point 22% degrees below the horizon. (90-45) /2 
Example: latitude 20°; colatitude = 90-30 = 60°; half that equals 30° own There! 
Example: latitude 60°; polar distance 30°; 15° below horizontal. sf 


Optical Illusion — Beware! — Use Your Shadow Not the Sun, For Direction 


When the Sun is directly behind you, it seems to be behind on the left when you look over your lft shoulder, 
‘and behind on the right when you ook over your right shoulder! And when the Sun is exactly to the side, ™ 
itnonetheless seemns to be ahgad of you (Every sports coach knows that when you turn your head, your body fllows i) o 
Dont rely on where the Sun seeme 0 be.” USEASHADOW INSTEAD! Tes also easier on your eves 


[And then don't get fooled by the shadow of your finger, when you throw a shadow onto your map to find the Sun's direction. 
Temay look straight but it doesn’t point tothe Sun, until you line it up with your fingertip while looking from directly above. 
‘The shadows will always be parallel, but the Sun's rays will always join objet to image, Fngerbp to fingetip-shadow. 

‘The first slagram is illuminated from behind you. 

To avoid looking at the Sun, try this: 


int your walking stick from somewhere beneath your eyes, 4/ hte Pz 
Secemomnmeer Ye ong EP 


Right Around the Horizon, Stars Move to Your Left, Down South 


Looking South al the loner stars move left It's only the high Southern stars which move to your right. 
Looking East all the stars rise to the let 


(Le. we see the bottom half of the circles 
‘down at horizon level, looking South) Lan 


¥¢ 
East 


Looking North, all the stars move left, ‘The same goes for Sun, Moon, Planets 
(ne eee the tp of the circles) 
West cast 


Looking directly overhead, oF behind your heaé, will not work! (itis all opposite in the northern hemisphere) 


Looking West ll the stars set to the let 


West 


Mentally Rotate the Sun-Moon Line Around Polaris 


‘A.whole lin through the sky gives 2 better “feel for direction than a single point — than elther the Sun or the Maon alone — 
So join the to and watch them rotate together during the rest ofthe Gay. 


a ae eal 


© 
| North Pole ai 


When you can see both, and you know where North is, you watch them. 
When you See only the one, you look forthe other, and so find north more exactly than by using either one's path by itself. 
[Add in any planets to continue the process at night, then from planet to planet or to Zodiac stars, after moonset 


(Southern Hemisphere view) 


“Bears Circle Clockwise” 
Compass Bearings are Clockwise, A Full Circle, and Eurocentric, Cee? 


In Europe the Sun moves clockwise... rom North (Where the Sun is at midnight hours) = O° afar as the harizontal angle involved is concerned, 
ran 330 ast is at about 06 hours (sunrise) or 90° True — Sun-wise or Clock-wise from Narth 
South at about 12 hours er 180° T (noon) 
ym) 270 West at about 18 hours or 270° T (sunset) — so you see, the bearings circle clockwise, from North, 360°. 


Looking S. fro Shove 
‘A Southerner, of course, would prefer to go 360° anti-clockwise, from South, but they didn't gota vote 

Everyone in tne world is expected to submit tothe (NH) rule: compass bearings should be measured in degrees, up to 3609, from North, clocewise 
‘around through East — like the ancient Babylonians; like the Narthern temperate Sun. 

Not many people consider using 400 grads (4 right-angles of 100 grads make up the circle), or consider going leRt-around, through Wes, 

Or even think of starting at South, So don’ you dare (unless you don’t call "a compass bearing’). 
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Section 1: Big Picture; Top Down 


ean cou, The North Pole is Perpendicular to the South Pole 
Since the poles are 180° apart ~ opposite ~ you see them as 90° apart — half the ar distance. 
“Fhe numbers cant workout any aferenty 
North Pole Example: 10° S. Lat, Equator is 10° North of you. South Pole is 80° away — the "Polar Distance” 
So. = 40" below 5 
North Poe is another 90° past the Equator. 
‘So Np. = (90 + 10)/2 © SO" below N. And the gap is 90°. 
A simple way of ooking a its to say 
46 Diameters yield nght-angies a the circumference” 


Now go outside and point to the Poles. 


The Dark-Blue Polarisation Band Perpendicular to the Sun 
90° from the Sun there is acrce of darker sky. Bees navigate by this lve. The whole sky shows degrees of polarisation. 
You can see tnaked-eye, but since iris due to polarization itis much clearer through Polaroid sunglasses or camera iter 
Point the top of your polaroid sunglasses toward the Sun for best effect. 
“The dark bu band is narrowest highest up (n te direction of your anadow, and perpendiclarto that sunbeam) and varies with visiblity and haze. 
“The sky is darkest away fram the Sun and away from the horizon haze and 90° from the Sun 
You can always guess where the Sun is, from the gradations of blue. Aer sunset the band is caused by the brightest part of sky. 
Example: You ae ina forest at dusk. The sky is blue overhead, but the sunset direction is not visible. Find the Sun from the blue! 
See the. "Sunny Skies System” (p.19e) for how to use the ands of the dark bive bond, and te tend 


The Centre of the Rainbow is Down-Sun 
‘The shadow of your head coincides with the contr ofthe rsinbow's cle. (ots often see the ful cre ofa rainbow) 
“The radius of this circle is two wide hand-spans — spread out your 10 fingers fully thumbs touching 
Whenever you see a rainbow, treat tas clue to “shadow-South’(p. 14) i.e relate its positon tothe time of day and to South. 
‘The shadow of your head ison the end ofthe shadow of you, of course, But when you can® see t.due ta clouds, you might be able to see rainbow 


Identify the Stars That Pass Directly Overhead 


Each star has its own latitude, called "declination, which is very nearly constant. 
‘So the same serias of stars ofthe same latitude will pass overtzad that latitude, each night, each in turn, each at some fixed sta-time. 

This is true anywhere on the globe. 

Use a plumb-line. The top of the plumb-line points ‘up’ to overhead (when looked at from any side, so) where the up’ lines cross is ‘overhead 
Look past It ram 2 or 3 directions to find overhead, especialy looking North/South for longitude-timing, and East/West for latitude-positionin. 
‘Then use a star-chart to Identify exactly overhead’, latitude-wise, atleast. Ifyou can do this, even without a watch, tis wll ix your latitude. 
Plus of minus a few kilometres Is the expected maximum accuracy from using eplumbne. 

For longitude, you need to determine the star-time at which one of these stars fs overhead, or at least passing from East of you to West of you. 
Greenwich (absolute) star-time, not Local (relative) star-time, that is, To the nearest 20 seconds is okay. See p0c, A/4 min errors 1® error‘ long 
Alternatively, st your reference star-time to some other longitude, e.g. home, or start, oF destination, or around number. 

‘This time & position data is life-long, give or take a few kilometres of predictable precessional drift per dacade. 


You can get back to that place later ~ Match the appearance and timing. Is easy to tell which way to move in order to "match up” (p22a,c; 23c). 
You need to know a star longitude, so you nead an almanac ar lst. Look down thelist for bnight stars with your ltituce, and go 100k for them. 
You will quickly learn about having to walt fr the ight'star-time"! 


Weather Fronts Distort The (Circular) Wind Circulation 


‘Buys Ballot’s law is only approximate, because of the sudden wind-shif at a cld front. 
‘ale, es a rough ar ev ona, cr wil sometime pt to va, 


aX" S © co 


Westerly (SH) 


"Ths airstream is turning left (SH) 
aie gt cane 


Trough 
You can't accurately say that these winds are ‘circulating’ around the Low or High! But you can say that 

Low in right-turning winds the clouds are forming, under the influence of a Low or a trough (SH), and 

(sH) [eft-turning winds are under the influence ofa High or a ridge—the clouds are dissipating. Swap left and right in NH. 


Mnemonic: (Interpret a Compass Needle as) “RED HOT — WHITE FROST” 
t 


‘When southerners look South, itis to the "white, icy, Antarctica, frosty cold, inthe shadow". ea Tip 


Southerners are looking North tothe “red, het, tropics, dripping with sweat, in the Sun 


‘So when you notice the red point of the compass needle you say to yourself *red-hot!” 
‘and try to fee boiled on that side (as if by a bon-fre), and then visualise the invisible tropics North of you. 
[And wihen you notice the white point (e.g. during a back-bearing) you say to yourself "white-cy cold-fosty-Antarcica™ 
‘and then try to feel frozen on your 'shadow-South side, and imagine the South Pole, e-g. point (down) tt. Wihite end 


You can also remember that the Canadian flag is red (but it is net hot in Canada). 


n 


Release 13 is likely to define full-dimension MIMO, which adds a large number of antenna 
elements, potentially as many as 64 elements. 


A practical consideration with antennas is that many towers today already support multiple 
operators, with tower companies having to manage interference placement, spectrum 
allocations, and wind and snow load. At higher frequencies, a single radome (antenna 
enclosure) can support 4X2 MIMO, but higher-order MIMO may prove impractical for many 
deployments. 


5G systems operating at much higher frequencies will have an advantage since the antenna 
arrays will be much smaller due to the much smaller wavelengths. 


Initial massive MIMO techniques applied to LTE, such as full-dimension MIMO using 8, 16, 
and 64 transmit antennas, can provide dramatic performance gains, particularly in dense 
deployments, as shown in Figure 64 


Figure 64: Performance Gains with FD-MIMO Using 200 Meter ISD»? 
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This figure compares 8X2, 16X2, and 64X2 MIMO performance relative to 2X2 MIMO 
(normalized to value 100). The blue bars (case 1) show the supported number of users per 
sector (referred to as “cell” in the figure) at a fixed resource utilization (RU) of 70%; the 
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Section 1: Big Picture; Top Down 


Global Orientation: the South Pole Star, and Polaris 
Polaris ie below the northe'n horizon, by exactly as much as your South latitude, N 
Eg, at 45°5; lat Polaris is Below North by 45° Around it the northern stars circle anticlockwise 


45° (4595 Lat 
‘The equivalent "South Pole Star” (a dim pinprick in the midst of dim pinpricks) is 

above the southern horizon by exactly as much as your South latitude. F.o. 30° S. = 30° above South x 

round it the Souther stars acl elockwise, once per day-night. 

Locating the South Pole Star, helps you in the following 


© You can use the bright stars — Crass, Pointers, Achernar — as hour-hands on @ 24-hour elockface. x 
© Star-paths Circle around the Pole Stars 30° {3085 Lat 
© Soo the horizon, the Sun, the Maon and the planets — You can predict all their positions. 

Finding the Pole Stars is Fundamental to Visualising Rotation ——— 


+ — Your Shadow Rotates witnine same clocksense as the Sun ~ not surprisingly! } 
+ Shadow-Rise and Shadow-Set is opposite airection to the Sun — not surprisingly!_J Together they can 


# Mnemonic: (ace the opposite direction as forthe Sun mnemonic p.5b) surprise you! 
Face Shadowy South for Southern Hemisphere (Face Sunny South for Northerners) 


‘Shadow Rise is on the Right; Set is on the Left”. (Same rhyme as for sunrise and sunset, but facing South, both hemispheres) 
‘Your Shadow Passes South of Southerners At Southern Noon (compare: "The Sun is North of Your Nose at Noon’) 
(North of Northerners at Noon) 
‘Your Shadow Moves Antilockwise ~ around to Your Left ~ Down Under 
(Clockwise — Around to Your Right ~ in W. H.) 
(The Southern Hemisphere Horizon stil shifts tothe right, in real terms. The Northern Hemisphere Horizon still Never Heads Right’) 
In addition, notice: ‘The shadow tip moves due East, at around noon, and in a much straighter line than You expect, all during the day, 
‘as the shadow itself changes, from pointing to opposite sunrise, then to poling to Sauth of the object, then to lying opposite sunset. 


15 Ways to Locate the South Pole Star Or the N./S. Meridian 


1. Halfway between Achernar and Epsilon Cantauri (located from the six bright stars near it) Hadar 
2) Rigi Kentaurus to S., at right angles to Hadar. 

3. Beta Crucis to S., paallel to gamma-to-alpha Crucis, 5 Cross lengths. Use 2. and 3. together alk south 
4. Beta Hycrt to alpha Crucis, as far as the beta-to-gamma-Hydr length. most accurate 

5. Mirsam trough Canopus Crucis” says “ofthe Crux” Le. of the Cross) 

6 Suhail through the top half ofthe False Cross through Miaplacidus (eamma looks a bit ikea thin alpha twisted 90°) 
7. Make a triangle out ofthe two Magellanic clouds toward R. K. ~ very crude but useful 

8. Gamma Hyd to_beta Triangulum Australe ~ the "back" star of the Tangle 

9. Alpha Hyde to Hadar 

430. Arcturus ta between the twa Pointers’ (RK. & Hadar) } These are used in reverse 

LL, Spiea to betwean the Cross and Pointers } = to locate Arcturus 

12. Middle of Corvus through middle of Cross } Spica and Corvus 

43. atria to the star between Canopus and Achernar, alpha Dorado 

34. Peacock to Avior 

15. "Your Latitude” degrees above horizontal, due South 


“Cusp North” — Approximate Direction from the Moon 


‘The Sun-Moon line marks the approximate Ecliptic 
‘The “centre” of that circle of Sun-planets-astersids is located in “Draco”, 
quite near "Polaris", the North Pole Star. For a stat, ignore the difference Z 


appro / 
* doin the Cusps, tip to tip N 
* Drop the tne diagonally 
* Keep going down to (near) Polaris (latitude degrees below horizontal) 
* Come vertically back up to "Moon North” in the worst-case +/-60° “accuracy” 
‘You have tod this only once or twice a day. Compare it with True North and automatically adjust tf he rest ofthe day. (WH is simian) 
Mariner’s “Compass Points” work on Successive Halvings 
N N NW) NE Nove Star with the nearest 
major point; add "by" 
we / NE by N 
a7 as “y’ means 
90° aya "come 11 1/4° towards 
s. s. ow | Se NEW E _(or'one point) 
180° eforence we ‘thee ae 32 punts 


altogether on the compass. 
Make your own emergency protractor (eg a a compass, sextant ote) Parmer e 

folding any piece of paper, and folding it again and again, matching line to line YN One Point is approximately 
50 as to exactly halve it with every fold ao ‘One Palm wide 

‘One more halving and you get 64 divisions, each of "100 mils” (so named and used (22 around the horizon~test it) 

because Amil is approximately 1 in 1000 e.g. 1 m in 1 km) ic. 6400 mils around, clockwise, 17.7778 mills per degree. 
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Section 1: Big Picture; Top Down 


Pole Star Locations — “(Latitude)° above and below, South and North” 


Why? Think: at 0° Lat, they are O° high. Yes? __At 90° Lat., they are 90° above and below horizontal. Yes? 
If you need further proof: Draw a Diagram of two paralll rays to South Pole Star 
Fis male 


Polar Distance 


vA ¥ (co-atitude) 
asics sie The elevation of South Pole Star above the horizontal 


“the lattude = the are-dstance of Equator to you. 
~ (the angle, adding upto 90° wth the PD, must occur twice inthe 180") 


i. 


Same arc-distances Same angles 


Equator 


The Sun Passes Quickly Past North-South Nearer the Tropics 


Don't get caught misjudging the Sun's horizontal direction near midday. 
This pattern shows When itis high, it moves more than 15° per hour in horizontal direction 
the hourly change 

‘in Sun or shacow direction 
3 30° latitude, Mid-Summer. 


The Sun is East/West 
at (noon “f+ 2 he 48ve m.) the 
352.9" high {At other latitudes the pattern will be different — more uniform 
‘away from the Equator, and witha different day-length, 
epending upon the season, 
Le. You need to calculate each particular pattern from the 
Latitude and declination and season (as if calibrating a vertical stick sundial). 


‘This shows the 
seven hours’ sunlight 
{one side of North/South). 


Large oo eee South Pole 
malt Magellanic 
Magellanic pha porado Keira “peacncie Star Chart 
Cloud ee beta 
Mirzam E Atria = Alpha Tri, Aust. 18 hice, 
Ganopus —sgnstcitus 
‘i Avior, = 
Sirus Te 
False Cross" fae 
ie * epsilon Centauri 
Suhail 


4) ute Corvuc: Spee: Arcturus: respactivals 


Wind-Direction-Change Rule for Buys Ballot’s Law 


Ifthe Low is on Your Left Or the High is on Your Right..and the wind is gradually changing: Add inthis new information as follows. 
Tmagine now the Low and High are moving across the ocean/continent as you reenact the wind change. 
Exaggerate the change as you twist yourself follow the speeded-up mavement of the wind change in your face. 
Point to the two choices (left & right) while you twist, then ask yourself which of your hands is moving tothe east 
Usually only one ofthe two options above — ‘Low’ or High" — will make sense of the general movement of the weather systems to the East 
Temperate systems usually da move to the East from the West. (Bath Hemispheres) 
From 0 knots (stationary highs) to 15 (average) up to 25 knots (Lows in winter) 
“ropieal cyclonic huricanes move Westerly inially t 25-40 knots, then recurve tothe pole, but the “re-enact" rule still works to show up its mave= 
In this way you can decide: "These winds are from a Low” or “fom a High”. 
Don’, of course, canfuse local winds, e.g. a sea braeze, withthe more general ‘synoptic’ circulation due to the large-scale pressure systems. 
To further help you decide were the wind has travelled from —from your right of from your left— check out the temperature and absolute humidity 
— ee the air-mass characteristics. Is the air hot and dry, or cool and moist, or warm and humid — which one is supported by the geography? 


Four Reference Directions — Name Them: “Rise, Noon, Set, Midnight” 


not EN WS: 
‘The trouble with *North” is that itis sometimes behind you... then you have to think backwards. 
Use all four and you always have nein front of you NS. E,W. 
‘Give them meaningful names as inthe tile ‘nd you can picture the meaning 


Base It on the Sun's daily movement and the effect is vivid 
To flesh out the meaning even more, add in a second clue: "Rise/Start; Noon/Hottest; Set/End; Midnight/Coldest”. 


\What this does is to take the outside picture inside with you, when you enter anew building, a hospital complex, a shopping centre. 
Eg. "T'm now looking toward the mid-morning Sun direction, i.e. after rise’ or before noon, which is warming Up’ 


Ttisthen up to you to 1) getto know the Sun's daily movement. 
2) locate the Sun's path outside, once. 
2) keep track of your twists and tums when the Sun isnot visible e.g. at night 
Ignore the time of day or night—it isthe directions which you are Imagining. You use the eal Sun only as a start-up hint. 
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Section 1: Big Picture; Top Down 


Point to 2 Places on the Equator — Halfway between the Poles 


You can find the 2 Poles, apparently 90° apart, so that means you can point 45° — halfway — between the Poles, to find the Equator, 
then 90° to that for the oppasite Equator (the "45°" is because the Equatoris 90° from each Pole and we halve that arc), 


Tt locates (4) the furthest point on the Equator from you e.g. Brazil then 
(@) the nearest point on the Equator from you e.g. New Guinea~ish 
) 


From central Australia. 


Closest Equator 0° LAN 
(Pug) se. 


Ne. Farthest Equator. Notice that it ies ta your South! (Brazi) 


Shortest Shadow South ~ opposite Highest Noon. always Imagine "Shadow-Noon” on your "Shadow South” Side 


i.e. Your shortest shadow is South of you at noon. Memorise how short tis (this week). For the northern hemisphere use "North 
(Cshadowy-North”) 
(Shadow Noon is Opposite Direction to "Noon-North”) H ‘Noon-South™ 


Imagine your shacon moving lf around sat sroune 
In the morning: South must be “ahead” of my shadow North 
‘Aemidday : Look’ see how shor its!" Due South at noon “North 
‘After noon My shadow has "passed" South Norte 
‘To guess North from your own shadow, £82 “Walking stick North”. (p.206) 
‘Toyo feel the icy South, freezing that side of you! North 
(aS ona cold night facing away from a campfire). 
Mentally visualise: Antarctica below horizontal; an aurora above that horizon; Southern stars béhind thet blue sky. “Arctic; Aurora Borealis 
Th the tropes, youll have to be mare observant, to know your shadoW's expected movements more accurately Norther stars 
Find the Polar Axis by Star-Trail Bisection 
‘You need to imagine the centre ofthe star-cice 
‘Atypotnetical Example: Lost a stormy night! You want to find North-South South Pole Star (latitude above horizontal) 
‘Yu catch the occasional glimpses of unknown stars. . 
Maintain your exact position and walt for another glimpse ‘nti cloconte around Polar Jocknise around South Pole Star) 


Temay only need a couple of minutes to see its direction of movernent. 
‘You can alzo point something straight at the star and fix iti place, to see the star's movement, 
Bisect the result. points fo Polar, orto the South Pole Star 


‘You now need to know your latitude, roughly, to locate Polaris or South Pole Star. » 
‘The higher the star the clearer the result ~ it will be moving West. 

‘The only ambiguity is 8 low star moving hortzontally (to your le), Polaris 

‘The Southern stars wil be maving slowly; northem ones, quickly (latitude below horizontal) 

—'so you may be able to guess which is which (also polar distance or co-declinaton away from the star, 
Northern Hemisphere is similar — but Polaris is visible Ifyou know its North latitude, called “declination’) 


The Rabbit Looks up Ahead at Full Moon Using the Ecliptic 


Broretracats eceNonht you tan uve the Epi perpen ote cps 
{ust as soon as you see the Moon, either from its cusps, orfrom the FullMoon.. “Gibbous Chumpbacked’) Moon « Ful Moon 
‘A setting Moon in early daylight will show anti-sunrise, but after dusk will show up sunset. \ 


‘nearer Moon Before dan incieies sunrise, but the Pm wl pn 0 an sures. a 


“E. W. N. South” Of What!? Rule: Say What 


Say True’ and you mean “degrees East of True North’ 270° T = due W. 
Write “Gee” and you mean: relative tothe map grid. 270°G # 270°T Both are clockwise around, but thay start off from different directions 


© 20° means (Start at)South(;come)20°(toward the)East’e.g.520°E=20! to the right ofthe white end of the compass needle. (old system) 
‘Clockwise/to the Right/East-around-from-North is standard if not otherwise specified 

+ 270° M says ‘Magnetic’ — what a good compass should rea. 

+ 270° Csays ‘Compass’ — what this compass does read. 


Note that these are standard: “G’ does nat mean ‘Geographical’ or ‘Great Circe’ or Grads’ but is recognised as ‘Gri 
'M" does nok mean ‘Map’, "Map ari ete. 
xyz" can not mean anti-clockwise 

‘The remaining problem is how to shift between different methods... See section 4: "East Least West Best” rule. (p.107b) 
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Section 1: Big Picture; Top Down 


Perspective Distortion — The Sun Moves in a Straight Line! 


‘The ‘horizon (at sea) seems “straight, yea? but joins to itself! This is because you see it from the centre ofa circle, That's no problem yet 
‘Two different great-crcles circling around you do cut twice, but certainly looks strange, since looking at the gap between them, 

you see "parallel straight lines; Yet to the left and right of that you will se them both join! 

Great Grcies Intersect Twice. Nowhere does either circle seem to ‘curve’, yet they manage to meet. 

‘The Sun comes up and goes dovin’ but is actually "maving’ in 2 nearty straight line-ae straight as the horizon. 


UT YOUR HEAD INTO A HOOP; GET OUTSIDE; CHECK IT OUT; GET IT INTO YOUR HEAD: GET USED TO IT! 
Caution: Don’ look directly at the Sun. Watch your shadow and you wil se that it moves in a nearly straight line from East to West. 

‘The Sur's average path — the Equator’ up inthe sky — where the 'Saucepan’ (Orion; the Pot) movas ~ is a great circle. 

It intersects the horizon due East and due West. At times of year other than at Equinox, the Sun's path is still almost a great cele 

The Milky Way is ancther maximum sized cicle; and the Zodiac (Ie. the Ecliptc) ls another such ‘Great Circe’ 

Thay hit the horizan bic, in opposite directions (not E/W), 

other ‘great circles’ you heed to visualise are: Satelite paths; and the Dark Blue Band. (Star-tralls are usually ‘small’ circles, and do look curved.) 


Locate Polaris (and Find North) by Imagining the Centre of Circling 


This works for the Sun, Moon, planets or stars. 
You find the contre of their circular paths By bisecting the chord. 
‘Wortherners locate the South Pole Star, South) 


Horizon ‘The perpendicular bisector ofan arc or chord 
‘passes through the centre ofa circle. 


Horizontal Moonrise varies quickly fom day to day 
“make sure you check its exact position. 


Dont look directly a the Sun todo this! 


P< roars is, in degrees, at 'your south latitude below horizontal’ (not the horizon) — judge it carefully 
andor, polar distance (co-declination) away from te Sun’ 90°-N dec, e.g. dec=10°S 90-(-10)=100° 


The Eagle Clips the Equator, South of Altair 


Find the star 40% along the southwest side of the rhombus. 


Finding the Equator helps you z SSS 


find the Ecliptc (not shown) a Equator 
‘and find where the Milky Way crosses the Equator. wo * 
s ME AQUILA cre carte, in tne sity Way) 
Gatactagione / Me 
w e PEAT (is tanked by two recognisable stars) 
N : ‘a seen from the southern hemisphere 


Steering Winds 


Mid-to-high-level (upper) winds tend to push sea-level prassure-systems along 
at half the speed of the upper winds, and in the same direction. 


This rule is said to work best with small, weak, less well-developed systems; and with hurricanes. 


Eg. Ifthe low ison yourleft And ifthe upper winds are coming fram your left 
‘Then the storm centre might pass straight over you. 


Since the upper level winds often oscillate inthe ‘Rossby Wave’, and tend to ganerate high and low pressure areas beneath them 
(because the wave’ causes the upper winds to slow down or speed up) the High-pressure systems will on average be steered slightly toward the 
Equator, and the Lows will go slightly toward the Poles, as the systems move to the East — a rule of thumb worth remembering, 


‘But this extra steering-wind rue will alert you to non-average situations. 


“Rise-Noon-Set-Midnight” carries its meaning across the Equator! w.s.ew. doesnt. 
Name the directions according to the average outside picture. 
‘This isa visual system. and addresses the disorientation of turning around. ‘Afternoon Noon After the rising 
For back-bearings i.e. when you turn around: replace vse’ with set, 

“noon with midnight (start with end, & hotest with coldest) CO) 

eng tthe old direction was “after setting” the new one will be after rising”. Alclockwise 
‘When you tur right or let adjust by ane of the four notches ‘e) The Setting The Rising 


29, after midnight’ becomes ‘after rising’ you turn ‘with’ the Sun, 
Note: ‘after the setting" (or ‘before midnight) is a direction ofthe evening Sun 

Siw. — and ean be bright sunlight, in midsummer! 

‘And after midnight’ (before East’) is the direction of the South-East Sun After the setting Midnight After midnight 

‘Rt Mid'Summer sunrise it ean simlary be very much bright! 

Example: You enter 2 hospital with “setting” (i.e, due West) on your right, so you start 
{3t midight” (SH). You then navigate through look-alike wings, look-alike wards, and 
Tookvalke staircases, remaining oriented, and finally emerge, expecting "rise" on your right — having net looked out of a window for hours! 


1s 


(The Nonterner's version needs to go clockwise!) 


Section 1: Big Picture; Top Down 


Global Orientation: Half the Arc-Distance below Horizontal 
Point out any country or place on Earth, by first Finding the (are-distance there, ané then pointing below the horizon. 
‘The method! works from any place on Earth, in any direction, to any place on Earth. 
Step 1. Measure the angle around the cieumference to it .g. guess from a globe ofthe world (This isan angle at the centre 
Step 2. Halve it. That i how far below horizontal is. 
ig, South Pole from 30° S. Point 20° below since itis 60° away 
E's Perth to Peking (whichis directly North) is 22'S. to 40N. Therefore the arc’ to Peking/Bejing is 72°. 36° below N 
“Try this (outside): Go through the mations of pointing out 9 whole cicle of real places on earth, 
from the horizon ahead of you, tothe horizon behind you, using your index Finger. Being 
E. poin Nort, then down a bio Below horzontal e.g, New Guinea, now ont the North Pole 
Continue down until pointing down undemeath you e.g, mid North Atlantic. 
[At this stage you have pointed through 90°, but have pointed out 180° around the Earth 
‘Tum around to continue, (Brazil, Antarctica) bringing your finger higher and higher unt it is back to horizon 
pointing atthe hil an the Southern skyline. 
Your index finger has pointed out 2 360° circle (as measured from the centre ofthe Earth) by traversing only 180°! 
(Get Hale ofa Globe. Go Outside. Point Out A Fen Counties. 


“ Noon ” is Not at 12 O’clock 


* High Noon “is at midday’. inthe middle, between sunrise & sunset. And that is net ‘12 noon’ or "12 midday’ but at North — Noon North. (SH) 
‘+ In summer-time high noon’ may be near 1 or 1:15 p.m. or so. If you are on Summer Time, true noon is one hour late. 


‘+ Even in winter-time it may be over half an hour away from 1200 hrs. Ths is because we use a one-hour time zone to cover 15° of longitude. 
ile. you may be near the next time-zone, longitude wise, and therefore be up to one half an hour ‘out 
‘You tan check this up f you have a map with longitude on it. The middle of the ime zone is at 7°, 22149, ae, in steps of 15°. 
‘Then It will take 4 minutes to travel an extra degree westwards. Work out how early or late the Sun willbe in your longitude, 


+ Plus; the Sun speeds up init "orbt" “around! the Earth when it is clase in the Southern Summer, getting up to 20 minutes Yast, by the end of 
Summer; likewise it can Be up to 20 minutes slow’ at other times, in addition to the time zone effect. See the Equation of Time prediction opposite, 


‘The best thing to do about this, to predict when, exactly, it wil be at ‘midday’ today, is to look atthe Sun yesterday. 
(Dont! Use a shadow instead. Notice when Eis ue South.) Or see 26a, 


Equatorial Stars Rise and Set Due East and West 


Always 
Globally 

© TheSun at Equinox — about March 2ist, September 22nd 

© The Potin Orion —-—— Mintaka, the north-west star of Orion's belt ~ the one that sets first — is right on the Equator 

© Various dull stars — like the one south of Altair 

© Alfait Moon at solstice — give or take 5° or so — It must be 90° from the Sun which is atthe solstice position, so that the Moon is atthe 
ecliptic equinox (Equatorial) postion. 
(Other phases can be worked out, ¢.9. Full Moon at Equinox, but see p. 29d on how to predict an equinaxial Moon every fortnight 

© Planets 90° from the Sun-at-solstice 


‘The equinactial points, if you can identify them yet, One is between Spica and Regulus; the other is between Diphda and Markab, 


The Moon Cusps Push and Pull the Hour Hand Backwards, Down South 


Oo 9 ¢ 


Eo 9pm. 2pm. 
Watch the Moon rotate during the day, and night. Tell the time from it. __Update yourself once per day. 
‘The Moon rotates lke this about 14% Gagrees or 15° per hour. So its like a 24-hour clock nour-hand running “backwards” "LF 
‘The correct vertical to use as a reference is not atthe Moan, but at the Pole Star, if you want to be accurate 

upright 
(NH — the Moon seems to turn clockwise) Read the relative time down here. 


Back-Bearings Killed Sleepy Pilots 


Back-bearings are opposite directions ~ "going back home” 
‘The Babylonian system of 260° in a circle has 9 lotto answer for, when you want to turn around! 


‘What is required, is to add or subtract 180° (groan)! 
But after an all-night mission, tired navigators can't be relied upon to come up with the right answer. 
In World War I, many air-crews perished from following the wrong back-bearing back. 


Happy, relaxed, but lost 
Te was @ problem requiring a solution, and a simple solution was found. What isi? (page 18e) 
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Section 1: Big Picture; Top Down 


Half the Arc-Distance below Horizontal — 2 Explanations Why 


iN ta 2. (Usoceles tangle anges. (180 -20)/2) 
terzontl tangent soo-8 
SE anol below norzonal 
Sa are around the crcunference — twice the ange fom the tangent — but why? 


‘ 
‘The angle at the cantre te. 
(used for are-dstance’) it doesn’t matter which point 
Is always double the angle on tha circle you use, 
i the srcumference, 35 long a its onthe one side 1 
“on the larger arc here tangent poi tangent 
36° you get the same angle each time. Sl 
‘The tangent point is one such acceotable point ~ eRPlast one. 


The “Equation of Time” Diagram 

‘The real Sun moves quicker through the sky near Christmas becouse itis closer tothe Earth (i.e ve orbitit quicker, elipticaliy!). 
Le, The Sun ‘gets ahead of its predicted average postion, according to our cocks, in the New Year, 

‘And doesn't come back to average until about the end of August. 

‘After that, during September t9 December, it wll be behind average. But then, in addition, the details are complicated 
by how i als zips aut past (gaining on) our longitude ines near solstice ~ summer or winter ~ when its near #231" lattude 
ore the longitude ines crows together, ironly sight, giving te maximum effec in June & Dscember, superimposing upon the preceding scheme. 
‘he overall result may be graphed Ocyowow. +16 1/3 (oth hemispheres) 
See the mnemone on p- 86 


Note that when the astronomers say "4, the Sun is behind itself; 
we look atthe position ofthe Sun (not directy att}; it comes up “Tate 
‘and we have to add (about a Wehr) to our guess at the apparent time, 
to find the clock-time. We say ur clocks are ‘ast’ at predicting 
‘the Sun's postion, but its really the Sun which i logging! 
cf Australia is in’2"#10 hr time-zone" = 10hrs ahead, or fast on Greenwich 


Apri 15, 


“14 1/3m Mia-Feb 


Rigel-to-Capella is a good S./N. Pair 


RIGEL 


This pair pointsto | 
Polars (and hence 
to North Wg 
when they are Hee 
‘Upright”} nati | 


You can also see that the Pot handle points down through the middle of Orion's belt 
te Meissa and on to Polaris. The Pot ‘nares actually the scabbard of Orion's sword—seen upside down (SH) 


If you cannot see Capella, then Beatrix to Einath raht alonaside, is also a good quide to Polaris. 


(this view isforthe 
Southern Summer) 


a; Auriga, The Charioteer 

| pi enThe six o'clock stars are a useful N./S. pair — they are upright at 6 a.m. local star time 
CAPELLA eh Pvcsialinan 

(05:12 0600 ¢— "Right Ascension’, or star-time, in hours of longitude East of the frst point of Aries 


Atmospheric Pressure Changes 
‘The air pressure falls before a front, and rises reasonably rapaly as the front passes. Te fallin a rough; rises ina ridge; falls ina heatwave inland 
falls with tetude (about one milibar per 10m) 
Tha atmospheric pressure normally Auetuates by a couple of milbars every day ina twice-daily cyce tied tothe Sun (3mb in the topics) and the 
wind speed may vary with fe. The dally pressure on average peaks around 10 arm. and 10 p.m. being lowest t 4 a.m. and 4 pim.; This on average, 
Is aid to vary the wind speed by a couple of knots, lowest a 9 a.m, peaking at 3 pim., but al ofthis is usually masked by other weather changes 
in the temperate latitudes. Pressure fluctuation ss much more significant in te topics, with any fal (or fattening) mare than afew malibars during 
Summer/auturmn warning you of a possible huricane (You ten look for long wavelength ocean swells preceding the storm centre). Gecause We 
ont fel atmosphere pressure changes, it's very helpful to une a barometer, to detect the longertarm pressure change wend. Test your barome 
ter to see that t does not respond to temperature changes! 


Watch the Clouds Cross the Moon 
You can detect the upper wind direction most easly by watching clouds move past some fixed pont inthe sky. 
Look during the night but dont forget to look during the day aso 
“The stars, high Buildings, high trees and mountain tops also work wel 


The O, 1, 2, 3, 4 Reference Directions 2 


Put these numbers onto the Rise-Noon-Set-Midnight System, £0 as to follow the Sun. 
(= midnight, South (Southern Hemisphere) 
1 rising, East 
2 = noon, North (use South for northern hemisphere) 3 1 
3 = setting, West 
44 = midnight, South — use cycle 4 i.e, call "0" 
‘This corresponds to measuring anticlockwise! from South! in decimal degrees, that, in grads! 
100 grads = 90° so "i= 100 grads; "4" = 400 grads or zero grads ~ add or subtract "a” at any time. o 
"0.1" in this system = 10 grads; 1/20 ofa right angle; one fist at arm's length, 
Example: In the thick bush, you see your destination but know you will soon lose sight oft. You cant keep a straight line, so you decide to keep 
track with the 0—1~2"-3-4 system and your fst. With each change of airaction you update e.g. "0.6, 1.6, 1.0, 0.9 
For a back bearing — when you turn around — add or subtract 2 
‘Add 1.0 whan you turn with the Sun (left) or subtract 1.0 when you tum against the Sun (right). (S.H.) 
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Section 1: Big Picture; Top Down 


Example: Point to Tahiti sun 
15 9.am, summer-time, the Sun i, ay, 20° high and over Tahiti (see time-zone chart). 
Fie, point honzontaly toward the Sun (nt eretly a the Sunt) ~ tat ste det pat 9 Thi 
‘Secondly, point below the horizon to lacte the actual girection to Tahiti 
Stept. Make 9 perpendicular from a sunbeam. Perpendicular to the Sun is horizontal’ 
Step2. Subtract ts (present) height (20°) frm 90" 
“The are from you to Tani is 70° 
Explanation: 
(80° the height ofthe Sun), the co-height, must be the arc-lstance 
from you to undemeath the Sun. Think of ike ths. 
ifthe Sun Is 0° away from you, it wil be 90 high ~ you are underneath 


20° 
horizontal 


the Sun is 
‘overhead Tahiti 


The Sun Oscillates Seasonally between +/- 23%2° Latitude 


‘To approximate the Sun's “Declination”—or North Latitude—you approximate its variation as sinusoidal Max change 0.4° per day. 

Using 2 365 day cycle: You approximate 360° as 1° per day, so for ease and accuracy of calculation you can 

‘and should approximate the day-sumber as 30 days per completed month + day of the month y 
Eg. March 24st is 2 lots of 30 days plus 21 = "81" days or degrees. Mar 21 


‘Then to use a sinusbidal curve, you need to run from Equinox to Equinox — i.e. starting at March 21, Day 81 5| 
Declination = 23.45° x ‘sin (day number of the year ~ 81) 
£.g. 0° in September 21, six months or 180 days or degrees later; uses day Ao. 261 


From solstice to solstice you can use 'a minus cosine curve, 
Declination = 23.45° x ~cos (day number of the year + 9) Bed 77 

since the solstice is around 10 days earlier than the New Year. 

‘Bec 24 solstice, is day no. 11x20 1 21 = 251 "-236%s im December ~~! 


Eg. + 23%4 dagrees on June 24, day no. 171. 
From this approximation you can predict noon-height (and, withthe right formulae, sunrise & sunset time & direction and E./W. height, of the Sun). 


Use the Southern Cross as an Hour Hand 


You can visualise the rotation ofthe Southern Crass as a huge 24-hour clock hand, 
Itis correct on April Fool's Day ic. upright at midnight (at 183°), then it gains two hours @ month, oF 30°, (Use the correct verticall ~ South.) 
‘Asa learning sid, mark the ‘Southern Cross time’ on your calendar every month 

‘eg. "two hours fast at the start of May; and "Your hours fast” atthe end. 
“Then, anytime you are out at night, you can ask: “What's the time — by the Cross?” 


Picture the Southern Cross during the Day 
Yes it ig there behind the blue sky.."IF there were an eclipse now, if would show. there!” 
\When you are navigating by the spin’ ofthe Earth, and by the Big Picture, the proper reference direction isthe North-South rotation axis, 
Wich means: Pars + South Poe Star 
In prectce, what we Southerners see, isthe Souther Cross. 
So ifyou are imagining: sunrise — noon ~ set, or Moon position, ora star-compass course, ora shadow-south direction 
YoU ought to be thinking: "North — Polaris down there; South South Pole Star up there”, then you ean picture tne Souther Cross as well 


When the Moon is opposite the Sun, we must see its fully Ii face... See diagram of the first man looking atthe Moon, Belov > 
2.9. a full Moon rising at Sunset; Setting at Sunrise; Overhead at Midnight or atleast highast inthe sk. Sunlight 
(fortnight iter.) 
When the Moon is near the Sun, we sae only its dark backside or at most athin crescent. See the middle man below. 
‘24g. acrescent Moon is only ever seen near sunrise or sunset. Wait un the Sun is below the horizon — Don't look at the Sun! 
‘At other times the Sun has set, taking the Moon witht, or has risen, outshining the pale crescent nearby. 
(A week later.) When the Moon is halfway between, we see half of each side. Se the third figure 
'eg. half a disk overhead — only at sunrise oF sunset; haf a disk setting — only at midday or midnight 
fall Moon is misleadingly called @ Quarter Moon.. since i takes four weeks to move between the four "quarters" 


Sunlight - > @ 4 Sunigne 
earth Moon 
Moonphase, Moon position and time of day 
are all tohty linked “Fur” Crescent" “Quarter 


Back-Bearing: Plus or Minus 200° Then Minus or Plus 20° 


(Or — for the very advances sleepy student: adjust by 20° first (+/-20°) then -/+2009) a simpler solution T 


The Moon is Lit By the Sun —— ((\ 


Examples: 10° is small, so make it big, 210%, adjust back to 190° with a protractr| 
200° i big, co make small, 0909, then back up to 110° 
‘Advanced: 190° is middling, so boost ie frst, by 20°, to 230%, then remove 200° and use 10° compass is to. ZG) 


210° is middling, so try +20°, then 200° = 030° 
When you end up with numbers greater than 360°, remove 360°. When less than zero, add 360°. 
Dieu 10° ig emal; frst carwert i, using 4 360° (= 350°), 
‘350° i big 50 -200° 420° = 170° Go this way! 
185° + 200° -20° = 365°, so adjust it back to 00S" 


(see page 109) 
‘There is another solution to back-bearings — decimal degrees — but it hasnt taken on yet. 
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Section 1: Big Picture; Top Down 


Use Latitude for a Distance Scale (Not ‘Long’-itude, Despite the Name) 
(specaly on marin charts, atlases and old maps—Newer maps are likely to have the mostly meaningless but wallscaled international map gh) 
Labtuce meane "ietance” Pom the Equator. Remember the polar “stance” 90° complement latitude? which measured are distance, in degrees! 
‘of latitude = 60 nautical miles = 111 km The world s 360° around; or 360x60 = 21,600 nautical miles; or 40,000 km 
‘he circumference ofthe Eart getermines how lg a hlometre or 2 natal mule ix atleast in te somewnat autdated orginal defnitons 
(The N/S circumference ofthe Earth has proven to Be closer to 40,007 km, and the E/W circumference is bloated by the Equatorial bulge.) 
One kilometre’, comes from the decimal system: whereby one cicie equals 400 ‘grads; one grad has 100 divisions. 40,000 km 
Use the latitude scale on the left & right sides of a Mercator map to measure length or distance — but only at that latitude on the map. 
But do nat use the longitude scales running across the tap and bottom of ta map ~ since the pacing of longitude lies anould vary th abuse, 
Longitude lines muse converge towards the Poles, to nothing. They span a variable distance = 1° x eos (latitude), But a Mereator map wil (falsely) 
show a constant separation for longitude lines (tis is to make compass courses look straight). A Mereator projection wil also show a variable 
Separation for latitude paale's, even though they ‘shoul’ be constant. This ito preserve te shape of land area-—The lattuge stretning must 
‘match the longitude stretching. Therefore ary scaling shown on the E/W spacing is ony valid forthe latitude at which itis subdivided 
‘hen latitude gele says V1 or 30" mi or 95 km, meant at that latitude, but wien a longitude scale says nthe cistance meaning i missing 


Using the Declination of the Sun 
‘+ Noon Height = 90° latitude + declination = (fom horizontal) Convert °N."to + j°S."t0 ~ 9. 30°S. = -30 
Eg, Lat 30° S.; Decl. 20° N: Height = 90+30420=140° or 40° (the bwo (opposite) heights must add upto 180°) 
ite The mare the Sun declines’ away rom the Equator, and the more you decline onthe other side ofthe Equator, the more the Sun drops 
inthe sky. Aternatively, the colattuge (90-L) is the maximum height ofthe sky Equator. Then adjust forthe decinaton 
‘+ Sunrise/Sunset — time and direction prediction 
Cosine (angle from North/South) = sine (declination) / cosine (latitude) Try dec =23°.5; lat =37°.1; 55°.67; 62°.6, fora different hexagon 
Cosine (time in degrees from noon) = ~Tan (Lat) x Tan (dec.) 1° of longitude = 4 minutes of time. 
E.g, measure the time between sunrise & set; divide by 2; solve for Lat. (make sure to use horizontal, not horizon.) 


‘* East/West Sun — Time and height prediction 
Cosine (E-W time in degrees, from noon) = Tan (dec.) / Tan (Lat.) 9.4 hrs each side of noon @ Lat 41° (Northem Tasmanian Summer) 
Sine (E5W height above horizontal) = sin (des) / sim (Lat) 9, 45" high E,W. from Lat 34 1/3°; +/- ah2im; Mid-Summer 

2.9. take the time when the Sun is E. & W. (opposites ~ you need to remember to carry 60, not 10, & to interpolate carefully) and then solve for Lat. 

‘See p. 86b for a memorable laugh Many more formulae and techniques are available, from books on astro-navigation. 


Perspective Distortion — Use the Correct Vertical 

Vertical is vertical, right? Wrong! To tell the time by the sky, take care 
‘The higher a pair of points (e.g. tara) gets in the sky, the more you have to choose which vertical is needed fora reference, to judge ‘vertical’ by. 
ncn cferent reference girecion wil ie a diferent answer to vow vorbeal are thats Bio points up there?” e.g Hoon cus, Southern Croee 
‘side view makes ths clearer. 

2 straight ine whicn looks horizontal when looking south 

Tooke diagonal in the East “The top view also makes it very clear. line XY high up inthe sky cuts 

tach diferent vertical at» siferent angle 


s 


Don't gauge the angle of rising/setting (pSa) at anywhere other than atthe rse/set horizon in the rise/set direction. 
Don't use the nearest horizon, as your reference for which way i up. 

To visualise a constant rotation’ ofthe stars, use Polaris or the South Pole Star as the ‘centr’ of rotation. 

Tie, Use N-S longitude ines in the sky rotating n relation to vertical t North/South 


To Determine Upper Wind Direction from the Clouds <_ ch, 


Walk inthe reverse direction, while keeping a chosen cloud lined up 
fon a chosen high point. You must walk across level ground to be accurate. 

‘Mare your starting paint, then drag line inthe ground to mark your walking direction, 
This method works well for very slowly moving clouds. 


other methods: Watch cloud shadows 
Use the Moon, Venus or the Sun (only when it is very wall obscured). 
Lookin different cirectons at the moving clouds 
‘nti their mation seems neutralised~they are moving directly toward you. 
Use binoculars, fo magnify the movement (But never look towaras the Sun}. 


> 


The Sunny Skies Quadrant System 
To orient yourself on a clear dy. 


Ute the twa ands of the dark blue band — where it hits the horizon — and the trend of the mile bit ofthe band, 2.0) 
‘in conjunction withthe Sun (but don’ look directly atthe Sun!) and your shadow. sun A (Moon) 
+ No matter which way you are facing, you can detect ane or two signs to orient yourself by, (cusp North) 
‘Or at least imagine them if you can't see the Sun just now. 
‘You don't have to look over your shoulder, whichis misleading anyway. 


‘The middle of the blue band is above vour shadow, and at right angles to the sunbeams near you 


The whole system rotates, during the day. “ 
{Ifthe Moon is up, ade it into the system, Dark Blue 
‘and Moan-North too, whichis off to one sie of North, and changes slowly during the day. Band End 


‘Combine this system with the fixed systems, of 0, 1,2, 3,4 and mun., rise, am.,md., pia, Set Shadow 
Eg. In the diagram, the Sun isto the left of North, sa “the Sun is afternoon, the Moon is ‘before neon’” 
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The Horizon Rotates to Your Right in the Southern Hemisphere 


4.Face the High Noon Sun. (Imagine it Ifyou have to, when it isnot midday.) Ht moves horizontally from Right to Lett (S:H.) yO. 
2'Reverse your perspective ~ let the Sun stand stil and the horizon move, from Left to Right « * 
Imagine the horizon sliding horizontally beneath the Sun (and you shifting sideways with it) 7 x 


3iNow imagine the Sun rising from the eastern horizon ~ it maves up to your left ~ then reverse perspective. 
imagine the eastern horizon moving diagonally down and away from the Sun, twisting down on the right a: it goes, 
Face North. Grip the whole horizon on the East and on the West, and imagine a tilted steering-wheel, 
‘and rotate it around the Pole Stars. Imagine a “steer right” motion. 
‘The invisible steering wheel faces you diagonally upwards, while the horizon, as if fixed (diagonally tothe steering 
wheel, starts off harzontal and then rotates out ofits horizontal 
4.” Keap rotating the horizon, sliding the northern horizon horizontally underneath the high noon Sun, 

and beyond, until the western horizon comes up diagonally to meet your now “setting” Sun. 
‘You need to do this outside to appreciate itn three dimensions, © have any chance of visualizing it easly. 
So put your clock back an the Northern wall (see Se) and say "See, we Southerners have it ight, after all! 
othe real movement — of the solid stuff ~ is lociwise” 


Tell the Time by the Compass Protractor — Tilt It Toward the Equator 


‘Take a tilted bearing of the Sun. The answer comes back as so many degrees to ane side of noon-Narth (or noon-South inthe NH.) 
‘You then use 15° per hour to convert that to hours Before or after noon-time (oon wil be nearer one o'lock during daylight savings time). 


See rca tone rte a \ © Ee 


Stop five: measure the degrees auay from high-noon North, on a tit 


It is more accurate than using 2 finger-span 

to measure 15° per hour v 
Le. Use the compass protractor to make a 24-hour dock face 
‘To use the compass protractor as 2 12-hr lockface, see the box opposite, Pole Star 


(See "The sun passes quickly") 


The Southwest Corner of the Great Square is N. S. E. W. 


‘The Great Square of Pegasus only has one really good right angle but it shows N.S. E. W. perfectly 
In the Souther Hemisphere, it isthe ist star of the Square to rise. 
23 hours Right Ascension 
Note: When you hold @ star chart over your head .— Equator — Double the Square, 
"East and West reverse! te locate it 


‘This isthe view for the Southern Hemisphere. 


geno 
vere Ce ss 
Movement tothe West @—— os 
pera 

seme Bp N+ 420N (Southern Heisphere view) 


The Moon Rises and Sets 50 Minutes Later Each Night 


‘The Moon moves quickly tothe West, But. 
It progresses Eastward through the night skies, night by night, by 12s degrees a day ~ it"ags’ the Sun or ‘moves backwards during the month 
‘So that after 29¥5 days its back inthe same place. It moves about 27 dlameters’ worth East through the stars, per 24 hours 

fr about a diameter an hour to the eact in relation to the Sun. One “diameter is alf'9 degree, and the same as the Sun's 

‘Sun, Moon, Planets and Stars rise in the Eastern half and sat in the Western haf, but some are quicker than others, The Moon is the slowest ofall 
Erg. (icesdally) tides get 25 minutes later each tide, on average — half a day 425 ming apart. 

.g, the 12 month lunar year gains 11 days on the 22-calendar-month year, or "one day per month except for February, on average’ 

{@calendar month equals 30.4 days; alunar year equals 354 days. Months 1,3,5,7,8,10,12 have 21 days-iVs extra; extra in 20 eay months) 
‘The explanation for the Moon's "slowness" in rotating westwards with al the rest ofthe sky, |e. from moonrise to moonset 

(itrotates only 141s degrees per hour, not 15° like te Sun) Is that it slowly revolves around the Earth to the East, 

Inthe same clock-sense a: the Earth revelves around the Sun, 


fsa mune complete 1 evcutans saris 0 te Ean wile we se only 12 Moon months. SANs change — the Moon goes 
Sythe neta Moon, baci toward 9 more ester tar ih perez wie tne Earn oe 2 

{ar an encocrae rotation system, viewed fom ee Worn... ©) Sur 3. 

4 
Turn 90°? _“+/-100° -/+10°" ! — > 
Tuning ght i tring clocks; tring lei tring api cise to0° 
iines Increased he cout of dagrocs Eat of anh So tat tures $100" 10°, 9, 257° changes into 247° ess way 
Enicacess wren turning ee reeds “100° 10°. E9257 changes ito 267° 
Ors s/"10 rs ten/+-100 tna i ease (ner 0°). Adjust by 360° neceanay 

‘her ano convene chat a shere mar witha bars nesing so you mat emembernheeer tse +oF~ 100". G) 
Remembur sods the Sue ck surat fo judge anedorbae 

occ nthe southern Romiophere to your lef W the Sun implies ~ 90° 90° goes sway 

=~ locese your ght Cth the nother bemaphere Sun) mes + 90° 


Hint: When sailing, you can always temporarily head either towards or away from, oF side-on to, on the left or the right, a landmark fram which you 
‘want to take a bearing, without having to change tack, Therefore you can use +/-180® or +/-90° from the boat's compass-heading. In heavy 
‘Weather this means that you do not need to leave the helm to use a hand-bearing compass, but meraly sight along the Iines ofthe boat, or cross- 
‘Wise along the lines ofthe cockpit, stern or cabin. Simply remember that the more clockwise heading is bigger than the left-hand direction 
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Section 1: Big Picture; Top Down 


Global Perspective — Rotation of the Horizon 

ach point on the horizon rotates 

Ina cice 
‘round in an Eastwardly sense ike all the real matter in our anticlockwise spiral galaxy 
‘round the North-Sauth Earth rotation axis 
‘long 2 fixed sky-latitude cre (re. decination cle) 
‘Ata fxed angle of ising/seting (one or the other) in relation tothe fixed stars 
‘Once per day 


‘Example: The "Sugarioafs” were on the left ofthe Sun at sunrise, but six hours ater they had moved to be underneath it, By rotating around Polaris, 
and now, at the end of the day, they have moved way over to its right, and will Keep going around for the next 12 hours of night-time. 


‘To further help you visualise the mation, remember that the ground under your feet is twisting you clockwise in relation tothe sky, inthe SH, 
so thatthe stars, ete, near the horizon all mave only to the left as they rise or fall. For the Northem Hemisphere use "anti-clockwise. right” 


Or Judge the Time By Sight — by Mirroring the Sun Around North 
(To Make an Hour Hand on a 12 Hr Clockface) 


Actual 
‘Hour hand” HighNoon__Sun_= "Noon! positon an the Clockface (i.e. ignore real Noon-Narth after you align the compass propery) (SH) 
© 4 {flere the “hour Rand’ is showing 2¥s hours until ‘noon’, judging ity sight) 
, (For the Northern Hemisphere, you have to reverse things..haur hand ~ Sun ~ South see p.286) 
7 ra OF course this method is really just helping you to GUESS! 


|" Alternative: Line up a pencil tip with Polaris, while making the pencil cast no shadow. With your shadow-side hand, 

‘make your index finger ("The Hour Hand”) touch the penal tip, and lock identical on the ather side of Polaris 

"You can make it work on the Moon or a star or a planet if you know when they are North/South of you. 
‘You can make it work for magnetic noon, to avoid using magnetic variation. 

I works because the Sun moves at half the speed af an nour hand, 

but the doubleg-angle shown, doubles that rate of change, to match a clock’s hour-hand 

Dont forget to tit the compass, so that its axis lines up withthe Earth axis. 


The Southern Summer Rectangle is worth tooking for — since it has four N.S. E. W. guides 
* Sinus 

North: from Procyon, down through the Twins 

North: from Bellatrx down through Nath 

West to East: between Beatrix and Betelgeuse to between Procyon and Gomeissa 

West to East: Nath to between Pollux and Castor, loser ta Pollox 


(0° — Equator 
(To remember the two Twins, say "Castor & Pollux, @ &B, are North & South”) 


Beliatr = — = taco 
: >? 
F sd 1 
And a Triangle Pointing South 1 
ht 
Betelgeuse, Procyon and Sirus. ' 
| pot +3006 
Clouds and Con-trails and Their Winds 
‘+ Fog, whichis cloud elnging tothe ground, usualy oozes dowahil Now, working upwards. 
‘© Topographic cloud banks — may indicate .9. the plateau edge or 2 mountain range. 1. They cling tothe topography. 
Also look for eagles soaring slong otherwise invisible cif edges. 
+ Low clouds ~ they follow the weather map isobars. Also look for sideslip of fying birds and aeroplanes. 
‘e's rule of thumb (clenched fit) low Goud puffs are a least three knuelies wise, alto pus are wo, and cio pfs are one, from s69 level 
‘+ Midate Cato” loud — the pus look smaller, the shading, less dense, but no einess’ seems apparent. The clouds obscure the Sun's outline 
somewhat. Their wind-directon is usualy diferent from Both higher and lower clouds. This wind nl 'steer low level pressure systems. 
(fn 850 mi level chore helps) When'a change Is due, the middle clouds oRen betray whet low wind direction to expect soon, 
‘© High Cirrus) coud — thinner; smaller puffs i pu; icier ie. fleecier, silky, flamentous; transparent, with halos & no shading 


‘The Sun's outtine remains crisp when seen thraugh tirrus. Don't facus on the Sun! 
‘The errus level cloudrirection in the subtropes is usually westerly #/=48°. 
Be sure to test this in your latitude. (A 500 mb chart helps) Try to catch glimpses of upper clouds through gaps inthe low clouds. 
‘© Jet Con(-densation) Trails — are usualy in the high band. Look for them according to a timetable, each day. 


The “SWEETHEART” Method of Orientation 


We are human, and ‘reference directions’ are not. So make them more human, more personal, more emotional 


"Home" is ROE bad. “Sweetheart” is better University 
Find something lovely about each cardinal direction. ‘our favourite holiday spot on the coast’ 
‘Something you love or hate, want, or fear, about each reference direction Big Smoke: 
‘You wil find it easier to maintain awareness of bends Holiday Spot 
and to interpret meaning onto the skyline — what les beyond and behind that horizon! 
Where we got Shopping 

During one walk, these highlights are unlikely to change direction much Fined spree 

country 

Cousin 


a 


green bars (case 2) show mean user throughput (UPT) at a fixed RU of 70%; and the red 
bars (case 3) show system capacity in terms of supported number of users for a given user 
throughput. Resulting gains are: 


Case 2 (green bars): 1.5X with 8X2, 1.75X with 16X2, and 2X with 64X2 MIMO 


Case 3 (red bars): 2X with 8X2, 2.5X with 16X2, and 3X with 64X2 MIMO. 


The primary gains are from azimuth (horizontal dimension) in going from 2X2 to 8X2, and 
from elevation in going to 16X2 and 64X2. FD-MIMO gains are lower with larger ISD values, 
such as 500 meters. 


3GPP has also studied FD-MIMO and conducted a field trial showing impressive throughput 
gains, particularly in a high-rise scenario. 


Carrier Aggregation 

Carrier aggregation, first available in Release 10, plays an important role in provi 
operators maximum flexibility for using all of their available spectrum. By combining 
spectrum blocks, LTE can deliver much higher throughputs than otherwise possible. 
‘Asymmetric aggregation (for example, different amounts of spectrum used on the downlink 
versus the uplink) provides further flexibility and addresses the greater demand on 
downlink traffic. 


Specific types of aggregation include: 


@_Intra-band on adjacent channels. 
@_Intra-band on non-adjacent channels. 
@_Inter-band (700 MHz, 1.9 GHz). 
a 


Inter-technology (for example, LTE on one channel, HSPA+ on another). This 
approach is not currently specified nor being developed. While theoretically 
promising, a considerable number of technical issues would have to be 
addressed." See Figure 65. 


140 3GPP, 3D-MIMO Prototyping and Initial Field Trial Results, TSG RAN WG1 Meeting #80, Agenda Item: 
7.2.4.4, Document R1-150451. 


141 For further details, see 4G Americas, HSPA+ LTE Carrier Aggregation, June 2012 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 129, 
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How to Shift Your Horizon — Its Timing and Height in reiation to the sky. 

‘You can navigate bythe “shape” ofthe sky, back to a spot where you have been before, by nticing the “position” ofthe moving horizon. 
(On a round earth you can shift your postion and hrizon 1", or 360°, by traveling 1*, or 360°, around the circumference. (111 km, of 40,000 kr) 
‘The line were the horizon cute across the sky, varies wih the latitude & longitude & the time of day. Using the Sun as an example. 
Note: The "Ie for 1°” rule for your own movernent, only applies after you nevtralise the other motions, s0 as to be az ithe sky fs standing stil 
Eig. You need to neutralise the Sun's aly motions by lacking st the same ime of day —sunnse, noon, € am. OF 12:22 a.m, of whatever 
Eg. You also need to neutralise the Sur's seasonal motion by looking atthe same dats every year ~ Christmas morning, June 25, or whatever. 

(Leap years can only make a difference of upto 1° — you could improve accuracy by looking ony every four years.) 
Rule one: for Vest East travel, remember that events like Moonrise scam to happen later to an observer further west, ad 

Eerlicr in the East; four minutes of time (early) for every 1° of longitude (East). (these rues work in both hemispheres) 

£., “Christmas Day Sunrise at camp 4 was at & am. Inst Year, nut now [see the Sun aieady up at 6 a.m, 0 to get to where we spent Christmas 
iost year, we would have to go further west to make the Sun lower (ehe horizon higher) at 6 a.m.” (Assume you are atthe correct ltituse) 
Rule two: The horizon drops to reveal new sky as you travel onwards — 1° for every 1° of travel ~ this works in any direction 
sg, "The Sun rose to 75° high, but here it reaches only 74s degrees ~ so 1 would need to travel a half-degree toward the Equator 

for it to be 75° again.” (This example has deliberately chosen a North South change.) 
‘Then you can shiR your horizon, its timing and its height, By Moving around the earth, inorder to match a previous timed snapshot ofthe sky. 


Walking in Phase with the Sun, Wind and Moon 


In ahot climate, walking ina the Sum is unpeasont, hot and gary, especialy ine teeny, ae ESS, 
© The morning wind can be very uncomfortably cold, and itis best to plan to walk away from it, too. 
© Beach walks are more pleasant when you don’t have to bate back into the afternoon sea breeze or prevailing wind; 
So asuass the forecast before you choose a stare point 
Night walks ang late camps are best cone in bright moonlight ~ simply predict the phase, 
© Spotighting isthe easiest on a waning Moon — since the dark period is in the evening, not before daven 
$Spectaclarpnk fl Hoons ony ise at sunset, sis best to pred sch 2 moonrise and plan an early camp witha view. /\ 


tee a etna elas create rete a 


Navigating by the Shape of the Night Sky 


Since the star-map ~ the background to our view ofthe sky — is unchanging, the ‘shape’ of the sky involves only the position of the horizon 
across the backgrouné of fxed stars, and the rotation of that horizon with time. 
‘The sky gives a false impression that the sky itself is spinning, but its we who are turning upside down! It is our horizon which is changing. 


Just as you can neutralise the Sun's motion by looking at the same time every day (which wll show up only its seasonal and longer term variations) 
‘and just as you could neutralise the Moan’s motion, by looking atthe same phase and Moontime every month (e.g. full moon rise), to show up its 
unpredictable motion, 20 to0 with the stars. You must look at the same star-time every night. If, in addition, you look atthe stars from the 
‘Same soot you will notice ne change at al in the ‘shape of the night sky’ oF the position of the horizon — star motion Is all predictable, with no sig- 
nificant variations 
‘This makes the stars excellent for navigation — you simply locate the horizon in terms of the heights of the stars, the tilts of star 
(Groups, and the star-time of night. ©.9. what star appears overhead and at what star time: 
‘Thus, to find that spat again, even much later, you neet to make your harizan look identical a the identical star ime. 
‘CAUTION: Dont go star-navigating; rather only imagine doing so, until you become an expert. Understanding Its more useful than doing it 

All igure, formulae and theories should be checked before you trust your safety to ther, 


The Moon is “in Phase” with the Sun — Watch for It 


‘The Moon progresses (12 degrees per day) contrary to the general rotation, so. 
Anew Moon, rst seen after sunset, must grow from a crescent, in te after sunset part ofthe sky, as it separates from the Sun, Eastwards, night 
by night, mare and mare so after tre new Moon. 2. 2'waxing’ (growing) Noon means Moonlit evenings. After ful the Moon contnuss Eastward. 
‘full Moon must diminish, to a crescent, in the before sunrise time of night. 1.2. a'waning’ Moan Teaves the evenings dark, until Moonrise, predawn. 
In other words, the predawns are moonlit for the second half of the Moon month, after Moonrise. In the frst haf, he predawns are dark, after Moonset. 
“The whole night ig eark in the no Moon’ cnangeaver of months, 
During the day, you ask "Is the Moon ahead of or behind the Sun?” Te. Is the Moon predawn (waning) or post-sunset (waxing)? 
Evening spotlighting ~ is best in the dark before the Waning Magn rises ~ late in the Moon marth Hae) 
Night-walking™—is best in Moonlight after Sunset i.e. ona full Moon, or a waxing, almost Full Moon. (early-mid montiy...-=( Jw, 
(Think ofthe Moon as prouder ofits nighttime role ast moves away, and ashamed as the Sun gets closer) a 
Highest and lowest (Spring’) tides occur on or soon after a new of full Moon, + FaMianing waxing 8 
"Neap' tides occur (when the Sun and Moon pull at right-angles to each other) at "half full Moon. (fo the East) ‘ 
(hallow waters introduce a lag of a day or three, due to fiction and resonance effects.) 
Make it your aim to see these things all happen in phase with the Moon month, 


The Clock-Face Method for Direction 


(Quicker than 360° — it only counts up to 12! ~ it communicates relative directions easily. 
E.g."3o'dock high’ = "on our right — up in the sky” "9:30 from Rigel” = to the left and just above (that star) 
Or, for horizontal directions," § o'clock from the Sun " = looking down-Sun, and slightly to the left “six o'clock true” = South 
‘At 30° per “hour” itis easily compatible with 360° — both are Babylonian systems. 
(Gut don't confuse it with a 24-hour clock face, which is only 15® per hour. Unfortunately our clocks do not use a 24-hour system, which would 
‘make them nicely travel around once per day ~ as fast as the Sun.) 
For shifting between clock face directions and 360° directions. 
~ Fist convert to or from the hour: Multiply hours by 30, for degrees. Use 12hrs=0 : 0 30 60 90; 120 150 180; 210 240 270; 300 330 360 
50 extra" = "add 10 minutes” e.g. 255° = 0830 hre (240° = eight hours; 15° = 1010410) 
"ie extra” = *add 2 minutes” e.g, 258° 0836 hrs 
When using the clock-face for compass directions, for NE, SE, SW, NW use 1:30, 4:30, 7:30, 10:30, 
Translate 1, 2 o'clock as "(roughly) NE, ENE,” etc 
Don't use the minute marke on the clack-face because every 6° is nat very user-friendly 
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Section 1: Big Picture; Top Down 


Latitude without Numbers 


‘hen all you want isthe latitude, the shape of the sky can tell you, without numbers, without calculations, without a watch, 
E.g. ‘Canopus overhead’, or ‘the Pot sets at 30° off vertical’ 


fall you want is to recognise appearances locally, you don't need to set your Star watch to Greenwich Time, orto know a star's longitude relative to 
Greenwich, 
Eg. T'set my match to the Dag Star passing North, from home last mont 


Ifyou don’ want calculators and trigonametry, you don’t need to use them. 
Eg. The sky 's Behaving the same as last year, we must be within sight. 


|Lam about to give you the star time and star longitude information, only for those who wish to work withthe easiest benefits from them. 
Eg. "That must mean that our longitude i 150° & 


Sunset Note that clockwise circuits and half-day walks 
predawn start ‘must alternate between up-Sun and down-Sun. 


Down: Sun Summer 


rene fish ter dusk no nasty cold win? How not 
“ ‘Sunrise in your face yumnavigate 
{ rire 
rice col eeze rom the wie frome 
This Asomes Suthem Hemisphere iy fhieh Spm 
vesion 


‘The Sun shindemrFour eyes al day! 


‘How not to climb a hill — at the end of the day How to climb a bill rd 
Sa urceled i ne Si a ering es ins Vow in stan 
“stemoon Sunn your eves inthe shade DL \Ginssectbec eat 
Dwi oC Up te wea cy ong une on top 


‘You walk always in the shade, 


oie. 3 Matching Sky to Sky — Move Only Your Horizon 


Sg ove towards 2 star anit tim 2. Nove sideways ana your orion te wh you 


Prevailing Winds on Creek Banks 


(One of the two Creek banks will ften have a mud: or rock-clif due to prevailing wave-action, withthe other bank being a mud fat 
Eg. If prevailing winds are westerly, the west bank will show less erosion. 

Far mere on finding the prevailing wind direction when the wind ts nat Slowing, see section 3: "Nature's North" 

‘Because prevailing wind Is almost continental in scale, navigating by it sa sot of Big Picture technique. 


Tips for calm weather 


1. Listen forthe wind! Sounds wil carry better downwind e.g. surf or trafic. Remember this, at night when all else is sil and quiet. 
2. Waten the angle of mist droplets fang, (Stop sl fr this one) Or smoke "sng. 
3. Hultinte the air to make a fog. 
3 Wateh'the Rimaiest vegetation 
5. Look at the leaves which dangle down from the topmost lea clusters ofa tree. 
Mnemonic: “North; Coast’ Go Overseas! 
‘This isa one-off effort, so go tothe trouble of getting 2 globe, 
That's what you should say, whenever you say ‘North to sort out what i truly "East" and “West” of you, 
‘North (Coast) is over there” — itreminds yoU to think, in'a Great Cirle straight line 
or rather to picture, the invisible picture. {wil surprise you what East ang West should mean to you. 
You should make i your business to name the North-Coast town north of you, Tove 
Before you go, by consulting roadmap 
‘Then ofcourse, there isthe East Coast, and the South Coast and the West Coast tia i 
Nos, of course the same must go for “North-West” 
think ofthe North-West Coast township, and so on 
You are not functioning properly unless you mean something when you talk England! Wellington N. 2. 
South Afticat’ | Macquarie Island Aus. 
9, from Australia SoutNNGeorgia (UK) 
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Section 1: Big Picture; Top Down 


Mnemonic “The Sun Travels the Tropics’ 
Le, Imagine the tropical countries and oceans ichich are ‘underneath’ the Sun ast moves East to West during the day ~ The Equatorial band, 
For Australia that means trom Centra America ‘eros the Pacife Ocean ast New Gusnea 

Ono the Indian Ocean ‘And on toward Arcs 

When we in Australia see the Sun rise, itis past noon inthe Americas. AE our sunset, itis approaching noon in Aca 
Ses the Reference List of Tropical Paces (fr Tha Eastern Australian Time Zone) opposite, As'2 help to global nentation, make it your ain to 
mmemorise these time zones in sequence. Check It out with an atlas. See the tear-outclockace diagram in the appendix 
‘The same sequence holds for any planet or star near the Equator e.g. forthe stars listed ‘opposite the Sun’ (below), But with efferent timing. 
You can also imagine which country the Sun is overhead while itis night-time near you, 
‘rinhich country the star opposite the Sun fz overbead while tis daytime nesr you 
Now, with ths n miné name the general Norh/South directions, according to the height ofthe Sun: To the Sun = "Hot"; To noon = “Hottest”; 
Sd fhe Shadow drecion = "Cold Shortest shadow = "Coldest 
‘Although the Moon, by comparison withthe Sun, has a "col fe toi, make sure you apply the same list of hot tropical countries toi alsa. 
‘When you see any Zodiacal body, you should think: "That is a Hot direction; It is over a HOE country.” and try fo name the county. 


Tell the Time of Night by the Star Opposite the Sun 


Such a star will be up all night ~ whether the night Is long in Winter, or short in summer ~ look for it Write them on your calendar. 
‘This yields the solar time, i.e. with respect to local noontime, but not the daylightsavings or summer-time, so adjust by one hour in summer 
January Sirius ‘Castor, Pollux, Procyon 

February Suhail, Miaplacicus_Alphard Regulus ‘This list is arranged time-wise 

March Pointers (Dubhe-Merak) " Denetola _ Phecda Southern Cross the earlier stars are correct, 

April Southern Cross Alioth Spica ‘Arcturus, Pointers (R.K,/Hadar) 2t the beginning of the month, 

May Zubenelgenuti, KechabAlphecca ‘Antares ‘the last stars, near the end. 

dune Antares ‘Atria Rasalhague Scorpion Sting Kaus Australis Vega Use each a5 a 4 hour-hand around the South Pole Star 
july Vega Munks altar Aquila) Peacock Deneb "The Zodiacal stars 

‘August Dened Enif(e Pegasus) _Alnair (the ones on the Ecliptic) 

September Fomaihaut Middle of Great Square fre in tales. 

October Diphda Mirach Achernar—-Hamal-Almach Only they are truly opposite the Sun 
November Mirfak ‘This chart is true for 

December AlderbaranCapella-Rigel Saucepan Six O'clock Stars; Canopus both Hemispheres, permanently. 


Two Different Back-and-Forth-Star-Directions Give You a Position Fix 


es, it's just like two bearings (which are not opposite each other) from two landmarks. But because these landmarks’ are so distant, 
the accuracy is only to within seing distance, For better accuracy you would need a theadalite or sextant. 

E.g. when two stars look upright, that locates a global star-drection; a second upright pair gives you the second direction, and a position fix 

‘To fx your lattude. you have to measure the time-lapse between the two star pairs, (Simultaneaus is simplest.) So you need 2 plumb-line 
‘and also a watch. And for accurate (Greenwich) longitude fixing, you need to work in (Greenwich) star-time — otherwise you have only latitude 
‘Which is xed. So you need either an almanac, or calculator, or star-watch, or a work-itout-at-hame-later approach 

‘This is equivalent to xing which star is exactly overhead and when. To see thi, look up past the fop ofthe plumb-line to ‘overhead! from the two 
Aiferent directions -one for each pair—to see that they must cross exactly overheod 

‘The fix is repeated accurately over years, and every night at the same star-time, with some very small predictable drift in location and timing. 
No one elze on earth can see exactly what you see right now, “That's what gives you 2 unique position fix 

People at the same latitude see something vary similar earler or later than you do. 

‘The best two directions to cross are Northwest/Southeast and Northeast/Southwest Top-view. 

This is because East/West star directions are time-wastngly cifficult to datermine. 

‘This method is most helpful, of course, at sea, or in the desert, oF as @ hobby, or when lost. 


Predict the Full Moon Path According to the Time of the Year 


‘The full Moon is opposite the Sun, ands near the Ecliptic, ic. in the Zodiac (the Sun's path through the stars) so that 
‘When the Sun is in midsummer pasiton—high, and up for along time~the fll Moon wil be in a midwinterposition—low, and setting again quickly 
\When the Sun isin the midinter postion—short days-—the full Moon wil be high ard up fora long time ~ fong nights. 

‘The two complement each other, since when ane comes up the ather goes down, and when ane goes down the ather comes up. 

Both Sun and Moon are on the Eclipte—not usually on the Equator—but, at the Equinoxes, the Sun ig on the Equator, so the full Moon is too. 

Near Equinox, of course, the Sun and Full Moon wl ise and set in almost the same positions — East and West — and follow similar paths — 

‘about 12 hours each, along the Equator. The Equator and the Eclipic intersect In two opposite points ~ the equinactal paints, 

In other words, you can use the full Moon to visualise the Ecliptic, and to guess where the Sun is, |e. to guess the time of night, 

Griyou can use the Sun to visualise the Ecliptic, and to guess where the full Moon wll be, how high, and for how long. 


Finding North from the Moon, by its height & phase 


‘The Moon wil follow a Midsummer Sun's path, or a Midwinter Sun's path, or an average height path, according to where on the Eclptic it les. 
Because the phase of the Moan is determined by is relative position to the Sun, the combination ofthe time of day, the phase, and cusp-Eciptic 
‘gives you an unmistakable sense of where North should be, when you see the Moon. When you see the Moon surprisingly aw in the sky, and the 
‘cusps confirm that the Ecinte lies fairly nerizontal, you know that itis somewhere near North (SH), following a low and Horizontal trajectory, rather 
than a Moon just now rising’ on a high trajectory, lke 2 summer Sun in the East. 


One Degree is about One in Sixty 1in60> ————— 
[And n® is about n in 60. c.g. 10° is 3 in 6 (p96a), and 6° is 4 In 10 (3 fingers wide, or 3¥s knuckle-centres, a arm's length, or blink your eye!) 
‘These are handy rules of thumb fr navigators. Ifyou use an ioscels triangle, the rule is remarkably accurate for most acute angles. 
Handle: cont ianaat rec saatinl Tee best ot onl| OF aah, Tee cine aihea Beoaaye Treowies <1] 
hove come 12 km 1/60 of that = 0.2; tmes Ave = km off 
Actually 18s 1 in 67.3 (4.757400), pracitably slighty more than In 0, But as the angle increases so doss the accuracy ofthe 1:60 rule 
‘The rule (n¢ = n cross 3¢ 60 away) ts based ont the tire side ofthe isosceles triangle Gr fice re sine oF Mal fe angle) 


(Atyou dont ike aumbers, try this other "handy" rule...) 6 (equilateral) lots of 60° 
Rule of Finger: point your Index finger at something — the fingernail is 1° 

Why is 7° slighty more than one I 607 oo AG 
Six equilateral tangles go all around the circle, but, as you know, 6 1/4 radii go around the circle, 

‘This s because the circumference, longer than the hexagon, is 2pi times the fadius, or 6.283" fone radian=57.2° + + 
So one radian’ of arc, which is one radius long, but curved, will be slighty less than 60° 1. 57.3°. 

Se ifthe radius is 60, ane sixtieth ofa racian will be“one in 60", and slighty less than 1°, 160 of = tin 60 F 

377 of them go around the citce. For 360 degrees around the clreumference, the radius needs to be 57.3. } 


‘Te equivalent s'5/3 across at 100" (5 at 200, 167 at 1000; above 10°) "with the more exact figure for upto 10° = 7/4in 100, 


Section 1: Big Picture; Top Down 


‘Tropical Countries and Places Under the Sun — Arranged in Time Zones Relative to Eastern Australian Time ~ 10 hes ahead of Greenwich 


hrs. The mid North Atantle (is opposite Australia) ‘0 Rockhampton, Tropic of Capricam 230° S. (Canberra 36° 5.) 
hrs. Brasilia 16° Sa0 Paulo/Rio de Janeiro 231 S. 1 Alice Springs, Tropic of Capricorn 

20 ts. Trinidad and Tobago 10° W. 2 Sulawesi 0°; Mania 15° Nj Port Hedland 20° 5, 

‘9 Cuba/Maits 20° N.; Bogota 5° N 3. Christmas Island 10° S.; Jakarta 7° 5.; Singapore 1°N. 
= panama. tvs hrs ahead of Australia ~~ Cocos Islands 

3 Galdpages 0°; Guatemala 15° W. 4 Calcutta Tropie of Cancer 231% W. 

“7 Gomez 26° S.; Mexico 231° N. 5 Maldives Equator 

“6___Pitesim Isiand — Easter Island 25 to 27° S, (L.A. 24°N). 6 Gulf of Oman Tropic of Cancer 

= tip of Californian Peninsula 231°N; TOR Gigega 20°N = Seychelles 

5" “angareva Tropic of Capricom 7 Port of Aden 12° N.; Mogadishu 3°; Madagascar 231° S. 
4 Tahit 179%. 3 The north of South Africa on the Tropi; Lake Vitoria 0°; 
cook stands 11° 5 ‘Sudan/Egypt on the Tropic; Aswan High Dar 

“3 Havali Island, Tropic of Cancer 9 _Namibian Desert coast on the Tropic; Lake Chad 14° W. 
2 Fi ises. 30 Timbuktu 7° Ni; Accra SW. 

2 Noumea 21°. See pp 132 11 West Africa coastal bulge 15° N. 


Tell North from The Time By Using a Protractor 


Reverse the method for telling the time from the compass protractor and North. To make the zero point North. 
Make the sundial (protractor) show the correct time (one side of ‘noon’ time). Simultaneously make sure the sundial face is tited to be parallel to 
the Equatorial Plane... Ie. For best results the tit ofthe protractor according to the latitude, needs to be accurate 
Consequently, you may find tan interesting exercise to mockup a large (bigger = better) cardboard mul-protractor 
— e.g. by marking the sides of a cardboard carton 
Use a plumb-bob to accurately tilt the protractor, according to your latitude. E.9. pin the plumb-line to the top, side corer, 
‘and mark 90° on the fat face. 
‘This instrument may be used to find North if you know the local time, orto find the local time if you know North, 4 
(One side af the carton is used forthe latitude protractor in conjunction with the plumb-bob, a second side can be marked as a sun- 
lal protractor. 
E.g. use another (long, straight, perpendicular) pin at the top corner of the side facing you, to casta shadow across 2 90 degree scale 
(C this s for accuracy, rather than make 2 full 180° or 360") 
Morning and afternoon then require separate scales; Wintr-time requires that you face away from the Sun. 


For Land-Navigation, Choose the Plumb-Line Star-Pair Method tree 


Use a smooth constant diameter line, preferably thick. Make the plumb-line tall and stand far back. 
Make the cord either white o black to stand out against the sky, then maybe flash a torch onto it 

Pour sand around the plumb, to anchor it to the ground. Avoid wind, especially if you hang the line from a tree branch! 

™ Blink "the stars “on” and “off” behind the plumb-line, both on it left and on its right, by moving your head. 

* Average the “start” & “finish” times. Le. "It seems to line up now forthe first time”. "definitely finished now". One accurate set of meas. 
turements is better than several rough ones. One star will gradually move over the top ofthe other star, and you have to pick exactly when. 
(Choose well-separated stars (0.9. Rigel & Capella) 

IF you want the timing to give you your longitude immediately, choose a North/South pair (.9. Rigel & Capella) ~ (you need to know the 
‘stars longitude or its timing elsewhere, e. from a known longitude), 


© An East/West pair will gve you your latitude (without the need fora watch). The observation here isnot the time but whether or not the 
‘given pair will attain to uprightness, after the first glimpse or before the last glimpse. Beyond a certain latitude, a given star pair wil always 
Femain tite, less than vertical. This latter process can be time-consuming. Use a hand-held plurb-line occasionally, to check the progress 


Predict the Moon Phases by “ N minus M ” 


Nisa number (you calculate) for one particular year (e.g. For 2004 it was "24", n Australia's time zone, forthe New Moon) 

M"iethe month number (e9. Abilis") 

NM "is the day of the month fora certain fixed phase (eg. in April 2004: 24-4 = 20th April 2004 for the New Moon) 
‘April 20 was dark al night. New Moon seems to show the most regularity. The ‘new Moon’ Is more accurately "ng Moor 
Other phases happen one week later, two weeks later, three weeks later — quarter” By quarter — 29% days for the whole cycle. 
(The number, Ny in 2004, woule be 2; 9; 17; 24, 32 approximately, for 2st; 2nd; ard; Anal and ist quarters respectively.) You can add 29% to N. 
‘Then in 2008, the number, Ny for the new Moan was 13, {oem Api! 2005, 13 minus four equals. the ninth of April ~ no Moon). 
[nd in 2006 I used N= 23; 21 in 2007. The number W far the New Moon must be close to any New Moon date 4 M, e.g. Oscember New Moon+12 
(Check your diary’s calendar each year forthe Moon phases; test and tweak a number Nvthich works to within plus or minus one or two days 
‘The prediction is fairy crude, but with trial and error you ean come up with the best number and phase combination for that yea. For 2010, itis 18. 
usually 11 days less than the year before (12 or leap year) because the lunar year of 354 days is 11 days shorter than the ordinary solar year 
{2.2 good mnemonic is: the Moan gains one day a month for every month except February (which has only 28 days) 
Hints: Subtract "M'” twice for January and February, for more accuracy on non-leap years. Alternatvely, o cope better with leap years 

‘Start the year in March (after the short month, February). Call January & February "months 13 & 14”, but subtract 1 more for their accuracy, 

Note: The "Full Moon” is when the Moon is nearest to "apposite the Sun” and it may not be exactly on the horizon when the SUM Is 


Walk across Australia! 
(Substitute whatever continent is appropriate) 

Mentally line up a wall-poster size map of the whole continent (or bigger) with the track 

When you approach a bend, place the map onthe bend, then walk all over it 

13 hard to miss the meaning ofthe bene f you bother to do ths 

Your mind may nat Believe that iti not stil going straight ahead until you force ito catch up withthe Fats! 


English! 
‘East-around” from Nort, is West-around fram South, in @ horizontal clack-sense. An “Easteriy" course means Eastwards ~ moving to the East. 
‘An“Easterly" motion means East wards. £9. an “Easterly spin”»motion = “orating in an Easterly sense” = moving € around the N/S spin-axs But 
‘hn “Easter” wind means flowing Westward, from the East. hn "Eastey” current might be Rowing Wostnards, from the Eat, but 
‘an eastery tidal “set” Is an offset to the East. (Set is how far the tide "sets" you of track. The speed is called the tidal "sit 
Due " East means exactly” East, a5 when 3 loan is "due" ~ "right now!” ‘Always double-check what someone means! 
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Section 1: Big Picture; Top Down 


North/South and Noontime by Bisection (of Rise and Set) 


Rise and set are symmetrical around North/South, provided you use horizontal, and not the horizon. 
In ily country, instead of 'rise and set, you should use equal height of the Sun (e.g. in NE and NW). 4 knot to cast a shadow 
“Equal height” translates as equal fength shadows of an upright, straight stick or cord, ont fat ground. 

(Or, Better, use a bush sextant, p.27¢, set to a fixed reading 
‘There are four ways to bisect two directions to find Northy'South — so don't muck it up by 90° or 180°! sand settles the bob 
‘The second diagram will work in both hemispheres — but double check the results for sense. 
‘There are alsa two ways to bisect the time ~~ o don't mix up ust before midnight ith just after noon 


It's also hard to bisect the time’ to find noon, which ofcourse, isnot at 12 noon exactly, nor at 1300 hs exactly in summer. Sunset 
‘To work with hours, you neod to carry 60 minutes, not 10 or 100! Sa be careful and crosscheck your figures. N ‘shadow 

Be accurate or your results will not be worth the effort. yesterday 
jg. rise: 0529 hrs; set: 1820 hrs Add...= 2349 hrs Halve... = 1100+ (60 +49)/2 = 1254¥s hre = noon, w = 

Check total elapsed time: 1820 -0520 = 1251 = 20625'a; 0529 + 0625!2 = 115412 = correct, Sunrise Today 


1820 ~ 0625%4 = 115414 = correct 


Longitude and Latitude from the Sun 
Longitude. 


‘Try timing the Sun for equal height each side of noon e.g. NE & NW (SH) to calculate the time of noon. 
“This ean tell ou your Greenwich longitude, provided you know the Sur's longitude, that is its G. H. A. from an almanac or calculator. 
The Sun shits predictably at arate of neat 15*/hour westerly. Almanacs make it thelr business to predict its West longitude exactly 
Of course the Sun's longitude at the time of your noon is your longitude too — since its narth of you. 


Now try timing the Sun in two opposite directions at the same heights ic. East and West. 
You could try using the shadow of a plumb-bob on lat and level ground. Mark the shadow carefully. 
‘This will be most accurate in the seaton when the Sun reaches high — in the summer sky, a 2 


By a series of early observations you can guess at when to make a final observation. 
Using 2 theedalte or ubble sextant allows you fo graph the rise & fal of te Sun (or a star) and see when ‘same height agai’ happens: 
See the "Bush Theodolite’ for an alternative measuring method 

Latitude (There are easier ways!) 

‘You can now solve the E/W formulae for your latitude — e.g try the formula that predicts the timing of East and West for the Sun, 


Equal-Height Stars Can Be Useful When the Sea Horizon is Visible 


(or with a bubble sextant) 


For direction, use the mid-point, of two stars which appear to be of equal height. — a great circle direction 
For longitude, the timing is the important it these stars should be approximately north or south of you 
For latitude, the testis whether or not the stars do attain to equal height. _— these stars willbe approximately East or West of you 


For a postion fx, try to get two pos, one north-west, the other north-east of you, for instance 
‘A bush quadrant s easy to make with a string ted toa stck! — Just pull the string to length to measure or compare star heights. 
Rest your hand and chin on something solid f possible. Use your full arm's length for Best accuracy. ~~ Tethe star 


‘You can fx your latitude by measuring the timing of two separate star pair events 
= the relative timing ~ e.g. "5% minutes apart (Is unique to that latitude), 

Simultaneous events are simplest, but separated events are easier for one person to time, 
‘You don't'get on the map’ with this simple method unless you have been there before 
Uniess you want a lot of trigonometry no calculations are required 

only the observation of re-recognisable appearances. 

You can fx your longitude, too, by measuring any absolute timing — an exact star time ~ and go get on the map. 


Anticlockwise, to the East, is Your Best Spin-Reference Direction 
Because we use our North-South axis as our reference direction, we have to learn the spn-sense as something separate. See ‘Orientation’ p 350. 
‘The standard viewpoint for any spiral system (e.g. Weather system, a clack-face) is rom the top, "ag seen from above". Horizontal directions 
are measured “clockwise around” as you look down on ther. For aur spiral galaxy & solar system, the correct viewpoint is therefore from the North 
Looked at from the top’, ie. from the North, our Galaxy spins anti-clockwise. Or more simply, tothe East. "Up North ison the let” of East 
‘This means that the real motions are East-around the North/South spin aXls~opposite tothe familiar idea that everything sets in the West. 

Because Northerners have their back to the North Pole when they see the Sun Down South of them, they see thelr horizon spin anticlockwise 

= that is, the hills and trees onthe horizon move tothe left ofthe Sun. They are looking "fom the tp" Le. from the North further South 

‘Their Sun only appears to move clockwise (other right, 9 the West), because its thelr horizon movingant-clockwise (to ther let, to the East. 
‘To avoid confsion, always make the distinction between real mass movement and apparent virtual rotation. And think: We spin East 
Because we think of Gockuse” and rightshand’ motion as "standard and seting"in the West” as ormmal it's abt of a hock, to rethink 


= “To the sea horizon 


When you are Down Under, on the South side, loking North atthe noon Sun, you see the Bottom of our Galaxy, and Solar System, and Earth, 
‘The three North’ spin-axes are all very roughiy aligned together, all ying in our “Northem” Hemisphere — not {99 much tilted from each other or 
{rom our own spin-axis. You mentally It yourself further out (net "up") into space to look at (but not really “down on) the spiral motions 
Remember that from a standard’ (Nortnerner') point of view, the Southerner’ view is really "a bottom view loaking upwards” ~ from the South 
half, and you have moved out further South, for a better view — withthe Sauth Polestar behind you. You should see clockwise real movements. 
‘Tarn around and look Southwards at the Southern sky and you wil see as f fram the fop'=or atleast from within’, but looking South. Anticlockwise 
Remember to rethink "Up" as "tothe North Pole of the spin 

‘Te should now be easy for you to visualise, in either hemisphere, your Southern horizon spinning anticlockwise 

1 Look algo a the Moon—-viaualse its orbit and ts spin-“anficlockose’ from N.H., but clockwies-around # You are seeing it from e.g. Australia, 

* Find the bright planets — can you''see" them moving ‘anticlockwise around the Sun’ in orbit? The Ecliptic marks ther path 

{ And, go further, visualise the real Sun spinning much ike the Earth does, on Its own N-S axis. The Sun is North of you in the Souther hemisphere, 
Spinning on its awn axis clockwise rom below’, or in the Northern hemisphere, South of you ‘anti-clockwise from above". Use the Eclipti’s N-S spin, 
‘x 28 a good guide for the Sun's, or simply use the Earth's own axis as 2 rough guide — Dont look at i, but imagine its sunspate moving, 

* Keep going: The Earth hurts through space in ait around the Sun to the left, ile ooking to the Sun, around 2 N-S axie of spin’ (Down Under, 
Tooking North) tothe right, relative to the Sun’ (NH) “anticlockwise, looking South’ (N)-—"with’ the apparent movement ofthe Sun, n bath cases 
‘That makes the noon horizon mave in opposition to the movement ofthe whole Earth thraugh space. Like the slow “inside of 2 spinoing ball crling, 
‘ Imagine the whole Earth-orbitn the sky. I's easy when you get the hang aft. New Zodiac stars seem to emerge (Invisibly) on the Sun's West 
Side, in Seasonal procession, because "the Sun is edging Eastward along the Eclptic in a yearly cycle” .e. we move tothe Wast side of the Sun and 
‘ee behind it to the background Zodiac stars. Don't look atthe Sun, but you should be able to “see” this happening as if there were a star chart be 
hind the Blue sky! Try just before davin 

+ Now, at night-time, find the centr (thickest part) of the Milky Way near Scorpio/Sagitarus and visualise the whole Solar System orbiting it per~ 
pendicular to that, the Sur/Earth/Moon all moving as a uit, to your laf (SH) or right (NH) towards Suhail, away from Deneb. 

‘The Milky Way marks the plane of the spiralling galaxy (from which you can determine its N-S axi, ited diferenty from our). 
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Section 1: Big Picture; Top Down 
Finding Magnetic Variation by Bisecting Rise and Set 
‘Accuracy is needed 


Measure the compass directions of the morning and evening Sun at equal heights <. rise & sat on a flat Horizon 
Biset the result, £9, Rise: 079° Compass "Sets 271° Compast 


‘Add: 350° Halve: 175° Use the Opposite: +200-20=355° (See p.18e) 
So the Compass North must be 5° tothe East of geographic North. Draw diagrams to avoid getting confused. S*E 
‘Check all numbers! .9, 355°-271°=084° 355° to 2605? + 079° morenB4° Correct, 10° 

350°C 40°C 10°C Or 271 ~ 79 = 192° spanning = 296° 0 

79696 = 175° ats 

® opposite to (375 - 20)° sew 1S 
ane 0792 Correct. es | a4 

“The compass readings are "Least", by S° (see p 1070) 
Eig. 079°C is really O84°T. (seep 14e) * 36.196 Approximate MaghetidVakatfonf iso- lines 


A Bush Theodolite for Overnight Equal Height Observations 


Thisis or acuracy in calatin... True North, Noon time and Compass variation 
[And fr any equalnight paired abservatone ~ Sunstrs/ete 
Find a large bent stick. (Or bend it with a Bowstring) knot 
[Gisitup by aoopstnote.hang ikon a 
(tis easy orate Les long shadow, the sick wll not aed tobe bent much.) 
Late atemoon, at camp, 
Tar here the shadow ofthe kot (or the other end of he sick falls onthe tick; 
take the time ine p the lanamark pls tos and nds compass eecon. 
sty morning, nest Sy, 
ld up(nreersy; walt uni he shadow apain fl ins proper place 
get the time, srecton and compass rending again 
fora bush Bubble Sextant, range a water filed clear te ona tangle of lashed waking sticks 
folthat ere sa rapped bubste ns tube cecuon wih an everso sigh ervey opmards be 
Hake the huis always stay atone marked place when You ar ing 


Great-Circle Reference Star Directions 

You need some familia reference points. I's a simple matter of going out at night, waiting around, and tracking down a few of these. 

Look for tars which are closer to the pole than you are, on zce whore they ive and fall vertically. It happens once or twice 9 nigh, per star 

‘This gives you 2 series of great-cirle stor directions, already labeled, because the "maximum latitude’ ts equal to that star's “declination” 

E.g, Acrux fs about 30° from the pole, oF 60° latitude’. If you steered towards one of is vertcal-mation directions you would end up underneath it 
So a5 irises or fall vertically (once each per nigh, isle atthe time), oF circles the South Pole Star lures you to 60°S iattude. 

Eg. Astor overhead, a: the extrame limiting case, 1s moving East to West sing vertically fom the East and falling vetealy tothe West, 
rearing that you are already atthe maximum lattude of that course if you had been Heading towards that star gue, now traveling E-W also. 
You then have to head directy away fom it (e.g. the next night) to further pursue that cours. 

Heading away from that star either East or West would take you eventually Back towards the Equator, ik the way you travelled down there. 
‘The stars further from the pole, than you are from the Equator, make a complementary set of reference directions, by using the horizontal 
direction at ight-angles fo where stars ize and set - The declination iz a measure of how close to the pole you would pass 
‘The stars close tothe pole are unavailable. The co-decination labels the maximum latitude” 

Ev, Sinus is 17° South, 20 nsing from the horzon, somewhere tothe South of East, i would send you to within 17° to the left ofthe South Pole 
“Turnaround and ¥ would guise you (part wy) to crass the Equator and to within 17° ofthe left ofthe North Pole, 


Make a Bush Psychrometer for absolute humidity and dew-point-temperature measurements 

Carry a wettable piece of material ~ dip tin water — hang it up to dry (inthe shade out ofthe breeze) — time how Iong it takes. 
‘aature the ai temperature at th same time, anc cross correlate te two, t9 find the absolute humic If you Clloate the method at home, by 
<grephing the results fora whole range of different temperature and humidity conditions, you will gt to recognise a dry air mass from a moist one. 
‘ihe piece of materal neads tobe non-porous, non-rtting and dark coloured ~ to snow the drying process ceary, and to yield repestable results 
Nighttime minimum temperature mare or les bottoms Gut as soon au an air mass starts to dew, The groune then wets down further instead of 
ooling down further. The normal method of measuring absolute ar humidty—the percentage of water vapour—is by evaporative cooling a water 
Grop int requires wetting a thermometer bulb, fanning it vigorously (trying hard not to breakit) and measuring how far you can make the “wet 
Bulb temperature” “dip” below the “dry bul (ar-jtemperature" The water temperature wont ge all the way down to "dem point”—the temperature 
‘3t which dew or frost wil form in that sr mass-unless (already is dipping wet outside. Tt may get a bit more than half-way, ana then only when 
nly dew is expected DP above 3° C. If frost Is possible, 1c. when the dew point temperature‘ 2° or lesz, will @ip at mast half way down 
fo the dew point. Why 3°? Well, when the ar fs very dry, dewing wil further reduce the water vapour content of stil, cold air, from a dew-point 
temperature of a few degrees above zero, down to 0°—resulting in Trozen dew. Rule of thumb for calculating dew-point from ai: 

When the DP ts 40°€/30°/20°/10°/5*/0° then add ta the ‘ip’ 0/1/2/3/4/5 quarters ofthe dip, to get down to the real dew point. 
Ifthe nights long enough and calm enough fo cool dawn enough, & the sky is lear enough, a OP near zero will result in a ros. 
E.g, 15° to 10° =5" ip, S8OP. 15° to 13° = 2°dip, 1°09. 19° %0 18° = Ae, 17°%4DP. (Remember thet you cant go for wrong anyway.) 


South is a Triply Better Reference Direction than North, in the South 
4. The closest geographic Pole in tha Southern hemisphere is just over the horizon in Antartica. Globally seen, al rections pointing South are 
convergent, whereas directions panting North are inlay divergent, and lengthy and less meaning... Traveling North yo fst crose the Equator 
before gets colder ~ so the gu-fee! meaning is ess clear. The meaningful crecton, when you aren South Iattudes, ist go further South to got 
‘uch colder. (It's the same asin the Northern hemisphere, where gong further Navth makes fe miuchcoleer.) 
‘You my find that ina place like Tasmania for Instance, the maps szem to be upside down, because although North is atthe top of the map, the 
Iogical reference direction is toward the bottom of the map, where the col place gets colder. You don thnk: "This is a warm place. In which direc 
tion does it get warmer?” 
‘As a result its easy to get disoriented by 180°, if you insist on using North as your reference direction. In addition. 
2: When you put South st tne top, and look South then the Sun wl move to your ight, az en from the N.H, across the map as te passes, 
for bath Remispheres~-and that will make the lock-to-Sun ink obvious (ike putting 8 Southern clock onthe S. wall fo match the Sun's motion) 
Northemers especialy, woud find that a more natural way to view any map~asif frm further North, leaking South, to the Sun moving right. 
3: Putting South at the tp, with the Sun & Tropics behind you, looking down onto 2 map, isthe matnematially standard viewpoint 
= tke ooking from the tp ofthe Galaxy ~ trom North to further South — the land South of you moves Ant-cockwise, £9 your left to the East. 
You can sl erent your map normaly and correc, but there sno law against habitually viewing It rom lis Northern edge, looking South Try it 
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Section 1: Big Picture; Top Down 


Find East/West By Delayed Bisection of the Sun and the Full Moon arise or set 


To Find due East (+/-10°): 


isect the sunrise and the full Moon rise ~ since they are of opposite declination. 
For due West (+/-10°): Bisact the sunset and the full Moon set — since they set each side of due West. 


Obviously, you need to wait about 12 hours for this method ~ itis really just for your background comfort level about where things are. 
‘There is a slop af 5°, since the Moon's plane of orbit is about 5® away from the Eciptc. 

‘There is also a slop of about 24 hours, since the Tull Moon occurs at some time other than Moonrise or Moonset, 

plus ite hard to pick an exacty full Moon, and the Moon varies in declination, i.e. North/South postion, from day to day. 


Q =» Oo 


Find North by your (non-digital) Watch-Hands 


Point he noon on te watch (not the 121 othe Sun 
{iit te watch axis toward Polaris 2: best you can judge N 8 
This ie matters moe bute not snvally mentioned ee nee 
Norther hemisphere: The Sun len between the hour hand and South, 
Why? Clocks Go locos; at 30° per hour ~ swe around per doy 
For the Southern Hemisphere that mearst = ice as fast ay the Sun and opposite 
Soin between’ moves nether clocnse ngraticocknise ~iestays W/S. AF real noontime the hour hand andthe Sun crossover 
forthe Northern Homsphere, the hour Rand svertakes the Sun at nontime, at South 
{es eany to visulieen fst motion, once you cate te dea — fake ie hare overtaking te otose. 
nememberta vit he water ace apt be parle tote Suns arb, net horzonl, Beene 9 suns shscon = na near 


You could use the middle of sunrise/sunset times to find the local actual high-noon midday time, whichis needed for “point noon at the Sun. 
‘The same mathad an be applied ta the star, the Moon or the planets ~ provided you know when the one you want to use = north of you 


Leo the Lion Looks like a Lion or Sphinx Squatting RASALAS AA 
It Has Four Lines which Show N./S. E./W. ADNAFERE ws Senos 
Two in the hndguartes one along the bac; one as the stem af the“question mar (Le's mane). EE Paes 
(You have t turn tre? around.) Far the Southern Hemisphere, urn ical upside down Me 
‘This is a good sign in Northern spring/Southern auturnn. Geneeos = jreautos 
curr" 
Breton Stmovetat ae E Ww 


To Predict the Moon's Path, Visualise the Ecliptic minimum aeciination 
For more cues on howto visualise the Ecliptic frst se the overview at the end of ths section. *-23004N" ve, 235% S 
‘The Moon stays within 5° of the Eciptc. That helps you See where the Eciptc should be, or altematvely, ofthe Exiptic (Solstice) 
where the Moon should be. The Full Moon is easy, and has been covered on p. 24d 
[tnalf-Moon, for example, is 90° from the Sun; 30 fone is onthe Equator the other isnot and vice versa, Sun's yearly path E 
Eg. a half Moon in mid-winter will ise and set due E,W. 4/- 5° or so 
Secondly, recall that the Earth's spin-axiss tited 2314 degrees from the solar system. North to the ef 

“his is how it would look fom Syaney (*), at midday, n Midsummer, |e. at Southern Summer Solstice 

‘The fo great circles Intarsec at 2361s. The whole dovble-ercle rotates West over 24 hours. re sunsets 


horizontal 


‘To visualise the Exiptic (see also p, 20d & 328), from the Sun, (Southern Spring Equinox) 
Since the Sun moves eastwards seasonally through the stars you can know that Oe dee 


the part of the Ecliptic which the Sun was recently on must ‘lead’ the Sun to the West. 
xg after solstice in Southern Summer, the most Souther part of the Ecistie i ahead ofthe Sun 

to the West, and so a waning crescent Maon (ta the West of the Sun) will be higher im the sky, on average, than the Sun. (SH) 
Eg. A crescent Moon at sunset at spring equinox will look extraordinarily high over the sunset glow, because of the 23°Vs tlt 


Bearings & Tracks: “If it is Right, it is Big, in my sight” 


Anything on my Right Is Bigger than ‘ahead’. 1c. If | am heading 100°, something on the right has a bearing bigger than 100%, e.g. 200°. 
‘And "Any track on my Left is too Little fo look at” = Anything on my Left's Less than ahead, e.9. 20°. 
‘These mnemonics compare fxed tracks or directions, and their'Big and Little” Measure in dagrees, East-around-from-North .e. clockwise bearings. 


[The changeover from 360° to 0° can give you trouble. Where ahead! was say 355°, 15° bigger should be big’ e.g. 370° but wil look really small, 
420°, Because it i nowhere near 355 in number, there should be no possible canfusion, provided you think of 10° ax 370°. 

“Lite” may laok realy bg, if 360° gets In betwaen. £-g. where’ahead’ was 005°, 15° Smaller Would be ~10°, which is the same as 350°, which is. 
nowere near Sin number] 


Furthermore, if A sees B on his right, relative to a fixed direction, B sees A on his right, 


provided that they use acute angles, 0° they look in apposite directions e.g. facing each other. 
This could all get Confusing if you don’t remember those two provisos. See p10Sc for hov to put this mnemonic Into practice. 
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Section 1: Big Picture; Top Down 


Find North from the Combination of the Sun and the Moon 


‘when you are familiar withthe path of the Sun and of the Moon, and with their seasonal movements, and withthe Equator and Ecliptic, 
then whenever you see the Moon up during the day, imagine where the Sun's path ies in celation tothe Moon's, and vice versa, 


This gives you two concentric crces to visualise, which of course allows you to locate Polaris (atthe centre of those paths), and from there, North 


oO 


NorthySouth fo) See box de below, to know where the Moon should be. 


Find Any Other Direction Too — Using the Hour Hand 


foi th ur oh usr san ron eter eS or tr) ante nahn”) 


This is because the method only shows the rotational position af the body — longitude wise, our han 
rot its height declination wise — and with the clockface being tilted, the horizontal direction 
being pointed aut is not obvious until you choose a height. side-on 


Ofcourse, the accuracy of the method depends also upon aligning the clockface to the Equatorial plane 


String North 


Carry a piece of string, about one metre ong, to measure the angular height of the Moon, planet or star which you intend to use later 
You measure it once, as a matter of preparation, then use it many times. The Moon goes out of date the most quickly, but the stars are permanent 
ut a loop knot atone end, to hold the Bottom knot, level with the horizon or horizontal. You may have to wait, until the height Is clear 
Hold the string at arms’ length in a vertical plane to the North-South, which s where the star wil each its highest point 
Puta second knot to show the maximum height. This is equivalent to the ‘noon’ height for the Sun. 
For the Sun you could use the shadow, and hold the sting down from the harzontal. It will be accurate for a week: 
Better sil, use the shadow methods soon to be described, to avoid the temptation of locking atthe Sun. 


‘Now at other times of the day/ night, first hold the string in a vertical plane to reconstruct the expacted height, then hold the string horizontally 
from that same high angle above you. Lasty, twist and turn, co thatthe horizontal string apparently point tothe Dody used ~ Moon, star, planet. 
You have to twist yourself until the string is Horizontal, and at the right height, and points to the chosen body. Then you are facing NS, 
Actually the method approximates a slightly curved small-crcle star-path with a great‘ccle straight course. 

You can find approximate North with the string, then adjust it slighty by imagining the actual sta-path as a small circle around the Pole Star. 

‘Te straight string wll then appear to point to just above the star, But in your imagination, it curves down to match the guesstimated star-path 
‘This is the direct sighting equivalent t the shartest-shagow South’ methods on the next page. 


A 4 Week Position Cycle of Moonrise/set, to Find East/West 


‘The Moon, like the Sun, lies close to the Ecliptic (in the Zodiac), and completes a cycle along it (within 5°) in 27% days (not quite 28 days). So. 
‘The Moon’ changes position in a four-week cycle, like a speeded up year. It spends 2 week in each ‘seasonal’ position: High; mid; lo; mid hi 
‘The Moon crosses the Equator every fortnight, rising due East and setting due West that day. Find it! Use pd to find E/W on those days/nights. 
Inlternate weeks it wil rise & set in the Midsummer then Midwinter pasitons for the Sun. Get to know them, and expect each one every 4 weeks. 
« Its change of rise/set position day to day is most sensitive near the equinox position, due E/W (be careful, and is least critical a week later. 
In between times, the rise/set positions can be guessed by the day of the week, by interpolation, as a good direction guide on any day. 
The cycie runs fast by only 1 day in 37 1/3 days. So itis a continuous guide to E/W, for a month at a time, as it moves through 13 Zodiac signs. 
«The best way to set your Moon-watch is by observation. If Moon-rse/set is too late at right, then look for Moon-set/rise curing the day. 
Sunset Full Moon is a oad starting paint for estimating the nightiy-cycle; Sunrise New Moon, for the daytime. Midsummer or Midwinter ar Equinoc- 
{ial full Moon are very good starting points, because the Moon will bein the anti-Sun position. Vieualise the Eliptic(thraugh the Sun and perpen- 
cular to the Moan cusps joined) and Its shape in relation to the Equator, and use a compass. Say the full Moan is opposite the Sun on Saturday, 
but by Monday the Moon sets due West. Every Monday for up to S weeks the Moonset will bein a recognisable position €.9. W, N-W, W, S-W, W. 
Ona later Monday, you will ned to step back one day and say "every Sunday, for five weeks” the Moon will repeat those four positions. Adjust 
Yourself by one day, as it shows itslf necessary. You can simply say "Tt is a Thursday Moon at the moment", expecting to have the change to "a 
Wednesday Moon" ina fortnight or 2. Keep your finger on the Moon- pulse to keep up-to-date. E.9. Say: “It's a Spring-type Moon next Tuesday" 
+ To koep track ofthe weeks, here isa recipe: Call the new year e.g. a Friday Winter Moon” and adjust 1 day every 37 days, 10 days over 1 
{ull year, or by 4/5 of the completed months. 7, 8,9, 10 daye for after 7-, 8, 9+, 10-ber, using the Latin names; 0-7 days while inthe rest, 1-8 
* Pernaps you lose track of 9 "Wednesday Moon for a'couple of months, and ery to start again, Track the Moon's Mation along the Ecliptic. 
‘The Moon overtakes the Sun at No Moon, gets one season ahead ofthe Sun within a week, atthe ist quarter’ is opposite It in another week 
(ull), and is one season behind the Sun in the 3rd quarter. There are 12 and a third months in a ear, so the Moon is moving 12 1/3 times mare 
{quickly around than the Sun, in its seasonal cycle. What takes the Sun one month will ake the Moon only 2% days. (31=2.5+12.3) 

Step 0: Visualize the cycle, — .e. imagine where te lines of the Ecliptie nd Equator must be in latin to tre Sun and Moon, 

Step 1: Place the Sun on the Eciptic Ie. estimate the time of year, and from that, the time before/after the next/ast solstice/ equinox. 

Step 2: Try to visualise where on the Ecliptic the Moon must be, according to its phase 

Step 3: Interpolate for the exact phase, and label ita 'Manday Noon’ or whatever. Check your guess with a compass i possible. 
Eg. There was an eclipse of the Sun on Tues July 22 2009, 1 marth after solstice, The Winker Moon must have been "Sat night and for 2009 “Mon 
Eg. 23 November is one month before the SH Surnmer solstice (2/4 days worth of Moon motion through the stars). You can work eut, for any 
‘hase, which phase and position to expect in 2¥s days, For instance, Nav 23's late Spring, almast Summer, Southern hemisphere (withthe Sun 
South of the Equator and moving further South). The Sun Is high and getting higher. Opposite that, is a Full Moon postion (North ofthe Equator 
‘moving further N). I stays low inthe N, getting lower. Orifitis a ‘First-Quarter half-moon’ at that time, it will be In tha late-Sumimer-almost- 
‘Autumn pesition (approaching the Equator from the S, midhigh in the sky). OF If the Moon is a third quarter half-moon, it willbe In an “almost 
Spring’ position (approaching the Equator from the N), You would therefore knav that, taking the last example, over the next 3 weeks, a Waning 
CCrescent/ New Crescent/ Waxing Gibbous) Past-Full Moon, wil ise E/SE/E/NE, and set W/SW/W/NW, In approximately 24/9/3623 days. 
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Section 1: Big Picture; Top Down 


Sun Path Norths — Summary 


+ Noon-time: You ook at your watch to aee how far the Sun is away from, apparent-nogntime, then lok at how far your shadow must be 
rom shadow South: Negr noon, the (untimed) shortest shadow methods below aren accuréte, but this timed method can film he ga. 


+ chord bisection: This works for any bady e.g. the Moon. 
+ Sundial methods: You set the sundial tothe right time. E.g. tlt the compass protractor tothe equatorial plane, 

+ Shadow bisection: This ean work for the Maon too, lust remember to use @ vertical stick on level ground, .9. a dry puddle 

+ _Equal-height: You can use an improvised sextant/quadrant/bubble sextant. Don forget to bisect bath the time and the direction, carefully 
+ Sun at East/West: You need to be familiar withthe height &/or the time when the Sun is East or West 


+ Equinoctal sunrise/sunset: You keep track of how far off East/West the sunrise/sunset i, at this time of year. 
+ Equinoetialrise/Set angle: You can extend the Sun's path to noon, rise or sat, n a straight line, using the latitude angle. 

+ Equinoetial East: Where the shadow moves to, with sight adjustments at other times of year. 

+ The Noon-shadow path is always to due East, This is useful for anytime near noon, say +/- 2 hours. 

+ When the Sun is very high near noon, you need to see the direction of movement of any point shadow on fat ground — West to East 


Locating Anti-sunrise or Anti-sunset 
Imagine a line from your head-shadow, opposite the Sun's path, cutting the horizon at the correct rise/set angle p.9a 
(The Sun's path is approximately a great-cle, so now Imagine a plan, edge-on along that line, cutting the level ground 
Look for where the shadow would be closest to you. This approximates the Shortest Shadow South... ‘anti-sunset arf upto the right 


Shortest Shadow Souths rom catcuiating, memorising or knowing the angle of high noon shadows. 
+ Walking-Stick North: You lean your walking-stic, so that at noon i would cast no shadow, and so that right now it casts 3 shadow 


‘at right angles to itsalf a direction whichis nearly West-East. Adjust (all these methods) slighty forthe season, afterwards. vert 
* Body-shadow South: You use your awa shadow tip joined at right angles to your shortest-shadow tip (guess at its length and position). 
‘Tnis works Dest in the early morning and late afternagn,wwhere 2 guess as to your shortest shadow is sufficient 


+ Cardboard Triangle East/West: You cut itto point to high-noon height, like the walking stick & body mathods combined obect 
| Diumbstine North: You tea string tangle Instead, to the right shape, and maybe attach it to your walking stick plumty We 
+ Notebook North: You Mip open one page from horizontal, so that it casts no shadow, and also points straight to high-noon height 

Simultaneously. Le. the page should be held atthe correct angle, mimicking the Sun's maximum height cores 
‘You can siscover the correct angle by observation, yesterday, (on a horizontal surface, 7 

for you can calculate that angle as “latitude degrees minus declination degrees away from vertical perpendicular is approximately EastjWest 


“Star-Time” Gains Four Minutes a Day 


3 minutes 56 seconds actualy, by appearances; (3m 56.555s if you use the almanac, and the frst point of Arist, because “Aries” as itis known for 
‘Shor, isnot areal star, and it dnits slowly through the Zodiac) 
Stars complete one extra orbit 360° — than the Sun in one year ~ 366% in 365% days — so that's about 1° per day whichis 4 minutes of time. 


By “time” we mean Sun-time "15° per hour on average’, in ordinary usage — a slightly varying rate in practice. 
By "star-tme” we mean "15 and a BI dagress per hour Spin rate ~ a constant rate” 


‘The stars outrun the Sun, night by night, by 1° on average, so the Sun seems ta migrate ‘backwards’—to the east—through the Zodiac belt of stars, 
‘You could say: "The Sun drags its future after it!”, meaning thatthe Sun sets In the West, but Its future star-position shows up Just tothe East. 


‘You can zero your star-time, by timing when a bright star (preferably one near the Equatorial belt) passes overhead, or north or south of you on a 
particular night from a known particular longitude. You then calculate star time from™"Sun-Time plus 3mSG= per day since then” including part-cays 
In your detailed calculation, at arate of 10 second’ time per extra hour ~ 1 second per six minutes 

‘Your reference longitude becomes like Graenwich to you ~ or, alternatively, you can adjust everything back to Greenwich longitude and Greenwich 
star time. You can also buy quartz controlled star-watches or calculators, 


Adjusted Moon-Cusp North: To the Left or Right, By Moving the Sun 


“Cusp-Narth” can be improved, by mentally moving the Sun away from the Ecliptic anto the sky Equator. Do the adjustment once a day. Guess the 
declination of the Sun, from the season; then shift It onto the nearest bit of the Equator and the Sur-to-Moon illumination angle may tit alittle. 
Instead of pointing tothe pole star for the Eliptic, in Draco, the new cusp-North will point more to the pole star for the Equator ~ Polaris. 
Erg, the migwinter Sun needs to climb 22 degrees higher — which would tit the cuspe of the Moon (due to the shift in llumination). Diagram 1 
Caution: The illumination angle ofthe Moon does not change much when the Moon is shifted anto the Equator, and not at all fora half-Moon. 
.g. a half Moon (90° from the Sun) at Equinox could be adjusted by 231° to bring it onto the Equator (Its lke the Sun at Solstice), (diagram 2) 
but cusp North does not change. Being 9° from the Sun the cusps outline ane and the same great-crle 
For the Southern Hemisphere setting. /¥ The Early Summer Sun 
Teoking into the sky... Equator (it also creeps east 
SSpackwards’ — 
along the Ecliptic) 


Equinoctal Sun 


Eel 


Xp Noth does nt move to he rt 
Dewar of porettva bicke yY 


% 

*Spring Equinox 

“The Winter EcipticTeads’ the Summer Sun. 
CCusp North moves tothe let 


“By the Nose” Navigation 


‘Our Mental Map is a Nose-Eye View — not at all ike the bira's-eye-view given by a layout map. (See "Strip Map Navigation” p.95c) 
‘Oh yes, our mind eventually fils out a (spatially-slid) layout map, but initially we collect a set of (spatially confused) mental photographs 
from all cifferent perspectives taken fram ground level, Our mind doesn’ deal in map symbols or contour lines! 

Rather thas search images, image enhancement, image recognition, three-dimensional images, and memorieed relative angles 

Consequently, a more natural methed of finding your way is what I call ‘Nose Navigation’ — almost opposite to mapwork 

Nose navigation uses ‘strip maps’ (Section 4), relative angles, ad a couple of special mnemonics. 

“Because (my shadow) seemed to shift right just now; Therefore I _ must have turned left” 
Now substitute in the (..): Ayers Rock/Uluru; That distant cloud; The Sun; The Moon; Compass Needle; East Wind; The RDF Null; That bright star 
In other words: "My Nose Tums EVERYTHING Away!" -e. when I turn my nce, everything alse seems to turn sppositey, 
‘This simple rule attacks head-on your insistent illusion that you have been walking “straight” ahead! 
‘And your illogical belief that “Ayer’s Rock has moved" Neither has your shadow ‘turned right Just aow, simply because Your nose ‘hasn't moved"! 
Ttis net as easy as you think to apply, e.g. when you are reenacting where you thought you had gone, in your (already confused) head. 
"The second nose mnemonic ison the opposite page 


20 


Section 1: Big Picture; Top Down 


Seasonal Adjustments For Equinoctial East 


Shadows move due East at Equinox, all-day. At other times of year, when sunrise/sunset is not due East/West, the Shadow path curves slightly at an 
‘angle avay from sunriee/suneet, an angle which you should become familiar with each week, Start by assuming that the shadow is moving "East 
‘Verify this Rule: Shadow Paths Bulge toward the Hot Pole, even in tne tropic, n both hemispheres. (The Sun erosees at Sept 22 8 March 21.) 
Adjustment: The first uess at "Hof Pole” Needs to be Adjusted Slightly, less near noon, little or nane nearer equinox, to"un- bulge” the path. 
‘mid-Winter path Remember that "the Southern Sun Sets Somewhat South in Southern Summer”, #9 that 


Seta eM opposite-Sunrise & opposite-Sunset need to come back South to point out E & W correctly 
=P ecuinoctial path 'E.g. You guess East (or West in the a.m.) fram the shadow’s movement over 1 minute, 
nile pain” dl soph be apps sunel/snnie aecton yeu ar een the day) 
ped ee eee se eerie cae a ak elt gis ok ral 
a Letssyitismmmarin Sages Mepis youre sone Ng 
summer Saf ou Tenet pls the Nath ole, so ns Nona grea tom your 
vino ESM alt va ha Gs ryan a Aa ote eons pt) fh 
ES iimer Weta CTS an eaten Weak stack coe becca ae eee. Pam ip 


North-Finding from Two Paper Triangles orevensrom only one 


CCut out a back-to-back triangle shape and fold it along the join. Line it up as shown and’ vil point to Polaris... 
‘is your South latitude (For the Norther Hemisphere use the North Latitude and swap N & S) 
2'is the polar distance of the Sun (from the depressed’ pole, N) horizons 


Lee. itsco-declination, or 90°-N dec. See p. 185, 
You can set it by observation or calculation; and can fold itto the correct angle rather than cutting it 
(risa rightangie, But’ and the hortzontal is what really matters) 
This twoctriangle method works best away from noon, but nearer noon simply find the way shadows move’ 
‘The 'N-S’ edge is parallel to the Earth's axis and acts asa hinge around which the Sun revolves. (VD 
‘Sun and shadows move at right angles to that axis. 
"You only need ane of the two angles if you find the direction af shadow movement Point this edge to the Sun 
and swivel N-S" ta be perpendicular to that. (You dan’ even need one angle, near noon) 5 (soit casts na shadow) 
Eg. Poke a straight stick into the ground, pointing at the Sun, casting no shadow; (OF use any point-shadow rotating around its point) 
By waiting a short while find the direction of movernent at a half-way point, in mid-air, .e. maintaining an equal distance to the tp, 
‘and mangevre your N-S' axis (Index finger), £9 be perpendicular to how shadavts move, then at the carrec angle ta the Sun and/or Horizontal 


Working the Star-Longitude Numbers 

‘The reference star point, 9 non-str, is 0°N/S;0°E/W, and is called "The First Point of Aries” or “the Vernal Equinox" where the ‘northern spring’ Sun 
crosses the eciptic (on March 21). Other stars are measured from that (imaginary) star, ike latitude and longitude are measured from 0,0 a name 
{cee pot of ocean ~ each starhas an almost fixed longituse in TIBEon to tes. 
IN/S “iatitude'is called #/-" Declination 
£/W longitude i called (a) Right Ascension ~ R.A, ~ or Star Time’ ~ Iti measured Easterly, in hours at 15° per‘hour, from “Aces” 

(Or (8) Hour-Angle ~ HA. ~ itis measured Westerly, in dearees, lke longitude, But 360° sround, from "Aries". 
‘The frst, RA, is designed to tell us the time — when the star will show ~ since all the stars move around westward with Ares 
‘The second, HA, is designed to track the West longitude of the star in reference to the Earth, as the star progresses West around. 
We need them both, but they are entirely equivalent to each other 
(The only trouble is that a star hour of 15° Is slightly faster than 9 Sun hour of 15° of progress to the West.) 
Newt you need to know thatthe frst point of Aree was a 100° W. Earth longitude atthe begining of the millennium, 
‘and at every tum of leap-year thereafter, a January 1.0 (midnight). Then it gains ata rate of 1.002737909, or sbout 1° per day on the Sun, (3m 
5s time, s0 that the stars tur fll cele during four seasons. "1°" is adequate accuracy in the short term for us but not for yacht navigators 
E-g. January 31-5~ 100+30°+0.5" W., then you add the H.A. (or subtract 15% the RA. hours) fora pateular star ~ that's the longitude where the 
Sar wil be Overhead ‘For exact numbers consult an almanac, but Iam concerned here with giving you an overview. 


Topographic-Level Winds 


‘This is what you fee! in your face at ground level, or clase ta it 
Fog; Smoke; Valley Winds; Sea Breeze; Eddies; Catabatic Winds; Forest Winds; Scree-Slope Winds; Mountain Winds; Glacier Winds; Lake Winds. 
‘The various thermal winds listed will of course be very variable. The thermal winds flow from cooler areas, bafore rising in the warmer region. 
Nevertheless they may betray the slope ofthe lang, for instance at night. For example, fog forms on calm cold nights then drifts slowly downslope. 
Being dense, fog wil drift down-valley, down-stream, and offshore, You can see the location of creck outlets fram the early morning beach fog, 


‘The ground-winds due to pressure systems, are affected by overall friction and therefore average out slower and less Sun-twisted than upperinds. 
GGround-Ievel winds form waves, foam strects’, sand ripples & dunes, drag marks, snow ripples & drifts, which all may persist beyond the winds, 
‘and they cause lopsided bushes and salt-spray”cut’ bushes. See Section 3 for more detals. 


Gusts are at cifferant directions to lulls since upper winds penetrate to lower layers. 


——1 


“Nose-Navigation Needs an ‘Anti’ Mnemonic”: “Nor-West, Not-Least” 


OLR. West: “Werth om Right = Ging Westar Neel on Right = Going Was Le going Ito the wes hall (top diagram) 
NOU Wate chor on tne tan Gang Eat'orsnarcconthe ich etary East? Cocaine (enemsdegram) 
This i sheys rue when you serving on “Neale Noa’. You don’t hava ta think any further But, ° 

Tit eulvletto AMMT-CLOCRWISE BEARINGS. wth you con aad ram ocacabesared tr Needle onthe Right 
The fllowing numbers refer to an ordinary compass ~ rarked doctwise, and gt to." as straight ahead [7 ee sere 
{Pac hony So Noth one len oe aoR toad ‘he compass sau iit palo 045 Ne 

Example: deep ina cove twee 

Elample on yochs uta heed hand compass The compass protractor sumbers sy "North Wes, 350% ewe on the tee 
Example: wih 4 xed ar-compase, not mares aniocse Tar youthon i pain ME Se-NOTLEae 
Sea eet eeermined 

Elample: cong’ @ compass elder eh ies O* as saight ahead Inlerpet An clockwise, West from O° 1 Nerthase 1500 
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Figure 65: Inter-Technology Carrier Aggregation“? 
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Figure 66 depicts the carrier-aggregation capabilities of different 3GPP releases. 
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Section 1: Big Picture; Top Down 


Top Down Orientation 
‘The Big Bang Universe bloated over billions of years; and broke into bubbles of turbulence; all its in each bubble orbiting each other; in milions of 
Galaxies, with 20 or so galaxies in our ite Tocal cluster; 
Local galaxies, lke the Magellanic Clouds or Andromeds, glow milky Just as galact-ose' says ‘milk-sugar’ 
‘Gur galany is great spiral, switing twiy, ant lockwze fram above ue. Eatwarés around its North-South spin-axe 
= fat like a fied egg — a great circle, glowing as the Milky Way. The thickest mikiness, n Sagittarius, marks the Galaxy Centre 
“Tae Milky Viay i ike the Equatorial pane’ for the whole spiral, seen from within, with te northern pole tar in‘Berenice's ir (26° N. 269° W.) 
4nd fs Southern pole starnSeultor (28° S. 348° W. 032°C.) and our milky galaxy Is, nts own tun, ful f spinning, gyrating gyroscopes. 
You know how a spinning top wil pirouette with a slow-motion gyration when It tits slightly? Well, precession, as ts called, causes slow changes. 
‘Stars are Suns, especially shiny in our own spiral arm of the galaxy (ve. closest) and seemingly et solidly in space by thelr extremely slon motion 
So the constellation shapes are chartable Tor centuries Thelr apparent positions ae gridded out in relation tothe first point of Aries, which in tum is 
fixed each yearby our Northern Spring Equinox™-nat a star fe Sy, but a poi which ereaps along the Eliple, tothe West. 
Hint: When you are wondering whether a rule holds in both hemispheres oF not, ask yourself whether you are down atthe level ofthe spinning 
Earth or up beyond that in larger scale. Try to imagine looking atthe whole glabe from an outside perspective. £9. the appearance ofthe Moan 
aie phase, eipses, tidal force, ete ~ is mostly independent of where ave los ati fam Earth ~ an mill be the seme for both hemispheres. 
But ts apparent path ~ "noon direction, rset ange; etc ~ i seen down at Earth level ~ changes withthe hemspheres 


Revision, Overview and Explanations 


Closer to Home 
‘The solar system is also spinning fat, anticlockwise, but slanted — tilted ikea top, in relation to the Galaxy, and faster. 
Tis "top ata s currently in Braco, in the North Its bottom star, inthe South ie the larger Magelane loud 
ts "Equator is calles the Ecipic' — marked by the stars in the Zodiac, and the planets. In aur lifetime we won't notice the Eciptic stars change. 
‘ur Sun circles the centre of the galaxy every 225 milion years—heading toward Sunil 
‘To our sight, Because we orit it Eastwards, ie. around its N/S axis, not our, it swings seasonally, and also edges Easterly along the Ecliptic circle, 
revealing new zodiac stars tothe West fi, and placing itself diametrically opposite a series of anti-Solar stars, 
0 ging us a star calendar to look for 
Tealso spins easterly, on its own axis, showing its sunspots for some days ata tie. 
‘The planets le planar, ‘wandering’ (as the Greek word plan-et says), Inthe Zodiac plane, circling easterly around the Sun, over a timescale of 
decades, ane only ever seen very lose tothe Eciptie 
Mnemonic: Son, my very earnest mother ‘es just served us 19 platfuls. Sun, Mercury, Venus, Earth, Mars, asterods, Jupiter, Satur, Uranus, Nep- 
tune, Pato, 
“The earth isan inner planet, circling the Sun, eatery, so thatthe stars seem to out-run the Sun in setting West ~ star-time spins more speetily 
than solar time Planets close tothe Sun than we are, re never seen far from the Sun, But outer planets can mave right away from i 


The Moon 


moves mostly on the Ecliptc but might miss that mark by as much as 5°. This 5? slant causes a precessional change taking 19 years to cycle. 
‘The Moon moves around the Earth monthly in an easterly ine, 
‘and ever eyeing us, each full Moon, Is the Rabbit, because the Moon also spins eastery, on its own axis, exactly ance a month, soit stays facing us. 


The Moon moves lowes fost Westward, snc grates eastwards Inthe sy each day. 130%, Or 0 minutes later per day 
Ina ae tpl the baer witht tey too arate eachday, almost an hour, ontop of normal localy fxd delay et Mean C 
‘Nal Neon re and ‘set ly oppuatete Sun, give or ake 7 


‘The Moon is most responsible fr tial forces, but the Sun plays some part too, reinforcing or diminishing the Moon's effect and changiig the timing 
Tidal force attracts the nearest water the most, and the farthest water the least, resulting in twa tidal bulges. ” 

When the Moon is eccentric from our Equator, there is one big Norther bulge every 24 hours, 

‘and a smaller high tide every 24 hours, asthe Earth spins through the bulges. 4 

‘There are equal bulges every 12 hours on the Equator. In Between are the low tides, every 12 hours 

You should be able to tall which bulge is nearest the Moon despite delays due to fiction. 

Souther latitudes will have one big bulge every 24 hours, and one small high tide’ every 24 hours, offset fromm the NM. 

Try to correlate the Moon's phase, declination and height withthe local tides~timing, inequality, range—e.d foon rises withthe tide" 


The Moving Horizon 


Since itis the Earth which is spinning, not the Universe, itis the horizon which rises, in the West — where it eclipses the Sun, 
so that the Sun only seams to set in the West. 

‘The horizan slumps in the East so that all the sky things — Sun, Moon, planets, stars ~ seem to rise in the Eas. 

[Any spate on the Norther half ofthe Rorizon, circle to the east around Polaris — clockwise through the sky — l.e. ‘seen fram below’. Or, seen from 
‘sbove, that is from the Narth, looking South, spots on the Southern horizon circle antiloclovise around South Pole Star je. aeen as if “from the top’ 
Tooking down on the Earth and its South Pole star. They hit the same stars each night, atthe same angle, whic is related to latitude, 

so thatthe fixed stars none-the-less seem to trall'small circle tracks through our sky, and they always hit thelr favourte horizon spots when they 
Set, alvays atthe same angle, 

‘and those same stars will nse later in mirror image to that around North/South, giving rise to north-south-east-west finding by bisection. 

‘And Equatorial stars wil risa/set due East/West. 

‘The southern-hemisphere herizons move to the right, the northern-hemisphere ones to the left. Looking South though, from sither hemisphere, it 
willbe sean as the horizon circling anti-clockwise around the South-pale star. How come? Well, the southerners see the bottom of the star-cirles, 
‘around an elevated pole-star, the northemers see the top ofthe same cices, around a depressed pole-sta. 


The Spinning Earth 
‘The earth is spinning like atop, on its own axis, easterly half a fast as 212 our’ clock. 
‘This gives us the single mast dominant direction clue on the otherwise uniformly round Earth—the North-South spin axis ofthe Earth. 
Spotits Equatorial Plane by the Pot. The top’ is always pointed to Polaris. Spot the South Pole Star by the Seven Superstars surrounding i. 
‘The spin generates a magnetic core more orless North/South — Find magnetic North in far northern Canada, 
‘The magretic fal poles gonerate auroral plays, anyanere near the poles. 
‘The earth is also tte like 9 top, at 20 odd degrees 
‘The bit gives nse to seasonal Sun height shifts, somewhat ike a sinewave Gust imagine the Earth's tited spinais not changing as we orbit the Sun) 
4nd it tums on un twinned fop-of there bulges, baie in 24 hours The Pole Stars are latitude cown/up © 09/280? T 
‘Any tilted top will precess the equinoxes — this generates a precessional gyration of 26,000 years 
but this time, retrogragey, ie. to the West, along the Eclipte (3° in 200 years) ~ Ie. the stars’move' to the East through our star-map-grd 
Longitude has alot todo with spin-time, seen from above the spin-axis. Eg. West longitu is how long after Greenmich, a place meets the Sun 
When we want to mark the apparent place ofthe Sun in the sky, or anything else, a any particular time, 
\we can just record the latitude and longitude ofthe point on Earth directly under ite. closest to 
But visualsing that in reverse, we simply project the Equator and poles, latitude and longitude up onto the heavens to grid them out. 
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Section 1: Big Picture; Top Down 
Revision, Overview and Explanations 


Time is counted in cycles 
‘The larger the stance scale of any motion — pulsation or precession, orbit or rotation ~ the larger the time scale ofthe eycie of change. 
‘The Universe has Been expanding its size and condensing its matter for many billions of years (and perhaps i wil nat ‘cycle? Tt appears static to us. 
Geological Fistory spans billions of year, like the exstence of our spiral arm. In obr lives we see only a frozen frame of our spiraling Galaxy. Tt 
Sjcles, but we cont see it. The timescale ofthe rotation ofthe galaxy i= in hundreds of milion of years. 
1m our lifespan we see only the slightest change in relative star postions, through telescopes, due tothe ‘proper’ motions of the nearest stars. 
{Eis in the nature of spiral turbulent motion that the larger rotation replicates itself inthe smaller scale, but ata faster rate. 
Each ofthe components of our solar system are also rotating and orbiting in the same rotaton sense asthe Galaxy (Uranus is an exception) 
Foresampie, the Earths rotating eSstrarde, orbiting the Sun eastwards, and has 8 Noon rotating eastards and orang us eartwards 
“Anticlockwise, as seen from the North’ is the single Best spin you can put upon all that you see—including the N/S Earth spin-axis 25 
the single best direction clue on our spherical Ear. The ti of the Ears spinvaxis gives us the year, andthe Moon's orit gives us the month 
independent of our rotation. The Earth's rotation gives us aur day. Star time outstrips solar time slowly. The Southern Cross clocks correctly atthe 
Close of March, and the Centaur soon follows. The ist point of Aries gins a touch aver the stars, migrating 50 seconds of arc along the Ecliptic per 
Yeor. The vernal equinox arrives 59 seconds late for its 366th “orbit, after 365 days, requiring 24 leap years in 100 years. 365.262 days per Year. 
‘Atomic time, used for astronomy, is independent of al these tilted rotations, orbits and precesbions, which are all ndependent of each other too. 


The Precession of the Equinoxes 
‘The actual or ‘proper’ motions of the stars are only of cosmological interest, because they change relative positions only over centuries. 
ut history, actully our slowly gyrating Earth-spin axis, rewrites our tar charts (improperly, a= were) with precessianal revistonm, so that stars 
‘move’ slowly easterly through our star-map-reerence: gaan Earth-centred way af seeing the sky ~ ith 26,000 years needed to complete 9 fll 
cirele precessionary Earth-wobble. This artificial motion is called "the precession of the equinoxes"~ which means that our reference gid readjusts 
just as quickly as aur earth axis of spin precesses by five are minutes sh years. That's why we need an almanac to preset the fixe star posl- 
Eons! A good analogy woula be the slow drift ofthe north magnetic poe, we set ourlattude and longitude by it~ that would yield false 9 
improper ‘continental drift in alton to the proper continental crf. Sea the appendix at p. 123 
To visualise the Ecliptic, consider the Equator inthe heavens to be geostationary, although invisible, but the Ecliptic to be like a sinewave moving 
daily to the West along it, onthe video display unit ofthe sky--as on a eathode ray oscilloscopewith a period of 24 hrs 8 an amplitude of 23°¥s 
‘The'Sun appears fixed somewhere along the Eclipti, creeping ‘backwards’ on Tt (agains the etting sky)-—to the East™-during the whole year 
To visualize the precession ofthe Equinoxes, imagine that the points where the Ecc sinewave erosses the Equator (the x-axis), Move 
forwards’ (withthe setting ky) — to the West, very very slowly — during the millennium. At the moment these “equnoctial points are between 
Regulus & Spica (the Autumnal Equinox), and between Diphda B Harkab (the Vernal or Spring Equinox, or the 1st point of Ares, (0,0) fr te stars). 
You! might say that the Sun and the Moon and the outer planets all move West through our sky but East through the starry heavens 


Global Weather Patterns 


‘The spinning globe makes the climate zones, and weather belts, follow the latitude bands. When the wind tres to blow, from a High, into a Low, 
In the Northem Hemisphere/Southern Hemisphere you see huge anticlockwise/clockwise spirals instead, by Coriolis force. Eo. the wind, tries to go 
Straight ahead from the Rot spin-equator to the cola spin-pole while the spinning Earth slows down beneath it (it moves slower nearer the Poles). 
In the North the wind therefore seems to "move to the night” as we see i and In the Southern hemisphere "to the let". Circulation isthe result. 
Note: Winds around a Low go against the Corals force. To visualise the pressure system wins at low level imagine placing two flat-headed screws 
pointing up, one on Japan and one an Sydney, an ordinary right-handed screw for Japan but a left-handed gpiral screw for the Southern Hemi- 
Sphere. Run your fingers over the threads and a right-hand tread is lke screwing a screw in or out, a left-hand thread Is opposite, 
High pressure system wigds screw downwards and autwards; Low pressure system winds reverse that~—up, converging. 
Gy) Buen Higher level wind circulation reverses itself from that 
5 ‘Sin LS,” because the convergence/divergence is reversed, 


7) sm Cx ) cay (ot 
‘agaist Coriolis~with Coriolis | with Cofois against Corilis 
Gociwise anticocowse y "clockwise artidocivise 
Ground-evel winds East 


The Spherical Earth 


‘The earth is curved round, like 2 glabe, 260° round ~ 40,000 km around (By definition ofa kilometre) 21,600 nautical miles, by definition. 
© at 400 grads in a circle that's 100 km/grag © at 360° in a circ that's 111.1 krvdegree. 

‘The Equator is a "great circle’. Longitude citcies are “Great Circles’ ~ passing through opposite poles, and perpendicular to all latitude lines: 
Longitude counts 360° around East or West, or 180° East and 180° West from Greenwich, 

1s North/South avicing lines mark out 24 one hour time zones of 15° each, and those North-South lines must converge on the pole, so that lon: 
tude degrees are of unequal arc-length at different latitudes. 

Latitude has 90 squal cegrees from the Equator to pole around the surface, which, by definition ofthe nautical mile, as one minute of arc, makes 
60 nautical miles per degree of arc-distance’. 21,600 nautical miles must be the same as 40,000 km, so that’s 10 km to 5.4 nautical miles. (2 to 1) 
Uautude circles are "small ercles’ 

Wie use them to divide the polar regions from the temperate regions (with the Artic Circle, for instance, marking the limits of 24-hour nights) 

and to divide the temperate regions from the tropics (for instance with the Tropic of Capricorn, which marks the limit of high noon fully evernead), 
Polar Distance’ complements te "Latitude’ and reminds us that arc-dstance is real distance 


Moving the Horizon 


[At the spin-equator, on a globe, the polestars must lie horizontally, and the Equatorial spin-plane must pass East/West overhead 
‘But move north/south to anather latitude, and the earth being round, the horizon — which follows you, like ‘up’ changing with you ~ must fll and 
ise latitude-degrees, so that one pole star falls latitude-degrees out of sight behind you and the other one, ahead, elevates lattude-dagrees above 
the horizon. The Equatorial plane must also fall latitude-degrees, behind you as you move, from being overhead. Other star-latitude (declination) 
cirees in the sky (eg star-tral circles) must also rise or fall the same amount — latitude degrees. 

Now this same thing happens if you move in any direction, say ex degrees away, but for ths let's just temporarily freeze the spinning ofthe globe. 
‘Horizontal’ and ‘up’ must follow with you exactly ex degraes, and so the Morizon now blocks out ex degrees af sky Behind you, and reveals ex de 
grees of new sky ahead of you. 

EEoking size on, you wil see the horizon tilt by ex degrees in relation to the old skyscape, liting behind and falling ahead, of your direction of travel 
{ooking at the same star-time any night, will temporarily freeze the righty spinning of the Earth” for you, for star navigation, 


‘Spherical geometry also means that if a place is 2° or 20° away from you, then it must also be 1° er 10° below your horizon — half the ae: 
Eig. the North Pole on Earth is Vs (90° minus latitude") below horizontal, and at O° True, 


a END OF SECTION ONE 
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Section 2: The Inside Story—Mental Manoeuvres 
Navigation is More Than Navigating 


Property done, navigation is your chance to fit yourself into the experience of walking through the lan. 
Why are you there walking?.... Navigation zeroes in on the land. Do you want to see the landscape?... Navigation opens your eyes. 

Don't you want to appreciate ecology and geography?... Navigate by them! Navigation stops you "érifing off” into mindlass incompetence, 
bo you want to remember the views and special places. Navigation forces you fo improve auch memories, 

So, achieve confidence wien you are alone; tackle more difficult trips; lead others; call yourself “experienced”— navigation isthe key. 


Common Sense 


Navigation skills invite you inte the wilderness. The wilderness isa wild place! — 2 world of dangers. Don't go. But you do. 
‘atleast make sure your navigation skis are up to the task. 

Likewise: Don't venture to sea with approximate star navigation techniques until you know exactly what you're doing, 

Learn much more about standard astronavigation, before you experiment with new techniques. 


Your Subconscious is Superior to Science! 


‘Your natural abilities wil doa better job at keeping you oriented. Your brain is a supercomputer 
‘That makes it subject tothe “rubbish in; rubbish out” truism. Your jab i to feed relevant data to your subconscious, not to feed, say, a calculator. 


[As far as important detail goes, your mind will'go forthe jugular. Exact science will go for unimportant decimal places. 


E.g. I can immediately guess “about & km away" far more quickly than any triangulation. 
Eg. Willany numbere ever tell you how to recagnise where you are? Or how to imagine what that peak might look ike from behind? 


So feed clues into your brain. Its portable, waterproof and teachable. 


Dont leave your mental map behind, 


Visual Assessment is Your Main Clue — Rely on It More 
Since noone navigates well when they “cant see where they are going’, we must be relying on visual assessment most of the time. 
“Te idea sto run with that fact of life, and make sure you have 3 good look when you can 
(29. from the lookout while driving up; atthe crest ofa ridge’ atthe waterfall; on the bridge; in the riverbed) 
Further bring to conscious focus what is army subconscious, im what you ee. 
‘And aim to remember what you saw. (Oraw i take notes; talk tout; use Visual memory sis) 
[A What-to-Look-for Checklist: How aris tothe skyline) Where are the Sun, sunrise, Moon, wind an Nort in ceton to the skyline? 
How does the weather interact with the land ~ wind, cloud base, Sun shadow, winé shadow, cloud shadows, haze? 
Talk the skyline trough — name its features. What do you recognise already? What does I remind you a? 
Winat fonémarks are visible? What catances to langmarks? What sizes of hls? What isthe strike or tend ofthe ridges, ranges & valleys? 
Winat angles between landmarks? What alignments? What valleys wil your current path take you through? 
What lies in between? What slopes & shapes are showing, especialy for your route? Can you see the path ahead? 1 it curved? 
Winatdificutes ie ahead? Wihat easier paths are tere? hat clear ines of sight are there? What alignment wll become visible? 
Can anyone see where you have come from? Could you recognise ‘here’ again? Can yoU see your destination or departure point? 
How many different vegetation types? How high sito the skyline in each direction? How does what you see mesh with the map? 


Integrate: Jetstream, Earth Rotation & Heaven Rotation 
Imagine your global motion. Tit yourself and try (utilely} to oppose the supersonic speed the Earth's rotation, as if walking upon a treadmil 
‘im fora Big Pretre eal’ for each local direction. 
“The idea is to go outside and walk through each ofthese motions until you know what i feels lke 
(Both hemispheres) 


When you are....ustanding still or moving Westwards or Eastwards ‘or Northwards or Southwards 
(ead dow these lists, each in turn), 

‘The Earth rotates Eastwarde rotates against you rotates with you to your ight to your left 

The Heavens move Westwards Slowly forward ‘ickly upwards ‘to your left cloiewise 

The high clouds jet Eastwards 200m toward you Creep ahead af you mavete yourright to your left 


‘oppose the heavens 
futrun the Earth 

You are being tilted to the East backwards forwards to your right to your left 

Lean oppositely tothe West forwards backwards te your lett tea your right 


Measuring angles at 1 cm per degree 


Hold the loop-knat below your eyeball 


ake the total distance 57cm to 60cm Use a ruler marked in centimeters 


57.3 warks best for small angles 
60 works best beyond 10° 
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Orientation 


Orientation = Direction Sense 
Oriental means "the ising ue. n the East (i.e. East fram Europe). Occidental means "the setting”. inthe West. 
Because mest ancient temples faced the midyear sunrise and there were na Norh-paining magnetic compasses, and since all the word 
‘can agree on whare equinoctal sunrise i, most ofthe rest ofthe world has uses Eat, fr mast of Time, as their method of “orientation 
"as their cardinal cirecton. Imagine putting East atthe top of maps, so the Sun “Yalls down’ the page 
Before magnets, East was the sensible choice for standard rection 
‘This is no coincidence: "To the East is also the watchword for the spin-sense of all our solar system part. “North” and/or *South” i inferior 
‘The direction of the axis of rotation doesn't tell you the sense of rotation; But the dlrection of rotation, gives you the axis of rotation as Well 
East wos the more sensible choice. You didnt lose orientation when you crossed the Equator; the Sun sil roze in the East. 
[recommend that you concentrate on tis when changing hemispheres, and even now, to maintain your global “orientation” 
Orientation means direction sense, crection finding, rection recognition, placing yourslf in relation to over-the-Rorizon landmarks, 
‘Orewistng anything (2-9. your map) tothe "ight orientation. 
‘Then agai, it means starting off By getting your bearings straight 
Orienteering means athletes running taugh the Bush 
Disorientation means... possible death 


The Navigator’s Top 10 Problems; and Band-aid Solutions 


1. Not staying alert to navigation; not doing all you need to do...Talk navigation; love navigation; practise navigation; interpret all dues 
2 Few Clues — Eg. Rain/Foo/Blizzara/Nighttime/Tall grass or Sitti, untl you can see; go prepared 
dense vegetation/Look-alike landscapes ‘2.9. with a contour map; a compass; learn how to keep consistent courses 
3. Getting Lost Remember the start direction 
4 Getting Disoriented Be able to reorient; imagine the Sun in all situations; work top-down 
5. Forgetting the Way, the bends, etc Toke a notebook and pencil tai outloud 
& Losing track of direction Predict the trend; use 2 compass; 2 notebook; intgrate al direction clues 
7. Losing track of distance Predict the timing; use a wateh; use the map scale; and notebook 
8 Inadequate Map- Work Learn how to use a map; study it fst 
9. Not learning how to navigate Take this booklet. Practise. 
Not knovting what to Took for e.g. bush north Practise being observant, atthe expense of other preoccupations. 
Not understanding e.g. the lie, contours, heavens Teach what you do know 
20, Choosing a wrong of dificult route Get directions 


Eg. along "shortcut" across a dense gully Dont shortcut 


Reorientation 


Reorientation isnot an automatic body sense ~ itis an ongoing action 
"Onientaion® in navigation a misnomer, since it suggests some Sor of initialisation, nt to be repeated, rather than a continuous reprocessing, 
“Re-orientation” is a more accurate description of what the navigator is involved in. Continuous reorientation. 

Whether itis subconscious or conscious, itis something which must be dane and redone, or else you are simply not oriented, now. 

It is not good enough simply tobe "good at navigation (theory)” — you must be putting it into practice, continuously, oF else each bend will dsor- 
ent you, 

‘The essence of reorientation is conscious interpretation of the meaning of what you are doing 

‘hiss, atthe best of times, 2 biteficalt — ike mental arithmetic but must be dane, or else your brain will emain confused. 

You may hope that direction sense would “become automatic with practice", But the last step of conscious interpretation must remain conscious 
[And that is the process which should become second-nature. You mist be avare, ar you are fooling yourself into afalee sense of secunty. 
Delegating to your subconscious, is abelcating your responsibly. So bring yourself up-to-date, continuously, and, 

Do not be overconfident. You are not oriented when you think you know where you are and where other things are—but only when you are sight! 
There are so many ways to make silly mistakes: confusing alternative systems, mistakes In numbers; forgetting your lessons; optical illusions 
Iratrument errs) owed theories; busting approximations; musidentifing a ska making a logical Blunder; ane, of emurse.. beang averconfient 


Lost? Rule One: Stop! ..getting More Lost 

‘STOP ~ so that you don't get deeper into trouble. (When you get yourset into a hole, stop digging") 
DON'T PANIC ~ Look for rasons fot to panic "l can always wall ll nigh, or sleep under that lege, 

or wat out te weather or go hungry, oF enjoy ie." 
PRAY — He really does want to help the helpless 
SIGNAL ~ shout ‘Help! "Cooee,, Whistle, Smoky fre, Heliograph, 3 of anything, SOS, CQ, Fire at night, Flashlight pes 
LISTEN — for reply x 
THINK p.378 


RETHINK = your journey ‘360° Sos 
SIT It Out —"= The Simplest Way to Beat the Fog. Gather fuel fora fire. Dont try to move — you may not win, Three quick turns 
{CAMP — choose a place that will be @ good "base for further exploration three slow turns 
SLEEP ON IT three quick turns 
'STAY — in the area, where you can be found, ¢.g. on the track, ata hut or intersection (with the stick vertical) 


PLAN — Implement a pre-thought-out plan e.g. Stop, Think, Navigate, Camp, Retrace, EPIRB, Stay. 
Fora Start: Slow down — almost toa stop. Be slow, cautious and thoughtful, not impulsive. 


Point and Blink = 10% Shift 


In the field you simply point and blink—If you focus in the distance, the shift is about 6 degrees, which is 10% sideways. 
6° or 1 in 10's a vary useful angle to guesstimate. Point with one eye and finger, then swap eyes, to se what a 6° shift looks like in the distance. 
For repeatability you should touch your two index fingertips as you point. 

For accuracy, use a pencil tip, and know the exact figure. The instructions below will show you how to holé the pencil to get an exact result. 
To put the Point and Blink method on an accurate footing, measure your Inter-Pupilary Distance at Arm's Length. 

Stand behind 2 window, pointing through feat some distant mark on the horizon, with both your finger tps just touching the windowpane. 

Use one eye and the same-side finger; Press your fingerprint onto tne window; Swap eyes and fingers, back and forth, moving only your eyelids; 
CChecie your aignment~both your fingertips should appear to exactly overlap when focussed on the dstant abject. Press your eecand fingerprint 
fonto the glass, Measure the separation carefully. 

‘Because the pupils not pinpoint, itmatters that you measure the practical separation atthe working distance, Measure that working distance 
carefully from the corner of your eye tothe window when your pointing fingers just touch it 

Compare the two distances; ic. divide the interpupillary distance by the armslength; expect about 1:10 or 6°; Find the arcsine ofthat ratio for 
Detter accuracy. Try it out on the length of the Southern Cross. Compare it with 3 fingers, and 4 knuckles, and your binoculars’ lld of view. 
Measure again on 2 middle-ground object, as when measuring the sieslip of a yacht by pointing atthe wake. Measure gut the dstances as a check 
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Section 2: The Inside Story—Mental Manoeuvres 
The “Good” Navigator. You. 


If you like exploring, you can use that to advantage. Or maybe you are a good photographer, well then you will understand "mental photos: 
Use your creative witing streak, in creating memorable names, or else, appreciate the action ‘direc, carefree and spontaneousiy 


Perhaps you are the obsessive type — well then, it's map and compass detail which will sult you 
So whether you are the artistic type, using your visual dominance, or the cool calculating logical sort, 

‘or mayne a thinker’ doing 2 good jeb at planning, ora ‘doer doing, you already have many useful sls for navigation. 
Dont talk yourself doven. 


Those handful of useful traits which are already within you, you can develop into an orientation sense. 


Think out Loud 


‘Your subconscious will be telling you "That's od” 
Your conscience wll be whining "Something is wrong”. 
‘Your mind will notice, before you do, "That's new. 


When you notice something talking inside you, you need to talk back. Out loud. Don't leave it ‘inside! 


Internal Problem Antidote 
‘Shouldn't we be there by now?" ——_Asktthe others. 

‘Have we missed the junction?” Discuss. 

“Why isthe Sun over there nov!” Name the lurking enemy! 


You Need Excuses to Stop and Have a Good Look 


It is @ local peak, say "Let's look fora minute while we have the opportunity” 
Declare chocolate stop! 


Take off your pack, adjust the padding. Adjust your socks, air your feet, put on a Band-Aid. 
Get out the maps; Identify the land™marks. Draw the relative angles to other lookout, fr future reference, 
Get out the camera and tripod. Unpack your pack on any pretext ~ noone can move until you repack! 
Make a sketch, compose a poem. Start an interesting conversation. 

Go for a swim or wash some clothes. 

CCook your main meal at midday & keep the biscuits forthe late meal. 


Camp there. 
You Can't Eas 


ly Revisit Places Left Behind — unless you fist spend memorable times there, 


Visualise Familiar but Invisible Landscape in Relation to the Sun 
‘You need toil in the voi’ between the very distant reference, and what you can see, wth what you know, But can see. 
Tre. When you get a clear view, mentally plot and remember the sky-to-lané layout for later use. TF the hil disappeared, the hut would be there." 
Hentaly reconstruct any view which is helpful, E.g. as seen from camp, or from the star, or the peak. 
Concentrate on knowing and revisualising fandscape direction trends. "i were at home, see the coast.. across there" 
Da this at various tes of day, paying particular attention to direction trends in relation to the Suns path 
[Aer al, thats what our rection sense consists ofa confidence in te rel directions just out of sight, baced an what we can see 
‘Then, when you are ‘bushed in’ and you see the Sun through the canopy you can say 
“ART the road is running sideways to the Sun, the valley lies entirely off othe right, { must have swung around lef, paral 


1 to the ridge.” 


Section 1 dealt with the Sun/noon/North inthe global abstract—unrelated to the local detail 
Section 3 deals withthe local cota in relation to the Sun, 

“Land to Sky" (soon, p 38d) is specially for one time of day, and concemed mainly with particular landmarks, not whole trends. 

But now catch up with the overall game—the Sun’s path, the local skyline, and the local layout are one piece for a substantial local area, 
{and you need to mentally integrate them, and carry them with you, to avoid disorientation. 


Guesstimating Angles at 1 degree per cm 
First find how to make your arm’s-length 57 em, e.g. by touching your fists together infront of you, 
‘Next, start measuring n centimetres. 
Find tem wide fngerall—1e- Check that your fingers are 2° wide, for 2°, 4°, 6°. re your knuckles 2 em apart? 21 forthe big ones. 
‘Asm fst, with the thumb tucked ins 910° with the thumb showing; 8 paim is one point 
15®"and 16° may require experimentation. 20° can be spanned with the fngers 


fatty Mose cn 


‘The Blink of eye’ method also yields 6° — point to something with your finger at arm’ length or with something narrower, with one eys, and blink 
Larger horizontal angles can be visualized from between your fest of from overead 
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Orientation 


Initial Orientation is the Single Fundamental — The Get-Back Path 


“Which way do 1 go?” is more important than "Where am 12/How far?/Where is North? 
“How do I get back to a familar path home?” is the real need. That means you need to orient yourself before getting lost 
“The single most important direction is Start to Finish i.e. Which way did you leave the car park? From what recognised point? 
“Which way have I been going?" (if had to backtrack) 
Which direction did you Read off in ~ toward what identinable point? 
E.9. "Downhill. The direction need nat be horizontal. We function an ‘paths’ mare than on straight lines 
E.g. “to the lake". The direction need not be relative to North; It does need to be something you can reverse. 
Eg. "with the Moon ahead on the left” "the long way around” to the opposite side” "away from the mid-morning Sun’ 


Taking a map and compass is good; A watch is nice; But the only really necessary bit of navigation you must take with you on a walk, to get you 
back when lost ar dlearented, is. what erection you have travelled out 


Initial Orientation is the Single King rot be much help without it. See the mnemonic p, 1L4¢ for some help, 
\ihich way you went is also the single biggest help for searchers—tell someone where you are going! 


How I Manage to Get Lost or Disoriented 


starting off without paying attention blindly folowing the track ar the leader. faking a minor junction 

Choosing a hard route ~ thick vegetation ‘going without a compass, or map ‘rapped by a peak or clearing (p.45b) 
faling asleep during a journey — a gap in my reckoning. waking up in a new place not noticing the Tend of track” marker 
inside a hospital complex, or a shopping centre; coming out ‘in look-alike landscape e.g, suburb; losing the car on city streets, 


(getting out of bed the wrong way or entering a town by a last-minute bend talking; inattention; not noticing Bends & junctions; losing track 
Iisinterpreting “directions forgetting them; being given wrong directions uring; "short-cut; leaving the trace 


fn nverats near river junctions and bends preoccupied — with map-making! oF any other task 
Inadequate memory e.g. in caves, the way back, the many bends Stubborn psychological disorientation synarome 
‘miscommunication between parties e.g. about Row & when to meet ‘confusion; Blunders (see lst p. 396) 

fot enough knowledge af what to look for & how to interpret what you do see "visitng the Northern Hemisphere 

‘minimal input technique of navigation e.g. ‘ust follow the signs overconfidence misinterpreting the map~especially the scale 

Rew tracks, not en.amap false identification of landmark Features Tosing confidence just short of my goal 

Unsure of distance covered. navigating by creek junctions or minor dirt reads blinkered by fog, darkness or thick forest 

‘wrong turnings; walking in an unintentional circle; overlooking junctions; not looking back. waking up on a ark night, 180" disoriented. 
too much new territory too quickly negotating thick bush without Keeping orientation 


Voice Your Thoughts — Don’t Suppress Important Clues 


When your silent auto-plot notices something and trias to tell you... Say it out loud. That's the trick toi. 
Tell someone. If you are alone, yes, talk to yourself. Bring itt light 
You can't remamber the jigsaw bit later, unless you look at them now! Subconscious thoughts flit away I 


ce dreams, so express them first. 


‘Oh I did expect to reach this so soon!” 2 Misidentifies 
“North seems to have changed. It shouldnt be out there!” _Disoriented! 
“Hasn't the wind swung? Does anybody agree?” ? Are the others asleep!! 
‘The shape's not quite right Most probably because i's wrang! 
“The markers have stopped” 2 Off the main track 


‘The same goes for run-ofthe-mill dues. A forgotten clue is @ missing jigsaw plece when you need it, so say them 
"We're crossing a divide — see — we are now going downhi 
“Creek number. four" "Marker! Blaze... Cut Branch! 


Back-track in Your Mind before You Back-track on Your Steps 
Lost? 


‘Don't Be Afraig to Think” 

‘Spend time rethinking 

Try to reconstruct where you might have erred. Have I overrun my goal, or am I not there yet? Or am I simply off course to left orto right? 
Did anything not make Sense’ on the way out? 


Work backwards from now, before you forget. 
‘Assess how successful backtracking might prove 

Don't ask "Where do you think.” but shoot for the details ~ ask “Why do you think.” 

Each of you should draw a mud-map separately, then come togather, to compare recollections. Argue out the sequence, 
Back-track on your presumption. 


Detail the facts with 2 coo! head and many problems will dissolve. 


Distance using Apparent Size & 6° 


‘The visual size of people, cars, houses, as measured at arms length, varies with distance. You know how big they are already. 
Blink your eye or otherwise guesstimate what fraction of 6 it makes, and multiply its size up by 10, plus forthe fraction, to got the distance to it 
E.g. something one knuckle space wide is 3 times further away than ifit were 6° big, and therefore is 30 times further away than its absolute size. 


Visual Angle, Size and Distance 


Find the angle, and multiply the size up by 60 in 1-per-degres. E.g. If something 1m wide looks 5° across, = it is 12m away. 0.5° means 120m. 
Find the distance from the map, and work out the size from the apparent angle, by 1. In 60. Something 10km away, 10° wide is 10/6 km across. 
Using 7/4 in 100, for accuracy because the angle Is small, something 10km away and 10° across should be 1750m wide 


Side-wise Offset 


Blink your eye at something in the distance, and it wll shift across the background skyline. 

Walk sideways, pacing out the distance, unt it ines up with te new skyline mark. Multiply by 10 forthe distance ta the something. 

Alternatively, mark the new position alongside the abject, which the “blink ngicates, then walk up to it and pace out the feat distance & ten-tuple 
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Section 2: The Inside Story—Mental Manoeuvres 
Don’t Just ‘Get By’ and ‘Make Do’ 


We all have a handful of techniques we feel comfortable with. We al gt lost. 


Most "How to” books necessarily are telling you how to battle uphill — against your natural incompetence. 
‘Tis is doubly true for a "How to Improve” (your navigation) book! 

Eg. ‘Improve your memory skils' Easily said; hard to digest 
Get used to the idea, and therefore embrace it ~ the ides that you, as a good navigator, should want to extend your familiar range. 


Navigation is inherently @ problem (of not being able to see around comers; of not having 2 magnetic sense; of nat having excellent memory; et). 
However humans inherently do have the potential skills to cope. But do you have the guts? 


Memories are Made of Landscapes, Not Compass Needles! 


What to look for is detail later, but for now consider. 
Howto look 


Use your compass and map vaguely! Approximately! Lightly! 
Is Safer to be aware of their meaning, rather than to be accurate but disoriented 


Imagine you had no map, no compass. No signposts. No highways. 
“Now did the ploreers dot!” You learn how to nat get lost; how to ‘see’ what you are looking at. 


‘Once you get oriented, then you can bury yourself inthe instructions on decimal places, for accuracy when you need it 
DOthenvise numbers and recipes have an ality to preaccupy your mind ang numb your thinking, 


‘Treat your map and compass as shy — self-deprecating — and turn your piercing stare away from them to what they are pointing out to you. 


You Need a Road-Map To Climb a Hill! 


It is a waste of effort to realise your mistakes atthe top ofa hil 
“wish we had brought binoculars” is all too commen a regret 
"We must remember next time to bring all our maps” 


You have few such opportunities to positive 
‘and so you should take the chance to fam 


Identify landmarks, 
rise yourself with what each hill loks like from every other hill, 


But often, tis only your smallest-scale map — the roadmap — which will show you the big layout. 
“Didn't anybody bring the compass??” 


Tes up to you to plan ahead, to plan on making the most of your efforts. 


‘Land to Sky — Sky to Land’ Navigation Sun. Tot 


‘The Big BYnus is: You can keep track of all your bends, twists & turns, by the Sun & Land working in conjunction with ead onan, 


You can locate a landmark easily through the vegetation — you know were to expect it when it shows itself occasionally. 
i.e, You can alwaye easily lnegte the tower/peak/ete, from kilometre to Kilometre, n relation ta the (nov slighty shifted) Sun (or Moon, wind, coud) 


Step Two: "The Tower is {fom my shadow" This allows you to walk away from the Sun, yet still stay oriented to the langmar 
‘Step Three: “The Anti-Tower fe «from the Sun These allow you to walk away from the landmark, 
Step Four: from my shadow" yet stil "sea" where itis. 


Step Five: Mnemonic "The Landscape on the Left Liners Longest inthe Light” ~ its apparent movement as you walk, follows the Sun 
the Shadow's anticlockwise shiRt (SH only) i.e. you don't need to worry much about time passing, and angles changing. 
“But Landscape on the Right.. soon goes wrong” — it moves’ against the clock-sense of the Sun. (Southern Hemisphere rules) 
ve. you need to refresh your angles more often during the day. (NH: Left Loses the Light Right Is al ight) 
Step Six: Rule of Thumbs "AS lem away changes at 59/hour (ie. at about the same rate as 2 low midday Sun) ac you walk past it at kph’ 
‘The Sun shifis at Tess than 15°/hr when is rising or setting — so try "20 km away/12°" to match it; and "10 ken/25>" if the Sun is very high. 
‘Yes, you should convert the angle to "ESE" or rename it"justS. of sunrise” for later, but the idea is to use the Sun as itis now, not North. 


Grid-line Walk — Explore in a Square Grid Pattern 
‘This only adds 20% walking effort, but lets you know where you are, and how to get back, 
and slong a route of your choles, among mary choices. 
‘You need to judge 2 given distance, wel, «g. 100 double: paces; one minute; or 100m or by pedometer. 
Choose a reference direction as Up’ or ‘ahead’. Sun-North; Compass Needle North, 

LUp-weather by clouds; down-clouds. A strong wind. Distant Hil. Irneeded, Keep a straight line by marsl 
‘Choose a seale fo suit your ambitions, e.g. 100m squares (so that each 10m is an extra 0.1), 

Try to cover a whole square ata time. Use 0.5, needed, or you can cross ata diagonal, 140m long 
court forward and back progress in whole chunks, ae A'2.@-5 means 7s squares. 

‘Mer Z comes AA, AB, AC. See pdb for making sutable mnemonics. Don’t lose count! Thats the worst of it 
Count right and left progress a: +/-0-10, ete Minus simply means backwards’ or to the left’ of the reference. 
When you have deftly decided to head back to base, emember te deference. Stop counting. 

Reset the count to Zero, This is easier than trying to count backwards, using subtraction, to get back. 
Reverse the reference direction, e.g. to downwind, shadow South, compass South, and continue. 
When you arve atthe orginal gid-count, you should be within sight of home-base. 


}20 Guess the right-angles, wall 
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Orientation 


Disorientation is More Dangerous than Being Lost 
because the same disorientation that will get you lost, may then get you mare os. 
“Grientation is primarily a mental picture ~ therefore ~ Disorientation tsa wrong mental picture. Its one and the same princi. 
So Disorientation ceally extends to caver more than direction rene, into bewilderment and logical deblitaion! 
You can be csorientec, deluded, bemlgered and rational about more than direction or positon. £9. You may misjudge which way is up/out/back. 
Er, you may be mistaken about the time af day, or the existence ofa road, or whether the promised weather front has passed you or nat. 


Lost’ isl don't know where I am’ which is lifferent fram disorientation, since postion sense is independent of direction sense 
[Again, you can know where you are on the map, but still be Bewildered on the ground — not ‘ting in’ even if direction-wive oriented 

‘Then again, you can be oriented, butlast — yet not necessary worried Orin diffedes — because you are Oriented, 

You can be eisoriented unawares — even when you know where you are —.e. not necessarily aware of the danger of loss of direction sense. 
To be Both cisoriented and lost is most dangerols, but It is orientation which stops you from getting lost. 


Orientation keeps your finger on the pulse. It stops you getting disoriented. In many ways it gives you a position sense too e.g. that you are in a 
particular catchment, downstind ofa known landmark, up-Sun ofthe averall course, Orientation ofthe map puts the map onto the landscape 
Signed to reality that the map can point out is riches fo you, Orientation lete you know where you are, recagnise places, & know the way Back 


Logical Blunders — Examples 
‘stakes of category: “The last stream was Roving to the left (Oops!) 
“We have erosred the main road (Now, the mala access road is di, whereas the main trough road i bitumen, 
but you muddle them up. Or maybe you are unaware ofa fork in the main road.) 
Mistakes of number: "We have passed two lakes" (which mere joined behind the intervening vegetation} 
Mistakes of quantity: "We haven't changed direction” (except for one hatpin Bend!) 
Ironstone may have swung the compass, when Vou put the map and compass on the ground “or extra certainty" 
Mistakes of quality: "From the peak tothe lake was 090°” — but the false peak you were on, gave you a false sense of accuracy, inthe mist! 
See those houses across’ the river?” — Rather, see the bend on the left they are on this sie! 
“The island should poke out from Behind the far point. Why isnt it there?” (Te isthe far point, of course) 
But we have crossed the River" No, only main tributary, or only onto an sland. 
Gaps in knowledge: “We haver'® seen te junction” — Becaute you shor-ct post round one Bush is enought 
Unexpected: E-. there are sometimes wo parallel roads ~ the old & the new. Eg. a stream sometimes goes underground "Mole Creek. 
E.g, A water canal may cross catchments. Eg. "Remember the cree junction atthe bare ofthe Pill” ~The hill ae only an island 
Assumption: “that willbe the ridge we want up ahead, les turn of here” Unpraven! 
"An, we are back tote road” Yes, but nt the same road! 


Trust the Untrustworthy 


It lke people. "You can't trust anybody’, but you have to trust your life to them sometimes. 


‘A compass has dozens of potential faults, but ina fog, you trust it, implicitly 
{You yourself are less trustworthy than a compass. 

Wien all you have outside your avn opinions are reasonably reliable external clues (like where the Sun is!) you had better trust your fe to them, 
not to yourse. 

For inetance, sometimes that ‘external cue’ is someone else telling you that you are disoriented, when you don't think so — you had better listen! 


A disoriented person may not want to trust the ‘untrustworthy’. Dont let that be you 

Eg. You may find yourself twisting the map to make i line up with a mountain which doesnt really ine up, except to Your expectations. 
‘You prefer to believe that the map may be distorted! 

It takes practice to believe. T once spent a whale week wondering why all the trees were pointing too much to the sunset side of noon, 

T'was trusting myself, nt the trees, and was simply wrong about where North was. I didnt realige which wae the more trustworthy, 


Lost? Rule 2: Start! Getting Unlost. Find yourself. Regain confidence. 


(after you STOP getting lost — Rule 1) It s time to START NAVIGATING — Rule 2. (You can practise this ahead of time, without getting lost.) 
E-g. What can I see & recognise? Eg. Can interpret the wind or sky or trees or drainage for direction? 


+ First: Mark your spot e.g. tie up a hanky. Mark your Trail~so you can get back here, as ‘base’. Retrace your steps i that isthe best option. 
Act out a Search & Rescue, looking for your lost’ starting point. (If you can see your surroundings, you don’t have to feel ‘lost’. 

+ Explore in al rections systematically. 

+ Make a map. ‘You’ inthe centre. Locate yourself inthe landscape. Climb a high point, to orient yours! 
Let others find you 

+ Leave notes about your plans. Especially at indable’ places ga hill top. 


+ Leave cues so that searchers will not give up for"lack of clues’. Make some marks visible from the alr. 
Search out a track, 
Ask: "Where should there be a track?" E.g. to... that peak?, a fishing spot?, any low pass through the range?, the main access valley? 


‘at night too, for lights 


Mental Grid Map 


‘This isthe square grid method, where you simply walk, along a path of choice, and rather than folowing the gi lines, 
{Quesstimate your decimal position in the grid scheme. 
‘The beauty of itis that it constantly forces you to orient yourself to a reference direction, to notice distance, and to be aware of position, 
yet it takes nothing more than mental equipment. You shauld aim to practice It proparly, ance, and you may not want to discard it 
Tecauses less mental strain i there are two or more of you. Delegate the left/ight to ane person, the forward/back to another. 
‘The one person guesstimates distances by one method, their way; The other gauges perhaps a cifferent distance and with diferent accuracy. 
1 doesnt really matter if your guesstimation mismatches, provided you remain consistent and imagine a rectangular grid. 
In addition you need a feel for triangle lengths, fora 1 in'10 slope, up to a 10 in 10 slope, so you can guesstimate decimals. 
‘YOU need to divert 5 In 10 to add mare than 10% to the length walked. Eg. from ZO to AO.S takes 112m across 100m squares. 
‘Maximum extra length is @ 45 degree diagonal, at 141%. Ec. from 20 to Al takes 141m. These two set the feel for guessing distances 
ind adds one third. For 6 in 10 to § in 10, triple the first figure as the extras. Eg. from AO to 8D.7 takes 122m. 
If in doubt draw 2 10x20 square, draw in the diagonals to each af 18 opposite points, and abel the lengths asthe square root of 1004n? 
‘This ets you see the direction of each nin 10 slope, ane know is length 
‘You could use degrees, up to 45, and cal them pereent extra distance, with fir accuracy, but there's no need for such figures. 
‘when I simply guessed, by eyeballing distances and directions, it brought me back home without noticeable error, after a few kilometres. 
EY 


Section 2: The Inside Story—Mental Manoeuvres 
Walk Where the Navigators Talk — if you want to learn navigation 


Not out of earshot. 
Navigation isa learning experience. 
Te works better whan you can share the process of learning with someone, 


Explore 


Ecplore the unexpected — the side tracks. You walk to explore, usually, not to exercise 


It’s No Fantasy 
Navigational know-how is nat "IF [were lost I could do this.” but is "What Iam doing right now, al the time, wil stop me geting lost 
Learning new skills and how to interpret ail the clues isthe practice of navigation here and now. 
Continuously pointing aut new cles to yourself, and fo others willing fo listen ls the process of not losing yoursel 


Feed Your Subconscious through Your Conscious Focus 


Eg. To imprave distance guesstimation, focus on the finest visible distant detail, Notice the haze level, the shadaw hue, the sizes you can see, 


To train your direction sense" (which is entirely lacking in humans) feed it all the clues you can ~ 
Sun & shadows, wind & weather, compass & landmarke, trends & bends..Dant just look at them! Put words and meanings onta what you see. 


‘To extend your memory of a sequence of turnings. use pencil and paper ‘memory’ 


‘A working rule of thumb: Bring to conscious note 
what you hope to keep track of subconsciously. 
Don't expect to be able to remember what you haven't noticed or thought about consciously. 
So learn what to look for, and how to see 


Look into the Far Distance 
{or Trig. Points; Towers. They are there to be seen, by definition. for Roads; Houses 
at right, for City glo; Auroral Lights {or the dip and strike of the underlying geology 
‘Assess te difficulties ahead, whenever you glimpse them e.g a steep bank onthe other side ofa lke. Use binoculars 


Look through the Haze 
What are you looking for? You want to pick: intervening ridges, hidden gorges, distant cifs, overhangs, false peaks, mountains or istands, the 
Moon, and the tral ahead. Those cloudy lumps are not always clouds. Those invisible peaks are there to be found 


Ifyou dont see them right away. Wait itis the changing light coneitions which show up the contours. 
xg. Look at night, when the whole emphasis shifts, and light sources show up, 
-g, Wait for the haze to shit — it moves with the Sun. 
'9, Wait for the haze to thicken ~ to show up the valleys — weather is changeable 
‘Arain shower may show up a valley; a cold frant might clear the ai of haze. 
., Walt for coud shadow or patch of sunlight to daft across — it will dieappesr into any hollows, ang highlight any foreground 


Join the Invisible Big Picture To the Visible Landscape 


‘The Big Picture might be invisible ~ e.9. the South Pole Star 
is visible ~ "that knoll there! Soin the wo! 
‘The first principle to practise, isto work top-down; but the second and more important need, isto integrate everything. 


“Over the South Pole in Antarctica” — but geographic “South” is quite different and 


‘When you put a continental or global picture onto the landscape, you have a full-scale map of the world in front of you. 
fe. Point Just beneath ‘that Knoll’ and put your imagination Into gear...Down over that horizon are icebergs separating from glaciers with 
2 huge spiash! Can't you feel the chill? Up thare isthe night-time aurora. Down there, anti-polar bears look straight up and see 
the Southern Cross whirling around overhead! And we must be on the south side ~ the cold dark side ~ of ths hill Behn us. 


‘You say: "The destination lies beyond that valley.” “Mount Saddleback marks sunrise” 
“The track winds around behing this hil” The Sun skims those treetops" 
“Porpoise Bay must be yonder; HelBourne that way; and my gilfiend, SOkm In that direction. 

Integrate as you walk — in real time and place 


Cyclical Motion Divided into 12ths 
[Any back-and-forth motions or cycles which are caused by circular orbits or sinusoidal osclations are easily understood and followed in units of 30°, 
‘This is because 30° of rotation wl sing half way aerase a radius from top-dead-centre, or halfway up/own from right/eft extremities 

Erg, quick rising for 4 twelfth, then 2 twaife in the top haf of te suing, 4 quickly reversing itself, and wallowing for 2 atthe bottom, 

You may not see the “circular nature of a one-dimensional ascilation, yet‘ wil stil conform this Tule 


‘Tidal Weight ‘Sun's Seasonal Latitude (or Moon's manthiy position cycle; use 2¥s days) ae 
{hour fling slowly fram the top E month at Northern solstice slowiy coming South 

2 hours dropping rapialy to midway 2 months rapialy moving back tothe Equator ~ to the South 

2hours dropping rapicly from midway 2 manths rapidly moving South of the Equator 

{hour dropping slowly fo minimum height 1 month slowly approaching Southern solstice 

{hour at bottom rising slowly 1 month slowly turing back tothe North 

2 hours rising rapidly to midway 2 months rapid returning tothe Equator — toward the North 29) 
2 hours rising rapidly from midway 2 months rapidly moving North af the Equator 

4 hour rising slowly to top 1 month slowly approaching the Northern solstice 


‘You can simplify that into sixth saying: "1 sixth at the extreme; 2 on each change; 1 at the ather extreme” 
(Orsay: "twice as Jong on the change”. That makes the change’ sound slower" but itactually goes faster and for long 


40 


tention 
Which Way Did I Come In? Which Way Do I Go on? 


Have you ever interrupted your pleasant journey at a roadside picnic area and driven out the wrong way — back the way you came — and not 
‘onwards? Or you turn left instead of right when you dave “out” ofa local dead-end network, into another dead-end maze? 

(Gr you sat dawn for a rest on the track and when fs time to go, bath directions look identical to you? 

It’s embarrassing on the road. It's nerve-racking inthe bush! You feel struck with insanity. But i's normal enough 


(Or when you come back to visit a familiar place, it’s on the wrong’ side ofthe river! Every time you come back?! 


‘An extra external clu, like the Sun, is needed, and needed to be believed, but itis really needed before you make a fool of yourself. 


‘And you may have to undergo “re-orietation’ to disillusion yourself. 


DDon'tlet it happen to you deep inside a cave system! 


Logical Presumption Leads to Utter Delusion 


‘Think about those example “logical blunders’, about your own falliblity, about the dependence of logic upon its basic assumptions 
Being twitted by 2 logical mistake leaves you with a horble Tost’ feeling, plus 2 pathetic helplessness’ about how to reorient. 


These are not simply mistakes of guesstimation, subject to fine-tuning! 
Once you subconsciously make a decision about haw the world is, then Your mind wil close to the possibilty of error. 
False assumption is presumption, so Tsay “Presumption Means Delusion” 
Such Lefe/Right, Yes/No, crassed/uncraseed, 2, or wae it1? type mistakes lead to utter bewilderment, 30 [ add 

“and errors involving discrete categories can be especially indiscreet!” 


Being aware ofthe phenamenon of logical Blunders, is half the battle in overcoming them, whan they bite 
Keep an Open Mind about the truth of your assumptions! 


Trust Less and Prove More 


Dont trust yourself At numbers 
(Or remembering accurately 
‘At Judging time or distance 
(Or walking ina straight ne 
[At identifying landmarks propery, 
(Or walking back upstream, and soon. 
Dont trust A compass to be dead accurate 
‘A map to show North reliably 
‘The weather forecast 
Ole track markers 
‘A navigational tx? 
Complicated or finely adjusted instruments. They can easily go out of adjustment, without letting you know. 
‘The point isnot £0 much to double-check and crass-check, az to: back-up with an altemative; interpret for sense; understand; and be wary. 


The Simplest Way to Get Unlost is to Retrace Your Steps 


‘The sooner you go back to where you went wrong, the sooner you can relax. Yes that might be uphill. Yas it might be a long way. 
“On'T wish I had retraced my steps earl, while Thad the chancel” 

You stil have the chance, you probably just dant want fo 

For instance, Ifyou have been pushing an, hoping to find the way, you should be doubly aware of exactly where you have come, 
‘ince you doubly anticipate the need to retrace, if you fall. 

“short” cuts have a habit of surprising you at just how fong they can turn out to be, repeatedly 

A track naturally avoids gullles and obstacles, so a “shortcut” is almost guaranteed to hit one square on! 


Retracing your steps may be something you cant short-cut, It ig the shortcut, It short-circuits many other possibilities 


Caution: Sometimes retracing your mistakes will only compound them-mare of the same! 
You may sort yoursel out Detter if there is an alternative system to try ©. t0 walk back uprgge if you got lost going downstream, 


Approximate Sine-Wave Values 97% accurate 
(From schoo! you could have memorized that sin 30° is .S and sin 60° i 0.966, and perhaps sin 45° =0.707 772) 
‘The first twelth ofan oscilation takes something half-way (0:5) tits peak amplitude (1.0) from the miele ground (0), by the rule of twelfth. 
‘~The motion is virtually linear for that first 30 degrees. So to convert those first 30 degrees toa sine-value, Divide by 60. 
Te add ata rate of 0.5 in 30, or Lin 60, £.g. 259/60 ~ 5/12 (or 0.417). Sin 25° ls actualy 0.423, which means we had a -0.006 eror. 
Sin 15° i 0.295, but we got 0.25 (005 error). Sin 20° is 0.342, but we would guess 0.233. Thats about te maximum error 0.01 low 
‘The next twelfth caries the motion from half-way to 86.6%, ina curve; The extra is 36.6% or a slope of 1.22 per degree. Lets use 87/36,1.2 
Chlinear ft cuts the curve twice, and 20s close to most off. if we could ada 36%, over 30%, t9 0.51, to arnve at 0.87, we get ¥/- 0.01 
‘To the extra degrees, Add 20% ; Add 1; Call ita percentage (sivide by 100). (To add 20%, ada t tenth 2 times, eg. 55 + 5.5 + 5.5 = 66) 
Eg. 60 dograes = 30 plus an extra 20; 9 mart mith 0.5 and add 0.3 than 0.03, 0.03, 0.03 to get 0.82, which i 0.004 too much 
E.g. 40 gives 0.5 + 0.1 + 0.02 +0.01 = 0.63, instead of 0.643, or 9 -0.013 error. Sin 45 is about 0.5 plus 0.15 + 0.04 =0.69 or ~0.017 
‘Tomake the next approtimation, use 0,87 for the frst 60 degrees, ten worry about any extra degrees 
‘The last 12th isthe atish top of the curve, building up tothe crest. Te cms only 13.6% from 0.866 to 1.00 in 30 degrees, ina curve. 
Ue star at 0.87 and finish at 1.02 et the curve ice and Best Fk within 236 
‘+For the last 30° degrees Divide by 2, then 100, to gain 15%, from 0.87 to 1.02. 
Eg. 80 degraes moves t90°5 then to about 0.87, then an extra 20 degrees or 0.3, yielding 0.97, 0.015 below the rel value, 0.985. 
75 vields 0.5 + 0.37 + 0.075 = 0.945, 0.021 below the true value 0.966. 70 gives 0.87 + 0.05 = 0.92, 0.02 below 0.940. Le. +/~ 0.02 
“a 


Figure 66: Carrier Aggregation Capabilities across 3GPP Releases™? 
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One anticipated benefit of inter-band aggregation stems from using the lower-frequency 
band for users who are at the cell edge, to boost their throughput rates. Though this 
approach improves average aggregate throughput of the cell by only a small amount (say, 
10%), it results in a more uniform user experience across the cell coverage area. 


Figure 67 shows an example of intra-band carrier aggregation using adjacent channels with 
up to 100+100 MHz of bandwidth supported. Radio-access network specifications, 
however, limit the number of carriers to two in Release 10 and Release 11. 


Figure 67: Release 10 LTE-Advanced Carrier Aggregation™* 


Release 10 LTE-Advanced UE resource pool 


Rel's | Rel's 


100 MHz bandwidth 


Release 8 UE uses a 
single 20 MHz block 


1 4G Americas, Mobile Broadband Evolution: Rel-12 & Rel-13 and Beyond, 2015. 


144 Harri Holma and Antti Toskala, LTE for UMTS, OFDMA and SC-FDMA Based Radio Access, Wiley, 2009, 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 


Page 131 


Section 2: The Inside Story—Mental Manoeuvres 


Self-Motivation is Fundamental 


For a sense of direction to become "second nature” you need to train your second nature. 
Improved navigational ability bolls down to. putting new ideas into practice, 
(Wat perfecting ald mistakes! Nor leaving the right technique on the shelf) 


Don't just know about @ good idea; make it yours. 
For this you need to want to improve your ski, 
to force yoursalf to practise your weaker points. 
to push yourself to develop new habits 
Which is fun 


Enjoy the trip! 


How to Feed Your Brain 
When and where does the Sun get up? 
(Get up and Took (not ti). Don’t make it an academic question. 
You don't need an academic answer, either. You measure it with your eyeball. Perhaps draw i 
‘That doesn’t mean “ignare the detais” but °memorise the Fel”. 
‘You do measure, But not with numbers. There! This erty! 


Star navigation? It doesnt have to be a “trigonometrcal nightmare 
Forus t means: Find the Souther Cross 


Guess the time of night. 
Find the Pot. Getto know the stars 
Project their movement forward into the daytime. 


Let your brain do the calculations. Show it what to work on, 


Wait for a Change in Perspective. 


{to reveal the hidden shapes and layout. 


[As you drive up, keep re-examining the chanaing skyline. Continue the process as you walk. Look for ridges & valleys showing up through the 
‘vegetation as wall as on the skyline 


Eg. Use parallax to reveal a deeper horizon behind a hidden valley. 
Keep your eye on particular bumps on the skyline. 
there is a deeper background, .e. more distant, then a lump on it will show up by moving with you — 
‘ore quickly than a foreground’ horizon. You may have to look through the deep haze to even locate particular bumps. 


Climb a tree, or 2 hil. 
Use binoculars. Look especialy forthe trail ahead, in relation to the terrain 


It is the Changing Parallax which Shows Up the Landform and its Relative Distances. 


Landmark to Landmark Network Navigation 

‘This is 2 permanent, unchanging, top-down, whole-region method, prepared at home, fo 
1; Choose only prominent landmarks trom the map. e.. peak nih transmitters 
‘Addin major ports, mouths & coastal extremities ighthouses, around the coast. 
Draw the network of tiangles Between tem. (Which one am inside”) 
‘Draw the circumscribed circle for each triangle. (Am T inside or outside?") 


wan 
TISP camp2 


Label each line in kilometres. ("What does 20% look like?") e 
{abel each horizontal angle in degrees. ("Does i lok larger (inside the circie) qr smaller (outa has 
{bel each line wth its trend-drection. ("Am Ito left orto night of track? Whic ‘Campi Me 205° 
(On the right of a line you wll be looking to the left of is trend to see one ofthe 
2. Keep a notebook for local peaks — smaller but locally prominent lookouts. Notebook 


‘The idea here Isto navigate only by landmarks, not by favourite) low spots. 
You don't have to worry about whether one landmark is visible from another. Sm 
‘The idea is that even when you can’t see a landmark (a= wall as when you can), 

you can know where itis and how Iles in the land layout, how other trends line up with IP and with other visible lines, and how you fit in. 


ap (Part of the network) 
Gee Section 4) 


Name Each Clue — with solid ground 


"That's Pacific Sunlight shining” = 2 midsmoming Sun, for Australia 
"Thave an Anti-American Shadow at the moment” — pointing away from North America 
I's a West Coast Cloud Flaw” You cant lose your orientation 
love a Tropical Moon when the Moon is Narth of you (SH) 
"That wind would blow straight in our back door” — “Back-Door Blow’ 

‘Downstream from here is uphill from Port Stevens” — ‘Steven's Stream 

“Thi cif sees the Southern Lights” = "cold cut 


"Topple-Tree Trunk would take us to True North” 


‘The next step is to add something inline with that — sae the next page. 
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rtentation 
Disorientation — A Killer Syndrome 


Pilots have been known to fy upside down, oF rigidly leaning to one side according to their mistaken belief about "up"! 
If even our natural senses are unreliable we certainly can‘ afford to believe in any sixth sense’ of direction, or on any unproven magnetic inbuilt 
Glirection-sense in humane! A trudge can dull & cistor our senses, Your mind tries valiantly to maintain mantal orientation that (x the problem. 
Several times each year pilots die, scuba divers get lot in sea caves, cavers fall to find the way up and out, boatmen falsely navigate the Tog, 
and bushwalkers get lost in the bush fatally. They were not just careless; they were probably trying hare, butin the wrong direction, stubbornly 
Belief isan irrational master. Its force is stronger than reason. The conflict, combined with physica tiredness and sensory deprivation, is stressful 
We prefer to get lost rather than to rethink wrang assumptions! 
We become wilfully bind to strong contrary clues in view (including signposts, instruments, buoy colours and numbers!) 
We magnify weak clues, 2 justify our delusion, This heightens the strese, because our sub-subconacious knows that we are vrong. 
We actually Iie to ourselves about what the cues do say! (e-g. we change the number, colour, reading or warding in our mina!) 
‘Such irrational behaviour is explained a= defending our peyene from hurt pre and from being devastated by confusion, fear and panic, 
Dont laugh it off as "Oh, that’s only for the worst case” because its the less obvious selF- delusion which wil likely trap You. 
Being human includes you ~ you Gefinitely are vulnerable to being even less sencible than trained plots! 


Casual Outings Catch You Out 


Lunprepared e.g. without a map or compass or weather forecast. 
‘Casual outings also have a habit (because exploring is interesting) of "Yl go just a litle bit further"; and turn into longer than expected full-scale 
safaris. Exploring is built into the genes of a small fraction of any animal populationIt’s a group-survival insurance. But dor't let it catch you out. 


Serious trips go more reliably because you know what is needed, but you rarely prepare well fora casual trip 
‘eg. You have no pedorreter or notebook and so don't keep a good enough ig of distance or direction. 

So Lesson Zero: Make some precaution (to avoid getting lost) every time you wander of. 

Another unexpected casual mistake isto decide ta leave the track without thinking wnat precautions may be required. 

Try this. Look up and repeat after me: "God, have I forgotten anything? Is there anything I should do frst?” 

Let someone know the single biggest cue: “I'm going exploring that way", 

but then don’ forget the unobvious catch—that persan might also go exbloring & not tell anyone where you went. 

(Being disabled by an injury is one thing, but dying of exposure or thirst or wild animals, simply because no-one knows where you are, is ancther 

luhole added dimension—that is probably the strongest reason for bothering to let someone KNOW.) 

So before you go off, pas on any vital information about others, 2 well az about yourself 


Trust Yourself Less 


uinen the compass and you disagree, for example, 
‘When the map shows the junction there, but you reckon it should be here, for some reason such as "but we've come too far!” 
Or similar eases, of confusion 


Your reasoning sense has holes int, big enough to outsmart yourself. 
In the end you will usually conclude "Well, I was wrong, due to this very good reason(!), and it was how the map and compass told me it was. 
But you don’t want to admit it, atthe time, until you are proven wrong, yet again 

Your reasoning isnot, despite your worship oft, the highest god In the Universe. You need to be abe to criticise it freely 


Unreliable as map and compass can be, at times, its beter to trust them more and yourself less. 


More is Better — Thought, Time Care 


[A simple principle to apply is to do a better job at what is marginal. 


For instance, “flat” ground nevertheless does have a slope which you can determine with care. 
‘The wind may be gentle but alittle extra time could make the diference between success or failure at determining its direction 

You can always double-check a casual decision, .g. about which way the dry creek-bed flows. 

Instead of wandering n an unrecorded meandering fashion, you can mentally log your changes in direction by lining up pairs of marks. 
3st before you leave the track, a quick checklist can bring afew necessaries to mind, but only if you take the trouble, 


A little extra thought; an adequate time-allocation to each task; more faith; and that bit of extra care—ill slve a lat of problems. 


Moveable Position vs Fixed Orientation 


+ Tehelps to park the car in a cardinal direction, or pitch the tent North/South, since we all rely on such clues to revisualise what we left behing. 


+ But when you do try to orient yourself to something invisible such as how the car was parked when you walked off there is a simple trap to avoid 
‘Don't Imagine the car/tent as ‘behind’ you and twist it imagined orientation fo sult the Sun er compass; 
Instead change its positon ~ move it to somewhere other than ‘behind’ 
Mentally manipulate its placement, not ts orientation only. Or else the ‘correct’ orientation will confuse you — nothing will make sense. 
Dont let the Sun ‘change its direction’ — that isa tell-tale that you are keeping the reference position fixed behind you rather than moving it a5 
you swing to left and right. 
Because we have no good tools to log changes of position ar distance, we tend to neglect that half ofthe story in favour of maintaining orientation 


+ As another hint on how to se a fixed orientation, e.g. North-South, so as not to let it change’ in your mind, imagine it as along, huge, high, iron 
Girder bridge overarching you and your car/eampsite, in the appropriate direction. Whichever way you Imagine it, eg. through-bolted to the cont 
‘ent, oF from one peak to another, make It so solidly fixed to the ground and impressively immovable that you feel so insignificant yourself that 
You feel you must turn yourself around in order to pass under it 
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Section 2: The Inside Story—Mental Manoeuvres 
Routine Mind-Shut-Down Procedures 


‘You know how you become dull and passive — when being over-taught, lectured at, just entertained, occupied in repetitive tasks, sitting infront of 
the television, failing to salve too-dificult maths problems, or being proved to be a perverse idiot against your own opinion. 
[Automatic self-defence fram constant attack... involves shut-down ~ into 2 semi-hypnotic trance 


Similarly, 

Walking becomes a “trudge” after about an hour without a break, _epenting on the load, the heat, 
‘and how many trudges have preceded on that day, and previous days. 

Pain-relieving opiate levels rise. Conversation takas a dive. The path sliding under your feet gets stared at alot. 
"Your mind s passive, plus your body isan auto. Its physiologically involved in the hypnotism, 


Mental Torpor is a navigator's constant enemy. 
Keep the Different-to-Sarne-Ratio up, for bath yourself and your companions, so that you can stimulate each other ino full consciousness! 


Feed Your Subconscious Subconsciously 


Eg. Open your Atlas to a map of the world. Orient it and leave it open, oriented, and in view. 
Eg. Place a magnetic compass somewhere in View at home. 

Eg. Develop a habit to Orient your watch N-S each night when you take it off, wherever you happen to sleep. 
Eg. Sleep with your head to the north each night If possible 

.g, Clearly visualise what direction your feet are facing before going to sleep each night. 

Eg. Imagine your bady lying across a map ofthe continent. 


New Habits Open up New Horizons. 


“Retracing is Re-preciating” 
‘This memory-sid is something you have to tel yourself— to avoid binging yourself and missing the goodness of the walk back 


Ifyou are only ttilating your senses for the passing instant, by constantly seeking “new” experiences, you will develop the mind-deadly 
“in tere — Dun that" attitude 

Familiarity breeds contempt.."l know the way” doesn’t guarantee that you know much else about the way. 

‘The return journey degenerates into a dul, silent, often over fast boring, mindless trudge, even if you drove all day to come and see this top- 

quality location! In effect, you have walked the track twice, but looked att only once. 


Two solutions: 
Take an interes in your surroundings, to overcome passive mindlessness. 
‘Questions on your mind overcome boredom. If you have asked questions about a new place, you should be able to answer them on the way back. 


Remind yourself of the opportunity to “re-preciate”. 


Aim to Integrate. 


+ Integrate daytime clues with night-time orientation—use the Moon, the place of sunset, the sunset glow later (which is further South— 
SH), the bullight Blue Band, Venus, the Eclptc, the skyline ~ anything to carry yau over from daytime to night-time, 
uring that awkward twilight changeaver phase. 


+ ntegrate invisible landscape with visible landscape—work out what lies behind each hil to picture the outside world against that skyline. 

. Read the "map checklist” and specify what each item means from your pont of view—if you didn't have a map, for example, 

+ Lantegrate the changing, withthe unchangeable. the Sun's dally rotation needs to be followed, by naming its current direction. 
Same withthe track; and your nose; and the wind. 

+ antegrate one walk with anather ~ don’t just cary two separate mental maps, add a third overall view. 

+ “integrate each system with each ether one. E.g. don't let the map be one "worl, while the walk is another, and the night sky a third 


Join them into ona whole, 


+ cantegrate each direction clue with each other direction clue ~ Eg. “The tower is just before magnetic noon from here” (3 pictures in 1) 


Eig, the boat radar may fai in te Heaviest weather, unable to penetrate the rain squalla-you need a boat-compacs 109. 
It is the combination of clues which stops you getting disoriented ~ Ifyou mistake one, the others wil alert You. 


Notice and Match Up 


‘Notice the clues" isthe easy half of navigation 
Sometimes it is as simple as seeing that the track is curved 

However, 2 slight curve due fo river bend can turn you in hairpin without you realising, even if you da notice the curve 

Unt you also notice the extent of the curve, you are at the mercy of disorientation. Something more than looking 's needed. 

‘You need something to orient to, like the wind or clouds or landscape. 

Again, it does you litle good to have seen the clouds steaming by if you fargat to see where they came from. 

‘Notice and Interpret isthe catch-cry, which never stops, 

But when the wind stops, wil you know what direction you have been going? And heading for the mountain’ s fine, unless you lose sight oft 
‘Something more than single-clue orientation and Interpretation is needed. 


Do Notice; Do Interpret; Do Orient; Then Match up; Link it to something else. And to something else. €.9. the clouds are from the mid-morning 
Sun; The mountain is on my shadow's port bow; The river has Bent from "cowards the coast’ around to ‘away fram the coast. 
For special examples, see" inline’, opposite 
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tention 
Un-Dis-Oriented 
You don’t need to be perfectly and continuously oriented! 


Tn fact its quite hard to maintain an exact diretion-sense, as soon as you tum your head, move a few steps, divert afew degrees, etc.** 
You only need to be realistically confident of position & direction 
Hence it is better to be roughly aware of many clues, than to alm for perfection, say, in location or direction. 
Eg ‘Moon North’ is approximate, +/-60", But awfully comforting! — It adds to a complete picture 
E-g, You may not even look at your map again, afer studying itonce, ify now you already know what itis teling you. 
Dont aim to be perfectly oriented — just undisoriented. 


Eg. Hold the conversation on how to judge range; what's behind the hill; where to find moss; why you can’t yet interpret lichens; and so on 
‘and you can harely miss seeing the walk 
Eg. Run through the Start—Stop—Rest Mnemonic, p.110, as @ memory challenge to all.. "What's next in it?” 
which has the benefit of practising al its clues too 
‘as an exerise, guess, from a distance, diagonally, where the side of your house or car points to on the horizon, then go and line it upto find aut 
(Or guess which point is opposite that hillock or tee, then establish how accurate your guess was. My results: +/~"10°; +/~ 30° when not trying. 


Trapped! By Not Looking Back 


A fish funneled into a fish trap may never again find the narrow entrance hidden somewhere in the large perimeter. 
Converging tracks and sudden clearings trap bushwalkers #99, wen they walk through an irraversible change without noticing, 
"here did our small track join onto the main route?” "Where did we hit the fence/raad/pipeline/rack, and turn along it?” 
Eg. steoping into the craekbed, to explore upstream is 3 one-way move~you may aot recognise coming back, and could overshoot 
+ Beware of all sudden clearings. 


“Where did we emerge from the bushes: out into the clearing, onto the peak, onto the riverbank, out onto the beach"? 
Lbak for footprints — anyone's, but especially your own 


Remember the phenomenon — and mark those junctions in your mind! Or even mark the junction on the around. E.g, place a rock there. 


+ SWhieh tributary aid we follow down?” 
“Which ridge did we come up on?” More on p.63 


Log the distance and directions involved at such changes/junctions/clearings, before you walk an and ‘ose trac’. 


Disoriented? Stop. Say So. Reorient! 


‘Be prepared to voluntarily switch from ‘certainty’ to uncertainty. 
Learn to live with alibi 
As soon as you suspect a disorientation episode, admit it. ay so, outloud. Don't miss the chance, 
Tell your brain off 
“You know you're just guessing! You made some mistake and won't admit it! Let's work this thing out together” 


1f you don’t know that you are disoriented, that can be worse than being lost but oriented 
You don't even nave to be lost — Even if ou know where you are now, if you are disoriented, you may walk on inte trouble, rather than be looking 
to walk out of trouble, 


Recall how often you have experienced a hard-to-shake feeling of disorientation. 


Lost? Rule 3: Do a Good Job — of walking out or staying put 


le may not be safer to stay. Well, ifyou decide not to stay, don’ be aimless in what you do decide to do, 


+ Eg. Retrace your steps. 
Keep a straight course ~ 2.9, downstream; along the road toward the mountain tonight lights; tothe traffic noise; a chosen direction| 

Be single-minded ~ purposeful, but not stubborn 

Leave a Trail — you may need to retrace. Yes, i consumes valuable time, but "don't get more lost” 

Leave cues; notes ~ for others 

Walk quickly if you must, to cover sufficient ground, but rescuers’ may not be able to keep up! 

‘Yes, your exit strategy may need to be aborted, but at least nominate an exit strategy forthe exit strategy beforetime. 


In-Line Integration 


put your preparation into something useful by using the 


‘or-more-in-line’ interpretation method 


"The wind is blowing from Port Bluster, over Hot Hil, past the carpark, tous, and on towards the Sun. 
“The Pacific Moon is shining parallel tothe highway” 

"The Mountain has Mantague behind it, that cleared paddock infront of it, and that ilack in the opposite direction” 

“The compass needle points past the Northern airpart to the mainland” 

"My anti-American shadow is pointing past Penstock to Point West at the moment” 

"The stream is flowing from Mt. Big, down over Lake Low towards Mersey Mouth” 

"That Tropieal Sun is over New Guinea, shining Past Alice Springs, over the intersection to me, and into the teeth ofthe wind” 
"The Nor Easter clouds are flowing from Noumea, over the Main range, to here’ 

“That persistent pigeon is cooing from behind camp” 


‘The effect is ta tum your reference orientation directions into fixed tracks (see p71bi), making interpretation e2sy 
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Section 2: The Inside Story—Mental Manoeuvres 
Navigation is Mental Work — Stay Alert 

“The tools to work with may be "map and compass” "line and direction’ “time and distance” 

But any workman needs, and needs to practise. 

Attention Observation Analysis Interpretation Preparation Concentration Memory Visualisation 


Specialist knowledge Deft application Reliabilty Right attitudes A store of safe and useful habits Coordination 


In other words: you get lost by lapses in applying your skills, not through lack of skills. 


Mental Equipment is Very Light to Carry — You already have it; Don't forgetto use it! 


Instruments Instruct the Intelligent 


Dont let the instruments — compass, cock, protractor, map — do the navigating for you. 
Rather, let them teach you, how to get by without them. 


Eg. practise finding North by everything except the compass; then check your guesses with the compass. Try bush North repeatedly. 
E'g. Guess at “adjustes Moon Norn, then consult the compacs. 
Eg. with a watch you can practise telling the ume by the Moon. 
Eg. before you use a protractor, quess the angle 
E.g. gauge the distance by eye, then check it on the map. 
Eg. attach a sundial compass to your magnetic compass, forthe sole purpose of practising & checking your use of the sundial. 
In general, predict and guess before observing, and lear from the results 
You should always check an observation for good sense, and check any instrument, or any calculation — but prediction forces you to think first 
(rather than the go-to-sleap-frst alternative — which isto always check afterwards), 
(Control your instruments ~ don’t put yourself onto auto-pilot ~ or you wil Rypnetise yourself into blindness. 


Look Back Regularly 
Look At how you got here ~ so that you can recognise the way back if you need it~ and can make sense of your walk 
‘tthe Change from one tera type fo anther. atthe link between natural sectone of 8 walk afar you walk through the change 
[At the directionality ofthe sky haze down low — the change in thickness and colour. 
[At the colours ofthe leaves, lichens & flowers ~ they change dramatically upsun/ownsun, and therefore forwards/backwards 
Look Back. At tracks joining in st an acute angle which otherwise you want see unt you come back ~sehch will confuse you 
‘A the bending of the track. 
[Ab what you may have dropped or left behind! (Check each other. Anyone carrying loose items should walk in front.) 
‘At the distanee come, compared to the distance yet go. 
[At the weather clouds stalking up on You from behind 
‘can you see your starting paint, ang gets bearing on t? What Is apposite that ~ i.e the landmark which now shows you your exact tend to date? 


Look Around 


Since turning your head while concentrating forwards, taking your eye off the ball or turning a smooth comer are all enough to thwart your direc 
tion sense, the anti-dote Isto deliberately turn your Read! Keep looking around at the wider context, including behind, so you don't lose sight of i 


Imagine an Aerial Photograph of the Continent 
Visualse exaggerated shadows iying parallel across your imagined photograph ~ connect those with your shadow and tree shadows. 
Viswalie the Sun shining like a Rastight upon your imagined continent map’ connect that Sun win the Sun you see (Don lok att). 
Visualise the cloud shadows moving across it~ there's one! See? 
Drow the Isobar across i ined up withthe low clouds wind direction ~ fee itn your Face. 
Superimpose 9 huge compass neetle across the continent map ~ look at your needle. You should be aligned 


Usually you avoid using any small-scale map, since it isthe real and full-scale world you want to see or visualise. 
But sometimes, imagining a map helps, &.9 
Your navigational map (i.e. remember what you studied!) 
‘The mental continent glued to your compass needle, to help you (nat) swing the map" 
‘The continental map you walk aver st bends, to nlp you fake In the new orientation 
‘The bire’s eye/satelite view e.g. when reconstructing where you might have gone wrong and when re-enacting itin miniature 
Sleeping on 2 map, with your atias open, and your compass needle showing 
‘The Road Map marked out in Regional Triangles from peak to peak 


Making a M.U.D. M.A.P.-m.a.p.-M.€.D. Fora more accurate job, see Mapmaking p101c, 103, 106ab, 109e. 
‘Mudmap your trp onto paper, because paper remembers better than you do. Use any scrap of paper. Take a pencil and draw you meanderings. 
Orient the paper to your expected trend (pSia Rhumb Line & pile S.7-A.RT.), s0 as to give you most room fo map Your journey. 

‘Marie dot where you start from ~ probably on the edge closest to you 

Uprarrow for a reference Direcuon; dram in along one, Up-Sun Is goed. e.g. Up-wind; Up-shadow; Up-peak toa prominent landmark; Up-Weather 

Direction (the Cloud fom); Up-Nort, by compass neesle, or Up Moon Interpret the reference: orientation Directions) before you leave. 

U-pD-ate the arrow direction(s) or interpretation az needed, e.g. as the Sun shifts slowly, inreation tothe wind, or as you walk past the peak: 

Maintain a tend, a straight-line leg’ p73b, Use te reference direction if possible. 9. use the ant-peak 
‘Or picka distant mark and walk up to t somehow Orline up two points and keep them inline (pBSe,87e,89e); Or just guess. 

‘Align the Arrow when you stop (See Map Alignment 973-105, 1038). Turn Around to see where you ove come from, to map the directions wel 
Tall ether cretion references fal you, Allgn the next leg carefully to the last leg. Be careful, because ths ll accumulate errors 
‘cignment is the magic ingredient. But isthe extra reference A-row which keepsyou straight and avoids those accumulated errors 
“Interpret the new alignment before you disarient yourself "Where then isthe starting-point now?" or ess you have a map but no sence. 
Dont forget to use tse map on the vay back Keeping track ofthe bends and where the sar pont, and the finch point 

Pencil inthe Progress Parallel tothe last leg; Penal in the ast leg distance. Turn around again and pencil inthe next leg direction. 

‘Guoseat the distance, or pace as You go, or use a pedometer, or a stopwatch. Add Reif notes a5 needed — pdSe, 122 might help. 
Repeat the m.a.p. for each new leg, 46 


tention 
Avoid Disorientation: OverNavigate 


Your aim is surely not: “how to read a compass’ etc But: how to avoid a disorientation episode” 
Being “ost fs no panic, although you try to aveld that Being ‘disoriented’ ig panic (even when there is no real need), 
To avoid the psychological syndrome and the real dangers of being disoriented, and lost, the most sensible attitude is. 
‘Avoid getting disoriented in the fist place Maintain orientation 
Navigate carefully e.g. leamn'how to read your compass’ etc.! ___‘Gverwavigate — dont rely on one theory, one sill, one faculty 
Dont ave into panic, or even to anxiety 


(Over-navigating when you can, makes it easier when you can't, @.9, sea-sick or injured, bushed-in, exhausted or confused. 


It is a rule in life (Murphy's Law) that things go wrong vary quickly, not just one thing ata time, but all at once, compounding the dificult. 

[As soon as you realise you are disoriented, you'l probably als realise that you also dant know the time, the postion of the sun, the direction of 
the wind, te direction of the clouds, or whether you can Interpret the bushes for noon. Then it begins to rain, go dark, and out come the leeches, 
{and you sprain your ankle too. You could learn this law the hard way, or take my advice and do your ‘emergency’ navigating before the emergency! 


How to Get Lost — Follow the Track— A Track is a Trap-Door 


{A track will lure you into the middle of the wilds. You end up depending upon it completely 
T suppose tracks know where they are going, But You may not, and they can't think. They are mute guides ofthe bind. 


Antidote: Over-navigate, De more than you need to. Don’t just follow the track mindlessly. Don’t 


if do the navigating for you. 


Keep your finger on the pulse e.g, How far have I come? What speed am I averaging? What landmarks can I see? 
Have T checked the compass lately? The weather? 

STAY ALERT 

STAY SKEPTICAL 


Reorientation; And a Fresh Start 


‘Step 0, Admitit: "I am dis-oriented, Say So. Stop, Decide to reorient’. Discuss it outloud 
Step 1. RETHINK where you might have gone wrong, 

2. IMAGINE the true situation 

3. IMAGINE A BIRD'S EYE VIEW of how it'‘must’ be. Lay ital out, on the ground, in your re-enactment. 

4 USE THE NAP; and all the clues — the time, the clouds, the distance. 

5. ACT IT OUT on foot, in miniature, "I left this way, turned...” 

6 SAY QUTLOUD a) Wel tha’s where I thought it was ») But it is really over there (e.g. that Sun there) 

7. Imagine the stars circling where they aught to; the coasts trending the way the compass tells you; et. 

8 Aimfora NEW START “Idon't know what happened, but now I divorce the past” 


Only when ‘the ground shifts under your feet’, do you know that your brain has got held ofthe new situation. 


How to Leave a Message 
Putit in a prominent place (e..  hiltop; @ campsite; a rock face) witha prominent marker ~ bright and colourful for instance. 
Make it helicopter-visible e.. in a clearing; large 
Use international distress symbols e.g. 'V' Fire; 3 lots. At sea, a white flag or white stroboscopic (Rashing) light. 


‘Any bit of metal may help you scratch out a message e.g. 2 zipper runner; a coin; a key; e.g. onto a tree trunk 
not, try 2 rock, or stick, to scratch with, Next time, have paper and pen with you. 


Use spittle, or urine, to make mus, then cover the mud message, but prominently ~ e.g. when searchers remove the coat from the tepee 
they see the message. E-g. make’2 fat mud pie; press In twigs to form letters; Keep the rain of it 


A freshly dead leaf is like paper, to write on 
A plece of charcoal makes a handy black chal: 
Brittle Yaka gum makes a bright orange powder splotch, to attract attention, and can also be used as a somewhat waterproof crayon, 


Disorientation in new territory 
Familiar tertory does not corient you, £0 you must have the mental facuities to know where you ar when yau can‘aee where you ae’ 
‘ihe overland of nove! suroundings must overwhelm your normal abies to mentally ep track of small versions and accumulated progress 
‘These suggestions aim to make an exploration more familar’ and les new. They came from all ver this book. I suppose the message i 
Dont just cead about the methods, take extra me and cae fo put them into practice extra “bother. Siow down; fry harder. Remember more. 
Look back very regulary, to increase your familiarity ofaleady explored territory. If you had eyes in the back of Your head, it should al look 
familar. Walk back over that territory Before continuing, p 68 Ie wil fee ks old familar ground if you bother. You could find your way through, 
‘and back through, an obstacle course at night without a torch, if you went forward tree legs and back two as a mater of habit or necessity. Thats 
STanole journeys, Talk tothe obstacies along the way, and uze a mnemonic to recognise tem, and whet you did about them, and how you turned 
Leave visble markers behind you, 20 looking back s more helpful to orient you. Leave a trai boosts your confidence, even f you cont use 
{Sok through the foreground into the distance to maintain contact with reference directions, Px wnat you can see, expecially ahead, in your 
‘ind, in elation to the Sun, shadom, wind, et, unl You can point to thems fom Dehind waual cbstacles. Remember more of what you see. Inter= 
pret each clue forts relationship with your memories of how things looked. Integrate the bts into a whole. Use some distance measure. 
Maintain a straight line if convenient, so te interpretation of where you are is transparent. Use Tong straight legs’ so you ean interpret your accu 
‘ulated path more easly. Notice and remember the angles between legs especialy. Create a mucmap, s0 You femainerlanted to your Sart pos 
ton, and‘ your current postion, and to landmarks sighted along the way. Practise these and other techniques, when it doesnt mater, fr Iter. 
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‘Section 2: The Inside Story—Mental Manoeuvres 


To Work Harder, Rest Harder 


Mental aleriness" may involve 


© Asiesta nap! 
‘© Amearly night (not a late-night campfire party or sing-song). 
© Regular rests during the walk 


Tiredness, Exhaustion, Constancy ~ these stop you thinking efficiently, and affect your memory badly too. So do nicotine, alcohol and drugs. 


© When you are in aitficultes, sleep on the problem, or take your mind off it witha diversion, occasionally. 
© Forthe sake of having stimulating conversation, the whole party ought to guard their mental alertness too. 
© Navigation games do more than orient you, they wake you up. 


Be alert to your borhythms-daily, monthly, seasonal-they affect your alertness or make you depressed: 


your mental faculties can be affected. 


Minds Work Best with Intelligent Questions on Them 


Where would the animals érink, and shelter? 


© AmTjudging the scale on the map property? How high and steep is the next climb? 
© How many creeks have we crossed? How many more to come? What is our next position-check landmark How soon? 
© What direction will the next creek be lowing in? Could we see Mount X from here? 

© What isthe nearest escape route? To where? iat side-tips would people make? 

© What does this place remind me of? Why is it sandy soil? 

© wilt rost tonight or not? How fast are those cloud shadows going? 


What is this place's own special uniqueness, and why? 
‘Anticipate, with questions, the things you want answers to. 


Look Through the Vegetation, to the Contours 


‘© Bushes cloud your vision. I, for example, you want to 'stck tothe ridge’, or want to memorise a junction, then 
look for the more permanent clues. 
like slope, creklines, direction trends, terrain, soil & rock types, alignments, distances, context 
Of course, look at the vegetation too, but nat only atthe vegetation. 
‘© Trees cloud the skyline. But there are gaps and lines of sight that open up as you pass by. Look through the forest for the ridgelines, 
slopes, and horizon, "As you move sideways watch the parallax-to reveal otherwise hidden contours 


© Look through the trees, to the most distant, largest, tallest features to navigate by — you wll undoubtedly catch glimpses of thase much 
‘more often than you think, if you are looking. They may be other trees, so get used to recognising individual trees. 

© Examine the height ofthe sky beneath the canopy. 
sg. the lowest sky is downhill’, but the lowest sky uphill s toward a pass or gap, & the highest sky downhill shows un the ridge 

© Forest-bound river beds are often clear of trees and give you a rare distant view. 


‘Stop in the middle ofthat rope bridge! And hang around, to look around, 


Connections to the Outside World — You Don’t Need to Feel Isolated 


Ruins cannect you to the past. Earthworks and mineworkings also. Even the landscape engraves its history for you to see. 
[AGGPS connects you to satellites; 2 radio toa radio transmitter direction; a TV antenna points tothe transmitter a phone connects to the grid 
‘The Sun, Moon, stars, planets + time + vertical can give you an astre-fix to connect you to latitude and longitude ~ globally. 

‘The magnetic field connects you to magnetic poles, a= do the aurorae. The deep blue polarisation band find the Sun far you. So does a rainbow. 
Navigational antennae link to Right paths. Flight paths indicate airports; pipelines indicate water supplies; electricity lines go to substations. 

Paths point to points of interest. Recent tracks betray traffic. Track-markers put you on track; tracks connect to roads; roads to highways; to cities 
Nightlights betray townships and cites; traffic nose links you to highways; Surf nalse, to the beach. Tides tell you about the Sun and the Moon, 
River gravel shows up the upstream geology. East West gully shape shows up North; rivers connect you to the coast; ridges to peaks. 

‘Ar pressure here depends upon altitude; and upon the polar front and the pressure systems. Air tomperature relates to the sizeof the landmass. 
‘Absolute humiclty tells about the proximity of oceans. Cirrus clouds show up the (westerly) upper winds. Low clouds and winds remind you of 
the isobars on the pressure map. Ground winds telegraph the topography. The radio links you to weather information. Waves, to distant storms. 
Fence lines connect you to farms; boundary lines to survey grids trig points to maps. Smells to camp fires, marshes, farms, abattoir, toilets, 
‘Seaweed, water. Stock trails lead to water, seed eating binds lead to waternoles; the plant ang insect types ara ted fo their range and the region 
Vegetation is tied to altitude, latitude and aspect. Bush north incicates noon. Bush slant indieates the prevailing wind, Recent wind leaves tracks 
‘of yesterday. Deep soll temperature is related to altitude, Why fea "ost"? 
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Orientation 


OverNavigate: Equals Over-Familiarise 
Cverfamilarse yourself with your route as you walkit, the frst time you walk it. 


Familiarity isthe navigators bestfriend, next time. 
Le. Years later you can mare easly retrace your steps. Even when the track has overgrown. 
tis an investment opportunity now, not to be wasted 
‘The extra time and effort wil pay dividends, but ike all ood investments you must have an interest in the future. 


E.g. Notice how and where you went wrong — mentally photograph it. 


Eg. Lay to heart the most permanent features — the landscape and trends ~ not the track, its signposts, or bushes, 
which may change with time, or witha bulldozer. 


Eg. Mentally photograph the lie of each junction, as if a fre might burn up the signpost. 


£.g. Describe out loud your short-term memory about haw you got here, lest tat familiarity fits with the passing ofthe day. 
Eg. Have your own track-notes’ book 


How to Get Lost — Follow the Leader 


A leader is lke a track. You can follow him mindlessly. He ends up being a seeing guide for the wilfully blind 
'ASk yourselves, often, this hypothetial question: What would happen i the navigator dropped dead? 
‘Could anyone else navigate competently? 
Do others know where we are? On the map? 
{Could I find my own way back? Where are the cars? 

If the leader’ himself gets disortented or lost, noane will know were they are! 


Antidote: Teach, Learn. Test each other, Involve each other. 
Demystify the magic ar Share it. Talk about it. 
Listen to the debate. Look atthe landmarks, Contribute, 
Don't walk fourth inline. (Rotate regularly) 


"Here, you find the way ~ I already know it” 


“As Solid As the Rocks in My Head” 
"Who am I to argue with the Sun? to say tit You should be over there ~ not where you ae!” 


Telling your head of isthe sort of attitude you need...whan you find yourself walking uphill to the campsite which you know is down by the river! 
"when the clues are shouting at you "Something is wrong herel! 


Navigators who are disoriented prefer to believe in such remote but real possibilities as a compass error or a mistake on the map, signpost or buoy, 


fr to believe in the majority opinion being wrang, rather than to Believe inthe closer and more real possiblity: "Perhaps it is ME who has made 
‘Some mistake" 


True, compasses & maps are notoriously prone to error, but your internal feelings, vague recollections, postion/time/diraction senses 
are more notoriously unreliable, 


Lost? Rule 4: DON’T Do It Again! 


“Twill always take @ compass.’ (Ite a key ring compass to my hat string and I always take my hat.) 
(Lalzo tie 9 whistle to my keyring) 
E.g. "Twill buy a map/mobile-phone/EPIRB" 


Eg.“ will always leave my itinerary with friends" 
Eg.‘ ill leam more about navigation; take pencil and paper; practise" 
E.9."T wll never go on @ walk unless! have asked: “Which way am I leaving; Going in what direction?" 


Make resolutions. €.. 


Even better...Dont wait to be farced into a sensible habit. Declare your present attitudes to be ‘not yet fit for human navigation’ 


and put it right, now. 
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Section 2: The Inside Story—Mental Manoeuvres 
A Three-Track Mind 


Here isa trick to avoid attention-defiit syndrome in your navigating 
Practise concentrating on two things at once. 
Your feet find the path by themselves. 
Your mouth talks about how good the meal wil be. 
Your mind sees the scenery without missing it 


Dual tracking your mind is ike many other good things — just alittle bit too hard to persevere with under normal circumstances, 
but possible to achieve, with extra desieation 


Don't automatically get lost into only one train of thought. 
Slate this down for practice, for the rest of your life 


Interpret! 
9, Ifyou wear 3 face mask in these days of extreme UV radiation, or sunglasses, You become aware of when you are walking ito the Sun 
‘The obvious interpretation, hanging n to this piece of otherwise subconscious information, is." must be travelling toward the Equator 
[is chance to orient yourself fo the new orientation. Can you see your shadow ahead of you? you are getung closer ta the pole 
£9, You might bein a deep dark forest and ee a rare dit of sun-dapple piercing the dense canopy. 
‘That means you ean go over there and see the sunbeams fora drestion check. 
9. The ‘crunch crunch’ underfoot changes to aclop cop’ ~ “Oh, if hiss rocky, maybe I've passed a break of slope. 
Eg Erotic plants betray human accupation ~ you could lok for an old acess track 
‘Asa general rule: Look for any asymmetry, and interpret it~ usualy for crecton. €.g. When swirnming with goggles, twinkly bubbles mean 
“upSun’ ~ ull ones, "down Sun". The wave and ripple patter indicate wind directo. Sunbeame show up the down-Sun direction. 
9, Scuba-diving: The anchor rope shaws up:/down- current, sltemating curent isthe swish/swash from the longest wavelength maves-—note 
thair erection. Dect current equates with "away from my starting point”. Bubbles show “up” (with some adjustment fer currant If needed). 
Interpret the whole story of settlement: Valleys attract farms, dams, fences, boundary roads, houses, access roads. .e. you aee a lonely fence post 
‘ona mud fat, and you say “ence several paddocks probably converged onto this old watering place—look for old tracks near the fence post. Look 
{or ald nai-hoes in the post, to find out the direction ofthe fenceline 


Play the Field-Scientist 


\Vary your focus-distance. 
‘ herpetologit wil see snakes at his feet & frogs at 10 metres 
{A geologist will see the skyline, and the creekbad outcrops. 
‘An ornithologist wil look upwards, a botanist downwards. 


Scientists see more, because they know what to look for, and how. 
‘The more they look, the more they see, observe, discover, and lear i.e. the more they learn what to look fer 
YYou can begin the self-reinforcing cycle in yourself by: wanting an expianation, by trying an interpretation. 
‘And, of course, don't forget to look Into the top, into books about it and field guldes for instance. 

Be interested in all levels, in all scales and erections 


Focussing keenly will prove your navigation. 


Orientation is More Fundamental Than Position Sense 

We all carry mental recollections of recognisable spats—Iike @ mental photo album. 
But try to mentally picture whole stretches of a country-roads, coast, ronge,river—with a sane of direction & relative location & linkage 
Bettis to cary a library of whole mental maps—walks, paths &layouts—not just photos of isolated spots o isolate linear features. 
But Best isto keep all those maps in right elation to eachother in your mind 
‘As your ablity improves, you focus less on spots and more onthe links between spots; 

less on position fixing and more on tend analysis; 

less on Separate techniques, more on integration 


Direction clues are only helpful f you ean coordinate them with what else YoU need To locate 
Positions only make most sense if you can say how they le, in distance & direction, in relation to other positions. 


Think in Pairs, in lines, trends and tracks 


‘Two landmarks lle on a line, of known direction, and fixed track 
We tend to see things individually, and not see the join between them 
So ty instead to get to know 

the direction of ‘camp to that moored boat, 

the Bearing of Me Big to Tower Fill 

the angie between ‘sunset and the headland! 

the trend of ‘Razarzack Ridge 

the panting of ‘tree one to tree two" 

the line from star to Finish 

the track from Lake Low to River Junction 

the fit of 2 star-pair 

the joi of two subsections, 
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Needle-North, -South, -East & -West. Identify them on the Landscape 


(One of the major problems of navigating in bush, is keeping log of estimated side-slip, dstance-wise, even if you are oriented, crection-wise. 
‘But you can see your sideways movement, see 9532, if you plot known directions onto known polnts on the skyline, (E.g. Magnetic N,5,€)W require 
‘ho numbers; E-g. your initial forward bearing Is already there waiting fo be used). Or Better, use points In the middle forearound landscape — 
‘bout a5 far auay as vou intend to walk. £-g. local hillacks, towers, Rouses—things which willbe visible from time to time during the whole we 

fhe closer the better. Make a note of their directions. Use these spots later to find home or your staring point. When you see them later, in relation 
te compass, you can visualise how much distance aut there you have moved and in what direction. Page 106c "Tam Thumb Parallax” shows You 
ow. 


Orientation to Your Start-Finish (Rhumb) Line—by sight or compass 
Workout the star-to-frish visual bearing to the destination if is prominent, or to a landmark or point on the skyline beyond the destination. 
Whenever you can see that poins, you can see your left-to-right sideways posoning, in relation tothe fixed trac fro a7 fo fnah 
{simple way to keep track of your sideways mavernent, atleast in open country, is to choose an approximate rhumb line compass course (From 


Sart to fish) and watch it move across the landscape in font of you. €g. "The fllow-me arrow iz nom painting more to the left ofthat gulch 
Orientation to Your Finish Point, by the Parallax Method 


If you are making 2 one-way journey, use the same "parallax method” as above, to keep a log ofthe estimated sideslip, but use your destination, 
‘ot your start point, for your reference set of bearings, As the walk progresses, you can see yourself closing in on the correct destination 


Exponential Anxiety — the 11:59 syndrome 


‘Your fear of being lot’ rises in inverse proportion to the need for fear, as you approach your goal in unfamiliar terran 
Will it be there as expected? Why haven't I got there already? Surely it should have shown by now! 
Have | overrun it? Maybe I just dich’ recognise t? Has it cisappeared? 
When will this track ever end? Willie end at all?? Wil Thave to wall all the way back! And so on 


Now, obviously i you have done your homework well 
‘optimistically, you ‘ought to” arrive 
Distance guesstimation is our weak point, 


there, where you thought it was, but maybe not exactly when you thought, £0 


Don't add needless anxiety to your background worries. Wait and see it sort itself out. 


Anxiety, fear and panic work against good navigation. 


Explore Junctions, While You Can 


It only adds 2 few minutes’ pleasant diversion to travel the branch tracks which you don’t want. (Especially if you can dump 2 heavy pack) 
You may never gat to find out about them any other way. 
‘This includes natural junctions-of creeks & ridges~and Canal junctions, 


When you are explring, you may never retrace those exact steps, <0 don't say “Il explore that on the way back’. 
‘The other reason not to say that, Is that you will be even more tired later. 

\When you are uncertain of your position, such exploration ought to be considered "essential", now — not later when you realise your mistake. 
Later you may speculate about wnat it might lead to, but now you can prove i. 


In any case, as a matter of principle, explore far enough so that you don't have to repeat the foray 
Eg. walk lef, until you are gure you should not go lef. 


"Mest back here in 10 minutes” is one way to Investigate inal directions at once 


Separated? An Agreed Plan Helps 


Example: Where did I park the car? Is it stolen or am I lost? Are the others worried yet? What will they expect me ta do? 
Example: Our driver has driven off! Why?_ What will we do? What will he do? 
Example: She has not returned on time! She was explaring that way. 


Try these out. 
“We wil for atleast one hour and at most two hours, try to rejoin each other before changing to panic 
‘Where we were last fogather, Is the agreed rendezvous now” 

‘After that we check our intended destination for messages” 
“We know to communicate via a 3rd party—a 3rd person, a 3rd place, or a message bank. 
“the nearest post ofice/petrl bowzer/pub/police station/emergancy service/Fire Brigade/bank/Red Cross/Salvation Army’ 


st 


Figure 68 shows the carrier aggregation operating at different protocol layers. 


Figure 68: Carrier Aggregation at Different Protocol Layers! 


LTE —*!+—LTE + LTE 


+ LTE-Advanced 


For a list of band combinations, refer to the 5G Americas white paper, Wireless Technology 
Evolution Towards 5G: 3GPP Release 13 to Release 15 and Beyond, February 2017, at 
section 3.4.3. 


Figure 69 shows the result of one simulation study that compares download throughput 
rates between the blue line, which shows five user devices in 700 MHz and five user de\ 

in AWS not using CA, and the pink line, which shows ten user devices that have access to 
both bands. Assuming a lightly loaded network with CA, 50% or more users (the median) 
experience 91% greater throughput, and 95% or more users experience 50% greater 
throughput. These trunking gains are less pronounced in heavily loaded networks. 


48 Stefan Parkvall and David Astely, Ericsson Research, “The Evolution of LTE towards IMT-Advanced,” 
Journal of Communications, Vol. 4, No. 3, April 2009. Available at 
http: // www.acadernypublisher.com/ jem/vol04/no03/|cm0403146154. pdf. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 132 


Section 2: The Inside Story—Mental Manoeuvres 
Concentrate Outwards 


Both introversion and extraversion belong elsewhere, 
Ifyou cogitate inwardly, you became blind to the surroundings. 
\Witen you chatter away about ther things, that's equally distracting, 
Dont spoil the special time of being outdoors 


White itis therein front of you, look to see what is tobe seen — and talk about that — about the history of the place, 
‘or something about i that helps to keeg you oriented, to is unique nature 


Lear not to be distracted from the main game. 


SPELL Out Numbers — Into Words 


‘The idea isto express, in words, what numbers measure. Humans hate hearing numbers! So translate mathematics into user-friendly wards. 
e.g, 270° ig "West", Thats much more meaningful. 


20 past One ~ “Oh, i's midday! (in your locality, for summer-time) 10.5 km — “almost half-way" 
445° South ~ “sub-tropical, even temperate halay tothe Pole” (020°T — just to the ght of magnetic North 
PAINT your Words -— Into Pictures 
E.g, To make it even more meaningful, "West" = "Sunset! (2 word:picture)..or even better. 
‘0L92" = "Where the Sun is just before it reaches magnetic North” | 
(This translates numbers into 2 familiar and visual time of day.) Hert \ J 
twiaday” = High noon!" (How high?) Halfway” = Witvin ight of te Gorge” (Pitre 
‘Halfway to the Pole" = "The Sunrises and sets at 45°. The pole stars halfway Up Bon took att) 


“Meaning’ usually means a ‘picture’ — 
Words without meaning are like looking atthe brushstrokes ofan oll painting through a 
magnifying glass, missing the painting! 


Look at the Ground 


Soll types; rock types (p- 79a) 

Animal runs; animal footprints 

Fallen track markers; toppled-over calms 
Human footprints e.g. yours, on the way back 


[Bramine each others boot treads, tren the boo prints, Talk them through — expressing the recognisable peculiarities. 
Brgelise aise on ear-byre wasea ahd prints: (B 8 ae earn weg 


© Thyou see a deep trench or a dry mudchole In Tasmania, that may mean an old track’ ie. where constant traffic had refused to let the 
Vegetation grow back 


Look for Foreshortening & Overlap & Parallax 


Looking lat on toa shoreline e.g. the other side of the lake, means that any lla inlet or headland is probably @ major and very sinuous feature. 
Focus sharply on it, looking fr clues to depth. Dont just run on past it. Mave sideways e.9. 20m, to show up the depth, by parallax 


Make Common Sense of the Various Direction Clues 


Maybe the navigator has his eyes glued to the compass — but you, you can say "Oh we're just going upwind” 
Perhaps you can see six landmarks — but the sensible way to sae them is e.g. "We are heading halfway between Mount Willam and our shadows". 
Cloud direction is 8 good cue, But changeable from hour to hour, sa there ic no loss in saying “Diagonal fo the Sun” which is also changeable, 


Don’t Degrade the Point of a Clue or System 


.g. The point ofa watch, is to tell you where the Sun is. (Don't look atthe Sun!) 
‘The purpose of a mnemonic isto remind you to think, not just to remember or to recite 
‘The season for a "midnight-rise-noon-set” system isto work with the full-crce—even when you turn carers or turn around. It images the sky 
‘The Benefit of a skyline method, is for when you can’ see the skyline. You wil glimpse it 10 times more often, iF you are trying to use it 


‘The aim of a practical method, is to practise it, not just to know about it! 


The Aurorae 

‘Te Southern and the Northern Lights are espacial frequent during high sunspot years (maximum every 11 years... 2000, 2011, 
‘They are most prominent after minight.. They are best seen in“highTatitudes (2 40°). One to three days after a solar magnetic storm is best: 
‘The most common aurora is the most easly overooked ~ itis cismiseed asa pale low’ in the North or South, low above the horizon, 
But itis not dawn — that is East Tei not from a city — because it changes. Sometimes the sky will be pale green below and rosy above (between 
the clouds) ad pierced by searchlight" whieh move lef and right, slowly but visibly. Sometimes curtains’ appear, shimmer and disappear slowly 
Ail the ray seem to emanate from somew'ere near the North Sr South Magnetic Pole, and t spans 30° each side or more. 

TE isan interesting direction guide 
‘You can estimate current magnetic activity by analysing sunspot activity. Never look af the Sun. Instead, throw only an image ofthe Sun onto 
‘white paper, as fellows. Point your binoculars atthe Sun, without looking through them! Then, os f you were throwing a minimum shadow of 
‘ne binocular barel ont paper and as Ifyou wil let the paper look at the Sun through the binoculars, from a distance of say half» metre 
from the eyepiece, point the big lens at the Sun. Adjust its alignment until the sunbeams go right through it and come out at the other end where 
the smaller eyepiece Ions. Steady the Binoculars propery, and focus the bnght, cular, white, image of the Sun so produced, carefully on the 
aper, by using the focusing mechanism and/or altering tNe paper dstance, so as to reveal tiny ais of black dots, onthe pape. The lager the dots 
{he bigger the storm. Caution! Looking a te Sun wil Camage vour eyes and even looking a the bright image on white paper requires sunglasses. 
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Orientation 


Orientation to Your Start Point, by the Parallax Method 


Step 1: Start off Aligned: Make 2 note of Needie-NSEW, bearings of any other recognisable points, inital-bearing landmark, rhumb-line landmark. 
‘Step 2: "The Direction Has Changed Its Mountain!” Instead of saying: "The landmark has changed its direction”, frst say: "The diction has 
changed its landmark" Le. retain in your mind the intial bearing, then, whenever you glimpse that landmark again, you can see how far sideways 
‘you Rave maved ff that track=By locating which landscape point that direction now points to, You estimate the sideways cisparty across the Ian, 
Decause your compass needie now points to certain distance to one side of the original mark, Your jab isto estimate that distance out there 

Step 3: "i'm moving through the landscape, out there”. Imacine a thousand of you dotted all over the landscape, all moving parallel, and at 
the same speed, say, at 4 kim per hour. All your iiial bearings to all those recognisable spots out there, are moving with You, leaving those spats 
behind at arate of 4 km per hour, and row those bearings paint to new spots a calculable distance ahead. In reverse, this lets you see how far you 
have moved sideways to any direction. Bring those distances back to your feet, and see how far away from “start” you are, and how to get back. (At 
15 km range, if you are walking at 4km per hour, you will leave the landscape each side of you, behind ata rate of 15° per hour, but...) From the 
satellite's point af view, you and your directions are (all) simply moving through the whole landscape at 4 km per hour, no matter at what distance 
{An alternative viewpoints to say that every it of the landscape always moves "equal, parallel and opposite” to your motion, relatively speaking 
‘Step 4: Estimate the gap between parallel tracks—See "Advancing Position Lines” p.108a. Le. rom the inital bearing (a track) to the new one. 
by taking @ new bearing & using sin(change in direction) x new range, This converts the cistances you can gee, to_2 qumber of kilometres. 

‘The answer, if you want an answerin numbers, is how far you have to travel at nght-angles tothe original bearing #9 restore the original bearing 


Nervous Nellie Navigation — Not Necessary 


Anticipate a problem. Do something crisp about it. Clear your mind. 


Examples: Continually looking at @ compass needle — can be short-circuited — by dividing the route into short legs, p. 73. 
Continually gauging the distance covered — can be short-circulted — by making one prediction before you stat, and waiting for it, p92 
Getting ist trying to keep track of many bends — is a symptom of not knowing the overall trend inthe first place. 
Continually guessing where that junction might have led to, is avoided, by exploring It when you meet I. 


You never know when you may be totally distracted from your normal pattern of thinking — tis then that you will need a cleared min. 
Plus, ifyou habitually allow your mind to move on to the next problem, by dealing with the last problem, you aveid angoing confusion, 
Forethought can see the normal problems coming, and pre-empe them 


Look for the Essentials — the ‘Directions’ 


You can't afford to miss them! 
Eg. "Tur left at the Y-junction’ means someone has to be looking for itt 
9, "Head uphill after you cross the creek’ means: notice the creck bed! 
Fg. "If you hit the main road you have gone too far" means that you were talking about lunch instead! 


Directions are worth writing down as soon as you hear them: "First right, third let, 6 km, look forthe track” 
Try to give directions more sensibly: e.g. "Up Fish River Valle from the Park Boundary” 

Try to Use fixed directions e.g. "North West" "fram the lake tothe Peak" "between sunrise & Mount Willarn” 
Not variable or relative ones e.g turn left 


A Whistle-Code for Contact Calls 


Example: The track splits. I's probably just a detour. "I'l go left; You go right". You keep in contact by whistling, cheerfully & tuneflly. 
Use your favourite tunes agreed between you. 
To signal: "Its me" Try: “Tid Ie My Way” 

‘you Come to me” “Oh Come All Ye Faithful” 


*Ym coming” “Ym Coming; !'™m Coming... ..Old Black Joe" 
The mhythm is 
Radio Morse: CQ = Please Contact Me = * Dah-ditdah-cit Oah-dah-it-dah " “Cis Seasick, Q Forms a Queue" “Calling Calling, All radiO= 
R= Roger — Received = * Dit-dahvait ” An R dts” 
Wait =» itdandie-ait-ait” saWait fra bitt 
san: Come Back Recall of Party= Dah Dah~Dah— Dah *Rae-Call-All-Souls” 
Other: Intemational Distress = XXX = Dah-dit-dit-Oah— times, “all X's hur, all ex's hurt, all ex's hur™ 


50S" real emergency — 


I-di-di-dah-dah-dah-ci-di-dit— repeated “A bit of Save Our Souls isnt 17” 
‘See appendix forthe full code. 


City Glow 


From out in the bush you can usualy see the direction of about three cities or towns, by ther night-time glow. 
‘This works best in hazy atmosphere — virtually any night! — and especially on avercazt nights and when no skylight wil show. 


You need to check a map before you go ~ for the nearby townships — then check the theory against the facts, 

then you can find it useful when you need it 

Eg. you can hold a straight line at night ~ relative to any recognised glow. 

Don't confuse it with aurorae, sunset afterglow, predawn Sunglow, Milky Way, asteroid belt (Zodiacal ight), headlights, local foodlights, bushfires. 


Just remember to get up and look for what you normally don't notice, 
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‘Section 2: The Inside Story—Mental Manoeuvres 


Come to your Senses 
And it wll be surprising what comes to your senses. 

‘Smell the ait — for seaweed, marshes, farms, abattoir, smoke, smog, civilisation, scent trails, fresh wombat dung, humid air, perfume. 
Listen occasionally. Ta help you hear, cup your hands to your ears. Selectively tune aut the high-Fequercy noses to listen to the low frequencies; 
fd vice versa, Usten through the wits nose, and through the sence of night 

For occasional vehicles, trailers bumping, boats thumping, Jets avertving, thunder rumbling 

For constant trafic rumble of @ highway 

For ocean rollers thurmping onshore. You can also often hear the diference between high an low tig, from the wave nose 

For running water, fogs 

For ind noise 

For generators, pumps, machinery 

For form stock 

Forthe runen under your fet, changing 
Look carefully. "leis amazing what you can see, if, you look”. It js a most important habit forthe navigator and is very rewarding. 
Eg. you read what others have scratched over the sign that says "5 hours” and discover °S hours"; or find old track markers almost overgrown 


TRANSFER Your Pictures into Reality 


Eg, “Sunset” = “THERE!” even after sunset! 


Find the red Giow afterwards, furbier to the let eg. at 8:30 p.m. 
“itigh noon” = Look at how short your shadow is. 
“Within sight” = "Well, can you see it yet? 
"The Pole Star is halfway up” = Do you see how the Cross doesn't set? 

Living in the realm of theory Is lke an absent-minded professor — who can't find his way home, or remember which way he was travelling, 


Put That Experience in Your Memory Bank 
£.g, "The Pot will go down behind "Pot Hil.” 
“Taint realise How high the Sun can get at 45° latitude!” 
"You gan see the Gorge fom the halfway mark, provides you climb the ridge" 
“The Southern Cross keaps corect time 9 the end of Maren” — the Begining of Winter, See apposite forthe next step. 


Look, with Vengeance Aforethought 


‘A bird observer doesn't just stumble int birds, he runs them down. 
‘A native tracker doesn’t simply notice’ the cues, he searches for them, 
‘Your task isto track down navigational clues, then bail them up. 


‘Your enemy is losing conscious grip on your task i.e. when the trudge gets the better of your brain 


For Practice: Express the unexpressed. It's no good to be only half aware of what is going on 
Interpret the meaning of each due. It is no good staring at a compass needle, unless you realise where you are going! 
{Bok outwards, to see what you can see. 
CChangea cursory look’ into @ specific search, 
But, what exactly should you be looking for (once you have exhausted your repertoire of clues)?? 
‘answer: Find out! Le. Teach yourself. Don't walt until someone tells you 


Preparation is the Key to Difficult Navigation 


Marine navigators in rock-strewn waters, or battling seasickness in heavy weather, or short-handed, know that the anly way to cape with seat-of- 
the: pants reflex navigation isto have already prepared clear instructions about danger bearings; back-bearings; lines af ight and distances to 
run, so that they don't need to leave the helm. 


[tis the total picture, beforehand, which orients you, later. 


‘They need to plan the entire passage (so as to make lanfall just before dawn, for instance) according tothe tidal streams and ocean currents that 
they expect to meet (since tis the current much more than the winds which affect boat-<peed-made-ood, even for yacht). Their key desire is to 
sail withthe current, and preferably withthe wind and the weather systems, avoiding the storm-season. See "Aiming-of™ p96a, 


'An hour seam such along time to spare when you are busy at home; ut when you get aut on foct, relaxed, with hours to walk but no opportunity 
for desk-work, itseems that every hour net spent in preparing what could have been prepared, was a wasted hour, as far as being useful now. 


Helpful Symbols for Standardising your Chart-Work 


“The Deduced Reckoning Postion” > Lines of possible postion should have the arrow on the end, 
from course and distance information ‘eg. pointing to a landmark 
(Ded. reckoning, or 0.8.) + Acanini Strow means 2 course i.e. travelling not pointing 

‘One Arrow signifies the course igered through the water 
“The Estimated Position” > transferred Position Line, e. advanced across the chart 
*\, taking into account currents and leeway 
te distinguish itfrom simple D-R. ‘Two arrows isthe course made goad over the ground 
‘A known postion, ora Fix (A doubiy transferred position tne, fora three-way fx) 
>>> ‘Three arrows is for the stream or the current. 
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Orientation 


Look Backwards; Think Forwards. 


You sometimes, with only a mud-map to go by, have to follow a straight line by compass or landscape, to a low-lying, invisible feature, e.g. atarn, 
hoping to come across it without Bypassing it. Well, success will often make you feel that that is the end af the matter, "Mission Accomplished! 
Until next time! 

But look back, if you can, to a recognisable starting point, then take a compass of landscape bearing, backwards tothe start. 

You then convert that to‘ forward bearing for next time, Place 2 pebbles on the ground inline, fufn around and lineup the landscape mark needed 
The result is a"Wack", Not just a rection — see p.71b — a'can't-go-wrong’ guide. 

If your beginning poi isnot visible, turn around and take a forward bearing on the skyline feature you think you should have headed towards 
(and probably cid). Eg. One span to the let of Mt. Visible”. The result is only a direction from the start~a guessed-at track but nearly right. 


(On p.424 I said only to use bearings from high points to high points, for a general navigational framework. 
But add to that, a mental or notebook entry ofthe bearing from a low destination point back to visible possible starting points, when you arrive 
successfully, oF of the forward course you used — preferably by the landscape itself. They are "How-to-get-to (a low point)” tracks. 


interpret) Extend Visible Reality into the Invisible Picture 


Eg. "It's boiling hot in Baghdad” 
“The Sun is over Townsville” 
‘From the ridge the water flows down to the Gorge and eventually out to the Murphy Mouth” 
“The Earth must be rotating Eastery, from West” 


Don't be satisfied with half a meaning. 
Until the interpretation leaves you oriented, and able to remember something, you haven't gone far enough 


‘See p. 74b(1) forthe last word on interpreting 2707. 


To Get There Quicker, Go Slower 


We all prefer to run ahead of necessary preparations, i.e. we prefer instant gratification to wisdom. 
We also prefer to get something unpleasant, finished, and quickly, once we have started, e.¢. ‘can we make this bad “shortcut” work out?" 


Dont rush! "More haste, less speed” = More care, less fuser. 
Slight panic makes you hurry. Hurry is a recipe Tor carelessness in navigation, and for blunders. 
Eg. over-running the junction 
Eg, missing most ofthe clues 
Eg taking a foolish “shortcut” 
‘Common causes for hury, other than anxiety, include 
“Let's beat the rain/the dark” 
“Let's get back on timeyfor lunch” 
‘Let's Sor this out quick-smart as to where we are" 
“Let's explore one more kilometre before we admit we're lost and turn back” 


Search and Rescue Signals — Noises Repeated Regularly 


(One = We are searching for someone. (Is it you?) 


Two 


1 acknowledge your signal. “Okay; Roger recelved-and-understood; I heard that” 
Three = "Search for me. Ineed help.” 
Four = Recall of Search Party 


.g rifle shots; loud whistles or horns; two boards clapped together 


End of Section 2. 
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Section 3: Interesting Stuff—Bush Navigation 


Nature’s Norths 


Learn these when the sky ~ the astronomy Norths — is clear, so that you can lean on them later. (Assume S. Hemisphere 2,2,2,5,6) 


1. "Dew" North — Dew, moist sol & roads stay wetter in the shade. Frost will persist in the shadiest places, e.g dew South-West. 
2. Snow South — Snow remains higher on the shady side of an obstacle 
3. Mud North ~ Halfariea mud-crusts betray the hot, wind-exposed cracked edges, with the damp mud in the shadowed places. 
4 Rock Noon — a whole mountain, ora crackin a rock, can show up the sunny and the shady sides. (See next Box) 

— Also, in the evening, after a sunny day, you can feel the colder side ofa boulder or gully 
5. Gully South — The shady bank of a creak is steeper than the sunny side, atleast an average, all around the wort. 


‘The side facing the noon Sun Is flatter. The side facing the pole is steeper. This results in roads, ralways and buildings ate, 
being more common on one side-the fatter side--of an East-West ver than the other. In other words, creeks tend to cling to 
the Polasfacing slope of rage, as if they migrate equator wards. Perhaps this 's a remnant ofa past geological age when the 
ferasion was more marked e.g. hot days eroding the sunny side flat, with ultra-violet ight; and constant moisture and icy nights 
froding the shady base steeply; therefore suitable mnemonics are: “lying down flat sunbaking” or "steeped In ice” (.e 
South-facing in the 5.H.). Lakeshores have steeper or flater banks according tothe same priaciple. 

6. Animal Orientation ~ "Barnacle South” (SH), an dark intertidal rocks — it shows up the wetter Ie. shadier side. 

"anthils’ (Termite mounds) sometimes orient to avoid the heat, so the length of them is North-South 
Insects prefer the warmer side of a trunk in winter e.g. spider cocoons, ant colonies, boring grubs. 
Some spiders spin ther orbs to face naon, like satelite dishes but more vertical; otRers face sunnse 
Migratory fight-paths may be North/South 8/or upslope/downslope. Animals fe In predictable rections, 
29, inland, uphill, North, upwind eg. when faced witha fire. They often lie with ter backs to a cold wind, 
‘Siesta South: Farm animals ind the midday shade in a paddock. You can smell the urea. You can see the dung ples. 
(7—10 will be expanded soon) 


7. Wind West ~ part of the W in the WEATHER’ mnemonic. It is designed for windswept places when the wind isnot blowing, 
‘The prevalling wind leaves its signature in the visible growth history of the plants, and in the landscape. 

8. Wave West — if, n the Roaring Fortes, you can see the accumulated effect of ocean roller. 

9. Botanical Asymmetry — where you sort out the competing effects of wind, igh, salt, exposure, 

10. Bush Noon ~ you never need to be disoriented In the thick Bush 


‘This works best in temperate latitudes ~ where the sunlight is crectional 


Of course, anything to do with nature, refers to averaging continual observations. The most variable signs are the least reliable. 
less Natural North 
11. Magnetic North; And don’ forget magnetic dip ~ the downward tlt of the magnetic lines of force, varying with latitude. 


12, Solar Panel Noon — Observe how we set un solar panels, and verandahs, Nature gives us the Sun, and we all folow it. 
13, Satelite Dish Noon — Geo stationary satalites are, by nature, Equatorial 
1. Microwave dish to microwave dish ~ Peaks “naturally” point to each other! See "landmark to landmark network navigation’p424 


Instead of feeling bored, or getting lost, or being "bushed in’, you can have the valuable bonus of feeling at home in the bush, having a 
hobby, and being oriented tothe slope, Sun, vegetation, ecology, weather patterns 
Bush skills are a good Investmant for future bushwalks. So go for some experimental walks inthe bush on overcast, foggy, rainy days. 


Don’t Forget to Remember, Your Way! 


Long-term memory is your bestfriend — so feed it. You aim for recognition, year later, through familiarity now 
‘29. Have you walked the track at night? ‘both ways? twice? 
129. Collect as much first-and-secand-hand information as you can. 
12g. Reread your track-notes occasionally before you lose the memories. 
Photographs, Maps, Track guides, Track notes, etc are all permanent on paper! but you aim for permanent memaries, not records. 
Le. Mental photographs, Memorised records, What the locals call “knowledge” 
Use memary methods so you don't waste your efforts. Use the paper records to help you consolidate your local knowledge. 
To that end: Make drawings. Make your own map. Keep a diary. Make your own track directions, names & comments. Tall somebody. 
Use bir not pencil. Make a neat copy of your notes and fle 
“Look at..” means “Notice.” means "Take note" means "Take notes" .e. Take 2 notebook 


Unlock Memorable Chapters in Your Life 


Memory is fundamental in navigation (alongside direction, distance, position sense, visualisation and alertness) 
Mecium-term memory is how you fing your way back, But aim also for long-term recal 
We remember best in definite ites" — locaton by location 
“Right, team; We have to remember this. Help me. We need to discuss it, describe it, mentally photograph it, draw its skyline, 
make ita memorable stop, time i, nate it, put tim its logical place in sequence.” 


Go for the Jugular. Zero In on What Matters 


Concentrate on the crucial and take-away information 


the crucial “directions” Eg. the sequence of junctions 

the dotails that have direct orientation value Eg the visual angle Between North and Startoff 

hich give relevant memories Eg. the hilltop view laying i all out for you 

track notes e.g. the Bearing to follow, the “directions” 

the overall trend — top-down, top priority pleces of information 

the parspectives that fit everything nto the context Eg. the surrounding trends in relation to Sun-North 

Eg. Amental map _ is better than a ‘position’ on paper. 'A map diverts you from the real picture 
Recognition” outvotes names; Zero in on the most peculiar visual peculiarity 


names outvote position fixes. 
‘The overall detaila ~ What you need to know in three years’ time, when you try again, 

are the time, distance and difficulty. 
‘The Sequence (of subsections & features) ought fo be remembered... rather than e.g. "bearing 035° magnetic’ 


Recognising Sections of the walk. is more relevant than having a sares of map positions. 
Surrounding landmarks last longer. than “turn left atthe red tin-can-marker" 
Appreciate the plants and animals; the soils, geology and climate. Instead of "Bin there; Dun that” you aim for familiarity 
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Lie of the Land; Tracks 


The “Lie” of The Land 


‘Think of this asthe up-down part of geography. Think "Lie-Down” (versus “Lay-Out” Le. a map layout) 
‘Think of — Drainage, Watersheds, Catchments & Divides~the accumulated results of Ages of uplift, drainage, erasion & deposition, 
= Geomorphology — it determines the shapes 
= Ecology’ it responds tothe shapes, the slopes & drainage: 
= and how they all ft into each other 
E.g. "This north-facing slope supports warmth-Ioving vegetation” 
“These foothils ofthe main range deain Wester" 
‘The basalt uplift has generated these clayey mud flats’ 
“This is an isolated hillock within the main valley” 
“Tink of the lie’ as “down toward what general direction?” 
and ‘ise’ as ‘up toward what encircling range?” 
Le. Puta general rand on major rivers and ridges. Imagine the coast, where all the (now nearly parallel) ridges & rivers run offshore 


Lift your eves to the "ig Picture” scenery. Interpret it; Memorise its detal; Put it to good use. 


Listen to the Pioneers 


Le. listen tothe place-names 


‘The Great Dividing Range” _I suppose this one is obvious 


“Blackbird Fat” “This means there ig 2 river nearby 
‘Stockyard Creek” fiat clearing s promised 

“North isge" ‘This is related to the North Arm ofthe River 
Huon valley” Tehouses the longest tnbutary 

"Boggy Pains” Down on the Fats! 

“Elza Plateau” Upon the boggy fats! 

‘Bright Pass" Means a change of catchment 

East Plinger Teought to be East of West Pilinger 

“Pelion Gap" A saddle — between catchments 
StrathGordon” Te says “the Valley of” Gordon River 

“Dale” Also Says "valley" 

Mole Creek” Burrows underground 


Lie Has To Do with Water Drainage 
Look for dips in the skyline. 


If you find a "soak’—vhere water soaks outlook for a ridge-bound marsh uphill—where water soaks in 
Carry an artificial horizon, to reveal slight down-slopes, e.g. a flat plastic jar lid suspended on three strings, adjusted to horizontal 
(Or lay your clear plastic drink bottle en the ground. Maybe even pour out some water to see where it runs of to. Listen for frogs! 


Stick to the Track 


+ Ifyou are waiting forthe rescue party 
+ When @ “shortcut” looks inviting 

+ Ifyou have told someone exactly where you are going 

+ When you are nursing an ailment 

+ When sacred or heritage sites are at risk from tramping and erosion, rubbish pollution, desecration, et 

+ When you are one more tourist in the constantly invading hordes, and "Please keep to the track” is aimed squarely at you 
+ When you are ina greedy hurry for more of the same elsewhere 

+ Fyou cant find your way out of a wet paper bag, 


Reasons for Leaving the Beaten Track 


+ Tracks often fal to meet the needs of birdwatchers, botanists, photagraphers and bushwalkers. Remember why you are there. 
‘Talk to the ranger about whether the "No Camping” sign refers to drunken car-based parties, or to scientists and bushwalkers 
00, 

+ You sometimes want to search out the worst routes! Easy slopes have one sort of ecosystemy/niche/micracimate; 
Difficult terrain has the more unusual biology. 

+ Interaction with a bare-dit strip is not exciting. Fan out, Tread Carefully, Go Slowly, Keep your party size small 
then you can appreciate the lowers, lizards, lichens, Each step is watchful ~ which forces you to see these things. 

+ A ast.track through a nice place robs you of appreciation-time. 
‘The experience passes just as quickly as the tramping to get there! 

+ Designed tracks will often steer you clear of exactly what makes a place interesting to see — clif-adge views, water-edges, 


botanical hat-spots refuge habitats, 
Isolated places often don't have tracks, and you will ned to choose, navigate and negotiate your awn route. 


Cross-Country Routes 

{i routes are ‘eross-country’ but some don't have tracks to foo. 

‘There are two Sorts of tracks ~ Un-natural ones~—artfial paths (man & animal made) which form a simple network, 
and often stick clase tothe contours — gently upsiope er gently downsiope 

‘And. — natural routes (following the geomorphology) which ross the contours at right angles and 
which form a double network 
‘Le, Natural routes are determined by an inerieaved network of ridges and rivers 
‘You are wel advised fo stick to these routes only for eas oF route finding 


“Then there are three sorts of of-tracke navigation to consider. 
S geporting From te sacs path ce 
= departing from the natural utes (to follow a trend toa destination) and 
trying to keep 3 dead straight line cross-country. 
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Section 3: Interesting Stuff—Bush Navigation 


Rock Noon 


Rocks blister and crack inthe heat. In addition, ultra-violet light hastens all other erosion processes. The top sunny sides ered easily 
Conversely the shady side is subjected to lichen growth, icing, and moisture, especially atthe base. 
Differential erosion results in tilted rocks, in asymmetry of cracks and gullies, and in various light and vegetation effects. 


(On the het, rounded side, look for fissures, cracks, furrows, blisters and 
ppock-marking — as signs of heat stress resulting in mare rapd erosion. 
‘2g. Blistered flakes leave a patch of bare rock with no lichens on it 

‘Such patches are hard fo find on the shady side, 

Algae grow in the protected fissure under an almost blistered-off flake of rock. 

‘The green stain onthe underside ofthe flake is greener on the sunny side! 

Caution: This is unreliable unless the rocks show a clearly interpretable patter, 

Of course, use bedrock of larger boulders, since they are going to be in ther griginal postion — not shifted about regularly. 


yr TTMATTATHA) examine the cracks — The shady sie is sharp and steep; the sunny sides rounded 
Meat uly Seu oon mbit 


I — Harinc ese —say ercnns mdeataine y ow 
oe — rounded step-downs show a geological dip away from noon, 


Examine the colours ~ looking down-Sun you see pale, bare rock 
(wnere it has recently blsteree), 
bare rock, Hichen clad looking up-Sun you See multicoloured lichens 
fon a darker background 
— difise lichen grows better on crumbly rock 


grass ‘The sunny side will grow such lichens. 
~ thicker-bodied, textured lichens grow older 
Fee! the topside vs the backside fora diference in temperature, fn the shady, non-erading side 


Look for green grass and moss in the shade ofthe rock. These are often far more reliable than the rocks themselves. 
Beware that a fre-storm wil kil cher, moss & grass, and will Blister the rock, crumble it and spit chunks of 

ive. some ofthe effects you will noice may be due to recent fire, e.g. a firestorm from a particular direction, 

Rock noan only needs to be reliable enough to tell you which end of your improvised compass points North 


Don’t Try to Memorise Details without an Overall Framework 


It’s a recipe for confusion — to try to keep track of avery bend, every hillock, every weather change, every creek bed, every channel 
There are too many of them. They all look alike in close-up. 

So start with the map: Learn the major rivers and the gives fist, 

(Go for the big names, the overall trends. 

Ft the details in by retrospect, after the big picture shows ise. 


Don’t Try to Remember Anything You Haven’t Memorised 
i.e. put the effort in frst—donrt fool yourself. There is a process to memorising something, e.g. establishing a framework rst. 
‘and 
Dont try to remember anything you haven't made memorable. Dont battle uphil~make it enjoyable or emotional and it wl be easier. 
‘And..Don' arte down anyéring you haven't memorseé First make it memorable, than wks vn 
Notes are not an excuse to forget to memorse something! 

Like most short-cuts, they are an enticing altermative, But they, Ike shortcuts, shor-change you as well. Memories are precious 
‘And...Don' try to remember anything you haven't expressed or named. It isa fac of life that we refer to memories by name, in words 
‘And._bon' expec to remember details you havent understood, or organized, structured, or reduced fo a bare minimum prompt. 

‘always helps to Interact wit, analyse and process anything You want to remember. E-g investigate with questions on Your 

mind; ertcse i teach iT iso helps to Visually se tout in your notebook with colour, shape, balance and symmetry. 


Ifyou relax, because there isa track, or because you have a map, or you have 'directions' forthe trip, 
land maybe someone glee is with you who is familar with the area, then You cease to Bulld up your avin memories and familiarity. 
‘gain you have shortchanged yourself. 


Write down What You Memorise! 


Does that sound ike over-kil? It n't. It's just good sense 


se 


Ue of the Land; Tracks 


Major Rivers & Ridges, vs Minor Ones 
Obviously, all water, fang on one sie of a catchment-dviding ridge, runs to the sea, via a single river mouth; Conversely, river- 
mouth headlands are dividing ges. Followed inland, all headlands must reach right around the river catchment-they ae ee two 
ends of the diving ridge. The rivers and ridges form a sore of geometrically inverse pair of systems 
‘The catchments withthe shortest cress occur Between named iver mouths, and ae called coastal 
Le. Al oar coastal land rises to some efferent, mor lca, viding age; you may have to undulate up and down along it on the way 
Nit all erek-lines from a major ridge’ (a catchment civide), descend al the way re. although the water may go all the way tothe sea, 
the reek carving it may not: the creek might only be a tributary, ending where it empties into a sve. Simalarly not al ges running 
‘ff he catchmant-cviding "dge reach all te way tothe coast~some are “Gaad ends"—they end n'a “shoulder, cut of between two, 
{reeks joining, or ata river bend. All valley-sividers are ridges, But not all idges divide whole valleys, or even minor catchments. Those 
{that come to dead-end before they reach the coast are not dividing ridges, and may be called "minor. 
Ail creek ines do not necessarily start on a dividing ridge: The creek self might atach to a minor ridge, within the valley area 
‘Those ridges and rivers that transect or divide whole catchments are called ‘major’, The named ver ough to be 3 mai ine. 
Unless you Took for them an the mag you may not be able to notice anything special about ther. 
Major ridges & rivers do however tend t0 stay higher and lower for longer, and often provide you with the gentlest: 
‘nd they stractroadays. 
Main ridges ais tend to run parallel to the main valleys and vice versa 


Sort it out on the Map 


+ You cannot see catchment layouts from ground level! 

+ Ifyou walk around a slope, half-way up, 2.9 following an aqueduct, then yau cannot easily know when you cross a major 
catchment: There are manj mmar tages to cross and-any one of Rem could turn Into a saddle which vides allay 

* Around geaks and plateaus, valleys spawn inal directions ~ itis hard to identify the ight ones. High marshes may drain in 

+ Near a major river junction, travelling along the dividing shoulder can give a confusing alternation of views, 


Between one valley anertan the other 


Catchment Divisions Snake from Coast to Coast 
Ridgetops fit parallel to and between the two highest contours marked on your map, and can be very sinuous. 
‘They mark neighbouring catchment edges, & 50 theoretically you can cross the continent on highest ground without crossing any creek 
Major catchment civistons must reach the coast at point each side ofthe river mauth (except ofcourse, for inland salt lakes). 


A Catchment-Division* Separates Whole Valleys 
‘called 3 watershed” in Australi, unlike in USA 

Hint 1: Mar catchment divisions on your map witha pink highlighter — pink i opposite fo blue-green for creclins. 
Hint 2: Now forget about those new pink delineations on your map. They refer only to the layout, as seen from above 

You need to imagine real, high ridges inbetween deep valleys 
Hine 3: Now forget about those razorback ndges in your mind. YoU need to know that they could be remarkably ft paddocks 

not very eye-catching ~ look for them carefully 
‘catchment division wil follow the highest Rattest ground and consequently have a few marshes and puddles on i 
‘A metrechigh bump in 9 padcock might separate two raindrops into two diferent 1000 km journeys in each erection 
So you cant simply “walk downstream’ ~ not untl you know where you might end sp! 


Tracks are like Naughty Children 


If you take your eye off them for a moment, they will spit ~ shortcut —___p. 
{3s soon as they are out of your sight. pag eli) 

bushes 
‘A shortcut is often the result ofa junction, 
‘Thi is because tracks offen bend at 2 Tor Y junction. “Ee Forte in the track 
Shortcutting is constantly encouraged at any bend, wmsea! 
So there wil ikaly be an inviting well-worn sharteut there. 


‘You can always spit the party #9 explore both routes. 


The same is true for creeks & ridges 
Uniess you stick tothe bank ofthe riverbed, you cannot count on seeing the tributaries, and if you da stick to one side you miss the 
ther side tributaries Also, where a stream is "braided into parallel interconnecting branchlets, and you follow one gutter, ou are 
Easily blinded tots tabutries Jorning in from side-valeys. 
Tryou dont stick to the main gutter or crown, you miss Seeing junctions onthe fa side ofthe river or ridge and can fllow a wrong 
‘one. But side ridges are harder to see from the crest, just ike ibutaries are hard to see from the central channel! 


Explore Branches While You Can 


[As a matter of principle its easier to explore something if you are there, than if you are not! of |?2 yes 
Be quick to remember that before you walk on past. 

Remember. that you are there to enjoy the country. So put down your pack & amble off for a minute or delegate someone to explore. 
‘You may surprise yourself by discovering a helpful signpost at a second nearby junction or a new access point and car park, 

Or even, that iis the track you should have taken just now. Bends Breed Shoricuts: A shortcut may look lke the junction we don’t 
take" which means that you may mistake the real junction anyway. 

‘Avoid endlessly having to wonder later..But iF that other junction turned east, then it might have been the lik.” et. 

When you are there, find ut for certain 


Convergent Tracks Lead to Civilisation___________ 


For example, you get lost, stumble across the track and meet a T-junction — which branch do you take? less wider 
‘You can examine any Y-junction for signs of splitting into two or more minor branches. sworn better 


‘The mast acute ange ofa ¥-junction usually points toa focus pont (e.g. downstream; car-park) 
ie 
Down-Track vs Up-Track 


‘This one isnot obvious, and soit may trap you. 
‘You seem to be flowing 2 well-worn path down, until you turn around and try to find your way back up 
Itisthen that you discaver a multe af other tracks joining into youre at an acute angle! 
‘You see, people walking dovinhll, downstream, get channeled into the paths of least resistance, converging just lik the creek lines do 
But people walking upstream or uphill are faced with choices and tend to spread out into all possiblities, unl they find the right one. 
‘The best path is wom in from down trafic, but that may not make it obvious to up-traffi. 


Allow extra time when going wp-stream, or climbing a steep peak, for eliminating false leads. 
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Section 3: Interesting Stuff—Bush Navigation 


Wind West 


Assume you are in 2 wind-swept place in medium to high latitudes e.g. southern Australia, where strong Westeries preva 


"Win the ‘WEATHER’ mnemonic (p.114b) than reminds you 
‘ofthe prevailing Westerlies in the high 20s, the Roaring 40s, the Furious S0s and the Screaming 60s. 


W" for’ Weather systems come from the Westin temperate latitudes. 
‘ang 'Wind in your face’ locates these weather systems for you 
‘38d ‘Upper-lavel Westerly Wave" stoers these systoms to the E/NE/SE ina waving pattern. 
"A cofmman pattem is to have a warm nor-wasterly storm preceding a strong cold sou-westerly change (SH). 
and ‘Wind-West’ reminds you to look forthe lower-level prevailing Westerlies, and ther effect on the bushes, landscape, etc 


You don't have to be in the Roaring 40s to find 2 windy place and look for tell-tale signs ofthe prevailing wind 
"Onshore winds near the coast, being laden with sal, leave unmistakable clues imprinted inthe Dushes, and on the seashore 
= High plateaus and wide open clearings are usually windswept 
= Gullies produce up-gully breezes and dawn-guly gusts 


= Hilts are windy To ast an undistorted picture of the prevaling wind direction, go toa hillock 


To navigate by the local prevailing wind may be more preferable locally, than to navigate by bush north 
‘The prevailing wind isnot as universal a reliable‘ bush-noon, but i can Be easily visible, audible and tangible, 


In general, the tallest trees are the best tell-tale. 
Look for wind-induced asymmetry, especially at the tree tips and the oldest tree trunks, when you are in @ wind-sheltered zone. 


Think Wind 


Distinguish in your mind the various causes of wind damage. 


Storm Winds — brief but furious, as a weather change hits. They may uproot trees. They are often hot and dry. 
Fire-storms—from the hot dry inland, or sweeping uphill. They can leave a tral of dead black fallen trees lying parallel 
Cold Change Winds ~ Cold, Gusty, Strong, Persistent for a day or three; Usually south to southwestery (S.H.) 
Persistent Prevailing Winds ~ Westeries Waving’ between northwest and southwest in between ‘changes’ 
+ Salt Laden Onshore Winds ~ They ‘ct’ the exposed vegetation back to size. 
+ Cold ast Winds ~ These kill of the less hardy competitors 

Hot Dry Blast Winds — These leave only the waxy/succulent/woody species. 
Sand Blast Winds — They remove vegetation, carve out sandstone sculptures, and remove lichens from the exposed side, 
Windy Season Winds — Ask the locals what to expect at each time of year. 


Anything is Memorable 


Make it personal ‘Where I found the pocket knife” 
‘ticipated Study the map beforehand to imagine the sections 
eave ‘Do something; involve yourselt 
important Draw attention to why It should be remembered 
‘esociated —Itlooks like 3; sounds ike my middle name ; uphill fram the mine 
Greative Make up an enjoyable name 
‘emotional Expect to natice, then remember, decision points & anxious times 
visual eg. symmetric, colourful, shapely 
‘geometric This tple-trunk matches the tangle of paths here 
noted Draw attention to it "See how we have just entered tea-tree 2” 
peculiar That tree looks ikea traffic policeman! 
Prominent The tallest tree here, see? 
fed What aspact about It interests you? 
names 2.9. “Midnight Junction” 
‘iting "Power Point” where the electricity line crosses the lake 
funny Willy Willy Waternole’ where we saw the dust-devil 
human "Betty's" 


Make Individual Memories Memorable! 


“The problem is an excess of information, with a shortage of enough meaning to go with each detall 
‘2. hillocks and creeks have endless detail — you can't hope to remember al 

Visual memory isnot the problem — pictures are perfect — but recalls difficult. 

(And sorting pictures out later, into the original sequence is also hard.) 

Younes to add memory handles, worthwhile meanings, specific focus, etc. 

Hint: Do something memorable there, Dance, Sing, Jump, Shout, Throw stones into the puddle. 

Make a cairn. Sketch a tree. Have a meal ~ Chewing 's sai to ald memory! 

Leave something of yours’ there ~ something peculiar ~ e.g. ean a stick against a tree trunk; scratch the ground 
Insert itinto a larger scheme — time & sequence; lie & surroundings; an acrostic poem. 
Make a game of it E-g. "Who can say what's peculiar about this creek?” 
Make it'yours’ e.g. Discaver it. Climb it, Explore it. Study i. Explain it, Draw it, Mapit. Show it to someone. Name it. 
Spend time there, locking 


Remembering Trees 
‘Simply spend time looking. It may only be 10 seconds, but that is 200086 more than the usual Ys second! 
Look at the branches the shape, the trunk unt something strikes you 
E'g. "Oh, these two branches grow across each other” 
Eg. "The barkis nght-hand spa” 
.g, "See that ant-highway going up into the hollow—it might have water in it” 
Walk around it, to see the shape from side-on, Characterise it & its context 
Exp entirely shorter than tat old stag’ st branch” 
Eg, “three tufts on top 


You get better with practice 


« 


Lie of the Land; Tracks 
Ridges 


Ridges have gentler slopes up/down ridge i.e. provided you stick to the crown, 
‘The slope makes’ rapidly an each flank, It = only the ridge-line which is flater 
Ridges ‘have nicer views. But these views are easly Nalved unless you walk right on the crest. 
have nice breezes, provided you are right oh the crest. 
have more open and stunted vegetation plus shallower soll and more exposure to the elements. 
are wider and flatter than a creek bed, and their rocks are firmer underfoot and dry. 
“Their run-off slides off downhill to each side, 
‘These advantages are also lost as soon as You slip off the ‘crown’ ofthe ridge. 
Off the ridge is steep, vegetated, narrow, loose, windless, hot, humid. 
‘The steepest but best way up a ridge Is. up the ridge because (1) it gets even steeper off the ridge 
12 (2) contouring is "easier but If doesnt get you up’ but only ito more lffcul terrain, 


Ridge Names 


+ Mountain to Mountain e.g. Mount Ossa to Legges Tor (trace it on the map) 
+ Mountain to Mouth e.g. Mount Ossa to Arthur River South Head 

+ Mountain to Headland e.g. Mount Wellington to Wrest Point 

+ Catchment Division ‘2.9. The Arthur-Pleman Divide 

+ Tabutary Divide eg. The South Arm Ridge 


‘Aridge may not be “major” but iit divides your walk, you do want to know about it—so make up an appropriate name fori. 


Mnemonic: “Ridges Rise 

Whenever you cross a ridge don't forget to ask: "Which way does this idge rise, in trend terms — to the left orto the right” 
Teis like asking which way water is owing, but the truth can be obscured by local undulation in the ridge. 

Ask: "Does this ridge, i followed to the (right), end further inland ie. upstream, or further downstream?” 

[mut corlate with the overall corespanging drainage 


Uphill — Which Hill? Upstream — to which Divide? 


‘To Which ridge? Which plateau? Which highest ground? Just as surely as rivers reach the sea, so ridges reach a peak. 
Which peak? isthe question which orients you. 
Until you know which catchments you are climbing out of and into, you don't have a grasp of where you are. 


Sympathy and Understanding with Track Markers 


‘Take time out to explore (2.9. leap-rog fashion) from one track marker to another. 
‘Always guess where a track auaht to go. 
Whan you come across a marked tralmaybe poorly marked and/or difficult 
Inteligent guesswork helps here 


the question arises: ‘Should we follow itor not?” 


+” Where would J put 2 track? 
+ What isthe airection tend of the new trail? 
+ What isthe slope trend of the trail? 

+ What racks & routes miaht you expect? 

+ What alternative access rautes exit? 


.g. uphill, heading West, may well mean: ‘to Lake West from the lower car park’ 


If you leave the track behind, because itis unclear, you may never get back onto it. 
But if you work with what you Rave (a bad track) if may be quicker in the long run. 


Old Track Markers 


Practise noticing them, before you need to. 


+ Ole axe-cut blazes on tree-trunks — from the original surveyors 
+ Very old paint flecks in the blazes ~ search for them 

+ Blazes and markers on the far side ofthe tree — look back 

+ Olé nail holes or nals or rust stains ~ the marker has fallen off 

+ Fallen markers — on the ground 

+ Fallen rock caims — the rocks blend in, but show their pale underbellies 
+ Arrows on wet rock-faces ~ the wetness obscures the scratches 

+ Sawn branches, trunks and logs from when the path was cleared 

+ A clear line-of-sight through the trees 

+ Thick young growth — an unused road 

+ Smooth or shiny rocks with less lichen — worn smooth by feet 

+ Fallen trunks with a gutter worn across them — betraying foot trafic 

+ Broken branches of varying ages; bent stems e.g. bracken fronds 

+ stumps cut off at ground- or eve-levl 
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Work in Release 12 is investigating aggregation of joint TDD and FDD carriers. 


Coordinated Multi Point (CoMP) 


Coordinated Multi Point (CoMP) is a communications technique that can improve coverage, 
cell-edge throughput, and/or system spectrum efficiency by reducing interference. This 
technique was thoroughly studied during the development of LTE-Advanced Release 10 and 
was standardized in Release 11. 


CoMP coordinates transmissions at different cell sites, thereby achieving higher system 
capacity and improving cell-edge data rates. 


The main principle of CoMP is that a UE at a cell edge location can receive signals from 
multiple transmission points, and/or its transmitted signal can be received by multiple 
reception points. Consequently, if these multiple transmission points coordinate their 
transmissions, the DL throughput performance and coverage can improve. 


For the UL, signals from the UE received at multiple reception points can significantly 
improve the link performance. Techniques can range from simple interference avoidance 
methods, such as Coordinated Beam Switching (CBS) and Coordinated Beam Forming 


446 5G Americas member contribution. Assumptions: lightly-loaded network, 2.0 site-to-site distance, file 
size Is 750 Kbytes, traffic model bursty with mean inter-arrival time of five seconds. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 133, 


Section 3: Interesting Stuff—Bush Navigation 


Be Wind-Wise Listen 
Listen directionally ~ the wind: noise will be manly frm upswing 
‘When you think you are navigating by the Beach nolse, you are probably navigating by the onshore wind, and should keep track of i 
Listen through the noise You may distinguish three frequency bands, ar the rumbles emerge fram the ise. 
Listen trough the silence — of night, in the stillness. Up-wind sounds carry a long W3¥. 


Listen to the sounds (bird, trafic, house, factories) ~ They carry clearly from up-wind oly, especially the high frequencies (whistles) 


LUsten to the beach noise The hiss’ wil be from a direction more up-wind, and closer, ocation- ws, 
‘The ‘rumble’ will be from further away from you and further away from up-wind direction. 
LUsten to the thunder _— Air temperature zanes create directional effects, £0 that approaching storms, which are preceded by 


Tow level cold bursts of air, Rave their noises refracted up and out of earshot 
(See "Tips for Calm Weather” p.23d & "Topographic Level Vinds”p.254) 
Landscape 


Obvious Tell-Tales: 


+ Eyw coastal asymmetry e.g. Temperate West Coast ocean beaches might have 2 kilometre of surf, but East Coast beaches are 
narrower and calmer. Trade-wind East coasts are surf beaches, but headlands with West facing shorelines wil be sheltered 


+ Bays end in exposed points. Look for tall, steep, bare sanchils on the weather side. If there are tall sandhils at @ narrow 
point, you will see sanchils from both sides, £0 ask aml secing the green (sheltered) backside?” 

+ Sand dunes, There are variations, but bare dunes tend to be cross-wind and vegetated dunes tend to trend down-wind, 

+ Pudates, Lagoons, Lakes, Creeks, Beaches — Look for wind & wave action effects e.g. dark mudfats up-wind & white sand 
staeps downwind. Shallow puddles often occur on the downwind end ofa flat drainage. 

+ Sand ripples show steep backsides downwind, asthe wind driven grains topple over the eroding crest 

+ Clumps in sand-stretches show a long tall dovnwind, €.9. behind dead seaweed deposited on the dry beach. 

+ Grass-clump erosion isthe reverse of sand ripples — look for steep bare drt and exposed roots on the exposed side. 

+ carps a campsites, pienic tables & fireplaces, bird nests & animal shelters all avoid the un-sheltered side of vegetation 

+ Wind-shadov grawth-plants grow taller inthe lee of a mountain range, or of a pebble, sand ridge or house. 


Obvious Tell-Tales: | Windblown Objects 


+ Flotsam collects onthe downwind side of ake (but onthe sheltered side of coastal pont) 

Totaled: rs ruminant eg loin tog ins at 
formibbon bare hanging ine tee downing rom ts source 

+ Dead ing et bades lie coss-wnd when blown aginst an obstacle e.g.» ump. ES 

+ Dead ong leaf bades lie down-wind when blown fom a source. tussock ° 

+ Broken of branchlets lie with thei big sprendout twiggy end downwind. Meadow-grass tufts pulled up by grazing animals aso 

+ Feathers catch in bushes, usually on downwind branches, and mat agaist the up-wind side of those branches. 


The Difference between Looking at, and Seeing 


has @ ot to do with involvement. 
‘eg. aseed:-collector will se the vigour ofthe plants and ther stage of fruiting. Would you even see the plants! 
129. a hunter wil soe 2 route for stalking fram behind cover. 
29. photographer will see the contrast in ight. 


Would you as a navigator care to notice footprints, or their absence? What about the flignt-pathe & contrails, or gems in the river 


gravel? 
Navigation is your opportunity to see more 


Search-Image 


It s possible to stare at something obvious and not see it! e.g. the pattern of wind-blown grass stems, or the peculiar geometry of a 


tree. But after some practice, you can't miss it. So rain your brain to the search images before you néed thers. When you are flustered 


and hurried you will Rot feel confident in your abilities to'see something ffcult, and wil ikely lve up too soon. 


We Recognise ‘Sameness’ But Need to Describe the Differences 


‘A gum-tree is a gum-tree; but this gum tree has three trunks! 
‘Abend on the road’ is ust a bend; but this one bends away from sunrise. 
‘Avhllside” looks much ike all hilsdes; but tis one is regrowth with wattles dominant. 


Dont just gaze at “the view" or *the landscape” or “vegetation”. Look past the fuzzy ‘sameness’ to the unique peculiarities. 


Unfortunately that often means: ‘Facus on the boring detail 
‘2g. “Ths hillock has five dead tree trunks, totaling nine main branches’ which makes this hillock recognisable and unique. 
So. Hint: When all else falls, COUNT! (The Same goes for Botanical species identifications.) 


“There is often no way around a detailed look. There will not be anything unexpected to hit you in the Face — you must keep looking 
nti the interesting peculiarities emerge 
Eig. "No other cirt road junction I have seen has an Acacia sapling growing in each comer. 


a 


Lie of the Land; Tracks 
“Shoulders Stop” 


‘A huge mountain range may end in @ “shoulder” .e. a ‘shoulder’ amounts only to 2 ‘minor ridge’ stopping within the valley 
"You wil nat get to the coast by following it dawn, (IF you are on the very last ridge next to the coast it would be called a headland) 


‘There may also be isolated high ground within a valley, a lot lke an island, and ths too is doomed to end in only “shoulders 
Such high ground is drained by one river only but via Several tributaries. 
wil have one, often lox, flat connection (a Saddle) uphill to the main Divide. 


Shoulders are Not Easy (like Ridges) To Walk on 


“They end a spur, and so are likly to be steep, as the ridgeline plunges down to the creek bend or junction below it 
They are wetter than ridge tops. Although they shed water, being convex, they are stil fed with run-off from above, as on a 
hillside. So the vegetation can easily Became very thick, 


Saddle — A Flat between Hills, Sitting Astride a Ridge 


‘They are so named for thelr resemblance tothe two-bumps-two-gutter horse-saddle shape, designed for two legs astride a sway-back 
Whan a flat area is drained by three creeks and so has three ridges liting from it, itis called a "monkey sacle" 
‘The third gutter accommodates the til, This can cause uncertainty-of-choice for navigators! 


Aveo!” is a saddle 
‘A”pass” is usually @ low point in a high ridge Le. itis a saddle 
‘Agap" however may simply be a river gorge. 


Every undulation and flattening ofa ridge leaves 2 saddle. In forest, there wll be a pucdle. It may also attract a campsite or a road. 


Asadile may look ike a valley crossing-—a muddy dip In the pathbut the two sides both drop away, if you look carefully through the 
‘wal of vegetation. 


Weather maps show pressure “saddles’ between two High's and two Low's—p.t. 
You can also picture a saddle as a U-shaped valley going up and over a gap between two hils and continuing down the other side. 


Saddles make creek sources, but not every creek source begins asa flat saddle—any ridge or slope may spawn drainage gutters with- 
‘out necessarily fattening aut. 


Track Markers 


— Decode the colour-code. Separate tracks often have separate colours. Reverse track markers may be of a diferent colour. 
— Successive generations of track marking may be evident, oF several colour-coded tracks may share one lag ofthe journey. 
= Trisle marking, often means "End of Markers” or "End of Track 
— Big caimns marke junctions, campspote, features. Cairns with stick may also indicate 2 junction. 
ide-tracks are marked with something extra or different. 
= Sticks over the track, or especialy crassed sticks say "No Entry. Wrong Way. Go Back”. 
'At an unexpected junction, if you have to step over some branches you have probably missed the intended message, 
— Un-needed signposts — often mark the entrance of disused tracks. They may (or may not) be at an unexplained bend in the route, 


When You Lose the Track-Markers 


Be suspicious! Start by over-navigating beforehand — search forall track markers as a habit, even when the track is well-worn and 
plainly visible, It ives you the practice for when the track marking does get patcny 
‘so, only then will you notice whenever the track takes an unofficial shortcut (e.g. fallowing vehice tracks, not the walking track). 
(Or maybe you have taken a wrong turning of the marked track and need to realize i, na matter how good the new track i 
Whenever you lose the markers or whenever you lose the tack, explore in these directions: straight ahead and straight behind. 


(One oF two markers may simply have fallen off — so maintain the trend ? 
You may be approaching a main track junction with the first few sidetrack markers 
removed fo conceal the sidetrack you are on - 
[Anunexplained bend, which deteriorates, may be explained by @ missed junction/bend.... behing. "~~. ahead 
Wihere a tree has fallen nearby, tr to pick up the trend of the old track, on the far siden. ~F 
Backtrack to where you went wrong ~ to the last bend & from the last certain marker. ~—< 
‘Next, explore the unexpected directions. yy 
Very often @ marker wil be placed at a band, because of the bend, or even because ofa ¥ junction. ee 
‘Then explore in all directions — "Mast back here in fve minutes” might save 50 minutes. ~ 


Notice (with Alarm!) When. 


“The track itself deteriorates. You may be on a false track, made by people doing just what you have done 
‘2-9. You overran a junction oF bend; you sidestepped a falan tre without aticing, 

Boot print, that were there before, cease. Especially on through track 

‘The track gets better! This means that in back-tracking You may miss your small track and follow the ather track which joins in there 

‘The country abruptly clears e.g. a beach, a peak, a clearing, a road. There may be no way to find the single small track you used. 
By the time you remember to look back, you may have lost the way back out. There may be toe many pate to choose from. 

‘Any barrier e.g. 2 beach, 2 road, 2 fence, a riverbank ~ clear or not. 
‘When you hit the barsier you da a right-angled bend, but later you may not remember exactly where you met that barrier 

‘Any catchment change i.e. crossing a ridge, or even a creek crossing into “another part of the catchment” 


Name the enemy: Be the first to say out loud “Abaracadabara! Peek behind you! because it’s a..(fil in the blank)" & Barrier; 
[A Ridge/River/Road Junction; A Clearing; a Down-track (or focus point); A Better/worse track; A Ridge/River crossing; A Peak. 
eo 


Section 3: Interesting Stuff—Bush Navigation 


Light & Colour Effects 


‘This is one ofthe delights of nature! Chances are that you will be startled, even if you know what to expect, But ony if you lok fort 
You need to wade out into a uniform reed-bed, preferably when the Sun is side-on to the prevailing wind, then look up~ & down- wind, 
Up-wind, the tussock tips are pointing toward you. You then see between them into the deeper shaded body of the plant. 


+The view up-wind is dark & colourful, The best effect is from rich brown or dark green, drooping, chest-high reeds. 
+ Dovn-wind the tis ie flat and reflect the sky shine at you ~ faded & bright 

‘The prevailing wind may result in permanent sunbleach on one side ofthe grass blades. 
+ onawindy day you will see gusts causing bright patches in a dark background, due to the same fat blade effect. 
+ Terneutralise the directional lighting of the Sun, look down-Sun ~ to your left & right il show pale vs colourful 


‘The combined effect ofthe Sun and the wind result in four quadrants ~ darkest up-wind; shiniest downwind; greyest up-Sun 
‘This happens even with ordinary green plants ~ look for itn any low, flat, wind-swept vegetation. 
+ The prevailing wind doesn't need to be blowing to see its permanent effect on the plans. 


[At sunrise in the reed-be, you should netice 2 Yunnel-web’ effect on your right ~ lke the circular scratches showing up 
through a sunlit window. 


+ Atother times you may simply notice that any shiny leaves on the eft ofthe Sun tit left, and on the right of the Sun tit right 


Looking up-wind anywhere is greener. Dovnwind looks more bleached ~ due to leaf-tip scarch, leaf fading and leafiessness 
+ Weather-sge sandhills are white. Lee-side sandhills are greener, due to thicker growth, 

Exposed lake banks are steeper & eroded. So, sandy lagoons show white sandy vs dark mudéy ends. 
In sandy heaths, downwind shows up as windblown sand patches of erosion. Up-wind shows up as continuous plant cover. 
+ Rocks in sandy places are sandblasted pale on the up-wind side and darkened with lichens on the downwind side. 


TS _*Yunnel-web" on right 


Shiny leaves Expect some variations 


Place Recognition 
You Recognise What You See, By What You Can‘t See 


Every locality fis into @ context — the invisible surroundings. 
How ong did [take to get here? How far from the turnoff” In what direction from home-base? Uphill or down or contour? 
Howmary creeks have we crossed upto now? 


‘To know where you are, you can’ ignore where you are not 
‘eg. Tk was an all-day slog fo get there, we finished the day worn out 
Is part of where you were, and fundamental to your mamary of it 


Landscape recognition is relative 
"That involves your Senses of time, direction, distance, difficulty, slope, topography, layout, number and network 


Aspects, invisible ta the eye, which surround a place, live in your mind's eye. 


Description Requires Words 
Can You Describe All That You Can Recognise? 


Eg. amagple. What pattern ison the head? What colour legs? 
Eg. your Brother ~ what colour eyes? what voice accent? 


Recognition” means “I need to see it before I can recognise i” 
“Description” ig"l ean reall t to my mind and desenbe 1 


1f you don’ deliberately memorise something you can only recognise it but can't describe it 
So thoughtful examination, notes and practice, can fil in alot of Blanks. 

Repeated visits bull up a subconscious picture, but you can speed up that familarsation process by deliberate scrutiny. 
Expressing the description in explicit words, forces your subconscious ‘recognition’ powers, into a new dimension. 


Hint: Open your mouth; say: "The place where.." and see what comes out spontaneously. 
try! “In between..” "Running alongside te. 


"You probably would remember it as the ime when." 
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Lie of the Land; Tracks 


Notice When You Cross a Catchment! 


It is a major method of navigation 
{@g. at night; or ina blizzard; or when you are lost; or ina forest; or descending fom high ground; or exploring upstream. 
But you need to get used to noticing ridges and to counting creek erossinas and to matching the catchments to the ma. 
Notice also, when you cross from one side to the other side of a catchment 
‘As: Is this riverbed likely to be the lowest, largest channel inthe whole catchment? 
Look for erekeline vegetation, az sometimes the only clue tothe drainage pattern 
Look for any darker patch in the road or track or beach, as telltale sign afa dry creck bed 
Lbok at the track ruts IFthe rocks are exposed, water flows over it Ifthe ruts flatten out, water drains away from the trac there, 
‘subtle rise, dip or band in the track can be traced to an obvious ridge or drain crossing it. Look sideways to appreciate the le 
‘Assess any puddle, marsh or mud hole ~ Is ita creek line or a saddle top? ~ Is tina dlp or on a crest? ~ Can you trace a gutter?; 
Notice any crest; Trace ridges to a nearby peak. I.e. Don't get caught whingeing about the government, instead of noticing the lie, 
Ridges divide: they shed water. Creeks collec: they catch water. Valleys drain: they empty into the sea 
Rivers eut the catchment in 10. 
See "Understanding Contours’ for some hints ~ later in this section, See also p.82b. 


The Giveaway! A Change of View — Mnemonic: “Catch the View” 


‘The new panorama isthe tell-tale sign that you have changed catchments 
Pernaps you are contouring around @ headland and catch the new view around the comer, or you are siding around 2 ridge, 

fr you are breasting the saddle, or reaching the peak, or cresting a paddock. Itis the naw vista that greets your eyes 

Which tells you that something has changed. I s also the loss ofthe old valley view. 

Wall, maybe you can’ see the view, but you may now be able fo zee the skylight ar even biue sky down through the trees below you, 
When climbing, you find yourself looking down instead of looking up. Your muscles, ofcourse, tell you the same story. 

‘The deeper the new valley, the more far-reaching, on average, the new view. 


You Can’t Cross a Creek Twice from the Same Side 
TF you make two successive creek crossings inthe same flow sense, you have crossed a creek divide into a diferent crek catchment. 


Alternating crosses=same creek... ¥ ( { A Bitierent creek” 


eae ¥ 


Up-creek Ten your let both times 


‘The same rule can hold for ridges, but only those which slope uniformly down from high ground, 
Otherwise an unexpected crest slope, instead of being a ‘ifferent ridge’, may alert you toa local up-trend’ on @ dawn-sloping ridge. 


Mark Your Trail 2 pair of stones. 
“Two principles are needed 1. Trail marking takes extra time — budget fori 
‘and this one s widely applicable. 2. It's easy when you know how, so thine how! 2 gumnuton a rock 


Mark Your Trail Non-Permanently 


Eg. when you could otherwise get lost 


Ba 
fg 
~ 
@ 
zt 


29. “always look for a pair of stones"; “tie a grass blade on the top shoot of any shrub™ 


+ Leave your mark ina visible place. €.9. “look for freshly broken twigs at the base of each trunk on the path"; 
“check the topmost leaves of anything chest-high for a mark” 
+ Leave your mark in an expected place. Eg. cross-country: Zig-zag in straight ines between prominent features, 
0 coming back you know exactly where to look for the next markers, and searchers do too 
xg. illoc, total tree, to clearing, to outcrop. cut leat, 
+ Do something only slightly unnatural: (see diagrams) A gumnut on a rock; a twig through a leaf; a pair of tom leaves; 


grass stems bant in a consistent direction; or tied in a knot; or crumpled; a scissor-cut dead leaf; a scissor-cut fresh 
Teaf; bark Ranging from a barkless branch e.g. gum bark n'a Banksia; a twig drilled into the ground 

a Teaf wedged into bark at eye level, a triangle of twigs; a half Broken bent twig hanging in a shrub 

an opposing pair of gum leaves; a tall of sticks; windblown debris which is reversed; upturn a rock onto leaf litter 


+ Deliberately plant your boot print when you can. Step on top of older footorints, deliberately dead wig. 

+ Use fresh material so that your trail may be’agee! according to the fading or drying e.g. of green leaves or mud na 

+ Postion markers so that te, animals, wind & rain wl supe them (ata recognisable rate). 9. ateepee of stiks, | 

+ Try a snow caim; chalk marks on racks; catton tied around a branch; a stick dragged inthe drt; a scratch on a rack; il 
balls of mud; charcoal or charcoal marks; tiny shreds of paper. 

+ choose ane method and stick with it, with a backup method in reserve, 


+ Double-mark a tral e.g. when doubling back, by duplicating it. 


Tracking Someone Else 


[> 
+ Look for the absence of: spider webs across the path; dew on overhanging branches. To discer a foot-path look for 
the absence of fallen branches; leaf litter; lichen & moss; old wombat dung on prominent rocks; unbroken sticks) un 
trampled seedlings; undisturbed sol 


+ Look for the presence of freshly disturbed stones/soll crust/puddles, plus footprints. 


+ Examine puddles: for wet edges — indicating a recent forward swash; examine for muddy water; look for muddy water 
inthe deepest layers — indicating disturbance some time ago; for wet stems above the water ~ they have been trod: 
den in and have Sprung back 


+ overlapping fronds across a path — they remember’ which way they were last pushed through 
+ Don't step on the bootprints or tracks you are trying to decipher—you often need to look at them again, 
‘s 


Section 3: Interesting Stuff—Bush Navigation 


Botanical Tell-Tales 


easier an tited clumps dead stalk dead tssock-r98 fall 
rag. Bracken fen savage, nl lenra 
4 3 ily 
“arn on. 
Ne BE: c / = 
Fe | ster tance concn ZG — 


“The dead sterPesnap inthe wine 
intial trunk lean } |e.g. Banksia tree final lean oe 
fg, Yakka flowering stem 
battle back up-wina” 
igo with the flow’ downwind 
2 pe asymmetrical 
a ree-tip 


: TS tptanamtee OOS / a 


= as) Oy 
Toad downwind eae 
i top-view. abe 
crass street" in the win-ake ofa fallen branch 
Woe see My 
SPP 2) a cent ia 
Teaging edge causes 
SNE 22 lear learstnp, Sey 
pas ase isin some flowers open downwind 
! 4 
Discuss It 
Let others open your eyes: "What can you see about this? "Where does it remind you of 
ek Questions: How do you Keow were you are?” "Could you get baci Rare again next year?” 
Makea game ofit: "What els can you notice from here? 
Express the spectics: eg. "That boot print has 2ed-shaped ripples onthe right and ess-shaped ripples onthe let 


‘The heel patten is 2 smaller version ofthe front half, a= per normal." 


e.g. "This tributary les northwest/southeast and paints tothe lef of the peak." 
Many aspects of navigation yield to these simple tricks. 
‘scuse it expresait out loud make it the topic of conversation 


‘delegate the taske between yourselves 
keep yourself alert 

make up your owa names 

collec the details integrate them 


Collect the Details 
Identify a Specific Place by its Specific Collection of Details 


E.g. "A low conical hill n lat terrain south of Mount Cameron” 
‘That isnot ‘interesting’. The bits are not ‘peculiar. But the collection of the bits is unique. 
.g. Plant and insect species are often so similar to ther family members that no one characteris characteristic’ enough 
‘The species wil be identified by 2 set of characters 
Eg. Is this our old road?? Does anybody recognise it from last year?? butt has. 
‘wend e.g. toward sunrise 
slope e.g. mostly uphill 
Straightness e.g. can't see for more than 20m mostly! 
traffic intensity €.g. many fallen trees across it, and encroaching bushes 
length e.g. it goes on and on and gets nowhere! 
vegetation e.g. set amongst ald gums with yakkas under 
fends e.g, it'came from the saddle and ends up behind the peake 
If you think you recognise it, by the combined characters, you will probably be right. 
E.g. Make one name forthe big tree on the crest; another to name that crest; another to describe its relative position. 
and soon you cant mistake it."the big tree withthe south facing hollow on the port-side Dam-wall Ridge downstream of Tree-fern Crk 
‘The add-on bits are part of the name of each bite. "the Big-tree Crest” (downstream of Tree fern Creek) (near the Gam vrall). 


‘The smallest collection is two, but that is a powerful combination, e.g. a peculiar log, plus a recognisable hollow trunk, is almost unique. 
The combination isthe peculiarity to remember — a third pecliaity 
‘The geometry of the combination is a fourth and even more powerful memory aid.. "This log points to that hollow”. 


Include What You Can't See 


For instance, have you noticed that there is no bare ground showing? That you can't see farmland? That there are no intervening 
ridges? 
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Lie of the Land; Tracks 
Break of Slope/Make of Slope 


sepening 2s you go downhill je the slope" isa down-slope, The best views are atthe most abrupt ‘make's 
“The ‘break’ of slope isthe first lattening out as you descend. The thickest soils occur below the "break. 
we, “Ihe make and the break refer to pointe which separate diferent slopes’. 


‘The ‘make’ of slope isthe 


Flat ridge top 
‘Abrupt maké, 


= 


‘There is difference between a making, o erading slope 
‘and a breaking, or sedimenting slope 
A ridge-top isa make of 2 slopes, in cross-section, but any abrust steepening 
‘can also be called a make of slope 
Making — convex out-wards. Convaxites shed water (usually inal directions) and shed silt 
land are poor sites to locate a dam orto dig one ~ there is bedrock below. 
‘The water table wil often Break the surface atthe more abrupt breaks: 
Breaking — concave up-wards. Concavities collect water and collet silt from above. 
‘You can locate and dig a dam in sited up areas. 
Constant slopes lie in between deposition and erosive scouring 
slope so on. constant flat slope te streamiets can ‘braid’ together 
"ae Take of next slope constant slope 


sippe 


oxrn wedge 
BSF of deen brea 


at you sen tres dmanaons can ofan be mera complet 

than what you see cromreetol ee 
mete tnsroer toa eran a momentary stralphtaning — area of ood 
It’s not just a meaningless mathematical quirk; it betrays a set of real changes, resulting from the erasion history. > 


Scree Slopes — Tread Carefully! 


‘The boulder-feld at the base of a cif, gives you a false sense of sacurity! 
Each rack seems so solidly fommed in place, but te whole field coulg ‘slump’ and slide all the way down, if given too much of a shake. 
‘That is wy there are no old trees growing in landslide-prone slopes! 


River-erosion on the banks = convex 
‘—"break’ at water level; concave 
below it 


‘The essence of a scree slope i, like a pile of gravel Itis ina continual state of entical instability, as evidenced by the straight-edged 
slope (iat But not level), about 36°, 26° doesnt sound like much, But up a sandhill, ft puts you on all fours! 

‘The rack surfaces look ‘resh Soil daesnt accurate 

‘Tread carefully. Distribute your weight an all fours. Tread on bigger rocks. 

(Choose the gif-base ~ it has hand-holds — or the scree-baze — it has a solid bottom, 


Mark Your Trail More Permanently and Ostentatiously 


+ Mud upon 2 tussock — quite unnatural; A tussock upon a tussock! 
+ Hang a piece of clathing from a prominent tee limb 
+ Dig ahote and make a hump 


PA ABD (ivection of travel is — ) 


Mark Your Trail Invisibly 


Eg. so that other walkers who are not lost, don’ dlupt your markers, out of a sense of bush etiquette, 


+ “one mark every 50 paces”. Eg. one pointed pabble, You may ike to use double-paces. 
Tels almost impossible to notice accidentally, but Impossible to miss if You look. 

+ “Every 10 paces, as an option” added to your scheme — to cope with junctions and bends. 

+ Place a pebble on the ground, on the onward side ofan existing calm. You can recognise it, and scatter it, when you come 
back through the fog among a maze of similar calmed routes. 

+ Puta small mark at the base of each track marker (e.g. under blazes-on-a-trunk or ribbons-on-a-branch) 
“yeu'can easily find It, and know that you have been along that tack 

+ “Halt way between (2 markers)” or “10m North (ofa juncture)", can remove the marks from obvious view or significance. 


A pebble Code — Keep It Simple 


All codes have to be memorable to all users — complications never survive the years of disuse 


Le, use one’ to four only, preferably only ‘two' and three’. —S 
‘Tread the pebbles into the ground for clarity & permanency. oe 
Upturn the pebbles for visibility, and point the stones appropriately. ESE o Use the smaller pebbles at the front. 


(One: "I wor ere, going that way” 
Two: "Me go that way” 

Three: "Tim lost, exploring that way” 
Four: *Look far’ message, there” 

Five: “Someone has seen this message” 


‘Square: “Don't go this way” 
Girele: “oh” for"I'm OK 

Bul's-eye: “I will be back hare soon” 

Junction: “I have tured off (and returned, then continued)’ 


Double marking: Close the pebbles up the second time past, until they touch. 
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Section 3: Interesting Stuff—Bush Navigation 


Combined Effects of Wind, Salt and Light 


When assessing wedge-shaped shrubs, leaning trunks, tilted canopies, atc, try to distinguish wind-cut from saltcut and from light- 
Jean, Gut beware, in any natural system, it would be easy to over-generalize from 2 few known specific, 
or falsely extend an inadequate interpretation 


Here is a typical wind-ramp. The leading edge consists of dead twigs. 
‘The vegetation gets greener and thicker and taller downwind. 


But you cannot easily tell whether it isthe result of salt 


sden wind, or strong wind only 


Salt-cut will show you the direction ofthe prevailing onshore win only. 
Inshore, wind-ramping will show you the direction of the prevaling wind, which may be significantly different in direction. 


Botanical Asymmetry 
Plants must respond to the wind 


If they didnot deliberately push up-wind, we would be walking through a landscape of leaning-over plants. 
“Therefore if must Be possible to ‘ead! the effect of strong wind written into the branching history of plant 


‘The branches of a bush may grow according to the strong wind, but the leaves wil stil respond according to the asymmetrical hah. 
‘The two effects may or may not be independent and you will ged to examine them carefully to see the difference, 

Look for asymmetry in the green parts ofa plant to show up bush-noan and look for asymmetry n the other part for bush-West 

If there is a macro response to the wind, which wil confuse the macro laht-response, lock for micro sians ofa light response, en Indi- 
vidual branchlets 


You don’t “need to know your plants” beforehand, Instead you examine the species which present themselves 
You assess what responses they make to light, wind, shelter, etc. 

E.g. Do the stems colour up in sunlight? IF so keep looking at that. 

(Do the branches throw out mare leaves on one sige? If not look for something else, 


Extend Your Familiar Range Systematically 
Explore in every direction, in ever longer legs, radaly. Leave recognisable marks alongside recognisable things. 


“Then explore in concentric icles to make sure that You can recognise individual trees and rocks. 
You know you can explore further within the endless sea of scrub, if yeu have Yamllar fiends’ which you have seen repeatedly. 


BE Poy “Le C) 


Markers for future recognition e.o. on your own property. 


Plant a tree Graft twa branches together Suspend a forked branch into a forked trunk 


Arrange logs e.g. parallel Reap Arrange rocks e.g. a cairn, or arock on a stump, or a rock 10 m south of the biggest tree 
Digatrench  Etchamark Paint a rock Leave something solid behing 
Retake Asignpost. A numbered metal tag ‘A path |A campfire-place or Barbecue 


Hints 


It’ the Campsites You Dan't Use, that are Easiest to Forget 


{'m forever asking: “Can anyone remember" whether we can camp between here and there? 
‘Take notes of potential campsites. Tt makes your tnp:planning more flexible, next time. 


In general, take the opportunity to spy aut and note down potential future tips — side-tracks, ridges, climbs. 


Leap-Frog Walk in New Territory 


like to walk 2 new track twice, anyway. It is no big difficulty to take your time, once, and achieve better familiarity, by leap-fragging, 
Explore 2 legs forward then on¢ leg back, and you cover the ground 3 times on the way out, once more on the way back 

‘lege forard, 2 lags back, and is like walking a return track 3 times, but lt gives you a much more solid handle on each section 
You gain what you want, appreciation and re-preciaton, and what you need, familiarity and sequence memory. 


‘The best way is to combine this with @ mnemonic for each leg. See AA to 22 for an excellent method. 
tg alga a good time to mark each new leg dicretaly. 
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Lie of the Land; Tracks 


Break of Slope — And Route-Finding 


‘The first signs of an approaching rdge-top when climbing include: the change from deposition (breaking) to erosion (making); 
ile onto outerops; into exposure to the wind, 


Take a rest atthe break of slope — before climbing upwards. 
Get your bearings at the most abrupt make of slope, where the view is clearest. 

Look up- and down-hill forthe lowest skylight beneath the tree, ta reveal the change of slope, 
[Avoid contouring around the break of slope ~ it is tempting, but — its steep and unstable, 


In rocky gorges, or on any creek-bank, or around any permanent water, look for a break of slope just beneath water-level. 
may be safer, than rack-cimbing higher up, fo get your Feet wet, and use such ledges. The slope near the water may e ess 
steep, atleast Gn average on jagged slopes; you can’ fall as far; your landing is softer (wet) — If you Keep as low as possible 


(On steep gravelly roads, stick tothe ‘crown’, or the ‘gutter, to avoid slipping. 
‘The crown will snake from sce to side as the road turns 


Slopes are awkward to walk on—stegper than the ridge or creek, so 
winen you drift up onto the sides ofthe creek you want to follow, you will be forced further up — onto the ridge 

Whan you drift af the crest of the ridge you want to follow, you wll be forced further down ~ into the creek bed. 

In this way "miner" detours (e.g. around an outcrop, on the ridge or inthe creek bed) may result in major redirection orders! 


Avoid the steep bits 


step sheer (SAE 


ek 
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Keeping Track of the Bends 
Don't just follow your nose — follow the bends! 
‘There have already bean some hints on keeping direction sense:"Walk across Australia!” & “Integrate the Jetstream and Earth rotation” 
Pius the *Sky to Land” and *Land to Land” navigation systems (p.29e, 34d, 380,424). 
Folloning a track can be mindless. But following the bends inthe track means that you understand 
that you have changed direction, and by how much 
We have an ingrained bad habit ~ that we walk ‘away from’ the starting point Which is therefore ‘behind! us. 
Only when we'turn around is it'ahead’ of us on the rack 
We usvally only notice junctions, features & hunger, not distance or giection or exact time. 
“The commonest mistakes Of guesstimation, ae falling to notice a track curve, 
and underestimating evacty hon fara gente but maistant Bend wil urn You around 8. simple disorientation 


Hints: Notice the bends, with your eve on the sky or the skvine, Establish the habit of looking back, 


Desired Equipment 
Compass — look atit often and interpret it 
+ Polaroid sunglasses — look forthe dark blue band 
Radio ~ ue itto keep orientation if you dant have a compass 


+ Map — orient the map to the landscape, and it acts as a rough compass 
— lay a rhumbrline through the bends, as an average course, as a reference ‘track’ 


Logging Constant Diversions 


[A stick or string helps you measure direction changes. 
Held at arm's length, you add or subtract, as you decide to change course left and right 
‘Thus you can revert to an intended course after a short ‘lind” section, 

‘and average out the course changes even without a compass, or being able to see the Sun. 
‘You could use the skyline as 2 reference ginacton, or lineup two tree trunks for each change. 1 


‘A rougher method is to counterbalance your diversions 
TF you go left-around the rack; next time, go right-around the tree. 


Keeping track of countiess bends is one ofthe few mator problems in navigation 
ike Keeping a log of distance covered, Raving no location sense, and trying to stay alert. 
So aim for an independent crose-cneck e.g. a landscape fix or a distance lo, 
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Section 3: Interesting Stuff—Bush Navigation 


Think like a Plant 


.g. Imagine you are a small ground-cover plant. In a desperate attempt ta nat be eaten or trampled to death you will probably branch 
And leaf out inal directions to simply survive... So.don’t expect much Botanical asymmetry underfoot. 


“The idea isto become an amateur ecologist. For instance, you could work out the polinators availabe, the dispersal mechanisms used, 
the biogeagraphical zones and overlaps, and the associations between species. 
“Therefore think about the geology, geoform, latitude, altitude and sols, 


‘Temperature & Relative Humidity explain 2 lot of botany. 
Eg. very cold morning winds are also very drying when they warm up later inthe day. 


[Altiude, for instance, affects the species mix, so that with practice you can gauge your elevation above sea level 
You notice when sub-alpine species kick in e.g. Telapea (Waratah), then when true alpine species begin e.g. Riches (Scoparia) 
Individual members of genera nave altitude preferences and so are helpful to distinguish altitude 

‘2.9. various Coffee berries (Coprosma) or Pink Berry (Cyathodes). 
NB. Since the prime effect of altitude Isto drop the temperature, this is really alatitude-dependent temperature effec. 
Le. Going further polewards, the altitude preferences will change, 


“Aspect (ie. South sloping or North facing) will be important in interpreting the presence of particular species. 


us 


ing stresses explain simple botanical systems. 
Eg. In the desert, late afternoon is the baking-hot-sunlight side cf noon in forest). Trees will be shiny leafed — to shed excess 
lig (ef searching for more). 
So consider the prevalling winds, salt spray, max. and min. temperatures, wet season, disturbance, trampling, fire, clearing, 
introduced competition or diseases, grazing, salirity, mineralisation. 

Pioneer Species — These are the easiest to identify, because they are lonely 

‘Their praference isthe saltiest, hottest, dries, highest, coldest, poorest, windiest, sand-blown, most lood-prone, 
If life Becomes too eaey, other species will smother them aut. Hence, look for thase that dant mind the hot Baking Sun, ee. 


‘There is 2 height-succession of plantforms grading from lowest to tallest and deepest rooted. 
(Ground lichen; moss; grass; herbs; creepers; shrubs; trees; * emergents" 

‘The depth of sol is crucial. The taller ones shade out the humbler ones, and their deeper roots seem to starve out the shallow 
Tooted ones from below. E.g. mosses need no soll and not much light, But will quickly be overgrown if these are provided. 
ther factors keeping plants humble are trampling & grazing, fire frequency and dry season. Grasses survive al these stresses 

wel 


‘Competition between species explains the more diverse vegetation. 
Eg, ichens overrun each ather, and leave the rack surface, to become ‘leafy’ or fibrous or pendulous 
Lish growth betrays the most comfortable living conditions. Eg. rainforest; the underside of a rock Inthe desert sheltered 
microclimates — crowded with species. This is opposite to pioneer species. 
Eg. Where excess sunlight i te living stress, lush growth will show up on the shady side. 


Draw the Skyline, the Ridge-lines, the Outlines 
Label it with the 8 main directions 


w nw N N 


Talk the panorama into words. "Nor-Narwest Hillock, infront of a larger hill on the let, runs down into 2 gully behind NE- Plateau. 
ast Mountain is Behind NE Plateau and drops away behind the vegetation south of us. 
Distant Peak pokes up behind in the SW, and the closer skyline reappears in the West, 
faling steadily to the NW Dip before the larger hl.” 


‘That took one minute. You de have time to look, notice, tai through, and even draw it 
Marine navigators know that they have to. 
Dont just imagine doing it, oF doit silently, ar do it hal-heartedly ~ actually do it 
Unik an avigator who uses a layout map to recagnisé roads, rivers, ranges, coastlines, atc, from the alr, 
2 walker needs a noze-ye view. 
MAPS DON'T DRAW YOU A NOSE-EYE VIEW — SO YOU HAVE To! 


Examine the Skyline BEFORE You Walk up to It 


‘That might mean looking behind you, six hours ago, orto left or ight right now, 
because the skyline ahead of You rapily disappears behind foothills, just when you want a clear view of it! 


[A clear view of the skyine is uncommon, so you need to take advantage of any skyline view while you have it 
“Sind that is often anyuthere elge except where you want to look ~ ahead 


Circuit walks and return trips mean that, if you haven't habitually looked at the surroundings abreast of you & behind you, 
"you won't be able to recognise what you are walking up to later 


(one way to recognise the skyline later, isto use it 
‘eg. use It to keep track of bends; to keep track of progress; to disclose hidden valleys (by parallax or haze). 


‘Another way isto name what you use e.g. “the hill behind the dam wall from camp 2~Dam Hill” 
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Lie of the Land; Tracks 
“Down in the Mouth” 


“Downstream” is "Down to the Coast’. "Which coast? Which river mouth?" 
Until you have answered that, you are disoriented 


Mnemonic 


‘You pass a creek-bed or 2 flowing stream: "Which way isi lowing?” is only half a question. “Where ist going?” isthe other ha. 
‘You turn and head "downhill: You think Down’ ~ éhen say: ‘Down in the Mauth ~ Which mouth?” 


If you also ask "Upstream? To which ridge?” there are many possible answers because upstream is divergent. 
Nonetheless itis good te know whether a river reaches to the very edge ofthe valley — whether itis "major tributary. 


Which way is the flow? 


In dy, Rat creak-beds, examine the tilt ofthe rocks...f any rock ever tilted up into the flow, it would be flipped over. 
Examine the silt build up — on the sheltered downstream side of any obstacle 
Leak Tor flood debris — matted against the upstream sige of branches. 
Consult your arficiat horizon, iF you have one, 


ak 
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(This is much like grass tussocks in the wind.) 


Hint Don't think “this side” & "the other side”. It only makes sense for the one main lowest riverbed, 
“Think: Up-eatchment/down-catchment/cross-catchment, overall, & Port half/Starboard half ofthe whole catchment in question, 
{Gr seen from the coast, looking upstream) 
“Think plural: "ye other sides"/ “another side" in the network 


Inch ‘side’ of the river are you now? _ “Ihave crossed to another part ofthe drainage system” 
‘Another possible answer: Examine the map forthe contour heights of each channel forthe lowast one. 
“ive are now inthe starboard half ofthe catchment” 


The Difference between ‘Direction’ and ‘Track’ 


‘Worth’ is a general orientation reference direction. ut ‘North from here to there is a spacific route 
=a bearing’ “ine” or track’ 

| “This toad points toward that Gap’ will never change 

| ait isa feed ‘rac 


"Stick to a dlrection/a“heading’ means e.g.toward sunset 
i 

It can start from any point, | ck | “Stay 5 miles of the lighthouse’ is a (curved) line of position 
i 
1 


| —attrack 
and sidesteps around obstacles, || ‘From this stump, past that tree, to the rack” 
Without bothering to return to track — sticks toa fixed straiaht line, despite detours 


So the final practical interpretation’ of, say 270°T., 
is not West, not ‘sunset, nor Pot-set, not ‘THERE’, not a drawing in your notebook, Not How hot it must be in Baghdad” 
but is @ navigational tack.” "From this place to. that partievlar tall trae” “Then we wil get a line on another point directly West” 


Le Interpret a ‘compass course’ finaly, into accurate, achievable legs'—'on track’ 


Continuous bends 

Riverside tracks are especialy sinuous, yet slowly so, so that they are deceptive. 
Beaches near heaclands, and lake edges, are especialy insistent in thelr constant bending. 
Contours, canstantharzontal anges, and constant distance-of, areal continuously curved, Aqueduct follow contours. 

Consequenty we are necessarily continually disoriented, inlloning term 

Ne sooner co we get our bearings straight, than wa fee them. 
Logealy then, you need to orient, not by a direction eg. the Sun, but if at al possible, to orient by a ‘track’ 

"le. 9 particular path on the ground ~ it doesn’ have to coincide with your own trac, but often will 
fe. trom headland to headland. (The beach wil en lie whaly on one side of this shortest distance track’) 
A viable, noticeable, landscape trac is best e.g. the biggest river valley around 

‘You now can fee! continuously oriented fo something fixed, something which you can see & fee! In your Bones. 
‘Asa second best choice, choose @ fixed compass course e.g. @rhumb line, and watch where it intersects the landscape, 


Follow the bends by anticipating the trends 


Before you drive off or plunge into the twists and turns of endless undulations, examine the map for your average course 
= to give you some averall reference track ahead af you. It may be mental, of visual, or by compass. 

‘You can see when you turn to the let or ight of drection-wise, You can feel it when You drift oo far to one side, track-wise 
Interpret each leg meaningfully. E.g. "toward the morning Sun 

(the time of day doesnt mater). 

E.g. "Keep Mt Wellington on my port quarter” 

Eg. "From the pine trees to the river mouth’ 

Divide the journey into recognisable sections, iit helps. 


Make this a firtprionty, before studying any detals 
Preferably, mark them lightly on the map. eo eS ee 
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(CBF), to complex joint processing techniques that include Joint Transmission (JT), Joint 
Reception (JR), and Dynamic Point Selection (DPS) 


CoMP architectures include inter-site CoMP, intra-site CoMP, as well as CoMP with 
distributed eNBs (i.e., an eNB with distributed remote radio heads). Figure 70 shows two 
possible levels of coordination. 


Figure 70: Different Coordination Levels for CoMP?*7 


1. Intra-site Macro CoMP . Distributed eNB — Contiguous Coverage 


1. Coordination is only 2. Coordination 
between sectors of the between all sectors 
same macro BTS of all macro BTSs 


In one CoMP approach, called coordinated scheduling and shown in Figure 71, a single site 
transmits to the user, but with scheduling, including any associated beamforming, 
coordinated between the cells to reduce interference between the different cells and to 
increase the served user’s signal strength. In Joint Transmission, another CoMP approach 
also shown in Figure 71, multiple sites transmit simultaneously to a single-user. This 
approach can achieve higher performance than coordinated scheduling, but it has more 
stringent backhaul communications requirements. One simpler form of CoMP that will be 
available in Release 10, and then further developed in Release 11, is ICIC. Release 11 of 
LTE defines a common feedback and signaling framework for enhanced CoMP operation. 


Figure 71: Coordinated Scheduling/ BF and Joint Processing CoMP Approaches™* 


Coordinated Scheduling/BF 
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Joint Processing 
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Section 3: Interesting Stuff—Bush Navigation 


“Mosses Mop up Moisture” 


‘= "Mosses grow best on the shaded side ofa tree" or a rack, «where there is not enough light for competitors 
“where there is little sol to hold the moisture, ° andi doesn'tdry out and often there is toa much moisture for other plants. 
Mosses actually manopolse the moisture 
Inhot places Be se seroon wh des, so tis the guntae aie, In a sunny climate, which s the master side. 

Nogia coon a 


Note: Dead moss is black and brite. 
‘afternoon morning a 
Examine fallen logs ~ the shady side has a sheltered dark crevice... WV 


Summer sunset Sunrise 


Ina hot climate, itmay be more accurate to say, 
(sH) “Mosses grow best on the sheltered side” 


Examine ditches ~ One side might be scorchel, the other, lush 
Examine bumps inthe ground — One side is greener, with more moss and taller grass. 
Examine underneath shrubs ~ for the moister, mossier, greener side under the bush 
Examine intertidal rocks — for moss-like seaweed growihs on the shady, wetter side 


“Lichens Like Light” 


Lichens don’t mind being dried out, so sometimes they are opposite to the mosses. However, not all lichens are so robust. 
Lichens are fungi which ive off algae entrapped and protected within ("Fungi Feed on Food"). They may ive on mineraised substrates. 
They are therefore very colourful. So the Dest way to learn lichen-likes isto open your eyes to the colours of each airction. 
"You may see white blotch lichens looking downSun but nat upSun 
Yellow blotches may all be ony looking uahil, not dawnhil. Leay lichens like the shady enclaves, not the Sun-drenched fas. 
CCrusty greys and fibrous green might cohabit the underside of branches. "White paint” may only grow an the top of any rocks. 
‘Orange granite might be just above high tide level, ete. 
Diftuse ichene colonise the crumbly side of a sunbaked rack, Fat-topped racks are trampled ang wont have thick lichens 
Look cosely at surface colours of racks and barks and sol-crusts— they may be due ta diffuse lichens, 
Look on the branches of shrubby growth — the lichens will row best on one side or the other. 
“The idea isto start looking lecally, before you need them. It's 2 nice hobby. And hobbies keep you avake and observant 


“Fern Fronds Face the Front” i.e. the sunny side 


Looking down-Sun, youll see an array of green topside fronds Rat on 
Looking up-Sun, youl see more undersides & yellowness & edge-on fronds. It may not always show, but is clear when it does. 
“Tree fern retain thei lower branches longer of the sunlit side, and so seem to tlt toward the light. 

(But ina windy place you will notice that the permanent lean, curve & frond-fall of ferns are downwind.) 


Make a Mental Movie 


Memorise a spectacular cliff looming closer overhead. 
Watch the shape change. See the foreground shift. Notice the colours and contrasts. Look at the landscape flow. 
Deseribe the silhouette. Peer into the deep shadows. ‘Scan the skyline, looking at each interruption ar change in trend 
Appreciate the hazy dietance. 

Faliow a complete autline around, naming its shape, 


Dont forget to “record” the sound-track! 


Initially try a full production only for beautiful memorable scenes. 
With practice you may fin that your memories stick for mare and more locations. 


Take Mental Photographs 


Familiarity and Recognition are primarily visual. Your visual impression is adequately vivi, but your racall ofits faulty. 
50 put handles on the memory and you willbe able to revisualise e.g. "where we found the weather balloon” 
‘To give your memory something to retall, take a detailed look. 
The tricks are simply to give it ago, and to notice the specifics: 
‘The colours, shapes, skyline, peculiarities, sequences ~ Talk about them. 
Play a game: "Your turn: what else can you add to the picture” 
‘Overlay some asometry on what you see — e.g. the log s parallel to the path and as far from it as the log itself is lon. 
‘Now close your eyes and see what you can reconstruct, Open them again and notice where you ware wrong or were lacking deta 
Repeat this a few times until you could picture it in bed the next night 


Mental photographs are, after all, your take-away memories. 
“They are what names name; what “directions” talk about, what ‘recognition’ and Yammilarty’is based upon. 


Take a Mental Photo of Each Change of Track 


Where one subsection ends and anather starts 
Look forward onto i, with the old terain in the foreground and the new terrain joining onto it 
Now walk past the join, Look back, take in another view, with the old terrain now in the background 


‘This adds visual sequencing information to individual memories. 
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Lie of the Lands Tracks 
The Inside of a River Bend is Flatter Ground 


‘The inside of a meander may be wider, sandier, marshier or of different vegetation, 


(On the outside of a meander, cliffs form, through ongoing undercutting. See also p.56a about the steeper North bank of a ver (SH) 
Consequently plan ahead and work out when to swap sides to find the easiest walking 


Tf the track becomes steeper underfoot, that would mean that you could be on the outside of a bend. 
Check to see whether your heading has changed withthe bending rver. 
Ifthe track becomes fatter underfoot, this may indicate an Inside bend (or a river junction) 


Rivers Bend! Don’t Forget to Look Backwards 


DObstacies cause creeks to change direction. Outcrops of bedrock and ereek junctions, for instance, cause bends, and this may be shown) 
up ahead af time, by ridgelines pushing in closer, as you fellow a riverbed. 
Expect to mest 2'new creek clinging to tne base of any rdge or shoulder which crosses your path, and also expect to change trend. 


In addition, to that cause of bending, rivers follow contours and so usually are on a curved course anyway. 
Furthermore, in te fate, avers never follow a straight course But oil meander 


So if, while following a creek valley, you natice the slope underfoot changing, or the vegetation altering, watch out that the creek 
doesn't leave you, by bending away from you! 


If you find yourself in the middle of a larger than normal rver flat, suspect a river junction, and be very careful interpreting the trends. 
Eg. You may meet the river’ ‘coming Back toward you" whan you ware trying to go downstream! 


So you can easily lose orientation while the winding rver-track follows the lie of the land and gradually wends its way around corners! 


Look ahead to catch the trend — and interpret it. 
Look Back, to see the extent of the curve, 


Rivers Meander. Ridges Run Straighter 


[A ridgetop route will often prove shorter than following a winding river 


Keeping a Compass Course, by Legs 
‘Yu cant see for ahead, but you can line up 9 rac or @ bush which i inthe right compass direction, then walk upto i. 
Te doesn’t matter how you get there, as long as you get there. 


Repeat the procedure, even if you can see far ahead ~ because, if you are merely fllowing a compass needle or a distant landmark, 
‘you can "side-slip" off track. 
‘Your eyes are freed from the compass needle while you walk 


‘Across the creek; Up the hill; Down the ridge; Through the tussocks 


a NA 


*Straight’ forward! 


Required course 


Turn Smooth Bends into Sharp Jumps 


‘Your brain wants something to "latch on to". A smooth band is just the opposite! So make a series of straight-line “legs”. 
‘You'"let go” ofthe last leg, and make a definite jump, to latch an to” the next leg, and your subconscious smiles, and remembers 


then to the tree’ ‘tothe peak” 


E.g. ‘compass North 
N 


(Cut the corners as much as you can and extend as far as you can. 


Mind Which Way You Go 


‘The related problem for your brain is: “nothing eitical is happening” 

= no Junetion, no decision, no dilemma, no emotion, no change — 

‘ry imagining “Oh I hate veering left; T do hope the track tends ight” 

—'o give you some reason to judge the overall trend, to notice the bends, to remember them. 
Lay a bet as to which way a track will trend! Keep a tally, with pebbles, or by counting withthe 0, 1, 2, 3, 4 system, 
and have a good argument about i 

“wil it reach 10009" "Will it drop past 022" 
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Section 3: Interesting Stuff—Bush Navigation 


Bush Noon— The Sun is Always out, If You Know How to Look 


Trees & shrubs lve in the light, day in, day out. You would expect that they should respond to the light, and lean or reach out tothe 
strongest light, and throw out more branches and more leaves to the bright side 

‘The alsposition of branches and leaves stays in view even when the Sun isn out, and it lasts longer than a cloudy spell 

[Although the Sun is a huge factor in explaning fllage asymmetry, be aware of ather factors. 


+ Ailake or sea can double the light intensity on one side, pulling the foliage toward it. 
+ clearing wil let more light in on one side, 

+ Down slopes allow the tres to see more skylight on the down-side, and less skylight on the up-side 

+ other trees can shield a tree from the Sun. Look especially for recently fallen ones on the ground, to explain standing branches 
+ The tree itself shields its own branches, so that mast grovith is simply outwards 

+ Unrelated factors lke gravity, wind, and wood collecting, ater the shape ofa tree 


However, if you average out all the other influences, you should be let only with the noon-side Sun's influence ~ "Botanical Noon 
With adequate practice you should never again be “lost in the bush” because its the thick bush itself which wil tll you where North is, 
You may have an intial hopeless feling ofl can’ see any meaningful asymmetry!” but the feeling wil be temporary (eventually). 


of course, this works best only where the Sun is always one-sided-—in nontropical latitudes. ——————— 
Hint: Tra tree confuses you by pointing inthe wrong direction, go over to itte learn why. 


False Asymmetry 


‘The slope ofthe ground False ("Chalk and Cheese") comparisons 
‘may be forcing the asymmetry, abound in Nature. True asymmetry is there too 
father than the differentia in te lighting. Your task isto sort ital out 

Tn the second diagram, there Is asymmetry 

‘is ungrassed; B is grassed. £.g. Shaded foliage sees mostiy blue skylight, 


which should make itiong and lanky, 
‘compared to the red-end light from te Sun 


False Symmetry E.g, the West side shadow is frostier for longer 
Cand D are oth grassed and the East side shade is cooler in the p.m. 
True Symmetry .g, the North side soil will be warmer deeper 
8 and C are both grassed than the South sie ofa thik hedge 


Dirt road wheel ruts. 


True Asymmetry 


‘Rand D are diferentiated from each other. 


Look on the ground beneath a shrub, or log, 
for asymmetrical shade and shadow effects. 


Remembering the Sequence, Needs More Than Logic 
Logie is logical and helpful e.g. The bridge was after lunch because we were worried about the crossing over lunch 
“The red rock nas after tot, because Ere second creek was dry ~ it had al hose beaufl red lichens ini 
‘Then the funny tree was where we had chocolate, ue. 3 o'lock stop 
But logic by itself is not ‘sexy’ enough to be emotive and memorable. 
So deliberately adé some emation. 
Eg “inch”, “worried, "beautiful, "red, "funny" “chocolate” 
You may need to add a song and dance, a gimmick, a clue tothe time ar sequence, distance or linkage. 
‘The Fouble with a memory gimmick, Is that you focus on the gimmick, not an the memory tel 
It you use an acroat, remember to feel the sequence of a8 well 


DO Something NUMERICAL 


.g. Lean one stick against "Walking-Stick Clif” at one o'clock. 
Sing two songs at "Sing-Song Pond” at to o'clock 
Make three cairns at three a clock atthe "T(hr}ee Junction 
Make four arrows on "Four Arraw Slope” during four o'lock, 
Do it. Don’ just imagine yourself doing it. 
E.g. Scratch numbers in the ground, in sequence, as you pass points of interest. 
eg. "SEF" (the Sth stop, with the lat floor; "68S" (six sizling sausages the fireplace). 


Make a SHAPE; Match the SHAPE 


Every of location in a forest track or in open country can be recagnised from its pecullar shapes. Every bend or fork can be matched 
to the forest, or the shrubs and stones, £0 both the bend or clearing and the surroundings ean be remembers¢, th Joy. 

Locations: What does this fallen log point to? What is parallel to i. Place something soit does make a shape. 

How many shrubs do these thrae trunks enclose? What face or picture can you make out of the bushes, rock, clearing and the creek? 
Do you see that line of tussocks; that clump of trees half-way up the slope; those parallel guters; that oval af sand-dunes? Where 
{oes it drain? What direction between those paired stags? 

Bends: ~Look fora tree trunk leaning over af the same angle as the bend of the track, preferably leaning over the track or bend and 
inthe right direction. The tree stands out from all tre others because ofthat. (Any lean st any angle in any direction wil suice.) 
‘Look fora Branch pointing in the new direction, oF curling, or Bending in a way which mimics the track-bend 

‘Look fora log fying parallel to the new direction, or any ditch, of line of rocks, or outcrop. (It doesn’t have to match.) 

‘Look fora large rock nearby which fits the shape of the bend, or orient it unt t does. (Matching shapes are always the best) 
‘Look especially atthe tre trunk, ar the shrub which blocks the straight line of sight ahead, or the shape of the falien-over trunk in 
the way. £-g. "Tl fall into that black hole inthe trunk if keep going straight ahead! I'l have to swerve’. "I need to go around that 
round stump’. A tree right at the bend will be visible from both directions. 

‘Look fora forked branch which matches the angle of a fork in the track. A series of parallel branches at the fenceline. A couple 
of trunks leaning towards each other over the gateway. A tr-paallel set for a creek with two banks. 

“look fora Branch which points downstream, Watch it for the next 50 years ac it grows, A tree recognised isa friend for life 

‘Ata noticeable uphill pitch, find a leaning tree trunk and imagine climbing up i 

‘Some leaning trunks can be interpreted in reverse... from tap to bottom, to indicate the new direction 

‘The more you latch on to a peculiar shaped feature and the more you study Its peculiarities, the better your recognition wil stick. 

‘Ty to double up on the first peculiarity to clinch the recognisablity. A matching pair of branches. A second confirmatory log, 

You wil have to took backwards at each bend if you want it to work well for the return trip. 

Every bend and feature is a good chance to recognise another couple of tres. You stop at the bend and look around for your “fiends”. 
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Lie of the Land; Tracks 
Land-Form 


Work downwards from a Big Picture’ understanding. Start with a small-scale geology map, showing overall elevations. 
Continental-scale domes (anticines) & depressions (synclines) explain the overall drainage and watersheds. 

Faultlines — showin by escarpments & cliffs — and individual ranges, interrupt the overall scheme, 

‘The geological layers may be visible connecting across large distances, 


Eg. : é 
ee on Ta marge Range 
= == 77 PE akasy wating on this side—don't walk 

Lee a against the grain’ ofthe layers. on 
7am —— Pra 


Layers become hardened and resistant to erosion when they are bent concavely upwards. They are compressed rather than fissured, 
Convex layers are fractured and easly eroded, because they have been stretched. They will ve been eroded aay. 
‘The present landform ls 2 result of the erosion history an the previous landform 


Hint 

Most peaks have a steep sie and a gente side. Dont forget to make @ mental note ofthat trend 

In relation to the ret ofthe land and the other vile peaks 

You may notice 9 patter, or amply Keep your overall bearings better, or recognise the peak later, fom afar. 


What Makes a Cliff and an Overhang? 


Reverse slope atthe beach ‘The outsides of river bends 


Resistant top layer 


Water seepage at the change 


Wave action undercut 


‘The cif migrate outwards 
Waterfalls form at hard layers, at fault lines and at escarpments. 
Look for outcrops striking across the land 


“End the Bend” i.e. Notice the Un-Bends 


‘Abend is not simply a sharp corner, not just a change indirection: ‘and of story’. 
thas a start, a curve, anda finish, where it straightens out again. 

‘The curve needs to be named a5 a whole, measured as 2 whole, and thought of as a whole bend. 
Look for the dividing points between successive curves. 


‘The arrows show where a curve tothe right changes into one tothe left, 
(22 bend), & vice-versa (an 5 band). These are “points of inflection’ 


— a straightening out, and remaining straight, is the other possibilty. 
Incorporate half ofthe straight section into each adjoining "bend. 
[At the end of each bend, reorient yourself — look behind, at the compass, at the Sun and your shadow. Point to ‘home’. 


Name the Bend, By the Trend, of its End 


Tren ef, foward Mt Michael —.g,"Viewmont Bend” ee fe 
Rightaway from camp. @g."The Long Right ag” S&S 
[oingtske london” 9 "Let awn the Orin® 

Handedness: Hardie areund the spur, .g."The West Bank te Sank?” ———— Sn oo 
Harte fom the creekbed e.g: "The uh Contour" 
Geckwise cimo" “> 
“fight around the Bend” ends will often alternate 

Direction “Enaing with Suneet in our face ~ Sunset Slap 
“urnrog unt tne Full Moon Rises om ou ight — Werewol Way” 

compass: “Hor Nom, to alka” 


“Left-Sou- West" 
|Add some description 
to seal the uniqueness e.g... Skyline: “Lone Pine Ridge” “Three Tree Hil” 
Detail “Uphill; On the Left Bank; Just past the river crossing; at 10 a.m.” 


Notice and Name Perverse Bends 
Unexplained bends, or ones which buck the trend, deserve a name. 
ost bends are predictable “eround obstacles — at cresks aroun shoulders @ outcrops ___— shorting 
ws cantouring around sloping ground 3tY junctions — joining with disused overgromn tracks 
£9, Seaside roads wil hug the coast, go dagonally downhill But upstream (into a valley) and climb lagonally out oft, downstream 
"bs a compromise between shortness ond flatness. 
Eg. For the some reason, tracks il often change direction ata creek crossing, 


So name the curves that go against the flow. 
xg. "Sinister Switch” (Latin for left) "A Dextrous Diversion” (Latin for right) __ "Unorthodox Twist” (Greek: not “right” = let) 
“A Wandering a Way" "Aimless Avenue” "It shouldn'’ve gone left” “The Y'r-golng-on-strike Uphill Bend” 

Mind Bender” "Morally Bent” 
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Section 3: Interesting Stuff—Bush Navigation 


From undemeath, next to the trunk, you can lock up in all directions and see which side is lear. 
Looking side-on You may see one solidly green side and the opposite side patcher in its cover. 
Shes ‘Trying to Took through the fliage to the back of 2 shrub, you will have most difficulty on the North, 


The Lowest Leafy Branches are on the Noon-Side 
a Looking from the sunnyside you see a ower branch or even a wall of oreeery ight to the ground 
i 


& S Higher Density of Leafiness on the Noon Side 
+ 


{Low branches on the shady side are often short, dead or only thinly covered with foliage 
eoking toward noon, you ee more trunks, dead wood & grey-brown sticks 


“It’s the Shady Side that Shrubbery Shows up” 
1m practice you dont look forthe noon side, but forthe absence of leaves low on the pole side. 
ep Looking toward noon, you see il-developed shapes. Many plants wil throw out Branches and leaves 
in profusion in all iractons, but you seek out the ane direction whichis diferent ~ the one less. 
densely green — where the lights in short supply. Teis the ‘ight null for solar direction finding, 
ook for where no vegetation leans: "No stems, plants, Branches point in that direction 
Tall, Steep and Ragged Backside 


2) oot 


Wedge-Shaped 


Looking sway from noon, you see smooth and continuous foliage, slanted down toward you 
C aften clinging ght tothe Ground, Ikea wedge. 
Hollow under the Shady Side 
You can stand closer tothe trnk, or at least see mare ofthe trunk more clearly fom one side 
‘Down tow an the shady side is where the light matters most. There may be space enough for a 
ER. Branch But not light enough. On the sunny side you will see lefiness deep into the low recesses. 
Imperfect Shape ontne shady side 


A] py __ an san seem act parte dame tap, wl yo emer 


is ‘Zor, Gap on ne shat at 


“The backside of shrubs is often tal, untidy, and lacking leafy branches, close tothe ground especially 


Dead Branches 

“The overall shape may be peract, but onesie is alive and green, while the other side lacks leaves 
“Dead” South. There isa scaleefect to dead-south: The larger bushes nave more depth of foliage 
‘The more foliage up-sun, the darker down-sun. Only the larger or thicker bushes work bes. 


Use a Type of Memory which you are Good at 


Combine the methods forthe most memorable effec. 
fg pictorial ~Join Images. Make tiem touche give onto, squash or hold hands, follow logically or overiap a) 
= the a sizeof pures fo put Incidents nto sequence 
‘Afar the bridge we came to a re rock and Ea Saf down fora snack at the funny tree 

Eg, cities — Capital Tee of Tal Trees at Three O'ock 
Eg. Invented “associations"— a vivid or absurd image like a Tasmanian Tiger eating that hil BEaBy 

Paint rin partly related colours, with shapes and otter senses involved, to gle entra “handles"cues. “2 SS 
E.g. Imagine successive scenes in an invented journey/building/furnished room/street scene/pattem points. (a 

{Emphasize movement, and inks between stages. Make e iial, ple, exaggerated and appropriate. 


9," went sige the cave and talked to the sleepy bear (Ranger abot he bearing to flew, and Re 
Ssla"Seek tie mornng suns a9 coming back aut! formed to ne eoat ont  e the keeper of he a 
brig who sbi over my dead boxy hes the pat to gh and ef Sa simbing vp ove nm 
9, numbers One Wooden Sg, Two Ree Rock, Three Funny Tree. t ele the hours of the day i: 
Make up a story with rhyme, from e.g. 1, bun for lunch, 2, through the dew, 3, see the sea... 7 rhymes ral 
sit eaden/eaven/redden: 11 wth hiadsn/pecan/caravan/a raven, 12 with elves/sheve/selve/sves x 
fg, shapes “ake 10-ock pyramid athe 10'clsck sop; a soe teepee oti; 12 leaf hovogo 
~ of. aversnw ars log at 7 amd dra a Seam nyo nolee Than 7 comers 
£9. You can wears a Sony of inverted iaages to go mith te Urs of day 
s'oeachsigitioks ike 8.0 hole/oaleye 1stek/pen, 2cobra/sphnx/swan, 3 bosoms/camel 4 yact/scnc chair 
5 Measuring soon/uhsehar bom tha fose)yocyo, 7 araw step, 8 shotgun glace, 9 Salooncomms, 
0bal bouncing of a walfgobal of ttn, 21Jallstomp/gonpost, £3 ja rene eaged on 
lg aerate Pum 2 for dora, Rule Zero: Gant forget ta pack he lunch 735A Bend An te Cree 
730 8 Bncge across tne River at Bend 8 7ia5) C We dd’ Coe the third bend on the map! 
Using tis method, elapsed hours happen at BML he. every four eters, 


Use the Name of the Track for the Acrostic 


Lying down tree “Every quarter of an hour, look for things beginning with that letter to remember that kilometre by. 
Eee! There's a bull! ‘four letters make up one hour “Use stepped word pars, Lying East-west; Exciting Exit Extra Searches 
E e-normous bracket fungus *Do Something Alphabetical 
Swim Eg. Lie dawn at L; Scream at E; Examine the fungus at E; SPlash at SP 
‘Make il your names begin with that letter e.g. Potholes, Pines, Possum trees, Possible campsite, Photo 
Paddles Across ‘write them all down, but try to memorise the best ane 
A iterative Detour "You can attempt to improve the sequencing, by taking the letters two or more at a time e.9 
ry LE Inthe Lee ofthe lying down tree 
ry ee Ebel 
0 ES _E.'S\P, told us to find the track next to the E-normous bracket fungus 
c SP_ Splash Splash. Had a Swim 
K ‘Try also to relate picture to picture In sequence e.g 
s Look at the Lang hams on the Lying dow tree; Enormous bull; Enormous bracket fungus, 


ripping with water Swim! 
Acrostics combine individual memories with a clear sequence ~ firstly by letter, and secondly, by overlapping one pair of letters 
tut the next, and thirdly By averapping one picture with the next 

You have already memorised many long sequences of letters, e.g. the words ofa song, which could be used as a unique acrostc. 
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Lie of the Land; Tracks 
Headlands, Bays, Prevailing Winds, Longshore Drift of Sand, Creeks 


Headlands are ridges. Bays are valleys 
‘The ridges determine the headlands, bays, creeks, and — look for this — the position of offshore rocks and islands, 
‘Sepecially where point’ marks 2 change in the tend of the caastine 


‘sand, Reet aay 


Ean ante 


trend spit 


This creek changes course near its mouth 
(ue to the longshore drift of sand 


Bay (Valley) 


Lagoon 


‘The creek clings tothe 
Pole-facng side of the 
headlong 

Cone main creek per bay 


Beaches — Slope, Particle Size, and Wave Energy 


Energetic erosion washes away any small particles. ‘Affat beach reduces the energy of breaking waves. 
[Astoep beach is a high energy beach with big particles. ‘low energy beach is flat with small particles. 
‘Whan itis deep offshore the waves break with high energy. Sandbars and shallow sandy offshore seabads 


‘make the waves break aver a long-distance, 


es Foes, Na energy el offhore 
IN ™. LA 


aa flat onshore Se ee 
wot 


fat offshore ‘wide overall 


Much the same seems to happen on land slopes ~ the later slopes have fewer rocks. 1.e. the accumulated silt which isnot washed 
‘away by surface water, covers up the larger rocks. 


SSea-levels have been much higher inthe past, sa that there will almast always be buried boulders just above the present seashore. 


Look Through the Trees, to the Sky and Skyline 


‘This is a habit which stops you being befuddled by bends. You focus on the most distant thing you can see. 


+ Eg the farthest tree trunk 
+ Eg. the skyline — ridges, gullies, peaks, light/dark division 

+ Eg. the clouds — but do stop to examine their movements occasionally! 

+ Eg. the Sun, the Moon — obviously the best, but they move too, and... dont look at the Sun! 

+ Eg the dark blue polarisation band — Use Polaroid sunglasses if you are walking a forest track and can see only the sky. 


Dont forget what is abreast of you e.g. a particularly tll tre. IF you need to, look behind for some reference point. 


Habits take practice to develop. This one is easy, because once you appreciate it, you won't want to give it up. 
= Teturns many small bends into a fen major trends — 


Periscope 


Climb a tree, Clim a hill, Stand on somebody's shoulders, Or try this 
‘Attach a mirror (bigger = better) at 45° (try to be exact) to one end of along stif stick (e.g. a fshing rod) 
then scan the tree top horizon for landmarks. 


Navigating by Trees 


Tall tres on high ridges stand out against the sky and are visible for miles around. 
Get to know the biggest, tallest, most visible ones. 

Talvidual ees, gum trees especialy, are wonderfully fingerprinted, by their branching pattern, outline, postion & orientation. 
Eg. look for the direction between the two largest branches. This stands out like a weathercock whenever you glimpse that tree again 
Eg, locate the relative pasitons of a handful of the best trees, so as to cover a wide area. 
Eg. try to note the relative direction of pairs of trees 
Most big trees will have large branches to noon. So look for bia branches which are not pointed to noon 


If you keep looking through the immediate green barrier for more distant (unmoving) skyline tres — 


ne ‘J 


West 
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Section 3: Interesting Stuff—Bush Navigation 


ee ‘Solar-Panel’ Tilting of the Canopy Top 


Some trees may be “lat-topped!, but they are not level’. Thay tit toward noon. Best seen from side on. 


Wedge Shaped 


Branches seem to know when to stop growing, and so manage to display 
2 fairly uniform, slanted flat wall of leaves foward the outside and especially toward the light 


Lopsided Lean 

‘Branches on the backside usually reach higher to bask inthe slight 

Branches onthe front sige are more horizontal, omer an longer 

Some tras don't seam to try to compensate and simply leave thar trunk behind, on one side 


Half-Dome 


| —anextreme case ofa steep back side 


es See [NOTE that all these signs work best in open woodland, not in forest understorey, but not always. 


One-Sided Leafiness 


Eg. Banksia trees 
Such extreme asymmetry often only occurs in the understorey ~ where light is limited 
Eg. After a bushfire a gum tree revegetates from the runk ~ most leafiness survives on the sunny side. 


Individual Branchlets 
= ited, asyrnretcal tip palters; one-sided eainss, et 
“The effect wil show up best onthe east and west sides f a plant, where the lighting is most asymmetrical 


Bare Backbone 
Look for ion indivicual branchlets, on the rear-side of main branches, and sometimes on whole tees 
You could run your finger up the entire length on one side of many shedy-side branches. 


Group Several Related Images into One 


This isa standard method of making your memory ability efficient. 
You have less items to remember—they become 2 few memory promots, each to @ handful of items. 
Eg. 4 graups ofa. 6,7,8,9 aim / 10/11,12,1/ 2,3,4,5/ 6,78, p.m. 
Wine each group out visually shaped e.g. atthe points of @ square fora group of four 
with 2 opposite squares for a group of eight 
Inside an infinity sign for a pair of tems 
LUst the hardest to remember items, fist and last 
GGroup the shapes ie. the groups, into another visual structure, 
Use symmetry wherever possible~it makes it easy to recal 


‘The Start-Stop-Rest mnemonic (see Section 5. p.110) is a good example ofthis “clumping” technique-nevar more than a handful of things to 


remember, yett leads you into hundreds of pais. 
Put the § for Sky at the top, and use a hexagon for the six start up points. Use a clock-ace for TIME, and the compass-rose for NSEW. 


Balance itll on a triangle, for the 6 aim. start 
Sky on Skyline (see p 110) 
SI 


A 
R 
7 


PRAYER PREPARED. 


TAME. NSE. 
uP 
‘& Watch your Progress Forward E WEATHER, 
err RIGHT 
‘Show the 6 directions in 3 dimensions ack 
own, 
3 parts for "6/A/M" 
AAR a 
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Lie of the Land; Tracks 


Rock Typing 


Hardness how easly eroded. Keep trying to scratch it until you find something just harder than it e.g. your pocket knife 
Colour = what colour sit. Scratch it against harder rock and look at the colour of the crumbs. 

Sedimentary — the components are not of local origin. Layers ~ sedimentary origins. Melted sediments — crystalline bands 
Sand content — grano-clorite ~ pale & silica rich. Clay content — basalt — dark & mineral ch Minera crystals in it. 


CCystalisation — smal crystals mean rapid (surface) cooling; large crystals means slow (deep earth— plutonic’) cooling. 
Mineral content — what sort of ells dacs it produce? Flakiness. Behaviour in fre (Caution!) cracks, blisters ar explodes! Melting pt 
Density, Magnetism, Fracture Pattern, Transparency, Permeability, Acid Solubility evaporites and marine deposits may be limey. 
Understandina these details is a key memory aid, since it givas You more meanina to look for, to memonse and recognise, 

Eg. in basalt areas expect a mare diverse & rich flora & fauna 

E>. in the sandy plans, expect rivers to run underground, trees to have deep tap-roots and to line ony the dry watercourses. 

E>. In dry sedimentary areas, look far a harder ‘evaporite’ layer underneath 

‘You don't have to identify the mineral, but you should characterise the rock type 


Soil Typing 


4. Climate drives soll typing. What is the climate? 

2) Latitude drives climate. hat is the latitude? 

3. High altitude mimics high lattude. What isthe altitude? 

4, How isthe local cimate modified? Look especially for temperature and rainfall factors. 
jg. ranges upwind? A cold landmass? Warm ocean currents up-weather? 

5. Evaporation produces salty limey evaporite deposits, whenever the evaporation rate exceeds the rainfall rate. High-temperature 
and wind, speed up evaporation. Flat inland areas racive les rain, Where rainfall exceeds evaporation, the soils are ace 

Teached, and deep. Does the evaporation rate exceed the rainfall rate annually? 

Climate drives vegetation as well as sol types. Soll types drive vegetation. The three go together. What isthe vegetation type? 

\What is the parent bedrock? Granodiorite produces pale, sandy, friable, well-drained, mineral poor sails. 

Basalt produces dark, clay, danse, waterlogged, mineral rich sols. 
Warmth & rainfall aid chemical weathering and erosion rates of the parent bedrock, and so produce deep sols. 

8, What are the relative constituents? Shake some-sll and water together in a glazs jar and leave ito stand until i's layer. 
Organics & charcoal float. Heavy minerals, pebbles & sand sink. Sits leon top of them, then clays, Colloids remain suspended. 
Organie remnants accumulate i sail when itis warm enough to grow plants, but cold enough nat to rat them aay quickly. 

‘The decay of organic materals then provides acids for leaching, provided that high rainfall doesnt lute the organic acids. 
Can you see fom the sort of solls how cold and wet it has been? 

9, What are the depths & layers of soil? It is leaching which transports poorly soluble salts to lower layers, until the water table 
dilutes the acigty, Subsal clays also accumulate where leachates are deposited. Evaporites accumulate just Below the surface 
and above the water table. Dry areas have poor soll depth due to slow bedrock weathering and erosion rates. 

40. What isthe sol colour? Red indieates party leached Soil ~ iron and aluminium salts remain. ale, ash-coloured soils ae left 
behind after further acd leaching. Black soils result from poorly drained unleached soils The importance te that leaching 
reduces fertility due to the lack of soluble plant foods. Leaching is alded by warmth (except inthe case of limestone which 
dissolves better in colder climates) 


Bush networks 


‘The bush roadmap is made up of a network of interleaved ridges and rivers. 
Instead of a major road or a minor road, you have a main ridge or river, shorter ones, and dead-end ones e.g. a “shoulder. 
Avcross roads is where two creake & two ridges mest ~ 2 saddle, 

‘The seashore corresponds to a Boundary fence; Peaks and islands act like townships — they are a focus of ‘roads’ and ring-routes. 


Don’t Navigate by Networks Only 


Networks are fractal ~ big creeks have litte creeks running into them; walking tracks have side tracks branching off from them; 
big ridge lines have little ridge lines running off from them, 

dirt roads have smaller dirt roads which have still smaller crt roads joining in 

‘That is wy itis ciicult to recognise the scale of any map just by looking atthe networks on it. The more detalled the map, the more 
dofall there isto show up. The smaller scale the map, the more detall hat to be left ff 


So there will aways be small creeks, unmarked roads, minor tracks and minor ridges to tempt you into thinking 
“his one is what fs marked an the map". 


‘You wil ikely ind one “exactly” where you look for it, butt may not be the right one. 

Don't navigate simply by expectations of network junctions. 

Eg, the next creek-line has @ SO%s chance of being “just. as I expected it — a creek-line coming in from the right 
lor f not expected, the S03 chance is that you will say ‘probably just not marked on the map"! 


by chance itis actually correct, will only encourage you to continue navigating by network, 
out you won't always pick the correct one. 


Antidotes For Guessing at Network Junctions 


+ Distance covered. Accurate measurements of progress can eliminate some minor junctions which are “almost” where you 
expect te desired junction to be 


+ Trend — ofthe junction branches. Le the directions must match your expectations too. Eg. “Each side of North 
+ Landmark bearings. Try to separate identical looking junctions by crass-checking their position in relation to skyline Features. 
+ care 

+ count. Look-alike branches are nonetheless unique, when numbered 

+ Recognition, from last time, if you had bothered to identify its peculiarities. I.e. bother now, for next time, 
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Section 3: Interesting Stuff—Bush Navigation 


Branching Patterns — Examine Them tertniciness, tength, anal, curvature 


[At each node some branches. ‘The choice of branchlet Side branches 
groM batter than others can curve a whole branch ‘an curl around 
Usually toward the ight toward noon. 
Te stretching outwards or stifen it bottom view Examine the ends 
or up-wind upwards ‘gains the wind. Tooking up. ofthe branches 
for downwind down love 
Check the spacing. 
‘This enhances the bare backbone’ appearance 
‘ 


[A wal-leafed branchiet will usually hormonally ofthe dark side of a trunk or Branch, 
‘dominate one without buds, by active biochemical suppression, 
In this way growth can be regulated 

Eg. Ponzontal decurvature 

‘can search out extra light Double curvature can fight gravity or wind 


See inthe skin, 


Gum trees show asymmetry especialy easily, since they do not try hard 
to-be symmetrical in the first place! 


Examine the main runk ise xe unk may be avrbalanced, by its branches 
Eetny curve nay othe Tarthenngs esa an earig toward te tt 
wate s emeecimes 
tthe neny ignesde anche, " 

Lenath: G 

saree es eae’ forthe gt Look or wines 

Becoming ope Angle cade the ap 

72 set ot rom une the canopy were has bent 
Ne ‘The branches that =” “toon-sde branches chen GA 


eer row ight terion C 
fe thicken most (shady ste tanenes | *2 
Soares sun reach upwards 


(except maybe ina wi 


Working Names — Invent Them 


E.g. Past the ttle Castle Rock’ 
Up the ‘Yelow-Crowned Tree’ trai 
Under the U-shaped rock face 
Between the Big: Boulder Blufs 


“40 minutes in” fs a handy name — when you recognise it, coming back out 


Stupid gawky names help you remember, but even better is to do something stupid to match. 
Eg. Gallop ike a galan, through the pass, and call it “Gallop Gap with Galahs Galore! 


Standard Name Plus Personal Name 


Actual names last longer and are widely known. Use them. 
But make up a personalised name too. 


Eg. "Onis actually called Boomer Hill, but we calli Poridge Mil, because it ies halfway between Oatlands and the Table Tier! 
E'9. We call Wollongong "Kaus Australis” ‘coz thats where we watched Kaus Australis go straight overhead, 
E'9. Kaus Australie Becomes "The Wallongong Star" 


Remembering Names 


‘To help you ater, when the name isan the tip of your tongue’, 
Count the syllables, consonants, short vowels, long vowels, now. 

Bhyme it with something appropriate e.g. Condominium Creek has a pond of minimum seep. 
Teakat the spelt visual shape. for ascenders, descenders, double letters, symmetry. 


Thon later sun through the alphabet for a quess atthe frst letter, then atthe second, and so on, 
‘Think about anvthing lated, like why You went, what You ate, who you met, what you saw, the weather, the season, the news at the 
‘Ask each parson for these recollections. Recreate the fll scene. 
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Ue of the Land; Tracks 


Contour Lines 


Contour lines mark horizontal ground 
‘A-simple trick to match up the map contour lines and the landscape, is to point horizontally parallel to the ground. 
Eg. Ifyou arein a valley, point along both creekbanks, using both hands. The steeper the valley sides, the narrower the contour angle, 


KY Jontour ins on he map 


Horizontal ground on the creek beds 


Contour lines are like water-marks on the bank ofa reservoir, lake or swimming hole, visible after the water-level has dropped 
‘But bigger like 9 global Nod drying up 10m ata time, leaving water-marks. 
like @ photograph off, from above. 
like horizontal slices progressively taken off from the top of the mountains, as when you slice clay with a thin wire 
and you look at what is lef 
like building up a mode! landscape ane layer of cardboard at 2 time, from below, with progressively smaller shapes 
{ut out according to the map contours 


‘Then you draw the results on a map. 
‘They show the path you have to walk to go ‘around the contour’ so that you nether climb nor descend. 


Contour Navigation: Practise It, Before you Need It 


[At night, oF in fog, orn a blizzard, you may have no other clues, but the contours, an the map, and underfoot. Try to match them up. 
Hint: Don't expect every little bump to show up on the map, but only the average smooth slope. 
Hint: Keep good track of compass direction, time & distance as your best crosscheck. Assess the wind. Use an altimeter (,GP5, radar... 
Hint: Delegate tasks — map reading; course helding; distance lagging; slope assessment, exploration; memory 
Hint: Ta go quicker, go slower — 20 2 to be sure. Explore the slopes to left and to right. (But don’t get lst or disoriented!) 

Fold regular conferences to check your judgments, 
Hint: Assess slopes by looking sideways, across them. They always seem £0 steep when You look up! 


Boat navigators in a fog, can sail toward land until they reach a predetermined depth, then sal along parallel to the coast, using the 
{depth contours marked on their chart, and some method of finding the depth. Marine depth sounders rely on a good echo, but you can 
‘always toss a weighted line over the side to find the actual depth. Make sure to make corrections for the depth of the depth-sounder, 
the depth of your keel, and the height ofthe current tide! 


Sticking to the Bush Network 


+ Walking up-ridge may perch you on an isolated hillock. 
+ Walking down-stream must got you to salt water; or at least to water, civilisation, flats, roads; but also to thicker vegetation 
Band 2 Idee of view, and sometimes to impassable vateralle and gorges ‘ 

+ Walking upri, uphil, upstream lands you in steeper, drier, more jagged terrain with more open vegetation, a better view 
and maybe an slong'ridge back oe ce 


+ Walking down-ridge wil "sake you to the lake", but simply walking downhill may lead you into 2 heavily vegetated creek-valle 
(which then drainsines the lake eer ns lan " 


Natural Routes Naturally Converge 


‘That means tha, in reverse, they must also diverge — whichis dangerous, open to mis-navigation. 


+ Provided you don’ cross catchment divides, walking downstream or up-idge is convergent and so is safe fora one-way trp, 
but un-safe as a means of retracing your steps back to base. E.g. its easy to climb a hil, har to ratrace exacty 
+ Walking down-ridge is divergent — deceptive and dangerous. 


You cannot easily see ridges peeling off below, and the map won't mark all the creeks you can see. 
Ifyou are tying to retrace your steps or navigate from the map, you will have tobe very careful 


+ -Rigges converge to hilltops — so walking downridge leads you widely astray. 
+ Upstream is divergent — you don't know where you will end up, but at least you can find your way back, 

because crecks converge toward the rver mouth 
+ Tracks & trails converge to: popular features bridges, carparks, waterholes, homesteads, campsites, clearings, etc. 


So leaving a focal point faces you with multiple choices "How on earth do I get outta here!” 


Coping with Divergence 
‘The result of “directions” such as "You can't go wrong. You cant miss its that the truer thats, the easier ts to go wrong 
“'xter you have found i. Retracng your steps, oF finding the desired way out, onware, can Become a nightmare. 


+ Ask directions for the onward bit, not just how to get there 
For backtracking 
+ Pay attention on the way in, despite your excitement at arriving. Note the direction of your arrival. Look back regularly. Marke 


‘the junctions you used, especially from minor out onta major paths. Retrace your own tracks. 


Reverse logic 
Be like yachtsmen, who should always explore harbours, shallows and tributaries at low tie" 
+ Explore upstream ~ a givergent labyrinth ~ so that you can walk downstream to return. 


Provided you don’ cross water-divides, a overshoot your stating point, "you can hardly go wrong”. 
[Ahahl There's the hint: Before you set off upstream, peek behind you, to see when to stop "coming back downstream"! 


case we do get stuck’ 


+ Explore downrige, and climb back upridge later. Only don't cimb down anything you can’t climb back up 
+ Explore away from a focus, so that you can converge back to it. 
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Release 11 also implements CoMP on the uplink, by which multiple base stations receive 
uplink transmissions and jointly process the signal, resulting in significant interference 
cancellation and improvements to spectral efficiency. 


The performance gains expected from CoMP are under discussion in the industry. According 
to 3GPP document TR 36.819, for the case of resource utilization below 35%, CoMP may 
provide a 5.8% performance gain on the downlink for the mean user and a 17% gain for 
cell-edge users relative to HetNets without elCIC. For resource utilization of more than 
35%, COMP may provide a 17% mean gain and a 40% cell-edge gain.“ CoMP can also be 
used in combination with elCIC for additional gains. 


In the same 3GPP TR 36.819 document, 3GPP estimates the downlink CoMP gain in spectral 
efficiency, defined as average sector throughput for full buffer traffic using JT and 4x2 MU- 
MIMO as defined in R11, compared with 4x2 MU-MIMO based on R10, to be about 3% for 
intra-eNodeB CoMP. That gain drops to about 9% for inter-eNodeB CoMP in the case of no 
delay in the backhaul used to exchange information between eNodeBs. The corresponding 
gains in cell-edge user throughput are 20% and 31%, respectively. 


When increasing the backhaul latency to a more realistic value of 10 msec for inter-eNodeB, 
spectral efficiency decreases to zero, and the cell edge gain decreases to 10% 


The gains for DL CoMP based on Coordinated Scheduling/Coordinated Beamforming 
(CS/CB) and intra-eNodeB are less than that provided by JT, with spectral efficiency at 1% 
and cell edge gains at 4%. 


All of the above gains are for FD networks with cross-polarized antennas at the eNodeBs. 
For TDD networks, the gains are higher by virtue of being able to invoke channel reciprocity 
and thus infer the DL channel directly from the UL channel. For example, for intra-eNodeB 
CoMP with JT 4x2 MU-MIMO, the respective gains in spectral efficiency and cell-edge 
throughput are 14% and 29%, respectively. 


The gains for UL CoMP based on Joint Reception (JR) are greater than the DL gains. For 
intra-eNodeB CoMP, the average and cell-edge throughputs are increased to 22% and 40%, 
assuming two receive antenna paths with SU-MIMO. These respective gains increase to 
31% and 66% for inter-eNodeB CoMP. In addition, UL CoMP does not require 
standardization and thus facilitates vendor implementation. 


Uplink CoMP assists VoLTE because it improves cell-edge performance, making voice 
handover more reliable when traversing between cells. The benefit is analogous to CDMA 
soft handover; in both cases, the mobile device communicates with two sites 
simultaneously. 


Cellular V2X Communications 

In Release 14, 3GPP is specifying cellular vehicle-to-X (C-V2X) communications with two 
complementary transmission modes: direct communications between vehicles and network 
communications. 


Direct communications will use bands such as the Intelligent Transportation Systems (ITS) 
5.9 GHz band, using the PCS interface specified for LTE device-to-device communications, 


148 3GPP, Coordinated Multi-Point Operation for LTE Physical Layer Aspects, TR 36.819 v1.1.0, Tables 
7.3.1.2-3 and 7.3.1.2-4, September 2011. 
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Section 3: Interesting Stuff—Bush Navigation 


Isolated Vegetation Shows the Clearest Asymmetry 


.g. Look in any clearing for downwind debris/erosion, 
ane far up-Sun/dovin-Sun asymmetry at the edges. 

E.g. an Isolated tree na paddock. 

Eg. an open creck wil give the bushes a clear view across the water. 

E'g. a roadway will exaggerate the ight asymmetry on one side 
‘and suppress it on the other. 

Eg. Look in the wheel ruts of bush tracks for asymmetries due to wind & light. 


Examine the tallest trees — The emergent ones have 2 clear view of the Sun. aA 


[At the edge of a clearing, subtract the effect of wind 


Closed Canopy — Look for Gaps ew! i 


Each tree canopy might [ook uniform, but be Blown back on the upwind side, : 
leaving a gap there, with dead branches, where it has tied to fil the gap. 
But look fora gap without dead branches and without other explanation 


= temight be shady south’, which gives the tree Ite incentive to cover. 

The tree could have spread that far by now, if t had wanted to, but hasnt. 

Tall and quick growing SAPLINGS show the most asymmetry. more vertical branching 
fon the shady side 

‘They can be the best tetas of all, and the worst 

Because they respond to clearings, slope, water-shine, nearby trees — be careful! 

“Take extra care to average out their message. 

Any one tree gives You toa definite an impression! 


Back-to-back saplings may show opposite asymmetry, by shading each other. 
‘Treat the overall shape as one tree. 


‘The sapling effect, arses from young forest trees shedding branches more often 
and more easly than mature tres, 

5 c \\ 
Roadsides & Campsites reverse some ettects! N 
Examine trunks for broken or lopped boughs before interpreting! 

‘The bigger lower branches are easiest and best firewood pickings! 


Trained” before camper 
‘efter campice 


Name the Subsections 


Heart-Attack Hill Bust-me-gall Bend __Starve-gut-Ridge Be vivie 
On-the-Double Decline Cross-the-Creeke Roller-Coaster Blackberry Bank Be Descriptive 
Leftsnand Loop Clockwise Climb Right-around Contour The Zed Bend Be Cheiral 
N-EStraight Into the Sun Slog West Bank’ Downwind Dunes Be Directional 
Long Leg) Short Stretch The Midale Mile Tall the Distance 
Last-iegs Leg Dinnertime Creek Sunset Strip Tall the Time 

Gn the Left of Third Hill Nine ile Beach Five Ways_—Fourth Island Count 

‘The Bush Blocks The Rack Band Turning Point The Up-Part The Trip down Be Clever 

Rubble Ramble Possum Passage Flower Fats Aliterate 

‘The Birdwatching Bit The Deer Park The Gloriously Green Glade Be Observant 

The Monkey Saddle (three creeks) The Big Bulge Round Shoulder Tight Turn Tongue _—_—: Be Shapely 

The Breakaway The Hither Side of the Hill” Round the Rim Usto the Brink Be Literary 

Brown Beach Bay Wobbly Shacks (= Mount Wabbly behind the shacks) Zigzag Track Be Visual 

Perverse Reverse Inland Cusp Round the Back’ Out to Sea and Back Name Whole Curves 


Name the Sequence 


Fit Each Subsection into a Larger Scheme 


ame the Links ‘The Cuvier Track The Mount Barker Road ‘The East West Ridge 

Heme the Junctions: Point Pass ‘Steppes Junction ‘Tee -tree Junction 

+ Contextualise Beyond Burrowing Crayfish Ridge Cross Catchment Climb 

+ overiap Sections Deer Sally to Sandy's Shore to AllTerain Trek + these are simultaneous 
‘Sherwood Forest to. Bumpy Flat to Uphill aul} and overlapped 50% 


1Le, halfway through one section, think about how itis changing character 
into the next obvious section, and anticipate i 


+ Time-Distance Clues: Lunchtime Lookout The Approach Thither Heather Tea Junction Tar-Mile Damn 
+ etinkage Downstream from Dusty Waterfall Wind-Shadow Plateau 

+ Numbers Fourth Bump Fifth Creek Tee Junction # Three 

+ rerostic ‘Short Steep Step in the Souther Subdivision after the Shallow Segment 
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Lie of the Land; Tracks 
Contour Curves: Your Job is to Imagine the Shapes into Life 
And to Match the Lines to the Landscape 


Deep Vee ‘itches’ 
= they gather water. 


found'Shaude’— ey shed wit**" (The round pot pont dows. (una/own hymas) 
— being higher ground, they separate gullies 


Peak or Depression — you can't easily tell which. Peaks are much more common. 


0x 


Hairpin ‘Ridges’ ~ they can look parallel lke a slope ifthe edae of the map cuts them off 
Ridges usvally show much rounder than this. 


Parallel ‘Slopes’ —be careful about which way is‘up'. Check that they are not the same height—on a ridge or river 


Here isa typical confusing array of paral lines. 
‘The first two are ambiguous, but seem to lead down into a valley 
‘The valleys shown as lines 3, 4 & 5. 


‘The three corners here are all sharper than the corresponding ridges. 
Downstream iso the lef. 
Imagine a deep-vee ditch 


‘The shoulders and peaks shown here are all much rounder. 
Lphil is ———-pepeak q——~saddle——-pridge or peak 


Jimagine a creular mound with a spur downto left and right. 


Down here, upslope to higher ground is. t ——_ _ 
~ 


I 


Trackless Navigation 

When you leave the bush network to cut across the natura routes, you stil navigate by them, by noticing when you cross them. 
Yeu choose a route inrelaton tothe framework — of ges, rivers, and the contours tnat cross tem at ght angles. 

Eg. “Lam flow going diagonally gt, phil, on the left bank, to the Ridge, then." 
‘You describe the sort of route you are folowing, and start a new subsection whenever that sort of route changes in quay 

E.g. A ry shallow creekbed marks 9 change rom downhl to upil 

Eg, The major break of slope-on the “hillside"~marks the change between being onthe *il/erest/ridge” or inthe “valley”. 
Dont forget to ask, as vou cross each ‘rad what that ridge or crsek is ding, tothe left & to the right e.9. joining, pling, ring, 
falling, viding major valleys. 


The method of Names 


‘The point ofthis method isto bring your normally subconscious memory into conscious focus 
You put’ name je. an essential description, onto each subsection. Th is in addition to naming the creeks and ridges you cross, 
‘That is equivalent to supplying your own signposts & flashing lights to the landscape. But write down the other details also. 

[AS with memorising any Journey there are a handful af steps: Notice; Recognise; Describe; Name; Remember, Putt inte Sequence. 


Bush Networking Essentials 


"Answer up to six backbone questions about each leg, before deciding on an appropriate name for that subsection. 


1, Hilewise — What Peak? — Is your direction rend in relation to it Uphill or Downhill; towards or away? 
2; Hillside-wise — Slope — Choose between Upslape/Downslope/Flat/Contouring, 
3. Ridge-wise — Rise ~ Upridge/Downridge/Crossridge? 
4 Drainage-wise ~ Lie — Upstream/Downstream/Crossstream? 
5. Side-wise — using the standard names* ~ Left Bank/Right bank (below the break of slope); Right flank/Left flank (above). 
“As a yachtsman going up-stream sees it ~ Port and Starboard, Use thes terms in your names to remind you, 
As a traveler going up-ridge sees it 
Le, the standard directions are up-strearn; up-ridge; up-north; up-wind; up-*ill,up-slope, 
‘Be carefull The ‘right bank’ is the eft flank’. You can climb to the right onthe left flank (of a ridge which fllsto your righ). 
Walking diagonally ‘downslope’ can be upstream 
6. Hand-wise ~ Tack — Clockiee around or Left sround/On the left diagonal or Right diagonal? 


Mnemonic: (With your right index finger) touch your head (the peak); 

forehead (the siope); 

bbridge of your nose (the break of slope); 

wn the rldge oF your nose (the ridge); 

nostrils (the drainage); 

Fight cheek (the side); 

land now look at your hand in wonderment (What is my tack?) 

‘Then point out some peculiarities 
Now add the non-essential — exact measurements e.g. direction/length/time/steepness/count —and descriptions, sequence, context. 
(Remember: don't navigate only by networks.) See opposite, for descnptive names, 


2 


Section 3: Interesting Stuff—Bush Navigation 


Flowers Respond to Sunlight 


Examine the stalk-lean and flower-head tilt 
e.g. of daisies. 
{Leck up-Sun and down-Sun to see the striking difference, whenever the Sun is low 


Look for the first Mush of fowering on the sunny side of a ower spike 
E'g. Yakka (Xanthorrhoea). The mid-morning sunlight direction gets the earliest lowers. 


Examine closed flowers to see whether they betray where the Sun last came from. 
Many flowers Toll’ the Sun around. 


Some leafy stems seem to tilt to the noon, perhaps to point ther efminal lowers into the Sun. 
Eg. See Spurge 


(Top view) 
Banksia pistils sprout earlier on the sunny sie. 


Banksia stamens deepen in colour on the sunny side. 


Fruit Distribution and Ripening 


cra, Some bushes wil fertilise more flowers in the sunlight because pollinators can see them better. 


£7) Frat are fertilised flowers. So some species ‘set’ more fruit on the sunny side. 
<2 Look inall directions to see which aspect presents the most flowers or fruits to view. 
“Ripe” colours are a result of sunlight e.g. apple, peach. 
Sun-ripened colours aren't confined to ruts. 
Mushrooms are often old enough to have seen some sunlight 
(One mushroom in the open may net help you much, But they do come in flushes, so look for a pattern. 


Remember the Sequence from AA to ZZ 


— A Ready Made Acrostic of memorable unique items, with endless extension if needed, I recommend it asthe pick of the mnemonics. 


You may need to remember each tree ina forest walk; or every twist in a path, oF every choice in a maze, or every square in a grid 
AA to 22 supplies 676 differently named and sequenced letter alr. 


Ifyou turn the letter pars into appropriate two word phrases, there is no limit tothe useful memory aid. 
.g. I could cal this system the Alphabetic Zygote (of ‘letters paired’ AZ). 
‘As with all gimmicks, Itorly warks best iT you study and memorise the object receiving the label 
[Examine the tree for anything which cauld attract the label OF (damp follage; dendritic form; downpointing flowers), 
‘or mentally photograph the MS munch-stop, or actually bird- watch at BW. 


1’ up to you to use the letter par in a memorable way. Don't forget to use visual, emotional, sequenced and appropriate words. 
Consistent rules help. 

(Gna pure sequence walk, begin with double letters, rather than with A-Z single letters. This makes two word phrases the consistent ru, 
In act begin with any double letter, but especially the Initials of the walk, e.9. BL for Blackmans Lagoon, 

“Two word Phrases e.9. AA = Ask Again, avoid the ambiguity about which other leter in the word or phrase might be emphasise. 

Eig. is Aeroplane, AE or AR or AP or AN? Was ‘Anabolic steroids’ A or AS? 

‘Add a third word to the phrase as needed, to spell out what it means, e.9. Backwater Island turoft. 


“The trick isto make the mnemonic match the feature. 
.g ifthere is a plague of mosquitoes which you attack witha stick, Aaron's Almond-tree walking stick might be appropriate for AA 
“Then the nead isto somehow link the previous with the next, 

E.g. AB Aaron's Budded walking stick (if you know that story), might focus your attention on the buds inthe next gum-tree, 
Without a "theme itis cifficult to pluck eut your memory what “DF' might have been. But ‘Doctor's Emergency’ where you stubbed your 
toe, leads on to "Doctor's Fea when you walk on quickly anyway, and on to "Doctor's Gasoline’ where you topped up with lunch. 


Ifyou do a gridtine walk’, you use A-Z to begin with, and say you move from AO to C4; you might go through At, A2, 82, 83, C3, C4. 
‘The memory aid goes AO, then Ahead on 1 lag, hopping, then Across, on 2 legs, Ban-tu, Ban-three, See the three cattle?, Count to 4 
‘Minus, in cases oF ambiguity, might come out as "which was 4 metres deep’, or Where! let 4 pebbles behind’, or and Not 4 blisters’ or 
‘at anything but 4pm 

When you get inta AD you look for a-d peculiarities to remember lke ‘Add 44-6 wattles (to get 46)' or 33AD crucifixion tee’ or “Adder: 
Death, two score of them 

Asan alternative, name al grid squares with fetters, e.g. O-G, and look for things to name, such as Dark Green; Discarded Gaiter. 


In a maze, you could choose Lang wards for turning Right; Short words for turing Left, a mixed phrase for Straight Anead. These match 
the meaning-words in length of sound, 

Maybe you need some variations: 

(One, two, three or four syllables fr lef, right, through, reverse. 

Long first vowel sound vs short vowel sound. 

‘Begin with one letter and end with the other sound, e.g. Amanda, Abib, Ace, Add, Abbey. 

Let sounds take priority where needed. Eg. few words start with k, But many start with a hard C. X is hard unless you allow Ex 


Momorised sequences are most effective if revised almost on the spot, e.g. via a leapfrog walk (2 forward, one back), and on the return. 
Equally, other methods are enhanced by adding this mnemanic, such a= when marking a tral wring track notes, ar making @ mudmap, 
ea 


Lie of the Land; Tracks 
Contour Heights: Read the Numbers! 


Determine the Contour Interval 


and interpret which way ‘up’ from the numbers...Note: On maps, the numbers are printed 
to be read asf looking uphil 


'500 This first diagram is "every SO m", O67 
‘And “up's toward the top. In the secon diagram, the 
‘contour interval is every"10 
400 ero TESTE SER TEVEI™ —— 
lnead the absolute numbers} Ups now downwards. 
Note that major contours may be marked as thicker 


<b> ig. every 50 oF 100 m 


‘The fist i a peak; the second is a hollow. 


Marine charts show spot-depths, “soundings, in metres and decimeters, below lowest water, with offshore depth-contours 
Ifthe "depth" ie underlined it refer to 2 "drying height” of intertidal racks: 

[At sea, keep a record ofthe soundings as you sal into land, preferably n a straight line. Plat them onto tracing paper or mark them on 
the edge of a ruler, and try to match the pattern to charted depths. 


Contour Spacing: Close = Steep Slope 


Wide spacing = flat land Examples: mountain plateaus; valley floors; paddocks; dunes 
[regular contour shapes (meandering all over the map; not shown here) = vary flat land 


500 
Slope 

ooo 

riage — carefully notice when numbers are identical. The rule “Closer Equals Steeper” only holds 

2" {or different height levels, not for hairpin 


contours around ridges or rivers. 
——____— In fact “lose” mht equal fist” Ie. on ridgetop 
sone 


ff — Very cose = Very steep 


440. —_____ 
Slope; have you worked out downk 


Walking “Straight” through the Bush 


+ “Straight” downstream; upstream; down-ridge; upsridge; uphil; downhill, 
+ ‘Straight’ around the contour 

+ “Straight along the path of least resistance 

+ “Straight through the obstacle course, dodging to left and right 
+The Line ‘of Best ft’ — toa chosen trend cross-country 


None of these are straight, but most are easier than straight across a slope’ — crossing innumerable ups and downs! 
Most are predictable. 
‘The navigator simply goes last in line with a compass and logs the twists and turns, whatever course that takes. 


Why last inline? It sa fact of life that following your nose thraugh the bush quickly disoients the leader ofthe party, 
hile those following behind maintain their bearings easly 
‘lzo, to clearly show up the trend of @ sinuous course, the last person can drag 2 long smooth string loosely behind him, 


Straight around 


ata, 

+ Constant Angle—to the (changing) Sun, Moon, star planet, landmark e.g. keep the peak "ahead on your left” — a spiral course. 

+ Constant Distance Off — as judged by the rule of thumb — you keep a prominent landmark appearing to be a constant size 
"from base to peak, The course is circular, concent tothe landmark. Eg, offshore, around a lighthouse. 

+ Constant Horizontal Angle — between two prominent features. This gives a cusp-lke circular course. 


‘You can retrace these courses, but the going may well be diffcult — crossing many streams and ridges. 


How to Walk in an Unintentional Circle 
Haven't you heard of people walking in a large circle when they are lost? 
‘They thought that they ware walking ina straight ine, bur some hours later they recognise the same scenery! 
T've done it i's no myth. Discover your natural dif 


Blindfold yourself. Try to walk straight across a flat. I bet you can. 
Most people have one slighty shorter leg, usually ther left leg 


Now try ta walk across a slope, blinafelded of course, ina straight line, I bet you drift. 
But once you realise it, you are just as likely to head uphill too much, In overcompensation. 


Dont trust your senses in a fog. Find out by trials at home ~ before you find out the hard way — how far‘of’ you are, 
‘Alza find out how to properly walk in straight line ina fog! 
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Section 3: Interesting Stuff—Bush Navigation 


Stem and Leaf Colouring 


feos i ©) 


red 
red 
‘Samphire saltbushes, SN 
Siow Look om te top 
Se Bamsise — Sedsvay se aide suc lea eden up 
Tnedticcsaee cha — TSEaro ampere on Suter see tok oe 

Many cer plats The race ugherop” way overheats i 
‘how red se nite sun sie” perry, 
anes ke Espada ot er rent 
Taok or paler sie 

1B. Ole stems may show reverse trend! The colour fads onthe sunnyside afterhavng deepened more wile your. 


Beware: When flower-stalks twist as they grow, the colouring or fading effect is unreliable. You can detect the twisting by the fading, 


Example: Blackberry stems and leaves redden in sunlight, staying green on the shady side. 


New Growth is Colour Differentiated 


Looking up- or down-Sun (on a cloudy day) will show up new growth as yellowish or brownish or bluish (depending on the species) 
in one direction more than the other, 

‘The sunny side wil green up’ the new leaves more quickly an will lok more normal coloured, 

But test it out first — It may go the other way — sunlight might promote new growth, befor it colours it up. 

When new growth is distributed throughout the shrub, the sunny side will often show deeper green (ie. more ofthe same pigment) 
and be more var.colourad e.g. some leaves take on a ad blush or red margins in response fo the Sun, 


Revise your Memories 
after a 10 minute distraction 


ster an hour, a day, a week, a month @ year e.g fOr an acrostic which you wish to remember permanently 
‘and whenever after, wen you begin to have trouble remembering 
‘Choose undstractes, mindless mes 
9, while trudging ar being driven, waiting or relaxing, oF as thing before slep, to run over things in your head 
verpracise your mistakes. Out loud is alvoys beter Take any opportunity t fell someone 


To Remember Formulae suchas those at p. 198 
(2) Make up memorable ditties, and refresh your memory, as above, before you lose them. 
{G) Rene the formulae for sense ~ They are just shortnond for how things must behave. Ifyou don’ like maths, is probably because 
You never understood the common sense behind i, and that is probably Because you never had the opportunity to see it, or developed 
the sel to red formule, 
E'9.'Sin, Sin, Sint I's High Latitudes which Declines it, for both Easterners and Westerners 
for! the thee’ sine ratios in the formule. sin (height €-W) sin (latitude) ~ sin (deetination)” 
ie. a the latitude increases, the height must decrease, and vice-versa, to preserve any sin (dec) Agure as constant. 
‘The formula should return zero height for zero declination, and 90° helght for dec=iat. 


This next one assumes that you measure the angle away from East-West (rather than from the ‘elevated pole’, as on p 196). 
You can use'sine of the variation from E-W instead of osine of the angle from the pole’, because ‘cosine’ says ‘sine ofthe co-angle’. 
“The sin of the increasing the sunset angle, by cause of increasing latitude, Is a sign of decline’ 

an (unset angle) (multiplied by) cos (a) ssn (dee) 
Read this as: For any specific declination, as lat increases (=the cos reduces), the angle must increase, to preserve a constant sin (dec). 
You can also put in dec and expect a 0° answer no matter what the lt 
At the Equator, declination directly determines the direction of set N or 5 of E-W. 


‘why bother with the E-W Sun? Because of its E-W timing! It's today or too late’ for tan; for dec; late for lat; 
‘90° = Ghrs each side of noon cos (time of EW) = tanD / tant, ‘for "o'er" fr ‘over’ 

Lat = 0 throws the calculation into a spin, because any declination other than 0 can't be € or W. Dec = 0 must return 90° for any at 
Dec = 90 must be impossible (it's N orS!), but so must any dec > lat, since cosine doasn't go above 1. Those stars stay polewards 


‘One New Day at 2 Time? Not quite, cause for tomorrow's sunrise time, today’s time's not too late! 
It changes only slowiy, as dec changes. fcor(time of sunrise) stand xX tan 159 = 1 hr, each side of noon 
0,0 must return 90°. Opposite hemispheres must return a large positive cos and hence a smaller angle, and a short day. 

‘Same hemispheres must return a negative cos, which means a long day. 

‘Too much lat, and the tropical bodies disappear altogether, as expected. Too much dec, like a circumpolar star, and it won't even set 


“Try the Equation of Time, p.17. 
“The First Five months, From FFebruary, Fence-sit Four Features (halF-each sie). The next 7fnish at four more feature. 

~14,0,4, 0, -6,0,16, 0 Makes nice mirror patterns of the two sets of four features. Minus means a fast Sun, up early a'slow’ clock. 
FFFebruary Founders at FFFourteen; Marches up again; April crosses (its hot-cross buns); May turns 4; June double-crosses; 

3uly finishes work a six; August rises augustly, to zero; SSSeptember and October get up to SSSixteen; 

Novernber and December decline a lot; December crosses at Cross-mass; January Sun decends from the cross, fast, for a new year. 
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Lie of the Land; Tracks 


Contour Slopes: Work Out 1 mm and 1 cm Contour Spacing 


slope Jise Example: a Rise of 10 m in @ Run of 100 m isa Slope of one in 10 and an angle of 5.7" 
Fa [Tangent(angle)=rise/run Angles Arctan(rise/run) ] 
Run Tise/run is techrcally called the “gradient” -e. n up-siope. 
4) Example of 1 mm contour spacing: A 1:100,000 map-scale says: 1mm equals 100m (See "map scaling factors’ p.92a) 
with 50m contours the slope must be 50m every 100m or lin2. or 26%, 


2) Exar 


with [em contour spacing: 10 times less slope, inthe same example, or one in 20, or 3° 


Using these 2 seference spacings (work them out again for every new map) fit the actual contour spacing (eg 3mm) between them. 
E.g. map scale: 1:25,000 (imm = 25m); for 10m contours, 10m nse in the imam run, on the map (=25m in realty) 5, 

“mm contour spacing = Lin 2.5%; (10mm contour spacing) = 1in 25; (20mm contour spacing) = 1 in 50; 

se ‘mm means Lin 7.5 


Reference Slopes — To Imagine the Climb with! 


‘One in one; 45°; One up / one across; On all fours! 
‘One Degree is ‘one in $7° (or approximately 1 in 60) ‘50 10° is ‘one in 5.7" ~ maximum for public roads 
‘One in Four is 14° a neat coincidence to memorize. 0 One in 40 is 1.4° — maximum for 
36° slope — @ in 11 ~ more or less maximum for sand, gravel, scree, ar any loose materia. 
Smal siopes may be multiplied with approximate linear accuracy, but In an Inverse fashion. 
Examples: 2° 1s one in 30 ~ from the one in 60 rule 

{Lin eight is 7° — from the one in four rule 


5° is one in 11 — either from 57/5 or from 5.7 x 2 or 1/8 of 362 20 also "sne-cos chart” p.106b 
The Beaufort Wind Scale — Modified for Bushwalkers 

(One in 40 contour lines absent or rare; pleasant ambling; wind whisties through the lips; grey har relatively common 

‘Onein 30 Ear engine quieter then road noise; perambulators plentiful locomotives absent 

nein 20 Ear engine nose louder than road notse; walkers plentiful 

‘One in 35 Skin moist despite cold conditions; heavy breathing is Neard above background noise 

(One in 10 eyes sting from sweat; bicycles experience eifiulty staying upright 

‘One in eight les are constant companions; car smoke exits parale to the ground; mountain bikers walk 

One insix’ cigarette butts become less frequent, 2 wheel erives mostly absent 

One in ive Walkers experience eificulty making forward progress, 


‘One in four cannot hear the sound of a cigarette being lt; lea litter easily lifted off ground 
One n three Sturdy walkers stagger and sway; frequent rests; slow progress; loose soll swept away 


One in two large trees tit at a noticeable angle to the ground; rocks experience difficulty staying in place; walkers remain upright 
only by zigzageing 

One in one toenails begin to bleed; trail bikes begin to bleed 

Two in one fingernails begin to bleed; small tres are pulled up by thelr roots 


Threeinone contour lines begin to merge; danger of severe fas; you are in danger of being completely... winded! 


Walking an Exact Straight Line in Open Country 

Assume the visibility sited, or the terain cific, or the vegetation is closed in 

+ Lengthen the Whole Paty-In Single File. Shout to the leader, ifhe wanders to left or right. Stop silf you lose sight of the 
person behind you, i.e. do something to make sure that no one gets lost inthe fog 

+ Drag a fat object (or & person) on along string. Tie your end ofthe string onto a stick, and hold it forward above your head. 
‘Alternatively, pivot the stick in your hand at its halfway point, and i wll point in the right direction 
Watch tht the ind doesn’ Blow it sicenays; Stop the flat abject rling; Stop i siding down 

o “ey just 2 slippery fishing ine with no object 


AN, 3 Seo 
ot is ices tess a 

‘Tie one tring to either arm of the leader, and steer him propery a 
+ Hold the rear end of the string over a compass Uy 


A 2 
+ Leave a tral of visible markers lined up exact i 
CE 4 A 


You need to look back frequently and drop a new marker. 
stones, sticks, stumps, tree trunks 
Leapfrog with only thres marker sticks — take them with you. 


tle it drag at an angle) 


-  Leap-frog a Straight Line by Looking Ahead 

[A.A straight line course is easily achieved Visually — lke keeping a hundred fence posts ina dead straight line. 

In Gear open country, you simply wale tonard-2 néw mark hafwav between vou ané your destination ~ no problems 
Keep the 2lined up. When you get halfway choose another halfway point inline. If you can keep sight of the more distant destination, 
this method means you only use the magnetic compass once, to locate the distant destination=then keep a fixed track sally. 

When obstacles force you sideways of track, you can eosly regain track, visually. 

B. In more dificult circumstances, you cannot see far ahead and usvally rely on Tooking back, as above. 

But leaving markers behind you slows you down and keeps you looking around 

‘This method does not require you to Took back, but requires simple discipline — leaprogging visible marks exactly ahead of you 
Step one: Choose two distinct marks exactly in line with your desired direction 

Step two: On reaching the first mark, choose a third, still in fine. And so on. 

You can do tis while flowing a formed rack. The tack wil bend fram the average straight line, but you'l notice that immediately. 
Tre. when you don't get tothe third mark, and have to star again, you are wel are ofthe change in trend, 


tou The end fest acumuates ers 
mas a, {asso the averaging poses) 
ao + 
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Section 3: Interesting Stuff—Bush Navigation 


Noon-Sunlight is More Vertical 


Examine needle bush (2.9. Hakea) needles, one by one. 


top side 
faced 

(N) bottom! 
side 

‘faded 

(Faw) 

in Summer 


Some effects will be more noticeable in winter, and in higher latitudes, 


the bush \] | In summer, the ‘shady’ side ls actually bathed in horontal sunlight twice @ day! 


in Winter 


The Shedding of Bark onthe sun-8aked side 


“The patchwork of coloured fresh new bar shows that 
r the bark strips an extra layer deep on the sunny side. 
Look also atthe coloration ofthe freshly exposed bark, for asymmetry 
} ‘The bark stackina’ clings higher on the shady side. 


tis older, deeper, darker and allows more and older lichens. 
Look for the “cur of bark ribbons — the pipelike shapes peeling off ~ 
as there may be mare curling shown up on the dry sie, 

but it depends aa the species. 


Where to Look for Fading or Lack of it 


**Turn leaf blades around to compare the greenness in each direction. 
Find a par facing the same cirection, and twist one of them, then 


—— "Twist an untwisted vertical reed stem, to detect the more faded side. 
1M 
vit 
ath 
{Ay 


Look at stumps and old posts, tree trunks and fallen sticks. 
'g. Sunlight bleaches the Sunnyside of bark and dries out any secretions 
E.g. The dark side of the trunk will often be darkly stained 
_ ‘2g. with cder-gum secretions 
saves dropped into the shady zane will not fade and dry out so quickly. 
‘The shady zone is offset toward the pol, 


because the sunlight penetrates deeper on the noon side. 


‘The broken faces of iying timber may be more coloured 
‘and ess Blesched in the sade. 


Bumps and slopes, diggings anc burrows, may show dead dark moss on the 
Tot side, or grass which has dried up. 


Look fora very subtle pink glow on the shady side of dead timber, which is absent or greyer and paler on the exposed side. 
(Once your brain sees hint off, becomes easier to se=—so persevere, 


Bracken fronds die of fram ther tips, but the fronds that retain ther greenness the longest are on the lowest, shady sie, 
eae thistle stems fade on the Sunny side. 


“The topsides of grass blades fate more due to being blown over flat by strong winds, and so are exposed to sunlight, wind & drying. 
UUpwind edges of green bushes often show a brown wind-scoreh, 


Fresh diggings (echidna, Bandicoot, wombat) expose soil to bleaching. Look atthe steepest sides forthe least faded sol 

Some fading is due to oxidization (exposure to air), some to dessieation (loss of humidity), some to sun-bleaching (exposure to 
Lltra-vilet). Again it wil pay to study the various effects before you need to raly on ther. 

[Also be aware that ciffuse lichens will give covering colour to drt, wood, rocks, etc, which may complicate the appearances 


Batton-grass flower-stalks fade but darken on their exposed side, perhaps due to fungus. One side is dark grey; the other pale yellow. 
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Ue of the Land; Tracks 


Make a Clinometer — a Slope Measurer 


‘One person holds the loop knots apart under sight tension. He barely touches both plumb-bobs onto the ground, to settle them, 
‘Their identical lengths ensure a parallelogram. 
‘The second person alters the middle string until it just touches the plumb-line, 
‘The identical lengths eneure an isosceles triangle, 
‘The 5 cm marks represent whole degrees of slope. Use 6 m of non stretchy cord. Measure and constru 
Qyi2er knot 


145m E.g. the slope is 11°% here, 


> Accurate from 0° up to 20° or so 
‘The method le based on the isosceles triangle rule 
(double the hal-angle sine; nearly linear for small angles) 
‘and on Lin S6, You can use 1-40 to 1.50, 
but the lengths must be exactly equal 
approx 1.5m 1.5m 
‘The one-man version has two foot loops, 
Spread you fest and hold up the plumb bob, 
‘See which side the plumb leans to 


plurb-beb 


DAR 7 


Use it‘occasionally, to refresh your judgment of slight siopes. ) 
Ttmay also be used to gauge the height of landmarks or stars. (Hang the second loop knot from a sky hook; Sight along the top string; 
Steady the bobs). Used horzontally, t yields honzontal angles. (Complete the string parallelogram; Sight along the two "top strings; 
‘and double the reaging) 

Of course ths iz only for a hobby, for interests eake, for mathematical curiosity, not for absolute accuracy! 

‘The more you play, the more you learn. 


Just Draw It 


“The question is. 
High ground, 300 m Can I see the peak from camp? 
Draw three lines of 5, 3,2 unis 


On the map... @peak, 500m elevation 


"yes should see over the ridge tothe peak” 


Camp, 200 m elevation 7 


Radio Direction Finding — As Good As a Compass 


AM stations — Amplitude Modulated ~ the older style, for medium distance transmissions 
= also called Medium Wave; Medium Frequency — MW; ME 


‘Your portable radio has an internal aerial for AM stations, which is direction sensitive 
Tt usualy lies lengthwise inside the rasio, asa long ferrite rod wrapped ina wire coll 
‘To make that ferite rod horizontal, you probably need to lay the radio down fat. 

Now twist the radio to change its norizontal direction 


When the internal ferrite rod points at the mediui 
the reception drops off ~ you have detected a "ni 


wave transmitter, 


‘This occurs at two opposite orientations ~ pointing away from the transmitter as well 
(Good reception is By pointing the radio 90° away from that null direction.) 


FM stations Frequency Modulated ~ the newer style, of shorter distance transmission 
= Very high, Ultrahigh frequencies ~ VHF; UHF ~ Tt does not use a Ferrite rod. 

2 long wire aerial, 

‘you can detect a null by pointing the aerial at the transmitt 

‘This is for horizontally polarised transmissions. Some stations are polarised vertically 


Shortwave stations — Amplitude Modulated — higher frequencies, fr longer distance transmission 
SW; High-Frequency, HF — It usually requires an external aera 


Use along wire aerial; keep the ferite rod perpendicular tothe long aerial 
‘The null oecurs when the long aerial does not point to the transmitter — but itis perpendicular to that direction. (Opposite to FM) 
Point the long-wire aerial perpendicular to the transmitter, fr a ull 


‘Weak AM stations can also be used, provided you have along wire aerial to pull them in. The exact length sometimes matters—you 
will notice the volume rise and fallin cycles as you wind the aerial back in 


‘THE RADIO “NULL” ACTS AS A COMPASS NEEDLE ~ it oops a constant angle tothe distant transmitter tower or repeater. 
‘You swing the radio aerial each side of the null fo keep checking its direction. 

‘To avaid Raving to give the racia constant attention, break your course into separate lines of sight legs") as with a compass. 

Marine navigators know that radio signal direction can be distorted by mauntains, or by the signal crossing the coast at an angle, or by 
Feflections aff the rigging, but bushwalkers seldom have to worry about that, because they only want a constant reference direction, 
not an exact Dearing, 


‘You could consider setting up a radio beacon so that you can always say: e.g. "The car is that way” or “Homebase is yonder” 
End of Section 3 
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Distance 
Distance Guesstimation is a Major Problem for Walkers 


Because distance measurement is a major problem, we find it easier to ignore 
\We resort to some other method of navigation, 
Ifwe simply, out of laziness, give up on logging our pace & distance-already-come, we waste a sensible cross-check. 


“The fist of these three sub-sections will look at the amount of distance you have covered ~ progress — distance made good. 

+ Elapsed distance — puts you on the map precisely — unless you are not very sure of your progress! or the map scale! 

+ Map scale ~ "It looked so easy on the map!” — Judging time, distance & difficulty is a question of reading the map- 
Scale property, "How far could we get by lunchtime”. Guessing at a curved distance is always a bit of Blut. If you 
hhear yourself saying "On the map that's about 5 kr” stop and measure from the map-scale more accurately! 

+ Sideways drift — is a matter of trigonometry, when you discover an error in your direction heading 

+ Up/down pragress ~ is in anather dimension. You don't need an altimeter, butt helps. (If you do take 2 portable 


altimeter/barometer, make sure to test ita see whether or not it reacts falsely to temperature change—put it in the 
fridge then in a warm place; then don’t forget to keep adjusting it according to the atmospheric pressure changes) 


‘The second sub-section is about the rate of covering distance — pace — and cistance-yet-to-go, 


‘The third sub-section is about the distance you can see, but don’t cover — estimating the 'range’. How Far to That Landman? 
Eg. You can identity a peak on the map ~ but only if you are certain enough ofthe distance from you to it. 


Distance = Speed x Time 


E.g. 4 km per hour x3 hours = 12 km 
Hint: Measure only elapsed, "walking” time; Delegate someone to keep track of accumulated time out for stops and diversions 

Hint: Mentally bring forward your starting time e.c. "(as if) we started at 10a.m.” (You started at 9, But had two, ¥= nour stops) 
.g. foam takes Vs a second to pass your 10 m yacht; speed equals 10/.5 = 20/1= 20 m per second. 

Eg. I'seem to have drifted 12 km in one day = vs kph current. Eg. The cloud shadows cover Skin 2minutes = 150kph wind. 


Keep a Log! 
‘That's how mariners keep track—they write it down in the special Book. Oo you carry 8 notebook? 


Adding Two Speeds koh current half as fast 


Note that itis faster to swim a river By pointing straight across and letting yourself be swept downstream, than by trying to 
stom the flow by pointing upstream. Only when the two speeds are perpendicular do they not affect each other e.9. the 4 km 
er hour is net affected by the current in the first example. Or e.., If your boat spaed is 4kph ahead, and the tidal flow is kph 
galnst you, your actual movement is backwards! (with any sideways Component added in independently). 


ample: Tree speeds 7» WRIA. acta popes —Pvery tars the rounds your ight 


Le. Your speed & direction through the medium (air/water), relative tothe ground + the medium's movement, 
cover the ground (the medium carries you when it moves) = your total speed and direction, over the ground, 

Lastly, to analyse apparent wind speed, to avold canfusion, draw anly the three winds involved. move this way... 
First Convert your progress aver the ground (top arrow) to'an appasing apparent wind (right-hand arrow opposing it) 

Don't try to add wind to your motion=thats not a sensible question/answer. The medium (air) doesnt carry you when it 
moves: [Answer I feel the actual ground-wind,  erass-wind (-—-p) in my face, diagonally a2 shown, 


Range: Rule One: Guess 
‘Then dont trust any calculation which dosent agree with your inl quesstimation 
ut remember that distance is deceptive over featureless ferain ©. water/beach — we underestimate i 
Birds bob their heads to see how much an objec shifts against foreground and Background. T's worth some practice. 


“Range” of Visibility — Two Halves to the Picture 


‘Extreme visual range” must be calculated in two bites — So Don’ Forget To Add! 
erg. when asking “Should we be able to see Ben Nevis from Brady's Peak?” range one range two 
= e.g, at sea when you can rst see the lighthouse lens, not just is loom. 

From a kilometre high you can see 1° of latitude 


before the curvature of the earth cuts your line of sight tim e e Aim 
— eg. you can see a1 km high mountain from two degrees avvay igh 
If you are on a 1 km high mountain ~ see diagram 222km 


“Range Squared is Dee Height” 


This is an easy mnemonic. "Dee" is dee Earth's Diameter le. Extreme Range = v(DxH) see p.92c 
His your height above the intervening horizon e.g. the wave tips, or a 250m plateau 
Since the Earth is 40,000 km around, divide by P to get 42,700 km diameter. 
Tange” The formula isa theorem in geometry, 

about the geometric mean (the tangent) of an extended diameter and the extension length (H). 
‘The formula states: the square (range x range) = the rectangle (not shown: H x D+H) 
(2. the range substitutes for both parts ofthe product, geometric~ or area-wise) 
but since the height H, in reality, is very smal, therefore range? = Dx H 
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Map and Compass Work 


To “Read” a Map — Rule One: Don’t Lose Your Place! 
‘cat the geometry fixed in your vision — of where you are on the map @.9.~in the top right ord square, next to that lake” 
[ind then dont keep losing your place every ime you look at the map again! 
Whether the mops now upside-down, side-on, or whatever 


Rule Two: Imagine Arrows, for the Sun, & Your Movement 
‘Again, visualise them geometrically, in elation to the whole map shape, from ane comer ofthe map, forthe Sun, and from 
‘where you are on the map, for our movement. When your map is properly oriented, the movement arrow will point infront of 
You, ale, matching the trend of your movement onwards. 


Rule Three: Get Used To Any New Map Scale 


Maps are “Fractal” They show "self-similarity cross scale 
ile A iver system wil look the same on a smal-scale or large-scale map — there is always finer detail to show 
‘road natwork isthe same ~ the smaller the scale, the more roads ae left out, leaving similar looking network 
A coastline shows Such self-similarity. Maghiy the details and stil looks ike a coastine” 
New Map-Scales are Hard to Adjust to 
Tetakes time and testing to get used fo a map scale, because they al look alike no matter what the scale. 
‘Ta get sed tothe new fee of 9 map, check up regularly on your map‘ progress, until you arena longer surprised by how far 
Rule Fou 


you have or havent come. 
: Don’t Give Up! 
Don't et the combination of eificulties bli you! 


Eg. You misjudge the scale, misjudge the Sun's direction by optical ilusion, you see turms & bumps not marked on the map, 
‘doubt the accuracy af the map, fil to assess the slope accurately... and so eventualy.. give up in confusion! 
Problems are normal, and solving them by the map is normal too — don’t give up trying. 

‘also See "Map Checklist” p.113— 


“L.M.N.Or P.” 


for Landscape; M for Map; N for Compass Needle: Or for Either/Or (the big point of the mnemonic); P for protractor 
Ether/Or meane! Each component of maplcompass work can be used alone and independently for some tasks, f desired 
Plotting compass bearings can seem complicated. This mnemonic is designed to smooth the way. 

‘Avpavigational compass has a protractor indepandent ofits needle. The trek isto remember that! 

‘The protractor has 2 parts too (p-93b). Nate that some compasses have the magnet one-piece—aluad anto—the protractor card 
Tf you get used to using each component separately, you will ind ‘map and compass work’ to be simpler. 

‘The trick isto isolate each of "LMNOFP” In turn, to avoid confusion. That includes the 2 moving parts of the protractor. 
Its hard to use more than two at atime! so know which two you need to use at each stage, 

Eg. Avprismatic’ compass wil let you see both Land & numbers (P) at the same time=to take an accurate bearing e.g. at sea. 
Eg, You can align the Map to the Landscape, without ever using a number. Or you can point the Needle to the horzon likewise, 
.g, The Protractor may be used to assess slopes, to measure the Sun's height, to take a map bearing, to dram an angle on the 
map, to take a horizontal angle between two landmarks, to sight a vertical angle lke a sextant (this may need two people), to 
{ind North from Sun-time, orto seta course tothe left ofthe Sun 

So dont forget to use the Protractorto its full potential, quite independently ofthat funny lite piece of metal rating around 
inside it. (N). 

xg. An emergency ‘compass is just a floating sewing Needle, ora suspended magnet. So the protractor has litle to do with 
‘renting the map by the magnetic field, or with heading North by the compass needle, 


If your navigational compass has a magnifying glass, a set-square and a graduated ruler, you should hardly get confused by 
thinking they had something to do with tha magnet¢ Feld! —so don’ worry when you see some numbers marked around your 
‘compass needle — I think you learnt how to use a protractor in elementary school, didnt you? 


Working rom land to compass is called "Taking a Bearing” (L+P1,N+P2) You use the protractor to put a number on the direction 
from map to Compass Is called "Getting a Heading’. (MP). You'then use the needle (P+N) to find then follow that heading (L) 
Working from compass to map is called "Plotting a Fix" (P+). Le. You use the protractor, ruler and set square to draw anales 


Maps Mean: Imagine Me! — Making Mental Maps 


‘The meaning of using a map is that it lines up 
with winat you see; with what you save; with your mental maps; with what you know; with what you can't see & don't know, 
Eg. You glimpsed the coastline as you drove in, the lie ofthe valleys, the drainage of the creeks, and of course you know the 
highway that you drove in ont Yau can no longer sae them, but Its normal to orient yourself by imagining the visible 

[And then, your mental map is stil incomplete, so that you need to use the map to ad to your Imagination. 


Map To Mind” Navigation 

‘Transfer ftom the map both visible and invisible features back into your mental model and mental layout 
1 start with the Invisible Big Pictures ~ visible on the map but not to You. 

Took at the sky and the skyline as you interpret the map for what les out of sight 
2, Addin te local visible features visible bath on the map and 9 you 
‘These Wo steps work together like lock and Key ~ each isnot very useful without the other 
Yet both steps are often neglected and seldom put together as @ whole. 

“The cas are now Behind that natch in the skyline 

“The highway runs behind that Pill then turns South-East” 

“That low spot marks the river we want” 

“Our camp tonight isin line between Mount Sacks and the pine plantation yonder” 
When you become temporarily bushed in, or Binkered by the rain, or shut in by the dark ~ then you see whether you can 
maintain proper orientation ~ by the invisible ~ or whether you jus fee lost "I cant ee where Iam! 
Ifyou do not make a mental map and arent yourself by imagining the invible~you wil be disoriented 
‘even if youcan see where you are 


‘Part the job isto look at the map in order to join your several local mental maps into one regional map, 
Remember that 2 map isa great memory aid, or a great memory Bypass — take your choice. 
‘Rather than "put yoursalf on the map", put the map in you! 
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and will not require a Universal Integrated Circuit Card (UICC) SIM (USIM) card. By 
operating on different channels in the ITS band, direct cellular V2X will be able to co-exist 
with IEEE 802.11p, another automotive communications protocol 


In the network communications mode, the system will use traditional cellular licensed 
spectrum, 


Use cases include do-not-pass warnings, blind-curve hazard warnings, road-works 
warnings, blind-intersection assistance, bicyclist and pedestrian alerts, and left-turn 
assistance. 


C-V2X is being designed to be compatible with other automotive standards, such as those 
from ETSI and the Society of Automotive Engineers. 


User-Plane Congestion Management (UPCON) 

With User-Plane Congestion Management, specified in Release 13, operators have 
additional tools to mitigate network congestion in specific coverage areas. Mechanisms 
include traffic prioritization by adjusting QoS for specific services; reducing traffic by, for 
example, compression; and limiting traffic, such as by prohibiting or deferring certain 
traffic. 


3GPP specifications add a new architectural entity, called the “RAN Congestion Awareness 
Function” (RCAF), that determines whether a cell is congested, determines the UES 
supported by that cell, and informs the Policy Control and Charging Rules Function (PCRF), 
which can subsequently apply different policies to mitigate the congestion. 1° 


Network-Assisted Interference Cancellation and Suppression (NAICS) 
NAICS, a Release 13 capability, enhances the interference cancellation and suppression 
capability of UEs by using more information from the network. The fundamental goal of 
NAICS is to identify and cancel the dominant interferer, not an easy task when the 
dominant interferer can be on or off and can change in time and frequency. One analysis 
estimates an average performance gain of 7.4% relative to Release 11 Interference 
Rejection Combining and 11.7% at the cell edge." 5G Americas members expect even 
higher performance gains, for example 20%, with implementation-specific scheduling and 
as NAICS methods are refined. 


Multi-User Superposition Transmission (MUST) 

MUST, a study item in Release 13 and tentatively planned for Release 14 uses simultaneous 
transmissions of data for more than one UE within a cell without time, frequency, or spatial 
layer separation. The concept relies on a UE close to the base station having low 
propagation loss and a UE far from the base station having high propagation loss. The far 
UE is not aware of, nor interfered by the near UE transmission. The near UE cancels the far 
UE interference. The capacity gain grows with the SNR/SINR difference between the close 
and far UEs. 


250 For further details, see 3GPP TR 23.705, “Study on system enhancements for user plane congestion 
management (Release 13).” 


451 Harri Holma, Antti Toskala, Jussi Reunanen, LTE Small Cell Optimization: 3GPP Evolution to Release 
13, Jan 2016, Wiley, ISBN: 978-1-118-91257-7. 
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Distance 


Use the Map Scale — Don’t Just Look at It! 


Many errors of judgment result from guessing at the map distance, even when the map scale is clearly marked 
‘The scale is not much good down in the bottarn corner of the map, fxed in place! So copy the map scale onto cardboard. 
Somehow attach it to the map e.g. into a separate paper-pocket; onto a string; in the map bag. 

The string Is useful for measuring distance accurately. You place it over a curved path then stretch it out straight to measure it 
Point the corner ofthe cardboard at the starting position; position the string from there; then stretch the result along the scale 


The Jargon 
“Large-Scale” is ke 2 “Full-Scale Model” It hows all the detail 
Likes large-scale simulation’ ~ it leaves out noting. Picture a magnified ‘Large’ maj 
Small-Scale" i ike 9 "Small-Scale Model™. You cant see the small deta, 
eis lke 3 ‘small plot stidy’ ~ not fll scale. Imagine a very hard to read small map-sca} nee. No Delis 
*rulSeale” et f0 1" ike the Cosmas. "Haif Seales" to 2°, "Small Seale" is "1 to 9 millon” Ike Cosmological diagrams. 
The bigger the second number, the smaller the fraction. The bigger the big number, the bigger the span on the map. 


Map-Scaling-Factors are Meant to be Interpreted 
1:100,000 means "One unt represents 100,000 units” 
Spit this into two parts: (3) 100.8 (b) 1000 and use centimetres i.e. 1/100 m — 1 em: 100,000 em 
Say (a) 1 em represents 100 em i.e. 1m ~ drop off two zeros and call centimetres "metres" 
‘nd (2) Jim, rom par a, represents 1000 mie, 1 km — drop off another thres zeros and call metres 
‘Sots answer ier Lem t2 ko 
1: 1,000,000 11mm = 1km_ Le, You can also drop off three (or 6) zeros and call millimetres ‘metres’ (or km) 
50,000 units makes you calclate 1/50th of a metre! (=2er), so 1:50,000 must be 2em to 1k. Or multisly to 2:100,000. 
1: 250,000 ‘Turn this into 4:1,000,000 by multipiving both sides by our. ‘mm to a km (since tmm is 1/1000m) 
(or (a) +100: em to m (Le. 4em to 10,000m no fonger em to.cm)(b) #10: em to lots of 10m (c) +1000: em to 10km 
‘he grid should be marked 'n 10 km squares, of 4 cm each 
Your compass will be marked in centimetres, but perhaps also in special scales eg. 1 inch to a mile (1: 63,360) 


metres’ 


Pace Your Progress — Pre-Dict It, Don’t Post-Dict It! 


To avoid looking at the map continually to locate yourself continually, predict the estimated time of arrival once, 
and relax. 

We are normally lazy about looking at our watch often, poor at calculating, on the hop, distance covered, and lazy about 
locating ourselves on the map often. Mental arithmetic Is clearly noxious, so we try to avoid it. Workng abstract from time to 
distance to map, after the event is too hard for us. But we usually only resort to the watch after we begin to doubt our postion, 
(Gee “the 11:59 syndrome” — we do doubt.) 

Something needs to be done about ths! 


Consequently, the antidote to us refusing to log our distance, is to anticipate the timing instead 
[Le to work more concretely, from map (I can See that) to distance’ (I can visualise that) to time (I can calculate that). 
+ Bxamine the map beforchand — a5 a fist step not a last step. You will have to do the calculation later anyway, on the 
trot! Why not doit now, calmly 


CGuesstimate the time needed to cover the distance ahead ~ to the next recognisable milestone, 9, use 4koh, ‘ahr/km 


+ Look at your wateh, as the last step, when you near your goal 


In this way the landscape ‘means’ time to you; "When we reach the bridge, we turn left ~ and that should be in 25 minutes” 
Your guesswork wil get better to. 
You wil find yourself looking at your watch more frequently, with the question: "Should I be there yet?” 


Anticipation Is Exciting. Back-Calculation is as exciting as the washing-up. 


Range Squared is: Dee Height” *vee"is biameter 
Le Extreme Range of Visit = V{D on this sige of the horizon. Don't forget to add the ‘beyond the horizon’ range. 
Five ound-number rules are highlighted. 8y playing around with some approximations, we can find some rules of thumb. 
127 is close to 128 and 125 and 11-3" 8 (3.14) I lose to V10 (3.16). hope these tricks wil make the square Tots easier 


40,000/pi x 40/pi km = 400 km range from 12.7 km Notice the two related doubling sequences I have given. 

440,000/pi x pi km high = 200 km range from 3.14km You can only see twice as far from four times the Relght 

12,500 km x 4/5 km = 100 km range from 800 mhigh 125s ve cubed 

11F x 99/10 = 100 km range from 810m 34 km from 90 m; 11.2 km from 10 m ~ 1/3 from 1/9 height 

12,500 km 1/5 km = 50 km range from 200 m high "Rule of (lesser) fives: 50 km from 1/5 km"; 

12,500 km x 1/20km = 25 km range from 50 mhigh Multiply or divide H by four to double ar halve the range 
2vakem range From 12Vsm ‘2g. from the top ofa beach 


12,700kmx.0127km=12.7km from 12.7m—from a ship's deck, to the horizon, when estimating distances across open water. 
12,700 km x 1.27 km = 427 km range from 1-27 km high 1/10 from 1/100. Remember the number 127 must be 400/Pi; 


4100,000/8 x 10/8 km = 128 km range from 1.25 km 0.12515 1/8, 
12,800 km x 1/2 km = 80 km range from 500 m high or “Rule of (greater) fives: 50 miles from 500m” 

12,800 km x 1/2 km = 40 km range from 125 m high You can also derive 160 km from 2 km 800 km from SO km 
440,000/V/10 x 0.4/0 = 40 km range from 127 m high = "400km from 12.7 km” = 1/30 range from 1/100 the height. 
12,800 km x 1/2" km = 20 km range from 31 m'high = 200 from 3.14 above. 

12,800 km x 1/2” = 10 km range from 7.8m high _.ifyou bother to halve 1000m seven times! 

12,800 km x 1/500 = 5 kmrange from 2m high From a dinghy/beach. 1/5 range from 1/25 height cf S0m high. 


21,600 nautical mi/pi = 150 nautical miles from Pin.ml high approximately, because 150 squared is 22500. 


82 nmi x dni, = 83nmi. 1S0km from 1 nmi. 60x 360 / M's approximately 83 squared nautical miles 
12,300km x 1km © 441 km'range from 1km height 1° of latitude, from 1 km high, approx. "5S from 1/4” = 250m 
11F kmx 1/9km 37 kmrange from 111 mbigh 1/3 of the range from 1/9 af the height 
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Map and Compass Work 
Look Carefully at the Fine Detail on the Map 


Eg. 2kink in the track, just before a junction, may make it look “not lke the map!” until... you re-examine the map. 


“oh yes, itis mara lke that after all, 1just didn’t look closely enough’ ——/\ 


Eg, that maze of fine blue watercourses marked ~ can’t be a-maze-d by it look at its detlll 
For a stronger magnifying glass, reverse your binoculars. For an even stronger magnifier, emove the eyepiece and use it. 


‘There is usually a magnifying glass on the compass. 


Look Carefully at the Fine Print 
ate of compilation 18642 
adjust all longitudes by + 2 minutes of are 
yearly magnetic ft 
Contour interval ~ 10 m or 100 m2 


Some Map Details are Not to Scale! 


1 
i 
.g. Two whee! ruts might look like a 100 m wide road on a map (if you took it serious). i 
Consequently. ! 

: smay be @ 100 m Zig-zag! And... -————— Js pot a 

‘coss-road 

1 ana the hut is not 
|) Fae the junction” 


Eg. Avcascade” symbol = 
HA might equally mean two huge waterfalls, 300 m apart. ! 
i 


fg. ‘Smooth’ ends 
= probably hide many small extra sinuous ones. 9. in a river. 
Moral: Keep an Open Mind. Keep Your eyes open for alternative interpretations. 


Using the Protractor by Itself 
‘The protractor has two sets of lines ~ the lines on the movable 0-360 protractarciccle, and the Fixed “follow me” arrow, taken 
together with the edges. Line up one set with horizontal, or North, or aehatever; ine the other up with the slope or angle Be 
measured. The angle in degrees clockwise isthe space between the zero and the “follow me" arrow, not the other Way around 


‘RyMourtain slope ee orth by sundial When the angle ofthe Sun 
K ROO (Gi) Gemoves around at 1597) 


Pocket sextant 
Is locally anomalous or untrustworthy. 
Point the edge ofthe compass body directly atthe Sun (Tilt the compass axis to Polaris) 
Uni it ests no shadow. (Dan look at the Sun} Reverse this to get the time from North 
IF your compass fluid has a bubBIe init, 
itecan be used a2 an artifical honzen. 


Keoping 2 course relative toa landmark Peak easuring’& horizontal angle 


5A Draw an angle saree 
ae cr measure it 
B&B cia? 


vertical angler ‘distance Of 


Mental Networks 


‘Our mental maps seem to run on networking — junctions and joins; choices and destinations; routes and ‘directions 
CConsequertly mental maps are prone to logical-type blunders 


so Missed junctions e.g. of creeks or paths 
+ Misidentieations e.g. of segments, features or forks 

+ Poorly judged measurements of lengths or direction e.g. hairpin bends which aren't noticed 
+ Mistakes of number 


If you reread the section “Logical Blunders” (p.395) you will notice that most can be seen as a wrongly imagined network. 
‘That's one more reason to study the real map, In arder to bring Your mental map up to speed. 
When we function on short term memory of mental Branching clractons, any shock or daze can be crucially isorienting 


The Most Valued Map 


Js one which you have made yourself. A do-it-yourself job makes it"yours”. Practise with a MUDMAP, p46e. 


When you copy important detail from other maps onto your map_¢.g. peak elevations; track notes; waternoles, 
then your map Decomes more valuable than a replacement map. 

You ade extra detalls e.g, campsites; walking tes) side-tracks & old tracks and suddenly you prefer the old dog-eared version 
to'a brand-new map! 

Sometimes it is even better to start witha blank sheet of paper. 

But since it does you no good to pinpoint your positon ona blank map, unless you are at sea, 

‘you proceed to add inthe important local details so tat you can tell where you are 


‘To copy a map: Copy the Grid First, if thee is one. Add in many diagonals as guidelines 
‘The next rule is: Get the Landmarks in their correct relative position first ‘2. work top-down. 
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Distance 
The Psychological ‘Half-Way Point’ 


You nave ta judge and juggle several factors before you decide that you are ‘half-way’. 
Eg. The "Unknown Territory” Seare-Factor (Ambition versus Safety Margin. In planning your time-budget, you can’t 
relax in'a one-way journey through unknown territory, until you know you have » reasonable safety margin in hang 
‘So 2/3 the distance along, might be half-way through the test”. Other examples. 
‘The "Point of No Return” — You tend to speed up, once committed to the next goal 
The "Downhill Run? — itis the quicker half 
‘The "Back-Track Return” ~ tends to be quicker i.e. the turnaround point can be after lunch 
‘The Morning Spurt-Afternoon Hurt Syndrome ~ puts ‘halfway’ before lunch. 
‘The Side-Track Scheduling — Ifyou don't explore side tracks on the way in, when you are fresh, 
‘you may not want to tackle them on the return journey. 
‘The "My Feedbag is That Way" Home-run spurt on the last day. 


When You Meet Other Walkers 


When did you leave this morning?” = how farto your next camp, 
"Anything about the track that we should know?” Eg. slow sections 
"Any deep water crossings” or ather hold-ups 

Other questions, less related to walking progress and pace, are. 
‘Anyone else ahead of us? (Will there be room for us a3) 
Do you cary a track guidebook? (Can Iread it?) Do you know the forecast? 
[ny good water available on the way? Can you recommend a camp site? 
Did you pass our tents? (Are they sil there!) 

Pluck up your courage to ask what you want to know, and be prepared to share what you know. 


Advice about Walking Times — Double & Halve! 
.. Brochures seem to add “return” or “one way” by guesswork sometimes 
SoG rs" means 2 to 12 hours unt proven oterwise 
9. Fit young rangers saying "six hours” may mean “Yor me; double i for you" or “for you; halve it for me" 
'g, ‘walking time” may mean "excluding stops, rests and meals" ~ you cauld ind yourself pushed for me. 
Eg. Wot far, you cant mis, i's easy all the way” could prove disastrous. E-g. (provided you find the right track’) 


20 Minutes per Kilometre — Double & Halve — Easygoing Maths 

Te means 3 km per hour —an easy-going overall walking pace when you include shor rests, ciffiult vegetation (within reason) 
‘and lack of any hurry ~ tourists ontrack, walkers of track 

obviously you need to multiply and divide by 20 to conver kilometres to minutes, or minutes to Klometes. 


If the number is small — kilometres — multiply it up to the larger number — minutes — double it ané add a zero. 
Ifthe number is big — minutes — divide it down to the smaller number — kilometres — halve It and subtract a zero 
You could also express it as a "halfa kilometre every 10 minutes” but the "20" makes the maths easy; 


‘And even simpler, to cope withthe 2ero, express yourself in "lots of 10 minutes’ 
Eg. Sis kilometres will fake about. (double It, to get many minutes)...11 lots of 10 minutes 
Eg. We've been going 50 minutes ~ (five lots of 10 minutes) — ; that's about...(halve it, to get 2 few km)... 22 kilometres” 


4 km per hour — Normal Walking Pace — Double and Halve! 
You can easity double or halve your pace. Start with 4kph as a sustainable rate of progress, and use the doublings 1,2,4,8 
S'km per hour is someone tal walking ina hurry. 2 km per hour is someone small dawdling. kph is or very eiffel going 

Coincidentally 4k per hours 10 milein four hours or 204 males per hour 
Tncidentally aso, a4 kph, a landmark 15 km on your le wil change direction at 15° per hour as you walk past it 


Double, the Acute Angle, off Your Nose — For the Distance Off 
‘This double-angle method puts numbers on 8 very “natural” method of gausing distance. 

Inthe frst diagrams you walk from the betor left tothe top, and watch a landmark, ahead on the right, pass you by. 

The distance walked = the distance off if you walk far enough to double the orginal angle (away from straight ahead), 


‘The ina angle must be acute. You need to maintain a traight course throughout giao 
‘Te simplest ease uses the clagonl fs square." s° changes into 90° + ie 
‘The next simplest example isthe equlateral tangle. 6O® changes to 120" P 
Followed by te 20" aoscales triangle 50° changes 9 60° coy 

90° 7 
But the general case is made dear by the geometry of two equal radi in a cre | 
{Ris because the angle atthe cenre ofa cle is double the angle a the Greumferance i 
The angle a the cere is the fina angl--double the nal one Top view. RO! 


ae Yao 
‘Ahead of you, the angle is always lass than 90°. 
In the second diagrams, Below, the landmark may not be ahead of you and the initial angle may not be acute 


If you walk backwards, fram top to bottom, using the top method in reverse, you get. 


Halve, Any Angle, from your Stern—For Distance ff, 
i.e In Retrospect "The inital distance off, not the final distance of is what must be traveled 

‘ihe intial angle ss now the double angle, and need aot be site 

‘Le. tum the Bow-angle diagrams upside-down 

E'g. 90° Becomes 45°; or 120° Becomes 60° becomes 30° 


Kao 
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Map and Compass Work 
Permanent Landscape is More Trustworthy Than Surface Detail! 


When what you see “doesn't match what is on the map” have the sense to distinguish between 100 m deep contours which 
‘would take an ator bomb to shit, and walking-track Junctions which a fire could reshape. 

Professional map:makers and satelite phatos rarely make mistakes ~ in landscape positioning 

But when they add the local details, tis another story. 

Time changes such detalls also. New roads, cleared bushland, second bridges — these will mislead and confuse you. 

When your mind says: "The map is wrong!” remember that what the map says — about landscape — is not wrong. 


Details Added on to a Map Are Prone to Error 
Notorious for errors are: Map North; Map Scale; Roads. 
So beware of anything other than a good-quality ofidel government map. 


Expect The Map To Be Unhelpful 


Many important details will not be shown on the map ~ you just have to expact that. 
‘You tan often trust what is on the map; You can often trust that what you want, won't be an the map. 


Maps Do Give You 10 Times More Detail Than You Can Notice 
‘Atar you get lost and finaly sori all out onthe map, you notice. "Oh yes, sily me, these contours are upslope not 
{ownslope! And they do show a creek-line, by those sharp bends! Oh, of course, there isa peak on the righ, and that 
{enceline opposite ~- Tmissed both of those when I ist studied the map. You ean see Mount Bruce, lined up with the lake, 
fom there, but not at all from over there. And that squiggle in the Blueline, is the hairpin bend that tricked me, But 1 should 
have realised thot all vers must rain tothe norh-west eventually. 

“ry to reduce your ten-fold folly to five-fold flly for next time! 


Using the Needle Alone — Emergency Magnetic Compass 


(a) lay the needle on toilet paper ——- 
(b) lay both on a bw! of clean water 
‘The paper will wet and sink, leaving the needle afloat, You could also try sticking it through a piece of foam. 
+ Hang any magnet horizontally, from hair or fine thread. It helps if you know which end is North-seeking 
Inthe Meld, test it against a Natural North, eg, Bush Noon. At home, test it on a compass. Like poles repel 


Hint Understand that magnetic poles should be called "North-Seeking’ and ‘South-Seeking’ 
{and that our "North Pole” isa South-seeking pole! 
Np. (Gothat North-Pole seeking poles paint ot — Unlike poles attract) 


‘The Earth’ internal magnet is as shown (It is slightly offline withthe rotation axis!) 


) [A compass needle on the Earth's surface has a rad end labeled “N’ je, North-Seeking 


‘The white end is labeled 


Strip Map Navigation — Follow-Your-Nose Navigation 


‘Our mind defintely prefers a strip map — a sequence of “directions” to follow. (None-the-less, make a MUDMAP in conjunction) 
‘Our eyes definitely prefer @ strip map — "up" le “straight ahead”! (See"N.O.R.West/N.O.T Least” "Nose Navigation” 9212) 
‘Rstsp-map is simply a way of formalising your track notes every navigator relly ought ta do it tis way. 
‘There are two good ways to make. strip map as you go: with a sheat of graph paper, working from bottom to top, and 
Ina track notebook, working fram top to bottom, But 

Both assume that progress arrows are up-page. You could turn yaur notebook side-on ar upside-down to write ini 
Ineither case you set aside several vertical lines for each type of Information, 

Zand set aside one horizontal line. for each subsection of the journey, 

and a secand line for descriptions and for comments, 

And a line for overall information e.g. trend, drainage, season; totals: time, climbing and distance. 
‘The trick is to use symbols. ‘One vertical line for one sort of symbol e.g. compass needle direction 
(See the Symbol appendix p 122) Another line for another sort of symbol eg. slope-direction, and steepness 
‘This way you can cram a lt of information into a small space, in a consistent and regulated manner, and be able to read it! 
eg. 


Cok cimiaet up landmark’ Geog. lap catnce “oman es. sade 
Sure ‘neoae’‘tpearecion chek Se itancs chase 
= Peak by ne X creat 
cms tare iad én 
O stop 
smear fm fs _—_fany 
Co ruen 
ieak_fiavibom [atm fa frend ate ater creck 
Deed Bent 
j20%4] vk munch stop overlooking creek \—/ Start Bend 
zt 
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AIMING OFF by 10° — 10° is 175m per kilometre 


1° is one in 57.3, £0 one in 5,73 ls about 109, (and 3 / 5.73 = .175) of 278 in 1000._ (For bigger angles use the 1 in 60 rule) 

Alternatively, 2sinS® = 0.174 isosceles chord, Vlelding "0.174 per ane” or 174 per 1000. (167m per 1000m / degree for >10°) 

This is easier than working in sixes using “one n 60". [Mintz Express any ratio as “something in 1” or “in 10, 100, 
Exgtin SO” becomes 2 im 100" or "200 min 10 km” (.4 in 20 ete 

Example: "The T-junction is somewhere ahead — about O17", S km. Butso that we cart miss iE we must aim oto te right 

e.g. 027°. We therefore expect to hit the road 875m to the right of the Junction” (5 lots of 175m) 

This is how ocean navigators find an island in an ocean: Step 1: sail N/S tothe right lattude. Step 2: sail E/W to the right long, 

Dont just head straight toward something. IF it doesn’t show, you won't know which way to tural 

Remember that a 10° errors fairly easy to make when using a compass over rough terrain (or trackless shifting ocean)! 


one klometre Ie 
Aiming-off at Sea | 875m 
Aim-off to arvive up-current & up-wind of your destination—to make it easy to turn and sail oi. 


1 Aimmoft 6 to counteract leeway when saling into the wind; 10° in stronger winds; 15° ina storm. 

‘Mansure the appropriate angie fram the wake'e.g, 6° t= how much your pointing Anger‘ shirts when you change eyes 
Airm-off 6 (Lin 0) to counteract 220% (1.in 10) cross-current, This refers to the perpendicular component, compared 
{fo'your speed The rule works +7/-1° up to 36°—up to 608 cross-current. To avuid juaging components. 


+ Aim-oft 1,2, 36,40,58,68, to counteract 2 10% current at 10°,20" 30°, 45°,60°,90° to course, either ahead or behind 


+ Aimmoft to avoid GPS-induced calisions caused by very accurate course-holding, You should plot a course off to one 
‘Side of the obvious ine’on the chart, fo avoid vessels coming the other way on the same inal 


Aim Off 6° or 10% 


Blink your eyes at the destination, and when you get there, pace off the 6° offset. Ten-tuple the result forthe distance there. 


1 Metre per Second is 3.6 kph 


This is merely a logical reference point for your calculations. (And slightly faster than "20 minutes/kilometre” (3 km per hour)) 
60 minutes x 60 secs per min is 3600 seconds in one hour, at i m per second, is 3600 m in ene hour, or 3.8 km per hour. 


One metre is Up to your belly button Achile’s double pace One strong fast stride 


(One second isthe time it takes to pronounce “Aligator One" in a normal fast voice—don't let it drag. Follow it with "Parramatta 
two", "Oodnadatta three”, (or"a thousand and our”, but “aligator” keeps its speed more consistently when érowsy). 

‘Get used to the rhythm of tapping your finger in time withthe seconds — your mind subconsciously remembers te timing, 
Take a Watch, Perhaps a Stopwatch 
1m per second is very nearly 2 knots 


“1 Hour Extra per 5 Hours” 


You can normally walk at 5 km per hour, ona track, an a short walk 
But you will sustain an average'4 km per hour, when you include fatigue, and rest stops 


“1 Hour Extra per 500m easy climbing” 


Gentle up-climbing is tring allow this extra time. (We are not concerned here with how long it takes to rock-climb!) 
DDown-slope walking may speed you up, or slow you down, depending on the slope 

Denze tussock country (eg. snoM grast; button grace) isthe equivalent af 3 climb, in its up-down-up steps. Crassing the 
Grainage can also be as tring a climbing, in its regular climb-descend-cimb-descend path 


Distance by Optical Rangefinder — accurate up to a kilometre or Three 


We are woeful at guessing distance in that range, so there are focussing davices available which are designed fori. 


Range by Parallax and a Piece of String — ov rangernaing 
Animals shif their heads to se how much an object shifts. Blink you eyes to see the effet; walk sideways to practice i. 
For more cstant objects, the vey sight sidenaysoffat can be magnifed then measured 
‘The landmark you are measuring appears in slightly diferent direction from each of two different viewpoints, 

Pack along non-stetch sting e.g. a polymer testing. Know is length. Markit every 5 m before you go. 

Use it as aclant par of eves lana baseline to mari out 3 large square ar rectangle onthe ground, ane side at a time 
cusses the nghtangles ~ they don't need fo be accurate, Just make sure to use equal tension whan you sretch the sting 
But use a plumb-bob to mark the corners of the square onthe ground accurately — with a pebble. 

Use the plumb-line also for accurate sighting ofthe landmark. (You can pack up the string once you have placed the pebbles.) 
‘Twice as big = four times as accurate (in measuring d) Ifyou have enough room to move, aim fer over 10 m sides. 
Range = ab/d or a" /a''a = b; from the similar triangles involved. Measure the shortfall , atthe front, or the 
istant landmark. parallax ‘overtall , a the baseline. 
paraelogram ‘an easy way to remember the formula 
{sto aay that the area Red the ores 2 
a vas /a because if you shear the ab rectangle, 
it becomes a long thin paralllogrem 
@ long, and d wide, preserving its area. 


rane 
,| o Lb ‘As a result, the formula becomes. 
baseline | Range = Area / parallax offset, d 

2 ne a ‘mn sa. mm 


> ‘The Rangevab/d formula also makes sense 
‘he range shoul so depend on a & band d 
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Map and Compass Work 
“Maps Grip the Universe” 


When you swing the map in your hands, around with you as you turn, the whole Universe doesn't follow it! 
Instead your map gets disoriented, 

Leave the map Behind, as yu twist! ~ leave it lined up, 

‘The map is designed to lock into the landscape, to ‘map onto’ it, and should be used like that, not twisted out of ali 


it doesnt ist! 


‘You need to swing the map an equal and opposite amount to neutralise what you do. 
Tes called "swinging the map” (when you leave itlocked onto true North while you Swing to left and to right), 


It should not be called that! 
It should be called "NOT Swinging the Map with you" 


Map work includes nt swinging the map’ ‘See "Magnets Grip Maps". The mast comman method isto match the map to 
a compass needle p.103 


Maps mean landmarks — those landmarks there! Open your eyes — and line the map up withthe visible landscape. p10ia, 
i.e orient the picture of the land — the map — to map onto the actual land 
Line the Gre North up with North e.g, by compass or by Sun. 


‘You may have to twist yourself, or put ‘North’ atthe bottom let, but to always put ‘North’ up the top, is to divorce your eyes! 
‘Yes, you may have to read names upside dawn! Yes, itis bother, to keep changing its up" every time you turn, 

But't means that you can just lift your eyes from the map to sea what It points out. And can know what lies Beyond that. 

I your map is not consciously oriented, how can you be oriengee, to other than wnat you can see in front of your nose? 


Think “+/- 5°” For Compass Bearings; 
“+/- 10°” For Following a Compass; 
“+/- 15°” For Using a Compass! 
‘Compass bearings *+/~ 5° 


‘Test yourselves: Ask each person in turn to nominate where *magnetic North is on the skyline 
using one particular compass, handheld. My results:+/~5* “User Inaccuracy” 
Now try putting that compass on the ground. MY results: +/-3° “Needle Instability, friction” ete 
Try stratching a fishing line over the needle. My results: +/- 1° “We still can’t agree!” 
Next try that best method for sifferent compasses, My results: +/- 3° “Calibration and Zero Errors” 
Now try not being very careful, with an untested compass, at night, when you are tired! 


Following a compass blind: Walk on a Fixed compass bearing for 100 m or so ina fog .e. eyes glued to the compass. 
‘Repeat it e.g. turn around & see where you come back to. Give the next person a try at doing better. 
1 think it matters which eye you use and which hand you held the compass in. 
We don't necessarily walk straight ahead’ when we try. We don’t necessarily point the follow me’ arrow straight ahead. 
We don't do very wall at integrating ang averaging out any diversions around ebstacles 
Slopes play havoc with your sense ofa straight’ line ahead, 
a 


57 the font person finds the route 
AS) The back person guides the route-finder. 
ty this. _/\\ J\? the navigator igs the route erections taken. 


Using a compass: You may plat a single line on the map, or as +/- 5®, but mentally allow an extra +/- 20°, i.e. thnk +/- 15° 
(for accumulated errors, possible Blunders about magnetic variation, ec.). Keep the possibly of error inthe back of your mind 


Caving Strip-Maps — Come in Books f#—7 
‘ATeave-directory” booklet records each separate section of a cave on a separate page. re 
E.g, Make your own. 2c 


mall igh hole; go to page 6 

You may need separate booklets for diferent levels of the cave system, 
Main comidor 
lower level channe! p.20 

Use the same symbols as before, for needle, slope, tums, etc. 

Use Abbreviations: Et, £2, E3.. for Exits; Li, L2,L3..for Light sources; Parentheses (L1) = "Can see L3 from here” 

Make up names for each section e.g. ‘Chamber of Horrors” 

[Add copious notes e.g. "water level upto Yam deep 

Forathought and cooperation is required to quickly and effectively map a warren or a labyrinth 


Initally you make a muddy map, as You go, but then you add a neat copy Into the book later. 
(But keep your muddy copies, for next time.) 
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Distance 


Up-down Progress 
{In the first diagram you can see that you are hslfway up the mountain 
‘Slongside of you~ use the horizon to gauge your altitude 
Note: the horizon drops belon true horizontal 9syou go higher. 
Inthe second diagram your shadow is obviously halfway up the sdow 
Gf the hill ou are on — use the shadow of the mountainside. 
“To'fine your tiny shadow 
{lose one eye to line up more accurately. 
Look past the shadow of your head falling onto your hand 
Look for a"halo’— a bright spot cirectly down-Sun on the plain 
Wave your raincoat around 
Wel, you know where the shadow should be by now! 
So you dont even need fo ee your shadow! 


a eop count of height in body-tengths 
RPP * 6 _squretoppes wating sek (G) Walkup t 2 stone whch was horizontal fram you before. 
eS (G) Downhill ean be counted by leaptragging with two people 
ve Pastic dink botle Half Way across? Provided you stayin one positon. 
Yee “ooking paral from half the height gives you Raf the distance 
eS Reversible stick “G), gr when someone fs swimming acrozs a lake 
a [Artificial horizons slow you to maintain paail gaze (6) 
AQ string paral "Eg, "The edge of the lake is ‘two fingers low 


to the horizon emma chorizon (oF any distant landmark) 
ae 2 Clear plastic tube [ oy 


with water 


Adjust Your Expected Pace 
1 Three hours up, two hours down — are typical proportions, except in very steep or loose descents — 6 hours up, 6 hrs down, 
ou walk more briskly while fresh, in the morning, than after @ whole morning's walk. Pace yourself with this in mind 

Groups travel slower. Allow the slowest person to set the pace, because stragglers may battle or even panic if left behind 

{ Retracing your steps is quicker, since it has fener diversions, less interest, and no Unknowns. Allocate les time t return. 

! Carrying packs is not necessary slower, on fats. If your pack is uncomfortable, you won’ dawdl, or even want to sit, 
down, and can't stop to look at insects of flowers orto chase Bids 

| River crossings chew up enormaus amounts of "ussing around” time ~ organising and reorganisng afterwards 

{ Beware of smoothed out “routes” marked on maps. The actual terrain may involve many obstacles and consequent slow 
‘going and detours. The words "route only” are trying to tel you that 

1 Your pace duickens surprisingly when the pay fll "into the groove” of walking (without talking, noticing things or relaxing 
fen) 

1 Path finding can make You nervous especialy in unfamiliar terrtory, which tends to quicken your pace without you knowing it 
“The same person, following # leader, is relaxed ~ and slows down. 
‘So when you take the lead and you wonder why the others seem to fall behind, realise that you are too keen, 


Don’t Overcompensate for Slopes And Meanders 


‘The worst case for slopes is about 36° for rock scree. But that adds only @ quarter tothe distance shown on the map. It is far 
‘mare relevant to say "It's the climbing and the awkwardness which wil slow us dawn mare” 

‘The worst case for obstacles is grass tussock negotiation ~ but that only adds a maximum of S0% to your distance cavered 
‘an ordinary zigzag may only ade 10% 


Soe 13] 4 cos of 25 1/c08 of 36° = 1.24 
ope cos of 25° « 14 1/cos of 36° = 
OP SrO- Ex 

baseline un Teturner Top view — 25° 29655 


Distance by averaging Maximum & Minimum Guesses 


Yes it is worth doing, because It reduces the slop in your individual guesses. 
Eig. "More than a kilometre, for sure. Less than 3 km surely! Split the difference & say 2 km 


Distance by Comparison with Some Length You Know 


.g. The central business distriet—1 square mile or whatever 
E'g.ola-fashioned ‘chains. cricket pitch lengthe 

Eg. 100 m race; playing fields 

Eg "a day's walk” 

Eg that island which you can see, which the map says is 1 km long. 


Distance by Cloud Shadows — Look for Them 


Notice how quickly the cloud shadows move here (use dstance/time), then look how slowly they are moving over there 
Time how long they take to ast there. 


‘~<lake edge (now, halve your height 
‘above water e.g, by squatting dawn) 


A, 
‘See how large they look here, and how large there. 80 


+ Look how high the clous base is her, then compare the sizeof hls 
in relation to that ground-to-cloud gap, over thee. 47h 
POE NR 
Hint: To see which shadow attaches to mbich cloud, hold 2 string 
to pass from Sun ta shadow (past its cloud) but Dan look drecy a te Sunt 
Sound Travels Three Seconds to the Kilometre 


This tells you how close the lightning storm is. *(Flas), Alligator One, Alligator Two, Aligator Three, Boom, One kilometre!” 
If you see a flash to groune, you can find the distance there. 
Otherwise, the dstance isto the nearest part ofthe lightning fash overhead. 
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Map and Compass Work 
Align the Track 


Line the map up ith what you see! Often that isthe road ahead, or a well-marked track. 
‘This i a great tek for the car navigator when using 2 road map — its s9 easy to see the line! 

[e's equally helpful when fllowing any marked track on tne map withthe map aligned tothe landscape 
= locates you on the map — on that bit ofthe map which lines up withthe trac. 


If you were landing a fighter jet onto an aircraft carrier in the fog, you would not want to miss the cunway! 
‘Wall, think ofthe real track as the runway on the aircraft carier, the land as the Sea around it, & the tiny map-picture of the 


track asthe jet plane, 
‘Twist and turn your jet plane’ unt itcan come into land property. Even when you are inthe fog! 


‘Assuming you have a properly oriented map 


all 


Ifyou know where you are on the roadmap..—] | _..Now the map is propery oriented, 


Compass Errors — Be Impressed! Be Careful! 
lectrical curents swing the needle e.. reading the compass by torchlight;untwisted pairs of DC wires e.g, marine compass 
lights; Mobile phones; GPS; radio. “Impressed (BC) current” anti-corrosion systems in marinas. 

ther compasses, motors, loudspeakers cloce, Ironstone. Note: Irn-rich dolerite doesn’ oak rusty. 

e.g. your pack, pocket knife, Keys, wrist watch, cutiery, steel-capped boots, glasses, geology hammer, batteries, 
{oren, studs, ps, pens, trig points, shed, fence, car, ironstone, buried machinery, cols of old fencing wire hal-buried inthe 
‘round, tools, fuel stove, Internal springs, reinforced concrete, railway lines, power Pylon, pipelines: Navigating in a mineshaft 
Many ofthese might have permanent magnetism too, Stainless steel s often magne 
User error 
Paralisx viewing the needle from one side; viewing the scale fom side-on 
Nisreacing “e.g. any sale marked every 2° i easily confused." Mis-settng the movable scale. 
Misealeulations ~ expecially applying the variation the Wrong way —~ adding it instead of subtracing. Confusing left and right 
‘Out of date chart of deviation, Deviation isthe general name fr any compass errorapar from expected, normal variation 
‘Quality of Construction 
Needle instabiity; under-damping; over-¢amping; motion. Lett settle. Putt onthe ground. 
Vibration ~ has unpredictable effects e.g. twisting the needle clockwise. Walking provides regular slow vibration Motors. 
Sticky pivot — Tap the compass —_ Un-centred pivot 
Zero-error ~ the needle doesn't match the ‘zero’ Mis-albration of the protractor 
Necale mis-magnetisation — not quit longitudinal; amateur attempts at re-magnetisaion 
Reversed polarity ~ Poor quality needles can pick up remaghetisaion from nearby strong magnets without you knowing it 
Variation The diference between True North and Magnetie North changes with time and place. The map is out of date 
Magnetic dit of the magnetic pole ~ we only have ‘pecictons’ or trends’ ofan unpredictable variation. Are you up to date? 
Latitude change ~ alters the magnetization of surrounding fixed iron e.g. car body or a boats mator or Hull 
cal anomalies e.9. Tasmania is fl of anstone dolente. Many racks preserve ancent magnetism, 
External magnetic Fields e.g. which way a Boat moors, oF wh moors next to it. Competing felds change or capture each other. 
Lightning strike after-afecs 
Correcting mechanism out of adjustment. 


Map Folding and Map Holding 
Mops arent forever ~ they blow aver waterfalls, tear & get unreadable. 
Pack a spare 
Cover the whole surface with (non-shrinking) clear plastic fim 
With good-quality laminating paste & cutting, taping and geling, maybe tw 


last forever! " 


Folds and Comers lose details, and wear through, 
(Cut along the fold ines cleanly e.g. £9 A4 size 


Use a photocopy of your own map to use inthe field, to keep your erginal map in good condition 


‘Wet maps lose details when rubbed. 
GGet an Ad plastic sheet protector forthe map. Tape it closed. Hang it around your neck. 


Mapwork requires bearing-lines ta cross the whole map. 
‘Tape the (Ad or other) sections back together with wide clear tape, leaving wide gaps, as shown, 
“You can butt the edges closely when needed; the tape will create out of the way 
= You can refod it at will as often as you lke, and show the two mast useful sas out ofthe many sections. 


large gaps 
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Distance 
Distance by Double Pace — Test Yours 


‘A‘mile (or “thousand” in Latin) is a thousand double-paces, on forced march i.e. 5.28 fest (Romans were small people) 
My dawale double-pace 's 5.25 fect. What's yours? In metres? 
‘Answer: Test it. Test it again and again. Average it. Each person is diferent. Relax, don’t push yourself 
‘Test it again uphill, dowehil aden, unladen, tired, in a hurry. 
‘Test it at one double-pace per second — walking by the clock. 
It helps to make a 10 m cord. Use a tape measure to make the cord, then use the cord 
Eg. 1 know { use 12.5 paces (single steps) per 10 m_j.c. alternating 12 & 13 double places per 20 m. 
‘and I walk at 4.5 kph; 11/4 metres per second; eight seconds per 10 m. The timing varies more easily than the distance 
While watehing the seconds tek aver on my watch, and string out in ime with them, I manage 1.Sm/see, got tired 
‘and step further aut 
You Can Be As Accurate As You Have Been Caref 


LIF you are full-grown, working this out once can set you up for life. 


Tie Your Ankles Together! 


Fora well-measured pace (heel to heel) use a SO cm cord, for instance, 
CCount double-paces, and don’ ose count ~ see finger math 


Test your pedometer 


Pedometers work in afferent ways, s0 test yours on different terrain. Your knee-liftis higher on uphill sections, and your pace 
is shorter in rocky terrain. You can make your awn pedometer from an old odometer, working off the flex of your boot, Your 
hip, your walking stick, or whatever, or you can roll small bicycle wheel along the ground, feted with an odometer 


Don’t Lose Count! Use Finger-Math 


Finger counting isa silent and number-free counting method — you only pronounce the number after you have finished 
‘counting, Count automatically, by placing your fingers down, each in turn, onto a hard surface 
‘A thumb counts for five fingers, and the left-hand counts 10 per finger. 
\inen you run out of digits you have 99, so you next say aloud "A hundred” and start over again with no fingers down, 
Pace each finger down onto a surface, ina definite sequence: Right Index ("1"); Midale (two fingers down); Ring (3); tle 
(4); Lill four and put down the thumd (°S"); Leave the thumb down and put and leave down the index finger (6); mile 
(@); fing (8); litle (9); Ufeall five and put down the left index Finger ("10"); Then put down the right index finger again (11), 
2nd so.on, until you need to put down the lft middle finger in place of the other five (two tens’ dawn). 
With practice, you can count, add, subtract, multiply and divide — almost thoughtessly ~ as quickly 2s with an abacus. 
Weare concerned here with counting single or double paces, e.9, na f09, and doing 20 in lots of 10m (ar 20m or 40m for 
double paces). Ie, you count up to about 12 or 25 single or double paces mentally, and add "one more lt" to your finger tally, 
Ifyou are ina group, you can check each other’ counting by stopping where you think every hundred metres Is. 

i010 


+10 +10 Lt all your fingers of. 
puees 
4 and ned your head down 
” 
for 100’, then start again 
+50 
45 100 lots of 10m equals km 
100 lats of 20m equals 2 km 
100 lats of 40m equals 4 km 
99 


(0r 100 double paces s 1/10 of your mile 


Lighting Conditions & Eyesight 


Make allowances for optical effects 
Looking up-Sun, especially in the aftemoan, you see haze (backlit dust & insects) which gives a false impression of ‘distance’. 
Looking down-Sun on a clear morning after ran or after a cald change (|e. minimal haze) things look close enaugh to touch 
[AS your eyesight begins to fll in miclfe, everything seems ‘aistant” But turns out tobe surprisingly close 

ire you have been judging dstance by crispness of detall al your life. 


Visual Acuity is about One Minute of Arc 


lwhich means that you can spot a 1 m object at 3.6 km on a clear day (since one minute of ar is (1/60)® or in 2600", 
ile, You ean see detoils several thousand times smaller than the distance to them. 


This is how seamen can judge distances over open water, to land, even though there are no other clues to go by. 
They ask: "Can I see trees? What about tree trunks? Or branches? Or leaves! 


Lighting, Contrast, Haze and Eyesight play havoc with accuracy; But experience is a great teacher. 


ls you can pick up. 
Use binoculars as across-checx. Have competitions with your fa 


Children have better eyesight, but the idea is to judge the distance according to how it looks to you. 
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Map and Compass Work 
Align the Map to the Landmarks 


Make the Map Match the Marks — if you know where you are on the map you need only one landmark. 


A 


‘The easiest way to keep the map aligned to the landscape is by then using the direction of the Sun now, a very visual method, 
‘The commonest method uses a magnetic compass to find North. 
‘This one-landmark mathod can be used whenever you can see something in the distance. 


If you don't know where you are on the map you can stil orient it to match the landscape, but you will need two or more 
landmarks identsfed to do this, 


Compass Use — Master It, but Be a Good Master. 


+ Use it to arient yourstf, than put it away! 
+ Use it to erient the map or to choose a route, then putit away! 
+ Use tas a protractor. Use itas a ruler. Use it as a map scale measurer. Use it as an artificial horizon. Asa set-square, 
+ Use the set square for a back-course ora side-course without altering the forward-set-course 
+ Dont rely anit ~ use other methods of direction-holding, 
+ Letit point your eyes outwards, to the horizon. 
+ Use NORWEST/NOTLEAST, if you have to stare at it ~ e.g. ina cave 
+ Hold 114m above rocks; 10m away from cars, sheds, etc; several iter lengths’ away from small items — test 
+ Letit point out a foreground mark as a destination, then follow a visual line of sight 
eg. leapfrog’ or manoeuvre by "legs" 
+ Don't consult it again until you need to check or choose another point 
+ Dont trust it, but trust yourself to it, when you need to. 
+ CHECK ITS ERRORS. Check it agaist the map by taking a bearing from a known point to a distant landmark 


Take a pair of forward and reverse bearings—to and from a chosen mark, to check for local magnetic feld anomalies, 
CCheck your errrs in using it, e.. on the move; against someone else. 


+ Interpret itfor orientation value, not just for route-finding 
+ Consult it more often than you want to, when you are ‘net using i’ 
+ check your guesswork as to e.g. ‘Gully North’ or Wind-West” by it 
Take it 


Layout Map — Blind 


This project requires a pedometer to measure every hundred, metres or paces or something. A stop-watch could do. 


Use graph paper, so that each square on the graph paper represents one eg’ of 100 (or't minute's walking’. 
(Hint: Graph paper is a handy thing when making a casual mud-map of your progress, for this very reason.) 

‘Try it at least once. Without angulation and cross-checks you can build up the layout just by reading the compass, 

i.e Beware: This s a bottom-up method, prone to inaccuracy. After one accurate practice-run, you can do a better casual job 
achieved aver 90% efficiency at coming back to my starting point after a 24 km ereut on my fst try! 

(in fact I know thatthe 89% error was mainly only due to a few blunders in marking the wrong direction 

‘Also, I only measured ‘direction’ to +/-15° since I was also testing the ‘clockface method" of direction ~ to the nearest Yah.) 


When the compass read"2:30", I needed a reverse clockface on the map, and I needed to mark 
‘ ° 
u 
10 
Fy 9 
a 8 ™ ‘one unit long 
> 4 
6 


(Hence 1 made a few left-right blunders which I had no record of!) 
‘You don't need a map for psition-sense, if you make your own as you go. Postion sense is hard to come by, otherwise 
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IPv4/IPv6 

Release 8 defines support for IPv6 for both LTE and UMTS networks. An Evolved Packet 
System bearer can carry both IPv4 and IPV6 traffic, enabling a UE to communicate both 
IPv4 and IPv6 packets (assuming it has a dual stack) while connected through a single EPS 
bearer. It is up to the operator, however, whether to assign IPv4, IPv6, or both types of 
addresses to UE. 


Communicating between IPv6-only devices and IPv4 endpoints will require protocol- 
conversion or proxies. For further details, refer to the 5G Americas white paper, “IPV6 - 
Transition Considerations for LTE and Evolved Packet Core,” February 2009. 


TDD Harmonization 

3GPP developed LTE TDD to be fully harmonized with LTE FDD including alignment of frame 
structures, identical symbol-level numerology, the possibility of using similar Reference 
Signal patterns, and similar synchronization and control channels. Also, there is only one 
TDD variant. Furthermore, LTE TDD has been designed to co-exist with TD-SCDMA and TD- 
CDMA/UTRA (both low-chip rate and high-chip rate versions). LTE TDD achieves 
compatibility and co-existence with TD-SCDMA by defining frame structures in which the 
DL and UL time periods can be time aligned to prevent BTS to BTS and UE to UE interference 
to support operation in adjacent carriers without the need for large guardbands between 
the technologies. This will simplify deployment of LTE TDD in countries such as China that 
are deploying TD-SCDMA. Figure 72 demonstrates the synchronization between TC-SCDMA 
and LTE-TDD in adjacent channels 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 137 


Distance 


Line of Sight Can Be Extremely Accurate 
But is often neglected, for far inferior methods ‘position tine 
locate yoursef ona ‘postion line’ asa means of marking your progress... Mel 
E'g. keep a straight Ine by walking to 9 point Vz way Between you and your next destination 


Eg. 100 fence posts can be positioned to look like one when saen end on a 
Eg. fishermen can locate their offshore fishing spot again OO 
"the jetty is underneath Mount Lofty, and the tower is behind the Town Hall" 
You can sometimes consult a map to fx your pastion 
E.g. You may notice that "this part of the track runs directly toward” a peak 
see below 


LUn-mappable lines abound. Choose the nearest abjecs in front for best accuracy. 
Eg. "That far rock ines up with this bush. Remember them!” 


Use mapped features and the accuracy is still extrsardinary 
Eg. "The peak lines up withthe Intersection, but if you step only three paces left you can see the difference!” 

‘The alignment doesn't need to be accurate, provided you can memorise the exact inaccuracy e.g. 1° to the let of the hillside. 
{Two such alignments are needed for 3 fix. Look around: °What isin front of Mount William? "What is Behind te lighthouse?” 


Two Opposite Landmarks 
Te more than doubles the alignments available to you if you have eyes inthe back of your head! 
With two people, separate some distance, for accuracy, then look past each other's heads. 
Walk siowly around in a cree looking atthe harzon for possible line-ups. 
With one person, place a rock on the ground then circle it, scanning the horizon. Place a pebble to mark each feature 
‘The good thing about this method is that ane landmark cannot bist out another ~ al the visible features are availabe fo You 
You may use this method to stck toa direct ‘rack’ Between two landmarks, 


A Slow Kilometre Cancels out Three Quick Ones 


Let's try to keep up an average of 4 km per hour. 
First we travel 2km in half an hour, but then we hit a slow section and manage only 1 km in the next half-hour (2 kph). 
To counteract this we would need to triple our slow speed to 6kph for the next half-hour! 
So we then decide to stop and catch our breath for half an hour 
"To counteract that we would need to double our desired average speed (to 8kph) far the next Vahl! Or 6kph for 6km. 
ive, a wasted hour takes several hours of catch-up, to regain, 
(kph for Ys hr Bkph for Ye r= kph; Okph for she + 8k For Br 


“4kphy Okph for Vane kph for thes 6km in 1¥she) 


Slow sections chew up the time available, so don't dawale, 
Quick sections can’t easily repair the damage, Because they don last long 

You may try tobe time-eficient and walk more quickly on the easy sections ie. hurry along the fats, 
but you ean’ gain much ime that way. 


To Progress Faster More Easily 
Pace Yourself — Slow Down, but Don’t Stop 


Le. Pace yourself so that you don't neal rest stops, since they ruin your time budget, andit is time which determines pace. 
It's better for your overall pace to Keep walking slowly than to stop completely. 
Go slowly on the hard sections. Pick up your pace, maybe, on long flat easy sections. 
Shorten your rest stops e.g. don't remove your packs. 
“The old rule to cover a lot of ground quickly is: run S0, walk 50 (paces or double paces) 
Catch the paradox of it~ to keep going faster, go easier. 


Approximate Figures for Visual Acuity 


9,000 you cant read familar signs 
10,000 you cantot sae that there are individual letters 
15,000 you can see single objects e.g. trig points against the sky, 
‘OF course it's rough! I told you son Rule 1: Guess! 
‘Adjust the numbers to your eyesight e.g. "I can anly count to 1500 
‘The idea isto Buld up your subconscious guesswork 
Eg. "Lean count to 2000 and can count house windows" try 1 m x 3,000 = 2 km away 
“Tean't quite see heads” try 25 cm 4,000 = i km away 


Test Your Own Visual Acuity Pa on 


Wal upto sgnpost unt you can ead Pace the remaining stance. 
Neasute the sit ft etter strokes 

When do you Tose sight of dollar cin! Can you count heads ina crowd at 600 m? L 

Setups Lem ter patter o square for othere) fo count. Ty yellow squares toa 

Test yoursaiin diferent condone ~on an overcat day, n rst sunight, mare, ona hazy day, and at a large stance 


{At 1:1,000 "I can just count my grandchildren” You need to supply Figures which work for you 
{8 1:2,000 you ean count individual tems Multiply the size of the smallest objects you can count by 2,000 
{At 1:3,000 you ean’t count them. E.g. people/shrubs/birds Multiply the size ofthe largest objects you can’t count by 3/000 
[At 1:4/000 you ean see items, but can count them. Multiply the smallest items you can see by 4,000, 

‘At 1:5,000 you ean’t see thar individually Multiply the largest details you can’t see By 5,000 

1 1:6,000 you ean read unfamiliar letters Multiply the leter-stroke widths you can read by 6,000. 

1 1:7,000 you can’t read unfamiliar letters Multipiy the letter-stroke wicths you ean't read by 7,000, 

[At 1:8,000 you can read familiar signs. 

Bed 

bed 

aed 
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Map and Compass Work 
Align the Map to Identify Landmarks 


Lift your eves from the property aligned map back onto the landscape... "There should be a peak in the distance over that way. 
“Loak for an outstation inthis direction” "Can you see the transmitter structure?" 


This is "Map To Land” navigation. 


Ifyou are on a peak, you may want to keep 2 copy of these relative directions in a notebook 
a * (especially the ones which go off your map). 


“Magnets Grip Maps” 
‘This mnemonic is meant to remind you to twist the map to the north — the map should be one piece with the compass needle, 
+ Place the compass on the map 
Grip both the map and the compass in one hand 


+ Tura the whole map, or yourself, or both — so thatthe magnetic neecle points to the map’s magnetic North 


‘The result s that the map Is aghed to the landscape. 
Keep it that way! 


Even while you walk, and twist, and turn... This is called "Swinging the Map" ‘The Magnetic North 
‘one-off efforts called “Orienting the Map". marked on the map 
Swinging al three of you is called “Orienting yourself e.g, ta North 'Serying out 


to be matched up with 


Align Your Map in the Dark the magnetic needle 
‘The commonest way to align the map tothe landscape i by 2 magnetic compass. 
‘The magnet — the compass needle must ‘grip the map, magnetic North to magnetic North, 
inorder to keep the map oriented 

(One method is fo set the compass protractor to zero — true North ~ and 

et the compass edge to grid North/tue North (see diagram) and then 

et the magnet needle to magnetic North ~ as marked on the compass rose on the map 
[Another method ist ne the edge of the compass up with the magnet North mark on the rose. 

“Then you simply Keep the needle point pointing to zero on the protractor. 
[A third method is to set the compass to the correct compass heading then line the protracts 
‘with the desired course on the map, and the needle to the protractor, then follow the compass.arrow- 
ZRourth method is to set the compass to the correct true course on the map, then line he compass needle 
up with magnetic Neren on the mop, then fllow the arrow. But always line up the two magnetic North} 


A Compass Holder 


Rather than hanging the compass around your neck, where you hardly ever see it, you can make it constantly visible, 
For map making, it is indispensable. 
for your head 
Version 1: Aluminium wire around your neck and around the compass, like a bib or harmonica holder. 
‘The compass cicle is grasped by a cle of non-magnetic wire 


Version 2: Hang a lat map board from your neck, and blue-tack the compass an to the map board 
Dil holes in the four comers of 2 light board 
One string oop goes around your neck and through the two close corners. 
[Another string logp goes around your nack and through the other two corners 
‘and has an adjusting knot init aling hit). 
‘The compass protractor is set to O° -e. Use Magnetic North 
‘rite set to x° i.e. Use True North 
To orient the map, oF yourself, turn around and face North 
For a nack-bearing, turm around and use the wiite end ofthe needle to read yaur direction — where you have come from, 
Use the "NORWEST; NOT LEAST" mnemonic to keep you in touch with normal orientation. See p.101e & 106b for how to build 
up'a map, or keep track, blind, using such a compass holder. 
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Distance 


Changeover Lines” of Progress — Relative Apparent Sizes 
Al visual elements which surround you have an apparent size, each of which changes as you progress. 
Eg, "The hut behind us seems so tiny nom, poking out from the sea of snow” 
Eg, "That ill ow seams to loom high above the plain” (a verical angle). 
Iwo apparent sizes wil, at some stage, Become equal, at e.g. a5 You move away from one objec, which shrinks, and toward 
another, which expands. Simply notice “the changeover” and you have line of postion’ to log your progres. 
“ie hil isthe same size as the eaning over gum tree” (a vertical angle, a diagonal angle, and a changeover line) 
You don’t need to remember what size you measured ~ just compare them for equality! 
"the with of the pate of forest ts much less than the island's across (Darzantl anges) 
"But the island alongside us is about the same width as the gap between the two" (another “changeover point) 
‘You dont get a single past fx, only sn of separation. The third and fourth ciagrams each show an example 
[Ammeasurement without numbers ike saying "We are halfway there” instead of saying "4.5 km on” 
‘or like waiting unt you are “Exact East of Nount Big rather than measuring “0758C" at any time 
fr somewhat Ike "These two lineup, iFyou put a hand span inthe gap” 
“The closer the objects, the better. The mare citant the mare coef you sed to Bel 


Use the Landscape Itself to Measure & Mark Progress 
Example: “Where I came out onto the beach 
vie Sloop Rock was one land to te Fight of Gannett Island Ae c 
Atop view shows that this ls simply a ne of sight, locating @ point next tothe island : 


’ 
> “an | horizontal angles: AB>BC Bec 
i 
Island = 9a; =a 
‘An apparent-size Rule of Thumb far estnting i changeover/ine, AB=BC 
changeover line + 7 


Distance-Off by Vertical Angle 


‘The simplest range finder isa piece of grass held at arm's stretch, (if your fingernal 
Measure the apparent height of something which you can recognise later, 
then measure how many millimetres of grass was needed! 
You can relocate that distance-of later by its apparent height e.g. distance from a prominent peak 
froma lighthouse seen from offzhore; from any recognisable tre; or fram a cif witha clear base to measure up from, 
“This is haw our mind analyses the skyline heights ~ itis.a very ‘natural method. 
Yacht navigators wil find out the helght ofa lighthouse from a chat 
‘measure the angle with a sextant, and calclate the range by trigonometry 
“To ix your position requires two separate measurements e.g. two different vertical features Trerizontal distance 
In theory, the plotting looks lke two circular ares intersecting, Because any distance-off must give you a crce of possible 
positions. 
“The closer the features, the smaller the circles, and the more accurate the fixing of the location, 
Confuse your friends with: "1 Inch away from the windmill, and 13 mim from the pin tree” 


Safe Distance Off 


You might be sailing around a headland or reef, and want to maintain safety. 
Without needing to know where you are you can maintain a minimum distance off. 
Eg. "no higher than 1° apparent height By vertical angle” 

Eg. "heap the horizontal angle acute, between those two points” 

Eg. “stay outside the apparent radar range of 5 kim 

Eg. “deeper than 20m" Discard one ofthe two possible positions. 


are too smal) 


Circle-of-Position by Horizontal Angle 


Here you keep track ofthe horizontal space between fe prominent points; or any noticeable gap; or the apparent width of an 
island, Use a string stretched across your line of sight, o a stick gripped between wo fists 


In this horizontal case though, unlike the vertical angle, the ‘circle’ of position is really only a cusp — part of a circumference, 
which must pass through the twa peints, and your position 
Ifyou are closer ~ a wide angle ~ the arc Is later; a narrower angle means you are further away ~ a larger part ofthe circle 
TieS on your side ofthe landmarks. 
‘There is a constant angle 
at anywhere on the cireumference 
‘winen looking atthe two points 


You don’t need to draw this though. 
Only memorise or note the angle. 

To fx your position make two separate measurements e.g. one vertical angle and one horizontal angle too; or two horizontal 
angles™using three landmarks (ar two vertical angles; ofa radar range & direction from a single landmark; or use any other 
Tine(s) of position e.g. a compass bearing or line of sight or an advanced position line). 

Now you can relocate that buried treasure, that fishing spet, waterhole, rare plant, good campsite. simply through making a 
couple of notches in your walking stick 


The best range-finder 


is a theodolite/sextant ~ designed to measure angles very accurately. You can use them horizontally. 
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Map and Compass Work 


Align the Map to Fix Your Position 
Match the map to the landscape visually. 
(he Fist results to show you geographical (true) North.) 
(he second result isto show up other landmarks.) 
‘Tne third resut sto show up where you must be 
(The fourth result wil beta indicate which ay to continue.) 


i) 
Le, Work backwards — from Land to Map. 
‘One method is a5 follows 
Place a small pebble on the ground. 
Place other pebbles ina circle around that, 
‘each one lining up with some landmark. 
Now place the map over that centre pebble. 
‘Twist and shift the map until ie lines up. 
Get down behind the map and visually sight over it. 
When everything lines up you must be at the centre of the circle 
= over the central pebble 


‘Your postion should look obvious! 


a 


A Horizontal Angle between Features Yields a Position Circle 


‘There is no need to draw this position circle (diagram 1), and itis somewhat awkward to construct, but there are two cases which 
are well worth drawing (permanently) on the map. 


Diagram 2. right-angle between two peaks — it means that those two peaks mark the diameter af the circle ~ easy to draw. 
Diagram 3. The ‘circumscribed’ crcie of three peaks — you can see whether you are inside or outside ofthat circle, 
‘To find the centre ofthe circle, use perpendicular bisector 


“The angle seen from the circumference is constant Horizontal angles are larger on the inside. 


Smaller outside 


A diameter yields a right angle. 


“Two Horizontal Angles’ Usually Fixes Your Position 


Mount Near Mount Far Guleh 6 


% +— 
Record the information on a piece of string at arms’ length 
Or cravin onto paper 
(Or onto tracing paper 
Or by compass bearings* 
Or witha pair of compasses; Fld the paper against your 
(Or by angles cut into a leaf; drawn on the ground; folded inta paper) ete 


"you could plot back-bearings, or simply record the three directions for reference. 
‘This is a quick, natural, accurate method which uses no numbers or circles, leis how our mind judges the horizontal layout, 
‘Only one position on the map will produce such a pair of horizontal angles. 

If you draw the angles onto tracing paper, you can place it directly down over the map, to fit it on properly. 

If you make a three-arm tra of compasses with alacknut at the pvt, you can alsa place this directly onto the ma. 
Coastal yacht navigators ind the method useful, and to measure angles very accurately they use a sextant horizontally 

In theory It plots as two intersecting circles — only one intersection makes sense 


‘The nearer the landmarks, the smaller the circles, and the better the fx Place your eye 
Just don't choose three landmarks which are already on one circie along with you! directly over th 
Wrons Right 


You don't have to draw these circles 
Also, if you want to find an angle from the map 
You can just read it from the map without drawing any circle 
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Distance 


The Sine-Cosine Tally Method of Keeping Track, Blind 


‘This project is only “for experience” ~ ie. you are unlikely to want to da it twice! — but you should doit ance 

‘The idea iso keep a running total of your Northing’ and “Easting” from a staring point. 

T'cred 97% efcency m getting back home, onan {im crcut, on my fst ty, with an unreliable home-made pedometer 

Ie isa "bottom-up’ method ~ for when you are walking Bind ~ when you cannot wore down from the Big Picture 

‘With pen and paper you record your padometerreacinge& diractons, and update the numbers, sy every hundred double 

E'S “Current Pedometer Reading: 400; (time-check 1 1/4 mins; pacing check 140 m) efciency: 90% (slighty increct path) 
Recent Direction OOS; adjustment needed +90, 48; new tay: 439, 5; (comments crossed a wet it)” 


‘The chart of adjustments’ follows this box, with an example. 
200% efficiency would mean “I missed the last 100 reading 
50% = "Ihad a diversion” 110% =" stopped at 110 — make the next reading 90% efficient” 
© Setit all out with headings and long columns. 
‘© Your judgment and anthmetic dont need to be accurate, because the errars are likely ta cancel (1) 
{@ Check your pedometer for each type of terrain, by time and by pacing 
© Avoid blunders e.g. check that the direction and the adjustments are similar between two legs. 


It s quite pleasant to stop every minute or so ~ at every 100 on the pedometer ~ It keeps you alert, rested and oriented. 
Making a full map (see ‘Layout Map~Blind) is more satisfying and just as quick. 


Mariners can (either draw their tacks, or, using this method) calculate an overall course-made-good from thelr many compass 
legs, by first adding up (distance x sin true course) East, and then adding up (distance x cos true course) North from each 
indivigual distance and course, 

“Their veal! distance is V(sumt-+sum2#) at an angle of arc-tan(sumi/sum2). Then correct for magnetic variation. 


Rise and Run Adjustments — Sine and Cos — North and East 


Caution: These are COUNTER. Clockwise Bearings! ~ as seen from a compass holder... Change 
Te the nestle swings fo let andso nghe whe you pone sai aheas, Act recon. (NE SE SW NW) NE 
£9, when the neecle points "20° Ean of "abn the siogram Aahsinaniss es ca 
forth) O(n) Rest) west erinss youths you are Meacing NNN8h, ere 

nots the Eat N20eW ts your antisites heading. Protector Readings. 360 180 180 000 100 0 
Dorf et fis unusual mettod of measuring earings conse you None W.. 355 185 175008 100 9 
tout normal cocorin baring Tt 360 190 170 010 98 17 

There are realy ony 0 pis of adjustments seein the whole abl Ahead Bis ios 1e5 018.97 26 
TThave mace East postive, oly mater normal Bearings an 310 200 160 020° 94 34 
Nap orgs, wen se Eat os postive (ens as negate) ° 355 205 155 025-91 az 
‘ra, west is negative; East is Positive. q 350 210 150030 87 80 
South is negative; North is positive mos 1s 145 035 82 87 
Examples rth east nt NstS*W, 320 220 140 040, 77 64 

South Wests -Ni35°W; 31s 225135005 74.71 

Noh West is + Nase a nen fires rr tha previous ones 

South Este + NZ2SeW $10 290 190 050.6477 

‘The + ane ~ sons fl you uw (sina0 «ST par TOO} 505 235 125 055. 5782 
aw fo ange Your tay of North and East 300 240 120 060 30.87 
Eo. pos 215 tis oes 42.32 
Too paces tothe NNW ish as inthe diagrams is an (0520 = 94 per 100) 350 250 110070 34 94 
38 paces of Northing and 34 af Westng 265 255 105 075.2697 

or Soa 20° to the West of Noth 350 260 100 000 7 98 


275 265 095 08 9 100 
270 270 090.090 0 100 
eg. Asa differant example, a tally of 640 +770 means that you are 640 paces South 
and 770 paces East of your starting point, which means that you are Row N230°W from home, according tothe table. 


Rule of Fingernails 


{A pencil in your fst willbe about one In 100. 
(Check it out witha tape measure and calculator. E.g. 1.2 cm (width) / 69 cm (distance from eye) = one in $7 = 1° 

‘Adjust how you hold your arm (e.g. square infront, diagonally” or fully on the side) and which fingernail, et, until you find 
Suitable combinations which you can remember. 

But the trick to making this useful in range guesstimations isto guess the distance away frst, then estimate the heiaht of a 
‘mountain, as follows... 60 km away — use one in 60. One full nal means 1 km showing; 

430k away—use Lin 60 =1km showing; SOkm away—use 1 in 50 = km showing; 10km away—use 1 in 100 = 100m showing 
Reverse logic can give you the distance away, ifyou can see the base clearly e.g. from sea, and know the full eight 


Rule of Tom Thumb 
At various times you have to judge parallax. re in 
And the trick sto projec the needed sideways movement onto the intervening landscape. 
“Tom Thumb 


Imagine yourself over there on that ridge — Are you as thick as that tree trunk? Are you as tll as that bush? 
To make the two landmarks line up, imagine the cistance over there inthe distance 
“Twould have to walk that far sideways over there” = "I would Rave to walk the same distance sideways over here" 


Apparent Size 


‘The size of people, cars, houses, as measured at arm's length, varies with distance. You know how big they are already. 
‘To get 3 good gauge of very small angles, compare their width & height with a key or knife-biade or taotnpic, held edge-on, 
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Map and Compass Work 


Which Way is North? 
Left Edge of Gra North True North; Ove North; Geographical North 
Star North 
Botanical North 
Bush Noon (SH) 
Adjusted Cusp North 
toon North 
Paychological North 
(Person A) 
Upper Westeries Nort 


Grid North 

Grid North Right Edge 

Magnetic North on Map 

Magnetic North currently 

‘Compass North 

‘Compass Narth near my boots 
Snow North 


Wine North today Landscape (Skyline) North 
Gully North (ifrmy map is cisoriented) 
Rock North 


Prevailing Wind North 
Yesterday's-Wind North 
Previous Landscape North 


Map North (on a bad map) 
Wave North 


Dew North 
Bamacie North ‘These are only the horizontal Norths 
LowCloud North Galactic North; Ecliptie North; Polaris 
Noise North 


are net horizontal 


Neither is the North Poe. 
Calculated North 


Reversed polarity needle 
Not included are Coast North and other mental Norte, 
Psychological North 
(Person 8) 
|AWorther Hemisphere Person Judging North by the Southern Hemisphere Sun 


“‘East-least; West-Best’ Rule — Tells You Which Bearing is ‘Best’ 


‘This rule works only for horizontal directions, measured clockwise 
Itis for shifting between True, Grid, Magnetic & Compass bearings 0-360°. 
“Least” really means "Less than the other altemative number” “Best” really means "More than the other choice” 
‘The following Wording ("the North which is" Is important, since you need to choose correctly between a right and wrong choice! 
The “North” which Is East (clockwise) of another “North” gives the Least bearing. 
‘Any “North” fo the West (anticlockwise) of an alternative “North” yields the Best & Biggest numbers. 
‘Specifically, it is most used to shift back and forth between magnetic North and true North bearings. 
The wording may then be rendered: "Compass error West; compass Reading best". Memorise that wording 
Because this mental arthmetic is a cifcut ask, You need to draw a diagram to make the conversion clear. 
Learn this reminder “Check-up-on-yourself” diagram... And visualise it, on the real landscape in font of you: 


jortn’A’ 4g North” North A" West of North 8 it yields the Best of the two bearings. 
(@-g- if Ais true North, and 8 Is magnetic Nort, the "magnetic variation’ iso the East’ 


‘and "the compass heading is Least”) 


earing Ais Best (It yields a bigger number ~ East-around) 
(eg. ifthe magnetic bearing s O85°, the true bearing is bigger...120°) 


ing Bis Least North Bis East of North A’: it gives the Least clockwise angle, 
tis the North which is “East” or "West"; The bearings from it are “least” or “best”. 


[Numbers are meant to make sense — your jab is to look for that sense, visually 
Landmark 


E.g. Compass Deviation.....If my tombass North points too far East e.g. by 10°, O50°M = 040°Compass (-bearing is Least 
E-g, Grid Convergence Correction Ir Gnd N is 2° tilted to Fof true N, O70°T = O68°G (Gris Leas, since Grid N is East) 

E-g, Map to Compass... 090° on the map means: set your compass to 100°M, when magnetic variation is 10° West (Best) 
E-g. Compass to Map. 2050M as a compass bearing = draw 220°T an the map, when magnetic variation is 15° Least 
Eg 


‘Add the GridtoMagnetic Convergence clockwise E angle to magnetic N to get Grid N"MAG= Magnetic, Add(the GMC)=Grid” 


String Map 


This is afun-project. As you un-do each knot later, you relive the journey! 
‘A suitable string is builders’ twine — long, thin & strong. 
[An extraordinary number of cade variations are possible, provided you can “read” the different knots afterwards! 
Keep it simple, fora start 
Example: Stark with a slip knot. Half-itch it avery hundred paces, to keep track of distance. 
Tiea special knot at any change — to remember it by. 
xg. a strangler hitch around some bark for “thick forest" a thumb knot around 2 feather for "Water Bird Lake” 
CChain the slip loop to keep it going. Or thumb knet the loop to lock i all up 


[A simple numerical code is: slipknot; + n half-hitehes; chain on; m hal-hitches; chain on; ongoing tally 
1 might mean something like ‘direction’ by clockface 


tm could be terrain type 
Here are some variations. 


halr-hitches muiti-twistes hitch 
‘twisted hitch crossed hitch igure-of-eight loop 
‘ult-turnhiteh 


Slip knot; two half-hitches; chain-on reef knot chain-on 
thumb knot 
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Distance 


Progressing A Position Line across the Map 


Situation: You catch sight of one landmark; plot a back bearing; then travel — say for 


fo hours, West ~ before you cateh sight of a cross-bearing, You can stil plot af! [Ayers Rock Mount Connor] 
Example (fictitious): You lose sight of Mount Connor in the Northeast; and later see 
Ayers Rock. Your pace is kph, From the bearing of Mount Connor, you plot 2 position A 


line (by a back bearing running back from Mount Connor). You must label this "10 a.m. 2 yf igh, 
[Now shift the whole position line 2 hours tothe Westie. 8 km, and label it ‘s2md 

To do this choose any twa points on it; shift those points 8k West; 

ra a new line parallel to the old. You are now ready to plot another back bearing 
~ this time from Ayer's Rock — to cross the advanced postion line, fora ‘pinpoint fx @km 
‘Alternatively, you could ‘shit only ME Connor on the map, First 


Pinpoint “Fixes” are a Myth! 
(Rule: Don't suppress uncertainty, nor reject any unstelcame information! ) 

Any line’ of position logks exact. But it comes with unevoldable uncertainty 
Sand shoula be plated (mentally at least) az 3 wide band of likey postion 
Potential inaccuracies bound, €9. lining up He comBBES 

reading the compass; plotting that angle; " 

‘rid north variation across the map; map cistortons; 

Errors in magnetic variation; protractar inaccuracy, 


You can now advance your “area of uncertainty’ 
across the map, expanding it with each blind movet Gea 
"Deduced Reckoning" navigation at sea (ie. “intelligent guess") 


is more a matter of keeping track of accumulated errors. : 
due to tides, leeway, inaccurate course-holding/recording/ploting’ inaccurate instruments, So too on land, 


Getting Started in the Dark 


‘The task isto know what direction to head off in, when you can't necessarily see the landscape... North of me 
You need a Map & Compass. riygespation 
TAKE A MAP-BEARING "— Find the desired angle, on the map, in relation to the North-South grid 

= "About 60%, 2s a guess" 

Use the edge of the protractor 


= Matinee engl ol i protec is needed fo this! 
Cine up both ste ural its apg toe, | 


and the lines on the needle-holdercicie, 
= The protractor will display the angle between the two sets ofits parallel ines 
55°. of N.” (It is marked clockwise) he 
(is is Called Working rom Map to Compass) * 
SETTHE COMPASS — Using 5° East magnetic variation, and ignoring compass deviation. 
‘Compass bearings should be Least’ 
ie, O50" 
adjust the Follow Me" row to point to 50° (to the East of North) 
‘Twist the circle on its mounting, 
= Don't alter the protractor again! 
FOLLOW THE COMPASS — Now turn your attention to the needle 
= Line it up with the zero’ on the protractor, by twisting the whole instrument, 
‘And by using the gre lines on the movable crde as 2 guide 
— Twist yourself this time, to line up withthe “follow me” arrow. And off you go! 


Mnemonic: Map to Compass (= Map to Compass Course) Means Map Gri to Compass Zero; 
Angle the Arrow to the course target 

Put on the correction; To Get it, use the East Least West Best Rul; 

‘Compare the Compass Zero to the Compass Needle; Past the Follow Me Arrow is the Course Target 


Thinking Backwards 
“Danger bearings" alow you to stay safe without knowing Your position accurately, but you need to think accurately 
‘As seen from the lighthouse, You must stay onthe right of 315° (and tothe left of 060°). That much is dear from the chart 
Anything to the ight, i clockice from the observe, 20 for the Keeper to keep something (e.g. you) ‘onthe right” means to 
keep its bearing bigger than ahead. "Anead” is parallel to the 315° tack shown, since the lighthouse Keeper is wishing to see 
you on its right”. He will be happy to see you on any bearing bigger than 315% and less than O60" ie, 315 to 360, 0 to 60. 
From your point of view, thet means, that you must use back bearings, of 135° and 240, and then keep those tracks on Your 
Fight and on your lef respectively, as YoU lookin. “Ahead” Ts parallel again, But opposite tothe track shown on the chart if you 
are tring to keep the track 'on your right. Looking in, maving yourself fo the lef wil place the track further tothe ght, and 
‘ake bearings to things ont bigger. That means, n numbers the ighthouse wil bear mare than 135° and less han 2402, 
ite Teis ste to approach at anything Between 135" and 240°, Notice that the more/less sense is preserved with such Use 
of backbearngs ns 2 

4S Tight (Gale sear a 
red ight (dangerous) sector nm 


red (dangerous) sector 


Safe Harbour 
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Map and Compass Work 
Taking a Bearing from the Landscape 


Start with a guess o.o. "That hill is about O60°T from me” 
Pint the follow me’ arrow to the langmar 

Grip and twist the movable protractor circle until the grid marks on it ~ i.e. the zero — line up withthe compass nesd 
Read the resulting angle off — between the zero (whichis "North" —Compass North in this case), and the landmark. 
‘The result should agree with your guess e.g. "The landmark lies at O65°C" i.e. East of Compass North I. clockwise rom, 

‘Take a B.E.A.Ring Nnemonic: Bearings are Tracks; Expect to have to plot a back-bearing} 

Aro anna: Ring thee gd Roa of ans roving tere A 


Bee 


top view 
IF ithelps you sight the landmark, hold your compass string vertically upwards from underneath the tip of the follow me arrow. 
‘The ‘Zero’ is meant to be used for ‘North’! But if you point the follow-me arrow to North and the '2era' tothe landmark, 
then (a) tis more awkward and (b) its an anti-clockwise "bearing” 


If you are about to use a map, you must now convert the compass bearing to a True bearing’. 
Firstly mentally change the campass Dearing to magnetic bearing if you are aware of any compass deviation je. compass 
‘errors, (You usually do not worry about compass deviations when Gushwalking.) 
Next mentally convert the magnetic bearing to a true bearing using the Eastleast, West-best rule, 

Example: "6° variation West" (The Magnetic North fs West of True) "Compass Best” so...Q6S°C = “059° True” 
Lasty, physically change the protractor to read 059° when you want to draw on the map, at an angle to the map's True North 


See opposite & above Plotting a (‘Compass-to-Map’) Back-| Bearing 
Draw a line on the map from the lamar in an opposite direction. Use the protractor to get the angle i 
Ifyou see a landmark North of you, you must be South of i 
Or, wnat looks "South-West of me" must mean that you are North-East of 
‘Think backwards! See "Back bearings: +/-200° then -/+20°" p.18e Eg. OS9°T from me to it 


Note that have already converted Compass to Tue 22901 fom fo me 
‘One bearing yields one line of postion (from a back-bearing plot ~ diagram 2}, ps 


229° 
058° 


‘Two bearings fram two different directions cross for afix’— giagram 2. 
‘Three bearings don't cross. They form a cocked hat’ and keep you humble ~ diagram 3 
Tn this case, you could be anywhere nearby (which i also true for any "Fix") 
‘Expand your possible positions, dont try to pinpoint a “better” one. 
‘Take more care next time, especially on the closer ie. the more reliable landmarks. 
Check your compass for fixed errors 9 “always 3° t20 much" 
choose directions which are quite afferent from each other, ta get the clearest crossing, 
‘Compass to Map Mnemonic: (Compass &.€.A.Ring, then) Compass to Grid (or True) Correction; 
Make ita Back Bearing; Angle to Gnd; Pencil to Paper—Draw Itin. (Think: "Mangle” to remember A) <{[]p 


No-Number Back-Bearings 

Method 1. Use the white-tipped (South) end of the compass needle, when you take the bearing 
Method 2. Point tha llow me" arow back toward you, when you take the bearing or follow the compass. 
Method 3. Line the protractor zero up with Map South, when you plot the bearing, 
Method 4. Point the compass edge fo the landmark on the map and draw your back-bearng line backwards from the landmark 

"You don't need to alter the compass setting at ll (except for the magnetic variation oF gra/maghetic convergence angle). 
Waming 1. Don't mix back-bearing shortcut-methods, or you may get a "double negative! 
Waming 2. Check ail you do, against reality, for sense. 
Waring 3. Don't try to shortcut Compass-to-True conversions atthe same time as shortcutting the back-bearng, 

oryou will get confused 


Parallax While You Walk — JUST DRAW IT! 
Most hand-made maps stat with a known baseline scale ~ a stright segment of a known distance. 
Tre. "T walked from here to there ina stright line for 1 km" — for this you may need a pedometer. 
Ori you are Captain Cook or Matthew Flinders "We sailed on (this) Bearing at (ths) speed for (this amount of) time 


‘You can then add cross-bearings at any time to fx the postion of distant landmarks 
— obviously at the beginning and end of the baseline are the preferred places, 

perhaps combined with one from the middle 
‘The longer the baseline the more accurate the fx on distant marks. 


‘You really only need a protractor for this running base-line triangulation, 
(And an 3 Mudmap, you just eyeball the direction and draw an arrow in freehand.) 


Here is an example of the easiest sort, and the raverse of a double-angle. 
‘After 2 week at sea, with no sight ofthe sky to navigate by, I was understandably over-anxious about my position, and 
“needed a "ix" I decided to sal toward an lsolated lghtnouse-isang, in the hope of passing lose enough to see it, perhaps, if 
We weren't too far offcourse. The winds were hurricane force, of course, and the sky was Filled with salt-spray lifted off from 
the water's surface. It was dusk. Suddenly, above the mist, dead ahead, the lighthouse turned on! Alarmingly high, and close 
‘Too close! 
Were we found” of about to be “lost? (See “Aiming Of) After the cheers: “What do we do? How far off are we?! 

“Turn a right angles to it Maintain that course; Take regular bearings until itis diagonal; Keap track of te distance run, 

Then resume your course. That way we can tell how far away itis.” 
“How can you do that!” sale the bewildered, inexperienced navigator. 

‘replied: "Tl just draw ie 9" We will pass as far away 

(Das the sideways distance we have run? 
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Section 5. Navigation Mnemonic 


A “Start-Stop-Rest” Navigation Mnemonic overview 
START 


“start” has six points, as illustrated inthe diagram below. 
‘These mnemonics, e.g. §.T.A.R.T. or §.7.0.P., will be expanded inthe rest ofthis section-they summarise the book. 


"What more do I need to do to avoid getting dead?” 
= What have I forgotten to do or to take, to practise or remamber? Start off oriented before you go! 


© START. — with your startoff-trend-directon, which isthe single most important navigational item. Start off aligned! 
© Siarton LM. Read your watch, and benchmark your trp. Say: "Time & Tide" as well, because sometimes tide levels are crucial 

= Check pace & progress, Estimate the Range, because time i all about distance, 
© Starttime is 6 am. — I's always Hime fo look in 6 directions, plus 2—Time to Look All Around, Appreciatively, plus time to look at the Map 


© Start with N.S.E.&W. —4 sets of 4 directions. The final W is for W.EALT-H.E.R. 


“The final R signals that you are Ready to go. Don’t start until you R! 


5.1.0.7. A Stop is a Signal—Interpret the Why? of your stop: Does it Signal a change in watershed, catchment or view; 
in Trend or Terrain or Time & Tired 
in Orientation (embarrazsment~if ost, rule one: Stop); 


in Progress/Position/Placement-campsite, junctions features? 


is best remembered as a mnemonic of  RE's 
-O.R-LEN-T. — using these letters as a mnemonic. Eg. RY re-Visualise the Invisible ig Picture, and ENT Relate yourself to Natur. 
RE-RE-LLA-T.E, ~ re-interpret all circtions to relate to each ather and tothe skyline, a explained below, Now don't forge. 

RE-MEMBER — the WAY and the SEQUENCE and especialy to NOTE down (in the NOTEBOOK) the NAMES, and DRAW what you nea to. 

RE-LAX — Play the Navigational Game—teach it-and 5 other games. 
“Thera is a final art tostop and rest 

RE-ST-ART 1.1 re-pray; 1.2 re-prepare; 1.3 re-s..av.t; 1.4 restium.e.; 1.5 re-look (6 aum.); 1.6 reedirect (NSEW), (which includes re-weather) 

Gg LS RESTART. after a rest, on the next leg-to relate it to the lat & to the start-finish trend 


‘Summary: “Start” 6 times; "Stop, and Re-st-" (with 4 new "Re-"'s) 


(The Start mnemanic is a good example of the clumping” technique 
“Sever more than a handful of things to remember, yt it leads you inte hundreds of points.) 
Put the S for Sky at the top, where it should be 
Use a hexagon for the 6 START up points 
Use a docksface for TIME, 
and the compass-rose for NSEW. 
Show the 6 directions in 3 dimensions. 
Balance ital on a taangle 
for the"6 aim. star”, since it has 3 parts. Sky and Skyline 
Toward what Target; through what Terrain 
away in what Ant-direction 
Rain catchment; Region; Ranges 


Trends 
‘See the boxes to follow 
PRAYER PREPARED. 
TLME. ——— NSE. 
rd 
Watch your progress Forward AWEATHER, 
fea RIGHT 
Back 
own 
AAA MMMM Now read the boxes to follow, downwards 


P.R.E.P.A.R.E.D.—A Before-You-Go Checklist so tnat most of your navigating is already done, from home! 


P.ractise "Global onentation. Get a blow-up globe, Teach others. Learn (what to leam, look for, do et.). Eg. predic the Sun, 
Learn the Mnemonics, Codes & standards e.g. SBR signals, compass directions 
Pace your paces — metres per minute; steps per 10 metres. Leftright bias (blindfold) 

Research History. Runs, Artifacts, Mines, Geology. Get 2 geological map fram the iarary. Landfarm. Soils. Climate. Windy season. Prevailing 
winds. Wet season. Vegetation analysis. Rare species. Biogeography. Geography ~ global neighbours; time zones; local coasts & river 
‘mouths. Catchments. Cardinal features — places N,5,E,W from you. Land lines en map. Place names ~ their meanings and history. 

Equipment _ See the next box 

face names Ses the box after that 

‘A'stronomical orientation Sieep on a map, and with a compass nearby. Point the map North. Times and directions and heights of Sunrise & set, 
Moonrise & set. Southern Cross. Pot. Sun at hoon, at magnetic North/South, winen East, when West, at magnatic East and West. 

\inat landseape markers ({rom the man) for these directions? The star opposite the Sun. Time zone, Local noon — its exact time 

‘The Sur's coordinate predictions. Your longitude. The "Equation of Time". Moon-phase, -numiber and ~day of week. Tide umes 

Note your intentians~and tell someone where you are going and when you expect to be back. 

Expectations of the Weather Barometer reading. Get the Weather forecast. Follow the Changes. Buys-Ballo's aw. Steering winds. 

Diirections & Familiarity Ask someone who has bean there. Read track guides. Look at an aerial hotograph. Go beforehand! Find your old track 

‘ates. Look closely on the way in, Choose a route, Plan your strategies. Coordinate the cars the car keys, any food drops, shuttles or codes 
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Equipment — A What-You-Might-Like-to-Take Checklist 


(Ein PREPARED, for “Equipment"..) 


+ AMap A compass Acclock 
+ -Anotebook and pen — for track notes. A track guide. An aerial photograph. A navigators handbook, 

+ For map making — graph paper, paper, pencil, a compass-holder. A map-holder (string around neck to a..), clipboard, stopwatch 

+ Polaraid glasses — to orient by the dark blue sky band. Radio — for RDF, weather. Mobile phone. GPS. Camera 

+ Binoculars. Pedometer. Rangefinder. Calculator. Altimeter. A sine-cosine table. 

+ Aap cover. A spare map. A navigational protractor. A magnetised needle. A sundial compass. A two-lap cardboard compass. 

+ Marker tape; Chalk; Scissors (for cutting leaves!) A clear plastic tube. A clear plastic drinking bottle (for an artificial horizon). 

+ Along piece of string (e.g. for a range-finder). Short pieces of string (e.g. for a plumb-bob). A walking stick. Someone who knows the way. 


(pin prepareo) Place-Names —Learn Them—You Navigate by the Local Features! 


‘Look. That's Big Split Rock and that's Little Spit Reck. Wild Dog Tir is that range over there, and this plain drains out over there, into the Ouse River 
You can find your way anywhere around here from those.” 


Suddenly 1 was unforgettaby oriented, just lke he sald he was, when his dad told him, 
For me, the funny names on the map now meant something worth knowing. 


Place-names are not just names you don't know; thay name places, which you ouaht to know. 


More accurately, place names “place you inthe landscape, as well as ‘orient’ you to it. 

‘A Sense of location is almost Independent from your sense of direction, and is rarer to come by. 

Direction-sanse places you in relation to very distant background references i.e. it doesnt place’ you at alll 

Location-sense places you in relation to the Immediate foreground — visible landmarks, catchment basins, fixed tracks, etc. 
lace Names Place You 


S.T.A.R.T. off Oriented 


~ Start-of Direction? (e.g. “upstream") — the Single most important navigational knowledge — it tells you the return path, and the search path. 

Sky/Skyline 1.e. especially according tothe Sky (2g. "toward the Moan; ina the sunset") and related to the Skyline. 

Start-off directions forthe parallax method, pp. 512,83, e.9. to magnetic NSEW skyline or recognisable midéle-cround points, or rhurb-line point 

‘and another set of such bearings, taken from the map, 2s seen from the finish, if you are on a oneway trip. 

Toward what Target? Spacify 2 

‘Track (e.g, "downrnil tothe lake") oF @ Trend, A rhumb-line bearing is best—from stat to finish 

‘Through what Terrain? (e.g. especially see what the land-shapes would look lke without vegetation) 
— Away from What Point? (e-g. "from the lookout carpark), and in what 

‘Antesirection (€-, toward that other peak"~a skyline direction) 
= Rain Catchment — In what major 

Region? — as can be gauged by the surrounding 

Ranges, (e.g. "an the main spur dividing North from South arm, downstream of”) 
— Trend: Read the Trend off the map, for starters; than continue to Read the Trends & bends and the progress as you go on. 

Read (your compass; map; watch) in Relation to the Trend, Le. in order to follow the trend, which isthe focus af this mnemonic. 
Plus: Read any other Trends, from any other places, from memory, in relation to the sky. Be able to revisualise them at wil. 

— Restart. on the next leg, to relate ito the start finish trend, and to relate It to the previous leg 


T.I.M.E. & Distance — that’s the point 


‘TIME to Look at your Watch — PACE YOUR PROGRESS — the point ofthis T1.M.E, mnemonic i eistance. 
= tWatch” your steps—i.e. calculate your pace from the elapsed time; 
= Watch” the Sun without looking at It, because your watch tells You where it shouldbe. 
= TIDE times may be necessary. 


Instrument Check — watch, stopwatch, pedometer, odometer, rangefinder ~ for progress 
— compass: Double the bow angle, or halve the stern angle p.24c; parallax readings on landmarks, 
= (and other instruments — barometer, altimeter, GPS, radlo nul, radar, éepth-sounder) 

‘Map-Scale Check — are you judging the scale well? ~ What isthe next goal? (This Mis not for Map in general, but only for distances.) 


Estimate the Time of Expected Arrival — quess each milestone ahead of time to set you free from 2 nervous TIME, Nominate an E:T. 


Distance 


PROGRESS: can also be gauged by lines of sight and changeover lines. Use a stopwatch, or pedometer. Read the scale, 


PACE: distance divided by time; 20min/km, double and halve = 3kah; Imps = 3.6koh; 4kph normal walking pace; 
finger-math helps; pace yourself evenly 


RANGE: Use the letters of RANGE & FACULTIES as a mnemonic ta remember the different ways of gauging distance in the distance. 
Range squared = dee height; Area divided by offset; New clrection parallax; Grass-leaf vertical angle, Horizontal angles too; Educated guess 

Familiar lengths, and Fingernal Rule; Acuity Of vision and Apparent sizes; Cloud behaviour, Upper and lower quesees, averaged; Landseape length; 
‘Tom Thumb Parallax; Intervening detail & haze alters your perception of distance; Extreme range comes in two bites; Sound travels at 1 km/2secs and 
Sidewise offete with blinking, 


150km from 1 nautical mile high; 1° latitude from 1km; 50 miles from SOOm; SOkm from 4/5 km; Skm from 1/500 km (2 m); 12.7km from 127m, 


Figure 72: TDD Frame Co-Existence between TD-SCDMA and LTE TDD? 


TD-SCDMA LTE TDC 


5ms LCR TDD frame 
<< 


frame offset 


Ems LTE 
TDD frame 


DL portior, UL portion 


‘Jeymbok) — {vaymbots: Transmission gap / 


idle perioc 


For LTE FDD and TDD to co-exist, large guardbands will be needed to prevent interference. 


SMS in LTE 

Even if an LTE network uses CSFB for voice, LTE devices will be able to send and receive 
SMS messages while on the LTE network. In this case, the 2G/3G core network will handle 
SMS messaging, but will tunnel the message to the MME in the EPC via the SGs interface. 
Once an LTE network uses IMS and VoLTE for packet voice service, SMS will be handled as 
SMS over IP and will use IMS infrastructure. = 


User Equipment Categories 

LTE specifications define categories of UE, which mainly determine the maximum 
throughputs of devices but also govern the number of downlink MIMO layers, as shown in 
Table. 

Higher throughput capabilities are possible with 64 QAM and 256 QAM modulation. 3GPP 
is also defining Category 0 and Category M devices for M2M, as discussed in the section 
“Internet of Things and Machine-to-Machines.” 


152 5G Americas member company contribution. 


153 For further detalls, see 4G Americas, Coexistence of GSM, HSPA and LTE, May 2011, 35. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 138 
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Look in These 6 Directions — in 6 ways — Up and Down ¢rartor-start at 6 a.m.") 
{6 Directions 40 Look in UP — Astronomy ~ Sun Moon Calendar-Stars 
Sky ~ Clouds, Contrals ~ Blue Band 
— Whats up with the Weather? 


verb 
Pe Frets hen DOWN —ceslosy — ~ Soll ype; Rock Type 
yoriner | “Gece” Semel Tato; Bovirns; Fallen markers 


— Up-Sun — haze & glare 


= Over what tropical country? Then —Down-Sun — haze, shadows, colour changes 
= Wind-vise ~ Up-Wind — Where on the skyline? = Down-Wind ~ Around what obstacle? 
= Around what pressure system? (Wind in your face) 


— From what coast/ocean? Listen; Smell 
= Up-Breeze — To what cold surface? = Down-Breeze ~ To what warm surface? 
= What's up-Weather? Where are the steering winds coming from? 


= Land-wise 
= up-Hill — To what dominant peak? 
= Point to the dominant peak, even when itis invisible, 
Dawn: ill ~antidirection? 
turn around to see what lies away from the peak — the “anti-peok" 
especialy in relation to your shadow ~ this anti-directon has a lt to 
Go with compass back-bearing™a visible ine of position, you see 
~ Up-Ridge — To what hillock? — Down-Ridge — Down whieh ridge? ~ To what headland? 
= what offshore/underwater topographiy e.g. shallow reefs; islands? 
Since this mnemonic is about direction, try to point ta them, 
= Up-Slope — To what ridge? Down-slope— Into what valley? Name them, 
‘At what angle across the gradient? 
— Where is the lowest upslope skyline, under the canopy? — Whereis the highest downslope skyline, under the canopy? 
= Up-Stream — To what distant divide? — Down-Stream — What stream? To what distant mouth? 
— to what sedimented shelf; or deep-water channel? 


Summary: Above & Below (twice each) + Sun & Wind (above eye-level) + Land & Water (below ey 


evel) = 6 ways for"Up & Down” 


4 More Slopes 
tin is 24% 


10° (alm off, 1 in 6) is 175 m per km; 
1in60,is 1° (1 in 57.3 is the exact figure, but it doesn't mutiny up linearly after a few degrees, whereas 1 in 60 doas wall after afew degrees) 


ne ienin 60 


(1in 6 is 10%; 1 in 401s 6°), 
"The equivalent is 5/3 in 100, 5 in 300, 167 in 1000, for use with multiplying up with the isosceles triangle angle method. 


36°, 8 in 11, is eritically unstable. 


Multiply them up, inversely 


Look in These 6 Directions — in 6 ways — Ahead and Behind 
Look Back Regular: Is bad weather sneaking up behind you? (p.4Se)  "Abracadabara Peck behing you" (9.635) 
How much has the track bent around Behind you? Any acute track junctions? "Can you remember this way back? 
Compare Forwards with Backwards: Do you need a back bearing? Are you half-way? Is your starting pot visible, ta get an attrac forwards? 


‘kre there any changes in the terrain, to phatograph, in your mind? Have you memorised the transition, from the far side? 
Look forward _—in time ~ the forecast! What is the Estimated Time of Arrival? Look Back — in time — Hox far have I come? 
Look ahead and behing in Uppar case Time ~ Could you recognise this place much later, in hindsight? — What is the history of this place? 
Look AHEAD — Has the view changed ~ into a new catchment? Look BEHIND — Have you left the old view behind — crossed a divide? 
— atthe terrain, the track showing up ahead, and the difficulties = De you remember the way? Could you racagnise it again? 
= Took for track markers, and for trails head — Look behind for hidden, reverse track markers. 
= Line up two (new) marks exact ahead to Keep your direction sense.  — Look for the old lined up mark eft behind, 


Ist me to choose another leg, and a pair of marks ined up to it? __Do I need to find new ones behind me? 
nemonic: R,5,7-U,V,W,X¥-2_ Regularly Reverse your nose. ‘Start/antiStart bearing & Snapshot-Sequence your transitions 
‘time (+Upper case Time); The View; Way (remember it}; X¥Z: X marks the Track (Markers); the (Y8zZ) Leapfrog Marks 


ways for Ahead & Behind, 


Look in These 6 Directions — in 6 ways — Right and Left 
Look RIGHT Through! 1. — the bushes, tothe lnd-form underneath; to the contours & Bedrock 
= the canopy, #9 the skylight beneath 
= the trees, fo the most distant marks, including other trees 
= the tastope to the sky — the Moon, clouds and te bive band 
= the forearound, to the most distant skyline horizon, whenever you can glimpse it 
= the Raze, tothe skyline detalls Beyond the land hotizon—use binoculars too. 
9. f barely visible mountain peaks, or @ second skyfine & its parallax, orto islands inthe haze, or the rising Moon. 
Look LEFT 3, ~ to the most distant thing you have LEFT BEHIND on each sige! i.e. Have you lef it behind ye? Ik time to choase another ene? 
2 — Have you let behind your: handbook; air photos; track guide; track notebook? — No, well on just camry them ~ Look at them! 
3. — Have you leftanvthing behind t the rest stop? It's an important hab, fo ask this each time you move. 
4, — Look tothe ght and lef, for the contours, the natural tacks, andthe Behaviour ofthe network You are crossing and leaving behind 
s 
é 


= Things on the right have big bearings; things on the left are lesser; than straight ahead, even less as you leave them Behind, 
= NoRivest & NOTLEast — North nec 


‘Summary: Right Through & Left Behind. 
In surnmary forall the 6-directions make Sure you Check Each One Out—Thoroughiy! (6 ways each) 


uz 


‘nthe lef, means you are Reading roughly East. (N. On your Right = West-ish) 
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..Plus in 2 More Directions — (1.) All, Around, Appreciatively, And At 6 L’s 


1. all your senses: Listen, Smell. Look around with your other senses. 
2. Look 360° Around forthe best & worst showings of colour, shin, flowers, greenery, new growth, fern fronds, lichens, trunks, branches, dirt 
Compare Anead with Behind, & Lefe with Right, & upSun with down-Sun, &up-wing, uphill ete. for directon- dependent light and colour effects 
S.APPRECIATE  — the scenery; the colours; the contrasts; the shapes, outlines and siihouettes; the foreground movements 
4 An Environmental Notice Time (see later box E.N-T. in REORIENT) 
5. Any LOCAL PECULIARITIES to ramember. 
6. And At —the sixt's.. — Landmarks — distances, sizes (apparent Largeness), altitudes Use binoculars. 
= fire any familiar, from other walks you have done elsewhere? 
= Do the place names make any sense? — Interpret them! 
— Layout ~ relative angles, compass bearings. Am inside or outside of major landmark circles/triangles? 
= Le ~ slope and terrain, catchment and érainage, contours and altitude 
= Lines Catenment Dividing Ridges and Rivers) Contours at right angles tothe slope; Flight Tracks 
= Ligns = ‘Same direction’ Lines of Sigh, or nearly so; and ‘Opposite directions’ alignments: Am I in between? 
the fed Alignments . Am I left or ight of major ‘ligne’? 
= Sky-Line ~ talkie through; draw it. Cross-relate all directions to each other, and tothe skyline 
‘Summary: A’ for’a.m. 6's, with 6 Us 


..(2.) Look at the Map: a Systematic Checklist. (What ‘System’??) 


‘The eystem isto examine top-down. From general to specific detail. From large-scale to small-scale. Look for the downward progression in these. 
3:0 location: Latitude, Longitude, Elevation. Centre of the time-zone. The insat map showing where you are on the continent. Scale & size. The overall 
‘width- and breadth distance of the map coverage. Grid size e.g. 10 km squares. Where you are on the map, geometrically too. The Starting Point. The 
Relative Location—over the horizon landmarks; coastal towns N-S.£.W. of you; something NE,NW,SE,SW of you. Radio stations. Highways. Light 
sources. Powerlines. Pipelines. Place names. Visible Landmarks. False peaks. Lines of the land — between landmarks. Recognisable ill reference 
Glstances, Recagnisable elevations e.g. towers, Grid North; True North; Magnetic North; Magnet Variation; Yearly Drift in Variation. 
Catchments & Divides; Catchment Size; Adjacent Catchments; River Drainage. Land shapes ie. interpret the slopes, contours, the contour interval, 
Trends and Bends ~ of the coast; vers; roads; ridges; ranges; the track Notice any creeks which flow backwards i.e. against the trend, and why. 
What rising ground willbe visible in each cirection? Perimeter features surrounding your walk e.g. a ver, a range, a road, the coast a forest. Escape 
‘routes ~ unplanned exits, What are the ridgeline mits ofthe sub-catchment whieh most encloses your possible location? What high points are on it? 
Possible routes, Clockwise or antiockiise? Distances, Overall distance of your route. Milestone features.” Wake-Up " landmarks 

Initial bearings to landmarks. Initial angles to landmarks. Initial horzantal angles to landmarks. Final bearings. Rhumb-line trend from start to finish 
‘Around what Obstacles? Fine datalls ofthe route. Don't forget the fine print — the date and reliablty ofall the map details; the grid datum for GPS 
Use; the legend of symbols; colour codes; contour line thicknesses. 


Mark the Lines-of-the-Land On Your Map 
fap Ceca (above); Map-Lines (this box); (al below...) Map Algnment; Eas-Least West Best Mnemonic Map & Compas; Map-Making Methods. 


re-prepare your map ~ Mark in the navigational lines which the mapmaker has left out. Most ofthese are permanent: 


A. Cardinal Tracks —NSEW lines. Across the whole map, from the very Prominent peaks of simaly covering local ara, from the local peaks 
8. —_lgnments —e.g. from Peak to Peak; Tower to Town; Point to Point ~ You may age two in ine, or walkin Between eo landmarks. 
€. Directions to major stant features ~ (for orientation purposes) ~ e.g. capital ies, coastal towns 
1. The Overall "Track’— the RhumbLine — from start to finish. Marke this lightly; @/or two or three obvious overall ‘legs 
E —Girees of Distance Off ~ eg. 5, 10, 15 km from MEX. 
F Circles of 90° horizontal angie ~ i.e. make two landmarks the dlameter ofa circle 
G.—Grreumecrined ices around (18 which just Include) the tangles in the angular grid of landmarks 
Hi Transmitter Transmitter neorke ~ i. a frangular network of major peaks include the distances and bearings on each line 
[Flight Pathe ~ you ean get hold ofan aeronautical chart ~ it forme a second triangular network 
5, Catchment divisions 
Nnemonic: Four Straight Lines; Three Circles; Two Sets of Tangles; And One Very Sinuous Set 
Mnemonics for Map and Compass Work 
Map Alignment 


ALIGN. the MAP: 
‘A. Allgn'the map’ to Sun with an imagined Arrow, and to your course with Another Arrow; 

(e to the Landseape; 

To Identify Landmarks and to get a Fix 

G.. Grip the Magnet to the Map, and the Map to the Universe; 

IN Not "Swinging the Map” As You Turn; 

Magnetic Needle to Magnetic North (in four variations, "0°" to North or arrow to course, Magnetic or True); 
‘Angles Horizontal, it over the map; 

"Align the Path like landing 2 Plane, or align the map by aligning the Path, 


«Mnemonic East least, West best 
ast Is Least and West is Best, tells you the North which gives the bearing that Is best. io. the biggest in number; or lesser in number. 


Map & Compass 
LMINOrP: Landscape; Map; Needle; Protractor; either one Or two at atime, but not all tres 


M.A.P. To Com.Pass, = Map to Compass Course, Means. 
Map Grid to Compass Zero; Angle the Arrow to the course target; Put on the correction; 
To Gat if, use the East Least West Bast Rule 
‘Compare the Compass Zero to the Compass Needle; Past the Follow Me Arrow isthe Course Target 


‘Take 2 B.E.A.Ring 


Bearings are Tracks; (Expect to have to plot a back-bearing); Arrow to Landmark; Ring to Needle and Read it of. 


‘Compass to M.A.P.; Compass bearing, then Compass-to-True Correction; Make it a Back Bearing; Angle to Grid; Pencil to Paper—Draw it in 


- MupMae: 
‘Mudmap on paper; Mark the start point on one edge; Up-arrow for orientation (Update it); by a Reference Direction (UpDateit); 
Maintain a trend, along straight leg; Align the Arrow when you stop; Pencil in the Progress, and a new leg direction. 


+ Other Mapmaking Methods — Use the letters of COMPASSES: 
Copy a Map Top-Down; Own Map is Valued; Mental Map—Map to Mind Navigation; Parallax onto @ Running Baseline; Accumulate the Layout Blind; 
Sine-Cosine Tally of Accumulated Eastings and Nerthings; String Map; Exploring a Cave System Needs a Book, of Strip Maps. 
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“N.S.E.& W.” — the four cardinal directions, is a mnemonic of fours. 


IN for "North Coast” — all about visualising the invisible directions 


[Name which coastal towns are N.S. E. W. 
“Sweetheart” features Name your favourite spots NSEW of you 

Encircing horizon features ~" Horizon North; Skyline South; Environmental East; Landscape West 
Whicheway-am-I-going trend (rhumb-line), from the map, then marked onto the terrain=e.g. to behind that hillock 


'S for ‘Shortest Shadow South” — all about the path of the Sum (and Moon)-the 1234 system 
= and the Sunny Skies quadrant system 
How the Sun, Blue Band trend & ends, and your Shadow, currently ie in relation to. 


IN Highest Noon (How High?) 
SS Shortest-Shadow Souths (SH) & the two-flaps South, Coldest South isthe best reference in the SH. String South using the Sun's Shadow. 
E Sunrise (Where?) Anti-sunrse from a stringvline to the horizon 

|W Sunset (When?); Bisect them. Anti-sunset from a string-line inthe afternoon, 


for Equinoctial East-i.e. other things astronomical, Etc 


Necale-North-Seaking-Northem-Canada—over Red Hot tropics! 
‘South Pole Star (How High?) & Southem Cross (Where?) & Star-Chart octants & Star Compasses & Star Fixes 
Ecliptic & Equator & Equinoctal recession 

'W for the motion ofthe Pot, setting in the West (rhyme), atthe latitude angle 


(W for Wind West, i.e, Natural Directions. 


IN for Nature's Norths: Rock Noon; Botanical Noon; Solar Panel Noon; Satelite Dish North 
'S for Snow South; Frost South-East; Steep Gully South; Mudsin-the-Shadow South; Dead South; Siesta South 

E for Moss Eact-South-Eact 

Wind: Upwind: scorch, erosion & flats, Downwind: shelters, debris & steeps; Noise & colour from upwind; Rumble & skyshine from downwind, 
{& Weather Directions (8 see below)~Where is Wind West? What is Upwind? Upper Winds Steer the Weather (fram the West?) What is Upweatner? 


‘Summary: 4 directions with 4 variations; Then frish with WEATHER After a rest, redirect yourself. 


W.E.A.T.H.E.R. — Check for Change 


W. for Wind. Has it changed — in strength, direction, gustiness? 

for Wind ~ in Your Face — Low an Your Left, Low atinds bring the rain, clockwise 

for Weather systems come from the West" — in temperate latitudes — can you make a prediction? 

forthe upper level steering Westerly-Wave Winds — are they deviating much from average? Are they steering a storm toward you? 

for "Wind-West” showing up in the vegetation, for when the prevailing wind Is nat blowing, 

for the prevailing Westerlies (or whatever) 
, for Ephemerals ~ i.e. the clouds and contrails (don* forget this E.!) 

Have they changed? — in height, type, wateriness, thickness, darkness — in directions ~ steering wind directions? In relation ta the Sun? 
= Examine them carefully for dissipation (Le. thinoing, soft edges, layering) or for bulding up (hard edges and heaping) 
for Atmospheric Pressure Change ~ imagine the Isobars across the land from the forecast 
‘Sometimes you can sge a lowering atmospheric pressure when marsh gas starts to bubble In cold weathar i.e. not due to warming 
for Temperature — of the ai-mass 
for Humility ~ the absolute one (measure the dew point — wilt frost?) For the relative humidity try huffing to produce a fog, or onto metal 
Does the air mass humidity & temperature, speed & turbulence let you know which direction the wind must be from? 

for Expactations — ie. the weather forecast — test it~ ist coming true? 
for Rain — Will t? Right? Are you Reeady to move? Grab your Raincoat and let's go... Keep looking unt itis time to $.T.0.P. for a rest. 


pmoza > 


Oriented? No? 
Rule one: Stop! getting more lost. 
ule two: Start! getting unlost. Start navigating! ‘Trend And Terrain—Has it changed? 
Rule three: Stay, or Steer a Straight course. Time & Tired—Does that explain your stop? 
Rule four: Dan doit again! 


Position/Placement/Progress—has it changed? 
Have you arrived somewhere? 
Ist a named feature? A campsite? junction? 


Have you changed view? 
Have you changed catchment? 
Interpret the Why of your ste. 


Stop -Signal: Why have you stopped? 


REST and R.E.O.R.1.E.N.T yourself 
“Take 5; 2.5 minute rest; REST isa mnemonic of S's 
RE-RELATE; RE-ORIENT; RE-member; RE-lax; (= the 4 new REs before you) RE-start = 5 RE's 
RE-RELATE to the skyline 
RENRE for ‘Re-Read the map, 


Lifer Re-Late the Map to the Landscape 
Afor _Astronomy—relate the Sky to the Skyline 

for Trend~imagine the Trend of invisible landscapes, in relation to the Sun, and relate your current trend to a point on the skyline 
Efor Each direction cue Re-ated to Each other direction cue, especially to tne landscape/skyline shapes, 


RE.O.RLENT— RE for. Re-Orient the Map to the landscape, 
= 0. for Oops! Don't make logieal blunders; Have questions on your mind; notice; speak up; integrate; connect; interpret: 
Observe the Overall trends and bends 
— Ruf for Re-Vieuslce the Invisible (Next checklist; and see Section 1 Astronomical Overview; Include the clock-sense mnemonic here) 
Re-late yourself to the Big Picture 
= E.N.T. for an Environmental Notice Time ~ Re 


te yourself to Nature — coming up, 


us 
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R.I. For Revisualise the Invisible (and then Relate It to the skyline!) 
Work down from the Biggest Picture. Work most on the ones you can't yet visualise. 
Astronomy ~ Visualise the paths of Sun/ot/Maon/Stars; Point t te South Pate Star; Norn Pole Sta; the Cloekesense of stars around each Pole 
The star opposite the Sun during the Day & during the nigh; the Southern Cross during the day; the Ecliptc; the Milky Way 
= Earth rotation; Horizon rotation; horizon trails; clack-sense of Horizon rotation; elock-sense of fow stars: movement around horizon 
= the Moon-Sun, and Ecliptc line; The Moon phase explaining the present tidal force. See the overview at the end of section 1 
Global — Lattude; olor datances, Equator Earth Pole Seasonal Sun height Shadow South ~ visualise the auroras) Antarciea;, 
= North Magnetic Pole in Canada, a5 9 "South-seeking’ Pole; Aurorae; Unequal Tidal bulges. "Go Overseas" p.25e. 
— Tropa! countries ~ corresponding to sunrise, nooa, noon height, sunset, the country under the Sun nowt, the te zones 
= Light & Darke halves ~ Sunvisesunset-cele countries; Half the are-distance; How the horizon fs shifting ue to yaur movement. 
Continental ~ Weather map isobars~visuaise them acros te continent te one in rant of your ayes, and on contneatal aerial phot, 
= Lattuinal wind system and pressure system helices 
= North Coast; N-5-E-W townships; NW-NE-SWSE features. "Walk across the Continent” p.29e. *Compass-needle Continent” p.9e, 
Local — Catchments; Divides; Mouths; Mounts; Radio Transmitters; Night Lights 
= Nearby tandmarks & places & highways; Home; Car 
= Perimeter features; Escope targets 8 Routes — Bird's-eye layout of your route. 


‘The standard viewpoint "seen fram above"; _- Clockwise isto your right; Compass Bearings Circe Clockwise; 
Wrong Way Go Back! Anti clockwise fs ENWISE = “SWINE That's how the Sun moves inthe northern hemisphere 
Lnscrewing is an anticlockwise mation (on a right-hand helix) = < Serewing in is 2 right-hand” motion (for a right-hand screw) 
"24 hour elockfaces have only 15® per hour, like the Sun = “one hour = 30° clockwise, on the 12 hr clock face method 
High pressure systems circle anticiockwise in the SH = Low’ winds Some clockivice, in the SH 
Things on the Left have a Lesser Bearing ~ “Things on the Right have 2 Bigger Bearing 


ho 2 
Clock-Sense 
9» Mnemonic 3 


6 All the solids rotate anti-clockwise, seen from the N. = + Low stars all around the horizon follow the Sun-sense 


‘The ground under your feet shifts anticlockwise in NH 
Jak Sa the haRzon Never Heads RIght in the NH 
{8 Wind-shift due to ground fiction spposes the Sun-sense 13 pales of points 
9." North lies between the SH Sun and the hour hand - \S 4 
{actual noon points to Sun; clockface tilted parallel to Equator) 


+The ground under your feet turns clockwise (SH) 
= The hoRIzon SHifts Right in the SH 

“Coriolis fores follow the Sun sense 

The NH Sun is between the our-hand & South 
(Doan-time to Sun; axis to Polaris) 


10 ‘The SH Sun seems to move anticlockwise» “te Hoon goes backwards, night By night (clockwise, in SH) 
11 Nose Nav'n turns everything away NOTLEast Nth on the lert=E (NORWest — Needie-Narth on the rignt = heading West 
2 ‘Shadows Follow the Sun-Send8-—¥-Y5U can’ cross 2 stream twice in the same lovt-sense 


E.N.T. for Environmental Notice Time —Orient yourself to Nature 
‘Take a top-down approach. 
Geology; geo-trends; geo-morphs .. landforms; geo-Norths 
Dividing edges; dominant peal upstream catchment ss; wind shadow; ran shadow 
Season; climate type; prevailing wind; average rafal 
Rocks; bedrock; outcrops; parent rocks e.g. upstream 
Soil types; nutrient avalabiity 
Soil Drainage good ar poor, Water Sources; groundwater? salinity 
Aspect i.e which girection does the slope fae, in relation to high noon? 
Living stresses? — salt, minerals, wind, exposure, frst, heat, ow humidity, fie, Rood, wet roots, pests, diseases, competition, grazing, trampling, 
disturbance, rock instil 
Vegetation type; the overall density of green, and of cellulose, and the height; dominant species; associations of plant types; diversity; 
Indivial species individual plants. Poinators valabie; seed dispersal mechanisms operating 
Mammals; Birds; Reptiles; Insects Drinking water availabilty, cover for animals, hunting pressure 
‘The Natural Norths’ ~ Gully North; rock North; Bush North; insect North; Dew Nort; snow North; ripple Nort; prevating wind North 


RE-MEMBER to Note down the Names in the Notebook 


Remember the Way, and the Sequence. 


Remember to take @ Notebook. Make a neat permanent copy of your notes i.e. in ink, maybe somatime later on, in your master track notebook. 
Be Bit wise! 


Name the subsections, junctions & links. Name the peculiarities, In the name, try ta include 


‘The Why, When & Where of your stop. Link & Sequence information — time, distance, context 
Us of the Land Words to incicate the ciracton tend, & curves — left or right 
Visual words — colour, shape, alignments, curves _Descriptive words. Collet the details. Enlist the others to describe and name it. 


Give yourself something to remember — create an acrostic; craft a creative name; sit down and write up your track notes 
Update any acrostc alteration. Ang the count e.g, ofthe creek crossings, Do something numerical. Do something alphabetical. 
Be vivid, clever, memarable, Do something Shapely or Geometrical thre Da something Memorable there. Do something there. 

raw the shapes, outlines & skylines, Draw the directions of other landmarks from any high viewpoint, Take reference photographs 


Remember most of all todo it all — don't just recite the reminders to do ital! 
Mnemonics of Fives: Remember the Way; the Sequence; Make Notes; Invent Names; Draw What You Need to. 


Re-lax, and Play — Navigation Games and Activities (5 pairs to recau) 


Walk & Talk — a night walk — 2 fog walk — a walk off the track — cmb a hill wth a small scale map & binoculars & compass, 
"Track My Trail” (If you want lunch, youll have to find me ~ lve me a quarter af an hour, then track me down’). 
Keep 2 compass course, Blind ~ keep a straight course, blind — ona slope? "Lets all make an acroste to remember ths track by" 
‘ry Onenteering — Try making a map of 2 maze of trails ~ then a string map — asrip map — ora sine/cosine tally map. 
Look & Learn — "Goto the front ofthe line if you spat a track marker which the others have missed" In a windy place look for wind clues, etc 
Take it in turns to name a navigational or orientation clue which Is visible, until you have to drop out. 
"notice. (lin the blank). Your tur. What extra can you add (to the description, orto the clues)?” 
Guess & Test — Each of you estimate the time of arrival; the direction to the.car; the distance toa landmark ~ then check the map. 
{Guess the time from the Sun, Mon, Southern Cross, or other star, then check your watch. Use your compass to check your guesstimation of North 
from the bush, gullies, rocks, a star-tral, a star-set etc. Precct the tide, or the tlme & direction af moonrise ~ then sit down and walt frit. Predict a 
stareet positon. Find your'shortest shadow’ angle today & use it tomorrow. 
Make & Use ~ an odometer from a wheel, a pedometer, a sundial/daclination compass, a portable sundial, a string rangefinder, a slope-mater. 
Measure ~ Try some star navigation observations ~ Rise & set bisection; Use a plumb-line; a bush quadrant, a bush sextant 
Test how accurately you can each use a compass. Test each compass against the others. 
&Memorise yesterday's acrastic. Remember all tre mnemonics! Can You add to any of my checklists? Have a star identification evening 
us 


Appendix 


Moon-Phase & Tide-Time Dial 


‘This is a handy tide-predictor, based on the assumption that tides will follow the moon. It shows you where the moon will be, at high 
tide. It also tells you what the moon is doing if you know the date but haven't seen the moon for a while. The deluxe version can pre 
dict tides and phases years ahead of time. Ie consists ofa series of dials rotating ona single pin 


‘© The idea is that many of these concentric cardboard/plastic dials rotate together once propery adjusted, and as quickly as the Moon 
orbits the Earth. They show the Moon Phase, the Sun, the Earth and the resulting astronomical tide-preducing forces. 


Each disk is loosely fixed to a neighbour with fretion (e.g. a smear of dried silicone glue) or a clip or tape ora pin, to allow adjustment. 


Set it up by observation, or by tide-table predictions. Add notes, as you accumulate information about locations, tidal range, etc. 

Tt can be especially useful for travellers, e.g. when fishing an unknown coast 
Ifthe dials are correct for any one tide (spring-tide is best), they should be correct for all the tides thereafter * 

™ give or take 3 couple of hours for the smaller effect ofthe positon ofthe Sur 

‘The effect Is 43% of that of the Moon, and can be estimated with practice-change the hour reading to toward the Sun, or the anti-Sun, 
a lite, i the Moon is near the Sun-anti-Sun line (na more than 4° from). Local shallow water resonance effects will isa alter the 
Actual effect ofthe Sun. When in doubt, around neaps, try averaging the tide-time for one or two days ahead and 1 oF 2 days after. 
‘The theary is that slosh resonance, or the Moon alone, or the Sun alone, might predic the dificult tides better, 


“The hanger (outline not Fully shown) is hung from the wall and also folds dovn behind to recelve the pin on which the dials rotate, 
Ie-doubles as an indicator window, and should mark five consecutive high tides (Ignering a.m./p.m.) 

+The clockface is 24-hours i.e. 15° per hour clockwise, (markings not fully shown). Think "a.m/p.m.” forthe two high tides per day, no 

matter what the reading 207s, 

Each new location visited may need the clockface to be twisted slightly to allow for local tide delays. Keep a note of such settings. 

Daylight saving requires a 4/- Ihr change ~ to relocate the Sun forward in summer, Back to normal in winter 
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Appendix 


« Friction-ix the Moon-window dial (white with grey window) tothe hanger, so that it maintains its position, It cavers overall the other 
Moon phases. 

«The Moon-phase diagrams (29 of them) underneath that, on @ separate dial ofthe same diameter, should look right forthe Southern 
Hemisphere=Le. the Sun rising in the Eas, illuminating the Moon; all the phases parallel. Make the Moon-shape highly visible from a dis 
tance. Attach the Sun tothe No-Moon phase, Day 0, via a transparent link; then set the Sun to the Clocktace, to indicate true naon—when 
the Sun is exactly North 

«The optional tide-type ring (showing "neaps"), set tothe Moon-phases, allows you to adjust the delay after new/f 
tides, 

Ifyou also indicate which high tide is dominant—the one nearest the Moon or the one farthest—then that will need adjustment when the 
‘Sun crosses the Equator. I suggest that you get the top tide for the tide when the Moon is visible, to give you 2 visual fel forthe tide pro 
‘ducing forces. 


Moon, before spring 


«The date-dial i 29.5(30526805) days around—the complete lunar month—and marked clockwise from 1 to 32 (only one date is shown in 
the diagram). Dial up the date, by rotating the Sun. (For 2 12-hour clockface, you would need to double the 12.19077473° per day). 
Since the next high tide wil (f you are looking in the daytime) be on average that afternoon, I suggest you think ofthe date number as 
the middle-of the 23rd°=ta avoid adjusting the Gate hand minutely for how far trough the day the next tie wll Be 


The month window is attached to the date dial, at Day 1 of the month, if you Include a month setter. 
“The optional but useful manth-setter dial (markings not all shown) starts at March 1, to avoid leap-year adjustments; It makes March 32 
f= April, April 31 = May 1, and so on—spanning approximately 11 days forthe year. Restart every March 1, and reset it every manth 
<Galeiate the monthly positions by the day number since March 1, avolding an off-by-one error 

(17-9;23.6;41.6;47 3365.2;83.1/88.8; 105.7;112.5;130.4; 148.3). Set the month name tothe first day ofthe date dial 

You can aleo caiculate and indicate a one-year increment, 129°.6327779, aleap year, 141°.82355, and 2 four-year increment, 
170*.7218865. To make an adjustment, make the old date indicated by ane mark an the month dial, now line up withthe increment mark 
selected, so as to incicate a date in a nav month/year/leap year cycle, 


«An optional Earth ring in the very centre, can show the entire Southern Hemisphere map (no illustrated, or WH on the reverse side), and 
be set to the right longitude. It is fixed to the hanger, and to the tide-bulge ring, 

A Second ring Just behind the earth can indicate Ewo tidal bulges, one pointing upwards (or otherwise if you want to indicate the local tial 
Gelay compared to the actual ocean bulge). 


Mock it up in paper, until you understand the functioning. 
Glue those paper discs onto cardboard to trial the thing for a while. 
[After daciding on improvements, make it neatly, to last for decades. 

Eg. Try getting the computer to print the dial markings onto acetate, and glue that to sheets of sti plastic. 


You can experiment with different dial orders, e.g. the date-dial on the outside ofthe phase-dial. 


You can make room for comments; 
‘29. by expanding the dial area showing, to say when the moon rises and sets; ¢.9. “light from midnight onwards"—beneath each Moon 
phage diagram 
‘2g. when and where the Sun rises and sets; Mark three horizontal lines in the background for Summer, Equinoxes and Winter 
Le, mark them on the backfold ofthe hanger piece, or on the wall. Try to match midwinter sunrise ume to where the "winter horizon” cuts 
the clockface, which will also suggest the approximate direction of sunrise 
‘2g. when and where the rs, second and thied quarters Seth each seacon; Full Moon opposite the Sun, i.e. 6 months different; Half 
‘Moon Waxing is one season ahead ofthe Sun; Half Moon Waning is one season behind the Sun (as far as which horizon line to use). 


‘You wil ciscover that an invisible connection needs to be made between the outer top window and the inner window and dials, so that they 
4do not rotate withthe other dials. One way to do this is to push the pin through a piece of rubber eraser, and glue that rubber to the dial, 
[Another method isto have a square pin, and key the inner dials toi, while using round holes forthe rotating dials. A third and simpler 
‘method isto have a transparent link from the centre, over the top of the other dials. You do not want the hanger to obscure any diagrams 
Or dials which need to be visible 


‘The Time and Date dials are the indispensable ones. Instead of dialing up the date, you can use a normal clockface (12md always on top) 


‘and an hourhand to point out the next tide; you point the pointer at the date. On a 24hour clock-face it can be made like a + sign, to point 
fut al 4 fides that dy. 


Here is the simpler altemative version, showing an 11:30 high tide on the 19th 


‘Appendix 


Divide the Star Globe into 8 Octants—and Learn the Stars in Each 


‘The three dividing great circles are the Equator, the Eclptc, and the Milky Way Galactic Plane. 
{star may be North or South of each lin, or on one ar mare of them. The lines on the backside ofthe globe are shown dashed. 

‘The labels refer to the thre lines inthe order given. Six ofthe octants show In the front view withthe two In parentheses on the back. 
Verify each label before you start. 9. NSN = North ofthe Equator, South of the Eciiptic, North of the Milky Way. 

Compare with @ good star chart e.g, out ofa large atlas, as this is only a memary a 


Polaris ‘The Milky Way Crosses the Equator 
atthe cantre of 


Procyon-Sirius-Betelgeuse 


NNS—The Great Square, ete 


‘Summer (Northern) Solstice 
Elnath to Gamma Geminorum 


Nss 
Bldsbaran 

Betelgeuse NSN 

Bellatnx Procyon 

Menkar Gamma Geminorum 
sss ‘ssn 

Pot The Centaur 

Big Dog antares 

Canopus Spica 

‘Diamond Cross Conus 

False Crose Sunall 

eamar ‘pare 


‘Achernar (central) 
Magellanic Gouds 
South Galactic Pole 
South Pole Star 
Diphda 

Anka 

Fomalnaut 

‘The Crane 

Peacocke 

The Archer 
Scorpian’s Tall 
ta 


between SSS & SSN 
“Southern Cross 
Southern Pointers 


South Pole Star 


‘The Southern Figure of Eight~Two Star-Circles—joined by the backbone of Canopus—Achemar—Fomalhaut, a straight line 
(not to scale; consult a star chart to verify each star, then find them inthe Sky) 


Fomalhaut Canopus 
Achernar ‘Achermar (Find Acamar on the way) 
Canopus FFomalhaut (find Ankaa on the way) 
Sirus | Great Square (Find Diphéa) 


Orion's belt | these 3 are also straight 
Aldebaran | 

Peiodes 

‘Avie 

Great Square 


‘res, the Ram 
Pleiades, The Seven Sisters 
Aldebaran, inthe Bull 

‘The Pot, Orion's belt 

Sirius, in the Big Dog 


‘Around the South Pole Star 
‘Canopus (find Acamar next) 
[Achernar (find Ankaa next) Ach.-Fom.-Pek 
Fomalnaut form a triangle 
Grus, the Crane, with Alnair fo find AINaIr 


Milky Way 
CCh=Pointers (alpha and beta Centauri) 
Southern Cross 
Diamond Cross 


False Cross Peacock then Aira (Rnd Scorpio). & Ankaa 
Centaur, the bwo Pointers (find Arcturus) 
(ina Spica) 
Southern Cross (find Corvus, the Crow) 
Visible in its entirety in October plus oF minus a few months. (find Leo) 


Diamond Cross, False Cross, Canopus 
ue 


‘Appendix 


Divide the Star Globe into 8 Octants—and Learn the Stars in Each 


“The smaller groups, and the crossover points, are worth learning, because they show you the three lines best. 


NNN 
Alkaid (central) 
Capella 
Twine 
North Galactic Pole 
Big Dipper 
Little Dipper 
Polaris 
Brcturus 
Aphecea 
Rasalnague 
Draco 
vega 
Deneb 
Mast of Lea Polaris ‘The Milky Way Crosses the Equator 
(Regulus adjoins NSN) at the extension af 
Beta-Dalta Aquila (see p.15e) 


‘Summer Solstice 
Between Aldebaran & Pollux 


‘Autumnal Equinox 
Betveen Spica 
and Regulus 


NS. 
Altair ae NS Spring Equinox 
Ent between 
Great Square J vipnaa & Marka 
Mirach 

Almach 

Algol, Mirfak 

es 

Paces 

lnath 

(Caph, Schedar, Ruchtah) 


sus 
Beta Aquarius 


Winter Solstice 
NNunki to Sabie 


NN 
2abenelshemali 
Sabie 

(Zubenelgenub adjoins SSN) 


South Pole Star 


The Zodiac .c. the constellations along the ecliptic. In order of appearance. Not all of them are bright or obvious in shape to look at. 


Mnemonic:Ars Tall Twine Cancerous Leo? Virginal Liberated Scorpions Shoot Capricious “Aquarium Fishes. 
Trew Aries, Taurus, Gemini, Cancer, Lion, Virgo, Libra, Scorpio, Sagittarius, Capricarnus, Aquarius, Places 
Ram’ Bull rab Scales Archer Goat Water-Carier 
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Morse Code & Rhythm Mnemonics 


DiyDatyPause is an extremely flexible system. Adapt it to torchlight, sounds, sewing stitches, body mavernents..._& lt of fun forall the family 
ifait = one time unit; then Dah = three cits long; the di-Dah separator = one time unit; letter separator = threa units long; word-separator = 6 


Say.. Write... Signal... ‘Special Meanings (only for reference) 
A oank s dian 
BB bibi-bipe : Dah di i at Fog Horn: I am under tow 
C Cis Seasick =e ah di Dah ait Between ships manoeuvring: I acknowledge your signal 
(Capital lattes for a Dah sylable; lower case for a ait) Lue. You may overtake on the side you indicated 
Do Dee aid it ° Dah di dit Fog Hom restricted manoeuvrability; deep draught; sailing; et. 
E egg bit Tam altering my course to... Starboard 
Fo PE Forfeit FF Fore foot ici Dan ait 
G  GeeGeegit GoGoget __ ah Dan ait 1 intend to overtake you, to Starboard 
Ho hone pers intend to tur completly around to 
Fog Hor: Pilot vessel on uty 
1 ist aia Tam altering my course to... Port 
2 23 Goes lay bet i Dan Dah Dah 
kK farkay a Dah ai Dah 
Lan ELL lephint/in ELLement /inéLLegant i Dah ei dit (draw out the Ell sounds) 
Ho My My a Dah bas Fog Horn: “under power, not making way” 
N Noen Z Dah dit 
© OnOnon 2 ah Dah Dah 
P 3 PGoes pip Ss Gi Dan Dah ait 
Q — QForms a Queue 7 Dah Dah di Dah (tothe tune of “Here Comes the Bre"—Queue up to get married!) 
R anRalts : 1 Dan ait 
So see ess ess ess aidiait Lam under Astern propulsion 
7 Tea ah Fog Hom: "under power, making way” 
U itisu Z i di Dah 
vo vv Vee e ii di Dah (to the tune of Beethoven's V) 
Wo aWhite Wine World War «i Dah Dah 
Exmimics Pall ex's Hur sis ah di di Dah (Grav the EX, to lengthen iin the fist, not in the second) 
Why is vv? . Dah di Dah Dah (say the "s” quickly) 
Zee Goes 2-it Zoos Go zi-rit _ ah Dah dat intend to overtake you, to Port 


itis Utoo (this pars to Zea) = digi Dah Dah (U umlaut or Udiaresis. Invent a meaning fort.) 
lint: For Learning, repeat each letter thric 
By the time the other person recognises the fis, the second has finished and he is waiting to check t out against the third 


0 Ne No No No NO. 

1 it Carts Four More Dahs 

2 itis Twa Two Two —— 

3 Gidici Makes Three = 

4 Gidigi di Four pitter patter 4 (your puppy's feet) = 

5 fit'emina mit (your five fingers, that is) 

6 Fivesi- ain si- six 

7 Five Seoks seven dits (=567dits crawled on the 6) 

&  eenbte (Binary bits ina byte) 

9 9999nipe 
Long dash Daaaaaaaash == eg. (Fog Hor or car horn) before you enter a bind bend! 
Error itisnt abit oft Between yachts! "I de not understand/agree with your intention/action” 


Colon Now Here Comes inalist 
Learn the next ones in pairs ic. swap dt for dah 


‘2STOP 2 STOP a STOP (dont pronounce stop’ as short)... 
‘SEMI SEMI SEM: (ic crawl the frst eyilable) oe 
‘These 2 shapes are convex to the right 
 G.Gocomma Go Go Dah Dah ai i Dah Dah 7 
Gia he Dah Dan cid he? dia’e Blan Blan did 'e 
‘These 2.come in pars normally 
wn "a Quote isa Spacch bit ai Dah aid Dah ait ain 
(Here's the Blah Biah bit Here There's the Blah Blah bit There aoe 
‘These 2 are in the middle ofa word hyphen and apostraphe 
et item inthe mide Baan (CHyphen’ starts with an ‘aiteh) ante 
© eaves all Those Hare bits 4i Dah Dah Dah Dah cit aa 
— Staash aivideit (Draw! the first vowel) Slaash isa Slaash bit There was the Wile bit _ 
4 an Sharp an A You could.use itfor "Repeat": re Peat Whole re Peat ere 
£ tise acute) ‘ute is cut short (You could se I for “Bad Reception’: canmiat Hear the bits) 
A Nya Nya ny’ Nya hiya += (with thumb to nose, fingers waving) "ny" sound (I use enya for ‘Do You reCeive Me") 


SOS abitof Save Our Souls’ isntit? _(na letter breaks; repeat regulary) — aa 2 (life & death only) 
XxX Come quickly Come, Came quickly Come, Came quickly Come All ex's Hurt All ex's Hurt All ex's Hurt (When you Need urgent help) 


‘Signals procedures, developed by hard experience, shor circuit a world of miscommunications ~ stick to them. 1.e. learn them tos 


Tm Looking For Talk; CQ CQ CQ; Calling Calling Al Racios; Hear ye Hear ye All AuditOrs; Tune in Tune in Lend Me y' Ears 
From; D, Ej De = French for ‘from Heard ofit; fm Dah-di-at dt 

‘Go Ahead; invitation for anyone to transmit K Callin Now 

Breakin 8, K Break in to it; Make a Break (BK DE (identify yourself)” = “let me use this channel”) 
Starts; Attention; Message Coming Startit StartitNow | Start of My BiENOW 

End of Paragraph; Pause; naw thought; double dash Pause fitisNew 

wait ‘2 Waitra bit : ‘You could invent "Speed up Ali Your Work" to pair with it 

(Over; invitation for your contact to transeit Over Your Turn stop... (to start. a person-to-person contact: ###DE### Over) 
End of Message in traffic; not end of contact; not clear of station the End of My bt; can Clude con Clude it 

Ry Roger; Received and Understood all of Message 

End of Work; ut stil on ar, clear of contact itis the End of Work (tothe tune of.. here we go Out to Pay) — 


Clear of al contacts; shutting down; Clear of Station; C, L. Clearit Clear it, b Clear of it 
[Add your own signals for pracedural or ther matters. Eg. “Please repeat my message back to me for a check’ “Adjust the beam left” 


Bean wan A wan A"mLaut Tt pairs to C. Invent a use for it ike "i Don't a-Gree” to be opposite to C, I Agree 
Ran Aan Atoo TIT _ an Ran Aang strom 

Xhi KR Kh Kh hi [To Gest eoft kh sound (use itfor “to” 2. T+0, after DE"from") cf Ree Call All Souls 

6" OnGnonat TITS Gee= Goa Goethe Itpairsto V You could use it to say Sorry 


North American Morse is somewhat similar. There is also a Japanese version. Morse is no longer supported as International 
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Append 


Semaphore Signalling Code & Mnemonics for it 


Semaphore is a clockwise system, as viewed by the decoder, and it starts from below. 3 5 
When the two hands can’t be sean, tat is the neutral postion, used for a Pause 

‘The Black square represents the signalle's body; the line(s) are his arm(s) 

‘The numbers 1-9 and O are the same as Ac and J. The first 7 single-arm positions WM are shown... 2 6 
You can tell the difference, because the signal "numbers coming” pracedes a number, 

{and a "pause" follows the end of the numbers. 


‘One arm, pointing up, therefore is either D or 4, D 
‘Think of God as the 4th Dimension to your life, and remember ‘up’ as "4D" 
(Or iFit sticks in your memory, think perversely, that "Up ts fo(u)r D-own!?" 


{Learn the letters in evmmetneal pairs 


Here is 2 °B Flat” mnemonic, One arm flat is either a 8 (iat) or an F(-fat) 
"2 be or not 2.82” and a °F Sixth chord” might help you remember the numbers. 


Wave the Co say "Replying, Wave the to signal "Error 
(cf Morse °C” for "Acknoviledge") 
‘The odd number pasitions are diagonals. 
1135; 7.. One fs an ACE lent? And Diagonal has a G in it doesn't it? 
14.67 chord to follon the F Flat minor 6 
[ABC = 123 i easy enough to se, and SE follows 4D makes the E positon easy 


2 Hands 


“Roger” is simply an indispensable signal to lear...it means "Yes, I understand, OK, 
For Learning: Acknowledge every letter understood, with 2 Roger 


L 


2 Hands Straight: 


2 hands in a catching formation, above the head. 
Shout "Cateh fT..." and think ™.Tee—-numbers coming” 


2 Hands ina slip-catching formation, to one side 
Shout: "HOWZ"2t! 


‘You are meant to wave black and white lags around, 
‘but usually you make do with opening yaur palms: 


Only be careful to position yourself against 8 good 
uniform background 
‘aitch rhymes with eight 8 H. Zz 


2 hands at a rght-angle, 


ya gotta have the Right PyJamas”(°P2"s) 
2) the tenth leter, i used for Zero ABCDE FGHID 
PJ is not in alphabetical order, because in the Semaphore Alphabet J comes after # P jo 


2 hands ata right angle, Vee-shaped, up or down, 
Can you see the shapes of the lower case letters n and u in them? 
To attract attention wave U, to sav "Message Coming N 


2 hands, like a Roman Numeral Five on its side, 


and X are Roman Numerals too, The Is used for numeral 9 (IX) in semaphore 
‘The X looks lke the fight-half of the X 
So it sort of goes, left to right “nine, ten” 9 I x 


But ¥Qis natin alphabetic order (like P3, the only two cases). 


¥ 
: 2 


From the sky, dovin to earth come... “KiloValts” (or *KillerWolts") 


‘You can follow the clockwise logic of Semaphore if you leave out the ]VWX2 til last 
Pause, ABCDEFG, HIKLMN, OPQRS, TUY/, #3V, WX, Z 


Make each in turn to see the progression. K 


rere 


Table 19: UE Categories** 


UE Max DL Maximum | Maximum UL 
Category Throughput | DLMIMO Throughput 
Layers 
1 10.3 Mbps 1 5.2 Mbps 
z 51.0 Mbps z 25.5 Mbps 
3 102.0 Mbps z 31.0 Mbps 
a 150.8 Mbps 2 51.0 Mbps 
5 299.6 Mbps a 75.4 Mbps 
6 301.5 Mbps 2or4 51.0 Mbps 
7 301.5 Mbps Zora 102.0 Mbps 
a 2998.6 Mbps a 1497.8 Mbps 
9 452.3 Mbps Zora 31.0 Mbps 
10 452.3 Mbps Zora 102.0 Mbps 
ir 603.0 Mbps 2or4 51.0 Mbps 
12 603.0 Mbps Zor4 102.0 Mbps 
13 391.6 Mbps 2or4 150.8 Mbps 
14 ‘3916.6 Mbps a 9587.7 Mbps 
15 798.8 Mbps 2or4 226.1 Mbps 
16 1051.4 Mbps Zora 105.5 Mbps 
7 2506.6 Mbps a 2119.4 Mbps 
18 1206.0 Mbps | 2 or4 (or) | 211.0 Mbps 
19 1658.3 Mbps | 2 or 4 (or 8) | 13563.9 Mbps 


LTE-Advanced Relays 

Another capability being planned for LTE-Advanced is relays, as shown in Figure 73. 

The idea is to relay frames at an intermediate node, resulting in much better in-building 
penetration, and with better signal quality, user rates will improve. Relay nodes can also 
improve cell-edge performance by making it easier to add picocells at strategic locations. 


154 3GPP, Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) radio access 
capabilities, Technical Specification 36.306 V14.2.0, March 2017. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 139, 


Appendix: More symbols for Map-MAKING useful or mud-maps, or for track notes. 


‘The first symbol in a strip map column should show the reason for the stop. This saves a lot of words and is instant to read. 


/ fi fh Y Ine ae t MAL VA vs PX Aso 


Inturn these are: 


[A Context Entry; Surroundings; Overall Perspective. Eg. catchment and drainage. It's a chance fora general note. 
1A Stop. Expect 2 reason lke Lunch 

‘A Location. Expect a description 

‘Crossing. This might be a crossing ofa ridge, river, road, canal, boundary. Expect notes on what is to left and right 


Leg. The first of the 2 main reasons for an entry: either a new subsaction (leg) ofthe location Between two sections in its own right (next symbols). 
‘Overtap-section between legs. This sa memory aid, to sequence subsections, to remind you how individual sections join to each other. 

‘Change of legs; new subsection; = notes an the changeover, rather than on the next sacton, 

Junction (¥ for junction, But used also for other junctions). This might be a natural” junction between ridges or creeks; or an intersection af paths. 
Viewpoint; Change of view; First glimpse; Last glimpse (I for Eye") 

Comer 

Bend 


Curved section beginning; Arrow shows clock-sense. This one is @ Right-hand bend, 
‘Curved section ending; Arrow should show same ciock-sense as previous one. This one ends a left-hand bend. 
‘Change from lef-curve to right-curve 

Break of slope 

Feature 

Special feature 


Ridge; Crest 
Saddle 
Valley; creek-bed; Gutter 


Tent; Campsite 
Peake e 

Fix 2 

litt Boundary walks: fenceline; rallwayiine; road; path; circurmnavigation; shoreline 
Creek Use symbols which work for you, e.g. Rise or Set direction. Add your own, e.¢. Hut 


Now grid square 


‘The second symbol ought to show the main direction clue, followed by subsidiary ones asa thi symbol 


SL TAHT SPT 


‘Trending half left from that landmark (write the name of the landmark next tothe arrowhead). Useful when fllowing a windy path 
Maintaiing half right of downwind; 

Walking the crast down ridge ~ Progress is assumed to be "Uptwards on the page, 

Les, 

Trend direction (for when the terrain is up and down, left and right) ("for Trend). 

Named landmark; General purpose arrowhead; add the name and the bearing 

Peake 

[Ant-peak direction (e.g. as mentally marked on the skyline opposite the peak) 

Up-Slope 

‘One arrow for below average’ Two arrows for average’; three arrows for ‘ahove average’ — low; medium; high. Use this for ther things too 
‘Compass needle North, modelled after the symbol for North 


Up-sun 
Shadow; Down-Sun 1 
Wind source; Upnind. Use the 1-2-3 code for strength, This one is ‘above average’ 1,2,3 for size and importance 

Downstream river ost of junctions. 2 


Up-stream (to a peak) (useful when ‘downstream is behind you) 

Moon direction 

Up-Ridge; The direction of the highest skyline through the vegetation, if that is all you can see. 
Down-valley. The direction of the lowest skyline when that is ll you can see. 

General Drainage trend (own the valley tothe sver mouth) 

Up-Weather; Law cloud source direction; Cloud Source (when only one set of clouds is visible) 
Down-clouds 

Alto Clouds source direction (make the circles flufier than I can show) 

Citra-cloude source direction 

Glow at right 

Racio-nul (from the symbol for an antenna) 

“Trend of some feature like the caast — write in the detail, 


‘The notebook might be set out as follows: The ist ine across a narrow notebook is in informal columns; the second is for written nates. 


Time i Reason F Trend } Directions = ;,_—=S Times. «= ;_—séistances ; Grid 
Fillin number Use the top symbols Use the mainclue make arose of othars elapsed time total elapsed = 2.g. AS 
ityou dont Teg time last leg fength 
have a watch ‘Start with an Overall lost time lost distance 

total me out total diversions 
Sequence is a et walking time net progress 
pamary need (Use abbreviations, e.g. NWT, or dedicated columns) 


{Oo your ealewations here at leisure) 
Now write across the next line(s) the name; mnemonic; description; comments 

‘The description of a cross-country leg could include the side or flank, hand, clock-sense, break, steepness, dificult, curvinas, hiliness, perversity, ter- 
rain, contours, topography, view, what you can't see, skyline, trafic intensity, track-markers, ther age, rock type, soll type, vegetation, biology, colours 
pecullanties, reference to another page ofthe notebook to a diagram. 

‘The more you include in the symbols, the less you need to say, and the easier tis to read later. 


ae 


Appendix: A List of Star Coordinates. 100 brightest stars 


Declination is equivalent to Latitude. -nn = South nn = North 
Siderial Hour-Angle is equivalent to Longitude West of Zero. 


‘Common Name (5) Dec. S.H.A. Constellation Common Name (5) Dec SHA. Constellation 
Miaplacidus 69.72 223.70 b Carinae Polaris IN. Pole Star +89.26 (322.06) a Ursa Minoris 
Atria °69.03 107.83 2 Triangull Australis Kochab $74.16 137.32 b Ursa Minors, 
era. "63.20 173.35 3 Cruces Alderamin $62'59 040.35 a Cephe! 

Rigit Kentaurus/Toliman “60.88 140.10 2 Centauri Dunbe 461.75 194.07 a Ursa Majors, 
Hadar Tagen "60.37 149.04 & Centaur Navi yon $60.72 345.82 9 Cassiopeiae 
Mimosa 59.69 168.07 b Crucis Ruchbah ——/Ksora $60.24 338.55 d Cassiopeiae 
Avior 59.51 234.37 e Carinae Caph 459,15 357.70 b Cassiopeiae 
Aspidiske — /Tureis: 59:28 220.72 | Carinae Schedar —/Schedir. «$56.54 349.87 a Cassiopeige 
‘Achernar 57.28 235,56 2 Endani Merale $56.38 194.53 b Ursa Majors, 
Gacrux "S71 17221 g Crude Alioth $55.96 166.50 @ Ursa Majoris 
Peacock 56.74 053.60 3 Pavonis Mizar (Alcor nearby) $84.93 159.01 2 Ursa Majoris 
keVelorum 58.02 219.46 k Velorum Phecda $53.69 181.54 g Ursa Mayoris 
6 Velorum "$4.70 228.82 d Velorum Elsnin yetamin $51.49 090.86 9 Draconis 
Centaur 53.47 195.02 @ Centauri Mirfak 49186 308.92 2 Perse! 
Canopus 2nd brightest “52.70 264403 2 Carinae alka JBenetnash —+49°31 153.12 eta Ursa Majoris 
Muniitain ~48.97 169.62 9 Centauri Capella $46.00 280.83 a Aurgae 
Regor “47.34 237.61 g Velorum Deneb (not Dencbota) 1145.28 049.64 3 Cyani 
Aina’ "46.96 027°95 3 Gruis Menkalinan $4495 270.12 b Aungae 
berus "46.88 019°34 8 Gruls ‘mak yAlamac $42.33 329.02 g Andromedae 
Suhail {A\Sunail 43.43 223,01 | Velorum Algol 440.96 312.96 b Perse! 
Aerab/ Sargas /Rastaban Se, "43.00 095.67 theta Scorpi Sagar Sadi (Sadr $40.26 054.45 9 Cyan 

kaa "42131 353143 3 Phoenicis. Vega 438.78 080.76 a Lyrae 

fa Centauri "22.16 141.12 eta Centaur theta Auriga $37.22 270.07 th Aungae 
aos "40.00 239130 2 Puppies Mirach 13562 342.57 b Andromedae 
KScorpli (not Akrab)-39.03 094.38 k Puppis: aljanah $33.97 048.45 @ Cygni 
Shaula "37.20 096.60 | Scori castor Ne tbwin $31.89 246.34 3 Geminorum 
i Puppis 37-10 250.71 pi Puppis Alpneratz ——/Sirrah $29.09 357.90 a Andromedae 
Menkent (not Menkar) “36.37 148.33 th Centaur Einath Nath 428.61 278.43 b Taun 

Kaus Australis "34.38 083.96 e Sagittani Scheat Schert 128.08 014.06 b Pegast 
escori "34.29 107146 @ Seorpi Pollux Sewn 126.03 243.67 b Geminarum 
Ascella /Nushaba “9°88 074/36 = Sagitant Taar 327.07 138.75 e Boots 
Fomalhaut 29.62 15°59 2 Peis Austin's Alpnecca Gemma _—-*+26.71 126.33 a Coronae Borealis, 
luda 39°30 248°97 eta Canis Majoris Hamal 123146 328.20 a Anetis 
‘Adhara "28,97 255.24 e canis Majoris Sheratan _/Sheratain $20.81 331.33 b Ariatis 
‘Antares 26.43 11265 3 Scorpil Zozma eesma $20.52 191.47 d Leonis 
Weren 36°39. 252/90 4 Canis Majors Algsba 419.85 205.00 gt Leonis, 
unk 26.30 076.18 5 Sagitari ‘Arcturus 19118 146.08 8 Boots 
Dschubba "22162 119.91 4 Seorpit Aldebaran (not Alderamin) +16.51 291.01 a Taus 
Diphda /beneb Kaitos “17.99 249.11 b Cet, ‘Athena $16.40 260°56 9 Gerinorum 
Mirzam [Marcin “37.96 264.23 & Canis Majoris Markab 41521 013.82 a Pegast 
Ameb jameno “17.82 276182 2 Leporis Denebota 314157 182'73 6 Leon's 
Sirus {og (brightest)-16.72 258.72 2 Canis Majoris Rasathague 412156 096.27 a Ophiuei 
Sabie 45.72 102.42 eta Ophiuel Regulus 411.97 207.90 a Leonis, 
Spica STG 158.70 3 Virginie Ent 09.88 033.95 @ Pesas! 

zeta Ophiucl 40.57 110.72 zeta Ophluci Altair 408.87 062.31 9 Aquilae 
Salpn 09°67 273106 k Orionie Betelgeuse 07.4% 271.20 3 Ononis 
Zabenelechemali “09,38 130.75 b Lbrae Bellatri $06.35 278.71 9 Orionis 
Aiphara “08°66 218110 3 Hycrae Procyon $05.22 245.17 a Canis Minoris 
Rig not RigitK. “08.20 281.37 B Onions ‘Vernal Equinox, defined as fixed 00.00 000,00 "the frst point of Aries’ 
Bintak 5. belt "01.95 274180 21 Onionis 

Alnilam Hig belt 01.20 275,94 e Orionis 

Mintaka WN belt “00°30 277'00 4 Orionis Figures are from Epoch 2000.0. 


Precession of the equinoxes. 


Stars drift about 1° of position relative to the 0,0) reference star, in 72 years, because it moves to the WNW along the Ecliptic. See p 335 
‘The third igure will therefore become off by one after 10-20 years. €.9. Mimosa used to be -59.59; Atria used to be 108.30 

(One degree of latitude or declination = 60n.ml. = 11ikm; so a maximum change in O.1° over 18 years represents 1 1km, or about 0.6km per year, max. 
(The actual change in Declination depends on its relationship tothe Northern Spring Equinax point — see below.) 

(One degree of SHA = 6Or.mi. at the Equator; haf that at 60° Lat. ; 1° reduction in 8O years is about 3 seconds later in timing per year, or 1.4 km 
‘max, athe Equator. 


Ecliptic The frst point of Aries moves along it at about 50 seconds of arc per year (5/6° in 60 Years) 


23°%s tangle 
"50°7Jo" Declination change of 1/3 minute of arc per year (20 secs of arc) 
Equator eas" "Ha change of 46 seconds of are per year "202 + 462 = 502 
Se 


Ifyou set your star watch by the actual visible stars each year, you eliminate E-W "precession’ component, and are left with only the drift in declination 
So its of Some worth to be abe to predict how that rate of change in declination depends on SHA. 

Gbviousiy Stars ta the North of Aries lose Northern dec, atthe full rate. Stars to the South must gain Souther De. 

Stars opposite Aries (SHA=180°) do the opposite, Stars exactly in between are unaffected (SHA=90? or 270°), 

The rate fr all cases follows the cosine of the SHA. Fg. stars at 60° SHA will have 50% of the full dac adjustment (of 1/3 n,m. per year) 

Take care with Polaris, since ts too close to the Pole 
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Appendix: Drawing Great Circles 


First, bisect a globe, 
Two equal halves. 


Put the halves back together. 
Notice the alin. 
‘The backside is dashes. 


Draw it symmstrially around the centre. 
Use iat ends to the elise, 


Choose the clearest perspective 
Erg, 1. Rising/ setting Is 20° away, £0 put yourself in the centre, surrounded by a 90° circle. Z is used for your Zenith ~ overhead. 
E'g, 2 Laok at the Equator side-on to make it and the latitude cirles straight 

E-g. 3 Centre on the pole, to show up the polar distance. Ps used forthe Pole. 

E.g. 4 Curve away from the centre. If in doubt, draw the whole ellipse and discard the unwanted parts. 

5.A Great-eircie can be drawn as a straight line. X is used to mark the postion of the Star/ SurV Moon Planet 

6. Draw the Vertex’ of the course as a tangent to the maximum latitude small-cice. 

2: The vertex can be drawn side-on, 


The PZX spherical triangle 

8, Delberately avoid straight lines to show up the curve of the triangles. 

8a. 2Xis the angular distance from you tothe star, or the co-helght 

£8, PX iste polar catance or co-deination to 8 point directly underneath the star. 

Be. BZ is the polar distance orca-lattuse of your positon, 90° ~ lat. 

a. The angle 2PX, ot, is lonitude ference ~ between the SHA of the star and your West longitude. A longitude diference isa time delay 
188. The angle P2X's a horizontal sirection relative to P, towards X. Technically called an ‘azimuth 

[8C. The angle PXZis similar but only meaningful if there were someone under the star, looking toward You 

9. 8, Cand a, b, € are used to label angles and sides of any spherical trangle; I'S up to you to know which ones label what. 
40. raw a fll 180° to show up the supolementary angles. 

41, Draw the Equator cutting East and West of you, 90° away. Mark any right angles, and the complementary angles. 


‘The P2X navigational tangle conforms to @ handful of standard fundamental spherical trigonometrical formulae, 


‘The Angle Sum: a+b and A+B are beth greater than, or both smaller than, or both equal to, 180° 
‘The Sine Rule Sina/sin A = sin b/sin B= sin c/sin C = constant. Ambiguity (about obtuse angles) can be resolved by the angle sum rule 
‘The Polar Triangle Rule: abcABC can all be swapped for the supplement of the opposite members. 
Eg. "a' becomes 180°’, °B" becomes "180°—b', and the resulting formula is stil valid. .g. the sine rule simply inverts 
The Cosine Rule: cos'a = cosb cot e+ sin b sine cos A 
‘The Polar Cosine Rule: cosA=— cos B cor C1 sin@ sin C cos. 
‘The Four Parts (in a row) Rule: e.g. ABCA or aBcA in the triangle ABCAbC oF aCbACB. You can find the 4th (outer) part from the first 3. 
0s (inner side) cos (inner angie) = sin (inner side) cot (other side) — sin (inner ancle) cot (outer an 
Ifyou want an inner part, use the sine rule and angle sum rule to Find the Sth part, then goto the half-angle rus. 
‘The Five Parts Rule: sin i cos 2 = sin 3.cos 5 + sin Scos 3 cos 4, where 4 isa side. I gives You any but part number 3, from the other 4 
‘The Polar Five Parts Rule: sin cor 2 = ~sin 2coa+ sin S cor 3 cos 4, where 4 isan angle 
‘The Half-Side Rule, to find the middle of § parts, when the middle par is aside: halve each side and angle first: 
tan (half side) = tan (half sum) cos (half sum) / cos (half difference) ; tan refers to sides, sin and cos to angles 
= tan (half difference) sin (half sum) / sin (half eiference) but this introduces arder-ambiguity because ofthe sines. 
‘The Half-angle Rule to find the midcle ofS parts when itis an angle 
cot (half angle) = tan (half sum) cos (half sum) / cos (half difference) 
= tan (half difference) sin (half sum) / sin (half diference) 


Make North and West positive, and East and South negative, and the formulae automatically work on PZX for angles up to 360°. 


‘The formulae simplify where a side or an angle is 90°, since sin 90°=1 and cos 90°=0. 

Napier’s Rules... 

‘The rules for right-angled triangles and right-sided triangles are simplified when the § ther parts ofthe triangle lai out in @ pentagon, 

‘and the 3 parts not adjacent to the ight angle are changed to their complement. 

In addition the part opposite a 90° side must have an extra negative sign 

Ej. if Ais the night-angle, use (90°—a) as part 3, (90°—8) and (90°C) for parts 2 and 4; if ais 290° side, use A-90° for part 3 

Then, ‘Sin of any one pare = tan tan of adjacent parts or = cos cos of apposite pars (in the pentagon of changed parts). 

Ambiguity must stil be resolved by special rules: Problems occur when there are 2 or more right-angies inthe triangle. 

“a’ and ‘at (opposite parts in the tangle, with matching letter names) are both less than or both more than 90°. Lkewise for 8b and Cc. 
If one part and any part not opposite it (ie. not A and a, as above) are on the same side of 909, so are all the other mismatched pairs. 
If ane part and any part not oppasite it (ve. nat A and a) are nat on the same side of 90°, neither are any of the other mismatched pal. 
“These refer to the tangle pares, not the altered pentagon parts 
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appendix: Calendars in the Sky — the first glimpse and last glimpse of stars 


‘~ Firstly, What's wrong with sunrise/sunset time? 
“To know what te of year tis, you could note the ordinary standard Sun time of sunrise/set at that place (2.9. from home), 
“But this is insensitive (maximum shift is about 1 minute a day), useless around solstice, lattude & longitude dependent & requires a watch 


'~ You need to use apparent star time; no watches, to locate the Sun’s position on the Zodiac relative to the stars, 
“ire what stars are up” at midnight, or a twilight, or what stars are invisibly up at mid-day or sunrise or sunset 
+The Sun creeps Eastward about 1° per day along the Ecliptic (through the middle of the Zodiac belt) 
+ That quadruples the sensitivity to 4 minutes change a day, steady year-round. 
It's only affected by the Equation of Time, which is a minor variability, 1/4 min a day, max. 
+ The Sun wil blot out’ each Eeliptic star for about a month at atime. 
‘That's 2 rough way of finding the month: "can't find The Twins” (uly). 
+ "Nautica flights when the Sun iz 10° below the Norizon (about 1 hour, in Tasmania), dark enough forthe bright navigational stars to 
be visible while the Horizon stil shows clearly enough to be used with a sextant; 
So bright stars 10-15° avray fram the Sun begin to be visible. That means that bright Ecliptc star might ony be invisible for 3 weeks. 
{Cui twilight is 5® below, requiring lighting; and astronomical twilight i 15° below, dark enough tobe called ‘night, and to use a telescope] 
Eg. "What stare are up at midnight, uses the ‘apparent star time’ ofthe anti-Sun, as it were. You need ta bisect sunrise and sunset, and be up then 
* Find which star is N-5 of you (the "local apparent star time’) at ‘local apparent miright (= opposite noon — i.e. the ant-Sun stars) 
But that is cificult — you need to know the apparent noon (which is longitude dependent}, not the clack noon — and It tll requires a watch 
So how can you do better? 
+ You could note the clock-time of any particular star event. £.g. follow ‘Rigel over Capella’ during Summer. 9. Antares at 10° high 
‘This is simple, and accurate, but it would only work for that location, no other, since longitude alters the clock-time of appearances 
+ You could note the clock-time delay between any particular star-event and either Sunrise or sunsat. This is a good method, 
Since It pinpoints sunrise or sunset more accurately than saying At twilight, when the stars come out, or when they fade out” 
For best results, choose which star-event directions to use, as explained below, so that people at al latitudes see the same appearances. 
«This pinpoints the star-time-it tells you where the stars are—in relation to the apparent Sun-time (by tying i to sunrise or se). 
{For Rise/Set observations, you need a good horizontal horizon (or other fied haight-of-star) for starrse/set to be lattude- 
independent, and location independent; But at Rome you simply need a repeatable point of view ofa given horizon. 
‘~ But to get back onto the main topie: The use of a watch can be eliminated by using twilight ‘glimpses 
*+ For Twilight observations, you need dependable eyesight; & a clear sky, with no Moon or ight pollution, or haze, to be repeatable. 
‘The idea of a glimpse’ is that itis positively there or not. And it doesnt need a watch. There are 10 of so varieties, 
sf you see. star before dawn, Ws positively there, oF if you can’ see it after dark, i's not there, 
+ Look tothe East before dawn and you will see a new star appearing forthe frst time In the season — a first glimpse, 
You wil then lose sight of it due to daylight. This s the standard star-calendar event. 
+ Look tothe West after sunset and a star will hve disappeared for the rest of the season — a last sighting 
You glimpse it Briefly, before it moves into the sunset glow, and is lot to eight far week, 
+ Examples: The last glimpse of Spica is just after the September Equinox; Regulus is Mrst sean just ahead ofthe September Equinox; 
‘The Equinox is between the two, and both are on the Eclipic, about 25° each side. That's 25 days for the Sun's movement. 
The first glimpse of Antares is around Christmas time, since itis about 20° ahead ofthe solstice; 
Aldebaran reappears around the winter solstice; The Twine disappear soon after it 
‘The solstice is between thase two, 25° away from each, 
You need to check the exact dates of appearance and disappearance because they vary with the exact latitude—this is a semi-local calendar. 
+ fa starpairhas tited out of alignment by the time the stars come out, you simply don't see it occur; 
br fit doesn’ align before dawn, you can’t see it"happen’ 
* Look pre-datin forthe frst date on which you can glimpse a star pair reach its proper alignment, before dawn takes over. 
+ Look post-sunset for the last date on which you can see a star pair attan its right alignment, after which itis ost for a month or so. 
+ Each doy'a Western star gets closer to the Western horizan from above. Each day a rsing star gets earlier to the Eastom horizon, fram Below. 
* Look for the first glimpse ofa star clearly rising or setting pre-dewn 
¢ Look for the last glimpze ofa star clearly rising or setting post-suncet. 
Ifyou see it setting, you know it; if you see itrise, you have seen it happen. 
+ Wait to see whether a star reaches a known fixed height (e.g. not to0 far above the horizon), to make abservation easier. 
* Looking at 2 reflection of @starin smoath water or ol, will double its height ‘above horizontal’ you want a method to work anywhere, 
+ Wait unti a star coincides with a known fied direction (e.g. ‘over the tower’). This makes it location“specic, but may be useful 
‘These all have the effect of describing the height or tit or direction ofthe horizon ‘at twilight 
+A star overhead at twilight will show up as a rst/last glimpse. You look fort, but if may not ‘happen’. This i latitude-specifi 
‘© You could now combine the ‘glimpse’ methods and ‘crisp timing’ to avoid the indstinctness of twilight (but this is more latitude dependent). 
‘Look ‘exactly 1 hour from sunset/rse’ to crisp up the timing of the ‘events’. Any exact tme-span atleast that long, would suffice. 
‘~ To clinch the star-time, n a latitude-independent way, use Great-Circle type directions (at right-angles to sunset/sunvse’"a star near the Sun 
at twilight “opposite it) to ensure that people over a wide range of latitudes more or less agree in their observations. 
‘The standard direction fs not sunvise/sunset itself but where the Sun is at flight which is 1 hour tothe lft (SH); the Brightest part ofthe horizon 
* identity star-pairs at right-angles to the Sun’s direction at twilight. 
+ or examine the rise/set of stars near the Sun, especially those ahead or behind it, in its rising and setting path. 
+ or oak for stars rising, setting or simply baing visible, opposite the Sun at twilcht 
+ You ean use any other"star direction, But it will only apply to that latitude. The Best great-cicle directions are between NW/SE & NE/SW. 
‘~ But the sensitivity can be further improved, by choosing which twilight gives the most daly change 
* The night change (averaging 4 mins) is not the same amount through the year. 
Ttcan be reduced to 3 of Increased to 5 in a place like Tasmania, as the seasonal day-Iength varies by several hours. 
‘The change n sunrise or suneet time by up to a minute a day ls overlaig onto the steady star progression 
Look at the time of day when the most rapid change is taking place, since you want the most accurate discrimination: 
‘After mid-summer, look for ‘irst glimpses’ in the pre-dawn 
+ Nights lengthen after the summer solstice mare stars rise in the East than set in tne West asthe night-time gradually dominates 
[At dawn, the Sun lingers a Ite longer under the horizon allowing more stars to rise, in their creeping ahead of the Sun. 
But at sunset, the Sun goes down earlier, lke the stars do, and you don’t notice much change as to which stars are up. 
*'So when the nights lengthen, look before dawn and ty to see any first glimpse tis season, 
Luckily the pre-dawn in Summer/Autumn is mile, bt ican be quite early. Use the clock-time delay method “from sunset, nat ta sunrise’ 
‘After mid-winter, look for ‘last glimpses’ post-sunset ; 
+ Conversely, after the winter solstice, the increasing day length dominates over the night sky — more stars set and fewer stars rise. 
You wil lose sight of stars seting in the West, quite easily, asthe Sun will nger before setting, because ofthe season, 
but find it hard to see a new star rising in the East for the fist time that year, because the Sun pops up early. 
*'So wnen the days lengthen, t9 pinpoint the time of year, look after sunset for any last glimpse. 
‘That's not too late at night in Winter/Spring, and it should not be too cold. Or use the clock-time ‘until sunrise, to maximise the da 
The overall idea works In both hemispheres, but the optimal choices of when to look are bed to the seasons, nat the date 
Use either method, when near tothe solstice, or near the Troples, or at any time you want to. 
* Around mid-winter and mid-summer, you can happily use any of the 10 glimpses, or any of the clock-time methods. 
¢ Near the Tropics, also, thee is little giferential advantage, compared with temperate latitudes, since day-length is fairly constant 


sep. 


‘~ Keep a special perpetual calendar (a 365 day chart with no days of the week specified) to nate dawn your abservations; with room for related 


Seasonal changes, like bird migrations, frosts, plantings. 
‘All this has litle todo with navigation, directly, but gives you practice in following the seasonal movements of Sun and star. 


ws 


About the Author. 


I have a big bushy beard from too much bushwalking and 
ocean sailing, but now that it has grown too grey, it is time to 
hang up my boots and write it all down. 

My dad was a ‘plane navigator during World War 2 and as a 
child I studied his manuals. Then at University I spent more 
time in studying naval navigational manuals and in bushwalk- 
ing off track, finding my way over the snow or canoeing across 
lakes, than in studying for my exams. I used the library to 
learn spherical trigonometry, then, as soon as I finished Uni, 
set out across the trackless ocean. I soon found myself invent- 
ing techniques to plug the holes in my normal abilities. I re- 
turned home years later, not knowing what I was meant to do 
in life, but as I lay there on my old bed, I knew that if I was to 
be a navigator I would like to be one like Captain Cook. He ex- 
perimented with new techniques, and with old — he described 
native sea-navigation expertise. How did they do it? Even now, 
no-one seemed to know. I immediately had a vision of one star 
above another, which kept me busy for years on great-circle 
navigation methods. 

I had honed my skills trying to teach boaties and would-be 
ocean sailors, but my biggest challenge was to teach my wife 
and children. We became a feral family for a while and walked 
every track we came across, here and overseas. Only then did 
I appreciate how much more there is to orienting yourself to 
your surroundings, than simply having a compass. 

My next inspiration came while walking the forest on a foggy 
day. I simply asked how the trees themselves would hold the 
secret to which way is which. Years of observation and testing 
later again, and this is the result. I don’t want it to die with 
me. 

I hope you too can now enjoy the magic of the science and 
love the art of exploring, even teaching yourself, before you 
too have to stop still, inside the bounds. 

Learn a little before it is too late. 


Outline 


“Navigation Down-Under” is your complete manual of bush 
navigation and outdoor orientation for when you go off the 
well-worn track. A free pocket guide to take with you bush- 
walking is part of the pack. 

Do you know how to predict and find direction from the Moon 
by memorising just two simple numbers? Can you interpret the 
Australian bush plants for direction? You will find some never- 
before published new techniques, as well as all you need to 
know about traditional methods like Lie-of-the-Land. 

If you come from the Northern hemisphere, you'll need the 
top-down global approach, and can try some special Southern 
Hemisphere methods of direction keeping. 

Sailors will find here a valuable beginning into celestial naviga- 
tion. 

A lot of it is about how to navigate without a compass, how to 
stay oriented and how not to get lost. It is an essential course 
in basic bush awareness and orientation, for surety and safety, 
plus it also throws out the challenge that you can improve your 
already existing competence very quickly and easily. 

For Scouts or emergency search-and-rescue workers, it is a 
thorough course, advancing beyond the map and compass. Or 
perhaps you are a tour-guide and need more than course and 
distance — You'll get something more, something more like 
biogeography or ecology. 

Each page is a carefully arranged lucky dip of interesting tid- 
bits. 


Keywords 
Navigation; Orientation; Celestial Navigation; Bushwalking; 
Map and Compass; Without a Compass 
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Section 1. B16: 


"ICTURE TOP-DOWN pp 3-33 


General Introductory Points _Big-Picture Rule One: 
3 Locate a Distant Reference Direction Fist 
3 Visualisation is your Key Skil 
3 Big Picture Orientation, 2 Mental Layout Acquired Beforehand 
3 Compass Navigation Robs You of a Global Perspective 
3 The Big Picture is Invisible ~ Your Job isto Visualize It! 
Global Perspective; Earth 
3 Compass Navigation Robs Vou of a Global Perspective 
44 Global Re-orientation — Light-Half/Dark-Half 
5A mnemonic for global orientation: "True Polarity” 
& Mnemonic: "Time Tells Turing” 
7 The sky turns 15° per hour Use your thumb and forefinger 
8 Global Orientation: Latitude and Polar Distance 
9 The Angle of Rising and Setting—is Determined by Your Lat. 
40 Global Orientation: Point tothe South Pole 

half its polar cistance below herizantal 
11 The North Pole is Perpendicular to the South Pole 
412 Global Orientation: the South Pole Star, and Polaris 
413 Pole Stars—"(Lattude)* above and below, South & North” 

Point to 2 Points on the Equator — Halfway between the Poles 
15 Perspective Distortion — The Sun Moves ins Straight Line! 
46 Global Onentation: Half the Arc-Distance Below Horizontal 
117 Half the Are-Distance below Horizontal2 Explanations 
48 Example: Point to Tah 
19 Use Latitude for a Distance Scale (Not "Long'-itude) 

20 The Horizon Rotates to Your Right in the S. Hemisphere 
21 Global Perspective — Rotation af the Horizon 

22 How to Shift Your Horizon —Its Timing and Height 

23 Latitude without Numbers 

24 Mnemonic "The Sun Travels the Tropics" 

25 Tropical Countries and Praces Under the Sun 

~ Arranged in Time Zones Relative to Eastern Australian Time 

=I hrs ahead of Greenvich 
26 North/South and Noontime by Bisection (of Rise and Set) 
27 Finding Magnetic Variation By Bisecting Rise and Set 

Find E/W by Delayed Bisection of Sun & Full Moon At Rise/Set 
28 Find North fram the Combination of the Sun and the Moon 
29 Eastern Australian Standard Time Zone 

10 hours ahead of Greenwich 

Showing Tropical countries and places underneath the Sun 
32,33 Overview 
128, 129 Tropical countries and places underneath the Sun 
sun ‘Your Gest Reference Direction: 
4 Imagine the Sun at High Noon — Always 
§ Mnemonic: Noon Sun Passes North of My Nose Down Under 
6 Notice these, Yesterday — to Guess the Time Today 
7 Mnemonic: the Southern Summer Sun Sets Somewhat South 
'8 Mnemonic: "Sun at High Noon — How High?" 
8 On Overcast Days, Average the Brightest Sky over 1/4 hour 
9 High Noon — How High? 
40 OptiealIlusion ~ Beware! 

=" Use Your Shadow Not the Sun, For Direction 
411 The Dark-Blue Polarisation Band Perpendicular tothe Sun 
411 The Centre of the Rainbow is Down Sun 
412. Your Shadow Rotates withthe some clock-sense as the Sun 

‘Shadow-Rise and Shadow-set is opposite direction to the Sun 
412 Mnemonic: Shadow Rigo ison the Right; Set is on the Left 
12 Mnemonic: Your Shadow Passes South of Southerners 

at Southern Noon 
413 The Sun Passes Quickly Past North-South Nearer the Troples 
14 Shortest Shadaw South—Opposite Highest Noon. 

‘Always Imagine "Shadow Noon” on your "Shadow South” Side 
15 Locate Polars (& Find N) by Imagining the Centre of Circling 
6" Noon "is Not at 12 O'clock 
17 The "Equation of Time" Diagram 
48 The Sun Osclates Seasonally between +/+ 23%° Latitude 
19 Using the Declination af tre Sun 
20 Tell the Time by the Compass Protractor—Tilt to the Equator 
21 Or Judge the Time By Sight—by Mirroring the Sun Around N 

(To Make an Hour Hand on 2 12 Hr Clockface) 
22, 23 Walking in Phase withthe Sun, Wind and Moon 
24 Tell the Time of Night by the Star Opposite the Sun 
25a Eastern Australian Standard Time Zone 10 hours ahead 
25 Tall Nortn from The Time By Using a Protractor 
26 Longitude and Latitude from the Sun 
27 A Bush Theodolite for Overnight Equal Height Observations 
28 Find North By your (non-digital) Watch-Hands 
29 Find Any Other Direction Teo ~ Using the Hour Hang 
29¢ String North 
530 Locating Ant-sunrise Shortest Shadow Souths 
30 Sun Path Norths — Summary 
431 The 2 Flaps Method for N.—Lat. & Dec, Angles Separately 
31 Seasonal Adjustments For Equinoctial East 
32, 33 Overview 
4132, 133 Eastern Australian Standard Time Zone 

10 hours ahead of Greenwich 
‘Showing Tropical countries and places underneath the Sun 


Stars 
{The 4 Bright Stars of Orion Point out Where the Pot is Going 
4d The Eciptc 
5 The Two Brightest Stars Point out the South Pole Star 
6 The Spinning Earth Makes Circular Paths for the Sun, Moon 
9 Stars Leave Star-Tra 
8 RISE and SET Directions for a (Local) STAR COMPASS 
9 Global Star-Compasses e.g. ‘Perpendicular to' rise and set 
410 Right Around tne Horizon, Stars Move to Your Left, Down S. 
11 Identity the Stars That Pass Directly Overhead, 
12 Ways to Locate the South Pole Star Or the N./S. Meridian 
128812 Global Orientation: the South Pole Star, and Polaris 
13 Pole Stars~"(Lattude)® above and below, South and North” 
13 South Pate star Chart 
14 Find the Polar Axis by Star-Tral Bisection 
45 The Eagle Clips the Equator, South of Altair 
46 Equatorial Stars Rise and Sct Due East and West 
417 Rigel-to-Capeiais a good 5./N. Pair 
418 Use the Southern Cross as an Hour Hang 
418 Picture the Southesn Crose during te Day 
419 Perspective Distortion — Use the Corract Vertical 
20 The Southwest Corner of the Great Square is N.S. €. W. 
21 The Southern Summer Rectangle And a Tangle Pointing S. 
22 Navigating by the Shape of the Night Sky 
23a Latitude without Numbers 
23 Matching Sky to Sky — Meve Only Your Horizon 
24b Stars Opposite the Sun 
24 2 Different Sack-and-Forth-Star-Directions for 2 Postion Fix 
25 For Land-Navigation, the Plumb-Line Star-Pair Method 
26 Equal-Height Stars When the Sea Honzon is Visible 
27 Great-Circe Reference Star Directions 
28 Leo the Lion Looks like a Lion oF Sphinx Squatting 
tas Four Lines which Show N./S. €/W. 
29 String North Latitude without Numbers 
430 “starcTime” Gains Four Minutes 2 Day 
231 Working the Star-Longitude Numbers 
432,33 Overview 
118,119 Appendices: 


Divide the Star Globe ito 8 Octants 
3nd Learn the Stars in Each 

‘The Southern Figure of Eight 

‘The Zodiac 


12 Alist of Star Coordinates 
124 Drawing Great Circles 

bs Calendars in the Sky 

Moon 

4" Look forthe Line Joining Sun, Moon, Planets & Zodiac Stars 


= the Eaiiptic 
6 The Moon; Rule 4: Look for It 
8 Fram the Moon, Locate the Sun-Moon Direct Line, Carefully 
410 Mentally Rotate tne Sun-Moon Line Around Polaris 
12 "Cusp North” — Approximate Direction from the Moon 
44 The Rabbit Looks up Ahead at Full Moan Using the Ecliptic 
46 The Moon Cusps Push and Pull the Hour Hand Backwards, 
Down South 
117 Watch the Clouds Cross the Moon 
418 The Moon is Lit &y the Sun 
20 The Moon Rises and Sets 50 Minutes Later Each Night 
22 The Moon is "in Phase” withthe Sun ~ Watch for It 
24a The Moon Moves Over the Tropics, 
24 bragict the Full Moon Path According ta the Time ofthe Year 
24d Finding North from the Moon, by it height & phase 
25 Precict the Moon Phases by "N minus M 
28a Find E/W By Bisection of Sun & Full Moon At Rise or Set 
28 To Predict the Moon's Path, Visualfes the Eclstic 
298 Find North from the Combination ofthe Sun & the Moon 
29.8.4 Week Position Cycle of Moonrse/set, to Find E/West 
290 Keeping Track of the Moon's Motion along the Ecliptie 
30 Adjusted Moon-Cusp North 
‘To the Left or Right, By Moving the Sun 
322 Overview: The Moon 
116,117 Appendix: Moon-Phase & Tide-Time Dial 
Wind See also pp. 602.682 
5. Mnemonic: “Wind? Weather Map! 
7 Mnemonic: "Wind in Your Face 
9. ‘Low Clouds Come Clockwise Down under 
11 Weather Fronts Distort The (Cireular) Wind Circulation 
413 Wing-Direction-Change Rule for Buys Ball's Law 
413 Steering Winds 
15 Atmospheric Pressure Changes. 
17 Wateh the Clouds Cross the Moon 
19 To Determine Upper Wind Direction from the Clouds 
24 Cloud and Can trails and Their Winds 
23 Prevailing Winds an Creek Banks Tips for calm weather 
27 Make a Bush Psychrometer 
31 Topagrapic-Level Winds 
33 Overview: Global Weather Patterns 


S52e The Aurarae 
53e Cty Glow 
128 
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Cloctwise See also Map & Compass Work 
4 Snemonic: "Clockwise Northern Hemisphere SWINES 
& "VEERING" with the Sum is "Clockwiea" 
only in the Northern Hemisphere 
"BACKING", against the Sun's movement, is "Antilockwise” 
~ but only in the Northern Hemisphere. 
{8 Mnemonic: (when you say) "COMPASS" (say) "CANADA" 
10 "Bears Circle Clockwise” Compass Bearings are Clockwise, 
‘Full Ciele, and Eurocentric, Cea? 
412 Mariner's "Compass Points” work on Successive Halvings 
34°E. W.N. South’ OF What!? “Rule: Say What 
416 Back-Bearings Killed Sieapy Pilots 
48 Back-Bearing: Plus or Minus 200° Then Minus or Plus 20° 
20Turn 90°? *4/-100° -/+10°" | 
22 The Clock-Face Method for Direction 
24 One Dagree is about One in Sixty 
26 Anticlockwise is Your Best Spin-Reference Direction 
28 Bearings & Tracks: “If itis pght, itis big in my sight” 
30 "By the Nose” Navigation 
32 Overview 
Anticlockwise 
5" Mnemonic! Down Under, The Sun Moves ANTI-BigBENWISE 
ive. anticlockwise 
7. Southerners Need Anticlockwise Systems 
‘9 A Compass-Naedle Continent~—Swinging the Continent 
41 Interpret a Compass Needle as "RED HOT-WHITE FROST” 
43 Four Reference Directions -Name Them "Rise, Noon, Set, Midnight 
45 "Rise-Noon-Set-Midnight” caries its meaning across the Equator! 
NS.EW. doesn’, 
47 The 0,1, 2, 3, 4 Reference Directions 
49 The Sunny Skies Quadrant System 
21 The "SWEETHEART" Method of Orientation 
23 Mnemonic: "Worth; Coast” 
23 Go Overseas! 
27 Walle across Australia! English! 
29 South isa Tiply Better Reference Direction than North, in the Sth 
431 Nose-Navigation Needs an “Ant! Mnemonic "Nor-West, Not-Least” 
32 Overview 
Revision, Overview and Explanations 
"Top Down Orientation 
‘Time is counted in cycles 
Closer to Home 
‘The Precession of the Equinoxes 
‘The Moon 
Global Weather Patterns 
‘The Moving Horizon 
‘The Spherical Earth 
‘The Spinning Earth 
Moving the Horizon 


pp. 32,23, 


‘Section 2. THE INSIDE STORY—Mental Manoeuvres pp.24-55 


Learn 
34 Navigation is More Than Navigating 
36 The “Good” Navigator. You. 

38 Don't Just ‘Get By’ and "Make Do" 
440 Walk Where the Navigators Talk — if you want to learn navigation 
40 Explore It's No Fantasy 

42 Self- Motivation is Fundamental 

{44 Routine Mind-Shut-Down Procedures 

46 Navigation is Mental Work ~ Stay Alert 

48 To Work Harder, Rest Harder 

50 A Three-Track Mind 

52 Concentrate Outwards 

54 Come to your Senses, 

Think; Interpret 

34 Your Subconscious is Superior to Science! 

36 Think out Loud 

38 Memories are Made of Landscapes, Not Compass Needles! 

40 Feed Your Subconscious through Your Conscious Focus, 

442 How to Feed Your Brain 

‘44 Feed Your Subconscious Subconsciously 

446 Instruments Instruct the Intelligent 

428 Minds Work Best with Intelligent Questions on Them 

50 Interpret! 

52 SPELL Out Numbers — Into Wards 

52 PAINT your Words — Into Pictures 

54 TRANSFER Your Pictures into Realty 

54 Put That Experience in Your Memory Bank 

55 Extend Visible Reality Into the Invisfle Picture 

‘Angl 

$34 Measuring angles at 1 cm per degree 
35 Poine and Blink = 10% Shift 

36 Guesstimating Angles at 1 degree per cm 

37 Distance using Apparent Size; 

437 Visual Angle, Size and Distance & 6°; Side-wise Offset 
(Ge, 39 Grasine Walk & Mental Grd Maps) 

40 Cyclical Motion Divided into 12¢hs 

‘41 Approximate Sine-Wave Values 


Common Sense 


129 


Look 
‘34 Visual Assessment is Your Main Clue — Rely on It Mare 
136 You Need Excuses to Stop and Have a Good Look 
238 You Need a Road-Map To Climb 3 Hil! 
40 Look into the Far Distance Look through the Haze Wait 
40 Wait for a Change in Perspective 
442°Retracing is Re-preciating” 
444 Look Back Regularly. Look Around 
446 Look Through the Vegetation, to the Contours 
48 Play the Field-Scentist 
50 Look at the Ground 
‘52 Look for Foreshortening & Overiap & Parallax 
54 Look, with Vengeance Arorethought 
Integrate 
23 Visualisation is your Key Skil 
134 Integrate: Jetstream, Earth Rotation & Heaven Rotation 
136 Visualise Familiar Landscape Trends, Under the Sun 
138 "Land to Sky — Sky to Land’ Navigation 
40 Join the Invsibie Big Picture To the Visible Landscape 
42 Landmark to Landmark Network Navigation 
{44 Aim to Integrate 
46 Imagine an Aerial Photograph of the Continent 
448 Connections to the Outside World 
—You don't need to feel isolated 
50 Orientation is More Fundamental Than Position Sense 
[52 Make Comman Sense of the Various Direction Clues 
52 Don't Degrade the Point of 2 Clue ar System 
54 Preparation isthe Key to Difficult Navigation 
422 Moveable Position vs Fixed Orientation 
432 Name Each Clue ~ wth sole ground 
‘440 Notice ana Match Up 
445e In-Line Integration 
50e Think in Pars, in lines, trends and tracks 
Orientation 35 Orientation = Direction Sense 
137 The Get Back Path isthe Single Fundamental 
236e Grid-Line Walk 
439 Disorientation is More Dangerous Than Being Lost 
439e Mental grid Map 
441 Which Way Did I Come In? Which Way Do I Ge on? 
443 Disorientation — A Killer Syndrome 
442e Movable Position vs Fixed Orientation 
445 Un-Dis-Oriented 
47 Avoid Disonentation: OverNavigate 
446e Making a MUD. MAP.-ma.p-m.a.p, 
49 OverNavigata: Equals Over-Fariliaise 
51 Needle N, 5, E& W. Identify them an the Landscape 
'51 Orientation fo Star:Finizn Rhum Line-by sight or compass 
51 Onentation to Your Finish Point, y the Parallax Method 
153 Orientation to Your Start Point, y the Parallax Method 
55 Look Backwards, Think Forwards 
Disorientation 
235 The Navigator's Top 10 Problems; ang Band-ald Solutions 
137 How I Manage to Get Lost or Disoriented 
139 Logical Blunders — Examples 
41 Logical Presumption Leads to Utter Delusion 
43 Casual Outings Catch You Out 
45 Trapped! By Not Looking Back 
447 How to Get Lost—Follow the Track-A Track is a Trap-Door 
447e Disorientation in new territory 
{49 How to Get Lost—Follow the Leader 
51 Exponential Anxiety ~ the 11:59 syndrome 
153 Nervous Nellie Navigation — Not 
Reorientation 
235 Reorientation 
437 Voice Your Thoughts — Don't Suppress Important Clues 
39 Trust the Untrustworthy 
441 Trust Less and Prove More 
443 Trust Yourself Less 
45 Disoriented? Stop. Say So. Reorient! 
47 Reorientation; And a Fresh Start 
449 "As Solid As the Rocks in My Head 
‘51 Explore Junctions, While You Can 
'53 Look forthe Essentials ~ the ‘Directions’ 
55 To Get There Quicker, Go Slower 
Lost? 
135 Lost?_Rule One: Stop! getting More Lost 
137 Back-track in Your Mind before You Back track on Your Steps: 
139 Rule 2: Start! Getting Unlost. Find yourself. Regain confidence 
138e Grid-line Walk — Explore in a Square Grid Pattern 
4398 Mental Grid Map 
441 The Simplest Way to Get Unlost isto Retrace Your Steps 
443 More is Better — Thought, Time Care 
45 Lost? Rule 3: Do a Good Job—of walking out or staying put 
447 How to Leave a Message 
449 Loot? Rule 4: DON'T Do It Again! 
51 Separated? An Agreed Plan Helps 
53 A Whistle-Coge for Contact Calls 
'55 Search and Rescue Signals — Noises Repeated Regularly 
120 Anpendix: Morse Cade ang Rhythm Mnemonics fort 
121 Appendix: Semaphore Code and Mnemonics fort 
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‘Section 3. REALLY INTERESTING STUFF 
“Bush Navigation ppS6-89 See Also "Wind" 


Nature's Norths 
S56 Nature's Norths 
58 Rock Noon 
60 Wing West 
2 Think Wind 
(64 Be Wind-Wise: Listen 
64 Obvious Tell-Tales: Windblown Objects 
{64 Obvious TellTales: Landscape 
66 Light & Colour Effects 
68 Botanical Tel-Tales 
70 Combines Effects of Wind, Salt and Light 
70 Botanical Asymmetry 
22 Think lke a Prant 
72 "Mosses Mop up Moisture” “Lichens Like Light” 
72 °Feen Fronds Face the Front” i. the sunny side 
74 Bush Noon The Sun is Always out, IF You Know How to Look 
74 False Asymmetry & Symmetry True Symmetry & Asymmetry 
76 Higher Density of Learness on the Noon Side 
76 The Lowest Leafy Branches are an the Noon-Side 
76 "It's the Shady Side That Shrubbery Shows up” 
76 Tall, Steep and Ragged Backside Wedge-Shaped 
76 Hollow under the Shady Side & Imperfect Shape 
76 Gaps on the Shady Half Dead Branches 
78 'Solar-Pane!’ Tiling of the Canopy Top 
78 Wiedge Shaped Lopsided Lean Half-Dome One-Sided Leafiness 
78 Individual Branchlets Bare Backbone 
180 Branching Patterns 
—Examine Tham for thickness, length, angle, curvature 
{82 Igolated Vegetation Shows the Clearest Asymmetry 
{82 Closed Canopy ~ Look for Gaps; ‘Saplings 
‘82 Roadsides & Campsites Reverse Some Effects! 
184 Flowers Respond to Sunlight Fruit Distrbution and Ripening 
186 Stem and Leaf Colouring "New Growth is Colour Differentiated 
188 Noon-Sunlight is More Vertical 
188 The Shedding of Bark on the Sun-Baked Side 
188 Where to Look for Fading or Lac of i 
Memory & Naming Skills See Sect.S, Navigation Mnemonic 
56 Don't Forget to Remember, Your Way! 
56 Unlock Memorable Chapters in Your Life 
56 Go forthe Jugular. Zero in on What Matters 
58 Don't Try to Memorise Details without an Overall Framewarie 
58 Don't Try to Remember Anything You Haven't Memorised 
58 Wirite down What You Memorize 
650 Anything is Memorable 
60 Make Individual Memories Memorable! 
60 Remembering Trees 
652 The Difference between Looking at, and Seeing 
62 Search-Image 
652 We Recognise 'Sameness’ But Need to Describe the Diferences 
64 Place Recognition 
{64 You Recognise What You See, By What You Can't See 
64 Description Requires Wards 
64 Can You Desenbe All That You Can Recognise? 
66 Discuss Tt 
166 Collect the Details 
65 Identify a Specific Place by its Specific Collection of Details 
66 Inelude What You Can See 
658 Extend Your Familiar Range Systematically 
68 Leap-Frog Walk in New Territory 
70 Draw the Skyline, the Ridge-lines the Outlines 
70 Label it with the 8 main erections 
72 Examine the Skyline BEFORE You Walk up to It 
72 Make a Mental Movie 
72 Take Mental Photographs 
72 Take a Mental Poto of Each Change of Track 
74 Remembering the Sequence, Needs More Than Logic 
74 Do Something NUMERICAL 
74 Maten the SHAPE 
76 Use a Type of Memory which you are Good at 
76 Use the Name of the Track for the Acrostic 
28 Group Several Related Images nto One 
{80 Working Names ~ Invent Them 
{80 Standard Name Plus Personal Name 
180 Remembering Names 
82 Name the Subsections 
182 Name the Sequence 
184 Revise your Memories ‘To Remember Formulae 
136 Remember the Sequence ~ from AA to 22 


See also Wind, Section 1 


Hints 


See also p. 110 


130 


Lie of the Land 
57 The "Lie" of The Land 

57 Listen to the Pioneers Lie Has To Oo with Water Drainage 

59 Major Rivers & Ridges vs Minor Ones Sort it out on the Map 
59 Catchment Divisions Snake from Coast to Coast 

59 A Catchment-Divsion Separates Whole Valleys 

61 Ridges Ridge Names Mnemonic: "Ridges Rise” 

61 Uphil — Wihich Hill? Upstream — to which Divide? 

63 Shoulders Stop. Shoulders are Not Easy (ike Ridges) to Walk on 
63 Saddle — A Flat between Hills, Sitting Astrde a Ridge 

685 Notice When You Cross 3 Catchment! 

655 The Giveaway! A Change of View Mnemonic: "Catch the View" 
65 You Can't Cross a Creek Twice from the Same Side 

57 Break of Slope/Make of Slope. Scree Slopes — Tread Carefully! 
69 Break of Slope — And Route-Finding 

71 Mnemonic: "Down inthe Mouth” Which way isthe flow? 
‘ine: Dan’ think this side” & "the other side" 

73 The Inside of 2 River Bend is Flatter Ground 

73 Rivers Bend! Don't Forget to Lock Backwards 

73 Rivers Meander.. Ridges Run Straighter 

25 Land-Form. Hint. What Makes a Cliff and an Overhang? 
77 Headlands, Bays, Prevailing Winds, Longshore SandDnift, Creeks 
77 Beaches ~ Slope, Particle Size, and Wave Energy 

79 Rock Typing Sol Typing 


Contours and Slopes 

‘81 Contour Lines| 

‘81 Contour Navigation: Practise It, Before you Need It 

'83 Contour Curves: Your Job is to Imagine the Shapes into Life 
[nd to Match the Lines to the Landscape 

'85 Contour Heights: Read the Numbers! 

85 Contour Sparing: Closa = Stsop Siopa 

'85 Contour Slopes: Work Out 1 Mm and 1 Cm Contour Spacing 

[85 Reference Slopes ~ To Imagine the Climb with! 

185 The Beaufort Wind Scale — Modified for Bushwalkers 

187 Make a Clinometer — a Slope Measurer 

189 Just Drow It 


‘Tracks and Bends 
57 Stick to the Track 

57 Cross-Country Routes 
59 Tracks are like Naughty Children 
59 The same is true for creeks & ridges 

59 Explore Branches While You Can 

59 Convergent Tracks Lead to Civilisation 

59 Down: Track vs Up-Track 

6 Sympathy and Understanding with Track Markers 

61 Old Track tarkers 

63 Track Markers When You Lose the Track-Markers 
153 Note (with Alarm!) When. 

685 Mark Your Trail" Mark Your Trail Non-Permanently 
655 Tracking Someone Eise 

657 Mark Your Trail More Permanently and Ostentatiously 
67 Mark Your Trail Invisbiy 

67 A pabble Code — Keep It Simple 


Reasons for Leaving the Beaten Track 


Bends 
169 Keeping Track of the Bends 
69 Logging Constant Diversions 
71 The Difference between ‘Direction’ and Track’ 
71 Continuous bends 

71 Follow the bends by anticipating the trends 

73 Keeping a Compass Course, by Legs 

73 Turn Smooth Bends inta Shara lumps 

23 Mind Which Way You Go 

75°End the Bend” 1.2. Notice the Un-Bends 

75 Name the Bend, By the Trend, of ts End 

28 Notice and Name Perverse Bend 

77 Uaok Through the Trees, to the Sky and Skylines 

77 Beriscape Navigating by Trees 

79 Bush networks Don’t Navigate by Networks Only 

79 Antidotes For Guessing at Network Junctions 

482 Sticking to the Bush Network Natural Routes Naturally Converge 
‘81 Coping with Divergence » Reverse logic 

183 Trackless Navigation The method of Names 

'83 Bush Networking Essentials 

'85 Walking "straight" through the Bush 
'85 How to Walk In an Unintentional Cirle 
{87 Walking an Exact Straight Line in Open Country 
187 Leap-frog a Straight Line by Locking Ahead 

'89 Radio Direction Finding~As Good as 2 Compass 


Desired Equipment 


Straight around 
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Section 42, DISTANCE pp. 90-108 left-hand pages 
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Distance Guesstimation is a Major Problem for Walkers 
Use the Map Scale--Dont Just Look at It" The Jargon 
ap-Sealing-Factors are Meant to be Interpreted 
Psychological Halt-Way Point’ When You Meet Other Walkers 
[AIMING OFF by 10° — 10° is 175m per kilometre 
96 Aiming-off at Sea; Aim Off 10% ar 6 
‘98 Upedown Progress 
4300 Distance by Double Pace—Test Yours Tie Your Ankles Together 
4300 Don't Lose Count! Use Finger-Math 
400 Test your pedometer 
4102 Line of Sight Can Be Extremely Accurate 
102 Two Opposite Landmarks 
4304 "Changeover Lines” of Progress ~ Relative Apparent Sizes 
404 Use the Landscape Itself to Measure & Mark Progress 
406 The Sine-Cosine Tally Method of Keeping Track, Sind 
406 Rise and Run Adjustments ~ Sine and Cos ~ North and East 
4108 Progressing A Postion Lne across the Map 
408 Pinpoint “Fixes” are a Myth! 
Pace 
190" Distance = Speed x Time Keep a Log! Adding two Speeds 
92 Pace Your Progress — Pre-Dict Ik, Don't Post-Dict It 
92 Advice about Walking Times ~ Double & Halve! 
9220 Minutes per Kilometre ~ Double & Halve — Easygoing Maths 
‘92 4 km per hour ~ Normal Walking Pace ~ Double an Halvel 
‘94 1 Metre par Seconds 3.6kph "I Hour Extra par 5 Hours” 
‘94 "1 Hour Extra per 500 m easy climbing” 
196 Adjust Your Expected Pace 
‘96 Dont Overcompensate for Slopes And Meanders 
‘98 Dont Lose Count! Use Finger: Math 
4300 A Slow Kilometre Cancels out Three Quick Ones 
1300 To Progress Faster More Easily Pace Yourself 
= Siow Down, but Don't Stop 
302 Distance-Of by Vertical Angle Safe Distance OFF 
4104 Circle-of Position by Horizontal Angle 
4105b A Horizontal Angle between Features Vields a Postion Cire 
405e Two Horizontal Angles’ Usually Fixes Your Postion 
406 Rise and Run Adjustments ~ Sine and Cos — North and East 
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Range 
242 One Degree is about One in Sixty 
34-366 Estimating angles 
37e Distance using Apparent Size & 6° 
37e Visual Angle, size and Distance Side-wise Offset 


Sta & 53a Parallax method 


90 Range: Rule One: Guess 
92 "Range" of Visibility — Two Halves to the Picture 

92 "Range Squared is Dee Height” 

92 "Range Squared is Dee Height” 

‘94 Double, the Acute Angle, off Your Nose — For the Distance OFF 
‘94 Halve, Any Angle, from your Stern—For Distance OFF 

‘96 Distance By Optical Rangefinder 

‘96 Range by Parallax and a Piece of String DIY Rangefinding 

‘98 Distance by averaging maximum & minimum Guesses 

‘98 Distance by Comparison with Some Length You Know 

‘98 Distance By Cloud Shadows ~ Look for Them 

98 Sound Travele Three Seconds to the Kilometre 

4100. Lighting Conditions & Eyesioht 

400 Visual Acuity is about One Minute of Arc 

4302 Approximate Figures for Visual Acuity 

4302 Test Your Own Vieual Acuity 

404 Circie-of Position by Horizontal Angle 


4105p A Honzontal Angle between Features Yields a Position Circle 
4105e "Two Horizontal Angles’ Usually Fixes Your Position 
4308" The best range-finger 
406 Rule ofFingernalls Rule ofTom Thumb Apparent Size 
‘Section 4b. MAP and/or COMPASS pp. 91-109 right-pages 
Map Use 
'S4e Helpful Chart Symbols 122 Appendix: Symbols 
3,396 Grid-line Walk & Mental Gra Maps 
462 Making a MUD. MAP.-ma.p-map, 
‘To "Read” a Map — Rule One: Dent Lose Your Place! 
Rule Two: Imagine Arrows for the Sun, & Your Movement 
Rule Three: Get Used To Any New Map Scale 
Rule Four: Don’ Give Up! 
Look Carefully atthe Fine Detail on the Map 
Look Carefully atthe Fine Print 
Some Map Detals are Not to Seale! 
Permanent Landscape is More Trustworthy Than Surface Detail! 
Details Added on to a Map Are Prone to Error 
Expect The Map To Be Unhelpful 
Maps Do Give You 10 Times More Detail Than You Can Notice 
‘97 “Maps Grip the Universe" 
99. Aligh the Track 
4101 Align the Map the Landmarks 
103 Align the Map to Identify Landmarks 
405 Align the Map to Fix Your Postion 
407 Which Way is North? 
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Magnetic Compass Use See also "Clockwise", Section 1 
37 Chart symbols 
91 “LM.N.Or e.” 
93. Using the Protractor by Itself 
‘95 Using the Needle Alone — Emergency Magnetic Compass 
95 Hint’ Understand that magnetic poles should be called 
‘Narth-Seeking’ and 'South-Seeking 
‘Think "4/- 5°" For Compass Bearings "4/~ 10°" 
For Following a Compass; "+/- 15°” For Using a Compass! 
99 Compass Errors — Be Impressed! Be Carefull 
101 Compass Use — Master It, but Be 2 Good Master. 
103 "Magnets Grip Maps" 
203 Align Your Map in the Dark 
107 Eaet-least; West-Best' Rule—Tells You Which Bearing is ‘Best™ 
108b Getting Started in the Dark 
108¢ Thinking Backwards 
109a Taking a Bearing from the Landscape 
209" Plotting a (Compass to-Map’) Back Bearing 
109. No-Number Back: Bearings 
124 Ropendoe: Map Symbols 
Mapmaking 
Be Grid-line walk 
39e Mental Gad Map 
‘4362 Making a MLU-DM.AP.-m.a.p-m.a.p. 
91 Maps Mean: Imagine Me! — Making Mental Maps 
91 "Map To Mind” Navigation 
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93 Mental Networks 
93 The Most Valued Map 

95 Strip Map Navigation — Follow-Your-Nose Navigation 
97 Caving Strip-Maps — Come in Books 

99 Map Folding and Map Holding 

101 Layout Map — Blind 


103A Compass Holder 
106a The Sine-Cosine Tally Method of Keaping Track, Blind 
106b Rise and Run Adjustments—Sine and Cos—North and East 
107 Sting Map. 

4209. Parallax While You Walk — JUST ORAW IT! 


Section 5. Navigational Mnemonic 
‘7b Group Several Related Images into One 
110.A'"Stare-Stap-Rest” Navigation Mnemonic 
110 P.REP.ARE.D.— A Before-You-Go Checklist 
111 Equipment—A What-You-Might-Like-to-Take Checklist 

4111 Place-Names; Learn Them; You Navigate by Local Features 
LILS.TART. off Oriented 

TLITGLIE, & Distance ~ that’s the point 

111 Distance 

111 Progress; Pace; Range 

112 Look in Thess 6 Directions ~ in 6 ways — Up and Down 
112.4 More Slopes 

112 Look in These 6 Directions ~ in 6 ways — Ahead and Behind 
112 Look in These 6 Directions — in 6 ways — Right and Left 

113 «us in Two More Directions 

4113 (2) All, Around, Apprecatively, And At 6 Us 

113 (2) Look at the Map: a Systematic Checklist. What “System” 
113 Mark the Lines-ofthe-Land On Your Map 

113 Mnemonics for Map and Compass Work 

TA NS.E8 W.the 4 cardinal directions, Isa mnemonic of fours 
114 W.EAT.HE.R. — Check for Crange 

114 Stop-Signal: Why have you stopped? 

114 REST and R.EO.RILENT yourselt 

115 RI For Revisualize the Invisible & then Relate It ta the skyline 
115 ClocksSenee Mnemonic 

115 ENT for Environmental Notice Time—Orient yourself to Nature 
115 REMEMBER to Note down the Names in the Notebook 

115 Revlax, and Play — Navigation Games and Activities 
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Miscellaneous 
52e The Aurorae 
53e city Glow 

‘Ste Helpful Symbols for Standerdising your Chart-Worke 
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Appendices pp. 116-121 
116 Moon-Phase & Tide-Time Dial 
118 Divide the Star Globe into 8 Octants 
and Learn the Stars in Each 
118 The Southem Figure of Eight 
119 Divide the Star Globe nto ® Octants| 
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The Zodiac 
Morse Cade & Rhythm Mnemonics 
‘Semaphore Signalling Code & Mnemonics fori 
122 Symbols for Track-Notes and Mud-maps 
122 A List of Star Coordinates 
128, 129 Tropical countries and places underneath the Sun 
12a’ Drawing Great Circles, ‘The PZX navigational tangle 
125 Calendars in the Sky 
126,127 About the Author; Outline 
Index. pp. 128-129 
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Relays provide a means for lowering deployment costs in initial deployments in which usage 
is relatively low. As usage increases and spectrum needs to be allocated to access only, 
operators can then employ alternate backhaul schemes. 


Figure 73: LTE-Advanced Relay?*> 
Direct Link 
() 
Relay Link Access 


Link 


Proximity Services (Device-to-Device) 

Release 12 defined a capability for devices to communicate directly with one another using 
LTE spectrum, a feature also called "operator-enabled proximity services.” With this 
capability, devices can autonomously discover nearby relevant devices and services in a 
battery-efficient manner. Devices broadcast their needs and services and can also passively 
identify services without user intervention. The communication between devices is called 
*sidelink communications” and uses an interface called “PCS.” Release 12, emphasizing 
public-safety applications, supports only one-to-many sidelink communications, whereas 
Release 13 supports one-to-one sidelink communications between two group member UES 
and between a remote UE and a relay UE. 


Initial emphasis of this capability, in both Release 12 and Release 13, is on public safety. 
Examples of potential consumer or commercial applications include discovering friends and 
family (social matching), push advertising for relevant notifications, tourist bulletins, venue 
services, crime alerts, home automation, vehicle-to-vehicle communication, and detecting 
children leaving the vicinity of their homes. The service is designed to work during 
infrastructure failures, even in emergencies and natural disasters. As a new means of 
communicating, proximity services could result in innovative types of applications. 


The LTE network performs configuration and authentication; however, communication can 
be elther via the network or directly between devices. To minimize battery consumption, 
devices synchronously wake up for brief intervals to discover services. The impact on LTE 
network capacity is minimal. 


‘As with other location-based services, operators and application developers will need to 
address privacy concerns. 


355 5G Americas member contribution, 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 140 
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ELECTRICAL DEVICES WITH EN- 
ABSTRACTED FROM THE ATMOS- 


POWERING 
ERGY 
PHERE, 

Lloyd R. Cromp, Silver Spring, Mi 
Application March 12, 1954, Serial No. 415,986 
Claim, (C1, 3212) 

(Granted under Tite 38, U. 8, Code (1952), sec. 266) 


‘The invention described herein may be manufactured 
and used by or for the Government for governmental 
Purposes without payment to me of eny royalty thereon 

‘This invention relates to the convenient and exonomical 
provision of power for the operation of electronic eitculs 
fand devices using transistors, and of other electrical de> 
vices having modest power requirements, 

A great advantege of transistors, and a major resson 
for their enthusiastic reception since their introduction a 
few years ago, is the fact that they will operate satisfac. 
torily with very low supply voltages and currents. One 
rilliwatt or even less is sufficient to power a transistor 
in many applications. Various batteries have been dee 
veloped to provide, in a minimum of space, the relatively 
‘minute amounts of power needed by transistors, 

My invention provides methods and means that permit 
‘transistor cireuits, and also other low-powered electrical 
devices, to be economically and conveniently operated 
without any batteries whatever, and indoed without any 
power supply whalever as power supplies are ordinarily 

‘The invention centers around my discovery that it is 
Practicable fo construct operative transistor circuits that 
fare able to ebstract from the atmosphere sullcient clees 
tomagnetic energy to provide all necessary supply volt. 
‘ges and currents for their own operation, Circuits end 
devices powered according to my invention will operate 
indefinitely without any local power source whatever, 

I have successfully constructed and demonsirated such 
circuits, For example, I have constructed a balteryless 
‘wansistor radio receiver on which I have listened to either 
nearby or distant broadcast stations as desired, using 
sither headphones ot a loudspeaker; this receiver has been 
Powered entirely by electromagnetic energy abstracted 
from the atmosphere 

From the successful operation of this receiver, and 
from other experimental work, it becomes clear that by 
the methods and means of the invention, a great varie 
‘of practical and useful transistor circuits can be powered 
‘entirely by energy abstracted from the atmosphere, 

Furthermore, as will become apparent below, my ine 
vention is applicable to the powering of other electrical 
‘devices requiring relatively small amounts of power, 

An object of the present inventioa is to provide meth- 
ods and means for powering transistor circuits entirely 
from radiofrequency energy abstracted from the anion, 
phere, 

Another object is to provide methods and means for 
powering remote radio receivers, low-powered radio tame 
imitters, and other low ical devices, ith 
energy received by radio from a master station, so thet 
no local power supplies are needed by the devices tnd co 
that the powering or non-powering of the remote device 
fs under the concrol of the master station, 

A further object is to provide methods and means for 
Powering transistor cireuts and other low-powered elec: 
trical devices with radiofrequency energy received from 
fone or more remote radio transmitters, 
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Other objects, aspects, uses, and advantages of the ine 
vention will become apparent from the following descrip. 
tion and from the drawing. 

Figure 1 is a schematic diagram of a transistor radio 
receiver in which all necessary power is supplied by en- 
ergy abstracted from the atmosphere in accordance with 
the invention, 

Figure 2 is a schematic diagram showing a general ap- 
plication of the invention to provide direct current power 
{0 a load, 

Figure 3 is a schematic diagram of a system for obtain: 
ing a high energy D-C. source at a high voltage level 
using eneray abstracted from the atmosphere. 

Referring to Figure 1, a receiving antenna 1 is con- 
nected to antenna coupling coils 2 and 3, the other cnds 
oof which are connected to ground. A parallel resonant 
citeuit consisting of coil $ and capacitor 6 is coupled to 
coll 2, A second parallel resonant circuit consisting of 
coil 7 and capacitor 10 is coupled to coil 3. A third 
‘parallel resonant cireuit consisting of coll 11 and capac- 
itor 12 is also coupled to coil 3. 

Coil and capacitor 6 are tuned to the frequency of 
4 radio transmitter from which it is desired to receive 
information—for instance, an amplitude-modulated stand. 
ard broadcast station. “The signal received from this trans. 
saitfer need not be strong. The signal is detected by diode 
16 to obtain an andio-frequency information signal, "This 
‘audio signal is coupled through a capacitor 16 and is am 
plified by a circuit that includes a transistor 17 having 
base 20, an emitter 21, and a collector 22. "The simpli. 
‘fed audio output of the transistor is ccupled through a 
audio transformer 23 to an electroacoustical transcicen, 
preferably a permanent-magnet dynamic loudspeaker 2$ 
a shown, 

‘The novelty of the invention lies largely in the method 
land means by which the necessary direct current power 
is supplied to the emitter and collector circuits of transis- 
tor 7. This method and means will now be described, 

Coil 7 and capacitor 16, and also coil 11 and eapsciior 
412, are tuned to receive radio signals of relatively high 
strength. It does not matter whether these signals con 
{ain information. These power signals are rectified by 
diodes 26 and 27 to provide direct-current power that is 
filtered by capacitors 30 and 31, The D-C. power thus 
Obtained is uilized to power the transistor 17, 

Jn the cireuit shown, two tuned circuits (Coil 7 and 
capacitor 10, and coil 11 and capacitor 12) ave tuned to 
‘power signals and the D-C. voltages obtained fom each 
fare connected in series. The tuned power circuits may 
be tuned to the same or different power signals. ‘Under 
certain circumstances it may be desirable to use mote 
than two tuned power circuits and fo tune them to mors 
than two power signals; in this way power can be obtained 
from several signals and combined, On the other hand, 

if a strong power signal is availabe, a single tnned power 
circuit may suffice to give the needed D.-C. power 

Even weak information signals can be received success: 
fully. A plurality of transistor amplifier stages caw be 
used if desired, or other circuits such as superhietercdyne: 
circuits can be used, It is merely necessary that a suf 
<iently strong power signal or signals be aveilable to pr 
vide the smal amount of D-C. needed to power the 
transistors, 

If the information signal happens to be strong, it can 
be used as the power signal; all of the tuned circuits (coll 
8 and capacitor 6, coil 7 and capacitor 10, coll Tend 
‘capacitor 12) are tuned to the informatioa signal, 

Engineers who have observed my invention ia operation 
have been surprised at the unexpectedly good revulls ob. 
tained, even with readily available power signals af quite 
‘moderate strength. For instance, suficient power for sat. 
isfactory operation of a loudspeaker at low volumes is 
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readily obtained from_a Scklowatt standard broadcast 
station § miles away, using only an indoor antenna to pick 
‘up the power sigual as well as information signals, In 
typical operation under these conditions.a-D.C. voltage 
‘of about 2,5 to 3 volts is obtained between the emitter 
tnd the collector, t @ current of about 250 microamperes; 
D.C. power input to the transistor-is thus of the order 
of 05 to T malliwat, So far as T am-aware, no one:has 
‘ever before discovered and demonstrated the practicability 
of this method of powering a radio receiver. 

‘Because existing broadcast stations within « radius of 
fa number of miles provide adequate power signals, the 
invention is readily practicable with existing power sig 
nals ia. almost any location in-or near any. city iu"the 
United States. 

“Although T-have'described a” transistor radio receiver 
powered by my invention, it wil’be readily apparent that 
the invention is applicable to the powering of any tran- 
sistor circuit using one or a mumber of transistors, and 
to the powering of other devices requiring relatively small 
‘amounts of power. For instance, sensitive electrome- 
hanical, electrochemical, or electrothermal devices can 
be operated by the method of the invention 

‘Referring to Figure 2, which shows @_more general em- 
bodiment of my invention, an antenna 25 picks up radio- 
frequency energy from the atmosphere. This enerey 

coil 36, Which is coupled to a-tu: 
consisting of coil 37 and capacitor 42. The radiotre- 
is rected by dicde 
ob eapee: 


41 and filtered by a low-pa 
tors 42 and 44 and choke coil 4. 
voltage is applied to 2 load 48. 

‘in the practice of my invention, larger amouats of 
power can be obtained for short periods of time'‘by'stor- 
ing received energy in a suitable energy storage device. 
Stored energy may then be withdrawn at intervals at & 
more rapid rate than that at which it was received and 
pat into the storage device. In this way the invention ean 
be used t0 provide short pulses of relatively very high 
clectrcal energy. This result can be readily obisined by 
charging a relatively large capacitor with direct current 
‘and then discharging the capacitor rapidly into a load 
‘when desired. This rapid discharge can be initiated auto- 
Imatically when the voltage across the capacitor reaches 
‘2 cetlain level, of it can be initiated when a transistor 
Tadig receiver receives a certain information signal 

“Higher voltages ean be obtained with the invention by 
‘means of well known devices for raising DC. voltages 
fas shown in Figure 3. The D-C. voltage ouput from the 
‘capacitor 44 ean be used to power 2 low frequency tran 
Sistor oscillator 52 whose A.-C. outpat is raised toa higher 
voltage level by the transformer $8. This relatively high 
[AcC. voltage can then be rectified by a diode 64 and fed 
to a capacitor 64 to provide a high energy DC. source 
fat a relatively high voltage level at the terminals 69 and 
0. If desized, energy can now be withdrawn from the 
capacitor 64 at intervals in short pulses of high energy 
‘ata high voltage level. Pulsed radio transmission is one 
Of the possible uses for this form of the invention, Other 
{Uscs would be to provide a single relatively power‘ul pulse 
‘needed to actuato an electrothermal or eleetromechanical 
device, 

"AS iiss been indicated above, in many locations and 
particularly anywhere in or near most Ametican tities, 
ower signals normally present in the atmosphere are 
readily available for the easy and convenient practice of 
the invention, However, the invention also has important 
‘applications in systems in which the necessary power sig- 
hal is generated and transmitted specifically for the opera- 
tion of the particular system. Such systems can, for ex- 
ample, comprise a master station transmitting all the 
power that is needed for hundreds or thousends of fixed 
fr mobile transistor receivers or other remote devices over 


4 

range of many miles. This eliminates the need for 

hundreds or thousands, as the easo may be, of local power 

supplies. At th same time, such a system has the advan- 

tage that ll of the remote devices can be simultaneously 
‘5 activated oF deactivated at the will of the master station, 
simply by starting oF stopping the transmission of the 
power signal. In such systems it will often be adventa- 
‘geous to use power signals of frequencies suficiently high 
to permit the use of resonant receiving antennas of small 
physical dimensions for signal pickup at the remote de~ 
‘ices, In addition to the power signal, the master station 
‘may transmit an information signal on the same or a dif 
ferent carrier. 

‘Certain types of devices powered entirely by received 
radio waves are of course well known. The well-known 
ystal set” of the early days of radio, which used a diode 
rectifier to demodulate an amplitude-modulated radio 
frequency signal, is sn outstanding example of such a de- 

‘My invention is readily distinguishable from such 
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Unidirectional half-wave pulses whose amplitudes vary 
‘with modulation. These pulses are integrated by means 
(of capacitor to obtain a unidirectional signal the ampli 
fude of which follows the audiofrequency modulation en 
elope. If the radiofrequency signal ts reveived with 
sufficient strength the audio signal may have sufficient 
power to operate headphones or similar wilization device 
‘without power amplification; But the signal is utilized for 
its information content, rather than to supply non-infor- 
mation-containing power. 

‘My invention, om the ether hand, entails the utilization 
of received radiofrequency energy to supply power to at 
Teast one pair of circuit points (across capecitor 31 in 

ig, 1, for example), such circuit points requiring power 
solely for its power content and not for any information 
for modulation it may contain. In other words, my inven- 
tion entails the utilization of radiofrequency’ energy to 
supply power that would otherwise have to be supplied 
by batteries, generator, or other local power source. 

It will be appareat that the embodiments shown are 
only exemplary and that various modifications can be 
‘made in construction and arrangement within the scope 
of ie vention as dened in he appended lim, 

claim: 

‘An electrical device for obtaining a high energy D.C. 
source at a high voltage level using energy abstracted 
{from the atmosphere, said device comprising in combina- 
tion: resonant means for receiving radio waves, frst rect 
fier means for converting said radio waves into first direct 
current energy, frst capacitor means for storing said rst 
Girect current energy, an oscillator powered by said direct 
current energy, said oscillator producing an AC, output, 
transformer means for raising said AC. output to an ine 
creased voltage level, second rectifier means for convert- 
ing the A-C, output of increased voltage level from seid 
transformer into second direct current energy, and second 
capacitor means for storing said second direct current 
energy. 
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In electronics, a diode is a two-terminal electronic component that conducts 


primarily in one direction; it has low resistance to the flow of current in one 
direction, and high resistance in the other. A semiconductor diode, the most 
common type today, is a crystalline piece of semiconductor material with a p-n 
junction connected to two electrical terminals. A vacuum tube diode has two 
electrodes, a plate and a heated cathode. Semiconductor diodes were the first 
semiconductor electronic devices. The discovery of crystals’ rectifying abilities was 
made by German physicist Ferdinand Braun in 1874. The first semiconductor 
diodes, called cat's whisker diodes, developed around 1906, were made of mineral 
crystals such as galena. Today, most diodes are made of silicon, but other 
semiconductors such as selenium or germanium are sometimes used. 


This diode is able to detect RF signals and converts it to DC electricity to power a 
Led the amazing thing about this is that its completely passive and doesn't require 
any batteries... Gold Plated Slug 1N23B is Vintage U.S. ARMY Military for General 
Purpose UHF-MW Silicon Mixer. Primarily used in the Allies’ radar systems during 
World War II. 
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6) ABSTRACT 


A method of converting atmospheric electrical discharge to a 
useable form of energy by arresting, storage and retransmnis- 
sion of lightning indiiced electrical discharge is disclosed. 
The invention discloses methods of deploying this technol- 
‘ogy even in isolated locations where no eleetrieity infastrac- 
ture exists. Additionally, the potential for achieving in excess 
of | GWe of elecizical power supply a costs orders of mag 
nitude lower than fossil fuel or solaris also disclosed, Isolated 
collection units are disclosed. A method of deployment of 
these devices on individual ears and recharge stations is dis- 
closed which ineffect unplugs these automotive and recharge 
Stations ffom the grid. This capability significantly decreases 
their dependence on the eleciricity grid infrasincture, 
‘enabling a much more enhanced rollout capability lor the 
industry. The concept of Energy Damsis disclosed, These are 
facilities with substantial electrical energy storage capacities 
with the capability of receiving energy Tees from various 
generation sources 
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Fig. 1a 
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Fig. 1b 


LTE Throughput 


The section "4G LTE Advances” above in the main section of the paper and “Data 
Throughput Comparison” in the appendix provide an overview of LTE throughputs. This 
section provides additional details. 


Table shows initial (Release 8) LTE peak data rates based on different downlink and uplink 
designs. 


Table20: 


TE Peak Throughput Rates 


Downlink (Mbps) Uplink (Mbps) 


LTE Configuration 


Peak Data Rate _ Peak Data Rate 
Using 2X2 MIMO in the Downlink and 70.0 22.0 
16 QAM in the Uplink, 10+10 MHz 


Using 4X4 MIMO in the Downlink and 300.0 71.0 
64 QAM in the Uplink, 20+20 MHz 


LTE is not only efficient for data but, because of a highly efficient uplink, is extremely 
efficient for VolP traffic. As discussed in the "Spectral Efficiency” section above, in 10+10 
MHz of spectrum, LTE VoIP capacity will reach 500 users. 75° 


Table 19 analyzes LTE me 
LTE configurations. 


n and average throughput value: 


greater detail for different 


Table 19: LTE FDD User Throughputs Based on Simulation Analysis!” 


User Throughput, Mbps 
Configuration Downlink (DL) 
Median | Average 


LTE FDD: Low Band, 2x2 MIMO-DL, 
1x2 SIMO-UL, 10+10 MHz, RB 
LTE FDD: High Band, 4x2 MIMO-DL, 
1x4 SIMO-UL, 10+10 MHz, RB 


8.6 10.9 45 5.0 


10.6 12.2 54 6.4 


LTE FDD: High Band, 2x2 MIMO-DL, 
1x2 SIMO UL, 20+20 MHz, R8& 


15.2 17.9 54 7.0 


LTE FDD: High Band, 4x4 MIMO-DL, 


1x4 SIMO UL, 20420 MHz, R12 2A ae oe ot 


356 3GPP Multi-member analysis. 


157 5G Americas member contribution. SIMO refers to Single Input Multiple Output antenna configuration, 
which in the uplink means one transmit antenna at the UE and multiple receive antennas at the eNodeB. 
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Fig. 7a 
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The simulation results represent a consensus view of 5G Americas members working on 
this white paper project. The goal of the analysis was to quantify LTE throughputs in 
realistic deployments. Simulation assumptions include: 


Traffic is FTP-like at a 50% load with a 75/25 mix of indoor/outdoor users. 


@ Throughput is at the medium-access control (MAC) protocol layer. (Application-layer 
throughputs may be 5 to 8 percent lower due to protocol overhead.) 


@ The 3GPP specification release numbers shown correspond to the infrastructure 
capability, 


@ The configuration in the first row corresponds to low-frequency band operation, 
representative of 700 MHz or cellular, while the remaining configurations assume high- 
frequency band operation, representative of PCS, AWS, or WCS. (Higher frequencies 
facilitate higher-order MIMO configurations and have wider radio channels available.) 


The downlink value for the first row corresponds to Release 8 device-receive capability 
(Minimum Mean Square Error [MMSE]), while the values in the other rows correspond 
to Release 11 device-receive capability (MMSE - Interference Rejection Combining 
[IRC]) 


@ The uplink value for the first row corresponds to a Maximal Ratio Combining (MRC) 
receiver at the eNodeB, while the remaining values correspond to an IRC receiver. 


@ Low-band operation assumes 1,732-meter inter-site distance, while high-band 
operation assumes 500-meter ISD. The remaining simulation assumptions are listed in 
Table 20. 
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METHOD OF ATMOSPHERIC DISCHARGE 
ENERGY CONVERSION, STORAGE AND 
DISTRIBUTION 


‘TECHNICAL FIELD. 


(0001) | This invention relates to the field oF electrical energy 
generation and storage in general and the conversion of atmo 
spheric electrical discharge to 9 useable form of energy by 
arresting, storage and retransmission of lightning induced 
electrical discharge ia particular. 


BACKGROUND OF INVENTION 


[0002] Lightning has always been a destructive foree of 
nature. Causing death by electrocution and stating fires both 
in residential areas and in forests. In either ease the loss of life 
and property is substantial, Lightning strikes have affected 
‘communication systems, and by uncontrolled arcing, elec~ 
tricity grids leading to loss of power with substantial eco 
nomic loss 

[0003] Lightning isthe umber one cause forest and farm 
fires justin the United States and causes over 80 percent ofall, 
livestock losses due to accidents. Property losses run into 
billions of dollars annually and thousands of deaths and 
injury are reported yearly. Pusiness losses from posser and 
‘communications failure run into billions of dollars annually. 
Up to now, lightning strike damage has generally been con= 
trolled primarily by grounding. 

0004) _ lightning dischange can have voltage of 10 MV to 
100 MV and current of 1 KA to 300 KA. It packs so much 
voltage that it can leap a mile through the air and strike 
another object, Lightning can strike a building directly or 
leaping to it after striking a toe or other nearby objet or by 
following a power line. It can strike any object that provides 
an easier path tothe ground fort than the ar. Because ofthe 
large network of lines lightning can strike a utility pole atone 
point aad be transmitted to any location in the network, 
Because ofthis, lity companies use multiple groundingand 
other protective devices per mile to ameliorate the lightning 
effets 

[0005] There hus been a lot activity in the alleviation of 
lightning damage but none ia utilizing its energy potential 
[0006] U.S. Pat. No. 7495,168 discloses a dipole lightning 
‘conductor which can gather electrical charges from the atmo= 
sphere during a thunderstorm, opposite to the polarity ofthe 
adjacent cloud on one side and induce a different polarity oa 
the other end contacting the ground, When a sulliient poten: 
tial difference is reached beiween the dipole and the earth, & 
dielectric breakdown occurs sending a lange amount of earth 
charge tothe thundercloud, inducing a thunderbolt 

[0007] In US. Pat. No. 6,012,330, Palmer discloses a 
‘method of inducing lightning strikes by shooting a stream of 
ionized water into a thundercloud and triggering electrical 
conduction through the ionized water column to the ground. 
In this invention, while ionized water is used, advantage is 
taken also of capillary wetting of conducting mesh cable at 
the tip of which is telhered a balloon of conductor coated 
‘Mylar. Is easier fo float a balloon than w pump acolumnot 
‘water to any significant beight. 

[0008] In US. Pat. No. 6,320,119 Gumley discloses a 
capacitively coupled composite air terminal with sbarp and 
rounded end components for voltage manipulation to mini= 
mize electric field ahead of streamers to minimize corona 
discharge. 
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10009] Kato, in U.S. Pat No. 5,280,335, discloses a com- 
‘pound lightning low voltage arester with high energy tole- 
ance for power and telephone lines comprising a spark zap is 
connected toa serial combination of Zine Oxide arrestor and 
4 non-intive resistor. By cooperative exceuton between 
the spark gap and the Zine Oxide arrester, the Zine Onide is 
«hosen to be of a rating such that thermal breakdown does not 
‘occur before the spark wap ignition voltage is reached, The 
arrangement ensures reliable and predictable discharge and 
arrester survival even under multiple lightning stikesofclose 
proximity 

0010] Subbarao in U.S. Pat. No, 4,338,648, discloses a 
discharge counter and arrester current meter to. determine 
amrester steady state current and the mimber of discharge 
‘vents occurring during a thunder storm lightning arrester 
event 

0011] Greenwald and Moses in U.S, Pat, No, 5.610813 
disclose a thunderstorm cell detection and mapping system 
for acquiring localized lightning stike information and iden- 
tifying and locating active thunderstorm cells, 

10012] In U.S. Pat, No. 4.272.720, a method of diffeent- 
ating between clouc-cloud and cloud-ground discharges is 
disclosed. Indicating discharge events with no accompanying 
lightning ground strike. ‘This indicates that even in the 
absence of streamers, here i significant eleceical discharge 
‘that can be converted and stored. 

10013] | Weir and Nelson disclose in U.S. Pat. No. 7,033, 
406, a high enorey density ceramic capacitor with eneney 
capseity of 52 KWh in 2005 eu in, the equivalent of 1600 
AW.him’, Hansen in U.S. Pat, No. 6,078,494 discloses mal- 
tilayer ceramic capacitors comprising doped barium-cal- 
cium-zirconium-titanate dielectric, the materials basis for 
US. Pat, No, 7,033,406, Iti elaimed to be characterized by 
high dielectric constant, high stability of eapacitance value, 
long service life, low loss factor, high insulation resistance 
capacitance, low voltage dependence, and wide temperature 
range stably. Electrodes of base metal alloys fromthe group 
‘of Ni, Fe, Co or teiralloys are claimed to be perhaps just as 
effectiveas noble metals containing gold, silver, platinum and 
palladium and may also contain Ce, Ti, Zr, VA, Zn, Cu, Sa, 
Pb, Mn, Mo and W. 

0014] "Although the enemy density capacity is not dis- 
losed,itmay bein the same range as U.S. Pat. No 7.033 406 
showing a path for storing the energy that can be extracted 
from lightning discharge. 

0015] | US. Pat, No, 5,361,187, claims dielectric constant 
(of up 1 19000 using similar group of dielectrics and 
processes In U.S. Pat. No, 5,604,167 dielectric constant vale 
tues of between 11,000) and 14,000 are disclosed by the same 
inventor with equivalent materials and processes. 

0016] Since these capacitorsuse standard powder process- 
ing technique, it ean reasonably be expected that equivalent 
characteristics may be observed with naturally occurring 
doped silicates such as phylosilicaes for example, montmo- 
rillonte:  (Na,Ca), 4ALMB),(Si,0,,)(O1D 1,0, 
exclosiicates such as Benioite —BaT(Si,0,)as base 
rials appropriately calcined and doped. 

[0017] In USS. Pat. No. 6,078,494 multilayer ceramic 
Capacitors comprising doped arium-caleium-7irconium-ti 
tanate dielectric is disclosed. Its claimed tobe characterized 
by high dielectric constant, high stability of capacitance 
value, long service life, low loss factor, high insulation resis- 
tance and low voltage dependence, and wide temperature 
range stability. Electrodes of base metal alloys from the group 


Table 20: LTE FDD User Throughput Simulation Assumptions!" 


rT 


Frequency Low Band [LB): B17; High Band (48): 830 
Channel bandwidth 10 MHz, 20 Miz 
System configuration DL 2x2, 4x2, and axa Closed-Loop (CL) MIMO 
UL tx2and 1x4 SIMO 
Traffic type FTP model 2: Filesize=0.15 Mbyte, 2 second inter-arrivaltime, 
Load varied by chargingnumber of users 
Inter Site Distance (ISO) tb: 1732 m; HB: 500m 
Pathloss mode! LB: HATA; HB: COST231 with correction 
eNodeB transmit power LB: 60 watts total; HB: 80 waits total 
eNodeB antenna type 2 Tx= 445 degrees crass-pol (DIV-1X); 
4.Tx= Closely separated pairofcross-pols(CLA-2X! 
eNiodes artenna gain Ls: 14.8 dB); HB: 175 dBi 
‘eNodeB antenna pattern ‘Actual antenna patterns as usedinF planningtoo! 
eNodes Rxtype Lb: MRC; HB: IRC 
Downtitt LB: 7 degrees; HE: Sdegrees 
Penetration fos 75/25 mix of indoor/outdoor users 
1B: 12 68 for indoor users; HB: 22 0 for indoor users 
Device speed 3km/h allusers 
ewan Modified SCME-WINNER+, 


LB: Suburban Macro (SMa) scenario; HB: Urban Macro(UMa) 
Device antenne type +45 degrees cross-polwith builtincorrelationof 0.5 


Device antenna gainandmismaich LB: -5 eBi and 3 48; 
HB: -$ oBiand $48 


Device body [oss 3dB for both bands 
Device Rx type MMSE, MInSEIRE 
Uplink power contre! LB: elpha=1,Po=-100 dim; HE: alpha =0.9, Po =-100 dBm 


Scheduler Proportional fair, frequency selective 
The assumptions, emphasizing realistic deployments, do not necessarily match 
assumptions used by other organizations, such as 3GPP, so results may differ. 


Additional insight into LTE performance under different configuration comes from a test 
performed on a cluster of cells in an LTE operator's network, comparing downlink 
performance of 4X2 MIMO against 2X2 MIMO, and uplink performance of 1X4 SIMO against 
1X2 SIMO. The test employed LTE category 4 devices. 159 


158 5G Americas member contribution, 


159 5G Americas member contribution, 
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fi, Fe, Co oF teiralloys ar claimed tobe peops just as 
effective as noble metals containing gold sive, platinum and 
palladium and may also contain Cr. Ti, ZV, Al, Za, Cu, 83, 
Pb, Ma, Mo and W. Ia US. Pat. No. 561,187, the inventors 
claim dcletrie constants of up to 19000 using similar group 
Of dlleetrics and processes. In U.S. Pat. No. 5,604,167 
dieletie constant valves of between 11,000 anc! 14,000 is 
disclosed by the same inventors with equivalent materilsand 
processes. Since these capacitors use standard powder peo 
cessing technique it ean reasonably be expected that equiv 
Jentcharacteristies may be observed with naturally oeeurring 
ion slates such as pyllosiliats for example, various 
anides of monimorilonite: (Na,Ca) 9y(AbMB)(S1Oy.) 
(Of}jaH,0. oF eyelosilicates such “as Benitote Bai 
(Si,0,) as base materials appropriately calcined snd doped 

{0018} Although the technology to arrest iahinng stakes 
has been aroune! fort least hundred yeas, this invention to 
hhamess and store that power has only become viable de 10 
recent advances in super-capacitor technology which has 
made possible the fabrication of ultrahigh capacitance 
Capacitors with very long lifetimes, high power, igh encray 
densities and very fast charge and dischage rates 

{0019} Just as flood water, another destructive force of 
ature in times pest was controled by building dams, and 
from the dams eventually came hydroeletrc power and 
wind including thunderstorms fas sow been araessed to 
szenerteclectricity,thisinventiondeseribesthe technology to 
hhamess the power of atmospherie discharges including light- 
ening storm to generate useable electrical ener. 

[0020] This disclosure also intoduces the concept of an 
Energy Daan, Facilities of substantial eneray storage capacity 
capable of receiving eneray feeds from various enemy 
soureessuchas Solar, Wind, Thermal Power plantsand Light- 
ning, For example, during & thunderstorm, electricity gener 
ated by wind and lightning i collected and stored 

[0021] Lighming suikes every pam of the lobe but not 
‘uniformly. The regions withthe highest historical conentra- 
tion of lighting srkes are shown in FIG. fe. These include 
Florida and the Gulf Coast in the Amerieas, the Fquatoia 
Highlands of DRC, Rwanda and Burund in Central Aiea 
and the Monsoon Belt in Asia 

10022] Except forthe Americas, typically, these exions 
have very ite electcity iofrasicture, With the capability 
diselosed here, substantial reserves of eletricity can be get 
erate stored and possibly trade 

{0023} Inregions of epileptic electricity supply, disruptions 
Jn power do not necessarily translate inte disruption in ser- 
Vice. Since when power is genemted, itis fe into these 
nergy dams or led storage units for eventual use. Just sin 
‘water supply, the customer isnot necessarily conscious of 
‘when the local water company is pumping Wai into storage 
tanks or local dams, in energy dams, the customer need not be 
conscious of whether of whea eecteity i being generated 
by the uilty company because the power to his home is 
drawn not necessarily live from the grid but from the load 
energy storage unis or energy’ dams 


BRIEF SUMMARY OF THE INVENTION 


[0024] A method ofhamessing atmospheric discharge and 
ring said energy in useful form for subsequent use is 
presented. 

[0025] Since the voltage ofa lighting bolt can be as high as 
100 MV, a methodology for safely channeling this discharge 
{or storage is disclosed 
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10026] Ics the also the object ofthis invention o present a 
stonige medium in which an energy capacity of | MW.h ina 
‘volume of under 1 m* can be achieved, 

[0027] | Itisalsoa further objective ofthis invention toshow 
how lightening strikes on tall buildings can be hamessed t0 
provide energy forthe building either directly or fed into the 
arid. 

10028] Ics also an objective ofthis invention to present a 
‘methodology for hamessing lightening. heretofore a source 
of power disruptions for elecricity grids and converting it 
into a useable form of energy and feeding itback into the eri. 
[0029] Since each elecricity grid has a lightning suppres- 
sion unit, methodology for hamessing the impulse from 
‘these units fom lightening strikes and feeding it hack into the 
arid is disclosed. 

[0030] method of deploying # network of suid storage 
units along a utility grid js also disclosed, 

[0031] -Itisalso the objective of this invention to disclose a 
‘method of modifying the storage units for single building 
deployment 

[0032] A method of deploying suid storage units a vehieu- 
Jar changing centers even in locations not readily served by a 
utility grid is also disclosed, 

10033], A method of manipulating the direction ancl move- 
‘meat of te lightening bolt in open air locations and redirect- 
ing them to predetermined collection points is disclose. 
[0034] Lightning storms are some of the major causes of 
‘wildfires in the world. A method of redirecting the electrical 
dlischampes in any given space via a network of polarized and 
‘non-polarized collectors is presented. The discharges can be 
stoned, fed into the grid or grounded 

10035] A method Jor non-spontaneous discharge genera- 
tion and storage is disclosed. And a method for adapting the 
methodology for electric automotive deployment is also dis 
closed. 


BRIEF DESCRIPTION OF DRAWINGS. 


[0036] Forunderstandingofthe present inventionreference 
is made of the accompanying drawings in the following 
DETAILED DESCRIPTION OF THE INVENTION. In the 
drawings: 

[0037] FIG. 1 Picture of lightning strike over city 
[0038] FIG. 12 Picture of lightning strike over open ple 
10039] FIG. 1e: Global Distribution of Lightning Strikes: 
“Apel 1995-Febnuary, 2003. (Source: NASA). 

10040] FIG. 2 shows a schematic of discharye collection 
land storage system, 

[0041] | FIG. shows schematic of collection unit showing 
‘metallic composition variation. 

[0042] FIG. 4 Shows a Schematic of composite collector 
showing polarized ends, 

[0043] "FIG. 5 Schematic of collector network configura- 
tion with negatively polarized ends to manipulate and redirect 
lightning electrical discharge away fom the earth for even- 
‘ual collection at predetermined location, 

[0044] "FIG. 6 Plan view of polarized collection network as 
shown in FIG. § acting to concentrate and madulate the elec- 
twical discharge and redirect such for collection at predeter- 
mined loeation, 

10045] FIG. Ta. Schematic showing a representation of a 
‘network of Varistors arranged i ows and columas with the 
not effect of applying resistive arrestors in parallel and in 
series to effect voltage mitigation of atmospheric discharges 
prior to collection and storage. 
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[0046] FIG. 7b: Schematic of varistor of power mitigation 
tnt showing cascade of ZnO arrestor in series with non= 
induetive resistor in parallel with spark gap. 

[0047] FIG. Te: Multilayer varistor with ZnO, Zn and 
Wwo,WSi, 

[0048] FIG. 8a. Schematic showing cross section of a col- 
lection unit 

[0049] | FIG. 8. Schematic showing cross-section of multi- 
layer ceramie capacitor of Ba 

[0050] | FIG. 9 Schematic ofcolleetion unit network mesh in 
orested area With air frames deployed on each tree as collec 
tion of trees linked in a mesh network, 

[0051] | FIG. 10 Plan-view schematic of collection unit ne 
‘work mesh of FIG. 9 

[0052] FIG.11 Schematic showing collection unit deploy- 
‘mentonelecricity transmission poles linked ina networkand 
{es into the electricity arid. 

[0053] FIG. 12 Schematie showing collection unit deploy- 
‘ment on light poles oF wireless towers 

[0084] FIG. 13 Schematic showing network of linked col- 
lection units and storage units on transmission lines, light 
poles or wireless towers fel into the grid 

[0055] FIG. 14. Schematic ofa system fornon-spontancous 
atmospheric discharge generation and storage, 

[0056] FIG. 18 Schematic of atmosphere discharge collec- 
tion and storage unit deployable on automotive units. 
[0057] FIG. 16 Schematic of balloon-assisted discharge 
collection and storage unit, 


DETAILED DESCRIPTION OF THE INVENTION 


[0088] This invention describes a method of hamessing the 
lectrical energy in atmospheric discharges, including, but 
not limited to lightning. storing said electrical energy and 
transmitting said energy foruse. To thisend, as anillustration, 
the preferred embodiments are represented in the drawings 
shown in FIGS. 210 1. 

[0059] | Since lightning discharge voltages range from 10 
MV 'to 100 MV with current of 10 KA 10 100 kA, the tech= 
nology challenge will be in mitigating the ultrahigh power 
Which range fom 100 GW 10 in excess of 10,000 GW. 
Although individual strikes last less than 100 see, thunder- 
‘toms usualy lastlongerthan 30min. in any cloud formation 
ancl location. Indicating that the enerey that can be mined 
from any location ina thunderstorm ean run in excess of SO 
GWH, Enough energy for 500,000 homes consuming 1000 
KWo permonth. A¢$100 per 1000 kWh, the revenue equiva 
leat is $5 million per thunderstorm per location, 

10060] In solar energy generation, the cost of a 1 MWe 
rating PV pane! is about $1 millon. To achieve 1 GWe, the 
ost implications will be about SI billion. In fossil fuel plants, 
the construction cos is approximately SI.3 million per MWe, 
puting the cost fora | GWe at ~$1.3 billion excluding fuel, 
carbon footprint, and other operating cost. Though thunder- 
storms are not continuous, with storage capability, the cost 
basis for an atmospheric dischanze energy source will be 
several orders of magnitude lower than fossil fuel or solar of 
any architecture. 

[0061] One embodiment of this invention is depicted in 
FIG, 2. Lightning is collected at the air terminals 10, 20 and 
‘transmitted through the conduetor 30 to an arrestor 40 and 
tothe capacitor 50 where the electricity is stored. From which 
it can be extracted 60 at point of use or transmitted into the 
arid 


Sep. 2, 2010 


[0062] |The degree of atmospheric discharge change collee- 
tion ean be influenced by the metallurgical composition of the 
collectors. FIG. 3illusirates the fabrication of the collector 
‘with different mictals of varying conductivities and atmo- 
spheric and electrical stability In his embodiment, metallur- 
‘cal compositions forthe various segments comprise Ti, Cu, 
‘Al. Other metals or their alloys ean be used depending on the 
‘required properties andthe locations of deployment 

[0063] In yet another embodiment of the invention as 
show in FIG. 4, composite collector with opposite polarity 
aie terminals 100, 110 is used. The ai teminals are isolated 
from each other by an insulator 120, The negative polarity 
terminal serves to deflect and manipulate the change to the 
positive terminal from which itis conducted to the storage 
iit 130, 

[0064] Another embodiment of the invention is illustrated 
in FIGS, 5 and 6 la this representation, negative polarity 
collectors, 160 deflect the atmosphere discharge so that they 
do not reac the ground but ae deflected for collection at 
predetermined terminal 180 of positivepolarity and thereafter 
Stonige 200, plan view representation ofthisembodiment is, 
shown in FIG, 6 

[0065] Ics essential to mitigate the power ofthe lightning 
before storage. In one embodiment of this invention, a col- 
lection of varistors of various power capacities, linked in 
series 270,280 and 290 are connected in parallel in ines 110 
1, to achieve a desired capability as shown in FIG. 7a, The 
resultant power is stored in the capacitor 300. An insulator or 
fase 308 s placed ut the end ofthe varistorchain to protect he 
capacitor 300 against overcurrent. In the event of overstess- 
ing, the dielectric or varistor is deformed and the excess 
‘current is grounded, 

[0066] Each component of the power mitigation unit is any 
the following conigurations shown in 1G. oA ZO 
‘varistor 312 connected in series witha noa-induetive resistor 
313 and in parallel witha spark gap 311, The resultant current 
is further modulated through another Za0 unit 314 aad resis- 
tor MS. A cascade of this coaliguration could be adopted 10 
achieve the desired properties. 

10067] Zinc Oxide has a relatively lage band gap of ~3.3 
eV at room temperature. The consequence of this large band 
‘gp includes, higher breakdown vollages, ability fo sustain 
large electric field and high power and temperature operation. 
Because of this, 210 is the primary component in varistors 
and in voltage suppression devices. Zine Sulfide has a band 
‘gapof3.5eV forthe cubic form and as high as 3.91 eV forthe 
hexagonal form at 300K. While Z0 band gap ean be tuned 
from between 3-4 eV by alloying with magnesium oxide or 
‘cadmium oxide, the co-provessing of Zn0 with Zn of the 
hexagonal wurtzite form should provide electrical field and 
‘ther operational advantages over 20 alone. 

[0068] Multilayers of Zn0 and Zn or as sandwich layers 
‘with each other with Z10 achieving 50-99.9 mol. % of each 
layer can beadopted to improve on the suppression properties 
of the single layer ZnO varistoras is shown in FIG. 7c. Said 
varistor comprising a ceramic base body M8 of multiple 
layers, terminal electrodes 316, 317 and internal electrodes 
319. 

10069] Alloying of Zn0 with metal oxides and nitrides of 
‘tanstion elements including W, Zr, Mo, Mg, Cr, and Ti may 
improve its band gap characteristics and improve its voltage 
response non-linearity. Tungsten, in the form of tungsten, 
silicide has very unique erystallization characterises, par- 
ticularly in the presence of dopants sueh as phosphorus or 
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arsenic. Upon post deposition anneal, the Si i the non-sto- 
ichiometric tungsten silicide (WSix) segregates tothe grain 
boundaries and the film interfaces. The dopant atoms diffuse 
preferentially slongthe grain boundaries. Whenoxidized, tis 
the segregated silicon that is oxidized selectively. Ifthe W is 
exposed to the oxidizing ambient of OJ Ar or OWN, at tome 
peratures in excess of 700° C., tungsten oxide WOx (x3, oF 
1.5) is formed. I has no corresponding crystallographic ori- 
entation to the undertying tungsten silicide or metal, being in 
the form of an amorphous powder. The fabrication of multi- 
layer varstors with Za0 and WSi,/WO,, SiO, should provide 
the flexibility of modulation of the effective grain sizes ofthe 
host material to within 0.5-10 as the case may be. This 
reese grain sizecontro provides eoresponding modulation 
of the electrical properties inchuding overvoliage suppres- 
[0070] A schematic ofthe storage unit 320isshown in FIG. 
Ba. A collectionof capacitors 330 are connected in parallel to 
achieve a desired capacitance. A schematic ofthe eross-sec- 
tion of each capacitor unit is shown in FIG. 8h, The unit 331 
with dielectric layers 332 isamaltilayereapactor comprising 
alternately stacked intemal eletrodes 838, 386 connected to 
extemal electrodes 333, 334, The dielectric layers may be of 
‘uniform composition, oF layers of different compositions 
‘optimized for lexibility i the modulation of desired eletri- 
cal, physical and reliability properties, 

[0071] Capacitance in excess of | KF" with energy stor- 
‘age capacity of 1.5 MWh is reported as being possible by 
existing ar With compositional and manufacturing improve- 
‘ments disclosed here these benchmarks are expected to be 
surpassed making possible energy storage capacities of upto 
1GWh. Sulficient enerey for 1000 households consuming 
1000 kW. of eleericity per month for one month, 

[0072] Lightning storms are 2 major eause of wildfire. To 
address this, in yet another embodiment of this invention as 
represented in FIG. 9, ar terminals 360 are se up ona selee- 
tionoftreesand connected by aconductor370ina meshanay 
as shown in FIG. 10, The impinging charge is transmitted 
through a conductor 380, through a suppressor unit 390 and 
fon tothe storage unit 400, 

[0073] Utility transmission lines usually have Fightning 
colleciors along the lenath othe network. In this invention as 
demonstrated in FIG. 11 aieteeminals 440 deployed transmis- 
sion poles 450 are linked by a polarized! condor 460. At 
predetermined locations the impinging charge is conducted 
through a suppression unit 490 and thereafter ino the storage 
‘unit $00. The stored encray is periodically released into the 
arid. 

[0074] _Inyet another embodiment of the invention, air te= 
‘minals $10 ure deployed on light poles $20. The collected 
charge are modified and stored ina storage unit 40. 

[0075] In another embodiment, the sir terminaVeolletion 
‘nits are deployed on radio transmission towers. The change 
could be stored individually at each tower location or linked 
in network as shown in FIG. 13. In either case, the stored 
energy be used at each indivival location or fed into the grid 
570. 

10076] In the absence of a thundercloud, lightening flash 
can be generated by the modification of the natural bias 
‘tween the cloud and ground. This is demonstrated in FIG. 
14, where positively biased conductor $80 of height greater 
than nearest ground elevation or nearest suture. ‘The 
increased elevation and bias facilitates eloud to ground dis- 
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charge even when there is no active lightaing storm. The 
incoming charge is isolated by an insulator 600 and stored in 
the storage unit 610. 

10077] In yet another embodiment ofthis invention, a bal- 
Joon of conductive material is tethered to a terminal via a 
‘mesh fine of conducting material. The balloon captures cloud 
tocloud discharges which are transmitted down to storage. In 
‘yet another embodiment this tether line may be wetted by a 
‘conductive solution such as but not limited to salt solution wo 
facilitate the discharge conduction. 

10078], Another embodiment of this invention is shown jn 
FIG. 15, Inan isolated collection system as shown here, the 
air terminal 620 which may be biased or unbiased is con- 
nected to a collection/storage unit 650, 660 respectively by 
conductor 640 aad isolated by a dieleciric oF insulator 670. 
‘Should the discharge exceed the expaeity ofthe isolation, the 
isolation is bridged and the charge grounded. This isolated 
collection system is particularly useful where there is no 
tility ged, particularly in very remote and isolated locations 
[0079] This isolated collection capsbility enables deploy- 
‘meat on individual houses and isolated farms, In electric 
automotive recharge stations, this capability enables the loca 
tion of these facilities in any location even those not served by 
regular electricity utilities lines 

[0080] "In isolated rural areas, the deployment of these iso- 
lated collection units enables the provision of electricity 
‘where electricity grid infrastructure isnot available or prac 
tical. The storage units can be deployed in banks as the esti- 
‘mated anticipated usage dictates. 

[0081] Ia another embodiment of this invention, the iso- 
Tated collection unit is modified to be portable for deployment 
‘on automobiles. The charge ia the storage unit is inked with 
the avtomobile’s electrical power or storage unit. Alterna- 
tively, ican replace the power storage unit ofthe automobile 
forpure EV or hybrid cr, Additionally, it can unplog thse 
cars from the grid. With the ambitious industry plans for 
electric or hybrid cars the infrastructure for charging these 
cars either in garages or charging stations is somewhat lim- 
ited. The capability to both “charge as you go" and unplug 
from the grid would expand the infastrieture significantly 
[0082] "In yet another embodiment of this invention, the 
isolated collection unit is deployed on trains, Thiscould be ia 
‘commuter trains that directly fed from the grid, or long-haul 
Iwains to augment or replace the Fosil fuel used. 

10083] - Iris understood thatthe presentation of these steps 
in this disclosure is not exhaustive. Only: the preferred 
‘embodiments ofthe invention and but a few of the examples 
ofits versatility are shown and deseribed in the present dis- 
closure. Itshould be readily apparent to those of ordinary skill 
inthe art that the invention is capable of use in various other 
‘combinations, environments and applications and is capable 
‘of changes or modifications within the scope of the inventive 
‘concept as expressed herein, These changes and modifica- 
tions may be made without departing from the spirit and 
scope of the invention as set forth inthe appended claims. 
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1. A method of converting an atmospheric electrical dis- 
charge into a useable form of electrical eneray comprising the 
following steps: 

(a) Arresting the dischange via an air terminal, 

(©) Said air terminal connected via a condueting unit to a 
power mitigating (step down) unit which can reduce the 
discharge voltage from approximately higher than 100 
[MV and 100 KA to below 20 kV, 10 KA. 

(6) The step dowa unit connected o an energy storage unit 
Which may comprise modules of high energy density 
capacitors 

(@) Said storage units atranged such thatthe stored electri= 
cal energy can be discharged into the grid or to an appli= 
lance at point of use as desired, 

2. A method of claim L wherein the arrestor and mitigating 
unit comprise an array of self-healing varistors in series and 
parallel chosen to ensure total conversion of the incident 
lightning discharge to a voltage/current level suitable for 
storage in said capacitors 

3. A method of claim 2, where the power mitigation units 
any ofthe following configurations: 

(@) Single Zn0 varistor or 

(b) Zine Oxide arrester connected in series with @ non 
inductive resistor 

() Zine Oxide arrester in series with said non-induetive 
resistor aad i parallel with a spark gap. 

(@)A cascade of configuration as described in (©). 

4,Amethod of claim 1 wherein the storage unit comprises 
modular array of high energy density doped ceramic capaci 
tors with storage capacity of 10 kWelh io | GWelh and vol- 
lume 0.1 0 1 m and up 10 1000 units as the desired capacity 
dictates, 

5A method of broad spatial lightning protection by the 
‘manipulation of the path of an electrical discharge via the 
‘manipulation ofthe air terminal bias magnitude and polarity 
Said arrestors being arranged in an array to achieve the redi= 
rection of the discharge path, The discharge path being 
directed to a collection unit at some loeation significantly 
removes from the initial discharge impact position. 

6.4 mothod of claim 5 wherein the discharge redirection is 
via a biased conductor tothe said collection and storage unit. 

7.A method of elaim 8 wherein the aea of protection is 
forest whereby: 

(a) Anetwork ary of air terminals is deployed on tees, in 
lose proximity to said trees with tip approximating the 
treetops, or ging the trees to redirect the discharge 
along a biased conductor to a collection unit for the 
purpose of mitigating lighting induced fires. 

(b) Said discharge electrical enengy being stored or fed into 
the electricity arid 

8. A method of claim 1 wherein the discharge collection is 
‘onelectical power lines an the stored energy’is fed back into 
the grid, 

'9. 4 method of claim 1 wherein the discharge collection 
and Storage are at telecom towers, light poles or other free 
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standing structures Said storage being at individual collec 
tion sites or some location serving an array of collectors and 
said stored energy used for individual structure’ operational 
‘energy need or fed back into the wilt grid 

10, A method of non-spontancous generation of atmo- 
spherie discharge by the following: 

(@) Modulation of the magnitude and bias in a dipole air 

terminal relative to the ground 

(b) Conductive material balloon tethered by a conductive 

‘mesh cable 
(©) Said cable being soaked by an ionic liquid, including, 3 
salt solution to facilitate said atmospheric discharge 
conduction 
‘The discharge thus formed is stored for feeding into the greed 
or for operation as a stand-alone energy dam. 

411.4 method of claim 1 in which the discharge collection 
itis configured as a mobile nit, Sid unit being deployed 
‘on an automobile or any mobile platform, The said deployed 
unit extracting electrical charge from the aimosphere and 
storing such energy in a deployed storage unit om the said 
automobile. The energy thus stored, feeds the car battery 
‘which obviates the need for recharging at charging centers or 
from the grid 

12. A method of claim 1 wherein the electrical discharge 
energy collection unit isa stand-alone unit comprising modu 
Jar capacitors configured as an electric vehicle charging sta- 

13. A method of claim 1 wherein the air tenminals are 
deployed on buildings and the discharge enerzy collected 
thereby are 

() Stored and fed back into the rid 

(b) Stored foruse by each building 

(6) Stored in a central energy storage facility for use by the 

‘community in general 

414. method of claim 1 wherein the said storage units are 
‘underground, 

15, A method of claim 1 wherein the storage unit is of 
capacity and configuration to accept energy Feds from mul- 
tiple electricity generation sources: Themal, Hydro, Solar, 
Wind and Lighting, 

16. A method of claim 4 wherein the storage unit is inte- 
rated into a Utlty’s Switch Fam, 

17. A method of claim 4 wherein the multilayer ceramic 
capacitor unit comprises dielectric layers of varying compo- 
sitions individually or as sandwich layers with each other 
ccontsining Barium-Titanate silicates as host material doped 
with Zr, WSi,/WO, to modulate prain growth to between 0.1 
to 10 jum as the case may be; ssid modulation providing 
‘corresponding control of electrical and reliability properties. 

18. A method of claim 1 wherein the varistor comprise 
multilayers of Zn0 and Zs individually layered or as sand 
‘wich layers with each other with ZnO achieving 50-99.9% of 
each layer: said layers being alloyed metal oxides of tansi- 
tion elements including W, Zr, Mo, Mg. Cr, Ti to improve 
‘oliage response non-linearity 
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This Course Consists Of: 


«Compass Basics 
*Orienting a Map For North Reference 
Traveling to a Target 
*Backstops, Handrails and Aiming Off 
*Topo Map Basics 
*Pace Counting 
*Finding Yourself 
UTM Coordinate System 
*Using GPS with a Map 
-Understanding And Adjusting For Declination 
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Compass 


Mm 


Accessory 


Mirrored — Sighting 
= (Preferred) Lensatic 
Digital 


glENTUp 
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Boxing A Compass 
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MAP ORIENTATION 
With Compass 


Adjusted For 
Declination 
Se 3) “Box” compass 
1) Adjust dial so “N” is id needle by rotating map. 
at index line. 4 


2) Align edge of 
compass with north / 
south reference line. 


These tests, which were performed in a 20+20 MHz cluster, show significant improvements 
in cell edge uplink and downlink throughput, in addition to an overall increase in uplink and 
downlink throughputs. Specific results include: 


@ A 100% increase in uplink throughput at the cell edge with 1X4 SIMO compared to 
1x2 SIMO. 


@ A 40% increase in downlink throughput at the cell edge with 4x2 closed-loop 
MIMO compared to 2x2 open-loop MIMO 


@ A50 to 75% increase in downlink throughput with closed loop MIMO compared to 
transmit diversity modes. 


Up to 6dB gains in uplink transmit power with 1X4 SIMO, which directly translates 
into UE battery savings. 


a Peak speeds of 144 Mbps with 4X2 MIMO in the downlink and 47 Mbps with 1X4 
SIMO in the uplink. 


Another LTE operator's testing results for LTE in a TDD configuration, using 20 MHz 
channels, 3:2 DL to UL ratio, and category 3 devices, showed: 


Peak speeds of 55 Mbps. 
@ Typical speeds of 6 to 15 Mbps. 
Figure 74 shows the result of a drive test in a commercial LTE network with a 10 MHz 


downlink carrier demonstrating 20 Mbps to 50 Mbps throughput rates across much of the 
coverage area. Throughput rates would double with a 20+20 MHz configuration. 


160 5G Americas member contribution, 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 144 
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Finding An Azimuth With Compass 


(With Map Oriented To North) 


Traveling To a Target On The Map -— Step 1 


1) Draw a line on the map from 
your starting point to your 
finish point. 


2) Orient the map to north. 


3) Place the compass on the 
map with the edge of the 
compass on the line and 
the bearing arrow pointing 
at your destination 
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Set Compass Heading - Turn the dial 
on the compass until “N” outline arrow 
boxes the compass needle. Your 
direction to your target (in degrees) is 
read at the Index Line on the Dial 


© 
H 
z 
- 
wy 
ec 
2 
z 
FA 
a 
q 
4 
4 
| 
a 
3 
2 
e 
Py 
N 
@ 
g 
« 
5 
a 
c-} 
cr) 


COPYRIGHT © 2013 RANDALL'S ADVENTURE TRAINING @ 


RANDALL’S ADVENTURE TRAINING ® 
LAND NAVIGATION 


Follow Your Heading - Remove the 
compass from the map and hold it 
level, so the Magnetic Needle is free 
to turn. Turn your body until the red 


end of the Needle aligns with the 
Orienting Arrow (boxed) and “N” on 
the Dial. Using the Direction of 
Travel Arrow, sight a distant 
landmark and move to it. Repeat this 
process until you reach your 
destination. 
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See 


Finding An Azimuth With Compass 


(Without Map Oriented To North) 


Draw a line from start to 
finish. 


Lay the edge of your 
compass on the line in the 
direction you are traveling. 


Rotate the compass bezel 
until the orienting lines 
align with your North 
Reference Lines (Make 
sure that North is pointing 
to North on the map). 


Pick up your compass and 
travel to the destination. 


Note: The compass shown 
has already been adjusted 
for declination. 


Orienting 


Lines 
| (ion vr Nor Rear ies 
E RN 
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Finding An Azimuth With Compass Card 


(Without Map Oriented To North) 


+ Draw a line from start to finish. 


+ Lay the compass rose on the line so 
the line crosses through the center of 
the rose. 


+ Align N/S line or orienting lines on 
the compass rose with North 
Reference Line. 


+ Read your azimuth on the “Finish” 
side of the compass rose. 


+ Note: unless you are using a 
compass adjusted for declination, 
you will have to add or subtract the 
declination value to the value that 

11 you acquire from the compass rose. 
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Landmark Or Feature 
_— Sighted On Your Azimuth 
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Posting Up 


In addition to using natural landmarks as targets for your direction of travel, 
you can also post up a member of your team as a target. Another option is the 
Back Azimuth. 
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Back Azimuth 


Reference Point 


125 Degree 
305 Degree Desired Azimuth 
Back Azimuth 


Use a Back Azimuth if you need to verify you are still on your desired 
direction of travel. This is especially handy when crossing rivers or 
boxing around objects. 


Back Azimuth is 180 degrees from your target azimuth. If your target 
azimuth is more than 180 degrees, then subtract 180. If it is less than 
14 180, then add 180. 
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Boxing Around Objects 


* Direction of original travel is 45 degrees 

+ Turn 90 degrees to a new azimuth of 135 (count your paces) 

* Turn 90 degrees back to the original azimuth of 45 degrees until you are past obstacle 

* Turn 90 degrees to a new azimuth of 315 and pace the same amount as the first turn 
45 ° Turn 90 degrees back to the original azimuth of 45 degrees and continue on 
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LATERAL DRIFT — MISSING YOUR TARGET 


If you cannot find your target after walking your azimuth the correct distance, 
then mark the spot where you think it should be and began a structured grid 
search of the area. Make note of your azimuths, pace count and direction 
changes. Start your grid small then go larger if you cannot locate the target. 


40 Meters 


20 Meters 


40 Meters 


Figure 74: Drive Test of Commercial European LTE Network (10+10 MHz)? 


161 Ericsson contribution. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 145 
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Gross Direction Navigation 


As obvious from this simple road map, the lost hiker only needs to 
travel a westerly direction to cross a road and reach civilization. 
Always know which general direction crosses a main artery! 


When using a map and compass always have a “panic azimuth.” 
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Gross Direction Navigation Aids 


Quarter Big Dipper 
Moon 


Shadow Stick 
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Terrain Association Navigation 


This is the most widely used method of navigation. The navigator plans 
his route so that he moves from terrain feature to terrain feature. An 
automobile driver in a city uses this technique as he moves along a street 
or series of streets, guiding on intersections or features such as stores, 
parks or houses. Like the driver, the navigator selects routes or streets 
between key points or intersections. These key points can be lakes, 
mountains, roads or any other terrain feature readily recognized on a 
map. Before you hike a new area, familiarize yourself with the terrain by 
studying maps, satellite photos or any other available information. 
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Backstops, Handrails & Aiming Off 


BACKSTOPS are features that typically run perpendicular to your azimuth 
and located beyond your target point. If you run into your backstop then 
you know you have traveled too far and missed your target point. Backstops 
can be rivers, roads, mountains, railroad tracks or any other useable feature. 


HANDRAILS are features that run parallel to your azimuth. They can be 
rivers, roads, mountains, or any other useable feature that the navigator 
can use to continue traveling in the desired direction. 


AIMING OFF is a process of deliberately adding or subtracting to the desired 
azimuth so the navigator knows which way to go once they reach a feature 
(such as a trail or road) that leads to the target. 
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Backstops, Handrails & Aiming Off 


Aiming Off 


—} *@ Destination <( 
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TOPO MAP BASICS 
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BASICS SYMBOLS 


OPEN AREAS 
(CROPLAND 
PASTURE) 


LIGHT-DUTY ROAD 


WOODED AREAS / 
UNIMPROVED ROAD VEGETATION 


RAILROAD 


PRIMARY HIGHWAY PURPLE DENOTES. 


——— NON-SURVEYED 
SECTION LINE MAP REVISIONS 
“FENCE / FIELD LINE 
m= BUILDINGS (BLACK DENOTES MAN MADE OBJECTS 
23 SUCH AS HOUSES, SCHOOLS, CHURCHES, ETC.) 
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Ze 


Map Scale & Datum 


Asien ate 
VM SN TESS 
Sa 
ota 


Universal Transverse Mercator (UTM) Projection Zone16 
North American Datum of 1927 (NAD27 CONUS) 


1000 meter UTM / USNG / MGRS 
Grid Zone Designation: 168 
100,000-m Squares: [EN] EC 

MGR NAD27 100,000-m Squares in brackets 


Always set your GPS to the map datum shown on your map! 


on Always use the proper scale card for measuring! 
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CONTOUR LINES 


The closer the contour lines, the steeper the ter Check 
the map for the contour intervals. Contour line: also 
have elevation markings. 


STEEP TERRAIN 


Example above shows a map with contour intervals of 20 feet. 
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Depression 


26 


Figure 75 provides additional insight into LTE downlink throughput, showing Layer 1 
throughput simulated at 10 MHz bandwidth using the Extended Vehicular A 3 km/hour channel 
model. The figure shows the increased performance obtained with the addition of different 
orders of MIMO. Note how throughput improves based on higher signal to noise ratio (SNR). 


Various Modes?®? 


EVA, 3 mh, 10 d8 XPD, 10 MHz BW 


80 pwn rrnonnngnnnnancrnn 
I tidreceive diversity 
| | 0-22 MMO 
70} —O— tx4receive diversity 
oie" 24d MIMO 
oo 4x4 MIMO 
60 


“Throughrut Mens} 


20 
10+ 
° 
0 6 10 18 20 6 30 
SNR [a8] 


Actual throughput rates that users experience are lower than the peak rates and depend 
on a variety of factors: 
Q RF Conditions and User Speed. Peak rates depend on optimal conditions. 
Suboptimal conditions include being at the edge of the cell or moving at high speed, 
resulting in lower throughput. 


Network Loading. Like all wireless systems, throughput rates go down as more 
devices simultaneously use the network. Throughput degradation is linear. 


182 Jonas Karlsson, Mathias Refback, “Initial Field Performance Measurements of LTE," Ericsson Review, 
No. 3, 2008, 
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Mh 


Continuous Water Flow 


mn 
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Intermittent Water Flow _ 


28 


COPYRIGHT © 2013 RANDALL'S ADVENTURE TRAINING ® 


em 


RANDALL’S ADVENTURE TRAINING © |ESEE 
LAND NAVIGATION CS 


ae Clear Areas / Fields 
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Actual View Topo View 
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DETERMINING DISTANCE 
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Determining Distance On Map 
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DETERMINE DISTANCE TRAVELED 
BY PACE COUNT 


In thick jungle, where landmarks can not always be seen to track your position, pace 
counting is the best way of measuring distance. Pace counting will allow the navigator to 
estimate where he is at any given time. To be accurate, the navigator must practice pacing 
over different types of terrain. First you have to do some calculations. Measure out exactly 
100 meters on three types of ground. Flat easy terrain, rougher terrain with some slope and 
then steep hill terrain. Then on each measured course count your paces (every time your 
left foot touches the ground or every 2 steps = 1 pace). You will have 3 different pace 
counts for different types of terrain. Once finished, memorize your pace count for all 3 


types. 
Averages 
Flat easy 100 6 
terrain meters 


Rougher 100 75 
terrain with | meters | paces 
lope 
Steep hill 1 

terrain meters | paces 


General Rule: You have never traveled as far as you think you have. 
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CONDITIONS THAT AFFECT PACE COUNT 


Slopes — Your pace lengthens on a downslope and shortens on an upgrade. 

Winds — A headwind shortens the pace and a tailwind increases it. 

Surfaces — Sand, gravel, mud, snow and similar surfaces tend to shorten your pace. 
Elements — Falling rain or snow causes the pace to be reduced in length. 

Clothing — Excess clothing or shoes with poor traction affect the pace length. 


Visibility — Poor visibility due to rain, snow, or fog will shorten your pace. 
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Count Beads 


Figure 76 shows how dramatically throughput rates can vary by number of active users 
and radio conditions. The higher curves are for better radio conditions. 


Figure 76: LTE Actual Throughput Rates Based on Conditions !** 
25 
iO. 4 
a * % 
220 = gt 
2 * 
= 6, 
a & 
& 
8 10 — 
E] 
z 
o 5, 
0 > 
1 2 3 4 5678910 20 
Active Downloads per cell 
LSTI Measurements) —=———————n> © NGM Targets 
Extrapolation assuming 40 UEs/cell 
> (1 UB / cell a talr scheduler i » 


163 LTE/SAE Trial Initiative, “Latest Results from the LSTI, Feb 2009,” htto://www.tstiforum.org, 
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5000 meters 
(5 kilometers) 
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1100 meters 
‘4km 100m) 
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1000 meters 
(1 kilometer) 
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FINDING YOURSELF 
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See 


Baselines 


and write it down. You can now travel freely. If you get lost, shoot an azimuth to the first feature and move until you 
get back on your first azimuth. Shoot an azimuth to your second feature and move until you get back on your second 
azimuth. You will be back at your starting point once both azimuths are the same as the ones you wrote down. 
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See 


RESECTION 


Orient your map and secure its 
position. Locate a landmark on the 
map that you can actually see in the 
landscape. Take a compass bearing to 
that landmark by sighting and then 
rotating compass dial until the needle 
is boxed. Once you have a bearing, do 
not move the compass dial. Lay the 
corner of the compass on the map 
landmark and rotate the whole 
compass (not the dial) until the needle 
is boxed. If done properly the corner of 
the compass will still be over your 
landmark. Draw a line along the edge 
of the compass base. 


First identifiable landmark 


Draw line on map 
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RESECTION - Step 2 


+ Find a second identifiable landmark on the map and repeat the process from the 
previous slide. Where the two lines intersect is roughly where you are on the map. 

+ Finding a third point on the map and repeating the process is called “triangulation” 
and increases the accuracy of finding your location. 


~ rst idet landmark 


Your general location is here 


Second identifiable landmark 
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if you are already on a known location (such as a road, river or mountain ridge) but not 
sure exactly where you are on this feature, you may only need to shoot one azimuth to 
determine your exact position on the map 


INTERSECTION is the reverse of RESECTION. An example of intersection is seeing smoke 
from a forest fire and determining where the fire is located on a map. 
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PLOTTING COORDINATES 
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Map ees 


Always set your GPS to the grid system you are using on the map 


gg ENTUp. 
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laa” oe 


arose 


Universal Transverse Mercator (UTM) 


UTM is a rectangular coordinate system based on 
the latitude and longitude (geographic) coordinate 
system. With UTM, the earth is divided into 60 zones 
that allows it to be projected onto maps with 
minimal distortion. All coordinates are expressed in 
meters. 


The UTM grid system is the easiest method of 
relaying your position to others, finding yourself on 
a map after getting a location fix with a GPS unit, or 
navigating to a position on a map using a GPS unit. 
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Equator 


VoLTE and RCS 

This paper introduced VoLTE and voice support in the earlier section, “VoLTE, RCS, 
WebRTC, and Wi-Fi Calling.” This section In the appendix provides additional technical detail 
about the operation of VoLTE and RCS. 


Voice in LTE can encompass: no voice support, voice implemented in a circuit-switched 
fallback (CSFB) mode using 2G or 3G, and VolP implemented with IMS. 


Initial LTE network deployments used CSFB, with which the LTE network carries circuit- 
switched signaling over LTE interfaces, allowing the subscriber to be registered with the 
2G/3G MSC even while on the LTE network. When there is a CS event, such as an incoming 
voice call, the MSC sends the page to the LTE core network, which delivers it to the 
subscriber device. The device then switches to 2G/3G operation to answer the call. 


Voice over LTE using VoIP requires IMS infrastructure. To facilitate IMS-based voice, 
vendors and operators created the One Voice initiative to define required baseline 
functionality for user equipment, the LTE access network, the Evolved Packet Core, and 
the IMS. GSMA adopted the One Voice initiative in what it calls VoLTE, specified in GSMA 
reference document 1R.92.! GSMA specifies interconnection and international roaming 
among LTE networks through the IR.88" specification. Another specification, 1R.94, 
provides the IMS Profile for Conversational Video Service, a service referred to as "Video 
over LTE" (ViLTE).*° 


For a phone to support VoLTE, it needs software implementing the IMS protocol stack. For 
‘example, the iPhone 6 was the first iPhone to implement such software. Additional software 
implementing RCS application programming interfaces can provide applications with access 
to IMS-based services, such as voice, messaging, and video. The Open Mobile Alliance has 
defined RESTful network APIs for RCS that support the following functions: notification 
channel, chat, file transfer, third-party calls, call notification, video sharing, image sharing, 
and capability discovery. As shown in Figure 77, over time, new profile releases will broaden 
the scope of these APIs. 


161 GSMA, “IMS Profile for Voice and SMS," Document IR.92. Available at 
http: // www.gsma.com/newstoom/wp-content/ uploads/2013/04/1R.92-v7.0.paf. 


165 GSMA, “LTE Roaming Guidelines," GSMA Document IR.88. Available at 
http: // www.gsma.com/newsroom/Wp-content/uploads/2013/04/IR.88-v9.0.pdf. 


186 GSMA, “IMS Profile for Conversational Video Service," Document 1R.94. Available at 
http: //www.gsma.com/newsroom/all-documents/ir-94-ims-profile-for-conversational-video-service/. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 148 


COPYRIGHT © 2013 RANDALL'S ADVENTURE TRAINING @ 


+ RANDALL’S ADVENTURE TRAINING 0 |ESEE 
y LAND NAVIGATION cS 


126° 120°114°108°102° 96990° 84° 78° 72° 66° 


UTM Zones 
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Universal Transverse Mercator (UTM) 
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Easting: 


Is a 6-digit number to designate the EAST/WEST position in the grid. 
The grids are the widest at the equator. Since each grid has a different width, a 

system was created to measure the distance across a grid starting from the vertical 

center-line of each grid as opposed to starting from the left or right edge of a grid. 

The center line of each grid is called the central meridian. The central meridian is 
always assigned an easting value of 500,000 meters East. It is expressed as 500,000 
mE. As you move west of the central meridian the easting will be a number less than 
500,000. As you move to the east of the central meridian the easting will be a number 

greater than 500,000. An easting of zero will never occur, since a 6° wide zone is 

never more than 674,000 meters wide. 


Northing: 
The second number is called the Northing. It is a 7-digit number that designates how 
many meters you are north or south of the equator. 
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16 17 


Central Meridian 


500,000 mE 
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10,000 meter digit 
1,000 meter 


100,000 meter =a digits 


digit(s) 


16S 0572450 E 
a 3763650 N 


You only have to plot the last 3 numbers. The rest 
of the coordinate values are provided on the map 
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ee 


Read EASTING First 


Then Read NORTHING 


16S 0572700 E 
wap N 
2bNe 


To find GPS location X on a map: 
GRID MARKS ALREADY PRINTED ON MAP. 
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LWA 


Place the corner of 
the UTM grid 
reader on the point 
to be plotted 


1,000 m 
4791 


UTM grid reader 


Each tic = 100 meters 
on this grid reader House coordinates = 0541450mE 
4789650mN 
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Using GPS with Map 


When using a GPS to acquire an azimuth to a location, setup your GPS 
for Magnetic North Heading if you are not adjusting declination on your 
compass. Use True North Heading if your are adjusting for declination 
on your compass. 


Plotting GPS to Map 


Find current location with GPS 
Use scale card to plot current 
location on the map 


Plotting Map to GPS 


Plot location on map of where you 
want to go with a scale card 
Enter plotted coordinates into 

the GPS as a new waypoint 
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MGRS System 


Honolulu is FJ15 using 
10,000 Meter 1/1 Grid 


5/5 = 1 Meter, 4/4 = 10 meter, 3/3 = 100 meter, 
2/2 = 1000 meter, 1/1 = 10,000 meter 
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Why do we not use Latitude / 
Longitude for Land Nav? 
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Figure 77: Evolution of RCS API Profiles?” 


LTE VoIP leverages the QoS capabilities defined for EPC, which specify different quality 
classes. Features available in LTE to make voice operation more efficient include Semi- 
Persistent Scheduling (SPS) and TTI bundling. SPS reduces control channel overhead for 
applications (like VoIP) that require a persistent radio resource. Meanwhile, TT! bundling 
improves subframe utilization by reducing IP overhead, while in the process optimizing 
uplink coverage. 


Another way to increase voice capacity in LTE and to support operation in congestion 
situations is vocoder rate adaptation, a mechanism with which operators can control the 
codec rate based on network load, thus dynamically trading off voice quality against 
capacity. 


VoLTE roaming across operators will require network-to-network interfaces between their 
respective IMS networks. Such roaming and interconnect will follow initial VoLTE 
deployments. Different IMS stack implementations between vendors will also complicate 
roaming 


One roaming consideration is how operators handle data roaming. LTE roaming can send 
all visited network traffic back to the home network, which for a voice call, increases voice 
latency. For voice calls, the local breakout option would mitigate this latency. 


Using Single-Radio Voice Call Continuity (SR-VCC) and Enhanced SR-VCC (eSRVCC), user 
equipment can switch mid-call to a circuit-switched network, in the event that the user 
moves out of LTE coverage. Similarly, data sessions can be handed over in what is called 
“Packet-Switched Handover” (PSHO). 


187 4G Americas, VoLTE and RCS Technology - Evolution and Ecosystem, Nov. 2014. 
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Communicating 
Location 


General Location 
Type Of Navigation Grid Used 
Grid Location (Easting Then Northing) 
Direction Of Travel If Moving 
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Declination 


Magnetic Declination is the difference between True 
North and Magnetic North. A compass needle 
ALWAYS points to Magnetic North. 
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Difference in True North Longitude Lines 
And Magnetic North (True North) 


Magnetic North is moving approximately 40 miles per year. 


@ 
© 
z 
Zz 
Fs 
= 
w 
4 
3 
z 
é 
a 
y 
q 
q 
3 
2 
f 
Py 
N 
cc} 
3 
g 
z 
5 
a 
r} 
3 


y RANDALL’S ADVENTURE TRAINING © |ESEE| 
LAND NAVIGATION 


_ 


Magnetic Declination 


West Declination 
True North 


pe 
Magnetic i 
rie 


If you do not have a compass that adjusts for declination remember to add or 
subtract declination to your azimuth. Add for West — Subtract for East 
EAST IS LEAST - WEST IS BEST 
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Depending on your map, it may printed with True North 
Reference lines or Grid North Reference lines 


ro) 
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Adjusting For Declination For Map Use 


Declination is the difference between true north and magnetic north when using the longitude lines as north reference. 


Declination is the difference or spread between grid north and magnetic north when using the UTM grid lines as north 
reference. 


At the bottom of your map, if the MN line is left of the True North Line it will always be West Declination. If the MN line 
is right of the True North Line it will always be East Declination 


Ifyou are using a compass that is not adjusted for declination, add the amount for west declination, subtract the 
amount for east declination. If your compass is adjustable for declination, set it for the north reference declination 
value you are using. No further addition or subtraction is required. 


DECLINATION 
True North is aligned with 
the longitude lines on the 
map. Grid North (GN) aligns 
with the UTM lines on the 
map. Magnetic North (MN) 


" is aligned with a compass 
needle. For WEST add the 
Dec. value to the compass 
bearing. For EAST subtract 
the Dec. from the compass 
bearing. EAST IS LEAST, 

WEST IS BEST. 
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True North / Magnetic North / Grid North 


Compass Needle Longitude Map Grid 


Magnetic True Grid 


If using Grid North as Reference then declination would be set to 6 degrees West 
63 If using True North as Reference then declination would be set to 3 degrees West 
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What is our declination value for each of the 
diagrams to use Grid North Reference? 
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Figure 78 shows how an LTE network might evolve in three stages. Initially, LTE performs 
only data service, and the underlying 2G/3G network provides voice service via CSFB. In 
the second stage, voice over LTE is available, but LTE covers only a portion of the total 
2G/3G coverage area. Hence, voice in 2G/3G can occur via CSFB or SR-VCC. Eventually, 
LTE coverage will match 2G/3G coverage, and LTE devices will use only the LTE network. 


volution of Voice in an LTE Network? 


Figure 7 


Another voice approach, called "Voice over LTE via Generic Access” (VoLGA), defined 
circuit-switched operation through an LTE IP tunnel. 3GPP, however, has stopped official 
standards work that would support VoLGA. 


3GPP has developed a new codec, called "Enhanced Voice Services” (EVS), which will 
include super-wideband voice capability. For the same bit rate, EVS provides higher voice 
quality than the other codecs. Table 21 summarizes the features and parameters of the 
three 3GPP codecs used in LTE. 


288 5G Americas member contribution, 


189 See Figure 9.2. 3GPP, TR 26.952 V12.1.0, Codec for Enhanced Voice Services (EVS); Performance 
Characterization, March 2015. 
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PREFACE 


The purpose of this field manual is to provide a standardized source document for 
Armywide reference on map reading and land navigation. This manual applies to every 
soldier in the Army regardless of service branch, MOS, or rank. This manual also contains 
both doctrine and training guidance on these subjects. Part One addresses map reading and 
Part Two, land navigation. The appendixes include a list of exportable training materials, 
matrix of land navigation tasks, an introduction to orienteering, and a discussion of several 
devices that can assist the soldier in land navigation, 


Unless this publ 
exclusively to men, 


ion states otherwise, masculine nouns and pronouns do not refer 


PART ONE. 
MAP READING 


CHAPTER 1 
TRAINING STRATEGY 


This manual is in response to an Armywide need for a new map reading 
and land navigation training strategy based on updated doctrine. This 
chapter describes and illustrates this approach to teaching these skills 


1-1, BUILDING-BLOCK APPROACH 

Institution courses are designed to prepare the soldier for a more advanced duty position in 

it. The critical soldiering skills of move, shoot, and communicate must be trained, 

iced, and sustained at every level in the schools as well as in the unit. The map reading 

and land navigation skills taught at each level are critical to the soldiering skills of the duty 

position for which he is being school-trained. Therefore, they are also a prerequisite for a 
skill at a more advanced level, 

a. A soldier completing initial-entry training must be prepared to become a team 
member. He must be proficient in the basic map reading and dead reckoning skills. 

b. After completing the Primary Leadership Development Course (PLDC), a soldier 
should be ready to be a team leader. This duty position requires expertise in the skills of map 
reading, dead reckoning, and terrain association. 

c. A soldier completing the Basic NCO Course (BNCOC) has been trained for the 
squad leader position, Map reading and land navigation at skill level 3 requires development 
of problem-solving skills; for example, route selection and squad tactical movement. 

d. At skill level 4, the soldier completing the Advanced NCO Course (ANCOC) is 
prepared to assume the duty position of platoon sergeant or operations NCO. Planning 
tactical movements, developing unit sustainment, and making decisions are the important 
land navigation skills at this level. 

€. Officers follow similar progression. A new second lieutenant must have mastered 
map reading and land navigation skills, and have an aptitude for dead reckoning and terrain 
a ion, 

(1) After completing the Officer Basic Course, the officer must be prepared to assume 
the duties and responsibilities of a platoon leader. He is required to execute the orders and 
operations of his commander. Map reading and land navigation at this level require 
development of the problem-solving skills of route selection and tactical movement. 

(2) After completing the Officer Advanced Course, the officer is prepared to assume the 
duties and responsibilities of a company commander or primary staff officer. The 
commander must plan and execute operations with full consideration to all aspects of 
navigation. The staff officer must recommend battlefield placement of all administrative, 
ical, and personnel resources. These recommendations cannot be tactically sound 
the estimate process includes a detailed analysis of the area of operations. This ability 
requires expertise in all map reading and navigation skills to include the use of nonmilitary 
maps, aerial photographs, and terrain analysis with respect to both friendly and enemy 
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forces. The commander/staff officer must plan and execute a program to develop the unit's 
train-the-trainer program for land navigation, 

f. A program of demonstrated proficiency of all the preceding skill levels to the 
specified conditions and standards is a prerequisite to the successful implementation of a 
building-block training approach. This approach reflects duty position responsibilities in 
map reading and land navigation. An understanding of the fundamental techniques of dead 
reckoning or field-expedient methods is a basic survival skill that each soldier must develop 
at the initial-entry level. This skill provides a support foundation for more interpretive 
analysis at intermediate skill levels 2 and 3, with final progression to level 4. Mastery of all 
map reading and land navigation tasks required in previous duty positions is essential for the 
sequential development of increasingly difficult abilities. This building-block approach is 
supported by scope statements. It is part of the training doctrine at each level in the 
institutional training environment of each course, 

g. Exportable training and instructor supporticertification packages are being developed 
based upon the updated map reading and land navigation field manual. Innovative training 
devices and materials are being developed for use in the institution, ROTC regions, and the 
field. (See Appendixes E and H.) 


1-2. ARMYWIDE IMPLEMENTATION 
‘A mandatory core of critical map reading and land navigation tasks and a list of electives 
will be provided to each TRADOC service school and FORSCOM professional development 
school. Standardization is achieved through the mandatory core. Exportable training material 
is made available to support Armywide implementation, 


13. SAFETY 
Unit leaders plan to brief and enforce all safety regulations established by local range 
control. They coordinate the mode of evacuation of casualties through the appropriate 
channels, They review all installation safety regulations. Unit leaders must complete a 
thorough terrain reconnaissance before using an area for land navigation training. They 
should look for dangerous terrain, heavy trafficked roads, water obstacles, wildlife, and 
training debris. 


CHAPTER 2 
MAPS 


Cartography is the art and science of expressing the known physical 
features of the earth graphically by maps and charts. No one knows who 
drew, molded, laced together, or scratched out in the dirt the first map. But 
a study of history reveals that the most pressing demands for accuracy and 
detail in mapping have come as the result of military needs. Today, the 
complexities of tactical operations and deployment of troops are such that 
it is essential for all soldiers to be able to read and interpret their maps in 
order {0 move quickly and effectively on the battlefield. This chapter 
includes the definition and purpose of a map and describes map security, 
types, categories, and scales. 


2-1. DEFINITION 
A map is a graphic representation of a portion of the earth's surface drawn to scale, as seen 
from above. It uses colors, symbols, and labels to represent features found on the ground. 
The ideal representation would be realized if every feature of the area being mapped could 
be shown in true shape. Obviously this is impossibie, and an attempt to plot each feature true 
je would result in a product impossible to read even with the aid of a magnifying gla 
a. Therefore, to be understandable, features must be represented by conventional signs 
and symbols. To be legible, many of these must be exaggerated in size, often far beyond the 
tual ground limits of the feature represented. On a 1:250,000 scale map, the prescribed 
symbol for a building covers an area about 500 feet square on the ground; a road symbol is 
equivalent to a road about 520 feet wide on the ground; the symbol for a single-track railroad 
(the length of a cross-tie) is equivalent to a railroad cross-tie about 1,000 feet on the ground 
b. The portrayal of many features requires similar exaggeration. Therefore, the selection 
of features to be shown, as well as their portrayal, is in accord with the guidance established 
by the Defense Mapping Agency. 


2-2. PURPOSE 

A map provides information on the existence, the location of, and the distance between 
ground features, such as populated places and routes of travel and communication. It also 
indicates variations in terrain, heights of natural features, and the extent of vegetation cover. 
With our military forces dispersed throughout the world, it is necessary to rely on maps to 
provide information to our combat elements and to resolve logistical operations far from our 
shores. Soldiers and materials must be transported, stored, and placed into operation at the 
proper time and place. Much of this planning must be done by using maps. Therefore, any 
operation requires a supply of maps; however, the finest may 
the map user knows how to read them, 


2-3. PROCUREMENT 
Most military units are authorized a basic load of maps. Local command supplements to 
AR 115-11 provide tables of initial allowances for maps. Map requisitions and distributions 
are accomplished through the Defense Mapping Agency Hydrographic 
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Center's Office of Distribution and Services. In the division, however, maps are a 
responsibility of the G2 section 

a, To order a map, refer to the DMA catalog located at your $2/G2 shop. Part 3 of this 
catalog, Topographic Maps, has five volumes. Using the delineated map index, find the map 
‘or maps you want based upon the location of the nearest city. With this information, order 
maps using the following forms: 

(1) Standard Form 344. It can be typed or handwritten; itis used for mailing or over-the- 
counter service. 

(2) Department of Defense Form 1348. Same as SF 344. You can order copies of only 
‘one map sheet on each form, 

(3) Department of Defense Form 1348M. This is a punch card form for AUDODIN 
ordering. 

(4) Department of Defense Form 173. This is a message form to be used for urgent 
ordering. 


With the exception of the message form (DD 173), the numbered sections of all forms are 


the same. For example: In block 1, if you are in CONUS, enter “AOD,” if you are overseas, 
enter “AO4.” In block 2, use one of the following codes for your location. 


LOCATION CODE 


Europe cs? 
Hawaii HM 
Korea wa 
Alaska wei 
Panama = HMJ 
CONUS HMB 


Your supply section will help you complete the rest of the form. 


b. Stock numbers are also listed in map catalogs, which are available at division and 
higher levels and occasionally in smaller units. A map catalog consists of small-scale maps 
upon which the outlines of the individual map sheets of a series have been delineated. 
Another document that is an aid to the map user is the gazetteer. A gazetteer lists all the 
names appearing on a map series of a geographical area, a designation that identifies what 
is located at that place name, a grid reference, a sheet number of the map upon which the 
name appeared, and the latitude and longitude of the named features. Gazetteers are prepared 
for maps of foreign areas only. 


2-4. SECURITY 
All maps should be considered as documents that require special handling. Ifa map falls into 
unauthorized hands, it could easily endanger military operations by providing information 
of friendly plans or areas of interest to the enemy. Even more important would be a map on 
which the movements or positions of friendly soldiers were marked. It is possible, even 
though the markings on a map have been erased, to determine some of the erased 
information, Maps are documents that must not fall into unauthorized hands. 


Table 21: Comparison of AMR, AMR-WB and EVS Codecs?” 


Features AMR 


Input and output sampling BKH2 16KH2 ‘KH: 
frequencies supported 


EVs 


iz, 1OKHz, 32KHz, 48 
KHz 


“Audio bandwidth Narrowband Wideband Nai 


Towband, Wideband, 


Super-wideband, Fulband 


Coding capabilities Optimized for ‘Oplimized for ‘Optimized for coding 
coding human | coding human | human voice and general- 
voice signals voice signals purpose audio (music, 


ringtones, mixed content) 


signals 


bitrates supported (in | 475,515,590, | 66,885,1265, | 59, 
kb/s) 6.70, 7.4, 7.95, 14.25, 15.85, we 


7.2, 8, 9.6 (NB and 
only), 13.2 (NB, WB 


1020,1220 | 18.25.1985, | and SWB), 16.4, 24.4, 32 
23.05, 23.85 48, 64, 96, 128 (WB and 
‘swe ony) 
Number of audio channels | Mono Mono Mono and Stereo 
Frame size 2oms 2ome 2ome 
“Rigorithmic Delay 2025 m8 25m Upto ams 


Figure 79 shows mean opinion scores (MOS) for different codecs at different bit rates, 
illustrating the advantage of EVS, particularly for bit rates below 32 kbps that cellular 


networks use. 


279 4G Americas, Mobile Broadband Evolution: Rel-12 & Rel-13 and Beyond, 2015. See also T-Mobile 
2016 EVS announcement: _https://newsroom.t-mobile.com/ news-and- blogs/ volte-enhanced-voice- 


services.htm, 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 
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a, Ifa map is no longer needed, it must be turned in to the proper authority. Ifa map is 
in danger of being captured, it must be destroyed. The best method of destruction is by 
burning it and scattering the ashes. If burning is not possible, the map can be tom into small 
pieces and scattered over a wide area 

b. Maps of some areas of the world are subject to third party limitations. These are 
agreements that permit the United States to make and use maps of another country provided 
these maps are not released to any third party without permission of the country concerned. 
Such maps require special handling, 

¢. Some maps may be classified and must be handled and cared for in accordance with 
AR 380-5 and, if applicable, other local security directives. 


25. CARE 
Maps are documents printed on paper and require protection from water, mud, and tearing. 

Whenever possible, a map should be carried in a waterproof case, in a pocket, or in some 
other place where it is handy for use but still protected. 

a, Care must also be taken when using a map since it may have to last a long time. If 
it becomes necessary to mark a map, the use of a pencil is recommended. Use light lines so 
they may be erased easily without smearing and smudging, or leaving marks that may cause 
confusion later. If the map margins must be trimmed for any reason, it is essential to note 
any marginal information that may be needed later, such as grid data and magnetic 
declination 

b. Special care should be taken of a map that is being used in a tactical mission, 
especially in small units; the mission may depend on that map. All members of such units 
should be familiar with the map’s location at all times. 

c. Appendix B shows two ways of folding a map. 


2.6. CATEGORIES 
‘The DMA's mission is to provide mapping, charting, and all geodesy support to the armed 
forces and all other national security operations. DMA produces 
hydrographic, topographic, aeronautical, and mi 
maps are categorized by scale and type. 

a, Seale. Because a map is a graphic representation of a portion of the earth's surface 
drawn to scale as seen from above, itis important to know what mathematical scale has been 
used. You must know this to determine ground distances between objects or locatio 
map, the size of the area covered, and how the scale may affect the amount of detail being 
shown. The mathematical scale of a map is the ratio or fraction between the distance on a 
map and the corresponding distance on the surface of the earth, Scale is reported as a 
representative fraction with the map distance as the numerator and the ground distance as 
the denominator. 


map distance 
Representative fraction (scale) 
ground distance 


As the denominator of the representative fraction gets 
scale of the map decreases. Defense Mapping Agency maps are 


larger and the ratio ge 
sified by s 


smaller, the 
le into three 
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categories. They are small-, medium-, and large-scale maps (Figure 2-1). The terms 
scale," "medium scale," and "large scale" may be confusing when read in conjunction 
with the number. However, if the number is viewed as a fraction, it quickly becomes 
apparent that 1:600,000 of something is smaller than 1:75,000 of the same thing, Therefore, 
the larger the number after 1:, the smaller the scale of the map. 

(1) Small. Those maps with scales of 1:1,000,000 and smaller are used for general 
planning and for strategic studies (bottom map in Figure 2-1), ‘The standard small-scale map 
is 1:1,000,000. This map covers a very large land area at the expense of detail 

(2) Medium. Those maps with scales larger than 1:1,000,000 but smaller than 1:75,000 
are used for operational planning (center map in Figure 2-1). They contain a moderate 
amount of detail, but terrain analysis is best done with the large-scale maps described below. 
The standard medium-scale map is 1:250,000. Medium scale maps of 1:100,000 are also 
frequently encountered. 

(3) Large. Those maps with scales of 1:75,000 and larger are used for tactical, 
administrative, and logistical planning (top map in Figure 2-1). These are the maps that you 
as a soldier or junior leader are most likely to encounter. The standard large-scale map is 
1:50,000; however, many areas have been mapped at a scale of 1:25,000. 


Figure 2-1. Scale classifications. 


b. Types. The map of choice for land navigators is the 1:50,000-scale military 
topographic map. It is important, however, that you know how to use the many other 
products available from the DMA as well, When operating in foreign places, you may 
discover that DMA map products have not yet been produced to cover your particular area 
of operations, or they may not be available to your unit when you require them. Therefore, 
you must be prepared to use maps produced by foreign governments that may or may not 
meet the standards for accuracy set by DMA. These maps often use symbols that resemble 
those found on DMA maps but which have completely different meanings. There may be 
other times when you must operate with the only map you can obtain, This might be a 
commercially produced map run off on a copy machine at higher headquarters, In Grenada, 
many of our troops used a British tourist map. 
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(1) Planimetric Map. This is a map that presents only the horizontal positions for the 
features represented. It is distinguished from a topographic map by the omission of relief, 
normally represented by contour lines. Sometimes, it is called a line map 

(2) Topographic Map. This is a map that portrays terrain features in a measurable way 
(usually through use of contour lines), as well as the horizontal positions of the features 
represented. The vertical positions, or relief, are normally represented by contour lines on 
military topographic maps. On maps showing relief, the elevations and contours are 
xed from a specific vertical datum plane, usually mean sea level. Figure 3-1 shows a 
typical topographic map. 

(3) Photomap. This is a reproduction of an aerial photograph upon which grid lines, 
marginal data, place names, route numbers, important elevations, boundaries, and 
approximate scale and direction have been added. (See Chapter 8.) 

(4) Joint Operations Graphics. These maps are based on the format of standard 
1:250,000 medium-scale military topographic maps, but they contain additional information 
needed in joint air-ground operations (Figure 2-2). Along the north and east edges of the 
graphic, detail is extended beyond the standard map sheet to provide overlap with adjacent 
sheets. These maps are produced both in ground and air formats. Each version is identified 
in the lower margin as either Joint Operations Graphic (Air) or Joint Operations Graphic 
(Ground). The topographic information is identical on both, but the ground version shows 
elevations and contour in meters and the air version shows them in feet. Layer (elevation) 
tinting and relief shading are added as an aid to interpolating relief. Both versions emphasize 
airlanding facilities (shown in purple), but the air version has additional symbols to identify 
aids and obstructions to air navigation. (See Appendix D for additional information.) 
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Figure 2-2. Joint operations graphic (air). 


(5) Photomosaic. This is an assembly of aerial photographs that is commonly called a 
mosaic in topographic usage. Mosaics are useful when time does not permit the compilation 
ofa more accurate map. The accuracy of a mosaic depends on the method employed in its 
preparation and may vary from simply a good pictorial effect of the ground to that of a 
planimetric map. 

(6) Terrain Model. This is a scale model of the terrain showing features, and in large- 
scale models showing industrial and cultural shapes. It provides a means for visualizing the 
terrain for planning or indoctrination purposes and for briefing on assault landings. 

(1) Military City Map. This is a topographic map (usually at 1:12,550 scale, sometimes 
up to 1:5,000), showing the details of a city. It delineates streets and shows street names, 
important buildings, and other elements of the urban landscape important to navigation and 
military operations in urban terrain, The scale of a military city map depends on the 
importance and size of the city, density of detail, and available intelligence information, 

(8) Special Maps. These are maps for special purposes, such as trafficability, 
communications, and assault maps. They are usually in the form of an overprint in the scales 
smaller than 1:100,000 but larger than 1:1,000,000. A special purpose map is one that has 
been designed or modified to give information not covered on a standard map. The wide 
range of subjects that could be covered under the heading of special purpose maps prohibits, 
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Some 


within the scope of this manual, more than a brief mention of a few important ones 
of the subjects covered are: 
Terrain features 
© Drainage characteristics. 
© Vegetation. 
© Climate. 
‘© Coasts and landing beaches. 
‘© Roads and bridges. 
© Railroads. 
«Airfields 


© Urban areas. 
* Electric power, 


Fuels, 
© Surface water resources. 

© Ground water resources. 

‘© Natural construction materials. 
Cross-country movements. 

© Suitability for airfield construction, 
© Airborne operations, 


2-7. MILITARY MAP SUBSTITUTES. 
If military maps are not available, use substitute maps. The substitute maps can range from 
foreign military or commercial maps to field sketches. The DMA can provide black and 
white reproductions of many foreign maps and can produce its own maps based upon 
intelligence. 

a. Foreign Maps, These are maps that have been compiled by nations other than our 
own, When these must be used, the marginal information and grids are changed to conform 
to our standards if time permits. The scales may differ from our maps, but they do express 
the ratio of map distance to ground distance and can be used in the same way. The legend 
must be used since the map symbols almost always differ from ours. Because the accuracy 
of foreign maps varies considerably, they are usually evaluated in regard to established 
turacy standards before they are issued to our troops. (See Appendix I for additional 
information.) 

b. Atlases. These are collections of maps of regions, countries, continents, or the world 
Such maps are accurate only to a degree and can be used for general information only. 

c. Geographic Maps. These maps give an overall idea of the mapped area in relation 
to climate, population, relief, vegetation, and hydrography. They also show general location 
of major urban areas. 

d. Tourist Road Maps. These are maps of a region in which the main means of 
transportation and areas of interest are shown. Some of these maps show secondary networks 
of roads, historic sites, museums, and beaches in detail. They may contain road and time 
distance between points. Careful consideration should be exercised about the scale when 
using these maps. 

e. City/Utility Maps, These are maps of urban are 
electricity and telephone lines, and sewers. 


showing streets, water du 


27 


FM 3-25.26 


f, Field Sketches. These are preliminary drawings of an area or piece of terrain. (See 
‘Appendix A.) 

g. Aerial Photographs. These can be used as map supplements or substitutes to help 
you analyze the terrain, plan your route, or guide your movement. (See Chapter 8 for 
additional information), 


2-8. STANDARDS OF ACCURACY 
Accuracy is the degree of conformity with which horizontal positions and vertical values are 
represented on a map in relation to an established standard. This standard is determined by 
the DMA based on user requirements. A map can be considered to meet accuracy 
requirement standards unless otherwise specified in the marginal information. 
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CHAPTER 3 


MARGINAL INFORMATION AND SYMBOLS 


A map could be compared to any piece of equipment, in that before it is 
placed into operation the user must read the instructions. It is important that 
you, as a soldier, know how to read these instructions. The most logical 
place to begin is the marginal information and symbols, where useful 
information telling about the map is located and explained, All maps are not 
the same, so it becomes necessary every time a different map is used to 
examine the marginal information carefully. 


3-1. MARGINAL INFORMATION ON A MILITARY MAP 

Figure 3-1 (page 3-4) shows a reduced version of a large-scale topographic map. The circled 
numbers indicate the items of marginal information that the map user needs to know. Thes 
circled numbers correspond to the following listed items. 

a, Sheet Name (1). The sheet name is found in bold print at the center of the top and 
in the lower left area of the map margin. A map is generally named for the settlement 
contained within the area covered by the sheet, or for the largest natural feature located 
within the area at the time the map was drawn. 

b. Sheet Number (2). The sheet number is found in bold print in both the upper right 
and lower left areas of the margin, and in the center box of the adjoining sheets diagram, 
which is found in the lower right margin, It is used as a reference number to link speci 
maps to overlays, operations orders, and plans. For maps at 1:100,000 scale and larger, sheet 
numbers are based on an arbitrary system that makes possible the ready orientation of maps 
of 1:100,000, 1:50,000, and 1:25,000, 

c. Series Name (3). The map series name is found in the same bold print as the sheet 
number in the upper left comer of the margin. The name given to the series is generally that 
of a major political subdivision, such as a state within the United States or a European 
nation, A map series usually includes a group of similar maps at the same scale and on the 
same sheet lines or format designed to cover a particular geographic area. It may also be a 
group of maps that serve a common purpose, such as the military city maps. 

d. Scale (4). The scale is found both in the upper left margin after the series name, and 
in the center of the lower margin. The scale note is a representative fraction that gives the 
ratio of a map distance to the corresponding distance on the earth's surface. For example, 
the scale note 1:50,000 indicates that one unit of measure on the map equals 50,000 units of 
the same measure on the ground. 

e. Series Number (5). The series number is found in both the upper right margin and 
the lower left margin. It is a sequence reference expressed either as a four-digit numeral 
(1125) or as a letter, followed by a three- or four-digit numeral (M661; T7110). 

£ Edition Number (6). The edition number is found in bold print in the upper right 
area of the top margin and the lower left area of the bottom margin, Editions are numbered 
consecutively; therefore, if you have more than one edition, the highest numbered sheet is 
the most recent. Most military maps are now published by the DMA, but older editions of 
maps may have been produced by the US Army Map Service. Still others may have been 
drawn, at least in part, by the US Army Corps of Engineers, the US Geological Survey, or 
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other agencies affiliated or not with the United States or allied governments. The credit line, 
telling who produced the map, is just above the legend. The map information date is found 
immediately below the word "LEGEND" in the lower lefi margin of the map. This date is 
important when determining how accurately the map data might be expected to match what 
you will encounter on the ground, 

g. Index to Boundaries (7). The index to boundaries diagram appears in the lower or 
right margin of all sheets. This diagram, which is a miniature of the map, shows the 
boundaries that occur within the map area, such as county lines and state boundaries. 

h, Adjoining Sheets Diagram (8). Maps at all standard scales contain a diagram that 
illustrates the adjoining sheets. On maps at 1:100,000 and larger scales and at 1:1,000,000 
scale, the diagram is called the index to adjoining sheets. It consists of as many rectangles 
representing adjoining sheets as are necessary to surround the rectangle that represents the 
sheet under consideration. ‘The diagram usually contains nine rectangles, but the number 
may vary depending on the locations of the adjoining sheets. All represented sheets are 
identified by their sheet numbers. Sheets of an adjoining series, whether published or 
planned, that are at the same scale are represented by dashed lines. The series number of the 
adjoining series is indicated along the appropriate side of the division line between the 
series. 

i. Elevation Guide (9). This is normally found in the lower right margin, It is a 
miniature characterization of the terrain shown. The terrain is represented by bands of 
elevation, spot elevations, and major drainage features. The elevation guide provides the 
map reader with a means of rapid recognition of major landforms, 

j. Declination Diagram (10). This is located in the lower margin of large-scale maps 
and indicates the angular relationships of true north, grid north, and magnetic north. On 
maps at 1:250,000 scale, this information is expressed as a note in the lower margin. In 
recent edition maps, there is a note indicating the conversion of azimuths from grid to 
magnetic and from magnetic to grid next to the declination diagram, 

k. Bar Seales (11). These are located in the center of the lower margin, They are rulers 
used to convert map distance to ground distance. Maps have three or more bar scales, each 
ina different unit of measure. Care should be exercised when using the scales, especially 
in the selection of the unit of measure that is needed. 

1. Contour Interval Note (12). This note is found in the center of the lower margin 
normally below the bar scales. It states the vertical distance between adjacent contour lines 
of the map. When supplementary contours are used, the interval is indicated, In recent 
edition maps, the contour interval is given in meters instead of feet. 

m, Spheroid Note (13). This note is located in the center of the lower margin. 
Spheriods (ellipsoids) have specific parameters that define the X Y Z axis of the earth. The 
spheriod is an integral part of the datum, 

n, Grid Note (14). This note is located in the center of the lower margin. It gives 
information pertaining to the grid system used and the interval between grid lines, and it 
identifies the UTM grid zone number. 

©. Projection Note (15). The projection system is the framework of the map. For 
military maps, this framework is of the conformal type; that is, small areas of the surface of 
the earth retain their true shapes on the projection; measured angles closely approximate true 
values; and the scale factor is the same in all directions from a point. The projection note 
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is located in the center of the lower margin. Refer to DMA for the development 
characteristics of the conformal-type projection systems. 

(1) Between 80° south and 84° north, maps at scales larger than 1:500,000 are based on 
the transverse Mercator projection. The note reads TRANSVERSE MERCATOR 
PROJECTION 

(2) Between 80° south and 84° north, maps at 1:1,000,000 scale and smaller are based 
on standard parallels of the lambert conformal conic projection. The note reads, for 
example, LAMBERT CONFORMAL CONIC PROJECTIONS 36° 40' N AND 39° 20' N. 

(3) Maps of the polar regions (south of 80° south and north of 84° north) at 1:1,000,000 
and larger scales are based on the polar stereographic projection. The note reads POLAR 
STEREOGRAPHIC PROJECTION 

p. Vertical Datum Note (16). This note is located in the center of the lower margin. 
The vertical datum or vertical-control datum is defined as any level surface (for example, 
mean sea level) taken as a surface of reference from which to determine elevations. In the 
United States, Canada, and Europe, the vertical datum refers to the mean sea level surface. 
However, in parts of Asia and Africa, the vertical-control datum may vary locally and is 
based on an assumed elevation that has no connection to any sea level surface. Map readers 
should habitually check the vertical datum note on maps, particularly if the map is used for 
low-level aircraft navigation, naval gunfire support, or missile target acquisition, 

q. Horizontal Datum Note (17). This note is located in the center of the lower margin. 
The horizontal datum or horizontal-control datum is defined as a geodetic reference point 
(of which five quantities are known: latitude, longitude, azimuth of a line from this point, 
and two constants, which are the parameters of reference ellipsoid). These are the basis for 
horizontal-control surveys. The horizontal-control datum may extend over a continent or 
be limited to a small local area. Maps and charts produced by DMA are produced on 32 
different horizontal-control data. Map readers should habitually check the horizontal datum 
note on every map or chart, especially adjacent map sheets. This is to ensure the products 
are based on the same horizontal datum. If products are based on different horizontal-control 
data, coordinate transformations to a common datum must be performed. UTM coordinates 
from the same point computed on different data may differ as much as 900 meters. 

r. Control Note (18). This note is located in the center of the lower margin. It indicates 
the special agencies involved in the control of the technical aspects of all the information 
that is disseminated on the map. 

s. Preparation Note (19). This note is located in the center of the lower margin, It 
tes the agency responsible for preparing the map. 

t. Printing Note (20). This note is also located in the center of the lower margin. It 
indicates the agency responsible for printing the map and the date the map was printed. The 
printing data should not be used to determine when the map information was obtained. 

u. Grid Reference Box (21). This box is normally located in the center of the lower 
margin, It contains instructions for composing a grid reference 

v. Unit imprint and Symbol (22). The unit imprint and symbol is on the left side of 
the lower margin. It identifies the agency that prepared and printed the map with its 
respective symbol. This information is important to the map user in evaluating the reliability 
of the map 

w. Legend (23). The legend is located in the lower left margin. It illustrates and 
identifies the topographic symbols used to depict some of the more prominent features on 
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the map. The symbols are not always the same on every map. Always refer to the legend 
to avoid errors when reading a map. 


o-oo 


Figure 3-1. Topographical map. 
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Figure 79: Combined Mean Opinion Score Values”? 
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Table 22 shows EVS (narrowband, wideband, super-wideband) audio bandwidths and 
bitrates that create subjective quality equal to or better than AMR or AMR-WB for typical 
conversational voice scenarios. 


Table 22: EVS Compared to AMR and AMR-WB72 


Equal bandwidth Wider bandwidth 


AMR 12.2 kbit/s EVS-NB 8.0 kbit/s EVS-WB 5.9 kbit/s 
AMR-WB 12.65 kbit/s EVS-WB 9.6 kbit/s EVS-SWB 9.6 kbit/s 
AMR-WB 23.85 kbits/s EVS-WB 13.2 kbit/s EVS-SWB 9.6 kbit/s 


Figure 80 compares EVS capacity gains over AMR and AMR-WB for the references cases 
shown in Table 22. EVS-SWB at 9.6 kbps almost doubles voice capacity compared to AMW- 
WB at 23.85 kbps. 


171 Nokia, The 3GPP Enhanced Voice Services (EVS) codec, 2015. 
1 Ibid. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 152 
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3-2. ADDITIONAL NOTES 
Not all maps contain the same items of marginal information. Under certain conditions, 
special notes and scales may be added to aid the map user. The following are examples: 

a. explanation of technical terms or a translation of terms on maps 
of foreign areas where the native language is other than English. 

b. Classification. Certain maps require a note indicating the security cl: 
This is shown in the upper and lower margins 
Protractor Scale. This scale may appear in the upper margin on some maps. It is 
used to lay out the magnetic-grid declination for the map, which, in turn, is used to orient the 
map sheet with the aid of the lensatic compass. 

d. Coverage Diagram. On maps at scales of 1:100,000 and larger, a coverage diagram 
may be used. It is normally in the lower or right margin and indicates the methods by which 
the map was made, dates of photography, and reliability of the sources. On maps at 
1:250,000 scale, the coverage diagram is replaced by a reliability diagram, 

€. Special Notes (24). A special note is any statement of general information that 
relates to the mapped area. It is normally found in the lower right margin. For example: 
This map is red-light readable. 

£ User's Note (25). This note is normally located in the lower right-hand margin. It 
requests cooperation in correcting errors or omissions on the map. Errors should be marked 
and the map forwarded to the agency identified in the note 

g. Stock Number Identification (26). All maps published by the DMA that are in the 
Department of the Army map supply system contain stock number identifications that are 
used in requisitioning map supplies. The identification consists of the words "STOCK NO" 
followed by a unique designation that is composed of the series number, the sheet number 
of the individual map and, on recently printed sheets, the edition number. The designation 
is limited to 15 units (letters and numbers). ‘The first 5 units are allotted to the series 
number; when the series number is less than 5 units, the letter "X" is substituted as the fifth 
unit, The sheet number is the next component; however, Roman numerals, which are part 
of the sheet number, are converted to Arabic numerals in the stock number. The last 2 units 
are the edition number; the first digit of the edition number is a zero if the number is less 
than 10. If the current edition number is unknown, the number 01 is used. The latest 
lable edition will be furnished. Asterisks are placed between the sheet number and the 
edition number when necessary to ensure there are at least 11 units in the stock number. 

h. Conversion Graph (27). Normally found in the right margin, this graph indicates 
the conversion of different units of measure used on the map. 


sification. 


3-3. TOPOGRAPHIC MAP SYMBOLS 
The purpose of a map is to permit one to visualize an area of the earth's surface with 
pertinent features properly positioned. The map's legend contains the symbols most 
commonly used in a particular series or on that specific topographic map sheet. ‘Therefore, 
the legend should be referred to each time a new map is used. Every effort is made to design 
standard symbols that resemble the features they represent. If this is not possible, symbols 
are selected that logically imply the features they portray. For example, an open-pit mining 
operation is represented by a small black drawing of a crossed hammer and pickax. 
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a, Ideally, all the features within an area would appear on a map in their true proportion, 
position, and shape. This, however, is not practical because many of the features would be 
unimportant and others would be unrecognizable because of their reduction in size. 

b. The mapmaker has been forced to use symbols to represent the natural and man-made 
features of the earth's surface. These symbols resemble, as closely as possible, the actual 
features themselves as viewed from above. They are positioned in such a manner that the 
center of the symbol remains in its true location. An exception to this would be the position 
ofa feature adjacent to a major road. If the width of the road has been exaggerated, then the 
feature is moved from its true position to preserve its relation to the road. Field 
Manual 21-31 gives a description of topographic features and abbreviations authorized for 
use on our military maps. 


34, MILITARY SYMBOLS 
In addition to the topographic symbols used to represent the natural and man-made features 
of the earth, military personnel require some method for showing identity, size, location, or 
movement of soldiers; and military activities and installations. The symbols used to represent 
these military features are known as military symbols. These symbols are not normally 
printed on maps because the features and units that they represent are constantly moving or 
changing; military security is also a consideration. They do appear in special maps and 
overlays (Chapter 7). The map user draws them in, in accordance with proper security 
precautions. Refer to FM 101-5-1 for complete information on military symbols. 


35. COLORS USED ON A MILITARY MAP 
By the fifteenth century, most European maps were carefully colored. Profile drawings of 
mountains and hills were shown in brown, rivers and lakes in blue, vegetation in green, roads 
in yellow, and special information in red. A look at the legend of a modern map confirms 
that the use of colors has not changed much over the past several hundred years. To 
facilitate the identification of features on a map, the topographical and cultural information 
is usually printed in different colors. These colors may vary from map to map. On a 
standard large-scale topographic map, the colors used and the features each represent are: 

a. Black. Indicates cultural (man-made) features such as buildings and roads, surveyed 
spot elevations, and all labels. 

b. Red-Brown. The colors red and brown are combined to identify cultural features, 
all relief features, non-surveyed spot elevations, and elevation, such as contour lines on red- 
light readable maps. 

¢. Blue. Identifies hydrography or water features 
drainage. 

d. Green. Identi 
vineyards. 

e. Brown, Identifies all relief features and elevation, such as 
maps, and cultivated land on red-light readable maps. 

f Red. Classifies cultural features, such as populated areas, main roads, and 
boundaries, on older maps. 

g. Other. Occasionally other colors may be used to show special information, These 
are indicated in the marginal information as a rule. 


uch as lakes, swamps, rivers, and 


vegetation with military significance, such as woods, orchards, and 


‘ontours on older edition 
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CHAPTER 4 
GRIDS 


This chapter covers how to determine and report positions on the ground 
in terms of their locations on a map. Knowing where you are (position fixing) 
and being able to communicate that knowledge is crucial to successful land 
navigation as well as to the effective employment of direct and indirect fire, 
tactical air support, and medical evacuation. It is essential for valid target 
acquisition; accurate reporting of NBC contamination and various danger 
areas; and obtaining emergency resupply. Few factors contribute as much 
to the survivability of troops and equipment and to the successful 
accomplishment of a mission as always knowing where you are. The chapter 
includes explanations of geographical coordinates, Universal Transverse 
Mercator grids, the military grid reference system, and the use of grid 
coordinates. 


4-1, REFERENCE SYSTEM 
Inacity, it is quite simple to find a location; the streets are named and the buildings have 
numbers. The only thing needed is the address. However, finding locations in undeveloped 
areas or in unfamiliar parts of the world can be a problem. To cope with this problem, a 
uniform and precise system of referencing has been developed. 


4-2. GEOGRAPHIC COORDINATES 
One of the oldest systematic methods of location is based upon the geographic coordinate 
system. By drawing a set of east-west rings around the globe (parallel to the equator), and 
of north-south rings crossing the equator at right angles and converging at the poles, 
a network of reference lines is formed from which any point on the earth's surface can be 
located, 

a. The distance of a point north or south of the equator is known as its latitude. The 
rings around the earth parallel to the equator are called parallels of latitude or simply 
parallels. Lines of latitude run east-west but north-south distances are measured between 
them, 

b. A second set of rings around the globe at right angles to lines of latitude and passing 
through the poles is known as meridians of longitude or simply meridians. One meridian is 
designated as the prime meridian, The prime meridian of the system we use runs through 
Greenwich, England and is known as the Greenwich meridian. The distance east or west of 
a prime meridian to a point is known as its longitude. Lines of longitude (meridians) run 
north-south but east-west distances are measured between them (Figures 4-1 and 4-2, page 
4-2). 
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Figure 4-1. Prime meridian and equator. 
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jure 4-2. Reference lines. 


¢. Geographic coordinates are expressed in angular measurement, Each circle is divided 
into 360 degrees, each degree into 60 minutes, and each minute into 60 seconds. The degree 
is symbolized by °, the minute by ', and the second by ". Starting with 0° at the equator, the 
parallels of latitude are numbered to 90° both north and south. The extremities are the north 
pole at 90° north latitude and the south pole at 90° south latitude. Latitude can have the same 
numerical value north or south of the equator, so the direction N or $ must always be given, 
Starting with O°at the prime meridian, longitude is measured both east and west around the 
world. Lines east of the prime meridian are numbered to 180° and identified as east 
longitude; lines west of the prime meridian are numbered to 180° and identified as west 
longitude. The direction E or W must always be given. The line directly opposite the prime 
meridian, 180°, may be referred to as either east or west longitude. The values of geographic 
. being in units of angular measure, will mean more if they are compared with 


coordinat 
fh we are more familiar. At any point on the earth, the ground 


units of measure with whi 
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distance covered by one degree of latitude is about 111 kilometers (69 miles); one second 
is equal to about 30 meters (100 feet), The ground distance covered by one degree of 
longitude at the equator is also about 111 kilometers, but decreases as one moves north or 
south, until it becomes zero at the poles. For example, one second of longitude represents 
about 30 meters (100 feet) at the equator; but at the latitude of Washington, DC, one second 
of longitude is about 24 meters (78 feet). Latitude and longitude are illustrated in Figure 4-3. 
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Figure 4-3. Latitude and longitude. 


d. Geographic coordinates appear on all standard military maps; on some they may be 
the only method of locating and referencing a specific point, The four lines that enclose the 
body of the map (neatlines) are latitude and longitude lines. Their values are given in degrees 
and minutes at each of the four comers, On a portion of the Columbus map (Figure 4-4), the 
figures 32°15" and 84°45! appear at the lower right corner. The bottom line of this map is 
latitude 32°15'00"N, and the line running up the right side is longitude 84°45'00"W, In 
addition to the latitude and longitude given for the four comers, there are, at regularly spaced 
intervals along the sides of the map, small tick marks extending into the body of the map. 
Each of these tick marks is identified by its latitude or longitude value, Near the top of the 
right side of the map is a tick mark and the number 20’. The full value for this tick marks is 
32°20'00" of latitude, At one-third and two-thirds of the distance across the map from the 
20’ tick mark will be found a cross tick mark (grid squares 0379 and 9679) and at the far side 
another 20' tick mark, By connecting the tick marks and crosses with straight lines, a 
32°20'00" line of latitude can be added to the map. This procedure is also used to locate the 
32°25'00" line of latitude. For lines of longitude, the same procedure is followed using the 
tick marks along the top and bottom edges of the map. 

e. After the parallels and meridians have been drawn, the geographic interval (angular 
distance between two adjacent lines) must be determined. Examination of the values given 
at the tick marks gives the interval. For most maps of scale 1:25,000, the interval is 2'30" 
For the Columbus map and most maps of scale 1:50,000, it is 5'00". The geographic 
coordinates of a point are found by dividing the sides of the geographic square in which the 
point is located into the required number of equal parts. If the geographic interval is 5'00" 
and the location of a point is required to the nearest second, each side of the geographic 
square must be divided into 300 equal parts (5'00" = 300"), each of which would have a 
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value of one second. Any scale or ruler that has 300 equal divisions and 
longer than the spacing between the lines may be used, 

f. The following steps will determine the geographic coordinates of Wilkinson 
Cemetery (northwest of the town of Cusseta) on the Columbus map. 

(1) Draw the parallels and meridians on the map that encloses the area around the 
cemetery. 

(2) Determine the values of the parallels and meridians where the point falls. 

Latitude 32°15'00" and 32°20'00". 
Longitude 84°45'00" and 84°50'00" 

(3) Determine the geographic interval (5'00" = 300") 

(4) Select a scale that has 300 small divisions or multiples thereof (300 divisions, one 
second each; 150 divisions, two seconds each; 75 divisions, four seconds each, and so forth). 

(5) To determine the latitude— 

(a) Place the scale with the 0 of the scale on the latitude of the lowest number value 
(32°15'00") and the 300 of the scale on the highest numbered line (32°2000") (1, 
Figure 4-4). 

(b) While keeping the 0 and 300 on the two lines, slide the seale (2, Figure 4-4) along 
the parallels until the Wilkinson Cemetery symbol is along the edge of the numbered scale. 

(c) Read the number of seconds from the scale (3, Figure 4-4), about 246. 

(d) Convert the number of seconds to minutes and seconds (246" = 4'06") and add to the 
value of the lower numbered line (32°15'00" + 4°06" = 32°19'06") (4, Figure 4-4), 

RESULTS: 

+ The latitude is 32°19'06", but this is not enough. 

+ The latitude 32°19'06" could be either north or south of the equator, so the letter N 
or S must be added to the latitude. To determine whether it is N or S, look at the 
latitude values at the edge of the map and find the direction in which they become 
larger. If they are larger going north, use N; if they are larger going south, use S 

+ The latitude for the cemetery is 32°19'06"N. 

(6) Determine the longitude, repeat the same steps but measure between lines of 
longitude and use E and W. The geographic coordinates of Wilkinson Cemetery should be 
about 32°19'06"N and 84°47'32"W (Figure 4-5, page 4-6). 

g. To locate a point on the Columbus map (Figure 4-6, page 4-7) when knowing the 
geographic coordinates, many of the same steps are followed. To locate 32°25'28"N and 
84°50'S6"W, first find the geographic lines within which the point falls: latitude 32°25'00" 
and 32°30'0"; and longitude 84°50'00" and 84°55'00". Subtract the lower latitude/longitude 
from the higher latitude/longitude. 

(1) Place the 0 of the scale on the 32°25'00" line and the 300 on the 32°30'00". Make 
mark at the number 28 on the scale (the difference between the lower and higher latitude). 

(2) Place the 0 of the scale on the 84°50'00" line and the 300 on the 84°50'55". Make a 
mark at the number 56 on the scale (the difference between the lower and higher longitude. 

(3) Draw a vertical line from the mark at 56 and a horizontal line from the mark at 28; 
they intersect at 32 25°28"N and 84 50°56” W. 


s long as or 
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Figure 4-4. Determining latitude. 
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Figure 4-5. Determining longitude. 
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Figure 4-6. Determining geographic coordinates. 


h. Ifyou do not have a scale or ruler with 300 equal divisions or a map whose interval 
is other than $'00", use the proportional parts method. Following the steps determines the 
geographic coordinates of horizontal control station 141. 
(1) Locate horizontal control station 141 in grid square (GLO784) (Figure 4-7, page 4-9). 
(2) Find a cross in grid square GLO388 and a tick mark in grid square GL1188 with 25". 
(3) Find another crass in grid square GL0379 and a tick mark in grid square GL1179 
with 20’ 
(4) Enclose the control station by connecting the crosses and tick marks. The control 
station is between 20" and 25" (Figure 4-7, page 4-9) 
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(5) With a boxwood scale, measure the distance from the bottom line to the top line that 
encloses the area around the control station on the map (total distance) (Figure 4-7) 

(6) Measure the partial distance from the bottom line to the center of the control station 
(Figure 4-7). These straight-line distances are in direct proportion to the minutes and seconds 
of latitude and are used to set up a ratio. 

RESULTS: 

© The total distance is 9,200 meters, and the partial distance is 5,125 meters 

(Figure 4-7), 
With the two distances and the five-minute interval converted to seconds (300"), 
determine the minutes and seconds of latitude using the following formula: 
= 5,125 x 300 = 1,537,500 
= 1,537,500 + 9,200 = 167 
= 167+ 60=2'47" 
= Add 2'47" to 32°20'00" = 32°20'47" 
(7) Follow the same procedures to determine minutes and seconds of longitude 
(Figure 4-7), 
RESULTS 
© The total distance is 7,830 meters, and the partial distance is 4,000 meters 
(Figure 4-7), 
= 4,000 x 300 = 1,200,000 
= 1,200,000 + 7,830 = 153 
= 153+ 60=2'33" 
= Add 2'33" to 84°45’ = 84°47'33"N 
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Figure 80: EVS Voice Capacity Compared to AMR and AMR-WB?7> 


200% 


1 EVS with wider bandwidth 


EVS vs. AMR 12 EVS ys. AMR-WB 12.65 _ EVS vs. AMR-WB 23.85 


1 EVS with the same bandwidth 


LTE Ultra-Reliable and Low-Latency Communications 

The 3GPP work item for this feature states, “3GPP LTE technology enhancements are 
needed to serve such new use cases and to remain technologically competitive up to and 
beyond 2020. As a candidate technology for ITU IMT-2020 submission, it is motivated to 
further enhance the LTE system such that it can meet the key IMT-2020 requirements 
including those for URLLC in terms of reliability (1-10° reliability for small data packets 
within a latency of ms) as well as latency (<1ms one way user plane latency)."""* 


Evolved Packet Core (EPC) 
3GPP defined the Evolved Packet Core (EPC) in Release 8 as a framework for an evolution 
or migration of the network to a higher-data-rate, lower latency, packet-optimized system 
that supports multiple radio-access technologies including LTE, as well as and legacy 
GSM/EDGE and UMTS/HSPA networks. EPC also integrates CDMA2000 networks and Wi-Fi 


EPC is optimized for all services to be delivered via IP in a manner that is as efficient as 
possible—through minimization of latency within the system, for example. It also provides 
service continuity across heterogeneous networks, which is important for LTE operators 
who must simultaneously support GSM-HSPA customers. 


‘One important performance-enhancing aspect of EPC is a flatter architecture. For packet 
flow, EPC includes two network elements, called “Evolved Node B” (eNodeB) and the Access 
Gateway (AGW). The eNodeB (base station) integrates the functions traditionally 


173 Ibid. 


174 RP-170796, 3GPP Work Item Description, "Ultra Reliable Low Latency Communication for LTE," March. 
2017. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 153, 
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Figure 4-7. Using the proportional parts method. 


(8) The geographic coordinates of horizontal control station 141 in grid square GLO784 
are 32°22'47"N latitude and 84°47'33"W longitude. 


NOTE: — When computing formulas, round off totals to the nearest whole number in step 2. 
In step 3, convert the fraction to seconds by multiplying the fraction by 60 and 
rounding off if the total is not a whole number. 


i, The maps made by some nations do not have their longitude values based on the 
prime meridian that passes through Greenwich, England. Table 4-1, on page 4-10, shows the 
prime meridians that may be used by other nations. When these maps are issued to our 
soldiers, a note usually appears in the marginal information giving the difference between 
our prime meridian and the one used on the map. 
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‘Amsterdam, Netherlands 4°6301°E 
Athens, Greece 23°42'59"E 
Batavia (Djakarta), Indonesia 106°48'28"E 
Bem, Switzerland 7°2622°E 
Brussels, Belgium 42206" 
Copenhagen, Denmark 12°38'40°E 
Ferro (Hierro), Canary Islands 1739'46'W 
Helsinki, Finland 24°5317°E 
Istanbul, Turkey 28°58'50°E 
Lisbon, Portugal 9°07'5S'W 
Madrid, Spain sar'isw 
Oslo, Norway 10°43'23°E 
Paris, France 22014 
Pulkovo, Russia 30°19'39°E 
Rome, Italy 12°2708E 
Stockholm, Sweden 18°03'30°E 
Tirane, Albania 19°46.45E 


Table 1. Table of prime meridians. 


43. MILITARY GRIDS 
‘An examination of the transverse Mercator projection, which is used for large-scale military 
maps, shows that most lines of latitude and longitude are curved lines. The quadrangles 
formed by the intersection of these curved parallels and meridians are of different sizes and 
shapes, complicating the location of points and the measurement of directions. To aid these 
| operations, a rectangular grid is superimposed upon the projection. This grid (a 
of straight lines intersecting at right angles) furnishes the map reader with 2 
of squares similar to the block system of most city streets. The dimensions and orientation 
of different types of grids vary, but three properties are common to all military grid 
one, they are true rectangular grids; two, they are superimposed on the geographic 
projection; and three, they permit linear and angular measurements 
a, Universal Transverse Mercator Grid. The UTM grid has been designed to cover 
that part of the world between latitude 84°N and latitude 80°S, and, as its name impli 
imposed on the transverse Mercator projection, 
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(1) Each of the 60 zones (6 degrees wide) into which the globe is divided for the grid has 
its own origin at the intersection of its central meridian and the equator (Figure 4-8). The 
grid is identical in all 60 zones. Base values (in meters) are assigned to the central meridian 
and the equator, and the grid lines are drawn at regular intervals parallel to these two base 
lines. With each grid line assigned a value denoting its distance from the origin, the problem 
of locating any point becomes +r. Normally, it would seem logical to 
assign a value of zero to the two base line re outward from them. This, however, 
would require either that directions WN, 8, E, or W—be always given with distances, or that 
all points south of the equator or west of the central meridian have negative values. 

(2) This inconvenience is eliminated by assigning "false values" to the base lines, 
resulting in positive values for all points within each zone. Distances are always measured 
RIGHT and UP (east and north as the reader faces the map), and the assigned values are 
called "false easting" and "false northing," (Figure 4-9, page 4-12). The false eating value 
for each central meridian is 500,000 meters, and the false northing value for the equator is 
0 meters when measuring in the northern hemisphere and 10,000,000 meters when 
ring in the southern hemisphere. The use of the UTM grid for point designation will 
be discussed in detail in paragraph 4-4, 
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Figure 4-8. UTM grid zone location. 


b. Universal Polar Stereographic Grid. The UPS grid is used to represent the polar 
regions. (Figure 4-10, page 4-13) 

(1) North Polar Area. The origin of the UPS grid applied to the north polar area is the 
north pole. The "north-south" base line is the line formed by the 0-degree and 180-degree 
meridians; the "east-west" base line is formed by the two 90-degree meridians. 

(2) South Polar Area. The origin of the UPS grid in the south polar area is the south 
pole. The base lines are similar to those of the north polar area. 
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Figure 4-9. False eastings and northings for the UPS grid. 


44, UNITED STATES ARMY MILITARY GRID REFERENCE SYSTEM 

This grid reference system is designated for use with the UTM and UPS grids. The 
coordinate value of points in these grids could contain as many as 15 digits if numerals alone 
were used, The US military grid reference system reduces the length of written coordinates 
by substituting single letters for several numbers. Using the UTM and the UPS grids, itis 
possible for the location of a point (identified by numbers alone) to be in many different 
places on the surface of the earth, With the use of the military grid reference system, there 
is no possibility of this happenin; 

a, Grid Zone Designation. The world is divided into 60 grid zones, which are large, 
regularly shaped geographic areas, each of which is given a unique identification called the 
grid zone designation. 

(1) UTM Grid. The first major breakdown is the division of each zone into areas 6° wide 
by 8° high and 6° wide by 12° high. Remember, for the transverse Mercator projection, the 
earth's surface between 80°S and 84°N is divided into 60 N-S zones, each 6° wide. These 
zones are numbered from west to east, 1 through 60, starting at the 180° meridian, This 
surface is divided into 20 east-west rows in which 19 are 8° high and 1 row at the extreme 
north is 12° high, These rows are then lettered, from south to north, C through X (I and O 
were omitted). Any 6° by 8° zone or 6° by 12° zone is identified by giving the number and 
letter of the grid zone and row in which it lies. These are read RIGHT and UP so the number 
is always written before the letter. This combination of zone number and row letter 
constitutes the grid zone designation. Columbus lies in zone 16 and row S, or in grid zone 
designation 16S (Figure 4-8, page 4-11). 
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(2) UPS Grid, The remaining letters of the alphabet, A, B, Y, and Z, are used for the 
UPS grids. Each polar area is divided into two zones separated by the 0-180° meridian. In 
the south polar area, the letter A is the grid zone designation for the area west of the 0-180° 
meridian, and B for the area to the east. In the north polar area, Y is the grid zone 
designation for the western area and Z for the eastern area (Figure 4-10). 
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Figure 4-10. Grid zone designation for UPS grid. 


b. 100,000-Meter Square. Between 84°N and 80°S, each 6° by 8° or 6° by 12° zone 
is covered by 100,000-meter squares that are identified by the combination of two 
alphabetical letters. This identification is unique within the area covered by the grid zone 
designation. The first letter is the column designation; the second letter is the row 
designation (Figure 4-11, page 4-14). The north and south polar areas are also divided into 
100,000-meter squares by columns and rows. A detailed discussion of the polar system can 
be found in Technical Report 8358.1. The 100,000-meter square identification letters are 
located in the grid reference box in the lower margin of the map. 
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Figure 4-11. Grid zone designation and 100,000-meter 
square identification. 


¢. Grid Coordinates. We have now divided the earth's surface into 6° by 8° 
quadrangles, and covered these with 100,000-meter squares. The military grid reference of 
a point consists of the numbers and letters indicating in which of these areas the point lies, 
plus the coordinates locating the point to the desired position within the 100,000-meter 
square, The next step is to tie in the coordinates of the point with the larger areas. To do this, 
you must understand the following. 

(1) Grid Lines. The regularly spaced lines that make the UTM and the UPS grid on any 
large-scale maps are divisions of the 100,000-meter square; the lines are spaced at 10,000- 
or 1,000-meter intervals (Figure 4-12). Each of these lines is labeled at both ends of the map 
with its false easting or false northing value, showing its relation to the origin of the zone. 
Two digits of the values are printed in large type, and these same two digits appear at 
intervals along the grid lines on the face of the map. These are called the principal digits, and 
represent the 10,000 and 1,000 digits of the grid value. They are of major importance to the 
map reader because they are the numbers he will use most often for referencing points. The 
smaller digits complete the UTM grid designation. 
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Figure 4-12. Grid lines. 


EXAMPLE: The first grid line north of the south-west comer of the Columbus map 
labeled 3570000m N. This means its false northing (distance north of the equator) is 
3,570,000 meters. The principal digits, 70, identify the line for referencing points in the 
northerly direction, The smaller digits, 35, are part of the false coordinates and are rarely 
used. The last three digits, 000, of the value are omitted. Therefore, the first grid line east of 
the south-west corner is labeled 689000m E. The principal digits, 89, identify the line for 
referencing points in the easterly direction (Figure 4-13, page 4-16). 
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Tapered and published by the Osfarte Mapping Agency 
Topographic Center, Washington, D.C 
LEGEND 
OAD DATA 1#73—OTMER INFORMATION 1973 


Figure 4-13. Columbus map, southwest corner. 


(2) Grid Squares. The north-south and east-west grid lines intersect at 90°, forming grid 
squares, Normally, the size of one of these grid squares on large-scale maps is 1,000 meters 
(1 kilometer) 

(3) Grid Coordinate Scales. The primary tool for plotting grid coordinates is the grid 
coordinate scale, The grid coordinate scale divides the grid square more accurately than can 
be done by estimation, and the results are more consistent. When used correctly, it presents 
less chance for making errors, GTA 5-2-12, 1981, contains four types of coordinate scales 
(Figure 4-14) 
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Figure 4-14. Coordinate scales. 


(a) The 1:25,000/1:250,000 (lower right in figure) can be used in two different scale 
maps, 1:25,000 or 1:250,000. The 1:25,000 scale subdivides the 1,000-meter grid block into 
10 major subdivisions, each equal to 100 meters. Each 100-meter block has five graduations, 
each equal to 20 meters. Points falling between the two graduations can be read accurately 
by the use of estimation. These values are the fourth and eighth digits of the coordinates. 
Likewise, the 1:250,000 scale is subdivided in 10 major subdivisions, each equal to 1,000 
meters. Each 1,000-meter block has five graduations, each equal to 200 meters. Points falling 
between two graduations can be read approximately by the use of estimation. 

(b) The 1:50,000 scale (upper left in Figure 4-14) subdivides the 1,000-meter block into 
10 major subdivisions, each equal to 100 meters. Each 100-meter block is then divided in 
half. Points falling between the graduations must be estimated to the nearest 10 meters for 
the fourth and eighth digits of the coordinat. 

(c) The 1:100,000 scale (lower left in Figure 4-14) subdivides the 1,000-meter grid block 
into five major subdivisions of 200 meters each. Each 200-meter block is then divided in half 
at 100-meter intervals 


4-5. LOCATE A POINT USING GRID COORDINATES 
Based on the military principle for reading maps (RIGHT and UP), locations on the map can 
be determined by grid coordinates. The number of digits represents the degree of precision 
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to which a point has been located and measured on a map—the more digits the more preci 
the measurement, 


a, Without a Coordinate Seale. Determine grids without a coordinate scale by 
referring to the north-south grid lines numbered at the bottom margin of any map. Then read 


RIGHT to the north-south grid line that precedes the desired point (this first set of two digits 
is the RIGHT reading). Then by referring to the east-west grid lines numbered at either side 
of the map, move UP to the east-west grid line that precedes the desired point (these two 
digits are the UP reading), Coordinate 1484 locate the 1,000-meter grid square in which 
point X is located; the next square to the right would be 1584; the next square up would be 
1485, and so forth (Figure 4-15). Locate the point to the nearest 100 meters using estimation, 
Mentally divide the grid square in tenths, estimate the distance from the grid line to the point 
in the same order (RIGHT and UP). Give complete coordinate RIGHT, then complete 
coordinate UP. Point X is about two-tenths or 200 meters to the RIGHT into the grid square 
and about seven-tenths or 700 meters UP. 
RESULTS: The coordinates to the nearest 100 meters are 142847. 


1985 1485 1585 


1384 1484 1584 


1383 1483 1583 
a 1s 


Figure 4-15. Determining grids without coordinate point. 


b. With a Coordinate Seale (1:25,000). In order to use the coordinate scale for 
determining grid coordinates, ensure that the appropriate scale is being used on the 
corresponding map, and that the scale is right side up. To ensure the scale is correctly 
aligned, place it with the zero-zero point at the lower left comer of the grid square. Keeping 
the horizontal line of the scale directly on top of the east-west grid line, slide it to the right 
until the vertical line of the scale touches the point for which the coordinates are desired 
(Figure 4-16). When reading coordinates, examine the two sides of the coordinate scale to 
ensure that the horizontal line of the scale is aligned with the east-west grid line, and the 
vertical line of the scale is parallel with the north-south grid line. Use the scale when 
precision of more than 100 meters is required. To locate the point to the nearest 10 meters, 
measure the hundredths of a grid square RIGHT and UP from the grid lines to the point. 
Point X is about 17 hundredths or 170 meters RIGHT and 84 hundredths or 840 meters UP. 
‘The coordinates to the nearest 10 meters are 14178484, 
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performed by the radio network controller, which previously was a separate node 
controlling multiple Node Bs. Meanwhile, the AGW integrates the functions traditionally 
performed by the SGSN and GGSN. The AGW includes both control functions, handled 
through the Mobile Management Entity (MME), and user plane (data communications) 
functions. The user plane functions consist of two elements: A serving gateway that 
addresses 3GPP mobility and terminates eNodeB connections, and a Packet Data Network 
(PDN) gateway that addresses service requirements and also terminates access by non- 
3GPP networks. The MME serving gateway and PDN gateways can be collocated in the same 
physical node or distributed, based on vendor implementations and deployment scenarios. 


EPC uses IMS as a component. It also manages QoS across the whole system, an important 
enabler for voice and other multimedia-based services. 


Figure 81 shows the EPC architecture. 


Figure 81: EPC Architecture 


Rel’7 Legacy GSM/UMTS 


User Plane 


EPC/SAE Access Gateway 


Elements of the EPC architecture include: 
Support for legacy GERAN and UTRAN networks connected via SGSN. 
Support for new radio-access networks such as LTE. 


@ Support for non-3GPP networks such as EV-DO and Wi-F 
Wi-Fi integration). 


(See section below on 


a The Serving Gateway that terminates the interface toward the 3GPP radio-access 
networks. 
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NOTE: 


Figure 4-16. Placing a coordinate scale on a grid. 


Care should be exercised by the map reader using the coordinate scale when the 
desired point is located within the zero-zero point and the number 1 on the scale. 
Alw 


's prefix a zero if the hundredths reading is less than 10, In Figure 4-17, the 
red point is reported as 14818407 


ZERO-ZERO 
POINT 


Figure 4-17. Zero-zero point. 
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¢. 1:0,000 Coordinating Scale, On the 1:50,000 coordinate scale, there are two sides 
vertical and horizontal. These sides are 1,000 meters in length, The point at which the sides 
meet is the zero-zero point, Each side is divided into 10 equal 100-meter segments by a long 
tick mark and number. Each 100-meter segment is subdivided into 50-meter segments by a 
short tick mark (Figure 4-18). By using interpolation, mentally divide each 50-meter 
segment into tenths. For example, a point that lies after a whole number but before a short 
tick mark is identified as 10, 20, 30, or 40 meters and any point that lies afier the short tick 
mark but before the whole number is identified as 60, 70, 80, or 90 meters. 
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Figure 4-18. 1:50,000 coordinating scale. 


d. Example of Obtaining an Eight-Digit Coordinate Using 1:50,000 Scale, To ensure 
the scale is correctly aligned, place it with the zero-zero point at the lower left comer of the 
grid square, Keeping the horizontal line of the scale directly on top of the east-west grid line, 
slide the scale to the right until the vertical line of the scale touches the point for which the 
coordinates are desired (Figure 4-19, page 4-21). Reading right, you can see that the point 
lies $30 meters to the right into the grid square, which gives a right reading of 7853. Reading 
up, you can see that the point lies 320 meters up into the grid square, giving an up reading 
of 0032. 
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EH78530032 


9876 77 78 79 


Figure 4-19. Example of obtaining an eight-digit coordinate 
using 1:50,000 scale. 


e. Recording and Reporting Grid Coordinates. Coordinates are written as one 
continuous number without spaces, parentheses, dashes, or decimal points; they must always 
contain an even number of digits. Therefore, whoever is to use the written coordinates must 
know where to make the split between the RIGHT and UP readings. It is a military 
requirement that the 100,000-meter square identification letters be included in any point 
designation, Normally, grid coordinates are determined to the nearest 100 meters (six digits) 
for reporting locations. With practice, this can be done without using plotting scales. The 
location of targets and other point locations for fire support are determined to the nearest 
10 meters (eight digits) 


NOTE: Special care should be exercised when recording and reporting coordinates. 
Transposing numbers or making errors could be detrimental to military 
operations, 


46. LOCATE A POINT USING THE US ARMY MILITARY 
GRID REFERENCE SYSTEM 

‘There is only one rule to remember when reading or reporting grid coordinates—always read 
to the RIGHT and then UP, The first half of the reported set of coordinate digits represents 
the left-to-right (easting) grid label, and the second half represents the label as read from the 
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bottom to top (northing). The grid coordinates may represent the location to the nearest 10-, 
100-, or 1,000-meter increment. 

a, Grid Zone. The number 16 locates a point within zone 16, which is an area 6° wide 
and extends between 80°S latitude and 84°N latitude (Figure 4-8, page 4-11). 

b. Grid Zone Designation. The number and letter combination, 16S, further locates 
a point within the grid zone designation 16S, which is a quadrangle 6° wide by 8° hi 
There are 19 of these quads in zone 16. Quad X, which is located between 72°N and 84°N 
latitude, is 12° high (Figure 4-8, page 4-11). 

¢. 100,000-Meter Square Identification. The addition of two more letters locates a 
point within the 100,000-meter grid square. Thus 16SGL (Figure 4-11, page 4-14) locates 
the point within the 100,000-meter square GL in the grid zone designation 16S. For 
information on the lettering system of 100,000-meter squares, see TM 5-241-1 

d. 10,000-Meter Square. The breakdown of the US Army military grid reference 
system continues as each side of the 100,000-meter square is divided into 10 equal parts. 
This division produces lines that are 10,000 meters apart. Thus the coordinates 16SGLO8 
would locate a point as shown in Figure 4-20. The 10,000-meter grid lines appear as index 
(heavier) grid lines on maps at 1:100,000 and larger. 
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Figure 4-20. The 10,000-meter grid square. 


4.22 


FM 3-25.26 


e. 1,000-Meter Square. To obtain 1,000-meter squares, each side of the 10,000-meter 
square is divided into 10 equal parts. This division appears on large-scale maps as the actual 
gtid lines; they are 1,000 meters apart. On the Columbus map, using coordinates 
16SGLO182, the easting 01 and the northing 82 gives the location of the southwest corner 
of grid square 0182 or to the nearest 1,000 meters of a point on the map (Figure 4-21). 


Figure 4-21. The 1,000-meter grid square. 


£ 100-Meter Identification, To locate to the nearest 100 meters, the grid coordinate 
scale can be used to divide the 1,000-meter grid squares into 10 equal parts (Figure 4-22, 
page 4-24), 

g. 10-Meter Identification, The grid coordinate scale has divisions every 50 meters 
on the 1:50,000 scale and every 20 meters on the 1:25,000 scale, These can be used to 
estimate to the nearest 10 meters and give the location of one point on the earth's surface to 
the nearest 10 meters. 
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EXAMPLE: 16SGL01948253 (gas 


tank) (Figure 4-22), 
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Figure 4-22. The 100-meter and 10-meter grid squares. 


h, Precision. The precision of a point’s location is shown by the number of digits in the 
coordinates; the more digits, the more precise the location (Figure 4-22, insert). 


4-7. GRID REFERENCE BOX 
A grid reference box (Figure 4-23) appears in the marginal information of each map sheet 
It contains step-by-step instructions for using the grid and the US Army military grid 
reference system. The grid reference box is divided into two parts 

a, The left portion identifies the grid zone designation and the 100,000-meter square. 
If the sheet falls in more than one 100,000-meter square, the grid lines that separate the 
squares are shown in the diagram and the letters identifying the 100,000-meter squares are 
given. 


EXAMPLE: On the Columbus map sheet, the vertical line labeled 00 is the grid line that 
separates the two 100,000-meter squares, FL and GL. The left portion also shows 
for the 1,000-meter square with its respective labeled grid coordinate numbers and 
point within the 1,000-meter square. 


b. The right portion of the grid reference box explains how to use the grid and is keyed 
on the sample 1,000-meter square of the left side. The following is an example of the 
military grid reference: 


EXAMPLE: 16S locates the 6° by 8° area (grid zone designation), 


4.24 


FM 3-25.26 


‘SAMPLE 200 METER GRID SQUARE {CO METER REFERENCE 


me 1. Read large numbers labeling the VERTICAL grid 
line lft of point and estimate tenths (100-meters) 


{rom of re to pal 

* Sample 2 Read large numbers labeling the HORIZONTAL 

oa 9 ow point and estimate (100-metre) 
ftom gi 

“ sample: 123486 


12 13 


enate Ter ayn DPN WHEN REPORTING ACROSS A 100,000-METER 


FL [GL LINE, PREFIX THE 100,000-METER SQUARE 
can IDENTIFICATION, IN WHICH THE POINT LIES, 


Example: FL123458 
WHEN REPORTING OUTSIDE THE GRID ZONE 


‘om Zone DestonaTION DESIGNATION AREA, PREFDX THE GRID ZONE 
ei DESIGNATION. 
7 Example: 16SFL123456 


Figure 4-23. Grid reference box. 


4-8. OTHER GRID SYSTEMS 
The military grid reference system is not universally used. Soldiers must be prepared to 
interpret and use other grid systems, depending on the area of operations or the personnel 
the soldiers are operating with, 

a. British Grids. In a few areas of the world, British grids are still shown on military 
maps. However, the British grid systems are being phased out. Eventually all military 
‘mapping will be converted to the UTM grid. 

b. World Geographic Reference System (GEOREF). This system is a worldwide 
position reference system used primarily by the US Air Force. It may be used with any map 
or chart that has latitude and longitude printed on it. Instructions for using GEOREF data 
are printed in blue and are found in the margin of aeronautical charts (Figure 4-24, 
page 4-26). This system is based upon a division of the earth's surface into quadrangles of 
latitude and longitude having a systematic identification code. It is a method of expressing 
latitude and longitude in a form suitable for rapid reporting and plotting. Figure 4-24 
illustrates a sample grid reference box using GEOREF. The GEOREF system uses an 
identification code that has three main divisions 
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‘TO REFERENCE BY GEOREF (SHOWN IN BLUE) TO MINUTES 
‘Select nearest intersection south and west of point. 
‘Sample Point: KIGYE 
1. Wi identifies basic 15° quadrangle. 

2. KG identifes 1° quadranale. 
3. 15 idonifies Gooret minite of longitude, 
4. 08 Identities Gaoret minuto of latitude. 


Figure 4-24. Sample reference using GEOREF. 


(1) First Division. There are 24 north-south (longitudinal) zones, each 15-degree wide. 
These zones, starting at 180 degrees and progressing eastward, are lettered A through Z 
(omitting I and O). The first letter of any GEOREF coordinate identifies the north-south zone 
in which the point is located. There are 12 east-west (latitudinal) bands, each 15-degree 
wide. These bands are lettered A through M (omitting I) northward from the south pole. The 
second letter of any GEOREF coordinate identifies the east-west band in which the point is 
located, The zones and bands divide the earth's surface into 288 quadrangles, each identified 
by two letters. 

(2) Second Division, Each 15-degree quadrangle is further divided into 225 quadrangles 
of 1 degree each (15 degrees by 15 degrees). This division is effected by dividing a basic 
15-degree quadrangle into 15 north-south zones and 15 east-west bands. The north-south 
zones are lettered A through Q (omitting I and O) from west to east. The third letter of any 
GEOREF coordinate identifies the 1 degree north-south zone within a 15-degree quadrangle. 
The east-west bands are lettered A through Q (I and O omitted) from south to north. The 
fourth letter of a GEOREF coordinate identifies the 1 degree east-west band within a 
15-degree quadrangle. Four letters identify any 1-degree quadrangle in the world 
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(3) Third Division. Each of the 1-degree quadrangles is divided into 3,600 one-minute 
quadrangles. These one-minute quadrangles are formed by dividing the 1-degree quadrangles 
into 60 one-minute north-south zones numbered 0 through 59 from west to east, and 60 
east-west bands numbered 0 to 59 from south to north, To designate any one of the 3,600 
one-minute quadrangles requires four letters and four numbers. The rule READ RIGHT 
AND UP is always followed. Numbers | through 9 are written as 01, 02, and so forth. Each 
of the I-minute quadrangles may be further divided into 10 smaller divisions both north- 
south and east-west, permitting the identification of 0.1-minute quadrangles. The GEOREF 
coordinate for any 0.1-minute quadrangle consists of four letters and six numbers. 


4-9. PROTECTION OF MAP COORDINATES AND LOCATIONS 


sssage and find our location. It i 
in be eliminated by using an authorized low-level numerical code to expres 
Army Regulation 380-40 outlines the procedures for obtaining authorized codes. 

a. The authorized numerical code provides a capability for encrypting map references 
and other numerical information that requires short-term security protection when, for 
operational reasons, the remainder of the message is transmitted in plain language. ‘The 
system is published in easy-to-use booklets with sufficient material in each for one month's 
operation. Sample training editions of this type of system are available through the unit's 
communications and electronics officer. 

b. The use of any encryption methods other than authorized codes is, by regulation, 
unauthorized and shall not be used, 
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CHAPTER 5 


SCALE AND DISTANCE 


A map is a scaled graphic representation of a portion of the earth's 
surface. The scale of the map permits the user to convert distance on the map 
to distance on the ground or vice versa, The ability to determine distance on 
a map, as well as on the earth's surface, is an important factor in planning 
and executing military missions. 


5-1, REPRESENTATIVE FRACTION 
‘The numerical scale of a map indicates the relationship of distance measured on a map and 
the corresponding distance on the ground. This scale is usually written as a fraction and is 
called the representative fraction. The RF is always written with the map distance as 1 and 
is independent of any unit of measure. (It could be yards, meters, inches, and so forth.) An 
RF of 1/50,000 or 1:50,000 means that one unit of measure on the map is equal to 50,000 
units of the same measure on the ground, 

a. The ground distance between two points is determined by measuring between the 
same two points on the map and then multiplying the map measurement by the denominator 
of the RF or scale (Figure 5-1, page 5-2), 

EXAMPLE: 

The map scale is 1:50,000 

F = 1/50,000 

The map distance from point A to point B is 5 units 

5 x 50,000 = 250,000 units of ground distance 

b._ Since the distance on most maps is marked in meters and the RF is expressed in this, 
unit of measurement in most cases, a brief description of the metric system is needed. In the 
metric system, the standard unit of measurement is the meter. 

1 meter contains 100 centimeters (cm). 

100 meters is a regular football field plus 10 meters. 

1,000 meters is 1 kilometer (km), 

10 kilometers is 10,000 meters. 

Appendix C contains the conversion tables 

¢. The situation may arise when a map or sketch has no RF or scale. To be able to 
determine ground distance on such a map, the RF must be determined. There are two ways 
to do this: 

(1) Comparison with Ground Distance. 

(a) Measure the distance between two points on the map—map distance (MD). 

(b) Determine the horizontal distance between these same two points on the ground— 
ground distance (GD). 

(c) Use the RF formula and remember that RF must be in the general form: 


RF=_1 = MD 
X GD 


a The PDN gateway that controls IP data services, does routing, allocates IP 
addresses, enforces policy, and provides access for non-3GPP access networks. 


@ The MME that supports user equi 
authenticating and authorizing users. 


ment context and identity, as well as 


The Policy Control and Charging Rules Function that manages QoS aspects. 


QoS in EPS employs the QoS Class Identifier (QCI), a number denoting a set of transport 
characteristics (bearer with/without guaranteed bit rate, priority, packet delay budget, 
packet error loss rate) and used to infer nodes specific parameters that control packet 
forwarding treatment (such as scheduling weights, admission thresholds, queue 
management thresholds, or link-layer protocol configuration). The network maps each 
packet flow to a single QCI value (nine are defined in the Release 8 version of the 
fication) according to the level of service required by the application. Use of the QCI 
js the transmission of a full set of QoS-related parameters over the network interfaces 
and reduces the complexity of QoS negotiation. The QCI, together with Allocation Retention 
Priority (ARP) and, if applicable, Guaranteed Bit Rate (GBR) and Maximum Bit Rate (MBR), 
determines the QoS associated to an EPS bearer. A mapping between EPS and pre-Release 
8 QoS parameters permits interworking with legacy networks. 


The QoS architecture in EPC enables a number of important capabilities for both operators 
and users: 


Q VoIP support with IMS. QoS is a crucial element for providing LTE/IMS voice 
service. (See section below on IMS). 


2 Enhanced application performance. Applicati 
operate more reliably. 


nS such as gaming or video can 


Q More flexible business models. With flexible, policy-based charging control, 
operators and third parties will be able to offer content in creative new ways. For 
example, an enhanced video stream to a user could be paid for by an advertiser. 


2 Congestion control. In congestion situations, certain traffic flows (bulk transfers, 
abusive users) can be throttled down to provide a better user experience for others. 


Table 23 shows the nine QCI used by LTE. 
Table 23: LTE Quality of Service 


act Resource | Priority Delay Packet Loss | Examples 
Type Budget 
1 GBR 2 100 msec, ‘Conversational 
(Guaranteed voice 
Bit Rate) 

2 GBR 4 150 msec. 10” Conversational 
video (live 
streaming) 

3 GBR 3 50 msec. Real-time gaming 

GBR 5 300 msec. Non- 
conversational 
video (buffered 
streaming) 

5 Non-GBR aL T00 msec, IMS signaling 
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Figure 5-1. Converting map distance to ground distance. 


(d) Both the MD and the GD must be in the same unit of measure and the MD must be 
reduced to 1 


EXAMPLE: 


MD = 4.32 centimeters 


GD = 2.16 kilometers 
(216,000 centimeters) 


RF=_1 =_4.32 
X 216,000 
or 
216,000 = 50,000 
4.32 


therefore 
or 1:50,000 


50,000 


(2) Comparison With Another Map of the Same Area that Has an RF. 

(a) Select two points on the map with the unknown RF, Measure the distance (MD) 
between them. 

(b) Locate those same two points on the map that have the known RF. Measure the 
distance (MD) between them, Using the RF for this map, determine GD, which is the same 
for both maps. 

(c) Using the GD and the MD from the first map, determine the RF using the formula: 


RF=_1_=_MD 
xX GD 
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d. Occasionally it may be necessary to determine map distance from a known ground 
distance and the RF: 
MD Gb 
Denominator or RF 


Ground Distance = 2,200 meters 


F = 1:50,000 
MD 2,200 meters 
50,000 


MD = 0.044 meters x 100 (centimeters per meter) 


MD = 4.4 centimeters 


e. When determining ground distance from a map, the scale of the map affects the 
uracy. As the scale becomes smaller, the accuracy of measurement decreases because 
some of the features on the map must be exaggerated so that they may be readily identified 


5-2. GRAPHIC (BAR) SCALES 
A graphic scale is a ruler printed on the map and is used to convert distances on the map to 
actual ground distane ale is divided into two parts. To the right of the zero, 


zero, the scale s and is called the extension scale. Most maps have three 
or more graphic each using a different unit of measure (Figure 5-2). When using the 
graphic scale, be sure to use the correct scale for the unit of measure desired. 


EXTENSION SCALE PRIMARY SCALE 


50,000, 
LL rn @ 7m = 2 2 Mt es 


Figure 5-2. Using a graphic (bar) scale. 
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a, To determine straight-line distance between two points on a map, lay a straightedged 
piece of paper on the map so that the edge of the paper touches both points and extends past 
them, Make a tick mark on the edge of the paper at each point (Figure 5-3). 


NOTE: When measuring distance, use center mass of symbol or object. 


Figure 5-3. Transferring map distance to paper strip. 


b. To convert the map distance to ground distance, move the paper down to the graphic 
bar scale, and align the right tick mark (b) with a printed number in the primary scale so that 
the left tick mark (a) is in the extension scale (Figure 5-4) 
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‘Seale 1:50,000 


Figure 5-4, Measuring straight-line map distance. 


¢. The right tick mark (b) is aligned with the 3,000-meter mark in the primary scale, 
thus the distance is at least 3,000 meters, To determine the distance between the two points 
to the nearest 10 meters, look at the extension scale. The extension scale is numbered with 
zero at the right and increases to the left. When using the extension scale, always read right 
to left (Figure 5-4). From the zero left to the beginning of the first shaded area is 100 meters 
From the beginning of the shaded square to the end of the shaded square is 100 to 200 
meters. From the end of the first shaded square to the beginning of the second shaded square 
is 200 to 300 meters. Remember, the distance in the extension scale increases from right to 
left 

d. To determine the distance from the zero to tick mark (a), divide the distance ins 
the squares into tenths (Figure 5-4). As you break down the distance between the squares in 
the extension scale into tenths, you will see that tick mark (a) is aligned with the 950-meter 
mark, Adding the distance of 3,000 meters determined in the primary scale to the 950 meters 
you determined by using the extension scale, we find that the total distance between points 
(a) and (b) is 3,950 meters. 

e. To measure distance along a road, stream, or other curved line, the straight edge of 
apiece of paper is used. In order to avoid confusion concerning the point to begin measuring 
from and the ending point, an eight-digit coordinate should be given for both the starting and 
ending points, Place a tick mark on the paper and map at the beginning point from which the 
curved line is to be measured, Align the edge of the paper along a straight portion and make 
a tick mark on both map and paper when the edge of the paper leaves the straight portion of 
the line being measured (Figure 5-5A, page 5-7) 

£ Keeping both tick marks together (on paper and map), place the point of the pencil 
close to the edge of the paper on the tick mark to hold it in place and pivot the paper until 
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another straight portion of the curved line is aligned with the edge of the paper. Continue in 
this manner until the measurement is completed (Figure 5-5B, page 5-7). 

g. When you have completed measuring the distance, move the paper to the graphic 
scale to determine the ground distance. The only tick marks you will be measuring the 
distance between are tick marks (a) and (b). The tick marks in between are not used 
(Figure 5-SC, page 5-7) 

hh. There may be times when the distance you measure on the edge of the paper exceeds 
the graphic scale. In this case, there are different techniques you can use to determine the 
distance 

(1) One technique is to align the right tick mark (b) with a printed number in the primary 
scale, in this case the 5. You can see that from point (a) to point (b) is more than 
6,000 meters when you add the 1,000 meters in the extension scale. To determine the exact 
distance to the nearest 10 meters, place a tick mark (c) on the edge of the paper at the end 
of the extension scale (Figure 5-6A, page 5-8). You know that from point (b) to point (c) is 
6,000 meters. With the tick mark (c) placed on the edge of the paper at the end of the 
extension scale, slide the paper to the right. Remember the distance in the extension is 
always read from right to left. Align tick mark (c) with zero and then measure the distance 
between tick marks (a) and (c). The distance between tick marks (a) and (c) is 420 meters. 
The total ground distance between start and finish points is 6,420 meters (Figure 5-6B, 
page 5-8). 
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Figure 5-5. Measuring a curved line. 
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Meters 1000 


® ° 


DISTANCE IS 6,820 METERS, 


Figure 5-6. Determining the exact distance. 

(2) Another technique that may be used to determine exact distance between two points 
when the edge of the paper exceeds the bar scale is to slide the edge of the paper to the right 
until tick mark (a) is aligned with the edge of the extension scale. Make a tick mark on the 
paper, in line with the 2,000-meter mark (c) (Figure 5-7A). Then slide the edge of the paper 
to the left until tick mark (b) is aligned with the zero. Estimate the 100-meter increments into 
10-meter increments to determine how many meters tick mark (c) is from the zero line 
(Figure 5-7B). The total distance would be 3,030 meters. 

(3) At times you may want to know the distance from a point on the map to a point off 
the map. In order to do this, measure the distance from the start point to the edge of the map. 
The marginal notes give the road distance from the edge of the map to some tow 
highways, or junctions off the map. To determine the total distance, add the distance 
measured on the map to the distance given in the marginal notes. Be sure the unit of measure 
is the same. 

(4) When measuring distance in statute or nautical miles, round it off to the nearest one- 
tenth of a mile and make sure the appropriate bar scale is used. 

(5) Distance measured on a map does not take into consideration the rise and fall of the 
land. All distances measured by using the map and graphic scales are flat distanc 
Therefore, the distance measured on a map will increase when actually measured on the 
ground, This must be taken into consideration when navigating across country. 
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oo 


Figure 5-7. Reading the extension scale. 


i, ‘The amount of time required to travel a certain distance on the ground is an important 
factor in most military operations. This can be determined if'a map of the area is available 
and a graphic time-distance scale is constructed for use with the map as follows: 


R = Rate of travel (speed) T = Time 
D = Distance (ground distance) T=_D 


R 


For example, if an infantry unit is marching at an average rate (R) of 4 kilometers per hour, 
it will take about 3 hours (T) to travel 12 kilometers. 


RW) =3() 
4(R) 


j. To construct a time-distance scale (Figure 5-8), knowing your length of march, rate 
of speed, and map scale, that is, 12 kilometers at 3 kilometers per hour on a 1:50,000-scale 
map, use the following process: 
(1) Mark off the total distance on a line by referring to the graphic scale of the map or, 
if this is impracticable, compute the length of the line as follows: 
(a) Convert the ground distance to centimeters: 12 kilometers x 100,000 (centimeters 
per kilometer) = 1,200,000 centimeters. 
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(b) Find the length of the line to represent the distance at map scale— 


MD = 1 1,200,000_ = 24 centimeters 
50,000 50,000 


(©) Construct a line 24 centimeters in length (Figure 5-8), 
(2) Divide the line by the rate of march into three parts (Figure 5-8B), each part 
representing the distance traveled in one hour, and label. 
(3) Divide the scale extension (left portion) into the desired number of lesser time 
divisions— 
L-minute divisions — 60 
5-minute divisions — 12 
10-minute divisions — 6 


(4) Figure 5-8C shows a 5-minute interval scale. Make these divisions in the same 
manner as for a graphic scale. The completed scale makes it possible to determine where the 
unit will be at any given time. However, it must be remembered that this scale is for one 
rate of march only, 4 kilometers per hour. 


speci 


(Congth of tines are Must 


3|,: c—-aQNYl_CRHC 


24 CENTIMETERS 


0 only and not at 1:50,000 scale) 


1 HOUR ° 1 HOUR 2HOURS 


+ HOUR ° 1 HOUR 2HoURS 


24 centimeters (S-minute intevale) 
(Pate of maren: kilometers por Rout) 


Figure 5-8. Constructing a time-distance scale. 
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5-3. OTHER METHODS 
Determining distance is the most common source of error encountered while moving either 
mounted or dismounted. There may be circumstances where you are unable to determine 
distance using your map or where you are without a map. It is therefore essential to learn 
methods by which you can accurately pace, measure, use subtense, or estimate distances on 
the ground, 

a, Pace Count. Another way to measure ground distance is the pace count, A pace is 
equal to one natural step, about 30 inches long. To accurately use the pace count method, 
you must know how many paces it takes you to walk 100 meters. To determine this, you 
must walk an accurately measured course and count the number of paces you take. A pace 
course can be as short as 100 meters or as long as 600 meters. The pace course, regardless 
of length, must be on similar terrain to that you will be walking over. It does no good to walk 
a course on flat terrain and then try to use that pace count on hilly terrain, To determine your 
pace count on a 600-meter course, count the paces it takes you to walk the 600 meters, then 
divide the total paces by 6. The answer will give you the average paces it takes you to walk 
100 meters. It is important that each person who navigates while dismounted knows his pace 
count. 

(1) There are many methods to keep track of the distance traveled when using the pace 
count. Some of these methods are: put a pebble in your pocket every time you have walked 
100 meters according to your pace count; tie knots in a string; or put marks in a notebook. 
Do not try to remember the count; always use one of these methods or design your own 
method. 

(2) Certain conditions affect your pace count in the field, and you must allow for them 
by making adjustments. 

(a) Slopes. Your pace lengthens on a downslope and shortens on an upgrade. Keeping 
this in mind, if it normally takes you 120 paces to walk 100 meters, your pace count may 
increase to 130 or more when walking up a slope. 

(b) Winds. A head wind shortens the pace and a tail wind increases it. 

(c) Surfaces. Sand, gravel, mud, snow, and similar surface materials tend to shorten the 
pace, 

(d) Elements. Falling snow, rain, or ice cause the pace to be reduced in length. 

(e) Clothing. Excess clothing and boots with poor traction affect the pace length. 

(0, Visibility, Poor visibility, such as in fog, rain, or darkness, will shorten your pace. 

b. Odometer. Distances can be measured by an odometer, which is standard equipment 
on most vehicles. Readings are recorded at the start and end of a course and the difference 
is the length of the course. 

(1) To convert kilometers to miles, multiply the number of kilometers by 0.62. 

EXAMPLE: 
16 kilometers = 16 x 0.62 = 9.92 miles 

(2) To convert miles to kilometers, divided the number of miles by 0.62. 

EXAMPLE: 
10 miles = 10 divided by 0.62 = 16.12 kilometers 
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act Resource Priority Delay | Packet Loss | Examples 
Type Budget 
‘Non-GBR 300 msec. Video (buffered 
streaming), TCP 
Web, email, and 
FTP 
7 Non-GBR 7 100 msec. 10” Voice, video (live 
streaming), 
interactive 
gaming 
a Non-GBR a 300 msec. 10° Premium bearer 
for video 
(buffered 
streaming), TCP 
Web, e-mail, and 
FTP 
9 Non-GBR 9 300 msec. 10" Default bearer for 
video, TCP for 
non- privileged 
users 


Heterogeneous Networks and Small Cells 


‘A fundamental concept in the evolution of next-generation networks is the blending of 
multiple types of networks to create a “network of networks” characterized by: 


Q. Variations in coverage areas, including femtocells (either enterprise femtos or home 
femtos, called HeNBs), picocells (also referred to as metro cells), and macro cells. 


Cell range can vary from 10 meters to 50 


Different frequency bands. 


Different technologies spanning Wi-Fi, 2G, 3G, 4G, and 5G. 


meters. 


Relaying capability in which wireless links can serve as backhaul. 


Figure 82 shows how user eq 


ment might access different network layers. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 
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Subtense. The subtense method is a fast method of determining distance and yields 
accuracy equivalent to that obtained by measuring distance with a premeasured piece of 
wire. An advantage is that a horizontal distance is obtained indirectly; that is, the distance 

computed rather than measured. This allows subtense to be used over terrain where 
obstacles such as streams, ravines, or steep slopes may prohibit other methods of 
determining distance. 

(1) The principle used in determining distance by the subtense method is similar to that 
used in estimating distance by the mil relation formula. The field artillery application of the 
mil relation formula involves only estimations. It is not accurate enough for survey purposes. 
However, the subtense method uses precise values with a trigonometric solution. Subtense 
is based on a principle of visual perspective—the farther away an object, the smaller it 
appears. 

(2) The following two procedures are involved in subtense measurement: 

«Establishing a base of known length. 
‘© Measuring the angle of that base by use of the aiming circle. 

(3) The subtense base may be any desired length. However, if a 60-meter base, a 2-meter 
bar, or the length of an M16A1 or M16A2 rifle is used, precomputed subtense tables are 
available, The M16 or 2-meter bar must be held horizontal and perpendicular to the line of 
sight by a soldier facing the aiming circle. The instrument operator sights on one end of the 
M16 or 2-meter bar and measures the horizontal clockwise angle to the other end of the rifle 
or bar. He does this twice and averages the angles. He then enters the appropriate subtense 
table with the mean angle and extracts the distance. Accurate distances can be obtained with 
the M16 out to approximately 150 meters, with the 2-meter bar out to 250 meters, and with 
the 60-meter base out to 1,000 meters. Ifa base of another length is desired, a distance can 
be computed by using the following formula: 


Distance = _1/2 (base in meters) 
Tan (1/2) (in mils) 


d. Estimation. At times, because of the tactical situation, it may be necessary to 
estimate range. There are two methods that may be used to estimate range or distance. 
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(1) 100-Meter Unit-of-Measure Method. To use this method, the soldier must be able 
to visualize a distance of 100 meters on the ground. For ranges up to 500 meters, he 
determines the number of 100-meter increments between the two objects he wishes to 
measure, Beyond 500 meters, the soldier must select a point halfway to the object(s) and 
determine the number of 100-meter increments to the halfway point, then double it to find 
the range to the object(s) (Figure 5-9). 


Figure 5-9. Using a 100-meter unit-of-measure method. 


(2) Flash-To-Bang Method. To use this method to determine range to an explosion or 
enemy fire, begin to count when you see the flash, Count the seconds until you hear the 
weapon fire. This time interval may be measured with a stopwatch or by using a steady 
count, such as one-thousand-one, one-thousand-two, and so forth, for a three-second 
estimated count. If you must count higher than 10 seconds, start over with one, Multiply the 
number of seconds by 330 meters to get the approximate range (FA uses 350 meters instead), 
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(3) Proficiency of Methods. The methods di 
range (Table 5-1). Proficienc: 
technique is to require the soldier to pace the range after he has estimated the distance. In 
this way, the soldier discovers the actual range for himself, which makes a greater 
impression than if he 


nply told the correct range. 


in both methods requires co 


ved above are used only to estimate 
tice. The best training 


nt pra 


Factors Affecting 
Range Estimation 


Factors Causing 
Underestimation of Range 


Factors Causing 
‘Overestimation of Range 


The deamess of 
outine and details 
of the object. 


When mast of the object is visible and 
offers a clear outine. 


When only a small part of he object 
‘can be seen or the object is small in 
relation to its surroundings, 


Nature of terrain oF 


When looking across a depression that 


‘When looking across a depression 


because of its size, shape, or color. 


When seen in the clear air of high 
altitudes. 


position of the is mostly hidden from view. that is totaly visible. 
observer. 
When looking downward from high | When vision is confined, as in 
ground. streets, draws, or forest trails 
When looking down a straight, open | When looking from low ground 
road or along a railroad. toward high ground. 
When looking over uniform surfaces like | In poor light, such as dawn and 
water, snow, desert, or grain fields. | dusk; in rain, snow, fog; or when 
the sun is in the observer's eyes. 
{In bright light or when the sun is shining 
from behind the observer. 
Tight and When the objectis in sharp contrast wih | When object blends into the 
atmosphere the background or is silhouetted | background or terrain. 


Table 5-1. Factors of range estimation. 
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CHAPTER 6 
DIRECTION 


Being in the right place at the prescribed time is necessary to 
successfully accomplish military missions. Direction plays an important role 
ina soldier's everyday life. It can be expressed as right, left, straight ahead, 
and so forth; but then the question arises, "To the right of what?" This 
chapter defines the word azimuth and the three different norths. It explains 
in detail how to determine the grid and the magnetic azimuths with the use 
of the protractor and the compass. It explains the use of some field-expedient 
methods to find directions, the declination diagram, and the conversion of 
azimuths from grid to magnetic and vice versa. It also includes some 
advanced aspects of map reading, such as intersection, resection, modified 
resection, and polar plots. 


6-1. METHODS OF EXPRESSING DIRECTION 
Military personnel need a way of expressing direction that is 
part of the world, and has a common unit of measure. Directions are expressed as units of 
angular measure. 

a, Degree. The most common unit of measure is the degree (°) with its subdivisions of 
minutes (") and seconds (") 

1 degree = 60 minutes. 
1 minute = 60 seconds. 

b. Mil. Another unit of measure, the mil (abbreviated 1), is used mainly in artillery, 
tank, and mortar gunnery. The mil expresses the size of an angle formed when a circle is 
divided into 6,400 angles, with the vertex of the angles at the center of the circle. A 
relationship can be established between degrees and mils. A circle equals 6400 mils divided 
by 360 degrees, or 17.78 mils per degree. To convert degrees to mils, multiply degrees by 
17.78. 

¢. Grad. The grad is a metric unit of measure found on some foreign maps. There are 
400 grads in a circle (a 90-degree right angle equals 100 grads). The grad is divided into 
100 centesimal minutes (centigrads) and the minute into 100 centesimal seconds 
(milligrads 


6-2. BASE LINES 
In order to measure something, there must always be a starting point or zero measurement. 
To express direction as a unit of angular measure, there must be a starting point or zero 
measure and a point of reference These two points designate the base or reference line. There 
are three base lines—irue north, magnetic north, and grid north. The most commonly used 
are magnetic and grid, 

a. True North. A line from any point on the earth's surface to the north pole. Alll lines 
of longitude are true north lines. True north is usually represented by a star (Figure 6-1, page 
6-2). 

b. Magnetic North. The direction to the north magnetic pole, as indicated by the north- 
seeking needle of a magnetic instrument. The magnetic north is usually symbolized by a line 
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ending with half of an arrowhead (Figure 6-1), Magnetic readings are obtained with 
magnetic instruments, such as lensatic and M2 compasses. 

¢. Grid North. The north that is established by using the vertical grid lines on the map. 
Grid north may be symbolized by the letters GN or the letter “y” (Figure 6-1) 


* N 
GIN 
TRUE MAGNETIC GRID 
NORTH NORTH NORTH 


Figure 6-1. Three norths. 


6-3. AZIMUTHS 

‘An azimuth is defined as a horizontal angle measured clockwise from a north base line, This 
north base line could be true north, magnetic north, or grid north. The azimuth is the most 
common military method to express direction, When using an azimuth, the point from which 
the azimuth originates is the center of an imaginary circle (Figure 6-2). This circle is divided 
into 360 degrees or 6400 mils (Appendix G). 
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ORIGIN 


Figure 6-2. Origin of azimuth circle. 


a. Back Azimuth, A back azimuth is the opposite direction of an azimuth. It is 
comparable to doing “about face.” To obtain a back azimuth from an azimuth, add 
180 degrees if the azimuth is 180 degrees or less, or subtract 180 degrees if the azimuth 
180 degrees or more (Figure 6-3). The back azimuth of 180 degrees may be stated a 
0 degrees or 360 degrees. For mils, if the azimuth is less than 3200 mils, add 3200 mils, if 
the azimuth is more than 3200 mils, subtract 3200 mils, 


Figure 6-3. Back azimuth. 


WARNING 


When converting azimuths into back azimuths, extreme care should be 


exercised when adding or subtracting the 180 degrees. A simple 
mathematical mistake could cause disastrous consequences. 


b. Magnetic Azimuth. The magnetic azimuth is determined by using magnetic 
instruments, such as lensatic and M2 compasses. Refer to Chapter 9, paragraph 4, for details 
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c. Field-Expedient Methods. Several field-expedient methods to determine direction 
are discussed in Chapter 9, paragraph 5 


6-4. GRID AZIMUTHS 
When an azimuth is plotted on a map between point A (starting point) and point B (ending 
point), the points are joined together by a straight line. A protractor is used to measure the 
angle between grid north and the drawn line, and this measured azimuth is the grid azimuth 
(Figure 6-4). 


WARNING 


When measuring azimuths on a map, remember that you are measuring 


from a starting point to an ending point. If a mistake is made and the 
reading is taken from the ending point, the grid azimuth will be opposite, 
thus causing the user to go in the wrong direction. 


6-4 
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Figure 6-4. Measuring an azimuth. 


6-5. PROTRACTOR 
There are several types of protractors—full circle, half circle, square, and rectangular 
(Figure 6-5). All of them divide the circle into units of angular measure, and each has a scale 
around the outer edge and an index mark. The index mark is the center of the protractor 
circle from which all directions are measured. 
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comcuar 


Figure 6-5. Types of protractors. 


a, The military protractor, GTA 5-2-12, contains two scales: one in degrees (inner 
ie) and one in mils (outer scale). This protractor represents the azimuth circle. The degree 
scale is graduated from 0 to 360 degrees; each tick mark on the degree scale represents one 
degree. A line from 0 to 180 degrees is called the base line of the protractor. Where the base 
line intersects the horizontal line, between 90 and 270 degrees, is the index or center of the 
protractor (Figure 6-6). 
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DEGREES 


i—mus 


Figure 6-6. Military protractor. 


b. When using the protractor, the base line is always oriented parallel to a north-south 
grid line, The 0- or 360-degree mark is always toward the top or north on the map and the 
90° mark is to the right. 

(1) To determine the grid azimuth— 

(a) Draw a line connecting the two points (A and B). 

(b) Place the index of the protractor at the point where the drawn line crosses a vertical 
(north-south) grid line. 

(c) Keeping the index at this point, align the 0- to 180-degree line of the protractor on 
the vertical grid line. 

(d) Read the value of the angle from the scale; this is the grid azimuth from point A to 
point B (Figure 6-4). 

(2) To plot an azimuth from a known point on a map (Figure 6-7)— 

(a) Convert the azimuth from magnetic to grid, if necessary. (See paragraph 6-6.) 

(b) Place the protractor on the map with the index mark at the center of mass of the 
known point and the base line parallel to a north-south grid line. 

(c) Make a mark on the map at the desired azimuth. 

(d) Remove the protractor and draw a line connecting the known point and the mark on 
the map. This is the grid direction line (azimuth), 


NOTE: When measuring an azimuth, the reading is always to the nearest degree or 
10 mils. Distance does not change an accurately measured azimuth, 


Figure 82: Load Balancing with Heterogeneous Networks””> 


9 > 
é 


3 


Ubiquitous 36 deployment 


Partial LTE deployment 
(midterm transition stage) 


3. 3G*LTE UE: able to accest 36 & LTE macros, plus LTE HeNB (femto) 


HetNets will allow significant capacity expansion in configurations in which operators can 
add picocells to coverage areas served by macrocells, particularly if there are hot spots 
with higher user densities. 

‘Small cells differentiate themselves from macrocells according to the parameters shown in 
Table 24. 


Table 24: Small Cell Vs. Macro Cell Parameters: Typical Values 


Parameter ‘Small Cel Macro Cell 
Transmission Power 24 dBm (0.25 W) 43 dBm (20 W) 
‘Antenna Gain 2 dBi 15 dBi 

Users Tens Hundreds 
Mobility 30 km/hr 350 km/hr 


173 5G Americas member contribution. 
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Figure 6-7. Plotting an azimuth on the map. 


¢. To obtain an accurate reading with the protractor (to the nearest degree or 10 mils), 
there are two techniques to check that the base line of the protractor is parallel to a north- 
south grid line. 

(1) Place the protractor index where the azimuth line cuts a north-south grid line, 
aligning the base line of the protractor directly over the intersection of the azimuth line with 
the north-south grid line. The user should be able to determine whether the initial azimuth 
reading was correct. 

(2) The user should re-read the azimuth between the azimuth and north-south grid line 
to check the initial azimuth. 

(3) Note that the protractor is cut at both the top and bottom by the same north-south grid 
line. Count the number of degrees from the 0-degree mark at the top of the protractor to this 
north-south grid line and then count the number of degrees from the 180-degree mark at the 
bottom of the protractor to this same grid line. If the two counts are equal, the protractor is 
properly aligned, 


66, DECLINATION DIAGRAM 
Declination is the angular difference between any two norths, If you have a map and a 
compass, the one of most interest to you will be between magnetic and grid north. The 
declination diagram (Figure 6-8) shows the angular relationship, represented by prongs, 
among grid, magnetic, and true norths, While the relative positions of the prongs are correct, 
they are seldom plotted to scale. Do not use the diagram to measure a numerical value, This 
value will be written in the map margin (in both degrees and mils) beside the diagram. 
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a. Location. A declination 
most larger maps. On medium: 
in the map margin. 

b. Grid-Magnetic Angle. The G-M angle value is the angular size that exists between 
grid north and magnetic north. It is an arc, indicated by a dashed line, that connects the grid- 
north and magnetic-north prongs. This value is expressed to the nearest 1/2 degree, with mil 
equivalents shown to the nearest 10 mils. The G-M angle is important to the map reader/land 
navigator because azimuths translated between map and ground will be in error by the size 
of the declination angle if not adjusted for it 

c. Grid Convergence. An arc indicated by a dashed line connects the prongs for true 
north and grid north. The value of the angle for the center of the sheet is given to the nearest 
full minute with its equivalent to the nearest mil. These data are shown in the form of a grid- 
convergence note. 

d. Conversion, There is an angular difference between the grid north and the magnetic 
north. Since the location of magnetic north does not correspond exactly with the grid-north 
lines on the maps, a conversion from magnetic to grid or vice versa is needed. 


jagram is a part of the information in the lower margin on 
le maps, the declination information is shown by a note 


(1) With Notes. Simply refer to the conversion notes that appear in conjunction with the 
diagram explaining the use of the G-M angle (Figure 6-8). One note provides instructions 
for converting magnetic azimuth to grid azimuth; the other, for converting grid azimuth to 
magnetic azimuth. The conversion (add or subtract) is govemed by the direction of the 
magnetic-north prong relative to that of the north-grid prong, 


H saa 


Figure 6-8. Declination diagrams. 


(2) Without Notes. In some cases, there are no declination conversion notes on the 
margin of the map; it is necessary to convert from one type of declination to another. A 
magnetic compass gives a magnetic azimuth; but in order to plot this line on a gridded map, 
the magnetic azimuth value must be changed to grid azimuth. The declination diagram is 
used for these conversions. A rule to remember when solving such problems is thi 
No matter where the azimuth line points, the angle to it is always measured clockwise 
from the reference direction (base line). With this in mind, the problem is solved by the 
following steps: 
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(a) Draw a vertical or grid-north line (prong). Always align this line with the vertical 
lines on a map (Figure 6-9). 


| MAGNETIC NORTH 


Arbitrary line or any azimuth 
Figure 6-9. Declination diagram with arbitrary line. 


(b) From the base of the grid-north line (prong), draw an arbitrary line (or any azimuth 
line) at a roughly right angle to north, regardless of the actual value of the azimuth in degrees 
(Figure 6-9), 

(c) Examine the declination diagram on the map and determine the direction of the 
magnetic north (right-left or east-west) relative to that of the grid-north prong. Draw a 
magnetic prong from the apex of the grid-north line in the desired direction (Figure 6-9), 

(d) Determine the value of the G-M angle. Draw an are from the grid prong to the 
magnetic prong and place the value of the G-M angle (Figure 6-9). 

(c) Complete the diagram by drawing an arc from each reference line to the arbitrary 
line. A glance at the completed diagram shows whether the given azimuth or the desired 
azimuth is greater, and thus whether the known difference between the two must be added 
or subtracted, 

(0) The inclusion of the true-north prong in relationship to the conversion is of little 
importance. 

e. Applications. Remember, there are no negative azimuths on the azimuth circle, Since 
0 degree is the same as 360 degrees, then 2 degrees is the same as 362 degre 
because 2 degrees and 362 degrees are located at the same point on the azimuth 
grid azimuth can now be converted into a magnetic azimuth because the grid azimuth is now 
larger than the G-M angle. 

(1) When working with a map having an east G-M angle: 
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(a) To plot a magnetic azimuth on a map, first change it to a grid azimuth (Figure 6-10), 


MAGNETIC NORTH = 210° 
G-MANGLEEAST = +12 


GRID AZIMUTH = 222° 


Arbitrary ling or any azimuth 


Figure 6-10. Converting to grid azimuth. 


(b) To use a magnetic azimuth in the field with a compass, first change the grid azimuth 


plotted on a map to 


‘a magnetic azimuth (Figure 6-11) 


GRID AZIMUTH 
G-M ANGLE 


MAGNETIC AZIMUTH 


Arbitrary line or any azimuth 


Figure 6-11. Converting to magnetic azimuth. 
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(©) Convert a grid azimuth to a magnetic azimuth when the G-M angle is greater than 
a 
grid azimuth (Figure 6-12) 


GRIDAZIMUTH = 2° 


G-M ANGLE EAST 


/ 4AGNeTiC AZIMUTH 


‘Arbitrary line or any azimuth 


Figure 6-12. Converting to a magnetic azimuth 
when the G-M angle is greater. 


(2) When working with a map having a west G-M angle: 
(a) To plot a magnetic azimuth on a map, first convert it to a grid azimuth (Figure 6-13). 


© MAGNETIC AZIMUTH 
GM ANGLE WEST 


GRID AZIMUTH 


| 


Figure 6-13. Converting to a grid azimuth on a map. 


‘Arbitrary line or any azimuth 
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(b) To us 


Figure 6-14. Converting to a magnetic azimuth on a map. 


(c) Convert a magnetic azimuth when the G-M angle is great 
azimuth (Figure 6-15). 


a magnetic azimuth in the field with a compa: 
plotted on a map to a magnetic azimuth (Figure 6-14) 


4 GRIDAZIMUTH (MAP) = 93° 
G-MANGLEWEST = +16 


MAGNETIC AZIMUTH = 107° 


‘Asbitrary tne of any azimuth | 


' MAGNETICAZIMUTH = 
cn 


s 
365° 


Arora tine or any azimuth | 


Figure 6-15. Converting to a grid azimuth 
when the G-M angle is greater. 


change the grid azimuth 


er than the magnetic 
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(3) The G-M angle diagram should be constructed and used each time the conversion of 
azimuth is required, Such procedure is important when working with a map for the first time. 

It also may be convenient to construct a G-M angle conversion table on the margin of the 
map, 


NOTE: — When converting azimuths, exercise extreme care when adding and subtracting 
the G-M angle. A simple mistake of 1° could be significant in the field, 


6-7. INTERSECTION 
Intersection is the location of an unknown point by successively occupying at least two 
(preferably three) known positions on the ground and then map sighting on the unknown 
location, It is used to locate distant or inaccessible points or objects such as enemy targets 
and danger areas. There are two methods of intersection: the map and compass method and 
the straightedge method (Figures 6-16 and 6-17 on pages 6-14 and 6-15). 

a, When using the map and compass method— 

(1) Orient the map using the compass. 

(2) Locate and mark your position on the map, 

(3) Determine the magnetic azimuth to the unknown position using the compass. 

(4) Convert the magnetic azimuth to grid azimuth, 

(5) Draw a line on the map from your position on this grid azimuth. 

(6) Move to a second known point and repeat steps 1, 2, 3, 4, and 5 

(7) The location of the unknown position is where the lines cross on the map. Determine 

the grid coordinates to the desired accuracy. 

b. The straight edge method is used when a compass is not available. When using it— 

(1) Orient the map on a flat surface by the terrain association method. 

(2) Locate and mark your position on the map. 

(3) Lay a straight edge on the map with one end at the user’s position (A) as 
point; then, rotate the straightedge until the unkown point is sighted along the edge. 

(4) Draw a line along the straight edge 

(5) Repeat the above steps at position (B) and check for accuracy. 
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Figure 6-16. Intersection, using map and compass. 
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(6) The intersection of the lines on the map is the location of the unknown point (C), 
Determine the grid coordinates to the desired accuracy (Figure 6-17). 


UNKNOWN POINT 


Figure 6-17. Intersection, using a straightedge. 


68. RESECTION 
Resection is the method of locating one's position on a map by determining the grid azimuth 
to at least two well-defined locations that can be pinpointed on the map. For greater 
accuracy, the desired method of resection would be to use three or more well-defined 
locations. 

a, When using the map and comp: 

(1) Orient the map using the compass. 

(2) Identify two or three known distant locations on the ground and mark them on the 
maj 

"(3) Measure the magnetic azimuth to one of the known positions from your location 
using a compass 

(4) Convert the magnetic azimuth to a grid azimuth. 

(5) Convert the grid azimuth to a back azimuth, Using a protractor, draw a line for the 
back azimuth on the map from the known position back toward your unknown position, 

(6) Repeat 3, 4, and 5 for a second position and a third position, if desired. 


method (Figure 6-18)— 
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(7) The intersection of the lines is your location. Determine the grid coordinates to the 
desired accuracy. 


342" OE 3179 0-100" — 137° Lack eal 


2 From your unknown location fo contol tower magnete azimuth 
13° + S°E = 10°C + 100° = 196° back azimuth 


Figure 6-18. Resection with map and compass. 
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Whether or not the smalll cell uses the same radio carriers as the macro cell involves 
multiple tradeoffs. In Figure 83 Scenario 1, the small cells and macro cell use different 
radio carriers, the two not interfering with each other. Although this configuration requires 
more spectrum, the small cells are able to cover larger areas than if they were deployed 
using the same radio carrier as the macro. This configuration supports medium-to-high 
penetration levels of small cells, allowing the network to reach huge capacity. 


In Scenario 2, the small cells and macro cells use the same radio carrier, accommodating 
operators with more limited spectrum, but the network must manage interference using 
the techniques discussed below. Operators must carefully manage small-cell transmission 
power in this configuration. 


Figure 83: Scenarios for Radio Carriers in Small Cells 


Small Cell (( | ) 
(@) Macro Cell 


[smaii cet Beslpstoran 
Bexipetomance 


Interfrequency handover 


Scenario 1: 
Dedicated Carrier 


4 ierence beeen ces 
Scenario 2 (Sra reticcneney nandover 


‘Shared Carrier ‘Most popular 


: Redcediteerence 
Scenario [7 “Sma Cet] iectequeney. handover 
Straddled Carrier | [iiiMaersel 5) [ vacreiceiy 


Frequency 


In Scenario 3, the small cells use a straddled radio carrier, accommodating operators with 
more spectrum, but the network still needs to manage interference using techniques 
discussed below. Compared with a shared carrier configuration, this configuration has 
benefits similar to dedicated carriers in terms of radio-parameter planning and reduced 
interference. 


jure 84 shows two different traffic distribution scenarios, with a uniform distribution of 
devices in the first and higher densities serviced by picocells in the second. The second 
scenario can result in significant capacity gains as well as improved user throughput. 
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a, When using the straightedge method (Figure 6-19) — 

(1) Orient the map on a flat surface by the terrain association method. 

(2) Locate at least two known distant locations or prominent features on the ground and 
mark them on the map. 

(3) Lay a straightedge on the map using a known position as a pivot point. Rotate the 
straightedge until the known position on the map is aligned with the known position on the 
ground, 

(4) Draw a line along the straightedge away from the known position on the ground 
toward your position. 

(5) Repeat 3 and 4 using a second known position. 

(6) The intersection of the lines on the map is your location. Determine the grid 
coordinates to the desired accuracy. 


SE ‘WOUR PosmTiON 
a 


Figure 6-19. Resection with straightedge. 
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6-9. MODIFIED RESECTION 
Modified resection is the method of locating one's position on the map when the person 
located on a linear feature on the ground, such as a road, canal, or stream (Figure 6-20). 
Proceed as follows: 

a. Orient the map using a compass or by terrain association, 

b. Find a distant point that can be identified on the ground and on the map. 

¢. Determine the magnetic azimuth from your location to the distant known point. 

d. Convert the magnetic azimuth to a grid azimuth. 

e. Convert the grid azimuth to a back azimuth. Using a protractor, draw a line for the 
back azimuth on the map from the known position back toward your unknown position. 

£ The location of the user is where the line crosses the linear feature. Determine the 
grid coordinates to the desired accuracy. 


2. From your unknown location tothe Church of God, the magnetic 
azimuth 20° + 7° E = 27° G + 180° = 207’ back azimuth, 


Figure 6-20. Modified resection. 
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6-10. POLAR COORDINATES 
‘A method of locating or plotting an unknown 
direction and a distance along that direction line 
elements must be present when using polar coordinates (Figure 6-21), 

‘© Present known location on the map. 

© Azimuth (grid or magnetic). 

© Distance (in meters) 


sition from a known point by giving a 
called polar coordinates. The following 


WATER TAN 


Figure 6-21. Polar plot. 


Using the laser range finder to determine the range enhances your accuracy in determining 
the unknown position’s location. 
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CHAPTER 7 


OVERLAYS 


An overlay is a clear sheet of plastic or semi-transparent paper. Itis used 
to display supplemental map and tactical information related to military 
operations. It is often used as a supplement to orders given in the field. 
Information is plotted on the overlay at the same scale as on the map, aerial 
photograph, or other graphic being used. When the overlay is placed over 
the graphic, the details plotted on the overlay are shown in their true 
position. 


7-1. PURPOSE 
Overlays are used to display military operations with enemy and friendly troop dispositions, 
and as supplements to orders sent to the field. They show detail that will aid in 
understanding the orders, displays of communication networks, and so forth. They are also 
used as annexes to reports made in the field because they can clarify matters that are difficult 
to explain clearly in writing. 


7-2. MAP OVERLAY 
There are three steps in the making of a map overlay—orienting the overlay material, 
plotting and symbolizing the detail, and adding the required marginal information 
(Figure 7-1), 
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Figure 7-1. Registering the overlay. 


a. Orienting. Orient the overlay over the place on the map to be annotated. Then, if 
possible, attach it to the edges of the map with tape. Trace the grid intersections nearest the 
two opposite comers of the overlay using a straightedge and label each with the proper grid 
coordinates. These register marks show the receiver of your overlay exactly where it fits on 
his map; without them, the overlay is difficult to orient. It is imperative that absolute 
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accuracy be maintained in plotting the register marks, as the smallest mistake will throw off 
the overlay. 

b. Plotting of New Detail. Use pencils or markers in standard colors that make a lasting 
mark without cutting the overlay to plot any detail (FM 101-S-1). 

(1) Use standard topographic or military symbols where possible, Nonstandard symbols 
invented by the author must be identified in a legend on the overlay. Depending on the 
conditions under which the overlay is made, it may be advisable to plot the positions first 
on the map, then trace them onto the overlay. Since the overlay is to be used as a supplement 
to orders or reports and the recipient will have an identical map, show only that detail with 
which the report is directly concerned. 

(2) Ifyou have observed any topographic or cultural features that are not shown on the 
map, such as a new road or a destroyed bridge, plot their positions as accurately as possible 
on the overlay and mark with the standard topographic symbol. 

(3) If difficulty in seeing through the overlay material is encountered while plotting or 
tracing detail, lift the overlay from time to time to check orientation of information being 
added in reference to the base. 

c. Recording Marginal Information. When all required detail has been plotted or 
traced on the overlay, print information as close to the lower right-hand corner as detail 
permits (Figure 7-2). This information includes the following data: 

(1) Title and Objective. This tells the reader why the overlay was made and may also 
give the actual location. For example, "Road Reconnaissance” is not as specific as "Route 
146 Road Reconnaissance." 

(2) Time and Date. Any overlay should contain the latest possible information, An 
overlay received in time is very valuable to the planning staff and may affect the entire 
situation; an overlay that has been delayed for any reason may be of little use. Therefore, the 
exact time the information was obtained aids the receivers in determining its reliability and 
usefulness. 

(3) Map Reference. The sheet name, sheet number, map series number, and scale must 
be included. If the reader does not have the map used for the overlay, this provides the 
information necessary to obtain it 

(4) Author. The name, rank, and organization of the author, supplemented with a date 
and time of preparation of the overlay, tells the reader if there was a time difference between 
when the information was obtained and when it was reported, 

(5) Legend. If it is necessary to invent nonstandard symbols to show the required 
information, the legend must show what these symbols mean, 

(6) Security Classification. This must correspond to the highest classification of either 
the map or the information placed on the overlay. If the information and map are 
unclassified, this will be so stated. The locations of the classification notes are shown in 
Figure 7-2, and the notes will appear in both locations as shown. 

(1) Additional Information, Any other information that amplifies the overlay will also 
be included. Make it as brief as possible, 
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Figure 7-2. Map overlay with marginal information. 


7-3. AERIAL PHOTOGRAPH OVERLAY 
Overlays of single aerial photographs are constructed and used in the same way as map 
The steps followed are essentially the same, with the following exceptions: 

a, Orienting of Overlay. The photograph normally does not have grid lines to be used 
as register marks. The borders of the photograph limit the area of the overlay, so the 
reference marks or linear features are traced in place of grid register marks. Finally, to ensure 
proper location of the overlay with respect to the photograph, indicate on the overlay the 
position of the marginal data on the photograph as seen through the overlay. 

b. Marginal Information. The marginal information shown on photographs varies 
somewhat from that shown on maps. Overlays of photographs (Figure 7-3, page 7-4) should 
show the following information: 

(1) North Arrow. This may be obtained in two ways—by comparing with a map of the 
area or by orienting the photograph by inspection. In the latter case, a compass or expedient 
direction finder must be used to place the direction arrow on the overlay. Use the standard 
symbol to represent the actual north arrow used—grid, magnetic, or true north. 
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(2) Title and Objective. This tells the reader why the photo overlay was made and may 
also give the actual location. 

(3) Time and Date. The exact time the information was obtained is shown on a photo 
overlay just as on a map overlay 

(4) Photo Reference. The photo number, mission number, date of flight, and scale 
appear here, or the information is traced in its actual location on the photograph. 

(5) Scale. The scale must be computed since it is not part of the marginal data. 

(6) Map Reference. Reference is made to the sheet name, sheet number, series number, 
and scale of a map of the area, if one is available. 

(7) Author. The name, rank, and organization of the author are shown, supplemented 
with a date and time of preparation of the overlay. 

(8) Legend. As with map overlays, this is only necessary when nonstandard symbols are 
used. 

(9) Security Classification. This must correspond to the highest classification of either 
the photograph or the information placed on the overlay. If the information and photograph 
are unclassified, this will be so stated. The locations of the classification notes are shown in 
Figure 7-3, and the notes will appear in both locations. 

(10) Additional Information, Any other information that amplifies the overlay will also 
be included. Make it as brief as possible. 


Figure 7-3. Photographic overlay with marginal information. 
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CHAPTER 8 
AERIAL PHOTOGRAPHS 


An aerial photograph is any photograph taken from an airborne vehicle 
(aircraft, drones, balloons, satellites, and so forth). The aerial photograph 
has many uses in military operations; however, for the purpose of this 
manual, it will be considered primarily as a map supplement or map 
substitute. 


8&1. COMPARISON WITH MAPS 
A topographic map may be obsolete because it was compiled many years ago. A recent aerial 
photograph shows any changes that have taken place since the map was made. For this 
reason, maps and aerial photographs complement each other. More information can be 
gained by using the two together than by using either alone. 

a, Advantages. An aerial photograph has the following advantages over 

(1) It provides a current pictorial view of the ground that no map can equal 

(2) It is more readily obtained. The photograph may be in the hands of the user within 
a few hours after it is taken; a map may take months to prepare. 

(3) It may be made for places that are inaccessible to ground soldiers. 

(4) It shows military features that do not appear on maps. 

(5) It can provide a day-to-day comparison of selected areas, permitting evaluations to 
be made of enemy activity. 

(6) It provides a permanent and objective record of the day-to-day changes with the area 

b. Disadvantages. The aerial photograph has the following disadvantages as compared 
toamap 

(1) Ground features are difficult to identify or interpret without symbols and are often 
obscured by other ground detail as, for example, buildings in wooded areas. 

(2) Position location and scale are only approximate. 

(3) Detailed variations in the terrain features are not readily apparent without 
overlapping photography and a stereoscopic viewing instrument. 

(4) Because of a lack of contrasting colors and tone, a photograph is difficult to use in 
poor light. 

(8) It lacks marginal data, 

(6) It requires more training to interpret than a map 
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82. TYPES 
Aerial photography most commonly used by military personnel may be divided into two 
major types, the vertical and the oblique. Each type depends upon the attitude of the camera 
with respect to the earth's surface when the photograph is taken. 

a. Vertical. A vertical photograph is taken with the camera pointed as straight down 
as possible (Figures 8-1 and 8-2 on page 8-2). Allowable tolerance is usually + 3° from the 
perpendicular (plumb) line to the camera axis. The result is coincident with the camera axis 
A vertical photograph has the following characteristics: 

(1) The lens axis is perpendicular to the surface of the earth, 

(2) It covers a relatively small area 
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(3) The shape of the ground area covered on a single vertical photo closely approximates 
a square or rectangle. 
(4) Being a view from above, it gives an unfamiliar view of the ground. 
(5) Distance and directions may approach the accuracy of maps if taken over flat terrain, 
(6) Relief is not readily apparent. 


FILM 


‘AREA COVERED 


Figure 8-1, Relationship of the vertical aerial 
photograph with the ground. 


Cogs 


Vertical photograph. 


Figure 8-2. 
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a, Low Oblique. This is a photograph taken with the camera inclined about 30° from 
the vertical (Figure 8-3, and Figure 8-4 on page 8-4). It is used to study an area before an 
attack, to substitute for a reconnaissance, to substitute for a map, or to supplement a map. 
A low oblique has the following characteristics: 

(1) It covers a relatively small area. 

(2) The ground area covered is a trapezoid, although the photo is square or rectangular. 

(3) The objects have a more familiar view, comparable to viewing from the top of a high 
hill or tall building, 

(4) No scale is applicable to the entire photograph, and distance cannot be measured. 
Parallel lines on the ground are not parallel on this photograph; therefore, direction (azimuth) 
cannot be measured. 

(5) Relief is discernible but distorted. 

(6) It does not show the horizon, 


o 


‘AREA COVERED 


Figure 8-3. Relationship of low oblique photograph to the ground. 


Figure 84: Different Traffic Distributions Scenarios 


Planned Deployment: Traffic Hotspots 


Aysavy Researen 


One vendor calculated expected HetNet gains assuming no elCIC, no picocell range 
extension, and no elCIC. For the case of four picocells without picocell range extension and 
uniform user distribution, the median-user-throughput gain compared with a macro-only 
configuration was 85%. For a similar case of four picocells but using a hotspot user 
distribution, the gain was much higher, 467%.27° Additional gains will occur with picocell 
range extension. 


Expected picocell gains rise proportionally to the number of picocells, so long as a suffi 
number of UEs connect to the picocells. 


nt 


Release 10 and Release 11 added enhanced support to manage the interference in the 
HetNet scenario in the time domain with Enhanced Inter-cell Interference Coordination 
(eICIC) and Further Enhanced Intercell Interference Coordination (felCIC), as well as in 
the frequency domain with carrier-aggregation-based ICIC. 


HetNet capability keeps becor 
summarized in Table 25. 


1g more sophisticated through successive 3GPP releases as 


6 5G Americas member contribution. Further assumes 2X1 W picocell transmit power, cell-edge 
placement (planned picocell deployment), 67% of all the users within 40m of the pico locations, and 
3GPP Technical Report 36.814 adapted to 700 MHz. 
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Figure 8-4. Low oblique photograph. 


¢. High Oblique. The high oblique is a photograph taken with the camera inclined 
about 60° from the vertical (Figures 8-5 and 8-6). It has a limited military application; it is 
ised primarily in the making of aeronautical charts. However, it may be the only 
photography available. A high oblique has the following characteristics: 

(1) It covers a very large area (not all usable), 

(2) The ground area covered is a trapezoid, but the photograph is square or rectangular. 

(3) The view varies from the very familiar to unfamiliar, depending on the height at 
which the photograph is taken 

(4) Distances and directions are not measured on this photograph for the same reasons 
that they are not measured on the low oblique. 

(5) Relief may be quite discernible but distorted as in any oblique view. The relief is not 
apparent in a high altitude, high oblique. 

(6) The horizon is always visible 
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CAMERA LENS 


Figure 8-6. High oblique photograph. 
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d. Trimetrogon. This is an assemblage of three photographs taken at the same time, 
one vertical and two high obliques, in a direction at right angle to the line of flight. The 
obliques, taken at an angle of 60° from the vertical, sidelap the vertical photography, 
producing composites from horizon to horizon (Figure 8-7) 


Shaded aroas are 


those covered by the” X 


ae * ovERLAP | OVERLAP = 
& —— ] 
— OBLIQUE COVERAGE — 


/ r i 
veemmon oRtoUE COVERAGE ~ 


COVERAGE 


Figure 8-7. Relationship of cameras to ground for trimetrogon 
photography (three cameras). 


€. Multiple Lens Photography. These are composite photographs taken with one 
camera having two or more lenses, or by two or more cameras. The photographs are 
combinations of two, four, or eight obliques around a vertical. The obliques are rectified to 
permit assembly as verticals on a common plane. 

£ Convergent Photography. These are done with a single twin-lens, wide-angle 
camera, or with two single-lens, wide-angle cameras coupled rigidly in the same mount so 
that each camera axis converges when intentionally tilted a prescribed amount (usually 15 
or 20°) from the vertical. Again, the cameras are exposed at the same time. For precision 
mapping, the optical axes of the cameras are parallel to the line of flight, and for 
reconnaissance photography, the camera axes are at high angles to the line of fight. 

g. Panoramic. The development and increasing use of panoramic photography in aerial 
reconnaissance has resulted from the need to cover in greater detail more and more areas of 
the world. 

(1) To cover the large areas involved, and to resolve the desired ground detail, present- 
day reconnaissance systems must operate at extremely high-resolution levels. Unfortunately, 
high-resolution levels and wide-angular coverage are basically contradicting requirements. 

(2) A panoramic camera is a scanning type of camera that sweeps the terrain of interest 
from side to side across the direction of flight. This permits the panoramic camera to record 
a much wider area of ground than either frame or strip cameras, As in the case of the frame 
cameras, continuous cover is obtained by properly spaced exposures timed to give sufficient 
overlap between frames. Panoramic cameras are most advantageous for applications 
requiring the resolution of small ground detail from high altitudes, 
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83. TYPES OF FILM 
Types of film generally used in aerial photography include panchromatic, infrared, and color. 
Camouflage detection film is also available. 

a, Panchromatic. This is the same type of film that is used in the average hand-held 
small camera, It records the amount of light reflected from objects in tones of gray running 
from white to black. Most aerial photography is taken with panchromatic film, 

b. Infrared. This is a black-and-white film that is sensitive to infrared waves. It can be 
used to detect artificial camouflage materials and to take photographs at night if there is a 
source of infrared radiation. 

¢. Color. This film is the same as that used in the average hand-held camera. It is 
limited in its use because of the time required to process it and its need for clear, sunny 
weather. 

d. Camouflage Detection. This film is a special type that records natural vegetation in 
a reddish color. When artificial camouflage materials are photographed, they appear bluish 
or purplish, The name of this film indicates its primary use 


84. NUMBERING AND TITLING INFORMATION 
Each aerial photograph contains in its margin important information for the photo user. The 
arrangement, type, and amount of this information is standardized; however, the rapid 
development of cameras, film, and aeronautical technology since World War II has caused 
numerous changes in the numbering and titling of aerial photographs. As a result, the photo 
user may find that the marginal information on older photographs varies somewhat from the 
andard current practice. With certain camera systems, some of the data are automatically 

recorded on each exposure, while other systems require that all titling data be added to the 
film after processing. 

a. Standard titling data for aerial photography prepared for the use of the Department 
of Defense are as follows. For reconnaissance and charting photography, items 2 through 14 
and item 19 are lettered on the beginning and end of each roll of film. Items 1 through 9 and 
item 19 are lettered on each exposure, For surveying and mapping photography, items 2 
through 19 are lettered on the beginning and end of each roll of film, and items 1, 2, 3, 5, 6, 
7,8,9, 13, and 19 are lettered on each exposure. 

(1) Negative number. 

(2) Camera position. 

(3) Taking unit 

(4) Service. 

(5) Sortie/mission number. 

(6) Date (followed by a double hyphen [=]). 

(7) Time group and zone letter (GMT). 

(8) Focal length. 

(9) Altitude. 

(10) Kind of photography or imagery. 

(11) Geographic coordinates 

(12) Descriptive title 

(13) Project number and or name. 

(14) Camera type and serial number. 
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(15) Cone serial number (if any). 

(16) Lens type and serial number. 

(17) Magazine type and serial number. 

(18) Type of photographic filter used. 

(19) Security classification, 

b. Automatically recorded data may differ somewhat in arrangement from the sequence 
listed above, but the same information is available to the photo user. A detailed explanation 
of the titling items and the codes used to indicate them is found in TM 5-243. 


&5. SCALE DETERMINATION 
Before a photograph can be used as a map supplement or substitute, it is necessary to know 


its scale, On a map, the scale is printed as a representative fraction that expresses the ratio 
of map distance to ground distance, For example: RF =_MD 
GD 


Ona photograph, the scale is also expressed as a ratio, but is the ratio of the photo distance 
(PD) to ground distance, For example: RF=_PD. 
Gb 
The approximate scale or average scale (RF) of a vertical aerial photograph is determined 
by either of two methods; the comparison method or the focal length-flight altitude method. 
a. Comparison Method. The scale of a vertical aerial photograph is determined by 
comparing the measured distance between two points on the photograph with the measured 
ground distance between the same two points. 
SCALE (RF =_Photo Distance 
Ground Distance 
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‘The ground distance is determined by actual measurement on the ground or by the use of the 
ale on a map of the same area. The points selected on the photograph must be identifiable 
on the ground or map of the same area and should be spaced in such a manner that a line 
connecting them will pass through or nearly through the center of the photograph 
(Figure 8-8), 


for RF = 1:28,000 


‘km x 100,00 (en Ta Vim) ~ 26000 ° 87 200,000 ~ 25,000 


igure 8-8. Selection of points for scale determination. 


b. Focal Length-Flight Altitude Method. When the marginal information of a 
photograph includes the focal length and the flight altitude, the scale of the photo is 
determined using the following formula (Figure 8-9), 


seule HF) = 


wade 


WH tooo fet Se oan meters 
1 reset or Sane megs on 


Figure 8-9. Computation of scale from terrain level. 
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When the ground elevation is at sea level, H becomes zero, and the formula is as shown in 
Figure 8-10. 


FILM 


———s 
FOCAL LENGTH 


FUGHT 
ALTITUDE 
SCALE (RF) = 1 (local len 10,000 FEET 


1H (Might attitude) 


SEA LEVEL 


Figure 8-10. Basic computation of scale from sea level. 


8-6. INDEXING 
When aerial photos are taken of an area, it is convenient to have a record of the extent of 
coverage of each photo, A map on which the area covered by each photo is outlined and 
numbered or indexed to correspond to the photo is called an index map. There are two 
methods of preparing index maps. 

a, The four-corner method (Figures 8-11 and 8-12) requires location on the map of the 
exact point corresponding to each comer of the photo. If a recognizable object such as a 
house or road junction can be found exactly at one of the comers, this point may be used on 
the map as the comer of the photo, If recognizable objects cannot be found at the comers, 
then the edges of the photo should be outlined on the map by lining up two or more 
identifiable objects along each edge; the points where the edges intersect should be the exact 
corners of the photo. If the photo is not a perfect vertical, the area outlined on the map will 
not be a perfect square or rectangle. After the four sides are drawn on the map, the number 
of the photograph is written in the enclosed area for identification, This number should be 
placed in the same corner as it is on the photo. 
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Figure 8-11. Four-corner method (selection of points). 


Figure 8-12. Plotting, using the four-corner method. 
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b. The template method is used when a large number of photos are to be indexed, and 
the exact area covered by each is not as important as approximate area and location. In this 
case, a template (cardboard pattern or guide) is cut to fit the average area the photos cover 
on the index map. It is used to outline the individual area covered by each photo. To 
construct a template, find the average map dimensions covered by the photos to be indexed 
as follows. Multiply the average length of the photos by the denominator of the average scale 
of the photos; multiply this by the scale of the map. Do the same for the width of the photos 


This gives the average length and width of the area each photo covers on the map~or the size 
to which the template should be cut (Figure 8-13). 


Example: 
‘Size of Photograph = 8:20M 
‘Scale of Photo = 1:18,000 
‘Seale of Map = 1:50,000 


Figure 8-13. Constructing a template. 


¢. To index the map, select the general area covered by the first photo and orient the 
photo to the map. Place the template over the area on the map and adjust it until it covers the 
area as completely and accurately as possible. Draw lines around the edges of the template. 
Remove the rectangle and proceed to the next photo (Figure 8-14), 


Figure 8-14. Indexing with a template. 
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d. After all photos have been plotted, write on the map sufficient information to identify 
the mission or sortie, If more than one sortie is plotted on one map or overlay, use a different 
color for each sortie. 

e. Inmost rial photography, an index is included to give the 
basic information. Instead of being annotated on a map of the area, it appears on an overlay 
and is keyed to a map. 


87. ORIENTING OF PHOTOGRAPH 
Orienting the photograph is important because it is of very little value as a map supplement 
or substitute if its location and direction are not known by the user. 

a. Ifa map of the same area as the photograph is available, the photograph is oriented 
to the map by comparing features common to both and then transferring a direction line from 
the map to the photograph. 

b. If no map is available, the shadows on a photograph may be used to get an 
approximate true-north line. This method is not recommended in the torrid zone 


Example: 
“This photograph was taken on 29 
December 1988 at 4:15 the 
‘atemaon. The long shadows of the 
towers aro tothe right of noah, 

‘By messuing back 5° wih & 
protractor, an approximate tuerorth 
Tine wit ba found. 


IRECTION OF SHADOW LINE. 
a 


Figure 8-15. Using shadows on a photograph to find north. 


(1) North Temperate Zone. The sun moves from the east in the morning through south 
at noon to west in the afternoon. Conversely, shadow fall varies from west through north to 
east. Before noon, therefore, north is to the right of the direction of shadow fall; at noon, 
he direction of shadow fall; and after noon, north is to the left of shadow fall. On an 
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Table 25: 3GPP HetNet Evolution 


3GPP Release | HetNet Feature 


Initial SON capabilities, most for auto configurati 
interference coordination (ICIC) available. 


More mobility options (for example, handover between HeNBs), 
9 operator customer subscriber group (SCG) lists, load-balancing, 
coverage and capacity improvements. 


‘An interface for HeNBs, called “lurh,” that improves coordination 
10 and synchronization, LTE time domain elCIC. Carrier-aggregation- 
based ICIC also defined. 


ir Improved elCIC, further mobility enhancements. 


Enhanced Intercell Interference Coordination 

Significant challenges must be addressed in these heterogeneous networks. One is near- 
far effects, in which local small-cell signals can easily interfere with macro cells if they are 
using the same radio carriers. 


Interference management is of particular concern in HetNets since, by design, coverage 
areas of small coverage cells overlap with the macro cell. Beginning with Release 10, elCIC 
introduces an approach of almost-blank subframes by which subframe transmission can be 
muted to prevent interference. Figure 85 illustrates elCIC for the macro layer and pico 
layer coordination. If a UE is on a picocell but in a location where it is sensitive to 
interference from the macro layer, the macro layer can mute its transmission during 
specific frames when the pico layer is transmitting. 
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average, the amount of variation in shadow fall per hour is 15 degrees. From marginal 
information, determine the number of hours from noon that the photo was taken and multiply 
that number by 15°. With a protractor, measure an angle of that amount in the proper 
direction (right to left) from a clear, distinct shadow, and north is obtained. For photographs 
taken within three hours of noon, a reasonable accurate north direction can be obtained. 
Beyond these limits, the 15° must be corrected, depending on time of year and latitude. 

(2) South Temperate Zone. The sun moves from east through north at noon to west. 
Shadows then vary from west through south to east. Before noon, south is to the left of 
shadow fall; at noon, south is shadow fall; and after noon, south is to the right of shadow fall 
Proceed as in (1) above to determine the direction of south. 

¢. On a photograph that can be oriented to the surrounding ground features by 
inspection, a magnetic-north line can be established using a compass. 

(1) Orient the photograph by inspection. 

(2) Open the compass and place it on the photograph. 

(3) Without moving the photograph, rotate the compass until the north arrow is under 
the stationary black line, 

(4) Draw a line along the straight edge of the compass. This is a magnetic-north line. 


8&8 POINT DESIGNATION GRID 

Since aerial photographs are seldom exactly the same scale as a map of the same area, it is 
not feasible to print military grids on them. A special grid is used for the designation of 
points on photographs (Figure 8-16). This grid, known as the point designation grid, has no 
relation to the scale of the photo, to any direction, or to the grid used on any other 
photograph or map. It has only one purpose, to designate points on photographs. 


Figure 8-16. Point designation grid. 
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a, The point designation grid is rarely printed on photographs; therefore, it becomes the 
responsibility of each user to construct the grid on the photograph, Al users must construct 
the grid in exactly the same way. Before the grid can be constructed or used, the photograph 
must be held so that the marginal information, regardless of where it is located, is in the 
normal reading position (Figure 8-17, step 1). 

(1) Draw lines across the photograph joining opposite reference marks at the center of 
each photograph (fiducial marks). If there are no fiducial marks, the center of each side of 
the photograph is assumed to be the location of the marks (Figure 8-17, step 2). 

(2) Space grid lines, starting with the center line, 4 centimeters (1.575 inches) apart (a 
distance equal to 1,000 meters at a scale of 1:25,000). The 1:25,000 map coordinate scale 
can be used for this dimension and to accurately designate points on the photograph, but this 
does not mean that distance can be scaled from the photograph. Extend the grid past the 
margins of the photograph so that a horizontal and vertical grid line fall outside the picture 
area (Figure 8-17, step 3). 

(3) Number each center line "50" and give numerical values to the remaining horizontal 
and vertical lines so that they increase to the right and up (Figure 8-17, step 4). 


al 


Teen! e © 0 «= 


Figure 8-17. Constructing a point designation gri 
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b. The point designation grid is used, once the photograph is oriented, in the same 
manner as the grid on a map (Figure 8-18), read right and up. The coordinate scale used 
with the UTM grid on maps at the scale of 1:25,000 may be used to subdivide the grid square 
in the same manner as on a map. However, because the same point designation grid is used 
on all photographs, the coordinates of a point on the photograph must be prefixed by the 
identifying marginal information of the photograph. 


"FOURTH: Estimate orth betwen tine [7 REFERENCE: 
nd pointe MARGINAL 
INFORMATION 


PLUS soesi4 
‘THIRO: Read number lating thi tne 


‘SECOND: Estimate tenths between 
Tne and point 


FIRST: Read numb abating ti ine i 


” 


Figure 8-18. Reading point designation grid coordinates. 
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¢. A grid coordinate using the point designation grid (Figure 8-19) consists of three 
parts: 

(1) The letters "PDG" to indicate an aerial photograph rather than a map grid coordinate. 

(2) The mission and photo negative number to identify which photograph is being used. 

(3) The six numerical digits to locate the actual point on the photograph. 


Figure 8-19. Locating the grid coordinate on a point designation grid. 


89. IDENTIFICATION OF PHOTOGRAPH FEATURES 
The identification of features on a photograph is not difficult if the following facts are 
remembered. The view that is presented by the aerial photograph is from above and, as a 
result, objects do not look familiar. Objects that are greatly reduced in size appear distorted. 
Most aerial photography is black and white, and all colors appear on the photograph in 
des of gray. Generally speaking, the darker the natural color, the darker it will appear on 
the photograph. 

a. The identification of features on aerial photographs depends upon a careful 
application of five factors of recognition. No one factor will give a positive identification; 
it requires the use of all five. 

(1) Size. The size of unknown objects on a photograph, as determined from the scale of 
the photograph or a comparison with known objects of known size, gives a clue to their 
identity. For example, in a built-up area the smaller buildings are usually dwellings, and the 
larger buildings are commercial or community buildings. 

(2) Shape (Pattern). Many features possess characteristic shapes that readily identify the 
features, Man-made features appear as straight or smooth curved lines, while natural features 
usually appear to be irregular. Some of the most prominent man-made features are highway: 
railroads, bridges, canals, and buildings. Compare the regular shapes of these to the irregular 
shapes of such natural features as streams and timber lines. 

(3) Shadows. Shadows are very helpful in identifying features since they show the 
familiar side view of the object. Some excellent examples are the shadows of water towers 
or smoke stacks. As viewed directly from above, only a round circle or dot is seen, whereas 
the shadow shows the profile and helps to identify the object. Relative lengths of shadows 
also usually give a good indication of relative heights of objects. 

(4) Shade (Tone or Texture). Of the many different types of photographic film in use 
today, the film used for most aerial photography, except for special purposes, 
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panchromatic film, Panchromatic film is sensitive to all the colors of the spectrum; it 
registers them as shades of gray, ranging from white to black. This lighter or darker shade 
of features on aerial photographs is known as the tone. The tone is also dependent on the 
texture of the features; a paved highway has a smooth texture and produces an even tone on 
the photograph, while a recently plowed field or a marsh has a rough, choppy texture and 
results in a rough or grainy tone. It is also important to remember that similar features may 
have different tones on different photographs, depending on the reflection of sunlight. For 
example, a river or body of water appears light if itis reflecting sunlight directly toward the 
camera, but appears dark otherwise. Its texture may be smooth or rough, depending on the 
surface of the water itself. As long as the variables are kept in mind, tone and texture may 
be used to great advantage. 

(5) Surrounding Objects. Quite often an object not easily recognized by itself may be 
identified by its relative position to surrounding objects. Large buildings located beside 
railroads or railroad sidings are usually factories or warehouses. Identify schools by the 
baseball or football fields. It would be hard to tell the difference between a water tower next 
to a railroad station and a silo next to a barn, unless the surrounding objects such as the 
railroad tracks or cultivated fields were considered. 

b. Before a vertical photograph can be studied or used for identification of featur 
must be oriented. This orienting is different from the orienting required for the construction 
or use of the point designation grid. Orienting for study consists of rotating the photograph 
so that the shadows on the photograph point toward yourself. You then face a source of light. 
This places the source of light, an object, and its shadow in a natural relationship. Failure to 
orient a photograph properly may cause the height or depth of an object to appear reversed. 
For example, a mine or quarry may appear to be a hill instead of a depression. 


810. STEREOVISION 
One of the limitations of the vertical aerial photograph is the lack of apparent relief. 
Stereoscopic vision (or as it is more commonly known, stereovision or depth perception) is 
the ability to see three-dimensionally or to see length, width, and depth (distance) at the 
same time. This requires two views of a single object from two slightly different positions. 
Most people have the ability to see three-dimensionally. Whenever an object is viewed, it 
is seen twice--once with the left eye and once with the right eye. The fusion or blending 
together of these two images in the brain permits the judgment of depth or distance. 

a, In taking aerial photographs, it is rare for only a single picture to be taken, Generally, 
the aircraft flies over the area to be photographed taking a series of pictures, each of which 
overlaps the photograph preceding it and the photograph following it so that an unbroken 
coverage of the area is obtained (Figure 8-20). The amount of overlap is usually 56 percent, 
which means that 56 percent of the ground detail appearing on one photo also appears on the 
next photograph. When a single flight does not give the necessary coverage of an area, 
additional flights must be made. These additional flights are parallel to the first and must 
have an overlap between them. This overlap between flights is known as side lap and usually 
is between 15 and 20 percent (Figure 8-21, page 8-20) 
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OVERLAP 


Figure 8-20. Photographic overlap. 


8-19 


FM 3-25.26 


Figure 8-21. Side Tap. 


b. The requirement for stereovision can be satisfied by overlapping photographs if one 
eye sees the object on one photograph and the other eye sees the same object on another 
photograph. While this can be done after practice with the eyes alone, it is much easier if an 
optical aid is used. These optical aids are known as stereoscopes. There are many types of 
stereoscopes, but only the two most commonly used are discussed in this manual. 

(1) Pocket Stereoscope. The pocket stereoscope (Figure 8-22), sometimes known as a 
lens stereoscope, consists of two magnifying lenses mounted in a metal frame. Because of 
its simplicity and ease of carrying, itis the type used most frequently by military personnel. 
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Figure 8-22. Pocket stereoscope. 


(2) Mirror Stereoscope. The mirror stereoscope (Figure 8-23) is larger, heavier, and 
more subject to damage than the pocket stereoscope. It consists of four mirrors mounted in 
a metal frame. 


Figure 8-23. 


or stereoscope. 


¢. A method to orient a pair of aerial photographs for best three-dimensional viewing 
is outlined below: 

(1) Arrange the selected pair of photos in such a way that the shadows on them generally 
appear to fall toward the viewer. It is also desirable that the light source enters the side away 
from the observer during the study of the photographs (Figure 8-24, page 8-22 

(2) Place the pair of photographs on a flat surface so that the detail on one photograph 
is directly over the same detail on the other photograph (Figure 8-24, page 8-22), 


8-21 


FM 3-25.26 


(3) Place the stereoscope over the photographs so that the left lens is over the left 
over the right photograph (Figure 8-24). 


SSTEREOSCOPE 
PLACEMENT 


PAE 


Figure 8-24. Placement of stereoscope over stereop: 


(4) Separate the photographs along the line of flight until a piece of detail appearing in 
the overlap area of the left photograph is directly under the left lens and the same piece of 
detail on the right photo is directly under the right lens. 

(5) With the photograph and stereoscope in this position, a three-dimensional image 
should be seen, A few minor adjustments may be necessary, such as adjusting the aerial 
photographs of the stereoscope to obtain the correct position for your eyes. The hills appear 
to rise and the valleys sink so that there is the impression of being in an aircraft looking 
down at the ground. 

(6) The identification of features on photographs is much easier and more accurate with 
this three-dimensional view. The same five factors of recognition (size, shape, shadow, tone, 
and surrounding objects) must still be applied; but now, with the addition of relief, a more 
natural view is seen, 
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PART TWO. 
LAND NAVIGATION 


CHAPTER 9 


NAVIGATION EQUIPMENT AND METHODS 


Compasses are the primary navigation tools to use when moving in an 
outdoor world where there is no other way to find directions. Soldiers should 
be thoroughly familiar with the compass and its uses. Part One of this 
manual discussed the techniques of map reading. To complement these 
techniques, a mastery of field movement techniques is essential. This chapter 
describes the lensatic compass and its uses, and some of the field expedient 
methods used to find directions when compasses are not available. 


9-1. TYPES OF COMPASSES 

The lensatic compass is the most common and simplest instrument for measuring direction 
It is discussed in detail in paragraph 9-2. The artillery M2 compass is a special-purpose 
instrument designed for accuracy; it will be discussed in Appendix G. The wrist/pocket 
compass is a small magnetic compass that can be attached to a wristwatch band. It contains 
anorth-seeking arrow and a dial in degrees. A protractor can be used to determine azimuths 
when a compass is not available. However, it should be noted that when using the protractor 
on a map, only grid azimuths are obtained, 


9-2. LENSATIC COMPASS. 
The lensatic compass (Figure 9-1) consists of three major parts: the cover, the base, and the 
lens. 
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Figure 9-1. Lensatic compass. 
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LTE can also combine elCIC with interference-cancellation-based devices to minimize the 
harmful effects of interference between picocells and macro cells. 


Figure 86 shows one 4G America member’s analysis of anticipated median throughput gains 
using picocells and Release 11 Further Enhanced ICIC. 


177 5G Americas member contribution, 
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a, Cover. The compass cover protects the floating dial. It contains the sighting wire 
(front sight) and two luminous sighting slots or dots used for night navigation, 

b. Base. The body of the compass contains the following movable parts: 

(1) The floating dial is mounted on a pivot so it can rotate freely when the compass is 
held level. Printed on the dial in luminous figures are an arrow and the letters E and W. The 
arrow always points to magnetic north and the letters fall at east (E) 90° and west (W) 270° 
on the dial. There are two scales; the outer scale denotes mils and the inner scale (normally 
in red) denotes degrees. 

(2) Encasing the floating dial is a glass containing a fixed black index line. 

(3) The bezel ring is a ratchet device that clicks when turned. It contains 120 clicks when 
rotated fully; each click is equal to 3°. A short luminous line that is used in conjunction with 
the north-seeking arrow during navigation is contained in the glass face of the bezel ring. 

(4) The thumb loop is attached to the base of the compass. 

c. Lens. The lens is used to read the dial, and it contains the rear-sight slot used in 
conjunction with the front for sighting on objects. The rear sight also serves as a lock and 
clamps the dial when closed for its protection. The rear sight must be opened more than 45° 
to allow the dial to float freely. 


NOTE: — When opened, the straightedge on the left side of the compass has a coordinate 
scale; the scale is 1:50,000 in newer compasses. 


WARNING 
Some older compasses will have a 1:25,000 scale. This scale can be used 
with a 1:50,000-scale map, but the values read must be halved. Check the 
scale. 


9-3, COMPASS HANDLING 
Compasses are delicate instruments and should be cared for accordingly. 

a, Inspection. A detailed inspection is required when first obtaining and using a 
compass. One of the most important parts to check is the floating dial, which contains the 
magnetic needle. The user must also make sure the sighting wire is straight, the glass and 
crystal parts are not broken, the numbers on the dial are readable, and most important, that 
the dial does not stick. 

b. Effects of Metal and Electricity. Metal objects 
performance of a compass. However, nonmagnetic metals and alloys do not affect compass 
readings. The following separation distances are suggested to ensure proper functioning of 
a compass: 


High-tension power lines 55 meters. 
Field gun, truck, or tank 18 meters. 
Telegraph or telephone wires and barbed wire...... 10 meters. 
Machine gun. seoveeee Meters 


Steel helmet or rifle /2 meter. 
¢. Accuracy. A compass in good working condition is very accurate. However, a 
ass has to be checked periodically on a known line of direction, such as a surveyed 
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azimuth using a declination station. Compasses with more than 3° + variation should not be 
used, 

d. Protection, If traveling with the compass unfolded, make sure the rear sight is fully 
folded down onto the bezel ring. This will lock the floating dial and prevent vibration, as 
well as protect the crystal and rear sight from damage. 


9-4. USING A COMPASS 
i sare determined with the use of magnetic instruments, such as lensatic and 

s. The techniques employed when using the lensatic compass are as follows 

a, Using the Centerhold Technique. First, open the compass to its fullest so that the 
cover forms a straightedge with the base. Move the lens (rear sight) to the rearmost position, 
allowing the dial to float freely. Next, place your thumb through the thumb loop, form a 
steady base with your third and fourth fingers, and extend your index finger along the side 
of the compass. Place the thumb of the other hand between the lens (rear sight) and the bezel 
ring; extend the index finger along the remaining side of the compass, and the remaining 
fingers around the fingers of the other hand. Pull your elbows firmly into your sides; this will 
place the compass between your chin and your belt, To measure an azimuth, simply tum 
your entire body toward the object, pointing the compass cover directly at the object. Once 
you are pointing at the object, look down and read the azimuth from beneath the fixed black 
index line (Figure 9-2). This preferred method offers the following advantages over the 
sighting technique: 

(1) It is faster and easier to use. 

(2) It can be used under all conditions of visibility. 

(3) It can be used when navigating over any type of terrain. 

(4) It can be used without putting down the rifle; however, the rifle must be slung well 
back over either shoulder. 

(5) It can be used without removing eyeglasses. 


Figure 9-2. Centerhold technique. 

b. Using the Compass-to-Cheek Technique. Fold the cover of the compass containing 
the sighting wire to a vertical position; then fold the rear sight slightly forward. Look 
through the rear-sight slot and align the front-sight hairline with the desired object in the 
distance. Then glance down at the dial through the eye lens to read the azimuth (Figure 9-3), 
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NOTE: — The compass-to-cheek technique is used almost exclusively for sighting, and it 
is the best technique for this purpose. 


Figure 9-3. Compass-to-cheek technique. 


c. resetting a Compass and Following an Azimuth. Although different models of 
the lensatic compass vary somewhat in the details of their use, the principles are the same. 

(1) During daylight hours or with a light source: 

(a) Hold the compass level in the palm of the hand. 

(b) Rotate it until the desired azimuth falls under the fixed black index line (for example, 
320°), maintaining the azimuth as prescribed (Figure 9-4), 

(c) Turn the bezel ring until the luminous line is aligned with the north-seeking arrow. 
‘Once the alignment is obtained, the compass is preset. 

(d) To follow an azimuth, assume the centerhold technique and turn your body until the 
north-seeking arrow is aligned with the luminous line. Then proceed forward in the direction 
of the front cover’s sighting wire, which is aligned with the fixed black index line that 
contains the desired azimuth, 
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Figure 9-4, Compass preset at 320 degrees. 


(2) During limited visibility, an azimuth may be set on the compass by the click method 
Remember that the bezel ring contains 3° intervals (clicks). 

(a) Rotate the bezel ring until the luminous line is over the fixed black index line 

(b) Find the desired azimuth and divide it by three. The result is the number of clicks that 
you have to rotate the bezel ring. 

(c) Count the desired number of clicks. If the desired azimuth is smaller than 180°, the 
number of clicks on the bezel ring should be counted in a counterclockwise direction. For 
example, the desired azimuth is 51°. Desired azimuth is 51°» 3 = 17 clicks 
counterclockwise. If the desired azimuth is larger than 180°, subtract the number of degrees 
from 360° and divide by 3 to obtain the number of clicks. Count them in a clockwise 
direction, For example, the desired azimuth is 330°; 360°-330° = 30 +3 = 10 clicks 
clockwise. 

(d) With the compass preset as described above, assume a centerhold technique and 
rotate your body until the north-seeking arrow is aligned with the luminous line on the bezel. 
‘Then proceed forward in the direction of the front cover’s luminous dots, which are aligned 
with the fixed black index line containing the azimuth, 

(c) When the compass is to be used in darkness, an initial azimuth should be set while 
light is still available, if possible. With the initial azimuth as a base, any other azimuth that 
is a multiple of three can be established through the use of the clicking feature of the bezel 
ring. 
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NOTE: — Sometimes the desired azimuth is not exactly divisible by three, causing an option 

of rounding up or rounding down, If the azimuth is rounded up, this causes an 
in the value of the azimuth, and the object is to be found on the left. If 
the azimuth is rounded down, this causes a decrease in the value of the azimuth, 
and the object is to be found on the right. 


increas 


d. Bypassing an Obstacle. To bypass enemy positions or obstacles and still stay 
oriented, detour around the obstacle by moving at right angles for specified distances. 

(1) For example, while moving on an azimuth of 90° change your azimuth to 180° and 
travel for 100 meters. Change your azimuth to 90°and travel for 150 meters. Change your 
azimuth to 360°and travel for 100 meters. Then, change your azimuth to 90°and you are back 
on your original azimuth line (Figure 9-5), 


Figure 9-5. Bypassing an obstacle. 


(2) Bypassing an unexpected obstacle at night is a fairly simple matter. To make a 90° 
tum to the right, hold the compass in the centerhold technique; turn until the center of the 
luminous letter E is under the luminous line (do not move the bezel ring). To make a 90° tum 
to the left, turn until the center of the luminous letter W is under the luminous line. This does 
not require changing the compass setting (bezel ring), and it ensures accurate 90° turns. 

€. Offset. A deliberate offset is a planned magnetic deviation to the right or left of an 
azimuth to an objective. Use it when the objective is located along or in the vicinity of a 
linear feature such as a road or stream, Because of errors in the compass or in map reading, 
the linear feature may be reached without knowing whether the objective lies to the right or 
left. A deliberate offset by a known number of degrees in a known direction compensates 
for possible errors and ensures that upon reaching the linear feature, the user knows whether 
to go right or left to reach the objective. Ten degrees is an adequate offset for most tactical 
uses. Each degree offset moves the course about 18 meters to the right or left for each 
1,000 meters traveled. For example, in Figure 9-6, the number of degrees offset is 10. If the 


96 


FM 3-25.26 


distance traveled to "x! 
the objective. 


in 1,000 meters, then "x' 


is located about 180 meters to the right of 


STRAIGHT LINE 
ROUTE 90" 


ROUTE To BE 
(FoR ,000 METERS) 


Figure 9-6. Deliberate offset to the objective. 


9-5. FIELD-EXPEDIENT METHODS 
When a compass is not available, different techniques should be used to determine the four 
cardinal directions. 

a, Shadow-Tip Method. 

(1) This simple and accurate method of finding direction by the sun con 
steps (Figure 9-7) 


s of four basic 


Figure 9-7. Determining directions and time by shadow. 
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Step 1. Place a stick or branch into the ground at a level spot where a dis 
will be cast. Mark the shadow tip with a stone, twig, or other means. This first sha 
is always the west direction. 

Step 2. Wait 10 to 15 minutes until the shadow tip moves a few inches. Mark the new 
ion of the shadow tip in the same way as the first. 

Step 3. Draw a straight line through the two marks to obtain an approximate east-west 
line. 

Step 4. Standing with the first mark (west) to your left, the other directions are simple; 
north is to the front, east is to the right, and south is behind you. 

(2) A line drawn perpendicular to the east-west line at any point is the approximate 
north-south line. If you are uncertain which direction is east and which is west, observe t 
mple rule-the first shadow-tip mark is always in the west direction, everywhere on earth. 

(3) The shadow-tip method can also be used as a shadow clock to find the approximate 
time of day (Figure 9-7 on page 9-7) 

(a) To find the time of day, move the stick to the intersection of the east-west line and 
the north-south line, and set it vertically in the ground. The west part of the east-west line 
indicates 0600 hours, and the east part is 1800 hours, anywhere on earth, because the basic 
rule always applies. 

(b) The north-south line now becomes the noon line. The shadow of the stick is an hour 
hand in the shadow clock, and with it you can estimate the time using the noon line and the 
6 o'clock line as your guides. Depending on your location and the season, the shadow may 
move either clockwise or counterclockwise, but this does not alter your manner of reading 
the shadow clock. 

(©) The shadow clock is not a timepiece in the ordinary sense. It makes every day 12 
unequal hours long, and always reads 0600 hours at sunrise and 1800 hours at sunset. The 
shadow clock time is closest to conventional clock time at midday, but the spacing of the 
other hours compared to conventional time varies somewhat with the locality and the date. 
However, it does provide a satisfactory means of telling time in the absence of properly set 
watches. 

(d) The shadow-tip system is not intended for use in polar regions, which the Department 
of Defense defines as being above 60° latitude in either hemisphere. Distressed persons in 
these areas are advised to stay in one place so that search/rescue teams may easily find them. 
The presence and location of all aircraft and ground parties in polar regions are reported to 
and checked regularly by governmental or other agencies, and any need for help becomes 
quickly known. 

b. Watch Method. 

(1) A watch can be used to determine the approximate true north and true south. In the 
north temperate zone only, the hour hand is pointed toward the sun. A south line 
found midway between the hour hand and 1200 hours, standard time. If on daylight s 
time, the north-south line is found between the hour hand and 1300 hours. If there is any 
doubt as to which end of the line is north, remember that the sun is in the east before noon 
and in the west after noon. 

(2) The watch may also be used to determine direction in the south temperate zone; 
however, the method is different, The 1200-hour dial is pointed toward the sun, and halfway 


po: 
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between 1200 hours and the hour hand will be a north line. If on daylight saving time, the 
north line lies midway between the hour hand and 1300 hours (Figure 9-8). 


NORTH TEMPERATE 
ZONE 


7 
eg Ns 
SOUTH TEMPERATE 


ZONE 


Figure 9-8. Determining direction by using a watch. 

(3) The watch method can be in error, especially in the lower latitudes, and may cause 
circling. To avoid this, make a shadow clock and set your watch to the time indicated, After 
traveling for an hour, take another shadow-clock reading. Reset your watch if necessary. 

c. Star Method. 

(1) Less than 60 of approximately 5,000 stars visible to the eye are used by navigators. 
The we look up at the sky at night are not evenly scattered across the whole sky. 
Instead they are in groups called constellations. 

(2) The constellations that we see depends partly on where we are located on the earth, 
the time of the year, and the time of the night, The night changes with the seasons because 
of the journey of the earth around the sun, and it also changes from hour to hour because the 
tuming of the earth makes some constellations seem to travel in a circle, But there is one star 
that is in almost exactly the same place in the sky all night long every night. It is the North 
Star, also known as the Polar Star or Polaris 

(3) The North Star is less than 1° off true north and does not move from its place because 
the axis of the earth is pointed toward it. The North Star is in the group of stars called the 
Little Dipper. It is the last star in the handle of the dipper. There are two stars in the Big 
Dipper, which are a big help when trying to find the North Star. They are called the Pointers, 
and an imaginary line drawn through them five times their distance points to the North Star. 
There are many stars brighter than the North Star, but none is more important because of its 
location. However, the North Star can only be seen in the northern hemisphere so it cannot 
serve as a guide south of the equator. The farther one goes north, the higher the North Star 
is in the sky, and above latitude 70°, it is too high in the sky to be useful (Figure 9-9) 
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Figure 9-9. Determining direction by the 
North Star and Southern Cross. 


(4) Depending on the star selected for navigation, azimuth checks are necessary. A star 
near the north horizon serves for about half an hour. When moving south, azimuth checks 
should be made every 15 minutes. When traveling east or west, the difficulty of staying on 
azimuth is caused more by the likelihood of the star climbing too high in the sky or losing 
itself behind the western horizon than it is by the star changing direction angle. When this 
happens, it is necessary to change to another guide star. The Southern Cross is the main 
constellation used as a guide south of the equator, and the above general directions for using 
north and south stars are reversed. When navigating using the stars as guides, the user must 
know the different constellation shapes and their locations throughout the world (Figure 9-10 
and Figure 9-11 on page 9-12) 
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Figure 9-10. Constellations, northern hemisphere. 
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Figure 86: Median Throughput Gains in Hotspot Scenarios’”® 
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FeICIC is also beneficial in non-hotspot scenarios. In the case of a uniform distribution of 
picocells, this same 5G Americas member estimates a 130% gain from FelCIC for an eight 
picocell per macro-cell scenario, increasing capacity from a factor of 3.3 for the picocells 
alone to a factor of 7.6 with the addition of FelCIC.79 


Further insight is available from Figure 87, which shows 5 percentile and 50 percentile 
throughput with and without elCIC under different conditions of range extension and 
almost blanked subframes. 


178 5G Americas member contribution. Assumes 3GPP evaluation methodology TR 36.814, carrier- 
aggregation UEs, macro |SD = 1732m, 700 MHz and 2GHz carrier frequency, full-buffer traffic, FDD 
10+10 MHz per carrier, 6-degree antenna downtilt, 4 or 8 Picos and 30 UEs per Macro cell, hotspot 
distribution with 20 of 30 UEs near picos, PF scheduler, 2x2 MIMO, TU3 channel, NLOS, local partitioning 
algorithm. 


179 Assumes 3GPP evaluation methodology TR 36.814, macro ISD = 1732m, 700 MHz and 2GHe carrier 
frequency, full-buffer traffic, 6-degree antenna downtilt, 30 carrier-aggregation UEs per Macro cell, 
Uniform random layout, PF scheduler, FDD, 10+10 MHz per carrier, 2x2 MIMO, TU3 channel, NLOS, 
local partitioning algorithm, Additional information is available at 
fto.3app.ora/tsa_ran/WG1_RLI/TSGR1_66b/Docs/R1-113383.2i 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 162 
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Figure 9-11. Constellations, southern hemisphere. 


9-6. GLOBAL POSITIONING SYSTEM 

The GPS is a space-based, global, all-weather, continuously available, radio positioning 
navigation system. It is highly accurate in determining position location derived from signal 
triangulation from a satellite constellation system. It is capable of determining latitude, 
longitude, and altitude of the individual user. It is being fielded in hand-held, manpack, 
vehicular, aircraft, and watercraft configurations. The GPS receives and processes data from 
satellites on either a simultaneous or sequential basis. It measures the velocity and range 
with respect to each satellite, processes the data in terms of an earth-centered, earth-fixed 
coordinate system, and displays the information to the user in geographic or military grid 
coordinates, 


a, The GPS can provide precise steering information, as well as position location. The 
receiver can accept many checkpoints entered in any coordinate system by the user and 
convert them to the desired coordinate system. The user then calls up the desired checkpoint 
and the receiver will display direction and distance to the checkpoint. The GPS does not 
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have inherent drift, an improvement over the Inertial Navigation System, and the receiver 
will automatically update its position, The receiver can also compute time to the next 
checkpoint. 

b._ Specific uses for the GPS are position location; navigation; weapon location; target 
and sensor location; coordination of firepower; scout and screening operations; combat 
resupply; location of obstacles, barriers, and gaps; and communication support. The GPS 
also has the potential to allow units to train their soldiers and provide the following: 
Performance feedback. 

Knowledge of routes taken by the soldier. 
Knowledge of errors committed by the soldier. 
Comparison of planned versus executed routes. 
‘© Safety and control of lost and injured soldiers. 
(See Appendix J for more information of the GPS.) 
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CHAPTER 10 
ELEVATION AND RELIEF 


The elevation of points on the ground and the relief of an area affect the 
movement, positioning, and, in some cases, effectiveness of military units. 
Soldiers must know how to determine locations of points on a map, measure 
distances and azimuths, and identify symbols on a map. They must also be 
able to determine the elevation and relief of areas on standard military maps. 
To do this, they must first understand how the mapmaker indicated the 
elevation and relief on the map. 


10-1. DEFINITIONS 
The reference or start point for vertical measurement of elevation on a standard military map 
are the datum plane or mean sea level, the point halfway between high tide and low tide. 
Elevation of a point on the earth’s surface is the vertical distance it is above or below mean 
sea level. Relief is the representation (as depicted by the mapmaker) of the shapes of hills, 
valleys, streams, or terrain features on the earth's surface 


10-2. METHODS OF DEPICTING RELIEF 
Mapmakers use several methods to depict relief of the terrain, 

a. Layer Tinting. Layer tinting is a method of showing relief by color. A different 
color is used for each band of elevation. Each shade of color, or band, represents a definite 
elevation range. A legend is printed on the map margin to indicate the elevation range 
represented by each color. However, this method does not allow the map user to determine 
the exact elevation of a specific point—only the range. 

b. Form Lines. Form lines are not measured from any datum plane. Form lines have 

no standard elevation and give only a general idea of relief. Form lines are represented on 
ap as dashed lines and are never labeled with representative elevations. 
c. Shaded Relief. Relief shading indicates relief by a shadow effect achieved by tone 
and color that results in the darkening of one side of terrain features, such as hills and ridges 
The darker the shading, the steeper the slope. Shaded relief is sometimes used in conjunction 
with contour lines to emphasize these features 

d. Hachures. Hachures are short, broken lines used to show relief. Hachures are 
ced with contour lines. They do not represent exact elevations, but are mainly 
show large, rocky outcrop areas. Hachures are used extensively on small-scale maps 
to show mountain ranges, plateaus, and mountain peaks 

e. Contour Lines. Contour lines are the most common method of showing relief and 
elevation on a standard topographic map. A contour line represents an imaginary line on the 
ground, above or below sea level. All points on the contour line are at the same elevation. 
The elevation represented by contour lines is the vertical distance above or below sea level. 
The three types of contour lines (Figure 10-1, page 10-2) used on a standard topographic 
map are as follows: 

(1) Index. Starting at zero elevation or mean sea level, every fifth contour line is a 
heavier line. These are known as index contour lines. Normally, each index contour line is 
numbered at some point. This number is the elevation of that line. 
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are called 


(2) Intermediate. The contour lines falling between the index contour lin 
intermediate contour lines. These lines are finer and do not have their elevations given. 
There are normally four intermediate contour lines between index contour lines. 

(3) Supplementary. These contour lines resemble dashes, They show changes in 
elevation of at least one-half the contour interval. These lines are normally found where there 
is very little change in elevation, such as on fairly level terrain. 


Figure 10-1. Contour lines. 


10-3. CONTOUR INTERVALS 
Before the elevation of any point on the map can be determined, the user must know the 
contour interval for the map he is using. The contour interval measurement given in the 
marginal information is the vertical distance between adjacent contour lines. To determine 
the elevation of a point on the map— 

a, Determine the contour interval and the unit of measure used, for example, feet, 
meters, or yards (Figure 10-2), 


ELEVATION IN METERS 
CONTOUR INTERVAL 20 METERS 


Figure 10-2. Contour interval note. 
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b. Find the numbered index contour line nearest the point of which you are trying to 
determine the elevation (Figure 10-3). 


Figure 10-3. Points on contour lines. 


¢. Determine if you are going from lower elevation to higher, or vice versa. In 
Figure 10-3, point (a) is between the index contour lines. The lower index contour line is 
numbered 500, which means any point on that line is at an elevation of 500 meters above 
mean sea level. The upper index contour line is numbered 600, or 600 meters. Going from 
the lower to the upper index contour line shows an increase in elevation, 

d. Determine the exact elevation of point (a), start at the index contour line numbered 
500 and count the number of intermediate contour lines to point (a). Locate point (a) on the 
second intermediate contour line above the 500-meter index contour line. The contour 
interval is 20 meters (Figure 10-2), thus each one of the intermediate contour lines crossed 
to get to point (a) adds 20 meters to the 500-meter index contour line, The elevation of point 
(a) is 540 meters; the elevation has increased. 

e. Determine the elevation of point (b). Go to the nearest index contour line. In this 
case, it is the upper index contour line numbered 600. Locate point (b) on the intermediate 
contour line immediately below the 600-meter index contour line, Below means downhill 
or a lower elevation. Therefore, point (b) is located at an elevation of 580 meters. 
Remember, if you are increasing elevation, add the contour interval to the nearest index 
contour line. If you are decreasing elevation, subtract the contour interval from the nearest 
index contour line. 

£ Determine the elevation to a hilltop point (c). Add one-half the contour interval to 
the elevation of the last contour line. In this example, the last contour line before the hilltop 
is an index contour line numbered 600. Add one-half the contour interval, 10 meters, to the 
index contour line. The elevation of the hilltop would be 610 meters. 
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g. There may be times when you need to determine the elevation of points to a greater 
accuracy. To do this, you must determine how far between the two contour lines the point 
lies. However, most military needs are satisfied by estimating the elevation of points 
between contour lines (Figure 10-4), 


=< 


Figure 10-4. Points between contour lines. 


+209 


(1) If the point is less than one-fourth the distance between contour lines, the elevation 
will be the same as the last contour line. In Figure 10-4, the elevation of point a will be 
100 meters. To estimate the elevation of a point between one-fourth and three-fourths of the 
distance between contour lines, add one-half the contour interval to the last contour line. 

(2) Point b is one-half the distance between contour lines. The contour line immediately 
below point b is at an elevation of 160 meters, The contour interval is 20 meters; thus 
one-half the contour interval is 10 meters. In this case, add 10 meters to the last contour line 
of 160 meters. The elevation of point b would be about 170 meters. 

(3) A point located more than three-fourths of the distance between contour lines is 
considered to be at the same elevation as the next contour line. Point c is located three- 
fourths of the distance between contour lines. In Figure 10-4, point c would be considered 
to be at an elevation of 180 meters. 

h. To estimate the elevation to the bottom of a depression, subtract one-half the contour 
interval from the value of the lowest contour line before the depression. In Figure 10-5, the 
lowest contour line before the depression is 240 meters in elevation. Thus, the elevation at 
the edge of the depression is 240 meters. To determine the elevation at the bottom of the 
depression, subtract one-half the contour interval, The contour interval for this example is 
20 meters. Subtract 10 meters from the lowest contour line immediately before the 
depression. The result is that the elevation at the bottom of the depression is 230 meters. The 
tick marks on the contour line forming a depression always point to lower elevations. 
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Figure 10-5. Depression. 


i, Inaddition to the contour lines, bench marks and spot elevations are used to indicate 
points of known elevations on the map. 

(1) Bench marks, the more accurate of the two, are symbolized by a black X, such as X 
BM 214. The 214 indicates that the center of the X is at an elevation of 214 units of measure 
(Geet, meters, or yards) above mean sea level. To determine the units of measure, refer to the 
contour interval in the marginal information, 

(2) Spot elevations are shown by a brown X and are usually located at road junctions and 
on hilltops and other prominent terrain features. If the elevation is shown in black numerals, 
it has been checked for accuracy; if itis in brown, it has not been checked. 


NOTE: New maps are being printed using a dot instead of brown Xs. 


10-4. TYPES OF SLOPES 
Depending on the military mission, soldiers may need to determine not only the height of 
ahill, but the degree of the hill's slope as well. The rate of rise or fall ofa terrain feature is 
known as its slope. The speed at which equipment or personnel can move is affected by the 
slope of the ground or terrain feature. This slope can be determined from the map by 
studying the contour lines—the closer the contour lines, the steeper the slope; the farther 
apart the contour lines, the gentler the slope. Four types of slopes that concern the military 
are as follows: 

a, Gentle. Contour lines showing a uniform, gentle slope will be evenly spaced and 
wide apart (Figure 10-6, page 10-6). Considering relief only, a uniform, gentle slope allows 
the defender to use grazing fire. The attacking force has to climb a slight incline. 
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Figure 10-6. Uniform, gentle slope. 


b. Steep. Contour lines showing a uniform, steep slope on a map will be evenly spaced, 
but close together. Remember, the closer the contour lines, the steeper the slope 
(Figure 10-7). Considering relief only, a uniform, steep slope allows the defender to use 
grazing fire, and the attacking force has to negotiate a steep incline. 


Figure 10-7. Uniform, steep slope. 


¢. Concave. Contour lines showing a concave slope on a map will be closely spaced 
at the top of the terrain feature and widely spaced at the bottom (Figure 10-8, page 10-7). 
Considering relief only, the defender at the top of the slope can observe the entire slope and 
the terrain at the bottom, but he cannot use grazing fire. The attacker would have no cover 
from the defender’s observation of fire, and his climb would become more difficult as he got 
farther up the slope. 
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Figure 10-8. Concave slope. 


d. Convex. Contour lines showing a convex slope on a map will be widely 
the top and closely spaced at the bottom (Figure 10-9). Considering relief only, the defender 
at the top of the convex slope can obtain a small distance of grazing fire, but he cannot 
observe most of the slope or the terrain at the bottom, The attacker will have concealment 
on most of the slope and an easier climb as he nears the top. 


Figure 10-9. Convex slope. 
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10-5. PERCENTAGE OF SLOPE 
The speed at which personnel and equipment can move up or down a hill is affected by the 
slope of the ground and the limitations of the equipment. Because of this, a more exact way 
of describing a slope is necessary. 

a, Slope may be expressed in several ways, but all depend upon the comparison of 
vertical distance (VD) to horizontal distance (HD) (Figure 10-10). Before we can determine 
the percentage of a slope, we must know the VD of the slope. The VD is determined by 
subtracting the lowest point of the slope from the highest point, Use the contour lines to 
determine the highest and lowest point of the slope (Figure 10-11) 


(Horlzontal distance) 


Figure 10-10. Slope diagram. 


NOTE: Be suroto use the same unit of measure 
‘or vertical an horizontal distances, 


Figure 10-11. Contour line around a slope. 
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Figure 87: User Throughput Performance With/ Without el CIC for Dynamic Traffic 
vs. Average Offered Load per Macro Cell Area’®? 


ae ° ean none Seneace 
oo z - 
2! amas : z int 
2, 1X i 2c mu care eeu 
3 =2 
i. : 1048 RE ASS 
5 Sasse ABST ts Bo pte asintot 
is x 

=F TOSBRE ABS Lote FH FEB RE, ABs in tof] 
3 é gs 

7 REARSinaofe | T 
i id i! 
7 - #: 
° ° 

i as 2025 50 35 a asso wo 20 2 3038 M0 as 50 

uereqntiettoe Mpa deenqetioad ed Me 


The muting of certain subframes in elCIC is dynamic and depends on identifying, on a per 
user basis, whether an interfering cell's signal exceeds a threshold relative to the serving 
cell signal. Coordinating muting among small cells can be complicated because a small cell 
can simultaneously be an interferer while serving a UE that is a victim of another cell. The 
network must therefore coordinate muting among multiple small cells. 


Figure 88 below at left shows user throughput gains of time domain interference relative 
to network load. Throughput gains are higher at higher network loads because of more 
active users and the higher likelihood of interference between the small cells. 


Figure 88 below at right shows the maximum muting ratio, which increases with higher 
network load. 


189 5G Americas member contribution. Assumes 3GPP evaluation methodology TR 36.814, 500 meter 
ISD, 4 picos per macro-cell area, Poisson call arrival, finite payload for each call, and termination of call 
upon successful delivery. 
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b. To determine the percentage of the slope between points (a) and (b) in Figure 10-11, 
determine the elevation of point (b) (590 meters). Then determine the elevation of point (a) 
(380 meters). Determine the vertical distance between the two points by subtracting the 
elevation of point (a) from the elevation of point .The difference (210 meters) is the VD 
between points (a) and (b). Then measure the HD between the two points on the map in 
Figure 10-12. After the horizontal distance has been determined, compute the percentage of 
the slope by using the formula shown in Figure 10-13. 


‘CONTOUR INTERVAL 20 METERS 


Figure 10-12. Measuring horizontal distance. 
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<a = 210 METERS 
MD 3,000 METERS 

VOX 100 4, WD) 20x 100 _ 21,000 

HO (HD) 3000 ~ 3;000 


‘LOPE = -™ 


Mutiply the distance by 100. Divide the totl bythe 
horizontal distance, The result i the percentage of slope 


Figure 10-13. Percentage of slope in meters. 


¢. The slope angle can also be expressed in degrees. To do this, determine the VD and 
HD of the slope. Multiply the VD by 57.3 and then divide the total by the HD 
(Figure 10-14). This method determines the approximate degree of slope and is reasonably 
accurate for slope angles less than 20°. 


‘590 METERS 
orapienr = ¥2 o 


VD => 2 = 150 METERS 
HD =3000METERS 


10x 573 _ e575 ie 
150X579 _ 8575 _ 29 oy 3 DEGREES of SLOPE 210 METERS 


"3000 3,000 


eee | 


Figure 10-14. Degree of slope. 
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d. The slope angle can also be expressed as a gradient. The relationship of horizontal 
and vertical distance is expressed as a fraction with a numerator of one (Figure 10-15) 


ho ‘700 METERS 
Cy 
VD = —a = 150 METERS 
MD =3,000METERS 


1 1 METER RISE _FOR EVERY 
2 ~ 20 METERS OF HORIZONTAL DISTANCE 


550 METERS 
oy 


HD 3,000 METERS. 


Figure 10-15. Gradient. 


10-6. TERRAIN FEATURES 
All terrain features are derived from a complex landmass known as a mountain or ridgeline 
(Figure 10-16). The term ridgeline is not interchangeable with the term ridge. A ridgeline 
is a line of high ground, usually with changes in elevation along its top and low ground on 
all sides from which a total of 10 natural or man-made terrain features are classified. 


Figure 10-16. Ridgeline. 
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a, Major Terrain Features. 

(1) Hill, A hill is an area of high ground. From a hilltop, the ground slopes down in all 

directions. A hill is shown on a map by contour lines forming concentric circles. The inside 
st closed circle is the hilltop (Figure 10-17), 


Figure 10-17. Hill. 


(2) Saddle. A saddle is a dip or low point between two areas of higher ground. A saddle 
is not necessarily the lower ground between two hilltops; it may be simply a dip or break 
along a level ridge crest. If you are in a saddle, there is high ground in two opposite 
directions and lower ground in the other two directions. A saddle is normally represented as 
Figure 10-18). 


Figure 10-18. Saddle. 


(3) Valley. A valley is a stretched-out groove in the land, usually formed by streams or 
rivers. A valley begins with high ground on three sides, and usually has a course of running 
water through it. If standing in a valley, three directions offer high ground, while the fourth 
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direction offers low ground, Depending on its size and where a person is standing, it may not 
be obvious that there is high ground in the third direction, but water flows from higher to 
lower ground. Contour lines forming a valley are either U-shaped or V-shaped. To determine 
the direction water is flowing, look at the contour lines. The closed end of the contour line 
(U or V) always points upstream or toward high ground (Figure 10-19). 


Figure 10-19. Valley. 


(4) Ridge. A ridge is a sloping line of high ground. If you are standing on the centerline 
of a ridge, you will normally have low ground in three directions and high ground in one 
direction with varying degrees of slope. If you cross a ridge at right angles, you will climb 
steeply to the crest and then descend steeply to the base. When you move along the path of 
the ridge, depending on the geographic location, there may be either an almost unnoticeable 
slope or a very obvious incline, Contour lines forming a ridge tend to be U-shaped or 
V-shaped. The closed end of the contour line points away from high ground (Figure 10-20). 


Figure 10-20. Ridge. 
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(5) Depression. A depression is a low point in the ground or a sinkhole. It could be 
in area of low ground surrounded by higher ground in all directions, or simply 
ground. Usually only depressions that are equal to or greater than the contour 
interval will be shown. On maps, depressions are represented by closed contour lines that 
have tick marks pointing toward low ground (Figure 10-21). 


Figure 10-21. Depression. 


b. Minor Terrain Features. 

(1) Draw. A draw is a less developed stream course than a valley. In a draw, there is 
essentially no level ground and, therefore, little or no maneuver room within its confines. If 
you are standing in a draw, the ground slopes upward in three directions and downward in 
the other direction. A draw could be considered as the initial formation of a valley. The 
contour lines depicting a draw are U-shaped or V-shaped, pointing toward high ground 
(Figure 10-22). 


SSK 


Figure 10-22. Draw. 
(2) Spur. A spur is a short, continuous sloping line of higher ground, normally jutting 
‘out from the side of a ridge. A spur is often formed by two rough parallel streams, which cut 
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draws down the side of a ridge. The ground sloped down in three directions and up in one 
direction, Contour lines on a map depict a spur with the U or V pointing away from high 
ground (Figure 10-23). 


Figure 10-23. Spur. 


(3) Cliff. A cliff is a vertical or near vertical feature; it is an abrupt change of the land. 
When a slope is so steep that the contour lines converge into one "carrying" contour of 
contours, this last contour line has tick marks pointing toward low ground (Figure 10-24A) 
Cliffs are also shown by contour lines very close together and, in some instances, touching 
each other (Figure 10-24B, page 10-16). 


Figure 10-244. Cliff. 
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Figure 10-24B. Cliff. 


c. Supplementary Terrain Features. 

(1) Cut. A cut is a man-made feature resulting from cutting through raised ground, 
usually to form a level bed for a road or railroad track. Cuts are shown on a map when they 
are at least 10 feet high, and they are drawn with a contour line along the cut line. This 
contour line extends the length of the cut and has tick marks that extend from the cut line to 
the roadbed, if the map scale permits this level of detail (Figure 10-25). 

(2) Fill. A fill is a man-made feature resulting from filling a low area, usually to form 
a level bed for a road or railroad track. Fills are shown on a map when they are at least 
10 feet high, and they are drawn with a contour line along the fill line. This contour line 
extends the length of the filled area and has tick marks that point toward lower ground. If the 
map scale permits, the length of the fill tick marks are drawn to scale and extend from the 
base line of the fill symbol (Figure 10-25) 
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Figure 10-25. Cut and fill. 


10-7. INTERPRETATION OF TERRAIN FEATURES 
Terrain features do not normally stand a lone. To better understand these when they are 
depicted on a map, you need to interpret them. Terrain features (Figure 10-26) are 
interpreted by using contour lines, the SOSES approach, ridgelining, or streamlining. 


1 HL, 3. RIDGE —_—_5. DEPRESSION 7. PUR 9. cur 


2 VALLEY 4. SADDLE. 6, DRAW 2. CUFF 10. FLL 


Figure 10-26. Terrain features. 
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a, Contour Lines. Emphasizing the main contour lines is a technique used to interpret 
the terrain of an area. By studying these contour lines, you able to obtain a better 
understanding of the layout of the terrain and to decide on the best route. 

(1) The following description pertains to Figure 10-27 on page 10-20. Running east to 
west across the complex landmass is a ridgeline. A ridgeline is a line of high ground, usually 
with changes in elevation along its top and low ground on all sides. The changes in elevation 
are the three hilltops and two saddles along the ridgeline. From the top of each hill, there is 
lower ground in all directions. The saddles have lower ground in two directions and high 
ground in the opposite two directions. The contour lines of each saddle form half an 
hourglass shape. Because of the difference in size of the higher ground on the two opposite 
sides of a saddle, a full hourglass shape of a saddle may not be apparent. 

(2) There are four prominent ridges. A ridge is on each end of the ridgeline and two 
ridges extend south from the ridgeline. All of the ridges have lower ground in three 
directions and higher ground in one direction. The closed ends of the U's formed by the 
contour lines point away from higher ground, 

(3) To the south lies a valley; the valley slopes downward from east to west. Note that 
the U of the contour line points to the east, indicating higher ground in that direction and 
lower ground to the west. Another look at the valley shows high ground to the north and 
south of the valley. 

(4) Just east of the valley is a depression. There is higher ground in all directions when 
looking from the bottom of the depression. 

(5) There are several spurs extending generally south from the ridgeline. They, like 
ridges, have lower ground in three directions and higher ground in one direction. Their 
contour line U's point away from higher ground, 

(6) Between the ridges and spurs are draws. They, like valleys, have higher ground in 
three directions and lower ground in one direction. Their contour line U's and V's point 
toward higher ground, 

(7) Two contour lines on the north side of the center hill are touching or almost touching. 
They have ticks indicating a vertical or nearly vertical slope or a cliff. 

(8) The road cutting through the eastern ridge depicts cuts and fills. The breaks in the 
contour lines indicate cuts, and the ticks pointing away from the roadbed on each side of the 
road indicate fill 

b. SOSES. A recommended technique for identifying specific terrain features and then 
locating them on the map is to make use of five of their characteristics known by the 
mnemonic SOSES. Terrain features can be examined, described, and compared with each 
other and with corresponding map contour patterns in terms of their shapes, orientations, 
sizes, elevations, and slopes. 

(1) Shape. The general form or outline of the feature at its base. 

(2) Orientation. The general trend or direction of a feature from your viewpoint. A 
feature can be in line, across, or at an angle to your viewpoint. 

(3) Size. The length or width of a feature horizontally across its base. For example, one 
terrain feature might be larger or smaller than another terrain feature. 

(4) Elevation. The height of a terrain feature. This can be described either in absolute 
or relative terms as compared to the other features in the area. One landform may be higher, 
lower, deeper, or shallower than another. 
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Another approach for addressing inter-layer interference cancellation in HetNets can come 
from carrier aggregation with no further additions or requirements and realizable with 
Release 10 LTE networks. Consider the scenario in Figure 89, in which both the macro eNB 
and the pico eNB are allocated two component carriers (namely CC1 and CC2). The idea is 
to create a “protected” component carrier for downlink control signals and critical 
information (Physical Downlink Control Channel, system information, and other control 
channels) while data can be conveniently scheduled on both component carriers through 
cross-carrier scheduling. 


Figure 89: Carrier-Aggregation Based 1CIC2# 


UE on carrier 1 with 
control on carrier 1 


CC1 is the primary component carrier for the macro cell, while CC2 is the primary for the 
picocell; hence the protected carriers are CC1 for the macro cell and CC2 for the picocell. 
The macro cell allocates a lower transmission power for its secondary CC in order to reduce 


181 5G Americas member contribution. Simulations based on 12 densely deployed small cells at 3.5 GHz 
and 3GPP Release 12 simulation assumptions in TR 36.842 


182 5G Americas member contribution, 
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(5) Slope. The type (uniform, convex, or concave) and the steepness or angle (steep or 
gentle) of the sides of a terrain feature. 


‘Through practice, you can learn to identify several individual terrain features in the field and 
see how they vary in appearance. 


(OTE: Further terrain analysis using SOSES can be learned by using the Map 
Interpretation and Terrain Association Course. It consists of three separate 
courses of instruction: basic, intermediate, and advanced. Using photographic 
slides of terrain and other features, basic instruction teaches how to identify basic 
terrain feature types on the ground and on the map. Intermediate instruction 
teaches elementary map interpretation and terrain association using real world 

‘enes and map Sections of the same terrain. Advanced instruction teaches 
advanced techniques for map interpretation and terrain association, The primary 
emphasis is on the concepts of map design guidelines and terrain association, 
skills. Map design guidelines refer to the rules and practices used by 
cartographers in the compilation and symbolization of military topographic 
maps. Knowledge of the selection, classification, and symbolization of mapped 
features greatly enhances the user's ability to interpret map information. 


c. Ridgelining. This technique helps you to visualize the overall lay of the ground 
within the area of interest on the map. Follow these steps: 

(1) Identify on the map the crests of the ridgelines in your area of operation by 
identifying the close-out contours that lie along the hilltop. 

(2) Trace over the er each ridgeline stands out clearly as one identifiable line. 

(3) Go back over each of the major ridgelines and trace over the prominent ridges and 
spurs that come out of the ridgelines 
The usual colors used for this tracing are red or brown; however, you may use any color at 
hand. When you have completed the ridgelining process, you will find that the high ground 
on the map will stand out and that you will be able to see the relationship between the 
various ridgelines (Figure 10-27, page 10-20) 

d. Streamlining. This procedure (Figure 10-27, page 10-20) is 
ridgelining 

(1) Identify all the mapped streams in the area of operations 

(2) Trace over them to make them stand out more prominently. 

(3) Then identify other low ground, such as smaller valleys or draws that feed into the 
major streams, and trace over them 
This brings out the drainage pattern and low ground in the area of operation on the map. The 
color used for this is usually blue; but again, if blue is not available, use any color at hand 
so long as the distinction between the ridgelines and the streamlines is clear. 


imilar to that of 
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Figure 10-27. Ridgelining and streamlining. 


10-8. PROFILES 
The study of contour lines to determine high and low points of elevation is usually adequate 
for military operations. However, there may be a few times when we need a quick and 
precise reference to determine exact elevations of specific points. When exactness is 
demanded, a profile is required. A profile, within the scope and purpose of this manual, is 
an exaggerated side view of a portion of the earth's surface along a line between two or more 
points, 

a, A profile can be used for many purposes. The primary purpose is to determine if line 
of sight is available. Line of sight is used— 

(1) To determine defilade positions 

(2) To plot hidden areas or dead space, 

(3) To determine potential direct fire weapon positions. 

(4) To determine potential locations for defensive positions. 

(5) To conduct preliminary planning in locating roads, pipelines, railroads, or other 
construction projects. 

b. A profile can be constructed from any contoured map. Its construction requires the 
following steps: 

(1) Draw a line on the map from where the profile is to begin to where it is to end 
(Figure 10-28). 
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Figure 10-28. Connecting points. 


(2) Find the value of the highest and lowest contour lines that cross or touch the profile 
line. Add one contour value above the highest and one below the lowest to take care of hills 
and valleys. 

(3) Select a piece of lined notebook paper with as many lines as was determined in (2) 
above. The standard Army green pocket notebook or any other paper with 1/4-inch lines is 
ideal. Wider lines, up to 5/8-inch, may be used. If lined paper is not available, draw equally 
ced horizontal lines on a blank sheet of paper. 

(4) Number the top line with the highest value and the bottom line with the lowest value 
as determined in (2) above. 

(5) Number the rest of the lines in sequence, starting with the second line from the top. 
The lines will be numbered in accordance with the contour interval (Figure 10-29), 

(6) Place the paper on the map with the lines next to and parallel to the profile line 
(Figure 10-29) 

(7) From every point on the profile line where a contour line, stream, intermittent stream, 
or other body of water crosses or touches, drop a perpendicular line to the line having the 
same value. Place a tick mark where the perpendicular line crosses the number line 
(Figure 10-29). Where trees are present, add the height of the trees to the contour line and 
place a tick mark there. Assume the height of the trees to be 50 feet or 15 meters where dark 
green tint is shown on the map. Vegetation height may be adjusted up or down when 
operations in the area have provided known tree heights. 


spi 
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(8) Afier all perpendicular lines have been drawn and tick marks placed where the lines 
cross, connect all tick marks with a smooth, natural curve to form a horizontal view or 
profile of the terrain along the profile line (Figure 10-29). 

NOTE: — The profile drawn may be exaggerated. The spacing between the lines drawn on 
the sheet of paper determines the amount of exaggeration and may be varied to 
suit any purpose. 


Figure 10-29. Dropping perpendiculars. 
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(9) Draw a straight line from the start point to the end point on the profile. Ifthe straight 
line intersects the curved profile, line of sight to the end point is not available (Figure 10-30). 


(10) Determine the line of sight to other points along the profile line by drawing a line 
from the start point to additional points. In Figure 10-31 on page 10-24, line of sight is 
available to— 


A-Yes D—Yes G—Yes 
B-No —_E—No H—No 
C-No  F-No I_No 


The vertical distance between navigable ground up to the line of sight line is the depth of 
defilade. 
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¢. When time is short, or when a complete profile is not needed, one may be constructed 
showing only the hilltops, ridges, and if desired, the valleys. This is called a hasty profile. 
It is constructed in the full profile (Figure 10-31). 


Figure 10-31. Drawing a hasty profile. 


10-24 


CHAPTER 11 
TERRAIN ASSOCIATION 


Failure to make use of the vast amounts of information presented by the 
‘map and available to the eye on the ground reduces the chances for success 
in land navigation. The soldier who has repeatedly practiced the skills of 
identifying and discriminating among the many types of terrain and other 
features knows how these features are mapped. He can begin to visualize the 
shape of the land by studying the map, estimate distances, and perform quick 
resection from the many landmarks he sees is the one who will be at the right 
place to help defeat the enemy on the battlefield. This chapter tells how fo 
orient a map with and without a compass, how to find locations on a map as. 
well as on the ground, how to study the terrain, and how to move on the 
ground using terrain association and dead reckoning. 


11-1. ORIENTING THE MAP 
The first step for a navigator in the field is orienting the map. A map is oriented when it is 
in a horizontal position with its north and south corresponding to the north and south on the 
ground, Some orienting techniques follow: 

a, Using a Compass. When orienting a map with a compass, remember that the 
compass measures magnetic azimuths. Since the magnetic arrow points to magnetic north, 
pay special attention to the declination diagram. There are two techniques used. 

(1) First Technique. Determine the direction of the declination and its value from the 
declination diagram, 

(a) With the map in a horizontal position, take the straightedge on the left side of the 
compass and place it alongside the north-south grid line with the cover of the compass 
pointing toward the top of the map. This procedure places the fixed black index line of the 
compass parallel to north-south grid lines of the map. 

(b) Keeping the compass aligned as directed above, rotate the map and compass together 
until the magnetic arrow is below the fixed black index line on the compass. At this time, the 
map is close to being oriented. 

(c) Rotate the map and compass in the direction of the declination diagram. 

(d) If the magnetic north arrow on the map is to the left of the grid north, check the 
compass reading to see if it equals the G-M angle given in the declination diagram. The map 
is then oriented (Figure 11-1, page 11-2). 
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Figure 11-1. Map oriented with 11 degrees west declination. 


(e) If the magnetic north is to the right of grid north, check the compass reading to see 
if it equals 360 degrees minus the G-M angle (Figure 11-2). 


Figure 11-2. Map oriented with 21 degrees east declination. 
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(2) Second Technique. Determine the direction of the declination and its value from the 
declination diagram, 

(a) Using any north-south grid line on the map as a base, draw a magnetic azimuth equal 
to the G-M angle given in the declination diagram with the protractor. 

(b) If the declination is easterly (right), the drawn line is equal to the value of the G-M 
angle. Then align the straightedge, which is on the left side of the compass, alongside the 
drawn line on the map. Rotate the map and compass until the magnetic arrow of the compass 
is below the fixed black index line. The map is now oriented (Figure 11-3). 


Figure 11-3. Map oriented with 15 degrees east declination. 


(c) If the declination is westerly (lef), the drawn line will equal 360 degrees minus the 
value of the G-M angle. Then align the straightedge, which is on the left side of the compass, 
alongside the drawn line on the map. Rotate the map and compass until the magnetic arrow 
of the compass is below the fixed black index line. The map is now oriented (Figure 11-4, 
page 11-4) 


NOTES: 1. Once the map is oriented, magnetic azimuths are determined using the 
compass. Do not move the map from its oriented position since any change 
in its position moves it out of line with the magnetic north. [See paragraph 
11-66(1).] 

2. Special care should be taken whenever orienting your map with a compass. 
A small mistake can cause you to navigate in the wrong direction, 
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Figure 11-4. Map oriented with 10 degrees west declination. 
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interference to the picocell's primary component carrier. The network can schedule data 
‘on both the primary and secondary component carriers. In the figure, users in the cell 
range expansion (CRE) zone can receive data via cross-carrier scheduling from the 
secondary CC at subcarrier frequencies on which interference from the other cell can be 
reduced if the cells exchange appropriate signaling over what is called an “X2 interface.” 
Users operating close to the eNodeBs can receive data from both component carriers as 
their interference levels will hopefully be lower. Therefore, a CA-capable receiver will enjoy 
the enhanced throughput capabilities of carrier aggregation, while simultaneously receiving 
extra protection for control and data channels at locations with potentially high inter-layer 
interference. 


Thus, carrier aggregation can be a useful tool for deployment of heterogeneous networks 
without causing a loss of bandwidth. These solutions, however, do not scale well (in Release 
10 systems) to small system bandwidths (say, 3+3 MHz or 1.4+1.4 MHz radio carriers) 
because control channels occupy a high percentage of total traffic. Additionally, 
interference between the cell reference signals (CRS) would also be significant. 


Dual Connectivity 

‘A major enhancement in Release 12 is a UE being served at the same time by both a macro 
cell and a small cell operating at different carrier frequencies, a capability called dual 
connectivity and illustrated in Figure 90. Data first reaches the macro eNodeB and is split, 
with part of it transmitted from the macro and the balance sent via an X2 interface to the 
small cell for transmission to the UE. 


Figure 90: Dual Connectivity? 


Data from 
(CD) einen 


Macro 


Flow control of aia 
‘over backhaul ( 


Z®, 
ar ‘Smi Daa needotobe 
‘tered nthe 
(SeNB ‘small cell eNB- 


Receives data rom bath macro 
‘and smal call Tranemés 


Data flow is slit in 
the macre-eNB 


corresponding CSI end HARO 
AckiNacke to macre and smal 


Figure 91 shows throughput gains of dual connectivity at 5 percentile and 50 percentile 
(median) levels relative to the load on the network and different degrees of latency in the 
X2 interface. Benefits are higher with lower network load and with lower X2 latency. 


183 Source: 5G Americas member contribution. 
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b. Using Terrain Association, A map can be oriented by terrain association when a 
compass is not available or when the user has to make many quick references as he moves 
across country, Using this method requires careful examination of the map and the ground, 
and the user must know his approximate location (Figure 11-5). Orienting by this method 
is discussed in detail in paragraph 11-3. 


Figure 11-5. Terrain association. 
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c. Using Field-Expedient Methods. When a compass is not available and there are no 
recognizable terrain features, a map may be oriented by any of the field-expedient methods 
described in paragraph 9-5. Also see Figure 11-6 
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Figure 11-6. Field-expedient method. 


11-2. LOCATIONS 
The key to s in land navigation is to know your location at all times. With this basic 
knowledge, you can decide what direction and what distance to travel. 

a, Known Position. Most important of all is the initial location of the user before 
starting any movement in the field. If movement takes place without establishing the initial 
location, everything that is done in the field from there on is a gamble, Determine the initial 
location by referring to the last known position, by grid coordinates and terrain association, 
or by locating and orienting your position on the map and ground. 

b. Known Point/Known Distance (Polar Plot). This location can be determined by 
knowing the starting point, the azimuth to the desired objective, and the distance to it. 

c. Resection. See Chapter 6. 

d. Modified Resection. See Chapter 6. 

e. Intersection. See Chapter 6, 

£. Indirect Fire. Finding a location by indirect fire is done with smoke. Use the point 
of impact of the round as a reference point from which distances and azimuth can be 
obtained, 
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11-3. TERRAIN ASSOCIATION USAGE 
The technique of moving by terrain association 
time-consuming than dead reckoning. It best suits those situations that call for movement 
from one area to another. Errors made using terrain association are easily corrected because 
you are comparing what you expected to see from the map to what you do see on the ground 
Errors are anticipated and will not go unchecked. You can easily make adjustments based 
upon what you encounter. Periodic position-fixing through either plotted or estimated 
resection will also make it possible to correct your movements, call for fire, or call in the 
locations of enemy targets or any other information of tactical or logistical importance. 

a, Matching the Terrain to the Map by Examining Terrain Features, By observing 
the contour lines in detail, the five major terrain features (hilltop, valley, ridge, depression, 
and saddle) should be determined. This is a simple task in an area where the observer has 
ample view of the terrain in all directions. One-by-one, match the terrain features depicted 
on the map with the same features on the ground. In restricted terrain, this procedure 
becomes harder; however, constantly check the map as you move since it is the determining 
factor (Figure 11-5). 

b. Comparing the Vegetation Depicted on the Map. When comparing the vegetation, 
a topographic map should be used to make a comparison of the clearings that appear on the 
map with the ones on the ground. The user must be familiar with the different symbols, such 
as vineyards, plantations, and orchards that appear on the legend. The age of the map is an 
important factor when comparing vegetation. Some important vegetation features were likely 
to be different when the map was made. Another important factor about vegetation is that 
it can change overnight by natural accidents or by man (forest fires, clearing of land for new 
developments, farming, and so forth). 

c. Masking by the Vegetation. Camouflage the important landforms using vegetation 
of camouflage makes it harder for the navigator to use terrain association. 

d. Using the Hydrography. Inland bodies of water can help during terrain association 
The shape and size of lakes in conjunction with the size and direction of flow of the rivers 
and streams are valuable help. 

e. Using Man-made Features. Man-made features are an important factor during 
terrain association. The user must be familiar with the symbols shown in the legend 
representing those features. The direction of buildings, roads, bridges, high-tension lines, and 
so forth make the terrain inspection a lot easier; however, the age of the map must be 
considered because man-made features appear and disappear constantly. 

£ Examining the Same Piece of Terrain During the Different Seasons of the Year. 
In those areas of the world where the seasons are distinctive, a detailed examination of the 
terrain should be made during each of the seasons. The same piece of land does not present 
the same characteristics during both spring and winter. 

(1) During winter, the snow packs the vegetation, delineating the land, making the terrain 
features appear as clear as they are shown by the contour lines on the map. Ridges, valleys, 
and saddles are very distinctive 

(2) During spring, the vegetation begins to reappear and grow. New vegetation causes 
a gradual change of the land to the point that the foliage conceals the terrain features and 
makes the terrain hard to recognize. 

(3) During summer months, the effects are similar to those in the spring. 


s more forgiving of mistakes and far less 


Us 


"7 


FM 3-25.26 


(4) Fall makes the land appear different with its change of color and gradual loss of 
vegetation. 


of the land. 
(6) During a period of drought, the vegetation dries out and becomes vulnerable to forest 
s n, the water levels 
of streams and lakes drop, adding new dimensions and shape to the existing mapped areas. 
g. Following an Example of Terrain Association. Your location is hilltop 514 in the 
lower center of the map in Figure 11-7, 


Figure 11-7. Example of terrain association. 


(1) To The North. The contour lines indicate that the hill slopes down for about 
190 meters, and that it leads into a small valley containing an intermittent stream. On the 
other side of the stream as you continue with your northerly inspection, the terrain starts a 
gradual ascent, indicating a hilltop partially covered with vegetation, until an unimproved 
road is reached. This road runs along a gradual ridgeline with north-west direction, Then the 
contour line spacings become narrow, indicating a steeper grade that leads to a narrow valley 
containing a small intermittent stream. As you continue up, you find a small but prominent 
ridge with a clearing. The contour lines once again show a steeper grade leading to a 
‘moderate valley containing an intermittent stream running in a south-east direction, 
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(2) To The East. There is a clearing of the terrain as it slopes down to Schley Pond. An 
ample valley is clearly seen on the right side of the pond, as indicated by the "U" and "V" 
shape of the contour lines. This valley contains some swamp areas and there is a long 
ridgeline on the north portion of the valley. 

(3) To The South. The terrain gently slopes downward until a clear area is reached. It 
continues in a downward direction to an intermittent stream running south-east in a small 
valley. There is also an improved road running in the same direction as the valley. At the 
intersection of the roads as you face south, there is a clearing of about 120 meters on the 
ridge. At the bottom of it, a stream runs from Schley Pond in a south-west direction through 
an ample valley fed by two intermittent streams. As you continue, a steep, vegetated hill is 
found with a clearing on its top, followed by a small saddle and another hilltop. 

(4) To The West. First, you see a small, clear valley. It is followed by a general ridgeline 
running north-west in which an unimproved road is located just before a hilltop. Continuing 
on a westerly direction, you will find a series of alternate valleys and ridges. 


11-4. TACTICAL CONSIDERATIONS 
Military cross-country navigation is intellectually demanding because it is imperative that 
the unit, crew, or vehicle survive and successfully complete the move in order to accomplish 
its mission, However, the unnecessary use of a difficult route makes navigation too 
complicated, creates more noise when proceeding over it, causes wear and tear on equipment 
and personnel, increases the need for and needlessly complicate recovery operations, and 
wastes scarce time. On receipt of a tactical mission, the leader begins his troop-leading 
procedures and makes a tentative plan. He bases the tentative plan on a good terrain analy: 
s the considerations covered in the following mnemonics—OCOKA and 


OCOKA. The terrain should be analyzed for observation and fields of fire, cover and 
concealment, obstacles, key terrain, and avenues of approach. 

(1) Observation and Fields of Fire. The purpose of observation is to see the enemy (or 
various landmarks) but not be seen by him. Anything that can be seen can be hit. Therefore, 
a field of fire is an area that a weapon or a group of weapons can cover effectively with fire 
from a given position. 

(2) Cover and Concealment, Cover is shelter or protection (from enemy fire) either 
natural or artificial. Always try to use covered routes and seek cover for each halt, no matter 
how brief it is planned to be. Unfortunately, two factors interfere with obtaining constant 
cover. One is time and the other is terrain. Concealment is protection from observation or 
surveillance, including concealment from enemy air observation. Before, trees provided 
good concealment, but with modern thermal and infrared imaging equipment, trees are not 
always effective. When you are moving, concealment is generally secondary; therefore, 
select routes and positions that do not allow covered or concealed enemy near you. 

(3) Obstacles, Obstacles are any obstructions that stop, delay, or divert movement. 
Obstacles can be natural (rivers, swamps, cliffs, or mountains) or they may be artificial 
(barbed wire entanglements, pits, concrete or metal antimechanized traps). They can be 
ready-made or constructed in the field. Always consider any possible obstacles along your 
movement route and, if possible, try to keep obstacles between the enemy and yourself. 

(4) Key Terrain. Key terrain is any locality or area that the seizure or retention of affords 
a marked advantage to either combatant. Urban areas that are often seen by higher 
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headquarters as being key terrain because they are used to control routes. On the other hand, 
an urban area that is destroyed may be an obstacle instead. High ground can be key because 
it dominates an area with good observation and fields of fire. In an open area, a draw or wadi 
(dry streambed located in an arid area) may provide the only cover for many kilometers, 
thereby becoming key. You should always attempt to locate any area near you that could be 
even remotely considered as key terrain. 

(5) Avenues of Approach. These are access routes. They may be the routes you can use 
to get to the enemy or the routes they can use to get to you. Basically, an identifiable route 
that approaches a position or location is an avenue of approach to that location, They are 
often terrain corridors such as valleys or wide, open areas. 

b. METT-T, Tactical factors other than the military aspects of terrain must also be 
considered in conjunction with terrain during movement planning and execution as well. 
These additional considerations are mission, enemy, terrain and weather, troops, and time 
available. 

(1) Mission. This refers to the specific task assigned to a unit or individual. It is the duty 
or task together with the purpose that clearly indicates the action to be taken and the reason 
for it—but not how to do it. Training exercises should stress the importance of a thorough 
map reconnaissance to evaluate the terrain. This allows the leader to confirm his tentative 
plan, basing his decision on the terrain's effect on his mission. 

(a) Marches by foot or vehicle are used to move troops from one location to another. 
Soldiers must get to the right place, at the right time, and in good fighting condition. The 
normal rate for an 8-hour foot march is 4 kmph. However, the rate of march may vary, 
depending on the following factors 

+ Distance. 

+ Time allowed. 

+ Likelihood of enemy contact. 

© Terrain, 

© Weather. 

+ Physical condition of soldiers. 

+ Equipment/weight to be carried. 

+ A motor march requires little or no walking by the soldiers, but the factors 
affecting the rate of march still apply. 

(b) Patrol missions are used to conduct combat or reconnaissance operations. Without 
detailed planning and a thorough map reconnaissance, any patrol mission may not succeed. 
During the map reconnaissance, the mission leader determines a primary and alternate route 
to and from the objectives 

() Movement to contact is conducted whenever an element is moving toward the enemy 
but is not in contact with the enemy. The lead element must orient its movement on the 
objective by conducting a map reconnaissance, determining the location of the objective on 
both the map and the ground, and selecting the route to be taken, 

(d) Delays and withdrawals are conducted to slow the enemy down without becoming 
decisively engaged, or to assume another mission. To be effective, the element leader must 
know where he is to move and the route to be taken. 

(2) Enemy. This refers to the strength, status of training, disposition (locations), doctrine, 
capabilities, equipment (including night vision devices), and probable courses of action that 
impact upon both the planning and execution of the mission, including a movement. 
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(3) Terrain and Weather. Observation and fields of fire influence the placement of 
positions and crew-served weapons. The leader conducts a map reconnaissance to determine 
key terrain, obstacles, cover and concealment, and likely avenues of approach 

(a) Key terrain is any area whose control affords a marked advantage to the force 
holding it. Some types of key terrain are high ground, bridges, towns, and road junctioy 

(b) Obstacles are natural or man-made terrain features that stop, slow down, or divert 
movement. Consideration of obstacles is influenced by the unit's mission. An obstacle may 
be an advantage or disadvantage, depending upon the direction of attack or defense. 
Obstacles can be found by conducting a thorough map reconnaissance and study of recent 
aerial photographs. 

(c) Cover and concealment are determined for both friendly and enemy forces. 
Concealment is protection from observation; cover is protection from the effects of fire. 
Most terrain features that offer cover also provide concealment from ground observation. 
‘There are areas that provide no concealment from enemy observation. These danger area: 
may be large or small open fields, roads, or streams. During the leader's map reconnaissance, 
he determines any obvious danger areas and, if possible, adjusts his route. 

(d) Avenues of approach are routes by which a unit may reach an objective or key 
terrain. To be considered an AA, a route must provide enough width for the deployment of 
the size force for which it is being considered. The AAS are also considered for the 
subordinate enemy force. For example, a company determines likely AAs for an enemy 
platoon; a platoon determines likely AAs for an enemy squad. Likely AAs may be either 
ridges, valleys, or by air. By examining the terrain, the leader determines the likely enemy 
AAs based on the tactical situation. 

(e) Weather has little effect on dismounted land navigation. Rain and snow could 
possibly slow down the rate of march, that is all. But during mounted land navigation, the 
navigator must know the effect of weather on his vehicle. (See Chapter 12 for mounted land 
navigation.) 

(4) Troops. Consideration of your own troops is equally important. The size and type of 
the unit to be moved and its capabilities, physical condition, status of training, and types of 
equipment assigned all affect the selection of routes, positions, fire plans, and the various 
decisions to be made during movement. On ideal terrain such as relatively level ground with 
little or no woods, a platoon can defend a front of up to 400 meters. The leader must conduct 
a thorough map reconnaissance and terrain analysis of the area his unit is to defend. Heavily 
wooded areas or very hilly areas may reduce the front a platoon can defend. The size of the 
unit must also be taken into consideration when planning a movement to contact. During 
movement, the unit must retain its ability to maneuver. A small draw or stream may reduce 
the unit's maneuverability but provide excellent concealment, All of these factors must be 
considered. 

(a) Types of equipment that may be needed by the unit can be determined by a map 
reconnaissance. For example, if the unit must cross a large stream during its movement to 
the objective, ropes may be needed for safety lines. 

(b) Physical capabilities of the soldiers must be considered when selecting a route. 
Crossing a large swampy area may present no problem to a physically fit unit, but to a unit 
that has not been physically conditioned, the swampy area may slow or completely stop its 
movement. 
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(5) Time Available. At times, the unit may have little time to reach an objective or to 
move from one point to another. The leader must conduct a map reconnaissance to determine 
the quickest route to the objective; this is not always a straight route. From point A to point 
B on the map may appear to be 1,000 meters, but if the route is across a large ridge, the 
distance will be greater. Another route from point A to B may be 1,500 meters—but on flat 
terrain. In this case, the quickest route would be across the flat terrain; however, 
concealment and cover may be lost. 


11-5. MOVEMENT AND ROUTE SELECTION 
One key to success in tactical missions is the ability to move undetected to the objective. 
There are four steps to land navigation. Being given an objective and the requirement to 
move there, you must know where you are, plan the route, stay on the route, and recognize 
the objective. 

a. Know Where You Are (Step 1). You must know where you are on the map and on 
the ground at all times and in every possible way. This includes knowing where you are 
relative to— 

+ Your directional orientation. 

+ The direction and distances to your objective. 

Other landmarks and features. 

+ Any impassable terrain, the enemy, and danger areas. 

+ Both the advantages and disadvantages presented by the terrain between you and 

your objective. 

This step is accomplished by knowing how to read a map, recognize and identify specific 
terrain and other features; determine and estimate direction; pace, measure, and estimate 
distances, and both plot and estimate a position by resection. 

b. Plan the Route (Step 2). Depending upon the size of the unit and the length and type 
‘of movement to be conducted, several factors should be considered in selecting a good route 
or routes to be followed. These include— 

Travel time. 

+ Travel distance 

* Maneuver room needed. 

+ Trafficability. 

+ Load-bearing capacities of the soil. 

+ Energy expenditure by troops. 

+ The factors of METT-T. 

+ Tactical aspects of terrain (OCOKA). 

+ Ease of logistical support. 

+ Potential for surprising the enemy. 

+ Availability of control and coordination features, 

+ Availability of good checkpoints and steering marks. 
In other words, the route must be the result of careful map study and should address the 
requirements of the mission, tactical situation, and time available. It must also provide for 
‘ease of movement and navigation. 

(1) Three route-selection criteria that are important for small-unit movements are cover, 
concealment, and the availability of reliable checkpoint features. The latter is weighted even 
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more heavily when selecting the route for a night operation. The degree of visibility and ease 
of recognition (visual effect) are the key to the proper selection of these features. 

(2) The best checkpoints are linear features that cross the route. Examples include 
perennial streams, hard-top roads, ridges, valleys, railroads, and power transmission lines. 
Next, it is best to select features that represent elevation changes of at least two contour 
intervals such as hills, depressions, spurs, and draws. Primary reliance upon cultural features 
and vegetation is cautioned against because they are most likely to have changed since the 
map was last revised. 

(3) Checkpoints located at places where changes in direction are made mark your 
decision points. Be especially alert to see and recognize these features during movement. 
During preparation and planning, itis especially important to review the route and anticipate 
where mistakes are most likely to be made so they can be avoided. 

(4) Following a valley floor or proceeding near (not on) the crest of a ridgeline generally 
offers easy movement, good navigation checkpoints, and sufficient cover and concealment. 
It is best to follow terrain features whenever you can—not to fight them. 

(5) A lost or a late arriving unit, or a tired unit that is tasked with an unnecessarily 

difficult move, does not contribute to the accomplishment of a mission. On the other hand, 
the unit that moves too quickly and carelessly into a destructive ambush or leaves itself open 
to air strikes also have little effect. Careful planning and study are required each time a 
movement route is to be selected. 
c. Stay on the Route (Step 3). In order to know that you are still on the correct route, 
you must be able to compare the evidence you encounter as you move according to the plan 
you developed on the map when you selected your route. This may include watching your 
‘compass reading (dead reckoning) or recognizing various checkpoints or landmarks from the 
map in their anticipated positions and sequences as you pass them (terrain association). A 
better way is to use a combination of both. 

d. Recognize the Objective (Step 4). The destination is rarely a highly recognizable 
feature such as a dominant hilltop or road junction, Such locations as this are seldom missed 
by the most inexperienced navigators and are often dangerous places for soldiers to occupy. 
The relatively small, obscure places are most likely to be the destinations. 

(1) Just how does a soldier travel over unfamiliar terrain for moderate to great distances 
and know when he reaches the destination? One minor error, when many are possible, can 
use the target to be missed. 

(2) The answer is simple. Select a checkpoint (reasonably close to the destination) that 
not so difficult to find or recognize. Then plan a short, fine-tuned last leg from the new 
expanded objective to the final destination. For example, you may be able to plan and 
execute the move as a series of sequenced movements from one checkpoint or landmark to 
another using both the terrain and a compass to keep you on the correct course. Finally, after 
arriving at the last checkpoint, you might follow a specific compass azimuth and pace off 
the relatively short, known distance to the final, pinpoint destination. This procedure is 
called point navigation. A short movement out from a unit position to an observation post 
or to a coordination point may also be accomplished in the same manner. 


11-6. NAVIGATION METHODS 
Staying on the route is accomplished through the use of one or two navigation techniques— 
dead reckoning and terrain association. These methods are discussed in detail below 
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Moving by Dead Reckoning. Dead reckoning consists of two fundamental steps. 
The first is the use of a protractor and graphic scales to determine the direction and distance 
from one point to another on a map. The second step is the use of a compass and some means 
of measuring distance to apply this information on the ground. In other words, it begins with 
the determination of a polar coordinate on a map and ends with the act of finding it on the 
ground, 

(1) Dead reckoning along a given route is the application of the same process used by 
a mapmaker as he establishes a measured line of reference upon which to construct the 
framework of his map. Therefore, triangulation exercises (either resection or intersection) 
can be easily undertaken by the navigator at any time to either determine or confirm precise 
locations along or near his route, Between these position-fixes, establish your location by 
measuring or estimating the distance traveled along the azimuth being followed from the 
previous known point. You might use pacing, a vehicle odometer, or the application of 
elapsed time for this purpose, depending upon the situation, 

(2) Most dead reckoned movements do not consist of single straight-line distances 
because you cannot ignore the tactical and navigational aspects of the terrain, enemy 
ituation, natural and man-made obstacles, time, and safety factors. Another reason most 
dead reckoning moyements are not single straight-line because compasses and 
pace-counts are imprecise measures. Error from them compounds over distance; therefore, 
you could soon be far afield from your intended route even if you performed the procedures 
correctly. The only way to counteract this phenomenon is to reconfirm your location by 
terrain association or resection. Routes planned for dead reckoning generally consist of a 
series of straight-line distances between several checkpoints with perhaps some travel 
running on or parallel to roads or trails 

(3) There are two advantages to dead reckoning. First, dead reckoning is easy to teach 
and to learn, Second, it can be a highly accurate way of moving from one point to another 
if done carefully over short distances, even where few external cues are present to guide the 
movements, 

(4) During daylight, across open country, along a specified magnetic azimuth, never 
walk with the compass in the open position and in front of you. Because the compass will 
not stay steady or level, it does not give an accurate reading when held or used this way. 
Begin at the start point and face with the compass in the proper direction, then sight in on 
a landmark that is located on the correct azimuth to be followed. Close the compass and 
proceed to that landmark. Repeat the process as many times as necessary to complete the 
straight-line segment of the route. 

(5) The landmarks selected for this purpose are called steering marks, and their selection 
is crucial to success in dead reckoning. Steering marks should never be determined from a 
map study, They are selected as the march progresses and are commonly on or near the 
highest points that you can see along the azimuth line that you are following when they 
are selected. They may be uniquely shaped trees, rocks, hilltops, posts, towers, and 
buildings—anything that can be easily identified. If you do not see a good steering mark to 
the front, you might use a back azimuth to some feature behind you until a good steering 
mark appears out in front. Characteristics of a good steering mark are: 

(a) It must have some characteristics about it, such as color, shade of color, size, or shape 
(preferably all four), that will assure you that it will continue to be recognized as you 
approach it. 
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(b) If several easily distinguished objects appear along your line of march, the best 
steering mark is the most distant object. This procedure enables you to travel farther with 
fewer references to the compass. If you have many options, select the highest object. A 
higher mark is not as easily lost to sight as is a lower mark that blends into the background 
as you approach it. A steering mark should be continuously visible as you move toward it. 

(c) Steering marks selected at night must have even more unique shapes than those 
selected during daylight. As darkness approaches, colors disappear and objects appear as 
black or gray silhouettes. Instead of seeing shapes, you begin to see only the general outlines 
that may appear to change as you move and see the objects from slightly different angles. 

(6) Dead reckoning without natural steering marks is used when the area through which 
you are traveling is devoid of features, or when visibility is poor. At night, it may be 
necessary to send a member of the unit out in front of your position to create your own 
steering mark in order to proceed. His position should be as far out as possible to reduce the 
number of chances for error as you move. Arm-and-hand signals or a radio may be used in 
placing him on the correct azimuth. After he has been properly located, move forward to his 
position and repeat the process until some steering marks can be identified or until you reach 
your objective. 

(7) When handling obstacles/detours on the route, follow these guidelines: 

(a) When an obstacle forces you to leave your original line of march and take up a 
parallel one, always return to the original line as soon as the terrain or situation permi 

(b) To turn clockwise (right) 90 degrees, you must add 90 degrees to your original 
azimuth, To turn counterclockwise (left) 90 degrees from your current direction, you must 
subtract 90 degrees from your present azimuth, 

(c) When making a detour, be certain that only paces taken toward the final destination 
are counted as part of your forward progress. They should not be confused with the local 
pacing that takes place perpendicular to the route in order to avoid the problem area and in 
returning to the original line of march after the obstacle has been passed. 

(8) Sometimes a steering mark on your azimuth of travel can be seen across a swamp or 
some other obstacle to which you can simply walk out around. Dead reckoning can then 
begin at that point. If there is no obvious steering mark to be seen across the obstacle, 
perhaps one can be located to the rear. Compute a back azimuth to this point and later sight 
back to it once the obstacle has been passed in order to get back on track 

(9) You can use the deliberate offset technique. Highly accurate distance estimates and 
precision compass work may not be required if the destination or an intermediate checkpoint 
is located on or near a large linear feature that runs nearly perpendicular to your direction 
of travel. Examples include roads or highways, railroads, power transmission lines, ridges, 
or streams. In these cases, you should apply a deliberate error (offset) of about 10 degrees 
to the azimuth you planned to follow and then move, using the lensatic compass as a guide, 
in that direction until you encounter the linear feature. You will know exactly which way to 
tum (left or right) to find your destination or checkpoint, depending upon which way you 
planned your deliberate offset. 

(10) Because no one can move along a given azimuth with absolute precision, it is better 
to plan a few extra steps than to begin an aimless search for the objective once you reach the 
linear feature. If you introduce your own mistake, you will certainly know how to correct 
it. This method will also cope with minor compass errors and the slight variations that 
always occur in the earth's magnetic field. 
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(11) There are disadvantages to dead reckoning. The farther you travel by dead reckoning 
without confirming your position in relation to the terrain and other features, the more errors 
you will accumulate in your movements. Therefore, you should confirm and correct your 
‘estimated position whenever you encounter a known feature on the ground that is also on the 
map. Periodically, you should accomplish a resection triangulation using two or more known 
points to pinpoint and correct your position on the map. Pace counts or any type of distance 
measurement should begin anew each time your position is confirmed on the map. 

(a) It is dangerous to select a single steering mark, such as a distant mountaintop, and 
then move blindly toward it. What will you do if you must suddenly call for fire support or 
medical evacuation? You must periodically use resection and terrain association techniques 
to pinpoint your location along the way. 

(b) Steering marks can be farther apart in open country, thereby making navigation more 
accurate, In areas of dense vegetation, however, where there is little relief, during darkness, 
or in fog, your steering marks must be close together. This, of course, introduces more 
chance for error. 

(©) Finally, dead reckoning is time-consuming and demands constant attention to the 
compass. Errors accumulate easily and quickly. Every fold in the ground and detours 
small as a single tree or boulder also complicate the measurement of distance. 

b. Moving by Terrain Association, The technique of moving by terrain association is 
more forgiving of mistakes and far less time-consuming than dead reckoning. It best s 
those situations that call for movement from one area to another. Once an error has been 
made in dead reckoning, you are off the track. Errors made using terrain association are 
easily corrected, however, because you are comparing what you expected to see from the 
map to what you do see on the ground. Errors are anticipated and will not go unchecked. 
You can easily make adjustments based upon what you encounter. After all, you do not find 
the neighborhood grocery store by dead reckoning —you adjust your movements according 
to the familiar landmarks you encounter along the way (Figure 11-8). Periodic position- 
fixing through either plotted or estimated resection will also make it possible to correct your 
movements, call for fire, or call in the locations of enemy targets or any other information 
of tactical or logistical importance. 
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Figure 11-8. Terrain association navigation. 


(1) Identifying and Locating Selected Features, Being able to identify and locate the 
selected features, both on the map and on the ground, are essential to the suc moving 
by terrain association. The following rules may prove helpful. 

(a) Be certain the map is properly oriented when moving along the route and use the 
terrain and other features as guides. The orientation of the map must match the terrain or it 
can cause confusion. 

(b) To locate and identify features being used to guide the movement, look for the 
steepness and shape of the slopes, the relative elevations of the various features, and the 
directional orientations in relation to your position and to the position of the other features 
you can see. 

(c) Make use of the additional cues provided by hydrography, culture, and vegetation. 
All the information you can gather will assist you in making the move. The ultimate test and 
the best practice for this movement technique is to go out in the field and use it. The use of 
terrain, other natural features, and any man-made objects that appear both on the map and 
on the ground must be practiced at every opportunity. There is no other way to lear or retain 
this skill. 

(2) Using Handrails, Catching Features, and Navigational Attack Points. First, 
because it is difficult to dead reckon without error over long distances with your compass, 
the alert navigator can often gain assistance from the terrain. 

(a) Handrails are linear features like roads or highways, railroads, power transmission 
lines, ridgelines, or streams that run roughly parallel to your direction of travel. Instead of 
using precision compass work, you can rough compass without the use of steering marks for 
as long as the feature travels with you on your right or left. It acts as a handrail to guide the 
way. 
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(b) Second, when you reach the point where either your route or the handrail changes 
direction, you must be aware that it is time to go your separate ways. Some prominent 
feature located near this point is selected to provide this warning. This is called a catching 
feature; it can also be used to tell you when you have gone too far. 

(©) Third, the catching feature may also be your navigational attack point; this point is 
the place where area navigation ends and point navigation begins. From this last easily 
identified checkpoint, the navigator moves cautiously and precisely along a given azimuth 
for a specified distance to locate the final objective. The selection of this navigational attack 
point is important. A distance of 500 meters or less is most desirable 

(3) Recognizing the Disadvantages of Terrain Association. The major disadvantage to 
navigation by terrain association is that you must be able to interpret the map and analyze 
the world around you. Recognition of terrain and other features, the ability to determine and 
estimate direction and distance, and knowing how to do quick-in-the-head position fixing 
are skills that are more difficult to teach, learn, and retain than those required for dead 
reckoning. 

c. Combination of Techniques. Actually, the most successful navigation is obtained 
by combining the techniques described above. Constant orientation of the map and 
continuous observation of the terrain in conjunction with compass-read azimuths, and 
distance traveled on the ground compared with map distance, used together make reaching 
a destination more certain. One should not depend entirely on compass navigation or map 
navigation; either or both could be lost or destroyed. 


NOTE: See Appendix F for information on orienteering. 


11-7. NIGHT NAVIGATION 
Darkness presents its own characteristics for land navigation because of limited or no 
visibility. However, the techniques and principles are the same as that used for day 
navigation. The s in nighttime land navigation depends on rehearsals during the 
planning phase before the movement, such as detailed analysis of the map to determine the 
type of terrain in which the navigation is going to take place and the predetermination of 
azimuths and dis Night vision devices (Appendix H) can greatly enhance night 
navigation 

a, The basic technique used for nighttime land navigation is dead reckoning with 
several compasses recommended. The point man is in front of the navigator but just a few 
steps away for easy control of the azimuth. Smaller steps are taken during night navigation, 
so remember, the pace count is different. It is recommended that a pace count obtained by 
using a predetermined 100-meter pace course be used at night 

b. Navigation using the stars is recommended in some areas; however, a thorough 
knowledge of constellations and location of stars is needed (paragraph 9-5c). The four 
cardinal directions can also be obtained at night by using the same technique des 
the shadow-tip method. Just use the moon instead of the sun. In this case, the moon has to 
be bright enough to cast a shadow. 


inces 
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CHAPTER 12 
MOUNTED LAND NAVIGATION 


A vehicle commander should be able to navigate from one point on the 
ground to another with or without a compass. If separated from his unit and 
given an azimuth and distance from their position to his, he should be able 
to reach the unit and continue the mission. To move effectively while 
mounted, he must know the principles of mounted navigation. 


12-1, PRINCIPLES 
The principles of land navigation while mounted are basically the same as while dismounted 
‘The major difference is the speed of travel. Walking between two points may take one hour, 
but riding the same distance may only take 15 minutes. To be effective at mounted land 
navigation, the travel speed must be considered. 


12-2. NAVIGATOR'S DUTIES 
The duties of a navigator are so important and exacting that he should not be given any other 
duties. The leader should never try to be the navigator, since his normal responsibilities are 
heavy, and one or the other job would suffer. 

a, Assembling Equipment. The navigator must gather all the equipment that will help 
him perform his job (maps, pencils, and so forth). He must do this before the mission starts. 

b. Servicing Equipment. It is the navigator's duty to make sure that all the equipment 
he may use or require is working. 

c. Recording Data for Precise Locations. During movement, the navigator must make 
sure that the correct direction and distance are recorded and followed. Grid coordinates of 
locations must be recorded and plotted, 

d. Supplying Data to Subordinate Leaders. During movement, any change in 
direction or distance must be given to the subordinate leaders in sufficient time to allow them 
to react. 

¢. Maintaining Liaison with the Commander. The commander normally selects the 
route that he desires to use. The navigator is responsible for following that route; however, 
there may be times when the route must be changed during a tactical operation. For this 
reason, the navigator must maintain constant communication with the commander. The 
navigator must inform the commander when checkpoints are reached, when a change in 
direction of movement is required, and how much distance is traveled. 


12-3. MOVEMENT 
When preparing to move, the effects of terrain on navigating mounted vehicles must be 
determined. You will cover great distances very quickly, and you must develop the ability 
to estimate the distance you have traveled. Remember that 0.1 mile is roughly 160 meters, 
and 1 mile is about 1,600 meters or 1.6 kms. Having a mobility advantage helps while 
navigating. Mobility makes it much easier if you get disoriented to move to a point where 
you can reorient yourself, 
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NOTE: To convert kmph to mph, multiply by .62. (9 kmph x .62 = 5.58 mph). To convert 
mph to kmph, divide mph by .62 (10 mph = 0,62 = 16.12 kmph). 

a, Consider Vehicle Capabilities. When determining a route to be used when mounted, 
consider the capabilities of the vehicles to be used. Most military vehicles are limited in the 
degree of slope they can climb and the type of terrain they can negotiate. Swamps, thickly 
wooded areas, or deep streams may present no problems to dismounted soldiers, but the 
same terrain may completely stop mounted soldiers. The navigator must consider this when 
selecting a route. 

(1) Most vehicles will knock down a tree. The bigger the vehicle, the bigger the tree it 
can knock down, Vehicles cannot knock down several trees at once. It is best to find paths 
between trees that are wide enough for your vehicle. Military vehicles are designed to climb 
60 percent slopes on a dry, firm surface (Figure 12-1). 

(2) You can easily determine approximate slope; just look at the route you have selected. 
If there is a contour line in any 100 meters of map distance on that route, it is a 10 percent 
slope. If there are two contour lines, itis 20 percent, and so forth, If there are four contour 
lines in any 100 meters, look for another route. 

(3) Side slope is even more important than the slope you can climb. Normally, a 30 
percent slope is the maximum in good weather. If you traverse a side slope, do it slowly and 
without tums. Rocks, stumps, or sharp tums can cause you to throw the downhill track under 
the vehicle, which would mean a big recovery task. 

(4) For tactical reasons, you will often want to move in draws or valleys because they 
give you cover. However, side slopes force you to move slowly. 


NOTE: — The above figures are true for a 10-meter or a 20-foot contour interval. If the map 
has a different contour interval, just adjust the arithmetic. For instance, with one 
contour line in 100 meters, a 20-meter interval would give a 20 percent slope. 


b. Know the Effects of Weather on Vehicle Movement. Weather can halt mounted 
movement. Snow and ice are obvious dangers, but more significant is the effect of rain and 
snow on soil load-bearing ability. Cross-country vehicles may be restricted to road 
movement in heavy rain. If it has rained recently, adjust your route to avoid flooded or 
muddy areas. A mired vehicle only hinders combat capability 

c. Prepare Before Movement. Locate the start point and finish point on the map. 
Determine the map's grid azimuth from start point to finish point and convert it to a magnetic 
azimuth, Determine the distance between the start point and finish point or any intermediate 
points on the map and make a thorough map reconnaissance of that area. 
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Figure 12-1. Tracked vehicle capabilities. 


12-4. TERRAIN ASSOCIATION NAVIGATION 
This is currently the most widely used method of navigation. The navigator plans his route 
so that he moves from terrain feature to terrain feature. An automobile driver in a city uses 
this technique as he moves along a street or series of streets, guiding on intersections or 
features such as stores and parks. Like the driver, the navigator selects routes or streets 
between key points or intersections. These routes must be capable of sustaining the travel 
of the vehicle or vehicles, should be relatively direct, and should be easy to follow. In a 
typical move, the navigator determines his location, determines the location of his objective, 
notes the position of both on his map, and then selects a route between the two. After 
examining the terrain, he adjusts the route by the following actions: 

a. Consider Tactical Aspects. Avoid skylining, select key terrain for overwatch 
positions, and select concealed routes, 
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b. Consider Ease of Movement. Use the easiest possible route and bypass difficult 
terrain, Remember that a difficult route is harder to follow, is noisier, causes more wear and 
tear (and possible recovery problems), and takes more time. Tactical surprise is achieved by 
doing the unexpected. Try to select an axis or corridor instead of a specific route, Make sure 
you have enough maneuver room for the vehicles (Figure 12-2), 
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Figure 12-2. Primary route. 


Use Terrain Features as Checkpoints, These checkpoints must be easily 


recognizable in the light and weather conditions and at the speed at which you will move. 
You should be able to find a terrain feature from your location that can be recognized from 
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almost anywhere and used as a guide. An example is checkpoint 2, the church, and 
checkpoint 3, the orchard, in Figure 12-2 

(1) The best checkpoints are linear features that cro: 
hard-top roads, ridges, valleys, and railroads. 

(2) The next best checkpoints are elevation changes, such as hills, depressions, s 
and draws. Look for two contour lines of change. You will not be able to spot less than two 
lines of change while mounted. 

(3) In wooded terrain, try to locate checkpoints at no more than 1,000-meter intervals. 
In open terrain, you may go to about 5,000 meters. 

d. Follow Terrain Features. Movement and navigation along a valley floor or near 
(not necessarily on) the crest of a ridgeline is easiest. 

e. Determine Directions. Break the route down into smaller segments and determine 
the rough directions that will be followed. You do not need to use the compass; just use the 
main points of direction (north, northeast, east, and so forth). Before moving, note the 
location of the sun and locate north. Locate changes of direction, if any, at the checkpoints, 
picked, 

£ Determine Distance. Get the total distance to be traveled and the approximate 
distance between checkpoints. Plan to use the vehicle odometer to keep track of distance 
traveled. Use the pace-count method and keep a record of the distance traveled. When using 
apace count, convert from map distance to ground distance by adding the conversion factors 
of 20 percent for cross-country movement. 

g. Make Notes. Mental notes are usually adequate. Try to imagine what the route is like 
and remember it 

h. Plan to Avoid Errors. Restudy the route selected. Try to determine where errors are 
most apt to occur and how to avoid any trouble. 

i. Use a Logbook. When the routes have been selected and the navigator has divided 
the distance to be traveled into legs, prepare a logbook. The logbook is an informal record 
of the distance and azimuth of each leg, with notes to aid the navigator in following the 
correct route, The notes list easily identifiable terrain features at or near the point where the 
direction of movement changes (Figure 12-3, page 12-6). 
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Figure 12-3. Sample of a logbook format. 


12-5. DEAD RECKONING NAVIGATION 
Dead reckoning is moving a set distance along a set line. Generally, it involves moving so 
many meters along a set line, usually an azimuth in degrees. There is no accurate method 
of determining a direction in a moving vehicle. A magnetic vehicle-heading reference unit 
may be available in a few years; for now, use a compass. 

a, With Steering Marks. This procedure is the same for vehicle travel as on foot. 

(1) The navigator dismounts from the vehicle and moves away from the vehicle (at least 
18 meters). 

(2) He sets the azimuth on the compa: 
the direction on that azimuth (Figure 12-4), 

(3) He remounts and has the driver identify the steering mark and proceeds to it in 
straight a line as possible. 

(4) On arrival at the steering mark or on any changes in direction, he repeats the first 
three steps above for the next leg of travel. 


ind picks a steering mark (rock, tree, hilltop) in 
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Internet of Things and Machine-to-Machine 


Anticipating huge growth in machine-to-machine communications, Release 11 added a 
Machine Type Communications (MTC) Interworking Function and Service Capability Server. 
Release 12 defined a category 0 device designed to deliver low cost through a single 
antenna design and other simplifications. "® Release 13 went even further, with a category 
M-1 architecture that further reduces cost, improves range, and extends battery life. 
Category 13 also added Narrowband-loT capability with Category NB-1 and an |oT solution 
for GSM, called “EC-GSM-IoT,” that extends coverage by 20 dB. Category M-1 and NB-loT 
devices could achieve battery life as high as 10 years. 


Figure 92 depicts the methods used to reduce cost in a Category M device compared with 
a Category 4 device. 


Figure 92: Means of Ac! 
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Table 26 summarizes the features of different LTE loT devices based on 3GPP Release. 


Table 26: Summary of loT Features in LTE Devices 


Device Category | Category | Category Category | Category | EC-GSM- 
Category 3 1 ° M-1 NB-1 loT 
3GPP 10 n 12 3B 13 3 
Release 


185 3GPP, Access System for Ultra Low Complexity and Low Throughput Internet of Things based on 
Cellular, GP-140301, May 2014. 


186 5G Americas member contribution. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 167 
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Figure 12-4. Detert 


jing an azimuth, dismounted. 


b. Without Steering Marks. This procedure is used only on flat, featureless terrain. 

(1) The navigator dismounts from the vehicle, which is oriented in the direction of travel, 
and moves at least 18 meters to the front of the vehicle. 

(2) He faces the vehicle and reads the azimuth to the vehicle. By adding or subtracting 
180°, he determines the forward azimuth (direction of travel) 

(3) On order from the navigator, the driver drives on a straight line to the navigator. 

(4) The navigator remounts the vehicle, holds the compass as it will be held while the 
vehicle is moving, and reads the azimuth in the direction of travel. 

(5) The compass will swing off the azimuth determined and pick up a constant deviation, 
For instance, say the azimuth was 75° while you were away from the vehicle. When you 
remounted and your driver drove straight forward, your compass showed 67°. You have a 
deviation of -8°. All you need to do is maintain that 67° compass heading to travel on a 75° 
magnetic heading, 

(6) At night, the s sed. From the map, determine the azimuth you 
are to travel. Convert the grid azimuth to a magnetic azimuth. Line the vehicle up on that 
azimuth, then move well in front of it. Be sure itis aligned correctly. Then mount, have the 
driver move slowly forward, and note the deviation. If the vehicle has a turret, the above 
procedure works unless you traverse the turret; this changes the deviation, 

(7) The distance factor in dead reckoning is easy. Just determine the map distance to 
travel and add 20 percent to convert to ground distance. Use your vehicle odometer to be 
sure you travel the proper distance. 


12-6. STABILIZED TURRET ALIGNMENT NAVIGATION 
Another method, if you have a vehicle with a stabilized turret, is to align the turret on the 
azimuth you wish to travel, then switch the turret stabilization system on, The gun tube 
remains pointed at your destination no matter which way you turn the vehicle. This 
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technique has been proven; it works. It is not harmful to the stabilization system. It is subject 
to stabilization drift, so use it for no more than 5,000 meters before resetting, 


NOTE: Ifyou have to take the turret off-line to engage a target, you will have to start all 
over, re-do the entire proce: 


12-7. COMBINATION NAVIGATION 
Some mounted situations may call for you to combine and use both methods. Just remember 
the characteristics of each. 
a, Terrain association is fast, is error-tolerant, and is best under most circumstances. It 
can be used day or night if you are proficient in it. 
b. Dead reckoning is very accurate if you do everything correctly. You must be very 
precise. It is also slow, but it works on very flat terrain, 
¢. You frequently will combine both. You may use dead reckoning to travel across a 
large, flat area to a ridge, then use terrain association for the rest of the move. 
d. You must be able to use both methods. You should remember that your probable 
errors, in order of frequency, will be— 
+ Failure to determine distance(s) to be traveled. 
+ Failure to travel the proper distance. 
+ Failure to properly plot or locate the objective. 
+ Failure to select easily recognized checkpoints or landmarks. 
+ Failure to consider the ease of movement factor. 
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CHAPTER 13 
NAVIGATION IN DIFFERENT TYPES OF TERRAIN 


The information, concepts, and skills already presented will help you to 
navigate anywhere in the world; however, there are some special 
considerations and helpful hints that may assist you in various special 
environments. The following information is not doctrine. 


13-1. DESERT TERRAIN 
About 5 percent of the earth's land surface is covered by deserts (Figure 13-1). Deserts are 
large arid areas with little or no rainfall during the year. There are three types of deserts— 
mountain, rocky plateau, and sandy or dune deserts. All types of forces can be deployed in 
the desert. Armor and mechanized infantry forces are especially suitable to desert combat 
except in rough mountainous terrain where light infantry may be required. Airborne, air 
assault, and motorized forces can also be advantageously employed to exploit the vast 
distances characteristic of desert warfare 


Figure 13-1. Deserts. 


a. Desert Regions. In desert regions, terrain varies from nearly flat to lava beds and salt 
marshes. Mountain deserts contain scattered ranges or areas of barren hills or mountains. 
Table 13-1, on page 13-2, lists some of the world’s major desert regions and their locations. 
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REGION LOCATION 
Sahara. 4 North Africa 
Kalahari veseeSouthwest Africa 
Arabian. ....Southwest Asia 
GobI.......2.-00+s+ssssssseeseeees+-Mongolia and Northern China 
Rublal Khali... South Arabia 
Great Basin, Colorado, 
Chihuahua, Yuma Sonoran, 
and Mohave. Northern Mexico and Western 
United States 
Takla Makan... seseeeseessseeNorthern China 
Kyzyl Kum. seceeeseesssssssSouthwest USSR. 
Kara Kum. veseeessssssne Southwest USSR, 
Syrian... veseeeseeseSaudi Arabia, Jordan, and Iraq 
Great Victoria. veseesseesWestern and South Australia 
Great Sandy. : Northwestern Australia 
Patagonia vseess+-Southern Argentina and Chile 
Atacama,........cseseeeeeeeesesessssNorthern Chile 


Table 13- 


- Major desert re: 


(1) Finding the way in a desert presents some degree of difficulty for a person who has 
never been exposed to this environment. Desert navigators have learned their way through 
generations of experience. 

(2) Normally, desert people are nomadic, constantly moving in s. Navigating 
becomes second nature to them. Temperature in the tropical deserts reaches an average of 
110° to 115° during the day, so most navigation takes place at night using the stars. Most 
deserts have some prevailing winds during the seasons. Such winds arrange the sand dunes 
in a specific pattern that gives the navigator the opportunity to determine the four cardinal 
directions. He may also use the sun's shadow-tip method. 

(3) A sense of direction can be obtained by watching desert animals on their way to and 
from water holes (oases). Water, navigation, and survival are closely related in desert areas. 
Most deserts have pigeons or doves, and their drinking habits are important to the navigator. 
Asa rule, these birds never drink in the morning or during the day, making their evening 
flights the most important. When returning from the oases, their bodies are heavier from 
drinking and their flight is accompanied by a louder flapping of their wings 

(4) Visibility is also an important factor in the desert, especially in judging distance. The 
absence of trees or other features prevents comparison between the horizon and the skyline. 

b. Interpretation and Analysis. Many desert maps are inaccurate, which makes up-to- 
date air, aerial photo, and ground reconnaissance necessary. In desert mountain areas contour 
intervals are generally large, so many of the intermediate relief features are not shown, 

(1) The desert normally permits observation and fire to maximum ranges. The terrain is 
generally wide open and the exceptionally clear atmosphere offers excellent long-range 
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visibility. Combine this with a powerful sun and low cloud density and you have nearly 
unlimited light and visual clarity, which often contribute to gross underestimations of rangs 
Errors of up to 200 or 300 percent are not uncommon. However, visibility conditions may 
be severely affected by sandstorms and mirages (heat shimmer caused by air rising from the 
extremely hot daytime desert surface), especially if the observer is looking into the sun 
through magnifying optical instruments. 

(2) Cover can be provided only by terrain feature masking because of the lack of heavy 
vegetation and man-made objects. It only takes a few meters of relief to provide cover. 
Concealment in the desert is related to the following factors: 

(a) Shape. In order not to be observed by the enemy, attempt to alter the standard shapes 
of vehicles so they and their shadows are not instantly recognized 

(b) Shine. Shine or glitter is often the first thing that attracts the observer's eye to 
movement many kilometers away. It must be eliminated. 

(c) Color and texture. All equipment should either be pattern painted or mudded to blend 
in with the terrain, 

(d) Light and noise. Light and noise dis 
travel great distances in the desert 

(e) Heat. Modern heat image technology makes shielding heat sources an important 
consideration when trying to hide from the enemy. This technology is especially important 
during night stops. 

(8) Movement. Movement itself creates a great deal of noise and dust, but a rapid 
execution using all the advantages the topography offers can help conceal it 

¢. Navigation, When operating in the broad basins between mountain ranges or on 
rocky plateau deserts, there are frequently many terrain features to guide your movement by. 
But, observing these known features over great distances may provide a false sense of 
security in determining your precise location unless you frequently confirm your location 
by resection or referencing close-in terrain features. It is not uncommon to develop errors 
of several kilometers when casually estimating a position in this manner. Obviously, this can 
create many problems when attempting to locate a small checkpoint or objective, calling for 
CAS, reporting operational or intelligence information, or meeting CSS requirements, 

(1) When operating in an area with few visual cues, such as in a sandy or dune desert, 
or restricted visibility by a sandstorm or darkness, you must proceed by dead reckoning. The 
four steps and two techniques for navigation presented earlier remain valid in the desert. 
However, understanding the special conditions found there are extremely helpful as you 
apply them. 

(2) Tactical mobility and speed are key to successful desert operations. Obstacles and 
areas such as lava beds or salt marshes, which preclude surface movements, do exist. But 


ipline are essential because sound and light 


task force at sea, Speed of execution is essential. Everyone moves farther and faster on the 
desert. Special navigation aids sometimes used in the desert include: 


(a) Sun compass. It can be used on moving vehicles and sextants. It requires accurate 
timekeeping. However, the deviation on a magnetic compass that is caused by the metal and 
electronics in the vehicle is usually less than +10°, 

(b) Gyro compass. The gun azimuth stabilizer is in fact a gyro compass 
flat ground, it is useful for maintaining direction over limited distanc 


Ifused on fairly 
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(©) Fires, Planned tracer fire or mortar and artillery concentrations (preferably smoke 
during the day and illumination at night) provide useful checks on estimated locations 

(d) Prepositioned lights. This method consists of placing two or more searchlights far 
apart, behind the line of contact, beyond enemy artillery range, and concealed from enemy 
ground observation. Units in the area can determine their own locations through resection, 
using the vertical beams of the lights. These lights must be moved on a time schedule known 
to all friendly units 

(3) One final note on desert navigation is that the sand, hard-baked ground, rocky 
surfaces, thorny vegetation, and heat generally found in the desert impose far greater 
demands for maintenance than you would plan for in temperate regions. It may also take 
longer to perform that maintenance. 


13-2. MOUNTAIN TERRAIN 
Mountains are generally understood to be larger than hills. Rarely do mountains occur 
individually; in most cases, they are found in elongated ranges or circular groups. When they 
are linked together, they constitute a mountain system (Figure 13-2). Light forces (infantry, 
airborne, and air assault forces) can operate effectively in mountainous regions because they 
are not terrain limited. Heavy forces must operate in passes and valleys that are negotiable 
by vehicle. 


Figure 13-2. Mountain systems. 


a, Major Systems. Major systems are listed in Table 13-2 
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SYSTEM LOCATION 
The Andes...............+-.Central and South America 
The Rockies veseeuNorth America (USA-Canada) 
The Appalachians. North America (USA-Canada) 
The Alps. Central Europe 
The Himalayas. Asia 
The Caucasus...............Western Asia and Europe (Ru 


Table 13-; 


. Major systems. 


b. Minor Systems. Some other systems are in Antarctica, Hawaii, Japan, New Zealand, 
and Oceania. Mountain systems are characterized by high, in: ble peaks and steep 
slopes. Depending on the altitude, they may be snow covered. Prominent ridges and large 
leys are also found. Navigating in this type of terrain is not difficult providing you make 
a careful examination of the map and the terrain. 

¢. Climate. Because of the elevations, it is always colder (3° to 5° per 300-meter gain 
in altitude) and wetter than you might expect. Wind speeds can increase the effects of the 
cold even more. Sudden severe storms and fog are encountered regularly. Below the tree 
line, vegetation is heavy because of the extra rainfall and the fact that the land is rarely 
cleared for farming, 

d. Interpretation and Analysis. The heights of mountainous terrain permit excellent 
long-range observation. However, rapidly fluctuating weather with frequent periods of high 
winds, rain, snow, or fog may limit visibility. Also, the rugged nature of the terrain 
frequently produces significant dead space at mid-ranges. 

(1) Reduced mobility, compartmented terrain, and the effects of rapidly changing 
weather increase the importance of air, ground, aerial photo, and map reconnaissance. Since 
mountain maps often use large contour intevals, microrelief interpretation and detailed 
terrain analysis require special emphasis 

(2) At first glance, some mountainous terrain may not appear to offer adequate cover and 
concealment; however, you can improve the situation. When moving, use rock outcroppings, 
boulders, and heavy vegetation for cover and concealment; use terrain features to mask 
maneuvers. Use harsh weather, which often obscures observation, to enhance concealment. 

(3) Since there are only a few routing options, all-round security must be of primary 
concern, Natural obstacles are everywhere, and the enemy can easily construct more. 

e. Navigation. Existing roads and trails offer the best routes for movement. Off-road 
movement may enhance security provided there is detailed reconnaissance, photo 
intelligence, or information from local inhabitants to ensure the route is negotiable. Again, 
the four steps and two techniques for navigation presented earlier remain valid in the 
mountains, Nevertheless, understanding the special conditions and the terrain will help you 
navigate. Other techniques that are sometimes helpful in mountains are: 

(1) Aspect of Slope. To determine the aspect of slope, take a compass reading along an 
imaginary line that runs straight down the slope. It should cut through each of the contour 
lines at about a 90° angle. By checking the map and knowing the direction of slope where 
you are located, you will be able to keep track of your location, and it will help guide your 
cross-country movement even when visibility is poor. 


orms 
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(2) Use of an Altimeter. Employment of an altimeter with calibrations on the scale down 
to 10 or 20 meters is helpful to land navigators moving in areas where radical changes in 
elevation exist. An altimeter is a type of barometer that gauges air pressure, except it 
measures on an adjustable scale marked in feet or meters of elevation rather than in inches 
or centimeters of mercury. Careful use of the altimeter helps to pinpoint your position on a 
map through a unique type of resection. Instead of finding your position by using two 
different directional values, you use one directional value and one elevation value. 


13-3. JUNGLE TERRAIN 
These large geographic regions are found within the tropics near the equator (Central 
America, along the Amazon River, South-Eastern Asia and adjacent islands, and vast areas 
in the middle of Africa and India) (Figure 13-3). Jungles are characterized as rainy, humid 
areas with heavy layers of tangled, impenetrable vegetation. Jungles contain many species 
of wildlife (tigers, monkeys, parrots, snakes, alligators, and so forth). The jungle is also a 
paradise for insects, which are the worst enemy of the navigator because some insects carry 
diseases (malaria, yellow fever, cholera, and so forth). While navigating in these areas, very 
little terrain association can be accomplished because of the heavy foliage. Dead reckoning 
is one of the methods used in these areas. A lost navigator in the jungle can eventually find 
his way back to civilization by following any body of water with a downstream flow 
However, not every civilization found is of a friendly nature. 


igure 13-3. Jungles and savannas. 


a, Operations. Operations in jungles tend to be isolated actions by small forces 
of the difficulties encountered in moving and in maintaining contact between units. Divisions 
can move cross-country slowly; but, aggressive reconnaissance, meticulous intelligence 
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collection, and detailed coordination are required to concentrate forces in this way. More 
commonly, large forces operate along roads or natural avenues of movement, as was the case 
in the mountains, Patrolling and other surveillance operations are especially important to 
ensure security of larger forces in the close terrain of jungles. 

(1) Short fields of observation and fire, and thick vegetation make maintaining contact 
with the enemy difficult. The same factors reduce the effectiveness of indirect fire and make 
jungle combat primarily a fight between infantry forces. Support by air and mechanized 
forces can be decisive at times, but it will not always be available or effective. 

(2) Jungles are characterized by high temperatures, heavy rains, high humidity, and an 
abundance of vegetation. The climate varies with location. Close to the equator, all seasons 
are nearly alike with heavy rains all year. Farther from the equator (India and Southeast 
Asia), there are distinct wet (monsoon) and dry seasons. Both zones have high temperatures 
(averaging 75 to 95+ degrees Fahrenheit), heavy rainfall (as much as 400+ inches annually, 
and high humidity (90 percent) all year. 

(3) In temperate climates, it is the areas of vegetation that are most likely to be altered 
and incorrectly portrayed on a map. In jungle areas, the vegetation grows so rapidly that it 
is more likely to be cleared and make these areas be shown incorrectly. 

b. Interpretation and Analysis. The jungle environment includes dense forest 
grasslands, swamps, and cultivated areas. Forests are classified as primary and secondary 
based upon the terrain and vegetation. Primary forests include tropical rain forests and 
deciduous forests. Secondary forests are found at the edges of both rain forests and 
deciduous forests and in areas where jungles have been cleared and abandoned. These places 
are typically overgrown with weeds, grasses, thorns, ferns, canes, and shrubs. Movement is 
especially slow and difficult. The extremely thick vegetation reaches a height of 2 meters 
and severely limits observation to only a few meters, 

(1) Tropical rain forests consist mostly of large trees whose branches spread and lock 
together to form canopies. These canopies, which can exist at two and three different levels, 
may form as low as 10 meters from the ground. They prevent direct sunlight from reaching 
the ground, causing a lack of undergrowth on the jungle floor. Extensive above-ground root 
systems and hanging vines are common and make vehicular travel difficult; foot movement 
is easier. Ground observation is limited to about 50 meters and air observation is nearly 
impossible. 

(2) Deciduous forests are in semitropical zones that have both wet and dry seasons. In 
the wet season, trees are fully leaved; in the dry season, much of the folliage dies. Trees are 
usually less dense than in rain forests, which allows more sunlight to filter to the ground. 
This procedure produces thick undergrowth. During the wet season, air and ground 
observation is limited and movement is difficult. During the dry season, both improve. 

(3) Swamps are common to all low, jungle areas where there is poor drainage. When 
navigating in a swampy area, a careful analysis of map and ground should be taken before 
any movement. The soldiers should travel in small numbers with only the equipment 
required for their mission, keeping in mind that they are going to be immersed in water part 
of the time. The usual technique used in swamp navigation is dead reckoning. There are two 
basic types of swamps—mangrove and palm. Mangrove swamps are found in coastal areas 
wherever tides influence water flow. Mangrove is a shrub-like tree that grows 1 to 5 meters 
high. These trees have a tangled root system, both above and below the waterline, which 
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restricts movement either by foot or small boat. Observation on the ground and from the air 
is poor, but concealment is excellent. 

(4) Grassy plains or savannas are generally located away from the equator but within the 
tropics. These vast land areas are characterized by flatlands with a different type of 
vegetation than jungles. They consist mainly of grasses (ranging from 1 to more than 12 feet 
in height), shrubs, and isolated trees. The most difficult areas to navigate are the ones 
surrounded by tall grass (elephant grass); however, vehicles can negotiate here better than 
in some areas. There are few or no natural features to navigate by, making dead reckoning 
or navigation by stars the only technique for movement (Figure 13-3). Depending on the 
height of the grass, ground observation may vary from poor to good. Concealment from air 
observation is poor for both soldiers and vehicles. 

(5) Bamboo stands are common throughout the tropics. They should be bypassed 
whenever possible, They are formidable obstacles for vehicles, and soldier movement 
through them is slow, exhausting, and noi: 

(6) Cultivated areas exist in jungles also. They range from large, well-planned, well- 

managed farms and plantations to small tracts, cultivated by farmers, The three general types 
of cultivated areas are rice paddies, plantations, and small farms. 
Navigation. Areas such as jungles are generally not accurately mapped because 
heavy vegetation makes aerial surveys difficult. The ability to observe terrain features, near 
or far, is extremely limited. The navigator must rely heavily upon his compass and the dead 
reckoning technique when moving in the jungle. Navigation is further complicated by the 
inability to make straight-line movements. Terrain analysis, constant use of the compass, and 
an accurate pace count are essential to navigation in this environment. 

(1) Rates of movement and pace counts are particularly important to jungle navigators 
The most common error is to overestimate the distance traveled. The distances below can 
be used as a rough guide for the maximum distances that might be traveled in various types 
of terrain during one hour in daylight 


Type of Terrain Maximum Distance 
(In Meters) 

Tropical rain forest.........cssesss-e-tp 10 1,000 
Deciduous forest. sees. 500 
Secondary jungle........ ...100 to 500 
Saececie see 500 

5 v--100 t0 300 

Rice paddies (wet), sacions beter 8O0 
Rice paddies (dry) aagpbgbelicherdaet 2000 
Plamtations........sssssssssseeessesseess 000 
Trai --up to 3,000 


Table 13-3. Guide for maximum distance. 
(2) Special navigation strategies that are helpful in jungles include: 
(a) Personal pace table. You should either make a mental or written personal pace table 
that includes your average pace count per 100 meters for each of the types of terrain through 
which you are likely to navigate. 
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Device Category Category Category Category Category | EC-GSM 
Category 3 1 ty M-1 loT 
Max. Data | 100Mbps | 10 Mbps | 1Mbps | 1Mbps | 200 Kbps | 74 Kbps 
Rate 
Downlink 
Max. Data | 50 Mbps | 5 Mbps | 1 Mbps | 1Mbps | 200Kbps | 74 Kbps 
Rate Uplink 
Max. 20 MHz | 20MHz | 20 MHz | 1.08 MHz | 0.18 MHz | 0.2 MHz 
Bandwidth 
Duplex Full Full Optional | Optional _| Half Half 
half- half- 
duplex | duplex 
Max. Two Two ‘One One One One 
Receive 
Antennas 
Power Power Power Power 
Save Save Save 
Mode##” | Mode Mode 
Sleep Longer 
sleep 
cycles 
using Idle 
Discontinu 
ous 
Reception 
(DRX) 
Coverage Extended 
through 
redundant 
transmissi 
ons and 
Single 
Frequency 
Multicast 


Cloud Radio-Access Network (RAN) and Network 
Virtualization 


Still in the early stages of development, cloud RAN (C-RAN) is a distributed architecture in 
which multiple remote radio heads connect to a “cloud” that consists of a farm of baseband 


processing nodes. Thi 


approach can improve centralized processing, as is needed for 


187 Power Save Mode specified in Release 12, but applicable to Category 1 device configured as Release 
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(b) Resection using indirect fire. Call for mortar or artillery fire (airbursts of white 
phosphorous or illumination) on two widely separated grids that are not on terrain features 
like the one you are occupying and are a safe distance from your estimated location. 
Directions to the airbursts sometimes must be determined by sound. 

(©) Modified area/point navigation, Even when making primary use of the compass for 
dead reckoning, you are frequently able to area navigate to an expanded objective, which i 
easily identified by terrain association. Then, simply develop a short, point-navigation leg 
to your final destination. 


13-4. ARCTIC TERRAIN 
Arctic terrain includes those areas that experience extended periods of below freezing 
temperatures. In these areas, the ground is generally covered with ice or snow during the 
winter season. Although frozen ground and ice can improve trafficability, a deep 
accumulation of snow can reduce it. Vehicles and personnel require special equipment and 
care under these adverse conditions 

a. Operations. Both the terrain and the type and size of unit operations vary greatly in 
arctic areas. In open terrain, armored and mechanized forces will be effective although they 
will have to plan and train for the special conditions. In broken terrain, forests, and 
mountains, light forces will predominate as usual. However, foot movement can take up to 
five times as long as it might under warmer conditions 

b. Interpretation and Analysis. Both the terrain and cultural features you may 
confront in winter may vary to any extreme, as can the weather. The common factor is an 
extended period of below-freezing temperatures. The terrain may be plains, plateaus, hills 
or mountains. The climate will be cold, but the weather will vary greatly from place to place. 
Most arctic terrain experiences snow, but some claim impressive accumulations each season, 

uch as the lake-effected snow belts off Lake Ontario near Fort Drum, New York. Other 
areas have many cold days with sunshine and clear nights, and little snow accumulation, 

(1) In areas with distinct local relief and scattered trees or forests, the absence of foliage 
makes movement by terrain association easier; observation and fields of fire are greatly 
enhanced except during snowstorms. But in relatively flat, open areas covered with snow 
(especially in bright sunlight), the resulting lack of contrast may interfere with your being 
able to read the land. With foliage gone, concealment (both from the ground and from the 
air) is greatly reduced. As in desert areas, you must make better use of the terrain to conceal 
your movements. 

(2) Frozen streams and swamps may no longer be obstacles, and thus identification of 
avenues of approach may be difficult in winter. However, the concept as to what is key 
terrain is not likely to be affected 
Navigation. Special skills may be required in arctic terrain, such as the proper use 
of winter clothing, skis, and snowshoes; but this does not affect your navigation strategies. 
There are no special techniques for navigating in arctic terrain. Just be aware of the 
advantages and disadvantages that may present themselves and make the most of your 
opportunities while applying the four steps and two techniques for land navigation, 

(1) Remember, the highest caliber of leadership is required to ensure that all necessary 
tasks are performed, that security is maintained, and that soldiers and their equipment are 
protected from the physical effects of very low temperatures, There is a great temptation to 
than a thorough job at whatever the task may be when you are very cold. 
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(2) Night navigation may be particularly enhanced when operating in arctic terrain 
Moonlight and starlight on a clear night reflect off the snow, thus enabling you to employ 
daytime terrain association techniques with little difficulty. Even cloudy winter nights are 
often brighter than clear moonlit summer nights when the ground is dark and covered with 
foliage. Movements with complete light discipline (no black-out drives) can often be 
executed. On the other hand, areas with severe winter climates experience lengthy periods 
of darkness each day, which may be accompanied by driving snow and limited visibility. 


13-5. URBAN AREAS 
The world continues to become more urbanized each year; therefore, itis unlikely that all 
fighting will be done in rural settings. Major urban areas represent the power and wealth of 
a particular country in the form of industrial bases, transportation complexes, economic 
institutions, and political and cultural centers. Therefore, it may be necessary to secure and 
neutralize them. When navigating in urban places, it is man-made features, such as roa 
railroads, bridges, and buildings that become important, while terrain and vegetation become 
less useful. 

a, Interpretation and Analysis. Military operations on urbanized terrain require 
detailed planning that provides for decentralized execution. As a result of the rapid growth 
and changes occurring in many urban areas, the military topographic map is likely to be 
outdated. Supplemental use of commercially produced city maps may be helpful, or an 
up-to-date sketch can be made, 

(1) Urbanized terrain normally offers many AAs for mounted maneuver well forward 
of and leading to urban centers. In the proximity of these built-up areas, however, such 
approach routes generally become choked by urban sprawl and perhaps by the nature of 
adjacent natural terrain, Dismounted forces then make the most of available cover by moving 
through buildings and underground systems, along edges of streets, and over rooftops. Urban 
areas tend to separate and isolate units, requiring the small-unit leader to take the initiative 
and demonstrate his skill in order to prevail 

(2) The urban condition of an area creates many obstacles, and the destruction of many 
buildings and bridges as combat power is applied during a battle further limits your freedom 
of movement. Cover and concealment are plentiful, but observation and fields of fire are 
greatly restricted, 

b. Navigation. Navigation in urban areas can be confusing, but there are often many 
cues that will present themselves as you proceed. They include streets and street signs; 
building styles and sizes; the urban geography of industrial, warehousing, residential 
housing, and market districts; man-made transportation features other than streets and roads 
(rail and trolley lines); and the terrain features and hydrographic features located within the 
built-up area. Strategies for staying on the route in an urban area include: 

(1) Process Route Descriptions. Write down or memorize the route through an urban 
area as a step-by-step process. For example, "Go three blocks north, turn left (west) on a 
wide divided boulevard until you go over a river bridge. Turn right (north) along the west 
bank of the river, and..." 

(2) Conceptual Understandings of the Urban Area. While studying the map and 
operating in a built-up area, work hard to develop an understanding (mental map) of the 
entire area. This advantage will allow you to navigate over multiple routes to any location 
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It will also preclude your getting lost whenever you miss a turn or are forced off the planned 
route by obstacles or the tactical situation, 

(3) Resection. Whenever you have a vantage point to two or more known features 
portrayed on the map, do not hesitate to use either estimated or plotted resection to pinpoint 
your position. These opportunities are often plentiful in an urban setting. 
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CHAPTER 14 
UNIT SUSTAINMENT 


Land navigation is a skill that is highly perishable. The soldier must 
continually make use of the skills he has acquired to remain proficient in 
them, The institution is responsible for instruction in the basic techniques of 
land navigation, The institution tests these skills each time a soldier attends 
a leadership course. However, it is the unit's responsibility to develop a 
program to maintain proficiency in these skills between institution courses. 

The unit sustainment program provides training that builds on and reinforces 
the skills the soldier learned in the institution. It should use the building- 
block approach to training: basic map reading instruction or review, 

instruction on land navigation skills, dead reckoning training, dead 
reckoning practice, terrain association training, terrain association practice, 

land navigation testing, and building of leader skills. These leader skills 
should include following a route selected by the commander and planning 
and following a route selected by the leader. The unit trainer should be able 
{0 set up a sustainment program, a train-the-trainer program, and a land 
navigation course for his unit's use. It is recommended that units develop a 
program similar to the one outlined in this chapter. Complete lesson outlines 
and training plans are available by writing to Commander, 29th Infantry 
Regiment, ATTN: ATSH-INB-A, Fort Benning, GA 31905-5595. 


14-1. SET UP A SUSTAINMENT PROGRAM 
The purpose of setting up a sustainment program in the unit is to provide soldiers with 
training that reinforces and builds on the training that they have received in the institution. 

All soldiers should receive this training at least twice a year. The program also provides the 
unit with a means of identifying the areas in which the soldiers need additional training. 

a, Training Guidance. The unit commander must first determine the levels of 
proficiency and problems that his unit has in land navigation. This determination can be done 
through after-action reports from the unit's rotations to NTC/JRTC, ARTEP final reports, 
feedback from his subordinates, personal observation, and annual training. Once the unit 
commander decides where his training time should be concentrated, he can issue his training 
guidance to his subordinate leaders. He also directs his staff to provide training sites, 
resources, and time for the units to train land navigation. It is recommended that land 
navigation be trained separately, not just included as a subtask in tactical training, 

b. Certification. The unit commander must also provide his subordinate commanders 
with a means of certifying training. The unit staff must provide subject matter experts to 
ensure the training meets the standards decided upon by the unit commander. Instructors 
should be certified to instruct, and courses should be certified before the unit uses it 

c. Program Development. The sustainment program should meet the requirements of 
all of the unit's soldiers. It should address all skills from basic map reading to leaders’ 
planning and executing a route. The program should cover the following: 

+ Diagnostic examination. 

+ Map reading instruction/review. 
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ion skills training. 
+ Dead reckoning training/pra 
+ Terrain association training/practice. 

ion written/field examination, 


The sustainment program should be developed and then maintained in the units training 
files. The program should be developed in training modules so that it can be used as a whole 
program or used separately by individual modules. It should be designed so the commander 
can decide which training modules he will use, depending on the proficiency of the unit. The 
unit commander need only use those modules that fit his training plan. 


14-2. SET UP A TRAIN-THE-TRAINER PROGRAM 

The purpose of a train the trainer program in the unit is to develop trainers 
providing soldiers with the confidence and skills necessary to accomplish all 
ion tasks, 

a, Development of the Program. The unit commander should appoint a 
officers and NCOs to act as primary and alternate instructors for land navigation training. 
Use the training modules the unit has developed and have these soldiers go through each 
module of training until they can demonstrate expertise. Determine which instructors 
conduct each module of training and have them practice until they are fully prepared to give 
the training. These instructors act as training cadre for the entire unit. They train their peers 
to instruct the subordinate units, and they certify each unit's training. 

b. Conduct of Training. Conduct training at the lowest level possible. Leaders must 
be included in all training to keep unit integrity intact. 


14-3. SET UP A LAND NAVIGATION COURSE 

The unit commander provides specific guidance on what he requires in the development of 
a land navigation course. It depends upon the unit's mission, training plan, and tasks to be 
trained. There are basic guidelines to use when setting up a course. 

a, Determine the Standards. The unit commander determines the standards for the 
course, Recommended standards are as follows: 

(1) Distance between points: no less than 300 meters; no more than 1,200 meters. 

(2) Total distance of lanes: no less than 2,700 meters; no more than 11,000 meters. 

(3) Total number of position stakes: no less than seven for each lane; no more than nine 
for each lane. 

(4) Time allowed: no less than three hours; no more than four hours. 

b. Decide on the Terrain, The unit should use terrain that is similar to terrain they will 
be using in tactical exercises. Terrain should be different each time training is conducted; 
the training area for a dismounted course needs to be at least 25 square kilometers. Mounted 
courses require twice as much terrain so that vehicles are not too close to each other. 

c. Perform a Map and Ground Reconnaissance. Check the terrain to determine 
position stake locations, look for hazards, and to develop training briefings. 

(1) Plot the locations of your position stakes on a 1:50,000-seale map. 

(2) Fabricate or order position stakes 
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(3) Request support from the local engineer or field artillery unit to survey the position 
stakes in, 

(4) Survey the position stakes in and emplace them. 

(5) Certify the course by having your SMEs negotiate each lane of the course. 

(6) Prepare course requirement sheets and print them, 

(7) Complete a risk assessment of the training area. 

(8) Begin teaching. 


This sequence can be used to develop any type of land navigation course. The difference in 
each course depends on the commander's guidance. 


143 


APPENDIX A 


FIELD SKETCHING 


A sketch is a free-hand drawing of a map or picture of an area or route 
of travel. It shows enough detail and has enough accuracy to satisfy special 
tactical or administrative requirements. 


Acl. PURPOSE 
Sketches are useful when maps are not available or the existing maps are not adequate, or 
to illustrate a reconnaissance or patrol report. Sketches may vary from hasty to complete and 
detailed, depending upon their purpose and the degree of accuracy required. For example, 
asketch of a large minefield will require more accuracy than a hasty sketch of a small unit's 
defensive position. 


A-2. MILITARY SKETCHES 
The scale of a sketch is determined by the object in view and the amount of detail required 
to be shown, The sketch of a defensive position for a platoon or company normally calls for 
asketch of larger scale than a sketch for the same purpose for a division, Military sketches 
also include road and area sketches. 

a, Field Sketches. A field sketch (Figure A-1) must show the north arrow, scale, 
legend, and the following features: 

© Power lines. 

© Rivers. 

© Main roads. 

© Towns and villages. 

«Forests. 

Rail lines. 

© Major terrain features 

b. Road Sketches. These sketches show the natural and military features on and in the 
immediate vicinity of the road. In general, the width of terrain sketches will not exceed 365 
meters on each side of the road, Road sketches may be used to illustrate a road when the 
existing map does not show sufficient detail 

c. Area Sketches. These sketches include those of positions, OPs, or particular places. 

(1) Position Sketch. A position sketch is one of a military position, campsite, or other 
area of ground. To effectively complete a position sketch, the sketcher must have access to 
all parts of the area being sketched. 

(2) Observation Post Sketch. An OP sketch shows the military features of ground along 
a friendly OP line as far toward the enemy position as possible. 

(3) Place Sketch. A place sketch is one of an area made by a sketcher from a single point 
of observation. Such a sketch may cover ground in front of an OP line, or it may serve to 
extend a position or road sketch toward the enemy. 


FM 3-25.26 


Figure A-1. Sketch map. 
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APPENDIX B 
MAP FOLDING TECHNIQUES 


One of the first considerations in the care of maps is its proper folding. 


B-1, FOLDING METHODS 
Figures B-1 and B-2 show ways of folding maps to make them small enough to be carried 
easily and still be available for use without having to unfold them entirely. 


Figure B-1. Two methods of folding a map. 


B-2, PROTECTION METHOD 
Afier a map has been folded, it should be pasted in a folder for protection. Apply adhesive 
to the back of the segments corresponding to A, F, L, and Q (Figure B-2, page B-2). 


BA 


CoMP, centralized scheduling, and Multiflow, without the need to exchange information 
among many access nodes. The performance of both LTE and HSPA technologies could be 
enhanced by the application of cloud RAN architectures. The term “fronthauling” has been 
used to describe the transport of “raw” radio signals to central processing locations, such 
as between the Physical Network Function (PNF) and a Virtual Network Function (VNF). 


This architecture, shown in Figure 93, comes at the cost of requiring high-speed, low- 
latency backhaul links between these radio heads and the central controller. One vendor 
states that carrying 10+10 MHz of LTE with 2X2 MIMO requires 2.5 Gbps of bandwidth and 
imposes less than 0.1 msec of delay."® A standard called "Common Public Radio Interface” 
(CPRI) addresses generic formats and protocols for such a high-speed link. ETS! has also 
developed the Open Radio Equipment Interface (ORI). The feasibility of cloud RAN depends 
to a large extent on the cost and availability of fiber links between the remote radio heads 
and the centralized baseband processing location. 


Unlike virtualizing the EPC, in which the entirety of the function can be virtualized, cloud 
RAN needs a PNF that terminates the RF interface. Cloud RAN therefore requires a split to 
be defined within the RAN. As a consequence, initial deployments of cloud RAN have looked 
to ruse the CPRI interface between the RRH and the baseband unit. 


Figure 93: Potential Cloud RAN Approach 
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The next evolutionary step after centralizing baseband processing is to virtualize the 
processing by implementing the functions in software on commodity computing platforms, 
thus abstracting the functions from any specific hardware implementation. 


C-RANs can vary by the extent of coverage, ranging from being highly localized and 
operating across a small number of sites to metropolitan-wide solutions. Other variables 


188 Dudu Bercovich, Ran Avital, “Holistic HetNet Hauling (3H)," Ceragon, February 2013. Available at 
http: //www.ceragon.com/images/Reasource Center/White Papers/Ceragon Holistic Hetnet Hauling 
White Paper. pdf, 
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Figure B-2. How to slit and fold a map for special use. 


B-3. PRACTICE CUT 
It is suggested that before attempting to cut and fold a map in the manner ill 
Figure B-2, make a practice cut and fold with a piece of paper. 
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‘APPENDIX C 
UNITS OF MEASURE AND CONVERSION FACTORS 


This appendix provides conversion tables for units of measure and 
conversion factors that are used in military operations. 


12inches 1 foot 

36 inches 4 yard 

3 feet = 4 yard 

41,760 yards 1 mile statute 
2,026.8 yards 1 mile nautical 
5,280 feet = 1 mile statute 
6,080.4 feet 1 mile nautical 
63,360 inches 1 mille statute 
72,963 inches = 1 mile nautical 


Table C-1. English system of linear measure. 


1 millimeter 
10 millimeters 


0.1 centimeter 
1.0 centimeter 


0.0393 inches 
0.3997 inches 


10 centimeters 1.0 decimeter 3.937 inches 
10 decimeters 1.0 meter 39.37 inches 
10 meters 1.0 decameter 32.81 feat 
10 decameters 1.0hectometer 328.1 feet 
10 hectometers 1.0 kilometer 0.62 mile 

10 kilometers 1.0 myriameter 6.21 miles 


Table C-2. Metric system of linear measure. 


1 mil 116400 circle 0.08625" 0.0628 grad 
4 grad 11400 circle 16.0 mils 0°54" = 0.9 
1degree = 1/860 circle = about 178 mils = about 4.1 grad 


Table C-3. Equivalent units of angular measure. 
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One| ones | reer | varos | STAWTE | NAUTICLE | 
r= 7 | eos | oan | ~ | ae 
Foot 2 1 oss J | sous 
Yard x 3 + | oocose | | ores 
sioutomie | asco | sso | azo | 1 | cose | 
wauicatio | 7263 | 60s | 2008 | taste ft 4 
Mitte coset | 000s | ooo | - . 1 
cenimeer | oss | cose | oot | ‘ 10 
Decnetr ser | ose | ono J ; 100 
Motr ost | s2sos | 10036 | o000 | 000s | 1000 
oecameer | 2037 | azsr | too | 0082 | 000s | 10000 
vecomeer | 30s7 | sear | 004 | cosa | oosse | 100000 
Kilometer soso | aasr | tos | ovate | oseee | 1.000000 
viyimeer | 203.700 | sao | toes | satar_ | soso] 10000.000 

One om [am | om | om | tm | tm | mm 
= zea | oz | ooese | omnes [aces | : 
Foot soas | soi | osoas | 00205 | coos0 | 0000s | - 
Yord vias | ores | ostea | ooore | cocet | 00009 | - 
siouto wie | 160990 | 6003 | 1600 | i609 | tec0 | 16008 | o.1e00 
wauica io | 10505 | rgsse | tas | 105s | tes | t0sse | ores 
Mitiotr ot | oor | coor | coor | - : 

Centimeter + | or | oor | coor | ooo: | - 

Decnetr wo | + for | oot | ooo | cor 

Meter oe + | or | cot | oor | ocoot 

oecameer | 1000 | 1 | 1 | 1 | or | oot | coor 

vecometer | 10000 | 100 } 10 | wo | + | or | om 

xiometer | 100000 | 1000 | 1000 } sco | wo | 1 | os 

viiameter | 1000000 | 10000} 1a000 | 1c00 | too fio | 
Table C-4. Conversion factors. 
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Example I 


Problem: Reduce 76 centimeters to (?) inches. 


76 cm x 0.3937 = 29 inches 


Answer: There are 29 inches in 76 centimeters. 


Example Il 
Problem: How many feet are there in 2.74 meters? 


2.74 
Tar 


= 9 feet 


Answer: There are approximately 9 feet in 2.74 meters, 


v0 ee Son 
soot sate ai es 
idea "ones fe se 
sane se tee re 
sate 7908 ie Bee 
sst0% a iat ae aes 
ssaai0 eee 2s 
sian pea rn 
azo EE eee 
estos ee a ries 


Table C-5. Ground distance at map scale. 
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APPENDIX D 
JOINT OPERATIONS GRAPHICS 


Joint operations graphics (paragraph 2-6b[4]) are based on the 
format of the standard 1:250,000-scale military topographic maps. They 
contain additional information needed in present-day joint air-ground 
operations. 


D-1. TYPES 
Each JOG is prepared in two types; one is designed for air operations and the other for 
ground operations. Each version is identified in the lower margin as JOINT 
OPERATIONS GRAPHIC (AIR) or JOINT OPERATIONS GRAPHIC (GROUND). 


D-2._ BASIC CONTENTS 
‘The basic topographic information is the same on both JOG versions. 
Power transmission lines are symbolized as a series of purple pylons connected 

by a solid purple line. 

b. Airports, landing facilities, and related air information are shown in purple. The 
purple symbols that may be unfamiliar to the user are shown in the legend in the margin. 

¢. The top of each obstruction to air navigation is identified by its elevation above 
sea level and its elevation above ground level. 

d. Along the north and east edges of the graphic, detail is extended beyond the 
standard sheet lines to create an overlap with the graphics to the north and to the east. 

e. Layer tinting (paragraph 10-2a) and relief shading (paragraph 10-2c) are added as. 
an aid to interpreting the relief. 

f The incidence of the graphic in the world geographic reference system (paragraph 
4-8b) is shown by a diagram in the margin, 


D-3. JOINT OPERATIONS GRAPHIC (AIR) 
The JOG (AIR) series, prepared for air use, contains detailed information on air facilities 
such as radio ranges, runway lengths, and landing surfaces. The highest terrain elevation 
in each 15-minute quadrangle is identified by the large open-faced figures shown in the 
legend. Elevations and contours on JOG (AIR) sheets are given in feet. 


D-4. JOINT OPERATIONS GRAPHIC (GROUND) 
The JOG (GROUND) series is prepared for use by ground units, and only stable or 
permanent air facilities are identified. Elevations and contours are located in the same 
positions as on the air version, but are given in meters, 
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APPENDIX E 


EXPORTABLE TRAINING MATERIAL 


This appendix provides information on the exportable training material 
available for unit training in basic land navigation skills. These materials are 
available from the Army Research Institute, Fort Benning Field Unit, Fort 
Benning, Georgia 31905. 


E-I, PLANNING TO NAVIGATE 
This training material describes the planning process in detail. Planning may be the most 
important aspect of land navigation. Planning to navigate includes background information 
for map interpretation, a practical example in planning to navigate, and a description of how 
to train these skills 


HOW TO TRAIN BASIC LAND NAVIGATION SKILLS 
s training material offers guidance for unit training in basic land navigation skills. It 
includes training modules for distance and location skills. Each module is self-contained, so 
training can be given in each skill separately from other skills. 


DISMOUNTED LAND NAVIGATION TECHNIQUE 
s training material describes the process of navigating with an emphasis on movement 
skills and the techniques and strategies that should be used while navigating. Critical training 
covers how to put skills together for movement and how to decide which technique to use 
in a certain situation 


E-4, MAP INTERPRETATION TERRAIN ASSOCIATION COURSE 
‘The MITAC program is designed to teach terrain association through a "building block" 
approach starting with simple elements first, then adding more complex information as the 
soldier progresses from one level to another. The MITAC consists of three systematic 
courses of instruction: basic, intermediate, and advanced. 


E-5. ROUTE PLANNING GUIDE 
The route planning guide provides the small-unit leader with a comprehensive reference 
document, which he can use in learning to plan dismounted administrative or tactic 
It offers him a planning procedure that he can use in the field without any notes to plan 
successfull moves over unfamiliar terrain. 


moves. 


E-6. LAND NAVIGATION SUSTAINMENT PROGRAM 
The land navigation sustainment program is designed to develop trainers that are capable of 
providing soldiers with the confidence and skills necessary to 
navigation tasks and therefore to develop soldiers capable of accomplishing these tasks. 
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APPENDIX F 
ORIENTEERING 


What is orienteering? Orienteering is a competitive form of land 
navigation. It is for all ages and degrees of fitness and skill. It provides the 
suspense and excitement of a treasure hunt. The object of orienteering is to 
locate control points by using a map and compass to navigate through the 
woods. The courses may be as long as 10 km. 


F-l. HISTORY 

Orienteering began in Scandinavia in the nineteenth century. It was primarily a military 
event and was part of military training. It was not until 1919 that the modern version of 
orienteering was born in Sweden as a competitive sport. Ernst Killander, its creator, can be 
rightfully called the father of orienteering. In the early thirties, the sport received a technical 
boost with the invention of a new compass, more precise and faster to use, The Kjellstrom 
brothers, Bjorn and Alvan, and their friend, Brunnar Tillander, were responsible for this new 
compass. They were among the best Swedish orienteers of the thirties, with several 
individual championships among them. Orienteering was brought into the US in 1946 by 
Bjom Kjellstrom. 


F-2, DESCRIPTION 

Each orienteer is given a 1:50,000 topographic map with the various control point 
Each point has a flag marker and a distinctive punch that is used to mark the 
Competitive orienteering involves running from checkpoint to checkpoint. It is more 
demanding than road running, not only because of the terrain, but because the orienteer must 
constantly concentrate, make decisions, and keep track of the distance covered. Orienteering 
challenges both the mind and the body; however, the competitor's ability to think under 
ssure and make wise decisions is more important than speed or endurance. 


THE COURSE 

The orienteering area should be on terrain that is heavily wooded, preferably uninhabited, 
and difficult enough to suit different levels of competition, The area must be accessible to 
competitors and its use must be coordinated with appropriate terrain and range control 
offices. 

a. The ideal map for an orienteering course is a multi-colored, accurate, large-scale 
topographic map. A topographic map is a graphic representation of selected man made and 
natural features of a part of the earth's surface plotted to a definite scale. The distinguishing 
characteristic of a topographic map is the portrayal of the shape and elevation of the terrain 
by contour lines. 

b. For orienteering within the United States, large-scale topographic (topo) maps are 
available from the Defense Mapping Agency Hydrographic Topographic Center. The scale 
suitable for orienteering is 1:50,000 (DMA). 
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F-4, SETTING UP THE COURSE 
The challenge for the course setter is to keep the course interesting, but never beyond the 
individual's or group's ability. General guidance is to select locations that are easily 
identifiable on the map and terrain, and accessible from several routes. 

a, Those who set up the initial event should study a map for likely locations of control 
points and verification of the locations. Better yet, they should coordinate with an 
experienced competitor in selecting the course. 

b. There are several forms of orienteering events. Some of the most common are route, 
line, cross-country, and score orienteering. 

(1) Route Orienteering. This form can be used during the training phase and in advanced 
orienteering. In this type of event, a master or advanced competitor leads the group as they 
walk a route. The beginners trace the actual route walked on the ground on their maps. They 
cle the location of the different control points found along the walked route. When they 
finish, the maps are analyzed and compared. During training, time is not a factor. Another 
variation is when a course is laid out on the ground with markers for the competitor to 
follow. There is no master map, as the course is traced for the competitor by flags or 
markers. The winner of the event is the competitor who has successfully traced the route and 
accurately plotted the most control points on his map. 

(2) Line Orienteering. At least five control points are used during this form of 
orienteering training. The competitor traces on his map a preselected route from a master 
map. The object is to walk the route shown on the map, circling the control points on the 
map as they are located on the ground (Figure F-1), 
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(3) Cross-Country Orienteering. This is the most common type of orienteering 
competitions. It is sometimes called free or point orienteering and is considered to be the 
most competitive and intriguing of all events (Figure F-2). In this event, all competitors must 
visit the same controls in the same order. With the normal one-minute starting interval, it 
becomes a contest of route choice and physical skill. The winner is the contestant with the 
fastest time around the course. 


uid 


inpaize 


South end ef runway 
East end of pond 
Hitop 1346p 
cuniso0et6 2 Spur180 southeast of hiltop 


Figure F-2. A cross-country orienteering map. 


(a) After selecting the control points for the course, determine the start and finish 
locations. The last control should be near the finish. In describing each control's location, an 
eight-digit grid coordinate and a combination of two letters identifying the point (control 
code) should be included in each descriptive clue list that is normally given to each 
competitor at least two minutes before his start time. 

(b) There are usually 6 to 12 control markers on the course in varying degrees of 
difficulty and distances apart so that there are no easy, direct routes. Instead, each competitor 
is faced with many choices of direct but difficult routes, or of indirect but easier routes. Each 
control's location is circled, and the order in which each is to be visited is clearly marked on 
the master map. The course may be a closed transverse with start and finish collocated, or 
the start and finish may be at different locations. The length of the course and difficulty of 
control placement varies with the competitors’ degree of expertise. Regardless of the class 
of event, all competitors must indicate on their event cards proof of visiting the control 
markers. Inked stamps, coded letters, or punches are usually used to do this procedure. 
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NOTE: The same orienteering range may serve in both cross-country and score events. 
However, a separate set of competitor maps, master maps, 
necessary. 


(4) Score orienteering. In this event, the area chosen for the competition is blanketed 
with many control points (Figure F-3). The controls near the start/finish point (usually 
identical in this event) have a low point value, while those more distant or more difficult to 
locate have a high point value. (See Figure F-6 for a sample card.) This event requires the 
‘competitor to locate as many control markers as he can within the specified time (usually 90 
minutes), Points are awarded for each control visited and deducted for exceeding the 
specified time, The competitor with the highest point score is the winner. 


Control Number Coordinate ‘Control Code Deverption of Clues 
1 ‘cLosese0es ad Falioad brdge-nort 
2 ‘Loveoezis 2 Topol nit 
3 ‘6.05508535 co North of pond-awamp 
4 (Loosoezes PR Conter-teok junction 
6 ‘aLi0968245 su Paine 
7 ‘cu02206430 wn oad unetionnoch 
8 ‘c.05998275 w Bullaing-weat ond ot pond 
8 ‘sL07956050 NT Top of hil 
10 151.0158350 wi. East end of lke 


Figure F-3. A score orienteering map. 


(a) Conducting a score event at the start is basically the same as the cross-country event. 
The competitor is given a map and an event card. The event card lists all the controls with 
their different point values. When released to the master map, the competitor finds the circles 
and numbers indicating the location of all the controls listed on his event card. He copies all 
the red circles on his map. Then he chooses any route he wishes to take in amassing the 


F.4 


include existing deployments versus greenfield situations, new LTE and 5G technologies 
versus integrating legacy 2G and 3G technologies, and integrating Wi-Fi. Greater scope 
increases complexity but yields benefits including better load-balancing and greater 
flexibility in spectrum re-farming. 


Another design choice, as detailed in Table 27, is whether to centralize Layer 1 and Layer 
2 functions (an RF-PHY split), or whether to keep Layer 1 at the base stations and centralize 
only Layer 2 (a PHY-MAC split) 


Table 27: Partially Centr 


ized Versus Fully Centralized C-RAN 


Fully Centralized Partially Centralized 
Transport Requirements | Multi-Gbps, usually using | 20 to 50 times less 

fiber 
Fronthaul Latency Tess than 100 Greater than 5 milliseconds 
Requirement microseconds 
‘Applications Supports elCIC and CoMP | Supports centralized 

scheduling 

Complexity High Tower 
Benefit Capacity gain Lower capacity gain 


Figure 94 analyzes the different possible RAN decompositions in greater detail. 
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highest possible point score in the time available. The course is designed to ensure that there 
are more control points than can possibly be visited in the allotted time. Again, each control 
marker visited must be indicated on the event card. 

(b) It is important for the competitor to take time initially to plot the most productive 
route. A good competitor may spend up to 6 minutes in the master map area while plotting 
the ideal route. 

(c) There is no reward for returning early with time still available to find more points, 
the good competitor must be able to coordinate time and distance with his ability in land 
navigation in running the course. 


F-5. OFFICIALS 
The same officials can be used at the start and finish. More officials or assistants can be 
used; the following material lists the minimum that can be used for a competition. They 
include the following: 

a. At The Start. 

(1) Course Organizer—Briefs the orienteers in the 
maps, and calls orienteers forward to start individually. 

(2) Recorder—Records orienteer’s name and start time on recorder’s sheet, checks 
orienteer’s name and start number on his event card, and issues any last-minute instructions. 

(3) Timer—Controls the master clock and releases the orienteers across the start line at 
their start time (usually at one-minute intervals) to the master map area. 

b. At The Finish. 

(1) Timer—Records finish time of each orienteer on the orienteer’s event card and passes 
card to recorder. 


ssembly area, issues event cards and 


(2) Recorder—Records finish time of each orienteer on the orienteer's event card and 
passes card to recorder. 
(3) Course Organizer—Verifies correctne: 


of names, finish times 
positions on results board; and accounts for all orientee! 


and final score; 
at the end of 


posts orienteei 
event. 


F-6. START/FINISH AREA 
The layout of the start/finish areas for orienteering events is basically the same for all forms 

a, Assembly Area. This is where orienteers register and receive instructions, maps. 
event cards, and start numbers. They may also change into their orienteering clothes if 
facilities are available, study their maps, and fill out their event cards here. Sanitation 
facilities should be available in this area. 

b. Start. At the start, the orienteer reports to the recorder and time! 
in by the recorder and released by the timer. 

c. Master Map Area. There are three to five master maps 20 to 50 meters from the 
start, When the orienteer arrives at this area, he must mark his map with all the course's 
control points. Having done this, he must decide on the route that he is to follow. The good 
orienteer takes the time to orient his map and carefully plot his route before rushing off. It is 
a good idea to locate the master map area out of sight of the start point to preclude orienteers 
tracking one another. 


lable to be logged 
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d. Equipment, The following is a list of equipment needed by the host of an 
orienteering event: 

* Master maps, three to five, mounted. 

© Competitor maps, one each. 

* Event cards, one each. 

* Recorder's sheets, two. 

* Descriptive clue cards, one each, 

* Time clocks, two 

* Rope, 100 to 150 feet, with pegs for finish tunnel. 

* Card tables, one or two. 

© Folding chairs, two or three. 

* Results board. 

* Control markers, one per point. 

* Extra compasses. 

+ Whistle, for starting 

© First aid kit 

* Colored tape or ribbon for marking route to master map and from last control point 

to finish. 

e. Control Markers. These are orange-and-white markers designating each control 
point (Figure F-4). Ideally, they should have three vertical s forming a triangle 
with the top and bottom edges. Each face should be 12 inches on a side and divided 
diagonally into red and white halves or cylinders (of similar size) with a large, white, 
diagonal stripe dividing the red cylinder, For economy or expediency, 1-gallon milk cartons, 
5-gallon ice cream tubs, 1-gallon plastic bleach bottles, or foot-square plaques, painted in 
the diagonal or divided red and white colors of orienteering, may be used. 


Figure F-4. Control markers. 


(1) Each marker should have a marking or identification device for the orienteer to use 
to indicate his visit to the control. This marker may be the European-style punch pliers, a 
self-inking marker, different colored crayons at each point, different letter combinations, 
different number combinations, or different stamps or coupons. The marking device must 
be unique, simple, and readily transcribable to the orienteers’ event cards. 
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(2) The control marker should normally be visible from at least 10 meters. It should not, 


be hidden. 
£ Recorder's Sheets. A suggested format for the recorder’s sheet is depicted in 
Figure F-5. 
RECORDER'S SHEET 
sunt | Fish | Time 
nae No. | _teames Sime | Tine | Taken 


Figure F-5. Recorder's sheet. 
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g. Event Card. The event card can be made before the event and should be as small 
possible, as it is carried by the competitor. It must contain the following items: name, start 
number, start time, finish time, total time, place, and enough blocks for marking the control 
points. As indicated earlier, it may also contain a listing of descriptive clues (Figure F-6). 


CCROSS.COUNTRY ORIENTEERINGITEAM 
ts 


wae cowrawy. coun ren 
ae saint era ye ree 
CHECKPOINTS DESCRIPTION CUE SS 
vor 

ais 

sie NOTE: allgoruatt 
Total Value of Points, NS 1. All work is individual team effort. 

- Eicon 
ona Ps vier 
2 Sa aconaty wet oto po you ane 

Frat Soe eterlemery 


Figure F-6. Cross-country orienteering event card. 


h, Results Board. This board displays the orienteer’s position in the event at the finish 
(Figure F-7). There are a variety of ways of displaying the results, from blackboard to 
ladder-like to a clothesline-type device where each orienteer's name, point score, and times 
are listed. 


Figure F-7. Results board. 
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i, Clue Description Card. These cards are prepared with the master maps after the 
course is set. They contain the descriptive clues for each control point, control code, grid 
coordinate references, returning time for competitors, removal times for each location, and 
panic azimuth (Figure F-8). The terminology on these must be identical to that listed in the 
definition section, These cards and the master maps must be kept confidential until the 
orienteers start the event. 


LAND NAVIGATION II 


SCORE ORIENTEERING 
Description Clues of Control Signs 


POINTS VALUE DESCRIPTION CLUE 


‘SE SLOPE OF HILL 1211 
eneST or HILL 1211 
SADDLE 

\ EDGE OF RIDGE 
NW CREST OF RIDGE 
CREST OF HILL 
TOP OF SEVERE DRAW 
‘SW CREST OF RIDGE 
TO METERS N OF RJ 
CREST OF NW SPUR OF 

RIDGE 
HIGH POINT OF KNOLL 
HIGH POINT ON HILL 
NE CORNER OF BLACK 
‘CAP MOUNTAINS 
‘CREST OF SMALL HILL 


‘SCORE ORIENTEERING EVENT 


NAME coMPANy. 
NAME COMPANY. 


TEAM 


STARTING TIME. 
FINISHING TIME 


‘otal Valve of Points 16 15 NWCREST OF RIDGE 

Penalty Points . v7 10 SOMETERS OFF RJ 

Final Score 18 10 10 METERS OFF ROAD 
9 10 20METERS SEOF RJ 
20 10 CENTEROF RI 


1, ALLWORK IS INDIVIDUAL TEAM EFFORT. 

2. YOUMUST NOT JOIN WITH OR COORDINATE 
WITH ANY OTHER TEAM 

3. YOU MUST PERSONALLY VISIT EACH POINT 
‘YOU INDICATE ON YOUR SCORECARD. 


Figure F-8. Clue description card. 


j. Scoring. The cross-country or free event is scored by the orienteer’s time alone. All 
control points must be visited; failure to visit one results in disqualification. In this event, 
the fastest time wins 

(1) A variation that can be introduced for novices is to have a not-later-than return time 
at the finish and add minutes to the orienteer’s final time for minutes late and control points 
not located. 
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(2) The score event requires the amassing of as many points as possible within the time 
limit. Points are deducted for extra time spent on the course, usually one point for each 
10 seconds extra. 

k. Prizes. A monetary prize is not awarded. A suggested prize for beginners is an 
orienteering compass or some other practical outdoor-sports item, 


SAFETY ON THE COURSE 
‘A first aid kit must be available at the start and finish. One of the official 
in first aid or have a medic at the event. Other safety measures include: 

a, Control Points. Locate the controls where the safety of the competitor is not 
jeopardized by hazardous terrain or other circumstances 

b. Safety Lane. Have a location, usually linear, on the course where the competitor may 
go if injured, fatigued, or lost. A good course will usually have its boundary ety lane. 
Then a competitor can set a panic azimuth on the compass and follow it until he reaches the 
boundary. 
Finish Time. All orienteering events must have a final return time. At this time, all 
competitors must report to the finish line even if they have not completed the course. 

d. Search-and-Rescue Procedures. If all competitors have not returned by the end of 
the competition, the officials should drive along the boundaries of the course to pick up the 
missing orienteers. 


should be trained 


F-8. CONTROL POINT GUIDELINES 
When the control point is marked on the map as well as on the ground, the description of that 
point is prefaced by the definite article the; for example, the pond. When the control point 
is marked on the ground but is not shown on the map, then the description of the point is 
prefaced by the indefinite article a; for example, a trail junction. In this case, care must be 
taken to ensure that no similar control exists within at least 25 meters. If it does, then either 
the control must not be used or it must be specified by a directional note in parentheses; for 
example, a depression (northern). Other guidelines include: 

a, Points of the compass are denoted by capital letters; for example, S, E, SE. 

b. Control points within 100 meters of each other or different courses are not to be on 
the same features or on features of the same description or similar character. 

c. For large (up to 75 meters across) features or features that are not possible to see 
across, the position of the control marker on the control point should be given in the 
instructions. For example, the east side of the pond; the north side of the building. 

d. Ifa very large (100 to 200 meters) feature is used, the control marker should be 
visible from most directions from at least 25 meters. 

e. Ifa control point is near but not on a conspicuous feature, this 
of the marker should be clearly given; for example, 10 meters E of the junction. Avoid this 
kind of control point. 

£. Use trees in control descriptions only if they are prominent and a totally different 
species from those surrounding. Never use bushes and fauna as control points 

g. Number control points in red on the master map. 

h. For cross-country events, join all control points by a red line indicating the course's 
shape. 
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F-9. MAP SYMBOLS 
‘The map symbols in Figure F-9 are typical topographic and cultural symbols that can be 
selected for orienteering control points. The map cutouts have been selected from DMA 
maps. 


1 
ROAD JUNCTION 
mere one oa joins 
‘nother 


2 

ROAD INTERSECTION 

Whore one road crossee 
‘nether 


‘Abend inthe road 


Figure F-9. Map symbols. 
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4 
EAD END. 
Where a road stops wth 
fo outlets 


5. 
TRAIL JUNCTION 
Sr two tala jn 


6 
‘TRAIL DEAD END 
Whore the tall ope. 


7. 
‘TRAIL CURVE 


D 

ROAD AND TRAIL JUNCTION. 

| Where toed intersects wth 
‘oo tale 


Figure F-9. Map symbols (continued). 
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INTERMITTENT STREAM 
"IUNETION. 


|STREAM JUNCTION 


12. 
BEND IN'STREAM 


13. 
ONO'S EASTERNMOST POINT. 


Figure F-9. Map symbols (continued). 
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AR 
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a 
MARSHY OR SWAMPY POND 


Figure F-9. Map symbols (continued). 


Fata 


Figure 94: Costs and Benefits of Various RAN Decompositions 
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Although some operators in dense deployments with rich fiber assets may centralize all 
functions, Figure 94 uses the red rectangles to show the two most likely functional splits 
for LTE-Advanced and 5G: 


1, 


189 Cisco, 


Distributed PHY and Centralized MAC. This approach relaxes the fronthaul delay 
requirement to 6 msec, compared with the CPRI requirement of 250 microseconds. 
Fronthaul bandwidth requirement is only 10-20% greater than conventional 
backhaul. 


Control Plane/Data Plane Split. This approach further relaxes fronthaul 
requirements to 30 msec and is the approach used for dual-connectivity, such as a 
macro and small cell simultaneously connecting to a user. For 5G, 3GPP Release 15, 
specifications standardize a split for cloud RAN between the PDCP and RLC layers. 


Cisco 5G Vision Series: Small Cell Evolution, 2016. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 171 


FM 3-25.26 


Figure F-9. Map symbols (continued). 
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Figure F-9. Map symbols (continued). 
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VALLEY i 
In both aiectione ofa creek 


20, 
(CREEK JUNCTION 


at, 
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STREAM 
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2 
vaLLeY 


Figure F-9. Map symbols (continued). 
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a. 
‘SPOT ELEVATION 


ORCHARD 


26. 
MARSH OF SWAMP 


DEPRESSION 


Figure F-9. Map symbols (continued). 
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(cur 
ru 


‘igure F-9. Map symbols (continued). 


F-10, ORIENTEERING TECHNIQUES 
The orienteer should try not to use the compass to orient the map. The terrain association 
technique is recommended instead. The orienteer should learn the following techniques: 

a, Pacing. One of the basic skills that the orienteer should develop early is how to keep 
track of distance traveled while walking and running. This is done on a 100-meter pace 
course. 

b. Thumbing. This technique is very simple, but the map has to be folded small to use 
it, The orienteer finds his location on the map and places his thumb directly next to it. He 
moves from point to point on the ground without moving his thumb from his initial location 
To find the new location, the only thing that he has to do is look at the map and use his 
thumb as a point of reference for his last location. This technique prevents the orienteer from 
looking all over the map for his location. 
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¢. Handrails. This technique enables the orienteer to move rapidly on the ground by 
using existing linear features (such as trails, fences, roads, and streams) that are plotted along 
his route. They can als limits or boundaries between control points (Figure F- 
10) 


Figure F-10. Handrails. 


d. Attack Points. These are permanent known landmarks that are easily identified on 
the ground. They can be used as points of reference to find control points located in the 
woods. Some examples of attack points are stream junctions, bridges, and road intersections. 


F-11. CIVILIAN ORIENTEERING 

Civilian orienteering is conducted under the guidelines of the United States Orienteering 
Federation with at least 70 clubs currently affiliated, Although civilian orienteering is a form 
of land navigation, the terms, symbols, and techniques are different from the military. 

a, An expert military map reader/land navigator is by no means ready to compete in a 
civilian orienteering event. However, military experience in navigating on the ground and 
reading maps will help individuals to become good orienteers. Several orienteering practices 
and complete familiarization with the map symbols and terms before participating in a real 
orienteering event is recommended. 

(1) Map. The standard orienteering map is a very detailed, 1:15,000-scale, colored 
topographical map. All orienteering maps contain only north-south lines that are 
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magnetically drawn; this eliminates any declination conversions. Because of the absence of 
horizontal lines, grid coordinates cannot be plotted and therefore are not needed, 

(2) Symbols (Legend). Despite standard orienteering symbols, the legend in orienteering 
maps has a tendency to change from map to map. A simple way to overcome this problem 
is to get familiar with the legend every time that a different map is used. 

(3) Scale. The scale of orienteering maps is 1:15,000. This requires an immediate 
adjustment for the military land navigator, especially while moving from point to point. It 
takes a while for a person that commonly uses a 1:50,000 scale to get used to the 
orienteering map. 

(4) Contours. The normal contour interval in an orienteering map is 5 meters. This 
interval, combined with the scale, makes the orienteering maps so meticulously detailed that 
a I-meter boulder, a 3-meter shallow ditch, or a 1-meter depression will show on the map. 
This may initially shock a new orienteer. 

(5) Terms and Description of Clues, The names of landforms are different from those 
commonly known to the military. For example, a valley or a draw is known as a reentrant; 
an intermittent stream is known as a dry ditch. These terms, with a description of clues 
indicating the position and location of the control points, are used instead of grid 
coordinates, 

b. The characteristics of the map, the absence of grid coordinates, the description of 
clues, and the methods used in finding the control points are what make civilian orienteering 
different from military land navigation, 
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APPENDIX G 
M2 COMPASS 


The M2 compass (Figure G-1) is a rustproof and dustproof magnetic 
instrument that provides slope, angle of site, and azimuth readings. One of 
the most important features of the M2 compass is that it is graduated in mils 
and does not require a conversion from degrees to mils as does the Ml 
compass. It can be calibrated to provide a grid azimuth or it can be used 
uncalibrated to determine a magnetic azimuth. 


G-l,_ MAGNETIC NEEDLE 
Except for the magnetic needle and its pivot, the compass is made of nonmagnetic materials. 
When the cover is closed, the magnetic needle is automatically lifted from its pivot and held 
firmly against the glass window. When the compass is open and leveled, the needle floats 
freely upon its pivot and points to magnetic north. Note that both ends of the needle are 
shaped like an arrow, and that one arrow is painted white and the other is black. It is the 
white end of the needle that points to magnetic north. Because the needle is magnetic, it will 
also be attracted to large iron or steel objects in the near vicinity, to electrical power lines, 
and to operating generators (see paragraph 9-3b). Magnetic compass readings measured near 
such objects are apt to be in error due to the magnetic attraction of these object 


Figure G-1. M2 compass. 


G-2. CIRCULAR LEVEL 
‘The M2 compass has a circular level that is used to level the instrument when measuring 
azimuths. The circular level bubble must be centered before reading the azimuth. The 
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compass is equipped with front and rear sights for aligning on the object to which the 
azimuth is desired. 


G-3. COMPASS AZIMUTH SCALE 

The compass azimuth scale is a circle divided into 6400 mils. Beginning with zero, the 
graduations are numbered every 200 mils. The long, unnumbered graduations appearing 
halfway between the numbered graduations are the odd-numbered hundreds (100, 300, 500, 
and so forth). Short graduation marks divide each 100-mil segment into equal portions of 20 
nls, 

a, Reading the Azimuth Seale. Azimuths are read from the azimuth scale from the 
black end of the compass needle, 

b. Setting Up the Compass. To set up the M2 compass, open the cover and fold the 
rear sight holder out parallel with the face of the compass. Fold the rear sight up, 
perpendicular with its holder. Fold the front sight up, parallel with the mirror. Then fold the 
cover (mirror) toward the compass until itis at an angle of approximately 45 degrees to the 
face of the compass so that, with your eye behind the rear sight, the black end of the compass 
needle can be readily viewed in the mirror. The compass is now set up for measuring an 
azimuth, 

¢. Measuring an Azimuth. Once the compass is set up and all steel objects are at least 
18 meters away from your position, you are ready to measure an azimuth. Hold the compa: 
in both hands at eye level with your arms braced against your body and with the rear sight 
nearest your eyes. Sight through the rear sight and the window in the mirror and align the 
hairline at the reflection of the face of the compass. Center the circular level bubble. With 
the bubble centered and the hairline aligned on the object, look at the mirror reflection of the 
‘compass scale and read the azimuth to which the black end of the needle is pointing 
Remember, magnetic attractions or movement by you may cause errors in your readings 
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APPENDIX H 
ADDITIONAL AIDS 


This appendix provides information on the operation and function of 
already fielded, and soon to be fielded, devices that can be used as aids to 
navigation. 


AN/PVS-5, NIGHT VISION GOGGLES 
se goggles are passive night vision devices. An infrared light source and positive control 
switch permit close-in viewing under limited illumination. The AN/PVS-5 has a field of 
view of 40 degrees and a range of 150 meters. 

a. The device has the capability for continuous passive operation over a 15-hour period 
without battery replacement. It weighs 1.5 pounds and is face-mounted. An eyepiece diopter 
is provided so the device can be worn without corrective lens 

b. The device is designed to assist the following tasks: command and control, fire 
control, reconnaissance, close-in surveillance, terrain navigation, first aid, operation and 
maintenance of vehicles, selection of positions, traffic control, rear and critical area security, 
patrolling, combat engineer tasks, radar team employment, resupply activities, and flight-line 
functions. 

c. It isa fielded system used by combat, CS, and CSS elements. The infantry, armor, 
air defense, field artillery, aviation, engineer, intelligence, military police, transportation, 
signal, quartermaster, chemical, maintenance, missile, and munitions units all use the device 
to help accomplish their missions. 

d. The AN/PVS-5 can assist the land navigator under limited visibility conditions. 
Chemical lights may be placed at selected intervals along the unit's route of movement, and 
they can be observed through the AN/PVS-5. Another navigation technique is to have one 
person reading the map while another person reads the terrain, both using AN/PVS-5's. This 
allows the map reader and the terrain interpreter to exchange information on what terrain is 
observed, both on the map and on the ground. It allows each user to concentrate his 
ANIPVS-5 on one task. Land navigation, especially mounted, is a task better performed by 
more than one person. The above technique allows one soldier to perform map interpretation 
in the cargo portion of the vehicle while another soldier, possibly the driver, transmits to him 
information pertaining to the terrain observed on the ground. 


H-2._ AN/PVS-7, NIGHT VISION GOGGLES 
The AN/PVS-7 is a lightweight (1.5 pounds), image intensification, passive night-vision 
device that uses ambient light conditions. It has the same applications as the AN/PVS-5. It 
is designed to be used in the same way as, and by the same units as, the AN/PVS-5. The 
AN/PVS-7 has a field of view of 40 meters and a range of 300 meters in moonlight and 150 
meters in starlight. 


H-3. ENHANCED PLRS USER UNIT 
The enhanced position location reporting system (EPLRS)/joint tactical information 
distribution system (JTIDS), hybrid (PJH), is a computer-based system. It provides near real- 

me, secure data communications, identification, navigation, position location, and 


HA 


Next Generation Mobile Networks studied the pros and cons of different fronthauling 
interfaces and published the results in March 2015. ° 


Longer-term, perhaps in the 5G context, virtualized C-RANs may take away the very 
concept of cells. With methods such as beamforming and device-to-device communication, 
coverage may extend dynamically from a multitude of sources based on instantaneous load 
notifications and the radio resources available at different nodes. 


In the past, RAN and core networks have been distinct entities, but over the next decade, 
the two may merge with more centralized, virtualized, and cloud-driven approaches. 


Another form of virtualization is software-defined networking, an emerging trend in both 
wired and wireless networks. For cellular, SDN promises to reduce OPEX costs, simplify the 
introduction of new services, and improve scalability; all major infrastructure vendors are 
involved. The Open Networking Foundation explains that an SDN decouples the control and 
data planes, centralizing network state and intelligence, while abstracting the underlying 
network infrastructure from applications.*®* Virtualization of network functions will be a 
complex, multi-year undertaking and will occur in stages, as shown in Figure 95. 


18 Next Generation Mobile Networks, Further Study on Critical C-RAN Technologies, Version 1.0, March 
2015. See sections 2,2 and 2.3. Available at 

https: //www.namn.ora/uploads/ media) NGMN_RANEV_D2 Further Study on Critical C- 

RAN Technologes v1.0.pdf. 


181 Open Networking Foundation, "Software-Defined Networking: The New Norm for Netwarks, 


http: //www.opennetworking.org/ sdn-resources/sdn-library/ whitepapers, accessed June 20, 2014. 
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automatic reporting to support the need of commanders for information on the location, 
identification, and movement of friendly fore 

a, The EPLRS is based on synchronized radio transmissions in a network of users 
controlled by a master station. The major elements of a EPLRS community include the 
airbome, surface vehicular, and man-pack users; the EPLRS master station; and an alternate 
ize deployment per 
master station with a typical location accuracy at 15 meters. The man-pack unit weighs 
23 pounds and includes the basic user unit, user readout, antenna, backpack, and two 
batteries. 

b. The EPLRS are deployed at battalion and company level. Its use allows— 

(1) Infantry or tank platoons to locate their positions, know the location of their friendly 
units, navigate to predetermined locations, and be informed when near or crossing 
boundaries. 

(2) Artillery batteries to locate forward observers and friendly un 
batteries 

(3) Aircraft to locate their exact po: 
navigate to any friendly units, or a location entered by pilot; navigate in s 
corridors; and be alerted when entering or leaving corridors or boundaries. 

(4) Command and control elements at all echelons to locate and control friendly 
units/aircraft 

¢. The network control station is located at brigade level to provide position 
location/navigation and identification services. It also provides interface between the 
battalion and company systems, and the JTIDS terminals, 

d._Itis fielded to infantry, armor, field artillery, military police, engineer, intelligence, 
aviation, signal, and air defense artillery unit 

e. The EPLRS is a system that allows units to navigate from one point to another with 
the capability of locating itself and other friendly units equipped with the same system. 


and position firing 


ions; know the location of other friendly units; 
lected flight 


H-4. GLOBAL POSITIONING SYSTEM 
The GPS is a space-based, radio-positioning navigation system that provides accurate 
passive position, speed, distance, and bearing of other locations to suitably equipped users. 

a, The system assists the user in performing such missions as siting, surveying, tactical 
reconnaissance, sensor emplacement, artillery forward observing, close air support, general 
navigation, mechanized maneuver, engineer surveying, amphibious operations, signal 
intelligence operations, electronic warfare operations, and ground-based forward air control. 

b. It can be operated in all weather, day or night, anywhere in the world; it may also be 
used during nuclear, biological, and chemical warfare. 

¢. Ithas been widely fielded in both active and reserve component units. (See Appendix 
J for more information on GPS.) 


H.-S. POSITION AND AZIMUTH DETERMINING SYSTEM 
The PADS is a highly mobile, self-contained, passive, all-weather, survey-accurate 
position/navigation instrument used by field artillery and air defense artillery units for fire 
issue is two sets per artillery battalion. The device is about the 
size of a 3-kilowatt generator and weighs 322.8 pounds in operational configuration. 
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a. The two-man PADS survey party uses the high-mobility, multipurpose, wheeled 
vehicle, the commercial utility cargo vehicle, the small-unit support vehicle, or the M151 
1/4-ton utility truck. The system can be transferred while operating into the light observation 
helicopter (OH-S8A) or driven into the CH-47 medium cargo helicopter. 

b. The system provides real-time, three-dimensional coordinates in meters and a grid 
azimuth in mils. It also gives direction and altitude. 

c. The PADS can be used by the land navigator to assist in giving accurate azimuth and 
distance between locations. A unit requiring accurate information as to its present location 
can also use PADS to get it. The PADS, if used properly, can assist many units in the 
performance of their mission 


WARNING 
Laser devices are potentially dangerous. Their rays can and will 
burn someone's eyes if they look directly at them. Users should 
not direct the beams at friendly positions or where they could 
reflect off shiny surfaces into friendly positions. Other soldiers 
must know where lasers are being used and take care not to look 
directly at the laser beam. 


H-6, GROUND-VEHICULAR LASER LOCATOR DESIGNATOR 
The G/VLLD is the Army's long-range des 
weapons. It is two-man portable for short distances and can be mounted on the M113A1 
interim FIST vehicle when it has the vehicle adapter assembly. The G/VLLD provides 
accurate observer-to-target distance, vertical angle, and azimuth data to the operator. All 
three items of information are visible in the operator's eyepiece display. 

a. The G/VLLD is equipped with an AN/TAS-4 night sight. This night sight increases 
the operator's ability to detect and engage targets during reduced visibility caused by 
darkness or battlefield obscuration. 

b. The G/VLLD can give the navigator accurate line-of-sight distance to an object. The 
system can be used to determine its present location using resection and can assist the 
navigator in determining azimuth and distance to his objective 


H-7. QUICK RESPONSE MULTICOLOR PRINTER 
The QRMP is a self-contained, laser, xerography printer capable of reproducing maps, 
photographs, annotated graphics, transparent originals, and digital terrain data in full color 
on transparent material or standard map paper. The QRMP system will consist ofa QRMP 
housed in an 8' by 8' by 20' ISO shelter mounted on a 5-ton truck with a dedicated 
military-standard 30-kilowatt generator. Each system will carry at least a seven-day supply 
of all necessary materials 
a. The QRMP system has map size (24" by 30" paper size and 22.5" by 29" image size), 
color printing, scanning and electronics subsystems. It produces the first copy in less than 
five minutes in full color and sustains a copy rate of 50 to 100 copies per hour for full color 
products. The system uses a charged couple device array for scanning and sophisticated 
electronic signal processing to electrostatically discharge a selenium photoreceptor drum 
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b. The QRMP has the capability to print terrain and other graphics directly from digital 
output from the digital topographic support system or another QRMP. The first unit is 
scheduled to be equipped with the QRMP in 1QFY97, and the initial operating capability 
is scheduled for 4QFY97. The QRMP system is used by the engineer topographers at 
division, corps, and echelons above corps: 
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APPENDIX | 
FOREIGN MAPS 


The use of foreign maps poses several problems to the land navigator. 
These products are often inferior in both content reliability and topographic 
accuracy to those produced by the DMA. Clues to these weaknesses are the 
apparent crudeness of the maps, unusually old compilation dates, or 
differences in mapped and actual terrain. The following characteristics 
should be examined closely. 


1, HYDROGRAPHY 
Ofall the symbols on foreign maps, those for hydrography conform most closely to DMA 
usage. The use of blue lines and areas to depict streams, rivers, lakes, and seas seems to be 
universally accepted. The one caution to be observed is that foreign cartographers use 
different sets of rules to govern what is and what is not included on the map. Distinction 
between perennial and intermittent streams is usually not made. 


1-2. VEGETATION 
The classification and symbols for vegetation on most foreign ma 
used on DMA maps. The vegetation included on many foreign maps is often extensive, 
identifying not only vegetated areas~but also the specific types of vegetation present. Green 
is the predominant color used to represent vegetation; but, blue and black are sometimes 
used. The symbols that depict the various types of vegetation differ greatly from one foreign 
map to another. 


13. CULTURAL AND LINEAR FEATURES 
Perhaps the most striking difference between DMA and foreign maps is the set of symbols 
used to portray cultural features. Some symbols found on foreign maps are very unusual 
Symbols for linear features on foreign maps are also likely to confuse the user who is 
accustomed to DMA symbols. DMA uses 10 basic road symbols to portray different cl 
of roads and trails; foreign mappers use many more. 


1-4, TERRAIN RELIEF 
Foreign maps generally use contour lines to portray terrain relief, but substantial variability 
exists in the contour intervals employed. They may range from 5 to 100 meters. 


15. SCALE 
Scales found on foreign maps include 1:25,000, 1:63,360, 1:63,600, 1:75,000, and 
1:100,000. Most foreign large-scale topographic maps have been overprinted with 1,000- 
meter grid squares; so, it is unlikely that the variable scales will have much effect on your 
ability to use them. However, you must learn to estimate grid coordinates because your 
1:25,000 and 1:50,000 grid coordinate scales may not work. 
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1-6. STEPS TO INTERPRETING FOREIGN MAPS 
ing the many difficulties and limited advantages encountered when using 
it is only appropriate that some strategy be offered to help you with the task. 
a, In the August 1942 issue of The Military Engineer, Robert B. Rigg, Lieutenant, 
Cavalry, suggested a five-step process for reading and interpreting foreign maps. It is as 
appropriate today as it was when he first proposed it, 

Step 1. Look for the date of the map first. There are generally four dates: survey and 
compilation, publication, printing and reprinting, and revision. The date of the survey and 
compilation is most important. A conspicuous date of revision generally means that the 
entire map was not redrawn—only spot revisions were made. 

Step 2. Note whether the publisher is military, government, or civilian. Maps published 
by the government or the military are generally most accurate 

Step 3. Look at the composition. To a great extent, this will reveal the map 
Was care taken in the cartography? Are symbols and labels properly placed? 
draftsmanship precise? Is the coastline or river bank detailed? 

Step 4. Observe the map's color. Does it enhance your understanding or does it obscure 
and confuse? The importance of one subject (coloring) must warrant canceling others. If it 
confuses, the map is probably not very accurate. 

Step 5. Begin to decode the various map colors, symbols, and terms. Study these items 
by examining one feature classification at a time (culture, hydrography, topography, and 
vegetation). As an accomplished navigator, you should already have a good understanding 
of your area of operations, so translation of the map’s symbols should not present an 
impossible task. Use your notebook to develop an English version of the legend or create a 
new legend of your own. 

b. In dealing with the challenge of using a foreign map, be certain to use these five 
steps. In doing so, you are also encouraged to bring to bear all that you know about the 
geographic area and your skills in terrain analysis, map reading, map interpretation, and 
problem solving. Afier careful and confident analysis, you will find that what you do know 
about the foreign map is more than what you do not know about it. The secret often lies in 
the fact that the world portrayed on a map represents a kind of international language of 
own, which allows you to easily determine the map's accuracy and to decode its colors, 
symbols, and labels. 
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APPENDIX J 


GLOBAL POSITIONING SYSTEM 


The ability 10 accurately determine position location has always been a 
major problem for soldiers. However, the global positioning system has 
solved that problem. Soldiers will now be able to determine their position 
accurately to within 10 meters. 


J-1, DEFINITION 
‘The GPS is a satellite-based, radio navigational s; of a constellation with 24 
active satellites that interfaces with a ground-, air-, or sea-based receiver. Each satellite 
transmits data that enables the GPS receiver to provide precise position and time to the user. 
‘The GPS receivers come in several configurations, hand-held, vehicular-mounted, aircraft- 
mounted, and watercraft-mounted, 


J-2., OPERATION 
The GPS is based on satellite ranging. It figures the users’ position on earth by measuring 
the distance from a group of satellites in space to the users” location, For accurate three- 
dimensional data, the receiver must track four or more satellites, Most GPS receivers provide 
the user with the number of satellites that it is tracking, and whether or not the signals are 
good. Some receivers can be manually switched to track only three satellites if the user 
knows his altitude, This method provides the user with accurate data much faster than that 
provided by tracking four or more satellites. Each type receiver has a number of mode keys 
that have a variety of functions. To better understand how the GPS receiver operates, refer 
to the operators’ manual 


J-3. CAPABILITIES 
‘The GPS provides worldwide, 24-hour, all-weather, day or night coverage when the satellite 
constellation is complete. The GPS can locate the position of the user accurately to within 
21 meters—95 percent of the time. However, the GPS has been known to accurately locate 
the position of the user within 8 to 10 meters. It can determine the distance and direction 
from the user to a programmed location or the distance between two programmed locations 
called way points. It provides exact date and time for the time zone in which the user is 
located. The data supplied by the GPS is helpful in performing several techniques, 
procedures, and missions that require soldiers to know their exact location. Some examples 
are: 

* Sighting 

© Surveying, 

© Sensor or minefield emplacement, 
Forward observing. 
Close air support. 
Route planning and execution. 
Amphibious operations. 
Artillery and mortar emplacement. 
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‘Fire support planning. 


J4, LIMITATIONS 
A constellation of 24 satellites broadcasts precise signals for use by navigational sets. The 
satellites are arranged in six rings that orbit the earth twice each day. The GPS navigational 
signals are similar to light rays, so anything that blocks the light will reduce or block the 
effectiveness of the signals. The more unobstructed the view of the sky, the better the system 
performs. 


4-5, COMPATABILITY 
All GPS receivers have primarily the same function, but the input and control keys vary 
between the different receivers. The GPS can reference and format position coordinates in 
any of the following systems: 

‘* Degrees, Minutes, Seconds (DMS): Latitude/longitude-based system with position 

expressed in degrees, minutes, and seconds 

‘* Degrees, Minutes (DM): Latitude/longitude-based 

degrees and minutes 

© Universal Traverse Mercator (UTM): Grid zone system with the northing and 

easting position expressed in meters. 

* Military Grid Reference System (MGRS): Grid zone/grid square system with 

coordinates of position expressed in meters 
The following is a list of land navigation subjects from other sections of this manual in 
which GPS can be used to assist soldiers in navigating and map reading: 

a. Grid Coordinates (Chapter 4). GPS makes determining a 4-, 6-, 8-, and 10-digit grid 
coordinate of a location easy. On most GPS receivers, the position mode will give the user 
a 10-digit grid coordinate to their present location. 

b. Distance (Chapter 5) and Direction (Chapter 6). The mode for determining distance 
and direction depends on the GPS receiver being used. One thing the different types of 
receivers have in common is that to determine direction and distance, the user must enter at 
least one way point (WPT). When the receiver measures direction and distance from the 
present location or from way point to way point, the distance is measured in straight line 
only. Distance can be measured in miles, yards, feet, kilometers, meters, or nautical knots 
or feet. For determining direction, the user can select degrees, mils, or rads. Depending on 
the receiver, the user can select true north, magnetic north, or grid north. 

c. Navigational Equipment and Methods (Chapter 9). Unlike the compass, the GPS 
receiver when set on navigation mode (NAV) will guide the user to a selected way point by 
actually telling the user how far left or right the user has drifted from the desired azimuth 
With this option, the user can take the most expeditious route possible, moving around an 
obstacle or area without replotting and reorienting. 

d, Mounted Land Navigation (Chapter 12). While in the NAV mode, the user can 
navigate to a way point using steering and distance, and the receiver will tell the user how 
far he has yet to travel, and at the current speed, how long it will take to get to the way point. 

e. Navigation in Different Types of Terrain (Chapter 13). The GPS is capable of 
being used in any terrain, especially more open terrain like the desert. 


1em with position expressed in 
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f. Unit Sustainment (Chapter 14). The GPS can be used to read coordinates to quickly 
ablish and verify land navigation cou 
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‘APPENDIX K 
PRECISION LIGHTWEIGHT GLOBAL POSITIONING 
SYSTEM RECEIVER 


The precision lightweight global positioning system receiver (PLGR) 
is a highly accurate satellite signal navigation set (referred to in this 
appendix as AN/PSN-11). 


K-1. CONCEPT OF OPERATION 
The AN/PSN-I1 is designed for battlefield use anywhere in the world. It is sealed 
watertight for all weather day or night operation. The AN/PSN-11 is held in the left hand 
and operated with the thumb of the left hand. Capability is included for installation in 
ground facilities, and air, sea, and land vehicles. The AN/PSN-11 is operated stand-alone 
using prime battery power and integral antenna. It can be used with external power 
source and external antenna. 

a. The AN/PSN-11 provides the user with position coordinates, time, and navigation 
information under all conditions, if— 

© No obstructions block the line-of-sight satellite signal from reaching the 
antenna, 
* Valid crypto keys are used to protect the AN/PSN-I1 from intentionally 
degraded satellite signals. 

b. Many data fields, such as elevation, display units of information. The format of 
the units can be changed to your most familiar format. 

¢. Map coordinates are entered as a way point. When a way point is selected as a 
destination, the AN/PSN-I1 provides steering indications, azimuth, and range 
information to the destination. A desired course to a way point is entered. Offset distance 
from this course line is shown. 

d. Up to 999 way points can be entered, stored, and selected as a destination. A route 
is defined for nav either start-to-end or end-to-start. The route consists of up to nine legs 
(10 way points) linked together. 


K-2. CAPABILITIES 
Data provided by the AN/PVS-11 helps complete missions such as: 
+ Siting. 
* Surveying. 
+ Tactical reconnaissance. 
+ Sensor emplacement. 
+ Artillery forward observing. 
* Close air support 
* General navigation, 
Mechanized maneuvers. 
Engineer surveying. 
Amphibious operations. 
Parachute operations. 
Signal intelligence. 
Electronic warfare, 
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© Ground-based forward air control. 
This data is displayed on the AN/PSN-I display. It is also available from a serial data 
port. 


K-3. CHARACTERISTICS 
The AN/PSN-11 is less than 9.5 inches long, 4.1 inches wide, and 2.6 inches deep. It 
weighs 2.75 pounds with all batteries in place. The small size and lightweight make the 
set easy to carry and use, The durable plastic case is sealed for all-weather use, The 
AN/PSN-11 features make it easy to use. (These features are highlighted in the physical 
description in Figure K-1) 


KYK-13/KOI-18/SINCGARS 


Power Battery Cover ba tregerd hia 
Tuts of for easy ld Pop-of operation 
Feplaceoent of per batoy Protects eonnersor 
Rear Panel Connectors 


Provide access for serial 


Display If) 8333528 
‘tne x 16-character 

alphanumeric Mode 

Sependent, variable format 

Flashing fils selection, 


Integral Antenna 
Flip-up swivel Compact 
storage Facilitates optimum 
view angle while receiving 
satelite signals 


Handle 
Easy one handed operation 
‘Adjustable 


Facilitates thumb keying Memory Battery Cover 
‘Screws out for easy 
acoment of memory batt 
Keypad rep smory battery 
‘Oversized keys for ease of operation 
Dual Modes: 


Control - for one-handed 
‘Numeric - for quick two-handed data entry 


Figure K-1. Physical features. 
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Figure 95: Software-Defined Networking and Cloud Architectures™®? 


> 


“infastructure Build Phase 
(LTE, WiFi, Smal Cel) 


‘Cloud Optimization Phase 
(RAN, Contals, Gateways, Sentces, Applications) 


Unlicensed Spectrum Integration 


See the earlier section in this report on unlicensed spectrum integration, which includes a 
discussion of LTE-U, LTE-LAA, MulteFire, LWA, LWIP, and RCLWI. This section covers 
integration approaches other than these. 


3GPP has evolved its thinking on how best to integrate Wi-Fi with 3GPP networks. At the 
same time, the Wi-Fi Alliance and other groups have also addressed hotspot roaming, 
namely the ability to enable an account with one public Wi-Fi network provider to use the 
services of another provider that has a roaming arrangement with the first provider. 


The multiple attempts to make Wi-Fi networks universally available have made for a 
confusing landscape of integration methods, which this section attempts to clarify. Most 
integration today is fairly loose, meaning that either a device communicates data via the 
cellular connection or via Wi-Fi. If via Wi-Fi, the connection is directly to the internet and 
bypasses the operator core network. In addition, any automatic handover to hotspots 
‘occurs only between the operator cellular network and operator-controlled hotspots. The 
goals moving forward are to: 


Support roaming relations 
operated by other entities. 


s so that users can automatically access Wi-Fi hotspots 


a Enable automatic connections so that users do not have to enter usernames and 
passwords. In most cases, this will mean authentication based on SIM credentials. 


182 5G Americas member contribution. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 173, 
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K-4, SETUP AND CONTROL 
Setting up the operation parameters of the PLGR is critical. This section describes the 
display, procedures, and principles used in setting the AN/PSN-1 Idisplays to suit the 
needs of the user. This display consists of seven pages that allows the user to control the 
following parameters: 

+ Operating mode. 

+ Type of satellites to use. 

* Coordinate system. 

+ Units, 

+ Magnetic variation, 
+ Display customization 
+ Navigation Display mode. 


Elevation hold mode. 
Time and error formats, 
Datum, 
Automatic off timer. 
Datum port configuration. 
+ AutoMark mode. 
To set the PLGR up for continuous operation: 
a. Tur the PLGR ON. Once it has completed its built-in-test (BIT) press the 
MENU key and move the cursor to SETUP (Figure K-2). Ac 


<move> select 
STATUS SETUP 
INIT TEST 
HELP <MORE> P 


Figure K-2. SETUP. 


b. The first screen (Figure K-3) allows the operator to set the operating mode and 
SV-Type. Scroll through the operating modes and select CONT and for the SV-Type 
Mixed. 


SETUP MODE: CONT 
Continuous POS 
and VEL update 
SV-TYPE: mixed P 


Figure K-3. Operating mode and SV-type. 
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¢. The second screen (Figure K-4) allows the operator to setup the units. Scroll 
through the available coordinates and select MGRS-New and Metric. For the Elevation 
select meter and MSL and for the Angle select Degrees and Magnetic. 


SETUP UNITS. 
MGRS-New Metric 
Elev: meter MSL 


ANGL: Deg Mag Pp 


Figure K-4. Setup the units. 


d. The third screen (Figure K-5) should be set for the MAGVAR (Magnetic 
variation or GM Angle for your area). The operator can select Calculate the degree or 
manually enter degrees as an Easterly or Westerly GM Angle; for example, E021.0 for 
the TENINO Map Sheet. 


SETUP MAGVAR 


TYPE: Calc deg 
wwM 1995 
Pp 


Figure K-5. Magnetic variation or GM angle setup. 


e. The fourth screen (Figure K-6) of setup allows the operator to set the Elevation 
Hold, Time, and Error. The operator should set the ELHOLD to automatic. As for time 
the operator needs to know, from their present location, how many hours they are ahead 
of or behind Greenwich Mean Time. For example, during Daylight savings time, Fort 
Benning, GA. is Loc=Z-0400. To set the ERR, the operator selects -+m to let him know 
in meters how accurate the PLGR is operating. 


SETUP 

ELHold: automatic 
TIME: Loc=Z-0400 
ERR: +-m P 


Figure K-6. Set elevation, time, hold, and error. 


f. The fifth screen (Figure K-7) of setup allows the operator to set the PLGR Datum 
to their area of operation and to set the Automatic Off Timer. The PLGR has fifty-two 
map Datum sets available. The operator should set the PLGR Datum to their area of 
operation. For example, if your map Datum is WGS-84, the operator sets the PLGR to 
WGS-84. If the map is 1927 North America Datum, the operator sets the Datum to 
NAS.C. The automatic timer off is used to turn the PLGR off after a prescribed time once 
it has acquired a fixed position, The operator should set this mode to OFF. 


KA 
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SETUP DTM:NAS-C 
NA27CONUS /CIk66 
AUTOMATIC OFF 

TIMER: off P 


Figure K-7. Set the PLGR Datum. 


g. The sixth screen (Figure K-8) i 
the operator to control serial communi 
Standard unless otherwise directed ani 


s the In/Out Port screen. This page allows 
\s, HAVEQUICK and IPPS options. Select 
‘elect OFF for Havequick and IPPS. 


SETUP I/O 

SERIAL: Standard 
HAVEQUICK: Off 
1PPS: Off P 


Figure K-8. In/out port screen. 


h. The seventh screen (Figure K-9) is setup AUTOMARK. This feature allows the 
operator to have the PLGR periodically wake-up, acquire a position fix, store the position 
as a way point, or return to the mode of operation it was previously in. The operator 
should set this mode to OFF. The remaining pages for SETUP are for advance GPS 


users 


SETUP AUTOMARK 
MODE: off WP002 
26-04-01 0935L 
REPEAT 00hO0m =P 


Figure K-9. AUTOMARK setup. 


i, Once the PLGR is SETUP, the operator can now obtain a position. This procedure 
is accomplished by activating the Position (POS) key. The position displayed is OLD 
information until the receiver collects and calculates satellite data and displays the current 
position, The receiver must be tracking three satellites to obtain a two-dimensional fix 
position and four or more satellites for a three-dimensional fix position. The third 
dimension is elevation 


K-5. WAY POINT OPERATIONS 
A way point is the location of a point on a desired course described by coordinates or a 


physical location. A normal mission consists of a series of way points. The way points 
available on the AN/PSN-11 are 999 (numbered 01 through 999), 


KS 
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a, This paragraph describes the AN/PSN-I1 way point displays and way point 
operations. The way point display pages are used to perform the following operations: 

© Enter, edit, or review way points, 

© Copy way points. 

© Determine the distance between way points. 
© Calculate a new way point, 

© Clear way points. 

* Define a mission route. 

b. To enter a way point, the operator needs to press the way point (WP) key 
(Figure K-10). When the way point menu appears, the ENTER function flashes. The 
operator presses the down arrow key to activate this field. Now the operator enters a way 
point name, grid zone designator, 100,000-meter grid square identifier, 10-digit grid 
coordinate, and elevation. 


wP. <move> sel 
ENTER EDIT COPY 
SR-CALC RNG CALC 
DIST CLEAR ROUTE 


Figure K-10. Enter a way point. 


¢. To enter a way point name, the operator presses the right arrow key until the first 
letter of the word UNUSED(WP#) is flashing (Figure K-11). Scroll up or down through 
the alphabet changing the letter U to whatever is desired. For example, if the operator 
wanted to name their way point NORTH STAR, the operator scrolls down the alphabet 
until the letter U is changed to the letter N (Figure K-12). The operator repeats this 
process for the remaining letters. 


WP002 UNUSED002 


B MGRS-New 
AN 00000e 00000n 
No EL CLR_P 


Figure K-11. Unused. 


WP002 NORTHSTAR 


10T MGRS-New 
EG 13130e 95750n 
No EL CLR_N 


Figure K-12. Change a name. 
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d. Second line, the operator enters the grid zone designator for their area of 
operation. For example, the Fort Benning area falls in the 16S zone. 

e. Third line, the operator must enter a 10-digit grid coordinate with its 
100,000-meter grid square identifier. For example, if the way point location is Offutt 
Lake, Tenino map sheet, the 100,000-meter grid square identifier is EG. Then, the 
operator plots the grid coordinates on the map and enters it into the PLGR. 


NOTE: Operator plots 8-digit grid coordinates, however a 10-digit coordinate is 
entered. Therefore, the 5" and 10"" digit entered is a zero (0). 


£ For the fourth line, if the elevation of the way point is known, the operator can 
enter it. If the elevation is not known the operator can just leave the data as zero or No 
EL. The operator moves the cursor until the Up and Down arrow symbol appears before 
the letter P or N in bottom right comer. When activating the down arrow key the operator 
stores the way point into the PLGR’s memory. The PLGR notifies the operator that the 
way point has been stored. 


NOTE: When entering numbers, the NUM LOCK can be activated. The letter N 
appears in the bottom right comer allowing the operator to use the numbers on 
the keypad rather then scrolling up/down (Figure K-12) 


K-6. NAVIGATION 
Navigation (nav) is using the AN/PSN-11 to find your present position, relative to other 
points. The AN/PSN-I1 provides azimuth, range, and steering information in a variety of 
formats. There are four navigation display modes that may be accessed and selected. 
The navi splay mode selected determines the type of information shown on the 
navigation displays. These navigation displays give the user the most useful information 
for a certain mission profile: SLOW, 2D FAST, 3D FAST OR CUSTOM. 

+ In SLOW nav mode, the AN/PSN-11 performs two-dimensional (2D) nav. Slow 
nay mode is used for land or sea nav, when the user cannot maintain the minimum 
speed necessary (about 1.5 kmph). 

+ In 2D FAST nav mode, the AN/PSN-11 performs two-dimensional (2D) nav. 2D 
FAST nav mode is used for land or sea nav, when the user can maintain the 
minimum speed necessary for GPS to compute navigation parameters based on 
velocity. 

+ In3D FAST nav mode, the AN/PSN-11 performs three-dimentional (3D) nav. 3D 
FAST nay mode has an APPROACH sub-mode. 3D FAST nav mode is used for 
air nay, when the user can travel in three dimensions and can maintain the 
minimum speed necessary for GPS to compute navigation parameters based on 
velocity. 

+ In CUSTOM nav mode, the AN/PSN-11 performs the users navigational display 
pages as so desired. It can be set-up to support the individual user’s performances 
or mission requirements. The following custom display modes are available: 

= Direct, 
= Course To. 
= Course From. 
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= Route. 
= Approach. 
To navigate with the PLGR on land in a Dead-Reckoning method, the PLGR nav mode is 
accomplished as follows. 
a, The operator presses the NAV key activating the nav function. The first screen 
that appears is the nav mode (Figure K-13). For example, SLOW, 2D FAST, 3D FAST, 
CUSTOM, DIRECT, CRS TO, and CRS FROM 


2D FAST DIRECT, 
‘WP002 NORTHSTAR002 


P 


Figure K-13. Navigation mode. 


b. The operator selects the 2D FAST and DIRECT. The second line is the way 
point desired to be navigated. (Scroll through the way points that are stored to choose the 
desired way point.) 

¢. To see the azimuth that the navigator should be traveling on, go to the next page 
by pressing the down arrow key (Figure K-14). This page tells the navigator what 
azimuth they are heading on (TRK=tracking), and the actual azimuth the navigator 
should be heading on (AZ). The fourth line tells the navigator Steering (STR). A 
direction (< >) and a number of degrees the navigator needs to move to travel on their 
actual azimuth, 


NORTHSTARO02_ +-30m 
TRK 305.3M 
AZ 3113M 
STR _>6 P 


Figure K-14. Azimuth. 


d. The third screen (Figure K-15) tells the navigator the range or distance to their 
way point and how much time (TTG2) it will take them to get to their way point. This 
page also lets the navigator know what is the elevation difference from their present 
location to the way point and by how much they will miss their way point by (MMD), 


RNG 3598.55km 
TTG2 0036:05 
ELD -00050m, 
MMD2 30m 4 


Figure K-15. Range or distance. 
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EPLRS 


FIST 
FM 
FORSCOM 


GD 
GEOREF 
GM 
GPs 
GSR 
GTA 
GIVLLD 


HD 
HHC 
HMMWV 


JOG 
JTIDS 


GLOSSARY 


avenue of approach 
advanced noncommi 
Amy regulation 


ned officer course 


basic noncomissioned officer course 
basic training 


centimeter 
continental United States 
combat support 

combat service support 
commercial utility cargo vehicle 


Department of Defense 
Defense Mapping Agency 


east 
enhanced position location reporting system 


fire support team 
field manual 
United States Army Forces Command 


ground distance 
geographic reference system 
grid-magnetic 

global positioning system 

ground surveillance radar 

graphic training aid 

ground/vehicular laser locator designator 


horizontal distance 
headquarters and headquarters company 
high-mobility multipurpose wheeled vehicle 


joint operations graphics 
joint tactical information distribution system 


kilometer 


latitude 
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MD map 
METT-T mission, enemy, terrain, troops and time available 
MITAC map interpretation and terrain association course 
N north 

NCO noncommissioned officer 

OAC officer advanced course 

OBC officer basic course 

ocs officer candidate school 

osuT one station unit training 

PADS position and azimuth determining system 

PD photo distance 

PIH hybrid (PLRS and JTIDS) 

PLDC primary leadership development course 

PLGR Precision Lightweight Global Positioning System Receiver 
POL program of instruction 

PRE precommission 

QRMP quick response multicolor printer 

ROTC Reserve Officers’ Training Corps 

s south 

SF tandard form 

SOSES shapes, orientations, sizes, elevations, and 

slopes 

suSV small-unit support vehicle 

tan tangent 

™ technical manual 

TOW tube-launched, optically tracked, wire-guided missile 
TRADOC Training and Doctrine Command 

topo topographic 

ups universal polar stereographic 

us United Stat. 

UsGs United States Geological Survey 

urM universal transverse mercator 

vD vertical distance 

VNAS vehicular navigation aids system 

w west 
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azimuth 
back, 6-3 (illus) 
grid, 6-2, 6-3 (illus), 6-4, 6-8 
magnetic, 6-3, 6-11 (il 
origin, 6-3 (illus 
plotting, 6-8 (illus) 


base lines, 6-2 (illus) 
grid north, 6-2 
magnetic north, 6-1 
true north, 6-1 

bench marks, 10-5 


codes, numer 

colors, map, 3-6 

compass, lensatic 
handling, 9-1, 9-2 
orienting a map, 11-1 
parts, 9-1, 9-2 (illus) 
techniques, 9-2 thru 9-6 


|, 4-25, 4-27 


compa: 
contour intervals, 10-2 (illus) 


course, land navigation, 14-2 


dead reckoning, 11-14, 12-6, 12-7 
declination 
conversion, 6-9 thru 6-14 
diagram, 6-9 (illus), 11-1, 11-2 
degree, 6-1 
distance determiners 
estimation, 5-12 (illus) 
‘odometer, 5-11 
pace count, 5-11 
subtense, 5-12 


elevation depicting method 
bench marks, 10-5 
contour intervals, 10-2 (illus) 
spot elevations, 10-5 
EPLRS (enhanced position location reporting system), H-1, H-2 
extension scale, 5-3 thru 5-8, 5-9 (illus) 
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@ Provide secure communications on the radio link as provided by the IEEE 802.111 
standard, 


a Allow policy-based mechanisms that define the rules by which devices connect to 
various Wi-Fi networks. 


@ Enable simultaneous connections to both cellular and Wi-Fi, with control over which 
applications use which connections. 


Q Support different types of Wi-Fi deployments, including third-party access points 
and carrier access points. 


Release 6 I-WLAN 


3GPP Release 6 was the first release to offer the option of integrating Wi-Fi in a feature 
called “Interworking WLAN” (I-WLAN), using a separate IP address for each network type. 


Release 8 Dual Stack Mobile IPv6 and Proxy Mobile IPv6 

3GPP Release 8 specified Wi-Fi integration with the EPC using two different approaches: 
host-based mobility with Dual Stack Mobile IPvé (DSMIPv6) in the client, and network 
based mobility with Proxy Mobile IPv6 (PMIPv6) using an intermediary node called an 
“Enhanced Packet Data Gateway” (ePDG).1®° This method is intended for untrusted (non- 
carrier-controlled) Wi-Fi networks. 


Release 11 S2a-based Mobility over GTP 

Release 11, however, implements a new and advantageous approach as shown in Figure 
96, one that eliminates the ePDG. Called “S2a-based Mobility over GTP” (SaMOG), a trusted 
WLAN Access Gateway connects to multiple 3GPP-compliant access points. Traffic can route 
directly to the internet or traverse the packet core. This method is intended for trusted 
(carrier-controlled) Wi-Fi networks. 


182 3GPP, System Architecture Evolution (SAE); Security aspects of non-3GPP accesses. TS 33.402 
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false easting, 4-11, 4-12 (illus) 

false northing, 4-11, 4-12 (illus) 

field expedient methods 
shadow-tip method, 9-7 (illus) 
star method, 9-9, 9-10 (illus) 
watch method, 9-8, 9-9 (illus) 

folding a map, B-1 

foreign map, 2-7 


G/VLLD (ground/vehicular laser locator designator), H-3 
geographic coordinates, 4-1 
geographic interval, 4-3 
GEOREF (World Geographic Reference System), 4-25, 4-26 (illus) 
global positioning system, 9-12, H-2, J-1, J-2 
grad, 6-1 
graphic (bar) scales, 5-3 (illus) 
extension scale, 5-3 thru 5-9 (illus) 
primary scale , 5-3 thru 5-6 
time-distance scale, 5-10 (illus) 
grid coordinates, 4-14 thru 4-21 
grid-magnetic angle, 6-9 
grid north, 6-2 
grid reference box, 4-13, 4-24, 4-25 (illus) 
gids, military, 4-10 
coordinates, 4-1 thru 4-10 
lines, 4-11, 4-14, 4-15 (illus) 
reference system, 4-1 
squares, 4-3, 4-10, 4-14 (illus) 
Universal Polar Stereographic, 4-11, 4-12 (illus) 
Universal Transverse Mercator, 4-10, 4-11 (illus) 


intersection methods 
map and compass, 6-15 (illus) 
straightedge, 6-16 (illus) 


joint operations graphic, 2-5 (illus), 2-6 
air, D-1 
ground, D-1 


latitude, 4-1 thru 4-4 
longitude, 4-1 thru 4-4 


M2 compass, G-1, G-2 
magnetic north, 6-1 
maps 

foreign, I-1 
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military city map, 2-6 


special, 2-6 
substitutes for military maps, 2-7 
topographic, 2-5 
types, 2-1 

marginal information, 3-1 thru 3-4, 3-4 (illus) 
colors, 3-6 
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angular, C-1 
conversion factors, C-2 (table) 
English system, C-I (table) 
metric system, C-I (table) 

mil, 6-1 

military city map, 2-4 

mounted navigation 
combination, 12-4 
dead reckoning, 12-6 
duties, 12-1 
effets of terrain, 12-1 
terrain ion, 12-3, 12-4 
vehicle capabilities, 12-2 


navigation methods 
arctic, 13-9 
combination of techniques, 11-8 
dead reckoning, 11-14 
deserts, 13-1 
jungles, 13-6 
mountains, 13-4 
mounted, 12-1 
night, 11-15 
terrain ion, 11-16 
urban areas, 13-10 
night vision goggles 
AN/PVS-5, H-1 
AN/PVS-7, H-1 


orienteering, civilian, F-20 

orienteering, military 
control points, F-10 
course, F-2 thru F-5 
equipment, F-5, F-6 


map symbols, F-1 thru F-19 (illus) 
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officials, F-5 
safety, F-10 


start/finish area, F-5 
techniques, F-19 
orienting the map methods 
using a compass, 11-1, 11-2 (illus) 
using field expedients, 11-6 
using terrain association, 11-5 (illus) 
overlay 
aerial photograph, 7-3, 7-4 (illus) 
map, 7-1, 7-3 (illus) 


PADS (position and azimuth determining system), H-3 
photographs, aerial 
advantages, 8-1 
disadvantages, 8-1 
features, 8-17 
film types, 8-7 
indexing, 8-10 thru 8-13 
numbering and titling, 8-7 
scale determination, 8-8, 8-9 (illus) 
stereovision, 8-18 thru 8-22 (illus) 
types, 8-1 thru 8-7 
photomap, 2-5 


point designation grid, 8-14 thru 8-17 (illus) 
polar coordinates, 6-20, 6-20 (illus) 
polar plot, 6-20 (illus) 

i 4-10 (illus), 4-10 (table) 


procurement, 2-1, 
profiles, construction, 10-20 
protractor, 6-5 

types, 6-6 (illus) 

usage, 6-7, 6-8 


QRMP (quick response multicolor printer), H-3, H-4 


range estimation, factors of, 5-1 (table), 5-14 
relief depicting methods 

contour lines, 10-1 

form lines, 10-1 

hachures, 10-1 

layer tinting, 10-1 

shaded relief, 10-1 
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representative fraction (scale), 2~ 
large 
medium 
nall 
resection method 
map and compass, 6-17 (illus) 
modified, 6-10 (illus) 
straightedge, 6-18 (illus) 
ridgeline, 10-11 (illus) 
ridgelining, 10-19, 10-20 (illus) 


ety, 1-2 
Je (representative fraction), 2-3, 2-4, 5-1 
sketches, military, A-L 
skill progression, navigation 
enlisted, 1-1 
officer, 1-1 
slopes (all illus) 
concave, 10-6 (illus) 
convex, 10-7 (illus) 
gentle, 10-5, 10-6 
percentage, 10-8, 10-9 
steep, 10-5 (illus) 
SOSES (shape, orientation, size, elevation, slope), 10-18, 10-19 
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The U.S. Army’s official guide 
to map reading, 
determining location, and navigating. 


For a soldier, knowing where you are is a matter of life and death, and so it comes 
as no surprise that the Army has produced the most complete, clear, and thor- 
ough guide to map reading and navigation available 

‘The book starts with a comprehensive explanation of the meaning and uses of 
maps, whether photographic, planimetric (standard-style), or topographic, then 
proceeds to the use of those maps, discussing compass techniques, celestial navi- 
gation, and determination of distance. There is a detailed section on interpreting, 
topographic maps, with notes on tactical considerations for differing terrain, as 
well as determining the ease of movement through an area. 

The book's crucial, well-illustrated chapters have invaluable information on: 


Training Strategy * Maps * Marginal Information and Symbols 
Grids * Scale and Distance * Direction * Overlays 
Aerial Photographs * Navigation Equipment and Methods 
Elevation and Relief * Terrain Association * Mounted Land Navigation 
Navigation in Different Types of Terrain * Unit Sustainment 


There is also information on field sketching, the tricky art of map folding, 
units of measure and conversion factors, map symbols, orienteering, and the 
global positioning system (GPS). 

For the adult outdoorsman venturing into the wild, the Boy Scout, or the seri- 
ous military buff, the U.S. ARMy Map READING AND LAND NAVIGATION 
HANDBOOK is an indispensable, must-have book. 
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Figure 96: Release 11 SaMOG-based Wi-Fi Integration 
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Release 12 improves SaMOG capabilities in Enhanced SaMOG (eSaMOG), in which UEs can: 
@ Request the connectivity type 

Indicate the Access Point Name (APN) to establish PDN connectivity 

Request to hand over an existing PDN connection 


Establish multiple PDN connections in parallel over the WLAN 


oooag 


Establish a non-seamless WLAN offload connection in parallel to a Packet Data 
Network connection over WLAN. 


Multipath TCP 


‘Anew method for potentially integrating Wi-Fi and 3GPP networks is based on work by the 
Internet Engineering Taskforce (IETF). Called “Multipath TCP,” the approach allows a TCP 
connection to occur simultaneously over two different paths. The advantages of this 
approach include higher speeds by aggregating links and not requiring any special 
provisions for link-layer handovers. 


The IETF has published an experimental specification, Request for Comments 6824: CP 
Extensions for Multipath Operation with Multiple Addresses, which explains this approach. 
The IETF is also specifying Multipath QUIC. 


ANDSF 


Another relevant specification is 3GPP Access Network Discovery and Selection Function 
(ANDSF), which provides mechanisms by which mobile devices can know where, when, 
and how to connect to non-3GPP access networks, such as Wi-Fi.28 ANDSF operates 
independently of SaMOG or other ways that Wi-Fi networks might be connected. 


184 3GPP, Architecture enhancements for non-3GPP accesses, Technical Specification 23.402. 
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INTRODUCTION 


HAVING TAUGHT SURVIVAL SKILLS FOR MANY YEARS, I have 
learned that four elements must be in place for a survival situation to 
have the chance of a positive outcome: knowledge, ability, the will to 
survive, and luck. While knowledge and ability can be learried, the will 
to survive is hard-wired into our survival mechanism and we may not 
know we possess it until we're put to the test. For example, people who 
were fully trained and well-equipped have given up hope in survivable 
conditions, while others, who were less well-prepared and ill-equipped, 
have survived against all odds because they refused to give up 


(JL] Always apply the principle of the 
least amount of energy expended 
for the maximum amount of gain [)[} 

t 


C 


Anyone venturing into the wilderness—whether for an overnight 
camping trip or a lengthy expedition—should understand the basic 
principles of survival. Knowing how to survive in a particular situation 
will allow you to carry out the correct beforehand preparation, choose 
the right equipment (and learn how to use it), and practice the 
necessary skills. While you may be able to start a fire using a lighter, for 
example, what would you do if it stopped working? Equally, anyone can 
spend a comfortable night inside a one-man bivy shelter, but what 
would you do if you lost your pack? The knowledge gained through 
learning the skills of survival will enable you to assess your situation, 
prioritize your needs, and improvise any items of gear that you don't 
have with you. 


{ (5 Treat the wilderness with respect: carry 
in only what you can carry out; leave only 
footprints, take only pictures [) C] 

Ye 


Survival knowledge and skills must be learned—and practiced—under 
realistic conditions. Starting a fire with dry materials on a sunny day, 

for example, will teach you very litle. The real survival skill is in 
understanding why a fire won't start and working out a solution. The 
more you practice, the more you learn (I am yet to teach a course where 
I didn’t learn something new from one of my students), Finding solutions 
and overcoming problems continually adds to your knowledge and, in 
most cases, will help you deal with problems should they accur again 


There are differences between teaching survival courses to civilians and 
teaching them to military personne. Civilians have enrolled on (and paid 
for) a caurse to increase their knowledge and skills, not because their 
life may depend on it (although, should they find themselves in a life- 
threatening situation, it may well do), but because they are interested 

in survival techniques in their own right. [n contrast, the majority of 
military personnel who undergo survival training may very well need 

to put it into practice, but they invariably complete the training simply 
because they are required to do so. While no one in the military forces 
would underestimate the importance of survival training, it isa fact that, 
if you want to fly a Harrier, or become a US Marine Mountain Leader, 
survival training is just one of the many courses you must undertake. 


In the military, we categorize the four basic principles of survival as 
protection, location, water, and food, Protection focuses on your ability 
to prevent further injury and defend yourself against nature and the 
elements. Location refers to the importance of helping others to rescue 
you by letting them know where you are. The principle of water focuses 
‘on making sure that, even in the short term, your body has the water it 
needs to enable you to accomplish the first two principles. Food, while 
not a priority in the short term, becomes more important the longer 
your situation lasts. We teach the principles in this order, but their 
priority can change depending on the environment, the condition of the 
survivor, and the situation in which the survivor finds him- or herself 


| 
{]{] Understanding your environment will 
allow you to select the best equipment, 
adopt the best techniques, and learn 


the correct skills 
yy, 


We also teach advanced survival techniques to selected personnel who 
may become isolated from their own forces, such as when operating 
behind enemy lines. The four principles of survival remain the same, 
but we substitute "location" with “evasion”. The military definition of 
evasion is recognized as: “being able to live off the land while remaining 
undetected by the enemy’: This involves learning how to build a shelter 
that cannot be seen, how to maintain a fire that doesn't give away your 
position, and how to let your own forces know where you are but 
remain undetected by the enemy. 


In military training, and with most expeditions, the equipment with 
which you train will be specific to a particular environment—marines 
operating in the jungles of Belize will not pack a set of cold-weather 
clothing, for example; and Sir Ranulph Fiennes won't practice putting 
up his jungle hammock before venturing into the Arctic! However, the 
standard practice of being equipped and trained for a specific 
environment can prove to be a major challenge for some expeditions. 
During my career as a survival instructor, for example, I have been 
fortunate enough to have worked on two of Sir Richard Branson’s 


Af 
(4 Gi The more you understand how 
and why something works, 
the more prepared you will be 
to adapt and improvise 
should it be damaged or lost |) [] 
L 
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global circumnavigation balloon challenges with Per Lindstrand and 
the late Steve Fossett. For these expeditions, the responsibility for 
selecting the survival equipment and training the pilots was a unique, 
if daunting, task. The balloon would be flying at up to 30,000 Ft 
(3,000 m) and would potentially cross every type of environment: 
temperate, desert, tropical rain forest, jungle, and open ocean. While 
it would have taken some very strong winds to blow the balloon into 
the polar regions, we did fly—after a brief and unplanned excursion 
into China—across the Himalayas 


We also had to train for the worst-case scenario, witich would be a fire 
in the balloon capsule. A capsule fire would leave the three pilots no 
option but to bail out, potentially from a great height, breathing from an 
oxygen cylinder, at night, and anywhere in the world, whether over land 
or sea, The chances of them landing in the same vicinity as each other 
under such circumstances would be slim to non-existent, so each pilot 
would need not only the necessary equipment to address the priorities 
of survival in each environment, but also the knowledge to be able to 
se it confidently and alone. We addressed this challenge by providing 
each pilot with survival packs devised for specific environments, a 
single-man liferaft (which provides shelter that's just as good in a desert 
as it is at sea) and realistic training with the equipment contained in 
each pack. As the balloon moved from one environment to anather, 

the packs were rotated accordingly, and the pilots re-briefed on their 
survival priorities for each environment. 


(2/2 
(11 There is a thin line between 


being in awe of an environment 
and being at its mercy ["] [) 


wet 


‘As you read this book and plan to put the skills and techniques covered 
here into practice, you will typically be equipping yourself for just one 
particular type of environment—but it's important that you fully 
understand that one environment. Make sure you research not only 
what the environment has to offer you as a traveller—so that you can 
better appreciate it—but also what it offers you as a survivor: there 

is sometimes a very thin line between being in awe of the beauty of 


an environment and being at its mercy. The more you understand both 
the appeal and dangers of an environment, the better Informed you will 
be to select the right equipment and understand how best to utilize it 
should the need arise. 


Remember, no matter how good your survival equipment, or how 
extensive your knowledge and skills, never underestimate the power 

of nature. If things aren't going as planned, never hesitate to stop and 
re-assess your situation and priorities, and never be afraid to turn back 
and try again later—the challenge will always be there tomorrow. 
Finally, always remember that the most effective method of dealing 
with a survival situation is to avoid getting into it in the first place. 


Colin Towel 


GG Twenty years from now you will be more 
disappointed by the things you didn't 
do than by the ones you did do in 


mancrwain 0 


ANDSF functionality increases with successive 3GPP versions, as summarized in Table 28. 


Table 28: ANDSF Policy Management Objects and 3GPP Releases"? 


InterSystem Mobilty Policy | Policy, Rue prionly, Pririized Access, Validity Area 
(SMP) (GGA, WLFL Geo), PLMN, Time-of-Day 


‘Access Network Type, Access Network Area (96, 4G, Wr 
Discovery nfo Fi, Geo), Access Network Reference 


3GPP, 3GPP2, WIMAX, Wi-Fi network ID, Geo Location, 
UE Location PLN 


s-APN routing over IP interta 


ed 


\VPLMIN with preferted WLAN roaming 


PDN ce 


Bidirectional Offloading Challenges 
Eventually, operators will be able to closely manage user mobile broadband and Wi-Fi 
connections, dynamically selecting a particular network for a user based on real-time 
changes in loads and application requirements. Work is occurring in Release 12 to define 
parameters that would control switching from LTE to Wi-Fi or from Wi-Fi to LTE. 2 


Bidirectional offloading, however, creates various challenges, as shown in Figure 97 and 
discussed below. 


185 Courtesy Smith Micro Software, 2014. http://www.smithmicro.com. 


196 3GPP, Study on Wireless Local Area Network (WLAN) - 3GPP radia interworking (Release 12), TR 
37.834, 
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PREPARE 
YOURSELF 


Most survival situations arise ir the military for ops prep 
one of two ways: either you are thrust —_for survival situations by learning the 
not of your making and basic 


could 


recognized th 
on them at the es, Many 
rew members who ha 
n involved in a survival situation, 
for example t that, hav: 


their aircraft in the sea, th 
remember how they sul 


In this section B77 ers 


how keeping in shape can keep you out of trouble... 
the Importance of a positive mental attitude... 
that where there's a will to survive there's a way to survive... 
» the difference between a coping strategy and an aggravating factor... 
how “show-stoppers” could scupper your trip... 
why an emergency plan of action could save your life... 


It would be foolish : 


iat p 


sert bei 
1 her by her dog, 


survival situation 


separate incident in 2 
cr inthe UK caught his a 
le to attract atte 
coll phone with hi 
choice 
todeath 
witha 


GG Never assume that the amount of prior 
preparation required is directly related to 
the length of a trip or its perceived danger Oy) 
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GETTING INTO SHAPE 
IN ANY SURVIVAL SITUATION youre likely to be at your ————< 


best, both physically and mentally, in the moments before KNOWING YOUR LIMITS 

avn aia of how you are ae 
the situation occurs, From that point on, through lack of TENE nie rae 
sleep, food, and water, your situation will deteriorate until achiev before entering he wees 
your rescue. Being in good physical condition will help you fooled eerie) loge ima 


‘overcome the challenges you'll face in a survival situation. 


THE BENEFITS OF EXERCISE 


Over time, exercise induces changes such as weight. eri of ti 
lass, as well as improved posture, pirysique, strength, be 
agility, mental alertness, and stamina, These are all vital 

attributes should you find yourself in a survival situation. 


HOW FIT ARE YOU? 

‘Ait heart pumps blood more slowly and efficiently 
than an unfit one. The hearts of women, children, ane 
‘older people beat faster than those of young adult males 
Take your pulse first thing inthe morning—this is lnown. 
asthe "hase rate” As the table below shows, the faster 
Your pulse returns to its base rate after a period of 
‘exercise, the fitter you are. Note that <denotes "ess 
Uhan and > denotes ‘more than! 


AGE 20-29 30-39 40-49 50+ 


RATING | BASE RATE Lowrie 
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Cm a eT 
Aer 76M 00-95 GSH 4D 
Pr e905 100 
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AGE 20-29 | 30-39 | 40-49 50+ eerree 
wieson 
MEN 

Sn ae ee 

Average 0-105 92-107 

oer >15 
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FIT FOR THE CHALLENGE 
Survival fitness isnot about trying to 
rn the 100 meters in 10 seconds, its 
about stamina and endurance, and about 
‘knowing your pliysical imitations and 
being able to work with them, Ttis also 
about understanding that you may have 
to push yourself beyond your fimits and 
that having a positive mental attitude is 
‘paramount to survival—the mind will often, 
‘give up lang before the body has reached! 
its limit Bear in mind that every task in 
{a survival situation wil sap your eneray. 


EXERCISING REGULARLY 


‘ay effective traning schedule mstindude 
at least three 45-minute sessions per week 
‘with exercises that raise the ertheat to 
‘ore than 120 beats per mite 


STARTING A FITNESS PROGRAM. 
Tospend tne in the wilderness with a pack 
on your back requires a combination ofstrength 
aerobic tess, Training in theqym before 
then your heart, ngs, 


‘are auton the tral 
1 Seok expert instruction and guidance 
ar passe 


«Start gradually and then build up your 
routine prouresshely 
# Hever try to wark through injure 


medical ac 
vont tnessprogrars there 
many websites and organizations that provide 
you with detaled fitness programs for varlous 
levels of specie aetties, frm training for 
a trek through the jungle ta meuntan-biking 
along the Appalachian Trail 
= Cuplcating in training wit youd ik ta 
able toachievean the tral wilallow you to 
il up reference points about how your body 
jarks,and haw itcopes in dffrent tuations. 
The more you know aout haw you perform, 


———, 


‘WARMING UP AND COOLING DOWN 
‘Tine spent warn up and coating down 
after exercise wil hap to improve your 
endrance levels and will aso accelerate 
the recovery process. Get into the habit 
cf staring al ening your session with 

a fvesminute jon. 


ee 
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GO FOR A CHECK-UP 

Isa sad fact that the majority of us don't have reqular medical 
check-ups: Many people work on the principle that you only 
heed to sae.a doctor oF dentist if something is wrong. However, 
you should always make sure that you start any adventure or 
willerness trek in top condition, Therefore, before you set out, 
pay visit fo your doctor and dentist and make sure that your 
body and teeth are in dood condition 


VISIT THE DOCTOR 
* Let the dastor know of ary ailments that have been concern 
‘a you during the cours ofthe previous year 

Tell the doctor where you ave acing and enquire about relevant 
Inaculations ar madleaton that yau should be taking with you 


VISIT THE DENTIST 
‘Have any problems with your teth dest wth before yeu gn. Any minor 
Cemal problem wil anos certainly turn into ful-blow toothache when, 
you least vantito, 


USEFUL EXERCISES 

Ifyou already get reqular exercise, youll find yourself far more 
‘comfortable ina survival situation than your more sedentary 
counterparts, Any pre-expediton training regime should include 
plenty of stretching, aerobic exercise, and weight-training. 


‘STRETCHING YOUR UPPER BODY AND BACK 

Regularly stretching yaur arms, neck, chest, and souls wll ap your 
hdl ta maintain a strong core. This will heaf great use when i eomes 
1wattivties such asrock climbing orusing trekking ples. Underaoing 

a regular backestretching routine wil loosen the back muscles, making 
them more faible and ess susceptible ta injury and wil Increase both 
the beck’ range of motion end its endurance 


‘STRETCHING YOUR LECS 
causa you leg muscesbaar the brunt ofthe work ag stifness isa 
common complaint at the and fa lang day on the tral Stretching your 
leas wl impprove your Next, increase blacd culation, and rela 
‘your muscles Concentrate.an your calves, quads, and hamstrines, 


AEROBIC EXERCISES 
‘Also called cardiovascular fitness, aorobic fitness rafers to the ability af your 
hark blood vessel, an lungs to supply oeygen and nutrients ta the estat 
your boy during sustained physical activity Regular derbi eerese—such 
as swimming, again, ° cycling —wil reduce the risk daveloping coronary 
heart disease or high blood pressure will help you to manage your welght and 
Inerease your staming levels and will make your Neart stronger and mare 
ficient, thus Improving blood Now araund your back, 


WEIGHT-TRAINING 

Increased muscle strangth will enhance your ability ta perform everyday 
tasks such as lfting,carrying, and walking A regular weloht-trsinng 
program wil Imoreve your posture, buld muscle density around 

the joints and bones, imprave your senso of balsncg, help your 

stress thanagernantablities ald sleep, and reduce the chances of 

you sustaining an inury In addition, research has shown that 

regular resistanee-tralring pragrai can improve your metabo: 

rate by up to 18 percent, wich wil help you shed any unwantag 

Weight ata faster rate 


. 
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MENTAL PREPARATION 


REGARDLESS OF WHETHER you're backpacking through 
remote area, or on a day hike in familiar territory, a 
situation may arise that changes your circumstances for 
the worse, Very quickly you move into the unknown, which 
causes tremendous psychological and emotional stress, 
known as "psychogenic shock” Understanding this will 
help you to deal with it better and reduce its impact, 


YOUR RESPONSE TO 
DISASTER SITUATIONS 


‘Your psychological response to a survival situation 
iscrucial. Statistics show that 95 percent of people 
who die with psychological trauma die within the first 
three days. Losing the wil to survive—or suffering 
psychological disorders that prevent you fram coping 
with the physical conditions—is your main concern, 

If you break down psychologically, your chances of 
‘overcoming a situation will be compromised 


AGGRAVATING FACTORS 


Reactions to disaster can result from a diect blow to 
the paycliological systern, such as extreme shock, but 
‘they can abo be brought on. ot aggravated by, other 
factors, As with all psychological problems, owing 
‘what these agaravating factors are, and attempting 
{to avoid thern—or at least recognizing what they’ 
might lead to—wil maximize your chances of 
Preventing or overcoming the problem. The most 
common agaravating factors are: tune; thirst 
fatigue, seasichness and hypothermia 


INDIVIDUAL REACTIONS 
TO DISASTER, 


People react to survival situations. 

in different ways although you 

‘can expect to find some common 
‘emotional reactions in victins who 
are experiencing. or have survived, a 
disaster situation You may experience 
‘one oF more of them during or after 
any survival experience or traurna, 


PSYCHOLOGICAL PROGRESSION 

[tS useful to examine how paople are Ekely to react ina 
survival situation, Using this knowledge, its possible to 
prepare mentally for such eventualites and, in so doing, 
lessen the impact ifthe worst should happen fo you when 
ut on the tral. Normal psychological reactions to disaster 
tend to occur ina set pattem of four stages; the pre- 
impact period, the impact period, the recol period, and 
the post-Lrauma period (see right). Contrary to popular 
belief, people don't normally panic, although it can be 
contagious if someone does, 


HUNGER THIRST 
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COPING STRATEGIES 


‘Thote are many things you can do to prepare yourself 
psychologically fora suvival stuation—such os 
learning about what you shoukl expect if the worst 
Were to happest—and to eope beter if you find 
‘yourself in one. Aswith al survival sil prior 
knowledge is power, and will help you to deal with 

a survival sitution far more successfully The m 
areas to think about are: training, motivation 
attachment, hope, acceptance, and helping others, 
Developing copina strategies san niportant. 
Aechnigue for survival 


TRAINING (MOTIVATION 
(fen ova a he wil 
saree aan len 
fehsaltoacogt eth and to 
hang tote bk that you 
were natant a unr thee 
endian Boker oereeing 
‘heerntonalandpysca 
‘harfetsfexreneconatins 
Liedta rotation te aby 
‘stabi oa, work cat the 
ste thie an anda 

fol hesestas tou 
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PANIC HYPERACTIVITY cut 
Panic ales rom thefear ofwhat might Hyperactive victims ae easly distracted, Some suffers fel gulty for surviving, 
happen rathertan whathashaprened. and areful of haar ideas, and often and for nst having dono enough for 

Tutends to occur whenpeople are trapped unhdgful sungestons, Suferers can thers—and some rationally ame 


‘rif'thare isatimelimitte tneirescape, reach thisstageaftw-astateof depression, themsaves fer tvraing about theinsdent 


DEPRESSION ANGER SUICIDE 
Depressed people wil sit among ‘Aggression, anger, and hasty 2-2 Disaster victims have bsen known to 
chaos and debris vacant gazing ‘common reactions to trauma,Thev're __ootanitsulcifeimmestatey after beng 
and otrephing to questions. Thayre _eflen ational and may evenbe dvected rescued, in some cases whe thoy'ne 
tnnawareofthar situate and unatle at thevescuers ormedica staff trying _alreafy safeinthe hogptal. Vielins 
tohelp themselves, so nsifurlheriniuss — tohelp them oul be closely mare, 


re-mpact period impact Pati Recall perl Post trauma period 

The'preiyact pods cied ||] Taststhettetrexteng tage, | Tistliowson det the fet pn isnt 

ote sass Satetialyintodnbbeine PY inact perc x engl wins |) ssf rials 

1 Ths target Inonact se ways ray tevecrapeta srg ip etn paticaiees 
though sont thee = 120 pace of peepee Amdaraintelieats Renast | Telarc ef rem 


reco aie cain anda lasers DMD frsptothreecys btpanaaly.lpy taonesepant anda ane 
red ates th 1 Usto75 prea ofpieple [ads fr aot hors feneice oul teres, 
‘enaland nderacy recur bewideedand | ot cet setulae oy neon ay 

+ Wang treat anges ‘bets erty toa pace oem Mberaensst—ayderdon 
rowapprrattealresprses |] 10-25quceteiot tome | reasangatitin avcenes, Thenarect fared ache 
rowboat, eso authassveaning iene exrien artes set. 


FATIGUE SEASICKNESS HYPOTHERMIA Cana \ 


en ee ee |. 
iret fomtieasa AL Grvenaagferetocuy ——_ethpyil ar tee eae 
sthertineitney ret fon are wc sal atest partial falenay foes Bees 
Simsizriationadthepoital—shallataneslybeoanea ——_taemarees si ine te ettovae 
leone vaity noel ode een ace vies who wer und 
jks anesthe tothsuge figtsasckws Lyfe 

acetate | oman ion Bite 
Carsidterntonenetl sates apetcteget — Taatyanainimg ‘Taibo played ie 
ant pyc perfrmano, sal wate ifyouhawe suc ‘the ship sank athe than 
‘alone byapaehoogl suples—but raion ten if ‘ina tose terse 
arafysral ily suena station 

ATTACHMENT HOPE ACCEPTANCE HELPING OTHERS 
Gvevittesonpt maating Tope mito mlafands _Anirbiy eae ns Fit mitoeour own ention 
faceshrersalisthsdere ——takadsvenngstutionwil steerer nnn esto andchetktetyoirraly te 
tobsrantsd wth pre! Inpro adgethetierInany _—_fustain ange aration Dire wns. 
guesohitctnet i yer furl station Eeimporart ——behuicward impr te———_gemnelycisturbed ther han 
ie Tose ke {ocitaantohne, eke anidtheeeirasia sania hong eatin, 
shuns inomatinor prextomtotie statin Teabtiytvarzatthe yao staid iy 
ies torrayThtenopestve wil sbi desi equate togung reel hse wn a ira 
Pats Iiplovarle p9ctloge) ——nfofarfomt Tesewre—_forsner Sine werd 
Oh trams Asofteneeie tbe Het ablfyandinowewten comb an terest lke 
Gradeion optician statin —_toteaciveandnhentobe Enemy toarenabe 
heeds thant siiyremiyanaet ss pete oahaveateter rvrespenone Thon 

Peneean gt aide. chance feat srw ‘tebe alee moar 


fey Art ng setts 
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PLANNING YOUR JOURNEY 


WHETHER YOUR TRIP involves a day out with your backpack, 

or a full expedition over weeks, crossing continents in four-wheel- 
drive vehicles, you need to plan it very carefully. The plan for 

your day out won't be as detailed as it would be for the longer 
expedition, but i's equally important. It's a good idea to have a 
basic planning outline for your most regular trips, to which you can 
add supplementary information as your trips become more involved 


MINIMIZING THE “IF ONLY” 


‘There's no way that you can plan for every eventuality—there are just 
too many variables—but what you can da is look at the type of trip you 
intend to take, and ensure that (fa situation arises youre not left wishing 
youd done something differently, The time to minimize the chances of 

an ‘if only" situation is during the planning stage, Look at the potential 
problems and risks, plan to avoid them, ancl equip yourself with the 
knowledge and/or equipment to deal with them if they arise. 


THE SIX P'S 

Remember the six ps Prior Planning and 
Preparation Prevents Poo Performance 
Research has shown that the loge and 
more complicated the tii, the less likely 
there sto bea major ‘survival situation. 
This typeof trip key to be well 
organized, and potential problnrs will 
have been considered. This means that 
they can either be avoided, or that there 
wll be mechanisms n place to deal with 
them. n many ways, simply having a 
004 uvderstanding of how to deal with 

a situation and being ableto interpret the 
basic principles of survival, can prevent a 
minor problem from escalating into a 
disaster Ina survizal situation it may be 
your knowledge, combined with your ability 
to improvise that determines whether you 
become a survivor ora statistic 


ORGANIZATIONAL PRIORITIES 
When planning fora trip always start with 
‘the most Important things—known as the 
'show-sloppers These are generaly the 
thinasthat would actually stop the trip fro 
happening inthe rst place if not arganized 
Inadiance. Ifyou then work backward from 
the show-toppers tales that would sinh 
make the trip mare comfartabe, most ater 
‘things wil al into place. The chart an the 
right ists the Pings that yau eefintaly 
ceamot a without, 


— 


WARNING! 

‘The cdi customs oa cunty 
ae not the sae al ovr the wer 
Many cua ferent stem 
from ancient cara or reins 


can retina pray pusher, 
Poniteeone oar 
iferences may rege frales 
Pele chess so that they 
dt sow hare aso egg. 
they ayia wih hand you 
uaa ae pote. 
research acount casos 
toast wets 


—— 


‘SHOW-STOPPERS 


+ Youn nous tory eed pase for ener. 
2‘ Temustbe thecaréetcuracy ote cuiryyo rest, 
* Erurejou ATH case peruse tht atta cou. 

+ Makosi jou have ascure way string auras. 


Yourpssportstbe val yuna tvene dao wllin thant 
» Savecoiresrare your pasgr{tobevaio anunbar ef ors at yor wt, 
+ Kes yur pasprtrumber nse ple sch as isda sural i 
+ Kesp yur paper fear ina wate rod conaner sucha Zeca, 


+ evar the epi egardhg sree theca ye ranean. 

+ Find stho ogo how arin adc yu shu app whet oyu can 
zy nth cnt. andwtat cher doumisyau 

+ As ihr psp ase ur a ale dg gpl condi, 


+ Chel thelr uty ae sir sacnation pe 

+ Breyou rete vacuo and ay boss win he wore tnd 

+ Sane noclies stn osm, 0 for ders you might hav 
Fave mre hie aay Thscan sally by ranged trehalose cn, 


+ Yk areyou hae the ore teats or your ue 

+ Rests and ate ere thee crt aes dates alot, 

+ Should you nado praveyur mavens, lays eep yor tas asap 
anne oa theraway—aten he lun uri iced the sam tat 


+ 1s advablo get arance apt our tpn ane 

+ Ere that yur surance wilco our medal express the wert happen 
Youdrtaveta be clrbing Eerste ater ok ake when 
hibwslingcnuldprov oben xnav you dnt havadoucte rane, 


YOUR TEAM 

If youre embarking on ate with a group, temember that 
‘eam dynam ies will pla an important part inthe success, or 
otherwise of your trip Stressful stustions and particularly 
survival tuations —can bring out the best, or the worst, in 
people. When planing a long tin ts always. good ide 

10 pln several shorter trips beforehand, to use as practice 
sessions. These willnot only help you decide what equipment 
to take, and provide you with an opportunity to practice 
sing ft tut willalso allow team members to assess how 
they work together as a aroun. This can help you to orgarie 
your team more effective, 


PLANNING YOUR JOURNEY 


(MIXED-GENDER GROUPS 

-f the team has both male and female members it's important 
1 factor this into the planing stage. You" need to consider 
sleeping and washing arrangements, who carries what, who 
is responsible for what, and soon. Al this should be planned in 
‘etal before you set ofl Tt should also be noted that taking it 
or granted that the worren willcook the meals while the men 
‘ale the shelters isnot the best way to start 2 expedition, 


MIXED-AGE GROUPS. 
‘When lannina your tp, remember that afferent axe groups 
sat have diferent levels fitness, which wil affect the pace 
of your roup, However, what older members may lack in pace, 
‘they may makeup for in expedition experience 
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PREPARATION THROUGH TRAINING 


Tiaining yourself both mentally and ghysicaly 
ij with the 
the obvious 
fen get overk 
trip if you 
that 
and oon 
apcreniate the exer lence, 2s opposed tojust getting 
urself through it 


auicmert youll beusiy 
5 but inh 
ed, You! 


ort zone, Tis wil allow you to enjoy and 


TRAINING YOURSELF 
Duplicate i training what you intend todo on your trip 
Build up your training gradually, vera period af week 
aint months, and tale into account the fallow: 


‘Weight: increase the 
he, This wal 


decide just what's im 
= Distance: if your tp valves co 
that distance, Th 


ng acertan distance 
give you an 
able. 


poker it wil be beneficial fy 
Take a pase book or an 


TRAINING WITH EQUIPMENT 
weaknesses, and allow 


through practice under reastic 
ght ts strange 


may be working 


ig time to be tryin ti ack and spare wheel 
rented ahicl i at night, the rain, with 


‘mosqutoes leceng at you as their next free meal. Befereyou 
set of, aways think ab ds required, 
and ensure that youre addressing those demand! 


nating wth new equine 
it under realistic conditions. Fete 
dcendion 
ted? B yout 
ary components 


ing 

you aerate it using 
ching atent, hav 

an you put 


Figure 97: Bidirectional Offloading Challenges 


Premature Wi-Fi Selection Unhealthy Choices 


Freres GD) 


Data rate [Mops] 


Distance to ell 


Ping-Pong 


Lower — i 


— 


nay wari 


i/ 


@ Premature Wi-Fi Selection. As Wi-Fi-capable devices move into Wi-Fi coverage, 
they can prematurely reselect to Wi-Fi without comparati 9 
cellular and incoming Wi-Fi capabilities, possibly resulting in the degradation of the 
end user experience. Real-time throughput-based traffic steering can mitigate this 
effect. 


Q Unhealthy choices. In a mixed network of LTE, HSPA, and Wi-Fi, reselection can 
occur due to a strong Wi-Fi network signal even though the network is under heavy 
load. The resulting “unhealthy” choice degrades the end user experience because 
the performance on the cell edge of a lightly loaded cellular network may be superior 
to that of the heavily loaded Wi-Fi network. Real-time load-based traffic steering 
can be beneficial in this scenario. 


Q Lower capabilities. In some cases, selection to a Wi-Fi network may resul 
reduced performance even if it offers a strong signal because of other factors, such 
as lower-bandwidth backhaul. Evaluation of criteria beyond wireless capabilit 
prior to access selection can improve this circumstance. 


Ping-Pong. Ping-ponging between Wi-Fi and cellular, especially if both offer similar 
ignal strengths, can also degrade the user experience. Hysteresis approaches, 
milar to those used in cellular inter-radio transfer, can better manage transfer 
between Wi-Fi and cellular accesses. 


3GPP RAN2 is discussing real-time or near-real-time methods to address the challenges 
discussed above. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 177 


24 | wcrore vou co _pRePaRe YouRsELr 


EMERGENCY PLAN OF ACTION 
UNFORTUNATELY, EVEN THE MOST meticulously planned, oo 


thoroughly equippeci, and best-executed trip can run into USING YOUR EPA 


difficulties. Unforecasted strong winds could trap you Ot set ere once 
and your kayak on an island overnight, or @ sprained ite rth er you mayo ee 0 
ankle could leave you unable to climb down the rocks aa ete (eae ee 


you climbed up so easily. Each of these sur'vival scenarios 
are difficult to predict, but could easily happen. 


RUNNING INTO PROBLEMS 
Tt'simportant to make sure that you have 
done all you can to help yoursel 
any rescue attempt that might take place if 
you do have any problems, Always remember 
that there are two sides to any survival or 
rescue situation: the part that you play and 
the part that the rescue services play. 
However, the effectiveness of the rescue 


Rescuers itt able 
‘and help tof ad eu 
‘ultra know 


services can be greatly increased when they 
have access toall relevant information—In 
‘many cases this arrives too late. Its vital 
to keep people informed of your intended 
whereabouts, so that they can raise the 
alarm if you deviate from your plans. 


KEEPING PEOPLE INFORMED 
‘A good way of keeping your friends, family, and the relevant rescue services, 


WORST-CASE SCENARIO Informed of your whereabouts isto write down the detals of your trp, 

In the military, every mission that's, including pertinent itinerary places and dates. so that if you dorit reach your 
tndertaken particulary na theater destination when planed the alan can be raised, Simi to the worst 

of conflict, has plans in place for the case scenano” principle practised by the military (see left), an "emergency 
worst-case scenario Each part ofthe | plan of action” (EPA) shoul be prepared by anyone venturing int the great 
thission is meticulously planned, and ‘outdoors (see right). Give a copy to your next of kin and group members, 
the team completes a form that and keep a copy on your petson, Where aplicabe inform local services 
states what thet basic intention such a parkand ranger station of your rtentions Remember ta inform 
wll be should anything happen these people when you strive safely at your destination 


during the various stages. 
WRITING AN EMERGENCY PLAN OF ACTION (EPA) 
rine what shouldbe included in your plan isto laok at the 


ud ind yourse in, and ask yourself what:afor 
ons if thay felt 


IF THE WORST HAPPENS. 
Having planned forthe worst should the 
‘team find themselves in cfieuly, the rasoue 


Group wilnothavetoty tosecondeatess | thoy ato raise the alarm. Inaction, you cel go missing—partiuanly 
shot he team wil da—they wall havea Inanotherceuntry—thereare many tings at estue services 
Hea nico of the tans intent nd ‘would ned t ad ther efforts, for example recent photograph your passport 
can olen effectively and decisively around details, you have with yu, what languages you can speak 
thi information The team wl be found andyoursils, The caer ther understanding of you, your abies and your 
‘quicker as a result. Its 2 good idea to Intentions, the easter thelr jb will be. In addition, the more information your 


apply this principle to your awn rip. next af kin have, the more proactive they wil fee in your rescue, 


EMERGENCY PLAN OF ACTION 


EMERGENCY PLAN OF ACTION FORM 


Telmaenecepeics in pene Date o bt eit: 5°20" 780m) 
Jobe ior Sith (diay Welatt: 262 pours 
ayees0 (7 bls) 
alreslor: e122 
Passport umber: Driver’ eamse mint: 
2O0BCAXNXEE SHY2BOTFISm 
Exits: aves: 
yeaa 12/28/22 
Distinguishing mks (sas, tatoo) Langs spoken flaet/tase 
‘Sra scar—center of frehead Engish— native 
Large sear—right banal ait finger’ | Franch—basie 
Chinese symbot tattoo—right arm Gorman —besie 


eairation 
Metcation—ont-matare tablets 


Aller 
Amowciio 


Swimmer: Strang swam 
Duteoarskilbfexperiene: 
Atteried tosic mikory syria fring, 
“Attended nosic busheraft course 
Exparioncedin ivng outdoors 


ent of in: Fate 


liam Sect Andie Suit 

1018 Farlony Aveswe 1023 Parton 

Brunswick, Maina Ashford Kent, 

usa 04565 The Shi? 
uk 


ext of in2:Srothor 


Tek: (001) 55 585.2356 


Tel: (0083) (0155 555 2357 


Eni: smith @intemet coms 


Ena anchewsomateminterec com 


Tip deta 

Campsite} = Grit TASB 

Camnsite 2 = ie STa59907 

Vetoes: enover 1= wiv veg MMI56 555 

Lanitovar 2 = ble, rag MH 555 

Groye = Ban Jonas ki Sat, a myself 

Day 2 Pav andbover 2 at Compste 2, and have 
Landauer Ie Gemaste 1 

Day 2; Feow well-defined path along the Derwent Line Tren 
‘mn fo comp oveenight ot Grid ae o5H 

ay 3 Continue long the Derwent Line Tra abning to bect 
Caminste 2 by mid-atorean. Camp ovemigt et Cmte 2 


Day 4: Feqel in Landrover 2fo campsite Land cotreve 
Landover P 


Fresca problens/itontios: 

Day 1: Sone 

ny 2 None but wif use Ronger Staton 28, arid S55885 
(Tel 6686666) as on emerosncy rendecvouspornt 

‘Day 3 Wone but wl use Ranuer Station 12, an 665656 
(Fel 585 5555) as cn emergency rendezvous pet 

Day tore 


‘commnurtations pan 
Wil spec to Det on the morning of Day 1nd ty to phone 
during tho tree tut am unsure of cok reception once ca 

the tall so don't worry you fear nothing, 

i phone Dec again whe» we reach campsite en day. 2 


My mode: 07979 5585555 
My ema jrs@internstcom 

Alt. Me: en 05555 559555 

Alt We: 05585 655555 

Alb Mo Campsite 1556 585 sca 
Alt: Compste 2.55 585 55555 


Date avembor 25, 2000 
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KNOW YOUR 
ENVIRONMENT 


The continued survival 
race can be attributed to our ability 
to adapt to our environment. While 
we mi our ancient 


juman 


skills. This is crucial 
that most survival situa 

ult of a sequenc 
1d have been avoided 


ely more heavily on modern 
en you head 

55, it is important 
ully prepare for the environment 


can recognize 
and cho 
turn back 


In this section B77 Ser yaa 


the difference between tundra and taiga... 
* why you should step-up the size of your survival footprint... 
the way to go when it comes to snowy peaks or swampy creeks... 
how to avoid getting lost in the permafrost... 
the best way to stay at the top of the food chain... 
how to feel at home where the tropical butterflies roam... 


how a high-visibility survival suit could really get you noticed... 


PROTECTION You must stay ina 

condition that allows you to be proactive 
in your continued survival and rescue. Physically, 
you should protect yourself against injury, the 
tlements, and wildlife, Mentally, you should 
protect yourself against emotions that could rob 
you of the will to live: fear, quilt, despondency, and 
‘depression, for example. The best way to achieve 
this level of protection i to light and maintain a 
fire. Not only does it affer physical protection 
against the elements and wildlife, but it also 
provides a sense of security and familiarity that 
can help normalize even the most dire situation. 


LOCATION Your second priority is to 

recognize the importance of your location 
to your chances of survival and rescue. You will 
usually have two options: stay or go. Your 
preferred option should be to remain whore you 
are and use anything at your disposal to mark 
your location to aid rescuers in their efforts to 
find you. If you can't stay where you are (perhaps 
because you are in imminent danger) you may 
have no option but to move to another location 
that provides either a better chance of survival 
or rescue, or both. Selecta location aid that 
offers you the best chance of attracting attention 
in the environment in which youre traveling 


The four basic principles of survival are: 
protection, location, water, and food. In most survival situations, this 
is also the order in which you should prioritize them. 


WATER Put simply, water is the essence 

of life. While you may be able to survive 
for a few days without it, your ability to function 
and carry out even simple mental and physical 
‘tasks will be dramatically reduced in Jess than 
24 hours However If you are injured, ifthe 
‘weather conditions are very hot, and if your 
‘workload is particularly heavy, for example, your 
survival time without water could be reduced to 
just a few hours. You should learn haw to procure 
water in the particular environment in which 
you're traveling, and understand the ways in 
a lack of water affects you. 


FOOD The importance of food is directly 

related to the length of time you are in a 
survival situation: the longer the situation lasts, 
the more important food will become in helping 
you stay fit and healthy. Even with a moderate 
‘workload, going without faod for five to seven 
days will not kil you. You wil, of course, fee 
hhungry, you will gov tired, your movernents will 
slow, and your body will lose its ability to repair 
itself. However, unless you're malnourished before 
you enter a survival situation, you are unlikely to 
starve to death within a week. Your body needs 
water to digest food, so always remember ta 
prioritize water over food 
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TEMPERATE ENVIRONMENTS 


THE TEMPERATE ZONES are the two regions between the 
Tropic of Cancer and Arctic circle, and the Tropic of Capricorn 
and Antarctic circle. Typified by seasonal variations in climate, 
conditions can include baking hot summers, freezing cold 


winters, and rainfall all year round. Landscape features range Penelope yee 
from forests and snow-covered peaks to grasslands and deserts. _ themos lly tp attack humans. 
Although most temperate regions are highly populated, don't 

be llled into a false sense of security—a worst-case scenario 

can still arise ust a few miles from help. rencaeoen 


TEMPERATE FEATURES 


1 High grout etvated areas: 


‘ad ray cate waved area fers 
{ne best prexpect fr your suri 
or whore tego le fndrase 


Although they contain a wide range of environmental features, the temperate 


zone's typical feature i forest, ranging from deciduous tees that shed ther BNR pret tne 
leaves in fall to coniferous trees that retain their aves all year round, Grassland terpartares oe ues arabic, 
fredontinates where forests have been cleared, while highland areas contain iSarcdtoware tre 
hil arc mountains. The alundance of rain means that rivers and lakes rfng args 
are common, and swampy wetlands form in areas with poor drainage = 

1 Yroks:aicators 5 

afar ac. 

‘acksmay kod 
TEMPERATE ESSENTIALS oe» 
Climate and terrain can vary widely 
in temperate areas, 90 preparation 
fora range of eventuallis is esentlat 
‘Don't underestimate the temperate 
sewveonment. Although the vast majority 


of the human race les in temperate zones, 
‘the diversity of terain and weather means. 
that survival equpment and knowledge 
must be broad enduah to cope with 3 
‘vide range of tuations and conditions, 
‘= Temperate weather can changewery 
‘gulch, s0 check thecal forecast before 
‘you sit off and carry a small AM/FM ratio 
soyou can listen to local weather resorts. 
‘= Plana realisticand achievable route, and 
Prepare an EPA (soe pp. 24-26) Be ready 
‘tore-assess your route dizing the tin, 

1 Take dothing forthe full range of 
cxnditions you may encounter 

= Carry asavial hit (see pp. 60-61), 
Iie, emergency equipment, cell 

hone, and firsteald lit Gee pp. 
260-61)—and know how to use therm, 
Carry adequate water, and equipment 
‘tocallect and purify moreif necessary, 

*= Carty some form of basic shelter, 

‘een f only going out forthe day, 

“= Always take amap and compass, 

and consider sng 3 GPS a5 a a 
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WHERE TO FIND TEMPERATE AREAS al ‘VANCOUVER, CANADA Th 
Deciduous forests are seattered rout the temperate zones butthe ead 
largest occur in easter North America, Western Ewone, and east Asia ta] ae 
Ertensive coniferous forests ae found in the higher latitudes of Noth Ba) ae 
Ameria and Eurasia win gratslandie most common corral rors ae 
fe la F 
arciccde ry vb 
toot at a 
ac leh" TEAM TTATOND 
Peel TYPICAL CLIMATE 
‘i ancouserfes onthe Pace coast 
ees of Canada and experiences atypical 
Lane ore fecrenieont ‘temperate clrata of warm summers 


canoe and coal wet viters. 


EINE Woodtaat tre cover affords SURVIVING IN TEMPERATE AREAS 
pretecion fom te olor an wo fo 
Sheen soon andcignafnce Rb as> Most temperate environments have a relatively mid olimate 


sure of ee foraand fren and good natural resources raking them favorable places 

for lng-term survival Water can fe found in most areas, wood 
for bu ing shelters and lighting fres is usually abundant, and 
different types of eae plants and animals can be found at 
different times of year if you know where ta look Potential 
the greatest threat is yaothermia (see pp. 272-72), a particular 
froblm in col, wet and windy condition, especially in winter 
and at night, when temoeratures tend bo fall even further, 


WILDLIFE AND PLANT LIFE 
Plant and animal fe can be abundant in temperate areas and represents 
both a valuable food resource an a potential hazard Shoots and stems, 
leaves, roots, nuts, or berries of some plants are edible, tut only when 
positive dentfication—or atthe least, the Universal Edilty Test 
(Gee p 206)—Is achieved, Small mammals, bles, rsects, rates, 
‘and fish can azo found, but may be difficult to catch ard kl 
and rust beprepared an cocked properly, Wildlife can ase 
post a threat sabes, spiders and scorpions may bite and, 
though rare bears, elves, an cougars may attack if cornered 


EB open aroun ws to 
eget offer aca vew of dangers, 
‘gare ite fo pyng cation, 
Sichassiova fer 


FIND OUT MORE. ] 


[BI PROTECTION shtters yp 16-02-81 
Ftopp IE 3 208-05 Dangorepp.252-9,300-05 


CATION Navigation yp 36-77 
Movement #9 Samia 21 


(BE WATER Finng py 189-21 


steered areas yur 
Tlavning ature yrs site en tees ft, Pain 200-01 

‘eta fara water akon crete nt nar 

Frotangn arc antanmanand iets ger bye rece sora | Kl FOOD Plank 206-07280-81 
nding towgier taenoneayaso Cha aspo iat fee tecon | Rime 208 2k 2420-93 
Ietnocandsfannas arrests ware andi 
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TROPICAL ENVIRONMENTS (asx 


Vases ace esenetble 
THE TROPICAL ZONE stretches from the Tropic of Cancer to the fame lies tna 
Tropic of Capricorn, and is centered over the Equator. A range of eee 
environmental features occurs in this area depending on the local Of esses intieg 
climate, from lush, humid, biodiverse tropical rain forests to dry, more ‘alar@aniyew 


P i 2. ‘fever; hh kill lions 
sparsely vegetated tropical scrub, With adequate preparation and alipenge ey ye 
caution you should be able to survive unsupported for extended 
periods—the jungle holds just as many resources as dangers. 

TE pls atin fou to raey 


ssqsoe wheaning cierto! sources 
‘ney Seven Eile plats and ovat canbe fund 


TROPICAL ESSENTIALS TROPICAL FEATURES 


Rainforests contain everything you ‘apical in fvest, wah occurs 

need to stay alive, so reenter the within 10 degra ofthe Enuatr, 

following tips when venturing out: isthe predom inant environmental 

a Vuhile the jungle testis with predatory: feature in the tropics, But there are 

Sade(such asbigestscrciig and | sera other ervirorment types 

sracondas) tat seayou as partof the just afew dngreeset atu awey” Twrapreof route 

fond cha, tts the smal crestures that iMicanieet mete 

Contnabeliemisersle,Uestanraisin | VERDANT RAINFOREST they fe estan may 

Ahelinieseotia maiyos semana | Tropic ran frestcormrinareas ith steady | Bao mese Bet rie 
euwanttnavoidthem=malang annie | yexrraund temperatures amd ranfall Annual | Rahman 

Siaes: : Yaivalleanraseh round oyel0%t(2-3m) | Oeotezeue 

1 Heh uly encourages incon, 2d daytime amperatures ay reach SPF 

Dampeytinjcoerel lewes dae, | O°, droprina to TF 20° dura the op eres 

Glover anlweshateatyoppartany, [cia Monsoon @r-seasona?) rainforests ude Pom sen ainatetas 

* Alwayssleepeff the round cccurin areas wih awe andy season, cng lana 

oat sale, Sore ve ‘loud forests octurInmeuntino eas, Seay gece eet 


found in plants can be safe to din, but 
Indoutt, and ifthe water is yellow, rll, ‘SCRUB AND SWAMPS. 
US HOLY Te THE ETE Also known a5 “thor forest tropical scrub consists flow, woody slants 


se Bide shart ya cetersk iactarise ‘with thorns, which usualy grow in clusters separated by patches of bare ground 
and ran emit tnieliquidsthatmay star Y¢arasses are uncommon), Leaves are shed inthe dry season, forming a dense 
um ifyoucant identify Ms eavsitalone: J rerbacecus layer in the wet season, Swamps are another common tropical 

‘Dry tnder can beta to find so if you feature, and may consistof fresh or saltwater Freshwater swarnps ars Found 
cotne aorass ar, collectitand keepitsafe Yin ow-iying, and areas, and consist of masses of underarowAh, reeds, grasses, 
sad cry—iitinn a re in aimoist hum ‘ecasonal short palms, and lands Saltwater warps often contaln mangroves 
‘rvironmen can bechalerging snd occur in coastal areas that are prone to tidal flooding so are best nauigatad 
‘= Thesmokeofa signal fre mustpenstrate | bast. Vstabtyinboth types of sma is poor, and moverant is fil 


through al the layers ofthe unl, so lit 
eur fre where te canopy spars, such 

Beer ee SURVIVING IN THE RAIN FOREST 

‘Navigation canbe diffe, asyou may \While natural resources are akundant inthe rain forest, the heat, 
Gye 2 Eo et ote ara rote of [humic number of animals, and voracious rate of vegetal growth can 


Fae eine a ra hs 
a) rstet anurconiorane plane Water materi eter ar re, 


pearng-—cr pece-counting eepe, 72-73, Jd ecible plantsmay all be found, elthough identification of pants 
Pec Sake pa bucr bares ‘rucialt avoid poisonous species, Animal ie is everywhere, so seeping 
tachilenianand, eventually the cvast platforms must be bult off the arourd to avad biting Insects, snakes, and 
a Daxenantahe lame ture nie spiders. The greatest danger isbacoming lot —navigation is ficult due 
its rythm and work withit rather than to dense undergrowth at ground love, and rescuers wil struggle to find 


against jyouteneath the thik jun 


rropicat environments | 3.1 
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“bag rota as foster aye FIND OUT MORE 
Fit Snag ic or death ta cor 
at oh anweaers. EX PROTECTION Shelters pp 15-<, lot-71_ 
a Hee eee ia tune Fire jo 118-73, 204-08 Dangers p. st 22-49 


1 LOCATION Neiptien po 
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DL WATER Finang pp 192- 
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[BL FOOD Pants po 206-07, 284-85 
‘Animals yo 208-2, 221-23 200 95 
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‘hat have oka trae ecareey 


‘at bets hat aa he urge oor 


at forest understory veces 
ls perantoy night ond corsits 

‘psotng aes ad honest 

round ee votes ee 

Tan saoperantof sat 

‘anf conatte of dense fans, 
‘erbaseossphnts 

fal arto 

tickcopet 

of eaves 


SSN vere ab of tn fone 
ato we fst ie, Gaur mest a ada or 
‘aebstatstamoverint, ‘ shpbying fection ots met pated 
Sieh emerged vegetation yoanet escer, ant an be ceed ease 
An eep water ow to dy tend : the area. Also rote ate er tinng 
‘quel as pre 2 use graft ostina ana wasn anf ot 
or flat at ta eae the area Atos ivr wi ead feat cheion 


WHERE TO FIND TROPICAL AREAS. 


nm 
ER] sauros.rew +, 
Tropical rainforests are eluseved aroure the Equator. The largest rain 1s aed 
forest areas are found in Gnival and South Ameiva, sub Saharan Arica, ac ie) 
southeast Asia northern Australis, and several Pacific islands, ae ee 
= and 
=o 5 
fe (bE 
Shi ‘in 
a he 
anne ie q 


TFURVTTAS OND 


TYPICAL CLIMATE 

Ig.tos stson the Amazon rverin 
‘theheart of thaParuvan rainforest 
TElies ust south of the Equator ane 
BE Pah foams has atypied fot, wet tropical ciate, 
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MOUNTAIN ENVIRONMENTS 


THE MOUNTAIN ENVIRONMENT is one of the harshest places for humans [EE sountnios efter 
‘sfited ard aaagers 


to survive. Defined as landmasses with a summit above 2,000 ft (600 m), Pieced sa 
mountains can be very dangerous places due to ther elevation and terrain, yy uo 
Lower temperatures and poor weather are iniore likely at higher altitudes, so. “MPS toes, 


there is a significant risk of hypothermia, frostbite, and altitude sickness, while 
show, ice, and precipitous terrain present further hazards. Survival may depend 
‘of your ability to descend to areas with better prospects of survival and rescue. 


MOUNTAIN FEATURES IE ved ro: gs as or 
Above the treline, mountain terran istypcaly sony frente at 
beren featuring bare rocks, rave boulders, Cab cetatontetee Pecoe 


and snow and ina, which are most extensive [lata hsceas herons 
during the winter but may persist at high saab oa ie ta a 
elevations during the surmner, At lower levels: 
ceaniferous forest is the predon nant feature, US sees ent eats: 
dissected by streams and rivers fed by srowmat, daytona fo 
Imephite fe poor 
‘Topngyaphical features include soree slopes, cliffs, jrtecton arte 
ravines boulder Tilds, snowslopes and glaciers. ements Deena 
epee yond fy 
ID Arete grove sopes acid a a csts—the 
mst ice ver con tiger acta 


(GIO Forest ever: eh resources Offer eaten 
ome semerts male fr chao, cong 
res ond somite, and ee ora aod au 


stele atvaysciteou ster Ss 
‘aay fram arecsof vache Yk 
pmo amines ceri rent 


ELEVATION CHANGE 
IMountans of sufficient height 
may have vastly cifferert 
ecosystems at diferent elevations, 
fue ta harsh cenations at high autude 
Pant are animal life varies at different 
levations, so the natural resources avaiable 
for survival wil afer sccoraina to helaht 
"Mixed deciduous trees are common an lw slopes and 
confre grow at ntermedlatelevels, but thin out to grass, 
Isolated shrubs, moss, an lichen higher up At the highest 
levels, high winds, frost, snow, and ice discourage ary growth, 


—_——— on. Soa: ‘at ashon 
WARNING! - nna cing on wa ar 
Onsite mest dorgercus animals iayate corals ab fy food Aus 
A niet areas isthe oma, Tptebg wun cance devil oer 
alclepun athe pmo, peniee oy tte cure a ute caterdin 


and mountaie hon. Fogndl ay Nor, “wateriad, with no mecars of tracing your steps 
and South Amnetta, more than 
-POperent catia ar fala lB Wetercoursesvieamsanirvrs provide aguck-—~ 


define vote and maybe nose you have ov 2 
Imgvonte, grater Reed dee se 9 108-03) 


SURVIVING IN THE MOUNTAINS 
The prospects far survival a’e good at lower 
elevations, wher® trees provide material for shelter 
and fre rivers provide water, and edible plants and 
animals ae Ikely to be present At higher elevations 
vegetation isscarce, so there are fewer options for 
shelter and food, although water from streams or 
snow isikely ta be avaiable There may be a risk 

of avalenche on srow-eovered slopes, and erevasses 
pose ahicen danger in glaciated areas Cold-related 
Iniuries pose the greatest threat (see po, 270-7. 


HIGH-LEVEL HAZARDS. 
Thepprimary treats ta survival at high altitude are 
oldwdated alments, the most dangerous of which 
|stypothermia, Ths accurs when the body's core 
lemperature falls below 95°F (28°0)—if allowed 
‘ drop a low a8 86°F (30°G) rtcan be fatal 
Frostite ay also occur nthe extramitiesin 
Areezng o cd are windy weather, ac may lead 
topermanent issue damage, Alu sickness, 
which can cause pulmanary er cerebral 
tedema—and inextrame cases, death — 
Is aso aris above 8,000 ft(2400 mm) 


IM Giotto oro inostabio ane 
‘Ayers, 50 qual eosin Cres 
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MOUNTAIN ENVIRONMENTS 


MOUNTAIN DISTRIBUTION 

Mountains are found on every continent. but the major 
ages ate the Himalayas and Kavakorair r Asia the 
Andes inSouth America, the Rocky Mountain 
North America, and the Alps and Pyrenees i Europe 
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Ten TEWRWT SOW 
TYPICAL CLIMATE 

Lingss the eapial ty of Tibeties at 1.972 FL .640), 
in the Tibetan Plateau, sometimes known a5"the roof af 
the world? The high altitude maans that winters aro coo, 
and precipitation Srdatvely ow because tasty falls 
48 nd, which ia ust 10 perms of the dersty ct rat 


"for water 


MOUNTAIN ESSENTIALS 


High altitude and lower oxygen levels plane higherthan- 
normal demands on even afit body so be prepared 
Survival inthe mountains is alsa tough on equitment, 

1 Respect natare and err on the side af caution —mourtains 
sreunfraiuina, and rescusisunlaly tobe quik or easy 
san an stvevable ad safe route ad prepare at 
Emergancy tan af ction (see pp. 24-28), 

= Dressin layars (see pp. 46-47} Start a wal laity 

assed (oid) and ado oy remove layers asiacessary, 

* Wear ast up t070 percent of body eats lest throvah 
the head) and gloves—cold fingers wil hinder your functions. 
= Tielooseitems of lothing tat, alowes sunalasses to 

Yyour persori—alost glove could result i lost hand, or Ie 
Tab a flahilght—iweathor changes and unforeseen problems 
‘may mean you are on the mountaly Iniow Ut or dares. 

* Alyays cary basic equipment to ave adequate protection 
forced to camp overnight, such as abv sack and sleeping bag 
1 Check avalanche wamings and cany an avalanche transceiver 
= Contact with snowiales clothing wet and les afore, 
‘TF moving over snow, make a pair f improvised srowe sss 
[see pp. 94-95), 


FIND OUT MORE.. 


[GI PROTECTION shotors pp 155-05 76-01 
Fropp 1185 204-05 Dangers pa 22-9, 200-01 


(LOCATION Navigation ps 6.77 
Movement 5p. 90-51, $-37 Signaling. 236-41 


BL WATER Finan po, 15-90 194-55 
Purifying 200-01 


[BL FOOD Plans 206-07, 260-81 286.87 
‘Ainley 208-13 216-73 290.97 


Other Integration Technologies (SIPTO, LIPA, IFOM, MAPCON) 

Release 10 defines additional options for Wi-Fi integration, including Selected IP Traffic 
Offload (SIPTO), Local IP Access (LIPA), Multi-Access PDN Connectivity (MAPCON), and IP. 
Flow and Seamless Offload (1FOM). 


SIPTO is mostly a mechanism to offload traffic that does not need to flow through the core, 
such as internet-destined traffic. SIPTO can operate on a home femtocell, or it can operate 
in the macro network. 


Local IP Access (LIPA) provides access to local networks, useful with femtocells that 
normally route all traffic back to the operator network. With LIPA, the UE in a home 
environment can access local printers, scanners, file servers, media servers, and other 
resources. 


IFOM, as shown in Figure 98, enables simultaneous cellular and Wi-Fi connections, with 
different traffic flowing over the different connections. A Netflix movie could stream over 
Wi-Fi, while a VoIP call might flow over the cellular-data connection. IFOM requires the UE 
to implement Dual Stack Mobile IPv6 (DSMIPvé6). 


Figure 98: 3GPP IP Flow and Seamless Mobility 


~~ 
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coe 


Rysawy Research 


Similar to IFOM, Release 10 feature MAPCON allows multiple simultaneous PDN connections 
(each with a separate APN), such as Wi-Fi and 3GPP radio access. The UE uses separate IP 
addresses for each connection but does not need Dual Stack Mobile |Pv6 (DSMIPv6). 


Hotspot 2.0 

Developed by the Wi-Fi Alliance, Hotspot 2.0 specifications, also called “Next Generation 
Hotspot,” facilitate Wi-Fi roaming. Using the IEEE 802.11u standard that allows devices to 
determine what services are available from an access point, Hotspot 2.0 simplifies the 
process by which users connect to hotspots, automatically identifying roaming partnerships 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 178 
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DESERT ENVIRONMENTS 


THE DESERT ENVIRONMENT is 2 hostile place for human survival apie ‘ 
due to temperature extremes and the scarcity—or absence—of water. _DeserLamasate fornefoa 
Most deserts are either hot ard dry or cold and dry, and all typically ‘fms of venomaassnaes, 


‘. reluding the black macab 
receive less than 10 in (250 mm) of annual rainfall. They are areas re can Sle 
of extremes, where heat exhaustion and hypothermia are threats, aa. the paid 

dangerous due fo its 


and flash floods may rapidly replace dry conditions. A harsh place to gqeeayenatneane 
survive, the desert should only be entered by those who are prepared. hil womans bit 


DESERT FEATURES —— 


‘The pooular depetion of a desert is of dry, sandy lardscace with seartg skles and 
temperatures among the highest in the world. Such areas do exit, tut the desert 
sevvronment has fa great hers, from cold deserts nthe alar regions to highlands, 
arassland, ard broken, rocky terran thal. contain "wad 


HOT, DRY DESERTS 
Terperte and trapeal dosirts are usuallyhot and dry ou torah 
<avtire lerperatares which leads tolow precipitation and high 
‘vaporation. There may bermanths or even years between rainfall, which 
usually occurs in dramatic burstslout then quickly dans ito seasonal stream 
beds (vat), or avaparates ether in the irr soon after touching the hat ground 
Very ite ran soa nto the around, wich results in sparse vegetstion that has 
«yoWed to mapimize water usually va extenstve root systems that collect moisture 
waxy skin and leaves that prevent water oss, and stems or oats that ld water. 

At lah, sinter, an at roher altitudes, freeana temperatures and frost may occur, 


o ass 
‘egeasion eons hater, 

GRASSLANDS Bet anima oraun te y 

known as savannain tropical areas, grasslands often border desert recon, and wesor may pone vraae 

experience a sinlarty dry cimate for most of theyear. The key difference s that Hl aeoats, 


they ao exparance at season wh accounts Tor thera dese andetensve Sneed ie 
‘vegetation, Temporate grsssland features grasses, shrubs, and small pockets oftrees, Cane pants ana ana 
‘vile saranrais yc rove va, th danse ee coer, shes a grasses tat 


{row tll during the wet sason but ae Baicinpeneas oF doug, Wilf 1s more (DD eve ares 
prove, ude predators, ilires sy Saread dura the dry sen, a ay aft tettet f eaoed 
Sn portant roles destayng dead pant malter and adingfeble ash othe sol oan ag Seles 


WHERE TO FIND DESERT AREAS © S57] ror aLcenn Py 

Anais contri seyonuet ie leustotcce tne es ty 
‘world isthe Sahara in North Africa, which forms part of adesertband = “Ly 
stretching through the Midd East and inta south ard central Asia. te af 
ay yd 
ey ‘akon 
20 ud 2 

Sh cy 
\ a0 acl 

ae 1 i VP waMT OR SOWE 
TYPICAL CLIMATE. 

“indus in theheart ofthe Sahara, and 

t enperiences atypical ftdesert mate 
Precpiation srl ee al year rund, 


Tae Tisaet ‘wl temperatures packin the summer 


esexr envigonmenrs | 35 


SURVIVING IN THE DESERT DESERT ESSENTIALS 
bose empeatures ar fe nual sources jn chances of suchval Sura nthe exreme crsiions of 
in the desert, Water and shelter are scarce, if not non-existent, edible ‘the desert is impossible without full 
\eaetation mite end animale erm the ur seca. Was preparation Corscer tne folowing 
«qassiands, and higher ayound al hod better prospects, The qrestest, = Alwaspregare an EPA to ratiy 
dangers are dehycratin and heat exhaustion eee 272-73) atnouch || Someone af you ar foe enerng 
Bien savanna acess ay be amet aga, dangerous mars ea ren Genp 24-25), 

Thema les are beg cas, hipoos ins elephants, ard ore es, Wate if Dont underestimate your 
Se any enact nase and ty 
Seg sone a testes pa, Sorento marmite shane 
Suc) et ad spot se frang and pocring rere nels, 
pal rien comrta mene burlen non atone sien 
i ‘purnp) should the worst happen. 


i ' Ast local people about water souroos 
IES tuna aren: gr gro coter 

thee sareudng reas ad ay be carats ‘that ry not be marked on maps, such 

fo naotat but wy for aton at and 35 lls used by Bedouin tbs, 
RECN REN SE ‘= Ti venturing into remote aress, augment 


Sep orantrops providing sheter = Thusing a velicle, ensure you carry 


aera. 
eecialeiance || falamauptat gre 


sare mats ladders for sel recovery, 
sentra ater, a helte location ald, 
and any relvant yahice sores, 


Wot orcas: fo 
oat rn ah fod ct 
afr ray Beet Blow the 
Surface tong after te foam 
based Weatsare both ebtat 
fede antral 


Some vy et 
action for carmuaeaton doves 
fr aly bbe good but 
Yedicad ft wc seas ston 
lens gr fewkes Water 
Snincs ay decensing onthe seas 


Pian cut-off or safely points into your 
Journey that canbe used todivert to n 
ase of an omergency, 

FIND OUT MORE. ‘Ensure you know howe ta aocomlish 

1 PROTECTION shetersjo 14-6105 ‘emergancy repairs to your vehicle 


Fray 12-9 204-05 Dames pp 20-49 30.05 1 As local paople about known dangers 
sneotunont esta aaah Such asimpassable roads, miteading 
‘afrta forbulng seters EE LOCATION tavigation yp 6-77 ‘racks and softsand areas, 


‘parte eed nbs wel eer, Moyen. 10 Siping. 236-4 2 Wher sing alder for cltseeory, 


ee ee ee 
afsraesor cami insted RPS ‘etfeved when you reach sod ground 
Se ict arias mara, 
Stott tas [FOOD Plants op 206-07 20-15 ‘Ti you voice teas down, lavelt 
‘imap. 20-21 204-29 22-55 nly stain sn longer safe or 
feasble—rescuers wl search fri sk 
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COLD ENVIRONMENTS 


LOW TEMPERATURES are a potentially lethal hazard, but as long 
as you can conserve body heat, survival in the col is quite possible. 
The ice-covered Arctic and Antarctic polar regions, sub-polar tundra 
and taiga, as well as parts of most temperate zories during the winter, 
catt all be classed a8 cold environments, Wet, windy weather car 
drive moderately cold temperatures clown further, increasing the 

risk of the most lethal cold-weather condition —hypothermia, 


COLD ENVIRONMENT FEATURES. 


Cutside temperate areas, the typical cold envirenents are the polar areas, 
which feature glacial ioe sheets and sea ioe tundra, which contains permafrost 
permanently frozen abi), small shrubs, mosses, and lichens: and taiga, with 
extensive conifer forests, Almost half of thenorthem hemlsphere’s landmass 
ccan be classed asa cold region, due to the influence of cold air masses (see 
pp. 7E-85), while voesn currents and althude can also have a cooling ect 


POLAR WASTES. 
Thenorthern polar area is tuted evar the rctic Ocean so largely consists 
of sea ce, the extent and depth of which vanes throughul the year Because 
ofthelack of land, meting ices a serious danger The southern polar areas 

Incated aver the continent of arctica, and contains the largest glacial ice 

‘shyot on Earth, Both areas conta ice shelvos—glactor that have extandad 

over thesea—parts of which break of ta form icaberss 


TUNDRA AND TAIGA 
Latitudes thatneighbor the polar areas are homeo tundra, an ersironient 
af prrtafrast and vegetation thats stunted de ta ow temperatures, 
Taga's located further away from the goles, where temperatures 

ars high enough to support coniferous forests 


(008 ran ta the wna snow cover ens, 
‘hat berets tt arotectin fromm Oe loments ad 
‘moverent caf witout snow bce on 2 
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Taig: orestsorvede 
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— 
‘WARNING! 


“The gest predatory lad 
See 
inhabits the Arctic, 

Affals a inst ely 
‘ees thebearsarehurary, 
anaes fata 
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SURVIVING IN THE COLD 

Natural resources may be searoe in cold erircnments, so your survival 
is lel to depend on the eouipment and supplies you have with you. 
Shetters can bedlug fram the snaw'to help you stay warm and aid 
‘expacure to freezing temperatures, but material for making fre is 

lim ted in polar and tundra areas Survival is mare feasiole in the 
talga, where wood is available, and fresh water and ectle flora 

aii fauna ean also be found The greatest dangers aretypatherrnia 
(see pm 272-73) and—in newthern palar areas —palar bears, 


LOW-TEMPERATURE DANGER 
Heat loss occurs in several ways, and rinimizing ibis assantial to survival 
Incold cantons, I's Frpertert to aeld ave-evarton, since heat Is lost 
through sweating, and to cover your head ari year ayared cethirg to trap 
ratlated body heat Heat is also lost thrush conduction—lrect contact 
betwen the skin anda cooler surface—parbculaly when wet, since water 
conductsheat away fram thebody 26 times faster than air For 
‘histeasan, t's vital te wear nsuated and 
waterproof clothing, and tn stay dry 
Respiration also involves heat, 
loss—each inhaled raat cortalns 
old ar which s warmed a5 
passes through tha unas, 
snd laden with moistre 
‘when exhaled Rechce heat 
loss by covering your nose 
and mouth witha sks 
or arf or by treating 
warmer air recto aire 
‘rina warm sheer: 


‘dae eae far ant 
fa avail te prosnt 


DUIEE Tuna sw and ec to 
nt he ie ed goa er 
‘Eeveset nthe sunmer adicoah 
‘areas oe lnted vigetation 
ineogses citer tthe toate 


COLD ENVIRONMENTS, 


COLD ESSENTIALS 

The main teats in col! environments 
ate hypothermia ad exposute, 0 
sure you are fully prepared 

= Dressin loosing ers of dotting 
(Gee pp 46-47), 0H overeating. ad 
ensure your dathing stays dry and lean. 
s I yur and are cl, dot warm them 
vith your breath, whch wll make them 
vost—tuck thom under your mp 

* Regularly check your entrees 

ce tos hand, and er) fr fost, 
the rst tayo of rst ue p. 273) 

1 Wind-<hlis dangerous, stake shelton 
frm the wind at very opprtunty 
Partially iyauaeina survival uation 
Always enare that yur shalter awl 
ventlated eep vent les dear and 
dhe realy espedaly when stew tls 
* Get off the coll ground, sry, orice—sit 
on your pach orate 4 sleaprg attvn 
using boughs to aod osina body heat, 
=I freis your primary eas of warmth, 
triple the arount of frawood you think you 
neyo lit enough ts laste nih 


FIND OUT MORE 


[Dl PROTECTION sheers yp 105-15, 70-73 
Fe. 112- 73 204-06 Dangerspn 20-49 


1 ADCATION nition 0-7 
Monet. 907 Sia sp 


15D WATER Finny. 18-95 
Purifying. 200-01 


BL FOOD Pte pp 20-07 205-87 
Animals pp 203-D3,215-23 290-9, 296-97 


and 6 bordered hy 
taiga, which is found 
ln northern Eurasia 
‘and North Amerina 


WHERE TO FIND. ea “Sua” ol 
COLD AREAS a cs ling 
Tee Arctic and Anite ¥ i ape ts Be 
eireae te ro “ae 
colst places on Earth zo Ae 
and are found at the a2 ne: 
‘furthest nohtts fram the an we 
Equator, Tundra exists im coe 
next to polar regions, ido" TFWawovas OND 9 


TYPICAL CLIMATE 
Archangelsk is aRussian port an the 

Barents Sea, Located inthe taigazore, 
itexperiences below-zera temperatures 


Fava Twdemas 0 save 


for ha theyear and lov precipitation 


are 
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MARINE ENVIRONMENTS | Gites ~~ 


‘Thexe are stake in very 


POTENTIALLY THE MOST HARSH and challenging of all erivirontnents, —_ s2n,but thoseintepleal 
ators are the most 


the sea is unlike any other due to the lack of the most essential Sonn 

requirernent for human life—fresh water. Around 70 percent of the the ndrasof specks 

Earth's surface is covered by saltwater, ranging from the freezing, brave attacked furans 
ard! the most dangerous 


‘wind-torn polar ocean's to the warn Lropical seas. Winds and currents 
govern your movement, protection is limited, and natural resources 
are virtually il, so reaching land is your best hope for survival 


thoesaretie gaat fie, 
tig a bull sharks. 


MARINE FEATURES protert styrene: 
The marine environment ranges from the evastal margins, raped 
‘which are shallow enough— 6540 ft (200 m) or less—to support fe oh or 

a huge array of animal an plant If, to the open oceans, the wile at ecb 
deepest of whish plunge to more than 33000 ft (10,000 in, hel and eas, 


‘SHELTERED COAST TO OPEN SEA, 
The.oastal marghs arehorme ts the majority of ooea he, and include 
erestra ress—thesherline and intertidal one—and equate —the ses 
Up to the edge ofthe contrental shelf A variety of emvrarrnontal features 
are found, such as sand, rock, and pebble beaches, dunes dfs, estuaries, 
‘mud fats, mangroves, lagoons, kelp forests, andcaralreefs, The open 
‘eean|s amore barren envrcrment that supoorts less if, ands 
notable fr its vast extent, comprising 92 percent of al saltwater. 
Survival depends on your squipmiet, supplies, and ingenuity. 


‘OCEAN CONDITIONS. 
‘Your protec ran ovation ab se depends arly onthe esther 
{yeumay need to daal with anything from expasure to the het 
‘ufo cold wet, windy eondtons and high seas, Conditions 


are toughest inthe South Atlantic Oozan, where winds (known as Doty shootne cfeutto| gota mangins 
ihe taag roe) atceag al yarunasastee micheal Srocon te naehy roman 

aie 5 ‘natposes kor ninywhen “Ife owt amer te 
fexlansivein the winter Swere seascna storms occur: hurreanes sanaing Progresso safes eas coorteararacet, 
Inthe tropical areas ofthe western Atlanta, tyahoons inthe ‘ay te fet ar impose dis to. spacer he wh 
‘western Pacis, nla and Snutheast Ala also experince ifs on sopry cts Protection 50 (200 


five the elmer dies red oftiesrfase 


sovore weather durina the monsoon seasons 


WINDS AND CURRENTS 

‘Winds and currents follow prevailing 
patterns, so if you know roughly where you 
are, you can figure out where they/ll carry 
‘you, With a drift of ust Lot, a liferaft can 
move 24 miles (38 km) from its last known 
position in 24 hours Ti may also c¥ift up to 
235° ether side of the wind, further widening 
‘the search area to mare than 460 sq miles 
(Q,000)q km) fn the first 24-hour period, 
and increasing exponentially over time. 
Conversely favorable currents can also 

bbe used to heb you drift to landfall faster, —Wamwinds — —coldwinds Wirtmcurents © Col cures 


[mia enor ta riphtise mk ‘I eh stream seas my 
becca may avon pect fe tals a to Beas, prowaing water 
led adit o0d matorlsfr bung fring cooking ona wsting 
Stakes, ping fe and nero tok alts ant avira may 
feconon ote beprsent 


HEE Lferoft 

L~ nereases yor ehaces 
‘Sfomubal ons rasae, 
proieg protection 
‘oni te eteents and 
drowning ond cntaring 
‘Sco onroen | 
eaulanert, pela 
eter ond food fend 
Breached yr rt 
canbe sadara, 
Yeosy masse 


~BiLifroft ahha notion 
‘atdatbaegh at ne matey oft 00d 
‘unents Tsaayaseconter ores 


Mieke: effect eotaton 
‘ubstebouning andaboncts ase 
Base wantin ain 


Wi sea anetarats trina 2 gee" 
I rzovcas a ond mares saomty Tt 
nanos Baling teat te Sot 

{i wat arazrevntst ron eerter ang, 
cn tgs sceeg dou tha foo of a 
‘ries Mort pesto Prowices orf 
‘abn gp yoo he ame ocr 
fou inraasing our craveas of rescue 


SURVIVING AT SEA 

Natural resources in he open ocean are virtual ri so improvising 
sheter or location sids Is limited to what you have with you, Seasickness, 
esperially in a smal iferat, can seriously affect your abit to remain 
‘oth hydrated and motivated. Unless you can reac land, your only 
drinking water wl come fom rain oy mechanical desalination devices— 
ccnauing urine or saltwater will erly inrease your rate of dehydration 
Reaching land or shipping nes oeatly nereases your chances of rescue 
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MARINE ESSENTIALS 

‘Your chances of survival at sea will be 

creatly enhanced ty good crepavation, 

so consider the Following 

Pack sea.sursival equemet af your 

life depends on tt might! Diher 

environments allow you to improvise 
survival and locaton aids but notte sea, 

Tale emergency immersionsursival suits 

‘They ll protect you aaainstthe elements 

and aid tation, andthe olor Cigh-iblty 

‘range or red sana t location. 

st Always carry a Personal Locator Beacon 

PLB) jst in case, 

Take sera means ofobtahing water 

such s araverst-osmoris puri which tums 

seltwaterinto crinkna wate. setter 

esainationiat, solar sti, andraln catchers 

Always keep 2 pre-packed emergency ag 

handy. ft should contain fst aid i, revese- 

esmosis aun emergency beaao lar 

sill. water flares fishing Kit. ee pp. 250), 

' Hiyour vessel sinks do not abandon unt 

booty necessary, Stay nearby unless It 

is unsafe todo 50—anything that ges you 3 

bigger “survival footprint” wil increase our 

chances of being rescued, and you may be 

able to retrieve proisons from the esse 

1+ imminent rescues unilkely you wll ned 

to ration your water Consider how much you 

have, how much can be procured the chances 

cf seasckness (wth lead to delaration), 

and thefkethond of being rescued later on 

1 Frotect yourself fom the elimerts 

Aun: wénd, cl, heat and salt as wel 

‘syou can—prevertionisbettey than are 

1 The se, especial rough conditions, 

«an sap the wil to ive quicker than any other 

nvrorment Seasclnesss Hera draining, 

resulting inlot fd, eneray and motivation 

“Tales an-seasickness tablets atthe eafest 

appertunity—aven beforsaoandering ship — 

So that you can keep them down, and keep 

{aking them asrecammended 


FIND OUT MoRE.. 


1 PROTECTION Steers 55.7277 
Fir 1-23 204-08 Bangers 20-55 30-01 


{BL LOCATION woven 105-07 
‘Slomaingp 224-4 

BD WATER Finding pp. 196-97 
“roti 200-01 


(Ex FOOD pias op 205-07 200-99 
‘nina pp 108-D, 24-23 200-52 
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RIGHT GEAR 


Whether you're equipping yourself iid enable you t 
principles of surviv 
ose rect environment you are it 
The wrong time 
isn’t up to the 
on it doing 


for a lengthy e: 


vould make 
@ rather than 


survive if the worst t 
your “first-line” equipment, w 
should carry with you at all tim 


In this section BZTR TMS er yaa 


the meaning of the term “bomb-burst gear’... 


that it's always good to share when you're in a group... 

which backpacks are the best backpacks to pack.. 

why you should hike around the house to break in your boots. 
a good reason to take a three-season tent... 


how to sleep like a mummy... 
» what gorp is and when you should eat it... 


With each venture into 
confidence in your 
=e rent 
may want to 


‘acare. A gtandart tert. packs and tenia bag 

ined weight of approximately 20 Ib 
ight camping has the potential to 
ght of your "big three 


clothes inside the bag for extra warmth). 
# You can then reduce the size of your pack 


a book your tent and sleeping bag are smalle 


fr works and Trekking with less 
that you know how touse t properly staying safe alo 


and how and why the wildernes 


train on 
greater di 

equipier 

= Using a hexamine stove to cook food and boil 
water—you worrt have to carry i fuel 
= Taking one pot to cook food and er. 
= Using natural materials as a ma 


GG The wrong time to realize that your 
equipment isn’t up to the task in hand is 
when your life depends on it doing what 
it was designed to do 99) 
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CHOOSING YOUR GEAR 


FORWARD PLANNING IS ESSENTIAL when you're deciding 
on what equipment to take on your trip. You'll need to assess 
your own personal requirements, the likely demands of weather 
and terrain, and the amount of gear you'll actually be able to 
transport With a little forethought, you'll be as well equipped 
as you can be for any situation. 


PACKING FOR YOUR TRIP 

You will first need to weigh up your particular Kit requiresnents against 
the limitations of your chosen mode of transport (see below), Its then 
vital to organize and prioritize your gear (See opposite) to ensure that 
any items you may need in a survival scenario are always close at hand, 


— 


KEY PACKING TIPS. 
1 Pack your gear in reverse order= 
the things you wantto gettofirt 
shoul be the last things you pack 

«= Stash ies you may ed during 
the day in side ord pockets, foe 
egy acess. 

® Ci andtane fg strap so that 
‘hey arent. siaaghg hazard 
Use a ry fags yourbackarke 
«= Ensure that all pockets are fully 
dosed and zipped. 

«= Airout anything packed wet 


should the worst happen. 


HOW MUCH TO PACK 


The enviranment of the region youre 
traveling to will dictate the type of 
‘equipment you will need to take with 
you, but your proposed mode of transport 
's the main constraint on the quantity 

of kityou can take (see chart, right). The 
move gear you have to carry yourself the 
fewer lunuries you can take: the added 
‘weight will make traveling uncomfortable, 
ise up too much valiable energy, slow 
Your progress, and also lr the distance 
you can travel each day. I's also worth 
Considering whether you can reduce 

the weight and volume of the kit items 
Youre taking (see box, below), 


———_—_— 


LIGHTENING THE LOAD 

‘When soe coing tobe traveling on fot, 
{ts important to get i ofall the excess 
‘wegitand vekane ou can even fits ony 
‘baal amount The ger and heavier 
your backpack, the harder you wal find the 
jours. you have already ruthlessly pared 
‘sour oFa down othe hare essentials ry to 
reduce te weight o volume ofthe tse 
First concestate on thei tres es: et, 
-deein bag an badeack. Consider using 3 
‘hooped bivy or tarpaulin rather than a tent, 
look fora iit slesing bag some cn 
‘og as ith s 2 (09 i): and oder 
‘ying a backpack wth ligt frame, 


a 


a8 soon as you stop fo te day. 


WEIGHT AND SPACE RESTRICTIONS 


fats sep 4-45 a erat wean of nae 
ts yp oir outa orate ase ona 
Gea tid tyr hawt ater cary yuo 
‘atthe wg otek wilting Mt ove ely bet 
ahi cach oy tars fstacear rv, aan the bre 
in hoon res nein ok. 


Pair bape tees desig ta fon Hote or ste pair rks 
andar arange shapes sins and capa Grom S050 her). 
Lane baw roi wth neh sce io pack eset suth ase, 
Slepin ty, cabin equines, adspare cites boo bested by 
‘eve, ada he md tocaryech-nsitnance oar chaste 
‘hes neue, cable, and tk, 


Sldepareshae cast of to 80 sa tbasap 25 its, 
art bata su. Hoa jl eater ete 
‘equement, maintarancs too’ (inclucing spare tres), an, in somiecats, spare 
uel al of which will mpact on available space, 


ed for ug tera uch metas or dsr pak annacean cary 
Strous webit Arsen tats p to 20 revert os kody wal 
cael a cya wet of us 1990 (450 a) —athouh 2016150 te) 
sare cammon tut youl se to act ntheaninal’sfod andwater. 


“These of heck wlerinthearountand the weno ga yeucan 
‘eh tut you shal tha overprom,etaqueet ae 
Pid pena cea doa elates wih chard 
tenth can beta ecu the ih The a sue wll 
‘bathe otras uel ati thease heh erate al wise, 


Fy 
| 


KAYAK/BOAT 


Sie ays ances ae soe tober ba up 10660 GOK 
Inking thecratts cepani( soyeushald be dletotake allot yur 
‘scr ar as fe ies Gn your ory othe wae ean 
yr ari thm rey, Weg ad cee my 
ju ler ves 


PRIORITIZING YOUR KIT 


However much gear you desde to take, youshould 
group individual tems into one of three catego ies— 


firstine secandhline and thd ine-—aovarding tothe 


importance'to your survival in a worst-case scenario, 
TES veryuniikely that you'll be able ta carry all of your 


‘quipriert all of the tine, and in an emergency situation, 
you may not have time to gather ital together, However, 
bey prioritizing your gear beforehand, you! ave allyour 


essential items on your person, or close enough to grab 
ata second’ notice 


FIRST-LINE GEAR 
crown 28 ‘borrb-burst gaar*in the ritary, fisting 

23+ (See right)isyour basic survival equipment, If something 
goes wrung and youlave to abandon the bulk of your gear 
‘avoid injury oF death what youre standin sll 
ypullhaveto hap yousurvive, Frstline gear should therefore 
omorse crucial items of outdcor dothng, ong with 
essen es for ran galion ar safety Your bushrait 
lt fiested, and belt pouch make up your belt order 

(Gee pp. 60-61) Youll need to nsasess yaurpartouar 
sltvation and adapt your lat pioities accorangiy as 
‘conditions change,rieani tat your frstline gear may 
ter astieday progresses Bear mina that f 2 rermoves 
layer of clothing goesinto your backpack, t's ro bnger part 
of your firstline lt 


‘SEGOND-LINE KIT 
Seccndine gears exerything you wouldneed to stay safe 
‘on adailybasis under nermal condtions. can either te 
packed i 

‘the idea being that you carry itt al mes, For example, 2 
cmb re decide to eave the bulceThs arherssuipmrent 


@ira-ine gead while attempting ta reach the summit ofa peak 


Byproceeding with Fist-and second-line gear, the climber I 
Sanrficing equipment Forweight and speed, at stil safe, 
as they have be essentials on them. Examples of second-Ine 
‘earcan Petes 

= Amare stor clothes, abivy sack, and cordage 

2 Emergeney rations and fst-aid hit ap 260), 


* Hoxamin stove seo p,58-56) ant terme to maka hot drink 


2 Matchless reset (se2 p 116) ard arnt! cup 


THIRD-LINE GEAR 
‘Also known as you ‘sustainment load) third-Ine gear 
Js essentially theequlpment you nest to keep yourself 
alive and to function forlonger periods of time How 
‘much thid-ine gear you have will ultimately depend on 
sour mode of transport andthe amount of equipment 
soucan canny Examples thirdslne gear ncude 
1 form of shoter—atent or atarpaulln 

Cooking utensils such as a stove or cooking pat. 
= A backpack 
Food stores 
2 A sleeping bag and slespnig mat 
= Any large waler containers or hydration packs 
s Washkitand sanitary items 


all day pack, or contained in pouches on 2 bal, 
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FLASHLIGHTS 


A flashlight Is apiece of fist-ine gear, even if 
‘you don't intend ta he out in the dark. because 
Situations can change unexpectedly, Mader 
flashlights use LEDs, and are small lightweight, 
owertul and very efficiet 

Opt for a "hands Tree” 


headlamp ancitape a spare 
set of batteries toyour 
headl-band. Also include to 
‘miniature Photon (LED) 
flashlights in your survival 
Kit (see pp. 60-61). 


and simplifying authentication and connections, as shown in Figure 99.” It also provides 
for encrypted communications over the radio link.?9° 


Roaming Using Hotspot 2.0 


() 


Figure 9 


Automatic, secure connection 


Hotspot 2.0 
facilitates roaming 
across networks, 


Using IEEE 802.11u, devices can determine what roaming relationships an access point 
supports and can then securely connect to the Wi-Fi network using one of these roaming 
arrangements, as shown in Figure 100. Hotspot 2.0 authentication is based on the 
Extended Authentication Protocol (EAP) using SIM credentials. There are plans to enhance 
the Hotspot 2.0 protocols in Phase 2, which will define online signup to enable non-SIM- 
based devices to easily and securely register for services. The Wi-Fi Alliance began a 
Hotspot 2.0 certification process for devices and access points in June 2012 and uses the 
designation “Wi-Fi Certified Passpoint” for compliant devices. 


287 For example, user devices can be authenticated based on their SIM credentials. Or, users can register 
or click through an agreement and then not need to redo that with future associations. 


198 The IEEE 802.111 standard has provided encryption for 802.11 communications for many years; 
however, most hotspots have not implemented this encryption, whereas Hotspot 2.0 does. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 179 
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BEFORE YOU GO_ GET THE RIGHT GEAR 


CHOOSING A BACKPACK 
BACKPACKS ARE DESIGNED to enable hikers to carry Grorereresccemnrecmmm 


large loads comfortably, They are made froma variety of rei a — baal 
materials, most of them waterproof, However, you should SN NCEE HI aT 
always use a separate waterproof bag inside your backpack 


‘communal tems tat be shared. Tey not to 
to ensure your sleeping hag and spare clothes are kept dry; “ubleunon busts (a party of four doesnot 


2 bes net fur lubes of tokhpasts for xarnple}, 
they are of little use in a survival situation if they get wet, 
WHAT DO YOU NEED? —_INTERNAL-FRAME Packs carers as 
conte Boe 


‘Your choice of backnack will depend on a 
umber of factors How larg) is your trip? 
How much do you intend to carry? What 
‘ype of gear will you be taking with you? 
The answers to these questions will 
determine the size of pack—knawn as 
the “capacity’—that is right for you. 
Pack sizes range from 30 liters (a day 
pack) to BO liters or mare (suitable for 
trips lasting a week ar rove) 


BACKPACK FRAMES 

If you have chosen a medium-to large-sized 
pack, you will hy to chooselaetween an 
Irternal-or en external4rame pack 


DAY PACK 
Day hikers can stimetimes find 
themselves in trouble because they 
are nat carying the appropriate 
equipment to protect them from the 
elements, A day pack provides you 
withthe means ta catry essential 
items such as food, water, mans, 
campasses, and protection trom 
cld and wet weather’on a day tri, 


ci cot 
siroppng alo 
& 


carbo wed 
toaamrya 
er dette 


narrower in profie than the 
‘external-Fame counterparts and 
‘end to belonger with ether one 
rt internal compartments 
and very few pockets onthe 
butsile The fame is integrated 
vthin the pack and usualy 
cansste of stays or flatbars, 
about in 25 rnd wadeand Yin 
@ mn) thick made fom plastic, 
Straps on te outside alloy you 
tocomaress tie pack, ish 
brevenistheitems inside the 
pack from sifting and throwing 
youctbaance, 


Auton sopariment fr 
uk acecs to esantiat es 
‘eras wether oe 


EXTERNAL FRAME PACKS: 
‘An external frame houses the 
packona ightwoight tubing 
frarmework, They are great for 
vy loads, a5 the pack sits 
‘ore squarely on your hips. 
They are also caviar ta cerry 
than ntemal-frame packs, a5 
‘he ar can circulate between 
your bacicand the pack 
External-frame packs usually 
have rore pockets wn the 
Dulside which allows you to 
pack your tems by category 
rather than paciona everything 
intoone or tino compartments 
This makes ncatng tars easter 


ae ita tans 
and alows you's unpaciconiy sande ached 


tote frame 


the compartment you need, 
rather than the entire pack 
Chest and waist strane 
ensure a comfortable tt 


- 
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FITTING A BACKPACK 
‘Once you have chosen a backnank of the vit size design. and Features for your tri, 
{you will have to make sue that its comfortable fit You willneed someones hele, 


Longer straps aan 
botigore tain 
weight onshauters 


but here are a few tics for ersuring your new pack sits cornfortaby on yaur back 
Snowe stones 


“—— tll move freely. ‘shoulder 
peeyiad ‘Hip beit showd 
me bichon Eee 
First measure your back. The Make sure the pack ip a ‘You can now fine-tune 
paijeucioce salt cmiasencaioany —— Deranctty agua 
based on the length of your torso. for any extra layers of clothing, ‘the shoulder and hip straps. 


PACKING A BACKPACK 

Always pack in reverse order: the MAKING A SIMPLE 

items you need first shoul go in last. PACK FRAME 

Heavy items should be placed close Th a survival sition, having 

to your back to prevent the pack something to cary your gear wile 

pulling away fram your shoulders, huge advantage, All you need to 
sien make your own improvised backs 
anctono isaknife, some wood, some cord, 

‘and a weterproct sheet, 


ssn Cut a light 
ste pocket, eer 

110 am below ~ 

‘the point where ‘out notehes on ai 

it branches, leaving Wi threeends ofthe 

about 3 (1 m) boough and te lengths af 

atove te fork. ‘cord around the notches 
to sere assteaes to ga 
‘ver our shoulders, 


ater Rare 
on lc 


to overload 
vr eric fie 1 
rap your gee Ina grou lack, even 
alicbo sere. Sein (2 ee Ca Gace 
“Riskephy sash iltanot ashigh as possble ono the frame en be able to suppert 
segandrat fect Be pack the side opposite the straps good weight, 


AG | BEFORE YOU CO_GET THE RIGHT GEAR 


DRESSING FOR THE OUTDOORS 
MODERN OUTDOOR CLOTHING is technologically A 


advanced and highly sophisticated. New materials and Nene enier pecrienea ek 


designs are extremely lightweight, durable, and versatile Sojo0 suas, a seh 
08 , f stave of treat can eave 

Tomake the most of your gear, choose the fabrios and Se rece aie 

combivations of clothes most suited to the environment eyo fa rt war iv temertne 


and conditions in which you are traveling 


LAYERING CLOTHES Hote 
‘The rule of layering is simple: several " ‘etang sca Bee 
light layers are better than one heavy Marsares 


layer, Wearing multiple layers gives you 
flexalty 0 fine-tune your temperature 


by taking off or putting on layers to Base inyer: 
raguiate your body heat. Choose fabrics wie mate 
‘such as wool, fleece, microflesce, and te ker 


clown-—allof which are good insulators, Outre 
‘fem arta we 

HOW LAYERING WORKS aemasaet 

Layering is effective because it traps air : 

fotween the layers of eles and helps 

you stay warm in any environment, IF you 


‘wear the correct layers inthe right oder, taste 
your clothing wil mave sweat amay from gg hte 


your bac, een moistare out. and het ‘rang 
to keep you rouisted Wear wicking atten 
fi ‘such as polypropylene, in hot 

and cole weather 


‘THE LAYERING SYSTEM. 
‘Theton Gute) aver reps ran, wile dampness 
is led aay from the skin by thebaselyer Z 
closest othe sin, The middaversinadate the ayer ive: 
body and helpretan sant Jesce goes 
Perepraton fornia 
easergsore her aay ete 
fpoatedy 2 \, fonts aves eb 
wer fe Sprotet 
teers 


‘ad rotas warn 
‘when ot 


eee 
tte eet 
gees Senate 
perro 

See ee as ee aes ; 


WARM-WEATHER CLOTHING 

Irs ital to stay as cool as ssc in warm weather 
to avoid heat exhaustion o heat stroke (ee 0272) 
Too much exposure Lo dnect sunlight can cause 
sunurn ard dehydration and heat rashes canbe 
‘eaverbated[f sweat isnot dole to evaporate prover 
‘Shoose breathable fabrics that vl keep you cool 

and protect your skin for 

the sur Stay hydrated and 
abvays wear ahat 


bosorthatsines 
teshoteringiniac @ 
seta cap wits neck 
(rctectonoyabaroara 


Joke you exter 
‘jer shauDe 
seasons 


shirt choice one 


mate fem mative 
Meine brs whi 


theists 


Pants punt 
Eamets pate 
yates pros an skin 
Frominsects and th 
ets of sunberr 
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COLD-WEATHER CLOTHING 

Ti oold weather. you need to pay particular attentlon to 
{your clothing layers, Use lghtaeight base layer, which 
vill wick moisture from your skin several ayers of war, 
insulating clathirg, and ai outer shel thats wirdar oof and 


waterproof, The-seoret to staying comfortable is to adust 
your layers as your body temperature changes Remove 
layers as your body temperature 

rises to avoid sweating 


Sti mast fps to 
fo yur fous aig 
proc i from cold win 


oe fe ith down 
oraayrdisc ence 
“ewig outor are 
vats soy nm 
opposed semen 


Alcee: wing base 
ferent eis 


Glavesncala 
Several avers of 
ora are more 
feert hava 
Shgleuyar eu 
earadiorvanore 
ineaiqeert 
lovers asreauted 


Leggings: 
eng aang 
Jegainasar wa 
ner uatayooy 

faves 
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WET-WEATHER CLOTHING ewenss 
Sudden downpours can occur almost anywhere af Samstes er a 
iseasy tobe caught ut by them, The best are be roae aie 
‘waar such condone are thoce that are breathe, Goer 
‘aterroo, and alow sweat t expape—the best. eRe 
lotovin ofthe is Gore-Tex®, Aways cary the near Paria 


evessary Lo stay warm and dry, and make sure you Srtemaas ioe 
can aosess it quickly f'you are caught cut— it ean 
be the difference between comfort and misery 


HOW BREATHABLE WATERPROOF 
FABRIG WORKS 

Breathable waterproat fabrics lamin of thee 
layers: ta layers of nylon on ther side of atin Layer 
of microparous teflon, which contains ty pores—B0 
times salle than the width of a human hair—that 
leeaprain drops out but allow perspiration Oster 
‘par ba escape 


dactet 
hl 


— Fersptorin 


SOCKS 
Socks area ital pat of your foobwear system, The 
function two-fold. Fsty. they cushion the feet ard 


seven cooks fom rubbing and causing bstrs Secondly intro te. 
they keep the feet warm and cry by wicking moisture away wc cone sta 
from the feet. Note that socks made from breathable ssiitiadinsheininial 
\Walerpcof Fabre can be ween with requar bets but aso 
should not be combined with oreathable waternraof boots, re: oor a 


A gredpat tuenine | 
otis fee 
‘oar ots GAITERS 
Gaiters ate useful 
“a but in emperate 
-. seas forlespieg 
‘the feet and lower 
peed fat es yan 
WICKING SOCK WALKING SOCK npobr regions 
A lightwaight inner soce The thickfatricotthe or keeping 
that helps wick moisture walking sock offe out sic 
away fromthe sna tava cushioning, 


reduces tition, comfort, and protection 
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FOOTWEAR 

A number of factors determine which type of faotwear is ———————, 
right for you, The first concerns your personal requirements, BREAKING IN BOOTS 

vwhich include the shape of your feet and the amount of “Your bots an fst shut ones 
support you need. You also need to cansider how far you parte harmcey when youeon the tall 

are traveling and the type of terrain youll be covering, Then ‘hes you buy api of bots, wear then 
there is cast: footwear varies from the relatively cheap to the bund ths house and go an short hes 


‘oak ste you hve bee then 


extremely costly. Bear in mind that ityou intend to spend a 
lot of time in the wilcerness. it pays to invest a little extra 
incomfortable, sturdy footwear, 


Afi far poor 


sasauiae “sive 
ANATOMY OF & SOLE cig Repo 
Alsoot sake has stvetal layers to protect Inptace tn 
ad Support yoot feet Lon fa goed anstenain 
‘tread on the outsole, and for cushioning 


beneath thet and toe eas 


‘rstionia cons Zoe stapes 
‘stzorpshack ook od west 
Tagestion 


| Srck teaming ste ges 
“puerta hv 


SANDALS LIGHTWEIGHT BOOT 
Iedern sandal aesgns ofr Fabric ana leather fybrids are 
great support and ae extremely Increasingly popular because they 
Heatcap cade comfortable, while aff combine te sipoort and traction 
emir <aditional venti ation, a heaviar sho with the leatilty 
Fa sports sho, 99 thers leas 
friction on the feat 


The pated ante proves igh poo legp 
cant and sigpare mac off yur parts 


Camas weoers 
aregesprea to 
sgn the fast coo! 


Salepreviks grip on Sale contalns wee, deep tutto rampons con beak for 
‘Stapory aed ‘prove ponte et ground ‘x00 op on oe asa 

HIKING BOOTS: JUNGLE-TREKKING BOOT GLIMBING/HIKING 

‘Acompremise between welght, durablity, This is akighbact made from ret-preof HYBRID BOOT 

fand protection produces a good, all-round lesthar end canvas with adirectly More leit than ational climbing 

leathar boot yt a sole oP hantewearine ole Sle raster nesin the boots, modern yore boots are designed 

rubber, such as Vibrame, water vesistant Inctap ald venblaton andhelpta dean taba verry with aramgors ai ta lea 


lapers, and valuable support forthe ankles, misteinht or hurd constions, the fk warm nvary ool errors, 


TRUE-LIFE ACCOUNT 


EXTREME SURVIVAL— 


IN THE WILDERNESS 


USEFUL EQUIPMENT 


BLAKE STANFIELD, 38, AND HIS 65-YEAR-OLD FATHER, 


Whistl, flashlight signal aro Neil, endured being trapped beneath river ice, 

Animal deterrent spra encounters with bears, and four days and nights in the 

Water purifiers Alaskan wilderness without food. They survived thanks 

penn to good survival skills, knowledge of the local area, and 

Survival tin, bushcraft knife an abundance of water and firewood. 

ace eet Father and-son were dropped by floatplane on Friday, June 6, 2003, 
ataremot Koyukuk River, deep insicle Alaska. They 
planned to spend seven days rafting approximately 90 miles 

(145 km) to the town of Betties. The trip had harally begun when disaster struck—the 


raft crashed at speed into a massive sheet of ice, throwing the pair into the freezing 
water. They were both caught by the strong current a 2¢ ice. Somehow 
E washed ashore, arc he used albranch to 


se tohypothermia, “THE RAFT 
so used his waterproof lighter to lighta fire of sticks and CRASHED AT SPEED 


pine need ve, with theirsupplies stand NTE A MASSIVE 
rp one expecting thei return for six days their prospects ee ag opm 


looked bleak. Wi 


funder 


his father to the riverbar 


ke was 


Blake quickly that Neil wa 


from re 


night approaching they built a shelter 


The next morning, Blake decided to hike the 65 miles (105 km) to Bettles to get help, 
On Sunday his progress was brought to a halt by the confluence of two large rivers— 
the Tinayguk and Koyukuk. However, Blake realized that he had reached a landmark on 
‘the fight path of supply planes that frequer y into the interior, so he built a signal 
fire and waited. Two days later, a pilot spotted him and radioed his position to. a US 

Army base 200 miles (320 km) away in Fairbanks, then dropped him a two-way radio 
and suppl then continued up the river to find Neil, dropping him a sleeping 
bag, tent, and supplies, before radioing his position to the Army. Bo 
up the next day—exhausted, malnourished, and close to hypoti 


5. The pil 


nen were picked 


mia, but alive. 


WHAT TO DO 


‘ARE YOU IN DANGER? a 
Ifyou are in agroun try to hep Bet yourself out oft 
<< NO YES > Bennie hiiise 
sip ASSESS YOUR SITUATION Animals— Avoid confrontation and 
‘See pages 234-3 move avis) from danger 
Injury—Siablize coraiton and 
v soa firstad 


Wea >) DOES ANYONE KNOW You WILL BE 
enone iaweyousemsanacr | yqisSING OR WHERE YOU ARE? sare eran 
aril amstcertay be 


netfy people of your platy ay “ NO YES > fispatched to fndyou 


mean at your apa 
pay SON HLRIEAY can: Fyouhave aol or sites 
with ring tr ‘OF COMMUNICATION? \aesomar kro your 
sunt you pratcanet. your suction is 
are located oyu find helo << NO YES => Foros enought bord of 
merges rescue, 2 ou ha 3 


> nal ocatar Beacon (LED, you 


Ifyou carnot survive where: CAN YOU SURVIVE shoud consider this option 


are and there rere phy WHERE YOU ARE?* 
reasons why you should rem 


youll have to move toa location << NO YES => 


That offarsabetter chance of 
survva, rescue arboth 


DO 


1 Vk arin * Check your atria 
She best cabo balinsfrratral hazarts rh 
Freel postin Porswicho are fending ode wld 
murene = Inverory our soo 
Regulate yourchthin to a raon te 
Beidoveheaing wher DON'T = Kaeo athe ginaonce 
menor pot etlsed yu can 
Se iia 
venga 


reduce trip 


‘tinderslendling and fuel rom predato benefit fromibeve nth, 

a alas than the hte dis inne | sal neo 

ace af the slowest person woods despite the protection mail Ie bags or spare 
Bacar eseyalira: Ef pillow to insulate you from 


sovwnhil—atwisted ankle aidsnsed tobe seen 
could prove fetal "= Eatunldentifie foo the colddamp around 
oF ovr dress itoould exacerbate yout Tiina group. give 

al hassles eel off awale lightly dressed situation through les everyone someting todo, 
st Have ads a lcation Jan aor remove layers Foodis notapmontyin a evan the children TE 

accessicie while moving Stassneoty' ee ‘wil keep them occupied 
and lassen the worry 


gpm won sa bantam ne sony 
* sis co a he 
witha Sy se Coe te rere Soe 
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SLEEPING SYSTEMS 


REST IS AS ESSENTIAL for survival as food. A goocl 
night's sleep can offset much of the worry and stress of a 
difficult situation, Making sure your shelter is suitable for 
the environment you're in, andl choosing the right sleeping 
bag, can be vital factors in survival 


SLEEPING BAGS 


Although there are many different shapes and styles of sleeping 
brag, the ane you choose should have enough padding to keer you 
warm at right even without a tent. A sleeping bag must never be 
allowed to gat wet, so always keep it inside a waterproof caver, 
such as the bag’s stuff sack ora bly sack, Always try a sleeping 
bag before you buy it. If its too snug, it will be less effective, 


Locklag mechani 
eae: trefoal cose te 
Cottey arc te 
sender crates 


fat Bourad oscar 
eer Here ch 
‘as or watels 


DOWN OR SYNTHETIC 


Sleeping tagsare made wth ether a davin or a syrthetie filing Down 8 


‘ave up af highly spesalzed insulating feathers, normally fram ducks oF 


‘jeesg, and is unsurpassed when it cames toa warmth-againet-weight ratio. 


However, Its effective when we and can eause an alleraic reaction in 
sem pepe. Synthetic lings range ram simple low fiber ll the 
1 up Lo came bers designed to mimic the structure of down. 
Thay stl retain some af ther rrulatng capacity if hey get wet 


Loops: fe 
porto attach 


stein ag fe 
the shoatree 


TIPS ON BUYING A SLEEPING BAG. 
Tins: ar ay ype bag aaa, Here 
Sete ual ont 
enoure you buy the ht eeping a for you, 
= Detafmine the lowest temperature youke 
lial to erecurteron yor tian ehocse a 
tag that wll perfor at ths emperatre, 

s+ -Synthelisbags are cheaper are easier 
+ lar than ce ag, ad eoticue to 
rovie insulation eer when wel. 

= Down bass aremura expert tan 
-sytheis ag ul gevide a beter 
‘nsmthtoneighteato ancl lenge 

= A unin shapes! bag peavices bette 
insolation hana ect shaged bag, 
fut has essroon tammeaeoucd it 


—EEE 


Zipper ie shot 
ipenagrastant ao 
havea da tebe 
ocrevet Poa fo 
secerna a ld 

fab om saepig 


offs ee 
crane 
beothotee 
revert te down 
Gromcalocing 


Extra taies often added 
to he fea section top 
‘leat col spots Te 

fot meastout be 
‘rough sab yous 
moe ar esata 


Bax oot cates a rue 
shops andes cant 
tothe pati of fest mr 

Sore beng or pe ae 


TEMPERATURE RATINGS 
Because manufacturers have no 
standardized way of registering how warn 
a sleeping hag is, temperature ratings for 
sleepina bagsremain an inexact scence 
Some manufacturers aWve aleag bath a 
comiortreting and asurvival ating — 
known as a*seascn rating’ These give 
some indication as to how marndacturers 
expect aseeping bag to perform: 


CONSTRUCTION 

“The pringnle ofall sleeping bags is the 
same: to trap alr and prevent its citculetion 
so that the body heats the trapoed ait and 
keeps you warm while you she, This can 
be achieved in anurnber of ways 


BOXWALL 
Used in cold-weather 
‘ownage filing 
Iscontaned within 
boxe sections to 
ririzebunchin, 


SEWN-THROUGH 
Filing in separate 
oval chara 

- though heats 
stlllost through 
‘the stitching 


OFFSET CHANNELS 
‘Thfiling isa outin 
‘wo layers to prevent 
tunching an heat oss 
B+ through the stisching 


| SHINGLE 

. Started layers of 
cvetiaping fers 
that fil with warm 
arto aid insult, 


USING YOUR SLEEPING BAG 

Before using your deco bag, abvays beck 
Inside forsee and othe darts ad 
sae mae ae he ingested 
unl Daas bags to wat, 
sip nes it lee, ose the ag 
-asagut. [Ft tool ther put n some 
oltfing.cr use ik ee ce water ti 
haa to resets errr. Ales ae 
youeslping ay welafer using 
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a a se ae er) 
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i 
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Tomato 4S 

BEB earsme us 


SLEEPING ACCESSORIES 

‘Youll need to get a skeping mat as wel a a sleesing bag to ensure 
a cornfortable, dry nights sleep, Additional gear, such as bivy sacks, 
sleeping bag lines, and inflatabk pillows, wil also nrease comfort, 


A Gaston Storer ts 
‘ona antes Sil insinra, 


ais ap es) Esteslor covered 
fant oeaty fr watonnroot nwt. 
singe storage ebjers 

FOAM MATS. AIRMATS: 

“The lightest and alest typeof mat, They may be heavier and more 

foam mats are bestused on saft expensive than foam mats, tut air 


surfaces such assandorpinensedles, mais provide superior comfort 

Linerscanbe sed and thermal Insulation 
‘nr oun 
et chinaes 


Min wuimer cates, 
ssp bos ‘hysace ome 
revert twee: arte skep ease 
ar sespoa tas ‘anata tone 

SLEEPING BAG LINER BIVY SACKS 

Usually made of cotton or sik, Acsimple waterproof bag thats used 

sleeping bag lines trap ai betaveen over a sleapina baa to keenit dry or 

yourbody andthe sleening bay. used onits own asa shale, 
over ter of Fotprevents body eat fom 
elon eee fr 
voice 
INFLATABLE PILLOW SPAGE BLANKET 
Aninilatatlepilow adds some Alightwelgt fl blanket for usein 


lucrytoespeditons Alternatively, emergencies, cpace anit can 
fia stuffsack with spare dothing, also boused as a temporary candpy. 


Figure 100: Hotspot 2.0 Connection Procedure 


(@)) 


_BOR.tu beacons with HS 2.0 support 


Access —hssescbaod ies <_fiecess Network Query Protocol 


Responses to queries (operator name, 
Taming partners, EAP rnethod supported) EAP method supported) 
<__Device chooses best AP 


Secure communications 


Roaming hubs, subscriber information 


Aysouy Research 


Release 2 of Passpoint, available in 2014, added immediate account provisioning, which 
facilitates a user establishing an account at the point of access. The new version also 
provides for policies to be downloaded from the network operator; these policies control 
network selection priorities when multiple networks are available. 


Self-Organizing Networks (SON) 


‘As the number of base stations increase through denser deployments and through 
deployment of femtocells and picocells, manual configuration and maintenance of this 
infrastructure becomes impractical. With SON, base stations organize and configure 
themselves by communicating with one another and with the core network. SONs can also 
self-heal in failure situations, 


3GPP began standardization of self-optimization and self-organization in Releases 8 and 9, 
a key goal being support of multi-vendor environments. Successive releases have 
augmented SON capabilities. 


Features being defined in SON include: 
Automatic inventory; 

Automatic software download; 

Automatic neighbor relation; 

Automatic physical Cell 1D assignment; 

Mobility robustness/handover optimization; 

Random access channel optimization; 


Load-balancing optimization; 


ooooooo 


Inter-cell interference coordination (ICIC) management; 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 180 
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PORTABLE SHELTERS 


Shalter from the elements at night is essential for ln-term survival 
Anariety of products are available to you, depending on the conditions 
youre about to enter and the amount youre preparad to carry. You can 
‘choose from lightweiaht options, such as hammocks ard variations on bisy 
sacks, and the more traditional alternatives, tents, which are heavierlbut 
‘can accommodate up to eight people. 


USING A HAMMOCK 


Tf you have a henmock you an cap even the around is mc ocky, or adtine 
ona inns, The avarge of a temas hats Kyat ad can eon 


bog erected lust about anywhere Modern hanmocks provide ashetter and Tet and \ 
fed solution inane portable paskage rte ie ban 


Modern hamaoc are 
‘eign tera 
tate slao hot 


protection tae 
‘hemes 


USING A TARP TENT USING A HOOPED BIVY 


‘Actas between a tarpaulin and a tent tarptent is ‘The hooped by is a waterproof and breathable Livy sack 
alah versal, extremely ligt form of setter thats ‘hat as been designed to fom aone;person shelter. Tt 
capable of withstanding even the most extreme conditions usuelly Incoroorates peug ing polnts ad a zippered anc 
Groundsheets should ke laid out onthe grourd far added hooped entyance that form a sal vestibule for your 


frotecton, and 2 suitable skeping hay isessetial. Aone backnack. Many ino porate aheay-duty groundsheet 
person versin can weigh a little as L8¥sor (042 kg) and can be Set up ari taken down iva matter of minutes, 
Tetlig poles, WIE hevay noe 
some ee iit tgnt mes 
ianm coe Sourereretoeis 
wit baiein Eprencpeaton 


aus ob 
Datorptont 


‘rsa from the cola “Asal vextibe| 
‘dag wound ree: mina 
storage fe our gear 
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USING A TENT —<— 
WARNING! 


Tents keep the ain and wind out while retaining warrath 
The outer flyshest should ke strona, impermeable, taut, ancl Income tiavtioconditns suchas extreme high winds cove 
able to withstand high winds The inner fert—which may be ttrt or heavy stow coves stakes and guylnes mayo he 
attanhet toa fysheet—isloose and made of permeatile enc to anchor he et ssurly tothe ed Tn could 
material to minimize condensation but retain heat, The ier Ent Milan Pape 
ligeeateduetotsndtaanesh hates a 


the underside ofthe fysheet, then seep into the tent, 


THREE -SEASON TENT 
Three season tent are cesigned foruse in avaretyofclmates The 
iimerlayerismade of alahtweiat material that offers both verblation —folesaparatestanr Ader 
‘and protection agant socts, The Tysheet—which shouldextend ee fomomeet roantedana 
bout 4in Oem) abavethegraund-—and the graundsheetaramade f° venation racing 
‘af uaterroot fabric. Star 


swt ome 

Rent mee 
ities & bier 
pet eta art 
aes fet 


‘WITH FLYSIEET 


auvtoesanctor 
thetont scale 


wrtwo0F 


WINTER TENT = 
Forcold-weather climates, lok fr a tent that afers extra strong poles, 
‘stormyindows, al ample pockets so that you can store you 
insidethe tent. However these ertra features ncrasathe tent’ weight, ae 
The dome shape sheds snew wel, and wthstandshioh winds seepontle 
= oktve at 
ops fibest 
foratouching 


wiennabe ary 
wet gear 
pom oar nT FLYSMeET 
vsti bs 
cexupants to aod 
wow Toole 
clea. 
3 fs prove soso fe 
iokteyingoce eater YUHTHOUTFLYSHEET tatty Inston 
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EATING ON THE TRAIL 
THE FOOD YOU EAT determines how efficiently your fener 


body will function. This is never more important than when BODY FAT AND SURVIVAL 


youre undertaking an expedition that wil test your physical Sena Moa ta ore oes ou 
and mental endurance beyond normal levels. slohtiyovrwegit ca actualy be an 
advantage ita survival sitvation: |b 
FOOD FOR LIFE (if nyt stort 
Your body requires energy to fue the chemical and biological ca a esa sey So 
reactions that take place within it, and to power your muscles. 
This, and other nutrients, comes from the food youeat see below). 
‘TYPES OF NUTRITION EXAMPLES BENEFITS ] 
+ Re pasta, bead, and cireals: Eliiiormnner aati 
‘Fecatdedtut rushing ith gor bo 
CoRR ‘ Rotreptables ‘watered ouce ate 
1 eaten 
*Metandpty + El gohan gat ohmic ee 
1 Fftsuchastina anda ‘renscyur tants nd nr bk 
1 anand cy routs Andicbry it a 
* Blas lus ad es Maes eae tort 
sand sGontsortec ey 
me 1 yah htera ces 1 Heft att, 
‘neat, nthe ne 
+ ooknga 
+ Fahad int eel thoi + rota bik toh our agen 
* gees bars ade { Hepctomleyo ea 
FIBER = Whdle-grah cert 
+ vil tre ole maps, and ounce 
+ reshma + Eset ge nde pa ole 
‘VITAMINS «= Breon vegetables body tissues, 
Acuna (eee + Hepat mattan day eth ex 
ts an te «= dsblodtow andthe prodction fer 


BALANCING YOUR ENERGY LEVELS DAILY CALORIE NEEDS. 


Youreplacethecrray tat you experdona nce [as ‘ a 
daily basis through the food you eat. The eneray a 
haired rom fd eased aris en 


you require avertain numberof saoceseach ==, #6] 

‘day to remain alive, [f you consume tao few 30005 

calorie yu ise weight Howeie eng & 

toomang cares illead to waightgan, which 70 

can avs: lngtrm heath sues. Tho number oeg 

fears you eee pr day dagen on many iis 
this, sich as your a and eel acti co 

(seit). When you don repace he enray Bh ren 
‘expended and continue ta work, you start touse ooo oa mE 


the eneray stare containadin your body's at. ACTIVE RETVE ACTIVE AeTIVE ACTIVE 


WILDERNESS DINING 


Even if youre only going on a short hike, you should take food with 
‘you, such as fruit and chocolate, to replace the eneray youire using, 
For longer expeditions, youll ned to take a number of different 
foordstuffs—for energy and for variety 
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1 Tralltig—als bnown a5 “000” «Frode avital urce of cartetydrates, tami, 
meni ceeas Roamans 
‘AND DRIED FRUIT «+ Cental dstary fiber to abi digestion, 


‘TRAIL SNACKS 


‘Coches and aks 
» Bie bars and cereale bs 
1 Fut, auth tps pear and ane: 


+ Hich in catohytes ofl yourantan 
ine bre, 


+ Hl toes yourhune pangs a bay bites 
mania, 


ae ae 
= Raddig mits 


PRE-PREPARED. 
‘MAIN MEALS. 


+ Bate y mea —ou cay a leary 
afl pepaedea, sated in fll. Cook 
‘orTeta sevn mits, 

+ Fre i andy ted rmels—simp ating 
ake and a abut fve nuts, Eee, 
linen andiasun It sace 

+ Dann els est sy the ae aalbe, 


+ Prodde babred rang lo ou aie, 
and mralstohp your ty torecoe- andrea 
its tr they’ eetens 

* Quiccandexytoprenaandrequte few ven 

+ Nanrequte nial toon hemo wat 
Tordyerteten. 

+ Canbebuked ot wth bins hasnes and ara 


ut theyare tally ad ey, + Sale canny hare plop toe em 
* Conn fh uh sardines runs * Agrestsoucedt pons ft 

MEAT, FISH, AND CHEESE (MNEUto a Gmlestuee veg ap 1 Fasytosteand tn ast, thant cans 
+ Hache, such as cheat and armen we enierthan ter sources oft, 


BEANS, LEGUMES, 


+ Lani andcicpeas 
* Died ad ge barley 


+ Canbeusdtbulkup mah mess and heb 
yout ffl 


‘AND GRAINS * Reandpasta + Bn inpratseceatcaolyat 
* Cousous = Aone ber ar ie 
Fine + Four adc be weston dh 
Sit + Sitcom wi eal. 
18 + Sit nimaballesoucct it hal canbe 
+308 ue sppiertmel, 
+ Fowlers np + Aden dry oma 
+ Tenoruee + Epi uli yue cog wth wo 
* Poni ues 
ray cates 
ve + ovie warh andor thc ey 
sates roof itadnrtinal lo. 
* Ghocltepowter + Chute poner hain caret 
‘Ded ‘Tred mkanocet oursofcam, 
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CAMPING STOVES 


ALTHOUGH NOTHING CAN BEAT the satisfaction of building 
your own campfire, the convenience and reliability of purpose- 

macle camping stoves make them an essential piece of cooking 

equipment, especially in areas where open fires are banned. 


THE BENEFITS OF CAMPING STOVES 


‘Modern camping stoves are very light and collapse down to an 
incredibly small, compact size. Gas-fueled stoves are by far the most 
‘common, but liquid-fueled stoves are also worth considering. Both 
have their own advantages and disadvantages (see below), but your 
choice will be dictated by space and weight constraint, the distance 
you're traveling, and environmental factors. A hexamine stove is a 
‘good item to have in a survival situation (see opposite), 


CHOOSING A GAS- OR LIQUID-FUELED STOVE 

Gas fueked stoves are safe, cleaner, lighter, and easier to use than laid fuele 
stoves, but are less economical, and not suftable for low-temperature high-altitude 
use. Liquid stoves offer greater stability fuel vrsafility and economy, bul you need 
to pap and prime (preheat them before use, and they are less clean, 


—— 


TRANSPORTING FUEL 

“There are many fctors to eonsider 

‘we transporting uel to make 

sr expedition safer: 

When ing, pack you fel 

container upright the idle 
hackgack and surround 

with doting to protect rom 

locks Make sure you can acess 

teas wen you rach camp, 

‘Uses pines when traveling 

by ober methods, 

Ensure that you fue hotles, 

look ver ferent fom your 

ater bttes to prevent confsion, 

yore oing on ang eet, 

chenkthe avalbilty ofthe fuel, 

aoansider hw you el pase 

of yrs safely. 


=a 


GGAS-FUELED STOVES 
S 
£ 
BUTANE OR ISOBUTENE PROPANE BLENDED FUEL 
PA] «sos uck-ai ndiposbk prosuried «Fu nidindspesabe peswied + Fol i depos esr 
Fg cass tors canis 
2 + Used mt parables and + Gra ofbtan ye, adr 
z saber is iat 
z 
Lift, aun cota + Lhe, educa = Lghveo ed ona 
Butane ry fet and bas at Fuels a ery ht tad + Feller than pur propane, a pero 
high tpente andres an afr snes ne, bet tha eer peta ei 
sTchleno mrt thon an, + Frfrms very od coi, ine cotis 
andpelrmsbeter incidents 1 Tobin ci amoebae 
+ He estandovertotoutpt thr = Hh cst andrea xt a + hr eit ander att han 
ue lis Ti fk 
+ Fulci edie atherahtudes, « Feltiiency eed athe atudes_«Fuletcenyredoed at hohe aides 
* Bieler eft tan tee + hgh consti, sae tan 


‘nen atures bel 50°F OD ther fue 


USING CAMPING STOVES SAFELY 
‘Aways take care when string the fuel and using your stove Uso 

only the stove manufacturers recommended ful and check al 
connections and fittings before each and every use. ke 

‘Car the cooking area of dry vegetation and leaves in case you 

spill fuel or knock over your stove 

+ Place your stove on a level and stable surface. 

* Keep naked lanes and sparks away ftom the fue especially when 
filing or refilling the stove Before refiling, make sure the Rameis 

cut and the stove has cooled down 

= Use the cooker ina well-ventilated space Liquid fuels in particular, 
can give off poisonous fumes, such as carbon monoxide, ad all 
Cookers also burn vital oxygen, 

= Dorit usea stows inside your tent In ation tothe risk of poisonous 
fumes, fie is also a significant danger: A confined space with liited 
acces, your tent can be rechced to ashes in minutes, along with 
everything inside, and you may not be abe to escape in tine to protact 
yourself Losing your tent and your equipment is bad enough, without 
You receiving third-egree bums at the same time 

* Dorit love a burning stove unattended. it topples over, it could 
easily starta fire IF the stove flame goes out, a spark or naked flame 
could also ignite the vaporsand causean explosion, 


LIQUID-FUELED STOVES 


WHITE (COLEMAN) FUEL (MULTI-FUEL 
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THE HEXAMINE STOVE 

‘Avery useful piece of emergency 
‘equipment, the hesaming stove 
(orhextstove) burns sold blocks 

of hexamethy-snetetramine also 
Imown as ‘methenamine”), and folds 
‘Bay compactly The stoveacts as = 
‘mall windbresk nc cooking platiorm, 
“while the Fuel blocs it uses ravice a 
‘very reliable means of starting a fre 
Inn conciticns. The blocks produce 
a'smakeess flame, cant quety while 
burning and Ieavano ashes. 


DENATURED ALCOHOL 


+ Fuels diposable canis » Shyecan ue avail ffs om 
Unleaded serene (pt. 
atin fe and hie uel ese — 


rtf whith are aval 


+ Fallin depesat plat contanas. 

+ Se baskalpeontts fave 
‘bute anda inhi 
‘hatalcoate aca oka pation, 


Fuel an tsa rests, 
Pig atte, andiost ater cents 
Proce aan fa 


+ Storewearange eh 

+ Fuels gresurind soca bestowed 
safeyin almost ay aint carte, 

+ Store endstoperin rb ently 
acu pacing aot fame 


+ Fuel nun presaroad so canbe stoned 
safely abet ay att corr, 
+ zonal andpreduces akan fame 
1 Stveslitiegh able, nd ae 
* aly apg ith pts nd pan, 


Stove mst be pupa neat + Futon silage of farmable uel, 
reyiredprerefor us, + St mut be pumped generate 
Fase tobe primed Fequhed presser ue. 


+ Fuel mado ined 
+ Sef procesoo andro ume, 


+ Poet to pilaf Manrle f 
+ Stoesower foetus than ater Iqut 
sto erase Rs not pured, 
Flaneiwheabletowindard the 
annexin 


Bo Be Es 
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YOUR SURVIVAL KIT 


ABASIC SURVIVAL KIT is an essential item to take with you on 
any outdoor expecition, It should be compact enough to carry on 
your person at all times, and its contents should address the key 
principles of survivat: protection, location, water, anid food. 


EXAMPLE OF A SURVIVAL KIT 


Choose a tin with a waterproof seal and locking clasps. Wile you can buy ready: 

made kits, you should always adapt the eonterts both to your needs and tp the 

environment youl be fr, Ideally, tems in the surchal kit should be high-quality 

and mult-purpose—far example, the tin tselF cout be used as a cup, asm —~ 

ccaoking jot, o¢ van 3 signal irr. Your kit should cortain the following LAYERS OFA SURVIVAL TIN 


== 


LAYERT 


Laver 2 


LAYERS 


+ Antiseptic wipes: rinsing wants 
adage Cana vig 
Iya gerkandsedto da frepens 


stor moll pad el bandages: 
ntl fe ine cuts bsters Tague 
avanteoltaneates bath weer fand 
ferid nasdecionol aces Watearon! 
aniaestaralo te ust meres 
intents an tapas, 


= aterpuifistiontatets: ef 
Tatts rine dirt we lane 
lute alent ertostetit Water 
sll tobe terete ing pari 


LAYER 6 LAYER7 LAYERS 


+ Survivalsaw, or pace tmiaw: 
an bewranpedariugee ie 
thet oral ina pazestinted 

+ Sinaeeded rar: pu-purpao— 
‘ram imangeneninalt atin 
cn Stores pata 

+ Neede and ation: + see 


ved atin ethradestirouh 
Eee 


+ Fags sr Poton LED it— 
‘xen ne rek—taps vl peach, 

Min mutta ° 9 pt 

+ China tnd oe ene 

+ High cardsigral miro ki ts 

+ ompass-an en gery nk 

+ Fl irestel tampons: tart res 

+ Smre wie: anna! tepeand ting 


‘stata et ioe tenes 
sna este patty 

= Pnet tnpeeit th ats 
Potassium permanganate dseinvater 
Uosterizeyater stow comatonanto 
clan yeas ataichconattin Cana 
beusedythsiartonsefre Soreina 
seeodt citar 
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other tie aus 
asschsor, open ot 
Frome arm” 
oft ratios 


CHOOSING A MULTI-TOOL 
Auseful tam to carry with youan your tr, 
mmutt-tools aeusually designed with asnesiic 
task or hobby in ind, and includ useful features 
for survival, such 25a small comass, nies, saw, 
andvarious blades, Use one thatas qualty tools 
that most sut your needs wth acorfortabe arin, 
afd ensure thet the blades are lockable to prevent 
injures Carry your mutttool i a secure pocket, 


vehen rt ince 


oF in apouchion your elt, 


aly canned igs, 
restos andres Canals besriared 
‘rttamponsto make then tur er 
‘Shorea sal rele psig 


i inelude a miniature 
version in your survival tin (see below) Bear mind 
that your muti-to should lean axidition to,not 

arepacentert fo, your bushralt brie (92), M6) 


+ Wiaerprat notepaper: raving 
ropsorleaing messages. 

+ Photograph of ved ane: penal 
Inoetiveina sesh se@ea 

+ Greltearéan este msaofoteting 
inact tgs (ep 266-47, 

+ Money: cpp caeans 


satan plore 
a9 be wet for 
‘haters or 
foventng wi 


+ Nomubeated eondams: in dts 
‘amt. sa ate gost one x 
Srl tenth 2s urbe 

‘Mn eng si yuusronsc nat 
fica easier to att prague nt 
cktfan arama Fig ine onde 
alsousa er eter salts Shad 
rian lector thos, es sts, 
adits, 


TIN LID SEALED WITH TAPE 


+ Salm: neal: rl papse—ean 
beustdasanaron pint or mening 
Fersand tara We gesare bes, 

1 Safety pier carry cng, 
‘stg your Sg bag ata 

+ Min glowstice (eyalumes sh for 
serge lerganéasalicatonald 

+ Singeetigedrarr nlp 
(eLayer 6) Sorin typed, 


oes tet 
folwnen ee 
saingitforsefely 


ADDITIONAL USEFUL. 
ITEMS TO INCLUDE 
While our survival tings 
may be estritve, you can 
alvays improve your kit with 
items that can fiton your bet, 
ov inaelt pouch known as a 
"et order” This wil form part 
of your fstline equipment 
(ep. 43) 

® Space blankot or aluminum fo 
canbe used asa signainy device: 
for sheer to carry. store and heat 
‘wate, oF foccokn Many are dual 
Sita: on slvr the other green for 
Catmoullage or orange ts stand out 
= Plastichags: you can ever ate 
{wo rary.Numeraususes—foma 
wate ari to 3 ranspnatin bag. 
= Mediines uc as painllers 
and antibiotis):sule notraplace 
jourmain frst i butersures 
sou ae sorebasesfycure 
Separated fomyour gear 

= Stal eanide: nei 1s 

‘il pyovidea relate lame that 
you ean buld your fie around 
sNylonstockings con to uses for 
‘nar, orasanngrowse water 
Fite mosquito nto fisting ne 
stall AM/FM rad batery~ 

or sor powired 

= Surgeal tubing ences you 

to each atari oharwse 
inaccessible rock redces. 

= Fite tinor matchless rest: 
seltcotaredmetiogsastrthg a 
freshen natura felis vale 


Enhanced inter-cell interference coordination (elCIC) management; 
Coverage and capacity optimization; 

Cell outage detection and compensation; 

Self-healing functions; 

Minimization of drive testing; 


Energy savings; and 


eoooacooo 


Coordination among various SON functions. 


3GPP categorizes SON as centralized, distributed, or hybrid, which is a combination of 
centralized and distributed approaches. 


In a centralized architecture, SON algorithms operate on a central network management 
system or central SON server. In contrast, in a distributed approach, the SON algorithms 
operate at the eNBs, which make autonomous decisions based on local measurements as 
well as from other nearby eNBs received via an X2 interface that interconnects eNBs, 


The distributed architecture permits faster and easier deployment but is not necessarily as 
efficient or as consistent in operation, especially in multi-vendor infrastructure 
deployments. 


In a hybrid approach, shown in Figure 101, SON algorithms operate both at the eNB and 
at a central SON server, with the server supplying values of initial parameters, for example. 
The eNBs may then update and refine those parameters in response to local 
measurements. 


The hybrid approach resolves deployment scenarios that cannot be resolved by dSON, for 
example, cases such as: 


No X2 interface between the eNBs. 
Q Multi-vendor deployment with different dSON algorithms. 


Q Multi-technology load balancing and user steering. 


Mobile Broadband Transformation, Rysavy Research/SG Americas, August 2017 Page 181 
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WAY 


Before you set off 0 
you should have 

underst: 
andu 


to visit will allow you to 
make informed decisions during 
preparation. If you understand the 


and terrain, y 


\@ able to plan 
nost appropriate route, and locate 


In this section R77 Terry 


how to use your map to tell the lie of the land... 

that the path ahead js as long as a piece of string... 

the difference between eastings and northings and an ERV and a GPS... 
how a detour could be the most direct route.. 

how to navigate using your hair... 

why an anvil of cumulonimbus is no fair-weather cloud... 


by using a map and compass or by 
using natural features—will play a 
major role in your decision-making 
process. Whilst a Global Positioning 
System (GPS) is an excellent aid, it 
relies on batteries and technology— 
both of which can fail. 

‘An understanding of weather 
patterns will also allow you to evaluate 
conditions and make informed decisions 
as you travel. The ability to assess your 
situation and modify your plans means 
that you will be able to avoid many 
potential survival situations. 


The alilllty e take abe 
pp. 68-71) and navigate u 
aunty (see p 2 could prove to be 
lis in a survival situation. 


TEST HOW ACCURATELY you can walk 

on a set bearing and pace out a set distance by 

following the exercise below. Ifyou have stay 

‘nn your bearings and your pacing has be 

accurate, if 

Picka suitable area where you car 

30 ft (100 m) in any direction. 

heading for your marker! For this exercise to be 

useful, make sure you follow your bearings and 
wr paces to navigate, 


Place a marker on ‘Add another 
the Dial a 120° te 
bearing onto your compass. latest bearing. Dial 9 
(ao last beating 
Walk on this ate eae 
bearing, counting 
Your paces until you 
th re traveled 
100m), then stop, further 330 ft AC 
You should b 


al your starting paint, 
riginal beaving. 
new bearing 


0 6 06 
(236 in our example) eo 
‘ono your compass, \ 
fo) 
P22 ut amter 330 estate 


D0 on youre sua 
bearing thon stop, o 
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MAPS AND MAP-READING 


AMAP IS A TWO-DIMENSIONAL representation of a three 
dimensional area—from a map you can determine distance and 
heiglit on the grouncl If you are able to read! a map, and can 
interpret the information it contains, you can visualize what 

an area looks lke and use these features as landmarks to make 
navigation easier. Your map is very important, so keep it safe. 


UNDERSTANDING MAPS 


Although there are many types of map available—with varying levels 
Of detail and scale—topographic: maps are best for hiking, They show 
important features, such as hives, roads, railroads, paths, buildings, 
and forested areas, ad also depict the lie of the land through the 
use of contour fines (see opposite) to represent height. 


‘Thats smb ropresent 
‘the meget pe 


Contzer tes on pets 
of aa eit 


‘smb raesnt 
Festies oper 
are deco 


references 


ri oes 


THE LEGEND 

Topogrepic mapsincorporatea 
legend, o Hey which decipher the 
information shown on the map. Its 
important to faiarize yourself with 
the symbols used, a this ilfelp you 
visualize veh bei represented on 
the map moreetfectivly Some 
‘eames are sted below 


HEIGHTS AND NATURAL 
FEATURES. 


=o a 
sont 


arti faceflff 


wh oe Sy 


Loose Boublrs Cuteron 


Het 
Seree 


+ conferovstreer 
thee, 1a 

8, Ancona trees 
tmogedocdind 


read 


Sonb 


Bracken het serena grassland 


ia, Marth reds or wetlands 


TOURIST AND RECREATIONAL 
INFORMATION 


We utureronrve B comsite 
Fabingares —Y Weis/taie 


THE SCALE 
Hiking mapsare always drawn toa 
seals provided inthe lage This is 
‘aratia of haw much you would have 
‘nenlarge the map toreach actual ize 
1;25000—whoraby 4 cmon tha rap 
‘equates to im on the ground (20 
ta mile)—isthe most useful jval oF 
etal for hare, A smaller-seale of 
1:30,000, for example, wil provide 
23 more basic overview af the terran 
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MEASURING DISTANCE 

‘Mapsate dram to scale so that you can use them to 
accurately estimate distances on the ground. Being able 

to measure distance is important because it means you can 
calculate the most divect—and energy-effcient—route to 
your destination In a survival situation, every lst bit af 
‘energy counts, so the shorter the distance, the bette 


USING THE GRID LINES USING STRING OR SOLDER 
The simplest mathad cf measurina distance ona man Inari you wl deviate from straight ne and wil nave 
ic toute the rd Ines—on a seale 125,000 map sach arid ‘amavigate arcane cstadles or bends A far batter way cf 
‘suare represents 1km Graveingdlagorally across square, Measuring dstance is therefore to tak a peoe of string, curve 
|Sapproamately 15 bm. You can abo ly apiece of paper around your intended route al transter It the sale ne 
between the two points, mark te start andendcf your route, Sclder wire (use wie that islead rae is ave rare accurate 
and place tunderngath the seals neta read the dstanc, because it tois its shape.on the map and remains exe, 


CONTOUR LINES. 

Topographic maps feature lines called contour lines. contour joins points 
of equal height above sea level and allows the topoaraply of the around 

to be depicted in deta. The contour interval s specified inthe legend —for 
‘maps with a 125,000 scale you would usually expect to see a S-mneter 
vertical interval between each fine although for maps of mountainous regions 
this interval nay be 10 meters: The ability to look at the contour lines, and 
Jmagine hovr they translate to the ground, sa skill that takes alittle while 
to acquit, but once mastered wil allow you to read a map more proficently. 


GRID REFERENCES 
‘Maps contain arid ines. whch lp 
yu Tocate a specfc point anywhere 
6 a map, using a unique ruber 
knowun as. gid reference Te vertical 
<r ines are calle "eastngs” as they 
increase m vie a they travel east on 
the map. The horizontal lines are called 

rorthings” Where these perpendicular 
line evss eentes the rid 


USING CONTOURS 
Knowing how steep the ground is will greatly improve your revigational kil s wal 
a5 your rovte-planing (ep. 73). Walking up andl cow hls uses a lat of energy, 30 
Ibis farbetter ta follow the contour Ines on your may to go around Hills nstead 


WORKING OUT 
Theserombor GRID REFERENCES 
how the eight Use te eumnters onthe grid ines and apply 
ate eve! the eacting number first. Ona scala 


1125000 map, vere the cid Ines are L ken 
‘apart the shadecarea onthe grdbelow 
would have a four igure avid reference of 
2046, and indicate 3 gre square that 
em by Thm. Tobe mare accurate, use a 
siefigure number—mantaly vice the 
Square int tenths. The eress would 
therefore have a oid reerence of 1854485 


When the ner ore 
ber together the 
‘end isteeper 
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GET YOUR BEARINGS 


IW ADDITION TO understanding and reading maps its A 
important to know how to orientate your map to the land eee NT. se nna ae 
so you can use it to navigate. It’s possible to do this by arts 0° 7360" 

sight, although in most cases you'll need amore reliable = Est 090" 

method and for this you should use a compass, Use your" Saxn)-180 


= West (W)—270° 
compass to determine direction, orientate your map X 7] 


and yourself, take and plat bearings, ancl navigate. Drei of ae 


ow eta 


aN 


HOW A COMPASS WORKS —uieths Joost 


A.campass needle 's a magnetized piece of 
metal that, when allowed to rotate freely, 
will orientate itself to the North and South 
magnetic poles. Always hold a compass level 


Magri arce 
fants 


compar sete: 
eer mea 
ttennes ona me 
nde ewer 
Salar eeonces 


STANDARD COMPASS. 
This standard orienteering Sa compass 
|sagcad compass Tor hiking. Ihalows 
ou to set your mag and wark out 
‘stances using the printed 

soale onthe base 


ormparsfatng 
ee 


ead scortge 


eters 
siepanteaftne pov 
Seeing {oe anastensn 
crac eg imieston 
set te. Teciing nea 
Base plat wine 
Sones to 
Lig the hs hove 
spot dame cadets ih 
‘Banco sober 
ow osetia It pesto ts 
spent ‘inking les oe fed shes jou 
for sth esses antl 
etic rg ona arth ‘age 


aoyord Ge anstigsona mop 


OTHER TYPES py opts 
OF COMPASS tesa 

There ave many different 

types of compass ranging fi 

froin simale button ead 

com passes to comes 5 

instruments that include 

features such as sighting BUTTON FIXED DIAL BASIC ORIENTEERING 
mirrors, Use a quality: ‘The Smplest compass As well as the basic points With a rotating dial, this has 
compass that sutsyour gyalale—itssmalsite and thecoroaes degrees and styler markings ta tw 
needs, and carryasimpler basicleveofaeuallmates't. bearigsarealso shown startard compass above, 


backuofor emergencies esl asabadcup compass, onthe immovable dial ais eal for beginners 


SETTING YOUR MAP 

‘Walking with your map set alows yau to read the ground from 

the map asyou pass over i, and to recognize and predict features 
as you progress, which means that youtl soon realize f you are 
heading off course. In some cases, when you have a good view 

of the terrain around! you and know the approximate area you're 
in, you can simply rotate your map until the features line up with 
‘the corresponding features cn the ground, However, using your 
ccarnpass isa far more ancurate metiod 


Rotate the vial so that 
"Wsiteunder the inex 
line Lay your map fat on the 
round and ensure thereis 
nothing nea that could affect 
your compass (see box bslow), 
= Lay the oorass on thea 
0/18 edge runs paral ott 
verbal grid ine (esting) 


eval wt ot 
gad at preset 


venting ies 
eval othe ree) 
Sraanes cn ow mae 


(Gees retina lines 
aigned with the gr tines 

‘nthe map, rotate the entre 
mapuntithererth magnetic 
eee onthe compass sts inside 
‘the orienting arvove The maps 
"ow set to magnetic north ard 
Should tasted hin up wath the 
features thal surround you 
21 magnetic variatonin your 
_arcaishigh (2°), compensate 
-securdingly (ese rigt 

SNe i r0¥ 

afer 


TAKING AN ACCURATE READING 
hays te compass vel all he 
trae tool esl A craps is serpy 
a tnettas pene of metal and a9 
Issuseaplle to eterfererce, Toso this 
cee use your compass nese 

1 Male other maqnstied obs 
sete cures sul a6 ovr 

igh tensnn oweecabes 

1 Bing’ an ehiies—thesecitin 
cont crea atl sity ra met 


affect the accuracy of your conpassreatings 


LENSATIC 
Thelensatio compass 
\san excelent instoument 
for taking vary precise 
havigational measurements, 
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MAGNETIC 
VARIATION 


Map legends refer to north In three 
ways “true north? “arid north,” and 
“rragretic north" The angle between 
magnetic north and arid north is 
known as “magnetic variation” and 
is provided in the map legend. True 
north isthedlirection of a meridian 
of longitude that converges on the 
North Pole Grid north runs parallel 
to the vertioal grid lineson a map 
and differs from true north 
because a map is flat, Maanetic 
northis the direction indicated 

by a maginetic compass 


MAGNETIC GRID TRUE 
WORTHE NORTH WORT 


a pvt is 
Bevunaets ont isaaly 
bemagnete tefl when 

‘aster owaoting 
on Gi tang te 

Magnetic dog ihn Star 

ett north 
eee Brae 
ato wea 
‘imgostat hake 
onnscig irre 
taegaatic 
eons 


‘COMPENSATING FOR VARIATION 
‘When converting amagnticosarng to 

2 rid beara, orvice versa, you ave 

ta atst for magnetic variation, wen the 
Vahation's west se the phrases "Mag 10 
vid—get nid” or "Grid to maga IF 
the aration is east, the opposite apples 


(1) ‘Check the legend of your map to 
estatlis the magnetic van ation 
This dapends on your location, and 
whether is east or west of gid north 
Tithe variations 0% there's 
no maghete variation affecting 
‘the compass, So alr adjustments 


“converting amagnetic bearing 
‘tp agiel bearing wrth 312° vest 
aration, tale off the 12 With 2n east 
‘aviation actor, 
Tfeanverting a grid bearing toa 
manna beating with a 12° ost 
Variation, addon the 12% With an east 
vanaton, take tof 
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TAKING BEARINGS 


Always give ary compass work your full attention, 
Rushing it, especially wehen working out bearings, can 
lead tonavigational errors that could, at best, involve 
more walking and, at worst, get you lost 


USING A MAP 

Using your map ta work out the direction in which you 
need to walk is simple, Use your compass as ajrotracter 
{to work out your bearing, and then to keep you on track 


——————- 


BACK BEARING 

-Abaclcbeaeing erates you fo ind your postin by taking a 
‘evince a feta bacco you. To do this take a heaeng 
‘oa pant inthe raral way ard fie add oF strat 180 
clays Yuan alo ead the beara ext ops he 
inde ne Theis sed elem wring oth estig tm 
‘alu back to you ae tse to yout nap (see bea. 


USING FEATURES ON THE GROUND 


Sometimes youm ay need to take a bearing to a specific 
point to navigate toward it. The point may be a feature that 
you can see at the time but may aussequerthy lose sight of 
durirg your Jourrey because of the tera. You tan also plot 
that bearing and cthers on 2 map inorder to work out your 
ow position (see right and pare far rohit 


TAKING A BEARING ON A FEATURE 
Pointing your compas atthe feature, hold the baseplate steady 
and rotate the compas housing urtl the oenting arrow sits 


rectly unr the north neecle, Real the besring—thisis the 
magnetic bearing you would walk on bo 
ravigate tothe feature 


ead te magnate 
bearing ome 
ttn fe 


Dieting 
raat ove 

aos tov 
yr estan 


Lay your map on a flat surface, ensutina thet there's 
nating nearby ta interfere withthe compass read 

(G22 box p69) 

2 Lay te edge of your compass so that t uns between 

the pointe you want to navigate from and the coin you 

want tonavigate toward 

1 Ensure thatthe direc of travel avow on the 

compass isirting nthe d¥ection you want to travel 

on the mag 


TRANSFERRING A MAGNETIC 
BEARING TO A GRID BEARING 

It's important that you knows how to transfer a 
cempass beeing from a feature (2 magnetic bearing) 
ania ama (a grid bearing), For this example, Imagine 
that the magnetic variation is 12° west 

1 Take abear ng onyou chosen Feature (see lt) 

Inthis example itis 45° magnetic, 

You wartto lt this bearing on your map, which has a 
atid, so remember te pase "mag to rid—oetvid* You 
‘would therefore subtract the magretis variation 12°) 
from the magnetic bearing 45%), which equals 3° 

* Dial this revised beaing into your compass 


TRANSFERRING THE BEARING ONTO THE MAP 
Place tne tapleft comer af tha crrpans base plata over the 
‘Feature on your map. Keepmng itera rotatethe ene compass 
unt the orienting ines are paral with the verScal arid nes 
Draw aline from te feature dawn tha lft side cf thebae pate 
‘tomap your baring. 


GET YOUR BEARINGS 


Enon ed 
evkotiig iow 
Jo te oo 
‘ara sid 
ae ofeieraap 
Thedewingee. 
aheiagen 
Pages" 
ti carte 
ety es 
‘ge rw alos wit 
the isos 


Wak ie 


rents te 
conpassso te 
parthmageetic 

‘or st 
ngornat 
cvantnaanon 


Tum the compass housing around until the orienting 

arrow and the arienting lines within the housing line 
tun with the vertical grid lines on the mans Read the bearing 
‘between the two points from the index ine on the cornass, 
«= For thisgrid bearing to deliver you successfully to your 
destination, yaull need to convert it to a magnetic bearing 
by using the magretio variation infarmation an the ma 
legend (seep, 69), Add o subtract your figure, and adjust 
your compass according 


FINDING YOUR POSITION 

‘Tf you are unsure of your position but can see 
‘eatureson the ground that yau also reeoanize 
trarked on your map, you can take bearings on these 
features with your compass and transfer them onto 
your map (sae far lft, and left) to accurately 
{determine where you are This process is called 
“triangulation” (also known as ‘resection’ in military 
terminology). Youll need to transfer your compass 
bearings into grid bearings 


ATA KNOWN FEATURE 
Tf you ate at or ona known festurs on 2 mep—such 

as arivaroat, oF track—and you can see another 
vecogrizable fealire, you ean take a bearing on that 
festure and mark iton your man Where thet Ine crosses 
your known feature isyour position, Inthe example below, 
{you know you are somewhere along the barks ofa river 
and can see achurch that you can ientfy on your map. 


Tacs 
ae 
aa = 
eae 
cemg 
rece 


n order to walk on this besving you must now 
O vicctesoiremass 

‘Hold the aorpss level and at a height that allows 
‘you to comfortably ook squarely down on itfolseta 
Your shest i a goed postion). 

1 Turn your lody-untl the north end ofthe compass 
needle sts inside the orienting arrow. The direction of 
travel arrow isnaw porting exactly inthe direction 
that you need to walk 


NOT AT AKNOWN FEATURE 
If you avenat ata known feature but can see other 
Tecognizabie festureson the ground that you can Hentify 
and lecate on your map, you can take bearings on these 
‘eatures and transfer them to your map In order ta do this 
Yyouneed two features thet are at least Lkin (om ie} away 
and at least 40° anar. After you have transferred koth 
bearings onto your map, the ort at wih the twa Ines 
cross wil reveal your exant location, For greater acouracy, 
plot. a third feature orto your maps The lines will oross and 
form @ triangk—your position wile inside this trienale 


ses terete 
9S Beoe tact isis 

pa ae | 
\ fates \ preter 


\ 


Extend these lines 
further over the map 

Until they erase each other. 

'= The point at which the Ines 

‘ross shows your location, 

= If you want to be more 

cous, yepeat the process 

‘with a tied feature 


Using your compass, 
take bearingsto the 
features onthe grcund. 
= Transfer these bearings 
to back bearings (see box, 
above lef), and draw then 
onthe map from your 
chosen features, 
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ROUTE FINDING 
WHETHER YOU ARE PLANNING to walk a specificroute, or /(———— 
ROUTE PLANNING 


are in a survival situation and need to move to a safer area or 


to one that offers better chances of rescue, being able tostudy Sipe ava tect 
your map and calculate vaiat you can achieve ina certain time ai ose ie wralesmesssen 
can mean the difference between reaching your destination or Si na 
spending a night in the wilderness. ERY) point vathin eth section —if 
someone gets separated you should 
all fead there yoj can, mike 
CALCULATING DISTANCE _walersourees and acafely point, 
-soefias a campsite, on your route, 


‘There are several methods of calculating the distance \ j 


youare waking, and a seasoned hiker will always 
seat least two of ther at any one time . 


PACE COUNTING 


FFaoe counting involves owing how many paces 
you take to caver asel distance and then counting 
Them as you travel It isreasonahiy accurate, 

Distances are uaually calculated in meters 


andiclometers, and most panple take ectieseale 


dana reac 
axpracimately 60 psoas (120 si=ps) menottan 
every 100m, Ty anyofthesemethods: ‘munset tae 


' Cut 10 notches in your walking 
staff Move an elastichand down 
a notch every 100 m, 

» Use pace counting beads 
(aieve of webbing with two 
selsaf beads divided by a central 
knot). One side contains rine 
beads ta count aff every 100 m, 
and the ather has four beads to 
count af kilometers. 

1 Place 10 small pebbles in your 
pocket, Every time you cover 100m, 
transfer s pable ta the obher pocket. 


RN 


each each one 
NATTY ILE EXPERIENCE 
sats aor stance ‘As you ain experience you 
and opera ci sel esiraiog will bealde to bulla up an kez 
‘the duatio of kes, of how long it takes you to 
sb act i) over apatite 
Jovan Nab le oe et 
* fd 30 mutes fr ee 905 FOO) a oealesbstatinar 
Sona is an ewellent starting point, 


surat 10 cuts evry 985 . 4 but there isn substitite for 


USING CUT-OFF 
FEATURES 


se your map to choose some 
beey features on your route, ard 
calculate the distance aetwveen 
‘these. As you pass them, check 
‘hen off mentally in your heed 
oF piysically mark your progress 
‘nthe mao Youll then be able 
to keep track of thedistance 
you have traveled when you 


{300 nye illdesseed. However” ) poking fixed distances on your 
vary sep pes you shuld atl 1 mute Mp ad tang yours ovr 
for every 985 Ft GOD: ill dessend iistanee, You wil 

3 Seas ‘eventually be able to build 


pa fram of reference 
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NAVIGATION TECHNIQUES 


‘when navigating across land, youre less lel to get st ifyou takedirect /Gatwerpies OF MAVIEATION!Y 


‘oil never get tif you kn 


hearings from one feature to another, Unfortunately ths may nat abways 
be possible; bstacles suchas lakes and swamps may be directly in your 

path and it ray he easier to walk around some features rather than walk 
‘ver or through them: 


s Whee yon str efron 
a pearing or eoyese 
Fave ben aueling 


Ain ton so ‘How fae you hate traveled 
ofthe etre aire yoer 
~ 
Tae 
fone 
conten 


AIMING OFF GONTOURING 
"YS easy to find yoursaf shanty affeourse after awhils Ifyou Chbing up arid down fills car 
\vere arming fora small footbridge over a steam and ddnt arrive expend alot of energy and may not be the most effective 
yactly at thebriige, you would eet to quess whether totum method of iaigatng apartiular terran, Instead, use a 

leftoe right ta rain i Siycteberataly amie offta onesie tactrquscallad“eonitour naval.” Ths vives wang at 
(ao called “deliberate aff set) you can guarartee this erection. the same height around a feature, hich wll conserve energy, 


mm rner 

‘beesty 
visitor 
sour me 


these 
rubor of 
Bosse rie 
brunt 
DETOURING (BOXING AN OBJECT) HANDRAILING 
an costacle makes  straight‘ine bearing Foloning long near features that run in the general direction of 
‘possible, use your compass to calculate four 90° ues your trav —suct a5 rivers, roads, or paths—can bean effectiee 
‘whch you wilthen need ta akon to pas the obstacle ‘vay of navigating, Because you use tv features rate than your 
Court your paces onthe frst. an third detours to return comass,narigalion becomes spl. a he features usualy 
‘oyaur orignal mtended rout as accurately as posable, ayy tn fallow Aslight detour toward onecan be wordt 


Gaveyo 
rete rose 
peste se, 


Pace Preoiomat 
aaeenrect atiarse 
bearing 22 retort 
the rac purer 


destination Bredaced 


ZIG-ZAG ROUTES 


‘STAND OFF/ATTACK POINT 


Useful tin nawgating to aspecicpoirt that maybe dificult Yoummay haxer atterative but to climb stp spe and tis 
to locate this technique nolves sing initial for neary can beeshausting, However youcheosea zig-2a route up 
promnent feature, Calculate a distance ana bearing frome ane! the dane you can reduce the effortrequred to actievethe climb. 
Hse pacing to atourataly locate te specic pat. fyoufallto This wl dramatizaly reduce the stan on your legs ankles, unas, 


find, simpy return to the prominent feature and start agan, 


Figure 101: Hybrid SON Architecture 


= a 


Small Cell ae ome la 
dSON SON || 


SC dSON Grid 


Macro dSON Grid 


With increasing numbers of macro cells and small cells, interference opportunities increase 
as well. Optimizing power settings through intelligent power management algorithms Is 
crucial for maximum efficiency with the least amount of interference, including pilot 
pollution. Pilot pollution can result in low data rates and ping-pong handovers due to 
channel fading. A hybrid SON approach is well suited for optimized power management. 


IP Multimedia Subsystem (IMS) 


IP Multimedia Subsystem (IMS) is a service platform for IP multimedia applications: video 
sharing, PoC, VoIP, streaming video, interactive gaming, and others. IMS by itself does not 
provide all these applications. Rather, it provides a framework of application servers, 
subscriber databases, and gateways to make them possible. The exact services will depend 
on cellular operators and the application developers that make these applications available 
to operators. The primary application in 2016, however, is VoLTE. 


The core networking protocol used within IMS is Session Initiation Protocol (SIP), which 
includes the companion Session Description Protocol (SDP) used to convey configuration 
information such as supported voice codecs. Other protocols include Real Time Transport 
Protocol (RTP) and Real Time Streaming Protocol (RTSP) for transporting actual sessions. 
The QoS mechanisms in UMTS will be an important component of some IMS applications. 


Although originally specified by 3GPP, numerous other organizations around the world are 
supporting IMS. These include the IETF, which specifies key protocols such as SIP, and the 
Open Mobile Alliance, which specifies end-to-end, service-layer applications. Other 
organizations supporting IMS include the GSMA, ETSI, CableLabs, 3GPP2, The Parlay 
Group, the ITU, ANSI, the Telecoms and Internet Converged Services and Protocols for 
Advanced Networks (TISPAN), and the Java Community Process (JCP) 


IMS is relatively independent of the radio-access network and can, and likely will, be used 
by other radio-access networks or wireline networks. Other applications include picture and 
video sharing that occur in parallel with voice communications. Operators looking to roll 
‘out VoIP over networks will use IMS. For example, VoLTE depends on IMS infrastructure, 


199 5G Americas member contribution, 
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NAVIGATING WITHOUT 
A COMPASS 


TF YOU DON'T HAVE A COMPASS you can use a few simple 
items from your sur vival kit to determine direction and enable 
you to navigate reasonably accurately, Advances in technology 


—————_ 


‘TOOLS AND MATERIALS 


‘You will eed an npeused needle oF 
arora, plus one ofthe flloae 
an Keite 


have also made satellite-navigation aids more readily available. yfanet 
= Baby anf wire parr and tape 


IMPROVISING A COMPASS 
Its rdatively simple to make an improvised 
compass using a place of magnetized 

ferrous etal How aceurate your 

compass is depends on the materials 

‘you have available to you and your 

own ingenuity. 


SOURCING AND 
MAGNETIZING THE NEEDLE 


arenas te fade 
ofyoieciniatiee 
‘top te weae 


Shose the 
ede treat 
faa 


rote ee la 
TFypuhve aoomsassint tsaamaged you mays beable eset 
touse the needle from it, which will alreadyloe magnetized. doesn't become embeded 
TF this is unusable youl need to find a piece of ferrous metal 
THE TAPPING METHIOD USING YOUR HAIR 


ovmagnetize Suitable ems you could use hlud 
= A nec rem your survival tin or sewing kit 

= S panerclip, opened ug ard straightened out 

1 A.razor blade from your survival kit 

= Astral nal or straightened staple taken from a fence 
noe you hve your improvised needle, you will need to 
magnetize t, The smaller and thinner the needle ithe 

easier this will be, Use one of the methods shown here, 


The pee 
prtacs the 
fromthe 
Sher 


ALLOWING THE NEEDLE 

TO FLOAT FREELY 

noe you have made your improvised needle 
using one ofthe mtitods above, you need to 
find a way to allow it to turn freely so that 
itis able ta indicate erection, Take care to 
protect your needle fram elements such as 
the wind, which wil affect ts movement 


SUSPENSION METHOD 
The advantage ofthe suspersionrnethed |S se thofoke 
thatthe equernentjsportable and can te indie ve 
eased, Eeworks bast with armanticed aug 

testi 


razor blade, hich wl balance well Attach 
themamelzed lade ta a cotton thread and 
suspend tinsiea plastic botlle. Ir thebotiles 
nec snot wide enough to fic the bade through 
Femowethe bave of the betta nate, 


‘Align the needle as lose to 
the north-scuth ine as you 
can determina, bold theneedle 
at an angle of 45 dogrees, and 
gently tapthe end otit with 
another plece of metal Lightly 
‘apring it into ahard proce of 
‘wand wil ncrease the effec, 


Hold the sharp endo the 
rede perpendicular to your 
head and—taking care not 
‘hurt yoursel¥—strote the 
‘needle nore direction through 
{your hair using carefl and 
deliberate strokes. Repeat 
nti the needles magnetized 


FLOATING METHOD 
‘na sheltered place, faatthensedo on tho 
Surface of some water—2 puddlaor a small 
on-magnetc contarer-filed-with wate, for 
‘xarple. Balance theneedleon asm dry 
leaf or plece of nape, pece ofbark, bade cf 
‘grass, or inside a shortened stron), 


a 


oe ate 
aanliredarea 


The pecan 
“olla tt, 
‘dan 257 


re enables 
pis 


one 
Sracoot 
theater 


PRINCIPLES OF MAGNETIZING 


Tigeneral-he eer yoo work onthe needle stronger 
‘he manneticaion willbe anc the bg it wl st To tl 
‘whan es age ui ok! the nel agaist 
ante metal object itisatvatted tthe metal and 
Haserough srength ta bold tel azast then it lle 
“tong excagh, rice he ned srhagelized yoo wl eed 
‘walle to oat ea (ee below), athe determine 
whee pls arth yuk rata as sub as the 
-son (arp 75-70. Mare teeth end cf the nest wth 
a pen ota sol svat, 


‘Stoke te eed 
stuiee nines 


‘uth polo the magiet 
WM i north 


Thea ns 
stoke, te oe 
‘ffectve tse 
gration 


USING A MAGNET. 
Stroke themagnet along 

the langth of the noodle 
repeatadly in one airectin 
Wea good ideato carry a 
rragnet wath you a al times, 
though you shoud never 
beep it near your cormpass 
sitll affectits accuracy, 


USING SILK 
This works on asilar 
principle tothe hawrmethod 
buts more effective. Fou 
have anything made fiom sil 
such asa sleepng bag ner 
or thermal ethina stoke 


the neetle repeatedly none 
sirection ans the ale 


USING GPS TECHNOLOGY 
‘A Global Positioning System (GPS) Isa hand 
held unit that uses 24 orbiting satellites to 
triangulate your position on the Earths surface 
to within meters A GPS will alow you to work 
out straight-line distances and bearings to and 
from paints, but unlessit incorporates mapping 
itwill not show you the best way to aet there or 
take into account hazards en your route, Useit in 
-conjnetion with your map atid compass 
“TAKING EFFECTIVE GPS READINGS 
‘A.GPSneedoto ave clear ew cf the sky. Arvthing that 


ostucts its signal such as tll balding oF savy trae 
‘canopy wl reduce its ably tolock onto satelies, 
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using EurcreIcr'y 

Th ot etch ay to magntae a eee gata smal 
Uenecarramatile Geabotanand meliad are 
Sargiindy oslrantgnenivfonger Seba fae 

isdatlc ug sorting aon, so) oer 


‘Wrap the needle 
inasmal piece 
of pager, which will 
insulate from 
the electrical 
current, 


arn 
fatangtrof 
the rede 
eco 


Brae 2 
wiht 
the roo 

around the full 

length of the 

brsulated needle 


to thebettery 

untilbatiery starts 

toget warrn—this 

indiates the proness 
is complete, 

Attach the 

ine eing 

comeing 


owt oo 
teiateonce 
scorns 
Beebe 


Ducat, 
ater 
bieyare cas 


Nsnusang 


features, 


“practi 
er 


‘Sethe tite sth eff 
‘utara afer tuo 


efter 
‘iar enatony wort 
‘be dhaved te GP 
swlctedonaccidetale 
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NATURAL NAVIGATION 


IF YOU HAVE LOST or damaged your compass and dort have 
the materials necessary to make an improvised version, use 
natural indicators to determine direction. The east-west rotation 
of the Earth trian that you cart orientate yourself according 

to the position of the sun, oon, an! stars, All you need are 
some very basic materials and these simple techniques. 


USING THE SUN 


‘Wher visible, the sun js the clearest natural sigrpost to the four cardinal 
points (north, south, east, and west) It rises approximately in the east and 
sets approximately inthe vest ard at midday, is due south in the northern 
herrisnhers ane! due north in the southenn hemisphere, Use the suns 
ccaurse across the sky to determine direction and approximate the time, 


ORIENTATION 

“Tracking the mavament of the sun acress the sky ushg 
shadow stick will provide an indication of ts d¥ection of 
rave, The sun moves from east to west at 15° an hour 


Drive astick into 
apiece of level 

ground, and ensure it's 

as upright as passible 


Place stone 
atthe tat 
‘thestick'sshatow, 


Wt tree sand 
QO siento sre 
Stren gost cf the 
datos 


The ste shu 
bb opgroxiie 
ST aigh 


‘SHADOW STICK BASICS 


‘sea sha stieto determine 
iret anime any 
fete the Artie (@65°N) 

ani vets Cetles (685°). 
othe corthem hemphee the 
aw of the sic wile on 

‘he noth sto theeast west ire 
Lethe southeenherphore the 
everest: the shadow of 
‘esc wile onthe otuth 

side ofthe east-west ine. 

shen the hau is tits 
shortest is ay, 


—=— 


TELLING THE TIME 
Cnae you have established the east-west and north-soulh 
lines, you can tur the shadow-stick apparatus into 
sundial to gi an anproximate idea of the thn 


Plage the std at 
the intersection 
of the north-south 
and east-west nes 
oe te staaow 
sti ne the omect 
poston ote gaurd 


8 iosoveron 
of the cord and use it to draw 


Aaa 
ee 
ine eee 
ee 
Bee 
ie 

earn 


raw goa 
eter tes 
‘erste 


fae 


teaching tis notch 

feteatae tt 

iy 500 Te contrat ott 
sepsis 


Divide the are into 12 equal sections 
and markeaoh division with anateh, 

The notches recresent cnehour af time from 

rn to ern wilh non at the middle noten 
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USING THE STARS USING THE MOON 


‘Its possible to oviertate yourse by spotting certain reccgnizable stars Inthe | Reflecting the lat of the sun, the 
northern hem isoher®, Polaris i located above duenorth on the horiaon. from | moan risesin the eest and sels in the 
which you cen determine east, West, and south, Find it by ating the Plow west, 50 can be used for orientation, 
(alsokoomas the Bis Dien In the seuthernhemisahers you can workout | A shadow stick wil work on & 

the aprrasimate position of suthon the horizon ky fruding the Southern Cross | cloudless fulhmoan night 


NORTHERN HEMISPHERE ‘SOUTHERN HEMISPHERE CRESCENT MOON 

Findthe low and project. ale from the Project alinefrom thelongeraxs ofthe | Although not an entry accurate method, 
upofthe twostarstiatform fsfront. Southern ross unilyou find adarkarea | a line wertored betwaan two homsof a 
Follow thsline uni you fin Pola, of sky Project asecordline st 90"from | crescent quarter} maon wil led to a 

‘shich|slocated approximately Tour the mid-point between two batt starsin | portthat fs approximately south on the 
times thedistancefrom thePlewasthe the Centaurusconstlation, Besbuthis | horizon inthe nerthern hemisphers and 
stance between ts two front stars. _belaw thepointwherethese nesmeet. | roughly nerthin the southern hernisphere. 


USING AN ANALOG WATCH 
“you can see the sun you can use an aralog watch as protractor 
ledetermine an apcrosimate destin Ensure Wissel the corest NATURAL SIGNPOSTS 
local time and that youhave taken daylght savings (DST) inta zoaunt. J Nature respands-o the elements ina range 
TFyoudortt have a watsh but know the time, simply draw awaten face of ways, some of which can be studied for 
on apiece of pacer, marking 12 old ad Uneheur ard, This method J riertaten lips. This isuseful f you know 
is hereasingly less eectve as you near the Equator tne predominant wind destin ofan area, 
shat 
itemle § name NORTHERN TREES AND PLANTS 
eno ‘pow fgay HEMISPHERE 1 Windswept trees point away from the wind 
handand toward Inthe northern hemisphere = Tree growth is mostlush on the side that faces 
Berio thesun the cardinal pamtnearest ‘sun (south inthe northem hemisphere, north 
i tathe sn nsnh Pint inthe southern hemisphere 
. theheur and of our "Some plants sich 2 thebare acti wist 
veatchatthesun and bisct fqn thesutasthey grow 
the anglabetwoenthohour fossa chen row out of direct uni 
hand ae 1Z0'dook, Tis on the shay side of rocks or tree, 


wal bedue suth 
ANIMALS AND INSECTS 
1 Tne windy areas, small animals and birds 
Sateen tend tonest or burrow en theleeside of hil, 
rsieortusen Spiers spn wee out of eins 50a aeassth 
Hovbstand cress lot aotan pets could neeate a eset chan 


— te four hd Tnthesauthern hemisphere, hy 5 
a ermvdiencnstes fdr rect, away fom the dominant win, 
tothe unis north, Point 
the 12 black marker on SNOW AND IGE 
YywourSsateh atthe-sum and |) "In powdor-snows conditions ove “dunes! 
bisect dm angle between cftan form paral te theprevaling wind 
12 oldock and the hour 1 Frost erosion is mast sevare on slopes facing 
hand on the watch. Ts the ain Gouth in thenorthem hemisphere, 


val be due ert, north n the southern hersphers), 
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HOW WEATHER WORKS 


CHANGES IN THE WEATHER can have a significant effect 


on your expedition—or chances of survival if something qoes WHAT IS WEATHER? 
‘wronig—so it’s important to bs ed ible for all «= (etree a 
f portant to be as prepared as possible for all (Mim tale i 

the conditions you might face, Check the weather report for und hastetne 
alte ects 

the days ahead thoroughly, and pack and wear appropriate rang atic esto 

clothing. If the weather forecast is so bad that it could aregnn’ contin over alee 
period of time. Charges ithe 

make traveling or navigation difficult, rethink your plans. ee ce 

UNDERSTANDING THE WEATHER hed ener a Ge 

Weather is created by the movement of air currents. the moisture ‘hurricane, octues when these 

content of the air, and the meeting of warm and cold frants chaeges ate nore maried than 


sil. Weathers monitored by 
tmetgoroloit, andl very actuate 
prtdictins canbe ace. Howe, 


Locking at weather maps before yau leave for your trip will hela 
you track these elements, Youtl thes) need to use yaur understanding 


+p forecast the effects of these movements an the ground Meares acne 
0 abays prepare ral pst 
READING WEATHER CHARTS spenates when paolang ot 


Tt can be helpful to compare weather charts with regular topographic Eee eo ape 
lend mages, Just as the gradient is steaper where contour lines aaneat \ / 
closer together on land mans, the wind is stronger where isobar 
contours aprea’ closer together an weather charts, 
Avesefow 
pense ae, 
rs tte tty 
nied Scbrosater 
poe ested fonts 
ia de noats 


pot oor tbh Soa 


Areas igh 


earns fone 
“it fot in 
andmartetie peng 
“rode shee 
fone Eocene 
oy HIGH PRESSURE LOW PRESSURE 
% Under conctions of high Under conditions of 
gH estar al desconds ina low pseu, ar agrale 
Spire Tater ana ware pivrd—paralil tothe 
The water vapor doesnt Sorter ofthe eanaes—and 
SS. condinge tacks ard Cools The ar condenses 


{form clout, and skies 
are usally overcast 


yeu expect bo observe 
Tay clear shies 
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GLOBAL CIRCULATION 
‘Warm air from the equator rises enme 
and moves toward the ples in each of Seatecid thin 


hemisptier As itepols it descends and 
travels toward the equator Because 
‘of the Earth’ rotation, three separate 
els of culating ar n each hemisphere ni 
‘develop which progucs predictable wind 

and pressure patterns. 


ATR MASSES: 
ORS a caeetecr 
seen} 
‘the forthcoming weather and are known as air 
Ge 
ea, 
oe 
Farrel arto 

pa letras 

_and polar air becorne warm and cald fronts. 


ON THE GROUND 


‘Asa weather systen travels over the aroun it 
haiges in predictable ways Knowing how the systern 
«will progress is an m portant part of nterpreting your 


weather mepor forecast 
‘ravegion etn tbe ants is a ae 
ote pent Ronmectrrsderie — obltpnetae 
‘safacemesore testy andine —— awarmifent son 
<8 gairaly ras coro! the wo) 
withras anne 
thous orice 
“ard 5739 
The abeostand ate 
vapor cendace 
Wind ieroases priidere Sa 


eng ibebouniay 


pore re 
aca Ng teen 
ees 

a 


ae thera, .Y 
per 

Boob ey 

iifer ee 

ie “urdorcuts 8 

woneraseed 

ones 


Wares Warm font oor 
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WEATHER PHENOMENA 


LOOKING AT THE CLOUDS can help you to read approaching 
‘weather, which is invaluable when youre on the move with 

no access to weather forecasts or charts. Knowing how to 
recognize a storm cloud, for example, will ensure that you 
have enough warning to seck shelter or to change into 
appropriate clothing. If low cloud threatens to impair your 
visibility, use your compass to navigate and proceed with caution, 


READING THE CLOUDS 


loud are condensing masses of water vapor that provide 
precipitation and reflect solar radiation They arecategarized by 
height—into low, medium, and high clouds—and further defined 
by their shape. The shape ofa cloud is determined by the way in 
‘which warm air rises, and isan indicator of the air stability 


HIGH CLOUDS 
Fei- weather clouds are white and high 

in thesky,Trthere are na clouds expect 
exoellet conditions, Blankets of high cloud 
progressively rvading the shy can signify the 
set of bad weather High cloud include 

1 Ail of cumulonimbus 

= Cirrus 

1 Cirrustratus 


MEDIUM CLOUDS 

“Thi ayersof mes layer loud give 
hea persistant ran especialy the coud 
are dark and gray The coud you are most 
Ikely to see this eve ae 

= Attooumulis 

+ Nimbostratus 

= Altostratus 


Low CLOUDS 

Low clouds have clearly defied edges and 
canindicate whether rain willfallin short 
downpours (oumulus) oF persistently 

(trots) Common clouds are 

= Cumulonimbus 

Stratus 


Stratocumulus 
Cumulus 


——— 


HOW CLOUDS FORM 

‘hous farm bya cooing process This 
ocean be compace to breathing 
Geld obs wen otntensation 
‘apfears betadse ine wae vapor 
ihyour beat cooley a trmperature 
Ion asthe “dew pon” senders 
int ts wl insta, Abas fom 
inavery sma way Ale temperate 
fall ai an aveage rat oft decrees 
celets per L000 (20m). When ae 
Cntainng moktiee— pet haps betause 
it fas eaele vet sea—reachs the 
heat at hich t nets is dew pom 
‘ermperatie the water vapor conderses, 
tofnem vise cloud, 


——— 


WEATHER RISKS 


‘The weather can havea massive impact on your trip, bringing with 
itadlded dangers Tt can affect your visibility levels, and the safety of 
the around you're hiking over Ina survival siuation, the ternperature, 
and whether arnt its raining, can have a huge effect on your chances 


yovconntsee 
orev 
seig ts best 
fasten waking 
HEAVY RAIN Fos 
‘Tf heay rab fals quoky the ground Essentally cious i contaet with 
thatrloeoone satwate, sioner or the around, fou reduces visbilty, 
flood Seck shakey or prooeed so beware of dangercusterrain, 
cautiously in wtereronf clothing especially on mountains, 
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—— 


WARNING! 

Newer seer under aaltey tee 
shri tinny torn —o in your 
‘chil passe ond how around, 


—— 
aie 


LIGHTNING 

Lightning is 2 almasarerie discharge 
of eectricty—it will strike the first 
object t encounters on its route to 
earth so a/oid high, exposed places, 


Resembina oe etm oe 

tae fhe oa as 8 
‘ae ere at temperature: 
tea aw fnainspa 


Allacumats develo snl often faauingoltestraie 
eller elements IESWaIR: Cette eemboseabre uns 
fade ratale Wheni® Conse teers fo eas 
Faeries cle hatemints—portentroht 

Cinders ae ely ' 


—— 
sepa ena rR im 
ee pestis yn 
arentiyna t,o et uc 
rata “adie 
Fotinacaos 


Tie ghar of aero 
progressieliaing Ue ky 
‘oe efi anof a 
_ppreacing wire ett 

ra eerioatng wath 


Altatrat fr ayaet 
Stina Gr often coc 
esky compte and 
geval eacoes 
apereacing are fet 


I Pleas cht often det 
a bsg 


] ent 
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UNDERSTANDING 
LOCAL WEATHER 


WEATHER IS AFFECTED —and can he predicted—by the local geography 
surrounding you, High ground forces air to rise and cool, and the relative 


temperatures of land and sea produce predictable effects. 


REGIONAL EFFECTS 


thelps to understand how these predictable weather 
patterns occur in various geographic areas. They may 
Influence your decisions when on the trail. 


THE FOHN EFFECT 

‘The leeward side of high around is warmer anel more sheltered 
than the windward side Air ises as it travels ver obstacles 
aif the air contains moisture the water vapor condenses to 
form cloud once cook to a certain level. The air loses water 
at the summit then descends and warms on the leeward side 


ANABATIC AND KATABATIC WINDS. 
Winds that flow up and down slopes during certain 
almospheric conditions are known as “anabatic” and 
"katabatic” They typically occu in mountainous regions. 


ANABATIC WINDS 
During theday,thesurace of sloping terraln heats up. The alr 
rises andoreates a gentle upslope breeze. Anebatie winds are 

lighter than katabatle winds because they act agalyst gray 


Brvair 
scent nd 
Wotervopor  warmezata 
falas rainat rateof 37°F 
Aircodst —thasummat” Boho 
SeFas"0 1000 F300 mp 
Abcoosost Bday 
‘esatarete 200m 
orro 
fer icoo ft 


SEA AND LAND BREEZES. 


Sea breezes often develop along coastlines on clear sunny 
days, whereas land breezes tend lo develop along 
coastlines on cloudless nights 


SEA BREEZE 
Warm arses ver land during the afternacn, drawing in cal 
arto replace it along the onast The rasult of this cazstal ir 
‘irculation by days wind that blows from sea taland, 


KATABATIC WINDS 
etabatic winds farm on clear nights witha light bree. Al in 
contact with he crourd cools and its density neteases, causing 


Ito low down the slopes af the lsd, 


LAND BREEZE 
At night the sea becones comparatively warmer and air begins 
tars. Air fom the neighboring lndis drawn toward the sea 
The recut a wind that blows fom land ta sea, 
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NATURAL WEATHER THE BEAUFORT SCALE 
FORECASTERS Providing visual references for the effects of wind speed on land and 
These natural indicators are based al sea, the Beaufort Scale was designed by Sir Francis Beaufort in 1805, 
‘on observation and can be useful It provides a simple way of estimating wind speeds without the need 
if you have no alternative means for equipment, and js still in common usage today. The scale ranges, 
of predicting the weather {tom cali ta hurricane, ad isnuumbered trom zero ta 12 
LOOKING AT THE SKY 
wesky Is redat dawn there ts BEAUFORT. WIND WIND SPEED WIND EFFECT ON 


NUMBER DESCRIPTION MPH CPH) LAND AND ATSEA 
Cat 0 ‘Soke ise vertical 


moisten the airanda potential 
storm ahadl A radsky at righaften 


Indeates good weather t came 0 Seal nino 
bows usually ndeates good 
‘weather isan the way cit shower 
Udhtar cry Sica if mth 
PLANTS AND FLOWERS om ‘Searles tke sales, 
1 Tho sant of plants and flowers ie 
afte stronger befor ran 
«Certain flowers, such as Scarlet Light breese a ene re anna 
up bad weather sn the way. 
checeenpen set a 
rsure te a adom ptt Ba aetna 
sathersapprasching, ard unfurl 
Nene Neda bra 248 Sra 
0-29) Sirallvave wh eget 
hati sisi eas 
Paucar Fret wa Sales begin to sway, 
G09 isa wares wise 
founda. 
snakes Sta wn 51 Untretausan tut 
arya 0-5 Lge wis F108) 
vats pay 
WATCHING ANIMALS, 
i rah 238 Wok eon 
= Animals migrating team high to co 
ea Sea eapsap nfo 
1 Cows ene down before tran ae Tae 
1 Weal eats to mostur in he aby ey Neetan ners 
Sweling and straighten, I strives atnoe thn BAG. 
ridry weather sonitions 
* Hua can alsa sors atmospheric aoe a Pees 
change—sore peal suffer headaches a Higneare tk opi 
‘aloe thunderstorm. oes 
———— stem 50 ‘ees  troef 
CHANGING WEATHER 1 cen) Very was nda 
Watch cut br atratinsin the suc apearsoite 
ce ee ant Separe stor basil Lp 
weather. Ady, steady win that Geeta Pee: 
Se ee 
etree ote Kehoe that a ure Here tan7S ung dite 
doles ethan) Hawa eve thn 
\ J) : yaekae 


3GPP initially introduced IMS in Release 5 and has enhanced it in each subsequent 
specification release. 


‘As shown in Figure 102, IMS operates just outside the packet core. 


Figure 102: IP Multimedia Subsystem 


IMS 


Server (HSS) 


+ DIAMETER 


Call Session Control Function (CSCF) 
(SIP Proxy) 


Rysouy 


Multiple Possible Access Networks om, 


The benefits of using IMS include handling all communication in the packet domain, tighter 
integration with the internet, and a lower cost infrastructure based on IP building blocks 
for both voice and data services. 


IMS applications can reside either in the operator's network or in third-party networks 
including those of enterprises. By managing services and applications centrally—and 
independently of the access network—IMS can enable network convergence. This allows 
operators to offer common services across 3G, Wi-Fi, and wireline networks. 


Service Continuity, defined in Release 8, provided for a user's entire session to continue 
seamlessly as the user moves from one access network to another. Release 9 expanded 
this concept to allow sessions to move across different device types. For example, the user 
could transfer a video call in midsession from a mobile phone to a large-screen TV, 
assuming both have an IMS appearance in the network. 


Release 8 introduced the IMS Centralized Services (ICS) feature, which allows for |MS- 
controlled voice features to use either packet-switched or circuit-switched access. 


Given that LTE operators will integrate their 5G networks with their current LTE networks, 
operators are likely to keep using IMS in conjunction with LTE for their voice and other 
services that use IMS, even as they begin deploying 5G. 


Broadcast/Multicast Services 


portant capability for 3G and evolved 3G systems is broadcasting and multicasting, 
wherei 


multiple users receive the same information using the same radio resource. This 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 183, 
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MOVE 


While some survival situations 


example, 


ifference between an 


ecklessnass. 
re, before you venture into 


will also allow you to sela 


In this section KTR TMS ery ae 


how to make a paddle (so you're never up a creek without one)... 
the difference between your finger shelf and your hand jam... 
how to pull your own pulk and scramble over scree... 

when to blaze a trail or ski without skis... 

how to tell your front-wheel skid from your skidoo... 

when to let the camel train take the strain... 

how chewing gum can stop that sinking feeling... 


equipment and most appropriate 
clothing, and enable you to familiarize 
yourself with the survival techniques 
relevant to a particular environment. 
Whether you're planning to travel 
‘on foot, by boat, on horseback, ina 4WD. 
vehicle, or by boat, you must consider 
not only your own capabilities and those 
of other members of your team, but also 
the capabilities of your equipment. 
Remember, pushing anything beyond 
its limits—whether that be a person, 
an animal, or a vehicle—will invariably 
lead to it failing. 


A walking staff is one of the 
10st important survival 
st 
Ment to improvise should 
find yourself in a survival situation. 


THE “SURVIVOR'S THIRD LEG” 

a walking staff is also knowni—increases your 
ability to support yourself by allowing you to have 
‘wo points of contact with the ground at any one 
time. This will the chance of you slippiy 
a crucial factor given that your ability to walk is 
your main means of rescue: reduce your mobility 
and you seriously reduce your ability to survive. 


A versatile tool, your survivor’ third jeg can 
be employed in many different survival situations, 
‘Among its many uses, it can be employed to 


1 Support you as you walk 
«= Protect your face when youre walking through 
thickets or gorse 
check for adequate support when crassing 
stiy ground 
Test the ground ahead for obstructions 
= Check the depth of water when you're crossing 
streams and river 
= Protect you against 
1 Form a ridgepole for y 
= Help you with your pace counting 
# Spear fish or catch game 
= Dig up roots or plants. 


> 
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TRAVELING ON FOOT 


ke swe your 
HIKING IS A GREAT WAY to explore wilderness faba 
terrain. It’s important to have a decent level of cope 


fitness before you set out, and to wear and carry 

appropriate clothing and equipment, Hiking requires 
basic skills—using the correct techniques vill help you 
move more efficiently, anc ensure that your trip is safe. 


BASIC WALKING UPHILL TECHNIQUES 
SICILLS When traveling ui an Sugar 


forward slightly, maintarn your fotsict 
Ain fora stow, even pave that Oven uNvatorenyeer ‘moncton, 


can be maintained for the duration tre When pushing paar, 
of the hike by all members of the keep your feet Maton the ground. 
croup. A good way to maintain ws harry aval staff for 

tis pace is to develop a hiking support as you ascend, ; Besoaere 
rhythm. Take regular rest breaks = (Move your lens for ware ignnoe 2 
and,ifyourewalking ina group, from the hs orators 
ensure everyone knows the route : 


Deep trea 
vis thegroet 
oraetces tore 


DOWNHILL 
TECHNIQUES 
Walkig davmill ean place a 

lot of strain on your thighs, 
knees, and anes especialy 
‘hen youre carrying a heavy 
backpack Be careful ot to lose 
txntrolor gather too much speed 
w Use your arms far balance 

1 Maintain a steady enythm 


WALKING AT NIGHT 

Uniess youre in the desert and ts 
cooler tomcve hi darkness, and 
‘walking at night because ofthe added 
risks posed by navigational dffcuties 
and predators that hunt 2t ight If 
thersro alternative ty the follwing: 
1" Use your Richi or improvise a 
torch by setting alght some birch 
leark or similar 

sf this isnt possible and youve time, 
‘lose your eyes for 20 minutesto 
allow them to adjust to night vision, 

= Use your walking stlok or pole to fel 
infront of you for obstaales, tripping 
hazards, oF sudden dregs the ground, 
» Keep your pase slow and deliberate 
ad check your campass regulay 


NEGOTIATING DIFFICULT GROUND 
One of the most challenging terrains to hike 
‘over fs “scree.” a mass oF small rocks that slides 
Underfoot raking uphill and doventll travel 
difficult, The slipnery nature of the surface can 
rrake progress low, and care should be taken 
to avoid falling and injuring yourself. Hiking 

‘on soree is hard work, but using the correct 
‘techniques will help you to advance confidently, 
efficiently, and safely 


TRAVERSING SCREE 
Choose a zi-2a9 route 
and look fer apath that 
‘ontanssimla-sad rocks, 
walk sosueays 0708s the 
slope, taking sal steps 
and testing vodks for 
stably before planing 
our full weight anther 


ks a eg ft 


sepa ve dy to Beloger 
and ore Sab 


ASCENDING SCREE 
Tread carefully kina your toes inta the slope and 
‘esting the step beforetransfarnna your weight b that 
leg, Alternatively, walk with your fet splayed lacing 
your waigit onthe inside of ech Fct 


DESCENDING ScREE 
*Seresing® dav comtines siding with slowe-mation 


Jogavna. Vet you have the bechinsue can be rast 
fun, but avoid larger rocks to prevert ankle injuries 


Enguring the soree is ine and 

deep, use gentle haps 1 launch 
‘yourself down the slope. Keep halanoed 
«aid let gravity do the hard work, 


rythm dig your heels ito the 
slope and side a short. distance with 
each step, avoiding leering forwsre, 
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TRAIL MARKERS 
“Your nap ae comicass should oa your primary method 
of navigation hut Wena eyeout for tall markers. or 
“olazes" daring your ike 
Tra ae 
Caseig 
Sto 


ROCKS 
‘ral blazes painted onto 
racks ae boulders are 
‘spedtlly common in rocky 
terrain. Thay may be low on 
‘the round so lock careful 


SIGNPOSTS 
Mace form wood, met 
plastic these sanposts are 
pparioarly useful areas 
Vshere the ave few rocks 
ortreeson which to blaze, 


‘Stacie 
Shoat 
visible fom 
aaa 
Pro sao 
ion 
}] cate 
serra) 


| frais 


GAIRNS 
Piles of roc, known a8 

“eaims! ae designe to be 
vistlein thick oa, Theisize 


can vary from a few rocks 
tevalarge stack of bouldors 


DIRECTIONAL SIGNS 
"ver easing marr, oak 
‘ut for painted arrows or 
variation in the lazing, such 
‘as abend, This nlcates a 
‘hange of divecten inthe tral 


temporarily, use your arms 
to steady yourself relax your 
knees, and continu= your desaent, 
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CROSSING RIVERS 


RIVER CROSSINGS ARE DANGEROUS ancl should be avoided 
unless absolutely necessary. In a survival situation, once you are 
cold and wet—which can lead to hypothermia—it is hard to get 
warm and dry. Aways check your map for routes around the 
river, and chioose the safest available crossing point. 


CROSSING SAFELY 


Before you get into the water, make sure you havea change of lathes or means 
of getting dry on the other side In cold conditions, collect everything you need 
to get fre going (tinder, kindling, and ory wood), and keep this cry as you cross 


CHOOSING YOUR CROSSING POINT 
Walking vastream generally leads to shallower water, but be aware that 
‘ven shales welar can have strong eurets a5. water that lok can 
on the surface ‘lways check for bridges further up-or downstream 


Exponedmocts Avsdcring Watchoud fr Auaysesses ew 


cao be engerais Gromonteie wows! orators fact mcng te 
“Younis thim ——ofbantewhors —Tnthefowreftho eters aes 


vlerfin ater, wais—-Daremgy = ur wang 


Terocksteneath, —foussess ath 


FRE oe spol co ne 
Bigacway it but 
beawaeet fst fowin 
Welarchameled round 2 


aR 


WADING BASICS 
‘Wee ftiae wh 
‘yang to pote your 
‘ee fom ook aed other 
deegers. Remove patits 
‘seep them dry and 
desase resistance in 
the wate Usea walking 
staf foaled sxoort, 


Trees nthe peste 
bankpreiee baler 
‘jor nd ft 

‘eating i ata 


use downsiveam 
Speiiso ton 
frees a 2 ea 
toga cache 

pana angen 
adr to weer 


Q 
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WADING WITH OTHERS. ———\ 
WAI 


Crossing ina group is safer than erosshg alone. Linking your arms together NING 
creates a stronger, more stable structure against the curent and provides: Never ens ite wate, its athe 
eclup fer aryone who falls Loosen thestracecf your Keckrark, and plce _ lndein the: aatonsitissaereot 
orly one am through them, sa you can rleae the pack quickly youl cms ata Ein is 
oun te Leosen be Thelottest Tepes to 
a he Srasoow jammer era cea the 
aaa coat tne na, sort aes head 
baecttow isecrion 
nernAve OFAN 
w~ wv 
« __ « 
oncom SS ae oreo 
DecunReNT inwoe oreukeen 
CROSSING IN A HUDDLE GROSSING IN ALINE 
Prstlning the stomgest prscn upstream withthe others Keaping wel balance, crx theriver perpen to 
providing sablity and supper fieyeur ars tg and thearrrt Mov slomly and pstion ach ste carefully 
fake het dalberate step arcs the rive. taaaid beng swept aay by the ere ofthe water 


WADING ALONE na 
CROSSING WITH ROPES 


Wading 2eross aver alone isnot ideal but if you have 
no option then your waking staff or “surviva’s third la" | | using fess. good eptlon for dangerous crossings, 
(See p 72)—or simply ary longstaut stck—willrroride | | ut they ean get tangled, and crag you under the weer, 
adeltionalsupport and balance Use it as aprobeto alert | |_lways aim far the easiest and soFestontion -usingreves 


you to any sudan changes of denth in theriver bed Asompleatel andl shauld ee valy Bel resort 
Keep aneye 
‘nitro! 
rages ose 
ono fet 
Laon onthe 
paleas yoo 
nove yr fat 
A *saety"ropetstied to The safetyropetstied to 
a tee and then cared atree and the caratina 
rion serene byte evengest pean, egpedtothesafy rape The 
OFCURRENT ‘wo aleotakes a*ooseng® rope caralnals pulled back and fixed 
Dea inteae Ny ‘wth acarabina tied central,” ta thenext persen to oss 


there naa 

preie’ yeorsey, 

Hones 
tovay 


USING A WALKING STAFF Her she crasses The final person unties 
Eseaecre sens cvostercice | QQunscamaraestey oes ton 
pel jet rope, helding it for support, the tree, veraps it around his 


wwalng staff for support. Your feet and your staf are 
your three paints of contact—keep at 
In contact with theriver bod at all umes, 


Baxkpadiscan becipped tothe or her body and wades across 
carabnaard transported. toa, supported by the others. 


sitwooat them 
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SCRAMBLING AND CLIMBING 
CLIMBING WITHOUT ROPES is known as “scrambling” As with -——————————aa 


roped techniques, the idea is to maintain three points of contact WARNING! 
with the rock at all times—either two feet: and one hand or both Pavabiieiilas 
hands and one foot. Your legs should power the climb, with your lastreoe dealin akead wang 


arms u ir y e ef ‘your map to find a way around 
arms used predominantly for balance, Proceed carefully, making Yau 


sure you are always balanced and confident of your next move, \ ) 
BASIC CLIMBING TECHNIQUES 


Always elim within yaur capabilities, It’s Important 
not to take any risks as t's far safer to descend and 
start the clirib again than to chance fal. Before 

‘you startto climb, plan the easiest and safest route 


HAND AND FOOT HOLDS 
\When plann na your route, choose your hand and fot 
holds carefull, Dont reach toa fa, and test each hold 
for stability befeve using it to support your weinht, 


yy 
] “4 
A 17, iw 
ae 
——— wane 


EDGES FINGER SHELVES cunt won mes | po 
For very ml othelds pace cri yourfgers aver the pers 
the nade edgeatyourfoot rocker asecrefgerol. fy 
inthe haldnthereckto take Thelarger the fgets, 


SCRAMBLING 

jen moving aevoss the rook you will need to combine 
a variety of techniques to negotiate different abstac 
‘Always plan your moves several steas in advance, and 
keep three paints of contact. wth the rock at all times, 


the pressure offyourtoes. the more secure twill be 
LARGE POCKETS SIDE PULLS 

Placing your fovt securely Side guile can be used ta 
‘withinthe pocket, salance maintain balance orto pull 
spursalfso both yourars yourself across the rock, 
an legs tale tne stan Grip therock ttl, 
PROTRUSIONS, HAND JAMS 


Mpositie plaetreertiresle Iheert your hard into the 
fyourfootonthepretrusen. crack, push your thumb ta 
‘only the ball of your foot sll your Ba, seen your and, 
fi keep yourhoallow, and wedge i tightly inside 


soeatsuine ano cumpine | OL 


MANTELLING CLIMBING WITH EQUIPMENT 


The advartages of climbing with ropes 
cannot ke underestimated as far a safety 
‘scansemed,athough a lt of specialized 
equioment is required. As wall as 

ropes helmets, ard harnesses 

celmbers ean also use serews ta 

seeute themselves tothe ras 

as they progress each tage 


The manteling technique i used to cima overhangs 
inthe roc, Use your lead ankle and then your knee ta 
lever your hody up over the azstacle. Its. physically 
chalknging technique, but use 


Reatretinbers 
BELAYING pe 
Belaying ia technique ued 
by dimtingpariness ta 
Safeguard each other ding 
2 clin, Thebaaye secures 
tisla tre recand 
stands on a ultabl edge 
‘ie thea climber 
2ecends, Ones at the ta, 
“ha lead ember secures 
hime an acts 
aetheblaye 


Support 


CHIMNEY ING 

To climb up the inside of largerock clefts oF “chimneys Use 
‘the chimneying teetnique To asbend, move your back ard 
hands uothe wail ane push and fliow with your eas [tS 
‘23sy to get stick al the Lop so pen yaur el route carey 


Trasetayer. 
rect teh 
Tho stair 
ol eines 


ICE CLIMBING 
Ice climbers utilize similar techniques to 

rode climbers, although they carry ioe axes: 
and wear crampons on their feet. to hela 
‘them grip the ine 


MOVING UPWARD. 
As with rock climbing and 
scrarbling, leechers 
ascend using powar 
‘rom thar legs zed ami, 
Crampons andice ayes 
are used to cesteholds 
Inthe roc 


STRADDLING 
Fthechinneyistelatively ide you may need to ter your body 
posllen to straddle the gap, With leg and armen each wall, inch 
Soursif up the ook using your legs to push your body upward 


ioe 


romeo 
Seay io 


TRUE-LIFE ACCOUNT 


EXTREME SURVIVAL— 


IN THE MOUNTAINS 


USEFUL EQUIPMENT 


= Signal flares 
= Map, compass 
= Survival tn, b 
= Gell/satllite pl 


STEVEN GREEN, 32, AN EXPERIENCED HILL WALKER from 
athing Dumfries, Scotland, spent four nights lying on a remote 
t mountainside after a life-threatening fall. Suffering 


from a broken jaw and fractured skull, he survived via 


88 acombination of good preparation, quick thinking, 
sshcraft knif and improvisation. 
oe On Thursday, October 7, 1999, Steven set out alone for a trek in the 


hills of Wester Ross in the northwest Highlands of Scotland. He was 

well equipped with, amang other things, a cell phone, bivy sack, 
bread, and water—and had taken the wise precaution (or so he thought) of informing 
his girfriend of his intencled route. 


Following anallday trek and an overnight camp, he was ~~ “HE SLIPPED ON 
descending the mountain on Friday when he slippedon WET GRASS AND 
wet grass and fell down a waterfall, coming to rest inthe FEL DOWN A 
shallow, rocky riverbed. He knew he would not survive for se 

Jong in the cold water so, despite being in intense pain,he WATERFALL’ 
crawled tothe relative safety of the bank, then wisely got 
into his bivy sack for warmth and waited. He sustained himself by eating pita bread, 
wihiich he softened in water because he couldivt chew. His phone was damaged in the 
fall so he was unable to call for help. When he failed to return home on time, the alarm 
was raised by Stever's girlfriend, but she had forgotten to write down his intended 
route so no one knew his exact location. 


Steven experienced a further four days and nights of exposure while local ancl RAF 
rescue teatns and search-and-rescue dogs combed the mountains for him, As the days 
passed they feared the worst, but when they located Steven on Tuesday morning — 
finding his car and, inside it, his route map—they found him in good spirits, At 
hospital Steven was diagnosed with a fractured sul, broken jaw, missing front teeth, 
cuts and bruises, 


ind a leg inury—but he was alive. 


WHAT TO DO 


‘ARE YOU IN DANGER? 
Ifyou areina up, trvt help Get youre ou. 
any thers who we danger << NO YES > Elements Fr or rprowse 
inet star 
ASSESS YOURSITUATION go | Animals— wid cinontston nd 
DN See p98 B35 © | ve avy tom danger 
Thjury—Staie con ans 
. apy stad 


Tfno one knows you aremissing or) DOES ANYOME KNOW YOU WILL BE 


\whereyou ae, you wl ned to MISSING OR WHERE YOU ARE? ‘you are missed, a rescue 
party vl almost cortanly be 


nosenven ioe NO VES — Unnathestetnayeu 


p DO VOUHAVEANY MEANS goer ( tryouhavecal or stelitephone, 
Youare faved with surdving for (OF COMMUNICATION? let someoneknow your 


anindefrite period—untl you predicament. If your stations 


relocated or yu find help NO YES => enous eraugh fa beworthy af 
lemergercyresoue, and you have a 
- Personal Lacatr acon PLE) you 
TT yau earmot survivewhara you ‘CAN YOU SURVIVE should condder this option 
are and thare are no physica WHERE YOU ARE?* 
reasons vy youshould remain, 
you wl have-tomaveta a location NO YES ‘Aros the Friis of Sar 


that offers a hetler chance af 
survival reseus, ar bath 


Protection Location, Wate, Food 


DO bo 


' Keep all dotting dry and clean 1 Sdecta seller stathatoffers 
ect rinking water from protection from the dements, Bul 
fastimoving streams; iter and Hn bigger than teed tb 
sidnfert if you have Ue rans ' Fillglastc bags or searecothing 
= Bean constant lookout vith dy foliage are use as 
or signs of cld-rlated = ' a matress orpillowta 
Inuuries auch as frestnip, DON'T DON'T Insulate you from thecod 
frostbie,andtypothermis Im Descendhils in a careless = Alloweyour entremities | Samparound 
ulate your eloting to | psnnersaiy-zageing across ‘wget to cold as those = Derloy all your ads to 
spoid overheating when] sislesertiring ane puts areas are most susceztibie | loFation ard prepare for 
‘moving and hypothermia less strain on leg muscles tofrostbite Tame 6S 
shen static move ato festa ‘= Overiookthe dangers of | ™ “heck upstream for the 
Use avahing staffts [pace high attude equals carbon monenide peisoring | Waltyof your water sours 
aid safe movement legs alr and this ‘wil place Incramped shetter: Don'tiet J = Ughtatire and (fina 
1 atch the weather creater demands on ven a candles, stoves or fires burn | 9Toup) take turns tending i 
closely ad be prepared ta | fitperson allright {In beep it gor all roht 
charms your plans atshort | Syesttoo much, se the ts Breatheonyourhandsto J * Continually reassess 
notice—mountain clmates [moisture chill youturther | | warm them up: you are your situation and adapt 
arehighly unpredictable 1 tgnore any oppertunties eohaling warm al that you 
wm Improvise shelter when FF ty collect dry tinderrtindling will have to replace wth cold je constantly alert for 
natonthemave sane of rou 


{rtypesamctau wag ovr patna ee stoner 
‘Sipps atsesearpe tm ss sgt tar 8 
Sutton ch con Sey asia} cont eae oa oye 


creates a more efficient approach to deliver video when multiple users desire the same 
content simultaneously. In a broadcast, every subscriber unit in a service area receives the 
information, whereas in a multicast, only users with subscriptions receive the information. 
Service areas for both broadcast and multicast can span either the entire network or a 
specific geographical area. Potential applications include sporting events, select news, 
venue-specific (shopping mall, museum) information, and even delivery of software 
upgrades. Giving users the ability to store and replay select content could further expand 
the scope of applications. 


3GPP defined highly efficient broadcast/ multicast capabilities for UMTS in Release 6 with 
MBMS. Release 7 defined optimizations through a feature called multicast/ broadcast, 
single-frequency network operation that involves simultaneous transmission of the exact 
waveform across multiple cells. This enables the receiver to constructively superpose 
multiple MBMS Single Frequency Network (SFN), or MBSFN, cell transmissions. The result 
is highly efficient, WCDMA-based broadcast transmission technology that matches the 
benefits of OFDMA-based broadcast approaches. 


LTE also has a broadcast multicast capability called eMBMS. OFDM is particularly well suited 
for efficient broadcasting, as shown in Figure 103, because the mobile system can combine 
the signal from multiple base stations, also an MBSFN approach, and because of the 
narrowband nature of OFDM. Normally, these signals would interfere with one another. The 
single frequency network is a cluster of cells that transmit the same content synchronously 
with a common carrier frequency. 


Figure 103: OFDM Enables Efficient Broadcasting 


Symbol Time T~ 100 us 
‘ Identical signals 
transmitted 


Note: dashed lines 


Note: All signals & multipath over Nee oe 


a useful symbol time are from the 
same tymbol & add constructively 


cyclic Prefix. Useful Symbol Tis 


time 


Despite various broadcast technologies being available, market adoption to date has been 
relatively slow. Internet trends have favored unicast approaches, with users viewing videos 
of their selection on demand, but there is increasing interest in using eMBMS with LTE to 
alleviate capacity demands. 
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MOVING OVER SNOW 


PREPARATION IS ESSENTIAL when hiking over frozen 
terrain, Not only must you be physically fit—the conditions 
tnake for slovs, exhausting progress—but you rust also 

have the right equipment and know how to use it, Wearing 


—— 


WARNING! 
‘Walking ver deep soo tit rowshoas 
‘calls “ost holo’ and souk feared 
nls absoity tessa Sinkig ino the 
sao wll you exhausted and ey we, 
‘ohih cl! conditions en qu leat 
fuypotherm. The eerticn cana cause 


‘sweating abd a dati 5 eedyctic 
snowshoes or skis, and breathable and layered clothing to _ayumeatveyfengousig. 
regulate your temperature, is essential With the correct 
techniques you can hike safely and enjoy the surroundings. 

WAYS OF TRAVELING 


When 


SNOW AND ICE safely as possible, 


owing how to deal with different 
lypes of snow and ie fs invaluable 
‘hen hiking over frozen terrain 


DEEP SNOW 
‘Thin a grou, walk insite file and take 
turns atthe trot: themart strenuous 
posto, as youre creating the path 
‘ls rock=—in sor, hey asoro Neat 
and the snow above becomes unstable 


Snowshoes and 
of traveli 


youta wak on thes 
Siow 
Always set off cold, 
youll warrn up quickly, 
and add er remove 
layers as required 


FROZEN CRUST 
"Use a walking stato test the srove 
head, An ice cust above deep snow may 
take your weit, but progress carefully, 
sLaterin the day you maycome across Weer beatoace to 
lta depressions call "sun cups? Cross eat 
fn the rst avoid skng na the stove 


Teste abaiy 


SLOPES Eeryesiet 
* Kit nto the ope andtest cog hadtoroes 
{our wight befor ascarding. When ary 


escanaing, you can use 2 technique calles 
“boot shin lang without your sks 

= Choose your routebased an the 
conditions travd in traigtines you are 
able to, cr nig. 2098 Fhe terran teen, 


TOE 
1 Always progress carefully sng your 
\valhing staf totest neice, especially 
avarivers ad lakes. If 2 group, rope 
sourssies together for safety, 

* Wear o ampons for extrs arp. On very 
steep slopes use your ice ax tn cut step, 
"Uso your ico ax to falta fall by turing 
{toface the sioge and din tt the ce, 


GLACIERS 
s Never attempt to cross glaciers without 
a gude—glacirs require specaled sts 


aveling over show, your me 
thout expencing too much energy or losing too much 
ty heat, Methods range from imi 


USING SNOWSHOES AND SKIS 
arean effectiv 
‘over snow. They work by 
coreadina your body weight 
larger surface area, which enables Fomatre 
race of the 


ur clestination as 


or vehicles 


St rat 
oor ee 


clohina 
yousort 
Sneha 


Wiatspro 
partsee 
bites tony 
pur easy 


Srosoee 
Stop youfron 
Suing to 
these 


sieponscan 
etsed 
fetihe 
snow hee 


MAKING IMPROVISED SNOWSHOES 

If you dent have any remanufactured snewshoes—for example, in 

a sutvival situation—you can male some very sim ale shoes ta help you 
rnegntiate the sraw more effect ely, ustig your kif, some green wood, 
‘and cordage, They may take time ta uild, but will 

savetime and effort in the long run, 


ac the ona Cross for 
‘getter stevaly ata foot 


Cut five eng of green wood, They should be astiok as your 
thumb andthe same length as the distance rom your foot fo your 

api ul three shore lens fr the crosses 

1 Lash the ends ofthe five anger pisses togelher securely using cordage 

= Calulete where the all ef yer foat willke position on the hoe ard 

lash a coss-peze across the five nats, Ensue the shoe wiltalanoe 


Atiiood cross 


Lash the five lose lengths af wood together at the lack of the shoe, 
ts mportant to make this lashing a8 szcure as possiole 

* Fis the second erass-plece roughly 2 in (5 em) behind the frst. 

= Lash the third eross-piene wfrare your hee! willrest, 

+ Repeat steos | and 2 to make a second shoe before progressing to step’ 


Lathan your fot so 
“puree oft 
thestoe shanty 


Plave your foot on top of the snow shae, ensuring thal the ball 
of your foot sts directly over the front crass-piece and that your 

heal is positioned on the ladk eross-piece, 

* Tie your boot to the snow she using whatever eordage you have, tut 

ensure the heel allwed to remain free to pict. Regeat forthe ather fot. 
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ALTERNATIVE METHODS 
‘These alternative methods wil also 
spread your weight on the snow. I 
you have no gaters tieplastic bags 
around the bottom of your legs to 
keep them dry, 


USING BRANCHES 
eal for sort distances, asin way to 
getyou out of deep snow and ta aroad or 
‘rack sto attach branches to your fet 
using cordage. Selec a tree such asaine 
‘hathas strong, close branches; 


9 conoge 
sete pont easee tava 
su act ofp footcan 
Eres signa 
eownk 


USING SAPLINGS 
‘You wl need branches that have some 
‘iexbalty Gently bend thelongest branch 
Into @teardrop shape and lsh the two 
‘nds together Heating the saplings aver 
2 fre will maka them easier ta bend, 


Autores 
pocerand 
twigsor 
exedage 
focseate 
dheboce 
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MAKING A SLED oN 


If you find yourself in a survival situation with heavy equipment Po ARTE 

to carry over snaw, making a simple sled or "pulk” (see panel, right) en a ae 
will help you transport it more efficiently, You could also bulld one erie 

to trareprt an ured person or smal hil, You can make your Bret bexet to eae) 
sled as large or as small as you need, providing you follow erin tratielty branes) 


these basie principles 


1 Stok for eros-plenes) 


Using a short saw or penknife, 
cut a forked branch to Form 

the hase of the sled, 

# Tie the tevw ends of the forte the 

‘main branch with cord, Ths creates 

tension and farnes the branches ta 

curve and act as runners 


* 
Lact 


fhe mala 
vate 


tach he cn to 
‘the matn ach 
ting esp ot 
Garp Ta) 


Lash an addtional branch to one of 
the tuners to create abracing pice 
+ Repeat onthe ater side 
* The oracngoleves stenathen the 
branches and prevent ay cord from 
touching the ground—it does itwil 
swear out quickly an disiniegyate once pe ie ae 
fresh tonthemoe, iecarinaren 


ANIMAL POWER TRAVELING WITH DOGS. 

Huskies, or sled dogs, are ideal for transporting people ‘Although huskies are easy to care for and 

and equigenent across winter terrain. Because of their ‘relatively simple to handle, you should rot. 

thie coat they can endure very fow temperatures, and \nertake an expedition with dogs utes 

their large farted feet allow them ta mave quickly FA an Ae 
veto stevptnelassums’  Redepcueyaton Ty 

can pull heavy lads easly and efficiently 


HUMAN POWER 


Pollina your equipment behind you using a pul fs an 
entre efficent way of moving over stow. Pulls 
are small, low-slung toboagars, typically mad from 
lahtweiat plastic, and come in many cifferentstes, 


TRAVELING WITH A PULK 
althoush pul 


one person 
twact.as abrakeman when going downhil 


© 3 sine ares tt bring nes 
and lash ther togethe These 
cross pisoes strengthen the structure 

ou can use as many sticks as you can 
find, but three ar four should suffice 
= These cross pieces will also form the 
‘main eatrying platforrn af your sls 


are the most efficient method of carging 
heavy ozs over snow using human power they can be hard 
‘worl, expacialy i safter sew. Wear breathable cthing to 
allow excess body heat to escape: Know Fe to release your 
hismess quickly an emeraency, you arein 3 group, 
be harnessed tothe rear ofthe pul 
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eC— 


st 

palo year “WARNING! 

petal Tak eae when tree dow 
slopes, as the pull. can eacily pick, 
up speed and beceme difficult to, 


control you ha co ean, 


\ eee 


A pulccan be sd tocany 


) etre gna 
sect) sat can 


cued ‘ate te stale 


lane ots 


ve 
( 
‘Make a handle for the sed using a small 
foranch, The kraneh should be as an aoth as 
possible to m ale pulling the sled more eumfortable 
Attach the handle to the front of the sed 
using a fong 
pee of card 


MOTOR POWER 
Showntcbiles ate practical 
and auiek, ad have 
ewlutionizes arctic travel 
They areeasia to handle 
than huskies, nd can reach 
relatively high speeds 


However, although you 
can cover oreat distances 
in short perieds of time, 
iF envthing goes wrong, 


‘you may Ee far from help, 
‘Always carry survival 
jsquipment when you tvavel 


BEFORE YOU GO 
Prior to asnowinodile vip, regardless of distance, itis vital 
‘check your vehicle mamtenance ara ensure that you have 
suffciont fu forthe ia. Plan your route carefully an inform 
Someone of your plans so that they can aise the alae if you 
Son resoh your destination when plat Dress war, 
‘wear gogdies or ash mask to reduce glare, and dive safely. 
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USING PACK ANIMALS 
PACK ANIMALS CAN BE USED to transport heavy ,—____—" 


loads when hiking over wilderness terrain. Ideally suited PACKING TIPS — a 
to carrying substantial loads, they can cover great, SA dea ite teeny 
distances in areas where vehicles would struggle. When _ois'tenetscaryesance 


you are organized, and know how to care for the animals, __* Before landing the arin, groom it wall 
cand check. for sores ot ti 


traveling with pack animals can be very rewarsdina. Eve hae hater He neon year 
panniers and lighter items atthe tp. 

LOADING THE ANIMAL 

Stand on level ground, making sure that the animal has all four legs 

placed firmly on the ground, Before placing the loaded panniers onto Aveateoter 


the animal it them to ensure they are wll talanced, Rearrange it ygff2 shyt 
one is lighter. You may need to hobble ar blindfald the animal to theaninat: i 


keep itil while loading conta 


ANIMAL WELFARE 
Remember to transport food, water, and supplies 
for the animal as well as for yourself Their 
‘welfare is paramount, so treat them wall 


Place pier es. 
and tes ou ma? 


Binal wit 
‘otic cas 
Theanm 


Bawa stepsare 
Secure tence 


erent 
Ay tc ta 
Sop hue eto stony 
‘rom oer ta) 


PACK TRAINS 
Roping animals tonether on the tral is apes mete te 
Sanderdpracee wen tevelra with on 
more tha one animal. When tying the 

{together rsune the ropes ar ln enough 

toalow the antnals to walk comfortably, 

and short enough te prevent trieging 


THE PEOPLE 
“Appoint adver to lead the greup and take 
‘ortrol ofravigation. You wil need suffhaent 
people to control and cave fe the animals 
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USING PACK ANIMALS > 
TO SURVIVE sinptte WARNING! 

In an emergency siuation, your iortes aoe ce Clases 
‘change significantly when vsing items) ele or extensee taining. The 

jack animals Unack the panniers aps Iota care ar you wal 

and remove ary heavy tems not set tn organize ur days metus 


———— 


Thy tomate te patent 
ascampertotteas posite 


essential for survival. IF nexessary, 
you can climb on and ride to safety 
oF na worst-case scenar'n, your 
animal can be used for food, 


CARRYING INJURED PEOPLE 
1 amemter of your group is ured bul 
‘a makeshift stretcher Gee pa, 278-79) and 
use the animal dag tim or her to salty 


CHOOSING YOUR ANIMAL 


The avila of wack arimals deaends on the region you are traveling in, Within any 
region, your chaice af animal should take into acccunt the laad you are expecting them te 
carry, the distance you require thern to travel anu the tervan you plan to orass, However, 
remember that individual animals abilties ean vary depending on ther age and size, 


ANIMAL REGION | AVERAGELOAD ADVANTAGES. DISADVANTAGES 
Hee Walle -2An 8 ‘Bostoinh.witiamietenpoamet | « Regie reing 
Bo-Lnig Song + Cantar er 
ce «= Cantolaateneat {inet scarey tethered 
ebyweatt ‘ Sanmangestemtevan 
Mls Ewa = 2080 Wty a waechseb—Htiscante ——« Yung muestanbe 
Javias Dia) used bksptten memrgancto la cosy Sart so good 
+20 paver of then witintheranpat att trannies 
bods woatt ey irtyanean maragesieg eran» Sutbon 
Hy etl + Faith) + Heya ig elt noua “Neafakt of hehe 
= Fompcan pul foksonatns ‘ihm be cared 
santo e701) = cantaud at + rot gt aeag 
tees 
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Howat 
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= pect df otendvater 
body wit Bests bin 
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FOUR-WHEEL DRIVING 


‘A FOUR-WHEEL-DRIVE (4WD) vehicle can cover larue 
areas of difficult terrain that would be inaccessible in a 2WD 
vehicle, With an experienced driver, most 4WD vehicles can 
tackle deep mud, water; snow, ice, and sand. 


CHOOSING YOUR VEHICLE 


‘When choosing your vehicle it's important to consider what youll be 

using itfor Large vehicles have more intemal space than smaller ones, 
‘but may find it harder to negotiate very rough around without getting 
stuck. Similarly, very 


powerful vehicles can cross almost any terrain bust 


—_— 


EXPEDITION CHECKLIST 
‘Check your map andi thers of 
‘your route ad intended inerae 
Ensue the vehicle sf forthe jue, 
witha essary spares, Check te fie 
wate; bas nd yeu ids, 
andteck tha thee ae no eas. 

s Tispect the tre treads, heel nuts 
ligt, ad steering ars. 

«= Alas cary spare water wheels), 
anc fel as welas sural eq 
‘san ers 212 hey ty re 


use a lot of fuel, so may not be a viable option for long-term expeditions. 


eofrack wit 
igh sess pana 


seo winching 
ineshanemif the 
Yeh ges sock 


ditibutadard iad 
‘um eere 


Alva srry 
‘spore whee! 


A high ano ena 
‘goad ground 
teorance 


GENERAL DRIVING TECHNIQUES iN 
Four-wheel-drve vehicles enable you tomamually switch between WARNING! : 
A ¥ ‘Dont hoo your thus round the stesing 


two-wheel-drive, for driving on roads, and four-wheel-drive, for 
low-traction conditions, such as on soft ground, The difference is, 
the number of wheels powered by the engine at any one time, 


CHOOSING A ROUTE 

‘Wher unsure about the conditions immediately ahead, walk the route 
frst, checking for patential problems and obstacles, Where necessary, 
mark the route you bi 
Ask yourself whether you really need to go that way and, iso, which 
raulte Is best to avoid getting stuck. And, if you do get stuck, what ate 
your options for self-ecovary or escape? 


WHEN TO ENGAGE 4WD. 


Engaging AWD uses up a lotof fuel and should not bo used on hard roads 


because of the tsk of damaging tts and gears. Always choose the 


four whoo-crive option on clficultterain. It allows you to rave in a very 
low gear and gives the vehicle a far supetior traction. Just before starting 
te cross the raugh ground, stap the vehicle and engage the fouwheol-drve 


alked and follow these markers when you drive. 


inet din oer rough te 
aut an erkthe wheel and breather 


DRIVING AS A TEAM 

Driving off-road over rough terrain is 
both mentally and physically tring, Take 
regular breaks and share the driving iF in 
‘a group, You should always have at least 
‘two people in the vehicle: 

+ A driver —who takes responsibility 

for powering and steering the vehicle 

= A spotter—who takes responsibilty 
for navigation and helps the drivar pick 
‘ good route across the terrain. This may 
involve getting out of the vehicle and 
‘uiding the driver across a difficult 
section of ground 


FOUR-WHEEL DRIVING 


DRIVING OVER DIFFICULT TERRAIN f \ 


A AWD veticle handles difficult terrain well because all four Loca tba es 
‘wheels can be powered by the engine at any ane trreoas engines Be eymms lower le preste 
are generally mare powerful, but diesel engines last longer and lif. Asa guide, pce abetdc¥an Lm) 
‘work well at low speed), Usinga few simple techniques, you will aay ramtheaeof etc 

find that youare able to drive aver terrain—and to places—that ttn elaine he 


Snel mean i pessire an apy ll 
fey fe, Male sare you tan ena te, 


Nee 


‘would otherwise be inaceessibla Always remember that the 
principle behind 4460 isto reduce the chances of you getting 
stuck—rot to allow you to go further until you do get stuck 


DRIVING ON SAND 
end t9 move the sand from the front of 
oF the tire. forward movements halt for 
‘arena few secords the wheel can dgitseinto afl. To 


MUDDY TRACKS 
Dring i rd requires conssntration are the ability te ada 

your driuing ta sult the conditions Tr dasa ru, use wide tras oF 
loworthetra pressure dighty: however Ure is afard surface 


below the ruthie wil male things worse Stoonng outside 
vsti tvacterus ie moat kely toeriure tre best traction, 


pravert this, cartinually steer fern side t sida so that the 
tire sters out ofits ow ruts, void rapid changes in speed 


pal att of 


“ower you te 


press Sty W eticlarin te tack 


GROSSING WATER 
Always walk yourroute before driving across water TF the 
‘waler seems too deep or the current too fast, don’ att 
the crossing, I's important to drive atthe correc spee 
‘too fast wil send watar evorywhare, but diving too slowly 
may Hood the engine bay, 


DRIVING ON SNOW AND ICE 
‘Snow ad ice requ very smocth diving methods, ply gradual 
rassuret the soceleratoy and brabesto avoid whee sin, use 
lov gears especialy when traveling downhill and avoid changing 
gears unnecessary, Using snow chains wl increase traction, nd 
You should practioe fing therbeone you need them, 


Show crane ge tes 
‘ston taeton 
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RECOVERY FROM SOFT GROUND 


Although using the correct techniques will certainly imprave your chances of 
crossing soft ground successfully it’s important to know what to do if you do 
det stuck Ideally you should never set out on a driving expedition with fewer 
than two vehicles. second vehicle can be used for winching, dealing with 
breakdowns, or driving for help. 


BASIC RECOVERY TECHNIQUES: 
When you gat stuck its tempting to keap trying to aggressively free your 
velit. However, churning up what solid ground is let —and digging 
yourself into deaper ruts—will only make things more difficult in the 
long run Stop, evaluate your options (reversing or pasting, digging, 
Using branches, al winching), and calmly decide how best to 
‘active your am, Dorit actin haste—an ithouglit-out plan 
coukl leave you in more trouble than you were in orginally. 


REVERSING OR PUSHING 
Ifyou cat fre the vehicle using four-wheel 
drive, try alternating between reversing and 
diving forward in fist gear 

a fthishas poet 


you are making the stuatio 


mave, place branches, 
cr blenkets—in 

fact, anything that wl nerease your traction 

infront ofthe wheels, The ie tsto ave the 

tras something to grip, and it shoul got you 
ig ally quickly 


ine too much, cently 
ants the branches or 


1 Maintain aslow, steady speed and cantiwe 
unt you are back on firmer around 

1 One clear remembar to sto and plek 
up:your equipment, and yemave any abstade 
from the rack 


DIGGING 

Tf reverseg and pushing dant work, the next step 
ur vehicles to eg dawn 

In frantat te wheels an attempt tocreatea 

siope that you can then chive 


toward freeing 


can cause the wheels 
and le their grip on the ground, 


EQUIPMENT LIST 

® inching mechanism 
andstrap 

Cable tow ope 
Spare iret) 
Shovel andsaw 

* Slening bag or bariket 
Brae stakes 
Sand ersor mats 


Dig out the sand in frontof each tire to create 
an upward oe 

Drive very 
theenane ast 


jp the slope. Avld revving 
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WINCHING —— 


If none of the basic techniques work, and your vehicles still stuck its time WARNING! 
to consider witching Use cable attached to an electric-powered! winhing ‘Wen wining dot stand thin ange of 
‘mechanistn fo pull the vehicle out of the hole via a strong anchor point. You the cle incase it snaps under the strain. A, 


can wine to another veticle if yout traveling in convoy, although you do ‘reaking cable can cut a tree—ov a parson —in 
rut the risk of both vehicles getting stuck When winching take tne to tall lace blake or sleeping hag ae itto 
assess your options—tsing natural anchor point is the easiest method ater some ofthe stock and rete whiplash, 
aa should bo your fst aporoach ————— 


NATURAL ANCHOR POINTS 
Trees, rks raat, or deadfalls ean all bused as anchor pints: When using 

a troe, always place the strap or cable near the ground, and use a winch strap 
‘where sil to avold damaging the tree. If the tree hoks.s fit may nat be 
able to pride the requiree support, tithe tree toothers inthe vicinity EFygu 
Inter touse ra ‘A 

are large enough and firmly 
‘mboced in tha ground 


EMERGENCY ACTION 

Knowing what to do in certain emergency 
sihuations will help you stay calm ifthe 
worst happens. 


FRONT SKIDS. 
The term”ske covers any kind af si in 
which the wheels al to grip the rad. In a 
‘rant shd—also called an “understear"—the 
fall taturn when yousteersa 
continues to ave forward 
"= Stoo inthe direction af the skid but ke careful 
not tocverstaer: If youre an ie andskdeng| 
straight, steo on the clutch a shift neutral 
"= Once yeu have gained conta, carect your 
‘course and cortinue diving. Consult your 
‘river's manual yu have ant-oc brakes, 


the cable to hap Us aiog 
reduce wh orroatto 
provide 

Snglefor 
the winch 


BURIED ANCHOR POINTS 

If there are no natural anchor nats, you van construct an inpravse 

by burying objects suchas logs ora spare wheel Diga hale nthe ground that’s 

atleast 3 1.(L m deep, attach your winch cate ta your Mmprovised anc 

then bury te anchor in thehale. Ref the fle to secure it you're using the, 
talever behind your spare whee! aa.an attachment pont forthe 


REAR SKIDS 
Inarear 


skid the back wheels lose controland 
are than usual and can sin 

rection of the skid but fa 

‘award were you want ta travel 


eting ence Matt scretaxntn the ight destin, bring te 
Refhing ne foe Frangiese ff steering wheel tack tothe center ard continue 


fasten regardless of what the rear is cing, 
Lunt you have gained total contr 


BRAKE FAILURE 


ive, always check a 
brake uid leaking from 
Tso, doittravel Irthe brates fall 
when an the nave, do 
* Without turning ff the engine shift dawn the 
gears ta reduce speed while maintaining oar 
* Once the vehi 
rmgh (20 kph apply the handbrake, keoping 
fem grip on the steering 


WINCHING TO A STAKE 
series af lang stakes in the ground can al 

int. Yau will eed a long, sturdy main stake—ta which the winch cable's 
attachec-—anda series of supporting takes, lashed together far additional 
strength, Push the stakes securely nt the ground ta slight angle. Be careful 
nat to stand nea the stakes when winching, incase they come loose. 


provide an improvised anchor 


ACCELERATOR MALFUNCTION 
Ir the aovalerator sticks and your engine wll 
nat slow dow, you can cecalorate by putting 
the vehicle nto nautral ancl applying the brakes. 
' IF 'ssafe todoso switch att the enaine, tu 
youl laa functions len power string and lights. 
' Steer safely toa stop Tf possible avoid using 
the handbrake as this may cause a skd— 
although tay be nscassary if you need 

to avoid acolision 


Main tae 


attach te Lasting 
aie fovir iow 
hur th toto 


Backhaul 


Connecting sites to core networks remains a challenge, whether for small cells or macro 
cells, especially as networks need to deliver higher bandwidth. Fiber is the gold standard, 
but it is not available everywhere and can be expensive, so operators use a combination 
of wired and wireless links. 


Today's backhaul requirements for LTE can range from 1 to 10 Gbps. By 2020, backhaul 
requirements could exceed 10 Gbps.?° 


Table 29 and Table 30 summari, 
approaches. 


e the methods and capabilit 


ies of the various available 


Table 29: Wired Backhaul Methods and Capabilities?” 


Technology Distance Throughput Speed 

Direct Fiber 80 km Hundreds of Mbps to Gbps 

Bonded VDSL2 To 5,000 feet 75 Mbps down, 12 Mbps up 

FITX Most urban areas Up to 2.5 Gbps down, 1.5 
Gbps up 

DOCSIS Most urban areas Up to 285 Mbps down, 105 
Mbps up 


Table 30: Wireless Backhaul Methods and Capabilities?°2 


Technology Distance Line- ht Throughput Speed 
5G Integrated Access | 1 km Yes 1 to 10 Gbps 

and Backhaul 

Millimeter Wave (60 [I km Yes T Gbps 

GHz) 

Millimeter Wave (70- [3 km (with speed _| Yes 10 Gbps 

80 GHz) tradeoff) 

Microwave (6-60 GHz) | Varies by Yes T Gbpst 


frequency: 2-4 km 
typical at 30-42 
GHz 


200 Arthur D. Little, Creating a Gigabit Society - The Rule of 5G; A report by Arthur D. Little for Vodafone 
Group, 2017. See Figure 6. 


281 Small Cell Forum, “Backhaul Technologies for Small Cells,” February 2013. 
22 bid. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 185 
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KAYAKING AND CANOEING 


TRAVELING IN A KAYAK OR CANOE is a good way of 


negotiating river systems and open water. With your equipment 
sately stowed in your boat, expeditions can range from short 


day trips to year-long advertures, 


KAYAKING 


Kayaks arean extremely efficient method of water trarsport, 
especially on open sea, rivers, and lakes, Their nanrow design 
and light frame rake them easy to maneuver 


CAPSIZING IN A KAYAK 
Capsizing isan almost inevitable part of kayaking n rough 
‘ae, The Wat exit”—slioping autof the kayaks completely 
‘while stil ling on to t—fs sometimes the only option, 
seut wher=ver possile use an eskimo rll nsteadh 


ESKIMO ROLL 
Mastering the camo rellenabes yout avoid getting 
our legs wet and having te climb back in:your kayak 
‘th practice should becarne one hid awerert 


Downe vento 
pagle maser 
uwerate 


Lychee 
preites 
esti 


Spray deck isons 


devices nan emeegency. 
‘= Inasurvival stuaton, 
From the upside- 2) With your head Continue the hip never kave your kaya or 
down pastor twist near the surfane, fliccunti thekavek canoe une ie 
yourlaedy to theside of sweep your body ad returns to an uoright ‘tonteing mo todos, 
te kayak paddle away from the postionin the water, ‘layal ish wile, 
» Gricping your paddle, side of the kayak 1 Straighten your back especially frum the ali, 
firmlyppush your arms out = Atthe sametime,fick so youve sitting weright —|-aldiefar more el tn be 
‘of the water, then rest them your hip away to start again, and continue to spotted fet by resouers, 
onthesideaf the kayak, theratalionof the kayek paddle your cause \ A 


BASIC PADDLING GN, BA, 
SKILLS femiginthe wit 30 ane tad in 
forward, Tosteer,padale on racial 


the opposite site ta the 
direction in which you want 
4o.go, Some kayaks have 
afoot-gperated rudder, 


STROKE 
Sweep your lead 
ae firmly through 
the water to propel 
‘the cayak forward 


TRANSITION 
‘Asthe blade exits the 
“water repeat bie catch 
onthe oer side and 
continue padding 


espe ato Paton 
toon pou 
folowing ar Frost 
oc 
+ A 
x 
a 


CANOEING 


‘As with kayaks, canoes can 
hold one or two people 
with equigment, and are 
powered by the body 

From 2 seated position 
‘They are generally wider 
than kayaks, however, 

and their decks are open 
Canoe paddles have one 
blade as opposed to bro, 


CAPSIZING IN A CANOE 

Because canoes are oven and fl with wal 

capsie, you greatest challenge Ise 

the canoes righted, I traveling alone, always et 
for shalower wate sa you can it the canoe and ti 


‘CANOE-OVER-GANOE RESCUE 
1 you are traveling with ancther canee and are far from shallow water, 

‘the best option isthe canoe-over-canae rescue The cagsized cance isrotated 
Unsds-dove snd usted onto the rescue vessel, which empties the water out 
Thepeopleon the rescue caftnen ental the cane back to an urighl- postion 
and return to the wate. 


Oe perso 


he uater Fn the cance 
uppers opste down 
fessaceatoe onptythe 


‘eure 


KAYAKING AND CANOEING TIPS 
"= Research your route and weather conditions thoroughly 

‘Dont overload the boat, and ensure t's well balanced 

«= Carry a high-volume pum so you can rescue yourself when alone 


1 If watertight luikheauls are not Ttted on your kayak, use alrbays to add 
eunyarcy and reduce the amount of water that can enter @ compartment 


"= Use waterproof dry bau to Keap your kit dry. 

clin valuables ont the boat or yourself. If they dorft foal, attach a 
Tloat to them so they wont sink i they fallin the water, 

«Carry waterproof material and bungee cord to repair blown hatches. 

ss Never enter acave alone, oF without head qvotaction. 

‘= Fita lash to your paddle and attach it to the eva, IF you then have ta 
perform a rescue you can thraw itn the water and keep bath arms free. 
‘= Chewing gum is great for the short-term repair of smal les in the 
waft, as is black masking tape and plumber's repay tape. 
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‘TANDEM CANOEING 


Inatancen canoe oe petson shel a at 
tet an one athe bck Eh pes 
fade ote eons ty 
fo aid muse fatigue and stra. The pesto 
at thebacigensrally conte the seen, 
tkinghor pti audi 


BASIC PADDLING SKILLS 
When canneing solo, use a ‘switch 

style of padding to ensure your canoe 
travels in a straight line—if the carne 
starts to vee off course, switch sides, 


CATCH 
Sitin the idee ofthe canes, ensuring that 
Its wal Bolanced Reach fnward and 
‘rrusttneblade nto the water 


Pade enters 
& newater 

atthe ont 

ofthe carve 

DOWN STROKE 


Drive the paddle swrfly and firmly down 
into tie ovater se thatit assumes a 
verted position 


PULL STROKE 
Firmlypul the pale blade backward 
thraugh the water, This wil prooi the 
canoe forward 


— 


REPEAT STROKE 
Lift theblade out ofthe water toward the 
rear ofthe canae andetur tothe starting 
poston to repeat the stale, 


Pale eee 
ny ¢ de water at 
treveae 


Padtie 
gereates 
fanoord 
momestur 
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BUILDING A RAFT 


IF VENTURING INTO the wilderness, itis useful to know WARNING! 


how to build an improvised raft or flotation aid. You may uel! het 

find that a major water obstacle lies between you and ae ee 

rescue, or you may be in an area in which dense undergrowth be Stbvaeeh 
ele | Ht undergrowth | eae 


makes cross-country travel difficult but.river travel relatively Saeanewutane chek 
easy. However, na survival situation you are unlikely to fave adel ase lator fixer. 
a lifejacket, so assess the risks carefully. 


MAKING A BRUSHWOOD RAFT 


STOOLS AN, MATERIAL Ifyou have a poncho, shelter sheet, or tarpaulin, you can construct 

SUE Ea a Brushwood raft: Thisis a one-man raft, but if hullt correctly will 

Se keep you completely out of the water. Build itas clase ta the water 

* Long sticks brustnood, H 

eae as possible so you don't have to carry it far, 

a vis te 
)_____+ Seotiie rates 

Se teshongian tte 


Beret bavosterat 
Construct your raft near a 
suitaole launching place 
* Lay your poncho on the ground 
tadetzrmine the sie ofthe frished 
raft Moke sure theres enough 
material to came up the sides, 
and gather on toa. 


Peg out sticks t form an oval 
shape, the sie and shape of 
your intended raft 


' Intelave brustwsood and thateh 
tighty through the sticks ta form . 

the sides of the rfl. The tighter you . perms te 
‘weave the brushwood, the stronger timp 


the ody ofthe raft willbe, and the 
better it will oat. The height of the 
berushwaod wil also deter mine how 
high the raft sits in the water 


Form sitting platform hy 
pushing a selection of long poles 

a sticks through the sides of woven 

brushwond, Weave the sticks under 

and over each other as rmuch as you 

ean to oreate a stable structure, 

a Using your knife or a small saw, 

trim the sticks to size eo that they 

Hort protrude from the sides 

1 Remove the pegs from around 


Trash eso they 
the tyushwood, Si wit te cutde 
‘aioof te orisaced 
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ALTERNATIVE RAFTS. 
Use whatever rate ials ate available 
‘to you to make your raft, Laok out 
or logs. bameo, and discarded ol 
drums, 25 they are naturally Luoyant 
materials that can be used to make 


MAKING A PADDLE 


In most eases, you can use the current of the river for momentum 
rather than having to paddle, and your walking staff to maneuver 
the raft, However, where there isa current you wil have to 
provide the propulsion yourself, and will need to impravise some 
form of paddle 


an effective raft 
reset ot Las atevetge 
Finda suitable length of green gic! | GRAFT 


wood to farm the han This 


eon titer Toma alo rat us ey wood — 

usa atiesste i Tinoco tdi oa 
ableton, ; fea higher the water Cutten 

= Inthe ew ofthe wood make asl Thepstenat] MMR eaIan tee ae ay 

long enough to for the jac ane tevpor | stl 

= Collet sale tranones and her one toad users 

ofthe into the et Lana pace peace 


ta es 
Continue to force smaller ‘with pour carvivat 
branches int te sp, sting avionde 
exch ne as you progress unl yau 

five asus pace aren 

« Sesurely lash te tivo open solits 
af th handle together. 

= To make the paddle more rigid, 
las the ends tegether. 


es tae ta 
Se roughly te 
Sie eler 


BAMBOO RAFT 

Bertoni Tle 

Stmeretclael stave ch 

rralieteale fet. anes 

Hearatiemieeee 
pees 

thelog raft 


Slide your poncho underneath the raft to form 
‘waterproof seal 
= Push the pancha hood through to the inside and tie 
Irs neck securely to ensure it's completely water tight 
* Pul Ue ponchoup the sides of erat ard lash 
securely aooss the top 


Fillthe space underneath the sitting 
platicem with natural materials, such as 

addtional brushivood, grass. or moss You could 

also use any le that would aie tuayancy— DRUM RAFT 

such as em pty plazt hotles or watertraot bags ‘oll drums are avaiable they male Heal 

filled with alr and tied of. tefl Alva take care when handing 

1 Drag or push the raft int the ‘hemical drums, as they may ence have 

water, checklrg to see whether contained toxin. 

it floats in shallower 

‘water before foaing 

your equipment and 

lmbing aboard 


Aalst 
Faget 


sme tat cy ops 
nc fer cops for emp) 
oboe de toro 
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SWIMMING 
WHEN THE WATER IS TOO DEEP to wade and you don't OREN 


NING! 


hhave the materials to build a raft, you may need to swim Tay ween tenn vale 

tonegetiate a water obstacle Beforeyou get inte the water, In auatngy aay ann 
il ef ity le, oF find 

plan how you will get warrn and dry when you get out. Cree cil 


Making a tloat will help to keep clothing and equipment dry resasesyou ase ofhypolheiia sense 
‘youbane the nenessery equioment foe baking 


SURVIVAL SWIMMING Ae ade ental 
Unless you need to cross rocky oraund to enter the water, remove / 
your boots and most of your clothing to reduce drag and keep them 

dry. Place them either in a waterproof survival bag or in an improvised 


onicho float (see oposite) ard float them across. Te menace Kekyeur ge 
aftretiastiakiy —epuakvoueer 
foseepuaterou ‘gens hori 


‘SWIMMING ACROSS RIVERS 
Choose a safe lace to oross (See 2 BB) 
and plan were you wil est the water, 
‘Take the currant into ancaurt as you 

are likely to drift downstream slightly 

* Lower yourself in gently—never jump 

oF dive ita the water. 

1 If the water iscold, gently immerse 
‘yourself unt yaur ody has teeavered 

from the initial shod 


THE CROSSING 
Choosing astroke you fee comfortabie with 
(Gnu thal wil expend the least energy, vim 
erose your reuto with your foam one arm 


‘Avoid swinrting un oF down rivers—walking the route Jau as safe as posable and prewarts your feat fom becomny 
instead is far safer: However, if you accidentally fal in and ennared in racks, which n strony current, could push you under 
find yourself traveling downstream fi fast-moving water, the water, Assurme the defersive snvimming position util ou 
there are ways of protecting yourseff until you reach safety. reach shalower water, and can stand up and climb onto the bank. 


nibs potion 
purfect oe! 
the rods 


ay fikoog wat 
ce yu a 
ote 


Svertamin | 109 


SWIMMING STROKES 

TES important to know what the different swimming srokes.are, although youre unlicely 
tostick to them strict in survival situation Tf youre a confident swimmer, lvays 
choose the stroke that will use the least amcunt of energy, such as kreaststroke Tf youre 
less expeviensed you should avcid geiting inthe water unless in a Ife-or-death situation. 


pe ets 


DOG PADDLE 
‘easy stoke suflable far ess confident simmers thistvolves 
simply aadding forward with your arms andl eas Wen you 

paddle you let armel with your right legand vices, 


ail > 
= 

BREAST STROKE 

Thisis parhans the rst cmnron stroke for erasing rivers. 

‘Your arm and leg mioverents shoud be rade simultaneously 

and smcothy. Its a good optionif youre culling a fat, 


at UES poe 


FRONT CRAWL 
Also known 25 “freestyle frent craw uses alot of eneray os 
notte best stroke for anormal survival station. However vou 
can build up alot of speee, whlch may sometimes be rire. 


ee ee : 
eee 


‘If yoa know the water Is safe ths stroke can be a good chotce, 
as uses ite eneray However not being abe to see ere 
“youre gang can be dsadvantage, especially Inracky eas. 


MAKING A PONCHO FLOAT 
Constructing a pancho float will keep your 

belongings dry and provide limited flatation as 
you cross the river Tf you dort havea poncho, 


se any large pieve of waterproof material 


Push your porta hood to the ner 
side, and tightly secure its neck 
withthe drawstrings or cardage. 
® Lay the poncho on the oraund With 
the inner side fasing Lnward 
1 Plane your gear 


QO Meese oma 
it watertight, 


= Atthis point, if you havea 
sesend poncho, repeat fren step 
one, placing the oat face down 
ontop ofthe second sheet and 
\wrarping again, 

* If avail, plane trushiood 
inside the float for tax 


added buoyancy Saeed 
cided bunyancy ety 


Bring one side ef the ponsho up 
and over the equfomert that is 
piled togethar inthe micdle 
' Regeat with the other three sides 
to wreate a rectangular parcel 
1 Fold the corners, and ereure that 
they wont allow water to enter 
the flat 


Tie ropes, bootlaces, 
Vines, or improvised 
cordiage around the float 
to secret 

= As you enter the water, 
gently ower the float in 

wwith you, Puli aleng as 
‘you cross the river 


Feats nw 
vtec? 


ESSENTIALS 


Whether you intend to remain where —_location aids effectively. It should also 
you are and wait for resc provide you with adequate materials for 
a safer area and await re: Iding a shelter and a fire, and offer 


or walk out of the survival situation an accessible supply of water, both 

yourself, you're probably going toneed —_for drinking and for hygiene 

to select a site on which to put up a A well-organized site will not only 

shelter. This could be for just a single give you a sense of purpose and order, 

night or for a longer-term stay. but will also provide a safe environment 
A sound understanding of what for yourself and your equipment. 

constitutes a good location will allow Designating an area for storing 

you to address the basic principles of equipment and tools, for example, will 

survival. For example, a well-selected help prevent vital items from being lost 

site will help keep you safe from danger —_and will reduce the likelihood of you or 

still allowing you to deploy your members of your team being injured. 


In this section KTM ey ye 


= how to make a shower before you take a shower... 

= why keeping clean is good for both body and soul... 

= how to work up a lather with wood ash... 

= when a thatched screen could protect your modesty... 
= what turns a hard candy into a firestarter... 

= the difference between cattails and fire dogs... 


A fire is an integral part of any 
campsite. It can be used for warmth, 
for purifying water, for cooking, for 
signaling to potential rescuers, for 
protection against wild animals, and 
for providing light when darkness falls. 
It also provides a sense of security. 

The psychological effects of being able 
to start a fire in a survival situation 
should never be underestimated; 
neither should the psychological effects 
of not being able to start one. Even in 

a survival situation, a simple camp can, 
give a sense of normality and “home.” 


You can produce a spark— 
and therefore light a fire—by using a 
device such as a firesteel or a ranger’s 
flint and steel (see p. 127). 


A FIRESTEEL COMPRISES two inairt 
parts: the material that will produce the spark 
(ually a rod made from ferrocer 
magnesium alloy) and a sharp str 
(asually a knife blade or short piece of hacksaw 
blade). When the striker is drawn over the rod, 
a sparkis produced, 


To control the spark 
moving parts, follow 
It will allow you 
and reduce the chance of yau knacking and 
scattering your tinder. This can be a problem 
if you hold the rod next to the tinder and strike 
down inta it—especially if you are cold, we 
and tired and your hands are shaking. 


@ Pere therodin the center ofthe ter Then 
positian your striker onto the rod. Lock the hanel 
Holding the striker into postion, 


id by these two 


nd away from the tinder, 
st the striker, By drawing away 
ider you avoid the danger of distupting 
ng i 


@ [2 lect the spars altar the angle at which 
you pull the rod up 


GG The psychological effects of being able to 
start a fire should not be underestimated; 
neither should the effects of not being able 


tostart one { JL) 


Technology Distance ht | Throughput Speed 


Licensed sub 6 GHz | 1.5 to 10 km No 170 Mbps (20 MHz 
TDD), 400 Mbps+ with 
new technology 


Unlicensed sub-6 GHz |Up to 250 meters | No 450 Mbps (IEEE 
802.11n 3X3 MIMO) 
TV White Space Tto 5 km max Depends on | 80 Mbps in 6 MHz TOD 
(802.11af-based) throughput, 10 deployment | with 4x4 MIMO 
km+ pos: model 
Satellite ‘Available Yes Up to 50 Mbps 
everywhere downlink, 15 Mbps 


uplink 


UMTS-HSPA 


UMTS technology is mature and benefits from research and development that began in the 
early 1990s. It has been thoroughly trialed, tested, and commercially deployed. UMTS 
employs a wideband CDMA radio-access technology. The primary benefits of UMTS include 
high spectral efficiency for voice and data, simultaneous voice and data capability, high 
user densities that can be supported with low infrastructure costs, and support for high- 
bandwidth data applications. Operators can also use their entire available spectrum for 
both voice and high-speed data services. 


Additionally, operators can use a common core network, called the UMTS multi-radio 
network as shown in Figure 104, which supports multiple radio-access networks including 
GSM, EDGE, WCDMA, HSPA, and evolutions of these technologies. 


Figure 104: UMTS Multi-radio Network 


Radio-Access Networks Extemal Networks. 


Rycavy Rocoarch, 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 186 
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ORGANIZING YOUR SITE “2 
Sabor od fo fh 
WHERE YOU CHOOSE to set up your shelter depends on the 
environment, but always take into account the four principles of 
survival: protection, location, water, and food. First, make sure there 


are no obvious dangers, and that youre able to signal for rescue. 
If possible, select a location close to a water source 


etc ace fr airing tna’ co wind 
(ft cro aeons ra Ce 


“Tpraatos 2 you area bang wos od 
abe 10 ef the roared ond fC) 
‘Beay fora banca gone of ae 


SITE FEATURES 


Ones youre happy with your chosen sita—and 
ccotrfident it doesr’t hold any forseeable dangers—you 
can organize the area to accommodate your needs, and 
to make your time in camp easier and mare efficient 


CAMP ADMINISTRATION 
Whether youre in a group ar an your own, ts important to organi 
your site, and quickly establish disoin ines and routines ta ensure camp 
Safety and ta reduce the risk of ancidents Designate specie areas—for 
storing equinm ent, frewned, cooking, and sleening—and spec 
routines for when you da things (se pane, right) 


hea you tobe of 
ots op 
Prem apote dean 
onastitto amore 
rot cris ee. 
Noord ters ao 
thee fa fi tock 


(rection ats soak 
asokrge Varta 


eer 236-4) 


ube arate he 

‘i ou nee before 

rete ocean for ctr eisai andnep 

Wao te fas smo a ‘yt art tack 
poe fe cuttin oa mopping 


deo aie ey eguce 
‘wenisheyfooioa by dang 
‘aoa mot trench nd 
‘our snr and arting 
jratarawuy dows 
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ASSESSING YOUR ENVIRONMENT 

‘Younsed to wotect yourself from injury, threats and risks so have a 
{govd look around your campsite and assess it for at potential dangers, 
Such as animals, unstable rook o trees, and the lkelitond of loading 


ANIMALS. STANDING DEADWOOD 
Look aut for sons of animals especidly These a'edead trees that avertyet 


nea’ water IFpossble pitch your camp 
against arock face so ean only be 
apeoathed from orselnection Keep 
‘freaoing alright. Pyoutein a croup, 
organize watsh system Keep things 
‘to han that you can make a noise wath 
to scare of prowing preters, Dorit 
camposeto starcing water where 
Inserts, suchas mosquitoes, som 


WIND AND FLASH FLOODS: 
Position bie entrance to your she a 
an angle to the wand Gulles run ther sk 
of faa floods e avalanches nse river 
brs are prone to erason and foods 

are ariver might turstitstankson an 
ute bond ding heayy dowmgsu. 


falen Heavy wind or the weight oF 
rain or Snow, can make them fll This 
isthe best type of wood for kindling 
and fire fuel Gee p. 120) 


DEADFALLS 
“Thase are dangerous branches that 
have broken off a tree but haven't yet 
fallen to the ground, Sore tees, such 
aabeech, ash, and yew, drop thar 
branches without warning. 


ROCKFALLS AND ICE FALLS 
Ifyou camps rocks, check for 
cracks an fssures. Fires below them 
can cause eka. When t's colt ice 
sheets can suddenly al frorn the rocks. 


Locate g near weber 
ouce, but cbec te valor 
thy for conta 


But ee 
Sigal ee 
Geeag. 2829) 
orogens 
Tyoacer 


a——oo—OoOmvOmm 


WHERE HOT TO CAMP 


+ Dottsetup you shelton slope, poothy drained ged 
Dott ich your can foo lose to wate beausect the rk 


cof loading and the presen of sects and ania. 


ss Avoid caping cea res wake saues, sth as waterfalls, 
(because thy mas any oie uns thal cone alt you i he 
fresenoe of heeats suth a8 wild arial or ven ossilerestue, 


‘suet asahelbopter of eneensnoy whites, 


CAMP TIMETABLE 
Jnmost cases, when you arrive at an area 
in which you intend to remain for a while 
(enown as ‘going stati), start planning 
your attvities by working bacicfrom a 
Cut-off time—asually when it gets dark. 


THREE HOURS UNTIL DARK 
‘You arrive inthe area, Drink water, stow what 
Fsmelonger needed fmap,comesss, ad 30 on, 
‘and change rom wet cething, but kaon one sat 
of cothes dry at all trmes Scout the area fer the 
‘mast stable cami, 


THEN. 

Start pitching your camp. Buld your saltr, 
Incudingbedding. Gather tinder nding, and 
fud and make asa frebase ad reflector 
(Collect ater and forage for food Prepare 
sll aids to location (forboth night ara dy), 


‘ONE HOUR UNTIL DARK. 
During twaight fish organizing the site and 
‘see to your personal needs—wash, use the 
Jatrng, ana creck your equipment. If you're in 
2 group, makesure everyone knows vhere the 
‘emergency equiomentis andwho has been 
designated eash tas Citing te signal Tre, 
Shinn the flash, blowing tre whistle 
‘Setup a wale system for the fre 
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STAYING CLEAN 


PERSONAL HYGIENE IN THE FIELD is an important element 
of protection. Keeping yourself clean and healthy helps to ensure 
that your body is working at its most efficient and reduces the 
risk of illness. How you feel physically also has a direct impact 
on how you feel psychologically, It’s a state of min: if you let 
your personal hygiene slip, it's just a matter of time before 
‘everything else starts to Follow. 


MAKING A SHOWER 


a— 


GLEAN CLOTHING 

“The eondtion of yor thing and 
equipment canaffet you stale of 
tes. four eeting is ty and 
Lskemes, your aide to survival 
‘wil cilia iy to Keep your 
clothing clean and in cood eg 


HYGIENE CHECKLIST Standing under a shower can work wonders for your spirit—it 


sonal hygiene is abut beeping clean 
and healt, so develop a daily routine 
that ensures you correctly use personal 
protection aids tablets insect repels, 
sunblock), ant safely handle fod, water, 
and cooking and eating utensis. Keao 
‘your clothes elean and attend to your 
kdl funatons (see opposite) 


a metal or-a plastic container. 


HAIR 
‘Yousdon need te shampoo your hale—etit 
rakeits own ols andiminersis ard establish 
‘nistural balance, ssi out nciental sna 
‘such a5 fre smoke, with hot or cold wate 


‘SCALP 
Chk your tsa for inseets andoites every 


morning and night, Local knowledge wll ‘Turn the container upside 


‘help—for example, lock for tds iFyou down on a flat surface, 

are in a wooded area populated by deer. = Punch holes in the bottom with 
the rasan your penn or 

EYES thepont ot curt 


‘Wear sunalastas or ahat to protect your 
es from bright sunlight and snow gla 
Rinseyour eyes with matertvce a day to 
protect against infections ike con unctivtis 


EARS 

Csrfuly check your ears for foreian objects 
‘wth a clean, wot firmer expecially if youre 
slesing rough onthe around 


TEETH AND GUMS 

Use clea frgers to rut your teath and 
ums, or make a tocthpaste fom baking 
soda, or amouthiasti from salt ard water, 


Smooth out any rough edaes 


BODY ‘around the two holes, 
Every twodayewash our sampits crotch, |» Thread a piene of eordane more 
hands fest and toeswith umningaterto | than 2 (0 om) lang through 


leap fungal infections at bay, the twoholes 


removes accurnulated dirt and sweat and makes your bod) feel 
refreshed An improvised shower is quick and easy to make from 


ate te inst 


Make a hole about Lin 
(25 am) down fram the rim 

of the container 

‘= Make a matching hole on the 

oposite side of the contr 


Pull the cord through until 

you have the same lenath— 
stout Lf1 (20 om)—on either side 
' Tie the two strarsis together with 
‘an owethand knot (see 9.143) 
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BODILY FUNCTIONS Sans ag) nae ; 
Jn a genuine survival situation, you dont eat as much fond as usual and Wied eae oie 
‘your toilet functions —particularly with reaards to solid waste—will reduce RE ee eT 


amalicall after a day oso, Nevertheless i's mortant tomainlain a GAGES eek au 


routine, especialy f you are in a aroup. 


IN TRANSIT 
4 youre moving every day ors, its not 
\worthmaling aletrin co just attend 
tayour bodily functons a follows 
‘Urination choose a tre away 
fomnthe water source and 
Mlownind ofthe camp, 
‘Defeeation: dig a tole at the 
base ofa tres, ilthe le 
aftervard and rn it with 

stones or two crass sticks 

lean yourself dut dori tuse the 
han you eat) with tolet paper, 
loaves, or grass thon runing water 
‘Wash your hands and fingers 
Burmorbury used toll papa 

s: Menstruation: {you don't nave 
tamper or sanitary napkin wth 
sou, use something cation and 
‘vashabke or even sohagnum 

mss. Bum or bury whatever 
youhaveuses 


Honk the shower over a bowed 
sapling oF alow branch, 

+ Pour water into the container ta test the 

flaw af the shower, Ifthe water runs tea 

quick'y. put leaves in theloottom to slow 


A thatched seen con 


2 deep tree, eller next to or between 
‘two tees, and mala seat from tivo 
poles. Cave the deposits with 

‘ard oF all to reduce the small 
andleep Mes away, When you 
leave, esrantiotholatrne fl) 
‘the trench, and mark the area 
‘with stones ar cassed stil 


Te apate af the dacko the 
bh ee fo ean vist, 
wrenre aie 


LATHERING UP. 

Camping soap js @ concentrated antibacterial 
liquid svae that can te used without water 
Desant a itis ine a small cantaine, such 
as.an old 35m film container, aw & wil 
last for weeks, Altematvely, you can make 
soap from natural materials, 


MAKING SOAP 
‘You can make natural soap from various 
‘that contan a substance ellad saponin, 
shen mixed with waler—has a clearing effect. 
* Birch aves: Select young leaves and pce therm 
ina container (ven aplastictag wil dol. Ad some 
cd wat, then add somehot or bola water 
(ehichessr your contarer can handle without 
melting Aattate the miature—this allows the 
pani Irtholeaves ta deol into anatural soe. 
* Soapwort: Agitate soapert roots mwater 
ntl they foam up Let the light foam settle tefore 
‘sig It ta wash yoursof and your elathes 

s Horseches tut: ip horse chestnut eaves 
wartn arhot water then eemove, Squeeze the 
Jeaves in your hand to produce saponin 

* Wood asic Mx wood ash with water Don't use 
‘is method to often, ai andy out your skin 
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MAKING FIRE 


THE ABILITY TO MAKE and maintain a fire can be 


a significant psychological factor between determining 
whether you do all you can to survive or just qive up. 
Fire gives you a sense of *being,” andl, ke a shelter, it 
can transfortn a clearing under a tree into a “home.” 


A PORTABLE KIT 


It's important to gather all your materials hefore you start—not 
only your tinder, kindling, and fuel, but also your means of lighting 
a fire. This involves a fair amount of orgarization, so a portable kit 


FIRE PRECAUTIONS: 


jou ten ae a ie fet of your 
sl bear mid some basi rues, 

= Don’ bu thee ton clase the shear 
ait ay get ct of eontolrasauk may 
low in theshelie and inet 

Make sce you have fly xteuished your 
irebeire you sea an have te te. 
our toe i yo have enc on thee 
at hemmed utrouncing fea, ise 
‘an so Sand reat, 


that keeps i ll in one place is much mare convenient. 


COMPONENTS OF FIRE 


Three crucial oomponents—onygen, heat, 
and fuel—reet to heypresent inorder for 
afieto start and be sustained. Althouh 
‘you dort ave any wana) over the 
resulting chemical reaction, known a3 
combustion, you can develop the skill of 
lighting fire, The key is to achieve the 
best balance between the comeorents, 
Tf your fire ist going well, get back to 
bases and ask yourself which one of the 
components is warking against you. 


OXYGEN 

‘Although oayaen isvtal fr combustion to 
happen its al too easy to prevent from 
getting to the Fame by amethering the fre 
‘with too much wood, IF your ntl fre Looks 
3 thou ts dying, ry Tanning ityath your 
ha or aimap to create draft that feeds 
wygen tothe fre 


HEAT 

Heatis esse for igniting the fuel. In most 
tases ths heat canbe generated either by 2 
soar (sch as fit and sie, bya cherical 
reaction an friction (uch as matches 
pstacsum parmanganst) er by friction 
alone {such asa bow dri). (ee po. 126-27 
and pp 230-8) 


FUEL 
Once thefire gets going, you need to have: 
fuel burn Soe pp. 120-21. You should 
start with al dry peoes of ful that wil 
Catch theflame and generate enough heat 
‘tp then burn increasingly large pieces of fue 


MATCHLESS FIRESET TIN 

Working an the principle of "Don’t make things any harder than they need 
bbe" this matchless Frese, designed far the military, contains a ane-stop 
solstion to getting a fire going—regarcless of the weather candtions 


INSIDE THE TIN 
‘Thesmalltn, wrich s waterproof when taped, contains everthing you need to 
produce fire: 4 saarting device, tinder, kindling, andfuel Hexamine fram the 
{dl blades i saraped onto cotton woo, then a spark from the Mint and steel 
gett the cotton woe tong enough forthe fue Hoc to ont 


the cotton 
tampon a 
tae seep 


the tn 
eenopened 


bad Ranger 
- ; ie 
ae 
qT — 
rate 
bs b> Bi, 
reateeclat 


teght afro 
ctrl tape keps tn 
‘waterproof ean Be 
‘bane oc naing 


USING THE TIN 
Yeucanuse te tinitselftobol water race tne. 
nt @oenatinegar aha sits 
nd ight a quarter tava fal tock 
Uist ter ae tower bala 
you cantave apetenay esa dnl 
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PREPARING BEFOREHAND (rarer eae 


More than any other survival task, starting @ fire needs Ca eee 
ood prior preparation. If you dant have the comrect See ee 
good prior preparation. If you n Prats your ills ele youre them —in 


rraterials and Insuffelent quantities, youwil probably all Gite enedtines and unde ata, 
in your attempts to start a fit, Preparing the ground, your —_Yullsoon kam whal works and wea dees 
materials, and your equipment will usvally make firelighting Cle inde as soon asyu ane ovest, HHS 
much easier and more likely to sucozed ‘net dit nyo pats against yr wart dy, 


‘= ollect sverything you ted to get a fir geing then 
CHOOSING YOUR GROUND ty ty tein hen 
"You need! to be careful when selecting the plaoe in which you intend have oly oe artis anmesaf geting a ite cing 
tostartyour fe Cle the youd belorebuldng yar fre Neve UebeyOveibe rn of naies one yon 
lighta fre directly on the ground and watch that your fre doeant. SMe tom erhastin orEypotherrin 

‘spread or burn out of control, 


Copstret afoul the 
fofeetar smote tideay a 

Bhajre ee ferg poten 
Sifbbnt sep HA) a frked stick 


Pla wat ido ig, 
‘and yg lees ocd 
ose th foto ay tag ot 
Groote is ospoten 


Lovo platrmey ee woo 
togntect deft fog gon Conta ee ith vson 
‘rete ang rt Rone eed a diy, nomaerss 
‘Fefpating to 8 gous teks tat wet as 
jest 


CAMP FIRE DO'S CAMP FIRE DON'TS 
1 Make sure you have enough wood ebsely tofuelyour a Dort use your hands as avai ta clear the ground, 

fire Carrying wood to your fre uses eneray, which maybe because you may get bitten by an inseotor a anake, 

ata premium in a survival situation. Use your feet cr = branch instead 

1 Rake the area around the spot where you intend to start Dor bull a firemen ta old logs of falen trees, as they. 
the fre aid brush away leaves or anything ese that may may eatch fre. They may nat look alight but they can 


ignite and start a forest fire. ‘smolder for several days and a heavy breeze could 

1 Gheskthe ground for tree rocts Yourfie could set ay subsequenily fan the embers ad start a blaze. 

exposed rot alg, or even one ast under thesurtecs, _» Dot tld yor fre under an overhangira bxanch, or 
Once 2 root starts lo bum underground, the heal works leaves, as the heat from the fire can soon dry them out 

its way along the oot and could start a forest fe and then st them aight 

If youre tying to get esoved choose spot for the» Dart postion your Fie 0 thatthe wind affects the wey 


fire where passing vehicles and aircraft can see i the fre burns of blows smoke or flames into your shelter, 
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THE ELEMENTS OF FIRE 


THE THREE MATERIAL ELEMENTS you need to build a fire 
are tinder, kindling, and fuel. They must be dry and collected 
in sufficient quantities. A well-made feather stick effectively 
provides tinder, kindling, and fuel on one piece of wood—anid 


it needs only a spark to set it alight 


MAKING A FEATHER STICK 


Between four and six well-made feather 
sticks provide enough combustible material 
togeta fire going, Keep a few already 
rade and packed away to usein an 
emergency. The best feather sticks are 
rade from standing dead wood, but just 
about any type of dry wood will do. If 

you use srnall, dead branchas that have 


snapped off a tree, remove the hark first = 


(Choose the side af a stick with an even 
grain and ro knats, Work ce a har flat 

surface to stop the stick slgping 

= Lay the blade fat on the stick and run i all the 

‘way down without cutting into the wood—do this 

ten times, This gives you afeelor the wood and 

hhow your knife roves over it 


TINDER 


‘The first clement you use Lom ake aire sey’ combustible 
imateial called tinder: You may have tinder in your 
eauioment (see pp 122-23), or you may reed to find 
natural cy other man-made sources. The key to supcess 
isto experiment with what's arcund you before you 
actualy need it. Make sure its dey—leave t inthe aun 
ifitsdamp, When you use some ther, replace it at 

the earliest opportunity 


TYPES OF TINDER 
Natural sources: Fasthor stds (see abe), shavings ror the 
‘outside of bamboo sta, bark shavings, Tite wood dust, pine 
pitch plat ard arimal dow, powdered dung, and fire doa (@ 
‘charred tic). Also, itch bark silver birch bark canbe it even 
‘vtien it's wet) certs honeys, cattall dry arass, dead 
and dryrnoss, ard some fur), The best Under fr friction 
metho of fieligitina Gee pps 130-32) ree bal, dry 
grass, fina chen, plant-reats, fers, and down 

Man-made sourees: Cation wool ball, tapers, char cath, 
fite tin (20), 12), Iint tissue paper, camora fy strips of 
Fbber, and candle wick, 


a 


EMERGENCY TINDER 
Cry tines as tampon oven 
‘noobs a 35cm ft canister ora 
iho bogeiycureteraencyt Foe 
aif ft ese tg bola 
stra ce of tampon, Cation wel 
fl sere wth petal 
rie beat fn ims ogee 


J iy eehe 1010 
Hal oir soo tet yu conse (25) ae 
{he partof te Bade coset othe brteptos 


Dranele—ths aes you rave conte 
‘ed puss strat sour wret 


TINDER BUNDLE 


A good way te prepare your tndor to take asparcor a coal isto 
male tints tinder bundle. Vigorously tease, rub, and pul the 
‘bers with your fingers uri t becomes ball he sizeof a 
arapefrul, Push the nest post combustible riteral into the 
Inferor ofthe bal. Try mixing upyour tinder tomake it more 
effectye—for example, dry arass, birch bark, an cata 


“singe 

acta 
the ttn 
ofthese 


Now tt the angleaf the blade 
slightly toward the wond 
= Keeping apart at the top ofthe 
‘wood to use 2s ahandle, run the blarie 
down the woud! to cut a shaving, 
= Stop jist before the Enttom so that 
the shaving stays attaches tothe stick 


KINDLING 

Kindling i the second material element of firligting and, 
‘en diy [saddled to buming tind. Kinling ean be as, 
thin asa match oF 25 thick as a finger You should be ale 
to-snap itwith your hands Tf itdoesrt break witha crack 
then ts probably nat completele dr. If t's damp, remove 
the outer bark ches retains mast of the mostute) and 
break the kindling down into small ticks 6 in (5 om} long 


Strpotrtne bas 
wa goer fae 


TYPES OF KINDLING 
‘= Sofisiood tas are very 
‘omiustibe while 00d 
‘sth Flarmable resin, uch 
aspine, bums hot and lang 
1 You can usesorre types 
of tinder as kinaing—for 
example, bark, alr eaves, 
pineneseles, grass, round 
Tichons and fars—but you 
‘ull eed larger muantives| 
for kindling than you 
seed fo tinder, 


Turn the stick slightly ard run 
thelkniedown the exge created 

in step 2 to createa secord shaving, 

Turf the stick agan and repeat, 

working around the stick. 

1 Try to get a rhythm gong, and put 

your body behind the cutting action, 
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——— 


‘STANDING DEADWOOD 
tee tha died but has fallen oer 
hasrogree fag ard the bark falls 
ofr bea ees te 
nat wood ee eling as can 
rove lng an fie, when sel, 
rales elle fener sks The bia 
“eines maybe wet where the tee 
wicks up moisture ra the band 


Presi 
et rer 


ur at 


‘Once you have mastered 
ine technique, contirue 

ta feather the rest ofthe stick 

= When you've finished you 

will have thin stick with curled 

shavings still attached, and 

ready for use a kncling 


FUEL 

nlially your Frenceds constant tending, but one can 
sustain fsef for five minutes it's established ard you can 
‘add increasingly larger fuel to create @ good heart—a bed 
af hot coals that sustains the fre with minimum effrt on 
‘your part, The fuel should be about as thick 25 vour wtist 
fovea, At fst, use dry fuel split Into sticks that cate 
alight easily, Add areen (live) wood and! larger fous (whole 
or split) ater, once wien the fre Is establised In wet 
conditions, build your Fre under cover to keep off the ran 


‘TYPES OF FUEL 
* Hard woods from manly deciduous tees Such 25 cal, maple, 
ash bees and arch) burn hut and lang, produce good coals, 
and aremoresficiet. But they are hard toast avin. 

* Soft woods fram conifers (uch aspire fi and spruce) are 
easier tolight 2s they can contain easin, tutburn fast and 
‘produce lees heat than hard woods. They alae make mare smoke 
' Peat oud on yeeraned moors ard can be out th 

23 knife However tneeds a 990d air supeiy 

* Charcoal sigbaraght, smobeless, and burs hes 

' Dried anima droppings provide a good smokeless fuel 
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CHAR CLOTH AND FIRE CAN 


BEFORE SETTING OFF ON A TRIP, add either some char cloth of a 
fire can to your backpack. These excellent forms of tinder are reliable TOOLS: oe 
and potentially life-saving, Alternatively, you can take some mayasticks. pyuanmatadltna 
Char cloth is very easy to make, so keep some dry in your emergency pal can 


i ‘n it Nail 
fire kit oF lining the bottom of your survival kit (see pp, 60-61), 1100 pervent cotton doth 


Knife or sss 
MAKING CHAR CLOTH Spark or flame 

Char cloth is cotton clath that's been combusted in the absence of oxygen \ j 
(pyrolysis). T's lightweight, takes up almost no space, and produces an ember 

from even a weak spark extremely well. Char cloth warks only when its 
completely dry, so keep it ina watertight container, 


Jur the ld ef 2 
can upside-down 

ad hammer a nail ita 

the center 

«= Experiment with 

the size of the fle, 

Usually, the smaller 

the hale the batt, 


Sree comes 
tance thecon carte 
torent yomioo tory 
ff ames pear eo 


Shootout the 
‘aughecies ‘ 
wound to he You dt eo ip 
rte frei fost te 
alr th otar 
Cut 100 percent eutton oath inta pieces Place the can cra fire ta urn off all the oxygen inside 
that ft nto the can without folcing the oar, oF plave ton top of some good coals soraped 
= Vary the sizes of the pieces so they dorit ust tothe side of your cam p fire 
stack flatly en top ofeach ather, fut at thesame _» When the smakestogs the process s complet 
time don’t squash them in = Safely move the can from the fre 


+ Seourely plaoe the lit on theccan, + Dorft oven the can untlits cool 


MAKING A FIRE CAN 


‘You an usea fire can to start a stubborn fire when conditions ate 
less than perfect, or to boil water; do some basic cooking, or warm 
yout hands on a cold day, Oncelita fire can burns for hours with 

4 concentrated, contrallable flame that produces no smoke. When 


it starts to fall, you can either 
replenish the existing cardboard 
with more wax oF replace the 
cardboard and start again, 


Thc extra i rdf 
emntioais witoven ae 


Cutout alone, thin piace of 
earcbnard thats ein mm) 
‘wide than the depth of your can 


= Rollt tightly along its length until 
‘the soll ust fits inside the can, 


Lookat he calor ont 
texture ofthe char cathe 
ofthe Rononothe 
har th 

frm tp 
‘aed stearte 
thegfeeo 
Rt demsazrate 


Onee the tin has vooled dawn, rem ove the 
lidand examina the charred cloth, 

1 The cloth shou tbe completely black and have a 

sembrigic but suftih texture I its fawn or Erown, 

put it ack on the fire andl leave for longer: 

= Cloth that brittle and crumbles is of no use 

= Chock the clath works by striking a snark on to 

apes; the soak should create a small ved ember. 


Light your candle and lathe 

melting wax drop into the can. 
* Letthe waxsoek the cardooard and top ofthe cardboard with the candle, 
sf tSribbed, out t aoross the rain, filup the can —its a slaw process 
1 Stop when the wax nears the ton 
+ Allow the wax to harden, 
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‘TOOLS AND MATERIALS 

+= can tha fact tg le such as 
asimallsboe polsi an 

= Caetoar (athe oe plain) 
‘Candle and amatsh ohh 


Araiotheconae —» Keie w sistats 


Sethat tojfane 
eft dewae 
Taher eons 


recon bacon tot 
‘eadont touch 


‘nen te can has cooled down, 
hold itt an angle and ight the 


1 The flame should be coneentratest 
‘and soread aovoss the top af the can 


FIRE WADS AND MAYASTICKS. 
Fire wads are rolled sty of newspaper soaked in a fuel 
Once dry they make handy waterproof tinder, Mayasticks 
are pieces of resinnus fatwa from the highlands of 
‘Mexico ard Guatemala The pieves are easy to light, 

even when wet, zed generate a hat fl 


MAKING FIRE WADS AND MAYASTICKS 
rae fre wads, tightly roll tips of newspaper toa tube 

4in C10 a) Tong and tether with cord, Soa them in melted 

‘wax and alow to dry Light the cenar wath arma 

= Tolight a mayastck, ut ait iver of wed with your knife 

and ift it rom tne surface ofthe stick. When a ite resin seeps 

ut setit alight with afin and steel (seep.227), 


‘iii ti pvt 
wih yoo te 


‘areactanan ome 
srfceef thst 


ae 


HSPA refers to networks that support both HSDPA and HSUPA. All new deployments today 
are HSPA, and many operators have upgraded their HSDPA networks to HSPA. For 
example, in 2008, AT&T upgraded most of its network to HSPA. By the end of 2008, HSPA 
was deployed throughout the Americas. 


The UMTS radio-access network consists of base stations referred to as Node B 
(corresponding to GSM base transceiver systems) that connect to RNCs (corresponding to 
GSM base station controllers [BSCs]). The RNCs connect to the core network as do the 
BSCs. When both GSM and WCDMA access networks are available, the network can hand 
users over between these networks. This is important for managing capacity, as well as in 
areas in which the operator has continuous GSM coverage, but has only deployed WCDMA 
in some locations. 


Whereas GSM can effectively operate like a spread-spectrum system, based on time 
division in combination with frequency hopping, WCDMA is a direct-sequence, spread- 
spectrum system. WCDMA is spectrally more efficient than GSM, but it is the wideband 
nature of WCDMA that provides its greatest advantage—the ability to translate the available 
spectrum into high data rates. This wideband technology approach results in the flexibility 
to manage multiple traffic types including voice, narrowband data, and wideband data. 


HSDPA 


HSDPA, specified in 3GPP Release 5, saw the introduction of high-performance, packet data 
service that delivers peak theoretical rates of 14 Mbps. Peak user-achievable throughput 
rates in initial deployments are well over 1 Mbps and as high as 4 Mbps in some networks. 
The same radio carrier can simultaneously service UMTS voice and data users, as well as 
HSDPA data users. 


HSDPA achieves its high speeds through techniques similar to those that push EDGE 
performance past GPRS including higher order modulation, variable coding, and soft 
combining, as well as through the addition of fast scheduling and other techniques. 


HSDPA achieves its performance gains from the following radio features: 
@ High-speed channels shared in both code and time domains 

Short TTI 

Fast scheduling and user diversity 

Higher order modulation 

Fast link adaptation 

Fast HARQ 


oooco 


These features function as follows: 


High-Speed Shared Channels and Short Transmission Time Interv: 
uses high-speed data channels called “High Speed Physical Downlink Shared Channels” 
(HS-PDSCH). Up to 15 of these channels can operate in the 5 MHz WCDMA radio channel. 
Each uses a fixed spreading factor of 16. User transmissions are assigned to one or more 
of these channels for a short TTI of 2 msec. The network can then readjust how users are 
assigned to different HS-PDSCH every 2 msec. Resources are thus assigned in both time 


282 Spread spectrum systems can either be direct sequence or frequency hopping, 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 187 
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TYPES OF FIRE 
ONCE YOU HAVE COLLECTED your tinder, kindling, and fue, — 


and made sure it's dry and ready at hand, you can set about FIRE ESSENTIALS 
making your fire. There are many different types of fire to [lgsdeel hha greta 
choose from, depending on what you need the fire for (see hit ive generals wl els 
below). Before you start to build your fire, make sure you have Never male thins any harder 
than they need to be. Choose a 
prepared the ground so that everything is safe (see pp. 118-19). feta egies that 
for the maximum gain. 
“= Ttismore efficient to build a small 
CHOOSING A FIRE fire andst coset, tnn to bul 
If you have a choice of fuel, as well as time ta invest in building a specific large ire ans fa away from it, 
type of fire, look at the choices below and determine which ones Ikely ‘Ifa your wood appears wet, 
to suit your immediate needs, remove then andslitthe 
«= Your primary consideration should be the function ofthe fire: warmth wond-—He cere il usafybe dey 
's probably your most urgent requirement, bt other uses include cooking, Oto th freisesiabsied, lace 
signaling (see pp, 228-39), drying wet clothing, and disposing of waste, ae a and lager 
‘You may want a particular type of fire hecause it lasts all night, hee Asie ert 
‘= Consider the availability of the components you need to build the bp he licrtebehitl 


fire—for example, the right fuel and the best ground. A rule of thumb 


int where they cach rel 
's toestimate how much yau think youll need, then double it iste le) 


ate Lh 


TEEPEE STONE-LINED AUTOMATIC LONG Los: 
+ Sunoindthetierballwih —« Avmelagerorgoms «Linea 3fA(Lm)depwith Pt tin finding ane 
tinting teste ca stones nactc, pote rorparussins Rutinds bapa deren 611 m) 
tsp. Arage slimes, tnd alinte mie wth aking ie andrest. Jo Lay wolog fu gs 
anilagefuellgsh asnire Kring and Baa Urge bai aansthesitssn—ontope te uring fre. 
attest hee losnfen there etatieh they ona they ban 

 Areaswth abate Why bration Fork earth rsa, «Forster becanethe 
Bocas te re eqies bt: Ppl est xsing beens ey tod freq: ha ag fore 
of rewood fiertgsandvhee by 


Inpsctcamphos vial 


oe ee ee 


+ uektoldit 1 Stoescheterfrefmid | Setiedhgareltwhih ——« ongtg thereon 
+ We woud an bebued + Uh an exting rerin eansyeudortecdtohep stay alta) 

Deca te bythe refs th fe’ aon ange Fins reat alta 
fost irr fre Ahern 

Wem ir cng Wat icol eas, 
 Cookg + Coking * Sotlng(iosenvetathn bull eater seo 
Sinaing(ioeeventtin —« Sinalngtgenvgetation Borne. + Cook nee bers 
itunes burned) havetores) 


LIGHT YOUR FIRE 


‘There are numerous ways to build a fire and get one going, and everyone 
has their favorite. The following example isa tried-and-trusted method 
that’s versatile and works well in a variety of conditions. 


Fasthetnding 


TYPES OF FIRE | 23) 


Ald mare foeloeoss 
the ps for 
eg aatr 


bust fal nthe 
entero he espe 
Place your tinder Gently fay king As the king The fireis established 
bal Gee p. 120) bythe tinder ball catches fie and when you can leave 
ona platform composed! = Eucla kindling “teepee’, the flares grow, ald it alone for five minutes 
of green wood, as thislets the fire breathe larger places of kindling, without it going out 
‘Light the tinder with where the heats srongest. = Continue to add kindling, = Then lay a large fog on 


your chosen method (see = Feather sticks also make gradually building up to 
1p, 126-27}and lett catch ileal kindling (see p. 120). split logs (see p, 148). 


the wind facing side and 
‘one onthe other side. 


= 
SHAKE HOLE STAR-SHAPED HuNTER. DDAKOTAHOLE 
s Osatestob hthsiect «full e fom tnd, ae eat orc, + Tig rg ok te fre and 
aban ndachirejn Kegan Kring dary type. agro hk rte 
frowgitheahLa «gator ste Plc ater Chine ithe ik 
Tenses any ha. meet te ne siete waVhape, thet Bena sai 


Pus bs athaybur 


adack rund a 


* ny beatin 1 Forstedaeas boca ofthe «dd arwrdy latins + Anyareaucan dg ao. 

 Ruccfeeuthorsuadbank ——‘lbgette fread becuatefrerequres ry 
Teh helone tabled 

Chimney rests aca ght Lng tg sardvood hg sete the + Concentrate ast 

anidenperaturefve God embers to cking fire femtho wind + Fame: areblow ground 

+ Shovede the bens sProfucessoeatdelofhat ——sofreishiden 

mth "Goikngtalaceapoten arith okay 

Cock ‘helo ick + Yocping wa 

Matec sting wat = Cyyngwet eating 
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MAKING SPARKS 
AND FLAMES 


STRIKING A MATCH 

It may seem simple enough, but 
there’ a way of striking a match— 
known as "cornmando style"—that 
rellably produces a flame in all kinds 


LIGHTING TINDER IS THE FIRST STAGE of making a 
fire, Matches and lighters do this instantly, but there are 
anumber of ways to create a spark that you can then 
use to coax your tinder into a flame. This is relatively 
easy when everything is dry, but with patience and 
persistence it is also possible when conditions are bad 


IGNITION DEVICES 


There are various ingenious methods of creating that all-important 
spark or flame to ignite your fire, IF you dant have matches or a 
lighter, you'l need to use another device, such asa flint and steel, 
“You car also improvise by using an extemal energy source, such as 
= Focusing the sun's heat with a magnifying glass or teveraye can. 


= Making sparks with a battery 


TYPE OF DEVICE 


MATCHES/LIGHTERS 


reating a chemical reaction using potassium cermanganate, 


LT At a 


MAGNIFYING GLASS 


BEVERAGE CAN 


firmly evey from you, 


of conditions 
Hold the cin Proper 
‘one hand and a oe 
iritah between the bpematen 
thumb and frst ie 
fingers the other 
Strike the match 


Point head of 
fame dow 


When the 

match lights, 
immediately cup 
your hands to 
protect the flame 
* Lot the fame burn a itle way along the 
stem before using tt ligt the tinder 


BATTERY i 


= terictbo fates 
‘Dig inter tapetoa 

ples otesdarord your nak. 
Dry tier 


= Many: 
= Dytinde 


+ Entybeeanesan 
Dry tnder| 


Flas anal sbatery 
ree wireno 
sytner 


= Tolahts math Yeonands 
yl kava yu 
Aatheocandtion 9 in 
praise ba 


th the magna ls 
Fons ht suf onto 
Sane tnt and rete 
htop Had te mage 
ahs steady tl he ber 
rahesalght 


+= Pah the eto the an 
(Gee Staley 9 24, 

+ Cah gt sunt one 
shin safe ares 
on tinder to waite hat 
spit Hl he cat sted 


sLaytlowreaecsthe 
fatter tema torte 
sce 

«Bare the tb fromthe 
Hest and ple wre we 
‘the terial Sach 


 iteproninstcesare 
aay ut tc thes 
tht beste oth 
vanand ai 

‘Avo tava lnteraroat 
gnu eckon aioe on 


in youcwosea cra, 
re surotthasanagavng 
als incotate tt 
reeinthedeaisonnss, 

= ouranaln ue the sn 
resin wecals 


Ul hetinercatehsalokt the asl to crete rats, 
= Youllmadtoactostis Their the wiethebeter 
Teeirini sofa you can thiswilnaiespealy wth 
rdyanitinasitelsuston, ——_onerveagetatees5. 

seth mthod fora shat 


redony erate you 
‘wil dranthebattay 


CREATING A CHEMICAL FLAME 


Potassium permanganate is an extremely useful item to have in 
your survival kit because you can use the chemical not only to 
Sterlize water and wounds, but also to create a spark to ight 
a fire, You will need some sugar to make it work, so use some 
{rom your survival rations or crush a hard candy 


axane sparks anbeLames | 127, 


WARNING! 


Potassutnfermanganate is a stionn teidiee 

that can, wen med with certah chemicals, 

‘rbate an explosive iste, Tt can also stan 
ut foes and ian, 


Sy 


Paint 
pemanaaoate 


Ona hard surface, such asa flat 
uh 
some potassium permanganate, Have 
‘an equal amount of sugar ready, 


pieoe of wood or rock, 


Mis the gradients. With the 
back of your knife push down 
onthe mixture and drag # along the 


hard surface to ereate friction, 


Po asieocnseepinaieetes 
your blade untilyou get a spark 
1 The flame dies down quickly sa have 
your tinder at the ready. 


om» 3 
moet | uranic | wean | nant 
+» Femoverium tested = Magnesivinaliy vod -efAratyiesin alloy rod and + Potastion permangarate 
+ iter Tel tlersalyashut —— Sealdeoatet abe diet 
= Diytiiter pce cttodeaubile pected singe fond ue 
Iya sigtie bonis 
+ Drawthetirested back across own theloeath efthe rod, + Pressdown onthemmature a 
thestrt to drect the eres = Paching hrc estes ‘wthyew Infeanddagtre (eed 
oe Saree ee 
Sees Le eae 
oe a 
+ Works mall waters ana ‘lac fer the holder antthe prevents accidental us. sth gla orantifreeee. 
ao ore | eee | 
Seca, “hemi Maar 
Tobe in Cea ‘elo asthconbton 


Cane aden and anges 


TRUE-LIFE ACCOUNT 


EXTREME SURVIVAL— 
IN THE DESERT 


USEFUL EQUIPMENT 
7 Sesanalbocaiey Bevcer (PLS) DESPITE A LACK OF SURVIVAL KNOWLEDGE, 

for hat a party of five survived searing temperatures, 
ih +h ails ates dehydration, hunger, and the threat of animal attack 
= Survival tin, bushcraft knife for six days when their plane crashed in the Kalahari 
= Collsatellte phone Desert in Botswana. 


= Poncho/bivy sack 


On Wednesday, March 1, 2000, Carl du Plessis and three 

associates—Mike and Lynette Nikolic, and Nebojea Graorac—set off 
‘on a business flight from the capital of Botswana, Gaborone, bound for Maun, a popular 
tourist town in the north of the country. However, the aircraft developed engine trouble 
during the flight and was forced to crast-land. Critically, radio contact was lost, so no 
distress call was emitted before the plane went down. The pilot and all four passenger's 
on board suffered! burns during the crash and subsequent 
fire, but two sustained even more serious injuries—Lynett “CRITICALLY, RADIO 
Nikolic damaged her spine and left arm, and Graorac 


CONTACT WAS LOST, 
suffered punctured lng, 
0 NO DISTRESS 
The following morning, Du Plessis and pilot Costa Gain TTD 
Marcandonatos decided to wak the estimated four 
days to Maun to find help. Their plan was misguided BEFORE THE PLANE 
WENT DOWN” 


from the start—Maun was actually around some 190 
miles (200 km) to the west, and other settlements to the 
east were much closer. They attempted to navigate by the sun but, lacking a machete, 
couldiit penetrate the dersse bush. They were forced to follow elephant tracks to find 
watering holes, meeting elephants on one occasion, and heard the roar of lions at night. 
By Saturday they had walked 56 miles (90 km), but their zig-zag route had taken them 
only 20 miles (30 km) from the crash site 


Despite their mistakes, they stumbled upon a manned hunting lodge the following 
day. After their initial efforts to radio the authorities had failed, a helicopter finally 
reached the crash site on Monday, March 6, airlifting the casualties to hospital for 
emergency treatment six days after the crash 


WHAT TO DO 


ARE YOU IN DANGER? 
Bet yourself out oft 


<< NO YES > Sun/Heat—Find or improwse 
Irimidiate shear 
cep ASSESS youn stTuaTION Animals—Avnid confrontation 
‘See pages 234-35 and move away from dangar 
Iinury—Stabize consiton and 
vw apply first ad 


I you arin a croup, try to helo 
any others wha ars indarger 


ss isa ous NE 
Tygtemmos sense] “MMSSING OR WHERE YOU ARE? (sents 
eater ete! eed Vocus | coaeesan 


any-means at your disposal Aispatched tnd you 


‘yauhave a oul or satelitephane, 
lef somaone know your 
predicament. your stuston s 
<< NO YES > serious enough to be werthy of 
emergency rescue, ard you have 
de | three teste tmen 
you seul eerste this oto 


sep RO YOU HAVE ANY MEANS 
(OF COMMUNICATION? 


‘Yeuare fad with suring for 
anindefrite period—urtl you 
are[ocated or you find help 


Tyoucammtaurivewhee au) SP CANYOUSURVIVE 
areanltnere are no phisies WHERE YOU ARE?* 
reasons wy youshouldreran, 


You vl hve 9 rave sloaton << NO YES > 


That offers either abetter cranes 
ofsurival resoue, or both 


Do 


1 Make an informed decison on 
the best location to move to 

1 Leave dear indications of your 
Intent ritien messages or signs) 
iFabandoninga vehicle 

w Have ads location 7 
accesaile whe moving DON'T 

‘and deployed when stat Sit directly on the hot, 
' Protact yourself ‘found whenyoustop 
against glare from the = Travel during the hottest 


Do 


"Seek or improvise shade ard 
work during the coolest part. of 
the day/night. shatter dug 
in 05 an)below ground level 
vill provide rruch cooler 
7 plate to rest 
DON'T " Ration sweat, notyour 
syater;yourequire round 
Paapints Cite) per hour 
temps shove 100°F (22°C), 
halo this ifh’s coer 


‘= Leavea broken down 
vehicle unless absolutely 
necossary—ttseadler to 


soa partof the day seeandis whatrescuers hee 
cr imerovise fTakensts—atwistedaride | | ll belooeng for ‘= Continually reassess 
thelr whernet mong || Sarceaberemnnaoan a your water station and 


‘Waste aneray 
unneoesearlly ce la unless 
thorets something that 
requires doing 

‘= Ignore your fre—use 
anything that turns (wood, 
‘chit tires) to generate 
heat and smoke 


caused by rurring doom 9 
and seas al opportunites | ase moo 
tocolectiuelforatre— | Seine nace tral 
deserts ebook abniaht |S tneqwed ot tha somest 
‘= Beon constant loakeut Gerson the group 

for ans of water or sm Shaler ndry riverbed, 
shiteation—auchas aren | Moora eet 
vegetation converging) Pecans Pal 
animalfhurman tracks, niaMlgallicla 
orardina birds 


‘ties Tar sugirenting 
your supplies 

1 Leave everthing out 
overnight that could collect 
dew 50 you can drink it 

1 Prepare all of your aids 

1 location for irmediste 
use, Ba constantly alert. 
for signs of rescue 


‘ypucamet sure wl youar tsk amt ro ots rye 
fete scumaaaoowryitaccnty tet mea, 

Sipyset amuses earpe ie os gta a 
Sutton ch con Sey ania} conte atone aot 
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FIRE BY FRICTION 


THIS METHOD USES PRIMITIVE EQUIPMENT, such asa bow | (ms 
drill, and requires knowledge, skill, practice, the correct wood, time, TOOLS AND MATERIALS 

fe 1» oedane suchas para ced ishing. 
and effort. However, once learned it’s possibly the most rewarding ja shod orbaing ans 
ofall survival skills, Your first fire created from a coal produced by = end 
a Tireset that you have made yourself willbea fire you will never ana 


forget. In a genuine survival situation, however, you would always 


start a fire with the quickest and easiest method available, — 


—_——\\_ MAKING A BOW DRILL 


et UE The bow aril set is one of the most efficlent methods of making 
“Tere ae mary ways ona rey ee bi Pumeater earn 
Hs aastin aang ire by friction Try to find the right type of wood for each part, 
Teac bert Lani Nae especially the dil and hearth board (see Testing Wood, apposite 
fas is own ahanages, dgending onthe 
chaise jou! rata ks Tamckethe bow cut asthe Tama nation 
Regaries of the method, towers there to thesame length as the REESE 
are ot man denete occa ie stance bsween your amit 

by Rtn sacha hon és ne and your irgertip 

. aoe ee procuring the srrect Cut anotah (or make a hole 

Che res with a brad) near each end, 

‘= Manufacturing the ndivicaal eves ‘= Tiecord with an arbor knot (see 

a ee ae fp. 142-43) o ane natch and with 

pees tee half hitches (see pp. 144-45) to the 


TES OI SMES ‘other, Leave only enough slack to 
a 
‘nap te seater piro e 


‘earth dowd toa urtness 
hat maser ton 


Wate ancteh tt 
palit ofr 
Lona ie 
oye 


gine wood 
iris inore 
mapdani core Make te bearing bone 
way rn from apie» of har wood 
about 3-4 in (25-10 om) aoross, 


To make the drill cut = Cult itto a lonath of 4-5 ih 


a straight pieoe of Gavotte eet 12-15 om) split it in two, and 
‘wood that has no nots, teekey, make anotch int 
«The drill needs to be about ‘oc tog’ —w The ls dull point Ftsinto the 
Lin (25 mm) ni diameter mene notch, while you hold the block 


and about B in (20 crn} long, pietoo ‘when you are bowing (322 122) 


TESTING WOOD 
Standing deadwnodis ideal 
for the dri and heath boars 
25 ts dry. Sft deadwood 

is easier to use han Nard 
eadvecod, out Fyou cart tell 
the dfierence, use these tects 
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Tytede | CHAR TEST 
Reoad wih | Each tps of wood produces a 
tistintive char and coal Sane, 
such as hazel andlime, makea 
oa easily bu the reset wl 
‘wear out quickly, The char test 
helps youdiscover which woods 
imake a good al Drill into. a 
softwood hearth board uri 


‘THUMBNAIL TEST itsmokes, continue for five 
‘Dut through thebark of a branch, ‘seconds and then stop, Look 
expng apate of woodbeneath setts dar rroduced 

Ifyou dertthswood eal wth @ Holdsaurknite ata Pressyourthumbnal | "1105 hs fine pooder it 
“your thurttrall t's a soft wood, slight angle to the aban angle of ‘will pouably produce a oval, 
Tyoucanory ate aumat wood Push ith athanb 90 degrees th wood | SUS vars. pears ta 
inpresian trenitea hardwood, ontopotthetiade inthe exposed paleh Son ee cs 


Mae the hearth tard from a flat 
plone of wood about lin 25mm) Ges ino tne 
thick: You may have ta split sorme wood jaur kate to 
to get what you need ame 
* Hold your dri so tat it sts about 
ain (0 mm] from the edge of the bard. 
«= Mark this point with your krife and teh 
cout a smal hale to hes the dril get started 
Patt ots pot 
dino Hee mest encert 
snes rd 
the with 
the carton he 
fete bow 


Set up the bowy, del, and bearing black (gne alse gi, 122) 
and bow thectil into thehoke in the hearth board until 
the hale is as wide as the dri, Dent go all the way through, 


Male the Vabout an eight of 
Uischeanprencedt the fo 


Cut V to the vente of the hole through the hearth board 
Theloottom af this V is where the char collects and the 
emnber forms the emloer pan (Gee 9,132), 


THE FINISHED FIRESET 

The tw cil set works best vhen the dill 
and hearth board are made fom the same 
‘wood, because both parts ther wear dawn 
evenly Thismay nob aiveaystoe possible, 

so experiment wth different woods 

= Good woods ta start with are seeamave, 
hazel iy, ime, willow, and sotol¢not found 
in Europe), 

= Also useful are sider, birch, ced, pine, 
spruce, maple, oak, and poplar: 


ate he tow parton wood 
pretrash cingthtmae nace 
Sigs corm 


ihe the cbt om 
‘osams woog atte 
oem noone 


Sebeidgesoebunpscn 
the cht prevent 
(econ fom stip 


Cette bearing hack 
trom ard wet top 
veusng uy 


Bow TRILL ——-REARINGELODKE 


EARTH BOARD |e beat nad from woot 
‘a eats o andiantes easly, 
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USING A BOW DRILL 


Before you use a bow drill, have your dry tineler bundle, kindling, and fuel 


brsside you. Until you become proficient at using a dri, you will use Its of TOgLg AND MATERIALS 


energy, 0 beware of overheating and detydration Turing 2 coal into a | Bay dllset seen 150-30 
fre isa skil in itself 50 use every opportunity to practice making trder Thin dy pe cf bark a useas 
bundles and lighting them with a small coal from your camp fire acembet pat 

= Br tes ling, and ak 


‘SETTING INTO POSITION 

Pace the eer anc aa cy surtane and 
ali wit the Von Liab Rest 
‘ne fot onthe boar Lac the to coe 
card hil tring on Hens 
Insert the del nko the fofe on the heaeth 
bare so the op Cth ages ea 
in the noth for lytic} a el your 
‘erst into your shins sgoort. Rel on the 
othe eg a bear dowencerthe bck, 


—— ee 


Hold the bove horizontal to the cround 
and ale your body. 
‘Lean slightly format to anrly downers 
pressure tothe oll and back to recuee It 
1 Start bowing slow, using the flllenath 
of the bow, Aim for an even owing rhythm, 
* Breathing steadily as you bow, redualy 
increase speed and pressure until smoke 
appears, Vigorcusly tow with maximum 
fort ten more times this usually 
produces a coal inthe ember pan 


ep a i. 
sistas obo 


Aste di urs, 
(Pete feats 
te Word 


Ale of gc 
‘Wile ote 
tar 200 


Gently remove the drill and it the 
hearth kare up an away from the 

smoking coal n the emer pan 

«If the coal is sticking tothe board, gently 

‘go the board with your brie to loosen ft. 

Carefully lift the ember nan af the 

ground ard hold t nthe arto see 

the osal § glowing. 

‘If the.cal inthe ember is just smoking, 

ancl not glowing, then gently fan it with 

your hand until you geet glow 


sien our a 


seatasyeacen N / 
‘hove the oe 


oo tou on 
the biek with 
the weight of 
yoreoay 


eye am for 
Bowing not 
‘eer our 
theblost 


He at sies, 
‘ove your gb 
ter are 


Fonthecoat 


gent to watt 
Boing cu 


BAMBOO FIRE SAW 
This friction method uses a saw 
technique ta light tinder collected 
from seraping the outside of the 


© Serene tne 
glowing coal nla 
your tinder bundle 


= The coal must touch the 
‘Under to trarefer its heat, 


so squeeze the tnck around bamboo with your knife 
te coal but dort rush tor 
starve tof oxygen MAKING THE FIRE SAW 
Tip the coat off the. N You need 2 bamboo section 18 in 
ber net nd (45 ern) long, Split it lenathways 
tinder rds into two equal pieves 
Sharpen the edge ofthe est 
ppishapnen piece with your knife and then 
(tsa sear ick he cut a v-shaped notch inthe outside 
wind Onere sca) riddle of the second piece, 


Ab fon Hold tinder cvertheroich inthe 
your breath ‘second piece of bamboo with 
agers 3 another bamboo strip thats svapined but 
contusion —J rot fully broken, 
= Knee| dewn and brave the sharpened 
piece of bamboo vertically between the 
ol tne Ground and yaur stomach (olace aad 
Jen é ‘on your stomach for comfort), 
Sen fice = Place therotch and tinder over the 
\ ‘sharp edge of the first piece, and rub. 
Gently blow into ‘the second piece up and down ina. 
the tundie to hep i rrythmic movement. 
fan the coal and encourage 
ito catch 
= Youtcan swing the bundle 
down anv a 
betweenbreaths to lat 
chy ai fan the coal 
= Continue asthe amount 
af snicke increases and 
‘ventulty the tundle wl 
‘burst inta flames. 


eon one te top 
opti este 


Dorit throw the turning bundle on the Ore te ion 
ground, just calmiy plane it where-you seine! 

intend to have your fre Start building the'iye 

around the turdle (see pp, 124-25), 


‘When the friction produces lots 
cof smoke, cont ue for 20 strokes 
‘more and you should have a coal 
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(the TTI interval) and code domains (the HS-PDSCH channels). Figure 105 illustrates 
different users obtaining different radio resources. 


k Shared Channels (Example) 


Figure 105: High Speed- Downli 


mo CO ae 


User 4 User 2 User 3 User 4 


Channelization Codes 


Time yay Research 


Fast Scheduling and User Diversity: Fast scheduling exploits the short TTI by assigning 
users channels that have the best instantaneous channel conditions, rather than in a round- 
robin fashion. Because channel conditions vary somewhat randomly across users, most 
users can be serviced with optimum radio conditions and thereby obtain optimum data 
throughput. Figure 106 shows how a scheduler might choose between two users based on 
their varying radio conditions to emphasize the user with better instantaneous signal 
quality. With about 30 users active in a sector, the network achieves significant user 
diversity and much higher spectral efficiency. The system also ensures that each user 
receives a minimum level of throughput, an approach called proportional fair scheduling. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 188 


SKILLS 


Learning skills that you can use 
in the wilderness is always a “work in 
progress.” Having taught thousands of 
students over several years, | am yet 
to conduct a course in which I didn't 
learn a new skill. For example, this could 
be a more efficient way to erect a 
shelter, how to tie a new knot, or the 
best way to carry out a task more 
safely and efficiently 

In the military, we invariably teach 
students how to accomplish a particular 
task using only the most basic gear. By 
learning how to perform a task using 


the absolute basic equipment, they 

will be able to understand the important 
elements of the task and will have no 
choice but to get them right in order 

to succeed. This in turn helps students 
to appreciate how and why certain 
techniques do and don’t work, and gives 
them an opportunity to use their 
improvisational skills to modify basic 
techniques in order to get the most out 
of them. Knowing the correct methad of 
using a knife, for example, will not only 
improve safety on an expedition, but 
will also mean that only the minimum, 


In this section RJT TMHey yo 


= the merits of a hank in your pocket. 


® how to strip a nettle stem and not get stung. 


= when to twist and when to roll. 


= how to tell a working end from a standing end. 
™ the uses of a sheet bend oy a Siberian hitch... 


= the difference between a parang and a kukri 
® how to fell a tree with a thumping stick. 


If you give someone with 
little understanding of knots a length of 
cord and ask them to complete a task, 
they will invariably use the whole length 
of cord. If, however, you teach someone 
two simple knots and set them the same 
task, they will invariably use only the 
necessary amount of cord. 

amount of valuable energy is being 

used to complete a task. Equally, 
knowing how to tie a few simple knots, 
which can be used in the majority of 
survival situations, will allow you to 

use whatever cordage you have in the 
most efficient way possible. 

If you find yourself in a survival 
situation with more than the most basic 
gear, life will be much easier. However, 
the ability to improvise what you need 
when you don't have it could mean the 
difference between continued survival 
and despair. 


USING THE BEST KNOT, jastin, o hitch 
for a particular task means that you will sored 
more efficiently and, therefore, ensure that your 
supply will go further, In a survival situation, 
where you may be moving every day, you need 
to be able to use the same pieces of cordage 

day after day. 


® Use knots that don't require cutting and that 
can be untied quickly and easily (trying to undo a 
knot with cold, wet hands in the dark, and when 
you are tired and miserable, can be an emotional 
experience that usually ends in frustration and 
several pleces of cut cordage) 
* Before you set off into the wilderness, learn 
few basic knots, such as the Siherian hitch and 
the taut-line hitch, which are great for rigging a 
simple poncho shelter 
1 Practice these knots until you can tie—and 
uuntie—them with your eyes closed 
® If you are trekking in a cold environment, 
practice tying them wearing gloves 


(IL) The ability to improvise what you need 
when you don’t have it can mean the 
difference between continued survival 
and despair (4/4 
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MAN-MADE CORDAGE 
AVITAL PIECE OF SURVIVAL EQUIPMENT, manmade | SN 


"USING CORDAGE 
cordage i one of those small tems that has many uses: LSINBCDRDAGE 
buikling a shelter, repairing equipment and clothing, Coa REN Ee 
making traps and nets, and proclucing fire by friction Wee enna eninetais 
using a bow drill Always pack plenty. i: Oe es 

Can be exe wit etna Tas Eaves 
fess act he net a 


PACKING CORDAGE 


Before you set off on your travels, check how rmuch cordage you 


will teed, Make sure you pack Itin to places—in your backpack eer 
and on your person, in case you get separated from your pack powcr 
Make sure, too, that the needle you ack in your survival kit Remap 


hasan eye big enough for the inner strands of the cordage. ‘oer tents 


PARACORD 

Parachute cord, oF "paracord is atype of eordage originally 
developed for the rigging lines of parachutes andithen adonted as the @\ 
standard utilty eordage ty mast of the world's miltary forbes Tt isa 


lightweight, rylon rape campesed of 32 braided strands, Each strand ee 


contains a numberof srller threads that ean alse used, In most eateaea 
situations, pracord isa Yery good option because is ready esneavove! 
analabl strong. and packs town small 


SURVIVAL TIP 


Green is the ideal color for military paracord as it 
remains camouflaged. In a survival station, ed is 
best because it stands out—its easier to find if you 
drop it and wan be used as an a to lvation, Dott 
‘pack just one very long piece of paracord (150/1/20m , 
for example), Its much bette to cut the paracerd int 
304 (10 m) lengths ate each of them ink acl 
calle a hae ssecremate and below) 


TEN HANKS 
‘Ahank can tin the palm af yourhand Ie takes up ery Itle 
oom so youcan easly stuff up to 10 of them into your pack 
and pockets, and leave them there until you need ther. 


Dot ean of 
povardinte 
paths tats, 


Forocondea 


oetnate pe 
wnthon a ons 
(hehe srcunde 
byawovon tera 
heath ants 


Tre cuter shea 
designed oot 
rengh curb 
ana fit 


TYING A HANK 


1s best to keep your oordage ina hank—you oan unti= 
i: when you need a piece ard vetie it to store it again. 
Tying a hank is straightforward! and soon hecam es 
second nature, because youl do it again and agai, 


Theendofthecord 


ali nettles 
enh rea ‘eecinoh 
Tie pst eae 


Hold out your hana! you ean use ether hand with 
the thunb and the fingers spread 

‘Lay the end ofthe card on your pal, then lage the card 

in afigure-eight around your thumb and hte finger, 


ewo stretcing 
Jou tht ant 
nck trgorto ap 
the card tot 


Continue winding the cord 
lure you have about 8 mn (20 
crn) cord left—this is the tal 


Take thehanked cordage off your thumio 
ang litte finger 
1» Secure the hank by tying the tal arcund it with 
areleace hitch knot (See 143) 
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OTHER TYPES OF CORDAGE 

‘na survival situation you may have to inerovse 
and use athe types of cordane, especially you 
ide ering ary paracard eth you or have run out, 
Before you start making it fam natural materials 
(gee gp 138-41), see what else you might haxe 
thal would be quicker and easier to adapt 


‘SHOELAGES 
The normal aoes of shoes and boots ae often strona 
‘enough to use as cord, However, the members of any 
itary units, who arent to the amount of equipment 
they can sibw or carry raclae their bootiaces wath 
paracord They use tedce 2s much as they need and wrap 
‘the extralength arcund the topof thar boots before tying 
Thisaives them aready supply of ertra catdaye that they 
Cancutoff aeneeded Youcan easly do the same—but 
never sacrficeall the cordage you ate using as shosaces 
35 youll nei to ake sure yu can still walk corfortably 


BELTS, CLOTHING, AND HATS 
You van eat aty typeof bal whatever i's made of eather, 
{sca and 90 on} nto sti to uses cordage, You can cut 
dotting into stp too, Howes, you don't have t destroy a 
‘irk completely start at thehottem hem and aut Lin @25 cr) 
strips athe way round. You can exe use your hat—aL In 
(25cm) strip trom the brim of jungle hat isust over 3ft 
(rd long. Better stil col parscord around the crown of 
‘your hat and stitehitin place ust the ent andthe bask) 


RAIDING YOUR KIT 
‘You may have other tem In your equipmant shat you could 
use 5 cordage, such as gues frm tents or draw cords 
from clothing or sleeping bags, Dental los, especialy the 
waxed typs|s extremly strong and can be used effectively 
{io lashing cr saving I you have a vec, you probably 
havea towrope; take 3 part oft and unravel the ropeinto 
stale Peres of vor dage 


BE A SCAVENGER 

Fra places are untouched by mader man. Even in remote 
areas youll cae across discarded ters rom tha "alized 
‘world from plastic battles to ballng twine. In a situation 
‘iver improvisation could be the difference between ie 
and death collect anything you could use to your advantage. 


—— 


SEALING PARACORD 
Paaord a be anlar! fo ae because end Ft 
uceretcted, eventual unravel Ty to eal the ends ater you 
fae eat hem by hong ae net them ail ey met 
Be cares the elt nylon can die and utr 
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NATURAL CORDAGE 
IF YOU DONT HAVE any man-made cordage, yournay ——r 


WARNING! 
be able to make a natural substitute. Use the roots and SITE cas WLVTV OET oa 


stems of plants to produce improvised rope for erecting ‘work with plant bees, eesialy renown 
shelters, and use sinew from the tendons of larger animals plas-sucb as geen ferns tom the ground. 


for strong whipping and sewing, eee 
thelr th a nie ne oe The 
PREPARING NETTLE FIBERS eS 


lel stinging nettles or wood nettles with long stems have the mast y} 


fibers, Ywearing gloves (or with your hands covered, strip the 
leaves from the nettles by grasping the stem at the base ard 

pantheon nett 
pulling your clenched fist up the full length of the stem. nia fore alongs 


Sit astride log and lay 2 nettle stem in Front of you Tease open the oushad tase along tha whole 
olla smooth, rounded stick oackward ard forward length of the stem of the nettle with vour 
on the stem, cressing dawn hard thumb. This expases the seengy pith within. 


= Continue raling util the whole stem iscrushed, 


CHOOSING YOUR RAW MATERIALS 

Many kinds of raw material can te used to make natural eordage, from baric 
and foots to stems and sinews, Search your immediate envranmet first to 
see what can be used—you may not have to laok too far, 


BARK RooTs 
Tettru elysbtethe ba andar led Wan treats nate ousovtageantstings tut 
eat yer ate or cre yeasts nhs race deta gi et 
F< tetan tteessunas woman inten mabogoed eontage ‘Lick for ots nar the efaeof thes teseare 
2 sh types ofkark sathas cent orb atey Ae ut sit thir ot tran you red ayo tave > 
a) Siarinutetes- an: renee te ark. ove aia fe ots fram achtrerand 
= resin caage yd tthetope 
= Sip theta ron td ie olen enter “Cul to the ot Patera febrero 
abu ies snd brespltingn taf nto mates, 
* Puloffteranbi ites inlng tips Usetemasthey are ‘espe barf to ining Yeucliakopat ona 


(Gentian honed or batting: robe preducesmotha ens anys 


° 


FINDING ACTS 


PREPARING. 


skin fom the inner pith 
= With the finger and thumb 
of onehrand, gery pull the 
yer cutward, while pushing 
down on it with the thumis of 
the ather hand, 

2 Youle let with long fieous 
strips of cuter si, which you 
‘can make into short bindings 
‘oF natural cordage (see 140), 
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MAKING CORDAGE FROM PLANTS 

To begin with, you tmust have access to enbugh 

‘quantities ofthe plant, Dont start malangooedace 

Peseta vith the only arte the aa, There shoul also be 

your dna some baste charartentins present nord for ant. 

iraenl to wodewellascodage. 

* The fibersted tobe long etch you fave to 

Sew, spite together tml workable nats you 
‘wall weaken the ling, 

‘a If youte braiding pieces together to make a stronger 

ine, use rougher fibers, as they will bite together 

better, Shiny or smooth fibers tend to unravel easily. 

«= The fibers ceed to be steong. Pullon them tp see 


Bend thestem in the middleof fs length, When you bend —_‘owmue stra ie fake bere breaking. They alco 
it, the immer pith will break away from the outer skin, ‘need tn be pliable enough so they cont brealc when 
raking it-easy for yauto senarate them 


Carefully peel the outer 


WITHIES: 


‘Te stg fable stems flow beh, 
‘atantfaislarezalet ihe andare 
toe trig ant cde 

‘hese fad oust hing 
‘ani ares set sprngor aumme 


‘ Oicseaoing aang nett 
letgant eal Teer the stems 
ortancs the ate a thy wl net 
Eotersned 


1 Reno stars reais Gra tha and 
si tetaoe anit ult fests, 
work er yay ote iy ete 
‘at a Shape ranked 
the wand tooo the fbrs Then at 
the nandc theearduce thot 


you bend and tthe. 


Fivtegostowayeie 
yer fem neeset 


LEAVES SINEW 
= Thelnuisctnanyplatssuchasthe nin snow strand vasa 
Hiab ave antscal tang crtan——_toriae—some ews can super the 
vss tes. went ofan 


' Sn as ee sa tobi are as 
Uostasané ose tote ery 
sldhing sch asiestherané mits 


= Toliadifttelesofa pbk cotaln _ Snenserthetendonseaneing bene 
selfs. snpy ters afagartty toute Te kpestareanbothses 
Seni reali stingy yes ofthe sialon, ering bo 
= Suter letscan telah fom the 
aes ofthe. 


‘= Svaltte layer nvatertoatetneler = Bleatisofromanannetbady yous 


es sreanotwrt asennien (sees eta 
fects mero on ietbes Searle det ibesan urna 
senetieibwsntresnnate toon arava pceortrattem 
Airtel ayaadbendtaen  toahertfor Some ends ucan 
a ay sinsTe? ‘soften dred sinew withwater or saa, 
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MAKING NATURAL CORDAGE 

Once you ave prepared a suficient quantity of fibers its best to /—— 
let them dry before using them—hang them up inthe sun or near | 

a fire Ina survival situation, youcan use them before crying Twisting Ennuchpreasdl natural ines oe 

oF rolling the fibers are the two main methods of making natural op. 138-25) tn ove you te length of 
cordage. As with most survival tasks, practice makes perfect. -corfage thal you equ 


TWISTED CORDAGE ——— 


Start your first length of cordage toward ane end, natin themida, 

{to prevent all the subsequent splices fram coinciding at the same point. 
Thispprovides strength, as each spice is 2 potential weak pot. If they 
are thin enough, the twisted cordage fers can then le plaited to 
create thicker cord that's even stronger. 


Grip the firs length of fiber athird of the way along “Twist the fiber with your right hand unl atight 
its length between your left Lhuinb and forefinger, loop i formed 

«= Grasp the fiber with the thumb and forefinger of your = Keeping the tension inthe cord, inch your lft thurs 

right hen 1 in (3 em] from your left. anu forefinger forward and clamp down on the loop. 


Te cantisbetwsen 
"pr rie ard 
fear joer 


Sweep the middle and fourth Fingers of your Now that the new twist isclamted by your left 
Figit hand upward, pulling the eft-tand cord hand, you can release your right thumb and 
under the captive piece forefinger, letting the lower cord fall 
Inch your left thumb and forefinger forward, ane * Grip the upper cord 1 (3 om) from your lft fingers 


clamp dawn on the new twist with your right thumb and forefinger. 


STs 


SIMPLE ALTERNATIVE TWIST 

Yo es! fo start with to bes of ifner nts sn that 
oben you spleen aditional erat the slices lagaeed 
Stat by tying ove end of one fiber wth one en ofthe cher: 
» Clayp te es yor et tub acd fren an tre to 
‘ab inyoornht hun and frefinger baat 2in Ge) dw 
Fel but ier between you fingers aay from you one 
complete ol Repeat is ufiyou fae abut 3 75 and oF 
roles besten lan the in your ag shu ard foenger, 
Release your I thumb and eefnge and he cl ibees 
‘lature ngether oor a strand of sortage, 
Pept the pence nti you hate eu or yor need, 


Hola bye tut 
wth your et tan 
‘ana fvenngar 


‘Move your rit han bales that in (3 om) 
af ord vse are aly another twist 


* At thesame time reach forward with the middle 
and fourth fingers of your righthand and grasp the 
cord hanging from your Ie fingers 


Repeat Stens 3 4 and 5 as you work your way along 
the lenath of cord 

= To splice in an extra length, overlap the new piece 2 in 

(6 om) along the existing Ther and twist the two together 

between your laft thumb and forefinger, Then continue 

with the process as before, 
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ROLLED CORDAGE 


This method of roling eardage, which is alsokrown 2s 
theayemy rll” fseasier to do f youre sittina down 
As withthe simple altemative twist (see lef), you 
reed to Stat with two fers of differant lenaths and 
te one end of one fiber to ane end of the other: 


ayshesans 


ofthe ee Te theenae 
seedy ste oft 
onjour igh for 


Hold the tied ends between the thumb and 
forefinger of your left hand 
1 Lay the tw tails of the fers on your right thigh. 


Use the flat palm of you right hand to roll 

bth fibers simultaneously away from you. 
‘You may find it easter to use te lat of your fingers 
* At the end ofthe roll clamp the fibers dawn onto 
“your thigh with the tips of your Fingers 


Release yur left thumb and forefinger and 
the rolled fiers will naturally tt together 

to form a strand of cordage, 

1 Rereat the process sung inmorsexrdage asrequred, 
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TYING KNOTS 
THERE ARE HUNDREDS of different types of knot in | 
‘THE ENDS OF A LINE 


existence, but by practicing the handful of straightforward 

knots shown here and overleat, you should be able to LU aes 
accomplish most survival tasks. Start by tying each knot Teale a ial srry nds 
in the situation you expect to use it—for example, erecting, "ote passive, asthelenot is ed around i. 

a porico shelter—and then practice tat least 20 times, 


ARBOR KNOT 

This all-purpose knot has several survival uses, When erecting a 
SEP KNGT poncho or a tarp (see Chapter Fou), itean be used as a tie-off 
knot to secure one erd of a line to a fixed point, such as a tree or 
peg, where no adjustment Is required. It can also be used asa 
di rovesingeny | sting to secure two poles together—for example, in an A‘rame 


tatueenoarniit shelter (see p, 164)—with just ane turn of cordage 
arb wr veto 


A slipknot isa good example ofa simple 
Frnob that has many practical uses in 
survival situations, 


oli tondog end 
Beteen jeu ef 
onc face 


Twist the standing line over the 
‘working line to frm @ oon 

= Hold the loop kettan your let Pass the cord around eee 

thumb and forefinger thetree with the mnecerse 

‘working end in your right 

hand ard the standing line 

in your left hand. 


* Loop the working end tte tg 7 
‘over the standing line, gS «e 
sianingend | thenboack and over the 

cord around the tree. 


22a ie 
veorig end 


Mea ean ty te ering en 
and pass i into the first loop. 

= Collect the secand loop with your left 
{thump and forefinger anlpulit throu 


en the standing ine Pete wong 
taut with yourleft hand ipitfene 
Gather both ends in your right ard pull the working end 
thule and forefinger and pul them | down with your right 
away from the logp in your lft anc, *= By pulling onthe warking 
= Put the loop aver whatever you want | end you wil lighten the 
to secure—for example, buttortieon | overhand knot arcund 


Yyour by sacke—and al the knot tight. the standing line 


OVERHAND KNOTS 
‘An overhand knot is the ist part ofthe knot you use Lo tie the laces on 


{your shoes. One averhand knot tied around another forms a stop knot or 
‘they canbe tied as a double cverhand knat arcund a fixture. 


< >< 


pastel laze Pulte 
fighter — gtr ‘aghter 


Puee 
‘tighten 


‘OVERHAND KNOT 
Twist the let ne over the right to 
forma loop Hold it with your eg 
thumb and forefinger 

= Pass the working end through the 
Toop with your lef forefinger and 
thumb and pul both ends to inten, 


DOUBLE OVERHAND KNOT 
Follow the sequence forthe overhand 
not (lef), but pass the wo 
through the loop twive befor 
the two end 

‘= A.stophnot used at the end of Ine 
top the line fromsiopna 


pling 


verona ict 
‘round the 
nding tne 


ass the working end 
around the standing 

Tine, and then over itself to 

form an overhand loop. 

«Pass the free end up 

trough the loop. (You have: 

‘now tied an overhand knot 

around the standing 

line—see above, Step D. 
ul hard on the 
sonleaiats 


oat together, 


Tie ancther overhand 
knot in the working 

end as clase to the first 

not as possible. 

= Once the two knots are 

locked together, give the 

staneling line a sharp tug, 


Ti sgte 
‘verhon! io's 


igh ck 


ryine knots | 143 


DOUBLE CHAIN 
FASTENING KNOT. 

‘This knot securely attaches the free end 
of line toa fsture, particularly when 
‘weiaht i involved and you dort want 
the knot to slip or come loose, 


Wort 
ne 
tenting 


tie. 


Loop the working end around the 
fixture, such as a tree oF pole. 

1 Pass the working end over and around 

the standing line, 


fatten 
Mrs ae 
coy 
senly 
= 
Pass the working end back around 


the fixture and then bring it back 
Under the standing line, 


Working tne 
goss oer the 
‘Sanaig tne 


Pass the working end over the tap 
and around the standing line again, 
‘and once more around the fsture. 


Working 
nese 
_ ‘heugh 
on 
tanta 
‘ne 


‘As you bring round the working 
line thread i underneath itself 

to complete the knot. 

= Lock the knot neatly into postion 


Figure 106: User Diversity 


rm , * 
User 1 


2 High data rate 
g 
5 
a User2 
Low data rate 
Time 


User2 User? User2. User1 User User 
ysavy Research 


Higher Order Modulation: HSDPA uses both the modulation used in WCDMA—namely 
QPSK—and, under good radio conditions, an advanced modulation scheme—16 QAM. 16 
QAM transmits 4 bits of data in each radio symbol compared to 2 bits with QPSK. Data 
throughput is increased with 16 QAM, while QPSK is available for adverse radio conditions. 
HSPA Evolution adds 64 QAM modulation to further increase throughput rates. 64 QAM 
became available in Release 7, and the combination of MIMO and 64 QAM became available 
in Release 8. 


Fast Link Adaptation: Depending on the condition of the radio channel, different levels 
of forward-error correction (channel coding) can also be employed. For example, a three- 
quarter coding rate means that three quarters of the bits transmitted are user bits, and 
‘one quarter are error-correcting bits. Fast link adaptation refers to the process of selecting 
and quickly updating the optimum modulation and coding rate and occurs in coordination 
with fast scheduling. 


Fast Hybrid Automatic Repeat Request: Another HSDPA technique is Fast Hybrid 
‘Automatic Repeat Request (Fast Hybrid ARQ). “Fast” refers to the medium-access control 
mechanisms implemented in Node B (along with scheduling and link adaptation), as 
opposed to the BSC in GPRS/EDGE, and “hybrid” refers to a process of combining repeated 
data transmissions with prior transmissions to increase the likelihood of successful 
decoding. Managing and responding to real-time radio variations at the base station, as 
opposed to an internal network node, reduces delays and further improves overall data 
throughput. 


Using the approaches just described, HSDPA maximizes data throughputs and capacity and 
minimizes delays. For users, this translates to better network performance under loaded 
conditions, faster application performance, and a greater range of applications that function 
well. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 189, 
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DOUBLE SHEET BEND SIBERIAN HITCH 


AES 6 Dae OD ar a This knat, which is also known as the "Evenk knot,” is good for 
renee ehicy ean extremely use) attaching a rope toa fnture—for example, when securing a 
Genes a Bee saahieupua! ridgeline toa tree for a poncho shelter (see p. 158), 

more secure-and are recommeded for 
‘ying ropes of iferent thickness, In this 
instance you use the thine ofthe two 
topes to tle the knot 


ase 
e 
| tol 


Pass the cord arcund the tree Lay the standing live onthe 
with the working line in your pan of your left hand, 
ght hand and the standing * Loop the workdng fine one and 
your left hand half times around your fingers, 


Start wath two ropes and form 
loop in the working end of 
‘one of them, 
s Pass the end of the second rope 
‘throuah the lop, 


The ania 
thesecond 
The heeondefeach ene 
int bean thesame sie 
Pass the free end of the second 
ope frst unde, then up-and over ring your left hand under Hold the working end in your 
‘the loop, Pass the end through the ness the standing ine right thumb and foetinge 
loop you have created, s Turn the palm of your fad so» Bring the lop that is around your 
«= To finish a single sheet bend, pull the that one loop twists ever another. left fingers over the standing line. 


standing end of each rope to tighten it 


-_" 


Totiea double sheet bend, pass 

the free end of the second rope Pinch the working ine with Palle working end aga, to 
‘rout the loop (as in step 2) again, the fingers of your left har tighten the knot around the tree. 
‘= Tighten the knot asbefore by pulling = Pullitup through the loop to» Tofreethe knot, pullthe end ofthe 


the free end of each rope. tighten the knot om tse. standing line 


TAUT LINE HITCH 

This knot is widely used in survival and outdoor activities because it 
can be adjusted to inerease or decrease the tension in a fixed line—for 
example, a guide rope ona tent ora mooring on a boat in tidal waters, 


Working 


i 
¥ 
iF 
‘Attach the standing line to an Tie another half hitch next to 
anchor paint, such as alent, and the first one, so that the two 


pass the working line around atree. half hitches sit side by side around 
a hal itch (See below) with the the standing line 
‘working end around the standing tne. = Don! tighten the haf hitches ye 


Paella 
Paste neki ur he @y Teen het lig 
“indi ica ekiogs ©) th hes 
the new loop it created (but outside = Pull the knot further from the 
‘of the loops in Steps 1 and 2). anchor point to increase the tensior 


HALF HITCH 

The half itl isa simple 
kot that forms the basis 
for other knots (se taut 
line itch, above). 11S not a 4 
secure ol an, when used 


Treat & 


tying xnors | 14.5, 


QUICK KNOT RELEASE 
‘You can dismantle a tent 0 free a 
boat fromits mooring more quickly 
by finishing off the taut line hitch 
(Gwe left) witha quick-release knot 


“inthe 


Working end 


Repeat Step 3 of the taut ine 
hit (see fet), but this tin 
make a loon, knowin as a “bight 
the warking line and pass it—rather 
than just the end-—thraugh the loop, 


Staring 


eres enti | 
‘Tighten the knot asin Step 4 
(ee el). 

* Leave the working end free so you 

‘cain pull it quickly to release the knot 


aloe i tends loli, You . od 

an doubler ete te ioe 

ie rere iT, 

halhichs under fest Paste con around Ql Hold the standing ney Push the second ie 
can befeut t undo thefwuresichasa © and pus he hall Ugh othe st ih 
witout cutting the cd, ar or tree Aichinottimanl the tank forrest 


especially ater a few ‘= Pass the working end —_fheture to tighten i 
dys i the Knot has dried around the standing ln 


f= If you need to, finish off 


= Repeat the sequence and the working end with an 
cout after being wet and back through the lop. tie another hal hitch, overhand knot (see p. 143) 
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USING CUTTING TOOLS 


ANYONE VENTURING INTO THE WILDERNESS should carry some 
kind of knife, preferably a bushcraft knife. It’s probably the most 
important survival tool after knowledge. Although a good knife will 
help you through many survival sitvations, look at the environment. 
you are traveling to and choose your cutting tools according to their 


GaP 


WARNING! 
hyoudtopabusteatt 
Are reve afta fo 
cath Because teres 
Nery anode yay 
wills yourfiogst 


potential uses—for example, you may need a saw as well as a knife. 


BUSHCRAFT KNIFE 


An experienced person can accampllsh 
most survival sills, such as making feather 
sticks (see pp, 120-21), with a quality 
busheraft knife. This type of cutting 

tool has a number of crucial features 

that will stand you in good stead 

in every situation. 


ttoshonnt pote 
rawnst lana 


‘aed uor or tone pre 
‘Aictibbed rubber bares 


LARGE KNIVES 


Allover the world, penpe livin primitive fives have 
wo essential items a cnoking pot and a large working 
blade ether apparang or machete 

« Paranas and machetes are similar types of if, The 
parang s associated with the Malay peopleand there re 
‘many varies avallable, Machete ara mars cammmon=you 


an stil see machetes being used in Africa today that were 
made 40 years apo frorn ald Landrover suspension springs 
Thelruri ts asimilarknie used by the Bhurkas of Nena 

1 A parang ar machate blade s aut 18-20 n (45-80 cm) 
Jong ands used primarily or cutting and lashing but, tke 
the 2x, can ba used fer intricate wore 

2 Always ear ars lanyard hs using machete 
parang, or kuksi—and pay atiention to wht you ae doing, 


ACHETEZPARANG 


A fest hat to oe 
Seutimearsthe ang 
ya uf 
‘an ako get ajregay 


Fea eter saath 
oi theme sere) 


Bigs tat 
extend rough 
tomeeree 

a nn et 


sharpest tc 
rasa the 

‘ale = wortng 
toe tothe ands 


(Gin) ene ant 
rages tgs 
opnighearaon stat 
tog saver 

wed gots 


fates sea 
Cnyecr ib 


Tretia aoe the hale 


thatretices thechance of 
bat stoping on toe age 


(ame 


KNIFE KNOW-HOW 

sushi sed pitniy orcaving, cating, and 
-solifina al loa, you reed otep brge bas use eter 
amadteisorasam, 

+ Ale does esto be longer than 8-9 n 20-725 ch 
sii se alifewith a sera edge ten wring with 
‘vor as te eras ae Kar use the pao the blade 
closest nis andl ese aking nies et) 
Keep yoat ei afew not use Clear and dey the 
lade act yur it its seth 

‘Wea? you sheath on youre o around yout ned ona 
toyed Ball sheaths maybe gh th handles above te 
fel) oly hear Sea bt hi alos you 
‘osteo without the ance pola you the a) 


SHARPENING A KNIFE 
is very important to keep the bade 
of your kills siarp. Bint biades 

are dangerousbecause they are 
tkely to bounce or sip off the wood 
youre workehg of. Also, blades that 
fave completely ost ther cutting 
exlge av very dificil to sharpen 


SHARPENING STONES 
Keep a good shaving stone at hore 
toensure you sways set out witha 

hie that i share. 

sn the fied carry small fattweight 
device for quickly re-sharpening a blade 
thats begining t lose its ede 
‘Theres agood range of sna 
sharpening stones medium one die, 

Fine the othe) that fitinta area 

leather pouch, 

‘Small automatiesharpeners are 
aralable to buy that use two sets 

of ceramic stones to sharpen a knife 
pulled Eetweon ther, 
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True the hack te tate 
{otey tea ote sone 


Hold the knife ina forehand 
rip, with the blade painting 

‘aay rom you, Support the tin of 

‘heblade with the thumb and 

‘inge’s of your other hand 

Push the ke so the ull blade 

atts over thestone in one swear, 

Lift the blade andi return ta the 

start, repeating the action 6-6 times. 


Tar rom de fr 
‘tf te stove 
Repeat the sequence fur the 
other sido ofthe blade, but 
reversing the crucial elements, 
‘= Hold the ef with a iackhand 
drip, withthe blade pointing toward 
You at the far end of the stona 
“= Pullthe aif in an arc over the stone 
inne drave Lift and retarnto the 
Start, repeal rig the action 6-6 limes, 


WORKING WITH YOUR KNIFE 

The way you hald your busharaft knife car help you accomplish a variety 

of cutting tasks easily and safely. There av several assentlal grips, elas 
the forehand, backhanel and chest lever, In most cases, you eed to grip the 
handle firmly atthe end nearest the blade sa that you can cut with the part 


of the blade nearest the nandie. 


FOREHAND GRIP 


This grins the ost natural andthe one 
most often used It allows your back and 
arm to provide the power and strength, 
‘vhileyour wrist prewdas the conte, 
lacing one or bath thumbs onthe bake 
ofthe bat allows you atonal patra 

for finer more 

‘footy tebe 

ith oer bot Atala ote 

sae Make sure the 
bladesfacing 
down, Otherwse 
you ae likely 
“ogi yoursat 
serous a, 


SAFELY PASSING A KNIFE 
‘A group may only have one goad ie 

far everyendy to use, 50 youl need to pass 
Tete each other frsquently Pass the knife 
handle first wth theblade up. This se 
and sae method is easily learned and car 
be pte yee yon 


Puli Stade! 
Tewsra sou 

Werk the cod 

vais tio partct 

BACKHAND GRIP the Bade eaest 


“This isthe same asthe forehand oi, ae 


eacent the bade faces up toward you 
You can use it when you want to see ard 
contra exactly where thetiadals going, 
or when youve cutting something and a 
folow-throuch would injure you—for 
example, when sharpening astick 


CHEST LEVER 
“THis sat extremely effective technlewe i shich 
youholdthekeife a backhand gia and use the 
rscles of your arm and chest to provide power 
anc strength, You can cut clase to your body 

‘while your wrists contal the cutting action: 
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TREE-FELLING WITH A BLADE eur Trewaythe 
For shelters and fuel, the largest tree you are likely to cut aff'B' oe ion 


down will be about 4 in (10 cm) in diameter For anything — S20) bag ae 
larger youd need an ax, but for smaller ones use a saw (see amine iis gual 
ppp. 150-51), If you dont have a saw, use the blade of your 

busheraft knife or @ machete or parang. Whichever blade 


you use, Keep its lnyard around your wrist, 


Figure cut the lean ofthe tree and start your 
first cut on the apposite side, This staps jour 

blade jamming in the cut asthe tree leans further 
1 Hit the top ofthe blade with a thumping stick ol). 
# Move the blade about % in (15 mm} to ene side af 
the frst cut, andthen angle the hlade at 45 degrees 
toward the frst cut 

Continue to alternate this action from side 
{to sie, cubting 2 ¥ into the wood. 


places bia fur 
—————— Fajed Bagnes 
ea ee bees saudi 
Ensxre your blade is stare. 
feicotryercyucae | va ect ory 
ble, with the blade pointing ay. f"at Niece ‘Pi eee 


SPLITTING FIREWOOD qs 


‘SAFE WORKING AREA 


When you split wood Into fuel fora fire, use the largest blade ee 

‘yu have, wark on a sold surface, and avold wood that has eae ane ered 

large knots as these prevent the blade fram meking a clean eut. (eel eine es 
objeto pee you swing 

LARGE LOGS love your ef are 

ee ee 

Fotowhd med vrs wal aa ean tea minccene 


Hit the bask of your Use your knife and a Hit the wedge into the ‘TF the og des not 
if with a sti thumping stick to initial vt. Keep doing split completely foroe 

ard cut asolid wedge start the tial cut aeross this unti'the lagsplits, Use It open with your handsor 

from thesideof thelog the top ofthe log more wedges ifyou need to. pry it with your blade 
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— 


SSTRONS BLADES 
Usa lang ie he 
nafs 
Havens teen 
‘ anc) The ves 
Piehirg tol the nde nay ese 
sea bu! ie be 
strnge than onethat 
swe o lth na 
theta eth 
a feleing a 


Work the cut around the tres unt youve 

most reaches the middle from every 
dlrection except from below ‘Ones the cuts are deep enough to weaken J 
«Ifyou ty to cut completely through the wood the wood, you wil ke ale to snap the tres in t. 
from one side it wil get hereasinaly difficult as = Take care that the tee does fall on your feet, 


‘the blade goes deere. 


To trim thebranches from the fallen tree, start at the 


SMALL LOGS bottom and work your wey to the top. This allows you 
Spitting asmail og can bemnore tricky than splitting a J 2° Sort swing for you thuming stick 
large log, bezause tts dfiul to balance it safely while ff eep the tree between you and the blade, and trim each 
Goll the blade with yaw thumping sick borane in the direction of ts growth, 
1 Tf youre using amachete, you dor need a thumping 
Place the lng on a stich, asthe heavy blade has enough momentum of itsown 


sold surface and 
putyour knife in the 
‘midalle of the end af the 


mute 
loa youre aout to chop, Eton 
s Hitthe back of te lade layne 
ji ur lk, crates, 

firmly with your sis Saha 


© spiteaeties 
until the log splits down “"Y 
the mice, Splveach piece Sic 
again to quarter the wood Nein hc 
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USING A SAW 
A saw is much better than a busheraft knife for larger jobs, 
such as preparing logs for a fire or cutting down the poles 

needed to build a shelter. There are several types of pocket 
saw available that are lightweight and take up very little 
room in your backpack or survival tin, 


USING A POCKET CHAINSAW 

Using a pocket chabwsaw tp cut down a small tree 
issafe and not especially hard work, You can use 
the same saw to trim the tranches and then cut 
the wood inta manageable sections, 


Isert a wodge 
‘prevent te 
sit jamming 


Aikeghasoistrce 


POCKET CHAINSAW 


This 28 n (70 on) chainsaw blades ¥ 
SUSHIL tol eine Delerrnine the natural len of the'tree 


at ab saw ots eats 

chanics Tea eat trough 

$n cm) daetar vee ander + Pulte saw bade and frth 

TOsecons + Kook a wedge nein the saw when ray 
through stop the tree om aneing te iad, 


Slow down when the sawhas Use the same back-and-forth Saw thetvimmed trunk ito 
realy out through the tree, rhythm to trim the branches, amieasured section, 
‘= Allow'the weight ofthe tree to snap Clea thebbranches away as youl When youre halfway through, prog 


the cut ard break itn two, trim them from the tre, up the trunk to make sawing easier, 


FOLDING SAWS 


Folding saws are strong, ight, and corivenient Somme, 
such as the Sandie Laplander have a serrated 


blade that folds inte the hance see right) 
Others, suchas the backrackers ee 
belo canbe dismantled for stowing, 


Trebidespen ant 
easosat ange 


BACKPACKER’S FOLDING SAW 
‘Those saws are generally lightweight 
and strong, but are nat ase fectiveas 
the pockst chainsaw If space lstight, 
then you can paceoniy tho blade and 
Improvise a bow saw, vang natural 
riers four inthe was 


Fre ere fame amasae ee can 
cy be talon apart ana toed sf! 


COMMANDO SAW 


‘This saw lakes up very Iitle spave and 
consists of a serrated wire blade with a 
swivel ring at each end, Tes a useful pece 
of survival equioment, although i tends 
{o snag and snap easly unless you kesp 
it campletely straight, You can easly 
ccanwert it into an improvised how sav, 
and, with a ite more effort, make it 
into a very effective tension saw 


Mois orotento 
sesjetta second 


MAKING A BOW SAW. 

Cut a sapling aparax lin (2.8 or) in dame 
and 3 ¢ (90 em) lona with aferked end. Hook 
‘the swivel ring of your commando saw over 
the fork and placethe forked end on the 
«round. Ease the sapinginta the other ring 


and make a netsh forthe rng tft in 
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IF YOU HAVE NO TOOLS 
Even without any cutting tools ts still 
possible to Safely break wood down to 
size The arswver fs sachin —or even 
bhurning—the wood. Dortt be temted 
{o stand tranches and sticks against 2 
log or yock and then stamp on them in 
the middle Ina genuine survival 
situation yur feet are your enly means 
af transportation so dort do aryhing 
‘tat rises injuring them, 


FOLDING SAY 


‘SNAPPING THE WOOD 

‘You need to lint thesdze of wood youre 
{trying to breal—don try to snap branches 
that re to bread, Use wood that’s deat, 
‘eecave9 green ling wacd just bends ard 
refuses to break corps 

"Find two trees that are1-2ft(30-60 
fom) part—or a tree with to trunks close 
‘together —to useas afulorum for the 
‘wood, Placethe wood inthe fulerum 

= Adopt afirm and steady stance and, 
with ne foot front ofthe athe, ull the 
‘ond toward you unt breaks, Pulling 
‘nyard you keens your center of gravity 
‘over your spread fee, whte pushing ava) 
from you causes you to sturble forward 
Shen the wove Bras 


ssp ontot 
a on 


treat sqpinas 


BURNING THE WooD 
4 you haves fre going place the wood on 
the frewhersyouwantittobreak Leave 
Icom the fire url burns al the way 
‘oval Aletnstively when it hasioumed 
halfway rough use the srapminy metiod 
scribed above —but don't wor onthe 
‘ood while: stil burning or Pot. 


eoeees 
eae re: * 
a 


Field results validate the theoretical throughput results. With initial 1.8 Mbps peak rate 
devices, vendors measured consistent throughput rates in actual deployments of more than 
1 Mbps. These rates rose to more than 2 Mbps for 3.6 Mbps devices and then close to 4 
Mbps for 7.2 Mbps devices. 


In 2008, typical devices supporting peak data rates of 3.6 Mbps or 7.2 Mbps became 
available. Many operator networks support 7.2 Mbps peak operation, and some even 
support the maximum rate of 14.4 Mbps. 


HSUPA 


Whereas HSDPA optimizes downlink performance, HSUPA—which uses the Enhanced 
Dedicated Channel (E-DCH)—constitutes a set of improvements that optimizes uplink 
performance. Networks and devices supporting HSUPA became available in 2007. These 
improvements include higher throughputs, reduced latency, and increased spectral 
efficiency. HSUPA was standardized in Release 6. It results in an approximately 85% 
increase in overall cell throughput on the uplink and more than a 50% gain in user 
throughput. HSUPA also reduces packet delays, a significant benefit resulting in much 
improved application performance on HSPA networks 


Although the primary downlink traffic channel supporting HSDPA serves as a shared 
channel designed for the support of services delivered through the packet-switched 
domain, the primary uplink traffic channel defined for HSUPA is a dedicated channel that 
could be used for services delivered through either the circuit-switched or the packet- 
switched domains. Nevertheless, by extension and for simplicity, the WCDMA-enhanced 
uplink capabilities are often identified in the literature as HSUPA. 


HSUPA achieves its performance gains through the following approaches: 
@ An enhanced dedicated physical channel. 


@ A short TTI, as low as 2 msec, which allows faster responses to changing radio 
conditions and error conditions. 


Fast Node B-based scheduling, which allows the base station to efficiently allocate 
radio resources. 


@ Fast Hybrid ARQ, which improves the efficiency of error processing. 


The combination of TTI, fast scheduling, and Fast Hybrid ARQ also serves to reduce latency. 
HSUPA can operate with or without HSDPA in the downlink, although use the two 
approaches together. The improved uplink mechanisms also translate to better coverage 
and, for rural deployments, larger cell sizes. 


HSUPA can achieve different throughput rates based on various parameters including the 
number of codes used, the spreading factor of the codes, the TTI value, and the transport 
block size in bytes, 


Initial devices enabled peak user rates of close to 2 Mbps as measured in actual network 
deployments, while current devices have throughputs of more than 5 Mbps. Future devices 
could have network rates as high as 69 Mbps, as discussed further below. 


Beyond throughput enhancements, HSUPA also significantly reduces latency. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 190 
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SHELTER 


A shelter is your primary means 
of protection v 
in be somewhere to simply keep dry 
during a sudden downpour or a place to 
spend several nights while out ir 


e betwe 
fe comfort and abject misery! 
‘vival situation, it's impor 
proactive r n your own 
d survival and rescue. You can 
only achieve this ely if you're 


n a good condition—both physically 
and mentally. A day or night sper 
sed to the elements will det 
how well or how badly you pe 
y. A restless and uncom 
, for example 
deprivation, which can make y 
d easily frustrate 
n lead to a lack of concentration 
and irrational thinking of which 
helpful in a surviv ion 
a s spent in the wilderr 
t longer than tl 


In this section BVT See) 


* when to lie low in a hollow or camp ina cave... 


® how to modify your poncho to put up a shelter... 
» the difference between a bothy and a bivy... 
* how to bed down with duck down or wake up in a wickiup... 


® the importance of us 


g your noggins to secure your shelter. 


® how to configure your fig leaves to keep out the rain... 


rakinesuerter | 155 


On any expedition yo. 

should aim ry equi —such as 
a basic bivy or a tarpaulin—that could be 
Is forma shelter should y 
urself from the elements. 


nee 


A SPACE BLANKET, howe 
simply an essential piece of gear 
nothing else, make sure you carry one and keep 
you at all times. Space blankets pack 
down very small anc ilable with o1 


always ehjoy as warm, dry, saf 
comfortable a night as possib vr'tto eect heat) 
rarely wasted (to aid location). No 
With shelter-building—as with other you're exploring, a space 
areas of sutvival—you should always you immesdiate protection from 
apply the principle of expending the 
least amount of energy for the 
maximum amount of gain. This could 
mean simply exploiting the options 
nature has already provided, such as 
caves ar hollows. Finally, plan for the 
worst conditions—it may be sunny 
when you build your shelter but pouring 
with rain at three in the morning! 


With a little ingenuity, a sp 
a ted into baste shelter. You 
will find instructions on how to build a variety 
apter, but a 
tips, too: 


look for natural sheltering places 

for hazards such as signs of flooding 
before nightfal 

wefore you start to build 
rance at right angles to the wind 
passible weather conditions 


= If ona slope 


your feet 


_|L] The effectiveness of a shelter can 
mean the difference between relative 
comfort and abject misery [ || 


D 
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HOLLOWS AND CAVES 
IF YOU DON'T HAVE a shelter of your own, look for oN 


shelter opportunities that nature has already provided eR A MAEMO 

for you, such as a cave or a natural hollow in the around. Seas gk) and bs 
However, avoid natural hollows in low-lying areas that 1 San, sas pocket cars 

may flood and, if you're on a slope, Keep well away from» Weer ur aes vet mu ss 


bracken, and pine fount for ther 


hollows exposed to run-off water. 


NATURAL HOLLOWS 


A hallow that may be too stallaw to 
sit in can stil provide shelter framn the 
‘wind ifyou lien it—and, with a basic 
roof, keep you dty too, 


BEDDING 
Cover the floor of a shelter with some 
{orm af bexing to prevent your boxy 
from losing heat to the cold ground 
through conduction, After all the eneray. 


seule used tol te steer hy Auton site 
“waste ton an uncamforiable night? atte, 
Use the driest materials you can find 

{see list below). 

MAKE YOURSELF COMFORTABLE 


Here are spmeldeastoheln yu erioy 
4.good niaht’s sleepin your sheer, 

® Colect twos as much bediing as you 
think-you need: 6 in (25 cn of lly for 
‘example, compresses tn about 2 in 5 an) 
after you've bes vra on ifort 


‘= Plans |ags aroun the bedded areato stop 1 the hollow ft deep ena to le 
the beaing trem siting a spreading, remove some soll wth a digging stick rie hhn pihiod 
s Ifthe ground slopes, sieep th your 1 Beware vet soll as it eauld be prone to food ing the ang of te owe 


fa heat ee 1 the around isto hard todo, ould up 


‘the sides with logs for extra depth 
= Lay beeiding materlal on the 
‘ataund before continuing 


ti sep 
ret rnin 
BEDDING MATERIALS Frese of be tio 
1 Feathers, suchas duck and go0se down, 

are the bestveddng as they retan warmth 


With your saw, dy pales or branches 
are ‘your saw, out a number of sturdy poles or branches 


ERATE CN aC yeternen ened (seo. 150-81) thet are long enauh to place across the 


fella tates a upon 09 
sory one an spre bass oy ions, 

mois acer grass andoiy(vern || =: 2thike, longer lng and pace aross the pes, Tis wil oeate 
toeravert trum pncimg yu), helght and slre for a itched rat. Make sue the log et tooheary 
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TAKING SHELTER IN CAVES COASTAL CAVES 


Caves até reanymade sheteys that are usually dry and senure There are | Coastal caces shave the seme dangers 23 
some dangers, inolding animals peor air quality, and water Many caves | anyother cave, tut they are also subject to 
are outlets fy streams or are connected ta pools Dortt qo any further | the tides, which ean ise very qulekh—h 
in than you nan see, as theremay be hidden drops <ligpery surfaces and | some areas they can advance hundreds of 
crevasses. Avoid old and d'sised mines, they may be prone toccllapse | yarcsin amatter of minutes 


‘ANIMAL DANGERS. LIGHTING FIRES ‘THE DANGERS OF COASTAL GAVES 
Many animals, such ae boars, bats, ‘TFyoubuiklafra at thofrentof cave | When yulreassessing a castal cave lon out 
Insects spiders, nd snakes, shelter thessmake ceri biow back side and the | forte folowing warning sgns offloading 

in caves so check the ground around frecan block your wif gts tou big, | coring hi the: 

‘theertrance and insdeforsgnsof —-Buldafre taward therear ofthe cave, | = Alineof seaweed, driftwood, or flotsam and 
‘racks and nests. Vampire tatscan be bumaeswetnattheretsasuffioent | jetsam—aither inthe cave or further bacon 
dangerous as they ae knvwnto camy flow of afer the anoke t escape, You | the beath either sie ofthe entrance 

ables Bat droppings (auand)forna can erect small frerefecter or make | =” dampor wet smal. The cave may even look 
‘tklaveron the ground and,inlarge apileofvacksattheentrance toreflec. | wet the tidehos recertly gone out 
quantities can behichly combustible. heat backinto the cave, ‘= Rook pools the cave or infront of 


POOR AIR QUALITY 
Hacavemaies you fe lgh headed 
Or nauseous eave at once because the 
ayy Defoul due to exness carbon 
ioxde, Other warning signs are an 
inreaseapulseandbreathing rate Ifa 
flame starts to cm, ertut tue eave 
the cave immeditsly—this may not be 
sign of excess carbon dloxdebut a 
lac of oxygen, which can be worse: 


Ab eusrort tok the 
‘ool ut of the ae ; be fuel aber 
hd radios ov mse oot 


ay scovngorsert 
Place shorter tvanches, sts, of athe tere 
a 


poles over the top of the log aid 
rossbranches to create the plished roof 
1 Pack these materials tightly together 
and make sure theyte Fim in position 


The spave batwoen the 
“ogee 
wie vt 
‘thahoat gerard 
Tac ester 


Te peigt ond 
age tow ter 
runoff ts 

Leave an entrance at one end of plcavo ater 
the shelter-with enough space to Thon seep toon 
get in and out withaut disturbing the raof 

= Ensure the entrance doesrtt fave the wind — 

an angle af 90 degrees ta the wind is kes: 

1 Tnsulate thepaitched root with as much 

foliage as possible 

= Start the fal ineuation layer at the around 

‘working up ta the tom of the reof to create 

an overlap for rainwater to run of 

* [n wel conditions secure your poncha 

oF spaoe blanket aver the top, 
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USE-ANY WHERE SHELTERS 


WITH A PONCHO OR BIVY SACK (see pp. 160-61), you can 


make a shelter for use in any environment and in any conditions. 
You can also adapt any type of material—a sur vival space 


blanket, ground sheet, of tarpaulin—in the same way 


ONE-POLE PONCHO 


‘This shelter js very quick and easy to erect and take 
down—useful when eneray levels are low ar when 
you just want to get out of the rain. If you need 
‘tn be rescued, put the most visible colar on the 
outside to increase the chance of being spotted, 


cut three 2 
(60 om) lengths 

of eordage and ane 6 ft 

2m) length 

= Tie the shorter lengths 

into loops using an overhand 

not (see 143), 

* Tie the lang length ta 

one corner with a Siberian 

hitch knat ésee p. 144) 

= Fasten the eordage loops 

to thecamner arommets 


Sweed th pone 
Fao thea 


Teenage 
length of cord to 
(econo ein 


/ 


‘TOOLS AND MATERTALS 
Porto Gy sax ome, 
spacelike or tara 

= Crago or laste honaees 

a Pegs stick poke 

1 Po og fr Faneneiag 

' Suna cif penta 


Tiethelong cord to a 
tree with mathe Seran 

hte it ala height of 3 

Am) off the ground. 

{fm tris waite eunthe 

Silage cir a slick staked 


Perera et 
esgrand ses 
eatin ot 


‘Solon tere 


Make sree tp of tm tick 
inte pancho 8 scare 


Pica pegs ator 
tage of etout 
seri teano9 209) 
‘ern the chet 


Place one end of a 3-t Cm} long 
stick the had of the percha, 

1 Seal the hood ky tying a silent 

' Wind several tums of cordage around 

theknat and secure ft with an artor 

kot (880 9.142), 


86 wae ound 


theedges of 
testete esp 
fa hed 


Dose cain tering kt 


Let 2m Ber) ofcord 
aoa ror he guy so 
Faiaatr cna aay 

veforevnachiag ie sheter 


Pg out the left and right corners, 

then raise the tick to form a dome. 
= Fullthe reer corner taut and eg it out 
4p ail tension, making the structure rin. 
1 To ente’ the sheer, curl your body 
around the center pole, 
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CORDED A-FRAME TENT PEGS 

‘You can make your own tent pens anc 
then ether raise them or replace then 
‘itn new ones when necessary. Discard ol 


This poncho A-frame creates a tentlike shelter between two 
trees. If you have enough cordage, a single ridgeline can be tied 


between the trees: iF not, use tivo corcage loops, as shown pegs thatraliralyidesinpese over tine 
below, Alternatively, you can use a ridgeoole at the same felght 


sea MAKING TENT PEGS 
parce ton suspen 
ae Bhopal Ralior sPopechoube asa quence 

Feonatand Ginezsemlongandt “nae 


Fastening ot m2. an)in dlameter, 
Anything less ll either 
‘nap under pressure oF 
‘ul out nigh winds. 
Cut wood for the 
ps from gfe bs, 
Don't use wood from 
the ground zeit wil be 


insomestage of decay. 
Find two trees 2 ft (60 om) Tie the end of one of the = Dry out new pegs slowly over the embers: 
further apart than the longet cords toa tree with cof a firete harden ther) Remove them when 

length af your pono, 2 double chain fastening knot see) thaye a li teen clr et ead sounds 

w Attach cerdage bops1fi@0 —_-p. 143) at ahelght of 37.0 m) ‘esp an! dull when you tap it as it aris the 


sound gets igier and crisper. 
"= Newer drive 22g invith your Toot, Use 
stone ora heavystidebstead, H you misiage 


cm}long foeach grommet on the = Tie the ather lang cord to the 
longer sides of your poncho and second tree with a taut lineitch 


24tC-m) loops to theend ones, kat (seep 145) and adjust the peo may stab you thresh the ankle 
epee your tect and exer yout foot, 


colnet soundtienmad—tehtohto pal ent 
toot 
Beanie 


toprevert water 
fem pxalng 


ALTERNATIVE DESIGN 

TF youre ina group and you each havea 
‘poncho, you can clip twa jonchos together 
‘and use ane as a tui-in flor 


USING TWO PONCHOS. 
First clinthe pappers of ath ponchos an thelr 
two long sds to form atube, The tap ones 
the A-frame, thebottamone the graundsheet 
* Pack all your bedsing material under the 
bbatinm poncho and holdit in lacey laving 
branches at either end 

= Assemble the shelter with the topraoncko 
Inthesame way asthe ingle poroho versien 


rane hts the 

a feeiter pent 
NEED TO KNOW i 
Peg the idle loop of each sitet» lose one end of he 
pull the concho taut, Peg out the fow fee withlranches, 

remaining logs, pullng tight as you ge. Bound niet 

* Ifyou have enough eordage,raivethe hood Hep etn bat 

fey tying it either to asecond horizontal Inecr —® Eyour aati 

to avetica ine passed over akanch above, hai estes 

= Place ong boughs along each ide ofthe PROMOS 

shetter- with shorter oouahs at each ene 

tohold Mbecidng material 


xtomporane 
Pirsine 
ovat 
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BIVY PUP TENT 


A bivy szck is a lightwelaht, waterproof cover for a sleeping 


bag and is made out of a breathable material that cuts dawn ‘TOOLS AND MATERIALS 
condensation, [t's an essential component of ultralight earnping = Bly sacke 

(see p, 52) and can very easly be turned into a Soplegs 

single-person pup tent The advantage of making a Baton tes 

tent from the bivy sack is that, in wet = Wooden pegs 
conditions; the rain runs off the side and = Cordage and life 


oest't seep to the Insideas quickly as it * Rocloe log fr fanmering 


bes when the bag is fat on the ground, 


Lay the by sank flat on the ground Attach atustton th with 
where you intend to set tun long lenath of cordaae ta 

= Ifyou have the flap ofthe hood! on top, the center of te ty sack’s 

it will form a door that anos down, opening and held it ua 

Howler, the fap is on the kom Pulldown theright and left 

‘you can te it up as a door sides of the opening and place = 
Button tie and loop where they 
mest the around 

‘he battom comers of the 1 Peg out the button ti looes 

= Bog the tuttorti loons: into the ground 

into the around, 3 


Holdup tm bation 
titosee how ih 
fhe ontance ane 


iach button io 
te theme sea 
ofthe bir sack 
hour eae 
Ponte bottom 


Cut appole the same height as the entrance (you could When you want to get inte the bivy pup tent, simply 
ise alnaoped sapling oF orassed sticks instead), remove the opening pole ant ola Hy feet fst, 
«Stand the pole at the entrance, run the cil 1 Moke sureyycu avoid the lang cord as you wriggle in, 


boutton-tie cord over the top, and peg out the card tight 
1 Readjustall the pegs to ensure tighl ard even tension 


Lop thecrnoa 
buon to s9youenn 


ae sure the ord inated 


Resear on oe 
ofthese 
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OTHER SHELTERS 
Thee areolhey tencorary 
sheters you can erect ty” 
adgotng the techniques, tools 
ed materials cuties for v 
booth the use-arynwhere shel” HOOPED SHELTER TARPAULIN BOTHY BAG 
anithebiouptent. Which Irthers are caoings orseft Attach one side ofthe tap te Athy bap or storm stor, 
shelter you choose dependson \oedsrees,yeu can form —_alinebelween twotrees and salarge, ight rplontag that 
‘whet youhave aponcho, three hoops an peg out peathetherend downts the protects one or bwo people 
‘arpauln, or kothy bag. sour poncho over them, round stan anole, from the elements, 


Plane a hooped 

sapling {or two 
reset sticks) over the 
eottom af the bivy sack 
s Attach the button tie 
that’s 18 in (45 em) tn 
the foot ofthe bivy sack 
to the hoop to raise t 


aed provide more 
= Tightly ey ut the ee f 
cart from the hoop. 


Te ooged sapling 
‘Stemy paint 
Soto oar cx 


MAKING A 
BUTTON TIE 

Button tes provide asim 
secure fastening for staking | 
‘out ponchos and tarpaulins 
‘that haveno loops or 
jremmets to which you 
‘oud attach a line, As you 
‘dort have to cut hal 
themateral it remains 
‘waterproof anc ess prone 
to ripping 


Encase a gral, round, 
smooth stone (or 

sim lar) in material to form 

button Prepare cord 

‘with the onen loop of asin 

lenot (see p, 142) at one enc, 


Place the open laop At the other end 

of the slp int over af thecord make a 
the neckof thetoution and simple loop to nlace aver 
pul it tight your shelter peas, 


After you have climb 

Under the long cord, 
= Use the hood of thebivy sack as. door and 
‘open and close as necessary, 


Besar te replace te poe 
‘ea vere potion Wt) 
Uacard squareiyon top 


in, replace the pole 
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FOREST SHELTERS 
TF YOU FIND YOURSELF in a survival situation ina temperate | 


forest without a poncho, bivy sack, or tarp, you can make a oes a MATERIALS 
shelter from natural materials. For example, you can construct TEseaeu ine 
alean-to or an A-trame, or simply adapt a fallen tree, A forest cunlae 

lean-to is easier for a group to build because you can share the @\ _=Salius 


workload and don’t have to use up too much precious energy. ECE tere one 


BUILDING A FOREST LEAN-TO 


A lean-to has a sloping roof that leans against a horizontal 
ridgepole. It works best on a flatarea between thio trees 

‘of vertical supports secured firmly into the ground, If you're 
building 2 leanto for a group, ask everyone to liedown next 
‘to each other and add an additional 6 in (15 cm) per person— 
this wil establish how wide the shelter needs to be. 


BUILDING IN A FOREST 
Temperate forests, whether they consist 
of deciduous or conifercustrees or both, 
sRrovidle many opportunities for finding 
oo buling a shelter, Expend the least 
amount of enetay for the most amount 
‘of protection—first see whrat nature can 


rave before building sheer yourself Place the ridaepole against the trees atthe helaht you require ancl 
lash it with an arbor knot (seep 142% to ooth trees. 

POINTS TO REMEMBER 1 Place a support pole (rnga) uniter the ridgepole and lash to the trees 

fyoudonsedtomakeadhaterhaforest, |» Firmly pag a log where you want the foot of the shelter tae. 

here ae some tis 

s Selecta place close to watarbut away 

from water hazards, such asfloding, Grsserss re 

inal, and insects saplogs one oe 

Before you star, check or hazards such 

as deadfals (siden branch fal), 


rofl an flash floods 
Select a place that aives you maka 
protection from the elements and ath 
al the ratertals you need nearby, 

* Dole! everything you need batons you 
start bulling art ber it gets dark 
‘Make sureyour ads to location ean be 
seetop activated gully (inal fires 
halopraph, flares, radio dna) 

s Thisksafety:iTpossble, wear loves to 
‘lear leaves and debris from the arcurd 
topratect you from spiders end snakes, 

4 Layer down your clothing ax vou were 
topravert overheating, 

s Make your soltar 2s watorproot as you 
‘carand ensure your beding raises you at 
Feast 4 in 20 cn) off the round 


‘Apply the covering to the wever Skeleton of the roof and wal 
How much you analy denencs on the weather youre excerlecing 
‘Lay large matetials—for example, pine or fr ooughs, large leaves, 

ims of mass—as a tase to sno smaller materials rar fling thvauh 
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TREE SHELTERS 

The branches vonts, of trurke 
of afallentvee can makes 
toasie shelter. Miele sure the 


‘ree is safe before you use i, j : a 


casafurther fallcould int® BROKEN BRANCHES UPTURNED ROOTS: FALLEN TRUNK 

you. Dead Wess are probably 4 tyanch that hassnapped fram Thebaseof uprooted tree Laysticksorbranchesagahnsta 
dy, so don't light afire under trae trunk but hasn't yet fallen. can alve goad protection fom fallen trunk to form a pitched 
‘then, Check thease of the mates agoodridgepdle, Pron the slements,Make sure t's roof, Weave saplings across 
‘ree for snakes spiders, and mallerbranchesand roving safe and woritflod Tit rains, them and cover with bar, turf, 
nests of insects rater up agains then add boughs and foliage. moss leaves, andmulch 


eof pokes seaibe 
tito a asthe 


Ley the sopiigs 
Dorota thon 
tii crs 
tageoa' santas 


Place five roof aoles evenly alang the ridgepole so \Weave saplings in and out through the roof pees, 
that they siege back to the foot of the lean-ta, working across and down from the ridgeaole, 
+ Kop the outsideppolesbetween the treeste stop them ——_w Allernate the weave af each vow of saplings frst 
moving outward. horizontally and then diagonally, 
= Lash each roof paleto the vidaepa 1 Weave smaller saplings thraugh sce stakes to form wal, 


s Harmer in side stakes alongside the outsidepoles 


Brut stu fe 

arth fa Fefiocton 60 169) 
copengagcinst le fxd of 
te wath : hestoter 


‘einen 


With everyone inthe 
a lean to beher 

yeu need hg nd tara 

anyone fre 

* Layer the ise Noor 

windy meteral o 

form bedding 

+ Eslablsh a wath syste 

dhring the right to ens 

that thefie &mairtahed Frese le 

and ontr aed ! Ee 

ST. 


Evolution of HSPA (HSPA+) 


The goal in evolving HSPA is to exploit available radio technologies—largely enabled by 
increases in digital signal processing power—to maximize CDMA-based radio performance. 
This evolution has significantly advanced HSPA and extends the life of sizeable operator 
infrastructure investments. 


Wireless and networking technologists have defined a series of enhancements for HSPA, 
beginning in Release 7 and now continuing through Release 14. These include advanced 
receivers, multi-carrier operation, MIMO, Continuous Packet Connectivity, Higher-Order 
Modulation, One-Tunnel Architecture, HetNet support, and advanced voice capabilities both 
in circuit- and packet-switched domains. 


Taking advantage of these various radio technologies, 3GPP has standardized a number of 
features, beginning in Release 7 including higher order modulation and MIMO. Collectively, 
these capabilities are referred to as HSPA+. Release 8 through Release 12 include further 
enhancements. 


The goals of HSPA+ were to: 
Exploit the full potential of a CDMA approach 


@ Provide smooth interworking between HSPA+ and LTE, thereby facilitating the 
operation of both technologies. As such, operators may choose to leverage the EPC 
planned for LTE. 


@ Allow operation in a packet-only mode for both voice and data. 


@ Be backward-compatible with previous systems while incurring no performance 
degradation with either earlier or newer devices. 


Facilitate migration from current HSPA infrastructure to HSPA+ infrastructure. 


HSPA improvements have continued through successive 3GPP releases, including Release 
14, which has downlink interference mitigation. Release 15 has work items for quality of 
experience, multi-carrier enhancements, and various protocol enhancements. 


The following sections discuss specific enhancements that have already been implemented 
in HSPA. 


Advanced Receivers 

3GPP has specified a number advanced-received designs including: Type 1, which uses 
mobile-receive diversity; Type 2, which uses channel equalization; and Type 3, which 
includes a combination of receive diversity and channel equalization. Type 3i devices, which 
became available in 2012, employ interference cancellation. Note that the different types 
of receivers are release-independent. For example, Type 3i receivers will work and provide 
a capacity gain in an earlier Release 5 network. 


The first approach is mobile-receive diversity. This technique relies on the optimal 
combination of received signals from separate receiving antennas. The antenna spacing 
yields signals that have somewhat independent fading characteristics. Hence, the combined 
signal can be more effectively decoded, which almost doubles downlink capacity when done 
in combination with channel equalization. Receive diversity is effective even with smaller 
devices such as like PC Card modems and smartphones. 


Mobile Broadband Transformation, Rysavy Research/SG Americas, August 2017 Page 191 
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FOREST A-FRAME 


Acframes can take several hours to build, but if youte staying in — 
cone place for a few days it may be worth expending the energy ‘TOOLS AND MATERIALS 
One-person A-frames ate relatively simple to construct andl are Brians Ste 

easy to keep warm, They can be adapted into multi-person ssa 

shelters to accammadate qraups of people 5 


a Saw (ora) 


‘The dong, sara légepole oe 
eaters += Covering for walls—such as pane 
ovnpo aye Shs eves aos 


itthebare slot rigeont 
or eine of Deshler 


Smooth ene side of the ridgepole with your kaif Lay 2 seriesof poles against the tyanch stubs on the 
leaving one side bare and one with krach stubs Fidgepole. These willbe of decreasing heft as you 

1: Hammer two poles into the ground to form an work your way from front (the "8 to beck (the ground) 

1 Rest one end of the rgepole on top of the" and 1 At each junction, rest the side poles against the stués or 

the ather end on the ground, tiethem to theridgepale with an arbor knot (see 142) 


FIRE REFLECTOR rae Ascites 
Afreradiates heat in all Sethe with of wart rhs te 
dlretons—un dow and roti Np oca 
360 dares rnd fe 

reflector makes a fire mare 
efficient as it directs heat | 


into your shelter, iy 

Crater aR 
aieaeniner >| 
canshan} tants 
entrance to your shetter lL 
alsa: hiteatemes saps 
eieettetresas Sate! 
feta obo FY ae crextheakow vil iy ikefiekaongto _Qdy Tetheton othe 
sfebrmiphedel ay be arross the proposed SOP be closetathe reflector, SP upright pokes together 
further away ard you love eflector to disperse smoke} use green wood to prevent, w fake sure the wallis 
‘too much heat. An L- = Hammer two poles intotthe the heat setting it on fire, as long as the shelters 


shaged end tothe reflector aund, Put asecond sel in = Fulpoles between the —_eniranee to rela heat and 
aes ners hee at poles length apart setsto form a wall keep cut wine and rar 
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ALTERNATIVE SHELTERS 
“Two other options ora font-orening 
Acjrame and aone-persan leant, For 
the forme, securea ridgencleo line 
toatree at the beloht you want the 
sntvance to be, then adapt the forest 
Aame (see opposite. For the later, “3 
fiethe ridgencl to twa lorked sticks’ FRONT OPENING A-FRAME ONE-PERSON LEAN-TO 
hammered ino the graund and apply Wedge ancosinunder therigsooleand A small one-person fants, together 
aexver similar to the forest karte lashittothe zee with an arorknstto__snthalens og fre bultin fro provides 
(ean, 162-63), 1k someof the weit Bald evretlecor you with a warn, dy, and combate 
tothesidewiththeprevaling wind, shelter for an overnight stay, 


Salome te weave of aploge 
‘etneea one and te tox 


Weave four or fiverows of saplings horizontally 


thraugh the side poles to make the walls into a materia such as pine boughs, stall branches, 
strong framework for the covering, and sturdy twigs, Weave the materials into a “thatelr. 

= Leave an entrance in the side near the front, Make * On each side, work your wey graduelly from the back of 
sure its large enaugh for you to sit inside comfortably. the shelte to the fant, and fram the bettom ta the top, 


NEED TO KNOW 
ull your shins that thawind bw ates efron of at 
-ssiui ano ate tan it it Tes acta ts tecteness 
and peters ote ring nthe is Bh sheer bans 
onto the ce there a ri the wind wl lw 
arcu ranean te eranoe. 


leaves. 055, 

startina from the oro 

‘working up ta the ridgepaies 
Bul a fire reflector (see 


‘opposite from of the 
entrance to help direct heat 
towards you, 

= Stow your equipment and 
pack in the front ofthe shelter. 
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TROPICAL SHELTERS 


TROPICAL RAIN FORESTS CAN BE the easiest ervironrments for 

building shelters because of the wealth of available materials, Once TOOLS AND MATERIALS 
you've found a suitable location just decide what type of shelter you "Foto ited wit press studs 
need. The most important thing sto raise the shelter off the round, ev cokccr ye 
Make it as comfortable as you can, because quality keep isimportant. _yraontas 


= Spacey bats. 

«= Keife, sam, machete, oe parane 
MODIFIED PONCHO BED See sacks 
Most panchas have press-studs to allow you to clip up the edges ar to = Strong, waxed, cotton thread 
clip two ponchos together: They also have grommet holes that you can 
use as leshing points Here, a poncho is modified into a tropical bed \eomemnso” 


: Thespacer bar 
Seana Mote the pote at fk tsarcey 
serene: WaiLa (Be bnger begs 
( tae jour pore 


A singe bot ake cae tat 
Teco eh fe 
soma Hetingout fn 
‘gor in iar sgn0) 
Clip the press-studs of the two Cut twa strong suncort poles Cut wo "space oars that will 
sides of your poncho together thal can take your weight, ‘it perpendicularly aorass the 
toferm akind of tube" «Insert the Lo support poles reid support pales or if you ean fred them, 
sTiethe grommets onthe olpped ——the"tube" of your panto, ere dawn cut oles with analural fork inthe, 
side with piees af cordageso that each ide, = Tie the spacer bars into pation 
the press-studs dort comme undone Using an arbor knot (seep. 142) 


HAMMOCKS 

Many types of hammock 

ate Gesloned for tek of 

nat weather you get nthe 

‘ropie, and are often Fed a 
‘vith mosqut nets. Infact, = bs 
Harimcks male te best 


sexernight shells cod HENNESSY HAMMOCK PARACHUTE SHELTER HAMMOCK AND TARP 
asyoulcan findtwe tress Thiutight,qulck-dryng ‘Fld thepanels ofaparachute Trea fdgsine above the 
‘the right distance apart, harimockishoth easy toset into atriandle, Lash a spacer hamimock. Drape thetarp 
The Hennessyhammock yp andarrfortableto sleep bar tothe penina and peait. over theline and anchor 
‘Sa 00d choice because in see p.54) Ws eqdpped out Tiealfthe apex of the on aither den a horicantal 
itjacts dawn smal with aselfdosng door triangle further upthetree, plead to Wyo uprights, 
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ALTERNATIVE METHODS. oethgsiata St tare 
You can easily modify ather forms of bry reap 


sheeting. suen 2s a tarpaulin, setter 
sheet, ard groundsheet. You will need 
a decent needle and plenty of strong, 
waved, cotton Unread (see Survival 


kits, 60. €0-€1) There are two im pet soils 
methods, which you can do either “ilecy be “he oe 


‘ner 


on th tal or as part of your prior 
reparation Adding spaser bars METHOD ONE METHOD Two 

‘expat polsespart at tie Lay the material on the ground and fold Fold the set and stteh 3 "tnd aor 
Sieening platform tight. Both of itonce tmcreateawide "tube Stitch the both sides ust wide onoughtotake ape 


these methods produce ar excellent langthoT the ogarsides and then insert that will sageart your weight Push the 
emergency stretcher, ‘apple along each side ofthe tube support poles through the inns 


— 


PONCHO BED BENEFITS 
ue er ees a BUILDING IN THE JUNGLE 
Ee A onan ES Shelters in the rain forest need to be 

cf fet og and pres a ule We eect stg enough ioe your 


erecta ress, and safe from animals. 


‘CHECKLIST 
{yoda tnking about baling a tle 
ina trp fre to flow te 
raj helpyar 
= Check Tor hazards such as deadtalls 
Guddentansh fie)—amaion e398 of 
injures durnig miftary jungle training, 
= oneed a shrpatag ileal a 
aang or machete bt accent short. 
erie or small ax will suffice. 
siete pound arn you sheer 
‘to deter animals, Use amaleshift brush, 
never your bare hands, to avold being 
looks lie a stretcher —in bites by anaes or stds 

= Buld your shar far enough ofthe 
fac, voll eanuiseesore Jinplace when You ground to avoid being bothered by Insects, 
inan emergency Ione sonia Shai oF ay ter anieal—perterly 
+ Race thepanno of the ground by resting t eeanen eerie 
‘either on thick logs or sturdy poles, sm Start bulding your shakarwel before 
darkness sets in, which, in tropical anes, 


poncho now 


ALTERNATIVE DESIGN Ses uaually happens very quickly. Using a large 
If you have a second pancho, sheer plies Jv reduced light or by the tghtof a 
shall sheebjor tera you cat srough am Maslightcan be wary dangerous, 

4 aa yo Be, s Work ata rate that you can manage. 


create a shelter to keen the rain 
off your modified poncho (see 
also Corded A-frame, p. 159) 
= Te aridgeline between two 


Humid condltions can very quickly lead 
dehydration and heatrelated inres such 
_asheatstrost and heat stro. Your body 
‘lest eapltelfcoal by sinaating, so con't 


‘tees and hang the poncho, ‘worl fast. drink water frequen and 
sheet, or tarp over the top of it take regular breaks, 
im Hyeuve uchpaactond ght ‘= Make your shelter secure—youdontt want 
‘ie ts hood to another ridgeline. | ‘to make repairs at ht 

e er ridge 1s Inside your shelter use afull mosquito, 
1» Peg out the four comers of the net and = mosqulis head-nek 


poncho, shee, oF tarpaulin, ‘ie i) ler Inserts sd animals 
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JUNGLE A-FRAME 


An A-frame is relatively easy to make, Ifyou have a poncho, tarpaulin, 

shelter sheet, groundsheet, ar another type of sheet, you'll need to modify 
it first to make it into a bed (see pp. 166-67), Ifyou do not havea poncho, 
lay branches across the poles to form a sleeping platform. 


Cut seven long poles 
that will take your 

weight. Tis wo poles 

together with an ator 

knot ¢see p, 142) to form 

an “AT and tie the jaint 

to atree or branch of 

a tree (as shown) 


Tie two more pales 
together to form 


+ Postion these in 
line with the Fst 
= The distance 
between the two 
‘ers needs to be 
atleast 2ft 

{60 em) longer thar 
your height 


es med 
conan a 
og pee a 


anton sr 


ietiors 
Postion bath poles ovbsecuaty 


Of your poco be 
sen nosy re nies 
of the A-frame. 

+ Wove te pos cov the 
outside of the frame legs 
tne sheet 


Put arrldgepate on 
top of the bva A's 

+ Tie this to bath jnetions 

for extra stability, 


Tre ter ore 
rated poncho 
sei mtopostn 


thean aor tt 


(scop 142) fo ace 
the pos tet 
fea 
Tre a ples ofthe 
modified pancho tothe 
Plaoe a tarau in or legs oftioarama fe 


shelter sheet ever Se. Cd 


the vidgepale tate 
= Securely tie a guylineto pet 

each corner with a Siberian praieatas 

hiten (see 144) ‘TOOLS AND MATERIALS: 

= Run each guyline to apg Long poles and de> 


or trae and secure'it with @ = Gordage ar peas. 


‘aut line hiteh see pl 148), =. Kosa machete, 
Pee oe paca 

a + Hoa ret bd 

sl grunts, 


fo or iste 
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BAMBOO LEAN-TO a 


‘TOOLS AND MATERIALS 


Ifyou can find enough bamboo you can make a typeof leareto Aes 
shelter Find a spot close to the bamboo suoply to reduce the Filed feat las 
amount you have to cary. Ifyou needa raised sleeping platform Tagua aa 

axlapt the method used forthe unale hut (580 p. 174, SRS aes nosienety 


Lesa theploce 


ff wconeeo Therilgpoe 


esta genet 


Host wth 
= bark easier 

Thin 

ri 
Quito Hig. men Tea nongin ta each post for suport, Make two short, farked back posts 

suppert pasts, Make sure they ae level and at the to give the sheer a sped roof 
‘Hammer tun posts nto the height you need for an entrance 1 Align them with the front posts and far 
round, wide enough tot you » Pace a woodsn ridaenole ontop of the enough back so the ranfis wide encugh to 
fe engthvvays bet ween them, noggins and tie tla the posts shelter you 
‘= Hanmer them into te ground ard tke 


Meza thes tani 2 senond ridgepole ta them, 


Starting from one end, ay engths 
treo long of split harnboo, hola side un, 

encugh lo reach between side-by-side, between the ridgenoles. 

the two ridgepales, ‘= Work your vay hack along the rf, 

* Split these by wedaing this time laying the lengths of spit 

your knife into each pole hoamiboo with the hollow side down, 

and haimering it down, 

+ Prepare enouph seit 

loemboo lenatis to cover 

the roof area two times, 


Cut nats of 


‘Stand te bamboo 
Star agaist rock 
ttn joa fet 


Inersoyie ror 
Bet tr Oto 
theater 


Lash along split banbooa 
stem tothe lower ridgenale to 

form a gutter under the bamiaoa roof, 

‘= Put a pan or pot beneath the end of arlene ie 

this sioping gutter to collect water paki oaitng epics ‘sing 
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JUNGLE HUT fea 


With a little extva effort you ean make a more permanent and substantial ee aterree 
shelter than a jungle 4-frame. The raised apex roof of 4 jungle hutallaws you teaues teeth 
tosit on theplatform in relative comfort This method uses @ framework of four sa mahal, 
posts, but using tivo trees instead of two of the poles wauld make tt more rig. fyarary 


rel 
Dig four strong posts into the » Broad leaves for 
agrcund to form areckange at thaishing theeoot 


least 1 (2D om) longer and witer 
than yourself 


oeatatpob vee cgi to) 
Risto ato toteesen coh 


‘ith your knife or saw, cut anotch into each post Lay a row oF stripped branches side-by-side 
deep enough to fi the curve of theleritontal pole across the horizmtal goles to form a ralzed floor 

1 Wedge the four horizontal poles into ther ncthes ard To make the roof supgorts, out antch onthe inside 

secure the junction using an arbor nok (seep. 142), of gach post about 3 fm) higher than the platform, 

' Lash anaggin to each post to suport the poles 1 Tie apole into the matches cn the posts 

THATCHING LEAVES Wry tater red 

By taking advantage of the shapes at some tropical leaves, you leaves that are qo fr thatching 

can maka substantial, long-lasting roof or walls The bigger and These ciate seme beran fis, 

broader leaves involve less work, [Fyou use rattan palim leaves "wbber ants, and toes of banana 


‘Arrange these leaves side-by-cide 
tthe pes of your rot frame tude 
‘them over the pole znd sew them 

Inte postion wt strpsof vine, The 
‘ipso the leaves mene nw paint down 
over theleaves ofthe row underneath 


you can create an alternating interweave that gives a tighter 
thatch than the cverlapping method described above 


RATTAN LEAVES. A rattonteaet 
Therattan palm has kavesthat are Easter bao 
composed af ows of smaller aft, me 
Youcar pit the leaves in two and 

hang the haves in layers on the 
framework of your root Alternatively, 
youcan use them whale by folding 
‘the leaflets from one dda and 
Individually weaeing them with 
leaflets from the other side, 


Interwecving he atts 
forte tech thesone 
leoferectes agit nes) 
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ALTERNATIVE SHELTERS. Bane 

‘Wiefslups are found in varieuss forms: ieee 

‘around the world and are adapted tockautte 

‘local needs and materiats dictate, 

For example, Native Americans made: 

‘hem as temporary shakers inthe 

plas, where they were also known as 

teepees The pygmies of the rainforest — WICKTIUP PYGMY HUT 

used saplings to form ahemigahere The wickiup |s achster of straight poles The domed pygry hut is made from a 
that, once covered with natural ‘that aré lashed tagether at the top, with —_arcle ef bent saplinigs or lirnber poles: 


Mabvloliredel awann drysheter,  snitavoventramenark tats covered scirat fiy the ground then hed 
zs “wth anima hides or grass and thatched th natural materi. 


Pemton = borin te baton 
ae —— {othe to, oveipning te 
err eves these ars of 


secur the 
legs wt 


“Te ples together to form tw “Tea sees of horizontal poleste the 
Atanas Tethesenitopat thereat ©) acer toh éaines tore oo 

supgort ples at easter ef he Fameverk Gover theroaf with by, bro leaves uch Benainod 

= Place a ridgepole across the apex of the as palm ar banana) fy folding them over the 

two Aeframes ad tle it in place, horizontal roof poles. 


Fethe 
‘road 
3 ‘eaves bak 
THREE-LOBED LEAVES 2 ‘anon 
Leaveewiththreelobes, such 2 the familar ot rating 
fig oat, can simply be hooked over the 
poles of your raf with the stem 
pelrting upward. On each rave 
floss you nace! tohang the 
left and ities ether 
behind thepoleorin Font of 
itinan altestinapstion, 
Themiddlelobe then hangs 
ov aver two leaves on 


AN: ay Wp Ci ae 
“ 1» Weave the broad leaves into the 
Aframe at the entrance, and let 
them hang dev 
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TRUE-LIFE ACCOUNT 


EXTREME SURVIVAL— 


IN THE JUNGLE 


USEFUL EQUIPMENT 
Machet 


FRENCHMEN GUILHEM NAYRAL AND LOIC PILLOIS lost 


Hammock and mosquito net their way ona 78 mile (125 km) trek through virgin 


Signal flares 
Flashlight 


Mi 


Ponchorbivy sack 


rain forest in French Guiana, They survived for 51 days 
a in the jungle by drinking rainwater and eating palm 
seeds, snakes, and insects—although Nayral narrowly 
escaped death after eating a poisonous spider. 


The pai set off from the Grand Kanori rapids on the Approuaque 
River on Wednesday, February 14, 2007, bound for Sail a former 
mining village at the center of the country, They planned to spend 
12 days hiking, and carried sufficient food supplies, a compass and map, machete, a 
tarpaulin, and two hammocks, They soon found that the going was tough—some 
days it would take several hours of hacking through vines to hike just one mile. On 
the morning of February 26, when Nayral and Pillois hac! been due to reach Sail, 

the pair found themselves far from civilization and in unexpected terrain. 


Knowing that a search operation would be launched, 
they set up camp and waited! to be rescued. They built a 


shelter and divided the tasks—Nayral in charge of food 


“THE PAIR FOUND: 
THEMSELVES FAR 


and Pills the fire, which was kept alight constantly FROM CIVILIZATION 
to attract rescuers. They had abundant water from AND IN UNEXPECTED 


rainfall, but were reduced to scavenging for palm TERRAIN” 
seeds, beetles, snakes, frogs, and spiders, 


Occasionally, helicopters passed averhead, but failed to spot them through the dense 
canopy of foliage, After waiting for three weeks, the pair decided to abanclon camp 
and trek west toward Saill After week of trekking for just three hours a day, 
unknowingly just 3 miles (5 km) from Saiil, Nayral was incapacitated after eating a 
still-poisonous half-cooked spider. With no choice but to leave his companion behtind, 
Pillois pushed on and reached Sail, returning with a helicopter to rescue Nayral— 
dehydrated, with intestinal poisoning, and plagued by parasites—on April 5, 51 days 
after beginning his trek 


WHAT TO DO 


= ; ‘ARE YOU IN DANGER? 
aang gaara 
iat hens aiiiad << NO YES > 


sap ASSESS Your SITUATION 
‘See pices 234-35 


wv 


aes aioe taaalod EN 
Ewarcaneas sensi) Paseine OF WHERE YOU ARE 
natty people of your plght by any “& NO YES > 


means at your diszos 


ep DO YOU HAVE AMY MEANS 
‘Youre faved with surdvng for OF COMMUNICATION? 
anindefrite period—urtl you 


«are located o you find help & NO YES > 


Fyoucatnetaurvvewhereyou SR CANYOU SURVIVE 
areantiere are mphyeea WHERE YOU ARE?* 
reasons wy youshouldremain, 

Seu haveto maw ta location 

Wacafec abel cance Sao VES 
survival resave a bath 


bo 


= Make an informed dectson 
nthe bet location to movet> 
1 Use Ine of sat to navigate 
onyour bearing, as visibility may 
beless than 33 f.00 m) 

1 Improvise hater when = . 
not moving, and seo off DON'T DON 
Athearoure clear ofthe Iw Use your hands to clear 1 Let the oparessive natu 
damp floor and arias ee fokenie 

= Be on constant loakert walking staff is better suted ‘Slow down to its pace, do 
for dry tinder and fue = Deileurtreated fightaganstit 

1 Follow watercourses | water—bollortreatal of Letyour firewood get 
ovnstream, Transport your water before drinking ddamp—store dry tinder 
in thejnle relies on "Leaveittnolateintheday | | and it or quarter wood 
Fives 59 saltlements ae 1 ty stop and mae camp— ‘ogetta the dy inner con 
Imostiiely ts befound YL treshoursbefore sunset *Eat what youcannot 
alongsferivers recommended taoitfy a ele this 
wSipontolnssotat Ww eptao qt Maken cul result nyou 

you can see what ison role asyeu progress to warn || becoming so il that you 
‘thecthersdeyrather than] Shinar your aaproach cannot function 

stepring stalgt over onto skediial 

nurse sake 


Lunderarowth—amacheteor | | of the jungle overwhelm you 


Bet yourself out oft 
SunyHeat/Humidlty—Slow down 
tothe paceaf the le. Find or 
Improvise immediate shelter 
‘Arirmals—Orly sx percent of 
sales are patsarous but eveything 
in thajunale wl try to protect itself 
Injury—Stabiize corsition nd 
apply frstaid 


yeu are missed, arescue 
party wil almost certahly be 
Aspatched tind you 


youhave a calor satelitephone, 
let'someane kay your 
predicament. your stuston s 
serious rough to be worthy oF 
ergency rescue and you have 
Personal Locater Beacen (PLE), 
you seul eerste this option 


Audressthe Prices Sundva 
Protaction, Location, Wate, Food 


"Selecta shaler site where 

you can sleep off te around 

and where your locaton lds 

well be most effective 

1 Use armosqutonet if 

you have one; fnot, pu 

amp foliage on your fre 

{to repe insests, or cover 

exposed sin with mud 

it, | Desloy all your aids to 
location sre prepare tiem 

for immediate use Be 

corstartly alert for 

signs af rascue 

"= Kesp your fesh covered 

despite the heat—the 

high humidity ncourages 

Infections. Also wash at 

every opportunity 

1 Keep 3 fre going—it 

sids location and wards 

offinsects 


fete scumuaaoowrityaccanty tet a, 


arr rarer | ; 


yon ae) come arabe Dt 


Current receiver architectures based on rake receivers are effective for speeds up to a few 
megabits per second. But at higher speeds, the combination of reduced symbol period and 
multipath interference results in Intersymbol Interference and diminishes rake receiver 
performance. This problem can be solved by advanced-receiver architectures with channel 
equalizers that yield additional capacity gains over HSDPA with receive diversity. Alternate 
advanced-receiver approaches include interference cancellation and generalized rake 
receivers (G-Rake). Different vendors are emphasizing different approaches. The 
performance requirements for advanced-receiver architectures, however, were specified in 
3GPP Release 6. The combination of mobile-receive diversity and channel equalization 
(Type 3) is especially attractive, because it results in a large capacity gain independent of 
the radio channel. 


What makes such enhancements attractive is that the networks do not require any changes 
other than increased capacity within the infrastructure to support the higher bandwidth. 
Moreover, the network can support a combination of devices including both earlier devices 
that do not include these enhancements and later devices that do. Device vendors can 
selectively apply these enhancements to their higher-end devices. 


MIMO 


Another standardized capability is MIMO, a technique that employs multiple transmit 
antennas and multiple receive antennas, often in combination with multiple radios and 
multiple parallel data streams. The most common use of the term “MIMO” applies to spatial 
multiplexing. The transmitter sends different data streams over each antenna. Whereas 
multipath is an impediment for other radio systems, MIMO—as illustrated in Figure 107— 
actually exploits multipath, relying on signals to travel across different uncorrelated 
communications paths. The multiple data paths effectively operate in parallel and, with 
appropriate decoding, in a multiplicative gain in throughput. 


Figure 107: MIMO Using Multiple Paths to Boost Throughput and Capacity 


coder 


coder oe 


ysavy Research 


Tests of MIMO have proven effective in WLANs operating in relative isolation where 
interference is not a dominant factor. Spatial multiplexing MIMO can also benefit HSPA 
“hotspots” serving local areas including airports, campuses, and malls. In a fully loaded 
network with interference from adjacent cells, however, overall capacity gains will be more 


Mobile Broadband Transformation, Rysavy Research/SG Americas, August 2017 Page 192 
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DESERT SHELTERS 


IF YOU'RE PLANNING A TRIP into the desert, take something you | {=== 
can use to improvise an immediate shelter from the sun—for example, TOOLS AND MATERTALS 


ashelter sheet, tarpaulin, poncho, space blanket, or even a couple of Cordage: va peas 

pieces of parachute material that will pack down into almost nothing Fait" 

You can either build a shelter called a “scrape” in a natural hollow «= Pontho, space place, 

or erect a quick shelter above the ground using your poricho, fap porashute mail 
= Rocks or ballast material 


Ste 
DESERT SCRAPE ces 

‘Tf you have cord, you can dig a scrape = v] 
and use the cord to peg out the sheet 

above the scrape. If you don't have card the sheet will 

have to be held in place by other means, such as soil, 


BUILDING IN THE DESERT 
Erecting ainatural shelter in the desert 
is achalleng= because of theheat and 

potential ick of materials so try to find 


Astethats shadedbyatreeershrub, | 2d. or rocks With all layered desert shelters try to 
maintain tautness and separation between the layers, 

POINTS TO REMEMBER 

“Tho fllowing tips wil help you deal with CORDLESS SCRAPE 

{he extremes of temperature: TF you don't have enough cord to pag outa sheet, wou 

2 Never try tobuld your shelter during can make a scrape by ether diaging down or bulding 

the hotest para he cay. Up the sides with rocks or sand mounds planed st 

' Ration your sweat and ot your water regula int ir sect with roxks, 

Ce gular interval, Anchor your sheet with rook. 


‘neat then top shat youre dong and take 
breakin the shave 0 rites under an 
Unfolded map or space blanket andhavea 
rtd, Fina group share the wel 

= Dont eave tun he Lastminute to find 
asutablelocation for your shelter Male 
the decison early and plan avcorsinaly. 


If the hallow isnt deen 
enough to lie make 
digging tool and serane 
‘ut the soll from the battom to . 
build up thesites ofthe hollow pyeeap ie ses th 
ks covered wi se) 


‘Never bald ashulter in aloertying area, Spread your poncho, 
Gry river bed, oF waa as they arepotertily shelter shest or tarp 
abrisk of lash floods, anrass the top of the halle, 
= Avoid thetep of lage, slated hls or hort 
mountains because af the danger from acai 
lihtig and extreme winds, oe 

material overla 


‘= Tiy to set up your shelter on a smal rise, 
‘yer the temperature can te as much a 
1D degrees warmer atnght God ar sin), 
‘= Ensure the opening Taces north inthe 
Norther Hemispier= ard south iy te 
‘Soule Hemisphere so the sun does 
“Shine diet ir aura re da 

‘= Try to a down to ovaate a depression, 
-3sthe around is cooler teow the aufane 

‘= Build you shelter fir the worst possible 
ondtions and not the conditions atthe tne 
Desert weather can change very uc and 
‘iamaticly and te ferocious winds lio 
apart ay shele Unt  not seoure 

‘= [fur shidter sheet has a shiny side, 
imake-sure)tTaces up ta raflect heat and 
act a an aid to location from above 


the sides of the hollow. 


Abspacehlpsto 


Mate agen of of 
Tua eim ed 
xtwcon tigers 


Use an adaltional sheet 


to makea sean layer to create Ubsd air 
space thet helps to reduce the temperature ows 
1 TFyou only fave one piese of material ta useas 
‘over ty to daub it over to create the two layers 
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SUN PROTECTION 

‘You should always carry immediate 
protection against the sun. You may be 
able to create shadeushg sernething 
‘you've brought, such as a trekking 
Uuinbvela tent, oF space blanket 


QUICK SHELTER 

‘Ifyou can't find a hollow, erect a poncho shelter (see pp. 158-89) 
ina plate that keeps you cool during the day—for example, under 
existing shade, such as treesor bushes, or at the top of a slight 
rise in order to benefit from any cool breeze 


Find a site beside. tree or secure apost next to where you 


wate coee ona sie! 
1 Rig arigeine tothe ree or pst, and pag your concho i 

cover It to fon a shelter. pak 

+ Repeat with second poncho, shelter shee, 

tr space bank to este 

aera TREKKING UMBRELLA 


small, lightweight umibrela protects 
fajanst sun, wind, and ain, ereates cool 
Shade and daublas ae awslhing stick 
Some have reflective matefal, ar « 

= dlashight in the handle 

DAYTIME CONFLGUEATION estat 

brancbes 
ote 
ae te 
Sheer. 


Al right, de-ig the puter shelter and use ft as asleep 
cover for warmth, 
= Frovent heal escaping ky securing the sides and bottom 
with raoks, stones shingle, or sana 
# Sleep on some bedding if posse 


‘PAGE BLANKET 
This should be part ef your basic survival 
equipment and wl aferd immediate 
rele fern the sun, Rermember that 
Almost impossible to paca space blanket 
‘pits original size ones t's unpacked 


ewrosisor sand 


{oteeg the heat ht 


cu TIE CorLCuRATION 
toa: toe 
ama fom sbepe 

PARA SCRAPE “ear ektefre | ots 
sha tesape tere 

Ifyou have cordage youcan tie your sheet toes 

‘io fourpasts If yeu avert. got enough = 

ceortage forfour, use your backmank or 

anil of stones iste, 

* Prepare the depression or holow as for 

cordless scrape (see lft) 

«Use bess aalable,or improvise posts 

‘rom woad, ils a stones, or your ackack 


Tie the sheet to the trses or the posts 


above the depression, kaving 4 gap 
‘rar to flow over. 


1 Create a second layer at least 
6 in (5 em) above the frst 
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SHORELINE SHELTERS 
IF YOU FIND YOURSELF in a survival situation, and can make §$——————— 


your way to a shoreline or beach, it may offer you partigular SO 
benefits, Rescue is more likely here than further inland as your SDeFtnol andbreiie 


aids to location work better in open areas, people are more * Bad aed pas 9s, 
likely to live on the coasts, and useful flotsam washes up JD 


twice daily on even the remotest of beaches, = Cortage and peas 


DRIFTWOOD SHELTER 


Ifthere’s enough driftwood araund on ror: 


‘the shorelina, you can use it to make tract gies 
a variety of shelters covered in this 
chapter: A hole-in-the-ground driftwood 
shelter offers simple protection, but Make a 

rray need continued attention ifthe signing tool ard 
sand isvery fine or gets wet, 


dgaten iecnd 
eta el ene 
fake ee ee en neta rie 
nent ser ae: 5 
ofan rmeraede rye, Vcr 
rallersithak tase ero 


BESIDE THE WATER 


Shorelines vary with the evirorment— 
{rom tropical Leaches, where sleeping 


‘ut uni the starsis not a probe, ont te oof ig 
torugged coasts in higher lattes, sles 

‘ere spending a iaht unprotected eee 

from the elements would be suicidal 

POINTS TO REMEMBER icing ay 


Sees noel 
“yu ite tend ait on ashore, erereaes 
‘esd othe leans thefloorna ips 

may ep ou 

= Bulld the shelter above the highest high-tide 
tmar-on a seasore(see opeests) and ahve 
‘the highest watermart¢ on ariver or lake beach, 
fin daubt, move slightly further inland, 
vere the pstection ray be beter nd 
Trarlsrore easy vate 

‘Trt estatsh tat tha weathers going to 
de by aking at the hy, watch the wae or 
detecting changes in the wind (sae no, 82-82, 
fs Plavtr tho worst or eat have 9 
Bacup actor shuld thrasnot wer out 

s Chedte ateafor insets such ab mone, 
rqaltons, gnats, a horses, 

* Led for signa of wife such as rb 
revenues as sears fod, 

* Fish your seta ane enllect water and 


‘Sand pied woo oa 
Ga oftucod pee 


SS 


Completely cover the 
frameworkewth ayers of 
foal leaves, broad leaves, o7 dune 


frewond before gets dark 128s Avoid leaving gaps because 
= Beware the siewrel a! cand windburn, ‘the next layer will be sand. 

fen on ovetcast das, = As av alernalive, You can lay a poncho, tar, oF 
“= Utilize driftwood and othe building th ‘4 

ik Re ber, ay wood that’s shelter sheet over the framework, Weigh it down 


Teatin te ena eco to sty nea ‘with sand or stones, or peg it out if you have cordage 
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Aaldoedton 
before jou te 
lie farowerk 


(te wal 
braver eroot 
Tronendag 


Find two pieces of driftwood that are as long Place pieces of driftwood across the trench 
as your trench. Several shorter pigogs in a ine to form the framework of abasic root. 
willwerk equally wel if you cart find lora pieces 1 Weave smaller pieces of criftwocd to the fram ework, 
* Place the chifaood lose the trench making sure they st firmly onthe or fivood in the wals 
andpileon sand ad roots to build 
‘up theheight of the walls ——n, 
USING A LIFERAFT 
nce you have covered the flat 
framework sufficiently, finish the anol ie 
shelter with a thick layer of sand or sail. Ca aeablebd eee Es: 
mer Sa Setecandortets fiat ean Bed 
1 The mare caver you rut on there, Jeulemtceerts | Seat ade ete 


the more protected from the elements 
you willbe However, take care not to 
put so much vieight on it that fecalapses, 


Belting materi Shett—sven an bad, 


‘sot fe feoping 
a. ——— 


ON THE BEACH 
The best place for 2 shelter isthe landward side of the 
backshore you can watcn the sea, your dally frecan be 
seer from the sea, and you tan ses your shelter 28 you 
scavenge abng the beach In had weather, however, 

the landward side of the dune erest isthe best place, 


PARTS OF A BEACH 
‘A baach s shaped by the tees and the bor natural 
ride) consists of daposts ofthe materials that male up 
the changing shoreline ¢sand,shingla, shale, and so or) 

"Al the top ofthe ber is acres, A dope, or fae, leads 
down from the crest to the water Al the very bottorn of 
the ace there may be afrough 


w The stormbeach extends inland and this swhere the spitrpaston 
‘wind and storms blow snall parties of sand inbed weather 

' Dunes form here ie wind creates araer depos ‘eal 
of sand behind the beach stele 


= Longshore bars isandbanks} may le further outto sea saloon 
‘and are Trned where the waves first ata to trea, 
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SNOW SHELTERS 


THE TYPE OF SNOW SHELTER you can build! depends on the 
kind of stow, the equipment you have, and the opportunities 
offered by the environment—for example, wooded areas are 
usually better than open areas because they provide protection 
and natural materials, You could build a snow trench, snow cave, 
tree pit, snow ledge, or a quinzhee. 


COMPACTED SNOW TRENCH 

If the snow is compact enough, and ff you have a lang knife or snow saw, 
‘you can cut out blacks of snow to form a trench and then use the block 
to form an apex roof, This design requires a lot of effort and a bit of 


‘TOOLS AND MATERIALS 

1 Bogs and branches 

= Bedding 

= Longgdke 

1 Shade gan fv shiling ste 
+ Long rife or saw 

= Kf (or other lon bade) 

1 Tagauln of she shet 


ns 


afi boorce 


practice, but givesyou a solid shelter with some additional height, 


Use the blade of your 
nifeta cut arectanaular 

trench that isthe wieth, 

Fenath, and depth you r2euire 


= Cut blooks from the rectangle 


and place them at the 
Side ofthe trench, 


Orie 
bbebween the blooks 

+ Fileertra snow on top ofthe 
flocks to ade insulation 

= Create daorveay fram 
raw! blooks a your backnack 
* Dont book the doorway 
completly tut allow for 
adequate ventilation 


BUILDING SNOW 
‘SHELTERS. 

“Stunly the snows around you to 
determine whether it's compacted 
‘or uncarpacted before you start. 


POINTS TO REMEMBER 
‘The fllowing tins mayhelpityou intend 
tabuld and stayin a snow selter: 

se Make 3 eli that’ just Ho enough 
foryou and your equipment Dont 
“spend urs balding a shelter for ony 
‘one night: do the least amount of work 
forthe mavimurn amount. protection 


szini20-a9em) ek 


Bort stain arch 
‘avon cating on 
lige ae 


exif ats 
iets tating 
‘thefoctend 


Tin the ends and rest two 
locks against each other at, 


the required angle for your root, 


aks spendin 


= Hyouneed ta pasout auvines 
Inthe snow tie a short stick 6-12 in 
(25~20 cm ons to a ive oF cordage 
and aury iin the snow Compact the 
‘stow down on top ai, when the sow 
sinters (hardens), your pea wll be 
held secure. 

"Show isan exclent insulator Fresh, 
Luncernpacted snow is tyrically 90-25 
percent trapped air Since theairbardy 
Faves, the stow ean keep you warn 
and dry if used correctly 

Check your te for hazards, such as 
sowdrfts,fresang winds, avalanche, 
comlcesolapee, an big animals, 


= Use the ather blocks to 
complete the yoot ard cut 
atrianglefor the foot ena, 


Lay boda of 
keyreen owns a 
east or tek 


tea spre 
‘te re 
sonan aes 


You boctpactcan se 
eon onary be 
treentincs when 
yale fisiee 


+ Create ventlation hles—mate one 
near te around to let fresh an and 
‘ie athe top to lb ar escape. Check 
thehles are lear every 12 furs, 

‘= Keep tools inside the seltern case 
you hve bo dig youray out. 

1 Ifyou leave the shelter rar the 
entrance, Take basic sural equipment 
‘with you's batter to have and not 
ree! than to need zd nathave. 

rush show off your equipment and 
clothing afore entaring the shelter 
Te all vit equipment to yourself 

so that you can't acidentally dre 

and lose tn deep sow 


FOUND SHELTERS 


If youre cy youmay find a tree 
‘that has spare under eso you dott 
have to dig a trench, For exemple, 
Under 3 low bough arin atree 
pit—an area where a heavy and deep 
siowfall as built uo atound a tree, 
leaving litle or ra snow under the 
lower trenches Use vour walking 
stide to check the denth af the snow, 
ard also to check for pockets of ait 


LOW BoUGH 


FIGHTER TRENCH 

If the snow is soft, a fighter trench is quick and 
easy to build In an emergency, you can even make 
a trench by Kicking out thesoft snow. First, find a 
location that protects you frorn the elements as 
rruch as possible. then test the depth of the snow 
‘with your walking stick or a pole 


Using a spade or pan, or ky simaly 
ioking away the snow, clear a 

trench lege enounh for your 

and your equipment. 

* Allow at feast enough 

death for you to be able 

tn ral aver in your 


sieea without Sd 


dlistureing 
the not 
yea con dg down 
ttoigh sof sno 
(othe oroend 


A spetor 

hee ort 
ines nota 
Pelt ar 


If you have a shelter sheet or tarpaulin, 
place it on top af the framewerk to 


form an extra insulating layer 
1 Alternatively, you can use it to caver yaur bedding, 


Find an evergreen tro withalarge branch 
yng on top ofthe snow, Dig down rom 
the leeward side, excavate api insulate 
‘the laor with Bough, and make sureyou 
have adequate vation. 
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TREE PIT 
Test the snow around a tra that has 
large, low, snawbeund branches, Lille or 
ho resistance indicates a pit. Da fram the 
leeward se, plae beughson the flo, 
ang ventilate the et 


WARMING AND COOLING TIPS. 
“Whether youre balding a shelter or resting inside tthe 
‘owing tos may help you stay at the rant temperature: 
sr Rotrave layers of dothing as you wera perhane to your 
base ayers with awaterprooflayer on tp. Keep clothing 
_ary so that wher you stip working youcar pul ton aga, 
1 Keep sellars ata constant temperature, sno melts 
avi then re-freezes it stops insulating, 

‘soi esting yourshete oo much Even acandle lame 
canst theteperature|nsie by four degrees, 


\ zie _y 


create a frameworkcof tranches 

‘and boughs across the trench, 

‘Nake sure you have enough roofing material 
htop ta stop the stow from penetrating through, 


“rite are 
Yaron iow 
‘ermughspae 
Baeaun 


Cover the framework with at least 12 in 
20 om) of snow to act as insulation. 

+ Dig asmallpit at the entrance to allow easy access, 

‘= Atthe entrance, you can make a small, cortalied 

fire on a green lag base 
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QUINZHEE Seopa row wy 

A quinhee is a dome-shaped shelter made by hollowing out a pile Barons 

of settled snow It'san overnight shelter that is easier to construct 

than the mare permanent igloo ¢igloa* means *home"s, which is { 
rmade from cut blacks of snow and requires skilland knowledge. You 

can't stand up ina quinzhes but you can sit upright or Just curl up { 


Batu 0 
ore wth mal 
raves ort evi 


Find aelathely fat area thats covered with an Use a container, pan srowshoe, or other suitable 
abundance of saw iter to gather as much soft raw a you can 

+ Mark acre for your quirahee ncuting walls that wll Pile snow an the shelters core ta forrn a dome ofthe 

fee about 10 n(25 em) thik and stam down thesrow. required height. Buildup layers of srow until you hve 

= Use your backpack and keughs or leaves cavered witha acxvering ofa last 10 in (25 cm, smoathing out ezch 

tarpaulin to form the core ofthe sheer. Sitethe doorway layer as you ga, 

at 90 deareesto the prevaling wind 


Y 


Mark cac uit tia coud 
EIS GO a on etre 
‘nsertng toto tbesrow 


sae ae 


aise ey 
 \ 


Seaap opsnow ie 
Bena monna te 
farmdrcontrnes 


Ori To get an even thickness 
sinter (harden) for 1-3 hours, depending on the type in the roof and walls, push 
cf snows and the ambient tem perature juide-stieks of equal length 

= Keen active during this waiting period, particulary fits through the snow toward the 
windy. collect wood, build a fire (away from the quinzhee), center of the dome. 

and prepare yourself forthe nig ' Build small compact mound 


Infant af the dome, 


SNOW CAVE 

A snow cave rrovides good protection but it takes:2 lol of work. Suitable lncations 
might te compact snow on the je side of ahi or anestablished snawer fl with a 
firm arust. Avait stow thats newly falen, newer, laos, or shallow andl uneven 
The ave should be high enough to sttup in and deep encugh for you and your 
‘equipment, Locate the entrance 45 degrees downwind to keen it Fee oF dit 
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SNOW LEDGE 

‘You ean build a snow ledge from a 
‘wellpacked drift af snow out of the 
‘wind, o ot least perpendicular to a, 


MAKING THE SNOW LEDGE 


Veriton le 


BUILDING THE GAVE tein este 


gave! 32 meng into 
thesnow bon then oven 
oaontales The vers 
theta eth tera : 
legeat eat 27-70 om hah ’ 
Seats mgt pon \ 
* tyeate arte arg a ge a 
ihm resp Nake p 5 
Ie 18 mG cn 

tabs thewat ea now th 


hale nthe roof, but not acing 
Into the wind 


= 
FTE 5 toe 


aes 


te afctsted 


ati 
ts ce 


itatea 
sts 
ventatn pole 
Theda wp 
fiom the graurt 
Ana eee tiene 
oe fms 


sucipac 
Gradeor 


@ hen ts has nardene row io the oud ove 
Your backpack ard tarpaulin, and excavate snow from the core 
1 Lse the quide-sticks to keer the walls at east 10 in (25 om) this, 

= Dont use your hands to cig as they wil get cold and wet, 

= Smooth out the snow onthe inside to prevent dries from forming 

' Build arated sling platform, This creates a cold sink (an area into 
‘which the coldest ar fll), taking cold air avy From your slesping area, 


= Digout blacks to frm doorway about 
2Ft70 ard inta the snow, Dig out blocks 
‘farm ahorizortal ectangla abv, 

= Digupacrd to createa seeping 
platform and then form an arched cdling, 
* Hace thecutblocksacrss the horizontal 
rectangle nd seal any gaps ith snow. 
Male avernianhle in the roof and 
nelower down tet fresh alr crculata, 


Lemcthootng 
deevewnt ts 

= Mark the area with boughs to: ) 

‘sam peaplevihere the shat s 

* Inuatethe seen ledgo with — 

len of natural material epee, 

Hake at eae one ventlatin seaport 


CARBON MONOXIDE 
‘Carbon monoxide is an noorless nas that's 
feocuiced when theres not encugh exyaen 
‘to create carbon dioxide from burning uel 
arbon monaaide poisoning can be fatal ina 
‘well nculated,nen-ventiated env ronment 


PREVENTION IS BETTER THAN GURE 
Createane or more holes, din (75-10.¢7) in 
lameter at thebase and top of your shelter 
[Make sure te ar flows out unobstructed. 


SIGNS OF POISONING: 
Carbon rronaaide patscning is cumulative and can 
bull up over 2 few days. Mild effects ae fatigue, 
faintness, flee symptoms Asit oroaresses, 
‘the affecis are severeheadaches, nausea, and 
slecreased mental coordination 


TAKE ACTION 

Geb nts the fesh alr a once, Youneed to oresthe 
res a for at east four hours to reduce te aroun 
fof carbon mon iden your system hall 


DETECTORS 

(Carbon renexide detactrs are widely avaisbe, 
but tend to be made forthe home or RV. Some 
todels arebattery-opersted, but thay too bulky 
for camping, You can wear a patch Uist changes 
‘olor when carbon monoxide tn the ar ving 
an eatlyisual warning 


WATER AND FOOD 


modest—in the range of 20% to 33% over mobile-receive diversity. Relative to a 1x1 
antenna system, however, 2X2 MIMO can deliver cell throughput gains of about 80%. 3GPP 
has standardized spatial multiplexing MIMO in Release 7 using Double Transmit Adaptive 
Array (D-TxAA) 


Release 9 provides for a means to leverage MIMO antennas at the base station when 
transmitting to user equipment that does not support MIMO. The two transmit antennas in 
the base station can transmit a single stream using beam forming. This is called “single 
stream MIMO" or “MIMO with single-stream restriction” and results in higher throughput 
rates because of the improved signal received by the user equipment. 


3GPP designed uplink dual-antenna beamforming and 2X2 MIMO for HSPA+ in Release 11. 


Continuous Packet Connectivity 

Continuous Packet Connectivity (CPC) specified in Release 7 reduces the uplink interference 
created by the dedicated physical control channels of packet data users when those 
channels have no user data to transmit, which increases the number of simultaneously 
connected HSUPA users. CPC allows both discontinuous uplink transmission and 
discontinuous downlink reception, wherein the modem can turn off its receiver after a 
certain period of HSDPA inactivity. CPC is especially beneficial to VoIP on the uplink because 
the radio can turn off between VoIP packets, as shown in Figure 108. 


Figure 108: Continuous Packet Connectivity 


Data 
Pilot 


Without CPC 


Data 
Pilot 


Rysavy Resoarch 


Higher Order Modulation 
Another way of increasing performance is with higher order modulation. HSPA uses 16 QAM 
‘on the downlink and QPSK on the uplink, but HSPA+ adds 64 QAM to the downlink and 16 
QAM to the uplink. 3GPP has also introduced 64 QAM to the uplink for HSPA+ in Release 
11. Higher order modulation requires a better SNR, achieved through receive diversity and 
equalization 


Multi-Carrier HSPA 


3GPP defined dual-carrier HSPA operation in Release 8, which coordinates the operation of 
HSPA on two adjacent 5 MHz carriers so that data transmissions can achieve higher 
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TREAT WATER 


The importance of water, eve 


environments to require 14 liters 


short-term survival situation, should (3°: gallons) per day. We tend to take 
r be underestimated. Water is water for granted, not appreciating just 
ntial to life, and a regular intake how important it is until we don’t have 


2-3 liters (4/:-6/s pints) a day is any—at which point it becomes the 
needed just to maintain your water most important thing in the world. 
balance and prevent dehydration. You should always plan your treks 
The amount required can increase around your need for water and your 


dramatically depending on factors such 
as the temperature of the environment, 
youir age and physical conditi 


bility to replace it as required. There 
e many hydration systems available 
your and many small and efficient methods 


workload, and whether you have been —_ of filtering and purifying water on the 
injured. It's not unusual for UK Royal trail. In a survival situation, you should 
Marines operating in desert or jungle always strive to filter and purify any 


In this section 


® that birds can show you the way to water... 

= when to suck on a small pebble... 

= how to make a gypsy well and a solar still... 

= why a Finnish marshmallow could save your life. 
= how to absorb water without drinking it... 
= how to improvise a basic bladder... 

= the importance of surgical tubing... 


water before drinking it, Bringing water 
to the boil will kill all water-borne 
diseases. In the short-term, stomach 
bugs from contaminated water may 
not kill you but they can seriously 
affect your ability to carry out other 
survival tasks. However, if you have no 
choice, it’s better ta drink contaminated 
water than not to drink at all, That 
way, a doctor will at least be able to 
treat you, whereas dehydration will kil 
you—and death can't be treated! Never 
drink urine or salt water, as these will 
only dehydrate you more. 


If a source of water is 
undrinkable, such as salt or stagnant 
water, or even urine, you can still 
produce drinking water if you have the 
means to start and maintain a fire. 


THERE ARE MANY WAYS to purify 
water, but if you have a fire you will always be 
able to distill it—and therefore make it drinkable. 
Build your fie close to the water source (if the 
water can be poured into a container or a hole 
ddug in the ground where it will nt seep away 
quickly this will make the process more 
efficient). When the fire is established, 
rocks init (don't use slate or other layer 
as they might shatter). Once the rocks ar 
heated, use a forked stick or similar to transfer 
them nto te salt or foul water. Then, suspend 
a piece of absorbent material, such as aT shirt 
(or moss, over the hot rocks to collect the steam, 
The steam will condense on the material and the 
resulting water, which you can wring out, will be 
fit to drink. If you have a cooking pot or st 

tin, you can simply fill it with water, bol it 
fire, and collect the steam in the same way. 


lace 


If you have absolutely no means 
of freating or boiling water, you should try to: 

= Find the clearest flowing water and collect it 
from the surface 

1 Filter debris out, even if only through a sock. 
® Remember, it's better to drink foul water than 
not to drink at all, 


GG We tend to take water for granted 
until we don’t have any—at which point 
it becomes the most important thing 


in the world OD 
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THE IMPORTANCE OF WATER 


YOU REQUIRE A STEADY supply of water to sustain ra 
yourself in a survival situation and without it you will Spmrcnk of bron 


dehydrate. Left unchecked, dehydration will end in - then Heat 
death. To survive, a balance between water intake / ion ang 


and loss must exist. 


WHY YOU NEED WATER : se 
Ato 


Water is essential to life. It isneeded, pias esinfeont 
directly or indirectly, for every 
phiysical and chemical process 

that takes place in your body. 

Here are just a few of the functions, 
that water performs: 

= Delivery service: water carries 
oxygen, nutrients, and ather 


essentials around the body. E abs 
= Waste remover: the kidneys use eon i tbe bod dest 
water to flush out toxins via urine, Su ost prod 


= Coolant: water regulates the 
body's temperature, 

® Breathing aid: the lungs use water to 
‘moisten inhaled air so that it doesn't 


irritate the sensitive pulmonary linings. be eee 

Sensory ai: water helps conduct | mers nd 
‘nervous impulses around the body. weeny 
= Shock absorber: water protects the bees dd ' B) ccessileto 


vital organs and provides lubrication the body 


around the joints, 


arora 
Bape 


HOW MUCH WATER 
DO YOU NEED? 

How much water you nesd to survive a 
particular stuationis dictated by number 
of factors such as your physica sate, the 
‘environment youtarein, and your exertion 
levels Even when resting in the shade, the 
‘average person wil ose more than | liter 


‘Q/pints) of ater each day pst through fae scnoraton et 
breathing and uration gre hat Se tt fo 
increases dramatically once loss of water ay 
through sweat is taken into account. A temperoture 


‘ninimurn of 3 ters (5% pints) per day is 
required to remain healthy i a survival 
situation with this amount increasing for 
higher temperatures and heavier workloads, 


WHAT IS DEHYDRATION? 

Dehydration occurs when you fail to replace the water your body fosas 
It vita to recognize the symptoms eat Factors that can lead to 
dehydration include high and low temperatures, humidity, work-rae, 


clothing, body size, fitness levels and injury. 
‘THE EFFECTS OF WATER Loss 
15% LOST 6-10%LOST 112% LosT 

That Decne: Snes eon 
+ Disa Dy mouth Dah: 
= Uebacomesdier = Bhanssofetramties —« Defectie sin 
Las apgtite Shun peth = Sleds 
“= Inpatinca + Soon ine = Lk sk 
= rowsnes red vn Irby toswale 
s Lathaay + Tinian ibs Delran 
Nea billy oval, ‘sUersionnes 


 Headahe ety breathing = Death 


WATER-BORNE DISEASES 


‘Water-borne diseases are caused by ingesting water contaminated by 
the faeces or urine of humans or animals that coniains protozoa, viruses, 
bacteria, o intestinal parasites, Globally they cause 10 nln deaths a year 


DISEASE SYMPTOMS 
Cyntsprom Less ol appette nau, and bein pa sual flowed 

ty fu aualing warding vn, 
Slade Lins aypett, etary fave; omg de bood the ue, 


alae ean 


Insc esis Naso of petite mid eve, aching dokenlored 
(Hepat A) arn unde, anda pan 


‘bicdysny Feng fatigued nese Fessmay be ol but wil 
smal land fan bdrm, 


aly dsetry Pw, yaisscle cramps hg anger aur ard ood, 


hae us. anus 0, 

Thala ating por inaletin,cldedlanry sky muclecra, 
rep atin and near ate, 

colar Dias and amg. Can cave chat inwarabe aps uch 
ery goin or eer 

Lojtspkois —_Janisdapearance, thay ih pata ching msc, 


and ving Can beat nage ai, 


Sain Nave lanes, tomarh amp ee, possbla 
pd he feces and ont. 


Bhan Tin othe ray et nd blond nr, ah yin, 
dial pa, ou, abe, fev, ard fai 


Honkworn Aronia andotagy Lani rat ngsand ar aghedip 


andes nthe stor, wht ro ho wor 
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TOO MUCH WATER? 
Hyponatraemia is a condition caused 
‘when excess water accumulates in 
the body at a higher rate than it can 
be excreted. It results in a diminished 
‘sodiuim concentration in the bozdy's 
plasma and the swelling of the: 
bodys cll It can lead toa wollen 
brain and other neurological 
problems and in extreme cases, 
‘coma and death, The way to prevent. 
Iyponatracmia isto contol the 
amount of water that you drink, and 
to regulate your body’ salt intl 

Tf you dort have salt or sodium 
tablets in your survival tn you can 
filter saltwater through fabri to 

‘sift out the salt content 


RATIONING YOUR WATER 
If your water supplies are limited, 
‘youl have to use vhat rations you 
have efficiently until youre rescued. 

IF your water ratios wil not last 

that long, youll have to procure water 
Yyoursel. There is much debate about 
thoadvantages and disadvantages of 
<rinkang no water for the fist 24 hours. 
‘of a survival situation, butat this early 
‘tage i’ best to make sure youre 
cadlequataly hyclratod. Your particular 
circumstances will dictate what’ best 
‘tb do, but always consider the following: 
® The incident that put you in the 
‘suivival situation ray have been 

both dramatic and stressful this 

‘will make you thirsty 

= In the frst 24 hours ofa survival 
situation, youll be addressing the 
principles of survival: protection 
(Ghelter) and location (see p. 27). This 
ishard thirsty work, 

= Physical factors—such as 
seosichness, injury, or the environment 
you're in, such asa desert—may 
dictate that water-rationing is not a 
viable option. 

= If you only have a liited water 
supply, bul drink nothing for the 

first 24 hours, you may end up 

being so detydrated that what 

little water you have in your 
possession will have no positive 
effect on your dehiylrated state, 
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FINDING WATER: 
TEMPERATE CLIMATES 


THE ABILITY TO LOCATE dlrinking water can challenge 

even the most experienced survivor and the challenges can 

vary dramatically according to the environment and the local 
conditions, Itis, therefore, extremely important that youre aware 
of ll the potential sources of water for the environment you're in. 


COLLECTING WATER 


You can find water in a range of sources, which vary in terms 
of quality and accessibility. Your priority js to locate the best and 
‘most accessible source of water in your immediate environment, 


CATCHING RAINWATER 


=o 


‘WARNING! 
Ia.suvval suction ee it 

ou think your chances of eso are 
High and that helo brmient, you 
stil start olor water sources 
2 Soon as you have addressed the 
‘inmediat problems of protection 
and shelter (seep. 154-81). 
Remember that you can survive 
‘or upto three weeks witout fod; 
‘without water you wort be able 
‘to suvivefor more than afew dys. 


Collecting rain a it falls is the safest MATERIALS AND TOOLS. 
way to procure drinking water, It will = Tarpauiin 

‘ied no realment prior to drinking, 2s Faurstices 

Jong as the catchinent device itself has = String 

‘not been contarninated, Any number = Heawy stone 

of non-porous materials—such as = Container 


Larpaulins, ponctws, ysheets, survival 
blankets or even large leaves—can be 
used a5 a rain-calcneat device. Bear 
in onin that the larger the surface area 
ofthe material the more rainwater 
vol be able to catch 


Selecta place as close to your 

‘amp as possible where your 
catchinent device will be exposed 
to the most possible rain, 


Firmly secure the tarpaulin 

to four stakes (sticks of equal 
Fenth could be used) using string, 
Make sure that one enc is higher 
than the other to provide a natural 
run off for the water 


Placea heavy stone in 
the middle ofthe tarp, 

roughly two-thirds of the way 

toward the lower end, to creat 

‘a crannal into which the rain will 

run down from the tarpaulin’ sides, 


Place a container, such a5 a 

pan or can, beneath the end 
of the channel to collect the water 
asi starts to flow off the tarpaulin, 


Use st as 
Imgroused soles 


‘vl mute 
ine torn 
esi 


fromtetorut 
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LOCATING OTHER NATURAL WATER SOURCES 


If rainwater is not available, there may be other natural sources of water, 


from easily visible streams and rivers, to bores and holes, which can be hidden, LOCATING HIDDEN 
Watery sou ye shud sys et the water ef rng WATER SOURCES 
‘The presence of water is usually 
SOURCE CHARACTERISTICS indicated by signs of life, such as. 
These occur when the water is forced tothe surface asa result of mbterranean iis ae atraih erro 
rors eave ana date 
Feareangetng choi see reruniwiay | oY tyne ablation Even te 
‘areas spring normally rode a permanent water Source Cntastrg ores train you're in appears lifeless, 
‘vegetation fat indicator a thelr presence. there may be plenty of indicators: 
ofa pone ates 
Thc ta seslasimaoaecbtbeesstisee | Use THE TERRAIN 


‘sj eed tn bean dhe colketng wate franthen. Teese 


‘nthe mountahtop the river ostream , the larrthetatunning water ‘= Observe the landscape for patches 


willbe. The turther downstream the water travels, the more fel it tock ‘of green. Be aware that vegetation 
SAUNMMISontras nape tna mht pst Inaynt net obvious sae water 
‘either check upstrearn for dead anita that may have cuntamridted be wear, for survival and may get its water 
RIVERS follow the water downstream. Always try th cole the fast-fwing water fram deep roots that tap into 
‘ar tothe surlace In ari ares, rversandstrams tend to Flow drag ‘moisture bolow the surface, 
Sessanllcotannecplians tao Watts supect togravty ans 
tore iy ob ur cow o n 
Ui ound in fish oun ck hoes are ratalclets orate Peat SS, 
TOE the wot aypears tobe trarneddoep dn you can se your sri ubiag FHverbeds,nairow canyons, gulls, and 
‘aretrieve it Make sare you ier and purty the water bere you dt at the base of cliffs or rock formations. 
eronfiames or kena nscetee 
SS and dergses 6th rout es, 
ariaiolns idae olan aS ae er ee ae 
SIE sediment inteeot ey er eet i cleat, 
EO tt semcerenmiaecent oar es 
Iplsbtar Aula terete et oyara coasting, avg ter vata 
level sat tht an be sed 
ives, stars, andwater rns al fr inlakes pond Fy ina sobsr stil (see p. 189) ta procure 
LAKES callecting water frm these saurces, always try tocolectitas it rans to the: frosh water, 
"AND i ee ie and ped ernie Sa one sadcan, 
errr eases ota eae 
GME) Sincrnasortstcntuentnccurme | | WATXTHEANIMALS 
‘thatthe presence of fh ndicatws that the water stilaxygenated, ‘ot biecc ak davai andi@aase and bakone 
the ig pets ote whore 
Usually located tthe bare of if high ground, rocky outros, seepage they drink, 
ead soar tne at anf ee tr + Peso BF elo ne spot 
—— ie iey Sie oe ane vote 
‘oats areca ese toners andes in yr cas and arromaly Thisdoes not apply to meat-eating 
Iowor than tho exsting wetor table. Tho prasance of soaks & on dated birds, such a5 vultures, e2cles, or 
_byvegetation and they may be subject to polltion as a result oftheir use by: hawks, wha gat thelr fluid recuirements 
‘ral, Make sure you iter and purfy the water before you drink from the meat they eat. 
Bi teste eats 
= voihins Boren ia naifices fede ose ors 
‘Most water sources are likely to be used by animals for drinking, bathing, He eS eaters 


1 Bost nod water, so bechivar are 
ever far from a water source, 
* Animal tracks, especially those 


urinating and deacating, 5 lways filter and purify any water cllected befere 
use (sue pp. 200-01) the ony exception ta thi rule if you have collect 


ing water, you should f the following dangers, of herdanimels, wil often esd to 
Is posible that you'l encounter dangerous arimatseither using the water Nalgene oliver Se wton 

sauroe, cron the way to or fram the water source set of tracks, 

1 Almost l major ata sources wll havea renbng stem todetermine which ‘= Fliesstay clos to water and the 

ania canuset. If allof the small gazelles suddenly sappeay, sk yourself why. resence of mosquitoes almost 

s IF yar colecting water fram rivers, be aware a te potentisl dangers of rareuiliieac a twrae acapat ed 

river wilde, suchas erecelles and snakes * Look ot for herd animals, such as 

s Ifusing dry rherbeds during the rainy season, be aware that flash Mods can hutfaa hipnes, elephants, impala, and 


‘move quicker than you can run vwideboost as thay dopand on wator 
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PROCURING WATER 

Even ifyou find yourself in an environment without any obvious f ‘ 

water sources, tdaesrrt necessarily mean that water wl not ee eae 

be avalable ta you, There are a number of water-procuretnent lieu dae meer eeiyate 

techniques that may mean the dference between you making SRT RAeC il tat suse 

it tough a survival stuaion or not fies Hace paste 
Wore inthe xl at 

SOURCING WATER FROM DEW Erica pias 


seeantaamecng sacar maccicaecr inn _alteanftihycaitnead 
ee ee tne 
Kenmencrmtiane stir mancebocenver” — seakaaalsmatintg. 
See eee ee eee scsi ein ables a 
aE 
uae sali oth 
HARVESTING DEW en thse other food ocaps. 


wri down cs stones 
fingurenstone int te 


Tethemateriltighthy ‘wring the rags to extract the 
around each ankleand walk walar Repeal the process 

‘through the dew-covered grass IL untilyouhavean arn ple supply af 

willabsort the dew asyaumeve. water or the dew has evanorated, 

SOURCING WATER FROM PLANTS MAKING A VEGETATION BAG 


Transpiration is the evaporation of water from aplant, ee aerate smite 


primarily from is leaves. You can collet this vapor tob00st Son and, Secure the bag n drect sunlight. The sun causes 
your Tesh le surly Alyouned inacleapusickea. gtr the aves to evaporate, condensation fomson 
‘he alasticbea and drips to the lower corner of thea. 
MAKING A TRANSPIRATION BAG 

Plaoy a smooth roc in the lowor corner ofthe pasticlnag, 
and place thebag over the leaves ofa toe branch, tina tho 
td, As water evaporates from theleaves bl condense 
sn theinside of the lasticbag and collet atits lowest pant. 


te ag where est 
Secelnticking egies 


ater sit coe 
bite asta 
orbebes 


MAKING A SOLAR STILL 


A solar still works using thesame principle as a vezetaton ban 
‘See opposite), It collerts notable water fram the vepar that &produved 
boy vegetation, wate that is ft to drink, oF moisture fromm the graune 


‘Ideally find, or dig, a hole in the ground at least 2 ft (06m) wide 
‘and 2tt (06m) deap, Place an amnpty container in the center of 

the hola Filth hole with wegetation, 2 repepLacle containing undrinkable 

‘water, auch as saltwater or urine, or fabric snaked in undriikable water 
Cover thehtole with a plastic sheet, and seoure 
Tt inplace-with stones Place a stone inthe 

conte of the sheet to create a rurvaff point 

{or the water, The sursheat will evaporate water 

{ror the vegetation, or distill the undrinkable 

water, producing nure water vapor, 

The water vapor, which sow 

free of contaminants, 

will condensean 

the undersi 

the plastic 

sheet, and drip 


where oan 
be collect. 


Salta fo 
aarp ot on 
andolée opiate 
Fresh en 
vegan, 
Contr eats 
‘ordered water 
cfopiels 


MAKING A GYPSY WELL 

‘A good mathod of using the ground to create cleaner water from 
lagnent wetter sources, a gypsy well ca also be used to collect water 
from saturated ground The water collected thraugh this method will 
Stilnsed ta be treated before its safe to drink (se=p, 201), 


Dig aholea few feet away from 2 
stagnant water source. Tt should 

be wire enough for you ta be able to op 

into it witha container and at least 12 in 


(30 on) below the first layer of saturated 
sil The hole will quick Fill wth water, 


Ball out the muddy water and alow 
thehole to refil—yourmay hare to 
"pet thisprocess several ines, Onoethe 
water inca, canbe collerted treated, 
2rlused Cove the well when natin use’ thebag 


ta.revert debris or small animals falling in. y 
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TOOLS AND MATERIALS 
s Space or stove 

= Two conaiers 

Vegetation andor ura wir 

* Piece of faber o ting 

s Fhstishee, tard rseave bbe 
f= stones 

+ Sutgialtbiog 


Santer Smistones 
oklng | fi glocti 
LncAtale Shean poston 


SURGICAL TUBING 
Always pack eat of 
‘ugial bie tscur uve 
Iie deste we mah 
“gare acd anesteily 
esa pee of equi: 
1 Iteanbeused san 
imposed strato reach 
water trapped ineocls, 
halls, and trees. 

s Ttalowsyou totes at 
fae ona sol tll 
‘wiht tale thes act, 
Thea betuitito 
‘vanseaton a ean 
fags so thal you ca ove 
water wthnut Eig tn open 
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FINDING WATER: 
HOT CLIMATES 


YOUR NEED FOR WATER increases in hot climates as your 
body starts to use more of its water supply to regulate its 
temperature through perspiration. If you fail to drink more 
than you perspire, you will start to dehydrate and even 
approaching the first stages of dehydration can affect your 
chances of survival. Hot climates can be divided into two 
groups: hot-humid and hot-dry. 


HOT-HUMID CLIMATES 


The hot-humid conditions found in jungles and vain forests mean that 
procuring water is rarely an issue. However, the body's need for water 
in these conditions should riot be underestimated: it isnot unusual to 
have to drink up to 3 74 gallons (14 liters) a day to avoid dehydration, 


SOURCING WATER FROM VEGETATION 

‘Many plants, such as pitcher plants, have hollow parts that collect rainfall or 
low, Some troos stare and catzh rainwater in natural receptacles such as cracks, 
or hollows. In an emergency fe-saving liquid can be garnered from a tree's roots 
fr sap. You can find water trapped inthe sections of gran bamboo by carefully 
cating into the bamiboo with your machete or knife; or collect salt unripe 
ccocontts andl quench your thirst with the fluid they contain or make 2 spigot 
and Lap into the water contained inside the water tree. Life-saving fluids 
everywhere in the jungle, and you dont have to look far to find it 


WATER VINES. 

Found throughout the jungles anc rainforests of tropical regions, 
water vines are easly idantiabiaby the size and stape andcan 
rove an excellent sort af Fresh water However ear n mina! 
that natal wat nater-bearing ntl centain 
chine ve ven cman pasoncus sap. 


Atermobing 2 


fort to fw 


Most water-bearing vines ar@ about 2 in (Sem) in 
tlareterIFyou think youhave found ane, make asa 
cut nthe vine with a machete and check the clorof the 
3p IF the lil ik ot drink i fs lea, then 

ater In the vine will be safe ta drink, sa 
‘ut thraugh the vine as high a vou 
can with akifearmachste 


Cut off thevine ata pont lower than 
the frsteut, The lav, which has § 
neutral, rity taste, willstart to low. Dor't 
letthe ine touch ycur mauth as the bark 
‘mayeontala irritants 


© roreen tesra toner 
waecTencify sea tena 


——_—_— 


WARNING! 


riers and streams may not be available 
hing cetain seasons, rif have 
clinbed thigh so knowledge of ther 
ater procurement mtd cou be 
‘uci to your survival 


— 


CATCHING RAINWATER 
Catching rainwater fs the best way 
to procure water: ibis passive and 
requites no energy to collect once you. 
place yeur containers. There are many 
forms of catchment device but make 
‘sure you filter and purify the water 
(see pp. 200-01) before drinkang it 


BAMBOO ROOF 
Construct sloped tambon roof witha 
barmboo gutter This could be the rat at 
your shelter (seep. 169) but if water 
Procurement ts problem, you wil have 
tacanstructaddtional bamboo 1 


WIDE-LEAF ROOF 
Ifyou'ainan area where thera are 

wite-eafed plants, t's easy ta construct 
2roat fram them. Cverlay the aves as 
yeu would with roa tes, working fram 
the bottom tothe top (seep. 170), Placed 
inthis way, they wil alow the water to 
run tothe bottan. length af bamboo 
catin lf lengthways can be placed as 
collection quite at the 


BAMBOO DRAINPIPE 
(Observe rainwater’ ruta down a tree 
trankand tlea length of bamboo that 
has heon cutin hal lengthwise nits 
th, Place the other end ofthe bamboo 
Inna sutabl container 


DRIP RAGS 
Wapping any absorbent material araund 
leaning vee such asarag ra Tshirt, 
wilresultin the water unring dawnte 
tree ane seaking themateral Shape the 
rag ta form alow pent fom which water 
will ig an plave asutablecontaner 
undbrngath tocath the water 


HOT-DRY CLIMATES 


Anyone venturing into this ervironment should have sufficient water for 
thelr needs, plus an emergency supply lust in case, otherwise they have 
no rht to enter the desert Green veastation usually signifies water oF 
moisture in some form, ane! many techniques af procuring water In 
temperate climates cee jp, 188-91) may wark in some desert conditions 


SOURCES OF EMERGENCY FLUID 

Jf there is no surface water to be found, and you have no other meansof 
procuring water, awater-yielding plat may be your only oetion. In some 
plants the clear sap, fruit, or trapped rainwater, may quench your immesiate 
‘ins, but dont rely on these sources to keep you alive for Iona 


Tie tart shaped cates 
charetore by names 


BARREL-SHAPED GAGTUS: 
EBarrd-shaped cacti contain alley id 
thats sate to dre, Carat ily ema the 
Unpof the cachss with amachete, mash un 
the lash nde wath acl to make a pula, 
and extract thejuice fromthe pulp by 
suskna troush shllow ras tem, 
Alternatively use aclth to sak ups 


much ofthe fad as posse and then 
‘orig thernateril to eatractthe fd The 
rewards fromboth techniques areminral 


Tel cater ter 
offre fut tobe 
emo etre 
reat 


PRIGKLY PEARS 
Found in e-spreading clumps 
‘measuring 311(09 m] neigh, and 
native to dry, sandy sols throughout the 
‘world, thepricly pear cactushas an 
eae fruit that can provide life-saving 
amount of fu 


AGAVES 
Native to Mexico and the southern and 
westem United States, agaves have s 
rosette of thick, let leaves containing 
uid that ssa to drink, Cut the huge 
lower stak with 2 knifearmachete and 
collect the juve, 


FINDING UNDERGROUND WATER 
‘Water islifein the desert: wherever 
‘horas ie therel be water, Unusual 
clusters of green plants may indicate 2 
minor eresence of ster: an abundance 
of greenery mayindeata antere 
substantial water source Water rarely 
found abave adepthof 6 ft 0.8 rr) below 
the-surface, so you yl haw to ily frit 
Ifyou do, make sure you arly do 30, 
durina the coolest part ofthe day, Bear 
Iinind that daspite hat you may have 
seen n mpves, or readin ther books, 
sour chances of procuring water from 
the insdeband ofa cry wail in areal 
survival stuatian are sim tanon- 
eaistont. Infact, youre marelikey to 
\aste what nator you do hav looking 
for the dry wad and din the pracess! 
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THINK LATERALLY 
“The whanoas ave that if yout ting 
toprcue water in the desert youll 
aleay beinadespera sation 
Beatin ind tat vation to he 
tmethors mentioned above you 
tavelenwlede of the tnhnigues 
cuted nthe Fenipvate ero 
selin  pp190-91)—sunt as sat 
ill dev tras, and venta and 
‘raespration bags—iteaue be encugh 
‘to kesp you alsin te desert 


——__ 


CHECKLIST FOR 
HOT-DRY CLIMATES. 


Even the hest-laidplanscan hit 
unforeseen problems, but many 
problenis enenuntere in 2 desert 
evironment can be avis with 
some por presavation. 

1 Always start hydrated 

= Carry enough water for your 
nad plus emergency wale 
your emergency sunny should be 
eraugh to get you out of dancer 
1 Monitor your progress 

against the water yeu us 
Tf youre using move than yeu 
taught, re-evabite wht you 
want to accomplish. Hts better 

ta turn ack and learn from the 
mnistake than to push on and 
cteate a survival stuation that 
need not exist 

1 Cache water ahead Wf recessary, 
® Check your map for prohable 
water sourozs, Confirm the 
relablity of these seuroes with 
locals and ask if there are any 
sources, sich aswel, that are 
nt shown on the mae 

= Mark your map oF waypoint 
your GES, with any Water sources 
‘yu sit as you progress. I's 
brie’ to go back to aknawn 
source than ta move on wth 
nthing mere than hope 

1 To kacp the water eva, always 
keep te bottles in the shader in 
a windy locaton, 


throughput rates, as shown in Figure 109. The work item assumed two adjacent carriers, 
downlink operation and no MIMO. This configuration achieves a doubling of the 21 Mbps 
maximum rate available on each channel to 42 Mbps. 


Figure 109: Du: ink Carrier?* 


Carrier Operation with One U| 


Uplink Downlink 


UEL 


UE2 


Benefits include: 


@ Anincrease in spectral efficiency of about 15%, comparable to what can be obtained 
with 2X2 MIMO. 


Significantly higher peak throughputs available to users, especially in lightly-loaded 
networks. 


@ Same maximum-throughput rate of 42 Mbps as using MIMO, but with a less 
expensive infrastructure upgrade. 


Scheduling packets across two carriers is a more efficient use of resources, resulting in 
what is called “trunking gain.” Multi-user diversity also improves from an increased number 
of users across the two channels. 


Release 9 also supports dual-carrier operation in the uplink. Release 10 specifies the use 
of up to four channels, resulting in peak downlink data rates of 168 Mbps. Release 11 
supports eight radio channels on the downlink, resulting in a further doubling of theoretical 
throughput to 336 Mbps. On the uplink, devices can transmit using two antennas for either 
rank 1 (single stream beamforming) or rank 2 (dual-stream MIMO) transmission modes. 
Rank 1 beamforming helps with coverage (approximately 40%), while rank 2 MIMO helps 
with throughput speeds (approximately 20% median and 80% at cell edge). In addition, 
64 QAM will be possible on the uplink, enabling uplink speeds to 69 Mbps in dual-carrier 
operation 


Downlink Multiflow Transmission 


Release 11 specifies means by which two cells can transmit to the mobile station at the 
same time. The two cells transmit independent data, in effect a spatial multiplexing 
approach, improving both peak and average data. 


204 Harri Holma and Antti Toskala, LTE for UMTS, OFDMA and SC-FDMA Based Radio Access, Wiley, April 
2009. 
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FINDING WATER: 
COLD CLIMATES — 


; ‘WARNING! 
ADOPT THE SAME METHODS of trying to find drinking ‘ever try to mel ine snow in yee 
water in cold clirnates as you would in temperate ones (see ‘noth, a can ease fret i 


pp. 186-9D, although the ablity to procure water becomes ARNT al Ms MT 


aumajor problem in freezing temperatures. The cold-weather teat his dene au css 
survivor faces ademas he o she is surrcundel by water, Wve lincsrualig tvs 
but could die of thirst because most of that water is frozen. 


MELTING ICE AND SNOW 
CHECKLIST FOR Tf you have the choice between melting ice and snow, favor ice, 
COLD CLIMATES as it rrelts more quickly than snow and is up to 17 times dense. 
co etait rece However, if you carft find ive, use dense, compact snow. Always 
at ester conte te came lonk for the whitest, purestlaoking ive ar snow, 


manner as you would in desert 
conditions (see p. 192), MELTING ICE 

1 Dre of your first thoughts shoul IF you havesome water to begin wth pour some into a eatalner and heat 
be about procuring water. You will it over a fe, Break the ie rt smal pienss—rather than aldrg It in one 
faveto finda water source that's lump—and keep addinaplecesto the contane to met them. Weep the water 
‘lose to everyting you need to ht, but not boiling, so that you avoid lasing water thrcugh evaporation 


bull and maintain a fire 
1» Always loak for an alternative water 
sautce before trying tp melt snow 


USING A HOT PLATFORM, 
you don alraady havewater Foy the method 
above, you can matte slow'y on a getiy 


orice It's easier less time-consuming, | 3:me.Youianmecssows on 30cm | Setctfnmon fae Bhatof 
2rd more uelecent te your Semeorvolpaterstanecie mete, yee 
water containers with natural Srnaft 

inetwater tan it isto met snows Build 2 fre, Search fora large 

ot 108 ty the hest of afre stone with a fiat surface ad two 

2 Your ably o rooure water in Ise alnesnoey at tar 

‘reezng conditions willbe directly Rea ere 

‘elated to your ability to start and 28 a support fer theflat-surfaced stone: 

maintah a fre Male sire that the platform 

= Be aware that ittakes tmeand ta angle, Tis wil ate 


fratienee to melt snow and ioe. You ratural run-off forthe 
algo need enough fuel to maintain a ‘cos it melts Blea 
fire for a considerable period of tine. a cee 

= Regulate your bodyheat to minimize J "=" *Y nena 
‘overheating and sweating 

1 Kceep drinking water slose te your 


body fo prevent it trom freezing, but up the platform, theleey 
awidhaving water containers directly | wil weain tomelt The = 
ext to your $eh, Instead, keep them Ireltv aber wil love off 
Foetween layers of clothing and usethe | the plato wiereiteay 


warmer ar trapped between thelayers | 2 olected na contaner 


(helo rae the water's temperature 

Do rc. vs eveyone sea water, Cole ie eit i aaeaie 
a bine tie meaner 

a reontains high kvels of sa eee cnimatte ce 


such a5.4 mess tn, 


MELTING SNOW 

‘If you aeady have water, follow the techniques for 
meting ice (see oposte, heating a tle water and 
adding the snow litle by tte, Don't pack the snow to 
tightly, f an ai pocket forms, the heat from there wil 
bee absorbed ly the metal container rather than by the 
snow ard could vest nthe firekauring aloe through 
the metal container befare itmets the snow. 


MAKING A FINNISH MARSHMALLOW 
Guta sold place of dense snow—oftenreferred to asa 
“marshmallow or a*snowman's head”—and sewer with a 
stick Secure the stick nthe around close enough to a fre that 
Iereceives naa, and postion asutable container underneath 
ito capture thewater sit malts. 


tevera 
excep 
aeomgaet 

otf now 


IN A WORST-CASE SCENARIO. 


[you're caught out on barren snow oF ic, youre unlikely ta have 


_aceese to natural fuel ta burnin order ta rll snowor ioe ito 


>ystar Aslong as you hsveyour secondine suis enulpment 


Gee AZ, youll haveal you 


st provuraif-saving water 


USING YOUR FIRE TIN 
‘Setup your ie tn onthe ground and 
halter Irom any windush either your 
body o your pack. Using your survival fin 
a5. contaleplave small quarities of 
|oe orsnawinta the tn. Light your fre tn 
and place your survival tn over the lam, 
‘Add mare lee or sve asit starts to met 


USING YOUR MATCHLESS FIRESET 
Place the lid ofthe matchless fesettin on 
‘the ground, Light hex! fil block using the 
tntton woel and fintistnker Using the 

fireset container or your survival in, melt 
small quates of ce or snow over the 
‘lee, nee the ioe oF srs has mete, 

let the conte cool so you don't bum 
{yourself The waters then safeto drink 
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STORING WATER 
Sg Scent insulator: ken the temperature desta 40 
40°O ate ra tte wl enn ge) urfizen boa 
Cada east 1 (03 n ofc Make sme yeu lovee 
ots ui aw Tet vi some cf hai des fic, 
‘tl zeal the hota of te bot an nok at tht. 


eee! 


USING A MELTING SACK 

Using a similar principle to the Finish mar stmallow (Gee le, 
‘his technique volves using an improvised sack—made fron 
any porous mater, such asa T-shirt ara sode—sugpendd 
rear ta fire. Tha heat from thaire wil start tarnel the snow, 
‘which can then be colleted na wel-costiohed contaner 


Tie for Rio banept fom he het 


USING BODY HEAT 
‘Win Inuit ters 
‘agture a carbon they 
erty out the contents 
cfs stoma, tum he 
stomach insite ut iit 
wh shi, and ier st 
‘witha eth of nestin. 
They hen pu he stomach 
back inthe caity wile 
‘thes an the carbo, 

By the ine they have 
“inished the beat given 
ofby theanmatsbody 
tas meted the stows The 
Toten open te bag 
‘aefily av suk othe 
wate through blo oF 
soni oie it 


—’ 


rower kepoved 
arnt conainoy 
rit over fame 


Fretinor matic: 
eset + entree 


Sava water 
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FINDING WATER: AT SEA 
OF ALL ENVIRONMENTS, the sea Is possibly the most difficult ——n, 


in a survival situation, It offers no natural resources for protection waRNiNG! 
against the extremes of temperatures, wind, rain, and sea state, Newest abe sak 


and provides little to aid location. Being surrounded by water errant as 
that you can‘t drink only adds to the difficulty. Some devices —_—_yildehateyou Colt are 


't Wet a atl eo alld 
are capable of making seawater safe do drink, but if you don't palamaetrale villa 
have ong, you'll have to find a way of procuring enough fresh = 


water to keep you alive, ———— 


COLLECTING FRESH WATER 


‘f.you find yourself adrift with no hope of immediate rescue, 
obtaining drinking waterwill be a major priority Ifyou don't 

have a solar still ora reverse-asrnosis purnp, you must find another 
means of procuring fresh water Fortunately, there are several 
ways of doing so 


GATHERING RAINWATER 

Most modem lifeafts incarsorate a bull-I rainwater eatehiment system 
{hat channels rainwatsy and cw from the cuter surfane of theliferaft 
into collection pockets inside the iferait. However, sven if youre not in = 
Ieratt, you can construct a similar system using a tarpaulin or any other 
‘waterproof material Watch the cloud, be ready for the possibility of any 
showers (see pp, 30-81) and spread your tarpaulin in a bowl shape ta 
catch the largest am ount of rainwater possible Always place a tarpaull 
‘before nightfall so that you dort miss out an any overnight rainfall 


HARVESTING DEW 


CONSERVING YOUR 
WATER RATIONS AT SEA 


Featioring fresh water supplies whet 
youre adrift at ea is a sensible 
precauticy, asyou have no idea how 
long itl be before youre rescued or 
before you reach land. Here a a few 
tins to help you conserve what water 
‘you have while youre at sea 

1 Fic your dally water vation aftar 
taking stock ofthe amount of water 
you have, the output of solar stills and 
desalting kits, and the number anc 
physical concition of your party 

1 Prevent fresh water supplies from 
becoming contaminated hy satwater. 
Keep water supplies well shaded, 
both from the overhead sun and from 
the olare off the seas surface 

1 Tn fot conditions, damoening your 
clothes with saltwater can help to 
lower your body temperature—but 
dort cverdo it. Tis isa trade-off 
beten cooling yourself dowr and the 
saltwater bois and rashes that. will 
resut from continued exosure, 

* Dont exert yoursetf Relax and sleep 
whenever possible 

* Use every cantainer you have-—even 
a simple trash tag—to colent| 
ranvater, a keen them well sealed 
and attached ta the ral 

1 Ifyou danit have water, dont eat 
Protein consumption wil hasten the 
onset of dehydration. 


At night, secure the tarauln He a sunshade and turn up its edges 
{tn capture dew Itsalsi possible to harvest ary dew that may have 
calleeted on the sides of the raft using aspange or cloth that you 
‘hen wring out. 


peat is soreod over iwe 
Safocoarea tocatch 


TREATING SALTWATER 


Ifyou have no means of collecting rainwater or dew, there are 
‘several products capable of turning undrinkable saltwater Into 
fresh water Although these products are standard issue on rast 
liferafts, you should always try to have at least one of them with 
you if you are venturing into a marine environment, 


SOLAR STILL. 

Solar stills are a simole way’ of distiling water using the power of the 
sun. Satwater spaced at the bottom af the container, where iis 
evanorated ky the sun through clea plasti. Pure waler condenses on the 
lopaf the plastic and drips dawn to the side, where t can he collected, 
often via a tube, Most solar stills on modern iferafts are inflatable 


water dogs 
Sues eat owses condense anaes 
water tesolar . oftiestit 

to cundee 


Block fatric 
asi eens 


MAKE YOUR OWN SOLAR STILL 
Iyouhave a chance ta gather together the right materials i's easy to mace 
‘ml scar stil, Al you need are wo conarers(onelarger than the bher, 3 
sheet of plastic, sore string, ad aweight to form aratural run-off point for the 
\vatar as i ennaroes under the hest ofthe sr, TF you have sme surgical 
tubing, youcan use ta ratrievethe fresh water without taking the sll apart 


Pests sree 
res ac 
ors afer 


Penaeneation 
form 

letersi of 
pla stot 


esr woth 


‘vod satater 
‘ortananation Buchet 


his saturated 
wah salwar 


typ tecate 
rst ater 
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REVERSE-OSMOSIS PUMP 
These hand-powered devs pump 
seawater at a very high pressure through 
amembyane that tersout the sat 
Depending on the made, they can 
produce arovrid 23 ites (49 pints) 

of fresh water per day, 


DESALTING KIT. 

‘These kts tunn seawater into freshwater 
Ubrough a precess eal! “lon exchange 
Because they only produce small amounts of 
fresh water over severalhours. use desating 
is ony during ona periads of aver east 
‘weather when youcartt use a salar stl 


THE LAST RESORT 


Th absolute amergancias, potentially 
life-saving form sf liquid can be 
Dbtained fromm the ocean, 


SEAICE 

In Arctic seas you can obtain drinking 
‘water fromald seajce.Thisice Is blush 
In colo fas rounded comer, splinters 
easly, ore mportanth, seat ree 
DF salt: New ice sara mie: hard. and 
say. Water ffom josberas is res, bub 
Icebergs are dangerous to approach, so 
you should oniyuse them ian erersency. 


FISH. 
Drinkthe aqueous Mud fourd along the 
spite and inte eyes of large fish, Carefully 
ul the fishin halo tothe fu aloo 
‘thespine and suckthe eye Ifyou 2raso 
Short of water that yeunaed ts do th, 
donot drinc any of theotrer lads they 
arerichin prota and fat and your body 
‘yl use up more offs watordlgesting 
‘them than tobtalne from them, 


SEA TURTLE 

‘Sea ttl pod has asaltcorcentration 
Similar to thatofrurnane. Tebload can be 
collected by sting the ttle throat. Note 
‘hat although thismay help prolong survival 
50a trtlos nw an endangered packs, 0 you 
should ony kilene a alas resort, 


REHYDRATION ENEMA 
Fyouhare some ater that net salty or 
palsonous, buts to ful te take oral you 
ean absorb as much as api aday—enough 
‘tokeep you clbva—through the large 
Intestine ising an improved tang device. 
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CARRYING AND 
STORING WATER 


‘YOU WILL NEED TO rake many decisions in any 
survival situation, some of which could mean the 

difference between life and death. One of these eg 
decisions will be whether to stay and wait for 
rescue or to atternpt self-rescue. A major factor 


in this decision will be the availability of water faeces ts 
and your ability to carry and store it tosecpctr fom 


sbearn deer jou 
few rg aoe 


WATER CONTAINERS aideaiied 
There ave rmany different kinds of contaer for carrying 
both hot ard cold liquids. They range from soli plastic 

oF steel flasks or bottles, to collapsible wat erroof Laas 
that ean ke falded up when theyre empty. 


rate uen ween 
nat 
na 
sof set 
wees sontaoer 
eon ccvolead 

opi 
PLASTIGWATER — METALWATER THERMOS FLASK MILITARY WATER COLLAPSIBLE 
Borne BOTTLE Aun vergrean, BOTTLE WATER CANTEEN 
Songandintrigh Sighty avout ttm assay Atandad uebote Heady pac 
sitive peor” stony than plastic yeutosloreatherhotusady mostot tke water canteen hat can 
parades, water bts treo water seniority es, Heung oud he nec 


Stow water bas 
Useto store ‘ha peu eh 
water once tent nace 

yarrerneare 


HYDRATION SYSTEMS 

Hydration systems usually cnsist of 

water storage container (called a "reserva", 
an on-demand, one-way drinking tube, and a 
hamess, However, a common grobiem with 
these ystems i that, hecause you cant see 
the water, you can sudfeny discover you 
have used aloft without realizing 


Viator 
COLLAPSIBLE WATER BAGS 
WATER BOWL Useful for carving 
Easy toparklight, water fromits source 


and can also be used to bad ta your camp. Can 
Separate tamsin your also be ura ta nvep 
bacack, your equipment dry. 
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IMPROVISING WATER CONTAINERS 

nan emergengy, theresa strang chenoe that you wont have the hxury 

‘of having water bottles or storage systems at your disposal. However, 

vith luck—and a litle ngerity—yau shouldbe able to nd something EMERGENCY WATER: 

‘tat allows you to store and carry anough wate to satisfy your needs ‘Sache of emerge wate can fe bought 


and stored for emergency use, They usually 
SEASURVIVAL SUIT DISCARDED MATERIALS #044 tomein apaiet tha rotans iv Vl ox 
Because thay ae designed to Alvaysbe onthe lookout for “Gi en sant of ata ear an le 
hosp water ou they can also sything that can hold water, tee thar a mouthful These shou always 
beusad tofespwaterin fost from empty lasichags and betes, only Ge used at alas sor ays ny fo 
survival suits are packed with ato largeindustrialtype containers, QA2S ooure water by other means before tuening 
fayeofctaltopreart tne, Glan and serie found yout energy wale spo. 


rite fron ticking together, items before use, 
sowashitautbeforeuse 

arian 
WATERPROOF CLOTHING GOURDS =_— esto 
(Many types ofwaterproaf These of aHllowsiout ane BAMBOO RAE cH 
siething canbe adapted to ed frut—agoud—can ld ‘bamboo cane wil 
hold water Jacket sieves and water Gourdsmade from lage provide araturalcupit 
trouserleys canbekratted to Fults such assquasnes, you ct in Vc 
fori basi blader Gore-Tex® purl and isos ean ho Enlew on@jent ad then 
soviswilhold water, awl ranideratlearmounbof water: Lin@vserpbelow the 
same waterproof backpacks next Take care to smocth 
biel Aine fox er egaut witha be teedperatersuting 


elo 
MAKING A MINI-RESERVOIR rece the ast 
Yourshitirhidor siden vat irvorresiohe RRS 


survival situation may be limited and It may be impractical 
—besause of injury or distance—to travel hack and forth 
for water every tine you nead tH youhavesome 
basic materia, making a mini-reservoir 

to catoh rainwater (se2 al60 p, 188) 
sohesthis problem 


To redone the amourt of 
effort required, choosea site 

that offers the leat resistanoe (auch 

asa nalural hollow), Diga shallow 

pit using whatever materials you 

have to hand, suchas asc 

Smooth the edges ofthe pit ——-Sectethe sural nue then univer thon ras ot 

and tne k wth waterpract ‘iret npace 2overatetor tines torus auggortion 

mmatetial such as a survival blanket, 

‘Weight tre edges with ooks sl, 

‘oF logs, making sure that dirt can't 

Fur Into the pond when it rain. 


WATER HYGIENE: 
“Water bord ma mites fr 
of ile be 
and pute ere i ae 
dike 290-2), 
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TREATING WATER 


WITH THE EXCEPTION OF rainwater, all other water 
procured in a survival situation should be treated before it 

is safe to drink to remove or destroy harmful pathogens and 
microorganisms that could lead to gastrointestinal less. 


FILTERING WATER 


‘Tfyoudortt have a device that filters and disinfects the water, you will 
have to accomplish the same task in two stages. Before purifying the 
water, you wil have to flter it to retrove any debris, You eoukd use the 
popular Millank bag (see apposite), but It may be necessary for you 


‘to construct your own improvised fitter 


BUILDING A TRIPOD FILTER 

{TF ycure not carrying afitration system with you such 
‘8 aMllankcbad, you could rake an imovovsed fier 
All you need are three sticks to ferm aig and some 
materials to este three separate layers 


Use three sticks or a bent sapling to form a tripod, 

Using any materials you nave, form layers, starting 
atthe top withthe coarsest material and working your 
‘way down using finer materlals—such as parachute sic 
‘of nylon—as you go. 


Pour water into the ton layer. It wil become 
flered as it passes through the inereasnaly 
fine materia: 


Bulga wonton 
Stine tteceot 


Adios of 
ators 


Ra a 


‘MILLBANK BAG. 

Used extensively by Bary foes 
tou the ek the bak bg 
isanetfertve water fer that packs 
downstallad tbe us ay 
tines a pends age antes cf 
filled wat Setup the Banas oc 
asain carn betause the 
os gitslow ea g 
‘wir 1 Ray 21 pls often 
veils. Now hat wate ied 
inthis may wl filled to pune 


MAKING A BOTTLE FILTER 

To make an moravised bottle Mite, take @ container, such 
as.aplacticlottle, and cut off the bottom (or make a hole), 
Note that a sock used in the same manne is stl effective 


Hang the bottle side down from a branch Filthe 
bettie with lye of different materials working from 
coatseto fine as you work your way dovin the container 


Pour the water into the top end of the bottle 
and allow it to work ts way down 
‘through the layers 


Digpree iyo of 
mates enki 
frmenorce top 


i prox mtv 
‘ches apiece of 
eth fos Be fiat 
‘por of te for 
orang tore ctor nod 20 
Degured jer i. 


DISINFECTING WATER 


If you drink untreated water, you run the risk of 
becoming infected with a water bome disease 

(See p. 187), so its vital that you treat any water first. 
Ifyou have the ability to start a fire, the most effective 
‘way of making water safe to drink isby baling it 
However, if you are unable to make a fire, there are 
several devices available that are capable of fitering 
and purifying water to make it safe for drinking, 


‘MINI PORTABLE 
WATER PURIFIERS. 

These are specially cesiged units 
that itor the water and then purify 
toy pumping the contaminated 
water traugh ether microfiters, 
‘hamieas ara canbinationat bath 
Sis vary from sal emergency 
pumpscapstle of puriying wp ta 
Baallors GOliters af wate, 
tolargerunts tat cater 

hue quantities of water 


me han 
‘hans wate 
trough te pu 


riot water 
i fl rom the 
utp hibe 


ker input ube 
lowered ito water 
tot requres 
trvotmant 


OTHER METHODS 


{If you can't boil water, orif you don't have a water- 
purification device, youll have to rely on non-mechanical 
‘echiniques, The concentration and contact time 


srrearine waren] 2()] 


GRAVITY/PRESSURE FILTERS. 
These devices ae incorporated within 
chrinking Hates. The water iselther 
allowed ta flow naturally thraugh the 
system via gravity, or squeezed 
throu by the operator. bolas 
ofthis type usualy employ: ter to 
remove seclment and organic 
contaminants; 2 micron fltar ta remove 
pratszaa: and. chemical that ils 
waterborne bacteria and viruses, 


ucts bettie 


Woterposses 


SURVIVAL STRAWS 
Compact emergency water pues, 
survival straws cantan a fltar system 
and employ ether carbon or iodine resi 
systems to eliminate water-borne 
‘fseases and harmful chemicals, You 
oad to get the water toa paint where 
you can reach it with your straw. EFyou 
want ta draw a supaly of water to carry 
with you, youl have ta craw the wator 
Into your mauth and dacant Into a 
‘ontalter—a laborious process, 


ocebie 
Water source 


F_wiater ss 
‘uke though 
the sro 


“BIG BUBBLES, NO TROUBLES” 

‘Miroorganiss and virtual al intestira pathogens ae ile 
at temperatures wel blow boing print The process. 

cf bringing wate to the boii sunent to sine 


iteontinuing to bit just wastes etme, an water: 


—————————————— 


DESCRIPTION 


“Theat trys ars and gta we to at effect ano s 
acti gp ons anc te water trate, and on of cntat—x concent of na 
rl 65°F (20°C) wilder al ahogen kt tities 


required for some of these methods is dictated by the 
‘quality and temperature of the water being treated, 


‘METHOD 
‘Tad Lig nd Tab 


Chine tabs ‘ro based tables wi estry mst actors, tt areas etatve er wes and yt. They ae re 


efit when vse canbinationwthphespharc acd and wildest bh Gas nd Crypngeridum. 


Putas permanence canbe but atinstphamasies. ikem yanks wh yur wae ath 
‘uso pik eae frat hat 0 mhuteselo din, 


‘Ang rttedhousool bch hucheget way aig ar to atta Sparc sof 
hypocat)Be carlto st necro obs gr rt watr—twor ewer ckdy—and ka 
atlas 30mm hiking This method nt byl ans Garda and Cyploporbun 


Fotasium Permenninate 


Blac 


Wher may hamleeriraanns eens to Wl he proces ft absorption drut tlis 
UNA, enderagthe aac hare. The quale wate ilar te amount expr a at 
reautat the chu tho watr tha adr wl be fr WV opera, 


rave) Unt 


Filpstcbotts wit ata rankthe lis and pla than mec unit peeslyon a dak ura. 
‘Thesu ays wil heat that cause concn wae tre eases 


‘Aamol Vp tht pled ied wate anata fost ine Sim model cn pny epto 
‘lr @peofwaerna tear eas, 


Pasi 


Wet tripe) 


PREPARE FOOD 


Your body converts food into fuel, 
which provides you with heat and 
energy, and helps you to recover from 
hard work, injury, or sickness. If you are 
healthy, your body can survive for weeks 
without food by using the reserves 
stored in its tissues—although you will 
use approximately 70 calories per hour 
just breathing and up to 5,500 calories 
a day if laboring hard 

Ina short-term survival situation, 
food should not be your major priority 
You would probably have eaten recently 
and, if you'd prepared properly, you 


In this section 


® how to cook with hot rocks... 


should have some basic emergency food 
in your pack. While you may go through 
food withdrawal symptoms—when your 
stomach complains because the food 

it's expecting doesn't arrive—you're not 
going to die of starvation within a few 
days. However, the body will react to 

its fuel not being replaced: hunger, a 

lack of energy, and a deteriaration in 
coordination can be expected after a few 
days, If the opportunity to procure food 
arises, it should always be taken. Eat 
little and often but always make sure 
you have sufficient water to digest it. 


= how to make a fishing reel from a beverage can... 
= why a snare must have a perfect end... 
® how to lasso a lizard and snare a squirrel... 


© that there's more than one way to skin a rab! 


= which grubs taste like scrambled eggs... 


= how to catch a bird in a bush... 


Tha long-term survival situation, your 
survival priorities will change and the 
need for food in order to simply survive 
will become more important. There is 

a thin line between food not being your 
priority and then subsequently finding 
that you're in no physical condition 

to do anything about it when it does 
become a priority—you should regularly 
reassess your situation and alter your 
plans accordingly. It takes effort, skill, 
and a certain amount of luck to obtain 
food in the wild, especially if you're not 
in your natural environment. 


When gathering ‘oo in 
the wild, always ensure that the energy 
gained from the food is more than the 
energy you expended in procuring it, 
otherwise it's a wasteful exerci 


FOOD THAT'S EASY TO FIND ard 
gather should always be your first peiarity: 
ect and, as long as 
readily available in the environment 
should be your first choice for food. 
However, it you are absolutely 
sure that they are edible—mistakenly eating 
the wrong leaf or berry could cause vomiting 
and diarrhea, making your situation worse. 
= Fishing requires litte effort once the lines 
cr traps have been set, and they will work for 
you around the clock, Fish is high in protein 
and relatively simple to prepare anrd cook, 
= Insects, reptiles, and amphibians may 
also be available, but be careful that you don’ 
expend more eneryy in catching them than you 
gain in nutrients from eating them, Remember 
also that many insects, snakes, and amphibians 
are poisonous, but they can stil be used as bait 
for fish and manmals. 
= Birds and mammals have their own 
survival mechanisms and are wary of humat 
especially in remote areas where contact with 
d. Even if caught, the bird 
od to be killed, plucked or 


2 


ort 
skinned 


OG Always ensure that the energy gained 
from the food is more than the 
energy you expended in procuring it, 
otherwise it’s a wasteful exercise 9) 


Multiflow transmission with HSPA+ also enhances HetNet operation in which picocell 
coverage can be expanded within a macrocell coverage area, as shown in Figure 110. 


Figure 110: HSPA+ HetNet Using Multipoint Transmission?°> 


Range 
Expansion renee ree 
Macro Power 
canetER 2 
— 
Macro, 4Picos ange Macro 
Over Corier added Expansion sy 
Data Rate Improvement 
‘Mean doweink data rate 


Multiflow enhances HSPA+ network operation using the following approaches: 


@ Single Frequency Dual Cell. The UE communicates with two different cells using 
the same frequency, improving cell-edge performance and providing network load 
balancing, 


Q Dual Frequency Three Cell. The UE communicates with two different cells using 
the same frequency. In addition, it communicates with one other cell on a different 
frequency. 


Q Dual Frequency Four Cells. The UE communicates using two instances of Single 
Frequency Dual Cell operation as described above. 


In Release 12, 3GPP is considering the following enhancement to Multiflow operation, which 
is primarily targeted towards HetNet operation: 
@ Dual Frequency Dual Carrier. The UE aggregates cells on two different 
frequencies from two different sites. 
HSPA+ Throughput Rates 


Table 31 summarizes the capabil 
discussed above. 


1s of HSPA and HSPA+ based on the various methods 


295 Qualcomm, “HSPA+ Advanced: Taking HSPA+ to the Next Level," February 2012, 
http: // www. qualcomm.com/media/ documents/hspa-advanced-taking-hspa-next-level-whitepaper, 
accessed June 20, 2014. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 195 
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WILD COOKING 
IN A SURVIVAL SITUATION, you must cook every ——— 


item of food that you're not sure about in order to kill Here OS 
any parasites or harmful bacteria. While cooking reduces ey you eu ei anni ges aes al 
the nutritional value of food, it does help to improve fr nes on Ey hae 
the taste of many wild foods and to make them SL 


more digestible than if eaten raw. 


COOKING OVER AN OPEN FIRE ash ties sts 


Use the fierce flames ofa fire to boll water then, reve siete 
owen the flames have died dows, use the steady 

heat of the embers to cook on (see p, 121), The mast Ftd 
basic method of cocking is roasting, using a spit via tere 
rmade from green waod to suspend the food over Jota bere 


a fire, Make sure the meat is thoraughly cooked. Ooi 


BOILING OR STEWING 

‘When you boil food, fat and natural juices are 
retaled in the water, tls important to drinke <= 
the water to obtain the maximum rut 

trom the meal. unless you have been — 

fooling toxie substances out of the food. 


DAMPER BREAD 


This sn ple method for making yeast= vn tiie 
freebreod wasdavelopedty stocimen | Abad awn ere 
‘working out inthe Australian bush GiGi San 


sloningnctcraroe pon 
‘Mix flour and 4 si a 
ster anda 
pinch fsa, you 
hove in apie 
up then al 
imo aera tne 


STEAMING FOOD 

Steaming leaches fewer nutrients away than boiling and. 

fsa particulary good way of cooking fish and qreen 

‘veastahles—fresh leaves will be ready to eat in ust Pace gas 


sausage shape afew minutes To steam food, t must be suspended paee dong 
above koiling water in sorme way onteoar 
Stoum teacup Sider 
‘Wind the dough around 3 neon 
BAMBOO STEAMER eh 


‘tio, then ho t ove the 
‘embers ofa fire, turing regularly 
rt trons. Hel slide sas 


wee 


ing wats 
Eerrhog stems are tough hollow, and divided 

Into Sections, Use a sharp stick to make small 
Flas n the walls dividing a three-section piece 
‘of ane, leaving the wall at the base intact. 
Four water int the stem uni t's ust 
below the Botton section ring. Add 
foo! ta the top section and cover 
‘with crags anda loose iting 
bbarisco tid Lean the stam 
‘over a fie, rapping ft 
-painsta forked stick, 
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CLAY BAKING 


Baking food in clayrequres no cocking utensils Animals Cover the food 
must be cleaned and gutted Ft, out can atherwisejust be paroel with an 
covered in soft clay When she meat is cocked, skin spines, &°2" layer of clay, 
‘of feathers will rem ain embedded in the clay Cooking root Making sure it's 
‘vegetables er fis in this way removes thek skins, osing Wl Seale 
‘aludlerutvierts, 9 isles to wrap them in eavesfirst, 

spe wrgeng Sets is Ley oft 


released "Tineeen) 
ae ce 


‘Wrap the food ina bundle of fresh oreen leaves and Ploce the parcel of elayin bed of hk 

tie them mn place with some long strands of grass to build 2 fre up on top of it Cooking ime willbe 
make a secure parcel, Use only Raves from plants that you between 30 and 60 minutes, depending onthe sizeof 
have identified as non-toxic, the food item, Break open the clay an remove the food, 


COOKING WITH HOT ROCKS 
Rocks take a while to heat up bist they stay hot fora long 
‘ime, allowing food to bake steacily on them, To reduce 
tacking tine, cover the food with some bch bark or a 
flat lee of wood. When cooking on rocks dant use sate 
a other layered rocks as they are likely to shatter when 


heated, nother methed af canking with hot racks isto ge brthernae 
place them ina pt, The food is covered with leaves and Brush the embers and ash off the rocks taking care 
placed on the rocks, then the itis filed in ta retain the not to touch the rocks with your hands as they wi 


heat. The food is left huried until it isready to eat now he extremely hot, 


Use stets fram Fh stoald be 
aver tees) gutted tut there 
Breakin ote 


Place some lao, reasonebly fetrodks 3 Plane food on too of the rocks to take, The hottest 

together: Light fre on top of the rocks using rooks wil ein the ceter, sa tems that must be 
some tinder and dry slicks then leave the fe to bum — cooked more slowly should be put near the edges. Keen 
downto hot ashes while you prepare your food, adding more food ta cook until the rocks have cooled 
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EDIBLE PLANTS 


INA SHORT-TERM survival situation, food is not a priority — 
identifying edible plants uses energy, requires knowledge and 
skill and the risks of getting it wrong far outweigh the benefits, 
Ina long-term survival situation, however, your priorities would 
change, so being able to identify edible plants is advantageous, 


GATHERING PLANTS 


‘When foraging for plants, take a bag or can with you and be careful 
not to crush what you collect. Gather only a few species to lessen the 
‘chances of mixing in something inedible or poisonous, Don't assume 
that because birls or mammals Fave eaten a plant Itssate for you 
toeat too, Unless you are absolutely certain, you will need to carry 
out the following test to find out whether plant is edible, 


UNIVERSAL EDIBILITY TEST 
This test enables you to check whether a plant is safe to eat 
ITyoure in agroup, only one of you should test the plant, Make 
sure that you have plenty of drinking water and firewood with 
you (abe bax, right) ad eat nothing fo eight hours bseforeiand, 
‘st only one typeof plant ata time, use only one part of that 
plant —roots, eaves, stalk, tut, fruit—at a time, ad test it in the 
Same state in which fe wil he eaten: ether raw or cooked, Make 
sure that theplent you a testing is in plentiful sun theres no 
point testing it otherwise) and avoid chants with mi ky oF saany. 
Cutasticktrem aharc-wood-tree, [J Sap oF bright colors—they are usually Nature's warning signal 
such as oak, sharpen one end to a 
chisel shape then harden tt ina fre Firs, inspect the plant—it should look fresh 
ad in good condition, Aveid anything slimy 
Nest, sniff the plant Discard it if t smells bad 
‘Fit smells of peaches or bitter almonds it may 
contain yan 


DIGGING FOR ROOTS 
Roots and tubers are a gond source 
of eatloohyeivate and thelr skins 
ccantain vtamirs, Take care when 
gathering in sing as same plants 
‘will only have small shoots and wl 
be hard to tently 


Tekea small eortion of 
‘the plant part youre 
testing and get rub ton the 
sestive skin rsd our low 
a rct Waitfor 1B minutes If 
ro imitation stinging sersatien, 
rash, or sweling develops 

proceed to Step 3 


Choose a larger ant, then 
tig down at its side, loosening 
the earth araud the oat until 
‘can be pulled aut 
in ore piece 


ur si 
reaetsta the 
lr wart 
eot iamedatey 


NEEDLE TEA 


For each cup of 
tea calleat two 
teaspoons of fresh 
‘green feeds ancl 
bruise them with a stone, 


Drop the 

needles into 
boiling water, then 
let them infuse for 
10 minutes. et 
the pot warm arc 
stir aceasionally 


Touch the corner of your mouth with 
the plant and watt 15 minutes, If na 
‘adverse reaction occurs, Louch your lip ane 
tongue witht. Walt another 15 minulas If 
yu suffer no effect, proceed to Step 4. 
yar sor 
tongue stort 
toting or 
become mrt, 
pete lt 


Place the piece of 
plait an your torgue, 

wait 15 minutes, then chew myst dit 

endrald ¢ hyourmautn ‘GReret 

for 15 minutes more If ‘fe for T5 minutes 


there are no il effects, 

swallow the piece and watt 
eight hows Eat rothing ee 
ut continue to drink water, 


Fro ileffast occurs, 

eat a quarter of 2 
cup ofthe sarne part of the 
plart, prepared in the same 
‘way, then wait anather 
eight haurs IF there iso 
reaction, i issafe to eat, 
Eal Hitle arid often rather 
than goraing 


The needles of evergreen tress sch as pire and spruce 
care rich in vitamins A and © and can be used to make: 
arefveshing—and petetialy lifesaving —tea. 


‘Strain the tea 
through a cloth 
tied over acantainey 
‘Sweeten with sigar o- 
‘honey, f you have any 
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=a 


WHAT TO DO IF YOU HAVE AN 
ADVERSE REACTION 

at ary stageyoo experience any 
‘ype of adverse eactnnto-aglant 
ising the ect tet you sock: 
Slop the testinal 

+ Aid eating artbing ee uti 
‘He gmptoms nace. 

sos heated ea thoromhly 
Gfthereationis extra, 

» Attemot to induce wong the 
¢eavin comes ater eating the plat) 
tytn alt water ory pushing 
afin iri the ak of yu tec, 
‘Dri of wae water iiss 
oy you mus nse thal you Habe 3 
lel spl of puif!yater and 
firewood before you ben the et). 
1 Gusha tespooi of charcoal 
‘aken fom apartall burned lg and 
nit inn arate with wae nate, 
‘en slow the ite. ll 
either dae oni yon can 
fg i. oem abr the tains. 
‘Try valli paste rade fron 
wife woud ashiand water to reduce 
stomach pal 


‘the tester isunconscious: 
Do not ioe vot if the tester 
ibunconcius—set medal 
ecko the asa 
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CATCHING FISH Fahne ier ee oe 


‘them find thei preferred food, so if one 


FISH CAN BE HOOKED, netted, trapped, speared, type of bait does wor, try ancther 
or even caught by hand if you're lucky. Observe their Predatory fish are attracted to lvebat 
‘by its movement—a worm wriggling on 
behavior—where and when they feed, and what ahaal for eanpie vor tan make 
they eat—to determine which method to try. Itmust. afc ball out of shiry metal, lth, or 
be noted that some fishing techniques are illegal in Tests Tire ined Neat 
pre, seh a5 an inset skimming across 
some parts of the world and should only be used in the water, to re the fish ilo bing 
a genuine survival situation 
FISHING TACKLE TERETE 
Fisina enulomentcan he made fom al kinds of rateiat Your MARINA EISRIME 
survival kit should have same fishing line and a few hooks, but acelin tha bse 
ifyou dort havea kit you can improvise You can use a stick as ‘argued the ean uti youkave about 2 0. 
amakeshift rod, for example car) left. Affach a hook, flo, aed sore 
sinkers. Hatters of the can tt one band and) 
‘the float in the other, Point the bottom of the 
IMPROVISED HOOKS ‘cae toward where you want thehoolcfolbad 
Fishhooks can be fashioned from ary piece of metal, such 2s a rail, pn, and throw the bat Theres of te ie il 
safety pin, needle, or some wire. You can also make them from natural ‘sal fl Fatt, hehe ne 
materials, such as thors hard woed, eveerut shel kone, ines, oF obs sy aig 


seashells. If you dont have any fishing ine you ean use parachute cord 


(seep, 186) oF make cordage from plant fers (see p. 136), —— 


a Bond Sack 
Linas ooiyts ogee 
pe teen sisson angele 
anh ioe, frat 
oar 
‘cath 
reine ‘Ait 
Bint satay 
‘Sige 


SINGLETHORN = MANYTHORNS © WOODORBONE NATL SAFETY PIN 
Cutalin@25 cm) Tiethreestrong thems Carveaspinterof-Cutanotch atone end! Remove thesafety 
longth ef bramba stam tagether soc.ralywith  benalrta anarrow ef small laceathard clasp. Bend the sharp 
withalarge strong somefishingline, Cut pantortake asiver wood, Placethe head point ofthepanround 
thorn. Tiealinetoa_anvtchinthestems af hard woad, ke cfanallinthenstch to form ahook, Attach 
notch atthecther end, and attach thaline, ade and‘tete.atiwig, _andtie tin place, lint the wie loop, 


REMOVING A FISHHOOK 
‘You should nave try to remave a fshhooke 
that is deeply embedded in flesh Cut the 
fishing tne as clase to the hook as possble, 
then put @ pad around the exposed part 
of thehock and secure with albandage. 
‘Seek medica help as Soon as possible and cawuWneste 
‘montor for signs of nestion, However, ‘pale of pliers Tf you cart see the ook cut ys eye 
a surcival station, you can tryto remove java firmly and quickly puch the hook Clean the wound then 
the nook by doing the folowing in further unt the narb emexnes, cover it with abandage, 


TYPES OF BATT 

Live bat includes creatures such as 

ss Wvorrs 2 sluss 

"Grasshoppers, eicets and besties 

fe Maggots er cateralars 

‘Frogs (including large tadpoles) 
Swall fith—ta catchlarger ish 


FEATHER LURE 
Make a haok, thon 
tach (193i 


surface to attract 


Examples inanimatetatinctes — uNfaee 


f= Meat, guts and reproductive organs 
recovered from aninals 

‘Nuts and sal fauts 

= Bread, cheese, snd pasta 


FLOATS AND SINKERS 


‘A float keaps abated hook at the best deoth to attract the species of fish 
youre trying to catch, A sinker (ave ght) placed below the hock alsa helps 


Tie a brightly cloredt 
eather ust above the 
oak, Sily move the, 
lureacrass the water's 


ook igen 
Dypeatre 


{ohold ft mpositon, Your survival kit should include a few solt-shot 
weights but, ft does, you can te sallstones tothe ne ristead. IF 
{hefleat babsbelow the water's surface, you may Pave hooked 2 sh 


MAKING A FLOAT 
Yous use any ratural material that floats, such 25a lace of 
bark of arose hip (see below. If you fda tra ight Feather, 
you can make afloat by trimming the feather untl you arelett 
sth] ust the hello gull, then feng rn haf and'tyng the 
two ends together 

Meakea oe ie 


ae 


Using a sharp pin, piece of 
vite, oF lone thom. pieroe 
through the eenter ofa rose hip 


Paige actos 
‘anion 


Tiesmalltivigs above and 

below the rose hip These 
will act as stabilizers and will also 
prevent the float from slipping up 
‘oF dawn the line 


Tread tro 
thro cntor 


‘Thread fishing line through 
the hole, If you dort have. 
ling, use. ength of fine cordage, 


‘Attach the hook (inthis 
‘example, a modified safety 
pir) to the linet the requ yed 
dnt helow the foat, If you have 
cone, te a sinker below thehook 
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LINE FISHING 
‘Themiare hooks you can get inthe 
water, the areater your chances of 
tatching a fish Allthernethods shown 
below are nassive—you simply set 
‘hem and leave them ta work for you, 


SELF-STRIKING LINE 
a fshbites atthe bat, the bigger wil 
bejeried out ofthe catch and the bent 
rod wil fly up. The neil be pulled taht, 
‘embedding the hnalcinthe fists auth, 


\ 


IGE FISHING 
First check thatthe cetsatleast in 
(Serr thor ane can bear yourwsight, 
‘hen astahole about (30 arin 
Glareter oer the deepest part of tre lek 


Tie ahwoked and 
batted ine toa 

‘stick it flag a 

‘to other end and a 

central @osspiece 


Fafishtakes Sawe de 

‘hebatt, the 
eresspice willbe 
Jered over the hole 
‘andthe flaapole 
pulled upright 


NIGHT LINES 
Toincrease your chanoes of making 2 
ate, younaed ta attract sh tat Ive at 
all depths Thea rock to ane end of gine 
nd attach hoola with ive bat intervals 
slong t. Tiethe other endta apart at 
the edge of te bank and throw theline 
In thewater leawng i ther overniahit 


oop notes 
snd 
awit 
geting ah 
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NETS, TRAPS, AND HARPOONS a’ 
WARN 


You can leave a hooked line in the water, but unless you regularly check 
it any fish you catch may be eaten by bigger fish In a survival situation, an ey 
nets and traps are more conven ent methods af fishing hecause once elas 

set you can leave them and they work for you all the time. ay 


MAKING A 
DIPPING NET 

Fish that are too small to hook or 
harpoon ma stile large enough 
tocaieh witha dppingnet Such 
fidh areusualy founat te ednes 
of Streams and lds and around 
orks in pools You can make a 
simple diping nif you can spit 
atvareh ord a forked saping 
andhave a mosquito net—or 2 
spare tam of clothing, such as a 


sleevelessvest, Tshirt  stackings Gut another nick in Tie off the net (or 
the other side ofthe the vest above the 
‘Make twa smal ios hem, where the forksimeet, armholes and ned, then 
the hem ofthe moscuito andpullthem through, Te either eut off Une excess 
net vest oF stookings then the ends together with material ay vert the net, 
tread the forks ofthe sapling cordage, then push them This willpreventextra drag 
through them ‘ back nse the hem when you use the net 


MAKING A GILL NET 

(Once it has teen set ina river, gill net isa highly effective way 

of eatching sh, whether they are swimming up- or downstr ean, 

However, a gil net should only be set for short periods of time as 
fish of al sizes canbe entanaled or injuted, Make the lines out oF 
paravord or natural ordage (see ap. 130-29), 


Prusidaot 


pes mer cord 
Te esuenn 
‘ely ring tape ibook 
rsh nt 
Take a section ofthe outer teldng hein ardsette, — @ Fulthelo ttt: Repeats 
steath of some paracord end inner cord in your ether hand, process every TM in (4 cr) 


suspend ft between two trees, Loop pass them around the suspended line along the susended line for the 
the inna paracord behind this line, and through the loop, required width of the net, 
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MAKING A HARPOON 
Using a harpoon to spear fish takes 
time, patience, and a ertain level of 
Skill Keep the point of your harpaon 
inthe water to avoid splashing and 
searing off the fish. Strike quickly Cordage You tan even use 
‘when you see a potential catoh, man-made materials such eo 
aiming just ahead of it. spiked Bind the thorny sticks tightly bottles, IF you only suocesd in 
harpoon isthe simplest to make tothe shat wih cordage They fp catching very small fish you can 

vwilneed to be ableta sucport some Stiles them as bai, 

of the welght ofthe fist so wap 

them securely 


TRAPS: 

Fish traps can bemade from a 
variety of materials. You can use 
rocks ta build a wall or you can 
make a basket from sticks and 


cwvol tines 


BOTTLE TRAP 
‘Algo known 25.2 "minnow tra9* this 
method uses alarge plastic bottle ta 
sich al fish, Cut the botlen two 
|ustloelow the shoulder Inver the 
heck and insert tothe cut end, 
tet thet pieces tonether 
ict Make holes inthe plastic with 2hot 
torn stios fin so the Uap ll ink Balt he tra, 
othe ‘then place tin stream. Ghack it 
retches regularly to rereee any Teh caught 
and replavethe tit 


Gather a few’short, thorny ‘When using the harnoon take 
sticks to form the barbs of arent to damage the harbs eh male dette swine 
‘the harpeon. Cuba long, thie, tay driving them against racks or onto a aR E Ot MAES 
straight branch ard make rotehes _theriverbed. Use a dining ret, if you 

around ore end have one, to lard the fish. 


Make the mesh by tying 
belt eae Soke ieee 
coverhand knot (see p 143), 
‘= Continue alternating aang ‘SINGLE-WALL TRAP 
and down the |ine, Tie stones Ea is di con ee 
lelnansuftendt fact A Sy ee: 
Tost the gill ret, hang the : joel created between the wall and 
‘oF poles on either side of the river, 


21.2 | waren ano F000 Finn AnD PREPARE FOOD 


PREPARING FISH 


ALL FRESHWATER FISH are ectible but they must be 
cooked before eating as they are often infested with 
parasites and harbor bacteria. Saltwater fish are safer 
to eat raw, if necessary, but will Laste better cooked. 
Never eat a fish that has pale gill, sunken eyes, flabby 
skin or flesh, or that smells bad. 


FISH HYGIENE 


‘As soon as you have landed a fish, it should be killed and gutted, 
then cooked and eaten as quickly as passitla, particularly in a 
warm climate, It doesrit take long for fish to qo bad because 
thelr slimy skin provides a breeding site for fles and bacteria, 
Ina cold climate, you can delay fileting for up to12 hours, 
which will make the job easier: 


Serape Hae 
‘ess tlh, 


FILLETING A FISH verkna fonh 


‘ai feat 
Filetina removes the parts of afin that miant quickly a0 

‘each hil eating as uch flesh as possible With same 
species, you may Prd easter ta remove the tones after 
the ish has teen cooked Boilthe bones and the head to 
make a nutritious stose Thismust be dene immediately 
andthe stock stoulh te heat in @ cool place and drunk 
within few hours 


‘once vou hve kills the fish, cut its threat ta bleed Fish can be eaoked with their scales on but, if you 
it and out out the gills Wipe the slime off its skin to have time, it isbest to remove tham, particularly 

make it less slippery, if they are large, as they can ke a choking hazard, 

1 Most fish dor't need to be skinned—in fact the skin is. Hold the fis by the talland scrape of the scales, hoing 

futritious—but ees and catfish do (see pare, opposite) the blade away fvom you and moving toward the head, 


se ead to make soc 


ep of to 
weer ba 


™ Eee 
Pull out the internal organs then Cut off the head tal ar fins, Open out the body 
spread the-feh cpen to check that and slide the knfe under the ribs to senarate them 
you have removed everything. Keep the from the body, working toward the head. Fist ols can make 
roe toeat (it lies dawn the sie of the ish the knife slinpery 50 you can use your thumbs instead. 
* Wash the fish thoroughly, inside and out. 1 Repeat forthe ibs onthe othe side of the backbone 


SMALL FISH 


ny fish that is less than & in (15 om} long 
doesrit need ta be fillelad After gutting, 
‘hey ean oe fried, grilled or roasted ell, 
Keening the heads and talls on helos to 
rrevent the fish from falling ta pieces, 


SKEWERING FISH 
Sill is, sich as perch, canbe rile! over 
Aanember freon a skewer to make 3 simple, yet 
‘asty and nutritious mea, Impale the fisheson 
4 green stick and hold-them close to the embers, 
They wort take long ta cook 


ort ony 
the pol 
opine nie 
‘Bee na 
peer 


owe 


Holding the fish with its tall toward you, 

insert tre point of a sharp knife blade up 
into the anal orice and sit the fish open along its 
bell to its throat, This prevents you from eurcturing 
the internal organs, 


urtaones 
awe fom 
Pest sowsy 
‘0 a 


a 


Separate the top and bottorn of the backbone from 
the flesh wet the tipaf your knife. C2rsuly pul 
the backkone and rias away from the flesh in one pisce, 


sf you have any tweezers or needle nose pliers use 
them to remave ary’ small bones that remain 
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rehab 


=e a abi 


SKINNING FISH 
Eels and catfish aretasty kuthaveto be skinned 
‘ad gutted before cocking. To gut the fish either use 
the fileting methad shown onposke or Step below. 
Catfish hare cartilage skeleton and ean simply be 
cut erasswise into steaks 


ass a lake 

‘through theglls 
of the fish and support 
on two strong uprights 
= Cut around theskin 
below the head with a 
sharp knife 
‘Cul around the fins. 


‘Separate the top 
‘of the skin from 
the flesh then peel the 
skin downward. 
You will need to use 
booth hands ta get a 
‘good orn, and a frm, 
Steady action, If the 
Fishis vey large, 
youmay needa 
Sit the sin, 


Remove the fish 
from the stake 
ard break itshackbone, 
‘Wher you pull the 
head off the quts will 
come away with ft 
® Removetall 
an fins, 


Table 31: HSPA Throughput Evolution 


Downlink Uplink (Mbps) 
Technology (Mbps) Peak Peak 

Data Rate Rate 
HSPA as defined in Release 6 14.4 5.16 
Release 7 HSPA+ DL 64 QAM, 
UL 16 QAM, 5+5 MHz aa-2 us 
Release 7 HSPA+ 2X2 MIMO, = we 
DL 16 QAM, UL 16 QAM, 5+5 MHz ‘ 
Release 8 HSPA+ 2X2 MIMO a ac 


DL 64 QAM, UL 16 QAM, 5+5 MHz 


Release 8 HSPA+ (no MIMO) 
Dual Carrier, 10+5 MHz 42.2 1Ls 


Release 9 HSPA+ 2X2 MIMO, 


Dual Carrier DL and UL, 84.0 23.0 
10+10 MHz 

Release 10 HSPA+ 2X2 MIMO, 

Quad Carrier?* DL, Dual Carrier 168.0 23.0 


UL, 20+10 MHz 


Release 11 HSPA+ 2X2 MIMO DL 
and UL, 8 Carrier DL, Dual Carrier 336.0 69.0 
UL, 40+10 MHz 


Release 13 enables aggregation of two UL carriers across bands. 


Figure 111 shows the cumulative distribution function of throughput values in a 
commercially deployed Release 8 HSPA+ network in an indoor coverage scenario. The 
figure shows significant performance gains from higher-order modulation and MIMO. 


206 No operators have announced plans to deploy HSPA in a quad (or greater) carrier configuration. Three 
carrier configurations, however, have been deployed. 
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TRUE-LIFE ACCOUNT 


EXTREME SURVIVAL— 
ADRIFT AT SEA 


USEFUL EQUIPMENT 
© Liforai, fijackot, survival suit 
= Water catchment devices 


IN 1972, A FAMILY OF FIVE SURVIVED for 38 days adrift 
-osinosis pump in the Pacific Ocean. The Robertson family were 18 


mergeney Locator Beacon 


Mate vieile months into a round-the-world sailing trip when their 
First-ad kit, sunscreen sunglasses | 43 ft (13 m) wooden schooner Lucette sank. They 
Veetaliaf babies survived thanks to a combination of good seamanship, 


‘Map, compass, GPS ann 
= Survival tin, bushraft kife improvisation, and good fortune. 

* CalVstalite phone 

= Poncho/bivy sack ‘The family set off from Falmouth, England, on January 27, 


1971—father Dougal at the helm, wife Lynn, and children Anne 

(who disembarked in the Bahamas), Douglas, and twins Neil ancl 
Sandy as crew—and safely navigated the Atlantic and Caribbean. On June 15, 1972, 
however, about: 200 miles (320 km) west of the Galapagos, disaster struck—a pod 
of killer whales charged the boat, splintering the hull anc! holing her irreparably. 


With Lucette sinking rapidly ante time to ee “A POD OF KILLER 
adistress cal the crew launched their inflatable liferaft 

and roped it to the boats 10 ft (3 m)-solid-null dinghy, the WHALES CHARGED 
Ednamair, which they used as a towboat after improvising THE BOAT...HOLING 
a sail Their supplies amounted to 2 gallons (10 liters) HER IRREPARABLY” 
of water, a bag of onions, oranges and lemons, vitamin- 

fortified bread, glucose, four fishing hooks, fishing line, a first-aid kit, a kitchen knife, 
and eight signal fares. They sailed north toward the Doldrurms to find rain, which they 
collected with the use ofa tarpaulin, and caught fish, eating some of the meat raw and 
drying the rest in the sun to be stored as rations. 


After 16 days, the liferaft had deteriorated to such an extent that the family was forced 
to transfer to the dinghy, using the remnants of the raft as a canopy to provide shelter 
and ail in the collection of rainwater: They used the wind! and currents to sail northeast: 
toward Central America, and built up sufficient rations over the next three weeks to 
provide energy for the extra exertion of rowing toward the coast. Luckily for them, 
there was no need—their ordeal came to an end on July 23, when a Japanese fishing 
boat spotted a signal flare and! picked them up. 


WHAT TO DO 


sf you arena groups ty to help 


any others who are n danger Get. yourself out oft 
1 Prenarefor the possiblity of ‘ARE YOU IN DANGER? + Sdaking vessel —ou need wate, 


abandoning ship, and try to steer 


location sid, ard eratectlon trem 


loser to ether land oF known << NO YES > <drowming and the elements 
shipping lanes Animnals—Iry rt to plashin the 
"= Delegateresponsbilties ap ASSESS YOUR SITUATION water as this vl attract sharks 


1 Ensurelfalacksts and tarts 
are realy for deployrent ~ 
DOES ANYONE KNOW YOU WILL BE 


In one knows you 2 missing DarSSInGOE. WHLERE'YOU ARET 


Dr where you ae, you wll need to 


‘See pices 234-35 Injury—Stablice condition and 
ply Test aid 


you are missed, a rescue 
party vl almost bortanly be 


natfy people of your plight by any “ No YES > ‘Uspatched tind you 


means at your dlsposal 


You are aoad wih suring for 


a> DO YOU HAVE ANY MEANS youhave cell or sata phone, 
OF COMMUNICATION? let someorebnow your 


an indefrite period —unt you predicament, your stuation is 


are located or yourind help 


Abandon se na cine 
manne on ely athe, |S 


loa uy to eter the erat dy WHERE YOU ARE?* 
Usetherescue linet reach pele 
in ste. Feo the immediate “ NO YES fetes te deaf Suna 


arlons instructions inside 
thelferah, 


bo 


Seta enat ope worlel 
NO VES J cretseny trove andyastaves 
Fut ecto Bacin LE) Seu 

CAN YoU SURVIVE ‘hed corner sper 


Protection, Location, 


Do 


Deploy the drogue—this ill 1 Ensure thatthe rescue services 
lessen drifting are kept aware of your suation 

1 Invartory all food, water and and updated wthreovant 
feulpment and start rationing Information asthe stuaton dictates 


= Preparewator 
procurement devices, such . . 

a9 solar sts are reverse DON'T DON'T 
sos pumps ‘= Gutthe pantertothe ‘Neglect take ant 
sPretectyoursf from J Vessel unl you keew wll seacchness tablets, 

the demerts—aun, wind, nic as tha vassal is what “oriting vl dshyseata you 
and sat soray people be looking Tor anit hesftects are very 

s Fycuhave noliferat Ym Drink seawater under demotnating 

‘then huddle togctherin a [any ckeumtancas—ths 1 Forgot to woaryour 
aroup with chidren inthe | At only ncrease yourrata selva oqulpmert and 
Genie H lone adopt the I of denyraton asureeveryonelenows 
HELP poston sm Estunlessyouhae howto operate it 
 Inprovsefotaton aids. sutteiantwatertedigestthe | | Try to second-guess the 
from amthina tateay J fooc—fsh shih protien rescuers when they are 
float or hold trapped ate | and raqureslemtyfwater |] Do exactly as they say Ly 
Goodexamplesareplaste | todgest brow what they aredoing 
bags, plastic bottles, and 

noted sting 


“ioeran sees opcleey lig eaietatie 
joecomel ann we yaar tj aero ost a) oer 
ixprawnmusdvenrtiisyercatiaed woo, 

{Sipps ateeorpet ie or omit se 
Sete keteni cho cet Say adsunbl const a aid ont 


"= Prepare to abandon 
sli pack Isjackels ard 
sutableclsthing 

18 Ensure you know how 
‘to operate your survival 
aulpment and that 
youhave as alts 
Iolocatonsuch asa 
white Fash 
plastic water bole an 
sour person 

' Clear the ded of 
loose objects and be 
prepared to dr sal 
should rescue by 
haicopter be attempted 
1 Make an iventary and 
ration supplies 
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TRAPPING ANIMALS 


ALTHOUGH YOU SHOULD be prepared to take down 


sitting prey if you get the opportunity, trapping small Sone dana 
animal is easier than hunting them—it requires less they abeady avea perbaterd” 


skill and energy and leaves you free to carry on with Aina eattogecan aoe ust, 


other tasks, One of the simplest traps is a snare. 


MAKING A SNARE 


Stainless steel snares of various strengths can be 
bought ready-made, with a running loop, or eye, at 4 
‘one ene and a securing loap at the other: However, oasis 
rrost survival kts contain a length of single-strand Fureteon 


brass wire that can be used to make a snare. ren 


Decide.an the strength of stare you want (see panel 
below) ane double or quadruple the wre accordingly 

= Pass the strands around a stick Pace it on the graund, 

‘then lop the louse ends aroun! a second stike 

= Retate the socand stick until the strands have entwined, 

farming 2 srigle thick wire Remove the sticks 


STRENGTHS OF SNARE 
The single-strand wirefound in most 
survival kis iit strong enough to hold 
mast animals you would wart ta catch 
You need to daub or quadruple the 
strands by winding them together to 
inovease thelr strenath 


att 
Hail 
le 
cae 
ere 
ae Wire booped around 
seg ee eisecante Mate “irae 
oe let Bc eet wc 
pe wrowurd tik pe ete 
eae Poe tees! neve 
Pe 


Ls pace i expt, Eeeaing abies by olin ts 
hsaclarpulng ots gs can Bede ae ond est 
ju beating fps ena tmorefa. The best metiod 
‘in sie bon te ack ofthe neck wath a sold si, thus 
_nidng hart kit pai isk Geng tee staid 
“Treas wil hose inmedinely whe the arial send, 


snasofwie 


TWOSTRANDS FOUR STRANDS 
Atwostrand snare A four-strand snare 
‘vil besuffiaent to ynllbe strong erouch 
bear tneweigit ofa tohold onto an animal 
‘squiral-sized animal thesizeofa rabbit 


LOOK AND LISTEN 

‘Tobe successil at hunting and tanning, you need to 
decide which types of animal you ae going to ty to 
‘atch, To do that, you need toind out what animals are 
inthe vicinity and where exactly they ate-to be found, 
Prey animals wil use their keen senses to avotd being 
caught—so you will have 0 use your senses to find 
them: Look fr any sians of animals, both onthe ground 
ad nthe tees, Ard use your ears—you may be able 
to ear a7 animal even wren you cart see 


SIGNS TO LOOK OUT Fo! 
uns tras, and tracks 
oEPINGS 

' Chowed orrubbod vegetation 
'= Feeding and watering areas 
sr Lats, dens, and resting tes 


Tamake the noose, nass the imperfect 
end, o securing loop, through the perfect 
enc or running loop, The running oon has ro 
loose ends of wite so it wort snag in an animals 
fu ang grevent the noose ‘tom tightening 
asi strung: 
# Use asingle rus not (see, 210) 
tie a length of cord to the saruring loro, 


sing wor 
thesnere near 
Shenson en 
itssbape 


Before setting the snare alther Eury it inthe ground 
for afew hours or pass ft aver aflame for afew 

seconds ta remave any human scent ard dul its surface 

1 Dart waste eiares always set then on runs you know 

the animals aveusing and set as many 2s you ean, 

= Use sticks to make a suport from which to suspend 

the snare, oF en saalings into an arch 


hee te suport 

Wap thewbe Steam thor 

round eae Seo te 
rare 


sot te soage Ie 
Bs cnlof 
tn get 


ord te topea ancins 


tte se nthe great 
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SQUIRREL POLE 


Make seal two-stvand snares with 


Pepe 
foses3in Bor) incfameler and “gait 
stake out cords 8 in (30 om) in length. "85 


Face them arcuna lang pole withthe 
lowest 2ft (G0 on) off the ground. 1f 
you snare sauir| eave i as others 
‘will core ta ruestical, 
Dita eke 
‘tonal 
reo paation 


Rearing on, 
“poet en 


Seuetig 90 


‘Avoid disturbing or treading on the run, as the: 
disturbance or your scent could alert the animal 

Cariouflage the frame with vegetation, which you can 

also use ta fuel the animal toward the snare 

1 Usernatural vegetation, such as hall or ather prickly 

shrubs, to form afiumel an either side of the snare 

‘= The finnel helps to ensure that the aninal 

hasno option but to pass through the snare 


Paes n grout entet 
‘stares ors 


Animals finned 
‘wor besoare 
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WEAPONS AND TECHNIQUES 


A spear isthe simplest weapon to make and use, butt you have 
the time ard materials you can rake mor=complieated weapons, 
although they require more ski to use. Leaming other basic 
techniques, such as catching insects, is abo invaluable when hunting, 


THROWING STAR 


‘With athrowna star youre our times more likely ta hit prey than 
vith spear, and if you don’t succeed in wauncing the animal wit 
cone of the aro ends, the welait ofthe weapon wil at least stun it. 
Kecp it elose at hand and ready to use, should the apportunity vise. 


Cikajintin. 
sachets 


Wig 


@ Fret ies 2 nom tie Join the sticestogether ay 


and 18 in (45 om) long, Make a 


square-cut joint n the center of each, 
then sharpen each end 


overlaecing the two square-cut 
jis and lashing them to each ather 


‘with paraeord or natural eordage, 


suf 
iver igure 0 
ranae-seed 
‘rina 


‘You can exert mare force 

i youtre throwing from a 
standing position Ai for the 
arial legs 


RODENT SKEWER 
‘forked spear can be used to 
cateh small mammals ter 
burrows, Thrust.the pointed 
endinta the fle When 
yout can feel the animal, 
‘wit the stick unt 
you have snagged its 
fur, then carey 


Hlitout 
a ssabeg 
satteg 
rote te 

sower 


Spit a ent ts 
oshon sorte 
tte frkwitba 
pcs of wood 


Baste patt 
soa ag 
beonlnals fir 


SLINGSHOT 

slingshot can ke use to kl small 
animals. Cut astrong forked branch 
and make anotch in each fork, Take 
therubter tubing from your survival 
kit (988 pp. 60-61) and thread it 
‘through a pieve of lezther or plastic 
Tie the ends of the tubing to the 
natohes Place a pebble inthe pouch, 
stretch hack the sling, and take aim. 


NOOSE STICK 
‘You ean use a noose stick ta lasso 
lizards, slow-moving mammals, 
or ronsting birds jerking the 
pole to tighten the noose 
around the animasnesk; 
Use a wire or cordage 
snare (seep 216-17). 
When stalking ere, 
move slowly and 
very quietly 


Sabet ast 
strong eroagh 
fepoty 
isso de 
intrest 


ake the nog 
lavveonogh to 
Reaver te 
nina hed 


EASY PICKINGS 
Antsare: 
" 


Ther have 


ial insects, and most species are a 
stinging bite and sun specles will also squirt formic aed at 


ive in defense of thle 


thei attacker. However, they make a nutritious meal F gathered with care, In 
surrer menths in nerthern temperate regicns, you can eat the larvae cf wood 


nest, but. don't remeve all fit 


Hoot otwsitiog 
oye thor to pratct 
‘you rons 
Place a tarpaulin in a sunny 
patch next tothe nest, Scoop 
the nest material ants, and larvae 
into the middie of the tarpaulin, 


CATCHING INSECTS 

Mary flying insects can te eaten, ut 
‘catching them tales a bt of ingenuity. 
Grenling insects, such as ants (ee 
ahave) and termites, can provide a 
{goad real if you can eallect thern in 
sufficient quantities 


Pate st 
throaghna 

Theo era 
‘some 


(Cut a long, thin, straight tisk: 
then peel it until srmoatiy Push 
it slowly nto the termite ill 


fuluse the Lechnique shawn kekw, you ean get the ants to do all 
the werk of collecting the larvae together for you. You'll have to vandalize the 


Antesarny 
eiesoe 
Me protection 
of ie sae 


Lay some sticks on the tarpaulin, 
ccese to te e0ue, ten fold aver 
ides to oreate shade. The arts 
ry the larvae into the shade, 


TERMITE FISHING 
Termites sre found in the epics and 
Substrapies Somme species vein vast 
rumbersinside mounds which they 
bull aut mud and alla IT Torsion 
object reaches the wall the temites 
vail ttackit with thar powerfuljaws, 


Remove the stick and sorape off 
the attached termites into-a 
container ready for frying oY roasting, 
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ANT CUISINE 

Ani ae are st ied —they taste 
le shrimp. Ad ants alse 9 
‘aut sek Bogots, Gok, 
noe healers selleacted eater 
ant abdomens instead of oon. 


After a whlle throw bade the 

folded sides of thetarpaulin and 
socop up the larvae, which look Ike 
fat grains of whiter ce, 


NIGHT FLIERS 

Nocturnal lang msocts, such as moths, 
areattractedtolight Sretih a white 
sheet between iss branches and peg the 
bottom taut shove a howl af water Hang 
a flashlight behind the sheet Insects wil 
fiyinto the sheet end fall into the water 


incor 
tows 


rsaroon 
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PREPARING SMALL MAMMALS 
PARASITES SUCH AS FLEAS and lice will leave the body once ——— | 


a warin-blooded animal is dead so, if your circumstances permit, WARNING 
leave the carcass to cool before preparing i for cooking. In aot. feral wba tacaria cael 


climate, place the body in the shade. However, dont let it get too tularemia, wit an be fala fo 


Cold, as skin is more easily removed when a body és warm. Poe oe ibe 
soratoh on ee ae ae 
RABBIT-SIZED MAMMALS he tetas sa 
The method shown here apolies to all furred mammals approximately aso fds hen 
the same size as a rabloit Before gutting the animal, remove any urine fave fished The germ is deste 
by holding the bodly by the forelags and progressively squeezing down by ee 
from the chest toward the bowels, making sure that you direct the ee neat 
spray away from your own body. Youll need to remave any scent ener i 


lanes, wich are usually inside the forelegs ov aroune the anus, in ease 
envisions pinion 
GUTTING 


No part ofa mammal carcass should be 
wasted TF your cap is near water, keen 
the guts for sh bait. The offal should be 
removed carefully and eaten i healthy — 
discard ary organ thats pale or spctty. 
Liver rsh in essential vitamins and 
minerals ard needs little cooking It should 
be eaten as fresh as possible removing the 
gal lacie from the middle Fist, Kidneys, 
‘which In most mammals are surrounded by 
fat, are alsa a valuable source of matrition. 


Phat pte tty 
bobo nisng 
njoar te 


Plane the animal on its baokeon olean 
aground, such as a bed of pine bouts 
swith ts head pointing toward you. Cut a 
small hole in ts belly with the point of your 
nif, taking carenot to perce the guts 


NG Fhe skin spn 
WARNING! the cut.and insert a 
[ais male: a easy real, but ther tlh finger from each hand into 
Tes blanivoortniijurdetcwsis recent 


ently Fab, your ody wlluse scm 

wiles and iets tone te ma Frise open the belly 
‘These ave ten ls from our body in you” foexcose the guts 
‘feces and, ifook renlaned ouliget diatfea remove them along with 
arilsofesoelunaey ard weal ating the rear, iver, and kidneys: 


sneaks thesmionstrseatd Wash your hans before 
‘yarwilevenhaly ci nfstaation in rpving arta skinning. 
Be space aaa 

exe an il oo, 


————— 


‘SKINNING 


1 you wish ta heap the ski for use later (to make 2 palt of 
‘mittens, for example), you shuld remove tas carefully 2s 
possible, Youll alsa need to cure it stretch the skin as tight 
‘as possible and leave it in the sun or hang it close ta the 
heal ofa fe to dry: Rubbing wood ash into the skin wil 
help to speed up the process, 


Hod trams down 
thor fingers 


Bagirring atthe telly separate the chin from the 

muscle surrounding the gut cavity You'd that 
pull away quite easly. When you have reached tne bad 
on one sid, repeat the roe onthe cher 


Hold the flesh away From the kin with one hand 
and jul the skh over the rear legs, one by one, The 

hinequarta’s are now free of skin and fur, except for the 

tall, which should be cut off and the soent glands removed, 


HOW TO SKIN 
A SQUIRREL 
Sauiral fish is tander 
and tasty, Once you have 
skinned the oul, you 
ca simply sete ton 
asplt and roast it whole 
over afre Ateratively, 
‘you cat cut the meat inta 
pleces and make a stew 
A large squire wl feed 
two people 


But the squirrel flowing the method 
shawn opposite, Cut the skin around 

the paws, then cut through the skin across 

the middleof ts bake 


preparine swan. Mamntats | 221 


GLOVE SKINNING 


The greferrad survvallmethod of skinning and 
cutting a rabbit-sieed mania st suspend it by its 
rear legs from a strong branch as this keeps the 
animal off the dity ground 

* Ff you haven krife 
tohand, snap off the 
lower part of a foreleg 
and use the sharp etge 
of the broken bone to 
cult the skin 

= Gut the anal then 
cut the skin around all 
four paws and between 
the rear legs 

= Tugthe sein dawn 
toward theead 

Ff you wis pul 
the ach aver the 
head Otherwise 
iust cub the head off, 


‘ewnee 
fenton 


kh te 
moranatin 
tresuneway 
son wo post 

orogive 


Pushin oft oe 
1B fer a he ea 


egraund 


Held the animal by therear legs and pul the kin 

forward, easing out both forelegs Pull the skin over 
the neck and then cutoff the head. Wash the badly bo 
remove ary traces of fr 


Insert two fingers under the skin on 

ether side of the eut and pull the 
{wo pinces apart and off the bady. Wash 
off any traces of fu, 
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PREPARING LARGE MAMMALS 


ALL LARGE MAMMALS are edible, but you must not eat the 
livers of polar bears or bearded seals as they contain toxic levels 
of vitamin A. Wild game is sometimes infected with roundworm 
larvae and if you eat the meat ravy or undercooked, it will infect 
you with parasites, 50 always cook all wil garre thoroughly. 


PREPARING THE KILL 


Lifting large animals, such as deer, uses eneray $0, ifyouire alone, prepare 
the carcass on the ground. However, if yous in a group and circumstances 
perrni, tS best to suspend the animal by its hocks (the tarsal joints ofits 
hind lags) from a branch, as it will bleed better and will be easier to skin 


a een 


‘WARNING! 
“Agoroach all game with cation, 
astheantal may sil lve 
Say 
steed dangers. To che 
fake te oko 
ones 
airs unset 
Ciel tale. Always san, ut, 
andl utrber name af the sie oF 
‘heal You dont wae the snl 
of fresh blbod fo attract predators 
‘seavengerst you amg. 


and gut, IF you can't find a suitable tree from which to hang it bulda frame \ J 


BLEEDING SKINNING 


Bleeding is essential to preserve the meat and stops it Ifyou wish ta reserve thehid, its hetier ta takethe skin off 
from tasting too gamy, It also helps to cool the carcass. before gutting, Out thelvely cn from throat to tall, cutting 
Slit the animals throat frorn ear to ear and let thebblood ——avnuntl the genitals, Cut along each eg from above the foot 

drain out Blnod is rich in vitamins and minerals, hluding to the belly Pull thehide of the carcass, severing connective 


sal. sof youre able to eoleet tin contre’ to use tissueas necessary If youre skiing ce the qraund ancl 
later ina stew. Cover the container to protect the blood —_yau darft want to keep the hide, you can use it to pratect 
from fies and-to keep it cool ‘the mest—yemove it fully aly after jointing is completa 


UR skis ceo of 
el coy ait 
allie th 

yr gers 


‘ON THE GROUND 
Position the animal on its 
backon a dopewith is 

head pomting doweiward ao 
Shop the carcass from ipo 
alin by lacing a boulder Intoobdemen 
‘og by each shoulder Provting 


Hold hoes 
shored 
‘wore 


ut sin own 
anu exer 


GUTTING 


‘The method shown have isfor gutting a carcass on its 
hack Wien finshed, nsoect the hear, ive, and kidneys 
fo signs of worms or other parasites and ifthe organs 
are realty, keeo them to eat, Ifthe Iver 1s spotted, a sian 
Of disease, discard all ternal organs and ball the meat 


To avoid pein the 
intemal organs, ph 
lp the abdomen naar the 
breastbone and mate 21 
insision big enough 

insert to fingers 

** Use your fingarsto guide 
the knife, cutting tower, 
then around, the arus wh 
the sharp blade-eige uoward 


Shee tosh the 
‘nie coring 
the breton 


Using a saw, iF you 
have one, cut through 

the outer muscle and the 

kreastbore ta open up 

the chest cavity, 


Using theif slice 
through the dlaghragm 

muscle, which separ alas 

the chest cavity fram the 

gut cavily. getting as clase 

to the spine as you can, 

2 Remy the Iver, taking care 

rt to eut the gall blader in 

the center 


Hetty Beer. 
dla rete 


Reach upthrough = Yee te 
Trectestcaty fl 
aniorieunioce Seth 
rdccrhage tole "goqr 
them with one hand and #4 
full re hisral 
aaeeean 
Chek tht the rus 
alert fre putin 
alhand through if you 
cant see daylight, 


KEEP THE GUTS 
‘ya ale to cary then, fakethe guts eprooctive 

rp a as ak nw ven ora 
Su an use them as bat in rapes rf ish : 
Eh ums eer ‘woking HHS 


3 
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JOINTING 


Large game should be out into manageable pieces that 
an be carried back fo damp. Boning therret helps to 
reduce the weight, Bag or wrao the meat as you remove 
it to keep it clean and free of fies, ad keep itin the 
shade in hot climates, How a carcass is divided partly 
‘degends on the species, but the hindquartars contain 
‘the steaks and the best cuts, 


Flt stele 
the mer tender 
ext of mest 


Leg stout 
and stoulg cubed 


it ore est ‘canted sir 


Shwe rnsted 


1 eon este I cons on eoast 


USES FOR HIDES 


Keen the skin you can When dried, light and 
can be used as a blanket, or it can be made into an 

item of clothing, Hide isone ofthe best materials for 
lashes Sinew aly makes good cordaae (see p. 140), 


TANNING THE HIDE 
“The best way to clean a skin sto svetch ton a Fame and 
then carefully scrape off the at and ary remaining serps 
of flesh, using a flint or a piece ofbone, Every mammal 
‘pith the excortlon of bufTao, has anough brain matter 
for usein tanning its own hide. Mash thebrains wll in 
‘art water then apply the misture to the hares ide 
atthe shin and leave to dry for 24 hours 


cS 
= 
= 


Veins 


Figure 111: HSPA+ Performance Measurements Commercial Network 
(5+5 MHz)?07 
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The figure shows a reasonably typical indoor scenario in a macro-cell deployment. Under 
better radio conditions, HSPA+ will achieve higher performance results. 


Figure 112 shows the benefit of dual-carrier operation (no MIMO employed), which 
essentially doubles throughputs over single carrier operation. 


207 5G Americas member company contribution 
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PREPARING OTHER ANIMALS 


ALL TYPES OF ANIMAL should be considered when 
searching for your next meal, Invertebrates are far more 
plentiful and widespread than other animals and take less 
energy to gather and prepare, Reptiles and amphibians 
can also provide a vital source of nutrition 


EATING FOR SURVIVAL 

‘The thought of eating grubs or grasshoppers might nat appeal, but 
experimentation i vital ina survival situation—don't forget that in 
some cultures such creatures are highly prized, if prepared properly 


‘SLUGS, SNAILS, AND WORMS 


‘Slugs should beauties they oft feed 
‘on potsrous anak. To rena ral ether 
starve them or eed them Safe fod Such as 
‘wild garlic for 24 hows tn pete guts 
befor nn, ithe bei tem thas 
fake them in thelr sels shot embers tt 
te oes bubble vee. Ald all mars seals 
ant any eres sa with a ety 
lye elas heya bet 
eniiornisare el lac fet in sally 
‘watz tl they ae ave thes bil, 


However, some animals are less palatable than others, in which 


‘hoagh they canbe eaten a i essay. 


‘case you should chop them finely and add to a stew 


EDIBLE INSECTS. 


Treects.are mostly protein ard make 
‘good emergency food Avoid any haley 
or brightly colored insexts or those that 
‘emit 2 foul ama including larvae). 

‘As a general rule, avoid adits that 
stg or bt, but ants and honey 

bbee5 can be eaten if collects carefully 
Most hseets, exe thooe with alard 
carapace, ke betes can be eaten raw. 


HOPPING INSECTS 
Grasshoppers ad crichets have aroeleg 
truscles, and most are quitetasty when 
‘poked ved big colonel ones). 
Remove the antennas, wings, an! ea 
“sputs, an roast toll any parastes 


WITCHETTY GRUBS. 
Witeetty grubs area highly natrtous 
Australian bush delicacy. They carbo 
‘ator raw but, roasted quickly inhot 
ashes, they taste scrambled e905, 
‘Treat lr grubs in the sare way, 


ingretenand cation 


AMPHIBIANS AND REPTILES. 

All4rags in the Rana garus (see pp, 292-93) are exible, Skin and then 
bool or roast them, The best, mast meaty partis the rind legs, Don't 
handle or eat toads oy brightly colored trepisal frags as maryy have highly 
toxic skin searelions, Lizards and snakes are 2 good saurce af pratel 

They must be skinned and gutted, then either vaasted on a stink if small, 
oF Gul into small piesa: and bo) led, Al snake flesh is eclible—and tastes 
Tike chicken—apert fram the head, which must he rem aved, 


Hold the dead snake 

firmly behind the head 
andout itoff about 6 in 
(15 om) down the body, 


uy tho tat 

lg 
Slitthe belly with a sharp J 
knifeand remove the entvails _ Sie about 


and olher organs. Either thraw 1246220 
ag te 
them away or keep as bait eee 


rt crate at oo 
Big the kn wi comme 
Stn ave ees 


Peelthe skin oaek then grasp 
the body in anehand! and the 
skin inthe other and pull of, 
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PREPARING A CRAB 
‘Acid thei styeng claws (tie them up if you can) To ill acral tin 
tealling water or stao it through the eye socket or the orifice under the shell ee 


flap on the Endy. Cook the erab for about 15 minutes. ands 


Diowscontann 
esiort 
vie ect 


nso to 
‘plea 


Plavethecodad rab antsy Cen the set by srg the Remove and discard ary areen 
back, then twist off its legs and point of your knife between the matter and the kings, gills, and 
the claws, They all contain edible = twahalvesand-twisting it. Liftlack stomach as they'e all poisonous, 
meat, socrack them open with aross, the wer shell Scoop themeat out ofthe shell 


SHELLFISH 

Shelfish oan be feud in steams and on lake and sea 
shoves Dont collect marine shelfish that are not covered 
at high tde or ave nea ary source of potion. Shel iish 
must be alive when you colt them—bivalves, such 

2 mussels wil clase their shell you tap them, and 
Uunivalves. such as lmpets, wil ling tight to their 
York—and you must cook ars eat them immediatly 


HOW To SHUGK AN OYSTER SHRIMPS, CRABS, AND LOBSTERS. 
(Oysters are ich vitamins and minerals, To eat an eysterram, Small custaceans such a5 shrimps and crawrich, shoud be 
first ope is shal byinserting a blurtlrife into trehinge atthe cooked in baling water for five minutes Larger crustaceans, 
‘thicker, more pointed end af the oyster and twisting, Howewer, In such as some crs and lobsters, should be belle for up ta 
‘survival situation, clay safe and bol ystersinthar shell for 20 minutes A tasty altematve to boing shrings or prawns 
five mirutes after the chals pan, De not eat any whosa shelle let roast them an showers mad oF green woad, placed in 
donot open during cooking the embers of afire 


‘hat tens pak 
hon cag. 


Hate ute care 
hed can be 
race sie 


Twist ade 


my ont ‘Ser tie tr 
scl faa te grout at 
shelicesed gece the 


fotos 
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CATCHING BIRDS 


BIRDS CAN BE TRAPPED in a variety of ways—in —ea—_—_— 


WARNING! 
shares, nets, tunnels, or cages—andlthey can be hunted TT rg om 
with noose sticks or any projectile weapon, The trick is ground. nesters, although gulls for exannee, 
to observe their behavior and to match your technique— __sillaiac you you ry Howe alin as 


and bait—to the bird. You ned to discover their reqular eget Myia uate, 


roosts, feeding spots, and flight paths, 
ON THE GROUND 


Gamebirds, 


FIGURE-4 CAGE TRAP 

This tran enables you to catch ground 
{eecing birds (or rabti-siaed mammals) 
‘without Killing oF wounding them $0 
you ean choase when you want to kl 


uch as quall, and inquisitive scavengers, such as 
crows, can be lured Into traps Ifyou use the right bait Migratory 
waterfowl, such as ducks and geese, molt in the late summer, 
‘which means they are easier to catch as they can't fy away 


them and eat the meat fresh, The WALK-IN TUNNEL TRAP 
“Figure 4” is the trigger that's used A tunnel trap can be used to catch gam ebirds, which have stiff feathers 
{0 drow the case over the anim al ‘that lie in one direction and bend only with lffeuty, As a b¥d tries to 


retreat from the tya9, ts feathers wll beoome wedded in the tunel walls 


MAKING THE TRIGGER 
To construct the Figure 4 tigger you nied 
to make three notched sticks (bait stick, 

upright std, and release stich) and then ‘ 
lnk thom together ae show bow, Betableteeba nut 


Bh ows bat a 


Lp stick ant bak 
HLA pt gether wth 
Sac eens 


Cage supsorted 
byte relene stick 


ON THE WING 


trees across a flight path is an 


bird in the spinning ropes. 


x MAKING A BOLA 

faci sewirend batt lad sovsnisepd To make a bola, use an overhand 
tant ee ee, 

painted endgof ae toesea knot (see ps 143) to tie three 
Leia 3-ft Cm) lenaths of cord 
MAKING THE CAGE fagether about 3 in (@ am) 
Creal pyramid sticks by lacing from one end, Find three rocks 
progressvely storie sbiksaqmsslonger | véiching abcut 702 (200 a), waa 
Sticks and lasing them fagether atthe act one apiece of oth, and tie 


nds. Balance the cane over the bat, it up with the free end of a cord 


Afine net stretched between beo 


effective method of catching hirdsin hg, 
fight. Throwing a bola requires more 
‘skill, and works by entangling the 


f= Dig a near-hoy anita furnelshaged tunnel close tothe ground. 
® Lay atral of bat (seed or berries) leading to the rear of the tunnel 
= As iteats the bat, the bed will neve deeper into the tunnel and will 


Tamel parousatand 


a 


Hold ate by te kot 
caettubs apnea your 
‘ead gina ct ary 


tease une 
sola is gained 
‘ffant 
somone 


CATERING stRDS | 227 


PHEASANT POLE 
Pheasants roost in trees at night, 
usually returning to the same branch, 
and they won't leave once it'sdark. 
To snare aslesping pheasant, Ser falor 
talsethe pole up in front of js p09er 
it, The bird will walee ancl 
peck at the foil As its 
hhead goes through the 
‘oop, pull the cordage 
end the srate will close 
around the bird's neck. 
ash te sare fo to the 
‘orci someting that 
eilireavealy 


Lash fol tik to 


ON THE NEST 


Birds are creatures of hatit and wil usually roost in the same 
place every night, such as in the branches of a tree as protection 
against ground predators They rarely moveonce I's dark. Mery 
bircsate more accessible wien breedling as, once youve located 
the nest, youl always know where to find them. However, you 
should only take nesting birds in a genuine survival situation. 


MAKING A SNARE STICK 

A snare stik is used ta trap birds voosting trees, Remove a bid 
nee It has besn shared, as hs squawking and fluttering will let 
other birds to the danger and scare them off 

1 Make several single-strand ovares (S22 ep. 216-27) with a loop 
diameter of about 1-2 in €25-5 om depending on the size of the bird 
1 Place trem close together alona a stick making natcres inthe stick 
to hold them in nosition with the loons uppermost 

«= Tie the stick on top of aloranch where you have seen bids roosting, 


‘TO MAKE THE POLE 
Cut along forked pole Ta 

stickinthe V ofthe fore and 

attach a pecs of silver fll to 
it, Weal ach tho loop ofa 

share tothe fer, then run a 

legt of corsa cown the 

pole fom the snare wire 


Shoe cateecdbdevsen 
Bayt totendcnbrarch 


BOUGH FENCE TRAP 
This method is used t trap ducks, whish often go ashore during the day 

to sun themselves, or at night to raast. They tend ta favor smal islands as 

protection against predators, 

= Cul seera saplings and make double-stvanded snares (seep, 216), hasta 
'= Place the boughs a few feet ftom the water's edge and bend them ‘Seppreriatete 
Into-a serles of overlapping hoops to form a fence around the island einen) 

1 If you only have 2 few states, place ther aver the cucks' nwa and 

‘outward tracks. Placing logs between the snares will then force the birds Tl 


to pass through the hoops in order to get onto the isiand. 
= Susperd a snare from the center of each bough arch. 


ierte \ i 


‘our 
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PREPARING BIRDS 
GAMEBIRDS AND WATERFOWL are the most commonly 


j ‘WARNING! 
eaten wild birds, but all bids are edible if prepared correctiy Pee ead abs 
Skinning a bird is the quickest way to get at the meat, but this | aters such as erows burards 
removes the nutritional value of the skin, so always pluck a ee sere Loe 
bird if you have the time to do so. Te aeasiat econ, 
andre prone to infection, 
* The meat of such birds must 
GETTING STARTED bebe for at east 30 ites 
If the bird hastit already been killed by the method of capture youl ‘to al ani infectious organ 
need ta dispatch itfor example, by stretching its neck and cutting ine lain tenia theme 
its throat (forthe best way to kill gamebirds, see below). Whichever Reale tial stlcl 
‘ethiod you use to kill the bird, you must bleed it before plucking, oa 
but make sure you pluck it while the body i still warm. ee 


PLUCKING A BIRD 

Its not essential, but scalding a bird in a bucket of hot (not boiling) 
KILLING GAMEBIRDS ‘water for a couple of minutes usually helps to loosen the feathers; the 
To quickly and futnanely dispatch exceptions are waterfowl and seabirds—theit feathers wil tighten 

a gamebitd, such as a pheasant, instead Be careful not to overscald the bird or the skin wil tart to cook 
Fold its wings into the body are 

hold it under your arm, Cover its 
Head with your jacket to cal it 
down (this also reduces the chances 


oyu being injure by its claws oF gopaate 
beak). Still holding the bird firmly, atatime 


take a 2 ft (60 em) long, thick stick 
and place t on the ground Put the 
birds head underneath the stick, 
place your feet on the stick either 
side ofthe head, and pull the bird 
Lup sharply by the leqs—the bird's 
fread will come off 


——_* 


POACHER'S METHOD 
“The poachers way to uc ost 
the ment from ada pteasnt that 


trasert been decapitated is to place 

‘it fave dovan on te ground wath its Lay the bird on its back, take a 

hhead toward you, pt afoot on each few breast feathers between your 

win, tle ole ofthe Feo, and ull finger and thumb, and begin to pluck 

up sary This mation vl ear the = Tua sharply paling the feathers away 

eg and beast meat ava rom the from the direction in which they le 

vest of the bird Give ita sharp flick 

Lhecepeteercnetaty Dorit ty to pick too many feathers at once or yu 
meat ofthe trd you dat he tear the skin, Work your way steady around the 
ee front ard back until youve plucked the whole bod. 


= Kop the feathers (unless the bird isa scavenger, see 


I | os sor to efor tr, raation or fhig res 


OPTIONAL EXTRAS. 


Keep the crop (esophagus) canta ofa gametind—you 
cr use the seeds and berries as bal to catch other 
bitds If the bie is female and has egas inthe oviduct, 
k2ep them and eat therm, Youshould also eat the heart 
and the Ir if they are in qnod condlon;ciscard them 
if they look ald or spotty, oF shaw signs f parasites 


Lierispoe Lricgiss 
oun onda 
oH, reat 


un LIVER YOUNG, HEALTHY LIVER 


Exton ta 
uta toroate 
Teese 


lun the logs in the same way, then turn to the 
‘wings. Locate the elbows and cut off the bwer 
wings at this aint Pluck the upper wings 
‘= If the b¥efshead is stil attached, out hoff as close 
as possible ta the body, 
Place 


To remove the feet, find the ankle, insert the blade 
of ashetp kale nto the joint, ard press dawn hard 

= If youredealing wth a lage bird, such asa turkey, hit 

the bank of the knife wth a thick sti for extra force 
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DRAWING METHODS. 


‘The usual way to remove the offal rom a bird (known 
2 drawing’ isto take the crop (esophagus) aut of 
the reck end and the fest ofthe offal out of the rear 
end. The survival method is to make a cut from the 
throat to the tail with = sharp knife, reach in ancl pull 
‘out all the offal see below), Should you find yourself 
without 2 knife, you ean still utcher 2 bird by ruling 
the set apart with your fingers and working your 
‘ay up the breast to thenenk, The offal can he 
retried by rieping onen the skin over the belly 


Gat te rom tne 
Chmot to heed 


Hold the bird in one hand, breast upwend and 
with ts rear end toward you, Insert the point. 

of a shar knife into the throat. 

= Make a single hesion down toward the tal, being 

‘areful tonot pierce the guts. 


sample. 
ean 
cotasba fing 


Reach into the out cavity and pullout the offal. 
‘aking care net to break any eggs: Keep the liver 

and heart if healthy (see above lef 

"= Wash the bird clean with cold water and wash your 

hands thoroughly before further handling, 
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EMERGENCY 


tuation 
tention 
make contact with 


ation by 
others. Sometimes you will be abl 
wheth 
other 
be out of your 
several reasons why you 
could be 
s such 
ould tral 


and aliv 
Pre 


ntions and til 
ve someone wondi 
ack yet, Equally 


In this chapter [TTT 


how to recognize the enemies of survival... 
why LEOs are so important... 
when to set fire to a log cabin. 
that tinsel isn't just for Christmas... 

what to do if a hippo yawns... 

that you should go with the flow in an avalanche... 
how to inflate your pants... 


location aids for your environment 
knowing how best to use them will 
increase the chances of you being found. 
In many survival situations, a major 
decision will her you remain 
where you are or move to a location 
that offers a better chance of survival, 
, or both. There are numerous: 
ors that will dictate your best 
ion but, in general, it’s always best 
to stay where you are. It's all too easy 
to make a rash decision and attempt 
to walk out of a situation only to put 
yourself in even greater danger 


id 


rescul 


A location aiid can make 
thed 


ween life and de; 


A comparatively recent invention is 
the multi-tasking Skystreme device. 
SKYSTREME js a silver, inflatable fol kite 
ich weighs just L202 (43 4) and packs down 
to a small and convenient size. It can perform 
four tasks in a survival situation 
Location aid Te lites orally inflated and 
edge shape means it can lift of from the 
ground unaided in 4 mph (6 kph) wind 
= The 165 ft (50 my) of line attaches to the kite 
this much cordage is invaluable in itself) allows. 
io rise above tree levels and reflect sunligh 


ye at a distance 


ightstick underneath the kite to aid viii 
2 The metalic surface reflects radar and can 
J detected by aircraft at a distance of 10 miles 
(17 km). A UK Royal Marine on a polar crossing 
flew his Skystreme behind his ded so that 
support aircraft could find and track hi 
Emergency first aid splint The kite 
nflated around a broken or sprained limb. 
Thermal vest The kite can be inflated and 
uit inside clothing to act as a body warmer 
Water storage Instead of being inflate 
with ar, the kite can be used to carry anc 
store water 


Li You are not a survivor until 
you have been rescued |); 


Figure 112: Dual-Carrier HSPA+ Throughputs?°° 


Data rate (Mbps) 
42 oc 
21 
100% 80% 60% 40% 20% 0% 
Relative distance to base station 


HSPA+ also has improved latency performance of as low as 25 msec and improved packet 


call setup time of below 500 msec. 


Figure 113 summarizes the key capabilities and benefits of the features being deployed in 


HSPA+. 


208 SG Americas member company contribution. 64 QAM. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 
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ASSESSING YOUR SITUATION 


ONCE YOU'RE OUT of immer 


fe danger, assess your 


—— 


situation and plan accordingly. At this initial stage, it's ie RULE: ie ie e 
— oman ing anon those 
crucial to think clearly——the decisions you make now could Seanad th ayy tt ery 
mean the difference between life and death. In most cases, tine lint havea numerical va Inked to 
‘the number three. Remembering the ‘rule 
remaining where you are isthe preferred option, but na Hanan tnss Remember 
two situations are ever the same: the circumstances, lig patty yo are jd at 
environment, conditions, and you—the individual—all "isk of further nary. orm inet 
ha acai wah rd ‘tbe achieved, sage amthe ements In ast cases: 
we a major impact on what can and cannot be achieved. ieee secondsis the paoloal 
‘reaction time for making a decision. 
THE STRATEGY FOR STAYING ALIVE Plrelicer sory 
Inanemeryency situation, tink of the four priorities of surviva eerertriene oe 
protection, location, water, and food. Your situation will determine Tyee boursis the cial time you an 
which is the mast important. In mast cases, as long as you're in no. ‘ave uroratected in extreme chates. 
further danger from injury or the elements, you should focus your ‘Three days s the approximate length 
efforts on establishing a safe location and getting yourself rescued. _oftie acne without water. 
The strategy for staying alive, known by the acronym SURVIVAL. ‘Three weeks i the approximate 
{ee helow), gives you a framework to use and helps you remember len of tim you can ive witha food. 
what you need to do to remain alive and get rescued. 
‘SIZEUPYOUR ITUATION _USEALLYOURSENSES REMEMBER WHERE YOU ARE —-_YANQUISH FEAR 
‘Fickases te pueda + Mstpopbreattoatue = anual,» Fr dpaicenbe 
afyzuraurandnyjhystal ——" sualsaten raugetier aways kw he femihblenom nis 
‘concitin, and equ pment, ‘training (they autamatically do _youare so that you can make | ‘imperative that you have 
etyoininapan ec viuttejveben amet thebeats dl what etme tah 
‘tae aniegrsomtes, iapatray ustn)or tod nd eet poe ‘wove tena 
tutreenber thateeryone wil bp Kathit they automaticaly reve then om making 
teafeadhy te corgencs dv tet ni andbaly Sousa vere 
siya et tee oa). 


1 Your rete ery 
cronies ow 
isn asle-—tot dy, 
ht nde colexgoad 
folsom it 
seureedta do edt 
‘iat aha tone 

+ Your equmetassetsour 
queen andere er 
Heanbet bwed nye 
partir tus 

+ Your sys condition emo 
euro andoths fram dag 
‘he for ures an admis 
fst attasncesa Renee 
‘hat the raumaand stress 
sre fei mas Cv 
noeriat outers 
Fare ules that yu your 
maya cee, 


eo hat happened 
‘your prada 
ina land ati rer 

Tresuaon ages care 

thou anda 

= Ty actibasgjeu nay 
ik npatat act, 
lose talaga, nly 
rrlerafieswast. Te 
‘nnd fast 
vai’ spcly te 
‘vials, 

+ Leto tyoursiborsios 
survive enesand at fein, 
‘nd ata acta em ven 
theysendynuwaring oly 


= Rrowingyor peli heaton 
Canela hehe rescues 
‘ge lytond your Fy 
helo revert Yu 
ts ond idan ceria 
sua fae wht you 
helen where you ae 
an here eat piston 
‘praia eat, 

‘ Tiyerhaerisean merge 
Ps of Acton Gp, 24-25) 
samtone wil naw 
argon xan, nd 
weeny duh 

«Chameleons io malig 
‘aretha whe rescuer ae 
leekrgtoryougour a a 
etn arene, 


= Hunecnallfarane 

precast yor 

ral anatna 

Tepe tau you 
tars nyo: nd 
inant ater thn to 
your cua uation yout 
‘oie, Moros teycan 
Inapactateyt si in 
gurney us igang 
ithe reat ations 


Het n chee post 
reporiesare routed 
Canrcthat ieregite 
rears can undmie 
Conger nd nab, 


THE ENEMIES OF SURVIVAL 

Ina survival situation, thoe are seen factors, known 
athe enemies of survival” that cam work against 
you. In many cases, you can deal with them by knowing 
‘what they are and understanding thei effects. One way 
to memorize these is by using a mnemonic such as: 
"Be Prepared To Face These Hostile Factors 


BOREDOM AND LONELINESS 
\Whan boredorn sete, you become active and lose the abllty 
‘odeal with yoursituation effectively so you net to ep busy, 
LLanelinass makes you overwhelmed ty what yaunead to achive, 
Jeacing toa feeling othelplesaness. 


PAIN 

‘f.you're inured, don't ignore the pan. Attend toa minarinjury, 
35 tcould grow into 2major problem that coud impair your 
ablity i survive. postive mental atitude couple with eping 
busy helps to strat the min fram pain 


THIRST 
Thirst is nota good indicator af the bodys need for water. Your 
beak can be dehydrated before you feel thirty. Stay ahead at 
‘hydration, rather than have taal with I, Proritize your 
re for water in a way that's relevant fo your eavronment 


Inprovise [VALUE LIVING AND LIFE 

‘Thetwestilofaarvior sto» Someexne wit ining 
Uuidastandwhasreited and — avdeqimnnt hare avid 
Inprovisesobtinstopatcuar ——themosthorendusation 
problems Doyea ave the kis Tarp th wasp 
aidhnuwedyetokesp ous cave a he wi he 
eatin acmidtin tobe and fue ge 
Proacte n your ret 
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FATIOUE 

Tiredness lsd to mistalas that, at best, cause frustration and, 
at worst may result Injury or death, [na-survial situation, 
I's uni that youl replace the enargy you use-effectively, so 
fveryAhing becomes hare ta aleve. Never underestimate the 
importance of quality rest to your physial ad mental wellbeing, 


TEMPERATURE 
Temperatures a major factor in any surlval situation and It wll 
beatfested by wind an, and humidity, You should dress tosult 
‘he environment youra inand be aware of hosans and symptoms 
of temperature-rlatad injures, suchas dehydration, hypothermia, 
haat stress and heat stroka (see pp. 272-73). 


HUNGER 
Ina short-term survival situation fone to five cays), procuring 
‘ods nota high privity. You tan offset your reduced enray 
and stamina kya by drinking water and pacing yourself so 
you werk within your limits: However, take every opportunity 
Jo procure food without espendia eneray 


FEAR 
Faris one af cur body's greatest survival tools, asitcan 
stimulate you-s0 that youre ready to act—however can leo 
debltate, Fear is good as larg a5 youlhave control over it and 
‘the fay to cortaling fesr i asurvial station is owledoe. 


‘ACT LIKE THE LocaLs ‘LEARN aasie SKILLS 


+ hte enierment yore 
‘iyrg insure youcan be 


+ Laing assis oan 
your chars iva ho 


ethane lle nigsnue——‘ualngyourposzets oh 
pnpleand tea wie suri redo i ac wich 
have develredwaysof aang sneer the best late at. 
‘tine ose The asaya ask fas 


thr hn are bus reared? 


Yuma start cat with alte 
Fihieautmin batitmayast 
tor treo spa 
‘You ily timo 
ray thane 
Freer our rtd 
struggle arvivenelate 
amr abokie ery. 
‘Th tray, hehe lb 
hows Sranced er theude 
famoaian wihonalsto 
atin, Heed thai on 
hiscamersnseralhislatin 
toa resue ep Inpro 
adverse 


‘Thestreed planes var 
cen aya alt then 
lye. relouseles, thous 
‘famines, or 
leita ok the 
tener Wh thee ohne 
ryt alvaysbeenagh 
theyre certaniy aes tr 
inary url tat, 

‘heh tober bid tht 
hardpan unt 
‘things ote people 
and ders, 

+ Sunil aust celngith 
hares and having thew 
to. thewila ett 
thers, et hain te 
novedgeandeau ment 
a beh, 


Look at how the calpeop 
thes andact not cob 
theyleavemana iru he 
cnokst pars oth day and 
Wr ina sheand lore 
rama fored veairgand 
These come ve wate 

‘Tiyan adit, rene 
ath areata td 
‘hasta ost ricrtal 
and pnt dard gan 
Lea tha ek ind vat, 
Heth dlngbeat ith 
Nib ose hat chinks water 
free fg hat cndeses 
Is crapae 

you a ar payttton 
wine anal go quit 
(pty avean are doe 

aly aud hecarer 


= Pre propane thaketo 
sari tov halyune 
fn aot heeonent 
pe pontine 
rset wih al yur ep 
andpracteeyouebasiskls 
‘they bee se ae 
Trsthorcugh pepe wl: 
Helpsnst combat tee 
‘heunnct ad gyn the 
‘lteter tare the 
thalegs oan sural 
Stuatin youmaybe, 
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ATTRACTING RESCUERS 


TO BE A SURVIVOR you need to rescue yourself or be rescued by 
others, If you can't rescue yourself—perhiaps you're injured, completely aisein 
lost, or trapped by bad weather—you must attract attention with ‘pesttinoe 
location aids that you've either brought with you or have improvised. 


AIDS TO LOCATION Asatte 


Location aids can save your life, so make sure you fr 'gstatenay 
know how to use them effectively. 4 helicopter Ss lalcatliaias 
con a search pattern may make only one pass over 
an area before moving on, so youll oniy have a 
few minutes to act decisively 


COMMUNICATING WITH SATELLITES 
‘When astivated, a Persnal Locator Bezcon (PLE) transmits 
aradin distress signal to two cam plementary satelite 
systems called LEDSAR and GEOSAR, Tagether, these A state 
fim the "COSPASSARSAT” system, The signel I “ntate 
then relayen to a rescue coordination center closest 

{to the bescon's location, PLBs mainly use 406M; 

the miltary also use 2435Mnz and 289 BM 


Ca 


‘ATTRACTING ATTENTION 
When yu na sui situator, wu reed 
‘employ your otto als nthe st ay 
pas Ted ae the tan pines er 
attactng attention 
1 Attrat: pica phos tha axis your 
chavs of ation attertion wine your 
loratin ais suchas open 
Place your as carefully so they can be 
ltl from as wide an ae as possible ‘Enea Peon eating Rao 
Theme fous the dora thebetter ‘Broan EPURBS ore cd ate) 
1 Wold: ned ik the attention of 
ey maintaltng the sional unl thi 
etn veseen you. Tey ty send sme 
cial inforaton he tps of assistance 
‘yon enter the cumberofsoreioes and 
{ete conn for example) vin aay 
Dayo Hap esse (se pp. 27-41, 
* Direct rates whi an als 
yi 0 ore esr ave beer arte, 
clo alc cant det thet» your vase 
Iocan. yoohaie wie nian, 
claet tenn your postion, Hyaa ae 
esi tng on a pls rial 
sane they conta dates presie dea 
cf yur ents, 


—S ee’ 


Engen Lecatr Porcttor 
ELS ere ray fresetnabrast 
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————————*\_| MOBILE PHONES AND RADIOS 


SHOULD I STAY OR SHOULD 0? ‘Always take acel ar saletite chone 
‘ounaed ta deide whether to stay where youre oto Sutil when eit tney ars evel 
‘oveta sation hare yu have abel shace of ress har enc Oa eet ie athe 
of sefeesue. you moe, remebe he filo: VHF radio Lo contact woule-be rescuers 

+ ep yor als tooxation al han, sro geod kang 

‘soursigcl itor a thehottont of we backed wen 93 poe See nee 

‘ay lave oly ecerdst stack a pas wei rp Werle ou ar in the ord you ean rent 


buy a eal phone lined to lacal neta: 


1 Deploy your ato locational the end of each ay, even eee ee ee 


‘though it tales effort and youl be moving in the morning, Eiesinnigeieaiaetienr opens paren 

sTshov were yan bienand wre yt aan ate | onder of your lnation aed ay ris 

trackers, sch asa note left na visible position and visual eles: ‘you've sustained Alternatively, rent or 

‘on the ground op veuetation, to indicate your direction of travel. ‘buy 2 satellite phoris that's connected to the 
Iden Satlite Phone System hy 26 

low earth orotting (LEO) satellites provide 
fies ectnconane | SoBlotoccarage Eat (indudngocsars 
Weel ay ree wars, and polar reson 


trowivesigats from bre ite 
fom tes mcutesse | MARINE VHF RADIOS 


ise contal Al large sos and rostrnatonzel small 
bafta equipped with marine VHF radios 
Thesshand-hdd us transmit and recetv2on 
Frequencies between 156 to 174MH2—sually 
sn Channel 16, the ntemational calling and 
distress channel, Channel 9 can alsobe used 
Iinsome places. Transmission powerranges 
bbetieen I ard 25 watts, giving amaximum 
rangeof up to about 0 miles 1D kd 
between aris mounted on tal ships and 
hil an Ses on between aerials 
rreunted on small boats at sealevel Your 
VHF radio should bewaterprocf, able ta float, 
2nd lepton charge. Fallow thelnstructions 
henever transmitting and receding on VHF 


Seerivona res 
sorvetsce cepsed 
fecemchfori 


A regains 
ares eseochand 
Arie ecto 
mal aed ana 
Sign ton of 
tha seroma 
fersont Locator , Spec at 
oe or iia 
Freer ce ond 
fept one Bo 


=— 


WARNING! 
PLBs ate for emergency 
ust only acd.sul ales 
Seuss esionbhy 
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BUILDING SIGNAL FIRES 
A signal fire isa very effective way ofattracting the attention <== 
of rescuers, but you do need the right materials and building one TOOLS AND MATERIALS 


: * Koi ara 
requires some effort. A well-constructed signal fire located in a. REE ant lingsrio 


good position will generate a large amount of smoke that can sen vegetation 
be seen from a long way away, Two variations—the dome and * Tides ann, an fs 
the log cabin—are shown here. «igh ormatehes 


MAKING A DOME SIGNAL FIRE 

Prepare large fie on arsed platform under @ dome-shaped 
structure made fram bart saplings, Fueled ly ar from below, 
thefire oreates plumes of smoke from the 

green vegetation. Ifyou haven sap 
Uusejoles toa make a teenee shape, 


SIGNAL FIRE 
ESSENTIALS. 

‘Whichever signal fire you make, there are 
saiaral important prnaplas to followin 
rer to makita effectiveas possible 


endo catogs 
FIRE FORMATION bhioatd 
“Fyou ca, arepare tree signal fresin2 Last post 
recogniaed fermatir such a3 atriangle Peptnewrg each sec 
crmastagtine tinefresarerandom 9) 252% dometesteay it 
they cole bs misread 254 bush re ora nt 

fp ofnatve res, Thedistanceetween 
ath re should boat est 66 7120.) 
fastroees tba dtata by new qachy 
Soudan effete iat ach onan urn 


FIRE COMPONENTS. 

recy i ease ote 
ee Da “titel 
immediately tums into asustainable fire, Prog them up ver a lag or rock at one end, sto the grea 
i  eteten low comsatenter by 

damp romresching it and te alowenouah lengths of green wood side by side on the long 

airflow to help it \griternare effectively. poles under the dome, to act as a firebase 
BE ooec nor ccios 

Et Oey eee s aa at 90 degrees to each 

‘The covering keeps the firebase dry, wie iatermasien 
eae 
ser hehesce smal rt 
-oviginal vegetation burns aut, Layer green 


vegetatin on 
ATTHE READY ‘top of the dome to 
‘Onceyou have prepared the signal fire, form a roof over 
syouneed to keep the folowing nearby, +the fire platform, 
eh eibestancae baie 
Genaruciee een vegetation 
sHsuninefs tase sot gue, pt 1 aio te 
‘paper, or birch bark ta guarantees the fire fire when its alight 
gets going again ifit starts to dwindle. 
Sonim isos our) te 


eee an acces pot ca 


= Avwitohs broom, mate of act stick fe fon ee ; 
uffad wath kncing or bare rest a your at teen asad 
stuf with kindling or bare next ta you es 
cap fre so youcan quik litte ‘pe fel ay 


broom and transfert to the signal 


MAKING A LOG CABIN 
SIGNAL FIRE 

This signa fire Is known as the “log 
cabin" because of the way the fuel 
‘wood is stacked, 

«= The framework for thefve isa stack 
of green wood, made un of pairs oF 
poles arranged in alternating layers 
sel at 90 degrees to eanh other 

«= Plaoe an adeltonal sugply of ore 
vegetation nearty ta be used as 
reauirad, bul not so close that it 
‘catches fre by accident, 


Prepare a fire (see pp. 124-25) on theplatforn 
and load itwith green vegetation 

"= Lay the vegetation close enaugh ta the fuel below to 

catch easily when the fire is it—but dant smather it 


ake eters 
‘weomoi of 
toateg or bok 


Bp Light a witcts broom (see panel, eft} frem your 
campfire, take it to the dome, and light the ie 
» Use kindling huncles (see Step 3) ta fuel the fire 


Lay a platform of green wood on 

‘the ground and build a frebase 
of dry tinder, kindling, and fuel on tor, 
* Builda ‘log cabin over the firebase 
using green wood, 
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Green word ons proce 
save smoke thon dead cad 


ison 
‘ah arin 
‘egetalnas 
ove Bi 


Heap green vegetation aver 

the platform to generate this 
plumes of smoke wher the fre ist 
' Leave an acosss paint at the front 
4 allow you te light the frebase, 


“ta. te oranch er ve 
Indo the buna gp 
‘pound afew tines and 

‘ack ander lf 


Propare some kindling 
foundles which wil help 
‘turn the initial flame inta a fire 
® Make the kundles ny 
breaking small, dead ivanches 
(as thick asasmal finger) 
‘cry the lower trunks of trees, 
1 Fold ther into a small 
bundie held together with 
athinbranch ar vine, 


range smoke fa 
theflve rang wh 

‘apresmate, 
Increasing Bs vy 


Fy When smoke 
billows upward, 

light a prapreparect 

signal flare (see 

p. 24D), you have 

tne, taped or tied 

toalong pole, 

1 Use the pole to 

position the flare 

as high hia the 

emake asyyou can 
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OTHER RESCUE SIGNALS. 

As well as signal fires, there are other visual devices for 
attracting potential rescuers, Some are unusual and 
others, such as a whistle, quite obvious. Whatever device 
you use, you have to try to hold the rescuers’ attention by 
persisting with your signal 


LIGHT WINDMILL 

‘You can eteate a highly visi illuminated “wind I effect hy whirling 
emical ightstick (cyalume) in front of you attached to the end of a 
43 CL m) ing. Depending on local conditions it can ke seen unto 
2 miles (3 kn) away—or further ty an aircraft. Blow your whistle a the 
sare time, uskig the International Distress Signel af six blasts over one 
minute then one minute$ silence, The reply is tree short blasts, 


— 
a 
Bakes, 


=o 


CREATING A STROBE EFFECT 
LED stinbeliohts are compat, rust, 
‘waterproof and are sometimes incorporated 
‘at standard fash, They are vey 
fowerfil and can bese toma lng way 
‘yy Manystinbes canbe stn price 
avant of seqoented ashes nei 
lashing $08 in Mors Coos. ven you 
clan have a deicated tobe ht you an 
sill switch your tegul flashlight on. and off 
eeatealt attract attetion, 


\ ee! 


Sa ght fe 
‘gree owe 
argatine 


TINSEL TREE 
Tie sanaling device know as.a“tinsel 
Bee fsbest used when youre rematring 
Spee place fora hile, 1 effective only 
iduving daylight hours so you'|| need to 
Bid asut able and easly visible ree or 
Mush ina sunny postin 
Gutasiner suvival blanket, all of 
Sahar flor any reiective material 
“into stries 
Pattach the strips tothe tvee so that 

they mavein thebres a 
Beni and glrtng lie small micrors 


SIGNALING DISTRESS 


Two of the mast recognizes sians af distress area litle red star 
hooting up into the sky er 2 bilawing cloud of arange smoke 
‘Theve-are mary diferent types of signal ares and yockets ranging 
{rom simple, nandheld davies that. fre flares into the sky to specialized 
bits designed to pene ate thie jungle eanory, Usually 

the emergency survival packs of areraft and feral 

flares are also avalable from specialized shops, 


SIGNAL FLARES. 
‘one end of asigna lar tas at 
frange-colorad smoke signal for 
Gayle use, Te wthar efi fas 
flare foright-time use tbutitean 
be operated curing the dy, too 
Remember the followin 

' Follow the structions on the 
utsde of tre dene, 

* Wiear gloves to protect your hands, 
"The hest from a flare can damage 
afer at, seep your fare wal 
lear when you light 

= Don't lscard flares urtess 
youhaveused both ends 


SIGNAL MIRROR 

Asianal mito, or*helioaraph*has a 
shiny surface that reflects the sin 
and sends Meshes aver distances 
exceeding 20 mies (50k), 
depending on the sivengt ofthe sun, 
the sie ofthe miror, and the clvity 
ofthe at You can even use the lott 
from the moon when it ful By 
interrupting the flashes wou can send 
massagesin Morse Case 


Polis the base of a can 
toa shine with asighty 

abrasive paste, You can 

tse chareoal and water, 

{oothaste, ot ever chooalat= 


Palth the concave 
base wiley tate 
‘Conupleefmiutes 


IMPROVISING A SIGNAL MIRROR 
HF youdon't have aheiograah or any 
other mirror try using anything with 

2 shy rlesinvesutiace such 95 = 

fal food packet, aD, or the bottom of 


Hold the can in front 
of your fane with the 

polshed lese facing the sun, 

1 Dect the fas of reflected 


beverage can, sunlit on to the palm oF 
N30 her Ho toate 
WARNING! controlling the ight. 
D't dards your Wook be excuers Sincere 
‘ay contieningtoflash ciety at Ee eae 
‘theca. Using your signaleeoe ether ly moving your palm 
feritienth is nore effertve ‘up and down to interrupt the 
foratrating attmion fash o by clnectng the Rash 


Delween a "V" made with your 
‘thumb and figers, 


—e 
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GROUND-TO-AIR MARKERS. 
‘You can Improvise internationally 
reongrized emergency signals on the 
‘ground that f@scues in the aly can see 


GETTING NOTICED 
Tomake a ground-ta-ar mare use anything 
that contrasts with the ground, such as ora 
achat, seawaed, clothing, oeks, bran 
of trees, oF so 

* Whatever you use, make sure the mesea 
Isbia ana vsble From all directions 

= Dhock on your markers regularly. 

# Wher appropriate, use one ofthe emergency 
odes shown below. 80S or HELP writen ing 
letters wil attract attention too, 


= Requreasastance 

1 Require medical assistance 
ss fleiNegetive 

= Yestattiomative 


|= Proceed this way (row points) 


Te Phare ole 
poucdvece te Me 


Hote can up tour 


_ayets hia ht 
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WILD ANIMALS 


WALKING IN THE WILDS of Alaska and coming across 
a fresh deposit of bear feces is a sobering experience. 

It quickly dawns on you that you're potentially a part of 
the natural food chain, What do you have to do to protect 


yourself, and will it be effective or just provoke the animal? 


Fortunately, the survival instincts of wild animals are such 
that, with only a few exceptions, most animals, regardless 
of their siz, will avoid confronting you. However, they will 
defend themselves by attacking you if provoked, cornered, 
or surprised, particularly when they have young. 


— 


FERAL ANIMALS 
Wherever you goin the wor there are 
animals that have escaped into te wil frm 
2s lif parks, acces situations. 
‘These feral animal inci pigs, cats, dogs 
sink, ane mnt. In any cases. they 
have become partclrly agressive and 
set to have ost any Far of confrontation 
with humans. ry to fine out whi feral 
animals re comiman in the region you 
‘traveling in and avoid them if al posse 


BEARS BIG CATS Hippos ELEPHANTS CROCODILIANS 
= Brown tearsstand talk» Tigers ae the largest ‘= Thetibpopotanus isthe» Afrcanelephants have» Creeedilans elle 
‘tha hac bears and cat, with lions 2clane ‘thed-brgest animal ‘anger ears than Indian aligstors, gharlat, 
vwelhmore Polir bears sweond Allbigeats have “Area after the elephant elephants and are mare and ercecdlles 
ae te roe hind sharptaeh andcliws ——anduwhe rhino, aayesie. sTheyran stay abort 

FA] reehto:Albewsare othe amemscats —— sHpposranvenh ‘Ephatsstand unto formoretht anh at 

EE roverhiwth ces“ duenoustaon—“rothin3 br, AshUCnptalandwaih atime canswinugte 

BE] srtorsienays. Geman They tr, wp betes 20 rph(2Kgh dria 

FE] Gowmbeascarun ——lincanparters,—rar-shapitiss ——« Thercaneach saat ates Lan 

F=]faterthahumars, ——iepartyandjauars——anftsile ane," DSampialsteiph) er rts. 

Ed efersaciondhihe  « Bigcat: aeindon + Creodian efi 
Nathenenishire "tonite sop apa 
andpurseSouh fr uaa, pasate er 
Ameri 

‘Loki simeotbears — aidooringnmlact «ot mowthga gon «Keay tam laces « Saya ters 
anicwchwih bas" wthbiget. The” Maneater ae thaebpharreuan, avin where 
dinuthoratity.——runlleoatack ——threnitathttnga ——_sachaswaterngboks. rca he Be 

B= Stivsrdccetoos ——wesjoupactetion —patuljstreget —s Hymudnconsacoss vrata es, 

Fa seayrintincapste, —tveienherais., — tipowthacme —"tndert pte, « Hyovvedtogomarte 

FA Keouuudindnd —« Arocptinéiecagr, bat Amt alippo —epealytresawalaowachheaoatr 

EE orlaotcheah, "a nreyuteby” staal re aller: 

Fed -Aiticketsand Bimmrsingren of Sayvigert norte «Lol rasaeplaceto «Ountanttheame oat 

Fe “teoncwheetoas genta station ae akattecachasa te acces ay 
rekandted wb aise thin thee, veheelyaecyer ela he et te 

ecamyantciatar Ma. sDritgdinbes See boeyau ae» fae cere esp, 
serayteecgpi tooand ver ahaa inf, coky 
‘Mole ajotetnia —eatincat aos, = lyvenct appa, Hanobphrtsqares «Hype accion 
bearionaetiee, —“sigeatitgessiad, — abakenjoutass — uptoyuwifasdens, nbd nan 

eHosseabaactay —mdndearaivin | andindanthrrate, —turpringnddchng = a ceotadion does 

PY cainNoke yee mfiseit Usea grayit —« Hahippoyawnsat you, theditintront oi than—~ yu, tmay et gn 

Fa] toaimssbety——yuredtoGeeorta, "estate Seana. dren 

F} rasinnyow- ars. ‘Deft rnyeurbackor —stepy—ths bathed. « Hanetphantcharovs, » Fit rape yaulnto the 

FEY = Waksbnytacewanl rman. Hettowingyas Me" yntoyorsatepiawe "vate faith Sah 

FS] cartunstietesr — «aticatesyu.d> tat, djs aes Se sea ha 

F folorssiminitot —“notcachorbenddemn,  Uattansupacanea  fsalstesm,gay as horpaels ees, 

Ee your ground. ‘Anupeight human makes hat! Mateavery etfert ‘had and hope the strike its nastis hare, oF 

= Irthebesratiacks, less attractive prey than ‘toescare. ‘eeghant lies terest. bang the large vabe at 
ply rfc, afore ial the of that 
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Pro cantur rales 0 
‘py eon ae 
wpiosofaor) 


ARMING YOURSELF 


If youre traveling in areas where encounters with 
wild avimals ae possible beready with aweazon such 
asa knife, largest ik, or deterrent spray 
Remeiber, avoidance always Pros toreaae 9 
betta than confrontation Saree. 


PEPPER SPRAY 
(ne typeof deterrent soray 
‘ontains the pepiner ingredients 
cansaion andcapsanina 
Ttshwats acloud ar stream 
‘thatientates an animal's \ 
ces The arimal usualy X 
‘othdraws, out take care 

until the danger has passed, 


1h pegper sora uncer 
fresave i ocantior 


DO YOUR RESEARCH 
Send some timeresearhing the 
SHARKS SHAKES -AMPHIBLANS area yout tracing nave find 
cud ch animals eset the 
+ any eg a greatest dangers Dissver as 
amma inuch 2s you can about ther 


sThascromoretian4s0. Lecetan post 
specie sha bey othe 3000+ types of 


RUSTE | Ga faeces habits and how beso acid 
ia These arte bing et eo ‘ 
‘nese ret wit, ull dingo hans oa isthe den e coming ia contact with them, 
and tig ster * Depending onthe snake psn cart frag fern 2 

sNostatassocnrn —tinetheafietstte Si ira = SPOT THE SIGNS 

Greta waters ithe bls ee orton etre ES Understand the ets of these 
‘nopesantaboaps, teeta at Shs wat wir PES santero creatures when do 


ipa wh theater «Snaesvein ven prt ate rth big 
Enya sedi” be leer 
these lene yey cll aromas 


‘they forage, sleep, and dink? 
What are their habits? 

® Learn torecoarize the natural 
signs that indicate ther presonce 


‘tracks or prints feoesroprings 
terntory markings such 25, 
Mtened vegetation where the 
animal rubs ts scent onthe 
round alte signs, such as 


Reo ee ie oe eel ive oar 
SUM <Apektininorad | te te 
SoMa niin: | Sale les 


satay + Sept al vondacyparroxth ‘whare bars hava cae the 
ayant aia petite cid woeshaaen, ate from tras. 

Apoleor sp i you yt paceyour bts jarict = Be aware of othe arias 
Peace reat iy ‘psi doanen seks pati te ‘disappearing quickly from a 


syatering hole or antsy 
Jura suerty pong quiet, 
1 Asklocal people f there have 
been ary reports of animals 


= Dorp yiurtans le 
Inia asia 
stake behidg 


stacking ppt 


siyouseasary say | rouemeatosa take, + Hatta wthamnssnes 
Dninuieeta 1 Find autthe best ways to 


fainandmovetacaey ——tytoreninconldeh——angitsn sume 


ciitrateerenctoged HM Notre al Timely este Svar fan attack or defen 
‘youcswimaway smoatly——_intively movenway alert arse Keep the {yoursé should you have no 
tical slrerrlicyie sales fon Sten ete Aseging 
etfitrutesatyou hiton tects mowng tara biststs soaNsey certain stance or submissive 


smrttansaey, *Dattpaic Hyouhaen = Thou wah jou 


eaten. sty smuiorrgiitea | ||) tandesng tar pitvar posture, or voiding or 


mantaning eye cartact, 


eston ready eruse. Ingemar maton 
sikgedoonamesiel could make te ference 
aidatsosseais | “Nasmuatmgitt: nie Oe betvean safety or angen, 


Ifeor death, 


Figure 113: Summary of HSPA Functions and Benefits?°* 


Lower UE power consumption | 
CS voice over HSPA, Higher voice capacity 
VoIP, WEDMA+ or more capacity for data 
Downlink 64QAM, MIMO, Higher downlink peak data 
and multi carrier rates and higher data capacity 
Uplink 16QAM, MIMO, Higher uplink peak data rates 
and dual carrier ‘and higher data capacity 
Het-net support, } 
sins Eres renee Higher network capacity 
High speed FACH, High Lower latency = better response 
speed RACH, FE-FACH times 
lore efficientcommon channels = 
savingsin channel elements 


Fewer network elements 


Uplink DTX + downlink 
DRX 


Flat architecture 
optimization 


UMTS TDD and TD-SCDMA 


Most WCDMA and HSDPA deployments are based on FDD, which uses different radio bands 
for transmit and receive. In the alternate TDD approach, transmit and receive functions 
alternate in time on the same radio channel. 3GPP specifications include a TDD version of 
UMTS, called "UMTS TDD.” 


TDD does not provide any inherent advantage for voice functions, which need balanced 
links—namely, the same amount of capacity in both the uplink and the downlink. Many 
data applications, however, are asymmetric, often with the downlink consuming more 
bandwidth than the uplink. A TDD radio interface can dynamically adjust the downlink-to- 
uplink ratio accordingly, hence balancing both forward-link and reverse-link capacity. Note 
that for UMTS FDD, the higher spectral efficiency achievable in the downlink versus the 
uplink addresses the asymmetrical nature of average data traffic. 


209 5G Americas member contribution, 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 199, 
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EXTREME SURVIVAL— 


IN COLD CONDITIONS 


USEFUL EQUIPMENT 
Waterproof, layered clothing 
Trekking pole ot ice a 


34-YEAR-OLD ICE HOCKEY PLAYER ERIC LEMARQUE 
became lost in the snowy wilderness of the Sierra 
Nevada mountains in California after snowboarding at 
Mammoth Mountain ski resort. Despite being under- 
equipped and ill-prepared, his improvisation helped him 
to survive for seven days. 


= Collapsible snow shovel 
= Light. whistle, avalanche beacon 


Tarpaulln 
‘Gore-Tex® gloves and gaitors 


Map, compass, GPS 
‘Survival tn, busheraft knife 


LeMarque was snowboarding alone late on Friday, February 6, 
2004, setting off down an unmarked run of virgin powcler snow 
just as the lifts were shutting for the day. Coming to a stop ona 
flat section, and with visibility reduced to just 10 ft (3 m), he realized he had lost the 
trail. Wearing uninsulated ski trousers and jacket, and with just an MP3 player, a cell 
phone with a dead battery, and wet matches, he was ill-orepared for survival, so he 
began to search for the tral 


LeMarque chose the wrong direction and walked away “WITH VISIBILITY 
from the ski resort. Realizing he faced a night in the open, REDUCED TO JUST 
he used his snowboard todig a erude trench, lining it with 

Ei Sonclanican se mrcsmiiacse Bie 

He tried to light.a fire with pine needles and lint from his REALIZED HE HAD 
clothing, but his matches were too wet He also ate pine LOST THE TRAIL” 
needles and bar 


Over the next five days, LeMaraque walked further into the wilderness, leaving scraps of 
clothing for rescuers and attempting to signal to passing planes with the blue LCD 
sereen of his MP3 player. Fortunately for LeMarque, rescuers spotted his snowboard! 
tracks and followed it for 24 hours, finding him on February 13. He was barely 
conscious, cehydrated, hypothermic, are malhourished—having lost 35 lb (16 kg) in 
body weight—and was suffering from severely frostbitten feet, which later required 
bot legs to be amputated below the knees. But he was alive. 


EXTREME SuRVIVAI-—n cot coprnions 245 


WHAT TO DO 


> ‘See ces 234-25 ‘owe amay from danger 


Taj Stats coton and 
¥ seal fratald 

DOES ANYONE KNOW YOU WILL BE 

Trponeinows yay renvssnao | MUSSING OR WHERE YOU ARE? (you ae mss arece 

Haun pean you ” party wal alost certainly be 

Hails eae & NO VES > Aispatched to ind you 


PO YOU HAVE ANY MEANS 
(OF COMMUNICATION? 


< 


‘ryauhave a cel or satelitephane, 
let someone know your 
predicament. If your stuston s 
NO YES > serious enough te beworthy of 
fmeryency rescue, and you have 2 
de | Feral bocatar Bescon LB you 
shuld consider this option 


Youre faved with surdvng for 
anindefrite period—urtl you 
arelocated or you find help 


TF you carn srvvewhere yu > canvou survive 
are an nere are phe WHERE YOU ARE?* 
reasons wy youshouldreman, — 
You vl hve to rave slain Fakes the Princplescf Survival 
‘that offers elther a bebter chance: NO YES 
af suri esc, or Both 


bo 


1 ste an informed cecion 
tnthabes eation ta movsto 
1 Keep ted br wraps 
inawettemofcthing an suck it 
Sciemelts but el you 
Brewing orwrkngand = than the sink 
generating heat. DON'T DON'T = Keep cutting and 

= Improvise awalkina taf? Ym underestimate theneed Use your body heat to Slope zncisty shee 
ttmrbewses iocrest | Faryater ust because ee trlesnio ae lewerayour J INCa86 vey ray sow 
dexthand qualtyofsnew, If cold—you rolustas ely body tomporature ari can | feloran avaiancherequtes 
pallette tals te get dehydrated in acold induce hypothermia seupelyytureas ols 
Deck reauary'fr sions J erarenmentasina hotone | | w Breathe a onto clé dst rcncaty 
otteshiparfomtated | Spestoetvounoran | | haniecteathootan | tester soyoucr tnd 
Leben r ‘siow—It Is exhausting, ‘mateture which will then bs pax ¥ i 

Have aids to location Anstead, improvise a pair of ‘coal and conduct heat away brie vice 
accessible while moving mw: py = ‘from your hands . ‘established, you can useit 
and deployed while stathe = Sleep directly on the: Sit or lay directly onthe bobacvomsc hpealaiati 
= Protect all extremities ground, Ventlate your ‘cold ground, Use whatever fear svar 

fromthe semente—tle | Sraterand st che for Isavalabetnimorovsea |S Prepare al ofyeur 


gloves ta cordthreaded | patiraldangers Gvalanche) sittingor steeping platform J idstolocstion for 
through your Jacket so they MH a uli innmedtate use 


aonft get ost 


"Select asullableshelter ste 
away from dangers, Bul big 
‘enough for you are your equpment 
Incorperatea cold srk and a 
sleepin platform Higher 


“tyoucamet sure wl yuan yuk amt re ost hry ster 
fee soumuataoewryityaccinty tet mea, 

yr stat earps tro Yt ats 
Sutton ch con Sey ania cosa teenie aay 
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ENVIRONMENTAL HAZARDS 


SOME PARTS OF THE WORLD have a reputation for 
sudden or extreme weather conditions, and unpredictable 
environmental hazards that cause havoc for everyone, not. 
just travelers, Before you set off, make sure that you're 
aware of any such potential hazards in the areas you're 
visiting, and be ready for them, just in case. 


BEING PREPARED 


Many erbranmental hazards—from avalanches and volsanoes ta 
forest Fires tornadoes, and hurrizanes—can suddenly prop! you ina 

an emeraeney station While you can never be sure oF escaping the 
‘worst excesses that Nature car throw at you, ou ean prepare yourself. 
‘combination of therigh equipment, lncal Knowedge, ard an awareness 
of evasive techniques wil mean that you shoulder havo find yourser 
ina survival station thinking "¥ an 


‘COMMONSENSE ADVICE 


No fat sal ulin wl pce youtron very 
«eimeitl danger and nc, butters 
“otis etnmonianse adv that you wl do well 
‘oho = ou verareins the wibemes: 
Check ke prealing wetter crcticns of 
‘your destcaion af be ne of your jue Log 
onthe into urea al aco 

«= Find uf yout heacing int a pavicaarly 
ris season of eather —far exp, monsoons 
i Indo haecnesi the Catan. 

1 Talean ener sural kit pp. 58-50), 
* Leen the releact sure techniques ether 
fire you go oras oon as you area your 
estiratiot—you may mot gta second kano 
Dorfchaleie Nitrite loses 


EQUIPPING YOURSELF FOR 
AN AVALANCHE REGION 
Before hana forthe mauntains ind 
‘ub vhether te provang conditions 
‘make avalanches more ily (se right 
1 Take a calapalble shovel for moving 
sv ane 3 probe for decking the 
depth ofthe snow 

1 Koop some survival ads inyour 
pockets in case you lse your backpack. 
# Cary an avalanche transcelver—hen 
activated ts signal can be detected by 


Tarsseher 
ent a8, 


bbe 


AVALANCHE 


COLAPSIBLESHOVEL — TRANSEEIVER 


ur parce to put 
‘etter 0 


section 
shee 


Contin 
foto shat 


‘show PRORE 


SURVIVING AN AVALANCHE 

Theres always the dargar af an avalanche on slopes that face away 
fom the sun inthe middle of winter, whan afresh layer of ay shove 
sits ontop of a weak layer of snow, An avalanchemay be tiageed when 
snow i csturbed by ud notes, an earth tremor, oF the movement 

af skiers or snowboarders. Lean the warn sigs, take the right 
cequiement,and practice the emergenay stens incase you get caught 


SPOTTING THE WARNING SIGNS. 
‘As youcrass the snowbound mountains, 
hills and valley, lookout for sins that 
warn of apossile avalanches 
= Convex slopes at an angle between 
20 and 45 degrees 

fps without traes or racks 
ose, dry snow that doesn't settle 
Soft, nowy fallen snow that's mare 
than 730 om deep, 
= Show that sours hallo, 
' Show that falls as crystal or pellets 
‘= Show that falls at more ther] in 
(25 emp an hour 


TAKING EVASIVE ACTION 
yousee orhaar an svalace, and 
syourthine it might be corins your 
‘way, take evasive action al orc: 

' Activate your avalanche transceiver 
case you get caught inthe sna 

1 Try to ake onver—for example 
undaragoid rock venta ify 
an sae cra nearby (seetelow) 

‘TF you cant find or raach suitable 
ver, ty to sidestep the avalanche 
by skiing outof the w2y—at raht 
anos toigeetenl ath 


Stator under 
reckovorrony 

over noth 

‘nese 

prices 


HAZARDOUS GROUND 

All kinds of local conditions can prove treacherousif 
\youdorit keep your wits about you, Walking through 
wetlands oan be risky, as the ground can suddenly 
dive way under font and you can find yourself in 

a swamp or, worse still a patch of quicksand 


SURVIVING 4 SWAMP 
Freshwater swamps are fourd in law-lyng inland areas and 
contain masses of thorny undergrowth, reeds and grasses, 
and there may be dangerous arimals. such as o'ceodiians 
aid snakes, The water iiay be Toul ard mosquitoes, wich 
an cause alata are oft” eresent, Mowing Uwraugh 
swamp is dificult: you can 6e-on said ground ane moment, 
‘td chestcdeep in weater the nest Whereppossible try to 
bulld a raft or some kind of tation aid to help you escape, 
Use the waterways to navigate your way ta open water, 
‘where you have the best chance of elther being seen by 
rescuers or finding your way back to cl lization, 
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Abner 
ogee 

xeoour econ 

the pant ota, 

putnwardsatty 


ESGAPING FROM QUICKSAND 
Tf you step into quicksand, try to fall onto your back with 
Yyour limits outstretched to spread your weight, ry to get 
to the bankby padding wth your hands Dont struggle 
a5 you will ink faster. Tf youre with somenne, he or 

she needs tole on firm ground ard pull yeu to safety, 
reaching you with the help ofa long pole, rope, or ranch 


"Swine crow by 


ong or ons ont 
Seas teat os 
ones pesebe 


ESCAPING FROM AN AVALANCHE 
[you cart taka avasve ation and ind yourself below an 
avancing avalanche with no prospertof escape, bry to keep 
‘calm and remember the following advice 
| Retrovethe drs fram your ses and the ops om 
\ypurskpokes, Put youryuccsadcon one shoulder, butch it 
rather thn rik islocaing your shoulder 
Myauteovertakenby sro “Sim” wih Une flow (see above) 
to make big saace acu you before the shove comioacts amt 
"Sete Use ur hands ora colapsile shovel ta tear the snow 
around your head and to create a space for you b breathe, 
asoften people suffocate befevethey freeze 
2 Ifyou drt know veich yay sup dbblesaiva to find 
fut which yay is down—then di in te opposite crectio, 
"Get out quickly, as timals ofthe essence, and shout when 
putter potera resouersto attract ter attention 


ESCAPING A VOLCANIC ERUPTION 
Fil uti thee’ an actie volcano 
treregion yore ving theres 
ants upon isimiminert eave the 
‘arta at Soon sou camel pump 
‘eormous quantities of laa rom the 
inane below thecrust and proauce 

huge amounts of ach, trio gases, dbs, 
and mud Homer youd ast caught 
‘nan eruston: 

«Be care when avg ta safety 95 the 
hard mud male road sppery. 

“Tah oor ta ave ine yg fry deer, 
fot gases and suffocating cious af ach 
‘Saffudioni nthe ash cokes your lings 
an when mse wth rain to form suc 
a, bumsyour skin. 

= yur caught in an ash dou, cover 
your face with aot cloth or use amask 
you have ane) Wash yours aternard 


SURVIVING AN EARTHQUAKE 

Find out fan earthquakes ely to happen 
intherenon youre wstina I'you fel an 
earthquake coming 

Get tote epen, awa from structures 
or ves that canal on you. Then le down, 
Stay mopen around unl aftershocks 

an tremorshave shipped aliagether 

* Ifyou in abulting, goto the 

lowest foo and stay beside all or 
under astrdy tabla Tum of thegas 
Ifyou havetine, 

seTfyouroin avehid stop but stay ede 
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SURVIVING A FOREST FIRE 

‘When vegetation on the areund is ece ey the 
slightest svar can stata fire that gets out of sontrol 
and sweeps through afarest. A forest fre may be 
caused by laltning 2 piece of glass focusing the suns 
rays, adbeatded cigarette or a spark from a.canio fre 
Forest fres produce intense heat, thick smoke, and toxie 
gases—and they use up allthe avaiable cxyaen in the 
air making it impossible to breathe, 


PREPARATION AND SPOTTING 
THE WARNING SIGNS 

“youre going to z place where forest fires are ahazard, find 
‘ut from eea radko reparts whether conchions are makina 
‘them morally. Ifyou venture rts a forest, make sure you 
cerry scl phone or some lectroric means of sigrling, nd 
Ist othersinow yourroute and destination. Thefolowing 
‘yarrina sigrisrnay hep you gan time befereafirais upon you 
Youll protebly smell afirefirst, and youl hea teracting 
apitbumsbefore you seit Ifyou sel a fre and you notice 
arias growing alttad, a forest rermay be dose by 

Tho stoke will eipyou establish how clos the tre Is. The 
<irection of the smoke tells you which way the wind isbiowing 


TAKING EVASIVE ACTION 


the wind! blowing toward the fre then move intolt 
‘uly. However ifthe wind is behind thefire you could be 
inserious danaer because the fre will be movi very fast. 
® Try tofié rivet lake, road or natural break nthe forest. 
Stay there until you erescued a the Frehas passed ya by. 
Don goup ta high ground as fre is drawn faster phil 

= Many forest res spreat on awit front, so aueding the 
fies by going around it may be impossible 

‘Tr the fire tsupon you, and thewallafflame is fraomertad, 
thebest curse of action may b= to un throu the aes: 
take ff marae clothes (as they well melt onto you), cover 
asmuch of your sian asyou can, ard douse yourself in water 
ff you have ary Take a deep breath, press adamp cath to 
your mouth and nose pick a spat where the wall ef frre 

is thinnest, and run without stopsing unt youtethrouah 

SF youtein avehide, stay Ins. Park it a3 tar way from 
‘tho trees as posable, tn aff the engine, close the windows, 
lle down onthe flor, and cover yours if yeu can, 

= fescape's impossible, tryt» dg and bury yourself 

ude sal Dampen al clothing and get aslow as posable 


EXTREME WEATHER 


High winds and torrential rain are common seasonal 
occurrences actass the world, From tornadoes and 
whirlwinds ta tropical storms such as hurricanes 
and typhoons, these exireme weather patterns 
cause enormous damage and threaten many lives. 


AVOIDING HURRICANES AND 
TORNADOES 


Weather forecasts can predict approximate dlyections and 
pats of impending hurricanes and local emeraeney services 
Wwillghve advice. the predicted severity. IFycute planing 
‘trek inan area lovin for hurricanes and tamadas, check 
long-range weather forecasts and be fwepared to cancel ar 
alter your plans f necessary—if youre caught h the open 
‘your chances of survival ae extremely limited If youre 
‘joing ta be in the wikderness during a"storm season then 
take a batary-cor solar-oowered radi, check for weather 
Updates, and be prenared to head back to clvlization, If 
your Heme is in  tarmaia oy Hurrisane area, follaw the 
Advice of local services, hut mast importantly ba prepared 
with a plan that will ensure you dant get cout out. 


‘hyn conat eta 
erase poumaphos 
wd yours ite 
sltchar beeen eee 


PREPARING TO EVACUATE 
‘The arrival ef ahurricane or tarnado is atime whenyoucan 
fineyaursel na survival situation on your own heme tart 

The fallowing advice canhielp you prepare to evacuate, 

1 Sacura anything outside that could be rickod up by winds 
andi cause darnage, such asrubbish bins and garden furiture 
‘= Prepare an evacuation pan (including pets if you have te 
Find out where you wll evacuate Lo ard make several route 
plans to the location n case roads ave unusable, Fuel your 
‘ehicle as soon asa hurneane warning is fracas. 

1 Put together a hurricare survival pac that contains what 
you need fora 72haurpered, Include drinking water a change 


of cathing, non-perishable food, lacping bags, radio, flashlights, 


and contact numbe's for famiy and emergency services. 
ssProtect yourhouse ty securaly boarding up all widows 
and aors Tarn off the water, as, sr electcity 


‘STAYING PUT 
Hfypu decide tostay ut, you shoul stil follow the guidelines 
above. Ashe torr apoacies, move everyone and your 
svgipes to a underground sheer or a roam without windows. 
' Monitor therasie reports and eommphywithithe advice of 
Se Mercy vices, 

Don't go outside rt the ‘al-clea* hasbeen given, 


AKING COVER OUTDOORS 
appears thal you ar or ovuld be Inthe pstnota 


ofits way—choose aecton at aright.anale to tsp 
sii aeabiar aie ie yas 
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SURVIVING AN ELECTRICAL STORM 
‘An electvical storm may develoa when warm air vises 
and meets colder at, lectriety sparksbetween water 
droplets inthe clouds forming lightning that takes the 
shortest raute ta the graund. The fllowrhig adviee will 
hele you avald belng struck by lightning, oF minnie is 
efforts if you are 

1 Ayold getting caught h open ground—seek shatter 
leutnot under alone tree’ when lightning strikes a 
single tree a tremendous ‘Seapjeee atu 
vollage fans out from ts base, elbows iy) ond 

s Remain inyour vehicle f there |? eee 
isna other cover: actsasa 

Faraday Cane (a metallic 
enclosure that oreverts 
the entry oF escape of 
an electromagnetic file) 
2 TF caught in ye open: 
make yourself as sal 

as posible and leit 

‘the amount of area 

you caver Do not lay 
‘downior standup, crouch 
down lows with feet together 
and hands off the ground, 


SURVIVING A FLASH FLOOD 

A sudden deluge of rain doesn’t always drain away 
‘quickty instead flowing ranpantly over the surface 
of the land in torrents, and causing fash floods 
Soil animals, vegetation, and even kulldings van 
boequickly washed away. There may be landslides, 
too, and riers may break their barks, The faloeing 
ssdvibe can help in the event of s flash flood 

1 Tf you're inside aloulding, move to the upper 
floors, taking with you essentials such as bedding, 
food, and matches, Unless the tulling is threaten 
stay theyeunti the waters have receded or you 
have been restued, 

1 Tfyaulre outside, head for higher ground, 

1 Never walk or dive through a flea 

«= Filler and toil water for drineng, as the sources 
of water around you may have bean contam mated. 
Alternatively, collect rainwater ta drink, 


ESCAPING A SANDSTORM 

If you can see sandstorm coming, mark your 
direction of travel efi it strikes an find 
somewhere sate to sheter—for example, behind! 
somerocks, Face away from the direction of the 
wind and cover yourseff as completely as you 
ccan particularly your head, face, etd neck 


fombegoed 
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SURVIVING AT SEA 
THE SEA IS ARGUABLY THE HARSHEST environment /(-——————— 


of all and you could be thrown into a sea-survival situation  BEPREPARED 

fe ber of bad: ther, fh hantéal ‘Tfyoute venturing onto the open seas, you 
for any number of reasons: bad weather, fire, mechanical Sasi sts thowetcran pened 
failure, or collision, However, there's plenty of good advice. elenulge, sls ane eipren 


to follow and equipment designed to protect you 


SURVIVAL SUIT AND LIFEJACKET 


KNOW YOUR VESSEL 


Regavlless af the size of your vessel, 


A survival suit is designed to keep you warm and dry in extreme 
conditions and rough seas, and a lfejacket will keep you aflaat 
‘with your head out of the water, even if you's unconscious. 


find out everything you can about what 
to do inthe event of a maja problem 
that requires you to abandon ship and PROTECTION 


seo actiated ht 
i Neoprene hood 


take to the water. The peints below Survival suits and lfejackets ani es 
are generic and may not apply to ars equipped with various Soo a sty 
all stuations or types of esse protection features to iio 


hep you survive in the sea, 
LARGE PASSENGER VESSELS 
you're 2 passenger ona lrge wes, 

such 3s fey ner, crise ship, male 
sure you leavn the safety procedures 

* Ationd the "Asandon Ship" dls 

1 Find out which emesgency alamsindicats 
fia, colicin, and abandon sip 

1 Find out where the iiqackstsarestowed, 
and how ta put ther on and operate them. 
Leathe escape mutes 

‘Locate the Emergency Lifeboat Stations 
{and find cut what your responsibites are. 
2 Ifyou have cilsren or people wth special 
needs with you, make sure you have a system 
for geting ther an deck and proving them 
sh suite vival lem 


Heodand aby Wer 


hms whehing pont 


—— 


rgectet 


Tpupuate 
terete 
ijk 


afctor 
‘srbsare 
promnereiy 
prstened 
Snilactet 


Waterton 
2b 


ter 


GRAB BAG tones 
SMALL VESSELS. Frere bay that eas 
These craftinchde yachts sell bats, ‘hes for your 
canoes, and kaya’ so crew membersneed stvval nes suchas 
to ageeon an emergency pen of action = Ernergeney water aaauk 
and delegate responstilites relevant to = Frstaud seep 260] Ease fore 


the stustion ana the sbls of each parson, 
' Know where the emergency equipment 
Is stowed and how it's eperataa 


' Pesonal locator beara 
cep. 37) 


1 ITyour vessel has an EPIRB (seep, 236), = Handed GPS le p75) 
make sure everyone kniows where it is = VHF radio 

and how (t's operated. Those activated = Call or kadiam phone 
automaticaly ae released hydrostatically 1 Hloees aod signal ronfats 
fromabracltst smatercenthof210% [lS Rewaseosnesn pane 
ae. Te buoyant EPIRA he Nats ‘oe 
isthn erties an begins teaaning 
Tdetreourertshasteeacteet J BEBET os aay 
Sothat nthe sal isdstecied, he Suna 

rescue secs loraw who ft belngs ta Solr sleet) 


Koop a grat bag to and (seebox, night 


cei 
We matte 


TYPES OF LIFERAFT 


Single seater and multi-seate tevafts contain sim lar design features 
{and survhal aids As well as hing able to aocomiodate m are cenole, 
ultseaters carry larger quantities of fresh water ani more an-sea 


sickness tablets, for example, 


MULTE-SEATER LIFERAFT ——esoantion snfatnte 
[Many vessels carry multiseater "94 sen 
y pratats 
Irerafis ia valssorahars non 
‘container Mulb-seaterscan "tenets 
accommedate bebwan four 
fd 25 peepla and ray be 
‘pen topped or covered 
(Many larger mult-seaters 
‘may aso ncud locator 
‘beacons (seep. 236), 
pads, and a solar 
sill (Seebeow), 


ahwntereateetr 


ante for *ovtying® 
saver Hrafsar 
Frrswnivor tater 
oytiuree rie in 
te era 


Aninfiatble oor 
tects agate he 
‘colfeealoo 


Wels posts lo 
ostnbes ie rat 


ings fo atti 
Tpvesun vee 


efor avogae 
below. 


SOLAR STILL 

‘Asolar stil is alight, com act, and easy-to-use device for 
producing drinking water from sea walter, Heat from the sun 
vaorates the sete wate inside the still Condensation on 
‘the walls collects n'a channel around therm and is directed 
‘tp astore, Depending on the prevailing candions end the 
aalleblity of sunshine, soar still can produse asimuch 
2352 liters (2 pints) of fresh driking water 2 day. 


Canderced 9 
wats dow Chanel otis 
onthe ake fresc7 tet 


sant 
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SINGLE-SEAT LIFERAFT 

Cniy one person can ft into a single-seat Mert 
‘Yeu caninfate twtr caraondieside, by pumping 
ar manual or eral ieation 


by or seen 
spray ayo f 
High 

eo 


‘urvis 
Intatons 


Water pockets lo 
wstalbe te raye 


Hpbi coor 
ana ercogaton 


_Enorgeney quran 
Jtges at toate 
the flr aed roa and 
ake reper afte 

Peso rate sate 
aguante at 
Crease ot 
cantons 


DROGUE 

A sea anchor, known as a ‘drogue.is a critical piece of 
eaulomet because i helps to reduoe drift end keeps the 
Ifevat stable and seaworthy, particularly m heavy seas, 


STEADYING A RAFT 
‘Acdrogus stops a iferaft rom 
overtuming by ereabng drag 
‘that "anchors the trang side 
ofthe raftta the water 

=A drogue can postion a 
Ieraft ther downing oF 
‘7D deatees to the win 

f Thelgs to beep theratt 
near the ditching location, 
‘tet imroving the cance 
ofrascue Even in 2-knot 
urrentaliferati.can dat 
‘S0mies Ohm) a day, 
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ABANDONING SHIP 
Unless your vessel is an immediate danger to you, don't <A, 


abandon it until you really need to. Even a badly damaged BEFORE ABANDONING SHIP 


vessel can provice you with protection from the elements, eringanbetuarnes ar 
equipment such as radios and flares, and provisions such cesar Ses yD sgl wth 
ane pst, oun se, psa 
as water and food. In ackliton, it isa big target for rescuers Yous tapas soup 3 ps 
to spot. Make every effort to keep the vessel afloat. agree ees 
«Activate the 406 EDIRB (seep 236). 
THE DANGERS THAT AWAIT eC arerem iets ie 
When oud decide to aaron si, you wb faced with he folewing su asa 


cdongers If you have prepared yourself properly befare heading out to 
sea, you will—in many cases, at least—be able to deal with them, 


(heck the hiferafts are eed for aun. 


* Hypothermia breghiton ty naonteclthing antexposie to Sree Guus een rete 
wet ndy, and rainy conditions, on board the eras, 

* Drowning because you have no lifejacke. ‘Fil pare containers wth water 

‘= Delydation cause by a lack of water or an ery 1 Gater wp as much fod as au can 


"= Malnutrition due to a lack of food. 


1 Cold shock se, 254) dt sue immersion in cold water —$——— 


TAKING TO THE LIFERAFT 
Tf you have to abandon ship, make every 
effort to launch all available liferafts, Even 
tie craft that are not used will make it 
feasior for search and rescue teams to 
detect the "footprint ofthe survivors, 
They also contain additional supplies of 
water flares, axl other useful items. 

1» Many lifrafts have a painter: This isa 
line that attaches the lfeaftto the vessel 
to ensure i does not blow away when 
Lown overboard and inflated, 

* Should the vessel sink the painter has 
‘a Weal lnk that breaks under pressure, 
‘or you can cut it 


——_—_—_—— 


PREVENTING HYPOTHERMIA. 

Getting wet qreaty reduces your survival 

chances. At 41°F (5°C), anormally dressed 

‘person has only 2 50 percent chance of 

surviving for one hour. You are six times 

more lly to survive in protective lathing, 

‘= Climb into the liferaft carefully so that you 

dont get wet. 

eee aes 
ease 


‘ i water, an trying lo slay as dy as possible. Ifyou have to enler 
= Wear a survival suit (see p, 250) to inrease fe cying ta stay asdry as p ¥ 
uenediaine: the water, climb down or lower yoursalf ito it rather than jumping, 


* Look forthe Day Glo nstetion patch sd the erat Flow the 
\ me econ’ advice under “nvrdate Action” fee panel opposite) 
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IN THE LIFERAFT SUBSEQUENT ACTIONS: 
hoe you have aieoessfully negotiated the trikyproctdure of abandoning shia Delegate, leader based an expariane, 


suichrbig risiteHiogh boeatctnimiercloaineyounectiolse, "rsodwfehasesdl sis 


These are pravitized inta inmeclate, secondary, and subsequent, f Asleeryone to lot for sharp objects 
‘that could puncture the Mferaft At 

IMMEDIATE ACTIONS: SECONDARY ACTIONS, sth sen tne adb thom 1 bel ave 

= Inflate the Noor of thelferaft with the = Treatthe riute, anything thet could have asurvival use 

blows, while carrying out arallcallof Take ant-seascknoss tablets "Find out what survival ads youhave, 

your group to checeforrissing meribers = Post loskouts Prepare aids to location (20 238) and 


1 Being liferafts together show everyone how to operate them, 
attached va the painter Someoneshould Warmup. best youcan Estat a routine and detalla watch 
be ready to cut the painter close to the system for inde and outs the erat 
‘essen case it startsto sink (nN eDelegate one member f the aroun ta 

= Dnce lear ofthe vessel, set un the WARNING! make repairs, another to keep the rations, 
rogue (ve p. 260, ever eilserale, esau and another to administer first 

= Indificlt water condition’ dooe ‘the salt contains wlincrease Establish how much water and food you 


the entrances ofthe raft inorder to your ale of dette I youre have and start to ration m accordance 
lesp inet, and esp cut win, ran, ‘phe eondlins vilhulany suthyour particular etuaton 
seanater or spray eae dealin canst ‘Procure water as soon as posible— 
Bale out water, chock for eats, usethe Wali one hn dit wat unl you needit Deploy 
sponge to dry thelferaft and use the solar sills (oe p. 251) and use the 


Jak stopper aed lars f necessary Foverse-osmoais pur (seep 1971. 


opting 
ody yours 
ta unset o tah root 


Lok for anyone wt 
‘way toward you, Us 
yin the| 


board 
one ata time, lifting them under the arr 
nit overload therafl. Those least vulnerab 
nto the rafts handles, oF Ue thel I 


= Avoid entering Lnless you have tore 


The UMTS TDD specification also includes the capability to use joint detection in receiver- 
signal processing, which offers improved performance. 


One consideration, however, relates to available spectrum. Various countries around the 
world including those in Europe, Asia, and the Pacific region have licensed spectrum 
available specifically for TDD systems. TDD is also a good choice for any spectrum that 
does not provide a duplex gap between forward and reverse links. 


In the United States, there is limited spectrum specifically allocated for TDD systems, the 
major band being BRS at 2.5 GHz used by Clearwire for WiMAX and now LTE TDD.”° UMTS 
TDD is not a good choice in FDD bands; it would not be able to operate effectively in both 
bands, thereby making the overall system efficiency relatively poor. 


TDD systems require network synchronization and careful coordination between operators 
or guardbands, which may be problematic in certain bands. 


There has not been widespread deployment of UMTS TDD. 


Time Division Synchronous Code Division Multiple Access (TD-SCDMA) is one of the official 
3G wireless technologies, mostly for deployment in China. Specified through 3GPP as a 
variant of the UMTS TDD System and operating with a 1.28 megachips per second (Mcps) 
chip rate versus 3.84 Mcps for UMTS TDD, TD-SCDMA’ primary attribute is that it supports 
very high subscriber densities, making it a possible alternative for wireless local loops. TD- 
SCDMA uses the same core network as UMTS, and it is possible for the same core network 
to support both UMTS and TD-SCDMA radio-access networks. 


Although there are no planned deployments in any country other than China, TD-SCDMA 
could theoretically be deployed anywhere unpaired spectrum is available—such as the 
bands licensed for UMTS TDD—assuming appropriate resolution of regulatory issues. 


EDGE/EGPRS 


Today, most GSM networks support EDGE, an enhancement to GPRS, which is the original 
packet data service for GSM networks." GPRS provides a packet-based IP connectivity 
solution supporting a wide range of enterprise and consumer applications. GSM networks 
with EDGE operate as wireless extensions to the internet and give users internet access, 
as well as access to their organizations from anywhere. Peak EDGE user-achievable”? 
throughput rates are up to 200 Kbps. Figure depicts the system architecture. 


210 The 1910-1920 MHz band targeted unlicensed TDD systems but has never been used. 


211 GSM technology also provides circult-switched data services, which are not described in this paper 
since they are seldom used. 


22 “Peak user-achievable” means users, under favorable conditions of network loading and signal 
propagation, can achieve this rate as measured by applications such as file transfer. Average rates 
depend on many factors and will be lower than these rates. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 200 
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TAKING TO THE WATER 


‘About two-thirds of people who drown in open water were 
within 10 ft (3 m) of a safe refuge and 60 percent of them were 
“good” swimmers, Here are some useful tips to prevent drowning, 


JUMPING INTO THE WATER 

Abandoring ship can be a dangerous procedure. If you have to enter 

the water, cimb down using ropes or nets. IF you have no option but 

to jumpinto the sea these straightforward steps should improve your 
chances of survival Jumping into the water isa last resort, as you wil be 
prone to cok! shock (see box, right) and at immediate risk of hypothermia 
‘and drowning Lf you have to do it, first ensure your lifejacket is fitted 


correctly and check the surface of the water to find a safe entry point 
‘Watch cul for peopl debris and burning fuel, Ifyou carit avoid the fue, 
swim under it and, before coming up fr ar, poke your hand through the 
surface to ensure you'e clear of iL As you come up, keep your face down 
to protect your nose, eyes, and mouth 


Keep your mouth 
eae nk 

wat fe as shoulders back 
eraser blond 
rasp sour var keep sour are 
lec tepethar 


Once you've 
decided on your 

entry point, stand 

‘on the lowest part 

of the vessel 

‘= Close mouth and 

pinch nose to stop 

‘water from entering, 


Keep yourself 
upright with 

your back straight, 
then jump clear of 
the vessel 

ross your ankles 
and lock tem 
{ogether before 
entering the water 


Aes crsze| 
ori ith you 


Lager foe ut 
fiat othe surface 


aie your bis 
fo thesurfce 
ofthe water 


Lieon your backed swim 
as cally as you can away 
{om hazards, such as burning fel 
1 Push your head back onto the neck 
of he ifjacke to help raise your hips. 
+ Keop your fot and knoas together, 
and use a backward butterfly stroke 
to swim towad the ifeaft. 


inflate your lifjacket. 
= IFyourein a 

survival suit, raise 

your armis and gently pull 

‘one seal away from your wrist 
{let the excess air escape 


COLD SHOCK 


Cok chock responce te boy’ eaction to 
‘nme invery cl vater—forxamol, 
# abandoning astpin water inthe North 
‘laitic Ocean. Its a common cause of 
deathin such creunstances. Sy 

‘chide gasping for breath and 

‘whit cn ead tothe nation of te, 
tisorentatin, ai, the posse onset of 
Fypottemi, A seden inrease need 
restr an hart atc caus caine 
robles in scme people, Polnged nme sit 
“hivter ill make that to perform pis 
tnavements king sinning, inking aboard 
‘liferatt o fringa flare extremely difficult. 
= Bodytype or mental cndtioning can lp 
some people save swag in ey wate, 
= Dresingin byes andor wearing a survival 
st improves your chances of survival. 
Avert the water if you poss cn 


\— ee 


IF YOU HAVE NO LIFERAFT 
Even without a lifeaft, you stand a 
better chance of surviving a sea if youre 
ina group. More survivors create a larger 
target for rescuers to see, and being with 
‘others can be goad for morale 

"= Collect any floating debris before it 
<disappears with the current, as this can 
increase your footprint” so that rescuers 
‘ean sce you mare easily 

‘= Determine what location aids and other 
‘esuipment are available and prepare 
these for use, 

1 Ir there are children or injured atnong 
‘your graup, place them in the center of 
the group and huddle close together, 

1= If you ate alone, get into a position 
kaiown as HELP. (see below), which 
stands for "Heat Escape Lessening 
Position” This will hap to keep teat 
‘within the core of your body, 


FLOATING FACE DOWN 

Dont panic if you have ta enter the water without a lifejacket. Your 
body natural buoyancy wil keep at leat the too of your tea above 
‘rater Ta keep your fave above water, too, make small windmill 
motions with your arms extended, However, i the water's ough, 
yur only option may be to float fave down, ys 


be sow ead 
above te saree 


Anierei 
(ets feats 
hratwaiy st 
‘elon tbe 
‘sneceof 
tater 


ext untr wen eur gs 
"yen cone for air 


It's important to relax even 
though this seem sherd wher 

your life is hr danger 

= Let your face ein the water. and 

pout your arms out infront of you. 


IMPROVISING A BUOYANCY AID 

SF youre in the water and wearing parts, you can impravise a bueyany 
aid that-wil he youto keen your head above wate, Initial, tt may be 
awhovard to organize, tut the benefit outweighs the effort involved 


Put thes at te 


Take off your pants ard 

tie the leas together near 
the bettom, Tighten the knot as 
‘much as you ean with your teeth, 
«= Fliok the pants over your head 
{rom behind until they fil with ai 
Tread water as you da this 


(> Venera 
with your Hands and 
arin it tight to hald arin 

= Putyour head between 

the trouser legs ard float. 

= Youwill need to repeat, 

the process reqular 


5 tea chen 
optorce 


‘Seo wot 
athe as 


Begin t exhale into the water 
as you raise your head up 

1 Liftyour head as it breaks threugh 

thesurfane and empty your ings 

cornpletely before inhaling mare at. 
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‘STAY POSITIVE 

1s ery portant rea postive a io 
focuscr your situatin right orate than on 
‘what fen a ew hours tovertom, 


stretch at yur 
‘mesandres there 
‘onthe series 


Rec you eg you retin 
take oct postion 


With fresh air in your lungs, 

tuck your face back into the 
‘water, keeping your mouth close. 
» Let your hody float again, before 
‘you repeat the sequen, 


‘SECONDARY DROWNING 


Apetsee who nay comes inbales water 
that cn ease cotta fal serial 
and brogial changes in he ings. This 
ke as stondagy crowning an be 
‘caused by irtaling fresh oe say watey— 
ven a ite as fz (0 i). Sony 
cling may oie 24-72 hows afer 
terion and, ie aroma, 

cut are. Tale te long recat 
‘o quand again secondary deouning: 

s Mir anger wt has way dere 
chasse some tin wate. 

1 Aakthepesortn tale acoupeof 

cep besatheand chek any pm oe 
cfssomfrt that art be acount be, 

* Looker saps su outing, 
Grating dates, ses pai, and 
Salva alk ikea, 
sk sa the persons ing in an 
Updnbit poston. 

2 F posible, ere uygen—thetood 
Fev of ngs can fall qudy—ae las 
of est ateassorae. 


—— 


5 


. ae ae 
* . 
oats atanetets 


“riRsrato 


AID 


Regardless of the events that pi 
you in a survival situatio 
factor 


task even a 

unting with 
—the vast majo 
with or stabilized 


njuries— 


actions will be whether anyone ha de 
njured. Someone's survival may depend nation of basic first-aid 
tment they raceive at the technique: common sense. 


The "Pr t of the 
vival pr 
your situa 
continually look 


jon” elemer 


t, and during 


iry. Prevention is 
option tl 


able 


In this chapter 


that maggots have their uses... 
fiow to improvise goggles to prevent snow blindness... 


when to stop, drop, and roll... 

how to treat snake bites and jellyfish stings... 
when to eat charcoal or drink bark tea. 

how to prevent frostnip from becoming frostbite... 
when to perform a firefighter’s lift. 


The will to survive ; 
t fac 


a tourniquet, and hiked of 


In another famous example, Sinon Yates, 
‘00k the agonizing decision to-cut the rope tha 


A 


(iC) The vast majority of injuries can be 
either dealt with or stabilized using 
a combination of basic first aid 
techniques and common sense |), ) 


UU 


2 


0 | eimst aio 


FIRST AID ESSENTIALS 
SAFETY IS KEY on any expedition. Before you set off, make sure 


DF je r e " WARNING! 

that you and everyone in your party has the necessary medical Protec ook ct saroe tal 
‘equipment—especially medications. If someone is injured, he or fisss Vora apanmetiee 
she should be treated immediately. IFyou can't contact the come a aaatyas vel ie 

! ices (and if there are enough of you), one person AST sesh 
emergency services (an ugh of you) one person | anil eh 
should stay with the casualty while two others go for help sweat he exis conan 

frm aa tan, 


BASIC FIRST AID KIT 


Keep your first ald kit (see panel, oposite) dry and readily 
ible, Check the seals on sterile dressings; if they're not intact 
they're not sterile. Reglace anything you use as soon as you can, 


Ligrweight Combined Anti 
ain ste ‘oto 


sarge sss Safty pos 
yews for fr ecahg 


PRIORITIES AFTER ar 
AN INCIDENT 

Assess a stuatlon quickly and 
‘methodically, Find out what 
haprered. Check caausties fr 
life-threatening canditians such 
asunconslaisnes or setere 
beeing (ee 204) and 
treat those frst. 

s Response 5 the 
casa conscious 
tneorscious? I the 
casuatty is responding: 
‘tayou, he oe she is 
conscious. Shave the 
shoulders gently if you're: 
not re 

+ Airway It oren art 
clear’ If the casuaty can tak, it is 
Tfhe of she is unconscious, open 
and cl it Sees 276) 

= Breathing Ist normal? Treat, 
any difficulty such as asthma (see 
, 275) If ne ar she is urcongelous and et wakes Monee 
tok treating eall fr emergency help sanction calli 


and begin CPR (ae p27) apart 
® Circulation Are there any’ signs of tain ame mir bondoge to Arnie te 
severe bkedng I's, Vea. mmediatly Tae eg erage Grier 


nee Ifethreatening conditions ae 
unde corral, you can make amore 
detaled assessment. Examine the 
saaually methodisely from heal to te, 
Askchow the incident occured, as teean 
indicate ike) nities 


Iyporcen plstrs 


IMPROVISED 
‘SLINGS 


Hand, am, or shoulder 
injuries need to be 
imemabilizd and susp 
in a raised position. f you 
don have a triangular 
bandage with you, use a 
piege of sirang olath about 
3 (1 m) square, folded in 
hatf to fora triangle see 
220). You can alsa use 
your jacket ov even 
rucksack straps, The jacket 
some? ‘sling fs the only 
‘ne that provides enough 
suport Tora hand writ 
or forearm injury. Ask 

the casualty to support 
the arm with his crher 
«ther hand wile you 
secure the sing 


JACKET CORNER 


PINNED SLEEVE 
Fina sleeve ta ajacket 
arthe strap of 

Daacpack for surgort, 


PROTECTING AGAINST INFECTION 


“Ta suport an injure forearm 
orherd.feldthe jacket up 
‘ver the arm ard int 
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BUTTON-UP JACKET 
Un one af the buttons and 
slo ta jure arminto the 
paring for support, 


SHOULDER STRAP 
Rest asprainty 
fucking your hand in 
your baokoack str, 


Disposable glaves prevent crassinfection between you andthe casualty 
they mustbe latex free, since contact with latex can cause ar-allerait 
reaction, Antiseptic wipes are also invaluable when cleaning wounds, 


Una tien oe 


a ee akohor fee 


aco pee 


LATEX FREE 
DISPOSALE GLOVES 


‘COMBINED STERILE 
DRESSING 

Thisis aswaled dressing cansising 
ofan attached to = Bandage ITs 
ceasy bo apply and can beused asa 
sing, I-shouldbe tapedon to your 


backbad strap fr easy acces in 
Tan sertenas 
Seunanon 


ANTISEPTIC WHPES. 


BELT SUPPORT 
‘Support an upper arm injury 
inna raisod poston with a bolt 
Fooped into a Tigure-sigt, 


CHECK LIST 


Make sure-that your fst ald Kit and 
‘medicines are suited to the 
enviranment yeu will be visting 


BASIC KIT 
* Alcahal-free antiseptic wines 

1 Latectree dsposabie gloves 

' Aleahl gol for handwashing 
 Arisepliccream 

= aruboticevecintment 

1 Adhesive essings—fatnc, water proof, 
‘and hypoallergenic 

Go) tster bandages 

‘= Combined stare dressings, or stare 
pads and bandages in asserted sizes 

‘Raley bandayes—take self-adhesive 
{or supporting jints and gauze for 
Seouring dressings 

= Two trgular bandages 

' Micropore or an oxide tape 

1 Scisors and tweezers 

Safety ans 

‘ Disposaple syngas 


PERSONAL MEDICATION 
= Panklles 

= Arti-nflarmatovies 

"= Medical alert bracelet/pandant 

1 Presonplion medicines such as asthma 
inal andor adrenaline (opinephrine) 
autoinector 

= arthstaminos 

= Anl-larrhea medione 

1 Packets of ora rehydration salts 

‘= Hydrocortisone cream 


ENVIRONMENT-SPECIFIC 
EXTRAS 

‘Malaria tablets 

= Mosquito repellent 

* Ani-peiseravycresm 

Sunblock 

‘Tick remover 

|S DEET powder for removing leeches 
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FLESH WOUNDS 
ANY INJURY THAT BREAKS THE SKIN carries a risk of SY 


infection as gertns can enter the body, These cari come from AGRO TERAL IE 
* "i 1 fa wound isstriously fected 
the cause of injury, air, dirt, or clothing embeded in the wound. gndyou havo atti, 
In the wilderness, keeping the injured area clean can be a real ote fhe fora then 
challenge, but iis essential, Tetanus isa potentially lethal Se eerie 
infection caused by bacteria that live in soil. It can be prevented anifishtfe manors it ate 
‘wound with sterde water before: 


by immunization, so ensure that your vaccinations are up to date. ang wilsari itt er 


BLISTERS AND BRUISING 


A blister isa fuid-filed "bubble" of skin that occurs when 
skin is rubbed repeatedly against a surface (a friction bum). 
A bruise is bleeding into the skin and surrounding tissue 

from a blow that does nat break the surface af the skin 


HOW TO TREAT BLISTERS. peed 
Theidealtveatment fora blister isto vest —-yourpea hand 


and wait unt it has healed, lout this may 
not be possible in a survival situation 
Cover it with a gel btster dressing if you 
have one or, theblister Is large, you may 
have to pire it to enable you to continue 
waking, How=er, never perce a blister 
caused ty a burn-—yau risk infection, 


Ifyou have to burst a blister, frst Carefully apply pressure 
sterilize aneedle by holding tin a to-the side of the bister 
flarneuntl its red hot, then letting cool, oppasite the hole made by the 
= Clean the area with water or wipes, pat needle Continue to apply pressure 


dry then piece the edge oftheblster. until allof the fut has been 
squeezed out 

BLISTER PREVENTION 
Follising these ample roles when out Gently clean and dry the blister, 
fale shoul prover tes frm then protect the wound from 
clove nthe ft pce: infection by applying a dressing, 
smExaire bons orshoesfitpopsty ad are Use 3 oe blister plaster or padded 
‘oa "been before you stout. roles, if possible. 


= Alva veat ean cky, confertablesosls = Alternatively, use a pad held in 
fect yourston, Amid earrertwOpaRsas place with zine-onide laze, 

‘ey may bunch og teas ret 

ss Keep toenas cut short and straight. HOW TO TREAT BRUISING 
1 Reto boos acd ab your eet ding 

cestperiogs. 


Treciethesvetng arpa fa rs ae the ed ae, and 

hee ser nl compres you Have acess oclug watt so 

Feet tease S70, oak clath ant hold agent hebrused area or at eas ten 

Gece: pate: Soplomeeysed res eve rong may rete arore seus hry sucha 4 

Rep era ete a broken bone (se2 p, 27L) or internal injury (see Shock, p. 274), whieh will 
recur inmedate wean 


WOUNDS AND BLEEDING 


Severe bleeding can be distressing for both you andl 
‘the casualty, but it can usually be controlled by 2 
combination of direct pressure and elevation of the 
injury. Remain calm and reassure the casualty wile 
treating the wound, Treat for shock (see p. 274) 


FOREIGN OBJECT IN A WOUND 


Any loose foreign akjects, such as pieces of dit ar gravel, 
should be vemicwadl fram a wound, otherwise they may 
cause infection or delay healing. Ether rinse them ff with 
cold running water or carefully pick loose pleas the 
wound with tweazers, However if an object is embedded 
ina wound dort reove it, but treat as show belo 


Dont iny to remove the 
object as it may be 

plugging bleeding, Contral 
bleeding by pressing Temly 
on either site of the wound, 
1 Push the edges af the cut 
together tut take care not to 
press directly on the object. 
1 Ralse tre wound above the 
levelat the heart. 


tou oat 
rbadtosbw 
‘Bond ow 
‘omen 


TYPES OF WOUND 


Differert-types of object. and force produce diferent kinds of wound, 
Tes useful ta identify Wie type of waund you or the casualty has 
incurred so that the correct methd of treatment can be ape i 


BRUISE (CONTUSION) 
A.lurtblow wil break blood 
‘vessels undar the skin, causing 
blood to leak nto the 

tissues. Theresuts| 

Ina beuse:the 

shinis tere 

Swale, are 

biue-lack meclor 


GRAZE (ABRASION) 
Afinetio burn fran arope, oF 
4sidng fall wil scrape off 
‘the top layers of sin, 

leaving a raw, tender 

area, Grazes 

often contain 

embedded 

feveign matter, 


PUNCTURE WOUND 
‘Sharp objectssuch as nals or 
seawrshin spies can puncture 
the shin. The entry 

holewil ke small but 

ths wound wil 

be deep, wth 

ahigh sk 

of infection, 


INCISED WOUND 
Ia sharp-eagad object cuts 
across the skin, blood esses 
‘vil basticad open 

ans teeing will 

ba severe 

Nerves or 

‘eidons may also 

be damaged 
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MINOR CUTS OR GRAZES: 

Any teal in the skin, however minor, needs tobe 
cleaned and protected from infection Rinse the 
‘wound with clean cold water and pat it dey, Then 
cover their: the dressing pad must be larger 
than the wound, For small grazes, use a plaster; 
or large ones, use. stile pad and albandage 


NATURAL WOUND DRESSING 
‘Thebirch pelypore, or razorstrop fungus, which grows 
‘the sdes of old rch tees, can be used as a nabural 
“wound dressing. Cut a thin sie from the top ofthe 

fungus and secure t over the wound, ETyouarein any 
uot auaut the identity oF the fungus, do notuse I 


Place a piece of gauze 
‘over the object to 
protet it, then butt up 
padding on elther side 
(rolled bandages are ideal 
Bandage over the pads and 
the object, 
= Check the circulation 
beyond the bardage every 
ten minutes (see p, 264) 
Borage ave tne 


objet fo aeuent 
fair ory 


GUNSHOT WOUND 
hese ifthe easuatty has an 
fet wound, Treat entry 
and est wounds separatahy 


TEAR (LAGERATION) 
the sin storm open the 
‘wound may not bleed as badly 
aban ness wound, 

but alarger area of 


ENTRY WOUND 
Ballets drive dea inte, 
‘through, the Body, 
Thay leave srl 
neat entrance 


tissue may be ‘wound and cause 
damaged ard enous internal 
vulnerable to damage and 
infection container 
STAB WOUND EXIT WOUND 
Acpenetrating woundtroma |) Iatullet passes 
long, based instrument isa) through the 

very santus inj Dati thasait 

A stab wound to wound al be 
the torsocan large and ragged, 
amagevital Dont remave the 
ovgansand cause tule fthereisno 
Interna eeding, it wound 


Figure 114: GSM/ GPRS/ EDGE Architecture 


Cireut Suita 
“Trafic 


GPRS/EDGE Data 
Infrastructure 


Rysavy Research 


EDGE is essentially the addition of a packet-data infrastructure to GSM. In fact, this same 
data architecture is preserved in UMTS and HSPA networks, and the data architecture is 
technically referred to as GPRS for the core-data function in all of these networks. The term 
GPRS may also be used to refer to the initial radio interface, now supplanted by EDGE. 
Functions of the data elements are as follows: 


a The base station controller directs/receives packet data to/from the Serving GPRS 
Support Node (SGSN), an element that authenticates and tracks the location of 
mobile stations. 


a The SGSN performs the types of functions for data that the Mobile Switching Center 
(MSC) performs for voice. Each serving area has one SGSN, and it is often collocated 
with the MSC. 


The SGSN forwards/receives user data to/from the Gateway GPRS Support Node 
(GGSN), which can be viewed as a mobile IP router to external IP networks. 
Typically, there is one GGSN per external network (for example, the internet). The 
GGSN also manages IP addresses, dynamically assigning them to mobile stations 
for their data sessions. 


Another important element is the Home Location Register (HLR), which stores users’ 
account information for both voice and data services. Of significance is that this same data 
architecture supports data services in GSM and in UMTS-HSPA networks, thereby 
simplifying operator network upgrades. 


In the radio link, GSM uses radio channels of 200 kilohertz (kHz) width, divided in time into 
eight timeslots comprising 577 microseconds (us) that repeat every 4.6 msec, as show! 
Figure . The network can have multiple radio channels (referred to as transceivers) 
operating in each cell sector. The network assigns different functions to each timeslot such 
as the Broadcast Control Channel (BCH), circuit-switched functions like voice calls or data 
calls, the optional Packet Broadcast Control Channel (PBCCH), and packet data channels, 
The network can dynamically adjust capacity between voice and data functions, and it can 
also reserve minimum resources for each service. This scheduling approach enables more 
data traffic when voice traffic is low or, likewise, more voice traffic when data traffic is low, 
thereby maximizing overall use of the network. For example, the PBCCH, which expands 
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SEVERE EXTERNAL BLEEDING 


Control he blsecing with direct pressure ower 
2 wourd and, if possible cal far emergency 
hela Never use a tourniquet as 

this can cause severe tissue 


is lkel to develop if blnod loss Is 
severe (S26 274), 
Apaly presi 
ect or 
‘ae ney 


Remove oF cut away clathing to expose the wound, 
Apply direct cressure tothe wound aver asterile 
dressing or ced f you have one Raise the injured li 
hove the level ofthe casualty heart tor euoe blood flow 
tothearea Helo hint toe down ard vaise nis leas 


VARICOSE VEINS. 
‘When the one-way vahes in veins fil blood 
pools behiid them, causing raised knobbly ski, 
‘The taut, thin-walled veins can easily be burst by 
alowock, Bleeding wil be profuse 


Hela the casualty ta le down 
and raise and surport the 

injured area ashigh as you can 
This reduces bleeding straiaht 
vay. Expose the wound 
and apply divect 
pressuteaver 3 
sterile aressing 
or pad. 


Bandage the pad 
firmly to maintain 
pressure on the wound, 
Keep the area raised 
(Chak the bandage is 
nat too tight (see stan 
4 chove). If nanessary, 
loosen it tut 
maintain pressure 


Bute th ge as mch ae 
(pose borane rico 
Shc deta 


Seoure the dressing 

with abandage If 
boed soaks through, apply 
second dressing on top 
ff the fist. 


Peery ten minutes, 
henk the bandage is 
‘ot too tight, Gently press 
afingernal beyond the 
dressing. Ifthe skin color 
doesnot return auicty, 
rebendage more losely 


SCALP WOUNDS, 

|A scalp wound can bleed profusely, making jtappear 
‘worse than it actualy is However, tt may mask amare 
serioushead inury, Ifa casualty becomes drowsy, has a 
headache, or double vision, get emergency help f possible 


tea pad 
thee iaor 
‘an heweund 


eto 
Dantage 


Sit the casualty on the By Secure the dressing 

Foor Carefully replace SS with aller bandage. 
loose flaas of skin, cover the If the casualty doesi't 
wound with 2 sterilepad, —quikly reoover of fhe 
and apply pressure, deteriorates, get hele 


EYE INJURIES 

The eye con be serious inpired tyra blow 
or cortact with sham objects such asa tree 
branch, aking scaring infection or even 
loss of vision, Abvaye weer eve protection 
wha hiking through dense vegetation, 


Lay the casualty down 
with his head on your 
Inge, Cover the injured eye 
“sk ito kesp bath yes till, 
‘2s moving one aye causes the 
ther ta move, If an object is 
sticking out ofthe eye, pad 
seeurely arouird 


Secure the 
dressing with 
bandage If you're 
‘on your own, fcthe 
Uressing in place with 
plasters or tape and 
ty mot to move 
‘your eyes: 
Secure pad 
litesantage 


FOREIGN OBJECT INTHE EYE 

Ifyou van seean object onthe surface of the 
eye, rylfunait off withthe corer ofa 
harherchef, or wash tout with stare water, 
‘washing 2 from the abod eye Dont remove 
anything that ls sticking to theese 


‘SNOW BLINDESS 

‘leo Jaen as “ash burn," this occurs if 
the surface of the eye damaged throuah 
‘epcoure toutrasolet ight, such asthe 
dare from sun reflected fF snow oF water, 
‘Waring sunglasses can prevat this. In an 
sermergenicy make your on goggles torn 
‘cardboard or birch bark Ifa personis 
affect by snow blhdness, give him gauze 
pati tohold agansthis eyes Bandage 
themin pleceithelpis delayed. 


heen 
masse? 
rhpnavsencoeaes y 


Le nao ts 
Ineaboard 
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BURNS AND SCALDS 


There is @ serious isk of infection with all bums. Burrs tray 
affect only the outermost layer of skin, the upper layers or the 
full thickness. Severe burns will affect al three layers. Tf the 
burns larger than the casualty’s hand it meeds hospital treatment 


SMALL SUPERFICIAL BURNS. 
Cool the injury for ten minutes with cold running water 
or any cold, harmless liquid. Remove jewelry or watches 


ftom the affected area befre i wells Caver the burn 
to pievert infetion 

LARGE OR DEEP BURNS = (> ——\ 
Wa bumisertensive cr des, then SE 
fluid wil be ost from the body and one 
Vetiesenng socks Meta seek ‘Watling 


(seep. 274) Ife inury ooaired naire, 
the casuaty could alsa have burns to his 
ar passanesse may have treating 
Aiffcuties Dorr burst any bleters as, 
‘you will Inereage the risk of infection 


= Drop tothe around 
«all ovr on the around 
Un Hanes ae scingyhel 


Q eis sown a 
protect him from the arcund 
possibla Gaol the injury by dousing it 
With cold water for ten minutes; this 
algo reduces swelling and relieves nai 


Goal r et 
boston 


‘While cooling the 
burn, remove or cut 
away elothing from araurd 
the burn, Dor touch or 
verve anything thats 
sticking to the burn, 


bub eothing 
tease 
pened avea 


Protet 
‘he tiy 
tore 
rite 

Irecion 


Cover the entire area with olastie 
kitchen wrap, a clean plastic bag, 
tr a clean, lint-ftee dressing, Get 


5 
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BITES AND STINGS 
MANY BITES OR INSECT STINGS are painful, but most can be ———————=—=—=—\ 


treated with simple first aid. However, there is a risk of an allergic PORCUPINE QUILL 

‘fyouare pierced a porcyeane’s 
reaction called anaphylactic shock. Ifa casualty develops a red Gated guile yoo must ene 
blotchy rash, watery eyes or puffiness around the eyes, and/or ‘theme they wil conti to work, 
breathing fates ge urgent medical hap (sep 274 Heine tel 

1 difficulties, get urgent rnedical help (Gee p. 274), Boyne 

1 Got off the ends ofthe quis, 
TREATING BITES ta et eee 
Aninjury that breaks the skin carries a risk of infection. This is greatest oi Tl heals ut, using plies it 
‘with animal bites since the mouth harbors so many germs. For a snake ‘you Fave thom. 
bite, you'll need to get emergency help, as the casualty needs ta be ‘= Clean thepnture winedsand 
transported on a stretcher in the treatment position to prevent the agoly an antiseptic cintmnenn, 
yenom spreading through the body. ————— 
SNAKE BITES MAMMAL BITES. 
Relatively few srakes are venomous butts generally Bites from mam mals—anials oF humans —carry a 
safer to assume that all of them are. Most snakes cause serious rise of infection because the sharp teeth cause 
painful Be that eaves small puncture marks inthe puncture wounds that transport bacteria deep ito the 
‘skin; however, the bite of a poisonous snake may in fact tissue (see 1. 263), As always, wear gloves to protect 
fe pahiess, Symptoms als inclenaisea and vomiting, yourself The bite ean alo crush surcunding tsa, 
disturbed vision, and breathing difficulties and bleeding nay be severe (see p, 264), 


Keep the casualty Apuly abadage GLEAN WOUND 
calm, Help her to le around the site of the Raisethe injury, Wash the 

down with her head, chest, irjry,Do rot wash the wound withelean gauze and 

and shoulders supported. "ae, ernave rw footwear water Pat dry, anBcOver it sayy 

‘Advise her to heap til or clothing or attempt io wh a wound dressing tar) 

= Make a note f you can,of Sud the venom, 

the time the bite occurred. | Er ry 

SNAKE IDENTIFICATION 


esi thecal yan can se this il el dial aes 
fi the eorect artvenmn. yout nt certain oth dey, 
tae acre of tooo esting eure. tae, 
pu the soabna setyrecortaae uf Gear in mid at 
‘enn anv ten a sali dead, Doi wash the enon 
ff he bei can be sed ident fhe antivenom, 


Tee another bandage 
around the affected tml 

that exterss from the tite as 

{ru the limb as possible, 

= Check the errulation 


(229.264) 
s Inmoblin the 

affected linia aa 
= Movethe casualty only Stitch 
wth theuse ofa stretcher. hire an 


Donates ba Badige thotine 

‘ith felced “fom thetieste 

‘fargate aarti theleg 
Bandas 


BITES AND STINGS | 267 


TICK BITES HANDLING LEECHES 
Ticks are tiny spider-lke parasites that fv in ass or wood land Thay feed | When in leech infested teritory, 
blood, attaching them selves fo the sin with spied mouthparts, and inspect your clething and limbs every 
swell tothe sizeof apea They cary Lyme Disease, so must ke removed few miries, Never pull a eesh off if 
ies alaches as the ws ll remain 
TRADITIONAL METHOD SPECIALIZED REMOVAL HOOK ——_| the skin end case infection To vernon 


Ung Uasezars grampthetide'sheat Tiekextrartortools that unsere" the | w Apply the ule of ara lime, DET 
a closets thestan asyeucan.Pul tye mouthparts of ha ticefrom theskn are | aicahol era dash of salt, If youre @ 
head upnard using steady pressure alate fom petshans Sethefook | Sroka put yeur agarelle butts n'a 
Gonlt twist). Keep the tickin = na the to arae te nck Rates the | iene of cloth, moisten the oth, and 
container 0 fbcan be checked aakvery ighilyand tae ee et ce 


for Lyme Disease te tide clear 
= Once the leech has dropped off, 
wash the area to remove the 


sees nook _| <antisoagulant in and around the 
nes ‘woud, Treat any bleeding (ee 


. 262) and cover the wound, 


TREATING STINGS a N 


WARNING! 

A slng in the uth ov thea can cause 
‘wl thal locks the awa. To imine 
Insect stings ‘this ive he casi ol wate 


Mary stings.are painful, but they are rarely life-threatening, Scorpion 
stings can be very painful ard cause severe illness, and treatment 
shoul be as for snake bite (see opposite), Multi! 
of any type can produce a mare seriaus reaction 
(see anaphylactic shook, n 274), 


INSECT STING 
Abe, wasp, o homet sting is often 
painful nd followed by swelling 
and reshess at the ske Some 
ecple have an allergy 
stings, so mania the 
casialty for signs of 
anaphylactic shock. see! 
ai ate 


SEA CREATURES 

When touiched, sea anemones, corals, elf, vd 
Portuguese merral-war release venomous cals that stick 
to the skin, Treat jelbish stings as below aooly a cold 
compress to other stings to minimize swelling and velisve 
pian. Greatures suh as weever fish have sharp spines that, 
if trodden on, become embedded, and may becom infected 


Hot uator eit 
easetreoh, 
Iudtewone of 


Ti the sting is 
visible, scrape it 
off sideways with the 
edge of acredit car, 
or afingerral 


= Dont squeeze the sac 
as you may squeeze more 
venown ina the area 


Raise the af 
part 
cold pad against # for 


at ees er minute) JELLYFISH STING SEA URCHIN SPINES. 
Apne Pourvinegarcrseawater —_nmnersothe inured part in 
= Monitor the casualty verthe areatoneuiraice ‘water ashot asthe casualty 
for signsof alergy such J thesting. Help the casually ca toleata for about 
aswheezing, or swelling Jt stidown treat afer 30 minutes. Getrmedcal ely, 


snake tite (see opposite asthesrinesmust beremoved 


aycuni thi 
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POISONOUS PLANTS AND 


INTESTINAL PARASITES 
IT'S ESSENTIAL TO MAINTAIN personal hygiene in p J 


camp, to purify all drinking water from riatural sources bee r z 
(see pp. 198-201), and to observe the rules of food salety eee 
if you wish to remain healthy inthe wilderness, You Ba ie shasta 

: wth orl nyo ave 
shoul abso eam how to recognize and avoid the Se ee 
poisonous plants in the region you're traveling in. -eTfyou deseoo bls on our sin, 
CONTACT POISONING rtetactgein sot 
Poisonous plants don't always have to be ingested to cause damage ss wellas gave blistering, some 


If they come into contact with the skin, the result can be pain, swelling, faffemay ave an ere reaetin 
redness, a rash, and itching, Get medical help fast and, in the meantime, feet ese eet 
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eye, rinse for ten minutes. Although plants are the most common cause 

of contact poisoning, chemicals such ascamp fuelcan aso beharmful  \ 
POISONOUS PLANTS 

Poison ivy, poison oak, and poison sumac are the most well known of the 
plants that cortain urushiol an vtant ob Ifyou damage the plat and get 
the all on your skin, you must wash It off immediately with soap and cold 
water: You should aso remove and wash ary contaminated ething to 
sreventthe ol spreading, Aly an ant-polsn-y ream as soan as possible 


Many people wll develon an tehy rash and often rainfulbistering within 
4 to 24 hours of contact withthe plant (see warning pane above), 


NATURAL REMEDIES 
‘where nurs causes a prebler, 
she sematimes provides the solution 
Thefollowing counter the effects 
of unashil 

' Jewelwewd has a sticky ice that 
will dry out bsters ina few days 
(Gut alec: of stem, split it down the 


POISON SUMAC POISON IVY rl an a 
Feundin wat seid ewampeineattern ‘Native to wooded the pecesen the 
North eunerica, pon sumac can areas North aflected skin 
ayo a tal a8 12 for ‘america, 
vant patson vy eveaea ae 
rok Rometand tinea 
mest low or toe, 
ciate spotted flowers: 
eps \ 
wht er te 
1 Tosoothe thing, 
POISON OAIC nee Lees of 
Lie poison iy, the ‘etch hazel eaves, 
STINGING NETTLES leafs pcison Masnuptheteaves, ating 
Found mary ones sing salegrow threes ‘water pa dry, then aap» 
cwlfles aly aise ny afemgceaty yor ees tthe affected area 
siingeg secaton tere the cts riscgge parts of = Trrwashingwith atamie ad 
tars touch theskn Appl asoothing erty ararea, Sohilon Tanicadi found ta 
cold compeess or rubs the affected ‘or you Can make it fram bal barte 
area with a dotk leaf i you can tnd Leafietsare (502 opposite, 
tne. Wath ean yee ah at peat s Teatree ol fom the leaves of 
Indtatesanallergeeeacton. womens ‘the meldeuca tree, salso sai to 


counter the sffacts of urushia 
‘Apply directly bo tne affested area 
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SWALLOWED POISON 


‘Try to find out what the casualty ingested, how much, and 
‘when, IF you suspect the casualty has swallowed a caustic 
chemical, such ascamp fuel, do not induce vorniting as it will 

burn again on the way back up. Get mecical help and monitor the 
casualty If the lips are bumt, give frequent sips af coal milk oF 
water. If you knaw the casualty has swallowed a poisonous plant, 
or fungus and he or she is conscious, induce vomiting by tickling 
‘he back of the throat. Dilute the potson by getting Fim or feo 
dink large quantities of water or milk, or tea mixed with charcoal 


DIARRHEA AND VOMITING 

Inthe wildemess, diarrhea and vom ting can fil bscause they ead to 
‘dehatration (seep. 272 ar even shock (seep. 274). The most lkely causes 
are food poiscning or drinking contaminated wate, although infest ious 
diseases are apassitity, so get medical hal f symntamspersist. You 
should rest, keep warm, and replace lost Fluids. TF youre hurgry, you 
can eat small aunts of bland fonds such as pasta for 24 hours 


NATURAL REMEDIES. 
1h survival suction, there are vanous naluel yemadiae you can ry to 
stop dlarea or allew ate symptoms such a stomach pan, although some 
ave more palatable than others 


Mee fase earls 
earestaced 


conser 
rmourtin 

eraony) ae 
aiesmat antova) 
1 Tea: Dririctea made from azo, cowbery, or erarterry leaves, 

‘= Bark: Pull soma bar off a tee (preferably oak) remove theinnar 

bark and bolt for atleast hours, adding mare water asriecessary. 

Theresuting tack brew smells ad tastas wl, but it conta tannic 

acid and will cure diarrhea, rink ore cup every 9 hours 

® Ghareoal Tae a partially bumed pice of wood, sorape off he char 

‘then swallow about  handul wth water, 

# Bones: Bum to ashes then rnd, or grind bones into apowder 

between to races Makea paste with wate, 

thon swallow about a tablespocntul 

"Challe Grind into appoweer eis with 

water to anaste then swallow about 

a tahlespoontul 

"Ash: Male a paste of wood ash and 

‘water then sallow This wl 
sllenste stomach pat 


REST AND 
REHYDRATE 
Drink water to 
rmairtin your ful 


leva Tohelp relace lost, 
salt dlssolveapacket of rehydration sats 
mm thewatar or one teaspoon of satin a 
tere water fone aie 


INTESTINAL PARASITES 
There are tio main types of intestinal 
parasite helminths (tapeworms, 
pinworms, and roundworms) and 
protozoa (oiatdla for example). The 
Usual causes of infection ar= ingesting 
cotaminated water or food, oF poor 
personal hygiene Symptoms include 
hause oF vomiting. diarrhea (See kt), 
‘dyserry. bloating, stamach pain, 
‘weightloss, oF rash o fohing around 
‘he rectum Seskmadisal advice as 
soon as possible, 


WILDERNESS CURE FOR WORMS 
Tf you havepassed a wormin your 
stool, syallow 2 coupe of tablespoons 
ofleresone. While this methad may 
makeyou sick itll make the worms 
‘Scher Gasalire wil ako work but Siok 
as effective 


HOW TO AVOID BEING INFECTED. 
Prevertion Is far better than cure and to 
‘void being infected by parasites present 
Ii vater or spreac in feoes you should 
akyays do the fellowing inthe wilderness; 
= Bol al water or use cthorralable 
rmathds of purification (see pp. 198-200), 
= Don cea your teeth or nse your 
‘mouth with vate that isn't eure, 

‘Dont swim or stand invivers or lakes 

In paces whore you cud be at risk unis 
absol.tay necessary 

* Cover any cuts or wounds on your skin, 
= Maintain strict personal hyglene n camp 
(Gee pp 1617) and whon handing foo, 
* Boll any meat you think ightbe 
Infected frat east 20 minutes oF 
Ideally nti it alsoff the bone, 
before eating 
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BONES, JOINTS, AND MUSCLES 


CRAMP 


This infil muscle spasm can be 
caused ly dehydration and areduetion 
af body salts thraugh perspiratien— 
sp make sure you have anaugh to 
drink when exercising. St down, res, 
and stretch the affected muscles 


Foor 
Help the person stand on his aood foat 
apd Stra thermuscies bo reverse the 
spasm, One the cramp has eased, 

Iaszage the affected area of the foot, 


Sit the person down and sipport the 
affected oy. Help him ta straghten his 
Js, and le ris toes to ravers the sae, 
Then msssagethe panful muscle 


Prantesoack 


Tineenpien 
theta et 
Srapierthekyte 
poaone 
teen verntsr 
ieee ones 
een 
ss 
eeneeen 


TT CAN BE DIFFICULT TO TELL whether an injury is 3 
sprain, a broken bone, or a dislocation, The ends of broken 
bones can move, damaging blood vessels or nerves nearby, 
so treat the casualty in the position found and immobilize 
the injured area before letting him or her move. Anyone with 
spine injury oF broken leg must be carried by stretcher. 


SPRAINS AND STRAINS 

Astrain is apulled muscle. & sprain occurs when ligaments that hold a 
joint together are damaged, The ideal treatm ent & to raise the injury, cool, 
‘and rest i. you pede comfortable sugeort, gentle movement can help 
the injury. If Fr ariy outs, treat the injury as abroken tone (see oposite, 


\ Bandage an 
fist 
Op tos to 
Deine 


Rest and suport the injury Leave the compress in place, 

Wrap a cold compress ‘or wrap padding around the 
around iefor at east 10 minutes injury. Apoly a orSpe bandage fram 
‘oreduce swelling and bruising, below the injury to the next joint 
ARM INJURY 


Falling onto an outstretohed hand! can cause 
broken wrist, forearm, upper arm, oF 
callar bone, Support the af 
sling. Ifa casual 

ray have injured hs elo, in which c 
don't usea sling, Instead wrap padding 
around the joint and secure the arm 
to the body with triangular 
keandages. Te make sure thal 
‘the bandage iit too tight, 
chedk the wrist pulse 


Tea jst 
howe ie 
ale toe 
cote 
Tnieed 
ae 


USING A SLING 
‘Slide iiangular bandage between 
‘the arm and the chest, Bring the 
front up over the arm and tea 

ee hnat on the unjuret side 


LEG INJURY 

Injuries to the [ens oan be serious, as any fracture is 
Hikely t be unstable, which means that the ends of 
the bores can move easly and could pierce one of 
the large blood vessels in the lea, resulting ih severe 
bleeding, Dorrt move the casualty unless you have 

to, and, ven then, only when the lags have been 
immobilized. If you see any signs of shock (see n. 274) 
‘ensure the head is low, but do nol raise the legs 


> ie ipredee 2 
adh ey ships aseeesbes 


“Stop 


Lay th 


SPINAL INJURY 
Tf 2 person falls and lands on his back, of falls from a 
helght, it ls best ta assume that he has @ spinal and, 
probably, ahead injury Dont move him—suppoet 
his head and neck in line with the rest of his 
fbacke Moving him could damage the spinal 
‘card, which may result in permanent loss of 
movernerit below the injured area. Cal for 
‘emergency help, or send someone t> aet 
help while vou stay with the casualty If you 
have to move him because he isin danger, 
use the lag-rall technique (seep. 279), 


We sure you me confortable 
‘esas yay eto 
et fora cre 


sualty down and support the injury to 
mininize further damage. Call for emergency help 

IW this is nearly just maintain thls support, You can put 

rolled enats or blankets on either side for extra suport 
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HAND INJURY 
Injuries ta honds are Hg boas 
aften complicated by oR ateg 


bruising or bleeding 
Raise the injured hand 
and treat bleeding with 
direct pressure (soe 

p. 264) Remove jewelry 
before te aves starts to 
swell, rapt hand in 
padcing and support it 
in a raised position with 
asling 


Secure thd Ta sscond 
‘andjourts bandos na 

Pat fst bandeoe ‘aniages — fowe of eg 
rede res Gtoweard aroma ne 
‘etow hitry,—anhlecand et 


help is delayed or you need to transport the 


‘casualty put bandages around the knees and ankles 
(and pebis fhe thigh is inured), and above ard below the 
inur,Place pacing between the lege, then tle the hanclan 


‘SUPPORT THE HEAD AND NECK 
[endl or He bahind the casualty’s head 
Iseep your amis steady by resting your 
slbows on your ths an place your 
hits on ether sd af fis ea to Kaeo 
it inline with is body, Wat For hep, 
Dent anver the casos 

Soros be me be abe 

tohwaryesr 
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TREATING EXPOSURE 
EXTREMES OF HEAT AND COLD can prevent the body's ST 


temperature-requlation mechanisms from functioning properly. SENN 

na} a eaally bacomes unease, 
Both extremes can cause life-threatening injures, 0 It’s vital to Gere anmeinias 
act quickly. Don't leave a casualty —cal for help of if possible, estate ep 277 


send someone to seek help while you treat him or her. 


HEAT INJURIES 
saxo the asa 


In hot weather, wear'a hat, reapply sunscreen Frequently and stay festa tha they re 
in the shacle when you can to avatd teat injuries such as suriourr aire ee 
youll quickly become dehydrated ifyou dant drink enough water 
to replace fluids lost through sweating, 


DEHYDRATION 


Help the casualty to sit down and give him fluids to dri 
water is usualy suffisent, aut rehydration sats reed 
‘with water is best If the casuaty complains of eran, 
help him stratch the affected muscles, then massage 
them firmly (e209, 270), 


HEAT EXHAUSTION 


‘fa casualty foals diay and starts to sweat profueey 
ut har col clammy son, ge him io the shade and gh 
him fluids to drink. Help him to lie down then raise his pits 
legs—surnort his feet on akackpack-—to hep improve S™MRe 
tod few tothebrai Morte tim whieherecovere sr ana 


HEATSTROKE 
‘This fe-threateniny eonaition ray follow 
hheat exhaustion or develop with na warning, Fann fod 
Healstrake causes the bodys temperature. hetpace hm 
control mechanism toil If person 
‘complains of headache, feels dizey has hot, 
diyrskin, and begins losing consciousress, 
heorshiemay hayeheststroke and wil 
need urgent medical etn, 


Move the casualty to as cool a 

place as possible—out of the 
‘sun, Help him to sit or lie down with, 
his head raised and remove all of fis” 
outer clothing =; 


Do anything possbk to quires 
thebbody temperature Ioealy wap 


hit ina cold, wet sheet, Keep the sheet iperatu 
‘con by continually pouring water over it rise again, reaeat the treatment 


COLD INJURIES 


Exposure to cold can result in parts of the body freezing 
(frostnip ard frostbite} or the body's care temperature 
becoming dangerously low ¢hypethermla) 


FROSTNIP AND FROSTBITE 
Frostnip is the freezing of the top layer of 
skin, usually on the fare and extrem ities, 
The skin urns numb, white, and har 
Lniveatet can lead to frostbite, which 
Isrnuch more serious—the deener tissues, 
‘and even the hone, freeze, Then turns 
‘white or blue and feels solily frozen 


WARM GRADUALLY 
Frostnip and frosthite can both be reat by 
‘warming the affected area, though frostbite 
require more intensive treatment, Warm 
the affected area wth body heat—place the 
‘gsualty's hanes in is own arraits, er placa 
his feet n your args. Remove any rings 
and raise the inured part. reduce swelling. 
Teall place the affected area in warm 
\water Dress the injury n sterile dressings. 


HYPOTHERMIA, 


This life-threatening condition develops ifthe bay's core temperature 
falls below 95°F (25°C), Treatment aims ta prevent further heat las, 
Its vital that a casualty is warmed up gradually, [Fhe ar she is warmed 
Up-too quickly, blond is lveried away from vital organs, such as the 
heart and tvain, to the skin, which can actually speed up cooling of 

the body. A casualty wilh hypothermia must beraoved on a stretcher 


Help the casualty to a sheltered 
place where he srauld rest to 

prevent hisbody temperature faling 

further, Send somneane else to get helo 


Put a thick layer of dry leaves 
lunderneath him to insulate him 
from the ground, Helo him to Fe down 
ina sleeping bag and, ifyou have ane, 
‘caver him with survival blanket 


sac babe act, 
rains bronches 
Fer eatin 
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DROWNING 

Tf aperson hasbeen immersed in cold 
water there fs high risk of nother 
In addition, the cold can cause the 
heart to stor, or throat spasms can 
book the alway. Wate ean also 

enter the lings and cause sacondary 
drowning (seep 255)hcursafter the 
person appeared to have resoveret 


Pet glad 


RESCUING A CASUALTY. 
‘TF you have rescued a persen trom water, 
hielohim orler tle down with te head 
low. Replace wet clothes with dry ones 
“Treat for nypothermiatsee left). Ifthe 
person fs uncensdous and not breathing, 
‘ive fo rescusreaths before begining 
chest compressions (sp, 277) 


= 


ALTITUDE SICKNESS 
Somotrns of aitude sles inate nausea, 
kes of petits shortness of breath anda 
bendache that’ not elev by ceation. 
The asaya als ave fed 
sfeeging andl url Th ah) 
salons nse ie deste immialy 
av ean ata lowe alate fr afeir 
chy Severe cases will elt be cared, 


—— 


If possible and f there is no ris of 
further sod, remove any wet chthing 

andi replace with warm, dry eiothes—but 

don't give up your own clothes, 


te te carat an tt) 
Sweet ge ong snorey 
ots ene 


‘ito ue 
the food 
enone 


the capabilities of the normal BCCH, may be set-up on an additional timeslot of a Time 
Division Multiple Access (TDMA) frame when justified by the volume of data traffic. 


Figure 115: Example of GSM/ EDGE Timeslot Structure?** 


4.625 ms per frame of 8 timestots 


+577 1S = 
per timestot 

o 1 2 3 4 5 6 7 
Possible BCCH l Porc | Porc | PpTcH 
carrier configuration 

o 1 2 3 4 5 6 7. 
Possible TCH carrier [paccH porch | porcH | porch | PorcH | poTcH 
configuration 


BBCCH: Broadcast Control Channel - cartes synchronization, paging and ater signaling information| 
‘TCH: Trafic Channel ~ caries voice trafic data, may ateraie between frames fr halt-ate 

PDTCH: Packet Oata Traffic Channel ~ castes packet data trafic for GPRS and EDGE 

PECCH: Packet Broadcast Control Channel - additonal signaling for GPRSIEDGE: used only itneeded 


EDGE offers close coupling between voice and data services. In most networks, while in a 
data session, users can accept an incoming voice call, which suspends the data session, 
and then resume their data session automatically when the voice session ends. Users can 
also receive SMS messages and data notifications?#¢ while on a voice call, as described 
below. 


With respect to data performance, each data timeslot can deliver peak user-achievable 
data rates of up to about 40 Kbps. The network can aggregate up to five timeslots on the 
downlink and up to four timeslots on the uplink with current devices. 


If multiple data users are active in a sector, they share the available data channels. As 
demand for data services increases, however, an operator can accommodate customers by 
assigning an increasing number of channels for data service that is limited only by that 
operator's total available spectrum and radio planning. 


EDGE is an official 3G cellular technology that can be deployed within an operator's existing 
850, 900, 1800, and 1900 MHz spectrum bands. EDGE capability is now largely standard 
in new GSM deployments. A GPRS network using the EDGE radio interface is technically 
called an “Enhanced GPRS” (EGPRS) network, and a GSM network with EDGE capability is 
referred to as GSM Edge Radio Access Network (GERAN). EDGE has been an inherent part 
of GSM specifications since Release 99. It is fully backward-compatible with older GSM 
networks, meaning that GPRS devices work on EDGE networks and that GPRS and EDGE 
terminals can operate simultaneously on the same traffic channels. 


Dual Transfer Mode (DTM) devices can simultaneously communicate voice and data. DTM 
is a 3GPP-specified technology that enables new applications like video sharing while 
ing a consistent service experience (service continuity) with UMTS. Typically, a DTM. 


213 5G Americas member company contribution 


214 Example: WAP notification message delivered via SMS. 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 202 
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TREATING SHOCK 
‘SHOCK IS A LIFE-THREATENING CONDITION that ny 
ANAPHYLACTIC SHOCK 


‘occurs if the circulatory system fails. The most. common prapisdepid eave tiers 
‘cause is severe bleeding, but it can also be a consequence of —Sfergsreacim afin fie wive bode 
burns, Initially, there will be a rapid pulse and pale claminy People who raw they are susceptible 


skin, As the conelition progresses, breathing becomes rapid ME aaa, Genin) 


ancstallow pube weaker, and skh becomes pale gray es nye 
: oc sft ap anoint 
blue. If untreated, unconsciousness results. ours, press itanabet he canals 


‘high Ehroanh clothing necessary). 


DEALING WITH SHOCK 


Do not give the casualty anything to eat or drink as an anaesthetic 
ay be needed; moisten tis lins with water if he’ thirsty, Call far 
help; the casualty must be transported in the treatment position, 


Treat the cause of shock, for exarngleloleeding or Helo the casualty ta le down: insulate him From the 
bums (see p. 265), Suspect shook, too, F you notice ‘grourd with blankets or bracken, Raise and suoport 

any symtoms, yet carft see any dviousinjury—it could his legs as high as you can above the kvel of hisheart. 

ke caused ky internal bleedng. 


Looser tig clothing for example at theneck, chest, Coase ig ohing 
and waist. Keep his hea! ow, this mel preve him ‘powndanck 

from ising conesiousness, Keep the casuaty Warm, cover 

him with a blanks or sleeping bag you have one 


ols th ge ae 
Rigos posable 
die bee stone, 
somebatonsts, 
oranytnng eee 
oui a ond 


Seller the casuaty as much as you can, but 
dent mave him unnecessarily, Mentor hs bvelof 
fess asec worm! espenox veathing, ard pulse while you wait for helo, 
Fntmpred Badin resuscitation if he loses canseiousness (seep, 277) 
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BREATHING DIFFICULTIES 
RESPIRATORY PROBLEMS need! prompt treatment eo 


because they can prevent sufficient oxygert reaching the 


body tissues. The cause may be temporary, for example REE Mist Greats acre 
choking, suffocation, or smoke inhalation, oF it can be anos etn ecxaes my 
a long-term condition such as asthma that requires eee ee 
medication, You may need to get emergency help, fry de eens Gee 277, 
CHOKING 

Wher an abject becomes stuck inthe that tcan cause a 


pas thet blk the airway, Always ask the casualty 
iF she's choking, to make sure. If she car speak, cough, or 
breathe, the obstruction is mild and she will prebatly be 

ableto cleat hersef 


If the casualty is breath ng, tell her If back blows fail, 
tw continue coughing, If she cart stand behind her 
speak of cough, help her to bend forward, Put you aims around 
‘Support her upper kody and give up to hner skciomen, clench one 
five back blows in between her shoulder fist and grasp ft with the 
‘blades with the heel of your hand, other hand. Pull sharply 
inwards and uowerd uo 
If the obstruction has still nat to five times, Cheat the 
cleaved, repeat the fiveback slaps mouth and venove ay 
and five abdominal thrusts thvee times, then abvious blackane, 
cal for Halp IF it's not aheady on the way 33. pee 
Continue until help arrives or the casuatty Ep cages 


ho giconon— 


becomes unconscious (spp. 276-77) rotthechost 


ASTHMA WHAT TO DOINA 
This condition in whieh breathing Lecomes dieu SURVIVAL SITUATION 
tecause the muscles inthe ar passages go into spasm, [MNS SAS Pret 
Nostpecele hn suffer rom asthma erry alers te a gprs tata 
wrth them. Mani have two rhalers—atrown orwhite Stars romeo dat 
"preventer" inhaler and abbue "reliever" inhaler touse r1 Somecne have an asta 
attack If the person doesyiot have ary medication, attack and not have an 


sit him ot her down and call for emergency helo, Inhale, try the fallowinat 
‘Tell nerto exhale as 
‘Sit the casualty down and advise her to take completely 2s she ean. This 
a puff from her reliever inhaler, Teller to take expels the “stale" ats wth 
slow, deep breaths and to sit es upright as she can, ‘itt or no oxyganin it, Temay 
“The attack should start to ease in afew minutes, Seal reer 


strango—toblow air out when 
the basicinstinct is to aulpake 


If the attack does rot ease tall her to take insbut ths des mer 
anatar dose fom her inhaler and rest while Then, tlhe inh 

sherecovers. If the attack stl does nt ease, oF Is slowiy and ates, ard to 

becoming worse, emergency help isneeded as she Sepa ed eal 


crea ts hers while doing so. 
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FIRST AID 
UNCONSCIOUSNESS 

IF SOMEONE FALLS UNCONSCIOUS, your priority is to make pairieey 
sure their airway is open so that they can breathe, Call for sKnin 


ier 
emergeny help iediately (ideally ask somieone to co this, a 


while you treat the casualty). Don't move the casualty and 
don't leave hi or her alone unless you have to go andl get hep, 


shake an a 
CHECK FOR RESPONSE 

Gently shake the casualtys shou ders 

(if 3 chile, tap the shoulders) Talkto 
him and watch for aregaonse. If hes alert 
he's conscious If, for examle, he reacts 
weakly, he may not be fully conscious— 
monitor hin for ary change (deterioration 
‘or Improvement), If thers io resnonse, 
he's uncorecious, 


OPEN THE AIRWAY 

If a7 unconscious casualty ison hisloack, 
hes at risk of swallowing his tonave— 
thereby blockng Fis a wassages. Titing 
the head and lifting the chin will ie 
longue clearing the alr assays 


(CHECK THE BREATHING 
Tilt.a casualty’ head bac wath one hand and 
lft thectin with two fingers of your her han 
don't gresson the softtisaues under the chin 
Ieeep the airway anen, and loa, iste, are 

feel or nrrral bresthing.1f the casualtyis 
treathina nonrei olave i inihereetvecr Place a hand on Look along the casualty’ chest; 
postion (see below), IFhe'snot breathing, begin the foretzad to listen, and feel for breath against 
‘Siest compressions ri away [see opposite), tik the heac: [Fete chin, your’ cheek For no more than ten sescnes, 


RECOVERY POSITION 


tan uncenscious casualty istreathing, plese im inthe teepiower sp svtom, itera neat neck 
ecovery position to keep his away open and clea, 

Remove asnthing bulky ftom his packets. 
Kkneetbeside hin Bend the arrn 
nearest you ata right angle to 
his toy then bring the ather 
arm across fis chest until is 
hand rests against his rear 
‘heel. and hold fthere, 

end the far leg at the knee, 
and, til holding the knee, pul 
the casualty toward you uti) 
he ison hisside 


CARDIOPULMONARY RESUSCITATION (CPR) 

Ifa casualty isnot breathing you must try to keep the body sued with 
‘oxyoen by using chest compressions an rescue breaths until em ergency 
help arrives, This isknown as eardiopuimcnary resuscitation, cr CPR. If 
an aft colapses the cause is mast kel to be a heart problem so treat 
as below IF you have Fesoued an unconscious casvaty From water, start 
‘with rescue breaths a5 for oil (see right). Tf you are unable to achieve 
rescu tveaths, you can give chest eorpressions alone 
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GPRON A CHILD 


+ Starthy ivi the chi five rene brent, 
« Gve 30 nips uit fel oF ane 
fat ony are sight es pressure than you 
‘woul for an aa. Depress the cst 
aggtoniatly one Eid of sce 


HOW TO GIVE CPR 


kneel beside the casualty, evel ith hs chest so that you dont. 


* Cnn wi 30 cones fled iy 
‘tworescye breaths urd the child recovers, 
tslpantves oF ou tein etausted, 

‘= FFyo.are.n your can cive CPR for on 


have to charae positon, TF youhave someone els with you, take tinue before you ty to al or help. 


itintuens to give CPR so you dor become too eyhausted 
Change ove atthe end of each tworrinute cc, 


Put one hared on the center of the 

casualty’ chest—make sure you 
dort press on the lower atelomen, the 
tipo thelbreastbone, or the ribs 


Place the heel of your other 
hhand on top ofthe frst 
‘aed lnk your fingers together, 
Keep your Fingers off the 
casually’ chest, 


Benin chest 
compressions 
Lean over and, keeping 
your arms straight, 
press straight down 

tn the casually chest, 
depressing it by e-2 in 
(4-Sem), Release the 
pressure and let the 
chest come back up, tut 
dont move your hands, 
Regeat 20 tines 


a 


Ti the casuatty’s head to open the airway 

and pine his nese to close the nosis Lat his 
mouth fal open sity, Lit is ein withthe fngers 
af your other hand 


To begin rescue breaths, take anormal breath and 
‘seal your ins over those of the casualty. Blow into 
his mouth until yau seehischest 
ise then lft your mouth away 
and wateh his chest fal IF 
hischest dossrit rise, acu 
hishead and try again 
Repeat to ive a second 
breathy bul dort make more 
than two attempts at aiving 
resoue treats before 
eompressing again 


Continue the cyte of 20 compressions 
followed by tworestue breaths unt 

the casualty recovers help arrives, or you 

av too exhausted to kecp going 

fat ary stage the casualty stats 

breathing normaly, place tim in 

the recovery position (see oposite) and 

‘meritor bis condition uti ep arrives. 


Koso finre clear of to roe 
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MOVING A CASUALTY 
IDEALLY, AN INJURED PERSON should be treated in the | === 


position in which he or she was found. Make the casualty WARNING) 


‘Mowe: if is life 
as comfortable as possible and wait fr help. nv a survival peas we ayn 
situation, if you have to move someone, it’s essential to evga tim. boa sor ui ney 
immobilize an injury first to avoid agaravating it Lee aerate 
“willaake hs inucies worse—stay withthe 
PREPARING FOR A MOVE cee ae 


Plan your move before you start Choosea method appropriate to 
the injury, Dortt atternot to move anyone by yourself you have 
help Encourage the casualty to do as much as possile himself 


FIREFIGHTER’S LIFT 


This isa technique that can he used to move @ canseius cagualty i 
yaure an your own and need to carry an injured person = shart 
Uistance gets iis nane from the frefighlers wha originally used i 
Dorrtuse tifa cazuaty hashead or facial injries or a becker arm or 
lea, To prevent injuring your back, use your legs to power the move, 


Sunport the casualty’ injury 
with pading and tandages 
Hele him fa stand up 
1 Stand at right angles tothe 
easuaky, then squat daw in 
front of hin, staying as cose ta 
tim aspessible 
1 Your shoulder shoul be level with 
‘hetap of the caste’ legs Pula ai 
nae het 
peer 
ogo te 
sures 
watlotap 
“Saport hie 


Pass your newest 
arm between the 
casualty leas, wrap it 
around his thigh, and 
‘rage ise, Grasp the 
cesualtys wrist fimmby 
‘with the other arm, ‘With your fest shoulder-width 
apart to ensune youre well 
balanced, encourage the casualty to 
lean across your shoulders, 
rma 1 Keeping your hack straight, hold his 
beephicweightey? ‘wrist firmly, and use the strencth of 
es ‘your legsto stand up, 
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WARMING! 


TMPROVISING A STRETCHER 
‘If you need to move.a casualty who is unconscious, has a broken leg, o” aspine 


injury. he must be carried by stretcher Tdeally call he emergency servioes, and ‘Regeuees shouleinot use thei 
wai for then to arive Ifyou catt contact them and you need to ge the oofing fo male astotcha ifs 
casualty ta medisal assistance, you may need to might put then af sk of eos, 
make astretoher, Use a hurdle or gate, or make 
the stretoher from polesand coats ce cess pice 
cai end of the Place the site 
Pispoees Sater fthecetcr 
ts ae fr Soa te 


fed arent 


Zip or button up two or thres jackets, Cut two 

support poles strong enough to bear the sasuatty’s 
‘weight and 3 ft CL longer than the cassalty. Lash 2 
short forked kranch acrass each end (see pra 166-67) to 
beep the support poles apart, 


TWO-PERSON SEAT 

1F there are two of you, thismethed can beused to carry 
a consvious casually who cart walk ut who ean supeort 
hime with his arms. Nom rite one person to be in 
charge of the move and give the instructions, Keep your 


boaoks straight at all times. 


Stand facing each 
ather behind the 
casualty, Grasp your let 
sori with your rah 
han then grasp each 


Askethe casualty to 

feut her arins around 
your shoulders. Let her sit | 
‘back on to your hands, i 
Rise and take her weight 
Sel off together, leading 
with your outside feet, 


casuatystack 


“nmosize an inary (526 2713 and vol the 

casually onts hisurinjured side, One person shouid 
support his head whie athe help to keep hishody straint, 
ioealy one forthe upper hooy and ane forthe lags, Side 
the stretcher in place then rll him gently backon ta 


SUPPORTING THE UPPER BODY 

Ta casualty has en inure arm, the seat carry (ee left) 
can be adopted to sucport the upoer body. As before one 
af you shui rect the move and alvays mov together. 
ikeap your hacks straight as you walk, and stan fit causes, 
you or the casually any discamfort 


‘Stand facing each 
other, on either se 
af the casualty, Put your 
ays around her tach 
rasa her olthing on the 
side farthest from you. 


ass your fee hands 

tachi the casualty’s 
thighs Link yeur fingers 
topethe or araep each 
other’ wrsis. Hela the 
casualty back on tothe 
“seal and ifthe 


280 | appenoix_wivo ro00 


WILD FOOD 


MANY POISONOUS PLANTS in temperate regions resemble edible ones, so you should 
only eat plants that you can positively identify. If you're in any doubt at all, carry out the 
Universal Edibility Test (UET) first (see pp. 206-07). Don't forget that some plants are 
edible only at certain stages of their growth, Never eat wild plants if you have any known 


NAME WHERE IDENTIFICATION EDIBLE PART 
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net raat ea toyed 4 tmgng ars Sal vn 
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ew sco poner tallrarava br srsthonyora ees, + Imerhrk 
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{need nes arte afl 
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fein heh ve 
‘ae 
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TEMPERATE PLANTS 


allergies, a pre-existing medical condition, or are pregnant. The UET doesn't apply to 
mushrooms, so never eat any mushrooms unless you can positively identify every single 
one as being edible. As part of your preparation for your trip, you should familiarize 
yourself with the edible plants in the region you're visiting, and their seasonal availability. 


PREPARATION ‘SIMILAR PLANTS. BEWARE OF EXTRA INFORMATION 
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repos nike dblewepes, fromthe vneston(sep.292, 
‘hey eihawone seed, 


282 | avpenorx vito F000 


WILD FOOD 


SOME OF THE PLANTS listed below are good sources of water/liquid. In a survival 
situation in the desert, don’t eat food if you don't have any water, as your body will use 
up its own water to digest it. Only eat plants that you can positively identify and, if you 
are in any doubt at all, carry out the Universal Ecibility Test (UET) first (see pp. 206-07). 


sa we mete4 
ERE 
seo ee 
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DESERT PLANTS 


Don't forget that some plants are edible only at certain stages of their growth. Don't 
eat wild plants if you have any known allergies, a preexisting medical condition, or 
are pregnarit. When planning your trip, i's advisable to familiarize yourself with the 
edible plants in the region you are visiting and their seasonal availability. 


EDIBLE PART PREPARATION BEWARE OF EXTRA INFORMATION 
+ Sal bel lowe + fostihestal + be rom many spe can Roaster sm, 
+ Bat anton + oihudsad flowers, ue ace coat eats, eros, 
Rabu a fo Grerlveresie Iemots 
lestng 2 ess, Leaeshane 
nectleskocts, 


‘Shoot and youngleaves «atthe futpulpram, ‘Tip the inn for wate. Kahr 
fru + Boston and en, bush ack st Bah 
+ ets 1 Rote kes eek sg tn 
‘oliow stems af grasses. 
+ Se = Tp sens ort «Thorson appt 
‘upper Kaaribmen 
‘heather eal sod 
species before and durtg the 
fn aunt 
+ Fut + Fal futandeata Sones Ai siniroxkig |» The riya the 
« Seats -« Rast and qyind saeck tha flow. ‘plant that has miky saps tt may. ‘padtsis poor souace af watar 
ate * Baloryengpat fit fe potas 
ren thas ypc 
souchigie afte 


end-to-end solution requires only a software upgrade to the GSM/EDGE radio network. 
There are a number of networks and devices supporting DTM. 


A feature in Release 9 that applies to EDGE is the Enhanced Flexible Timeslot Assignment 
(EFTA), which allows for more efficient adaptation to varying uplink versus downlink 
transmission needs. The network allocates uplink and downlink timestots that overlap in 
time, and the mobile station may either use the corresponding uplink timeslots for 
transmission or receive on the overlapping downlink time slot, if it has nothing to transmit. 
In addition, alternative EFTA multi-slot classes enable the support of as many as eight 
timeslots per downlink carrier (instead of five or six timeslots with multi-slot classes 30 to 
45) 


Mobile Broadband Transformation, Rysavy Research/SG Americas, August 2017 Page 203, 
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WILD FOOD 


A GREAT NUMBER OF PLANTS flourish in the tropies, growing all year round in the warm 
and humid conditions—those listed below are just a few of the most common varieties. 

When you plan your trip, you should familiarize yourself with the edible plants in the region 
you are visiting, In tropical forests, most fruits are borne high in the canopy—out of reach, 


NAME WHERE IDENTIFICATION EDIBLE PART 
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TROPICAL PLANTS 


unless you can climb the tree. Only eat plants that you can positively identify. If you 
are in any doubt at all, carry out the Universal Edibility Test (UET) first (see pp. 206-07). 
Don't forget that some plants are edible only at certain stages of their growth. Don't eat 
wild plants if you have a known allergy, a preexisting medical condition, or are pregnant. 


PREPARATION SIMILAR PLANTS: BEWARE OF EXTRA INFORMATION 
* Fuadfowesarebbray Bina plan ut or 
rae, inate ad ant, 
+ Tok os tem, andra nu far umpeplgta it 

‘ny ebb hen cnt 
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‘Mixtoa paste with boling water, ‘baled down toa thik grap ‘species contain harmful crystab, carbohydrate. 
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WILD FOOD 


WHEN PREPARING FOR YOUR TRIP, you should familiarize yourself with the eclible 
plants in the region you are visiting and their seasonal availability. Only eat plants that 
you can positively identify and, if you are in any doubt at all, cary out the Universal 
Eciblity Test (UET) first (See pp. 206-07). Don't forget that some plants are edible only 


NAME WHERE IDENTIFICATION. 
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PLANTS IN COLD CLIMATES 


at certain stages of their growth. Don't eat wild plants if you have any known allergies, 
a preexisting medical condition, or are pregnant. There are no poisonous types of 
lichen (@lthought see rock tripe entry, below), but they must all be soaked in water 
overnight and boiled well before they can be eaten. 


EDIBLE PART PREPARATION REWARE OF EXTRA INFORMATION 
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WILD FOOD 


THERE ARE NO POISONOUS SEAWEEDS, but some may cause gastrointestinal upset. 
The seaweeds listed below are common and safe to eat if gathered when still growing, 
but should only be eaten in small quantities at first. Don't eat seaweed if you are short 
of fresh water to drink. Only eat plants that you can positively identify ard if you are in 
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COASTAL PLANT 


any doubt at all, carry out the Universal Edibility Test (UET) first (see pp. 206-07). 
Dor't eat wild plants if you have any known allergies, a preexisting medical condition, 
or are pregnant, When planning your trip, itis advisable to familiarize yourself 

with the edible plants in the region you are visiting and their seasonal availability, 


EDIBLE PART PREPARATION REWARE OF EXTRA INFORMATION 
+ Fronds = Bestholethouahynurg) «Large chs of idnecan —« Sana wradh(. satan tates seta ts 
frondecanbvasterraw — behartul rane plac canbe eta tele 


alpha ism arcu fw 
erie for cnt heath 


aan + Dik themik fh + Natrdeecmuta needs Ge unica rg aur 
reas) + Eth tray or drawal tbe dtd,” water fee 190), Coconut nik eh sugar 
sad Wsakoalsatye.sodart ——andultanisand cna ott The oly he 
tos math, talons 
1 Leaves + Young bares canbe ator 2» Ablerspecs ae etic a sales. As 
aol ves shal Walla coasts the als foun land the 
bebo, Shore al les andndeats Graysauch 


ceed iatype af bushoot Auta 


+ Lae 1 Ea he esa trp + Starayarass aes rr ani sales 
anddrth, wet toat (on then topes cur They 
‘ever bil sa rebest kaha waar but 
Yu sheulict hem ha arvasiain. 
Lanes * Lenesandyoungnods ea + Seayoctet aes hv apepay txt One 
+ Yiurg pds heed Specs Cabienowsinthedeetso he 


rain Point. 


290) apeenpix_wi.o F000 


ALL MAMMALS ARE EDIBLE, but some species or groups of mammals are in danger’ 
of extinction and are protected by law; the mammal groups listed below contain many 
species that are common in their areas of distribution, and are not usually dangerous 

if approached and handled correctly. However, when preparing for your trip, you must 


NAME ‘WHERE TDENTIFICATION 
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MAMMALS 


familiarize yourself with those mammals that can be hunted in the region you are 
visiting and their seasonal movements, Some countries and/or states will require 
‘you to have a hunting license or permit. For trapping and preparation methods, 
‘see pp, 216-23, and for cooking suggestions, see pp. 204-05, 


‘HOW TO FIND BEWARE OF EXTRA INFORMATION: 
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ALL BIRDS ARE EDIBLE, although a few taste horrible (birds-of-paradise, for example), 
nd pitohuis have poisonous feathers and skin. Some species or groups of hitds are 

in danger of extinction and are protected by law: the bird groups listed below contain 
matty species that are common in their areas of distribution, When planning your trip, 


NAMES: ‘WHERE IDENTIFICATION 
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BIRDS 


‘you must familiarize yoursetf with those birds that can be hunted in the region 
‘you are visiting and their seasonal availability. Some countries and/or states will 
require you to have a hunting license or permit, For trapping and preparation methods, 
‘see pp. 226-29; for cooking suggestions, see pp. 204-05. 


HOW TO FIND BEWARE OF EXTRA INFORMATION 


Open sania tram desert tosavana) ws Canrunfstanddeierapowerulkik Very Teng ae team ofan bd, 
indepen acadard. Frotteotemsnitherst ud teyoungbrdh, welging. 14h Theres ae 
oma and oman 140 os, 


+ Naraty of frttabtsframopan wean often fed forks onthe turd ern 
‘ode tral afore and pasando trees andusuall ost communal 
sims ‘yee Can botany Han er the 
vost aproach sland uty, 


+ pen aes nding runt pla, = Shp bilan tubns.andeas fiteas pose Curtnatrs ndscaenor, sch at 
rt a sea. ‘span: ta paras fmt, Bolimeat or —crvs(Comassp) aul (i eo, 
tle 30min. ‘ans red nates bat wh meat 


= bri tundba wlan rier and kes, Geer and suas canbe vy anes = Mary saresmiyatebetvzenthok 
ck an was sal edo the nate, partcunly nthe breedingseasn Mateswans —breednagronds nthe Atiead thay 
lege zen an (Gpresacan wegh upto26 bC2KD ‘ninth oth The 


no eather he tum, 
ndeng on tgesstracoipct 
ek ants eae tat, 


Abbreviations and Acronyms 


The following abbreviations are used in this paper. Abbreviations are defined on first use. 
1G - First Generation 

1xEV-DO - One Carrier Evolution, Data Optimized 

1xEV-DV - One Carrier Evolution, Data Voice 

AXRTT - One Carrier Radio Transmission Technology 

2G - Second Generation 

3G - Third Generation (meeting requirements set forth by the ITU IMT project) 
3GPP - Third Generation Partnership Project 

3GPP2 - Third Generation Partnership Project 2 

4G - Fourth Generation (meeting requirements set forth by the ITU IMT-Advanced project) 
5GC - 5G Core 

8-PSK - Octagonal Phase Shift Keying 

‘AAS - Adaptive Antenna Systems 

ABR - Allocation Retention Priority 

AGW - Access Gateway 

‘AMF - Access and Mobility Management Function 

‘AMR - Adaptive Multi Rate 

AMR-WB - Adaptive Multi-Rate Wideband 

ANDSF - Access Network Discovery and Selection Function. 
ANSI - American National Standards Institute 

‘APCO - Association of Public Safety Officials 

API - Application Programming Interface 

APN - Access Point Name 

ARP - Allocation Retention Priority 

ARPU - Average Revenue per User 

‘ARQ - Automatic Repeat Request 

‘ATM - Asynchronous Transfer Mode 

AWGN - Additive White Gaussian Noise Channel 

‘AWS - Advanced Wireless Services 

BCCH - Broadcast Control Channel 

bps - bits per second 

BRS - Broadband Radio Service 

BSC - Base Station Controller 


BTS - Base Transceiver Station 
C/I - Carrier to Intermodulation Ratio 
CAPEX- Capital Expenditure 

CBF - Coordinated Beam Forming 
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SOME AMPHIBIAN AND REPTILE SPECIES are at risk of extinction and are protected 
bby law; the animals listed below are common in their areas of distribution, and are non- 


veriomous, As part of preparation for your trip, itis advisable to fa 


ize yourself with 


the reptiles and amphibians in the region you are visiting. Many countries and/or states 


NAME, ‘WHERE IDENTIFICATION. 
= Sub-Saharan Africa; intradcwd ++ Flattened, brown body, 25 i (6-13 om) long, wth a 
Bgnican cinwenrmio) Se semiseringied | > purairora iat asuanemcle 
Se cameras 
SOUTHAMERICAN sonia te ath +S po pl bot sodas 
ia 5 America (8-22 em) bing 
wae 


Prtonstse sul 


Bou ester 


ad ae Carn iad 


ASIAN LEAFTURTLE + Sateut ss + Ora ih toda brown se bn -24aR ig wh 
Slee ta ‘sted te etal Restored on, 

+= Shihan ra + ato smth sel 6-15-25. brown above 
PAINTED TURTLE soheiones ayelow te sins ated Yellow es 
Cis ple jefe 

z 5 Seal abit whe arable 
caneeseeTHon inde ir irl even brio tom Bk go 

‘Aras inthis htm bt caneath 1m. 

COMMON BOA ialdnovca Suh Aoi, + Seva abscess dk sae 


ravings akg he tackand a da spe beindeach a, 
Nato oad andptd seat 


COMMON EGG-EATING 


Sr 


SNAKE «= Sub-saharan Alres +» Reddit-trown or graybody with dark, angular markings, 
Dasypits scabva “Ashnder stake, 28-39 n [70-100 cm) long, Rounded sou, 
cain Ee + Steg cat ares enn gee angeta ak 
foods Neen ak oaywthda ths lnghami-s E18 
Ling thant 
COMMON/VIVIPAROUS — = Euopo, sxtending tothe Arctie «+ Beaty i usually brown clive, scrmetimés blac, with males having 
‘LIZARD irele and central to easter Asia, ‘bright yelbie cr crangebelles andfemales creamy white ones. 
vibe vitae lading pa. Length range 64-7 (10-16 cn) 
GREEN IGUANA aerate) eee ay 312 wi. te ew 
ine bans tne Shp rg eesti te hae 
fey ool ead wh ge as 
Ener "les tunity clan thar wih an ornare ead 
Ralnsovr Lizano Wot cibladcntanen, “MAM ld ana at 
ae =) waqlandhrngerI2IbinGO40em), 
WESTERN FENCE ‘Southwestern USAand +» Brown body with raed, poled scales, Blue patcheson belly are 
LizaRo nthe Mex, ristrenated nos nh ae 6-9 A525 
Star oats 


awparoians ano reerites | 29.5 


AMPHIBIANS AND REPTILES 


will require you to have a hunting license or permit, See p. 218 for some trapping methods 
and p. 224 for how to prepare the animal for cooking. Avoid brightly colored tropical frogs 
‘as they are often highly toxic. In addition, don't eat box turtles, as they sometimes eat 
poisonous fungi and their flesh may be toxic. 
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WHEN PLANNING YOUR TRIP it is advisable to familiarize yoursetf with the species 
of fish in the region you are visiting, their seasonal availability, and the best method! 
of catching them (see pp. 208-09 for how to make tackle and techniques to use in 
a survival situation). Many countries and/or states will require you to have a fishing 
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FISH 


license or permit, and some species of fish can only be caught at certain times of the 
year: Before fishing, you should also check with the locals that fish in the area are safe 
to eat—in some regions the waters ay be contaminated. See pp. 212-13 for how to 
prepare a fish for cooking. 


HOW TO FIND SIMILAR FISH EXTRA INFORMATION 
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‘SOME SPECIES OF INVERTEBRATE are in danger of extinction and are protected by law; 
‘the animals listed below are common in their areas of distribution, When preparing for your 


trip, 


's advisable to familiarize yourself with the edible invertebrate: 


the region you are 


visiting and the best way to catch them (see p. 219 for some techniques to use ina survival 
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INVERTEBRATES 


situation), Many countries and/or states will require you to have a hunting license or 
permit, and some species of shelfish can only be caught at certain times of the year. 
Also check with the locals that the shellfish are safe to eat—in some regions the waters 
may be contaminated. See pp. 224-25 for some preparation and cooking methods. 
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NATURAL DANGERS 


FOR INFORMATION ON LARGER dangerous animals, such as bears, big cats, and sharks, 
and venomous animals, such as snakes, see pp. 242-43. When planning your trip, it is 
advisable to familiarize yourself with the potentially harmful wildlife in the region you are 
visiting, the nature of the threat, and how to avoid it if possible. In the case of suspected 
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poisoning, call the emergency services immediately. For further information regarding 
treatment for bites and stings, see pp. 266-67. Ifa casualty becomes unconscious, open 
the airway and check breathing (see p. 276), Be ready to begin CPR—chest compressions 
and rescue breaths (see p. 277), use a plastic face mask or face shield, if you have one. 


DANGER ‘TREATMENT How To AVOID 
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IN THE CASE OF SUSPECTED POISONING from a spider bite or a scorpion sting, you 
must call the emergency ser vices immediately. For further information regarding treatment 
for bites and stings, see pp. 266-67, Ifa casualty becames unsconsciouss, open the airway 
ahd check breathing (see p. 276). Be reacly to begin CPR—chest compressions and rescue 


NAME WHERE IDENTIFICATION 
BEES, WASPS, AND = Hvailyafensvhats + Nanaw-vatedbade thn seb sy Bee say 
HORNETS vl ‘whleweqs ond a aes tnd Uo Yen So 
Ares Bs ave ree stg, aod or sng are sro 

4) mosquitoes + hevryoftenealhaits — Navowbod adi rer bo Ut en) ng. Fras 
Cae ima vale wind ely" tawsyenge omar parctgsht 

invarme ee 


BROWN RECLUSE/ — + Sotho mivestomsitosct + sa baum sp about n(1.25e kr with tnt rk, 


FIDDLEBACK. UA south othe Guta Ween vlnshaped maton heback of cepa Ce. 
Lascelles 

FUNNEL-WEB okt cox teed habeas Larges, pti (5 kn th gy arbre 
SPIDERS castarnandsoute Austola, Hak boss and short as. 


TARANTULAS “Dera isaaica |» erst ad 
Terntonat fadtopaleptn wate” capt non. boks ley recoeed ny hate 
eee trowel trow cel ein. 


WIDOW SPIDERS + Wiuritenpeate subtopic,» Sallis wth dk oy hades and dtc clam 
Lata andtoieal reaps werkvie, orate ering on te abr whieh ae shaped Uh 
ours se species 


‘SCORPIONS 


+ Deserts asi waodn, «Seed bas with ge awe epasand sting bearing 


Sirgen afoessin warm emprate, al, Yell boob ede, 3-8 (6-20 Ing. digs 
Sabi and ropa te pcs. 
reg wie 
T1eKs + Gras andwoodandatits » Rounded with mds vos Yel aed cr be 
adie wate, brown incl pot Clem ng utr ate eed, 


“Theyha sphere we alec Hewes 
ste skn ovamsaoed ana tote tebe 


INSECTS AND ARACHNIDS 


breaths (see p, 277). If you need to give rescue breaths and there is poison in the casualty’s 
mouth, or on his or her face, use a plastie face mask or face shield, if you have one. Before 
your tip itis advisable to familiarize yourself with the harmful insects and arachnids 
(Spiders, scorpions, and ticks) in the region you are visiting, and the nature of the threat. 
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+ Seaplane epi ad cane 
Sete thes lew seks ae aati 
fhe nam etn errs paras tr 

yA andy nung ke, 
tell, 


+ Hsvlingcecus tua de estas tir 
sla bte Gap 268 Apply an easel 
Carmo fest test, al he erpney 
ies montana et Ge 1.278) 
andl: nctin.ytoidniy he sep, 


+ Sinpins rosy nostra an ake 
“terri the dy Cesky ts ni 
flthnbetore puting them on and ch 
ya bsg stot Taare ha 
‘ier ranean wr ok 


Tica caso inaction de 
lye dase i Rhy Mut 
Safes of yme dasa deen a, 
ged" hn scat the isi 


fl remove nach ek wi tears 
apc col Gn. 27). a er 
the wound spans Getmcale 
‘ay develops seercheadih, tit 

eth a afer 


+ er isha tty wen cto 
st pty tl epelt, Chie crs 
an lig rts at ep er 


CBS - Coordinated Beam Switching 
CSS3 - Cascading Style Sheets 3 (CSS3) 

CDD - Cyclic Delay Diversity 

CDF - Cumulative Distribution Function 

CDMA - Code Division Multiple Access 

CL - Closed Loop 

CL-SM - Closed Loop Spatial Multiplexing 

CMAS - Commercial Mobile Alert System 

CMOS - Complementary Metal Oxide Semiconductor 
CoMP - Coordinated Multi Point 

‘MTC - Critical Machine Type Communications 
CP - Cyclic Prefix 

CPC - Continuous Packet Connectivity 

CPRI - Common Public Radio Interface 

CQI - Channel Quality Indicators 

C-RAN - Cloud Radio Access Network 

CRM - Customer Relationship Management 

CRS - Cell-specific Reference Signal 

CS - Convergence Sublayer 

CSFB - Circuit-Switched Fallback 

CTIA - Cellular Telephone Industries Association 
C-V2X - Cellular Vehicle-to-x 

D-AMPS - Digital Advanced Mobile Phone Service 
DAS - Distributed Antenna System 

DAS - Downlink EGPRS2-A Level Scheme 

dB - Decibel 

DBS - Downlink EGPRS2-B Level Scheme 
DC-HSPA - Dual Carrier HSPA 

DFT - Discrete Fourier Transform 

DL - Downlink 

DNS - Domain Name Service 

DPCCH - Dedicated Physical Control Channel 
DPS - Dynamic Point Selection 

DSL - Digital Subscriber Line 

DSMIPVé6 - Dual Stack Mobile IPv6 

DTM - Dual Transfer Mode 

DRX - Discontinuous Reception 

D-TxAA - Double Transmit Adaptive Array 
DVB-H - Digital Video Broadcasting Handheld 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 
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NATURAL DANGERS 


IN THE CASE OF SUSPECTED PLANT POISONING, you must call the emergency services 
immediately. Ifa casualty becomes unconscious, open the airway and check their breathing 
(Gee p, 276), Be ready to begin CPR—chest compressions and rescue breaths (see p. 277). 

If you need to give rescue breaths, use a plastic face mask or face shield, if you have one, to 
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POISONOUS PLANTS 


protect yourself from any poison on the casualty's mouth. When planning your trip, it is 
advisable to familiarize yourself with the poisonous plants in the region you are visiting. 
For further information regarding plant contact poisoning and ingestion poisoning, and 
their treatment in a survival situation, see pp. 268-69. 


| EFFECT | ‘TREATMENT | ADDITIONAL INFO. 

+ Redon thn, seelng and binwrigcl—« Wadiwatecedaayth spank « Neem otan ok (Tis, 
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celled anaphylacti shack (seep. 274), For natural remeda, se0. 268, ‘cause contact paisening (se p, 268). 
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RESOURCES 


‘SCOUTS AND SCOUTING 
Boy Scouts of America 

1525 West Walnut HLA 

PO. Bre 152079 Irving 

Teas TEMS 3079 

Phone: 972:580-2000 

c 72-5804 
wewseastingors 


Bey Seats of Ameria penaresyuro cle 
to ramets al moles other 
eres ining ee vaso 
the Seat Oath and Lv 


Git Scouts of the USA 
4c Fith Avenue 

New Yrk New York tcO1e-2758 

Phone: 860 GSUSA-4-U [800-478-7248] 
orzizss2s000 

sy waieseoution 

{Seats cre ofthe tpt rantzatens 
dadestlspetealyto git Iterecarges 
‘hamtodereop sis anya suchas 
lebleshn sci conscience ands noth that 
vil tard themin god sts nthe wider er 


National Scouting Museum 
ay Seauts of Amer, 
1329 West Walnut Hl Lane, Irn. 

Fear 75028 

Phone: 2003013047 and 972-580-2100 
email remuseun@netbsaorg 

ovr bsamuseum org 


Tsmsusattaetote e hey 
ITB Suc Aetesard ee 
Sharon ek gl aay 
Bnd acolectin hat Ycesthe scot 
ees 


WEATHER AND. 
ENVIRONMENTAL HAZARDS 
National Oceanic and Atmospheric 
‘administration (NOAA) 

‘MOL Corettutlon Avenue, NW, 

oom 6217 Washington, 0G 20250 
Phone: 202-482-6020, 

Fac 202-4202154 

rw nscawathooy 


“The NOK he several depatmants ch 
thelial Soyer Storm Labor (SELL 
tester Pedi Geer EPC), ae st 
te inal Weather Sree NS, an HE 
Nina Ceters fo Envrcestal Ped 
(NCEP). The SPC prove regula trey and 
senate stir forcant and yahoo 
‘zee thurestorr tomas ea ran 
ea som an fire net erent cet he 
enlncuslintat Sats 


National Weather Service 


wrwaceatheranvioriSeveraveather/ndee 
rns westerly a ate ease 
se beats he who cue a re 
ere and oon: acu The tl af 
‘ration ernst datas fr the use 
ui pvt. ant glial comments 


NOAA Weather Racio All Hazards 
we) 

evoathercovtne 

A natn reberkofadosttiens teste 
‘extranet mkt omtie 
rare atoal Wester Serie oie NWR 
Twotaess fil Wester Servos warnings, 
natok Evecare fon 
hous adayeuon dee wee 


National Intorageney Coordination 
Conter (NICO) 
enieapufieyineschim 

Tre Ne serves asa fea oh for 
earth the rllotal ablation of 
estes sich as hay anes hlooptar, 
‘pokgumpersaea command tear and 
Feats Automate Wetha Statin: (AWS) 
‘or iret re area ident tegen 
thelnted otter 


‘The Forest Fire Lookout 
‘Association (FFLA) 
2500 W. Versi rig Coaur Abn, 


7165-1714 and S00. RNTREE 
Email webicokautaimbrisnet 
vventreakoutang 

TheFFLA vestinner fone fr fre cout 
sts geundeabn. and eal Fret fre detecticn 
ths toerccuraye ube raps andcters 
invedovna frst relia: 


US. Goological Service 

‘Wester Dstibution Branch, 

PO ox 25286, Convo, Calrad A225 

Phone: 3022367477 

veyusasQ00 

This mut inary sens gaan 
ray sony gens 

Inert and tera ordeaed tothe 

‘tine rebar ard mart sty ofthe US 

lanicap and natural ees andar, 


DesertUISA 
wedsertusa.oom 


Thewebste a conpranie esa 
forfertArrean fers anc Seve 
etntion telus nforation ate ert 
Homes atthe ways plats nd anna ast 
Atom and ata mtnal and tt ais 


HEALTH AND MEDICAL 
‘cantors for Disease Control and 
Prevention 

1600 Cen Re tanta, Georgia 30333 
Phone: 800-232-4626 and BAB. 232-5948 
Emit odsnfa@edecey 

swarcdcapv 


Proms the ect oration ioe 
ard oc that vals and onus ed 
oprtet iret nc peti 
chest ing andthe preven ef dese, 
Inna ant deity 


US, Department of Heath and 
Human Services 


200 Independence Avenue, SiN, 
Warhinatpy, BG, 20201 

Phone: 202-619-0257 

Tol Fri -57 7636-6775 
vavntisopsasters/ideest 


Fer ikrmatonaid vixen el wt 
‘deer ae elated medal emerge: 


‘American Medical Association. 
ISN, Stata Stee, Chcagg tnnis 60610, 
Phone 800-621-2335 
viyiamaassniory/ama/oub 
cateocrw6206 rtm) 

‘Te AMA's Cet fr Publ Heah Fegan 
ard Dicer Response an vinta 
‘usta ace for ena the dear 
Hepes: an apes capable beth 
lian an tay priaers 


‘American Red Cross 
National Hexchuartars, 
Washinator 0¢-20006 
Phone: 60733-2767 
swung reer orgvicet 

The ois treme reponse cmaniation that 
vit cereals at ara 
nt mantra eregeres. I tbongsta 
‘ero ore hfs mitral 
fursntaraneare ant artnet tire 

of var and devs rar dsasterssich 
esata. 


Etact NW 


National Capital Poison Center 
3201 New Mito Ave, Sus 310, 
Washinoian 1, 20016 

Emerpeney Phone: 800 222 1222 
ywpleoncog 

fiat wt The acre Wate ves 
Madara the Pot Detar cnet 
‘a pewet posers sate ves. ad it hry 
frompescting 


‘SEARCH AND RESCUE 
National Association for Search & 
Rescue (NASAR) 

0 Eox-232020, cntevile 
rile 20120-2020. 

Phone: 703222677 

Tal Free: 87-203-c702 

Ema inix@nasararg 

or nearargynasar 

A rcforpeit asodatice dated 
‘he alvancenert of probsienal eras 
and serie lo igen Felis 


‘oscar and rescue throat te 
nts Ste rain! heat. 


National Institute for Urban Search & 
Reseue 

FO Box 91648, Santa Barbera, 

Calfrni 93190 

hore: 80767-0098 and €05-569-5066 
el 80578-0169 

Ema nusr@eacret 

woe 

A ont oan dese to fing 
wassofsaing ves by roraina dase 
"este and pn truth pubs anaes, 
‘elaboration rach an eng 


“Mountain Rescue Association 
wen mracrg 

Feaesents gh Shi and ace utain 
resuenre theugtra the anry o 
serkfr bea gover autores a 
‘io are dade tsa be trish 
‘su ae euntin safely dutton, 


International Association of Dive 
Reseuo Specialists 

201 North Link Lane, Fort Clin, 
Colorada 90529-2712 

Phone (il ee: €00-LADRS-S11 
Phone (intrnationsh1-970-462.1862 
Fax tntrnatonal): 970-482-0895 
weewladsorg 

An astdiaton of pb safety rs nd 
tes esc sane i fer te yo, 
aye easel nd ase reson in 
ISO states 5 Felon cures 


‘Assosiation of Alr Medical Services 
526 King Stn, Suite 415, 

Alerandrs, Virgina 22214 

Phone: 708.846-0732 

Fac 78-36-8920 

venwaimsors 

An iterator ct pot nant that 
repress proviso ar ansurtace rea 
ans sisters and aire to araure that 
eveyone ees to quay arreded and 
Creaoaresirert 


FEDERAL 
Environmental Protection 

‘Agony (EPA) 

EPA Heachuartrs, Avil Rs Buleing 
2200 Penesyvania Avenue, Nit, 
‘Wesingtn, D6 20460) 

EPA Hates Various phone nuenbers 

and wetates forassistanea 
vraveepacgenbipages/ 
emeremeroencyprearedness tml 

The EPA eos ngbrents ant sis 
esaatons fo shemcal and othe enemences 
newer ite ableta spond auc a 
Hcy octal ors and to heap he 
hui mat ska hazarisin tha cormanty, 


Federal Emergency Management 
‘Agency (FEMA) 

2006 Street Sw, Washington, 00, 20472 
Phone: 62O-S21-FEMA-3352 

OD. TTY users can dal L300-4627265 
‘aus the Feral Relay Sarvice, 
wewcema.goy 


FEMA sire toroduce he kof ieand oor 
ea yctect cy rom al bazar tn 
Taturaldstersacsaf tenon and ther 
‘owrade eaters 


U.S. Dopt of the Interior National 
Parks Pace 
1849 Street, NW Washtton, DC 20240 


Phone. 202-208-3100 


esounces | 307 


Enale webteam@lessoigoy 
vwvnolgowpsrkpasshiml 


‘Yau can yan aru pa rekvints 
rotieal pas rom the US Gegel Buney 
Stora thous the geen alias 
resveation web pital x wvmresestiongon 


CANADA 
‘National Search and Rescue 
Secretariat (NSS) 

400-775 Slater Sir Ottawa, 
CntariaIA.e2 

Phone: (hfe) -S00-727-9414 
Enaikinqury@nesccca 

wonwenssoa 

An eed oveent agen that 
‘codates thecerhant-rene requreneis 
ft ian, essai ples Vassar, 
parks and meteolniaserveas 


‘Search and Rescue Volunteer 
‘Associaton of Canada, 

‘2 Paracee Road, Parade, 
Newfoundland and arador AL 384 
Phane tl free: 1-866-9SARVAG 
866-972-7822 
Phone (ffco:700.268-8633 
Fac 709:348:1298 
Enalkinla@anecca 


A nat fret croatatn that roids 
4 tlionalsearchard-exueservce and 

lEcormtea to fata theochanof 
ineraticn been othe enue aves 


‘Meteorological Service of Canada 
swemecsmeares 
Prods Inrmtn and conde seach 


cnt cma veatay, nasser 
serosa ferent ies 


Environment Canada 
Tauiry Canter, 351 St coseph Boulevard 
Pace Viresnt Massey Sth Floor 

Gatineau, Quebec KIA OH 

Phone: 300-468-6767 

9 819-997-2800 

Foe 819-994-1412 

TTeE1es04-076 

nal envirinfo@ee. ona 

wamecorca 

‘oernner doar comted io reserve 
ard entacg the curry environ ants 
Pig weather fect. 


308 | cuossary 


GLOSSARY 


‘Acfrome 2 typeof shelter sig in hich 
the raf is suspend by a sinae sport 
running from the frat tothe back, resting 
‘on an "Ashaped fraewaré at either en 
Alt mass A lange uoiyof arn a weather 
system that has its own tamparatire 

and humidity 

‘Altitude sileness An ress brought on by 
low alr pressure at high altitudes 
‘Anmbatie winds Destin, psiove winds 
Araphylactie shock & araerous alert 
reaction broughtn by bie or sting 
Attack point Sv Storch 

‘Avalanche transcolver fecal teacon 
that can te activated taser eccuers by 
someone caught in an avalanche. 


Base layer The bottom lyer of clothing 
that sts uracly against thestn and Is 
esi to wie sweat away fam 

the by 

age rate Ths hort rats ar mesure 
ve the body ist rest. 

Beaufort scale vay of desriing wind 
speed on land and at sea, using @ scale 
Fram al to 12 churrcar) 
Belaying A rape tec que vse by 
climbing partrers to safeguard each other, 
Bivi pup tent bass one-man tot shat 
usesa bi bag 2s a covering, 

Blvi bag A large waterpract sack sutable 
for use asa asl shelter, smaller ani 
lighter thana tent. 

Blazes A general torn for markerson 
ata 

Bota A hunting deuce mats of 2 rope 
swith weighs atiaene desired tobe 
spun and thrown 

Boot skiing t2chn cue for descending 
snow-envered slopes without hs. 
Bethy bag Aarne waterproof tax that 
rowdes shelter from the win, rain or sun 
Bow-ané-til ot ne oF the oest 
rmettadsof creating a glowing ember (cal) 
for usa in ightirg 3 fir. 

Boxing an object Sex Defoe 
Breathable clothing Clathing that lows 
‘set nthe form of water vapour to be 


‘arietavay from the body but is 
waterproof frm the outsides kaeps 
quis train or sna) out 

Bungee A type af elasticat card, often 
vith nooks a ther en, 
Busheraftkrife A yorsatlla sural io 
se primarly for carvng,cuthg, and 
splting smal logs 

Button compass 8 sna, sinple compass 
ideal asa back-up compass 

Button tie method of attaching cortane 
to fark that has no toops or grommets 
‘soul in tht it voids ringing a len the 
{atric maintaining any waterproof uals 
of he fabric ad allows bath fabric and 
condage tobe reused sudsequenty for 
ther purposes, 


Cale Tal marker consisting ofa ple 
frocks of varying sizes, dasigret ta be 
visible in fog, 

{Canoe An opan-deck paola boat, fore 
of marepeople, ana equipment. 

‘Carabina A metal clin use for joining 
ropes or atactment. 

Carbon monoid 2 cobuross, osouress 
tasteless, but Haty tox aa, 
Cardiopuinorary resuscitation (CPR) 
Anamergency system of chest comeressions 
and rescue breaths designed to restarts 
«asuay's neat and ung 

Cerebral oedema Accuilstin ofesness 
water inthe brain trat causes reduced 
brain function and potential fatal swelina, 
Char loth Coton clot that has been 
combusted Inthe absence of ygen sel 
tor ignting res, 

Chimneying A cling tachriqus ese for 
climbing up the inside of arg rack cls, 
irrus A wispy cloud that forms high in the 
sy and is made framice crystals 

Cold shock A ivaluitary case ries 
followed ty typerentiltin, caused by 
sudden imersion i very cd water: In 
sama circumstances cod shock reponse 
‘can fad to the inhalation of wate 
sisorontatin, pan 
problems, ad at 


hypothermia, carciae 


‘Commando save als gata 
serrata wie ble with arnn at each end, 
‘Compacted snow trench A seks unto 
compectad snow the excavated stow can 
be cut Into blacks ard usad to form roo 
‘Compass baseplate pata in whch some 
compasses ae fied, containing ational 
rmarkirgs usd fer vertation and navigation. 
‘Compass scale $2)! markings ona 
compass baseplate that measure stances 
‘ona man ant hel in working out 
references 

‘Compass An instrument used for 
‘vention and navigate, using a 
rotating edie that indicatos the deeton 
cof magnet north 

Coniferous tree 4 needi>leave, cone 
bering, mostly everareen tee such as 
pine somes oF fi 

Continental air mass Ai hat has travke 
‘ver lnc and cares comparatively less 
rrojture than martina airmass. 

Contour nes Lineson 2p that show 
points of equal eight above sea lve, 

thus detating the charging heigit at 
rata features. 

Contour navigation Walking at constant 
Fright aroune a high natura ost, 
Contouring Se Conteur nwvigetion 
CContusion bruise, 

Cordage A ype of ight ope —an essential 
Doce of sural eaument 
‘COSPAS-SARSAT system ots 
system, made un of owl earth 
ctbiting ILEOSAR) ac geostationary 
cartvoriting (BEDSAR) stalites that 
Picks up signals fram distress beacons 
Cramp Painful muscle spasm, often a rasult 
‘of datydraton 

‘Crampons Spikes metal plates that attach 
te boos to provide arp on iy surfaces, 
‘Cumulonimbus & type cloud that starts 
low inthe sky andbulds upward 
rosuting short, heavy downpours or 
thundorstoxrs, 

Gumus biloving putty Claud Ena 
‘geeraly mal and develogs on bright, 
sunny days rating fine weather, 


Damper bread Yeast-fee read, sultable 
for making on acampfir, 

Deadfall trap in whieh a wiht als 
cnt the pray. Also a mass of fallan 

stead ter 

Defensive swimming & ye of sinning 
technique dasignad to heep the swimmer 
protected from onstacesin the water 
Degree 4 unite latitude o lngitud, 
‘qual ta Yaw af crc, 

Didiyeation A ow eel of water nthe 
bod very dangereus condition F nat 
reverse 

Deliborate off aiming off Dei 
aiming lft or right of known feature. 
Desalting kit An margercydesaination 
for turing saltwater ito restate 
Detouring Walking sound an obstacle as 
a method of cringing a paint inthe 
distance asa ree 

ew point The teicerature at wich 
water aour hed inte alr CoO to 
bosom guid 

Dew tran 4 method of callecting dew to 
form usable water 

Digoing stick A sturdy pie of wood with 
2 ponttad en. 

Dipping net Fting ret uss! or sang 
up fh trata too salt cath ona ine 
Dil and flywhoo ction bese 
method of starting a fire 

Drip ray A mathad of eolacting rainwater 
‘rionina down a tree usin cet, 

Drogue A sea anchor use to stables 
aves 

Dysentory A water-borne sase that 
causes sevare arrhosa, 


ty 


Eastings Verial gr ines on amg: they 
Increase in value the further east they ae 
Emergency Locator Tansniter (ELT) 
beacan that can senda dstess sional tan 
biting satlite to tit a resus; mostly 
faruse i aeraft 

Emergency plan of action (EPA) A 

document lat with leant authoritios 
thatontains vial deta about you and 
yourlntended route, should you need ta 

be rescue. 

Emergency Position-ndicating Rado 
‘Beacon (EPIRB) 3 ticon that can send 
distress sigraltoan ortitingsateliteto 
Intate arscue; actly used at sea 


Emergency rendezvous (ERV) & 
predetermined point at which all members 
‘a group shoule meetin the event of 
separation 

Exquator An iainary circle running around 
the Ears dlamater that s aquldstant fram 
‘hearth and South Palast al points. 
iQue for ign a 


Faggot A bundle of kincling 

Feather stiek 4 stick that has een 

feathered to use as kindling and fos, 

Fighter trench 4 typa of snow trench cg 

‘nto soft snowy, ally uses a tarpaulin for 

thereat, 

Finnish marshmallow 8 method ot 

‘netting chunks af lee over a fie then 

collecting te water in @ container 

Fire tin tin filled with waxed carats, 

used for lighting a campfire in fficut 

conaitions, or as a basic osoking device, 

Firebase A stable, nov-flammabls base 

suitable for bung a campfire on 

Firefighter's ft & metho: of moving 

= casualty by carrying them over your 

seule, 

Fire set sat of ecmaonents necessary 

ta generate a lowing ember that can start 

afr, 

Firesteol A retal bar which, when hit 

witha striker, produces a park for Hihting 

capt 

Flash burn See Snow biness 

Folin effect diy dowslone wind which 

‘occurs one laeside of muta or hil, 

Four-itool dive (@WD) 4 5ystom on 
Inwhch drive provid by al 

rather than just ty results 

‘in superior traction 

Frostbite 4 serous condition caused 

by excezsive exposure to extrem 

‘in wich bady tissues actually freeze, 

sometiies to the hone, Often starts with 

the extremities: 

Frostnip Tho froszing of tho top layar of 

sta, usually onthe fae and extremities, 

‘caused by expusure to extreme cold. Can 

develop ino frostbite if lft untreated 


fou wt 


Gaiters Protective fabris hat wraps 
‘aroun te ower eg an ane ta keep out 
ater and protect against sharp objects 
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(Gal net & sing net in the form ota mesh 
stretched zoras a strean, 

Global position system (GPS) &jsic- 
held uit hat uses eritng satelite to 
terme the ses positon accurately 
Gourd! Tiesel of halowad-cut, cried 

Fru fen user to cary water 

Gab bag A pre-repare tao of essential 
survival equipment suitable fer quely 
Picking up i an emergency at sea 

‘eawity iter neective eto of 
fitting and purifying water, nearporatad 
Intoa bot 

(Ged bearing A horizontal dection 

in eprees east or west of north 


(Grid magnetic ani (GMA) Tie 
lferenca between magneticnarth and 
‘ri north exoressd as an ale 

Grid north A nortery cretion that rans 
ral tovertcalgrities or a map Ciffrent 
from tue arth because a maps Nat 

aid veferenoe 4 metion of pinpointing 
the location of place or object ayer 
‘on amap, ving corcnates provided by @ 
ured arid system pint onthe a. 
‘Grommet 4 metavnged eyelet clothing, 
Groundsheet & vaterprcof set 

‘Gypsy well otha using 2 hoe the 
‘round to iter non-potable water. 


end jam 8 crackin rekfacesuitabio 
fer wading your whole handinto when 
celmbing. 

Handing A metos o navigating usr 
longline features onthe ardscape that 
run in the geraral dec 

such a rivers, rads or paths 
Hank al eal of eordage 

Heat exhaustion (heat stress) 
Dehydration that resulsn dzriness 

ard profuse sweating after 2 precursor 

of heatstrcke, 

Heatstroke 3|f-threatoning canton 
brought on by severe overt, 

HELP (Hoat Escape Lessening Posture) 
posture that eduses heats fromm the 
body when floating in water 

Hoxamine stove & stove tht uses 
examine slid fue stead of gas cr 

Nau fue 

Hot platform 4 etna of reli ee rer 
afr and ellecting ths liquid ina container. 


mn of your tas, 


310 | auossary 


Hyperthermia An abnormal ah boy 
‘temperature potentially fatal. 
Hyponatraemia An accumulation of cess 
water nthe boxy, aang toa dargerousy 
lew eonesration af so, 
Hypothermia 4 ie-ttreatening condition 
caused by exposure ta cold. Symptoms 
usualy appear the following order 
roll shivering (which may stp 
asthe body temperature layers irational 
routof character behasour;confusan, 
‘moos swings, and witharawat pale, cold 
sin; and sired speech andr stumbling 
\watehing ct for and countracting the 
‘ary symptoms may help prevent them 
droping ino a ful-lown potently 
‘ata contin, 
Hyponia Inadequate love's of aygen inthe 
bland or body tissues Patel fatal 


Igloo & shelter construct fem eut 
blocks ofsnow, 

Tene A comical usod to purify water 
Isobar contours Lines ona weather 

3 that connect points at which the 
barometric pressures te same 


Katahatie whids 0, ght downslope 
ans at form on ear rights 
yal closat-deck paca boat for one 
‘oF mare people 

Kindling Sina pieces f ful fora ra, 
ate to burning tinder, 

Koei large-laded ki fem Nepal 
used mainly for chopping 


Lane breeze  igittne wind that blows 
‘rom ana 10 sa 

Lanyard A small cra or ope used for 
securing or suspending an en. 

Latitude The angular stance north or 
south ofthe Equate,n egress along 

a meridian 

Layering Visaring several git layers oF 
othes rater tha jst ane or wo tek 
‘nas Layars can be ad or taken off to 
mmaintana consistent body temperature 
Lean-to A shlterwith a sloping rat that 
leans aginst atorizotal riinepole 
Leeside The side that is seltered fram 
the wird 

Lensatic compass yp of campassused 
for precise navigational work, 


Longitude The angular sistance east or 
‘west anrass the Earth betwean ane 
merc and the rime meridan at 
Greenwich, England 


Machete &\2196-bladed knife sd manly 
for chopping, appreximatly 45-50em 
(as-201n ong 

Magnetic north The ivetion indicate by 
3 maanetic compass, 

Magnetic variation Th iterance 
between magnetic north and oid north 
Manteling & tecivigue wed for ching 
‘overhanging reck 

Maritimealr mass Si thathastrecioo 
ie the se, typically containing motstue 
Mayday The iternatonaly recogrized 
‘iste signal for agrae ameroency. 
Matchless fre set Silat that nludes 
everything you need to start ie ~ tinder, 
fuel, and spark device, 

"Matting sack A mprovis sack tat can 
hold snow ariee and ie poutiored cise to 
2 fre to provide water 

Meridian An imaginary aon te Earth's 
surface from the North tothe Sauth Pole 
connecting al ocatlos running along 
Mighlayer An sulatig Eyer of eothing 
that sits betwen the bese layer and the 
cute ayer 

Motor impairment A ination loss 
‘musels santo or verent. 


Nolsmith’s Rule method of eakulating 
‘hetineit wil take toarrveata 
estnation, taking into arccunt stance 
and topon-apy 

Natural hollow A p2tual ip inthe grou 
‘nat cabo uote a6 an emergency shelter 
New World Nor Eurasian arc en-Aean 
regionscf the werld ~ specifeally the 
‘Ametcas and Austral, 
Nogoin pace of wend used ta help 
supporta structure, reducing theamcunt 
of corde required 

Non-potable water Wer thst snot 
suitable fer drinking, 
NorthingsTishoriortl grid nes ons map 
Tneraase in value the further north they ae 


ceded Front point. which tw ar 
‘masses meet ira weather syste, 
(le World Eure, Asia, nel Africa 


Outer layer Outer cla Weal it 
should keep out ain but let eat (at 
water verour esa, 


Pace counting metos of tenining 
stance inalvas krowing aw mary 
pods you take to enver a sat distance 
Pack animal anil such as.2 mule or 
horse used for carrying hea load. 
PParacord A useful tye of corde 
‘originally cevelopad as rigaing nes for 
parachutes Usualy comprises an outer 
haath over an ner saction of yam, 
rang ange blicat aie rom Maly 
se any for ogg 

Pathogen mzro-rnanis, especially 
bacteria or fungi, that causesdtsease 
Permafrost Perransit frsen sal, 
Personal Locator Beacon (PLB) 
bacon tht cn Vans acstess signal 
ta anortiting satelite to intiate a rescue 
Poneto & multhpurcase waterproof outer 
‘garment made trem ave seta fab; aco 
seul or bulelng a ask shelter or be 
st-olng & :cchnigue fr walking in 
deep stow without snow shes. 

Potable water Vat sultabe Yar dining 
Potassium permanganate & chem 
usa for a varity of task, fem ighing 
‘resto prying wate 

Precipitation Wisture na cloud that may 
fall asain, sta, oF hal, 

Prismatic compass Se: Lense compass. 
Protractor A csi fr measuring anal 
Pychogenic shock 2 very hi ve of 
paythokgical and enctional stress brought 
‘on bya suon caster situation 

ull A simple plat std used for carrying 
‘equipment over snow. 

Pulmonary oedema Swelig en Mid 
‘accumulation n the lings tat causes 
potential fatal breathing problems 
Pygmy ut dora hut mae from 2 
circle of bent saplings orimber poles and 
thatched with satura materials 

Pygmy roll thos of ain fires 
togetner ta make cordage 


hicksand & bod of loose, wet sand that 
yells easly t pressure and can engulf 
anything ons surface, 

Quinzhee A uasic dome-shaped stow 
covered aright shee: 


Ranger flit and ste! oof it 
sshich when ht witha striker, produces 
spark for ting camps 

Recovery position Tie postion an 
luensciaus person shoul be placa into 
minize further injury ara ep recovery, 
Reflector sevice for drecting heat fom 
campfire towards ster, 
Reverse-osmosis pump 4 survival purip 
system that turns saltwater nto freshwater: 
Ridgopote log horizortal poe that 
Fons the apex of root 

Romer measure Soe Composs sl 


Salting it mast. 
Serambling linking without ope 
Serape A typeof basic ster ult ns 
rata holow o depression in he grou 
Sea breeze A cayime wi tha blows 
from ska tole 

Secorary drowning Piety ital 
boil anos at an take pcs inte 
lungs afta pots nary drowns, cau 
‘bythe oy respons tontaing water 
Shock A ife-tweatering soniton tat 
secu the east system fas fen 
‘gos by sree lee, ur 

sudo ele 

Showstopper alrein pining tat 
could case dlaysta or sto a ipsr 
seeatin 

Sling mieror fy 26.2203 compare 
cm alien cons use fring in 
cvientation and navigation 

Sigal Fire Are specticaly designe to 
proce ats of sek to atract attention. 
Sle flare facelddtess Tr that 
aes of range smote cayigt ar. 
night tantat aight 

Signal mitrr i sink svt dees 
that worsbyrfetngsunight 

Siva compass 4 ype of se comgass 
afl for hiking, 

Sip well & method of xtacthg watar 
trapped ude ack ty sandy grou 
Skidoo A motor vil uss for 
traveling over sow an ce 

Slingshot hurting 2200 that res 
sil stones and s made roma ¥staped 
stick with an east stp stitched 
boon the prongs 

Share 6 wie nos sil tor rapping 
aria 


‘Snowe blindness Eye damae cause by 
Utavilt ight reflected off snow cr wate 
Show cave Ar efectvecaveke shelter 
ug nto compacted snow an the leside 
fat 

Snowshoes Wcle-salad strap-on shoes 
lesan ta step yu sinking Int so. 
Soak A water sour fourt Hose to vers 
and eeeks in areas thatae usually lawer 
lying than the existing water table 

Solar still rethed of extracting dking 
water from ary soure of moisture by & 
proces of evaporation and condensation, 
‘Space blanket 2 lati blanket coven 
aluminum fal hat canbe usted asa shetor 
tora yaectve galing dees to cary, 
store and neat vat ata cookin, 
Standoff & tchnique for navigating to 
pot hat may be era toloxae, ty arnt 
froma near prominent feature, 
Standing deadwood Vice from a tee 
‘at has ded tut stl standing. 
Hazardous, as branches or te woe trea 
may fall tu makes exelent frewooe. 
Stradlin % climbing techrique ses for 
ascending wit chimneys 

Stratus Dense. rey cloud that formsa 
sheet Ran ean fl forlona periods af time 
IF te cloud has dept 

Strobe light An offsctiesignaling doves 
In reform ofa rapidly ashing LED ht. 
Survival blanket Se Sooce honict 
Survival kit Essential tam for survival 
cared on your parse. 

Survival straw 8 compact emersency 
water purifier 

Survival suit waterproof, buoyant suit 
‘signed fr survial im open wat. 
Survival tn east compact 
‘tamer caret on te person that 
‘xkessas asic survival need prctaction, 
locaton water. an fea, 


Tiga  supiar region characterized by 
‘enflerus forest 

Tarp Shortened farm of tarpaulir, 2 typo 
of sturdy watorprat shoot 

Temperate climate & eliiatewthout 
extremes of temperature or rafal 
Tetons 4 gatntlly lethal nection 
caused by bacteria that Ive Dl 
‘Throwing star 0 rprvse! our pointed 
hunting weapon usd for throwing at ray 
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Tinder & dry, ght, combustible material 
that othe fst tuel wad wen hing fra 
‘Topographic map yao thst sows the 
rain features on a landscape, an elevation 
vise a contcur nes, 

‘Tanspiation bag Arto oF waporaty, 
candessing and siphoning of watar fram 
foliage using a pst bag and suright 
‘Tangulation etic of deterinns your 
lectin by taking bears wth a compass 
from recognizable landscape featur 
“rue noth Te drztion af a meridian of 
longitude tht eorvrges on the North Pale 
‘Tundra A polar regan eharactariad by 
Derrafrost anu stunted vegetation, 


Universal Eciblity Test (VET) tt that 
checks whethar plants safe to eat va a 

rmototical pro2es of testing small amounts 
‘on Us the oa ae inte toch 
LUV active purification Puriyng water vis 
a bettery-cperatad ultraviolet (UV) uri. 
LUV passive purification Purvis water by 
Feaving file tes n strong et sunight. 
“Tha UW rays eventually Kl most pathogens 


Vegetation bag Se= Tonspiation bap 
‘VHF ratio Very high Frequency radin 
trarsmitir; sualy used at sea 


Water balance Tieciference betwen 
wator lost from the boty trough swoat 
and tha water talon in through drinking 
Water purifier dice that ites art 
ures water ty pumping it through mer 
filters, chemicals, ora combination of bath 
Woathor chart map of maior wear 
stuns ad ther preted dren of tava 
Wiking material material that moves 
rmoktureaway from your bey to evaporate, 
‘Wieleup 4 sl ut made from straight 
oes lashed! together atthe ton with an 
interwoven famewerkcovered with animal 
ites or grass. 

‘ital broom A ce stick stud with 
thin dry barksultabie fr ighting fe, 
Wathies Te strong, Nee stems of 
plants, such a5 ilo, ich, ah, and haze, 


Zig-rag route Method oFcinbingasteep 
ope sing a 29-2ag path to reduce the 
cffort required io achieve the climb. so 
cffective whan walking down step slopes. 
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E-DCH - Enhanced Dedicated Channel 
EBCMCS - Enhanced Broadcast Multicast Services 

EC-GSM - Extended Coverage GSM 

eCoMP - enhanced CoP 

EDGE - Enhanced Data Rates for GSM Evolution 

EFTA - Enhanced Flexible Timeslot Assignment 

EGPRS - Enhanced General Packet Radio Service 

elCIC - Enhanced Inter-Cell Interference Coordination 
eMBMS - Enhanced Multimedia Broadcast Multicast Services 
eNodeB - Evolved Node B 

EAP - Extensible Authentication Protocol 

eLAA - Enhanced Licensed-Assisted Access 

eNB - Evolved Node B 

EPC - Evolved Packet Core 

EPDCCH - Enhanced Physical Downlink Control Channel 
eMBB - Enhanced Mobile Broadband 

ePDG - Enhanced Packet Data Gateway 

EPS - Evolved Packet System 

ERP - Enterprise Resource Planning 

eSaMOG - Enhanced S2a-based Mobility over GTP 

ESC - Environmental Sensing Capability 

eSRVCC - Enhanced Single-Radio Voice Calll Continuity 

ETRI - Electronic and Telecommunications Research Institute 
ETS! - European Telecommunications Standards Institute 
E-UTRAN - Enhanced UMTS Terrestrial Radio Access Network 
EVS - Enhanced Voice Services (codec) 

FE-FACH - Further Enhanced Forward Access Channel 
EV-DO Evolution, Data Optimized 

EV-DV - Evolution, Data Voice 

EVRC - Enhanced Variable Rate Codec 

FBMC - Filter-Bank Multi-Carrier 

FCC - Federal Communications Commission 

FDD - Frequency Division Duplex 

FeCoMP - Further Enhanced Coordinated Multi Point 

felCIC - Further enhanced ICIC 

FirstNet - First Responder Network Authority 


Flash OFDM - Fast Low-Latency Access with Seamless Handoff OFDM 


FLO - Forward-Link Only 
FMC - Fixed Mobile Convergence 
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VENTURING-BSA 


Thank you for your purchase of The Survival Handlbook: Essential Siaiis for Outdoor 
Adventure, an offickaly licensed product of the Boy Scouts of America. For more that 
ten years, the Boy Scouts of America Venturing program has been at the foretront of 
educating and preparing young mien and women ages 14 through 20 to enjoy the 
atdoors in a responsible and safe manner. 


In fac, every Venturer subscribes to a standard philosophy regarding the autdocrs, the 
Outdoor Code, 


OUTDOOR CODE 
Asan American, I will do my best to... 
1 Be clea in my outdoor manners, I wll eat the oiteoors as. heritage wil take care of 


itor myselFard others Twill keep my trash and garbagecut of lakes. streams fields, woods 
and roadways, 


= Be careful with Fire. will build my fies only where they ate appropriate When] have 
finished using a fire, will make sure itis ood out. T wil eave a clean fire ring, or rernove ll 
evidence of my fre 


'= Be considerate in the outdoor’. I will treat public and private proverty with reapect. I will 
use low-impact methods of hiking andl carmpings 


'= Be conservation-minded | wl earn how ts practice good conservation of sail water, 
forests minerals grassland, wilde, and eneray. 1 will uraeothers todo the same 


This code and those who follow it represent the highest ideals reuarding the cutdloors 
and the conduct necessary to not only survive, but to enjoy its full splendor, 


For morenformaton an erring an the encting llersip tal ogra offer lease see 
‘wewscoutingorgenturing 


se BOY SCOUTS OF AMERICA 


By Son Anes ete Ena ucPae ska reentry osck 
‘eat Unis tr core Prd oar Boy esc Aaa 
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FP7 - Seventh Framework Programme 
FTP - File Transfer Protocol 

GAA - General Authorized Access 

GAN - Generic Access Network 

GB - Gigabyte 

Gbps - Gigabits Per Second 

GBR - Guaranteed Bit Rate 

GByte - Gigabyte 

GCS - Group Communication Service 

GERAN - GSM EDGE Radio Access Network 

GFDM - Generalized Frequency Division Multiplexing 
GGSN - Gateway GPRS Support Node 

GHz — Gigahertz 

GMSK - Gaussian Minimum Shift Keying 

NB - NR NodeB 

GPRS - General Packet Radio Service 

G-Rake - Gener: 
GSM - Global System for Mobile Communications 

GSMA - GSM Association 

HARQ - Hybrid Automatic Repeat Request 

HD - High Definition 

HetNet - heterogeneous network 

HLR - Home Location Register 

Hr - Hour 

HSDPA - High Speed Downlink Packet Access 

HS-FACH - High Speed Forward Access Channel 

HS-PDSCH - High Speed Physical Downlink Shared Channels 
HS-RACH - High Speed Reverse Access Channel 

HSPA - High Speed Packet Access (HSDPA with HSUPA) 
HSPA+ - HSPA Evolution 

HSS - Home Subscriber Server 

HSUPA - High Speed Uplink Packet Access 

Hz - Hertz 

ICIC - Inter-Cell Interference Coordination 


.d Rake Receiver 


ICN - Information-Centric Networking 
ICS - IMS Centralized Services 

ICT - Information and Communication Technologies 
IEEE - Institute of Electrical and Electronic Engineers 
IETF - Internet Engineering Taskforce 
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Explanation ofthe abbreviations used in the book 


= color 
= streak 

= luster 

= diaphaneity 
= density 

~ hardness 
cleavage 

= fracture 

> orpholony 
= remark 

= crystal 

= crystals 


xerEes e 
4x7 Ex" OQEgOreO 


In the figure coptions, the bigger dimension is 
always mentioned 


Seale ofthe frequency ofthe occurence 


© = very rare 
* abundant 


{© 1999 Rcbo International by, Lisse. the Netherlands 
{© 2001 Grange Books PLC, United Kingdom 


‘Tox: Petr Korbel, Milan Novak 
Fotografie: Fotobanka Granit (100), Ptr Korbel (220). 
‘Geza Kolesar (16), Jofry A. Seovi (351), Sandor Sakall (54) 
Production and layout: Granit Lid, Praha 

ISBN 1 84015 4046 

Al rights reserved 


‘Copying ofthe entre book as well as ofits parts in any way is forbidden 
bylaw without prior written consent of the publisher. 


Contents 


Introduction 
Elements 

Sulphides 

Halides 

Oxides 

Carbonates 

Borates 

Sulfates 

Phosphates 

Silicates 

Organic compounds 
Rocks, meteorites and tektites 
Recommended literature 


Index 


3 
131 
137 
155 
193 
281 
285 
291 
293 


Introduction 


‘The ever neeasng numberof publications about 
fincoak fcdeste & yowitg, icra on sana 
Mostof those publications though ony deal witha 
few dozen of the most common minrals. of 
mstones, This book lis the gp by. also 
{Grurng ess common and rare mcm. The 
authors dtsenbe over 600° mineral species and 
farts, ilustated. with aboat 250 color 
otographs. choosing ilstatons of partlar 
Inca aesthetic enoria Sacha size OF crystal 
and color played role in adéiton to choi 
importance ard disribtion i nature. This book 
includes some rare mineral, known ony onvone 
inal Gece thy form very mace srytals 
or aggrsgates. Thore are minerals known 10 
Hamann since prehisre mes sch ak guste 
and gold bt also minerals fit seseribd quite 
‘eouly ike ossmante, The photographs Show 
Sellformed and colorful crystals Bat many 
$enregates, which are more common in nature ate 
Ro ielded. Tne minerals nthe ook ae tod 
fccordng tothe mineralogical sytcm of Hugo 
Sturt his book Minealgisce Table n 
ITE The. chemical formslac of individual 
sical follow the frm of Glossy of Mineral 
ier 1995 by M. Flescherand LA Mandar. 
he information is complemented in elh cass 
Sth the lates” knowledge’ fom scenic 
Tteratre, such as new nomenclature of 
amphiboles, micas and oles, 
{The mineral deserions cover the basi physical 
and chemical dt including chenaeal formula 
and crystal system The data brovied coresond 
tainly tothe end-members The iss common 
Salen of the chemical cements marked ie 
Shemical formula (Fe'« MiP AS, Nn", Pb). 
‘Whore an element furs In Gt ances nthe 
mira they are both marked (eget, 
runt) 
‘he engin of individual minrals i dessribd in 
detail We chose fora ately simplified seme 
fecane ihe wotwal complonty comet be 
desenbed herein’ detail” Minerals can_be 
distinguished as ether pamary (esting dieciy 
from a solving of magma, eryaalliing of an 


aqucous solution or metamorphism —— re 
erysalizaion in a solid state) and. sevondary 
(resulting from alteration of the original mineral. 


fg during 1s oxidation or redetion under fw 
temperature and presse close tothe surface of 
the Earth) Primary minerals are divided into 
folowing groups: 1. magmatic, when a mineral 
crystallizes directly fom a rll (it includes 
Imogmatic and eflsine lencous rook. inclu 

franiic and alkaline syente pepmates and 


Marcie, 109 mm, Ssburg. German 
+ 


Reece etna 
rocks and skarns); 4, hydrothermal, when minerals 
Eo eit 
Se tecacaect ane 
Sotto an instore which loaned minerals 


1. Elements 


Copper 
ca 


cuaic seen 


Properties: C~ light pink to coppers it darkens and 
‘overs green to Black in air; S~ red; L ~ metal 
‘opaque; DE~ 8.9; H-2.5—3;CL—none; Fhacly: 
M ~ cubic crystals and its combinations. dendritic 
aggreates, sheets, slabs, massive 

(Origin and occurrence: Primary hydrothermal copper 
is mainly roared 10 basic igncous rocks; it is also 
common as a product of supergene cementation. Its 
sociated with cuprite. malachite, azure sive, 
ctalocte, bite and oer minerals. The largest 2¢- 
‘mations of primary copper ae in the Keweenaw 
Poninsulr Lake Super, USA, the largest Being 15 x 
7x3 approx, 0% 23 x 1OR)and weighing $20 tons. 
Fine enstals up 1 50 mmjapprox. Zin) also occur 
there. a5 do alte erstalwith copper inclusions. Su- 
perb supergene coppercrystals come from many 
locates lke Tsumeb, Namibia and Chessy. France 
Cys up to 140ram (54 in) long occurred in the 
Ray mine and in Bisbee, Arizona. USA. Very fine 
Spine-law twins upto 5 em in size and dendrite ag- 
_regtes come from Mednorudnyansk, Ural moun- 
tas, Rusia; ersials up 1030 mm (ain) were found 


‘Sher, 532 nm, Feber, German 
Copper: 120 mm. Kewveran Pinal. USA. 


Copper. 42 nm, Cortwal, UK 


in Deheskazgan, Kazakhstan. Fine specimens of cop- 
et. associated with cuprite, azure and malachite oc- 
tured in Rudabanya, Hungary. Application: elctro- 
nics, electrical engineering, ingredient in god alloys. 


Silver 
as 


cusic eee 


Properties: C~ silve-white, tarnishes gray to Black: S 
silver-whits: metalic; D~ opague: DE ~ 10.5: 
= 25-3: CL — none: F hackly: M cubic ental, 
enditcaporegates, wires. eaves, massive 
Origin and occurence: Hyérotermal in ore veins end 
also of secondary cementation angi in association 
with acanthite, stephanite. provstive, pyrargytite 
‘copper an many other minerals. Thebes specimens of 
trysalzed and wie silver come fom Kongsbor. 
Norway. where wires up to 400mm (16 in) long and 
rptal upto 0 mm iin) in size have been found. 


‘iver 55 may, Schvarend. Germany 


‘Bent specimens of witesver with wires over 100 
‘mm (4 in) long are know from Freiberg. Schneeberg 
and Si. Andeeasberg, Germany. Wites several em long 
‘were also found in Pribram and Jachymox, Czech 
Republic. Dendritic. aggregates. from Batoplas, 
‘Chihuahua. Mexico. reached up to 150 mm (6 in, 
Crystals and apgregates of silver, arown together with 
‘copper ae genetically unique in the basalt cavities in 
the Keweenaw Peninsula near Lake Superior 
Michigan. USA. Wires, up to 100 mm (4 in) long. 
‘come also from the San Genaro Mine in Hluancaelica 
and Uchucchaqua, Peru. New finds of ser wires, up 
to 150 mm (6 in) long. hve been made’ in 
Dehezkazgan, Kavakhstan 

Application: photographic industry, jewelry, elec- 


oli 48mm. Dorado California. USA 


Gold 
a 


cusic ee 
Properties: C= goli-yellow:S- yellow: L meal: 
De opoque: DE ~ 1955: 11 ~ 2.53: CL — noe: F~ 
hocks M~ octahedral and cube erysal shell 
and dente apgegaes, leaves, mugges 

Ongn and occurence: Primary hytothemal in oe 
veins also. in-conact_metamoephie depos and 
Fegratics Placer depose are secondary It occurs 
‘ihpyleasenopyins quar syvanitecalaer 
Treonerte and her minerals, aut leaves and 
rst of od found in many ale in Calm 
USA Colorado Quartz mine, Nigger Hill and oh) 
Fe lea gold comes fram Rosia Montana. Romani. 
‘The best crystals shea octahedra, up 0 50 mm (2 
in) hve been found in alluvial serpents near Gran 
‘tba, Rosina ShisldVencrel. Gold wires up a 
110m (win) long were very rare in Ground Hog 
mine Cima, Colordo. USA. The largest known 
Shes of enytalized gold occured inte Jameson 
tine California, USA, wheres cavity. which yielded 
49 ig (108 To of goien leaves, was discovered on 
326121092, The lamest measures about 300" mm 
(iP% in) and has abou 25°79 bg (6 13 02) of 


Gol. mm. Eagle's Nest Mine California. US 


‘gold on it. Typical aggreyaes of fine gold wires come 
from Faracomb Hill near Breckenridge, Colorado, 
USA. Fine erjstals were also found in Berezovsk 
Ural mountains and inthe Lena River basin, Siberia, 
Russia, Fine scales and larger nuggcts from placer 
‘posits were found in Klondike, Alaska: Tuolumne 
‘County, California, USA and in Ballarat, Vie 
“Australia, Fine dendritic aggregates occurred in the 
Hope's Nose, Devon. UK. A unique Find of leaves up 
1 100 mm (4 in) was made in Krepce ncarVodnany, 
Casch Republic. 

Applicaton: practically the only source of gold as 8 
‘neta: used in jewelry electronies and medicine. 


Mercury 
Hs 


TRIGONAL © 


lin white; L~ metallic v0 adamantines 
‘opaque: DE ~ 13.6; M ~ liquid at temperatures 
above “39°C (38.2°F), R very poisonous fumes. 

Origin and occurrence: Hydrothermal in low 
temperature ore deposits. also connected with hot 
springs. Its associated with cinnabar, calomel and 
other Hg minerals, It occurred in Almaden, Spain: 


IFFT - Inverse Fast Fourier Transform 
IFOM - IP Flow and Seamless Offload 

IM - Instant Messaging 

IMS - IP Multimedia Subsystem 

IMT - International Mobile Telecommunications 

IMT-Advanced - International Mobile Telecommunications-Advanced 
IRC - Interference Rejection Combining 

loT - Internet of Things 

IPR - Intellectual Property Rights 

IP - Internet Protocol 

IPTV - Internet Protocol Television 

IR - Incremental Redundancy 

ISD - Inter-site Di 

ISI - Intersymbol Interference 
ISP - Internet Service Provider 


ance 


ITU - International Telecommunication Union 
JCP - Java Community Process 

JR - Joint Reception 

JT - Joint Transmission 

Kbps - Kilobits Per Second 

kHz — Kilohertz 

km - Kilometer 


LAA - License-Assisted Access 
LBT - Listen-Before-Talk 

LDPC - Low-Density Parity Code 

LIPA - Local IP Access 

LMDS - Local Multipoint Distribution Service 

LPWA - Low-Power Wide-Area 

LTE - Long Term Evolution 

LTE-A - LTE-Advanced 

LTE-TDD - LTE Time Division Duplex 

LTE-U - LTE-Unlicensed 

LSTI - LTE/SAE Trial Initiative 

LWA - LTE Wi-Fi Aggregation 

LWIP - LTE WLAN Radio Level Integration with IPsec Tunnel 
M2M - Machine-to-machine 

MAC - Medium-Access Control 

MAPCON - Multi-Access PDN Connectivity 

MB - Megabyte 
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Mercury, 30 a. Scrtes Mine Calforia, USA 


luria and Avala, Serbia: New Almaden and New tai 
California, Terlingua. Texas. USA: Dedova hora. 
Cacch Republic and Rudnany, Slovakia as droplets 
and liquid cavity filings. 

Application: chemical indusry. measuring inst. 
‘es, metallurgy. 


Moschellandsbergite 
Ag Mex 
cusic oe 


Properties: C ~ silveronhite; § ~ siveriite: L ~ 
‘metalic: D~ opaque: DE ~ 13.5: H~ 3.5; CL ~ goods 
= conchoidal: M ~ dodecahiedral crystals and theit 
‘combinations, granular. massive 

Origin and occurrence: Hyérothermal in low~ 
emperature deposits. associated with cinnabar, 
tetranedite, pyrite and other minerals, Crystals, 
several mnt Tong. were found in Moschellandsbers. 


Moschelundsergie. ma gran Mescelandsos, 


Germany. They are also known fiom Sala, Sweden; 
Les Chalanches, France and Brezina, C2cch Republic 


Lead 
cy 


cusic ee 
Properties: C~gray-whit, tarnishes lead-gray and 
‘et dull S—lead-gray: L~ metalic; D~ opaque: DE 
S13: 1-15; CL~ none; M~ octahedral and cbc 
costal, massive. 

Origin and occurrence: Hydrothermal, also sedi- 
‘mentary (authigenic), associated with willemite and 
‘other minora. The best spacimens with crystals up to 
40 mm (I in) in size, come. from LDngban, 
crystallized alo from Pajsbere. Sweden. Otaheda, up 
{o 10 mm (in), are descebed from El Dorado, Gran 
Sabana, Venezuela, Wako occurs in Franklin, New 
Jersey, USA and Japa, Zacatecas, Mexico, 


Iron 
Fe 
cusic oe 
Properties: C ~ stel-gray to black: S ~ gray. L = 
metalic; D ~ opaque: DE~ 79; H ~ 4; CL perfect; 
FF hackly; M~ crystals, granulay, massive. 

Origin and oceurronce: Terrestneion occurs mainly 
in basic rocks, but itis also known from carbonate 
Sediments and the pevified wood. The most frmous 
locality is Blaffeld near Uivfag on Disko Island, 
Greenland, where masses upto 20 tons were found, 


Lea $3 am Langhan, Swede 


‘ron, 0 ma. Bibl. Germany 


Chunks, weighing over 10 kg (22 Ib) come from Bahl 
rear Kastel, Germany. Impregnations of ian in 
olrte our inthe Khuntukun massiand masses up 
to 80 kg (176 Tb) are known from Ozernaya Mt 
Seria, Russia, 


Platinum 


cusic ee 


Properties: C steel gray to dark gray S—steegray 10 
‘svervhite: L— metallic: D~ opaque: DE ~ 21.5: 1 
445, CL — none; F — hacky: M ~ eubie crystals, 
‘mgges, grains and scales, 


Phan, ie Kendo, Resia 


Origin and occurrence: Platinum occurs in magmatic 
sepregations, together with chromite, olivine and 
‘magnetite in ulrabasic rocks; secondary in plaers 
‘The best erytals up to 13 mm ("hv in) come from 
KKonder in Khabsrovsk Region, small erysials, at 
mainly nuggets. weighing up t0 11.5 kg (25 fb 5 oz) 
found in the Tura River basin car Turinsk, Ural 
‘Mountains. Primary platinum is known from deposits 
in the Micinty of Nighniy Tagil, Ural Mountains, 
Russia; frm the Onverwacht mine, Bushveld, South 
‘Aiea ‘and Sudbury, Ontario, Canada. Fine smaller 
‘nuggets, weighing up 1 75 g (165 Tb) were found in 
the Trinity River sedimens in California, USA and 
the Chaco River sediments in Columbia, 

Application: chemical industry, catalytic convertors, 
rocket industy 


Arseic 48mm Alden Island Canada 


Antimony, 37mm New Brusick Cana 


Arsenic Stibarsen 

ae ‘Soas 

TRIGONAL eee TRIGONAL eee 

Properties: C\inswhite tarnishes quickly ta black; Properties: C~ innite to gray, tarnishes blacks S| 


SB tinewhite: L~ metalic: D — opaque: DE ~5.8; H 

5; CL — perfet: F — uneven: M ~ rhombohedral 
nyt Botyoidal agerogats, granular, massive 
Origin and” occurrence: Mainly hydrothermal, 
together with other As minerals. 1 forms massive 
‘eins upto 200 mm (7% in) thick, with botryoidal 
‘Surface in Jachymos, Czech Republi and in Frsbor, 
Germany. In Akatani, Japan. spherical aggrepsis 
consisting of small crystals were found. tis also 
known from Sacarimb, Romania. Boxryoidal 
aggregates of arsenic with Ieaf gold were found in the 
Royal Oak mine, Coromandel, New Zealand. Crystals 
‘of metamorphic origin come from Stering Hil. New 
Jersey, USA. 


‘Sibarsen_ 38 mm Alin, Cana 


‘ray; L- metalic, sometimes dull; D - opaque: DE 
(63; I~ 3-4: CL — perfec: M = indistineterystal, 
botryoidal agaregates. 

(Origin ancl accurrence: In peymattes with avinony, 
stibiotanalite and mierofite: hydrothermal. in- ore 
eins withpyrargyite. proustte. pyrosipite and 
yscrasite. Beauifal botryoidalagerezates of 
stibasen (previously labeled as allemontit), up 10 
100 ram (apprax. 4 in) in size. come from Pribram 
and Trebsko, Czech Republic. Botryoidsl ageregates 
‘up t0 80 mm (3 in) and imperfect ysis were 
Found in quartz veins in Ain, British Columbia, 
‘Canada, Fine specimens occured in a Lebearing 
‘egmate near Varurask, Sweden, 


Antimony 
0 

TRIGONAL #8 

Properties: C~ nowt §— gray: L metal; D 


‘opaque; DE — 67: H 3:38; CL ~ perfects F 
tuncven: M_— thombohedeal crystals, botryoidal 
‘aggregates, massive. 

(Origin and occurrence: Hydrothermal in ore veins 
with silver, sibaite, sbarsen, sphalrite and other 
minerals: also in pegmattes. As veinlets in a 
pegmatite in Varuask, Sweden. Cleavale plates. up 
{30 mm (2 in) known from Torniva, Finland, 


Massive agareates up o 200 mm (7's in) come from 
Pram. Czech Republic. Rhombohedral crystals up 
to 10 mim (in) aeoss and accumulations upto 300, 
sym (11% in) in size deseribod from Lake Georg, 
‘New Brunswick, Canad, 


Bismuth 


TRIGONAL eee 


Prpertics: C — silverwhite, tamishes pink; $ — 
sikeewhite; L~ metalic; D~ opaque: DE— 9.8: 11 — 
225. CL ~ perfect; M ~ shombobedral erystls, 
granular, massive. 

Origin and occurence: Wt is found in pegmaites, 
‘geisens and hyothermal in ore veins together with 
chalkopyrite. arscnopyite, lolingite,nickeline 
Teeithaupite and many other minerals. Common it 
‘pegmatite in Anjanabonoina, Madagascar. Very fine 
ysl, up fo 20 mm (>in) known from Schlema 
and Harensein, Germany. Skeletal agoregats, over- 
sown with other arsenides, occured in Jachymov. 
Cech Republic. Masses sighing several kg found in 
Bolivia CTasna, Velague) and Australia (Kingsgate, 
New South Wales). Cleavable masses up to 12 cm 
(sin) described from Cobalt and Gowganda, 
Ontario, Canada 

Application: Bi ore. 


Arsenolamprite 
& 


ORTHORHOMBIC @ 


Properties: C ~ gray-whit, it covers with a black 
toating: S ~ black, L~ metalic to adamantine; D 

opaque: DE = 56; H 2: CL ~ perfect: M ~ acieular 
‘ysl abular and fan-shaped aggregates, massive. 
Origin and aceurrence: Hyérothermal in ore veins 
associated with arsenic, bismuth, silver and other 
incr, Is crystals and veintts were found with Cu 


‘omar, 20 mm. Cane, Coch Republic 


Arseolamprite 70mm, Jack Cech Republic 


arsenies in Cemy dul, Crech Republi. Occurs also 
in Jackymoc, Czech Republic’ and Marienborg 
‘Germany: Found rcenly in Cavni. Romania 


Graphite 
< 


HEXAGONAL ee eee 


‘Properties: C~ black to stec-gray; S — black 1 steel 


Origin and occurrence: Metamorphic, 
‘melamorphism of 2 sedimentarvmaterial with C 
contents: also. primary magmatic Associated with 
‘many materials, stable underconditions of the 
‘raphitc origin, Crystals several em in size known 
from Nordce Stromijord Greenland. Crystals were 
also found in Sterling Hill, ‘New Jersey and 
Cresimore, California. USA Foliated aggregates are 
found in Sri Lanka (Radegara, Galle region) Assur 
‘ulations in Buckingham and Grenile, Quebec. 
‘Canada are industrially important. Also common in 
‘Shunga deposit in Karelia, Russia: in Cesky Krumlov, 
Netolice and Blizna, Czech Republic. 

Application: metallurgy, nuclear industry, production of 
lebeicanis 


Graph 130 om, Krichin,Baaria 


= Se 


be 
4 


¢ 


Diamond 


aries: bor (opaque technical éiaponds), balas 
(ark coloed spherical adil aggregates), carbonado 
(brown-black to black massive aggregaes, upto ogg, 
sized) 
Properties: C— colorless, yellow, brown. whit, pink. 
black, red, blue, green; $= white; L~ adamantine: D 
~ transparent to translucent; DE ~3.5, #~ 10; CL ~ 
perfect: F conchoidal; M ~ octhedral and cubic 
‘enjstals: LU ~ sometimes fluorescent, sometimes 
phosphorescent. 
Origin ond occurrence: Primary magmatic 
‘occurrences are limited to kimberlite pipes, secondary 
foveurtences 10 pacers. Large primary deposits are 
‘known from South Africa (Premier mine, Kimberley) 
inthe vicinity of May) 
Primary and secondary occurrences of giamonds are 
located in lamproites and placers near Argyle, 
‘Wester Australia. Australia. Most historical di 
‘monds trom India (Goleends). Brazil (Diamantina 
Minas Gerais). Congo. Angola and Namibia were 
found in placer deposi, Diamonds of industrial 
arade always prevail over the gom quality stones. The 
largest gerv-rade diamond ever found, the Cullinan, 
‘weighing 3106 carats, comes frm the Promier mine 


in Kimberley, South Africa. I yielded ger rough for 
Tod faced stones, the heaviest of which weighs $31 
carats, The largest faced diamond known, called 
Golden bile. was found inthe same place in 1986, 
weighed 758 earats before cling and 353 Finished 
stope it weighs 545.68 carats. The dark blue Hope (44 
tarats) and the groen Dresden (16 carats) probably 
came from India. Absolutely unigue red diamond. 
‘weighing 5 carats, which is at the Smithsonian Insti- 
tution, Washington, DC, USA, is of unknown origin, 
Application: the most popular gemstone, bort and 
Eabonado varies ae sed a abrasives, 


Sulfur 
5 


ORTHORHOMBIC @ 


Properties: C sutuyellow, yellow-brown, greenish, 
reddish to yellowish-gray. S — whit; L~ resincus to 
‘greasy: D transparent fo tralucent; DE ~ 2.1 I= 
115-25. CL—imperfec:F -conchoidal o uneven: M— 
fipyramidsl, disphenoidic and thick tabular crystals, 
botryoidal and stlatiic aggregates, 

Origin and occurence: Hydrothermal product of 
fumaroles, prodet of an activity of microorganisms, 
<isinegration of sulfides and acai chemical reactions: 
‘asociatod with gypsum, anhydrite, aragonite calc, 


‘Sup 6 mn Sey Hay 


N 


‘sete and halite. The word’ best crystals come fom 
‘many localities near Grgen, Sct, talyCalanssea, 
‘Cancana) here they reached up o 12 em (3"7,n) in 
‘2. Fino crystals are also known fom Tarobrecg. 
Poland and Yavolskoye near Leow, Ukraine, As 3 
‘duct of solfatras it occurs in many voleanicaly 
sve places like Selftara near Pozzal, Italy or in 
salfr ava near Shietoko, Japan. Sulfr layers, up 030 
(10 hick, associated with at gps are located 
‘ar Charles Lake, Lousiana, USA. I originates during 
Intrsveoxidtion/rodetion reactions of pyrite in io 
Tino, Spain and in Kosaik Serbia 

Application: chemical. paper-making, robber and 
lethermakin industries, agriculture 


Scenn 110m lade, Coch Repblic 


Selenium 
se 


TRIGONAL 8 


Properties: C~ gray to re-ra 
De apaucovenbecns DE 8 H-2CL goa 
M~atieular erystals droplets of vitreous surface, felt 
ike aparegates. 

(Origin and occurrence: Secondary, resuling. fom 
alteration, fumaroles and from burning coal dumps, 
‘with slr sa ammonie and ber sulfates, Also from 
‘oxidation of onganic compounds in U- and V-bearing 
‘eposis ofthe Colorado Plateau type, associated with 
Dyfi, zippite and other minerals. Red ncedes up to 
30 mm ("sin long come from the Urited Verde mine, 
Jerome, Arizona, USA. Black selenium needles found 
in burning coal dumps in Kladno and Radvanice, 
‘Ceech Republic. Occurs with ores of U and V along 
sandstone fissures in the Peanat Mine, Bull Canyon, 
Colorado, USA. Occurred through volcanic activity in 
‘Volean, Lipari Islands, tay 


Tellurium 
t 


TRIGONAL 8 @ 


Properties: C ~tnowhite; § ~ gray: L~ metallic; D ~ 
opaque, DE ~ 62; H ~ 2.23: CL — perfect: M — 
prismatic and acicular rial, granular, massive 
Origin and accurence: Primary hydrothermal in low 
‘emperature ore depois; i originates also a secondary 
through the oxidation eduction reaction of tellrides. 
Wis associated with gold. sylvan, alate, pyrite and 
other minerals. Crystal upto 30 mm (in) long are 
‘own from Baya, Turkey. Crystals upto 20 mm (sa 
in) Long ecurred in the Au deposits Cripple Creek and 
Colorado City. USA. Crystals up to 10 mm Cin) 
cross come from Kavazu and Suzuki, Japan. Rick 
‘cleavage masses and erstls up fo 70 men (2% in) long 
‘were found in Uzbekistan. Crystallized ella i aso 
Known from Fata Bali and Bua de Ares, Romania, 


Tellrion 1 ms tna, Romania 


2. Sulfides 


Algodonit 
Cue 


HEXAGONAL 0 @ 
Properties: C~see-gray to silver, it quickly 
‘vers with a brown coating on ait, S = gay: L~ 
‘eal, D~ opaque; DE~ 8,7, 11~4;,CL~rone:F 
~conchoial: M~ crystals granular, massive 

Origin and occurrence” Hydrothermal, mainly 
intimately iner-grown with other Cu asenides. 
Irgestaccamulation are known frm Cu deposits 
relophyres in the Keweenaw Peninsula, Lake 
Sipror, Michigan, USA. Iti alse known fom 
Chie (Algodones mine near Coquimbe, Atacama). 
he ees te Tames, en ard Lng, 


Domeykite 
cayhe 


custc 


Properties: C ~ tn-white to steo-gra, it tarnishes 
sellow and covers with a brown coating: S- gray: L 
metallic; D ~ opaque: DE - 79: H=33,5, CL — 
none: F ~ uneven; M ~ botryoidal aggregates, 
asi. 

Origin and occurrence: Hyérothermal with copper, 
tupite,algodonite and silver. Common in masses. 
seighing several kg, together with algodonite inthe 
Keweenaw Peninsula, Michigan, USA. The largest 
accumulations are known from Talmessi and Anarak, 
Tran It occurs near Copiap and Chanarcllo, Chile 
Massive aggregates in cuprite up to 50 mm (2 in) 
come from Biloves, Czech Republi. 


Sptee 56 mm, Pico de Europe, Spain 
Aiodonie 60 wim. Keweenaw Penna. USA 


Allargentum 
Patch 


HEXAGONAL © 


Properties: C ~siverowhite; § ~ gray: L~ metallic: 
D~ opaque, DE ~ 10,1; H ~ not determined: CL — 
‘none; M = small crystals, granular, 
‘Origin and occurrence: Hyérothermal in the silver 
bearing ore veins, associated with silver, 
breithauptite and dyserasite. Crystals up to 1 mm (2 
in) known from Hartenszin, Germany. ls inte 
growths with silver ores were found in Cobalt, 
ada. Ii also keown from Broken Hill, 
Wiles, Australia and microscopic in 
Rejska vein in Kutna Hora, Czech Republic. 


Altorgennm.50 mm. Scene. Germany 


Dyscrasite 
a5 


ORTHORHOMBIC @@ 


Properties: C ~ silver-whie, it tarnishes yellow to 
back; Ssilverwhite; L- metals D- opaque; DE 
= 941, H ~ 354; CL ~ good: F'~ uneven; Mi = 
Pyramidal and prismatic crystals, granular, massive 
Origin and occurrence: Hydrothermal in the ore 
veins, associated with silver, stibasen, prragynie, 
‘aleite and other minerals. The best specimens come 
fiom the silver-bearing veins, cross-cuting the U 
<epositHaje near Pobrarn, Czech Republi, where 
prismatie crystals up 10 $0 mm (approx. 2 in) long 
nd striated tabular teins were found. They ae 
‘mostly embedded in stibaren; all the specimens, 
appearing in the mineral shows, are etched out of 
matrix. Deformed crystals of completely different 
habit are known from St. Andreasberg, German. 
Crystals occurred also. in the Consols mine in 
[Broken Hill, New South Was, Australia 


Chaleocite 
Cus 
MONOCLINIC eeee 
Properties: C — lead-gray to black: §~ lead-gray 0 
black; L~ metal: D~ opaque: DE ~ 5,811 -2,5- 
3: CL ~ imperfect: F ~ conchoidal; M~prismati to 


yr 78mm, Pian Cech Republic 


tabular crystals, granular, massive 
Origin and occurrence: Hydrothermal, also sedi- 
mentary and metamorphic, mostly secondary, nthe 
‘oxidation and eemenation zones of ore deposits It 
‘ceurs together with pyrite, chalcopyrite, covellte, 
bornite and other minerals. Crystals up 0 25 em (9% 
jn) found in the M'Sesa mine, Zaire. Beautiful 
crystals several em across come from Redruth and St 
Just. Coravall, UK. Crystals over 20 mm (2 im) 
across occurred in Bristol, Conneticut and in Bute. 
‘Montana. Crystals upto SO mm (2 in) in size known 
from the Flambeau mine near Ladysmith Wisconsin. 
USA. Shiny cyclic twins of crystals up 10 20 mm 
(in) found in Dahezkazgan, Kazakhstan, Massive 
aggregates are important Cuore in Rio Tint, Spain; 
Bor. Serbi; Bisbee, Arizona, USA and Tsumeb, 
Namibia 

Application: important Cu ore. 


Djurleite 
cuni5i6 


MONOCLINIC eee 
Properties: C —lead-gray to black S ~lead-pray: L 
= metallic: D ~ opaque: DE ~ 5.8: H ~ 25-3: CL 
‘none: F~ conchotdal: M ~ shor prismatic to tabular 
crystals, granular, masive 

Origin and occurrence: Secondary a8 a product of 
the cementation zone in ore deposits. Crystals up to 


1mm (sin) across known from the Botallack mine 


ear Si, Just, Cornwall, UK. Aggregates of thick 
‘cua crystals up 10 30 mam (Ie in) fon, ound in 
Dahezkargan, Kazakbsan, 

Weccurs in massive form in many porphyry copper 
deposits (Butte, Montana; Bisbee. Arizona, USA). 
algo in Tsumneb, Namibia, together with chalcopyrite, 
pie and other minerals. 


Dhree 3 mone Debechasgun,Kezathstan 


Berzelianite 
curse 
cusic eee 
Properties: C ~ silver-white tarnishes black: S~ 
silver shiny: L_= metalic: D ~ opaque: DE ~ 7,33 H 
=25;CL none; F uneven; M~ granular, massive 
(Orig and occurrence: Hyérothermal, together with 
other slenides in U. Fe and Au deposits. Iti the 
‘main mineral in the selenide mineralization in 
Tikerode. Germany. Grains, upto several tens of em 
cross, greenish tamished, occurred together with 
fother selenides in Bukox. Habei, Petrovice and 
Pr edborice. Czech Republic. Similar occurrence is 
known from near Pinky Fault near Athabasca Lake, 
Saskatchewan, Canada. 


Berceliart, 6m, Bu, Cech Republic 


MBMS - Multimedia Broadcast/ Multicast Service 
Mbps - Megabits Per Second 

MBR - Maximum Bit Rate 

MBSFN - Multicast/ broadcast, Single Frequency 
MCPA - Mobile Consumer Application Platform 
Mcps - Megachips Per Second 

MCPTT - Mission-Critical Push-to-Talk 

MCS - Modulation and Coding Scheme 

MCW - Multiple Codeword 

MDT - Mi 
MEAP - Mobile Enterprise Application Platforms 
MEC - Multi-access Edge Computing 

MediaFLO - Media Forward Link Only 


METIS - Mobile and wireless communications Enablers for the Twenty-twenty Information 
Society 


MHz - Megahertz 
MID - Mobile Internet Devices 

MIMO - Multiple Input Multiple Output 

MMSE - Minimum Mean Square Error 

mITF - Japan Mobile IT Forum 

MMDS - Multichannel Multipoint Distribution Service 

MME - Mobile Management Entity 

mMTC - Massive Machine Type Communications 

MOS - Mean Opinion Score 

MP-QUIC - Multipath Quick UDP Internet Connections 

MP-TCP - Multipath TCP 

MRxD - Mobile Receive Diversity 

ms - millisecond 

MS - Mobile Station 

MSA - Mobile Service Architecture 

MSC - Mobile Switching Center 

MTC - Machine Type Communications 

MTC-IWF - Machine-Type Communications Interworking Function (MTC-IWF) 
msec - millisecond 

MU-MIMO - Multi-User MIMO 

MUST - Downlink Multiuser Superposition Transmission 

NAICS - Network-Assisted Interference Cancellation and Suppression 
NB-loT - Narrowband Internet of Things 

NENA - National Emergency Number Association 

NGMC - Next Generation Mobile Committee 


mization of Drive Tests 


Mobile Broadband Transformation, Rysavy Research/5G Americas, August 2017 Page 209, 


CusFes, 


ORTHORHOMBIC sees 


Properties: C- coppers. tamishs iridescent ray- 
back: L~ metalic; D- opaque; DE 5.1;1-3-35;CL 
imperfect; F-uneven 9 conchoidal M pseodo-abic 
ocahedral crystals, massive 

Origin and occurrence: Magratic, hydrothermal, 
Sedimentary, in skarns and pegmaties together with 
chalecite, chalcopyrite, pyrite, quartz and other mine- 
ral Fine crystals upto 10 mm in) aeoss ae known 


Bornite 3 mx. Dohesargur Kazuisian 


from Cam Brea, Cornwall, England UK. Crystals up 
{30 mm (Ms in) come from Likat. Shab, Zaire. 
Besuifl enystals up to 40 mm (Win) across were 
ound. recently together with chaleaite in 
Deheckazgan. Kavakhstan, Massive aggregates are 
‘common and used as Cuore in Kipushi. Shaba, Zaire. 
Fine-grained, sedimentary bornite oceurs in. Cur 
boating shales in Mansfeld, Germany. where it forms 
the main ore layer. Crystals up to 20 mm (in) in 
size, occurred inthe Cole shat and masses, weighing 
Several thousands of tons, were mined in the Campbell 
Shaft, Bisbee. Arizona, USA. Application: Cu or 


Umangite 
Cusser 


TETRAGONAL @ ee 
Properties: C— blue-black with reddish int. tarnishes 
purple: §~ back: L— metalic; D- opaque; DE - 6.6; 
113; CL imperfet:F uneven to conchoidal M ~ 
ranula, massive. 

Origin and occurrence: Hydrothermal in ore veins 
together wih ote slenides (cushaite, bereiant). 
eis commen, asociatd with berzinte in Tikerode, 
Germany: icra de Uange, Argentina and Slavkovice, 
‘Caceh Republic. Larger accumulations occur int 
Marin Lake mine near Attabasa Lake. Canada 


Acanthite 
fas 


MONOCLINIC eee 


Properties: C ~ bl black; L~ metallic; D ~ 
‘opaque; DE~7,2; H~2-2.5; CL = none; F~ uneven 
‘M~pscuoveubieerystals, massive, I mainly oeeurs 
2 paramoepis afer _argentite (high-temperature 
phase ofthe same composition). 

(Origin and occurrence: Hydrothermal in ore veins. 
Beauiflerystal over $0 mm (2 in) long occured in 
the Himmelerst mine ix Freiberg in Anraberg and 
Sehneeberg, Germany. Acicular erystals are known, 
‘fom Jachymox, Czech Republic. It is common in 
association with silver. proustie, pyrargyite, poy 
baste, stephanite, galena and other minerals in 
“Mexico. Probably the best paramogphs after argentite 
up 6 70 mm (2% in) across come from the Rayas 
mine, Guanajuato, Fine erystals occur in the Las 
(Chispas mine, Arizpe, Sonora and many localities in 
Zacatecas, Chihuahua. 

“dopiction: important Ae ore 


Argentite 
ans 


cusic eee 
Properties: C — black-pray, tarnishes black, $ — 
‘lack: L~ metalic; D~ opaque; DE~7,1;11—2-2.5; 
CL ~ iimperfct: F — uneven to conchoidal: MM — 
ccthedral and cubic crystals, dendritic aggregates, 
massive. Stabile at temperatures over 179EC 
G38.2°F), below this temperature there are 
aramorps of aanthite afer argenite. 


ange 40 mm, Beaverodge Lae. Canada 


Origin and occurrence: Hydrothermal in low 
Temperature ore deposits, associated. with silver, 
galena and Ag sufosalis. Occurs between the 
Oxidation and cementation zone with stromeyerit, 
silver, api, iodargynite and other minerals. Fine 
‘exystals up to 40 mm (IMs in) across, are known 
from Freiberg and Schneeberg, Germany. Similar 
‘eysals found in Jachymov and Midinec, Czech 

‘up t@ 30 mm (Wi in) oecur in 
Italy. Maybe the best argentite 
cexysials occurred” in Mexico (Arizpe, Sonora; 
Zacatecas, Guanajuato), where ctystals reached up 
140 mum (1% in. Fine crystals upto 20 mm (in) 
across eporied from Chatarcllo in Chile. 
Application: asportant Ax ore 


Argent. 29 om. Zacatecas. Meri 


Aesilarte, mm 38. Guana, Meco 


Hessite 
asrTe 


MONOCLINIC eee 


Properties: C— lad 0 stel-gray,tamishes black: § — 
light gray: L— metalic; D~ opaque; DE~ 84H —2- 
‘3, CL imperfect; F even; M~ pseudo-cubie crystal 
‘combinations, granular, massive 

Origin and occurrence: Myékethecral in medium- 
and low-lemperature ore veins together with ealave- 


Hesse 31 om. Bet, Romana 


rite, sylvanite, alate, gold tellurium and other sul- 
fides, The bes specimens with crystals upto 20 mm 
(sin) across (ain) and aggregates up 10 100 mm 
G4 in) come fom the Bote rine. Romania. Small 
trystals occur in the Jamestown mine, Califor 

USA. Massive aggregates were found in Gold Hil, 
Colorado, USA and. Moctezuma, Mexico. Aggre- 
ates. upto tens of en (several sq in) in size, were 
Known in the Zavodinskit mine. Altai, Kazakhstan 


Aguilarite 
AgsSeS 


ORTHORHOMBIC @ 


Properties: C lea-ray arishes black: $= pray- 
black; L~ metalic: D~ opaque: DE ~ 7.7, 25, 
CL = none: F ~ hackly; M-~ skeletal’ crystals 
Origin and occurrence: Hyérothermal in ore veins, 
together with silver, stephanite,prousite. pearecie. 
‘alte and quartz. The best crystallized specimens 
‘wih erystals up to 30 mm (Pin) across come rot 
the San Carlos mine, Guanajuato and Cho 
‘Taxco, Guerrero, Merco.Itis also know 


growths with acanthite and naumannite from the 
Comstock Lode, Virginia City, Nevada, USA. 


Argyrodite 
AaxGes 


ORTHORHOMBIC 


Properties: C~steel-gray, tarnishes black: S ~ gray- 
black: L~ metalic: D ~ opaque: DE ~ 63: H=2,5- 
3 CL = none; F ~ uneven to conchoidal: M 
combinations of cubie crystals,  bottyoidal 
agoregates, massive. 

Origin and occurrence: Hydrothermal in low- 
temperature base metal deposits, associated with Ag 
sulfosalts. It occured in crystals inthe Himmelsthest, 
mine. Freiberg. Germany. Crystals were also found 
in several localities in Bolivia (Atoche. Colquechaca, 
Potosi), Crystal measuring 60 mm (24 in) across is 
reported from Porco. Bolivis, 


Stromeyerite 
aces, 


ORTHORHOMBIC eee 


Properies: C ~ dark steel gray tarnishes blue; $ 
stcel-grav: L_ metallic: D ~ opaque; DE — 6,3: H 
2.5.3; CL — none: F ~ conchoidal: M — pseudo- 
hexagonal tabular crystals, massive 

‘Origin and occurrence: Mesily secondary in the 
‘comentation zone of ore veins, associated. with 
freibeite, bornite, chaleocte, galena and other 
minerals, Fine tabular crystals up to 10 mm (Ye in) 
across found in Dehezkargan, Kazakhstan, where 
pscudo-morphs ofsromeycrit afer silver wires also 
bocur, Skeletal prismatic pscudo-morphs aller 
chaleocite crystals come from Vraneice, C2ech 
Republic. Massive aggregates are common in many 
<deposis in Colorado, USA (Aspen: Red Mountain, 
‘Cie (Copiapo). Bolivia (Potosi) and Canada (Cobalt. 
Ono). 


Sromeyerie 6 mm ex, Dob:hasgan,Kecathan 


Jalpaite 
‘asnCuSa 
TETRAGONAL @ 8 
Properties: C~ Wight ray, trish dak gray 10 i 
dcseent'§— back. L~ meta: D~ opaque: DE ~ 68: 
H-225, CL goods F~ conchoidl, M — crystals, 
granular 

Grigin ond occurence: Hyothermal in lotem- 
perature oe vis. Crystals upto 28mm in) eros 
now from Japa. Queretaro, Mexico. Crystals 
30m (in) across come fom the Caribou mie, 
Colorado. USA. Massive aggregates, associated with 
salena,spalerit, pyri. stomeyerit,poybaste and 
‘ther minerals occurred in Petra, Cazeh Republi 


Juipite, 30 mon wilt PYibvam Czech Repic 


25 


Pantani $0 om, Sur, Canada 


‘Sphotrte. 70 mm, Os. Poland 


Pentlandite Sphalerite 
(FeNgSe, ns 
cubic eeee cusic eeee 


Properties: C~ light bronze to red-brown: ~ light 
bronze: L~ metalic: D~ opaque: DE ~ 5.0: =. 

4: CL - none: F~conchoidal: M ~ crystals, massive. 
Origin and occurrence: Typical magmatic liquid 
‘mineral, associated with pyrthotte and chalcopyrite 
{is common in Sudbury, Ontario Canada, 25 mostly 
‘microscopic inclusions in chaleopyite, But also a 
imperfect erystals. Large accumulations are known 
from Talnakh neat Norisk, Siberia, Russia, where it 
‘occurs together with Cu, Pt and Pa sulfides, Isao 
important oe in the epost near Rustenburg, South 
Alia, 

Application: the most enportant Ni ore. 


Spelt. 3 ma. Elwood. USA 


arieies: cleiophane (green, yellow, orange), 
‘marmatite (back) 


Properties: C_— calles, yellow, orange, green, 
brown, black: S— brownish igh yells, white: L 
resinous 1 adamantine; D ~ transparent, translucent, 
opaque: DE ~ 4.1; H'~ 3,5-4; CL ~ perfec, F — 
fonchoidal: M — tetrahedral and_dodccahedral 
xytals, botryodal, fibrous and stalatite aggregates, 
‘massive; LU ~ sometimes orange. 

(Origin and occurence: Magmatic (liquid. in pegra- 
ties); hydrothermal in low- 0 high-temperature 
eposits, shams, lydrothermal sedimentary deposits: 


rare sedimentary and metamorphic. I occurs opsther 
with galena, pyrite, chalcopyrite, mareasite, fluorite. 
bart, quartz and other minerals, Beautiful erystals up 
10 100 mm (4 in) across come from Trepea, Serbia, 
‘Green and red erysals up to 100 mm (4 in) known 
from Cananea, Sonora, Mexico, Fine yellow crystals, 
‘up to 30-mm (Vin) wore common in Banska“iav- 
a, Slovakia similar crystals occur in Madan, Bulga- 
ria The most beautifil yellow. orange and ed xystals 
‘up t 150 mm (6 in) across found in Pics de Europa, 
Sanfander Spain, They are sometimes faceted. Brown 
erystals up t0 30 mm (2 in) come fiom Joplin, 
‘Missouri; Staactie aggrepatss up 10 150 mm (6 in) 
Tong come from Galena. Hinois, USA. Perfect back, 
shiny crystals an win up 0 50 mm 2 in) are famous 
from Dalnegorsk, Russia: yellow crystals, up t0 30, 
sm (Vein), oecurred in Dake Kazakhstan 
‘Transparent erystals upto 30m {M/s in) also found 
in Franklin, New Jersey, USA. Green crystals up to 
100 mm fapprox. 4 in seross occured inthe Big Four 
sine, Colorado, USA. Crystals up to 50 mm (2 in) 
‘ene from the Oppu mine. Aomeri Japan 
Application: principal Za oe. 


cusic 


Properties: C ~ black-gray: § ~ black-gray: L 
etalic:D - opaque: DE ~ 8.1; - 2.5.CL. 
FF uncven to conchoidal; M ~ granular, mass 
Hydrothermal. associated 
‘alaite, calaverite, krennerite. gold, pyrite and 
other minerals in Au-bearing veins. It was common 
in Cripple Creek and in the Smuggler mine, 
Colorado: in the Norwogian mine, California, USA. 
Grains, reaching up to several mm, come from 
ilove, Czech Republic, 


Colorado, 70 nm, Kalgoorlie, Austala 


Chleopyrite 10mm. Carne, Romania 


Chaleopyrite 
CoFe52 


TETRAGONAL eeeee 
Properties: C— bras- yellow, tarnishes iridescent; S 
~ greenback: L ~ metal: D ~ opaque; DE ~ 4.3: 
H = 3.54; CL = imperfect; F = uneven: M 
tetrahedral crystals, botryidal aggregates, massive, 
Origin and occurrence: Magmatie, hyurbermal 
and sedimentary. in association wit 

alena, tetraedrite pyrite and many other sulfides. 
Fine crystals up to 30 mim (1 in) across are known 
from Banska “tavnica, Slovakia and from Cavnic, 
Romani 

Crystals up to 120 mm (4%) sero, associated 
with other sulfides, come fom the Nikolai mine in 
Dalneporsk, Russia. Beautiful crystals upto 120 mm 
(4 nin) found in Japan (Arawvaka, Osettzawa. Fine 
‘crystals reaching up to several ém occur in Peru 
(Huanzala, Huaron). Massive aggregates are 
important Cu ore in Sudbury. Ontario, Canada: 
Bingham, Utah Bisbee, Arizona, 

Tinto, Spain, 

“Application; imponant Cu ore i 


Chakapeite. 15 ns, Gro Hog Mine. USA. 


7 


sani, 60 mim Rese; Hongors 


Luzonite 
CuyhsSg 
TETRAGONAL oe 
Properties: C ~ dark pink-brown; $ ~ black: L 
‘metallic: D - opaque: DE ~ 4.5; ~3,5; CL— good, 
F uneven to'conchoidal: M'~ crystals, granular, 
massive. 

Origin ond occurence: Hydrothermal in 1ow- 10 
‘medium-tomperature veins. associated with enagite, 
terahodrite, sphalente,bismushinit, Ag slfosalts and 
‘ther minerals. Crystals up to 40 mn (Win) across 
‘come from Quiuvilea: i is common in Cerro de 
Paseo, Peru Its also commen in the Tine mine, 
okkaid. Japan erystals also occur in Kinkvasel, 
Taivan. is known from Bor, Seria and Roesk, 
Hungary, 


Stannite 
‘CupFeSnSy 


TETRAGONAL #0 @ 


Properties: :C stel-ray 0 black, tarnishes blue, 
Stan, 10m 2, Poe, Bola 


Germanie #0 mm. Tse Nambia 


metallic; D ~ opaque: DE ~ 45; H = 
4: CL ~ imperfect, F uneven; M — pscudo- 
‘ctahedralerystals, granular, masive. 

Origin and occurrence: Hydrothermal in high- 
temperature Sh deposits The best specimens come 
fiom Bolivia crystals up 10 50 mm (2 in) across 
known from Liallagua: crystals up to 30 mm (Ws 
in) from Chocaya and ross-like intergrowths from 
the San Jose and lios mines near Oruro. It cecurs 3 
massive vein fillings in Carn Brea, Cornvall, UK 
and Cinovee, Czech Republic. It was aso found in 
lmblygonite pegmatites in Caceres. Spain and in 
‘quartzambiygonite veins near ‘Verneoos, Czech 
Republic 

Application: Sa or: 


Germanite 
CingFeaSeaS32 
cusic #e 
Properties: C- pink to purple-grey, §~ black, L ~ 
S.H-4,CL.—none, F 
granular, 


(Origin and occurrence: Hydrothermal, often inter- 
grown with ennantite. bite and ther minerals t 
‘was important only in one particular place in 
“Tsumeb, Namibia, where larger accumulations were 
found. Smaller cecurrences are known from the 
Shikanai mine, Japan; small eubic crystals come 
from the Humboldt mine, Colorado, USA 


Tennantite 
Cur2As4S13 
cubic eeee 


Properties: C— steel-gray: $ — blac, brown to dark 


sed; L ~ metallic; D ~ opaque: DE — 
(CL none: F~ conchoidal to uneven: M 
crystals, granular, massive 

(Origin and occurrence: Hydrothermal in ore veins 
and greisens with pyrite, clit, dolomite, quartz and 
ther sulfides. and Cu-Pb-Zn-Ag.sulfosals. Fine 
crystals are known from Cornwall, UK (Wheal Jewel. 
‘Gwennap; Carn Brea. Crystals up fo 150 mm (6 in) 
across, come from Tsumeb, Namibia. Crystals of 
bite in Lengenbach, Binntal. Switzerland up 10 30 
mm (Pe in). Crystals upto 20 nm (in) across 
were found recently in Dzhezkazgan, Kazakstan, 
Large masses occurred in Kipushi, Zaire. Crystals up 
to 25 mm (I in) known from El Cobre, Zacatecas. 
Mexico. Application: Cu or. 


6 H-345; 
retrahedral 


Tetrahedrite 
cura5b4513, 
cusic eeee 
Properties: C—sel-ray to black: $ lack, brown: 
L~meclie: D~ opaque: DE ~ 50 H-3-43,CL— 
none! F ~ conchodal: M-— tevahedal crystals, 
ranula, massive 

Grigin and occurrence: Hyothermal in low 10 
medium temperature veins in contact metamorphic 
deposits together with chalcopyrite gana sptaleie 
pyrite, borat, ealits, quart and oer minerals. The 
Fargest known erysals up 40 25 em (9 in) across 


Teraedrite, 10m x, Pers 


come from Anven and trazin in Pyrennces, France. 
‘Common erystals several em in size occur in Cai. 
‘Romani. Fine specimens with crystals upto 70 mm 
(2% in) across: Found in the Mercedes. mine in 
Huallanca. Peru. Other Peruvian localities ike 
CCasapalea and Morococta yielded fine crystallized 
specimens. Fine crystals upto 20 mim (sin) in size 
‘known from Poibram, Czech Republi, 

Application: ada Cu. 


2» 


Fibers. 15 mms, boone, Crch Repl 


Properties: C ~ gray to black; $ black, brown to 
tack ed: L - metallic; D~ opaque, DE — 5,4; H— 3- 
4.5: CL'~ none: F ~ uneven to conchoidal; M — 
tetrahedral crystals. massive. 

Origin and occurrence: “Hydrothermal in. ore 
deposits, associated with many sulfides and 
sulfosalts, Its mainly massive in the Himmelsirst 
‘mine in Freiberg. Germany: Cobalt, Ontario, Canada 
and in Mount Isa, Queensland, Ausralia. it was a 
principal Ag ore in Kutné Hora, Czech Republic. 
‘Application: Ag Fe 


Wartzite 
Zs. 
HEXAGONAL eee 


Properties: C- dark red-brown, dark brown to brown- 
black, $~ brown: L'~ resinous to submetlic: D — 


Wisse 30 mm 2x Animes, Boivin 


translucent to opaque; DE - 4,1; H — 35-4; CL = 
‘ood: M — pyramidal, prismatic to thick tabular 
Siriated crystals, concentric banded and radial 
agercants. 

Origin and occurrence: Hydrothermal in ore veins 
‘with sphalerite, marcas, pyrite and other minerals. 
Also of low-temperature origin along the cracks of| 
lay concretions, Te best wurtaite crystals come fom 
Bolivia: crystals up 10 40 mm (Win) across from 
‘Animas and crystals upto 20 mm (vin) aeross from 
Lialagus and Potosi. Fine crystals up to 30 mm (I= 
fn) across found in Talnakh ear Norisk, Siberia, 
Russia leerestng radial aggregates, up to several cm 
in diameter, occured in Poibram, Caech Republic. 


Greenockite 
cas 


HEXAGONAL oe 


Properties: C ~ yellow to orange, dark red: S ~ 
orange-yellow to brick-red; L~ adamantine to 
resinous; D~ upayue ty Watslucent, DE~ 4,8; H—~3- 
3.5; CL ~ good: F ~ conchoidal; M ~ willings, 
Pulverulen coatings 

Origin and occurrence: Mainly secondary as 
pulverulent coatings on sphalentes. It also occurs in 
‘aviies of volcanic rocks together with prehn 
Zeolites and calete. Crystals are known from or 
‘veins in Llallagua, Bolivia. Pulverulent coatings ae 
Aeserbed from Poibram. Czech Republi; Blibers, 
‘Austria and from the deposits in the Tri State region, 
Missouri, USA. Ceystils up to 10 mm (/ i) 
oceurted’ in the cavities of voleanic rocks near 
Renfrev, Scotland, UK. 


Enargite 


Cu AsSy 


ORTHORHOMBIC ef eee 


Properties: C~ gray-black to black; S ~ eray-black: 
Grenoctte, 20 mm, Oona de Fer Romania 


L~ metalic; D ~ opaque; DE ~ 44; H - 35 CL = 
perfect, F — uneven: M'~ tabular and prismatic, 
Striated crystals, massive. 

Origin and occurence: Hydrothermal in medium- 
temperature, sometimes in low-temperature doposis, 
associated with quartz. pyrite, spalere, gatena,bor- 
rite and other mierals. Beautiful exysals. upto 100, 
mem (4 in) across, come fom the Luz Angelica mine 
fn Quicwvilea: crystals up 10 150 mm (6 in) aross 
{rom Merococha and Cerro de Paseo, Per. Fine erys- 
tals were found in Bute, Montara, USA and in Man 
cexyano, Luzon Philippines. Itoceurs asa principal Cu 
‘rin several deposits (Bo, Serbia: Huaron, Per). 
Application: Cu or. 


Cubanite 


Confess 
ORTHORHOMBIC eee 


Properties: C~ brass-yellow to bronze: S~ back: 


= metallic; D ~ opaque: DE ~ 4,1; H = 3.5; CL = 
‘one; F= IM tabular crystals, massive. 
(Origin and occurrence: Magmatic in liquid deposits 


‘a inclusions in chalcopyrite, as hydrothermal in 
high-temperature deposis. associated with chaleo- 
pytite, pynte, pyrtotite and sphalerte. The best 
ryt, twins, up to 40 mm (I in) across, come 
fiom the Henderson No.2 mine, Chibougamau, 
Quebec, Canada. It was also described in crystals 
from Sudbury, Ontario, Canada and Morro Velho, 
Brazil Is large accumulations ae important Cu ore 


nage, 41 mom, Bute USA. 


in Sudbury, Ontario, Canada; in Mooioek, South 
‘Africa and in Prince William Sound. Alaska, USA, 
Application: important Cu ore. 
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NGMN - Next Generation Mobile Networks Alliance 
NG-RAN - New Generation Radio Access Network 

NOMA - Non-Orthogonal Multiple Access 

NR - New Radi 

NTIA - National Telecommunications and Information Administration 


OFDM - Orthogonal Frequency Division Multiplexing 
OFDMA - Orthogonal Frequency Division Multiple Access 
OL-SM - Open Loop Spatial Multiplexing 

OMA - Open Mobile Alliance 

ORI - Open Radio Equipment Interface 

PA - Priority Access 

PAL - Priority Access License 

PAR - Peak to Average Rati 

PBCCH - Packet Broadcast Control Channel 

PCH - Paging Channel 

PCRF - Policy Control and Charging Rules Function 
PCS - Personal Communications Service 

PDCP - Packet Data Convergence Protocol 

PDN - Packet Data Network 

PGW - Packet Gateway 

PHY - Physical Layer 

PMI - Precoding Matrix Indication 

PMIPV6 - Proxy Mobile IPV6 

PNF - Physical Network Function 

PoC - Push-to-Talk Over Cellular 

PSH - Packet Switched Handover 

PSK - Phase-Shift Keying 

QAM - Quadrature Amplitude Modulation 

QCI - Quality of Service Class Ident 
QLIC - Quasi-Linear Interference Cancellation 
QoS - Quality of Service 

QPSK - Quadrature Phase Shift Keying 

QUIC - Quick UDP Internet Connections. 

RAB - Radio Access Bearer 

RAN - Radio Access Network 

RCAF - RAN Congestion Awareness Function 
RCLWI - RAN Controlled LTE WLAN Interworking 
RCS - Rich Communications Suite 

REST - Representational State Transfer 
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Sternberg, 20 mm, SLAndveaserg Germany 
en eae 


Sternbergite 
Anes 


Argentpyrie 0 mn. MP EPne. Csech Republic 


Argentopyrite 
aaikeS: 


ORTHORHOMBIC 0 @ 
Properties: C~ golden-beown; §— black; L~ metal- 
lie to adamantine: D~ opaque: DE ~ 4.3: H 1-15: 
‘CL — perfoct; M = hin tabular pseudo-hexagonal 
‘rystals. often in rosettes and fan-shaped aggregates, 
Origin and occurrence: Hydrothermal in Ag-bearing 
‘eins, associated with stephanie, ceamhite prousi 
rgentopyite and other mincrals. Tabular crystals up 
to several mm across known from Jackymov and 
Midince, Czech Republic: from St. Andreasber 
Johanngeorgenstad!, Schnecberg and Freiberg, 
Germany, 


Pyrite 8 nm, Dalegirk, Rssia 


ORTHORHOMBIC ee 


Properties: C ~ gray.white, tarnishes iridescent: § ~ 
gray; L~ malic; D = opaque; DE ~ 43: H= 3.5 ~ 
‘4° CL ~ nane; F~ uneven: M ~ thick abularpseudo- 
Inexagonal crystals, granular 

‘Origin and occurence: Hydrothermal in ore veins, 
associated with proustte, pyragyst, stephanie 
Steenborgte, dolomite, quartz and other minerals. 
‘Crystals up oS mm (nin) across come ffem Jachyrnoy 
and Midinee, Czech Republic: iis also known fom 
Schlema, Prebere and Sehnecterg, Germany and irom 
CColquechaca, Bolivia 


Pyrrhotite 
Feig5 = 0017) 
MONOCLINIC sees 
Properties: C ~ bronze-yliow 10 bron, tarnishes 
‘quick 5 — dark gray black: L ~ metalic; D = 
opaque, DE 4; H— 3.54.5; CL ~ none; F- 
ttheven 10 conchoidal: M'~ tabular, pyramidal and 
rsmatic erst massive 

Origin and accrrence: Magic iui in basic ok, 
together with pyrite and penlandit, in pegmaties; 
Iygrthermal in high-temperature and. measomatc 
epost sedimentary and metamorphic. Tabular 
rystas up 10 300 mm (11%e a) acess come: ror 
“repea,Setia and Dalcgorsk: Russa: psmatcerys- 
tals upto 150 mm (6 in) long found in Sata Eulalia 
Chita, Mexico and Chiabaia, Romani, Tabular 
trys up 10 T10 rm (in) occured in Cave 
Romania. Large imperfect cosas, coated with 
wavelite, ae brown fem Llliagua, Bolivia. Huge 
Inasses of indus! importa occur in. Sudbury, 
Onario, Cras alah near Norsk, Siberia, Rusia 
and eacwhere- dyplicaton: sometnes a Fe oe 


Nike, 18 am, Pohl, Germany 


Nickeline 
Nias 

HEXAGONAL eee 

Properties: € — light coppersed, tamishes gray 1 
black; $ ~ light brown-black: L~ metalic; D 


opaque; DE = 78: H~ $558; CL — none: F — 
conchoidal: M ~ strated erystals, bouryoidal and 
“dendritic aggregates, granular, massive. 

Origin-and_ occurrence: Hydrothermal in high- 
temperature ore veins with skuterudit, nickel: 
shutterdite, saMonte, rammelsbergite and other 
minerals. Aiso magmatic in norits and peridotits. 
Crystals up 19 15mm (%s in) arass come from 
Pohla: small erysials were found in Richelsdof, 
Germany. Fine massive aggregates and small 
cenjstals cccurred in Bou Azzer, Morocco, Huge 
aceumulations are known in Cobalt and Govigana, 
‘Ontario, Canada. 

Application: 


Breithauptite 
wise 


HEXAGONAL @@ 


Properties: C — light copper-red, purplish: S ~ ed 
brown: L~ metal; D~ opaque; DE - 86: H— 5.5; 


‘CL — none; F - conchoidal to uneven: M— thin 
‘tabular erysals, dendritic aggregates, massive 
Origin and occurrence: Magratic, hydrothermal 
tnd metamorphic, associatod with silver, nicking. 
‘cobaltite and other sulfides. I occurs inter grown 
‘with pyrthatte and pentlandite in magmatic liquid 
‘deposit Viakfontein, South Africa. I is common in 
hydrothermal veins in Cobalt, Ontaio, Canada: also 
known from Sarrabus. Sardinia, Italy and St 
Andreasberg, Germany. 


rcpt, 80 mm Cobalt. Coma 


3 


Miler, 26 on, Anoop, USA. 


Millerite 
Nis 


TRIGONAL oe 


‘Properties: C ~ light bressyellow to bronze, tarnishes 
iridescent: $ — grenish-black: L— metalic: D— 
‘opaque: DE. $4: 3-35;CL perfect, uneven: 
Macular crystals, cleavable masses, aggropates of 
parallel intergrown crystals with velvety surface. 
‘Origin and occurrence: iyrotheral in low-emge= 
‘ature ore deposits also as product of decomposition 
OF Ni sulfides, It associated with pyerti 
fankerits. whewellite, baste and other minerals, 


Alabandie, 10 mm, Socarink Romana 


CCleavable masses occurred near Temagami near 
‘Sudbury. Ontario, Canada and in Kambalda, Wester 
‘Australia, Australia. Acicula crystals come from ore 
‘veins in Jachymov and Pribram. Caoch Republic: 
needles in eaities of siderite concretions im the 
Vicinity of Kladno, Czech Republic, reached up (0 70 
‘mm (24 in), Acicularerytals upto 80 mm (3 in) 
Tong known from the limestone cavities near Dor- 
‘mural Germany. Beautiful specimens with crystals up 
'o $0 mn (2 in) lng inthe caitis in hematite oceut= 
red in the Sterling mine, Antwerp, New York, USA, 
\Velvety fibrous agaregates were found inthe Thomp- 
son mine, Manitoba. Canada. Applicarion: Ni ore. 


Alabandine 
Mas 


cubic ee 


Properties: C— back: S— gree: submetalie, D 
opaque, DE i; W354, CL ~ proce, F~ 
ncten: M~ cub and octahedral crystals granular, 
Origin and occurrence: ydroiermal in or veins, 
fstociutod with thodochrosite, calcite, galona, 
Shaler, yt snd eter mincas.Crystaisup1 20 
tm (i) aro together with gral appreqaes 
trerelaively common n Romania (Suan, Baa de 


the Lucky Cuss mine, fombstone, Arizona. USA. 


Golene, 56mm, Newdor. Germany 


Galena 
Pos 


cusic eeeee 
Varies: steinmannite 


Properties: C — lead-gray: § 
metalic; D - opaque: DE ~ 7, 
perfect F~ conchoidal; M ~ cubic erystals and their 
omplex combinations, tabular crystals, skeletal 
saasepaes, massive. 

Origin and oceurvence: Magmatc, hydrothermal, 
metamorphic, very rare sedimentary associated with 
sphalerte, chalcopyrite. pyrite, quartz and other 
minerals, Large erysals up to several tens of cm in 
size come from many localities in the USA. Joplin, 


Gola. 66min, Picher, USA 


Missouri; Galena, Kansas: Picher, Oklshome: 
Sweetwater mine, Missoun)- Beautiful often skeletal 
crystals or spinel4aw twins up to 200 mm (7% in) 
{across known from the Nikolai mine in Dalnegorsk. 
Russia. Fine rystals occur also in Naica. Chihuahua, 
Mexico. Tamous complicated combinations of 
‘rysals were found in Neudor, Germany. Otahedral 
‘xysals up to 10 mm (> in) (steinmannite variety) 
‘were common in Pribram, Czech Republic. Beautiful 
Specimens with cubes up to several em across come 
fiom Madan, Bulgaria; spne!-law twins occurred in 
Herja, Romania, 

‘Application: th mos important P ore 


Clausthalite 
Phase 


cusic 


Properties: C~ lead-gray, bluish; S ~ gray-black; L 
metalic; D- opaque; BE ~ 8.3; H—2.5—3;CL— 
‘good: F— granular; M granular. masive. 
Origin and occurrence: Hydrothermal in ore veins with 
low S content instr with berzlanit, umangie, 
Uwrainite-and other minerals, oscus as massive 
aggregates in ealete veins with other sslendes in 
Clausthal nd Tikorods, Germany. 1 is similar in 
‘Skrikorum, Sweden. common in the U deposits in 
Predborce,Bukov and Zlatkoy, Crech Repe. 
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Altaite 
Pete 


cusic eee 
Properties Cn wit ylowish tsshng to 

black; L ~ metalli; D ~ opaque: DE 
Born a;cl pect conti Ms abc 
and octahedral crystals, massive 


Marte 20 mm. Kuna one Cech pale 


Origin and occurrence: Hydrothermal in vein Au 
deposits, associated with other telluride, galena and 
other minerals. Crystals upto 20 mm sin) across 
are known from the Revenge mine, Colorado, USA. 
tis massive with aguilaite in Kalgoorlie. Westen 
Australia, Australia. It is relatively common with 
fther tclurides in’ Sacarimb , Romania: in the 
Zavodinskit mine, Altai. Russia and in Zod near 
‘Sovan Lake, Arment 


Miargyrite 
AgStSy 


MONOCLINIC eee 


Properties: C~ black o stel-gray; S~ chery-ced: 
L~ metallic, adamantine: D ~ opaque: DE ~ 5.3: H 
2.5: CL = imperteet: F— eonehoidal; M ~ thick 
tabular, striated erystals, massive 
Origin and occurrence: Hydrothermal in low= 
temperature ore veins, together with proustit 
pyrargyrte. polybasite, silver, quartz and other 
ineras. Fine crystal, upto 10 mm (i) across, 
tccurred in Pribram and Kuina Hora, Czech 
Republi; in Braunsdorf and Freiberg. Germany. It is 
also known ffom many loealties in Bolivia (Tatas 
= 10 nm (% in) crystals, Potosi) and Mexico 
(Sombrerete, Catoree). Tt was also. found in 
Hiendelaeneina, Guadalajara, Spain. 
Application: Ag oe 


Franckeite 

(PbSm)gFeSngSb25; 

TRICLINIC @@ 

Properties: C — gray-black; § — yry-black: L 


‘metal: D ~ opaquc. DE ~ $9; H~ 25-3: CL 
Fronceite. 30 mon, Orr Balsa 


perfect; M — thin tabular curved crystals, often 
Fosetecike aggregates of crystals. 

Origin and occurrence: Hydrothermal in Ag-Sn 
deposits, associated with ylindrits, zinkenit 
ase, wurtzite and other minerals; in contac 
‘metamorphic limestones. The best erytals upto 60 
‘mim @24 in) across come from various locates in 
Bolivia (Mollecagua near Poopo; Huanuni; Chocoya 
near Potosi: Colqucchaea and Oruro) Is known in 
ontact_ metamorphic limestone fiom the Kalkar 
‘quarry, California, USA, 

Application: Sa. ore 


Gplindrite 
PhsSngFeSbaSi4 


TRICLINIC 8 @ 


Properties: C ~ lead-gay to back; $ — black; L — 
‘menllic; D — opaque; DE ~ $4; H — 2.5, CL — 
periect:’M_~ cylindrical, conical and spherical 
copa aggregates. massive 

(Origin acd occurrence: Hydrothermal in So-beating 
veins with ffancksite, stannite, casitente. galena 
and other minerals. World famous specimens with 


crystals up to $0 mm (2 in) long come from the 
‘Trnacria and Santa Cruz mines neat Poopo, Bolivia, 
IW was also reported ftom the Smirnovsk deposi. 
‘Transbaikala, Rusia 


Cinnabar 
Hes 

TRIGONAL eeee 

Properties: C~ red io brownish eS ~ crimson: L 


Samantoe to metal ap 
2:25 CL—poec F~concoial 0 ucven 
M'= thombohedal hick tabular and prismatic 
xy msive 

Origin and. occrrence! Low-temperature hydro: 
thermal miner stead with rele, mercy, 
pyrite, maranile ant other mineral. The wort 
Best specimens ith ey op f0 70mm (2 i) 
ross are known from many Tai in China 
(Guan an Gulhou provinces). Fine shiny ysl. 
Sp to 10 mm Gn) across come from Nikon 
Uesine an in Khsdrkan, Kyrgystan Crystals vp 
{0.30 mm (Uw in ls found iv Monte Amat and 
Kipp rear Seraezza, iy Is masve aggregates 
tan imporart fig or in Alchr, Macedon 
Almaden Spin an elsewhere 

‘aplication he most imporant Hg ore. + 


v 


Gimahar 30m x Hunan, China 
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Cove, 65 mam, Bute, USA 


Covellite 
os 


HEXAGONAL eee 


Properties: C~ indigo, tishing indescen:$ 
“aca L—submetalieto resinous: O = opaque 
DE a6 H 15-2: CL perfec F- uneven M 
exagonal abulr etal, massive 

Origin and ocurence Ras ySrtherma; mainly 

Satan ve fe dep 

Fern and ter mineral Tales upto 30 
sm (Vin) across re kro from Bute, Montara 


Lint, 60mm, Rumenr, Uganda 


and Summitville, Colorado. USA: also trom 
Sarrabus, Sardinia, fly, Massive aggregates are 
‘common in Bor, Serbia: Bisbee, Anzona, USA and 
elsewhere, 

Application: Ca ore 


Linneite 
oP Colas 


D= opaque; DE 49; H- 45. 
53.5; CL — imperfect; F—uncven o conchoidal: M 
cctahedral crystals, granular, massive. 

Origin and occurrence: Hydrothermal in ore veins 
and meumorphie deposits, together with 
chaleopyrite, pyrrhotite, millerite, bismuthinte and 
shalerite. The best crystals up to 30 mm (Ps in) 
across come from the Kilembe mine, Uganda. 
Crystals are also known from Musonoi, Shaba 
Zaire; Msen, Germany, siderite coneretions. in 
Kado, Czech Republic and from the Bastnas mine 
near Riddariytan, Sweden, 


Carrotite 
CUCONIASS 


cusic oe 


Properties: C ~ light to stel-gray. tarnishing red= 
purple: S~ gray; L - metallic: D~ opaque, DE~4.8; 
H ~ 45.55; CL — imperfect F ~ conchoidal 0 
luneven: M ~ oetahedal crystal, granular. massive. 

(Origin and occurrence: Hysothermal in ore veins, 
associated with linneite, chalcopyrite and other 
minerals. is principal Co ore in deposits in Zaire, 
‘Beautiful erytals up to 20 mm (in) across are 
known from the M'Sesa mine near Kambove, 
Kolweai and from Kamoto, Shaba, 

Application: Co ore 


Stibnite Sibi 17 om. tein, Lapa 
30252 


ORTHORHOMBIC fe ee 


Properties: C ~ stecl-ray. tarnishing iridescent or 
black: S~lead-gray: L meulic; D opaque: DE~ 
46,H— 2; CL ~ perfect: F — conchoidal to uneven; 
M™= thick te thi prismatic erystals, thin needles, 
Origin and occurence: Hydrothermal in dim and 
loatemperatue ore eins with quart and gold the 
ther associated minerals ate rare (arsenopyrie, 
‘benthirit. gudmundie, antimony. The ages known 
subnite crystals occurred in the in the Ichinokawa 
‘mine. Shikoku, Japan, where they were up to 60 cm 
(24in) long Similar sized erystale were found recently 
in several localities in China (he Xikuangshan mine. 
Hunan). Crystals up to 200 mm (7% in) across come 
ffom Manhattan. Nevada, USA, Beautiful crystals re 
‘now from Romania; log prismatic oncs with baste 
trystals are prevalent in Baia Sprie, casters of thin 
‘needles corn from Hera and thick prismatic crystals 
from Bait - Perfect druses of crystals upto 150 mm (6 
in) long, associated with purple fuonite crystals, bait 
and calcite, occurred in Kadamdchai. Kyrgyzstan 

Beaiful drases of stbnte crystals with quarts come 
also from Kremnica. Slovakia. Also Kostajik, Serbia 
and La Lucete, France yielded fine crystals inthe past. 
Appleation: Sb ore 


‘ibe 120 mm, Bate Serie, Reotnia 


9 


‘ismushinte, 160 mn. Tsns Bola 


Bismuthinite 
BAS; 


ORTHORHOMBIC ee ee 


Properties: C— lead-gray to tinewhite, tamishing 
lie: D 


yellow and iridescent §~lead-gray: L~ met 
Kermeste. 20m xz, Freiberg, Germany 


~ opaque: DE = 68: H = 2.2.5: CL - perfect: F 
‘uneven; M = thick prismatic to acieular, striated 
cexysals,fibous aggregates, massive 

Origin and occurrence: Hydrothermal in ore 
‘deposits: also in recent voleani exhalation deposits, 
associated with bismuth, arsenopyrite, stannite, 
‘galcea and other minerals "The words bes erysals 
‘over 50 mm (2 in) long, come from Bolnia Tasna; 
Harun; Llalapua), Fine erysals were alo found in 
Redruth, Comwall, UK. Rich finds were made in 
Biggenden, Queensland, Australia, Interesting 
cxpstal are known from Spin Norway: 

‘Application: Bi ore 


TRICLINIC e8e 


Properties: C ~ chotry-od; S— beown-red; L 
adamantine te submetallic: D_— translucent 10 
fagues DE = 4,7; Ht 1-8: CL — perfects M = 
aviularerytals adil agargates. 
(Origin ond occurrence: Secondary, a8 4 result of a 
state oxidation in Sb- depos. associated with 
stibnite. antimony, senarmonite, valentinite and 
subiconte. Famous specimens with nzedles up to 100 
mon (4 in) long, in radial aggregates. come from 
Pezinok and Pernek, Slovakia. Crystals up to 50 men 
{2 in) long found inthe Globe and Phoenix mines. 
Zimbabwe. Mis also knoven fom Bolivia (San 
Francisco mine, Poopo: Oruro) and Braunsdorf. 
Germany 


Nagwagie, 10 mm, Saari Romani 


Tetradymite 
ayia 


TRIGONAL e808 


Properties: C ~ light stool-gray. atnishing dark to 


opaque; DE ~ 7.3: H~ = perfect; M 


pyramidal crystals, curved bladed aggregates, 
Origin and occurrence: Hydrothermal in medium- 
and high-temperature Au deposits, also in contact, 
metamorphosed deposits, together with gold. hesste, 
calaverite, pyrite and other minerals. Crystals up to 
10 mm (i 


in) across are known from 2upkoe . 
‘commen in Colorado (Red Cloud) and 
(Carson Hil), USA. Itoccurs with gold 
in skars in Baija Bihorali, Romania. 


Nagyagite 
PoyAuCTe.Sb) 5. 
TETRAGONAL # 
Properties: C ~ black-ray: § ~ Blackgray: L 
‘calc: D ~ opaque, DE ~ 75; H- 1S; CL ~ 
rfl: F~ uneven: M~ thin tabular 10 foliied 
Eyal, granular, masive 

Origin and occurence: Hydro 
tempera veins, associated 

{010 rodocrosite and olher minerals” Follated 
EFyaals up 10 40-mm (I in) across come from 


Scariml and Baia de Aries. Romania. Fine speci- 
‘mens were azo found in Tavua, Vit Levu, Fj and in 
the Sylvia mine, Tararu Creek, New Zealand. also 
‘occurred in Gold Hill and Cripple Creek, Colorado, 
USA and in Kalgorlic, Westem Australia, Australia, 


Sylvanite 
unbaTea 

Monoclinic eee 

Properties: C~stel-gray to siber-whit,rnishing 


to yellow; § — steckgray to silver white; L. 
meialic: 


ind occurrence: Hyérotheemal in low- 
temperature ore veins, also in medium- and high- 
Aemperatre deposits 8s one of the Tatest minerals. 
associated with gold. calaverie,hessite, krennerte 
fad ether minerals The best specimens come from 
Sucarimb and Buia de Aries , Romania. where it 
‘occurs a8 skeletal crystals and aggrepats. Crystals 
‘were also found in Cripple Creek, Colorado, USA. 
expsals up 10 10 mums (ein) aesons eo Fo he 
Eperor mine, Viti Lev, 


Syharite. 20 nm. Cripple Creek USA 
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RF - Radio Frequency 
RLC - Radio Link Control 

RNC - Radio Network Controller 

ROHC - Robust Header Compression 

RRC - Radio Resource Control 

RRH - Remote Radio Head 

RRU - Remote Radio Unit 

RTP - Real Time Transport Protocol 

RTSP - Real Time Streaming Protocol 

SAE - System Architecture Evolution 

SaMOG - S2a-based Mobility over GTP 

SAS - Spectrum Access System 

SC-FDMA - Single Carrier Frequency Division Multiple Access 
SCMA - Sparse Coded Multiple Access 

SCRI - Signaling Connection Release Indication 

SCW - Single Codeword 

SDAP - Service Data Adaptation Protocol 

SDMA - Space Division Multiple Access 

SDN - Software-Defined Networking 

SDP - Session Description Protocol 

sec - Second 

SFBA - Space Frequency Block Code 

SFN - Single Frequency Network 

SGSN - Serving GPRS Support Node 

SGW - Serving Gateway 

SIC - Successive Interference Cancellation 

SIM - Subscriber Identity Module 

SIMO - Single Input Multiple Output 

SINR - Signal to Interference Plus Noise Ratio 

SIP - Session Initiation Protocol 

SIPTO - Selected IP Traffic Offload 

SISO - Single Input Single Output 

SMS - Short Message Sen 
SNR - Signal to Noise Ratio 

SON - Self-Organizing Network 

SPS - Semi-Persistent Scheduling 

SRVCC - Single-Radio Voice Call Continuity 
SU-MIMO - Single User MIMO 

SVDO - Simultaneous 1XRTT Voice and EV-DO Data 
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ORTHORHOMB: 


Properties: © ~ silversite 10 brassyeliow: S 
silvershte; L~ metallic: D~ opaque; DE ~ 89; # 
= 2-3: CL ~ perfect: F ~ conchotdal to uneven: M— 
short prismati, striated erysal, massive. 

(Origin and occurrence: Hydrothermal in gold- 
‘bearing veins. associated with gold. tllarium, pyrite, 
‘quartz and other tellurdes. Crystals up to 20 mm 
(Cin in) across found in Tavua, Viti Leva, Fj. Small 
‘exysals oceurred in Sacarimb and Baia de Aric, 
Romania and in Cripple Creek. Colorado, USA, 
Application: Au or. 


Calaverite 
ate 
MonoctiNic eee 
Properties: C — brass yllow to silve-wite; S — 
ateensh; L~ metalic: D ~ opaque: DE ~ 9.3; H— 
4153; CL ~ none; F — uneven to conchoidal: M — 
biaded “and short prismatic, striated crystal, 
sranular, massive 
Grigin and occurence: Hydrothermal in low- 
temperature “Av-bearing. veins, sometimes in 
mediun= and high-temperature deposits. associated 
ith coloradoite, alate. krennerite and other 
telurides. is common in the Mother Lode in 
California (Carson Hi. I is important, together 
with hessit in Cripple Creek. crystals up i 10 mm 
i in) across come ftom the Cresson mine, 
Colorado, USA. Italo know from several mines 
near Kitkiand Lake, Ontario, Canada, 
Application: As ore. 


Pyrite 
eae 3 


cubic eeece 
Properies: C ~ light brass-yellow, tarnishing 
iridescent and darkens; § ~ green-back to brown 
black: L~ metalic; D opaque; DE ~50; H = 66. 
CL ~ imperfect; F ~ conchoidl to uneven; M 
‘combinations of cubic rystal, striated, stalactitie 
and spherial aggregates, masive. 

(Origin and occurence: Magiatie segregations in 
basic rocks with pyrthotite and pentlandite, 
‘egmalites and skams; hydrothermal in porphyry and 
‘vein deposits together with other sulfides, hydro- 
‘ermal sedimentary, sedimentary and metamorphic, 
‘Magmatic segregations are known ffom Sudbury, 
Ontario, Canada and Merensky Reef, Transvaal. 
South Attica, Large erysils upto 200 mm (7% in) 
across are known from Rio Maina, Elba, lily. Fine 
‘etahedra come from Llallagua, Bolivia. Crystals up 
{120 mam (4"/sin) across. were found in Bingham 
and Park City, Uah, USA. Crystals upto 150 mim (6 
{) are known trom Huanvala and Quiewilea, Por. 
‘The largest pyrite deposit is Rio Tint, Spain, where 
fine-grained pyrite formed accumulations about | 
billion tons. Beatful eubes up to 80 mm (3% in) 
‘come from Navajun, Spain. Large deformed crystals 


Calaverite 21 mo, Nee. Romania 


Pyrite. 138mm, Washington, USA. 


up to 200 mm (F's in actos octurred inthe Samo 
rine near Hnust'a, Slovakia. Inicresting, complex 
‘combinations of crystals Found in Nanisiik, on an 
edge from Climax, Colorado. USA. 

Application: production of sulfur aid 


Hauerite 
Moa 


cusic oe 


Properties: C ~ red-brown to brown-black: $ — 
browned: L metallic to adamantine; D — opaque: 
DE ~ 344; H — 4; CL ~ perfect; F ~ uneven t0 
conchoidal; M — octahedral erystals and their 
combinations, spherical aggregates. 

(Origin and occurrence: Loweemperatre sedimen- 
tary mineral, limited to clays with high S contents 
‘The best crystals up to 50 mam (2 in) across come 
fom the Destricella mine near Raddosa, Sicily. aly. 
CCeystals up to 25 mim (1 in) andthe aggregates ace 
keown from Viglaska Huta (former Kalinka) near 
Zook, Slovakia, Crystals up to 15 mm ("> in) 
across occur in Tarnobrzeg, Poland, Alo found with 
Sulfa, gypsum, realgar and cate inthe salt domes 
near High Island, Tesas, USA, 


8 


Sperrylite 
Peasy 
cusic ee 
Properties: C—tin-shite; § ~ black; L.~ metallic; D 
~ opaque: DE — 108; H~ 6-7: CL ~imperect, F~ 
conchoidal; M_~ complex combinations of cubic 
crystals, massive, 

Origin ond occurrence: 1 is mainly of magraaic 
Tigi origin associated with pyrrhotite. penta, 
cubanite and other minerals The best crystals come 
from Talnakh near Norilsk. Siberia, Rusia, where 
intergrown crystals eached up 150 mm (2 in). 
Coystals up o 40 mm (sin across known from 
“Tweefontcn,Poigicterstst, Bushveld South Africa, 
IW also occurred as disseminated aggregates in 
Sudbury. Ontario, Canada 


Aurostibite 
‘usb 
cusic 


Properties: C ~ gray tarnishing iridescent: Spray: 
L = metalic: D ~ opaque: DE ~ 9.9 H = 3 CL 
Brone; M ~ granulat 


Origin and occurrence: Hydrothermal in. quartz 
veins, associated wath gold and other Sb minerals. 
Grains up o 5 mm (in) across come from Krasn 
Hora. Czech Republic It also occurs in the Giant 
Yellowknife mine, Northwest Terttories and Hemlo, 
“Thunder Bsy, Ontario, Cenada and is also reported 
from Bestyube, Kazakhstan. 


Krut'aite 
use, 


cusic 


Properties: C ~ pray; $ — gray: L ~ metalic; D ~ 
‘opaque: DE ~ 6.5; H ~ 4; M~ microscopic erystals, 
(Origin amd occurrence: Hydrothermal, associated with 
<lasthalite waninite and ater minerals. The richest 
accumulations of massive aggregates were found inthe 
1 Dragon mine, Ptos, Bolivia, where erytals upto 
‘mm (in in) oocurred ab wll Tt was orginally des- 
Cerbed as microscopic from Potrovce, Czech Republic 


Cobaltite 

CoAss 
ORTHORHOMBIC eee 
Properties: C — silver-white; § — gray-black: L — 
‘metalic, adamantne o dull: D - opague:DE ~ 6,3; 
HSS; CL~ perfect: F- uneven: M ~ pseudo-cubie 
‘crystals, granular, msssve. 

‘Origin and occurrence: Hydrothermal in high- 
temperature ore deposits and metamorphic, together 


Auresibite 4mm gain. Kray Hora, Cosh Republic 


rata $0 


Dragon Bolivia 


with magnetite, sphalerite, chalcopyrite, oer sulfides 
and arsenides of Co and Ni The best dodccahed, 
Several em across, come from metamorphic sulfide 
deposits in Tunaberg. Sweden. Other Swedish 
localities, Ike kansboda and Rasber yielded 
eystals up to, 60 mm (24 in) across. Fine enya 
about 10 mm (sin) oreurred in the magnesite deposit 
‘Mutmik near Hrus'a, Slovakia. Cubic crystals upto 
30 mm (Ma in) across found in Espanola. Oiaio, 
Canada. Beauifulerytals are known fom the skarn 
in Bimbowrc, South Australia, Australia, 
Application: Co or. 


Gersdorfite 
Nias. 


Properties: C — silverswhite to steel gray. tarnishing 
sgay-black; $~ gry-black: L ~ meallic; D ~ opaque, 
E60: 33: CL— perfect uneven; Mocta- 
hod stated crystals and their combinations, massive 
Origin and occurrence: rtheeral in medium- 
temperature ore deposits in association with nickel- 
in, nicke-skurterudite, ullmanite, adore and other 
‘inca. Crystals up to 100 mm (4 in) arose come 
from the Snowbird ming, Montana, USA. Is import 


ant in several mines near Sudbury and Cobalt, Ontario, 
(Canada. Large cleavable masses a known from Dob- 
sina, Rudhany and Nizxa Slona, Slovakia. Crystals 
from the Ait Ahmane mine near Bou Azzer. Morocco, 
reached up 10 40 mim (in). Appicarion: Ni oe. 


Gerrit. 10m x, Bo Azer Morse 


45 


Umar 60 mm, Bow Crcha. Moroeco 


cubic ee 
Properties: C~ steck-gray to silve-wite: S— gray- 
backs L— metallic: D~ opaque: DE-~ 6,8; H-$-5.5; 
‘CL perfect: F uneven: M ~ combinations of cubic 
estas, massive. 

Origin and occurrence: Hydrothermal in ore veins 
together with other Ni minerals, Fine crystals, up to 
20 mm (hn) acros, come ftom Monte Narba near 
SSarrabus, Sardinia, aly. Twins are Known, from 


Marcas 42 mm Vinirx Cech Republic 


Lolling. Austria. Crystals up fo 10 mm (in) were 
found in Ksice near Stoibro, Czech Republic, 1k 
‘common in Broken Hill New South Wales, Australia 
and in Cochabamb, Balivis 

Application: Ni ore 


ORTHORHOMBIC eee 
Properties: C~ tinswhive, bronze-yolow, tarnishing 
iridescent: S~ grayish 1 brownish black: L—me- 
tall D ~ opaque; DE— 4.9; # ~ 6-65; CL ~ good; 
F —upeven: M ~ tabular, pyramidal and prismatic 
‘erystals, often twinned into the form of eockscomb- 
Tike aggregate, salactte botryoidal and massive. 
(Origin and occurrence: W originates allow tempera 
tures in very acidic envtonment, ether in sedimen- 
tary. o in hydrothermal deposits, associated with 
pyrite, pyrmhotte, galena, sphalerte, uorite, 
Solomite and caleite. Hydrothermal crystals and 
pseudo-morphs after pythotte are known from Frei- 
berg, Germany: Llallagua, Bolivia and Chiuzbaia, 
Romania. Crystals from Wiesloch, Germany and 
Reocin, Santander, Spain are of similar origin. Large 
teysals occurred in Joplin, Missouri and in Galera, 
Iino. USA. The best crystals of sedimentary 
‘mareasite come from caal basins, Fine crystals from 
black coal are Known from Essen, 
Cockscomb-like aggregates up to 150 mam (6 in) 
cress, come ffom the Brown coal basin in Vintioox, 
Czech Republic. Sphecea. radial concretions with 
pyfite are known form Sparta. Mlinois, USA and 
fiom Champagne, France, 

Applicaion: production of sulfuric acid, 


Marcasite, 70 mn, Spats, USA 


Lolingte. 7 me, Cobalt Cond 


Lollingite 
Fes 


ORTHORHOMBIC 


Properties: C— stee-ray 1 silverwhite; S - gray- 
back: L~ metallic: D= opaque: DE 7.5; - $55.5. 
CL ~ sometimes good; F- uneven; M~ prismatic 
‘xysals, massive. 

(Origin and occurrence: Magmatic i. pegmatites; 
Inydrothormal in geisens and Sn-W veins. re inthe 
‘other types of ore veins, together with shutterudite. 


bismuth, nickeline, siderite, calcite and other mi- 
eras. Fine enjsals are known fom syenite in 
Langensundsfjord Norway. Crystals upto SD.em (20 
jin) across. come from 2 pegmatite in K; 
Finland. Masses occur in the Kobokobo pegmatits, 
Kivu, Zaire. Massive aggregates with schor! were 
found in Dolni Bory. aggregates with cassiterite in 
Poebuz, Czech Repoblc 


Safflorite 
(CoFeyasy 


ORTHORHOMBIC eee 


Properties: C~ tinowhite, tarnishing to dak gray: S 
~ gtay-back: L~ metalic: D~ opaque: DE~ 7.5; H 
4.55; CL — good: F — unoven to conchoial; M 

prismatic crystals. radial aggregates, massive 
in medium 
rammelsbergte, 


Origin and occurrence: H 
emperature with skuttrudite, 


‘common in Schneeberg. Germany; Cobalt, Ontario, 
‘Canada, Batoplas, Chihuahua, Mesieo and in Bou 
‘Azer Morocco. 


Rammelsbergite 
Nias 
ORTHORHOMBIC fee 
Properties: C~tinswbite, pinkish; § »yray-black: L 
‘metalic O — opague: DE ~ 7,1: W 55-6, CL 

good: F uneven, M prismatic erystal, radial and 
fous agaregates, massive 

Origin and occurence: Hyérthermal in medivm- 
termperature wins associated with other Ni and Co 
smincrals. Boteyoidal aggregates come from 
Sehneeberg, Germany. It is common in Sarrabus. 


a1 


Arsenopyrite 
Fexss 
MONOCLINIC eeee 
Properties: C~ serait ostec-gry,§ acs L 
~ meal, D — opaque: DE 62; 55 — 6 CL — 
seed Fuever Mick abularo prsati sated 
tl granular mas. 

Origin and occurrence: W occurs in poamaies: 
hydrothermal in hightemperature vein deposi and 
gebens; metamorphic in contact metamorphic shares 
rests and mie schiss. Long prismatic estas upto 
Sdn 12 in long we know from the Oia mie. 
Japan. is very commen in grin Sand W depts. 
fine eqs ae known fom Hen Slvkor, Czech 
Republic and. Ehetricdnsdoe. Germany. Beli 
cqysals up to 30 mm (2 i) across. come from 
Pansqucim Pocugal bere they occured ssocaed 
wth forpatite, wolfe and sidrte. Hitorcaly 
important were lage erysls fom Tavsiock. Devon» 
UU: Crystals up 040 ram (1 in) fod in Ling, 
Bolivia Crysals up to 50 mim 2 i aerss were ound 
rscenily in te Nikolai mine in Dalnegonk, Russia 


Gudmurtte, 10m x Plor Urals Rusia 


‘Shiny exysta yp 0 30 mm (1 
Hunan province, China. Applicaion: As ore. 


Gudmundite 
Fash 


MONOCLINIC eee 


Properties: C ~ silver-white 1 stecl-gray S ~ Black; 
L~meallie: D ~ opaque; DE ~ 7.0, H ~ 5-6; CL 
fone: F ~ uneven; M-~ prismatic twinned crystals, 
(Onigin and occurrence: Late hydrothermal mineral 
of ore deposits. also in metamorphic deposits and 
skarns. 11 common in metamoephie sulfide depo- 
sits in Sweden (Boliden. Gudmundstogp). Massive 
Agarogates are known from Kutna Hora and Vias- 
tjovice, Czech Republic. 1t was common in Broken 
Hill, New South Wales, Australia. 


Molybdenite 
MoS 
HEXAGONAL eee 
Properties: C — lead-gray: § ~ blue-gray; L ~ me- 
tale; D~ opaque: DE~ 40. H— 1-1 5;CL perfec, 
'M~ tabular and prismatic crystals, scaly aggregates 
Origin and occurrence: Magmatie in peematies. 
granites and aplites, hydrothermal. in high= 
Temperature veins also in porphyry ore deposits and 
in contact metamorphic Jeposis, asaciated with 
chalcopyrite, quarts and other ‘minerals. Large 
erystals come from pegmatite in Blue Hill Bay. 
Maine, USA and in Mutue-Fides-Stavoren. Trans- 
‘aa South Africa, where they reach several tens of 
«em in size. Crysais up to 150 x70 mm (6 x 2% in) 
facross_ come from the transitions! type berween 
pegmatites and quartz veins near Arendal and Moss. 
Rorway: large crystals also oceur in the Temiska- 
ming district, Quebec. Canada; tabular erystals upto 
120-mam (in) across found in quartz-molybdenite 
‘breccia pipes in veins in Ausizalia (Queensland, New 
South Wales), Fine crystals are also known from 
Kladnica near Vito_a, Bulgaria: Horni Slavkox, 
(Crech Republic and Ehrenfriedersdor, Germany. AS 
4 Tine grained disseminated ore was mined in 
Bingham, Uiah and Climax, Colorado, USA. 
Application: Mo ore 


Skutterudite 
CoAny, 


cusic eee 


Properties: C tint wo silvery, taishing 10 


‘gay ad iridescent: black: L- metalic: D- opaque: 
DEG: 11-55 6 CL. good; F- conchotdal to 
‘uneven M— cambinations of cubic ental skeletal 
segregates, gama, massive, 

‘Origin und accurrence: Hyérethermal in medium: 0 
hightemperature ore veins, associated with ether Ni 
and Co minerals. Crystals up 10 $0 mm (2 in) across 
‘ame fom Bou Azzet. Moroeco, Crystals upto several 
tem in size were found in Schnecbers and. Annabers, 
‘Germany Large massive accumulations occur in Cobalt 
and Gowpanda. Ontario, Canada. Application’ Co or. 


Stanerudite. 25 nm. Schnecberg. Germany 


Nickel-skutterudite 
Nias 
cul 


cee 


Properties: C~ tinswhite to slvr. taishing to gray 
and inideseent;$ ~ black; L metalic: D~ opaque: 
DE 65:15 6;CL- good: F conchoidal 0 
‘uneven: M~ combinations ofeubic ental, skeletal 
aggregates, granular 

Origin and occurrence: Hydrothermal in medium- 
temperature veins with arsenopyrt. arsenic, bismuth, 
‘alele and siderite, Known in crystals from Chatham, 
Connecticut and Chester, Massachusetts, USA: als 
Nal d'Annivies, Wallis, Switzerland. Massive agere- 
gates come from Dotsina, Slovakia; Les Chalancbes, 
France: Mohawk mine, Michigan, USA; Schnecberg. 
Germany Application’ ruda Co a Ni 


“9 


Prot 25 mm. Chaar Chile 


Proustite 
ABMS 


TRIGONAL 9 @ 


Properties: C — crimson, darkens upon exposure 19 
Tight; S~ crimson: L~ adamantine: D- ranslucent 
‘opaque: DE ~ 5.6; H ~ 22,5; CL ~ good: Fcon- 
hoidal to uneven; M ~ prismatic, tembohedral and 
Scalenohedral ental, massive. 

(Origin and occurrence: Low-temperature hyotber- 
‘mal mineral aso inthe oxidation and cementation 
Zone together with stephanie, silver, xantboconite, 
{zanthte and other minerals. The best specimens with 
fxjstals up to 100 mm (4 in) long, come from the 
Dolores mine, Chanarillo, Chile. Crystals up to 80 
‘am (3% in) long found inthe Himmelsfurst mine in 
Friberg. Niederschlema and Schnecberg. Germany, 
Large druses with eystals up o 4D x 20 aun (Tax 
hein) across occured in Jacky crystals upto 20 
_mm (sn). across known fom Poibram and Stara 
\Vozice, Czech Republi. Fine crystals come ftom Ba- 
topilas, Chinuahua and Sombrerete, Zacatecas, Mexi- 
0. Crysialine masses of prousite, weighing over 250 
eg (530 1b), were found in 1865 inthe Poorman mine. 
Silver City, Idaho, USA. Application: Ag or 


Pyrargyrite 
e35053 


TRIGONAL @ 


Properties: C ~ dark ro, darkens upon exposure 19 
Tight. S~ crimson; L~ adamantine; D~ wansiycet to 
‘opaque; DE ~59; H~2.5; CL- good: F- conchoidal 
{to uneven; M = prismatic, rhombohedral and 
‘scalenohedral crystals, granular, massive 
(Origin and occurrence: Low semperturehydrother- 
‘mal mineral, also secondary in the oxidation and 
‘cementation zone. together with silver. acanthite, 
‘ther Ag sulfosals,ealeite and quart. Crystals in 
CColqucchaca. Bolivia and Chafaraillo, Chile reached 
‘several em in size. Crystals upto 70 mm (2% in) long 
‘ccurred inthe Santo Nino vein in Fresill,Zacate- 
‘25, Mexico. San Genaro mine in Huancavelica, Peru 
$ielded erystals upto $0 mm (2 in) across. Crystals 
upto 40 mm (IY in) across found in Freiberg: smal- 
ker erystals only are known fiom St. Andreasberg, 
‘Germany, Crystals up to 20 mm ("i in) across come 
ftom Pribram and Stara Vozice, Czech Republi. 
‘Crystals upto $O mm (2 in) aross found inthe San 
(Carlos mine, Hiendelacncina. Spain, 

“oplcation: Ag ore. 


Xanthoconite 
AaxAsS 


MONOCLINIC @@ 


Properties: C = datk crimson, orange-yellow to 
yellow-brown: S ~ orange-yellow L ~ adamantine, 
1D ~ translucent: DE ~ 5.5: H ~2-3: CL ~ good: F = 
‘conchoidal: M ~ tabular and lathlike crystals, 
‘otryoidal and radial ageregates, 


anhoconte 2 mm 1, Morente. Germany 


Origin and occurrence: Hydrothermal in ore veins 
together with proustte, pyrargyrite, acanhits,arse- 
nic. and calcite. Botryoidal masses with yellow 
‘eysals upto 7mm Csi) long come from Freiberg: 
‘other important localities are. St Andreasberg, 
‘Germany: Se-Marie-aur- Mines, France: Cobal, 
‘Ontario, Canada; Pribram, Trebsko and Jachymov, 
Czech Republi. 


Pyrostilpnite 
ArsS052 


MoNocuINIC #8 


Properties: C—hyacnth- to orange-red; $ ~ orange- 
yellow; L— adamantine; D~ transivcent: DE ~ 6,0; 
H~2: CLB perfect; F conchoidal; M~ tabular to 
lathlke crystal, radial agarepats, 

(Origin and occurrence’ Hyérotherma in low-tempe- 
‘ature veins, associated with pytatgyrite, stephanie, 
acanthite and other Ag minerals. The bes crystals 
‘come from St. Andreasberg. Germany. Crystals up to 
10-mm (in) long were found in Prbram, Trebsko 
and Jachymov, Czech Republic. Itis also described 
from Colquechaca, Bolivia and Ckafarillo, Chil 


st 


SVLTE - Simultaneous Voice and LTE 
TCH - Traffic Channel 

TCP/IP - Transmission Control Protocol/IP 

TD - Transmit Diversity 

TDD - Time Division Duplex 

TDMA - Time Division Multiple Access 

TD-SCDMA - Time Division Synchronous Code Division Multiple Access 
‘TD-CDMA - Time Division Code Division Multiple Access 

TETRA - Terrestrial Trunked Radio 

TIA/EIA - Telecommunications Industry Association/Electronics Industry Association 
TISPAN - Telecoms and Internet Converged Services and Protocols for Advanced Networks 
TSG-RAN - Technical Services Group Radio Access Network 

TTI - Transmission Time Interval 

UAS - Uplink EGPRS2-A Level Scheme 

UBS - Uplink EGPRS2-B Level Scheme 

UE - User Equipment 

UFMC - Universal Filtered Multi-Carrier 

UICC - Universal Integrated Circuit Card 

UL - Uplink 

UMA - Unlicensed Mobile Access 

UMB - Ultra Mobile Broadband 

UMTS - Universal Mobile Telecommunications System 

UPCON - User-Plane Congestion Management 

UPF - User Plane Function 

URA-PCH - UTRAN Registration Area Paging Channel 

URI - Uniform Resource Identifier 

URLLC - Ultra-Reliable and Low Latency Communications 

us - Microsecond 

USIM - UICC SIM 

UTRAN - UMTS Terrestrial Radio Access Network 

V2x - vehicle -to-infrastructure 


VAMOS - Voice Services over Adaptive Multi-User Channels on One Slot 
VDSL - Very-High-Bit-Rate DSL 

VEPC - Virtualized EPC 

ViLTE - Video Over LTE 

VoIP - Voice over Internet Protocol 

VoHSPA - Voice over HSPA 

VoLGA - Voice over LTE Generic Access 

VOLTE - Voice over LTE 
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Samsonite 
‘Aeatnsb 5, 


MONOCLINIC @ 


Properties: C~ steel pray: S~ dark red; L~ mit 
D = opaque; DE ~ 5.5, H ~ 2.5; CL ~ none; 
‘conchoidal: M~ prismatic striated crystals. 
‘Origin and occurrence: ‘Te only locality, where it 
‘curred in relatively larger amount was the Samson 
‘mine in St Andreasherg. Germany, where erystals up 
{010 mm (% in) across were found, 


Chaleostibite 
usb 


ORTHORHOMBIC & 


Properies: C ~ lead-gay, tarnishing to blue and 
frcen: §— leat gray: L metallic: D opaque: DE 
= 5.0, H ~ 3-4; CL ~ perfect: F = conchoidal: 

Tong prismatie, strated erystals, granular, massive, 
Origin and occurrence: Hyeothermal in ore veins. 
associated with jamesonite, chalcopyrite, tetra- 
hedrite.stbnite,andorite and other minerals. Partly 
altered erytal upto 100 mm (4 in) long are known 
from Rar-l-Auz near Casablanca, Morocco, It is 
often in deposits in Bolivia Huanchaca. Orueo, 
Colguechaca). wher its erystals reach 10mm (in) 


Chacostbac, 29 mm, Sin Pons ronce 


Somsonite, 12 mm x. SLAndreabere. Gorman’ 


insize. The world’s best crystals upto 16cm (6. in) 
Jong were discovered recently near St Pons, France 


Emplectite 
CuBisy 
ORTHORHOMBIC eee 
Properties: C ~ gray to tinwhite: § ~ gray: L~ 
rai; D— opaque: DE 64 H~ 2, CL periec:F 
conchoial i uneven: M~thin prismatic 16 aicular 
seated eras, 
Origin and occurrence: Hyévotkermal in high- 
temperature veins associated. with. chalcopyrite, 


Berber 98 mm. Hera. Romania 


Winches, $0 mm, Witcher, Germany 


‘molybdenite, quartz. tetrahedrte and other minerals 
Fine acicular crystals up to 30 mm (Vin) long 
‘come rom Krupka, Czech Republic. Crystallized 
Specimens were also. found. in Witichen and 
Johanngeorgenstadt, Germany; Colquitiea, Peru and 
Jnthe Akenobe mine. Japan. 


Wittichenite 
cusBis 


ORTHORHOMBIC 8 @ 


Properties: C ~ secl-gray to tn-whit, tamishing 
yellow to stecl-aray: § — black, L~ metalic; D 
Opaque; DE — 62; H- 2-3 CL ~ none: F 
‘eonchoida; M_ prismatic ental, massive. 

Origin and occurrence: Hydrothermal in ore veins. 
associated with other Bi minerals, Cu-Fe sulfides 
‘selenides and secondary U minerals. it oceurs in 
Witichen, Germany Baila Bihorului, Romania; 
‘Tsumeb, Namibia and Cerro de Pasco, Per. 


Berthierite 
Fes 


ORTHORHOMBIC 88 


Propertos: C~ dark stel-gray. tarnishing iridescent 
tw brown; $ — dark brown-gray; L ~ metallic; D 
‘opaque: DE~ 4.7; 1-23; CL- imperfeet: M=long 
prismatic, sviated crystals, Mbrous. felisike and 
radial aggregates. 

‘Origin and occurrence: Hydrothermal in low-tempera- 
ture Sb deposit. Aciular erystal up 1 10 rm (in) 
Teng.ae known from the St. Antoni de Padua gallery in 
Kuta Hora. Czech Republic: thick prismatic crystals 
come fom Poproe. Slovakia. Idescent columnar 
aggregates up 10200 mm (7 in long oceur in Hera 
eran Fie seinen kno abo fo rw, 
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Stephanite 
es5b5q 


ORTHORHOMBIC fe 
Properties. C~ black; $ ~ black, LL ~ metals D 
‘opaque; DE ~ 6.3; H—2-2.5; CL — imperfect: F~ 
conchidal M Shon prise to bur sited 
ental, massive 

(Origin and occurrence: Late hydrothermal mineral in 
‘Ag. deposits, associated with prousite. acanhie, 
silver, teahedrite, galena, sphalerte and pyrite 
Coystals up to 40) mm (1% in) long come fom 
Pribram and Jachymox, Casch Republic and from St 
Andreasberg, Germany. Crystals up 100 mm (2 in) 
across found in the Las Chspas mine, Arizpe, Sonora, 
‘Mexico and Hiendelencina. Spain. Smaller crystals 
coveurred in Freiberg, Schnecbery and Annaberu. 
Germany. Application: Ag oe, 


Pearceite 
ai6A52811 

MONOCLINIC 9 @ 

Properties: C = lack: § ~ black; L ~ metallic: D = 


‘opaque; DE 6,1; H~ 3: CL none: F conchoidal 
to iregolar, M ~ short prismatic 1 tabular crystals 
and rosett-lke aggregates, massive, 


Origin and occurrence: Hydrothermal in low- 10 
‘medium-lemperature deposits with acanhite silver, 
proustite, quartz, barte and calcite. Crystals several 
mm across are known ffom Jachymov, Moldava and 
Midinee, Czech Republic: ftom Arqueros, Chile and 
from the Veta Rica mine, Coahuila, Menico, Crystals 
up to 12 mm (sin across were found in the Cari- 
‘bow mine, Colorado, USA; also in Dzhczkazgan, 
Kazakhstan. 

Huge accumulations of almost pure pearccte 
‘occurred in the Mollie Gibson mine neat Aspen, 
Colorado, 


Polybasite 
(eGo) 6562511 


MONOCLINIC ee 
Properties: C ~ black; $ - black; L ~ metallic; D 
Bopaqus: DE — 6.4, H - 2-3; CL — imperfect: F ~ 
‘uneven; M-— pscudoshexagonal tabular crystals, 
Origin and occurrence: Hydrothermal in low 10 
redium-temperature ore Veins, associated. with 


Pearce, 15 rim, Gana Mexico 


Palate 39 nm, Zaaleas Medico 


pyrargyrite, tetrahedrite, stephanit 
‘quartz and” other minerals. Crystals.” several cmt 
‘eros, are Known from Wolfac, Si. Andreasberg, 
Freiberg and Sehneeberg, Germany; also from 
‘Guanajuato, Mexico. The best specimens with 
tabular erysials up to 90 mm (3% i) across come 
from the Las Chispas mine, Arizpe, Sonora. Mexico, 
Application: Ag re 


Levande, 10 oe x Aloha. Macedonia 


Lorandite 
TAs, 


MoNocLINIc ee 


Properties: C~ esimson, lead-gray, it coves with a 
yellow coating: S ~ cherry-red, L — metallic to 
Adamanting, D-~ translucent wo vansparent; DE ~ 
55; H~ 2-25; CL ~ perfect, M ~ shor prismati to 
ular crystal, granular, massive. 

Origin and occurrence: Hydrothermal, associated 
‘with stibrite,realgar, orpiment, pyrite and otber 
‘minerals. Crystals up to $0 mm (2 in) across were 
Found in Alfchar, Macedonia. Is aso known from 
_jijkrt Tajikistan and from the evities in dolomite 
fiom Lengenbach, Binnal Switzerland 


Livingstonite 
HeSba5e 
MONOCLINIC ee 


Properties: C ~ black-gray: § — eds 1, ~ metallic to 


aggregates, masive 
Grigin and occurrence: Hydrothermal in low 
temperature ‘eins, associated with cinnabar, 
stibnite, getchellte and other minerals. The best 
specimens with prismatic crystals up to 50 ax (2 
in) long are known from Kaidarkan, smaller 
crystals only found from Kadamdzhai, Kyrgyzstan 
Ii also described from the La Cruz mine, 
Huitzueo, Guerrero, Mexico and from the Matsuo 


mine, Japan. 


Livingstone 40 mn, Khadr. Kyrgystan 


Bowron 62 mm Corowa Uh 


Bournonite 
Pocusbs PocuBiss 
ORTHORHOMBIC #808 ORTHORHOMBIC 9 8 


Properties: C~ stel-ray to black: 8 - stel-gray 10 
black: L— adamanins to dull; D— opaque; DE ~ 5. 
H-2.5°3; CL~ impertoc: F~ conchoidal to uneven; 
‘M~— short prismatic to tabular ery, often striated, 
‘granular, massive 
‘Origin and occurrence: Hydrothermal in medium 
temperature ore deposits. together with galena 
{etrahedite, pyrite. siderite and other minerals. The 
finest erysials, complex twins called cogswheel or, 
‘oer 50 mm (3 i) across come from the Herodsfoot 
‘mine near Liskeard, Cornwall. UK Tabular erysials 
‘up to 40 mm ("i in) across found in siderite cavities 
in Pribram, Czech Republic: lags prismatic and 
tabular erystals known from Newdorl, Germany, 
Simallererystals common in Cavnic and Baia Spr 
Romania. Crysals, up to 100 mm (4 in) across, 
‘occured in Machacamarea. Bolivia, Crystals up 12 
40 ram (1% in) come from Huaneavelca, Peru. 
100 mm (4 in) across reported from 
2s mine, France. Crystals up 0-20 mm 
(25/92 in) across found at Chenzhou. Hunan 
province, China, Application: Po, Cu and Sb oe 


Properties: C ~ blckegray tarnishing brown: S ~ 
‘sray-black: L ~ metallic; D~ opaque: DE ~ 7,3: 


Aint, 2m 8, Rud?on,Sovaie 


Bettie, 10 mim ax Dseckagan,Kocathtan 


22,5: CL — imperfect; F uneven; M— 
acicular. sated crystals, massive 
Origin and accurrence: Hydrothermal in ore veins, 
associated with gold. pyrite. galea, tennantite and 
‘other minerals 1 is common in quart eins with 
old in Berezovsk, Ural Mountains. Russia, where 
‘xystals upto 30 im (1 in) Fong were found Fine 
ferystals come also from La. Gardette. Bourg 
‘FOisans, France. Grains up to 50 mm (2 in) across 
‘secured inthe Outlaw mine, Nevada, USA. Ie as 
Keown in metamorphic eins in Val d°Annivirs, 
Switzerland, 


prismatic to 


Betekhtinite 
Caf FesP)6 


ORTHORHOMBIC @@ 
Properties: C - black: § black; L~ metallic; D 
‘opaque: DE ~ 6,1: H~ 335; CL ~ good; M 
acicular erst, granlar 

Origin and occurrence: Hydrothermal in ore 
deposits The best specimens come from Dzhez- 
kegan as clusters of acicular crys up 1070 mm 
(2% in) long. associated with bornite chaleocie, 
‘urlete and other minerals, Rich specimens found 


in Kiposhi Kipushi, Shaba, Zaire. Granular aggre- 
{gates fairly common in calcite veinlets, cross-cut 
‘Go-bearng shales near Esleben, Mansfeld Germany 


Andorite 
PagsbsSy 


ORTHORHOMBIC 88 


Prpertr, C-dar set-amishng  yeow 
‘metalic; D opaque: 


Prismatic and tabular striated erysal, masive. 
(Origin and occurrence: Hyrotermal in ove deposits. 
together with casstrite,jamesonite. sannite and 
‘other minerals. The worlds best specimens come 
from the los and San Jose mines in Oruro and the 
Tata mine in Potosi, Bolivia, where it forms erystals 
up 10 30 mm (Pin) across. Thin tabular crystals are 
Known fom Baia Spric, Romania and ftom the 
Keyser mine, Nevada, USA. Needles up 1010 mm (i+ 
in) long occurred in Trobe, Czech Republic 
Application: nuda Ag, 


tno 45 on, Oru. livia 


2 


Freieslebenite 
‘AgPosts 


MONOCLINIC @ 


Properties: C ~ ight stec-pray, lead-aray to slver= 
white: S— light stoel-gray, lead-pray to silver-white: 
L- metalic; D ~ opaque; DE ~ 62, 2-25; CL — 
imperfect: F — concho'dal to uneven; M prismatic, 
sitated crystals 

(Origin und occurrence: Hiydeotheral in ore deposits, 
associated with acanthite, pyrangyite silver, glena, 
‘siderite and andoi, 

{Crystals up 1a 20 mm (ny across come from the 
‘Sana Ceca, Guadalajara, Spain; Freiberg, Germany; 


Dior 5 ran. Pid. Careh Repl 


‘Oruro, Bolivia and fom the Treasury Lode, Colorado, 
USA, 


Diaphorite 
PeyAesb355 
Monoctinic 


Properties: C stec-sray: S- stel-gray: 
Ties opaque: DE ~ 60; H - 2.53; CL — none; F 
~conchoidal to uneven: M -prismati striated erys- 
tals, 

Origin and ocenrrence: Hydrothermal jn medium 
Temperature ore veins, associated with galena, 


Sartori 4 mx Bint. Switzerland 


sphalerte, pyrargyrite, pyrite and other minerals 
‘Beautiful stated erysals upto 10 mm 

from the eavities of quartz veins in Peibram: rare 
small crystals, several mm across found in the 
cavities of quartz veins in the St. Antoni de Padua 
gallery in Kutna Hora, Czech Republic. Complica- 
ted combinations of crystals were described from 
Braunsdorf, Germany. Crystals up to 80 mm (3's 
in) long occurred in Hiendelaencina, Guadalajara, 
Spain. I s also reported from Catoree, San Luis 
Potosi, Mexico 


Sartorite 
PonsrS4 


MONOCLINIC 6 


Properties: C— étk lead-gray: S ~ chocolates 
L~ metalic; D ~ opaque, DE ~ 5,1; H = 3; CL. 
good: F— conchoidal: M~ prismatic rated erytas 
rig and occurrence: Hydrothermal in dolor 
sesocated with tenmantte, duffenayste, pyrite an 
fealgat The best erstals up to 100 mm (4 in) long 
‘come from Lengenbach. Binntal. Switzerland. Ki was 
also found in the Zuni mine, Colorado, USA. 


Baumhauerite 
PogAse5s 


TRICLINIC @ 


Properties: C ~ leade to steel-gray. tarnishing 
iridescent; S ~ chocolate-brovn: L ~ metalic: D 
opaque: DE ~ 54; H = 3; CL — perfect: F ~ 
onchoidsl: M — tabula to short prismatic sited 
crystals, granular 

Origin and occurrence: Hydrothermal, associated 
‘with ealgar and other sulfosalts. The best erysals up 
to 25 mm (I in) across come from Lengenbach, 
Binntal, Switzerland, Massive aggregates. were 
found in Hemlo, Thunder Bay, Ontario, Canada and 
Sierling Hill, Now Jersey, USA, 


ashe 60 mn. Baal. Secertand 


Rathite 
@b.THsAssS10 
MoNocLINIC @ 


Properties: C ~ ead-gry, tarnishing iridescent: $ ~ 
‘hocolate-brown: L ~ metal: D = opaque: DE 
‘53: H ~ 3; CL ~ perfect; F — conchoidal; M — 
prismatic stated erystal 

Origin and occurrence: Hydchermal. associated 
With other Pb-TI-As-S minerals, Crystals up to 10 
mam (ie in) across come fom dolomite in Lengen 
bach, Binal, Switzerland. 


Dufrenoysite 
PorAnds 


MONOCLINIC #@ 
Properties: C ~ lead to stec-gray; S = red-brown to 
‘chocolate-brown: L_ metalic: D~ opague: DE ~ 56; 
W~ 3; CL ~ perfect; F conchoidal; M = elongated 
‘triaed tabular eystas 

(Origin and oceurrence: Hydrothermal low-temperature 
‘mineral, associated with ate, storie, baumhauerite 
and relgar. Crystals upto 25 mm (1 in) across come 
from dolomite in Lengenbach, Binnal, Switeland, 
‘Aso found in Batopias, Chihuahua, Mexico 


Dufenoyite 10 mo x Bint Switzerland 


9 


ordanite, 12 mm, Bunt Suierond 


3 i ~ Oey a 


Jordanite Origin and occurence: Uyéothermal in low: 
Poa (AnO)6S03 temperatire or veins. also im metamorphic doo. 
ee een __niet™egther wit tama. sphalese,alea, 
{Dolomite and. other minerals The most famous 
“ysis up wo 0 mm (2 in) across come fro caves 
ir dolore in Lengenbach. Binmal, Switzand. 
opaque: DEG: f1=3:CL Tabular ents occured also in Sarin. Romania 
holdal: M ~bular cqsals,  Botryoudal aggregates. growing on barte erysuls, 
‘otyodal agareztes store described from he Yunosaa mie, Japan 


Geweronte, 10min, Priam, Cock Repblic 


MONOCLINIC 


Geocronite 
P14 (Sb.AS)6S23, 


MONOCLINIC ee 


Properties: C~ ight leadgray:§— light ead-gray 10 
‘2y-blue;L— metalic; D- opaque: DE~ 6.4; H = 25; 
‘CL good: F- uneven; M tabular erystals. massive. 
(Origin and occurrence: Hydrothermal in ore veins, 
associated with galena, pyrite telrahedrit, bait, 
Auorite and quartz. Crystals, up to 80 mm (3'% in) 
‘across, come from Piiraania, ily, Crystals up 
90 mm (3% in) found in Viegem da Lapa, Brazil 
“Tabular crystals up to 40 man (1% in) across occur 
red in the Kilbricken mine, leland. Massive aggre- 
{gates are known ffor Pribram, Caech Republic 


Zinkenite 
PagsbaaS42 
HEXAGONAL eee 
Properties: C— sel ry tarishing iridescent S — 
stchgray: L~ metalic; = opaque: DE~ 53H ~ 
S550 CL ~ imperfecy F uneven, M~ thin 
prismatic sited crystals, radial to feelke aggre 
Grin and occurence: Hydrothermal in ore 
eit, astociated with slbnite Jamesonte, boo 
Tanger, boursonit,stannite sd other minerals, 
Crystals up 30 mm (2m) arose ae known from 
Thc He and San fous mines in Orato. Bolivia, I 
sta azo found in Wollberg, Germany. St. Pons, 
France: Scarinb and Baa Sie, Romania, 


Jamesonite 
PogeSh¢S) 


MONOCLINIC eeee 
Properties: C~ wray-blac, tarnishing iridescent; S— 
gray black; L- metalic: D - opaque, DE ~ 5.8: 
2.5; CL ~ good: F ~ uneven; M~ aciculr crystals. 
fibrous and fet lke aggregates, masive. 


Zinkenite_39/mm, Oru Bolivia 


Origin and occurrence: Vydrothermal in medium 
land low-temperature base msl ore veins, associated 
‘with other Pb-sulfosas, pyrite, sphaleite, galena, 
texrahedrit,quartzand other minerals. Needles up to 
80 mm (3's in) long occur in many localities in 
Bolivia (Tasna: Bolisia mine, Poopo: San Jose and 
Ttos mines, Oruro). 1 also comes from Wolfsbere 
and Freiberg, Germany, Niza Slana. Slovakia and 
Sombrerete, Zacatecas, Mexico, 

Application: Pb and Sb oe 


6 


VNF- Virtual Network Function 

VPN - Virtual Private Network 

WAP - Wireless Application Protocol 

WBA - Wireless Broadband Alliance 

WCDMA - Wideband Code Division Multiple Access 
WCS - Wireless Communication Service 

WebRTC - Web Real-Time Communication 

Wi-Fi - Wireless Fidelity 

WiMAX - Worldwide Interoperability for Microwave Access 
WLAN - Wireless Local Area Network 

WMAN - Wireless Metropolitan Area Network 
WMM - Wi-Fi Multimedia 

WRC - World Radiocommunication Conference 
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Semseyite 
PySbaS21 


MONOCLINIC ee 
Properties: C ~ gray to black: S ~ black: L 
metallic; D ~ opaque: DE ~ 6,1: H ~ 25; CL — 
perfect; M- tabular and prismatic crystals and their 
rosette-like aggregates, 

(Origin und occurrence: Uydrothermal in. medium 
temperature veins, associated with jamesonite, 
‘bourmonite. zinkenite,sphalerite and oer minerals. 
Fine rosewe-like aggregates of crystals over 10 mm 
(Cin) across come from Baia Sprie, Heya and 
‘Rodna, Romania It was also found in the San Jose 
mine, Orure, Bolivia; Wolsberg, Germany and 
Huaneavelica, Per, 


Boulangerite 
Poss 


MONOCLINIC eeee 


Properties: C—lead-gray: $~ brownish; L.-metalli 
to silky: D — opaque: BE - 62; H 25-3; CL — 


Somseite 40 mm. Carnie. Romania 


‘good: M ~acicular striated erytals, fibrous and felt- 
like aggregates. 

(Origin and vecurrence: Hydrothermal in low= and 
‘medium-emperature ore veins. together with other 
Pr sulfosats, galena,sphalerite and other minerals. 
Fine needles over 100 mm (3 in) long come from 
cavities in quartz in Prbram, Czoeh Republic. 1 is 
‘common in the Cocur d'Alene district, Idaho, USA. 
Acicular erysals up to 30-cm (12 in) long were 
found in Trepea, Serbia and Leadville, Colorado, 
USA. Itisalso known from Wolfsbers. Germany and 
Bolivia (Colquechaea, Huanuni Isealsca). 


Cosalite 
Pn 


ORTHORHOMBIC eee 


Properties: C—tead- to stecl-eray, silverowhits; S~ 
black; L ~ metalic; D~ opaque: DE ~ 7.1; H~2,5- 
3:1 none; P uneven: M prismatic to aicular 
crystals, radial and fibrous aggregates. 

(Origin and occurrence: Mginatic in peste, 
hydrothermal in medium temperature deposits: sso 
‘metamorphic, associated with sphalerite, chaleo- 


Bexlangeri. 40 mie, Zacaeces. Mesico 


parte, pyrite, cobalite and other minerals. Elonga- 
ted crystals are known from Crodo, lay. Fine 
rncedles up 10 40 mm (I's ia) long, included in 
‘quartz crystals, were found in Kara-Oba, Kazakh- 
‘Sian. It occurs also im Au deposits (Nomestake mi 
South Dakota. USA) or in skarns (Baila Bihoruli. 
Romania). 


Kobellite 
Phy.Cug(BiSb) 30869 
ORTHORHOMBIC eee 


Properties: C~ black: gray to tel gray; S— black; L— 
‘metalic: D ~ opaque: DE ~ 6.5 H = 25-3; CL — goo 
IM. fibrous aggregates, granular, massive. 

Origin and occurrence: Hydrothermal in high-tempe- 
‘ature veins and pegmatite, together with cobalt, ar~ 
seopyrit, chaleopyrite and ther minerals. tis known 
from a suifide rich pegmatite inthe Superior Stone 
‘quarry, North Carolina, USA, Massive aggregates are 
‘ommon in Jed ove Slovakia. I was originally des- 
‘rbed from the Hvena mine near Askesund, Sweden. 


‘Reatgar 4 mm,Shonen, Chine 


Realgar 
ass 


MONOCLINIC sees 


‘Pripertcs: C— redo orange-yellow; $~ orange-ed 
to red: L— resinous to greasy: D ~ transparent to 
translucent; DE ~ 3.6; H ~ 1.52; CL ~ good: F - 
conchoidal; M~ prismatic striated erystals, granular, 


Orme, 40 mm, Baa Serie, Romane 


Origin and occurrence: Hydrothermal in low 
temperature veins, associated with other AS-Sb 
‘minerals: also 35 a sublimation product of volcanic 

in hot springs and sediments. The most 
‘earful crystals over [00 mm (4 in) long. come 
from Shimon, Hunan, China, Crystals up @.70 mm 
(2¥4in) long occurred inthe Getchell mine, Nevada, 
USA. Crystals up to 80 mm (3! in) long were found 
in Lengenbach, Binnal, Switzerland. Crystals are 
also known from Bais Spric, Romania. Massive 


Orpiment 
ans 


MONOCLINIC eeee 
Properties: C ~ lemon-yellow to bronze-yllo; $ ~ 
ligt lemon.yllow,L~ esinousto pearly: D~transpa- 
rent to translucent; DE ~ 3,5; H~ 15-2: CL ~ perfec; 
(M~ prismatic eras, foliated and fibrous ayeregates. 
Origin and occurrence: Hydrothermal in low-tempers- 
ture veins together with realgr,stbnite. calcite et, 
also from hot springs and fumaroles. I also a com 
‘mon product of realgar oxidation. The best erstls up 


1 100 mam (4 in) tong come from Shimen, Hunan, 
CChina, Fine cleavable lamellae cccur in Lukhumi, 
Georgia and Mer-Kyule,Yakuta, Russia. Crystals up 
9 30-mm (2 in) across found in the La Libertad mine, 
(Quiruilea and Huavllaon. Ancash, Per. Crystals up 
{0 80 mm (3% in) long described from the Getchell 
‘mine, Nevada, USA., Fie specimens ae abo known 
‘rom Allchar. Macedonia and Khaidarkan. Kyrpyzsan. 
Appicaion: As oe, pigment 


Getchellite 
AsS0S3 


MonocuiNic 


Properties: C— dat re, tarnishing preen and irdes- 
L~ peatly o glassy, resinous: D 
0; H~ 1-2; CL = perfect; F = 
spliniry: M ~ imperteet curved erysal, massive. 
Origin and occurrence: Hyérothermal in low-terpe- 
ature ore deposits, associated with orpiment, 


Orpen, 35 nm, Huarlapon. Pr 


Gece, 60 mo, Khaidarkan Kington 


realgar,stibnite cinnabar and other minerals. It was 
described fom the Getchell mine, Nevada, USA. 
Beautiful specimens with grains up t0 several em 
across come from Khaidarkan, Kyrgyzstan. Itis also 
known from Zarebshuran, Kurdistan, Iran 


65 


3. Halides 


Fluellite 
‘Az (POQFAOH)-7 430 


ORTHORHOME: 


Properties: cles whi yell: § whi: 
‘= vnreous: D ~ transparent; DE ~ 22: H- 3, 
imperfect: M  dipyramidal crystals 

Origin and occurrence: Hydrothermal in greisens, 
also secondary as a result of tiple alteration. 
‘Crystal druses over 10 mm sin) in size come from 
Horai Slavkov Czech Republic. Very. similar 


Kynzvart, Czech Republic and in. Hagendorf, 
(Germanys a produ of pli aleration. 


Cryolite 
NayAIFy 


MonocuiNic 


Properties: C ~ colorless, white, purple, brownish; S 
= site; L'< greasy to poary: D ~ transparent 0 
DE-3:H—25:CL_ none; F- uneven; 
1M ~ peeudo-cubicerystals, massive, 
“Flore. 67 mom. Berbes, Spain 


(Origin and occurrence: Characteristic mineral of the 
ryote pegmatite. Crystals upto 30 mm (in 
‘ize were found in Ivigtut, Greenland, where it was 
‘mined asthe Al ore for mare than 100 yeas. I was 
‘associated with other aluminofluordes,sphalerit, 
cassterite.ferrocolumbite and other minerals. I is 
‘also known ffom the Francon quarry in Monreal, 
‘Quebec, Canada in crystals up to 10 mm ('s in) 
‘cross. Massive cryolite occurs in Miass, Ural 
‘Mountains, Russia and in St Peters Dome, Pikes 
Peak bathoith, Colorado, USA. 

“Applicarion: i was an important Al ore. 


Cece. 70 mm. Sata Ena Mevico 


Creedite 
CasA{SO4)(ROH) 19-6 HzO 


ORTHORHOMBIC eee 
Properties: C colorless. white, purple: S~ white: 
~ vitreous: D ~ transparent; DE ~ 2.7; H ~ 4; CL- 
perfect. F ~ conchoidal: M — short prismatic © 
Aciular ery granular, massive. 

Origin und occurrence: Hydrathcemal, associated 
with fluorite and barte. Purple crystals. several em 
long, come ffom Wagon Wheel Gap near Creede, 
Colorado, USA. Nice druses were found in Santa 
Eulalia, Chihuahua, Mexico. ‘The best crcedite 
specimens with purple crystals up 0 30 mm (ui) 
Jong were recently found in Akcha-tau, Kazakhstan. 


Carnallite 
KetgCly 6 HO 


ORTHORHOMBIC eo eee 


Properties: C— colorless, white, yellowish, red, blue; 
Shite; L = viteous to greasy; DE ~ 16: H~ 1-2: 
CL ~ none; F ~ conchoidal; M'~ pseudo-hexagonal 


pyramidal and tabular crystals. granular; LU — 
‘rong: R ~ decomposes under wet conditions 
(Orin and occurrence: Sedimenary, one of the last, 
products of evaporation of salty soltions; also 
Supergene as 8 product of a reaction of older salts 
With solutions, rich in potassium, associated with 
halite, sylvite and ether minerals. Crystals up to 40, 
‘im (1% i) across are known fom the vicinity of 
Carlsbad, New Mexico, USA. Nice erystals come 
also from Stassfut and Alexanderhall, Germany 
Massive aggregates are common in many salt 
‘deposits, lke in Saskatchewan, Canada; in Kalush, 
Ukraine and elsewhere 

Application: the most important potassium sal, 
‘used as ferilizer and for production of metal Mg. 


Atacamite 
CagchOHs 
ORTHORHOMBIC fee 
Properties: C — emeralds, back proos: S ~ 
ren b= vvcots; D tanslocee DE 3d: 
353.5, CL perfect: F— conshowak M~ pnamatic 
cry lta ra! on alr arent, 
‘Grigin and occurrence: Seconday in the oxidation 
one of Cu depois inthe aid climate, associated 
with other Cu mincrls, Crystals upto 10 mm in) 
Tong were decribed fom Bure dati, Souther 
‘Auralia, Asta. Crystals up 1010 mm (Mt) 
Seroze come ffom.Tsumeb, Namibia also from 
Bisbee, Arizona, USA. Rich agecgates of acicular 
crystals oeeur in many. Toalites. in Atacama 
rovines, Chile (Copiapo, Remains. 


Carmlle, 0 mm, Serters, Germany 


Boleite 
r6AseC24Clgn(OM 

cusic e 
Properties: C ~ blue: $ ~ blue: L ~ pearly: D — 
translucent: DE 5.1; H- 3-33; CL— perfect: M— 
cube crystals; ~ soluble in water 

ote 5 mm. Sans Rosalia, Mexico 


‘Origin and occurrence: Secondary. originated in 
the oxidation zone of Cu deposits in the arid cl 


rate. By far the best specimens were found in 
Boleo. Baja California, Mexico, where cubes upto 
25 mm (1 in) in size were found. Its also known 
fom Philipsbur Montana USA and Chalcot, 


Cumengite 
Poni Cur0Cle M40 


TETRAGONAL 
Properties: C= indigo- be: § ~ blue: L— vireous; D~ 


tragslucent; DE—47.H~2.5; CL good: M—terago- 
‘al pyramidal crystals, also epitaxaly overgrown on 


boite cubes. Origin and occurrence: Secondary in 
the oxidation zone of Cu deposits in the arid climate. 
associated with bolete The largest erytas up 1035 
‘mm (T'sin) ate known fiom Bole. Baja California, 
“Mexico. Its also reported from Newport Beach near 
Falmouth, Cornwall, UK. 


Jodargyrite 
es 


HEXAGONAL eee 


Properties: C ~ coloriess, tarnishes to yellow: S — 
yellows L ~ adamantine, D_~ ansparent 10 
translucent: DE ~ 5.7; H ~ 1.5; CL ~ perfect, F~ 
‘conchoidal; M ~ prismatic 10 tabular crystals, 
‘granular, massive 

Grigin ond occurrence: Secondary, product by 
oxidation of Ag ores, with other Ag minerals. Common 
‘grenish crystals over [0 mm (hin) in sige occur in 
Broken Hil, New South Wales, Australia. Alo found 
in Veanciee. Czech Republic: Tonopah. Nevada. USA: 
‘Chanarello and Copiapo, Chile. 


cusic eee 


Properties: C = datk red; $ ~ white: L ~ viteous; 
1D transparent fo translucent; DE ~ 2.8, H- 2.2.5; 
CL — perfect; M ~ small erystals, granular. massive: 
soluble in water. 

(Origin and occurence: Late minecal in cavities in 
alkaline igneous rocks. (nepheline syenites), 
Crystals. several em long, are known ffom the 
Rasvumchorr Mountain, Khibiny massif, Kola 
Peninsula, Russia: only’ slightly smaller crystals, 
‘come from Mont St-Hilaire, Quebec, Canada and 
Ilimaussag, Greenland. 


Vliumie 10 mm ox; Kbiny Massif Kola Russ 


alive 55mm. Tina. USA. 


Halite 
cusic eases 
Properties: C ~ colores, gray. white, red blue; S~ 
white; L~ vitreous; DE ~ 2.2: H~2; CL ~ perfect; F 
~conchoidal; M ~ cubic crystals, granular, massive; 
FR soluble in water 

(Origin and occurrence: Product of high-temperature 
fumaroles (Etna, Mt. Vesuvius; Waly); mainly se 


elite. 18 mm x, Sora, Masi 


mentary, as a result of evapo 
‘ssocated with sylvite,caralite and other minerals 
‘ory fine cubes ever 10 mm (sin ae known from 
Weliczka and Bochnia, Poland, Blue cleavable aggre- 
{gates are found in Bernburg, Germany. Salt deposits 
fn Austin (Hallstat, Hallein) are also important 
Huge halite deposits, associated with potassium salts 
ate mined in the vicinity of Stassfur, Germany. Fine 
‘Skeletal crystals are known from many localities in 
California, USA. 

Application: Food and chemical industries. 
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‘Sat enmaniac, 1 mt, Betomperene, Hinpry 


Sylvite Sal ammoniae 
ker NHact 

cusic eee cusic ee 

Properties: C— white, gray, blue, ed: S~ white; L- Properties: C— colores, white, gray, yelos, brown: S 
Vitreous: D= wansparen DE~ 2: Ht ~2; CL = per. ~ white; L~ vitreous, D~ vansparent; DE ~ 15: H~ 


fect; F uneven; M cub crystals and their com- 
binations; granular, massive; R soluble in water. 
‘Origin and occurrence: Sedimentary 88 a result of 
‘evaporation of sea water, together with halite, 
‘amllte and other minerals. Nice cubes up to 50 
‘am (in) come from Stassfurt it forms stalactites in 
Wathlingen, Germany. Crystals are also known from 
Kalush. Ukraine and from Salton Sea. California, 
USA, where it occurs a3 octahedra on halite crystals 
Application: chemical industry. 


elomet 30m, Tena, USA. 


1.2; CL — imperfect; F = conchoidal: M — 
combinations of eubic erystals, dendritic and skelea 
aggregates; earthy, 

Origin and occurence: Typical mineral for 
fumaroles and burning coal dumps, associated with 
sulfur and other minerals. Complicated erytals are 
known from Mi. Vesuvius. Eina and Valeano, Hay 
Crystals over 10 mm (i+ in) in size occured on 
‘burning coal dumps near Kladno, Czech Republic; 
Similar from localities in Eastern Pennsylvania, USA 
and near Ste-Evienne, France. 


Calomel 
Mec! 


TETRAGONAL 


Properties: C ~ colotess. white, gray, brown, it dar 
ens on air, $~ white; L~ adamantine; D ~ transpa- 
ent f translucent: DE ~7.2; H~ 1.5; CL ~ good; F— 
conchoidal: M ~ tabular to pyramidal crystals, 
coatings earthy; LU ~ dark re. 

Origin and occurrence: Secondary as a result of 
alteration of He minerals, associated with cinnabar. 
mercury and other minerals. Crystals were found 
in Moschellandsberg, Germany; Avala, Serbia; 


Khaidarkan, Kyrgyzstan and Terlingua, New 
Mexico. USA. 


Fluorite 
CaF 


cusic eeeee 
Properties: C— eolrles, white, yellow, red, green, 
blue, purple, brown, black: S ~ colorless; L ~ vie 
neous: D ~ transparent to tansiveet, opaque; DE ~ 
3.2; H—4; CL perfec; F~ conchoidal to splisery, 
M~ combinations of cubic crystals, granular, mas- 
sive; LU — blu, blue-green also phosphorescent 

Origin and occurrence: Rare magmatic, mainly 
hnydrotherma and motasomatic. Associations are 
very diverse, depending on a type ofthe depesit in 
‘which it occurs. Beautiful erystals are known from 
‘many localities all over the world, Pink octahedra, 
several cm in size, are known from pegmatites in 
Nagar, Pakistan, Nice crystals were also found in 
sgreisens in Cornwall. UK (Wheal Mary mine) and 
From Horni Slavkox, Czech Republic. Beautiful 
‘green cues up 1920 em acras ad colorless cubes 
‘up 010 mam (in) actos ftom Dalnegorsk, Russia 
ate of hydrothermal origin. Famous green and 
purple crystals come from Alston Moor and 
Weardale, England, UK. Nice pink octahedra up to 
30 ram (1% in) occurred in Huarzala, Peru. Beaui- 


Fluor 24 mm x. Chamois, France 


{ul yellow cubes up 10 $0 mm (2) associated with 
batte, are known from Halsbrcke and Annaberg, 
Germany. Purple complex combinations of crystals 
come from La Collada, Spain. Mainly purple cubes 
up to 10 mm (in) occurred in Rosiciare, Iinois; 
Im association with honey-yellow calcite crystals are 
‘known from the Elmwood mine, Tennessee, similar 
coceurtences ate also in several loalities in Ken 
tucky. USA. The most yaluable Muorite specimens 
are pink octahedra up to 150 mm (6 in) from 
Goschenen, Switzerland; Mont Blane massif, 
France and other Alpine localities 

Application: metallurgy. chemical industry, special 
opts optika 


B 


4, Oxides 


Cuprite 
cu 
cusic see 
Juries chalotchiteacculrt ai lke rystls) 
Properties: C~ red: S~ red: L ~adamantine (0 sub- 
metalic: ~ansparen to rarslocent: DE ~ 53-6 2: 
H=3.54; CL imperfect F ~conchoidal to uneven: 
M_~ combinations of cubic crystals. hair-like 
aggreantcs, granular massive. 

Origin and occurrence: Sccondary, asa result of the 
oxidation of Cu sulfides. Crystals up o 150 mm (6 in) 
Insc, covered with malachite, oe 

mibia. Shiny octahedra. upto 40 mm 
‘ome fom the Mashamiba West mine, Zaire. Aciclar 
and fibrous crystals ofthe chalotrihite variety were 
found in Bisbee, Arizona, USA. Combinations of 
ceabic crystals, covered with malachite, are known 
from Chessy near Lyon. rence. Crystals up to 30 em 
(Chin) across ae reported from Tum, Nami 
Application: important Cu oe. 


HEXAGONAL oe 
‘orange, red: $— orange- 
1D = transparent 19 tans 


“ames, 122 am, Goerera, Mexico 
Capri 18 mm x Mashamiba West Zar 


Zinc 11 mm x. Frantin, USA 


lucent; DE ~ 5:7; H ~ 45-5; CL ~ perfe 
conchoidal: M~ pyramidal crystals. granular, 
Origin and occurrence: Metamorphic, associated 
‘with willemite and franklin. It forms very rare 
crystals up to 40 mum (17 in) in size inthe metamoe- 

[hosed Zn deposits in Franklin and Stesing Hi 
‘New Jersey, USA. its mostly granular and mass 
Zincite crystals and aggregates of vitreous luster 
from Poland which are offered at the mineral shows, 
are not ofa maura origin, there are smelter products 


Chakoricie 30 mm, ices, USA 


1s 


Tenorite 

cu 
MONOCLINIC ee 
Properties: C- ses-ray to back; $= gray: = 
‘metallic: D ~ opaque: DE 6.5; H~ 3.5; CL 
perc ~ uneven conceal M~ hin blr 
te scaly crystals, earthy. massive 
(Origin and occurrence: Secondary, in the oxidation 
zone of Cu deposits, together with other Cu super- 
‘gene minerals It was common in Cu doposits in the 
‘Keweenaw Peninsula, Michigan, USA. lt was mined 
35 Cu or in Bisbee, Globe and Morenci, Arizona, 
USA. Thin tabular crystals are known from Tsumeb, 
Namibia 


Verieter: pleonast (Black) 
Properties: C~ pink, red, green, blu, brown, black; 
‘8 white; L— vitrcous 19 dull; D ~ wansparent 19 
‘opaque: DE - 3.6: H~ 7.58; CL — imperfect, F ~ 
‘onchoidal to uneven; M octahedral crystals. ga- 
ular, massive. 

(Origin and occurrence: Magmatc. metamorphic. also 
in placer, associated with corundum, silimanite and 
‘other minerals. Large pleonas estas reaching up to 
150 mm (6 in) wee found in the AMan massif Yekutia, 


Spincl 10 ms Megat, Burm 


Tonorte, $m x, Bisbee, USA 


‘Russa Fine crystals weighing upto 14 kg (301b 1202) 
‘come from Amity, New York. Crystals up to 120 nm 
(hs in) across are known from String Hill, New 
Jersey, Blue erysals of spinal come fram Bolion, 
Massachusets, USA and South Burgess, Ontario. 
(Canada, Gem pink and ed crystals upto 20mm Cx 
in) reported nar Ratnapurs, Sei Lanka and in Mogok. 
‘Burma. Fine pink crystals up to 0 mim (2 in) in size 
‘ecur in Kuehl Takis, 

“Application: gemsione. 


Gahnite 
ZnO 


cue 


Propenies: C ~ black-preen, black; § ~ pray: L — 
vitreous to greasy; D ~ translucent to opaque: DE — 


Pleonast 18 mm x, Venom 


4.446; H~7.5-8:CL ~ imperfeet:F~ conchoidal 10 
‘uneven: M— octahedral crystal, granular 

(Origin and occurrence: Magmic and metamorphic, 
associated with wolftamite, chalcopyrite and other 
‘mineral, Crystals upto 120 mm (4%) in size come 
ftom Franklin and Sterling Hill, New Jersey, USA. 
Crystals from Broken Hil, New South Wales. Austra- 
Tia reached up to 30 mm (Pain), Bluegreen crystals 
‘were found in Rowe, Massachuset's, USA. Cutable 
‘blue erytals occur near Gidan Wayo, Nigeria. 


Magnetite 
Fel rel04 


cusic eee 


Magetie 20 nim x. Chester USA. 


Gabe, 90 mem, Broken il Australi 


vento conoid: M ~ ocd erst, ga 
Origin and occurence: Magmatic, hydrothermal 
land metamorphic, rave sedimentary, Paragenesesdif- 
fer according tothe origin. Fine crystals up to 170, 
‘mm (6 in) in size, come from Traversell, Hay. A 
xysal 25 om (9% i) in size was found in Vasian- 
fors, Sweden. Fine crystals up to 40 mm (I! 
‘occur in Dashkesan, Azerbaljan. where i 
ted with andradite, cpiote and 

ny octahedra up t0 40 mm (1 
‘Apa Lerchelini, Binntal. Switerland. Rare cubes 
‘up to 20 mm ("x in) on edge come from the ZCA 
‘No mine, Balmat, New York. USA.. Magnetite 
cexystal reaching up to 10 em were found in pepma- 
‘ites in Jaguaraey, Minas Gerais, Brazil. Cvstals up 
0 20 cm (Tn) in size reported from the Gardiner 
complex, Greenland. Crystals up to $0 mm (2 in) 
‘were lately found in Kovdor, Kola Pesinsula, Russi 
Application: Fe ore 


n 


Franklin, 20 mm, String Hil, USA 


‘Franklinite 
andre ren? 04 


cusic 


Properties: C~ black; §~ dark brown: L ~ metallic; 
= opaque; DE ~ $1155: H - 6; CL — none; F — 
tuneven 10 conchoidal; M ~ octahedral crystals, 
granular, massive 

Origin and occurrence: Metamorphic, associated 
‘with willemte zinete and other minerals. The only 
localities, where itis common and oceurs in very 
large accumulations, are Franklin and String Hill, 
New Jersey. USA, Crystals up (0 170 mm (6% in) 


Chromite, 87 wm, Fanta 


R 


across are known ffom there It is rae in Langan. 
‘Sweden and Ocna de Fer, Romania 
“Application: Zn oe. 


Chromite 
FeCr204 


cusic ee 


Properties: C~ black: $~ brown; L- metalic; D~ 
‘opaque; DE~ 45-48; H— 5; CL~ none, F uneven: 
IM oclahedral crystals, granular, massive 

Origin and occurrence: Magmatic, together with 
magnetite, uvarovte and ar minerals. Rare ctys= 
tals reaching up to 10 mm (% in) are known from 
‘Uaun Damar Turkey. Te occurs mostly massive, like 
in deposits in Bushveld. South Arica; in Sarany, 
Ural Mountains, Russia and in Guleman, Turkey 
Application: Crore. 


Hausmannite 
Mat rin 20, 


TETRAGONAL 


. 


Properties: C~ black: §— brown; L~ submetalic; D 

‘opaque; DE 48:11 ~5.5:CL~ perfec; F- uneven: 
M-= pseudo octahedral erysals, granular, massive. 
‘Origin and occurrence: Hydrctermal in high-iem- 
perature Mn deposis also sa produc ofthe contact 
‘ctamorphism. The best specimens with crystals 
‘up to 30mm (We in) in size come from the 
'N'Chwaning mine, Kuruman, South Aftia, Smaller 
crystals were found in Ilfelé and tImenau, Germany. 
Tr also occurred. as fine crystals in Langhan and 
akobsberg, Sweden 


Minion, 60 vm, Broke Hl, Austria 


Minium ‘M earthy and pulverulent aggregates, massive. 


Pol yrot oy Origin and occurrence: Secondary evineral, as a 
— + recut of the galera oxidation. It occurs in 
TETRAGONAL #8 Langban. Sweden: in Anarak, lan: jn Leadhil, 


Scotland, and in Broken Hill, New South Wales, 
Properties: C~ red $ —orange-yellow; L ~ dull to Australia, 
‘greasy; D- opaque; DE ~8.9; H 2.5; CL perfec: 


Hassani, 2 a, Karen, Seth fics 


0 


\Chrsober. 35 mm. Espirit Santo. Bri 


Chryzoberyl 


Oa 


ORTHORHOMBIC #8 
Varieties: alexandrite 


Properties: C ~ yellow-green, yellow, blue-green, 
alexandrite is green in daylight, purple in artical 


Alesandie 78mm, Maske, Rusia 


light; $ — white; L_~ vitreous: D — transparent to 
translucent, DE ~ 38; H 8.5; CL ~ good: F ~ 
conchoidal 10 uneven; M_— thin 10 thick tabular 
‘xysals common eyeli twins 

Origin and occurrence: Magmatic in pegmaties, 
prevailing 3s metamorphic, in association with 
Sschoe. phenakte and other minerals Twins up 1022 
em (Bis in) occurred near Pancas. Espirito Santo, 
Brazil. Complicated twins wp to 160 mm (4 in) in 


size come from Ambatondrazaka and other localities 
jn Madagascar. Tabular crystals several em in size, 
embedded in the silmanitic rock. were found in 
Mar_tkov, Czech Republic, Fine alexandrite crystals 
‘up 10 80 mm (3% in) are known from Malyshevo, 
‘Ural mountains, Russi, together with emerald and 
phenakite. Alexandrite crystals reach up to 30 ram 
(Vs in) in Nyanda, Zimbabwe. Gemmy chryso- 
beryl commonly with eats eye effet, come from 
the vicinty of Ratnapua, Sri Lanka. 

Application: gemstone. 


Valentinite 
03 


ORTHORHOMBIC eee 


Properties: C~ colorless. white brownish; $~ white; 
{L—adamantine: D~ wansparen to translucent; DE~ 
5.75.8; H = 2.5-3 CL ~ perfect: M = prismatic 10 
tabular erysals, radial ageregates, masiv, 

(Origin and occurrence: Secondary mineral, orgina- 
{ed in te exidation ofstibnite, The best specimens 
with erystals upto 30 mm (We in) were found in 
Pribram. Czech Republic. Fine crystals come also 
from Braunsdorf, Germany. Crystals up to 20 mm 
in) long occur in Oruro, Bolivia. Beautiful radial 
aggregates up to. 40 mim (I's in) in diameter, 
associated with kermesite, are known from Pezinok 
and Pernok. Slovakia. Pscudo-morphs after stbnite 
‘rystals upto 35 em (13% njlong, are reported from 
the Xikuangshan Mine. Lengshuljiang, China 


Arsenolite 
505 


cusic 


Properties: :C— white: S— white: L_ vitreous; D 
twansparent to translucent: DE ~ 3.9: H~ 1.5: CL, 
‘good: F~ conchoidal; M ~ octahedral crystals, 
‘russ, coatings: R—solubl in water 


Arsene. 3mm Recsk Mangary 


rigin and occurrence: Secondary mineral, resting 
fom the oxidation of As ores. Poorly developed exstals 
scveral ram long. occur in Jachymen, Casch Republi: 
in Jehanageorgenstadh and St. Andeasberg, Germany. 
‘Crystals up to 20 mm (in) long onigrated during & 
‘mine fire in the White Cas mine. Nevada, USA, 


Senarmontite 
3603 
cusic eee 


Properties: C ~ white light gray: $ ~ white: L ~ 
‘re35y, vitreous to adamantine; D — transparent to 
‘opaque: DE ~ 52-58; H 2-25; CL ~ imperfect; F 
“uneven: M ~ octahedral crystals, granular. massive, 
Origin and occurrence: Secondary, produced by 
iibnite oxidation, with valentnite and. cerasi 

‘The finest erystals up to 30 mm (1s in) in size 
come from Djcbel Hammimate, Algeria. Also 
‘cured in Cetne. aly and in Dubrava, Slovakia, 


Senarmomit, 3mm x, Prnc, Slovakia 


al 


eet P, Duncan AB, SM. MB.A, PhO. Soul Cate of Cyber and Cybemetic 


Robert P. Duncan A.B., S.M., M.B.A., Ph.D.: Government warfare and 
surveillance system architect, author, and independent investigator. 


Presents 


Projeet Soul Catcher Val. 2: Secrets of Cyber and Cybernetic Warfare Revealed (click book image to buy) 


Secrets of Cyber and Cybernetic Warfare Revealed 


ROBERT DUNCAN 


4 The Wiad Hacking Strategy Croup 


Volume 2 details the CIA's practices of interrogation and eyhemetic mind control in their pursuit 1o weaponize neuropsychology. It cavers the art of bio- 
communication war. Human beings are complex machines but their inner workings have been deciphered. Mind control and brainwashing have been 

perfected inthe last 60 years. Hacking computers and hacking into individual minds are similar. The 21st century will be known as the age of spiritual 
‘machines and soulless men, 


‘Check out Dr. Robert Duncan's ather book, 


hips: ojectsouleatcher com 


Biche H mms, Thomas Range, USA. 


Bixbyite, 
(al Fe¥) 203 
cusic 


Properties: C- black; S black; L- metallic ro sub- 
‘metallic: D ~ opaque; DE 5 Hl 66.5; CLB 
imperfect: F ~ conehoidal to uneven; M~ cubic 
‘xystals. also twins. 
Origin ond occurrence: Hydrothermal in rhyo 
cavities and metamorphic. Cubes up to 12 ram (“ie 
‘ae found together with topaz in Thomas Range, 
tah, USA. Crystals up 1025 mm (1 in) occurred in 


Coruna, 10 m2: Rass 


eacosapphire, 30mm, Si Lanka 


the Postmasburg mine, South Africa. Crystals up to 


0 mm (3 in) come from Utevs, Sweden 
Corundum 
A203 


TRIGONAL @ 


Vretes: by, sapphire, leucosapphie, emery 


Properties: C - colorless (Jeucosapphire), yellow, 
), purple, green, 


Contd, dm, Montana, USA 


igray; S — white: L- vitreous to adamantine: D 
Itansparent to opaque: DE ~ 40-41: # = 9; CL.- 
none: F ~ conchoidal to. uneven: M ~ long pris- 
‘matic to barrl-like erystals, pebbles; LU ~ rare 
ark re. 

‘Origin and occurrence: Magmatic in andesies.peg- 
‘mates and basalts, metamorphic and in placer, in 
association with andalusite, topaz. spinel and other 
‘minerals. Crystals of common corundum weighed up 
to 30 kg (6 Ib) near Bancrof, Ontario, Canada. A 
‘rysal, weighing 151 kg (333 Ib 3 o2) was also found 
inthe Letaba dstriet, South Aftiea. Sapphire crystals 
‘weighing up to 20 ky (44 To), come from the viinity 
‘of Ratnaputa and Rakwvana, Sr Lanka. Fine sapphire 
{exjstals are also known ftom Kashmir India. Rough 
{gem sapphire i mined from the Yopo Gulch sedi- 
‘ents in Montana, USA and from Aniki, Queens- 
land, Australi, Fine blue crystals upto $0 mm (2 in) 
ong. occur near Miss, Ural mountains, Russia. Ru- 
boy iseven much rarer variety of corundum, Tis beaui- 
al rystals up to $0 mn (2 in) long come from feg- 
dalek, Afghanistan; Mogok. Burma and from Luc 
Yen, Vietnam, Prismatic erytals of opaque ruby, up 
{40 mm (ni) in size were found in te Kini Is- 
Jad near Kola Peninsula, Rusia. Ruby crystals up 9 
$30 em (12 in) in size embeded in green zoisite from 
‘he vieinity of Arusha, Tanzania are very decorative. 
Application: emery a abrasive material, sapphire 
and ruby as gemstones. 


ly 16. x egal: Aghoison 


Sapphire 0 mm, Kashi nin 


8 


Homaite 50 moe La Fibbia, Sizer 


Hematite 
Fe203 
TRIGONAL eseee 
Properties: C~ red gray. black; S—red; L— metallic, 
dull D ~ opaque: DE 53; H ~ 6.65. cathy 10 1: 
CL. none: F~ uneven 1 conchoidal: M~ thick 10 
thin tabular crystals, massive, earthy. 

Origin ond occurrence: Magmatic, hydrothermal 


aprile. 10 ms, Kin asi Kol, Rusia 


sedimentary, also metamorphi, parageneses vary 
ecording o the origin, Beautiful erystals upto 100 
ram (4 in) in size come from Brumado. BahRa. 
Bail Crystals up to 30 em (12 in), wore found in 
the Wessels mine, Kuruman, South Africa. So ealled 
iron roses reached up 10 100 mm (4 in) near St 
Gotthard. Switzerland, Fine crystals several em in 
size, occured in Rio Marina, Elba. ltaly- Very fine 
tabular erystals reached up to. 70 mm (2% In) in 
[Nador. Morocco, New finds of Fine erystals up 10 40 
rm (I"m i) in size were made in the Korshunows- 
oye deposit, Russia. Fine botryoidal aggregates 
come from Hradise and Horni Blatna, Caech 
Republic and from Bauallack, Cornwall, UK. Sedi- 
mentary banded iron ores form huge deposits near 
Keivoy Rog, Ukzaine or inthe vicinity of Lake Su 
rior (Mesabi Range, Minnesota: Marquette, Mic 
gan, USA). 

“Application: important Fe oe 


Timenite 
FeTiO3 
TRIGONAL eeee 
Properties: C— black: S— black; L- metallic to dll 
1D ~ opaque: DE - 45-5; H~ 3.6; CL = none: F— 
conehoidal to uneven; M_— thick tabular erytals, 
sramolr, massive 

Origin amid occurence: Magmatic, metamorphic 
and in placers, associated with pyrshott, rut 
‘magnetite and other minerals. Crystals wih 


mente, 11 mm x ine, Suir 


30 kg (66 Ib) were described from the Faraday 
‘mine ncar Bancrof, Ontario, Canada, Crystals up to 
150 mm (6 in) in’size occurred near Girardvlle, 
Quebec, Canada. Crystals also reached up to. 100 
‘am (4 in) pear Mias, Ural mountains, Russia. Crys- 
{als up f0 120 mem 120 ms (4% in), were found in 
‘Arendal and Kragero, Norway. Crystal rosetes up 10 
10 mm (Ye in) in size come from Maderaneil, 
‘Switzerland. [tis also common in placers(Kamituga, 
Kivu, Zaire: Sri Lanka; Travancore, India: Madagas- 
cearete). 


Perovskite 
ee 


ORTHORHOMBIC eee 
Properties: C dark brown to black S -colaless 9 
fgny; L — meullic to adamantine, D ~ opaque. DE ~ 
$043; H 55-6, CL imperfect F~ conchoidl to 
‘uneven: M ~ pacudo-cube ental, granule, 

Origin and occurronce: Magratic in basic and ult 
basi rocks, metamorphic, together with magnetite, zi 
con and other minerals. Fine pseudo-cubie crystals up 
{0 40 mm (1?! in) in size come from ZIatoust and Ak 
hmatorsk, Ural mountains, Russia. It occurs as ental 
‘up to 80 mm (3s i), associated with magnetite crys- 
tals the Gardiner complex, Greenland. Crystals up to 
40-txn (1% in) were found in Jacupiranga, Sa Paulo, 
Brazil, Crys fom Val Maleno, Italy, reached up 10 
20 mm (Ms in). Crystals upto 20 em (i in) were 
{ely found in Afrikanda, Kola Peninsula, Rusia, 


Loparite-(Ce) 
(CewNaca)TIO, 


ORTHORHOMBIC @ 


Properties: C — black, $ — dark red-brown, L 
‘metalic: D~ opaque: DE ~ $.6-49; H = 55-6; M— 
pscudo-cubie crystal, grenular, R ~ metamie. 

Origin und occurence: Magmatic in altaine rocks, 
with loenzenite,eudialjte and acgrine. Fine inter. 
penetration wins up 1020 mm (fin) in size come 
from Mount Kyorkpakhk Kola Peninsula, Russa 


Persie 60 mim Zot, Rusia 


Sbiconis, 230 mm. Catorce Meco 


Stibicgnite 
303*50F" 04008) 


cusic eee 


Propertie: C — white, cream, light yellow, brown: 
‘Shite; L vitreous, greasy to dul. D~ opaque: 
DE ~ 4.1-538; H ~ 3.6; M ~ pseudo-morphs after 
‘stibniteerysas, earthy, massive 

Origin and occurrence: Secondary, a a result ofthe 
‘tibnite oxidation, associated with valemiite and 
‘other minerals. Fine pseudo-morphs afer stinite 
trystals upto 30cm (2 in) long come from Catorce, 


Bindhinite 4 mm, Rudabinye,Hewgay 


San Luis Potoss, Mexico. Similar pseudo-morphs 
‘were also found in Kostainik, Serbia in the 

Kava mine, Japan and in Perea, Hay. 
‘morphs afcrstibeite upto 20 cm (7 in) long oceur 
also in Cukuroren, Turkey 


Bindheimite 
Pby5b,0,(0.0H) 


cusic eee 


Properties: C yellow, brown, grays — yellow, L~ 
resinovs, dull to earthy: D — translucent to opaque: 
DE ~ 4656; H~ 4-45; F conchoidal to earthy: 
‘M~botryoidal, nodular and earthy crusts. 

Origin and occurrence: Secondary in the oxidation 
zone of Pb-Sb deposits. Needles up to 10 mm (+ in) 
Tong come from Rucnik, Czech Republic. I is com- 
‘mon in Broken Hill, New South Wales, Australia i 
Bisbee, Arizona, USA and in Sidi-Amor-ben-Salem, 
Tunisia, Lamellar pseudo-morphs up o several em in 
size are know from Tsumeb, Namibia 


Pyrochlore 

(acayNorOKoH.n) 

cusic eee 
Properties: C ~ yellow-brown, brown, black: $ ~ 
brown: L ~ viueous to greasy: D ~ translacent ro 
opaque. DE~ 43, H- 5.8.5; CL. ~ locally good: F ~ 
nchoidal to uneven: M— octahedral crystals. gar 
ular: R ~ radioactive (admixtures of U. Th). 

Origin and occurence: Magma in alaline rock, 
together withzteon asrophllit and other minerals, 
Fine bron shiny eras up t0 20 mm i) in size 
came rom the vicinity of Vishnevogorsk, Ural moun- 
thins, Rusia Crystals eaching 10 mm (li) occur 
inthe Panda Hill deposit, Tanzania, Crystals are also 
known from Oka, Quebec, Canada. Single octahedra 
rmeesuring $ mm/s in) were found in Luesha, Kivu, 
Zaire. Application: Nb,U and Th re 


Mirae, 7mm, Glee Quarry, USA 


Betafite 
(Gansu (TiN 040K) 
cusic ee 
Properties: ~Mack, brown, yellow-brown; SB ed 
beown: L— resinous i gray, D~ transient Lo 
opamuc: DE 42; H = 355; CL none: F = 
iraoidal to uneven, M - ociaedal ery; R— 
tadiosive, mata. 

Origin and occurrence: Magmatic in granitic pea 
ratte, ric in U,Th andre eat elements, 230. 
‘Falod wih ben, cunenteY) and otber minerals 


Botfie20/mm Silver Croter Canad 


“The worlds best specimens come from many locali- 
ties in Madagascar (Beto, Ambacofosikely ete), 
‘where crystals up to 6 kg (13 Ib 3 02) were found. 
Beautiful specimens with erysals up to 100 mm (4 
in) in size occur inthe Silver Crater mine near Ban- 
croA, Ontario, Camda. It is also known from Eve, 
Norway. 


Mikrolite 
(MacorTnOVO.OH. 

cusic eee 
Properties: C — brown, yellow, groen, res $ ~ 
white: L ~ vitreous | greasy, focally sdamantin; 
D-tarsucetto opaque, DE 564,14 665,CL 
~ lcaly good: F = econchoidal 1 uneven: MI = 
octahedral crystal, granular, massive. 
Origin and ocarrene: Magiat. typical for erate 
Pepnales.ogelher wilh manganocaunbite, manga 
‘otantlie and other minerals Oeheda up 068 mim 
(@inin in ie oceurin Anko, Uganda Crystals up 
{0 30 mm (Vin) mic come rom Vinge a Lapa, 
Minas Gerais Braz. Crystals up to 75 mm Qin) are 
‘eported fom the Harding ppm, New Mexico, 
USA. It occurs in important accurnuations near 
Wodkina, Western Ausalin 


a7 


Quart: 
Son 


TRIGONAL ee eee 


Varieties: rock crystal, citrine, smoky citine, 
‘morion, amethyst. rose quartz, chrysoprase, jasper. 
chalcedony. agate, onyx, sardonyx. aventurine,helion 
trope, tigers eye, faleon' eye 


Properties: C~ colores (rock crystal), white, yellow 
(cirine), brown (smoky citine), black (morn), 
purple (amethyst), pink (rose quar), green (chryso- 
rave), D_- these variotes are mosly tanspares, 
‘often translucent C other varieties are mainly aulti- 
colored, separate colors have different hues and the 
coor is commonly caused by microscopic admintures 
fof other minerals: varieties re, green, brown. yellOw 
(Gasper, banded with differen colors (agate white 


and black bands (ony), white and red-brown bands 
{Gardonys), green to red-brown with mica or hematite 
inclusions (aventurine) dark green with red spots 
(feliotope), yellow-brown to lack-brown, fibrous 


‘Smoky quar 70 mm. Middle Moat Mt. USA 


Cirine 32 mm, Chores Mexico 


with silky luster (tigers eye), blue-gray 10 yellow 
‘own, fibrous with silky Tuser(fleon’ eye), S 

white: L ~ vitreous, silky, dull, D ~ transparent to 
translucent, opaque; DE~ 2.6; H ~7; CL ~ none; F= 


‘Smoky quar. 81 mm Switerland 


9 


Merion. 100 mon, Agai Keaton 


ose quar 145 nm Minos Gras, Brazil 


100 om Bochovie, Coch Republi 


conchoidal: M ~ long to short prismatic, acicular. 
ipyramidal to tabular crystals, fibrous, botyoidal 
and stalactite aggregates and coatings, concretions, 
‘eodes, granular, massive 

‘Origin and occurrence: Magmatic in diferent types 
‘of rocks, mainly in granites, granitic pegmatites and 
voleanie rocks: metamorphic in different types of 
focks, mainly” in quartzites and mica schists; 
hydrothermal indifferent types of ore and Alpine- 


Amery. 200 mi, errr Medco 


type veins; secondary in the oxidation zone of ore 
posts: also in different types of sedimentary 
rocks and in organic remains, also in pacers 
Probably the most common mineral in the Earth's 
crust and the most important rock-forming mineral, 
as wel, 

Large crystals of rock quartz up to 7 m (23 8) long 
come from pogmatites in the Betafo region in 
Madagascar and fom the Alpinetype veins, lke 


Uri, Grimsel and Furka, Switzerland: perfect 
cxyatals are known from the eracks in marbles near 
Carrara, Tal: it also occurs inthe quartz veins in 
Herkimer, New York and Hot Springs, Arkansas, 
USA. Cittne occurs mainly in granitic pegmatites 
and large erysals come from Goias, Brazil; from 
Suky and Netin, Czech Republic: fom Murzina, 
‘Ural mountains, Russia. Smoky quartz originates 
‘mostly in granitic pegmatite, it also occurs in the 
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SAM. MBA, PhD. Pr cate ts of Cyber and Cybematic Warfare Re 


conta 
More information on Dr. Robert Duncan i available at deo 
new SSL secure chat targets 


DRROBERTDUNCAN.COM GUEST BOOK & FORUM. PROFESS YOUR LOVE, DROP A LINE, SHARE YOUR STORY, WHATEVER 


Free eBook: The Matis Deciphered by Dr, Robert Duncan, A.B., S.M., M.B.A., Ph.., the hook discloses secret details on government operations and 
ssves a int ta what it's ike to live like a victim targeted 


Bio of Dr Robert Duncan, from his book The Matrix Deciphered: 


"True nobility is exempt from fs 
King Henry the Sixth, Part Il (Act IV, Scene I. 


Call me The Sain. Iam the all American -prep school, Harvard College graduating with honors in computer science und a minor in 
premedical studies, and advanced degrees from Harvard and Dartmouth in business and science, My famous ancestors are President Lincoln, 
King Duncan of Scotland, and Governor William Bradford, the frst governor of Massachusetts, 


My research interests have been neural networks, virtual reality, and EEG controlled robotics. Before graduate school I worked for the 
Department of Defense, Navy, NATO, and various intelligence agencies computer science projecs. Ihave done business consulting and 
computer consulting forthe largest companies in the world. have been a professor, inventor, artist, and writer, Lam one ofthe last 
Renaissance men. 


My projects have included algorithms for Echelon and CIA natural language parsing and classification of document content, IRS formula for 
red flagging audits, writing the artificial intelligence code to automate tracking of the Soviet Nuclear Submarine Fleet and all water vessels, 
work in HAARP with SIGINT SIGCOM and SPAWAR. I have worked on projets for the Justice Department connecting local, state, 
and Federal databases forthe tracking of terrorists, I developed a system forthe FBI to track license plates past tall booths and other locations. 1 
Worked oa the soldier 2000 program to create body networks for reading vital signs and other information. A system I worked on called Saype 
is operational in Iraq which tiangulates on interily conflict gun sho. | have been to a couple sceret hases in the socalled fre world. [have 
developed telemedicine robotic surgery and virtual reality applications for the Army. For DARPA, I have worked on satellite computer vision 
target tracking applications and tank simulation as well as integration of the lan, sea, and air surveillance systems like SOSSUS, towed arrays, 
and others. 


Projects that I have worked on outside of government contracts include my thesis on computer generated holography, a project making 
paralyzed people walk again using choreographed stimulated muscles movements, fice recognition, voice identification and recognition, finger 
Print recognition, and neural network robotic controllee. My research interests maved to enhanced reality heads up displays and wearabl 
‘computing systems. My current research involves finding a cure for the mind control directed enerey weapons fiasco. The integrated global 
surveillance grid is uctually part of the holy gral of weapons and human control systems 


My apologies to the human race for my contribution to tyranny. I was tricked into thinking it would not be misused by corrupt government 
especially in my beloved country. I was wrong. The Joint Non-Lethal Weapons Directorate has Skip Green on the governing board, One of my 
‘ol colletgues ata technology think tank in Cambridge parly in charge of the radiofrequency weapons testing for neurological diseuption now 
torturing and killing people worldwide. Several other US Navy and UK Navy scientists have been knocked-off and that is why Ihave come 
forward. Tknow my time maybe near. | am currently a professor in computer science and business, helping to edueate the public on 
government corruption, greed, and stupidity. Like my ancestor Lincoln, Iam fighting against mental slavery in a new Civil War engineered by 
the same useless elements in over 80 government agencies who have tested radiological, drug, and viral Weapons on unsuspecting Americans 


| have grea pride inthe fundamental and constitutional values of America and mean no disrespect by my blasting the incompetence, apathy 
and stupidity of those involved inthe conspiracy of involuntary biological, chemical, and psychotronic human effects testing. There are so 
many brave men and women serving in the armed forces who light and protect us forthe American values they believe in. But because of the 
silos of information called compartmentalization inthe Security agencies and the lack of accountability and oversight of black operations and 
Some top secret projects, diabolical elements become rogue or Worse destroying the very county they are tasked with protecting turing i into 
aa hypocracy rather than a democracy 


My goal is to awaken Americans to the continued horific ats of military and CLA weapons testes in this country and the other branches of 
government's inability to stop them and hold them accountable 


All ask from the reader isto listen to testimony and validate facts presented here and come to their own conclusion, Then fight to win back 
‘America from ths silent overthrow. This has been my project for about two years, investigating government corruption, incompetence, and 
‘cover-up upon which I accidentally stumbled one day while looking ata reverse MRI scheme to inject electromagnetic signals into the brain 
for virtual reality applications. Ihave interviewed over two hundred people and worked on the highest level of military projects forthe U.S. 
NATO, and U.K. and have given videotaped testimony to senators and representatives on this topic resulting in lip serve since they have no 
real power to enfaree, Two high level FBI agents and a couple CLA agents have come forward 10 validate the existence af MKULTRA like 


project that continues to grab random people for mind control experimentation. Two ofthese have sinee become part ofthe program and 
tenure daily psychotronie tortures, All the torture ean be done using directed energy psychotronic weapons with the so called continental 
hullistie missile surveillance defens 


| apologize to the human race for any contiibution to these 4th generation weapons that I may have worked on that are more horrifi than the 
nuclear bomb and whose cover-up is more pervasive than the Manhattan Project, And because of the horrific acts of violence being committed 
onus many as two thousand Americans as far as my research has uncovered and many others in other countries, I understand the extreme risk 
to my own welfare that publishing this material will have. But freedom is so important to me that I know full heartedly that the human race 


Chaleedons: 68 mim High las Morocco 


Carnelian 40m, Paka Cech Repu 


Chrseprae 60 mm, Stary, Poland 


Alpne-type quartz veins and in cavities of voleanie 
rocks, Perfect crysals up to several meters long, 
come ftom many places, the largest crystal, 
‘weighing 77 tons. was found in Kazakhstan: perfect 
frysials occur in pegmatites in many places in 
‘Brazil; also in Korostenskiy massif, Ukraine: in he 
Pikes Peak batholth, Colorado, USA; inthe Alpine- 
type veins. in Maderanertal and in Grimsel, 
Switzerland. Morionerysals. commonly associated 
with smoky citrine, were found in quartz veins and 
In pegmaties. 

Iis erysials are known from St. Gotthard, Switzer- 
land. Amethyst comes from quartz and ore veins, 
‘eviies in volcanic rock, rare in the Alpine-type 
‘eins. Famous localities in voleanic rocks rein the 
States of Rio Grande do Sul and Minas Gerais, 
Brazil, doubly terminated crystal, weighing 55 
tons, come from Diamantina. In Serra do Mar. Rio 
Grande do Sul, a cavity covered with amethyst 


Auspr 50 mm Url Mis. Russia 


r 


‘exystals measuring 10 x2 x 1 m (33 x 6x3 A 3in) 
‘sas ound: rich druses occur also in the ore veins in 
Poreura, Romania and Julimes, Mexico. Rose 
‘quartz. forming. masses up to several meters in 
{ranitc pegmatite inthe Rose Quartz pit. Quade- 


Iron stained quarts 98mm, Horvce, Cech Republic 


Pevified wood. 70 mm, Pornos, Cech Republic 


ville, Ontario, Canada; in Ambositra, Madagascar: 
<rystals up 010 mm (in) long growing on quartz 
‘erystals, come from Sapucala. Minas Gerais, Brazil 
Dark green ehrysoprase veins up to $0 mr (2 in) 
thick ‘are Keown fram serpentiites in. Seklary 


Ate 80m Zelesice, Cech Repuie 


Poland, Jasper is known from volcanic rocks and 
their contacts with sediments, locally as result of 
petrification of ompanic matter, mainly plants, itis 
Eso known from quart veins. Rich sgercgates 
‘occur in Idar-Oberstein, Germany; in Podkrkonosi 
region and in Krusne hory mountains. Czech 
Republic: in the Petrified Forest National Park, 
Holbrook, Arizona, USA; in Ural. mountains, 
Russia: in Kabamby, Madagascar. Chaleedony is 
‘mostly found in quart veins and geodes in volcanic 
rocks also in sediments 

Rich’ aggregates come from Idar-Oberstein, 
Germany: Julimes, Mexico: many localities in 
Uruguay and Brazil: in Hutenberg, Austna. Agates 
are known from cavities in voleanic rocks, are in 
hydrothermal veins and in sediments, The mest 
important localities are located in the southern part 
(of Brazil in the state of Rio Grande do. Sul; in 
‘Uruguay: also in Yemen: India; Mongolia; in severat 


Age 140 mm. Horn Hale, Czech Republic 


Moss agate. 0 mm. Kral. Bulgaria 


Ase 60m rail 


localities in the USA: in Iéa-Oberstein, Germany: 
in Podkrkonosi, Czech Republic. The most famous 
localities of onyx and sardonyx are in Brazil and 
Uruguay 

Rich ageregates of aventurine come fiom Miass, 
Ural mountains, Russia: Marazll. Austria; Belany, 
India, Heliotrope occurs in Idar-Oberstein, Germa- 
ry; Kozakoy, Czech Republic and in Brazil 


Avent, 50m, nis 


Application: ixportant raw material in glass indus- 
try, many colored varieties, like amethyst, smoky 
citrine, citrine, onyx, sardonys, and heliovope are 
‘cut as gemstones, 


Tridymite 
Si02 


ORTHORHOMBIC eee 


Propertos: C - colorless to white: S white; L ~ 
‘iteous: D~ transparent: DE 23: H - 65-7, CL 
‘none: F~ conehoidal: M ~pscudo-hexagoral tabular 
enya 


Cstoatie. 1 mm. Vee, Sovetia 


Origin and occurence: Magsatic in cavities of young 
felsic volcanic rocks in association with erstbalit, 
chalcedony and other minerals. Pscudo-hoxagonal 
tabular crystals up o 10 mam (sin) in siz. come from 
Veehes, Slovakia. Similar crys found in Ihigayama, 
Japan. Crystals up 1910 mim (fin) occur with topar 
‘and other minerals inthe Thaas Range, Uh, USA, 


Cristobatite 
$i) 


TETRAGONAL 98 
Varieties: asst (fibrous) 


Properties: C — colerless to white; $ ~ white; L — 
‘vitreous: D ~ wanshucent: DE ~ 23; H ~ 6.5; CL 
‘none; M ~ pseudo-ocahedralerystals, spherical aod 
botryoidal aggrepates 

Origin and occurrence: Magmatic in cavities of 
young felsic volcanic rocks, associated with tidy 
ite. Crystals up to 4 mm (sin) are knowa from 
Cerro San Cristobal, Hidalgo, Mexico. Crystals up 
{02mm (sin) long ocear in Veehee. Slovakia. Gray 
spherical aggrezates come from Coso Hot Springs, 
Califorsia, USA. 


Common pat 60 mim Khamis Coch Repuc 


Opat 
SiO) -n 0 


AMORPHOUS e 8 e 


Vareres: nyalie, milky opal, Tire opal, precious 
‘opal, wooden opal, geysrit. 


Properties: C ~ eolorless (Hyalite). white (milky 
opal), red (ie opal), iridescence (precious opal, 


ya, 45 mm, lec, Coch Repl 


Opa, $0 mo, Hera Sto 


brown, red-brown, yellow, green, gray, blue; $ — 


white; L— vitreous, dull, earthy, waxy; D — 
transparent to translucent, opaque: DE ~ 2; H 
55-65; CL ~ none: F ~ canchoidal; M —botrjoidat 
and talacttic aggregates. coatings. coneretions, 
aeodes, massive: LU ~ white, yellow-green. green. 

Origin and occurrence: Hydrothermal in yoleanic 
frocks and tf, also in various types of voleaic 
rocks and tuffies in different types of sedimentary 
rocks, in organic remnants and hot springs, are in 
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Opa $7 mm. Opa Be. USA 


hydrothermal veins: secondary in the weathering 
zone of different types of rocks, tis often assoeited 
With chalcedony. Coatings and stalactitic aggregates 
of yalte up fo 50 mm (2 in) thick known from 
Cerritos, Mexico, Vale, Czech Republic; Klamath 
Falls, Oregon, USA. Milky opal oceus in Duk, 
Slovakia; Smrcek, Czzch Republic and many other 
localities. The most famous Tocaliy of fire opal is 
Zimapan, Hidalgo, Mexico, Precious opal comes 
from many localities. in Australia, ©. Baracoo 
River, Queensland: Coober Pedy, Southern Australia 
and White Cliffs, New South Wales, where it forms 
Fich aggregates and veinlets in sandstone: classic 
locality is Dubnik, Slovakia, where it occurs in 


Dendritic opal. 58 ma, Kren, Cock Republi 


we 


andesite and was probably mined already by ancient 
Romans. Beautiful precious opals come also from 
the Virgin Valley. Nevada. USA. Petrified toes, 
Known 35 wooden opal, reach lengths of several 
meters in the Poufied Forest National Park, Hol- 
brook. Arizona, USA; in Lubictova and Povrarnik, 


Precious opal $5 nm. Opal Bute, USA, 


Fire op, 2 mm, Mesico 


Slovakia. White geysiite is known mainly frm the 
hot springs in Iceland; Yellowstone National Park, 
‘Wyoming, USA; New Zealand, 
Application: colored opal. varieties, primarily 
precious opal and fire opal are cul as gemstones, 
Siatomit in chemical industy, 


cusic 


Properties: C ~ colorless, whit: S colorless: L~ vie 
{ecous, D transparent; DE~ 2; H~ 65; CL ~ none: 
M-pseudo-cubic crystals, spherical aggregates. 

Origin and eceurrence: Hydrothermal, associated 
wih sulfur and other minerals. It was originally 
described ffom the sulfur deposit in Racalmuto, 
Sicily, Haly as crystals up to 4 mmm (in) in size. 


ate 21 vom, iin, Brasil 


is also known from Chvaletice, Czech Republi 
‘where i forms crystals up to 2 mm (in) in size, 
Alpine-type veins. 


Rutile 
Tio, 


TETRAGONAL @0@ 


Properties: C ~ red-brown, red, brown, yellowish, 
black: $— ight brown, L~ meuallic to adamarine: 
1D tansparent to wanslucent: DE 42:1 ~ 665; 
‘CL good: F conchoidal to uneven: M short pris 
‘matic, striated erystals, common twins, acicular 
‘crystals, granular, massive. 

‘Ongin and occurrence: Magmatic and metamorphi 
also in placer, together with monazite-Ce), topaz, 
beryl quartz and other minerals. The largest rysals 
up fo 150 mm (6 in) in size come from the Mount 
Graves, Georgia, USA. Besutiful epitaxial inter 
_rowths with hematite occur in Cavradischluch. St. 
Gotthard, Switzerland and in tar, Bahia, Brazil. 1 
is common a5 inclusions in smoky citine (quar) 
fxystals from Ibitara, Bahia and Taine, Minas 
Gerais, Brazil, Kneelike crystal twins up 10 70 2% 
in) em in size were found inthe vicinity of Golewy 
Jenikov and Sobestn, Czech Republic. 

“Application: Ti ore. 


ate 48 rm, Baia, Bri 


Custer, 110, Yon, Cn 


Cassiterite Plattnerite 
‘Sn. PbO, 
TETRAGONAL e808 TETRAGONAL 08 


Properties: C ~ coloress, brown, black; § ~ white, 
‘gash, brown: L — mealic to adamantine, dull 
D~ transparent io opaque; DE ~63-7.2; H- 6-7: CL 
= imperfect; F ~ conchoidal to uneven: M.~ 
pyramidal and short prismati erysals, multiple 
twtins, granular, massive, 

(Origin and occurrence: Magmatic in pegmatits, 
Inydrothermal in high-temperature deposits, meta- 
morphic and in places, together with wolfamite, 
topaz and other minerals. Crystal twins up 10 150 
‘mim (6 in) in size come from Horn Slavkov. Czech 
Republic, Crystals of similar size were also found in 
Panasqueea, Portugal. Fine twins up © 80 mm (3% 
in) were found in Rossarden, Tasmania, Australia, 
CCeystals up 1.70 mm (2% in) in size were found in 
Lallagua coloess and transparent rystals upto 50 
sm (2 i) in size in Viloc, Bolivia. Crystals up 10 
110 mm (3% in) occurred lately in Tenkerpn. 
CChokotka, Russi. Crystals up 130 mim (5% in) in 
size are known from pegmatites in Minas Gras, 
Brazil (Fazenda do Fumi), New finds of shiny 
crystals up 10 100 mm (4 in) long were made in 
Hunan and Yunnan provinces, China 

Application: Sn oe. 


Properties: C— black; $— brown: L- metallic to ada- 
‘mantine; D- opaque: DE 9.6: H 5.5; CL — none; 
‘M~ acicular crystals, botryoial aggregates, massive. 
‘Origin and occurrence: Secondary. a a result ofthe 
‘oxidation of ther Pb minerals, together with pyro- 
‘morphite, hemimorphite and other minerals. Fine 
crystals come from Mina Ojuela. Mapimi, Durango, 
‘Mexico and from the Blanchard mine, New Mexico, 
USA. Botryoidalaggrepates, weighing up to 100 ks 
(220 1), were found in the Moming mine, Mullan. 
Tdaho, USA, 


Planer 130 mim, Sapin. Mexico 
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Robert P. Duncan A.B., S.M., M.B.A., Ph.D.: Project Soul Catcher Vol i and Cybernetic Warfare Res 


Tust have an open discussion on these Weapons to decide their own fate before the point of decision is gone, that Lam willing to ask divulging, 
so called national secrets. AL offer you i the truth 


All information presented inthis book was received through legitimate channels such as the Freedom of Information Act, military documents, 
Victim testimony, and turned agents. 1 sil hold valid the oath I took to keep secret the details ofthe projects that I worked on under DoD 
budgets. The majority of the proceeds ofthis book will go towards helping the psychotronic experiment survivors and surviving families of 
those that have perished, When the government fails, business und the citizens must look out foreach other. 


Dr. Robert Duncan in Energy Weapons & Testing, Coast to Coast AM broadcast December Sth 2006 ( synulicated in most 
cities and areas ofthe United States, and other places around the world) 


synopsis 


Independent investigator Robert Duncan discussed directed enengy and neurological weapons and his contention that they've been tested on the 
public at lige. While directed energy is used in microwaves, to remove kidney stones, and in non-invasive surgery, ifs also been developed 
extensively for military purposes, he reported. 


The civilian population was targeted for experiments, in programs such as MK-ULTRA, starting afler WW II, when Nazi scientists were 
imported to the US, some working on scalar or gravity weapons, sad Duncan, The town of Taos, NM, where a hum was heard by many 
citizens, was the subject of a directed energy experiment by the U.S. Navy, he claimed. And most recently the Active Denial System (see 
article below) was tested on human subjects, 


Duncan said he interviewed ever 600 mind control victims (Dee Sth 2006 report), and found some validity to their allegations, There are 
‘weapons that ean projet voices into people's heads such as one system known as "The Voice of God,” he detailed, Blocking techniques include 
jamming the signals with electronic scramblers, and using shields with metal alloys or mylar. He recommended the following websites for 


Further information assistance 
The Goodbye Weapon 


A new non-lethal weapon, the Air Force's Active Denial System, or ADS, has been certified for use in lag, after extensive testing, The ADS. 
shoots a heam of waves that causes extreme (bu! temporary) pain and induees what experimenters eal the "Goodbye effet,” ot "prompt and 
highly motivated escape behavior.” Wired News obiained dacuments about the weapon and has published wo reports 


(artcle(1)idocumentation(2). Additionally, the report’ author David Hambling kas posted a commentary(3) on the subject at Defense Tech, 


De. Robert Duncan holds multiple degrees from Harvard University and Dartmouth College amongst others. He has had the most expensive 
American education money can buy. He isan investigator, author, and soon be movie producer on the topis of directed energy, neurological 
‘weapons, psychological, and information warfare. His movie is called "The Enemy Within - Psychic Warfare". A book he i co-authoring will 
he out in few months called "Hacking the Human Mind’ 


De. Duncan has worked as a business and information technology consultant to the Fortune S00, He has worked for companies like Oracle 
Corporation, BEA systems, HP, BN, and as a professor ata college, For the department of defense he has written the artificial intelligence 
code to track the Soviet nuclear submarine flet with passive and active acoustical arrays and has been to a couple seeret NATA Navy 
underground bases in Europe. 


Todd Gitfen 
Target since birt as | was born into American enslavement, surveillance, and control, under attack with directed energy since 2008 
503-967-5202 


Copyright © 2015 Todd Giffen 


hits: 


Poros, 88 mm. Borge, USA. 


TETRAGONAL @ 


Properties: C ~ black, seel-grays S — black: L. 
‘metallic 1 dull: D~ opaque; DE - $.1; H 6.6.5; 
CCL perfect: F ~ uneven; M ~ prismatic to acieuiar 
strated crystals, stalatitc and bowyoidal aggre- 
gates, pranular, massive. 

Origin and occurence: Secondary, a5. result of ato- 
ration of manganite and other primary Mn minerals, 
also hydrothermal Crystals upto 20 mm (% in long 
come from Hori Blatna, Czech Republi. Radial 
shiny aggregates were found in Ohvenstock, Germany, 
‘Teoceured in Tele Germany, 10, Lage sedimentary 
Mn deposits, where pyrolusite i the main constituent, 
fare known near Chiaturi, Georgia or neat Nikopol, 
Ukraine. Crystals are reported also from Tsumeb, 
Namibia and Hotazel, South Africa. 

Application: important Min or. 


Hollandite 
Battin Mot 9016 


MONOCLINIC 


Properties: C—pray-black;  — back: L~ submetali: 
D~ opaque; DE~5:H ~ 6; CL.~ good: M short prise 
matic crystals, racemous and columnar aggrogats, 


Origin and accurrence: Metamorphic in Mn depo- 
sics with braunite,scheetite and other minerals, aso 
Crystals up to 5 mm (Ys in) long come 
from the Bradshaw mountains, Arizona, USA. tis 
commen in the metamorphosed Ma deposi: in 
Ultevis, Sweden: in Nagpur and Balaghat, India. 


Coronadite 
Po(tin* tn? *)4O1g 
TETRAGONAL 808 
Proper: C— blac, Mack-gry: S~ brown-black: 
L“ubmetalicodul, D~ opaque; OF 3.4; 11 
445.55; M ~bouyeidl erase wih bros situs, 
Origin and occurence: Secondary inthe oxidation 
‘ane of Mn deposit, Spherical aggregates upto 100 
‘nn (tin) in dameier come fom the Bou Tazult 
‘mine, imi, Morocco. Smal rystals were found in 
the Baliara mine, Souther Australia, Ausra and 
inthe Sve il ine, Arizona USA 


Todorokite 
(int camaninty0y M20 


MONOCLINIC eee 


‘Properties: C gray, brown-black, black; 


|Lmetallc to dul: D ~ opaque; DE - 35.38; = 
CL perfect; M ~ platy crystals, staactiie and 
nodular aggregates. 

(Origin and occurence: Secondary mineral. a result 
ofthe oxidation of Ma minerals. Crystals are repored 
from several mines in the Kalahari region, South 
‘Africa (Hotazel, Smart). (¢ was orginally described 
fiom the Todoroki mine, Hokkaido, Japan, 1 is an 
impor constituent of eecaic Ma concretions 


Ferrotapiolite 
FeTm04. 
TETRAGONAL @0e 
Properties C back. brown: V red-brown: Laub 
‘metalic, adsmantine, resinous; D — opaque. DE — 

8: H~ 64.5, CL — none F— uneven to conch 
1M-~ipwramidal and short prismatic crystals, massive. 
Origin and occurrence: Magmatic 1m pegmalites, 
together with mangarotantalite, micrlite,casierite 
and other minerals: Ceysials up 1040 my (in) in 
Size are known from the veinty of Governador 
Valadares. Mins Gerais, Braz. A crystal 120 rm 
im in) Tong has been described fom Angart. 
Morocco. Shor prismatic crystals come from 
pegmatites near Topstam and Paris, Maine. USA. 


Imenorutite 
(Tin.Fe}02 
TETRAGONAL #0 @ 
Properties: C~ black: S ~ brown; L~ submetalic; D 
~ opaque: DE — 4.2: H ~ 66.5; CL— good: F ~ con- 
choidal to uneven; M- prismatic crystal, ranula. 
Origin and. occurrence: Magmatic in pegmatis. 
together with schor, zircon, Nuorapatie and other 
minerals Prisms several em long eome ffom Udraz 
ear Pisck, Czech Republi, I isalo known fom the 
einty of Miass, Ural mountains, Russia and Evje, 
Nona 


menor, Hom x, Pie. Coch Republic 
pane £ 
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Anatase 

Toy 
TETRAGONAL #08 
Properties: C~ black-gray, brown, red-brown, blue, 
rare colorless: S~ white; L-submealic to adaman 
tine; D~twansparent 1 opaque: DE ~ 3.8-4; H~5.5- 
6; CL ~ perfect: F ~ conchoiéal: M'~ dipyramidal 
and tabular crystals 

(Origin and accurrence: Hyérothermal in the Alpine- 
"ype veins, associated with brookite and quartz, also 
sedimentary and metamorphic. Beauiful erystals up 
10 50 mm (2 in) long were found in Alpa Lereelii, 
Binntal, Switzerland. Famous black-blue crystals 
reaching up 10 30 mm (1 in) come from Mats: 
‘och, Hardangervidda, Norway. Crystals up 10.15 
rm (Is in) were recently found ix Dodo Polar Url, 
Russia, Crystals up o 30 mm (I's in) in size occured 
inthe Old Lot and Vaiean mines, Colorado, USA. 


Tellurite 
RO 
ORTHORHOMBIC oe 


Properties: C ~ yellow, yellow-orange; S — 
yellowish; L - adamantine: B ~ transparent; DE ~ 


Anas, 16 man Hardangervidda, Nora 


58: H — 2; CL — perfect: M ~ acieular and thin 
‘abular crystals, adil aggregates, pulverulent. 
ind occurrence: Secondary, resulting from 
n.oF AUBTe ores. Crystals upto 10 mm 
(hin) long occurred in the Kawazu and Susaki 
‘mines, Japan. Beautiful specimens were found in 
“Moctezuma, Sonora, Mexico: it also comes from 
Cripple Creek, Colorado, USA, 


Brookite 
TiO, 


ORTHORHOMBIC eee 
Properties: C — light to dark brown, yellow-brown, 


‘black: $~ white to gray; Lsubmetalic to adaman” 
tine; D — wansparent to translucent opaque: DE — 


4.1, H— 55-6; CL ~ imperfect; F ~ conchoidal 10 
uneven: M = tabular, dipyramial, long and short 
prismatic eras, 


Origin and. occurrence: Hydrothermal along the 
fissures of the Alpine-type veins and in granitic and 
alkaline pegmaites t occurs as pseudo-morphs afer 
tai and ilmenite alo ia sedimentary rocks, Perfect 
tabula crystals upto 50 mm (2 in) in size found in 
Rieder Tobel, Switzrand: Magnet Cove, Arkansas 
USA: Paso di Via, fly. New finds oferytals up 1 
0 mm in size made in Dodo, Polar Ural, Russia, 


Brooke, $0 mm, Puvs, Ptr Uae Ruse 


alrite 1mm x Fas Bast. Rermania 


Ferberite 
Fewo, 

MONOCLINIC 

Properties: C— back:  — brown-black to black; L~ 


submetali; D - opaque: DE~ 7.5; H~ 4-45; CL — 
perfect; F~ uneven: M~ short prismatic 1 tbul 
‘cystals, granular, massive 

Origin and occurrence: Hydrothermal in high- to 
mmedium-temperature ore veins, in. greiseas and 
‘kam; rare magmatic in granitic pegmatites and 
‘granites; it also occurs in placers. ft is usually 
associated with cassitrite,scheelit, sulfides and 


erbrite 68 mm. Mundo Nuvo, Pore 


(quartz. Perfect tabular erystals upto 120 mm (46 
in) in size found inthe Quartz Creek mine, Color 
do, USA; also in Cinovee, Czech Republic; 
Panasqueira, Portugal: Ehrenfriedersdort, Ger- 
‘many and Potosi, Belivia 

Application: W ore. 


Hubnerite 
MnW04 
MONOCLINIC eee 
Properties: C - yellow-broven, red-brown. black; § — 
yellow-brown to black-prays L— submetallicy D — 
ttanslucent to opaque, DE ~ 7.2; H ~ 44.5; CL — 
perfect: F~ uneven, M~ short prismatic to tabular 
‘crystals, granular, massive. 

Origin and occurrence: Hydrothermal in high- to 
rmedium-temperature ore veins, in greisens; rarely 
‘magmatic in granitic pegmattes: also in placer, 
Perfect abular to shart prismatic crystals up to 25 
‘em (9% in) in size, come from the Huayliapon 
mine, Pasto Bueno, Peru: also from Baia Sprie, 
Romania; Kara-Obs, Kazakstan the Sweet Home 
mine, Alma and Silverton, Colorado, USA. 
Application: W ore. 


uber, 39 mon, Sverton USA. 


10s 


Tuanowedinite. 20 nm. Tanco. Canada 


ORTHORHOMBIC 


‘Properties: C~ dark brown, black; $ ~ dark brown: 
1L~Submeali; D translucent o opague; DE ~ 6.9: 
H = 53; CL — imperfect, F uneven; M — 
dipyramidal crysis, granlar, 

‘Origin und occurrence: Magmatic in granitic 
‘pegmatites. Dipyramidal crystals up to 10 mm (sin) 
Tong. eceur inthe Tanco mine, Bernie Lake, 
Manitoba, Canada, 

Application: Ta Fe 


Ferrcolumite, 9 nm Middletown, US. 


Ferrocolumbite 
FeNb20y 
ORTHORHOMBIC ee 


Properties: C ~ back, red-brown: S ~ red-brown t0 
black: L~ submetallic; D ~ translucent to opaque: 
DE ~ $2; H ~ 6; CL ~ good: F ~ uneven 10 
‘conchoidal: M — long to short prismatic and tabular 
‘crystals, granular, mastve. 

(Origin and occurrence: Magmatic in granitic peg 
mmattes and granites: rare hydrothermal in high 
Temperature ore veins and in greisens; also in 
Placers. Tabular erysials up to 1 m (39% in) n size 
bceur in granitic pegmatites near Custer and Key- 
stone, South Dakota, USA, in Malakialina, Mada 
tgascar; Ichikawa, Japan: masses, weighing up to 270 
ke (594 Ib) come fom the Meyers quarry, Colorado, 
USA. 

Application: Nb ore 


Manganotantalite 
Metag®, 


ORTHORHOMBIC 


Properties: C~ re, red-brown back-brown, black: 
dark ted to black; L.~ submealic, D~ wansucent 0 
‘opaque: DE 80: H 6-65; CL —good: F- uneven 


Manzanotanaite, 19 mo, Suristan. Afghanistan 


acento) 40 mm, Ambar. Madagascar 


to conchoidal: M ~ prismatic to tabular crystal, 
‘ranula. massive 

Origin and occurrence: Magmatic in granitic peg 
‘matites and granites, also in placers. Crystals up to 
110 rm (4 in) in size come from Li-bearing peg- 
rmatites inthe Taneo Mine, Berni Lake, Manitoba, 
‘Canad; also from Sa0 Jose da Safia, Minas Gerais, 
Brazil 

Avplication: Ta ore 


Euxenite-(¥) 
{CeyU,TH) (NB TAT 9 


ORTHORHOMBIC ee 
Properties: C black with brownish and groen hues: 
gray, yellowish, brownish: L— submetallc, 
‘resinous: D~ ranslucent to opaque; DE —4.6: H— 6: 


sgranular, massive: R ~ 
‘commonly metamict 
(Origin ard occurrence: Magmatic in granitic and 
alkaline pegmatites: also an placers. Typically 
associated with monazite(Ce), zircon, ilmenite and 
‘ther oxides of rare earth elements. Crystals up to 
150 mum (6 in) in size are known fom Kragero and 
Hiner, Norway: from Ankazobe, Madagascar, 


Aeschynite-(Ce) 
(Ceice) (THN) 206 


ORTHORHOMBIC fe 
Properties: C— black, red-brown. yellow: S ~ red- 
yellow: L~ vitreous, resinous, adamantin; D — 
Iransluceat to opaque: DE~ 50; 5.8; CL none; 
F—conchoidal: M ~ prismatic and tabular erystals, 
‘granular, massive: R= locally weakly radioactive, 
‘commonly metamiet 

‘Origin and occurrence: Magmatic in alkaline and 
raniic pegmatites and carbonatts. Iti associated 


Aeschyite(Ce) 45 mm Hiro, Norway 


with ziteon and oxides of rare earth elements 
Crystals up to 190 mm (Me in) long occur in 
‘Quadevile, Ontario, Canada: other localities. are 
Kragero, Norway, Trout Creck Pass, Colorado, USA. 


Stibiotantalite 
S704 
ORTHORHOMBIC @@ 
Properties: C — yellow, yellow-brown, red-brown, 
yellow-green; S — yellow-brown L ~ submetallic, 
itreous, resinous; D ~ transparent to translucent, 
DE ~ 75; H ~ 5.5.5; CL ~ good; F ~ uneven to 
conchoida: M ~ prismatic, abular and dipyramidal 
crystals, granular, massive 

Origin “and occurrence: Magmatic in granitic 
pegmatites: also in placers. Crystals up to 120 mm 
(hs in) in size oceur in Maiane, Alto Ligonka, 
Mozambique: also found in the Litle Three mine, 
Ramona. and the Himalaya mine, Mess Grande, 
California, USA. Also known from Groenbushes. 
Western Australia, Australia. 

Application: Ta oe. 


‘Sitiramate, 10 mom grain Dobra Vode. Coch Republic 
= Sy 
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Uraninite 
vor 


cus 


Properle: C black, black-brown, black-gray; § 
black, black-brown to greenish; L_~ submetalic, 
greasy, eanhy; D — opaque; DE - 75-10,6; H- 5-6, 
tary agercgates 3; CL ~ imperfect; F~ uneven to 
conchoidal; M— eubie crystals, botryoidal aggre- 
pats, granular. massive; R- strong radioactive. 
(Origin and occurrence: Mainly hydrothermal in ore 
sein, skarns; magmatic in granitic pegmattes: in 
sedimentary rocks also in places 


rani, 8 max Portland, USA. 


vsually associated with other U minerals, e. 
coffinite and secondary alteration products, rainy 
UU micas. Perfect erystals up to 100 mm (4 in) in size 
and weighing upto 2,5 kg (5 Tb 8 2) come from the 
Fissure mine, Wilberforce, Ontario, Canada, where 
they occur in simple pegmatites, cross-cutting 
marbles 

Crystals are also known from Dietesis, Spain and 
‘Shinkolobye, Zair. Rich botryoidal aggregates were 
‘und in Jactiymov and Slavkoviee, Czech Republic; 
in Bols-Noirs and Margnac, France. 

Application: U or. 


Gibbsite Diaspore 
AO); Al(OH) 
MONOCLINIC eee ORTHORHOMBIC eee 


Properties: C ~ colorless, gray, white aesnish; S 
‘white: L~ siveons. pearly: D— anspareat 9 
translucent; DE ~2-4; H~2.5.3 5; CL = perfect: F~ 
‘uneven; M ~ tabular crystal, lamellar and earthy 
aggregates. coatings and stalactitie films. granular, 
‘Origin and occurrence: Hydrothermal as a product 
fof alteration Altich rocks; secondary inthe 
‘oxidation associated with gocthite; metamorphic in 
‘weakly metamorphosed Abrich rocks, typically with 
diaspore: a constituent of bauxies, Tabular erystals 
‘upto 100 mm (4 in i size were found in Zlatoust, 
Ural mountain. Russia: also in Villa Rica, Minas 
Gerais, ravi 


Brucite 
MalOH)2 


TRIGONAL eee 


Properties: C ~ colorless pray. white, blush, Bue, 
yellow, brown: $— white: L vitreous, pearly: D~ 
transparent to wanslucent; DE — 24; H~ 2.5; CL 
perfect: F ~ uneven: M~ tabular crystal, foliated, 
Acicular and earthy aggregates, granular, massive 
Origin and occurrence: Hydrothermal in eins in 
serpentinites or dolomitic. marbles. a product of 
periclase alieration: rare metamorphic in skams and 
‘marbles, Perfect crystals up to 18 em in size, come 
{fom the Low mine, Pennsylvania and the Tilly Fostor 
mine. New York, USA: also known from Asbestos. 
‘Queboe, Canada: Prodazzo, the Alps Italy; blue 
‘exystals up fo 50 mm (2 in) in size wore found in the 
Bazhenovskoye deposit Azbest, Ural mountains, 
Russia 


Properties: C ~ colorless, gray, white, ercenish, 
yellwieh, pik, purplish, = white: L.~ viteeoi, 
Beaty, Danco wanslocen DE ~34. 1 
feet, F ~ conchoidal; M ~ tabular 
cry lad ageeees alte, 
‘granular massive. 
Origin and occurrence: Hydrothermal asa product 
of alteration Al-rich minerals, c.g. andaluste, 
typically with pytophyllite and’ corundum, meta. 
morphic in Alsieh rocks: a constituent of Bauxites. 
“Tabular crystals up to 120 mm (4% in) in size came 
fiom Menderes, Turkey: also from Naxos, Greece: 
(Chester. Massachusetts, USA, 


iarpor 35mm, Mis, Tuy 


Goethe, 77 mo, Santa Exali. Mesico 


Goethe 60 mm. Pritam, Cech Repuie 


Goethite 
Fel¥O(OH) 


ORTHORHOMBIC oe 


Sarieter: velvet ore 


Properties: C ~ black-brown, yellow-brown, brown: 
$= yellow-beown; L~ submetallic, metalic, silky, 
cary, D ~ translucent to opaque: DE ~ 43; = 5. 
55; CL ~ perfect; F ~ uneven to conchoidal: M 

acicular to prismatic crystals, botryoidal aggregates, 


stalacttic films, earthy, granular, masiv, 
Origin and occurrence: Secondary a5 one of the 
‘most common minerals ofthe exidation zone of ore 
eposis, it forms a significant part of limonite; 
hydrothermal in ore veins, in cavities in pegmatites 
and voleanic rocks It forms pscudo-morphs after 
pyrite and other Fe sulfides. Rick botryoidal 
“Aggregaes of velvet ore witha velvety surface come 
from Pribram. Czech Republic; aicular crystals up 
1o $0 mm (2 in) long are known from Botalack and 
Redruth. Cornrall, UK; it also occurs in Siegen and 
Horhausen, Germany; in Florissant, Colorado, USA, 
Application: Fe ore 


Manganite 
tesco) 


MONOCLINIC 


eee 


‘Properties: C— black to black-gray:S ~ red-brown 10 
back: L= submetalic to dull D~ opaque: DE ~ 
H~4; CL — perfect. F~ uneven to conchoidal: M 
Tong to short prismatic crystals, acicular and carhy 
aggregates, concretions, granular, massive. 

Origin and occurrence: Hydrothermal in low 
temperature ore veins, together with quartz; secon- 
dary inthe oxidation zone of ore deposits: sedi- 
‘mentary and rare metamorphic in Mrerich rocks. 
Druses of black crystals upto 40 mm (I? in) long 
come from the classic locality Ife, Germany, it 
also occurs in Ohrenstock and flmenau, Germany in 
\ikopol, Ukraine; in Sterling Hill, New Jersey, 
USA. in the N'Chovaning No. 2 mine, Kuruman, 
South Africa 

Application: Moor. 


Lepidocrocite 
FeoloH 


ORTHORHOMBIC eee 


Properties: C ~ dat red to red-brown S ~ orange to 
bck-red L ~ submtalic, adamantine o silky, D 
teansparent to opaque; DE 4.0;H ~ 5; CL — perfect, 
F — uneven to conchoidal, M — tabular 10 short 
prismatic crystals, acicular. bladed and carthy 
aggregates, concretions, granular, massive 

(Origin and occurrence: Secondary in tho oxidation 
zone of ore deposits, overgrovin on botrycdal 
pocthite. It occurs together with goethite as a 
Constituent of Timonite. ts tabular crystals and their 
aggregates are known from Hendor!, Germany and 
Rance, France. 


Lithiophorite 
(AuLirintox(0H2 


MONOCLINIC eee 


Properties: C ~ black. commonly with bluish 
S~ black-gray to black: L ~ metallic to dull; D — 
opaque; DE ~ 33: H—3; CL - perfect; F uneven: 
M~ scaly erysals.botyoidal and cathy aggregates, 
costings, granular massive. 

(Origin and occurrence: Sccondary in the oxidation 
zone of oft deposits and along the cracks in 
sedimentary rocks, Botryoidal aggregates occur in 
Schnecberg. Germany; Jivina and Zajecov, Czech 
Republic: Miyazaki, Japan 


“Lihiphorite. 0 mm. Rangersdor. Germany 


ORTHORHOMBIC oe 


Properties: C dak orange to reé.orange; S— light 
orange: L— adamantine 10 earthy, D = transparent 10 
transhcent: DE 74: H-45; CL good: F uneven: 
M~ scicular crystals, earthy aggregates, coatings, 
massive: R— tong radioactive. 

(Origin and occurrence: Secondary in the oxidation 
‘ane of U deposits, esociated with other secondary U 
minerals, € torbemite, kasolte and uranophane. 
Rich aggregates were found in Shinkolobwe, Zaie: 
also known ffom La Crouzille. France; South 
Alligator, Northern Tenitory. Australia, 


Carte, 30m, Shinkoobe, Za 


ysor018 Payeholranic Experiment 


"The Use of Psychotronic Weapons" 
"What everyone should know" 


(courtesy : http://www.mindjustice.org/cherkova.htm) 


Definition: 
Definition of psychotronic (psycho-physical) weapons. 


Psychotronic Weapons (PF- weapons) this is the totality of all possible methods and means (techno- 
genic, suggestive, pharmacological, paranormal, complexes, and others) of hidden, forced 
influences on the psyche of a person for the purpose of modifying his consciousness, behavior and 
health for what is desired in the way of influencing aspects of control..." 


Second definition of psychotronic weapons (as an epigraph): "Applications in military and for 
antisocial purposes are possibilities also for knowledge of psychotronics, its means, methods, 
systems, ‘generators’, and there is the path for the transformation of the humanitarian, essential 
attributes of life and Society in the weapons, These are also psychotronic weapons. This is not only 
dangerous, this is deadly!" 


Types of Weapons: 


Electromagnetic Weapons 
Microwave Weapons 

" Non-Lethal Weapons 

~ ELF (Extremely Low Frequency) Weapons 
Directed Energy Weapons 
Acoustic Weapons 
Psychotronic Weapons 
RF (Radio Frequency) Weapons 

~ Soft Kill Weapons 
Less-Than-Lethal Weapons 


How it affects (Physical & psycho-physical damages): 


Physical damage, visible results achieved at the moment of influence. 


* bums, pricks, cuts, wounds (ray weapons, laser) 

* bleeding into the brain (laser ray with energy pulses of 40 joules) and on the skin energy in pulses: 
3- 100 joules) 

* Blindness in the eyes, loping of eyelashes (laser ray) 

* loss of memory (influence of frequency of up to 100Hz. and a reduction to 5 Hz.) 

* destruction of the vestibulary [inner ear] apparatus, spatial orientation 

* symptoms of [***] [with a large exposure and strength, paralysis (UBCh) in the area of the 
beginning of the spinal column 

* irregular sleeping, heart-beating 

* numbness of the hands; at night, cramping of the legs 

* sharp decrease in hemoglobin, micro-burns to the skin, ionization of the blood and body fluids, an 
increase in the deterioration rate of clothing material, photographic material [illuminating], 
(thermal-electronic emissions from lamps in the room with the feeding units of electrical networks 
and fittings of the wall, [...] 

* vibrations (separate organs can vibrate: the heart, kidneys, ete.) [...] (from 


hitp:4vww angelfire.comipro2/dchakrabicherkova_sum.him 48 


5. Carbonates 


Magnesite 
MgO, 


TRIGONAL seee 


Properties: C ~ colorless, white, yellowish, 
‘rowrnish, black; §— white; L~ vitreous 10 dal; D~ 
transparent; DE — 3.1; H— 4; CL perfect: F—con- 
cchoidal: M ~ rhombohedral and prismatic crystals, 
massive cleavable aggregates earthy; LU ~ occasio- 
nally blue or green 

(Origin and ccurrence: Rarely magmati, mainly 
Inydrothermal metasomatic and metamorphic. The 
largest crystals are known from Brumado, Bahia, 
Brazil reaching up o | m (39% in) insize, embedded 
in metamorphosed dolomtes. Crystals in cavities in 
the same locality are up to 50 mn (2 in) in size. Also 
ferystals up to. 50 mm (2 in) found in the Eugui 
{quartes. Spain. Crystals up to 10 mm (% in) across 
come also from Val Malenco, Haly. It prevails as 
‘massive aggregates, forming huge deposits. tke 
eitsch, Austis, Liao-Tung, China. Many deposits 
are located in Slovakia (Jelsavska Dubrava, Hust), 


‘Application: heat-resistant mara. 


Cale 40 nm Houghion Co, USA 
Magnesite. [4h mm, Brum Breit 


Sithsnite 32 mm Toumeb, Nambia 


Smithsonite 
C03 


TRIGONAL eee 


Properties: C ~ white. gray, green pink, be: S ~ 
‘white: L ~ vitreous to pearly, D transparent to 
translucent; DE ~ 44: H ~ 4-5; CL ~ perfect. F = 
‘conchoidal to uneven; M — rhombohedral crystals, 
bore andwalactieagrepts massive: LU ~ 
sometimes gen oF blue. 

‘Origin and occurrence: Supergene 2 a result of oxi- 
dation ofthe primary Zn oes, associated with other su 
pergene Pb minerals. The largest yellow scalenohedra 
stl up 10 40 mm (Is i) in Size come from Bro- 
‘en Hill, New South Wales, Australia, Pink crystals up 
{9 30 mm (1% in) long oocurred in Taumeb, Namibia. 
‘Warld famous blue-green botryoidal crass upto 100 
‘im (4 in thick found in the Kelly Mine, Magdalena, 
New Mexico, USA, Nice aggregates and banded 
stalactites described from Monte Pon, Sardinia, aly. 


na 


Sider, 26 rm, Governor Vladares, Breit 


Siderite 
FecO3 


TRIGONAL eeee 


Properties: C ~ yellow, brown, black: $ ~ yllowish- 
‘white: L~ viteous: D~ tanslucent: DE~ 4 Hed: CL 


~ perfect: F— uneven to conchoidal: M~rhorbobedral 
rjstals, granular, massive 

(Origin and occurrence: Hydrothermal in medium 
and low-temperature deposits, sedimentary, Crystals 
‘upto 40 em long found in Mont St-Hilaire, Quebec, 
‘Canada. Crystals upto 100 mm (4 i) in size come 
fiom Panasquera, Portugal. Crystals up 10 30 mm 
(1% in) in size occured in. Newdort, Germany 
‘Rhombs up to 20 mem Cn in) also found in Pibram. 
Czech Republic, Pseudo-morphs of goethite afer 
siderite upto 70 mm (2% in) across described from 
Pikes Peak, Colorado, USA. Deposits of massive 
siderite in Erzberg and Huttenberg. Austria yielded 
enysals up to 50mm (2 in) long, Fine exysals 
feported from Tavistock, Devon and Redruth, 
Conall, UK. 

Application: eaportant Fe ore 


Sfacrocobattite 
coc 


TRIGONAL #8 


Properties: C ~ pink, gray, brown; $ ~ rod: L — 
vitreous; D~ ranspareat to translucent; DE 4.1 
24: CL — perfect: M/-_scalenohedral and 
‘hombohedral crystals, radial aggregates, massive, 
(Origin und occurrence: Seeondsry, as & product of| 
the oxidation of primary Co. minerals. The best 
specimens, with enstals up to 30 am (Pein) long, 
come from Zaire (Musonoi: Kakanda). Crystals up 
to 10 mm (4 in) long known from Bou Arzer, 
Morocco, 


Rosdocroste, 117 mm. Sweet Home Mine, USA, 


Rhodochrosite 
MaCO3 


TRIGONAL eeee 


Properties: C~ white. pink. re. brown. locally black 
‘coatings on crystals: S ~ white: L ~ vitreous; D ~ 
transparent to translucent: DE ~3.6; H 35-4; CL~ 
perfect: F —conchoidal to uneven; M — rhombohe- 
ral and scalenohedral crystals. hemispherical and 
botrycidal aggregates, granular, massive, 

(Origin and occurrence: Only rare in pepmatves. 
Inydrtheral in mediue-and loi-eraprature veins, 
sedimentary and metamorphic. The most beautiful 
xytals come from the Sweet Home mine. Alms, 
CColorada, USA, where thombs up 10 150 mm (6 in} 
in size oceur, associated with purple Ouorte, hubne- 
tite, tetraednite and other minerals, Beauliful dark 
‘ed scalehohedra. up to 100 mm (4 in) found in the 
N'Chwaning No.l and 2 mines, Kuruman, South 
‘lic Pink thombs upto 80 mm (3% in) come from 
Silverton, Colorado, USA. Nice pink hemispheres 
and botroidal aggregates are known from Cavnic 
and Baia Sprie, Romania. Similar specimens occur- 
red in Huaron, Peru. Pink banded crusts and stalac~ 
tiles were found in the Mina Capltas, Catamare, 
“Argentina. Pink chombs, associated with borrandit, 
‘wer lately found in Kounrad, Kazakstan 


Radecki, 70 mm. Mina Caplitas, Argentina 


us 


Cole 150 mm, Elo Mine USA. 


Calcite 
CaCO 
TRIGONAL seeee 
Properties: C~coloress, white, ray, yellow. brown, 
Pink red. ble, green. Black: §~ white; L vitreous 
to pearly: D ~ wansparent to opaque: DE — 2.7: H — 
3: CL = perfect; F ~ conchoidal: M~ crystals of| 
various. habit. concretions, stalactites, ooitic 
‘aggregates. granular. massive; LU ~ sometimes red 
to orange 


Calete 30 mm, Tngucte, Rusia 


Origin and occurrence: One of the most common 
minerals, resulting from a wide range of conditions, 
itis magmatic, hydrothermal. sedimentary, meta- 
morphie and secondary, it occurs in various para- 
‘geneses. Large crystals found in many localities 
‘throughout the world. Pinkish and yellow exys 
‘ver 500 mm (20 in) long come from Joplin. 
Missouri and ftom the Elmwood mine, Tennessee, 
USA. Beautiful calcite crystals, crysallographically 
cof very complex habits, found in Dalnegorsk, 
Russia. Nice calete specimens occured also in 
Mexico (Naica, Chihuahua: Chareas, San Luis 
Potos). European localities, like Pribram, Czech 
Republic; St Andreasberg. Geemany: Kongsberg. 
Norway are famous by their ealites, too. Wine 
yellow. complicated crystals are Known from the 
Sarbayakoye deposit in Rudny Kazakhstan, Clear 
cleavable aggregates ofthe birefringent calcite (so 
talled loeland spar) were found in basal evitis in 
“Helgustair,leland, The largest of thors reached up 
to 6x2 m (20x 6 6m) in size Nery nice 
stalenohedra upto 80 mm (3% in) long with copper 
inlusions occur in Keweenaw Peninsula, Michigan, 
USA. Perfect sealenohedra and their twins up to 100 
‘am (4 in) long_are known from Egremont and 
Frizington, UK. Beautiful buterly twins up to 80 
sam (3a in) recently reported fom Guiyang, Hunan, 
China. Crystals of calc with sand inclusions up to 
100 mm (4 in) in size come from the vicinity of 
Fontainebleau, France 

Avplicavion: building industry, optical industry 


Dolomite 39 mmx Norra Spat 


Dolomite 
CaMg(COs)2 


TRIGONAL seeee 


Properties: C~ gray-white, pink, red, green, brown, 
black; $— white; L— vitreous 10. pearly: D — 
transparent wo translucent DE ~ 29: 11 = 3.8: CL. 

perfect: F~ conchoidal: M ~ rhombohedral crystals, 
Origin and occurrence: Magmatic in pegmatite, 
hydrothermal, metesomati, sedimentary and meta 
morphic. together with siden, magnesite, cale 

and other minerals. Crystals up 10 T00 mm (4 in) 


ert 20 mo x Rubny, Conch Repaie 


Jong found in Brumado, Bahia, Brazil. Fine crystals 
also occurred in Banska Stavnica, Slovakia and in 
‘Cavnie, Romania. Crystals upto 200 mm (7 in) in 
size come from Eugu. Spin, Crystals up to 150 mm 
( in) long found in cavities in dolomitic rocks in 
Lengenbach. Binnual, Switzerland. Crystals several 
cm long known from Jachymoy, Czech Republic 
Large accumulations of massive dolomite are 
‘common in magnesite deposits. 

Application: metallrgy Neat-esistam material 


Ankerite 
ae(CO3 


TRIGONAL 


Prpents: site slosh, brown ello: § 
‘whit: L~ viteous to peasy: D transl 
SW gue yortes P~ encod M — 
‘thombohedal erystals, granular 
(Origin and occurrence: Hydrothermal in medium- 
id low-temperature veins, also sedimentary and 
metamorphic, together with sidente and other 
‘minerals. Crystal upto $0 mm (2 in) occurred in the 
“Tui mine, New Zealand, Brown thombs up 1040 mm 
(ein) in size known from Gilman. Colorado, 
USA, Yellowish crystals up to 10 mm (A in) come 
from concretions near Kladno, Czech Republi 
Massive aggregates are common in metasomatic 
‘deposits ofsidente (eg, Nizna Slana, Slovakia). 


nT 


Kutnohorite 
Eahin(CO3)2 

TRIGONAL eee 

Properties: C ~ white, gray, pink, yellowish; § — 


white; L~ viteous: D~ translucent; DE 3.1; H = 
3.54. CL = perfect: F ~ conchoidal: M = poorly 
‘developed crystals, granular, massive 

‘Origin and occurrence: Hydrothermal and metamor- 
‘hic, associated with ankeie, quartz and other mine- 
fas, Poorly developed crystals are known fromm Kute 
‘na Hora. Coech Republic. Small erytals several mm 
in size are described from Moat Si-Hilaire, Quebec. 
(Canada. Large crystals occurred in Mncure, North 


Argan, $9 mm, Tsou, Moree 


Carolina, USA. Smal gray-hite crystals were Found 
in Broken Fill, New South Wales, Australia 


Huntite 
Cattg(COy2 


TRIGONAL @ 


Properties: C — white; $ ~ white: L ~ earthy; D 
‘opaque: DE ~ 27) H— 1.5; CL — none: F — 
onchoidal; M ~ fibrous aggregates. earthy. 

Origin and vecurrence. Secondary mincral esuking 
fiom the oxidation of dolomite, associated. with 
‘magnesite and dolomite, Fine fibrous aggregates come 


los fork 10 nm, Eber. sila 


from Koksin, Cech Republic. talso occurs inthe Ala- 
“Mar depos, Nevada, USA. Massive aggregates are 
known from the Bogus mine, Bahia, Brazil 


Aragonite 
a8 


ORTHORHOMBIC ee ee 
Varieties: os fer hot-spring tu, peastone. tamo- 
witete 

Properies: C ~ colorless. white, yellow. rsh 
‘greenish. purplish. bluish, gray: S— white: L 


Peasone 35 mn, Kary Vary, Coe Repl 


vitreous: D— transparent to opaque: DE = 3: H—3.5- 
4.5; CL ~ imperfect: F_ conchoidal; M = prismatic 
fetal, ooliie, banded columnar and dendritic 
aegregaes, masse: LU ~ Tally ak eam 
jellon. 

(Origin and occurrence: Primary 25 a late hyéro- 
thermal mineral of high-temperature deposits more 
commonly secondary a 2 product ofthe oxidation 
fof siderite and pyrite. It also results from 
precipitation of thermal spring, itt sedimentary 
and metamorphic. Fine white prismatic erystals up 
{fo 70 mm (2% in) long found together with blue 
celeste crystals in -pania. Dolina. Slovaki 
Similar crystals come ffom sulfur deposits 
Cianciano, Italy and Tarnobezeg, Poland, Maybe 
the best aragonite erysals im the world are knoven 
from the gossan of tho magnesite daposit im 
Podrecany, Slovakia, where druss of crystals upto 
200 mm (7k in) long were found. Wine yellow 
fxystas up 10 100 mim (Ye in) long occurred in 
eavties of voleanie rocks in Horence near Bilin, 
‘Czech Republic. Those etystals were the only gem 
rough, suitable for facetting, in the world. Very 
iteresing copper pscudo-morphs after aragonite 
come from Corocoro, Bolivia. Banded and oolitc 
agercgates found in Karlovy Vary. Czech Republic 
Dendritic aggregates from Greborg, Ausitia and 
elsewhere are known as fos Foti, 

“Application: decorative sone. 
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Sra, 34mm, Hain Co, USA 


Strontianite 
‘Src03 


ORTHORHOMBIC fee 


Properties: C~ colorless, pray. yellowish grenish, 
teddish brosen; S ~ white, L~ vitreous to resinous. 
= transparent to vanslucen DE~3.8, H=3.5:CL 
~ perfect: F ~ conchoidal to uneven: M ~ prismatic 
and acicular erystals, columnar and fibrous aggre- 
tes, massive, earthy. 

‘Origin and occurrence: Hydrothermal in low-tem 
porate veins, in cavities of voleanic rocks, mainly 
Sedimentary, together wih calcite and zeolites. 
Crystals up to 80 mm (3% in) long occur near 


tert 20 mm Alston Moor UK 


Bleiberg. Avstia, Smaller crystals known from 
‘Sirontian, Scotland, Crystals upto $0 mm long found 
in mars in Ablen near Minster, Germany. 


Witherite 
Oy 


ORTHORHOMBIC 0 @ 


Properties: C ~ white gray, yellowish; $~ white; L 
vitreous to greasy. D = tanslucent: DE — 43; H 
3.5: CL ~ good: F~ uneven; M ~ pscudo-hexagonat 
‘ipyramidal crystals, Fibrous "and botryoidal 
aggregates, massive. 

Origin and occurrence: Hydrothermal in low- 
temperature deposits with Nuorit, bait, calcite and 
ther minerals Beautiful yellowish erystals up 10 
120 men (4in) long come from the Minerva No.1 
ane, Cavesin-Rock. Minos, USA. Crystals. up 10 
70: mm (2% in) in size occurred in Hexham and 
Alston Moor. England. UK. Its pscude-hexagonal 
exysals or botrytdal aggrepates were very rare in 
Pribram, Czech Republic. 


Cerussite 
Pecos 


ORTHORHOMBIC fee 
Properties: C ~eolrtess, whitish, yellow, black; $— 
‘whit; L~ greasy to adamantine: D— translucent: DE 
= 66; H ~ 3-35; CL good: F~ conchoidal: M ~ 


Corse 92 oe Tee, Namibia 


prismatic and pyramidal crystals, common tilings 
And twins, granular, massive; LU ~ sometimes 
yellowish 

‘Origin and occurrence: Secondary mineral, tesut- 
ing fom the oxidation of galena and other Pb 
‘minerals, together with pyromorphite, vanadinite 
bare and other minerals. The best specimens come 
from Tsumeb, Namibia, where tilings up 10 200 
sm (7% in) in diameter occured. Large tins also 
Known fiom Broken Hill, New South Wales, 
Australia, Beauiful crystals yp to 50 ram (2 in) in 
size eporced from Mibladen, Morocco, Fine crystals 
‘pt 30 mm (2 in) long found in Stibro, Caech 
Republic. Typical white acicular crystals, up 0 60 
sm (2% in lone come from the Flux mine, Arizona, 
USA, 


Barytocaleite 
BACCO 


MONOCLINIC ee 
Properties: C~ colorless, white, gray yellowish; $~ 
colorless; L vitreous to resinous; D ~ transparent 
translucent, DE ~ 3.7; H~ 4; CL ~ perfect: F ~ 


conchoidal to uneven; M~ prismatic, often sited 
crystal, massive; LU~ light yellow. 

(Origin an occurence: Hydrothermal in low-tempe- 
rature veins, together with caleite,barite and ther 
‘minerals. Crystals several em in size and cleavable 
masses are known from Alston Moor, Cumbria, UK 
Imperfect erytals about 10 mm (sin) in size occur. 
fed in Suibro, Czsch Republic. I is also described 
from Freiberg. Germany and from Langhan. Sweden, 


anocaite. 52 nm. Alston Moor UK 


11 


3072018 


Pyehotonic Experiment 
* vibrational technologies) 

* pressure, coolness of the skin 

* feelings of non-specific fear and panic (from the weapons) [...] tremors, tapping, destruction of 
fragile objects from the waves, from the impulses and from other manifestations of technological 
poltergeist 


Psycho-physical damage depending on intensity and duration of effects. Damage in the 
physical sphere (up to programmed premature death). 


Stage I. 


* changes in the blood (early signs) 

* overheating substances especially and increase in crystallization, leading to cataracts (early sign) 
* ill reactions along the path of the bio-energetic potential from the effects [.. ] 

* prickly sensations, tremors to the muscles of the feet 

* aggravation of chronic illnesses 

* internal bleeding (nose, stomach, gynecological) 

* auditory tones of various frequencies 

* sharp pain in the internal ear 

* dull pains in the area behind the ears 

* internal trembling, vibrations 

* head pain in the temple and a warmness in that area, pain in the eye-sockets 

* likelihood of miscarriage, an increase of 80% for chances of premature births, anomalous 
* development of the fetus, often with defective brains 


Stage IL. 


* “radio-sound" effect (before this is long-conducted the resonance-loosening of spinal and brain 
fluids at the frequency of 2-10 Hz. for maintaining the fluids of theskull and brain in stimulation 

* steady reactions to all aspects of coding 

* lowering of energy (observed with irradiation at the frequency carrying frequencies of ~780 
Hz.and amplitude modulation ~71 Hz.) 

* aggravation of dermatosis 

* eye pains (cataracts, asymmetry in lenses of the eyes, puffiness [?] of the retinas ) 

* aggravation of the course of chronic illnesses 

* destruction of the functions of the kidneys, liver, organs of digestion, circulatory system, bleeding 
in gingivae, gums, peridontal and others 

* gauntness 

* "sand" in the eyes, burning sensation, loss of hair, brittleness of nails 

* compression pain in the heart fits of coughing 

* changes of the color of the face (bronze shading of the skin) 

* asymmetrical puffiness of the face 

* disfiguration of the face, the intentional emaciation of separate muscles, cartilage 

* syndromes of destruction to the external nerves of the thighs 

* impotence 


Stage III. 


* destruction of the brain, irreversible changes to the structure of the brain (academician V.P. 
Vekhtereva) 


hittpwww.angelfir.comipro2/dchakrabicherkova_sum.him 
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curt 48 rm, Tosa, Morocco 


Azurite 
u3(COM(OH)2 

MONOCLINIC eee 

Properties: C — blue: $ — blue: L _ vitreous, D ~ 
transparent to opaque; DE ~ 38H 3.5; CL 


perfec: F ~ conchoidal: M ~ tabular and prismatic 
‘rystals, pulveruent 

‘Origin and aceurrence Secondary, resulting from the 
‘oxidation of Cu sulfides. mainly associated with 
‘malachite. Crystals upto 200 mm (7's in) long come 
from Tsumeb, Namibia. Crystals from Tout, Mo- 
‘rocco reach upto 70 mm (2% in). Tabular erstls up 
{50 mm (2 in) in size found in Chessy near Lyon, 
France. Famous crystals up 1 50 mm (2 in) across oc- 
curred inthe Copper Queen mine in Bice, Arizona, 
USA. Fine azunte concretions with erystals on the 
surface come fom La Sal Utah, USA. Crystal roset- 
tes, reaching up to 130 ram ($= in) in size were 
found inthe Yang Cheng Min. Guang Dong. Chia, 
Application: Cu oe. 


Malachite 
Cux(COs/OH)2 


MONOCLINIC eeee 


Properties: C— green: Slight green: L— vitcous, 
dull earthy; D opaque: DE~41;H 35-4; CL. 


Moloch 63 nm. Mashamb Hest. Zr 


perfect; F -conchoidal to uneven: M -acicular and 
Prismatic erystal, botryodal aggregates, stalactites, 
(Origin and occurrence: The most common super- 
gene mineral of Cu, associated with avurte, eupite 
‘and other minerals, Crystals up 1030 mm (xin) in 
‘ize oceur in Kambove. Zaire. Cryatas upto 20 mm 
(Cin) also found in Rudabenya, Hungary. Pseudo- 
morphs afer azurite crystals upto 100 mm (4) in 
size known from Tstmeb; pscudo-morphs. after 
cuprite erystals up to $0 mm in size come from 
‘Onganja. Namibia. The blocks of banded malachite 
weighing up to 250 tons . oceurred in Medora 
Jansk, Ural mountains, Russia. Similar material in 
Thuge quanti come from many deposits in Shaba 


Malachite. 70 mm. Soba, Zal 


Rosas, 270 mm, Gleeson, USA 


province, Zaire, where stalactites up to $00 mm (20 
'n) Tong were also found. 

Application: Cu ore, production of decorative objects 
and jonely, 


Rosasite 
(Caza A{COrKOH)2 


MONOCLINIC ee 
Properties: C ~ green, blue: $ — greenish; D — 
‘opaque; DE-4.0-42: H4.8:CL — good: M~ small 
ticular crystals, Fibrous and borryoidal crusts 

Origin and cccurrence: Secondary, forming, inthe 


dri. 65m Tig USA 


‘oxidation zone of Cu and Za deposits, together with 
‘other secondary minerals of Cu. Sphercal aggre- 
gates of acieularexystals up 10 10 mm (ein) found 
in Mina Ojuela, Mapimi, Durango, Mexico. Similar 
Finds were made in Bisbee, Arizona, USA, 


Hydrozincite 
Zng(EOg)a(OHg 


MONOCLINIC eee 
Properties: C~ wit, yellowish; §—white; L~ pearly 
to dul; D— opaque: DE - 4; H~ 225; CL perfect 
F—conchoidal: M ~ tabular crystals massive, cathy? 
LU locally Boe 

Grigin and occurrence: Secondary. resuling from 
the oxidation of sphalerite. together with corusite, 
smithsonite and hemimorphite, Small crystals are 
kknown from Mapimi, Durango, Mexico. Spherical 
aggregates, several mm in diamicer. were found in 
Sterling Hill, New Jersey, USA. Staactits and thick 
fenusts occurred in Long-Kieng, Burma, Cruss and 
stalactites were also described from Bleiberg. Aus- 
tra: from Mezca, Slovenia and from Rail aly, 


Aurichalcite 
Zn u)s(COs)2(OH)g 


ORTHORHOMBIC eee 
Properties: C ~ light green, blue-green, blue; S 
buegreen;L~ silky to pearly: D~translocen: DE — 
4¢H= 12; CL— perfect M~acicular crystals, crusts 
Origin and occurrence: Secondary in the oxidation 
‘zone of Cu and. Zn deposits in the arid chat. 
assovated wih linarte and other minerals. Lange 
prismatic crystals come from Mina Ojuala, Map, 
Burango, Merico, Nice rsa of acculrerytals are 
kaown from Bisbee and from the 79 mine, Banner 
dst, Arizona, USA. It also occurred in Montponi, 
Sardinia aly 


ria, 80m, Arizona, USA 


123 


Dawsonite 
NaANCO3)(OH)2 

ORTHORHOMBIC eee 

Properties: C ~ colorless to white: $ ~ white; L~ 


vitreous; D ~ wansparent; DE ~ 24; H~ 3; CL — 
perfec; M ~ acicular to bladelike erystal, radial 


ature deposits, associated with calcite, dolomite and 
other minerals. Fine acieularerystals up to 35 mm 
‘Ch in) Tong come from Mont St-Hilaire, Quebec, 
Canada. Radial aggregates along the rock cracks 
‘were found in Dubrik and Ziata Bana, Slovakia 


Bastnasite-(Ce) 
(CeayCOyF 


HEXAGONAL eee 


Properties: C yellow 1 brown: S — yellow-brown: 
L vitreous to greasy: D~ translucent, DBE 43-5.2, 


Parsite(Ce). 71 mm. Bavace, Colombia 


Beumast(Ce) 6 mm Aree, France 


H — 4.45; CL ~ good: F — uneven: M — tabular 
crystal, granular, massive 

Origin and occurrence: Magmatic in pegratites, 
also metamorphic. together with allanite(Ce) and 
‘other rare earth elements minerals. Crystals up 0 
200 x 150 mm (Ta x 6 in) in size occu in Andeka- 
tay. Madagascar. Crystals upto 100 mum (4 in) long 
ae known from Karonge, Burundi, Transparent 
‘erystals upto 25 mim (|i) long were found recently 
inthe Trimouns quarry. France. It forms important 
local deposits 3s those of Mountain Pass, California, 
[USA Application: ore of rare cath clement 


Parisite-(Ce) 
eaceCOsF2 


TRIGONAL eee 
Properties: C ~ brown, yellow-brown, gray-yellow: 
brownish; L ~ vitreous to resinous: D. 
‘wansparent to transhucent: DE ~ 44; 1 ~ 4.5; CL 
perfet:F~conchoidalosplintery: M ~dipycamids 
Sriated erystals 

(Origin and occurrence: Magratic in pegmatite, also 


Inydrothermal and rarely metamorphic, together with 
bastnaste{Ce) and other minerals ‘of rare earth 
elements. Crystals several em long come from Quincy. 
Massachusets, USA. Crystals up to 80 mm 3 in) 
long occurred in pegmattes near Hundholme 

‘Norway. Crystals up to.23 em (97: in) Tong found i 
the Seowbird mine, Montana, USA. Transparent 
‘rjtals upto 15 mm (I in) were lately reported in 
the Trimouns quarry. France, Very unusialasaciation 
hhave been deserted ffem Muza, Celumbia, where 
tals yp to 50 mm oceurtogethr with emerakls. 


Phosgenite 
Poa(CO)Cla 
TETRAGONAL 00 
Properties: C ~ colores, whit, yellow wit, gray. 
‘brown: S~ white; L —adamantne, D— transparent 
translucent DE 61: H'= 23; CL — good: F — 
covehoidal: M-~ shor to long prsmate and tabular 
rystals, granular, massive; LU ~ sometimes yeloe 
‘Origin and occurence: Secondary, resting fom the 
‘oxidation of galea, associated with cersite and ater 
Seondary Pb minerals, Crystals upto 130 x 100 mm 
(6 x4 in) across known from Montepon. Sadia, 
Italy. Crystals from Tsumeb, Namibia reachod up to 
100 mm. Crystals upto 30 mon (1's in) in size found 
in Matlock, Derby UK. Crystals upto 35 mm (1s in) 
Tong occured inthe Mammoth mine. Tee, Arizona 
USA. 


Phosgene 28 mm, Monin aly 


1s 


Banu, 3 mm 2 Brlarta, Sovalia 


Bismutite 
11207103) 


TETRAGONAL @0e 
Properties: C~ yell, brown, gray Blut, back: S~ 
‘white: L vitreous, pearl to dll: D~anslucent 0 
opaque: DE — 6.1.9.7, H ~ 3.5: CL ~ good; M~ 


bismuthinite and ther minerals. I 
egmattes in Madagascar (Ampangabe) and in 
‘Mozambique. Large pebbles found in Kivu province, 
Zaire I also occurred in Tasna, Bolivia, 


Gaylussite 
NayCx(CO3), «5 HzO 


MONOCLINIC eee 


Properties: C— colorless, whit, gray, yellowish; §— 
colorless: L— vittcous: D’—Wansparent 10 
wanslucent; DE ~ 2; H~ 2-3; CL — perfect: F — 
‘conchoidal; M lenticular to prismatic crystals 
Origin and accurrence: Sedimentary, typical 3 con- 
sttuent of salt sediments. Crystals upto 80 mm (3% 
in long come from Searles Lake, California, USA. 
also occurs. in Borax Lake and Mono Lake, 
California, USA. Large crystals are known from 
‘Amboseli Lake, Kenya 


Weloganite 
NaxSry2ACO3%g 3 #0 
TRICLINIC @ 


Properties: C ~ bite, yellow: S white; L ~ 
‘iueous: D ~ wansparent to opaque: DE ~ 3.2: H— 
35: CL ~ perfect: F ~ conchoidal; M ~ pscudo- 
hhexagonal strated exystals 

‘Origin and occurrence: Hydrothermal inthe alkaline 
rocks, together with zircon, dresserite and other 
‘mineral Crystals up to $0 mm (2 in) come from 
cavities inthe Francon quary, Montreal: erystals up 
0 30 mm (Iie in) are known from St. Michel, 
Quebec. Conada 


Artinite 
Max(CO;NOH)2 3 HO 

MONOCLINIC e8e 
Properties: C ~ white: § — white: L~ silky: D ~ 
transparent: DE ~ 2; 1 ~ 23: CL ~ perfect M 
spherical. radial aggregates, veins, crusts 
Origin and occurrence: Hydrothermal, originating at 
low temperatures in serpentintes, associated with 


Zarate. 700 Lamcorter Co. USA 


drt 1 mmx, Dunabopdans Hungary 


magnesite, aragonite and other minerals. Radial 
aggregates up to 20 mm (si) in size occur in 
Gem mine, San Benito County. Califorsia, USA, 
Needles up 10 20 mm (sin) long come from Val 
Malenco fily. Clusters of acicular crystals were 
found on Staten Island. New York, USA, 


Zaratite 

Ng(CO (OH HO 
cusic eee 
Properties: C ~ emerald geen $~ ight poem 
‘sous to greasy D~wansparen io tangent: OE 
S2G2 TH = 35; CL ~ none: F conchoial: M~ 
xysaline crass sales, coatings 
nan and occurrence: Seconda). originating from 
the: oxidation oF Ni icra, associated with 
millet, bracts and other minerals occurs a5 2 
prosuct of the oxidation of Ni minerals in altabasic 
Tocks in Keaubat and’ Suboch. Ausiia. Large 
freon coatings found in Heszlewood, Tasmania, 
‘Australia. I covers mille needles in the vicinity 
of Kladno, Cosh Republic 


Hydrotaleite 
MegAln(CO3)(OH)1 5 4 20 
TRIGONAL oe 


Properties: C ~ white; §— white; L peaty to waxy 
D—wanspare: DE ~ 2.1; H— 2: CL ~ perfect, M~ 
fibrous and layered aggregates, massive, 

(Origin and occurrence: Hydeshermal in ultrabasie 
and metamorphic rock. It occurred with serpentine 
in Nordmark, Norway and also found at Franklin and 
Sierling Hill, New Jersey, USA, 
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Sichite 35 im Rouchovany: Cech Republic 


Stichtite 
MagCra(COs)(OH)14.4 M20 


TRIGONAL @ 


Properties: C ~ pinto purple: $ = white 10 light 
purple; L ~ pearly. waxy to easy: D ~ translucent: 
DE~22; H-1.5-2; CL perfect, M— lamellar and 
fibrous aggregates. massive, 

Origin and vocurronc: 1 occurs in serpentnites a 
scaly aggrogates and_veinlets in Bou Azzer, 
Morocco: in Dundas, Tasmania, Australia and in 
Barberton, South Africa. 


Aamolydrocaite, 70 mas, Laan, Slovaia 


Alumohydrocalcite 
EaAly(COs)(OH)4.3 H20 


TRICLINIC 98 


Properties: C— white, gray: S— white; L~ earthy: D 
opaque, DE - 22; H 25; CL - perfect, M — 
‘chalky aggregates, consisting ef acicular crystals. 
(Origin and occurrence: Secondary, associated with 
alophane and other mineral. It was deseribed from 
the Khakasy deposit, Siberia, Russia, where it 
originates ffom the oxidation of alophane. Nice 
‘white radial aggregates occured along the cracks in 
Shales in Ladomizovo, Slovak, 


Ancylite-(Ceo) 
‘Sr3(Ce,La)q(CO3)7(0H)4 -3 HO 


ORTHORHOMBIC 8 @ 
Properties: C ~ coloress. yellow, yellow- brown, 
Tight purple, brown; S ~ white; L~ viteous 1o grea 
sy; D~ transparent fo opaque: DE —4: H= 4-43; CL 
= none: F~ splinery: M'~ short 1 Tong prismatic 
‘and pseudo-octahedral eysials 

(Origin and occurrence: Hydrothermal in alkaline 
rocks. associated with nepheline and other minerals. 
(Crystals up to 6 mm (¥4 in) long are known ffom 


6. Borates 


Ludwigite 
MaxFe? 805 


ORTHORHOMBIC eee 


Properties: C dark green, black-grecn, black: S — 
blue-green: LB silky to dul: D— opaque; DE ~ 3.9; 
H— 5; CL perfect; F B uneven: M — prismatie 
crystals, Fibrous aggregates, granular, massive, 
(Origin and occurrence: Metamorphic in skarns and 
Solomitc marbles, locally associated with magnetite 
and other borates, Rich aggregates are knows from 
‘Gena de Fier. Romania: Kamincich, Japan and the 
Hol Kol mine, Suan, North Kora, 

Application: chemical industry. B one. 


Gaudefroyite 
Cagtin™ 3(803)3C03(0.0H)3 


HEXAGONAL @ 


Properties: C— black: S— Mack: L—adamantine to 
Gull; D ~ opaque; DE ~ 34; H 6: CL~ good: F 
uneven: M-= prismatic efysials, fibrous and accular 
aggregates, 

Origin and occurrence: Hydrothermal in. calcite 
veins. Prismatic crystals up to 50 mm (2 in) loog 


Gaudefrite 40 am Kure, South ca 
Ludwig 120-mm. Oona de i, Romania 


Inert 230 Boro, USA 


were found on the mine dumps near Tachgaeat 
‘Morocco and in the N°Chwaning No. 2 mine and the 
‘Wessels mine, Kuruman, South Africs, 


Inderite 
MgBi0x(0H) 


4,0 
MONOCLINIC eee 


Properties: © colorless, white to pink in 
aggregates: S— white: L~ vitreous: D~ transparent 
to tranclocent; DE ~ 1.8: H ~ 2.5; CL ~ good: F 
conchoidal to uneven; M — prismatic erystals, 
aciclar and fibrous aggregates, nodules, massive. 
Origin and occurence: Sedimentary in boron 
eposits. commonly associated with colemanite aed 
‘other borates, Prismatic erystals up to 100 mm (4 in) 
long oceur in Boron, California, USA, 1 is aso 
known from Inder, Karakhstan, 

Application: chemical industry. Bore 
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ora 60 minx Seals Lake, USA 


nye, 90, Terkes 


Inyoite tabular erst, columnar aggregates, massive 
4830,(0H)5 410 Origin and oveurrence. Sedimentary in boron 
er rn rps commonly assclaed with colemanite and 
MONOCLINIC eee ‘othr borates Clear tabular eras up to 100 mm (¢ 


jn) long found in Kiska and Emet, Turkey 1 also 
Properties: C ~ colorless, white: S~ white: L— comes from Inder, Kazakhstan and the Corkscrew 
‘itteous: D transparent o tanslucent: DE B 19:11 
2: CL ~ good; F- uneven; M ~ shor prismatic ro 


exe 20 nm agaregare. Death ley, Calm US. 


Borax 
NazB4Os(OH4 


MONOCLINIC eee 


Properties: C ~ white, colorless. yellowish, gray. 
reenish, S ~ white; LB vitreous to dall: D ~ 
lransparent, translucent to opaque: DE ~ 1.7; H~2- 
255: CL — perfect; F ~ conchoidal; M ~ short 


Prismatic 0 tabular crystals, columnar to earthy 


Origin and occurrence: Sedimentary in boron 
‘deposits, associated with other borates and. halite. 
Prismatic crystals up to 150 mm long ae krown from 
Borax Lake also Searies Lake and Boron, California, 
USA. Iv also occurs in Kika, Turkey 

Application: chemical industry, Bore. 


Ulexite 
NaCaBsOg(OH)g 5 HzO 
TRICLINIC eee 


Properties: C ~ white, colorless light gray: S 
‘white: LB vitreous 1 silky: D — transpatent 19 
translucent: DE ~ 20; H ~ 25; CL - perfect F B 
uneven; M ~ elongated prismatic oacicularerystals, 


regates, crusts, nodules, granular, 


Origin and occurrence: Sedimentary in boron 
deposits, associated with other borates. Slabs up to 
100 may (4 in) thick consisting of fibrous aueregates 
occur in Boroa, California also found in Esmeralda, 
Nevada, USA; Emet, Turkey and Inder, Kazakhstan, 
Application: chemical industey. B ore. 


Colemanite 
622840) -5 420 


MONOCLINIC 


Properties C ~ eos, whis, yellowish, light 
fay; 8 white: = woes, B ”eomgaren fo 
framiacent DE 34, H= 45: CL — pede FB 
nen Maho prima an sone ra, 
Gripin ond sccurence: Sedimentary in boron 
spon, associated with ther Borate. Perfect 
{Eyal op 0200 mm (7k im, come frm Emet and 
Krka Tk. Crystals p 1070 mn 

‘cet in Gower Gale no. Calin 
from "Esmertes, Nevada, USA” and. Inder 
Keakisan 

Appliction: hemi induty B oe. 
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Payeholranic Experiment 


* irreversible processes in the muscle material, in the bones of the skull, and in the structures of 
neurons "..minimalization of life” external reaction to EMP appears as an illness, up to heavy, 
sharp, chronic, organic pathological processes (academician V.P. Kaznacheev) 

* the entire speeding up of the aging process, sclerosis, oncogenesis (academician V.P. 
Kaznacheev) 

* destruction of bio-chemical processes in the cells with distrophic changes in the organs 
(academician V.P. Kaznacheev) 

* destruction of the cell membranes, chemical connections in the cells -leading to leukemia, cancer 
of the brain and prostate gland, breast cancer, (even with weak EMP, but of long duration "...the 
genetic apparatus is altered..." (academician V,P. Kaznacheev) 

* the reflex activities are destroyed 

* the functioning of the hormonal system is destroyed 

* [...] Parkinson's disease (trembling of the hands) and Alzheimer's disease (from changes in the 
production of the hormone melanin ([...] gland) that causes degenerative changes in substances at 
the molecular level disfunctions of the sino-atrial node of the heart (even with a low frequency) 

* infarction, cerebral thrombosis, osteo-[*** ], peridontal, sugar diabetes 

* allergies 

* epilepsy (especially caused by the multiple-rapid stimulation by a weak, low frequency waves) 
* hypertension, hypotension 

* programmed or instantaneous (with the subjection to extreme effects -up to the border of deadly 
conditions) premature death it is well known by the experimentors that cases of death do occur 
(academician V.P. Kaznacheev) 

* a decrease and dying off of the population, humanity, mankind 


Damage in the mental sphere (up to the point of insanity). 
Stage I. 


* manifestations of depression 
* lowering in the interest in perceived information 
* shortness of temper (irritability) 


Stage I. 


* steady depression 

* lowering of abilities for analytical thinking, some worsening of the memory 
* symptoms of chronic fatigue 

* superficial nature of sleep 

* higher incidents of conflicts 


Stage III. 


* confusion in the accounting of events in real life 

* loss of ability for analytical thinking 

* lowering and a loss of memory 

* feelings of the lack of sleep 

* indifference to personal external appearance [...] 

* lowering of self-control from the deficit of the hormone seratonin due to SVCh irradiation 

* suicide (as the experimentors "practice" provocation techniques) 

*". invisible weak fields ...their ignoring that they are carrying with them a deadly danger”... 
".,people simply start going crazy and nobody understands why..." (academician V.P. Kaznacheev) 
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Kent, 100m, Bor, US 


Hamberie 6 mim Pit Tashi 


Propertes: © ~ colorless, white, light gray: S ~ 
‘white: L~ viteous to dul, silky; D ~ wansparen, 
translucent to opaque, DE - 1.9: H - 253; CL — 
perfect; F— uneven, M — isometric erysals, fibrous 
aggregates, granular, massive; R soluble in wate. 


Rhode 23 mm Antirabe Madagascar 


Origin and occurrence: Sedimentary in, boron 
deposits. associated with bor and other borates, 
Play aggregates and crystals up 10 2.$ x 1m (8 fx 
39%) found in Boron, California, USA; also known 
‘rom the Tincalayu mine, Sala provinee. Argentina. 


Hambergite 
Be 80,(0H,F) 


ORTHORHOMBIC 0 @ 


Properties: C ~ colorless, white, light gray: S 
‘white: L~ vitreous; D ~ transparent to translucent; 
DE ~ 24: H- 7.5; CL B perfect F'B uneven: M~ 
tabular fo prismatie crystals, granular 

(Origin and aceurrence: Magmatic in granitic and 
rarely also in alkaline pegmatites: hydrothermal in 
cavities within the pegmatites, associated with 
tourmaline, danburite and beryl. Tabular erystals up 
0 200 mm (Pisin) from the Little Three mine, 
Ramona, California, USA. Crystals up 0 110 men 
(hin) also known from several localities in 
Madagascar. eg Imalo and Anjanabonoina: also 
found: in Hyakule, Nepal and Cidrwice, Czech 
Republic 


Rhodizite 


cus 


Properties: C~ colores, white, yellow, ight gray 
‘whity L ~ vitreous to adamantine;D - transparent 
to trislocent: DE ~3.5; H~ 8.5; CL. ~ imperfect, F 
= conchodal to uneven; M — isometne’ crystals, 
grancla, 
Origin and occurrence: Magmatic in granitic 
egmatites, asociated with tourmaline, danburite 
and beryl Cubic to tetrahedral erystals, reaching up 
30 mm (Ve in) occur in several localities in 


Madagascar ©, Sahatany and Anxandrokomby, 
Known from the Animikie Red Ace pegmatite 
Florence, Wisconsin, USA. 


Boracite 
93870131 


ORTHORHOMBIC @ 


Properties: C ~ colorless, white, yellowish, light 
fray. light to dark green: S_ white: L ~ vitreous: D 
transparent to translucent; DE ~ 3.0: =7-7.5, CL 


Boracte 12mm Ao Chapar, Baia 


= vane: F = conchoidal 
xysals, Fibrous aggregates, 
Origin and occurrence: Sedimentary in eveporiic 
deposits, together with halite, gypsum and anhydnte, 
rietamarphic in metamorphosed evaporates. Crys- 
tals up t0 15 mm ("a in) come from Alto Chapare, 
Cochabamba, Bolivia: crystals about S mm (xin) in 
Size, occur in Stassfur, Hanover and Kahlberg, 
Germany. Crystals are also known from Choctaw, 
Louisiana, USA and the Boulby mine, North 
‘Yorkshire. England UK, 
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7. Sulfates 


Anglesite 
S04 


ORTHORHOMBIC eee 


Properties: C ~ colorless, white. yellowish gray. 
_peenish; S — white: L ~ adamantine to greasy; D 
‘Mansparcat ro translucent: DE ~ 6.4: H-25~ 3: CL 
= dobra: F— conchoidal: M — thick tabular erystals, 
massive, LU ~ sometimes yellowish 

Origin an vecurrence: Secondary. 2 a result of he 
‘alona oxidation. together with cerussite and other 
minerals. Beautiful yellowish crystals up 1 100 mm 
(Gin) in size come from Tousst, Morocco, Crystals 
fiom Tsumeb, Namibia, reached upto 40 mm (In 
in), Large erystals are also reported from Phoenix 
ville, Pennsylvania, USA. Crystals up to 20 mm (x 
in) occur in eavities in weathered gafena in Sardinia, 
Taly: Crystals, reaching up to 40 mm (Ie in) also 
found in Mezca . Slovenia, Prismatic crystals upto 
“75mm (3 in) long known from the Bunker Hill mine, 
Idaho, USA, 


Barts T7 mm x, Pkt, Germany 
“Ahr. 35 ram. Simpon Tanne. Sicerland 


Angleste81 mm, Tiss, Morocco 


Anhydrite 
©1504 
ORTHORHOMBIC ee ee 
Properties: C ~ colriss, white, ish, purplish ed 
‘ow $ ~ white; L~ pea to vieous, PS ~ 
ransparen 1 transient DE ~ 28-3; 335; CL 
good: F ~ splimery to uneven: M~ isometric and 
‘ismatc erst, granular mas, 

‘Origin and occurrence: Mosily sedimentary, as @ 
result of the evaporation of sea wate, associated 
‘with gypsum, clete and other minerals rae 19 
Degmatites and hydrothermal. tis very common in 
form of massive aggregates in salt deposi in 
Siasfirt and Wathingen, Gecmany, here small 
crystals also occur. Folded layers in clays known 
from Wieliczka, Poland Purplish erstls upto 20, 
sim (in) found in racks in mtamoephc rks 
near Simpion and St. Gothard, Switzrland. Fine 
Grases of bluish crystals upto 200 mm (Vin) long 
found in Naica, Chihuahua. Mexico, 
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Colt 270m. Noda 


Cetestite 
$1504 
ORTHORHOMBIC eee 
Properties C~ coloriess, whit, yellowish, blue: S ~ 
white L~ vitreous: O ~ wansparent to transhicemt; 
DE~4; H-335;CL- perfect: F uneven; M— 
prismatic and tabular crystals. columnar aggregates. 
‘concretions. 

Origin and occurence: Rate hydrothermal, ssinly 
sedimentary, logether with halite, anhvdrite and 
‘gypsum. Beautiful luc crystals several cm long occur 
in cavities of concretions in the Sakoany’ mine, 
Madagascar Prismatic crystals up to 100 mm (4 in) 
Jong in sulfur deposits in Poland (Tarnobrzeg) and 
Haly (Caltanisstta). Fine blue tabular crystals 
associated with aragonite crystals found in pana 
Dolina, Slovakia. Fine ery a known form maris 
in Tunisia and Libya, 


Barite 
BaS0, 


ORTHORHOMBIC 


F'= conchoidal to splinery; M = tabular 0 prise 


‘matic erystals, massive; LU ~ sometimes blue 
Origin and occurrence: Hydrothermal. i vit 
under medium and low temperatures. aso sedi- 
‘mentary. together with fuoite. clete einnabar and 
‘thor mincrals. Beautiful arte crystal up 1 50 mm 
(in) found in hydrothermal veins in Prbram, Caoch 
Republi. Blue tabular crystals up to 100 mm (4 in) 
from Dedova hora, Czech Republic. Beautiful tabular 
crystals upto 100 mm (4 in) known from Bansks 
Stiavniea,” Slovakia; Caynic and Baia Sprie, 
Romania, Very Fine crystals of up o 200 mm (73. i), 
‘occured in Alston Moor, Frizington and Mowbray, 
‘Cumbria, UK. Beautiful druses of honey-brown 
{xysals up to 20 mm (2% in) long found in Pobla 
Germany. Fine druses of prismatic crystals known 
‘rom Elk Creck, South Dakola, USA; 30 called 


Aner 60 rom Chuguconaa, Chile 


Bart, 100 mm x Stoacham Co, USA, 


desert roses (crystals with inclusion of sand grains) 
feriginating in dese: climate oceur in the vicinity of 
Norman. Oklahoma, USA. Shiny erstals come ftom 
Freiberg and lalsbrucke. Germany. 

Appicrion: an ingredient of driling Mids, chemical, 
‘lass, paper and ruber industries 


Antterite 
‘Cus(S04),(OH)g 3 HO 
ORTHORHOMBIC fee 


Properties: C~ green: §— light green: L— vitreous: 
D translucent; DE ~ 3.9; H ~3.5; CL perfect F 


~conehwidal to uneven; M_— short prismatic and 
Brocton. 14 mm agree, Bingham. USA 


acicular crystals. crusts and carthy aggregates. 
Origin and occurrence: Secondary, resling [rom 
weathering of Cu oes, asocited with oer secondary 
‘Cu minerals. Iisa principal mineral ofthe oxidation 
zone in Chuquicamata, Chile, where it forms enya 
upto S mm (hin) Acicularerystals upto 20 mm ("5 
in) long. oceurted in Bisbee. Arizona. USA. 
Crysialineersts are known from Spania Dolna and 
Pesky, Slovakia, 


Brochantite 
Gug{SO4NOHD5 


MoNocLINIC eee 
Properties: C green; S ~ light green: L vitreous, 
in cleavage planes pearly: D — wanslucent to 
HE — 3.54: CL ~ good: F 

fo uneven; M ~ long prismatie 0 aciular 
‘enya, granular, 

Origin and occurrence: Secondary, 8 a result ofthe 
oxidation of Cu ores usually in the ard climate, 
together with other secondary Cu minerals. Crystals 
up to 70 mn 2% i) long found in Bisbee, together 
wth pseudo-morphs of malachite after brockanite 
Crystals are also known from Tsumeb, Nambia, 
Prismatic erysals up to 0 mm (2 in) long from 
Cerro Verde, Peru. Emerald-green crusts occur in 
Lubietova, Slovakia 


Bo 


Linarite Alunite 
PaCu(SO_KOH)? KAly(SO4)10H)g 
MONOCLINIC TRIGONAL eee 


Proportcs: C = azuro-lue: S ~ light blu L 
vitreous 10 adamantne: D ~ translucent; DE ~ 5.3- 
5.5; ~2.5,CL~ good, F—conchoidal M~ tabular 
and prismatic erystal, coatings. 

(Origin and occurrence: Secondary, asa result of the 
‘oxidation of Cu and Pb sulfides at ow pi. The largest 
‘crystals, reaching upto 80 mm (34 in), come from the 
‘Mammoth mine, Tiger. Arizona, USA. Crystals from 
the Grand Reef mine in Arizona up 40 $0 mm (2 in) 
long, Very fine crystal, upto 30-mm (Ie i) were 
found in Keswick, Cumbria, England UX. Large 
erytals wore also described from Teumeb, Namibia 
‘and (om Broken Hill, New South Wales, Australia, 


Properties: C~ wie, yellowish, gray. $ — wht; 
Yous to peary: D~ transparent to opaqie: 
DE~28; H~ 34; CL perfor Fconchoa 
M— shombohedral crys porous Spareates, 
anlar 

igi end occurence: Sedona, af a rest of 
‘rations of sulle aed with Arch oes associated 
‘sth gypsum, Small eysals ae knw in Berchow, 
Ukraine Massive aggregates cur tether wih 
fungi In Cu depos in Avzona, CSA. (New 
Corsi mine and others). Hoge alt depos, Eke 
agli Azebajan a mined for AL 

‘aplication? Avo. 


Anite. Fm, agexghase Hungary 


Natrojarosite 
NaFeP¥(S04)2(0H)g 


TRIGONAL oe 


ow, brown: §~ ight yellows L 
parent o translucent: DE ~ 3.2: H 


3: CL ~ good: F ~ conchodal: M ~ tabular to 

Fhombohedal crystals, carthy aggregates. 

(Grigin and occurrence: Secondary. as a result of 

weathering Fe sulfides, associated with fibroferite, 

alunite and other minerals. t occurs in. Modum. 
USA: 


Norway: Soda Springs Valley, Nevada 
Chuquicamata. Chile and elsewbere. 


Jargsite 
KF (SOpn(0H6 


TRIGONAL, 


Propet 


253.5; CL— good: F~ eonchoidal to uneven: M— 
‘hombohedral to tabular erysals, granular, massive. 
(Origin and occurrence: + Secondary. 38 4 result of 
weathering Fe sulfides, usually associated with 


ores, 2mm st, Gyongsdroroei, Hangary 


‘atrjarosite and other sulfues. The world’s best 
Specimens come ftom Pena Blanca Uranium mine. 
near Aldama Chihuahua, Mexico, where crystals. up 
020 mm ("is in) were found. Crystals, up to 10 ram 
(Ch in), were found in Tombstone, Arizona, USA. 
Crystals. together with pseudosmorphs of jarosite 
afler alunite, occurred in. Chuquicamata. Chile 
‘Tabular crystals also. were described fom Horat 
Slavkov, Czech Republic 


Beudantite 
PoFe!*(As04)S04XOH)6 
TRIGONAL oe 


Properties: C dark green, brown, red-brown: $ — 
greenish, gray-yellow; L~ vitreous 1 resinous: D — 
transparent to vansluent; DE ~ 4; 11-35-45; CL ~ 
‘goad; M ~shombohedral erystals rusts, 

‘Origin and occurrence: Sevondary. occurring in the 
‘oxidation zone of Pb doposts, together with serodite 
and other minerals. Crystals, several mm in size, 
ound in Tsumeb, Namibia, are the best in the world. 
Small erystals are known from Bishce, Arizona, USA; 
‘Ashburton Downs, Western Australia, Australia and 
‘Kamareza near Laurion, Greece. 


Beudanie. 70 mm. Moldave, Cech Republic 
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Hanksite 
NazaK(SO,)9(COp)2C! 


HEXAGONAL 08 


Properties: : C~ colorless yellowish; S ~ colorless; 
{L=vitreous to dll; D — transparent to translucent; 
F ~ uneven; M= 


short prismatic erytals. 
Origin and occurrence: Sedimentary in salt take 
sedimens, together with halite, borax and other 
rinerals. Crystals up to 200 mm (7k in) found in 
Searles Lake, California, USA. Itisalso known from 
borax deposits inthe Death Valley, California. USA, 


Caledonite 
CuzPos(504)a(CO3(OH)g 


ORTHORHOMBIC oe 


Properties: C-yroen to Blue-green S~ light green; 
L~ resinous; D = transparent to transucsnt; DE — 
56, W - 25.3 CL ~ perfeet; F ~ uneven; M — 
Prismatic crystals, radial agerogates. 


Origin and vcewrrence: Secondary, accuting in the 
oxidation zone of Cu and Pb deposits, associated 
with lnarite and other minerals. Crystals up to 20, 
rim (/s in) come from Leadhills, Scotland, UK 
CCeysals, upto 15 mm ("%s in), were found inthe 
‘Maramoih mine, Tiger, Arizona, USA. Rich druses 
are known from Anarak, Iran. Crystals reaching up 


Hanke $0 Seales Lake USA 


to 20 mm (sin) occurred in the Blue Bell mine, 
California, USA. 


Leadhillite 
Ph4(S04)(COs(OH2 
MONOCLINIC oe 


Properties: Ccolotess, yellowish, 
less; L—resinqus to adamantine; D = ransparent to 
translucent: DE ~ 65; H ~2.5-3: CL ~ perfect F 

‘conchoidal: M pscudo-hexagonal tabular crystals. 

‘Origin and occurrence: Secondary mineral from the 
fxidation zone of Pb deposits, associated with 
‘erussite. anglest,fnarite and other minerals. The 
largest erystals. measuring up to 15 em. come from 
“Tsumeb, Namibia. Crystals up ro 25 mm (1 in) found 
in the Mammoth mine, Tiger, Arizona, USA. 
‘Crystals in Leadhlls, Scotland. UK were of similar 


Chalcantite 
C8045 #20 


TRICLINIC eee 


Properties: C~ deep blue: §~ white; L~ vtteous to 
‘resinous; D ~ transparent o translucent; DE = 2.3: 11 

2.5; CL ~ imperfect: F ~ eonchoidal: M — short, 
prismatic to tabular erystals, stalactites, ims; R 
Soluble in water, 


Coledonte 5. Graham Co USA 


Origin and sccurrence: Secondary, 28 2 product of 
the oxidation of Cu sulfides, stable only in arid 
climate, Crystals up to-40 mm (1% in) in size, and 


Molaerte 80 mm, are Mi Germany 


stalactites, upto 1m (39% in) ong are known from 
Bisbee, Arizona, USA. Crystals were also found in 
the oxidation zone in Chuguicamata, Chile. 
Beau stalactites come from Rio Tint, Spain, 
Application: arly mined as Cu ore 


Melanterite 

Fe$04.7H,0 

MONOCLINIC eeee 

Varieties: pisanite (with Cu contents), kirovite 
(vith Mg. contents) 


Properties: C ~ light groon; $ ~ colorless: L — vi- 
treous; D ~ translucent: DE ~ 19: H— 2: CL — per- 
feet; F— conchaidal: M — granular crusts, botryoidal 
and’ stalattic aggregates, films: R— soluble in 
Origin and occurrence: Secondary, a8 4 result of 
the oxidation of Fe sulfides, together with other 
sulfates. 10 is unstable under atmospheric con- 
ditions. Crystals up to 20 mm (Zz in) long are 
known from Bisbee, Arizona and from the Boyd 
mine, Tennessee. USA. Stalacttes, up to $0 em (20 
in) long. occurred in Chvalctice, Crech Republic. 
104s also common in Rio Tinto, Spain and Banska 
Stiavnica, Slovakia, 
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‘ysaro1e Pyehotonic Experiment 
"Consequences of effects of micto-leptonic generators are described by the leading developer in this 
area [from the] V. Lab. of Micro-leptonic Technologies D. Okhatryym: in 1982 there began 
extremely unpleasant things with the health our co-workers, At first, there arose their feeling 
unwell, then the loss of logic, then after this, the loss of spatial orientation, Finally, a breakdown of 
diseased [affected] organs. The coming out of this condition -and this includes myself -was 
achieved with great difficulty.” 


(in the book by Ju. Vorob'evskii" Knock at the Golden Gate, Moscow, 1999. 


Manipulation with the memory. 


* Erasure 

* Blockage 

* Recording of information needed by the experimentor 

* training -" prompting" (after erasure) 

* comparison, 

* reproduction of picture a from a prior testing as though bifurcated [?] 

* a shifting of the effective frequency up to 100 Hz. or a lowering to 5 Hz., with memory loss 


Control of Stimulation in the br: 


* by states of consciousness (up to the loss of these) 

* in sleep 

* emotions 

* intellectual capabilities 

* attention 

* speech 

* activeness 

* muscle tone 

* stimulation of one and the same zone with stimulations of: 
0 30-40 mV- activization of attention, memory, movement; 
© 60-70 mV- "emotiono-genic" effects 


Different methods: 
‘Types of Psychotronie, psychotropic and other Psy-Influences. 


* radio-waves 
* laser-irradiation 

* infra-red irradiation 

* ultra-violet irradiation UF 

* x-ray irradiation 

* gravitational fields 

* torsional fields (hypothetical) 
* leptonic and other fields 


Acoustic Waves. 


* infra-sonic (IZ) from 0 Hz. to 15-20 KHz. 
* ultra-sonic(UZ) from 15-20 KHz. to 10**9 Hz, (ranges for IZ and UZ) 


see more similar information in -Table 3 
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Epsomite 
MgS04.7H20 


Coguimbite 
TERS 0s 0 


ORTHORHOMBIC ee ee 
Properties: C ~ colorless to white; S ~ colorless: L— 
‘vitreous o sky: D~ transparent o translucent: DE ~ 
1.7; H~2; CL ~ perfec: F~ conchoidal: M~ small 
crystals, granular, Salactitic aggregates; R~ soluble in 
‘water, decomposing under amospherie conditions, 

Origin and occurrence: Secondary, a8 result of the 
oxidation of Fe sulfides, alse from crystallization of 
the salt lake wate, associated with halite and other 
minerals. Crystals upto 1 m 29% in) long were found 
‘on Mount Kroger. Washingon; prismatic crystals up 
10 50mm (2 in long also occu in Babes, Arizona and 
noses of similar size come from the White Caps 
‘mine, Nevada, USA. Iti also known asa product of 
the acvity of famaroles in Mount Vesuvius, Hay. 


Morenosite 
NiSOq.7 #0 
ORTHORHOMBIC eee 
Properties: C ~ eroen. sreen-whie: S ~ greenish: L~ 
‘vitreous: D ~ wansparen to translucent; DE ~ 2; H 
223; CL ~ good; F ~ conchoida, M—stalactitic 
‘rusts and efflorescences: R ~ soluble in water 
‘Origin and occurrence: Secondary. 8 product of the 
‘oxidation of Ni minerals, stable mainly in the ard 
regions. It is very common in Sudbury, Ontario, 
(Canada; ako in Ricelsdor, Germany and Potucly, 
Caech Republi 


pwomie. 10m x. Sts. German 


TRIGONAL eee 
Properties: C — purple. yellow, green, colorless: $ — 
‘oloress: L~ vitreous, D~ transparent; DE~ 2.1; 
2; CL ~ imperfect: F~ conchoidal to uneven: M— 
prismatic to tabular erytals, granular, massive; R 
soluble i water, 
(Origin and occurrence: Secondary, associated with 
other sulfates. Crystal, soveral cm fong, were found 
in the Dexter No.? mine. Calf Mesa, Utah, USA. 
‘Small prismatic exysals are knowa fram Zeleznik , 
tabular crystals occurred in Banska Stiavnica, 
Slovakia Ii very common in Chilean deposits ke 
(Chuquicamata and Tierra Amarilla 


Alunogen 
‘AlyGOq)3 «17 H20 


TRICLINIC eee 
Properles: C ~ colorless. white, gray-yllow: $ 
colores: L silky: PS transparent; DE ~ 1.8 11 
1.5: CL ~ perfect, M~ pseudoshexagonal crystals, 
sranolar R soluble in water. 

(Origin and occurrence: Secondary. asa result ofthe 
pyrite oxidation. also a product of sublimation on 
‘volcanoes and burning dumps, associated with other 
sulfates. Large erystals are known from the Dexter 
No.7 mine, Calf Mesa, Utah, crusts, over 1m (29% 
in) thick were found on Mount Alum, New Mexico, 


Morus, 60 mm, Paty. Coch Republi 


Coesinbite, 110 mm, Cerio Baes. Chile 


USA. Fine aggregates occur on the walls of 
underground workings in the old opal mines in 
Dubrik, Slovakia, 


Halotrichite 
FeAy($04)4-22 M20 


MoNocLINIC see 


Properties: C ~ white, grenish; § ~ colorless: L ~ 
Vitreous: PS ~ transparent 10 translucent; DE ~ 1.9- 
2 H- 1.52: CL.— imperfect F~ conchoidal: M 
‘acicuar crystals, fibrous aggregates, eMorescences; 
soluble in water. 

Origin and occurrence: Secondary. as a result of the 
pyrite oxidation, also a product ofthe activity of ot 
‘Springs ans solfataras. associated with ther sulfates. 
‘Common fibrous crusts occur in Dubnik. Slovakia. It 
Tooks similar in Rio. Marina, Elba, lay and in 
‘Chuquicamata, Chie. I is known from solfataras in 
Pozzli, aly ti product of hot springs activity 
in the Lassen Peak National Park, California, USA. 


Apjohnite 
MnAla(SO4)g.22 HO 


MONOCLINIC eee 


Properies: C — colorless, white, pink, greenish, 
yellow: §~ colorless: L~ sity: D~ transparent: DE 
21.8; H— 1.5; M-~ fibrous aggregates, coatings. 
‘massive: R — soluble in water 

‘Origin and accurrence: Secondary, occuring tge- 
ther with other sulfates. Large accumulations are 
‘known from Lite Pigeon Creck, Alum Cave, Te 
nessee, USA. It also occurs in Delagona Bay. 
Mozambique. 


atch, 90 Reh Hungary 


Arjobite, 60 mm, Smolik Slows 


las 


Bite. 60 mo. Bila, Cosch Republic 


Bilinite 
Fel*Fet*1(504)4 


220 


MONOCLINIC oe 


whites 
M = fibrous 


Properies: C— white 10 wellowish; 
silky: D ~ opaque: DE ~ 19; H = 
aggregates: R ~ soluble in water. 
(Origin and occurrence: Seaanlty, a ¥vesul of the 
pyrite oxidation. associated with other sulfates, 
Fibrous aggregates are known from Svitec car 
Bilina, Czech Republic. Also deseribe from Bisbee. 
Arizona, USA. 


Tschermigite 
(HA DAKSOg)2 12420. 


cusic eee 
Properties: : C ~ eoloress; S — colorless, L — 
vitreous: D ~ transparent, DE ~ 1.6; H = 15; 
conchoidal; M'~ octahedral crystal, fibrous and 
columnar aggreyates; R= soluble in water. 


Tochemigit 50 nm, Mogsorrasbane, Hungry 


rigin and occurence: Secondary inthe brown coal, 
also.on burning dumps and as a product of solfaaras. 
‘Skeletal erystals up © 10 mam (sin) in size are known 
from the brown coal bain near Most ad Bilira, Czech 
Republic. Original locality Eermiky, Czech Republic 
yielded fibrous crusts, upto 0 rm (2 in) thik. Fine 
‘ctahedrs up to 10 my Ce in) come from burning 
‘dumps near Zastavka near Beno, Czech Republic. Oc- 
tahedra occur als in Geyser, California, USA. Small 
‘erytals on Et, Sieily aly are of volcan origin 


Polyhali 
KeagMg(SO4)4.2 20 


TRICLINIC eee 
Properties: C ~ eslortess, brown, ré-browa, S 
colorless: L— vitoous; D— transparent 1 trens- 
lucent; DE — 28; H 335; CL perfect: M 
‘acicular to prismatie crystals, columnar, scaly and 
fibrous agerepates. 

Origin and occurrence: Sedimentary, 8 2 consi- 
{wont of salt deposits, also asa product of yoleenic 
activity. Tabular and prismatic crystals are found 
‘arcly together with massive poiyhaite aggregates in 
‘Stassfur, Germany, Fibrous aggregates come from 
Halsat, Austra. Large deposits of polyhaite arc 
located near Carlsbad. New Mexico, USA. Coatings 
‘occur on Mount Vesuvius. aly 


MONOCLINIC 8 


Propertiox: C~ colorless. yellowish; $ ~ colorless: L 
Vitreous: D ~ translucent: DE — 3; H = 35; 


Pobaite $4 mm, Carlsbad. USA 


Gap, 62 no, Corel, Uh USA 


ite and other miners, Fine erysals 
‘up to 8D mam (3 in) long found near Inder Laks, 
‘Kavakhsta: aso known ffom Bad Ischl, Austra. 


Gypsum 
3804.20 


MONOCLINIC eeeee 


Vrieries: Maria-lass, alabaster, satin spar. selenite, 
Propertiet: C~ colores, white, gray, yolowish: S— 
cxorless; L~ vittcous to pearly: D = transparent to 
translucent; DE ~ 23; H — 15-2: CL ~ perfect: F = 
‘conchoidal; M typical monoclinic crystals, often 
twins, fibrous and platy aggregates, granular, 
‘massive; LU ~ crystals with inclusions sometimes 
bis ro yellowish, 


Gorge 0 mI ate, Kazan 


Origin and occurrence: Rare primary bydrohermal 
rmosily sedimentary and as a weathering, product 
associated with anhydrite, halite and other minerals. 
Crystals up to 50 mmm ffom Cavnic, Romania are 
‘probably hydrothermal, Huge crystals upto 1.5 m (5 
1) long found in karst cavities (Cave of Swords) in 
sgossan in the POBZn deposit Naica, Chihuahua, 
Mexico. Crystals up to 9 m (29 ft 6 in) long from 
‘Santa Eulalia, Chihuahua, Mexico, where they were 
found combined wih interesting aguregates, called 
‘ram’ horns" from their shape. Crystals up to 4 m 
(13 f) Tong occured in Tarnobrasp, Poland. Com- 
‘mon erystals are also known from Gorgucl, Spain. 
“The ‘desort roses" or crystal druses, from Sahara 
desert in Tunisia and Algeria, wih sand gain inclae 
sions are minecalogically intresting. Large slabs of 
the transparent variety, called Maia-las, ound in 
Fricdrichsrode, Germany. Finegrained varity ala- 
baster occurs eg. in aly. Fibrous varity selenite 
(Gometimes also called satin spar) comes Form the 
Sylva river basin, Perm. Russia 

Application; building, chemical and medical 
industries. 


Langite 
u4(S0.Q(OH 


240 
ORTHORHOMBIC see 


Properties: C~ blue, blue-green: §— light blue 
‘yitreous to silky: D - wanslucent: DE~3.3: H~ 
3:CL — perfect; M. small isometric crystal, Fine= 
rained crass, carthy aggregates. 

Origin and occurrence: Sccandar, as a product of 
the oxidation of Cu ores, asocited with gypsum 
and other minerals. Crysals known fom St Jus, 
Commwall, UK, Crysials occurred in Tsumeb, 
Namibia. Fine specimens come from Spania Dolina 
and Lubiclova, Slovakia and from Borovee, C2ech 
Republi. tris also common in Ely, Nevada, USA 
and in El Cobre, Chile, 


Lange 49 mm, Allies, Cork. ead 
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ibofrite, 70 mat Dub Slvabia 


ORTHORHOMBIC eee 
Properties: C~ yellowish, greenish, gray: $ — white: 
L~ silky; D ~ opaque: DE ~ 19: H~ 25; CL — 
perfec: M = small crystals, fibrous and botryoidal 
‘rusts: R = soluble in water 

Origin and occurrence: Secondary a8 a product of 
the pyrite oxidation, together with other sulfates 
Crystals in cavities in melanerte found in the 
Dexter No.7 mine, Calf Mesa. Uiah, USA. Vein 
fillings up to 3 m (10 R) thick come from the Sania 
Elena mine, La Alesparrosa, Argentina. Fine fibrous 
aggregates occu in Dubnik, Slovakia. is common 
in-many localities in Chile (Tietea Amarilla, 
Chuquicamata) 


Aluminite 
‘Aly{504XOH)g.7 H20 


MONOCLINIC eee 


Properties: C ~ white; $ — white: L — dull; D ~ 
‘opaque: DE = 17-18 H — 1-2; CL = none; M — 


earthy nodules, consisting of microscope needles, 
Origin and occurrence: Secondary, resulting from 
the reaction of sulfur acid with Alin Aich rocks, 
Large nodule, 30 em (12 in) in diameter known from 


described "from Mala Chuchle, Prague. Czech 
Repoblic. It also occurs near Haile, Germany and 
covers limestone in the vicinity of Joplin, Missouri, 
Usa. 


Botryogen 
MigFe!* (S04),(0H).7 0. 


MONOCLINIC #08 


Properties: C orange-rd: S - yellow; L— vitreous: 
‘D-~ transparent to translucent; DE ~ 2.1: H - 2-25; 
(CL perfect F ~ conchotdal: M ~ prismatic stited 
crysals, racemose and spherical aggreyates with 
‘adial structure 

(Origin and occurrence: Secondary. a a result of the 
pyrite oxidation in ari regions, together with other 
fats. Crystals up f035 mm (1% in ong from the 
Libiola mine near Genoa, aly. It is common in 
CChuguicamaia and Quetena in Chile; also known 
fiom Rammelsberg. Germany. 


Botrogen 5 nm Krall. USA 


Destine 10 mm xx Spans Dona, Sowa 


Copiapite 
e)FeP*g(S09)g(OH)2 20 420 


TRICLINIC 908 
Proper: C — yellow. gremlin, orange: $= 
dello: L— pearly: By ~ transparent to transicent 
DEn21-22; N25: CL“ perfect M~ thin abulae 
crystals, saly and pulverulent aggregates, earth. 
Origin and occurrence: Secondary, originated 
from the pyrite oxidation, together with other 
sulfates. 

Tabular erystals come from the Dexter No.7 
imine, Calf. Mesa, Utah. USA and also from 
Zeleznik . Slovakia. Fine crystals were Found in 
‘many localities in Chile (Tierra Amarilla, Chu- 


Coplay 96mm, Copia, Chie 


‘quicamata). I also occurs in Rammelsberg, Ger- 
‘many, 


Devilline 
Eacu4(SOg(OHg 3 HO 
MONOCLINIC e@ 


‘Properties: C ~ emeraryseen: $ — white t0 light 
seen; L — vitecous to pearly: D— transparent to 
translucent; DE ~ 3.1; H~ 2-5: CL ~ perfect: M = 
‘thin tabular pseudo-heragonal erystals and coatings. 
‘Origin und eccurronce: Secondary, a 2 result oF the 
‘xidaion of Cu sulfides, associated with other 
secondary Cu minerals. The sorid’s best specimens 
ome from Spania Dolina, Slovakia, where crystal 
rosctes upto 10mm (ein) in diameter were found in 
the past century; also known from Botallack, 
Comwal, UK and Tsume, Namibia. 


Serpierite 
Cx{CuZn)4(504)a(OH)g 3 H30 


MONOCLINIC se 
Properties: C ~ blue; § ~ white; L — stroous: D — 
transparent to translucent; DE ~3.1; H ~ 2.5; CL— 
perfect: M — tabular erysal, coatings. 

(Origin and occurrence: Secondary, originated inthe 
‘oxidation zone. of Cu-Zn deposis. together with 
‘smithsonite and other minerals smal enysals and 
‘aggregates occurred in Laurion, Greoce. Resenlly 
‘confirmed at Pibram. Czech Republi. 
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uring 45 mm Kuru, Sou ics 


Entringite 
CagAla{804)3(OH) 2-26 HO 


Surmanite. 38 won, Karan, Sot flea 


Johannite 
CulUO)at509OH-8 HO 


HEXAGONAL # 


Properties: C ~ colorless, yellows $ ~ whites L — 
‘tres to silky: D = ransparent: DE ~ 1: H~2.5; 
CL ~ perfect: M ~ prismatic erystals, fibrous 
aggregates 

Origin and occurrence: Metamorphic, associated 
‘vith sturmanite. The world’ best erystals reaching 
‘up to 100 mm (4 in) come from the N’Chwaning 
rine, Kuruman, South Africa, Crystals up to 4 rim 
(Chin) occured in Franklin. New Jersey, USA, Also 
known ffom the contact metamorphic conditions in 
‘Crostmore, Califoraia, USA. 


Sturmanite 
Caghe 150, 


TRIGONAL @ 


Properties: C yellow, yellow-green; S— white: L 
reous; D ~ wansparent to translucent; DE ~ 1.9: 1 
22:5, CL~ perfec: M flat dipyramidal crystals 
Origin end accurrence: : Probably metamorphic, 
associated with barite, hematite and ctiingite 
‘Crysals up to 140 mm (514 in) long come from the 
'N'Chovaning mins, Kuruman, South Attica, 


TRICLINIC 8 
Prperties: C green; Slight green: L~ vitreous: 
1D tansparent to translucent; DE.~ 3.3; H 2-2-5, 
CL good: M prismatic to thick tabular erystls, 
scaly aggregates, costings: R- radioactive, 

Origin and occurrence: Secondary. a a result of the 
‘raninite oxidation tyether with other secondary U 
minerals. Crystal are known from Jackymmoy. C2cch 
Republic and Johanngeorgenstadt. Germany. It was 
‘common with zippeite in Central City, Colorado, 
USA and als reparted from Mounana, Gabon. 


Zippeite 
K4(W02)4(50900H) 10 


ORTHORHOMBIC 


0 


Properties: C ~ orange-yellow; S yellow; L ~ dull 
to earthy; D ~ opaque; DE~3.7:H —not determined: 
CL ~ perfect: M— accular and tabular erystals, 
pulverulen and acicular aggregates, coatings: LU. 
[rocn: R— radioactive 

(Origin and occurrence: Secondary, forming during 
the uraninite oxidation, associated with other 
secondary U mincras. Small abular crystals come 
from Drmoul. Czech Republic. Coatings and 


Lohunsite, 70mm, Jochrmon Cech Republic 


Zippeite, 40 mm, Loder, France 


scicular aggregates are known from Jachymow, 
Casch Republic and Cental City. Colorado, USA: 
also occur in Shinkelobwe, Zaire 


Scheelite 
caWo, 
TETRAGONAL eee 
Properties: C ~ colores, gray-white. yellow-brown, 
orange, re, greenish Shite; L~ greasy 10 de 
ranting; D’-wanslucent: DE ~ 6.1; H~ 43-5; CL 
good: F ~ conchoidal to uneven; M ~ pscudo-ocie- 
Heda eysals, ranula, massive; LU ~ Blu-whit 
Grigit and accurrence: Magmatic in pograties, 


Schclt 77 mm, Sichuan. China 


Inydethermal in greisens and metamorphic: para 
geneses vary significantly according to the ogi, 
Beautiful browrish crystals up to 100 mm (4 in) in 
sie come ffom Tacwha and Tongwha in Korea. Si- 
milarceystals were cently found in China. Orange 
cxysals up to 40 mm (Vein in size are associated 
‘ith casitenite crystals on quartz crystals (fom lultin 
and Tenkergin, Russia. Clear crystals, weighing up 
50 ke (10 Tb), occurred in pegmatites near Nats 
Namibia, Crystals up to_70'mm (2% in) reported 
From several mines neat Traversela, Hal, Beautiful 
red crystals up 10 20 mm (nin) were very rare in 
Poibrar. Czech Republic. Yellow crystals up to 40, 
mm (Va in) are known from quartz veins with 
pumpellyte in Oboi Dsl, Czech Republic 
Application: W ore 
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Stolzite 
WO, 


Crocoite 
Peco, 


TETRAGONAL @@ 


Properties: C — gray-beown, orange-yellow, 104, 
sateen: S ~ colorless L— adamantine to resinous; D 
transparent o translucent: DE - 7.9.8.3; H = 2533; 
CL-— imperfect: F~ conchoidal to uneven; M ~ dipy- 
‘arma! and thick tabular, sited exystal. 

(Origin and occurrence: Secondary. a8 «product ofthe 
oxidation of primary W minerals. Crystals up to 60 mm 
(2a in) fom Si Legerde-Peyc. France. Prisms and 
eles wp 1025 mn (1 in) ong found in Broke Hil 
‘New South Wales, Australia, Crysals upto 25 mm (I 
in) also known from Tsumeb, Nambia, Crystals upto 
20mm (sin) eported from Cinovec, Cch Republic 
‘nd from the Black Pine mine, Montana, USA, 


Farina. 60 mm. Hur, Cor Rei 


MONOCLINIC ee 


Properties: C— orange, rd § — orange-yllow: L 
adamantine to greasy, D~ translucent; DE ~ 6: H — 


3: CL ~ good, F ~ conchoidal to uneven: M = long 
Drismatic to acicular erysals. crusts, 
‘Origin and occurrence: Secondary, a5 2 result of the 


agalena oxidation in basic rocks. ‘The world” best 
Specimens come from the Dundas dsc, Tasmania, 


‘were found in several mines 
tm (Ii in) Tong are known from Berezovsk, Ural 
‘mouniains, Russia. Crystals up to 20 mm (a in) 
‘were recoily found in Callenbers, Germary. 


eile, Trim, Bayan Tepe, Mois 
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Ferrimolybdite Wulfenite 
Fep(toO4)s .8 H20 PRM, 
ORTHORHOMBIC ee TETRAGONAL 08 


Properiles: C~ yellow, whitish; S— light yellow; 
‘adamantng, silky, cathy: D ~ opaque: DE — 4.4; 
1-2; M~ small acieular crystal, Hrous and radial 
agaregates, cai, 

Origin and occurrence: Secondary. as a product of 
the molybdenite oxidation, Microscopie eystal were 
found in Gen Tnnes, New South Wales, Australia. It 
‘occurred as yellow coatings in Climax and Telluride. 
Colorado inthe Getchel mins, Nevada, USA; also in 
Herky near Esta, Czech Republic 


Betpakdalie 
Cafe Hg(M0O4)5(As04)2 8 HzO 


MONOCLINIC @ 


Properties: C ~ lemon-yellow, S— yellow; L = 
vitreous, waxy dull: D~ opaque: DE ~3: H~ 3: CL 
= good: M ~ short piste mirosconic ers, 
pulverutent 

Origin and ocewrrence: Secondary mineral. Origi- 
rally described from Kara-Oba, Kazakhstan. It also 
‘occurred in Tsumeb, Namibia and in Krupka, Cacch 
Republi 


Mulferte 38 mm Los Lamento, Meico 


Properties: C — yellow, orange, brownish, red. 
[gyeenish; § white: L— greasy to adamantine: D— 
transparent translucent: DE ~ 6.3-7; H ~3: CL — 
‘good: F —uneven to conchoidal; M~ thin tabular and 
‘pyramidal erystals, granular. massive. 

Grigin and occurrence: Secondary, as 2 result of 
the galena oxidation, together with cerussite, 
‘anadinite and other minerals. The best specimens 
are kaawn from the Red Cloud mine near Yuma. 
‘Anzona, where red tabula erystals found up 10 $0, 
min (2 in) diameter. Yellow-brown crystals up to 
100 mn (4 in) come fom the Glove mine. Arizona, 
USA. Thick tabular orange crystals up to 20 mm 
(@in in) in diamoter found in the Erupeion mine, 
Villa Abumada, Los Lamentos, Chihuahua. Beau- 
tiful yellow plates up to 60 mm (2% in) wi 
‘orange mimctite spheres occurred in the San 
Francisco mine, Magdalena, Sonora, Mexico. Rare 
tubular erytals up to 70 mm (2% in) 

from. Tsumeb, ia. Fine of 
tabular erystals upto 20 mom (%» in) across, and 
pyramidal crystals are known. from BI 
‘Austria and Mezica , Slovenia. Crystals up to I 
mm (4 in) were found recently in Touis 
Morocco, 
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1302018 Payeholranie Experiment 
Formation of fields: 


* electro-magnetic charge 
* gravitational-mass 

* torsional (surrounding spin fields) -spin, with any rotating body 

* micro-leptonic energy (in free aspect) -[over-abundance of stable particles]? 


Operator is secretly brought in, or in a secret installation nearby 


BG: Biogenerator (could be tomography) 
‘A: Antenna (irradiation and reception) 

D: operator for the gathering of information, transmission and control 

ZU; reminding sytem on a magnetic strip, holographic 

BIP: bio-informational [...] 

KC; channel connections (IK, radio, telephone, telegraph) 

E; screen display 

O: operator 

SP: light pen with which the operator indicates on the screen, the point of influence 


Stress systems and methods of harassment, 


* slander 
* gestures, hand movements, expressions, tests, practical "joke: 
* taking off what is needed for the eyes (vision) [?] 

* psychological pressure through family, neighbors or surrounding people, vehicle drivers 
* discrediting: along 5 directions (often with the involvement of the police) 

0 irresponsibility 

ospy 

o drug dealer 

vagrant 

‘accomplice in a crime (in an alleged crime) 

* torture, assault 

* blackmail, threats 

* attempts on their lives with PTOs 

* death to someone close or in immediate surrounding life 

* murder 


Stages of Zombification (Substitution of consciousness with external control). 


* programming, modeling of a cybernetic double 
* conducting of programs according to non-differentiation of a proper and artificial "I"="Not-I" 

* extreme influencing, stress, harassment, irradiation, special-preparations [substances], chemicals 
* taking to the limits of mental and physical capacities (survivability) 

* loss of will, memory 

* shutting off of his own consciousness 

* replacement of consciousness with the control from his cybernetic twin 


hitp:avww angel. comipro2/dchakrabicherkova_sum.him 


8. Phosphates 


Lithiophosphate 
LPO, 


ORTHORHOMBIC 


Pmneries:C ~ colorless, white, pinkish; S ~ white: 
LL vitreous: D ~ transparent to translucent; DE. 
255; H= 4; CL ~ perfect; F- uneven: M — prismatic 
erystals. granular, 
Origin and occurrence: Hydrothermal in granitic 
pegiatites, where it forms by replacement of spodu- 
rene and montebraste, Cleavable aggregates up 10 
100 mm (din) across occur in the Taneo Mine, Bet- 
nie Lake, Manitoba, Canada; crystals up to 25 mm (I 
) across in the Foote mine. Kings Mountain, North 


Beryllonit 


BPO, 


MONocLINIC oe 
Properties: C eoloriess, white, yellowish; § — white: 
{L—vitreous D = transparent wanshucent: DE~2.8, 
HL $546; CL — perfec, F — uneven: M ~ short 
prismatic tabular enstals, granular. 

Origin and occurence: Hydreermal in eavites in 
granite peematites where itis asocated with herdc- 
‘te, albite and tourmaline. Crystals and their wins, up 
to 150 mm (6 in) aeoss come from Stonckam and 
Newry, Maine, USA: also from Vitaniemi Finland and 
Papeok. Afghanistan. 


Adami 532 a, Map, Mesico 
Lidicphosphate, 30 mm, Tasca, Cade 


Benoni, 31 rm. Paprok. fphansion 


Triphyllite 
LiFePOy 
ORTHORHOMBIC 88 e 
Properties: © ~ grayareen.gray-ble, gray. brown: 
S“"gray-white; L~ greasy to vitreous, D— tans- 
parent to tansucent; DE~ 3H 4-5: CL~ good: 
uneven: MB short prismatic ery, ganar, 
Origin ond occurrence: Magmatic in granitic 
pegmaties. associated with grafic, sareopside 
8nd many secondary phosphates, Large triple 
erytals up to 5m (SN) across are known fromm 
TTagendort German from the Tip Top mine. Custer, 
South Dakova and. Palermo. No, 1 mine, Noth 
‘Groton, New Hampshite, USA: aiso from HHuhnes- 
bel, Geemany. 


Tiphite, 70mm, Hagendt Germany 
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Lkaphtite 120m Viti, Finland 


Purpurite 
MoPPOy 


ORTHORHOMBIC 


Properties: C— pin, red-brown, brown: S~ white: L 
‘veous;D transparent to anslucent DE 3.35 
W48;CL~ good: Funeven: M~ short prismatic 
cxysals granular masie. 
Origin ont occurence” Mapatic in grave pe 
‘mais Tis sometimes associated with wip and 
triphylie,typialy replaced by many secondary 
phosphates. Large mases of lihiophilite, reaching 
Up 00 1m G9 i occur in Kan, Namib: 
Xumbe, Rand. Otber locates ae Mangal. 
Forugal,Taneo sin, Bernie Lake, Manitoba, 
Canada Stewart Lithia Mine Pala, Caloria, USA. 


Purpurite 40m. Uiakon Namibia 


ORTHORHOMBIC oe 


Properties: C~ pink, purple, dark brown: $ B red- 
purple; L~ dul to veivet; D — translucent to opaque; 
DE~ 3.7; H— 4-45; CL — good: F— uneven, MB. 
granular, massive 

Origin und oceurrence: Mydrthermal, a a produc of 
Fithiophilite replacement in granitic pepmaties. tis 
usualy associated with many secondary phosphates. 
is known from Kitumbe, Rwanda: Usakos and 
Sandamab, Namibia: the Tip Top and Bull Moose 
mines. Custer, South Dakota and. Branchulle, 
Connecticut, USA. 


Berzeliite 
(Ca.Nta)s (Man), (As, 


cusic ee 


Properties: = yllon, cage = purl 


isometric erystals, granular, massive 
(Origin and occurrence: Metamorphic, together with 
haussmanite,shodonite and tepheoite. It occurs as 
massive in Langban and Nordmark. Sweden, 


Whitlockite 

Cag(MaFe)H(POQ)7 

TRIGONAL oe 

Properties: C~ colorless, white, yellowish, pinkish; S 
~ white; L — vitreous to dull; D ~ transparent to trans- 


lucent: DE 3.1; H~5;CL ~ none; F conchoidal to 
uneven: M-Fhombohedral ryt, granular, massive. 


Origin and occurrence: Hydrothermal, as a product 
fof replacement of primary phosphates in granitic 
‘egmatites, rare in sedimentary rocks — phos- 


Crystals around 10 mm (in) across. occur in the 
Palermo No. | mine, North Groton. New Hampshire: 
also in the Tip Top mine, Custer. South Dakota. 
USA. 


Xenotime-(¥) 
PO, 
TETRAGONAL eee 
Properties: C ~ brown, yellow. my. grenish; § ~ 
‘white: L— vireous 10 fesinous) D = ransparent 
translucent to opaque: DE = 4.5: f= 43: CL ~ good: 
F'= conchoidal to uneven: M— long prismatic 10 
tabular eras, granular: R sometimes Weakly 
redioscive and metamict. 

Grign and occurrence: Magmatic in granitic and 
alkaline peumatites, granites and syentes: hydro- 
thermal inthe Alpinesype veins: wetamorpti ia 
gneisses: common in pacers. Its. aceite with 
‘monaietCe) and von. Perfect prismatic eystals 
‘up to 100 mm (Sin) across occur mainly in pexma- 


Kenoine 3), mx Washington Co. USA 


Whilockite, 10mm x, New Hampsbie. USA 


tes in Kragero and Hitterd, Norway: Viterby, 
Sweden: in several places in Madagascar: in 
Tetvkava, Japan. Crystals about 20 mm (nin) are 
known from the Alpine-type veins in Binntal, 
Switverland 

Application: ore of rare eat elements. 


Is7 


Monazite-(Ce) 
€ePO4 


Hydroxytherderite 
‘caBe(POQ (OHA) 


MONOCLINIC eee 


Properties: C~ yellow, brovin, red-brown, orange, 
leay.green: 5 ~ whit; L~ vitreous to resinous; D — 
transparent, translucent to opaque: DE — 4.6: H — 5 
‘55; CL — good: F~ conchoidal to uneven: M ~ long 
prismatic to tabular crystals. granular; R 
Eometimes weakly radiogtive and mami 

Origin and occurrence: Magmatic in granitic and 
alkaline pegmatite, granites. syenites, carbona- 
ties; hydrothermal ia the Alpine-lype veins and 
sreisens; metamorphic in gasses: Common in pla- 


Wis associated with apatite, xenotime-(¥) and 
zircon, Perfect prismatic erystals upto 200 mim (Te 
in) come from Mars Hill, Nor Caroling, Trout 
Crock Pass, Colorado. USA; also from Arendal 
Norway; Ambatofotsikely and Ampangabe, Mada 
‘gacar, where masses weighing several kg ae com- 
‘mon: erystals, upto 200 mm (Psi) across found 
in Minas Gerais Jaguaracu, Brazil 

Applicaton: ore of rare earth elements 


Monasite(C 31 im, Folic Breil 


MONOCLINIC 9 


Properties: C~ colorless, white, yellowish, grosnish: 
'S— white; L_— vitrous to dull D ~ transparent 0 
translucent; DE — 30 Hf ~ 55.5; CL ~ good: F— 
‘conchoidal to uneven: M — prismatic to tabular 
crystals, radial aggregates, granular, 

Origin and occurrence: Hydrothermal in cavities in 
‘raniic pepmatites and in gresens, Peres erystals, 
‘upto 120mm (4"%«in) long come from Marisea nd 
together with colored tourmalines from Virgem da 


Lapa, Minas Gerais, Brazil; also known from 
‘Topsham and Stoneham. Main, USA. 
Amblygonite 

WalPogiFoH) 

TRICLINIC 908 


Properties: C ~ colorless, white, yellowish, biish, 
‘gray, S~ whites L~ vteous to dull D = ansparent 
to translucent: DE ~ 3.1; H~ 5.56; CL — good, F~ 
coochoidal to uneven: M- shor prismatic crystals, 
‘ranula, mussive 


Hvdrosbendrit, 2 mm, Asa, California, USA, 


Monteeasite 80 mm. White Peach Arizona, USA 


ognrie_ 18m x Werfon Austria 


Origin and occurrence: Magmatic in. granitic 
Pegmatites and some granites; are hydrothermal in 
tresens and in oe veins. Large amblygonite masses, 
Several meters serwss. come from pegmatite. lke 
the Beecher, Custer and Hugo mines, Keystone, 
South Dakota. USA, where its Blocks weighed upto 
200 ton: also known from Vitaniem, Finland; Uo, 
Sweden, Typical ropresentative of the. quartz 
amblygonite veins is Verneron, Cach Republi 
Application: Li oreand tae material for eoramics 


Montebrasite 
LAKPOMOHF) 


TRICLINIC 08 


Properties: C ~ colorless, white. yellowish, yellow, 
blush, gray: S — white: L~ vitreous to dull: D = 
ransparentto translucent: DE ~ 30: 5.6; CL— 
‘good: F~conchoidal to uneven; M ~ short prismatic 
fo tabular erysals, granular, massive. 
Origin and occurrence: Magmatic in granitic 
Degmatites and granites: hydrothermal in granitic 
Dgmatites, It occurs very frequently with ambly- 
gonite, which it replaces. Large mastes are known 
from Montcbras, France also fromm theTin Mountain 
USA.. Perfect tabular 
in) across found in 


erystals up 
“Taquarl, Minas Gerais. Brazil, 


Wagnerite 
Men(PO4NFOH) 


MONOCLINIC eee 


Properties: C = light yellow. yellow-green. yellow- 
brown, green;  ~ white; L~ siteous to greasy; D— 
transpren, wanslucent to opaque: DE ~ 3.2; 1 - $- 
55; CL — imperfect F ~ conchoidal o uneven: M— 
‘hom prismate rystals. granular, massive 


Origin and occurrence: Mageatic in granite 

[gmatits: metamorphic in gnesses and celogites; 
Tpottcrmal in quarts veins and in sal dopests. 
“The mast famous finds come from the quar eins 
in Hollgraben and Radelgrabcn. the Alps, Austria, 
where wagnerite occur together with lazulite and 
forms crystals up to 30 mm (1% in) across: also 
known from Mangualde. Portugal and Bodenmais. 
Germany. 


Anrgoite 55 nm, Minas Gores, Bri 
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nce 30mm san, Dl or Ck Ree 


Zwieselite 
Fex(PO4XFOH) 
MONOCLINIC eee 
Properties: C— dark brown to black-brown: S~ light 
brown: L ~ vitreous 10 greasy; D ~ translucent 10 
opaque: DE ~ 4.0; H- 55.5: CL — imperfect F 
Conchoidal to uneven; M~ shor prismatic crystals, 
ranula. massive. 

Origin and oecurrnce: Magmatic in granite peg: 
‘matites ra hydrothermal in gresens. tis associated 
with apatite, iplic and. secondary. phosphates 
Imperfect crystals an granlar aggregates are known 
from pegmatite near Zwiescl. Germany: Dolni Bory, 
Caseh Republic. 


Liberte, 50 me, Cubic, Sov 


Tipit, 70 mm. Viton, Finlond 


Triplite 
Moy(PO4XFOH) 


MONOCLINIC eee 


Properties: C— pink, light brown; S— light brown L 
~ vitoous to greasy: D~ translucent to opague: DE. 
= 3.8 H— 5.5.5: CL ~ imperfect F- conchoidal 10 
uneven: Mo short prismatic erysals, granular. 
Origin and occurrence: Maginatic in granitic 
Pegmatites and granites; hydrothermal in gresens 
nd in quartz veins, IC is usualy hydrothermally 
altered and replaced by secondary phosphates. Huge 
‘asses several meters in size come fom pegmatites 
in Karibib. Namibia; it also oceurs in Mangualde, 
Portugal and in Sukula, Finland 


Libethenit 
Cup(PO4)(OH) 


ORTHORHOMBIC eee 


Properties C~black-grcen to light green: §~ olive- 
srcen: L greasy: D — translucent; DE ~ 3.9; 11-4 
‘CL imperfect F ~conchoidal to uneven; M shoet 
prismatic and. dipyramidal crystals, botryoidal 
‘aggregates, granular, massive, 

Origin nd ccerrenc: Secondary in Cu deposi 
Where it occurs together with malachite. 
Ialacite an brochani, Perf crystal up 1 30 
sm (IY im) across. come from the Rokana mine, 
Zambia: crystals, up to 10 mam (Ye in), are known 
{rom Kambove, Zaire: Cubietova. Slovakia; Nizhniy 
“Tail, Ural Mes. Russia, 


Olivenite 
Cup(As04)(OH) 


ORTHORHOMBIC eee 


Properties: C — olivegreen, green-brown, gray- 
areen to nay: S ~ light green: L — greary: D — 
Iwanslucent 10 opaque, DE ~ 44: HI 3, CL 
imperfect, F ~ conchoidal to uneven: M~ long to 
short prismatic and dipyramidal erystas, acicular 
and radial aggregates, massive, 
Origin and occurrence: Secondary in Cu deposits It 
is associated with other secondary Cu minerals, 
‘malachite, azurite and seorodite, Perfect erystals up 
10 10 mm (in) across occurred in Wheal Gorland, 
Cornwall, and Tavistock, Devon UK: also i 
‘Tsumeb, Namibia and Ashburton Downs, Western 
Australia, Australia 


Adamine 
Zoy(As04NOH) 


ORTHORHOMBIC see 


Properties: C~ yellow-green, yellow, green, color 
less, purple; $— white; L vitreous: B- wansparent 
to anslucent: DE - 44 13.5; CL ~ impertect, F 
~ conchaidal to uneven: M ~ long to shor prismatic 
and dipyramidal crystals, secular and radial aggre> 
gales, massive; LU ~ yellow-grozn. 


(Origin andl occurrence: Secondary in Zn deposi, 
associated with hemimorphite, gocthites and 
smilsonite. Rieh druses of green and rare purple 
xystals up to 70 mm (2% in across come from Mina 
jue, Mapimi, Durango, Meno: also known from 
Gsumeb, Namibia: Cauron, Greece and) Cap 


Adie 341m Mapint Merce 
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Lezale, 1. x, Lincoln Ca, USA 


Big Fish River, Yukon, Canada and near Werfen, 
Austria 


Scorzalite 
FeAln(POq)2(OH)2 


MONOCLINIC eee 


Properties: C ~ dck blu blue-green: S~ white; L 
‘vireous:D - wansparont io translucent; DE ~ 3.3; 
6; CL. ~ imperfect; F ~ conchoidal to uneven; M — 
prismatic crystals ranula. masive. 
(Origin and aceurrence:Ivdrathermal in granitic peg 
‘atts, as replacement product of primary phospha- 
tes, rare in quar voins, Dark blue, yranular aggre- 
gates upto 100 mm (4in) across occur n the Palermo 
No.1 and No. 2 mines, Noth Groton. New Hampshire 
and the Vietory mine, Custer, South Dakola, USA 


Lazulite Rockbridgeite 
MeAl(PO4) (0H) Fatt Feit (POQs(OH)s 
MONOCLINIC eee ORTHORHOMBIC 8 ee 


Properties: C — dark to light blu. blu-greon: $ — 
‘white: L~ vitweous: D- ansparent to translucent 
DE 3.5 115.56; CL imperfect: F_ conehovdal 
to uneven: M ~ short prismatic and dipyramidal 
cxysals.eranuar massive. 

Origin and occurrence: Uydrotbermal in quartz 
‘eins and granitic pegmatite, where iis formed by 
<dscompostion of primary phosphates: mctamorphic 
in guarvtes. 

Imperfect crystals up a 100 mm (4 in) across come 
from Horrsoberg. Sreden: perfect erystals about 50 
1mm found in Ashudi, Pakistan; alo known from 


Scorcaite, $0 am, Palermo Xa. Mine. USA 


Properties: C dark and light green lack-sreen:$— 
‘green: L— dull; D~ translucent 1 opaque: DE ~ 3. 
1-45; CL ~ good; F uneven: M ~aciculrerysials, 
radial aggreyaes and cru, granalar, massive 
(Origin aed occurrence: Secondary in granite pogma 
ties and in Fe deposits, Ie mostly originates fom the 
‘nydrothermal alteration of primary phosphatc, mainly 
‘epic. and itis assocated wih other secondary 
hosphats. Rich radial aggregates up t0 0 mim (2 in) 
across come from Hagendor’, Geary: the Tip Top 
‘mine, Custer, South Dakota and the Fletcher mine, 
Groton, New Hampshire. USA. 


rome 15 mn 8, Cre, USA 


Frondelite 
MaFe?* (PO 4)a(OH)s 


Dien 9 mim Lancaster USA 


Pseudomalachite 
Cus(POg)a(0H)4 


ORTHORHOMBIC fee 


Properties: © 
‘een: S— green: L= dull; D 
BE -35;H 45: CL good: F —uncven: M 
acicular crystals, radial aggregates. and crust 
‘granular. massive 

‘Origin and occurrence: Secondary in granitic pog- 
rnattes, where it Forms asa result of the hydrother- 
‘nal alteration of primary phosphates, mainly 
lihiophitite. Radia aggregates occu in the letchet 
‘mine, Groton, New Hampshire, USA; also in 
Sapucaia. Minas Gerais. Braz 


translucent to opaque: 


Dufrenite 
Fett}? (PO) OH)s 220 


MONOCLINIC 


Propertie: C ~ dark gren, black-green. black: S 
sroon: L_itreous 10 dull: D — translucent 10 
fmaque: DE ~ 34: H» 35-45: CL ~ good F 
tupeven: M radial aggregates and crusts, granul 
Grigin and occurrence: Secondary in granitic 
‘pegmatite and inthe oxidation zane of Fe deposits: 
‘forms in pegmaties asa result of he hydrothermal 
aeration of primary phosphatss. Radial aggregates 
‘occu in pegmatites in Hagendor’ and Huhnerkobel, 
‘Germany: also in gossan inthe Wheal Phoenix min. 
Comal. UK. 


MONOCLINIC eee 


Properties: C green, black-grcen: S green; L— 
‘itreouso dull; D- translucent to opaque: DE 43; 
Ht ~ 4555; CL ~ good: F ~ uneven; M ~ short 
Prismaic crystals botyoidal aggregates with radial 
Origin and occurrence: Secondary in Cu deposits, 
associated with malachite. chrysocalla, Hbthenite 
land goethite. Beautiful botryoidal aggregates and 
Targe masses come ftom Nizhniy” Tag, Ural 
‘mountains, Russia: also ftom hl and Virnoborg. 
‘Germany: from Lubitova . Slovakia: and also trom 
‘many localiis in Shaba province, Zaire. 


Preuemalchite, 0 mm, ico. Sovak 
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IDEAS 
IN ORBIT 


Q EXPLORETHE TECH 


Pentagon Studies Weapons That Can Read Users’ Mind 


By SYDNEY J. FREEDBERG JR 
July M4, 2017 at 395 PM 
15 Comments 


2 vfGin 


SHARES 


NEWSEUM: The troops of tomorrow may be able to pull the trigger using only their minds. As artificially intelligent drones, 
hacking, jamming, and missiles accelerate the pace of combat, some of the military's leading scientists are studying how 
mere humans can keep up with the incredible speed of cyber warfare, missiles and other threats. 


One option: Bypass crude physical controls — triggers, throttles, keyboards — and plug the computer directly into the 
human brain. In one DARPA experiment, a quadriplegic first controlled an artificial imb and then flew a flight simulator 
Future systems might monitor the users’ nervous system and compensate for stress, fatigue, or injury. Is this the path to 
what the Pentagon calls human-machine teaming? 


This is an unnerving scenario for those humans, like Stephen Hawking, who mistrust artificial intelligence. If your 
nightmare scenario is robots getting out of control, “let's teach them to read our minds!” is probably not your preferred 
solution. It sounds more like the beginning of a movie where cyborg Arnold Schwarzenegger goes back in time to kill 
someone. 


Cornubite Augelite 
Cus(AsOq)a(OH AlPOMOH)s 
TRICLINIC @ MoNocLINIC eee 


Properties: C light to dark groon: §— light green: 
L‘vitrcous te dull: D— translucent: DE ~ 4.8: 
not determined: CL nt determined: F— uneven: M 
= boiryoidal aggregates. massive. 

(Origin and occurrence: Secondary in Cu depesits It 
‘was found together with olivenite and clinoclase 
the Bedford United quary. Cornwall. UK: also 
“Ashburion Downs, Western Australia, Aetralin and 
Farbiste, Slovakia, 


Carnie 10m arate, Lammas. ae 


Properties: C~ coloriss, white, yellowish. pinkish; 
'S- white; L_~ viteous to dull; D — transparent 10 
translucent: DE - 27; He 45'S: CL ~ good: 
uneven: M thick tabular to prismatic crystals, 
granular. massive 

‘Origin and occurrence: Hydrothermal in granitic 
Ppegmatites as a product of primary phosphates 
replacement: rare metamorphic in quartztes 
‘Massive agarogates several decimeters across occur 
{in pogmaiites in Burango, Rwanda also in she Hugo 
‘mine. Custer, South Dakoia and. Mount. White. 
California, USA, Crystals up to 20 mm (sin) 
across come from Rapid Creek, Yukon. Canada and 
from the Champion mine. California: are small 
crystals found in the Palermo No. I mine. North 
Groton, New Hampshire, USA, 


Cornetite 
Cuj(PO4)OH)s 


ORTHORHOMBIC e 


Properties: C — dack blue to blue-green; Slight 
blue: ~ viteous: D~ transparent to anslucent: DE 

1: H4.5:CL none: F—conchoidal to uneven; 
-M~ shor prismatic erytals, coatings 
Origin and nccurrence: Secondary in Cu deposits. 
ig rave in the Eile mine acar Limumbashi and in 
Kalagi, Shaba province, Zaire: also. ovcurs in 
Yeringion. Nevada and in Saginaw Hill, Arizona, 
USA 


Ctinocase. 40 mon Carmvall. UK 


Clinoclase 
u3(A04)(OH)3 


Concha, 70 om Tne, USA, 


Duftite 
POCU(ARO KOH) 


MONOCLINIC 


Properties: C -datk green-bue to 
blue-green: L — vitreous; D — 


iansparent. 10 
translucent, DE — 44; H ~ 25-3; CL — perfect; F — 


uneven; M — prismatic and tabular crystals, 
botryidal aggregates, 

Origin and occurrence: Secondary in Cu deposits. 
often associated with malachite. azurite and other 
secondary Cu minerals. Spherical aggregates up to 
10-mm (in) known from the Majuba Hill mine 
Nevada. USA; occurs rarely near Tavistock. Devon 
UK: also in Novoveska Huta. Slovakia, 


Conichateite 
Cuca(As04NOH) 


ORTHORHOMBIC 8 ® 


Properties: C~ yellow-green to emeralé-green: S 
light gen: L - vitreous to greasy: D- transparent to 
translucent: DE ~ 43; H'~ 4; CL ~ none: F = 
uneven, M — short prismatic crystals. botyoidal 
aggregates with radial seuctce, massive, 

Origin and occurrence: Secondary in Cu deposits. It 
‘occurs as rich botryoidal aggregates. in Otavi, 
‘Namibia: Tinie, Ula, in the Higgins mine, Bisbee, 
‘Arizona and Verington, Nevada, USA. 


ORTHORHOMBIC @ @ 
Properties: © - yellow ten, ole geen 1 gy- 
srcen; $~ light green: L — vitreous to grea 
Stmuewe BE=es,H_3:CL wei decrmsed F 
uneven: M ~ small crystals, botryoida aggregates 
and coatings. 

Origin and occurrence: Secondary in bast metals 
deposits Iti associated with malachite and ezurite 
in Tsumeb, Namibia: in Mina Ojuela, Mapimi, 
Durango, Mexico: in Moldava, Czech Republic. 


Desite 90 mn Tune, Nambia 


6s 


Desclie. 38 mm. Grosonuin Namibia 


Arsendesclocie 95 mm Mapini Medico 
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Descloizite 
Phizn(VO4NOH) 


ORTHORHOMBIC 88 


Properties: C ~ redeorangs, reirbrown 10 browne 
‘black. gray-grcen: Slight yellow-brown: L~ 
srcasy;D ~ wansparent tansloceat to opaque; DE 

G11: 3-35; CL none: F~ conchoidal to uneven 
M~ erysials of diferent habits, mostly pyramidal oF 
prismatic, botryoidal and skeletal aggregates, 
Origin ane occurrence: Secondary in base metals 
depesits. I is mainly associated with pyromorphitc, 
mimetite, vanadinite and other secondary PS 
minerals, Occurs as erystals up to 30 mim (Ie in) 
long in Tsumeb and Berg Aukas, Namibia: also 
Broken Hil, Zambia: and the Maman mine, Tiger. 
Arizona. USA. 


Arsendescloizite 

Pozn(AsO4XOH) 

ORTHORHOMBIC 

Properties: C-lightylow;$._ white: L—adamantine 
to greasy: D~ transparent to manslucent: DE ~ 6.1; HL 


“4: CL ~ none: P= conehoidalo uneven: M tabular 
crystals osetetike agrees, 


(Origin and accurrence: Secondary in base metals 
epost, associated with mimetite and gocthite 
Found rarely as erystals of | mm (sin) in size in 
‘Teumeb, Namibia, also Mina Ojuela, Mapimi 
Durango, Mexico 


Mottramite 
PbCu(AsO4)(OH) 


ORTHORHONB: 


Properties: C grass green to black-preen:$— light 
seen: L~ vitteous to dull; D ~ transparent to 
opaque: DE - 5.9; Ht ~ 3.35; CL ~ none: F 
conchoidal 10 uneven: M— crystals of diferem 
habits, botyoidal and dendrite aggregates. crusts 
and coatings, massive 

Origin and occurrence: Secondary in base rxtals 
eposis, associated with mimette,deseloiite and 
sanadinite. It oecurs in Motram, Cheshire, UK: in 


‘Tsumeb, Namibia; Mammoth mine, Tiger. Arizona, 
USA. 

Brazilianite 

NaAly(PO4)(OH)¢ 


MONOCLINIC eee 


Properties: C ~ eolotess, white, yellowish, yellow- 
sgrcen: S ~ white: L - vitreous. D — transparent 16 
ransiucent, DE ~ 30; H~ 3.5; CL — good: F ~ 
uneven: M short prismatic to isometic crystals, 
radial aggregates, granular. 
(Origin and occurrence: Hydrothermal in cavities in 
frantic pepmattes, whore its associated with 
aorapatite,albte and tourmaline. It occasionally 
criginats asa product of amblygonite replacement 
Perfect yellow-green erystls up t0 150 mm (6 in) 
across found in evities in pegmaties in Consethera 
ena and Corrego Frio. Linopols. Minas Gerais and 
from Picts Lavradas, Praia, Brasil 


Monrumie 60 mm. Tiger Arizona, USA. 


Cafarsite 
agi TiFe? Fe Mn(As>*O3)p2.4 HO 


Properties: C ~ dak brown: § ~ yellow-brown: | 
‘stmetli: D- tnslucens DE 39:11 5-6; CL— 
fone: F~ conchoidal: M~ isometric crystal. 

(Origin and occurrence: Hyérethermal along cracks 
in Alpinetype veins. Cubic eystals up to 30 mm 
(PFs in aross come from Binntal. Switzerland and 
Pizzo Cervandone, lly. 


Braiinte, 7m, Coser Pena Brasil 
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Carminite 
PoFe}*(As0ga10H)2 


ORTHORHOMBIC oe 8 


Properties: C — crimson-red red-brown; $ ~ red 
yellow; L ~ adamantine to pearly: D translucent, 
DE~ 55, H~35: CL - good: F ~ conchoidal © 
tuneven; M - prismatic erstals, acicular, ada fl 
like to porous aggregates. coatings and erusis. 
Origin und occurrence: Secondary in base metas 
deposits, associated with mimelite and scorodite 
{Crystals upto 10 mm (sin) across occu in Tsumeb, 
Namibia: in Mina Ojucla, Mapimi, Durango, 
‘Mexico; in Calstock, Cornwall, UK. 


Carmine, 2mm ts Nada, Himsory 
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Bayldonite 
PeCux(AsO4n(OH)2-H20 
MoNocLINiC ee 
Properties: C — yellow-gren,olve-greon: Slight 
green; L~ resingus: D~ uanslucent: DE - 5.3; H- 
SCL — not determined F uneven: M~ carthy 
aggregate, coatings. massive 

(Origin and occurrence: Secondary inthe oxidation 
zone in hydrothermal Cu deposits and in ese. It 
‘occurs as common yellow-green coatings and 
Crystal op 1010 mim (in) aro, associated with 
large azurite and. mimette crystals in Tsunecb, 
‘Nabi: also as coatings in St. Day. Cornwall, UK: 
in Moldava, Ceech Repablic: 


Vesignieite 
Bacuy(VOq(OH)2 


MoNocLINIC @@ 


Properties: C~ yellow-green, olive greon:S— ight 
dello gren: L™ witeous to ul, B= tansucet 


eshte 80mm, rancive, Cech Repl 


DE — 41; H- 3.4; CL — good: F uneven; M— 
cary and pulverulent aggregates and coatings. 
‘Origin ane! occurrence: Secondary in base metals 
deposits and in sediments, containing Cu sulfides. It 
occurs as yellow-green coatings in sediments in 
Hoeni Kalra, Czech R 

tba West mine, Z 

psilomelane in Friedrichsroda, Germany. 


Arsentsumebite 
Cu(as04\804XOH) 


MONOCLINIC # 


Properties: C~ bluish-green o light green: S — 
green: L~ dull: D~ translucent: DE -6.8:H — 

‘good: F uneven; M earthy aggregates, coatings, 
Griin and occurrence: Secondary in the oxidation 
‘one, where i Torms as a result of mieetite replace 
ment. Found rarely in Moldava, C2sch Republic: in 
‘Teumeb, Namibia, where it forms psewdo-morphs 
after azure esas, 


169 


Fluorapatite 
Cas(POOaF 
HEXAGONAL eee 
Properties: C~colrtss, white, yellowish, pinkish, 
bu purple, grcon. brown wih sarious hes: § 
whites L wieous io dull; D~ tanspacent to tans- 
cen. sometimes opaque: DE 32: M5: CL 
limperfect: F —conchoidal to uneven: M ~ long 
prismatic to tabular erystls otryoidal arty and 
Fibrous aggregates, massive: LU yellow: 
‘Origin and occurrence: Magmatic in. granites, 
syeites.diovites,gahbros and various types of pes~ 
ralites. also im volcanic rocks; hydrothermal in 
(quartz veins, oe veins, greisens and Alpine-ype 
‘eins: metamorphic indifferent types of encase, 
‘migmattes, mica schists, skarns and amphibolits; 
in diferen’ types of sedimensary rocks, Perec. 
Purple iansparent crystals up 1 40 
3 Mein) are renowned from 
Feamatite in the Pulsifer quarry, Mount Apatite, 
‘Auburn. Maine. USA pink crystal ffom Dusso 
Pakistan Perret erytals about 100 mm din) across 
also from Alpine-ype veins, en Fiesch, Swiver 
nd: also known fom the quartz wins in reisens, 


10 


associated with wolfamite, in Panasqueica. Port 
tak in Horn Slavkow, Czech Republic: Ehren 
dersdorf Geemany. Also found in sharns at Cero de 
“Mereado. Durango. Mexico. Large deposits of mas- 


Corspatie, 20mm x Bos Lake, Omura Canada 


sive apatite located in Kola Peninsuls, Russia: 
crystals eighing up to 300 kg, (660 Ib) Rom the 
Vicinity of Clear Lake, Ontario, Canada. 
Application: main source of ®, chemical industry, 
Terie 


Chlorapatite 
Eas(POgsct 
HEXAGONAL ee 
Properties: C~ wht, various huss of yellows § 
white: L— vitreous to dul D~ transparent o tars 
lncent: DE = 32: 11 ~ 5: CL ~ imperfect F~ 
conchoidal wo uneven; M- long prismatic to tabular 
ryt, granalar 
(rig amd occurrence: Magmatic in. nepheline 
syenites and their pegmatite, some gabbros and 
‘oleane rocks, alo in meteorites: metamorphie in 
sd with scapoie. 
Perfect prismatic 
tryials up t0 35 cm (13% in) long, come from 
pegmatits in Bare, Norway: als from Kurokua, 
Japan. 


Hydroxylapatite 
Cas(PO,)3(0H) 
HEXAGONAL #08 
Properties: C= white, yellow, varios hues of gray: 
$— white; L— viteous to dul, D ~ transparent to 
translucent: DE ~ 32; H — 5; CL — imperfect F 
conchoidal o uneven; M~ shor prismate to tabular 
erystals, aciular aggregates. granala. 

niin and occurrence: Metamorphic i ae schists 
and serpentintes: hydrothermal im gant pega: 
ites: sedimentary in organic remants. Crystals up 
to 30 mm ((%m in) across known from Snarum, 
Norway! Hospental, Switerland: Exel, Colorado, 
USA. 


Carbonate-fluorapatite 
Eas(PO4.CODSE 


HEXAGONAL eee 


Properties: C white, gray:$ white; L—vicous 
to dll: D~ transparent to translucent: DE 3.2; H 
~§: CL ~ imperfect; F ~ conchoidal o uneven: M 
B spherical and botryoidal aggregates, massive. 
Origin and occurrence: Hydrothermal in ore veins 
and along the eracs in voleanie rocks. Rich botryei- 
al aggrogaes are known together with byalte opal 
fiom Vale. Czech Republi; the Wheal France mine. 
Tavistock, Devon. UK- 


edrsapaite, 2 minx Trnascenandeis, Hungary 


Paromorphite 41m Les Fares ance 


Pyromorfite 


Phg(POg3C! 
HEXAGONAL 


Properties: C~ green, brown. yellow, orange. whit, 
gray. S whites L ~ adamantine to. greasy; D 
transparent to translucent; DE 7.1; H= 35-4; CL — 
imperfeet, F ~ conchoidal to uneven: M_~ long 
prismatic to tabular and pyramidal crystals, 
botryoidal aggregates with radial stuctue, acicular 
and earthy aggregates, massive. 

(rigun and occurrence: Secondary inthe oxidation 
zone of Pb deposit, associated with cerusit 
gocthitee and other ‘secondary minerals. Perfect 
‘rystals upto 40 mm (IY in) lng eome from many 
localities, green and brown ones from Bod Ems 
and Zschopau, Germany yellow-brown ones from 
Les Farges. France: geen. brown and yellow ones 
fiom Mina Ojuela. Mapimi, Durango. Mexico 
Groen, orange and brown erysals up 19 60 mm (2 
in) Tong. are known fom the Bunker Hill mine. 
Tako, USA. 


Mimetite 
Pos(ArO scl 


‘agoregaes with radial structure, acieular and cathy 
‘ageregtes.eranlar, 


HEXAGONAL eee 
Varieties: eammpyive 


Properties: © ~ yellow, orange, brown, yellows 
brown, white, gry: S-~ white; L- adamantine to 
sfeasy; D~ transparent to translacent: DE ~ 7.3: 
515-4: CL — imperfect: F~ conchoidal to uneven: M 
Tong to short prismatic and pyramidal crystals. 
botryoidal aggrepates with radial structure, acteular 
and earthy aggregates, granular 
Origin und occurrence: Secondary in Pb deposits, 
sociated with pyromorphite and gocthie. Perfect 
rysals up to 20 mm (sin) long come from 
Johanngcorgensadt. Germany: campylite occurs in 
Deygill. UK: crystals up 10 $0 mm (2 in) across 
found in Tsumeb, Namibia; Sana Eulalia and San 
odo, Chihuahua. Mexico. Beautiful yellow crystals 
up to 30 mmm (Ie in) found recently in Hat Yi 
province, Thailand 


Vanadinite 
Pas(VO43C! 


HEXAGONAL eee 


Properties: C ~ yellow. orange. ed, brown, yellow~ 
brown; S — whic: L~ adamantine to. greasy: D 
transparent to translucent; DE~ 69; H~25-3:CL 
none: F— concheidal to uneven: M long to short, 
Prismatic and. pyramidal crystals. botryoidal 


Origin and Secondary in Pb deposits, 
associate with pyromerphite, walfenite and goothite 
Perfect erytals up to 130 mm (5% i) long come 
fom Djebel Mahseur and Mibladen. Moroces. Pris- 
matic rystals were also found in Tsumeb, Namibia; 
i the O1d Yuma, Red Clout. Apache and Mammoth 
mines, Arizona. USA. 


nadine, 6 mm, Mian, Morocco 


3 


—————— But the Pentagon officials who talked up this research yesterday at Defense 
One's annual tech conference emphasized the objective was to improve 
human control over artificial intelligence. Teaching Al to monitor its user's 
[Re 2°! 0f tress, exnaustion, distraction, and so on helps the machine adapt 
= - itself to better serve the human — instead of the other way around. Teaching 
Alto instantly detect its user's intention to give a command, instead of 
Ny 470 one requiring a relatively laborious push of a button, helps the human keep control 


— instead of having to let the Al off the leash because no human can keep up 
with it 


Official Defense Department policy, as then-Secretary Ash Carter put it, is that the US will “never” allow an attificial 
intelligence to decide for itself whether or not to kill a human being. However, no less a figure than the Carter's 
undersecretary of acquisition and technology, Frank Kendall, fretted publicly that making our robots wait for human 
permission would slow them down so much that enemy Al without such constraints wauld beat us. Vice-Chairman of the 
Joint Chiefs, Gen. Paul Selva, calls this the “Terminator Conundrum.” Neuroscience suggests a way out of this dilemma 


Instead of slowing the Als down, make the humans’ orders come faster. 


Accelerate Humanity 


“We will continue to have humans 
on the loop, we will have human’ 
input in decisions, but the way we 
go about that is going to have to 
shift, just to cope with the speed 
and the capabilities that 
autonomous systems bring,” said 
Dr. James Christensen, portfolio 
manager at the Air Force Research 
Laboratory's 71ith Human 
Performance Wing. “The decision 


DARPA Revoutoning Prosthet program is devising new kings fats mba — ana naw way 12 conv hem cycle with these systems is going 
to be so fast that they have to be 
sensitive to and responsive to the state of the individual (operator's) intent, as much as overt actions and control inputs 


that human’s providing.” 


In other words, instead of the weapon system responding to the human operator physically touching a control, have it 
respond to the human's brain cells forming the intention to use a control. “When you start to have a direct neural 
interface of this type, you don't necessarily need to command and control the aircraft using the stick,” said Justin 
Sanchez, director of DARPA's Biological Technologies Office. "You could potentially re-map your neural signatures onto 
the different control surfaces” — the tail, the flaps — "or maybe any other part of the aircraft” — say landing gear or 
weapons. “That part hasn't really been explored in a huge amount of depth yet.” 


Reading minds, even in this limited fashion, will require deep understanding and close monitoring of the brain, where 
thoughts take measurable form as electrical impulses running from neuron to neuron. “Can we develop precise 
neurotechnologies that can go to those circuits in the brain or the peripheral nervous system in real time?” Sanchez 
asked aloud. “Do we have computational systems that allow us to understand what the changes in those signals (mean)? 
And can we give meaningful feedback, either to the person or to the machine to help them to do their job better?” 


Attain. 70 ma, Sohnvber. Garman 


iris 30 0m, Fld. USA 


Atelestite 
Bg(As04JO(OH) 


MoNocLiNic 


Properties: C~ yellow. yellow-green: § ~ white: L— 
‘adamantine to greasy: D ~ tansparet to translucent, 
DE~10; = 455: CL imperfect; F ~conchoial to 
tineven: M~ small tabular crystals. spherical agsnega- 


(Origin and occurrence: Secondary in the osidation zone 
(Of Bi deposits. 1 was found in Schnocborg, Gorman: 


Huréaulite 
Mog(POq)alPO3(OH)}p -4 HzO 


MONOCLINIC eee 
Properties: C ~ orange-red pink. purplish. white, 
gray: S — white; L~ vitreous: D~ vansparent 10 
translucent: DE - 32; H ~ 3.5; CL ~ good: F ~ 
luneven: M'~ prismatic to tabular erystals coatings, 
ranula, massive 


ere, $3 nm Shing Pais 


Origin and occurrence: Secondary in granitic pes 
ratts, a a result of alteration ofthe primary phos- 
phates, mostly Tithiopilit,tiphylite and grafto- 

ic. Purplish erystals wp 10 SO mm (2 in) across 
‘come from Shingus, Pakistan. Similar crystals found 
in Hagerdor, Germany. Also known from Mangual- 
de, Portugal: Sa0 Jose de Safir, Minas Gerais, Bra- 
zak, from the Tip Top mine, Custer. South Dakot, 
USA. 


Variscite 
‘A(PO4) 2 HO 


ORTHORHOMBIC eee 


Propet: © colores, press, Bs-ercen: § 
fetes L wiroaseD = tnsparet fo anaacet 
DE= 26H 3545; CL~ good: F uneven M~ 
‘omtie eri, boride aggeznte, nods, 
Origin an eceurence:Hyrotena in erack in 
Sedimentary rock, ih in Aland Palo fn phos 
hates dgposis I is associated with apa, 
‘avelie and offer phosphates. Renowned greenish 
ole upto 30 ee (12 i) diameter come fom 
Cay’ Caryon, Fairfield Uh, USA: abo known 
from Ronneburg. Germany an vin neat Bern, 
Consh Republic 


Sigengite 
Fe eOg 2120 


ORTHORHOMBIC eee 


Papers: C clr pinkish purl: S 

vitreous; D — iransparcnt to translucent 
28; H— 3.5.45; CL ~ good: F— conchoial: 
M-— isometi, tabular to short prismatic crystals, 
botryidal aggregates with radial structure coatings 
Origin and occurrence: Secondary in granite 


Siremgie mm, Swap, Seen 


Score Mm 3 Zacatcas Meco 


ppepmatites where i forms ax a result of hydro: 
thermal replacement of primary phosphates: inthe 
‘oxidation zone of Fe deposit together with 
‘goctite. Purple erytals upto $ mm (win) across, 
come from the Bull Moose mine, Custer. South 
Dakota, USA: also Rnown from Pleystein, Ger 
many’ and ftom Teskor. Czech Republic 


Scorodite 
Fel (aso, 


44,0 
ORTHORHOMBIC eee 


Properties: — light green, gray-pron, olive poo. 
colorless, blue, yellon-browa: $= light green: L 
Vitroous ie resinous: D tansparent to tanshacent: 
DE 33:11 35-4: CL imperfect: F- conchoidal 
M_—ipyramidal to. shore prismatic crystals, 
botroidal and earthy aggregates, costings granular, 
Origin and occurrence: Secondary in the oxidation 
‘zane of ore depesits, asociatod with arsenopyrite, 
Tolingte and other arsnides; in grant pegmattes: 
hydrothermal inthe hot spring 
Perfect erytals up to 50 mu (2 in) across come from 
‘Tsameb, Namibia: the Kiva mine, Oita, Japan; 
Mina Ojocla, Mapimi, Durango. Mexico: green 
‘rusts, several em tick, were found in Djebel Debar, 
Algeria 


Phosphoplie 18 mos Pts, Bole 


Phosphophyltite 
ZogFe(POg)n 420 


Ladle 36 ma Morococal, Bole 


Anapaite 
EapPe(POq)2 4 M20 


MoNocLINIC ee 


Properties: C ~ colores, bern. ble: § 
Se: vives: ~ transparent to ranlucent 
DE- 31H 335: CL good: F—uncven: M— 
feng 1 shor pramate and thik tabular eral, 
gral. 

Srign ond occurence: Secondary in he oxidation 
‘one of oe deposi in rane pepe, where t 
telaces primary phospaies, Pret erystls up 1 
10 mm (514m) cous come from ude esis 
the Unifieada mine, Pots: Bol. Alo occur 
Hagendod Germany 


Ludlamite 
Fex(POga -4 #20 


MONOCLINIC oe 


Properties: C ~ light green. green: $ ~ white: L 
vitreous; D~ ransparent to translucent, DE~ 3.2; 
3.5: CL — perfect: F — uneven: M— thin to thick 
tabular erysals, granular, massive 
Origin and occurrence: Secondary inthe oxidation 
‘zone of ore deposits: in granite pegmatite, where it 
replaces primary phosphates. Perfect erysals up 10 
‘90 ram (Yi in) across known from the San Antonio 
Eulalia, Chihuahua, Mexico: also from 
distet, 


TRICLINIC 88 
Properties: C~ light o dark green, colorless: § 
white; L~ vitreous; D ~ transparent to translucent; 
1-35; CL — perfect: F — uneven; M— 
thin o thik tabular erystals, osetetke aggregates, 
sgranulae 
Origin and occurrence: Secondary inthe oxidation 
2oneof Fe deposits and in sedimentary rocks, rich in 
P Tabular erytals several mm across and spherical 
aggregates, up fo 30 mm (Pfs in) acres, come from 
the cracks within oolitc ores near Anapa and Kereh, 
‘Crimea, Ukraine: also known from Bellaver de 
Cerdena, Spain. 


Vivianite 
Fej(PO4)2 -8 HO 


MONOCLINIC eeee 
Propentce: © ~ coloess when fresh quickly 
ides to blu, ren, url lack: $~ white 
fobs = wire D ranparnt ransacen 0 
page: DE - 27, W152 CL poroet F = 
Seven: M’~ Tong prism to aciar erste 
rs, ay plein apt canine 
‘rin an ocarence: Secondary inthe oxidation 
fone of F deposi n granite pegmatite. whee 
forms the eplacemen of primary phos od 
in"sedmentary rocks in proximity of organic 


Anopaite. 18mm paresis. np Using 


‘material: hydrothermal in the ore deposits. Crystals 
‘up fo 1.5 m (5 f) long found in clay sediments in 
‘Anlous, Cameroon: crystals up to 200 mm (7% in) 
scrost known from Morocoeala, Bolivia. Smallet 
erystals come from Trepea. Serbia: Leadville, 
Colorado, Bingham Canyon, Uiah, USA; also from 
Kerch and Anapa. Crimea, Ukraine, 


Exythrine 
€03{A304)2 .8 H20 
MoNocLINIC eee 


Properties: C. datk purple. pink, colorless: Slight, 
pink 1 whit: C= viteous: D transparent 0 tans 


lucent; DE = 3.2; H = 15-7 5 CL ~ perost; F— 
uneven: M — long prismatic, aeicular to tabular 
eps, earthy agprests, costings, gral, 
Origin and accurrence: Secondary in the oxidation 
‘one of Co, Ni and U deposits, Tabula crystals up to 
{60mm (2 in) long come from Bou Azzot, 
Morocco. Other important localities are Schnecberg. 
Germany: Talmesst. ran; Cobalt, Ontario, Canada, 
Mount Cobalt, Queensland, Australia, 


vane, m, Momcocol, Boia 
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Phosphophlit 18 mms Pts, Bolivia 


Phosphophyltite Anapaite 
ZmpFe(PO2-4H20 EmpFetPOy2 4 HO 
MONOCLINIC #8 TRICLINIC @@ 


Properties: C — colorless, blue-green, blue: S 
white; L vitreous: D ~ transparent to translucent; 
DE ~ 3.1; H = 3.3.5; CL. ~ good: F ~ uneven: M 
tog fo shor prismatic and thick waar cysts, 
Origin and occurrence: Secondary in the oxida 
‘ane of ore depois: in granitic pegmatite, whore 
replaces primary phosphates. Perfect crystals, up 10 
140 mm (5% in) across come from sulfide cavities in 
‘he Unified mine, Potas!, Bolivia. Also occurs at 
agendort. Germany. 


Ludlamite 
Fex(POQ)2-4 HO. 
MONOCLINIC oe 
Properties: C— light green, green: $ — white; L 
vitreous: D ansparent to translucent; DE ~3.2:H 
~ 3.5; CL — perfect; F ~ uneven: M ~ thin to thick 
tubular erystals, granular, massive 

Origin and occurrence: Secondary inthe oxidation 
“zone of ore deposits: in granite pegmaties, where it 
replaces primary phosphates. Perfect erystals up to 
‘90 mm (3% in) across known from the San Antonio 
mine. Santa Eulalia, Chihuahua, Mexico; also from 
Morococala, Bolivia and the Blackbird district, 
Idaho. USA, 


Properties: C light to dark green, colorless; S 
‘white; L~ vitreous: D ~ transparent to translucent; 
DE ~ 2.8; H~ 3.5; CL ~ perfect; F uneven; M = 
thin o thick tabular crystals, rascte-tke aggregates, 
ranula. 

(Origin and occurrence: Secondary inthe oxidation 
‘zone of Fe deposits and in sedimentary rock, sich in 
Pr Tabular crystals several mm aeross and sphcrical 
aggregates, upto 30 mm (Pfs in) across, eome from 
the eracks within colitie ares near Anapa and Kereh, 
Crimea. Ukraine: also known from Bellaver de 
Cerdena. Spain. 


Vivianite 
Fej(POQ)2-8 10 
MONOCLINIC eee 
Properties: C ~ colorless when ffesh, quickly 
oxidizes to blue. green, purple, blackbloe:S ~ white 
to bluish; L—vigeous,D transparent, wanslucent 0 
opaque; DE - 27; Hi — 15-2, CL — perfect, F 
uneven: M ~ long prismatic to accular erystals, 
fibrous, cathy to palverulen aggregates, coatings, 
ranula, massive. 

Origin and occurrence: Secondary inthe oxidation 
zone of Fe deposits: in granitic pegmatits, where it 
forms by the replacement of primary phospiatcs and 
in sedimentary rocks in proximity of organic 


I: hydrothermal in the ore deposis. Crystals. 
‘0p fo 1.5.m (5 A) Tong found in clay sediments in 
‘Anloua, Cameroon: erystls upto 200 mm (7 in) 
across known from Morococala. Bolivia. Smaller 
crystals come ffom Teepea. Serbia: Leadville. 
Colorado, Bingham Canyon, Utah, USA; aso from 
‘Kerch and Anapa, Crimea, Ukraine 


Exythrine 
603(A509 


MONOCLINIC ® 


4° 


Properties: C~ dark purple, pink, colorless: light 
pink o White: Lsitreous: D transparent ans 


Eni, 29 om Medi 


lucent: DE - 32: H - 15-28: CL — perfeot: F~ 
‘uneven: M — jong. prsmtic. accular 10 tabular 
crystals, carthy aggregates, coatings, granular. 
‘Origin and occurrence: Secondary in the oxidation 
zone of Co, Ni and U deposits. Tabular erysas up to 
60mm (2% in) long come from Bou Azzcr, 
Morocco. Other important localities are Schnecberg, 
Germany; Talmess, ran; Cobalt, Ontario, Canada: 
Mount Cobalt, Queensland, Australia 


Vivant, 48mm, Morscocul, Boia 


Annabergite 
Ni(As0, 


40 
MONOCLINIC eee 


Varieties: ebrerite (Mg contents) 


Properties: C— Hight to dark green, white: $— whi 
L vitreous; D = transparent to translucent: DE — 
32:1 1525; CL perfet;F uneven; M~ long 
‘Prismatic to acicular and tabular crystals, acicular 
land carhy aggregates, coatings, granular, massive. 
(Origin and accurrence: Seconéary inthe oxidation 
zone of Ni deposits, associated with erythrite. Crys- 
tals up to $ mom (= in) across occur in Gukuroren. 
‘Turkey; Sierra Cabrera, Spain; Laution, Grecee. 
Nodules up to 20 mm (hx in) come from the 
Snowbird mine. Montana, USA, 


rans 
~ perfect: F 
uneven M = acicular to tabular rystal, spherical 
aggregates with radial structure, earthy aggregates 
and coatings, granular, massive. 

(Origin and eecurrence: Secondary inthe oxidation 


zone of ore deposits a 
Picropharmalite 128 mn France 


im granitic pegmatites with 


[As minerals mainly arsenopyrite and lllingite, It 
‘oceurs in Sehneeberp. Germany: Baia Sprie, Roma 
tia and Trebsko, Czech Republic 


Picropharmacolite 
Eagh(Ac0 4g -12 420 


TRICLINIC 


Properties: C ~ colorless, white: S — white: L 
vitreous: D ~ wansparent to tanslucent: DE 2.6; H 
= 25: CL — perfect: F ~ uneven: M ~ acicular 
crystals, spherieal aggregates with radial structure, 


oxidation 
zone of ore deposits with As minerals, mostly 
aseaopyrite and Tellingie. tis also known from 
Ste-Marie-aux-Mines and Salsigne, France: 
Freiberg. Germany and Jachymon, Czech Republi. 


Brushite 
CaH(PO9) 2,0 
MONOCLINIC ee 
Properties: C ~ colorless, white: S ~ white: L— 
vitreous, pearly on cleavage panes: D ~ transparent 
fo trwnslucen; DE - 2.3; H=2.5: CL — perfect 
tuner: M~ prismatic, acicula to tabular crystal 
‘arty aggregates and coatings. massive 

(Origin and accurrence: Secondary on bat and bird 


Brust € maxx, Domice Slovan 


exerements and bones, it imprepnates bones, along 
the cracks of phosphorites. Tabular crystals upto 20, 
rm (nin) aeons come from Quercy. France also 
eeurs near Oran. Algeria and Pig Hole. Vir 
USA. 


Legrandite 
‘Zny{As04XOH) HO 
Monoctinic e@ 
Properties: C~ colores, yellow: purple; §~ white: 
[L"atreous: D ~ transparent io wraslucen; DE ~4.0 
Hi —45: CL ~ imperfect; F uneven: Mi long 
prismatic erysals and their intergrowths, radial 
Sagreptes 

‘Origin and occurrence: Secondary in the oxidation 
‘one of Zn deposits and in pegmalites. Prismatic 
yt up to 250 mm (9% in) Tong found in Mina 
(Ojuela, Mapimi, Durango, Mexico tis also known 
fom, Gaia Minas Gers, Bra and Taunc, 
Namibia, 


179 


uct, 10m abit, Sia 


Euchroite 
Cug(As04(OH)-3 HO 


ORTHORHOMBIC 0 @ 


Properties: C = emerald-green; $ ~ white; L ~ 
vitseous: D~ wansparent to tarslucen: DE — 3.5; H 
= 35-4 CL — imperfect; F ~ conchoidal to uncven: 
M © short prismatic to thick tabular crystals, 
Origin and occurrence: Secondary in the oxidation 
zone of Cu deposits, associated with olivenite and 
‘malachite. Thick tabular crystals upto 30 mm (Ds 
in) come from Lubictova, Slovakia. Italo occurs 
Zapacica, Bulgaria and Chessy. France. 


cite, 207, Lalas, Boia 


Sri, 10 max, Magen, Germany 


Vauxite 
FeAly(PO,4)2(0H)2 .6 420 
TRICLINIC 88 


Properties: C = light dark blue: S — white; L — 
vitteous,D ~ ransparent o translucent: DE ~ 2.4 1 
5; CL~ none; F~ unoven; M tabular eystls. 
radial aggregates, massive. 
Origin and occurrence: Secondary inthe oxidation 
zone of Sn deposits, sssoviated with wavelli 
Crystals occur in the Siglo XX Mine, Llllagua, 
Bolivia. 


Strunzite 
MaFe}*1(PO9),(OH)2-6 HO 
MONOCLINIC eee 
Properties: © ~ light yellow, yellow-brown; § 
yellowish: L— vitreous; D~ transparent to 
itanshicent: DE ~2.5; H~not determined; CL ~ not 
determined: F — ‘uneven; M — acicular erystals, 
Acicular and fbrous aggregates. 

‘Origin and occurrence: Secondaty in granitic pega 
ties 28a result of weathering of primary phosphates, 
‘most eile rarely hydrothermal in the cracks of 
Foch sedimentary roeks, Acicular crystals upto 20, 
‘mm (in) ares known ftom Hagendort, Germany: 
the Palermo No.| and No, 2 mines, North Groton and 
the Fletcher mine, Groton, New Hampshire, USA. 


Cacusit,I min x Helter Poms vania, USA 


erounte 3 mm arate Nees. Hangers 


Cacoxenite Diadochite 
e¥Attas(PO1704(OH) 275 HO Feb¥3(P04)(SO4NOH) 5 HzO 
HEXAGONAL 00 TRICLINIC eee 


‘Properties C light yellow, yellow-brown, orange: S 
selon: L sity: ‘o wansiueent DE — 
23; 11 ~ 344, CL ~ not determined: F— uneven: M — 
aciular and fibrous aggreyates, ofen with radial 
Structure. botyodal crus and coatings. 

‘Ong and ocourence: Hydrotheral on the cracks 
of sedimentary Fe oces. associated with wavelite: 
‘areas scondat in grate pegmatites, 38a roduc, 
‘of weathering of primary phosphates. Crystals up to 
10 nim (sn) across come from the Horeajo mine, 
CCidad Real. Spain; yolden-yellow accular agere- 
gates occur in Hrbck near ‘Stata Dobrotiva and 
‘Trenice, Czach Republic and in Amberg, Germany. 


Beraunite 
Felted (POOH); 4 H20 
MONOCLINIC #@ 


Properties: C = red-brown, red grayogreen: $ = 
yellow to green-beown: L ~ vitreous to dull; D = 
tanstcet DE ~ 30 3.54 CL good: F- 
uneven; M— acicular aggregates, offen wil 
structure. botyoidalerusis and coatings. 
Origin and occurrence: ydoshermal onthe cracks 
of sedimentary Fe ores. typically together with 
wavellte: secondary in granitic pepmatites, as a 
product of weathering of primary phosphates. 
‘Acicular aggregates up to 10mm (in) across occur 
jn Mount Indian. Alabama, USA: also known from 
Hrbok near Svata Dobrotiva, Czech Republic and 
‘Amber Germany. 


Properties: C- yellow-brown, brown, red-brown, yel- 
low-green gay-green; S- yellow to light brown: L— 
dll. waxy: D ~ translucent o opaque: DE ~ 20-24, 
3: CL ~ no determined; F= uneven, eonchoidal, 
‘any: M_ nodules. coatings and crusts, massive. 
‘Origin and occurrence: Secondary in the oxidation 
‘zone of Fe deposits. Diadachite caver in abandoned 
mines ae known from Saalfeld. Germany: nodules 
found in New dria, California and Eureka, Nevada, 
USA. 


Diadochie 40 mm, Recs, Hungry 


DARPA's Revolutionizing Prosthetics program hooked up the brain of a quadriplegic — someone who could move neither 
arms nor legs — to a prosthetic arm, allowing the patient to control it directly with their thoughts. Then, “they said, ‘'d like 
to try to fly an airplane,” Sanchez recounted. “So we created a virtual flight simulator for this person, allowed this neural 
interface to interface with the virtual aircraft, and that person flew.” 


“That was a real wake-up call for everybody involved,” Sanchez said. “We didn’t initially think you could do that.” 
‘Adapting To The Human 


Applying direct neural 
control to real aircraft — 
or tanks, or ships, or 
network cybersecurity 
systems — will require a 
fundamental change in 
design philosophy. 
Today, said Christensen, 
we give the pilots 
tremendous information 
on the aircraft, then 


“Tony Sk bert Downey) reson he JARS arial rl pte pers ego Se ree nese 10 OOALID) 
‘isha ton Man suit aval ConaBwrarscunt res) it. In the future, we could 


give the alrcraft 
tremendous information on its pilots, then have it use artificial intelligence to adapt itself to them. The Al could customize 
the displays, the controls, even the mix of tasks it took on versus those it left up to the humans — all exquisitely tallored 


Not just to the preferences of the Individual operator but to his or her current mental and physical state. 


When we build planes today, “they're incredible sensor platforms that collect data on the world around them and on the 
aircraft systems themselves, (but) at this point, very little data is being collected on the pilot,” Christensen said. “The 
opportunity there with the technology we're trying to build now Is to provide a continuous monitoring and assessment 
capability so that the aircraft knows the state of that individual. Are they awake, alert, conscious, fully capable of 
performing their role as part of this man-machine system? Are there things that the aircraft then can do? Can it unload 
gees (Le. reduce g-forces)? Can it reduce the strain on the pilot?” 


“This kind of ability to sense and understand to the state and the capabilities ™ 
of the human is absolutely critical to the successful employment of highly 
automated systems,” Christensen said, “The way all of our systems are 
architected right now, they're fixed, they're predictable, they're deterministic” 
— that is, any given input always produces the exact same output. 


Predictability has its advantages: “We can train to that, they behave in very 


consistent ways, it's easier to test and evaluate,” Christensen said. “What we sit esters man oversight an are hay ise ny, 


lose in that, though is the real power of highly automated systems, 
autonomous systems, as /earning systems, of being able to adapt themselves. ” 


“That adaptation, though, It creates unpredictability,” he continued. “So the human has to adapt alongside the system, 
and in order to do that, there has to be some mutual awareness, right, so the human has to understand what is the 


system doing, what is it trying to do, why is that happening; and vice versa, the system has to has some understanding of 


elie, 40m, Tresce Cac Republic 


porte, € Lard Uh, Brit 


Wavellite 
Al(PO4),(OH,FIs 5 H20 


ORTHORHOMBIC fe 


Properties; C~colotess, white, greenish, light bluc- 
green. grcen, yellowish; § ~ whit; L — vitreous 10 
Peay: D~ transparent 1o translucent: DE— 24; H 

35-4 CL — perfec: F uneven: M — isometric 
‘crystals, hemispherical aygrepates with redial, 
structure, botryoidal aggregates, nodules. coatings, 
(Origin and occurrence: Hydrothermal inthe racks 
of Al and P-rich sodiments, also in. phosphate 
deposits, ore veins and pegmatites. Beauiul hemi 
spherical aggregates up to 40 mm (I in) in dias 
meter occur in Ponil, Gatland and Magnet Cove. 
Arkansas, USA: also known from Trenice and 
Mila, Czech Republic and Ronneburg, Germany. 


Eosphorite 
MnA(PO4OHI2 H2O 


ORTHORHOMBIC © @ 


Properties: C ~ pinkish, colorless, white, brownish, 
red-brown: S— wite: L~ vitreous to peasy, D — 
transparent to translucent: DE 3.1; Hl~ 5; CL 
imperfect; F — uneven to conchoidal; M long to 
shor prismatic crystals radial agercgates, eranulat, 
Origin and occurrence: Secondary in. granitic 
Peymatites, as a product of hydrothermal replace- 
ment of primary phosphates. Crystals up to 100 mm. 
‘in lone found in the Joao Modesto dos Santos 
‘mine, Minas Gerais. Brazil, I occurs in Rapid Creck, 
Yokoo, Canada. (00, 


Turquoise 
CungPOq)4(OH)g 4 HzO 


TRICLINIC fee 


-Pryperties: C— ble, blue~green, green; $— white: L 
waxy: D~ transparent, ranstucent to opaque; DE 
29:H. $6, CL~ good: F- coochoidal uneven: M 
shor prismatic erytals, bouyoidal aggregates. 
coatings. massive 
Origin and occurrence: Second 
parts of rocks with elevated contents of P and Cu. 
£2 in the oxidation zone of some Cu deposits Small 
‘rysals occurred near Lynch Station. Virginia, USA, 
Massive blue and blue-green coneretions come from 
Mount Ali Mirai near Maden, Iran, Other loalites 
are Cortez, Nevada, Los Cerillos and Eureka, New 
Mexico and Bisbee, Arizona, USA 
Aoplication: popular gemson. 


Turgusse. 3m aregtes,HanPoid Co. USA 


Chaleosiderite 
CuFe)*6(POQ)«(OH)g 4 H20 


Properties: C dark green: $— white: L_ viteous: 
transparent to tansiueen: DE 3.3; 114.5: CL, 

good: F— conchoidal to uneven) M — short 
prismatic crystals. coatings 


Tae $0 om, Kecobhsun 


Origin and occurrence: Secondary inthe oxidation 
zone of some Cu deposits, together with goothite. 
ufenite and pharmacosiderite. tt occurs in 
Bisbee, Arizona, USA in the Wheal Phoenix mine, 
Cornwall, UK: Sehneckenstein, Germany: Horni 
Slavkox, Czech Republic 


Chalcoidri, 90 mm, Comme. UK 
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Cheneviie, 100 mm, Chugcomara. Chile 


Chenevixite 
CugFe?* (AsO 4)2(OH)g -H20 


Time, 90 mm, Nevovska Hat. Slovaia 
oer 


Delvauxite 
Care?" 4(PO4S04NOH)g 46 HO 


MONOCLINIC @ 


Properties: C ~ datk pree, aive-green 10 yellow 
freon: S— yellow-green: L greasy: D- translucent; 
DE ~ 39, H~ 35-45; CL — not determined: F — 
conchoidal to uneven; M.— earthy aggregates, 
coatings, massive 

(Origin end occurrence: Secondary in the oxid 
zone of Cu deposits, associated with -malachi 
(grolite, azurite and other minerals. Massive aggre- 
fates occur in the Mammoth mine, Tite, Utah, 
ESA; also in Klein Spitkope, Namibia, 


Tyrotite 
CaCus(AsO4)a(COs)(OH) 4.6 HzO 
ORTHORHOMBIC eee 
Properties: C_ appe-toen, goen-lue 1 blue: S— 
Tight green obe-preen: L vireous to pal D 
transparent to translucent; DE ~ 33; Hl 2, CL — 
perfect F~ uncvens MB scaly and fonshapod 
$egregtes, coatings and erst 

Origin amd occurrence: Secondary in the oxidation 
zone of Cu depois fequenlly associated with 
hlcophfite Rich aggregates occu nthe Majuba 
Hi mine, Nevada als in Tite, Uah, USA. Tis 
ako knowin foe Brivlege, Austria: Saalfeld and 
Schnccberg, Germany: Novaveska Ha, Slovakia 


AMORPHOUS #08 


Properties: C — yellow-brown, brown, red-brown 
back-brown: $ 


‘determined: F 
Salacties, coatings and crusts, massive. 
(Origin and occurence: Seconda in oxidation zone of 
Fe posit. Nodes of 8D em (20 in) across in Czech 
Republic. Also known in Berncau and Richelle 
Belgium: Zelcnik, Slovakia: Kewch, Crimea, Ukraine 


Dette, NY mm. Nace. Cech Repl 


‘Bkorahyie 407m. Kohk Cech Republic 


Bukovskyite 
Fel (As X50 (OM) -7 HO 


TRICLINIC @ 


Properties: C ~ yellow-green, yraygroen: S~ yellow= 
{sh white: L~ dul to earthy; D ~ translucent e opaque: 
DE 2.3; H not determined: CL ~ not determined: 

~ cathy; M B botryoidal aguregaies and nodules. 
Onigin and accurrence: Secondary on the old rine 
ddurnps where it forms as a product of arsenopyite 
‘weathering, Nodules upto 60 em (24 in), occur on me 
diwal dumps. ia Kank near Kutna Hora, Cech 
Repub. 


Calesphti 36 nm, Chile 


Veszelyite 
(€2n)x(PO4KOH)3 .2 MgO 
MONOCLINIC #@ 
Properties: C ~ ren, bluegrcen. dark blue: S — 
green, L ~ viteous: D ~ translucent: DE ~ 34, H = 
135-4, CL ~ pood: F- uneven; M ~ shor prismatic to 
tabular erystals, grants. 

Origin and occurrence: Secondary inthe oxidation 
zone of Cu-Zn deposits. Crystals up 1050 mm (2 in) 
‘cross found in the Black Pine mine. Philipsburg, 
Montana, USA; also fiom Moravta, Romania, 
‘Arakawa, Japan; Wanlockhead. Scotland. UK. 


Chalcophylite 
CugAy(As04)4($093(OHY27 36 HO 


TRIGONAL eee 


Properties: C~emerald-green, blue-green: $~ light 
igen; L — vitreous, pearly; D — transparent to 
twanslucent; DE ~ 2.6, H - 2: CL ~ perfect; F — 
‘uneven, M_— tabular crystals. saly. fanshaped 
aggregates, coatings, massive. 

‘Origin and occurrence: Secondary inthe oxidation 
‘zone of Cu deposits, usually associated with tyre 
Rich aggregates occur in the Majuba Hil, Nevada 
and inthe Tinie district Utah, USA. Nice specimens 
also come from Novoveska Huta and Picsky. 
Slovakia: Nizhniy Tagil. Ural mountains, Russia: 
Cap Garrone, France, 


sz, 13 mo, Philoturg, USA. 


Limconte, 86 mm, Cormval UK 


Lirokonit 
CuzAK{AsO4(OH)g 4 HO 


MonoctiNic@ 


Properties: C ~ blue, green: § ~ tight blues L 
‘vitreous to resinous: B transparet to tanslucont 
DR Tori 2.9 5:Cl imperfect F conchovdal 
to uneven; M_— lenticular dipyramidal crystals, 
(Origin and occurrence: Secondary inthe exiation 
zone of Cu deposits. together with olivenite, 
malachite and gzrite, Perot crystals up to 30 mm 
(Ps in) seross come trom Redruth and St. Day, 
Cornsall, UK, Ieis also known from Cerro Gordo, 
California, USA. 


Evans, Sm nares, Soh Zeleni.Soabia 
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Evansite 
[Aly(PO4KOH)g 6 HO 


AMORPHOUS 3 


Properties: C~ colores, white, geonish light Bluc- 
‘gen, yellowish: §~ white; L vitreous, resinous, 
waxy: D ~ transparent to translucent; DE — 18-22; 
H- 3-4; CL none; F~ conchoidal: M botryeidal, 
Sstalaettie and) hemispherical aggregates and 
‘coatings 

Origin and accurrence: Secondary inthe oxidation 
zone of Fe deposits, rich in P. associated with 
‘lophane and gocthite. Rich stalaciie aggregates 
ceome from Zeleznik, Slovakia and from Epernay, 
France, 


Whiteite-(CaFeMg) 
CaFettgpAlg(PO,)4(OH)a 6 Hg 
MONOCLINIC #8 
Properties: C ~trown: 5 ~ white L~ vineous: 
transparent to tansfueent, DE 26: 11 4: CL — 
‘ood: F- uneven: M ~ shot prismatic erytals, 
‘Onin and acewrence: Hodrtnorl in the racks 
of Perich seamen, Perfcterystals up to 20 mnt 
(isin) across came from Big Fish River, Yukon. 
Canada. Crysals up to 5 mn Cn in, are known 
frm tava da ha Je Tar Mins Gea 


Wet (CaF Ms) 65mm, Trier Canada 


obtesCasonl 60 mm, Caer USA. 


Jahnsite-(CaMnMg) 
CattntenFe}*s(PO,)4(OH)4 6 HO 


Me, $8 mm, Ybon Terran, Canada 


Grritovite 
NaFe!¥,(PO4)2(OH)g.2 HO 


MONOCLINIC 98 


Prypertos: C_ yellow; light o dark beown:S - ight 


yellow L~ vious: D- transparent to translucent: 
DE 26; 1 not determined: CL good: F— 
uneven; M-— short to long. prismatic crystals, 
franula. 


Grigin and occurrence: Secondary in_ granitic, 
pegmattes, where it forms as a result of replace 
tient of primary phosphates. Perfect erysals up to 
10 mim (> in) aeross occur in the Tip Top mine, 
‘Custer, South Dakota, USA, I is also known from 
Hagendorf, Germany. 


Wardite 
NaAls(PO4)2(0H) 


TETRAGONAL ee 


Propenies:C colorless, white. greenish, 
freon: S -white: L viteous: D transparent 10 
translucent) DE 28; HS; CL perfoct, F 
tincven;M— dipyramidal crystals. radial and 
hemispherical agereates, coatings. rss. ranula 
Origin and ocenrrence: Secondary in grant 
pegmnaties. where it forms as a product of primary 
shosphate replacement: hydrothermal inthe cracks 
Prrich sedimons. Perfect erysals up to 30 mm 
(1% in) across come from Rapid Creek, Yukon, 
(Canada. It is also known from Piedras Cavradas. 
Paratha, Bev 


TETRAGONAL #8 


Properties: C ~ yellow, orange, brown-yllow; S 
yellow; L vitreous: D transparent 0 translucent 
DE- 31; 14: CL — good; F- conchoidl: M 
‘tabular and pyramidal crystals. coatings and crusts. 
Origin and eeurrence? Secondary in_ grant 
egmties, whore it forms asa result of replacement 
ff primary phosphates. Small erysials occur in 
Gynlox, Czech Republic; Hlagendort, Germany and 
Sapueaia, Minas Gerais. Bra 


rite, 60 mtn Monarch, Asia 


Licconte, 85 mt Cornwall, UK 


Lirokonit 
CugAKAsO (OH) 4 4 HzO 


MoNocLINIC @ 


Propenies: C ~ blue, green; $ ~ light blues L ~ 
‘vitreous to resinous: D ~ transparent to transtucent 
DE~3.0, 1-223, CL imperfect: F~ eonchoidal 
to uneven; M— lenticular. dipyramidal rystals. 
‘Origin and occurrence: Secondary in the oxidation 
zone of Cu deposits, together with olivenite, 
‘malachite and azrie,Perfet enya up 10 30 ram 
(PP in) across come from Redeuth and St. Day. 
Comal. UK, vis also knowa from Cerro Gordo. 
California, USA, 


Evans $ mm argroats. Sik ~Zeleznik Slo 


Evansite 
AIy(PO4)OH)g 6 HO 
AMORPHOUS 5 


Properties: C~ cores, 
sree, yellowish S~ while; 
Sean: D ~ vanspaent to translucent DE 
H=5-4; CL~ none; Fconehoidal: M— botryoidal, 
alate and. hemispherical aggregates and 
‘oat 

Origin and occurence: Secondary inthe oxidation 
done of Fe deposit, rich in P asorated with 
‘lophane and goetite. Rich stalactive aggregates 
‘cme from Zelezik, Slovakia and from Epernay, 
France. 


Whiteite-(CaFeMg) 
CaFotte,Ai{PO4) (OH), 8 HO 


MONOCLINIC 88 
Propertios: © brown: Ssehite: L—vitecous; D 
‘wansparsnt to trnslucent; DE.» 2; H = 42 CL. 
‘good: F uneven: M shor prismatic crystals. 
Origin and wecurrence: Hydrothera in the cracks 
fof Perch sediments, Perfect erystals up to 20 mm 
(sin) across come from Big Fish River, Yukon, 
‘Canada. Crystals up to $ mm (> i), are known 
fiom Lavra da llha de Taguaral, Minas. Gerais, 
Brasil 


White (Cuba) 68 mm, Yukon Terie, Cana 


Jahasie(CaStn se), 60 mm Cte USA 


danse (CaMnMg) 


CaMabanFe?®2(PO4)4(OH)4 8 HzO 


ane, 48m, kon Territory. Conaa 


Orrilovite 
are (PO) (OH)4 220 


MONOCLINIC ee 
Properties: C yellows igh to dark brown: Slight 
yellow: L vitreous: D transparent to transtucent: 
DE 26; 11 ~ not dotermined: CL ~ good: F — 
uneven: M-— short to. long. prismatie erysals. 
ranula, 

Origin amd occurrence: Secondary in_ granitic 
egmatites, where it form as a osult of replace 
‘Bien of primary phosphates. Perfoet crystals upto 
To mm (' in) aeross occu in the Tip Top mine. 
Custer, South Dakota, USA. Is also known from 
Hagendorf, Germany 


Wardite 
[NaAln(POq)(OH)g -2 20 
TETRAGONAL 880 
Properties: C~ colorless. white, proeish light bluc- 
‘roan: S -white: L~ vitreous: D — transparent 10 
franslucent) DE 28) H 5; CL ~ perects F 
luneven, M—- dipyramidal crystals, radial and 
‘hemispherical aggregates, coatings, enuss. eranul, 
Origin and occurrence: Secondary in. granitic 
eames, wheee it forms as a product of primary 
‘phosphate replacement; hydrothermal in the cracks 
In Pach sediments. Perfcet erystals up 10 30 mm 
(Vs in) across come from Rapid Creek. Yukon, 
‘Canada. tis also known from Piedras Lavras, 
Para, Bri 


TETRAGONAL 


Properties: C - yellow, orange, brown-yllow: S — 
sellow: Lvieous: D — wansparent wo wransueent 
DE— 3; M4; CL good F = conchosdal; M 
tabular and dipyramial crystals, coatings and crust. 
Origin and ccureence’ Secondary in. granitic 
Pegmatites, where it forms asa result of replacement 
‘of primary phosphates. Small erysials occur in 
{Cynlen, Czech Republic: Hagendort, Germany and 
Sspucaia, Minas Gerais. Bra 


Critnite  .tom Merch Ausra 
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Pharmacatideie, 38min. Conmall. UK 


Pharmacosiderite 
KFe#* (AsO 4)s(OH)4 6 H20 


cusic eee 


Properties: C ~ green, yellow-brown, brown; S ~ 
‘white; L~ adanantine o greasy; D ~ transparent 10 
translucent; DE ~ 2.8; H ~ 2.5; CL ~ imperfect: F~ 
uneven, M = evbic crystals, coatings, crusts, 
granular. massive 

Origin and occurrence: Sccondary in granitic 
‘emits and inthe oxidation zone of ore deposits, 
where it forms as a product of arsenopyrite and 
Tollingte eplacemens. Cubic crystals upto 10 mn 
(Cin) acros occur in St. Day, Liskeard and Redru 
Cornwall, UK. It also comes from the Majuba Hi 
mine, Nevada, USA; Horhausca, Germany and Cap 
Garrone, France. 


Arseniosiderite 
# (AsO 4)302 3 HzO 


MONOCLINIC ee 


Properties: C — yellow. light 1 dark brown: $— 
yellow: L ~ submetalict silky; D ~ opaque: DE ~ 
36H 1.5,CL ~ good: F—uneven; M~ fibrous and 
arthy aggregates, coatings, crusts, massive, 

Origin and occurrence: Secondary inthe exidation 
zone of ore deposits and in granitic pegmaies, 
‘where it forms as a. product of arsenopyrite and 
Tolingte replacement. Rich auregates occur in 
Romarche, France, also from the Eureka mine, 
“inti, Ua, USA and Winichen, Germany. 


Lavendulane 
NaCaCug(AsOg)4Cl-5 HZ 


ORTHORHOMBIC #8 


Properties: C light blue-purple. blu: S~ white: L 
‘= sireous to wary: D ~ translucent: DE ~ 3.5: 1h 
25: CL ~ good; F~ uneven: M ~ acicular erystals, 
acicular and earthy aggrepates, coatings. 
‘Origin and occurrence: Secondary inthe oxidation 
zone of Co, Cu and Ni deposits, as a result of 
arsenide weathering. associated with erythrite. Rick 
avicular aggregates come from Talmessi and Arara 
tals found in the Blanca mine. San 
in Annaberg. Germany. Crystals up 
to 4mm (7s in) across occur in the Gold ill mine, 
Ua, USA. 


Kovdorsite, 18 ma Koso: Kole, Rusia 


Mixite 
Bicug(AsO4)a(OH)g 3 20 
HEXAGONAL 08 


Properties: C ~ emerald-green, blve-gren, light 
‘lu. fight green, whitish; S~ light green. light blue 
L—adamantine to dull: D ~ranslucent: DE 3. 

~3-4;CL not determined: F- uneven: M~ acievar 
crystals, acicular and carthy aggregates, coatings, 
Origin and occurence: Secondary in the oxidation 
zone of Biand Cu deposi, together with ismuthinit, 
1 occured in Jactymoy, Casch Republic; in Tint, 
Uiah, USA; Schneeberg and Witichen, Germany 


Terbrnite, 120, Katong, Zar 


Kovdorskite 


Meg(POgCO (OH 45 10 


MONocLINIC 


Properties: C ~ light pink-brown, white, blue $ — 
white; L~ vious: D = transparent to translucent; 
DE ~ 26; H ~ 4; CL ~ none; F ~ conchoidal 10 
luneven: M - tabular crystals, massive 

Origin and occurrence: Hydrothermal, associated 
with magnesite. magnetite and other minerals. Blue 
and pinksbrown erystals up t0 25 mm (Vin) across 
tome from the Zhclezayi mine, Kovdor, Kola 


Torbernite 
EuVOr)2(PO4)2 8-12 HO 


TETRAGONAL eo @ 


Poperies: C emera-gren 1 grass green: S — ight 
en: L vitreous to dull, pearly onthe lenge planes, 
1D ansparent to transucen; DE~ 33; 1-2-25:CL- 
perfset: F~ uneven: M ~ tabular to pyramidal crystals, 
cathy aggogates, coatings, granula, massive; R= 
surongly radioactive 

(Origin and accurrence: Secondary in the xidation 
‘one of U deposits also in pegmatts and sedimentary 
rocks, resulng ffom the fydrothennal alteration of 
Urainte and other U minerals. Emerald-gren tabular 
fenytals, several em across, come ffom Sabugal. 
Porgal; Jachymox, Czech Republic Shinkolobwe, 
Zaire; Bois Nous, France: Mocienuma, Mexico and 
‘many localities in the Colorado Plateau, Uah. USA. 
Beautiful deuss oferystals up o 20 mam (ein) across, 
found in the Margabal mine. Aveyron, Franec. 
Application: U oe. 
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the human's intent and also their state and capabilities.” 


This kind of synergy between human and artificial intelligence is what some theorists refer to as the “centaur,” after the 
mythical creature that combined human and horse — with the human part firmly in control, but benefiting from the beast’s 
strength and speed. The centaur concept, in turn, lies at the heart of the Pentagon's ideas of human-machine teaming 
and what's known as the Third Offset, which seeks to counter (offset) adversaries’ advancing technology with 
revolutionary uses of Al 


The neuroscience here is in its infancy. But it holds the promise of a happy medium between hamstringing our robots 
with too-close control or letting them run rampant. 
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Aan 1S ee Treas, Port 


Autunite 
x(U04)2(P 42-10-12 HO. 


TETRAGONAL eee 


Properties: C— light to dark yellow, yellow-green t0 
green; $ ~ light yellow: L ~ viteous to dull; D 

transparent to translucent: DE 30H 2.25;CL 

perfect: F uneven: M- tabular rystals, foliated. 
Sealy, canhy and pulverulent aggregates, coatings, 
massive: LU ~ yellowgroon; R ~ strongly radio- 
(Origin and occurrence: Secondary in the exidaion 
zone of U deposits. in pegmatite and in. some U- 
rich sedimentary rocks. asa result of hydrothermal 
alteration of uranints and other U minerals, I is 
frequently associated with torbornte and other U 


race 78mm. Minas Gert, Br 


secondary minerals. Tabular erysals yp 10 30 sm 
(hein) across come from Scheebery and Johann 
eorgenstadt, Germany and Autun, rance. Ii also 
Known fom Rum Junge, Northern Territory, Austra 
lias St Austel, Comwall, UK: Mount Spokane, 
‘Washington, USA and Jaciymor, Crech Republic 
Application: U ore 


Uranocircite 
Ba(UO2)2{PO4)2 - 10 HO 
TETRAGONAL 08 


Properties: C ~ light 10 dark yellow, light yellow 
‘green; S~ light yellow: L ~ vitreous to dul, pearly 
fn the cleavage planos; D ransparcnt to iransha- 


Zeamerit 5 mo 2 Cine, Coe Repie 


cont: DE ~3.5; H~2.2.5; CL perfec: F— uneven: 
~ tabular crystals, foliated and earhy aggregates 
pulverulent coatings, massive; LU — green: R 
‘strongly radioactive. 
(rig and aceurrence: Secondary inthe oxidation 
zone of U deposit. Yellow tabula crystals upto 10, 
fmm (% in) across occured in Dametice. Czech 
Republic: Bergen and Wolsendorf. Germany and in 
the Sao Pedro mine, Suagui. Minas Gerais, Brazil 


Novacekite 
Hg(U09)2(A204)2 «10 H20 
TETRAGONAL 08 
Properties: C— straw-yellow, light yellow: S~ fight 
yellow: L ~ vitreous to dull; D~ transparent to 
lranslucent; DE ~ 3,7; 1-25; CL perfect: F~ 
‘uneven: M ~ tabular erystals, lamella. earthy and 
pulveralent aggregates. massive: LU ~ dark green. R 
strongly radioactive, 

‘Origin an occurrence: Secondary in the oxidation 
zone of U deposits. Tabular erystals up 1 $0 mea (2 
in) crore come from the Pedra Prota Mine, 
Brumado, Bahia, Brazil. Lamellar ageregates are 
‘knowin. from Zalesi, Czsch Republic; Aldams, 
‘Chihuahua, Mexico: Witichen, Germany 


Zeunerite 
CulUO3}2(As042 10-16 40 
TETRAGONAL 6 
Properties: C ~ emerald-green, yellow-green: S 
Tight green. vitreous 16 dul, ~ wansparnt 10 
transicen, DE ~ 34, 1-25. CL peo P= 
uneven: M~ tabular erystls, folited agargats, 
massive: R strongly radioactive. 

‘Origin and occurrence: Scconsaty in the oxidation 
Zane of U deposits. Tabular erysals up 10 30 mam 
(Pisin) acon, come om the Pera Peta Mine. 
Brumado, Babi, Brazil 1 is also known Fram 
ales, Cosch Repblc and Schnesberg, Goma. 


Carnotite 
(U07),(V002-3 #0 
MONOCLINIC eee 
‘Properties: C~ ight to dar yellow, yllow-grens S 
Tight yellow ~ dll, D = transparent to tans- 
lucent, opaque: DE — 4.9, — not determine; CL. 
perfect F uneven; M— cathy aggregates, massive: 
R= strongly radioactive 
Origin and occurrence: Secondary in the oxidation 
zone of sedimentary U depois. ypically associated 


Carnot 35 mm. ish USA, 


with tyayamunit, Play crystals up to 2 mon (Yin) 
cross found in the Mashamba West mine, Zaire 
Ey and pueraetaggragnes oer In many 
ies in the Colorado Plateau, cg. Paradox 
Wey Colors snd ‘ba Su Uth USA Abo 
known from Tyuya Muyun, Uabekistan and Radium 
Hill Southorn Australia. Australia. 
Application: Vand ore 


Tyuyamunite 
€x(UO2)2(VO92 5-8 0 


ORTHORHOMBIC eee 


Properties: C ~ yellow-green, canary yellow: $ 
light yellow: 


ky toadamantine; D = translucent 


uneven M~ earthy aggregates, massive, LU ~ weak 
yellow-green: R~ strongly radioactive, 

Grigin and necurrence: Secondary inthe oxidation 
one of sedimentary U deposits, together with eamo- 
ite, Corman earthy and pulverulent aggregates o&- 
cur in many localities in the Colorado Placa, cg. 
Paradox Valley, Colorado and Red Creck, Uah, USA. 
le was deserted from Tyuya Muyun, Urbekisan. 
Application: U and V ore, 


‘upumunie. 80 mm. Fergana Uke 


1 


9. Silicates 


Phenakite 
BezSi0, 

TRIGONAL eee 
Properties: C ~ colorless, white, yellowish; S — 
white: L strong vitreous: D ~ transpareat to tans 
lucent: DE = 30; H~ 8 CL — imperfect: F— 
‘conchoidal; M ~ long prismatic to tabular crystals, 


‘Magmati in granitic pegma- 
ties; hydrothermal in greisens: metamorphic in mea 
schists associated with beryl, chrysoberyl apatite 
land quartz Primatic crystals up 10.250 mm (9'/in) 
Tong occurred in Kage. Norway. is also known 
from Sao Miguel de Pracicaba, Minas Gerais, Brazil 
in crystals, up to 100 mm (4 in) long. The other 
localities are Habachtal, Austria: Malyshevo, Rusia: 
‘Anjarabonoina, Madagascar. 

“Application: sporadically cut 38 gemstone. 


Willemite 
2n8'04 


TRIGONAL eee 


Properties: C~ whit, yellowish. ray, gran: S~ white; 


L= vitreous: D~ translucent: DE ~ 40; H- $5, CL— 
‘ood; FB conchoidal to uneven: M~ prismatic 
fabular crystal, radial aggregates, granular: LU 
aistint ight green. 

Origin and eccurrence: Metamorphic in marbles: 
secondary in the oxidation zone of ore deposits, 


Tops, 80 mom Thomas Range, USA 
Witenae, 76 0m, Tose, Kania 


associated with zincte, franklinte,herimorphite 
and smithsonite. Crystals upto 100 mien (4 in) across 
come from Franklin, New Jersey, USA, Mont St= 
Hilaire, Quebec, Canada 
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Forsterite 
OLIVINE Group 


MezSi0y 


Olivine 
OLIVINE GROUP 
(HF e)25i04 


ORTHORHOMBIC eee 
Properties: C ~ yellowish, grenish.colorles: $ ~ 
‘white: L vitreous, D~ transparent 0 opaque: DE 
3.3:H 65-7: CL ~ good: F~conchoidal 10 uneven; 
‘M— tabular to prismatic crystal, granular. 

(Origin anc! occurence: Metamorphic in regionally 
and contact metamorphosed dolomites. Typical rock 
forming mineral associated with enstatt, spinel 
phlogopite and chlorite, Green gezvy crystals upto 
'80 mm (3% in) long come from Suppat, Pakistan. It 
also occurred in Crestmore, California, USA. Mount 
Timobly, British Columbia, Canada and) Monte 
Som aly. 


ORTHORHOMBIC eeeee 


Varieties: cheysolite 


Properties: © ~ green, yellow-green (chrysolite), 
brown-een to Back-green; S~ white; L— vitreous: 
translucent o opaque; DE ~3.3-3.6: H ~6.5-7, 
‘CL good: FB conchoidal to uneven; M~ imperfect 
enjstals, granular 

(Origin and occurrence: Magmate in some ulra- 
basic rocks, eg. dunites, Therzlites, pordoties, 
fgabbeos and in meteorites. Typical roek-forming 
‘mineral, usually associated with diopside, magnetite 
and pyrope. Clase locality ofehrysolite is Zcbirget 
island in the Red Sea, Egypt, where tabular crystals 


‘upto 100 mm (4 in) across occurred. It is also known 
ffom the San Carles Indian Reservation. Arizona, 
USA. Olivine war found in many basalt rocks in 
ache See, Germany: Rockport. Mascachasetls, 
USA and elsewhere, 

Applicaton: chrysalite is eu as a gemstone. 


Fayalite 
OLIVINE GRouP 
FeySi04 


ORTHORHOMBIC eee 


Properties: C~ black-green to black: § - grays L- 
dull to vitreous: D ~ opaque: DE =42; H-6.5-7;CL 
00d; F'B conchotal fo uneven, M ~ imperfect 
prismatic crystals. granular, 
Origin and occurrence: Magmatic in granitic peg- 
‘alte, granites and syenites, associated with ortho- 
clase, gadolnite-(¥) and epidote; rare metamorphic, 
Poorly developed erysals up to 150 mm (6 i) Tong, 
found in pogmattes near Baveno, the Alps, Italy. 


Fayalie, 80 mos, Rockport. USA. 


11s also known from Strzgom, Poland and the 
Sawiooth Batholith Idaho, USA, 


Tephroite 
Olivine Grour 
HinySi04 


ORTHORHOMBIC oe 


Properties: C ~ gray, olvegresn, rod-brown; S— 
white’ L~ dull eviteous: D -tansluceat to trans- 
parent; DE~ 42: H ~ 6; CL - good: FB conchoidal 
to uneven: M ~ prismatic crystal. granular 

Origin and occurrence: Metamorphic in skarns 
‘and: Ma-rich metamorphosed sediments, together 
with rhodonite fanklinite and spessarine, Granu 
Tar aggregates and perfect crystals up 10 $0 mm (2 
in across known from Franklin, New Jersey. USA. 
Langban, Sweden. It comes also from Tarnobrzeg, 
Poland, in erystals, up to 80 mm (3% in) across. 


Tephroe.6omi,Harsigen. Soden 
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Pyrope3 im gras, Treble, Co Repub 


cusic eeee 


Properties: Cred to purple-e light purple, black- 
brown; $— white; L " witcous: D~ Wansparent © 


Alanine 38 mn. Ota sire 


Iranslucent: DE ~ 3.5; = 7-75; CL ~ nove: FB 
oneal 1 anever: M ~ isometie eas 
‘ranula. 

Origin and occurrence: Magmatic in some ult 
basic rocks. eg. Iherzolies.pridoites,kimberltes, 
ceclogtes and serpentnites; metamorphic in quar 
ites; also known from pacers. It is associated wi 
diopside, magnetite and diamond, It comes from 
‘many localities in ullrabasie rock, like Trebenice 
aad Mirunice, Czech Republi: Zobliz, Germany. 
“Madras India: Kimberley, South Africa. Crystals up 
0 250 mm (9% in) across were found in Dora 
‘Maria, the Alps, aly, 

‘Application: e035 a gemstone. 


Almandine 
GARNET GRouP 
FexAS13012 

cusic eee 
Properties: C - ed 'o purpe-ted biack-brown: S — 
‘white; = vteous: B= tansparent to translucent 
DE ~ 43; It ~ 7; CL — none: F B conchoidal to 
uneven: MB wellformed erysals, granular 

Origin and occurrence: Metamorphic in repionally 
metamorphosed rocks, as chlorite schists, gneisses, 


Spectre, 96 rm, Gig, Pokitan 


Grose 17 mmx. Asbestos, Canad 


mica schists and migmattes; magmatic in some 
‘ranites and pegmatite; also in placers. Well- 
developed exystals up to 150 mm (6 in) across are 
known from Ishikawa pegmattes, Japan and 
Shingus, Pakistan, It comes from many mica schists 
and gneisses as crystals, up to about $0 mm (2 in). 
like Fort Wrangel, Alaska, USA: Otzal, Aust; 
Bodo, Norway. It occurs in pacers near Ratnapur, 
Si Linka, 

Application: cut a a gemstone, abrasive material 


Spessartine 
GARNET GROUP 

MngAlaS0, 

cusic esse 

Properties: © ~ red. orange, light brown 0 


yellowish; 8 — white; L vitreous; D transparent to 
translucent; DE ~ 43; # ~ 7-7-5; CL— none; FB. 
conchoidal to uneven: M~perfect rysal, granular, 
Origin and occurence:’ Magmatic. in granitic 
pegmatites and some granites: hydrothermal in 
vite in hyoites: metamorphic in some skars and 
‘Mrerich metamorphic rocks, Perfect erystals up 0 30, 
‘am (If in) across were found in granitic pegaaties 
inthe Hercules mine, Ramona California, USA; near 
“Marienflas river, Namibia and in rhyolite cavities in 
Natrop, Colorado, USA. 

GGemmy crystal fragments up to 50 mm (2 in) across 
were recently Found in an undisclosed locality in 
Minas Gerais, Brazil 

“Application: cut a 2 gemstone. 


Grossular 
GARNET GRouP 
CayAS3012 


cusic eeee 


Vrleties: hessonte savrite 


Properties: C ~ red, green (savorite), orange, red 
brown (hessonite) io. colorless, 5. ~ white, L— 
vitreous; D~ transparent o tranlucent; DE ~ 3.4, H 
= 65-7; CL— none: F B conchoidal to uneven; M— 
perfect crystals, granola. 

‘Origin and occurrence: Metamorphic in Ca-ich, 
contact metamorphic rocks, skarns, rodingites; 
hnydrothermal along the cracks in these rocks, 
associated with diopside, vesuvianite, wollastonite, 
‘eapalte and epidote, Perfect crystals about 30 mm 
(Phin) aerossoecur inthe Jffey quarry. Asbestos, 
‘Quebec, Canada and Sierra de as Cruces, Coahuila, 
Mexia, 

‘Tsavorite crystals upto 50 mm (2 in) across come 
from the Tsavo National Park, Kenya and Merelani 
ills, Arusha, Tanzania. The other well-known 
localities are Ala, Italy and Ciclova, Romania 
GGrossular erystals up to 100 mm (4 in) in size in 
Vapenna, Czech Republic; Xalostoe, Metico and 
Sanaare, Mali 

Application: cut xs a gemstone. 
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Andrade 30 m2, Gram Ca, USA, 


Andradite 
GARNET GROUP 
CanFet*aSi2012 
cusic eeee 


Varieties: 


-manioid, melanie 


Properties: C ~ dark re, black-brown, brown. green 
to yellow-green (demantoid). blak-brown to black 
‘vitreous; D ~tansparent 

‘65-7; CL —none; FB 


Origin and occurrence: Metamorphic in Ca and Fe 
rich contact metamorphosed rocks. skarns. 
rodingites; hydrothermal along the cracks of these 
rocks; magmatic im some alkaline igneous rocks, 
‘usualy in the same localities as grossulr. Crystals 
up to 40 mam (1% in) across come from Sinerechens- 
kaye, Russia. Fine crystals were also found in the 
Namgar mine. Usakos, Namibia and Ciclove. 
Romania, Fine melanite crystals occur in Magnet 
‘Cove, Arkansas, USA, Demantoid crystals up t@ 30 
‘nm (1% in) across known from Val Malenco, Italy 
‘and in the Bobrovka river basin, Ural mountains, 
Russia, 

Application: demantoi is cut as a gemstone 


etait 5 wom sx Rud. Kezaboton 


Uvarovite 
GARNET GROUP 
eaxr283017 


cusic ee 


Properties: C— dak emerald-green: $ — hits; L— 
vitreous; D =u to translucent: DE ~3.9; H 
165-7; CL — none; FB conchoidal to uneven: M = 
perfect erystals, granular 
Origin and occurrence: Metamorphic and also 
hydrothermal ate almost ony limited 10 rocks with 
increased Cr conten, ultabasic rocks with chromite, 
serpentnites and skars, I oocurs a8 crystal upto 
‘mm (te in) across along cracks in chromite in 
Sarany, Ural mountains, Russia, Coystals up t0 20 
‘mm Cin) across come from Outokumpu. Finland, 
tis also known from Orford. Quebec, Canad 


Zircon 
25104 


TETRAGONAL, 


Serite: jargon, by 


Properties: © ~ yellow (argon), brown, yellow- 
‘brown, red-orange (hyacinth), red vo colorless; S— 
white: L ~ vitteous. greasy'to_adamantine: ‘D — 
transparent to translucent; DE — 47; H ~ 7.5; CL— 
imperfect: F B conchoidal to uneven; M ~ perfect 
Tong and shor prismatic erysals, granular: LU — 
yellow: RB sometimes radioactive and usually 
‘netamict 

(Origin and occurence: Magmatic and metamorphic 
as an accessory mineral in diferent rock types, arly 
hydrothermal inthe Alpine-ype and quart eins: also 


in sediments and places. Prismatic eystals upto 30 
em (12 in) across, occur in syenite pegmatite in Ren 
‘few and Banerof. Ontario, Canada. Its also known 
Jom Miass, Ural mountains and from Mount Vavnbed. 
Lovozero massif, Kola Peninsula, Russa. Classe 
jpecurrences in granite pepmaties are Ao Ligonta, 
Mevambigue: Arendal. Norway; Yiery, Sweden and 
Jaguaraqu. Minas Gerais, Baal. Gemmy 2ircons of 
differen ols upto 80 im (sin) in sine come from 
placers near Ratrapura, Sri Lanka and elsewhere 
plication: hyacinth and jargon arc cut as gem 
Sones, Zr ore: 


icon, 20mm x, Vchnevogork, Url Mie, Ress 


Exits 2m 3 Schnotorg Germany 


Republic; Schneeberg and Johanngeorgenstadt, 
Germany 


Properties: C ~ brown, yellow. gay, colorless: $ ~ 
white L greasy: D. translucent: DE ~ 6.6; H 
4.5;CL— good: FB conchoidal o uneven; M—small MONOCLINIC © © 
dipyramidal crystals. adial aggregates, granular 

Origin and occurrence: Secondary it Bi deposits, Properties: C — colores whit, greenish, blue; $ ~ 
‘ypically associated with Bismuth ‘whites L~ viteous: D ~ wransparent to translucent: 
Tis small erystals come from Hom Slavkox: Czech DE ~ 3.1; H ~ 75: CL. — good: F'B. conchoidal to 


uclace, 42 om, Minas Nous, Breil 
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uneven: M — long prismatic crystals, radial aggre- 
sates. granular. 
Grignard occurence: Hyérothermal occurs in 
peprattes greisens and in guar and Alpineype 
ens; rare in pacers Wellformed crystal up to 80 
rm Gin) in size known fiom Sana do Encobero, 
Minas Gerais, Brazil Blue crystals upto $0 mm (2 
across occurred inthe Last Hope Mine, Karo 
Zimbabwe. It also come from tke seéimenis of 
Sanarka River, Ural mountains, Russa. Datk blue 
crystals up 10 150 mm (6 in) across were found 
recently inthe Chvor Mine, Colombia. 
Applicaton: locally cata a gemsione. 


Sillimanite 
‘AiSi05 
ORTHORHOMBIC se eeee 
Properties: C ~ white. gray. grenish. yellowish: S— 
‘white: L vitteous 10 dull, D ~ transparent 10 
tanslucen; DE ~ 33; H ~ 6-75; CL good: F 
‘uneven; M long prismatic crystals, fibrous aggre- 


Almost exclusively metae 
morphic in gneisses and migmatites; only rae 
‘magmatic in pegmatites and granites: also in pacers. 
‘Typical rock-forming mineral, very commonly 
associated with andalusite. Typical localities are 
Bodenmsis, Germany and. Mar_tkov, Czech Repub 
lie. Gemmy crystals upto 20 ram (sn) long are 
[known from Rakeana-Deniyaya, Se Lanka. 


Andatusite 
‘AhSiOs 


ORTHORHOMBIC ee ee 


Fries: chiastolite, virgine 


Properties: C— pink, red-brown, red, gray, whitish, 
igen (vinidine); S- white: L— vitreous to dull; D— 
‘anslucent to transparent, DE ~ 3.2; H ~ 6.5.7 
CL — good; F — uneven; M ~ prismatic erystais, 
fibrous aggregates, granular, massive. 

(Origin and occurrence: Metamorphic in regionally 
and contact metamorphosed rocks; magmatic in 
Degmatites and granites, hydrothermal in qartzites. 
‘Typical rock-forming mineral, commonly associated 
‘sith sillimanite, corundum and cordirie, Re- 
‘owned localities are Lisens. the Alps, Austria; 
Bimboverie, South Australia, Australia. Green 
‘gemmy crystals come from Moro do. Chapeu, 
Bahra. Vee i Known fom Dare, 
rman. 


(Chasotih, 20 mm, Binowrie Austaia 


Kyanite 
AiSiOs 


TRICLINIC e8ee 


reous to dull, D 
‘eansparet fo wansiucen: DE~ 3.6; H ~4.5-75;CL~ 
food: F — unoven; M prismatic to tabular ery, 
‘Mbrous aggregates, granular, massive. 

(Origin and occurrence: Amst only metamorphic 
regionally metamorphosed rocks. mica. schist 
aneisss, granultes and ccloites: less frequently 
‘magmatic in pegmatites and granites; rarely 
Inydothermal in quartz veins. Typieal rock forming 
mineral, associated with andalusve and sllimanite 
Blue columnar aggregates and crystals upto 150 mm 
(in) long occur in Bara do Salinas, Minas Gerais, 
Brazil. Other renowned localities ate Pizeo Forno, 
Switzerland: Prilep. Macedonia 

Peninsula, Russia, 


Keivy, Kola 


Keane, $7 mm, Minas Gori, Bit 


pes 18mm xs, Ghana Hl, Piste 


Topaz 
EE roe 


ORTHORHOMBIC eee 
Varieties: pyenite 


Properties: C~ colorless, blue, yellow, gray, white. 
sreenish, pinkish red: S = wtreoos; D 
Ueansparent to. vanslicer 

good: F - uneven: M~ perfect prismatic 10 tabular 
rystals, radial and columnar aggregates, granular. 
Origin end occurrence: Magmatic in pegmatites 
1nd granites: hydrothermal in greisens, in rhyolite 
cavities, in quarts veins, also in placers. ‘Topaz 
fxysals in pegmatites aro occasionally very large. 
Tike the crystal measuring 80 x 60 x 60 cm (3144 x 
24x 24 in) across from Fazenda do Funil erystals 


up t0 30 em (12 i) from Viegem da Lapa, both 
“Minas Gerais, Brazil. Blue, brownish and bicolored 
crystals up to 40 em (15% in) long come from 
Nolodarsk  Volynski, Ukraine, "Other topaz 
localities are eland, Norway, Murzinka, Ural 
mountains, Russia, Litle Three mine, Ramona, 
California: Pikes Peak, Colorade. USA; Gilgit, 
Spatope, Namibia Orange triton 
(imperil topaz) comes from quartz veins n 
Fret Mina Geain Bal Fink topaz crystal sp 
1 70 mm (2% in) found at Mount Ghundao, 
“Mardan, Pakistan. Important topaz specimens were 
also found in Schneckenstein, Germany: Thomas 
Range, Utah, USA: Nerehinsk, Siberia. Russia 
Columinar aggregates of pyenite come from 
Cinowee. Czech Republic and Alienberg. Germany 
Application: cut 363 gemstone 
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Stowe. 80 mm, Kei Kole Russia 


Staurolite 
FepAlgSigO2n10H)2 


ORTHORHOMBIC eee 


Properties: C ~ dask to light brown, yellow; S— 
‘white; L ~ dull wo vitreous: D ~ wansparcat to almost 
opaque: DE ~3.7; H~7-7.5, CL ~ good; F- uneven; 


Sapphire. 26 nm, Wohimena, Madagascar 


M = prismatic fo tabular crystals and their combi 
nations, granular. 

Origin and occurrence: Metamorphic in regionally 
metamorphosed rocks, gneisses and mica schists: 
‘are magmatic in granites also in placers, commonly 
associated with almandine, andalsite and kyanite 
Crystals upto 50 mm (2 in) across come from Pizzo 
Foro, Switzerland, It is also known from Rio 
Amita, New Mexico, USA. Is crossike twins. up 
to 200 mm (7k in) across, occur in Keivy, Kola 
Peninsula. Russia and Morbihan, France 


Sapphirine 
Ma2AlgSiOi9 


MONOCLINIC #@ 
Properties: C~ dark to light blue, green: S~ white: 
L = vitreous to dul: D — transparent to translucent, 
DE~ 3.5; H~ 75; CL imperfect, F— uneven: M— 
tabular erystals, granular 

Origin and accurrence: Metamorphic in regionally 
metamorphosed rocks, rich in Al and Mg and poor in 
Si, associated with spinel and corundum. Crystals up 
to 40 mm (Iwin) across come from Fiskenaesset, 
Greenland: Betrka and Androy, Madagascar. Other 
localities include Val Codera, Italy and Enderby 
Land, Antartica 


Clint, 19 oy, Kab a, Tdehbon 


Chondrodite Chapmanite 
MesSin04(OH.F hz ‘SoFaP*Sin0g(OH) 
MONOCLINIC eee MONOCLINIC oe 


Properties: C = yellow: greenish, brown: S — white; 
[L~ vitrsous to dull D = tansperent 0 translucent: 
DE ~3.2;H - 6-65; CL ~ imperfect; F~ uneven: M 
~erystals of diferent habits. granular 

Origin and occurrence: Metarnorphic in contact and 
regionally metamorphosed carbonate rocks. rare 
‘magma in earbonattes, typically associated with 
spinel, conte and phlogopite, Perfeet crystals up to 
530 mm (2 in) long come from te Tlly Faster mine, 
Brewster, New York, USA. Other localities are 
Panga, Finland: Mone Somma, lly: Riverside, 
California, USA. 


Clinohumite 
MapSieO1g(OH.F)2 


MONOCLINIC eee 


Properties: C~ yellow, red, brown. white: S~ white; 


‘Origin and occurrence: Metamorphic in contact and 


regionally metamorphosed carbonate rocks, 
serpentinite and tale schists, assorated with spinel, 
chlorite, forsierite. serpentine and phlogopite 
‘Geramy yellow crystals upto 30 mm (1 in) across 
come from KukhicLal. Pamir, Tajikistan. Other 
localities are Pargas, Finland; Monte Somma, Italy: 
Jensen quay, California, USA, 


Propertcs: C— olive-prcen to dark yellow: $ — 
yellowish to yellow; L “ull; D— translucent: DE ~ 
3.7; = 25; CL ~ imperfect: F ~ uneven: M = 
elongated crystals. massive. 

Origin and occurrence: Hydrothermal and 
secondary in the cracks of rocks. sometimes with 
stibnite. Tis massive augregates occur in Smilkov 
near Votice, Czech Republic: in the Keely mine, 
Cobalt, Ontario, Canada. 


Chapman, mm, Femek Slab 
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Braunite 
MaPP¥a3* 81012 


TETRAGONAL eee 


Properties: C= back, black gray, Black brown: S 
‘gj: L—submaalc to metalic: D - opaque: DE 4.7, 
#665; CL~ perfect Funeveno conchoidal M— 
<ipyamidl crystal, ganar 

(Origin and occurrence: Metamorphic in regionally 
and coniet metamorphosed rocks; hydrothermal ia 


Thawmane 3 mm azgrgate, Maglove, Soatio 


stdimentary rocks rich in Mn and in hydrothermal 
‘eins, associated. with hausmanie, pyrolsite and 
‘other Mn minerals. Its perfect erystals up 10 70 ram 
(@% in) long. come from Kacharhavee and Tirdi, 
India It is also known fom Langban, Sweden: Ifeld 
and lImenau, Germany: St. Marcel, Italy; Tizi 
‘Bashkun, Morocco 

Application: Minor. 


Thaumasite 
E24Sin(COn)a(S04)2(0H)12 24 HO 


HEXAGONAL oe 


Properties: C — white 19 colorless: § ~ white: L~ 
vitreous to dull: D~ transparent to iranslucent; DE — 
18H ~ 35; CL — imperfect, F uneven: MB 
acieular aggregates, granclr, massive; LU~ white. 
Origin and occurrence: Hydrothermal oF meta- 
'morphic in contact metamorphosed carbonate rocks. 
usually associated with other Ca silicates and 
carbonates, like etringte and prehnte. Typical he 
Tits are Crestmore, California, Wes! Paterson, New 
Jersey. USA. Langban, Sweden; N'Chwaning mine 
No. 2 Kuruman, South Africa, 


Titanite 
caTi0siO, 
MONOCLINIC eeee 
Properties: C_ colorless, yellow, brown, green, gray 
to black: S ~ white: L~ itreous to dull D ~trans- 
paren, translucent to opaque: DE ~ 3.5: H~ 5.5.5: 
CL good: F— uneven to conchoidal: M tabular 
ceystals and their combinations, granular, massive. 
Origin and occurrence: Metamorphic and magmatic 
88 common accessory mineral in many igneous and 


Thane, 20m x. Soba Aria 


‘metamorphic rocks and pegmatites: hydrothermal in 
the Alpine-type veins: also in pacers. 

“The most beautiful crystals upto 180 mm (7s in) 
long occur in Alpine-type veins in Tavetsch and 
‘Binal, Switzerland: Zillertal and Felbertal, Ausra: 
Dodo. Polar Url, Russia. Lane. poorly developed 
cxystals weighing up to 40 kg (88 1b) come from 
Egamille, Ontano, Canada and Rosse, New York. 
Usa. 


Chorio, 30mm, de Col, Pance 


Vv 


Fersmanite 
(a.Ca)q(TiND) 28201 (OHA 
TRICLINIC 88 


Properties: C light to dark brown; $ -white; L = 
vitreous to dull: D~ translucent: DE~3.5,H- $-5.5: 
(CL none; F ~ uneven to conchotdal: M ~ tabuiar 
ental 

(Origin and occurrence: Magmati to hysrothermal in 
alkaline pegmaites together with poctlit, apatite and 
Slides. Crystals up t0 30 mm (Wi in) across known 
fiom Mount Eveslogchorr, Khibiny, massif. Kola 
Peninsula, Russia. 


Chloritoid 
FezAlgSiz0 o(OH)2 


MONOCLINIC, TRICLINIC #0e 


Properties: C- dak pray. pray-green oblackgreen 
‘Say; L— vitreous to dul: D~ wanslucent: DE — 
36,165, CL — perfect F uneven to conchoidal, 
AC tabular crystal, foliated and scaly aggregates, 
granular. 

‘Origin and occurrence: Metamorphie in some mica 
schists and phyllites; hydrothermal alteration 
product in lavas, Typical localities are. Zermatt, 
Switzerland; Ottez, Belgium: Pregraten, Ausra, 
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Davo 30 ma x. Delnegorsk Russia 


o4oH 


MONOCLINIC eee 
Properties: C - white t0 colorless, yellowish, 
‘greenish. gray, S~ white: L vitreous 9 dul 
‘eansparent to translucent: DE— 3.1: H~5-5.5:CL— 
onc: F uneven to conchoidal: M ~ prismatic 10 
tabular crystal, nodules, granular, 

Origin and occurrence: Metamorphic and 
hydrothermal in contact metamorphosed rocks. in 
cavities in voleanie rocks, in ore veins and pegma~ 
ties. It is commonly associated with zeolites, 
prehnite, calcite and aso with tourmaline. Prismatic 


Gadolnite¥ 60 mm, Hater. Norway 


and tabular exystals up 10100 mm (4 in long occur 
in Dalnegorsk. Russia. Other typical localities are 
‘West Paterson, Now Jersey. Keweenaw Peninsula, 
Michigan, USA: Haslach. Germany: Charcas, San 
Lis Potosi, Mexico. 


Gadolinite-(Y) 
YaFeBe2520 10 


MONOCLINIC ee 


Properties: C black, datk od, brown. greenish; S— 
‘ray-green: L— vitreous o greasy, D transparent to 
translucent; DE ~ 4.4; H = 6557; CL ~ none; F ~ 


Haslte.30 mn. Cabijornia, USA. 


conchoidal: M ~ prismatic crystals, granular; R 
locally metamict. 

(Origin and occurrence: Magmatic in graites and 
pegmatite, locally associated with fluorite and 
allanite; are hyérothermal inthe Alpine-type veins. 
“Agategates. upto 40 cm (15% in) across come fiom 
Hittero. Norway. Barringer Hill and Clear Creck, 
‘Texas, USA yielded aggregates, weighing up to 90 
kg (198 tb). Other famous localities are Blatchford 
Lake, Northwest Territories, Canada; Baveno. the 
‘Alps. tal: Iveland Evje, Norn. 


Kornerupine 
MeAlg(Si.A.8)5021(H) 


ORTHORHOMBIC 


Properties: C colorless, white, greenish, gray, 
brown: $ — white: L ~ vitfeous to dull; Dans 
parcat to translucent: DE - 3.3: Il ~ 65-7; CL — 
fone; F ~ conchoidal; M ~prismatie erystals, adil 
segregates, granu 

(Origin and occurrence: Metamorphic in strongly 
metamorphosed rocks, as granulites. Crystals up 
to 230 man (9% in) across known from Fisken- 
aesset, Greensland. It also occurs in Lac Sie- 
Marie, Quebec. Canada: Waldheim, Germany: 
trongay, Madagascar, 


Dumortierite 
(ALTIMBALSBSiy 


ORTHORHOMBIC 


Properties C~ purple, pn, blue, bron; S— white, 
L= vitreous o dul: D ~ wansparent to translucent. 
DE ~ 34; H ~ 85; CL ~ good: F ~ uneven; M 
prismatic crystals, radial and acieu! 

(Origin and occurrence: Metamorphic in some Al- 
rich metamorphic rocks, eg. in migmatites and 
gneisses: magmatic in granites and. pegmatite 
hydrothermal in altered rocks. It comes from 
Dehesa, California: Rochester, Nevada, USA: Beau- 
nan, France; erysals ae known from the vicinity of 
‘Kutna Ilora, Czsch Republic; Soavina, Medagascar 


Howlite 
CazBsSiOg(OFs 
MONOCLINIC @@ 


Properties: C- white: S~ white: L vieous to dull: 


transparent to translucent; DE 2.5;H~3.5;CL. 
~ good: F uneven: M— 


bola erystals, nodules, 


deposits. associated with ulexite and coleman 
‘Crystals, several em across. come from the vicinity 
‘of Bras d'Or Lake, Nova Scotia. Canada, It occurs 
also in Lang and Dagget. California, USA. 


Kornerypine. 9 nL Sie-Mari. Canals 
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Copastodemstit 82 mn. Mason Za 


Cuprosktodowskite DE_ 38: H—4; CL good: Funoven; M rai, 
Cu¥O2)9520} -6 Ha aceula aggregates. thin coatings granular massive, 
So —_ strong radioactive 

MonoctiNic Origin un occurrence: Seconéar 


zone of U deposits, associ 7 
Prparis: vais hus of grec: $ erenish; forbes wranaphane and ote secondary mc 
ous to dull; D ~ transparent io translucent; nerals. Crystals, up to several em long. come frorn 


the Mashamba West mipe. Musonei, Zaire It also 
‘occurred in Jachymox, Czech Republic. 


Uranophane 
€x{UO 328207 .6 H0 


MONOCLINIC see 


Properties: €~ various hes of yellow o brown: S ~ 
Yellowish: L ~ vireous wo dull D~ arsparen to 
fansncens DE 39: 1-25. CL~ poo F 

tneven; M~ radial accoar aggrgsts. thin 
Stings, pie mae Lyon gre 
Orit amd accurence: Secondary inthe oxidion 
fone of" U deposits ax + product of wane 
Bernlon. asoeated with sutunte.trberte a 
tthe secondary U minerals Needles pt 10 mm 
ie fone ame fom Moot Sao, 


is also known ffom the Faraday mine, Baneron. 
Ontario. Canada lt occurs in Wolsendor, Germany, 
as well a5 in Jachymoy. Czech Republic 


Kasolite 
P2(U03)Si04 20 


MONOCLINIC ee 


Propertice: C ~ various hues of yellow, green 10 
brown! S~ yellowish: L vitreous to dull D~ wans- 
lucent to opaque: DE -62; H 4.5: CL~ good: F— 
uneven: M-pismaie crystals. radial and acicular 
aggregates, thin coatings, granular, massive; R 
strong radioactive. 

Origin and occurrence: Socondary mineral in the 
oxidation zone of U deposits. It is a. product of 
Uuraninite alteration and is associated with 
turanophane, torberite and U hydroxides. Crystals 
‘up to. 10 mim (% in) long occur in Shinkolebwe, 
Kasolo, Zaire and Mounana. Gabon. 


Akermanite 
EaghySin07 


TETRAGONAL 908 


Properties: C~ white, gray, gren, brown; S— whit 
{L—vitreous to dull; ~ transparent vo translucent 
DE - 29; H- 55: CL ~ good: F ~ uneven to 
‘onchoidal: M ~shoet prismatic crystals, granular, 

Origin and occurrence: Magmatic in volcanic basic 
focks: metamorphic in conlact metamorphosed 
mates. A typical representative of localiisin 
marbles is Crestmore, California, USA. It occurs 
also in Ca-ichvoleanic rocks in Velardena, Mexico. 


Aermanite 5 m2 Mt Havas, tay 


TETRAGONAL 200 

Properties: C— white, gray. yellowish; S ~ wh 
‘treous to dul; D ~ wansparento translucent; DE 

~30; H~ 5-6: CL — good: F-uneven to conchoidal: 

‘M~ short prismatic crystals. granular 

Origin and occurence: Magmatic in volcanic basic 

rocks: metamorphic in contact metamorphic 

‘marbles, 

occurs in Crestmore, California. USA: Monzoni, 

Italy: Oraviza, Romania and elsewhere 


au 


cite 20 maxx Dlnegorsk. Russia 


Mai 
Cafe? Fe}*5i20,(0H) 


ORTHORHOMBIC eee 


Properties: C— ak ck gry lack = 
etait GD “opaque DE 4s 5 
SEL goo Fee Mpa rye 
Grin ond occurence: Meamerptic ad yd 
thermal in const metamorphosed Fe, Zn and Ca 
Seponts Prat cys 0100 mn og 
coms rom Rio Mara Elba a Crystals po 90 
for 2 i) long are known fom Serf land, 
‘Gre. Crysis, seven! om long ocr ao in 
Dalnegosk Rasa and inthe Lay mine. Lak, 
Usa 


Bertrandite 
450 710H)2 


ORTHORHOMBIC ee 


Properties: C ~ colorless, white, yllowish; $ — 
‘white: L~ vitreous (© dull; D —wansparent to 
translucent; DE ~ 2.6; H ~ 6-7: CL ~ perfect: F = 
‘uneven: M ~ tabular erysals and their combinations, 
radial aggregates, granular, massive 

Origin and occurrence: Hyérothermal in granitic 
pegmatite, greisens and in hydrathermal veins, 
together with beryl also as pseudo-morphs afer 
beryl Tabular crystals up to 50 mm (2 in) across 
‘occur in Consetheta Pena, Minas Gerais, Brazil 1s 
Known from Kountad and Kara-Oba, Kazakhstan in 
crystals up 10 30 mm (Vm in) across. I also comes 
{rom Stoncham, Maine, USA; Pisek, Czech Repub 
lie and Iveland, Norway. 

“Application: the most important Be ore 


Hemimorphite 
Zn45inO7(OH)a HzO 


ORTHORHOMBIC 8 08 


Properties: C— coloress, white, yellowish greenish; 
‘S white: L~ vitreous to dull — transparent 10 
translucent; DE ~ 3.4; H ~ 45-5; CL — perfec: F~ 
‘uneven: M~ tabular crystals and thet combinations, 
botryoidal and radial aggregates, granular, massive. 
Origin and occurrence: Secondary in the oxidation 
zone of Zn deposits, associated. with sphalerite. 
Ssmithsonite and cerusite- Crystals up 19 100 mon (4 
in) long come from Bisbec, Arizona, USA.. Iti also 
from the El Potesi Mine, Santa Eulalia, Chihuahua, 
“Mexico, Bleiberg. Ausra; 
Application: Za ot. 


Hemimarphite, 30 mon x Map, Mico 


Lamprophylite 
Nag5r2Ti3Sig0 OH) 


MONOCLINIC 9 


Properties: C~ brown to dark brown: S — white; L = 
‘ieous to submetalic; D~warshuent; DE~ 3.5; — 
23; CL perfect: F— uneven; M~ tabular erystals, 


Henimorpite 26 mu. Arizona, USA 


«adil agaregates 
‘Origin and accurence: Magmic i alkaline syenites 
and. their pegmatites, associated. with nepheline, 
aegirine and eudialye. The best crystals up to 150 mm 
(Gin) long come from Mount Flora, Lovozero massif, 
Kola Pesinsula, Russi It is also known from 
Langesundstjord, Norway and Mont St-Hilate, 
Quebec. Canada 


Lampropyite 50 nm sx, Lvocoro Mess Kola Russia 


tincciie 36 mm. Eben Mle. USA 


i. 


Clinozoisite 
CapAls55012(0%) 
MONOCLINIC eeee 
Properties: C~ colorless, yellowish green, pink: S 
white; L — viteous to dull, PS transparent 
translucent: DE ~ 34; H ~ 6: CL ~ good; F — 
‘uneven; M ~ prismatic erysals, columnar. radial 
aggregacs. granular, massive 

ait an ecurece! eamorc sn by- 
thermal in contaets of marbles and in the Alpine. 
‘ns Prismatic cysts upto 6D mm (2 in) long 
‘come fom Radoy Island. Norway. It comes also 


from Eden Mill, Vrmoot: Allen Park, Colorado, 
USA: Pinos Altos, Baja California, Mexico. 
Epidote, 

CayALFe?*)95iy0 10H) 

MONOCLINIC eeeee 


Properties: C - green, brown, greenish. yellow 
‘eon: white: L~ vitreous to dull D~ tanapatent 
fo translucent. locally opague; DE ~ 34: H=6-7;CL 


= ood: F ~ uneven: M.~ prismatic crystals, 
columnar and radial aggregates, granular. massive 
Origin and occurrence: Metamorphic in marble! 
‘granite contacts; hydrothermal in the Alpine-ype 
‘eins and in hydrothermally altered rocks, typically 
associated with abit, prehnite and amphibole. is 
tren crystals up 10 140 mm (596 in) long. were 
found in Sobotin, Czech Republic, Perfect crystals 
‘up 19 100 mm (4 jn) across come from Knappe 
‘wand, Austria Thick tabular erystals oceur in Prince 
fof Wales Island, Alaska. USA. Fine crystals, 
resembling Austin crystals, were found reondly i 
Alehuri, Shiga, Pakistan. Fine columnat aguregates 
‘of erystals are known from Paripa Blanca, Peru and 
also reported from Arendal, Norway 


Piemontite 
caine) 5h; 


MonocLiNic 


1012(0%) 


Properties: C — red-brown to black, crimson, red- 
yellow; S~ white: L~ vitreous to dul, D= ranstucen, 
focally opaque: DE 3.5; H ~ 6: CL — good: F 
uneven; M'~ prismatic crystals, radial aggregites, 
granular 

‘Origin and occurrence: Metamorphic in shal and 
Mecrich metamorphic rocks; rare magmatic in 
shyolites and pegmatite. Needles up 30 mm (Iie 


‘idone Dasevon Azeri 


pido. $0 nm. Koappensand Austria 


in) long come from St. Mareel, Piedmont, Italy and 
‘Otakiyama, Japan. 


Allanit-(Ce) 
(€aCe.Vi(AlFe*)9530 (0H) 


MonoctiNic . 


Properties: C — black to dark browns S~ ight pray: 
greasy to submctalic; D~trasfucont to opaqus: 
DE~39/11 55-6: CL none: F conchowlal to 


Prem 4S nm Todi, ore 


uneven: M_ tabular erystal, granular R — usualy 
Origin and occurrence: Magmati in peymatites and 
granites: metamorphic in 

morphie rocks. ¢-g. migms 
sneisses. Grains, up to 70 em ¢ 
in pegmatite near Baneroft. Ontario, Canada. Also 
‘occur in Barringer Hill Colorado: Amelia disie, 
Virginia, USA, Arendal and Hite, Norway; 
by and Raat, Sweden; Yates mie, 
Cana 


Alani AC), 0 Vey Spain 
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Tarzan, 37 mw Arusha, Tarzana 


Zoisite 
CazAty5{)01 (0H) 


ORTHORHOMBIC ee 


Varieties: thulite tanzanite 


Propertos: C~ colorless. yellowish, goon, pink, od 
‘ty, blue (tanzanite ‘L— vitreous to 
ull; D ~ transparent to tanslucent; DE ~ 3.4; 
165; CL — good: F~ uneven: M prismatic crystals, 
radial aggregates, granular 

(Origin and occurrence: Metamorphic in regionally 
‘rcamorphosed Ca-ich rocks, mainly in_pyroxenic 
gneisses, amphiboites and in marble contacts. It is 
Known from many localities lke Saualpe. Austria: 
Zermatt, Switzerland: Lexviken, Norway (thulte, 
“raverslla, Italy: Alehuri. Pakistan; Merelani Hills, 
‘Arusha, Tazania (tanzanite), where crystals up 1 70 
‘am (294i) long were found 

Application: tanzanite and thulite are cut as gem- 


Thule, 40 oy, Leriton, Norwoy 


Vesuvianite 
Caig(ALMt.Fe) 3Sire06a(OH.FO) 0 
TETRAGONAL eee 
Properties: C~ brown, yellowish. sten, be. purple, 
colores: S— white! L ~ vieous to dil D — 
transparent to translucent: DE ~ 3.3: H— 6-75 CL — 
imperfect: F~ uneven to conchoidal: M ~ prismatic to 
tabular crystals columnar aggregates with radial 
SSroctre, gramslar, massive 

‘Onigin and occurence: Metamorphic and bydo- 
thermal in contact metamorphosed Ca-rich rock. 
mainly in skarns, in matble contacts, also. in 
rodingies: rarely magmatic in alkaline rocks. I is 
Usually associated with grossular,wollastonte and 
diopside, Perfect green crystals up to 180 mm (7+ 
jn) ong and purple crystals up to 70 mm (2% in} 
Tong come from the Jeffey quarry. Asbestos, 
Quebec, Canada. It is also known from Hazlox 
Cacch Republic, Cresimore, California. Franklin 
‘New Jeney. USA; Monzoni 


Viluite 
Cay g(ALMe) 


TETRAGONAL 


N10 


Properties: C— dark green gray-brown: S — whites. 
viteous o dll: D transparent to translucent; DE 
= 3.4; H— 6: CL — imperfect: F ~ uneven to con- 
choidals M = prismati crysis, 


Pili, 30 mm, Vii Rive, Rass 


enon, 110 wm, Aces, Cond 


Origin and occurrence: Metamorphic in serpent 
nized skarn, associated with grossular. lis perfect, 
ppismatic erytals upto SO mm (2 in) long are only 
Known fromthe Vil River basin, Yakuta, Rusia, 
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Benitoite 
BaTISi90y 


TRIGONAL oe 


Proper: Cue pik wis oes 
'D~ wansparen to translucent 
De sae TT 665. CL-imperea: - ancy 6 
conchoidal: M~ prismatic to tabular crystals, mainly 
With trigonal eross-sction: LU bluish 
Origin and occurrence: Hydrothermal in veins, 
ig serpentinites, aways associated i 
‘eptunite and natolite. Tis classic locality i the 
Benitoite Gorm minc, San Benito Co. Californ 
USA. where it forms tabular crystals upto 40 mm 
(hein) across 


Catapleiite 
NagZr3ij09 20 
HEXAGONAL 08 
Properies: C_~ light yellow. yellow-brown, pink 
bwown, bluc. S~ white: L~ viucous to duly D 
ransparen to opaque: DE 2.8: H~$-6; CL good: 
F = uneven; M = thin tabular crystals, lamellar 
aggregates. 

Origin and occurence: Magmatc in nepheline 
Syemites and their pegmatite, together wth srgirine, 
iat, nepheline and miroctine occurs in Mont 
‘StHilate. Quebec, Canad, a tabular erytals upto 


ene 26s Sa ely C0. USA 


150 mm (6 in) across, Crystals wp 1 30 mm (Win 
across come from Mount Yukspor, Khibiny msi, 
Kola Peninsula, Rusia, Is also known from Lango- 
sundsjord, Norway; Magnet Cove, Arkansas, USA. 


Eudialyte 
Nag(CasFe,Ce.Mo) 325140 @(OH.CD 
TRIGONAL 90 
Properties: Cred pink ob: ~ whit; L— vos 
to dll D- wansarent fo vansicent, DE~ 28:11 ~ 5 
5:3; CL. — impertet. F ~ uneven: M ~ prismatic and 
faba ryt granular. 

‘Origin and occurrence: Magmatic in nepheline 
syenites and. their pegmatite. associated with 
‘esting, nepline and meroctne, Crystals up 10 80 
mmm (in) aeross.come from Mount Kukisvum 
hor, Khibiny massif. Kola Peninsula, Russia. Crys- 
tals up to 50 mm @ in) across are aso known from 
Mont StHiie, Quebec, Canada I also curs in 
Langesundsjond Norway and in Los Island Guinea 


Ferroaxinite 
agFeAlzBSi405(0H) 
TRICLINIC =e 8e 


Properties: C ~ brown to purple- brown, light 
purple; S ~ white: L~ vitrous to dull; D ~ trans- 


Cotphite 37m Mont SH, Coma 


dae 20-mm grin Kibiny Masi Kola ssi 


parent to wanslucent: DE 33: H 6 $7; CL 
‘ood: F- uneven to conchoidal, M~taularerystals, 
Diaby aggregates. granular. massive, 
‘Origin and occurrence: Metamorphic and hyéro- 
thermal in contacts of marbles and. granites, 
associated with clinozosite.prchnite,calete and 
Aactnolite als in the Alpine-ype veins and pegm: 
ties, Perfet tabular erystals up to 150 mam (6 
across come from Puiva, Polar Ural. Russia. Other 
renowned localities are Obira, Japan: Bourg 
£Oisans. France; Monte Seopi, Switzerland 


Tinzenite 
alti Fe)2AtgBSi405(0H) 


TRICLINIC 


Properties: C— yellow, orange to ed S — whites L— 
‘iyous to dull: wansparcnt to translucent: DE 
33:11 65-7: CL ~ good: F— uneven to conchoidal, 
1M ~ tabular crysis, platy and fibrous ageregtes, 
granola, massive. 

Origin and occurrence: Uiydotherma in the Alpine 
type veins, crosscutting & rock, rich in braunie. I 
comes from Tinzen, Valid, Switzerland and in the 
(Cassagna mine, Genova, lal 


Ferman, 62mm. Khapal, Roksan 


seni, 10m, el Grave ay 
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SPECIAL SECTION ON INTERNET OF THINGS (oT) IN SG WIRELESS COMMUNICATIONS 


IEEE Access 


al tri 8m ce ae 260130 


: GUEST EDITORIAL 


Internet of Things (loT) in 5G Wireless 


Communications 


During the past decade, the Internet of Things (IoT) has 
revolutionized the ubiquitous computing with multitude of 
applications built around various types of sensors. A vast 
amount of activity is seen in loT based product-lines and this 
activity is expected to grow in years to come with projections 
as high as billions of devices with on average 6-7 devices per 
person by year 2020. With most of the issues at device and 
protocol levels solved during the past decade, there is now 
a growing trend in integration of sensors and sensor based 
systems with cyber physical systems and device-to-device 
(D2D) communications. 5! generation wireless systems (5G) 
are on the horizon and IoT is taking the center stage as devices 
are expected to form a major portion of this 5G network 
paradigm. IoT technologies such as machine to machine 
communication complemented with intelligent data analytics 
are expected to drastically change landscape of various indus- 
tries. The emergence of cloud computing and its extension to 
fog paradigm with proliferation of intelligent “smart” devices 
is expected to lead further innovation in IoT. These devel- 
‘opments excite us and form a motivation to survey existing 
work, design new techniques, and identify new applications 
of loT. Researchers, scientists, and engineers face emerging 
challenges in designing IoT based systems that can efficiently 
be integrated with the 5G wireless communications. 

‘We received enthusiastic response to our special issue call 
for papers. A total of nine high quality papers were received 
‘ut of which only seven were selected after a thorough review 
process, Invited articles were sought from two highly cited 
and accomplished researchers. Dr. Mischa Dohler (Fellow 
IEEE, Kings College London, UK) and Dr. Mung Chiang 
(Fellow IEEE, Princeton University, USA), 

‘The first article MIMO-NOMA design for small packet 
transmission in the Internet of Things”, written by a collabo- 
rative team of researchers Ding et al.,, opportunistic serving 
mechanism is designed as part of the effort in the novel 
paradigm of Multiple Input Multiple Output Non-Orthogonal 
Multiple Access transmission scheme. Under the proposed 
method, one user is completely served with their quality 
of service requirements completely taken care of whereas 
second user is served opportunistically under the NOMA 
paradigm. The main contribution of this article is a design 
with two sets of system parameters, precoding and power 
allocation coefficients, in order to ensure that the potential 
of NOMA can be realized even if the users’ channel con- 
ditions are similar. Two types of power allocation policies 
are developed in this paper. One is to meet first uset's QoS 


requirements in the long term. For example. in onder to 
satisfy its targeted outage probability. The other is in which 
to realize second user's QoS requirements instantaneously, 
eg, the power allocation coefficients are designed to realize 
its targeted data rate for each channel realization. 

Machine to machine communication has a significant role 
to play in emerging internet of things paradigm in years 
and decades to come, The emerging IoT-SG scenario extends 
sensor based IoT capabilities to robots, actuators and drones 
for distributed coordination and low-latency reliable execu- 
tion of tasks at hand. In the invited work titled “Enabling 
the loT machine age with SG: Machine-type multicast ser- 
vices for innovative real-time applications” by Condoluci 
etal, core attention is focused on the end-to-end reliability, 
latency, and energy consumption comprising both up and 
downlinks for 5G-LoT communication. The authors propose 
the definition, design, and analysis of machine-type multicast 
service (MTMS). They recommend different procedures that 
need to be redesigned for MTMS and derive the most appro- 
priate design drivers by analyzing different performance in 
cators, such as scalability, reliability, latency, and energy 
consumption. Overall, a very interesting read complemented 
by open problems and future research directions to pursue. 

Security is one of the biggest challenges faced by Internet 
of Things. With devices becoming ubiquitous and pervasive 
in day to day lives necessitate reliable and secure algorithms. 
‘The third article, “Security enhancement for loT commu 
cations exposed to eavesdroppers with uncertain locations" 
by Xu et al., develops a secure framework for eavesdroppers 
‘with Uncertain Locations in JoT. With the assumption thatthe 
locations of eavesdroppers change independently from hop to 
hhop, authors derive an expression for the secrecy outage prob- 
ability of the two-hop transmission, which is shown to be the 
upper bound of the outage probability when the locations of 
eavesdroppers remain unchanged. Following this expression, 
the end users formulate a secrecy rate maximization problem 
with the secrecy-outage probability constraint. The optimal 
rate design for codebooks and power allocation between the 
source and relay are derived. By studying the performance of 
the optimal scheme in some special eases, we obtain several 
insights concerning the setting of system parameters. 

In the article, “Enabling massive [oT in SG and beyond 
systems: PHY radio frame design considerations” by 
‘Ayesha Ijaz et al. the authors propose a flexible frame struc- 
ture and design for massive Internet of Things (IoT) devices 
‘working in SG wireless network. The authors also discussed 
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HEXAGONAL © 


Varieties: emerald. aquamarine, heliodor, moreanite, 
oshenite, red beryl (bixbit), 


Properties: C ~ variable in different varieties: 
‘common beryl ~ mostly yellow, yellow-green. light 


‘green to white, rae blue; varieties: emerald ~ dark 
femeralé-greens aquamarine ~ light to dark bive- 
iorpanite ~ pink: heliodor ~ ight yellow to 


‘white t colortess: red 
beryl B red: S— white; L vitreous to dll: D~trans- 


mera 30 mm x, Boyan Colombia 


parent 10 translucent; DE ~ 26; H ~ 7.5-8; CL ~ 
Imperfect; F ~ uneven to conchoidal; M long pis- 
matic 10 tabular crystals, columnar and radial 
aggregates granular, massive. 

‘Origin and cccurrence: Mas pepmatites and 
granites; hydrothermal in gresens, in cavities in 
fhyolite, in quar veins; metamorphic in mica 
schists. Perfect prismatic crystals of common beryl 
‘up to 9 m (29 116 in) long found inthe Etta mine, 
Keystone, South Dakota, USA. Crystals weighing up 
10 177 tons, come from Namivo, Alto Ligonha, Mo- 
zambigue. Other localities are Pei. Brazil Iveland, 
Nonvay; Anisrabe. Madagascar, Emerald erystals 
‘cur in mica-schiss, marbles and ultabasie rocks, 
sssociated with other Be minerals. phenakite and 


‘Ermer, 39 mm. Cra Ste. Rasa 


Aquamarine 97 mam. Koronet Huta rail 


* 


chrysobery!, Beautiful dark green 
fals are known from Malyshev. Ur 
Muzo and Coscuez. Colombia; Habochtal, Austria, 


‘Emerald 90 mm. Mio, Colombia 


where the largest erysals rach up to 120 mim (3a 
in) in size. Aquamarine is mainly known fom 
PPepmatites and hydrothermal veins, commonly 


Agwanarne 158 mm Sings, Paiste 


lindo, ¥7 mm, Vloarsk Vln, Uline 


associated with tourmaline, quar and albite. Intense 
blue crystals are known from many pegmattes in 
Minas Gerais, Brazil, where inthe Marambaia mine, 
crystals. upto 70 cm (27 in) long and weighing up 
to 110 kp (242 Tb found. Very beaut emmy erys- 
tals over 30 em (12 in) long recently oceurted inthe 
Medina Mine. It also. come from Muranka, Ura 
‘mounttns and Adun Chilon, Siberia, Rusia. it also 
comes from Spitzkopje Namibia; Gilgit. Pakistan and 
elsewhere, Morganite isa typical mineral of granite 
Pogmatites, where it occurs in mainly in cavities, 
‘sualy associated with color varieties of tourmaline, 
quart and abies tabular crystals upto 100 mm (4 
in) across found inthe White Queen mine, Pal, Cali- 
fornia, USA. Smaller erysals come from San Piero in 
Campo. Liba, Italy Crystals up 10 50 em (20 in) 
across reported ffom several localities in. Minas 
Gerais, Brazil. Heliodor also occurs in pegmatite a- 
‘ites hydrothermal veins and in gneisses, commonly 
associated with quartz and albite. Prismatic crystals 
up to 200 mm (7's in) long, come from Volodarsk 
Volynski, Ukraine. is also known from Nerchisk 
Siberia, Russia and several mines in Minas Gerais, 
Brazil. Goshenite occurs omy in peymtites. Is 
Prismatic erstals come from Goshen, Massachuset 


Rd bry 17 mt. Ma oh Mis, USA 


USA; San Piero in Campo. Elba, tly, Red beryl 
‘oceurs in Violet Clsims, Wah Wal: mountains, Uah, 
USA, where crystals upto 50 mm (2 in) were found 

Application: Be ore, color varieties ae cul 35 gem- 


Morgane 43 mx San Diego Co, USA 


23 


HEXAGONAL @ 


Properties: C~ light to intense blue S~ whites L~ 
vitreous to dll, D ~ transparent 0 transtucent; DE — 
~ 65: CL ~ imperfect: F ~ uneven 10 con- 
‘hoidaly M ~ long prismatic crystals, columnar and 
‘dial aggrogates, 
‘Origin and vecurrence: Hydrothermal in the Alpine- 
type veins and pegmatite, Crystals upto 20 mm (is 
in long come from Tard, Norway. Is also known 
from Lago Maggiore, Waly and St. Gouhard, 
‘Switterland. 


Cordierite 
MerAlisO1n 


‘Properties: C ~ Sve, purple, smy. grey-green, gry 
brown, tiehoi; $ white: L~ vteous to dull: D— 
transparent fo ranslacent; DE ~ 25; H ~ 7-75: CL— 
imperfect; F ~ uneven 10 conehoidal; M ~ short 
Prismatic erystals, granu. 

Origin and accurence: Metamoephic in migmaites 
‘and. gneisses and. in contact chets: magmatic in 
tranites and granitic pegmatts, usally associated 
‘Sih anatase and silimanie, also kon To par 
cers. It isa typical rock-forming minerals prsmatic 
crystals are very rare. Poorly developed transparent 
«xystals upto 200 mm (7's n) log.eame from Naver~ 
bere Steden. also oecurs in Onjarv, Finland: Kra- 
ger, Norway: Bodenmas, Germany. Gera pebbles 
are Known from the vicinity of Ratmapura, Sei Lanka. 


Sekaninaite 
FerAeSisO ig 


ORTHORHOMBIC @ eee 
Varieties: oie (gemmy bhue) 


Conlirte, 0 mm, Fic Late, Conada 


ORTHORHOMBIC #08 


Properties: C = blue, purple, strongly pleochroic; S 


Drove. 27 mm. Garton. pal 


= white: L = vittoous to dull, D — sansparent to 
iransleent: DE ~ 2.8: H~ 7-75; CL — imperfect F 
‘uneven to conchoidal; M shor prismatic crystals, 
sranulae 
(Origin and occurrence: Magmatic in granitic peg- 
mails and some granites. assoeated with, andalu- 
site and tourmaline: metamorphic in gneisses and 
‘igmatites, Conical, imperfect crystals, upto 70 em 
(ZT in) Tong typically come from Dolni Bory. 
Czech Republic: aso known from San Piero in 
Campo, Elba aly. 


Dravite 
TOURMALINE GROUP 
NaMg3Ag(803) (OMe 


TRIGONAL eeee 
Properties: C ~ light 10 dark black-brown, Blue, 
colorless. commonly pleoehroie: S ~ white; L~ 
Vitreous to dull, D ~ transparent o translucent; DE 
30;H-7-7.5: CL ~ none; F uneven to conchoidal, 
M_~ long to short prismatic crystals, columnar 10 
scicular aggregates, granular. 
‘Origin and occurrence: Metamorphic in migmatites, 
‘iss, mica schists, marbles and in contact meta- 


Buergerie 12 mmx San Las Pot Mecca 


somatic rocks: magmatic in some granitic peg 
mattes: hydrothermal in quartz veins and ore veins. 
also known from placers. Brown to dark brown 
perfect erystals up fo 200 mm (7's in) long come 
From mica schists near Dravograd, Slovenia. is also 
Known from marbles in Gouverneur, New York, 
USA. Crysis up to 150 mm (6 in) across found in 
Yinnithara, Western Australi, Australia, Crystals, 
up to 50 mm (2 in) long were recently found in 
Gujarko, Nepal 

Application: transparent crystals are cut as gem- 


Buergerite 
TOURMALINE GRouP 
NaFe!* Alg(B03)35i60n1F 


TRIGONAL @ 


Properties: © black, strongly pleochroie: S ~ 
yellow-brown: L vitreous to dull, D~ translucent o 
‘opaque: DE - 33; H 7; CL ~ none: F~ uneven 10 
onchoidal M B prisraticerytals, granular. 

Origin and occurrence: Hydrothermal in ehyoites, 
Its black exystal, up to 40 mm (19116 i) long, ae 
‘known from Mexquitic, San Luis Potosi, Mexico. 
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Scho 40 ms, Gilg Polison 


Schort 
TOURMALINE GROUP 
MaFesAlg(803)3$ig0 (HD 


Povondraite 
TOURMALINE GRouP 
Nake} MagFel ¢(803)38i4019(OH¢ 


TRIGONAL eee 


Properties: C — black, black-brown. blue-black, 
strongly pleochroic: §~ whit; L.= vitreous to dll 
= translucent to opaque: DE ~ 3.3: H~7-7.5; CL 
= none: F uneven to conchoidal; M — long wo shart, 
prismatie crystals, columnar to acicular aggregates, 


(Origin and occurrence: Magmati in granites and 
eranitic pegmaites: hydrothermal in reisens, in 
{quartz and ore veins: metamorphic in migmaties, 
incisses, miea schists and tourmaline: als known 
from placers. [tis usually associated with muscovite, 
(quartz and albite. Perfect black crystals come from 
‘many pegmatite localities. 

lis Tong prismatic erystals, up to $m long, come 
from Arendal, Norway. Very good crystals are also 
known from Kaatl, Finland: Dols! Bory. Czech 
Republic; Conselheia Pona and Galilia, Minas 
Gers. Brazil 


TRIGONAL © 


Properties: C ~ blac; S~ grays L~ vitreous 1 dull: 
D = translucent to opaque: DE 3.3: H ~ 7: CL 


Pomorie 60 om, Ato Chaar. Bolsa 


Ethie, 115 mm, Traine Quon Mie, US A 


‘one; F— uneven wo conchoidal; M ~ short prismatic 
crystals. gran, 

Origin and cccurrence: Hydrothermal along. the 
cracks inmetamorphosed evaportes. Is Black 
enjstals up to 10 mm (* in) long typically come 
from Alto Chapare, Cochabamba, Bolivia, 


Elbaite 
TOURMALINE GROUP 
Al s)Alg(BO3)25ig0 | OH)aF 


TRIGONAL @0e 
Varies: rubllt,verdlite,indicolite, achroite 


Properties: C~ vais in different varieties. ubelite 
~ pik to red: verelite~vatious hues oF eeen:ndie- 
alte blve;achrite~ colorless, other colors include 
yellow, brown and Black: §— white, L~ vineous to 
ull; D— transparent to ansiucent; DE — 3.0; H— 7; 
CCL ~ none: F= uneven to conchoidal: M ~ prismatic 
cysts, columnar aggregates, granular. massive 

Origin and occurrence: Almost only magmatic and 
hydrothermal. in granitic pegmaties, typically 
sazcovated with lpidolite and albt; also in pacers. 
Ins erytals are mostly known from pegmatite eavi- 


Pie 133 am. Afghanisan 
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ties in many localities Rubelite crystal called "The 
Rocket” (109 env3%e in long) was found in the 
Jonas mine, Minas Gorais. Brazil. Rubelite crystals 
‘pte 40 cm (15Y in) lang come from Alto Ligonha 
district, Mezambique. Rubellte erysals up to 250 
ram (9% in) ong occurred in the Stewart Lithia, 
‘Tourmaline King. and Tourmaline Queen mines, 
Pala, California, USA, Verdclite crystal 270 mm 
(10% in) long, is known from the Dunton mine, 
Newry, Maine. USA. Other important localities 
include San Piero in Campo, Elba, Italy: Malkhan, 
‘Transbaikala, Rusia: Rozna - Czech Republic: Ulo, 
Sweden: Gilgit. Pakistan: Paprok, Afghanistan, 
Application: commonly used as gemstone. 


TRIGONAL eee 


Propet: C ~ gry, bik, bow, aren, re 
pleochroic; $ — white; L ~ vitreous ‘taal D- 
Translucent to opaque, DE ~ 33°11 7-75; CL = 


ite 4 me, Brumad, Bri 


none: F — uneven to conchoidal; M long to short, 
Dramatic crystal, columnar aggreyates, granular 
Origin and occurrence: Metamorphic in Ca-ich 
rocks, marbles, skaras: magmatic in some pog- 
‘matte; hydrothermal in ore veins. 

Perfect green and ed crystals. upto 30 mm (1 in) 
across, occu in Brumado. Bahia, Brazil. I is also 
known from Gouverneur and Pierrepont, New York, 
USA. 


Liddicoatite 
TOURMALINE GrouP 
Ca(LigADAlg(BO3)25i40 (OH F 


TRIGONAL eee 
Vorieres ubellite, verdelite 


Properties: C— varies in iferet varies, mainly pink, 
[rcen, geenSrown 10 yellow-brown; § — whites L— 
\Viseous to dul D~ transparent transicent DE ~ 3.1; 
H— 7; CL ~ none; F ~ uneven to conchoial; M — 
prismatic crystal, columnar aggregates, granular. 

Origin and occurrence: Magiatic in granite peg: 


Liddicoate, 60mm, Anjanobonsina, Madegarcar 


ere, 24 mm. Gillet Quer USA 


Indigo 32 rn, Enmore Mine Mesa Grande, USA. 


ii 
fl i 
| 
i 
ES | 


mates in association with lepidoit, spodumsne Anjanabonoina It 
and albite Its perfect red and green crystals up to Republic 

250 mm (9% in) long come from pegmatite cavities Applicaton: ct a8 gemstone. 
in many localities in Madagascar, eg. Sahatany and 


Lidicoatie 41 mim Madagascir 


so known from Blizna, Czcch 
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SPECIAL SECTION ON INTERNET OF THINGS (oT) IN SG WIRELESS COMMUNICATIONS 


IEEE Access 


the interdependence of different frame design parameters, 
service requirements and characteristics of radio environ- 
ment, Based on these interdependency, they provide guide- 
lines for radio numerology design and elaborated on the 
frame design for IoT communications in SG networks to 
support massive connection density of low-rate, low-power 
devices. The article concludes with some key research find- 
ings and challenges massive IoT in SG wireless network. 

It is estimated that in year 2020, 20 to 40 billion devices 
will be connected to the Internet as part of the Intemet 
of Things. A critical bottleneck for realizing the efficient 
IoT is the pressure it puts on the existing communication 
infrastructures, requiring transfer of enormous data volumes, 
In the article “CONDENSE: A reconfigurable knowledge 
acquisition architecture for future 5G IoT”, by Dejan Vuko- 
britovie et al., the authors propose a architecture named 
“Condense’ which integrates the acquisition of loT-generated 
data within the 3GPP MTC (machine type communications) 
systems. The proposed Condense architecture introduces a 
service within 3GPP MTC systems - computing linear and 
non-linear functions over the data generated by MTC devices 
This service brings about the possibility that the underlying 
communication infrastructure communicates only the desired 
function of the MTC- generated data (as required by the given 
application at hand), and not the raw data in its entirety. This 
transformational approach has the potential to dramatically 
reduce the pressure on the 3GPP MTC communication infras- 
tructure, The article concludes by discussing challenges, pro- 
vides insights, and identifies future research directions for 
implementing function computation and function decompo- 
sition within practical 3GPP MTC systems. 

In the article, “Frequency-domain oversampling for cog- 
nitive CDMA systems: Enabling robust and massive mul- 
tiple access for Internet of Things” by Su Hu et al., the 
authors utilize the concept of cognitive radio with dynamic 
non-continuous spectrum bands and code division multiple 
access to tackle the challenge of massive spectrum resource 
management in [oT In order to suppress multiple access 
interference resulting from the non-orthogonality of partial 
available spectrum bins, cartier frequency offset, and spec- 
trum sensing mismatch, the authors propose an enhanced 
receiver design that combines the frequency-domain over- 
sampling scheme (FDO) and linear minimum mean square 
error (MMSE) method. The simulation results show that 
the cognitive-CDMA with FDO-MMSE receiver outperforms 
that with conventional per-user MMSE receiver in the pres- 
ence of multipath fading channels, cartier frequency offset, 
and spectrum sensing mismatch. 

In the invited article, “A survey of clicnt-controlled 
HetNets for 5G” by Michael Wang et al., a comprehensive 
review is provided on spectrum of client-controlled Het- 
Nets for SG networks: from the fully devolved distributed 
local control approach to the hybrid control approach where 
clients may make the decisions given some global infor- 
mation provided by the network. After giving a thorough 
review, the authors also provide future research directions 


and recommendations for evolution of 5G heterogeneous 
networks as an enabler for next generation internet of things, 

To conclude, the Editors would like to thank all authors 
who submitted their manuscripts against this Special issue, 
‘There had been some very exciting submissions though we 
could only accept best seven high quality submissions. The 
editorial staff also thanks the reviewers for their timely com- 
‘ments on the manuscript which helped us improve the presen- 
tation and quality of the content manifold. All the associate 
editors thank the Editor in Chief Dr. Michael Pecht for his 
assistance in making this special issue a reality. We would 
also like to thank the publications editor Ms. Kimberly Shu- 
‘mard for her continuous follow up on timelines and manage- 
‘ment of articles to ensure timely completion of the review 
process. We complete this note by letting the readers know to 
stay tuned with IEEE Accsss as we expect even more exciting 
issues in months to come, 
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Foitite 
TOURMALINE GROUP 

CD FegAtAlg(B03)35i601(OH)4 
TRIGONAL eee 
Properties: C— black to black-purpe; S— white; L 
‘vitreous dul: D~ translucent o opaque: DE 
H—7: CL — none: F uneven to conchoidal: M— 
prismatic crystals, acieular aggregates. 

Origin and occurrence: Mi 

eames 

avities. Fitte typically forms black tps of ebaite 
exysals (moors, heads) in Dobra Voda, Czech 
Republic; San Piero in Campo, Elba, aly: White 
Queen mine. Pala, California, USA. It occurs 
together with schor in some granite pegmaties. lke 
amma, Czech Republic. 


Rossmanite 
TOURMALINE Grour 


DitiaigAtg(605)35140 191M 
TRIGONAL 8 


Properties: C~ pink; S~ white: L vitreous to dull 
D transparent to ansiueent; DE - 3.1: H~ 7: CL 
one: F ~ uneven to conchoidal: M ~ prismatic 
‘esas, columnar aggregates 
Origin and occurrence: Magmatic in granitic 
egmatites. Prismatic crystals, up to 20 mm (sin) 
Fong. were found in massive lepidoie in Rezna. also 
in Lastovieky.Crech Republic 


Fite. 20 mm Dadra oda. Coc Republic 


Dioptase 
Cug5ig0 19 -6 HO 
TRIGONAL 98 
Properties: C — emeralé-reen to blue-green: $ — 
Tigh bluegrecn:L~ virus to dul: D= transparent, 
to translocent: DE ~ 3.3: H ~ 5; CL ~ good, 
tneven to conchoida: M long to short prismatic 
crytals, granular 

‘Origin and occurrence: Secondary in the oxidation 
zone of Cu deposits associated with other secondary 
Cu minerals, Beawifulerystals up to 50 mm (2 in) 
across occur in Tsumeb, Namibia; Alyn Tyube. 
Kazakhstan; Rennevile, Congo It also comes from 
the Mammoth mine, Tiger, Arona, USA. 


Milarite 
KeapAlBeySiy 203 


HEXAGONAL 


Properties: C ~ colorless, white, gray. light groen:S 
rte: L ~ vitteous to dull, D ~ansparent 10 
translucent: DE = 25; 1 5-6: CL — none; F = 
"uneven to conchoidal: M —long prismatic to acicular 
cenysuls, granular 
(Origin and occurrence: Hydrothermal in te Alpine= 
type veins. in pegmatites and hydrothermal veins, 
associated with adulria Crystals up t0 40 mn (1 
jn long come from Jaguaragu, Minas Gerais, Brazil. 
Teas also found in St Gotthard, Switzecand: Kles 
Spivkopie, Namibia; Valencia mine, Guanajuato, 
Mexica 


Rossman 10 mm 2x Lastovch. Coch Repub 


ioptse. 0 mm. Mion, Za 


Sugilite 
adag(Fe.Mo.AdaLIgSi) 209 


HEXAGONAL @ 


Properties: C~ purple; S~ white: L—vitoous to dl 
D-transparent to tanslucent; DE -27;H- 665; CL 


rite, 22m, Search Bra 


one: F uneven to conch; Mong prismatic 
acieular erst, granular 

Origin and occurrence: Hydrothermal in alkaline 
‘syeites.asociated with pectolite.albite and agirne 
IW oceurs im Iwapi Island. Japan and Hlotazel, South 
‘Arica. Applicarion: eut and polished asa gemstone 
and decorative stone 


Sei 40 my, Hota, Sth Ac 


21 


Bronce. 15 mm Minas Gerais rit 


Enstatite 
PYROXENE GROUP 


MarSin 
ORTHORHOMBIC fe ee 


eretes: broazive 


Proporis: C — colorless, gry, yellowish, greenish, 
‘brown (bronzite), S white: L~ vitreous to dull; D 
= transparent to opaque; DE ~ 3.2; H ~ 5.6; CL ~ 
‘good: F ~ uneven t© conchoidal; M— prismatic 
crystals, granular. 

(Origin and occurrence: Magmatic in ultras 
rocks, gabbros. peridatites and in meteorites: meta 
‘morphie in marbles, associated mainly with olivine 
and pyrope. Known ftom Bamle, Norway in crystals 
‘up to 50 em (20 in) Fong. I was originally described 
from Ruda nad Moravou, Czech Republic. Gemmy 
crystal up to 20 mm (in) lng occur in Brumado, 
Bahia, Bail 


Diopside 
PYROXENE GROUP 
eatteSin0% 


MONOCLINIC eeeee 


Vrieies:chtome diopside, fesse, jefesonite 


Properties: C — light green, dark green (chrome 
Aiopsie), colorless, white gay, brown are blue; S 

‘white; L — vitreous to dull D — transparent to 
translucent; DE - 3.3; H ~ 5.5.6.5; CL ~ good: F ~ 
uneven to conchoidal; M ~ long to short prismatic 
crystals, gran 


Chrome diopside 5 vm srne, na. Rie 


Origin and occurrence: Metamorphic in Ca-ich 
rocks, shams, pyroxene gneisses, marbles; magmatic 
in basic igneous rocks, pegmatites and meteorites; 
hydrothermal in he pine-type veins. Fassite occurs 
inskarns, chrome diopside in metamorphi deposits of 
‘Cuand Cr jeersonite in metamorphic deposits of Ma 
and Zn, Diopsde is atypical rock-forming miner 


Dips, 22m Ala ale 


sociated with plagioclase, grossular and epidote, 
Well formed erysals are relatively rare. Jefersonite 
forms pisraticerstals up to 250 mm (9s in) long 
in Franklin, New Jersey, USA. Crystals in Corrego 
Setuba, Mina Gerais, Brazil reach up 1 30cm (12 i), 
Other typical localities are. Zillertal, Aus: 
Nordmarken, Sweden: Orford mine, Quebec, Canada, 
Fassaite is known from Val di Fass, Taly. Chrome 
iopside crystals reach up 0 100 mm (4 in) in 
‘Outokurpu. Finland and gem rough econ found 
Inagli, Yakut, Russia, 


Hedenbergite 
PYROXENE GROUP 
CaFeSin0¢ 


MONOCLINIC eee 
Properties: C ~ dark green. brown-green, brown 10 
back: S~ white 10 gray: L~ vineous to dll, D — 
transparent to translucent; DE ~ 3.6; H ~ 6; CL — 
00d. F ~ uneven to conchoidal; Mong to short, 
Prismatic crystals, granular. 

Origin and occurrence: Metamorphic in Ca-tich 
rocks, Ike Fe-skarns and pyroxene gneisses: mag 
matic in some granites and syenites,asociated with 
magnetite, grossular and epidote, Crystals are 
relatively fare, reaching up 10 50 mm (2 in) from 


Hedenbrge. 40 mm. Dalneorsk. Ruste 


aug 17 im Rrmerich Germans 


Dalncgorsk, Rusia and Franklin, New Jersey, USA. 
‘Also occurs in Nordmarken, Sweden. Large lamellar 
aggregates come from skarns in Rio Marina, Elba, 


Tal. 


Augite 
PYROXENE GRouP 
(Camere ASAD; 


MONOCLINIC eeee 


Properties C~ dark brawn wo black; S~ gray-green; 
[Lvitreous o dull; D~ vanslucent to opaque: DE — 
36; H~6;CL~ good: F ~ uneven to conchoidal: M 
short prismatic erystls, granular 

Origin and occurrence: Magmatic in basic rocks 
(basalts, gabbeos, diabases and their tuff), rare 
‘metamorphic in skams. Iisa typical rock forming 
mineral, known from many localities. Well formed 
expstals up to 150 mm (6 in) across oceur mainly in 
voleanie rocks, such as near Lake Clear, Oniario, 
Canada, Also known from Laacher Sec, Germany: 
Lukow and Pa_kapole, Czech Republic, in erysal, 
‘up to $0 mm (in) in size. 
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Omphacite 
PYROXENE GROUP 
(CaNaittze? Fe! ANSAO, 


MONOCLINIC eeee 


Properties: C green to dark green: S~ graye: L 
‘eos to dul: D~ translucent we ops, DE ~3 3, 
1 5 CL ~ good: F- uneven to conchoidal: M 
shor prismatic crystals, aicularaggrepaes, granular, 
(Origin and occurrence: Metamoephic in ultabasie 
and basic rocks, eriginated under high-temperature, 
‘asually associated with pyrope, diopside and kyanite 
Ie occurs in eclogites and granules in Rubinbeg 
Germany: Headsbug, California, USA and chiowbere 


Jadeite 
PYROXENE GROUP 
NaAISi30y 


MONOCLINIC @ 


ipleres: nephive 


crystals, acieular aggregates, granular 
‘Origin amd occurrence: Exchaively metamorphi 
strongly metamorphosed rocks: also in placers. 
Blocks. weighing several tors are known ffom Ben 
Sur, California, USA. It also come from Tawmaw, 
‘Burma: New Zealand: Tbet and elywhere. 
Application: 38 a material for carvings and dccora- 
tise purposes 


Aegirine 
PYROXENE GROUP 
NaFe!*5in04 


MONOCLINIC eee 


Properties: C ~ dark proen to black-green: S~ light 
yellow-sray: L~ viteous to dll; D~ translucent to 
6; CL ~ good, F uneven to 
ong prismatic to acicularerystals 
scicular aggregates. 

Origin and occurrence: Mageatc, mainly in alkaline 
magmatic roeks (syentes, carbonaties. alkaline 
jranites and thei pepmatites). are hydrothermal in 


sediments. Well formed prismatic crystals up to 150 
ram (6 in) long come from Mount Malosa, Mala 
‘Crystals up 0'30 em (12 in) occur in Langensunds- 
fjord. Norway. Other localities are Mount Kamasurt. 
Lovorore massif, Kola Peninsula, Rusia and Mont 
‘St-Hiline. Quebse, Canada, 


Aegirine.77 mn Mi alos Malawi 
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Speomene, 52mm x nar Aehanston 


ident, 35mm. Ads Proper USA 


Spodumene 
PYROXENE GROUP 
Liaising 


MONOCLINIC see 
arteries: kunsit,hiddenite, riphane 


Properties: C ~ white. gray, yellowish (tiphane). 
‘gen (hiddenite), pink to purple (kunzite), S — 
‘site: L —viteous to dull: O ~ transparent to erans- 
lucent: DE —3.2; H-65-7.5; CL~ good; F uneven, 
te conchoidal: M ~ long to short prismatic erystals. 
cleavable aggregates, granular: LU ~ orange. 
Origin and occurrence: Magiatic in granitic pogma- 
ties; hydrothermal in pegmatite cavities. tis known 
‘rom many localities. ls poorly developed crystals up 
{06 m (20 A) long occur inthe Etta mine, Keystone, 
South Dakota and in Kings Mountain, Nocth 
Carolina, USA. Transparent kuziteerytals up to 40 
cm (15% in) long come from Mawi, Laghman, AT- 
ighanistan, Kunziteerystals up to 280 mm (If in) 
{ong found in the Pala Chief mine, Pala, California, 
USA. Cracked kunzie crystals, up to I'm (39% in) 
Tong known ffom Aracuai Minas Gerais, Brazil Hid- 
<enite occurs in crystals up to 250 mm (9% in) long 
in Resplendor, Minas Gerais, Brazil I also comes 
from the Adams property, North Carolina, USA. 
Application: raw match for ceramics, Kunzite and 
hiddenite ae eu as gemstones. 


Carpotite 70 mm Horn Slave: Caech Republic 


Carpholite 
MindlySin04(OM)4 


ORTHORHOMBIC 8 @ 


Properties: C varios hues of yellow: $— white 
~ vitfeous to dll: D ~ translucent; DE ~ 3.0; I= 5- 
5.5; CL ~ good. F ~ uneven 10 conchoidst: M — 
‘cicular crystals and their aggregates, 

Origin: and occurrence: Tiydrothermal in veins, 


anon, 20.0% or Mt ola, sia 


cross-culting. greisens, associated with Muorte, 
‘arte and cassitert: also in metamorphic rocks. 
‘was deseibed from Homi Slavkov, Czech Republic, 
‘where it forms acieular crystals up to 10 mm sin) 
ong and radial aggregates. I is also known from 
Meuville Belgium and Wippra, Germany. 


Lorenzenite 
NazTiSiz09 


‘OoRTHORHONE! 


Properties: C brown to black: § — yellowish; L — 
‘vitreous to dul; D ~translucent to opaque; DE - 3.4; 
H~ 6; CL- good F— uneven to conchoidal: M ~ 
prismatie crystals, columnar agerepses, granu 

(Origin and occurrence: Magmatcin alkaline synites 
and their pegmaties. asociated with asrophylite, 
‘nepheline and agirne, Crystal up v0 BO mm (3 in) 
Tong come from Mount Flora. Lovozero massif, Kola 
Poningula, Russia. Other localities are Narssassuk, 
Greenland and Mont Si-Hilaire. Quebec, Canada 


Ajoite 
(ENaCurAlsigOr (OMe 3 20 


TRICLINIC @ 


Properties: C—bue-yreen: S— light green L—vinoous 
{o dul; D~ translucent to opaque; DE — 3.0; H ~ not 
determined: CL — not deteomined; F — unoven to 
‘onchoidal M ~ prismatic crystals. massive. 

(Origin and occurrence: Secondary in Cu deposits, 
associated with shatuekite. It occurs rarely 38 small 
exytals in the New Cornelia mine, Ajo, Arizona, 
USA. Itisalso known as inclusions in quart-ceystals, 
inthe Messina mine, Transvaal, South ica, 


Ait, 60m. USA 
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Horus: 60 mo, be Malar, Canada 


Antophyllite 
AMPHIBOLE GROUP 
MerSieOrxHF 


ORTHORHOMBIC 


coos 


Properties: C— white, light brown, yellow, light 
(gen: S— white: Lviteous to dul: D transparent 
to translucent; DE 3.4: 1 55-6; CL — good: F 
‘uneven to conchoidal; M ~ long prismatic erystals, 
‘columnar and radial aggregates. grams. 

(Origin und occurrence: Metamorphic in gnisses, 


Aninphite, 60mm, North Carling, USA 


scxpentinites and atthe contact of serpentinites and 
pegmatites, usually with actinolite oF wemolite and 
cordierite. Crystals up to 130 mm (6 in) long come 
ftom the Marbridge No.{ mine. Quebec, Canada. It 
is also known from Bodenmais, Germany: Snarum, 
Sweden and Hermanos, Czech Republic 


Holmquistite 
AMPHIBOLE GROUP 
UnMesAlSigO22(OH Fr 


ORTHORHOMBIC ee 


Proper: Cs pape ay, lack: hit 
eos dll Danan tarlueent: DE 
30.1354; CL god F~unsvn to conceidal 
Mt ella and prismatic etal, firous 
greg, gran 
Origin und occurrence: Hydrothermal at the 
Contacts between complex Lrbesring pegmatite 
Sd amphiboles, somatimes associated with ite 
I oecurs in Greenbush, Westen Ausra, 
‘strata whre ts tibers each up to 180 mn 
in) length Te abo known fom Uo, Seder 
Manono, Zac ané Brandbricken, Asti 


Manganogedrite 
AMPHIBOLE GROUP. 
MnaFessig®20(0H)2 
MoNocLiNic #8 
Properties: C— uray. dark sroen, brown, greenish: S ~ 
‘wt; L~viveous vo dll: D= warsfucen to opaque: 
DE = 35: H ~ 5:6 CL. good: F ~ uncven 0 
conchoidal: M — columnar, accular and radial 
agaegaes, granular. 

‘Origin and occurrence: Metamorphic in conact and 
regionally metamorphosed Min rich rocks, astociated 
with chiorite and magnetite. It-comes from 
Dannemor. Sweden and elsewhere. 


Manganesedrie, 7 mm, Braz kngpe Iecer, Now 
Zeslond 


a 
Tremolite 


Edenite 
AMPHIBOLE GROUP AMPHIBOLE GROUP. 

CazMas5ig20(H)2 NaCay(MeFe)sSiyAlOx(0H)2 
MONOCLINIC seeee MONOCLINIC eeee 


Origin and occurrence: Metamorphic in contact and 
regionally. metamorphosed rocks, dolomites and 
Ulrabasic roeks: hydrothermal in the Alpine-type 
veins, typically. associated with diopside, tale, 
dolomive and calcite, I i a typical rocksforming 
mineral. known ffom many localities, Prismatic 
exystals up to 40 «em (15% in) long. come from 
BBrumado, Bahia, Brail 1 occurs also in Carnpo- 
lungo, Switzerland: Zillrl, Austia: Gouverncur 


Aetinolite 
AMPHIBOLE GROUP 
azltt,F)sSig20(OH)2 


MONOCLINIC seeee 
Properties: C ~ Wight green to almost black: S ~ 
‘white: L~ vitreous to dll: D— transparent to ans 
lucent; DE 32; H~ 5-6, CL good: F--uneven to 
conchoidal; M— columnar, acievlar and radial 


‘ageregtes, granular, 
(Origin and occurrence: Metamorphic in contact and 
regionally metamorphosed rocks, also in dolomites 


Typical rock-forming. mineral. associated 
anthophylite chlorite tale. dolomite and calcite. Wis 
knowin fram many localities where it forms columnee 
aggregates up 1 250 mm (9% in) Tong. as in 
Knapponwand and Zileral, Austa; Val Maleneo, 
lualy, Brumado, BahRa, Brazil and Sobotin. Czech 
Republic. 


Properties: C— white gray wo ark green: S— white, 
L~ vitreous to dull: D — transparent translucent to 
‘opaque; DE ~ 3.1; H - $6; CL ~ good; F- uneven 
to conchoida: M ~ prismatic crystals, granular 
Origin und occurrence: Metamorphic in regionally 
metamorphosed basic rocks and marbles; magmatic 
in diorites and gabbros. Typical rock-forming 
‘mineral iis crystals up to 40 mm (I in) long come 
‘rom demi, New York, USA and Bancroft, 
Ontario, Canada. 


dete 48 mm, Wilberforce, Canada 
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AMPHIBOLE GROUP 
NaCag(MesFe)4AlSigAl2022(0H)2 


MONOCLINIC eeee 


Properties: C — light brown, green-biu, brown to 
black-brown: white: L~ vileous 10 dull, D = 
‘wansparent to tanslycent; DE ~ 3.1: H ~ 5-6; CL — 
ood: F = uneven 10 conchoidal; M ~ prismatic 
‘rystals, granular. massive. 

Origin and occurrence: Metamorphic in regionally 
‘metamorphosed basic rocks, marbles and skamns: 
‘magmatic in diortes and gabbros, typieal rock- 
forming mineral. Crystals up t0 80. mm (3% in) 
across come from the Jensen quarry, Riverside, 
California, USA; Pargas, Foland: Hunza, Pakistan. 


Common Amphibole 
AMPHIBOLE GROUP 
(Canada. Al)s(SiAg02,OHF)2 


MONOCLINIC @ 


Properties: C~ dak green, browa wo black: S- gry 
{Lvitreous to dull: - ranslucent to opaque: DE — 
3.4; H— 5-6; CL ~ good: F~ uneven to conchoidal, 
1M ~ short prismatic crystals, columnar aggregates, 
granular. 

‘Origin an occurrence: Metamorphic in basic rocks, 
1s amphibolites and shales: magmatic in some 
Jgncous rocks, as syenites,diortes, andestes and 
basalts. Typical reforming mineral, known from 
‘many localities. Large erystas up to 1 1 (39% in) 
Tong come From Silver Crater, Ontario, Canada, Wi 
also known from Zillenal, Ausra: Lukox. Cech 
Republic and elsewhere 


Parente 70 mm. Limbore, Purine. Fnmland 


Richterite 
AMPHIBOLE GRouP. 
NaxCalMgFeAl)sSiAllgOrOHF)2 


MONOCLINIC ee 
Properties: C— brown, yellow, dark red. dark green; 
Spray: L ~ vitreous to dull: D ~ transparent to 
translucent; DE ~ 3.1; H ~ $6: CL ~ good; F~ 
‘uneven to conchoidal: M — long prismatic erystals, 
columnar aggregates, granular 

(Origin and occurronce: Magmatc in alkaline rock, 
a8 trachytes and alkaline granites: rare metamorphic 
in some metamorphosed rocks. as shams and 
‘marbles, Crystals up 10 100 mm (4 in) long come 
from Wilberforce, Ontario, Canada and Langan, 
Sweden, 


Richter. 40 mm, Wilberforce, Cana 


‘icbekite, 4S mo, Griguun South Ace 


Riebeckite 
AMPHIBOLE GROUP 
Na(Fet* Me)aFe?*7Sig022(0H)2 


MONOCLINIC eeee 


reves crocialite (gers eye) 


Properties: C~ davk blu o black, croeydolite gray 
‘bu; S~ white; L~ vitreous o dul: D translucent 
opaque; DE - 3.4; HS; CL perfect F uneven to 
‘sonchoidal; M long prismatic erysals, acieular 
ibrous aggregates. 

Origin and occurrence: Magmatic in alkaline rocks. 
a8 granites, syenites and thyolite; metamorphic in 
regionally metamorphosed Fe rich shales. Large 
crystals up to 150 mm (6 In) Tong come from 
Khangay. Mongolia, Crocidolite is famous from 
Griqualand, Sout Attica 


Aenigatie. 1 mo 2x, Evesopchor: Kole, Russia 


Aenigmatite 
NagFesT5Ig020 
TRICLINIC #8 
ies: C~ black; $~ red-brown; L—submetal 

Hef dul, D almost opaque; DE— 38; H—3.5;CL 
‘perfect: F uneven fo conchoidal: M — long pris 


mate erysals, columnar aggreyaes, granular 
Origin and occurrence: Magmatie in alkaline 
syenites and voleanie rocks, associated with acgirine 
and arfveésonit. 1 cocurs in Jlianchab, Greenland: 
Lipa Island, aly and elsewhere 


TRICLINIC e808 
Properties: C - white. say, ight greenish, pink; S~ 
‘white: L~ vitous to dull, D-~ tansparent to 
twanslucent; DE 3.0; H ~ 45-5: CL ~ good: F ~ 
‘uneven a conchoidal; M~ tabular 0 short prismatic 
cnysals, columnar and radial aggreyats, granular: 
LU orange 

Grigin and occurrence: Metamorphic mainly in 
contact metamorphosed rocks, as marbles, skarns, 
less common in pyroxene gneisses and quarts, 
associated with grossular. diopside and vesuvianite 
Columnar and acicular aggregates up to 180 mm 
(Pin in) long occur in the Strickland quarry, 
Connecticut, USA. It also come ffom Crestmore, 
California. USA; Cietova. Romania and Zulova , 
(Ceeeh Republic. Shor prismatic erysals upto 30m 
(12 i) across are known from the Santa Fe mine, 
(Chiapas, Mexico, 
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‘Bussum 20 mm sx. Broken Ii Aus 


Bustamite 
(t4n.€)35i305 

TRICLINIC @ 8 

Properties: C — pink to red-brown; $ — white: 
Vitreous dal: transparent to translucent; DE 
34; H = 55-65; CL = good: F uneven to 


fconchoidal; M_ ~ tabular crystals, acicular 
agaregates, massive. 

‘Origin and acewrence: Metamorphic or hydro- 
thermal in Mn rich metamorphic rocks or skarns. I 
is assoclated with hodonte and other Ma silicates in 
Franklin, New Jersey. USA: Langan. Swedca: 
Broken Hill, New South Wales, Australia 


Perot, 70 mm. Zelchiste wo, otek Repbic 


Pectolite 
CazNasizOg(OH) 
TRICLINIC eee 
Properties: © — white, pinkish; $ ~ whites L~ 
viteous to dl: D wansparent 1 waslucnt; DE — 
29.11 45-5:CL— good: F~ uneven conchodal 
1M i acicular and radial agaepates; LU ~ locally 
yellow o orange 

Origin and occurence: Hydrothermal in basalt 
atic, les equenty along the cracks in martes, 
Sssocited with reolts, Classic locals are West 
Paterson, New Jesy. USA, where forms acculat 
sphriea agaregtes up 1 i80 mm (7 i) across: 
aso Monte Baldo, aly; Zslechowske udol, Caren 
Republic Prismatic eysils up o $0 mm 2) ong 
come Fam Mont Stare, Quebec, Canada 


Serandite 
MngNaSiz0g(0H) 


TRICLINIC @ 


Prope: C— pik eS wit wives 0 
~ransparent fo translucent: DE ~2.9; H43- 
STC got F oncven to contbox Mba 
and prismatic erysals, granular. 
(Origin and occurrence: Hydrothermal in cavities of 
igncous rocks (alkaline synite, carbonate) together 
‘with aegnine and analeime, Perfect pink crystals up 
to 200mm (7% in) long come from Mont St 


Sera 25 mm. Mont Site, Canola 


Hilaire, Quebec. Canada crystals up to 60 mm (2% 
in) long found in the Yubileinaya. dike, Mount 
Karnasur, Lovozero massif. Kola Peninsula, Russia, 


Charoite 
(Se Ba)(Ca.Na(Si.AN40 (HLF) 
TRICLINIC 88 


Propersion: C ~ purple; S~ whit; L.— vitrcous to dal; 
1D translucent to opaque; DE ~ 2.6; H ~ 5-6; CL 
good: F-—uneven: M — fibrous aggregates, massive. 
Origin and occurrence: Hydrothermal in alkaline 
ignsous rocks, associated Wil 

line. Rich aggrepates occur 
Chara river basin, Murun massif, Yakut 
Application: cut and polished as decorative stone. 


Agrellite 
NacagSigO10F 


TRICLINIC @ 


Properties: C gray white to gresnish; S while: L 
Vitreous, dull to pearly; D transparent 10 
translucent; DE - 29; H ~ 5.5: CL ~ good: F ~ 
tupeven: M long prismatic crystals, granular. 
Origin and occurrence: Metamorphic in alkaline 
gneisses I curs as prismatic crystals upto 100 mm 
‘(inp long in the Kipawa river basin, Quebec, Canada. 


Okenite 
{€2Si,04(0H), -H,0 
TRICLINIC 08 


Properties: C ~ white, yellowish; $ — shite; L 
‘itfoous to dull: ~ wansparent vo translucent: OE 
23;H-45-5:CL - good; F- uneven to conchoid 
1M B blade-shaped crystals, acicular crystals and 
their spherical apgreeats 


Arelite120 nm, Kips, Canad 


Chrvte 500, Sirenesy Kamer, Russia 


(Origin and occurrence: Hydrothermal in basalt 
faviles together with zeolites. Rich acicular 
Spherical aggregates up to 80 mm (3% in) in 
diameter come fom basalt cavitics inthe vicinity of 
Poona, India: also known from Pacoc Islands. 


bene 125 mt Mn nie 
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onoite, 20mm win, Stare Ransk, Coach Republic 


Xonotlite 
6245i4017(0H)2 


MONOCLINIC oe 


Properties: C= white pinkish gray: S— white: L. 
vitreous, dull to pearly: D = transparent to 
tanslucent: DE ~ 217; H~ 6; CL — good, F— 
uneven to. conchoidal M — acicular to fibrous 
aggregates, massive 

Grigin and occurrence: Hydrothermal in cavities of 


lp, 128 am, Mon St Hisive, Canada 


basic and ultrabasic rocks and in the Alpine-ype 
veins, associated with eaeite and zeolites: rare meta- 
‘morphic in skaras and in contact metamorphosed 
‘marbles. It comes from Tetela de Xonotla, Puebla, 
‘Mexico: Crestmore, California, USA: Mihara mine, 
Japan. It is was also found in Stare Ransko, Czech 
Republic. 


Elpidite 
NaZrSig0s5-3 410 


ORTHORHOMBIC ce 


Properties: B — colores. yellowish re: §~ white: 
1 viteous to dull: D~ ansparei to vansucent: 
DE - 26: H - 55-65; CL — good: F — uneven to 
fonchoidal; M — long prismatic crystals, fibrous 
segregates. 

Grigin and occurrence: Hydrothermal in alized 
pars of alkaline pegmatite, associated with albite 
nd acgirne. Perfect erystals up to 30 em (12 in) 
long come from Tarbagaay. Kazakhstan. Crystals up 
0 200 mm (7s in) long found at Mont St-Hilaire, 
‘Quebec, Canada. Also known from Khan Bogdo, 
Gobi desert. Mongolia: Umbozere mine on Mount 
Alluaiv. Lovozero massif, Kola Peninsula, Russi. 


Rho 38 sms, Broken Hil. sila 


ont, 70 me, Malve Sedna, Ural Mts, Rusia 


Rodonite 
EatingS!30p 


TRICLINIC eee 


Properties: C~ pink, red, red-brown, pray; S white; 
{L= vitreous o dul: D ~ transparent to translucent: 
DE ~ 37; H ~ 55-65; CL - good: F ~ uneven to 
conchoidal: M— tabular erystals. granular. massive 
‘Origin amd occurrences Mewmorphic in Mich 
rocks, hydrothermal in oo veins, asocisted with 
spessartine and Mn oxides. Perfect crystals upto 200 
rm (7% in) long come from Franklin, New Jersey, 
USA: also fom Broken Hill, New South Wales, 
Australia, 

Granular and massive agaregates occur in Langban. 
Sweden and in Maloy Sidelnikove, Ural mountains, 
Rusia 

Application: xt sn pl 


a 2 doco 


Babingtonite 
Canfet*Fe*5i50,(0H) 


TRICLINIC @ 


Properties: C ~ greenblack to black-brown: S$ ~ 
‘green-pray: L_ vitreous to dull: D ~ translucent to 
‘opaque: DE ~ 3.3; H—5, 5-6; CL good: F~uneven| 
to conchoidal: M~ short prismatic crystals, granular. 
Origin and occurrence’ Hydrothermal along the 
crack in rocks essoiated with prebit,adularia and 


«pide, 
Well-formed crystals about 20 mm (in) across are 


known from Arendal, Norway. Other localities ane 
Westfield Massachuscts, USA; Baveno, Italy 


Babingonte, Sm, Mumba Indi 
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Kinoite 
CazCup5Is0(OHg 
MoNocLiNiC@ 


Properties: C— blue; Slight blue: ~ vitreous to 
‘dlls D transparent to translucent; DE ~3.2; HS; 
CL B perfect F - uneven to conehoidal M~ pis: 
matic erystals, granular 

Origin and occurrence: Hydrothermal along cracks 
in rocks. associated. with apophylite and. copper. 
Small erysals were found in the Christmas mine. 
Santa Rta mountains, Arizona also inthe Kearsarge 
vein, Keweenaw Peninsula, Michigan, USA 


Inesite 
{CagHn7Siyg029(OH)2 5 HO 


TRICLINIC 


oe 


Properties: C~ pink, brown: S ~ white; L~ vitreous 
to dull, D — tanstucent: DE 3.0: W~ 58; CL ~ 
sod: F_-unevon to evachoidal M'~ short pristatie 
Sand tabular crystals, columnar and radial aggregates, 
‘ranula. 

(Origin and occurrence: yerotheral none veins, 
associated with thodochrosite, chodonite and eaeite 
Rich aueregates and well-formed crystals about 10 
‘um (sin) aeros found in Langban, Sweden: als in 
Hale Creek, California, USA: Broken Hill, New 


mote 36 0m. Christmas Mine, USA 


South Wales, Ausralia Rs spherical agaregtes up 
530 mm (1% in) in diameter are known from the 
‘Wessels mine, Kuruman, South Africa, 


Neptunite 


MoNocLINIC ee 


Properties: C dark brown to black; S 
L= viteous to submetalie; D translucent 10 
‘opaque: DE ~ 3.2; H ~ 5-6; CL ~ good: F ~ uneven 
{o conchoidal; M- long prismatic crystals, granular 
Origin and occurrence: Hydrothermal in veins, 
associated with natolite, beitoite and eudialte. 
‘Well-formed prismatic crystals upto $0 mm (3% in) 
Jong come from the Benitoite Gem mine, San Benito 
(Coq California, USA. It is also known from Moat 
StcHilaire, ‘Quebec. Canada and Narssarssuk, 
Grocnlanl 


te-brovens 


Epididymite 
NaBey$i07(0H) 
ORTHORHOMBIC @@ 
Properties: C— white ray, yellowish: S — white L 
‘resto dull: D~ wansparent vo translucent: DE 
2.6; = 6-7; CL good: F~ uneven to conchoida 


ese, $0 mm. Kurvson, Sat Africa 


opr 28 mon San Beit Cs, USA. 


-M - tabularerystals, lamellar aggregates. grat 
Origin and occurrence: Hydrothermal in eaves of 
alkaline pogmatites, associated with zeolites, 
Tabular crystals up 19 60 mm (2 in) across come 
fom Mount Malosa, Malawi. Is also known from 
LLangesundsford. Norway: Mont St-tilire, 
‘Quebec. Canada; Narssassuk, Greenland 


Bavenie 40 ,Yermolavesbove. Rosia 


Bavenite 
agAtaBerSigOr4(OH2 


ORTHORHOMBIC 808 


Properties: C- wit. yellowish, pinkish: Shite; L 
‘treo o dull; D~ transparent to translocent: DE 
28511 ~5.5: CL ~ good: F~ uneven 1 conchoial: M 
prismatic 10 tabular erysals, radial and lmcllar 
aggregates. Origin and occurence: Hydrothermal 
pegmatic cavities wth albite: typially produced by 
beryl placement in peymaies or hlvite replacement 
in skarns. Found in Baveno. aly with crystals up 0 20, 
sm (in) across. Also known from. St2eqon, 
Poland, Crystals up 4 mm Cn) across found the 

Hewit quarry, USA, 
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Prehnite 
apAySj019(0H)2 


ORTHORHOMBIC seee 


Properties: C ~ white, greenish 10 green. yellow. 
‘gay: S ~ white; L ~ vireous: PS ~ transparent to 
Iranslocent, DE ~ 2.9; H ~ 6.6.5; CL — good: F ~ 
‘uneven to conchoidal; M~ tabular to prismatic erys- 
tals, usually forming botryoidal or sphereal agare- 
gates, granular, 

Origin and occurrence: Hydrothermal in basalt 
cemities and in the Alpine-ype vcins, commonly 
associated with calcite, albite, epidots and zeolites. 
Rich aggregates are knove from West Paterson, New 
Jersey, USA: Val di Fassa, taly; Poona, India, 


Aplin x Kibiny Mase Kole, Russa 


CCeysals up to 45. mm (1% in) across found in 
Copper Valley, Brandberg, Namibia, Asbestos, 
‘Quebec, Canada and Talnakh, Siberia, Rusia 


Astrophyllite 
(KNa)3(FesMo)THSig024(0.0H)7 
TRICLINIC 9 @ 


Properties: C~ various hues of yellow; S— whites L~ 
vitreous to dul: D~ transparent vo translucent: DE — 
33; H—3;CL~ good: F ~uneven to conchoidal: M— 
dong prismatic erystals, bladed aggregates, 

Origin and occurrence: Magmatic in alkaline peg 
ratte. Crystals and thee radial aggregates reaching 
‘up to 100 mm (4 in) come from Mount Eveslogchor. 
Khibiny massif, Kola Peninsula, Russia. I is also 
known from Mont St-Hilaire, Quebec. Canada, 


Fluorapophyllite 
KCa4SigOz0(F.OH) .8 HO 


TETRAGONAL eee 


Properties: C~ iit, greenish yellowish, pinkish: 
= white: L = greasy to pearly: D — transparent to 
‘eanslucent; DE ~ 24; H'- 48-5; CL — perfec, F— 
Uneven: M — prismatic and tabular exystals, lamellar 
aggregates, massive 

(Origin und veeurrence: Hydrothermal in cavities in 
voleanic rocks, along the racks in the Alpinetype 
veins, in ore veins and pegmaites. Well-formed 
xjstals up to 100 ma (4 in) long are known from 
Jalgaon and Poona, India: Centoville and Fairfax, 


Virginia, USA. Other localities are St. Andreasberg. 
Germany; Bento Goncalves. Rio Grande do Sul. 
ral 


Pyrophyllite 
Abie 10(OH)2 


MONOCLINIC e808 


Sarietes:agalmatlite 


Properties: C ~ white, greenish. yellow. gray: S 
‘whitey L~ greasy to. pearly: BD” wanstuceat to 
‘wansparent; DE ~ 2.8; H~ 1-2: CL — pefeot F — 
uneven; M_B folfaed and lamellar aggregates, 
‘massive (agalmatoite), radial wo aieular aggregates, 
‘Origit- and occurrence: Metamorphic i Al-rich 
rocks, together with andaluste and kyante: hydro- 
thermal in veins with quartz and micas. Rich flited 
and radial aggregates and poorly-formed crystal up 
{10 mm Cie in) across are known from Zerma 
‘Switzerland: Berezovsk, Ural mountains, Russia and 
the Champion mine. California, USA. 

ela ene meal, aimatle as 


Tale 
MesSiq®10(OH 


MONOCLINIC 


Properties: C — white, greenish, yellow, pinkish, 
ray: S~ white; L~ peasy to pearly: D— transparent 
to translucent; DE = 2.8; H— 1: CL ~ perfects F~ 


uneven; M ~ tabular ental, foliated aggregates, 
‘Ongin and occurrence: Metamorphic in metamor- 
hosed asic rocks and dolomite, together with 
‘ctinalite. dolomite and chlorite ydroinrral in veins. 
‘Tabular erysal up © 20 mm (st) across come from 
Brurado, Bahia, Bravil and Chester, Massachusetts, 
USA. Rich foliated aggregates are known fom Ziller- 
tal, Austria Pscadosmorphs after quart crystal come 
fiom St Gotha, Switzerland. Large deposits of 
massive ale ae mined in China. 

“Application as filling material in textile, paper and 
‘chemical industries, heat-resistant material 


Tole 61 mm, Roches, USA 
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Muscovite 
MICA GROUP. 
KAISi,010(OH.F)2 


Celadonite 
Mica GRour 
KFe>*(eeFe?*,Al)Si40 Q(OH)2 


MONOCLINIC ee 


Varieties: fochsite 
Properties: C ~ white. greenish, yellowish pinkish, 
‘green (fachsite), gray: S— white: L ~ vious 10 
pearly. D transparent to translucent: DE~ 2.8: H 
2.53: CL perfect: F- uneven, M tabular erystals, 
lamellar and saly aggregates, massive. 

‘Origin and occurrence: Metamorphic in various 
rock types, as mic schists. gneisses, maymatic in 
franites and peymatites; hydrothermal in veins or 
hex! to ofe veins (fuchste). Important ock-forming 
‘mineral, usualy associated with quartz, K-feldspar, 
albite and biotite. Ils sheets, reached upto $x 3m in 
‘size and weighed up to 85 tons in the Inkurt mine, 
Nellore, India. Large sheets are also known from 
Custer, South Dakota, USA. Wellformed erystals up 
{o 100 am (4 in) across come from Alsbashka near 
‘Murzinka, Ural mountains. Russi. Other farnous 
localities elude Mamsk, Ural mouatainy, Russia 
and Cruzeiro mine, Minas Gerais Brazil, where 
fgemmy erytals re found. 

“Application: insulation material in clecrical applica 
tions and contruction 


Muscovite 35 nm Panos, Califia. USA. 


780 


MONOCLINIC eee 


Properties: C—lght grvon to blue-green; S— white: 
[Ldull;D~ wanslucento almost opaque; DE ~ 3.0; 
Hl 2: CL perfect F ~ uneven: M ~ cart. 
sometime small scaly aggregates, massive. 

Origin und occurrence: Hyétethermal asa product 
‘of mafic mineral replacement in voleanic rocks, 
‘associated with zedlites, prebnite and calcite 
Famous localities are Val di Fassa and Monte Bada 
fal also known from Bisboo, Arizona, USA, 


Boromuscovite 
MICA GROUP 
KAIZBSI,0 j9(OH)2 


MONOCLINIC ® 


Properties: C — yellowish: 5 white: L = dull D 
‘eansparent o iaslucent; DE ~ 28; 25; CL, 

perfect F ~ unwven; M ~ small scaly aggregates, 
(Origin and occurrence: Hydrothermal in cavities in 


ce, 4% Pi Tadshiiston 


Cet 60 ms, Uno any, Catch Republic 


complex pegmatite associated with albite, lbaite 
and lepidolite. Fine-erained sealy aggrevates were 
Ueseribed fom the Lite Three mine, Ramona, 
California. USA: also in Reciew, Czech Republic. 


Paragonite 
mica GRour 
NaAIg5i019(0H Fn 


MONOCLINIC eee 


Properties: C— white, greenish, yellowish, pinkish: 
‘Shite; L vitreous 1 pearly: D~ transparent 10 
translucent: DE 2.8: H 2.5; CL B perfect F — 
uneven: M_— tabular crystals. scaly aggregates, 
Origin and occurrence: Metamorphic in various 
rock types, a5 mica schist and gneisses. Fine 
‘grained: scaly aggregates are known from Pizzo 
Forno, Swivetland and elsewhere, 


Roromuscovt, 40 mm, Ramona, USA 


Puente 80m Se Getard Swern 


Glauconite 
MICA GROUP. 

Kg Aure? Fe MgyS1.D40 1o(OH)2 
MONOCLINIC eeeee 
Properties: C ~ light green, yellow-green to bluc- 
areen; S~ fight ren: L~ dull PS translucent to 
‘opaque: DE ~ 2.9; H~ 2; CL B perfect; F uneven; 
MIB earthy and pity agaregates, massive 

(Origin and occtrrence: Hydrothermal 

tary and volcanic sodimentary rocks, 
duct of replacoment of mafic minerals in volcanic 
rocks, Common in sandsiones and. limestones. 
locally associated also with phosphorites. I occurs 
in many localities in the Karpathians, Poland in 
Polabi region, Czech Republic. Massive aggregates 
are known from the N'Chwaning No. 2 mine, 
‘Kuruman, South Afie 


Anite, 120 me, Bue Cot Repuie 


Annite 
MICA GRouP 
KFesAISi,0 9(OH.F)2 


Biotite 
MICA GRour 
K(FeM)sAI8i90 (OH) 


Monoclinic eee 


Properties: C ~ black, locally with reddish of 
_reenish tnt: $ ~ colorless; L —vitecus to pearly; D 
= trausparen translucent, feally opaque, Di 
2.8: H~ 2.5.3: CL perfect: F~ uneven: M—tabular 
xystals, lamellar aggregates, massive. 

(Origin and occurrence: Metamorphic in skarns 
‘magmatic in some pegmatites and granites, Its 
lamellar aggregates are known from Langban, Swe- 
<denand Cape Ann, Massachusets, USA. Crystals up 
to 130 mm (in) across come from Mont St-Hilaire, 
‘Quebec, Canada, 


Phlogopite 
Mica GROUP 
KitgyAI8i30 10(OHF)p 
MONOCLINIC eeeee 
Properties: C — ight brown, grecrish, yellowish 
coerless, gray: S~ white: L~ treo fo pealy, D 
‘vanspatent to translucent; DE 28; H=25-3;CL 
~ perfect, F~ uneven; M tabular erystals platy and 
Sealy aggregates, massive 
Origin and occurrence: Metamorphic in various 
rock types, as marbles and some ultrabasic rock, at 
the contacts of pegratiles and serpentinite, mag- 
tate in. some ‘oltrabasie rocks and. pogmatits, 
associated with dolomite, diopside, anthophylie 
Rich saly aggregates come feom many fcaies as 
Parga, Finland and elsewhere. Crystals up 103 m 
(16-1) across found in Sludvanka, Sibena, Russia 
{Crystals up to $0 cm (20 in) across occurred inthe 
Gardiner complex. Greenland, The largest crystals 
10x.5 m(33 x 16 8) across, weighing upto 90 tons, 
come fom the Lacy mine, Ontario, Canada 
‘Aoplcation: as insulation material in clctial 
Spplications. 


MONOCLINIC eeeee 
Properties: C— brown o black, commonty with red 
for green tint; S— colorless; L— vitreous to pearly: D 
ransparen to translucent locally opaque, DE ~ 
28: H=25-3:CL~ perfect: F~ uneven; M~ tabular 
crystals, scaly aggregates. massive. 
Origin and occurrence: Metamorphic in various 
rock types, as mica schists, gneisses, migmatites and 
sitferen types of metamorphosed shales; magmatic 
in pegmatite, grants, syenites and divs, are in 
‘alts and lubes 
‘mineral usually associ 
nd: muscovite. Rich scaly aggregates are known 
from a pegmatite in Eve, Norway, where is crystals 
reach up To several meters across. Other famous 
localities are Bessnes, France; Ulugurs mountain, 
‘Tanzania, Silver Crater mine, Ontario, Canada and 
‘aacher See, Germany, 


Polylithionite 
MICA GROUP 
KLigA'siyO 19 (OH)? 


MONOCLINIC ee 


Properties: C - gray, colorless, yellowish, purple; 

Colorless: L_ vitreous to pearly: D ~ transparent to 
translucent; DE ~ 2.8; H ~ 2.53; CL. ~ perfoet; F = 
uneven; MB tabular crystals, scaly aggregates, 
(Origin and occurrence: Magmatie and locally also 
hydrothermal in alkaline pegmatites, granites and 
catbonattes, rare in Li-bearing graniie pegmaies. 
Wellsformed crystals up 10 40 mm (Ie in) across 
ate known fom cavities in alkaline pogmatites from 
Mont St-Hilaire, Quebec, Canada. Tt comes also 
from Illimaussag, Greenland and ftom cavities in 
sranitic pegmatite in Revie, Catch Republic and 


elsewhere, Large industrial deposits known in 
Blatchford I ske, Northwest Territories. Canada. 
Application: Li and Cs oF. 


Trilithionite 
MICA GROUP 
Kup sAla 54010 (OH) 


MONOCLINIC eeee 


Properties: C — purple. pink, blu, colorless, geen 
colorless; L~ vitreous 0 pearly: D~ transparent, 
to wanslucent; DE ~ 28; H ~ 25-3; CL ~ perfect: F 
= uneven: M ~ tabular crystals. scaly aggrezates, 
(Origin and occurrence: Magmatic in. Li-bearing 

tes and granites, commonly associated with 
‘spodumene, petalite, quartz and albite: 
Sometimes hydrothermal in quartz veins and peg: 
ratites, Well-formed crystals ffom pegmatite eavi- 


Pelton, $0, Lowsero Mas, Kola, Rasa 


ties are known ftom Virgem da Lapa, Minas Gerais, 
Brazil. Massive aggregates come ffom the Stewart 
Lithia mine, Pala, California and the Brown Derby 
No. 1 mine, Colorado, USA; Varurask, Sweden: 
Rozna . Czech Republic: Meldon Quarry, Devon, 
UK. 

Application: Li and Cs ore. 


Zinnwaldite 

mica GRouP 
KLiFeAI2Si50 19 (OH)? 
MONOCLINIC eee 
Properties: C~ pray, colorless, brown: S~ colorless: 
[L= vitreous to pearly; D~ transparent 0 translucent, 
DE~3,7: H ~2.5-3; CL ~ perfect: F— uneven: M— 
tabular crystals, scaly aggregates, massive 

(Origin and occurrence: Hydrothermal in quartz 
veins and presens: magmatic in pegmatites and 
‘ranites, associated with fMuorit, cassterite and 
‘wolfamite. Rich aggregates with scales up to 100 
sam (4) across are known from quartz veins in 
CCinovee, Casch Republic. Crystals up to 150 mm (6 
in) across come fom pegmatite cavities in Virgem da 
apa. Minas Gerais, Brazil. It also occurs in the 
Pikes Peak Batholith, Colorado, USA: Baveno, Italy 
Application: Li ore. 


Tellin, 70m, Tano, Canada 


nmatte. 10 ms Cine. Cor Republi 
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Margarit 73 mm. Chest USA 


Margarite Clintonite 

AAAS 0 1Q(OH)2 Caltts-Ag(AlSSH0 Q(OH)2 

MONOCLINIC eee MonoctiNic ee 

Properties: C ~ pinkish, coloress, yellowish; S Properties: C colorless. yellowish, pinkish, 


colorless; L viteous 16 pearly; D ~ transparent to 
tanslucent; DE~3.I: H 33-45; CL B port, F 
upeven; M_— tabular crystals, platy and scaly 
‘aggregates, missive, 

(Origin and occwyence: Mewmorphic, associated 
With corundum. daspore, tourmaline and sauroite 
In various types of mevamorphosed shales. Coarse 
Platy aggregates come from Chaser, Massachusetts 
3nd Sterling Hill, New Jersey, USA. 


Chinen 3 mons, Pome, Hungary 


igronish; §— colorless L-wireous to peaty; D 
tanspareot to tarslucent; DE — 3.1; H~ 3.5; CL 
perfects F uneven: M-~ tabular crystals. Faellar 
aggregates. massive 
Origin and occurrence: Metamorphic ia contact 
metamorphosed matbles, asiciated with vesuvi 
irossular, diopside and spinel. Rich agerogats 
Tamellae upto 20 mam (in) across occur in 
Grosn Monster mouniain, Alaska and Crestmore, 


‘Stilpnomelane 
K(Fe2*.Mg,Fe?*)e(SiAl)|2(0,0H)27 
MONOCLINIC eee 


Properties: C = black, black-brown, Dlack-green, 
yellow-brown; § ~ colorless: L~ vitreous to dull: B 


~ translucent to opaque: DE ~ 2.8; 1 ~ 3; CL 
perfect: F ~ uneven: M ~ tabular crystals, foliated, 


shales, usually associated with chlorite. magnetite 
and albite, Crystals wp 0 20 mm (in) across 
ome ftom fim Pond towaship. Maine, USA, 
Foliated aggregats are known from Horn Udoli 
near Zlate Hory, Czech Republic: Mesabi Range, 
Minnesota, USA. 


Montmorillonite 
(CANap,33(ALMe)2$i40 j(OH)2 9 20 
MONOCLINIC eeee 
Properties: C ~ white, yellowish, greenish, bluish: S 
‘white: L~ greasy: D ~ translucent o opaque: DE:~ 
23: 11 12; CL perfect, wet massive aggregates 
ae plastic; F ~ uneven; M-— earthy aggregates, 
massive, 

(Origin and sccurvonce: Hydrothermal as 2 product 
of replacement of other minerals in voleanie rocks, 
granitic pematites and sediments 1s abundant in 
‘many localities. Montmorillonite deposits are known 
from Anicim, Northern Ioland. UK; in Hungary! 
Slovakia snd many places inthe USA. 

Application: coramies and chemical industry. 


Saponite 
(Casi a(Fe.Me (SiAD4O o(OH)2 4 HO 


MONOCLINIC 


Properties: C— white, yellowish. gray-grcen. bluish: 
'S white: L~ greasy. D~ anshicent 1 opaque: DE 


Montoro, Kisthaas Sia 


Sapo, 2 mm cnet. Erdabye Hungary 


~ 2.1: H= 1-2; CL perfect, massive aggregates are 
plastic under wet conditions F~unever: M- cathy, 
oda, masive. 

Origin and occurrence: Hydrothermal as 4 product, 
of replacement of other mincrals in volcanic rocks 
and serpentnites. It occurs togethor with copper in 
‘many places in Keweenaw Peninsula, Michigan, 
USA. Seales up 10 10 mm @ in) across deseribed 
from Mont St-Hilsite, Quebec, Canada 


Vermiculite 
(Fo Mel) (SiAI)¢O (Hr 4 HO 
MONOCLINIC eee 
Properties: C ~ yellow-brown, gray-green, green- 
brown: 5 — white; L ~ greasy. B ~ translocen to 
opaque: DE -2.5, H~ 1.5; CL B perfect F uneven; 
MM sealy aggregates, massive: R= it expands when 
heated 

Origin and occurrence: Mydeotvermal a8 3 product 
‘of replacement of phlogopite ad other mafic micas 
in various rock types. I occurs in Palbora, South 
‘Affi Mibury, Massachusets, USA: Kovdor 
massif. Kola Peninsula, Rossa, 

Application: lectical applications and_ paper 
indo. 


emia $0 mo Drakonin Ccch Republic 
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Cote 60 vn, Dob Voda, Cozch Republic 


tinted, $n, Sy, Rats 


Cookeite 
CHLORITE GROUP 
LAYSI;O19(0H) 


MoNocLINIC ee 


Properties: C- white, yellowish. pinkish, brown: S~ 
coloress: L — vitreous to pearly: D = transparent 10 
translucent: DE -2.6, H- 2.5.35; CL perfect F= 
uneven: MB sealy. locally radial aggregates 
‘Origin and occurrence: Hyérothermal in cavities in 
Li-boaring ‘pegmatites, associated. sith clbsite, 
lepidalite, Muorapatite and albite it also replaces 
spodumene; metamorphic in Al-rich shales, together 
with disporc and pyrophyllite, Massive aggregates, 
replacing. spodumene, oceur in the Tanco mine, 
"Beenie Lake, Manitoba, Canada. I also comes from 
cavities in pegmatite in the Little Thrce mine, 


Kammerer 11mm. Kap Der, Trey 


Ramona and the Himalaya mine, Mesa Grande, 
California, is also known fiom the Pulsifer quay, 
Maine, USA and Mulane, Mozambique 


Clinochlore 
CHLORITE GROUP. 
(aFe)sAl28i3019(0H) 


MONOCLINIC 


eeeee 
Varieties: karamererite 


Properties: C — greenish, gray, white, yellowish, 
‘brown, red-purple (kammerent).S ~ coloress: L = 
‘sitreous to pearly. D~ transparent to translucent: DE 
= 27: H ~ 225; CL ~ perfect: F ~ uneven: MB 
poorty-developed tabular crystals, foliated and radial 
sagregates, massive. 


‘Chamesie 7 mm, Hain, Hungary 


Origin and occurrence: Metamorphic in various 
types of shales and marbles, hydthermal in quartz 
veins and Alpine-type veins, occasionally replaces 
‘eriain minerals a biotite. Crystals up t0 50 mm (2 
jn) across, associated with chondrodite and magne 
tite. are known from the Tilly Foster mine, Brewster, 
[New York and Chester, Pennsylvania, USA. Tt also 
occurs in Val Ala, Italy” and Zillertal, Ausra, 
Scales up to 40 em (15% in) across come from 
Beramy: Madagascar. Kammererie crystals upto 20, 
sum (in) actoss found in Kop Daolari, Exzerum, 
Turkey. 


Chamosite 
CHLORITE Grour 
(Foe) sAtz8i50 of OMe 
MONOCLINIC eee 
Properties © gray, pray, brown: 5 ~ gry 
een: L vieeousto dal, D~aniveent to opaque: 
DE~ 3.2; H- 225, CL ~ pores F- uneven: MB 
scaly and ooiteaggregaics, massive. 

Grigin and occurence: Metamorphic wo hydo- 
thermal in various ype Pech selmens typrealy 
associated with ident and magnetite 

itis common in Chamoson, Switzerland: Nucice 
Cacch Republic. Spherical aggregates vp i 15 mn 
(Cin is) 10 ameter found in Moot St-Hilaire, 
Quebec, Canad 


Kaolinite 
AlaSiz05(OH)4 

TRICLINIC eseee 

Properties: C- white yellowish, greanish, gray C— 


colorless; L— earthy; D— translucent to opaque: DE 
= 26; H~ 1; CL— perfect, F— uneven: M — cathy 
and exceptionally scaly aggregates, massive 

(Origin and occurrence: Hydethermnal, aa result of 
feldspar replacement. in’ various rock types. as, 


iranites end atcoses. 1 forms large deposi in 
China, France, UK and Czech Republi 
Application: aw material for ceramics. 


Dickite 
‘AhSHOsOH4 


MoNocLINIC eee 


Propertios: C— vite, yellowish; $~ colorless: 
cary to pearly; D ~ iranslucent to opaque; DE — 
2.6; H-1 CL perfec: F~ uneven: Mcarhy and 
platy aggregates, massive 

Origin and occurrence: Hydrothermal in cavities in 
Inydrothermal vein, together with quartz, carbonates 
and sulfides. I occurs in Essen, Germany; Anglesey, 
‘Wales . UK; Kladno, Czech Republic. Mieoseopic 
crystals come Rom Mas d'Alary, Franc. 


Kaolivite $0 mae. St ust UK 
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Nabite, 70mm, Rach, Germany 


Nacrite 
ANSi205(0H4 


MONOCLINIC eee 


Properties: C ~ white. yellowish, gray-white; $ 
colorless L ~ earthy 1o pearly; D = translucent to 
‘opaque: DE ~ 26: Hl ~ 1; CL ~ perfect; F~ uneven; 
‘M~carthy and sealy aggregates, massive, 

(Origin and occurrence: Hydrothermal in cavities of 
hydrothermal veins, associated with quar, frie 
‘and topaz. It occurs in Horni Slavkow, Czech 
Republic; Friberg, Germany. Pseudo-morphs after 
topaz come from Ouro Preto, Minas Gerais, Brazil 


Antigorite 
May8i205(0H)4 


MONOCLINIC ° 


Properties: C— white, yellowish, greenish, gray: 
colorless to gray: L vitreous, pearly silky, 


Anvigorite, 110 mm, Fleet Hamgary 


earthy; D.= translucent 0 opaque; DE ~ 2.6; H — 
2:5-3.5; CL ~ perfec; F - uneven: M B foliated, 
lameliar and fibrous aggregates, massive. 

Origin and occurrence: Metamorphic in serpenti= 
nites, marbles and other Mgcrich rocks; hydrother- 
‘malin veins ross seeting these rocks. I is importan 
rock-forming mineral, 1 occurs in Kraubat, Austria; 
Habis, Cech Repu; Antari aly and 


Amesite 
MaxAiSiANos(OH) 


TRICLINIC 


Properties: C ~ greenish, gray; S ~ colorless; L ~ 
sitreous to pearly; D — transiicent; DE ~ 2.8; H— 
25:3: CL ~ porfet: F - uneven; M B foliated to 
radial aggregates, massive. 

‘Origin and occurrence: Hydrothermal in Mg-rich 
rocks, associated with diaspore. magnetite and 
chromite. It comes from Chester, Massachuscts, 
USA. Crystals up o-40 mm (1% in) across found In 
Sarany, Ural mountains, Russia. 


Cronstedtite 
FeltaFel"aSi0s(OH4 
MoNocLINIc #8 
Properties: C~ blac, black-brown, back-gren; = 
‘dark oivegreen: L "vitreous to submetalicy D = 
Iransluesnt to opaque: DE ~ 36: Il = 38; CL — 
perfect: F = uneven: M ~ prismatic erysal, 
columnar aggregates. 

Origin and occurrence: Hydrothermal in ore veins. 
Fan-shaped aggregate of crystals come from Pribram 
and Kam Hora, Czech Republic, Ouro Preto, Mines 
(Goris, Brazil Sasigne mine, Aug, France. 


Anes. 40 mm. Sarany. Ural Ms, Russia 


Cronaadeit, 42 mm, Huron Bola 


Chrysocolta 
(CuAihgHySin0s(OH)n Ha 


MONOCLINIC 


Properties: C ~ different hues of blue-green: S ~ 


F ~ conchoidal 10 uneven: M ~ microscopic acicular 
‘crystals, botryoide,salactitic and cary aggrepates. 
Origin and vccurence: Secondary in Cu deposits, 
associated with malachite and other secondary Ci 
minerals 

Rich aggregates come from many places in Arizona. 
USA. like Bisbee and Morenci, It is also known 
from Mednorudnyansk, Ural mountains. Russia and 
Broken Hill New South Wales, Australia 


Allophane 
Sporoximately A1Si0s .n HO 


AMORPHOUS eee 


Properties: C~ white, gray, bis. greenish, brown 
'S white: L — viteous, greasy and earthy; D — 
transparent, translucent 10 opaque; DE ~ 19: = 2- 
3; CL — none: F ~ conchoidal 10 uneven; M— 
‘botyoida. stlacitie and earthy ageregates 

Origin and wceurrence: Hydrothermal product of | 
alteration along the cracks of sedimentary rocks in 


Creal 50 mm. Aricona, USA 


coal deposits and in the oxidation zone of ore 
‘deposits, associated with other secondary minerals. 
Rich botryoidal aggregates occur in Del. Germany: 
Moldova "Nuova, Romania; New Comelia mine, 
Arizona, USA: El Dragon mine, Potosi, Bolivia 
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Pabgortite, 120mm, Burda Hansary 


Palygorskite 
(CHeAl)2Si409(0H) 4 H20 
MONOCLINIC eeee 
Properties: C~ white, gray; S— white; L dull: D- 
translucent to almost opaque: DE~ 22:41 1; CL— 
ood: F ~ uneven, aggregates plastic under wet 
«conditions: Maccularerstal, fibrous aggregates, 
Origin and occurence: Hydrothermal as a product of 
sttration of flea rock types, uch 5 serpentinite, 
sgramies, marbles and grayuackes, abo in oc veins 
Sd the Alpine-type veins. Rich aggregates resembling 
leather occur alo the eracks in marbles in Hen neat 
oraa'ovice, Czech Republic inthe Mammoth mine 
Tiger. Arizona, USA and in Palygrskava Rusia 


Sep 710m, Esiveir They 


Sepiolite 
MesSig05(OH)p 6 H30 
ORTHORHOMBIC fee 
Properties: C~ white yellowish, gray, $~ whites L 
= Gul; D~ opaque: DE - 2.0; H = 2-25; CL — not 
determined: F— uneven; M'~ cathy aggregates, 
Ongin and occurrence: ysrothermal asa product 
of serpentinite alleration. typically associated with 
Iagaesite Classic locality is Eskisehir. Turkey: also 
Keown fam Biskoupky, Czech Republic 


Zeophylite 
CagShOg(OHLF) 4.2 H0 
TRICLINIC 08 
Properties: C ~ white: $ ~ white: L — pearly D ~ 
‘wansparen to wanslucent; DE ~ 26, H = 3: CL ~ 
perfect, F~ uneven; M~ platy crystals, commonly 
‘vith radial structure 

Origin and occurence: Hydrothermal in cavities of 
voleanie rocks, associated with zeolites. Is most 
iportant locality is Radejein, Czoch Republic 
where forms spherical aggregates upto 10 mm Ck 
in) in diameter. Also known from Schellkoph 
‘Germany and Monie Soma, Tals 


Cavansite 
EaVOSi« 19-4 HO 


ORTHORHOMBIC oe 


Properties: C~ green-blu, blue; Slight blue; L~ 
‘vitreous: D = wansparent; DE ~ 2.2; ~ 3-4; CL 
goed: F — uneven: M ~ long prismatic to acicul 
rytals, radial aggregates. 

Origin and occurrence: Hydrothermal in cavities of 
voleanie rocks, associated with calcite, apophylite 
and zeolites. Rich radial aggregates up to 30 mm 


Zeophyte. 69 mm. Radecin, Cech Republic 


Cavan 120. Poon, nia 


(1° in) in diameter come fom the Wagholi Quarry, 
Poona, Inia 


Nepheline 
(KNIAISION 


HEXAGONAL e eee 


Properties: C~ colorless, white, greenish, yellowish, 
gy geen. brown: S~ whe woo grey. 
1D transparent to tanshucent, DE - 2.7: W~ 5.5-6: 
CCL none; F~ uneven 1 conchoidal; M prismatic 
crystals, granular, massive 
(Origin and occurrence: Magmatic in many alkaline 
rocks, as alkaline synites and their pegmatites, also 
insome basalts: rare mictamorphie in gneisses. Iisa 
typical rock-forming mineral. associated with 
Teucite, augite and apatite. Well-formed crystals 
found in Mount Vesuvius, Italy Rich aggregates ae 


Peninsula, Russia. Crystals up 10 70-em (27% in) 
Fong aceur in Davis Hill. Bancroft, Ontario. Perfect, 
crystals up fo 35 mm (ein) long, come from Mont 


StcHlilaire, Quebec, Canada, 
‘Application: locally as Al ore and in ceramic 
indusiry 
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Perlite, 23 mm. Papo, Afhanstan 


Petalite 
LAISi,©, 


MONOCLINIC eee 


Properties: C~ coloriess, white, greenish, yellowish: 
‘8 ~ "white; L— vitreous: D ~ iransparent to tans: 
lucent; DE ~2.5; H 6-68; CL — good: F — uneven 
to conchoida: M~ prismatic ental, granular 

‘Origin and occurrence: Magiatic in Li-bearing 
sgmatites, associated with lepidalite, elite, 
amblygonite and locally replaced by a mixture of 


Calo 70 mim, Umbosra, Kole Russa 


‘quaru, and spodumene. Gigantic crystals several 
meters long. come fom Bikita, Zimbabwe: and 
Varuras, Sweden, Clear gemmy crystals up to 230, 
mm (9s in) across found in pegmatite cavities in 
Paprok, Afghanistanand also in San Piro in Campo, 
Elta, aly. Crystals up to 100 men (4) across occur 
in Aragval, Minas Gerais, Brazil, 
Application: crane indus 


Chkalovite 
NapBeSiz0g 
ORTHORHOMBIC 8 @ 
Properties: C — colorless, whites $ ~ white; L 
vitreous; D~ transparent to wanslucent: DE ~ 2.7; H 
= 6; CL ~ imperfect F~ conchoial; M ~ prismatic 
xysals,pramular, massive 

Origin and occurrence: Hydrothermal in alkaline 
pegmatites, usually associated with natolite, 
Ssodalte and ewialye. Crystals up to 200 mm (7% 
in) aeross come from the Umbozero mine, Mount 
Alluai, Lovezero massif, Kola Peninsula, Rusia; 
also at Julianhab, Greenland and Mont St-Hilaire, 
Quebee, Canada. 


‘Sanidine, 30 mm x: Drachenfls, Germany 


Sanidine 

FELDSPAR GROUP 

KAISIgOg 

MONOCLINIC eeee 

Properties: C ~ colores, white, yellowish, pinkish, 
gray, S ~ white; L ~ vitreous: D ~ transparent to 
translucent; DE ~ 26; H ~ 6-65; CL — good: F 
uneven to. conchoidal; M — prismatic erystals, 
ranula, massive. 

(Origin and occurrence: Magmatic in acid voleanic 
rocks, a6 thyolites and trachyes, a typical rock 
forming. mineral. Wellformed crystals and. theit 
‘combinations up to 100 mm (4 in) in size occur in 
fhyolites and trachytes in Drachenfels and Lascher 
See, Germany. also comes from Roe de Courlande, 
France; Beaverdell, British Columbia, Canada; 
Kyostendi, Bulgari, 


Orthoclase 
FELDSPAR GROUP 
KAISiy 


MONOCLINIC seeee 


Varieties: adulatia, moonstone (gemmy variety wi 
chatoyaney) 


Ortholase. 32 mmx. Orv Grande, USA. 


Properties: C ~ colorless. whit, yellowish, pinkish, 
14 bow, yellow S~ white; L~ vitreous fo pearly 
(Gduariay: B= transparent to translucent; DE 2.5, 
66.5: CL — good: F- uneven to conchoidal M 
= pramalic and tabula erystals and their combi- 
rations, granular, massive 

Origin and occurrence: Magmatic in rhyolives, 
teachytes, granites, syenites and pegmatites; 
‘etamorphie in various rock types, as onthogneisses 
and migmatites; hydrothermal in the Alpine-type 
‘veins fe veins and some sediments als in pacers. 
‘atypical rock-forming mineral. Wellformed erystals 
and twins up to 200 mm (7 i) across come from 
‘granites in Twentynine Palms, California, USA: 
Maina di Campo, Elbe. lly, Loket and Karlovy 
Vary. Czech Republic: in pegmatite cavities in 
Strzegom, Poland: San Piero in Campo, Elba, Italy. 
Yellow gemmy crystals up to 70 mm (23 in) across 
found in tiongay, Madagascar. Gigantic feldspar 
crystals up 10 tens of meters long known from 
Several pegmatite localities in Black Hills, South 
Dakota, USA; also Hagendorf, Germany. Adularia i 
known from Alpine-lype veins in St. Gothard, 
Switzerland: pebbles of moonstone occur in gem- 
bearing gravels in Ratnapua, Sri Lanka 
Application: ceramue and glass industry, moonstone 
‘asa gemstone, 


Adutria 60am Ags Sizer 
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Mirotine. 110 im Lake George, eller Co. USA, 


Microcline 
FELDSPAR GROUP 
KAIS305 


Hyalophane 
FELDSPAR GROUP 
(KBa)ALS.AD3O 


TRICLINIC e8eee 
Varieties: amzonite 


Properties: C— colorless, white yellowish, pinkish, 
‘ray, light to dark green (amazonite); §~ white; L— 
itfeous:D ~ transparent to translueent: DE - 26; H. 
~ 66,5; CL ~ good: F ~ uneven to conchoidal: M 
‘rystals, granular, massive. 

ind occurrence: Magmatic in granites, 
“yenites and pegmatite; metamorphic in various rock 
‘ypes as onthogneisses and migmatites; hydrothermal 
inthe Alpine-type veins and ore veins: atypical rock 
forming mineral, Well-formod amazonite crystals up 
to 40 em (15% in) across occur in pegmatite cavities 
in Crystal Peak, Colorado, USA: Keivy, Kola 
Peninsula, Russia: Morefield mine, Virginia, USA 
Gigantic micocline erystals upto 12 m (39 ft) across 
come from pegmatite in Black Hills, South Dakova, 
USA; Kaatala, Finland, 

pplication’ ceramic indy, amazanite 28 3 


MONOCLINIC eee 


Properties: C ~ colorless, white, yellowish; S ~ 
‘white; L vitreous; D~ transparent to translucent: 
DE ~ 29, H ~ 66.5; CL ~ good: F — uneven to 
conchoidal; M_~ prismatic crystals, granular 


Amezonte. 60mm. Keb Kola, Russia 


Halophane 50 mm, Buxovace, Boia 


ligctse 40 mm, Ural Me, Russi 


Origin and occurrence: Magmatic in phonoits: 
‘metamorphic in various rock types, as marbles, 
‘geisses and Mo-ich rocks: hydrothermal in the 
Alpine-ype and ore veins. Crystals upto 100 mm (4 
in) across found in Alpine-type veins near Busovaca, 
Bosnia Hereegovina 


Albite 
FELOSPAR GRouP 
NaAlsiz0, 


TRICLINIC eseee 


arites: petiline,cleavelandie 
Properties: C— colorless. white, yellowish, pinkish, 
‘ray, greenish, blush; $~ white: L~ vitreous: D 
{ransparent to translucent; DE ~2.6; 116-655; CL 
Albi, 85 mm, Gvernado Voladare, Braz 


‘good: F uneven to conchoidal: M tabular crystals 
and their wins, platy agarepaes, granular, massive 
Origin and occurrence: Maginatic in granites, 
syenites and their peprattes; metamorphic in various 
rock types. a8 onhognesses. migmsatites, phyllites 
4nd metamorphosed. shales; hydrothermal. in the 
Alpne-ype veins and ore veins, atypical rock- 
forming mineral. Wellformedtabuat to platy cleave 
Tandite crystals up 10 150 mm (6 i) across occur in 
pegmatite cavities nthe Amelia disc, Virginia and 
the Pala district. Calforia, USA. Albite ery also 
come from Strzegom, Poland; San Piero in Campo, 
Elba, Italy; Murenka, Ural mountains, Russia; many 
localities in Minas Gerais, Brazil, Peicline crystals 
are knoven from the racks along Alpne-ype veins in 
GGrosspreincr, Ausra; St Gothard, Switzerland: also 
from or veins in Ramava, Slovakia. 


Oligoctase 
FELDSPAR GROUP 
(M9 9.0.7649,1.034 


Sing. 


TRICLINIC 
irleres: peristert,sunstone 


Properies: C~ white, yellowish, pinkish, greenish, 
inideseent (persterite, §~ white; L ~ viteous; D— 
‘eanspacent o translucent: DE ~2.6 H - 6-65; CL— 
‘004: F- uneven a conchoidal: M tabular erysals, 
Dlaty agarepates, granular, massive. 

Origin and. occurrence: Magmatic in granites, 
syenites, andestes and pegmatite; metamorphic in 
gneisses and migmatites: hydrothermal inthe Alpine- 
type veins; typical eoek-Torming. mineral. Large 
crystals, soveral dm long. arc known mainy from 
Dogmatites. Peristerite comes from Arendal, Noray: 
Miass, Ural mountains, Russia; Quaevile, Ontario, 
Canada: Tvedesirnd, Norway. Itaso occurs in Vea 
«Czech Republic. Sunsone is mined inthe Ponderosa 
imine near Lakeview. Oregon, USA. 

Application: periserite and sunstone are used as 
semstones. 
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Andesine 
FELOSPAR GROUP 


Properties: ~ yellowish, pankish, gray, light green: 
'S white; L__iteeous; D — tansparent to trans- 
lucent; DE - 2.7: H - 6.65; CL ~ good: F - uneven 
to conchoidal: M ~ platy aggregates. granular, 


Lebradort $0 im, aban, Canada 


Anon 10 mm Psmaode. Flan 


Origin and occurrence: © - white 10 datk grey. 
greenish S ~ white: L~ vitreous, pearly; D ~ trans 
parent 10 wanslucent; DE ~ 2.7: H ~ 6.65; CL — 
food: F uneven to conchoidal; MB cleavable 
aggregates, granular, massive. 


Labradorite 
FeLOSPAR GROUP 
Cag7.0N203-0,41 


TRICLINIC @ 


523 
oe 


Properties: Magmatic in andesite, divtes: meta- 
‘morphic in gncsses and migmatites typical rock- 
forming mineral. Large grains are known fom mig 
rafites in Bodenmais, Germany and Adameli, Kal 
‘Origin and occurrence: Magmatc in gabbros, basa. 
‘anorthosites: metamorphic in amphiboles, Large 
Fridescent aggregaes up to 1 m (39% in) across, come 
from Nain, Labrador. Quebec, Canada and als occur 
in Korosenskiy massif. Ukraine and Vlama Finland, 
Applicaton: 2 a decorative sion, 


Anortite 
FeLosrar GRour 


CaAlySi20, 


TRICLINIC eee 


Properties: C~ gray greenish, pinkish: $— white: L 
‘vitreous, dll D~ uransparent to translucent; DE 
28: H~6-6.5: CL — good: F ~ uneven to conchoid 

MB granular, massive. 

Origin and occurrence: Magmatie in. gabbros. 
‘basalis, anorthosites; metamorphic in contact meta- 
rorphosed rocks, Pinkish grains and poorly- 
‘eveloped exysals come from Val di Fassa. lay: 
‘Crystals up 1050 ram (2 in) across are known from 
‘MiyakeJima Island, Japan. It was also found in 
‘Mount Erebus, Antarctica and Mone Somma, lly. 


Danburite 
(€3B,5i204 


ORTHORHOMBIC oe 


Properties: C ~ colorless, white. gray, greenish, 
pinkish. yellow, brown, red-brown: S— white: L 
‘vitreous, dull ~ transparent to translucent: DE~ 3.0: 
H=75CL imperfect: F~ uneven to conehoial: M 
prismatic erystls, columnar aggregates, granular, 
massive. 

‘Origin and occurrence: Hydrothermal in pegmatite 
cavities, ore veins and the Alpine-type veins: meta- 
‘morphic in skarns and contact mctamorphosed 
rocks. 

‘Wellformed prismatic crystals upto 250 mm (9%« 
in) long come from Russell. New York, USA: 
‘Toroku, Japan: Dalnegorsk. Russia; and Chereas, 
‘San Luis Potosi, Meno, 


Cancrinite 
NagCaAl 


(C05).2420 


HEXAGONAL e0e 
Properies: © _ colorless, white, yellow, orange, 
bulb — white: L~ viteous: B — wansparent to 
trashicen: DE 2.4 H~ 5-6: CL — good. F~ un- 
‘ven 1 conchoial: M ~ prismatic crystals granular, 
Origin and occurence: Magmatic in alkaline 
Syenies: hydrothermal a «product of replacement 
‘of woleanie rock. associated with nephline and 
Soda 

Cysts up t9 20 mm ¢ i) across come from 
Mont SFist, Quebec Cana It was aso found 
in Lichfield Maine, USA; Canenite Hil, Ban- 
‘of, Onsra, Canada and elsewhere, 


Canriite, 7mm, Dro. Romania 


Darbwrte 109mm. Charcs, Mexico 


Leifite 
Nag{SiALBe7 (LOH i4 


TRIGONAL @ 


Properties: C~ colorless: $ white; L— vitreous: D 
~ wanslucent: DE ~ 25: Il ~ 6; CL ~ good: F — 
luneven: M~acicular erst, 
Origin and occurrence: Hydrothermal in cavities of 

Ihaline pegmatites, associated with microline and 
~innwaldte. Crystals up to 20 mm hx in) across 
‘occur in Narssarssuk. Greenland, Fie crystals ae 
also known from Mont St-Hilaire, Quebce. Canada, 
‘associated with serandi 


Lele 100 mm. Mont Stir, Canada 


267 


Saale, 0 mm. Banerof, Canada 


Sodatite 
NagAlgSigOn4Chr 


cusic eee 


Viretes:backmanite 


Properties: C = colodess, white, blue, yellow, pink 
(ackmanite); S~ white; L~ vitreous: D ~transpa- 
fent to translucent; DE ~2.3; H ~5.5-6; CL imper- 
fet; F — uneven to conchoidal: M — isometric 
crystals, granular, massive; LU ~ orange-red 

Origin and occurrence: Magmatic in alkaline 
syenites and phonolites, associated with nepheline. 


oxean, 6mm grains, Laacker See, Germany 


zireon and titanite; hydrothermal in marbles. Gra- 
ular aggregates are known from the Princess 
Sodalite mine. Baneroft, Ontario, Canada and 
Ditrau, Romania. Crystals up to 100 mm (4 in) 
‘across come from Kangerdluarsuk. Greenland. 
“Application: cu asa gemstone, 


cusic 


Properties: C— colorless, white, blu, gray, black; $ 
white: L vitreous; D ~ transparent to transveen 

DE ~ 23; H ~ 5-6; CL ~ good, F uneven to con- 
chokdal, M ~ isometric erytals, granular, massive. 

‘Origin and occurrence: Magmatic in alkaline basalts 
and similar effusive rocks, associated with nepheline 
land haiyne. Granular aggregates are known from 
Lacher See, Germany and Monte Somma. Italy, 


Lazurite 
(ac 


IsSig0 2415500) 


cusic eee 
Properties: C ~ dark blue; $ -light blue; L ~ 
vileous, D ~ transparent to translacent; DE ~ 2.4; 
1H — 5.5.5; CL ~ imperfect; F — uneven to con- 
choidal; M — isometric erysals, granular, massive. 
Origin ‘and occurence: Metamorphic. in contact 
‘metamorphosed marbles, associated. with pyrite 
(Crystals upto $0 mm (2 in) across come from Sar-e- 
‘Sang. Badakhshan province, Afghanistan. Granular 
aggregates are known from many localities, such as 
Malobystrinskoye deposit near Lake Baikal. Russia 
fr Monte Somma, Italy 

“Application: decorative stone and gemstone, 


Lazare 6 mm. Aehansin 


azure 21 mm x Nuit, Ahan 


i 
Tugtupite 


NagBerAlSieOr4Chr 


TETRAGONAL ee 


~ transparent to translucent: DE 
H~ 5; CL ~ good; F ~ uneven to conchoidal; M— 
small erystals, granular, massive. 

Origin and occurrence: Hydrothermal in alkaline 
syenites and their pegmatite, algo a8 « product | 
cchkalovite alteration. Ageregates up to 60 mm (2% 
in) across come from the Umbozero mine, Mount 
Allusiv. Lovozero massif, Kola Peninsula, Russia 


Tegupte 90 mm, Mimowcag, Greenland 


and lIRrnaussag, Greenland, Small crystals occur in 
the Poudrete quarry: Quebec, Canada 


Danalite 
Fegbes5in0128 


cusic ee 
C ~ grayelloncpink, red, brown; § — 
fe, L~ vitreous; D ~ transparent to translucent, 
Deed H=$56 CL pores unven © 
conchoidal; M’— isometric erystals, granular. 
massive, 

(Origin and occurrence: Magratic in granitic peg- 
rmattes: hydrothermal in gresens, skarns and ore 
veins. Tt oecurs in Cape Ann, Massachusets, USA; 
Hortckollen, Norway and Coolgardie, Western 
Australia, Australia. 


Danae. 10mm, Yjobeg Sweden 
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5G RADIO 


. 
CCESS 


CAPABILITIES AND TECHNOLOGIES 
The capabilities of 5G wirelass access must extend far beyond previous generations of mobile 
communication. Examples of these capabilities include very high data rates, very low latency, 
Ultra-high reliability, energy efficiency and extreme device densities, and willbe realized by the 
ddevelapment af LTE in combination with new radio-access technologies. Kay technology 
‘components include extension to higher frequency bands, access/backhaul integration, 
device-to-device communication, flexible duplex, flexible spectrum usage, multi-antenna 
‘transmission, ultra-lean design, and user/control separation, 


ERICSSON 


elite, 2mm sx, Covi, Raman 


Helvite 
MngBe3$i30 128 


cusic eee 


Properties: C—brown, gra. yellow, yellow-green; S 
white: L vitreous: ~ wansparent to tarslucen; 
DE ~ 3.4; H- 6: CL — good: F ~ uneven to con 
choidal: M — isometric crystals, granular, massive 
Origin and occurrence: Magmatic in granitic 
DPegmatites and alkaline syenites; hydrothermal 
Breisens, skarns and ore deposits. Cubic erystals up 
{0 25 mim (1 in) across known ftom the Saiooth 
Batol, Idaho, USA. Crystals also come from 
Schwarzenberg. Germany: Cavnic, Romania: and 
Oslotjord, Norway 

Application: Be ore 


Seapolite, $6 mm x Leste Late, Quebec, Canada 


Marialite 
SCAPOLITE Group 
Nag(AlSi309)4 (Cl 504) 


TETRAGONAL eee 


Properties: : C ~ colorless, white, gray, purplish, 
Sellow S — shite; L— vitoous, locally pearl D 
‘ransparent to translucent; DE ~ 2.5; H~ 5-6: CL 
good: F — uneven to conchoidal: M~ prismatic xys- 
tals, columnar aggregates, granular massive: LU — 
Jello 1 orange 

(Origin and occurrence: Hyérothermal in wins. cross 
ceuting alkaline metamorphic rocks and in pepmatits, 
‘cross-cutting uliabasic rocks: metamorphic in mar~ 
bles and metacvaporites. It comes from Ankazabe. 
Madagascar, Una. Tarzana and Crestmee,Califor- 
ria, USA, 


Meionite 
SCAPOLITE GRour 
al laSi209)g (C0504) 


TETRAGONAL @ eee 


Propertos: C — colorless, white, gray, purplish, 
‘green, blue: S — white; L = viteous; D ~ iansparent 
fo translucent; DE ~ 2.8; H ~ 5-6; CL — good: F 
‘uncven to conchoidal; M ~ long prismatic erystals 
columnar aggregates. granular. massive; LU 
‘yellow to orange 


ewe, 30 mam Mr Hsin aly 


Origin and occurrence: Metamorphic in. skarns, 
‘marbles, granulites and in comacis of volcanic rocks! 
hydrothermal in vein. cross-cutting Ca-ich rocks 
Wall formed erysials up to 40 cm (18% in) across 
come from Lake Clear and Egamvill, Ontario. 
Canada, Crysis are also known from Monte 
Somma, ttaly: Sludyanka, Siberia, Russia and 
Pargas Finland 


Leucite 
ZEOLITE GRouP 
KAISI206 
TETRAGONAL eee 
Properties: C— coloriess, whit, gray: S- white; L = 
vitreous: D~ wansparent to translucent; DE ~ 2.5; H. 
5.56: CL- imperfect; F uneven to conchotdal: M 
isometric crystals. granular, massive 
Origin and occurrence: Magiatic in effusive K-ich 
basalts, associated with nepheline and sanidine 
\Well-formed crystals several em in size. come from 
‘Mount Vesuvius aly and Laacher Sec, Germany. 
Application: ceramic industy. 


Analcime 
ZEOLITE GROUP 
NaAlSi204 1,0 


cusic eee 


Properties: C— colress, whit. pinkish yellowish: 
$~ white; L — vitreous; D ~ transparent to trans: 
lucent: DE—23; H— 5-55; CL ~ imperfect: F—un- 
‘evento conchoidal: M isometric rystal. granular, 
Origin and occurrence: Mainly hydrothermal as 2 
‘product of nopheline or sodalite replacement: rare 
Tagmatic in offusive rocks; also in sediments, 
associated with ealite and zeolites. Well-formed 
erystals upto 30 em (12 in) aeross come from Nidym, 
Siberia, Russia: Logo Maggiore. aly; Mont St= 
Hilaire Quebec, Canada; West Paterson, Nev Jersey. 
USA and elewhere 


Pollucite 
ZEOLITE Group 
(C5NA)AISI2Og HzO 
cusic eee 
Properties: C— colorless. whit, gray: $~ white; L 
Vitreous; D = wansparent to translucent; DE ~ 29; 
(65-7; CL — none; F-~ uneven to conchoidal: M 
Isometric crystals, granular, massive 
Origin and occurrence: Magmic and rarely also 
hydrothermal in Li-bearing pegmatite, associated 
With lepdolte, aie, quartz and perlite. Almost 
‘monomineral layer of pollucite several meter thick 
‘occurs in the Tanco mine, Bemic Lake. Manitoba, 
‘Canada. White and colorless erystals from pegmatite 
cavities up 10 60 em (24 in) across come from 
Paprok, Afghanistan, Also known from San Pero in 
‘Campo, Elba, ltaly and Gilgit. Pakistan. 
Application: ceric industry, Cs ore 


Polite, 22 x Gig Piston 


Scoecte, 145 mo. Nanda 


Natrolite 
ZEOLITE GRour 
NazAlSiz0 19.20 


ORTHORHOMBIC eeee 


Properties: C— colorless. white yellowish, pinkish: 
'S— white: L vitreous to silky: D ~ transparent 10 
twanslucent; DE - 22; H — 5-55: CL ~ perfect: F~ 
‘uneven to conchoidal: M - long prismatic to acicular 
feryeals, Mibrous and radial aggregates, granular, 
‘Origin and occurrence: Hydrothermal in cavities in 
volcanic’ rocks, alkaline pegmatites, along. the 
Alpine-type Fissure, also as a produc of plagioclase 
‘replacement. commonly associated with caleite and 
zeolites. Colorless and white aieular erystals up 0 
30 cm (12 in) long come from cavities of alkaline 
Bezmattes in Mount Putelichorr. Khibiny massif, 
Kola Peninsula, Russia. Crystals were also found in 
NNarssarssuk, Greensland and Mont St-Hilaire, 
Quebec, Canada. Crystals also occur in cavities of 
basalt rocks in Teigarhomn Iceland; Zalealy and 
Soutsky, Czech Republic and in Faeroe Islands. 


v 


Skolecite 
Zeouite crour 
CaAly$i,019-3 #20 


MONOCLINIC eee 


Properties: C ~ colorless, white; $ ~ white; L ~ 
vitreous to silky; D ~ transparent to translucent; DE 
=23;H = 5; CL ~ good; F~ uneven; M ~ long pris- 
matic 10 acicular crystals, fibeous. and radial 
sggregates. 

(Origin and occurrence: Hydrothermal in cavities in 
voleanic rocks and along the Alpine-ype fissures, 
associated with caleite and zeolites, Clear prismatic 
rystal up 10 200 mm (7 n) long come from basal 
tities near Nasik, Inia. Crystals come alo from 
‘Teigathorn, Iceland and Suderoy, Faeroe Isiands, 


Mesolite 
ZEOLITE GROUP 
NaygCaieAlesSir20240 -64 H20 


Mesolite. 150 mm. Mobrshiva Inia 


Thomsonite 
ZEOLITE GRouP 
CagNaAlg(ALSi) 514020 .6 H20 


ORTHORHOMBIC #08 


Properties: C ~ colorless, white: $ — white: L~ 
vitreous 1 silky: D transparent o translucent: DE 
= 23; H- 5; CL.— good: F — uneven; M ~ accular 
Crystals, fibrous and radial aggregates, granular, 
Origin and occurrence: Hyérothermal in cavities in 
voleanie rocks, associated with other zeolites. Color- 
less necdles up to 150 mm (6 in) long come from the 
basalt cavities in Beruljord and Teigarhorn, leland 
Radial aggregates up 10200 mm (7 in) in diameter 
‘known from the vicinity of Poona, India. Prismatic 
exystals up 10100 mm (4 in) long found in 
‘Skookumehuck Dam, Washington, USA, 


Phomsonte 50 mm, Bas. Hungary 


ORTHORHOMBIC 


Properties: C— colorless, white, yellowish, brown-red: 
‘S— white; L— viteous to peaiy; D~ tansparet to 
‘tanslucent; DE - 23; H~ 5-55; CL — good: F—un- 
{ven to conchoidal; M — prismatic crystals in clusters 
‘with radial structure, botryoidal aggregates, massive 
Origin and occurrence: Hydrothermal in cavities in 
voleanie rocks, also as a product of hydrothermal 
feldspar replacement. Colorless and white acicular 
crystals, forming radial aggregates upto $0 mm (2 in) 
in diameter come from Ol Kilpatrick, Scotland, UK 
and West Paterson, New Jere, USA. Hemispheical 
Agercgats up to 30 mm (Ts in) across known from 
‘Vinsicka hora near Klan, Czech Republic, 


oe 


23 


Gonnardite 
ZEOLITE GROUP 
(C25 (5920040 12 HO 


TETRAGONAL @9@ 
2 C~ colorless white, yullowish; S — 
‘white; L'= vitreous to pearly: D'— transparent to 
tanslucent: DE~ 23: H~ 45-5; CL ~ good: F—une 
ven to conchoidal: M ~ prismatie crystals, fbrous 
and radial aggregates. 
‘Origin and occurrence: Hydothormal in cavities in 
‘oleanie rocks, associated with zeolites, also in the 
contact zone of marbles, associated with wollasonite. 
“Acicularerystals and fibrous aggregates occur in Act 
Casilla, Sicily, Kay: Weiberg, Germany; Bundoora, 
‘Victoria, Australia 


Eddingtonite 
ZEOLITE GRour 
2A Si3019-3 H20 


TETRAGONAL eee 


Properties: C white. gray. pinkish; $ white: L 
‘ireous; D ransparent vo translucent: DE 28: #1 


1L ~ good; F — uneven to conchoidal: M 
prismatic crystals granular, massive 

Origin and_aceurrence: Hydrothermal in eavities 
and along the eracks in voleanic rocks. associated 
‘sith ealete and harmowme. Colorless and white 
prismatic erystals up to 40 mm (1% i) gross come 
from Oli Kilpatrick, Scotland, UK: Stare Ransko, 


Czech Republic and Mont St-Lilare, Quebec, 
Canoda 


Dachiardite-Ca 
ZEOLITE GRouP 
(Cag.s.NaK)sAlsSiigOgg 13 H20 
MONOCLINIC ee 
Properties. C ~ colorless, white, yellowish; $ — 
white: L ~ vitreous to pearly; D'— transparent 0 
translucent; DE 21; W445; CL ~ good: F 
lineven to conchoidal: M— prismatic erystals and 
complex interpenetration twins, 

(Origin and occurrence: Hydrothermal in cavities in 
ranitic pegmatites. associated with abite, petalite 
and clbat 5 pseudo-morphs after peta. I 
‘curs in San Piero in Campo, Elba aly and in the 
‘Opal Hill quarry, Riverside, California, USA. 


Ferrierite-Ca 
ZEOLITE GRour 
(CANEKMED AISI 0O72 - 


ORTHORHOMBIC 


Properties: C = colorless. white, greenish, pink, 
brownish: S~ white: L~ vitreous: D transparent 
translucent; DE ~ 2.1; H ~ 33.5: CL ~ good: F ~ 
‘uneven to conchoial: M — tabular erystals platy and 
columnar aggregates, massive 

Origin and occurrence: Hydrothermal in cavities in 
voleanie rocks. along the eracks of the Alpine-ype 
‘veins ain voleanic tuff, ssorated with cacte and 
zzolites: Play aggregates occur in Svojanox, Czech 
Republi; Albero Bosso and Monasti, Sardinia, Haly: 
‘Kamploops Lake, British Columbia, Canada, 


Feririte-Ca, 2mm aggregates. Rec. Hungary 


Deckard, 2 mm 2, Regt Hetgary 


Laumontite 
ZEOLITE Grour 
Cag Agi 604g -18 120° 


MONOCLINIC 


Properties: C~ colorless, white yellowish, pinkish: 
‘S white: L — vitreous; D = transparent 10 trans- 
lucent, weathered almost opaque: DE ~ 2.4; H— 3-4: 
CL good: F— uneven 1 conchoidal: M ~ prismatic 
cya, ibrous and redial aggregates, 

Origin and occurrence: Hydrothermal in cavities in 
voleanie rocks, along the eacks in the Alpinesype 
‘eins, in ore eins and sedimens,assocatod with 
Caleite and other zeolites. Colores and white acicular 
crystals up to 38 em (14% in) long come from the 
Pandbulena Hill Quarries, India. Crystals up 10 150 
mm (6 in) long known from Pine Creck. Bishop, 
Gaiers, USA as abe feud in Dili 

cman 


Laumonite 20 mm Marve. Cech Repu 
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Heulandite-Ca 
ZEOLITE GROUP 
(2050580004 sASi70r 


MONOCLINIC 


perf 


iF — uneven to conchoidal M — prismatic 10 
Tabular crystals, granular, massive. 


‘usually associated. with 
‘and other zeolites, Colorless and. white 
tabular erytals up {0-100 mm (4 0) across come 
{rom Nasik India: West Paterson, New Jersey, USA, 
Teigathorn, leland, Red heulandite found in Val di 
Fass, Tay, 


Cinptiote-Ca, 2 man xx Hono Hark, Cech 
Republi 


Clinoptitotite-Ca 
ZEOLITE GROUP 
(Cag,s.NasK)4isAlgSin7©72 -24 HzO 


piste 15 mm, Naik Inia 


Epistilbite 
ZEOLITE GROUP 


(CaNeAlsSgO 12-4 HO 


MONOCLINIC eeee 


Properties: C ~ coloress whit, yellowish inkish. 
tel greenish; S~ white: L ~ vitreous, D trans: 
patent to translucent; DE ~ 2.2: H~ 3.54; CL ~ 
perfect; F~ uneven to conchoidal: M- platy crystals. 
Origin and occurrence: Hydrothermal in volea 
sedimentary rocks. Large industrial deposits occu in 
New Zealand, Japan and Ausralia. Crystals come 
fiom Agate Beach, Oregon, USA. 

Application: consieuction, chemical industry and 
‘agriclture, 


Stilbite-Ca 
ZEOLITE GRour 
(CrosNanigAlgSin7072 28 H20 


MONOCLINIC eeee 


Properties: C ~ eolrtess, white. yellowish, pinkish, 
brown; $ — white: L ~ vitreous, locally pearly: 
transparent 0 translucent; DE ~22: H~3.5-4: CL 
‘ood: F~ uncven to conchoidal: M ~ prismatic and 
tabular erytals, commonly complicated iterpeneta- 
tion twins and sheaflike aggregetes, granular, 
Origin and occurrence: Hydrothermal in cavities of 
voleanie rocks, along Alpine-type fissures, in. ore 
veins. also in sedimentary rocks and hot springs, 
typically associated with calcite and other zeolites 
Colorless and white tabula erytls and thee com 

‘ations up to 200 mm (Ts in) across came from the 
Pandulena Hill Quarves, India. Crystals are also 
known from Tejgarhorn, Iceland; Faeroe Islands: 
‘West Paterson, New Jersey, USA and elsewhere. 


MONOCLINIC eee 


Properties: C_~ colorless. white. yellowish, pinkish 
light brown: S — white: L~ vitreous; D ~ wansparent 
to translucent, DE ~ 2; H~ 4; CL ~ good: F ~ 
uneven to eonchoidal; Mi prismatie crystals, radial 
aggregates, 

(Origin and occurrence: Hydrothermal in eavities in 
voleanie rock: associated with ther zeolites, Clear 
land white tabular crystals and their twins up to 30 
‘im (1% in) across come from Jalgaon. Inia; also 
in Teigarhorn, Iceland and Faeroe Islands. 


Subie-Ca, 83 mm. Nash Ido 


an 


Giemondine, 2 wm ss Tapoea-Disel Hungary 


iis kn 2x Liters, Germany 


Gismondine 
ZEOLITE GROUP 
CaAlgSi20p 45 H20 


MONOCLINIC ee 


Properties: C ~ colortess, white. bush, pinkish: S— 
‘while: L~ vitreous: D ~ tansparent to translucent, 
DE ~23: 4; CL — good: F uneven: M~ 
‘complex twins oferystals, platy ageregates. 

Origin and eecurrence: Hydrothermal in cavities in 


Harmotos, 79m, Somtin. UK 


volcanic rocks, in hydroshermally altered rocks. It 
‘comes from Capo di Bove. Italy; Schiffenberg, Gee- 
many and Dobena, Czech Republic. 


Phillipsite-K 
ZEOLITE GROUP 
(KINa,Cap s)AlgSi On 


MONOCLINIC 


12H,0 


Properties: C — colorless, white, reddish; §~ white; 
L—"viteous: D— transparent to translucent: DE — 
23; H—4-4.5:CL - good; F— uneven; M_ prismatic 
ferysials and complex’ intrpencration wins, 
‘granular, massive. 

(Origin and occurrence: Hydrothermal in cavities in 
voleanie rocks, sedimentary rocks and hot springs: 
associated with calete and othcr zeolites, Colorless 
and white iterpenoration twins up 10 20 mam (sin) 
across come Irom Capo di Bove, ltaly: Doughboy 


‘Tasmania, Australia; Sovince near Litomivee, Cazch 
Republic and elsewhere. 
Harmotome 


ZeouiTe Grour 
(Bag 5:Cag 5 KiNadsAlgSi 1032-12 Ha 
MONOCLINIC eee 
Properties: C — coloriess, white, gray, reddish, 
yellow, brown; $ — white; L - viueous; D — wans- 
parent to translucent; DE 2.4; H— 45; CL good: 
= uneven: M-~ prismatic erysal, commonly eom- 
ple interpenetration twins, granular massive. 
(Origin and occurrence: Hydrothermal in cavities in 
voleanie rocks, in the Alpine-type veins. ore veins 
and in pegmaties, Prismatic erystals and thee twins 
up 10 20 mm (ir i) across are known from 
Stroman, Scotland. UK. Crystal abo come from St 
‘Andreasberg and Oberstcin, Germany: Korakoy, 
Cavch Republic and Kongsberg. Norway, 


Goosecreekite 
ZEOLITE GROUP 
CaAl3$ij019 5 Hz 


MONOCLINIC @ 


Properies: C ~ white colorless; S ~ white: L 
vitreous: D~ transparent to translucent: DE— 3.2: 11 
'45:CL B perfec, F— uneven to conchoidal: M— 
prismatic erysals, granular, 
rigs and occurrence: Hydrothermal in eavitis in 
volcanic rocks. Tt is known from Goose Creck, 
Virginia USA. Crystals up to 30 mm in) across 
found inthe Pandulena Till quarries, Ini 


Chabasite-Ca 
ZEOLITE GROUP. 
(Cag s.NaKIAISigOr4 12 HzO 


TRIGONAL 8 @ 


‘Properties: C— colorless, white yellowish, pinkish, 
fprcnish; $ ~ white: L'— vitreous 0 dull; D ~ 
‘Wansparent to translucent: DE 22:1 4-4.8:CL— 
imperfect, F- uneven to conchoidal: M ~ rhombo- 
hhedal crystals andthe wins, granular, massive. 

‘Origin and occurrence: Myéetherral in cavities in 


Chaba Ca, Passhors Nove Seti, Canada 


voleanie rocks and pegmatites, along Alpine-ype 
fissures and in hot springs. usualy associated with 
calcite and other 7oolites, Colorless. and. white 
interpenetration twins up to 69 mm (24 in) across, 
come from Faeroe Islands. Crystal are len known 
from Repzice, Cacch Republic: Beruford, lcland: 
Pail India: Maglovec, Slovakia and elsewhere. 
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WHAT IS 5G? 
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i 


LTE evolution Interworking 


{generations of mobile communications Pitas 


has been a key principle of the ICT 
Industry since the development of 
GSM and later wireless technologies 


— 
“within the SGP family of standards. Stade migration 
Ina similar manner, LTE will evolve in Existing spectrum 19 Se New spectrum 


@ way that recognizes its role in 


‘poring evcellent coverage for SS—_— SS = 
mobile users, and 5G networks will below eats Above 6GHz 
incorporate LTE access (based on Now specirum below 6GHz 


Orthogonal Frequency Division 
Multiplexing (OFDM) along with new 
air interfaces in a transparent manner 
‘toward bath the service layer and users. 

‘Around 2020, much of the avaliable wireless coverage will continue to be provided by LTE, 
and it is important that operators with deployed 4G networks have the opportunity to transition 
some ~ oF all~ of their spectrum to newer wireless access technologies. For operators with 
limited spectrum resources, the possibilty of introducing 5G capabilities in an interoperable way 
= thereby allowing legacy devices to continue to be served on a compatible cartier ~is highly 
beneficial and, in some cases, even vital 

At the same time, the evolution of LTE to a point where its a full member of the SG family of 
alr interfaces is essential, especially since initial deployment of new air interfaces may not operate 
in the same bands. The 5G network will enable dual-connectivity between LTE operating within 
bands below 6GH2 and the NX air interface in bands within the range 6GH2 to!]00GH2. NX should 
also allow for user-plane aggregation, i.e joint delivery of data via LTE and NX component carriers 

‘This paper explains the key requirements and capabilties of SG, along with its technology 
components and spectrum needs. 


Figure 1:The overall 5G wieloss-access solution consisting of LTE evolution and new technology. 
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10. Organic compounds 


Whewellite 
€2C204- 470 


MONOCLINIC @ 


Properties: C~ calves, white, grayish: S~ color 
less L~ vitreous: D~ transparent ransivent; DE 
23; 1-25; CL ~ good, F~conchoidal: M~ prise 
matic crystals, commonly twinned. 

Origin ond occurence: Rae hyothermal, mainly 


Amber 40 mm. Bali Seo, Lata 
Whewelle 2 mm x, Barth Germany 


sedimentary in coal basins, associated with bart, 
ankerte and other minerals. Hydrothermal crystals up 
070 mm (2% in) long, come from U-bearng veins in 
PrRbram. Czech Republic. Similar erystals. up to 70 
im (2% in) long ooeurred i Cav, Romania. Heart- 
shaped and butterfly twins, upto 100 mm (4 in) found 
in concretions near Kladno, Czech Republic. Similar 
specimens are known fom Burgk near Dresden, 
(Germany. Interesting fat radial aggregates found slong 
cracks in claysin the vicinity of Mest, Czech Republic. 
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Metie, 170 9m. Beste-Coondakit. Hungary 


Mellite Fichtelite 
AlglCo(COO)4) 18 HO iste 
TETRAGONAL #8 MONOCLINIC eee 


oH 2: CL— imporfoct; F-~conchoidal: M 
dlipyramidal crystal, granular LU — ble. 

(Origin and occurrence: Secondary in the cracks in 
‘arn col and Tgnt. The best specimens wih ems 
tals up to 40 mm (1% in) in size, come from Csora- 
ut nearTatabana, Hungary, Crystals upto 10mm (i+ 
in) across, were found in Arter, Germany, Granular 
sggregates are known ffom Valchox, Czoch Republic. 


Evenkite 
Casto 


MONOCLINIC @ 


Properties: C~ colorless light yellow: S~ colorless: 
L— waxy: D - translucent: DE 09; HI: CL — 
‘good: M~ pseudo-hoxagonal tabular crystals: R 
mls at SOEC (122°), 

Origin and occurrence: Probably secondary Ik ocurs 
within ‘geodes sear Evenki, Siberia, Russia Also 
Knot from the cracks in altered andesite in Dubs. 
‘Slovakia 


Properties: C—eolortes o yellowish: S~ cooriess: 
1Litteous; PS ~ transparent o translucent; DE— 
HI; M- thin tabular erystals, scales, erystl 


Eventi, 50m Dub Svat 


‘Origin and occurrence: Secondary, typical mineral 
‘of peacbogs. Is crystals are known from Borkovioe 
near Sobeslax. Czech Republic; also known from 
“Markiredwita, Germany. 


Amber 
| mixture of hydrocarbons 


AMORPHOUS eee 


‘Properties: C—honeyelow yall 
red-brown, blue green. black: S ~ whitey L 
‘esious, dll: B “ansparnt to translucent rare 
opaque: DE - 10414: W225; CL none: F~ 
onchoidal: M_~ massive iegular oF drop taped 
Sepsis onus and ing: Lae 
Origin and occurence: Amber isa petrified resin 
from Tenary and Mesozncconfe, occuring ae 
Jy in sediments lant or nscet remnants re some 
ines found tapped i amber. The most famous 
localities ar located along the southern coast ofthe 
Balic Sea in Poland. Germany. Lithuania, Eni, 
Latvia and’ Russia. The lrgest-masses found 
‘sighed up 10 10 hy (2 by, Buc amber is known 
Trom the Dominican Republic Other amber local 
ties are found in Spi, Lebanon, Thland, Vietnam, 
Canada and the USA. 

Application: a 3 gemstone 


Anker 9 mm Madagascar 


‘chile 80 mm, Mazie, Coch Republi 
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11. Rocks, meteorites and tektites 


Rocks consist of minerals and oNen of fragments of 
ther rocks and organic matter Since rocks are 
‘mixtures. we cannot determine certain physial / 
chemical data (chemical formula, crystal system. 
hardness, ete). Unlike minerals, some rocks form 
hhuge Bodies which may cover several thousand k= 
50 no single locals are shown inthis book, Rocks 
tare mainly used for building. in agriculture, and as 
‘aw materials for chemicals, ceramics and metals. 
Rocks are. generally divided into thre principal 
{roups according to thee origin: 

[igneous rocks 

2. sedimentary racks 

3, metamorphic rocks. 


1. Igneous rocks 


Properties: ray, gray, white, brown, black. 
sray-green, pinkish, red-brown: D — opaque, rare 
transparent to tapslacents L~ dul, rare vitcous, DE 
“aries from 26 up to about 3.8: F uneven, rare 
conchoidal; M ~ coarse lo fine grained, commonly 
massive aggregates, consisting of microscopic or 
larger grains of erysals of various minerals, up 1 
several decameters across, glass is also present 
rarely. Minerals in rocks usually have charoteristic 
texture features, lke graphic eranite and others, 

Origin and clssficavion: Igneous rocks form at high 
temperature and commonly at high pressure in 
solidification of mainly silieate magma of variable 
‘composition. The mineral composition reflects & 
themical composition of magma. Typical rock- 


Orbiclar rami 150 mm. Seder 
Pagmarite 65 mm. Dota ory Czech Repl 


Grote 63 mm ores 


‘oring minerals are quart, onhoclase, microctne, 
Plagiosiase, biotite: muscovite, amphiboles, pyronenes, 
livine and nephelin. Rocks may solidi at vanous 
depths. according 10 which they are eter intusive. 
dyke or effusive. They can be grouped acording to 
hemical composition (Si02 coment) 

{else ~ rant, syenite, pegmatite, rhyolite, obsidian 
intermediate ~ donc, acest basi ~gabbeo, bast 
lutrabasie peridot, varies from 1.0 upto about 28; 
F uneven, sometimes conchoidal. M ~ coarse to fine 
trained and massive aggregates consisting of grain or 
‘xsi, from microscope to several dm in size. also 
frock fragments and organic mater, banded textures 
are typical and some rocks ar fossiliferus 


iabase, 65 mm Robons, Czach Republic 
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2, Sedimentary rocks 


Properties: C ~ grey. brown. red-brown, black, green- 
0. pinkish white yellow, often arable even within 
one feck, ending pie: Depa rare 
‘easlucent; L~ dll, sometimes vteous, greasy 

carly: DE varies fom (Ou to about 28°F ncten, 
semetimes coachoidal: M coarse to fine rained and 
massive aggregates, consisting of grains or crystal, 
ranging fom microscopic to several dm in size alo of| 
Fock fragments and organic matter banded textures are 
'ypical and some rocks are fossiliferois. 

Origin. and. classficarian: Sedimentary rocks 
‘originate under surface temperatures and pressures, 


Limestone 65 0m aly 


as a result of sedimentation of mineral and rock 
fragments and organic mater of different size 
through the water and wind aetivity, ot by peecipi- 
{ation from water solutions. Typical rock-forming 
minerals are quartz eaeite, dolomite. halite, clay 
minerals and others. Accarding to their 
‘an distinguish several groups of sdimentary rocks: 
clastic (consisting of rock fragments) ~ sandstonc. 
conglomerate, quartzite. silistone. 

mainly of organic matter) ~ 


chemical (originating by precipitation from water 
solutions) -evaporites, wavertine. 


Evaporte, 40 mn Hala. Germany 


3. Metamorphic rocks 


Properties: C » tight gray. gray, brown, gree, red- 
brown, back. grosn-gray. pinkish, white sometimes 
‘arable within one rock. banding is rately common: 
opaque: L~ dal rare vitreous: DE ~ saris from 
1251048: F~ uneven, are conchoidal: M ~ couse 10 
fine-grained platy. aciculr and sometimes massive 
aggregates, consisting of grains and crystals, ranging 
fe mitoscopic to several deeimeters across. Typeal 
ate planar textures aliaton of same minerals, 

‘Origin and classification: Metamorphic rocks 

fale under higher temperature and’ presure ducing 
‘metamorphism of onginally igneous or sedimentary 


Sore, 100 mm Grovee 


rocks. The source ofa thermal energy could be magma, 
‘then this ype is ealled contact metamorphism oF the 
‘thermal soure isin the depth ofthe earth’ ers! and 
‘eff large areas, then his type is called regional 
metamorphism. During a process of metamorphism 
ew minerals originate. Typical rock-forming mots 
morphic minerals are quartz. orthoclase.plagoclases, 
biotite, muscovite, amphiboles. pyrosenes calc, 
‘dolomite, silimanite, kyaite, almandine. staurlie 
and serpentine 

Regionally metamorphosed rocks: serpentinite, 

ie schist, ness, marble. 

Contact metamorphosed rocks: contact chest 
(porelanite,skarn. 


‘on meteorite, $0 mo SithoteAlin, Rusia 


Meteorites 


Properties: C= light gray gray, pray-areen, black; D = 
‘opaque: L — dll, metalic, rare vireous; DE ~ varies 
fom 3.0 t9 73: F = uneven: M— coarse 10 fine- 
sained. sometimes masive ageregats, consisting of 
lrrogular grains of differen: mineral, ranging from 
‘microscopic to several em across. 

Origin and classification: Metotes a igncousocks 
formed in space. Most originate im the asteroidect 
betoen Mars and Jupiter. Tey consist of various mie 
rals and thei chemical composition difers_ grea 
“Typical rock-forming minerals in meteorites are 
clvine, proxenes, plagioclases, Fe and Ni slloys and 
‘sulfides, arly also organi mater Meteorites fll into 
four main groups, accordingto metalic iron and 
silicate componen: 

iron meteorite; 


chondrite: 
‘Occurence: Meteorite falls are known throughout the 
world The Ingest knoven ion meteorite, weighing 
approximatcly 6 tons is located near the Hoba farm, 
Namibia. The lages known chondrite, weighing about 
‘on , fll in 1948 in Norton County, Nebraska, USA. 
‘Most metcrite tht have been found rconly come 
fiom large glaciers such as those of Antarctica and 
From desert in Namibia 


Molden, 38 mm Souter Bohemia, Coech Republic 


: *s 


Tektites 


Properties: C ~ light to datk green, yellow-green, 
brown-groen, brown, green-gray, black: D — tang 
ron tranlucent to opaque: L—vilrous: DE varios 
fiom 23 10 2.6; H— 6-7; F— conchodal 1 uneven: 
‘M~ massive irtegular. drop-shaped of disc-shaped 
aggregates, iregular fragments, sometimes with 
typical scuptured surface. 

Origin, classification and occurrence: Natural glas- 
ses ch in SiO2, which formed a6 a resul of rapid 
smelting of surface rocks during impacts of lage 
‘eicontes or comets, 

‘They ae clasifcd according other age and occur- 


Moldevtes 40 mm, Southern Bohomia, Coech Republic 
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Tete, $8 mm, Dla, Vietnam 


F 


rence (following sequence from the oldest to the 
youngest 

Bediasies and georgia 
Barbados, Cuba; 
Urengoites~ Novyi Urengoi, Russia: 
‘Moldavites~ southern Bohemia and western Mora- 
via, Czech Republic; 

Inorites— Ivory Coast; 
Irghisites ~ Zhamanshin, Russ 
Indochinites, philipnies,javanites,bilitonites — 
southeastrn Asia: 

Australites~ Australia, 

‘Application: some tektites, mainly moldavtes, as 
gemstones. 


ss = the USA, Mexico, 
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5G — REQUIREMENTS 
AND CAPABILITIES 


Inorder to enable connectivity fora very wide range of applications with new characteristics and 
requirements, the capabilities af 5G witeless access must extend far beyond thase af previous 
generations of mobile communication. These capabilities will Include massive system capacity, 
very high data rates everywhere, vary low latency, ultra-high reliability and availabilty, very low 
device cost and energy consumption, and energy-efficient networks. 


MASSIVE SYSTEM CAPACITY 
Taffic demands for mobile-communication systems are predicted to increase dramatically [1] 
[2]-To support this traffic in an affordable way, 5G networks must deliver data with much lower 
cost per bit compared with the networks of taday. Furthermore, the increase in data consumption 
will esut in an increased energy footprint from networks. 5G must therefore consume significantly 
lower energy per delivered bit than current cellular networks. 

“The exponential increase in connected devices, such as the deployment of billons of wirelessly 
connected sensors, actuators and similar devices for massive machine connectivity, will place 
demands on the network to support naw paradigms in device and connectivity management 
that do not compromise security. Each device will generate or consume very small amounts of 
data, to the extent that they wil individually, or even joint, have limited impact on the overall 
traffic volume. However, the sheer number of connected devices seriously challenges the ality 
af the network to provision signaling and manage connections. 


VERY HIGH DATA RATES EVERYWHERE 
Every generation af mabile communication has been associated with higher data rates compared 
with the previous generation. In the past, much ofthe focus has been on the peak data rate that 
can be supported by a wireless-access technology under ideal conditions. However, a mare 
important capability is the data rate that can actually be provided under real-life conditions in 
diferent scenarias. 


> 8G should support data rates exceeding 10Gbps in specific scenarios such as indoor and 
dense outdoor environments. 

> Data rates of several 100Mbps should generally be achievable in urban and suburban 
environments 

> Data rates of at least 10Mbps should be accessible almost everywhere, including sparsely 
populated rural areas in both developed and developing counties. 


VERY LOW LATENCY 
Very low latency willbe driven by the need to support new applications, Some envisioned 5G 
Use cases, such as trafic safety and control of critical infrastructure and industry processes, 
‘may require much lower latency compared with what is possible with the mobile-communication 
systems of today. 

‘To support such latency-crtical applications, SG should allow for an application end-to-end 
latency of 1ms or less, although application-level framing requirements and codec: imitations 
for media may lead to higher latencies in practice. Many services will distribute computational 
capacity and storage close to the air interface. This will create new capabilities for real-time 
communication and wil allow ultra-high service reliability ina variety of scenarios, ranging from 
entertainment to industrial process control 


ULTRA-HIGH RELIABILITY AND AVAILABILITY 
Inadaition to very low latency, 5G should also enable connectivity with ultra-high reliability and 
tltrhigh avatablity. For critical services, such as control of critical infrastructure and traffic 
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THE COMPLETE 
ENCYCLOPEDIA OF 


MINERALS 


The Complete Encyclopedia of Minerals is a book for 
all the people, who are interested in the beautiful 
world of minerals. They can find here hundreds of pho- 
tographs of beautiful crystals and crystal aggregates, 
together with a list of classic and new occurrences for 
each mineral species. Minerals are arranged into chap- 
ters according to the mineral system: 
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safety, connectivity with certain characteristics, such as a specific maximum latency, should not 
merely be ‘typically available’ Rather, lass of connectivity and deviation from quality of service 
requirements must be extremely rare. For example, some industrial applications might need to 
guarantee successful packet delivery within 1 ms with a probability higher than 99.9999 percent. 


VERY LOW DEVICE COST AND ENERGY CONSUMPTION 
Low-cost, low-energy mobile devices have been a key market requirement since the early days 
of mobile communication. However, to enable the vision of billions of wirelessly connected 
sensors, actuators and similar devices, a further step has to be taken in terms of device cost 
land energy consumption. It should be possible for SG devices to be availabe at very low cost 
and with a battery ite of several years withaut recharging, 


ENERGY-EFFICIENT NETWORKS 
‘While device energy consumption has always been prioritized, energy efficiency on the network 
Side has recently emerged as an addtional KPI, for three main reasons: 


> Energy efficiency is an important camponent in reducing operational cost, as well asa driver 
‘or better dimensioned nodes, leading to lower total cost of ownership. 

Energy efficiency enables off-grid network deplayments that rely on medium-sized solar panels 
as power supplies, thereby enabling Wireless connectivity to reach even the most remote 

Energy efficiency is essential to realizing operators’ ambition of providing Wireless access in 
a sustainable and more resource-efficient way. 


The importance of these factors will increase further in the 5G era, and energy efficiency will 
therefore be an important requirement inthe design of SG wireless access. 
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Foreword 


Everything in nature, from the mountains and 
the oceans to the air we breathe and food we 
eat are made up of simple substances called 
elements, You may have already heard of 
several of them, including gold, iron, oxygen, 
and helium, but these are just four out of a total 
of 118. Many have unique — and sometimes 
surprising ~ chemical and physical properties. 
Gallium, for example, is a solid but melts in your 
hand. A compound of sulfur gives off a nasty 
smell of rotten eggs. Fluorine is a gas that can 
burn a hole straight through concrete! 
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‘The elements are rarely found in their pure 
form. Mostly, they are combined with each other 
to make compounds, which make up substances 
around us. For example, hydrogen and oxygen 
make water, sodium and chlorine form salt, and 
carbon is found in millions of compounds, many 
of which ~ including proteins and sugars ~ make 
our bodies work. 

To find out more about the elements, we need 
to take a good look at the periodic table. This is 
used by scientists around the world to list and 
detail the elements. It shows the key information 


Iodine in a 
glass sphere 


Barium Chunk of grey 
crystals selenium 


for each element, grouping them into similar 
types. With this information, we can use the 
elements to make many things we need: a 
fluorine compound in toothpastes toughens 
our teeth and silicon crystals engineered into 
microchips operate our gadgets and phones. 
Every element has its own story of where it 
comes from, what it can do, and how we use 
it, Let's begin a tour of every element one by 
one. It's going to be a fascinating journey. 
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‘Throughout this book you will ind boxes with the following 
symbols. This is what each of them mean. 


“This shows the structure fan atom of a lement, with 
‘he aules (ade of proton and neutrons) athe cence 
tnd electrons surrounding tin ther shel 
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(QB Iecan be agus ors 


"This deta he yearn which the element was severed 


Thulium Calcium 


crystals 


crystals 


Elemental 
building blocks 


Introduction 


Elements are everywhere: some you Elements in our world 
can see, like gold, others are almost ‘There are 118 elements in the periodic table 
eae 92 of them ate found in nature, while the 
invisible, like oxygen gas. An element others are made by humans. Every element 

is a substance that cannot be broken up is unique. Most ofthe elements are solids, 


hati saci like the metals. At room temperature 
into simpler ingredients. Each one is made ‘elements we gases vile brine 


up of tiny building blocks called atoms, and mercury are the ony twa liquids. 
which are unique for every element. 
Most elements are joined with other 
elements to make compounds, 
which are made by combining two 
or more elements. This includes 
water, which is a compound 

of hydrogen and oxygen. 


8 Bromine liquid with bromine gas 


Ancient ideas 

‘The idea of elements is very old, dating 
back about 2,600 years to ancient Greece. 
However, Greek thinkers believed that 

the world was made of just four elements: 
earth, water, fire, and air Empedocles, an 
influential scholar, was the first to propose 


that these elements made up all structures, Py 
Only much later did scientists learn that g 
none of these ae actual elernents. For g 
thousands of years, everybody om ancient 5 
Egyptian pis to madieval European zg 
alchemists, speculated about the definiton 3 
and cssfeatin of an element 
ne 
Elements in and around us 
About 99 per cert of the human body is made from ust 
Si clement, hough they are combined together to form 
thousands of ferent compounds, On the other hand 
Enis atmosphere sa mnture of gases moct of which 
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fom ntogen and oxygen 
oir. 
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MACHINE-TYPE 
COMMUNICATION 


Fundamentally, applications such as mobile telephony, mobile broadband and media delivery 
‘are about information for humans. In contrast, many of the new applications and use cases that 
drive the requirements and capabilites of SG are about end-to-end communication between 
‘machines. To distinguish them from the more human-centric wireless-communication use cases, 
‘these applications are often termed machine-type communication (MTC). 

Although spanning a wide range of applications, MTC applications can be divided into two 
main categories ~ massive MTC and critical MTC ~ depending on their characteristics and 
requirements, 


Massive number of devices 

Low device cost 

Massive MTC Lona bate fe Very high vality 
Smal data volumes ‘ery ow latency 
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Figure 2: Massive MTC and critical MTC. 


Massive MTC refers to services that typically span a Very large numbers of devices, usually 
sensors and actuators. Sensors are extremely low cost and consume very low amounts of energy 
In order to sustain long battery fe. Cleary. the amount of data generated by each sensor is 
normally very smal, and very law latency is nota critical requirement. While actuators are similarly 
limited in cost, they will kely have varying energy footprints ranging from very low to moderate 
energy consumption 

Sometimes, the mobile network may be used to bridge connectivity to the device by means 
of capitary networks. Here, local connectivity is provided by means of a short-ange radio access 
technology, for example Wi-Fi, Bluetooth [3] or 802.15.4/6LOWPAN [4]. Wireless connectivity 
beyond the local area is then provided by the mobile network via a gateway node, 

Critical MTC refers to applications such as traffic saety/contral, control of eritcal infrastructure 
_and wireless connectivity for industrial processes. Such applications require very high reliability 
and availabilty in terms of wireless connectivity, as well as very iow latency. On the other hand, 
low device cost and energy consumption is not as critical as for massive MTC applications. While 
‘the average volume of data transported to and trom devices may not be large, wide instantaneous 
bandwidths are useful in being able to meet capacity and latency requirements. 

‘There is much to gain from a network being able to handle as many different applications as 
possible, including mobile broadband, media delivery and a wide range of MTC applications by 
‘means of the samme basic wireless-access technology and within the same spectrum. This avoids 
spectrum fragmentation and allows operators to offer support for new MTC services for which 
the business potential is inherently uncertain, without having to deploy a separate network and 
reassign spectrum specifically for these applications, 
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Introduction 


Chemical ae 


In the early 19th century the 
English scientist Humphry 
Davy discovered several new 
metals He sed a revolutionary 


discoveries === 


inckuding magnesium, 
potassium, and calcium 


The ancient concept of four elements — earth, water, 
fire, and air — expanded to a belief that every substance 
on Earth was made from a mixture of these elements. 
However, many substances including mercury, sulfur, 
and gold did not fit this idea. Over the last 300 years, 
chemists have followed a long series of clues to reveal 
the true nature of elements, their atoms, and what 
happens to them during chemical reactions. 


Pioneering chemists 
Many of the first breakthroughs in 
chemistry came in the 1700s from 
investigations into the composition 

of air Chemists such as Joseph Black, 
Henry Cavendish, and Joseph Priestly 
discovered several different "airs", which 
‘we now call gases. They also found 
thatthe gases could react with solid 
sulastances, hich they called “earths”, 
“These discoveries began a journey 

that revealed that there were dozens 

of elements, nt just four Today, 
scientists have identified 118 

elements, but more may be 

discovered in time. 


Antoine Lavoisier 
1m 1777, the French seientist Antoine 
Lvoisier proved that sulfur was an 
lement This yellow substance was 
familiar for thousends of years, but 
Lavoisier performed experiments to 
‘how that it was a simple substance 
that could not be divided up any further 
In the same year, he also found out 
that water was no an element, but a 
‘compound of hydrogen and oxygen. 


JOHN DALTON 


Like many scientists of bic day the English 
scientist John Dalton already bebioved tt 
‘matter must be made of tiny particles, In 
1803, he began to think about how these 
particles might join together He came to 
‘lize that there are efferent patil for 
‘every clement and thatthe particles of 

‘one element al have the same mass, He 
alo realized tha the particles of diferent 
‘dements combine in simple proportions 

ta make compounds So, for example, the 
‘articles ofthe elements carbon and oxygen 
‘can combine to make carbon monde, He 
‘siggested that during a chemical reaction, 
the particles rearrange to make compounds 
He formated the ist modern theary 

of atoms. 


Dalton table of elements 


Jacob Berzelius 
Inthe early 1800s, the Swedish doctor 
Jacob Berzelius investigated chemicals 
in rocks and minerals. He found two 
minerals that contained nev elements, 
He named these elements cerium (after 
CCeres the dwarf plane) and thorium 
(after Thor, the Viking god of thunder) 
Berzlius also invented a system of using 
symbols and numbers that chemists 

sill use to identify elements and 
‘compounds today 


se caesium inside 
‘sealed container 


‘Chunk of pure cerium 


Elements can exist in three states of 
matter: solid, liquid, and gas. At room 
temperature, most elements are solids, 
11 are gases, and only two are liquids. 
However, elements can change from 
one state into another. These changes 
don’t alter the atoms of these 
elements, but arrange them in 
different ways. 


LA sold tees 
‘shape and hara 
fast volume 


Ina sold all the atoms ae attracted to each 
‘other and locked in position 


| A iui taker 
he shape of 
butte 


Ina liquid, the atoms begin to move around, 
‘asthe attraction between them weakens 


Agari fi 
ty conte 
large orsmal 
Ina gas, the atoms are weakly attracted to each 
other, £0 they all move in diferent directions 


Robert Bunsen 
"The German chemist Robert Bunsen ix best known for 
‘venting a gas burner thats often used in laboratories 
Inthe 1850s, Bunsen used such a burner which produced 
‘abot clean flame to study the unique flame colours 
produced by diferent elements. When an unknown 
substance made bright blue flames, he named t 

‘caesium, meaning “sky blue”. 
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Introduction 


Inside an atom 


An atom is the smallest unit of an element, Atoms are too small to see 
(even with the most powerful microscopes) but they are everywhere. 
They consist of smaller particles called protons, neutrons, and 


electrons. Every element has a unique number of protons. 


What's the atomic number? 

‘The number of protons in an atom of an element is 
called the atomic number The atomic number of an 
atom identifies the element it belongs to. Every atom 
also has an equal number of electrons. For elements 
found naturally on Earth, hydrogen has the smallest 
atomic number (1), while uranium atoms have the 
highest atomic number (92) 


Atom ‘hisses the space 
unter inthe drogen ator 
° where oneleron 


‘ce the proton at 
the conve the atom 


Electron } The try, 
negatively charged 
particles in an ator are 
called electrons. They 
are involved in the way 
the atoms of an element 


baie tae) react and form bands 
with the atoms of 
other elements 
Ina ithium ata, 
two shel hose 
three elecron. which 
circle the protons and 
Lithium atom 


‘Seven sels house 
the 22 electrons in 


Shell } The electrons in an atom move 
around the nucleus. They are arranged 
in layers called shells. When reacting 
‘with each other atoms tend to fill up 
their outer shells to become more stable. 


(Neutron > As its name suggests, neutrons are 


neutral particles, which means they do not have 
an electric charge. A neutron weighs the same 
58 proton, and much more than a electron 


Proton } Protons have 3 positive electric 

charge. This charge attracts the negatively 

charged electrons, holding them in place 

around the nucleus. Because each protons 

% charge is cancelled out by the equal 
‘charge of an electron, the atom 

7 has no overall charge. and 
is therefore neutral 


Nucleus > The central core, or nucleus, of an atom is 
made up of protons and neutrons. Neary all the mass of 
the atom is packed into the nucleus, and this gives every 

aes ‘a unique atomic mass. 
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Isotopes 

While every element has a unique 
‘number of electrons and protons in 

its atoms, the number of neutrons 

can vary. These different forms are 
called isotopes. For example, helium 

hhas two isotopes: one contains three 
neutrons (He-3), the other has four (He-a). 
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lectromagnet attracts metal pieces 


Electromagnetism 

‘Atoms work like tiny magnets. force 
called electromagnetism holds them 
together. It makes particles with opposite 
charges, such as protons and electrons, 
attract each other. Those with similar 
‘charges repel each other. Amagnet is an 
‘object in which the magnetic forces of the 
atoms attract and repel other objects. An 
electromagnet develops magnetism when 
an electric current runs through it. 


ATOMIC PIONEERS 


During his atomic research in 
the early 20th century Sir Ernest 
Rutherford, a New Zealand scientist, 
‘expanded our understanding of the 
structure of atoms. He discovered 
protons and proved that they were 
located in an atoms nucleus, 
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Periodic table 
of elements 


The periodic table is a useful way of organizing the elements. 
It arranges the elements in order of their atomic number, 
which is the number of protons in the nucleus of an atom, 
and is unique to every element. The table also divides the 
elements into rows, called “periods”, and columns, called 
“groups”. Dmitri Mendeleev, the chemist who devised the 
table, arranged the elements based on the similarity of 
certain physical and chemical properties. 
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Bi Hverogen [Bi te Boron Group Element symbol 
Every element has a unique symbol of one or two 
(0 Ateat Metals [Bi Me Carbon Group letters. These symbols ensure that scientists who 
speak different languages do not get confused while 
()) Allaline Earth Metals Bi te Nitrogen Group describing the same element. 
[B Transition Metats [Bt oxygen Group 
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are semtetalsfloments 
the properties of Periods 


apa ean Fis adnrerg Elements in the same period, or row, have the same 

‘out crumble easily never form bonds with ather number of electron shells in their atoms. So elements 

erent Seeaderemene in period one have one electron shel while those in 
period six have six electron shells. 
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Groups 
Members of a group, or column, all 
have the same number of electrons 
in their outermost shell. For example, 
group one elements have one outer 
electron, while group eight elements 
have eight outer electrons. 


follow a pattern, The table was 


6) eT ae 60 reptile as pve etn 
hadnt yet been discovered 

Dy] (Ho! Er) | im Yb fia However Mendeleev predicted 

| 16250 16493 167,26 © 16893 173.04 «17497 the positions of the missing 
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‘when they were finally isolated 
many years later 
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Explosive reaction 
Inthis chemical reaction, pure 
lithium reacts with air to make 
the compound lithium axide. It 
takes energy to break the links 
between the lithium atoms and 
then make bonds with oxygen 

in the air Reactions need energy 
to begin, but they often produce 
energy as heat and light 


his picce of pur lithium is placed on 
face ands exposed tothe ait 


2. pas torch is used to heat the ihium, 
andin just afew seconds it turns red, 
which it atypical colour fr ths metal 
when it becomes hot 


3. Very quickly the lithium catches 
fre The wate areas forming here 
are the compound lithium cide, 
‘hich i a combinton of thurs 
and exygen 


Reactions 
and uses 


The elements can combine in different ways to make 
10 million compounds, possibly more. As well as learning 
about the physical and chemical properties of elements, 
chemists also want to find out how and why certain 
elements react with each other to form compounds. 
Chemical reactions are happening all the time. During 

a reaction, substances change into new substances. 

‘The bonds that hold them are broken and then 

remade in a different combination. 


‘A mixture is a combination 
of substances that can be 
separated by physical means, 
such as filtering. Its not, 
tthe same as a compound, 
where the ingredients are 


connected by bonds and can 
only be separated using a <= 

‘chemical reaction. Mixtures Solution Cotteia Suspension 

Canbe clasiied as solutions, ether asibtance This contin Type of mau 
Gallas end suspensions, ted, or dsalved and lstersthat ae of one substance foaing 
into another substance. too smal to see Mik in another substance. Muddy 
Seawater sa solution. isa cao waters a suspension 
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compound sodium clone. 
Forming compounds 
“There are two kinds of bonds formed between elements 
during a chemical reaction, In an ionic bond, such as 
in sodium chloride above), one atom gives away is 
electron(s) and another accepts them, This results in 
each having full outer electron shells, The other type is 
called covalent bonding. {n this, atoms sit together and 
share their electrons so they both have full outer shells 


As than 


ighum onde 


es > Reactions in the real world 
Chemical reactions happen all around 

us. There are reactions when we cook, 
f take medication, or breathe. The image 
, above shows a rusty iron ship. Over time, 
the element iron develops this red, flaky 

layer when it reacts with cxygen present in 

. Santer Ceaic i een he corm nGe 
oxide — more commonly known as rust. 


Pure hydrogen 
(H) fills this 
glass sphere, 


and produces 
a purple 
glow when 
electrified. 
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Atomic structure Physical properties Chemical properties 
Ahydrogen(H) atom ‘Hydrogen gas is the lightest Hydrogen is highly 
has one electron moving material in the Universe. Pure flammable. It 
around a nucleus hydrogen is rare on Earth, as forms compounds 
consisting of a it escapes quickly from the with both metals 


single proton, atmosphere into space, and non-metals, 


Compounds 
The most common 
hydrogen compound 
is water. Acids are 
‘compounds that 
contain hydrogen 


SPECTRUM FOR 5G 


In order to support increased trafic capacity and to enable the transmission bandwicths needed 
‘to support very high data rates, 5G will extend the range of frequencies used far mobile 
communication. This includes new spectrum below GHz, as well as spectrum in higher frequency 
bands. 

Specific candidate spectrum for mobile communication in higher frequency bands is yet to 
be identified by the ITU-R or by individual regulatory bodies. The mobile industry remains agnostic 
about particular choices, and the entire frequency range up to approximately 100GHz is under 
consideration at this stage, although there is significant interest in large contiguous allocations 
that can provide dedicated and licensed spectrum for use by multiple competing network 
providers, 

‘The lower part of this frequency range, below 30GHz, is preferred from the point of view of 
propagation properties. At the same time, very large amounts af spectrum and the possibilty of 
Wide transmission frequency bands of the arder af 1GHz ar more-are more likely above 30GHz, 


‘Spectrum range relevant for 5G wireless accoss 
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Figure 3: Spectrum relevant for 5G wireless access. 


Spectrum relevant for 5G wireless access therefore ranges from below 1GHz up to approximately 
100GHz, as Figure 3 shows. 

It is important to understand that high frequencies, especially those above 10GHz, can only 
serve as a complement to lower frequency bands, and will mainly provide addtional system 
Capacity and very wide transmission bandwidths for extreme data rates in dense deployments. 
Spectrum allocations at lower bands will remain the backbone for mobile-communication 
networks in the 5G era, providing ubiquitous wide-area connectivity 

“The World Radio Conference (WRC)-15 discussions have resulted in an agreement to include 
fan agenda item for IMT-2020, the designated ITU-R qualifier for SG, in WRC-19, The conference 
also reached agreement on a set of bands that will be studied for 5G, with diract applicability to 
NX. Many of the proposed bands are in the milimater wave region and include: 


> 24.25GH2 to 275GHz, S7GHz to 40.5GHz, 42.5GHz to 43.SGHz, 45.5GH2 to 47GH2, 472GH2 
to 50.2GHz, 50.4GH2 to §2.6GHz, 65 GHz to 76GHz and 81GHz to B6GHz, which have 
allocations to the mobile service on a primary basis; and 

> S1.8GH2 10 33.4GHz, 40,5GHz to 42.5GHz and 47GH2 to 472GHz, which may require adlitional 
allocations to the mobile service on a primary basis, 


‘The mobile industry will strive to gain access to spectrum in the 6GHz to 20GHz range, but the 
policy directions being followed by regulators seem to be focused on frequency bands above 
S0GHz. In the US, the FOC has issued two Notices of Public Rule Making (NPRM) on bands 
above 24GHz. Ofcom has likewise indicated a preference for bands above 30GHz within the 
‘mobile industry, 

‘The capacity needs of the mobile industry will continue to be served by licensed spectrum, 
‘although novel sharing arrangements for spectrum will Become progressively more important 
as restricted opportunities for new spectrum start to impact incumbent services such as satollte 
communication and radia location. Two examples af sharing arrangements include LSA planned 
in Europe for the 2.3GHz band and the Citizens Band Radio Service for 3.5GHz in the US. 
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Hydrogen is the first member of the periodic other gases, such as helium and methane. On 


Water 


table because it has the simplest atoms of Earth, hydrogen is commonly found in water. 
all elements: they contain just one proton Although itis rare in Earth’s atmosphere, hydrogen 
and one electron. Pure hydrogen is a is the most common element in the Universe 
transparent gas. The biggest planets, such as Stars, such as the Sun, contain large amounts 


Jupiter, are vast balls of hydrogen mixed with _of hydrogen. At the centre of a star, atoms of 
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HOW ROCKET FUEL WORKS 


‘Many space rockets use 


liquid hydrogen as a fuel 


‘The hydrogen 1 
with oxygen to form 
W ut of the 


creates 


Delta IV rocket 


en. 


only waste 
product 

of hydrogen fuel 

is steam. 
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this element are fused together, releasing heat and 
light. New stars form inside nebulae ~ such as the 
Orion Nebula, They are clouds of hydrogen gas 
that slowly collapse in on themselves. Hydrogen 
gas is the lightest element of all, and much lighter 
than air This is why hydrogen-filled balloons 


Hydrogen-powered bus 


Hydrogen 
peroxide 


This powerful 
a 
This energy- 


Hydrogen bomb explosion 


can fly higher than air-filled ones. Supercold 
liquid hydrogen is used as rocket fuel. Atoms of 
hydrogen fuse together to produce a lot of energy 
in hydrogen bomb explosions. Pure hydrogen is 
also a clean energy source used to power some 
buses and cars. 
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fh i Potassium (K) 
tarnishes when 
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Alkali Metals 


After hydrogen (H) — which is in a group of its own - the first column of the 
periodic table contains the alkali metals. This group gets its name from 
the way the elements react with water. These vigorous reactions always 
produce acid-attacking compounds called alkalis. None of the alkali metals 
are ever found in a pure form in nature. The first three metals are common 
in many minerals, while the last three are rarer. 
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Atomic structure Physical properties Chemical properties Compounds 
‘The atoms of all alkali ‘These metals are soft ‘Alkali metals are highly These metals react with water 
‘metals have just one electron enough to be cut with reactive, They form to form compounds called 
in their outer shell. Alkali a knife. They are all bonds with other elements, hydroxides. They react easily 
metal atoms are among silvery and very ‘giving away their single" with halogens to form salts, 


the biggest of all atoms. shiny when clean. outer electron, such as sodium chloride, 


_d 


Alkali Metals 


24 


B Lithium i 


Thie water consis 
Forms tinyamounr of dscbed ster MUShro, 
lta mines ) "0 


These muchrooms| 
bear itu 
rom the 


Pale 
(quarts 


‘contaning thu become dll when 


terior E>, , 


Bar of pure lithium refined in a laboratory 
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Lithium is the the lightest of all metals: contains millions of tonnes of dissolved lithium. 
in fact, it can easily float on water. Pure —_Lithium is found in many foods, such as 

lithium is very reactive and exists in nature mushrooms, prawns, nuts, and seeds. It also 
only in minerals, such as lepidolite and has many everyday applications. Glass composed 
petalite. Many lithium minerals dissolve of lithium is resistant to heat and is used in 


‘well in water, and the world’s seawater scientific equipment, such as mirrors inside 


Uses rl LITHIUM-ION BATTERY 


Lithium-ion batteries are widely used in digital devices. They st 
electrical energy to power gadgets and are rechargeable, This 
diagram shows a device's battery in use: when itis charging, this 
process is re 
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Hale telescope mirror 
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Artificial teeth 


runs for at least 
SA Tent Go mies) teeters 
‘on one charge of sir insie the A 
its lithium-ion 
battery. 


This charging 
point ar rch 


Air scrubber 


telescopes. The main use for lithium is in ones. A soapy compound called lithium stearate 
rechargeable batteries. Lithium-ion batteries is used to make grease, which helps automobile 
are small but powerful, so they are ideal for engines run smoothly. This element also forms 
smartphones and tablet computers. Larger hard ceramics that are used to produce strong 
lithium batteries can power electric cars artificial teeth. Lithium compounds are used 


which are less polluting than petrol-powered __in some medicines as well. 25 
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Everyday salt contains lots of sodium. halite, and itis what makes seawater salty. Other 
Although abundant on Earth, sodium is sodium minerals include sodalite, a soft blue 
never found in its pure form naturally: itforms stone that can be shaped and polished. Pure 


compounds with other elements. Sodium chloride, sodium is soft enough to be cut with a knife. 
which also contains chlorine, is the most common _ It reacts with oxygen in the air, forming a 
26 | sodium compound. Itis also known as the mineral compound called sodium oxide, and bursts 
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into flames when in contact with water Sodium tise by releasing bubbles of carbon dioxide. When 
compounds in fireworks burn with a yellow- _refined, sodium chloride, or common salt, has 
orange colour In ancient Egypt, crystals of sodium several uses. It makes ice melt so it is used in 
compounds were used to preserve dead bodies as _ salty grit added to slippery, frozen roads. This 
mummies. Another useful compound is sodium helps de-ice them to make them safer Itis also 
bicarbonate, or baking soda, which makes dough an important seasoning for meals. 
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SALT F LAT Hundreds of artificial ponds dot the hillside near the small town 
of Maras, high in the Andes of Peru. The ponds fill with water 
from a stream that runs down from the nearby mountains. In the sunshine, the water evaporates, 


leaving behind a thick salt crust that can be collected. The people of Maras have been gathering 
salt in this way for at least 500 years. 


‘The salt forms part of racks deep underground before 
itis dissolved by the stream and flows into the pools, 


Fada, 
‘comes from underground 
salt that are a result of 


however, most of the wor 
mines containing thick l 


has become buried under dense layers of rocks, 
alled "rock salt” times unearthed using 
rs, At other mines rashed out by piping in 
‘warm water, which dissolves the salt. The brine is then 
pumped up to the surface for evaporation, 


5G TECHNOLOGY 
COMPONENTS 


Beyond extending operation to higher frequencies, there are several other key technology components 
relevant forthe evolution to 5G wireless access. These components include access/backhaul integration, 
device-to-device communication, flexible duplex, flble spectrum usage, multhantenna transmission, 
Uutra-tean design, and user/contro separation, 


‘ACCESS/BACKHAUL INTEGRATION 
‘Wireless technology is already frequently used as part ofthe backhaul solution. Such wireless-backhaul 
solutions typicaly operate under line-of-sight conditions using proprietary radio technology in higher 
frequency bands, including the milimeter wave (mm) band, 

Inthe future, the access (base-station-to-device) Ink wl also extend tohigher frequencies. Futhermore, 
te support dense low-power deployments, wielass backhaul will have to extend to caver nan-line-of-sight 
conditions, similar to access inks. 

In the 5G era, the wielass-access lnk and wireless backhaul should not therafora be seen as two 
separate entities with separate technical solutions. Rather, backhaul and access should be seen as an 
Integrated wieless-access solution able to use the same basic technology and operate using a comman 
spectrum pool This wil lead to more efficient overall spectrum lization as well as reduced operation 
and management effort 


DIRECT DEVICE-TO-DEVICE COMMUNICATION 
‘The possibilty of limited direct device-to-device (02D) communication has recently been introduced as an 
‘extension to the LTE spectications. inthe SG era, support for D2D as part of the overall wieless-access 
solution should be considered from the star. This includes peer-to-peer user-data communication directly 
between devices but also, for example, the use of mable devices as elys to extend network coverage. 

[02D communicationin the context of5G should bean integral part ofthe overall wieless-access solution, 
rather than a stand-alone solution, Dect D2D communication can be used to offload trafic, extend 
capabilties and enhance the overalefiiency ofthe wreless-accass network Furthermore, order toavoid 
Lncontroled interference to other tnks, direct D2D communication should be under network control This 
Is especialy important forthe case of D2D communication incensed spectum. 


FLEXIBLE DUPLEX 
Frequency Dhision Duplex FDD) has been the dominating duplex arrangement since the begining af the 
tmobile communication era. the 5G era, FD wil remain the main duplex scheme fr lower frequency 
bands. However or higher equency bands especialy above 10GHe-—tageting very dense deployments, 
Time Division Duplex (TDD) wil play a more Important rol. 

Invry danse deploymants with low-power nades, the TDD-speci interference scenarios rect base- 
station 4o-base-station al dvie-to-davice interference willbe silat the‘narma base staten-to-cvice 
and deviceto-base- station interference that also oocurs for FDD. 

Furthemon, forthe dyramictafic variations expectadin very dense deployments, he aby to dynaicaly 
assign transmission resources time slots) to diferent transmission drecions may alow more ecient 
Utila ofthe avalabe spectrum 

“To each is fl potenti, 5G should therfore alow for vr fable and dynamic assignment of TOD 
transmission resources, This in contrast to curent TDD based mebile technologies, including TD-TE, for 
\which ther ae restrictions an the downink/upink configurations, and for wrich there typical exist 
_assumptions about the same configuration for neighbor cel and also between neighbor operators 


FLEXIBLE SPECTRUM USAGE 
Since ts inception, mabie corrmnunication has relied on specttum licensed on a peroperator basis within 
‘a geographical area. This wil remain the foundation for mobile communication in the 5G era, allowing 
‘operators to provide high-quality connectivity ina contrlled-intrference environment. 

However per operator licensing of spectrum willbe complemented with the possibilty to share spectrum. 
‘Such sharing may be between a limited set of operators, or may occurin Beense-exernpt scenarios. The 
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Potassium was first found in the dust of element's chemical symbol, K, is taken from 
burnt plants. It was discovered by Sir Humphry _kalium, a Latin word for “ash”. Potassium is never 
Davy when he experimented with potash — found pure in nature, but is present in minerals 

a mixture of substances made from the ash such as aphthitalite and sylvite. Potassium is 
of burt plants soaked in water. The name vital for the human body, helping muscles and 


30 | potassium comes from potash but the nerves work properly, For this, we rely on 
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‘A rebreather is 3 machine used by expert divers 
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potassium-rich food, such as bananas, root important ingredient in saline drips for 
vegetables, and avocados, which contain rehydrating patients who are seriously ill. 
potassium chloride. In tiny amounts, this Potassium nitrate is a compound of 
compound can enhance flavours, as it does potassium, oxygen, and nitrogen, and is 

in soda water. Itis also a healthy alternative _found in gunpowder and toughened glass 


to sodium chloride, or common salt, and an screens for mobile phones. 
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Rubidium was named after the Latin word heat. Rubidium is not often concentrated in 
rubidius, meaning “deepest red”. This refers particular minerals, but instead is spread in small. 
to the red-coloured flame it produces when amounts through a wide range of minerals, such 
burned. This highly reactive element ignites on _as leucite and pollucite. The pure metal is 
contact with air On contact with water, it reacts sourced mainly from the mineral lepidolite. 
vigorously, producing hydrogen gas and alot of Another mineral called rubicline has even more 


Uses 


‘Magnetometer 


RUBIDIUM-STRONTIUM DATING 


‘About a quarter of all rubidium ato 


Millions 
of years ago 


SOMaIT 
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from bar 
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rubidium in it but is very rare. Rubidium atoms are 
sensitive to light and can be used in photoelectric 
cells (devices that convert light energy into 
electricity) and night-vision equipment. This 
element has radioactive forms, which can be used 
to measure the age of rocks. When injected into a 


patient's body, rubidium targets tumours, 
show up clearly on PET (positron emission 
tomography) scans. Rubidium is also used by 
light-sensitive electronics called photomultipliers, 
and in making insulators for high-voltage 

cables and some special types of glass. 
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State: Soba 
78 Discovery: 1860 


= Caesium 


Forms Uses 


The crystals of ‘Shiny, sitver-gold metal 
this mineral are 


This highly accurate clock: 


alo called eaesum clock 


KIRCHHOFF AND BUNSEN 


Caesium was discovered in 1860 by 
German scientists Robert Bunsen and 
Gustay Kirchhoff They burned a sample 
tf mineral water on a burner, which split 
the flame’s light into individual colours, 
(One of them was a distinctive light be, 
which came from caesium, 


(aygu) uasung uwaqoy, 
pue (yet) jyouyoury ABisng 


compounds 
Op tcc 9055 


‘As the most reactive metal on Earth, caesium means “sky blue” and refers to the colour of 
explodes into flames if in contact with air or _ caesium’s flame when burning. Caesium is used 
water. Therefore, pure caesium, is stored ina __in atomic clocks, which measure time down 
sealed glass tube from which all the airhas been to a billionth of a second. These clocks are so 
sucked out. This element is rare, and most of it accurate that they would gain or lose no more 
is extracted from the mineral pollucite. Its name than one second every 300 years. 


=| Francium 


MARGUERITE PEREY 


‘This mineral 


Francium is the rarest natural element 
on Earth. Scientists think there may be 

just 30 g (1.1 02) of francium in Earth's rocks. 
Francium atoms are created when radioactive 
elements break down. Francium can be 
extracted from radioactive ores such as 


State: Soba 
57 @s7 136 Discovery 1999 


‘The French chemist 
Marguerite Perey discovered 
francium in 1939 while 
studying the way a pure 
sample of another radioactive 
metal — actinium ~ decayed. 
‘She found that actinium, 
‘broke down to form thorium 
and a previously unknown 
‘element. She named 

this element francium 

after her home country 


thorite and uraninite, both of which 
contain tiny amounts of this element. Even so, 
to date the largest sample of the metal made 
contained only 300,000 atoms, and lasted 
only a few days. Francium has no known 

uses outside of research, 
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Barium (Ba) 


crystals turn 
black in air. 


s 
2 \ 
¢ C_\} 
Atomic structure Physical properties Chemical properties Compounds 
‘The alkaline earth metals ‘Ail members of this ‘These metals are similar to These elements form 
have two electrons in their group are soft and the alkali metals, but not as compounds with non-metals 
outermost electron shell shiny when pure.They reactive. Except for beryllium by losing their outermost 
Radium (Ra) is the most are solid at room (Ge), all alkaline earth metals electrons. Several compounds 


radioactive member, temperature. react with hot water or steam, are found in teeth and bones, 


DeBeryllium ... -.. 


Alkaline Earth Metals 


Forms This mineral. 


alia be brow 


This widely used element gets its name 
from the Greek word beryllos, after which 
the mineral beryl is also named. Beryllium 
is the lightest of the alkaline earth metals, but 
it does not share many of the group's properties, 
For example, it does not react with water and is 


These crystal hare 
ths poe ble colour 
duet ron imparts 


found in more than 


30 kinds of 


much harder than the other metals in its 
group. Two common beryllium minerals are 
chrysoberyl and beryl. Beryl has different 
forms, such as aquamarine and emerald. 
Beryllium is useful in many ways. For example, 
some military helicopters use windows made 


Berylium 
alloy window 


a 


of beryllium-rich glass to shield optical 
sensors to aid pilots flying at night or through 
fog. Objects made of this metal keep their 
shape well and hardly expand or contract if 
the temperature changes, This makes beryllium 
useful in valves for fire sprinklers and car 


LOUIS NICOLAS VAUQUELIN 


Beryllium 
in 1798 by the French 
chemist Louis Nicolas 
Vauquelin. He extracted 
the pure metal from 

emerald, which is a 

valuable green form of 


discovered 


‘These beryllium mirror 
segments will oot contract, 


ATLAS, a device at 
the Large Hadron 
Collider, CERN, 
Switzerland 


sensors that trigger airbags. NASA's James 
Webb Space Telescope will use a large 
beryllium mirror that is light and strong, Beryllium 
is also used to make brake dises for racing 
cars. Alloys of beryllium and copper are used 
in springs as well. 
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CCtizens Band Radio Service in the US in the 3.5GHz band and the SGHe unlicansed spectrum are 
‘examples of managed and unlicensed sharing regimes respectively. 

Now air interfaces lke NX wil Ikaly be well served by more conventional licensed allocations of 
spectrum, mainly dua to the need to establish a basic foundation forthe technology to operate in an 
independent manner while interoperability is established with technologie Ike LTE. At same point, 
further allocations of spectrum for SG may leverage the mobile industy’s experience of sharing 
approaches in lower cellular bands. 


MULTLANTENNA TRANSMISSION 
"Mutt-antenna transmission already plays an important olin curent generations of mobile communication 
{and willbe even more central n the 5G era, due to the physical imitations of small antennas. Path loss 
between a transmitter and receiver does not change as 2 function of frequency, as ong asthe effective 
aperture ofthe transmiting and receiving antennas does not change. The antenna aperture does reduce 
In proportion tothe square of the frequency and that reduction can be compensated by the use of higher 
_antonna directivity The 8G radio wll employ hundreds of antenna elements to increase antenna aperture 
beyond what may be possible with current celular technology. 

|nadaltion, the transmitter and receiver wil use beamforming to track one another and improve energy 
transfer everan instantaneously configured ink. Bearforring wal also improve the racio environment by 
limiting interference to small ractions ofthe entire space around a transmitter and tkewise limiting the 
Impact of interference on a receiver to infrequent stochastic evens: The use of beamforming will also be 
{an important technology for lawer frequencies; for example, to extend coverage and to provide higher 
data rates in sparse deployments. 


ULTRA-LEAN DESIGN. 
LUttra-leanracio-access design is important to achieve high eficiancy in 5G networks The baste principle 
of uiva-lean design can be expressed as: minirize any transmissions not crectly related tothe dlivry 
of user data. Such transmissions include signals for synchronization, network acquistion and channel 
estimation, as well as the broadcast of diferent types of system and control information. 

Utra-lean design fs especialy important or dense deployments witha large number af network nodes 
_and highly variable trafic condtions. However, lean transmissions beneficial forallkinds of deployments, 
including macro deployments. 

'By enabling network nodes to enter iow-energy states rapidly when there sno user data transmission, 
Utra-tean design is an important component in delvering igh network energy perlormance. Ultra-ean 
{design will aso enable higher achievable data rates by reducing interference fom non-usercata-eated 
transmissions. 


USER/CONTROL SEPARATION. 
-Anathar important dosign precipl or SG & to decouple user data and system contal functional. Tha 
later ncudes the provisioning of system information; thats, the information and procedures noeded for 
adovco to access the systom, 

Such a decoupling wil alow separate scaling of userplane capacity and basic system control 
functionality. For example, user data may be delvered by a dense layer of access nodes, while 
system information is only provided via an overlaid macro layer on which a device aso initally 
accesses the system. 

I shoud be possible to extend the separation of user data dlvery and system contol functionality 
cover mlipl requancy bands and RATS. Asan example the system cont functionaity fora dense 
layer based on naw high-frequency rado access could be provided by means of an vera LTE aya 

User/convo separation is also an important component or future radio-access deployments ring 
heavily on beamforming for user data delivery. Combining ula-lean design with a logical separation ot 
Userplane data defvery and basic system connectivity functional wil enable a much higher degre of 
device- ceric network optimization of the active radi inks inthe network. Since oly he tralean signals 
related to the system contal plane need to be static, itis possibe to design systern where almost 
everyting canbe dyraricaly optimized in rea tim. 

‘An ulraean design combined with a system contol plane logically separated from the user data 
Galvery function also provides higher feb in terms of evolution of he RAT as, with such separation, 
the use plane can evave wie reiarng system control unctonalty. 
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MsMagnesium |... --. 


Forms 
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Magnesium has 
22 known 
isotopes. 


Magnesium was named after Magnesia Magnesium has many important applications. 
in Greece. This element largely exists deep Alloys of magnesium are not only strong, but 
inside Earth's mantle, but it can also be found —_ also lightweight, so are used in a range of 

in seawater and many minerals in our planet's objects, from car wheels to cameras. For 
crust, including serpentine, Another mineral, _centuries, many naturally occurring magnesium 


dolomite, is also a source of pure magnesium. minerals have been used in traditional medicines. 


Uses MAGNESIUM IN CHLOROPHYLL 


Chlorophyll is an important 
molecule in plants and is y. N 


what makes them green. 


( 


At its centre sit 
hich helps plant 
‘Magnesium alloy convert sunlight into = i 


energy in a proce 
called photosynth 


molecule \/ 


steven 4a4eg eUeNLY 


‘The magnesium alloy body 
of ths camera igh 


pigital camert 


Crystals containing 
‘magnesium sulfate 


Marc 


Pit tghs 
This ndigerton 
inedicnetsa 
an magnesium 
‘ xrtont aapiesh 
——" fireworks 
Milk of magnesia 
4 
This widely , 4 
sed coment i es 
‘magnesium ‘The magnesium alloy case of Laptop 
Magnesium carbonate, or magnesia, reacts flame, Salts composed of magnesium, 
with acid in the stomach to settle indigestion. _called Epsom salts, named after the place 
Heating magnesia produces magnesium oxide, _ in England where they were first mined, 
which is one of the ingredients in cement. work as a muscle relaxant. Magnesium 
Magnesium compounds are also used in silicate, known as tale, is a soft mineral 


fireworks, and they burn hot with a white used in body powders. a 
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© Calcium 


Forms This erystalhas2 


shy sae 


carbonate 


‘Bones ar hardened 
by ealown phosphate 


The most abundant metal in the human 
body, calcium is also the fifth most 

common element on Earth. It appears in 
many minerals: calcite and aragonite are made 
of a compound of calcium and carbon called 
calcium carbonate, Bones in animal skeletons 


State: Solid 
Discovery: 1808 


pure Cale; 
\aborat 
a 


contain the compound calcium phosphate. 
The hard, outer layers of many other animals, 
such as the shells of sea snails, are made of 
calcium carbonate. Calcium is very important 
in our diet. We get calcium by eating calcium- 
rich food, including dairy products, green 


This tablet contane 
aku carbonate, which 
san alka a ubctance 
that balancer cut acide 


mail are harden 
byealeum carbonate 
‘buorbed fom 


‘These chalks 
calm aulte 


Marble forms 
wher imesione 
comes under high 

temperature 


CALCIUM CAVES 


‘As running water flows into caves, it deposits 
calcium carbonate. These deposits build up to 
{form structures called stalactites and stalagmites 


iter with ssa calsum carbonate 


| owe trough a rack and ino the cave 


stars build upon the 
round and eng 


Stolacte hangs 
from the caling 


Stolagmte 
row up rom 
the round. 
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Water dpe 


tonto the 
around. 


when dry, sypporan token bones 


‘The Sphinx, Egypt 


This statue ie made of 
Timestone. natural rack 
‘canting eakeum carbonate 


Oranges are also a good source of calcium, and 
most orange juices have extra calcium added to 
them, Antacid tablets, used to settle 
indigestion, contain calcium carbonate, This 
compound reacts with acid in the stomach. 
Calcium compounds are also common in 


construction materials. Plasterboard, which 
is used to make walls smooth, writing chalk, 
and Plaster of Paris are all made from the 
mineral gypsum, Calcium oxide is an 
important ingredient in cement and 


helps turn it into hard concrete. 43 


F LY G EYSE The multicoloured Fly Geyser in the Black Rock Desert of 
Nevada, USA, is made from a mound of calcium carbonate 
rock. Such mounds and pools are made naturally in many other places where springs gush out 


warm, calcium-rich waters. The amazing colours of the rocks are caused by algae and bacteria 
that live in this water. 


a fi scalding 
to cap the well and look elsewher f 1.5 m (Sf), 
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Forms 1 grey ma . Some paints 
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Strontium was discovered in 1791 in a was called strontianite, and it is the main ore 
mineral found near the Scottish village of strontium. Pure strontium was first extracted 
of Strontian. The mineral burned with a by British chemist Humphry Davy in 1808, who 
bright crimson flame, and Scottish chemist conducted an experiment using electricity to 
‘Thomas Charles Hope studied it and found obtain the element from the mineral. Strontium 


that it contained a new element. This mineral was once used in television screens, but today 


Uses 


Glazed ceramic 


——_ 


Lights in 
unmanned buoys 


ousspeaker 


Navigation 


The bow!'ssmoot — PUOY. 


‘ish 


GENERATING ELECTRICITY 


‘A radioactive form of strontium, called an isotope, 
ccan be used to produce electricity, A radicisotapic 
ther ical generator (RTG) converts heat from 
the element into electricity far use in spacecraft. 


ATG fom overhe 


A thermocouples a 
radioactive 


joactve ronan break 


ATG ina 
radioact 


there are fewer uses for it. Strontium oxide in 
pottery and ceramic glazes creates distinctive 
colours, while strontium carbonate produces a 
red colour in flares and fireworks. Magnets that 
contain iron oxide can be made stronger by 
adding strontium to them. These strong magnets 


‘Magnets inside] 
this loudspeaker 


Strontium compounds 
in some toothpastes 
provide reli rom pain. 


7 Toothpaste for 
sensitive teeth 
nmanned | 
rear satons qian 


produced using 2 


Weather radar station 


are used in loudspeakers and microwave 
ovens. Strontium chloride is added to some 

kinds of toothpaste, while radioactive strontium 
is a source of electricity for radar stations in 
remote places where there are no power lines 

or fuel supplies. 
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Barium is named after the Greek word does not exist in nature. Davy obtained it by 
barys, which means “heavy”, because heating the mineral witherite. Today, the main 
barium and its minerals are dense. The source of barium is barite, a mineral of sulfur 


pure form of this element was first discovered __that forms in deserts and in rock deposits that 
in 1808 by the English chemist Humphry Davy, come into contact with hot water. A rarer mineral 
who extracted it from an oxide of barium, This _ called benitoite also contains barium. The 


Uses BARIUM SOLUTION 


Barium 
apatien 
test, a patie 
which fills 


Inthis, 


Bupjew-sseip 


This pt sm 
The barium in 
the metallic strip 


element is used in spark plugs to make them density. Doctors make use of barium's density by 
produce more powerful sparks and is added to _giving patients a solution of barium compound to 
glass to increase its shine, Barium compounds __ swallow, before taking X-rays of their digestive 
are added to some types of clay used for making system. The barium makes the soft digestive 
pots and vases. In oil wells, barium compounds organs denser, allowing them to be seen clearly 
are added to drilling fluids to increase their with an X-ray machine. 
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CONCLUSION 


5G is the next step in the evolution of mobile communication and will be a key component of 
the Networked Society In particular, SG wil accelerate the development ofthe Intemet of Things. 
7 enable connectivity for a wide range of applications and use cases, the capabilities of 5G 
Wireless access must extend far beyond those of previous generations of mobile communications, 

‘These capabilities include very high achievable data rates, very low latency and ultra-high 
reliably. Furthermore, 5G wireless access needs to support a massive increase in traffic in an 
affordable and sustainable way, implying a need for a dramatic reduction in the cost and energy 
consumption per delivered bit. 

‘5G wireless access will be realized by the evolution of LTE for existing spectrum in combination 
‘with new radio access technologies that primarily target new spectrum. Key technology 
components of 5G wireless access include access/backhaul integration, device-to-device 
communication, flexible duplex, flexible spectrum usage, multi-antenna transmission, ultra-lean 
design, and user/contral separation, 
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= Radium 


Forms 


Radium is the only radioactive member 
of the alkaline earth metals. It is also the 
rarest element in this group, and forms in small 
amounts when the atoms of more common 
metals ~ such as uranium and thorium — break 
down. Radium atoms do not survive for long, 


years time, 
only 4% of the 
radium atoms in this 
watch would have 
broken down. 


with most of them quickly decaying into 
radon, a radioactive noble gas. This element 
is highly dangerous and is rarely used today. 
However, in the early 20th century, radium 
compounds were in common use. Luminous 
paints, like those used to make watch dials 


Sng 
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Radium w 


The radium paint 


Pep snoununy ® 
an yarem 199908 


glow in the dark, were created using radium, 
People working with this paint often became 
ill, especially with cancer, because the 
radiation produced by radium damages DNA. 
Nevertheless, until the 1940s, many people 
thought radium’s radioactivity made them 
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Skin lotions contain 


Marie and Pierre 
Curie, They found th 
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PIERRE AND MARIE CURIE 


discovered in 


Cosmetics 


Radium emanator 


powder’ 


stronger, not weaker. They injected themselves 
with vials containing a radium compound, 
believing it gave them an energy boost. They 
also thought that creams and cosmetics with 
radium in them made the skin healthier, even 
though they did exactly the opposite 
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2 
E ¢ a 
‘Atomic structure Physical properties Chemical properties Compounds 
Most transition These elements are generally Transition metals arenotas Many compounds of 
metals have two hard and dense metals. Mercury _reactiveas alkaliand alkaline transition metals are brightly 
outer electrons, but (Hg), the only element that is earth metals. However, they coloured. These metals 
afew, such as copper Tiquid at room temperature, form many varied and are often used in alloys, 


(Cu); have just one. also belongs to this group. colourful compounds. such as brass and steel. 
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mScandium | ™ 


Uses 


his ight ley Hasire teed 
sia gt igh 


A soft and lightweight metal, scandium is 
similar to aluminium. It is spread so thinly 

in Earth's rocks that it is very difficult to collect 

a large amount of this element. Scandium is only 
used for specialist applications. Its main ores are 
the minerals gadolinite and euxenite, which 
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Metal halide lamp 


@ 21 @21 1k Discovery: 179 


These erystals 
contain only tiny 


The silvery colour < 
of this metal turns 


veliow nieair) Laboratory sample 
of pure scandium 


Some high-speed jets 
‘havea fuselage made 


ium alloy 


also contain small amounts of many other rare 
metals, such as cerium and yttrium. Scandium 
mixed with aluminium makes a strong alloy, 
which is used in lightweight equipment for 
sports, such as lacrosse, and to make high- 
speed jets, such as the MiG-29. 


State: Soi 
26 Discovery 1701 


= Titanium 


Forms Uses 


The titanium plate 
‘msde actea as sil 


This grey, cubic 
crystal made of the 


This titaniu joint 
dan replace damaged 
tone: bo 


Sunscreen 


This large, deep red 
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Laboratory sample of pure titanium 


Named after the Titans, a race of mythic _to prepare titanium dioxide, a compound 
Greek gods, titanium is a silvery metal. It is _ of titanium and oxygen that is used in paints 
as strong as steel but much lighter, and it is not and sunscreen. Titanium is not toxic so it can 
corroded by water or chemicals. This strong _be used to make medical implants, such as 
metal also makes excellent protective shields artificial hip joints. Wristwatches made 

in body armour. Titanium is commonly used __ with titanium alloys are light and strong. 
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Vanadium can be hammered and stretched 
without breaking. This hard, strong metal is 
easy to shape, Vanadium was first purified 

in 1869 by the British chemist Henry Roscoe. 
‘Today, it is commonly extracted from its ore 
vanadinite. Ancient metalworkers used tiny 


These brittle 
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This kif has been 
strengthened bythe 
addin of vanadium 


About 
85% of 


is used to 
toughen steel 


amounts of vanadium compounds to make a 
very tough substance called Damascus Steel. 
This was named after the capital city of Syria, 
where ironworkers made the world’s sharpest 
swords. Vanadium is still used to toughen tools, 
such as spanners and knives. 


Bchromium  ™ 


‘These large red 
crystals contain 
cromtum and lead 


Chromium is named after chroma, the Greek 
word for “colour”. Many minerals of chromium, 
including chromite and crocoite, are brightly 
coloured, An artificial form of crocoite, known 
as “chrome yellow”, was once used in paints, but 
it was banned when scientists discovered it to be 


Uses 


Stainless steel 
kitchenware 


This red colours 


inthe ryt 


The chromium 
lating, 
motor 


poisonous. Pure chromium doesn't corrode 
easily, so itis combined with iron and carbon to 
produce stainless steel. Chromium also gives 
gemstones, such as rubies, their deep-red 
colour. Some motorcycles have chromium- 
plated bodywork, giving them a shiny finish. 
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Transition Metals 


Forms 


Transparent, rose- 


‘coloured erystal Ee 


Like magnesium, this element gets its 
name from the Greek region of Magnesia 
‘There are many manganese minerals, including 
the colourful mineral rhodochrosite. The pure 
form of the metal is obtained mainly from the 
ore pyrolusite, Pure manganese is dense, 


State: Soi 
Discovery: 1774 
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from pyrolusite 
for the first time 
in 1774, 


‘This mineral is made 
of manganese dade 


hard, and brittle. This element is present 
in seawater as the compounds manganese 
hydroxide and manganese oxide, which have 
built up in layers over millions of years to form 
masses on the sea bed. The human body needs 
a tiny amount of manganese, which we can get 


Manganese- 
rich food 


This US coin fo 
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‘er bec 
warn short upp 


Dry cell battery 


from mussels, nuts, oats, and pineapples. The 
applications of manganese include its use in 
strengthening steel, which is used in making 
railway tracks and tank armour. Certain dry 
cell batteries carry a mixture containing 
manganese oxide. Manganese compounds 


Railway tracks 


This battery contains 
‘manganediide 


Lascaux cave paintings, France 


JOHAN GOTTLIEB GAHN 


In 1774, Swedish chemist Johan Gottlieb 
Gahn discovered manganese by reacting 
manganese dioxide with charcoal ~ which 
contains 

carbon — 
under a lot 

of heat. The 
carbon took 
the oxygen 
away from the 
compound, 
leaving 
behind pure 
manganese, 
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This petrol conains 
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ante 


manganese dixie 


ty adding a manganese 
compound eal permanganate 


are also added to petrol and used to clean 
impurities from glass to make it clear or to 

give it a purple colour. In prehistoric times, 

the compound manganese dioxide was 

crushed to make the dark colours used in 

cave paintings 59 
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is the most 
common 
metal 


on our planet. 


Solid lump 
of pure iron 


Most of the iron on our planet is locked away pure iron in a process called smelting. Iron-rich 


in Earth’s hot, molten core. This element is meteorites ~ chunks of rock from outer space 
widely found in rocks worldwide, and almost that crash to Earth — are one of very few sources 
2.5 billion tonnes of iron is purified every year _of naturally pure iron. The human body uses iron 
Mineral ores rich in iron include pyrite. Other to make haemoglobin, a substance in blood that 


60 | ores, including haematite, are used to extract carries oxygen around our body (oxygen helps 
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Iron filings 
and magnet, 


our cells produce energy for the body to work). 
Foods containing iron include meats and green 
vegetables, such as spinach. When pure iron 
comes into contact with air and water, it develops 
a flaky, reddish-brown coating called rust, which 
weakens the metal. In order to make iron tougher 


These tall, 


This iran pot essine 


Ihe cooking 
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SMELTING 


takes the impurities out 
of the ore leaving behind 
alayer of pure iron, 


tiny amounts of carbon and other metals, such as 
nickel and titanium, are added to it. This forms an 
alloy called steel, which is used to make bolts and 
strong tractor bodies, among other applications. 
Adding the element chromium to steel creates 

a stronger alloy called stainless steel 
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ST E E L M AKI N G A stream of red-hot, liquid metal pours from a furnace at 
a steelmaking workshop. This is the end of a long process 
in which iron ore is transformed into steel, a tough alloy that is strong enough to make girders for 


supporting skyscrapers and bridges. The steel may even be moulded into car bodie: 
superstrong cables for elevators, or turned into powerful magnets that can levitate maglev trains. 
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Medieval German miners often mistook 
ores of cobalt for precious metals. When 
they tried to purify these, the arsenic gas 
released made them sick. This unwanted 
side-effect led to the name kobold, which 

is German for “goblin’, a mischievous spirit. 


These cubic erystals 


Pure cobalt is hard and shiny, and is 
added to steel and other alloys to make 
them stronger. Alloys containing cobalt 
are used in the blades of jet engines and 
in artificial joints, such as hip and knee 
joints. Cobalt is one of the few elements 
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FORMING AN ISOTOPE ‘mar 


‘Cobbalt-60 is an isotope, or form of this 
ment. [tis created artificially in nuclear 

reactors, Because of its radioactivity, it 

{is useful in some cancer treatments. 


of neutron 


Cobalt-59 is a 
stable atom with 
59 neutrons 


Cobalt60 is a 
radioactive atom 
with 60 neutrons, 


compound 


colour doesnot 
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that can be used to make a permanent 
magnet. Large permanent magnets are 
made from a tough alloy of cobalt, nickel, 
and aluminium, called alnico. A radioactive 
form of cobalt, called cobalt-60, is produced 
in nuclear reactors. This form is widely 


employed to irradiate food, a process by 
which food is exposed to a tiny dose of 

radiation to kill harmful germs. Cobalt can 

also produce a deep shade of blue: cobalt 

blue paints and dyes are formed by reacting 
aluminium with cobalt oxide. 65 
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Nickel is named after Old Nick, a demonic copper, they named it Kupfernickel, meaning 
spirit from Christian lore that was believed “Old Nick's copper”. Nickel is also found in other 


to live underground. in the 18th century, ores, such as garnierite and pentlandite. This 
German miners mistook a poisonous nickel element is one of the most useful metals, with 
mineral, now known as nickeline, for a a number of applications. Because pure nickel 


copper ore. When this mineral failed to yield does not rust, itis used to coat objects to make 
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Electric guitar 


‘These nickel plated 
sitar strings sip 


This coin 
from the USA, 
made of a nickel- 
copper alloy, 
is called a 
nickel. 
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PERMANENT MAGNETS 


‘A temporary magnet works when it s putin a magnetic 
field, but @ permanent magnet retains its charge even when 
itis taken out of that field, Nickel is one of only a few 
clerments that can be used to make permanent magnets 
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|Wickel alloy wires 


eat op tomate oa 


them look like silver ~a trick still used to make __in most of the world’s silver-coloured coins. 
inexpensive ornamental objects. Nickel is also Nickel is used in the strings of electric 
mixed with copper to make an alloy called guitars. This element is added to chromium 
cupronickel. This is used as plating on propellers to make an alloy called nichrome. Wires made 
and other metallic parts of ships, as the alloy does of this alloy conduct heat very well, so are 


not corrode in seawater. The same alloy is used used in toasters 67 
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Copper is a soft, bendy metal that is an Coppers the only metal that has a reddish 
excellent conductor of electricity and heat. colour in its pure form, Pure copper is mainly 
Although itis one of the few elements found —_used as wires in electrical equipment. Copper 
pure in nature, most of it exists in ores such as wire wrapped around an iron core and then 


chalcopyrite. Other copper minerals, such as _ electrified helps create an electromagnet. Because 
malachite and azurite, are brightly coloured, they can be switched on or off, electromagnets can 


Uses 


Copper wire 


Copper coating on steel 
lows down common 


‘electromagnet contain 
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A thin layer of cop 


ELECTROPLATING 


ppper can be added to metal, 


usually iron, to stop it from corroding easily 
‘This process is called electroplating, 
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be magnetic as and when they are needed. They 
can be much more powerful than normal magnets 
and can lift heavy objects. Pure copper does not 
rust, but it reacts with air over time to form a layer 
of grey-green copper carbonate called verdigris. 
‘This can be seen on copper statues, such as the 


— 
Copper elect 


Statue of Liberty. Copper is often mixed with 
other metals to produce tougher alloys. Bronze, a 
copper-tin alloy, is more durable than pure copper 
and has been used since ancient times. Brass, a 
copper-zinc alloy, is used in musical instruments, 


such as trumpets. 
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(1 0 P P E R Ww I R E Not much thicker than a human hair, these copper wires 


are twisted together and woven into a tight bundle, One 
of the main uses for these wires is to shield a thicker copper wire that transmits a signal to a 
television. As the signal carries pictures and sounds in the form of electrical currents, the wires 
‘wrapped around it prevent interference from other electrical sources nearby. 
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Zinc was used in India and China ‘The mineral sphalerite, containing zinc sulfide, 
hundreds of years before the German is the major source of pure zinc. Another 
chemist Andreas Marggraf identified it | _ principal mineral, hemimorphite, contains 


as anew element in the 18th century. This zinc and silicon. Zinc is essential in our diet 
element is a rare transition metal that is never We consume it from food such as cheese and 
za | pure in nature, but is found in many minerals. sunflower seeds. Zinc compounds have a wide 
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GALVANIZED STEEL 


Steel is protected from corrosion by coating 
it with zine. Alloys of iron and zine form in 
layers between the steel and pure zinc 

‘This process is called galvanization. 


range of applications. For example, a compound paints that glow in the dark. When pure 


of zinc and oxygen called zinc oxide is used zinc is exposed to air, the metal reacts 
in medical tape and sunscreen. Zinc oxide _with oxygen to form a protective layer 
can also be used to toughen the rubber used _of an oxide. This coating can prevent 
in boots and tyres. A compound of zinc and —_objects covered in zinc, such as bridges, 


sulfur called zinc sulfide is used to make some _ from corroding easily. 
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Yttrium 


Forms 
Yttrium 


is 400 


The samples of rock brought back from the 
Moon by astronauts in NASA’s Apollo 
missions contained higher levels of yttrium 
than rocks on Earth. This element is never 
found in pure form in nature, but small traces 

of it are present in many minerals, including 


Earth’s crust 
than silver, 
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mineral \\ 


xenotime and monazite. Yttrium was 
discovered in a compound in 1794 by the 
Finnish chemist Johan Gadolin, but it wasn't 
isolated until 1828. Other yttrium compounds 
have since been found in vegetables, including 
cabbage, and in seeds of woody plants, In 
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NASA 
spacecraft use 
yttrium lasers to 
map the Surface 
of asteroids 
in space, 


LED lamps, yttrium converts blue light to other 
colours. Many lasers use an artificial mixture of 
yttrium and aluminium inside a silicon-rich 
crystal called garnet. Powerful yttrium lasers are 
used for treating some skin infections, as well as 
by dentists during tooth surgery. A radioactive 


FRIEDRICH WOHLER 


In 1828, the 
German chemist 
Friedrich Wohler 
became the first 
person to purify 
yttrium. He di 
by extracting 
the compound 
yttrium chloride 
He was also the 
first person to 
extract the metals 
beryllium and 
titanium from 
their ores, 
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This superconductor 
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A-small magnet, 


Yttrium superconductor 


form of this element has medical applications. 
Yitrium is added to the glass in a camera lens 
to make it tough. Yttrium compounds are also 
used in superconductors ~ materials that 
conduct electricity easily when cooled to very 


low temperatures. 
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This element is named after the mineral 
zircon, which means “golden” in Persian, a 
reference to the golden-brown colour of its 
crystals. The Swedish chemist Jacob Berzelius 
was the first person to isolate pure zirconium, in 

76 | 1824. Today, however, the element is mostly used 
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in the form of the compound zirconium dioxide, 

or zirconia. Powdered zirconia is heated to produce 
a hard glass-like ceramic, which is used to create 
dental crowns and sharp ceramic knives 
Powdered zirconia also forms sparkling zirconia 
crystals that look like diamonds 
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Niobium is so similar to the metal tantalum —_does not react adversely in the human body, itis 
that the two were wrongly thought to be the _ used in implants, such as pacemakers. Niobium 
same element for almost 40 years. The mineral also does not expand when hot, so it is used to 
columbite is the main source of this shiny metal. make parts of rockets, such as the one on the 
Niobium is not found naturally in its pure form. Command Module from NASA’ Apollo 15 
When extracted, it has many uses. As the element spacecraft that went to the Moon in 1971. 
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Molybdenum gets its unusual name between these two elements when they are pure. 
from the Greek word molybdos, which Molybdenite is soft and slippery, and itis the 
means “lead”. Miners once mistook main molybdenum ore. Pure molybdenum 
molybdenite, a dark mineral containing this _is mainly used to make alloys that are resistant 


metal, for an ore of lead. This element is much __ to corrosion. These are lightweight so are 
7a | harder than lead, so it is easy to distinguish ideal for constructing bike frames, but 
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This experimental sports car 


are hard enough for 
making sturdy tools, too. 
Molybdenum alloys are 
used in the latest designs 
of supercars, such as the 
Vencer Sarthe 
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‘Technetium was the first element to be produced artificially by 
researchers, It is named after the Greek word for artificial, tekhnetos. 
‘Technetium does not exist in nature: any of its atoms that once existed on 
Earth broke down millions of years ago. Tiny amounts of this element were 
discovered in the waste produced by early nuclear reactors, Technetium is 
the lightest radioactive element. Itis used extensively in medical imaging. 
It is injected into a patient's body, where it emits radiation for a short 
while. Some machines use this radiation to show bones clearly. 
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DELIVERING NEW 
VALUE IN THE 
NETWORKED SOCIETY 


In the future, all devices that benefit from an internet connection will be connected. n this 
Networked Society, avery person and every incusty willbe empowered to reach thie full potential 
Internet of Things (67) technology isa key enabler ofthis Vision by delivering machine-to-machine 
(M2M) and machine-to-person communications on a massive scale 

‘As shawn in Figure 1, Ericsson predicts thera will be around 28 Connected devices ers) 
billon connected devices by 2021, of which more than 16 bilion wil °°, 
be connected M2M and consumerslectranics devices [1]. A large, C= 
share of these will be applications served by short-range radio 
technologies such as Wi-Fi and Bluetacth, while a significant 2 
proportion wil be enabled by wide area networks (WANS) that are 
primarily facilitated by celular networks * 


‘THE NEW IOT LANDSCAPE 
‘The loT revolution offers huge potential value in terms of improved 

efficiency, sustainablity and safety for industry and society. Analysts 

predict thatthe total added value of the loT wil be USD 1.9 lion by © °— [Jo He Et I BEB 

2020 (2. fe 28 cept acres 
“The variety of applications and solutions designed for incvduals, He te pons ose 

business and industry fs spurring the rapid expansion of the loT Figure 1; Growth in comected devices 

market. The IoT is playing a major role across a variety of vertical 

sectors, generating cost savings, new revenue streams and other benefits 
Each loT application neadsa clear value proposition and business logic in ie withthe prevaiing 

ecosystem, Business models and value chains ofthe various stakeholders. For al applications, 

solutions need to be integrated on platforms that can scala and handle milions of devices 

efficiently. Business processes for administration, provisioning and charging will have to be 

streamlined to minimize costs and enhance the business case 
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Figure 2:The new loT landscape. 


{As they are largely responsible for wireless connectivity on a global scale, operators are in an 
excellent position to capture a share of the added value generated by the emerging laT market 
‘The size of this share will depend on the role that operators adopt inthe value chain. This could 
range from being a straightforward connectivity provider (monetizing connectivity in new ways), 
all the way to being an end-to-end solution provider of turnkey solutions to vertical markets (3 
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Ruthenium is named after Ruthenia, an circuits, including resistors and microchips for 
old Latin name for Russia. This rare metal computers and other digital devices. Adding a 
is found in the mineral pentlandite, and its small amount of ruthenium makes softer metals, 
pure form is commonly extracted from this. _ such as platinum and palladium, much tougher 
ore. A compound called ruthenium dioxide Moving parts in devices such as switches 


80 | isused in several components in electronic __benefit from this property. 
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The rosy red colour of one of its is mined. Pure rhodium is hard and is used to 
compounds inspired the name rhodium. —_toughen precious jewellery, mirrors, and optical 
‘The Greek word rhodon means “rose-coloured”. devices, such as microscopes. It is mainly used 
Rhodium is unreactive and does not form in the production of catalytic convertors for cars. 
compounds easily. It is a rare metal. Most Fibreglass, which is often found in protective 


of the pure form is extracted when platinum —_gear — like helmets — also contains rhodium. a1 
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Palladium is a rare, precious metal: itis many applications, the element's main use 

10 times rarer than silver and twice as rare _is in catalytic converters, which are devices 
as gold. Like these metals, palladium hasa _used in vehicles to convert poisonous exhaust 
shiny surface and does not corrode easily. gases into less harmful ones. A compound 
Palladium is found pure in nature, but it also _called palladium chloride is used in carbon 


82 | has a few rare minerals, such as braggite. Of its monoxide detectors. Because the element is 


i CATALYTIC CONVERTER 


Many cars contain engines that are attached to 
catalytic convertors, These important devices 
convert toxic exhaust gases into less harmful 
pollutants, Palladium plays a key role inthe process. 
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precious, it is used to make commemorative 
coins in some countries. Palladium is alloyed 
with steel to make it more resistant to corrosion. 
‘These alloys are used to make surgical 

tools and expensive musical instruments, 

such as some flutes. Palladium is often mixed 
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with gold to form an alloy called white gold, 
which is used in jewellery. Some fountain 
pens have nibs decorated with palladium. 
‘The element is also used in glucometer 
test strips so that patients can check the 


level of glucose in their blood. 83 
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Silver gets its symbol “Ag” from its Latin 
name argentum, which means “shiny white”. 
Itis considered a precious metal because its 
pure form has a grey shine that does not 
corrode quickly, and it stays untarnished if 
cleaned regularly. Silver can be found pure in 
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long wire. 


nature, but mostly it is mined from ores, such 
as pyrargyrite and acanthite. Because this 
element is valuable and can be moulded easily, 
pure silver was used historically to make coins. 
This metal is also ideal for making bracelets 
and settings for gems. Some people even use 
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flattened silver foil to decorate food. Silver _in some circuit boards. Silver nitrate (a 
spoons and forks were the only pieces of compound of silver, nitrogen, and oxygen) is 
cutlery that did not create a nasty metallic a mild disinfectant used in some anti-bacterial 
flavour in the mouth in the days before the soaps. Silver forms light-sensitive compounds 
invention of stainless steel. Silver conducts with chlorine (used in sunglasses) and bromine 


electricity better than copper, and is used (used in old photography plates). 85 
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Cadmium is a highly toxic metal, and is mainly used in conjunction with nickel in 
known to cause cancer. This rare element is. _rechargeable batteries. The compound 
found in the ore greenockite, but itis mostly cadmium oxide was once used in preparing 
obtained as a by-product of zinc extraction. red paints, but not anymore because of its 
Cadmium was discovered in 1817 from a toxicity. Cadmium is also used to create lasers 


86 | mineral called calamine. Today, this metal is for use in powerful microscopes. 
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Hafnium is named after Hafnia, the 
Latin word for the city of Copenhagen 

in Denmark. It took a long time to distinguish 
hafnium from zirconium because the two 
elements are present together in crystals 

of the mineral zircon and their atoms are 
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similar sizes. Hafnium is used in powerful 
cutters that pierce metallic objects with 
a hot stream of sparks. It is also used to 
make ultra-small electronics — only a 

few millionths of a millimetre wide — 

in microchips. 
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Tantalum is a hard metal named after other body implants, ‘Tantalum powder is used 
Tantalus, a man from Greek mythology _in capacitors ~ devices used in electronic circuits 
who was punished by the gods. It is to store electricity. This strong metal toughens 
extracted from a rare mineral called tantalite. watches made of softer, precious metals. 
This tough metal is not harmful to the human _ Tantalum is also used to create strong turbine 


body, so it is used to make artificial joints and _ blades that do not corrode. 
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Tungsten 
Drill bit pigments 
were in use in 
PD | cirri 
hid bi 350 years ago. 
Tungsten has the highest melting point tungsten carbide is used to harden objects 


of any metal: it turns to liquid at a searing such as drill bits. Tungsten’s high melting 
3,414°C (6,177.2°F). It is a very dense metal, point allows it to be used in the filaments 

and its name comes from the Swedish phrase __of light bulbs. This element is also useful 

for “heavy stone”. This metal is usually obtained __in producing weights, such as sinkers 

from the mineral wolframite. A compound called used with fishing lures. 89 


DIFFERENT IOT CONNECTIVITY ALTERNATIVES 

Connectivity isthe foundation for Io, and the type of access required will depend on the nature 
of the application. Many loT devices will be served by radio technologies that operate on 
Unlicensed spectrum and that are designed for short-range connectivity with limited QoS and 
‘security requirements typically applicable for a home or indoor environment. Currently, there are 
‘wo alternative connectivity tracks for the many loT applications that depend on wide-area 
coverage: 

Collular technologies: 3GPP technologies like GSM, WCDMA, LTE and future 5G. These WANS 
‘operate on licensed spectrum and historically have primarily targeted high-quality mobile voice 
and data services. Now, however, they are being rapidly evolved with new functionality and the 
now radio access technology narrowband loT (NB-loT) specifically talored to form an attractive 
solution for emerging low power wide area (LPWA) applications. 

Unlicensed LPWA: new proprietary radio technolagies, provided by, for example, SIGFOX and 
LoRa, have been developed and designed solely for machine-type cammunication (MTC) 
applications addressing the ultra-low-end sensor segment, with very limited demands on 
‘throughput, reliability or QoS, 

(One way to segment [oT applications is to categorize them according to coverage needs and 
performance requirements (such as data speed or latency demands). 
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Figure 3: Technologies essing diferent laT segments, 


‘The coverage needs of a particular use case may be highly localized (such as a stationary 
instalation within a building), while other use cases require global service coverage (such as, 
container tracking). SGPP technolagies already dominate use cases with large geographic 
‘coverage needs and medium: to high-performance requirements. 

\With new feature sets specifically talored for LPWA loT applications, GPP technologies are 
taking alge leap forward to cover segments with low-cost, low-performance requirements too, 


CAPILLARY NETWORKS COMBINING CELLULAR AND UNLICENSED STRENGTHS 

Even when existing 3GPP end-to-end connectivity isnot feasible, cellular technology can stil 
provide key benefits when used as a bridging option, je. as an aggregation and routing solution 
‘This capilary network approach allows end davices to utlize varying access solutions from either 
the short range or LPWA domain and access the cellular networks via agateway device. Capillary 
networks enable the reuse of celular functions and assets such as security, device management, 
biling and QoS without requiring each end device to be cellularenabled, 
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Rhenium is very rare in nature: only one 
atom out of every billion in Earth’s crust 
is a rhenium atom. Discovered in Germany 
in 1925, and named after the Rhine river — it 
was the last stable, non-radioactive element 

90 | tobe found, Rhenium has a very high melting 


rheniun 


point, and can stay solid at extreme temperatures, 
This allows alloys made of this element to 

be used in very hot conditions, such as those 
inside the tubes of X-ray machines, as well 
those in the exhaust nozzles of rockets and 

the jet engines of fighter planes 
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Osmium is the densest of all naturally 
occurring elements: 250 mi (8.5 fl 02) of this 
metal (in its liquid form) weighs 5.5 kg (12 Ib) 
‘This rare element is found in the ore osmiridium. 
Pure osmium reacts with oxygen in the air to 
form a poisonous oxide, so the metal is used safely 
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Fountain pen 


‘The nib ofthis pen moves socth 
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by combining it with other elements or alloys. A 
red osmium oxide stains cells so they can be seen 
clearly under a powerful microscope, while a 
black oxide powder allows fingerprints to be 
revealed in crime investigations. A hard osmium 
alloy is used in fountain pen nibs. 
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Badlands National Parks, 
South Dakota, USA 


This meteorite, 


Iridium is the rarest natural element on in meteorites and other space racks. A layer 
Earth: there is one iridium atom out of of iridium-rich clay is found in Earth's crust 
every billion atoms in Earth’s rocks. This _all over the world, especially in the Badlands 
dense metal can be found in its pure form in of South Dakota, USA. Scientists believe 
nature as well as in other common ores that this small quantity of iridium in our planet's 


92 | contain nickel and copper. Iridium is present crust was deposited by the dust from an 


This spark plug 


Spark plug 
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about 66 milion 
‘years ago, which 
led to the extinction 
of the dina 


explosion 66 million years ago when a large than platinum and copper, and is therefore 
meteorite hit our planet. The applications preferred over these metals for use in spark 

of this element include coating the mirror of —_plugs. Iridium is also mixed with osmium to 
NASA's Chandra X-ray Observatory, an make an alloy called osmiridium, which is used 
Earth-orbiting telescope that studies X-rays in compasses and put in nibs for some fountain 


from distant stars, Iridium is more durable pens to make them hardy. 93 
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B Platinum 


This dens, shiny mineral 


high temperature 
of 1,768°C 
(3,214°F). 


Transition Metals 


Spanish explorers first found platinum in even at high temperatures. This makes it difficult 


the mines of South America in the 1700s. _to extract from its ores, such as sperrylite, Pure 
They obtained a whitish substance that the locals platinum does not corrode or tarnish. Itis, 
living near there called platina, meaning “little however, not easy to shape or mould, so use of 
silver”. This precious metal has a silvery white _platinum was limited to the making of simple 


shine, Platinum rarely reacts with other elements, jewellery and watches. By the 20th century, 
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Although platinum had been in use in jewellery on 
the we of South Ar 1r more than 2,000 
years, it was Spanish naval afficer Antonio de Ulloa 


is, He brought them back to Spain 
to examine them, 


‘This tent made 
of platinum is 


Medical stent 


more applications were discovered. Platinum 
can be used in place of silver to generate 

photographic prints, and in place of gold for 
making dental fillings. Today, platinum plays 
an important role in various technologies. For 
example, it is used in fuel cells ~ devices that 


generate electricity by combining hydrogen 
and oxygen. These cells do not need to be 
recharged like other batteries. Powerful drugs 
for treating cancer contain this element, 
while stents made of pure platinum help 
heal damaged blood vessels. 
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yellow colour Gold is naturally pure and seldom 


People were making gold ornaments more 


than 6,000 years ago. This was many centuries 
before they learned how to purify copper. iron, 
and other metals. Gold is believed by many to 

be the first metal element to be identified. It is a 
96 | dense, unreactive metal with a distinctive deep 


makes compounds in nature; the compound in the 
mineral ore calaverite is an exception. Pure gold 
found in nature may form nuggets but mostly is 
found as tiny specks embedded in rocks. Gold 
miners crush up these rocks and wash out the 


‘The largest piece of natural gold was found on 
19 October, 1872, near the small tawn of Hill 
End in Australia, Named alter its discoverer, 
Bernhardt Holtermann, the piece contained 
‘moe than 90 kg (198 Ib) of pure gold 
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gold dust with water or strong acids. The from it. Some of the earliest coins, found in 
applications for gold include heat shields in Turkey, were made of it. Gold is used to cover 
astronaut’s visors. This metal has always important buildings, such as Thailand's Wat 
been seen as valuable and many ancient artefacts, Phrathat Doi Suthep temple. This precious 
such as the 3,300-year-old death mask of metal is most commonly used today in 


Egyptian pharaoh Tutankhamun, were forged jewellery or decorations 97 
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A WIDE RANGE OF 
lIOT REQUIREMENTS 


“There wil bea wide range of oT use cases inthe future, and the market is now expanding toward 
both Massive loT deployment as well as more advanced solutions that may be categorized as 
Critical IoT, as shown in Figure 4 
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‘sal data volumes, very low latent 
massive numbers very high availablity 
Figure 4: Difering requirements for Massive and Critical oT applications 


At one end of the scale, in Massive loT applications ~typically sensors that report to the cloud 
fn a regular basis — the end-to-end cost must be low enough for the business casa to make 
sense, Hera, the requirement is far aw-cost devices with low energy consumption and good 
coverage, 

At the other end of the scale, Critical oT applications will have very high demands for reliability, 
availabilty and low latency, These use cases are enabled by LTE or 5G capabilties. Here, the 
volumes are typically much smaller, but the business value is significantly higher. 

‘There are, however, many other use cases between the two extremes, which today rely on 2G, 
3G or 4G connectivity 


MASSIVE IOT USE CASE DIVERSITY 
“The Massive loT market segment includes several applications widely used in industries and 
societies, as shown in Figure 5 
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Figure 5: Industry and society applications enabled by LPWA. 


CELLULAR NETWORKS FOR MASSIVE IOT + AWIDE RANGE OF 1OT REQUIREMENTS 


100 


Transition Metals \ 


= Mercur 


Forms 


This bright red 
mineral ithe mai oe 
(of mercury wed today 


The “ribbed” effect 
‘edie to merury = 
cexremaly high densty 


Mercury is the only metal that is liquid 

at room temperature. Along with water, it is 
one of the few liquids found naturally on Earth’s 
surface. Pure mercury forms around volcanoes 
where the heat separates it from its minerals, 
such as cinnabar. This red mineral has been 


Solid 
mercury is soft 
‘enough to be 
cut with 
a knife. 


used for many centuries: ancient Romans 
roasted cinnabar to release a liquid they called 
Aydrargyrum, meaning “silver water”. This 

was the element mercury. It was later known 

as quicksilver because of how fast it flowed as 

a stream of liquid. This metal is very poisonous: 
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q for more than 


4,000 years. 


Liquid mirror inside telescope 


it can damage organs and nerves if inhaled or 
swallowed. As a result, the use of this metal 

is carefully monitored today. Mercury is used 

in some batteries, some thermometers, and in 
low-energy, compact fluorescent light (CFL) 
bulbs. Its compounds are used to prepare 
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strong, red paints. Until the early 18th century, 
mercury was used in pills for treating some 
common ailments. It gradually fell out of use 
when it was found to be toxic. The first accurate 
barometers also contained this liquid, but such 
devices are rarely seen today. 
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Rutherfordium was the first superheavy 
element to be discovered. In this type 

of element, each atom has 104 or more protons 
in its nucleus. It is named after the New Zealand 
scientist Ernest Rutherford, who, in 1913, 
suggested that every atom has a nucleus, or 
core. Pure rutherfordium is synthesized by 
researchers in a laboratory. 


@ 105 @ 105 163 


The US 
scientist Albert st 
Ghiorso discovered 
12 elements 
in the 20th 
century. 


It took scientists nearly 30 years to agree on 
aname for this element. Dubnium was finally 
named after the Russian city of Dubna, where the 
first atoms of this artificial, radioactive element 
were created, in 1968. However, a team of 
American scientists led by Albert Ghiorso also 
produced samples of the element at the same 
time. This radioactive element has 12 isotopes, 

or forms, with different numbers of neutrons 
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Atoms of seaborgium break apart in about 
three minutes, so little is known about it. 
Scientists think it may be a metal. The element 
was isolated in 1974 in a machine called the 
Super Heavy Ion Linear Accelerator at the 
Lawrence Berkeley National Laboratory. It was 
named after the US scientist Glenn T Seaborg. 


This huge 

machine was 
used to discover 
five new 
elements. 


‘Super Heavy Ion Linear Accelerator, Lawrence 
Berkeley National Laboratory, California, USA 
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Bohrium is an artificial 
element named after the 
Danish scientist Niels Bohr. 
This was to honour his model 
of the structure of atoms’ 
electron shells. Bohrium 

was first produced by firing 
chromium atoms at bismuth 
atoms in a particle accelerator 
(a machine in which atoms are 
smashed together). Atoms 

of this metal are unstable: 

half of any sample of bohrium 
atoms breaks apart in 61 
seconds. As a result, itis 

not very well understood. 


Niels Bohr 


= Hassium 
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Scientists think hassium 

is a metal, but they have 

not been able to produce 
enough of its atoms to study 
it in any detail. Hassium is 
very radioactive, and most of 
its atoms break apart within a 
few seconds, This element is 
named after the German state 
of Hesse, the location of 

the Centre for Heavy Ion 
Research, where hassium 

was first created artificially 

by a team led by the German 
physicist Peter Armbruster. 


‘Achamber at Centre 
for Heavy Ion Research, 
Darmstadt, Germany 


Peter Armbruster 
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Researchers think meitnerium might 
be the densest of all elements. It is 
very unstable, and even the atoms of its 
most stable isotope, or form, break apart 
in a matter of seconds. Meitnerium is named 
after the Austrian physicist Lise Meitner, 
to honour her achievements in physics. 
Several universities, such as Humboldt 
University in Berlin, Germany, also have 
: = buildings in her name, 

Meitner Haus building, 

Humboldt University, Germany 


Lise Meitner (left) works with the German chemist Otto Hahn 
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This artificial element is named after the 
German city of Darmstadt ~ the home 

of the Institute for Heavy Ion Research 
where this element was first produced 

A team led by the German physicist Sigurd 
Hofmann created darmstadtium by smashing 
nickel atoms into lead atoms in a particle 
accelerator (a machine in which atoms are 
smashed together), 


Sigurd Hofmann 
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= Roentgenium 


Scientists believe that this metal 
shares many characteristics with 
precious metals, such as gold and silver. 
However, its atoms break apart within 
seconds, so this has not yet been confirmed. 
Roentgenium was created in Darmstadt, 
Germany. It was named after Wilhelm 
Réntgen, the German scientist who 
discovered X-rays in 1895. 
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Heavy Ion Research Centre, Germany 


The atoms of this radioactive 
element survive only for a few 
minutes, before breaking down. 
Copernicium is created in particle 
accelerators by smashing together atoms 
of lead and zinc. Only a few atoms of 
this artificial element have ever been 
produced. Copernicium is named 
after Nicolaus Copernicus, 
the Polish astronomer who 
theorized that our planet 
orbits the Sun. 
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Europium’s 
(Eu) colour 
changes 
when left 
in the air. 


Lanthanides 


This set is named after lanthanum, the first element in this series. The 
name “rare earth metals” is also given to these elements because they 
were discovered mixed together in complex minerals in Earth’s crust, 
and were thought to be uncommon. However, they are actually not rare 
but abundant. These metals — between barium (Ba) and hafnium (Hf) 


should fit between the alkaline earth metals and the transition metals, 
but they are normally shown underneath the main table to save on space. 


Atomic structure Physical properties Chemical properties Compounds 
‘Atoms of every element in The lanthanides are dense, These elements react slowly Many lanthanides 

this group have two outer shiny metals, which tarnish with oxygen (0) at room form compounds with 
electrons, The lanthanides easily when exposed to temperature, but the oxygen called oxides. 
have large atoms, all with _—_air. They do not conduct. reactions speed up These are often used 


six electron shells. electricity very wel. when heated. {in lasers and magnets. 


‘The potential applications for the laT run into the milions, with a huge variety of requirements 
regarding cost, battery Ife, coverage, connectivity performance (throughput and capacity), 
security and reliably. Figure 6 illustrates some such applications and thei requirements regarding 
devices and connectivity. 

‘Some devices will nly send a few messages per day ~ such as status 
Indicators far temperature ~ while others may need to transmit a video 
stream to guide a remote repair technician, for example, The difference 
in throughput requirements is huge. If operators or service providers 
handle several applications, it may be of great benefit to be able to 
harmonize communication modules, so that they all use the same 
Underlying radio solution to reduce operational and fault management 
effort and complexity 

Many higher-value applications wil quite two-way communications 
— in other words, an uplink as well as a downlink ~ to enable monitoring 
and control of devices in systems like heating, ventilation and cooling 
plants. The long lifetime of many laT applications makes it invaluable to 
be able to perform over-the-air device updates for new functionalty or 
parameter settings, The amount of data sent for such updates can often 
bbe more demanding for the network than the monitoring or control 
application ise 

Relatively simple uplink-focused applications can benefit greatly trom 


‘Transport and login: ote racing 


‘a bi-directional ink to provide robustness. For example, a connected Figure 6: Device and connectivity requirements for sample loT use 


smoke detectar must deliver a smoke alarm with absolute certainty.The cases, 
ability of a network to provide acknowledgements ofa received message 
enables better fault management and the required level of reliability. Positioning can be used to 
locate the sensor at the point it falled and simplify operations. For tracking applications, location 
Information is essential 

Inapplications like building security, sensitive information could be reported over the air, wich 
will require strict security, Furthermore, in the case of a break-in, itis crucial that the alarm 
information reaches the control center in time ~ making QoS and two-way communication vita 


KEY CHALLENGES FOR MASSIVE IOT 

‘The key challenges to enabling large-scale uptake of Massive loT include: 

Device cost ~ clearly a key enabler for high-volume, mass-market applications, enabling many 
of the use cases. 

Battery life ~ many loT devices wil be battery-powered, and often the cost of replacing batteries 
In the field is not viable. 

Coverage ~ deep indoor connectivity is a requirement for many applications in the utilty area, 
Furthermore, regional (or even national or global) coverage is a prerequisite for many use cases, 
especialy within the transport area, 

Scalability ~ in order to enable a Massive loT market, networks need to scale efficiently, The 
intial investment required for supporting a limited number of devices has to be manageable, 
\while on the other hand, the network capacity must be easy to scale to handle thousands ~ or 
millions ~ af devices, 


Diversity ~ connectivity should be able to support diverse requirements from different use 
ceases. One network supporting everything from simple static sensors to tracking services, to 
applications requiring higher throughput and lower latency is essential in terms of total cost of 
ownership (TCO), 
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Fluorescent lamp 


Molten lanthanum Camera lens 


Although the word “lanthanum” means 100 years to find a way to purify the metal. 
“to lie hidden”, it is more abundant than _—_ ‘Today, the mineral bastnasite is a source 
most metals. For example, it is three times of pure lanthanum. The element's 

more common than lead. This element was applications range from its use in film 
discovered in the mineral cerite in 1839. studio lights and lens-making to 


110 | However, it took chemists almost another refining petroleum. 


58 . 

s=Lerium 
Cerium was the first of the lanthanides to be 
discovered. It is named after the dwarf planet Ceres, 
which was discovered two years before the element 
was isolated. Cerium is highly toxic when pure, but 
safer cerium compounds have some uses. The main use 
of cerium is in making phosphors, which are chemicals 


that produce lights of different colours, Phosphors are 
present in flatscreen TVs and bulbs. 
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Laboratory sample 
of pure cerium 


The pure form 
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Thi pieceof the Part of this element's name comes from | 

sheet pare ; omen 

formisoh prasinos, the Greek word for “green | 

nner Normally a grey colour when pure, the element 
reacts slowly on contact with air to form a 

green coating. Praseodymium compounds 

give a yellow colour to glass and heat-resistant 

ceramics, and provide a green colour to some 

artificial jewels. This element also boosts 

the strength of magnets that contain it. evbie zireg 
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Strong magnets made of neodymium can be 
used to lift thousands of times their own mass. 
‘This element was discovered in 1885 by the Austrian 
chemist Carl Auer von Welsbach, and it was originally 
used to colour glass. Small amounts of neodymium 
turn glass pinkish purple. Today, this element is Laboratory sample 
also employed in lasers used in eye surgery. of pure neodymium 
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Promethium is the rarest lanthanide element. 
Any promethium that was in Earth's rocks decayed 
billions of years ago. Promethium is therefore 
produced artificially in nuclear reactors. Being very 
radioactive, its used in some missiles, because 

it converts this radioactivity into electrical power 
The addition of promethium also makes some 
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This element is named after the mineral cor PICKUPS y 
samarskite from which it was first purified. iS = 
However, another lanthanide-rich mineral called g 
monazite is the main source of this element today. e 
Samarium is mixed with cobalt to make permanent m 
magnets that are often used in electric guitars. wt 
This silvery white metal These pickups ( u 
darkens on contact with air ses ee 
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Europium was named after the continent 
of Europe. However, most of the world’s supply 
of the element comes from the USA and China, where 
the mineral bastnasite is mined for the extraction of pure 
europium, A compound called europium oxide is used 
in euro and British bank notes, When placed under 
ultraviolet (UV) light, the compound gives off a red glow. 
The erystals of th of Wee 
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Gadolinium, and its mineral ore gadolinite, 
oe are named after the Finnish chemist 

metal ven hen Johan Gadolin, who discovered the 
element. Gadolinium compounds are used 

to obtain clear MRI scans. It is also used in 
electronics, and to make rust-resistant steel 
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Terbium is named after the village of Ytterby in Sweden. 
Itis a silvery metal that can be obtained from the ore monazite. Sree 
‘This element has only a few uses. Pure terbium is added SCURGBugny | ma 
to other metals to make powerful magnets used in sound- “we “Mice 


producing devices, such as the SoundBug™. Its 
compounds are used to line mercury lamps. 
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EiDysprosium “== 


Dysprosium reacts more easily with air and 
Tale piveral water than most other lanthanide metals. 
Although it was discovered in 1886, it took until 
the 1950s to purify it. This metal is often used with 
neodymium to produce magnets that are used in 
car batteries, wind turbines, and generators. 
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Some hybrid car batteries 


Laboratory sample of pure dysprosium 


67 . 
= Holmium 
The Swedish chemist Per Teodor Cleve named holmium 
after the Swedish city of Stockholm. Pure holmium can 
produce a strong magnetic field and is therefore used in magnets. semen crf 


Its compounds are used to make lasers, and to colour glass and ‘tym 
artificial jewels, such as cubic zirconia. 
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Like terbium and ytterbium, erbium is also 
named after the Swedish village of Ytterby, 
near which it was discovered. This element 
does not occur in its pure form in nature, but 
it can be obtained from the mineral monazite. 
Many erbium compounds are pink in colour 
and are used to colour pottery and glass. 
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Thulium is the least abundant of all the 
lanthanide metals. It is used to create lasers 
that surgeons use to cut away damaged body 
tissue, Thulium also has a radioactive form 
that can produce X-rays: portable X-ray 
machines make use of this form. 
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Ytterbium tends to be more reactive 
than other lanthanide metals. It is stored 
in sealed containers to stop the metal from 
reacting with oxygen. The pure metal has 
only a few uses. A small amount of ytterbium 
is used in making steel, while its compounds 
are used in some lasers. 
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Lutetium was the last of the rare earth metals to be 
discovered. [tis also the final member of the lanthanides. 
In its pure form, lutetium is very reactive and catches 
fire easily, It is rare and has few uses, mainly as 
a substance mixed with crude oil. 
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Atomic structure Physical properties Chemical properties Compounds 
All the elements in Natural actinides are dense The actinides are reactive __Actinides form colourful 
this group have two metals with high melting metals and are never found compounds with halogens. 

electrons in their outer points. The physical properties in pure form in nature. They Most actinide ores also 
shell. Their atoms all have of most of the artificial react easily with ai, the contain compounds of 


seven electron shells, ones are unknown, halogens, and sulfur (S). oxygen (0) called oxides, 


THE ADVANTAGES 
OF CELLULAR 
TECHNOLOGIES 


Each of the technologies available for oT connectivity has its own advantages and disadvantages. 
However, the range of loT connectivity requirements ~ both technical and commercial - means 
cellular technolagies can provide clear benefits across a wide variety of applications, as 
summarized in Figure 7. 


Figure 7: Advantages of callular technologies. 


In terms of global reach, cellular networks already cover 90 percent of the world's population. 
WCDMA and LTE are catching up, but GSM will offer superior coverage In many markets for 
‘years to come. Cellular networks have been developed and deployed over three decades, and 
‘they wil be around for the foreseeable future. 

‘The cellular mobile industry represents a huge and mature ecosystem, Incorporating chipset, 
device and network equipment Vendors, operators, application providers and many others. The 
global cellular ecosystem is governed by the 3GPP standardization forum, which guarantees 
broad industry support for future development, 

When it comes to scalability, celular networks are built to handle massive volumes of mobile 
broadband trafic; the traffic rom most oT applications wil be relatively small and easily absorbed. 
Operators are abie to offer connectivity for loT applications fom the start-up phase and grow 
this business with low TCO and only Imited additional investment and effort. Operation in licensed 
spectrum also provides predictable and controlled interference, which enables efficient use of 
the spectrum to support massive volumes of devices. 

Collular connectivity offers the diversity to serve a wide range of applications with varying 
requirements within one retwark. While competing unlicensed LPWA technolagies are designed 
solely for vary low-end MTC applications, cellular networks can address everything from Massive 
to Critical loT use cases, 

QoS mechanisms will be essential for many loT applications, Celular systems have mature 
{Qos functionality, and this enables eritical MTC applications to be handled together with traffic 
from sensors, voice and mobile-broadband traffic on the same carrier. QoS, along with licensed 
spectrum as dascribed above, provides a foundation for long-term Service Level Agreements 
with a specific grade of service. 
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Rare in nature, actinium is a metal formed by 
the decay of other radioactive elements. Its 
atoms are unstable and break down to make the 
elements francium and radon. Actinium is found 
in tiny amounts in uranium ores, such as uranite, 
and has limited applications. Its isotopes are 
used in radiation therapy to treat cancer. 


Bi Thorium 


Onazite 


ay > a #) The most common natural radioactive metal, 

thorium is used inside vacuum tubes to allow 
an electric current to flow. It can also undergo 
nuclear fission, a process in which atoms split in 
two and release energy. Scientists are exploring 
ways of making thorium-powered nuclear 
reactors that produce electricity. 


This durable rock This thorium coating 


Thorianite 


120 ‘Vacuum tube 


BProtactinium .@. 


‘This vibrant green 


fy amount of 


This brittle, 


Torbernite 


radioactive mineral costae 


State Sold 
Discovery: 1913 


Seen Protactinium 


research 


The name protactinium means “before 
actinium”. This is because a uranium atom 
decays to form a protactinium atom, which 
then quickly breaks down into an actinium atom. 
Small quantities of protactinium are found in 
ancient sands and mud. Geologists use Geiger 
counters to carry out research to calculate 
how old the sands are. 
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Named after the planet Uranus, uranium was 
the first known radioactive element. In the early 
20th century, some manufacturers used uranium 
in glass bowl glazes, only to realize later 
that it was a harmful metal. 
An unstable form, called 
uranium-235, is used as 
fuel in nuclear 
reactors and i ( “PR Uraninite 
in atomic 
bombs 
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Cyclotron at the University 
of California, Berkeley, USA 


Sitting next to uranium in the periodic 
table, neptunium was named after the 
planet Neptune. It exists in small amounts 
in radioactive ores, such as aeschynite. 

It forms during nuclear explosions and 

was first identified inside a machine called 
a cyclotron. There are no known uses 
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Hardly any plutonium exists 
in nature: most of it has decayed 
into other elements over time. 
Itwas discovered during the 
development of nuclear 
bombs in World War IL 
Today, plutonium is used 
mostly as a nuclear fuel. 
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This metallic element is 
not found in nature. Instead 

it is produced inside nuclear 
reactors when uranium or 
plutonium atoms are bombarded 
with neutrons. Remarkably, 
americium is the most common 
radioactive element used in the 
home. Radioactivity emitted by 
americium atoms causes the 

air inside smoke detectors to 
conduct electricity, When smoke 
disrupts the electric current, 

an alarm goes off. 
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Curium is a silvery, radioactive metal that 
glows reddish purple in the dark. This element 

was discovered by the US scientist Glenn T Seaborg 

at the University of California. It was named after 
Marie Curie, the scientist who discovered the element 
polonium. Several space probes, such as the Philae 
comet lander, use X-ray devices containing curium 

to study their environment. 


Marie Curie working in her laboratory 
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| @97 @97 150 Discovery: 1949 
I i ces sion etn cy 
of Berkeley ~ home to the University of 


California ~ where this artificial element 
was discovered. It was first synthesized by 
Glenn T Seaborg, Berkelium has no uses 
other than the creation of heavier elements, 
such as tennessine. 
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World War Il. f j 


a 


University of California, Berkeley campus, USA 


124 Glenn T Seaborg 


Bcalifornium .. 


= 
3 
2 
B 


This icotope, 
orform, of 
califernium 


Pellets of 
radioactive californium 


Californium is named after the US state of 
California. ‘This soft, silvery metal does not exist 

in nature and is made by smashing berkelium atoms 
with neutrons in a particle accelerator (a machine in 
which atoms are smashed together). This radioactive 
Water detector element is used in the treatment of cancer 
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Einsteinium was discovered in the chemicals 
left over after the first hydrogen bomb test 

in 1952. The huge explosion fused smaller 

atoms together to make larger ones, including 
einsteinium. This element was named after the 

great German-bom scientist Albert Einstein, and 

was found to be a silvery, radioactive metal that 

glows blue in the dark. itis only used for making 

Albert Einstein in his study heavier elements, such as mendelevium. 125 
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Brermium 


This artificial element was 
named after the Italian scientist 
Enrico Fermi. He built the first 
nuclear reactor in 1942, starting 

the American effort to build nuclear 
weapons during World War IL 
Fermium was first identified in the 
debris of an atom bomb test in 1953. 
This unstable element has no known 
uses beyond research, 
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Some 
scientists call 
Enrico Fermi the 
“father of the 
atomic age”. 
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Mendelevium is named after the Russian 
chemist Dmitri Mendeleev, who invented 
the periodic table. Mendelevium is produced 
in very small amounts by firing parts of helium 
atoms at einsteinium atoms in a particle 
accelerator (a machine in which atoms 

Dmitri Mendeleev are smashed together), 


126 


DgeSueSiectatnt 


State: Sli 
157 Discovery: 1963 


This artificial metal 
is named after the 
Swedish chemist Alfred 
Nobel, who started the 
Nobel Prize. It was 
discovered in 1963 by a 
team of scientists working 
in California, USA. This 
team included Albert 
Ghiorso, Torbjorn 
Sikkeland, and John 

R Walton. They used 

a particle accelerator 

to fire carbon atoms at 
curium atoms, creating 
nobelium atoms, which 
broke apart within minutes, 
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Lawrencium is named after the US scientist 
Ernest Lawrence, who developed the first 
cyclotron particle accelerator. ‘This is a 
machine in which parts of atoms are smashed 
together by making them spin round in circles. 
Lawrencium atoms were produced in a 

similar machine by firing boron atoms at 


‘An early cyclotron californium atoms. 127 


Pure gallium (Ga) 
becomes liquid 
at 29°C (84.2°F). 
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Atomic structure 
Members of this group 
have three electrons in 
the outer shell of every 
atom, Some elements 
have unstable isotopes. 


Physical properties 
All elements, except boron, 
are shiny solids, Every 
member of this group is sof, 
except for boron (8), which is 
‘one of the hardest elements. 


Chemical properties 

Most of the elements don’t 
react with water, Aluminium 
(Al) forms an oxide layer in 
water, and can react with it 
when this layer is corroded, 


Compounds 
‘They form compounds by 
losing electrons to other 

elements ll of them react 

with oxygen (0) by bonding 
to three oxygen atoms. 


‘Traditionally, the security mechanisms af cellular networks have been based on a physical SIM 
attached to the device, referred to as a Universal Integrated Circult Card (UICC). This has also 
enabled roaming between operators, which has been ane af the main factors behind the huge 
success of mobile networks. The SIM will also be essential in future loT applications, with SIM 
functionality embedded in the chipset (eUICC) or handled as a soft-SIM solution running in a 
trusted run-time environment of the madul. 

With a straightforward rolaut af new software, cellular networks will be able to support the full 
breadth of applications, ranging from low-end use cases in the LPWA segment, ta the high-end 
segments of in-car entertainment and video surveillance. One network cannecting the whole 
diversifying loT market will quarantee the lowest possible TCO as well as fast time to market. 


Figure &: World population coverage by cellular SGP technology. 


EVOLVING STANDARDS 
“To meet the new connectivity requirements of the emerging Massive loT segment, 3GPP has 

taken evolutionary steps on both the network side and the device side, 
The key improvement areas addressed in SGPP up to Release 13 are: 

> Lower device cast ~ cutting module cost for LTE davices by reducing peak rate, memory 
requirement and device complexity The LTE madule cost-reduction evolution started in Release 
8 with the introduction of LTE for machine-type communication (LTE-M) Cat 1 devices with 
reduced peak rate to @ maximum of 10Mbps, and continued in Releases 12 and 18 with 
reduced device complexity for lower performance and using less bandwidth or a narrowband 
JaT catrler to cut costs further, 

> Improved battery Ife more than 10 years of battery If can be achieved by introducing Power 
Saving Mode and/or extended discontinuous reception (eDRX) functionality. These features 
allow the device to contact the network - or to be contacted ~ on a per-need basis, meaning 
that it can stay in sleep mode for minutes, hours or even days. 

> Improved coverage an improvement of 1SdB on LTE-M and of 20dB on NB-loT and GSM, 
Which translates into a seven-fold increase In the outdoor coverage area and significantly 
Improved indoor signal penetration to reach deep indoors. This supports many IoT devices 
lke smart meters, which are often placed in a basement. 

> Support for massive numbers of IoT connections ~ specifically, one LTE cel site can support 
millions of loT devices, depending on the use case. Core network enhancements include 
software upgrades for sorvice differentiation handling, signaling optimization and high-capacity 
platforms (more than 20 milion devices per node). 


CTEMNB4oT) eended 


coverage G2 Neer 
coreg (TEM) 
© reesueessevoe eos ey 


Ingrved coverage 
IMS inerove batty ite 


Figure 9: 2GPP evolution steps for Massive loT- 
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Some boron compounds are among the 
toughest artificial substances on Earth, with 
only diamond being harder. This element is 

a very hard material and becomes even harder 
when made to react with carbon or nitrogen. Pure 
boron can be extracted from various minerals, 
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‘ahh pure boron 


Boror-rich corn 
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including ulexite and kernite. The demand for 
this element was once so high that people moved 
to live in the extreme heat of Death Valley, USA, 
to work in boron mines there. Compounds of 
boron in soil are essential for plants to grow 
healthily. We use boron in our homes every day. 


‘This searing desert 
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This tough glase 
Death Valley, ‘comin bran oxide 
USA 


Needle and leaf- 
shaped erystals 


LCD screen 


tank contains bor 


Military tank 


‘Tough, heat-resistant glassware, such as 
measuring cups, are strengthened with boron. 
Boric acid is a natural antiseptic and can be used 
to treat minor cuts and scrapes. A flexible layer of 
boron-based glass fibres is used to toughen thin 
LCD screens for televisions and laptops. Even 
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«compound of boron and car 


THENARD AND GAY-LUSSAC 


‘The salt sodium borate, also called borax, was already 
in use 1,000 years ago. In 1808, the Frenchmen Joseph 
Louis Gay-Lussac and Louis Jacques Thénard isolated 
pure boron by heating borax with potassium, 


Louis Jacques Thénard Joseph Louis Gay-Lussac 
orn into a poor larly This Fene alsa 

Thénard excelled asa scientist. remembered for discovers 

Heals discovered a compound thatthe pressure ofa gas goes 
called hydrogen peroxide up with ts temperature 


This screen is 
‘composed of 
boronic pass 


some kinds of modelling clay and bouncy silly 
putty contain boron compounds. Boron is named 
after a crumbly white salt called borax, which is 
used in detergents. The element is also present 
ina diverse range of objects, from insecticides 

to armour for military tanks. 
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Although aluminium is the most common 
metal in Earth’s rocks, scientists did not 
discover it until the early 1800s. Even then, 
it took a further 80 years for scientists to work 
out how to use the ore bauxite to extract 
large amounts of pure aluminium, It can 
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also be found in other minerals, including 
variscite. Today, aluminium is often recycled 
because producing it anew requires 15 times 
more energy. The metal makes a strong, shiny 
foil when rolled flat, and is useful for storing 
foods, A fire protection suit made from 


This foil does not 
erakeven as 
bent and twced 


This aluminium frame 
kr the racket ight, 


i RECYCLING ALUMINIUM 


‘Aluminium is expensive to purify so it is often recycled instead. 
Drinks cans are almost 100 per cent pure aluminium and can 
be shredded, down, and made into new cans. 


41 Used cone are 
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Esplanade Theatre, _ 
Singapore 
The aluminium 


This plane's fuselage is built 
fram sheet of aun 


this foil reflects away heat. Aluminium is 
the most widely used metal after iron. It is 

very lightweight compared to iron’s alloy steel 
and almost as strong. A dome made from 
aluminium, such as the one in the Esplanade 
Theatre in Singapore, can be much larger than 


a steel-based one, which would collapse 
under its own weight, Aluminium is also a 

good electrical conductor and so is used in 
overhead cables. Tough aluminium alloys 
are used to produce parts of some aircraft, 


including the Boeing 737 133 


J ET T U R BI N The curved blades of this jet engine are shaped very precisely 
to catch the air, and they are also strong enough to stay stiff 
when working at high temperatures, There are several tough metals that fit these requirements, 


but most are very dense, making them too heavy for an engine powering an aeroplane into the air. 
That leaves only one metal for the job: aluminium. 


Aluminium i nakes high-s ai and bodies of jet aircraft. The 
travel possib y moulded, itis on: as much aluminium in Earth's 5 


weight of steel, and it never ru However, purifying aluminium 


Once pure, though, it can be recycled over and aver 


a plane made from it would be too heavy to My. Instead 


aluminium is mixed with titanium to produ again. 
in the engine nto a fizzy drink can 
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Gallium melts at just 29°C (84.2°F), which Gallium has a number of uses. It is mixed 
means it soon becomes liquid when held with indium and tin to form a liquid alloy called 


in the hand. This element is found in small _galinstan, which can be used in thermometers. 
amounts in ores of zinc and aluminium, such —_ Gallium is also found in Blu-ray lasers, LEDs, 
as diaspore. Pure gallium is isolated when _and some solar panels, such as those on NASA's 
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Indium is named after indigo, which is the 
colour of the light its atoms release when 
electrified. Its minerals are rare, and most of 
the metal is obtained from lead and zinc ores, 
such as sphalerite. Pure indium is very soft, 
and the element is mostly used in compound 
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form, For example, a compound called indium 
tin oxide used on a touchscreen allows the 
computer to detect when a finger makes contact 
with the screen. Indium is also required in 
microchips, and to produce welder’s goggles 
and windows that are heat- and glare-proof. 
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Thallium was named after the Greek 
word thallos, which means “green shoot”: 

it was first identified from the colours in its 
flame, which includes a bright green light 
‘Thallium was discovered in 1861 by William 
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both chemists worked separately, they found 
the element in the same way — as a residue while 
making strong acids using the mineral pyrite. 
‘Thallium was later found to exist in larger amounts 
in other minerals, including thallium alum. 

Pure thallium is toxic and has to be handled 
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Thee thin 
Until the Kozuka Morita (left), with a visiting official at the 
4 1970s, thallium RIKEN Nuclear Research Centre, Wako, Japan 
eS ee ee Nihonium was named after the Japanese word 
Cae nihon, which means Japan. A metallic element, 
Porson. nihonium was first detected in 2003 by teams studying 
the artificial element moscovium, which has the 
atomic number of 115. They noticed that atoms 
of moscovium broke apart after only a few seconds 
toxic and has to be handled with care into atoms of an element with an atomic number of 
when used. A chlorine compound of 113, In 2004, Kozuka Morita and a team of scientists 
thallium is used in scans to study a at the RIKEN Nuclear Research Centre in Japan 
patient's blood circulation. Thallium | isolated this element in a different way: they fused 
oxide also helps make glass stronger bismuth and zinc atoms together 
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for use in spectacles and cameras. 


A FULL RANGE OF 
CcLLULAR LPWA 
SOLUTIONS 


No single technology or solution is ideally suited to all the different potential Massive loT 
applications, market situations and spectrum availabilty. As a result, the mobile industry is 
standardizing several LPWA technologies, including Extended Coverage GSM (EC-GSM), LTE-M 
and NB-loT. 

LTE-M, NB-/oT and EC-GSM are all superior solutions to meet Massive loT requirements as, 
2 family of solutions, and can complement each other based on technology availabilty, use case 
requirements and deplayment scenarios. LTE-M consisting of Gat 1, Cat 0 and Cat M supports 
2 wide range of IoT applications, including those that are content-rich; NB-IoT covers ultra-low 
lend loT applications with a cost and coverage advantage over LTE-M; and EC-GSM serves loT 
services forall GSM markets, 

For example, a smart city application such as waste management may use EC-GSM technology 
to provide LPWA connectivity in markats where it can be deplayed on existing 2G networks: 
NB-IoT technology may be used for water-metering applications, which have some of the most 
extreme coverage requirements in underground locations. On the other hand, asset-tracking 
applications that can support a relatively high number of messages triggered by certain events 
may employ LTE-M. 


EC-GSM - GLOBAL CELLULAR IOT FOR ALL GSM MARKETS 

GSM is stil the dominant mobile technology in many markets, and the vast majority of cellular 
M2M applications today use GPRS/EDGE for connectivity. GSM is likely to continue playing a 
key role in the IoT well into the future, due to its global coverage footprint, time to market and 
cost advantages. 

Recognizing this ~ and identifying the requirements for Massive loT discussed earlier in this, 
paper ~ an initiative was undertaken in SGPP Release 13 to further improve GSM. 

“The resulting EC-GSM functionality enables coverage improvements of up to 20dB with respect 
to GPRS on the 900MHz band, 

‘This coverage extension is achieved for both the data and control planes by utlizing the concept 
of repetitions and signal combining techniques. itis handled in a dynamic manner with multiple 
coverage classes to ensure optimal balance between coverage and performance. 

EC-GSM is achleved by defining new control and data channels mapped over legacy GSM. It 
allows multiplexing of new EC-GSM devices and traffic with lagacy EDGE and GPRS. No new 
network carriers are required: new software on existing GSM networks is sufficient and provides 
combined capacity of up to 50,000 devices per cell on a single transceiver. 

Initially part of EC-GSM but now a separate GPP item, eDAX improves the power efficiency 
~ and therefore the battery life ~for many use cases. eDRX improves the idle mode behavior by 
allowing the use of a number of inactivity timers, where the device can choose to tune in to the 
netwark and listen for dawnlink pages and trafic. 
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Figure 10: £C-GSM, 
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Carbon has the largest number of 


carbon exists in three forms on Earth — 
compounds of any element ~with more _ graphite, diamond, and buckminsterfullerene 
than nine million known. Carbon is the (@ structure based on 60 interlinked carbon 
fourth most common element in the Universe. atoms), Diamond is the hardest substance in 
Each carbon atom can bond to four others, nature. It is often used in jewellery. The blades 
142 | allowing them to form chains and rings. Pure 
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Diamond and graphite have different properties because 
of the arrangement oftheir ator 
diamond, and 


tetrahedrons in 
s of hexagons in graphite 


F040 <0 
An. 
$60.40 00 


Hard as diamond 
‘The tetrahedron, or pyramid 
structure of atoms ereates 
rigid shape that is equally 
strong in all directions. 


Soft as graphite 
Graphite contains layers of 
carbon atoms that side over 
each other easly, as there are 
only weak forces between them 


Pencil “lead” containing graphite, not lead 
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can cut into anything. Only a diamond can 
cut another diamond. Graphite is much softer, 
which is why it is used in pencil “lead”. It is 
also used in some batteries. Coal is currently 
the largest source of fuel for the generation 
of electricity, but its fumes are also known 


to have harmful environmental and health 
effects, Crude oil, natural gas, and coal are 
hydrocarbons (compounds containing only 
hydrogen and carbon) that occur in nature. 
They can be used as fuels and as plastics 
for objects such as polythene bags 
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a N K arAia NE With a mass of only just over 3 g (0.1 02), this jewel — 
known as The Sweet Josephine — is one of the largest 
pink diamonds ever sold. Diamonds are normally colourless forms of pure carbon, and if there is 


any colour, it comes from tiny amounts of another substance. For example, boron makes the gem 
appear blue, Strangely, pink diamonds have no impurities, and no-one knows why they are pink. 


“The Sweet Josephine was cut ftom raw diamond that 

is more than 15 billion years old. This formed 150 km 

(€3 miles) beneath Earth's surface and was then pushed up 
by a voleanic eruption, before eventually being dug out at a 
mine in Australia. Diamonds form when carbon is squeezed 
and heated to more than 1,000°C (1,832°F), This process 


rearranges the carbon atoms into a rigid crystal that makes 
diamond the world’s hardest substance. The process also 
gives diamond the ability to bend light, a property that gives 
these jewels their glorious sparkle. With the right cut and 
polish, a diamond can be made into a beautiful gem that 

is prized throughout the world. 
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About 90 per cent of the minerals that make silica. It is also the most common substance in 
up Earth’s rocks contain silicon, acommon sand. Amethyst is a type of quartz. Quartz 
element in our planet's crust, Nearly all silicon deposits are widely found in rocks such as granite 
minerals are compounds of silicon and oxygen, —_and sandstone. A valuable type of silica is opal, 
known as silicates. The most common silicate is__ which is used as a gemstone. The clays used to 
quartz, the mineral form of silicon dioxide, or make pottery and ceramics are also silicates. 
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One of the most important uses of silicon is in 
electronics. Thin slices called silicon wafers 
drive electronic circuits. This versatile element 
is also used to turn sunlight into electricity in 
solar panels. Artificial silica is used to create 
aerogel, a lightweight but tough substance 


Thin slice of silicon 
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SILICON IN SPACE 


Earth and Mars contain similar amounts of 
silicon. This element forms on the outer layer, 
or crust, of both planets. In contrast, the Moon 
is almost half silicon, Astronomers think this 
tells us that the Moon was formed fram Earth's 
surface after an asteroid smashed into our 
planet about 4.4 billion years ago, 
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that does not conduct heat well. It is used in 
fire-fighting suits, and prevents flames reaching 
a firefighter Another silicon compound is 
silicone, which can be moulded into any 

shape, and is used in a wide range of 


products from baking moulds to watches. 147 
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The Carbon Group 
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This semi-metal is named after the 
country Germany. It was discovered there 

in 1886 by chemist Clemens A Winkler, nearly 
20 years after Russian chemist Dmitri 
Mendeleev predicted its existence and properties. 
Germanite is a mineral rich in germanium, 
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Germanium 
is found in the 

\ atmosphere 
of Jupiter. 
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but this element is mainly extracted from the 
ores of silver, copper, and lead. One of its 
compounds, germanium oxide, is used in wide- 
angle camera lenses. It is also used in some 
microchips and in a number of car sensors 
that aid in navigation, 
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Tin was one of the first metals used 


by humans. As long as 5,000 years ago, 

tin was mixed with copper to make bronze, 
an alloy that was stronger than either pure 
metal. The ore cassiterite is the main source 
of pure tin. Uses for tin are many, including 
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Pipe organ 


plating steel objects, such as cans, to stop 
them corroding. A compound called tin 

chloride is used for dyeing silks. This metal 

continues to be used in a variety of tough 

alloys, including pewter, soft solder, 

and bronze. 149 


EC-GSM extends the data handling and power efficiency advantages that GSM/GPRS 
technology already offers for MTC, and it ill help operators extend the service life oftheir huge 
2G legacy base. 


LTE-M- SUPPORTING A WIDE RANGE OF MASSIVE IOT USE CASES 

LTE isthe leading mobile broadband technology and its coverage is expanding rapidly. So far, 
‘the focus has been on meeting the huge demand for mobile data with highly capable devices 
‘that utilize new spectrum. With features like Carrier Aggregation, MIMO and Lean Carrey, the 
gigabit per second performance for LTE cell throughput is now reaching levels that result in an 
exeallant mabile broadband user experience, 

‘The advent of LTE-M signifies an important step in addressing MTC capabilities over LTE. 
LTE-M brings new power-saving functionality sutable for serving a variety of loT applications: 
Power Saving Mode and eDAX extend battery fe for LTE-M to 10 years or more. LTE-M trafic 
is multiplexed over a full LTE carrer, and itis therefore able to tap into the full capacity of LTE. 
‘Additionally, new functionality for substantially reduced device cost and extended coverage for 
LTE-M are also specified within 3GPP. 
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Figure 11: UE 


NB-IOT - SUPPORTING ULTRA-LOW-END MASSIVE IOT APPLICATIONS 

In addition to LTE-M, NB-oT technology is being standardized in time for SGP Release 13, 
INB-IoT isa self-contained cartier that can be deployed witha system bandwidth of only 200kHz, 
and is specifically tailored for ultra-low-end [oT applications. It fs enabled using new network 
software on an existing LTE netwark, which will result in rapid time to market. 
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Figure 12: NB-IoT- 


NB-IoT provides lean setup procedures, and a capacity evaluation indicates that each 200kHz 
'NB-IoT carrier can support more than 200,000 subscribers. The solution can easily be scalad 
Lup by adding multiple NB-loT carriers when needed. NB-IoT also comes with an extended 
coverage of up to 2008, and battery saving features, Power Saving Mode and eDRX for more 
than 10 years of battery Ife. 


Figure 13: NE-IoT deployment. 


NB-IoT is designed to be tightly integrated and interwork with LTE, which provides great 
deployment flexibility. The NB-IoT carrier can be deployed in the LTE guard band, embedded 
Within a nocmal LTE carrier or a3 standalone carrier in, for example, GSM bands. 
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The chemical symbol for lead, Pb, 
comes from the Latin word plumbum. 
This is where the word “plumber” comes from: 
in ancient Roman times, water pipes used in 
plumbing were made from this soft metal. 
Lead compounds are found in the minerals 


This sof, crumbly mineral 
ismade of lead chromate 
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For many 
years, lead and 
tin were thought to 
be different forms 
of the same 
metal. 
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crocoite, anglesite, and galena ~ the main 
source of pure lead. Lead was used far 

more commonly in the past as an important 
ingredient in paints, hair-dyes, and insecticides 
A common historical use was in glassware. 
Ithas limited applications today. Lead can 


Pure strip of lead refined 
in a laboratory 
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Particle accelerator at Joint Institute 
for Nuclear Research, Dubna, Russia 


Flerovium takes 
its name from the 
Russian scientist 
Georgy Flerov. He 
founded the Joint 
Institute for Nuclear 
Research in Dubna 
Russia, where this 
element was first 
produced in a particle 
accelerator (a machine 
in which atoms are 
smashed together) 
Flerovium is highly 
radioactive and its 


lashings 


Flashings 


because it absorbs radiation. It is 


also used in weights for diving, car 
batteries, and bendy “flashings” 
for sealing roofs. Lead fell out of atoms last for only 
favour because it turned out to a few seconds before 
be poisonous. Georgy Flerov breaking apart. 
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Atomic structure Physical properties 
Members of this group have _Allthe members are solids, 
atoms with five electrons in except nitrogen (N). The density 
the outer shell. These atoms of elements increases down the 
can form up to three bonds group: bismuth (Bi) is 8,000, 
at the same time. times denser than nitrogen. 


Chemical properties 
Phosphorus (), which 
exists in two main forms, 
is reactive, but the 
others in this group 
are fairly stable. 


Compounds 
When reacting with three 
hydrogen (H) atoms, all 
members of the group 
form reactive gaseous 
‘compounds called hydrides. 


The Nitrogen Group \ 
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Nitrogen surrounds us all the time because 
it is the transparent gas that makes up 
nearly three-quarters of Earth’s atmosphere. 
Since pure nitrogen does not react easily, 

its liquid form can be used to freeze and 
preserve items such as blood and tissue samples. 


This clear and 
colourless liquid 


Nitratine is one of the few minerals rich in 
nitrogen. Some useful nitrogen compounds 
can be made by industrial processes. A group 
of nitrogen compounds is used in explosives, 
including TNT and nitroglycerine. When 
ignited, they explode because the bonds 
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Drag bike 


NITROGEN CYCLE 


Nitrogen is essential for life. The nitragen cycle is a proce: 


that constantly recycles nitrogen between Earth's atmopsher 


and all living things, 
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between nitrogen atoms detach very quickly. 
Nitrogen fuels, such as nitromethane, are used 
in drag bikes, providing a lot more power than 
carbon-and-hydrogen only fuels, such as petrol. 
‘The compound hydrazine is used in thrusters on 
spacecraft, such as the Phoenix Mars Lander. 


Superstrong glues contain 
nitrogen compounds th 
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Nitrogen fertilizer 


Some nitrogen compounds are put in dyes and 
glues. An industrial technique called the Haber 
process turns nitrogen and hydrogen gas into 
ammonia, a liquid commonly used to make 
nitrogen fertilizers. When mixed with soil 
these fertilizers boost plant growth. 


dnosg uaGosay oy, ( 


155 


D R AG R ACI N Zooming along a dead straight track, these all-powerful 
dragsters accelerate all the way to the finish line. They 
contain massive engines filled with an extra-powerful fuel called nitromethane, which is often 


shortened to “nitro”, Burning eight times faster than regular petrol used in most cars, this 
super fuel can push dragsters to speeds in excess of 480 km/h (300 mph). 
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Phosphorus was accidently discovered by 
German alchemist Hennig Brand. In 1669, 
in his quest for the mythical Philosopher's Stone 
(a material some believed could turn any metal 
into gold), he boiled a large pot full of urine for 
days. This produced a mysterious glowing Phosphorus has several flammable, 


substance, which he called phosphorus, 
meaning “giver of light”. Phosphorus is 
the first element to have a discoverer 
with a recorded name. It is never pure in 


nature, and occurs in different minerals. 
158 
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solid forms, including red, white, black, and 
violet. The glow seen by Brand was caused 
by white phosphorus reacting with oxygen. 
Phosphorus is mainly found in phosphate 
minerals (in which phosphorus links to 
oxygen), such as apatite, its main ore 


LIFE’S BUILDING BLOCKS 


jor for deoxyribonucleic acid ~is live a mini 

packed with instructions telling your body haw to 
‘work properly It consists of a chain of molecules and looks 
like a twisted ladder called a double helix, The edges are sugar 
‘molecules linked together by units containing phosphorus, 
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Phosphates are present in fine china, and 
are an important ingredient in fertilizers. 
The strips on the sides of safety match 
boxes contain pure phosphorus. More 
complex phosphorus compounds used 


in pesticides are poisonous. 159 


> Standalone deplayment in a GSM low band: this is an option when LTE is deployed ina higher 
band and GSM is stil in use, providing coverage for basic services. 

> Guard band deployment, typically next to an LTE carrier: NB-IoT is designed to enable 
deployment in the guard band immediately adjacent to an LTE carrier, without affecting the 
capacity of the LTE carrier This is particularly suitable for spectrum allocations that do not 
‘match the set of LTE system bandwidths, leaving gaps of unused spectrum next to the LTE 

> Efficient in-band deployment, allowing flexible assignment of resources between LTE and 
NB-IoT: it will be possible for an NB-IoT carrier to time-share a resource with an existing LTE 
cartier The in-band deployment also allows for highly flexible migration scenarios. For example, 
if the NB-IoT service is frst deployed as a standalone deployment in a GSM band, it can 
subsequently be migrated to an in-band deployment if the GSM spectrum is re-farmed to 
LTE, thereby avoiding any fragmentation of the LTE carver, 

INB-IoT reduces device complexity below that of LTE-M with the potential to rival module costs 

of unlicensed LPWA technologies, and i will be ideal for addressing ultra-low-end applications 

in markets with a mature LTE installed base. 
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Arsenic is often called the “king of poisons” 
Every form of arsenic ~ either pure or in a 
compound — is poisonous to animals. In fact, 
arsenic poisons have been used for centuries. 
This semi-metal is found in several minerals with 
striking colours, including orpiment. Naturally 
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occurring pure arsenic has a shiny, grey colour 
Arsenic compounds are used in making some 
rat poisons. ‘The leading use of arsenic today 
is for strengthening lead. This is done by mixing 
arsenic with lead to create a tough alloy that is 
often used in car batteries 
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Antimony gets its name from the Greek 
word anti-monos, meaning “not alone” 
This may refer to the fact that the element is 
never found pure in nature, but is always found 
combined with heavier metals, such as lead. 
The element's symbol, Sb, comes from stibium, 
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the Latin word for kohl, a form of eye make-up. 

‘The mineral ore stibnite is the largest source of 

pure antimony. Its pure form is mostly used to 

make hard alloys, such as that in the metal type 

used by some printers. Ancient Egyptian kohl 

was made from powdered stibnite 161 
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Bismuth is a radioactive element but ancient Egyptians used a bismuth mineral 
its atoms are relatively stable and last to make their cosmetics glittery. Pure bismuth 
for millions of years. People have known forms an oxide in air that is seen as colourful 
about bismuth for centuries, The Incas of crystals called hopper crystals. This element 
South America added it to weapons made is very brittle and has few uses when not 


162 | of the alloy bronze to harden them, while ina compound form. Yellow bismuth 
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Unlike most 
elements, 
bismuth’s liquid 
state is heavier 
than its solid. 


medicine 


pigments are used in paints 
and cosmetics, while several 
bismuth compounds are also 

in medicines. An alloy of 
bismuth and tin is an ingredient 
in fire sprinklers. 
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Joint Institute for Nuclear Research, Dubna, Russia 


Only about a hundred or so atoms of this heavy, 
artificial element have been made. Moscoviurn 
was first created at the Joint Institute for Nuclear 
Research in Dubna, Russia. A team of Russian 
scientists, led by Yuri Oganessian, created this element 
by smashing americium atoms with parts of calcium 
atoms. It is named after the Russian capital city of 
Moscow. This element is extremely radioactive, and 
its atoms break up within a fraction of a second. 
Scientists think that moscovium would be a dense, 
metallic solid but with such small samples, they 

can only measure how big the atoms are before 


they break up. 
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Atomic structure Physical properties Chemical properties Compounds 
All members have six The members of this group are _The reactivity of these These elements can form 


electrons in the outer shell solids, except oxygen (0),which elements decreases down _ compounds with each other. 

of each atom. This electron is.agas at room temperature. the group. Oxygen is always They all react with carbon (C) 
structure makes these The density of the elements involved in the process. _—_to form compounds, some 
elements highly reactive. increases down the group. ‘of combustion. with strong smells. 
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Oxygen is the most common element in 
Earth’s crust. Oxygen and its compounds make 
up half of all rocks and minerals on our planet. 
In the atmosphere, pure oxygen makes up 
around one-fifth of the air This element is a 
transparent gas. Life on Earth depends on 


Water 


oxygen for survival. Animals breathe in air to 
collect the oxygen in it. Our bodies’ cells then use 
that oxygen to break apart sugars to release 
energy, which powers our bodies. Another 
process that involves oxygen is the burning 
reaction called combustion, in which oxygen 
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Oxygen is 
colourless 
as a gas, but looks 
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as a liquid. 
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reacts with a fuel and produces fire. Oxygen is _of petrol or other fuels. Oxygen is also useful 
also used up when it reacts with other elements in the making of steel. Tanks of oxygen let 

to form compounds called oxides. However, itis mountaineers breathe easily in environments 
replenished by plants through a process called that have low levels of this gas. Rockets, such 
photosynthesis, which releases fresh oxygen as the Atlas V, carry liquid oxygen to burn fuel 

Car engines are powered by the combustion _in the absence of air in space. 167 


@ sulfur 


These yellow sulfur erysats 
Forms tach 1 volcanic mud 


crystal sontains 
asifarcompound 
cle strontium 


The Oxygen Group 
Liquid sulfur 


/ Coleg 
ug “lesting 
{ Soft brite ranutes, 

Shanks mea 3 
josey Bg 

é 

¢ pF 

gs 
€8 
3% 

3 


Cut anions release 


Liyirogen sulfide si 
hiticimn 


Known since ancient times, sulfur is one of a blood-red liquid, In some religions, brimstone 
the few non-metals that can be found pure _ is thought to be the fuel that burns in the 

in nature. This yellow, crystalline element is underworld, Pure sulfur is extracted from 
found in large amounts near volcanic craters. _ underground deposits using hot water. The hot 
Another name for sulfur is “brimstone”, which _ liquid sulfur is then pumped to the surface 

168 | refers to the way its crystals burn, melting into This element is a common ingredient in many 
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ACID RAIN 
Sulfur dioxide gas produced by burning fuel 
dissolves in rain water, making a sulfur acid 


falls to the ground as acid rain, 
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minerals, such as celestine. Many sulfur flower There are many uses for this non-metal. 
compounds smell bad. For example, the rotten- Its compounds can harden natural rubber for 

egg smell of volcanic pools is due to hydrogen _use in tyres, preserve dried fruits, and make 

sulfide gas. Other examples include skunk strong battery acids. The element has anti- 

spray, the gaseous substance emitted by chopped _ bacterial properties and is used in antibiotic 

onions, and the odour of the titan arum medicine, such as penicillin, 169 


CONCLUSION 


Uptake of Massive IoT is set to take off, and operators have a unique opportunity to drive the 
implementation of new loT applications by offering affordable connectivity on a global scale, 

ForlaT applications, existing cellular networks offer distinct advantages aver alternative WAN, 
technologies, such as unlicensed LPWA. The global reach, QoS, ecosystem, TCO, scalability, 
diversity and security of cellular networks are all vial factors that can support the fast uptake 
‘and success of loT: Enabled by new software in existing legacy networks, cellular networks can 
support a diverse range of loT applications ~ ensuring the lowest possible TCO. 

‘SGP standardization work for GSM and LTE, and the recent addition of NB-IoT, is further 
Improving the ability of cellular networks to address the Massive loT market, where ultra-low 
end-to-end cost is a prerequisite 

GSM/GPRS, which already serves the majority of cellular-based MTC applications, is evolving 
‘with a new EC-GSM standard, which delivers significantly better energy efficiency and increased 
coverage, EC-GSM enhancements will cement GSM's position as a highly relevant connectivity 
platform for low-end, Massive loT applications globally, 

Now downsized NB-IoT and LTE-M chipsets, designed for MTC, and features that improve 
both coverage and device battery fe will boost the abilty of LTE infrastructure to address the 
oT market. One network that supports all applications ~ from advanced mobile broadband 
services, VoIP and all kinds of low to high-end IoT use cases ~ creates a very strong value 
proposition, 

Whether operators choose the GSM, NB-IoT or LTE-M track - or a combination of these — wil 
depend on several factors such as technology coverage, future technology strategies and targeted 
‘market segments. Whichever path they take, they have a huge opportunity to benefit from the 
‘emerging laT revolution. Operators can choase to continue offering telecom-grade connectivity 
as they do today, or they can evolve to become a platform or fully-fledged loT service provider 
targeting a larger slice of future loT revenues. 
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crust of pure sulfur. The sunken region between Ethiopia and Eritrea in East Africa is a wild 


volcanic area, packed with erupting craters, arid deserts, boiling mud, and pools with unusual 
colours caused by the presence of sulfur and many mineral salts, 
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A selenium compound 


Selenium is named after Selene, the Greek 
goddess of the Moon. his element is a 
serni-metal and so has the properties of both 
metals and non-metals. Selenium has two main 
pure forms: grey selenium, which is a hard 
substance, and red selenium, which is a soft 


powder The most common use of selenium 
is as an ingredient that provides colour in 
glass and ceramics. Selenium is sensitive 
to light, so it is used in solar cells that convert 
sunlight into electricity. Itis also utilized in 
photocopy machines 
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Tellurium is one of the 10 rarest elements 
on this planet. It gets its name from the Latin 
word tellus, which means Earth. This element is 
often found as a compound with another element, 
such as the metal nickel, as in the case of the ore 
melonite, ‘Tellurium is also produced as a waste 


Uses 


Tellurium 
protects 
bronze from. 
corroding 
easily in air. 


Red-tinted glass bottle 
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product when lead and copper are refined, Pure 
tellurium can take on two forms: a shiny, metallic 
solid or a brown powder This element is mainly 
used in the glass of fibre optics, which carry 
high volumes of information much faster than 
copper cables. 
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Polonium is very radioactive: 1g (0.03 0z) —_and is normally produced in nuclear reactors. 
of this metal quickly heats up to 500°C Despite its radioactivity this element is used 
(932°F) because of the radiation it emits in a few ways. It can trigger the explosion of 
‘This element was discovered by Marie and atom bombs. It heats and powers spacecraft, 
Pierre Curie in 1898. Marie named it after such as the Russian Lunokhod rovers, which 
Poland, her homeland. It is rare in nature, landed on the Moon in the 1970s. 
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Joint Institute of Nuclear Research, Dubna, Russia 


When livermorium atoms were first 
produced in 2000, they broke apart in 
a fraction of a second. The first successful 
attempt to create atoms of this element was 
made at the Joint Institute of Nuclear 
Research at Dubna, Russia. The team worked 


Lawrence Livermore National Laboratory, California, USA 


with material provided by the Lawrence 
Livermore National Laboratory in California, 
USA. This highly radioactive element was 
produced by firing calcium atoms at curium 
atoms in a particle accelerator (a machine 

in which atoms are smashed together) 
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The Halogen Group 


One of the most reactive groups in the periodic table, this set includes 
non-metals. The name “halogen” means “salt former”, which refers 


to the way that elements in this group react with metals to form salts, 
such as sodium chloride, widely known as common salt. Scientists 
don’t know much about tennessine (Ts), an artificial halogen. 


Atomic structure 
All members have seven 
electrons in the outer shell 
of each atom. There is space 
for one more electron in 
each outer shell. 


Physical properties 
Bromine (Br) is the only 
halogen that fs liquid. 
Fluorine (F) and chlorine 
(Cl) are gases, while iodine 
and astatine (At) are solids. 


Chemical properties 
Every halogen atom 
‘receives one electron from 
other atoms to form 
a compound, Reactivity 
decreases down the group. 


Compounds 
The halogens react with 
hydrogen (H) to form acidic 
compounds, Halogen 
compounds are used in 
products such as bleach, 
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This highly reactive element is incredibly _is often stored in nickel containers that can resist 
dangerous when pure: just a tiny amount _ its attack. Minerals such as cryolite and fluorite 
added to the air can killa person. Apale contain this element. This gas and its less 

yellow gas, fluorine reacts with brick, glass, harmful compounds have a wide variety of uses. 
and steel, burning a hole straight through Hydrofluoric acid is a toxic liquid used to etch 


them. Because it is so dangerous, pure fluorine __ patterns on glass, as seen in some glass vases. 
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Toothpaste 


HENRI MOISSAN 


In the early 1800s, 
chemists in Europe 
realized that minerals 

such as fuarite 
contained an unknown, 
element. However it 
took another 70 years 
before the French 
chemist Henri Moissan 
extracted pure fluorine 
following a series of 
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that even poisoned 
him several times 


Fluorine-rich plastic 
clothing repels water 


The shiny coating 
tsfrom a fu 


Upon injection, 

this fluorine- 
ich liquid 
‘ta 


Oxycyte 
Some toothpastes conta 
fluores that harden roth enamel 


\ -————_ 


Some glazes used to coat ceramics contain 
fluorine minerals. When heated, these glazes 
release fluorine, which hardens the ceramic 
underneath. Another compound called 
polytetrafluoroethylene (PTFE) is commonly 
used to make non-stick pans: this material is 


slippery and prevents food that has burned while 
cooking from sticking to the pan. Thin fibres 
made of PTFE are also used to make lightweight, 
waterproof clothing. One of the most common 
uses of fluorine compounds is in toothpaste: 


they toughen teeth against decay. 179 
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Extended Coverage GSM 
‘extended discontinuous reception 
embedded Universal Integrated Circuit Card 
Internet of Things 

low power wide area 

LTE for machine-type communication 
‘machine-to-machine 

‘multiple-input, multiple-output 
‘machine-type communication 

ssarrowband loT 

total cost of ownership 

Universal Integrated Circuit Card 

Wide area network 
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‘The intense red 


colours die ‘hear 
to mpuntes than ar 
Chlorine is named after the Greek word chloride, found in nature as the mineral halite. 


chléros, which means “pale green”, a reference Chlorine compounds are important for the body 
to the colour of this gaseous element. Chlorine _ and are used by muscles and nerves. They are also 
is a highly reactive gas that forms a number of _present in sweat. As itis poisonous in its pure form, 
compounds, and does not exist pure in nature. chlorine gas was used as a weapon during World 
180 | ‘The most common chlorine compound is sodium War I: soldiers had to wear masks for protection 


The soles of some 
running shoes 
pounds. 


Sodium chloride is 


Common salt 


This chlorine-rich 
Breathing in plastics ough 
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infused liquid 
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‘Swimming pool 


against this weapon. Today, chlorine is used in 
many ways. Its compounds are present in 
everything from running shoes to choloroform. 
Itreacts with hydrogen to make hydrochloric acid, 
an industrial cleaner. This corrosive liquid eats away 
at most metals, releasing hydrogen gas. A weaker 


CHLORINATION 


‘The process of cleaning dirty water with 
chlorine is called chlorination, This method 
involves passing the water through a filter 


1.Diny water 


remaining germs 
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4. Clean waterfor 
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washing released 


PVC pipes 
Strong water 
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chlorine acid is used to clean water in swimming 
pools, while bleach and other cleaners use 
chlorine compounds to kill germs. One of the 
most widely used plastics, polyvinyl chloride 
(PVC), contains chlorine. It is a tough plastic, 


used to make many rigid objects. 181 


OCEAN CLEAN U >) Chlorine is a common ingredient in cleaning products, 
and can be used for scrubbing everything from 


bathroom tiles to ocean floors. These divers are trying to remove harmful seaweed in the Mediterranean 


the power of chlorine. This green weed grows quickly and can potentially kill other sea plants 
iving them of their essential nutrients. Some fish are also poisoned if they eat this toxic 
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Bromine vapour 


Pure bromine ie 
caren quid 


Bromine is the only non-metal that is 
a liquid at room temperature. A thick 
vapour given off by this liquid is dangerous 
if breathed in, Pure bromine is never found 
in nature. Its compounds can easily mix in 
‘water, and are found dissolved in seawater 


State: Liquid 
©3535 O45 Discovery 105 


This sealed glass container 
prevents amine vpour 
rom exaping 


and extremely salty lakes, such as the Dead 
Sea in the Middle East. Solid bromine salts, 
including potassium bromide, collect as 
the water evaporates away, leaving behind 
crusts of white crystals. Bromine can then 
be extracted from the solid salts. A common 


This bromine salt 


Bromine chemical test kit 


thi txt itso 
raw rch’ 


Fire 


extinguisher 
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ANTOINE- JEROME BALARD 


ete der In 1826, French chemist, 
Anioine.Jéréme Balard 

discovered bromine. He 
heated seawater from 
salt marshes, and after 
most of the water had 
evaporated, he passed 
chlorine gas through what 

let. The remaining 
liquid turned orange-red 
this was bromine, 
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use of this element is as a disinfectant to clean 
water. It works better than chlorine in hot tubs 
as chlorine escapes into the air easily from 

the warm water, The concentration of bromine 
in swimming pools can be regulated using 
chemical test kits. Bromine compounds 


can be used in film photography in which 
images are printed using chemicals on 
negatives. Today, bromine is mainly used 
in fireproof material, such as firefighter 
suits or furnishings, because it doesn’t 


catch fire easily. 185 
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absorbriine 


Iodine is the only halogen that is solid at 
room temperature. The element forms a purple 
gas when heated, and is named after the Greek 
‘word jodes, which means “violet”. Iodine was first 
discovered in seaweed, and many plants and 
animals in the sea have high levels of iodine 


Solid 
iodine does 
not melt 
when heated, but 


These coloured 
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Printing ink 


‘These lenses contain 
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an iodine dye 


Betadine 


Seafood, including crabs and fish, provide the 
element in our diet. The human body needs 
small amounts of iodine to make an important 
substance called thyroxine, which helps us grow. 
Iodine is also used to make printing ink, red 
and brown food dyes, and disinfectants. 
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Atoms of astatine are unstable, : ee hee | 
and typically break down after ; 
just a few hours, into atoms 
of lighter elements, such as 
bismuth. This radioactive 
element itself forms in a similar 
way when ators of a heavier 
element called francium break 
apart. Tiny amounts of this rare 
element are found in uranium 
ores, such as uraninite, The 
Italian physicist Emilio Segré was 
one of the first scientists to isolate 
a sample of pure astatine. He was 
able to do so by using a particle 
accelerator: this is a machine that 
smashes together atoms and then 
studies the results. 
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Tennessine is the youngest element in the 

periodic table. it was produced in 2011, in the 

Russian city of Dubna. The element was named 

after the US state of Tennessee, home to the Oak 

Ridge National Laboratory, which houses one 

of the first, large-scale nuclear reactors ever built. 

Only a few atoms of this halogen element have 

ever been made. Even so, scientists have predicted 

it to be a semi-metal, not a non-metal like all the 

other halogens. 187 
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becomes 


visible only 
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electrified. 
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Atomic structure Physical properties Chemical properties Compounds 
Apart from a helium (He) All the members of this group Noble gases never react in These gases form no natural 
atom that has twoelectrons are colourless gases.Going nature. In the laboratory, compounds. However, xenon 
‘nits outer shell, all other down the group, the density heavier noble gases (Xe), krypton (Ke), and argon 
elements inthis group have ‘increases radon(n)is 54. _can be forced to form (argean be made to 
atoms with eight electrons. times denser than helium. compounds with fluorine (). form compounds. 
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Heliunis a 
transparent ras 


Helium is the second lightest element 
after hydrogen. This transparent gas was first 
discovered in 1868 by Sir William Ramsay, a 
Scottish chemist. Today, we know that a quarter 
of all the atoms in the Universe are helium. It 
is one of the main gases in the atmospheres of 
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Large Hadron Collider, 
CERN, Switzerland 


Gas flare rig 


giant gas planets, such as Saturn, Being so 
light, however, helium is very rare on Earth: it 
escapes from our atmosphere into space. It was 
not until 1895 that chemists managed to collect 
a sample of helium gas coming from uraninite, a 
radioactive uranium mineral. Today, helium is 
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This airship 


SUN GAS 
In 1868, during a total solar eclipse (when 
the Moon passes directly in front of the 
Sun), helium was discov 


the Sun, 


unknown gas, which was named after 
Helios, the Greek god of the Sun 


This balloon a 
of hum and air 


This powerful microscope 


This high-speed tain use: pair 


Rocket helium tank 


Helium-cooled maglev train 


\ Helium elon 


} has the lowest \\\ container 


——e — melting 
oe ee point of 
un the any element, 
ey 
collected from underground reservoirs or is into a liquid, it must be cooled to an extreme 
found mixed in natural gas and oil. Unlike temperature of ~269°C (-452°F). Liquid helium 
hydrogen, which is very reactive, helium is is used to make things very cold, including the 
a noble gas and does not react at all. This powerful magnets used to make maglev trains 
property makes it safe to use in objects such float along special tracks. MRI scanners also 


as party balloons and airships. To turn helium —_use liquid helium for cooling 191 


N E B U LA This glowing nebula (cloud of gas and dust) is the Crescent Nebula 
It is so vast that our entire Solar System would fit inside it seven 


ver. The nebula’s light comes from a super-heated star at its centre. Known as WR 136, 


eavier than our Sun and 250,000 times brighter. Its immense power 
comes from its fuel ~ helium. 
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Helium-neon laser 


Neon is a rare element: it makes up just 
0.001 per cent of our atmosphere. Some 

of it was locked in Earth's rocks when the 

planet formed, and this is released into the air 

by volcanic eruptions. Pure neon, a transparent 
gas, is extracted by cooling air to a temperat 


Volcanic eruption 


Voleanic eruptions rea 


Neon 
lights may 
refer to lighting 
produced using 


any noble gas. 
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of —189,34°C (—308.81°F), at which point the 
neon gas in the air turns to liquid, Neon can be 
mixed with helium to create research lasers 
However, it is most commonly used in lighting, 
such as in illuminated signs or as bright warning 
beacons in the path of aircraft at airports 
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Argon is the third most abundant gas in the _ and in diving suits during cold, deep dives. 


atmosphere, after nitrogen and oxygen. It _ Its lack of reactivity is usefull. Argon is used in 
undergoes no reactions with any other element, museum displays to protect delicate exhibits, 
and was named after the Greek word argos, Italso stops metals reacting during hot welding 
meaning “idle”, Argon does not conduct heat This element can also be useful in the production 


well so itis put in double-glazed windows of titanium, 195 
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The word krypton means the “hidden one” _ a very bright white light when electrified 
in Greek. This element exists as an inert gas__with a current, which makes it ideal for 

in nature, which means that it does not react se in flash bulbs, Krypton can react with 
with almost any other element. Krypton is not __ the element fluorine to form the compound 
found in any minerals and only tiny amounts of krypton fluoride, which is used to power 

it can be found in the air Pure krypton produces some kinds of laser. 
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Xenon is so rare that there is only one atom _car headlights. The gas is harmless when 
of this gaseous element for every 10 million _ breathed in and can be used as an anaesthetic 

atoms in the air. Like the other noble gases, When preparing food, xenon lamps can purify 

xenon is colourless and odourless. It glows brightly the air. To propel spacecraft, xenon is used in 

when electrified, making it useful in very powerful some rocket engines that produce streams 

lamps, such as those used in film projectors and_ of fast-moving, electrified atoms 197 
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Radon is the only natural presen | of \ 
radioactive noble gas. This element \ \to split into atoms of | ‘\ 
is produced by the breakdown of other elements. //-¢ 


uranium and other radioactive metals, 
Being a gas, radon escapes from minerals, 

such as uraninite, into the air Radon is very 
radioactive and breathing it in can cause illness, 
such as lung cancer. In most places, the amount 
of radon in the air is incredibly tiny. However, its ‘ 
levels are high around volcanic springs and 

mud, where it bubbles out with other hot gases. 

Radon is also present in the water at geothermal 

power plants, which use heat energy from deep, 

volcanic rocks to make electricity. Radon is also Asitdecays,o 
more common in areas rich in granite rock. In becca 
these places, people use test kits to monitor their 

homes’ radon levels. 
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The heaviest element yet made is oganesson. Scientists 
think it would be solid at room temperature, but it may really 
be an unreactive, noble gas. However, only a few atoms 

have been created so far, so its properties are not well 
understood, Oganesson was first produced by a team of 
Russian and American scientists who smashed californium 
and calcium atoms together at the Joint Institute for 
Nuclear Research in Dubna, Russia. The element was 
named after Yuri Oganessian, the leader of the team. 
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Glossary 


Acid 
‘A.compound that contains 
hydrogen, and releases 
ions of hydrogen when 
itis dissolved in water 
‘These ions make acids 
very reactive, 


Actinide 
‘Amember of a group of 
radioactive metals with 
relatively large atoms, 


Alchemist 
People who experimented 
with chemicals before the 
science of chemistry began, 
‘Alchemists thought they could 
turn ordinary metals into gold, 


Alkali 
‘A.compound that takes 
hydrogen ions from water 
molecules when its 
dissolved in water. Alkalis 
react with acids 


‘Alkali metal 
‘A.group of metals that 
make alkalis when they 
react with water 


Alkaline earth metal 
‘A.group of metals that are 
found in nature, mainly in 

alkaline minerals, 
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Alloy 
‘Amateral made by mixing 
metal with ny amounts of 
other metals or non-metals. 
Stel isa common alloy used 
inbuldings and rally. 


Artificial 
Something that daes not 
exist in nature, Several 
elements, including all that 
are heavier than uranium, are 
artificially produced by 
scientists in laboratories. 


Atmosphere 
‘The mixture of gases that 
surrounds a planet or moon. 
Earth's atmosphere is a 
‘mixture of nitrogen, oxygen, 
‘and argon, with tiny amounts 
of several other gases, 


Atom 
‘The smallest unit of an 
clement. Atoms are composed 
of protons, neutrons, and 
electrons, The atoms of a 
particular element all have 

the same number of protons. 


‘Atomic number 
‘The number of protons 
inan atom of an element. 
Every element has a unique, 
unchanging atomic number 


Battery 
Acdevice containing 
‘chemicals that react to 
produce an electric current. 
‘There are two main kinds 
of battery: rechargeable 
and non-rechargeable, 


Boiling point 
‘The temperature at which 
aliquid gets hat enough 
to change into a gas. 


Bond 
‘The attraction between atoms 
that holds them together in an 
‘element or a compound, 


Brittle 
Away of describing a hard 
solid that shatters easily, 


Carbonate 
Acompound that contains 
carbon and oxygen atoms, as 
‘well as atoms of other elements. 
Marty minerals are carbonates. 


Catalyst 
‘A substance that speeds up 
‘a chemical reaction, 


Chemist 
Asscientist who studies the 
elements, their compounds, 
and chemical reactions. 


‘These vanadinite 
crystals contain 
the element 
‘vanadium, 


Chemistry 
‘The scientific study of the 
properties and reactions of 
the elements 


Chemical 
Another word for a substance, 
generally meaning a compound 
‘made from several elements. 


Combustion 
A chemical reaction, involving 
‘oxygen, in which a fuel burns 
to produce heat and light in 
the form of flames. 


Flames are the result 
of combustion, 


‘Compound 
‘Acsubstance made of the ators 
of one or more elements that 
are honded together ina 
particular combination. 


Conductor 
Assubstance that lets heat or 
electricity flow easily through i 


Contract 
‘To make or become smaller 
Solids, liquids, and gases 
usually contract when the 
‘temperature goes down, 


Corrosion 
Acchemical reaction that 
attacks a metal, or other 
solid object, usually due to the 
presence of oxygen and water 


Crystal 
‘Anaturally occurring solid 

substance whose atoms are 
arranged in a regular three 

dimensions pattern 


Decay 
‘Approcess in which 
unstable atoms of 
radioactive elements break 
apart, The atoms of ane 
element are transformed 
into those of another 
element during decay. 


Density 
‘The amount of matter 
held within a known 
volume of a material 


Dissolve 
‘To become completely 
mixed into another substance. 
In most cases, a solid, such 
as salt, dissolves in a liquid, 
such as water 


Earthenware 
‘Abasic form of 
pottery in which clay 
is heated to make it 
form hard structures, 


Electrolysis 
A process in which a 
compoundis split into simpler 
substances using an electric 
current. Many elements, such 
as aluminium, are purified 
from their compounds in| 

cores in this way. 


Electrode 
An electrical contact in an 
electric ciruit. Electrodes 
can have a positive or 
negative charge. 


Electron 
Annegatively charged particle 
inside an atom, Electrons 
orbit the atom’s nucleus (or 
core) in layers called shells 
‘They are also exchanged 

or shared by atoms to 

make bonds that hold 
molecules together 


Element 
A pure substance that cannot 
be broken down into any 
simpler substances, Elements 
are the building blocks of 
matter There are 118 known 
elements on Earth 


‘This element 
calcium isin 
cxystal form, 


Expand 
‘To make or become bigger 
Solis, liquids, and gases 
usually expand when the 
temperature rises. 


Fission 
Approcess in which the 
rmucleus of an unstable atom 
splits in two when it collides 
with a neutron. It releases 
‘more neutrons that start the 
cycle again, and this continues 
‘asa chain reaction. Many 
unstable nudlei undergo fission 
spontaneously without being 
hitby a neutron. Fission 
releases a lot of energy. The 
process is used to generate 
electricity in nuclear power 
plants, and it can trigger 

atom bomb explosions 


Flammable 
Away of describing a material 
that can catch fire easly 


Fusion 
Approcess in which small, 
‘atoms, such as those of 
hydrogen, are fused together 
vwith such force that they 
merge to form larger 
atoms, while releasing 

alot of energy. The Sun 

is powered by the fusion 

of hydrogen atoms into 
helium in its central core, 


Gas 
Astate in which the particles, 
‘of matter (atoms or molecules) 
are not attached to each ather, 
‘and move freely. A gas can 
flow, take any shape, and fil 
any container 


Group 
Asset of elements in a 
‘column in the periodic table, 
Elements in @ group have 
similar properties because 
each atom has the same 
number of electrons in its 
‘outer shell 


Halogen 
‘A member of a group near 
the far right of the periodic 
table. Halogens form salts, 
with metals. They are reactive, 
non-metallic elements, 


Hardness 
Ameasure of how 
‘easy it is to scratch or 
cut a substance with 
another substance. 
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Hydroxide 
‘Attype of compound 
containing hydrogen and 
‘oxygen, and normally 

‘a metallic element. 


‘This is a chunk 
of yiterbium, 
a lanthanide. 


Ion 
‘An atom or a group of atoms 
that have an electric charge 
While atoms have no cverall 
charge, they become positive 
ions if they lase electrons 

‘or negative ions if they 

gain electrons. 


Insulator 
‘Acsubstance that does not let 
heat or electricity flow easily 
‘through it. 


Isotope 
‘Avform of an element with 
‘atoms that have the same 
‘umber of protons but a 
different number of neutrons. 


Lanthanide 
Amember of a set of metals 
‘with relatively large atoms. The 
‘elements in this series sit with 
the actinides, below the main 


part of the periodic table. 201 
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Laser 
‘Abeam of light with a single 
wavelength, in which the 
‘waves are all perfectly in step. 
Lasers are used in electronics 
and surgery. 


LED 
Short for light-emitting 
diode. An LED is a device 
that produces light when 
an electric current passes 
through it. The colour 

of its ight depends on 
the compounds used init, 


Liquid 
‘Astate in which the particles 
of matter (atoms or molecules) 
are only loosely attached to 
each other, and move freely 
‘Aliquid can flow and take any 
‘shape, but has a fixed volume. 


Mass 
‘The amount of matter in 
a substance. 


Matter 
‘The material that makes 
up everything around us, 


Maglev 
Short for magnetic levitation. 
This refers to some kinds 

of high-speed train that use 
magnets to propel themselves 
‘while hovering over a track. 


Magnet 
‘Assolid object that produces 
‘a magnetic field. which 
attracts certain materials 
toitand can attract or 
repel other magnets, 


Magnetic are seawater milk, nd mud | Nucleus 
Relating to a magnet. ‘The contents of a mixture | An atoms core, which 
can be separated by a physical | contains its protons and 
Magnetic field process, such as filtration. neutrons. Nearly all the 
‘The force field around ‘mass of an atom is packed 
a magnet. Molecule into its nucleus. 
‘Asingle particle of a compound. 
‘Melting point Its two or more atoms are Ore 
‘The temperature at which a | bonded together Arockor mineral from 
solid gets hot enough to turn ‘which a useful element such 
into a liquid. Neutron as a metal can be purified 
‘Aneutral particle in the and isolated. 
Metal nucleus of an atom, A 
Atypeof element that is likely | neutronis about thesame | Oxide 
toreact by giving away the | sizeas a proton butitdoes | A compound in which oxygen 
‘outermost electrons in its not have an electric charge, | is bound ta one ar more 
atoms, Most elements are other elements 
metals, and they tendtobe | Noble gases 
hard, shiny solids, Mercury | A group of elements that are _| Particle 
is the only metal that is liquid | unreactive and generally form | A basic unit of which 
at room temperature, no compounds with the other | substances are made. 
elements. This is because the | Sub-atomic particles are 
Mineral ‘outermost shells in their atoms | units of which atoms are 
Anaturally occurring solid | arefilled with electrons. This | made including protons, 
compound-or misture of | group sits on the extreme right | neutrons, electrons, and 
compounds ~ made up Of the periodic table ‘many other smaller ones, 
of different elements. Every 
mineral has particular ‘Non-metal Particle accelerator 
characteristics, such as erystal | A type of element that is ‘Amachine in which atoms or 
shape and hardness, Minerals | likely to react by acquiting | sub-atomic particles are made 
are mixed together to make | electrons in the outermost _ to collide at high speeds, These 
the racks in Earth's crust. shell af its atoms. Non-metals | collisions are then studied by 
are usually crystalline scientists, Particle accelerators 
Mixture solids, such as sulfur, or {are used to produce artificial 
collection of substances ‘gases, such as oxygen, elements as well as study 
that fil the same space but are | Bromine is the only particles smaller than atoms, 
not connected by chemical | non-metal that is liquid Accyelotron isa type of 
bonds, Examples of mixtures | at mom temperature, particle accelerator 


‘These petal-like shapes may form 
when desert sand mixes with barte, 


an ore of barium, 


Period 
‘Aset of elements in a row in 
the periodic table. Each atom 
of the elements in the first 
period have one electron shell 
‘Atoms in the second period 
have two electron shells 


Periodic table 
A table that identifies and 
classifies all knawn elements, 


Photograph negative 
‘Alm or plate that has been 
exposed to light to shaw an 
image with reversed colours. 


Photosynthesis 
‘Accomplicated set of chemical 
reactions by which plants make 
their food. They use the energy 
of sunlight to convert water 
and carbon dioxide into sugar 
and oxygen. 


Pollution 
Harmful substances that are 
released inta the environment. 
Pollution can be chemical ~a 
1s, liquid, or solid added to 
the air, water, or soil 


Pressure 
‘Ameasure of how hard a force 
pushes on a surface, Pressure 
depends upon the strength 

of the force and the area of 
the surface 


Proton 
‘A positively charged particle 
inthe nucleus of an atom. 
Protons attract electrons, and 
they circle the nucleus. 


Radar 
A system that detects the 
positions and speed of distant 
objects, such as aircraf, 


Radiation 
Energy released by atoms 
as ight, infrared, ultraviolet 
(UV). and X-rays. The term 
"radiation” is also used to 
describe the rays given out 
bby radioactive substances. 


Radioactive 
Describes a substance that 
contains unstable atoms. in 
Which the nucleus breaks apart, 


or decays, When a nucleus 
decays, itreleases at least one 
particle and its atomic number 
changes, so that the ator 
becomes a different element. 


Reaction 
A chemical process in 
Which atoms or molecules 
form bonds with each other 
to form a new compound ~ 
or rearrange, ta produce 
different compounds, 


Renewable energy 
A source of energy that will, 
not run out, for example, wind. 


Rust 
‘The common name for 
the compounds that form 
when iron reacts with 
oxygen and water 


Salt 
‘A compound that forms 
when an acid reacts with 

an alkali, Sodium chloride 
is the most familiar example 
of a salt. 


Semi-metal 
‘An element that has properties 
of both metals and non-metas, 


‘Smelting 
A chemical process that 

involves great heat in which a 
metal is extracted from its ore, 


Solid 
A state in which the particles 
of matter (atoms or molecules) 
are bound to each other so 
they remain in fixed positions. 
A.solid has a fixed shape 

and volume. 


Stainless steel 
An allay of iron and carbon 
that also contains other metal, 
such as chromium, which stop 
the iron from rusting and 
increase its toughness. 


Superconductor 
A substance through which 
an electric current flaws 
with no resistance; mast 
substances resist the flow 
of electricity, and produce 
heat when current flows. 


‘Synthetic 
‘Another word for artificial 
Out of the 118 known 
elements on Earth, more than 
25 are synthetically made. 


Toughness 
Acquality of a solid that 
shows how difficult itis 
break. Steel is very tough~ 
it may bend or twist, but is 
‘much harder to break. 


‘Transition metal 
‘Amember of the set of 
metals that sit in the middle 
of the periodic table. Most 
metals belong to this set. 


Toxic 
‘Another word for poisonous 
or harmful 


‘Transparent 
‘Another word for see-through. 
Glass, water, and air are 
‘transparent to light, Many 
materials are transparent 

to other forms of radiation. 


Vacuum 
‘An empty space that 
does not contain air 
or any other substance. 


Vapour 
‘A gas that can easily be 
‘changed back to a liquid, 
by cooling itor putting it 
under pressure. 


Verdigris 
‘The green grey ayer that 
forms on copper when it 
comes in contact with ai 


The Statue of 
Liberty is covered 
with a layer 
of verdigris. 
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‘The National Security Agency's review of emerging technologies 


Editor’s column 


While the global mobile telecommunications industry has been 
attempting to keep pace with ever-changing technology and 
‘consumer needs, it has not had a strong development roadmap 
like the International Technology Roadmap for Semiconductors 
((7RS). Instead, mobile technology's development has been 
‘characterized by multinational companies pushing proposed 
standards for adoption by International standards bodies. These 
standards are subsequently adopted in a haphazard, nation-by- 
nation process. However, consumer desire for faster, more fully, 
featured mobile devices has proven to be as strong a driving 
forceas the ITRS, and has led the industry to roll out generations 
‘of new technology on a roughly 10-year basis approximate 
dates: 1G - 1981, 2G - 1992, 3G- 2001, and 4G - 2008).This 
decade-by-decade introduction of new mobile communication 
‘technology has led ta the common prediction for fifth- 
‘generation (5G) mobile to appear around 2020, in keeping with 
the observed linear cadence. 


But why create 5G mobile anyway? The push for SGis not just a 
mad rush to keep pace and provide more bandwidth to services 
that can already stream high-definition video. The Internet 

‘of Things loT; see TNW Vol. 21 No.2) is a major driving force 
(among several) behind technologies being developed for 5G 
mobile. As personal mobile devices are more enmeshed into 
machine-to-machine (M2M) communications and the number 
of loT sensors explodes, SG technologies must address several 
needs: high-speed data rates for many more users, increased 
density of users, greatly increased simultaneous connections, 
and reduced latencies, These needs will propel many of the 
technologies that Dr. Farroha et al describe in their introduction 
to 5Gatticle (page 2) 


‘One of thase technologies, virtualization, has been instrumental 
In making efficient use of servers (virtual machine or VM) 

and computer networking (software-defined networking 

‘or SDN). Over the course of continuing improvement to 4G 
Implementations, the networks are evolving into an all-digital 
Internet protocol packet-switched system. This evolution 
‘means that those efficiencies developed for SDN and used in 


‘computing can be applied to mobile networking, We can see 
this application in more depth in the article on 5G virtualization 
(page 16), 


Several markets have already taken advantage of 4G mobile 
technology, mast notably media. This market is expected 

to expand with SGas consumer desire for high-resolution 
video and augmented/virtual reality increases. Automotive, 
energy, health, and public safety are several areas of M2M that 
will be greatly enhanced by increased bandwidth and, most 
Importantly low-latency networks. On 13 December 2016, 

the US Department of Transportation proposed a rule for 
\ehicle-to-vehicle communication and announced a vehicle-to- 
infrastructure communication rule to be proposed. The article 
on SG and the automotive industry (page 20) provides insight 
Into haw this market segment is enhanced by 5G connectivity 


‘Although mobile technological developments are typically 
categorized into different generations, each generation covers a 
vast array of individual technologies and protocols that roll out 
as they mature. n practice, mobile service providers often work 
actass a range of generations. This is highlighted by the fact that 
inmany cases voice calling is handled by the 3G network while 
data is handled on the 4G network. Domestically, FMabile and 
AATRI did not enable voice over LTE (VoLTE) until May 2014, and. 
did not meet the international Telecommunication Union (ITU) 
standard until Verizon launched LTE-Advanced in August 2016. 


‘Many factors can impact the broad global deployment of 
‘5G networks, such as existing technologies, geography, 
spectrum, and national interests. Some countries may jump 

to the current network generation while others may delay 
deployment because their curtent networks ate considered 

to be“good enough” The decreased per-custamer costs of 
updating networks in densely populated countries makes it 
‘more attractive to keep on the leading edge. The increased 
data rates and simultaneous connections requite increased 
spectrum allacations, which are handled by national regulatory 
‘organizations, Several countries, most notably South Korea, 
have tied their technological identity to the increased 
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8 MINERALS | WHAT|S A MINERAL? 


WHAT IS A MINERAL? 


‘A mineral is a naturally occurring solid with a specific chemical 
‘composition and a distinctive internal crystal structure. Most 
minerals are formed inorganically but some, such as those 
found in bone, are formed organically (by living organisms). 


WHAT MINERALS ARE MADE OF coer 
‘Most minerals are chemical compounds = 
‘omposed of twa or mare chemical 
elements. However, copper, sullur, old, 
silver, anda few others occur as single 
“native” elements. A minerals defined 
by its chemical formula and by the 


arrangement of atoms within ts cysts sie 
For example, iron sulde hes the cou 
chemical formula FeS, tvhere Fei ron i pa 


and is sulfur. ron sulfide can crystal 
in twa different ways. When it crystalizes in 
the cubic system (pp.22-28) i is called 


‘ame compostion but aitferent structure 


pyrite; when it crys 
artharombic system, t 
mineral marcasit. Minerals are classified 
by their chemical content: for example, 
‘those containing oxygen ions are called 
oxides and those having carbon and 
exygen ions are called carbonates. 
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ELECTRICAL CHARGE AND 
‘COMPOUNDS 
‘Amineral compound is based on an 
electrical balance between a pasitvely 
ed metal and a negatively cha 
part. In ary minerals, negate charge is 
a: combination of 
single unit. For example, 
n combine in 1:3 ratio 
ave the CO, radical, which acts as a 
singe, negatively charged unit 


‘ = 
simple and compe compounds 
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‘oleane rhyolite 
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‘COMMON MINERALS 
‘These are more than $00 known minerals, 
‘only about 100 of these re comma, 
n and axygen make up about three 
quarters ofthe crust by weight, and silicate 
minerals such as quartz, feldspar, and 
vine are by far the mast camman 
minerals in rocks, making up 90, 
of the racks at Earth's surface, The 
carbonates calcite and dolomite farm 
sdmentary rocks, such as limestone 


‘quae crvstaL 


connectivity of next-generation wireless technologies. 
All these factors give rise to a patchwork international 
environment for SG implementation. 


Current forecasts forthe rollout of SG networks are in the 
2020 time frame, Recent news indicates that it may be earlier 
than that. Samples of Qualcomm's new Snapdragon X50 
4G/5G modem that uses the 27.5 gigahertz (GHz) to 28.35 
GHz band—part of the spectrum opened by the Federal 
Communications Commission for 56—will be available in the 
second half of 2017. Samsung and KT, one of South Korea's 
‘mobile providers, have announced that they willbe the fist 
to provide mobile 5G tral service at the PyeungChang 2018 
Winter Olympic Games, Undoubtedly, this tral 5G service will 
‘not be fully compliant with 5G standards, which have yet to 
be adopted. However, we should expect things to advance 
quickly following the Korean introduction of 5G. 


RECENT NEWS 


[DATE launches fst 5G business customer rial with Intel and 
Encsson” ATAT. 5 Dec 2016, Avalable at: htt /aboutatcom/story/ 
att launches frst_5q_ business customer tril with intel and 
sicsson html 


[2)*Government must take action now to secure our connected 
future so we are ready for SG, and essential services are genuinely 
avallable where they are needed" GOVUK. 14 Dec 2016. vallable 
Ba hts www. qoviuk/government/news/ government. must take 
action now-to-secure-our connected future-so-we-are-eady for 5a 
and essential services are-genvinely avaiable where-they aren 


[3] Qualcomm incorporated. "Qualcomm, Ericsson and Sk Telecom 
announce collaboration on SG NR trial to accelerate wide-scale SG 
deployments” PR Neveswie. 19 Dec 2016. Available at http, 
Dpmewswire.com/news relzases/qualcomm-ercsson-and sk-telecom: 
aingunce-collaboraion-on 5q--irals to-accelerate-wide scale 
seplovments 300381570 html 


[4] Reichert C “Huawei and NTT DaCoMa reach 1Gbps speeds in 
5G Japanese fed trial. 16 Nov 2016. Available at htt//wwww.zdnet 
‘com/artcle/huaweland-ntt dacomo-reach-| \abps-pseds.n-5a, 
japanese fel tal 
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MINERAL GROUPS AND 
ASSOCIATIONS 


‘Some minerals belong to chemical groups or series called solid 
solutions. In some circumstances, minerals are found together in 
‘groupings known as associations or assemblages. These patterns 
of occurrence can provide clues as to the minerals’ origin. 


SOLID SOLUTIONS specimens are homogenous mixtures 
‘Some minerals do nat have specific cof the two, withthe relative content of 

Chemical compositions. instead, they are magnesium and ron varying in specimens. 
homogenous mixtures of two minerals. These minerals are described as part ofa 


These homogenaus mixtures are known solid-solution series, in which forstente and 
‘as Soll solutins. For example the olvine fayalite are the end members, 

sg1oup of slcates includes forsterite and 

fayalite, Forsterte ts a magnesium slicate, 
hile fayalite is an ton silicate. Most alvine 


my 


Fayaie and ferstente 


PRIMARY AND SECONDARY notaffectthe classification of a rack 
‘MINERALS Secondary minerals are produced by 
Primary minerals crystalize directly the alteration of 3 primary mineral after 
fram magma and remain unaltered its formation. For example, when 
They include essential minerals used _copper-bearing primary minerals come 
to assign a classification name to a into contact with carbonated water, 
rock and accessory minerals that are they alter into secondary azurite 
present inlesser abundance and de or malachite. 


Primary copper mineral ‘Secondary copper mineral 
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MINERAL ASSOCIATIONS 
Some minerals are consistently found 


ald is requ 
with quartz 
Associated mi 


jound in association 


large areas becau: 


3s that form almast 
simultaneously and are usually presentina 
wake up an assemblage 

that certain 


nd to 


and quartz form 
rep in the discovery and identification of 


for granite, ant 
magnetite, nd ol 
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minerals, Lead and zinc are minerals are 
often associated with caleite and bart, 


Layered rocks in the an an ver 
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‘MINERAL OR NOT? 
The term “rrineral” is cammanly applied to 
certain organic substances, such as coal, 
oll, and natural gas, when refering to a 
nation’s wealth in resources. However, 
these materials are mare accurately 
referred to 8s hydrocarbons. Gases and 
igus are not, inthe strict sensa, minerals, 
Although ice—the solid state of water— 
sa miner quid waters not; nor iiqud 
‘mercury, which can be found in mercury 
tre deposits. Synthetic equivalents of 


CLASSIFYING MINERALS 


Classification of minerals is an ongoing study among mineralogists— 
geologists who specifically study minerals. The ability to delve deep 
into the structure and chemistry of minerais has increased dramatically 
with advances in instruments and techniques. 


‘minerals, for example emeralds and 
diamonds produced inthe laboratory are 
not minerals because they do not occur 
naturally The “minerals” referred to in 
foods are alsa not strictly minerals—they 


§ | refer to elements, such 


(CHEMICAL FORMULAE 
{Achemical formula identifies the atoms 
present in a mineral and thie proportions. 
In some mineral, the atoms and their 
proportions are fed. Pyrte, for example, 
's always FeS,, demoting iron (Fe) and 
sullur (in a 2 rato. n solid solutions, 


as iron, calelum, or zinc. 
‘Syme ruby boule 
bes and he poms oun 
Syeda arena sie 
rors Save gene sch as 
eumauu game. dort 
the components may be variable. For 
livine, where complete substitution is 
possbie between iron and magnesium 
(Mg), the formula is (F,MB),Si0,, 
indicating that ron and magnesium 
‘are found in varying amounts 
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13 
CLASSIFYING MINERALS 
Minerals are primarly classified according 
to their chemical composition. Shown 


below are the major chemical groups, with ‘ChaLCOCITE 
‘an example ofeach, Minerals ae further 

classified into subgraups, with each 
subgroup taking ts name from its most 


typlel mineral, radical isa group of 
atoms that acs asa single unt. Ss 
ate laments ones 
scnarga acer Sraerinea he 


Arsenates, phosphates, 
‘nd vanadates 
inte mre 


ste aman, 
——o 
‘Borates and nitrates: Sasulate ° 
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IDENTIFYING MINERALS 


There are certain physical properties determined by the crystalline 
structure and chemical composition of a mineral. These can 
commonly help to identify minerals without the use of expensive 
equipment. Even a beginner can readily use these pointers. 


COLOR ‘also result from the absence of an atom 
Some minerals have characteristic orionic racial from a pace that would 
Colors—the bright blue of azurit, the normally occupy in a crystal. The structure 
yellow of sulfur, and the green of (ofthe mineral itsel, without any defect o 
malachite allow for easy identification. foreign element, may also cause calor: opal 
This isnot true ofall minerals—fluorte is composed of minute spheres of silca 
occurs in virtually all colors, soitls best that fact ight; and the thin interlayering 
Identified by other properties. Cf twa feldspars in maonstone gives it 
in minerals, colors caused by the color and sheen. 


‘absorption ar refraction of light of particular 
wavelengths. Tis can happen for several 
reasons. One isthe presence of trace 
jelements—"foreign” atoms that are nat 
part af the basic chernical makeup ofthe 
‘mineral in the crystal structure. As few as 
three atoms per milion can absorb enaugh 
ofcertan parts of the vstble-igt spectrum 
to give color to some minerals. Color can 


FONE enya 


Color variation in opt 
‘Sue to the arangerent ot 
meoscape ea spores 
Arirszope mage sro 
pals faced cr 


LUSTER 
‘A mineral’ luster isthe appearance of 
its surface in reflected light. There are 
twa broad types of luster: metallic and 
nonmetallic. Metalic uster is that af an 
ntarnished metal surface, such as Bod, 
sive, or copper. These minerals tend ta 
be opaque. Minerals with nonmetalic 
luster commonly show transparency 

or translucency. Vitreous descrives 


this quate cyst havea venus 


the luster of place of broken glass; 
‘adamantine, the bliant luster of clamand, 
resinous, the luster of apiece of resin; 
and pearly, the luster of matheraF pear 

(or peari. Greasy luster refers to the 
appearance of being covered wth a thin 
layer of ol and sky, the appearance ofthe 
surface of si or satin, Dull luster implies 
litle ar no reflection, and earthy luster the 
nanlustrous look of raw earth, 
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ratte eta 
tteaage Weta 


ramroiganchysutae—ot li anappeatance miata he” suchas is re-yaed calc 
taro Theceenebebeen rte offiedanerd eons nave fe moet Psy ken, 
thetwoustes eaijeche ‘tan vous user ys 


STREAK 
‘The color ofthe powder produced when 
‘8 specimen is drawn across a surface 
such as unglazed porcelain is known as 
streak. A minerals streak is consistent 
‘nd sa more useful diagnostic indicator 
than ts color, which can vary. Streak can 

distinguish between minerals that 
‘are easy to confuse. For examale, the 
iron axide hematite has @ red streak, 
while magnetite, another iran oxide, 
ives a black streak. 


‘consistent streak 


CLEAVAGE 
The ability ofa mineral to break along fat, 
planar surfaces is called cleavage. occurs 
Inthe crystal structure where the forces 
that bond atoms are the weakest. Cleavage 
surfaces are generally smoath and reflect 
light evenly. Cleavage is described by ts 
rection relative tothe orientation ofthe 


nage ne 
perfect lavage 


Tistoparcysa ents 
let ciepage ros, 


crystal and by the ease with whic is 
produced. clzavage easily produces 
‘smooth, lustrous surfaces, it's called 
perfect. Distinct, imperfect, and difficult 
indicate ess easy kinds of cleavage. 
Minerals may have different quality 
cleavages in different 


ler bresks 
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anes esl are ean aio 
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directions. Some have 
no cleavage atl 


FRACTURE 
‘Some minerals can break in directions 
other than along cleavage planes. These 
breaks, known as fractures, hei in 
identifying minerals. For examale, hackly 
fractures (with jagged edges), ae often 
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{oun in metas, while shel ike conchoidal 
fractures are typical of quartz. Other 
terms for fractures include even (rough 
‘but more or less fat, uneven (rough and 
‘completely ireguiar), and splintery (with 
partially separated fibers) 


Teseesnendencpyt 
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TENACITY 
‘The term tenacity describes the physical 
properties of a mineral based on the 
Cohesive farce between atoms in 

the structure, Gold, sver, and copper are 
‘malleable and can be fattened without 
crumbling. Sectle minerals can be cut 
smoothly with a knife; flexible minerals 
bend easily and stay bent after pressure 
's removed; ductile minerals can be drawn 
Into a wire; brittle minerals are prone to 
breakage; and elastic minerals return tothe 
orignal form after they are bent. 


Mateabie gi 
‘hemalesbly of ot 
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HARDNESS 
‘The hardness of a minerals the relative 
ease or difcuty with which ttcan be 
scratched. A harder mineral wil scratch a 
safter ane, but nat vice versa, Minerals are 
‘signed a number between 1 to 10.0n the 
‘Mohs scale, which measures hardness 
relative to ten minerals of increasing 


hardness. Hardness difers rom toughness 
‘orstrengt very hard minerals can be quite 
brittle. Mast hydrous minerals—thase that 
Contain water molecules—are sat, as are 
phosphates, carbonates, sulfates, halides, 
‘and most sulfides. Anhydrous axides— 
‘hase without water malecules—and 
silicates are relatively hard, 


‘ety ea seatened by a finger 
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Light changes velocity and ciection as it 
passes through a transparent ar translucent 
mineral. The extent ofthis change is 
‘measured by the refractive index the ratio 
flight’ velocity in arto its velocity inthe 
crystal. high index causes dispersion of 
light int ts component colors. Refractive 
indices can be found using specialized 
liquids or inexpensive equipment. 
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FLUORESCENCE 
Some minerals exhibit fuorescence—that 
's, they emit vise ight of various colors 
When subjected to ultraviolet radiation, 
Untraviolet lights for testing uorescence 
‘can be obtained fram dealers seling 
Collectors’ equipment. Fluorescence isan 
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imperfect indicator af a minera's identity 
because not all specimens of 3 mineral 
show fluorescence, even if they look 
identical and come tram the sare location, 


agsese 
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WHAT ARE CRYSTALS? 


Virtually all minerals are crystalline—solids in which the component 
atoms are arranged in a particular, repeating, three-dimensional 
pattern. All crystals of a mineral are built with the same pattern. Some 
are 10 feet long; others can only be seen with a microscope, 


ATOMIC STRUCTURE 
‘crystals bit up of navi, dential, 
Structural units of atoms or malec 

called uni cel. crystal can consist 
a any few unit ces or bon ot 
them, The unit cel is repeatedly repeated 
inthree dimensions, forming the larger 
internal structure ofthe crystal, The 
shape ofthe unt cell andthe symmetry Cytalstuture 
ifthe structuredetermine te postions Sek wHalidagans ssn ae sone, 
and shapes of the crystal’ faces, ras bonded 


Crystals of many efferent minerals have 
unit cells that are similar in shape but are 
madi of different chemical elements. The 
final devetoament ofthe faces ofa crystals 
‘determined by the symmetry of the atomic 
structure and by the geological conditions | 
atthe tie of ts formation, Certan faces 
may be emphasized, while athers disappear 
altogether. The final form taken by a crystal 
isknown as its habit (pp 20-21), 


structure of mareaste 


CRYSTAL SYMMETRY 


All crystals exhibit symmetry because 
each erystal is bull up of repeating 
geometric patterns, These patterns of 
Crystal symmetry are divided int six ain 
groups, or crystal systems (pp.22-23), 
The frst of these symmetrical patterns 
Isthe cubic system, in which al crystals 
exhibit cubic symmetry. The charactersties 
of cubic symmetry may be explained as 
follows: opposite face centers of 
ccube-shaped cubic crystal, such as 


‘eublecysals ch 
‘tows ft i, 


halite, are held between the thumb and 
forefinger and the crystal fs rotated 
through 360 degrees, the pattern of Faces 
will ppear identical four times as the 
different faces and edges come into view. 

Allcubic crystals have three axes of 
{ourfld symmetry. They have other axes of 
symmetry, but these differ among classes 
‘within the cubic system. For example, 
‘cube-shaped crystals of halt have three 
‘axes of fourfold symmetry, inaction tots 
‘our axes of threefold symmetry. 
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TWIN CRYSTALS 
\wen two or more crystals ofthe same 
species (a group of minerals that are 
chemically simian, such as gypsum or 
fluorite, fon a symmetrical intergrowth, 
they are referred toas twinned crystals 
Twins can be described as interpenetrating 
‘or contact. Penetration twinning may 
‘occur with individual crystals at an angle 
to.one anather—for example, forming 2 


‘contact and penetration twins 
Para weeks 
Srfoces Penetration ting resus mt ys 
fpowing reach ae 


cross. tcan also occur with individual 
crystals parallel to one another, 3s in 
Carlsbad twinning fa twin involves three 
(or more individual crystals, its referred 
10.35 4 multiple twin ara repeated twin, 
Albite often forms muttiple twins. Many 
‘ther minerals form twins, but they are 
particulaly characteristic of some, such as 
the “shtai” contact twins of gypsum or 
the penetration twins of fluorite. 
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Dr. Sam Farroha, Jared S. Everett (Johns Hopkins University Applied Physics Laboratory; JHU APL), 
Jason J. Uher (JHU APL), Jason R, Harper (JHU APL), Jessica K. Bridgland (JHU APL), and 
Pamela M. Patton (JHU APL) 


CRYSTAL HABITS 


Habit refers to the external shape of a crystal or an assemblage 
of intergrown crystals. it includes names of crystal's faces, such 
as prismatic and pyramidal, names of forms, such as cubic and 

octahedral, and descriptive terms, such as bladed and dendritic. 


‘CRYSTAL FACES 
‘The three types of erystal face—prism, 
pyramio, and pinacoid—are determi 
bby relationship toa crystalogranhic 
‘axis (9.22) Prism faces are parallel to the 
‘axis; pyramid faces cut through the axis 
‘tan sng; and pinacoid faces are at 
right angles to the axis. A crystal may 
have numerous ses of pyramid faces, 
leach ata diferent angle to the c axis. cas] 
Crystals may also have majar and minor 

prism faces with edges parallel to each 
other, In most crystal, some faces are 
‘more developed than others 


Naming crystal faces 
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CRYSTAL FORMS 
Habits can be named after crystal forms xia 
“cubic” implies crystallizing inthe form 

cf cubes; "dadecahecral" Inthe frm of 
ddodecanedrons, and “rhombohedral” 


crystas of one system crystalize in forms 
that appear to’be the crystals of another 
system, the habit name is preceded by 
the ward "pseudo" When terminations 
‘ake efferent forms inthe same crystal 
the habits known as herimorahic, 


AGGREGATES 
‘Aggregates are groups of intimately 
‘associated crystals. n genera 
‘aggregates are intergrawths of 
imperfectly developed crystals. In 
some aggregate, the crystals may be 


nate rye 


CRYSTAL APPEARANCE 
‘Some habits are descrintions ofthe general 
‘sppearance of crystal. The term “tabular” 
describes a crystal with large, fa, parallel 

faces; “bladed” describes elongated 


re mica cys 
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microscopic. The type of aggregation 
isoften typical ofa particular mineral 
species. Terms used to describe 
aggregates include granular, fbrous, 
radiating, botryoida,stlactitc, geod, 


rows 
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stals that ae flattened the a knife bade; 
stalactitic” describes crystal aggregates 
shaped tke stalactites; and "blocky" or 
“equant” describes crystals ith faces that 
re roughly the same size inal directions. 


om 
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CRYSTAL SYSTEMS 


Crystals are classified into six different systems according to the 
maximum symmetry of their faces. Each crystal system is defined by 
the relative lengths and orientation of its three crystallographic axes— 


imaginary lines that pass through the centre of an ideal crystal 


cuBIC 
(Cubic crystals have three crystallographic 
‘3x65 (a, a, and a at right angles and of 
equal lengih, and four threefold axes 

jmmetry. The main forms within this 
system are cube, octahedron, and hombic 
dodecahedron. Hale, copper, god, sive, 
platinum, iron, uorite, and magnetite 
crystalize in the cubic system, which is 
‘also known as the isometric system, 


cl cyt sytem 


HEXAGONAL AND TRIGONAL 


Some crystallographers consider 
hexagonal and triganal crystals 
to comprise asingle system, 
Whereas others regard them 

85 forming separate systems. 
Both crystalne forms have 
three crystallographic axes 
(@,,a,, and) of equal length 
‘These are at 120 degrees to one 
‘another and toa fourth axis (9, which s 
perpendicular to the plane ofthe other 
three axes. Tigonal crystals have only 
threefold symmetry, whereas hexagonal 
crystals have sixold symmetry. Minerals 
that crystallize inthe hexagonal system 
include bery emerald and aquamarine) 
‘nd apatite Some ofthe minerals that 
crystallize in the trigonal system are 
calcite, quartz, and tourmaline 


TETRAGONAL 
Tetraganal crystals have three 
crystallographic axes at rightan 
‘equal in length a, and 2) andthe third c) 
longer or shorter. These crystals have 
‘one principal, fourfold axis of symmetry. 
Crystals look like square or octahedral 
prismsin shape. Rute, ican, cassiterite, 
{and calomel are minerals that erystallae 
in the tetragonal system, 
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MONOCLINIC 
The term *monoctinic” means “one 
incline” Monoctnic crystals have tres 
crystallographic axes af unequal length 
(One (c) sat right angles tothe ather 
two (and by, These two axes are not 
perpendicular ta each other, athaugh 
they ae in the same plane. The crystals 
have ane twofold axis af symmetry, More 
minerals crystalize in the monoclinic 
system than in anyother crystal system. 
Examples are gypsum, 

orthadase, malachite, 
snd jadeite 
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‘ORTHORHOMBIC 
Orthorhombie means ‘perpendicular 
parallelogram’. Crystals in this system have 
three crystallogranhic axes (3b, and) 
atright angles, al of which are unequal 

I length. They have three twotold axes of 
symmetry. Minerals that crystallize in this 
system include alvne, aragonite, topaz, 
rmarcasite, and bart. 
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(fa tilnc crystal is 
arbitrary, Minerals that 

crystalize inthis system 
include abite, anorthite, 


son, and kyanite pass 
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‘A gem is any mineral that is highly prized for its beauty, durability, 
and rarity. itis enhanced in some manner by altering its shape, 
usually by cutting and polishing. Most gems begin as crystals of 
minerals or as aggregates of crystals. 


HISTORY OF GEMS techniques improved, harder stones began 
The use of gemstones in human history ta be cut into gems. Heads of the quartz 
goes back tothe Upper PaleolthicPeriad varieties hard camelian and rock crystal 

(25,000-12,000scx) People were initially were fashioned in Mesopotarmia (row iraq) 


drawn by the bright colors andbeautiful in the 7 millennium ace. Records af the 
pattems of gems. When the shaping at _time suggest that people thought that 
stones for adornment fist began, opaque stones had a mystic value—a belief 


‘and soft specimens were used.As shaping that persists to the present. 
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GEM MINING ‘Remstones that ae impervious to chemical 
Gemstone deposits form in efferent ‘weathering are carried by water to placer 
‘geological erviranments, Pethaps the best deposits such as river beds, beaches, anc 
known are the "pines" of kimberite, fram the acean flac Placer mining techniques 
Which most dlamands are recovered bythe mimic the creation af the placer by 
hard-rock methods of dling and blasting im denser minerals in runing 
Other gems alsa recavered!fram the rack in water, The simplest methods are panning 
Which they form are quartz varieties, onal, and sieving, or passing gravel through 3 
tourmaline, topaz, emerald, aquamarine, trough of fowing water with baffles atthe 
some sapphires and rubs, turquois, lenis bottom. The lighter material washes away 
lazuli and chrysaberyl. Hard and dense but denser gemstones remain, 


Diamand mine 
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FACETING 
Gemstones can be shaped in several 
ways. Opaque o translucent semiprecious 
stomes, such as agate and jasper, are 
‘umble-polishea, carved, engraved, of 
cut with a rounded upper surface and 

a flat underside, Grinding and polishing 
flat faces on the stone is called faceting, 
Facets are placed in speciic geometric 
positions at specific angles according to 
the bending ofignt within a particular 


stone, Transparent stones, such 3s 
‘amethyst, dlamond, and sapphire, are 

faceted to maximize ther brillance and 
“fre* or enhance color. though much 
‘material's ground away while cutting, 
the final value is much enhanced, 


cutting betiant 
Se sre prone crest ten 
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There ae thre basic types of facet cut: 
step (wth rectangular facets, brian uth 
‘triangular facets), and mixed (a combination 
othe two. Te frst faceting probably 
imolved damond cutting in tly prior tothe 
15th century Fst, oly the natural faces of 
octahedral amand crystals were palshed 
Gemstone shapes 

‘Simona eter tne cuter coceeg 
Tieenares tha rinmumot auase ae et 
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em curs Tero cut was led te 1h 


‘century. By about 1700, the beliant cut 
(today’s favorite for damonds and other 
Coloress gems) was crested. The emerald 
‘cut was Soon developed to save valuable 
‘materia its rectangular cut conforms to 
the shape of emerald crystal. Today there 
are hundreds of possible gem cuts, 
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WHAT IS A ROCK? 


A rock is a naturally occurring and coherent aggregate of one or 
‘more minerals. There are three major classes of rock—igneous, 
sedimentary, and metamorphic. Each of these three classes is 
further subdivided into groups and types. 


TYPES OF ROCK peje kis re 
Igneous racks form from melted rack 
called magma, When magmas solidify 
Underground, intrusive racks such as 
granite are created, Intrusive rocks are 
‘also known ss plutonic rocks. the magma 
flows onto the surface of the land or 
‘ocean bed, extrusive racks such as 
basalt, are formed. 
Sedimentary rocks are usually made 
cof deposits laid down on Earth's surtace 
by water, wind, orice, They almost 
‘always occur in layers or strata. 
Stratification survives compaction and 


in rant ne tee 
‘fat ponte abe sar 


‘cementation and isa distinguishing (quar, aa spar adm 
feature of sedimentary rocks. Some 
setimentary rocks are of chemical origin, having been deposited in sold form from 


solution, Others are of biochemical 
‘origin and are composed predominantly 
‘ofthe compound calcium carbonate 

‘When existing rocks are subjected 
to extreme temperatures or pressures, 
‘or bot, their composition, texture, and 
internal structure may be altered to 
form metamorpic racks, The original 
rocks may be igneous, sedimentary, 
‘or metamorphic 
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Meteorites are not considered igneous, 
sedimentary, or metamorphic but are a 
s10Up of thet own, Many are remnants of 
asteroids, which are themselves remnants 
‘ofthe formation af the Solar System, Some 
‘meteorites are remains of the nickel-iron 
cores of asteroids; some contain nickel 
iron and minerals such as ovine from 
the mantles of asteroids, and others are 
‘made up principally of slate minerals, 


sedimentary layers 
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THE ROCK CYCLE ‘ytle, ld racks are braken down, new 
The series of processes by which rocks are minerals form, and new rocks originate 
created, broken down, and reconstituted from the campanents ofthe old. Thus 
‘as new rocks is known as the rock cycle, rock that began atthe surface as an 
These processes depend on pressure, _igheaus rack may be rewarked into a 
temperature ime, and changes in sedimentary rack, metamorphic rack, 
fevirormental conditions in Earth's crust or new igneaus rock ta continue the 
and surface. At various stages inthe rack cycle again. 
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COLLECTING ROCKS 
AND MINERALS 


The world of rocks, minerals, gems, and fossils offers endless 
possibilities for the hobbyist. Only a small amount of specialized 
knowledge is required to open a whole world of enjoyment of 
some of nature's finest creations. 


WHERE TO LOOK 
‘Most collectars begin by ust 
‘accumulating rock, minerals, and 
fossils. As their collection grows, 
they start being more selective, 
keeping only spacimens with better 
color and crystalization and m 
interesting crystal forms. A wide range 
of specimens can be purchased trom 
dealers, but itis often mare enjeyable 
to find your awn. In many countries, 
there are guidebooks that ave precise 
directions to collecting localities for 
rocks, minerals, and fossils 


Sample collection is not without Rock eet 


ts constraints: warking mines and metals 
‘quarries have legal restrictions on people enka Fa 
permitted on thelr premises; old mines oad eutting 


fre dangerous; old mine dumps have canon 
been gone aver for decades by other alata 
collectors; and public access to land is. rackreveals gant 
atten restricted. However, tractonal 

colecting sites, such a road cuties 


‘nd eroded ciffs on shorelines, continue ecmors ae 
to provide excellent opportunities dere tem 


for collectors 


Lookngforgld There also an increasing numberof 
Colecting locales that are openta the 
pubic on the payment of fee. Some 
Clubs for collecting enthusiasts have 
sEreeerMCard th cum collecting ses, nd they so 
SESS, arrange insta sts that are thence 
inaccessbeto the publ, Collectors 
should bea nmin that permission 
mustalvays be sought to colect 
Samples on private property. 
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‘SAFETY AND THE 
COLLECTING CODE 


‘while mineral co 
hobby, there are 


lecting is generally a ste 
afew defiitehazards value has usually ready been removed 


thata collector needs tobe aware of. The by miners. Mine dumps, by contrast, can 
most dangerous collectinglocalities are bea good source af specimens. However, 


‘round old mines and workings. Tunnels caution should be exercized because 
should never be entered—shoring mine dumps are often loosely piled and 
timbers rot quickly, and cave-ins and rock canbe unstabl 

falls are almost guaranteed to happen. ‘when collecting in beach cits, road 
Collectors must also pay attention to cuttings, and rock fal, pay attention not 
What isunderfoot—old shafts are ‘only to loose material underfoot but also 
sometimes covered over. in any case, to anything that may fall or ral fom above 
there is often remarkably poor collecting it is best to avoid a collecting locality if you 


Inside old mines because most material of are not sure that is safe 


‘TAKING NOTES locality, and by then, in the absence of 
When they start out, new collectors often notes, you will prabably be unable to 
ignore the need ta write dawn information ind the spot aga tis useful to make 


‘about their finds. Gut experience soon a skeich of important landmarks or 
shows that investing in a natebook and —_qutcraps, because these can help 
devoting the minimal amount of time relocate a specific spat. 


it takes to keep atleast basic notes 
is essential. itis especialy important 


to make notes 
about exactly 
where specimens 
were found. A respecmensttey 
considerable time Ney. 
may go by before 

you revisit the 


‘Map and compass 


‘orice cate x 
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generations. Although the technology itself tends to evolve continuously, a new generation 
of standards marks a revolutionary step forward, with a substantial increase in system 
requirements to drive fundamentally new applications. With fourth-generation (4G) networks 
now widely deployed, the industry has turned its sights on ‘the next big thing’ Fifth-generation 
(5G) networks are expected to enable a seamlessly connected society in the time frame beyond 


T= evolution of modern cellular communications has been marked by a series of technology 


2020 for both people and things, including vehicles, homes, smart cities, sensor networks, 
and the power grid, While the Long-Term Evolution (LTE) standard will continue to evolve and 
play a critical role in the wireless ecosystem, 5G represents an opportunity to architect a new 
system that is fundamentally different without the constraint of backward compatibility with 


existing technologies. 


What is 5G? 


Although there are as yet no standards for 5G mobile 
networks, a number of key technology trends have 
emerged. This article describes seven major technol- 
ogy trends that will pave the way to the next genera- 
tion of 5G networks. 


New Flexible Radio Access Technology (RAT): 
‘A new, non-backward-compatible RAT will be 
defined for 5G that is distinct from previous 
generations, such as 4G LTE and its evolution. 
New multiple access schemes under consid- 
eration include various modified Orthogonal 
Frequency-Division Multiplexing (OFDM)- 
based solutions with improved spectral effi- 
ciency. The new RAT must be flexible enough to 
accommodate a variety of traffic types with often 
conflicting radio requirements. The concept of a 
unified air interface has been proposed for mul- 
tiplexing multiple physical layer (PHY) regions 
with different characteristics (e.g,, transmis- 
sion time interval (T'T!), subcarrier spacing] 

on a contiguous block of spectrum (1, 2, 3] 
Spectrum for the new RAT will include existing 
bands below 6 gigahertz (GHz), as well as new 
centimeter-wave (emWave) and millimeter-wave 
(mmWave) bands in the 6- to 100 GHz range 

[4]. The new RAT must also support significantly 
reduced latency, with as low as 100 microsec- 
ond (jis) transmission time interval (TTI) at 

the PHY for the ultra-reliable and low-latency 


communications (URLLC) use case [5]. Lastly, to 
further improve spectral efficiency, full-duplex 
transmission schemes have been proposed, 
potentially allowing the same time-frequency 
resources to be used for uplink and downlink 
transmissions simultaneously [6], 


Virtualization: Software-Defined Networking 
(SDN) and Network Function Virtualization 
(NEV) are two key architecture concepts in de- 
velopment to support the flexibility and mobility 
demands of the 5G network infrastructure [7, 8, 
9]. Virtualization of network functions, which 
were traditionally implemented in hardware, 

will pave the way for commercial telecom- 
munications operators and service providers 

to introduce new features and integrate new 
standards releases at an accelerated rate. NEV 
enables providers to move toward a decentral- 
ized network to increase flexibility, pushing core 
functions toward the edge to reduce latency, and 
virtualizing those functions on cloud-based serv- 
ers, The proposed Cloud Radio Access Network 
(C-RAN) architecture, a specific use case of NEV 
applied to the RAN, uses a pooled architecture of 
baseband resources to increase scalability, physi- 
cal layer flexibility, and spectral efficiency {7, 10} 
imeter Wave (mmWave) Communications: 
‘The term mmWave refers to carrier frequen- 

cies in the International Telecommunication 
Union (ITU) extremely high-frequency (EHF) 
band, from 30 to 300 GHz, Within the context 
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EQUIPMENT 


Mineral collecting is a safe hobby, but some simple pieces of 
equipment increase the safety factor dramatically. Just a few 
basics, such as the right hammer and chisel, a hard hat, goggles, 
gloves, and things you already have, will get you started. 


FIELD EQUIPMENT 
In addition to the basic collecting tools 
described here, safety equipment 


should be considered essential Access 
to some collecting localities requires 
safety clothing such a5 a hard hat and 
fuorescent vest. Carry cell phone with 
a fully charged battery with you even if 
you are only going a short distance trom 
the ca. fall inta a ravine or anathe law 


‘ead and hand protection 
pg ck splinters and ling rocks 
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spot may take you out of sight of potential 
help and add hours tothe time it takes to 
find you. in desert country, an adequate 
supply of water is essential, and if you 

‘are in snake country take an appropriate 
snake-bite kit. Clothing suitable to the 
Weather and terrains, of cours, vita 
Leave your low-cut shoes and srieakers 
‘at home. Leather boats atfer better 


ii 


Felouse are rere roti and we ae nprang 
‘cir rm ache ck 


‘alate as pew calectngocaltes ar ited, 


protection from snake bites, cactus 
spines, sharp stones, jagged metal, 
and roling stones, and ensure much 
better traction, 


MAGNIFICATION 
‘There isan entire area of mineral 
collecting devoted to tiny crystals known 
‘as micramounts. Small crystals often 
{develop superb forms and groupings 
that are obscured as the process of 
‘crystallization progresses. Micromount 
Collects need effective microscopes, or 
atthe least large magnifies, to examine 
and enjoy these minute specimens. For 
collectors not wishing to incur the expense 
fof a micrascape, a simple hand lens 
will reveal much of the beauty af the 
tiny micromounts 


‘closer lok 
Seger ceteris th 


‘TRANSPORTING SPECIMENS 
Wrapping of some sortis essential when 
transporting newly collected specimens, 
whether they are being carried ina 
backpack or a car. Delicate specimens 
should be wrapped first in tissue and 
then in newspaper. your wrapping 
‘material's used up, try leaves, grass, 

or pine needles asa natural alternative 
Unwrap wet specimens and let them dry 
‘85 Soon as you get home. Cotton balls and 
‘cellulose wadding should be kept entirely 
‘way from specimens, because the fibers 
‘are almost impossible to remove, 


inthe bag 
Rock samps ean be carina ah specinen bag 
ee sere secrra reais pore 


CLEANING SPECIMENS. 
‘Asa general rule, clean specimens as 
litle 3s possible, starting wit the gentlest 
methods frst Begin by using a soft brush 
‘a remove loose salland debris. Hard 
rack specimens, such as gneiss ar granite, 
are unlikely to be damaged by vigorous 
Cleaning, With delicate minerals, such 

as calcite crystals, tis essential fo use 

a fine, soft brush, Never use hot water 

‘to wash a specimen, because the heat 


ORGANIZATION, STORAGE, 
AND CLEANING 


Finding mineral specimens is only the first stage of collecting. 
‘The number of specimens damaged in the course of the journey 
home or while cleaning can be large. Care must therefore be 
taken from the moment a specimen is collected. 


may cause some minerals to crack or 
shatter. Toothbrushes that use a pulsing 
‘Waterjet are useful cleaning tools, Soaps 
should be avoided, butif you must use 
them, choose liquid cishwashing soaps 
‘over hand or tole soaps, which have 
additives that can penetrate specimens, 
‘The use of ultrasonic cleaners not 
recommended—they can shatter delicate 
specimens even at ow intensities. Certain 
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acids are suitable for cleaning specific 
‘minerals. Slicates are not harmed 
bby weak acids, ut carbonates and 
phosphate 

you do use acids, 


specific 


information on thelr use from specialized 


books or ather coli 


teenie up 


recs 


can be damaged by them, 


STORAGE AND DISPLAY 
Once specimens have been collected 
and cleaned, they need to be stared or, 
in the case ofthe most attractive pieces, 
displayed, Many collectars like to stare 


imens in card trays inside shallow 
drawers. Once collected, some minerals 
are liable to experience physical and 


chemical effects that may change ar 
setimes even destrey them, Fortunately, 
these problems are well known and 


entative measur 
in advance. 

Every specimen collected should be 
‘accompanied by a label with as much 
information about it as is feasible. For 
display, use a sturdy, preferably glass 
fronted cabinet or shel. Many guests wil 
ish to handle specimens, but they may 


not be aware that handling can damage 
delicate examples, 
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NATIVE ELEMENTS 


‘There are 88 chemical elements known to occur in nature. Of these, 
Jess than two dozen are found uncombined with other elements. 
This group is called the native elements. Only eight of these native 
elements are found in significant quantities. 

‘COMPOSITION rae is 
The native elements are classed into im 

three groups: metals ke copper and go 
semimetals ike arsenic; and nonmetals 
ike sultur and carbon, The metals rarely 
foun wel- defined crystals the semimetals 
typically occur as nodular masses; and 
the nonmetals form dstint crystals. 
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concentrations to form econamically 
important deposits, 

Native gold and silver have been media 
of exchange for tree millennia, and native 
capper and meteoric iran were among the 
fist metals to be used by humans, 
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COPPER 


In ts free-occurring metallic state, copper 
was probably the first metal to be used by humans, 
‘Neolthic neonle are believed to have used copper as 
2 substitute for stone by 8000scs. Around 4000scr, 
Egyptians cast copper in molds, By 3500ect, copper 


Dende eapperascmen | began to be alloyed with tn to produce bron 
Koreas ane Copper is opaque, bright, and metalic salmon pink on 
= A ‘freshly broken surfaces but soon tums dull brown, Copper 
cysts are uncommon, but when famed are ether cube 
or dodecahedral often ranged in branching aggregates. 
‘Most copper found as eregua,ftened, or banching 
masses, oe of the few metals 
that acer inthe “native” frm 
vthout being bonded to ather 
flements. Nave copper seems 
tobe asecondary mineral, pumbing amt 
a result of meraction between 
Copper bearing solutions and 
iron-bearing minerals 
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_ PLATINUM 


|The first documented discovery o platinum was bythe 
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(280), When rocks weather, the heavy platinum 
‘accumulates as grains and nuggets = 
nthe resulting placer deposts 

Jsare rare, but when found 
they are cubic. Mast platinum fore 
commercial use is recovered 


nial ‘rom primary 

platinum typically contains iran 

te roti ‘and metals such as palladium, 
Iridium, and rhodium, inner 
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of SG, the term has recently been loosely used. 
by industry to refer to the higher frequencies 
from 6 to 100 GHz that are under consideration 
for new mobile spectrum [11, 12]. mmWave 
technologies are becoming an increasingly at- 
tractive solution to the problems of frequency 
reuse, cell density, raw data throughput, and 
antenna array size. This has led to a synergy 
between mmWave, small cell deployments, 

and massive multiple-input, multiple-output 
(MMIMO) techniques [13, 14] 

Massive Multiple-Input, Multiple-Output 
(MMIMO) Techniques: MMIMO is a new concept 
in antenna artays that provides a number of ad- 
vantages over traditional MIMO arrays currently 
deployed in 4G networks. Traditional MIMO 
arrays use only a few antenna elements (i.e, 2 

to 16), whereas MMIMO uses a large number 
of elements in the array, currently consider- 

ing a range of 128 to 512 at a minimum, Highly 
directional beamforming to multiple users 
simultaneously allows for increased user density 
and higher aggregate cell throughput [15]. So- 
called hybrid MMIMO has also been proposed; 
it combines beam steering with array process- 
ing techniques, such as spatial multiplexing, to 
increase single-user throughput [16]. 
Heterogeneous Networks (HetNets): HetNets 
expand the mobile access network capacity 

by coordinating small cells with larger macro 
cells or offloading traffic to wireless local area 
network (WLAN) access points. There are two 
types of heterogeneity: 1) various cell sizes (eg., 
‘macro, pico, femto) and 2) heterogeneous RATs 
[eg. third-generation (3G), 4G, 5G, WLAN]. 
Small cells may include femto, pico, and micro 
cells, which can range in capacity from less than 
10 to several hundred simultaneous active users. 
While HetNet deployments have already been in- 
troduced in 4G networks, network densification 
through the aggressive deployment of small cells 
is expected to increase significantly in future 

5G networks [17, 18). 

Native Machine-Type Communications (MTC) 
Support: 5G networks are expected to incorpo- 
rate a new model for connectivity specifically 
designed for MTC [19]. With the significant 
increase in connected machines over the last 


several years, a new 5G standard is seen asa 
prime opportunity to ensure new RATS can ef- 
ficiently support a large number of connected 
devices with their own unique access constraints, 
‘Two categories of MTC are discussed: 1) general 
MTC and 2) vehicle-to-everything (V2X) MTC. 
General MTC devices have a few unique design 
and deployment considerations—namely, lower 
bandwidth needs, stringent power budgets, and 
relaxed latency requirements, V2X MTC devices, 
in contrast, require low-latency communications, 
out-of-coverage networks, and limited operation 
ona subscription-free basis [20] 

> Device-centric Architectures: New network 
architectures will focus on a uniform quality of 
experience (Qo) for the user device, in contrast 
to traditional base-station-centric architectures. 
A number of new device-centric approaches are 
under consideration: decoupling the user plane 
and control plane, decoupling the uplink and 
downlink, and device-to-device communications 
[4,21]. Another novel proposal is the user-cen- 
tric cell or virtual cell model, which uses distrib- 
uted beamforming and decoupled uset/control 
planes to create a virtual cell around each user (2, 
3]. Because the virtual cell follows the user, QoE. 
variations are reduced and the cell-edge problem 
is mitigated. New device-centric architectures 
may significantly alter the traditional concept of 
cell handovers or eliminate it entirely. 
Many of these technologies are already being added 
to the evolution of existing technologies beyond 4G, 
such as LTE-Advanced Pro [22] 


In 2015, there was a significant increase in industry 
activities surrounding 5G networks. Major standards 
bodies, including the ITU and the Third-Generation 
Partnership Project (3GPP), reached important mile- 
stones in the early development of the eventual 5G 
standards. In September, the ITU published its vision 
for 5G networks (19]. The vision for International 
Mobile Telecommunications for 2020 and beyond, 
{IMT-2020) defines three future-looking, high-level 
use cases for 5G: 


» Enhanced Mobile Broadband (eMBB): This is 
generally a human-centric use case driven by 
the exponential increase in demand for mobile 
access to multimedia content, services, and data, 
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BISMUTH 


‘As a native metal, bismuth has been known sine the 
Middle Ages. A German monk named Basi Valentine fst 
described itin 1450, Bismuth soften found uncombined 
‘with ather elements, forming indistinct crystals, often in 
parallel graupings. tis hard, brite, and lustrous. ts also 
found in grains and as foliated masses. Siver-white, i 
usually has a reddish tinge that estinguishes it. Specimens 
‘may have an iridescent tarnish 

Bismuth is Found in hydrothermal 
veins and in pegmatite (p 260) and 
Is often associated with ores of tin, 
lead, or copper (n:37, from which 


solidfies, making ts a 
the manufacture of meta castings Woppershaped exystas 
with sharp detalng, Bismuth salts 

are often used as Soothing agents 
for digestive cisordess 
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‘ich a used a component of machine bearings. 
the bisruth (p40), antnory expands slighty on 
solalivng. meting ia sell aloyeg metal 
detated casings. 
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GOLD 


Throughout human history gold asbeen the most 

prized metal. tis opaque has highly attractive metalic 

olden yellaw color, is extremely malleable, and is usually 

found ina relavly pure form. t's remarkaby inert, sot 

resist tarsh, These qualties have made exceptionally 

aitrugstiowepiny | Valuable, Goll usually Occurs as teetke prowths, grains, 

oceans and scaly masses. trary occurs as wel-ormed rts, 
but when found these are octahedral or dodecahecal 

Golds mostly found in hyeathermal veins 

wth quartz (p:168) and sulfides. 

Virtual al pant gneous racks — 

inwhich occurs as invisible, 

disseminated grains—contain 

low concentrations of gold 
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SILVER 


The eatest svar omaments and decorations were 
found intombs that date ae far back as 200. Sver 
Celnage began to eppea aound SSO, Obacue and 
bgt sivery white wth asa pink, iver reaiy 
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Tenuneasnersssses | rconmon,but wher found they arcu, otto 
av dodecahedral. Silver is usually found in granular habit and 
as wy, benching, mer, say mesa 
Weel derouled native ster 
primary iertherna mined 
tals forns by ateraton cf other 
siver beeing ines, Much 


‘fthe world’s siver productin 
Mer by-product of refining lead, 
copper (p37), and zinc. Siver is Hi 
Denar stversipety | the secand most malleable and ster inkwatl 


J dct meta, anaitisimpartant Tsou" 
inthe photographic and sere saree 
electronic industries. tense! bac 
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SULFUR 


The ninth most abundant element in tie Universe, 
after oxygen nd slicon, sulfur is the mast abundant 
Constituent af minerals. taccurs inthe form of sulfides 
(pp.49-64, sulfates (pp-132-41), and elemental sulfur 
‘The bright yellow or orangish color of sulfur makes 
the mineral easy to identify. Sulfur forms pyramidal ar 
tabular crystals, encrustations, powdery coatings, and 
granular or massive aggregates. Crystalline sufur may 
exhibit as many as 56 different habits. 

‘Most sulfur forms in valeanic 
fumaroles, but itcan also result 
from the breakciown of sulfide — y 
lore deposits. Massive sultur is 
foundin thick beds in secimentary 
rocks, particularly those associated 
with salt domes. Sulfur isa Powdered sulfur 
poor conductor afheat, which Sus usin sane 
‘means that specimens are warm 


SPplestore rea e 
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ARSENIC 


Known since antiquity, arseni 
nature, although tis unusual in ati 


surfaces, 
ark gray 


oer associated 
(at, siver (p43, 
cobalt, and nickel-hearing min 


come medic 
‘Arsenic 

compounds can be used in ally arene pant 

to increase high-temperature 

strength and as a herbicide 
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GRAPHITE 


Like diamond, graphite is form of native carbon, It 
takes its name fram the Greek 
‘means “to weite'—a reference tothe black markt eaves 
(on paper. Graphite is opaque and dark pray to black. It 
occurs 8 hexagonal crystals, flexible sheets, scales, or 
large masses, Itmay be earthy, granular, or compact: 
Graphite forms fram the metamarphism of 
carbonaceous sediments and the reaction of carbon 
‘compounds with hydrothermal solutions. Graphite 
looks dramaticaly different fram diamond and i at 
the other end of the hardness 
scale, Graphite’s softness is due to ‘ 
the way carbon atoms are bonded 
ch other—rings of sx carbo 
swcomecnncay” Al 
spaced harizantal sheets, The raphe pen 
atomsare strongly bonded within Mama = 
the rings but very weakty bonded [Sars tn, 


between the sheets veeceected 
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DIAMOND 


‘The hardest known mineral, dariond's pure carbon, 
aly accur as actahedrons and 
sand sighty corwex faces. Cry 
be transparent, translucent, or opaque. The 
colarless ta blick, with brawn and yellow belng te n 


canvonate trots | common colors. Other formsinclude bort or boart 
‘adem (irregular or prarular black clamand) and carbonadk 
(micracrystaline masses), Colarless gemstones 
most often used in Jewelry 
‘Mast diamonds come 
are volcanic racks—lamproite and 
keenerite (p24). The lamonds 
allize in Earth's mantle, 
generally mare than 95miles 
(504m) deep, and are formed 
upto Earth's surface through ope lamona 
volcanism. Diamonds are also BBIN alc # 
found in sediment deposited by 
vers oF melting acer, net ans amen 
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SULFIDES 


Sulfides are minerals in which sulfur (a nonmetal) is combined either 
with a metal or a semimetal. Some sulfides are brilliantly colored, 
and most of them have low hardness and high specific gravity. 
Sulfides are common and are found widely in nature. 


Red mver deposit. 
Sue dost nthe Ros 
edi salves Spano 
Been ged rs ae 
ppar sc bere 


rem 


‘COMPOSITION 
Most sufides have simple atomic 
uctures, in which sulfur atoms are 

stacked altemately with meta or semimetal 
atoms and arranged as cubes, octahedra, 
ortetrahedra. This yields hight symmetrical 
crystal forms, Except ina few sulfides, 
such 36 orpiment and realgar, the 
symmetrical form also gives rise to 


cerystatin pyrite 


many ofthe properties also found in 
metals, including metalic uster and 
electrical conductivity 


‘OCCURRENCE AND USES 
Sulfides tend to form primarily in 
hydrothermal veins, rom fuids creulating 
thin fractures In Earth's crust Sulfides 
such as pyrite and marcasite can form in 
sedimentary environments, thers may 
form in magmas. itis common ta find 
several sulfide minerals together. 
Sulfide 
af many metals, including lead, 2 
antimany, bismuth, molybdenum, nickel, 
siver, and capper—all of which have 
industrial uses. Galdis commonly found 
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ACANTHITE 


A silver sulfide, acanthite isthe most important ore 
of siver. ttakes its name from the Greek akanthe, which 
ofits crystals, also occurs in ma 
‘opaque, grayish black color. Abave 350 
sulfide ule system, and it us 
assumed that cubic siver sulide—krown as argent 
was a senarat fn 
hey are the same mineral, wth acanthte crystal 
nodinic system at temperatures below 250°F (177 
other 


orn" and refers ta the spiky appearance of some 


mineral from 


nawknawn that 


‘Acanthite forms in hydrathermal veins wi 
minerals, such as siver (p43), galena (p.54), ayrareyrite 
(8.70, and proustite (2.72. aso forms as a secondary 
tof primary siver sulfides. When 
anthite fuses ready and releases sulurous 


st famous locality af acanthite, the 
1 in Nevada, USA, was sa rich in silver 
hat a branch ofthe US mint was established at nearby 
Carson City ta coin its output. 


‘The eMBB use case will come with new appli- 
cation areas and requirements that go beyond 
existing mobile broadband applications for 
improved performance and increasingly seam- 
less user experience. This use case covers a range 
of scenarios, including wide-area coverage and 
localized high-throughput spot coverage, which 
will have different requirements, 

> Massive Machine-Type Communications 
(mMTC): This use case is characterized by a large 
number of connected devices typically transmit- 
ting a relatively low volume of nondelay-sensitive 
data. Devices are intended to be low cost and 
have a very long battery life, 

> Ultra-Reliable and Low-Latency 
‘Communications (URLLC): This use case is 
characterized by stringent requirements for 
latency, throughput, and availability. Examples 
include wireless control of industrial manu- 
facturing processes, remote medical surgery, 
distributed smart grid automation, and transpor- 
tation safety (e.g., vehicle-to-vehicle (V2V) or 


vehicle-to-everything (V2X) communication]. 
‘Many companies have referred to this use case 

as critical MTC (CMTC) or ultra-reliable MTC 
(uMTC). However, based on the ITU definition 
in [19], this use case is not strictly limited to 
MTC applications. 

It is important to consider that the applications that 
will use 5G technology do not necessarily correspond 
toa single use case but are more accurately described 
as a combination of multiple use cases. Figure 1 il- 
lustrates some examples of currently envisioned 5G 
applications and their relationship to these three 
IMT-2020 use cases [19]. Figure 2 illustrates eight key 
capabilities identified by ITU for IMT-2020 and their 
relative importance to the same three use cases [19]. 
Furthermore, additional future use cases are expected 
to emerge but cannot be accurately predicted (i.e, 
‘what will be the “killer app” in 20252). Therefore, itis 
desired that 5G standards will provide the flexibility to 
adapt to new use cases. 


Enhanced Mobile Broadband 


Gigabytes ina second 48 


‘Smart Home/Building. 


‘Self Driving Car 
Future IMT 


Smartciy— 


Massive Machine Type 
Communications 


FIGURE 1.5G use cases as defined by ITU for IMT-2020 [19] 


Mission critical application, 
e.g. e-nealth 


Ultra-reliable and Low Latency 
Communications 
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BORNITE 


One of nature's most colorful minerals, borite is 2 
‘copper ran sulfide named after the Austnan mineralogst 
gnaz von Born (1742-91) A major are of copper, its 


bronze. tear also show iridescent purple, bus, and red 
splashes of color on broken, tarnished faces, which 
explains its common name, “aeacock ora" Borrte Is aso 
known 3s “purple copper ore" and “vanegated copper or: 

Borite crystas ae uncommon, although they exhibit 
lorthortiombic symmetry, crystals, when found, are 
‘bic, octahedral, or dodecahedral,aten with curved 
rough faces. Bornite is frequently compact, granular, 
(or massive and alters really to chalcocite (p51) and 
‘other capper minerals upon weathering. It forms mainly 
In hydrothermal capper are deposits with minerals such 
2 chalcopyrite (9.57), pyrite (p62), marcasite(p 63), and 
(quartz (p68). Italo forms in some siica-poar, intrusive 
igneous rocks and in pegmatite veins and contact 
‘metamorphic zones. 
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CHALCOCITE 


‘The name chalcocite is detived from the Greek: 
for copper, chalcos, Chaleacite is ane af the mo 
important ores of copper. its usually massive but, on 
rare occasions, accurs in shart, striated prismatic or 
tabular crystals or as pseudohexagonal prisms formed by 
twinning. tis opaque, dark metalic gray, and becomes 
dull on exposure to light. Chalcocite was formerly known 
‘a chalcosine, copper glace, and redruthite, but these 
ames are naw obsolete. 

CChalcocite forms at relatively low temperatures (up to 
1400°F/200C", often as alteration products of other copner 
‘minerals such as bornite (p50) ts found in hydrothermal 
veins and porphyry copaer deposits with ather minerals— 
borne, covelite (p.52), sphalerite (0.53), palena (5 
chalcopyrite (p.57), calcite (p14), and quartz (p.168) 
Deposits in Corwall, England, have been worked since 
the Branze Age. Concentrated in secondary alteration 
zones, chalcacite can yleld more copper than the 
element's primary deposits 
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SPHALERITE 


‘Sphalerite is the principal ore of nc. Pure spiilenite 

less and rare, Normally, ran is present, causing 
he colar to vary from pale greenish yellow to brown and 
black with increasing ton content. ts complex crystals 
combine tetrahedral ar dadecahedral forms with other 
faces. Sphalerte gets its name from the Greek sphaleras, 
rmearing "deceitful" because it lustrous dark crystals can 
bbe mistaken for other minerals. tis often coarsely 

line or massive, or forms banded, 


ory 
\ botryoidal, or stalactic ageregates, 
‘Sphaleite Is found associated 
vith galena (54) in lead-zine 
deposits. occurs in hydrathermal 
vein deposts, cantact metamorphic 
‘zones, and replacement deposits 
formed at high temperature ovateut 


tut bende sr (1O65'F/575°C or above). kis Taeoleusnowt ne 
ovakel ay akofoundin meteortes and Seen own 
== lunar rocks eect 


VARIANT 
Massive sphaente Te 
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GALENA 


There are more than 60 known minerals t 
lead, but by far the most important lead ore is galena, 
‘or lead sulfide. tis possible that galena was the fst ore 
0 be smelted to release its metal—lead beads 
Turkey have been dated to around 6500sc. Gale 
lic gray when fresh, but it dlls 
on exnosure to the atmosphere. Its crystals are cubic, 
‘octahedral, dadecahedral, or combinations ofthese forms. 
regular, coarse, or fine crystaline ma 


‘opaque and bright 


Galena is common in hydathermal lead, zinc 
copper (9.37) ore deposits worldwide and is often 

With sphalente (2.53), chalcapyrite (2.57), and 
pyrite (p42) t's also found in cantact metamorphic racks 


Galena weathers easly to form secondary lead mineral, 
(2119, angleste (2.13, and pyramorphite 
jth the principal are of ead an the main 
2 of sive (p.43)—it aften contains a cansiderable 
‘amount of siver inthe form af acanthite as an Impurity tt 


can also bea source af ather metals 
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BS PENTLANDITE 


bad (Named in 1856 after the Irish scientist Joseph Pentland, 
MA vene may be present in equal parts. Pentlandite mainly has 
deste teeny the ated eee opacue etal 


2 Pentlandite occurs in silica-poor, intrusive igneous 
jocks tis amast aay 
wan otar sides such a tetnsn andor 
(062 and wth some arsenide The ce of ck 
penile relatively widespread, but commercial 
epost are scare, Ontano, Canada, 
reteotes, ver p43) canbe preset the perindt 
Structure, ying the mineral argentopentindt 
nen cobalt replaces te ronan ike the mineral 
becomes cotinine 
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a" CINNABAR 


‘A mercury sulfide, cinnabar takes its name from 
the Persian zinirfrah ana Arabic zinjaf, which mean 
‘dragon's blood.” Iti bright scarlet to deep grayish red 
In color. tis the major source of mercury. Crystals are 
lncommon but when fund they are rhombohedral, 
tabular, or prismatic. t usualy occurs as massive or 
granular aggregates, but sometimes powdery coatings. 

Cinnabar is often found with other minerals—such as 
stibnte (0.6, pyrte (9.42), anc marcasite (9. 63)—in ves 
rear recent volcanic rocks, 
tis also found around hot 
springs. Cinnabar believed 
tghave been mined and 
used in Egyptin the early 
2nd millenriumece. thas 

‘also been mined for atleast 

2,000 years at Almaden, 

Spain. This site stil yields 

excellent crystals 
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ad CHALCOPYRITE 


Cone ofthe minerals worked at Ro Tinto, Spain, since 
fama times, chalcone a copner and ron sue 
tis opaque and aes yelow when freshy mined, uti 
commonly develops an ridescent taish on exposure 
tothe atmosphere. This tetragonal mineral forms 
tevahedral erst which can be upto din (den) ong 
Mosse hoy ona face commonly occurs as massive aggregates 
a ns equa as botryoidl masses or as scattered 
Chaleopyrite forms under a variety of conditions. tis 
‘most found in yerothermal suse vens as primary 
mineral deposed at medium and high temperatures 
{to0"F200°C or above ands replacements, often wth 
large cancentratons af pyrite (42, is a0 found as 
frocks an san important oe mineral in 
Sf epost Rarely, occurs metamorpic 
trey caepyte | rocks, Chleopyte san important oe of copper ovina 
Atetenwinaurcie.” | [fs widespread occurence In some cases, slenum Can 
replace a portion ofthe sul 
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ge trans nc salt no i fou when 
aga cur they are short prismatic, and strated, Rea 


arse io fine granuiar masses and 
asencrustations.Realgar disintegrates on prolonged 
exposure to ight, forming an opaque yellow pow 
‘which s principally pararealgar. Therefore, specinens 
22 esos esey ae kept in darkened containers 
Realgar's typicaly found in @ 
hydrothermal deposits at ow 
temperature upto 400°F200" 
ten with orpiment (9.59) ana 
ther arsenic minerals. so forms 
asa sublimate around volcanoes 
hot springs and geyser deposits and 
asa weathering product of other powdered reales 
arsenic-beanng minerals, Realgar Set oarreeyein 
s often found wit stbnie (ps1) See 


Wh G00 
DA scart orange yon 


‘and calcite (p11) ment ar in rework 
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ORPIMENT 


Aan arsenic sulfide, orpiments@ soft yellow or 
‘range mineral. Widely cstributed tis ypcaly powsery 
cr massive, but tis also found as cleavable, column, 
0 foliated masses. Distinct crystals are uncommon, but 
when found they are short prisms. Orpiment occurs in 
hydrothermal veins at low temperature (upto 400"F/ 
200°C), hot spring deposits, ard vleancfumaoles, and 
itmay occur with stbnite (61 and realgar (0S It also 
results from the alteration of other 
asene-beating minerals 

When heated, opment gives off 
the garlic odor typical of arsenic 
minerals. The luster i resinous on 
freshly broken surfaces but pearly 
on dleavage surfaces, was used as 
pigment, mainly nancient times Yelow pment 
inthe Middle East. twas also used Puwdered tsniment was 
later inthe West but soon replaced atasitow pam 
cle tos tony. seca 
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FIGURE 2. Eight key capabllties and their relative importance ta 5G use cases (19). 


5G Standardization 


Development work toward 5G is well under way. 
Standards bodies are actively working on new 5G 
mobile technologies to be deployed in the 2020 time 
frame, his section summarizes the activities and 
corresponding 5G development timelines for three 
‘major standards bodies: ITU, 3GPP, and the Institute 
of Electrical and Electronics Engineers (IEEE). 


Standardization in ITU 


ITU is the United Nations agency responsible for pro- 
‘moting worldwide improvement and rational use of 
information and communication technology. Its mem- 
bers include industry, academia, and standards orga- 
nizations from more than 190 member nations. The 
ITU Radiocommunication Sector (ITU-R) works to- 
ward worldwide consensus in the use of terrestrial and 
space radiocommunication services, including mobile 
communication technologies. Although compliance 
with ITU-R recommendations is not mandatory, they 


nevertheless have a high degree of adoption worldwide 
and hold the status of international standards [23]. 


International Mobile 
Telecommunications framework 


ITU-R Working Party 5D (WP 5D) is responsible for 
overall radio aspects of terrestrial mobile systems, re- 
ferred to as International Mobile Telecommunications 
(IMT), The purpose of IMT is to provide high-quality 
mobile services with a high degree of interoperability 
worldwide. Since 2000, the ITU has developed the 
IMT standards framework in a manner that paral- 
lels cellular generations from an industry perspective. 
Although ITU-R WP 5D defines the requirements for 
IMT, it does not develop the actual radio technolo- 
gies. Rather, candidate radio technologies are submit- 
ted for inclusion by external standards bodies, such 
as 3GPP and IEEE, For this reason, ITU-R WP 5D 
‘maintains strong cooperation with the major global 
standards bodies. 
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Aickel sulfide, mire commony occurs as delicate, 
needle, opaque golden crystals. can form fee 
standing, sh@le erysals or occur as tufts, matte Broups, 
a acting spray. t aso massive and frequent found 

jm | wth an iridescent tarish, Nike is mare abundant in 
tate pode srg | Earth’ crust than copper (7), butts generally more 
craters rare | ispersed. Milt an ore ofthe element nickel, wich 
2 ‘is used in corrosion-resistant metal alloys, especially in the 
copper nickel eonage that has replace siver. It as 
named in 1845 ater the Englsh mineraogist WH. Mil, 
win was the fist person to study 
Mle nermally forms at aw temperatures up to 
40n°F/200°C. tis ften found in cavities in imestone 
{6.319 or dolomite (2320, n carbonate veins and ather 
associated racks, within Coa (p.253) deposits, and in 
seperti p298) can occur asa te-ormed mineral 
in nck! suflde deposits and as an alteration product of 
ater nickel mineral. Milt alo ound n meteorites 
aid as a sublimate on Mount Vesuvius, tay 


MINERALS | SULFIDES 61 


we: 

ae 

Wa rate. 

Dy test gay seat 


2 meatc 


Bass 
STIBNITE 


‘The principal ore of antimony, 
sulfide, Its name comes from the Latin stibium. 
Lead-gray to silvery gray in colar, it aften develops a 
black, descent tarnish on exposure to light. normally 
‘occurs as elongated, prismatic crystals that may be bent 
4 lrtwisted. These crystals ae often marked by striations 
parallel tothe prism faces, stibnte typically forms 
ays of nel 
but it can also be granular or massive 
urs in hydrothermal 


is antimony 


regular masses or radiating 5 a, 


‘Avidespread mineral, stibnite 0 
veins, hot spring denosits, and replacement deposits that 
form at low temperatures up to 400°F/200°C), is aften 
associated with galena (p54), cinnabar (2.5, 

Crpiment (259), pyrite (p.62), and quartz (2.168). tis found 
in massive aggregates in granite (pp. 258-59) and gneiss 
(0.288) rocks, tbnite Is used to manufacture matches, 
ireworks, and percussion caps for firearms. Powdered 
stibnite Was used in the ancient world as a cosmetic for 
0 make them look larger. 
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PYRITE 


Known since antiquity, pyrite is commonly rafered to 
2 "fool's gold” although much lighter than god, its brassy 
colar and relatively nigh density misled many novice 

‘etahearal pte =e | prospectors. is name is derived fram the Greek word 2, 

sexed erat wen iarz | meaning “fre,” because it emits sparks when struck By 
ton. itis opaque and pale sivery yellow when fresh, 

2» | turing darker and tarnishing with exposure to oxygen. 
Pyrite crystals may be cubic, octahedral, ortweve-sided 
“pyritohedra” and are atten stated. Pyrite can 
‘also be massive or granular, of form ether 

Avalateors | fattened disks or nodules of 

remecyslt | radiating, elongate cr 

Pyrite occurs in hytrathermal 
veins, by segregation from 

‘megrmas, in cntact metamarphic 

rocks, and in sedimentary racks, 

such as shale (p.313) snd coal 

(9.253, where can ether fil or 

replace fossis 
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MARCASITE 


‘An iron sulfide, marcasite is chemically identical 
to pyrite (0.4), but unike pyrite ithas an orthorhombic 
crystal structure. Mercaste is opaque and pale sivery 
Yellow when fesh but darkens and tarnishes on 
exposure. thas a predominantly pyramidal or tabular 
crystal form. its aso found in characteristic twanned, 
curved, sheafike shapes tat resemble a cockscomb. 
Nodules with radially arranged fibers are common. 
Marcasite can also be massive, stalactitc, or reniform 
‘Marcasite found near Earth's surface. 
Itorms from acidic solutions 
percolating downward 
through beds of sale 
©.319), clay, imestone 
(0.319) or chek (9.329), 
where it often fils or 
repiaces fois. Marcasite 
also occurs as nodules Sygate marae 
incoal (n253). ‘soc 
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MOLYBDENITE 


‘A molybdenum sulfide, molytientte is the most 
important source of molybdenum, which is an important 
clement in high-strength stels. Malybdente was orginally 
thought to be lead, and its name is derived fram the Greek 
Word for lead, moiyodos. i was recognized asa distin 
‘mineral by the Swedish chemist Carl Scheele in 1778, 
“Molyaderite is soft, opaque, an bluish gray. forms 
tabular hexagonal crystal, foliated masses, scales, and 
disseminated grains. t can also be massive or scaly 
The platy, flexible, greasy-feeling hexagonal crystals 
‘of malybdenite can be confused with graphite (2.4), 
although malybdenite has a much higher specific 
ravity, a more metalic luster, and a sight bluer tinge. 
‘Moiybdenite occurs in granite (pp. 258-59), pegmatite 
(9.260), and hydrothermal veins at high temperature 
(1065°F/575°C or abave) with ather minerals 
(109, ferberte 0.149), scheelite (p16), nd topaz 
(6.234). tis also found in porphyry ores and in contact 
‘metamorphic deposits 
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SULFOSALTS 


Sulfosalts are a group of mostly rare minerals that contain two 

or more metals in combination with sulfur (a nonmetal) and 
semimetals such as arsenic and antimony. Sulfosalt minerals have 
a high density, a metallic luster, and are usually brittle. 


‘COMPOSITION ‘OCCURRENCE 
Sulfosalts have complex crystal Sulfosalts occur in small amounts 
Structures, The structures of many in hydrothermal veins formed at iow 


Sullesalts appear to be based on temperatures upto 400/200") They 
fragments of simpler slur compounds. are general associted wth the more 
Nes commonly found in sulsaits_cormren slides. A sgl Sis epost 
are ed, sver, alum, copper, tn, skrun o have yelded upto 0 ferent 
bismuth, and german, sulsat minerals 
saan USES 
sro © Sulsats ae typi found in sal 
& sy amounts but ina few depos 

Gaol Boe LeDbg economical important sometime 

‘Crystal structure: SES SEE® they can constitute minor ores of siver, 


streets EF oo ato 
“ Spee sans : 


& 


+ t i at mew 


sult deposit 
Many sls eras are 
fund Corwal ger These 
store buligs ance house 
Steam engras to pnp water 
frommane ste 
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TENNANTITE 


Named in 1819 after the English cherrst Smithson 
ond ser may subsite 
for pi 5 percert ofthe copper in taurant, 
Tenners sy beck, tel gay, tow gey or lack 
rcobr for cable and tetraetrl crystals 
stsetemanties | Tennant san end member of od-soltion se 
mrairaceerente | ity the sna ier tetahede (72) The ohare 
very smar proper, making ficult to distinguish 
tefween hem Ther stl habits are sar and bot 
Tennant found infydretermeal afd contact 


ron, zine, mercury, bismut 


ten associsted with sphaerte 
galena (54), chalcopyrite (p57), furite (2.109) 
banite (p.134), and quartz (9.168). D re found in 
Freiberg, Saxony, Germany; Lengent tzerland: 
and Butte, Montana, and Aspen and Central Cty 
Colorado, USA. 
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ENARGITE 


Accopper arsenic sulfide, enargite takes its name 

from the Greek ward e hich means “listinc 

reference ta its An important ore of 

paque, and has 

a gray black to ion-black to vile black color when fresh 

i turns dull black on exposure to light and pollutants. 

Enargite may occur in massive or gran 

ally small, ether tabular or prisn 
xagonal or hemimorphic ( 


ferminations at each end), and hat 
the prism face 
tar-shaped multi 


‘eplacement depos! 
borne (p50, c 
(9.59, chalcopyrite (9 57), pyrite (p, 
sulfides. tt also accurs inthe cap rocks at 
with minerals such as anhyeri 


lite (9.52), sphalerte (p.53), galena 


), and other copper 
domes, 
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JAMESONITE 


orate ‘Named in 1825 after the Scottish mineralopist Rabert 
wes Jameson, jamesonite isa lea iron antimony sulfide. 
Misses It's opaque lead gray, but can often develop an indescent 
‘Gee tarnish. jamesonite's normally found as needielike 


tr fibrous crystals combined together into columnar, 
radiating, plumose (eatherlke, or fltke masses, 
Jamesonite occurs in hydrothermal veins at low oc 
‘medium temperature (up to 1,065°F/575°C), where hot, 
ccremical-richfuids have permeated joints anc faut ines, 
depositing minerals during cooing hydrothermal veins, 
itoften occurs wit other lead and antimony sulfides 
and sulfosat minerals. Jamesonite also oct 
associated with carbaniate minerals, such as 
dolomite (2117, and rhadachraste (2.12.4 
‘aminor oe af antimony, which is used asa strengthening 
‘agent in alloys. tis widespread in small amounts, wth 
‘ood specimens coming ftom Frelburg, Saxony, Germany, 
Yakutia, Russia; Trepca, Serbia; Dachang, China, Corll, 
England; and Oruro, Bolsa, 


Di crynatcs 
2D bea 
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STEPHANITE 


onrettombie A silver antimony sulfide, stephanite was named in 
im anor af Archduke V sphan, the mining dire 
aires ‘of Austria, in 1845. tis sometimes called brite or black 
ene silver ore, itis paque, iran-black to black in color, and 
Lt - has a metalic luster an fresh faces, Stephanite crystals 
‘even oie ange from short prismatic to tabular and are repeatedly 
Bh won ace winred to form pseudohexagonal groups. Stephanite 


z ‘granular habits, 


ante s generally found 
in small amount 
ydrathermal si 


in late-stage 


associated with native silver 
(9.43, sulfides, and other 
sulfoslts, such as acanthite 


was found in sufficient quantity 
tobe an ore of siver in Comstock 
Lode, Nevada, USA. 


itor silver processing 


FEATURE 


‘The first family of standards derived from the IMT 
concept (IMT-2000) aligned with 3G cellular. Radio 
technologies accepted into IMT-2000 included 3GPP 
Wideband Code-Division Multiple Access (WCDMA), 
3GPP2 cdma2000, and IEEE 802.16 [ie., Mobile 
Worldwide Wireless Interoperability for Microwave 
‘Access (WiMAX)]. The next generation of IMT stan- 
dards (IMT-Advanced) aligned with 4G cellular. Radio 
technologies accepted into IMT-Advanced included. 
3GPP LTE-Advanced and IEEE 802,16m [i.e., Wireless 
Metropolitan Area Network (WMAN)-Advanced] 


Timeline for IMT-2020 


In 2012, ITU embarked on a program to develop 
“IMT for 2020 and beyond’ setting the stage for 
emerging 5G research activities around the world. The 
program has since adopted the name IMT-2020 and 
forms the framework for the next generation of mobile 
broadband standards. The timeline for the develop- 
ment of IMT-2020 is shown in figure 3 [24]. ‘The IMT 
2020 timeline will essentially follow the same process 
used in the development of IMT-Advanced. 


‘The IMT-2020 program is well under way, with a 
number of key milestones completed. In September 
2015, ITU published its vision of the 5G mobile 
broadband connected society [19]. This document 
defined three high-level use cases for 5G, described 
carlier in this article, which have already been widely 
adopted by 3GPP and industry in general. In the next 
phase, the 2016-2017 time frame, ITU-R WP 5D will 
define in detail the performance requirements, evalu- 
ation criteria, and methodology for the assessment 

of the new IMT radio interfaces, Itis anticipated that 
the time frame for proposals will be focused in 2018. 
In the 2018-2020 time frame, independent, external 
groups will evaluate proposals and the definition of 
the new radio interfaces to be included in IMT-2020 
will take place. ITU-R WP SD also plans to hold a 
workshop in late 2017 to discuss the performance 
requirements and evaluation criteria for candidate 
technologies for IMT-2020, as well as to provide an 
‘opportunity for presentations by potential propo- 
nents for IMT-2020 in an informal setting. The whole 
process is planned to be completed in 2020, when a 
new draft of the ITU-R recommendation with detailed 


2014 2015 2016 


2017 


2018 2020 


(0) if needed focus meeting owords WRC-19 non Technology), (b)~focus meeting en Evaluation (Teckrolegy) 
Note: Wale net expected to change, details may be adusted if worrented. 


FIGURE 3. Detailed timeline and process fr INT-2020 in TU-R [24} 
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) PYRARGYRITE 


argent, which means "siver"—an allusion ta its silver 
Ccontert and is translucent, dark red colar. Also known 


= never. bile exposed to light Therefore, prized specimens are stored in 


with rhomachedra, scalenohedral, 
flat terminations diferent a each 
end and frequently twinned, 

Pyrargyrite forms in 
hyerethermal veins at 
remperature (up ta 400" 
with the minerals sphaleit (p 
galena (9.54) tetrahednite (p73), Raman iver 
Droustite (p72), and calcite (114, Ths foman dean 
also forms by the aeration of pals 
ther minerals 
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BOURNONITE 


‘Alead copper antimony sulfide, bournon 
heavy, dark ci sand masses, as 
interpenetrating crucifarm (crossiie) ty 
teal twinned, bournanite has the appearance af a 
thed whee, giving rise tothe informal name cogwheel 
fre. Untwinned crystals ofthis opaque mineral are 
tabular or short prismatic and usually have smooth and 
bright faces. Bournonite was fist mentioned as a mineral 
in 1797 but was named anly in 1805 after t 
eralogist Count Ide Bournan, 
‘Awidely distrbuted mineral, bournonit Is found 
in hydrothermal veins at medium temperatu 
(400-*,065°F/200-575°C) and assaciated with sph 
(9.53), galena (p.54), chalcopyrite (9.57), pyrite (p.62), 
jtrahedrite(p.79), and other sulfide minerals, 

9 bournonite come fram 
ntains of Germany, 
cr) in clameter. This 
used as 2 miner ore of antimony (a. 


afew crystal 
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PROUSTITE 


A its original name ruby silver ore sue: 

istransiucent and red and isan important source 

‘also been called light red siver ore. The name 

mes from the French chemist Joseph Proust 

uished it from the related mineral pyrargyrite 
analysis in 1892. ts strated, often 

brliant crystais are typically prismatic with rhombohedral 
ations, often resembling the 

ite (2.114) in habit. Proust also 


strated proute ohedtral term 
eran dogtoath spar form ofc 
urns scarlet to dull opaque gay in trong 

ligt stored in the dark. 

Proustite forms in hydro 
stephanite (6), and tetrahedrte 
lena (p54), and 
ondary zone of siver 
nafarcilo, Chil, ard 


gates. The mi 


mal veins at 


ut rouse 


me 
me 
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TETRAHEDRITE 


The name ttrabait comes fom this miners 
coward! fies oar 
sop eile pays man dak mE cree 
srosiniauee entered ome fil 
caeaenpaneter tke 


tals, at 


pvt Pri) tome 
), and quartz (p.168). barhdrare 
ce oud n contact ees 
etaerptic depos, ace 
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OXIDES 


The minerals in this group have crystal structures in which metals or 
semimetals occupy spaces between oxygen atoms. The properties of 
oxides vary: the metallic ores and gemstone varieties tend to be hard 
and have a high specific gravity. 


‘COMPOSITION 


contain only ane metal or semimetal 
‘nd oxygen, Multiple oxdes have two “OCCURRENCE AND USES 
diferent metal ses, ath of which may Oxides occur as acces 


bbe accupied| cdfferent meta matty igneous rocks, especialy early 
fr semimetals, The minerals in the crystallizing minerals in utrabasic rocks, 
(MgAl,0) group are examples In pegmatites, and as decomposition 


of mutigle oxides 


a Bee tise 
ince miele nortan 


ucts of sulfide minerals, Many resist 


of chramium, uranium, tantalum, 


oper, and titanium, Other axides, such 
‘quartz and corundum, are important 
stone minerals. 


crystal structure 


"ed chrome bumper 
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P ICE 


Although largely absent lower latitu 
is probably the mast abundant mineral exposed on 
surface, Liquid waters not classified asa mineral 

has na crystalline form, a ice forms 

crystals that seldom exceed iin 7mm) in length, though 

individual crystals may 

(45cm) long. Other forms of ice include 

branching, treeke trast, skeletal, happer-shaped, 


be up to 1 


prisike fast, and hallsiones and icicles made up of 
ry randomly oriented crystals 


ice crystals are generally 
white color af ice i us Inclusions of air that 
fect ligt. There are atleast rine palymarphs—diferent 


crystalline farms—of ce, each forming under dit 

Bee) | pressure and temperature conditions, 

exists at Earth's surfs varie 

ystal structure, purty, and temperature. Attemperatutes 

tanstone suse found in the Arctic and high-alpine zanes, ie Is so hard it 
can erade stone when windblown 
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os ANATASE 


Formerly known as octahedriteanstave is 3 
polymorph of tanium donde ts name comes rom 
the Gree word anata which means “extension 
reference tothe eongate octanedalcystas that re th 
tmost common habe of anatase. Anatase cysts can 
. fe tabular and, rarely, prismatic Hard and bilan, the 
Poort crystals canbe brown, yellow, nsgo-lue, green ry. 
= ia, or black in clo. 
“Anatase forms in veins and crevices in metamorphic 
rocks, such a schist (pp. 291-92) and presses (28), 
and derived rom te leeching of surrouncng rock by 
htrthermalsoitons.Anatace sls forms mr epmattes 
(5.260), tenn assocaton wth the minerals brookte 
(B77, mente (290, fort (0109, and aearine (2.209, 
ths found mseeiments ands sometimes concerted n 
placer depots, Much anatase formed oy the weather 
sebetrt etal scecy | of tant (2230, Weathere anatace becomes rutile 
SSratrecbovancs” | (7g) although rule replaces anatase retains the 
anatase crystal shape 
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BROOKITE 


‘Named in 1825 after British cxystallographer HLL. Brooke, 
‘rookie ike anatase (p.76) and rule (078, is composed 
af ttanium diaxide. However, unlike anatase and rutile, 
brookite exhibits orthorhombic symmetry. Usually brown 
‘and metalic, brookite may also be ed, yellow-brown, oF 
black. Crystals can be tabular o, less commonly, ayratmidal 
‘or pseudohexagonal, They may be thin or thick and up 
t0.2in Scrm long. Iran js almost always present inthis 
rminera's structure to a small degree, and brookite 
Containing niobium is also known. 

Brooklt accursin hydrothermal veins, n some 
contact metamorphic rocks, and as a detrital mineral in 
sedimentary denosits. Being relatvely dense, tis common 
In areas with natural concentrations of heavy minerals, 
such asthe diamond placer deposits of Brazil. generally 
‘occurs with other minerals, including rule, anatase, and 
lite (7.177) Braokte is widespread in mineral veins in the 
Alps. n the Fronalen locality in northern Wales, UX, it forms 
Cysts on crevice was in iabase rock 
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RUTILE 


‘A form of titanium oxide, rutile takes ts name from 
the Latin rtis, which means “ed” or ‘gowing tatten 
‘appears as pale golden, needlelke crystals inside quartz 
(p.168). When nat enclosed in quartz ts usualy yellowish 
‘ar redsh brawn, dark brown, or Black. Crystals are 
general arsmatic but can also be slender and needle 
‘Multiple twinning fs comman and either knee-shaned, 
eto laticelke, or radiating, forming whee!-ke twins. 
utile may also racite in stake 
sprays from hematite crystals. 
vn tile often occurs as a minar 

aN constituent of granites pp. 258-59), 
anelsses (p.288), and 


(8.299, and also in hy —_ 
veins and in some clastic 
sediments, itcomimonly forms quar rue eabechon 
microscopic, oriented inclusions S#fHsrile 
Meme nmiebar-tued | in other minerals, producing an 


asterism effect 


MINERALS | OXIDES 79 


{ prone 


A 
ue 

Pn 

1 reine 

BE scone tounven 

BF oe gays, roms 

{2 Adamant onto 


Pramatecryste 


aso, 
CASSITERITE 


‘The tin oxide cassiterite takes its mame fram the Greek 
‘word for tn, kassiteros. Also called tinstone itis the only 
important ar of tin, Colorless when pure, t commonly 
or black due to iron mauris, Rarely, itis 
ray or whe. ts crystals are usually heavily tiated prisms 
‘and pyramids, Twinned crystals are quite common. ttcan 
‘also be massive, occurring asa botryoida,iteous varity 
(wood tin or: n pebbles (stream in, 
Cssterite forms in association with 
igneous rocks in hycrothesra 
athigh temperature (),065°F/575°C 
‘or above) w fen minerals 
such as ferberite (p.145), and 
with tone },malydenite 
(9.64), and tourmaline (p.224), 
Durable and relatively dense, it 
c 


concentrated in placer 
after erosion from its 
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specifications for the new radio technologies will be 
submitted for approval within ITU-R [24]. 


Standardization in 3GPP 


3GPP is the international standards body responsible 
for the development and maintenance of major sec: 
ond-generation (2G), 3G, and 4G cellular standards. 
‘The purpose of the organization is to produce interop- 
erable cellular communications standards, as well as 
studies and reports that define 3GPP technologies. The 
following technologies are currently maintained and 
evolved by 3GPP: 


> Global System for Mobile Communications 
(GSM), General Packet Radio Service 
(GPRS), and Enhanced Data Rates for 
GSM Evolution (EDGE); 

> Universal Mobile Telecommunications System 
(UMTS), WCDMA, High-Speed Packet Access 
(HPA), and HSPA Evolution (HSPA+); and 

» LTE, LTE-Advanced, and LTE-Advanced Pro, 


‘These 3GPP technologies are constantly evolving 
through a series of backward-compatible releases. 
Since the completion of the first LTE and Evolved 
Packet Core (EPC) specifications, 3GPP has be- 
come the focal point for mobile systems beyond 3G. 
‘Therefore, 3GPP is expected to be a critical player in 
the development of 5G, and their timeline will have 
a direct influence on the timeline of the emerging 
5G market. 


3GPP is currently defining a new SG RAT and 
corresponding network architecture. These are being 
developed within 3GPP under the working names 
“new radio (NR)" and “next-generation (NextGen) 
architecture,” respectively [25]. In October 2016, 3GPP 
announced that the new 3GPP system will officially 

be known by the name “5G” from Release 15 onward 
[26]. Some initial standardization steps that have been 
taken to date include the following: 


> SMARTER study item: In March 2015, 3GPP 
‘Technical Specification Group (TSG) System 
Aspects (SA) began a study item on technol- 
ogy enablers for new 5G services and markets, 
known as the SMARTER study item [27]. The 
objective of this study was to develop high-level 
use cases and identify the related high-level 
potential requirements to enable 3GPP network 


operators to support new services and markets 
in 5G, Phase 1 of the SMARTER study item was 
completed in March 2016; results are doct 
mented in 3GPP Technical Report (TR) 22.891 
to be included in Release 14 [28]. A total of 74 
use cases were identified. This work prompted 
four building block studies that grouped the use 
cases into families with common requirements: 
massive Internet of Things (IoT), critical com- 
munications, MBB, and network operation. 

‘The building block studies were completed in 
June 2016; results are documented in 3GPP TRs 
22,861, 22.862, 22.863, and 22.864 to be included 
in Release 14 [29]. The results of the SMARTER 
study will form the basis for a work item to de- 
fine normative stage 1 requirements for the next- 
generation 5G system. The work item is sched- 
uled for completion in March 2017; results will 
be documented in 3GPP Technical Specification 
(TS) 22.261 to be included in Release 15 [29] 
Study item on channel model for frequency 
spectrum above 6 GHz: The first 5G study 
conducted by TSG RAN focused on developing 
new channel models to support high-frequency 
spectrum from 6 GHz to 100 GHz. The models 
consider a variety of scenarios including urban, 
rural, and indoor, as well as the impact of line- 
of-sight (LOS) versus non-LOS (NLOS). The 
study was completed in June 2016, and results 
are documented in 3GPP TR 38.900 to be in- 
cluded in Release 14 [30]. 

Study item on architecture for next-generation 
system: In December 2015, GPP TSG SA ap- 
proved a study item to design a system architec 
ture for the next generation of mobile networks. 
‘The new architecture will support at least the 
new 5G RAT(s), the evolution of LTE, and non- 
3GPP access types and will minimize access de- 
pendencies. The study considers new approaches 
such as NEV and network slicing, The study 
item was scheduled for completion in December 
2016; results will be documented in 3GPP TR 
23.799 to be included in Release 14 [31]. 

Study item on scenarios and requirements 

for next-generation access technologies: In 
December 2015, 3GPP TSG RAN approved a 
study item to develop deployment scenarios 

and requirements of next-generation access 
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Pyrolusite is the primary ore oft 
cimens are typically 

or. Pyrolusite 

ms metalic coating 
masses, concretions, a 
that may be powdery or branching. Cr 
2 and prismatic 
Pyralusite forms under highly oxidizing conditions 


nt gray 


when found, they are o 


an alteration product at 
odochrosite (p. 


found in bogs, lakes, and 
laid down 
Hon 


ellent crystals are 
sepublic, and at Bathurst 
mined extensively in Russia, India 
yrolusite is used as a decolorzing 


icks, andin dry cell 
cture of steel a 
which is used to 
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CHRYSOBERYL 


A berylium aluminum oxide, chrysobery|ishard and 
durable. tis inferior in hardness only to corundum (2.95) 
‘and diamond (p47). Chrysobery is typcaly yellow, green, 
‘orbrown in col, tfarms tabular or shart prismatic crystals 
‘and heart-shaped or pseudotexagonal twinned crystals 
alvinret deardrecys3 | lexardrte, one ofits gemstone Varieties, is one ofthe 
rarest and most expensive gerns. Another variety, cat's 
eye, is so prized as a gemstone. It contains paral! 
fibrous crystals af other minerals 
that reflect light across the 
surface at a polished gemstone. 
‘an effect known as chatoyancy. 
CChrysobery! occurs in some: 
Branite pegmaties (p.260, i 
heisses (0.288), mica schists, 
‘and marbles (2.301). Crystals colar change 
Yow gemstone rs that weather out af the p 
rock are often found in streams 
‘and gravel beds 
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riding on the content of iron or mangane 
‘mast common mineral ofthe 
ungsten may also be 


‘olor and are 
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URANINITE 


Discovered by the German chemist M111. klaprot in 
ws 1789, uraninite is a major ore of uranium. The pioneering 
esno ‘work on radioactivity by Pierre and Marie Cure was based 
MA rene ‘n uranium extracted from uraninite ares. itis black to 

Uneventosuconeotst | brownish black, ‘or greenish. commonly occurs 


By ours ace in massive or Hotryaidal forms, ori banded ar granular 
DZ siometae, pen. aan | habits, and less commanly as opaque octahedral a 
cubic crystals 
Uraninte crystals occur in granitic 


pegmatites (p 260). Uraninite forms 
with casstente (279) and arsenopyrite 
in hydrothermal sulfide 

nperatures (,085°F/ 


also forms at medium 
(400~,065F/200-575°C) as ptchblende 
tal al grat 

sandstanes and conglomerates, 
itmay have weathered into secondary 
uranium minerals. 


Uranium ptt: 
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SAMARSKITE 


Named in 1847 after Vasil Yetrafavich von Samarsk 
novets of Russia, samarskite i a complex oxide of 

yttrium ron, tantalum, niobium, andl uranium, Twa tynes 
Of samarskite are recognizec-—samarskite(¥) or ytrium 
samarskte, and samarskite 

The mineral is usually back and one 


thin fragments. Crystals are stubby, apaque, ane 
\with a rectangular cross section—although san 
cormanly found in the massive form. tis often brown o 


yellowish brown due to surface alteration. Specimens with 
Figh uranium content have a yellow-brown, earthy rind, 
Samarskite samples ae usually radioactive, 
‘Samarskite i usually ound in are, earth-bearing 
srenitic pen 260) forms in simi 
the minerals are 


0 associated 


(0.150), garnet, and ather minerals. Yttrium tram 
samarskte has been used in cathode-ray televisions, 
lass and special ceramics 
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PYROCHLORE 


‘A major source of the element niobum, pyrachlore 
‘s@ complex niobium sodium de. ts name 
hmean 


mss 


mes from the Greek pyr and chlor 


Distinct fire” and “green” respectivelya reference ta some 
subeonemialto uneven | specimens that tum green after heating. Pyrachlore Is 
Bh ene crown ‘orange, brownish red, brown, or bikin color. Crystals 


Yatowsh own are typically wel-formed octahedra with modified faces, 
tly twinned or occur as ether granular 
‘and It may be radioactive. in 
such cases, its intemal structure may be disunted. 

Pyrochlore forms in pegmatite rocks (.260) and in 
weous racks dominated by carbonate minerals. is an 

FY mineral in slica-poor racks, often 
‘with magnetite (292), apatite (p.148), and 


2 viveous to resinous 


‘a major alloying element in nickel-based superalloys. 
has been used either alon 
att 


Miro estas 


{| Prorite [fA tsaca.te.00.085 
BS MICROLITE 
ae [Named in 1835, microlte takes it rame from the Greek 
es ‘word micros, which means “small"—a reference to the 
wes small size ofthe crystals found in the locality where 
Wa onc ose the mineral was frst discovered, Microtiecan, i fact 


subeonenialto uneven | form excellent octahedral crystals, which can be up 2 
TH Yetowentowawnen | in (Tc) on an edge. tals occurs 3s inegular grains. 
Specimens can be yellow, brown, black, green, or 
redish, Microite is related to pyrachlore (p.85), and 
‘both minerais are dominated by rare-earth elements: 
‘microte by tantalum and pyrachlore by niobium. 
“Microite is found in pegmattes (9.240), especialy those 
ch in epidolte (9.198 or atherithium-bearing minerals, 
2nd inalbite (2.177). itis a major ore of tantalum, which Is 
‘especialy useful in high-capacitance electranic devices, 
particulady thase used in miniaturized circuitry. Microlte 
isalso used in corrasion-resistant chemical equipment. 
Excellent crystals are found at Dixan, New Mexico, USA; 
‘Shingus, Gigt, Pakistan; Mattawa, Ontario, Canad and at 
alts in Brazil 


i Renovo vneous 
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By owns red, sting 
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VARIANT 


acu 
CUPRITE 


A relatively soft, heavy copper oxide, cuprite is an 
tant ore of coppers crystals are either cubic o 
‘octahedral in shape and commonly striated. Massive 
or granular aggregates with the appearance of sugar 
mimon. Cupre is translucent and bright red 
{freshly broken but turns to a dull metal gray colar on 
exnosure to light and polutan 
ruby co its distinc 
in the variety called chacotrichite 
or plush copper ore, the crystals 


are a rich carmine color, fibrous, 
apilary, anc ares 

‘appearance. They a 
in loosely matted ageregat 
Cupri 

sof 


ofthe tle ore variety i 

arty, bricked to 

in color, and often contains 
ced hematite (291) a 

poethite (102). 
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ZINCITE 


Red oxide of zine is another name 
urs mostly 35 ce 
Natural crystals are rare, but when, 
‘te pyramidal, pointed at one end and 
lat atthe other. These crystals can be orange, red, 
incite is found mainly as an accessory mineral in 
2inc-ore deposits and is cammanly associated with black 
frankinite and white calcite. tt may also be a rare 
ystals are found only in 


Bh orange stow 
2 Resnos,sometate 


VARIANT 


constituent of volcanic as 

secondary veins or fractures, where zincite forms by the 
smarphism of zine deposits 

ite crystals inthe: 

ystals that have forme 


hemical alteration orn 
Some so-called natural 
are, infact, lrg 


he chimneys of smelters. Natura crystals are ra 
iyarescent; artificial crystals may range f 
green to fluorescent yellow. The classic locality for 


caster at incite crystals is Franklin, New 
‘at Varmiand and Nordmatk, Swed 


ey, USA. itis aso found 
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PEROVSKITE 


‘A calcium titanium oxide, perovskite was named after 
the Russian mineralogist Count Lev Alekseevich Perovski 
in 1839. The campastion of peravskte varies considerably 
hiabium can substitute for up to 44.9 percent ttanium 
by weight, and cerium and sadium can substitute for 
calcium. When specimens ae black, they have a metalic 
luster, when brown or yellow, they appear adamantine, 
Although peravskite is an arthortombic mineral its 
crystals ae usually pseudocubic. Peravsklte crystals 
can be pseudooctahedral in varieties where nigbiurn 
or cerium has replaced a large amaunt of titanium, 
The crystals tend to be deeply striated and are 
frequently twinned. 

Peroyskite occurs in igneaus rocks that are rich 
in ron and magnesium, it also occurs in contact 
‘metamorphic rocks associated with magnesium- and 
lron-ich intrusive igneous rocks and in some chirte 
and talc schists. itis also found in carbonace: 
choncrite meteorites (2337) 


FEATURE 


mnologies. The study identifies 12 deployment 

arios that are more diverse than those origi- 
nally envisioned for legacy RATS, such as LTE 
and its predecessors. It also identifies key perfor- 
mance indicators (KPIs) and other requirements 
for 5G NR. The bulk of the study was completed 
in September 2016 to provide guidance to the 
ongoing technical work being performed in the 
RAN working groups. However, the study item 
will remain open until March 2017 to match the 
IMT-2020 timeline and ensure all IMT-2020 
requirements are captured. Final results are 
documented in 3GPP TR 38.913 to be included 
in Release 14 (32, 4] 

> Study item on NR access technology: In March 
2016, 3GPP TSG RAN approved a study item to 
develop the 5G NR access technology capable 
of meeting the broad range of use cases defined 
for 5G, The study secks to develop a single 
technical framework capable of addressing all 


usage scenarios and requirements defined in TR 
38.913 for eMBB, mMTC, and URLLC, with an 
emphasis on forward compatibility. The study is 
scheduled for completion in March 2017; results 
will be documented in 3GPP TR 38.912 to be 
included in Release 14 [1]. 

5G standardization activities in 3GPP will continue 

through 2020 and beyond, as described next. 


Emerging 3GPP standardization 
timeline 


In March 2015, 3GPP announced a tentative stan- 
dardization timeline for SG based on the ITU work 
plan timeline for IMT-2020 [33]. Since then, a 
more detailed timeline has come into focus as study 
items have commenced and completed, and as the 
3GPP TSGs coordinate for the initial release of 5G. 
‘The timeline shown in figure 4 is a composite from 
multiple sources 


ais | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 
Lit) Vision wee IntT-2020 Proposals, pee 
scphase2 | s¢Phase | | 56 Phase 2 
Spectieaton | Commercial | | Commercial 
Deployment | | Dopleymat 


VVOw 


Ur 


FIGURE 4. Emerging 5G standardization timeline for 3GPP. (Figure ia composite from [34] and [35] that includes additional data 


from various sources) 
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ILMENITE 


Named after the i'menski Mountains near Miass, 
Russia, where it was discovered, menite Isa major 
ce of titanium, Usually thick and tabular, its 
crystals sometimes accur a tin lamelae tine plated or 
rhombohedra, mente can also be massive, or occur as 
scattered grains, tergrowths with hematite (291) or 

‘magnetite (p92) are common, an limenite can be 
‘mistaken for these minerals because of its opaque, 
‘metalic, gray-black color. Unlike magnetite, however. 
limenite Is ionmagnetic or very weakly magnetic; and 
ican be distinguished from hematite by its black streak 
Itmay weather toa dull brawn cole. 

imenite is widely istributed as an accessory mineral 
In igneous rocks, such as darite (p.264) and gabbro 
(9.265) bisa frequent accessory in kimberite rocks 
(p2 ted with clamand (p47. tis also fo 
veins, pegmatite racks (2.260), and biack beach sands 
associated with magnetite, rue (27), zon (9.233), 
‘and other heavy minerals. 
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MAGNETITE 


{An iron oxide, magnetite is named after the G 
a his staff and the 


hes thatthe iron ferule 


Magnes, wh 


is of his shaes clung toa magnetite 
bearing rock. All magnetite can be picked up with a 
i but some magnetite is itself naturally magnetic 


s iran flings and deflects compass needles. 


sznetite usually forms octahedral crystals, although it 


sometimes accurs as highly modified dadecatedrans. 


cimens can also be me 


seminated grains and as concentrations in black sand. 


ems at high temperatures (10 


3 accessory mineral in metamorphic and ig 
and in sulfide veins, A major ore of ron (.29), 

jocms large ore bodies. Economically important deposits 
accur In silica-poor Infrusions of igneaus rocks and in 


banded ironstones (9329), 
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FERGUSONITE 


‘Named after the Scotsh mineralogist Robert Ferguson 
(1767-1840), the fergusanite group contains several 
‘minerals, ll fergusonites may be considered as 
of the rare m: contain. The most cammon is 
fergusonite(V), which isch i yttrium. ts crystals re 
prismatic to pyramidal in shape and black to brownish 
black Fergusonite-Ce) i cariumerch, dark recto black 
in color, and forms prismatic dipyramidal crystals 
‘though these are rare. Fergusonite-(Nl, a neodymium: 
bearing fergusonite, is usualy granular. Another member 
ofthe fergusonites, formanite-Y), is found as tabular 
crystals and anhedral pebbles. Yet other fergusonites, 
‘most of which appear in minor quantities, bear the 
beta” 

Fergusonites can also have varying amounts of erbium, 
lanthanum, niobium, jum, uranium, thorium 
‘arcanium, and tungsten. They can be found in granitic 
Pegmatites (9.240) associated with other rare-earth 
‘minerals and in placer deposits 
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ROMANECHITE 


A hatd, black, barium manganese oxide, manéchite 
wamed far its occurrence at Romanéche-Thorins, 
France. [tis one of the mangenese oxides that were 
formerly grouped together under the name psiloma 
which has been applied to several distinct minerals. 
otyoislramandette Althaugh the name psilomelane is no longer used to 
rm nil refer to a particular mineral, it continues to be used as 
wenience for a group of berium-bearing 
‘manganese oxides, Romaneéchite specimens are usually 
sare rare; when found, 


atermot ci 


fine-grained or fibrous. C 


they are prismatic 
Romaneéchite forms as an alteratior 


‘manganese minerals and is an 


‘mineral also forms in bags, lakes, 
Although romanéchite is named after a French locality, 
twas fr 


Other important deposits of 
Inia, Pilbara, Australia 
County, New Mexico, USA, 
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‘After diamond, corundum is the hardest mineral on 
Earth, The name corundum comes fram the Sanskrit 
uravinde, meaning “ruy’—the name given to red 
Ccorundum. Ruy and sapphire are gem varieties of 
‘corundum. An aluminum oxide, corundum ts commanly 
‘white, gray, or brown, but ger colors include red by anc 
blue, green, yellow, orange, volt, and pink sapphire. 


tay a mate Colorless forms aso occur Ruby forms a cantinuous color 
pases succession wth pink sapphire; nly tones of the darker 
henccnane hues are considered t be ruby 


Corundum erystals are generally 
hexagonal, ether tabular, tapering 
barrel-shaped, or cipyramidal 


common Corundum can also be massive 
= or ranula. forms in syenites 
ayer (242, certain pearatites (0260), antique ruby ome 


andin high-grade metamorphic sts. assunecue 
rocks, itis concentrated in 
placer deposits, 
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[U & mesic. 
SPINEL 


‘Spinel is the name of both an individual mineral and 
‘fa group of metal-akide minerals that share the same 
crystal structure. Minerals inthis group include gannite 
(.97,frankinite, and chromite (9:99). Spinel is found as 
slassy, hard octahedra, or as grains or masses. Although 
familar asa blue, purl red, or pink gemstone, spinel also 
‘occurs in other colors. Red spine! s called ruby sine its 
blood-red color is due tothe presence of chromium, 

‘A minar constituent af peridatites 
(0.266), kiberites (0.269), basalts 
(0.273), and other igneous rocks, 
Spinel also forms in aluminum 
rich schists (pp.291-92) and 
‘metamorphased limestones. 

Water wor crystals came from 
stream deposi, The earliest 
known spinel dates back to 

100scs and was discovered near 
Kabul, Aighanistan rage cay. 


we 
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GAHNITE 


Azine aluminum oxide, gahnite is s member af the 
spinel gr 


jp and frequently forms the simple actahedkal 
typical ofthe group. Crystals usually show 
id external form. They may be striated on faces and 
Cleavage surtaces, Usually dark green or blue to bl 
mn color, they can reach up to 4¥sin (12cm) on an ed 
Crystals can sometimes be gray, yellow, or browa in 
Color, Gahnite also occurs as iregular grains ant 

8585, and in Some lithium pegmalites (.260) a 
gem-clear nodules. 

GGalite was namedin 1807 after the Swedish chemist 
‘and mineralogistlohn Gottlieb Gain, tis found in 
crystaline (pp.291-92) and gneisses (p28, 
in granites (pp.258-59) and granitic pegmatites, and in 
Contact metamorphosed limestones. sometimes forms 

m the low-grade metamorphism of bausite (p01) and 

found in placer deposits. Superb crystals accur at 
Salida and Cotapaxl, Colorado, USA; at Falun, Sweden; 
and at Minas Gerais, Braz 
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ws 2 German professor af min smannite Is 

ye dark brown or black and is usually granular or massive 
Perfect Mormed 

a They are pseudooctahed 


By recs tron acitional fac 


substitute for mang 
2 submeate 


Hausmannite forms in hydrothermal veins, and it also 
‘occurs where n 


cks have been 
found associated with other 
nganese oxdes, such as pyroluste (1.80, romanéchite 

and the manganese-iron mineral bixbyte, Superb 
sta, up ta iin 4c) long, come fram Braz, South 
Ati, and Germany, 

Jausmannits an ore of manganese, whichis added 
0 aluminum and magnesium allay ta imprave corrasian 
resistance, Mar ‘ides are important in the 
they absor® the sulfur in iran 


porphased. ts oft 
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Parcs. 
CHROMITE 


‘A member of the spinel mineral group, chromite isan 
ron chromium oxide and the most important ore of 
chromium, Crystals are uncariman, but when found they 
ate octahedral, Chromite is usualy massive orn the form 
fof lenses and tabular bodies, ort may be disseminated as 
granules [tis sometimes found as a crystaline inclusion in 
diamond, Chromite is dark brown to black in color and 
‘can contain same magnesium and aluminum. 

Chromite is most commonly found as an accessory 
‘mineral in ron- and magnesium-rich igneous rocks or 
concentrated in sediments derived fram them. ttoccurs 
as layersin a few igneous racks that are especialy rich in 
iron and magnesium. Almost pure chromite is found 
in similar layers in sedimentary rocks. The layers are 
preserved when the sedimentary racks metamorphose 
to form serpentinite (p.298), Referred ta. as chramitites, 
these rocks are the most important ores of chromium. 
‘The weathering of chromite ore bade can also lead to 
its concentration in placer deposits 


Introducing 56 


‘The initial 5G study items in TSG SA and TSG 
RAN commenced in 2015 and 2016, as described 
previously. These initial 5G study items will be in- 
cluded in 3GPP Release 14. This work is carried out in 
parallel with ongoing LTE work. At the 3GPP plenary 
‘meeting in June 2016, the TSGs agreed on a work plan 
for the first release of 5G in 3GPP Release 15, includ- 
ing a clear work division between the TSGs [25]. 


5G work items were scheduled to begin in 
December 2016 for TSG SA and March 2017 for TSG 
RAN. The Phase 1 5G work items will fll into Release 
15, with planned completion in June 2018, Additional 
5G study items will continue during Release 15 in 
support of Phase 2, Subsequently, the Phase 2 5G work 
items will fall into Release 16, which will be com- 
pleted around December 2019 in time for the final 
submission to ITU for IMT-2020, Phase 1 commercial 
deployments are expected to begin in 2020, followed 
by Phase 2 deployments in the 2021-2022 time frame. 
However, early pre-SG mmWave deployments may 
emerge in limited markets, such as South Korea or the 
United States, before 2020, 


For example, Verizon Wireless has announced its 
plans to pilot a 28-GHz mmWave deployment in the 
United States for fixed wireless applications start- 
ing in 2017 [36]. To support this effort, the Verizon 
5G Technology Forum (VSGTF)—an industry con- 
sortium led by Verizon—published an open radio 
interface specification in July 2016 [37]. The Verizon 
specification uses an OFDM-based PHY similar to 
time-division LTE (TD-LTE) with enhanced beam- 
forming for operation in 28 and 39 GHz mmWave 
spectrum. However, with the initial focus on fixed 
wireless, the first release does not support user mobil 
ty. The Verizon specification can be considered pre-5G 
in the sense that it supports new mmWave capabilities 
beyond 4G but does not address all the use cases and 
associated requirements for 5G. The Verizon specifica- 
tion is expected to be incompatible with the eventual 
3GPP 5G standard, potentially leading to market 
fragmentation (38). 


3GPP phased approach to 5G 
standardization 


3GPP TSG RAN will take a two-phased approach 
to developing the new 5G RAT [35]. The Phase 1 


standard will define a new, non-backward-compatible 
1G RAT. A subset of prioritized features and use 
cases will be addressed in Phase 1 to allow for early 
commercial deployments targeted for the year 2020. 
‘The Phase 2 standard will implement the full set of 
features and use cases necessary to meet the require- 
ments for 5G. An initial proposal will be submitted 
to ITU asa candidate radio interface technology for 
IMT-2020 by the June 2019 submission deadline. The 
Phase 2 standard will later form the final submission 
around December 2019. The Phase 1 standard will 
be designed for forward compatibility with Phase 2 
[35]. Forward compatibility means that Phase 1 must 
be designed from the beginning to optimally accom- 
modate all of the features and use cases expected to 
be added later in Phase 2, even though those features 
are not yet fully implemented. Although the forward- 
compatibility requirement may sound straightforward, 
it represents a fundamental shift from the normal 
3GPP standardization process, which historically has 
focused on a series of backward-compatible releases. 


While prioritization of features between the two 
phases has been a topic of much debate, itis clear that 
the 5G Phase 1 standard will support tight interwork- 
ing with LTE to simplify initial rollout, The phased 
approach and tight interworking with LTE means that 
elements of the LTE system architecture may persist in 
5G deployments for some time to come. This implies 
that current and future work on LTE, LTE-Advanced, 
and LTE-Advanced Pro networks and technolo- 

gies may have direct applicability to eventual 5G 
network deployments, 


Standardization in IEEE 


Initial 5G standards activities within the IEEE sug- 
gest that they do not intend to be a direct competitor 
with organizations like 3GPP on the radio interface 
between the RAN and the user equipment. Instead, 
IEEE has begun developing complementary technolo- 
gies to support other communications requirements 
within the 5G ecosystem. In 2016, IEEE established 
two new working groups related to SG: IEEE 1914 and 
IEEE 1918, 


IEEE 1914 is the Next Generation Fronthaul 
Interface Working Group. This working group is cur- 
rently developing two standards: the 1914.1 standard 
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HYDROXIDES 


Hydroxides form when metallic elements combine with a hydroxyl 
radical. They are found predominantly as weathering products of other 
‘minerals. Hydroxide minerals are usually less dense and softer than 
oxide minerals. Many hydroxides are important ore minerals. 


COMPOSITION 
Nearly all yar 
temperatures up 
water reacts with an oxide. They contain 
the hydroxy radical, which isa single 
chemical unit made up of ane atom of 
hydrogen and one atom of oxygen. 


crystal structure of daspore 


‘OCCURRENCE AND USES 
Hydroxide minerals are found in most 
places where water has altered primary 
ides, Some hydroxides are also 
precipitated directly. Mey are often 
important ore minerals. The aluminum 
hydroxides diaspore, bat 

onstitute bauxite, the oe o 
inum. Goethite, an iron hydroxide, 
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BAUXITE 


Although bauxite is not a mineral, it's one ofthe most 
Important ores because tis the sole source of aluminum, 
The product of weathering of aluminum-rich rock, it 
Contains several constituent minerals. duit is variably 
‘cearry yellow, orange, pink, or red because ofthe 
presence of quartz (0.168, clays, and hematite 

(0.91) and otber iron oxides in 

ackition to several hydrated 
‘aluminum axes, 

Bauxite formsas extensive, 
shallow deposits in humid 
tropical environments. it may 
bbe nodular, piso, or earthy. 
Deposits ate soft, easily crushed, 
and textureless or hard, dense, 
‘and pealke. Bausite may also be versatile aluminum 
porous but stiong and stratified, — Ai#/ stat te meder 
fritmay retain the form of ts | S2 lmirum suse 0 


ake praits range am 
parent rock healthy soe 
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GOETHITE 


Named after the German mineralogist 
Wolfgang von Goethe in 1806, goethite is a common 
‘mineral. Itcan be brawnish yellow, reddish brawn, or 
eieneenecental (EC in color, depending on the size ofthe crystal in 
aus au mati the specimen—smal crystals appear lite, and lager 
‘ones darker. tt can accur as opaque black, prismatic and 
arte gown | Vertically strated crystals velvety, radiating fbrous 
‘ale gates; fattened tablets or scales, and renifacm or 
po bbotryoidal masses. Goethe can also occur n stale 
4 utts and drusy coatings, 


‘or massive forms and 

Goethite is an iron oxide hydroxide, although 
‘manganese can substitute for up ta 5 percent of the 
ran. eo thering producti the oxidation 
veins of iran minerals, such as pyrite 
and siderite (2123, Goethite may occur 


feito, 


he weathered capping of an iron are deposit. t also 
‘occurs ina form cailed bog iron ore, which can be 
produced by iving organisms. 
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‘A widespread and important ore of msngan 


wganese cvide. The mineral 
bya numberof aife 
finally given its current name, which 

In 1827. Opaque 
is of manganite are 
orthorhombic prisms, typically with lt or 
‘blunt terminations, and are often grouped in bundles anes 
striated lengthwise. Multiple twinning is common, 
‘Manganite can also be massive or granular; its then 
hard to cstinguish by eye trom ather manganése axides, 
such as pyroluste (20, 

‘An important are of manganese, m 
drothermal deposits formed at low 
00°F/200°C) with calcite (2.14), siderite 
(9.734) and in replacement deposits with goeth 
‘Manganite alsa occurs in hot spring 
alters to pyrolusite and may form by 
other manganese 
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DIASPORE 


Onratombie Diaspore takes its name from the Greek word 
Mow ‘laspora, which means “scattering’—a reference to 
aie the way dlaspore crackles and depreciates under high 


Feat. ts crystals are thin and platy, elongated, tabular, 
prismatic, or nedlelke and are often twinned. iaspore 
can be massive or can occur as disseminated grain. tt 
Lali’ ‘may be coloress, white, grayish white, greenish gray 
Z Mweous ight brawn, yellowish, lla, or pnkin color. The same 
Specimen can appear to have different colors when 
viewed from efferent directions, 
Diaspoce forms in metamorphic 
cks, such as sc 
and marbles (p20), 
tis often associated 
corundum (9.95), spine! 
(.9), and manganite (9103, 
itis widespread in bauxite 
(1109, laterite (9.26), anc 
‘luminous clays. 
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BRUCITE 


Named after the American mineralogist Ars 
Bruce in 824, brute smagnesum hyo Usualy 
whit, itcan be pale een, a, or blue. Manganese may 
Substitute to some degree fr magnesium, producing 
Veloworedeolraton. Rs rstl canbe tar form 
egegatesof plates, The tere to be sot, and ange ram 
waty fo Blassy in appearance. Fine age crystals have 
been coecte om nema, a varity of Src that 
curs in foes and its ruc mayo occurn 
massive folate ious, 
rare rely, ranula habits 

Ste und metarpic 
rocks, such as shit 292, ana * 
‘lierperature nyeotheral 
teins upto aQovr/200°)n 
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“aba estas ts 


L marbles (p.301 ang chiorte ng 
, schists. isused as a primary See han meting 
Nemamentreesy | Sour ofmedcal magnesia and (ak. ee ate, 
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HALIDES 


Minerals in this group consist of metals combined with one 
of the four common halogen elements: fluorine, chlorine, 
iodine, or bromine. Halides tend to be soft and many crystallize 


in the cubic system. 


‘COMPOSITION 
Compostionally and structurally, there 
are three broad ca 

rminerak simple halides, 


af hal 
ide complexe 
and axyhydroay- halides, Simple halides 
when a metal combines with 
3. Hallte and fluorite are 
halides. n halide 


es, the halide & usually bound 
aluminum, creat that 
tal, For example, 
incryolite, fluorine and aluminum are 
bound to Sodium. Oxytycraxy- halides 
camite isan example 


ort esta structure 


‘att uake 
Thick ta rats of that 
Inner ate net aks ene 
Te elect he crests 


‘OCCURRENCE 
Many haces accurin evaporite deposits 
¢ rin hydrothermal 

nr form when halide-bearing w 

ct upon the oxidation products of 

ather minerals 

uses 

Jalides are important industrial mineral 


Jat, or table salt, isthe classic example, 


tlizers, In 
ind metal refiing, and as 


Ferting crops 
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CARNALLITE 


First discovered in Germany, camalite was named 
et Rudolph vo 
1856, ris usual 


e (291) or goethite (p.102) mut 


hotassium and magnesium chlor, caralite is generally 
assive to granular n habit. Crystals are rare because 
ter from the air and diss 


\When found, crystals are thick and tal 


hexagonal, or pyramidal 
Ccamalite forms in the upper 

aporite sal 
occurs with 


evaporite minerals. The minerals 


jst important Source Potash erizer 
(of magnesium. Caustic potash a 
potassium hydroxide, is produced 


108 =©MINERALS | HALIDES 


ryote estas 


was 
iso 
WA v0 
Buen 
D woe 


2. vveoustogesey 


I VARIANT 


Mose pte specie 


a nae, 


CRYOLITE 


Few people have heard of cryolite, but tis ane of 

the mast important minerals of aur age. Aircraft could 

ot fy without it, and madern engineering of al kinds 

‘Would be stunted in its absence. Synthetic cryoite is an 

essential ingredient in aluminum production. The mineral 

takes its name from the Greek terms kryos and lithos, 

Which mean “ice” and ‘stone"—an allusion to Its 

translucent, icelike appearance. Cryaite is usually 

colorless or white, Rarely it can be brown, yellow, reddish 

‘brown, or black. tt accurs commonly as Coarse, granular, 

cor massive aggregates and rarely, as pseudacubic crystals, 
Cryaite forms mainly in 

certain granites (0258-59) 

‘and granitic pegmatites (0260, 

The largest deposi of cryolte, 

ativigh, Greenland, isnow ryote in avation 

exhausted, Lesser amounts Sm 

are found in Spain, Russia, 

and the USA, ‘navaton tram tres 


MINERALS | HALIDES 109 


PROFILE Tange igen 
as oe 
i209 


Wa Perec octane 
at concoial 
Bh wns 
2 vveous 


Pacer, 
FLUORITE 


‘An important industrial mineral, fuorite used to be 
known as fluorspar, The name fluorite comes fram the 
Latin word fluere, which means "to flow" reference 
Pink octadran ts Use in ron smelting to improve the flilty of slags 
ia so ae and the refining of metals. Fluorite commonly occurs a 
fon vibrant, well-formed crystals. single crystal may have 
zones of dfferent colors that folow the contour af the 
Crystal faces. Fluorite crystals are widely found in cubes, 


aay ‘eter erste ries 
— pa rad rs 


reso ‘massive, granular, or compat 
Fluorite occurs in hyerotheral 


deposits and as an accessory 


seats ‘miner in intermediate ntusive and 
ra siica-rch rocks. tis used in the awe stm 
‘rua manufacture of high-octane fuels Yerso 


‘and steel andin the production ji esto ua 
of hydrofluoric ai ‘ 


for packet-based fronthaul transport networks and the 
19143 standard for radio over Ethernet encapsula- 
tions and mappings [39, 40]. These standards focus on 
the fronthaul interface within the RAN between base- 
band units (BBUs) and remote radio heads (RRHs) 

to support novel RAN architectures like C-RAN, and 
antenna techniques like MMIMO and coordinated 
multi-point (CoMP) transmission and reception. The 
projected completion dates for these standards are 
‘August 2018 for 1914.1 and October 2017 for 1914.3. 


IEEE 1918 is the Tactile Internet Working Group. 
‘This working group is currently developing the 1918.1 
standard, which defines a framework for the Tactile 
Internet [41]. The purpose of this framework is to 
establish a basis for the rapid development of the 
‘Tactile Internet as a 5G and beyond application, with 
the expectation of additional IEEE 1918 standards to 
follow, The projected completion date for the 1918.1 
standard is October 2018. 


With respect to IMT-2020, IEEE may seek to 
expand the role of WLAN in 5G as a complemen- 
tary radio interface for next-generation HetNets, In 
September 2016, the IEEE 802.11 working group 
sent a liaison statement to 3GPP TSG RAN and 
‘TSG SA inviting them to consider the use of IEEE 
802.11-based WLAN in unlicensed spectrum asa 
complementary means of meeting the performance 
requirements of IMT-2020, potentially leading to 
inclusion in a joint submission to IMT-2020 [42]. This 
approach would be a logical extension of the increas- 
ing level of interworking between LTE and WLAN 
in recent standards releases. WLAN is already widely 
used in 3GPP networks for high data rate offloading. 


Recent enhancements in radio-level interwork- 
ing have increased the efficiency of these networks. 
Enhancements include LTE-WLAN Aggregation 
(LWA) and LTE WLAN Radio Level Integration 

with IPsec Tunnel (LWIP) in 3GPP Release 13, with 
further enhancements in 3GPP Release 14. Although 
3GPP declined to make a decision at the September 
2016 plenary meeting, the concept ofa potential joint 
submission could represent a novel approach to IMT- 
2020. In contrast, previous generations of IMT saw 
IEEE in competition with 3GPP, with the submission 
of the IEEE 802.16 WiMAX family of standards to 
IMT-2000 and IMT-Advanced as a direct competitor 
in the 3G and 4G markets. 


Conclusion 


‘This article provided an introduction to major tech- 
nology trends in the emergence of next-generation 5G 
mobile networks. These networks are expected to see 
initial commercial deployment starting around the 
year 2020. Early 5G standardization activities in the 
ITU, 3GPP, and IEEE were addressed. 


For further information on the latest developments 
in SG, the interested reader is directed to the follow- 
ing resources. ITU publications for IMT-2020 can 
be found on the IMT-2020 web page [24]. Notable 
documents include the ITU vision for IMT-2020 [19] 
a well as the technical performance requirements 
for IMT-2020 (scheduled for completion in February 
2017). The 3GPP web site (www.3GPPorg) is the most 
direct source for 3GPP-related technical information. 
3GPP press releases provide high-level summaries of 
ongoing standards activities and often include links 
to more detailed further reading, The latest versions 
of the 3GPP TR and TS documents mentioned in this 
article can be accessed there as well. Information on 
the IEEE 1914.1, 1914.3, and 1918.1 standards can be 
found in the approved project authorization request 
(PAR) documents (39, 40, 41] and the correspond- 
ing working group web pages. Lastly, the Verizon 
mmWave specification is available on the VSGTF web- 
site (www.5GTEorg). This pre-5G specification defines 
layers 1 to 3 of an open radio interface using a docu- 
‘ment structure similar to that of LTE. 


The Next Wave | Vol-21 No.3 | 2017 | 11 


FEATURE 


110 MINERALS | HALIDES 


ma 
Open 

Wa Patecteudc 
conenoiat 
Bh ne 


2 vveous 


| HALITE 


Culinary rock salts 

from the Greek word hal, which means “sal: 
colorless whit, gray, orange, or 

‘cutie nate nurvescunic | be bright Blue or purple. The orange colar cames fram 
yalsan octane inclusions of hematite (o 91), while the blue and purple 

colors indicate defects in the crystal 

structure Hale is commonly found in 

‘massive and bedded aggregates as 

rock salt. It also occurs in coarse, 

staline masses or in granular 

‘and compact forms. 
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SYLVITE 


Millions of tons of syvite are mined annually forthe 
‘manufacture of potassium compounds, such as potash 
fertilizers, Sy is aleo used to manufacture metalic 
potassium, The mineral was frst discovered in 1823 
Mount Vesuvius, tal vere occur a encrustations 
cn lava, The name syite comes fom is Latn medicinal 
name, sl dlgestuus Sy, hich means “igestive sal” 
nd ls known as syne. Usual colores to white or 
grayish, syvte can be tinged 
Sue, yellow, purl or ed Syte 
crystas are cube, octahedral 
or both. commonly occurs as 
crusts and as cura, anus, 
of massve ogress 

Syvte is found in thick beds 
either mixed or nerbeced wth syte erizer 
‘halite (9.110), gypsum (p-13¢), and Shope Lswpas iver 
oiherevaporte mneraés, although mm ud fee 
itsrarer nan nal. heaton 
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CALOMEL 


‘Amercury chioride, calor ts 
wm means "honey" et taste, 
athough iti, nfact, toi. Clomel le refered oa 
horn qulcksiver and tom mercury. Specimens ae sof, 
heavy, and pasticike, with crystals that are pyar 
tabular, or prismatic, often th complex twinning. Come 
Cotimel i mat s aso founda crusts and can be massive an earthy, 
ee tfuoresces rick ed 

zones of mercury bearing depos, together with native 
‘nereury, cmaba (9.56) sete 102, and calc 211) 
twas Used aa laxative and a csnectant as wel asin 
the trestment of syphilis rom the 1th century unt the 
ety 2tn century, when te tonic effect of re mercury 
Component was decovered. Calomals use asa teething 
power Brian was suspended ony 195, folowing 
tdespreed posonng kis stil used as anos of mercury 
and mnsectdes and ingeides. 
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CARBONATES 
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There are approximately 80 known carbonate minerals. Most of them 
are rare, but the common carbonates calcite and dolomite are major 
rock-forming minerals. Carbonates form rhombohedral crystals and 
are soft, soluble in hydrochioric acid, and often vividly colored. 


COMPOSITION 
All carbonates contain the carbonate 
‘raup C032 the basic campastianal and 
structural unt, This group has a carbon 
‘atom in the center of an equllateral 
triangle of oxygen atoms, ving rise to 
the trigonal symmetry of mary carbonate 
‘minerals. This basic unitis joined by one 
‘or more metals or semimetals such as 
calcium, sodium, aluminum, manganese, 
barium, ane, and copper. 


eo Era 
bien ones 


Caleiteerystalsructure 


‘OCCURRENCE 
Calcite and dolomite are found in 
sediments such as chalk and lester 
‘They also occur in seashells and coral 
ree, in evaporate deposits, and in 
metamorphic rocks, such 35 marble. 
other carbonates, such as rhadechrosite, 
azurite, and malachite, ae principally 
secondary minerals 


uses 
The carbonate minerals calcite 
and dolomite are important in 
manufacture of cement and building 
stone. Other carhonates find uses a 
‘res af metals: wtherite of barium, 
strontianite of stroniuny siderite of iran; 
‘hodochroste of manganese, smithsonite 
(of zinc; and cerussite of lead 
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CALCITE 


The most common form of calcium carbonate, calcite 
| known for the variety and beautful develonment of its 
crystals. These accur most often as scalenohedra and 
suterty win 0, ‘ate commonly twinned, sometimes forming heart-shaped, 
‘ental ee butterfly twins. Crystals wth chomchedral terminations 
are also common; those with shallow 
rhombohedral terminations are called 
railbead spar ighty transparent calcite 
's calles optical spar. 
Although calcite can form 

spectacular crystal, tis usualy 


Pils massive, occuring ether 25 
mone cate marble (:307)or a imestone 
Sonera (2.9, aso found as fers, 

odes stalactites, an earthy 
scatnahedion aggregates. Calcke specimens Albaster sp 
oe can occurinmetamerpric—Yulalatcertegin 
eowayal epost, neous rocks, and (Seta mate me sal 


hydrothermal veins. Sno, wasactaly ata 
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ARAGONITE 


Although aragonite hes the same chemical! compostion 
ascalaite (11) ts crystals are oferent. They are tabular, 
prismatic, or neeclelte, often with steep pyramidal or 
Chisel-shaned ends, and can form columnar or radiating 
imepownenntasnes | Spuregates, Multiple twlmed crystals are commen, 
aiengmte appearing hexagonal in shape. Athough aragonite 
sometimes looks similar to calete, easly 
cistingushed by the absence of hambohedra 
cleavage. Specimens can be wfte, 
coloress sry, yellowish, green, 
bie, redsh, violet, or brown, 
‘ragonte's foun in the 

cxiized zones ot ae deposits 
- andin evaportes, hot spring 

deposits, and caves, ts also 


yee tin 


tse" | foundin some metamorphic and 
‘sapnte | igneous rocks, Banded stalectitc 
onicawn | aragonite can be polished asan  {mulnngmnma ts 


- S| ornamental stone ttamarnerrolis sal 
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WITHERITE 


This barium carbonate was named in 1790 after the 
English mineralogist Wiliam Withering, Witheite is white, 
coloress, of tinged yellow, brown, or green. its crystals 
are always twinned, either as prisms which appear 
hexagonal in shape, or as pyramids, which are frequently 
paired. They can also be short to long prismatic or tabular 
‘and may have striations running across the prism faces 
\Witherte can also be fibrous, botryoidal, spherulr, 
columnar, granular, or massive 

‘Most witherite comes trom hydrothermal veins formed 
‘atlow temperatures (up to 400°F/200°0), usually resulting 
fram the alteration of baryte (9.134), Specimens feel 
relatively heavy for their size due tothe presence af the 
Pigh-density element beri, witherit is preferred over the 
‘commonly found barium mineral barite forthe preparation 
father barium compounds because itis more soluble in 
cid, These compounds are used in case-hardning ste, 
in copper refining in sugar refining, n vacuum tubes, and 
inmary other applications. 
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Goa} DOLOMITE 
| An portant rckoring rine dole ned 
ater the ech merlot Déoct Gratet de Dotieu 
: itis colores tow, pale own, grays, ech or 
pink mineral. crystals are commaniy rhombohedral 
fr tatu, fen have caved faces, and comets ctr 
i sacle shaped ageregates. Dolomite maybe stated 
herizontaly and ted. Some crytals maybe up fo 
2in Ger long. can also be coarse to ne gran, 
massive en ay, us 
‘Dolores the main consttuentin dolomite rocks 
anc colori marbles. occurs aa replacement depost 
inimestone (39 atfected by magnesium bearing 
soktions, ntl iss, an in oer magresum ih 
metarorpic ots Dolor ound in eet her 
veins esodted wth lee, tn, and copper ores ts 
ais feud altered c-poor avs rocks n some 
Cartonattes (2272, adn seperins (298) Crysis 
of dolomite equertiy form in caves i imestone 
sndimable (p20, 
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MAGNESITE 


This carbonate of magnesium tetes its name 
from its magnesium component. s generally massive, 

‘amet fibrous, chalky, or granular. Distinct crystals are 
rare, but when found they are either rhombohedral or 
prismatic. Most commonly white or light gray, magnesite 


sienbtieasinageain | cabo yotow or brownish wen on subsists for 
Eerarersacrae” | some ofthe magnesum 
al apres forms mai asan aration product n 


‘magnesium rocks, such 35 penidotites (9.266), t can 
occur a a primary mineral in limestones (p 319) and talc 
‘or chlorite schists, in cavities in volcanic rocks, and in 
‘oceanic salt deposits. [ts also found in some meteorites 
(99.335-37). An important source of magnesium, 
magnesite is used as a refractory material, asa catalyst 
2nd filer inthe production of synthetic rubber, and inthe 
‘manufacture of chemicals and fertilizers. Magnesium 
derived from magnesite is allayed with aluminurn, zine, 

‘or manganese for use in aircraft, spacecraft, road 
vehicles, and household appliances, 
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CERUSSITE 


Known since antiquity, cerusste is named after the 
Latin ward cerussa which describes a white lead pigment. 
After galena (p.54, itis the mast cammon are of lead. 
CCerussite is generally colorless or white to gray, but may 
be blue to green due to copper imaurties. ts crystal habits 
are highly varied. Cerussite farms tabular or pyramidal 


crys 


is or, sometimes, twins that may be star-shaped 


or reticulated (netlke) masses, Frage aggregates of 


randomly grown prismatic crystals 
known 3s ack-straw cerussite are 
‘also common. The adamantine 
luster of cerussite crystals is 
particulaly bright, 

‘Avwidespread secondary mineral 
that occursin the aidatian zones af 
lead veins, cerussite is formed by 
action of carbonated water an ather 
lead minerals, particularly galena and 
anglesite (2132). 
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AZURITE 


‘A deep blue copper carbonate hydroxide, azunt= 
was used as a blue pigmentin 1Sth- to 17th-century 
art and probably inthe production of blue glaze 
nt Egypt. takes ts name from the Persian werd 
huward, which means “blue.” Azurite forms elthe 
tabular or prismatic crystals with a wide variety of habits. 
Tabular crystals commonly have wedge-shaped 
erminations. Azurite forms rosette-shaped crystaline 


ade crystal 


sve, stalacttc 
bbotryaidal forms. Wel- developed crystals 


fey at 
aK tae ihe oan oct 


cabochon gemstone 


cfr arma 
sometimes called chess 


Chessy, France : 


MINERALS | CARBONATES 121 


incl Z arya cae 
wa 
ae 
Wa Perec roar 
HB uneven 

Bh vnc 


2. wweousto peat 


Spactacuar etal 
‘he geupet resort 
ces en ante uare sae 


{[vanians fp A nace, 


RHODOCHROSITE 


A prized collectors’ mineral, rhodochrosie is 
manganese carbonate. itwas given ts name—derived 
from the Greek rhodokhwros, which means “of rasy 
‘olor’—in 1800, Rhodochrasite has a classic rase-pink 
Calor, but specimens can also be brown or gray. It forms 
dogtooth or rhombohedral crystals ike calcite (2114), 


assy orate | butit may also occur in stalactitc, granvier, nodular, 
‘ease car ‘botryodal, and massive habits 


Rhodochrasite Is found in 
hydrothermal ore veins with sphalesite 
(9.53) galena (p54) uorte (2.109, 
and manganese odes. It also 
‘occurs in metamorphic deposits 
and as a secondary mineral in 
secimentary manganese deosts, 


Abundant stButte, Montana, hodochrasite carvings 
ned modoenroatesvet, | and other localities, rhadachrosite Tusetwo cecoraive 
Sreryredco peat eee ced ce ete aickswere canadian 
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ANKERITE 


Considered a rock-forming mineral, ankeite is 
calcium carbonate with varying amaunts of iran, 
‘magnesium, and manganese in its structure. I was 
ramed in 1825 after the Austrian mineralogist MJ Anker. 
Although usualy pale butt in color, ankerite can be 
colorless, white, gray, o brownish. Much ankerte 
becomes dark on weathering, and many specimens are 
fluorescent. Ankerite forms rhombohedral crystals 
Similar to those of dolomite (2117), often with similarly 
curved faces forming saddle-shaped groups; ftcan also 
form prismatic crystals. However, ankerite is more 
commonly massive or coarsely granular. 

‘Ankerite forms as a secondary mineral from the 
‘action ofron- and magnesium-bearing fluids an imestone 
(6.319) or dolomite rack (420). tis a waste mineral in 
Fhycrothermal are deposits andl aso accurs in carbonatites 
(9.272, low-grade metamorphosed iranstones, and banded 
lronstone formations (p 229) Ankerite sais found in ron 
lore deposits with siderite (9.128, 
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SIDERITE 


Aan ore of iron, siderite takes its name fom the 
ek Ward sderos, which means “ran” Formerly 
ienawn as chalyite, siderite can form rhombohedral 
crystals often with curved surfaces. The mineral can 
‘ko form Scalenohedral tabular, or prismatic ey. 
Single crystals up to in (1Sem) long are foun in 
Quebec, Canada However, siderite fs mre commonly 
massive ar granular and Sometimes botryoidal or 
flobular inhabit 
‘Awidespread mineral, siderite occurs in igneous, 
sedimentary, and metamorphic rocks. in setimentary 
rocks, siderite accurs in concretions (2.389 and in thin 
beds with coal (.259) seams, shale (3 
Wel-fored crystals are found in nycrothermal 
‘ens and in some panic and syentic pegmattes (260) 
‘An outcrop of sdertorgnally mined for on by American 
Single sta as Colonist stil visible at Raxbury, Connecticut Rare 
iano ge transparent siderite Sometimes cut as gemstones, 
¥ for collectors. 
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SMITHSONITE 


{an ore of zine tat continues ta be fequently mined 
Smthsonte may have provided the zine component of 
txassin ancient metalrgy. Specimens can be of various 
colors, such yellow, orange, bow, pink lise, white, 
say, green, and blue, Although sathsonit rarely forms 
Crystal, when found hey are primate, rhombohedral 
ar scalenohecral and often nave curved faces. A zine 
Carbonate, smhsonite commonly occurs a= 
te smuvonte mss | massive, botryoda, spherdlar,or 
stestyaminsetens” | aigcttc masses, or sometimes, 
ashoneycombed aparegsts called 
dry-bone or. 
‘mithsonte is common mineral 
found the axidation zones oF many 
zinc oe deposits and inacjacent 
Calcareous rocks. is often found eabosten 
‘with malachite (9.125), azurite (120), Sotsmineenta is 
‘Pyromorphite (p.151), cerussite (p.119), wasn tana 


‘and hemimorphite (9.227) reece 


MINERALS | CARBONAT 125 
PROFLE 
Pomme J 


Ti rue een 


2 Asamanine 0 thy 


VARIANTS (a. cu,c0,(0H, 


MALACHITE 


Possibly the earliest ore of copper, malachite 
believed to have been mined inthe Sinai and eastern 
deserts of ancient Egypt from as early as 300Qnc«. Single 
crystals are uncornman; when found, they are shart to 
ong prisms. Malachite i usually found as botryaidalo 


encrusting masses, often with a radiating farous 
banded In vara 

as delicate fous aggres 
ded sala 

Malachite oc 


a s shades of green: [t also occurs 


concentrically 


sounts of azurite (9120), ts 

primary valued as an arnamental 

‘material and gemstone, Single 
that 


ed upto Polshed malachite 


1 tans were found in the 
Ural Mountains of Russ 
the 19th century. 
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BORATES 


Borate minerals are compounds containing boron and oxygen. 
‘Most borate minerals are rare, but a few, such as borax, ulexite, 
colemanite, and kernite, form large, commercially mined deposits. 
Borates tend to be soft and either white or colorless. 
‘COMPOSITION = 

Structural, baran and exygen may fer a 

triangle (80;) or tetrahedron (B04), each 

with @ boron atom. These structures 


suchacsodum nboraxand calcu 
Colemanie. Baiesterdio contain weer ese 
molecules oranyerary (OH goup which TSeacia 


Structure Some brates cntain both 


activity flow into a closed asin, where 

easeaoe evaporation takes place. Basin deposits 
usualy occur in desert regions such as 

wer the Mojave Desert and Death valeyin 
Cala. Borex, ulexte, and colemsnite 
occur inthese evaporate deposits. nthe 
second environment, borate minerals are 
‘ormed as result of rocks beng tered 
by heat and pressure st relativey high 
temperatures (,065°F/575°C or above) 

Borates are used as pottery glazes, 

Solvents for metal-onde slags in metalurey, 
welding fuxes, fertilizer aditives, soap 

crystal structure of orate supplements, and wte sftenes. 


‘OCCURRENCE AND USES 
Borates sppear in two geologic reworks 
environments, inthe fist, borate-bearing coreowes ta 
solutions that result rom volcanic ‘eeeenceused 


Tera omedam cge 
Cate, Usk szincealy 
produced xara 
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r] BORAX 
Monocinie ‘An important source of boron, borax hasbeen mined 
ren since ancient times. A hydrated sodium borate, borax's 
mee colorless crystals dehydrate in ito became the chalky 


‘mineral tincalconte. Specimens can also be white, gray, 


eee pale green, or pale blue. Borax has short prismatic ta 


By cona fender ental, ahugh commercial depos ts 
B woe ‘predominantly massive. 
[2 vinoswewey | sores an vapor fomed 


ln ty lake beds wath hate (p10) 
and other borates and evaporite 
sulfates and carbonates. it 

's used in metal-casting and 
steel-making. Motten borax beads 
‘were historically used to test the 
‘composition of ather minerals— 
powdered minerals were fused oon soap 
‘with the beads, and color change STB ees 
Inthebeads revealed what the Earns et 
‘minerals contained, 


lente see 
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- 


ULEXITE 


{An important economic borate mineral, lenis 
rameter the German chemist George Lc Ulex, who 
determined its compostion in 1850. Ris eter colorless 
or white an hes a numberof abt. tis commaniy found 
"nodular reurded, or ensike crystal aggregates, which 
atten resemble balls of cotton, Less commonly, ete 
is found in dense veins of paral fvers known as 
television stone because the bers transmit frm one 
trou enpiasrasiel | end of the crystal othe other Ute 
asuetecrsaeet | a9 gccusin radiating or compact 

aggregates of cysts 

eis four in pay 


lakes and other evaporite 
basins in deserts, where 
itis derived tram hot, 


boron-rich fluids. The mineral Televison stone 
commonly occurs with colemante ATR ope ot 
(6.130, anhydrite (2133), and Deo tule 
slauberite (0149). anan age 
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HOWLITE 


ore ‘Named in 1868 after the Canadian chemist, geologist, 

| mae and mineralogist Henry How, howite is @ calcium 

| im 2s borosilicate hydroxide. It generally forms caulffowerike 
vere dur masses. The nodules are white, with fine gray or 


black veins of other minerals running across in an erratic, 
| EB corenolaatouneven | ten weblke patter. Crystals ae rare, but when 
| ae fund they ae tabular and seldom exceed 

2 subviveous in (em in length. When dyed, howite 
———" specimens resemble and are sometimes 
Sold as turquoise (p15 although they 
‘are easly dstinguished by thelr inferior 
hardness and lighter color. 

Havwite usualy occurs 

associated with other boron 
‘minerals, such as kemite and 
borax (p.127). tis easily fused stained nowite 
ands used to make carvings, Pstumtleplercard 
Jewelty components, and ater 
decorative items, 
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COLEMANITE 


‘An important source of boron, colemanite was 
named in 1884 after Wiliam Coleman, the owner of 

the mine in California where it was discovered. tis 
colorless, white, ylowish white, or gray. Colemanite 
‘occurs as short prismatic or equant crystals in nodules 
lors granular or coarse, massive aggregates. tis usually 
‘massive in commercial deposits, but individual crystals, 
‘upto Bin (20cm) long have also been found, 


CColemanite i found in playas 
and other evaporite deposits, 
where it replaces other borate 
‘minerals, such as borax (p27) 
‘and ulext (p.128), which were 
originally deposited in huge inland 
lakes. Sorasiicates derived from 
ccolemanite and ather minerals 
‘are used to make glass that is 
resistant to chemicals electricity, 
and heat. 
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SULFATES, MOLYBDATES, 
CHROMATES, anp TUNGSTATES 


‘Sulphates, molybdates, chromates, and tungstates share similar 
structures and chemical behavior. Sulfates are soft and lightweight, 
chromates are rare and brightly colored, and tungstates and 
molybdates are dense, hard, brittle, and vividly colored. 


‘COMPOSITION ante estas 
Sulfate minerals h 


‘OCCURRENCE 
sulfates, such a 
in evaporite deposits, others, such as 
barite, mainly occur in hydrathermal 


itof th 
and tung 


ins. Many tungstat 
hydrathermal 
CChromates and moly 


ntain a Crd, group, th found as secondary minerals, 


ites an MOO, group, af 
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ANGLESITE 


"Named in 1822 after the large depos otis mineral 
founcl on te isfand af Anglesey in Wales, anglesite is 
coloressto white, grayish yellow, green, or be anc 
often fuoresces yelow unde trae grt commonly 
tccursinmassive granular, or compact forms. thas a 
umber of erystal habs tin to thick tabula, prismatic 

Pani eysals ries | paeudochombohacal, nt nyaridal with svstions 

iad ocak ‘along the length. Exceptionally large 
sairrvoustr | erystls—up to tin Oem ong 
have been foun 
Used since ancient times as an 

ore of ead anges forms inthe 

cic epost. ts 

an ater of galena p54), 

formed when galena comes nto 

contact with slate solitons. ovat angeste 

singe crtatessi | Anglesite sometimes foundinSsteaart anes 
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ANHYDRITE 


‘An important rock forming mineral, annycrte 
Isa calcium sulfate t takes its name from the 
Greek word anfycrous, which means "without water” 
Anhydrite is usualy colorless to white, Specimens 
‘can also be brownish, reddish, or grayish or pale 
shades of pink, blue, of volt. Individual crystals 
‘are uncommon, but when found they are blocky or 
thick tabular. Crystals up to ain (10cm) long come 
from Swiss deposits. Antiycrite is usually massive, 
granular, or coarsely crystaline 

‘Antyatite is one of the major minerals in evaporite 
deposits and commonly occurs in salt deposits associated 
‘with hate (.110) arc gypsum (9.134. ttaters to ayasum 
In humid conditions. anhydhit is often a constituent 
tf cap rocks abave salt domes that act as reservoirs 
for natural al. tt also occurs in voleanic fumaroles and 
In seafloor hydrothermal “chimneys Anhydrite is used in 
fertilizers and 3s 8 crying agent in plasters, cement, 
paints, and varnishes, 
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BARITE 
‘The barium sulfate barite takes its name fram the 
Greek word barys, which means “heavy’—a reference 
tots high specific gravity thas also been called heavy 
spar. Sarit crystals are sometimes tinged yellow, blu, 
‘ockscomb tite cscart | gr brown, Golden barite comes from South Dakota 
Sanreangensorseris | Crystals are well formed, usualy ether prismatic or tabular. 
CCockscomb (crested aggregates) and desert roses rosette 
‘ggregates) of crystals are common, Transparent, blue 
barite crystals may resemble aquamarine but are 
OF distinguished by their safiness, heaviness, and crystal 


Shape. Barite can also be 
Stalacttic,stalagmiti, fibrous, 
coneretionary, ar massive, 
anit sa comman accessory 
‘mineral in lead and zinc veins 


itisasofoundin sedimentary arte gemstone 
‘TOCKS, clay Geposits, marine peri erds og 
deposits, and cavities in eaten ee 


Igneous rocks, foresocare 
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CELESTINE 


Often light blue in color, celestine takes its name from 
the Latin ward caelestis, which means “heavenly’—an 
allusion to the color af the sky. Specimens can also be 
colorless, white light red, green, medium to dark blue, or 
‘brown, Celestine crystals are commonly more than din 


colesscaestine (ocr long, Wel-formed, transparent, ight. to medi, 
Mente csetescysison | blue, tabular crystals are common and some have been 


known to reach more than 30in (78cm) in length. Crystals 
‘can also be blacky, bladed, ar frm elongate pyramids, 
Celestine may also be massive, 
fibrous, granular, or nodular in habit 

Celestine forms in cavities in 
secimentary rocks (9p:306~33), 


sng cnet te.sue | commonly occurs mn evaporte 


= deposits and can also be 
precipitated directly from collectors gem 
Seawater Itcan accasionaly Cees sotto 


frm in hydrothermal deposits. 
Celestine snore of strontium. simaseraters 
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MELANTERITE 


A hydrous iron sulfate, melantenite takes its name 
‘rom the Greek word melas, which means “sulfate of 
ron” Melanteit is the iron analog of the copper sulfate 
calcanthite, the two minerals having similar molecular 
Structures. Most specimens of melanterte are colorless. 
to white but can become green to blue 8s copper 
increasingly substitutes for iron, Melanterites generally 
foundin stalacttc ar concretionary masses and rarely 
forms crystals. When crystals occur, they are short 
prisms or pseuda-actahedrons, 

Melanterite is a secondary mineral formed by the 
‘oxidation of pyrite (p62), marcasite (.63), and other 
Iron sulfides. is frequently deposited on the timbers 
fof ald mine workings. Melanterte also occurs in the 
altered zones of pyrite-hearing rocks, especially in 
arid climates and in coal p.253) deposits, where it 
‘san alteration product of marcasite. ron sulfate is 
used in water purification as a coagulant and also 
asa tertilzer. 
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BROCHANTITE 


Ahydrous copper sulfate, brachantte is emerald 

a nor blackish green in colar, wi 
French geologist 

who was the frst pupil admitted 

Paris, and who later became its 

ology and Mines, Brochantite usualy fers 


Professor of 


elke crystal 
fin length. Twinning fs comm 
crystals. Brachantite is also found in tufts and cru 
crusts and as fine-grained masses. 


Which rarely exceed 


Brachantite forms in the axidation zones of copper 
deposits, especially those that accur inthe arid re 
of the word. In these regio 

ciated with a 
‘ther copper minerals. in Arizana, and Chile, the 
‘mineral is abundant enough to be an are ofc 
cimens of brachantite came from Namibia, 
‘Arizona, where prismatic crystals may 


exceed ain (tr) in length, 
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EPSOMITE 


Epsom salts is the common name for this hydrated 

‘magnesium sulfate mineral twas frst found around 

springs near the town of Epsom in Surrey, England, and 

was named after that locality in 1805, fis colorless, white, 

pale pink, or green, Epsomite crystals are rare; when 

found, they are either prismatic or fous, Easomite 

usually occurs as crusts, powdery ar 

\woolly coatings, or sometimes as 

‘botryoidalorrenfocm masses. 
‘Magnesium sulfate occurs 

in solution in seawater, saline 

lake water, and spring water 

When the water evanorates, 

found with 

oa (p.253), in weathered 

‘magnesium-rich rocks, sulfide ore 

and dolomite (220) 

and limestone caves. ‘tual ve 
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GLAUBERITE 


This mineral was named in 1808 forts sirmlrty 
tw another chemical, Glauber’ salt, which in turn was 
hamed after the German alchemist Johann Glauber. 
Giauberte (sa sodium calcium sulfate It can be 
colorless, pale yellow, redclsh, or gray and is surface 
‘may alter to white, nowdery sodium sulfate. Crystals 
can be prismatic tabular, and diayrarical, ll with 
combinations of forms and all of which may have 
rounded edges. Glauberite crystal nseudamorphs form 
when ather minerals, such as calcite (2114) and gypsum 
((.136, replace it Glauberite has a slighty saline taste, 
turns white in water, aid fuses to a white enamel 

‘This mineral forms under a variety of conditions. t 
's primaniy an evaporite, forming in both marine and 
salt-lake environments. Itis also found in cavities in 
‘basaltic igneous rocks and in volcanic fumarales, Males 
‘and casts of quartz (0.168) and prehnite (9.205) formed 
‘om piauberite are frequently found in basalt cavities 
In Patterson, New Jersey, USA. 
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CROCOITE 


One of the most eye-catching of minerals, 
s bright orany s itsname from 


ne Greek ward érdtos, which means “saffron.” Crocote 


prismatic, carimanly squa 

gated, and sometimes cavernous oF 
rallow. They may wath and may 
arely show distint terminati usually occur 


jated along their 


random intergrown 


0 ligh translucence and brilliance of the 


type erocoke 


are required for its formation. tt isthe atficil mi 
emblem of Tasmania, w 
si g and having a brian luster and 
found. Crocot is identical in composition tothe pin 
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WULFENITE 


‘The second most common moiyb 
rmolybdenite, wuifenite was named afte 
Austro-Hungarian mineralogist, n 184 
specimens varies and can be yellow, ed, 13), oF 
‘brawn, Wulfenite usually forms as thin, square plates 


‘ir cymas craton or square, beveled, tabuar crystals. Crystals sometimes 
show afferent terminations on each end, probably due 

ning, Bright, color, and sharply formed crystals 

popular wit collectors. wulfenite also occurs in 

earthy, and granular forms. 

Wulfenites a minor source of molyadenum. Tungsten 

" 5 forthe molybdenum, although in most 
% itis present only in trace amounts, Wuifenite 


of 


ed cla tent dary mineral formed inthe oxidized 20 
gee eal lead and molybdenum deposits, and it occurs wit other 
minerals, neluding cerussit (0.119, pyrernerphite (p 
vanadinite(.15). ts relatively widespread and 
foundin superb crystal, occasionally upto in 
nan edge 
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HUBNERITE 


Named after the German mineralogist Ao 
who frst described tin 1845, habnerite is an img 
cf tungsten. tis found as 
fr fattened cry 
rwinned. It can also form groups of 


crystals or racianing groups. Hutnerte ls peneraly reddsh 
veto ston oe ane 
2 suongaizawmentne | change color when 
= different direct 
ntemalrefecton 
abet ste manganese 
end member oF amanganece 
Sli-slution sens. occurs in 
frente pegmattes (2260 arn 
thermal ens at high terperstures 
(106575750 or above. The 
mineral aso recove 
aluvial gravels, ni 


crystal, ican 
ye fram 
and show strong 


can concentrate, 
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Ferber crystal 


PROF Ba rewo, 
] FERBERITE 
men tines was amed Bt afer Metz RugOph 


German industraist and mineralogst. Ferberite 
lors black crystals, which are commenly elongated or 
fattened with a wedge-shaped appearance. Twinning 


eels and striations are common in 
Lie tals. Ferberte Is also found 
22 suet as granule mass 
Ferber the on end 


‘member ofa solid-solution series 

it forms with hibnerite (2.148, 

the manganese end-member, 
ther, they constitute 

he mineral formerly called 

wolframite, erberite oc 

i hydrothermal veins thigh Tungsten steet 

temperatures (1,065°F/ 575°C of meet 

‘bove) and in granitic pegmatites 

(9.260) with other minerals 
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SCHEELITE 


‘Named in 1621 ate the Swesish chen nee 
scheelte is calcium tungstate. ts crystals are generally 
pyramidal and twinned but in granular o 
massive aggregates, regular masses of cores, 
stay orange, or pale brown scheelte can be dfcult 
ot, but hey fluoresce vivid blush white under 
a shortwave ultraviolet ght, Scheele is sometimes 
associated with native god (p42, and is orescence 
s used by geologists in thei search fr gold de 
Scheelte commonly accurs 
in contact with metamorphic 
deposits, nyereral ens a 
formed at 
pestF575 
enon in grant egmattes 
aque crystals Weighing sent ut sehesite 
up to 15%lb (7kg) come fram eaten 
cheelit is a major fowl ont 
tungsten tremor 
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PHOSPHATES, VANADATES, 
AND ARSENATES 


The phosphate, arsenate, and vanadate minerals are grouped 
together because their crystal structures are similar. The phosphates 
are the most numerous of the three groups, with more than 200 
known minerals. 


COMPOSITION ‘OCCURRENCE 
Phosphates contain phosphorus and sphates usualy crystal 
‘oxygen ina 1 ratio, written as PO, The is luds derived from 
ctasasingle unit that crystallization; secondary phosphates, 
ith other elements ta nary pho altered in th 
arsena resence of water, and rack phospha 
from phosphorus-bearing organic material 


abasic arsenic 


uses 


Phosphates are of 


colored. Vanadates rs. Vanadates are 

same type of stuctural minor oes af vanadium and have no 
portance, The only 

camatte, an impartant 


edra as the phosphates and 
arsenates, written as VO. The structures 
dates are and these 
rminerats are relative 


‘colorado Plates 
Spree across the colorado 
lta este Cuca Un, 
‘Setters cost ofa 
is phosphate of anu, 
‘atm and paras 
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APATITE 


A series of calcium phosphate minerals st ciferin 
Composition re known as apatites, The name apatite 
's derived rom the Greek apate, which means "deceit’— 
a reference to its similarity to crystals of aquamarine, 
‘amethyst, and olvine (0-232) Apatite can occur as green, 
‘ue, volet-blue, purple, coloress, white, yellow, pink, or 
rose-red specimens. lithe apatites are structurally 
‘similar and are commonly found as transparent, 
well ormed, glassy crystals andin masses or nodules, 
Crystals are short to long prismatic, thick tabular, or 
prismatic wth compe forms. 

‘Apatites accur in marbles 
(.30%, skams (9.302), and 
‘other metamorphic racks Rich 
deposits af apatite also occur 
Insedimentary rocks, Asan ——_Stepea gematone 
accessory mineral, toccursina WME sRe settee 


Imaonueanensecrmn | iderangeotigeausrocksand Stiga. ry 


in hydrothermal veins Fastecanecheped 
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AUTUNITE 


Teragona A popular collector's mineral, autunite isa calcium 
wen Uranium phosphate. Greenish ar lemon yell in colo, 
iaves autunite specimens fluoresce green under ultraviatet 
ii ratos boat light. Crystals of autunte have a rectangular or octagonal 
HB uneven cutie. Coarse groups are found, but scaly coatings are 


‘more common. Autunite is also found as erusts with 
cystas standing on edge, ging serrated appearance, 
‘Autunite is named after Autun, France, where this 

‘mineral was discovered. ts formed in the oxidation 
zones of uranium ore bodies as an alteration product 
(of uraninite (89) and other uranium-bearing minerals, 
Italso occurs in hydrothermal veins and in pegmatites 
(0.260), Since autunite contains uranium and is, 
radioactive, It must be stored carefully and handled as 
litte as possible. When mil heated, tetragonal autunte 
deiydrates into orthorhambie meta-autunite, Most 
‘museum and colector specimens of autunte have been 
‘converted to meta-autunite. A molst atmosphere helps 
prevent dehydration 
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MONAZITE 


‘The monazite group consists of tree diferent 
phosphate minerals, al sharing the same crystal struc. 
The most widespread is monazte (Ce, cerium phosphate, 
whichis yelowish or ecdsh brown to brown, greenish, or 
onan ragment tri | nearly white. Monazite-(Ce) forms prismatl, fattened, 
sr errs orelongated crystals, which are occasionally large, coarse, 
see ‘and commonly twinned. Two other species of monazite 
are monazite-(La, which s anthanurn 
phosphate, and monazite-(Nd), 
\which fs neodymium phosphate 

Monazite is a common 
accessory mineral in granites 
(258-59) and gneisses (2.288) 
and in pegmatite (9.260) and 
fissure veins. Detital monazte 
can accumulate as monaz 
sands, Lanthanum is used ino 
refining. Neodymium fs used for 
coloring glass. 
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PYROMORPHITE 


‘A minor ote of lead but a popular collector's miner 
pyromarphite farms @ continuous chemical series wit 
rich phosphorus and arsenic replace 


rmimetite (.164) in 


‘and morph, which 
its property af becoming 
en melted to a globule. tis dark 
reen, shades of brown, a waxy yellow, oF 


Lume een crystals 


yellow-orange. Crystals mayb 


iter simale hexagonal 
of 


ome crystals exhibit diferent colors 
aifferent directions and some pro 
ity an application of mechanical stress. The 
‘can also be globular, reniform, or granular in ha 
Pyromarphite occurs as a secondary mineral in 
‘tow green estas red zones ofl galena (p54) 
gece (2.102), cerussite (p16), smithsonite (p24, 
sevens and vanacinite (2.185), Pseudamarphs of ayromorphite 
: after galena are common. 


152 MINERALS | PHOSPHATES: 


Torberite crystals 


Teragona 
Wee 

ee 

Wa Perec. 
By rae green 


orcs 


[ VARIANT 


A cwwon,09,9-1040 


TORBERNITE 


‘Named in 1793 after the Swedish mineralogistTorbern 
Olaf Bergmann, tarbernie is a uranium-bearing mineral 
‘and a minar ore of uranium, Torbernite forms th to thick 
tabular crystals that are commanly square in autlne, 
foliated micalike masses, sheafike crystal grou, or 
scaly coatings. Saecimens are bright mi-green, emerald 
green, leek green, o grass green in color. Torbesmite 
'S chemically unstable, and with increased hydration it 
transforms to metatorberite. Infact, all secimens are 
probably metatorbernte ts also radioactive and needs to 
be handled with aparopriate care 

Torbernite i found as a secondary mineral formed in 
the axidation zones af denosts containing uranium and 
copper and is associated with other phasphate minerals, 
Itforms as an alteration product of uraninite (283) or other 
Urarium-beafing minerals, Torbemnite is alsa associated 
with uraninite,autunite (9.149, and camotite (9159) Fine 
specimens accur in Comwall, England, inthe Flinders 
Range of Australi, and elsewhere. 


MINERALS | PHOSPHATES 153 


[| Prorite 


3 


mss 

iasa9 

A oedntvee orectons 
Bh wie ro 2rawn 

22 vveous to resinous 


BE A tin rom.ro.e0% 


TRIPLITE 


‘The first occurrence of triplite was described in 
1813 in Chanteloube, Limousin, France. Although it 

2 fluoridated manganese phosphate, in most triaite 
‘samples iran partaly replaces manganese. Tralte 
takes is name from the Greek word trpfes, which means 
“trple"—a reference tots three cleavages oriented at 
right angles to each other. ts crystals are typically rough 
‘and poorly developed but may have many indisti 

forms. Trip is more commonly nodular or massive, 
‘Specimens may be chestnut brown, reddish brown, 
flesh red, or salmon pinkin color. faltered, they 

‘may be brownish black to black, Translucent crystals may 
‘also exhibit efferent colors when viewed from efferent 
trectians (a phenarmenon known as pleachroism), going 
fom yellow-brawn to reddish brown, 

Tinte is primary mineral in granite pegmatite (.260) 
with complex zones and in some hydrathermal tn vein. 
It may be accompanied by sphalerit (p.$3), pyite (p42), 
‘patie (0-148, and tourmaline (p.220, 
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TURQUOISE 


Cone ofthe first gemstones to be mined, turaicise 

hydrous capper aluminum phosphate. eads made 
a turquoise that date back o ¢S000scx have been 
recovered in Mesopotamia presently aq) Ths mineral 
Usualy occurs m massive or meroerystalie forms. a5 
tien found, they occur 3s shor, often transparent 
brim. Turqiise varies in color rom sky-bie to green 
depending on the mount of on 
Gren rns | ar copper corns 
en ees rane ae “Turquoise” is derived from 

te French word for Tukey” 

because twas fat ranepored 
tpEurape through Turkey 
mineral probably derived fromthe cess sete 
decomacston of apatite (as) hamsoncne 
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6 VANADINITE 


exagnnat ‘A relatively rare mineral, vanadinite is lead chloro 
wa vanadate, The bright red or orange-red colors of 
hao \vanadinte make it poptiar among mineral collectors, 
Gives ‘although itis sometimes brawn, red-brown, gay, 


velloa, or colori. Crystals are usualy inthe form 
af short, hexagonal prisms but can abo be found 3s 
hexagonal pyramids o as Hollow prisms. They can 
2 Asanoine also be needle. Small amounts of callum, 2 
and copper may substhue for lead and arsenic can 

Completely substitute for vanadium in the crystal 
structure to frm the mineral mite (2264) The 
minefal sao found as rounded masses or crust. 

Vanadnte forms a secondary mineral m exci ore 
depots contain ed, fen 
associated wih gaena 050, ama) 
petite (102, bate (3138), “eaapanee 
andwutenite (p43) Vanadum ature seh 
from vanadinite is used to make — St.nardness tn steal 


‘uae temaletigh tes 
strong vanadium steels, feo suchas spare 


BB vneven, bette 
i wn yon 
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roe ‘This mineral was named after Varscia, tne od name 
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Wa eed but rey vise 
‘pinerym masse 
Bh nie 


2 wens waxy 


in cavities produced by the action of 


phosphate-rich waters on aluminous rock 


menanty 
‘occurs in association with apatite (p.148) and wavelite 
(1158). val smstone and 
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VIVIANITE 


‘Named in 1817 af 
Vivien, vivant 


john Henry 
S bladed 
abular crystals Specimens may be rounded, corroded, 
coneretianary, earthy, oF 

0 form starlike groups o 
ssive or fibrous forms. Sometin 
frestily exposed, 


Psat esta eis 


janite becames either pale blue 
to greenish blue or indigo blue on i 
‘xidation. Before the develoament 
‘of modem synthetic chemicals, 
vivianite was the source of the 
ought-ater blue paint pigment 


anit isa widespread 


secondary minera, forming 


cfiron ue ocher 
its Power 
pegmatites (p.260), ‘esciensve parent 


inthe weathered 2 
ore and) 
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WAVELLITE 


‘Named in 1808 attr the emateur Engish mineraogist 
Wiliam Wavel, wavelite is @ hydrated aluminum 
phosphate, Specimens are usualy green but cen also 
be white, greenish white, green: yellow, yllavish brown, 
turquoise-blue, brown, or black. They may exhibit color 
zoning. Crystals are uncommon but when found are short 
to long prismatic, elongated, and striated parallel tothe 
prism faces, Wavelite is commonly found as translucent, 
greenish, globular aggregates of radiating crystals up to 
‘Ain Ger in diameter, as crusts, oras staact deposits 

Wavelit sa secondary mineral that forms in ow grad, 
‘luminous, metamorphic rocks 

ite (2102) nd phosphate 

k deposits and, rarely, in 
hycrothermal veins. tis also 
found inareas where phosphate match production 
rmineralshave been weathered Psp. sate 
in granites (258 and ganic ‘Senet omumetie and 


pegmattes (260), Femgerert fate 
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CARNOTITE 


A ragioactive mineral, acre was edi 1899 
after the French chemist and mining engineer Marie 
‘dope Cama. bight to lemon yelow ar greenish 
yellow, Camotite is generaly found as powdery or 
Feroerystaline masses; tiny, csseminated gains or 
crusts. Crystals are platy, rhombohedral, or thie. 
Camotteis a secondary mineral formed by the 
aeration of primary uranium vanadlum minerals 
itoccurs chiefly in sandstone 
(0.208) either disseminated or 
in concentrations round fei 
‘wood oF ther fosszed vegetable 
matter Pure camatte contans 
about 53 percent uranium by 
‘weight, whichis use to generate 
hucleer energy and in atomic adam a 
weapons, thas also been mined SOstE mca 
fer vanadium ane radium, from ‘Seas teense 2 
Wert Wari ewer fanis end 
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Virtualizing the 5G Architecture 


Staff Writer 


Virtually changing the 5G architecture 


Virtualization is set to play a major role in the evo- 
lution of the fifth-generation (5G) core network. 
According to industry experts, 5G will use software- 
centric networking technologies such as software- 
defined networking (SDN) and network functions vir- 
tualization (NEV), and will be natively cloud based. If 
correct, this will represent a major transition in system 
architecture and will requite much greater collabora- 
tion across the networking ecosystem. ‘The push to in- 
corporate more cloud- or software-based components 
is driven by the need for greater flexibility and scal- 
ability to respond to the demands of radio access tech- 
nologies that offer more bandwidth, reduced latency, 
and stringent quality of service (QoS) requirements 
‘The new 5G core network must be adaptable and bet- 
ter equipped to handle various devices and manage 


capacity in near-real time, Mobile network operators 
see the advances in cost and efficiency that virtualiza- 
tion brings to other market segments and will use the 
emerging 5G technology to determine if these same 
advances can benefit the mobile market [1, 2]. 


SDN and NEV are two key architecture concepts in 
development to support the flexibility and mobility de- 
mands of the 5G network infrastructure. Virtualizing 
network functions that were previously implemented 
in hardware will allow providers to introduce new 
features and integrate new standards at a faster rate. 
SDN/NEV provides an avenue for providers to decen- 
tralize their networks, thereby increasing flexibility 
and reducing latency. Two areas where SDN/NEV will 
benefit 5G networks, and in some cases even fourth 
generation (4G) mobile technology, are network slic~ 
ing and cloud-radio access network (C-RAN). 
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ADAMITE 


| 
| Named in 1866 ater the rench mineralogst Gade 
wa cscovered acamite in Chie, ths mineral ise 
Zin arsenate mycoides rarely colores or white, 
and mary specimens hueresce geen under utaviolet 
| ign: Adare is often righty colored due to rao 
af oer elements: capper commonly substitutes 
for zinc to yiel yllow or green crystals depencing 
an its concentration; manganese may substitute 
for ant ye ryt that are ink or viet. Adare 
crystals elongated, abut, or Dock. Ths mineral 
also occurs as rosettes and spherical masses of 
radiating crystals 
‘doit fossa secondary mineral nthe oxidized 
zones of zine and arsenic deposits, often asoriated 
| ont goethte p02, azunte (20, smithsont (2.12 
(968, score 0.158), nemimarphite (27, 
ar olverte. though adlamite has no commercial ses, 
itsbrgnt and lustrous crystals ae highly Sought ater by 
miparal collectors 
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CLINOCLASE 


Discovered in 1830 in the Wheal Garland mine in 
sland, cinclase was named in 1848. It 
which means 

ak’—a 


incline,” and gia na spasey, which mea 
ference to its oblique basal cleava 
crystals of clinoclase are transluc 
detk greenish blue, They can be elongated ar tabular 
ur as single, solated crystals that appear 
hombahedral. Specimens can also frm rosetelke 
sgregates or occur as crusts or coatings with a 


The vir 
ark blue to 


brous structure. 
Clinaclase forms as a se 
oxidized 
Associated minerals 
‘malachite (9.125), b 
‘quartz (p.168, and alivenite, Sp 
roken Hil, New South Wel 
Utah, and Msjubs Hil, Nevada, US 
and the Tsumeb Mine, Namibia, 


ontdary mineral in the 
Nes of deposits containing conpe 
clude goethit 


mens came fram 
Australia; Tintic district 


Vosges, France 
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ERYTHRITE 


Although of little commercial value, iit isan 
Important ool or prospectors loking for cobalt and 
related iver deposits. The bight puis pnk color 
at erytnnte na rockncicates the presence af cobal, 
Shisexplane why mines cal erythre “cobalt loom. 
time custaincast | Erythite ta cobat arsenate yet forma chemical 
ener stom replacement serie wth annabergte, In which nickel 

= replaces cobalt in the erythrite structure. its color may 

vary from crimson re to peach red, wit the lighter 

Colors inccating a iger nickel content. The coloration 
‘ay also oceur in bands. Wel-formed crystal re ra 
Sut when found they occur as deeply sites orismatc 
toneeceite, commonly atiating, globular tuts oF 
crystal, or as powdery costings. 

Erythriteia secondary mineral found inthe oxidizes 
zones of cobalt nickel arsenic deposi. Fine specimens 
Come trom Canada and Morocco. Erte ale ound in 
‘Meso, France, soutwwesters USA, the Czech Repub 
Germany, australia, and eben 


164 MINERALS | ARSENATES 


PROFILE 


3 


exagaal 
woe 
73 

MA P00" 


Bh nie 


2 Renae 


[vananrs >) A Pb.as0).c 


rote, MIMETITE 


‘An arsenate mineral, mirnatite isthe end-member 
ite (2150. 
which 
blance to 
pyromorpite. Although similar in physical characteristics 
‘and crystal form to pyromarphite, mimetite i 
‘comman mineral. It forms heavy, barrel 
hexagonal crystals or rounded mi 
botryodal, granula, tabular, and ne 
imetite specimens may be colorless or 
wn, and green 
‘Mimetite sa secondary mineral, which farsi the 


Excellent specimer 
Saxony, Germany, Att 
Prismatic rystalstrette | and Bisbee and Tom 

Crystal mined from Tsumeb in Namibia measured 
yin length 
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A hhydrated iron arsenate mineral, scorodite takes 
its name fram the Greek wore scorodion, which means 
“garlclike’—an allusion to the odor emitted by the 
arsenic when specimens are heated, Scoradite can 
vary considerably n color depending on the light 
Under wiich itis seen: pale leek green, grayish green, 
liver brawn, pale blue, valet, yellow, pale grayish, or 
colorless. may be blue-green in daylight but bluish 
purple to grayish blue in incandescent ight in transmitted 
light it may appear colorless to pale shades of green 
‘or brown. Crystals are usually dipyramidal, appearing 
octahedral, and may have @ number of modifying faces. 
They may alsa be tabular or short prisms, Drusy coatings 
are camman, Scorodite can also be porous and earthy 
Scorodit is found in hydrothermal veins, hot spring 
deposits, and oxidized zones of arsenic-rich are badies, 
Assotiated minerals may be phatmacosiderite, vverite 
(0.187, adamite (0-40), and various iron oxides: 


SILICATES 


The silicates constitute around 25 percent of all known minerals and 
nearly half of the most common ones. All silicates are built around a 
basic structure of silicon and oxygen. They are a major component of 
Earth and occur in lunar samples and meteorites. 


comPosiTiON 

The silicates make up about 95 percent 

ofthe crust snd unper mantle of Earth. Al 

slicates contain sllcon and axygen,Silcan 

'sa lightweight, shiny meta, oxygen isa roar 

colorless, odoress gas esa 7 
mnsilcates, silicon and oxygen combine 
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Sileates are divided into sicmain groups foreach other within the scat structure, 
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hed Teseaternginiagescresevousot ‘io the soueture 


Leora Arve 


ayy Sam tHE = 


mosucares (sivoLe- PHYLLOSWCATES TECTOSWICATES 
‘CHAINAND OOUBLE-CHAM) — flasteescTsietexaney Aten 
wen 3, ous are calles ‘chemical formusse ae ‘atsich com, makes up 
Singer moses ‘ates ryt 


MINERALS | SILICATES 167 


‘THE FELDSPARS ) 

‘he feléspars area group of auminosicate ar soli solution series within the group. 

minerals tat conta calcu sodum or Fespar are te most sbundant mera 
‘ALKALI FELDSPARS PLAGIOCLASE FELDSPARS. 
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‘OCCURRENCE AND USES slleates. Quartz and its varieties find use 
The ultimate source of all silicates iss gemstones, in electronic and optical 


ignequs rack in which tectosiicate feldspar applications, and as abrasives. The 
‘minerals ate the major component. feldspars are used in glass and ceramics, 
Silicates are found not aly on Earth by a gemstones, and as abrasives. Other 


‘alsoon the Maon and inrmeteorites. After slicates are ore: 
feldspar, quartz the most abunda important gem, omamenta, and industrial 
rmineralin the crust and upper mantle. minerals. The tough racks formed from 
itoceursin nearly allhighsiica igneous, _slicate minerals are used 

‘metamorphic, and sedimentary 


‘and yet others are 


sn asmajor bldg end 
form other slate minerals evo, St? sete maa 
form he major ecmponet of most cet ae 
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Prismatic quartz 
Thepeupat in primase 


ne of the most common minerals in Earth's cust, 
{quartz has two forms: macrocrysalline (with crystals 
Pyramidal ameyst that can be seen by eye) and cryptocrystaline farmed 
‘nanetyetsoecmenyin | of micrascopic crystals. Macrocrystaline quartz is usualy 
prensa ernie Colorless and transparent, as in rock crystal, or white 
pitas {and translucent, asin milky quartz. Colored varieties 
i. include: pink and translucent rose quartz; transparent to 
translucent lavender or purple amethyst; transparent 
sraty to translucent black or brown smoky quartz; and 
mS transparent to translucent yellow or 
yellow-brown citrine, all crystaline 
\erieties form hexagonal prisms 


my csinin 


semeaton Cryptocrystaline varieties of 
‘quartz include chalcedony (2.18), 

‘gat (p.170), and jasper (p71). ovaletine 
Quartz occurs in nearly all siica- Sep owtcarctrne 


ausregrim | chsedimentary fgnéous, and cle by ver eaves 


‘metamorphic rocks. tact anes 


ink chalcedony 
‘ster ot byes 
‘aedony i sometimes 
‘eed ocho 
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QUARTZ: CHALCEDONY 


‘A compact variety of microcrystalline quartz (p 168, 
chaleedany may have been named after the ancient port 
(of khaitedon in Asia Minor (now Turkey), where there were 
extensive deposits of this mineral Chalcedony is white 
‘when pure, but it ay contain mictascopic Inclusions 
(of other minerals, which give ta range of colors. This 
‘mineral is composed af microscopic fibers and can be 
‘mamilary, botryaida, or stalactitic 

‘Many chalcedonies are semiprecious gems and 
have their own names, Chalcedony with distinct 
bandingis called agate (2.170, 
Al varieties af chalcedony 
‘occur waridwide, fs found 
Inveins, concretions, ana 
odes. forms in cavities, 


Cracks, and when silca-ich _chaleadony blade 
Waters atl temperatures Tiga srl 
(upto 400%F/200°C) percolate -—nfetmsafey chee 


through existing rocks Smemictunde 


Network slicing 


Network slicing would promote end-to-end mobile 
network virtualization by “slicing” the network into 
virtual channels, These virtual channels would be 
autonomous and encompass a set of resources—physi- 
cal or virtual—including bandwidth on a network 
link, processing capacity of servers, processing capac- 
ity of network elements, as well as operations support 
system (OSS) and business support system (BSS) 
processes. Operators could then use these channels to 
dynamically devote the appropriate network resources 
to create a “lane” in the network specifically designed 
for a particular use or service. This would accom- 
modate the many use cases being put forth for 5G. 

‘The operator-led Next Generation Mobile Networks 
(NGMN) Alliance has sought to define categories of 
5G use cases (i.e, service types) that have distinct per- 
formance characteristics and commercial potential. In 
2015 white paper, the NGMN listed eight application 
categories for 5G [3, 4, 5]: 


1, Broadband access in dense areas, 
2. Broadband access everywhere, 

3. Higher user mobility, 

4, Massive Internet of Things, 

5, Extreme real-time communications, 
6 

7. 

8 


Lifeline communications, 
Ultra-reliable communications, and 
Broadcast-like ser 

Each of these service types demand different net- 
work requirements that are determined by the types 

of traffic being sent and even the types of devices 

sending the traffic, For example, someone download- 

ing cat videos will not have the same bandwidth or 
low latency requirements as a doctor in Los Angeles 
performing surgery virtually on a patient in Mumbai, 

‘The end-to-end notion of network slicing could be key 

to 5G’: ability to effectively accommodate all of these 

disparate use cases. 
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FIGURE 1. 5G's incorporation of SDN and NFV would allow network slices to be created dynamically and deployed as needed to 


accommodate a variety of scenarios (2) 
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CHALCEDONY: AGATE 


‘A common, semiprecious chalcedony, agste jas 


‘agate "| been worked since prehistoric times. tis a campact, 
Straedamte | —micrcrystaline variety of quartz (2168, anit has the 
gins | same physica properties as quartz. Agate i characterized 


by concentric color bands in shades of white, yellow, 
stay, pale bie, brown, pink, red, or black 

Other names often precede the word apate to indicate 
the minera's visual characteristics or place of origin, 
One of these is fre agate, which 
has inclusions of reddish to brown 
hematite that give an internal 
Inidescence to polished stones, 
Another s fortification agate, 
Which has concentric bands of 
calor resembling an aerial View 
‘ofan ancient fortress. Most snuff battle 
‘gates are found in cavitiesin The 1h 
‘ancient lavas or athe extrusive 
‘igneous rocks, 
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QUARTZ: JASPER 


‘An impure variety of cryptocrystaline quarte(p 168), 
ssname from the Gre which 


obably of Semiti ‘or dense, 
tains various amounts af ather materials, which 


‘opacity and colar. Hematite (p91) gives jasper a 


rig, ts fne-eraine 


brickred to brawnish red color; clay a yellowish white 


gray color, and goethite (2.102) brown or yelow hue. 
tlow 


10°O) percolate through cracks 


jasper forms when sca-rich wate 
F 


ocks, incorporating a variety of materials and 


peratures 


leaving behind deposits 
ryptocrystaline quart 
naming af asper varies 
place names or calor, 


‘curs. The classification and) 


aly and often incarparates 


these are formally 

prized as varie 

defining which 

hileoh (or “green” can apply ta range af shar 
rames, suchas "Bruneau jasper” after a 
tend to be more specifi 


boned jasper 


uch as “red! 
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OPAL 


Known since antiquity, opal derives its name from 
the Roman word opalus, which means “precious stone: 
Although its colarless winen pure, the vast majority of 
‘common opal accurs in apaque, dul yellows and reds. t 
varies from essentially amorphous to partialy crystalline 
Precious opal the least crystalline focm ofthe mineral, 
Consisting ofa regular arrangement of try, transparent, 
silea spheres. Regularly arranged spheres of a particular 
size create a difraction effect called color ply. 

Opal is widespread and is denastted atlow 
Sigaibete egies eal | —temmperatures (yp to 400°F/200"C) 

from siica-bearing, circulating 


waters. ris found as nadules, 
Stalactitic masses, veinlets, and 
fencrustations in most kinds of 
rocks. Opal constitutes important 


parts of many sedimentary 
‘accumulations, such as, 
tdatomaceaus earth ring el sere 


Fre opal honrescer, 
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ORTHOCLASE 


‘an important rock forming mineral. orthaclse isthe 
potas bearing end member ofthe potassium sodium 
feldspar soid-slitto sere, t a major component of 
ammecasescyssi | granite (pp.258-59—~tspnk crystal ave pent typical 
Syanvortece Chior. cystaline orthoclase can ato be white, colores, 
. Cream, ple yl or brownish red. Ortoelse appears as 
4 ee.) Well ormed, short, prismatic rystas, which are requerty 
4 tinned: may alsa occur in massive frm. Moonstone 
, a variety ot orthoclase that exhibits a 
Schl eect. 
Pure orthoclse i rae— 
some sours usualy present 
inthe structure. Specimens are 
abundentin igneous rcks rich in 
potassium orsiica, mn pegmatite 
(260) andin enlsses (1288). Meonstoneset breech 
Thismineralis mportantin Steaua 
ceramis,tomakethe temitset zee! ec 
andes agave rasan beh 
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SANIDINE 


'A member of the sold solution eres of potassium and 
sodium feldspars, sanicine i the high-temperature form 
‘of potassium feldspar, forming at 705S°F (675°C) or above 
Crystals are usually colorless or white, glassy, and 
transparent, but they may also be gray, cream, or occur 
In other pale tints, They are generally short prismatic ar 
tabular, with a square cross section. Twinning is common, 
Crystals have been known to reach 20in SOcrn) in length 
Sanidine is also found 8s granular or cleavable masses. 

‘A widespread mineral, sanidine accurs in feldspar- 
‘and quartz-ich volcanic racks, such as rhyolite (7.278), 
phono, and trachyte (p.279) ts also found in eclogites 
(9.299), contact metamarphic racks, and metamorphic 
rocks formed at low pressure and high temperature, 
Sanidine forms spherular masses af needielae crystals 
‘n obsidian (.280), ghing rise to what is called snowake 
‘obsidian. Significant occurrences of sanidine are atthe 
Alban Hils near Rome, italy; Mont St Miare, Canada 
‘and Bie, Germany. 
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Prismatic miracine 


Paasio: 
MICROCLINE 


Used in ceramies and as 2 mild abrasive, microcline 
sone of the most camman feldspar minerals. Itcan be 


colores, whe, ream to Pale yelow, simon pink to 
red ori pen o blue green. Microcine farms short 
brat r tabular crystathat are often of considerable 
Sve: singe crystals can weigh several tons an reach 
Yards in length. Crystals are often mutipy twinned, 
tt to sets of fine ines at gt ales to each ote, 
This gives a “lac effect thats unique to mrocine 
among the fedspars. Merocine 
Canalo be massive 

“he mineral curs in 
felesparrich rocks, such as 
granite (9p.258-S), syente 
(282, and rancor (269) 
iisfound ngrantepegmattes Anan eabochon 
(0.260) and in metamorphic‘ Mestsarscah ne 
ks, suchas gescas 288) SE en ey 
an schists 291-92) Braet coprenae 
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[PROF] A nansio, 
ANORTHOCLASE 


a ao pale yellow, gray, or green. Its crystals are prismatic or 


Known as ma 
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i Scare wiarl bs ie se an 
‘Aste base ouraire art | member of both the plagioclase and 
pallens ate en 


178 MINERALS | SILICATES: FELDSPARS 


Massive olgctase 
Ieper pine of 


B woe 
2 viveour 


y os 


- OLIGOCLASE 


1m 1826, the German mineralogist August Brethaupt 
ramed ths mineral after two Greek words: ligs, which 
‘means “ite” and clasen, which means "to break’ — 
because it was thought ta have a less perfect cleavage 
than abit (p.177) ligoclase can be gray, white, red, 
greenish, yellowish, brown, or colorless. 
its usual habits massive or granular, 
‘although it can form tabular crystals 
that are cammonly twinned. 
ligocase isthe most common 
of the plagioclase feldspars. it 
occurs in granite (pp.258-59), 
rant pegmatite ip. 240), corte 
(0.269, rhyolite (p.278, and 
other feldspar and quartz-rich 
laneous mcks. (taiso nccursin _Semipreious abgoclase 


oteeame crinacnk | figh-arade, metamorphosed Soutien sch, 
| ceeninesy” | gretses 208) andschsts — MOaleampesem 


l | (op291-92, ‘echt ncusors 
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ANORTHITE 


‘The caleium-rich end-member of the plagioclase 
{feldspar solid-solution series, anorthite takes itsmame from 
the Greek word anarthas, which means "not straight" —a 
reference tots triclinic for title, short, glassy crystals 
are well-formed prisms that can be colored white or 
shades of gray, ink, or red. Specimens are also massive 
‘or granular, Anorthite fs @caleium aluminosilicate and can 
Contain up to 10 percent abite (2.177). 

‘Anarthite is a major rack-forming mineral present in 
‘many magnesium: and iron-rich igneous rocks, cantact 
‘metamorphic racks, and chondroditic meteorites (337), 
Pure anorthite is uncommon; it weathers readily and 
irre in rocks exnosed atthe surface for long periods. 
‘Anorthoste (p.241, a rock composed mainly of anorthite, 
‘makes up much af the lunar highlands. The so-called 
Genesis Rock, brought back by Apollo 15, is made of 
‘anorthosite and dates back to the formation ofthe Macn, 
\which occurred about 41 billon years ago. Anarthite was 
‘also discovered in the comet Wi 2 


‘Anotite aggregate ss 


Virtualizing the 5G Architecture 


‘The Open Networking Foundation, in an April 
2016 white paper, called out SDN’s ability to support 
multiple services over a common architecture as a key 
enabler for network slicing, SDN also allows for slices 
to be created dynamically and deployed as needed 

to accommodate a variety of scenarios (see figure 1) 
Currently, 4G mobile networks prioritize traffic to get 
a similar effect, but with more rigidity and limitations. 
However, as 4G networks incorporate SDN and NFV, 
network slicing will become an option. 


C-RAN 


‘There are more than six million base stations (exclud- 
ing small cells) deployed worldwide across approxi- 
mately five million different cell sites serving close 

to four billion users. The surge in demand for con- 
nectivity has network operators searching for ways 

to shrink their network footprint, lower operational 
expenditures (OPEX), and still meet users’ demand 
for access. C-RAN meets these requirements and has 
either been implemented or trialed by several opera- 
tors including Verizon, AT&T, KT (South Korea), and 
China Mobile. Radio base stations currently depend 
on special purpose-built hardware deployed at the cell 
site. The baseband processing unit (BBU) is the part 
of the RAN that is responsible for managing the radio 
functions (or all functions that require an antenna). 


‘The BBU is one of the parts of the RAN that can be 
moved to a central location, creating a pool of BBUs to 
serve multiple base stations. C-RAN aims to centralize 
and virtualize baseband processing to reduce cell site 
costs and enable coordinated scheduling of resource 
blocks across a coverage area [6]. 


Figure 2 illustrates the evolution from the classic 
RAN model to a C-RAN setup, On the left, the classic 
model has the BBU deployed at the cell site connect- 
ing to the core network over IP/Ethernet transport. 
Any coordination between cell sites takes place over 
the X2 interface, which allows two sites to communi- 
cate. In a C-RAN architecture, the BBUs are pooled 

at a location away from the cell site. Pooling BBUs 
negates the need for the X2 interface as communica- 
tions between cell sites now takes place internally. This 
is one of the reasons for the increased performance 

in C-RANs, The C-RAN model also makes updating 
the waveform and protocols easier as it only requires 

a software upgrade at the centralized BBU and not at 
each individual cell site 


‘The move toa C-RAN architecture increases the 
flexibility of the network by allowing providers to, in 
theory, even change the types of RANs used—from. 
3G to 4G, For instance, in an area that has a mix of 3G 
and 4G users, operators can rebalance radio frequency 
resources by shifting more resources to 4G when 4G 


FIGURE 2. Unlike the traditional RAN model (on the left), -RAN technology (on the right) pools the BBUSs ata location away from 
the cell site offering an increase in performance and simpler uparade path [6] 
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LABRADORITE 


‘The calcium-tich, middle-range member ofthe 

plegiclasefeléspas, labradorite fcheracered by is 

Schl effect—a ch la of descent cols, many 

seterefestoase pipe | blue, on cleavage surfaces. Specimens are genera Bue 
cr dark gray but can also be colorless or wite. When 

transparent, labradorite fs yellom, red, orange, or geen. 

This mineral setdom forms crystal, but when crystals do 

coceur, they ae tabular. most often forms masses with 

cysts that ean be mlroscopic 

or upto 3 (im or more wie 

Labradonite isa major 

constituent of certain medium 

slice and iiespoorignaous and 

metamorphic rocks, including 

dirt (9.264), gabro (245), 

basalt (0.27, snceste (2.275, semprecious gemstone 

and amphibolite (p.296). Gem- [ne ae 

ual lbradorteomFilandis Ren msccat 

known as spectrolte Sines wiooy aeace 
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ANDESINE 


‘The plagioclase feldspar andesine is armed ater the 
Andes Mountains in South America, where it's abundant 
in andesite lavas. A white, gray, of colorless mineral 
andesine often forms well-detined crystals that usualy 
Andee porphyry oceste | exhibit mutile twinning. can also be massive or occur 
amaercensmuer ts | as rock-bound grain 
sodium calcium aluminosilicate, andesine is an 
intermediate me 
series. occurs widely n igneous rocks of medium silica 
Content, especialy in andesite (.278), Andesine is also 
found in other intermediate igneous rocks, suchas syente 
nd diorite (p.264). Specimens are commonly 
associated with magnetite 
(2:97, and hornblende (2.2 


ber ofthe plagioclase solid-solution 


as detrital grains in sedimentary rocks. The accurate 
dentification of individual specimens involves detailed 
study and analysis. 
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ict gaee™ | NEPHELINE 


‘The mast common feldspathold mineral, nepieine 
takes is name fram the Greek word nephele, which means 
“cloud™—a reference tthe fact that the mineral becomes 
cloudy or milky in strong acids. Specimens are usualy 
‘white n color, often with a yellowish or eraysh tint 
They canals be colorless, gay, yellow, ar red-brown 
fepneine ens i | Nepheline is generally massive. Crystals usualy occur 
waist | as hexagonal prism, although they can exhibit variety 
~ of prism and pyramid shapes. Nepheline also forms 
large, tabuiar phenoorystsin igneous rocks 
“Ts rocforming minerals 


‘and ovine (p.232)ttlso occurs 
Inintermediate igneous rocks ceramic bow 

‘with aegirine (p.209) and augite nara 
(9.211) and in some valeanic and ae 


‘metamorphic rocks. percean bow 
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LAZURITE 


‘A sodium calcium aluminosilicate, lazurite isthe main 
Component ofthe gemstone laps azul an accounts for 
he stone's intense blue color, although lapis lazul also 
tains pyrite (p.62), calcite (a.114), sodalite 

) and halyne. Lazurte specimens are always deep or 

ue. Distinct crystals were thought to be rare unt 
large numbers were brought aut of mines in Badakiishan, 

Afghanistan inthe 1990s, These are usualy dadecahedral 
‘and are much sought after. Most lazurte is elther massive 


lor occurs in disseminated grains, 
Lapis azul relatively rave tt 
formsin erystaline imestones 


(p.319)as a product of contact 
‘metamorphism, The best quality 
lapis azul is dark blue with minor ‘ 
patch andayrite. In Expensive pigment 
aceiton asa gemstone, Povdered ips au 
laps lazuli was used! as one ofthe 

irst eye shadow 
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SODALITE 


Named in 1811 after is high sodium content, sodalite 
is sacium aluminum sllcate chloride. Specimens can be 
blue, gray, pink, colorless, or ather pale shades, They 
‘sometimes fluoresce bright orange unde ultraviolet ight, 
Sodalite nearly always forms massive aggregates or 
tisseminated grains. Crystals are relatively rare; when 
found, they are dadecahedral ar octahedral 

Sodalite occurs in igneous racks 
> ‘and associated negmatites (p.260). 

tis sometimes found in contact 

phased limestones 
(0.319) and dolomites (p.320) 
and in racks ejected from 
anes, Rare crystals are 


ransparent specimens fram Mant hs nual made 
SteHlair, Canada, are faceted Eval necta a 


for collectors. ‘ln ecole 
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LEUCITE 


The name leucite comes from the Greek wor 
which 
‘mast common colar. Specimens can aso be colorless 


ns "matt white"—a reference ta the mi 


or gray. Crystals are comman and can be up to 3%sin 
(Gem) wide, Mare of 
tr granular aggregates or as disseminated grains. tis 


tetragonal at temperatures below 1,155" 
cubic with trapezohedral crystals 
igher temperatures. The 

edral form is preserved 
as the mineral cools and develops 


Leucite is found in patass 
ich and sica-poorigteous racks 
tis founa with nepheline (2.182, 

184), natrolte 
ime (p.190), and sodium 
ssiumrich feldspars, anc 
‘occurs worldwide. 
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NATROLITE 


‘A hydrated sodium aluminosilicate, natalie tkes 
its name ftom the Greek word natrum, which means 
“sodka'—a reference tothe sadum content of this mineral 
Natrote can be pale pink, colvess, white, reo, aay, 
yellow, or green. Some specimens fluoresce orange to 
att and eae \ellow under ultraviolet ight. Natale crystals are generally 
‘urea euagwre | longa slender wit vertcalsvations and square cross 

‘section. They may appear tetragonal and can grow up to. 

2ife (my in length, Natrol is also found as radiating 
masses of ngedlethe crystals and as granular or compact 
‘masses Ths mineral produces an elctrc charge in 
response to both pressure and temperature changes 

‘Natrolte i fund in cavities or fissures n basaltic 

rocks (.279), volcanic ash depos, and veins In 
pranite (pp 258-59), gneiss (0.288, and other racks. 
Italso occurs in altered syenites (9.262), apltes, and 
doles (p 268), Specimens are often associated with 
quartz (9.46), neulandit (17), apophylte (p-208, 
and other zeaites, 
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HEULANDITE 


‘The name heulandlte used 19 refer oa seis af fe 
zee minerals af which look the same but vary in 
‘erpostion. The group was name 1222 afer the Bish 
collector and mineral dealer LM, Heuland. Healt is 
Usualy colorless or white but can alsa be red, gray, 
Colotesseysias ct, | yellow, pink, green or brown. When found, crystals are 
pendcornad elongated, tabular, and widest atthe center, creating a 
coffin shape. Occasionally, tapezohedral crystals are 
found. Heulandte specimens can - 
alsobe granular or massive — 
eulanalte forms at ow 
tempeetures up to 400"F/200°0) 
sna wide range of envionment: 
with other zeoltes fling 
cates in grantes (pp. 258-50, = 
egmaties (2240, and basalts olefin 
{b273;inmetarorphicrocks, Mena ute 
andinwetheredandestes “estudiar 
(0278) anddabases. cig atsrg 
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First deseribed in 1816, mesolte takes tsname from 


twa Greek wards: mesas, which means “middle,” and 
Ithos, which means "stoné"—a reference tothe fact that 
‘his mineral is chemically intermediate in composition 
between scolecite and natralte(p.18d). Mesolte Is 
structurally identical and similar in appearance to 
scolecite and natal, which makes it aficub to identity 
|r hand specimens. Specimens can be white, pin, red, 
yellowish, green, or pale colored. toccurs as lone, 
Slender needles, radiating masses, prisms, and, less 
‘commonly, compact masses or fbrous stalactites 

‘Mesolit is found in cavities in basalts (p.273) and 
~andesites (p.279), where delicate, glassy prisms can 
occur wth stibite heulandite (2.187), and green apophyite 
(9.200). tis also found in hydrothermal veins, Excentional 
Specimens occur in Ahmadnagar and Poona, india 
Neubaverberg, the Czech Republic; Naalsoy inthe Faroe 
Islands; Victoria Land, Antarctica; and inthe states of 
Washington, Oregon, and Colorado, 
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2022 
eee Common moi, ici 
aie 


ralstone: Specimens are colores, wh, cream ik, 
ed, orange, yellow of brown. Chabazt crystals occur es 
[variant distorted cubes or pseudorhombohedrons consisting of 
Chabazte is ound i caves in pegmattes (9.260 

asa (0.278 neste (9.275, vleanic ash depos 
are 1-2 @5-Scr ong 


P a have an open crystal structure thats 
snd permits small molecules ta pas 
Chabantem past srio | preventing the passage of larger molecu! 


ean ate for example, helps fiter methane fram gases emitted by 


decaying organic waste matter. 


users are prevalent in the covered area, This shuffling 
of resources ensures that there is sulflicient capacity 
for subscribers. C-RAN will also enable RAN-as-a- 
Service (Raa), which will allow operators to rent 
RAN capacity to other operators. 


Conclusion 


On the face of it, virtualizing the 5G architecture 
seems like a necessary step towards preparing for the 
low latency requirements associated with 5G services. 
However, there are many uncertainties around 5G and 
a lack of visibility into what 5G will actually become 
through the standardization process, and at which 
phase different performance requirements will be sup- 
ported or required. Phase II, the phase that is expected 
to meet International Mobile Telecommunication 
system for the year 2020 (IMT-2020) requirements, is 
expected in 
offerings could be on the market before the final stan- 
dard is approved. So, while these pre-5G solutions will 
have some 5G functionality, they will not field the full 
complement of improvements offered by an approved 
5G system, For this reason, itis unclear to what degree 
virtualization techniques like C-RAN and network 
slicing will need to be implemented, It may come 

y leaders i 


0, However, early versions or “pre-5G” 
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Formerly grouped wth thefldspatois, enalcime s 
now classified a a zealte. A soci aluminum silcte, 
anacime named after the Greek word analmos, hich 
means "weak" reference tothe weak eecrcl charg 
that this mineral produces when fis heated or rubved. 
Specment are usualy colorless or whte but can algo be 
yellow, brown, pink, red or orang. Most naleme etal 
dre rapezohedal Variation inthe rea andor ofthe 
Sedium-aluminum portion analime 
Can eadto structural varitions anc 
verti in erytal sytem. 

fnalcme occursin seams and 
cates in grant (pp.258-59), 
basa (272, nes 288 and 
diabase, ssocated with calete 
(pa, pret (2.205) and oer sta denestr 
Zeolites. ttalso occurs in extensive Made from anaicime, silica 
bet formed by precipi rm Sauter ceca 
aka kes neneyayre 


MINERALS | SILICATES: PHYLLOSILICATES 191 


Z 
Masze 
Wa Pete bu not ise 


BB conact o 
‘ier 


Bh wnie 


2 suowseous 
easy resaus 
Sem aut 


Precious serpentine 


anes 


SERPENTINE 


Resembling snakeskin napnearance, serpentine is8 
soup of ast 1b whte yelews, seen, or aay een 
magnesium scate minerals. ltnough they usualy 
form mixtures, individual members ofthe group can 
sometimes be dstngisied Four common sergentine 
| Minerals clude chrysotle (192, antigo, zee, 
Meereat oe" | and amesite, which occur in platy or seuiohexagonel, 
weyrws | _colurmar crystals. though tel chemistry is complex, 
these minerals look smi. 
Serpentines sre secondary 
minerals dered rom te chemical 
atteration of lvine (9.232) the 
pyroxene, andthe amanibols. 
Its founan areas whee highly 
altereo, deep-seated sica-poor 
srumrnensscorenc | focks are exposed, suchas lor 
Mencia: | the crests and aves of seat ois 
inisiand ares, andin Apne Sarason 
‘mountain chains Steere or 
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oi CHRYSOTILE 


The fibrous serpentine mineral chrysotile isthe 
‘most important asbestos mineral, Also known as 
tite bests, accounts for about 95 percent of all 
asbestos in commercial use, Chrystie fers ae tunes 
in whch the structural layers ofthe mineral re rol in 
the for of a spl Individual chrysotle ters are white 
and siky, while agaregate fbers in veins are green or 
Yellowish. The fiers are generally oriented across the 

‘pation mierseew | ain and less than Yin (haem in ength but they can 
te fnger. The mineral sometimes appears olin, and 
itsiame fderves fom the Greek fr “hao pot 

Cstie con tak tree ferent forms: cinactrysote 

erthocrysotle and paachysotle, These arechericaly 
icentcal, tut ortnochrysotle and paractryeotle nave 
ortnarnombic rather than manocin crystal. These 
forms are indstnguishable in hand specimens, and 
cinachrysotle and anthechrsotle may cccur with the 
Some tbe Specmens occur as erin altered perotte 
(244 wih other serpentine minra 
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TALC 


Easily distinguishable by is extreme softness, tale 

‘s white, colarless, pale to dark green, or yellowish to 

brown, Crystals are are; tale is mast carmmonly found in 

foliated, fibrous, or massive aggregates. tis often found 

‘mixed with other minerals, such 8s serpentine (p191) and 

calcite (2110). Dense, high-purity talc is called steatite. 
Tale isa metarnorahie mineral found in veins and 


rapes roost often 
, associated wih serpentine, 
rentyinesren ccsite | eres (219) and forsee 


(232 andoccursasanateration 
product of siica-poor igneous . rg 


rocks. Talc is widespread and is 
found in mast areas of the world 
wherelowgrade metamorphism — Smell 
‘occurs, The name soapstone Is Taleum powder 

given ta compact masses of tale T3E'steamcial mine 
{and other minerals due to thele 

soapy or greasy fee! 
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PYROPHYLLITE 


{An aluminum silicate hydroxide, pyrophylte takes 
ts name from the Greek words pyr ana phyfln, which 
respectively mean “fre” and "leat"—areference tothe 
mineral’ tendency to exfoliate wen heated. Pyroahylite 
Can be colorless, white cream, browmish green, pale 
Hyrepnate on rock cc.es | blue, or gay. tt usually found in granular masses ot 
Hareonitecrsaben# | gartened amelie. Pyophylie rarely forms distinct 
crystals, although it is sometimes 
found in coarse laths and acating 
aggregates, Specimens ae often 
50 fine-grained thatthe mineral 
appears textureles. 

Pyrophylit forms by the 
rmetamorphis of luminurch 
sedimentary rocks, such as 
bauxite (p201) tise good Hg goes 
insulator and is in heat vers 
resistant applications, 
in making re bik. 
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- MUSCOVITE 
Also called common mica, potash mica, arising 
group, Specimens ere usualy colores orslvery white but 
‘tr cysts tou | camo be brown ight ray, ale green oF ose red 
see” | Museovte typialyoceurs as tabular crystal wth 3 
hexagonal or pseudahexagonaloitne. Crystals can be 


Lup to 9¥t (2m) in ameter. Muscewite can also form 
thin at sheets and fine-grained aggregates, Fine-grained 
‘muscovite is called sericite or white mica, while bright 
green specimens rich in chromium are called fuchst, 
‘Acomman rack forming mineral, muscovite 


58-59), 
veins, and pegmat foundiin some 
fine-grained sediments. Muscovite has considerable 
ccammercial importance ts low ia 

2 good electrical and thermal insula 
transparent sheets of muscovite called mu: 


were used as window panes, 
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GLAUCONITE 


‘A member of the mica group, glauconite was named 
In 1828 after the Greek word glaokos, which means 
“bue-green’—a reference to the minerals usual colt 
Specimens can also be olive graen to black-green. The 
‘mineral usually accurs as rounded aggregates or pellets 
of fine-grained, scaly particles. It weathers readily and 
easly crumbles to a fine powder, 
renga asa ‘A widespread slicats, glauconite forms in shallow 
marine erviranments, where itis used as a diagnostic 
‘mineral to Identify continental-shelf deposits with stow 


rates of accumulation. The sedimentary rock greensand 
(9.308) is so called because ofthe green color imparted 
fy glauconite pellets, which in turn, may incarpar 
‘ther minerals. Glaucanite can also be found in impure 
limestane (2.319), chalk (p.321), and sand and clay 
formations. The mineral has long been used as a pigment 


In artists ol paint, especialy in the paintings of Russian 
Sot gece at icons. thas also Been used in wall paintings dating back 
to Roman Gaul 
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‘Once considered a mineral nis own right, biatte 
wr with the 


alid-solution 


as the magn 


lum end: member, was named in hanor 

ofthe French physicist Jean-Baptiste ot 1847, Mic 

the biotite series usually form large, tabular to short 

prismatic crystals that are often pseudohexaganal in 
‘occur in tin a 


nite grains. Secimens ae black 
n, pale yallo bronze 
yresium content. They ready cleave 
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LEPIDOLITE 


Aight mica, leidolte is Earth’s most common 
lithium-bearing mineral. ts name is derived ram two 
Greek words: pides, which means scale” and tos, 
‘which means “stone.” Although typically pal ac, 
Specimens can alsa be colors, vet, pale yelow, cr 
say. Lepidoite crystals may appear pseudohexagonal 
‘The minerals also found as botyldal or kidneys 
‘masses and ine- to coarse-raind, interlocking plates. 
Dowyusleiconte | is perfect cleavage vied thn exible sheets, 
Lepidoite occurs in panic peematites 260, where 
its associated with other itu 
minerals, suchas beryl (2.225) 
and topaz p.238, The mineral 
's economically important as 
2 major source af Ithiam, 
which is used to make 2 
and enamels, fis also a major 
Source ofthe rae alkali metas 
rubidum and cesium 


|) ProFWe PA toe ee.an,caisi,0,.(0H 44,0 a 


ore The name vermiculite s applied to a group of mica 

we ‘minerals in which various chemical substitutions occur in 
ails the molecular structure. Vrmiculte may be completely 
Ha recs red with ather micas and clayike minerals, 


Ken yl, obra nel 
vm ttl, pseucohxapona 
cry pay against 
2 ovomnny \ermiulte occurs 3 ge pseudomorph replacing 
biota (9197, a5 small particles nso an ancient 
semen, i tte nertace 
between fedsparich and 
itn and magnesium rich 


A woe 


heated to nearly 572° G00°O), 
vermiculite can expand quickly 
and strongly t020 times ts 
original thickness 


vehicles to shift in status from an optional accessory to a core feature that supports not 

only the individual vehicle, but also communication with other vehicles and sensors that 
inform traffic, parking, and navigation—while also ensuring passenger safety and data 
security, For consumers, a connected vehicle provides a growing number of features and 
services that make the driving experience safer, convenient, and less costly, SG connectivity 
will enable information from in-car sensors to continuously be passed to the cloud. By shar- 
ing information and alerts about micro-level weather, road temperature, surface conditions, 
and violent breaking ahead, more efficient and consistent traffic flows will be achieved that 
reduce congestion and emissions. The aggregated and interpreted data will provide more 
informed driving information, as well as alert and activate onboard safety systems to pre- 
vent accidents [1]. 


| ndustry stakeholders envision 5G asa key enabler that allows network connectivity in 
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BENTONITE 


This group of minerals areal kinds of clay that expand 
‘absorb water and shrink as they dry. in regions 

Desert erating os Lnderlain by bentontes, tis property causes immense 

vats franaentntecays | problems with building foundations. There are three 

‘susssnmlaptarccacirs | bentonite minerals, each named after the respective 

dominant element: potassium bentonite, sodium 

bentonite, and calcium bentonite. The minerals are 

generally yellow, white, or gray in color. They occur 

‘as microscopic crystals and are 

earthy and frequently stained 


Bentonite sediments.2y> | although the term bentonite 


has been used for clay beds of 
uncertain origin, this mineral 
group generally forms trom 
\noleenic ash that has weathered 
Inthe presence of wat 
Important industrial minerals, 
bentonites are used as sealants 
and in al ing 


Potting clay 
The patng ly eat 
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KAOLINITE 


Clay minerals are far removed in their outwars 
‘appearance from more attractive and glamarous 

‘minerals, such as gold and clamond. Yet, by providing 
the raw material for brick, pottery and tes, they have 
played a vital part in the progress of human cvilzation 


dct aan 
spa wasn Important among these minerals is kaolinite. Kaolinite 
forms white, microscopic, pseudonexagonal lates in 

aEL compact or granular masses and in micalke pes. 


Three other minerals—dickite,nacrte, and halioysite— 
are chemically identical to kaolinite but crystal in the 
| ‘monoclinic system. All our have been found together 
andre often visually ndistinguisnable 
Kaolinite isa natural product ofthe alteretion of mica 
plagioclase, and sodium-potassium feldspars under the 
inuence of wate, dissolved carbon dioxide, and organic 
acids. tis used in agriculture; asa filler in food, such 2s 
ton staining sescrenot | chocolate mixed wih pectin as an antidantnea a a paint 
zrtemuedwinienoise, | extender, as a strengthener in rubber; and asa dusting 
dae agent in foundry operations. 
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ILLITE 


once regarded as a clay mineral, its snow classified 
a5, group of mica minerals that bear many structural 
similarities tothe white mica muscente (p15) lite takes 
itsmame fram ts type locaton in ines ts white, but 
impurities may tn gray and other pale colors. occurs 
as fine-grained aggregates. chal hexagonal crystals 
can ony be seen using an electron microscope. Because 
af minute crystal lite can only be postiely identified 
by xray diftraction. The degree of erystalization of ilite 
has been used as an indeator of 
‘metamorphic grade in cay 
Dearing metamorphic reeks 

ihe sound in secimentary 
rocks and sols. ts the 
‘most abundant ly mineral in 
shaes @p313-10 andclys. tudes 
appears io be derived from tne Ave legs i 
Wweathenngofmuscovte and Siew tenon 
feldspar (pp173-E0 san caye beng te 
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CHRYSOCOLLA 


‘The term chrysocolla was fist used by the Greek 
philosopher Theophrastus 41S to refer to various 
atria sed in soldering goa, Te name is derived 
ftom two Greek words: chryss, which means go 
and kl, which means “gue” A capper aluminum 
slleate,chrysocolia fs generally blue-green in color. 
Specimens are commonly ine grained and massive. 
Crystals are very rare but when found occur as 
botryeida, racating ageregates 

‘Arvoceasional ore af copper, 
erysocols a decomposition 
product of copper minerals 
especialy in ard regions, ks 
frequent intergrown vith other 
minerals, such a quartz (0.168, 
chalcedony (2169), and apa chysocta bracelet 
172 0 Vita geri ee 
Variety, Gemstones can pe saeste bit 
more than Sts 23k) z= : 
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ant ‘The name apophyilite comes from the Greek words 
2p0 andi phylazen, which and "leat 
espectively—a reference tothe way in which the mineral 
separates int flakes or ayers when itis heated. Once 
considered to be a single mineral, apophylite isn 
divided into two eistinct species—fluoraponyilit and 
hydroryanoniyilite. These species forma solid-solution 
seriesin which fuorine can predominate over ox 
Pe ‘and hydrogen, and vce versa. Apophylte specimens are 
seer seen ink, colores, or white Crystals are transpae 
translicen and up to in 20cm in length. They occur as 
ded, striated prisms with fat ends and may 
bic. Aponte crystals may also show st 


The mineral frequently occurs with zeolite minerals in 
basalt (2.273) and less commonly in cavities In granites 
(9p.258-S9). tis also found in metamarphic ro 

| deposits. Coloress and green si 
‘rom india are faceted as collectors’ gems, 


Reap rystals 
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PREHNITE 


‘Acalcium aluminum silicate, orehnite was named 
In 179 aftr its ciscoverer Hendrik von Prefn, a Dutch 
rmiltary officer. Specimens can be pale to mid-green, tan, 
pale yellow, gray, light blue, or white. Prehnite commonly 
‘occurs as globular, spherical or stalactibc aggregates of 
fine to coarse crystals. Rare individual crystals are short 
prismatic to tabular with square cross sections, Many of 


Green pretntesoerial | these have curved faces, 
rang Prehnites often found ining > 


cavities in valcanic rocks, 
associated with cate (2114 
‘and zeolites (pp.185-90), and 
In mineral vis in granite 
(9p.258-59) Crystals up to 
several inches long came 
from Canada, Transparent White cabochon 
specimens fram Australia 

‘and Scotand arefacetedfor = anv 
gem collectors Snot 
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SEPIOLITE 


‘A compact, claylike, often poraus mineral, sepioite is 
best known by is popular name meerschaum, which i the 
German word for "sea-faam” The name sepialte comes 
{rom the minerals resemblance tothe light and porous 
bone of cuttlefish from the genus Sepia. Seno fs usually 
\white or gray and may be tinted 

yellow, brawn, or green. tis 
Usually found in nodular masses 


Meenenaum oeireso! | or nteacking fiers, which eve 


ita toughness contrary to its 
‘mineralogical softness, Sepioite 
also occurs in porous agerepates. 
Sepiolite is an alteration 
product of minerals such as 


‘Magnesite (118) and racks, such 
2 serpentinite (9.298) tisfound — Mersthaum cigar holder 
as regular nadulesin Turkey Sepotsisused ncaned 
pel liane pred tabacco ppes ara ci 


sedimentary deposts ‘pow patra wen srok 
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] PIGEONITE 
orotic ‘A member of the pyroxene group of miner 
us pipeonite is named after Pigeon Pont, Minnesota, USA— 
iaigeae the localty where it was fst ientifed. Specimens are 
fo¥m, purplish brown, or greenish brown t back in 


alist ‘ins. Well-ormed crystals are relatively rare. An iron-rich 


Variety of pigeonte is sometimes called ferropigeanite 

Pigeaniteis an important mineral in lunar racks and also 
‘occurs in meteorites (ap 335-37). tis found in lavas and 
smaller intrusive rack bodies as the dominant pyroxene 
‘and as an important component of doleites(p.268) and 
andesite (9.275) The temperature imit of pigeonite 
formation inicates the crystalization temperature ofthe 
‘magma from which ithas originated, Mara—the large, dark, 
flat areas of the Moan once believed tobe seas—are in 
fact basalts (9.279) containing ptgeonite. Notable faites 
(on Earth include Skaergaard, Greenland, Mul, Scotland, 
Lsbradar, Canada; Mount Welington, Tasman and Goose 
Creek, Virginia, and New Jersey, USA 
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ENSTATITE 


‘The pyroxene mineral enstatite tes ts ame from 

the Greek ward enstat ponent’ 

a reference tothe use ofthis mineral asa refractary 

‘apponent” of heat in the linings of ovens and kilns. 

Specimens are colorless, pale yellow, or pale green 

They become darker and turn greenish brown to black 

with increasing iron content. Enstatte generally curs 

as massive aggregates or disseminated 

grains. Well-formed crystals, when 

found, tend to be short aris, often 

with complex terminations. Enstatte 

S also founda fibrous masses of 

parallel, needielke 
Aw 


ferrasilite, The mineral us 
‘occurs magnesium and ion 
ch igneaus rocks and in 
‘meteorites (ap 335-37) 
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AEGIRINE 


The sodium iron silicate aegirine was ci 
in Nonway and named in 1895 after Ae, the Scandinavian 
od of the sea. Aegirine is also knawn as acmite after 
the Greek word acme, which means “point” or "edge" 
2 reference tothe minerals typically pointed crystals 
‘Specimens are dark green, reddish brown, ar black in 
color. Aegtrne occurs as needlelke or braus crystals 
that form attractive, radiating sprays, The crystals have 
'2¢9 or blunt terminations and are often striated along 
length, Prism faces are often lustrous and stated, 
while the faces of terminations ae often etched and dull, 
A pyroxene, aegrine forms a solid-solution series 
with hedenbergte and diopside (p.210. tis faund in 
‘magnesium and iron-rich igneous racks, especialy 
syenitic pegmatite (p:240) and syenites (p.242) tis also 
und in schists (pp.291-92), metamorphosed iron-rich 
sediments, and metamorphic rocks altered by circulating 
‘ids. Notable localities include Kongsberg, Norw 
Mont St-Hilare, Canada 


Autonomous vehicles 


Autonomous vehicles—also referred to as driverless 
or piloted vehicles—are predicted to hit the market, 
by 2020, but stable 5G infrastructure will play a key 
role, according to a white paper by ABI Research [2] 
Estimates indicate that 5G latency could be as low as 
one millisecond (ms) over-the-air, and 5 ms end-to- 
end, enabling the following automotive use cases: 


> Broadband multimedia streaming (driverless 
vehicles as mobile living rooms), 

> Cloud services for vehicle lifecycle manage- 
ment, apps, security, and over-the-air updates 
(dloud-to-vehicle), 


> Capturing or uploading huge volumes of sensor 
data for real-time traffic, weather, parking, and 
‘mapping services (vehicle-to-cloud). 
> Cooperative mobility: low latency vehicle-to- 
vehicle and vehicle-to-infrastructure for active 
safety and autonomy [redundancy for advanced 
driver assistance systems (ADAS))] [2] 

‘The current ADAS being delivered on 2016 ve- 
hicles already facilitate SAE Level 1 (see figure 1) and 
are beginning to incorporate features that would be 
considered Level 2, However, Level 4 and 5 capabilities 
‘may not be that far away. In October 2015, Robot Taxi, 
a joint venture between Japanese mobile Internet com- 
pany DeNA and vehicle technology developer ZMP, 
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DIOPSIDE 


‘A member ofthe pyroxene family, cops 
fates ts tame fom the Gree fordouble and 
“eppeerance’ a reference tthe vale appearance 
af ie mineral specimens canbe colores ut ere 
more often boibe pen, rowish green, or ht 
green ics lope cur the for of equnt 
fo prismatic ciystals that ere usualy neary square 
insecton. crystals ae les conmony tabula. This 
mineral en lo form columnar, shetie, rena, 
or massive aeregotes 

Most chose 
metamorphic and found 
inmmetamorphosed seach 
tinestnes p31} and dloites 
{8320 andin ronech contact 
mietamarptic cts. ttelso Gomera 
cccwshnperdottes (p26e, Emagen 
Kinberites@207,anoner — Sztatenm so 
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AUGITE 


‘The most common pyroxene, aut span 
Greek word augites, which means “bright 
ference tots occasional shiny appearance. Most augte 
has dul, dark green, brown, or back nish. Augie occurs 
creensh puck age chiefly as short, thick, prismatic crystat with a square or 
Asie teenth i ‘octagonal cross section and sometimes as large, cleavable 
masses. toccurs in a solid-solution series in which 
dopsice (:210) and hedenbergite are the end-members. 
‘Augite is common in slica-poor rocks and various 
other dark-colored ign 
‘cks of intermediate silica content It also occurs in 
some metamorphic rocks formed at high temperatures 
(1065°4/575°C or above. Auge sa common const 
beamave cya sor —| of lunar basalts and some meteorites (pp.3 
Sramatc ate syetl on | Notable crystal localities ae in Germany, the Czech 
Repub Japan, Me 
ult distinguish between aust, 
dlopsie, and hedenbergte in hand specimens, al 
Dyroxenes are often identified as aut, 


ocks, as well as igneous 
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SPODUMENE 


Amember of the pyroxene group, soodumene is 
hnaredater the Greek word spodumenas, which means 
“reduced to ashes"—a reference ta the mineral’ 
comman ash-gray coor. tcan also be pink, ac, oF 
seen. Crystals are prismati lttened and typically 
Strat along the length, Ger vanities ofthe mineral 
usualy exhibit strong pleochroism. 
‘Spodumene san important 
eof ithium. occurs in 
litium-bearing granite pegmatite 
dykes, often with ther thu 
bearing minerals, suchas 
everypiteandiepidaite 
tease oe (0.98) One of the largest 
ey oa single crystals of any mineral 
lever foun was a spadumene 
specimen from Sauth Dakota, 
Usa, 4711 (iam) ongand lh we 
90 tons in weight toatl steer gest 
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‘A pyroxene mineral, the two minerals 
that are referred to as jade. The other is nephrite (p21), 
‘which isa variety of ether tremolte (2.219) or actinalte 
(9.220), Pure jadeite is white in colar. Specimens can be 
Colored green by ion, llac by manganese and iron, or 
pink, purple, brown, red, blue, black, arange, or yell 


Le ade  e 


pos by Inclusions of ather minerals. Jadelte 
is made up of interlocking. blocky, 
Impenaljae granular crystals and commonly 


: Crystals are short prisms. They are 
fact wen fund ee usualy 
roca ed at hgh prenaue 
Athoughisualyrecoeredss moma 
tlnial peels and tule tls mara ft 
abo found heros ncn ayia 
oral famed pee 
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WOLLASTONITE 


‘Avaluable industrial mineral wolasinite is whit, gay, 
(pale green incor, occurs as rae, tabular crystals or 
massive, coarse-bladed, foliated, o rau masses. is 
crystals re usually tring, although is structure has 
Seven variants, one of whichis anon. These variations 
ae however, indstinguishablen hand specimens 
Wollastorite forms a a result ofthe contact. 
metamorphism of imestones (9319) and in igneous 
rocks that ae contaminated by 
arbor sich inclusions. can be 
accompanied by other calcium 
Containing slleates, such as 
dopsice (2210, tema 2.219 
enidte (2220) and grossular 
garnet (.245) Wolastonite 
also appears in egionaly exami 
metamorphosed rocks in schists Wels tn es 
(@p.291-92) sates (9.299, and RETA ae ee 
piles 298, tanta nneson gan 


Massive rhodonite 
This pecan of ough odie 
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eee S88) | RHODONITE 
The semiprecious gemstone chosnite takesits 

ps | name romtne Greek ord aon ih means rose— 

Bb | 2 erence othe minerals typical ink color. crystals are 
Uncommon tut ae reunged wren foun. Rrodnte 
usualy octurs as massesor gains andisften coated 
or vere wth manganese xe 
tants ound in vaous manganese oes often 
sith hadoctroste 9121 oa product of hotochoste 
that has undergone metamorphism. thas teen used as 
a manganese ore In abut sare often mined 
asa gem ard an orpamental so 
Stone, hadnt primary 
cuten cabochon a bees. 
Nassive roses rly 
tough and sgpodas a carving 
Imesu.Tansparenthedont2 ago box 
israre.Alnough extremely Savas hon, 
fragl, canbe faceted tees 
foreolectors ures 
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ANTHOPHYLLITE 

rman The name anthophyllite comes from the Latin 
Paes word anthoptyt, which means kve—a erence 
areas to he minera'sclove-brown to dark brown colar. 
Wcearese Specimens can also be pale green, ray, or wie 
BE oneen Anthophyfite i usualy found in columnar to frous 
cots masses. Single crystals are uncommon; when found, 
palette! they are prismatic and usualy unterinated. Te ron 


‘and magnesium content in anthophites variable. The 
‘minerals called terroanthophy/ite when itis ranch, 
sadium-anthophylite when sodium is present, and 
‘magnesioanthoptylite when magnesium is daminant. 
Titanium and manganese may alsa be present.n the 
~anthophylte structure. 

‘Anthophylite Ferms by the regional metamorphism of 
lron-and magnesium-rich rocks, especially sillca-poor 
Igneous rocks. it's an important component of some 
heise (0.288) and crystaline schists (on 291-92) and 
's found worldwide, Anthophylite js one of several 
minerals referred to as asbestos. 
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NEPHRITE 


Not a true mineral name, the term neahuite applies to 
the tough, compact form of ether tremalite (p.219) or 
inolite(p-220), Both are calcium magnesium siicate 
hhydraxides and structurally identical, except that in 
‘actinolte some of the magnesium is replaced by iron 
Nephi Is dark green when rarrich and creamy white 
\when magnesium-rich, Specimens are composed of a mat 
oftighty interlocked fiers, creating 
‘stone thats tougher than. 
‘Nephi forms in metamorphic 
environments, especialy in 
‘metamorphosed iran- and 
sgnesiumtch rocks, where itis 
ciated with serpentine (p321) 
and talc (199). tis also found 
inregionally metamorphosed Nephite tt 
areas where dolamites (9.320) are Net such asin 
intruded by con and magnesium. f= male nen 


ch igneous rocks. oe zi 
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HORNBLENDE 


‘The name hornblende is applied to a group af minerals 


rtsmate | that can be distinguished fram each other only by 
nomplende | _detalied chemical analysis. The two end-membe 

Pra rorerich ferrohornblende and magnesium 

johornblende—are both calcium-rich and 

noclinic in crystal structure. Other elements, such 

tusave | 25 chromium, titanium, and nickel, can alsa appear in 

omnlende | the crystal structures ofthe group. The concentrations 
| ofthese elements are an Indicator ofthe metamorp 

grade of the mineral. 
Specimens are green, dark green, or brownish green to 


black colar, Homblende crystals are usually bladed and 
Unterminated, and they aften 
cross section. Well farmed crystal 
prisms. Hornblende also accurs as cleavable masses 
singe estat {and radiating groups. The mineral formsin metamon 
ree ‘ck, especially gels homblende schists, 
macy ‘amphibolites (9294), and magnesium- and iron-rich 
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aes TREMOLITE 


Acalcium magnesium silicate, tremolte fons 2 
sold-solution seies with feroactinolite (p.220), where 
lron substitutes in increasing amounts for magnesium. 
The color of tremalite varies with increasing iran content 
from colorless to white in pure tremolit to gray, 
stay-green, green, dark green and nearly black n ather 
specimens. Traces of manganese may int tremolt pink 
Madatng wemetterecsire | or violet. When well-formed, crystals are short to long 
Srptasct ser emits) prisms, More commonly, tremolite forms unterminated 
oN bladed crystals, parallel ageregates of bladed crystals, or 


raclating groups. Tremolte and actinolite both form thin, 
— paral, exile fibers upto 1Din(2Scrm in length, which 
ate used commercially as asbestos. Tremplte i known 

‘Asbestos ters tencte SWF as nephrite jade when its massive and fine-grained 


ee ‘The mineral is abundant and widespread. is the 
product of both thermal and regional metamorphism 
{and is an indicatar af metamorphic grade because 
Itconverts to diopside (p.210) at high temperatures 
(1,065°F/S75°C or above) 


5G and the Automotive Industry 


2 


announced that it would offer driverless transporta- 
tion to about 50 people in an area near Tokyo. Its goal 
is to commercialize the service by 2020, in time for the 
‘Tokyo Olympics [1]. While Robot Taxi is shooting for 
full automation (Level 5) in time for the games, itis 
likely that the use of such vehicles will initially be lim- 
ed to shuttling passengers between Olympic venues. 
However, this venture is particularly notable because 
the technology is brand-agnostic and can be retrofit- 
ted to any vehicle [4] 


arly, experimentation with autonomous vehicles 
is increasing, and 2020 as a date for some form of 
commercial implementation is certainly feasible from 
a technology perspective, Probably the best-known 
self-driving car project belongs to Google, which was 
started in 2009 and has clocked more than two million 


miles on public roads to date [5]. However, Google 
is not alone; Tesla, BMW, Audi, Mercedes, and most 
recently GM, have all showcased self-driving concept 
cars and demonstration projects. In mid-October 
2016, Tesla announced that all cars currently b 
ing produced in their factories would include the 
hardware needed for full self-driving capability at a 
level of safety far greater than that of a human driver, 
However, the company added that the technology 
first needed to be tested and calibrated via “millions 
of miles of real-world driving” before the hardware 
would be activated on consumer vehicles (6). In 
addition to traditional car manufacturers, compa- 
nies such as Uber and Chinese search giant Baidu 
are also working on autonomous technology and 
self-driving cars [1] 


SAE 
level 


Name Narrative Definition 


nn driver monitors th 


ving environr 


recon Fatback | _ System 
Sterngand | Mottoea | pertermance | caabity 
Accteration | 2°09, | "Stoymamee | Cong 
Deceleration | EXVFOMMENE | Driving Task Modes) 


‘Automated driving system (* 


Conditional or sm ofall aspects ofthe dynam 
‘Automation withthe expectation that te 


High 
Automation 


Full afallasnect ofthe namic dn 
‘Automation and en 


stom”) monitors the driving environment 


All diving 


FIGURE 1. SAE Levels of automation. The Society of Automotive Engineers (SAE) has defined levels of automation to clarify what 
role (if any) drivers have in operating a vehicle while a driving automation system is engaged. These levels are intended to establish 
a consistent framework that can be used across industries as the dialogue about autonomous vehicles continues. (Figure credit: SAE 
International 13016 [3}) 
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VARIANT B, Caittg.Fe"),5i,0,,(04), 


ACTINOLITE 


‘Actinolite is an abundant mineral. isin the mice 
(fa solid-solution series of calcium, ton, and magnesium 
slicates thet also includes ferroactnaite and tremolte 
(0.219), There is complete substitution inthe ser 
between iron and magnesium, but all have the same 
structure. Actinolte wes named in 1794 after the Greek 
word ats, which means ray’—analision to ts radiating, 
var meen atnotte prismatic habit. Soecimens range rom green to dark green 
gauectasimite rect | fo black. Wel-formed crystals are short to long prism 
Actinote usualy occurs as unterminated bladed crystals 
parallel aggregates of bladed crystals, or radiating grouns, 
tis sometimes found as needelike or frous crystais upto 
10in 25cm) long. When inthis form, itis one of the 
‘minerals that are called asbestos. Massive, ne-grained 
actinolte and tremolte are both called nepiit ade, 
te isan amphibole mineral and forms as 3 
nedium:- grave thermal an regional 
‘metamorphism, Good crystals come fram Edward, New 
York, USA, and Kantiwa, Afghanistan 
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GLAUCOPHANE 


blush black. crystals ar 
thlengthwise striations. Ww 
Glaucophane can also be 


ning is common, 
sive, fibrous, or granular. 


When iron replaces the magnesium in 
clacapane ents known a ferroplaucophane 
cea gaeenae Glaucophane accurs in schists (pp.291-92) formed 
boyhigh-pressure metamorphism of sebum ich seen 
at ow temperatures (up to 400°F/200°C) or by the 
mrodicton of socum it the pracess,Glaucanh 
accompanied by ade 273, enidote (240, 
amandine (0.243, and chloe. tis one af the miner 
that are refered o as asbestos, Glaucophane and its 
ascociated minerals ae known asthe glau 
metamorphic facies, The presence ofthese minerals 
ndlcates the range of temperatures and pressures under 
‘which metamorphism curs 


ucture, is 
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RIEBECKITE 


A sodium iron silicate, reveckite Is one of the several 
‘minerals called asbestos. was named after Emil Riebec, 
a 19th-century German explorer Although ret 
specimens are generally grayish blue to dark blue thei 
can vary depending on the concentration of iron in 
thelr structure. Riebecklte can occur as prmati, striated 
als or sometimes as massive o fbrous aggregat 
“This mineral accursin feldspar. and quartzrch 
{greaus rocks. These inclu 
8-59), syeni 
spar. an quartz 


he island of Ailsa Craig in 


land anais locally Tigers ee ing 


sport of curing thon ic ture 
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CORDIERITE 


‘The mineral is named after the French geologist Perre 
LA. Cordier, who frst described it in 1813, specimens 
can be bue, violet blue, gray, or blue-green. Gem-quaity 
blue cordierite or jolie Is also knawn as water sapphire 
because ofits calor. Cordier is pleachroic, exhiting 

three different colors when viewed from different angles. 
ts crystals ae prismatic, andthe best blue colors seen 
along their length, 

Corrie occurs in high-grade, % 


thermally metamorphosed, 


‘alumina-rich racks. ts alsa 


schists (op.291-92) and more 
rarely in granites (pp.258-59), 

pegmatite (9.240), and veins 

fof quartz (p.168) Cordierite carder jewelry 
isimportant in the production Avs ofseeet 
‘of ceramics used in catalytic hae ialal 
conwertersin cars. 
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; TOURMALINE 


‘Tourmaline is the name giver to amily of minerals 
‘af camplex and variable composition, but all members 
have the same basic crystal structure. The 11 mineralsin 
Seat rotate pinclide abate, schor|, crave, and idcicoacite 
ren Gemstone varieties based on their color are also 
ecognized, including indicalt clue, rubelite (nk or red, 
verdelte(geeri, and achrotte (colorless). These variety 
ames can be applied to more than one mineral, Most 
tourmaline s dar, opaque, anc not particuaty attractive, 


tut many ofits transparent varieties ae valued as gems 
Tourmaine abundant, and its 

best formed crystals are usually 

four in 

metamorphosed limes 

{6.19 in contact wth grant 

magmas. accumulates in extsbete 

gravel depostsandoccursas _TRESesnen svete 

naccessory mineral in some (Ehcsoaton and 

secimentary rocks. Seovenea nt 
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BERYL 


Few people have ever heard of the mineral ber 
‘ut almast everyone has head of its principal gemstone 
\atieties emerald and aquamarine. Before 1925, bery's 
solitary use was as a gemstone but since then many 
important uses have been found for berylium. Asa result, 
‘common beryl, which is usually pale geen or white, has 
become widely sought after as the ore of ths rare element 
‘Most beryl is found in granites (pp.258-56), granite 
pegmattes (9.260), and hyoltes(p272), but ican also 
occur in metamarpic rocks, such as schist (pp.291-92) 
Emerald owes its grass-green colar to the presence 
of traces of chromium and sometimes vanadium, Flawless 
‘emeralds are rare, but since 1937 the manufacture 
of synthetic crystals has became possible. Aquamarine 
's the most common gemstane variety of beryl. Neatly 
‘always found in cavities in pegmatites or in aluvial 
deposits, it farms larger and clearer crystals than 
femerald, Other gemstone varieties of beryl include 
heliodor, morgante, and goshente 
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DIOPTASE 


‘The bright green crystals of dioptase can superf 


ly 
crystals mined frama rich 


re wrangy identified as emerald 
Paul of Russia in 1797. Were 
custere prisms = it mot for its softness and good cleavage, doptase would 
ea ‘make a superb gemstone to rival emerald (p.225) in 
color. ts prismatic crystals, often with rhombohedral 
terminations, can be highly transparent. This explains 
‘why the name dioptase is derived from two Greek words: 
da, which means “through,” and optazein, which means 
“visible” or “to see” Transparent specimens of cloptase 
‘appear in ifferent colors depending on the direction 
Lustrous eoptase from which they are seen, and intensely colored 
ary specimens can be translucent, The mineral can also 
Z ‘occur in granular or massive habits 
Dioptase forms in areas where copper veins have 
been altered by axdation. is vibrant calor and its typical 
occurence as well formed crystals make f popular with 
‘mineral collectors 
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HEMIMORPHITE 


One of two minerals formerly called calarnine in the 
USA, hemimarphite takes its name from the Greek words 
hemi, which means "hal" and morphe, which means 
*form'—a reference tos crystaline for. Memimorphite 
crystals are double terminated prisms witha differently 
shaped termination at each end—pointed at one and flat 
atthe other. Crystals are often grouped in fan-shaped 
Clusters, Hemimorphite can also be botryoidal, chalky, 

nite hemimorpite ater | massive, granular, fibrous, o form encrustations. Usually 

eee colorless or white, specimens can also be pale yellow, 
pale green, or sky blue. Some specimens shaw strong, 
zreen furescence in shortwave ultraviolet ight and week, 
light pink fluorescence in longwave ultraviolet igi. 

emimorphite is a secondary mineral formed in the 

alteration zones of zine deposits, especially as an alteration 

io product of sphaleit (p.53) It can be half zine by weight 

seamen and s an important ore ofthat metal. Well-crystalized 

Soames . specimens come ftom Algeria, Namibia, Germany, Mexico, 
Spain, USA, and China 
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AXINITE 


This group of minerals take 


em quaty yncpssrapes | minerals in the group: ferroaxinite, the most corimon, 
vant tn ne ‘magnesioaxinite, in which ium replaces the iron 
the fon in ferroaxinite; and 

mediate in 
tion between ferroaxinite 
‘and manganasinite, 

-ommonly found 
ct and low-temperature 


se formed axtnte gemstone 
a ‘ane ane 


ium and iron-rich 
ignequs rocks, 
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VESUVIANITE 


Formerly called idocrase, vesuvisnte spared after ts 

place of discovery—Maunt Vesuvius in taly. Usually green 

(or yellow-green, can alsa be yellaw to brown, red, Disc, 

blue, or purple, A greenish blue capper bearing vesuvianit 

Syprne aspscmen lie | i called cyprine. An unusual bismuth-besring vesuvianite 
fom Langben, Sweden, i bright red. The mineral forms 

pyramidal or prismatic and glassy crystals. Crystals 2in 

(em) or more long have been found, 

Elements such a5 tn, lead, 

‘manganese, chromium, zine, and 

sulfur may substitute in the 

Tetragona rst vesuviante structure. Themineral 

srg weemescysts | i formed by the metamorphism / 

z of impure imestones (9.319). tis 
also found in granulites(p.297) 
‘and marbles (9.301) accompanied 
by calete (2.114, ciopside (p.210), 
wollastanite (p.214), and 
sgrossular(p-245). 


‘The motivations for creating an autonomous vehicle 
are beyond just technology. Its about reducing emis- 
sions through better fuel consumption, as well as ad- 
dressing the demographic changes of an aging popula- 
tion that increase, rather than decrease, the potential 
for human error-induced accidents. Its also about 
leveraging the convergence of the shared economy and 
urban living, where young and old people no longer 
feel the need to own a car if there is a cost-effective 
and convenient alternative, such as Zip Car rentals, or 
on-demand ride-sharing services such as Uber [1] 


Looking forward 


Geographical coverage will be a key condition for 5G 
to have any relevance in the automotive sector. Initial 
5G coverage can be supplemented by 4G and Wi-Fi 
connectivity on phones and other devices while the 
infrastructure is being built up, but these multimode, 
multiconnectivity solutions will not suffice for critical 
automotive use cases relying on the unique capabili- 
ties of 5G in terms of latency, reliability, and security 
[2]. Even once 5G is fully deployed, the adoption of 
self-driving technology will likely play out differently 
in the various markets in different regions since the 
forces shaping it are diverse at both the global and lo- 
cal level (1). 


Government and industry cooperation 


‘The continuous progression of ADAS-enabled cars 
and the gradual adoption of the autonomous vehicle 
will significantly reduce, and possibly eliminate, the 
number of crashes, This could, in turn, allow the re 
moval of some regulations that relate to safety consid- 
erations, such as crumple zones, bumpers, and airbags. 
Italso means that a review of laws relating to driving 
age, drunk driving, and speed restriction enfore 
ment may be required, but not until all vehicles are 
compliant (1). 


In September 2016, the US Department of 
‘Transportation (DOT) released the Federal Automated 
Vehicles Policy for highly automated vehicles (HAVs), 
or those intended to operate at Levels 3 to 5 as defined 
by SAE. The document—which is currently intended 
as guidance rather than formal policy—Iays out 
standards for safe design, development, and testing of 
HAVs before they are commercially sold or operated 
on public roads. It also proposes guidelines for state 


governments to ensure a consistent national frame- 
‘work for regulation of motor vehicles with all levels of 
automated technology [7]. DOT's National Highway 
‘Traffic Safety Administration released additional 
nonbinding guidance in October 2016, outlining best 
cybersecurity practices for motor vehicle manufac- 
turers and individuals and organizations involved in 
developing self-driving technology. The guidance aims 
to make cybersecurity a top priority for the automo- 
tive industry and proposes layered solutions to ensure 
that automated driving systems are designed to take 
appropriate and safe actions, even when an attack 

is successful [8] 


A challenge yet to be addressed is that, historically, 
car manufacturers have completely controlled the de- 
sign and development of vehicles. The advent of com- 
puters and software that effectively become the “mind” 
of the car means that manufacturers could lose control 
to technology and software companies, and yet still 
remain liable for any issues or catastrophes related to 
the car. It also remains to be seen how much and what 
type of data car manufacturers and network providers 
would be expected to share to improve overall safety 
and security of connected vehicles (1). 
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EPIDOTE 


‘An abundant rock-forming mineral, epiciot= detives 
ts name from the Greek word epidoss, 
increase’ —a reference to the 
prism is always wider than the others, Epidate is most 
easily recognized by its characteristic color—fit to dark 
pistachio green, Gray or yellow specimens are also found 
Epidote is pleochrai, exhibiting diferent colors when 
\iewed from different directions. The mineral frequently 
6 forms well-developed crystals, These may be columna 
prisms or thick, tabular crystals with faces that are finely 
strated parallel tothe crysta’s 
length, Twinning is common. 
Sper n also be ne 
5 eranulat 
Epidate is found in low-grade, 
jonally metamorphosed rocks, 
also occurs asa product of 
the alteration of plagioclase 
feldspars (99 173-81) 


ich means 
at one side ofthe 


‘Actua epldote ion 
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ZOISITE 


‘A calcium aluminum silicate hydroxide, most 
S gray, white, light brown, yellowish green or pale 
ray. A massive, pinkish red variety is called thufte, lilac: 
blue to sepphire-bive variety of zoste is called tanzanite 
and ls sometimes mistaken for sapotire (2.95). Zoisite with 
Inclusions of ruby is called ruby.in-zoisite.Zoisite crystals 
exhibit gray, purple, or blue colors depending on the angle 
{rom which they are viewed. Zosite is found as deeply 
striated, prismatic crystals and also as disseminated 
grains and columnar or massive aggregates. 

“The minerals characteristic of regional metamarphism 
‘and hydrothermal alteration of igneous roc 
from metamorphism a 
rich rocks and typically occurs in 
‘medium grade schists (9p.291 
anelsses (9.288), and 
‘amahiboltes (296) tis aso 
found in veins of quartz (2.148) 
‘and pegmatites(p260, 
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OLIVINE 


‘The name olivine may be unfamiliar but most people 
know of ts gemstone variety, peridot, which has been 
‘mined for over 3500 years. The name olivine is appied 
{0 any mineral belonging to a solid-solution series 
Inwhich iron and magnesium substitute freely in 


Forte aeecuries | the structure. Faylt isthe ton end-member ofthe 
: Sold-solton series, and forsterite ste magnestum 
end-member. 


Cline specimens ae usually 
yellowish green, bu they can 
asobe yell, bow, ay, o¢ 
Coole, Crystals are taba, 
with wedge-shaped 
ination, although wel 
formed erystas of ovine are 
rare. Olivine may also occurin pei gemstone 
masse or granular habits. tis Seas shat 
2majercomponentof arty Eee cece, 
Upper mantic sn mance 


rata 
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ZIRCON 


‘superb gem ancl one ofthe few stones to approach 
Gdarmond (2.47 in fre an rilanee, zon nasa high 
refractive index and color dispersion. Known since 
prmiesteoncrstct | antiquty, 2rcon takes its name from the Arable ward 
aeunmanes nara argu, derived tun fom the Persian words Zr which 
means “gland gun, which means “color” Specimens 
can also be colores, yellow, ray, green, brown, Bue, 
and red. Brown zcon is requenti heat treated t turn it 
Due, The mineral arms prismatic ta dipyramidal crystals, 
Sige crystals can reach a considerable size: specimens 
‘welghing upto 4s (2k) and Bl (tk) have been found 
in Austral and Russe, respectively 
eryttine eter Zircon is found in metamarphic 
misaeenosss! | rogys and slica-rich igneous 
rocks. rests weathering and 
because of its elaively high 2veon bracelet 
specific praviy, concentrates Gemzrere 
insrearand ther graves ana utes. 
beach deposits. 
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TOPAZ 


‘The name topaz's thought to have been derived fram 
the Sanskrit tgpaz, which means “re” Topaz occurs in 

‘a wide range of colors, with sherry-yellow and pink 
stones being particularly valuable. Colores topaz has 
such a high refractive Index that briliant-cut specimens 
‘are mistaken for diamond (p.47)Wellformed prismatic 
crystals have a characteristic lazenge-shaped cross 
section and striations parallel to ther length. The mineral 


tuenetwe | is also found in massive, granular, and columnar habits 
ume granular, 


Topaz formed by fuorine-beering 

\vanors released in the late stages of 

ystalization of igneous rocks, t 

g ‘occurs in granites (ap.258-59), 
rhyaltes (p.278, pegmatite dykes, 

‘and hydrothermal ves. Rounded 


mpetl opae pebbles are also foundin river eiktopaz 
Agacen mperal deposits: Me wor'slargest ACHHLECpaaep 


faceted tonaz weighs over, «tnt seers 
36,000 carats, ‘eparae 
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TITANITE 


Formerly called sphene, tkarite isa caleium titanium 

slicate. The name sphene onighsies fram the Greek word 

sofen, which means “wedge'—a reference tothe typical, 

‘erlge-shaped crystals of the mineral, Crystals can also 

be prismatic. Gem-qualty crystals occur yellow, green, 

fr browin colors. Specimens can also be black, oink, 

red, blue, or colorless. Ttaniteis strongly pleochrolc, 

exhibiting cferent colors when seen from different 

dlrections. The mineral can also be massive, lamella, or 

‘comipact Faceted tianite is one ofthe 

few stones with a color dispersion 

Figher than that of diamond (2.7 
Titanite is widely cstributed as 

‘aminar camponent of siica-rich 

Igneous racks and associated 

pegmattes(p.260) tisalso found ante rng 

ithe metamorphic rocks gneiss 

(9.288, schist (pp 291-92), and 


‘marble (p00. 
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ANDALUSITE 

Named after the locality in Alisa, pain, where 
wos fst described, anda is aluminum sete 
sito reuh rown, white, aay, vet, elon, een, oc 
biue Gem-qualtyandaste exes yon, geen, andre 
crystals are commonly prismatic witha square cross 


section. They can also be elongated or tapered. Andalusite 
canalso eccurin massive form. A yellowish gray variety 
called chiastolte occurs as ong 
prisms enclosing symmetrical 
‘wedges of carbon-tich material 
‘Andalusite is found in regranal 
and low-grade metamarphic 
rocks, where it is associated 
with corundum (295, 
(0.228, sillmani 
hist yews wn | kane (9.238). tis rarely found in 
mena ye granites and greniic 
pegmattes (1.260) 
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SILLIMANITE 


‘Named after the American chemist deniarin siliman, 
sillmanite is one of three polymorphs of aluminum 
silicate. Commonly colaress to white, silimanite can 
‘also be pale yellow to brown, pale blue, reen, or vo 
‘A single specimen may appear yellowish green, dark 
green, or blue when seen from diferent angles. The 

cysts im rece siimartein | mineral occurs in lang, slender, glassy crystals or in 


br toby po terri por 
pedeaes of clay-rich metamorphic rocks: 

famed tg emperaes 

Gpastantersal the 

eras oer eure ah 

Smet 

(p22, andar p23, = 

‘gneisses (p.288), silimanite acetate limante such 
romaimtenrass | Lace neice paid enna, 
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Bag KYANITE 


Named after the Greek word kyanos, which means 
“dark blue,” kyanite is blue and blue-gray, the colors 
generally Zoned within a single crystal. Kyarite can also 
be green, orange, or colorless. Specimens tave variable 
hardness: about @¥ when scratched parallel tothe long 
axis but 6 when scratched perpendicular to the 

long axis. Kyanite occurs mainly as 

elongated, flattened blades that 


\\yanwe | are often bent and sometimes as 
Seated radiating, columnar aggregates, 
yet roekynite yanite is formed during the 
yaa wih saute regional metamorphism of claysich 


secments. Racers nica 
gneisses (p288), and associated 
Fyarothermal quartz veins and 

egmattes (p.240) tis used to spat pues 
estimate the temperature depth, Hates mnes x 
and pressure atwnich arock =” ‘Meabmnun state 
has metamorphosed ans og 
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STAUROLITE 


‘Awidespread mineral, sisurlte takesits name from 
two Gr 


e words: stauros, which means “cross,” and 
hos, which means "st tits typical 
ossike twinned form. Cross-shaped penetration twins 
‘ofthe mineral are common and ae in great demand as 
charms. Staurolite specimens are yellowish brown, 
redlsh brawn, ar nearly black in color. The mineral 
which are ether 


hexagonal or diamond-shaped in se 

and often have rough surface: 
Stauralite occurs in mi 

schists, gneisses (p.288), and 

other metamorphosed, aluminum: 

rich rocks. t forms only under 

a spectic range of pressure 

‘and temperature, which helps trapeze sturate 

determine the various conctions Tense saute. an 

lnder which the metamorphic Pgstra ee ateraceny 

rock formed. ‘br abe of len 


Fay cose tr stat 


[7] US Department of Transportation. “Federal 
avlomated vehicles policy” September 2016. 
‘Available at hips//wwu: transportation gov/A 


[8] National Highway Traffic Safety Administratio 
sybersecurity best practices for modern vehicles” 


CybersecurityForModern Vehicles, 
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EUCLASE 


Euclase takes its name from tio Greck words: eu, 
ie \which means “good and kisi, which means “frecture"— 
a relerence to its perfect cleavage. Generally white or 
Colorless, euclase can also be pale green or pale ta 
deep biue—a color for which tis particularly noted. t 
forms striated prisms, often with complex terminations, 
Massive and fibrous specimens are also found 
“ransparent evtse clase occur in nyrothermal 
esr. ssid | eins formed at low temperatures 
(up to 400"F/200°0, granitic 
pegmatites(p.240), and some 
‘metamorphic schists (9n.291-92) 
and phyltes (p29, tis also 
‘ound in stream gravels. Excuse, 
colores and deep blue color 
ned crystals come from Karol in 
‘mabe, Cut eucase resembles 
Certain types of beryl p.225), 
and topaz (p.238 sovermne 
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HUMITE 


Named in 1813 after the English mineral and art 
collector Sir Abraham Hume (1249-1838), humite 
silicate of ran and magnesium, Manganese substitutes 
for ron in the structure to form a complete solid-solution 
series with manganhumite. Specimens are yellow 
to dark orange or reddish orange in cole, tending 
Yetow humte sessment | toward brown with increasing manganese content. 
croak pase Hurnte is generally found in granular masses. Well 
formed crystals are are and grow in parale with one 
‘another. Crystals rarely exosed “in (Yer) inlength and 
‘ate occasionally twinned, 

urite i found with pyrite (2.42), cassiterite (p:79, 
hematite (.91), quartz (p.168), tourmaline p.224), 
‘and mica in contact and regionally metamorphosed 
limestones (p:319) and dolores (p:220), Athough this 
‘mineral accurs worldwide, noteworthy acations include 
range hurte Ws, Persberg and elsewhere in Sweden; Isle of Skye, 
wenmiewanatiewn | Seatland; Mount Vesuvius, aly, Valais, Switzerland 

‘and Brewster, New York, USA. 
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PYROPE 


‘The magnesium aluminum gamet pyrope was named 
in 1803 after the Greek words pyr and dps, which mean 
“fire” and “eye” respectively—a reference to the 


fiery color of specimens. Manganese, chromium, iran, 
Gemstone rough i and tanium substitute in the minerals structure and act 
as coloring agents to some degree. Specimens can te 
ch red, dark red, violetred,rase red, or redlsh orange 
depending on the composition 
Crystals are dodecahedral and 
trapezohedral, with hexoctahedtra 
sometimes present. The mineral 
‘s most often found as rounded 
Brains or pebi 

Pyrope oct 


sas a high: 
phic 


‘acs. tis also Found in his Pyrope gemstones 
cks and in detrital deposits pea sien est 
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dlrived from them. 
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ALMANDINE 


‘The most common gamet, ainsndine is named after 
‘Alabanda (now Araphisar in Turkey, where ithas been 
cut since antiquity. Almandline is aways red, often with 
pink or violet tinge. Specimens can sometimes be nearly 
black. This mineral tends tobe a pinker red than other 
garnets. Crystals often have well-developed faces and 
‘are dodecahedkal or trspezohedral or have ather more 
‘complex forms. Massive aggregates and rounded grains 
are aso found. Rutile (278) needles 
‘can show asa fourrayed star when 
‘almandine is cut en cabochon, 
‘Almandine occurs worldwide, 

Itis found in gneisses (p.288) 
‘andl mica schists, igneous rocks 
(pp.256-57), and occasionally as. 
Inclsionsin dlamand (p47). when 
‘Amanane in ganutte ttoccurs in metamorphic ro 

seca chaeerta hs ts presence indicates the grade 

‘of metamorphism 
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‘The manganese aluminum silicate spessartine is 
rramed after Spessart—the locality in Germany where It 
\was first described. The mineral i pale yellow when nearly 
ure and orange to deep red, brown, or black in ather 
Specimens. A color change known as the alexandrite 

effect is occasionally foundin spessartne grossular garnet 


spessartne almost aways 
cents some amount of ron 
(0.39), Pure spessartine s 


elatively rare and is found in 


‘ctagonal step cut 
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GROSSULAR 


The calcium aluminum silicate grossular, 2 type o 
garnet, is named after the Latin word grassuaria, which 
translates ito “goaseberry"—a reference tothe mineras 
ooseberry-green colar. Specimens can also be pale to 
‘emerald green, white, coloriess, cream, orange, ed, 
honey, brawn, or black. Reddish brown or pink grossular 
‘scaled hessonite or cinnamon stone. Grossula Is usually 
translucent to opaque but can be transparent 

ltoceurs as raunded dodecahedral or 

trapezohedtral crystals that are up 

t05in (Tae) wide. Specimens can 

alsobe granular or massive 


Grossular forms in impure 
caleareaus rocks that have 

jonal contact 
hs, some schists oss beads 
2yandserpentintes — Mestrenoie 
(0.298, and occasionalyin ae sera, 
meteorites (0. 385-37). oo 


ORGANICS 


Generated by organic (biological) processes, the organics may or 
may not be crystalline. In some cases, they contain the same mineral 
matter—such as calcite or aragonite—as that generated through 
inorganic processes. Organics are sometimes used as gems. 
COMPOSITION carbonat be 
The organics have a highly varied 


sediment, either 


composition. Coral, pearl and shell 3d. Other orgs 
in mineral matter generated by catbonin ther essential composition 
al processes. Amber is fossilz 

cteoniferous trees, USES 
1 amberlike substances from even 


al and bitumen are e 
rat ind the 

Widest use. Organically 
formed carbonate rocks 


older trees are also known. Copal the organi 


s a modern equivalent of 
fossilized amber, Calis derived 
from buried 
such as peat umen is 3 


je materia are also extensively used a 
building stone and ballast 
and in the manufacture of 
ement. Other organics are 


si el tomake ornaments 
care graneuntcfertone and jewelry 
OCCURRENCE : 


ganics are relatively wide 
sof treshu 

are part ofa carbonate cycle that extrac 
catbon from the environment and retumsit  rozes 


pread.The tage om 


nd marine organisms 
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CORAL 
eco ‘According to Greek legend, coral came tram the crops 
Ayer of blood shed when the mythic hera Perseus cut ff the 
seater head of the monster Medusa, Corals actualy the skeletal 
‘material generated by marine animals also known as 


Coral palyps. in mast corals, this materials calcium 
carbonate, butin black and golden corals itis @ horn 
substance called conchialn. Coral has a dull luster when 
recovered, but It can be polished 


(Mackcort | ane brightened, sensitive even 
Etats! | tom acids and can become dull 
osteerety — withextensie wear, 


Corals variable in colar, Ree 
‘and pink precious coral is found in 
the warm seas around Japan and 
‘Malaysian African coastal waters, 


tr andi the Mediterranean Sea. coral meclace 
‘rt Black coral comes from the West, THSplestanaed 


Indies, Australia, and from around (Eek som Merssa 


ocanere the Pacific Isiands. sure 
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‘A concretion formed by a mollusk, 8 pear consists 
‘mainly f aragonite (p18), the seme material ast 
animal's shell 0.249. The shell-secreting cells are located 
in layer ofthe mallusk’s body tissue called the ment 
ister penta iaiecto | Wen foreign particle enters the mantle, the ces build up 
esl es a a Concentric ayers of peel around it. Colors vary wit the 
ee rmolusk and is environment and can be ary delicate shade 


fom black to whit, cream, gay, blue, 
Yellow, green, lavender, or mauve. 
The finest pears ae produced a 


r 
tylimited species ofsatwater 


cl pete yt 

€ Shope Theos valuable peas 
sresperele pie 
esmtrpaaice | Spr rd godly 


See Bee er Color. Rosette indian pearls 
a are highly prized 
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SHELL 


of, ux coral 207 sas meal mater eer 
tlogial processes. The rineral compart of shel 
ether caste p11 or aragonite a1) athe whlh are 
talcum carbone, Sel for este tard outer covering 
‘of many mollusks, itis secreted in calcareous layers by 
telsin he mantle srt seus nthe mals s boy 
well olsk hes ifr inthe composiion, ow 
ruber andarangerert of calcreos yrs 
vein | These lyerstorm asst mioestructes 
cee armenia | ih cterent mechanical proper ad 
insore shat erent core 

ot rie nd estwater 
shel are sed for omarion 
Shells wth afferent colored layers 
fave been carved ino cameos 
since aroquty, Peary shel 
were used widely nation 
raking aroun the ee 
tothe Faerie 
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COPAL 


Named after the Nahuatl wore copa which means 
“resin” copa ylowto red-orange resin obtained frm 
vous repical res. canbe colected rom ving tees, 
and from accumulations inte sol beneath te trees 
itean iso be mined fis buried. Copa ftom eferent 
sources usualy have diferent chemical propertes but can 
‘have similar physical properties. Copal has approximately 
the same hardness as amber (0.259 but unlke amber 
its whoy or partly slube inorganic solvers. 
‘ured coals the nearest 
to amberindurabity andi, 
inmany cases, tually 
indstingushabe fom 

Zant Tanzi sa major 
source of buried copa. This 
mineralisalso foundin China, copa bade 
Brazil, and other South American In this necklace, bears of 3 
countess used inarnsnes, 2 anscanpa kn 
lacquers ins Sutera 


| cxytat system none 
heen 
On 
Wa wore 


| concnoical 


| wnte 


[ees 


amber nodule 
Taneparert i arse most 
‘bar sgn yt gir 
‘rng arouses 
sal ela shed masses. 
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AMBER 


‘The fossilized resin amber comes mainiy fram extinct 
coniferous trees, although amberlike substances from 
earlier trees are also known, Its generally found in 
‘association with ignite coal (253). Amber and ather 
partially fossilzed resins are sometimes gen mineral- 
like names depending on where they are found, thelr 
degree of fossilzation, or the presence of other chemical 
‘components. For example, resin tat resembles copal 
((.250) and comes fram the Landon cay region is called 
copalte. Atleast 12 other names — 
‘are applied to minor variants. 


For tnousands of years, the E) 
largest source of amber has y 
teen deposits along te Batic 

coast, extending ntermttenty —* 
from Goanskright round 19 preserve inamber 


the coastlines of Denmark and AS"esnanedo-soricn 


Sweden Amberhas been vaced  YOUBSE mec 


since ancient tes. fhestaty ssc 
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incisions of pyr 2 matali ste 
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COAL 


‘The fossilized remains of plants, coal usually o 
in layered, secimentary de 

mele up ofan regular mi 
called mac 


mor black and 
ure of chemical compounds 
which are analogous to minerals in 
3. Uilike mineral, macerals ave no fxed 
chemical composition and no definite crystaline structure, 

Different varieties of coal are formed depending 
nthe kinds of plant material, varying degrees of 
coalfcation (the process by which plant material 

rted to coal, and the presence of imauries. Fur 

Varieties are recognized, Ligit is the lowest grade and 
is the softest and least coaified variety. tt forms from 
peat under maderate pressure, Sub-bituminous coal is 
dark brown to black. Bitumir most abundant 
and is commonly burned for heat generation, Anthracite 
s the highest grade and the most highly metamorphosed 
form of coal. It cantains the hig 
low-emission carton and would be an ideal fel iit 
were nat relatively scarce. 


s,s 


coals 
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IGNEOUS ROCKS 


Igneous rocks are formed from magma—molten rock. They are 
Classified as extrusive or intrusive depending on whether or not the 
magma emerged at Earth’s surface before crystallizing. Extrusive 
rocks form on the surface; intrusive rocks form below it. 


INTRUSIVE IGNEOUS ROCKS sen oegactee 
Intrusive rocks sre categorized as plutonic ahs 
i formed deep inside the crust and 
hhypabyssal if formed at shallow depths. 
Plutonic intsive racks are characterized 
ae crystals and generally form 
cally large bodies. For example, 
‘8 batholthisa large igneous body with 2 
surface exposure of at least 40 square 
‘ils (100 square kn) and a thickness af 
‘bout 6-9 miles (10-15km). Batholths 
3 mountain ranges, 
Slerra ‘eanoro 
Nevada in North America. Granite, iorite, Most gabtrs am asp wave ok 
peridatite, syenite, and gabbra are all, 
plutonic igneous rocks, 
Hypabyssal nirusive rocks ae formed 
atshallower depths and are characterized inch ta many feet in thickness and can 


by fine crystalization, They accurin be huncreds of mils in length, Sis re 
sheetike bodies called ckes and sls, similar to dikes, except that they form 
Volcanic plugs, and other relatively small parallel o the enclosing racks and intrude 


formations. Dike range fromless than an between two strata 
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EXTRUSIVE IGNEOUS ROCKS 
Extrusive igneous racks are also known 
{8 voleanic rocks. The principal rock tyes 
in this category include basalt, obsidian, 
rhyolite trachyte, and andesite Alf these 
usually form from lava—a magma that 
has flawed either onto land or underwater. 
Other extrusve rocks, such as tuff 

{and pumice, form in explosive volcanic 
eruptions. These “pyroctastic" rocks are 
porous because ofthe frothing expansion 
‘of volcanic gases during thelr formation, 
‘asatis the most common extrusive rock, 
forming the flaor of most oceans and 
extensive plateaus on land, such asthe 
Deccan Ptateau of india and the Columbia 
River Basalts of Oregon, USA. 


rain size 
Trg ens cs pea ety he 
inaanhes lage gars rani, 


‘Mount st. Helens 
eta Wan St lens ane Usk 
‘oped Srargteuersal reo 
recs ache outst 
Usk perce test pumce a 
fer fom sige: 


COMPOSITION OF IGNEOUS ROCKS 
lgneous rocks form fram magma, which 
isessentialy a slicate mett.lgneous rocks 
are classified onthe basis of sca content. 
Felsic racks have over 65 percent silica, 
intermediate racks 55~65 percent, mafic 
rocks 45-85 percent, and ultramafic rocks 
less than 45 percent silica. The slicate 
minerals that develop from the melt depend 
‘on factors such as siica concentration in 
the matt, the presence and concentration 
of other elements such as aluminur 
iron, magnesium, calcium, sodium, 
potassium within the melt, and the 
temperature and pressure st which 
crystallization takes place. 


‘Sorte ty a on 
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GRANITE 


‘The most common intrusive rack in Earth's 
inental crust, granite is familar as a matted pink, 
f, pray, and black omamental stone. Itis coarse 10 


‘quartz (9168, and mica, which occur as sivery muscovite 
(6.195) or dark biotite (9.197) or both. OF these minerals, 
feldspar predominates, and 

quartz usually accounts for 

‘more than 10 percent. The alk 
feldspars are often pink, resuting 
inthe pink granite often used 


ite erystaizes from 

siica-rich magmas tha re rles 
deep in Earths crust. Mary 
mineral deposits frm near” crane tarase 
crystaliang grante bodes fom Srila sabre 

Vemelene gantecne | GYSNenERTante bodes fom ne Ms sary mae 


bemiadioiiet such bales release, 
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TEXTURED GRANITE 


Granites with distinct patterns in their crystalization 
are known as textured granites and in raphic 
granites, Graphic granite consists of roughly 20 percent 
‘quartz (p68) andl 70 percent feldspar, witha few other 

orp granite ‘minerals. These minerals are intesgrown in such a way that 

see ght-sided quartz crystals, which look lke hieroglyphic 
characters, ae setin aackground of feldspar. The texture 
forms in pegmaties (.260) wi 
rom the magma atthe same time 
te isan unusual but spect 
containing spheres (orblcules) of concentric layers 

‘of granitic minerals. The orbicules are about 2-in 

(S-10cmm in diameter and often richer than the granite 

in darker minerals, They ae usually 

areas within the larger granite mass. in porphyritic 
the feldspar crystals are larger and bette 
ned than the surrounding mineral grains. The 

granites have been quarried and polished for u 

‘ornamental and building stones. 


the main minerals 
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are very coarse-grained igneous rocks, mastly of 
Branitic composition, Ahough crystals can be huge 
‘over 33 (10m) in some specimens—individual crystals, 


crane peematte 

"pene usually average 3vi-din (@-10crn In length. The large 
ce crystals are due tothe considerable amount of water in 
a the magma ater than sow cooling The most perfect 
sta ae typically found in openings ar pockets. 

eines Quartz (2:68) and feldspar dominate, but many other 


a peer ‘minerals can form large, beautul crystals, Muscovite 
ma (295) andather mas commonly occur in pegmattes, 


small igneous bodies, such as veins and dykes, ar 


fettspar_ | sometimes as patches in larger masses of granite 
Rizgnatie | (pp.258-59) Several gemstones—such as 
sara y ) group minerals, aquamarine p:225), 0 


smoky quartz, rose quartz, and topa ( 
‘mined from pegmatites. 
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ANORTHOSITE 


‘An intrusive igneous rock, anorthosite is composed 
‘fatleast 90 percent caleum rch plagoclasefeldspar— 
principal labradoite (:180) and bytownite, Olivine (2.232, 
garnet, ayraxene, and iran axides make up the remaining 
1Opercent. Anorthosite is coarse-grained and either white 
or gray. Specimens can also be green, Many anorthosites 
have an interesting “cumulate” texture, where well-formed 
tals appear to have Settled out of the quid magma, in 
2 similar way as large grains setting 
inasediment. 
‘Anorthosite is not a carmon 
rock, but where it does occur, 
itis found as immense masses, 
ras layers between iron and 
‘Magnesiurnch racks, such as 
abbr (p.265) and peridatite 
(9.266). Anorthoste is, however, 
‘common on the surface of 
the Moon, 
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m=, SYENITE 


Visually similar to granite and often confused with i 
syenites can be distinguished from granite by the absence 
lor scarcity of quartz. A syenite is any one of a cass of 

ks essentially composed af an akal feldspar or sodium 

plagioclase or bath) a ferromagnesian mineral, usually 

ephelnesyenteneswine | blotite 197), hamblende (p21), or pyroxene; and ite 
ayaa rae | ar no quartz, The aka feldspars can include orthoelase 
(@.173, abte (0.177, of less commanly,microeline (2.179) 
Syenites are attractive, mult-colored rocks—usually gray, 
pink, or fed. Other minerals that occasionally occur in sal 
‘amounts in syenit include titarite, patte (p14), zircon 
(9.233, magnetite (2.92), and pyrite (2.62). When syenites 
contain quartz they are called quartz syenites. 

‘Nepheline (p.182) and alkali feldspar are essential 
‘minerals in nepheline syenite, but this rack can contain 
other minerals, including unusual and attractive anes, such 
2 eudiayte tf the rock includes a pyroxene, itis usually 
<egirine (0-209), fan amphibole itis usually arvedsonite, 
‘both of which are ih in Sodium, 


syente with aren 
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GRANODIORITE 


‘Among the most abundant o intrusive igneous 
ranodiarite isa medium- to coarse-grained rack thats 
Similar to granite (p.258) in texture. Granodiorite can be 
pink or white, with a gran size and! texture sina to that 
Of granite, but abundant plagioclase generally makes, 
itappear darker than granite. The biatte (p.197) and 
hornblende (0.218) eve ita sneckled appearance, The 
‘mica may occur in well formed hexagonal crystals, and 
the hornblende may be present in ngediatike crystals, 
Twinned plagioclase crystals are sometimes wholly 
encased by orthoclase, 

‘The quartz (p.168) present in granodiorte can be gray 
to white, With increased amaunts af quartz and alkali 
feldspar, granodiorte grades to granite, With less quartz 
‘and alkl feldspar, t becames dione (p.268). The volcanic 

‘of granaciarite is dacite (9.274). Two historic 
stones are grenodiorite: the Rosetta Stone was carved 
‘rom ft, and the Plymouth Rock isa glacial erratic boulder 
of granodiorite 
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DIORITE 


‘This medium: to coarse-grained inisusive igneous 
rock s sometimes sold 2s "lack granite" In general 


though, diarite is Garker than granite (9.258). Iris 
‘commanly composed of about two-thirds white 
Light caore ote plagioclase feldspar and one-third dark-colored 
secre fot wh minerals, such as botite (197) and homblende (218. 


witeniaeceesard2mn | The pagiociases in diarite—ollgacase (1178) or andesine 
((.181)—are rich in sodium, Diorite can be of uniform 
grain size or have large phenocrysts of plagioclase 
‘or hornblende. 

‘The rack can aceur as large 
Intrusions or as salle dykes 
and sls. Most dort is intruded 


3 


Finegan dora along the marin of continents. 
Remtendorewad? [weaned srcunserquer 
cuir (b.148) and alkali felospar, Neate aahend 


becomes a pranodiorite (p26, 
wth larger amounts, ts classified 
as prante. 
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GABBRO 


‘Medium or coarse-grained racks, 
principally of dark green pyroxene (augte and lesser 
‘amaunts of orthapyraxene) plus white- or green 
colored plagioclase and black, millmeter-sized 
Layered ganbra nce! | &f3)NS of magnetite and/or mente A gabbro has an 
i pagoctas ance intermediate orl 
quartz (9.168), Gabbro is essentially the intrusive 
equivalent of basalt (p.273), but unlike basalt gabbro 
has a highly variable mineral content. It ten contains @ 
layering of light and dark minerals (layered gabbro), 
a significant amount of olivine (alivine gabbro), ora 
arse crystals of plagioclase 


3s consist 


lia content and rarely contains 


ic crust Some gabbros are mined forthe 
rick, chromium, and platinum (2.38). Those containing 
imenite (@90) and magnetite (992) are mined for their 
ron or titanium, 
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PERIDOTITE 


‘An intrusive igneous rock, peridatite is coarse 
Bained and dense. Its light to dark green in cola 
Peridotite contains a least 40 percent alvin (p.232 
and some pyroxene. Unlike the ovine gra 
yraxene grains in perdotite have a visible ce 
ereen peridathe Aspscmen | When Viewed under a hand lens. Peridotite forms 
rare cf Earth's mantle and can occur as nodule 
‘brought up from the mane by kimbs 
basa (227 
The rockis us 
ggnesiumrich rocks in the low 
k bodies, where ts denser cr 
elective crystalization and then settle ta the bottom a 
cl fuld alizing mushes. Aperidatite 
specimen that has been altered by weathering becomes 


hat are 


ally found interlayered with iran- and 
parts af a 


vt 


semi-solid cry 


serpentine (298), Peridotite and pyra orm 
amet perdotte erie | in similar environments, but pyroxenite contains a higher 
enon of percentage a pyroxene: Peridottes are important sources 


‘of chromium and nickel 
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© cytateation ot 
inamapriason This is a coarse-grained, granular igneous 
hat contains at least 90 percent pyroxene, Pyraxenite 
292) and oxide minerals 

curs in layered intrusians or nepheline 
fn itoccurs in silca-poor intrusions. Ahad 


ontain olivine 


Gamsmmes | oan 


epneite ‘and heavy rock, its light green, dark green, or black. 
@ upnezreen cancgren | ts surface often weathers to rusty brown, individual 


crystals may be in (75cm) or more in length. Pyrexenites 
ros (p.265) and peridotites 
4). Unlike gabbras, pyroxenite contains almost 
ro feldspars, Also, pyroxenite has less olivine 

han peridotites 

‘The principal minerals usualy fund accompanying 
yroxenites, in addition to olivine and feldspar, are 
Chromite (p99) ang ather spinels (p.96), garnet, rutile 
(0.78), and magnetite (p92). 1th 
large volumes af pyroxe! 
Rare metamarphic pyraxerites are known and are 
described as pyroxene harnfels. 


are usually found with gal 
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DOLERITE 


‘A medium-grained rock, dolerite has the same 
‘composition as gabbro (p.268): ane- to two-thirds 
caleium-rich plaglaclase feldspar, and! the remainder is 
‘mainly pyrexene. Specimens can have un to 85 percent 
Weathered dle Acne | _silc@ and up to 10 percent quartz (p.168). Piagioclase 
er somingae crrmonly occur a tiny rectangular crystals within 
ct larger pyroxene prains in dolerite. Olvine (p-292) can accur 
‘a8 a constituentin the form of rounded grains that are 
often weathered orange-brown, 
‘An extremely hard and tough 
rock, dolerite occurs in dykes 
‘and Sls intruded into fissures in 
‘other rocks. tis heavy rock that 
Fine gained dtete ‘soften polished for use 
decorative stone, Dolenite is also 
Used init rough state for paving stonehenge, england 
and is crushed for road stone, 
tis a stone sold under the name 
“black granite 
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KIMBERLITE 


‘The major source of diamonds 


47, kimberite isa 


variety of peridot 3. trisrich in mica, often inthe 
form of crystals of phlogopite, a type af mica, Other 

‘abundant constituent minerals include chrome-diopside 
(6.210), olivine .232, and chromium and pyrope-rich 


weathered ambertte amet Lesser amounts of rutile (.78, perovskite (0.29, 

rea) wesc ent (290), magnetite (p92, caleite (2:11, serpentine 

Medetmaaeh (@.190, pyroxene, and diamond can aso be present. 
Kimberite is typical found in 
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Abstract: The numerous and diverse applications of the Internet of Things (IoT) have the potential 
to change all areas of daily life of individuals, businesses, and society as a whole, The vision of a 
pervasive loT spans a wide range of application domains and addresses the enabling technologies 
needed to meet the performance requirements of various loT applications. In order to accomplish 
this vision, this paper aims to provide an analysis of literature in order to propose a new classification 
of loT applications, specify and prioritize performance requirements of such IoT application classes, 
and give an insight into state-of-the-art technologies used to meet these requirements, all from 
telco’s perspective. A deep and comprehensive understanding of the scope and classification of loT 
applications is an essential precondition for determining their performance requirements with the 
overall goal of defining the enabling technologies towards fifth generation (5G) networks, while 
avoiding over-specification and high costs. Given the fact that this paper presents an overview of 
current research for the given topic, it also targets the research community and other stakeholders 
interested in this contemporary and attractive field for the purpose of recognizing research gaps and 
recommending new research directions. 


Keywords: 5G mobile communication; Internet of Things; applications classification; performance 
requirements; enabling technologies 


1. Introduction 


‘Telecom operators (telcos) had the most power and influence over business in the information 
and communication technology (ICT) industry during past decades. This dominance was the result 
of owning and provisioning communication infrastructures which nowadays have become more 
ofa commodity than a luxury. Telco’s revenue streams were mainly based on the provisioning of 
traditional services, such as voice calls and short message services (SMS). Recent work of regulatory 
agencies and the appearance of alternative service providers have led telecom operators to form the 
opinion that alternative service providers have conflicting interests and provide competitive services, 
thus decreasing telco’s revenue from traditional services [1]. However, the latest econometric analysis 
presented in [2] has shown that telecom operators and alternative service providers have aligned 
interests and their collaboration could be favorable to both parties. The interests of alternative service 
providers and telcos are not inevitably conflicting, since the economic growth of the alternative service 
providers are positively correlated with telco revenues and vice versa. 

‘The development of a digital society has changed the traditional value chain and introduced 
new issues for telcos as they seek a way how to monetize new digital services [3]. These services 


‘Symmetry 2017, 9,213; doi:10-3390/symO100213 swwemdpi.com /journal symmetry 
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Weathered lamprophyre 


VARIANTS 


LAMPROPHYRE 


‘The term lamprophyre is used to rafer toa group of 
igneous racks with high potassium, magnesium, and iron 
antent. Four minerals daminate these racks: arthoc 
(0.173, plagioclase, biotite (p97), and hornblende 
). Amphibole and biotite tend to oecur in a 
ric of various combinations of plagioclase and other 
sodium- and potassium-rch feldspar, pyroxene, and 
feldspathoids (pp 182-84) Because of thet relative 
arty and varied composition, lamprophyres do not 
it into standard geological classifications. In general 
they form at great depth and are enriched in sadium, 


Dark bowen anprophyee 


cesium, rubidium, nickel, and chramium, as well as 
potassium, iran, and magnesium. 
Source rocks for diamands 

The exact origin af lamprophyres is still debated 
These ro ‘and other small 


Fnegrained amproptyee | ignecus intrusions. They form along the margins of some 
eye wif states (pp. and are atten associated with large 
bales of intrusive granadlorte (0.269) 
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PORPHYRY 


‘The name porphyry is genera! are and textural term 
for mec tin cks that contain 


ifthese minerals are found inthe smaer crystals o 
‘matra tls most often used for rocks formed in lava laws 
quartz porpiyyFontyry | minor intrusions. The tem porphyry i ten prefixed 
Mere es with a reference tothe minerals itcontains such as 
‘quartz-eldspar noro 
the two minerals, Alternatively the prefix can refer 
‘composition ar texture a the rock. Examples ar 
porphyry oF thom porahyry, respectively 
Porpiiyias farm when crystalization begins deep in 
Earth's crust and cooling occurs quickly after rapid upward 
‘movement of magma, This results inthe formation af very 


was used forthe purple-ed for ofthe 
feldspar porphyry been valued since antiquity as an arnamental 
feesearna | Many Egyptian, Roman, and Greek sculptures 
type of porphyry 
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CARBONATITE 


An unusal rack type, catonste cont of ver 
£0 percent carbonate miperls-~usual cle a1 
dolomite (17 sent (.123, Most sbonatfes dso 
cortain sive proof sate minerals nd may conta 
Presareery reget (92 the row ica pogo, oe 
SEpetit eras | cantina suchas poche fs) Specmensare 
reverse | Spay reare-cwed, yew or own Carbonate 
= = looks similar to marble (p:301), It may be coarse-grained 
ifrtusve and eepaed fvoeani 

The process by fc carta frm 2 
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bfeortnesta tng vena, es, ane als ured 
Inu of eran pot ecu rocks 
The geocherchy of cabanas compl ere can 
Vary coneeraby specs, Many cntan steno 
Valle ores of ere cert suchas aces 
tara, ean endhutrium. Soe caboraties sn 
tontaln Span arount of prin 38, go D2, 
ser a and nce 


ROCKS | IGNEQUSROCKS 273 


PROFILE 
‘ae vteane Fegained basa 
© cawaenctastceger | ouster 


® sees tna an 1m : 


Dy ict. septs 


© oan ont 


BASALT 


fasalt is the most common rockon Earth's surface 
mens are black n color and weather to dark green 
‘or brown, Basalt 
‘mainly composed of alvine 
clase. Most specimens are compact, fn 
lassy. They can also be porphyrt 
bute aug cot phenac 
oles lett by gas bubbles 
fasalt makes up large parts 
cof the acean floc. ttcan 
form volcanic slanls when it is 
erupted by volcanoes in acean 
‘basins. The rock has alsa buit 
ranmne | uel on na Teck 
volcanoes on Mk 
de of basalt. 
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DACITE 


‘An extnusive igneous rock, dacis takes its name from 
Dacia (madern Romania}—the ancient Roman province 
where it was frst found. The valeanic equivalent af 
ranaciorite (9.263), dacite is usually pink ara shade 
‘of gray. taften has like bands. Porphyritc varieties are 
‘common, wit lage crystals usually consisting of blocky 
plagioclase feldspar or rounded quarte(p 168, or both 
Dacite matrix can be cryptocrystaine or glassy 

Dacite occurs with andesite (p.275) on continental 
‘margin, and with ryote (p-278) in continental volcanic 
districts. Along continental margins, dacite magmas form 
In areas where oceanic crust sinks beneath continental 
‘rust Dacite magmas are chemically altered as they reach 
the mantle. Dacite lavas are quite viscous because of thelr 
‘moderate Slica content, and thus can be quite explosive in 
eruptions. The explosion af Mount Saint Helens volcano 
In USA in 1980 was a result of dacite dames formed fram 
frevious eruptions. The mineral compositions a dacite 
lavas tel the history ofthe magma. 
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ANDESITE 


This voleani rock is armed after the Andes Mountains. 
intermediate i silica content, tis usually gray in cola and 
‘may be fine-grained or porphyntic. Andeste& the voleanic 
a pam ariel ‘equivalent of dont (9:24). It canssts ofthe plagioclase 
SErenitmtesionn | feldspar minerals andesine (p18) and olgoclase (2.1 
aes Pach Ocean ir with one or mare dark, ferromagnesian minerals 
et such as pyraxene and batt (1 
‘Amygdaloidal andesite occurs when the voids lft by gas 

bubtles inthe solving magma 
are later filed in, atten with 
zeolite minerals (9 185-90). 
Andesite erupts frm volcanoes 


andeae van pagactite | aris commonly found 
tam | nerbeddad wit volcanic ath and 
ui (p28. Ancient ancesies ao 
amygdaloid | USES tOmapencient subcuction voleaniandeste 
toes es because andesi towreranenain 
staranaetvet | Volcanoes form an continental or 
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SCORIA 


The top of a lava flow is made up ofa highly 
vesicular, rubbly material known as scan. fthas the 
‘appearance of vesicular lava. When fres, scora is, 
generally dark in color—dark brown, black, ar red 
Weathered scoria has a medium-brown colar and forms 
piles of loose rubble with small pieces. Most scaria is 
abot seal basaltic or andesitic in composition. This rock forms 
ft saratamtetseol | wen gages in the magma expand to form bubbles as 
lava reaches the surface. The bubbles are then retalned 

as the ava solfies. Scoria Is common in areas of 
recent voleansm, such as the Canary islands and the 
Italian volcanoes. 

This rack is of relatively iow density due to its 
vesicles, butt is nat as light as pumice (2.27), wich 
floats on water Scaia aso ciffers from purice in that 
ithas larger vesicles with thicker walls. Scara has 
Commercial use as high-temperature insulating 
‘material it also has applications in landscaping 
and drainage. 
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PUMICE 


‘A porous and frothlike volcanic glass, pumice is 
created when gas-saturated liquid magma erupts tke a 
nated crink and cools so rapidly thatthe resulting 
foam solidifies into a glass ful of gas bubbes. Pumices 
from slica-tich lavas are white, those from lavas with 
rmedlate siica content are often yellwy or brawn, and 
are slica-poor pumices ae black. The hollaws inthe froth 
can be rounded, elongated, or tubular, depending on the 
flow ofthe solitying lava, The 
slassy material that forms pumice 
canbe in threads, fers, or thin 
partitions between the hols, 
Althaugh pumice is mainly 
composed of glass, small 


crystals of various minerals 2 
wdensity pumice stone 


‘occur Pumice has a 

HstolepumiceAimecmen | due to lis rum 

rumertermekciea | pores, por thie 
easily float in water. 
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RHYOLITE 


‘A rare volcanic rock, mye is usualy fine-grained, 
itis often composed iarBey of volcanic las (pp. 280-87. 
Indiviual rains of quartz (188, feldspar (pp.173-B1, 
‘and ica may be present but ae to0 small 10 be visible. 
The smal se ofthese grains indicates that crystalization 
fexpnyese yotte began before the lava flowed tothe surface. Rhyolites 
gkoones nite sometimes have milimeter-scale phenocrysts of quartz, 

feldspar, or both, Specimens can also include iron 

‘and magnesium-rich minerals, such as biotite (0.197) 
‘pyroxene and amphibole. The granitic magma from 
\which ryote crystalizesis very viscous. Therefore, 
flow banding is often preserved and can be seen on 
\weathered surfaces. Banded rhyoltes have few or no 
Dhenocrysts. A rhyolite vant wth tiny crystal arranged 
in radiating spheres is calles spherultic rhyolite 

Rityolite occurs with pumice (p.277), obsidian (p28), 

‘and intermediate volcanic rocks, such as andesite (9.275) 
Rhyoltes are aimost exclusively confined to the interiors 
and margins of continents, 
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TRACHYTE 


‘The name trachyte comes fom the Greek word trachys, 
which means "rough" reference ta the rack’s typical 
rough texture, Tachyte's composition is dominated by 
aka feldspar—a major component ofthe fin matrix and 
tthe abundant phenocrysts that 
ay racy ate common nthe rock. Dark, ron 
aus genres and magnesiurich minerals, 
such as batt (197), pyroxene, 
and amphibole, can be present 
in small quantities. Trachyte is 
similar orhyolt (278) in color 
and occurence, but itcontains 
ttle ar no quartz (2.148 
son canting 
lands wth ather 
sthatare chin ail taeyte stonewore 
vorptytetraciteei- | fldspars, nave intermediate to Tecate noel 
eae ay high sila content, and are iron a eos 
and magnesiumtch fone 
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are diversified across various domains of industry, such as agriculture, construction, utilities, 
transportation, healthcare, finance, etc., and delivered to customers through connected devices building 
thereby the concept of Internet of Things (IoT). 

IoT can be defined as an interconnected network of things /objects that are able to interact with 
each other and cooperate with other things /objects through wireless and wired connections in order 
to create new services/applications for the benefit of society. In this way, IoT brings almost limitless 
benefit’s, which have the potential to radically change our daily life by saving time and resources 
while creating possibilities for growth and innovation [1]. loT has disruptive potential in almost every 
application domain, which has created many challenges that need to be faced when implementing 
IoT-based solutions, such as prevailing over obstacles generated by the fragmentation of IoT, both in 
terms of application domains and in terms of technologies. Therefore, recognizing all potential LoT 
applications while having in mind the development of technology and the requirements of individuals, 
businesses, and society as a whole is quite challenging. 

Telcos now have the opportunity to seize a share of the value that is generated by IoT 
implementation. The size of this share will depend on telco’s role in the value chain that ranges 
from being a traditional provider of communication infrastructure to being an end-to-end solution 
provider [3]. In order to monetize IoT, telcos will have to address many challenges which can be 
summarized as follows: (1) strategic challenges relating to decisions on future directions; (2) business 
challenges relating to successful management, investment, partnerships; and (3) technical challenges 
relating to changing connectivity and performance requirements. This paper focuses on the technical 
challenges since connectivity and performance requirements of loT objects/things cannot be fulfilled 
using existing cellular networks that limit numerous IoT applications. In order to overcome issues 
associated with the current cellular networks, new types of technologies are being introduced leading 
towards the fifth generation (5G) network [5-7]. 

The architecture of the 5G network has to seamlessly integrate the requirements of diverse 
oT applications: from delay-sensitive video applications to ultra-low latency, from high-speed 
entertainment applications in a vehicle to mobility on demand for connected objects and from best 
effort applications to reliable and ultra-reliable ones for health and safety [8]. A full understanding of 
emerging IoT applications and the variability of their performance requirements can serve telecom 
operators as input for specifying 5G enabling technologies. These technologies should be flexible 
and scalable to meet the aforementioned requirements. Since loT applications sometimes demand 
extreme requirements, the 5G network must simultaneously satisfy all of them, which can lead to 
over-specification and high cost. In order to avoid this, telecom operators first have to adequately 
classify IoT applications to facilitate the selection of 5G enabling technologies being capable to 
efficiently meet their performance requirements. 

‘The 5G classification concept includes three different service classes [9], ie., (1) extreme mobile 
broadband (xMBB); (2) massive machine-type communications (mMTC); and (3) ultra-reliable 
‘machine-type communications (uMTC). Nevertheless, this classification concept can be considered 
insufficient to properly select 5G enabling technologies to meet the diverse requirements of IoT 


applications. Furthermore, it will be challenging to classify the emerging IoT applications given that 
there is many criteria for their categorization. The definition of the loT domain in many cases overlaps 
with the definition of loT application, which may at the same time belong to another loT domain, 
For example, Smart Buildings may either be considered as a standalone loT application or as an element 
needed to form a Smart City application domain. IoT applications are usually classified according to 
spheres of human life [4,10-12] or performance requirements (9, 13-15]. However, these classifications 
are not suitable for telecom operators which have to fulfil the performance requirements of particular 
IoT applications, since it is difficult to choose the most important one from a class containing a wide 
range of loT applications. 

Telecom operators can easily specify performance requirements for current communication 
services since traffic patterns generated by these services are driven by predictable activities, such as 
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TUFF 


‘Any relatively soft, porous rock mace of ash and 
other sediments ejected from volcanic vents that has 

soldfiedinta rocks known as tuff. Most tuff formations 
Include a range of fragment sizes and varieties. These 


Lune ett spec ut 
inanganenarerigge | range from fine-grained dust and ash (ash tuff) to 


sma ek apres ‘medium-sized fragments called lapili (api tuts) to large 
Volcanic blocks and bombs (bomb tuts). Tufts originate 
liven foaming magma wells tothe surface as a mixture 
ot hot gases and incandescent particles and is elected 

from a valeana, 


‘The conditions under which te ejected ash solidifies 
Ccysiattttasecinenar | determine the final nature of the tuft. Tus can vary bath 
Mfernaneganeinas | in texture and in chemical and mineralogical campasition 
aoe ‘because of variations inthe conditions of thelr formation 
and the composition ofthe ejected material. the 


eed tut ppyrociastic material fs hot enough t fuse, a welded tuff 
spect it (called lgnimerte) forms at once. Other tufts thy slowly 


‘through compaction and cementation, and can stratify 


bei ‘when they accumulate under water. 
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VOLCANIC BRECCIA 


‘These igneous rocks ae formed ether by the interaction 
of lava and scoria(p.276) or by the mixing of cooled 
Java and flowing lava. Volcanic breccia tes the form of 
Inch-scale angular clasts, which may be racks broken 
ff the side of a magma conduit or racks picked up off the 
surface during a pyroclastic or lava flow. in certain types 
af lavas, especially dacite (p27) and rhyolite (p.278) 
lavas, tick and nearly solid lava is broken into 
blocks and then reincorporated into th fow of aud 

lava. Flowing lavas can also pick up surface rocks and 
incorporate them nto a solidified breccia, in explosive 
volcanoes, solidified lava may be eshattered numerous 
times tobe reconstituted as breccias, 

Flowtop breccia commonly forns at the top of lava 
flow where the moving lava picks up loose debris from 
previous eruptions and flows. It's especially cammon 
‘between basaltic lava lows, which may accur some time 
‘apart Breccias are different from agglomerates (p 284), 
In which the clasts are rounded. 
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AGGLOMERATE 


‘An agglomerate is a pyroclastic rack in which coarse, 
inded clasts up to several inches long are set in matrix 
flava or ash, The clasts are fragments that may be 
derived from lava, pyroclastic rack, or country rock 
{the rock that surrounds or lies beneath a volcano) 
‘The rounding ofthe clasts may have occurred either 
inthe magma during eruption or by later sedimentary 
king. The rounded nature ofthese clasts i the 
Carbonate agzionerste | _key to designating the rock as an agglomerate rather 
een cana ate 
‘mast of the clasts are angular. 
(One type of agglomerate, vent agglomerate, isthe rock 
that plugs elther the main vent ora satelite vent af a 
no. The outcrop ofthis rock is of limited extent 
‘and appears crcuar an geological maa. Like o 
‘agglomerates, vent agglomerate contains a variety af 
clasts of diferent sizes, shapes, and compositions from 
the ava, ater voleanic racks, or country racks, These 
clasts le in a matrix of fine-grained igneous rock 


than as a volcanic bre ina volcanic breccia, 
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<a VOLCANIC BOMB 
Formed by the cooling of a mass of lava ie 


Specimens are known as lanl. Specimens up to 20ft 
(6m) in dameter are known. Volcanic bombs ae usually 


a brawn or red, weathering to a yellow-brown color 
Specimens can became rounded as they fy through 

readers the air, although they may also be twisted or pointed. 

Bemba wn | They may have a cracked, fine-grained, or glassy surface, 


set a There are several types of volcanic bom, which are 
named according to their outward appearance and 
structure. Spherical bombs are spheres offic magma 
pulled int shape by surface tension Spindle bombs 
‘ formed by the same process as spherical bombs, e 
inti: that thelr rotation in fight leaves them elongated. 


‘Abreadcrust bomb forms the outside ofthe lava bomb 
solidifies during fight and develops a cracked outer 
surface while the interior continues to expand, 
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METAMORPHIC ROCKS 


‘Metamorphism occurs when an existing rock is subjected to 
pressures or temperatures very different from those under which 
it formed. This causes its atoms and molecules to rearrange 

themselves into new minerals in the solid state, without melting. 


DYNAMIC METAMORPHISM 
There are three different ways 
in which metamorphic racks 
are formed. The fist of these is 
dynamic metamorphism, This 
‘occurs as a result of large-scale 
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REGIONAL METAMORPHISM metamorphic rocks include slates, 
‘The second type of metamorphism is the ts, and gneisses, Which rack forms 
formation afregional metamorphic racks, depends on the existing rack, the 
These are associated with mountain temperatures and pressures to which 
building through the colision of tectonic itis subjected, and the time spent 
plates. Thisprocess increases temperature under those conditions At the exe 
{and pressure over an area of tho low temperature and pressure produces 
cof square miles, producng widespread slates; high temperature and pressure 
‘metamorphism. important regional produces gr 


‘Ancent metamorphic rocks 
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CONTACT METAMORPHISM 
‘The third type of metamorahism is 
contact metamorphism or thermal 
‘metamorphism. This type occurs 
mainly as 4 result of increases in 
temperature, natin pressure tis 
‘camman in racks near an igneous 
Intrusion. Heat fram the intrusion 
‘ters rocks to produce an “aureole 
‘of metamorphic rock. The rocks 
nearest the intrusion are subjected 
tohigher temperatures than those 
farther away, resulting in concentric 
zones of aistinctive metamorphic 
rocks, The minerals ofeach zone 
depend on the original composition 
ofthe host racks. 


CHANGING CHARACTERISTICS 
‘Metamorphism is said to be low grade it 
itoccurs at relatwely lv temperature anc 
pressure and high grade at the intense 
fend of the temperature and pressure 
range, The assemblages of minerals in 
rocks ae affected dfferenty depending 
fn the grave of metamorphism and the 
lative importance of pressure and 
temperature inthe reaction, in some 
low-grade reactions, the components of 


‘contact metamorphism 
‘Naren of ar pyeous oc, such as a, 
eshet the our eke ae 


existing mineral assemblages are simply 
redistributed. n other reactions at higher 
temperatures and pressures, components 
‘combine with others present in the rack to 
form an entirely new set of minerals. 
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GNEISS 


Distinct bands of minerals of diferent colors snd rain 
sigs characterize this metamorphic rock 1 most eles, 
Feed ressassearen | these bands ae folded, although the fol my be too 
ame large to see n hand specimens. Geiss is © medium: to 
Rage A ‘coarse-grained rock. Unlike schist (pp.291~92), its foliation 
‘swelldeveloped ut thas ite orn tendency to spit 
along lanes: Most gneesescontan quartz (168 and 
fecsperpp172-B, butrether mineral snecessary for 
arock tobe cae pis Lager crystals  metamerphic 
mineral, such s gemet, can ato be present. 
thoes res fon Geis makes ip the cores of many mountain anges 
rtarearesesremacs | forms rm seimentaty or grant (9. 258-5) rock 
avery hig pressures ar temperatires (055/575 
or above, variety caledpencl gneiss ha od shaped 
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making calls, receiving email, surfing the web, and watching videos. However, traffic patterns 
generated by emerging loT applications are driven by less predictable activities. Hence, the idea 
is to determine a common set of activities based on customer service requests which describe the 
reasonably foreseeable function/purpose of emerging IoT applications. Then these activities can be 
used by telcos as a new classification criterion of IoT applications. The assumption is that such a 
classification can help telecom operators meet performance requirements of future loT applications 
and select appropriate 5G enabling technologies. Therefore, the aims of this paper are to classify IoT 
applications according to relevant activities, specify and prioritize the performance requirements of 
each loT application class, and consider enabling technologies used to accomplish specified demands 
on the radio access part of 5G networks, all according to telco’s perspective. In addition, the intention is 
to provide a literature review which covers 258 references dominantly published in the period between 
2012 and 2017. As this paper provides a state-of-the-art review of loT applications, their performance 
requirements and 5G enabling technologies, it can also be of use to the research community and other 
stakeholders interested in this contemporary and attractive field in order to recognize the research 
gaps and recommend new research directions. 

‘The remainder of the paper is thusly organized. In order to answer research questions, Section 2 
describes the methodological approach in regard to the conducted research. Section 3 identifies 
a common set of activities as a new classification criterion for 1oT applications and assigns them 
the relevant 5G service classes. This facilitates the determining of performance requirements of 
activity-based loT application classes, which are summarized and prioritized in Section 4. The enabling 
technologies used to accomplish these requirements in 5G networks are contemplated in Section 5. 
Finally, Section 6 discusses the outcomes of the paper by clarifying the contribution of our research in 
identifying open issues for future work, while Section 7 concludes this paper. 


2, Research Approach and Design 


‘The main objectives of this paper can be summarized as follows: (1) to identify activities relevant 
to loT customer service requests and use them as a new classification criterion of IoT applications; 
(2) to specify and prioritize performance requirements of such IoT application classes; (3) to analyze 
relevant literature in order to provide insight into 5G radio technologies used to fulfil the requirements 
of activity-based IoT application classes; (4) to recognize research gaps and directions. 

‘The research questions posed in this study are: (1) Which activities can be used as classification 
criteria for LoT applications? (2) What are the performance requirements of such IoT application 
classes? (3) Which enabling technologies in the radio access part of the 5G network can be used to 
‘meet the requirements of [oT application classes? 

Investigation of different criteria for the classification of IoT applications underlines to what 
extent various classification concepts have been covered by existing literature and provides a basis 
for the introduction of a new classification criterion called the activity. We thus surveyed and 
compared different studies contributing to the understanding of the scope and classification of a 
wide range of IoT applications. This approach has been motivated by the challenge to propose an 
activity-based classification of loT applications, the determination and prioritization of performance 
requirements of such loT application classes and the review of 5G enabling technologies used to 
‘meet them. These findings can be utilized by telecom operators and other interested parties (e.g,, the 
research community, software network function providers, network infrastructure manufactures, etc:) 
depending on their interest and potential to utilize these findings towards 5G implementation 
and commercialization. 

‘The methodological approach to research conducted in this paper is illustrated in Figure 1 and 
includes four phases. 

Phase I included searching, identifying, and extracting papers from three categories, ie, loT in 
5G service classification, loT in 5G performance requirements and loT in 5G enabling technologies. 
The keywords used to search relevant scholar databases are shown in Figure 2, This search has 
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MIGMATITE 


‘The term migmatite means “mixed cock" and retersto 
cocks that consist of gels p.288) or schist (op.29 
iterlaered, streaked, or ved with grate (pp258-59). 
The granitic pats arenas patches of quartz 
pertaimetingtierae | (2.168) an feldspar (9p.173-B), and the preisic parts 
wa sai eo consist of quartz, feldspar, and dark-colored miner 
opera The granite steaks ae a result o the partial meting of the 
parent rock at temperatures below the melting point 
at the schist or gneiss. The layering may be tightly 
eS folded as a result of softening duringhestng. Mgmattes 
~ = caccurat the borderine between igneous and 
rmetamarphic racks 
“The tock 
some ofthe magma has intruded 


forms near large intrusions of granite when 
ing 
‘metamorphic racks, Cammoniy, migmatite occurs 
‘within extremely deformed racks that once formed the 
bases of eroded mountain chains. It forms deep in 
the cust at high temperatures (),065°F/S75°C or above) 
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SCHIST 


This metamorphic rock has  lsky 
‘and foisted texture, Specimens have 
wrinkled, wavy, or iregular sheets, 
uscoute seni asa result ofthe parallel oentation 
chat cominaectywnte | ofthe component minerals. Schist 
aS shows distinct layering of light- and 
dark-colored minerals, The mineral 
assemblage varies, but mica is usualy 
present, Mast schists are com, 
‘of platy minerals, such as chlorite, 
sranhite (9.46, tale (9192) muscovite 
nuewtetterttee, | (2195), and Diotite (p197). The 
By vcore ‘mineral composition of a schist 
depends on its protalt or eriginal 


meri | r0ckand is metamorphic 
“fmattie | environment. The mineral Indian seit arin 
at assemblage can thus be used 


to etermine the metamorphic 
ry ofthe rock 
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GARNET SCHIST 


Like other schists, amet metamorphic 
with cheracterstic texture: winked, regular, or wi 
2s result ofthe parallel orientation of its component 
minerals, such as chlorite, graphite (p46, tale (p- 
scovite (9.195), an biotite (9197) in garnet schist, 
cametninte seat sgamet occurs as porphyroblasts, which ae large crystals 
orp ina metamorphic matrix with other smaller crystals 
zs The resting textures called porphyroblastic. The 
equivalent texture rocks is called porphyritic 
ists widespread and usually forms from 
he metamorphism of fine-grained seciments, especialy 
during the formation of mountains. The miners assemblage 
in gamet schist, ke in other schists, helps determine bath 
he environment in which the original rock former! and 
ts metamorphic history. ther porpyrabastic schis 
cametmuscomtechionte | suchas staurolite schist, corundum schist, kysnite 
sche cet sry chis, muscovite schist, bot 
pst other 


hist, and schists of 
ramorphic minérals—are indicative of other 
phic histories. 
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VARIANTS 


SLATE 


‘A fine-grained metamorphic rock, sate occurs in 
umber of colors that depend an the minerals in the 
original sedimentary rock and the axidation conltians 
Lnder wich that rock formed. Sate has a characteristic 
‘Geavage that allows it to be spit into relatively thin, lst 
sheets. This result of microscopic mica crystals that 
Fave grown oriented inthe same plane. Tue slates spt 
‘along the foaton planes formed during metarnorphism 
ther than along the original sedimentary layers. 

Slate is common in regionally 
‘metamorphosed terrains. 
\wiven shale (p.313), mudst 
(9.314), or volcanic rocks rch 
in slica are buried as well as 
subjected ta law pressures and 
temperatures (upto a00'F/2 
The ability af slate to split ina thin 
sheets makes itideal as a durable 
roofing materia Seemece tom 


yt sr wn aye ae 
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PHYLLITE 


Uke state (2.223), nlite sa fne-zrained metamorphic 
rock that is usually ray or dark green in color. thas a 
shinier sheen than slate because af its larger mica crystal, 
The rock has @ tendency to spin the same manner as 
slate because ofa parallel alignment of mica minerals. 
However, the spt surfaces are more eguiar than in slate, 
‘and pylite splits into thick labs rather than thin sheets, 
‘Many phylite specimens have a scattering of large crystals 
called porpiyroblasts, which grow during metamorphism, 
The rack’ often deformed into folds a couple of inches 
‘anand tea wide and is veined with quartz (0-168) Biotite (9197), 
cortierte(p.223), tourmaline (9224), andausite (.236), 

‘and stauroit(p.239) are commonly found in phylite, 

This rock occurs in both young and ald eroded mountain 
bots in regionally metamorphosed terrains. It fms when 
fine-grained sedimentary rocks, such as shales (2.313) or 
‘mudstones (p:316), are buried and subjacted to relatively 
low pressures and temperatures (yp to 00°F/200°C) for 8 
long period of tie. 
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QUARTZITE 


This quartzrich metamorphic rock is usualy whte 
to pray when pure. Specimens canbe venous shades 
apn, re, yellow, and orange when mineral mpuries 
ae present Quartz very hard and brite an 
‘lemetaquane | Shovisconchoidl fracture usualy conta at east 
(erainynorvewonae | 90 percent quart (168) 
sour Metamorphic quart, or metaquartte, forms 
when sandstone (209 fs une, Mestad, and squeezed 
into soll quart rock. tis found wth other regional 
‘metamorphic rocks formes turing he siting of Eat’ 
tectone plates. Quartte can ao refer to sedentary 
Sandstone converted toa much denser frm trough 
the prectation of silica cement pore spaces. The 
two types of quart canbe dstinguishec by examining 
‘he ras under amictoscope:metomerphic quart 
consists f interlocking crystals of quartz, whereas 
Secimertary quartz, or orhoquartate, contain rounded 
dart grains Crshed quartz soften Used a aod 
Salas and inte constuction of roads 


rena store 
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‘Amphiboite composition 


Lip colored 
ago 


that are daminat 
F dark green hornblende (p.218) and the 
green tremalte(p-219) or acinlte (9.220), Specimens 
contain grains of calcite (2114, feldspar (pp.173-81), 
‘and pyroxene and large crystals of minerals such 
‘35 gamet. Except for garnet, the mineral grains in 
‘amphibolite are usually aligned, The rock can als 
show banding 
‘Amphiboltes form from the metamorphism af ian 
Momblendeschampntotte | and magnesiurrich Igneous rock gabbros 
ae ep 35) and from sedimentary racks, such as graywacke 
smgrise ane ofthe major disions o 
hic racks as classified by their mineral 
‘assemblages. These rocks form under conltions of 


oe + Resse) Aratites arise iodine 


of strength and durablity are required 
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SERPENTINITE 


‘An attractive rock, s2/pentinite is com) 
serpentine (p191) and other sr 
Itcommonly has flowing bands of various colors, 
ial green and yellow, Serpentine minerals form 
bya metamorphic process called serpentinization that 
alters ovine and pyroxene-ich,slica-poor igneous 
rocks. This process occurs at low temperatures (up 
0 400°F/200°C) and in the presence of water. The 
re cxidized to produce serpentine, 
‘and brucite(p.108). The degree to 
which a rock undergoes serpentinization depends on 
he composition af the parent rock and the mineral 
Composition af its campanets, espe: 
(9.232). For example, fayate-rich olvines serpentinize 
cifferently than forsterteichalvines 
Serpentine is used as a decorative stone since it can 
be easily cut and polished, tis also mixed into concrete 
‘aggregate and used as a dry filer inthe steel shielding 
jackets of nuclear reactors 


cotiginal mineral 
magnetite (292) 


yits ovine 
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ECLOGITE 


‘A rare but important rack, eclogite is formed 
‘only by conditions typically found inthe mantle or the 
lowermost and thickest part af the continental crust. 
Its overall chemical composition is similar to that af 
‘igneous basalt (9.273). tis a beautiful, coarse-grained, 
dense rock of bright red garnet and contrasting bright 
green omphacite—a pyroxene characteristic of 
high temperature metamorphism. Diopside (2.210) and 
clvine (0.232) are commonly present 8s wall Eclogte 
srains may be evenly cistbuted or banded 

Eclogite form at very high temperatures (1065°F/S75%C 
‘or above) and pressures fram slica-poor igneous racks, 
‘Many investigators believe that eclogite ls characteristic 
of a considerable portion of the upper mane. When, 
‘brought upward inta the crust, eclogites are mainly 
found as xenoliths (foreign inclusions) in gneaus racks 
‘nd as isolated blocks up to 320 (100m) wide in other 
‘metamorphic rocks. Although rate, diamonds (9.47) may 
‘occur in ecogites 
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resulted in the selection of 258 recently published papers, which can be categorized into three groups 
(ie,, review papers, technical papers, research effectiveness), as shown in Table I. Review papers 
summarize the status of knowledge and outline future directions in a given area of research. Technical 
papers describe the process, progress, or result of research, whereas research effectiveness directly 
provides an answer to the research question raised for this study. The reference distribution by year 
of publication is shown in Figure 3a, while the total percentage of references per publication type is 
presented in Figure 3b. 
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Figure 2. Keywords for searching relevant databases, 


‘Table 1. Reference categorization, 


Reference Type Reference Number 
Review paper 121012 15-85] 
“Technical paper BAIT] 


Research effectiveness [5-7911-15,29/52,195-258] 
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SOAPSTONE 


‘Also known as steatite, soapstone is fine-prained 
ae massive rack. Tale 2.198, ane ofthe softest mineral, s 
its principal component. Soapstone specimens are easly 
recognized by their softness they have apreay feel and 
é can be scratched with a ingemal Soapstone may also 
a contain varying amounts af amphiboles, suchas 
anthophylite (p26 and trematte 
(6.219, and chontes. Specimens 
can be green, brovm, or black 
itary ‘ten polished, but they become 
Sauoratr white when scratched 
axjsrce Soapstone is found associated 
with eter metamorphose sic 
oar igneous racks, such as 
serpentinite 0298) tisused in 


fireplace surrounds because it 
absorbsand distributes heat 

evenly tis also carved ino molds 
for soft metal casting ‘snares former 
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nee MARBLE 
taney {A granular metamorphic rock, marble cerved 
ora from limestone (p.319) or dolomite (p.320). tt consists. 


(fa mass of interlocking grains of calete (p14) or the 


‘mineral dolomite (2.117. 
‘Marbles form wher mmestone buried deep inthe older 
layers of Earth's crusts subjected to heat and pressure 
from thick layers of overlying 
sediments ttmay koformasa 


reenmariesresmen | result of contact metamorphism 

ata cesby ges ‘ear igneous intrusions. impurities 
cagiows in the limestone can recrystalize 

during metamorphism, resulting 

In mineral impurities inthe 

‘marble, most cammaniy graphite 

(9.46), pyrite (.42), quartz 

(9.168), mica, and ron oxides. Ta Mahal nda 

Insufficient amounts, these can Thea) Mhalis 

affect the texture and color of 

the marble. 


ray marble vm 
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SKARN 


This rock is a product ofthe contact metamarahism 
af imestone (p.319) or dolomite (p:320) by an igneous 
intrusion, often grant (pp 258-89), with an intermediate 
corhighslica content. Hot waters derived from the grani 
‘magma are rich in silica, iron, luminum, sulfur, and 
‘magnesium. When lmestone ar dolomite is invaded 
by this high-temperature hydrathermal solution, the 
carbonate minerals calcite (9.114) and dolomite react 
strongly with the slightly acid solution, The elements 
carried inthe solutions combine withthe calcium and 
‘magnesium inthe parent rack to form slicate minerals, 
such as cops remoite (p.219), and andradite 
The resuiting rock i usually a highty complex combination 
ofcalcum, magnesium, and carbonate-ich minerals. 
‘Skarn minerals can be fine- to medium grained. They 

also occur as coarse, radiating crystals or bands. Some 
skamsare rch in metalic ores and form valuable deposits 
‘of metals including gold (p.42), copper, ran, tn, lea, 
rmolyodenum, an zinc 
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HORNFELS 


Formed by contact metamorphism close taneous 
intrusions at temperatures as high as 1,300°~1,450°F 
800°C), hamfels can form from almost any paren 
‘and is notoriously dificult to identity. ts composition 


depercs othe pre: rock andthe eae pettus 
Usual dense, hard and hard to break. Tey are te 
sled and reebvly homogeneous, wha conceal 

Sarto tent tit facture The tock may soreinesepper 


The color is usualy even throughouf,athough spec 

may also be banded 
jarnfels is often categorizes by the mix af minerals 
present in the specimen. Garnet hornfels, for exaiy 
net set into 


haracterized by lrg 


‘matrix. Cordierte hornfels contains large crystals 
‘of cordirite (.223) that can be up to several inches 
histo nom In diameter. An outcrop of hamfels rarely extends mare 


than a few yards from the contact and may pass 
‘outward into spotted slate 
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SEDIMENTARY ROCKS 


‘Sedimentary rocks are formed at or near Earth’s surface either by 
accumulation of grains or by precipitation of dissolved material. These 
rocks make up the majority of the rock exposed at Earth's surface, but 


are only about 8 percent of the volume of the entire crust. 


LITHIFICATION 
The transfarmation of loose grains of 
sediment into clastic sedimentary rack 
known as ithification. The grains are 
often bound together by a cementing 
‘agent, which i penerally preciitated from 
solutions that filter through the sediment, 
Insome cases, the cementing agent is 
created atleast in part bythe breakdown 
lf some rack particles of the sediment 
ise The mast common cements silica 
(usually quartz), but calcite and other 
carbonates as well as iran axes, bar 
anhydrite, zeoltes, and clay mineralsaiso 
form cements. The cementing agent 
becomes an integral and important part 
ofthe seelmentary rock ance is formed, 
In some cases, clastic sedimentary rocks 
(Gee opposite) can als be formed by simple 
‘compaction—a process in which the gains 
bind together under extreme pressure 
Lithiication can sometimes take place 
st immediately after the grains have 


sedimentary 


sagen 


been deposited as sediment. n other 
‘cases, hundreds or even milions of 
Year's may pass by before lthification 
‘occurs. At any given time, there are large 
‘amaunts of rock fragments that have 
been produced by weathering but have 
fiat been lithiied and simply exist as a 
form af sediment. 


ROCKS | 


CLASTIC ROCKS 
Clasts are rock fragments ranging in size 
from boulders to microscopic particles, 
Clastic sedimentary rocks are grouped 
according to the size af the clasts from 
Which they form. Larger clasts such as 
pebbles, cables, and boulder ieed gravels 
fotm conglomerate and breccia; sand 
becomes sandstone, and finer sit and clay 
particles form siltstone, mudstone, anc 
shale, The mineral composition of clastic 
rocks can be subject to considerable 
change overtime. 


CHEMICAL ROCKS 
Chemical sedimentary rocks are formed 
by the precipitation af the transported, 
tlissolved products of chemical weathering, 
In some cases, the dissolved constituents 
are directly preciptated as sola rack. 
[Examples include banded iron formations, 
same imestones, nd bedded evaporite 
deposits —rocks and mineral depasits of 
soluble salts resulting from the evaporation 
of water. in other sedimentary rocks, such 
as limestone and chert, solid material 
first precipitates into particles or becomes 
the shel of organisms, which are then 
deposited and ited 
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FOSSILS 
‘A fossils a remnant, impression, of trace 
of an organism that lived in a past 
geologic ape. Fossis are preserved 
‘almost exclusvely in sedimentary rocks 
‘The mast carnmon fais are of aquatic 


sy 


plants and animals, after an organism 
dies, the soft parts decompose, leaving 
behind aniy the hard parts—the shel, 
teeth, bones, or wood. Buried in layers 

cf sediment, the hard parts gradually 
turn to stone. In a process known as 
permineralzation, water seeps through the 
rack, deposting mineral sats in the pores 
‘ofthe shel or one, thereby ossilizing the 
remains. n some cases, the organic matter 
is completely replaced by minerals ast 
decays. in other cases, culating acid 
solutions dissolve the original shell ar bone, 
leaving a cavity of identical shape, which is 
filed n as new materials depasitedin the 
cavity, creating a cast 
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CONGLOMERATE 


Rocks formed by the lithification of rounded! rack 
fragments that re over Yuin Crim) in lamer are kncwn 
as conglomerates. They canbe further ssid by the 
average sizeof their consttuent materias—pebble 
Conglomerate (ine), cobble-conglomerate (medi), 
and boulder conglomerate (coarse). conglomerate can 
aisote known by the rock or mineral fragments in its 
Composit, for example, a quartz pebble cangomerate. 
rayeeetecangomerate | fragments are deposited, these rocks may be oft 
worry ctsset” | sypes Wellsorte conglomerates result rom water 
flow over along prod. These have wel sorted pebbles 
(witha smal ize vrton general of eny ene rack 


‘or mineral type, and a few small particles between 
cama the pebbles. Poorly sorted conglomerates form fram 
mn rapid water flow and deposition, They have poorly 

‘ sarted pebbles (of varying 
q ‘mineral types with a number of small particles 
: J between the pebbies, 
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BRECCIA 


Lthified sediments with rack fragments that are more 

than Yuin (2mm) in diameter but angular or only slightly 

rouncled ae caled breccias, The lack of rounding indicates 

that little ar no transportation took place before the 

fragments became incorporated in the rock 
Breccas ca form in several ways. Racks can shatter 

for example, due to frst action or earth mavement 

and the fragments then become cemented in the new 

postion. Shattered fragments may also move before 

being cemented—for example, they may sccumulate st 

the base of aclff orbe carried 

by a flash flood. Breccias can ~ 

also form in areas of active 

faulting. n areas where faulting 

‘occurs underwater, newly 


oygenevc bec 


shattered material can also areecavase 
pointe ‘move in underwater and Tsar ain 


and become cemented to fiserherr 
form breccia ws used 
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| SANDSTONE 


The second most abundant sedimentary rock after 
shale (2.313, sandstone makes up about 10 to 20 percent 
of the sedimentary rocks in Earth's crust. Sandstones 
Porras are classified according to texture and mineralogical 
ececrer wihisiere/ mia | properties inta micaceous sandstone, orthoquartzite 
tr (0.310) and graywacke (9.317, They ae usualy dominated 


‘by quartz (p:168) and have visible sandy grains and other 
‘minerals present in varying amounts. Wel- rounded grains 
are typical of desert sandstone, while river sands are 
usualy angular, and beach sands somewhere in between 

Bedding is often visibie in 


enti santa eed | sandstones asa series of ayers 
eee representing successive deposits 
of grains. Bedcng surfaces may 


sed mest show either rapes or the cross 
quarts sardsione ‘bedding typical of dune: ‘Sandstone platform 


bearede Sandstone isan important te en 


indicator of deposition and 
erosion processes. 
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‘mica mineral glauconite (9.196) 
BE aus gauconte wi aene 
DB Feiner mea to any glauconite sediment. Glauconi 
@ reen 0 form in shai sn-poor marine 
G \erictrtesieritrates, rich in organic detritus. t forms as a result of a 
aes accumulation of sediments, by the replacement 
(2.114), or by primary deposition. it may contain shell 
fragments and larger fossis. Some glauconite 
ting 8 fecal pelts 
weak and fable, although 
elatively hard gr as build 
+ jone, The soll derived from greensand varies, ranging 
from fertile to sterile, Glauconite is favared in organic 
cultivation as 


VARIANT 


Greensand tends 


natural source of potassium and 
ts useful in radiometric 
exchange pro 
rsand is used as 
in water-treatment system 
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Figure 3. Reference distribution by (a) year of publication; (b) type of publication, 


Phase II included the analysis and comparison of papers related to the category of IoT in 5G. 
service classification. Papers were first sorted according to the existing classification criteria of 
IoT applications in order to underline their deficiencies from telco’s perspective. Since emerging 
IoT applications generate traffic driven by less predictable activities, specifying their performance 
requirements and enabling technologies is not an easy task from telco’s point of view. Therefore, 
we have proposed a common set of activities to serve as classification criteria of loT applications. 
Four activities were selected based on IoT customer service requests denoting the function /purpose 
of existing loT applications. According to the authors’ knowledge, existing IoT applications can be 
grouped around following activities: ticketing, tracking, monitoring, and managing /controlling. Such 
a classification makes it easier for telecom operators to associate particular loT applications to the 
relevant 5G service class. Finally, Phase I has resulted in the proposal of an activity-based classification 
of loT applications which was associated with the 5G service classification. 

Phase III included the analysis of papers related to the category of loT in 5G performance 
requirements. Papers were grouped according to eight key performance indicators, ie., data rate, 
‘mobility, latency, connection density, reliability, positioning accuracy, coverage, and energy efficiency. 
These performance requirements were prioritized indicating high, medium, and low importance of 
each requirement for specific activity-based IoT application classes proposed in Phase Il. Finally, Phase 
Il resulted in the identification of highly important performance requirements for each activity-based 
IoT application class which can be utilized by telcos to identify 5G enabling technologies used to 
‘meet them. 

Phase IV provided a review of papers from the category of loT in 5G enabling technologies. Papers 
Were first sorted according to eight technological groups used in the radio access part of 5G networks, 
i.e., wide and flexible bandwidth technology, advanced modulation and coding, duplexing, multiple 
access and waveform, advanced interface management, access architecture related radio technologies, 
energy related technologies, and other technologies. These technologies have been discussed in terms 
of their possibility to meet the high priority performance requirements of mMTC activity-based Io 
application classes, since this area is more mature from telco’s perspective. The results of Phase Ill 
were reflected in a proposal of technologies in the radio access part of 5G networks that can be used to 
‘meet the high priority performance requirements of the mMTC activity-based IoT class, as well as the 
identification of research gaps and directions for future work. 


3. IoT in 5G Service Classification 


As mentioned in the Introduction, various challenges awaiting telcos can be identified on the 
basis of the role that they will play in the IoT value chain. Regardless of this role, telcos will face many 
technical challenges, such as the necessity for global deployment, the need for rapid infrastructure 
scaling, unpredictable IoT application behavior, etc. Even now, existing loT applications accelerate 
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2 s-hneas-2mm ‘A pure quartz sandstone, orioqusrtzte is usually 

Bowe Ccompased of wel-raunded quartz (168) gains cemented 

[i Heawyminerss, nen | by silica. The high degree of rounding af the grains 
scaitonand ie Indicates that they have traveled some distance, which 

@ ushtiomedun ‘also accounts for the high degree af sorting, Some 

G sare, verter lorthoquertzites ate up to 99 peroent quartz, with only 


‘minor amounts af ron axide and traces of ather erosion 
sistant minerals, such as rtle (2-78, magnetite (92), 
‘and 2rcon (p239). Lesser amounts of other minerals can 
color the generally white or pinkish specimens either 
stay or ed, tes can be differentiated in hand 
specimens by ther lighter color 
and absen 


VARIANT 


erve fossil, although 
the sedimentary structures are usually preserved, The 

9 slica cement makes orthoquartzites durable. 
Gray ortoquarate Thay tend ta resist weathering and form prominent 
‘uterops. Orhoquartate i distinct from metamorphic 
‘quartzite also knawn as metaquertite (2.295) 
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A pink sandstone, arknse is colores by an abundance of 
BE gue tetspar " H 


feldspars (p.173-81, especialy pink alkali feldspars. iis 
TB mee Fgh feldspar content (more than 25 percent ofthe sand 
& ers, pas oay graing) sets it apart rom other sandstones, Arkase 

6 Specimens are relatively coarse and consist primary ot 


‘quartz (p68) and feldspar grains, with small amounts 
tf mica. The grains tend to be moderately well sorted 
and angular or slightly rounded, They are usually 
‘cemented with calcite (p14) or sometimes with iron 
caxides o silica. The fiat cleave snd angular grain 
shape ofthe feldspars reflect light under a hand lens, 
Sandstones with a feldspar content af 5-25 percent 
are called subarkases. 

Arkose forms from the quick deposition of sand 
weathered fom granites (pp 258-59) and gneisses (0.288), 
The: arkoses is thought to incicate either 
Pink ackose vento 2 climatic extreme or a rapid uplift and high laf of the 
erect | Source area, Arkoses are commen along the front ranges 

ofthe Racky Mountains. 
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Providing material for grindstones arid milston 
ne has, in the past, been @ commercially important 
mentary rock. Its @ porous rack composed of 
cemented, coarse, often angular sand grains, with 
‘occasional small pebbles. Quartz (168) is always the 
greatest component, but specimens often contain iron 


Feldspathe grtstone ‘oxides that give them a yellow, brown, or red colo. in 


ins can be easily rubbed out in others, strong 
rock suitable Tor use as prince sto 
tones originate in river deposits and frequently 
shaw signs of cross-bedding or current bedding. The 
Milstone Gr, a gritstone deposit in northern England, was 
‘mined for milstones used in flour mils and 


which to make paper pulp fram wood and 
sharpen tools, Gitstone is stil quarried for use as building 
material exposures of gitstone are 
favored by suse te rough sur 


provides outstanding friction, e 


smallest features in the rack 


abling them to grip 
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‘The most abundant sedimentary rock, sie makes 
Up about 70 percent of al sedimentary rocks in Earth's 
crust. It consists of ahigh percentage of clay mineral 
substantial amounts of quartz (.168, and smaller amourts 
Fosanteoussnatesrse | of carbonates (pp 114-25, felspars (p.173-E1), ito 
sehrarera ss nid, fos, and organic mater. shales are colored 
sae redsh and purple by hematite (p91) and poethite (10 

rm bbe, green andbiack by ferrous itn, and rey or yellowish 

by caleite (2114 They spit easy 

into thin layers. 

‘Shales consists o stand cay 
sized particles deposted by 
gentle currents on deep ocean 
foors,shalow sea basins, and 
Lehto stale river floodplains. They occur 
‘zcmgumater, | shiny interbedded wit ayers of 

sandstone (p:308) or limestone 
(0319) and n sheets up to sever 
vers thick 
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The name oil shale iss general term far oF 


sedimentary rocks that contain kerog 
complex mixture of soli hydrocarbons derived fro 


0 black in color. They are ft 
sooty flame. Sore oil sh 
eras ae predominant. Others are actually imestone: 
(2.319) and dolomites (p.220). Much of the original 
organic material in ol shales is unrecognizable, but 
fed to be derived from plankton, algae, 
nisms that lve in fresh sediment 
a 


nd burn 
are true shales in which clay 


ty sutace 


oil have 
from ll shales, During 
les have been mined with rock 
2) and other 
fe been built 
ial results 


varying 
nate rocks. Various pila 
to extract ol from shales, but the cor 
have been modest so far. 
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[¥ aeca chionte maven | sandstone (2.308) and mudstane (p14) siltstone is a 
syne sedimentary rack Uke sandstone, ican form in diferent 

@ owyr0 eye environments and have different colors and 

@ svete tstanes are typically red and pray with fat 
erebeaes Ser planes. Plant fosss and other carbon-rich matter are 


itstones. Examples tend 
not easy soltinto thin 
nce of mica may praduce a 


common in darker-colored 


VARIANT be hard and durable and 
layers. However, the pr 


slstone that splits into thicker, fagstonelixe sheets. n 
ackition to mica, sitstone 


ther mica-rich 


50 percent sit, sitstones are usually chemically 


and shaw crass-beding, ripple marks, and internal 
layering, Ths indistinct layering tends to weather 
Fossiferous sitstone oblique angles unrelated to b itstone is 


iess commen th or sandstone and ra 


ai forms thick depos 
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MUDSTONE 


A gray or black rock forme! ram mud, mudstone 
ais carbonvch matter, cay minerals, an detrital 
minerals such as quartz (p.168) and fléspar(pp173-81) 
Muestones look ike hardened clay and can show the 
seen in sun-baked clay dep 
‘AS in shale (9.13), mudstone’s indvdual eran are 
Fosters mudstne | ci. and sitsized particles that can only be sen Lnder @ 
prenenolmusiore wit | hang jens, Mudstne genealy has the same coor range 
similar associations 


Unlike shale, mudstone isnot 
laminated during ithifeation 

splint thin 
layers, The lac of layering is 
tether due tothe original texture 
or the disruption of layering auld fsst 
Caeareous mudstone ‘Mudstone deposits may be 

up to Toft (sa 

in thickness, 


and isn 
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3. Also called dirty 


-andstone, graywacke 
vo back a 

Dty sandstone os Graywacke is composed af 

fortcaroaa wt y sorted, coarse- taf 

grained quartz (p16), feldspar 

(9p.172-81), and dark-colored a 

minerals such as arnphibale and 

yraxene, set ina fine-grained 


hick or thin beds along with slates 
(0.299) and limestones (9.319). Graywacke carving 
in ancient Egypt, th Tsancient yen 
used to make sarcophag) 

vessels, and statues tothe gato re 
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TILLITE 


Unsorted and unstratified rack material ceposited 
by glacial ice that has later been litified is calles tlt 


As Blaciers mave down valleys, they erode and transport 
‘ocks. On melting, they deposit this material, which i 


ferred to as til Glacial tils consist of preexisting rack 
‘fragments pushed forward or sideways by the glacier, 
newly eraded material ground or broken up by the 
large clastrite win aig | Slacles, or mixtures ofthe tw, 

Tnatrermara Tllites are typically made of grains with a wide 
of sizes. They include fragments ranging ftom clay-sized 
particles to large blocks. Th largest pieces gye rise tothe 

3 altemative name, "boulder clay.” The matrin, which 
frequently comprises a large percentage af the rock, is 
often made from rock athered and finely 
round rock pawder. Matching beds of ancient lites on 
‘opposite sides ofthe South Atlantic Ocean provided early 

Ditering cast sizes evidence for cantinental dit—the idea that continent 

seo i ve relative to one another—which was an Important 
seen precursor to the theory of plate tectonics. 
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LIMESTONE 


‘Composed mainly of caleite (2.112), this abundant rock 
forms multiple layers that are thick and extensive. tt can 
be yellow, white, ar gray. Specimens can be identified by 
the rap release of carbon dioxide and afizing sound 
\when they react wit cute hydrochloric acid. Limestones 
can be compact, grainy, or friable. Many have cross- 
bedding or ripple marks. The texture of imestone ranges 
from coarse and fessivch to fine 
‘and microcrystaine 

Limestone generally forms in 
warm, shallow seas elther from 
Calcium carbonate precited 
from seawater or from the shells 
and skeletons of calcareous 
‘marine organisms, tis used in 
construction, as a raw material Umestone mask 
inthe manufacture of glass, as THSAEe masking 
a fx in metallurgical processes, fle nealinctenat 
and in agriculture. ote meson 
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the growth rate of traffic driven by less predictable activities which require new strategies towards 
5G networks. These networks will be the key enabler for IoT applications by providing a unified 
infrastructure capable of meeting the high variability of their performance requirements [8,16]. Various 
stakeholders have recently described what 5G networks may be and grouped the major types of 5G 
services into three different classes: (1) xMBB—Requiring extremely high data rates and low-latency 
communication; (2) mMTC—Requiring scalable connectivity for an extremely large number of devices; 
and (3) uMTC—Requiring ultra-reliable low-latency and resilient communication [198]. This 5G service 
classification can be used by telcos to identify performance requirements of various IoT applications, 
and, as such, was used in this research study. However, emerging IoT applications will have extreme 
requirements, so an analysis based solely on 5G service classifications may not be sufficient. Therefore, 
telcos need a more precise classification of loT applications which is an important precondition for 
meeting their diverse requirements. 

IoT covers human-to-human (H2H), human-to-machine (H2M) and machine-to-machine (M2M) 
communication, which will be the main driving force towards 5G networks. In addition, the terms 
‘M2M communication (M2MC) and machine type communication (MTC) are used interchangeably 
as in [17-19,89-93,199,200]. Although IoT is a broader concept which evolves from M2M, this paper 
assumes that IoT and M2M are synonyms as in [94]. 


3.1. Existing Classifications of loT Applications 


In order to meet the requirements of a wide range of loT applications, they have to be classified 
in an appropriate manner. The existing approaches to the classification of IoT applications are 
summarized in Table 2. IoT serves different user categories, including individuals, businesses, and 
society as a whole, and may span through a broad range of application domains [410-12], such as 
transportation and logistics, healthcare, smart environment, personal and social, futuristic applications, 
food sustainability, smart living, smart manufacturing, smart energy, smart city, etc. These application 
domains are created to be human-centric, which means that they cover different domains of human 
life, loT applications belonging to these domains have diverse requirements for 5G networks, and 
should not be treated equally. Therefore, the acceptance of these domains as a classification criterion 
raises the issue of assigning loT application to a particular domain. Moreover, the emergence of new 
applications of loT may require defining new application domains, which makes this classification 
inappropriate from telco’s perspective. 

‘The M2M applications may be classified by the mobility and the amount of dispersion that 
needs to be supported into four categories [13]: (1) fixed and concentrated; (2) fixed and dispersed; 
(3) mobile and concentrated; and (4) mobile and dispersed. However, the mobility and amount of 
dispersion present very rough classification criteria and cannot meet the precise network requirements 
of individual IoT applications. 

Additionally, M2M applications can be grouped according to delay tolerance into four 
categories [14 (1) elastic (delay tolerant); (2) hard real-time (delay constraint); (3) delay-adaptive (delay 
sensitive but tolerant); and (4) rate-adaptive application (adjust their transmission rates according to 
available radio resource). However, the main drawback of this classification is the lack of consideration 
of other IoT application requirements except delay tolerance, although its importance as a classification 
criterion has been recognized. 

‘According to data reporting mode, the M2M applications can be classified into five categories [91] 
(1) time-driven; (2) query-driven; (3) event-driven; (4) continuous-based; and (5) hybrid-driven. 
This classification is specific for the former IoT concept, which is narrower in nature than the definition 
adopted in this study. 

Another study considered the reliability, availability, and end-to-end latency in order to classify 
IoT applications into two groups [15}: (1) monitoring-based and mission-critical; 2) monitoring-based 
and non-mission critical; (3) control-oriented and mission-critical; and (4) control-oriented and 
non-mission critical. Monitor-based loT applications periodically collect sensor data from smart 
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CHALK 


A soft, fine-grained, easily pulverized, white to grayish 
\arity of limestone is knawn as chalk. Its campased 
‘af calcite shells of minute marine organisms. Small 
‘amounts of ather minerals, such as apatite (p48), 
slauconite (1194), and cay minerals, are usually present, 
Slca from sponge spines, diatom and radiolarian 
Skeletons, and nodules of chert (p32) and lint can 
‘also be present 

Extensive chalk deposits were 
formed during the Cretaceous 
Period (142 to 65 milion years ago), 
the name being derived fom the 
Latin word ereta, which means 
“chalk.” Chak is used ta make ime 
and cement andasaferize. 
‘salsa used asa ier extender, slackboard cha 
orpigment inawide variety of Sitoteakslnntandng 
materials, including ceramics eshusbemncarpesion 


Inbatcsferwrtre 
and cosmetics, tmbissoare 
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chalk" Mari usually consist of clay minerals and calcium 
VARIANT carbonate. They form in shallow freshwater or seawater. 
calcium carbonate content i frequently made up 
cor calcium carbonate precipitated by algae. The high 
carbonate content of maris makes them react 


wth alute acid 
Mal ray ar brawish in color but can 
or variegated. Greensand maris 


be gray, green 
contain the green mi 
‘maris, ron oxides. Marl is much less ea 
shale (9.313) and tends to breakin blacks, Specimer 
often nodular, and the nodules are usually better 
cemented than the surrounding rock 
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ROCK GYPSUM 


Also called gyprock, rock gypsum the sedimentary 
‘eck formed manly from the mineral gypsum (9.136) 
Althoueh itis commonly granular, can also occur as 
Sbrous bands. Rock gypsum occurs in extensive beds 
formed by the evaporation of ocean wate sane ake, 
and in salt pans. also accu in some shales (@.319, 
limestones (2.219, and dolomite mestones, Rock 
sypsumis commonly inteayered 
wih other evaporite, such as rock 
any (2128) and sal (224, 
Most ofthe gypsum thats 
entracted—about tree-quaters 
othe tata productions calcined 
(heated ta ive off some ofits 
wate for use as pester of Pais 
Unaitered rock eypsum is used as Mesopotamian ea 
a fuang agent, frie, ilerin_M=erce res 
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DIATOMITE 


Also called diatomaceous earth, csiomite consists 
‘f about 90 percent silica the remainder ts made up af 
‘compounds such as aluminum oxides and iron oxides, 
Diatomite is easily crumbled into a fina, white to off-white 
powder. tls made ofthe fossilized remains of organisms 
called cistams, A form of alge, diatoms have hard 

shells made of amorphous silica (ops) and containing 
‘many fine pores, Most flat onthe surface ofthe sea 
‘Occasionally large quantities are deposited in ocean 
sediments, eventually forming diatomite. A few significant 
deposits of freshwater ciatomite are also known. Diatoms 
‘ate so smal that dlatomite specimens may contain, 
millions of ciatar shells per cubic inch, 

‘An important industrial rack, dlatomite is easly mined. 
Itis used fr the filtration of beverages, liquid chemicals, 
Industrial ol, cooking os, fue!s, and drinking water. ts 
law-abrasive qualities find use in toothpastes, polishes, 
and nanabrasive cleaners. tis also used asa filer and 
extender in paint and paper. 
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LATERITE 


Laterite is nodular soil rich In hare 
‘aluminum axides and resembles bauxite 
‘compasiian. Nadules of laterite are rec-brown or yellow 
{and contain grains of sand or hardened clay, The ro 
forms in hot, wet tropical climates, where it develops 
by Intensive and prolonged chemical weathering ofthe 
Desertvambhediaterte | underiying rock. Evaporation and leaching of mera 

rat ooia ‘rom rock, aase sediment, and sol leaves behind insoluble 
salt. Tis results ina variety of latertes, which cfr in 
thelr thickness, grade, chemistry, and ore mineralogy 


trite is @ source of bauxite, which isan ore at 
‘aluminum and exists largaly in clay minerals and 


Various hydroxides, Laterite ores have als 


source of iran and nickel, Many laterites are solid 
enough to be used as building blocks. An example is 
sous temple in Angkor Wat, 

widely used to 
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BOG IRON 


Impure iron deposits thst develop in bogs or 
swamps are knowin as bog iron. Bog ron i typically 
abrown-yellow mudstone with ello, red row, or 
black concretions of ran oxides and hyaroxides.n 
general, bog ores consist of ron hyeroxdes, rimarly 
sgoetite (2102). og iron can cantan up 070 percent 
tor ranoreciaymucsore | ion aid. taten cara carbonic plant materi, 
vaoxorsansmerese | wri jg sometimes preserved byron minerals, Bog 
E iron typically forms in reas where ron-bearing 
srounvater emerges as sprigs. As the on encounters 
the oxygen-rich surface water exces, and the ron 
‘xis precintate out 

Bog ran was formety used as an ore and was widely 
sought i the preindustral age. The Romans and the 
Vikings made extensive use af bog ran asa source of 
iran. Bog iron was also the principal source a iron in 
colonia USA although it stil forming today, the ton 
fequrements of modern industry demand mich larger 
sources of oe 
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The term ironstone is applied to sandstones and 
imestanes that contain more than 15 percent iran. 
ro ‘are rich in iron-beering minerals such as 


5), goethite (9.102), serte (.123), and 


no longer appears to be forming; 
use ofthis, the pr 
samething of a mystery. 


‘oxygen w 
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priar to 240 milion years ago, a 
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(D wore ganaar ne ‘Also known as banded iron formations, banded 
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(@9narm off-white shale 
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@ none that breaks into smooth, spintery ps 


‘abundant in Precambrian rocks, which are more than 
500 millon years ald, banded ironsto 
hick sequences, such asin the Hammersley Range of 
‘Australia, where itis an economically important iron ore. 
Banded iran layers are found in some af the oldest 
known rock formations, dating from more than 3,700 
rmilion years ago. These layers are believed to have 
formedin the seas as a result af dissolved iran combining 
with oxygen released by the green algae that flourished 
inthe at time. This was then precipitated 
‘oxygen-poor seafloor sediments that we! 
‘and chert. The banding of ronstone is assumed ta result 
‘rom yc variations inthe oxygen availabe. 
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objects and transmit them. The majority of monitoring-based IoT applications are not mission-critical, 
Control-oriented IoT applications use sensor data to control actuators in real-time, and rely on mission 
critical communication. This classification is based on multiple criteria and represents the precursor of 
the Mobile and wireless communications Enablers for Twenty-twenty Information Society (METIS) 5G 
service classification, 


‘Table 2, Intemet of Things (lo) application classification—summaty. 


(Gaiters for Classification Tot Glasses References 


{Transportation and logistice 
(2) Healtheare 
{@) Environment 
(@) Personal and social 
(6) Futuristic applications 
(6) Food /water monitoring 
)Living 
(8) Manufacturing 
Domains (9) Energy fs0-22] 
(20) Building 
(1) Industry 
(02) City 
(03) Security and safety 
(04) Communication 
(05) e-society 
(6) Vehicular 
(17) Sport and leisure 
{0} Fixed and concentrated 
(2) Fixed and dispersed 
{G) Mobile and concentrated 
@ Mobile and dispersed 


(@) Elastic 
(2) Hard veal ime 
(G) Delay-adaptive 
@ Rateadaptve 


Mobility and amount of dispersion 1) 


Delay tolerance 


tu) 


Gy Timediven 
2) Query-driven 
Data reporting mode (3) Event-driven os} 
(@) Continuous-based 
(6) Hybrid-driven 
{@) Monitoring-based and mission erica 
Reliability availability, and 2) Manitoring-based and non-mission critical 
end-to-end latency, fl-orented and mission critical 
jented and non-mission eriical 


(Characteristics and requirements —mMTC and NIC Ta 
Tiable Machine 


bs} 


Legend! ToT (Internet of Things), mT (massive Machine Type Communication), uMTC (ala 
Type Communication). 


Although it spans through a wide range of different applications, MTC can be divided in 
two main categories, i, massive and ultra-reliable MTC, which depend on their characteristics 
and requirements [89]. As mentioned above, this categorization is a part of 5G service classification 
Which was used in this study as a basis to identify performance requirements of loT applications and 
will be described in more detail in Section 4. Massive MTC (mMTC) typically involves a very lange 
number of devices (tens of billions [9]), such as sensors, actuators, and similar devices [12], different 
in complexity and cost [9], and with varying quality of service (QoS) requirements. These devices 
should be of very low cost with very low energy consumption, enabling very long battery life [12] 
At the same time, the amount of data generated by each device is normally very small, and very low 
latency is not a critical requirement [12]. Ultra-reliable MTC (uMTC) requires very high reliability and 
availability, and very low latency [9,12]. Low device cost and energy consumption are not as critical as 
they are for mMTC applications [12], and the number of devices and required data rates are relatively 
low [198]. 
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‘Two different sedimentary racks 
from water are knawn as tufa. Cale 
uta, sof, porous form of ime 
principally of calcium carbonat 
from hot springs, lake water, and grounds 
often stained red by the presence of ron oxides, 
sliceaus tua, whichis also called 


sliceous sinter, Isa deposit af opine 
jorphous silica that forms through 
he rapid precintation of fine-grained 
slica as an encrustation around hat 


en parly formed by t 
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VARIANTS 
NODULES 
‘A rounded mineral accretion thet differs in 
‘composition from ts surrounding rock is known as 
od. Nodvies are cammoniy elongated wit 
eceracin tl regular surface and are usually rented paral tothe 


bedding of ther enciosing sediment. Most nodules are 
formed by the accumulation of slica in sediments andits 
subsequent soliton. Nodes conaring manganese 
phosphorus, tanium, chromium, and othe valuable 

tals develo onthe seafloor but are necenomical 
aa 7. Other nodules form around plant and animal 
Same pte cys remains as part of the fossilization process. 

Pyrite (p62) fs commaniy found as nodules. occurs 
as spheres, rounded cylinders of radiating crystal, and 
ft, raclating dks, or “suns” Clay ranstone, amture 
af siderite (23 ara cay, sometimes occurs as layers of 
dark gray to-rown nodules averying coal seams. Chert 

fin often occur as nodules of nearly pure 
cryptocrytaline quart (368 within beds of imestone 
3H orchak 2 
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‘A rock composed of microcrystalline slice isknown 
2 chert. tis commonly gray, white, brown, or black and 
contain smal fassi. Traces of iron (2.9) may give 
chert light green to rusty-ted color. Chert occurs as 
beds or nodules. tbreaks along fat to rounded, smooth 
surfaces and has a glassy appearance, The rack 
forms by precipitation trom slica-ich 
‘ids and colds. 
Flint chert that occurs in marly 
imastones (0319) or chalk (221. ts 
generally gray in color. Flint found as 
odules, often in bands parallel to the 
beading planes, and breaks with 
‘a conchaidal fracture, The nodules 
are irregular but rounded, Flint 
ssweatherng, soitcan form Fanta 
pebble beds on beaches APesirateral orl 


and accumulate in sas that are 
derived fram chalk. 
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Nodules and concretions ar 
ally although they have 
3s, which are of diferent 


ict at 
al similarities. 
tons than 
oncretions are made of the same material 
hast sediment and cemented by ather mi 
lycalete (2114, ion oxides, and! sibea. Coneretion 
‘often much harder and mare resistant ta erasion than their 
surrounding rock and can be concentrated by weathering 
usualy form early in the burial history ofthe sediment 
2 esto the seximent is hardened into rock 
vaty in shape, hardness, and size, They 
all that they need ta be Seen under a 


Uni 


from coner 
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METEORITES 


‘Meteorites are rocks that formed elsewhere in our Solar System 
and orbited the Sun before colliding with Earth and falling to its 
surface. The fragments most likely to survive are either very large 
(weighing "soz/10g or more) or very small (1mg or less) 


STRUCTURE 
There are three basic types of meteorite 
irons, composed mastly of metalic ron 
{and varying amount of nickel stony-ions, 
‘composed of a mixture af ron and slicate 
minerals; and stony meteorites, which 
are further classed into chondrites and 
‘chondrites, depending on the presence 
(or absence of small igneaus, slicate 
spheres called chondrules. The most 
common type of stony.rons ae palasites, 

ich ae ran meteorites wit centimetre 
ed, translucent, ovine or pyraxene 
crystals scattered throughout, 


Achonaite 


fet touts. years goad 
vassal a 


‘OCCURRENCE 
Meteorites are found on every continent. 
They are often found in environments 
where they are highly vsible—ice caps and 
deserts belng examples. They range in size 
from microscopic specimens to masses 
‘that weigh many tons. Racks that have 
been melted by meteorite Impacts called 
tektites, are also widespread, 


‘THE ORIGIN OF THE SOLAR SYSTEM 
Meteorites are of particular interest inthe 
study of the origin ofthe Solar System, 
Nearly all meteorites are thought ta be 
Fragments of asterods—rocky bodies that 
formed in the solar nebula at about the 
same time as Earth. Radiometric dating 
puts the age of most meteorites at about 
45 lion years, the same age as Earth, 
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es [RON METEORITE 


These meteorites are believed to be the shattered 
fragments of te formerly molten cores of large, ancient 
asteroids. As the name suggests, iron meteorites are 
composed mostly of metalic ran (.29) and up to 
25 percent nickel to produce two minerals, kamacte 
and taenite, which are otherwise rare on Earth, Other 
‘minerals present in minor amount in ron meteorites 


Fusion surface non include trite, grephite (f.44, phosphides, and some 
aioe rely, silicates —most commonly olvine (p222) and pyroxene, 


lron meteorites are divided into number of subgroups 
based on thelr chemical makeup, 

Since iron meteorites are so cifferent fram most 
terrestrial racks, they are reeagnized mare often than 
ther kinds of mateortes and tend to be ever represented 
In meteorite collection. 's estimated that only about 
6 percent of meteorites ae iran meteorites. Chemical and 
'sotope analysis af a number of ton meteorites indicates 
that atleast 80 cstinct parent asteroids were involved 
in ther creation. 
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STONY-IRON 
METEORITE 


Composed of a mixture of metalic nickel ron ane 
mineral, stonyiron meteorte 
Meteorteromanurctes | 1 percent of recovered meteoites Pal 
Seman eter | common typeof stony-fon meteorites, are on meteortes 
retewmansrerses | yt nch ied translucent crystal of clive (0.2 
sometimes pyroxene catered throughout. Pal 
ere beleved to have orgnstd along he ou 
te on coesandsicate martes of age asteroids. But 
some experts now believe they are impact generated 
mixtures of core and marie materials 
The other main group of stonyiron meteorites are 
“tnumapen suo known as the mesosiderites Relatively rare, these 
smerte rn ewins | consist of about equa pats of metalic ricke-ron and 
minerals, namely pyraxene alvine, and calcium 
"ich edspar (op 173-81). They have an iregula often 
brecoated texture, with he scat and metal occuring as 
Luin, pees or fine-grained intergrowths 


ROCKS | METEORITES 337 


{| Prorite 
'D smal iomedu 


BE atvine, pyroxene, 
papeciae 


DS varius 


Sra ee 


Stony meteorite 


[vans Ef 


STONY METEORITE 


‘These meteorites can be dvided into chonchites ana 
achanelites, which are named after chondrules—smal, 
igneous, slate spheres that dominate most chanasiic 
meteorites. Chondrules are largely made up of pyroxene 
nd alvne (232, with lesser amounts of sass, and may 
sctonane scents | contain callumvsch feldspar (173-81, They ean be up 
panies eee 2ain (ler wide, Chon asteroids are some ofthe dest 

atl most prmite astronomical bodies nthe Soar System 
“They may have formed by rapid heating inthe coud of cust 
{ror which the Soar system originate. More than 20 
percent ofthe meteortes that alt Earth are chondrtes, 

‘chondrtic meteorites, n which chendrules are 

absent, are believed to represent the crust or mane of 
asteroids that developed separate mneal shells round 
an ron-nickel core. Tey ae similar to fgneous racks 
(op.258-85) ang impact breccias on Earth, though 
‘most achondrts appear to come from astrods, about 
20 those recovered are beleved to have ort on 
‘Marsan another 20 nthe Meon 


ACCESSORY MINERAL BASAL CLEAVAGE cay 
‘Ammorathatoccursina | Cleavage that occurs parasol | Mineral partis smal than 
Tockin such smal amounts | to te basal crystal pane ofa | about ccooogin 002 re 
‘hatte csroparded in mineral See a ceavage 
the dofinton of Pe rock CLEAVAGE 

arHouTa The way certan mineral break 
ACICULAR HABIT ‘Ahuae regu shaped | along panes cctated by their 
Anwedilke cyst hab ot | mass gneous rock formed | atomic suture 
Some minerals See aso ane | fem he inmusian of magma 

atopin. see aso magma. | couown 
ADAMANTINE LUSTER ‘ny substance that consists 
‘Reype or bagi mewal user | ALADED HABIT Df parts substanally 
‘smeartoraraf damand see | Acrystal abt in which wide, | largo than atoms or 
asoiuster fat Cysts appear simula wo | molecules but too smal 

hee Blades Se alsa habe, | tobe vibe tothe 
AGGREGATE unaidod oye 
‘anaccumulaion of mineral | SOTRVOIDAL Hag 
crystals or rack tagmens | Ammaealhatitin whieh ‘COLOR DISPERSION 

tryst fom pour Te separation af whe ht 
ALKALINE ROCK aBiregaossimiarto bunches. | ito ts constiuent colors 
‘class of igneous rocks See alo aggregate, hat. 
bund in potassium ana CCONCHOIDAL FRACTURE 
‘sodium ich minerals RECCIA Acuived or srexthe facture 

‘sedimentary rock made up| in many minerals and ome 
ALTERATION fanaa tagments see also | rocks See ale racture 
The chemical thermat.or | igneous breco 
presse proces or processes ‘cONcRETION 
bywhich one eck ur mineral | CABOCHON ‘round nodular mass 
Is changed ro ance, ‘gemstone cutwitia domed | of rock fred ram ts 

Upper surface anda fat ‘nosing rock and cormonly 
faurenarion propuct | or dornad under surace, found ined of sadsione, 
‘Anew rock minealformed | gemstones cutin tis way | shal or clay 
bythe ateraon of aprevious | are acto be cut an canocnon, 
na. Se as aeration Soo also cut, gem, gumstone. | CONTACT TWINNING 

The phenomanan of 

awn canar ho ormore crystals 
‘nyotagoupotydaiee | Auntot gemstone wolgt, | grovangin paral contact 
fabless, sally conssting | equvalenewo007ae @2@. | vitheach aber and sharing 
Dfajumeum sufata water of | Carat (ato spoed “cara’is | a coma fan, See alsa 
hydration andthe sulase | asoameasi of galdpurey, | twnned cnstas 
‘fancier elemene {ho numberof pars of oa 

pars ofagoidalay 28k s | CRYPTOCRYSTALLINE HABIT 
AMYGDALE pure go, Tait sites quate: | Amineal abit hats cystine 
‘Ascondary nsting ota void | gold See aka gem, gemstone. | but vary fre-ranedlIndcal 
Ivan igneous rack. Minerals cnstalaed camponents 
that oecut ac amygdaes charovancy ‘an be seen on under a 
Ince quar cal, and | Theca's2ye fect sawn by | microscope See aso habe 
the zeolite seme stores cut en cabochon 

Sen ala cabochon, cur 
ASSOCIATED MINERALS Tefal shape of a round 
‘minerals fund ewig cust and palshee gem, a in 
together mutt Atragment of rock especialy emerald cut. See alo gom, 
necessanly terran, ‘when incorporated nina | gomstne, am cating 
See also ergot secmertary cock, 

DENDRITIC HABIT 

AAUREOLE cuasmic rock typo of habit in which 
Thearwaarcundan igreous | Asedimentary tock composed | crytalsfom branche, 
Irtuon where conact Of comanted cass Seo tree shapes See 
metamorphism nasoccured. | also cls. also hab, 


DDETRITAL ROCKS 
Sedimantary rocks formed 
essential of fagments 
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‘A sdimantary rec composed 
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‘A shoo shaped igneous 
irubon that cus across 
enitingrock structures, 


DISCOVERY/TYPE LOCALITY 
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et mineral 


DOUBLE REFRACTION 
The soto ah to cw 
separate raysasit eters 
atone 


DRUSY COATING. 
A shoot of eumerous often 
watered, smal esta 
covering a mineral 


DULL LUSTER 
typeof stor in wtih te 
Denbigh is refected Soe 
ao ster. 


EARTHY LUSTER 
‘®renflcve mineral ste, 
Seu alo ster 


QUANT 
‘Arnot hai that refers toa 
crystal that of equal si in 
allarectons a rock composed 
of gansof equal ze, 


EUHEDRAL 
‘Atorm deschng cysts with 
toa formed face 


EVAPORITE 
‘Ameer rock ferme by 
‘he evaporation of sane water, 


LEXTRUSIVE ROCK 
‘rock fee rr ava that 
‘ether fed orta Eats 


surface or was ected 2s 
pclae mater, See also 
fers rock, va, 


FACES 
‘The extena ft surfagos tha 
make upa crystal shape: 


FELDSPATHOIDS 
Minerale ima cremstry 
and stucture eo he feldspar 
but wiles ste, 


FeLsic ROCK 
‘an eneous ack wih more 
‘han 6 percent sea a more 
‘han 20 perc quar ee 
ako tran a acidic rock, 


FISSILE TEXTURE 
‘rock texture that alow the 
rock abe spit ito sheets. 
Som alsa texture, 


FLOW BANDING 
Layering in a rock tha 
cogeated when te ook 
vas na fd, malen state 


FOUATION 
‘he laminated parallel 
cena or Segregation 
of meal. 


FossiL 
‘ay ecard of paste 
preserved in the crustal rocks 
‘Apart rom bones and shal, 
‘oss can rete oot, 
‘excrement, and berngs 


FRACTURE 
‘Moral breakage that occurs 
Stlocations oer than along 
eavage plans. Seo also 
eeavage 


FUMAROLE 
Involeanic regions an opening 
Inthe ground trough which 
hot gases are emited 
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formu Aaea(E0 sn which 
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GEODE 


‘Anolon, gereraty rounded 
ule nea with ryt 
See als nodule 


GEM, GEMSTONE 
‘cut stone wor in jovely, 
Valea for coor ay, 
tenure, of clarity may oven 
bean unset stone eu fo use 
as ewer See aso cu, rough 
ermsone 


eM curnNG 
The process ofsnecing a 
gemstone by giding and 
paling. oe also cut, 
em, gemstone 


cass 
Asald substance showing no 
rystalne structure —n effect, 
avert uid See aso 
Blass tecture 


GLASSY TEXTURE 
Trasmacth canstency oF 
an graces rockin which 
ass formed cue torapid 
Siifcation. See alsa 
Blass ture 


GRANULAR TEXTURE 
‘A roek or ier esture that 
‘ith indus rains oi 
Inte form of gars See 
also texture 


GRAPHIC TEXTURE 
Te surface pearance of 
some grenus rack n which 
‘quartz and feldspar have 
Inergrown to produce an 
sffect resembling writen 
script See also texture, 


Haat 
The mode af gown and 
ppaarance of a miner 
The abi of a mineral rests 
from molecular sturtre 


HACKLY FRACTURE 
‘mineral fracture tae has 
‘rough surface wth smal 
protuberances az on a piece 
bf brotan cast hon. See 

leo racture 


HEMIMORPHIC FORM. 
‘crstaling fom witha 
tre facial development 
tear ena 


HOPPER CRYSTAL 
Acrstal whose neomplote 
froth has crested a recor 
Shaped concavity on one cx 
more fees 
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‘The vision of a pervasive loT requires the integration of various domains into a single and unified 
domain. It addresses the enabling technologies needed for these domains while taking into account 
the elements that form the third dimension like security, privacy, trust, and safety [11]. The current 
classification criteria and IoT application classes do not clearly differentiate lo domains from loT 
applications. IoT domains are usually viewed as a specific area of IoT applications that support a huge 
variety of use cases across industries impacting businesses and customers. Therefore, IoT domains 
overlap with IoT applications within existing IoT classifications. Moreover, loT classification based on 
certain QoS parameters is difficult to apply from telco’s perspective, because it is challenging to choose 
the most important parameter for the wide range of loT applications, However, these problems need 
tobe solved for upcoming 5G networks, 


3.2. Activity-Based Classification of loT Applications 


‘The aforementioned issues motivated us to propose a new approach to the classification of IoT 
applications. This approach is based on “the activity”, which primarily characterizes specific oT 
application. In this sense, the activities are defined as new classification criteria, which denote a main 
function /purpose of specific IoT application observed from telco’s point of view. Telecom operators 
observe the technical challenges of [oT through systems, tools, devices, and platforms because their 
availability and integration complexity determines the opportunity to capture a share of the value 
that is generated by IoT implementation. Based on the literature review, it was found that the most 
commonly mentioned terms in this sense were related to: (1) ticketing system [201]; (2) monitoring: 
devices [199,201-204]/ services [199,201,202,205,206]/ tools [207]/systems [11,12,199,201,205,206,208-210]/ 
data [95,201] /framework [12,201]/solutions [20,205]/networks [211]/process (7]/activity [203,204,207]; 
(G) tracking technologies [4] /devices [204] systems [204]/applications [11,210]/system [20!]/services 
{202,205}; (4) managing /controlling applications [15,210,212] operation (211]/services [4,208] /tools 
[208,211]/ devices [204]/system [95,198,204,210]/ concepts [211]/solutions [95] /platforms [95,199] 
This has led us to identify four activities, ie, ticketing, monitoring, tracking, and managing /controlling, 
as new classification criteria of loT applications. According to the authors’ knowledge, it was found 
that these activities can cover reasonably foreseeable functions/ purposes of loT in existing application 
domains. Using activities as classification criteria, telcos can specify loT application performance 
requirements more easily, which are in that case dictated by the specific activity, not by the IoT 
application domain, and determine enabling technologies in the radio access part of 5G networks. 

In addition, our classification approach allows better service differentiation and service delivery 
closer to customer expectations. According to BH Telecom’s experience, customers typically come up 
With the following service requests when it comes to IoT: (1) they need to track their products and 
determine products’ distribution across different regions based on their own data analysis; (2) they 
want to monitor their products since they do not have a department for supervision and analysis; 
(3) they need information panels about their outlets and working time to be downloaded by a scanning 
tab-ticket; (4) they want to manage/control their products according to market needs. This way 
of expressing customer needs has inspired us to propose the activity-based classification of loT 
applications as it allows telcos to define performance requirements more precisely, and thereby 
improve the customer experience. 

‘The activity-based classification of loT applications is presented in Table 3. Each activity is 
associated with the application domain where that activity may be applied. The requirements 
of identified activities and associated application domains are then mapped to 5G service classes 
in order to be further able to identify their performance requirements and enabling technologies 
necessary to meet them. For example, according to Table 3, the managing/controlling activity can be 
realized in several domains, such as healthcare, food, energy, transportation and logistics. For each 
domain, we have identified an application example, such as remote surgery [213] in the healthcare 
domain, food processing facilities [96] in the food domain, energy distribution [12] in the energy 
domain and traffic/driving [12,213] in the transportation and logistics domain. According to diverse 
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thin Crystals Se alco nab 


PLAYA DEPOSIT 
‘Amineral depos formed 

In aosart bas that © 
Insertion filed wat a lake 


PLEOCHROIC, PLEACHROISM, 
The penameron of mineral 
or gom presenting cero 
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performance requirements of these IoT applications [214], managing /controlling activity in healthcare, 
food, transportation, and logistic domains can be associated with the uMTC service class, while the 
energy domain can be mapped to the mMTC service class. A more detailed description of performance 
requirements for each activity-based class of IoT applications is provided in Section 4, while in Section 5 
it is discussed how these requirements can be accomplished in the radio access part of 5G networks. 


Table 3. Activity-based classification of loT applications. 
Activity Domain Examples ae Application Examples 
Ticketing Sian Tanaporation and Logics ATC POS Terminal TT 
‘Siar Healheare aac Health condition DTT 
‘Sear Balding ware Structures bulls, tannal ee) TLSATSY 
Monitoring “Siar Bullings/Simaet Cay MTC Parking spaces 
‘Sinart Bulldogs Smart Environment TaMTC lose video TT 
‘Sinart fod water monitoring ATC Fos growth condition TT 
Sat Fealihcare/Spor ane Laure ATC Medica assets, wearables [20)215] 
“Sear Transporation and Logics TmaTC Transport Gest 202) 
‘racking “Sina Tcduaty Socal Nebworking mae Shipping peoluct 
Sina Healthcare mMTC Teople in acience seu 
‘Sina Healthcare ware Temote surgery BT 
Managing/ Sear od water mano MTC Food processing faliica HT 
‘ontoll0§ “Sinan Transporation and Logics awe “Tale diving [EIST 
‘Sar Energy ATC Thergy ditibution 12 


Togend: 5G (Fifth Generation), POS (Point OF Sale), mMTC (massive Machine Type Communication), uMTC 
(ultra-reliable Machine Type Communication). 


‘As such, the activity-based classification of loT applications can be used for the creation of new 
business models, which represent the stakeholder’s plan to generate revenue and make a profit from 
operations, and thereby include many components and functions of the business [21]. However, 
there is no common opinion which components constitute a business model. The business model 
architecture can be illustrated by four dimensions [22]: (1) who, identifying the definition of the target 
customer as one central dimension in designing a new business model; (2) what, describing what 
is offered to the target customer; (3) how, referring to the construction and distribution of the value 
proposition; (4) value, explaining why the business model is financially viable. Answering these four 
questions allows the creation of loT business models. According to this business model definition, 
the activity-based classification of loT applications affects the who and the how dimensions in the 
following manner. In terms of the who dimension, it directly allows customer segmentation according, 
to considered activities as a way to express their requirements (e.g., customers that require tracking, 
or monitoring of their products). Being aware of the current customer requirements, the proposed 
classification of IoT applications around four activities (ie,, ticketing, monitoring, tracking, and 
‘managing controlling) can be considered complete. At the same time, the activity-based classification 
of IoT applications is flexible since additional activities as classification criterion can be concerned 
with emerging customer requirements. On the other hand, the activity-based classification of IoT 
applications indirectly impacts the how dimension of new business models which among others 
includes relevant resources and capabilities in the focal stakeholders internal value chain. ‘This 
indicates that the proposed activity-based classification of loT applications can be easily applied to IoT 
business models. 

Various categories of [oT business models can be identified according to eight loT architectural 
layers [23], ie, collaboration and processes layer, application layer, service layer, abstraction layer, 
storage layer, processing layer, network communication layer, physical layer. Along with IoT 
architectural layer, the loT business model needs also to address the loT value proposition [24] and 
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‘This invention relates to a method and apparatus for 
tapping the enormous reservoir of energy existing in the 
ionosphere and more particularly for furnishing electrical 
power fo space vehicles. 

Within recent years various space probes and space 
vehicles such as satellites have been launched by man in 
an effort to learn more about the earth and the solar 
system within which he lives. Each of these various space 
craft has employed numerous electrical circuits which are 
utilized to detect and transmit back to earth certain in- 
formation ascertained by the craft as it moves through 
space. In view of the presence of such electrical cireuits, 
some source of electrical power must be made available 
‘whereby these circuits cam be energized. Tn the past there 
have been three main sources of electrical power carried 
by space vehicles for energizing these circuits, namely, (1) 
‘conventional storage batteries, (2) solat batteries and (3) 
8 combination of the conventional storage and solar bat= 
‘eries. Although these various electrical power souress 
hhave functioned with some degree of success each has 
certain serious limitations which cannot be readily over- 

Tn the first instance, the conventional storage battery 
ay be of either the wet or dry type but, du to its superior 
storage capacity, the wet cell type is used nearly exelu- 
sively in space vehicles. This additional storage capacity 
‘of the wet cell battery is of great importance since the 
Useful life of the vehicle is usually dependent upon the 
proper operation of its electrical circuits which are, in 
turn, directly dependent upon the capacity und life of 
the available power source. Use in space vehicles of 
storage battery tat ulilizes a liguid electrolyte presents 
Several problems that have not been completely solved, 
hhowever, nor is there aay apparent solution to some of 
these problems. For example, to increase the output ca- 
pacity of the battery and thereby extend the useful life of 
the satellite a greater amount of electrolyte must be carried 
by the battery, But to increase the quantity of electrolyte 
carried by the battery results in both an increase in size 
and weight of the power source and space vehicle which 
‘cannot, in most instances, be tolerated. Furthermore, the 
electrolyte may not function correctly if itis subjected to 
the extreme conditions of space such as, for example, the 
cchanges in temperature that are normally encountered 
‘Thus, to insure the proper operation of the wet cel battery 
invalved in poweriag a space vehicle end to prevent any 
Teakage that might occur should the battery be damaged, 
some shielding or insulating of the battery is usually ine 
volved which, needless to say, adds materially to the cost 
and weight of the vehicle. 

To overcome the space, weight and leakage problems 
encountered when storage batteries of the conventional 
wet cell type are used, space engineers have turned to the 
recently developed solar cell or battery which converts 
the light rays received from the sun directly into electrical 
energy. While these solar batteries do not require any 
type of electroylte and are, therefore, relatively Tight in 
comparison to the wet cell storage battery, they are ex- 
pensive and their inherent principle of operation presents 
fone problem which cannot be overcome, namely, the 
inability of the solar cell to produce power while the 
space vehicle is shaded from the sun such a8 occurs when 
satelite is inthe shadow cast by the earth 
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In an effort to overcome this lose of power which oc- 
curs each time a satelite passes into the shadow cast by 
the earth or some other heavenly body, a storage battery 
of the wet cell type was added to the vehicle. While the 
satellite is in the sunlight the solar battery powers the 
various electrical circuits and charges the storage battery 
so that, once the sunlight is no longer available, the stor- 
age battery can be switched on to furnish the necessary 
electrical power to the vehicle. While this combined sys- 
tem functions satisfactorily, there is added to the already 
existing problems of weight, size and electrolyte leakage 
the problem of incorporating a battery charging and 
switch-over system between the solar and storage bat- 
tories. The addition of this type of system to the power 
source is undesirable since it adds unduly to the com- 
plexity sensitivity and cost of the spacs vehicle. 

‘According to the present invention, it has been found 
that some of the foregoing disadvantages of space ve- 
hile power sources can be overcome by employing an 
ionospheric type battery which utilizes the fonosphere oF 
other ionized medium existing in outer space as a sup- 
plemental source of energy. Since power isa scarce com- 
rodity essential for the operation of the space vehicle 
‘and for the proper functioning of its experiments, any 
‘means for supplying additional power while adding oniy 
slightly to the weight of the vehicle, increases the ef- 
ficiency and life of the space vehicle, Although it has 
been Known for some time that the ionosphere contains 
‘an enormous reservoir of energy in the form of excited 
and ionized atoms and molecules, no practical method 
hhas heretofore been found whereby this energy could be 
utlized as a source of power for earth satellites even 
though much thought has been given to this problem, 
‘The operation of the present invention is based tipon the 
liscovery that the ionosphere can be utilized as a part 
of supplemental power source for the load circuit ima 
space vehicle when said vehicle is equipped with electrodes 
having different work functions which, in turn, are elec- 
trivally connected through the load circu 

Accordingly, primary object of this invention is to 
provide a method of producing electrical power from 
ionized media existing in nature. 

‘Another object of this invention is to provide a sim- 
pile, highly reliable supplemental power source for space 
vehicles. 

Yet another object of this invention is to provide an 
ionospheric battery for use by satellite, 

Sill another object of this invention is to provide an 
ionospheric battery which utilizes the ionosphere as an 
electrolyte. 

‘A further object of this invention is to provide a sup- 
plemental power source for space vehicles that will op- 
crate when shielded from the sun, 

Yet a further object of this invention is to provide a 
power source for a satellite that is light and inexpensive 
to produce. 

Another object of this invention is to provide a satel 
lite with various shaped electrodes constructed of metals 
having different contact potentials 

‘These and further objects and advantages of this in- 
vention will become more apparent upon reference {0 the 
following description, claims and the appended drawings 
wherein: 

FIGURE 1 is a cross sectional view of an orbiting 
stelle equipped with a power source constructed in 
accordance with one embodiment of the present inven- 
tion; and 

FIGURE 2 is 2 view in partial section of an orbiting 
satellite equipped with a power source constructed in 
accordance with a second embodiment of the present 
invention. 

‘With continuing reference to the accompanying draw- 
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ings wherein like reference numerals designate similar 
ports throughout the various views, and with initial at- 
tention erected to the embodiment of FIGURE 1, refer- 
fence numeral 10-is used to generally designate 4 space 
satellite which is orbiting o otherwise passing through an 
ionized layer or medium such as, for example, the iono- 
sphere which surrounds tho earth, As is well known, 
the ionosphere contains an enormous number of ex- 
cited and ionized atoms and molecules which are gen- 
‘rated or produced when the gasses surrounding the earth 
fare subjected to bombardment by high energy particles 
find rays such as, for example, ultra-violet or cosmic rays 
that originate throughout the solar system. Although 
these various ionized particles created by this bombard 
‘meat are invisible 0 the eye they are represented pic- 
torially by the various dots 12 for purposes of clarity. 

The satellite 10 consists of an envelope or outer skin 
surface 14 which may be constructed of metal, ceramic 
for any other like material which is suitable for space 
Vebicls of this type, As seen in FIGURE 1, a plurality 
of electrically conductive electrodes 16-18, which are 
‘shown in the form of rods and aro constructed of ms 
terials having different contact potentials (work func 
tions), are mounted in a spaced relationship in the medi 
uum 12 through apertures 20 in the envelope 14 of the 
satellite, In order to prevent a leak from occurring be- 
tween the normally pressurized inferior 22 of the satel~ 
Iite and the ionosphere, which is a near vacuum, and to 
insulate the electrodes in case a metal is used for the 
envelope 14, vacuum tight insblator feed-through ele 
ments 26 are fitted around the electrodes 16-18 and are 
securely mounted within the aperture 20, These feed 
through elements may be of any suitable type s0 Tong as 
they are constructed to withstand the changes in en- 
vironmental conditions encoustered in space without 
lesing their insulative and sealing qualities. 

‘Carried within the cavity or interior 23 of the satel 
lite 10 is a Toad circuit 26 which may be, for example, 
a transmitter or any other electrical device that requires 
‘8 source of electrical power for its proper operation. The 
Toad circuit 26 is mounted to the interior wall of the 
satellite by suitable means (not shown) and has its posi- 
tive and ‘negative power input terminals 28-30 con 
nected to the variots electrodes 16-18 respectively, by 
suitable electrical conductors. 32-34, 

‘The overall principle and operation of the ionospheric 
battery in relationship to the satellite 10 can be explained 
substantially inthe following manner. While the satelite 
remains on earth prior toils being hurled into or through 
fan ionized medium, the electrodes 16-18 are at su 
Mantially the same potential since very few ionized par- 
ticles are present, Thus, no current will flow through 
the load circuit 26, However, once the sutllite is 
launched and it enters an ionized medium a potential 
difference will be established between the electrodes 
16-18 and an electrical current will begin to fow through, 
the load cireult 26, This difference in electrical potential 
that exists between the electrodes 16-18 while the satel~ 
lite is in an ionized mediom is attributed to the fact that 
the electrodes 16 are constructed of a material having a 
Gifferent contact potential or work function from that 
ff the electrodes. 18. This difference in contact po- 
tential between the electrodes 1618 will result in the 
free electrons of the ionized medium being collected on 
fone group of electrodes, for example the electrodes 16, 
‘while the positive ions produced when the gas is ionized 
will be collected on the other electrodes 18. With the 
electrodes 16 charged to a negative potential in rela- 
tionship to electrodes 18, a predetermined amount of 
current will flow through the load circuit 26 and can thus 
be utilized to power an electrical circuit such as the trans- 
rmitter mentioned above. 

‘The exact material from which the two types of elee- 
trodes 16 and 18 are constructed will depend upon sev- 
eral factors such as, for example, the amount of output 
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4 
power desired, the material readily available for con- 
Bructing the electrodes, the susceptibility of the material 
to damage or destruction when exposed to the environ- 
‘mental condions existing in space, and various other 
‘considerstions that will bo readily apparent to a worker 
in the battery field, 

‘While the electrodes 16-18 used in the ionospheric bat- 
tery of FIGURE 1 have been described as rods or whip- 
like elements it is to be realized that the electrodes may 
take other shapes. By way of example, a plurality of 
fial, plate-lite electrodes 36-38 are shown mounted on 
a satellite in FIGURE 2. ‘Thew electrodes are con- 
stricted of matetials having different contact potentials 
‘and are insulated from the outer surface 14 of the satel- 
Tits when this is necessary by an insulative layer 40 of 
any suitable material having the desired insulative prop 
terlies under the sovere conditions existing in space. ‘The 
tse of these plate electrodes 36-38 bas the advantage of 
inereasing the surface area exposed to the ionized medi- 
‘um thus permitting & larger output current to be produced 
without the necessity of using excessively long electrodes 
fas might be the ease if the rod electrodes of FIGURE 1 
were used, 

"The output current of the battery is dependent upon 
the degree to Which tho medium is ionized and to the 
extent that the electrode surface area is exposed to the 
medium, An inerease in either results in an increase in 
the efficiency of the battery. From an analysis of various 
experiments it is expected that @ current of about two 
Imicroamps per em? of electrode surface at a potential of 
fone volt would be produced if the satellite is orbiting in 
the ionosphere at an altitude of approximately 350 km. 
and electrodes of gold and platinum are used. 

“Te will also be Teadily apparent that the envelope of 
the satellite itself could be constructed in sectional form 
‘and of materials having diferent contact potential thus 
eliminating the necessity of attaching different electrodes, 
to the satellite or the slight increase in weight necessarily 
involved, OF course the various sections of material 
‘making up the envelope of the sutllite would have to be 
insulated from one another to prevent electrical shorting, 
from occurring 

"Tt will be apparent from the foregoing that the power 
source of this invention is extremely light, rugged and 
involves a minimum of cost to construct. By using the 
vast natural reservoir of energy existing in the form of 
fonized gases for producing the electrical power nec 
essary to energize the various electrical circuits of a space 
vehicle a practically indefinite source of electrical power 
ig made available to the vebicle. An ionospheric bat- 
tery constructed in accordance with this invention is also 
mich more reliable in operation than other heretofore 
Known power sources since no liquid electrolyte is in 
volved which can leak, deteriorate or otherwise become 
spent, nor is the operation of tbe battery dependent upon 
its position in relationship to a source of light, 

‘The invention may be embodied in other specific forms 
without departing from the spirit or essential character- 
istics thereof, The present embodiments are therefore 
to be considered in all respect as illustrative and not 
restrictive, the scope of the invention being indicated by 
the appended claims rather than by the foregoing deserip- 
tion, and all changes which come within the meaning and 
range of equivalency of the claims are therefore intended 
to be embraced therein. 

‘What is claimed and desired to be secured by United 
States Letters Patent is: 

LA space vehicle equipped with a generator of elec- 
trical energy operable in the ionosphere as 2 supple~ 
‘mental source of potential for 2 load thereof, said gen- 
erator comprising at least two electrode means on suid 
vehicle and positioned to contact said ionosphere when 
Said vehicle is in said ionosphere, said two electrode 
‘means each having different contact potentials, one of 
suid two electrode means being gold and the other being 
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platinum, and electrical connector means connecting said 
two electrode means 10 said load. 

2. Apparatus for generating electrical energy from the 
ionosphere comprising, a pair of spaced electrode means 
having different contact potentials positioned to contact 
said fonosphere so that a direct-current electric potential 
is established between said electrode means, load circuit 
‘means, and means electrically connecting said load cit- 
cuit means to suid electrode means whereby said load 
cireuit means is powered by the direct-current electrical 
potential existing between said. electrode. 

3. Apparatus for generating electrical energy from the 
jonospliere comprising, carrier means, a fist electrode 
having a first contact potential mounted on said carrier 
‘means, a second electrode having a second contact po- 
‘ential spaced from said first electrode and mounted on 
said carrier means, said first and second electrodes being 
positioned on seid carrier means so that they will be in 
contact with said ionosphere when said apparatus is 
placed in the ionosphere so that a direct-current electric 
Potential is established between said first and second 
electrodes, and an electrical load circuit connected be- 
tween said first and second electrodes, said load cieenit 
being powered by the direct-current potential produced 
by said first and second electrodes, 

4. Apparatus according to claim 3 wherein said first 
and second clectrodes extend away from said cattier 

5. Apparatus according to claim 3 wherein said first 
sand’ second electrodes form a portion of said carrier 

6. Ina space vehicle adapted to pass through ionized 
areas in space, a power source for ssid vehicle while it 
is passing through said ionized areas comptising, a plu- 
ality of electrode means located on the outer surface 
of said vehicle, said electrode means being constructed 
‘of materials having different contact potentials, and 
‘means connecting said electrode means together through 
a load circuit whereby said cireuit receives a source of 
ditect-current as said space vehicle passes through said 
fonized areas, 

7. In a space vehicle according to claim 6 wherein 
said electrode means are rod shaped 

‘8 In a space vehicle according to claim 6 wherein 
said electrode means are plate shaped, 

‘9. A satellite comprising an envelope, electrical load 
means carried in seid envelope, apertures extending 
‘through said envelope at spaced points, electrode means 
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having different contact potentials, sid electrode means 
passing through said apertures, means in said aperture 
for insulating said electrode means from said envelope, 
‘and electrical conductor means connected between said 
eleotrode means and said electrical load means whereby 
said electrical load means is energized by the direct- 
current clectic potential established when said electrode 
‘means passes through an ionized medium. 

10. A space satelite comprising an envelope, an elec- 
tical load cireuit carried in said envelope, a power supply 
for said electrical load circuit comprising # first clec- 
‘rode having 2 first contact potential connected to said 
electical load circuit and extending through said en- 
velope and a second electrode having a second contect, 
potential connected to said electrical load circuit and 
extending through said envelope, said frst and second 
electrodes being insulated from one another so that said 
clectrical load citeuit is powered by the direct-current 
electric potential established by said first and second elec 
trodes coming in contact with an ionized medium, 

‘AL, The method of powering electrical circuit means 
carried by a space vehicle comprising the steps of posi- 
tioning first and second electrode means having difer- 
ent work functions on suid vehicle, passing said vehiele 
through the ionosphere so that said first and second 
electrode means are in contact therewith and produce a 
ditect-current potential between them, and connecting 
said fist and second electrodes to said elecrical circuit 
means by means of electrical connector means, whereby 
said direct-current potential is made available for oper- 
ating said circuit, 
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Capacitors we used are electrolytic rated at 400 volts x 47 uF put in series to equal 6,000 
volts, the diodes we used were silicon 1000 volt 2 amp placed in series to equal 6,000 
volt: Ground was connected to laboratory wall out let ground. 


If you decide to try Tesla's experiment by pumping DC 
into the ground be careful, I tried this and it does work 
but is very dangerous to you or your neighbors. If 
someone is taking a shower or using water they can get 
killed or shocked. do this experiment far away from 
humans and animals. you can get far more energy out 
than you put in. [ will not tell you much more because it 
is such a dangerous experiment. 


Capacitor Bank 


Meter or Load 


BUILDING A DIY VIDEO TRANSMITTER 
= = 


WHAT YOU NEED 
- Blank PCB Copper Plate (jameco.com part #169279) 
- Capacitors: 2x 0.1uf 
1x 100u 
2x 6-70pf Variable Caps (jameco.com part #32855) 
- Resistors: 27kOhm 
10kOh 
- Transistor-MPSA18 (jameco.com part #210681) 
- 1k potentiometer 
- Small amount (~4") of magnet wire 24 AWG or close (jameco.com part #2098419) 
- Sand paper 
- Stranded hookup wire 
- Hacksaw or dremel tool 
-Headphones with 1/8" plug (from iPod or MP3 player) 
- Hot glue or super glue 
- Soldering Iron 
- CRT “tube” TV with an antenna (the transmitter won't transmit to newer flat screen TV's) 


INTRODUCTION 
This micro video transmitter was designed by the DIY radio and micro TV artist Tetsuo Kogawa. His 
website (http://anarchy.translocal,jp/) is full of great info on DIY radio, and all credit for this circuit goes 
to him.The transmitter can be used to transmit a relatively clear video signal or abstract visualizations, 
depending on the desired output. It will usually function at a distance of about 20 feet. If you have any 
previous experience with electronics or circuit building, you will notice that this method of building is 
different. The circuit is constructed on top of a copper “ground plate" which is common in radio applica- 
tions. This tutorial uses step-by-step sketches and photos created based on Tetsuo Kogawa’s design. 
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BUILDING THE TRANSMITTER 
41. PREPARING THE COPPER PLATE 


- Take the bare copper plate and cut off tinch of material using a dremel tool or hacksaw. 
- Use this material to cut out 6 square % in. x % in. pieces. 
- Arrange the 6 pieces on the larger copper plate as shown in the image below... 


**NOTE™ Be sure to arrange them so that all the component leads will be able to reach the 


squares. Look ahead to see what components will go where so you know exactly how to space 
them. 


- Once you have them arranged, put a dab of hot or super glue on the bottom of each square and 
stick them in place on the copper plate. 
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oT stakeholders that can participate in more than one layer. Based on their role in the loT ecosystem, 
telecom operators usually take a part in the network communication layer. In this regard, they follow 
four evolutionary business models [23]: (1) selling connectivity services only; (2) selling third-party 
products; (3) selling internal products; (4) providing a broad menu of loT products. Each of these 
IoT business models includes traditional telcos strength, ie., connectivity which determines the how 
dimension of the loT business model. In this sense, our activity-based classification of loT applications 
indirectly allows the construction and distribution of performance as IoT value proposition using 
enabling technologies as loT resources in telco’s internal value chain. 


3.3, Summary of 1oT in 5G Service Classification 


‘The previous discussion has shown that the classification of loT applications is a complex task 
due to their numerosity and diversity. The existing classifications of loT applications pose some 
drawbacks that can be summarized as follows. The domain-based classification does not allow clear 
differentiation between loT domains and IoT applications due to either an imprecise classification 
criterion or the diversity and unpredictability of oT applications. On the other hand, QoS-based 
classifications need to identify the common and most important performance metric for a broad range 
of loT applications. Therefore, on the basis of the literature review and IoT customer service requests, 
we have proposed a new approach to the classification of [oT applications. It is based on the activity 
as new classification criterion, which denotes a main function /purpose of specific loT application 
observed from telco’s point of view. According to the authors’ knowledge, four activities, ie., ticketing, 
‘monitoring, tracking, and managing /controlling, have been identified to cover reasonably foreseeable 
functions/purposes of existing IoT applications. The resulting activity-based IoT application classes 
have been associated with 5G service classes in order to determine and prioritize their performance 
requirements as described in next section. Finally, the proposed classification of loT applications was 
discussed in terms of its completeness, flexibility, and applicability to new business models. 


4, IoT in 5G Performance Requirements 


This section provides an insight into performance requirements of activity-based classes of 
oT applications proposed in Section 3. The analysis is based on eight key performance indicators 
identified in [5,207] as shown in Table 4: data rate, mobility, latency, connection density, reliability, 
positioning accuracy, coverage, and energy efficiency. These performance indicators are usually 
well described for specific loT applications. However, one of the main challenges of 5G is to 
support a variety of performance requirements for numerous loT applications in a flexible, reliable, 
and cost-effective way [15]. Hence, there is a need for a comprehensive understanding of these 
requirements for activity-based IoT application classes. The 5G service classification defined the 
performance requirements for mMTC and uMTC [9]. We have assigned these requirements to 
the activity-based IoT application classes introduced in Section 3 for the purpose of proposing 
priorities of each requirement for a specific class. Three levels of priorities (high, medium, low) 
are associated with the performance requirements of activity-based classes of loT applications 
as shown in Table 4. The prioritization of performance requirements is inspired by analysis of 
related work undertaken in [213]. Some activity-based classes of IoT applications may demand 
optimization of multiple performance requirements, Table 4 illustrates the main differences between 
activity-based loT application classes, and therefore, the need for a 5G network that enables support of 
optimal configurations for a variety of, sometimes opposite, requirements. For example, the mMTC 
tracking-based IoT application class requires support for high mobility, high positioning accuracy, and. 
high connection density, while the mMTC monitoring-based IoT application class also requires high 
connection density but low mobility and low positioning accuracy. A more detailed description of 


considered performance requirements is contained in the following subsections. 


2. ADDING THE 100uF CAPACITOR (the cylinder with “100uF” written on the side) 
- Melt a blob of solder onto the two squares furthest to the right. To do this, apply your iron to each 
square to transfer heat for an extended period of time unti the solder flows onto the surface 


apply blobs’of solder. 


reheat solder blobs and put the 
capacitor into place 


- Bend the legs out of the 100uf capacitor and straddle them between the two squares making 
sure that the leads are only touching the two small squares (not touching the ground plate). 

- Cut the excess off of the leads. 

- One at a time, re-heat the solder blobs and place the capacitor leads into them, allowing them 
to cool down until they stay in place. 
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**NOTE** - This capacitor is polarized meaning that it has to be facing in the appropriate direc- 
tion. Make sure you solder the NEGATIVE lead to the LOWER of the two squares. The negative 
side has the shorter lead and a vertical stripe along the side of the capacitor. 
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3. ADDING THE .1uF CAPACITORS (the two discs with “104” written on them) 
- These capacitors will be positioned between the upper and lower left most squares and the 
ground plate. Melt a blob of solder on these two squares and two blobs on the ground plate be- 
side each. (Reference the pictures for exact positioning). 

- Re-heat the blobs and position the capacitors accordingly as in step 2. 


| 
| 
| 
i} 


| 
aa 
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4, ADDING THE RESISTORS (10k and 27k) 
- Solder the 10k resistor (brown, black and orange stripes) between the bottom left square and 
ground 

- Solder the 27k resistor (red, violate and orange stripes) between the two left squares. 
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5. ADDING THE COIL 


- Cut about 4” of the magnet wire (24 AWG or close) 
- Use the plug from your headphones to wrap the wire around. Make 5 turns. 
: —_ = 


- With the wire still wrapped around the headphone plug, take a small piece of sand paper 
and rub off the colored insulation of each end until the bare copper is exposed (If the copper 
is not exposed, you won't be able to make a connection). 


6. ADDING THE VARIABLE CAPACITORS 
*NOTE* Once the component leads start to pile up on each other on each square, it helps to add 
additional solder. 
- The first variable capacitor will be soldered between the top square of the three that make up 
the bottom triangle and the ground plate. 
- Solder the “nose” of the capacitor (the lead that is different from the other two) to the square, 
and the other two side leads to the ground plate. 
*NOTE* You will have to bend the leads in a certain way in order to get everything positioned 
properly. Just play around with it till you get it. 
- The second variable capacitor will bridge between top and right squares of the triangle. Only 
two leads are needed here so use your clippers to remove one of the side leads, leaving the 
nose and only one side. (See the pic below) 


The variable capacitors soldered into place... 


Letts] 
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7. ADDING THE TRANSISTOR (MPSA18) 
*NOTE* This transistor is sensitive to heat and can be destroyed by the heat from your iron. Be 
sure to follow the necessary precautions below. But don't worry if you do kill one, they are only 
~$.10 a piece. 
- The three leads of the transistor all do specific things and must go to the appropriate places. 
Here is a pic of the orientation of this transistor... 
C=Collector B=Base E=Emitter 


flat edge 


Bi 


- Each lead from the transistor will be soldered to the three different squares that make up the 
triangle, so you will have to bend the leads accordingly. 

- The B lead (base) goes to the left square of the triangle, the C lead (collector) goes to the top 
square, and the E lead (emitter) goes to the right square, as in the image below. 


sr 


an 


= Before you solder the transistor in place, you need to have a “heat sink” attached to protect 
it. This will draw some of the heat from the transistor to something else. To do this, simply 
take an alligator clip and attach it to the lead you are soldering. 


place alligator clip 
between soldering 
iron and transistor 
to act as a heat sink 
pr 
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- Solder each lead in place attaching the clip lead to each one before doing so. 
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8. ADDING THE 1k POTENTIOMETER 
- Put a bit of super glue or hot glue on the bottom of the potentiometer and stick it to the upper 
right corner with the leads facing towards the left of the plate. 
- Take a small amount of stranded hookup wire and strip both ends. Solder one side to the upper 
most lead and the other side to the ground plate. 
- Repeat the process by connecting the middle lead of the potentiometer to the upper most of 
the two right squares. Then connect the lower lead of the potentiometer to the right most square 


of the triangle. 
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Table 4. Activity-based classes of IoT applications—performance requirements. 


Uses Experienced Connedion Positioning 


5G Service Data Rate [Gopal Mobility kav, batmey mal Density Rellbility 1 Recuracy crea Energy 
Activity ee Control Plane 30151 a Required: Availability M1_—_“Elfclency 
Classification Ouldoor 01151 Reguired:S00151 Tee ptaner is] "Canneconskmel — gysagio7y J Reawlred:  eguived 989082071 Toil 
Tadao 1151 Required 10°15 Arewemist Re 
Tidetng Tow T T 7 ™ 7 A # 
amc Taking Mt H L H M H H MioH 
MTC onion MioH L i H Lio L H M 
Managing/eontaling L L H M L MoH M 
Monitor r Tom H H H Moot H Mw 
UATE Managing/conzling Mio H L H H MioH M 


TLegencl 5G (Fifth Generation), mMIG (massive Machine Type Communication), uMITC (allratellable Machine Type Communication), L (Law), (Medium), H (High) 


9. ADDING THE INPUT WIRES 
~ Cut two small lengths (~4-5") of your stranded wire and strip both sides 


- Solder one of the wires to the ground plate (this will be the ground input from your video 


source) 
- Solder the other wire to the bottom square of the two right squares. (This will be the signal input 
= 3 


from your video source) 
2 ee 


40. ADDING THE BATTERY INPUT WIRES 
- Just like the last step, cut two shot pieces of wire and strip both ends. 
- Solder one of the wires to the ground plate (this will be the negative input from your Qvolt bat- 
tery). 
- Solder the other wire to the upper left square (this will be the positive input from your 9volt bat- 
tery). 


Ww 


mM 
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44. ADDING THE ANTENNA 
- Cut about 2 feet of wire and strip one end. 
- Solder the wire to the right most square of the triangle. 


aa 
NOM ey 


OPERATING 
- Find a video source (DVD player, VHS player, iPod etc.) that has a composite video output. 
- Use an alligator clip lead to connect the ground from your video source to the ground input 
of the transmitter. Using another alligator clip lead, attach the signal output from your 
source to the signal input of the transmitter. 

- Use two more alligator clips to connect the positive and negative of a 9v battery to the 
positive and negative battery inputs of the transmitter. 

- Turn on a CRT “tube style” TV and tune it to channel 2 or 3. 

- Turn your potentiometer to somewhere around 50% 

- Using a small screwdriver, tune the upper most variable cap slowly until you see the TV 
make a flicker or change. 

- Tune the second variable capacitor until you start to see some strong signal coming through 
- Tune the potentiometer and the two variable capacitors until you get the imagery you wan 


Send any comments, questions or suggestions to yaktronix.online@gmail.com 
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Ground Plane Construction of Simple Radios 


Ugly/Ground Plane Construction 


‘The Method | Use in Building My Simple Receivers 
Oct. 7, 2006 by Rick Andersen, KE31 


Occasionally | get emails from readers who want to know how | build these simple radio receiver circuits an an "L-shaped 
chassis" without cutting and scoring the copper, what | mean by "L-shaped chassis," or "what's all this about 10 megohm 
resistors?’, etc. | tend to forget that not everybody has done this before, and | usually take it for granted that the reader is, 
an accomplished "basement-tinkerer” and should therefore be able to just look at a schematic diagram and then come up 
with his own layout and method of construction. Sorry if| have annoyed anyone ~ that wasn't my intention, 


‘When | first design a circuit, | make what a friend of mine used to refer to as a "spider" (ar, “spider-web")-~ basically just 
construct the circuit by soldering the components together, lead by lead, into a reasonable facsimile of the schematic (no 
chassis or pc board necessary-- the stiffness of the soldered leads themselves hold the “spider” circuit together). This 
method is quick, and allows me to modify things fairly easily It also grows rather quickly into a "haywire monstrosity" if | 
allow it 


Sometimes | do use a piece of copper-clad pe board as a ground plane, even during the "spider" stage, as the photo 
below illustrates: 


aywire” mess of my "AGC-80" Regen receiver in its early, experimental stage 


‘To make things a bit clearer to you who have never built projects in this way before, | have attempted a free-hand diagram 
Using Microsoft "Paint", which | converted to a .gif file and which you see below. 


In the top-center of the diagram is the schematic for a simple common-emitter audio amplifier stage. The left side of the 
diagram illustrates how one might translate that schematic into an actual circuit on the copper-clad pe board. At right is a 
diagram of the "L-shaped Chassis.” This is the style in which | build most of my circuits. 


Basically, | use 2 pieces of 5x7 inch copper-clad pe board, available in the USA at Radio Shack [free plug]. One piece lies 
flat (the bottom piece), which is what | have shown in the diagram. | build my circuit on this bottom piece, using the copper 
floor as my ground connections ("ground plane"). Any resistors, caps, etc., that go to ground in the schematic, are literally 
soldered to this bottom ground plane and stood upright. At their top ends, the rest of the circuit is soldered, suspended up 
above the ground plane. Anywhere that | think I need some mechanical stabilty, | use a vertical 10 Megohm resistor, 
‘which acts to prop up and support the rest of the wiring above the ground plane. For most of the circuits | build, 10, 
Megohms is much higher a resistance value than any of the resistors in the circuit itself; therefore, the circuit pretty much. 
ignores the 10M "posts", electrically, and they remain simply a mechanical "standoff insulator’. The 2nd piece of copper 
Clad board is drilled for switches, potentiometers, tuning caps, and earphone jacks, etc., and then is soldered at right 
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Ground Plane Construction of Simple Radios 


angles to the flat bottom piece, making an "L-shaped chassis". It also helps to solder triangular pleces of copper-clad 
board as mechanical braces, at the comers where the front panel is soldered to the bottom ground plane. 


ExempleCrcut +8 
Use 10 Meg 
rerevera sty 
‘aust enzedod 2k 
FrartPanel 
9 0 
i] 
Solder ta "groune! pine" Botor 
Tienguisr 
GroundPiene — ,Wienasler 


Copporcied achoad 


Capper sues 


Below is a photo of my 2006 creation, the "AGC-80", a Regen receiver for the 80 Meter ham band with audio-derived 
AGC. There's an article on this receiver elsewhere on this website; meanwhile, notice that itis builtin the same way 
outlined above an "L-shaped" chassis made of a bottom piece of copper-clad board, soldered to a vertical piece of the 
same kind of board which is the front panel. (I also added a back wall to hald the antenna jack, and a right wall to hold the 
audio output jack, as well as a triangular reinforcement piece of copper-ciad, at bottom-left between the front panel and 
bottom piece, although you can't see it in this photo.] 


To the right of the AGC-80 is the infamous Radio Shack/Archer little beige Amplified Speaker that I'm always mentioning. | 
may knock Radio Shack for other reasons [for example, that they have pretty much left us hobbyists behind, and have 
become just another consumer electronics store] but | will always say good things about thei litle $12.95 beige-colored 
Amplified Speaker. It works like a charm for the kind of projects | build, | also run an audio cable out of the Radio Shack 
amp to a bigger speaker, for better-quality sound-- in the photo you can see a white "Optimus" computer speaker pressed 
into this service. While the Radio Shack’s speaker does a fine job, the Optimus sounds quite a bit louder and way nicer. Of 
course, you may argue that a real Electronics Geek rolls his own audio amp rather than rely on a commercially-made, 
extemal one. Well, I'm often too impatient to build the audio power amp myself, after having spent hours or days getting 
the RF part of the radio to work the way | want. Also, homemade audio amps tend to oscillate (squeal, motorboat, how!) in 
mysterious ways once lovingly installed on the same circuit board as the RF circuitry... Afler a while one grows tired of 
trying 50 ways to make it happy, and would rather just hook up an Amplified Speaker and be done with it. 


To each his own. 
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sus2018 Ground Plane Construction of Simple Radios 


Please realize that you don't have to follow this method of construction (usually called "Ugly Construction” by hams), but | 
‘would advise you to make sure there is some equivalent of a copper ground plane in most of your radio projects... i helps 
to shield the circuit from outside influence (particularly when connected to earth ground) and contributes to stabil. 


hope this has helped to give you a litle better idea of the methods | use! 
73 de Rick, KESI 


ip 
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The “Tree Antenna” 
RCC Aug & Oct 2006 — Dave/WB7ESV 


Aug 2006 Article 


What is unique about this antenna is that itis only a tree. The tree is used as 
a Gamma or Shunt fed vertical. To make this work, we drove a 3 ¥%” deck 
screw into the tree (you need to make contact with the sap vein), at about 15° 
above the ground (15' to 20' will work). We attached a wire to the screw, 
extended the wire 2’ perpendicular to the tree, tied a rope to the wire at the 2° 
point, tied the other end of the rape to a tree limb and dropped the wire to the 
ground. 


At the ground we drove a 3' ground rod 2 feet out from the base of the tree 
and attached a rope to the ground rod and to the wire to keep the wire tight. 


At the feed-point end of the wire we connected an MFJ-901B tuner strapped for "WIRE" 
operation and connected the tuner ground to the ground rod. 


Coax was connected and run to the operating position in a tent. To tune the antenna, an MFJ- 
269 SWR Analyzer was connected to the tuner input and the tuner adjusted for minimum SWR 
at the center of the operating band. The antenna is capable of operation on 10 - 80 meters. 
Many contacts were made including: Hawaii, Texas, Oklahoma, Montana, Wyoming, Utah, 
Idaho, California, VE6 and VE7. 


The tree height should be no shorter than 30 feet and any wire antenna tuner will work. 


Oct 2006 Article 


Those who are building or have built it are: Jeff, KB6IBB, in The Dalles, OR; Tom, KD7ZOS, in 
Portland, OR; Dave, WOOX8, in Stillwater,MN; and Larry, KE7HGC, in Vancouver, WA. 


‘Those who have it up and running have made contacts alll over the U.S. and have stated that: .If 
I can hear them, | can talk to them. 


If you are in an area that frowns on antennas and you have a tree that is at least 30. tall, give it 
a try. What you will need to build the Tree Antenna is: A tree that is at least 30’ tall, a 3# nail or 
wood screw, (not galvanized), 20'- # 12 - # 16 AWG copper wire (can be solid or stranded, un- 
insulated or insulated), a 4’ ground rod, wire clamp for the ground rod, 2-egg insulators and an 
antenna tuner that can be remotely adjusted, (ICOM AH-4, SGC SmartTuner, Home Brew with 
small motors to operate the variable capacitor(s) and inductor, etc). If you decide to ‘Home 
Brew’ a tuner, there are several in the ARRL Amateur Radio Handbook that will work very well. 


Solder one end of the copper wire to the nail/screw. At about 15'- 18" up 
the side of the tree drive the nail screw into the tree so as to penetrate 
the sap vein of the tree. (This is important for RF conduction.) Draw the 
wire out 2' perpendicular from where you drove the nail/screw and support 
the wire with an egg insulator tied to a rope which is tied off to a limb of 
the tree and let the rest of the wire drop down to the ground. 


22 Drive the ground rod into the ground 2" out from the base of the tree 


leaving about 3’ of the rod above ground level. Attach a short piece 

P of rope to a egg insulator and attach the other end of the insulator to 
the copper wire so that the insulator/wire is about 6’ above the top of 
the ground rod. Leave enough wire to connect to the tuner. 


Attach a short piece of rope to a egg insulator and attach the other 
end of the insulator to the copper wire so that the insulator/wire is 
about 6' above the top of the ground rod. Leave enough wire to connect to the tuner. 


Attach the rope to the ground rod and install the antenna tuner to the end of the wire and place 
the tuner in a plastic container to protect it from the weather. 


Connect a short ground wire from the ground side of the tuner to the ground rod with a clamp 
and make sure all connections are tight and sealed from weather. 


If you are wondering where the "Tree Antenna” Comes from, it’s from a WWI/WWII Army Signal 
Corps Emergency Communications Manual. 
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ANTENNA 
TUNING UNITS 


(ATUs) 


Home | Contact | Site Map | Links 


Radio Stations & Memorabilia | Loop & Frame Aerials | Copper Tube Antenna 
DXing & Short Wave | Make A Signal Meter | Riding On A Radio Wave 


ATUs - ANTENNA TUNING UNITS 


THE ATU 


LEME 


‘An Antenna Tuning Unit 


For good Short Wave reception long aerial really is required to dig those distant stations out 
of the ether. To effectively couple such an aerial to a radio a matching unit called an ATU 
(Antenna Tuning Unit) can often be extremely helpful. An ATU is relatively straightforward to 
construct and uses simple parts that are quite easy to obtain. The ATU shown above is of 
my own construction and is used with a Lowe HF-150 receiver. 


Typical Aerial Installation 


AERIALS [or ANTENNAS] 
bit:mw.mds975.c0.uk/Contenaerias2 him m9 
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4.1, Data Rate 


Data rate is the most important evaluation factor for generations of wireless communication 
networks [6]. It is contemplated in two ways: (1) peak data rate—defined as the maximum achievable 
data rate by the user; and (2) minimum guaranteed user data rate—defined as the minimum experience 
data rate by the user [16]. New mobile technologies are primarily driven by users’ needs for higher data 
rates, as discussed in [8,16,99,215,216]. The expected values in 5G networks are 10 Gbps for minimum 
peak data rate and 100 Mbps as minimum guaranteed user data rate [5]. High data rate requirements 
are mainly posed by xMBB related use cases [9] like hotspots [214] or dense urban areas where in 
{95% of locations and time experience data rate by user should be 300 Mbps in downlink and 60 Mbps 
in uplink [100]. High data rate is also important in some activity-based classes of loT applications, 
as shown in Table 4. Medium (e.g., monitoring of parking spaces) to high (e.g., monitoring of home 
video) data rate is needed in cases of mMTC monitoring activities. High data rate can be achieved 
by using a millimeter wave (mmWave) spectrum to share multi-gigabit data in the surrounding 
environment (ie, mMTC monitoring with high data rate requirement) and to recognize an object via 
cloud in real time to find the optimal driving strategy instantaneously for loT—autonomous vehicles 
application [101]. Data rates generated during transmissions of tracked medical assets, transport fleets, 
and ticked point of sale (POS) terminals is low (e.g., medium importance for ticketing and tracking 
activities in mMTC). In addition, low data rates are needed in uMTC monitoring and controlling (e.g., 
monitoring of health condition, control of driving). 


4.2. Mobility 


Mobility is defined as relative velocity between the receiver and the transmitter [16]. The 
applications of IoT pose very diverse requirements for mobility in 5G networks, which range from 
static to high mobile, even up to 500 km/h [16,102,207]. Use cases in which except ultra-high 
‘mobility, ultra-high traffic volume density, and ultra-high connection density are needed may be quite 
challenging for 5G networks [215], like V2X communication [5]. High mobility is a very important 
requirement for mMTC tracking activity (eg,, tracking of assets in high speed trains [214]). Moreover, 
the support for high mobility is needed in uMTC management activities, if the monitor/control 
object is moving (e.g., high speed trains [207]). Low mobility is needed for ticketing, monitoring, 
and managing/controlling activities in the mMTC class, as shown in Table 4. This is the reason why 
5G networks should not assume mobility for all devices and services but rather provide mobility on 
demand [8]. 


4.3, Latency 


Latency requirements are usually expressed in terms of end-to-end (E2E) latency perceived by 
the end user [8]. 5G networks should enable “zero latency” [105] represented by the millisecond level 
of E2E latency [16,26,27,213] through significant enhancements and new technology in architecture 
aspects [6,28,214], such as device-to-device (D2D) communication [5]. The loT applications associated 
With uMTC monitoring and managing /controlling activities require low latency, as they tend to be real 
time, Required latency levels depend on the particular loT application [8,16,28], being the narrowest 
in uMTC managing/controlling activity with a value that should not exceed 1 ms [8]. For example, 
the tolerable delay for use case mobile health [215] and remote surgery application is in order of 
sub-milliseconds [213]. For V2X communications, latencies should be ultra-low for some warning 
signals [8]. 


4.4, Connection Density 


Connection density is defined as the number of connected devices per unit area [16]. It can 
usually be expressed in terms of an extremely high number of simultaneous active connections, such 
as 1 million connections per square meter [207,215], o 10 to 100 times higher number of connected 
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AERIAL n. & adj. > n. a metal rod, wire or other structure by which signals are transmitted or 
received as part of a radio or television transmission or receiving system. > adj. 1. by or from 
or involving aircraft (aerial navigation; aerial photography). > 2 a existing, moving or 
happening in the air. b of or in the atmosphere, atmospheric. 3 a thin as air, ethereal. b 
immaterial, imaginary. c of air, gaseous 


For the purpose of this page we'll choose the noun, | think. So the aerial can be: 


A Random Length Of Wire Strung As High As Possible 

OR - 

A Carefully Designed Structure Whereby The Element (Or Elements) Is (Are) Tuned To 
Resonate At The Required Operating Wavelength (Frequency) Of The Station Or Waveband 
Being Received 


(What??) 


The advantage of a long random wire aerial to a listener is that it is easy to install in a loft or 
around a garden. Many Short Wave Listeners’ (SWL's) aerials consist of such a long end fed 
wire of a random length perhaps between 10 and 50 meters, i.e. not cut to resonate at a 
specific wavelength. The disadvantage is that it is not tuned to a specific wavelength and 
therfore may not be particularly efficient at gathering the signals from a desired station. This 
is because a random wire aerial system will not present an even impedance* to the input of 
the radio receiver. This should generally be around 50 Ohms. 


[" Impedance is the resistance to the flow of an alternating current (AC) - in this case a radio wave] 


The impedance of a random wire aerial could swing from a few Ohms up to several thousand 
Ohms depending on what frequency is being used. This will present a serious mis-match to 
the receiver, which would prefer to ‘see’ a nice constant 50 Ohm load. This mismatch of 
impedance between aerial and radio can detrimentally effect the amount of signal transferred 
from the aerial to the radio, and therfore weaken reception of stations at some wavelengths. 


An Antenna Tuning Unit (ATU) can help match the impedance of the aerial to the 50 Ohm 
impedance required by the radio. Once the impedance of the aerial matches the impedance at 
the input of the radio (after being tuned by the ATU) the greater the chance of the RF energy 
being effectively transferred. 


Using an ATU will not always improve reception. If, by pure chance, the random wire aerial 
presents a 50 Ohm impedance to the radio on, say, the 41 meter band then no further 
improvement in signal strength will be obtained. But then if the radio is tuned to the 25 meter 
band, for instance, the aerial may have a 500 Ohm impedance and on this band the ATU will 
help to transfer more signal and improve reception. 
WAVELENGTHS AND FREQUENCIES 
This is the mathematical formula to calculate the wavelength of a particular frequency: 
VIF = wavelength 
E.G: VIF = 300,000,000/1,875,000Hz = 300/1.875MHz = 160m 


The velocity of a radio wave when travelling through space is the same as the spped of light 
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i.e. 300,000,000 meters per second (186,000 miles per second). V = Velocity, F = Frequency in 
Hz. The result of the calculation is the wavelength in meters. 


Once the wavelength of the radio wave is known, the relationship with the length of the aerial 
can be determined. An aerial that is 1/4 wavelength or an odd multiple of 1/4 wavelengths e.g. 
5/8th or 7/8th wavelength, the impedance presented to the receiver will be quite low. If the 
aerial is a full or half wavelength long then the impedance will be much higher. 


LOWE, JOHN WILSON AND THE SIX BAND SAGGER 


Have a little look at the bottom of the LOWE HF-150 page since it includes an interesting 
article by John Wilson, formerly of Lowe Electronics, about aerials, specifically the "Six Band 
Sagger". 


ATUs AND FILTERING 


The ATU acts as an Impedance Matching Transformer with the ability to accept a wide range 
of input impedances and match them to the 50ohms that is required by the receiver. It also 
has the bonus of providing an certain amount of filtering, which can help overcome receiver 
overloading, by letting through the required frequency while attenuating the higher and lower 
frequencies. There are two types of ATU circuits described further down this page, the Pi 
type and the T type. The T type is particularly effective as a ‘high pass' filter, and is very 
useful for filtering out interference on Short Wave caused by high power Medium Wave 
transmitters that can overload a short wave radio. 


The graph below shows the effect that can be acheived: 
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The solid line shows the filtering effect of an ATU at shortwave frequencies, while the broken 
line shows the filtering performance at medium wave frequencies 


MAKE YOUR OWN ATU 
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The circuit diagram below shows the circuit for a typical Pi type ATU which seems to be a 
popular arrange ment for many ATUs. | have built ATUs using this Pi arrangement and 
although they work quite well and are certainly a useful improvement over no ATU at all, | 
have found in my own experience that the 'T’ arrangement in the next circuit works even 
better, matching more easily over a wide range of frequencies and also seemingly offering 
improved filtering in my own circumstances. 


Each aerial arrangement is different and you may find that this circuit performs best of al 
your circumstances: 


COIL To Radio 


° 
AERIAL 


EARTH Ground 


Pi type circuit - Very popular for many ATUs 


Below is the circuit diagram for my preferred choice of a T type circuit which includes a 
variable attenuator and which could not be simpler to construct. This circuit, with the coil 
described, covers from 500kHz medium wave to 30MHz short wave. Tuning capacitor VC1 is 
adjusted to match the aerial side while tuning capacitor VC2 is adjusted to match the 
receiver side. This circuit is often referred to as a TRANSMATCH, particularly in the USA. 
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ver ve2 


AERIAL 


EARTH 


T type circuit, which | have found to be more effective than the Pi type at my listening post, 
possibly because this design acts as a ‘high pass' filter, and is therefore very useful for 
filtering out interference to short wave reception caused by high power medium wave 
transmitters that can overload the short wave radio 


All that is needed is: 


1 _ [Self wound coil with 12 tapping points. See below 


1 _ [Reel of 22 s.w.g enamelled copper wire for coil 


1 [Coil former, eg the inside of a fax roll (30 mm diam 
lapprox) 


1 [12 way switch to select tapping pints on coil 


2 [S00pF tuning capacitors (200pF or 365pF can also be 
lused) 


4 k ohm linear potentiometer for attenuator 


[Red terminal posts 


[Green terminal posts 


a] fl = 


Coaxial socket, e. 
[s0239 


1 [Case 150 x 100 x 60 mm + with rubber feet 
See additional notes below > 


3.5mm jack (as used here) or 


SOURCES FOR TUNING CAPACITORS 


Old broken radio sets - but don't smash a nice one up for the sake of a capacitor! Old radio 
sets, especially the old ‘valved! wirelesses are very interesting and often sound superb and 
could be quite rare. 


J BIRKETT RADIO COMPONENTS,. 25 THE STRAIT, LINCOLN, LN2 1JD. telephone 
(uk) 01522 520767 http:/www.zyra.org.ukibirkett.htm 
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MAINLINE GROUP http://www.mainlinegroup.co.uk/jacksonbrothers/index.htm 


COIL WINDING DETAILS 


The coils that | have made for my ATUs have been wound around formers made from the 
plasic tube found inside a typical fax roll. This can be cut to a suitable length to fit inside the 
enclosure, in this case 150mm long with a 30mm diameter. If a plastic fax roll is not available 
then a strong cardboard tube could be used instead. 


‘Two small holes can be drilled at each end of the tube to feed the start and finish portions of 
the 22 swg wire through in order to secure it. Then wind the required number of turns, 
putting a tight twist in the wire at each tapping point, taking care to scrape off the enamel so 
that the connecting wire can be soldered into place. 


Alternatively, as | did in my first coil, | inserted printed circuit board (PCB) terminal pins into 
the tube to secure the wire to at the start and finish points of the coil and at each tapping 
point, as you can see in the photograph below. This involved drilling a hole in the soft plasic 
of the tube slightly smaller than the PCB pin and forcing the first pin in for a tight fit. The 
enamel must be scraped of the wire, wrapped arount the pin with a single turn and then 
soldered in place - quickly to avoid melting the plastc! Then the first turn of the coil is made, 
another hole drilled and pin inserted and wire scraped clean of enamel and soldered to the 
pin. Proceed until all the turns and tapping points have been made according to the 
diagram. 


The diagram below shows the number of turns between each tapping point: 


() 


Once the coil is complete the tapping points can be wired to the 12 way switch by using 
short lengths of hook-up wire (e.g. 7/0.2mm pve covered), being careful to wire the into the 
circuit exactly as in the diagram. 
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The Mk1 ATU using the T type circuit 


The rear panel of the Mk1 ATU showing the aerial input and output terminal posts. 
A3.5mm jack socket is also included as an alternative output socket for convenient connection to a 
portable radio via a length of flexible 50 ohm coaxial cable 
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Internal view of the Mk 1 Antenna Tuning Unit showing the coil and its 12 tapping points, the range 
switch and two space-saving Jackson type solid dielectric tuning capacitors. The potentiometer that 
forms the variable attenuator is hidden from view by the range switch. 


The Mark 2 Aerial Tuning Unit 


LPM HE BAND 


Be000 


‘The Mark 2 Antenna Tuning Unit 
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The Mark 1 ATU described above was initially made using the Pi match circuit and when | 
made this, the Mark2, | used the T match circuit design and when | found that it worked even 
better | modified the Mark 1 to also use the T match circuit layout. 


The Mark 1 is used for a portable radio and therefore is more compact, the Mark 2 is used for 
the HF-150 so can be a bit larger. It is housed in an aluminium case and uses the larger 
spaced tuning capacitors and also has $0239 sockets are fitted for the input and output. 


The coil is larger too, using the same former made from the centre of a fax roll but longer at 
220mm to accommodate additional windings to enable coverage of long wave frequencies. 
An additional switch is also included to give plenty of adjustment while including the long 
wave range. 


ve vez 


The circuit diagram showing the coil and the 12 way switch to adjust the Short Wave ranges and the 
additional 3 way switch to change to Medium Wave and Long Wave coverage*. The attenuator is 
simply a 1k ohm potentiometer. 

* Position 1 is Long Wave; 2 Medium Wave; 3 Short Wave ranges - adjusted with 12 way switch 


‘Tuning Capacitors: In these circuits, as is the general rule of thumb with radio projects, the 
moving vanes of tuning capacitors - and therefore the spindles/shafts - are connected to the 
earthy side of the circuit. Ensuring that the moving vanes are connected to the earthy side 
minimises ‘hand capacitance’ effects when touching the adjustment knobs. The fixed vanes 
are therefore connected to the ‘hot’ (top) side of the circuit. 


You will have to determine which terminals on your particular capacitor are connected to the 
fixed vanes and which are connected to the moving vanes. It should be able to determine 
this visually from the physical construction of your particular component, but if you are 
unsure always use the continuity tester function of your multimeter. 


With dual gang variable capacitors with smaller values per gang, it may be desirable to 
connect the two fixed sets of vanes together in parallel to increase maximum capa 
For many metal framed air-spaced variable capacitors the moving vanes will effectively be 
connected together via the brass spindle to the main frame of the capacitor body. The fixed 
vanes and their associated terminals will be isolated from the metal frame by ceramic, 
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paxolin, or similar, insulators. 


PARTS REQUIRED 


1 [Self wound coil with 13 tapping points 

1 [Reel of 22 swg enamelled copper wire 

1 [Reel of 30 swg enamelled copper wire (for longwave part) 

1 [Coil Former 220mm long & approx 30mm diameter 

1 [12 way switch 

1 [Sway switch 

2 [S00pF tuning capacitors (200pF or 365pF can also be 
lused) 

1 [1 kohm linear potentiometer 

2 [Red Terminal posts 

2 |Green terminal posts 

2 [80239 sockets 

1 [Aluminium case 220 x 130 x 65 mm + rubber feet 


See additional notes below > 


SOURCES FOR TUNING CAPACITORS 


Old broken radio sets - but don't smash a nice one up for the sake of a capacitor! Old radio 
sets, especially the old ‘valved! wirelesses are very interesting and often sound superb and 
could be quite rare. 


J BIRKETT RADIO COMPONENTS,. 25 THE STRAIT, LINCOLN, LN2 1JD. telephone 
(uk) 01522 520767 http:/www.zyra.org.ukibirkett.htm 


MAINLINE GROUP http://www.mainlinegroup.co.uk/jacksonbrothers/index.htm ] 


COIL WINDING DETAILS 


The coil is essentially the same as the coil described above being wound on the centre of a 
fax roll or any similar former approximately 30mm in diameter, but slightly longer at 220 mm 
long. In this case I secured the start and the finish of the windings by simply looping the 22 
swg enamelled copper wire through two small holes at each ends of the former to secure it 
in place. The taps are formed by simply twisting the wire into a loop at each specified 
interval, to form the connection points to the range switch, making sure that all the enamel is 
scaped off so that the connecting wires to the switches can be properly soldered in place. 


One difference with this coil is that it is designed to cover the Long Wave band too, and the 
final 110 turns are wound from slightly thinner 30 swg enamelled copper wire, this was done 
simply to save space. Inside the tube at this end are placed a couple of short lengths of 
ferrite rod, no longer than 50mm. These are then adjusted, once the ATU is functioning, to 
give the required tuning range. Alternatively more windings could be added to the final 
ding to increase its inductance until the desired range is achieved. 
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LD 


No ts mows sy4322" 


Grown Buin 
CAPACITORS 


Diagram showing the number of turns between each tapping point 


KR PP snateere-- 


Detail of tapping point intervals and how the coil is wired into the circuit 


TENNA 
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devices [29]. The performance values of connection and traffic density for various 5G services are listed 
in [8,212]. This performance requirement is highly correlated with identified activity-based classes 
of loT applications, since it is the main characteristic of mMTC. High device density brings the need 
for rapid internet protocol version 6 (IPv6) deployment, and high quality security algorithms and 
techniques, which lead to new system design and implementation, as described in [104]. 


4.5, Reliability 


Reliability is the maximum tolerable packet loss rate at the application layer [105]. 5G must 
bring a reliability of 99,999% [27,30,31,212], or higher for specific use cases [212], (e.g, tele-protection 
ina smart grid network [207] or driverless cars [106)). Reliability is the main characteristic of uMTC 
‘monitoring and managing /controlling activities. Reliability will be a particularly challenging task in 
high-speed trains because of speed, load, and cell distance [16,107] 


4.6, Position Accuracy 


Position accuracy is the maximum positioning error tolerated by the application [105]. 5G 
should ensure accurate positioning of the device outdoors [105] with accuracy from 10 m to <I m 
‘on 80% of occasions and better than 1m in indoor deployment [212]. Accuracy positioning is 
very important in uMTC monitoring-based activities (e.g., monitoring remote cameras), and uMTC 
managing /controlling-based activities (eg., driving) [213]. Moreover, the mMTC tracking-and 
ticketing-based activities pose high performance requirements in terms of position accuracy. 


47. Coverage 


Coverage requirements in 5G should provide connectivity anytime and anywhere with a 
‘minimum user experience data rate of 1 Gbps [32]. However, the perception of 100% coverage is rather a 
technical decision than a business one [33], which could be extended through ultra-cell deployment [31] 
and vehicle-to-infrastructure (V2I) communications [30]. Almost every activity-based loT application 
class requires very high levels of coverage (99,99%% availability) [207]. Total coverage will enable new 
‘unmanned aerial vehicles (UAV) to use single network connection, instead of connection steering 
mechanism, as one described in [109]. 


4.8. Energy Efficiency 


Energy efficiency is defined as the number of bits that can be transmitted per joule of energy [216] 
Compared with current wireless technologies, the energy efficiency (measured in b/J) of the 5G 
network may need to be improved by a factor of 1000 [4,7,34,110,217]. High energy efficiency is 
important in case of ticketing- and in some cases of tracking-based activities (e.g., smart industry [205] 
or implantable medical devices [25]). Other activities, such as both mMTC and uMTC monitoring- and 
‘managing controlling-based activities (e.g., health condition [205]) and some tracking-based activities 
(e.g,, sports wearables [205}) require medium energy efficiency. Energy efficiency is very important 
design objective for the reduction of operating costs of telecom operators, as well as for minimizing the 
environmental impact of the wireless domain [217]. On a higher layer of the network protocol stack, 
adaptive base station switch on/off algorithms use renewable energy sources to save energy [218] 
along with an energy scheduler, as in the with heating, ventilation and air conditioning (HVAC) [111] 
However, at the physical layer, adaptively switching off unused carriers is a key strategy that can be 
used to save energy from the radio-frequency (RF) transceiver chain of base stations [218] 


4.9, Spectrum Efficiency 


Spectrum efficiency is defined as the data throughput per unit of spectrum resource per cell or 
per unit area (bps/Hz/cellar bps/Hz/km?) [216]. In order to achieve network sustainability, required 
for 5G networks [216], spectrum efficiency needs to be improved 3-5 times [20,32,216]. Minimum 
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Detail of tapping point intervals and how the coil is wired into the circuit 


The rear panel. On the left the input terminal posts for the aerial and earth wires, with the 
addition of a $0239 socket for the connection of coaxial cable. On the right the $0239 
coaxial output socket for connection to a radio with a coaxial input socket also provided are 
the alternative terminal posts for single wire output and ground connections to the radio. 


Photo showing the relatively straightforward internal construction of an ATU. 
2 large air-spaced tuning capacitors, range switches, potentiometer, and coil with 14 tapping points. 
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Photo showing how two 2 inch lengths of ferrite rod are put inside the coil at the longwave end of 
the coil to provide coverage of these low frequencies 


ADDITIONAL NOTES: 
Thank you to Dr Paul S Crawford who e-mailed us with this additional useful advice: 


“You have basically have a capacitor input system connected to the antenna, my own 
preferance is always to put a 100K Ohm ‘bleeder’ resistor to GND on such an input just to 
stop any static build up on hot dry days, etc. Of course, you might also want to include a 
neon lamp across the input as a crude (but cheap) induced lightening surge arrestor as well. 


Regards, 
Paul" 


Thanks Paul for taking the trouble to get in touch. The lightning arrestor is certainly an 
excellent safety feature, and if you are troubled with noise caused by a build up of static on 
the aerial wire, then the 100k resistor is a good tip. 


A Question About The Daiwa CL-22 antenna coupler 


Dear Sir, | hope you can answer a few questions for me, if you can help me, it will be gratefully 
appreciated, firstly i am 11 years old, and have just started SWL listening with a DX 394 radio, been 
using a end fed long wire about 25m long into back of radio. 


Recently bought a Daiwa cl-22 coupler(atu) at a car boot sale for £3, it looks in mint condition, but 
didn't come with any operating instructions, and scoured the internet for some with no effect. 

the ATU, has 3 controls on the front..... one marked Receiver, one marked Antenna, both theses are 
variable controls, and one marked band (A to G), i understand the Band control, also the Antenna 
control, what is mystifying me, is the variable control marked Receiver ?. 
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Also on the rear of ATU is 4 screw terminals, grouped in pairs, one marked Receiver, and the other 
marked Antenna, the Antenna screw terminals are coloured ,one black and one red, and the same 
for the Receiver terminals, they are very smalll screw terminals, looks like they only for very thin 
wire, my question is how do i connect my long wire to the ATU, and to which terminal? 


| really hope you can help me with this, as your web site seems to be the only one, on the internet, 
which seems to want to help anyone like myself, looking forward to hearing your reply. 


Thanking you, Ashley Griffiths. May 2012 


Hi Ashley, | am not familiar with this particular unit, but most antenna matching units are simitar in 
operation. One pair of terminals on the rear will be used to connect to the antenna and the other 
pair to the receiver. 


Use RG58 coaxial cable to connect between the a.m.u. and receiver. The red to the centre 
conductor of the RG58 coaxial cable and the other terminal to the outer shield. Some antennas use 
coaxial cable to feed to the receiver or a.m.u., but in your case you are using a single random wire 
as an aerial, so simply connect this to the red terminal. 


Often connecting the other (ground / GND) terminal to an earth / grounding stake driven in to soft 
damp soil outside can help reception. Possibly reducing interference or increasing signal strength. 
It's worth trying, but it does not always help in every case. | don't know without seeing the physical 
circuit what the actual circuit topography will be. It could be what is known as a "T" match or 
perhaps a 

"Pi" match. Nevertheless the controls on your a.m.u. will perform the same functions and will ikely 
be as described below. 


All three controls will tend to interact with each other. The band control is most likely to be a multi- 
way switch that selects tapping points on an inductor (coil). This sets the general band of operation - 
usually from around 3MHz at the longer wavelength end of the short wave (H.F.) bands up to 
around 30MHz at the shortest wavelengths of the short wave (H.F.) band. 


‘A’ will correspond to one end of the HF band (maybe the shortest wave / highest frequency end) 
and 'G' the other end (maybe the longest wave / lowest frequency end) - or the other way around. 
You will determine this by experimentation. The other two controls will normally be variable 
capacitors. One of these will be on the antenna side of the circuit, while the other will be in the 
output (receiver) side of the matching circuit. 


All the controls have to be adjusted to provide the best impedance match between the receiver 
which always requires a 50 Ohm antenna impedance and the antenna which will present a complex 
and varying impedance of just several ohms to (perhaps) many hundreds of Ohms dependent on 
frequency being used. 


For example if you want to listen to a radio station in the 31 metre band and your particular random 
wire antenna presents 50 Ohms to the receiver's antenna input socket then conditions are well 
matched and you will not need to use the matching unit, indeed it may have little or no effect and 
may even induces losses that actually weaken reception! 


However if on the 31 metre band your random wire antenna presents an impedance (resistance to 
an alternating current) of several hundred Ohms or more, or a lot less than 50 Ohms then matching 
will be poor and some of the signal will be lost. This is when the matching unit can help. By 
adjusting the controls correctly better impedance matching can be achieved so that more of the 
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‘signal is ransferred from the random antenna to the radio receiver. 


Each band will be different and will need different amounts of matching. You will need to experiment 
with the controls and determine the best position of all three that produces the highest signal 
strength. Make a note of their positions for each HF band on a paper chart so that you can easily 
and quickly set the correct positions in the future as you hop from band to band on the receiver. 


I think that's as much as | can tell you without knowing or seeing the actual a.m.u., but these basic 
principles are the same for any a.m.u. - | hope that helps! 


73 
Mike 
MOMTJ 


Hi Mike, Thanks for sharing your expertise and 
experience! 


Jam an American living in Mexico and want to use a 
Jongwire antenna of about 130 feet for shortwave 
listening. Am thinking to bring the signal into the house 
with a 9:1 unun and RG8x coax, then fine tune with your 
ATU MK Il into my Yaesu FT-847. 


I don't understand the use of the two ferrite rods... do 
they simply enhance the effect of the wiring in the fax 
tube or do the rods have wires wound around them as 
well? For the alternative of more windings around the 
fax tube (| assume that eliminates the need for the rods), 
about how many more windings? 


If | cant find a fax paper tube (30 mm = 1.1811 inches) a“ 
can | use pvc plumbing pipe that is either 3/4 nominal =1.050 inch outer diameter or 1 inch nominal 
= 1.315 inch outer diameter? 


| cant find 500 pf tuning capacitors so will use 365pf instead...do you know which frequencies | will 
not be able to tune as a result? 


| understand the longwire is directional, pointing toward the far end. Will it likely cover at least 22.5 
degrees to each side of its direction? 


Is a plastic enclosure just as good as metal, or is shielding an issue? Your photo seems to be of a 
plastic box, and | can source a plastic enclosure locally. 


I wish I could find people like you here where | live in Mexico to share ideas, and passion for 
whatever hobby it might be, SWL, amateur radio, and so forth. 


My great grandparents are British but | haven't visited your country, but will someday. 1 am envious 
because you have so many enthusiasts for many interesting activities in your country. | even have 
the idea that all your countrymen have amazing gardens in their backyards... 


When | know what to order so can start to collect the parts... 


Thank you Mike, Ransom Peek in Patzcuaro, Michoacan Mexico. (November 2014) 
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Hi Ransom, 
Thanks for your email, it's nice to hear from you. 


Using a ‘long wire’ (| prefer to use the term ‘random wire’) antenna fed via a 9:1 UnUn is a popular 
antenna to use at present. It's certainly not the ideal antenna for all circumstances, but as a 
compromise ‘all around’ antenna it is probably a pretty good choice. 


The two ferrite rods are plain - no additional windings. | simply used them to increase the 
inductance of that section of the coil windings, therefore allowing use on the lower frequency bands. 
Their size and position within the tube will dictate the actual frequency range of that section. So - 
nothing critical, but you may need to experiment a little. 


The same applies to the tube. The size is not critical, but it will effect the inductance and hence the 
frequencies that are covered. Anything (card / paper / PVC) of about 25 to 30 mm (i.e. about 1 inch) 
will be fine - but again you may need to experiment with the final tapping positions to ensure that 
your obtain the frequency coverage that you require. | cannot give you absolutes - but the rule is; 
the larger the diameter of the coil the higher the inductance and hence the lower the frequency - 
similarly the greater the number of turns on the coil the higher the inductance and hence the lower 
the frequency - and obviously the converse is true. 


365pF cap's are fine and are, in fact, commonly used in ATU's. Naturally the frequency coverage 
will be a bit different using smaller value cap's, but this can likely be compensated for by adjusting 
the tapping points if necessary. Lower value cap's may need a few more turns on the coil to 
compensate. 


Asstraight wire will have some directionality, but depending on the frequency of operation, the 
pattern will tend to break up into lobes causing some nulls in certain directions. As a rule of thumb, 
however, the deepest nulls will tend to be off the ends of the wire, while the greatest signal pick up 
will broadside to the wire. 


Please also note that this is a receiving ATU, it has not been rated for transmitting, although it might 
be ok QRP operation (i.e. < Swatts). 


If you have not already done so - just try the 9:1 fed antenna straight into the radio. It may be fine 
for your swl needs as it is. Then, if you feel that you need a bit of impedance matching, you could try 
making the ATU. Of course - there can be endless experiments with antennas! 


Aplastic case should be fine for a receiving ATU. 
It is interesting to learn that your great grandparents were from the UK! 
As for back gardens here - well they can be of all shapes and sizes, or, indeed, non existent! 


Our garden is quite small - but the gardens of many older (1930's) suburban houses could be 100 
feet long, or much more. The back gardens of newer houses tend to be very compact - even for 
larger houses - due to the VERY high cost of land nowadays. Small gardens are called "Postage 
Stamp" gardens. Of course, many people live in flats and apartments, some of which have 
shared/communal gardens, and some have no gardens at all. The radio enthusiast therefore has to 
devise all sorts of compact or ‘stealthy’ methods of installing an antenna! Maybe a wire aerial 
supported on a fibreglass fishing pole fixed to the balcony, perhaps. 


| hope that helps! Good luck with your projects. 
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73 
Mike 
MOMTJ 


More about Components / Aerials / UnUns and Baluns 


Simplification: If do not need cover the long wave or medium wave bands then you can omit those 
windings. This will make construction and wiring simpler. 


Variable Capacitors: The variable capacitors can be anything over 200pF in value - just bear in mind 
that smaller values will not give as much adjustment range as larger values. Using a smaller value 
capacitor, such as 200pF, should not be a problem but it may require some experimentation with 
different tapping spacings, or perhaps using a greater number of tapping points, to obtain the 
required band coverage. 


The use the miniature polyvaricon cap's which have a value of around 200pF will help keep costs 
low and will work perfectly well in receiving ATU's. You might also find these in old junk pocket 
transistor radios that can be salvaged for these sorts of projects. 


Aerials and Feeder arrangements: 


This will be a case of experimentation to find what provides the best reception - whether that be 
best signal strengths from stations of most interest, or lowest noise - i.e. best Signal to Noise ratio 
(SIN). 


Try a ‘long wire’ aerial to begin with. Actually the expression ‘Random Wire’ is a more accurate and 
better terminology. Connect the aerial wire directly to the ATU. This may give good signal strengths 
but may also be noisy. 


If you are troubled with noise: 


Try connecting coaxial antenna cable to the ATU with shield to the ground terminal and centre 
conductor to input terminal. Take the coax to the outside the house and connect the the inner 
conductor to the random (‘long’) wire aerial. This may lower noise - or may just lower signal 
strength! It is important to attempt to judge whether the Signal to Noise ratio has improved. It might 
be found that actual strengths have been lowered, but that the noise level may have reduced by a 
greater extent, so as long as the signals are still resovable the overall noise should be lower. 


Further experiments: Experiment with connecting the far end of the coax inner conductor to the 
random aerial wire but also connect the shield of the coax to an earth stake in the back yard or 
garden. This will change the aerial system - possibly reducing local noise pick up - possibly not! 


Also experiment with a matching transformer at the far end of the coax. The use of an UNbalanced 
to UNbalanced transformer would be the most appropriate for this purpose - so try winding a simple 
4:1 ratio UNUN or perhaps try a 9:1 UNUN which may work even better. 


There are numerous UNUN designs on the web often using a toroid core, while some designs also 
use a 10mm ferrite rod. The wire used to make the windings might be enamelled copper wire or 
even p.v.c. covered wire. Either method would be good for these experiments. Here are some links 
for constructing UnUns and BalUns: 


UnUn designs 
hitpwww.mds976.co.uk/Contentiaerals2 htm ane 


MOUKD - 9:1 Unun (so-called magnetic longwire balun): 
http:/www.mOukd.com/Magnetic_Long Wire UnUn/index.php 


How To Build an UNUN by G7LRR: 
http:/ esystems-ss.co.uk/g7Inweb/index.php? 
module=pagemaster&PAGE user _op=view page&PAGE id=52&MMN _position=77:37 


IW7EHG - Unun Design for Longwire antennas: 
http:/iw7ehe.altervista.org/ununEN.htm 


Balun designs 
Build An Air Wound 1:1 Choke Balun For HF: http:/Awww.hamuniverse.com/balun.htm| 


1:1 Balun for balanced dipole aerials : http:/Awww.mOukd.com/1to1_HF Balun for dipole/index.php 
http://warga1/1me.blogspot.com/2010/07/balun-11-14.html 


Cost Effective 1:1 Current Mode Balun: 
:/www.arising.com.au/people/Holl Ralph/cm! . 


Inexpensive 1:1 Balun: http://oz4jux.dk/balun.htm 
Build a 1:1 Coaxial Balun: http:// y.iw5edi.com/ham-radio/?a-1-1-coa: 


Broadband Balun Design: http://www.qs|.net/ta1dx/amator/broadband_baluns.htm. 


Step-By-Step Construction of a 4:1 Current-Type (Guanella) Balun: 
www.n0ss.net/qrp_4-1_quanella-type dt 


Making Baluns 1:1 and 4:1 Baluns - Swindon and District Amateur Radio Club: 
hittp:/Awww.sdare.net/wp-content/uploads/pdfs/Making Baluns.pdf 


Air Wound 4:1 balun: http://www.combotec.com/projects/balun14/balun14.html 


Home brew a 4:1 balun: http://www.rason.org/Projects/balun/balun.htm 


4:1 balun for 160 to 10 meters by Clay Wynn: http:/Awww.hard-core- 
dx.com/nordicdx/antenna/feed/4_1balun.html 


4:1 and 1:1 Balun ideas by PD7BZ 
AWWW. § -.com/radioprogs/manuals/balun_transformer.ht 


Balun Winding: http://users.catchnet.com.au/~rjandusimports/balun_winding.html 


4:1 and 1:1 Balun construction by MOSCG: hitp:/www.m0scg.org.uk/Projects/?p=207 
QRP 4:1 Balun for 160 to 10m : http:/mww.dxzone.com/cgi-bin/dir/jump2.cgi?ID=16753 


UK Source for Silver Plated PTFE (Teflon) covered wire for winding higher power baluns: 
:/wires.co.uk/acatal covered. 
14awg / 16 swg or 0.16 mm dia wire. 12awg / 14swg 0.2mm dia wire and larger toroid for higher 
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I hope you enjoy building one of these useful devices, and enjoy even more the benefits that 
an ATU can bring to your listening post with minimal expense. 
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and niy géeky hobbies 


The Fredbox 2007-05-26 


| frst heard about The G3XBM Fredbox transceiver via Solder Smoke, As soon as | saw tt just had to give ita go. It is very simple 
and elegant design. OT course it offers no bells or whistes, just a fixed TX and RX frequency, and a flea-power output an TX, but it has 
2 special charm in its simplicity and the retro usage of AM on VHF. 


Transmitter 


"uit the transmitter side rst. BF199s wore selectad as a good candidate for the RF davicas, but lacked a crystal in the range 
specified in the original article. Instead, | used a common 16.384 MHz crystal and redesigned the circuit to be two triples rather than 
{Wa doublers. This crystal isa common “computer” crystal, but places tha TX frequency Inthe high-end simpiax segment, This i a bit 
too clase to the pager-splatiered end ofthe band for my liking, and doesat match the Band-plans, For naw this is OK, Tl get a custom 
erysal cut eventually 
| dig use shielded cans or variable inductors for the transmit cols (as specifi by the article), rather | used fixed inductances wound 
on 37.6 toroid cores with bare 0.71 mm tinted copper wire. My LC resonance calculator and nl inductance moter ware enormously 
helpful in making he selection and testing af the tnper and output stage resonators. Each stage was tuned with vimmer capacitors 
‘twas amazingly easy to get the TX-side working, | ust ult each stage from the crystal to the final amp in tum, testing as I went. Each 
stage is well behaved and peaks nicely. 
oler VKZTPM could hear the signal at his QTH several lometres away when | connected the hallsinished TX board into my th 
oLanienna, The DC input power was about 23 mW, and na special atiemp was made to match the output ino the load, i Fact he 
Series immer inthe matching network was absent at this point, just a fxed 12 pF eapactior was used for DC blocking. 


Upon finishing the TX circuit | did experience a bit of RF pick-up inthe microphone amplifier 2nd stage, A 1 nF capacitor to ground 
discouraged its RF gain and eliminated the problem. The 2nd AF amp stage is located immediately adjacent the crystal oscillator stage 
and was picking up RF directly, The effect was not audible, but was visible on the spectrum analyser as weak 16.384 MHz sidebands 
either side of the carrer. This wasnt causing feedback, just high-frequency modulation of the signal. If nothing else it proved the 
bandwidth of the modulator, which is perhaps a surprise considering the 100 nF decoupling on the modulated rail, however the output 
Impedance ofthe series modulator emitter is 30 low it could deliver a faw tens of mVs af HF ripple into that kind of load, 


Receiver 
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‘As @asy ae the Transmilter was, tie Recelver was Ward Iefought me every Inch of the Way” spent an entre day trying to Work oUt Why 
itwas simply not super ragenerating from about 120-160 MHz. It tumed aut to be a 10 nF decoupling capacitor on the cold-and of the 
detector resonator. The article specified 1 nF, and | original intended to use this value, but | had a strip of 10 nF mono's on the bench, 
‘80 | used them. At bull time I did consider why 1 nF was specified in the fst place, | figured it was avoid the exact problem that would 
befall my unt, decoupling resonance. (Lesson #1: Trust the original bullder and your inital instinct.) When the unit wouldn't oscillate 
properly | assumed that I had damaged the capacitor on install - this isa pretty common fault, so | tested It in-place by ensuring it would 
shunt a HF standard decoupling cap test), t passed this test just fine, (Lesson #2: Test at the frequency of operation.) 

‘My hubris about “modem components’ being superior and likely "purely capactive" at VHF tured out fo be completely wrong. It took 
“hours* to work it out, but eventually I datermined the entire decoupling network was resonant near the operating frequency. Much foul 


Janguage later and | roplaced the cap with a ceramic 1 nF, with its "tasting" brokan off and scraped right back tothe disc to minimis 
the lead length. This cured the problem, 


For the longast time | had assumed it was the source coll - and in fact the frst saurce RFC 1 used (a molded choke) was being oparated 
above its selfresonant frequency and prevented any oscilation at all | replaced it with a few tums on a ferre bead which seams just 
‘A couple of other minor annoyancesiinistakes were worked through (Ike picking larger inductances and making the entire circuit so 
sensitive to stray capacitance it was a nightmare to tune - DUH. 


Eventually the unt super-ragenerated right through the region of interest and the LNA stage was constructed. Inally | put the LNA 
drain coll to close to the detector cal and they over-coupled. This meant as | tuned thraugh resonance on the LNA drain it would pull 
the datector so much it would shut down. Bugger! Moving the colls apart a litle reduced this effect to acceptable levels, but the core of 
‘ne stil effects the other a litle. 'm happy withthe current coupling, and its actually useful to help tuning the LNA resonator. As you 
rock itthrough resonance it wil pul the detector, and by abserving the wiggle on the spectrum analyser you can tell oulve got it tuned 
Up. The AGC action of the detector makes it hard to tune for maximum smoke otherwise, as the AF output doasn't change much at all 
‘even when the front-end isnt tuned up properly. Once you've got it nearly right you can use a weak signal fo tune for best signal to 
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peak spectrum efficiency is 30 bps/Hz for downlink and 15 bps/Hz for uplink [32]. This is mostly 
important for the xMBB services class (212,214. Since this performance requirement is not relevant for 
activity-based IoT application classes which are associated with the mMTC and uMTC service class, 
it has not been further considered herein. 


4.10, Summary of lo? in 5G Performance Requirements 


Activity-based classes of IoT applications are associated with performance requirements of 5G 
service classes, ie, mMTC and uMTC. On the basis of the literature review, each activity-based class 
(ticketing-, tracking-, monitoring-, and managing /controlling-based class) is associated with mMTC 
service class, while the monitoring- and managing /controlling-based classes are the only ones linked 
to the uMTC service class. According to the authors’ best knowledge, there is no available literature 
concerning the uMTC ticketing- and tracking- based classes of loT applications or such IoT customer 
service requests, 

Activity-based IoT application classes pose many performance requirements, which have been 
discussed in terms of data rate, mobility (speed), latency, connection density, reliability, positioning 
accuracy, coverage, and energy efficiency. These performance requirements have been assigned 
three-level priorities (high, medium, low) for the purpose of facilitating identification of the enabling. 
technologies used to fulfill them. Based on the literature review, it was found that each activity-based 
y except the uMTC 
managing /controlling-based loT application class. Moreover, ticketing- and tracking-based IoT 
application cl 
efficiency. Additionally, positioning accuracy is a highly important performance requirement for the 


IoT application class poses high requirements in terms of connection densi 


's have high requirements in terms of positioning accuracy, coverage, and energy 


UuMTC managing/controlling-based IoT application class, whereas coverage is important for both 
UuMTC and mMTC monitoring-based loT application classes. Finally, latency and reliability represent 
highly important performance requirements for uMTC monitoring- and managing/controlling-based 
oT application classes. A deep and comprehensive understanding of performance requirements 
of each activity-based IoT application class may facilitate the selection of 5G enabling technologies 
needed to meet them as described in the following section. 


5, [oT in 5G Enabling Technologies 


Activity-based classification of loT applications proposed in Section 3 allows telecom operators to 
identify performance requirements of each class relying on 5G service classification, as discussed in 
Section 4. However, these performance requirements cannot be satisfied for many IoT applications with 
current cellular (2nd, 3rd, and 4th generation) network technologies, since they limit their potential due 
to many issues [3], ie., protocol implementation complexity, poor coverage in non-urban environments, 
high cost of networking equipment and data transmission. In order to overcome these issues, many 
dedicated communication technologies are being installed. 

From the very beginning of loT, many proprietary technologies, such as radio-frequency 
identification (RFID), wireless highway addressable remote transducer (WirelessHART) or Z-Wave, 
have first appeared, and then, more generic ones, such as Bluetooth, IEEE 802.154, [Pv6 over low-power 
wireless personal area networks (6LoWPAN). However, none of these technologies have become a 
market leader mainly because of technology shortcomings and business model uncertainty [219] 
Hence, new solutions, such as low-power wireless fidelity (LP Wi-Fi), low-power wide area (LPWA) 
or several improvements for cellular M2M communications have become serious candidates for oT 
implementation. LP Wi-Fi is an IEEE 802.11ah standard designed to extend the application area of 
Wi-Fi networks in order to meet loT requirements (i.e, large number of devices, large coverage range, 
energy constrains). First performance studies indicate that this standard will support a broad range of 
‘M2M scenarios with a required QoS level, and enable scalable and cost-effective solutions. In addition, 
LPWA networks have been deployed for some time in the form of many different proprietary solutions 
(e.g, Amber Wireless, Coronis, Huawei’s CloT, LoRa, M2M Spectrum Networks, Sigfox, Weightless, 
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Note the pagers above the 2 matre band in this spectrogram. Tha hump in the noise loor isthe receiver super-regeneratian sida bands. 
The smaller peak in between \s the output of the Fredbax transmitter, the leakage from the unshielded protatype an my dask operating 
into @ 47 Ohm joad. tis rather disturbing that the pager signals ara “larger than this local signal just a feat ar two from the spectrum 
analyser antenna. 


| used 4810s forthe receiver FETs, and a 2N3804 for the audio amp. Although the main design requirement for Roger appears to have 

been fea-power, think a batter AF amplifier that can drive modem low-impedance headphones would be preferabia. Only Jaycar now 

Caries crystal earphones wilt ance soft llcone ear plece, The one fused comes from DSE and It fs hard-plastic- not very nics on the 

tar | really hata these kindof earphones anyway, I probably be rebulding it fora low-Z culput at some point, but it does work prey 

well asi 

BTW; While | was in the “Special Hal" f decoupling resonance | took the RX dawn to the FM broadcast band, and up tothe VHF-hiTV 
bandit works wanderluly in both, which isn'ta suptso, However by adjusting the drain-soutce feadback (ihn a immer. now fed) | 
“XHTML | CSS | CSS toggla 
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HVS TSG i the FM band! The Topology Is more fargiving Rawaver, alawing grounding oF We Wining cap: Valse BUIK Several aifarant 
‘scilator topologies in desperation before | identified the decoupling fault, in one | got a Colpits-Ike oscilator working with emitter 
‘coupled feedback to a tapped capacitor across the tank. This is something | should have thought about a ‘longtime ago, Ill probably 
build yet another FM broadcast regen using this topology forthe datactor, it seemed quite easy to control just by manipulation af the 
base voliaga. 


Boxing It Up 
am stil tossing up between a cast Aluminium box, a custom box folded out of Aluminium sheet, ran Aids tn. The circuit is small 


‘enough to just ft inside an Altoids tin but & prabably won't ft wth a battery Il pick up a cenive-cff mamantary-one-side switch over the 
next weak and finish off the radio one way or the other. 


Note the use of an old telephone receiver as the microphone. Itis nearly as large as the entire TX board. Il have to find my electret 
‘mics, [know Ihave a bag of them somewhere that | got from a Rockby sale 

''m strongly considering rebuilding the radio, perhaps through-the-hole to minimise its size, Although my pratotype ist too large ass, it 
would be nice to neaten it up. Maybe Il build it with fixed caps and variable inductors to save space too, although shielded cans are 
about the same size, It“might" be possible to tune the multiplier stagas with stretched cols and flxed caps, this would make it much 
‘more compact and save money too if it ends up being kited 


More TX Power 

{Jam considering running the unt on 12 Volts to get a bit more RF out, and perhaps building in a small amplifier to gott up to 1 Watt 
region. This would probably involve a rebuild of the TX side to use a 2N6427 or similar final device, and a more robust series modulator 
transistor. This won't be efficient, but Is probably easier to gat going than a linear amp which would need careful drive adjustment. 


Ml probably conduct some experiments around using a 2N7000 or VN10KM as the output device. The math suggests they may operate 
‘on 2 metres, I've already got them working on & metres ina brief experiment last month (must document that) 


Comments 


Working with VHF is fun! | find ita great leaming experience, especially when you get problems lke the resonant decoupling cap. That 
kind of thing really pushes your understanding of the physics and teaches you alo. 


| know a lot of HAMS won't touch anything above the bandwidth oftheir oscilloscopes. | can understand the frustration when somathing 
doesn't work, especialy when you cant see why, butt really isnt that much worse at VHF. With ust a diode probe you can achieve a 
lot. It does help enormously Ifyou have VHF test equipment, for example | likely would have never noticed the HF modulation problem 
had | not had a spectrum analyser (although the HF was visible on the collector of the modulator drive amp, and most of us have a 
CRO that can see fine near 18 M2), 


joking for spurs. You 
‘ulld one quita easily it only needs to be a resonator with a detector and a LED or matar as a read-out. Im a big fan of the biasad 
1NS711 through the dacouplad bottom of tha iank coil topology. For super-sensiivty you can use a MPSA1B as a DC amplifier. With a 
signal generaior or dipper and a counter or scanner/recelver you can easily calibrate I .can be used like a poor-man's spectrum 
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My only aaviee WR SeRGE! REBUT 


YoU Gat SUCKS To WORT the BAYSIES, do the Mal ahd Tolow yOUF Instinct WRN nothing Is akin 


parts of he cult and inst them independenty. Measure whats actualy Rapping and ty to igure out what Kind of misbehaviour in 
he ecuit would cause the observed of behaviour. Tha wl often soWve an cervise intractable problem. 

Update 2007-06-05 

ook te Fredbox boards oth cal Homebrew Group meeting. | had both halves hooked up and talking acoss the room 


You can hear what I said about 


M had brought along a digital audio recordar and did an interview with many of us in attendan 
sdbox on Soldersmoke 62, and even a bref snippet of audio going through The Fr 


Aigo on the 1 
the challenge (and an i 


‘ording are Peter VK2EMIU talking about the 80 meter challenge, John VK: 

resting diversion inta IRFS510 gate-modulation with some input from Bi 
about back here, apparently Drew Diamond VKSXU has already produced a design doing just th 
great VSWRipower meter project. His unit was absolutely beautiful, | was very much taken by the ex 


‘SU talking about his transmitter 
VK2TOX - something | 

ike VK2BMR also talks about his 

lent jab he did of cutting the 


Ga stock inet mado up the extemal drectonal coupler Pox, essentaly flawless perfecty square werkmacship, 

Update 2007-06-09 

ve bul ws ring the receiver. One of the biggest weaknesses ofthe Fradbox recavers that ft is in 
fred by a 9 Vat battery near the end ofits fa, may aft enough to make the 


selectivity if | buld this eireult again Ml probably putin a stabilzed supply for the 
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The signal source is a Pierce oscillator driving a tuned circuit which selects the VHF harmonic of interest. Because of the oscillator 
topology the crystal lant pulled down as much as in the Fredbax circuit. The differance is fairly minor for my purposes, the poor 
selectiviy ofthe receiver makes the difference in frequency of no real consequence. There is no active (or passive) multiplier, so the 
tuned circuit is merely extracting the harmonic energy from the oscilatar. The harmonic energy available is very small, which is perfect 
far the application, giving an almost undetectable signal 1 metre away. 


1007-06-10 

(ve boxed up the Fredbox. As discussed earlier | went with the Altoids tin, despite this not allowing the battery to also ft inside the 
fenclosure. | tossed up soldering an additional tin to the back to hold the battenes, but for now Tve gone with the Svat battery snap just 
hanging out. twill work wall with 6xAA battery holders which can just be held to the box with a rubber band, 
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For the RF connactor 
The Antenna is a hal-wa 
ductor and 


adding some capacitv 
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Tan find iy Staah oF letra mleTophands, So Vanded Up JUST Sldering the Welephans FECaIvar nfo Whe Wap Of the AGES in UGIV aS 
hell, but also kinda unique. It looks somewhai ke these Vietnam-war era VHF-low walkio-talkias. 
| couldn't find a momentary-one-side toggle switch, so a centre-offon-both-sidas switch was used instead. A special dummy loadidiode 
peakvaltage probe was assembled forthe final alignment, The carrier power ended up being near 25 mW on 12 Vals, an 9 Volts 10 
‘mW just like Roger says inthe artic. 


Update 2007-06-11 
‘Te 2N7000 on 2 metres experiment vasa fale it simply doesn produce useful power beyond 90 Miz oso. However, iis very 
Usable below 70 Mit. My input network was far fom optimal, so perhaps with soma more work t would be possible to get k working 


higher up, and | haven't ted an VN1OKM in the same circuit. 


Ive also been fiddling around with grounded-hase class-C multipliers. (Not just decoupled, biased base, the base actually soldered 
directly to the ground plane.) At first this seems a litte weird, but you pull the emitter low witha link-coupling to the previous stage 
collector current will ow. The advantage Is excellent raverse isolation, which might help with stabilty with less than ideal layouts and 
devices. Such a topology Was apparently quite common years ago with the 2N918, 


ae 
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The GS3 antenna installation from the side of the van. 


‘The lower base tube of the GS-series of antennas is made of a heavy gauge 2" diameter aluminum tube for strength and 
low RF resistance. (All the specifications for the antennas are on Gary's web site.) The loading coil is permanently and 
securely attached to a metal strengthening ring that is located at the bottom of the loading coil, The top whip that I chose to 
use with the GS3 is only $5 inches long, I needed to use a relatively short top whip to be able to have enough vertical 
clearance for obstructions. Ideally, the top whip should be at least a foot longer for better radiation efficiency and lower 
loading coil losses. 


With a top whip this short, the lowest frequency the antenna will tune to is about 3700 kHz, but that is low enough for my 
use. (I do have a longer top whip that I can install that will allow the antenna to tune down below the bottom of the 80 
Meter band.) With the 55 inch whip, the antenna requires about 1 to 2 turns of the loading coil to resonate on 10 meters. 
But at that frequency, the overall loss is quite low, and the antenna efficiency is fairly high. All things considered, the short 
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top whip is a reasonable compromise for my Use, Since the loss resistance of the loading Coil is so much lower than the 
Bandspanner antenna, the overall results are better, plus | have the advantage of an antenna that I can retune on the fly from 
the drivers seat of the van 


Effcioncy “Serewetiver" Remote Tuned Mobile Antenna 


The loading coil of the GS3 antenna. 


The GS3 loading coil is a real work of art, The antenna is strong enough to withstand almost any impact. The coil windings 
are inside the sturdy fiberglass tube, which Gary molds around the loading coil. Plastic end supports are used to eliminate 
the excessive RF losses that are common to many other screwdriver antennas that use metal end caps on their loading coils, 
Most of the RF loss in the loading coil will be at the top end of the loading coil, and Gary uses only plastic end caps at that 
point to minimize the losses. Gary builds his antennas as I build mine - engineering considerations first, for a better signal. 
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The top of the GS3 loading coil. 


The topmost few turns of the 14 gauge wire loading coil can be seen in this picture. The wire is firmly and permanently 
embedded into the inside of the fiberglass tube. This construction protects the coil and the sliding contacts from 
deterioration due to the weather. A sturdy 3/8-24 thread brass fitting to accept the top whip is mounted in the center of the 
upper plastic coil cover. The whip seen here is one is one that I have used with various mobile installations since I had my 
first 1961 VW bug. Itis cut for the 6-meter band, and it has survived at least five different vehicles. The base stud was 
originally chrome plated brass, while the whip itself is made from what is apparently indestructible 1/4” diameter stainless 
steel 
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The rooftop magnet mount system as seen from the rear of the van. 


In this picture, you are standing on the roof of the van looking down at the wide spaced magnet mount I constructed for this 
antenna, Engineering-wise, a magnet mount is not what you want to use with a mobile HF antenna, But since I have had 
very good results using magnet mounts on this van (probably because of the large mass of metal under the antenna) I 
decided to try it with the GS3 and see how it worked. I figured that if it failed to perform well enough for me, I would just 
drill a few more holes through the roof and install a permanent mount, 


This magnet mount system was modeled after a magnet mount that I originally purchased from the Lakeview antenna 
company some years ago. The original design used four magnets arranged in a square pattern similar to this one but with a 
considerably smaller footprint. It always worked very well, and never once in over 50,000 miles of driving did it come 
loose from the roof. That includes the time when I had a HamStick antenna ripped from the mount when it became snagged 
in an overhead obstruction. 
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etc.), but only the LoRa Alliance, Sigfox and Weightless are involved in LPWA standardization activities 
Despite some drawbacks which are mainly related to use of an unlicensed spectrum, LPWA networks 
are expected to become a key enabler for IoT deployment in early market rollouts and for limited IoT 
applications [219]. 

‘The appearance of these IoT communication technologies was considered as competition to 
current cellular networks from the telco’s point of view from the start. But, in the meanwhile, 
telcos have realized that the aforementioned communication technologies can be utilized to meet the 
changing connectivity and performance requirements of IoT applications. Therefore, many dedicated 
communication technologies have already been deployed in various IoT applications. For example, 
Orange, Swisscom and South Korea (SK) Telecom have built nationwide networks based on LoRa [3], 
Whereas Deutsche Telekom (DT), Vodafone and all three Chinese operators have completed the rollout 
of narrowband IoT (NB-IoT), as another LPWA standard utilizing existing long term evolution (LTE) 
networks [36]. In this context, standardization and interoperability becomes critical because there is a 
need to consider a broad range of connectivity solutions as presented in Figure 4 [37]. One of those 
solutions includes satellite technologies which integrated with 5G radio technologies form the 6th 
generation (6G) standard for providing global coverage [38]. 
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Figure 4, loT performance requirements and enabling technologies, 


In this regard, standardization activities of 5G and beyond are being undertaken by several 
standards bodies, such as the Institute of Electrical and Electronics Engineers (IEEE), the 3rd Generation 
Partnership Project (3GPP), the Internet Engineering Task Force (IETF), ITU Radiocommunication 
Sector (ITU-R), and ITU Telecommunication Standardization Sector (ITU-T). An overview on these 
standards bodies and their effort to develop communication standards for 5G and beyond are provided 
in [112]. Due to the envisioned 5G applicability, these standards have defined an air interface that 
can significantly improve the performance, and network architectures that allow the deployment and 
coexistence of various 5G technologies. A detailed discussion of these technologies regarding both 
technological and standardization aspects indicates that 5G can be perceived as the main driving force 
for enabling the vision of a truly global LoT [219] 

In this sense, the technologies described in this section will allow 5G networks to form a unified 
communication infrastructure for the realization of a wide range of IoT applications. These technologies 
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‘This magnet mount systein uses four magnets, each one measuring 5 inches in diameter, Because the steel sheet roof of the 
van is fairly thick, the magnets stick extremely well, The metal bars connecting the magnets are each made of two lengths 
of hard aluminum stock, Each section measures 1 inch wide by 1/4 inch thick by 36 inches long. Because there are two of 
these strips in each bar, this gives a total thickness of 1/2 inch per bar. Making each bar from two sections of metal instead 
of one solid bar allows for slightly more flexibility so that as the antenna moves on the mount there is less tendency to 
detach the magnets from the roof of the vehicle, The horizontal plate that holds the antenna is made from 1/4 inch thick by 
2 inch wide by 23 inch long hard aluminum stock. All the bolts and other hardware are stainless steel 


The rooftop magnet mount as seen from the front of the van. 


In this view you are standing on the roof of the vehicle looking towards the back. The common mode RF choke for the 
coaxial feediine cable to the antenna may be seen near the lower right magnet, This is closest to the driver side door. 
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Slightly above and to the right of the antenna base spring mounted on the two parallel fiberglass support rods are the two 
common mode RF chokes for the motor power leads and the reed switch wires. Common mode RF is the biggest cause of 
troubles and tuning problems in HF mobile installations. (See KOBG's__.) You can also see the shunt coil that is 
‘mounted at the base of the antenna next to the base spring. This is required to compensate for the capacitive reactance of 
the short antenna at HF, 


RF coax cable and control wires to inside of van and 6-meter antenna. 
Near the front of the van is a quarter wave 6-meter antenna. Unfortunately the 6-meter antenna interacts somewhat with the 


GS3 antenna on 20 meters. The unwanted interaction occurs because the 6-meter antenna and it's coaxial cable are resonant 
slightly below the 20 meter band. This interaction affects the reactance of the GS3 antenna causing the SWR across of the 
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20 meter band to be about 3 to 1, However this isn't a real problem since the auto tuner in the TS-480SAT easily handles 
that much mismatch, 


Below the 6-meter antenna (seen here positioned towards the rear of the vehicle) is another magnet mount. I can install a 
scanner antenna or a UHF antenna on this mount if needed. 


‘The RF coax and control wires from the GS3 are fastened together with plastic ties. These lines come together with the 
coax feedlines from the other two antennas where they go over the edge of the roof and down into the passenger 
compartment of the vehicle. A small but powerful magnet is used to hold the wires for the GS3 antenna in place on the roof 
of the vehicle, 


RF feed to base of antenna. 


A small metal bracket holds an SO-239 connector for the RF feed going to the antenna. Installing a connector here makes it 
‘much easier to remove the antenna and the magnet mount from the roof of the vehicle should it be necessary. There is a 
small piece of 1/4 inch thick clear plastic placed between the metal bracket and the roof of the vehicle. This prevents the 
edge of the metal bracket from scraping the paint on the roof of the vehicle as the magnet mount flexes when the vehicle is 
bouncing up and down on our very bumpy country road. 


When the GS3 antenna is used with a pickup truck or a sedan, itis usually attached to a fixed mount. However, I didn’t 
think that was a good idea when the antenna was mounted on the roof of the van. I thought that mounting the antenna on a 
stiff spring would be a better and safer option. I had unpleasant visions of a firmly mounted antenna encountering a low 
hanging Oak tree branch! A base spring it would be. 


‘The spring that I chose for mounting the GS3 is Cal-Av model MARK-S. This is a heavy spring, (Cal-Av makes much 
larger springs) and weighs slightly over 2 pounds. That's much heavier than your Radio Shack antenna spring. It takes a lot 
of force to bend it, and it works quite well with the rather heavy GS3 antenna, When I am driving, the antenna does not 
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start to tilt back from the wind pressure until I reach a speed of between 45 and 50 m.p.h.. But the MARK-S is flexible 
enough to still allow movement when the antenna encounters tree branches and other obstructions. 


a 


The shunt inductor at the RF feedpoint. 


Gary supplies a shunt inductor to use with the GS3.antenna when you purchase his antenna, but Gary's inductor did not 
have quite enough inductance to properly tune the antenna on 75 meters when it was mounted on the roof of the van. I 
suspect that is because of the large amount of metal of the van under the antenna makes a better than usual (for a mobile 
system) ground plane, I made a new shunt inductor a litte larger in diameter following the excellent suggestions on 

's web page about . It worked perfectly, and the antenna tuned up nicely on all bands, 75 through 
10 meters. Lused my AIM-4170 to sweep the antenna when adjusting the shunt coil. 
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Common mode RF choke for RF coax. 


To prevent RF feedback into the gear in the vehicle, it is necessary to use some common mode RF chokes on all the lines 
from the antenna, For the choke for the RF coax cable, I used two Mix 31 ferrite split beads and ran a total of 6 turns of 
RG-8X coax through the beads. That provided sufficient impedance to eliminate and problems. The ferrite beads are 
attached to the magnet mount support bars with plastic ties, 
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Common Mode RF chokes for motor power wires and reed switch. 


did the same thing with the motor power wires and the wires to the reed switch on the antenna, A single Mix 31 ferrite 
split bead was enough for each set of wires. There is one choke on the motor wires, and one choke on the reed switch 
Wires, There are 16 bifilar turns of wire on each toroid. They were wound according to the directions on KOBG's web page. 
Because the wire in these choke coils covers the outside surface of the ferrite beads I did not want to mount these chokes 
against a metal surface, Instead, I mounted them on two fiberglass rods, one of which passes through the center of each 
choke. The fiberglass rods are fastened to the aluminum bars with stainless steel hardware, The rods themselves were cut 
from inexpensive electric fence support posts, 
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Common Mode RF chokes for motor power wires and reed switch. 


‘The wires from the common mode RF chokes connect to the wires coming from the GS3 antenna through a Molex. 
connector, The connector is sloped slightly downwards. The end of the Molex connector closest to the antenna is the 
highest end of the connector. That end of the connector is filled with silicone RTV sealer to prevent rain water and moisture 
from getting into the top of the connector. The bottom end of the Molex connector closest to the chokes is left open, That 
allows any moisture that does get into the connector to drain out, Although you can't easily see it in this picture, the end of 
the brown cable from the MFJ antenna controller inside the vehicle connecting to the RF chokes has the top open end of 
the insulation where the wires exit the cable bent over and pointed down. This is visible as a slight downward bend just 
past the plastic tie wrap to the left of the wire crimp splices by the RF chokes. This prevents any rainwater from getting 
into the cable and working its way downward and into the vehicle, 
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Magnetic reed switch mounting. 


The reed switch that connects to the antenna controller is mounted under that mass of tape you see just below the plastic 
tuning position indicator cover below the loading coil 
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Magnetic reed switch mounting. 


It's rather a sloppy looking job, but it does work. Gary does not supply the GS3 antenna with an internal reed switch, 
However he did mount a magnet on the motor shaft for me, so I was able to attach a reed switch to the outside of the 
antenna. If nothing else, having the switch on the outside of the antenna makes it easier to change the switch when it 
eventually fails, There's a lot of extra tape visible on the antenna where the switch is mounted, That's because there are 
several wire splices and some extra wire under the tape. I tried three different reed switches before I finally found one that 
worked satisfactorily. The reed switch that I ended up using is a Hamlin reed switch. The manufacturers part number is 
5930011766643. Eventually I'll get around to removing the extra tape and straighten out the wiring to improve the 
appearance. 
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MARK-5 base spring. 


This is one tough spring! But it's what this antenna needs because the weight of GS3 without a top whip is about 9 pounds. 
That's a lot of antenna to have mounted on top of a spring, but the MARK-S handles it just fine. 


left enough slack in the motor and control wires from the antenna so that no matter what the position or tit of the antenna 
is as it moves around on the base spring, the wire will not be flexed excessively. I also covered the wire with some 
convoluted tubing for additional protection from sun, wind, and weather, 
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will bring performance enhancement which will trigger a complete revolution in almost all spheres 
of human life creating a new “everything connected” era. Future 5G networks in such an era will 
face a serious problem regarding a huge number of different service types [220]. To meet the diverse 
requirements for a huge number of loT applications, 5G introduces the concept of network slicing to 
offer programmable network instances [220]. Using network slicing, multiple independent and 
dedicated network instances can be created within the same infrastructure to run services that 
have completely different requirements for latency, reliability, throughput, and mobility [220]. This 
technology primarily targets a portion of the 5G core network, but also indicates that 5G radio access 
network (RAN) functionalities can be different for each network slice [221]. To deploy network 
slices, network functions need to be enabled on an on-demand basis, which has driven the use of 
virtualization and softwarization in 5G core network [221]. Network function virtualization (NEV) isa 
paradigm that enables that 5G network functions to run in a virtual environment instead of dedicated 
hardware [221]. The software define networking (SDN) paradigm facilitates isolation of network 
slices avoiding the traffic of one slice affecting the performance of another slice [221]. These two 
paradigms make the network much more dynamic, agile, on-demand, and flexible [222,223]. Since the 
aforementioned technologies are used to deal with a variety of 5G applications, they will not be further 
discussed. This paper will focus on technologies used to meet performance requirements for specific 
applications (inter slice performance) which are implemented in the radio access part of 5G networks. 

‘These technologies are briefly described and discussed in terms of their advantages, disadvantages, 
and research gaps. Given the fact that the realization of particular technology affects multiple 
performance requirements, tiny steps towards its implementation will allow telcos to deploy 5G 
networks, and thereby provide a performance improvement in terms of more capacity, lower latency, 
‘more mobility, more position accuracy, increased reliability, and availability [6,214,224]. In other words, 
5G networks will accommodate many more users and devices while delivering more data [113,114] to 
each user requiring high data rates [108] in a more energy-efficient way [115,116] 

Table 5 summarizes considered radio technologies used to implement future 5G networks being, 
capable of achieving performance requirements identified in Section 4. On the basis of the literature 
review, one may conclude that the 5G radio access network is crowded with multiple technologies, 
and there seems to be a duplication of technologies, all eager to grab telco’s attention and convince 
them to buy into the particular choice. As Table 5 shows, multiple technologies and techniques can 
be used to meet each performance requirement. Since the mMTC activity-based loT classes are more 
‘mature, we have primarily focused on technologies used to fulfil their high performance requirements 
(ie,, connection density, positioning, and coverage). We have selected 5G enabling technologies 
considered from telco’s perspective as the most representative and promising candidates to meet these 
requirements. The implementation of these technologies will also significantly affect the fulfillment of 
MTC service class requirements, which will lead to complete automation in all spheres of human life 
Therefore, the following subsections will discuss these technologies in more detail with the final goal 
of identifying research gaps and providing recommendations for future work, which are summarized 
in Table 6, 
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‘Yeah; I know - it sure needs a good wash job! Well, the van always gets parked in the same direction, and as you know, 
‘moss grows on the North side of the tree... 


The coax cables from the antennas on the roof of the vehicle and the brown control wite from the GS3 antenna come down 
from the top of the roof over the rain gutter and into the vehicle through the door seal. What looks like a cut out in the rain 
gutter is actually placed there by the factory to allow rain water to drain at that spot instead of running down over the door 
entrance, It made a convenient place to bring the cables over the edge of the roof. 
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I decided the simplest way to keep the cables in place for the door seal as it closed against the frame was to use some cable 
ties and self tapping sheet-metal screws. This method keeps a cables firmly in place so that once the door seal has taken a 
set around the cables I don't get any water leakage into the vehicle. 
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Tuse another cable clamp to keep the wires tightly against the door frame. 
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Tuse more cable clamps to bring all the wires straight down by the edge of the door frame, 
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The electronics package is a Kenwood TS-480SAT, It is anchored to the floor behind the driver seat, I used two wooden 
blocks to elevate the radio slightly from the carpet to allow for plenty of ventilation space. The extra cable length is coiled 
up and stuffed under the bottom of the radio. A terminal strip is mounted on the wall of the vehicle to provide connections 
for primary DC power, MFJ controller power, GS3 antenna motor leads, and the antenna reed switch, 
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I made a slip over wooden cover and painted it flat black for low visibility. When the cover is placed over the radio, 
someone looking into the vehicle from outside can't see the radio, The case has plenty of clearance space around the radio 
for ventilating air to get in and out, The back of the wooden enclosure is open so the cooling fans and the TS-480SAT can 
exhaust the hot air with no restrictions, 
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This is the view of the radio installation as seen from the rear passenger seat, (Note that the dog is an optional but self- 
installing feature of this vehicle.) The enclosure is sturdy enough that passengers can put their feet on the box with no 
damage. 
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Terminal block connections (by pairs) from left to right: GS3 antenna reed switch, GS3 antenna motor, DC power to the 
“MFJ-1924 antenna controller, DC power to TS-480SAT, fused DC power from vehicle battery. The fuse protects the +12 V 
DC power line to the antenna controller. 
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Modified MFJ-1924 Antenna 


troller 


One of the advantages of a screwdriver antenna is that you can control it from the operators position. The simplest control 
is simply a double pole double throw switch, Flip the switch one way, the antenna tunes up in frequency, flip the switch the 
other way, and the antenna tunes down in frequency. This is a simple and reliable method of controlling the antenna, but it 
has the disadvantage that you don't have any way to tell where the antenna is tuned at any given time. You need some sort 
of antenna controller for that. 


‘The MFJ-1924 antenna controller is designed to remember 10 specific tuning settings. It does this by counting the number 


of revolutions that the shaft of the tuning motor makes. In order to do this, the MFJ assumes that there are two things 
available from the antenna, 
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‘The first thing the controller needs is a contact closure of some sort, usually from a reed switch mounted inside the 
antenna. This tells the controller how many tums the tuning system has made. Note that this does not directly correspond to 
the number of turns in the coil, but rather how many rotations the tuning shaft has made. It doesn't matter though because 
the tuning system will make only X number of tus from one end of the tuning range to the other. 


The second thing the controller needs is some way to tell when the tuning system has reached the end of its travel range. 
Most screwdriver antennas simply run the tuning mechanism into mechanical end stops and jams the motor when the end 
of the tuning range is reached. This stalls the motor and causes the motor drive current to increase dramatically. The MFJ- 
1924 controller is designed to sense this increase in current. At that point, the controller shuts off power to the antenna 
tuning motor. 


‘Sometimes, for reasons known only to Murphy, the controller will lose track of how many counts have gone by. For this 
reason, the MFI controller has a function which enables you to "bottom" the antenna, This function tunes the antenna to the 
lowest frequency, stops the drive motor, and then zeroes the turns counter. So far, s0 good. It looks like the MFJ-1924 
antenna controller is just what I need to control the GS3 antenna, Well, it was, almost. 


First problem - no reed switch in the GS3 antenna. That one was fairly easily taken care of. Gary had already installed the 
‘magnet inside the antenna, so all I had to do was to mount a reed switch on the outside of the antenna, run the wires down 
the lower mast of the antenna, and then run them through a common mode RF choke. 


Second problem - no stalled motor current for the controller to detect. In order to protect the tuning motor in the GS3 
antenna Gary builds in a slip clutch arrangement, That means that when the antenna tuning mechanism reaches the end of 
its travel, the motor will continue to revolve but the tuning mechanism stops moving. Unfortunately for the MFJ antenna 
controller, this has the disadvantage of not allowing the tuning motor drive current to increase very much above the normal 
running current. The advantage is that it is impossible to damage the tuning mechanism or burn out the drive motor by 
running it into the end stops. I found that I was unable to get the MFJ controller to sense the end of travel of the tuning 
‘mechanism. I even went as far as to dig into the MFJ's internal circuitry and increase the sensitivity of the drive current 
detection circuit, but in the end, I found that there just wasn't enough difference in normal tuning and end of travel motor 
current to make the controller work reliably. 


The solution ended up being a combination of electronics and brain power. I made a slight modification to the controller. 
Now, when I need to reset the controller and "bottom" the antenna and zero the counter, I place the MFJ controller in its 
counter reset mode. This starts tuning the antenna to the lowest frequency position, Meanwhile, I sit quietly and listen until 
Thear the "thunk-thunk-thunk” of the drive mechanism slipping when it reaches the lower end of the tuning range. Since 
the antenna is mounted on the metal roof, the sound is quite audible. At that point I press the little Magic Button on the 
bottom of the controller. 


drilled a small hole in the bottom of the controller case and installed a normally open push-button switch. I have the 
switch button protruding just slightly out of the hole so it can't be pressed accidentally. The switch is connected in series 
with a 50 ohm resistor. The resistor and switch were then wired directly across the tuning motor wires coming from the 
antenna controller. When the button is pushed, current flows through the resistor from the output of the MFJ controller. 
This extra current is added to the current being drawn by the tuning motor. This makes the MFJ controller "think" the 
‘motor has reached the end stop and has stalled. This tells the MFJ controller to turn off the power to the tuning motor and 
reset the counter to zero. 
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I knew I would have to take the MFJ antenna controller out of the vehicle from time to time, so I installed a Molex 
connector on the wires coming from the controller, 
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This is the mobile installation as seen the driver seat, Everything can be easily reached with one hand without stretching. 


used several cable clamps to secure the wires ftom the MFJ antenna controller. The controller itself is mounted to the 
vehicle with some adhesive backed high-strength hook and loop fastener material, The open spot in the dashboard is for the 
Vehicle entertainment radio. I pulled the old radio out while I was doing the installation of the ham rig. Ihave a new 
entertainment radio ready to install. It will replace the old one which was killed by a nearby lightning strike, <!> 
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Here is a bottom view of the modified MFJ-1924 antenna controller, The Magic Button is at the far right of the controller, 
The switch was salvaged from a computer, and it's held inside the case with a blob of hot melt glue. Not fancy, but it 
works. 


The silver switch is a single pole double throw switch. It inserts a 50 ohm 1 Watt resistor in series with the antenna tuning 
‘motor power wires. This cuts the speed of the drive motor by approximately half. If I need to tune the antenna manually, 1 
can slow it down by using this switch. That makes it much easier to "tune by ear” if I need to tune to an odd frequency that 
is not programmed into the controller, I's also very useful if | am driving and want to manually change frequencies. I don't 
have to take my eyes off the road to adjust the antenna, 
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Here is the MFJ-1924 antenna controller after my modifications to it, After installing the Molex connector on the end of 
the wires, I use some convoluted tubing for protection. Hmm... I see a Blue Box inside the controller. That's not standard; | 
wonder what it's for? 
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At the top left of the picture is the Magic Switch. It is pretty well buried under the blob of hot melt glue I used to hold it in 
place. Above the two black motor control relays you can see the extra toggle switch I installed to change the motor speed. 


Oh, the blue box? That's a relay that I had to install to make the controller happy. It turned out that the MFJ controller 
occasionally missed counts from the reed switch, This caused the tuning to be off by a turn or two very often, resulting in a 
higher than desired VSWR reading. I spent some time looking at the reed switch pulses with an oscilloscope, and although 
I did not see anything wrong with them, the MFJ consistently miscounted. Installation of various types of RFI filters and 
RC networks failed to resolve the problem, which happened whether or not I was transmitting..Finally I decided that the 
CPU in the controller must be very sensitive to the rising and falling edges of the switch pulses. Perhaps adding a relay 
would fix the problem. Taking another from KOBG (scroll down to the "Debouncer") I tried a small 12 volt relay and 
found that it did help resolve the problem, It was almost - but not quite - perfect. 


Digging into my NOS parts junkbox, I found a Mercury wetted reed relay. (Sony OSHA & RHOS) I managed to stuff it 
inside the MFJ controller. I took the relay coil DC power from the switched +12 volts DC, so as not to have a constant 
drain on the vehicle battery should the reed switch stay in the closed position at the end of the tune cycle, After installing 
the relay, the problem of miscounts went away. Perfect! I just have to remember that the controller - and the relay - must be 
operated in an upright position or the Mercury will roll around inside the relay and short out the relay contacts, resulting in 
no count pulses, I figure the reason this relay works so well is that unlike a normal relay, a Mercury wetted relay has 
virtually no contact bounce, Once the contacts close, they stay closed, and when they open, they open cleanly, 
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Because I didn't have a 50 ohm 1 Watt resistor on hand, I made one by connecting a total of 4 - 50 ohm 1/4 Watt resistors 
in a series parallel combination. 
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There are two antennas in this picture and one of them is not made of metal. Can you find them 
both? 
If you look carefully, you can just see the horizontal single wire antenna in the background in the far right side of the 
picture. That is my 160 meter dipole antenna, which is about 20 feet above the ground. The other antenna is the large Oak 


tree in the center of the picture. Near the base of the tree trunk is the coupling coil which surrounds the trunk 


Yes, the tree IS the antenna! 


My interest in tree antennas goes back many years, when | first read about some experiments using coils to 
couple RF energy to trees. Unfortunately, | neglected to save the article, and it was only much later that | was 
able to locate the source for the article. 


Here are four articles that explain tree antennas - George O Squire Tree Antenna Patent.pdf - 1975 January 
Ikrath IEEE tree antennas.pdf - Robert Hand article. pdf and Signal Propagation at 400 kHz Using an Oak Tree 
with a HEMAC as an Antenna AD735330.pdf 


It appears that there are two methods generally used to connect to a tree for using it as an antenna. The first is. 
to drive a nail into the tree some distance up from the ground, and the second is to use a coupling coil around 
the trunk close to the ground. Since | prefer not to climb trees unless | really have to, | decided that the coupling 
coil would be the better approach. 


Since little, if any, design data has been published on tree antenna coupling coils, | took a guess at what might 
work for the coil dimensions. | guesstimated that using a coil with about half the diameter of the tree trunk would 
be about right for the coil diameter. The length of the coil would be the diameter of the tree trunk. The number of 
turns was an unknown, but I figured that if the inductance was too small the tuning would be very sharp, and 
changing environmental conditions, rain, temperature, etc., might cause tuning problems. A larger inductance 
would be less sensitive to such things. 


| decided on an inductance of about 175 uH as a starting point. That would require a coil of about 75 turns of 
about 10 inch diameter, or a total of about 195 feet of wire. Since | had a lot of #10 AWG bare copper wire 
available, that was used for the construction of the coupling coil 


Tuning the coil to resonance at 505 KHz would require approximately 575 pF of capacitance. At resonance, the 
coil losses would be about 10 Ohms, which would not be too good for transmitting, but for receiving, it should 
not pose a problem. At resonance, the impedance of the circuit would be about 30 Kohms so it would be a fairly 
good match for FET RF preamplifier. 


Designing the coil was one thing, but how was | going to hold it in place against the tree? It had to be held away 
from the bark, or losses would increase when the tree got wet in the rain. After wearing out several pencils and 
using up the back of a lot of old envelopes, | finally hit on the idea of dropping each tum of the coil into a series 
of parallel slots cut into a length of plastic pipe. Then, when | bent the pipe around the tree, the flexing of the 
pipe would cause the slots to close up slightly and squeeze the wire tightly between the sides of each slot. At 
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that point, all I'd have to do was to manhandle seven feet of flexible pipe and a hundred loose turns of copper 
wire into place while screwing the whole thing firmly to the tree trunk. | figured I'd work on that litle problem 
after the coil was built. 


Time to start construction! 


ah ; 
Whi: 


Construction of the coupling coil was started by running a broomstick through a roll of Bonnie, KB5YSE's art 
studio wrapping paper and supporting the roll between two wooden chairs. The roll measures about 9 inches in 
diameter, and made a solid form on which to wind the #10 AWG bare copper wire for the coil. The free end of 
the wire was simply taped to the roll of paper and winding was begun. After about 90 turns were wound on the 
form, the coil was carefully removed from the form and set aside for later installation. 
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The wire | used was left over from a commercial AM broadcast antenna installation | did many years ago. It is 
bare, soft drawn, #10 AWG pure copper wire. It was just right for a coil of this size, since it is strong enough to 
hold its shape without any extra support. 
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5G Enabling Technologies 


‘Research Gaps and Divecions 


‘Wide and exible 


mmMave band 
‘communication and 
Targe-scaleantenna 


7) SD channel modeling: @) dynamic power conta 3) usr scheduling and congestion coniob () hardware imation aad 
‘adaptive bean-ateoring lechnique; (5) design of mobility management and admission contal for mmWaye-based dense HetNet 
(6) design of fequency management schemes for mmWave; (7) Tactile Intemet (3) effective and efficent mmaWave 
Implementation in HetNet (acces and networking), 


terogensous malRAT 


{ell association; (2) tlic ofloading algorithms (3) Interfarence management schemes In case of ler user and inter ll 


bandwidth technology negation Interference; (4) crostler handover, acess admission, and mailty management schemes of muller HetNets Uis6pi7) 
opuncaak 1 Spectrum sensing (design of cooperative frameworks, choose cnopealive secondary users and tananit cooperative 
ertese eames Information); (2) develop framework and algorithms for group handoff of secondary user and secu: simulation of iferent [2,210] 
speci ar: tacks and scenarios o enhance secur; () i-depth performance analysis between GFDM and UMC in CR slings. 
{1 Redesign ofetwork and management @)anterna and cell design and development of the theoreti foundation 
gee wt aes {analyze the throughput ofa network of ndomly deployment terminal sing stochastic geometry (2) characterize the capacly 5 or 
Duplesing Imrbond full duplexing vantage due to IFDB in various network scenarios () guidlines to practical design: coding, modulation, power allocation, 54°71 
‘eamforming channel estimation, equalization, digital inererence cancllation and decoding, (6) design of MAC layer. 
Mulipleaccessand ay waveronm {1 Performance of SIC cansaton or fitering on FOFDMA; (balance of tie and equeacy dspersion and design an ecient 
waveform acinar fier prototype for UFMC. 
Munsell {( Eapest of wiressbacRhaaling on ser expeviencey (@) exploTaionofloation data and fingerprint in optimizing mallee, 
bene pall liscovery in terms of time and energy efficency; (3) interference management when integrating 2D and smal cel Bao) 
“ihaat (1) TDD mult-fow coordination schemes to avoid botlenecks in the downlink backhaul aise 
Enhanced wirlesbackinaul (3) pyckhaul aware association in ullacdense deployment (3) relay and security ofthe backhaul Linens 
‘ace ante (0) Resource allocation and interference i the mobile elay when ain are moving rom opposite directions (2) Randover 
mona ee Skecision of users ore han one tain aie or depart, tp or pas); G) group mably for users on bosed very highspeed yoy 


‘vehicles, (4) design ad cooperalive communication schemes (5) deployment of moving networks in various vehicle environment, 
ot just on fxes route alway 


2D communication 


{@) Interference management (mode selection, resource allocation and powes conira (2) lntayration of novel reputation based 
‘mechanism for identify nd avoid malicious users fom mliple users in mull-hop D2D communications; (3) sting of D2 
Interference management schemes in 5G scenatios(mumWave, cll densification). 


208,209) 


Frorgy wiated Energy Raresting Improving energy harvesting schemes; @) simulation of proposed models) ilegration with oiher 3G technologies TOE 
aheoleniee TAY {Optimal deployment, mobility and energyofcent use of UAVs: Q) integration with other 5G technologies i 
iker echnologies MIO 


(0) Performanas of practical miIMO. 


Legend: ToT (internet of Things), 5G (Fith Generation), mmlave (Milimeterwave), RAT (Radio Access Technology), D2D (Device to Device communication), mMIMO (massive Multiple 
Input Multiple Output), 3D (Three Dimensional), HetNet (Heterogencous Network), GEDM (Generalized Frequency Division Multiplexing), UMC (Universal Filtered Multi Carier, CR 


(Cognitive Radio), IEDB (In-band Full Duplexing), MAC (Medium Access Control), EOFDMA (filtered 


UAV (Unmanned Aerial Vehicle), 


‘Orthogonal Frequency Division Multiple Access), TDD (Time Division Duplexing), 


psn 


Here is the finished winding while it is still on the winding form. It looks neat at this point, but as soon as | 

loosened the wire to remove it from the form, it promptly sprang into action and unwound into a larger diameter 
shape, and instantly piled up into what appeared to be a massively tangled heap! Fortunately, it was very easy 
to unravel, and placement of the wire coil onto the supporting tube went along without any unexpected difficulty. 
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Now, this looks more like it! The enclosure is one that | salvaged from my Katrina-ravaged tower at my old QTH 
in New Orleans. The cabinet is at least 30 years old (Hoffman makes good stuff, you bet'cha!) and has been out 
in the sun and rain all those years. It is still weather tight using the original gaskets. It is Fiberglass and was 
starting to shed glass strands, so | refinished the outside of the enclosure. 


There are two connections visible on the left side of the enclosure. The connection closest to the tree goes to. 
the left ("cold") end of the coupling coil. This end of the coil is also connected to ground. The front-most 
connection goes to a tap on the cail that is 10 tums from the ground end of the coil. This is the feed point for the 
75 Ohm coaxial cable that goes to the receiver in the shack. 
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5.1. Wide and Flexible Bandwidth Technology 


mmWave band communication and large-scale antennas are promising technologies for future 
5G networks. The mmWave band covers frequencies from 30 GHz to 300 GHz [202], and from 
an industry and wireless academia point of view, it is a unique solution for solving 5G capacity 
requirements [96]. mmWave band communications will provide high data rates [7,202,225-227] 
utilizing a much larger spectrum bandwidth that can reach up to 5 GHz [39] and by using 
directional antennas and high attenuation [40]. To provide sufficient antenna gain mmWave requires 
implementation of large-scale antennas at the transmitter and receiver side [96]. Deployment of 
large antenna arrays with mmWave will also bring high spectral efficiency, high throughput and 
channel gain [7]. Despite all ofits advantages, mmWave needs line of sight (LOS) operation [1], while 
the effective communication distance of mmWave signals is within 200 m due to the propagation 
characteristic of this frequency band [25]. Open problems associated with mmWave include three 
dimensional (3D) channel modeling, dynamic power control, user scheduling and congestion control, 
hardware limitation and the adaptive beam-steering technique, as described in [7]. The problem of 
high power consumption of a large number of antennas in an array (7], high efficiency low complexity 
adaptive antenna array processing algorithms [29] and innovative hardware architecture of large-scale 
antenna transmitters [25] still remain unsolved. A proposal of design guidelines in architectures and 
protocols for mmWave communications is presented in [42]. Itis demonstrated that new mmWave 
technologies, which are under investigation for 5G communications systems, will be able to provide 
indoor centimeter (cm)-accuracy localization in a robust manner, ideally suited for Assisted Living 
(AL [228], 

Heterogeneous multi-radio access technologies (multi-RAT) integration is specific to 5G 
networks radio design that coexists with existing networks. Since 5G networks will not be 
developed to replace current wireless networks, but rather to advance and integrate existing network 
infrastructures with new ones [217], we refer to 5G as a heterogeneous network. Multi-RAT is 
defined as the capability of a mobile network to support multiple radio access technology with 
seamless interworking among them [225]. When deployed in heterogeneous networks (HetNets), 
with traffic offloading among different RATs, multi-RAT improves capacity [230], supports better 
communication rates (34,117-119,231,232], better energy efficiency [34,117-119,231,232], and ensures 
seamless connectivity with higher QoS [230]. In designing a heterogeneous RAT, researches are finding 
solutions for cell-association and traffic-offloading algorithms [217]. 

Cognitive radio with spectrum sharing is a new software defined technology, which is expected 
to improve the utilization of the congested radio frequency (RF) spectrum [43]. In 5G networks, it 
is used for designing multi-tier architectures, removing interference among cells, and minimizing 
energy consumption in the network [447,120,233]. Moreover, a spectrum sharing technique can 
be used along with the CR technology to integrate the 5G spectrum [48,121]. During the practical 
implementation of the CR and spectrum sensing ($5) technique researchers had to design cooperative 
frameworks, choose cooperative secondary users and transmit cooperative information during 
the spectrum sensing, further developing the framework and algorithms for the group handoff 
of secondary users and enhancing security [29]. Researchers are already working on designs of 
protocols for different lo application, based on cognitive radio, and some of them are presented 
in [49-51,122], Technologies in this group are used together to optimize 5G performance requirements 
(eg, a prototype of mmWave integrated HetNet in [123] and HetNet that incorporates massive 
multiple-input and multiple-output (mMIMO) and mmWave technologies [217)). 


5.2. Advanced Modulation and Coding 


This technological group involves advanced modulation (ie, frequency and quadrature 
amplitude modulation (FQAM)) and advanced channel coding schemes, 

Advanced modulation schemes group includes FQAM, Amplitude and Phase Shift Keying 
(APSK), Unitary Space-Time Modulation (USTM), Spatial Modulation (SM), Wave Modulation 
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The ground system for the coupler uses three steel screws that are driven into the roots of the tree. | figured 
that the tree probably has a better connection to the ground than | could manage to get by driving a ground rod. 
After running the screws into the roots, the Screws are removed and the end of an aluminum wire are pushed 
down into the holes. The screws are then replaced. This gives a good connection to the damp wood. Do NOT 
drive copper or brass wire or screws into a live tree, as the copper may kill the tree. Iron, steel or aluminum is 
OK. 
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At the center ground-root, the wires from the other two ground-roots and the twisted pair of ground wires from 
the coupler circuit all come together. All the wires go about two and a half inches into the tree root. | used 
aluminum electric fence wire for the ground wires. 
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The ground wire goes from the tree roots to the coaxial connector on the bottom of the tuner enclosure. 
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Both sections of the capacitor are in parallel, and connected to the wire leading off to the right of the picture. 
That wire goes through a ceramic feedthrough insulator on the right side of the enclosure and then connects to. 
the hot side of the coupling coil 
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The wire closest to the back of the cabinet is the ground wire between the cold end of the coupling coil and 
earth ground, The wire nearest the front of the cabinet connects the coil tap to the center wire of the coaxial 
cable going back to the shack. Two spacers made from vinyl plastic tube that were used to hold the parallel 
wires in place. 
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| had previously installed this 100 uH coil in the enclosure to be used as part of a shunt feed tuned for my old 
tower on 75 Meters. 
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271272018 AA Troe Antenna for the 600 
However, even after much tinkering, it never worked properly, so | abandoned that project. It was only after 
removing the coil to refinish the enclosure for this tree antenna project that | realized that the cause of the 
problem was, It seems that when | wound the coil, | covered the winding with what apparently was a VERY 
good clear varnish, because it prevented the E. F. Johnson squeeze clips that | used from making contact with 
the wire! No wonder it would not work!! All| can figure out is that | must have had total brain fade when | built 
the tuner. I left the coil in the enclosure, since it just looks so nice. <G> 
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(WAM), and Orthogonal Time Frequency and Space (OTFS). The FQAM is a combination of 
frequency shift keying (FSK) and quadrature shift keying (QAM) [124-126]. This modulation can 
achieve a higher transmission rate for cell edge users reducing interference at cell edge [52,234-236] 
FQAM also improves energy efficiency, which makes it adequate for MTC devices with stringent 
energy consumption requirements [124]. Due to performance advantages in terms of Frame Error 
Rate (FER) [53,236], FQAM is an ideal candidate for services with high coverage and reliability 
requirements [237]. APSK is another modulation which draws a lot of attention. It is shown that 
its main performance gain (ie., to achieve a channel capacity very close to Shannon's) relies on 
advanced channel coding and demodulation algorithms [237]. This adds more complexity at the APSK 
transmitter and receiver. Another modulation, which does not need Channel State Information (CSI) to 
enable high throughput, is called USTM [237]. USTM and its extension (see [238)) is very useful for 5G 
services with high mobility [127] or latency and reliability constraints [239]. Other modulation schemes 
involve SM [128], and proprietary WAM and OTFS [237]. On the basis of the foregoing, researches 
have analyzed and compared many modulation forms, but still have not found a practical guide on 
how to choose modulation in any of the 5G use cases. 

Advanced channel coding techniques are used for correcting the communication errors caused 
by noise, interference, and poor signal strength [129]. Authors in [54,129,130] compared turbo, 
low density parity check (LDPC) and polar codes in decoders in contrast to 5G requirements: 
(1) maturity; (2) throughput and latency; (3) error correction capability; (4) flexibility; (5) computation 
complexity; (6) interconnect complexity; (7) high-performance flexible implementation complexity; 
and (8) backward compatibility. This comparison showed that turbo codes hold the greatest promise 
for offering high performance throughputs, latencies and error correction capabilities, as well as high 
degrees of flexibility at the lowest implementation complexity [129] in mast 5G use cases. However, 
further work is needed to implement a decoder based on this code followed by detail analysis. 


5.3. Duplexing 


This technological group includes in-band full duplexing (FD) and dynamic time division 
duplexing (TDD). 

In-band FD or simultaneous data transmission and reception will provide a 1000-fold increase 
in throughput [131,240], double spectral efficiency [152,240], and reduce the air interface delay [240] 
The central research problem for the practical implementation of an in-band full-duplex radio 
is the attenuation of the self-interference signal by an adequate amount [152]. For the practical 
implementation of an in-band full-duplex radio, many aspects of network design and management 
need to be restructured, where terminals antenna and circuit design and the development of theoretical 
foundation are in focus [55]. One practical implementation of the full-duplex radio is shown in [135] 
Authors in [134] commented that for the design of a full-duplex radio, it is necessary to unify researches 
from three domains, ie, RF circuit and system design, digital signal processing and networking, 

Dynamic TDD is the predecessor of FD transmission technology and a candidate for 
5G [153,195]. It represents a scheduling technique in which every base station (BS) is free to choose 
its own uplink /downlink (UL/DL) split [136-139]. This technique is used to adapt the allocation of 
network resources to variable traffic requirements [139,140], often found in ultra-densely deployed 
networks [141]. The dynamic TDD can significantly increase bandwidth efficiency [142] and provide 
higher throughput and low latency [141]. However, it is characterized by the severe co-channel 
interference (CCI) [141-143]. Dynamic TDD could be used in combination with D2D communication 
and in the self-backhauling scenario, as described in [55]. 


5.4, Multiple Access and Waveforms 


Multiple access techniques are becoming an important technology in 5G because of their ability 
to support mMTC activity-based IoT classes with urgent deploy demand [144]. They include several 
non-orthogonal multiple access (NOMA) forms: multi-user shared multiple access (MUSA) [145-148], 
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ON6MU's "Vipormutant" Antenna 


RE-AHFV14P 


Versatile Inexpensive Portable Mul 


‘band Tunable Antenna 


de ON6MU 


revision 2 


(iadcnoices) §~(_RF Antenna Design) C ‘Antenna >) (2a OCW Antenna 


Features 


Only 3 meters high fully extended (effective radiating element height) 

Less then one meter inserted (no element is larger then one meter including the tunable section) 
‘Tunable without the use of an extra tuner (just switch till you get the best SWR) 
Covers all frequencies from UHF to 7 MHz without a tuner 

UHF (tuned by de- or increasing the length of the antenna) 3/4 2*5/8 4*5/8 
VHF (tuned by de- or increasing the length of the antenna) 1/4 5/8 2*5/8 

HF (tuned by switching) 

6 meters (1/4 1/2) 

10 meters (1/4) 

12 meters 

15 meters 


hitp:lusers belgacom.nethamradio/schemas/vipormutant htm 


4no 


222018 Vipormutant: Versatile Inexpensive Portable Mult-band Tunable Antenna, ON6MU 
17 meters 
20 meters 
30 meters 
40 meters: with large counterpoise and/or with longer radiating element, or extra tuner 
80 meters: if radiating element is > 5 meters, or with large counterpoise and/or with extra tuner 
‘+ Works with or without cointerpoise 
* Ideal as portable or balcony antenna 
* Compact and extremly portable 
‘+ Not too critical on the material or sizes of the elements 
+ ++ 50 watt input 
‘+ SWL's Note: tunable on all frequencies between the bands mentioned above 


What you need to build the "Vipormutant" 


5 (or more depending on how high you want your boom) alu tubes 
piece of hard insulating tube (+- 7 cm), examples: plastic, nylon, bamboo... 


* some low loss RG174 50 Ohm coax 
‘+ carbon/ferrite bead or toroid (to act as a choke) 
+ a few meters of 0,75mm enamelled copper wire to make the coil 


© $0239 (PL259 female) 
+ Paint, silicon, glue etc. to seal things up 

+ Plastic box to mount over the coil and where we'll put the switch and $0239 connector 
‘+ 12 position rotary switch 

+ a few innox hose clamps 


About the "Vipormutant" antenna: 


Well yes, one must have a name HI...It is nothing more then a base coil loaded antenna, but with a selector 
direct on the base to tune the antenna. 

Most of us don't have the luxury of building a 1/4, 1/2 or even a 5/8 wavelength vertical antenna for HF. We 
have to settle for something a little shorter. (A lot shorter, in the case of people following the FCC's Part 15 
rules, which limit them to 3 meters in size.) Shorter vertical antennas can give acceptable (but not 
spectacular) performance. 

Ineeded a highly (HF) portable antenna to use with my FT-817 which should have the highest possible 
frequency range (also VHF) and still compact enough to take along almost anywhere! The antenna should be 
versatile enough to allow further experimenting, to allow being mounted on a balcony, caravan, outdoors 
etc... So I came up with a compact vertical (dismounted no higher then 1 meter) with a "tuner" directly 
connected to the antenna radiating element (the best possible place a tuner can be). 

The "Vipormutant” tuning principle gets energy into the antenna on a wide range of frequencies, but the 
design of an antenna is what controls what happens to the RF energy from there. For some antennas, the 
antenna is simply not complete without a radial system, or at least a counterpoise. Other types of antennas 
need no RF ground system at all. Most reference books on antennas provide solid guidance on radials and 
counterpoises, but only for antennas cut to a specific frequency. When using the "Vipormutant” it will also act 
like tuner and at the best place a tuner should be: directly beneeth the antenna! So the rules have to change 
somewhat because the "Vipormutant" almost operates across the full range of HF frequencies unto UHF. It 
doesn't need a counterpoise to work, but the efficiency will increase when you do use it. 


Consideration: 


* If the length of the conductor is very short compared to a wavelength (< wave/4), the electric and 
magnetic fields will decrease dramatically within a distance of one or two wavelengths. 
+ It is impossible to make a small antenna to radiate as efficient like a big antenna. 
‘* Ground losses affect radiation patterns and cause high signal losses for some frequencies. Such losses 
can be greatly reduced if a good conducting ground is provided in the vicinity of the antenna. 
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The coil/tuner 


Wind 0,8mm enamelled copper wire around the isolator (+- 16mm diamter) and make a tap every xx turns 
(see fig. 2 and 3) 


Fig.1 


Fig.2 The coil 


dimensions isn't too critical. 


Relatively short antennas behave like lossy capacitors and present a high impedance load to the transmitter 
due to the large amount of capacitive reactance that is present. The loading coil helps to tune out that 
reactance. Tuning out the reactance is important because a tuned antenna will accept and radiate much more 
power than a mismatched antenna. 


When the loading coil is installed at the bottom of the vertical radiator, we call it a "base loaded" antenna. 
Base loading requires the smallest amount of inductance to achieve resonance. 


The shoke 


Is made out of miniature 50 Ohm coax (rg174) that goes a few turns through the carbon/ferrite bead or 
toroid. You can also use a Snap-Together Ferrite Choke Core. 

If a ferrite is put over a cable which includes both signal and return lines, it will have no effect on the signal 
(differential-mode) current but it will increase the impedance to common-mode currents. This is because the 
differential currents, by definition, sum to zero in each wire pair and therefore there is no net magnetic field. 
If there is no field, the ferrite is invisible. But the common mode currents do produce a net magnetic flux and 
this flux is concentrated in the bulk of the ferrite, leading to an increased impedance for these currents only. 
The choke should prevent any mantle currents flowing and should decrease RFI. 


The effectiveness can be increased by looping the cable several times through the core, but the benefit is 
limited at higher frequencies by the stray capacitance between the turns of the cable. 
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Fig 3. 
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‘The vertical radiator "driver" element and tunina box 

Tused a plastic box of 130x70x40mm. On top and bottom I drilled a hole to fit the driver element (radiator of 
+/- 40cm length)and boom (also +/- 40cm length). 

On the side I drilled a hole for the rotary switch and the SO239 connector, whilest on the opposite side I 
drilled a hole to fit a "ground" bolt where I can easily connect the counterpoise and/or ground to if needed. 


Fig 4 


Fig 5 
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Example 


The rotary switch is used for tuning the antenna on each band. The first posi 
Tuning is done by sliding in/out of the elements. 
The "lower" the switch (higher inductance) the lower the resonance frequency of the antenna. 
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Remember, and this is important too, to seal everything up so no moisture can penetrate the antenna! 
Because the radiating vertical antenna elements are made out of separate pieces that fits inside each other 
and are tightened by hose clamps, the construction isn't waterproof. 
If you use a hollow isolating piece you need to to prevent moisture from getting inside the box (via the places 
where the elements are hold together). I've used a rubber "stopper" that fits snugly on the bottom of the 
driver element and glued tight. 


Black paint finishes the job: 


“using a round box 
In my first design I used a plastic box of 50mm diameter and 9 cm heigh. On top I drilled two holes: one for 
the driver element (radiator of 40cm) and a hole for the rotary switch (as was used in the first prototype). 


fig.8: The main driver element and tuning unit finished 


This allows it to be used on almost any boom or can be extended to use with or without vertical elements! 
Ideal for experimenting! 


Featuring Today 


‘The antenna construction specs 


All elements are made out of aluminum. 
Fig. 9 
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This makes the antenna effective radiating elements a total length of 3 meters. The boom elements can be 
chosen freely and on your needs. A short one (one element of a meter), a medium sized one of several 1 
meter tubes or none at all! The bottom piece where the boom is "connected" too is 40 cm and can/could be 
put directly in the ground (if made pointed for sure). Or you could fix it in a umbrella stand. Use your 
imagination HI. 


Examples of "Vipormutant's" utilization 
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Used it on a balcon 


‘This could cover even the 
Jowest HF-bands! 


Use it outdoors without grounding: 


Use it outdoors as a shortened "dipole" balanced antenna 
(rotary switch set approx. in the middle): 
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resource spread multiple access (RSMA) [119], sparse code multiple access (SCMA) [150-152], pattern 
division multiple access (PDMA) [153-155], interleave-division multiple access (IDMA) [156,157], 
and NOMA by power domain [158]. The NOMA is a radio access technology design for enabling 
greater spectrum efficiency [56,159-162,207], higher cell-edge throughput, relaxed channel feedback, 
and low transmission latency [99]. NOMA can be employed to enhance user fairness and to support 
massive connections with diverse QoS requirements [163]. In NOMA, there are several challenges 
and open issues, such as dynamic user pairing, the impact of transmission distortion, the impact of 
interference, resource allocation, NOMA with multiple antennas, heterogeneous networks, outage 
probability analysis, practical channel model, uniform fairness, NOMA with antenna selection, carrier 
aggregation and other challenges as discussed in [216]. There are still many challenging issues for 
SCMA, which need to be solved in future work. For example, there are several open issues in SCMA 
transceiver design [57], the optimization of algorithms for user grouping and power allocation [164], 
and further enhancement of the SCMA and MIMO combination. 

New waveforms have become a serious candidate for SG being studied in terms of: (1) modulation 
based on pulse shaping: filter bank multicarrier (FBMC) [58], generalized frequency division 
‘multiplexing (GFDM) [59], pulse shaped OFDM [165] and QAM-FBMC [241]; (2) modulation based on 
sub-band filtering: universal filtered multi carrier (UFMC) [242], filtered OFDM (OFDM) [243] and 
resource block OFDM (RB--OFDM) [244]; other modulation format: guard interval discrete Fourier 
transform spread OFDM (GI DFT-s-OFDM) [245], spectrally-precoded OFDM (SP-OFDM) [246] and 
orthogonal time frequency and space (OTFS) [247]. The FOFDM is seen as a potential candidate 
for IoT applications [60]. Due to narrow sub-bands and thereby pure detection performance, 
additional processing is needed [60]. Performance of self-interference cancellation (SIC) or filtering on 
OFDMA [60] remains a topic for further study. Additionally, itis interesting to consider the balance of 
time and frequency dispersion in UFMC, as well as the design of an efficient prototype filter according, 
to application scenarios [60] 


5.5. Advanced Interface Management 


This technological group includes receiver advances in terms of simultaneous non-unique 
decoding (SND) and sliding-window superposition coding (SWSC) 

SND follows a rule that implies that each receiver attempts to recover the code words from 
intended and interfering senders [248]. The combination of advanced receivers and joint scheduling 
provides an improvement of over 50% in cell edge throughput without sacrificing the cell average 
throughput [5]. This gain demonstrates that if 5G networks incorporate advanced interference 
management, they will provide a virtually edgeless end-user experience [5} 

SWSC [61,62] combines the theory concept from superposition coding without rate splitting [63], 
block Markov coding [166,167], successive cancellation decoding [63,644,168], and sliding-window 
decoding [65,169,249]. The sliding-window coded modulation (SWCM) aims to mitigate inter cell 
interference at the physical layer by achieving simultaneous decoding performance with point-to-point 
channel codes, low-complexity decoding, and minimal coordination overhead [170]. The realization of 
the theoretical concept to the practical transmission coding scheme is an important research direction 
in SWSC [5]. 


5.6, Access Architecture Related Radio Technology 


This technological group includes ultra-densification, enhanced wireless backhaul, moving 
networks, and D2D communication. 

Advanced small cell [6,123] deployment is considered to be one of the key enablers for achieving, 
many of the requirements currently envisioned for 5G [67], with higher data rates [68,171,250] and 
‘more capacity [171-174], as most important. Higher data rates and smaller battery consumption 
can be achieved using short distances in the small cell [69]. Solving the capacity and data rate 
challenge with network densification could be very expensive in terms of equipment, maintenance, 
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Frequencies below 7 MHz could easily be match 1:1 SWR if total length of the “dipole” > 4 meters 
Further tuning can be done with selecting a different impedance using the rotary switch. 
Different lengths of wire can be used (an example: one part 3 meter, the other 5 meter or more) 


Use it outdoors with ground or counterpoise: 


Radials and Counterpoises basic purpose: 


1. To improve the RF ground conductivity for the ground current return path. Unless you live in a salt-water 
swamp, your ground conductivity makes a very poor path for the return of ground currents. This increases 
the ground losses and reduces the efficiency of an antenna that needs a good RF ground. 


2. To provide a counterbalance for the feed point of the antenna to reduce RF radiation back to the radio 
room. The "Vipormutant" changes the rules because there is no single frequency that you will be operating 
on, s0 all of the thumb rules for 1/4 and 1/2 wavelength radials don’t apply. It is possible to be either a purist 
or @ pragmatist in deciding what radials to put in place. 


3. Number of radials: More is better, up to a point. In carefully controlled experiments, it has been proved 
that increasing the number of radials from 2 to 15, or from 4 to 16, produces significant increases in signal 
strength. Further increasing the number of radials to 60 only produces 1 to 2 dB of increase in field strength. 
Follow this link to see some of the empirical data. 


4. Where to put the radials: For a semi-permanent installation, it is customary to bury the radials a few 
inches down in the soil. This makes it much easier to mow and walk in the area around the antenna. 
However, some experimenters have gotten an improvement in performance by raising the radials and the 
antenna base a few inches above the soil. Raising the antenna and ground system several meters above the 
earth, for example by installing the base of the antenna on a roof-top, can improve the antenna's 
performance by reducing capacitive earth losses. 


While the "Vipormutant” will provide a good match with a poor RF ground system which will will able you to 
transmit, your antenna efficiency will be low. Nevertheless, by using a tuning circuit directly at the antenna 
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radiating element losses are kept to a miminum. Getting the greatest efficiency out of your antenna system 
needs a proper RF ground unless you're using a balanced antenna system 


The efficiency of the antenna increases by using a counterpoise. However, the antenna can be tuned perfectly 


ay 


without! 


Don't forget to check these out 
‘ONGMU Homebrew projects 


Radioamateur related projects 


ONGMU Ham mods 
Modifications of transceivers 


arr By 
Ties Dvn ae a 
CN nuance” 


73" 
Have fun and my best 73" 


Guy, ON6MU 
http://www.qsl.net/onému 


Comments, pictures or experiences with my antenna are always welcome! 


ON6MU 
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9:1 Magnetic Longwire Balun / Unun 


Completed 9:1. Unun, 


These are sometimes known as a Magnetic Longwire Balun. \ts really an impedance transformer (9:1) to 
feed a high impedance, end fed (unbalanced) random wire which is likely to be a few hundred ohms, and 
transform it into something closer to a S00 (unbalanced) coaxial input, hence UnUn, It can however also be 
used as a balun by not grounding the other half of the balanced output. The toroid is a T130-2 Iron Powder 
core, with 3 x 9 turns of 18SWG enammeled copper wire, and the connections can be seen below. 
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12-1 Magnetic Longwice Balun Uy 


lous Radio Bh 


4500 
To Wire Antenna 


? 500 
To Radio 
or Tuner 


Ground Rod or 
Counterpoise 


The triple winding connections, & turns is shown here, but more turns is preferred, 10 would be ideal. 


9:1 UnUn - John MOUKD. 


End Fed 
Antenna 


Sec: 3 turn 
1:3 turns ratio 

1:9 impedance ratio 
50Q to 4502 


Ground 9:1 UnUn - MoUKDicom 


9:1 UnUn Schematic 
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Completed windings 


Ground 


The completed unit. 
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1:1 Voltage Balun for HF wire dipoles 


Heres a neat 1:1 50 ohm balun for use on HF horizontal wire dipoles. It uses an AM radio ferrite rod, with 
3x14 turns of wire. 10-14 tums should be good for 2-30MHz. | used 18SWG enammeled copper wire. It all 
fits in a small project box. Great for setting up portable. For 20 metres, | started with 6 metres of wire per 
element, and trimmed each down until it has minimum S.W.R. | managed to get a 1:1.1 S.W.R. on my 
desired frequency. Bandwidth from the resonant frequency is about 200KHz either way, any more needs an 
ATU. The wire and ferrite core | had already, the box, terminal plugs and SO-239 came to about £6, The 
balun can also be built on a ferrite toroid such as an FT140-43 or FT240-43. 
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S02. 
Unbalanced 


500. 
Balanced 


1:4 Voltage Balun on Ferrite Rod - MDUKD 


Bandwidth may be increased by more spacing between each triflar tum. | didn't have room on this tiny ferrite rod, but it 
performs OK, 
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EF] Voltage balun (*Rothrott) 


wpe 


10-15 keifilor burns on ferrite rod. 
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500. . 
Unbalanced 


500. 
. Balanced 


1:1 voltage balun ("Ruthvoff") 


‘Schematic Diagram 
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End Fed Half Wave Antenna Coupler (EFHW) 


M@UKD 


‘The finished End Fed Half Wave antenna couple. 
Centre fed half wave dipoles make great, simple and effective antennas for the HF bands. Sometimes 
however, the centre feed is not ideal, for example when you want to use it as a vertical. Being able to feed 
the dipole from one end gives you more options on how to erect an antenna and makes portable operation 
easier. A vertical, a sloper, a piece of wire hung in a hedge are all good examples. A ground mounted half 
wave vertical has a peak radiation angle of 20°, so it makes a good choice for DX. 


Ihave been experimenting with feeding end fed half wave antennas matched by a parallel tuned circuit 
coupler. This article will explain my findings and reasons for constructing it the way | did. 


A dipole can be fed anywhere along its length. A centre feed gives around 70Q. A ‘Windom’ type off centre 
fed dipole (fed 38% along its length) provides around a 2009 feed. The feed impedance at the very end of a 
half wave is thousands of ohms, usually somewhere between 20000 to 50000, which we need to match to 
our 09 transceiver. The problem with end feeding a half wave is also its advantage. The high impedance 
means that the feedpoint has a very high voltage but low current, therefore very little ground is required. A 
very small counterpoise should be adequate from 7 to 30MHz, or you can even use the coax and transceiver 
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and operations [200]. With denser cell deployment come significant challenges in the design of 
a high-performance backhauling system for RAN and the impact of backhaul on radio resource 
‘management (RRM) [70]. However, there are in existence many interesting topics to be further 
investigated which can be grouped around several problem areas [34]: user association, backhauling, 
interference management, energy efficiency, and propagation modelling, 

Moving networks (MN) are the combination of multi-hop and vehicular communications 
concepts [69,71]. The MN deploys one or several moving relay node(s) (MRNs) [175,176,251] on 
vehicles that form their own cell(s) inside the vehicle to serve vehicular users [72]. Challenges in using 
MRN are efficient backhauling, design of efficient resource allocation and interference management 
techniques, as well as mobility management schemes to exploit the benefit of group handovers for 
vehicular user equipment (UE) devices served by the same MRN [72]. The main research challenges 
related to MN concept are associated with complexity management due to the mobility of access points 
and providing a high-rate wireless backhaul link from the moving cell to the fixed network [07] 

Enhanced wireless backhaul is one of the main challenges in hyper-dense 5G networks [34,217] 
The performance of wireless backhaul is dictated by the environment and traffic profile of the intended 
use case [9]. In UDN except mmWave, new approaches are needed, e.g, interface aware routing and 
intelligent resource allocation [9], as these links may occupy part of the spectrum used in the access 
network [73]. Latency and reliability of this link are important issues to be considered being prone 
to blocking and fading [69]. In any case, further research is necessary to explore TDD multi-flow 
coordination schemes to avoid bottlenecks in the downlink backhaul [9]. The guidelines for deploying 
future 5G wireless backhaul networks in economical and highly energy-efficient ways are provided 
in (74. 

D2D communication is defined as a direct route of data traffic between spatially closely located 
mobile UE [75,177,178]. The advantages of D2D communication compared with the traditional 
cellular method include the reduction of transmission latency [73,75] and power consumption [75], 
improvements in coverage [71,76,179], spectral and energy efficiency [77], and throughput, when 
power control and resource allocation methods are used [78]. The use of D2D communications has 
an overall positive impact on system capacity in cellular environments. D2D communication brings 
challenges and complexities related to interference management [79,80], QoS requirements [79], and 
resource allocation [34,215]. The design of D2D direct communication link is still a hot topic [29] 


5:7. Energy Related Technologies 


IoT applications span a broad range of domains including home automation, healthcare, 
surveillance, transportation, smart environments, etc. One of the most important obstacles for 
implementing such an impressive scheme is supplying adequate energy to operate the network 
ina self-sufficient way without compromising QoS [180]. Since energy efficiency is of most importance 
to battery constrained IoT devices, researches have focused their work on the development of the 
device energy saving mechanisms 

Energy harvesting is a new paradigm which uses solar, thermal, wind and kinetic energy 
sources to power sensor nodes and consequently prolong network lifetime [181]. Among different 
energy harvesting methods, wireless energy harvesting (WEH) has proven to be one of the most 
promising solution for energy aware loT devices, because of its simplicity, ease of implementation, 
and availability [180]. This concept will improve some of the 5G high network communication 
requirements, like reliability of loT communications, as presented in [182]. Authors in [252] have shown 
that the integration of social awareness and energy harvesting in D2D communication results in higher 
system capacity. Network architectures proposed in [100,253] have shown better energy efficiency in 
5G wireless network. Researchers could work on improving this architecture and integration with 
various 5G technologies in the future. 

UAV implies a flying vehicle without the driving presence of a human pilot to control it 
on-board [113]. Drones are a possible example of UAVs, although many other robotics related 
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Below is the schematic of the final build. 


End Fed 
Half Wave 
t 
16t (1.5uH) 
1:8 turns ratio 
1:64 impedance ratio 
50Q to 32002 
m1 
15-350pf 502 


© Counterpoise / 
Coax Ground 
Switch 


Counterpoise 
7-30MHz End Fed Half Wave Coupler - MOUKD.com 
End Fed Half Wave Antenna Coupler Schematic —7-30MHz 


For calculating the length of a half wave in metres, | use 141=/(MHz) for wire elements. These dimensions 
were derived from modelling the antenna in EZNEC. | have found this calculation to work well, however it 


depends on many factors such as wire used, location etc. | have made a javascript calculator below for 
simplicity with a 15m half wave ready to go! 


Enter the frequency: [21.25 MHz 
| Calculate | 


—_—_——. 


This website uses cookies to improve your experience. We'll assume you're ok with this, but you can opt-out if you wish. 


Read More 


sypspo1g pa Gud al Wave alongs Couple EEL) MOUKD Asie Bad ls 


EZNEC 
INF 


206 Freq MHz 218 
Freq 21.2 Miz 
SWR 4.062 
Zz 3015 at 0.11 deg. 
3018 +}5.808 ohms 
ReflCoeff 0.02984 at 178.15 deg. 
0.02963 + | 0.009624 


RetLoss 30.548 


End Fed Half 


e (6.65m "Hz, ground mounted) SWR — Actual bandwidth on the 600 side of th 


will be much narrower, due to the tuned circuit we are using. This is show 


ples 


1g the feed point SWR at 32000 
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Current along the half wave. Notice how the feedpoint is not quite 
as high impedance as the top ofthe antenna. 

First off, construction will be a juggle between available components and the desired band coverage. | had a 

capacitor that | wanted to use, which is a Johnson 154-2 air variable capacitor, with a range of 15-353pf. | 

would like to cover 7 to 30MHz with my coupler if possibe, so the next thing | needed to design was an 

inductor that would resonate in a parallel LC circuit at just above 30MHz when the capacitor is at 

minimum. Using this Resonant LC Calculator, | worked out that an inductance of 1.5UH will resonate at 

about 33MHz when the capacitor is at 15pf and 6.9MHz when the capacitor is at its maximum of 353pf. 

Sounds perfect to me! If you have a smaller value capacitor, for example 200pf maximum, it should still 

cover 10MHZ to 30MHz. A switch could be added to add a further capacitance of 150-200pf to 

include 7MHz operation. 


So, lets build the secondary transformer inductor first. | wanted to transform 50Q to around 30000. This 
would require a 1:8 turns ratio. Impedance transformation is calculated by squaring the secondary turns ratio 
(note ratio, not actual turns) 8? is 64. 50x64=32000 (our input impedance x 8). | looked at using a T200- 

6 iron powder toroid, but the problem was 1.5pH required only 12 turns. As | wanted a 1:8 turns ratio (for a 
1:64 impedance ratio), | needed a primary of 1.33 turns, which was going to be impossible. | could have 
made it 16 turns and a 2 turn primary, but then the inductance would be too large for 30MHz. 


So, | decided to use an air wound transformer. This way, | can build it with a 16 turn secondary, and at the 
inductance | wanted by altering the diameter and/or length of the coil. Using this Air Inductance Calculator, 


| worked out that a 19mm diameter, 52mm long, 16 turn inductor should give an inductance of 1.5uH, so this 
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Once it was wound, | tested it on an LC meter, which confirmed it was around 1.5pH. You can expand or 
contract the inductor to fine tune the impedance to suit. The importance is that it remains 16 turns to match 
with the 2 turn primary. | then wound the primary coil, which had to be a slightly larger diameter so that it 
could fit over the secondary coil and provide inductive coupling. You can see the finished 2 turn primary and 
16 turn secondary below. 


Winding the secondary inductor 


The completed inductors, They have their differences, but | will make them a happy ‘couple’ 
This website uses cookies to improve your experience. We'll assume you're ok with this, but you can opt-out if you wish. 
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secondary and a terminal block glued to a small block of MDF for the primary. The coax is soldered to the 
primary, the terminal block is just to hold it in place. There is a counterpoise connection on the side, the 
antenna connection on the front and the capacitor, SO239 and counterpoise/coax ground switch on the rear. 
Some photos of the completed unit are below. 


mpleted End Fed Hall Wave 
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this is due to extra stray capacitance. | tuned the coupler to resonance into a resistor (in my case 3.2kQ) so 
a 1:1 SWR was obtained on my chosen frequency of 21.25MHz, then | removed the resistor and attached 
the half wave antenna (6.65m) and counterpoise (66cm) from the above calculator. Without adjusting the 
variable capacitor, | had a 1:1 SWR. This confirmed that | had a resonant half wave and that | was feeding it 
at or very close to the peak voltage point and the feed impedance was around 32009. | found that a small 
counterpoise was required. Sometimes, the stray capacitance to ground was good enough on its own, 
especially on the higher bands and if the coupler was laying on the ground. If its all away from ground, | get 
consistent results using the above setup. | have had good success also by using the coax as the return, by 
connecting the ‘bottom’ of the primary and secondary tagether via a switch to use the coax shield and 
transceiver as a counterpoise 


You may be able to adjust the capacitor to match the antenna if its not a perfect half wave, but then it will be 
a higher current feed and the simple ground system will be inadequate. The coupler will also not be working 
as it was designed and will be inefficient, generating heat. The coupler is a tuned impedance transformer, 
Not an antenna ‘tuning’ unit. Stick to the above, and it should be a sure thing! 
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‘A halt wave vertical for 21MHz, 6.65 mets of wire on a9 metre fibreglass pole. The coupler is mounted 2 
metres up and attached to the top of the fence. The 67cm counterpoise just hangs down in free al. 


Below is a short video from my second test with the coupler, here on 17m. 
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END FED 6-40 Meter Multiband HF Antenna 


Introduction 


This EARC project produces an inexpensive, multiband, end fed HF antenna matchbox that is 
quick and easy to setup and use. The end fed feature adds portable convenience, but does 
present another issue. The problem with an end fed half wave antenna is that the antenna 
presents high impedance, creating a significant miss match with the usual transceiver 
impedance of 50 ohms. This miss match is significantly greater than typical tuners can 
accommodate without a matching transformer. 


This project creates a trifilar wound, 9:1 UNUN (unbalance to unbalance) toroid matching 
transformer that will match the high input impedance of an end fed antenna into the range where 
most antenna tuners can produce good performance. The matchbox handles 100 watts of 
power. This project requires an antenna tuner to achieve satisfactory SWR. If you need an 
auto tuner, we recommend the LDG line of auto tuners, shown to work well with these matchbox 
antennas, and highly rated by users. They are reasonably priced and available at most ham 
stores. 


‘The matchbox project uses readily available common hardware and materials listed below. 
Matchbox Parts List 


small plastic enclosure (shown right) 

powdered iron toroid T130-2 

20" pieces of 18 AWG solid insulated copper wire in red, green, and black 

# 8-32 x 3/4” hex head machine screws 

#8 lock washers 

#8 ring wire lugs 

#8 flat washers 

#8 lock washer/nut combination 

#8 wing nut 

‘0-239 panel mount connector to fit keyed enclosure opening 
1 


30° #18 AWG insulated stranded wire antenna with ring lug attached Small 
amount of clear silicone caulk to secure toroid in place 


Preparing the MATCHBOX Plastic Enclosure 


The enclosure needs one 5/8" hole for the SO-239 
connector, and one 11/64” hole for the counterpoise wing 
nut on the lower side of the enclosure. An 11/64” hole on 
the upper right side of the box facilitates antenna connector 
mounting. 


TOROID WINDING 


First, wind the three 20° pieces of insulated solid wire onto 
the toroid. Place the wires as shown green-black-red, and 
wrap the toroid 9 turns so that it looks like the photo on the 
right. Notice there are three wires extending from the left 
winding and three wires extending from the right winding. 
‘As the connections are completed, the steps refer to the 
specific wires by left or right and color. 


NOTE: Count turns by counting the number of times the 
wire goes thru the toroid center. 


Crimp together and solder the left black wire with the 
right red wire When the step is completed, it wll look 
like the right photo. 


The next three steps should appear as shown in the first 
photo on page 3. Crimp and solder a #8 lug to the left 
red wire about 2° from the toroid. The completed lug will 
later connect to the antenna connection bolt on the 
upper inside of the enclosure. 


Twist the left green wire with the right black wire. Strip 
the ends of the two wires and twist together at about 2". 
This twisted pair will solder to the center connection of 
the SO-239 connector in a later step. 


Trim and strip the remaining right green wire at about 2°. Cut an additional 2° piece of green 
wire, and crimp and solder both wires to a #8 lug. The 2° green wire will connect to the ground 


2 


Summmetry 2017, 9,213, 2 of 8 


applications could be part of this application group [113]. UAVs can play a vital role in IoT scenarios 
where devices are unable to transmit over a long distance due to their energy constraints. In 
this case UAVs play the role of moving aggregators which fly toward one loT devices, collect 
the data, and transmit it to other devices [81]. In [183] authors presented UAV-based floating 
relay (FR) for cell dynamic and coverage improvement. Deployment of unmanned aerial base 
stations in 5G heterogeneous architecture can improve throughput [254], coverage [183-185,254], 
connectivity [184,185], and 5th percentile spectral efficiency [254]. On-demand wireless systems 
with low-altitude UAVs are in faster to deploy, more flexibly reconfigured, and likely to have better 
communication channels due to the presence of short-range line-of-sight links [186] when compared to 
terrestrial communications or those based on high-altitude platforms. The utilization of highly mobile 
and energy-constrained UAVs for wireless communication introduces many new challenges [186], 
some of them are listed in [82]. To effectively use UAVs for IoT, several challenges must be addressed 
such as optimal deployment, mobility and energy-efficient use of UAVs [81] 


5.8. Other Technologies 


Along with the aforementioned technologies, alot of research attention is devoted to technologies, 
such as mMIMO, visible light communication (VLC), SIC, vehicle-to-everything (V2X), etc. 

mMIMO technology [73,123] promises significant gains in data rate and link reliability [187], 
reduces latency and energy [13], simplifies media access control (MAC) layer [13], shows robustness 
against intentional jamming [13], unintended man-made interface [83], and increases capacity [127,198] 
due to spatial multiplexing [123]. Reliable links are provided by benefiting from spatial diversity 
and the mitigating effects of fast fading, beamforming, and zero forcing caused by multi-user 
interference [203]. The mMIMO can be exploited to extend the coverage of higher frequency bands 
by relying on beamforming gains [200]. Other specific benefits of mMIMO system are: increased 
capacity 10 times or more with simultaneous improvement in radiated energy efficiency in the order 
of 100 times, the possibility to use inexpensive, low-power components, the reduction of latency on 
the air interface, and multiple access layer simplification [83]. The low complexity mMIMO uplink 
scheme for IoT lightweight devices is presented in [188]. The performance of practical mMIMO system 
needs to be investigated, since the research community pays attention to analyzing the performance of 
‘mMIMO in an ideal channel state information assumption [73] 

VLC is a growing technology for short range, high capacity LOS optical links [189]. It uses a 
visible range of the electromagnetic spectrum (370-780 nm) which provides data transmission and 
room illumination using light emitting diodes (LEDs). Prominent features of VLC are an abundant 
license-free spectrum, the ability to provide multiple gigabit-per-second data rates, low energy 
consumption, and low implementation costs [190]. VLC is sensitive to sunlight and is not able 
to work long range without LOS. Since VLC coverage is LOS limited [84,191], this is known as 
LOS blocking [192]. With poor performance in non-line-of-sight scenarios, VLC networks fail to 
provide convenient UL coverage at the current state-of-the-art, and each AP illuminates only a small 
confined cell compared to cellular RF networks [192]. VLC applications are expected to include 
IoT, wireless Internet access, and vehicle-to-vehicle (V2V) communications, broadcast from LED, 
‘M2M communications, positioning systems, and navigation. The problem of how to provide mobile 
applications over VLC is still quite an open one [159] 

SIC implementation enables low-latency applications in a cost effective manner [152]. SIC 
can be used to increase link capacity, spectrum virtualization, any-division duplexing, novel relay 
solutions, and enhanced interface coordination [132]. Practical SIC implementation is still in the 
investigation phase. 

‘V2X is the communication between a vehicle and everything with which it might interact (e.g., 
other vehicles, traffic operators and service providers), Itis used in conjunction with D2D for coverage 
extension and latency reduction in 5G networks [255]. V2X communication might play a vital role in 
terms of implementing smart and efficient traffic solutions [193], improving road safety, traffic efficiency, 


connector on the SO-239 already installed in the enclosure. Strip remaining green wire end 
3/8" and bend into a hook for 
connection to the SO-239 
ground connector. 


The SO-239 connector and 
ground lug should be installed 
through the keyed hole in the 
lower right with the mounting 
nut securely tightened. 


Solder the green and black 
twisted pair to the SO-239 

center connector. Solder the 
green wire hook to the ground 
lug on the SO-239 connector. 


From inside the box, place an 
8-32 machine screw through 
a lock washer, the # 8 lug on 
the green wire, then through 
the lower 11/64” mounting 
hole. Place a flat washer on 
the outside protruding 
machine screw followed by # 
8 lock washer/nut and tighten 
securely. Place a #8 wing 
nut on the machine screw to 
finish the counterpoise 
connector. 


Position the toroid inside the box to allow connection of the red 
antenna wire lug to an 832 machine screw and lock- washer on the 
upper box side. Place a flat washer on the outside of the box followed 
with a # 8 lock washer/nut. Tighten the nut securely. Next, place the 
wing nut on the antenna connector and your project appears as 
shown above. 


A small spot of clear silicone compound is used to secure the toroid from movement in the 
enclosure. The final assembly step is to secure the box cover in place with four screws. 


Preparing the Antenna Wire 


Matchbox performance will be determined by two factors: The length of the antenna wire, and 
the capability of the tuner. The length of the antenna wire should be between 24 and 60 feet for 
best performance. Additional counterpoise is not normally required, as the coax shield provides 
the counterpoise function. Wires longer than 60 feet may have excessive impedance for some 
tuners to properly match. Wires shorter than 24 feet may not radiate as effectively. A 30 foot 
insulated 18 gauge stranded wire antenna and connecting lug is included with the project and 
should meet most requirements without need for any counterpoise. 


Experience has shown that most external tuners and some internal tuners will tune 80-6 meters 
with an antenna length of 24' to 30’. If a longer antenna is desired, the provided antenna can be 
lengthened. 


‘Some tuners, in particular internal tuners, may not tune the full 80-6 meter range. You may 
need to try different wire lengths to optimize your antenna configuration. If you are having 
difficulty getting your rig to tune, start with a 26’ wire. This should produce good results on at 
least 40-6 meters using the narrowest performance range of internal tuners. 


Best performance is achieved with a coax of 16’ or longer, with the coax shield providing the 
counterpoise function. Additional counterpoise is usually not required in this design, although 
the lower wing nut provides a convenient counterpoise connector if needed. The end fed 
antenna system works well in horizontal, sloper, and vertical configurations. 


Observe established safety practices when working with antennas, and avoid proximity to power 
or utility wires. Permanent installations should be equipped with appropriate static and lighting 
protection. 


Keep amateur radio safe and fun! 


Toroid Wiring Schematic 


ANTENNA CONNECTION 
Red wire 
Black wire 
Coax center 
INPUT Green wire 
Coax Shield 


Feedback on 6-40 End Fed Matchbox Antennas 


‘The antenna is amazing. | receive fantastic signal report from DX stations as well as hams around the 
country. | previously used a short version GRSV that was in an inverted V configuration on the roof of our 
house. This antenna was noisy but worked. Your antenna out performs the prior antenna and is much 
quieter. Thanks again for the fine product that your club offers. May 2012 


It took me 10 minutes to install and WOW - within 10 minutes | made my first HF contact (from CT to GA). 
And in the span of 4 hours made 3 more !!_| was transmitting just 5 Watts from Yaesu 857ND using this, 
antenna. This antenna rocks ! Thanks a ton | 73 May 2012 


The 6 - 40 Matchbox antenna works great! Easily tunes with the 2100 tuner - very low SWR's on 20m thru 
10m. Antenna was up about 45 feet on tree branch - wire length was about 52.5 feet, slight slope, 55 feet 
of coax, line isolator at radio. Work Hawaii for the very first time. Guess the antenna wanted to call 
home :-) 57 report, 100 watts, 15 Meter band, Icom 718. A great portable antenna that | will use often 
at Montrose Harbor along the lakefront in Chicago. Thank you for a fine, well made product. April 2012 


Itarrived today in fine shape. | got is up in the air this afternoon using a 31 foot radiator. Top is at 45 feet. 
Loads on all bands 80-10M with my LDG auto-tuner absolutely no problem, My first QSO was KH7X in 
the ARRL SS contest with 100W. Amazing. This thing rocks! I's a great antenna! Nice job and a great 
buy. November 2011 


| set-up my jackite pole today and tried a 68" wire with the 9:1 unun matchbox. | set it up as an inverted L 
with about 26 feet vertical and 42 feet horizontal. With my IC-703 it tuned 80 through 6 all well below 
1.5:1. | am going to leave the antenna up a few days and make a few contacts. | think the matchbox is 
terrific October 2011 


My 6 — 40 meter end fed arrived through the UK holiday mail and | departed from my norm of a sloper and 
‘mounted it vertically on a 10m fishing pole. It is surprisingly effective and rewarded me with a surprise 
contact on 17m into the Falkland Islands at 20:30UT last night. January 2012 

When | attached it to a 10m fiberglass fishing pole and went vertical - wow! Easy 5/9 contacts out to 
6,000+ miles when propagation was anything better than the worst. My simple ATU easily matches the 
antenna with SWR never greater than about 1.4 on any band itis built for. December 2012 


You can dither and procrastinate, but with this antenna, you'll be talking to the world in no time on any 
band that happens to be hot - and with your hard-eamed cash hardly touched! January 2012 


Just wanted to report back that | have tossed the antenna into a tree about 20° up in an inverted vee 
shape and | am pleased to report that | can tune anywhere | need on 40-10M using the TS-590 internal 
tuner!! My first contact was on 40M within 10 minutes of erecting the antenna and was all the way to TX 
from my condo here in Mi using just 10 watts. This is by far the best HAM related investment | have made 
in a long time. Living in a condo with strict association rules, | am able to conceal this wire in a tree out 
my bedroom window and talk all over. I'm very happy and would recommend this antenna to anyone in a 
similar situation. March 2013 


have had your multiband end fed antenna installed here in Singapore for a few weeks now and am very 
pleased. | used the wire from my previous antenna which is 66 feet long. It works beautifully! | have it 
hanging vertically outside my 15th story apartment window on a 5 foot horizontal pole (to get it away 
from the reinforced concrete building). A couple of fish weights on the end keep it from blowing around 
too much. | would recommend this antenna to anyone who is facing a challenging QTH. April 2013 | 
received my antenna yesterday, a quick 4 days since | ordered it. attached it to a 31 foot pole and my 
1C-706MK2. Within minutes, | made my first contact with 9A4KW in Zagreb, Croatia on 20 meters. Being 
able to reach out over 4,000 miles gives me real confidence that | have found my portable antenna. 
‘Thanks for your rapid response and fine product. May 2013 


In only 2 weeks of casual on-air time. If you could see how | had to zig-zag it through a big tree above the 
roof of my RV, you'd be saying like | am, “how the heck can that work? | worked 90% of the stations | 
called, and just added Mexico City on 15m that gave me a 5x9. September 2013 


Just wanted to let you know how pleased | am with my ERAC matchbox antenna. | put the EARC 
antenna in the backyard with the feed point at 4 feet and the wire sloping up to 35 feet. | have 125 feet of 
coax feed line. My transceiver’s builtin antenna tuner will adjust the SWR to below 1.2 to 1 on all bands 
80-6 meters. Last weekend I worked 65 countries on 5 continents. live in an antenna restricted 
community and this antenna has allowed me to enjoy ham radio again. February 2014 


used the EARC Matchbox today. It works GREAT on 20m with a 30 ft radiator in vertical positioning, fed 
with 25ft of RG175/u coax. I've been talking up and down the east coast with 3W on SSB all afternoon! 
People ask me to repeat my power output again and again. | can't wait until | get the chance to use it at 
night, where | think itll really shine! This has a permanent place in my portable kit. Thanks for the great 
product! April 2014 


| performed a simple install in Virginia making it vertical by using a 28 foot fiber glass kite pole. Within 30 
minutes (NO KIDDING) | was receiving Lebanon on 17 meters! | also worked Russia and Eastern Europe 
that night on 20 meters. | love this antenna and | give it a 100% (5 STAR) rating. May 2014 


This little box is magic. NY, IA and NM from GA with ease on 100w June 2014 


Just wanted to let you guys know, this matchbox is wonderful. | built the matchbox, connected it to 55 
feet of solid #14 about 20 feet in the air. My rig is a Yaesu FT-817ND connected to a MFJ-971 tuner with 
coax running between the tuner and the matchbox. So far | have worked Slovenia twice, Morocco, St. 
Helena Isiand, Cuba, Cost Rica, Vermont, Wyoming, Florida, North Dakota, Brazil, and Colombia. This 
setup works really well on the higher bands. Thank you for putting this design on the internet. | like it so 
much its become permanent here. September 2014 


This antenna continues to amaze me. It worked well U-shaped “indoors” with 50 watts, and now outdoors 
asa sloper. It easily loads 10-40m with my TS-570s internal tuner. I'm sold on it and own two of them 
now. I'm working at least 90% of the DX I chase. | have no RFI in the shack either. November 2014 


EARC Antennas are operating in virtually every state, these countries and 
more! 


Argentina Australia Belgium Brazil Canada Chile Denmark Greece 


Hong Kong India Ireland Israel Italy Mexico Mozambique New Zealand Russia Singapore 
‘Sweden Tasmania United Kingdom 


ORDERING A MATCHBOX ANTENNA FROM EARC 


Volunteers of the Honolulu Emergency Amateur Radio Club (EARC) carefully assemble the 6- 
40 End Fed matchbox antennas for those who prefer not to build one. For a donation of $56 
(Including USPS priority mail shipping) club volunteers will build and deliver a 6-40 matchbox 
with a 30 foot antenna wire anywhere in the U.S., we do not ship internationally. Note that coax 
cable is not included. 


Payment by PayPal 


To pay via PayPal, make your payment to paypal@earchi.org using any major credit card. 
Include your name, mailing address, and email address with the order. 


We will ship promptly and you will likely receive the order in the US in 7 days or less. If you 
have any questions about your order, please email webmaster@earchi.orq 


Thank you for your interest in the activities of Honolulu Emergency Amateur Radio Club and 
amateur radio. 
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2N6084 144MHz FM Power Amplifier 


Simple 2m ampli 


| built the PA board for this when | was a foundation licencee, but under the foundation licence, you must 
only use comercially made transmitters. Since getting my intermediate licence, | have put it in a box, and 
added an RF sensing switch so | can use it. It uses a 2N6084 RF transistor, and will produce 50w output 
max. Itis a class C amplifier design, and therefore good for FM mode only. | have tried using the 2N6084 in 
class A, but amplifier gain was down to about 4dB and it seemed a but pointless! 


2.5w 10w 
aw 20w 
Tw 30w 
10w 4ow 
13w sow 
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and driver convenience. To reduce traffic congestion one may use an intelligent route management 
system based on V2X communication [7]. Since it has big potential in autonomous driving application, 
the localization of vehicles in dense urban areas is difficult, so several algorithms are proposed to solve 
the problems [194]. Many V2X applications are described in existing literature [85,195]. However, 
there is still a need to design vehicular mobility management strategies in next UDN networks and to 
find a way to enhance existing connected vehicle services with V2X [86]. 

These technologies are highlighted as the main 5G driver in existing literature [5-7,96,207] 
Authors compare these technologies and try to implement them through prototypes, or test the 
combination of these technologies. However, other technologies exist, such as cloud-RAN [7], 
Coordinated Multi-Point (CoMP), White Space Spectrum [208], which are not in the scope of this paper. 


5.9, Summary of 1oT in Enabling Technologies 
Performance requirements of activity-based IoT application classes have served to identify the 


enabling technologies in the radio access part of 5G networks, which are summarized in Table 5. 
Various 5G enabling technologies have been sorted into eight technological groups: 


1. Wide and flexible bandwidth technology: mmWave band communication and large-scale 
antennas, heterogeneous multi-RAT integration, cognitive radio, and spectrum sharing; 
Advanced modulation and coding: advanced modulation schemes, advanced channel coding; 
Duplexing: in-band FD, dynamic TDD; 

Multiple access and waveform: multiple access, new waveforms; 

Advanced interface management: SND, SWSC; 

Access architecture related radio technologies: advanced small cell, MN, enhanced wireless 
backhaul, D2D; 

Energy related technologies: energy harvesting, UAV; 

8. Other technologies: mMIMO, VLC, SIC, V2X. 


‘These technologies have been discussed in terms of their possibilities to meet performance 
requirements of activity-hased loT application classes and identify research gaps and directions, which 
are summarized in Table 6. 

We have highlighted technologies only used to satisfy high priority performance requirements 
of mMTC activity-based IoT application classes, i., connection density, positioning accuracy, and 
coverage. We have focused on these technologies from telco’s perspective, since the area of mMTC 
activity-based IoT classes is more mature, as its development has already started within LTE, while 
UMTC poses new research questions to be answered in order to achieve unprecedented levels of 
reliability needed for new applications in 5G. 

‘The new waveform technology may be used to fulfil the requirements of almost every 
activity-based IoT application class in terms of connection density. This technology affects the 
connection density by definition. Analysis of different modulation formats indicates that OFDM is 
the most suitable candidate for IoT applications with high connection density requirements. In this 
regard, a deeper and more comprehensive analysis of f-OFDM is needed in the context of different 
mMTC activities (ie, ticketing, tracking, monitoring, and managing /controlling). The result of the 
analysis to be performed should be the discovery of an optimal waveform for each activity-based IoT 
class which has to be integrated with other 5G service classes. 

Large scale antennas and advanced small cell technologies can be used to satisfy the requirements 
of ticketing-, tracking-, and uMTC managing /controlling-based IoT application classes in terms of 
positioning accuracy. Fulfilling these performance requirements is rather a business than a technical 
decision. The size of the 5G cell must be planned to meet the desired position accuracy since itis very 
important for future IoT applications, such as automated driving, remote surgery, robotics, taxis, et 

Wide and flexible bandwidth technologies, in-band full duplex technologies, access architecture 
related radio technologies, and mMIMO can be used to achieve the high requirements of ticketing-, 
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Pc]: $Re J Compact Top Band Antenna - An Inverted L for stealth with low(ish) visual impact 


PIS With a small back garden there is no way that | could accommodate an aerial for the 160m band that would be 
anything approaching ful size. A full size dipole would be about 65 metres long and would need to be mounted at a 

‘ery good height to be at its most effective. A full size vertical 1/4 wave would be about 37.5 meters tal. Impossible! 

QRM Bending a 1/4 wave wire into an inverted L would stil result in a very long wire - say 10 metres vertically and 27.5, 
‘metres horizontally. Stil too large. 


its 'n’ Bobs 


Full size top band antennas are big, far too big for my small plot, so | have tried a few different shortened 160m 
CO SPS 2crials. | really would prefer to use @ balanced dipole nat only for the radiation efficiency, but just as importantly for 

the lower noise on receive - like a ground mounted vertical aerial an inverted L. can be rather noisy on RX. However 
| have to settle for 2 compromise, so shown in the drawings and photographs below is my current top band aerial, 


WSPR along with some previous experiments and ideas further down the page. 

Weak Signal 

Propagation This incamation of my Top Band aerial takes two forms. A compact Inverted L and, in its lower position, a less 
Reporter conspicuous sloping wire, shown below: 
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‘Top Band Aerial by MOM] 
Goton the air with 
Tor QUALITY General layout of Top Band Aerial with fibreglass pole retracted to a 
eee Wire lengths are approximate: Inductor Sem dia with approx 40 turns of 0.8mm e..w. 
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‘My first experiments were with a base loaded sloper which worked ok-ish for local ground wave, but could have 
been better. The first weak link that | wanted to change was moving the base loading coll further up the aerial wire 
‘0 that it would be positioned on the more horizontal section. 


It was also very low, so could surely benefit fram some additional vertical height. However | could not realistically 
terect another permanent pole in the garden for fear of upsetting the XYLI 


‘Therefore | decided that | needed a design that could be semi-permanent and offer two slightly different 
configurations: The idea is that, as a sloping wire, the aerial can be left in place at all times for RX and still be 
‘operable on TX. Since itis essentially just a wire sloping from fence height (2m) up to the roof apex it has fairly 
‘minimal visual impact. Alternatively, when required - at night - the telescopic pole can be extended to transform the 
aerial into the larger Inverted L. 


‘The Earth and Radials: The aerial is fed against ground, so the ground needs to be as good as possible. At the 
bbase of the aerial a copper earth rod is driven into the ground. Additional ground radial wires are also added to 
provide a counterpoise and help reduce earth loss. The more the merrier. 


‘The Support: A 10 metre long telescopic fibreglass fishing pole is used as part of the support. A wooden post was 
driven into the ground, adjacent to the earth rad, The connector box is screwed on to the post and the fishing pole 
was fixed to the post using nylon straps. 


‘Since the top sections of a fishing pole are too thin to support the aerial wire, the last four sections were removed, 
leaving the pole 6 metres in length, which is a respectable height in a small back garden, though being even taller 
would be better. 


‘A small lightweight pulley is fixed to the top of the fibreglass pole using two nylon ties - as seen in the photograph. 
‘Asa sloping wire, the fishing pole is collapsed to 2m in height while being extended to 6 metres when being used as 
the ‘ull Inverted L. The pole is quite flexible and so will tend to bend quite noticeably when 6 metres long with the 
Wire attached to the top. This could be remedied by adding a back guy rope of required. 


‘The far end of the aerial wire is tied to a egg type insulator and nylon halyard which is suspended through a pulley 
con a pole attached near the apex of the roof. The nylon halyard is tied off on a cleat hook near ground level to 
tenable easy ralsing and lowering of the aerial wire, 


‘The Wire: Aerial wire is PVG covered stranded wire of about 16/18 swg http:/nmwwhwestlake.co.uk. The wires 
Were cut for the maximum length that could be fitted into the available space - so as much wire was in the air as, 
ppossible. This was about 3.5 metres from the feed point to inductor and around 12 to 13 metres from the inductor to 
the far end, 


(ifyou make one of these get the vertical portion as high as possible and the horizontal section as long as possible 
land reduce the coils inductance accordingly). 


‘The Inductor and Resonancs 


‘The resonance of the aerial system was adjusted not by altering the length of the wires, but by changing the 
inductance ofthe loading coil 


| had some 0.9mm (20 s.w.g.) enamelled copper wire on a reel, so | used that to wind the coil. The coil former is, 
‘cm in diameter and about 15 om long, cut from an empty tube of silicone bath sealant (the ‘gun’ type). Two holes 
are drilled in the former forthe fixing bolts and wing nuts that secure the aerial and coll wires. 


|used an MF antenna analyzer to check resonance and adjust the number of tums. Initially the coll was wound 
with 60 turns, but the resonance was well below 1800 kHz, Tums were gradually removed until resonance was 
around 1940 kHz, leaving 38 tums on the coil. (Thicker e.c-wire might have been better, | would have preferred to 
use something lke 18.swg 1.2mm diameter and this may possibly get changed in the future) 


Enameled copper wire: 
http://www esr.co uklelectronics/cable-copper him 


When the adjustments were finished the aerial wires and coil wires are terminated with lugs and fixed in place with 
the bolts and wing nuts. The winding was also covered in duck tape. All exposed connections should be suitably 
protected against the weather for a permanent instalation 


When setting up any aetial an antenna analyzer is extremely useful - allowing all the measurements to be done in 
the garden or back yard thereby simplifying and speeding up the process considerably. These simple 
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‘measurements can be made using the transceiver and VSWR meter, though that is obviously less convenient and, 
will involve transmitting regular short burst of carrer, so i's very important to ensure that the power used is the 
absolute minimum and that the frequency being used is clear. 
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‘Top Band Aerial by MOMT] 
ral layout of Top Band Aerial with a fibraglass pole extended to a height of 6 metres 
Wire lengths are approximate: Inductor Sem dia with approx 39 turns of 0.9mm e.c.w. 


Ge 


“To transform the aerial tothe Inverted L format (shown in the above diagram) | envisaged that changing the fist 
length of wie, from a 3.5 metre length fo 6.5 metre length, and the inductor would be necessary. | had assumed that 
2 coil with less inductance (fewer tums) would be required due tothe longer length of aerial wire used in the 
Inverted L arrangement. 


was, however, proved wrong. On first attempt | left the original coil in place, just adding the longer wire section 
(from connection box to coil) and raising the pole to its ful 6 metres. The point of resonance was only about 20 kHz 
away from where it was as a sloper. 

This, | think, can be explained by the fact that inthe sloper configuration, the wire is close to the ground, other 
objects and vegetation which wil in effect add loading to the aerial, Consequently a loading coil wth less inductance 
than might otherwise be expected is required. So, by happy coincidence, the same coll is also suitable for the 
longer wire that is at a greater height (and therefore is influenced less by ground loading). 

This, quite by chance, made the swap from Sloper to Inverted L a litle easier since there was no need to wind a 
‘second call - the change being made by merely adding the longer first wire section and pushing up the pole to its full 
6 metre height. 

If there are no concems or objections to instaling a tal pole at the bottom of the garden, then the Inverted L 
arrangement could be left as a permanent installation. In that case the pole need not be a fibreglass fishing pole, 
although itis stil an attractive lightweight method, instead a couple of 3 metre long sections of treated timber could 
bee joined together to form a 6 metre high post - the higher and longer the better though! 

‘These links may be useful in helping to calculate loading coils: 

‘Antenna Leading Coil Calculator : http:Jeweb.chemeng.ed.20.ubiiack/radio/softwarevloading him! 

Coil winding design program : hitp:/lecosse.oraliack/radio/software/newcoil3 him! 

Loaded dipole calculator by K7MEM : hito:/www.k7mem.com/Electronic NotebooW/antennas/shortant.him! 


Ring Core Calculator: hitp:/imwwsdiSswb.defhtmi/mini ring core_calculator:him 


htp:twww.mds876.co.uk/Contentiamatour_radio_antannas_ 02 htm ant 


4030/2017 


ANTENNAS & AERIALS 2 - COMPACT TOP BAND AERIAL - Antenna for 160 Mattes by MOMTJ" Bands 


‘telescopic pole attached with connection box, cables and earth rod. 
‘The cable entering from the left is the earthing strap which is connected 
to ground rods and radial wires. The coaxial feeder cabl from tho 

bottom right of the box and is wound around a length of white plastic pipe 

to form a simple RF Chi 
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‘Antenna Wire 


Box 


,'Chos Block 
Connectors 


—}Earh Cable 


band bad 
ToTXVR To Earth Spike 


My original implementation which used ‘choc block’ 
connectors. The final design has all soldered joints 
‘with a stainless steel bolt and wing not at the top 
of the connecting box. 


AOMT] 
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Top Band Inverted L - pulley on top of the 6m telescopic pole 


This is the unfinished coil, the connections on the left ar 
the right are unfinished to allow adjustment of the number of turns. When that is settied the final lug is soldered to 
the end of the enamelled copper wire and held in place with the bolt and wing nut. The coil is 39 tums of 0.9mm 
.e.c.w., wound on a Scm diameter former made out of an empty silicone bathroom sealant tube. (I would hav 

to.use slightly thicker e.c.w. of about 18 swg 1.2mm’ so thal may get changed in the future) 


Enamelled copper wire: 


‘Top Band Inverted L - pulley, rope and insulator supporting the wire at the far end 
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‘The photo exaggerates the bend a litle, but is not enough to worry about. The bend could easily be corrected by 
‘adding a back guy to pul the pole back towards the vertical position, but for this job is fine as itis. 


DOES IT WORK? 
‘Yes! This aerial does work, | am glad to say! 
It works better than my initial short sloping wire shown further down this page, which is what one would expect! 


Rather than merely settling for a local ground wave signal | was very pleased to contact Top Band enthusiast Steve 
G7KLIJ on my first attempt, Steve is 170 miles distant fram me and the night time sky wave provided a pretty good 
result. G7KLJ gave me a § /8 with my 100 watts on 1843kcs using my small aerial. | gave G7KLJ 5 /9+10 with 
Steve's large doublet and 400 watts (lovely audio too Stevel). 


‘Admittedly that’s potentially a 16d8 difference, which is pretty huge, but G7KLJ had the benefit of 300 more watts - 
that's a 6dB advantage. It also depends on how the individual S meters compare. Steve seemed to indicate that his 
'S meter was a bit on the lazy side - 1 S Point pessimistic? But maybe my S meter similarly pessimistic? 


Compared to a ful size inverted L my loaded aerial is less than half the size and is obviously going to lose out, but 
‘by how much? Haif the size, half the effective power - 348 down? Probably a lot more - dB? There's one S point 
last already (Who wants to bet that it's a lat more than that?). Since | have a ground system that is far from ideal 
there's another few dB's lost - another 6dB? That would be 2 S Points lost before taking into account anything else. 
‘This is all pure guesswork and speculation admittedly and probably quite groundless (almost literally in my case), 
land might best be described as pointiess ramblings! (Where did the delete key go?) The pessimist? The realist? 


‘The only thing proved by this single event is that my aerial radiates at least something useful - and that G7KLJ has @ 
(great station! yrww.g7kl.com 


Droit 


ich 
(OK so it's not Droitwich, but it does work and gets me on Top Band when otherwise there would be no chance. 


|lam happy - but as with anything improvements can always be made. The aerial could be taller perhaps, though | 
‘cannot make it any longer. The earth system could be far far better, though | would struggle to accommodate any 
improvements at the present QTH. | could use better coaxial cable and also (importantly) attempt to lower the 
received noise by experimenting with chokes or burying the feeder to reduce common made currents. 
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Plenty to think about and plenty to play with! 


Important notes on effective Grounding by Jim K8OZ 


‘Mike - I was reading about your work on the 160 meter Inverted L, and it makes me want to go out and build some 
‘more antennas! Congratulations. Your story is fascinating, and very well documented. 


‘The only thing [can offer as a suggestion is to get as much radial wire along the edge of your property as possible 
(assuming your XYL will not allow you to bury radial wire all aver your yard). Even if you can only run multiple 
Wires 1/8th of a meter apart from each other, and parallel to each other, your losses will be reduced. The ground 
Josses have quite an impact on your transmitted signal, so any wire you can “hide” along the edge of your property 
will help improve your signal strength - litle, by litle..!' (It may also affect your resonant frequency slighty, but 
that's easy to deal with by adjusting with an antenna tuner or slightly changing the loading coll.) 


Good luck OM, and keep up the refinements on your antenna system. You're doing great! 73, 
sim, K80Z 
‘Albuquerque, NM 


‘Top Band Antenna by Mark, GOMGX and Vince GDORC 
Mike, I've been reading with interest your musings on top band antennas and have tried to build a replica of yours 
today with a fellow ham GOORC. Thanks very much for the information and the link. You can see the results of my 
attempts here: 

‘Construction: hito:/a0max.blogspot.co,uk/2012/08/top-band-whal-happens-there-then.him| 

It Worst: htto:/g0maxblogspot.co,uk/2012/08hvell-this-top-band-twig-doss dt-work him! 

Mark. GOMGX 


Mike, 


| know you have been in contact with my good friend Mark GOMGX but | felt | needed to say thanks and 
‘acknowledge your work on a 160m sloper. 


It works very welt here and, thanks to Mark who built several inductors until one gave us an SWR of 1.1 on the CW 
fend of the band and also braised several copper rods together for form a reasonable earth under a large pine 

lee. He has passed on to me details of the website of K7MEM which may well inspire me to try a sloper for 80m. 
as well 


Ive always wanted a top band antenna but felt that | didn't have the room - but thanks to your idea and Mark's 
enthusiasm for the project | now have what | wanted - I'm being heard (and can hear) into European Russia with it 
0 it certainly works! 


‘Thanks again - | enjoyed your website very much. (Just heard AGSBP as welll) 
73, Vince GOORC _hittp:/vwww.arz.comidb/GOORC 


Further Developments of this antenna. 


‘Another Top Band Aerial by MOMTS 


‘After reading the article "Top Band in a Small Garden in the August 2012 edition of Practical Wireless Magazine 
(PW), | investigated further development of my Top Band Sloper / Inverted L Antenna (shown above). 


‘The article by Stuart Craigen G4GTX described a compact wire antenna for top band that could be accommodated 
in small gardens. The antenna is shunt fed at the base, the coax being connected across a 7 tum coil (wound an an 
off-cut of an emply silicone sealant cartridge), with the braid connected to the earth stake and radial ground wires. 
‘The centre conductor is connected to the aerial wie. 


| could not quite accommodate the shape that Stuart suggested for the aerial wire, but itis very similar: For my 
version the feed point is at the bottom of the garden near the fence immediately adjacent the earth stake. The first 

section of aerial is about 9.14 metres long - the wire rises 3.5 metres vertically up the 6.5 matre tll telescopic pole, 
at the 3.5 metre point the wire is held in place on the mast by a small bungee and then folds over almost horizontally 
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tracking-, and monitoring-based loT application classes in terms of coverage. The combination of these 
technologies should be tested to find the optimal solution to meet these performance requirements. 
‘Since small cell deployment has an impact on required position accuracy, they should serve as a basis 
for achieving the desired level of coverage. Along with small cell deployment, mMIMO and mmWave 
technologies are present in almost every 5G prototype. 

Since this section discusses radio technologies used to accomplish performance requirements 
of mMTC activity-based IoT application classes, it can serve telecom operators and other interested 
parties depending on their interest and potential to utilize these findings towards loT implementation 
and monetization. It describes each technology in terms of definition, advantages, disadvantages, 
and the possible impact on the performance requirements of a broad range of loT applications that 
drive the deployment of 5G networks. Moreover, this section can be useful to the research community 
interested in this attractive field to address recognized research gaps and directions. 


6. Discussion 


‘Telecom operators have the opportunity to capture a share of the revenue that is generated by 
IoT implementation depending on their role in the oT value chain. Regardless of their role, telcos 
have to face many technical challenges in order to meet the changing connectivity and performance 
requirements. Since current cellular networks limit numerous IoT applications, new technologies are 
being introduced leading towards 5G networks. Therefore, telcos have to focus on deploying these 
network technologies in order meet the changing requirements necessary to achieve success in IoT. 

In this regard, writing this paper was motivated by the challenge of providing an enhanced 
understanding of the scope and classification of the broad range of loT applications in order to 
determine and prioritize their performance requirements with the goal of specifying the enabling 
technologies towards 5G networks. The aim has been to propose a new classification of loT applications, 
define and prioritize the performance requirements of such loT application classes, and give insight 
into state-of-the-art technologies used to meet these requirements from telco’s point of view. The 
‘motivation that led to the focus of this paper being on IoT applications classification, performance 
requirements, and 5G enabling technologies could be explained by telcos need for added value 
from IoT services. Hence, an analysis of loT customer service requests inspired us to propose an 
activity-based classification of IoT applications as it can, according to authors’ best knowledge, has 
allowed telcos to more precisely specify their performance requirements and 5G enabling technologies, 
thereby improving customer experience. 

In this regard, the paper fulfilled the following four objectives: (1) the identification of activities 
relevant to IoT applications and their usage as a new criterion for loT application classification; 
(2) the specification and prioritization of performance requirements of such IoT applications classes; 
(3) the analysis of the radio technologies used to accomplish IoT application requirements; and (4) the 
identification of the research gaps and the recommendation of new research directions. 

‘Through fulfilling these objectives, we reviewed literature from the fields of loT in 5G service 
classifications, loT in 5G performance requirements, and loT in 5G enabling technologies. Since the first 
aim of this paper was to propose a new classification of loT applications, the existing approaches have 
been summarized to serve as a basis to identify their drawbacks and formulate the appropriate solution 
to overcome them. In this context, we proposed a new approach to IoT applications classification, 
which was based on the activity as a new classification criterion denoting the main function/ purpose 
of specific loT application. This approach enabled a clearer and more precise positioning of particular 
application in the IoT application spectrum, as well as the determination of performance requirements 
and enabling technologies from telcos point of view. The activity-based loT application classification 
facilitated the specification of the performance requirements and determination of technologies which 
enable these requirements to be fulfilled. In this context, the proposed approach served as a basis 
the simplification of the realization of particular IoT application. For example, although the monitoring- 
and tracking-based applications seem to be similar, they set different performance requirements on the 
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land runs for a further 5.64 metres where it connects to the loading inductor. 


‘The inductor consists of 36 turns of 18 swg (1.2mm diameter) enamelled copper wire on a S0mm diameter, 
lightweight plastic former (again made from an off-cut of an emply silicone sealant cartridge). After the inductor there 
{sa further 6 metres (approx) of wire rising to a dog-bone insulator, fixed to the end of a length of para cord that 
runs up fo the pulley shawn in a previous photograph. From the dog-bone insulator the aerial wire runs back, in the 
‘opposite direction, for about 12 metres, returning to the top of the 6.5 metre tall mast at the bottom of the garden, 
tied off to an egg insulator which is itself fixed to the top of the mast by a very short length of para-cord fixed to the 
‘mast by a thick nylon cable tie, 


Ifthe wire dimensions are changed, the number of turns on the inductor wil have to be changed accordingly 
Similarly my antenna is located quite near the 80m/40m Inverted L and the interaction of the antenna affects the 
tuning and hence the number of tums required on the loading coil 


Paley 


“Telescope fbrog 
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a nodon post 
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85 yh 
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Sr we Sh untoot and 
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Dimensions shown ae appresiats 
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Another compact Top Band Aerial by MOMT] tt 


Another Top Band Aerial (drawing not to scale) 
‘The inductor is 36 tums of 1.2mm diameter (18 sig) enamelled copper wire on a 2 inch former 


With that arrangement there is about 27 metres of wire in the air. The point of resonance is 1900 kHz, but this can 
bbe adjusted by altering the number of turns on the inductor. As expected bandwidth is quite narrow. As with any 
antenna fed against ground the earthing needs to as extensive as possible - as noted previously, above. | suspect 
that it may be better that the top wire should be horizontal, or sloping slightly upwards, however with the available 
‘space and materials available the best that | could achieve had the top wire sloping slightly downwards to the post. 
Lowering the position of the dog-bone insulator or using a taller post could overcome this. 


htp:taww.mds876 co uk/Contentiamatour_radio_ antennas. 02 htm 1021 


4030/2017 ANTENNAS & AERIALS 2 - COMPACT TOP BAND AERIAL - Antenna for 160 Metres by MOMTJ" Bands 


Photograph of the feed-point of the compact, fo enna showing the 
7 tun shunt fed coil in the weatherproof housing. Nuts and bolts are stainless steel 


First Test: A brief on air test on 8th September 2012 between 2100 and 2130 UTC on 1.933 MHz brought in two 
prizes: Peter EI7JM near Malin Head and Tony M3LTD in Naseby, Leicestershire. EI7JM was a true 5/9 to me and 
he gave me a report ofa true 5/9. M3LTD was 5/7. Many thanks to both stations for the useful contacts. 


For different sized gardens the best idea might be to get as much aerial wire into the air and then make adjustments 
to the point of resonance by simply adjusting the number of turns on the inductor. 


Obtain the article "Top Band in a Small Garden’ by Stuart Craigen G4GTX from 


‘Stuart Craigen G4GTX comments: 
Hi Mike, | have just been looking at your fascinating antenna page on top band antennas! Glad to see that you had @ 
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{go at building my shunt fed wire vertical that | did for Practical Wireless! | found it tremendous. A few weeks ago | 
was talking to G3YFN in Newcastle at about 4pm when | was called by G4BIM in the Isle of Wight! | also got a QSL. 
5/9 from Luxembourg!, Have fun.with i! 


‘Thanks for the nice comments about my shunt fed 160m aerial. | enclose some QSL cards which you might find 
interesting to look al! Note the times of the QSO's and the reports! At night | have been told that | sound lke the 
BBC from some European stations!! 


‘Note G4BIM Isle of Wight 5/7 from Sunderland at 4.30 pm and Aberdeen at night. It certainly works for me. | think 
that the shunt feeding is the answer as it taps into the aerial at the 50 ohm point, Putting the loading coil away fram 
the base should increase efficiency hence approx midway. A chap near Newcastle built one of these a few years 
‘ago and his groundwave signal was 5/9+20 here in Sunderland 12 miles away!!! 

73 

Stuart G4GTX 


‘Adding Top Band to the 40m / 80m Inverted L antenna using a switchable loading coil 


Due to an aborted house move in 2010 | had removed all the antennas. While re-establishing the aerials in 2011, 
land considering space limitations, | decided to experiment with adding a loading col to the 40m / 80m Inverted L 
‘aerial. The loading call has a link wire to shor it out of circuit when using the aerial for 80 metres and 40 metres. 
‘The link wire is removed when Top Band is required. The coil consists of approximately 37 turns wound on a piece 
‘of 68mm (2.8 inch approx) diameter PVC pipe: 
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‘Work In Progress! - Adding 160 metre loading coll to the 80m / 40m Inverted L Aerial 
The loading coil has a link wire to short it out of circuit when using the aerial for 80 metres and 40 metres. 


‘The link wire is removed when Top Band is required. 
The coil consists of approximately 37 tums wound on a piece of 68mm (2.7 inch approx) diameter PVC pipe. 


‘More about the 80 / 40 metre Inverted L Aerial on Antennas Page 1> 


If there really is no space to accommodate a top band dipole, inverted V or even the inverted L above, then another 
‘option could be a simple vertical. Again based on a 10 metre long fibreglass roach pole, this could be installed as a 
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permanent aerial, or only deployed as and when required on a temporary and stealthy basis, 


‘The 10 metre long fishing pole would be erected by standing it on the ground, using three or four nylon guy ropes as. 
‘support, or tying it to 2 wooden ground stake driven into the ground. The vertical radiator would consist of about 9.5, 
metres of PVC covered wire fixed at the top of the pole and with a loading coil at the centre. As with the design 
above, the loading coil could be wound on a 5 cm diameter using 1.2 mm diameter enamelled copper wire. To make 
the former as light weight as possible, once again, the tube from an empty bathroom sealant (or silicone sealer etc) 
{gun could be used. They are, conveniently, SOmm in diameter. 


| have not experimented with the number of tums required for the centre loading coil, but from experience with the 
above aerial, the figure may lie somewhere between 50 and 100 turns 


‘The aerial would be fed with coaxial cable and would need a good earth rod at its base and a good number of 
‘ground radials, as along as possible. 


Provious Top Band Aerial Experiments: 
‘Top Band Inverted V 


‘This is a considerably shortened dipole for 160 metres, using loading coils to reduce the length of each leg to about 
7.5 metres length. Each coil is wound on a 5 om diameter former and consists of approximately 120 turns of 1.2mm. 
diameter enamelled copper wire. The dipole was arranged in an inverted V configuration. 


Being as a dipole is a balanced aerial, it was fed at its centre using balanced twin feeder for lowest loss and, being 
balanced, lowest noise. 


In this configuration it was very quiet, but did also appear to receive very well. At my QTH the noise on top band. 
generally ranges from S7 to S9, on this inverted V the noise was S4 to 6. However it did not transmit well at all - | 
Believe this to be not only because the dipole is very short (only 1m) but because the angle at which the wires at 
the top of the V was far too acute - only about 45 degrees. The angle at the top of the V really should be over well, 
{90 degrees - maybe something like 110 degrees would be best. Clearly this seems to be a problem, 


| had not got the space to separate the wires any further, but it was an interesting experiment that appeared to 
demonstrate that a balanced dipole fed with balanced twin feeder could help reduce noise. If more space was 
available this is an antenna that | would wish to pursue further. 
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MOMT] 


Manni Dipsle 


aie Inet 


‘Short Base Loaded Sloper -a first attempt at a top band anton 


160m metres is probably the noisiest band, but | wanted to give ita go anyway even though space at my QTH is at 
2 premium and fitting in a suitable antenna is quite challenging. The most promising candidate that | intially found, 
‘apart fram small commercially available antennas, was the "Practical Antenna For 160 metres” described by Frank 
‘G3YCC and featured on the website of IWSEDI and linked to on the pages of www.dxzone.cam 


70 
engpesues 
Peeler 
eset 
Perec 
monn on aie 
= 


(G3YCC Top Band Antenna 
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‘This Top Band antenna consists of 140 feet of wire, 70 feet space wound around a non-conductive (fibreglass) pole 
or tube about 6 feet long, with remainder forming a sloping wire falling back to near ground level. The antenna is 
UN-Balanced and is therefore fed with unbalanced coaxial cable, withthe braid connected to a ground stake at the 
base of the aerial 


‘The above design is intended to have the coil section mounted on top of a mast or pole with the wire running 
downwards. | could not accommodate that arrangement, so | adapted the design to produce the antenna shown 
below: 


Nylon halyard & pull 


Egg Insulat 


Fencs or wall 


Pulley 


Nylon 
halyard 


Radial Wires 


‘The drawing above shows the loaded Top-Band Antenna - a first attempt at an aerial for 160m - consisting of the 
radiating top wire, a base loading coil, earth stake and additional earth radials that act as a counterpoise: The top 
wire is abaut 10 metres long and slopes down to the loading call which consists of 64 tus of the aerial cable 
wound around a 4" diameter PVC pipe and then falls vertically for about 1 metre where it enters the connection box. 
‘The halyard arrangement allows the antenna wire to be quickly dropped for adjustment and then raised back into 
position. There is an earth rod at the base of the antenna connected to several ground radials and a second earth 
rod a few metres away After performing some tests | find that it does work reasonably well for local contacts ground. 
wave contacts around the town, but it could be better and is certainly very disappointing for longer distance work. 


freee Wire 


Box 


Sy 


! Choe Block 
Connectors 


RG219 code 
—} Earth Cable 


ToTHUR To Earth Spike 
‘Above: The Connection Box 
Read more developments here> 
Eficieney 
‘The aerial shown above fs obviously very much shortened and therefore is very ineficiet when compared toa ful 


size resonant quater wave aerial. A shortened aerial stil needs to make best use of the space - so the antenna wire 
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needs to be as long as possible. Resonance is adjusted by varying the inductance of the loading call. Also itis 
necessary to use the largest earth system as is practicable to abiain the best possible efficiency. 


Performance 


In my configuration described above it is admittedly a very low efficiency antenna - but atleast it gets ane on Top 
Band It's ok for local working araund a town or a city, but i's certainly nat a DX aerial by any stretch of the 
imagination. | could hear many stations 100 to 200 miles away, but they could not read my signals. For local ground 
wave work it was adequate, 


| suspect that ifthe original design by G3YCC was employed, ie. the coil mounted at the top of a pole and the 
loading wire running down, that it may work rather better than my implementation. The problem that my 
implementation has is that the loading coil is al the bottom of the aerial, near the ground. Better efficiency may be 
acheived with centre loading. The longer the radiating wire the better too. 


‘More Details 


‘The antenna was fed by coaxial cable from the shack in the bedroom at the front of the house to the feed point at 
the base of the fence at the bottom of the back garden. The coaxial cable enters a small plastic box, screwed to the 
fence post, where itis terminated: The outer conductor of the coax is connected to the earth cable with a ‘chock 
block’ connecter, the earth cable going to a four foot long earth rod hammered into the ground near by. The centre 
‘conductor of the coax is connected to the antenna cable also using a ‘choc block’ connector. 


The antenna wire runs vertically up the fence for about 1 metre to the loading coil which consists of 64 turns of the 
antenna wire wound around a piece of 4 inch diameter PVC pipe. About 32 tums a close wound and the other 32 
tums space wound; The inductance, and therefore the point of resonance could be easily adjusted by altering the 
spacing of the windings. Once set ai the required point of resonance the windings can be held in place with duck 
tape. 

‘The antenna wire exits the coil at the top and passes through a pully secured to the top of the fence and then slopes: 
upwards for about 10 metres to the fing point at a convenient point an the house, in this case the eaves. The end 
of the wire is tied off to a plastic ‘egg insulator. The egg insulator is tied to a nylon halyard wich passes through a 
‘second pully at the fixing point. This allows the antenna wire to be quickly dropped for adjustment and then raised 
bback into position 


‘The earth system should be as extensive as possible for better efficiency; e.g. earth stake and a number earth 
radials, as long as possible around the garden to provide a counterpoise. 


Link: 


Visit wwnw.q7kli.com - the website of 160 metre entusiast Steve G7KLJ 


OTHER THINGS. 
As 


for HE 


‘There are dozens, if not hundreds, of antenna designs from which to choose. All have their own proponents. Some 
are genuinely good while others might be considered as nathing more than glorified dummy loads! The key thing for 
‘me was to choose the mast effective an antenna that could fit within the constrains of my small back garden and 
also one that would not be too ugly 


| decided that wire antennas, made from PVC covered stranded wire, would be least objectionable on visual 
‘grounds. After all they look lke glorified washing lines and almost everyone has a washing linel 


Knots to use when fixing Wire Antennas 


I's important to use the correct knot for the job. | find that the Bowline is very useful for fixing end, egg and dog- 
‘bone insulators to the ends of the wire andor ropes. The Round Tum & Two Hitches, Anchor Bend and Buntline 
Hitch knots are very good for tying a rope to a pole or a mast. A Double Sheet Bend can join two pieces of rope 
together - even if they are of unequal size. ‘Animated Knots' will show you how to do them: 


http: /vwawanimatedknots.com 


‘The antenna or antennas really are the key to an effective amateur radio station. The most expensive radio will be of 
litle value unless it is used with the best possible and most effective antenna; so | had to set about finding the best 
antennas that | could accommodate for HF and VHF work. 


‘The dilemma facing most radio amateurs is that antennas for HF are offen large and difficult to accommodate in 
‘modem small back gardens. Additionally there may be abjections on the grounds of visual impact. Some people do 
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inot regard antennas as the beautiful creations that radio enthusiasts do! 


Gables and Feeders 


‘As | have learned by experience and from the tutorials | have studied as part ofthe licensing exam process, a very 
important consideration concerning the antenna system is the loss incurred in the cable thai connects the radio to 
the antenna. A loss of 3dB sounds like a small amount when you say it quickly, but that equates to only HALF of 
your transmitter power reaching the aeriall We'd soon complain if our new 100 watt transceiver only produced 50 
‘watts - so why stand the chance of losing this much power in the feed line? 


‘Starting off as an M3 licensee | could only use 10dBw (10 watts) power at the antenna termination, so if | had @ 
feeder with a loss of 3d | would have to run the transmitter at 20 Watts to get 10 watts to the aeriall 


Coaxial Cablos 


For HF using a single band resonant antenna, a dipole for example, Mini 8 or even RGSS is probably fine since the 
‘SWR should be between 1:1 and 2:1. However if one was to consider using the antenna on nan resonant 
frequencies the VSWR will be higher, maybe very much higher, and the consequential losses in coaxial cable will be 
‘greatly magnified and power losses very significant. | did not want to run such an inefficient station. 


For this reason | chose to use low loss RG213 coaxial cable for my Inverted L since | may need to use it on bands 
cother than the 40 metre and 80 metres that its intended for and where the SWR may be 4:1 or 6:1. RG213 will help 
keep feediine losses to a minimum. No lossy RGSS on Mini8 for me! Westfiex 103 would be even better, of course, 


For VHF and UHF | now consider Westflex103 as the minimum standard of cable to use, i's half the loss of even 
RG213. Losses at VHF are much higher than HF and at UHF they are even higher, so Westflex 103 helps preserve 
‘as much of that precious transmitter power as possible. 


‘See more about Coaxial Cable Losses here > 


Balanced Feeders = Low Noise 


It's difficult to feed a centre fed wire dipole with RG213 or Westflex 103, both cables are really too thick and heavy. 
RGSS or Mini 8 are lighter and therefore more suitable for suspended wire dipoles, but to match the unbalanced 
‘coaxial cable to the balanced dipole would need a 1:1 ‘choke balun’ at is centre, as | have leamed. However, as 
‘mentioned above, when attempting to use the dipole at non-resonant frequencies the VSWR will be higher and the 
losses in the coaxial cable will be very much larger too, and hence much less of the precious transmitter power will 
be actually radiated by the antenna. Not an ideal situation 


| have learned that the only really sensible way to feed dipole type antennas, which are ‘balanced’, is to use a 
balanced feeder such as 300 ohm ribbon cable, 450 ohm ladder line or the best option, it seems, might be 75 ohm 
‘Twin Feeder. All such twin feeders are extremely low loss, much much lower than any coaxial cable, so low that it 
could almost be considered lossless by comparison. Of course nothing is lossless, but twin feeder is as near as 
youll get, so that's how | will feed my dipoles from now on! See the nate on Daublet antennas below. 


‘Tony Nailer of Spectrum Communications notes that: °75 ohm twin feeder is lower loss than coax. It allows the 
aerial to be properly balanced and the very close spacing of the wires prevents pickup or radiation from the feeder. 
It does not need to be spaced off, unlike ribbon feeder. Use of twin feeder makes this aerial much lower noise than 
fone fed with coax. Also importantly it generates less TVI |! Note that the {trapped dipole] aerial is generally 72 
cchms, and will need to be used with an ATU with transistorised rigs which are unforgiving about SWR mismatches.” 
‘Spectrum Communications are now supplying a new design of top quality, very low loss, twin feeder. Its rated at 
2kW at 100 ohms. Itcan be supplied by 100 metre reel or by the meter, or in various lengths with the ends expertly 
terminated and made off. | can confirm the superior quality ofthis product and its low noise properties, 


‘Spectrum Communications also supply a very high quaily, well made 1:1 Balun that is perfect for connecting the 
{win feeder to the unbalanced input of an A.T.U. of transceiver. 


Doublet or Dipole (Horizontal or Sloper) 


| have also experimented with a second HF antenna - the ‘doublet’ style antenna. | fed this with law loss twin feeder 
and cutit forthe lowest frequency of operation, in my case 20 metres (14 MHz). 


‘Some initial experiments have shown that its very effective on 20 metres, better than my Inverted L - which is 
designed essentially for 80m and 40m. 


In theory a doublet antenna, when fed by twin feeder (NOT coaxial cable) and matched at the transmitter end via a 
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41:1 balun and an ATU (or to use a more correct term, Antenna Matching Unit) at the transceiver should be able to 
Work on all bands with a higher frequency than the band that its cut for. 


(On other bands such as 17m (18 MHz), 1m (21 MHz), 12m (24 MHz) and 10m 28 MHz) the doublet showed 
generally lower VSWR than the Inverted L...... however (and here is a nice lesson) itis actually not quite as, 
effective as the Inverted L! | think that size may matter here - the overall length of the Inverted L is much longer. 


‘This short 14 MHz doublet is only about 10 metres in total length and was suspended at about 25 feet high at one 
fend from the same fibreglass pole fixed at the apex of the roof and taken down to another 16 foot high wooden pole 
installed on the other side of the back garden in somewhat of a'sloper style. 


;pped Horizontal Dipo| tical Antenna for 20m/ 40m 


| also experimented with a trapped wire dipole cut to be resonant for 20 metres and 10 metres, again fed with twin 
feeder and matched at the radio end via a 1:1 balun and the ATU ( AMU !). 


| may also try an antenna for 20m / 15m and 10m in a Vertical ‘ground plane’ arrangement which should give a lower 
angle of radiation than a horizontal dipole - therefore better for longer distance DX. 


‘At the moment | am using the 20m / 10m trapped dipole in a rather unorthadox arrangement. | have installed a 
fibreglass fishing pole, mounted vertically on a stake on one side of the garden. Most of the wire dipole is fixed to 
the vertical pole, but being as the dipole is somewhat longer than 7 metres, a portion of the wire runs away from the 
ppole horizontally along a fence panel about 1.5 meters above ground level. Its vaguely L shaped, but mostly vertical 
Which should help with the angle of radiation. It seems to work very well indeed - I like the mostly vertical idea, 

‘The antenna can be seen on this page > 


on 


‘Spectrum Communications can supply a fll size W3DZZ style antenna with a 7MHz trap for use on 40m and 80m 
land usable on 20m, 15m and 10m. A half size version with a 14 MHz trap for use on 40m and 20 metres, plus 15m 
land 10mis also available. As a special order an even shorter version using a 28 MHz trap is available for 20 metres 
‘and 10 metres. http:iwwwspectrumcomms.co.uk/G2DYM.him Al versions designed to be used with balanced line 
feeder -lince they are balanced aerials - for low noise and lowest loss. 


PDF Document - The W3DZZ Antenna = 
http:/nmw.users.icscatland.net/~len.pageUGMOONX%20trap%20dipole.pdf (But rather than using coaxial cable 
with a ‘choke balun’ at the centre of the dipole, try using twin feeder with the Choke Balun at the radio end for less 
power loss!) 


inks 


Enamelted copper wire supply: htip:/iwww.esr.co ub/electronics/cable-copper htm 
Loading coil calculators: hiip:/ivww.k7mem.com/Electronic_ Notebook/antennas/shortant him! 


Ring Core Calculator: hitp:/mwwdlSswb deshtmi/mini ring core calculator htm 


Vertical Antenna For 50 MHz, 144 MHz and 430 MHz 


htp:taww.mds876 co uk/Contentiamatour_radio_ antennas. 02 htm 1921 


Symmetry 2017, 9,213, 26 0f 38 


network, thereby allowing the proposed approach to precisely grade the loT applications from the 
same IoT application domain. 

Furthermore, we associated the activity-based IoT application classes with the 5G service classes, 
ie, mMTC and uMTC, in order to specify and prioritize their performance requirements. It was 
determined that almost each activity-based IoT application class poses high requirements in terms of 
connection density, whereas ticketing-based and tracking-based oT application classes additionally 
require high positioning accuracy and coverage. In order to analyze these performance requirements, 
we have summarized the radio technologies used to implement the future 5G networks. The focus 
was on the technologies used to meet the aforementioned performance requirements of mMTC 
activity-based IoT application classes, since mMTC is more mature, as its deployment has already 
started, while uMTC requires further research to achieve incomparable levels of reliability needed to 
enable new applications in 5G. 

‘The analysis showed that new waveform technology can be used to meet the requirements in 
terms of connection density; large-scale antennas and advanced small cell technologies can be used 
for the purpose of satisfying the requirements in terms of positioning accuracy; while wide and 
flexible bandwidth technologies, in-band full duplexing technologies, and access architecture related 
radio technologies (ie,, advanced small cell, enhanced wireless backhaul, moving network, and D2D 
communication) can be used to achieve high requirements in terms of coverage. In addition, the 
conducted research study allowed us to highlight a number of open research issues that could serve the 
research community and other stakeholders interested in this contemporary and attractive field. In this 
context, we have recognized research gaps and directions which mostly relate to network redesign 
and optimization in order to accommodate large-scale loT applications. 


7. Conclusions 


‘The loT paradigm has the potential to revolutionize all areas of daily life of individuals, businesses, 
and society as a whole. Telcos enjoy a central role in the paradigm of loT because of owing 
communication infrastructure which is exposed to the numerous technical challenges due to changing 
connectivity and performance requirements of various IoT applications. These requirements cannot be 
‘met with the current cellular networks which create the need to introduce new types of technologies 
leading toward 5G networks as the main driver for enabling numerous IoT applications. In this 
context, this paper proposed the activity-based classification of IoT applications and specification of 
their performance requirements in order to identify 5G radio technologies used to meet them, all from 
telco’s perspective. Activity-based classification of IoT applications indirectly allowed the construction 
and distribution of performance, as loT value proposition, while using 5G enabling technologies, as 
IoT resources in telco’s internal value chain. In this context, high performance requirements of each 
activity-based IoT application class (i., connection density, positioning accuracy, coverage) served 
as a basis to analyze various enabling technologies in radio access part of 5G network in terms of 
advantages, disadvantages, and research gaps. 

On the basis of the conducted analysis, we concluded that the following technologies can meet 
the high performance requirements of mMTC activity-based loT application class 
technology (in terms of connection density), large scale antennas (in terms of positioning accuracy), 
wide and flexible bandwidth technologies, in-band full duplexing technologies, and access architecture 
related radio technologies (in terms of coverage). According to the identified research gaps, one may 
conclude that the optimal solutions for each technology are still in its infancy. This implies that any 5G 
enabling technology should be first implemented and tested through prototype construction before 
the deployment of specific loT application. Thereafter, the technology combination that meets the 
performance requirements of each activity-based IoT class should first be found. Finally, the practical 
implementation of different technological combinations may further lead to a deep and comprehens 
analysis of QoS and QoE in the context of IoT applications. 
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‘Watson W-2000 on Telescopic Mast at the lowest position 
more on this page 


OTHER ANTENNAS 


(Our good friend in Australia Felix Scerri, VK4FUQ, uses Inverted V antennas but also highly recommends the Quad 
Loop style antenna for HF work. These are well worth investigating, and you can read more here: Antennas 3 see 
the antennas at the MOMTJ QTH here with many more antenna ideas on Antennas 4 and the Links Page here 
and here 


Antennas 1 | Antennas 3 | Antennas 4 | Antennas § | Antennas 6 | Antennas 7 


ene 


G-Whip Antenna Products 
Geoff G4ICD offers 2 multitude of high quality solutions for portable, mobile and permenant base installations 


hit: 4vww.ends975.co.uk/Contentlamateur_radio_antenmas_02.htm oat 
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MOMTJ | Operating Conditions | Antennas / Aerials | /P Portable Operating | Accessories | Projects & Kits | Useful Information 
Contact M@MTJ | Contact M6ORS | Links to Amateur Radio Sites | RSGB | QSL | The Amateur Radio Mini Site Map 


‘ttpviww.mds975.co.ukiContentiamatour_radio_antennas_02.him! aur 
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"MOMTJ | Operating Gondiions | Antennas /Acfals | Potable Operating | Accessofes | Proccis & Kis | | 
Use formation 


FUNETETI Contact MOMTJ | Contact M6ORS | Links to Amateur Radio Sites | RSGB | QSL | The Amateur Radio 


ETI | sus, Developments. Evens. Photographs and afar Bis Bobs’ | WSPR Weak Sigal Propagaton Repo 
PSEC ows Developments Evers, Photographs and fer Bis Bob’ | eak anal Propagation Reporter 


Conditions 
Purina = AERIALS ( ANTENNAS ) 1 


Accessories 


= “Success is 90% antenna and 10% rig. Hobby is 90% listening 10% transmitting" - MMOHDW. 
Projects 1% ant 10% rig. Hobby is 90% listening 10% 1g” ~ MMOH 


AERIALS used by M@MTJ 


‘This page shows some the antennas that | have used over the course of time. 


Index To Other Antenna Pages: 
‘Antennas 1 : Aerials used by MOMTJ 
‘Antennas 2: Including ideas for compact aerials for Top Band /160 metres 
‘Antennas 3 : Felix Scerri VK4FUQ discusses Loop Aerials, baluns, masts & other antenna related topics 
‘Antennas 4 : Many antenna ideas from various sources particularly for mult-band operation & also gives 
information about 

antenna trimming, knots for wire antennas and useful aerial rigging accessory ideas. 
BEIGE ficnnas 5: Half Wave (physically end fed) aerials for 144 MHz VHF 430 Mriz UHF and 50 MHz 6 Metre band & 
‘Pole Aerials 


TEC Artonnas 6: Simple and effective HF. Aerial ideas: The All Band Doublet, an All Band Sloper & a Ground Plane 
acral 
CYB Actonnas 7 :Onmi:Directonal- Circular (Mixed) Polarized Aerial for VHF 2 Meters 


edited 2014 : Current Set Up - as at September 2014: 


“The Summer of 2014 has seen a few changes of aerials. The 08 

‘807/40 Inverted L was remaved and replaced with a newly 

WSPR constructed Doublet Antenna fed with ladder Ine via. a 4:1 G-Whip 

Weak Signal current balun and an LDG "ATU". The Tecadi suppor pole originally 

Propagation —_used for the Inverted L is now used to support one end of the 
Reporting —_Doublet. You have probably read this elsewhere, but | can conti 

thatthe Alland Doublet (fed wih ladder line not coax) is a superb 
all round HF aerial. Highly recommended. 


Contact 


PORTABLE 
“The SGC-230 Automatic Antenna Coupler was moved from the 
‘Site Map original feedpoint ofthe Inverted L antenna tothe second feed-point 
‘on the one side ofthe garden. This now feeds a sloping wire of 
MOS975 Home approximately 20 meters length to ensure thatthe €0 Meter Band 
‘and Top Band (160 meters) remain available. Tis antenna wil also 
Feedback tune’ on most other bands, so remains a very useful second 
antenna, though the Al Band Doubles offen considerably better, particularly on the higher frequencies. The old 
‘SGC-230 was also faully and | replaced it with a new CG-3000 auto coupler from Marin Lynch and Sons. 


bers one arnt ae geemennb 
Wave "CFR" Antenna (Coaxial Dipole) for 6 Meters (50 MHz) connected to the main HF radio via Westflex 103 
Me terest pe eo rome aaa 

sense oes rcee ent eonemr tara ee fs cee ina 
Sime use aac arr ne 


‘To sumarise: 
1) A20 meter long doublet antenna fed with balanced ladder line for 40 meters to 6 meters. The ‘old timers’ really 
knew their stuf, this an excellent all ound antenna that is easy and cheap to make and should be quite easy to 
‘accommodate and install. See photograph below and read more here 


2) A Sloper Antenna consisting of two parallel wires - one wire being 20 meters long with a second parallel wire 
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Gotan the airwith that is 10 meters in length. The first 2.5 meters (approx) of wire 

TOP QUALITY runs vertically up a non metalic post, then the remainder slopes MOMTJ 

BRITISH back towards the house being fnished off with an insulator which p> ...., Soper Aten 
GWHIP ig allached toa Para-Cord lanyard that runs through a pulley on. | ~ 


ANTENNAS a pole at the apex of the roof. The antenna wire can therefore 
‘easily be let down for maintenance or adjustment whenever 
required. For lowest possible loss, the antenna is fed via a 
GC3000 automatic antenna coupler located at the bottom of the 
garden. The antenna is primarily for ower HF bands including 
160 meters, 80 meters and and 40 meters, but it also works very et 
well on some higher bands. The GC3000 itself is mounted in a -_} 


‘waterproof 1P56 rated enclosure near ground level at the bottom =r ==verm— 
Le fof the garden. Grounding is achieved from two 4 foot long copper ground stakes and several radial grounding 


Read more about the Sloper Antenna and the CG3000 here. 


3) A’home-brew’ omnidirectional, vertical dual band, end fed antenna for 2 metres and 70cm. This is of the 
‘Controlled Feeder Radiation design (CFR) by VK2ZO; effectively an end fed half wave dipole on 2m with an 
‘aluminium sleeve dipole section to achieve 7Ocms with a few extra d's of gain. Itis mounted on an aluminium 
mast. It's feed-point is about 11 metres a.g.l. read more here 


44) A_DK7ZB design dual band Yagi antenna, with § elements for 2 metres and 8 elements for 70cms, mounted 
horizontally for SSB. A lightweight antenna rotator is employed and uses a push-up telescopic mast. Height above 
‘ground level is again approximately 7 metres, The DK7ZB is an excellent twin band Yagi antenna. read more here 


5) A Half Wave End Fed / Controlled Feeder Radiation (CFR) antenna for 6 meters / 50 MHz. Supported by a 3 
meter long telescopic fibreglass fishing pole attached to the top of the aluminium push up mast that supports the 
DK7ZB dual band yagi and rotator. 


6) Dual Band Fan Dipole, made from thick loudspeaker wire, mounted horizontally in the loft space for 10 meters 
‘an 6 melres. Cheap & quite effective 
SOTA Beams , 
Lightweight metre & Other Options that can be deployed on an ‘as required basis 


"7Ocms Yagis, Dipole, 
Kccossoses d Poles |7) Ahalf wave Wire J-Pole fixed to a telescopic fibreglass fishing pole for 10m. Cheap and effective. more about J 


diene sclabeams co-uk Poles here and also here on Antenna page § 


'8) Compact Loaded Top Band Antenna, based on a design idea by Stuart Craigen G4GTX more 


9 & 10) G Whip End Fed Zepps (EFZ's) for either 20m, 15m or 17m or the G-Whip "WideBander" which is an 
“UnTenna’ style antenna that can be used for 20m through to 10m using good quality G Whip 9:1 UnUn; useful 
‘additions for antenna flexibility. more 


111) NOTAX Dual Band Slim Jim (J-Pole) antenna mounted in the loft as a back-up antenna for 2m and 70cms. Very 
‘good. more 


12) Delta Loop Antenna - 16 metre loop of wire in triangular Delta shape, hung from the top of the pole supporting 
the inverted L antenna and fed via RG213 coaxial cable via a 4:1 balun. The loop is really a single band antenna 
‘cut for one wavelength on the band of interest, however it also can be pressed into service for some higher bands - 
‘a good, cheap and easy to install aerial; Often works better than the inverted Lon the higher bands, but on 10, 
metres the tuned 10 metre dipole in the loft is sometimes better. more, 


Knots: Knots for securing wire aerials and other things more here 


H.F. ANTENNAS used by MOMTJ 


All Band Doublet Antenna 


‘The Doublet Antenna consists of two 10 mater ong top wires to form the 20 meter long ‘dipole’ section. The centre 
is fed with Ladder Line rather than coaxial cable. A dipole fed with coaxial cable is essentially a single band (mono 
band) antenna. Feeding such an aerial with ladder line, or open wire twin feeder makes a much more effective 
mult:band antenna, 


‘The ladder line runs down to @ high efficiency 4:1 Current Balun (G-Whip) which is connected to an LOG AT-200 
‘automatic antenna matching unit via a very short RG213 patch lead to ensure lowest losses. The Antenna tuner 
land balun are housed in a box which is itself contained in a small garden shed to protect it from the weather. The 
LDG antenna matching unit is then connected back to the 'shack’ via a run of RG-213 coaxial cable. Read more 


hitp:tww.mds876.co.uk/Contentiamatour_radio_ antennas. html 2140 
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labout the All Band Doublet Antenna here. 


MOMT| 


‘view of part of the MOMTJ All Band Doublet Antenna 
Read more here 


ANTENNAS FOR VHF and UHF - 2 m & 70 cms 


‘The main antennas are as follows: 


Home-Brew dual band end (physically end fed) half wave "Coaxial Dipole” for 2m & 70cm 


For 2m and 70cm FM | use @ mounted on a lightweight aluminium telescopic pole on the apex ofthe hose. The 
base ofthe antenna the bottom ofthe radiating element) is approximately 11 metres above ground level. This 
antenna is based on the Controlled Feeder Radiation principle (CFR) and is described by VK2Z01, Read more 
‘about ts construction here. Also seen in the photograph below are the rapes that support the H.F. wire aerials. 
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M@MTJ 


Home brow dual band vertical antenna for 2 motres and 70 cms 
Read more about its construction here 


Dual Band Yagi for 2m & 70cm 


For 2 metres and 70cms SSB there is a horizontal DK7ZB design dual band Yagi antenna. This has 5 elements for 
‘2 metres and & elements for 70 cms. A lightweight antenna rotator is employed and uses the same push-up 
{telescopic mast that the Home-Brew 7OMHz J-Pole is mounted on. Height above ground level is again. 
‘approximately 7 metres. The DK7ZB is an excellent twin band Yagi antenna, 
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M@MTJ 


Push up aluminium mast with rotator, 2m / 70cm DK7ZB Yagi and a 4m J-Pole at the top 
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‘The DK7ZB 5 + 6 element dual band yagi for 2m and 70 em - designed by Martin Steyer DK7ZB 
‘Availabe from Arthur NOPLK (SQ2PLK) at Ham Racio Shop, 


hitp://stores ebav.co.uklurbaskel-eu 
‘nipstham-radio.urbasket eu 


‘iso available from VPA SYSTEMS by SQSVPA http:/iwww.vpa-systers.p! 
Kits available from NUXGOM.de :htto://shop.nuxcom.de 


2 Meter J-Pole Antenna for the garden shed - and other J-Pole antennas for 6 metres and 
10 metres : 


While experimenting with antennas in the garden in the summer of 2012 | thought that it would be good to have a 
‘hand-held radio in the shed to do some monitoring and make a few contacts. To improve upon the performance of 
the ‘rubber duck’ antenna | quickly made a J-Pole antenna for the 2 metre band. 


Itis made fram a 47cm length of 450 ohm Wireman ladder line as the 1/4 wave matching section, plus a 7em 
length of stranded wire as the 1/2 wave radiator. Itis fed with 3 metres of Mil spec RG58 clu coaxial cable that is 
‘soldered to the 1/4 wave matching section's impedance matching point at 3.5 cm from the bottom. The coax feeder 
{is wound around some PVC tube to form a choke. The completed antenna is taped to a 2.2 metre long fibreglass, 
fishing pole that | purchased from Poundiand (for £1.00). it took about 20 minutes to make followed by some 
testing and adjustment with the antenna analyser. The fishing pole is lashed to the shed with some cable ties. 


‘This simple antenna works pretty well, but being so law down signal strengths are not huge, but it's pleasing to get 
‘on the air with something so simple and cheap! 


ind out how easy itis to construct J-Pole Antennas here 
Now, ifit was at the top of my 10 metre long fishing pole. ....!) 
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"The Shed Antenna - a 2m J-P: 
the simple choke balun at its base made by winding 8 turns 
und a small off white PVC 
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More Antennas 


Inverted L Antenna for 80m and 40m (and some other HF Bands from 80m to 10m) 


for ot 


The basic layout of the Inverted L Antenna (Practical Wireless) 


‘The first antenna that | installed was for HF. | decided on an Inverted L that incorporates a 7MHz trap so that it can 
be used on both 7MHz (40 metres) and 3.5 MHz (80 metres). 


‘The design of this Inverted L is well known and a good design has been published previously in Practical Wireless 
by Len Paget GMOONX. It is based on one half of the famous W3DZZ trapped dipole antenna, 


Itcan be made entirly from scratch as a DIY project, or the 7MHz trap could be purchased commercially as a 
ready made item, or whole antenna can bought as a complete kit from Tony Nailer, G4CFY, at Spectrum 
‘Communications. | opted to buy the 7MHz trap from Spectrum Communications, as | already had most of the other 
materials required - rope, egg insulator, plastic box, and some good aerial wire. The Spectrum Communications 
{rap is solid and well made and ‘potted’ to protect against the elements. 


‘This antenna is tuned for 40 metres and 80 metres, but the VSWR is acceptable on several other bands being in 
the ragion of 2:1 to 5:1, The designer anticipated that this antenna would be usable on five of the H.F. bands 
between 80m and 10m, 


| have found that with the use of the Antenna Tuning Unit it can be used on all of the H.F. bands. However the 
polar radiation pattern may very well be less prediclable on bands other than the intended 40 and 80 metres, and it 
may well be less effective than might be desirable - but it does work! 


‘The antenna is in the back garden, while the shack (radio room) is in a bedroom at the front of the house. Itis fed 
by a 30 metre length of RG213 coaxial cable (its not possible to use twin feeder for this type of antenna as the 
Inverted Lis an UN-Balanced aerial, whereas twin feeder is balanced). With this length of cable | estimate the loss 
in the feeder alone to be about 1dB at 7MHz. The feed point of the aerial is located at the base of a 16 foot high 
‘wooden pole near the bottom of the garden. The horizontal top wire retums to a fibreglass pole installed at the 
‘apex of the root. 


+17 +160: | have since added a separate sloping wire element for the 17 Metre Band and a switchable loading 
coil for Top Band - see notes below. 
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Photograph showing the wooden support post and termination point of the Inverted L antenna 
‘The post is coloured green with green fence treatment to mast it somewhat. | have also placed 
it near the bush to provide further camouflage. 
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its into the back garden down the rear wall, through some garden hose to offer some protection 
along the flower bed to the bottom of the garden where it is connected to the base of the Inverted L 
antenna. 
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The suspended Inverted L aorial with 7 MHz trap. 
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‘The Inverted L antenna - lower section now nicely camouflaged. The wooden 
support post is some 6 metres long. 
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The photograph above shows the Dacron ropes supporting the ends of the Inverted L and Dipole antennas are 
held in place at the top of the fibreglass support mast by a pulley - one pulley for each support rope. This facilitates 
rapid lowering of either antenna for adjustment or replacement. This photograph also shows a second rope and 
pulley system that was originally used to support the 20m dipole and is now used for the top band inverted L wire 
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| needed a goad reliable knot for securing rapes when installing wire antennas and have found the Bowline to be 
‘one of the most useful, itis strong and easy to tie. A Bowline will not slp in any circumstances and, usefully, the 
more load that is put on it, the tighter it gets. 


3 4 
The Bowline Knot — 


‘A Bowline can be used to tie two ropes together and should be used to tie a support rope to a pulley, dipole centre 
land other antenna items. 


Its important to use the correct knot forthe job when fixing up wire antennas. find the Bowne is very useful for 
fixing end, egg and dog-bone insulators to the ends of the wire andor ropes. The Round Turn & Two Hitches, 
‘Anchor Bend (Anchor Fitch) and Buntne Hitch knots are very good for fying a rope toa pole or a mast. A Double 


Sheet Bend can join two pieces of rope together - even if they are of unequal size. ‘Animated Knots’ will show you 
how to do them: http:/vww.animatedknots,com 
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The Spectrum Communications Trap 
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View of trap showing that the joints have been thoroughly s« 
self amalgamating tape and silicon 


Just for good me 
‘terminal against the weather with Watson sealant putty. 


‘Adding Top Band to the 80 / 40 metre Inverted L Antenna: 


Due to an aborted house move in 2010 | had removed all the antennas. While re-establishing the aerials in 2011, 
land considering space limitations, | decided to experiment with adding a loading cal to the 40m / 80m Inverted L 
‘aerial. The loading coll has a link wire to shor it out of circuit when using the aerial for 80 metres and 40 metres. 
The link wire is removed when Top Band is required. 


| also took the opportunity to replace the original wooden post with a strong 6 metre tall fibreglass pole. 

The coil consists of approximately 37 tums of PVC covered antenna wire wound on a short piece of PVC pipe. 
(Once the required points of resonance were set for 40 metres and 80 metres, the link wire was removed and 
number of turns on the coll were adjusted until the required point of resonance was found on the 160 metre band. | 
sett to around 1900 kHz - the bandwidth is quite narrow. 
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‘Once the work was done, the joints and connections were sealed with either Liquid Electrical Tape or self 
‘amalgamating tape, then the connecting box, V bolts and white PVC pipe were sprayed with green paint to help it 
all blend in with the surroundings a lite better. 


‘Adding the 17 Metre (18 MHz) Band to the 80 / 40 metre Inverted L Antenna: 


‘The Inverted L is not too good for the 'WARC’ bands so to obtain better performance on the 17 Metre band | added 
‘a single slightly sloping wire element cut for that band. The lower end of the wire is permanently connected to the 
{eed terminal on the junction box, the other end is tied to a small dog bone insulator. This dag bone is then 
‘supported by a length of thin para-cord which is tied to the horizontal wire of the main Inverted L element. (N.B. 
‘The 17 metre modification is not currently shown in the photographs below.) 
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Work In Progress! ~ Seplember 2011 
Reconfiguring Inverted L with additional Top Band Loading Coll for 160 metres. 
‘A strong 6 metre tall fibreglass pole replaces the original heavy wooden post. 
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ie 3 
‘Adging 160 metre loading call o the 80m / 40m Inverted L Aerial 
‘The loading coil has a link wire to shor it out of circuit when using the aerial for 80 metres and 40 metres, 
The link wire is removed when Top Band is required. 
The coil consists of approximately 37 turns wound on a piece of PVC pipe. 
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‘Adging 160 metre loading call to the 80m / 40m Inverted L Aerial 

‘The loading coil has a link wire to shor it out of circuit when using the aerial for 80 metres and 40 metres, 
The link wire is removed when Top Band is required. 

The coil consists of approximately 37 turns wound on a piece of PVC pipe. 
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Inverted L wire, 
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Hee 


Para Cord to 
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Second wire 


element, 
NN 
x Fibreglass pole 


Photograph showing the Inverted L antenna with additional vertical wire element and position of Delta 
Loop 


TRAPPED INVERTED L ANTENNA 


19/7” Tmne 
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EARTH 


20-10 multe, Uh a oma qandin, STAKE 
basic 80m - 10m Inverted Lis 
Wat Speci Communications 


‘The commercial version o' 
available from Tony Nai 
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Important notes on effective Grounding by Jim K80Z 


‘Mike - | was reading about your work on the 160 meter Inverted L, and it makes me want to go out and build 
‘some more antennas! Congratulations. Your story is fascinating, and very well documented. 


‘The only thing I can offer as a suggestion is to get as much radial wire along the edge of your property as 
possible (assuming your XYL will not allow you to bury radial wire all over your yard). Even i you can only run 
‘muliple wires 1/8th of a meter apart from each other, and parallel to each other, your losses wil be reduced 

‘The ground losses have quite an impact on your transmitted signal, so any wire you can "hide" along the edge 
cf your property will help improve your signal strentgh - litle, by litle... (It may also affect your resonant 
frequency slightly, but that's easy to deal with by adjusting with an antenna tuner or slightly changing the loading 
coil.) 


‘Good luck OM, and keep up the refinements on your antenna system. You're doing great! 73, 


im, 80Z 
‘Albuquerque, NM 


Delta Loop Antenna - Tuned for the 17 metre band but also usable as a multi-band 


2004 akin 


etme pC 208 
treamoewan ZEN. 
‘cenit 


A, 


\ 
% 
\ 


stoimcoar \ 


toshack 12-14 AWG antenna ite 


insulators ante at ropes 


al jon with minimal cost. 
‘My Delta Loop is fed near the bottom comer - it cannot be fed at the top, as in the diagram 
above, due to unwanted interaction with the antenna wire of the Inverted L antenna 

‘which is supported on the same pole. 


My Delta Loop is fed near the bottom at one comer - it cannot be fed at the top, as in the diagram above, due to 
unwanted interaction with the antenna wire of the Inverted L antenna which is supported on the same pole. 


It consists of a 16 metre long loop of wire in tlangular Delta shape, hung from the top of the pole supporting the 
inveried L antenna and fed via RG213 coaxial cable via a home-brew 4:1 balun. A loop is really a single band 
‘antenna cut for one wavelength on the band of interest, however it can also work on higher bands with an ATU ~ as 
‘a good, cheap and easy to install mult-band H.F. aerial. Performance is alittle better than the inverted L on the 
higher bands, but on 10 metres the tuned 10 / 6 metre wire an’ dipole in the lft can still be better. 
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Delta Loop wire 


Small d 


Bottom left corner of Delta Loop antenna by MOMT 
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Ladder line of a 
different antenna 


Delta Loop wires, 


| 


ort post 


Feed point of the Delta Loop at the bottom right, 
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Below are the VSWR measurements for the 16 metre long loop which has been measured an cut for resonance in 


the 17 metre band. For comparison are the measurements for the 12 metre long loop (which has not been 
optimised) and an 18 metre long loop which is of arbitrary length: 


16 metre long loop of wire for the 17 Metre Band (oplimised for 17m band) 
‘BAND EWR VSWR 
20m 140 MHz = 65 74.35 MHZ = 
Tm 78.07 MHz =12 
75m 21.0 MHz = 3.4 
Tam 248 MH2= 59 25.9 MHz = 61 
Tom 28.0 MHz = 4.4 295 MHz=44 
12 metre long loop of wire for the 12 Metre Band (NOT oplimised) 
BAND _| VSWR VEwR 
20m TsO MHz = 22.1 14.35 MHz = 21.1 
Tim 78.07 MHz = 8.4 18.16 MHz =8.1 
Tom 2145 MHz= 465 
Tam 
Tom 
18 metre long loop of wire (An arbitary length between 20m & 17m) 
‘BAND VSWR VSWR 
20m THO MAZ=21 14.35 Mi 


htp:twww.mds876.co.ukiContentiamatour_radio_ antennas. html 


2si40 


+o30/2017 


ANTENNAS & AERIALS 1 - The Aerials Used by MOMTJ - MONT 
[17m __| 18.07 MHz = 2.6 i 18.16 MH 
15m 210 MHZ =68 | 21.45 MH: 
Tam 24.8 MHZ = 63 25.9 MHz 
Tom 28.0 MHz = 2.9 29.5 MHz = 25 


Many users claim that loop aerials are quieter than typical vertical antennas. There are many plans available in the 
intemet and given a suitable support or pole and a 4:1 balun it can take only a few minutes to install a loop 
antenna. 


‘Arthur MOPLK (SQ2PLK) at Ham Radio Shop supplies an interesting lightweight self supporting Delta Loop 
‘antenna: htip-/Iham-radio.urbasket.eu - see the review on the Polonia DX Award here: 


hhtozpdxa.one.pl/arlices php?article id=17 
LOOP ANTENNA LINKS: See lots more links to Loop Antennas on my links page here, 


Dipole or Doublet Antenna for 20m and 10m 


‘This is an antenna trapped dipole for 20m and 10m. Currently it is fed by 75 ohm twin feeder to a 1:1 balun in the 
lof, then on to the ATU (AMU) via a short RG213 coaxial cable. Athough it was intially installed horizontally, itis 
‘now installed with one leg supported vertically on a 7 metre fibreglass ‘Sota’ pole withthe other leg supported 
horizontally about 2 metres above the ground. Ths isa rather unorthodox arrangement for a balanced dipole, but it 
‘seems to work ok and was inspired by another radio amateur’ idea - although | don't recommend balanced feeder 
for this arrangement! 


Itlooks much neater than the horizontally strung dipole and offers a more omnidirectional radiation pattern too. 


Removable end support method for wire dipole using a plastic antenna insulator, 
ssnap-hook and Dacron rope. 
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This Met Post and wooden pole now supporis the 7 metre high fibreglass Sota Pole (fishing pole). 


‘The ‘deformed dipole’. 
'A Dipole for 20m and 10m. 


‘One leg is vertical, giving a more omnidirectional pattern and supported by the 7 metre long fibraglass fishing pole, 
‘while the other leg runs off horizontally at about 2 metres above the ground. 


“This antenna is fed by 75 ohm twin feeder. 
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The Deformed Dipole 
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Compact Antenna for Top Band 
[A Shortened Inverted L for 160 Motres 
Despite the dreacul noise on top band caused by modem electronic gadgets andthe dificult in accommodating a 


necessarily large aerial in a small garden, | was keen to try to get on to top band. | experimented with some 
different ideas during 2009, some of which are shown on this page. 


Eventually | settled on the design shown below. Itis an Inverted L type aerial, shortened by the use of a loading 
coil. It uses a fibreglass telescopic fishing pole to allow it to be easily lowered out of sight when not in use. Read 


more on Antennas page 2 here> 


Paley Tolssopibreglse 
gg nb pet 
eva ie i é 


‘Murino pole Frodo wooden post 


Inductor Pulley 


Counirpiae 
round ale 


Connecton box 


Cone shaky 


Top Band Aerial by MOMT] saa 
Shortened Base Loaded Top Band Antenna For Small Gardens 
uses a fibraglass telescopic fishing pole to allow it to be easily lowered out of sight when not in use. 


Read more about Top Band Antennas on Antennas page 2> 


Other Antennas: 


End Fed Zepp Antennas for 20m / 17m and 15m 
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igh quality commercially Whip Antenna Products. 


‘Above is a high efficiency, high quality commercially built Zapp style antenna using a half wave radiator. However 
there is a difference - unlike the traditional Zepp antennas, G4ICD’'s design dispenses with the long trailing 1/4 
‘wave twin feeder matching section and counterpoise and, instead, uses a G-Whip's helical tuned unit 


The end fed Zepp is extremely versatile - it can simply be hung from the fascia board or guttering just outside one's 
‘window: The 1/2 wave wire radiator made of high strength Kevlar is easly sloped down the garden and is a 
‘camouflage green in colour so as to be almost invisible. The G-Whip Zepp is supplied with a fascia board insulator, 
1a throwing line with plus cable strain relief and fittings, the IP65 waterproof resin potted box fitted with UHF 
‘connectors (S0239) for coax feeder. The Zepp can be mounted vertically (e.g. using a telescopic fibreglass pole), 
horizontally or sloping and can be ready in a matter of minutes. 


| then decided to try an excellent new design developed by Geoff G4ICD - an End Fed Zepp antenna with a 
difference. The G-Whip End Fed Zepps are high efficiency, resonant mono band antennas utilising a half wave 
radiator, however this new G-Whip design by G4ICD dispenses with the long trailing 1/4 wave twin feeder 
matching section and counterpoise and, instead, uses a helical tuned unit. Using versions for 20m, 17m and 15m. 
will enable me to get on the air with the minimum of fuss since the G-Whip end fed Zepp can simply be hung from 
the facia board or guttering just outside one’s window. The high-strength Keviar, camouflage green 1/2 wave wire 
radiators easily sloped down the garden to be almost invisible. 


(G-Whip Widebander : 
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Using the popular idea of feeding a large but non resonant antenna with an impedance converting 9:1 unun. 


‘The G Whip wideband antenna consists of a 9:1 unun of GWhip’s customary high quality for best efficiency, two 
‘20meire lengths of kevlar wire for the radiator and counterpoise which provide operation from 3.6MHz to SOMHz. 
Feed with good quality low loss coax and use an ATU to match. The 20 metre radiator wire can be used as a 
sloper, or supported by convenient supports such as poles or trees in a straight line or ‘dog legged’. | use a shorter 
radiator wire run up a telescopic fibreglass pole for operation on 20 metres an above. 


Dual Band J-Pole 


‘There is a dual band vertical J-Pole antenna in the loft as a back up for the 2m and 70cm bands. 


oo r 
and NSTAX Sim Jim antenna that luse in the lof as a reserve antenna. 
More inforrtation from Joe NUTAX at: wentanStas.com 
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Previous Antenna installat 


(2011 - 2013) 


1) A trapped Inverted L for 80m and 40m with an SGC-230 auto antenna coupler at its feed-point at the battom of 
the garden. RG213 coaxial cable is used to feed the output of the auto-coupler back to the shack. This can be 
used on all bands from 160 through to 10 metres. The suppor post is installed at the bottom of the garden with the 
lend of the antenna wire being supported by Dacron rope that is attached to a pulley on a pole at the apex of the 
roof. A simple, single sloping wire element provides use on the 17 metre band. Although too short to be really 
effective on 160 metres, Top Band can be tuned by the SGC coupler. A pretty good all-round antenna, more 


2) Ahalf wave Wire J-Pole fixed to a telescopic fibreglass fishing pole for 10m. Cheap and effective. more about J. 
Boles 


3) A’home-brew’ omnidirectional, vertical dual band, end fed antenna for 2 metres and 70cm. This is of the 
‘Controlled Feeder Radiation design (CFR) by VK2Z0l; effectively an end fed half wave dipole on 2m with an 
‘aluminium sleeve to achieve 7Ocms with a few extra dB's of gain. Itis mounted on an aluminium mast 10 metres 
lagl. more 


4) A_DK7ZB design dual band Yagi antenna, with § elements for 2 metres and 8 elements for 70cms, mounted 
horizontally for SSB. A lightweight antenna rotator is employed and uses a push-up telescopic mast. Height above 
‘ground level is again approximately 7 metres, The DK7ZB is an excellent twin band Yagi antenna, more 


5) Dual Band Fan Dipole, made from thick loudspeaker wire, mounted horizontally in the loft space for 10 meters 
‘an 6 metres. Cheap & effective. 


66) (Installed late September 2013) Wire J-Pale antenna for 4 Metres (70 MHz) supported on a 3 metre long 
telescopic fibreglass pole to be attached to the top of the aluminium push up mast that supports the DK7ZB dual 
band yagi and rotator, 


Other Options that can be deployed on an ‘as required basis’ 
7) Compact Loaded Top Band Antenna, based on a design idea by Stuart Craigen G4GTX more 


8 & 9) G Whip End Fed Zepps (EFZ's) for either 20m, 15m or 17m or the G-Whip "WideBander" which is an 
"UnTenna’ style antenna that can be used for 20m through to 10m using good quality G Whip 9:1 UnUn; useful 
‘additions for antenna flexibility. more 


10) NOTAX Dual Band Slim Jim (J-Pole) antenna mounted in the loft as a back-up antenna for 2m and 7Oems. Very 
(good. more 


11) Delta Loop Antenna - 16 metre loop of wire in triangular Delta shape, hung from the top of the pole supporting 
the inverted L antenna and fed via RG213 coaxial cable via a 4:1 balun. The loop is really a single band antenna 
‘cut for one wavelength on the band of interest, however it also can be pressed into service for some higher bands - 
‘a good, cheap and easy to install aerial; Often works better than the inverted L on the higher bands, but on 10 
metres the tuned 10 metre dipole in the loft is sometimes better. more, 


(2011) 


In mid 2011 | experimented with an excellent NSTAX designed dual band Slim-Jim (J-Pole) antenna for 2m and 
7Ocms. This is made from lightweight 450 Ohm ladder line which can be fixed to the top of a 10m tall fibreglass, 
telescopic, fishing pole. The NSTAX works extremely well indeed. More information from Joe NOTAX at: 

\www.nSax.com and buy at: wanw.ebay.co.uk/itm/VH-UHF-Siim-Jim-J-Pole-Dual-Band-2m-70om-Antenna-ipole 


N.B. | tried to home-brew the DJB-1 dual band J-Pole antenna using plans published by the ARRL in QST 
magazine. | wanted a neat antenna that could be enclosed in a protective tube to minimise weathering effects. 
However trying to tune this antenna at UHF frequencies proved to be frustratingly dificult to do and after two full 
{days work | could not get the thing resonate accurately at the correct frequency. Sadly, for this reason, | cannot 
recommend the Dual Band J-Pole as a home-brew project. 


The NSTAX antenna on the other hand works very well. However it cannot be enclosed in a tube due to the 
velocity factor effect de-tuning the antenna's resonant frequencies. 


(Late 2011) 
Due to diffcultes with the stability ofa lightweight fishing pole as a support | moved back to using the lightweight 


‘aluminium telescopic mast, with stays, to support a Watson W-50 vertical dual band collinear for 2 metres and 70 
coms FM. 
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‘The excellent NSTAX dual band Slim Jim is now installed in the loft. 


(Antennas used up until 2010) 


1) A trapped inverted L for 80m and 40m fed by RG213 coaxial cable to the LDG Z-11 Pro antenna matching unit 
in the shack. This can be used on all bands from 80 through to 10 metres. The support post is installed at the 
‘bottom of the garden withthe end of the antenna wire being supported by Dacron rope that is attached to a pulley 
on a pole at the apex of the roof. This excellent antenna is stil use. mare 


2) A trapped dipole for 20m and 10m. This was fed by 75 ohm twin feeder to a 1:1 balun then on to the AMU via 
FG213 coaxial cable. It was initially installed horizontally, but more latterly installed with one leq supported 
vertically on a 7 metre fibreglass ‘Sota’ pole with the other leg supported horizontally about 2 metres above the 
{ground. A rather unorthodox arrangement for a balanced dipale, but it seemed to work ok, it looked much neater 
than a horizontally slung dipole and also offered a more omnidirectional radiation pattem.’ more 


4) A compact Inverted L for the 160 metre band - Top Band - shortened with a loading coil. more 
5) As NSTAX Dual Band Slim Jim (J-Pole) antenna for 2m and 70cms. This was fixed near the top of a 10m 
telescopic fibreglass fishing pole that | pushed up whenever it was required. more 


(2008) 


W-2000 - Vertical Collinear mounted on a temporary 10m telescopic pole: 


| no longer have the Watson W-2000 but this is haw it was used previously: 


“The Watson W-2000 covered VHF (2 metres / 144 MHz) and UHF (70 oms / 430 MH2) and also, rather usefully, 6 
metres (50 MHz) too. The W-2000 is 25 metres long and enclosed in white fibreglass with three radial elements at 
the base 


Unfortunately | had nowhere practical to install a separate mast for the VHF / UHF antenna, so this was mounted 
(on top of 2 30 foot (10 metre) high telescopic aluminium mast in the back garden. The base of the mast was 
placed in a handy metal sleeved hole that was already present in a small wall in the garden. Very fortunate indeed! 


‘The antenna is connected to the radio via the very low loss Westflex 103 coaxial cable. The cable was left in place 
permanently, running from the shack in the front bedroom, up into the loft and out of a small hole in the back of the 
house, down a drain pipe into the back garden. From there the aerial can be connected as an when required: 


When VHF or UHF operation is required | have to connect the coaxial cable to the Watson W-2000, fix it to the top 
Of the telescopic mast, which is very quick using two V bolts and 4 wing nuts, put the mast in the hole and raise it 
to a good height. I tend to extend itso that the bottom of the antenna is at about 24 feet in the air the height of the 
‘apex of the house, so itis in fairly clear space, 

'A\VHF and UHF aerial needs to be as high as possible since at these frequencies communication is essentially 
local and ‘line of sight’ - unless heightened propagation conditions, such as Sporadic E or a Temperature Inversion 
is prevailing at the time. 


Even at 24 feet the mast is rather wobbly, so it was tied down using three nylon guy ropes. 
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Photograph of a Watson W-2000 on Telescopic Mast at the lowest position, 


MORE ANTENNAS 
‘Our good friend in Australia Felix Scerri, VK4FUQ, uses Inverted V antennas but also highly recommends 


the Quad Loop style antenna for HF work. These are well worth investigating, and you can read more 
here: Antennas 3 with more antenna ideas on Antennas 2 and Antennas 4 and the Links Page here and here 


KNOTS FOR SECURING WIRE ANTENNAS 


| have found the Bowline to be one of the mast useful, itis strong and easy to tie. A Bowtie will nt slip in any 
circumstances and, usefully, the more load that is put on if, the tighter it gets. Read more about good knots for 
‘amateur radio aerials here 
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(). ; 


‘The Bowline Knot - Read more about knots here: 


Antenna Trimming Chart and useful Antenna Rigging Accessory ideas 


‘On Antennas 4 | have included a helpful Antenna Trimming Chart and some useful ideas for Antenna Rigging 
‘Accessories 


More project ideas here> 
73 


Mike, MOMTJ 2011 / 2012 


Links to further reading: 


Introducing The All Band Doublet: http: waw.cebik.com/content/eduledu6 him| N.B. Create a free account at 
hito:www.cebik com 


“The All Band Doublet - hito:/www.cebik. com/wire/abd. him! 
‘The ALL Band HF Doublet on Ham Universe - htip/www.hamuniverse.com/hfdoublet him! 


Multi Band Dipoles Compared - by ARRL on QST and DX Zone: 

hitp:mwwaroraltisiinfolpd#9611073.odf _ hitp:/www.dxzone.comlcai-bin/di/iump?.col?1D=7499 

POF Document - The W3DZZ Antenna - 

http: nwwusers ioscotland net/~len,paget/GMOONX*%20trap%20dipole.pf (**!! But don't use coaxial cable with 


‘a ‘choke balun’ at the centre of the dipole! Use twin feeder with the Choke Balun at the other end. Less power 
loss.) 


See Practical Dipole Antennas Compared: hitp/www.as.netitatdx/amatoripractical dipole antenna.htm 


Practical Antenna For 160 Metres - htto:/www ivSedi,com/ham-radio/?a-practical-antenna-for-160-metres.32 
http: wwe maj, netid202.him 


The website of GMOONX hitp:/www.amdonx.co.uk! 
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‘The Inverted L - PDF document: hipwww.users.icscotland net/~len page/5%20band%20Inveried%20L pdf 


‘Adding Top Band To The Inverted L - POF Document: 
hitp:/www.users.icscotland.netlen,paget/Inverted'%20L %20adding%420top%20band. pdf 


“The All Band Inverted L - hitp:/www.antennex.com/previewlarchivedltvhim 


‘Move in 2010 194 


2 


We decided that we'd like to move house in 2009, we found a new property in early 2010. My amateur radio aerials, 
‘were duly taken down and the ham shack packed away. However after months of delays we stil had nat maved by 
‘August 2010, but we were stil hoping to move. However after months of messing about and stringing us along our 
buyer pulled out the very day before we were to exchange contracts later in August 2010, 


“This cost us a lot of time and a great deal of wasted money. Thank you Mrs x00 :-( 


‘After a wasted year we decided to stay where we were and take the house of the market. Instead we spent the 
next eight months remodelling and redecorating. No time for playing radio of course and besides everything was 
sill all packed away in boxes! 


In mid 2011 | was getting frustrated that | had no radio. So | suppose it's time to think about re-establishing the 
station and to start planning the installation of some antennas. Of course Jules, my XYL, understandably questions 
‘my antennas and experiments! 


Due to time constraints | wll probably start again with a somewhat temporary antenna. | was thinking along the 
lines of an "Untenna' - so | installed a 7.2 ish long wire supported on a vertical fibreglass pole with a horizontal 
‘counterpoise’ connected via a 9:1 balun to the coax back to the shack. Of course its a fairly low efficiency multi- 
band (wideband) antenna, but easy to get going quickly. The GWhip Widebander antenna by Geoff Brown G4ICD 
is possibly the highest quality antenna of this type available, using a very high efficiency, top quality 9:1 UnUn with 
‘a 17 meter wire radiator and 10 metre long counterpoise - a very useful, versatile ‘all situations’ antenna. 


‘As time progressed | re-established my full size trapped Inverted L antenna for 8Ometres and 40 metres and added 
‘a switchable loading coll at its base for use on 160 meters, as described above. 


‘Then | gradually re-established the 2 metres and 70 ems antennas with the vertical W-0 and horizontal dual band 
DK7ZB Yagi - as detalled above. 


Index To Other Antenna Pages: 
‘Antennas 1 : Aerials used at MOMTJ 

‘Antennas 2: Including .... Ideas for compact aerials for Top Band /160 metres, 

‘Antennas 3 : Felix Scerri VK4FUQ discusses Loop Antennas, baluns, masts & other antenna related topics 
‘Antennas 4 : Including ..... Many antenna ideas from various sources particularly for mult-band operation & also 
‘gives information about 

‘antenna trimming, knots for wire antennas and useful antenna rigging accessory ideas. 

‘Antennas 5 Including... Half Wave End Fed aerials for 144 MHz VHF / 430 MHz UHF and 50 MHz 6 Metre 
band & J-Pole Aerials 

‘Antennas 6: Including .... Simple and effective H.F. Antenna ideas - Ground Plane and All Band Doublet 


Sup 
ees 


Geoff Brown G4ICD offers a multitude of high quality solutions for portable, mobile and permanent base 
installations 
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WHIP G Pro Whip antennas 
hhto:/vanw chip co.uk! 


GWhip roan 
Antenna 
News 


BED. Ww. ghip.00.URK/ 


Just For Fun: 


'A tower that we may like to have to attach our antennas to - but | don't think that Health And Safety was taken 


into account here: 
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Wire Antennas for Ham Radio 


Julian Rosu YO3DAC / VASIUL, 
http:Jinww.gsi.net/va3iul 


Note: Dimensions of the antennas presented below are either in: feet (), inch ("), meters (m), or centimeters (em) 


Tes Antenna a7 - KEaPT OCEF AleBang Dipole 


=Half-Lamda Tee Antenna 
Twin-Led Marconi Antenna 
= Swallow-Tail Antenna 
= Random Length Radiator Wire Antenna 
=Windom Antenna 152 = Multiband Dipole Antenna for 80m, 40m,15m, 10m 
Windom Antenna - Feed with coax cable 4163 - Slim Jim Wire Antenna for 4m 
[08 - Quarter Wavelength Vertical Antenna 4164 = Delta Loop for 6m 
09 - Folded Marconi Tee Antenna 155 - Re-Configurable Antenna for 160m and 80m 
10 Zeppelin Antenna 156 - Very Low Frequency Inverted-L Antenna 
1 EWE Antenna 187 - Reduced Size Half Sloper Antenna for 160m 
42 Dipole Antenna - Balun 158 - Tree-Mounted HF Antenna 
13 Multiband Dipole Antenna 159 - Multiband Vertical Antenna for 80m, 40m, 20m 
44 Inverted-Vee Antenna 160 - Marconi Antenna for 136 kHz 
45 Sloping Dipole Antenna 161 - Simple Killer Antenna for 40m 
46 Vertical Dipole 162 - Stub-Directed V Antenna for 80m 
17 Delta Fed Dipole Antenna 163 - KTONY Over-and-Under DX Antenna for 20m 
18 Bow-Tie Dipole Antenna 4164 - Horizontal Loop Antennas 
419 - Bow-Tie Folded Dipole Antenna for RX 165 = Ribbon J-Pole for 2m 


148 - Wire Quad Antenna for 40m 
4149 - Inclined Dipole Antenna for 80m, 40m 
160 - Pyramidal Wire Antenna for 80m 
451 - Random Wire Antenna All Bands 


20 - Multiband Tuned Doublet Antenna 
21- GSRV Antenna 
122 - Wideband Dipole Antenna 


166 Dual Band Ribbon J-Pole for 2m, 70cm 


4167 - Square Vertical Loop Antenna for 40m 
4168 - Tri-Band Quad Antenna for 20m, 15m, 10m 


169 - 3D Quad Antenna for 80m, 40m, 20m, 15m, 10m 
4170 Sloping Wire Antenna for 30m, 20m. 17m, 1m, 12m, 10m 
171 - Broadband Dipole Antenna with Coaxial Resonator for 80m 
172 - Resonant Feedline Dipole Antenna for 80m 

173 - Dual-Band Loading Wire Antenna for 80m, 30m 


}23 - Wideband Dipole for Receiving 
24 - Tilted Folded Dipole Antenna 
}25.- Right Angle Marconi Antenna 
26 - Linearly Loaded Tee Antenna 
27 - Reduced Size Dipole Antenna 


28 - Doublet Dipole Antenna 
29 - Della Loop Antenna 

20 - Half Delta Loop Antenna 

31 - Collinear Franklin Antenna 

32 - Four Element Broadside Antenna 
33 - The Lazy-H Array Antenna 

34 - Sterba Curtain Array Antenna 


174 Stub Matching Antennas 
175 - J-Style Vertical Wire Antenna for 10m 


176 - Dual Band Vertical with Zepp Feeders for 40m, 20m 


177 RCA Double Doublet for 40m to 12m 
178 - RCA Spiderweb Antenna for 40m to 6m 
179 - Folded Dipole with Shorted Straps 

4180 - Twin-Lead Marconi Antenna for 160m, 80m 


35 - T-L DX Antenna 4181 - Broadband Antenna Quarter- Wave Balun for 80m 
36 - 1.9 MHz Full.wave Loop Antenna 1182 - Three-Quarter-Wave Folded Doublet for Dual-Band 

37 - Multi-Band Portable Antenna 183 - Three-Quarter- Wave Folded Doublet No-Switch for Dual 
38 - Off-center-fed Ful-wave Doublet Antenna Band 

39 - Terminated Sloper Antenna 184 - Wideband Omni-Directional Discone Antenna 

40 - Double Extended Zepp Antenna 4185 - Wideband Rhombie Antenna for 40m to 10m 

41 - TCFTFD Dipole Antenna 186 - Pre-Cut Linear Array Antenna 3d8-Gain for 40m 

42 - Vee-Sloper Antenna 487 - X-Array Antenna 648-Gain for 20m, 16m, 10m 

43 - Rhombic Inverted-Vee Antenna 188 - Double-Bruce Array Antenna SdB-Gain for 20m, 10m 

44 - Counterpoise Lonawire 4189 - Bi-Square Broadside Array 4dB-Gain for 20m, 16m, 10m 
45 - Bisquare Loop Antenna 190 - Six-Shooter Broadside Array 7.5d8-Gain for 20m, 15m, 


46 - Piggyback Antenna for 10m fiom 

47 - Vertical Sleeve Antenna for 10m 191 - Triplex Flat-Top Beam 4.548-Gain for 20m, 15m, 10m 
48 - Double Windom Antenna 4192 - Dual-Band Tilt Antenna for 20m, 10m 

49 - Double Windom for 9 Bands 193 - Super Space Multiband Dipole Antenna for 80m to 10m 
50 - Coliinear Trap Antenna 194 - Bi-Square Beam Antenna Gain=5.5d8 for 10m 

51 - Short Dipole Antenna for 40m - 80m - 160m 195 - Cousin of GSRV Multiband Antenna for 40m to 10m 

}52 = Center Fed-Zepp Antenna for 80m - 40m 196 - Cayman Quad Antenna for 20m 

53 - All Bands Antenna 4197 - Hentenna Gain=3dB with Bazooka Match for 6m 

54 - All Bands Dipole Antenna 198 - X.Beam Antenna Gain=34B for 20m 
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[55 - Multiband 2 Antenna 
56 - Multiband Dipole Antenna 
57 - Five-Bands No-Tuner Antenna 
58 - Dualband Fullwave Loop Antenna for 80m-40m 
59 - Loop Antenna for 10m 
[BO - Lazy Quad Antenna for 10m 
[51 -‘Tricband Delta Loop Antenna for 80m - 40m - 30m 
)62- Dualband Loop Antenna for 30m - 40m 
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199 - Twin Delta Loop Antenna Gain=648 for 160m, 80m, 40m 
200 - Inverted-V Beam Antenna for 30m 
201 - FD4 Windom Antenna for 80m, 40m, 20m, 10m 


1202 - Two Elements Phased Delta Loop for 40m 
}203 - Three Elements Wire Yagi for 10m 


204 - Low Radiation Angle Full-Wave Loop Antenna for 80m 
205 - Collinear Antenna Gain=348 for 2m 


63 - Wire-Beam Antenna for 80m 
[64 - Dual-Band Sloper Antenna 

65 - Inverted-V Beam Antenna for 30m 

66 - ZL-Special Beam Antenna for 15m 
[67 - Half-Sloper Antenna for 160m 

[58 - Two-Bands Half Sloper for 80m - 40m 


207 = Broadside Collinear Curtain Array for 20m 
208 - Shrunk Loop Antenna for 80m, 40m 

}209 - N'3 Multiband Dipole for 40m, 20m, 17m, 15m, 13m, 10m 
}210- KSLR Sloper Antenna Gain=3d8 for 160m 

211 - Mini Folded Vertical Monopole Antenna for 160m, 80m, 40m] 
242 - Three Band Dipole for 80m, 40m, 20m 


[69 - Linear Loaded Sloper Antenna for 160m 
70 - Super-Sloper Antenna 

71 - Tower Pole as a Vertical Antenna for 80m 
72 = Clothesline Antenna 

73 - Curtain Zepp Antenna for 160m, 80m, 40m 
'74 = Collinear Array Antenna for 40m, 30m, 20m 


213 - Stub Matched Dipole Antenna 
214 -Inverted-Vee Antenna with Bazooka Match 

215 - Multiband Long Wire Antenna for 40m, 20m, 15m, 10m 
216 - Converted Vee Antenna for 80m, 40m 

247 - Swiss Quad Antenna for 20m, 15m, 10m 

218 - Japanese Quad Antenna for 20m, 15m, 10m 


175 - 160m Inverted Delta Loop 
76 - Half Rhombic Unidirectional Vertical for 20m to 6m 
[77 - Capacitance Loaded Vertical Antenna for 160m 
[78 - Fan Dipole Antenna for 80m to 6m 

[79 - Wire Ground Plane Antenna 

20 - Inverted Delta Loop Antenna for 160m 


1219 - Seven-Elements Triangle Beam Antenna for 20m 
}220 - Log Periodic Wire Antenna for 40m 

221 - Three-Elements 90-degrees Wire Beam for 20m 
1222 - Two-Elements Wire Beam for 20m 

223 - Suitcase-Fit Dipole Antenna for 80m, 40m, 20m 
}224 - Multiband Coaxial Dipole for 80m, 40m 


81 Inverted-L for 160m 
82 - 3000hm-Ribbon Dual Band Dipole 

}83 - Tri-Band Beam for 20m, 1m, 10m 

84 - Mini-Horse Yagi Antenna 

85 - Backpack J-Pole Antenna for 10m, 6m, 2m 
86 - Fan-Dipole Antenna for 80m, 40m, 20m 


1225 - Vertical Log Periodic Antenna for 80m, 40m 
226 - Inverted Vertical Log Periodic Antenna for 40m 
1227 - Double Extended Zepp Antenna Gain=74B for 15m 
1228 - Double Lazv-H Antenna G=10dB for 70cm 


229 - Wire Loa Periodic Antenna G=12d8 for 15m, 20m 
230 - Five-Elements Vertical Log Periodic for 80m, 40m, 20m 


187 - Capacity Tuned Folded Loop Antenna for 20m 
188 - Indoor Loop Antenna for 80m to 30m 

{89 - Indoor Loop Antenna for 80m 

190 - Double-Delta Antenna 80m and 40m 

91 - Inductance-Loaded Shortened Dipole for 160m 
[92 - V-Beam Antenna for 15m 

[93 - Picnic Vertical Wire Antenna 

194 - Laid-Back Quad Antenna for 80m 

95 - Phased Loop Antenna 

96 - Loop Antenna for TX for 160m 

197 - Morgain-Dipole Antenna for 160m and 80m 

[98 - ZL-Special for 20m, 15m, 10m 


}231 - Sloping Delta Loop Antenna for 40m 
232 - Doublet Antenna for 160m 

}233 - Log Periodic Wire Beam for 40m 

}234 - G3LDO Wire Beam Antenna for 20m, 15m, 10m 
}235 - Phased Delta Loop Array for 20m 

}236 - Dual Band V-dipole for 80m, 40m 

}237 = Collinear Array SdB-Gain for 15m 

238 - Two-Band Quad Loop Antenna 80m, 40m 

}239- KTCW Quad Antenna 

240 - Broadband Short Dipole for 80m 

241 - Off-Center Fed Dipole for 40m, 20m, 10m 

}242 - Broadband Sloper Antenna for 80m 


{99 - Biconical Antenna 
100 - Directive Delta-Birdcage Antenna for 20m to 10m 
4101 - Dual Polarization Antenna for 80m and 40m 
4102 - Directive 300-ohm-Ribbon Folded Dipole for 16m 
103 - Miniature Directive Antenna for 10m 

4104 - Biquad Antenna 12dBi-Gain for 2.4GHz 


243 - Two-Frequency Dipole Antenna for 80m 
}244 - Top Loaded Vertical Antenna for 160m 

245 - Two Loop Beam Antenna for 20m, 15m 

246 - Comer-Fed Delta Loop Antenna for 80m, 40m, 20m 
1247 - Loaded Delta Loop Antenna for 40m, 20m 

248 - Compact Size Dipole for 80m 


405 = Dual-Rhomboid Antenna for 436MHz to 870MHz 
4108 - Double-Bazooka Antenna for 80m 

407 - J-Style Antenna 

4108 - Vertical / Horizontal / Circular Polarization Antenna 
4109 - Coax Inverted-L Antenna for 80m 

{110 - Indoor Compact Loop Antenna for 80m 


249 - JAWS 348 Gain Antenna for 40m 
250 -Inverted-V Antenna for 160m 
251 - Lazy-U Antenna for 160m 

1252 - AFV Compact Antenna for 160m 
253 - Hot Beam Wire Antenna for 40m 
}254 - Sloping Delta Loop for 40m 


111 - Helix Antenna 
112 - Novice Vertical Antenna for 80m, 40m, 15m, 10m 
113 - Stub-Loaded Shortened Dipole for 80m 

114 - Six-Band Wire-Stub Trap Antenna for 40m-10m 
115 - Multiband Half-Wave Delta-Loop Antenna 
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1255 - K6ED Multiband Antenna with T-tuner 
}256 - Dual Band Dipole Antenna for 17m, 10m 

257 - Compact Travel Dipole Antenna for 10m, 15m, 20m 
}258 - End-Fire Antenna for 160m, 80m, 40m, 20m 


}259 - Four Band Loop for 40m, 20m, 15m, 10m 


2nar 
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4116 - Hybrid Vee for 20m, 17m 
{17 - Six-Shooter Array Antenna, Gain=7.5d8 
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260 - Carolina Windom Antenna for 80 to 10m 
}261 - Shortened Loaded Dipole for 40m 


118 - Multiband Ground-Plane Antenna for 10m, 15m, 
10m 

{119 - Wire Superbeam Antenna for 10m, 16m, 20m 
4120 - Two Elements Delta-Loop Antenna 

421 - Sterba Curtain Antenna 

422 - Half-Wave Vertical Zepp Antenna 


}262 - Shortened Loaded Dipole for 80m 

263 - Low Radiation Angle Inverted Delta Loop for 80m 
264 - Compact Dipole Antenna for 40m, 15m 

265 - Vertical Delta Loop for 40m to 10m 

266 - Delta Loop Antenna for 17m 

267 - Bi-Square Beam Gain=3dBd for 17m 


423 Lazy-Loop Antenna for 40m 
124 - Terminated Folded Dipole for 80m, 40m 

425 - Short-Fat Antenna for 15m 

428 - Cobra Antenna for 80m 

427 = Log-Periodic Wire Antenna for 20m. 15m, 10m 
4128 - 5-Element Log-Periodic Vertical Antenna for 80m, 


}268 -Trap Dipole Antenna for 17m,.13m 

}269 - Hanging Unipole Antenna for 160m, 80m 
1270 - Wideband Sioping Vee Antenna - 30m to 6m 
1274 - 6/8 Wavelength Antenna 

1272 - C-Pole Vertical Antenna 

273 - Bobtail Antenna for 30m 


10m, 20m 
4129 = 2m Vertical Wire Antennas 

4180 - Earth-Mover Inverted-V Antenna for 4om 

431 - Coax-Cable Collinear Antennas 

4132 - Double Bobtail Antenna for 20m 

43 - Collinear Zepp Antenna 

134 Tavlor Vee Antenna for 20m 

15 - Collinear Vertical Antenna 648-Gain for 2m, 1.3m, 
acm 

136 - Bi-Loop Antenna for 20m 

4137 - Wire Beam 6dBd-Gain for 10m 

438 - Sloping Diamond Antenna 4d8-Gain for 40m 


274 - Bobtail Antenna for 40m 
275 - Two Elements Vertical Loop Antenna for 40m 
1276 - Double Extended Zepp Antenna for 40m 

277 - Reversible Moxon Flip Beam for 40m 

278 - Spitwire Antenna for 40m 

}279 - Fork Antenna for 40m 

}280 - Veebeam Antenna 3d8-Gain for All Bands 
281 - Vertical Moxon Antenna for 10m 

282 - Half-Square Antenna for 30m 

}283 - Rotatable Vertical Delta Loop for 20m 

284 - Mini-Horse Antenna 10dB-Gain for 40m-to-2m 
}285 - Compact Moxon Antenna S48-Gain for 40m 


4139 - Twisted Loop Antenna for 160m 
140 - DX RX Loop Antenna for 160m 

441 - Hentenna 3dB-Gain for 10m, 6m, 2m, 
442 - VK2AAR Wire Antenna for 20m 

443 - 2-Elements Quad Antenna for 6m 


444 - Hula-Loop Bidirectional 6d5-Gain Antenna for 17m 
445 - Moxon Rectangle Beam for 15m-10m 
4146 - Double-D Beam 4dB-Gain 


286 - Two Elements Sloping Delta Loop 84B-Gain for 10m 
287 - Two Elements Phased Vertical Antenna 348-Gain for 40m 


01-Tee Antenna 
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03 - Twin-Led Marconi Antenna 
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04 - Swallow-Tail Antenna 
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07 - Windom Antenna - Feed with coax cable 
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08 - Quarter Wavelength Vertical Antenna 
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09.- Folded Marconi Tee Antenna 
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10 = Zeppelin Antenna 
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14 - Inverted-Vee Antenna 
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15 - Sloping Dipole Antenna 
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16 - Vertical Dipole 
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18 - Bow-Tie Dipole Antenna 
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19 - Bow-Tie Folded Dipole Antenna for RX 
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22 - Wideband Dipole Antenna 
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25 Right Angle Marconi Antenna 
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30 - Half Delta Loop Antenna 
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— 144 - Hula-Loop Bidirectional 6dB-Gain Antenna for 17m 
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4147 - KEAPT OCEF All-Band Dipole 


KE4PT OCEF Al-band Dipole pte. eva 


connector, to 


ena tuner 
¥- Fog insulator 115 n(05m) coax cable 


30n 94m) dosing Sim oo 
(#20 or 22 stranded Teflon covered wire, feed-point current chokes. 
sears fom coun cable cetierSoncucor} 


KE4PT Off center end fed (OCEF} All-band Dipole, 


Lengths are not critical, as long as they are not near a half wavelength on any frequency used. 
Dipole radiating length is 30+11.5=41.5 ft, or 12.6 m. 

‘Coax cable may be 50 or 75 ohm on left side of connector, short 50 ohm coax to antenna tuner. 
Use antenna tuner for operation on any ham band 40m ém. 

‘May be hung by Egg insulator at one end, or draped and drooped over a fiberglass pole. 


148 - Wire Quad Antenna for 40m 
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152 - Multiband Dipole Antenna for 80m, 40m,15m, 10m, 
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484 - Delta Loop for 6m 


"Boon 2 metres of plastic conduit 


21.5 mm (3/4") pipe clip pop riveted to the boon 


Total length of Wire 6.10 metres, 
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158 - Tree-Mounted HF Antenna 
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159 - Multiband Vertical Antenna for 80m, 40m, 20m 
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162 - Stub-Directed V Antenna for 80m 
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4163 - KTONY Over-and-Under DX Antenna for 20m 
Rope to front-yard tree 


Pulley to back-yard tree 


“Top wire Is 86.5 feat long, fed 13.5 feet rom end 


Support String 


164 Horizontal Loop Antennas 
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165 - Ribbon J-Pole for 2m 
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166 - Dual Band Ribbon J-Pole for 2m, 70cm 
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167 - Square Vertical Loop Antenna for 40m 


Powe 


168 - Tri-Band Quad Antenna for 20m, 15m, 10m 
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170- Sloping Wire Antenna for 30m, 20m, 17m, 15m, 12m, 10m 
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171 - Broadband Dipole Antenna with Coaxial Resonator for 80m, 


Choke Dimensions for RFD Antenna 


Freq AG-213, AG 
35 228, Btune 
7 22 10 tus 
10 12m To Tums 
14 101, 4tums 
21 Bit, 6-8 tums 
2B 61, 68 tune 


Rese 
20, 6-8 ture 
15 ft, 6 uns 
10,7 tums 
en Gums 
6 Bums 

4 68 turns 
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4173 - Dual-Band Loading Wire Antenna for 80m, 30m 
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175 - J-Style Vertical Wire Antenna for 10m 
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177 -RCA Double Doublet for 40m to 12m 


hit: 4vww. gal natvadiulAntenna/Wire%20Antennas%20for%20Ham%420Radia/Wie_antennas_for_ham_radio.him 7an27 


f0/20%8 Wite_Antennas_for Ham Radio 


Oven 391 


TRANSMISSION 
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180 - Twin-Lead Marconi Antenna for 160m, 80m 
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182 - Throe-Quarter-Wave Folded Doublet for Dual-Band 


hits. gl natvadiulAntenna/Wire%20Antennas%20for%20Ham%20Radia/Wie_antennas_for_ham_radlo.him 


avia7 


sno20%8 Wite_Antennas_for Ham Radio 


Ser rtecen seneaneas 


L= Ja" FoR 880 Ke. AND 7130 Ke 
Le aa ram roa Re, AND 14280 
L=ane! Fon 14200 Ke, AND 28 me. 


{6 FeEoER sPREADERS 


shorren eno) / 800.9HM LINE 
TO TRANSMITTER 


7h; WHEN ANTENNA 15 195 FT, 
Lesser 8 00" © oper, 
SAT #4 ASG FT. 


184 - Wideband Omni-Directional Discone Antenna 
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186 - Pre-Cut Linear Array Antenina 34B-Gain for 40m 
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187 - X-Array Antenna 64B-Gain for 20m, 15m, 10m 
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DIMENSIONS 
10M. 15M. 20M. GAIN APPROK. 608. 
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The entire array (with the exception of the 
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ribbon line. Be sure phasing Jines (P) are 
poled correctly, as shown. 
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189 - Bi-Square Broadside Array 4dB-Gain for 20m, 15m, 10m 
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190 - Six-Shooter Broadside Array 7.54B-Gain for 20m, 15m, 10m 
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191 - Triplex Flat-Top Beam 4.5dB-Gain for 20m, 15m, 10m 
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192 - Dual-Band Tilt Antenna for 20m, 10m 
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4193 - Super Space Multiband Dipole Antenna for 80m to 10m 
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194 - Bi-Square Beam Antenna Gain=5.5dB for 10m 


Gain = 5.508 


195.- Cousin of GSRV Multiband Antenna for 40m to 10m 
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196 - Cayman Quad Antenna for 20m 
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198 - X-Beam Antenna Gain=3dB for 20m 
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VISION 


DMC R&D Center, Samsung Electronics Co., Ltd. 


Date : February-2015 

‘Samsung envisions the fifth Generation (5G) 

tion era to be the beginning of aifull scalenternat of Things (lors 
Billions of connected devices autonomously interconnect with 
‘one another while ensuring personal privacy. The unprecedented 


latencies offered by 5G Networks will enable users to indulge in 
gigabit speed immersive Serviced regardless of geographical and 
time dependent factors. This white paper introduces you to future 
services, key requirements, and enabling technologies that will 
herald in the 5G era that is expected to revolutiohize the way we 
experience mobile services. 
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200 - Inverted-V Beam Antenna for 30m 
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202 - Two Elements Phased Delta Loop for 40m 
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203 - Three Elements Wire Yagi for 10m 
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204 - Low Radiation Angle Full-Wave Loop Antenna for 60m 
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205 ~Collinear Antenna Gain=3d8 for 2m 
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206 - X-Ray Monoband Antenna Gain=6.5d8d 
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207 - Broadside Collinear Curtain Array for 20m 
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208 - Shrunk Loop Antenna for 60m, 40m 
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209 - \/3 Multiband Dipole for 40m, 20m, 17m, 15m, 13m, 10m 


be vor ——-—— os 


—<itite- <IMNtep- ‘eit 


S00 teense oe 


- Imoegarce fnatmer 


} 


11 Bead Baur 
a ee tee) 


210 K3LR Sloper Antenna Gain=3dB for 160m 
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211--Mini Folded Vertical Monopole Antenna for 160m, 80m, 40m 
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212 - Three Band Dipole for 80m, 40m, 20m 
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243 - Stub Matched Dipole Antenna 
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214. Inverted-Vee Antenna with Bazooka Match 
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216 - Converted Vee Antenna for 80m, 40m 


218 - Japanese Quad Antenna for 20m, 15m, 10m 
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220 - Log Periodic Wire Antenna for 40m. 
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Dawn of the 5G Era 


Fuelled by the unprecedented growth in the num- 
ber of connected devices and mobile data, and the 
ever-fast approaching limits of the 4G technologies 
to address this enormous data demand, indus- 
try efforts and investments to define, develop and 
deliver the systems and specifications for the fith- 
Generation (5G) mobile system and services are 
well under way - signaling the dawn of the 5G Era, 


‘As shown in Figure 1, the number of connected In- 
temet of Things (loT) is estimated to reach 50 Billion 
by 2020 [1], while the mobile data traffic is expect- 
ed to grow to 24.3 Exabytes per month by 2019 [2]. 


Things Connected Mobile Data Traffic 


a? 
Qs 


50Bn 


Number of Devices 


| 


Figure 1 Growth in Mobile Tatfic and Connected Devices 


‘Add to it, the impact of higher cell capacity and 
end-user data rate requirements due to emerging 
new services such as Ultra-High-Definition (UHD) 
multimedia streaming and extremely low latency 
requirements for cloud computing and storage! 
retrieval, and it soon becomes evident that the 
current 4G systems, which are already stretched 
to near-breaking points (despite massive Wi-Fi of- 
{ioad), will be stretched too thin to deliver the quality 
of experience (QoE) necessary to support mobile 
experience that 5G is set to deliver. 


5G Era can be expected to revolutionize the way 
we communicate by supporting immersive applica- 
tions that demand exceptionally high-speed wire- 
less connections, a fully-realized IT, experience 
lower latency and promote bath spectrum and en- 
ergy efficiency. To realize these benefits, 5G sys- 
tems wil differ fundamentally from their predeces- 
sors fueling a series of groundbreaking innovations. 
Let's look at the services and the requirements that 
5G is expected to address. 


5G Service Vision 


5G services have the potential to revolutionize the 
mobile experience. Here's how: 


Internet of Things 


5G will make the “Internet of Things’ a reality. With 
5G technology, a device will be able to maintain 
network connectivity regardless of time and loca- 
tion, and open the possibility to connect all the con- 
nected devices without human intervention. For 
this, the basic fabric of the 5G system design is ex- 
pected to provide support for up to a milion simulta- 
neous connections per square kilometer, enabling 
a variety of machine-to-machine services including 
wireless metering, mobile payments, smart grid and 
critical infrastructure monitoring, connected home, 
smart transportation, and telemedicine. Intelligent 
devices will communicate with each other autono- 
mously in the background and share information 
freely. This ubiquitous connectivity - a basic tenet of 
the 5G services, will truly enable /oT services which 
in turn is expected to profoundly change human 
lives by connecting virtually everything, 


— Smart Home 


Dishwashers wil fix themselves using information 
from peers of the same model while home appli- 
ances at home and in the neighboring homes may 
cooperate to extinguish a fire. A smart refrigerator, 
recommending a recipe of cuisine to be cooked 
with ingredients that are already in your refrigerator, 
is yet another plausible scenario. 


— Fitness & Healthcare 


Connected Health and Fitness related wearable de- 
vices such as The Samsung Gear™ Fit will record 
your athletic performance while you exercise and 
recommend the type of exercise, its duration and 
frequency per day. These connected healthcare 
devices will also send vital signs such as brain- 
wave, blood pressure and heartbeat to an expert 
system in the hospital in real-time to prevent medi- 
cal emergencies before they occur, Such time crit- 
cal applications put unprecedented requirements 
on latency. 


— Smart Store 


In large shopping malls, while many people walk 
around window shopping, vicinity to products is 
continuously tracked, usually by a server some- 
where in the cloud, Custornized alerts for low priced 
product can be sent to the user's device as the user 
is detected in the vicinity of that low-priced product, 
or information of other lower prices in the nearby 
stores can be sent to the device as the customer 
spends more time in the vicinity of a certain product 
class. 
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221 - Three-Elements 90-degroes Wire Beam for 20m 
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222 - Two-Elements Wire Beam for 20m 


sicwat 
RECTION 


ee 
onIVEN 


DRIVEN ELEMENT 


WBini6 fr LENGTHS MaROWALL 
LGMaNUM POBING 172 nO 


Fa-8/U coax 


223 - Suitease-Fit Dipole Antenna for 80m, 40m, 20m 
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224 Multiband Coaxial Dipole for 80m, 40m 
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‘Tap coll L1 is 21% turns of 
stock, 2° dlamater, & turns per inch. 


225 - Vertical Log Periodic Antenna for 80m, 40m 
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226 - Inverted Vertical Log Periodic Antenna for 40m 
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227 - Double Extended Zepp Antenna Gain=7dB for 15m. 
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228 - Double Lazy-H Antenna G=10dB for 70cm 


10.8dBd 21dB F/B 

x - 50 Ohm, distance ~Smm, 
SWR=1 @ 435 Miz 
Material 3-5 mm dia aluminium 
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229 - Wire Log Periodic Antenna G=12dB for 15m, 20m 
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231 = Sloping Delta Loop Antenna for 40m 
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232 = Doublet Antenna for 160m 
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233/- Log Periodic Wire Beam for 40m 
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234 - G3LDO Wire Beam Antenna for 20m, 15m, 10m 
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235 - Phased Dalta Loop Array for 20m 
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238 - Two-Band Quad Loop Antenna 60m, 40m 
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244 - Off-Center Fed Dipole for 40m, 20m, tom. 
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242 = Broadband Sloper Antenna for 80m 
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bo-me assemblies are made of 36-inch 
tong fiberglass tubos. Tha four antenna wires a ut 24 Inches pas 
tench spreader sssembly. A nylon lina may be required from the erossover point of the 
Spreader to the outer insulator to prevent bowing, Tha SWR plot ofthe antenna falls 
below 14:to-t at 2.5 Mis; 1.25401 at 2.8 MHz and 1.4t0-1 at 4.0 MHz. Feedpoint re- 
istance of the antenna may be changed by altering the slope angle. The resonant tre 
‘Quency is edjusted by changing lengeh — no climbing nacossary! 
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‘The WSTC two frequency dipole for 80 meters, Antenna i cut for resonance at 
high frequency end of band. & single loading coil for oper 

jana of te bend Ie placed an electrical half- wavelength & 
‘The line is dacoupled fram the antenna by a simple balun placed directy atthe anten. 
ra insulator. Toroid is powdered iron materlal 7-200 (2 OD} [1.25" 1D), 2-mix tre 
= 10(Amidon ¥-200:2), or equivalent. 


244,- Top Loaded Vertical Antenna for 160m 
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245 - Two Loop Beam Antenna for 20m, 15m 


4.5 dB over a dipole J 
‘The W2TBZ loop beam. The phasing lines are made of 300-ohm TV fine, Length 
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246 - Corner-Fed Delta Loop Antenna for 80m, 40m, 20m. 
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Such a system can be tailored to deliver a highly 
customized experience thereby greatly enhancing 
a user's shopping experience. To support such a 
scenario, massive connectivity and low latency 
technologies are inevitable. 


— Smart Office 


In smart office environments, office appliances are 
connected with one another and will share informa- 
tion. Nearby computers and input/output devices 
can recognize a user and change the settings us- 
ing the user's preferences stored in the IoT cloud. 
Printers wil print out the relevant documents when 
the user passes by the printer. Almost all the office 
appliances will connect wirelessly, while exchang- 
ing massive data through wireless medium without 
noticeable delay. Alerts on the upcoming meetings, 
materials and documents relevant to that meeting 
will instantaneously become available to the user's 
device, while documents and tasks that are modi- 
fied will be automatically updated 


— Connected Gar 


Many of us use navigation services via in-car navi- 
gation systems or our smart phones to find the mast 
efficient route to our destination. Vehicle diagnostic 
services are becoming attractive to obtain the in- 
formation such as battery level, fuel level or engine 
slatus on our smartphones, The ‘eCall' system that 
automatically calls emergency services in case of 


Kae 


an emergency exemplifies such a service. By 2020 
and beyond, more attractive services that wirelessly 
connect ‘cars’ around us with ‘things' will emerge 
and make people in the vehicles very comfortable, 
and provide an enjoyable driving experience. For 
safer driving, sensor and camera data in a vehi- 
cle as well as supplementary information from the 
neighboring vehicles will be collected using mobile 
networks so that a potential emergency situation 
can be reliably informed to a driver in real-time and 
timely steps can be taken to avoid an actual emer- 
gency station. This operation will eventually be ap- 
plied to self-driving cars, which can be viewed as an 
important type of things’ 


Immersive Multimedia Experience 


In a 5G environment, users will experience life-like 
multimedia streams anytime and anywhere. Users 
will fee! as if they are part of the scene when they 
watch videos on their smart devices. To provide 
such an immersive experience, many obstacles 
will need to be overcome. Agility to instantaneously 
respond to the user's thought and behavior will be 
necessary. An upcoming service that is expected 
to provide life-like experience in 5G system is UHD 
video streaming with its greatly enhanced resolution 
and clarity. Currently, UHD services over terrestrial 
broadcast are already being standardized in some 
countries. In addition, some smart phones in the 
market are now equipped with a camera module 


Figure 2  Malor Service Scenarios with 56 
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247 - Loaded Delta Loop Antenna for 40m, 20m 
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The final loaded loop for 14 MHz. All dimensions 
‘are doubled for operation on 7 MHz, Base loading wir 
are anch 18 feat 4 inches (5.69 meters). The top loading 
wire is made taut by securing to base with thin light 
nylon cord. 


248 - Compact Size Dipole for 80m 
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250.- Invertad-V Antenna for 160m 
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‘Apex is at 15 feat (22 meters) 


251 - Lazy-U Antenna for 160m 


252+ AF3V Compact Antenna for 160m, 
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254 - Sloping Delta Loop for 40m 
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255 - K6FD Multiband Antenna with T-tuner 
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256 - Dual Band Dipole ‘Antenna for 17m, 10m. 
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257 - Compact Travel Dipole Antenna for 10m, 15m, 20m 
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258 - End-Fire Antenna for 160m, 80m, 40m, 20m 
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259 - Four Band Loop for 40m, 20m, 15m, 10m 
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260 - Carolina Windom Antenna for 80 to 10m 
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261 = Shortened Loaded Dipole for 40m 
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262 - Shortened Loaded Dipole for 80m 
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263 - Low Radiation Angle inverted Delta Loop for 80m 
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264 - Compact Dipole Antenna for 40m, 15m 
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‘265 = Vertical Delta Loop for 40m to 10m 
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266.- Delta Loop Antenna for 17m. 
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267 - Bi-Square Beam Gain=3dBd for 17m 
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268 -Trap Dipole Antenna for 17m,13m 
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269 - Hanging Unipole Antenna for 160m, 80m 
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that can record video with 4K UHD quality. It is 
expected that UHD services are likely to go main- 
stream by 2020 raising an acute need for perfor- 
mance enhancement of cellular systems to support 
such services. 


Other examples of “immersive” services that will 
fundamentally revolutionize entertainment, health, 
education, and other industry sectors are Virtual 
Reality (VR) and Augmented Reality (AR). 


VR provides a world where physical presence is 
simulated by computer graphics, and the user can 
actively interact with the simulated elements, as in 
immersive sports broadcasting for instance (See 
Figure 3). Other interesting VR service scenarios 
are interactive 360° movies, online games, remote 
education, and virtual orchestra. Samsung)s recent- 
ly launched VR headset called (called Gear VR). 
Virtual reality video service platform (called Milk VR) 
and ‘Project Beyond,’ (a 360° 3D camera with 17 
Full HD (FHD) camera modules, optimal for gener- 
ating contents for Milk VR) indicate the humble be- 
ginnings of the truly immersive experience that is to 
come in the 5G Era 


Figure 3/ Watching Sport Events wih VR 


In an AR service scenario, computer-aided real- 
time information based on user context is graphi- 
cally augmented to the display, delivering added 
value for the user. In the future the service desk at- 
tendant no longer needs to memorize the tiresome 
details of the products. Instead, AR services will 
help to inform the price, popularity, and details of 
given product. Figure 4 illustrates another ser- 
vice scenario - AR navigation on windshield, where 
navigation information and other helpful notitica- 
tions (refuel reminder and nearby shop location) 
are displayed on the windshield of a car, so that the 
user can continue to focus on driving while getting 
subtle context-aware notifications about potential 
services at the same time. 


Samsung is actively involved in the development 
of 5G technologies to support these immersive VR 
and AR services, which will entertain users and pro- 
vide a truly life-like experience on the move. 


Figure 4 Driving @ Car with AR Naviastion 


Everything on the Cloud 


5G will provide users with a desktop-like experi- 
ence based on cloud computing. With everything 
stored and processed on the cloud and immediate- 
ly accessed with low latency, only simple input and 
output interfaces on mobile devices are needed, 
making them lighter, thinner, fancier, and more eco- 
friendly. 


As an example, when you go shopping, the smart 
device can notify you about the arrival of new dress 
es that you might like, or let you know how well a 
dress in the newly incoming inventory matches with 
your liking based on your purchase history. This no- 
tification can be triggered, for instance, as you step 
into a shop, or take a picture of the dress, while the 
necessary computation to come up with the dress 
recommendation through crowd sourcing is done 
ona cloud server that is potentially half a world away. 


Intuitive Remote Access 


Users will be able to control remote machines and 
appliances as if they are right before them, even 
from thousands of miles away. Thanks to the reli- 
able connections and near-zero latency of 5G, us- 
ers will be able to control heavy industrial machines 
remotely, or access hazardous site remotely. It will 
also help mankind in exploring areas on the earth 
that are as yet unexplored, such as the Polar Re- 
gions or parts of the ocean floor. 


5G Requirements 


In order to realize such a demanding and unprec- 
edented service vision, Samsung proposes the 5G 
rainbow requirements consisting of 7 Key Perfor- 
mance Indices (KPIs) as shown in Figure 5 


5G systems will be required to deliver an order of 
magnitude cell capacities and per-user data rate 
compared to its predecessors. Specially, 5G sys- 
tems are expected to support data rates of 10-50 
Gbps for low-mobilty users, As a baseline, 5G sys- 
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Peak Data Rate 
TSbps} 


Figure 5 5G Rainbow Requirements 


tems will provide gigabit-rate data services regard- 
less of a user's location as shown in Figure 6 and 
Figure 7, To provide this uniform QoE, 5G network 
deployments are expected to be much denser 
compared to 4G networks, so making cost-effective 
deployment is a very important requisite 


Figure 6 Edgeless RAN - 1 Gbps Anywhere 


Peak Data Rate > 50 Gbps 
Data Rate 


50Gbps| 


‘More than x50 over 4G 5G 


1Gbps| 


Figure 7 Data Rate Comparison of 5G with 36 and 46 


To fundamentally support the cloud storage/com- 
puting infrastructure of the future, 5G networks will 
deliver an end-to-end latency of less than 5 milli- 
seconds and over-the-air latency of less than one 
millisecond (see Figure 8) - which is one-tenth 
compared to the latency of a 4G network. Critical 
infrastructure monitoring, for example, currently re- 
quires service levels achievable only on dedicated 


wireline networks while 5G technologies offer the 
promise of making these service levels achiev- 
able over wireless networks. Likewise, low-latency 
networks will allow pre-crash sensing, enabling ve- 
hicles to sense imminent collisions and exchange 
relevant data that could salvage the situation and/or 
mitigate adverse impact of the collision. Other chal- 
lenging low-latency services that could be enabled 
by 5G could include self-driving cars, public safety 
communications systems, augmented reality, and 
“tactile internet” [3]. 


E2E Latency <5ms 


‘A Tenth of EE Latency 


CE Lateney 


Air Latency <1 ms 


A Tenth of AirLatency 
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Figure 8 Utt Low Latency of 56 


With spectral efficiency requirements set to 10 bps/ 
Hz levels (in contrast to the 1-3 bps/Hz on 4G net- 
works), 5G is also expected to deliver an efficient 
use of the spectrum by using MIMO, advanced cod- 
ing and modulation schemes and new waveform 
design (more on this in the enabling technology 
section) 


To address the ever-widening revenue gap that the 
operators and service providers are experiencing, 
5G systems are targeted to be 50 times more effi 
cient than 4G by delivering reduced cost and ener- 
gy usage per bit, This sequentially requires low-cost 
Network equipment, lower deployment costs, and 
enhanced power saving functionality on the network 
and user equipment sides. 


5G technologies will be required to cope efficiently 
with all degrees of mobility by providing “mobility 
on demand” based on each device's and service's 
needs. On one hand, the mobility of user equipment 
should be guaranteed to be at least the same level 
as the current 4G system - that is the baseline, On 
the other hand, Samsung envisions that specialized 
5G systems will support mabilty at speeds ranging 
from 300 to 500 krnyh. 


To make the oT Vision come true, the number of si- 
multaneous connections in the 5G system is expect- 
ed to be over 10° per unit square kilometer, which is 
much higher than that of the legacy system. 
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Chapter 1 


Dipole Antenna 


|-«——_Length = 143/f(MHz) meters —______»| 
i i 


75 Ohm feedline 


A schematic of a half-wave dipole antenna that a shortwave listener might build. 


A dipole antenna is a radio antenna that can be made of a simple wire, with a center-fed 
driven element, It consists of two metal conductors of rod or wire, oriented parallel and 
collinear with each other (in line with each other), with a small space between them. The 
radio frequency voltage is applied to the antenna at the center, between the two 
conductors. These antennas are the simplest practical antennas from a theoretical point of 
view. They are used alone as antennas, notably in traditional "rabbit ears" television 
antennas, and as the driven element in many other types of antennas, such as the Yagi 
Dipole antennas were invented by German physicist Heinrich Hertz around 1886 in his 
pioneering experiments with radio waves. 
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Electric fields (b/ue) and magnetic fields (red) radiated by a dipole antenna 


Elementary doublet 


An elementary doublet is a small length of conductor g¢(small compared to the 
wavelength d) carrying an alternating current: 


Tm Tuctit 


Here w=2r fis the angular frequency (and fthe frequency), and is VT, so that ris a 
phasor. 


Note that this dipole cannot be physically constructed because the current needs 
somewhere to come from and somewhere to go to. In reality, this small length of 
conductor will be just one of the multiple segments into which we must divide a real 
antenna, in order to calculate its properties. The interest of this imaginary elementary 
antenna is that we can easily calculate the electrical far field of the electromagnetic wave 
radiated by each elementary doublet. We give just the result: 


a= 


cr 
Where, 
+ cois the permittivity of vacuum. 
+ cis the speed of light in vacuum, 
+ ris the distance from the doublet to the point where the electrical field sis 


evaluated. 


x 


his the wavenumber * 


The exponent of €accounts for the phase dependence of the electrical field on time and 
the distance from the dipole. 


The far electric field sof the electromagnetic wave is coplanar with the conductor and 
perpendicular with the line joining the dipole to the point where the field is evaluated. If 
the dipole is placed in the center of a sphere in the axis south-north, the electric field 
would be parallel to geographic meridians and the magnetic field of the electromagnetic 
wave would be parallel to geographic parallels. 


Near Field 


‘The above formulas are valid for the far field of the antenna (">> A/(271)) and are the 
only contribution to the radiated field. The formulas in the near field have additional 
terms that reduce with »* and 7°, These are, 


Snug) oa 
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where 2 = aie = 1/fee) = He rh. energy associated with the term of the near 
field flows back and forward out and into the antenna. 


Short dipole 


A short dipole is a physically feasible dipole formed by two conductors with a total 
length Zvery small compared with the wavelength ). The two conducting wires are fed at 
the centre of the dipole. We assume the hypothesis that the current is maximal at the 
centre (where the dipole is fed) and that it decreases linearly to be zero at the ends of the 


the right in both or to the left in both. The far field Exof the electromagnetic wave 


radiated by this dipole is: 


Emission is maximal in the plane perpendicular to the dipole and zero in the direction of 
wires which is the direction of the current. The emission diagram is circular section torus 
shaped (right image) with zero inner diameter. In the left image the doublet is vertical in 
the torus centre 


Knowing this electric field, we can compute the total emitted power and then compute 
the resistive part of the series impedance of this dipole due to the radiated field, known as 
the radiation resi 


Pec 525), 


(for £4). 


where Zp is the impedance of free s 
ohms, we get: 


ace. Using a common approximation of Zy = 120% 


Antenna gain 


Antenna gain is the ratio of surface power radiated by the antenna to the surface power 
radiated by a hypothetical isotropic antenna: 


Substituting values for the case of a short dipole, final result is: 


(a? 
 Reedie( BY 1.5 =1.76 ani 


ain, relative to an isotropic antenna. 


q 


dBi simply means decibels 


Half-wave antenna 


Vian 


Typically a dipole antenna is formed by two quarter wavelength conductors or elements 
placed back to back for a total length of /2, A standing wave on an element of a length 
~A/4 yields the greatest voltage differential, as one end of the element is at a node while 
the other is at an antinode of the wave. The larger the differential voltage, the greater the 
current between the elements. 


Io 


| 
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Assuming a sinusoidal distribution, the current impressed by this voltage differential is 
given by: 


T= I,e™ coske 


For the far-field case, the formula for the electric field of a radia 
mewhat more complex: 


ing electromagnetic 
wave is 
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cos #) 
action sin@ is not very different from sine 


The resulting emission diagram is a slightly flattened torus. 


The image on the left shows the section of the emission pattern. We have drawn, in 
dotted lines, the emission pattem of a short dipole. We can see thatthe two pattems are 
very similar. The image at right shows the perspective view of th 


This time it is not possible to compute analytically the total power emitted by the antenna 
(the last formula does not allow), though a simple numerical integration or series 
expansion leads to the more precise, actual value of the half-wave resistance: 


Rg = GOCini 2a} = 60 fn(2ny} — C2m}] = 120 t f calfoont) 
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This leads to the gain of a dipole antenna, 


G 607 3600 = 120 1 
27 BR” WR,” FESS 


129 % 
* Sapgg © NOt 2ADABE: 


The resistance, however, is not enough to characterize the dipole impedance, as there is 
also an imaginary part— it is better to measure the impedance. 


‘ 


In the image below, the real and imaginary parts of a dipole's impedance are drawn for 
lengths going from 0.4 Mto 0.6 A, accompanied by a chart comparing the gains of dipole 
antennas of other lengths (note that gains are not in dBi but in natural number): 


UHF-Half-Wave Dipole, 1.0-4 GHz 


5G Key Enabling Technologies 


Groundbreaking innovations will drive 5G tech- 
nologies to meet the unprecedented speeds 
near-wireline latencies, ubiquitous connectivity 


with uniform QoE, and the ability to connect mas- 
sive amounts of devices with each other, all work- 
ing in unison to provide the user with an immersive 
experience, even while the user is on the move. 
Future 5G systems will encompass fundamentally 
new designs to boost wireless capacity utilizing 
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new frequency bands, advanced spectrum efficien- 
cy enhancement methods in the legacy band, and 
seamless integration of licensed and unlicensed 
bands. 


5G 


Figure 9 shows an overview of the 5G key ena- 
bling technologies. The massively higher capacity 
needs of the 5G systems will be addressed by new 
mmWave systems, high-density small cells, ad- 
vanced Muttiple-Input and Multiple-output (MIMO) 
and new multiple access schemes like Filter-Bank 
Multi-Carrier (FBMC). Adaptive Coding and Modu- 
lation ike Frequency and Quadrature Amplitude 
Modulation (FQAM) can significantly improve the 
cell edge performance and combined with high- 
er density deployments with mult-8S coopera- 
tion will help to deliver on the promise of “Gbps 
anywhere” and Uniform QoE. Multi-Radio Access 
Technology (Multi-RAT) integration including carrier 
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Gain of dipole antennas 
length L in Gain Gain(dB) 


<0.1 1.50 1.76dB 
05 1.64 2.15dB 
1.0 1.80 2.55dB 
1s 2.00 3.01dB 
2.0 2.30 3.62dB 
3.0 2.80 4.47dB 
4.0 3.50 5.44dB 


8.0 7.10 8,51dB 
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a 
‘The antenna and its image form a Zdipole that radiates only upward. 


‘The quarter wave monopole antenna is a single element antenna fed at one end, that 
dipole antenna. It is formed by a conductor Zin length. It is fed in the lower 
face which works as a reflector. The current in the 
reflected image has the same direction and phase as the current in the real antenna. The 
quarter-wave conductor and its image together form a half-wave dipole that radiates only 
in the upper half of space. 


side of space the emitted field has the same amplitude of the field radiated 
half-wave dipole fed with the same current, Therefore, the total emitted power is 
one-half the emitted power of a half-wave dipole fed with the same current, As the 
current is the same, the radiation resistance (real part of series impedance) will be one- 
half of the series impedance of a half-wave dipole, As the reactive partis also divided by 
2, the impedance of a quarter wave antenna is “4"*=36+i21ohms, Since the fields above 
stound are the same as forthe dipole, but only half the power is applied, the gain is twice 
(BaB over) that for a half-wave dipole (2), that is 5.14 dBi. 


The earth can be used as ground plane, but it is a poor conductor: the reflected antenna 
image is only clear at glancing angles (far from the antenna). At these glancing angles, 
electromagnetic fields and radiation patterns are thus the same as for a half-wave dipole. 


Naturally, the impedance of the earth is far inferior to that of a good conductor ground 
plane -- this can be improved (at cost) by laying a copper mesh. 


When ground is not available (such as in a vehicle) other metallic surfaces can serve as a 
ground plane (typically the vehicle's roof). Alternatively, radial wires placed at the b: 
of the antenna can simulate a ground plane. For VHF bands, the radiating and ground- 
plane elements can be constructed from rigid rods or tubes. 


Dipole characteristics 
Frequency versus length 


Dipoles that are much smaller than the wavelength of the signal are called Hertzian, 
short, or infinitesimal dipoles. These have a very low radiation resistance and a high 
reactance, making them inefficient, but they are often the only available antennas at very 
Jong wavelengths. Dipoles whose length is half the wavelength of the signal are called 
half-wave dipoles, and are more efficient. In general radio engineering, the term dipole 
usually means a half-wave dipole (center-fed). 


A half-wave dipole is cut to length / for frequency f MHz according to the formula 


143 
l= — t=— 
£ where /is in metres or £ where /is in feet. This is because the 
impedance of the dipole is resistive pure at about this length. The length of the dipole 
antenna is about 95% of half a wavelength at the speed of light in free space. 


The magic numbers above are derived from a one Hz wavelength which is the distance 
that light radio travels in one second. Speed of light in vacuum is 299,792,458 m/s, which 
is divided by 1 million to account for MHz rather than Hz, which is then divided by 2 for 
a half-wave dipole antenna. A fudge factor of approximately 0.95 is multiplied to account 
for the damping due to radiation, which results in the magic number of 143 m-MHz or 
468 MHz. 


Radiation pattern and gain 


Dipoles have an omnidirectional radiation patter, shaped like a toroid (doughnut) 
symmetrical about the axis of the dipole. The radiation is maximum at right angles to the 
dipole, dropping off to zero on the antenna's axis. The theoretical maximum gain of a 
Hertzian dipole is 10 log 1.5 or 1.76 dBi. The maximum theoretical gain of a /2-dipole 
is 10 log 1.64 or 2.15 dBi. 


Radiation is linear. 


Gain of a half-wave dipole (same as left), The scale is in dBi (decibels over isotropic). 
Feeder line 


Ideally, a half-wave (2/2) dipole should be fed with a balanced line matching the 
theoretical 73 ohm impedance of the antenna, A folded dipole uses a 300 ohm balanced 
feeder line. 


Many people have had success in feeding a dipole directly with a coaxial cable feed 
rather than a ladder-line. However, coax is not symmetrical and thus not a balanced 
feeder. It is unbalanced, because the outer shield is connected to earth potential at the 
other end. When a balanced antenna such as a dipole is fed with an unbalanced feeder, 
common mode currents can cause the coax line to radiate in addition to the antenna itself, 


and the radiation pattern may be asymmetrically distorted. This can be remedied with the 
use of a balun, 


Common applications 


Set-top TV antenna 


A "rabbit-ears" antenna with a UHF loop antenna. 


‘The most common dipole antenna is the type used with televisions, often colloquially 
referred to as "rabbit ears" or "bunny ears." While in most applications the dipole 
elements are arranged along the same line, rabbit ears are adjustable in length and angle. 
Larger dipoles are sometimes hung in a V shape with the center near the radio equipment 
on the ground or the ends on the ground with the center supported. Shorter dipoles can be 


hung vertically. Some have extra elements to get better reception such as loops 
(especially for UHF transmissions), which can be turnable around a vertical axis, or a 
dial, which modifies the electrical properties of the antenna at each dial position, 


Folded dipole 


Folded dipole antenna 


Another common place one can see dipoles is as antennas for the FM band - these are 
folded dipoles. The tips of the antenna are folded back until they almost meet at the 
feedpoint, such that the antenna comprises one entire wavelength, This arrangement has a 
greater bandwidth than a standard half-wave dipole. If the conductor has a constant radius 
and cross-section, at resonance the input impedance is four times that of a half-wave 
dipole. 


Shortwave antenna 


2 
A DIY-made dipole antenna with mast 


Dipoles for longer wavelengths are made from solid or stranded wire, Portable dipole 
antennas are made from wire that can be rolled up when not in use. Ropes with weights 
on the ends can be thrown over supports such as tree branches and then used to hoist up 
the antenna, The center and the connecting cable can be hoisted up with the ends on the 
ground or the ends hoisted up between two supports in a V shape. While permanent 
antennas can be trimmed to the proper length, it is helpful if portable antennas are 
adjustable to allow for local conditions when moved. One easy way is to fold the ends of 
the elements to form loops and use adjustable clamps. The loops can then be used as 
attachment points, 


It is important to fit a good insulator at the ends of the dipole, as failure to do so can lead 
toa flashover if the dipole is used with a transmitter. Various purchased or improvised 
insulators can be used. 


Whip antenna 


The whip antenna is probably the most common and simplest-looking antenna. These are 
monopoles, and the most common and practical is the quarter-wave monopole which 
could be considered as half of a dipole using a ground plane as the image of the other 
half, The commonly referred-to end-fed dipole is actually just a half-wave monopole 
whip antenna. 


Dipoles versus whip antennas 


Dipoles are generally more efficient than whip antennas (quarter-wave monopoles). The 
total radiated power and the radiation resistance are twice that of a quarter-wave 
monopole. Thus, if'a whip antenna were used with an infinite perfectly conducting 
ground plane, then it would be as efficient in half-space as a dipole in free space an 
infinite distance from any conductive surfaces such as the earth's surface. 


Dipole towers 


Large constructed half-wavelength dipole towers include the Warsaw radio m: 
only half-wave dipole for longwave ever built — and Blaw-Knox Towers. 


Military 


US Military personnel occasionally use a ‘doublet’ antenna, especially during dismounted 
unconventional warfare. A radio operator may choose to bring several doublet antennas 
for different frequencies, such as an antenna cut to length for the set MEDEVAC 
(medical evacuation) frequency, NCS (net control station) frequency, and tactical 
frequency (the frequency used by troops in the field). This approach may not be 
acceptable depending on the mission, Note that a doublet antenna will not work with the 
andard SINCGARS radio when using frequency hopping(FH) but is effective for single 
channel (SC). A doublet antenna is more practical for radios not intended for FH. 


Collinear antenna systems based on dipoles 


J-Pole Antenna 


Dipoles can be stacked end to end in phased arrays to make collinear antenna arrays, 
which exhibit more gain in certain directions—the toroidal radiation pattern is flattened 
out, giving maximum gain at right angles to the axis of the colinear array. 


Slim Jim or J-pole 


A Slim Jim or J-pole is a form of end-fed dipole connected to a quarter-wave stub 
matching section. 


Dipole types 
Ideal half-wavelength dipole 


This type of antenna is a special case where each wire is exactly one-quarter of the 
wavelength, for a total of a half wavelength. The radiation resistance is about 73 ohms if 
wire diameter is ignored, making it easily matched to a coaxial transmission line. The 
directivity is a constant 1.64, or 2.15 dB. Actual gain will be a little less due to ohmic 
losses. 


If the dipole is not driven at the centre then the feed point resistance will be higher. If the 
feed point is distance x from one end of a half wave (2/2) dipole, the resistance will be 
described by the following equation. 


If taken to the extreme then the feed point resistance of a 2/2 long rod is infinite, but itis 
possible to use a 1/2 pole as an aerial; the right way to drive it is to connect it to one 


terminal of a parallel LC resonant circuit. The other side of the circuit must be connected 
to the braid of a coaxial cable lead and the core of the coaxial cable can be connected part 
way up the coil from the RF ground side. An alternative means of feeding this system is 
to use a second coil which is magnetically coupled to the coil attached to the aerial 


Folded dipole 


A folded dipole is a half-wave dipole with an additional wire connecting its two ends. If 
the additional wire has the same diameter and cross-section as the dipole, two nearly 
identical radiating currents are generated. The resulting far-field emission pattern is 
nearly identical to the one for the single-wire dipole described above; however, at 

input (feedpoint) impedance Ryis four times the radiation resistance of a 
single-wire dipole. This is because for a fixed amount of power, the total radiating current 
Jn is equal to twice the current in each wire and thus equal to twice the current at the feed 
point. Equating the average radiated power to the average power delivered at the 
feedpoint, we may write 


resonance it 


1 


1 
Ral = 5Rea(Io/2Y 


It follows that 


Rya = 4Ry = 292.520, 


The folded dipole is therefore well matched to 300-Ohm balanced transmis 
Hertzian dipole (current element) 


‘The Hertzian dipole is a theoretical short dipole (significantly smaller than the 
wavelength) with a uniform current along its length. A true Hertzian dipole cannot 
physically exist, since the assumed current distribution implies an infinite accumulation 
of charge at its ends. 


The radiation resistance is given by: 


where Zp is the impedance of free space. This is precisely four times the radiation 
resistance of the real short dipole with the linearly tapered current distribution, 


The radiation resistance is typically a fraction of an ohm, making the infinitesimal dipole 
an inefficient radiator. The directivity D, which is the theoretical gain of the antenna 
assuming no ohmic losses (not real-world), is a constant of 1.5, which corresponds to 


aggregation of licensed and unlicensed bands will 
inevitably help in increasing the available system 
bandwidth. On the network side, novel topologies 
including application servers placed closer to the 
network edge will contribute to significantly reduc- 
ing the network latency. Advanced Device-to-De- 
vice (D2D) technology can help reduce the com- 
munications latency and support larger number of 
simultaneous connections in a network. 


These 5G key enabling technologies are described 
in more detail in the following sections. 


mmWave System 


The mmWave bands provide 10 times more band- 
width than the 4G cellular-bands, as illustrated in 
Figure 10. Therefore, the mmWave bands can sup- 
port the higher data rates required in future mobile 
broadband access networks. 


Figure 10 Potential Bands in 20-50 GHz (US) 


Unlike the below 6GHz bands, in the mmWave 
bands we have to carefully consider the wireless 
conditions such as rainfalls, snowfalls, and fogs. 
However, the amount of loss is mild for the expect- 
ed range of a 5G communication link. For example, 
atmospheric absorption loss due to H,0 and O, at 
28 GHz would be around 0.02 dB at a distance of 
200 meters. Intensive rainfall (110 mm/h) results in 
about 4 dB loss at 200 meters distance. Loss due 
to heavy snow (10 mnvhh) or heavy fog (visibility dis- 
tance under 50 meters) will be less than 0.1 dB, at 
all distance of 200 meters [4][5]. 


In Figure 11, we show mmWave channel measure- 
ments from extensive experiments in Daejeon, Ko- 
rea [6][7]. These channel measurements were car- 
ried out at 28 GHz with a channel bandwidth of 250 
Mz, transmission power of 29 dBm and the horn 
antenna gain of 24.5 dBi for both the transmitter and 
the receiver (6][7] 


The path loss exponents (based on 8 meters dis- 
tance free space path loss) is 3.53 in Non Line of 
Sight (NLOS) links [6]. The mild path loss exponent 
from measurement results strongly suggests that 
mmWave communication links can be supported 
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Figure 11. mmiWave Channel Measurements in Urban Area, 
Daejeon (Korea) 
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Figure 12 Adaptive Pencil Beamforming (Examole) 


‘over 200 meters of distance, even in dense urban 
outdoor NLoS environments. Similar results are also 
reported in ray-tracing-based mmWave propaga- 
tion model [8], confirming the fact that mmWave 


1,76 dB. Actual gain will be much less due to the ohmic losses and the loss inherent in 
connecting a transmission line to the antenna, which is very hard to do efficiently 
considering the incredibly low radiation resistance. The maximum effective aperture is 


37 
8x 


A 


A surprising result is that even though the Hertzian dipole is minute, its effective aperture 
is comparable to antennas many times its size. 


Dipole as a reference standard 


Antenna gain is sometimes measured as "x dB above a dipole", which means that the 
antenna in question is being compared to a dipole, and has x dB more gain (has more 
directivity) than the dipole tuned to the same operating frequency. In this case one says 
the antenna has a gain of "x dBd". More often, gains are expressed relative to an isotropic 
radiator, which is an imaginary aerial that radiates equally in all directions. In this case 
one uses dBi instead of dBd. As it is impossible to build an isotropic radiator, gain 
measurements expressed relative to a dipole are more practical when a reference dipole 
aerial is used for experimental measurements. 0 dBd is often considered equal to 2.15 
dBi 


From Babinet's principle, a dipole antenna is complementary to a slot antenna consisting 
of a slot the same size and shape as a dipole cut from an infinite sheet of metal; both give 
the same radiation pattern. 


Dipole with baluns 


‘Coax and antenna both acting as radiators instead of only the antenna, 


A dipole, being composed of two symmetrical ungrounded elements, works best when 
fed by a balanced transmission line, such as ladder line. When a dipole with an 
unbalanced feedline such as coaxial cable is used for transmitting, the shield side of the 
cable, in addition to the antenna, radiates. This can induce RF currents into other 
electronic equipment near the radiating feedline, causing RF interference. Furthermore, 
the antenna is not as efficient as it could be because it is radiating closer to the ground 
and its radiation (and reception) pattern may be distorted asymmetrically. At higher 
frequencies, where the length of the dipole becomes significantly shorter than the 
diameter of the feeder coax, this becomes a more significant problem. To prevent this, 
dipoles fed by coaxial cables have a balun between the cable and the antenna, to convert 


the unbalanced signal provided by the coax to a balanced symmetrical signal for the 


antenna, 


Several type of baluns are commonly used to transmit on a dipole: current baluns and 


i 


Current balun 
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Dipole with a current balun. 


A current balun is a bit more expensive but has the characteristic of being more 
broadband. It can also be as simple as winding the coax cable over a ferrite core. Or 
nothing but coax cable: 


Coax balun 


461 4 Wave Coax Ban 


Here is a dipole using a coax balun. 


A coax balun is a cost effective method to eliminate feeder radiation, but is limited to a 
narrow set of operating frequencies. 


© One easy way to make a balun is a (1/2) length of coaxial cable. The inner core of 
the cable is linked at each end to one of the balanced connections for a feeder or 
dipole. One of these terminals should be connected to the inner core of the coaxial 
feeder. All three braids should be connected together. This then forms a 4:1 balun 
which works correctly at only a narrow band of frequencies, 


Sleeve balun 


cas 


Here is a dipole using a sleeve balun, 
At VHF frequencies, a sleeve balun can also be built to remove feeder radiation. 


+ Another narrow band design is to use a 1/4 length of metal pipe. The coaxial cable 
is placed inside the pipe; at one end the braid is wired to the pipe while at the 
other end no connection is made to the pipe. The balanced end of this balun is at 
the end where the pipe is wired to the braid. The 2/4 conductor acts as a 
transformer converting the infinite impedance at the unconnected end into a zero 
impedance at the end connected to the braid, Hence any current entering the balun 
through the connection, which goes to the braid at the end with the connection to 


the pipe, will flow into the pipe. This balun design is impractical for low 
frequencies because of the long length of pipe that will be needed. 


Chapter 2 


Horn Antenna 


Pyramidal microwave horn antenna, with a bandwidth of 0.8 to 18 GHz. A coaxial cable 
feedline attaches to the connector visible at top. This type is called a ridged horn; the 
curving fins visible inside the mouth of the horn increase the antenna’s bandwidth. 


A horn antenna or microwave horn is an antenna that consists of a flaring metal 
waveguide shaped like a horn to direct the radio waves. Horns are widely used as 
antennas at UHF and microwave frequencies, above 300 MHz. They are used as feeders 


(called feed horns) for larger antenna structures such as parabolic antennas, as standard 
libration antennas to measure the gain of other antennas, and as directive antennas for 
such devices as radar guns, automatic door openers, and microwave radiometers. Their 
advantages are moderate directivity (gain), low SWR, broad bandwidth, and simple 
construction and adjustment. 


One of the first horn antennas was constructed in 1897 by Indian radio researcher 
Jagadish Chandra Bose in his pioneering experiments with microwaves. In the 1930s the 
first experimental research (Southworth and Barrow, 1936) and theoretical analys 
(Barrow and Chu, 1939) of homs as antennas was done. The development of radar in 
World War 2 stimulated horn research, The corrugated horn proposed by Kay in 1962 has 
become widely used as a feed horn for microwave antennas such as satellite dishes and 
radio telescopes. 


An advantage of horn antennas is that since they don't have any resonant elements, they 
can operate over a wide range of frequencies, a wide bandwidth. The useable bandwidth 
of horn antennas is typically of the order of 10:1, and can be up to 20:1 (for example 
allowing it to operate from 1 GHz to 20 GHz). The input impedance is slowly-varying 
over this wide frequency range, allowing low VSWR over the bandwidth. The gain of 
horn antennas ranges up to 25 dBi, with 10 - 20 dBi being typical 


Description 


A hom antenna is used to transmit radio waves from a waveguide (a metal pipe used to 
carry radio waves) out into space, or collect radio waves into a waveguide for reception. 
It typically consists of a short length of rectangular or cylindrical metal tube (the 
waveguide), closed at one end, flaring into an open-ended conical or pyramidal shaped 
hom on the other end. The radio waves are usually introduced into the waveguide by a 
coaxial cable attached to the side, with the central conductor projecting into the 
waveguide. The waves then radiate out the horn end in a narrow beam. However in some 
equipment the radio waves are conducted from the transmitter or to the receiver by a 
waveguide, and in this case the horn is just attached to the end of the waveguide. 


How it works 


Corrugated conical horn antenna used as a feed horn on a Hughes Direeway home 
satellite dish. 


‘A hor antenna serves the same function for electromagnetic waves that an acoustical 
horn does for sound waves in a musical instrument such as a trumpet; it provides a 
gradual transition structure to match the impedance of a tube to the impedance of free 


space, enabling the waves from the tube to radiate efficiently into space. 


Ifa simple open-ended waveguide were to be used as an antenna, without the horn, the 
sudden end of the conductive walls causes an abrupt impedance change at the aperture, 
from the characteristic impedance of the waveguide to the impedance of free space, 377 
ohms. When radio waves travelling through the waveguide hit the opening, it acts as a 
bottleneck, reflecting most of the wave energy back down the guide toward the source, so 
only part of the power is radiated. It acts similarly to an open-circuited transmission line, 
or fo a boundary between optical mediums with a high and low index of refraction, like a 
glass surface, The reflected waves cause standing waves in the waveguide, increasing the 
VSWR, wasting energy and possibly overheating the transmitter. In addition, the small 
aperture of the waveguide (around one wavelength) causes severe diffraction of the 
waves issuing from it, resulting in a wide radiation pattern without much directivity. 


To improve these poor characteristics, the ends of the waveguide are flared out to form a 
horn, The taper of the horn changes the impedance gradually along the horn's length. This, 
acts like an impedance matching transformer, allowing most of the wave energy to 
radiate out the end of the hom into space, with minimal reflection. The taper functions 
similarly to a tapered transmission line, or an optical medium with a smoothly-varying 
refractive index. In addition, the wide aperture of the horn projects the waves in a narrow 
beam 


The horn shape that gives minimum reflected power is an exponential taper. Exponential 
hors are used in special applications that require minimum signal loss, such as satellite 
antennas and radio telescopes. However conical and pyramidal horns are most widely 
used, because they have straight sides and are easier to fabricate, 


Radiation pattern 


The waves travel down a horn as spherical wavefronts, with their origin at the apex of the 
horn, The pattern of electric and magnetic fields at the aperture plane of the horn, which 
determines the radiation pattern, is a scaled-up reproduction of the fields in the 
waveguide, However, because the wavefronts are spherical, the phi smoothly 
from the center of the aperture plane to the edges, because of the difference in length of 
the center point and the edge points from the apex point. The difference in phase between 
the center point and the edges is called the phase error. This phase error, which increas 
with the flare angle, reduces the gain and increases the beamwidth, giving horns wider 
beamwidths than plane-wave antennas such as parabolic dishes, 


as 


se increas 
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At the flare angle, the radiation of the beam lobe is down about -20 dB from its maximum 
value 


The increasing phase error limits the aperture size of practical horns to about 15 
wavelengths; larger apertures would require impractically long horns. This limits the gain 
of practical horns to about 1000 (30 dB) and the corresponding minimum beamwidth to 
about 5 - 10°. 


bands can be successtuly utilized for future IMT sys- 
tems. Moreover, based an the ray-tracing, mmWave 
3D-channel model in urban scenario is proposed 
in [9]. Higher path-loss and the resulting fragile link 
is largely due to weak diffractions in the mmWave 
bands. Weneed to overcome these challenges in or- 
der to make outdoor mmWave communication a re- 
ality [10][11]. Fortunately, the small mmWave wave- 
lenath also means highly directional beamforms 
can be obtained using a large number of antenna 
elements in a smaller form factor. These adaptive 
directional beams with large antenna array gain are 
key in combating the large propagation loss in the 
mmWave [12][13][14][15]. as illustrated in Figure 12, 


We have developed a mmWave beamforming pro- 
totype at the DMC R&D Center, Samsung Electron- 
ics, Korea, in order to demonstrate the feasibility 
of using mmWave bands for cellular services. We 
showed that mmWave system can meet the two key 
requirements of cellular services: sufficiently large 
geographical coverage and support for mobility in 
NLoS environments 


With the prototype, we tested outdoor coverage 
to demonstrate the service availability in a typical 
outdoor environment for both LoS and NLoS sites. 
The tests were performed at sites surrounded by 
tall buildings where various channel propagation ef- 
fects such as reflection, diffraction, and penetration 
were present, as shown in Figure 13. We observed 
that reliable communication links are formed even 
for NLOS sites that are more than 200 meters away 
from the base station. 


Figure 13. Exemplary Outdoor Coverage Test Resuls 


‘Advances in semiconductor technology have made 
commercial mmWave systems readily available. Re- 
cent technologies of Silicon-based Complementary 
Metal Oxide Semiconductor (CMOS) processes are 
capable of integrating mixers, Low Noise Amplifiers. 
(LNAs), Power Amplifiers (PAs), and Inter-Frequen- 
cy (IF) amplifiers, all in a single package. A good 
‘example is the 60 GHz commercialized products 
with the label of Wireless Gigabit Alliance (WiGig) 
[16], and it is well recognized that cost effective im- 
plementations of sub-100nm CMOS process made 
it possible to utilize the 60 GHz bands [17] 


GaAs Monolithic Microwave Integrated Circuit 
(MMIC) technologies are maturing fast, and they 
are becoming a dominant choice for components 
in the RF chain including PAs, LNAs, switches for 
digital attenuators and phase shifters, Voltage Con- 
trolled Oscillators (VCOs), and passive components 
from a few GHz to 100 GHz. As illustrated in Figure 
14, it is projected that the Power Added Efficiency 
(PAE) of a 5G Front End Modules (FEM) will soon 
match the PAE of today's commercial 4G system. 
Meanwhile, a good Effective Isotropic Radiated 
Power (EIRP) can be achieved with the help of high 
antenna gains from a large number of antenna ele- 
ments [18][19] 


Figure 14 Projections of 5G FEM PAE 


High performance antenna solution is an important 
piece of the 5G puzzle. The constantly varying LoS 
and NLoS propagation environment demands a 
novel antenna which exhibits high gain as well as 
wide spatial coverage capacity, The antenna array 
comprising of multiple antenna elements must fit 
within the small form factor of a 5G mobile handset. 


Samsung has been developing innovative 5G 
phased array antennas that have near zero-foot- 
print and reconfigurable antenna modes, as shown 
in Figure 15. 


Figure 15 The Reconfigurable 5G Phased-array Antenna 


Characterizing the biological implications on a us- 
er’s body imposed by cellular handset devices is 
‘one of the most important aspects that need to be 
verified prior to its commercial release. The Signal 
‘Absorption Rate (SAR) regulated by worldwide gov- 


Optimum horn 


Large pyramidal horn used in 1951 to detect the 21 em (1.43 GHz) radiation from 
hydrogen gas in the Milky Way galaxy. 


Fora given frequency and horn length, there is some flare angle that gives minimum 
reflection and maximum gain, The reflections in straight-sided horns come from the two 
locations along the wave path where the impedance changes abruptly; the mouth or 
aperture of the horn, and the throat where the sides begin to flare out. The amount of 
reflection at these two sites varies with the flare angle of the horn (the angle the sides 
make with the axis), In narrow horns with small flare angles most of the reflection occurs 
at the mouth of the horn, The gain of the antenna is low because the small mouth 
approximates an open-ended waveguide, As the angle is increased, the reflection at the 
mouth decreases rapidly and the antenna's gain increases. In contrast, in wide horns with 


flare angles approaching 90° most of the reflection is at the throat. The horn's gain is 
again low because the throat approximates an open-ended waveguide. As the angle is 
decreased, the amount of reflection at this site drops, and the horn's gain again increas 


maximum gain and 
horn antennas are 


minimum reflection, This is called the optimum horn, Most pract 
designed as optimum horns. In a pyramidal horn, the dimensions that give an optimum 


hom are: 
=Y3lle  aqg=Y2Lg 


For a conical horn, the dimensions that give an optimum horn are: 


d=V3AL 


where 


ag is the width of the aperture in the E-field direction 
ayris the width of the aperture in the H-field direction 
Leis the slant length of the side in the E-field direction 
Lys the slant length of the side in the H-field direction, 
dis the diameter of the cylindrical horn aperture 

Lis the slant length of the cone from the apex. 

Zis the wavelength 


An optimum horn does not give maximum gain for a given aperture size; this is achieved 
by a very long horn. It gives the maximum gain for a given horn length. Tables showing 
dimensions for optimum horns for various frequencies are given in microwave 
handbooks. 

Gain 


Horns have very little loss, so the directivity of a hom is roughly equal to its gain, The 
gain G of a pyramidal horn antenna (the ratio of the radiated power intensity along it 
beam axis to the intensity of an isotropic antenna with the same input power) is 


ata. 
x 


For conical horns, the gain is: 


2 
G (3) Ca 


G= 


where 


A is the area of the aperture, 

dis the aperture diameter of a conical horn 

Ais the wavelength, 

e, is a dimensionless parameter called the aperture efficiency, 


‘The aperture efficiency ranges from 0.4 to 0.8 in practical horn antennas, For optimum 
pyramidal horns, e, = 0.511., while for optimum conical horns e4 = 0,522. So an 
approximate figure of 0.5 is often used. The aperture efficiency increases with the length 
of the horn, and for aperture-limited horns is approximately unity. 


Types of horn antennas 


Aperture-limited corrugated horn, used as a feed horn in a radio telescope for millimeter 


waves. 


‘These are the common types of horn antenna, Hors can have different flare angles as 
well as different expansion curves (elliptic, hyperbolic, etc.) in the E-field and H-field 
directions, making possible a wide variety of different beam profiles. 


Pyramidal hom - a horn antenna with the horn in the shape ofa four-sided 
pyramid, with a rectangular cross section. They are the most widely used type, 
used with rectangular waveguides, and radiate linearly polarized radio waves. 
Sectoral horn - A pyramidal horn with only one pair of sides flared and the other 
pair parallel. It produces a fan-shaped beam, which is narrow in the plane of the 
flared sides, but wide in the plane of the narrow sides. 
o E-plane hom - A sectoral horn flared in the direction of the electric or E~ 
field in the waveguide. 
co H-plane hom - A sectoral hom flared in the direction of the magnetic or 
H-field in the waveguide. 
Conical hom - A horn in the shape of a cone, with a circular cross section. They 
are used with cylindrical waveguides. 
Corrugated horn - A horn with parallel slots or grooves, small compared with a 
wavelength, covering the inside surface of the horn, transverse to the axis 
Corrugated horns have wider bandwidth and smaller sidelobes and cross- 


50 fi. Holmdel horn antenna at Bell lal 


polarization, and are widely used as feed horns for satellite dishes and radio 
telescopes. 

Ridged horn - A pyramidal hom with ridges or fins attached to the inside of the 
horn, extending down the center of the sides. The fins lower the cutoff frequency, 
increasing the antenna’s bandwidth. 

Septum hom - A horn which is divided into several subhomns by metal partitions 
(septums) inside, attached to opposite walls. 

Aperture-limited hom - a long narrow horn, long enough so the phase error is a 
fraction of a wavelength, so it essentially radiates a plane wave. It has an aperture 
efficiency of 1.0 so it gives the maximum gain and minimum beamwidth for a 
given aperture size. The gain is not affected by the length but only limited by 
diffraction at the aperture, Used as feed horns in radio telescopes and other high 
resolution antennas. 


in Holmdel, New Jersey, USA, with which Amo 


and Robert Wilson discovered cosmic microwave background radiation in 1964. 


Large 177 ft. Hogg horn antenna at AT&T satellite communications facility in Andover, 
Maine, USA, used in 1960s to communicate with the first direct relay communications 
satellite, Telstar. 


Hogg microwave relay antennas on roof of AT&T telephone switching center, Seattle, 
Washington, USA 
Hogg antennas 


Hogg horn antenna 


A type of antenna that combines a horn with a parabolic reflector is the Hogg antenna, 
invented by D. C. Hogg at Bell labs around 1960. It consisted of a horn antenna with a 
reflector mounted in the mouth of the horn at a 45 degree angle so the radiated beam is at 
right angles to the horn axis. The reflector is a segment of a parabolic reflector, so the 
device is equivalent to a parabolic antenna fed off-axis. The advantage of this design over 
a standard parabolic antenna is that the horn shields the antenna from radiation coming 
from angles outside the main beam axis, so its radiation pattern has very small sidelobes. 


Also, the aperture isn’t partially obstructed by the feed and its supports, as with ordinary 
front-fed parabolic dishes. The disadvantage is that it is far larger and heavier for a given 
aperture area than a parabolic ind must be mounted on a cumbersome turntable to 
be fully steerable. This design was used for a few radio telescopes and communication 
satellite ground antennas during the 1960s. Its largest use, however, was as fixed 
antennas for microwave relay links in the AT&T Long Lines microwave network. 
Probably the most photographed and well-known example is the 15 meter (50 foot) long 
Holmdel Hom Antenna at Bell Labs in Holmdel, New Jersey, with which Amo Penzias 
and Robert Wilson discovered cosmic microwave background radiation in 1965, for 
which they won the 1978 Nobel Prize in Physics, 


Chapter 3 


Radio Telescope 


‘The 64 meter radio telescope at Parkes Observatory 


A radio telescope is a form of directional radio antenna used in radio astronomy. The 
same types of antennas are also used in tracking and collecting data from satellites and 
space probes. In their astronomical role they differ from optical telescopes in that they 
operate in the radio frequency portion of the electromagnetic spectrum where they can 
detect and collect data on radio sources. Radio telescopes are typically large parabolic 
("dish") antennas used singly or in an array. Radio observatories are preferentially located 
far from major centers of population to avoid electromagnetic interference (EMI) from 
radio, TV, radar, and other EMI emitting devices. This is similar to the locating of optical 


telescopes to avoid light pollution, with the difference being that radio observatories are 
often placed in valleys to further shield them from EMI as opposed to clear air mountain 
tops for optical observatories. 


Early radio telescopes 


Full-size replica of the first radio telescope, Jansky's dipole array now at the US National 
Radio Astronomy Observatory 


‘The first radio antenna used to identify an astronomical radio source was one built by 
Karl Guthe Jansky, an engineer with Bell Telephone Laboratories, in 1931. Jansky was 
assigned the job of identifying sources of static that might interfere with radio telephone 
service, Jansky’s antenna was an array of dipoles and reflectors designed to receive short 
wave radio signals at a frequency of 20.5 MHz (wavelength about 14.6 metres). It was 
mounted on a turntable that allowed it to rotate in any direction, earning it the name 
“Jansky's merry-go-round”. It had a diameter of approximately 100 ft (30 m). and stood 
20 fi (6 m). tall. By rotating the antenna on a set of four Ford Model-T tires, the direction 
of the received interfering radio source (static) could be pinpointed. A small shed to the 
side of the antenna housed an analog pen-and-paper recording system, After recording 
signals from all directions for several months, Jansky eventually categorized them into 
three types of static: nearby thunderstorms, distant thunderstorms, and a faint steady hiss 
of unknown origin. Jansky finally determined that the "faint hiss" repeated on a cycle of 
23 hours and 56 minutes. This period is the length of an astronomical sidereal day, the 
time it takes any "fixed" object located on the celestial sphere to come back to the same 
location in the sky. Thus Jansky suspected that the hiss originated well beyond the Earth's 
atmosphere, and by comparing his observations with optical astronomical maps, Jansky 
concluded that the radiation was coming from the Milky Way Galaxy and was strongest 
in the direction of the center of the galaxy, in the constellation of Sagittarius, 


Reber's first "dish" radio telescope - Wheaton, IL 1937 


An amateur radio operator, Grote Reber, was one of the pioneers of what became known 
as radio astronomy when he built the first parabolic "dish" radio telescope (9 metres 

(30 fi) in diameter) in his back yard in Illinois in 1937. He was instrumental in repeating 
Karl Guthe Jansky's pioneering but somewhat simple work at higher frequencies, and he 
went on to conduct the first sky survey at very high radio frequencies. The rapid 
development of radar technology during World War II was easily translated into radio 
astronomy technology after the war, and the field of radio astronomy began to blossom. 


ernmental bodies is used as a guideline to assess 
the effect of mmWave bands on a user's body. The 
SAR of an envisioned 5G (28 GHz) cellular handset 
is analyzed and illustrated in Figure 16 


When optimally configured, the SG beamforming 
technology enables the peak radiation of the Mobile 
Station (MS) antenna to steer away from the user's 
head. As a result, the average SAR can be reduced 
by more than a factor of 10 compared to that of the 
present day 4G cellular handsets. 


The maximum SAR is expected to be further mini- 
mized in the future, as SG antenna technology con- 
tinues to evolve. 
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Figure 16 Biological Implications on the User's Body 


Multi-RAT 


To realize the envisioned 5G services, significant en- 
hancement of per-user throughput and overall sys- 
tem capacity is requited, compared with those of the 
4G system, Such an enhancement can be achieved 
through advanced PHY/MAC/network technologies 
and efficient methods of cell deployment and spec- 
trum management. In particular, utilizing a larger 
amount of system bandwidth guarantees an in- 
crease in the capacity by allocating more frequency 
resources to each user in the system. Therefore, uti- 
lizing the spectrum where huge bandwidth is avall- 
able can be considered to be the most critical issue 
for the 5G system, 


Currently, the 4G system specifies its operating fre- 
quency bands and some of them are assigned to 
cellular operators. These deployments can be ben- 
eficial since the existing 4G system will not interfere 
with other RATS. 


However, obtaining the licensed spectrum requires 
not only considerable financial investment, but also 
a significantly long period of time spent on regula- 
tory procedures. More importantly, a substantial 
portion of the licensed spectrum around 2 GHz is 
already being used. Therefore, finding a bandwidth 


that is wide enough to support the 5G system is very 
challenging, 


The recent trend in spectrum management is to 
aggregate both the licensed and unlicensed spec- 
trums to extend available system bandwidth, as 
shown in Figure 17. 
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Figure 17 Integration of Licensed and Unlicensed Bands 


The unlicensed spectrum has plenty of bandwidth, 
For instance, approximately 500 MHz and 7 GHz 
bandwidths are available in the 5 GHz and 60 GHz 
bands, respectively. In order for the 5G system to uti- 
lize the unlicensed spectrum, regulations imposed 
‘on each frequency band should be carefully recon- 
sidered, Representative examples of the regulations 
are the Transmit Power Control (TPC), Dynamic Fre- 
quency Selection (DFS), and Listen Before Talk (LBT). 


To efficiently utilize the unlicensed spectrum, we will 
develop the 5G system with the following character- 
istics, 


First, we will design PHY/MAC/network algorithms 
suitable for the nature of the unlicensed spectrum. 
Since a wide range of frequency bands are included 
in the unlicensed spectrum, each frequency band 
has its own characteristics. Hence, band-specitic 
solutions will be provided, 


Second, efficient coexistence mechanisms that take 
into account ather RATS (0.Q., WiFi or WiGig) operat- 
ing in the unlicensed spectrum will be suggested. 


Finally, techniques for interworking and integrating 
the 5G system with other RATS will be developed. By 
taking advantage of multiple RATs, the 5G system 
will be able to take advantage of the unique char- 
acteristics of each RAT and improve the practicality 
of the system as a whole. For instance, the 4G sys- 
tem is used for exchanging the control messages 
to maintain the connection, to perform handover, 
and to provide real-time services such as VoLTE. 
The technology operating in mmWave unlicensed 
frequency band would support the gigabit data rate 
service. Multiple mmWave cells can be overlaid on 
top of the underlying 4G macro cells, as shown in 
Figure 18, 


Types 


A cylindrical paraboloid antenna. 


‘The range of frequencies in the electromagnetic spectrum that makes up the radio 
spectrum is very large. This means that the types of antennas that are used as radio 
telescopes vary widely in design, size, and configuration. At wavelengths of 30 meters to 
3 meters (10 MHz. - 100 MHz), they are generally either directional antenna arrays 
imilar to "TV antennas" or large stationary reflectors with moveable focal points. Since 
the wavelengths being observed with these types of antennas are so long, the "reflector" 
surfaces can be constructed from coarse wire mesh such as chicken wire. At shorter 
wavelengths “dish” style radio telescopes predominate. The angular resolution of a dish 
style antenna is determined by the diameter of the dish expressed as a number of 


wavelengths of the electromagnetic radiation being observed. This dictates the dish size a 
radio telescope needs for a useful resolution, Radio telescopes that operate at 
wavelengths of 3 meters to 30 cm (100 MHz to 1 GHz) are usually well over 100 meters 
in diameter. Telescopes working at wavelengths shorter than 30 em (above 1 GHz) range 
in size from 3 to 90 meters in diameter. 


Big dishes 


RT-70 planetary radar 


World's largest single-aperture radio telescope at Arecibo Observatory in Puerto Rico 


ALMA construction site 


‘The world’s largest filled-aperture telescope (i.e.,a full dish) is the Arecibo radio 
telescope located in Arecibo, Puerto Rico, whose 305 m (1,001 fi) dish is fixed in the 
ground, It was designed by engineer Bill Gordon (d. 2010). The suspension system was 
designed by George and Helias Doundoulakis, for which Helias Doundoulakis received a 
patent along with assignee William J. Casey, ex-Central Intelligence Agency Director 
under President Ronald Reagan, The antenna beam is steerable (by means of a moving 
receiver) within about 20° of the zenith, The largest individual radio telescope of any 
kind is the RATAN-600 located near Nizhny Arkhyz, Russia, which consists of a $76- 
meter circle of rectangular radio reflectors, each of which can be pointed towards a 
central conical receiver. 


The largest radio telescope in Europe is the 100-meter diameter antenna in Effelsberg, 
Germany, which also was the world’s largest fully-steerable telescope for 30 years until 
the slightly larger Green Bank Telescope was opened in West Virginia, United States, in 
2000. The third-largest fully-steerable radio telescope is the 76-metre Lovell Telescope at 
Jodrell Bank Observatory in Cheshire, England, The fourth-largest fully-steerable radio 
telescopes is four the 70-metre radio telescopes: RT-70, Goldstone, Feature of these 
telescopes is that it is the world's largest planetary radars (except Suffa RT-70). 


A typical size of the single antenna of a radio telescope is 25 meters. Dozens of radio 
telescopes with comparable sizes are operated in radio observatories all over the world. 


China officially started construction of the world's largest single-aperture radio telescope 
in 2009, the FAST. The FAST, with a dish area as large as 30 football fields, will stand in 
aregion of typical Karst depressions in Guizhou, and will be finished by 2013. 


Radio interferometry 


‘The Very Large Array, an interferometric array formed from many smaller telescopes, 
like many larger radio telescopes 


One of the most notable developments came in 1946 with the introduction of the 
technique called astronomical interferometry. Astronomical radio interferometers usually 
consist either of arrays of parabolic dishes (e.g., the One-Mile Telescope), arrays of one- 
dimensional antennas (e.g., the Molonglo Observatory Synthesis Telescope) or two- 
dimensional arrays of omni-directional dipoles (e.g., Tony Hewish's Pulsar Array), All of 
the telescopes in the array are widely separated and are usually connected together using 
coaxial cable, waveguide, optical fiber, or other type of transmission line. Recent 
advances in the stability of electronic oscillators also now permit interferometry to be 
carried out by independent recording of the signals at the various antennas, and then later 
correlating the recordings at some central processing facility, This process is known as 
VLBI (Very Long Baseline Interferometry). Interferometry does increase the total signal 
collected, but its primary purpose is to vastly increase the resolution through a process 
called Aperture synthesis. This technique works by superposing (interfering) the signal 
waves from the different telescopes on the principle that waves that coincide with the 


same phase will add to each other while two waves that have opposite phases will cancel 
each other out. This creates a combined telescope that is equivalent in resolution (though 
not in sensitivity) to a single antenna whose diameter is equal to the spacing of the 
antennas furthest apart in the array. A high quality image requires a large number of 
different separations between telescopes. Projected separation between any two 
telescopes, as seen from the radio source, is called a baseline. For example, the Very 
Large Array (VLA) near Socorro, New Mexico has 27 telescopes with 351 independent 
baselines at once, which at 3 cm wavelengths), 
Martin Ryle's group in Cambridge obtained a Nobel Prize for interferometry and aperture 
synthesis. The Lloyd's mirror interferometer was also developed independently in 1946 
by Joseph Pawsey’s group at the University of Sydney. In the early 1950s the Cambridge 
Interferometer mapped the radio sky to produce the famous 2C and 3C surveys of radio 
sources. The largest existing physically-connected radio telescope array is the Giant 
Metrewave Radio Telescope, located in Pune, India. A larger array, LOFAR (the 'LOw 
Frequency ARray’) is currently being constructed in western Europe, consisting of 25 000 
small antennas over an area several hundreds of kilometres in diameter. VLBI systems 
using post-observation processing have been constructed with antennas thousands of 
miles apart. Radio interferometers have also been used to obtain detailed images of the 
anisotropies and the polarization of the Cosmic Microwave Background, like the CBI 
interferometer in 2004 


Astronomical observations 


Many astronomical objects are not only observable in visible light but also emit radiation 
at radio wavelengths. Besides observing energetic objects such as pulsars and quasars, 
radio telescopes are able to "image" most astronomical objects such as galaxies, nebulae, 
and even radio emissions from planets 


Chapter 4 


Parabolic Antenna 


A parabolic antenna at Erdfunkstelle Raisting, the biggest facility for satellite 
communication in the world, based in Raisting, Bavaria, Germany. It has a Cassegrain 


type feed. 


A parabolic antenna is an antenna that uses a parabolic reflector, a surface with the 
sectional shape of a parabola, to direct the radio waves. The most common form is 
shaped like a dish and is popularly called a dish antenna or parabolic dish. The main 
advantage of a parabolic antenna is that it is highly directive; it functions analogously to a 
light reflector to direct the radio waves in a narrow beam, or receive 

s from one particular direction only. Parabolic antennas have some of the 
highest gains, that is they can produce the narrowest beam width angles, of any antenna 
type. They are used as high-gain antennas for point-to-point radio, television and data 
tions, and also for radiolocation (radar), on the UHF and microwave (SHF) 
parts of the radio spectrum. The relatively short wavelength of electromagnetic radiation 
at these frequencies allows reasonably sized reflectors to exhibit the desired highly 
directional response, 


With the advent of TVRO and DBS satellite television dishes, parabolic antennas have 
become a ubiquitous feature of the modem landscape. They are also widely used for 

terrestrial microwave relay links, ground based and airborne radar antennas, wirel 
WANILAN links, satellite and spacecraft communication antennas, and radio telescopes. 


History 


The idea of using parabolic reflectors for radio antennas was taken from optics, where the 
power of a parabolic mirror to focus light into a beam has been known since classical 
antiquity. The designs of some specific types of parabolic antenna, such as the Cassegrain 
and Gregorian, come from similarly named analogous types of reflecting telescope, 
which were invented by astronomers during the 15th century. 


German physicist Heinrich Hertz. constructed the world's first parabolic reflector antenna 
in 1888. The antenna was a cylindrical parabolic reflector made of zinc sheet metal 
supported by a wooden frame, and had a spark-gap excited dipole along the focal line. Its 
aperture was 1.2 meters wide, with a focal length of 0.12 meters, and was used at an 
operating frequency of about 450 MHz. With two such antennas, one used for 
transmitting and the other for receiving, Hertz demonstrated the existence radio waves 
which had been predicted by James Clerk Maxwell some 22 years earlier. 


‘The first parabolic antenna used for satellite communicatior tablished in 1962 at 
Goonhilly in Cornwall, England, UK and was intended to communicate with Telstar. 


Types 
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Main types of parabolic antenna feeds, 


Paraboli 


antennas are distinguished by their shapes: 


+ Paraboloidal or dish - The reflector is shaped like a paraboloid. This is the most 
common type. It radiates a narrow pencil-shaped beam along the axis of the dish. 
© Shrouded dish - Sometimes a cylindrical metal shield is attached to the rim 
of the dish. The shroud shields the antenna from radiation from angles 
outside the main beam axis, reducing the sidelobes, It is sometimes used to 
prevent interference in terrestrial microwave links, where several antennas 
using the same frequency are located close together. The shroud is coated 


inside with microwave absorbent material. Shrouds can reduce back lobe 
radiation by 10 dB. 
+ Cylindrical - The reflector is curved in only one direction and flat in the other. 
The radio waves come to a focus not at a point but along a line. The feed is often 
a dipole antenna located along the focal line. It radiates a fan-shaped beam, 
narrow in the curved dimension, and wide in the uncurved dimension, The curved 
ends of the reflector are sometimes capped by flat plates, to prevent radiation out 
the ends, and this is called a pillbox antenna. 
© "Orange peel” - Another type is very long and narrow, shaped like the 
letter "C". This is called an orange peel design, and radiates an even wider 
fan beam. It is often used for radar antennas. 


They are also classified by the type of feed; how the radio waves are supplied to the 
antenna 


+ Axial or front feed - This is the most common type of feed, with the feed antenna 
located in front of the dish at the focus, on the beam axis. A disadvantage of this 
type is that the feed and its supports block some of the beam, which limits the 
aperture efficiency to only 55 - 60%. 

+ Offset or off-axis feed - The reflector is an asymmetrical segment of a paraboloid, 
so the focus, and the feed antenna, are located to one side of the dish. The purpose 
of this design is to move the feed structure out of the beam path, so it doesn't 
block the beam. It is widely used in home satellite television dishes, which are 
small enough that the feed structure would otherwise block a significant 
percentage of the signal 

+ Cassegrain - In a Cassegrain antenna the feed is located on or behind the dish, 
and radiates forward, illuminating a convex hyperboloidal secondary reflector at 
the focus of the dish. The radio waves from the feed reflect back off the secondary 
reflector to the dish, which forms the main beam. An advantage of this 
configuration is that the feed, with its waveguides and "front end" electronics 
does not have to be suspended in front of the dish, so it is used for antennas with 
complicated or bulky feeds, such as large satellite communication antennas and 
radio telescopes. Aperture efficiency is on the order of 65 - 70% 

+ Gregorian - Similar to the Cassegrain design except that the secondary reflector is 
concave, (ellipsoidal) in shape. Aperture efficiency over 70% can be achieved, 


Design 


The operating principle of a parabolic antenna is that a point source of radio waves at the 
focal point in front of a parabolic reflector will be reflected into a collimated plane wave 
beam along the axis of the reflector. Conversely, an incoming plane wave parallel to the 

axis will be focused to a point at the focal point. 


A typical parabolic antenna consi 
s focus 


of a parabolic reflector with a small feed antenna at 
pointed back toward the reflector. The reflector is a metallic surface formed into 
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Advanced Network 


In order to meet the 5G key requirements such 
as latency and the large number of simultaneous 
connections, and to support new business models 
and scenarios for operators, technologies above 
the radio access level should also be considered. 
Therefore, we need to develop technologies at the 
system architecture level from the network point of 
view. To accomplish the 5G key requirements and 
support the increased data rate of new 5G radio 
access, 5G network will have to evolve towards a 
distributed and flat architecture. 


Current mobile network architectures designate a 
dedicated node in the core network (e.g., PGW - 
Packet Data Network Gateway in 3GPP) as a mobil- 
ity anchor that allocates an IP address to the termi- 
nal, tracks terminal location in the IP topology, and 
ensures terminal's reachability by tunneling its traf- 
fic to wherever it goes. All terminal traffic is tunneled 
through the centralized nade in the mobile core net- 
work. However, the undesirable consequences of 
this design include the following 


— Increase in end-to-end transmission latency 
due to elongated data paths. 


— Additional load of backhauling and network 
processing in the core networks, 


— Low network reliability due to introduction of a 
single point of failures. 


In the 8G flat network architecture, as illustrated in 
Figure 19, user mobility is managed efficiently and 
in a dynamically scalable fashion by pushing the 
functionality to the edges af the network and even 
onto the mobile terminals [20] 


The three important benefits of this approach in- 
clude the followings: 


First, such a distributed mobility management al- 
ways provides the shortest data path between MS 
and the Intemet without traversing the core network. 
This distributed mobility management leads to a 


significant reduction of signaling and data transmis- 
sion delay. Also, low end-to-end latency require- 
ments of less than 5 ms’ for new SG services such 
as immersive UHD video streaming, cloud gaming, 
and virtual reality, cannot be archived solely by re- 
ducing radio access latency but would also require 
a flatter network architecture design. In the flat net- 
work architecture, services which require low laten- 
cy transmission can be pravided by Edge Servers 
and they can benefit fram advanced network fea- 
tures which utilizes network information for optimal 
operations. 


Second, it provides a highly scalable solution com- 
pared to the centralized architecture, in which a 
single core network gateway maintains the whole 
traffic from MSs or to MSs 

Third, it easily avoids the risk of having a single point 
of failure. In flat network architecture, the breakdown 
of one network gateway would not significantly in- 
terfere with the operations of the other gateways 
Flexibility is considered as another key requirement 
of 5G network architecture. Software-Defined Net- 
working (SDN) and Network Function Virtualization 
(NFV) provide promising examples of programma- 
ble design technologies for realizing a flexible 5G 
network architecture, 


Figure 19 5G Flat Network Architecture 


Advanced MIMO 


One promising technology for meeting the future 
demands is massive MIMO transmission/reception 
[21]. When used with mutt-user precoding schemes 
such as Maximum Ratio Transmission (MRT) pre- 
coding, also known as channel conjugate precod- 
ing, massive MIMO systems experience small inter- 
user and inter-cell interferences, and consequently 
achieve significantly higher throughput than the 
state-of-the-art MIMO systems 


One of the main challenges to build massive MIMO 
systems in practice is the limitation in the number of 
antennas that can be equipped at a BS, caused by 
the BS form factors and operating carrier frequen- 
cies. 
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a paraboloid of revolution and usually truncated in a circular rim that forms the diameter 
of the antenna. 


The reflector dish can be of sheet metal, metal screen, or wire grill construction, and it 
can be either circular or various other shapes to create different beam shapes. A mesh 
screen reflects radio waves as well as a solid metal surface as long as the holes are 
smaller than 1/10 of a wavelength, so screen reflectors are often used to reduce weight 
and wind loads on the dish, To achieve the maximum gain, it is necessary that the shape 
of the dish be accurate within a small fraction of a wavelength, to ensure the waves from 
different parts of the antenna arrive in phase. Large dishes often require a truss structure 
behind them to provide the required stiffness 


The feed antenna at the reflector's focus is typically a low-gain type such as a half-wave 
dipole or more ofteh a small horn antenna called a feed horn. In more complex design: 
+h as the Cassegrain and Gregorian, a secondary reflector is used to direct the energy 
into the parabolic reflector from a feed antenna located away from the primary focal 
point. The feed antenna is connected to the associated radio-frequency (RF) transmitting 
or receiving equipment by means of a coaxial cable transmission line or waveguide. 


Feed pattern 


The radiation patter of the feed antenna has a strong influence on the aperture 
efficiency, which determines the antenna gain, Radiation from the feed that falls outside 
the edge of the dish is called "spillover" and is wasted, reducing the gain and increas 
the backlobes, possibly causing interference or (in receiving antennas) increasing 
susceptibility to ground noise. However, maximum gain is only achieved when the dish is 
uniformly "illuminated" with a constant field strength to its edges. So the ideal radiation 
pattern of a feed antenna would be a constant field strength throughout the solid angle of 
the dish, dropping abruptly to zero at the edges. However, practical feed antennas have 
radiation patterns that drop off gradually at the edges, so the feed antenna is a 
compromise between acceptably low spillover and adequate illumination. 


Gain 


The directive qualities of an antenna are measured by a dimensionless parameter called 
its gain, which is the ratio of the power received by the antenna from a source along its 
beam axis to the power received by a hypothetical isotropic antenna. The gain of a 

parabolic 


where: 


+ Ais the area of the antenna aperture, that is, the mouth of the parabolic reflector 
+ dis the diameter of the parabolic reflector 


+ Lis the wavelength of the radio waves, 
+e, isa dimensionless parameter called the aperture efficiency. The aperture 
efficiency of typical parabolic antennas is 0.55 to 0.70. 


The largest dish antenna in the world, the radio telescope at Arecibo Observatory, Puerto 
Rico, 305 meters (1000 feet) in diameter. It has a gain of 10 million, or 70 dBi, at 2.38 
Giz. 


It can be seen that, as with any aperture antenna, the larger the aperture is, compared to 
the wavelength, the higher the gain, The gain increases with the square of the ratio of 
aperture width to wavelength, so large parabolic antennas, such as those used for 
spacecraft communication and radio telescopes, can have extremely high gain. Applying 
the above formula to the 25-meter-diameter antennas used by the VLA and VLBA radio 
telescopes at a wavelength of 21 cm (1.42 GHz, a common radio astronomy frequency) 
yields an approximate maximum gain of 140,000 times or about 50 dBi (decibels above 
the isotropic level). 


As of 2009, the largest "dish" antenna in the world is the Arecibo Observatory's radio 
telescope, at Arecibo, Puerto Rico, which has a diameter of 1,000 ft. (305 m). It has a 
gain of about 10 million, or 70 dBi, at 2.38 GHz. The dish is built into a valley in the 
landscape, so it is not steerable. To steer the beam to different points in the sky, the feed 
antenna is moved. For this reason, the dish actually has a spherical rather than a parabolic 


shape. A spherical reflector does not have a single focal "point", however, the Arecibo 
antenna is a three-reflector variety of Gregorian telescope, and uses its secondary and 
tertiary reflectors to focus the radio waves to a single point. 


Aperture efficiency es is a catchall variable which accounts for various losses that reduce 
the gain of the antenna from the maximum that could be achieved with the given 
aperture. The major factors reducing the aperture efficiency in parabolic antennas are: 


+ Feed spillover - Some of the radiation from the feed antenna falls outside the edge 
of the dish and so doesn't contribute to the main beam 

+ Feed illumination taper - The maximum gain for any aperture antenna is only 
achieved when the intensity of the radiated beam is constant across the aperture 
area, However the radiation pattern from the feed antenna usually tapers off 
toward the outer part of the dish, so the outer parts of the dish are "illuminated" 
with a lower intensity of radiation. Even if the feed provided constant illumination 
across the angle subtended by the dish, the outer parts of the dish are farther away 
from the feed antenna than the inner parts, so the intensity would drop off with 
distance from the center. So the intensity of the beam radiated by a parabolic 
antenna is maximum at the center of the dish and falls off with distance from the 

reducing the efficiency, 

+ Aperture blockage - In axis-fed parabolic dishes where the feed antenna is located 
in front of the dish in the beam path, the feed structure and its supports block 
some of the beam. In small dishes such as home satellite dishes, where the size of 
the feed structure is comparable with the size of the dish, th seriously reduce 
the antenna gain. To prevent this problem these types of antennas often use an off- 
axis feed, where the feed antenna is located to one side, outside the beam area 
The aperture efficiency for these types of antennas can reach 0.7 to 0.8. 

+ Shape errors - random surface errors in the shape of the reflector reduce 
efficiency. The loss is approximated by Ruze’s Equation. 


For theoretical considerations of mutual interference (at frequencies between 2 and , 30 
GHz - typically in the Fixed Satellite Service) where specific antenna performance has 

not been defined, a reference antenna based on Recommendation ITU-R S.465 is used to 
calculate the interference, which will include the likely sidelobes for off-axis effects 


(e-—: 


Wire grid-type parabolic antenna (Wi-Fi / WLAN antenna) at 2.4 GHz). 


C-band Satellite dish, Bucharest, Romania 


‘The angular width of the beam radiated by high-gain antennas is measured by the half: 
power beam width (HPBW), which is the angular separation between the points on the 
antenna radiation pattern at which the power drops to one-half (-3 dB) its maximum 
value. For parabolic antennas, the HPBW 0/is given by: 


O=kAld 


where & is a factor which depends on the shape of the reflector and the feed illumination 
pattern, For a “typical” parabolic antenna k = 70 when 0 is in degrees. 


Fora typical 2 meter satellite dish operating on C band (4 GHz), like the one shown at 
right, this formula gives a beamwidth of about 2,6°, For the Arecibo antenna at 2.4 GHz 
the beamwidth is 0.028°. It can be seen that parabolic antennas can produce very narrow 


beams, and aiming them can be a problem. Some parabolic dishes are equipped with a 
boresight so they can be aimed accurately at the other antenna, 


It can be seen there is an inverse relation between gain and beam width. By combining 
the beamwidth equation with the gain equation, the relation is: 


(a 


Chapter 5 


Antenna (Radio) 


Whip antenna on car 


Half-wave dipole antenna 


Large parabolic antenna for communicating with spacecraft 


Rooftop directional antennas, typical for use at VHF and UHF frequencies 


An antenna (or aerial) is an electrical device which couples radio waves in free space to 
an electrical current used by a radio receiver or transmitter. In reception, the antenna 
intercepts some of the power of an electromagnetic wave in order to produce a tiny 
voltage that the radio receiver can amplify. Alternatively, a radio transmitter will produce 
a large radio frequency current that may be applied to the terminals of the same antenna 
in order to convert it into an electromagnetic wave (radio wave) radiated into free space. 
Antennas are thus essential to the operation of all radio equipment, both transmitters and 
receivers, They are used in systems such as radio and television broadcasting, two-way 
radio, wireless LAN, mobile telephony, radar, and satellite communications 


Typically an antenna consists of an arrangement of metallic conductors (or "elements") 
with an electrical connection (often through a transmission line) to the receiver or 
transmitter. A current forced through such a conductor by a radio transmitter will create 
an alternating magnetic field according to Ampére's law. Or the alternating magnetic field 
due to a distant radio transmitter will induce a voltage at the antenna terminals, according 
to Faraday's law, which is connected to the input of a receiver. In the so-called far field, 
ata considerable distance away from the antenna, the oscillating magnetic field is 
coupled with a similarly oscillating electric field; together these define an 
electromagnetic wave which is capable of propagating great distances 


Light is one example of electromagnetic radiation, along with infrared and x-ray: 
radio waves differ only in their much lower frequency (and much longer wavelength). 
Electronic circuits can operate at these lower frequencies, processing radio signals 
conducted through wires. But it is only through antennas that those radio frequency 
electrical signals are converted to (and from) propagating radio waves. Depending on the 
design of the antenna, radio waves can be sent toward and received from all directions 
(“omnidirectional”), whereas a directional or beam antenna is designed to operate ina 
particular direction. 


The first antennas were built in 1888 by Heinrich Hertz (1857-1894) in his pioneering 
experiments to prove the existence of electromagnetic waves predicted by the theory of 
James Clerk Maxwell. Hertz placed dipole antennas at the focal point of parabolic 
reflectors for both transmitting and receiving. He published his work and installation 
drawings in Annalen der Physik und Chemie (vol. 36, 1889), 


Terminology 


The words antenna (plural: antennas) and aerial are used interchangeably; but usually a 
rigid metallic structure is termed an antenna and a wire format is called an aerial. In the 
United Kingdom and other British English speaking areas the term aerial is more 
common, even for rigid types. The noun aerial is occasionally written with a diaeresis, 
mark—aérial—in recognition of the original spelling of the adjective aérial from which 
the noun is derived. 


The origin of the word antenna relative to wireless apparatus is attributed to Guglielmo 
Marconi. In 1895, while testing early radio apparatuses in the Swiss Alps at Salvan, 
Switzerland in the Mont Blane region, Marconi experimented with early wireless 
equipment. A 2.5 meter long pole, along which was carried a wire, was used as a 
radiating and receiving aerial element. In Italian a tent pole is known as l'antenna 
centrale, and the pole with a wire alongside it used as an aerial was simply called 
Vantenna, Until then wireless radiating transmitting and receiving elements were known 
simply as aerials or terminals. Marconi's use of the word antenna (Italian for pole) would 
become a popular term for what today is uniformly known as the antenna. 


In common usage, the word antenna may refer broadly to an entire assembly including 
support structure, enclosure (if any), etc. in addition to the actual functional components. 


For example, to horizontally install a large number 
of antenna elements (e.g., > 8) at the top of a BS 
tower operating with the lowest 4G system frequen- 
cy bands of 700 MHz, eight antenna elements with 
0.5. spacing require up to 1.7 m width, where 4 
is the carrier wavelength. For the typical 4G system 
frequency bands of 2.5 GHz, fitting 32 antenna ele- 
ments with 0.5 4 spacing require up to 1.9 m width, 
which is stil not feasible in many BSs that have only 
limited roam on the tower. This practical limitation 
has motivated Full-Dimension MIMO (FD-MIMO) 
cellular communication systems, which place a 
large number of active antenna elements in a two 
dimensional grid at the BSs. 


A typical FD-MIMO deployment scenario is illus- 
trated in Figure 20, for a macro BS with 3 sectors 
‘equipped with 2D Active Antenna Array (AAA) pan- 
els 


FD-MIMO simultaneously 
supports slavation & azimuth 


Figure 20 Example of FD-MIMO Deployment 


FD-MIMO system can support high-order Multi- 
User MIMO (MU-MIMO), while fully exploiting the 
elevation as well as the azimuth dimension, thereby 
generating improved system throughput. 


In full buffer system-level evaluations, it has been 
found that 64-antenna-port FD-MIMO system 
achieves 243% average-cell and 244% call-edge 
performance gain, compared to thase of the 
8-antenna-port legacy MIMO system. In order to 
achieve the promising gain of FD-MIMO in practice, 
we need accurate beam steering and tracking in 
three Dimensions (3D), 


To steer and track the MU beams toward serving 
MSs, FD-MIMO BS should be equipped with mul- 
tiple transceivers (TRX) feeding 2D array elements, 
in which the number of TRX doubles or even quad- 
tuples compared to that of the conventional BS. 


Having a large number of TRX poses new chal- 
lenges, such as antenna calibration and complexity 
issues associated with Channel State Information 
(CSI) acquisition and precoding. 


On the other hand, high-order MU-MIMO introduces 
another set of new challenges, such as scheduling 


complexity and link adaptation, Furthermore, in Fre- 
quency Division Duplex (FDD) systems, other new 
challenges emerge such as pilot overhead, CSI es- 
timation complexity, CSI quantization and feedback 
overheads. 


ACM & Multiple Access 
— FBMC 


As cellular loT has been one of key driving forces 
to 5G, spectrally efficient support for heterogene- 
‘ous services that have quite different requirements 
is becoming ever so important. Accordingly, several 
enabling methods such as mult-RAT coexistence 
and flexible spectrum sharing have been actively 
investigated. 


Recently, FBMC has drawn much attention as an 
enabling technology for enhancing the fundamental 
spectral efficiency, though its theory has a long his- 
tory similar to that of Orthogonal Frequency Division 
Multiplexing (OFDM). 


Because of the well-localized timeyfrequency traits 
adopted from a pulse shaping filter per subcar- 
fier, the FBMC system can reduce the overhead 
of guard band required to fit in the given spectrum 
bandwidth, while meeting the spectrum mask re- 
quirement. 


Furthermore, the effectively increased symbol du- 
ration is suitable for handling the multi-path fading 
channels even without Cyclic Prefix (CP) overhead. 
Consequently, the FMC system can reduce the in- 
herent overheads such as CP and guard-bands in 
CP-OFDM. FBMC is also attractive in specific asyn- 
chronous scenarios, including Coordinated Multi- 
Point Transmission and Reception (CoMP) and 
Dynamic Spectrum Access (DSA) in a fragmented 
spectrum. 


However, to maintain the transmission symbol rate, 
the conventional FBMC system generally doubles 
the lattice density either in time or in frequency com- 
pared with OFDM while adopting Offset Quadra- 
ture Amplitude Modulation (QQAM). In OGAM, in- 
phase and quadrature-phase modulation symbols 
are mapped separately with half symbol duration 
offset, Thus, so-called OQAM-FBMC or Staggered 
Multi-Tone (SMT) causes intrinsic interference that 
makes it difficult to apply conventional pilot designs 
and corresponding channel estimation algorithms 
as well as MIMO schemes as in CP-OFDM systems 
[22] 


With a base-filter that takes the spectrum confine- 
ment and the orthogonality among adjacent sub- 
carriers into consideration, the QAM-FBMC system 
performs comparable to the CP-OFDM system 
even without the CP overhead, while the quard- 


Especially at microwave frequencies, a receiving antenna may include not only the actual 
electrical antenna but an integrated preamplifier and/or mixer. 


"Rabbit ears" dipole antenna for television reception 


Cell phone base station antennas 


Satellite link antenna used by Himalaya Television Nepal 


Yagi antenna used for mobile military communications station, Dresden, Germany, 1955 


ANAT 


"Super Turnstile” type transmitting antenna for VHF low band television broadcasting 


station, Germany. 


Folded dipole antenna 


Large Yagi antenna used by amateur radio hobbyist 


A vertical mast radiator, Chapel Hill, North Carolina 


Overview 


Antennas are required by any radio receiver or transmitter in order to couple its electrical 
connection to the electromagnetic field, Radio waves are electromagnetic waves which 
carry signals through the air (or through space) at almost the speed of light with almost 
no transmission loss. Radio transmitters and receivers are used to convey signals 
(information) in systems including broadcast (audio) radio, television, mobile telephones, 
wi-fi (WLAN) data networks, trunk lines and point-to-point communications links 
(telephone, data networks), satellite links, many remote controlled devices such as garage 
door openers, and wireless remote sensors, among many others. Radio waves are also 
used directly for measurements in technologies including RADAR, GPS, and radio 


astronomy. In each and every case, the transmitters and receivers involved require 
antennas, although these are sometimes hidden (such as the antenna inside an AM radio 
or inside a laptop computer equipped with wi-fi) 


According to their applications and technology available, antenn: 
of two catagorie 


s generally fall in one 


1. Omnidirectional or only weakly directional antennas which receive or radiate 
more or less in all directions. These are employed when the relative position of 
the other station is unknown or arbitrary. They are also used at lower frequencies 
where a directional antenna would be too large, or simply to cut cost 
applications where a directional antenna isn’t required, 

2. Directional or beam antennas which are intended to preferentially radiate or 
receive in a particular direction or directional pattern. 


In common usage "omnidirectional" usually refers to all horizontal directions, typically 
with reduced performance in the direction of the sky or the ground (a truly isotropic 
radiator is not even possible). A "directional" antenna usually is intended to maximize i 
coupling to the electromagnetic field in the direction of the other station, or sometimes to 
cover a particular sector such as a 120° horizontal fan pattern in the case of a panel 
antenna at a cell site. 


One example of omnidirectional antennas is the very common vertical antenna or whip 
antenna consisting of a metal rod (often, but not always, a quarter of a wavelength long). 
A dipole antenna is similar but consists of two such conductors extending in opposite 
directions, with a total length that is often, but not always, a half of a wavelength long. 
Dipoles are typically oriented horizontally in which case they are weakly directional: 
signals are reasonably well radiated toward or received from all directions with the 
exception of the direction along the conductor itself; this region is called the antenna 
blind cone or null 


Both the vertical and dipole antennas are simple in construction and relatively 
inexpensive. The dipole antenna, which is the basis for most antenna designs, is a 
balanced component, with equal but opposite voltages and currents applied at its two 
terminals through a balanced transmission line (or to a coaxial transmission line through 

a so-called balun). The vertical antenna, on the other hand, is a monopole antenna. Iti 
typically connected to the inner conductor of a coaxial transmission line (or a matching 
network); the shield of the transmission line is connected to ground. In this way, the 
ground (or any large conductive surface) plays the role of the second conductor of a 
dipole, thereby forming a complete circuit. Since monopole antennas rely on a conductive 
ground, a so-called grounding structure may be employed in order to provide a better 
ground contact to the earth or which itself acts as a ground plane to perform that function 
regardless of (or in absence of) an actual contact with the earth. 


Antennas fancier than the dipole or vertical designs are usually intended to increase the 
directivity and consequently the gain of the antenna. This can be accomplished in many 


different ways leading to a plethora of antenna designs. The vast majority of designs are 
fed with a balanced line (unlike a monopole antenna) and are based on the dipole antenna 
with additional components (or elements) which increase its directionality. 


For instance, a phased array consists of two or more simple antennas which are connected 
together through an electrical network. This often involves a number of parallel dipole 
antennas with a certain spacing, Depending on the relative phase introduced by the 
network, the same combination of dipole antennas can operate as a "broadside array" 
(directional normal to a line connecting the elements) or as an "end-fire array" 
(directional along the line connecting the elements). Antenna arrays may employ any 
basic (omnidirectional or weakly directional) antenna type, such as dipole, loop or slot 
antennas. These elements are often identical. 


However a log-periodic dipole array consists of a number of dipole elements of different 
lengths in order to obtain a somewhat directional antenna having an extremely wide 
bandwidth: these are frequently used for television reception in fringe areas. The dipole 
antennas composing it are all considered "active elements" since they are all electrically 
connected together (and to the transmission line). On the other hand, a superficially 
similar dipole array, the Yagi-Uda Antenna (or simply "Yagi"), has only one dipole 
element with an electrical connection; the other so-called parasitic elements interact with 
the electromagnetic field in order to realize a fairly directional antenna but one which is 
limited to a rather narrow bandwidth. The Yagi antenna has similar looking parasitic 
dipole elements but which act differently due to their somewhat different lengths. There 
may be a number of so-called "directors" in front of the active element in the direction of 
propagation, and usually a single (but possibly more) "reflector" on the opposite side of 
the active element. 


Greater directionality can be obtained using beam-forming techniques such as a parabolic 
reflector or a horn, Since the size of a directional antenna depends on it being large 
‘compared to the wavelength, very directional antennas of this sort are mainly feasible at 
UHF and microwave frequencies. On the other hand, at low frequencies (such as AM 
broadcast) where a practical antenna must be much smaller than a wavelength, significant 
directionality isn't even possible. A vertical antenna or loop antenna small compared to 
the wavelength is typically used, with the main design challenge being that of impedance 
matching. With a vertical antenna a /oading coil at the base of the antenna may be 
‘employed to cancel the reactive component of impedance; small loop antennas are tuned 
with parallel capacitors for this purpose. 


‘An antenna lead-in is the transmission line (or feed line) which connects the antenna to a 
transmitter or receiver. The antenna feed may refer to all components connecting the 
antenna to the transmitter or receiver, such as an impedance matching network in addition 
to the transmission line. In a so-called aperture antenna, such as a horn or parabolic dish, 
the "feed" may also refer to a basic antenna inside the entire system (normally at the 
focus of the parabolic dish or at the throat of a horn) which could be considered the one 
active element in that antenna system. A microwave antenna may also be fed directly 
from a waveguide in lieu of a (conductive) transmission line. 


band overhead reduction js also available from the 
well-confined spectrum. Sophisticated receiver al- 
gorithms including channel estimation and equali- 
zation can further mitigate the multi-path fading 
channel impact without the CP. 
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Figure 21 One QAM-FEMC Symbol Generation 


— FQAM 

One of key requirements for 5G is enhancement 
of cell-edge performance, which means that every 
user should be supported with Gigabit experience 
anywhere. Conventional approaches to enhance 
the call-edge performance mainly focus on man- 
aging interference (e.g., interference cancellation, 
interlerence avoidance), by dealing with interfer- 
ence as a Gaussian, However, itis proved that the 
worst-case additive noise in wireless networks with 
respect to the channel capacity has a Gaussian dis- 
tribution, From this observation, one can expect that 
the channel capacity can be increased by a non- 
Gaussian interference design which makes Inter- 
Cell Interference (IC!) non-Gaussian. The distribu- 
tion of ICI depends on the modulation schemes of 
the interfering BSs. Therefore, an active interference 
design for improved cell-edge performance can be 
achieved by applying a new type of modulation 


FOAM, a combination of Frequency Shift Key- 
ing (FSK), and Quadrature Amplitude Modulation 
(QAM) can be used as an active interference design 
scheme, Figure 22 shows the signal constellation of 
16-ary FOAM that is a combination of 4-ary FSK and 
4-ary QAM. 


‘aeary QAM 


‘ary FSK Té-ary FOAM 


Figure 22 Example of 16-ary FOAM 


With FQAM, the statistical distribution of ICI is likely 
to be non-Gaussian, especially for cell-edge users. 
As a result, the transmission rates for the cell-edge 
users can be significantly improved, 


The statistics of IC| and the performance enhance- 
ment possibility have been proven by practical 
implementation of a system which uses FOAM, 
FQAM system environment for cellular downlink 
OFDMA networks is shown in Figure 23 and 24. 
Our experimental results show that the transmission 
rates for interference-limited users in FQAM-based 
OFDMA networks are around 300% higher than 
those in QAM-based OFDMA networks [23][24] 
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Figure 233 Cel Structure with MS and B55 


BZ 
Figure 24 Implemented MS and 8S 


Advanced D2D 


Advanced D2D communication is an attractive 
technology that enhances spectral efficiency and 
reduces end-to-end latency for 5G. Not entirely de- 
pending on the cellular network, D2D devices can 
communicate directly with one another when they 
are in close proximity. Hence, D2D communication 
will be used for offloading data from network so that 
the cost af processing those data and related sign- 
aling is minimized. Moreover, enhanced version of 
02D communication was suggested lately for being 
used as special purpose such as Mission Critical 
Push-To-Talk (MCPTT) communication and Vehicle- 
to-Anything (V2X) communication 


In advanced D2D communication, a single radio 
resource can be reused among multiple groups 
which want to communicate with each other if the 
interference incurred between groups is tolerable 
Hence, we can increase the spectral efficiency and 
the number of the simultaneous connection by utiliz- 
ing D2D communication in 5G, Moreover, since the 
data is directly transmitted and not going through 
the core network, the end-to-end latency can be 


An antenna counterpoise or ground plane is a structure of conductive material which 
improves or substitutes for the ground. It may be connected to or insulated from the 
natural ground. Ina monopole antenna, this aids in the function of the natural ground, 
particularly where variations (or limitations) of the characteristics of the natural ground 
interfere with its proper function, Such a structure is normally connected to the return 
connection of an unbalanced transmission line such as the shield of a coaxial cable. 


An electromagnetic wave refractor in some aperture antennas is a component which due 
to its shape and position functions to selectively delay or advance portions of the 
electromagnetic wavefront passing through it. The refractor alters the spatial 
characteristics of the wave on one side relative to the other side. It can, for instance, bring 
the wave to a focus or alter the wave front in other ways, generally in order to maximize 
the directivity of the antenna system. This is the radio equivalent of an optical lens. 


An antenna coupling network is a passive network (generally a combination of inductive 
and capacitive circuit elements) used for impedance matching in between the antenna and 
the transmitter or receiver. This may be used to improve the standing wave ratio in order 
to minimize losses in the transmission line (especially at higher frequencies and/or over 
longer distances) and to present the transmitter or receiver with a standard resistive 
impedance (such as 75 ohms) that it expects to see for optimum operation. 


Reciprocity 


It is a fundamental property of antennas that the characteristics of an antenna described in 
the next section, such as gain, radiation pattern, impedance, bandwidth, resonant 
frequency and polarization, are the same whether the antenna is transmitting or receiving. 
For example, the "receiving pattern" (sensitivity as a function of direction) of an antenna 
when used for reception is identical to the radiation pattern of the antenna when it is 
driven and functions as a radiator. This is a consequence of the reciprocity theorem of 
electromagnetics. Therefore in discussions of antenna properties no distinction is usually 
made between receiving and transmitting terminology, and the antenna can be viewed as 
either transmitting or receiving, whichever is more convenient. 


‘A necessary condition for the above reciprocity property is that the materials in the 
antenna and transmission medium are linear and reciprocal. Reciprocal (or bilateral) 
‘means that the material has the same response to an electric or magnetic field, or a 
current, in one direction, as it has to the field or current in the opposite direction. Most 
materials used in antennas meet these conditions, but some microwave antennas use high- 
tech components such as isolators and circulators, made of nonreciprocal materials such 

s ferrite or garnet. These can be used to give the antenna a different behavior on 
receiving than it has on transmitting, which can be useful in applications like radar. 


Parameters 


There are several critical parameters affecting an antenna’s performance that can be 
adjusted during the design process. These are resonant frequency, impedance, gain, 


aperture or radiation pattern, polarization, efficiency and bandwidth. Transmit antennas 
may also have a maximum power rating, and receive antennas differ in their noise 
rejection properties. All of these parameters can be measured through various means 


Resonant frequency 


Many types of antenna are tuned to work at one particular frequency, and are effective 
only over a range of frequencies centered on this frequency, called the resonant 
frequency. These are called resonant antennas. The antenna acts as an electrical 
resonator. When driven at its resonant frequency, large standing waves of voltage and 
current are excited in the antenna elements. These large currents and voltages radiate 
intense electromagnetic waves, so the power radiated by the antenna is maximum at the 
resonant frequency. 


In antennas made of thin linear conductive elements, the length of the driven element(s) 
determines the resonant frequency. To be resonant, the length of a driven element should 
typically be either half or a quarter of the wavelength at that frequency; the 
half-wave and quarter-wave antennas. The length referred to is not the phys 
but the electrical length of the element, which is the physical length divided by the 
velocity factor (the ratio of the speed of wave propagation in the wire to cy, the speed of 
light in a vacuum). Antennas are usually also resonant at multiples (harmonics) of the 
lowest resonant frequency. 


Some antenna designs have multiple resonant frequencies, and some are relatively 
effective over a very broad range of frequencies. or bandwidth. One commonly known 
type of wide band antenna is the logarithmic or log-periodic antenna, 


The resonant frequency also affects the impedance of the antenna. At resonance, the 
equivalent circuit of an antenna is a pure resistance, with no reactive component, At 
frequencies other than the resonant frequencies, the antenna has capacitance or 
inductance as well as resistance. An antenna can be made resonant at other frequencies 
besides its natural resonant frequency by compensating for these reactances by adding a 
loading coil or capacitor in series with it. Other properties of an antenna change with 
frequency, in particular the radiation pattem, so the antenna's operating frequency may be 
considerably different from the resonant frequency to optimize other important 
parameters. 


Gain 


Gain is a parameter which measures the degree of directivity of the antenna’s radiation 
pattern, An antenna with a low gain emits radiation with about the same power in all 
directions, whereas a high-gain antenna will preferentially radiate in particular directions 
Specifically, the antenna gain, directive gain, or power gain of an antenna is defined as. 
the ratio of the intensity (power per unit surface) radiated by the antenna in the direction 
of its maximum output, at an arbitrary distance, divided by the intensity radiated at the 
same distance by a hypothetical isotropic antenna. 


The gain of an antenna is a passive phenomenon - power is not added by the antenna, but 
simply redistributed to provide more radiated power in a certain direction than would be 
transmitted by an isotropic antenna, An antenna designer must take into account the 
application for the antenna when determining the gain. High-gain antennas have the 
advantage of longer range and better signal quality, but must be aimed carefully ina 
particular direction, Low-gain antennas have shorter range, but the orientation of the 
antenna is relatively inconsequential, For example, a dish antenna on a spacecraft is a 
high-gain device that must be pointed at the planet to be effective, whereas a typical Wi- 
Fi antenna in a laptop computer is low-gain, and as long as the base station is within 
range, the antenna can be in any orientation in space. It makes sense to improve 
horizontal range at the expense of reception above or below the antenna, Thus most 
antennas labelled "omnidirectional" really have some gain. 


In practice, the half-wave dipole is taken as a reference instead of the isotropic radiator. 
‘The gain is then given in 4Bd (decibels over dipole): 


NOTE: 0 dBd = 2.15 dBi, It is vital in expressing gain values that the reference point be 
included, Failure to do so can lead to confusion and error. 


Radiation pattern 


polar plots of the horizontal cross sections of a (virtual) Yagi-Uda-antenna, Outline 
connects points with 3db field power compared to an ISO emitter. 


‘The radiation pattern of an antenna is a plot of the relative field strength of the radio 
waves emitted by the antenna at different angles. It is typically represented by a three 
dimensional graph, or polar plots of the horizontal and vertical cross sections. The pattern 


of an ideal isotropic antenna, which radiates equally in all directions, would look like a 
sphere. Many nondirectional antennas, such as monopoles and dipoles, emit equal power 
in all horizontal directions, with the power dropping off at higher and lower angles; this is 
called an omnidirectional pattern and when plotted looks like a torus or donut, 


The radiation of many antennas shows a pattern of maxima or "/obes" at various angles, 
separated by "nulls", angles where the radiation falls to zero. This is because the radio 
waves emitted by different parts of the antenna typically interfere, causing maxima at 
angles where the radio waves arrive at distant points in phase, and zero radiation at other 
angles where the radio waves arrive out of phase. In a directional antenna designed to 
project radio waves in a particular direction, the lobe in that direction is designed larger 
than the others and is called the "main lobe". The other lobes usually represent unwanted 
radiation and are called "sidelobes". The axis through the main lobe is called the 
"principle axis" or "boresight axis" 


Impedance 


As an electro-magnetic wave travels through the different parts of the antenna system 
(radio, feed line, antenna, free space) it may encounter differences in impedance (E/H, 
Vil, etc.). At each interface, depending on the impedance match, some fraction of the 
wave's energy will reflect back to the source, forming a standing wave in the feed line. 
The ratio of maximum power to minimum power in the wave can be measured and is 
called the standing wave ratio (SWR). A SWR of 1:1 is ideal. A SWR of 1.5:1 is 
considered to be marginally acceptable in low power applications where power los 
more critical, although an SWR as high as 6:1 may still be usable with the right 
equipment. Minimizing impedance differences at each interface (impedance matching) 
will reduce SWR and maximize power transfer through each part of the antenna system. 


is 


Complex impedance of an antenna is related to the electrical length of the antenna at the 
wavelength in use. The impedance of an antenna can be matched to the feed line and 
radio by adjusting the impedance of the feed line, using the feed line as an impedance 
transformer. More commonly, the impedance is adjusted at the load (see below) with an 
antenna tuner, a balun, a matching transformer, matching networks composed of 
inductors and capacitors, or matching sections such as the gamma match. 


Efficiency 


Efficiency is the ratio of power actually radiated to the power put into the antenna 
terminals. A dummy load may have an SWR of 1:1 but an efficiency of 0, as it absorbs 
all power and radiates heat but very little RF energy, showing that SWR alone is not an 
effective measure of an antenna's efficiency. Radiation in an antenna is caused by 
radiation resistance which can only be measured as part of total resistance including loss 
ance. Loss resistance usually results in heat generation rather than radiation, and 
ciency. Mathematically, efficiency is calculated as radiation resistance 
divided by total resistance. 


Bandwidth 


The bandwidth of an antenna is the range of frequencies over which it is effective, 
ally centered on the resonant frequency. The bandwidth of an antenna may be 
increased by several techniques, including using thicker wires, replacing wires with cages 
to simulate a thicker wire, tapering antenna components (like in a feed horn), and 
combining multiple antennas into a single assembly (array) and allowing the natural 
impedance of suitable inductive RF filter traps to select the correct antenna, All these 
attempts to increase bandwidth by adding capacitance to the surface area have a 
detrimental effect on efficiency by reducing the Q factor. They also have an adverse 
effect on the rejection of unwanted harmonics, on both received and transmitted signal 
frequencies. Small antennas are usually preferred for convenience, but there is a 
fundamental limit relating bandwidth, size and efficiency. 


Polarization 


The polarization of an antenna is the orientation of the electric field (E-plane) of the 
radio wave with respect to the Earth's surface and is determined by the physical structure 
of the antenna and by its orientation. It has nothing in common with antenna 
directionality terms: "horizontal", "vertical" and "circular". Thus, a simple straight wire 
antenna will have one polarization when mounted vertically, and a different polarization 
when mounted horizontally. "Electromagnetic wave polarization filters" are structures 
which can be employed to act directly on the electromagnetic wave to filter out wave 
energy of an undesired polarization and to pass wave energy of a desired polarization, 


Reflections generally affect polarization. For radio waves the most important reflector is 
the ionosphere - signals which reflect from it will have their polarization changed 
unpredictably. For signals which are reflected by the ionosphere, polarization cannot be 
relied upon. For line-of-sight communications for which polarization can be relied upon, 
it can make a large difference in signal quality to have the transmitter and receiver using 
the same polarization; many tens of dB difference are commonly seen and this is more 
than enough to make the difference between reasonable communication and a broken 
link, 


Polarization is largely predictable from antenna construction but, especially in directional 
antennas, the polarization of side lobes can be quite different from that of the main 
propagation lobe. For radio antennas, polarization corresponds to the orientation of the 
radiating element in an antenna. A vertical omnidirectional WiFi antenna will have 
vertical polarization (the most common type). An exception is a class of elongated 
waveguide antennas in which vertically placed antennas are horizontally polarized. Many 
commercial antennas are marked as to the polarization of their emitted signals. 


Polarization is the sum of the E-plane orientations over time projected onto an imaginary 
plane perpendicular to the direction of motion of the radio wave. In the most general 
case, polarization is elliptical, meaning that the polarization of the radio waves varies 
over time, Two special cases are linear polarization (the ellipse collapses into a line) and 


circular polarization (in which the two axes of the ellipse are equal). In linear polarization 
the antenna compels the electric field of the emitted radio wave to a particular 
orientation, Depending on the orientation of the antenna mounting, the usual linear cases 
are horizontal and vertical polarization. In circular polarization, the antenna continuously 
varies the electric field of the radio wave through all possible values of its orientation 
with regard to the Earth's surface. Circular polarizations, like elliptical ones, are classified 
as right-hand polarized or left-hand polarized using a "thumb in the direction of the 
propagation" rule. Optical researchers use the same rule of thumb, but pointing it in the 
direction of the emitter, not in the direction of propagation, and so are opposite to radio 
engineers’ use. 


In practice, regardless of confusing terminology, it is important that linearly polarized 
antennas be matched, lest the received signal strength be greatly reduced. So horizontal 
should be used with horizontal and vertical with vertical. Intermediate matchings will 
lose some signal strength, but not as much as a complete mismatch. Transmitters 
mounted on vehicles with large motional freedom commonly use circularly polarized 
antennas so that there will never be a complete mismatch with signals from other sources. 


Transmission and reception 


All of the antenna parameters are expressed in terms of a transmission antenna, but are 
identically applicable to a receiving antenna, due to reciprocity. Impedance, however, 
not applied in an obvious way; for impedance, the impedance at the load (where the 
power is consumed) is most critical. For a transmitting antenna, this is the antenna itself. 
For a receiving antenna, this is at the (radio) receiver rather than at the antenna. Tuning is 
done by adjusting the length of an electrically long linear antenna to alter the electrical 
resonance of the antenna. 


Antenna tuning is done by adjusting an inductance or capacitance combined with the 
active antenna (but distinct and separate from the active antenna). The inductance or 
capacitance provides the reactance which combines with the inherent reactance of the 
active antenna to establish a resonance in a circuit including the active antenna. The 
tablished resonance being at a frequency other than the natural electrical resonant 
frequency of the active antenna, Adjustment of the inductance or capacitance changes 
this resonance. 


Antennas used for transmission have a maximum power rating, beyond which heating, 
arcing or sparking may occur in the components, which may cause them to be damaged 
or destroyed. Raising this maximum power rating usually requires larger and heavier 
components, which may require larger and heavier supporting structures. This is 
concer only for transmitting antennas, as the power received by an antenna rarely 
exceeds the microwatt range. 


Antennas designed specifically for reception might be optimized for noise rejection 
capabilities. An antenna shield is a conductive or low reluctance structure (such as a 
wire, plate or grid) which is adapted to be placed in the vicinity of an antenna to reduce, 


as by dissipation through a resistance or by conduction to ground, undesired 
electromagnetic radiation, or electric or magnetic fields, which are directed toward the 
active antenna from an external source or which emanate from the active antenna, Other 
methods to optimize for noise rejection can be done by selecting a narrow bandwidth so 
that noise from other frequencies is rejected, or selecting a specific radiation pattern to 
reject noise from a specific direction, or by selecting a polarization different from the 
noise polarization, or by selecting an antenna that favors either the electric or magnetic 
field 


For instance, an antenna to be used for reception of low frequencies (below about ten 
megahertz) will be subject to both man-made noise from motors and other machinery, 
and from natural sources such as lightning. Successfully rejecting these forms of noise is 
an important antenna feature, A small coil of wire with many turns is more able to reject 
such noise than a vertical antenna, However, the vertical will radiate much more 
effectively on transmit, where extraneous signals are not a concern. 


Basic antenna models 


Typical US multiband TV antenna (aerial) 


‘There are many variations of antennas. Below are a few basic models. More 
in Category:Radio frequency antenna types. 


The isotropic radiator is a purely theoretical antenna that radiates equally in all 
s. It is considered to be a point in space with no dime 
This antenna cannot physically exist, but is useful as a theoretical model for 
comparison with all other antennas. Most antennas’ gains are measured with 
reference to an isotropic radiator, and are rated in dBi (decibels with respect to an 
isotropic radiator) 

The dipole antenna is simply two wires pointed in opposite directions arranged 
either horizontally or vertically, with one end of each wire connected to the radio 
and the other end hanging free in space. Since this is the simplest practical 
antenna, it is also used as a reference model for other antennas; gain with respect 
toa dipole is labeled as dBd. Generally, the dipole is considered to be 
omnidirectional in the plane perpendicular to the axis of the antenna, but it has 
deep nulls in the directions of the axis. Variations of the dipole include the folded 
dipole, the half wave antenna, the ground plane antenna, the whip, and the J-pole. 
The Yagi-Uda antenna is a directional variation of the dipole with parasitic 
elements added which are functionality similar to adding a reflector and lenses 
(directors) to focus a filament light bulb. 

The random wire antenna is simply a very long (at least one quarter wavelength) 
wire with one end connected to the radio and the other in free space, arranged in 
any way most convenient for the space available. Folding will reduce 

effectiveness and make theoretical analysis extremely difficult. (The added length 
helps more than the folding typically hurts.) Typically, a random wire antenna 
will also require an antenna tuner, as it might have a random impedance that 

varies non-linearly with frequency. 

The horn is used where high gain is needed, the wavelength is short (microwave) 
and space is not an issue. Horns can be narrow band or wide band, depending on 
their shape. A hom can be built for any frequency, but horns for lower frequencies 
are typically impractical. Horns are also frequently used as reference antenna 
The parabolic antenna consists of an active element at the focus of a parabolic 
reflector to reflect the waves into a plane wave. Like the horn it is used for high 
gain, microwave applications, such as satellite dishes, 

The patch antenna consists mainly of a square conductor mounted over a 
groundplane. Another example of a planar antenna is the tapered slot antenna 
(TSA), as the Vivaldi-antenna. 


Practical antennas 


“Rabbit ears" set-top antenna 


Although any circuit can radiate if driven with a signal of high enough frequency, most 
practical antennas are specially designed to radiate efficiently at a particular frequency. 
‘An example of an inefficient antenna is the simple Hertzian dipole antenna, which 
radiates over wide range of frequencies and is useful for its small size. A more efficient 
variation of this is the half-wave dipole, which radiates with high efficiency when the 
signal wavelength is twice the electrical length of the antenna 


One of the goals of antenna design is to minimize the reactance of the device so that it 
appears as a resistive load, An "antenna inherent reactance" includes not only the 
distributed reactance of the active antenna but also the natural reactance due to its 
location and surroundings (as for example, the capacity relation inherent in the position 
of the active antenna relative to ground). Reactance diverts energy into the reactive field, 
which causes unwanted currents that heat the antenna and associated wiring, thereby 
wasting energy without contributing to the radiated output. Reactance can be eliminated 
by operating the antenna at its resonant frequency, when its capacitive and inductive 
reactances are equal and opposite, resulting in a net zero reactive current. If this is not 
possible, compensating inductors or capacitors can instead be added to the antenna to 
cancel its reactance as far as the source is concerned, 


Once the reactance has been eliminated, what remains is a pure resistance, which is the 
sum of two parts: the ohmic resistance of the conductors, and the radiation resistance. 
Power absorbed by the ohmic resistance becomes waste heat, and that absorbed by the 
radiation resistance becomes radiated electromagnetic energy. The greater the ratio of 
radiation resistance to ohmic resistance, the more efficient the antenna. 


Effect of ground 


Antennas are typically used in an environment where other objects are present that may 
haye an effect on their performance. Height above ground has a very significant effect on 
the radiation pattern of some antenna types, 


At frequencies used in antennas, the ground behaves mainly as a dielectric. The 
conductivity of ground at these frequencies is negligible. When an electromagnetic wave 
arrives at the surface of an object, two waves are created: one enters the dielectric and the 
other is reflected, If the object is a conductor, the transmitted wave is negligible and the 
reflected wave has almost the same amplitude as the incident one. When the object is a 
dielectric, the fraction reflected depends (among others things) on the angle of incidence. 
When the angle of incidence is small (that is, the wave arrives almost perpendicularly) 
most of the energy traverses the surface and very little is reflected. When the angle of 
incidence is near 90° (grazing incidence) almost all the wave is reflected. 


Most of the electromagnetic waves emitted by an antenna to the ground below the 
antenna at moderate (say < 60°) angles of incidence enter the earth and are absorbed 
(lost). But waves emitted to the ground at grazing angles, far from the antenna, are almost 
totally reflected. At grazing angles, the ground behaves as a mirror, Quality of reflection 
depends on the nature of the surface. When the irregularities of the surface are smaller 
than the wavelength reflection is good. 
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ground 


‘The wave reflected by earth can be considered as emitted by the image antenna 


This means that the receptor "sees" the real antenna and, under the ground, the image of 
the antenna reflected by the ground. If the ground has irregularities, the image will appear 


fuzzy. 


considerably reduced. Therefore, advanced D2D 
communication is quite well aligned with loT servic~ 
es as shown in Figure 25. The cars can communi- 
cate with each other to exchange the information for 
safely alarm and infotainment without cellular base 
station. The home appliances communicate with 
each ather for home automation service. Many ab- 
jects in proximity region can be connected to each 
other so that loT services can be accomplished 
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Figure 25 Advanced 020 Communications 


Advanced Small Cell 


To achieve significant throughput enhancement 
in a practical manner, it is necessary to deploy a 
large number of cells in a given area and to man- 
age them intelligently. The 5G system is expected 
to utilize higher frequencies to take advantage of 
the vast bandwidth in the mmWave bands, Hence, 
the considerably high propagation loss of mmWave 
makes it suitable for dense small cell deployment, 
which leads to higher spatial reuse. 


Moreover, Figure 26 shows the concept of a user- 
centric virtual cell. Conventional static network to- 
pologies with a central controller have an “edge” 
the reach of the central controller. However, a user- 
centric virtual cell that consists of a group of coop- 
erating BSs is continuously reformed so that any 
user will always find himself/herself at the “center 
of the cell 


Distributed and self-configuring network technolo- 
gies will make it easy to deploy many small BSs in 
urban and suburban areas. In-band wireless back- 
haul can be used between BSs for cooperative 
communication, reducing the cost and complexity 
of backhaul network deployment. 
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Figure 26 User Centric Virtual Cellular Network 


5G Deployment Scenario 


In order to provide the ubiquitous high QoE gigabit 
accessibility, we envision an averlaid deployment of 
5G in conjunction with the existing 4G macro cells. 
‘The 5G small cells can be coupled with the overlaid 
4G macro cells, and the 4G macro cells will contro| 
the operations of the associated 5G small cells, as 
illustrated in Figure 27. In the figure, 5G BS primarily 
provides mutt-gigabit per second throughput with 
high QoE to mobile users over the legacy spec- 
trum or higher spectrum like the 5 GHz unlicensed 
band and bands above 6 GHz, Meanwhile, the 4G 
BS can serve as a control channel to SG MSs for 
supporting seamless connection anywhere over the 
legacy 4G spectrum 


5G system will need enhanced RAN technologies 
that not only utilize the legacy frequency bands 
assigned to IMT and IMT-Advanced systems, but 
also use new frequency bands. At the same time, 
5G system will also need to support seamless in- 
terworking with other RATS operating in unlicensed 
bands 
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Figure 27 5G Deployment Scenario 


Standardizations and Regulations 


As shown in Figure 28, 5G is planned to be com- 
mercialized in year 2020. ITU-R WP 5D is preparing 
timelines in the vision document for standardization, 
spectrum allocation, and commercialization, in or- 
der to be on time. From the perspective of commer- 
cialization, standards for 5G should be ready by the 
year 2017 to allow 2 or 3 years for the development 
of 5G products. Considering average periods of 
previous standardization, 5G standards need to get 
started in 2015 to make 5G standards available by 
the end of 2017. 


New frequency bands may be required to achieve 
the target performance of 5G. World Radio com- 
munication Conference (WRC)-15 agenda item 1.1 
made in WRC-12 indicates consideration for addi- 
tional spectrum allocations to mobile services on a 
primary basis and for identification of adaitional tre- 
quency bands for IMT purposes. 


If the receiver is placed at some height above the ground, waves reflected by ground will 
travel a little longer distance to arrive to the receiver than direct waves. The distance will 
be the same only if the receiver is close to ground. 


In the drawing at right, we have drawn the angle afar bigger than in rea 
between the antenna and its image is a. 


ity. Distance 


The situation is a bit more complex because the reflection of electromagnetic wa 
depends on the polarization of the incident wave. As the refractive index of the ground 
(average value ~2) is bigger than the refractive index of the air (~1), the direction of the 
component of the electric field parallel to the ground inverses at the reflection. This is 
equivalent to a phase shift of aradians or 180°. The vertical component of the electric 
field reflects without changing direction. This sign inversion of the parallel component 
and the non-inversion of the perpendicular component would also happen if the ground 
were a good electrical conductor. 


The vertical component of the current reflects without changing sign. The horizontal 
component reverses sign at reflection. 


‘This means that a receiving antenna "sees" the image antenna with the current in the same 
direction if the antenna is vertical or with the current inverted if the antenna is horizontal. 


For a vertical polarized emission antenna the far electric field of the electromagnetic 
wave produced by the direct ray plus the reflected ray is: 


|E,| =2|o,| cos (“sin 8)| 
‘The sign inversion for the parallel field 


|Ba| =2|Ey,| [sim (Sf sin )| 


In these two equations: 


just changes a cosine to a sine 


+ Fotis the electrical field radiated by the antenna if there were no ground. 


is the wave number. 
+ Ais the wave length. 


+ dis the distance between antenna and its image (twice the height of the center of 
the antenna). 


SZ WZ 


Radiation patterns of antennas and their images reflected by the ground. At left the 
polarization is vertical and there is always a maximum for ¢=0. If the polarization is 
horizontal as at right, there is always a zero for 2=0 


For emitting and receiving antenna situated near the ground (in a building or on a mast) 
far from each other, distances traveled by direct and reflected rays are nearly the same. 
There is no induced phase shift. If the emission is polarized vertically the two fields 
(direct and reflected) add and there is maximum of received signal. If the emission is 
polarized horizontally the two signals subtracts and the received signal is minimum. This 
is depicted in the image at right. In the case of vertical polarization, there is always a 
maximum at earth level (left pattern). For horizontal polarization, there is always a 
minimum at earth level. Note that in these drawings the ground is considered as a perfect 
mirror, even for low angles of incidence. In these drawings the distance between the 
antenna and its image is just a few wavelengths, For greater distances, the number of 
lobes increases. 


Note that the situation is different-and more complex-if reflections in the ionosphere 
occur. This happens over very long distances (thousands of kilometers). There is not a 
direct ray but several reflected rays that add with different phase shift 


This is the reason why almost all public address radio emissions have vertical 
polarization. As public users are near ground, horizontal polarized emissions would be 
poorly received. Observe household and automobile radio receivers. They all have 
vertical antennas or horizontal ferrite antennas for vertical polarized emissions. In cases 
where the receiving antenna must work in any position, as in mobile phones, the emitter 
and receivers in base stations use circular polarized electromagnetic waves. 


Classical (analog) television emissions are an exception. They are almost always 
horizontally polarized, because the presence of buildings makes it unlikely that a good 
emitter antenna image will appear. However, these same buildings reflect the 
electromagnetic waves and can create ghost images. Using horizontal polarization, 
reflections are attenuated because of the low reflection of electromagnetic waves whose 
magnetic field is parallel to the dielectric surface near the Brewster's angle. Vertically 
polarized analog television has been used in some rural areas. In digital terrestrial 


television reflections are less obtrusive, due to the inherent robustness of digital 


signalling and built-in error correction. 


Mutual impedance and interaction between antennas 
any 
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a 
Mutual impedance between parallel dipoles not staggered, Curves Re and Im are the 
resistive and reactive parts of the impedance. 


Current circulating in any antenna induces currents in all others. One can postulate a 
mutual impedance Z12between two antennas that has the same significance as the 
jwMin ordinary coupled inductors. The mutual impedance Z12between two antennas is 
defined as: 

UW 


yy 


Zi 


where U1is the current flowing in antenna I and Uais the voltage that would have to be 
applied to antenna 2-with antenna 1 removed-to produce the current in the antenna 2 that 
was produced by antenna 1 


From this definition, the currents and voltages applied in a set of coupled antennas are: 


% 42, + bZo +o + indin 
iyZy + bZe + + + inden 
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where: 


+ viis the voltage applied to the antenna i 
+ Ziais the impedance of antenna i 
+ Zijis the mutual impedance between antennas i and j 


Note that, as is the case for mutual inductances, 


This 
a short circuit instead a feeder cable), as is the case in tele 
antennas), the corresponding Uiare zero. Those elements are 
Parasitic elements are unpowered elements that either reflect or absorb and reradiate RF 
energy. 


In some geometrical settings, the mutual impedance between antennas can be zero. This 


is the case for crossed dipoles used in circular polarization antenna: 


Antenna 


Antennas and antenna arrays 


‘A Yagi-Uda beam antenna, 


Rooftop TV antenna. It is actually three Yagi antennas. The longest elements are for the 
low band, while the medium and short elements are for the high and UHF band. 


al 


Examples of US 136-174 MHz base station antennas. 


Low cost LF time signal receiver, antenna (left) and receiver (right). 


"Rabbit ears” antenna 


AM loop antenna 


Antennas and supporting structures 


A building rooftop supporting numerous dish and sectored mobile telecommunications 
antennas (Doncaster, Victoria, Australia). 


Figure 28 5G Timelines 


In light of this agenda item, various frequency rang- 
‘es had been proposed and discussed in ITU-R WP 
5D in July 2013, and Joint Task Group (JTG) 4-5-6-7 
had performed compatibility studies among various 
technologies in each candidate frequency band un- 
til July 2014. 


Although bands above 6 GHz were not included in 
JTG 4-5-67's candidate frequency bands, WP 5D 
has been developing a new report on IMT systems 
in bands above 6 GHz, including channel charac- 
teristics and the potential usage of the bands for 
IMT systems 


WP 5D may also provide JTG 4-5-6-7 with the nec- 
essary information regarding bands above 6 GHz 
in order to be referenced as appropriate in the draft 
text of Conference Preparatory Meeting (CPM). The 
possibility and further necessity to study the bands 
are captured in the report from JTG 4-5-6-7 to CPM 
as follows: 


“The demand of high bit rate, especially in densely 
populated area could be accommodated in higher 
frequency bands (e.g, above 6 GHtz) than thase 
currently being considered in studies, however the 
technical information required for compatibility stua- 
Jes has yet to be developed and these studies and 
proposals are being explored for future work, be- 
yond WRC. 15." 


This report implies that new frequency bands can 
bbe added to the IMT frequency bands toward WRC- 
19, and it is likely that bands above 6 GHz can be 
one of candidate frequency bands 


In addition, Licensed Assisted Access (LAA) study 
item has been accepted in 3GPP LTE in the second 
half of 2014, acknowledging the use of unlicensed 
bands for cellular system 


Recently, as FCC relieves SGHz band regulations 
for various unlicensed band usage, related coexist- 
ence technology between LTE and WLAN will be 
standardized in both standards. 


Further, as shown in Figure 29, Samsung is actively 
‘engaging in the most of global 5G research initia- 
tives, such as European SG PPP projects of Hori- 
zon 2020, 5G Innovation Centre (SGIC) in UK, NYU 
Wireless Center in US, Giga KOREA project and 
Chinese 836 project. 


Samsung is leading various collaborations with in- 
dustries and academics over the world. In particu- 
Jar, Samsung has played an important role as the full 
member of 5G PPP Infrastructure Association, the 
executive board member of SG Forum in Korea and 
the chair of vision sub-working group for Future IMT 
(8G) in ITU-R WPSD. 


In order to have a consistent perspective on 5G with 
those of other academic institutes, we are vigor- 
ously developing 5G core technologies with several 
outstanding universities around the world, 


Figure 29 Global 5G R&D Activities, 


Conclusion 


5G will usher in a revolutionary generation of mobile 
communication that provides ubiquitous mult-Gbps 
data rate regardless of the user's location. 


Significantly increased system capacity and real- 
time responsiveness of the 5G system will introduce 
life-changing services providing the users with a 
truly immersive and rich experience. The profoundly 
life-alternating world of billions of interconnected de- 
vices, the IoT, will require something as revolutionary 
as 5G to be fully realized in its fullest extent. And 
finally 5G promises to reverse the widening revenue 
gap and make it worthwhile for operators and ser- 
Vice providers to invest again in innovative new ser- 
vices, and continue to propel increased productivity 
and efficiency. 


A water tower in Palmerston, Northern Territory with radio broadcasting and 
communications antennas. 


A three-sector telephone site in Mexico City. 


Telephone site concealed as a palm tree. 


Diagrams as part of a system 
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Antennas may be connected through a multiplexing arrangement in some applications 
like this trunked two-way radio example. 


RADIO BASE STATION 


Antenna network for an emergency medical services base station, 


Chapter 6 


Television Antenna 


A Winegard HD-7084P 68 element VHF/UHF aerial antenna 


A television antenna, or TV aerial, is an antenna specifically designed for the reception 
of over the air broadcast television signals, which are transmitted at frequencies from 
about 41 to 250 MHz in the VHF band, and 470 to 960 MHz in the UHF band in different 
countries. To cover this range antennas generally consist of multiple conductors of 


different lengths which correspond to the wavelength range the antenna is intended to 
receive. The length of the elements of a TV antenna are usually half the waveler 
the signal they are intended to receive. The wavelength of a signal equals the speed of 
light (c) divided by the frequency. The design of a television broadcast receiving antenna 
is the same for the older analog transmissions and the digital television transmissions 
which are replacing them Sellers often claim to supply a special "digital" or "high 
definition” antenna advised as a replacement for an existing analog antenna, even if 
satisfactory: this is misinformation to generate sales of unneeded equipment. 


Simple/indoor 


Very common "rabbit ears" set-top antenna of older model 


Simple half-wave dipole VHF antennas or UHF loop antennas that are made to be placed 
indoors are often used for television (and VHF radio); these are often called "rabbit ears" 


s 
or "bunny aerials", because of their appearance. The length of the telescopic "ears" can be 
adjusted by the user, and should be about one half of the wavelength of the signal for the 
desired channel, These are not as efficient as an aerial rooftop antenna since they are less 
directional and not always adjusted to the proper length for the desired channel. Dipole 
antennas are bi-directional, that is, they receive evenly forward and backwards, and also 
cover a broader band than antennas with more elements. This makes them less efficient 
than antennas designed to maximise the signal from a narrower angle in one direction, 


Coupled with the poor placing, indoors and closer to the ground, they are much worse 
than multi-element rooftop antennas at receiving signals which are not very strong, 
although often adequate for nearby transmitters, in which case they may be adequate and 
cheap, These simple antennas are called set-top antennas because they are often placed on 
top of the television set or receiver. 


The actual length of the ears is optimally about 91% of half the wavelength of the desired 
channel in free space. Quarter-wave television antennas are also used. These use a single 

element, and use the earth as a ground plane; therefore, no ground is required in the feed 

linea 


Outdoor 


An aerial or rooftop antenna generally consists of multiple conductive elements that are 
arranged such that it is a directional antenna, The length of the elements is about one half 
of the signal wavelength, Therefore, the length of each element corresponds to a certain 
frequency 


Ina combined VHF/UHF antenna the longer elements (for picking up VHF frequencies) 
are at the "back" of the antenna, relative to the device's directionality, and the much 
shorter UHF elements are in the "front", and the antenna works best when "pointing" to 


the source of the signal to be received. The smallest elements in this design, located in the 
"front", are UHF director elements, which are usually identical and give the antenna its 
directionality, as well as improving gain, The longest elements, located in the "back" of 
the antenna form a VHF phased array. Other long elements may be UHF reflectors 
Another common aerial antenna element is the comer reflector, a type of UHF reflector 
which increases gain and directionality for UHF frequencies 


An antenna can have a smaller or larger number of directors; the more directors it has 
(requiring a longer boom), and the more accurate their tuning, the higher its gain will be 
For the commonly used Yagi antenna this is not a linear relationship. Antenna gain is the 
ratio of the signal received from the preferred direction to the signal from an ideal 
omnidirectional antenna. Gain is inversely proportional to the antenna's acceptance angle, 
The thickness of the rods on a Yagi antenna and its bandwidth are inversely proportional; 
thicker rods provide a wider band, Thinner rods are preferable to provide a narrower 
band, hence higher gain in the preferred direction; however, they must be thick enough to 
withstand wind. 


‘Two or more directional rooftop antennas can be set up and connected to one receiver. 
Antennas designed for rooftop use are sometimes located in attics 


Sometimes television transmitters are organised such that all receivers in a given location 
need receive transmissions in only a relatively narrow band of the full UHF television 
spectrum and from the same direction, so that a single antenna provides reception from 
all stations, 


Types of outdoor antenna 


A UHF television antenna 


An antenna pole setup in a chimney, reaching 35 feet (10.7 meters) off the ground 


Small multi-directional: The smallest of all outdoor television antennas. They are 
designed to receive equal amounts of signal from all directions. These generally receive 
signals up to a maximum of thirty miles away from the transmitting station, greatly 
depending on the type. But, things such as large buildings or thick woods may greatly 
affect signal. They come in many different styles, ranging from small dishes to small 
metal bars, some can even mount on existing satellite dishes. 


Medium multi-directional: A step up from the small multi-directional, these also 
receive signals from all directions. These usually require an amplifier in situations when 
long cable lengths are between the television receiver and the antenna. Styles are 
generally similar to small multi-directionals, but slightly larger. 
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irectional: These are the largest of all multi-directional outdoor television 
s include large "nets" or dishes, but can also greatly vary. Depending on 
the type, signal reception usually ranges from 30 to up to 70 miles. 


‘Small directional: The smalles 
element antennas, typically placed on rooftops. This style of antenna receives 
generally equal to that of large multi-directionals. One advantage that small directionals 
hold, however, is that they can significantly reduce "ghosting" effects of television 
picture. 


Medium directional: These antennas are the ones most often seen on suburban rooftops. 
Usually consisting of many elements, and slightly larger than the small directionals, these 
antennas are ideal for receiving television signals in suburban areas, Signal usually 
ranges from 30 to 60 miles away from the broadcasting station. 


Large directional: The largest of all common outdoor television antennas, these 
antennas are designed to receive the weakest available stations in an area. Larger than the 
medium directional, this type of antenna consists of many elements and is usually used in 
rural areas, where reception is difficult. When used in conjunction with an amplifier, 
these antennas can usually pick up stations from 60 up to and over 100 miles, depending 
on the type. 


The use of outdoor antennas with an amplifier can improve signal on low signal strength 
channels. If the signal quality is low repositioning the antenna onto a high mast will 
improve signal 


Installation 


A short antenna pole next to a house; this setup would only work well for receiving 
signals on that side of the house as they would not go through stone, especially. 


js in Israel 


Multiple Yagi TV ae 


Antennas are commonly placed on rooftops, and sometimes in attics. Placing an antenna 
indoors significantly attenuates the signal available to it. Directional antennas must be 
pointed at the transmitter they are receiving; in most cases great accuracy is not needed. 
In a given region it is sometimes arranged that all television transmitters are located in 
roughly the same direction and use frequencies space closely enough that a single 
antenna suffices for all, A single transmitter location may transmit signals for several 
channels. 


Analog television signals are susceptible to ghosting in the image, multiple closely- 
spaced images giving the impression of blurred and repeated images of edges in the 
picture. This was due to the signal being reflected from nearby objects (buildings, tree, 


everal copies of the signal, of different strengths and subject to different 
delays, are picked up. This was different for different transmissions. Careful positioning 
of the antenna could produce a compromise position which minimized the ghosts on 
different channels. Ghosting is also possible if multiple antennas connected to the same 
receiver pick up the same station, especially if the lengths of the cables connecting them 
to the splitter/merger were different lengths or the antennas were too close together. 
Analog television is being replaced by digital, which is not subject to ghosting, 


Rooftop and other outdoor antennas 


Aerials are attached to roofs in various ways, usually on a pole to elevate it above the 
roof. This is generally sufficient in most areas. In some places; however, such as a deep 
valley or near taller structures, the antenna may need to be placed significantly higher, 
ga lattice tower or mast. 


The higher the antenna is placed, the better it will perform. An antenna of higher gain 
will be able to receive weaker signals from its preferred direction. Intervening buildings, 
topographical features (mountains), and dense forest will weaken the signal; in many 
cases the signal will be reflected such that a usable signal is still available. There are 

I dangers inherent to high or complex antennas, such as the structure falling or 
being destroyed by the weather. There are also varying local ordinances which restrict 
and limit such things as the height of a structure without obtaining permits. For example, 
in the USA, the Telecommunications Act of 1996 allows any homeowner to install "An 
antenna that is designed to receive local television broadcast signals", but that "masts 
higher than 12 feet above the roof-line may be subject to local permitting requirements." 


Indoor antennas 


As discussed previously, antennas may be placed indoors where signals are strong 
enough to overcome antenna shortcomings. The antenna is simply plugged into the 
television receiver and placed conveniently, often on the top of the receiver ("set-top") 
Sometimes the position needs to be experimented with to get the best picture. Indoor 
antennas can also benefit from RF amplification, commonly called a TV booster. Indoor 
antennas will never be an option in weak signal areas. 


Attic installation 


Sometimes it is desired not to put an antenna on the roof; in these cases, antennas 
designed for outdoor use are often mounted in the attic or loft, although antennas 
designed for attic use are also available, Putting an antenna indoors significantly 
decreases its performance due to lower elevation above ground level and intervening 
walls; however, in strong signal areas reception may be satisfactory. One layer of asphalt 
shingles, roof felt, and a plywood roof deck are considered to attenuate the signal to 
about half. 


Multiple antennas, rotators 


‘Two aerials setup on a roof. Spaced horizontally and vertically 


It is sometimes desired to receive signals from transmitters which are not in the same 
direction. This can be achieved, for one station at a time, by using a rotator operated by 
an electric motor to turn the antenna as desired. Alternatively, two or more antennas, each 
pointing at a desired transmitter and coupled by appropriate circuitry, can be used. To 
prevent the antennas interfering with each other, the vertical spacing between the booms 
must be at least half the wavelength of the lowest frequency to be received 
(Distance2/2), The wavelength of $4 MHz (Channel 2) is 5.5 meters (4.x f= c) so the 
antennas must be a minimum of 2.25 meters, or ~89 inches apart. It is also important that 
the cables connecting the antennas to the signal splitter/merger be exactly the same 
length, to prevent phasing issues,which cause ghosting with analog reception. That is, the 
antennas might both pick up the same station; the signal from the one with the shorter 
cable will reach the receiver slightly sooner, supplying the receiver with two pictures 
slightly offset. There may be phasing issues even with the same length of down-lead 
cable. Bandpass filters or "signal traps" may help to reduce this problem, 


For side-by-side placement of multiple antennas, as is common in a space of limited 
height such as an attic, they should be separated by at least one full wavelength of the 
lowest frequency to be received at their closest point. 


Often when multiple antennas are used, one is for a range of co-located stations and the 
other is for a single transmitter in a different direction. 


Safety 


+ TV antennas are large conductors of electricity and attract lightning, acting as a 
lightning rod. The use of a lightning arrestor is usual to protect against this. A 
large grounding rod connected to both the antenna and the mast or pole is 
required. 


+ Properly installed masts, especially tall ones, are guyed with galvanized cable; no 
insulators are needed. They are designed to withstand worst-case weather 
conditions in the area, and positioned so that they do not interfere with power 
lines if they fall 


+ There is inherent danger in being on the rooftop of a house, required for installing 
or adjusting a television antenna, 


Chapter 7 


Radio Masts and Towers 


‘Masts of the Rugby VLF transmitter in England 


~ ? ~ Saal _ 


A dismantled radio mast in sections 


Radio masts and towers are, typically, tall structures designed to support antennas (also 
known as aerials) for telecommunications and broadcasting, including television. They 
are among the tallest man-made structures. Similar structures include electricity pylons 
and towers for wind turbines. 


Masts are sometimes named after the broadcasting organisations that use them, or after a 
nearby city or town, 


‘The Warsaw Radio Mast was the world's tallest supported structure on land, but it 
collapsed in 1991, leaving the KVLY/KTHI-TV mast as the tallest, 


In the case of a mast radiator or radiating tower, the whole mast or tower is itself the 
transmitting antenna. 


Mast or tower? 


A radio mast base showing how virtually all support is provided by the guy-wires 


The terms "mast" and "tower" are often used interchangeably. However, in structural 
engineering terms, a tower is a self-supporting or cantilevered structure, while a mast is 
held up by stays or guys. By contrast, in broadcast engineering, a tower is an antenna 
structure attached to the ground, whereas a mast is a vertical antenna support mounted on 
some other structure (which itself may be a tower, a building, or a vehicle). Masts (to use 
the civil engineering terminology) tend to be cheaper to build but require an extended 

area surrounding them to accommodate the guy wires. Towers are more commonly used 
in cities where land is in short supply. 


‘There are a few borderline designs which are partly free-standing and partly guyed. For 
example: 


+ The Gerbrandy tower consists of a self-supporting tower with a guyed mast on 
top. 

+ The few remaining Blaw-Knox towers do the opposite: they have a guyed lower 
section surmounted by a freestanding part. 

+ Zendstation Smilde a tall tower with a guyed mast on top (guys go to ground) 


+ Torre de Collserola a guyed tower, with a guyed mast on top. (Tower portion is 
not free-standing.) 


Materials 


Steel lattice 


Steel lattice tower 


The steel lattice is the most widespread form of construction. It provides great strength, 
low weight and wind resistance, and economy in the use of materials. Lattices of 
triangular cross-section are most common, and square lattices are also widely used. 


Samsung Demonstrates World’s First 5G Data Trans- 
mission at Highway Speeds 


Record-breaking 1.2Gbps data transmission at over 100km/h, and 7.5Gbps in stationary condi- 
tions using 28GHz spectrum 


SEOUL, Korea - October 15, 2014 - Samsung Electronics Co., Ltd today announced the record-breaking 
demonstration of super-fast data transmission targeted for fifth generation (5G) mobile networks using 28 GHz 
spectrum, Samsung researchers confirmed the world's first data rate of 1.2 Gbps, or 150 MB per second on 
a vehicle cruising at over 100 km/h. This marks a significant step towards the utilization of millimeter wave fre- 
quency bands for 5G mobile networks 


The achievement was bolstered by another record-break- 
ing demonstration in which Samsung achieved data trans- 
mission speed up to 7.5 Gbps, or 940 MB per second 
when the vehicle came to a complete stop. The peak data 
rate is more than thirty times faster compared ta the state- 
of-the-art 4G LTE technology. 


Back in May, 2013, Samsung revealed the world's first 28 
GHz based 5G data transmission speed of 1Gbps at pe- 
destrian speeds. Since then researches at Samsung were 
able to increase the maximum data rate by more than 7-fold 
and support mobility up to highway speeds. The continued 
ground breaking success underlines the company's lead- 
<4 Data Rate in Mobile Condition (1.2Gbes) ership in next-generation mobile communications 


Figure A Achie 


“The expectations for 5G communications will con- 
tinue to grow based on the rising demands for smart 
devices, cloud services, smart home technology, and 
Internet of Things" , said ChangYeong Kim, Head of 
DMC R&D Center of Samsung Electronics. "We are 
committed to developing innovative 5G technolo- 
gies and will continue to utilize our exceptional R&D 
capabilities as well as our diverse partnerships with 
leading companies and research centers around the 
world! 


While 5G standard has yet to be ratified, 5G networks 


are expected to feature data rates and capacity that 
are hundreds times larger compared to 4G LTE. Figure B Achieved Data Rte in Stationary Conon (7 5abps) 


In order to achieve such high data rates, 5G networks will inevitably exploit frequencies much higher and less 
congested than those of which are currently used for cellular networks (typically under 3 GHz). However, dif- 
ficulties such as large propagation loss at these frequency bands have prohibited the industry from utilizing 
these bands for cellular applications. To address these challenges, Samsung has applied ‘Hybrid Adaptive 
Array Technology’ at 28 GHz frequency bands. 


In addition, Samsung has revealed its ‘5G Rainbow’ — seven technical requirements which are pillars to ensure 
a truly differentiating 5G user experience. The list comprises of maximum data rate, spectral efficiency, speed 
‘of mobility, data transmission rate at the cell boundary, the number of simultaneous connections, communica- 
tion delays, and cost. To meet these requirements, Samsung has been developing key technolagies includ- 
ing transmission technologies for high frequency bands, multiple access schemes and low latency networks 
among others. 


The company is committed to developing innovative technologies that will enable the 5G era and plans to dem- 
onstrate its capabilities at the upcoming 2018 PyeongChang and 2020 Tokyo Olympics. 


When built as 
the Bla 


tayed mast, usually the whole mast is parallel-sided. One exception is 
Knox type. 


When built as a tower, the structure may be parallel-sided or taper over part or all of its 
height. When constructed of several sections which taper exponentially with height, in 
the manner of the Eiffel Tower, the tower is said to be an Eiffelized one. The Crystal 
Palace tower in London is an example. 


Tubular steel 


Guyed masts are sometimes also constructed out of steel tubes. This construction type has 
the advantage that cables and other equipment is protected from weather influence and 
that the structure may look nicer. They are mainly used for FM-/TV-broadcasting, but 
sometimes also as mast radiator, wherefore the big mast of Miihlacker transmitting 
station is a good example, A disadvantage of this mast type is that it is much more 
affected by winds than masts with open bodies. In fact several tubular guyed masts 
collapsed: in the UK, these were masts the Emley Moor and Waltham TV stations, which 
collapsed in the 1960s, in Germany that of Bielstein transmitter, which collapsed in 1985. 
Not in all countries such masts were built: while in Germany, France, UK, Czech, 
Slovakia and the former Soviet Union multiple tubular guyed masts were built, there are 
nearly none in Poland and North America. 


At several cities in Russia and Ukraine, between 1960 and 1965 several tubular guyed 
's running from the mast structure to the guys were built. All these 
are exclusively used for FM and TV transmission and are except of the mast in 

Vinnytsia between 150 and 200 metres tall. The crossbars of these masts are equipped 
with a gangway and are equipped with smaller antennas, Their main purpose is 

lation damping. 


First modern TV Tower in Stuttgart 


Reinforced concrete 


Reinforced concrete towers are relatively expensive to build but provide a high degree of 
mechanical rigidity in strong winds. This can be important when antennas with narrow 
beamwidths are used, such as those used for microwave point-to-point links, and when 
the structure is to be occupied by people. 


In the 1950s, AT&T built numerous concrete towers, more resembling silos than towers, 
for its first transcontinental microwave route. Many are still in use today. 


In Germany and the Netherlands most towers constructed for point-to-point microwave 
links are built of reinforced concrete, while in the UK most are lattice towers, 


Concrete towers can form prestigious landmarks, such as the CN Tower in Toronto. As 
well as accommodating technical staff, these buildings may have public areas such as 
observation decks or restaurants. 


‘The Stuttgart TV tower was the first tower in the world to be built in reinforced concrete. 
It was designed in 1956 by the local civil engineer Fritz Leonhardt. 


Tokyo Tower 


sionally used for low-power non-directional beacons or 
medium-wave broadcast transmitters. 


Wood 


‘There are fewer wooden towers now than in the past. Many were built in the UK during 
World War II because of a shortage of steel. In Germany before World War II wooden 
towers were used at nearly all medium-wave transmission sites, but all of these towers 
have since been demolished, except for the Gliwice Radio Tower. 


Ferryside Relay is an example of a TV relay transmitter using a wooden pole. 
Other types of antenna supports and structures 


Poles 


Shorter masts may consist of a self-supporting or guyed wooden pole, similar to a 
telegraph pole. Sometimes self-supporting tubular galvanized steel poles are used: these 
may be termed monopoles. 


Buildings 


In some cases, it is possible to install transmitting antennas on the roofs of tall buildings. 
In North America, for instance, there are transmitting antennas on the Empire State 
Building, the Willis Tower ,and formerly on the World Trade Center towers. When the 
buildings collapsed, several local TV and radio stations were knocked off the air until 
backup transmitters could be put into service. Such facilities also exist in Europe, 
particularly for portable radio services and low-power FM radio 


Disguised cell-sites 


Completed in December 2009 at Epiphany Lutheran Church in Lake Worth, Florida, this 
100’ tall cross conceals equipment for T-Mobile. 


Many people view bare cellphone towers as ugly and an intrusion into their 

neighbourhoods. Even though people increasingly depend upon cellular communications, 

they are opposed to the bare towers spoiling otherwise scenic views. Many companies 

offer to ‘hide’ cellphone towers in, or as, trees, church towers, flag poles, water tanks and 

other features. There are many providers that offer these services as part of the normal 

tower installation and maintenance service. These are generally called "stealth towers" or 
tealth installations", 


The level of detail and realism achieved by disguised cellphone towers is remarkably 
high; for example, such towers disguised as trees are nearly indistinguishable from the 
real thing, even for local wildlife (who additionally benefit from the artificial flora). Such 
ational parks and other such protected places, 


Even when disguised, however, such towers can create controversy; a tower doubling as 
a flagpole attracted controversy in 2004 in relation to the U.S. Presidential campaign of 
that year, and highlighted the sentiment that such disguises serve more to allow the 
installation of such towers in subterfuge away from public scrutiny rather than to serve 

is the beautification of the landscape. 


‘A mast radiator is a radio tower or mast in which the whole structure works as an 
antenna, It is used frequently as a transmitting antenna for long or medium wave 
broadcasting, 


Structurally, the only difference is that a mast radiator may be supported on an insulator 
at its base. In the case of a tower, there will be one insulator supporting each leg. 


Telescopic, pump-up and tiltover towers 


A special form of the radio tower is the felescopic mast. These can be erected very 
quickly. Telescopic masts are used predominantly in setting up temporary radio links for 
reporting on major news events, and for temporary communications in emergencies. 
They are also used in tactical military networks. They can save money by needing to 
withstand high winds only when raised, and as such are widely used in amateur radio. 


Telescopic masts consist of two or more concentric sections and come in two principal 
types: 


and are raised to their full height 
pneumatically or hydraulically. They are usually only strong enough to support 
fairly small antenna 

+ Telescopic lattice mas sed by means of a winch, which may be powered 
by hand or an electric motor. These tend to cater for greater heights and loads than 
the pump-up type. When retracted, the whole assembly can sometimes be lowered 
toa horizontal position by means of a second tiltover winch. This enable: 
antennas to be fitted and adjusted at ground level before winching the m: 


t up. 
Balloons and kites 


A tethered balloon or a kite can serve as a temporary support. It can carry an antenna or a 
wire (for VLF, LW or MW) up to an appropriate height. Such an arrangement is used 


occasionally by military agencies or radio amateurs. The American broadcasters TV 
Marti broadcast a television program to Cuba by means of such a balloon. 


Other special structures 


For two VLF transmitters wire antennas spun across deep valleys are used. The wires are 
supported by small masts or towers or rock anchors. The same technique was also used 
for the Criggion VLF transmitter. 


For ELF transmitters ground dipole antennas are used. Such structures require no tall 
masts. They consist of two electrodes buried deep in the ground at least a few dozen 
kilometres apart. From the transmitter building to the electrodes, overhead feeder lines 
run, These lines look like power lines of the 10 kV level, and are installed on similar 
pylons. 


Design features 


Economic and aesthetic considerations 


A radio amateur's do it yourself steel-lattice tower 


Felsenegg-Girstel TV-tower 


Uetliberg TV-tower 


Australian Government 


Department of Communications and the Arts 


5G—Enabling the future economy 


October 2017 


communications. gov.au 
GPO Box 2154 Canberra ACT 2601 Australia| telephone 02 6271 1000 


classification.gov.au 


‘Communications tower, camouflaged as a slim tree 


The cost of a mast or tower is roughly proportional to the square of its height, 
A guyed mast is cheaper to build than a self-supporting tower of equal height. 

A guyed mast needs additional land to accommodate the guys, and is thus best 
suited to rural locations where land is relatively cheap. An unguyed tower will fit 
into a much smaller plot. 

A steel lattice tower is cheaper to build than a concrete tower of equal height. 
Two small towers may be less intrusive, visually, than one big one, especially if 
they look identical 

Towers look less ugly if they and the antennas mounted on them appear 
symmetrical, 

Concrete towers can be built with aesthetic design - and they are, especially in 
Continental Europe. They are sometimes built in prominent places and include 
observation decks or restaurants. 


Masts for HF/shortwave antennas 


For transmissions in the shortwave range, there is little to be gained by raising the 
antenna more than a few wavelengths above ground level. Shortwave transmitters rarely 
use masts taller than about 100 metres. 


Access for riggers 


Because masts, towers and the antennas mounted on them require maintenance, access to 
the whole of the structure is necessary. Small structures are typically accessed with a 
ladder. Larger structures, which tend to require more frequent maintenance, may have 
stairs and sometimes a lift, also called a service elevator. 


Aircraft warning features 


Tall structures in excess of certain legislated heights are often equipped with aircraft 
warning lamps, usually red, to warn pilots of the structure's existence. In the past, 
ruggedized and under-run filament lamps were used to maximize the bulb life. 
Alternatively, neon lamps were used. Nowadays such lamps tend to use LED arrays. 


Height requirements vary across 
such as requiring a white flashing strobe in the daytime and pulsating red fixtures at 
night, Structures over a certain height may also be required to be painted with contrasting 
color schemes such as white and orange or white and red to make them more visible 
against the sky. 


states and countries, and may include additional rules 


Light pollution and nuisance lighting 


In some countries where light pollution is a concern, tower heights may be restricted so 
as to reduce or eliminate the need for aircraft warning lights. For example in the United 
States the 1996 Telecommunications Act allows local jurisdictions to set maximum 
heights for towers, such as limiting tower height to below 200 feet and therefore not 
requiring aircraft illumination under U.S. Federal Communications Commission (FCC) 
rules. The limit is more commonly set to 190 or 180 feet to allow for masts extending 
above the tower. 


Wind-i 


induced oscillations 


One problem with radio masts is the danger of wind-induced oscillations. This is 
particularly a concern with steel tube construction. One can reduce this by building 
cylindrical shock-mounts into the construction. One finds such shock-mounts, which look 
like cylinders thicker than the mast, for example, at the radio masts of DHO38 in 
Saterland. There are also constructions, which consist of a free-standing tower (usually 
from reinforced concrete), onto which a guyed radio mast is installed. The best known 
such construction is the Gerbrandy Tower in Lopik (the Netherlands). Further towers of 
this building method can be found near Smilde (the Netherlands) and Fernsehturm, 
Waldenburg, Baden-Wiirttemberg, Germany). 


Hazard to birds 


Radio, television and cell towers have been documented to pose a hazard to birds. 
Reports have been issued documenting known bird fatalities and calling for research to 
find ways to minimize the hazard that communications towers can pose to birds. 


Law 


Since June 2010, Telecom operators in the USA can erect new telecom masts or towers 
as the government has lifted the moratorium, which was earlier placed on the is 
permits for the construction of telecommunication tower 


Chapter 8 


Omnidirectional Antenna & Directional 
Antenna 


Omnidirectional Antenna 


Omnidirectional radiation pattern of a vertical dipole antenna. In this graph the antenna is 
at the center of the "donut". Radial distance from the center represents the power radiated 
in that direction. The power radiated is maximum in horizontal directions, dropping to 
zero directly above and below the antenna. 


An omnidirectional antenna is an antenna which radiates power uniformly in all 
directions in one plane, with the radiated power decreasing with elevation angle above or 
below the plane, dropping to zero on the antenna's axis. This radiation pattern is often 
described as "donut shaped". Note that this is different from an isotropic antenna, in 
which the gain is uniform in all directions ("spherical"). Omnidirectional antennas 
oriented vertically are widely used for nondirectional antennas on the surface of the Earth 
because they radiate equally in all horizontal directions, while the power radiated drops 
off with elevation angle so little radio energy is aimed into the sky or down toward the 
earth and wasted. Omnidirectional antennas are widely used for radio broadcasting 
antennas, and in mobile devices that use radio such as cell phones, FM radios, walkie- 
talkies, Wifi, cordless phones, GPS as well as for base stations that e: 
mobile radios, such as police and taxi dispatchers and aircraft communications. 


Types 


Common types of low gain omnidirectional antennas are the whip antenna, "Rubber 
Ducky", ground plane antenna, vertically oriented dipole antenna, discone antenna, mas 
radiator and the horizontal loop antenna (or halo antenna) (Sometimes known 
colloquially as a ‘circular aerial’ because of the shape). 


Higher gain omnidirectional antennas can also be built. "Higher gain" in this case means 
that the antenna radiates less energy at higher and lower elevation angles and more in the 
horizontal directions. High gain omnidirectional antennas are generally realized using 
collinear dipole arrays. These arrays consist of half-wavelength dipoles with a phase 
shifting method between each element that ensures the current in each dipole is in phase. 
The Coaxial Colinear or COCO antenna uses transposed coaxial sections to produce in- 
phase half-wavelength radiatiors. A Franklin Array uses short U-shaped half-wavelength 
sections whose radiation cancels in the far-field to bring each half-wavelength dipole 
section into equal phase. 


‘Types of higher gain omnidirectional antennas are the Coaxial Colinear (COCO) antenna 
and Omnidirectional Microstrip Antenna (OMA). 


Some planar antennas (constructed from printed circuit board) are omnidirectional 
antennas. 


Vertical polarized VHF- UHF biconical antenna 170— 1100 MHz with omni directional 
H-plane pattern, 


Analysis 


Omnidirectional radiation patterns are produced by the simplest practical antennas, 
monopole and dipole antennas, consisting of one or two straight rod conductors on a 
common axis. Antenna gain (G) is defined as antenna efficiency (e) multiplied by 
antenna directivity (D) which is expressed mathematically as: G= eD. A useful 
relationship between omnidirectional radiation pattern directivity (D) in decibels and 
half-power beamwidth (HPBW) based on the assumption of a sin0 / 50 pattern shape is: 


101.5 
D = 10log,, (| —=————_—_______ | aB 
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Directional Antenna 


Log-periodic dipole array 


A directional antenna or beam antenna is an antenna which radiates greater power in 
one or more directions allowing for increased performance on transmit and receive and 


reduced interference from unwanted sources. Directional antennas like yagi antenna 
provide increased performance over dipole antennas when a greater concentration of 


radiation in a certain direction is desired. 


All practical antennas are at least somewhat directional, although usually only the 
direction in the plane parallel to the earth is considered, and practical antennas can easily 
be omnidirectional in one plane. 


cons 


‘The most common types are the yagi antenna, the log-periodic antenna, and the comer 
reflector, which are frequently combined and commercially sold as residential TV 
antennas. Cellular repeaters often make use of external directional antennas to give a far 
greater signal than can be obtained on a standard cell phone. Satellite Televis 
usually use parabolic antennas. 


ion receivers 


For long and medium wavelength frequencies, tower arrays are used in most cases as 
directional antennas, 
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Foreword 


What type of amateur antenna best sults your needs? 
Does the available space on your property permit the in- 
stallation of an effective DX antenna? Is there a com- 
promise antenna system that will provide acceptable 
results over short and long distances while being 
reasonable in price and modest in complexity? No doubt 
you have come to grips with these matters repeatedly 
since obtaining your amateur license. So, where does one 
turn to find the answers to these sometimes perplexing 
questions? What one pre-eminent source might one consult 
among all of the antenna booklets published for 
amateurs? Why, QS7, naturally! 

This anthology contains what the ARRL hq. staff con- 
siders the best of the QS7 antenna articles and theory 
presentations in recent years. The contributions of 
Numerous amateur authors and designers are contained in 
this volume for your convenience. This publication was, 
developed not only to serve as a compilation of good 
articles, but to reach those amateurs who do not have 
access to past issues of the League's official monthly 
journal, QST. 

The editors of this booklet have attempted to select the 
types of antennas that have greatest appeal to those who 
like to construct their own radiators, and for the many 
amateurs who can't justify the expense of purchasing 
commercial counterparts. A book of this type contains 
something for everyone who enjoys building and ex: 
perimenting with antennas. But, if you aren’t a builder you 
will still enjoy the hours of interesting reading provided by 
these works. 

We wish to extend our gratitude to those QST authors 
whose articles have been selected for publication in this 
volume. Their enthusiasm, ability and generosity typifies 
clearly what Amateur Radio is all about. Should you have 
some original antenna ideas of proven performance, send 
an article to the ARRL, describing your work. Not only 
may your story be published in QS7 — it might appear in 
a future edition of this book. 


Richard L. Baldwin, W1RU 
Genera Manager 
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Chapter 1 


Vertical Antennas 


One of the most practical antennas for use 
where limited space exists is the vertical. 
This type of antennais particularly usefulto 
amateurs who live in dense urban areas 
where city lots are traditionally small. The 
same general restriction prevails for those 
who dwell in apartment buildings. In such 
locations itis often easier to go “up” withan 
antenna than to erect one horizontally. But 


the virtues of vertical antennas extend 
beyond the foregoing considerations: 
“Verticals,” as they often are called, are 
relatively inexpensive, easy to erect and 
are capable of performing well for lo- 
cal (stateside) and DX work. A vertical 
antenna exhibits a low angle of radi 

tion when worked against a good ground 
system. This makes it an effective DX 


type of antenna. 

This chapter contains reprints of some 
popular vertical-antenna systems that have 
appeared in QST during recent years, For 
the most part, the presentations contained 
herein have been “lifted” in their entirety, 
thus makingit unnecessary for the readerto 
research the original articles for additional 
information 


A Two-Band Vertical for the Novice 


Build this inexpensive Novice antenna. It is easy to construct and is made from 


readily available materials. 


Materials 


‘The first concern was what to use for 
antenna materials. Being almost 32 feet 


high, the vertical would need strength, so 
the writer thought of steel tubing, but that 
‘was much too expensive. With conduit 
there aren't enough sizes offered, and that 
left only one more material — aluminum 
tubing. The latter comes in just about any 
size desired, and the author had no trouble 
in finding just what he wanted. Going tothe 
nearest aluminum dealer, the author found 
hisstock to be more than ample." 

In order to keep the cost minimal, the 
author decided to make the base piece from 
[Linch (25-mm) diameter thin-wall bing 
Into 12feet(3.66m) ofthis wasinserteda 12- 
foot piece of 7/8inch (22-mm) diameter 
thin-wall tubing. This piece was telescoped 
2 feet (0.610 m), then bolted and clamped 
(after theend had been slit twice by a pair of 
tin snips). It was necessary to use hose 
clampsonthe tubing because the galvanized 
bolts didn't provide a good bond between 
the pieces. The top section was 13-1/2-foot 
(4.1em) pieoe of 3/4-inch (19-mm) diame 
er thin-wall tubing inserted far enough 


(Eder Note: TV mst restr i alo we suited 
for verial and comes in ID foe (3.05) eng, 
‘ethers, peter. lumiaum } 


into the lower piece to make the overall 
antenna length about 31 feet, 10 inches 
(9.70 m). Because of its large size, all the 
work must be done while the antenna is 


house. Tho two white wires coming out from tne 
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Fig. 1 Detail for making the base-mourting section ofthe verte 


lying on the ground. Then, the antenna 
‘must be disassembled and puc up piece by 
piece. (Do not attempt to put the antenna 
Uup in one pieve! While the weight isn't 
‘excessive, the tubing cannot stand the 
strain.) 


Potting It Up 

‘The original base bracket was made from 
43/4-inch (19-mm) pine, but during th frst 
rain the wood got wel and the bracket 
turned out to be a very poor insulator. So, 
the unit was redesigned to use two pieces of 
1 Scinch (3-men) chick sheet aluminum, a 
large grommet, and a ceramic standolt 
insulator (see Fig, 1). 

‘Assembling the two-band vertical was 
quite simple. First, a 4-foot (1.22-m) stake 
‘was driven into the ground about 2-1/2 feet 
(0.76 m), and about four or five inches (102 
or 127 mm) away fromthe side of the house, 
Next, the bottom section (with the bracket 
attached) was slipped over the stake and 
tightened in place with the U bolts, Then the 
second section was inserted into the first, 
clamped and bolted in place. A support 
bracket was made from scrap aluminura, 
and a large grommet was installed on ito 
insulate the antenna from thebrace(see Fig, 
2), This assembly was ther attached to the 
side ofthe house (near the gable) with wood 
screws. Last, the thied seetion was Forced 
‘rough the grommet inthesecond bracket, 
‘and was then inserted into the second piece 
and clamped. (ITadjustment of resonanceis 
desired, it is better not to bolt the final 
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section). A suitablecap was mounted ontop 
‘of the antenna to keep out moisture. 


Tune Up 
RG-S8/U coax was then connected 
between the transmitter and antenna with 
‘an SWR bridge in the line, and power was 
applied at 7175 kHz. TheSWR was foundio 
be 3:1. This was without any ground system 
fon the antenna, In order to obtain a better 
match and reduce theS WR, it wasapparent 
thata ground system was required. 
According 10 The ARRL Antenna 
Book, two methods of making a suitable 
{ground system can be used. One way is to 
€onnect the coax outer shield directly to 
‘ground at the base of the antenna, via a 
ground rod. However, this doesn't work 
foo well unless the soil is extremely 
conductive (his wasn't). The other method 
is to make up some sort of artificial ground 
in the form of radials, 
Theauthoreutaradialfromsomesurplus 
wire to the same length as the vertical 
section, attached the radial to the base pate 
and the SWR dropped to 2:1. Unknown to 
the author at the time, The Antenna Book 
says that the radials should be 2.5 percent 
longer than the vertical itself, so actually, 
they should have been made 32-feet 7-3/4 
inches (995m) long. A second radial, 
similar to the first, was attached and the 
SWR dropped further (to about 1.4:1) 
When the soil was wet, suchasafterarain or 
after watering, the SWR takesa nose diveto 
less than 1.2:1. Since the property space was 


} 


Fig. 2— Deis forthe support bracket 


limited, two radials were all that could be 
used, {dealy, themost perfectsystem would 
consist of a metal disk, one quarter 
wavelength in radius, buried a few inches 
below the earth’s surface, but this approach 
is rather impractical! But ifthe antenna was 
tobeerected inanarea awayfeombuildings, 
sand guyed, a ground system could be made 
‘of chicken wire or other similar material. 
However, the more radials, the better the 
artificial ground. Also, they should be laid 
out in a8 nearly a spoke-like pattern as 
possible. Hy-Gain recommended for their 
‘AVQseries antennas that aradialsystem be 
used consisting of at least two radials for 
each band used. However, for this 
installation the 40-meter radials operate on 
their third harmonicat 15 meters, quiring 
but one set of wires? 

‘The length specified makes the antenna 
resonant at about 7175 kHz on 40 meters, 
On 15 meters, at the third harmonic, the 
‘antenna is resonant at about 21,425 kHz, 
but power wasapplied aslowas 21,10SkHz, 


Eators note: Actuly, ony rains, regards of 
length wile the patra of theyre. Ako 
When isd on IS ter the antenna would Be thee 
uarte: wavelengths long with lowsinpedsnce 
fee, approximately $0 ohms However, the sngloot 
‘allo fom the anenne il be higher am hat 
ofa quartersnavelengthverticaL] 


‘The support brack 


as dosribedin Fig. 2. 


‘and the SWR appearedto be only 1:1, well 
within tolerable limits. Bandwidth on both 
Novice bands was essentially fat 


Additional Information 
Total cost will depend greatly on the 

individua’s ability to scrounge parts. Ifthe 

builder prefers to purchase the principal 

‘materials, this list will be useful 

3— pieces thin-wall aluminum tubing, |- 
(25-mm), 7/8- (22-mm), and 3/4-inch 
(19-mm)’ diameters. 12 (3.66 m), 12 
(3.66 m) and 13-1/2feet(4.11 m) ong, 
respectively, 

2—U bolts, 


180-239 connector. 
The other material, including three bolts 
and nuts, six wood screws, two grommets, 
two hose ciamps, wood and aluminum for 
brackets, ground stake, and cap will vary 
from no cost to afew dollars, dependent on 
available materials. If used or surplus 
tubing is available one could save a 
substantial amount of money, 

In this instance, the top of the antenna 
extends about 16 feet (4.88 m) above the 
peak of the roof, but because of the bracing, 
‘no guy wires were necessary. Ifthe antenna 
is to be erected in a high-wind area, guys 
‘made from nonconducting monofilament 


fishing line (or other nonconducting line) 
could be used. 

The owner has received nothing but 
glowing reports so far. Running about 70 
Watts input, the first CQ on 40metersraised 
W9SVJ in northern Indiana from Glendale, 
CA. His report, RST 589, On 15 meters the 
owner has worked ZL3JC, AX7SM and 
JHIEZZ, and received very good reports, 

This vertical has no gain, and probably 
couldn't come near a Yagi or a quad in 
performance, but for an antenna costing 
less than $10 it does one heck of an FBjob. 
This material was originally presented in 
OST by Jerry Arnold, WA6MBP. 


Build This Novice Four-Band Vertical 


Putting your first amateur station together can be an expensive proposition. One 
way to cut costs is to keep the antenna simple. Here's how to shave the price 
and provide four-band operation 


operation with one antenna acceptable 
if it covers the 80-, 40-, 15- and 10-meter 
bands? For anew Novice that'sareasonable 
approach. Theauthor’s backyard is smaller 
than that of most urban homes, so full-size 
dipole or inverted-V antennas were out of 
the question, Not owning a tower (yet, it 
seemed that a ground-mounted vertical 
antenna would be worth trying. 

After reading The A RRL Antenna Book 
it was decided that a ground-mounted 
vertical antenna would be easiest to build 
Some radial wires could be buried, and the 
‘metal fence which encloses the backyard 
could also be hooked up to enlarge the 
‘round system. The author preferred this 
type of antenna to one installed above 
‘around, because radials of specific lengths 
for each of the four bands would have been 
needed for a roof-mounted, groundplane 
type of vertical. The buried wires for the 
ground-mounted antenna could be any 
convenient length, as long as the available 
space would permit. From what was read 
about these antennas, the author believed 
that reasonable performance could be had 
even ifthe ground radials weren't numerous 
and long, although generally the more, the 
better. 

With the help of WIFB some used 
aluminum tubing was purchased that would 
telescope together and givethe author a25- 
foot (7.62-meter) antenna, The wall 
thickness of the tubing is 0.058 inch (1.5 
mm). Three 10-foot (3.05 m) sections are 
used. The largest diameteris inch (25 mm). 
The center telescoping section has a 
diameter of 7/8 inch (22 mm) and the top 
piece of tubing has a 3/4-inch (19-rm) 


The completed ¢-band vertical antenna used st 
[WEAFSS. Te box! tho base ofthe antonna 
contains loading ol, 


diameter. This material, plus hose clamps 
for holding the sections together, came to 
S88. An old ceramic rotary switch, a coaxial 
connector, a feed-through bushing, and & 
piece of Air Dux coil stock were acquired at 
a flea market for an additional $3. Two 
medium-size, ceramic standoff insulators 
were donated by WIFB. He said they cost 
him 50 cents cach ata swap session. Allthat 
remained to collect was.a weatherproof box 
for the loading coil, some 50-ohm coaxial 
cable and six U boits. The author's OM, 
Bob, found some used 1-1/2-ineh (38-mm) 
steel pipe which is 7 feet (2.13 m) long. Its 
used as a support forthe vertical 


Constructing the Antenna 

A lawn-edger tool was used to makeslits 
inthe lawn, out fromthe base oftheantenna 
toward the edges of the backyard. The slits 
were cut to a depth of 2inches (51 mm), A 
total of 10 radials were buried in the slits, 
Some are only 15 feet (4.57 m) in length, 
while others are 25 feet (7.62 m) long. The 
metal yard fence was bonded together as 
needed, using wire jumpers between the 


fence sections. A single buried wire joined 
the fence totheeomaon ground point atthe 
base of the antenna, 

The OM drove the steel pipe into the 
ground toadepth of4feet(1.22m),leaving3 


feet (0,91 m)above ground forattaching the 
vertical antenna and weatherproof box. 
Construction details are shown in Fig. 3 
Although a wooden box could have been 
used to house the loading coil, switeh and 
other hardware, an old electrical housing 
that the author's OM had in his junk box 
was used (Fig. 4). It was drilled and 
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Fig, 3 — Dimersiona drawing of he four-bar Noviee antenna. The to ends ofthe two lower tubing 
sections arealtfour times oach by means a ahack sew This permits etgh ointwhen theese clamp 
comprassod. The vertical ie tiached fone moll pate wilt U bolts. Te largo stand insulators 

‘oth etl feet connec thi pate toa-palectsmallones. The latter are attached tothe seal support 
‘inaby means of two U bolts. The metal Boeis seo alized othe steel pipe wth two U bolt. The band 
[Snitch isa single-polethreepostion coraric wafer ype. Lt can bea inch (127-mm) length of 8 & W 


‘3029 Miniductor 2-1/2inches (64 mm) inchameter,6 turns por inch of no 12wate See text Tor 


mative mounting methods. 


punched on the bottom surface to hold the 
feedthrough bushing, coaxiel connector, 
switch and ground terminal for the redial. 

WIFB designed the antenna, but he 
wasn't sure that an acceptable impedance 
match could be had on all four bends 
without a complex matching network. It 
was decided to try his idea, so the 
installation was completed. 


Adjusting the Vertical 

The author helped her OM install the 
antenna, then called WIFB for some 
assistance in tuning thesystem. He thought 
‘we could tune the vertical for 40 metersand 
make it work okay as a 3/4-wavelength 
Vertical on IS meters. Foruse on 80 metersit 
would be fairly short (63 fect or 19.20 mis 
the correct length for 3.7 MHz), With base 
loading it should offer edequate service out 
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to a few hundred miles on 80 meters 
Finally, it would operate as a 3/4- 
wavelength vertical on 10 meters. 

‘A homemade SWR indicator was 
hooked in the coaxial line atthe base of the 
vertical! A small amount of transmitter 
power (5 W) was applied at 3725 kHz and 
the 80-meterswitch lead wastouched onthe 
turns of the coil until minimum reflected 
power was indicated (Fig. 5). An SWR of 
Il was obtained. The wire was then 
soldered in place on the coil. Next power 
was fed totheantenna on 7125kHz,andthe 
40-meter switch lead was touched tothecoil 
turns until an SWR of I:1 was read. While 
using the same coil tap power was supplied 
to the antenna on 21.1 MHz and the SWR 


"DeMaw, "A QRO Man RF Power Meee” QS, 
“une 1973, 


Fig. 4 Glossup view of he base ofthe vertical 
"The aluminum wting sated Yo 3 ett pate 

‘Ia latter i ataahod to the ren support pipe by 
‘moans of two surplus standoft Insulators Small 

‘aluminum plates are atached tothe ends of he 

inaulatore to permit them tobe 

fon pipe by means o U bots. The rail wire are 
Connected tothe bottom a the coi housing box. 


Fig, $—The author chocks the SWRot the 
antenna during inal adjustment ofthe system, 


checked. It was approximately 3:1. By 
‘moving the coil tap just one turn we were 
able to get an SWR of L.5:1 on ISmeters. A 
recheck on 40 meters followed. The SWR 
for that band was less than 2:1 —not a bad 
‘compromise! The coil was bypassed entirely 
for operation on 10 meters: an SWR of 2:1 
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Fig. §— Interior view he collhousing snowing 
te swith, fodthreugh bushing, coata! 
Connector and ground post forthe racials. The 
nll shown isa poco of Ar Dux stock with a 
tapered pich was obtained ata tes market. 


was indicated at 28,000 kHz. The length of 
the overall antenna for operation on 28, 100, 
kHz should be 25 feet or 7.62 m (3/4 


wavelength radiator). However, the switch 
leads inside the coil housing add to the 
antenna length. Ilan SWR ofess than 2:1 
desired, break the 10-meter switch icad and 
insert a 100-pF air variable capacitor. The 
unwanted reactance can betuned out by this 
means and a low SWR will result. 

Opening and closing the cover of the 
‘metal box had only a minor effect on the 
SWR.Atlastanon-the-airtestofthesystem 
was possible. Fig, 6shows the interiorof the 
coil and switch housing. 


Results 

Good signal reports have been received 
on all bands. The first QSO on 40 meters 
netted an RST 599 report from North 
Carolina and many similar reportsfollowed 
on 80, 15 and 10 meters. The author feels 
that a WAS award is not too far away now 
that this antenna isin operation. 


An Alternative 

There are many ways you can duplicate 
this design using substitute materials. For 
example, electrical conduit with couplers 
between the sections should be satisfactory 
in place of the aluminum tubing. Theentire 


The Cheapie GP 


structure could bemade from2x-4inch(S1 x 
[02-mm) lumber. If that is done, the 
radiator could even be a 25-foot (7.62 m) 
piece of no, 10 wire,supported ontheside of 
the wood with standoff insulators, 

Instead ofthe mounting method shownin 
Fig. 3, the vertical pipe could probably be 
inserted into a 2-fot (.61-m) lengthof PVC 
tubing, then clamped tothe mounting plate. 
This would eliminate the need for the two 
standoff insulators. Better still, four or five 
‘wraps of Teflon sheeting (10 mil or0.25 mm 
thickness) could be placed over the bottom. 
end of the vertical before clamping it in 
place on the mounting plate. Teflon can be 
‘purchased at most plastic-supply houses. 

‘The authar hopes this idea is useful to 
other Novices who are trying to keep the 
budget within reasonable limits. Thiswriter 
likes the way the antenna is working, Others 
should have good luck with this antenna 
also. Ob, by the way, the ground radials are 
made from various seraps of wire. The size 
isn'timportant, and theyean beinsulated or 
bare. There is quite an assortment of wire 
types buried in the lawn! This material was 
originally presented in QST by Marian 
Anderson, WBIFSB. 


Keeping an ear on 10 and 15 meters? With the trend of rising solar flux, 15 
meters “opens” nearly every day — 10 meters occasionally. Don't miss these 
openings. Build a Cheapie GP! 
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antenna is essentially the same in_all 
horizontal directions as shown in Fig. 7A, 
In Fig. 7B the approximate vertical or E 
plane pattern of theantenna isshown forthe 
antenna mounted one-quarter wavelength 
above ground. As can be seen, maximum. 
radiation occursat the low anglesabovethe 
horizontal plane of the antenna. The 
antenna hasan overhead nullsolittleenergy 
is radiated at high angles. This does not 
detract from the usefulness ofthe antenna, 
since DX signals seldom arrive at high 
angles on these bands. Instead, maximum 
radiation isconcentratedatthe owerangles 
whereitwill bemoreeffective. Conversely, 
horizontal dipole mounted one-quarter 
‘wavelength or less above ground will have 
‘maximum radiation straight up or nearly 
so. Lower-angle radiation will not occur 
unless the dipoles raised toa height of one- 
half wavelength or more above ground. Ifit 
is not possible to mount your horizontal 
antenna a half wavelength above ground, 
the vertically polarized groundplane is 
perhaps the logical choice overa dipole. As 
fa general rule, the higher the groundplane 


can be located above power lines, gutters, 
house wiring and the like, the betier it will 
perform. 


‘A Duo-Band System 

For the antenna to perform properly on 
two bands, it must function as a separave 
groundplane vertical on each band, This 
requirement is met quite simply in the ease 
of the radials since four radials are used for 
‘each band. The 10-meter radials are 8 feet, 
5 inches (2.56 m) long and the 15-meter 
radials are [1 feet, 7 inches (3.53 m). When 
the antenna is operated in the 10-meter 
‘mode, the [5-meter radials have litle effect 
on the system. Similarly, when theantenna 
is used on 15 meters, the 10-meterradialsdo 
not appreciably alter the operation of the 
antenna, The effect of theadditional radials 
is tochangeslightly the eed pointresistance 
and theresonant frequenciesoftheantenna, 

“The vertical member of the antenna must 
act as a quarter-wavelength radiator on 
both 10 and 15 meters. To accomplish this 
4 trap is inserted in the 15-meter vertical 
section. [ts approximate location is 
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close-up vi 
Sirectiy tothe pital ofthe col. These 
‘Sonnoetions shouldbe coated with varnish ater 
they nave been secured under the hose clams. 


LO-meter quarter wavelength above the 
base, The trap has a high impedance on 10 
meters, thereby electrically divorcing the 
top section of the antenna when it is 
‘operated on that band. The length of the 
O-meter section (section below the trap) is 
somewhat shorter than that ofa simple 10- 
meter-only quarter-wavelength vertical 
‘This is because the trap and top section of 
the duo-band system add top loading to the 
10-meter portion of the antenna, reducing 
the length required for quarter-waveleneth 
resonance. A coaxial-cable capacitoranda 
coil made from copper tubing form the trap 
which is resonant at approximately 28.150 
MHz. On 15 meters the trap has a low 
impedance, effectively connecting together 
those portions of the antenna above and 
below the trap. The overall length ofthe 15- 
‘meter radiator isa bit shorter than asimple 
quarter-wavelength radiator would nor- 
‘mally be for that band. Thisis because at 21 
MHz the trap introduces inductance into 
the radiator — similar to the effects of a 
loading coil 


Construction 

‘The vertical section of the antenna is 
mounted to a 3/4-inch (19-mm) thick piece 
‘of plywood board that measures 7 X 10 
inches (178 mm X 254 mm). Several coats of 
exterior varnish orsimilar material wll help 
protect the wood from inclement weather. 
Both the mast and the radiatorare mounted 
to the piece of wood by means of TV U-bolt 
hardware, The vertical is electrically 


isolated from the wood with a piece of 1- 
inch 24-mm) diameter PVC tubing. A pieos 
approximately § inches (203 mm) long is 
required, and itisof theschedule-80 varievy, 
To prepare the tubing it must be sit along 
the entire length ononeside. A hacksaw will 
work quite well. The PVC fits rather snugly 
on the aluminum tubingand will have to be 
“persuaded” on with the aid of @ hammer. 
‘The mast is mounted directly to the wood 
with no insulation. An $O-239 coaxial 
connector and four solder lugsaremounted 
toan L-shaped bracket made froma piece of 
aluminum sheet. A short length of test 
probe wire, or inner conductor of RG-$8/U 
cable, is soldered totheinnerterminalofthe 
connector. A UG-106/U connector hood is 
then slid over the wire and onto the coaxial 
connector. The hood and connector are 
bolted to the aluminum bracket. Two wood 
Screws are used to secure the aluminum 
bracket to the plywood as shown in the 
drawing and photograph. The free end of 
the wire coming from the connector is 
soldered to 2 lug which is mounted to the 
bottom of the vertical radiator. Any space 
between the wire and where it passes 
through the hood is filled with GE silicone 
alue and seal or similar material to keep 
moisture out. Theeight radials aresoldered 
to the four lugs on the aluminum bracket. 
The two sections ofthe vertical member are 
separated by a piece of clear acrylic rod. 
Approximately 8 inches (203 mm) of 7/8 
inch (22-mm) OD materials required. The 
‘aluminum tubing must beslitlengthwise for 
several inches so that the acrylic rod may be 
inserted. The two picees of aluminum 
tubing are separated by 2-1/4 inches (57 
mm). 

The trap capacitoris madefrom RG-8/U 
coaxial cable and is 30.5 inches (775 min) 
long. RG-8/U cable has 29.5 pF of 
capacitance per foot and RG-S8/U has 28.5 
DpE per foot. RG-8/ Ucableisrecommended 
over RG-58/U because of its higher 
breakdown-voltage characteristic. The 
braid should be pulled back 2-inches (51 
mm) on one end of the cable, and the center 
‘conductor soldered to one end of the coil 
Solder the braid to the other end of the col 
‘Compression-type hose clamps are placed 
lover the capacitor/coil leads and put in 
Position at the edges of the aluminum 
tubing. When tightened securely, the 
clamps serve a two-fold purpose — they 
keep the trap in contact with the vertical 
‘members and prevent he aluminum tubing 
from slipping off the acrylic rod. The 
coanial-cable capacitor runs upward along 
the top section of the anteana. This is the 
side ofthe antenna to which the braid of the 
capacitoris connected. Acorkor plasticcap 
should be placed in the very top of the 
antenna to Keep moisture out. 


Installation and Operation 

‘Theantenna may be mounted in position 
using a TV-type tripod, chimney, wall or 
vent mount. Alternatively, a telescoping 
mast or ordinary steel TV masting may be 


used, in which case the radials may be used 
as guys forthe structure, 

‘Any length of $0-ohm cable may be used 
to feed the antenna. The SWR atresonance 
should be on the order of 1.2 to 1.5:1 on 
both bands. The SWR is not | because the 
feedpoint resistance is something other 
than 50 ohms — closer to 35 or 40 obs. 
‘Nearby metalic objects may also have an 
effect on the impedance of the antenna, 
The antenna is resonant at approximately 
21.150 MHz. and 28.150 MHz. 


Some amateurs place too much 
importance on obtaining a “no reflected 
power” reading on their SWR indicators. 
Most bam transmitters will load into 

which exhibit an SWR of up to 2:1, 


ing transmitters. To demon- 
strate how litte effect an SWR of LSor2:1 
will have on the system, consider the 
following: the antenna is fed with 100 feet 
00.48 m) of RG-8/U cable and if the 
antenna is perfectly matched to the linean 


SWR of 1), the power loss along the cable 
will be approximately 0.98 4B on 10 meters. 
Ifthe SWR on the lines increased to 1.5:1, 
the additional loss on the line due to the 
higher SWR is lessthan 0.1 4B, Ifthe SWR. 
is increased to 2:1, the additional loss over 
that of the matched condition will be onthe 
order of 0.2 dB. This amount of loss is 
insignificant, and for this reason a compli- 
cated matching network is not necessary, 
This material was originally presented in 
QST by Jay Rusgrove, WIVD. 


A High-Performance, 20-, 40- and 80-Meter 


Vertical System 


Urban dwellers with small lots take heart! Here are the details for building your 
own Dx-effective three-band mini-vertical antenna. Cost-conscious amateurs 
will be happy with the low cost of this system. 


n another article on vertical antennas, 
we tried to point out some fundamental 
characteristics of ground-mounted 
verticals, namely: (I) good image plane is 
necessary for efficient operation, (2) 
vertical over a good image plane compares 
favorably with a dipole at an elevation of 
‘one-half to one wavelength, (3) a short 
vertical compromises litte in the way of 
performance 

This paper describes a highly efficient, 
threo band vertical system for 20, 40 and 80 
meters, using elements of the order of an 
clighth wavelength. The system consists of 
an 80-meter vertical parallel witha 0/40- 
meter trap vertical. Actually, either the 80- 
meter or the 20/40-meter vertical can be 
constructed and used alone if one is not 
interested in triband operation. The input 
impedances of both antennas ave (2-1/2 
‘ohms and they use the same 4:1 matching 
transformer. The antennas also use the 
same radial system consisting of 100 eadials 
of no, 1S alaminum wire $0 feet(15.24 min 
length (a lesser number of radials can be 
used as is discussed later in the article) 
Because of expected lower sunspot activity 
and, hence. poorer propagation conditions 
on the higher bands, the 0- and 80-mete 
Doriions of this antenne system, in 
Particular, should prove very effective in 
DXcommunicationover the nextfew years 

‘The first part of this paper deals with the 
design and tune-up considerations ofthe 
80-meter element; the second part with the 
20/40-meter element and the Way itis used 
With the 80-meter vertical forming an 
efficient tiband system. This is followed 


by reports on performance. Reference is 
also made to other alternatives for a 
‘multiband vertical system, 


80-Meter Vertical 

‘The two considerations in designing the 
80-meter clement of this vertical system 
were: (1) 2 good bandwidth for a 
reasonable height (a height one personcan 
hhandle); and (2) proper spacing between 
the 80’ and 20/40 portions such that 
coupling is negligible and both can be used 
lover the same radial system, 

rior to building the shortened vertical 
described in this article, two others were 
‘constructed and tested on the air. One was 
14 22-foot (6.71 m) vertical? which had a 65- 
kHz. bandwidth. The other was a trap 
vertical* with only a 20-KHz bandwidth. 
Both of these antennas were used 
separately over the same image plane of 
100 radials and were efficient radiators. 
‘Therefore, the main reason in going to a 
slightly longer antenna was simply 10 
‘obtain a broader bandwidth. The eighth 
‘wavelength vertical on 40 meters from the 
previous work? promised considerable 
improvement by adding only a few fect. 
‘The results are shown in Figs. 9 and 10. 
The total height turned out to be 29 feet 
(8.83 m). This resulted in @ bandwidth of 
about 140 kHz, little more than twice the 
bandwidth of the 22-footer (6.71 m). 

The vertical, in Fig. 9, uses 2 20-foot 
(6.10-m) section of thick-wall aluminum 
tubing. (It was used some years agoasa gin, 
pole for erecting a beam on a 40-foot (12.2 
m) tower.) An 8-foot (2.44 m) extension 


The tiband vertical showing the polypropylene 
Quy which prov an extramargin or upper. 


was constructed with I-inch (25-mm) 
tubing bolted in place using spacers for 
centering. The insulator at the bottom is 
phenolic tubing with a canvas base.® It has 
a 1/2-inch (13-mm) thick wal, is 9 inches 
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Fig. 9—The 2 40: and 30 motor vetical antonna system, Tuning and constrctiondetais are gven in 
nator 


Close-up of the base ofthe iiband vertical antenna. 


(229 mm) long and has an ID of 1 inch (25- 
mm). The bottom aluminum tubing 
supporting the antenna is 3-1/2 feet (1.08, 

) long with 2-1/2 fet (0.76) of it placed 
in cement. The diameter of the hole in the 
ground is about 1 foot (0.31 m). Even 
though this construction could probably 
be self-supporting, three simple 
polypropylene guys at about the 7-foot 
(2.13-m) level are used for extra margin of 
Support. The radials atthe top use 1/2-inch 
(13-mm) aluminum tubing?” The base 
loading consists of 12-1/2 turns of a B&W 
3029 coil Actually, 14 turns are on the 
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coll. A shortingstub, asshown in the close~ 
up picture of the base of the two antennas, 
is used for adjustment. To place the 
‘minimum SWR near the low end of th 

phone band, where much of the DX is 
worked, 1-1/2 turns were shorted out. The 
final number of turns employed depends, 
to some extent, on the number of radials 
used in the image plane. A simple check is 
to set the shorting tap at some convenient 
point, like 12 or 13 turns, and plot the 
SWR_ If the minimum value appears too 
high in frequency, then add about a half a 
turn of coil. This half turn chould change 


the position of the minimum SWR value 
by about $0kHz, As can beseen in Fig. 10, 
the minimum value of SWR is practically 
Tl and occurs at 3.840 MHz. This also 
verifies the input impedance value of 12- 
1/2 ohms, as expected from the previous 
work on short verticals. 


20/40-Meter Vertical 

In extending the operation of a vertical 
system over other bands, many 
alternatives are available. A trap vertical 
with # 12-1/2-ohm inputimpedance ean be 
connected in parallel with the 80-meter 
vertical. Alternatively, the trap vertical can 
be designed to present an impedance of $0 
ohms and thus be connected to the input 
side of the 4:1 transformer. If broadband 
operation is desired on only 80 and 40 
meters, then one-eighth wavelength 
verticals on both bands can be used.(0 

For this work,  20/40-meter trapped 
vertical having an input impedance of 12- 
1/2 ohms was used. It offered a rather 
simple mechanical form of parallel 
‘operation as is shown in Fig. 9 and the 
close-up picture. The bandwidth on 40 
meters of 155 KHz appeared acceptable, 
‘This bandwidth can be extended by about 
‘50 percent by using the 50-ohm design of a 
trap vertical 

Tn the first attempt of parallel operation, 
the 20/40-meter vertical was placed only 
4 inches (355 mm) away from the 80- 
meter vertical, The coupling appeared 
excessive, The 80-meter vertical was 
detuned by approximately 50 kHz. The 
20/40-meter vertical also required 
excessive base loading in order to present 
an acceptable input impedance. By 
doubling the spacing between the verticals 
to 28 inches (711 mm), the interaction 
between them became negligible. The final 
valucs of heights and loadings were 
practically the same as ifthe clements were 
operating alone. 

‘The adjustment of the 20/40-meter 
vertical is somewhat more complicated 
than the 80-meter vertical. An impedance 
bridge, as described in. the ARRL 
Handbook, is of considerable help. In this. 
case, there are two degrees of freedom: (1) 
varying the number of turns at the base, 
and (2) adjusting the lengths of the vertical 
sections. 

Basically, the tuning is as follows: The 
tap is set at about 5-1/2 turns and the 20- 
meter section adjusted to give an 
acceptable value of SWR, both in position, 
jn the band and in magnitude. If the 
impedance is too high, itcan be lowered by 
increasing the number of turns and 
lowering the height of the 20-meter section 
for resonance. After this, the 40-meter 
portion is then tuned. A plot of the SWR 
vs, frequency can immediately give an 
indication of the necessary adjustment of 
the section above the 20-meter trap. Ifthe 
minimum value appears too low in 
frequency, a shortening of the top section 
is required. In no case should large 
adjustments be made. A change of a few 


Table 
‘Some Results With Tiband Vertical 
Date Station Gontacted 2PM Signa! 


Report 
ans KSLWLYS §—s9+ Toa 7 
4a wasHy so+40d8 7 
wa rsp see “ 
46 WaeMUR 594008 4 
ane Kvn 91048, 7 
so Kev 8 4 
ye wax s9+s008, 4 
siz waou s+ 4 
SAT vKSPE 67 4 
SAT WAINY 90+2008 4 
522 VSB 591008 7 
8/23 213A 58 4 
sar WA2BOL 50 +2008 4 


Fraq.tite) toputPomer Commente 


888 (Peak) 
2kW —_vory very strong signal, 

tniy onesignal stronger — 

ho Used Yaghat 120" 


(638°) 

2kW superior to anything on 
bend 

2KW —_vory, very nice signal 

2kW best signal on whole 
band 

2kW_—_ loudoston band 

2k -KIGZL and are only 
‘ones they near 

2kW strongest ery 
onsstont sa) 

2kW — womondoussignal 

2kW remarkably trong 

2kW outstanding, certainly 
one bet 

2kW really amazing 

2kW one! the strongest nes 
Fear torsome time — 
pinned thes mater 

200W very potent —Strengerinan 


‘mos! foals — coulgrt be- 
Hive you were using 2000 


inches has considerable effect. 1f the input 
impedance on 40 meters appears too low, 
then the 20-meter section has to be 
lengthened. This requires that the whole 
procedure be repeated. In any case, the 
initial adjustment should be started on the 
highest band of the trap vertical. 
Results 

Short verticals have been used by the 
author during the past year with 
considerable success. Many DX contacts 
were made on 40 meters with antennas 
varying in Iength from 6 to 33 feet (1.83 to 
10.05 m). Since an extensive ground 
system was used, very litte difference in 
effectiveness was noticed between the 
antennas.' This even includes redesigned 
trap verticals. As was stated before, the 
objective of the present investigation was 
to design a three-band vertical system 
which not only yielded competitive 
antennas on the lower bands, but one that 
‘was capable of covering a considerable 
portion of 80 meters. As was seen, a 
separate one-eighth wavelength antenna 
‘connected in parallel with a trap vertical 
‘ot only gave a bandwidth on 80 meters of 
140 kHz where the SWR was less than 2:1, 
but was short enough to not require 
considerable help in erection. 

During all this time of operation of short 
verticals on 40 meters, and as of this 
writing, including several months on 80 


meters, very few signal reports were 
received which did not indicate one of the 
best signals on the band. Table 1 gives 
some of the reports and comments 
received, In only three speifc eases on 40 
tneters have the short verticals been bested 
by other antenna systems. One is shown in 
Table 1 where KSLWL/YV6 reported & 
stronger stateside signal by an amateur 
using a Yagi at 120 feet (36.58 m). The 
other cases include a comparison with 
W2GO of Linden, NJ. On 40 meters, 
VKSPB reported 6 JB and VK2WC10 dB 
in favor of W2GO'ssignals. He wasusinga 
tworelement Yagi at 60 feet (18.28 m). The 
clements ere 44-1/2 feet (13.56 m) in 
length and the boom, 20 fe=t (6.10 m), On 
80 meters, only one other station received a 
stronger report on direct comparison. This 
was by W2HCW, when comparing my 
signals with VKSPB. The difference was 2 
to3S units, His antenna was an 80-meter 
Yagi at 120 feet (36.58 m) 

TInyariably, most amateurs were 
surprised by ‘the performance of these 
Yeticals. In_many instaness, questions 
were asked regarding the 
‘umber and length of radials required for 
efficient operation of ground-mounted 
verticals. As was noted in previous 
Articles, the answer depends to some 
extent on the conductivity ofthe soi atthe 
respective locations. Poorer soils not only 
reaui Is, ut ones that arealso 


: ceeded 


Fig, 10—stanaing 
the 20, 4, and 80 
System. 


tio vs. requency for 
verical antenna 


considerably longer. Although more 
experimental work is requized in this area, 
it appears that about 50 radials, 0.2 
wavelength long, should generally’ give 
good operation. Thelossin this case will be 
approximately 1 to ? ohms. Doubling the 
umber to 100 radials should reduce the 
loss to less than I ohm. Itshould be noted 
that even | to 2 ohms of loss are 
appreciable with these short antennas since 
their radiation resistances are only 12-1/2 
ohms. 

Again, the author would like to 
acknowledge the help, encouragement, 
and interest shown by the many amateurs 
during our experimental studies on 
verticals. Very few antenna laboratories 
can boast of a greater number of willing 
‘and competent field stations. In particular, 
we would like to thank Al Jones, W2GO, 
for his considerable help in obtaining 
comparative reports in Australia and New 
Zealand. This material was originally 
presented in QST by J. Sevick, W2FML 


‘Seve, “The W2FMI Grownd-Mousted Short Verte 
‘a O97, March 1973 Asoappearsceewberelnthis 
Shape, 

'Sevih, "The W2FML20-Meter Vertical Bea,” OST; 
“ne 1972 

Isoefestnate 

‘Commer i, 

‘Sotfecnate 

‘Cade Puli and Chemical Co, P. 0. Box 810, 
Detroi, Mi 232 

"Construction detsioa htop hate ato given inthe 
‘efreeein footnote! 

12h ines (Gta) ameter, 6p, 20.12 wie 

‘Thecharaterzaton aod design of thes wap vets 
‘lb plied later 

lnsefootnate | fr deta onthe 40-mter vet 

efonnae | 

"Seefootnate | 
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A Multiband Vertical Radiator 


An efficient multiband radiator with no traps and no loading coils? Impossible; you 
can't build one without them and have it work! “Oh, yes, sure you can.” | doubt it. 
“You wanna bet? Come on, |’ll show you.” 


Worries ieuiie bi 


‘you this vertical antenna system was 89- 
peroent efficient but had only six radials? 
(Efliciency is defined as the ratio of 
radiated power to total power delivered to 
the antenns,) No, it’s no joke. The vettical 
antenna that is described here is designed 
to work against ground systems that are 
Jess than optimum. 

By increasing the radiation resistance by 
about 200 ohms, we have been able to 
improve the effectiveness substantially ofa 
vertical radiator with a poor ground 
system. The value of 200 ohms wasselected 
as the feed-point radiation resistance 
because a toroid autotransformer with a 
1:4 ratio will match 50-ohm coax line very 
nicely. An added bonus when using such an 
arrangement is the Faraday scrcen effect 
that reduces noise pickup from being 
transferred to the feed line. The noise 
reduction overa conventional network was 
determined to be about 6 dB. See Figs, {1 
and 12. 

‘The system is based on a 135-degree 
antenna height. The radiation resistance at 
the base of the structure is about 200 
ohms, ideal for our matching system. And 
at the same time the radiation pattern 
retains a reasonable form. The 10-meter 
‘proundplane on top of the structure acts as 
atop hat. On 7 MHz the phase loops cause 
the antenna to look like a fat radiator and 
between the two, top hat and phase loops, 
the electrical height of the antenna israised 
to within the tuning range of the toriodal 
loading network, On 14 and 21 MHz the 
phase loops keep the instantaneous current 
‘on the structure in phase and eliminate 
high-angle lobes. When the system is 
switched to operate on 28 MHz, the 
‘groundplane at the top of the structure is 
fed through the coax Tine running up the 
Tower portion of the structure, 


Construction and Tuning 
‘The photographs and the drawings show 
how theantennais constructed, Thesystem 
‘tas designed so that “storebought” items 
‘could be used for the assembly, ratherthan 
brication of the antenna components, A 
list of required parts is given if Table 2. 
‘The tuning adjustments ofthe system are 
very noneritical. Tuning ean be done with 


‘The ARRL Ante Book, Lita Ea Soe Fig. 2-1and 
the accompanying extn page 0, 
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an SWR indicator, The best sequence isto 
start with the highest frequency and work 
down. The 28-MHz groundplane used as a 
top hat can beadjusted beforeitis attached 
to the rest ofthe antenna. The Radio Shack 
II-meter groundplane that we used comes 
with a hairpin or “beta” match, With a 
short length of 50-ohm coax for the feed 
line, the groundplane should be adjusted 
for the lowest SWR in the 10-meter band. 
After the groundplane has been adjusted 
and attached to the top of the antenna, the 


“This mutiband rdetor, just ove feet 
(10.37 tal operatae on ve amateur bands, 80 
‘ugh 0 meters 


Tables 


Pris Required forthe Muliband Vertical 

Radiator 

‘S10 (2.05 rm) lanaths TY mat; Radio Shaok 
18.5006 

21-2 ground plane; Aadlo Shack 21-201 

=00et (30 48)n) roll ef 2agaug9 nookeus 

wir: Face Shack 278-1208. 

4 —fimigen Baiun it oe F112. 

4 TAltrinum aos fr sur, 

1 ae (58m) length of G-8IU coaxing 

4G (atten sections of aluminum bing oe 
Fig. 1) 

1} —Base Insulator son avink or bottle 

4} Loonor capacitor arvana, p05 

‘Mise — See txt and igures 


centre system can beraised into position for 
final tone-up on the lower frequencies. 
At this point the SWR indicator should 
bbe inserted in the 50-oltm feed line from the 
transmitter, as close to the antenna 
matching network at the base of the 
structure as possibie. Allthat remains isthe 
adjustment of the 200-pF capacitor. Tie 


Notes 


1} Radio Snack 27-MHz groundplans cut to 
dimensions show's Radel are at ight 
frsle ane connected to mast 
‘Thros heavy-duty 1 (208-my eections 
TVmast 
Phase ioops sections of telescoping = 
{(igemm) and ane (13m) aluminum 
{bing spaced 4-1/2 Inches (78 rm) rom 
mast Seaton 
SGonmenay suchas AGU, A1upner 
find connect cantor eancistorfo 1p 
Slement bald to groundtslane elements 
Connect lower end to base loader network 
a 12. 


a 


3 


4 


Fig. 1 — betas" the muttibane ragating 
ructur, See Table 2forpartstat Ils very 
lrmportan tet unviorm spacing be maintained 
forthe phasing loops, which may be supported a 
‘habottom by anel racists Tosupport the 
Upser portions of hove logge, te wuthor used 
omomade wooden epacers, 12% Tina (1X 25 
rr}, walch worescaked in paattinanahelcin 
place ny serene passing through the loop tubing 
Srdthe mai radiator \saing. Nomermeds 
Pangioespacore may also be used 


rh 
ly 


200-pF capacitor othe matching networks 
mounted nice a weatherprooted box, ang the 
is mounted outside The 
yes Tor bandswitching are 
‘mounted autsice ne aluminum box under 
homemade hinged cover, Tae structure eet is 
supported by 2 TO-ot (&05-m) wooden post et 
2 oot (2.61 m) Inthe ground (eoncrte optional), 


tuning will be different for each band. On 
21 MHz the capacitor will be only about 
five percent meshed, on 14 MHz about 
half, and on 7 MHz nearly fully meshed. 
‘The capacitor on 3.5 MHz, along with the 
3.5-MHz coll, can be adjusted to whatever 
section of the band you wish to work. The 
bandwidth will be about 400 kHz with less 
than 2:1 VSWR. To switch bands, all that 
is required is to set the double-pole, 
double-throw switch for the proper band 
and adjust the 200-pF variable capacitor. 

Al of the antennas constructed so far 
were cut to the dimensions shown i Fig. 11 
and have not required any change. They 
have been installed in a wide variety of 
locations and the system design has been 
broad enough in tolerance to handle all of 


{hata modified par of chimney-mount bracket 
be fastened tothe post with og screws. A sho 
Tength of PVC pipe or Mylar im may be placed 
round the mast whereltls supported you foot 
recoreary tghave tho mactingulated from thopost. 


them, The writer's antenna has been in 
‘operation since 1972 and has performed 
exceptionally well. In the first year on the 
air, I managed to work 100 countries with 
Jess than 250 watts. In several experiments 
with just the six radials, we made 


comparative tests between this design and a 
properly matched quarter-wave vertical 
over the same radial system. The radiation 
efficiency was about 60 percent for the 


field the signal 
improvement was better than 6 dB. 

‘Now there are eight of these antennas on 
the air, and several more are under 
construction, All of the hams who have 
built the antenna have had comparable 
results to mine, 


Fig, 12— Schematic diagram of he base oncing 
rk The connection tothe mat base should 

bemade with shore wee, no longer than one 

{oot (0St-). The 200-pF capacitor should havea 

‘minimumot i/1Binch (1.6 mn plate spacing 

C1" sovmeter loading col, 087 aH ¢turns of 
furinum grounding wie, inch (7-7) 
‘lamer, tur perinch air core 

81 = Opal, heavy-duty type. Two porcaain kite 
‘wetehes rom the local hardware store wil 
Sica, onefor each pola 

11 bittarewound toroidal autotranstormer, 
‘4 rai: 11 tuna spaced araund 2h (81 
tm) 1D toroidal cor: Amidon Balun Kit or 
{quit (amizon Associated, 12083 Otseg0 
‘5 Non Hollywood, CA $1607), 


‘There are three hams to whom this 
‘author would like to give credit. They 
helped in testing and measuring the system 
and encouraged me to get it down on 
paper. They are Bob Crawford, WAGRYZ; 
Frank Scott, W6WOP and John 
Campbell, W6NVV. This material was 
presented originally in QST by A. E. 
Collins, K6VV. 
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A Triband Vertical Antenna 


Keep your vertical antenna simple. Operate three bands without using traps! 


[ie ec seta 
uarer-wave type, which radiates welland 
ieanilymatched toa cox feed ine ut has 
fhe weakness that it is = singleband 
Sntemna: Methods of sdaptings vertical for 
ttiband operation include the wse of 
traps, loading coils and elements of 
sifeent length fedin parallel The antenna 
‘pstemtobedeseribed here wasarrvedat by 
treating separately the problems of design- 
ing the antenna and of designing. the 
matchingsystem 

“The antenna design was easy. A height of 
22 feet (671 m) is optimum fora vertical 
antenna for 10, 15 and 20, and several 
commercial verticals are ofthis height. It 
Corresponds Yo about fivecighths wave- 
Tenge on 10 meters. Greater height results 
in reduced low-angle radiation on 
Besides being more dificult to erect. A22° 
foot (6.7!-m) vertical gives better low-angle 
radiation hana quarter-wave yerticalonall 
thee bands and is espetally good on 10 
titers 

“The antenna consist of2feet(6.11 of 
300-ohm twinseud, with both conductors 
God together, hed about an inch from & 
bamboo pote by meant of small blocks of 
insulating material spaced every two feetor 
so along the pole and held in place with 
Platicelectical tae. The pte isguyed with 
tylon ishing line, andthe antenna. fe 
operated. against ¢ groundplane of four 
uarter-wave radials oreachband. Theute 
of twinead rather than a single wire 
Simulates a thicker conductor and reduces 
the impedance, making the antenna easier 
tomatch. Even, th antenna impedances 
ate vastly ciferent on the thre bands, The 


Tables 


‘Approximate impedances stbase of 22-f00t 
ineplane vertical antenna 


Resistance Reactance 
\42s0Mmiz ——t000hme_——_—+200 ohm 
21375 Mie == s2000hms 800 ohms 
28.500 MH ‘oohms — —200 ohms 
Tales 


lances atinput ond of 27.8-oot (247 -m) 
matening secon of S00-ohm twin-iead 
Terminated by the impedances listed in Table 3 


Frequency Resistance _Reactarce 
¥4250MHz —sBonms +177 orm 
2harsMie —GBohms —O'ahme 

2B500 Miz © 75chms 282 chm 
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Fig. 10—The triband vertical antenna system. 


‘A~ Vera asiator, 221 (6.71) of 300-08" 
‘winelead with conductors in parle 

18" Fourraclals aachconsiting o/h of wir, 
for ach band (12 wires nal 

c—Matcningeecion, 27.81% (8.47 m) of 20: 

0 Reactanca units 

Eo Feanm soa to 


73 ont coax waren 


Fig 14—Raactance-unit ereut. 


Li 0.86 pH 7 turns no. 16 (or heaven 
"inch (25mm) la, Yelach (2m) winding 
length 

(G1 S0-pF alr immer ae! to 23.1 pe 

(G2 — 100-pF alr immer set to 41-7 pF. 


presumed values of impedance are liste in 
Table 3, These values are taken from 
Published data! and assume a cylindrical 
antenna of specific radius operated against 
@ perfect ground. The antenna is not 

ical, and it operates against a wire 
‘groundplane, so that the impedances listed 
‘must be considered approximate only. The 
results obtained indicate that they are at 
least fairly close. 

If the three antenna matching imped- 
‘ances are normalized to 300 ohms and 
plotted on a Smith chart, itcan beseen that 
it is possible to obtain a reasonably good 
match to @ coax line on any of the three 
bands by using an appropriate length of 
300-ohm line as a matching section 
Connected between the antenna and the 
‘coax line. What is not possible isto find a 
single length of line that will provide 
Suitable matching on all three bands. 


ord, EC, Beeromapneie Waves, andRadtatig 
ih <13, New York Prentor 


It turns out, however, that a 27.8-foot 
(8.47 m) section of 300-ohm line having the 
0.82 velocity factor which is usual for twin- 
lead has interesting characteristics. Such a 
section of line, connected to an antenna 
having theimpedanecs listed in Table 3, has 
ut impedances listed in Table 4. This 
tion of antenna and matching 
isshown in Fig. 13. 
It will be noted, first of all, that this 
tion may be used as itstands on 15 
‘meters and fed with any usual coax. Whats 
even more interesting, however, is that the 
input resistance is neat 75 ohms onall three 
bands, though on 10 and 20 there is also 
considerable reactance, If reactance unit 
could be made which had just the correct 
value of reactance to cancel out the input 
reactance of the matching section on all 
three bands, the unit could be connected in 
series with the matching-section input and 
the system fed with 75-ohmcoax onallthree 
bands. 


Reactance Units 
Can such a unit be made? Certainly! It's 
not hard atall It consists of asimple seven- 
turn coil and two trimmer capacitors and is 
shown in Fig. 14. The trimmers are most 
easily adjusted with the aid of a grid-dip 
meter before the reactance unit is installed, 
CI should be set so that LIC! resonates at 
35.85 MHz, and C2 can be subsequently 
adjusted by temporarily connecting it in 
parallel with LICI and varying it uatil the 
combination resonates at 21.37 MHz. 

With the reactance unit adjusted as de- 
seribed, the antenna when first assembled 
showed SWRs of 2.1, 1.4, and 1.5 0n 10, 15, 
‘and 20 meters respectively. Connecting the 
unit into the feed system apparently in- 
creased its shunt capacitance somewhat, 
for a small reduction in the value of Ci 
‘changed the SWR readings to 1.3, 15, and 
1.4, These values could probably have been 
improved still more by further adjustment 
of Cl and C2, but it was not considered 
worth the trouble, If it is undertaken it 
should be borne in mind that the adjust 
ments interact, but that CI has its greatest 
effect on 10 meters and C2 on 20 meters. In 
any case it is not possible to obtain perfect, 
1:1 mateh with this antenna system, 

‘An SWR of 2, however, which can easily 
be bettered om all three bands, is within the 
loading capability ofalmostany transmitter 
and causes an additional loss over a 
perfectly matched line ofless than half adB 
even when the transmission lines verylong. 
Since such a change in signal strength is 
undetectable, an SWR of 2is in practice as 


good as an SWR of I, as far as losses are 
concerned, 


A Few Notes 


A few observations are in order. The 
‘matching section has a fairly high SWR 
(between 4:1 and 8:1), end it should be 
spaced well clear of metal objects and 
should not have sharp bends. TV standoffs, 
are useful here. Itis importantthat thesame 
side ofthe matching section be connectedo 
the coax shield and to the groundplane, If 
such a thing were available, 300-ohm coax 
would probably be preferred for the 
matching section, but for medium power 
(180 watts PEP) TV-type twin-lead for the 
matehing section and receiving-type 


trimmers in the reactance unit have proved 
satisfactory. The parallel circuit LCI does, 
not operate at its resonant frequency, and 
thus high circulating currents are_not 
encountered, High power might necessitate 
heavier components. The reactance unit 
needs protection from the weather and can 
bee built into a small plastic box and sealed 
with plastic electrical tape. 

Although the antenna is matched atthree 
widely separated frequencies, it is not 
‘matched at intermediate frequencies and is 
thus not a broad-band antenna in theusual 
sense. Nevertheless, itis broad enough for 
normal ham use. The SWR remains below 
2:1 over the entire 15-and 20-meter bands, 
land also between 28.3and 29.4 MHzon 10, 


‘All SWRs mentioned in this article have 
been measured at the transmitter and are 
thus probably alittle optimistic. Transmis- 
sion-ine losses are not known, butthelineis 
not long (about 40 ft. [12.19 m), and itis 
doubtful that the SWRs at the reactance 
unitare much higherthan those measuredat 
the transmitter. 

‘This antenna is no match for a quad ora 
Yagi, but it has provided numerous 
transitlantic QSOs on all three bands. 
Because of its effectivencss, convenience, 
and the cheapness and availablity of 
‘everything usedin itsconstruction, itshould 
appeal to many hams. This material was 
ofiginally presented in QST by Frank A. 
Regier, ODSCG. 


A Multiband Groundplane Vertical Antenna 
with Tuned Feeders 


Who says tuned feeders are used only with horizontal wire antennas? Go multiband 
with a simple vertical radiator by using a tuned-feeder system — and do it with 


ease! 


ee 
Shou a oa acre 
tran nibetadimca goons Me 


Antenna and Radial Lengths 

‘The author preferred to cut the antenna 
for resonance on one particular kam band 
(20 meters), but it is not necessary that the 
antenna be resonant on any band. Efficien- 
cy will suffer, of course, on bands where the 
length is significantly’ shorter than one- 
quarter wavelength. Whatever the length 
chosen for the antenna, the radials should 
be of about the same length. 


Construction 


Constructional details are shown in the 
sketch of Fig. 15. n the event the specified 


[T-Gissstna wat 


h 


Fig. 15— Sketch of WAVON's simple multiband 


antenaa 


aluminum tubing is not available, thin- 
walled galvanized electrical conduit, 
aluminum conduit, or copper pipe may be 
used. 

It is recommended that the vertical 
clement not be supported by drilling holes 
through the tubing, as this will substantial- 
ly weaken the structure, An alternative 
mounting arrangement is shown in Fig 
17, The insulators are porcelain standoff 
types with a lag-screw insert. They will be 
found at electrical supply houses (also at 
Sears), and are sometimes referred to as 
“saddle” type insulators, The hose clamps 
are stainless-steel gear type, 


Adjustment 

Operation of the antenna is simple. The 
‘Transmatch (a suitable one, including 
SWR bridge, is described in the ARRL 
Handbooks) and SWR bridge are connect- 
ed, and the tuning network adjusted for 


TRANSMITTER riose 


Fig. 18 — Recommend setup for coupling antenna lina to aw-impedance 


smitar output 
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hose cLawes 


Fo, 17— Suggested method of mourting 
‘adator element without diling holes in 
‘luminum ubing. 


‘maximum forward and minimum reflected 
power. Initially, it will be necessary to 
determine experimentally whether series or 
parallel tuningis required forthe particular 
combination of band, feeder length, and 
antenna length selected. 

‘The tuned-line-fed groundplane vertical 
antenna gives excellent performance, 
can be easily constructed in just a few 
hours even by a beginner, requires a mini- 
‘mum of installation space and costs less 
than §5, excluding the Transmatch and 
‘SWR bridge. Thetuned circuitoftheTrans- 


‘match provides excellent discrimination 
‘against harmonic output fromthe transmit 
ter. Ease of construction and portability 
make this antenna an ideal one for Field 
Day use. 

Incase one wonders about the mismatch 
‘between the line and the antenna, the secret 
is in the use of open-wire ine. The loss in 
such a line with an SWR of 25:1, at 10 
‘meters, i less than the loss in RG-S8/U 
when the latter is matched. This material 
was originally presented in QST by Arthur 
S. Gillespie, Jr., KATP. 


A Helically Wound Vertical Antenna for the 


75-Meter Band 


“Around and around she goes, and where she comes out — nobody knows. 


True, perhaps, with a wheel of fortune, but with a helically wound vertical the rf 
comes out effectively for DX and local work! 


n order to have a full-size vertical 
antenna for the 75-meter band, the antenna 
would have to be around 65 feet (19.81 m) 
tall, That, alone, would require guying, or 
some other means of support which would 
result in a structure with no aesthetic 
‘appeal to any nonhams (who comprise 
almost 100 percent of the author's 
neighborhood). By using a helical 
‘configuration, the overall antenna heights 
reduced, thus eliminating the need for 


‘Tho ark poet the immesiate ltt ofthe lower 
the WABWHE helical wound vertical antenn, 
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sguying. With the helically wound antenna, 
more equal current and voltage 
distribution is accomplished (as compared 
with @ lumped impedance from a lo 
coll). Asa result, a better radiation pattern 
is produced. With this system very little 
reactance has to be cancelled out, 
climinating the need for an overly large 
“top hat."! This antenna will easily akethe 
full legal power limit 

Construction details for the antenna are 
shown in Fig, 19. The following is alist of 
parts used in constructing the antenna 
system, 


1 —20- (6.10-m) section of 4inch (102- 
mr) OD plastic pipe (obtained ata local 
plumber) 

130 ft. (39.62 m) no. 12 plastic-insulated 


"tors Noe: Some form of metal top hat should be 
‘nnd hel tury ofthe den lent a 
the highipedance end ofthe radiator. Exteely 
high loves ofr voltage an devcopa th end oft 
helt, somatines casing te lp of the antenna to 
ork Thetophat tends te ower the Qo the a 
thos reducing the voltage level a the far end. An 
tor works welt in ths appleaton 


soe 


Fig, 18 — Measured SWR of the vert antenna 
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Australia’s 5G vision 


5G is the next step in the evolution of mobile wireless communications technology, promising improved 
connectivity, greater network speeds and bandwidth, and very low latency. itis the fifth generation in 
mobile technology which, at each step, has seen significant developments in communications networks: 


+ 1G—The first generation of mobile phone networks were deployed in the early 1980s, providing a 
basic voice service using analogue transmission. 

+ 2G—In 1991, second generation networks were deployed, making the switch to digital standards 
with improved voice messaging and the introduction of the short message service (SMS). 

+ 3G—The third generation launched in 2001 and introduced data services in addition to voice and 
sms. 

‘+ 4G—In 2009, the fourth generation protocol, Long Term Evolution (LTE), was introduced, 
supporting improved mobile broadband which saw increased capacity and speed for data. 


New capabilities of mobile communications networks enabled by 5G technology will allow for a variety 
of ‘use cases’: 


‘+ higher quality and more video services provided to multiple users with full mobility, even at high 
speed 

‘= massive scale automation delivered through widespread sensor networks and multiple connected 
devices 

‘+ delivery of critical communications assured by low latency and ultra-reliable networks, and 

‘+ improved productivity assisted by high quality, real time data analytics. 


Unlike existing mobile communications networks, SG networks have the potential to allow tailoring of 
requirements for each of these different use cases within the same network. 


‘The Government considers that 5G is more than an incremental change for mobile communications. 
Instead, it provides the underlying architecture that will enable the next wave of productivity and 
innovation across different sectors of the Australian economy. Efficient rollout of SG and uptake of the 
services it supports has the potential to produce far-reaching economic and social benefits and support 
growth of Australia's digital economy. This will be supported by the rollout of the National Broadband 
Network (NBN) allowing greater capabilities for the seamless delivery of services across high speed 
mobile, fixed line and fixed wireless networks. 


‘The Government wants to create an environment that allows Australia’s telecommunications industry 
to be at the forefront of seizing the benefits of SG across the economy. The communications sector will 
lead the rollout of SG networks in Australia. However, the Government can create the policy and 

regulatory environment to support a more efficient rollout, given its potential benefits to the economy. 


‘The Government's direction will be to support the timely rollout of SG in Australia to enable the next, 
wave of broad-based industry productivity, and support the growth of Australia’s digital economy. 


This includes immediate actions by Government that enable the communications market to introduce 
new 5G technologies in line with international developments. These include: 


‘© making spectrum available in a timely manner 
‘actively engaging in the international standardisation process 

‘+ streamlining arrangements to allow mobile carriers to deploy infrastructure more quickly, and 

‘+ reviewing existing telecommunications regulatory arrangements to ensure they are fit-for-purpose. 


www communications gov.au 
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Fig. 19 — Constwetion etals ofthe helically wound antenna 


solid copper wire (allow a litle extra, 

about 2ft [0.61 =) 
104n. 254-mm) disk ofsheet metal (top 

‘at; stop at sheet metal or furnace re- 
pairman—I got this free) 

260 f. (79.25 m) no. 14 solid bare copper 
wire (L used only four radials in this 
system; use as many as you have room or 
money for) 

20's ft (1.8659. m) of marine plywood for 
base 


2 = 2 X 2 10. (3.05 m) sections, for 


internal bracing 

1 — St (2.44-m) copper ground rod (for 
radial junetion) 

‘The cost can be reduced considerably if all 

materials are readily located or already 

owned. 

Fig. 18 shows the results of SWR 
‘measurements, The SWR indicator used 10 
make the measurements was a Midland 
model. The antenna was adjusted for 
‘minimum SWR at resonant frequency with 
the tuning capacitor at the base. The 


frequency for this antenna is 399SkHz with 
123 feet (37.49 m) of wire wound on the 
support and one 84. (2.44-m) ground rod 
and four 65-ft (19,81-m) radials. There are 
numerous configurations possible with this 
system including a broadcasting favorite 
such as phasing two or more structures. 1 
forgot 10 mention . . . give the entire 
structure one or two coats of marine 
varnish to seal the turns. This material was 
originally presented in QS7 by Gary L. 
Ellingson, WASWHE, 
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The Ground-Image Vertical Antenna 


The name of the game with vertical antennas is the “ground system.” Not just 
any hastily contrived radial ground will do the job right. Read these details for 
building an effective ground that provides positive results. 


Erna ees cel 
atte riodest height of 40 feet (1219 1m) isa 
compromise (a 20-meter beam should be 
higher tobe ell effective), itstilean bean 
abstale to good neighborly relations, at 
Teast if your neighbors dont appreciate the 
ecological beauty of such an installation, 
Moreover, even that modest sort of an 
installation presents quite a number of 
engineering problem. 

“Thisseport present the resultsof theft 
phase of an investigation to find a less 
Eonspicuous but equally effective antenna 
foraie ata new locaton. The author hopes 
it wll provide supestions fr those faced 
witha Similar probes, At he least may 
be of some valve to those with a general 
interest inthe subject of antennas 

“hiss part of ths section deals briefly 
with theoretical considerations, te second 
with experimental results on quarter- 
wavelength and. five-ighths-wavelensth 
verticals, and the third on the teat 
shipment It should e pointed oct a the 
‘outset thatcheinformation presented heres 
the work of ahobly and as such cannot be 
exhaustive. It hoped that others will 
repeat some of the experiments, extend the 
work, and report the effet in practice oft 
froundplane system above 3 MH. To my 
Enowiedge such practical data ave not 
been repre. 


‘Theoretical Considerations 

‘A beam antenna possesses the advantage 
of gainand directivity. Nevertheless, its DX. 
capability is determined primarily by its 
vertical radiation pattern. A large portion 
of the radiated energy should be directed 
between 5 and 25 degrees from the 
horizon.!? Horizontally polarized anten- 
nas yield lower angles of radiation with 
increase in height above the ground. This is 
a result of the interference 
by reradiation from the earth's surface. 
Since the earth is a somewhat eondueting 
‘medium, the electric field tangential to the 
surface must be approximately zero, This 
“boundary” condition is brought about by 
theinduced surfacecurrents whichereatean, 
electric field of opposite phase. This field 
then combines constructively and destruc- 

ly with the initial radiation from the 
antenna, A model for this condition is an 
image antenna of opposite phase below the 
‘carth’s surface as a depth equivalent to the 
height above the surface.*In order to get a 
lobe below 15 degrees, the antenna height 
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“Te 20-meter vrtical antonnain the foreground, 
andthe 2600" (7.3m) test ower 


“The ase of ne vetcal elemento the antenna 
Anathe impoganoe bridge. Forty rasa In 
Dundee ofa ae fastened tothe slum num base 
late and ae ted cown wth ang made om 
Copper tubing 


‘must exceed a wavelength. This is greater 
than 60 feet (18.29 m) on 20 meters, 

On the other band, a vertical antenna, in 
the ideal case, possessesan image which sin 
phase to produce a lobe tangential to the 
carth’s surface. Only when the antenna 
length is increased to a wavelength, or 
‘multiple thereof, does the tangential lobe 
disappear. This is true whether the antenna 
is on the ground or suspended in space. 
‘Therefore, a vertical beam, ic. an array of 
vertical antennas coupled together with an 
appropriate feed system, on the surface of 
thecarth, seemed to bethelogicalchoicefor 


the new installation since itwouldappearto 
rect the following objectives: The system 
should 

1) Exhibit minimum profil. 

2) Beeasy to install and tune 

3) Offera low angle of radiation. 

{9 Not require a large outlay of money. 

The author proceeded, therefore, 10 
consteuet an array with four vertical 
clements. When the tests were begun, i 
immediately ‘became apparent that the 
simple procedures the writer wasusing were 
inadequate to cope with such a complex 
system. The author had to start anew to 
develop atest procedure and to build some 
suitable test equipment. The logical step 
wasto backtrack toa singlevertcalantenna 
and useitasastandard on which todevelop 
some basic test standards. As discussed 
subsequently, the writer found that 

atively simple equipment, eg, a simple 
impedance bridge, a field-sireagih meter, 
and atest oscillator, gave this author all of 
the data about the system that he needed. 

TKisimportantto note that atrue ground- 
image antenna differs substantially from a 
sground-plane antenna system which relies 
merely on a few A/4 radials above the 
ground. Atrue ground-imagesystem resus 
‘when a suficent number ofradialsare used 
and an image of only the vertical section is 
sufficient to deseribe it. Considerable 
information's is available on ground- 
image systems for verticals operatingbelow 
3 MHz. The results have showa that some 


Base hardwarefor the an 
Insulator was made tom Tench (25mm) maple 
‘dowel. turned dovin to accept tho 78-rh (22 
‘em Insce lamate othe ground and antenna 
bing, 


Tables 


‘Comparison of espanceso!1/4-wavelength and 
S/eewavelengin vertical antennas a ow radiation 
angles. Data were taken by tle-sirangth mate 
‘mounted on a wooden tower atacistance of 7§ 
‘wavelengths al 1425 Mr Fed strength () i 
ormalized te maximom vale obtained with 18 
wavelength caso. 
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“Thetuiband tap vertical antenna. which hasan 
overall haght of only 12 foot (31m) With the 
‘System of 40 acta periormance of tusantenna 
fn2Z0meters was about the same ae tat othe 
‘Wang /@-wavelength vertical elements 


100 radials of A/2 in length, buried just 
below the surface, provide an adequate 
‘ground system. At higher frequencies, the 
dielectric effect of the earth becomes 
important, resulting in severe discrimina~ 
tion of radiation or reception at very low 
angles,” At low angles, the waves not only 
suffer by absorption, but also byachangein 
phase which results in destructive interfer= 
ence, Since litle specific 


i ee 
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Fig. 20— The inputmpedance of a 20-meter 
‘Quarirnave vertical antenna as function of the 
umber af adits 0 # vavelongth ong. The four 
fang eight raaals consists ot Sunes of te 
‘res of no 18 guage. The 40~adal point was 
‘bialnod by fanning out he eight bundles, 


‘added rials. Ast oscilator was ountodtn 
2iwooden tower four wavelength say at 


available at higher frequencies, the objec 
tive of the present work was to measure the 
input impedance and vertical radiation 
pattern at ow angles ofaverticalantennaas 
‘function of the number of radials, inorder 
to determine the feasibility of a vertical- 
array system as a competitor to beams at 
high elevation. The results of the tests were 
most gratifying. The author found that 
many of the “rules of thumb” which have 
developed and have been perpetuated tothe 
point where they are practically taken for 
granted were more myth than truth. 


Experimental Results 

‘The classical paper on radial systems, 
which reports experimental results at I and 
3 MHz, indicates that a large number of 
radials 0.44 long should be used." This 
appeared to be a good starting point for a 
20-meter vertical. Accordingly, tocheck the 
‘number of radials needed, this author used 
eight bundles of wires, each 25 feet (7.62 m) 
long. and cach made up of five no. 18 
copper wires. Each bundle was bolted toa 


Fig, 22—~ The result of interiacing 2/2-wavelenath 
‘dials ine particular iroction. Oatawere 
‘biained by usinga tastosclictor ona wooden 
{ower eight wavelonathe way, aan otevati 
angloot Sag 


nd the possoilty of arestona properties ata 
‘nonsyrmetieal asl system 


5% 1/4-inch (127 X 6-mm) alumiaum plate 
as shown in the photograph. The writer 
was then able to use each bundieasa radial, 
measure the input impedance of the 
system, and then separatethe bundles, wire 
by wire, to increase the number ofradialsin 
the system, 

Fig, 20 shows the input impedance as a 
function of the number of radials used 
Measurements were made with a simple 
impedance bridge. (Its construction is 
discussed later.) Theantenna wasresonated 
before each measurement was made, and 
the difference between the 40-radial system 
and the radial system resulted only by 
fanning out the bundles of wires, This 
technique points out another important 
feature of ground systemsand refutes one of 
the old myths: since the current carried by 
the radial system isequally dividedamongn 
radial elements, each radial is required to 
carry only 1/n of the total current, This 
‘means that relatively smal diameter wires 
perfectly adequate. 

‘Moreover, it was found that atthe higher 
frequenciesit is best to keep the radials near 
the surface of the ground. Radials buried 
more than a few feet become les effective! 
Thus, you should not rely on the old 
‘admonition that radials should be 6 feet 
(1.83 m) down to be effective. This writer 
found that burying the wies slightly below 
the surface is the best way of installing the 
system. Mechanically the radials can be 
nailed down, electrically they are most 
effective, and esthetically they provide little 
interference toa healthy stand of grass. 

Ie will be seen from Fig. 20 that the input 
impedance for a vertical antenna is 
drastically affected by the number of 
radials. Many radial wires are necessary to 
prevent an excessive loss af power and to 
providea convenient input impedance. Fig. 
20 also shows the theoretical impedance 
limit for an antenna having an effective 
Iieight-to-radius ratio of 300:1.° 


Vertical Antennas 23. 


Fig. 21 shows the effect on low-angle 
radiation as a function of the number of 
radials. These data were obtained by 
placing a test oscillator on a wooden tower, 
four wavelengths away, A photograph 
shows the 20-meter vertical and the 26-foot 
‘wooden test tower. 

The effect of using longer radials in a 
particular direction is shown in Fig. 22, 
Radials of no. 18 wire, 3/2 wavelengths 
Jong, were put down between theexisting 40 
radials. The spacing between the longer 
wires was five degrees. The considerable 
improvement indicates the need for longer 
wires and the directional properties a 
groundplane could give. 

‘A. 5/8-wavelength vertical was_also 
constructed and tested, Itconsisted of a40- 
ft. (12.19-m) telescoping aluminum pole 
and a loading coil of eight turns of no. 12 
wire with a diameter of 2.5 inches (64mm), 
‘The comparison in low-angleradiation ata 
distance of 7.5 wavelengths is presented in 
Table 5. A field-strength meter was 
‘mounted at different heights onthe 26-foot 
(7.93-m) tower. The groundplane for these 
data consisted of the 40 0.4-A radials plus 
the I] 3/2X ones. Measurements were 
taken in the direction of the added longer 
radials. The results show the improvement 
in low angle radiation offered by the 5/8- 
vertical. The input impedance of this 
longer antenna was found to be 76 ohms, 


On-the-Air Checks 

From these experiments and measure- 
ments the author decided toseitleona l/4-A 
antenna with approximately 40radials. The 
installation is shown in the photograph, 
‘This writer then proceeded to make on-the- 
air tests to compare its effectiveness with an 
inyerted-V antenna having its apex at 0.4 
wavelength, and witha 5/8-A vertical using. 
the same ground system. Surprisingly, the 
1/44 vertical seemed ¢o periorm ust aswell 
as the much taller 5/8-A vertical, Thiscould 
result from the fact that most signals arrive 
after several hops and the optimum lobe 
angle is probably as high as 15 to 20 
ddegrecs.!© At that angle, the 4/4 antenna 
actually enjoys an advantage. With practi- 
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cally all DX contacts, the verticals had 2 6- 
to 8-4B improvement over the inverted V! 
‘The only exceptions were at intermediate 
distances and for local contacts. At about 
500 cr 600 miles, the inverted V with its 
higher angle ofradiation gave better results, 
Locally, the verticals gave far superior 
performance. Improvements of 10to 154B 
‘were recorded. A triband trap vertical 
antenna was also tested on 20 meters and 
found to be practically the same in 
impedance an¢ performance, This antenna 
hhad an overall height of only 12.5 feet 3.81 


‘Test Equipment 
‘A most interesting aspect of antenna 
‘measurements is that the equipment can be 
rather simpleandin many asesconstructed 
from items mostamateurs haveint! 
boxes. All that is really needed is some 
standard to compare with, such as a 
wattmeter or an $ meter that is known to 
have reasonable accuracy. This writer has 
used both —the wattmeterin a DrakeL-4B 
linear amplifier and the S meter in a R-4B 
receiver. 

‘The impedance bridge shown in the 
photograph was patterned after the one 
shown in the ARRL Handbook. Care was 
taken in shielding the input and output 
circuits. The meter was mounted externally 
in order to minimize stray pickup. A 
calibration curve was obtained at 14.25 
Mz by using many carbon resistors of 
known values as the load. 

‘The feld-strength meteris a simple diode 
detector and de amplifier. The instrument 
was constructed to cover the 10> 15-and 20- 
‘meter bands. Its meter was also mounted 
externally, Theantenna length for thefield- 
strength meter was determined by the 
strength ofthe availablefield. Inadditionto 
these pieces of test equipment, a 20-meter 
transistorized erystal oscillator wasused for 
‘many of the tests. 


Conclusion 

‘The performance ofa verticalantennaon 
the groundis highly dependent upona good 
‘ground system, and, properly installed, the 


antenna can be a very good performer 
indeed for DX and local contacts. This is 
particularly true atthe higher frequencies 
Where the dielectric property ofthe earth 
plays a major role. Forty radials of no. 18 
Wire, 0.4% long, will increase the total 
zadiated power by about 34B. Radials can 
be thin ia sufficient nuraber are used. The 
thought of using thick wires buried deeply, 
probably a carryover from lightning 
grounds, isnot valid at higher frequencies. 
Theidea of wsingonlyfourburied radials, as 
commonly recommended, isaseriouserror, 
and if this article does nothing more than 
tliminate that misconception, this author 
will be satisfied. Since the eletrcfield only 
penetrates the ground for afootortwoatthe 
higher frequencies, the radial wires need be 
buried only as deep as necessary to escape 
children's feet and the lawn mower. Finaly, 
these results rom hesingleerticalantenna 
indicate that a vertical array could be 
competitor to the more elaborate horizon- 
tal beams and warrants further investiga- 
tion. This material was originally presented 
in OST by Jerry Sevick, W2FML 
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The W2FMI Ground-Mounted Short Vertical 


Just because the vertical is physically short doesn't mean it won't provide excellent 
results in DX work. Theory says it can be done. Here's how! 


‘wave antenna. Even a six-foot (1.83 m) 
mites et eae e 
eeepc 


Background 
Earlier work by the author! on the 
tion efficiency of a ground-mounted 
vertical resulted from the desire to designa 
simple, inexpensive, low-profile DX beam 
for 20 meters. This first work reviewed the 
theoretical considerations involved and 
pointed out that a good ground system is 
essential to achieve efficient operation of a 
resonant quarter-wave antenna. The 
second work applied these results to a 20- 
meter beam.? In the process of trying to 
extend the results of these investigations o 
the 40-, 80- and 160-meter bands, and to 
possible multiband operation, the need 
farose to understand the operation of a 
shortened vertical and the effects of 
different loading schemes on the input 
impedance. 

‘The first part of this paper deals with the 
theoretical considerations ofashort vertical 
antenna and the experimental procedures 
involved in measuring the various para 
meters. This is followed by experimental 
results which show the trade-offs involved 
in shortening antennas by various loading 
schemes. Finally, specific designs are given 
for the 40-and 80-meter bands. 


‘Theoretical and Experimental 
Considerations 

‘There are several old familiar axioms in 
Amateur Radio that are not completely 
understood by the amateur. The author 
refers specifically to the two sayings: Make 
the antennaaslong aspossibleanderectitas 
high as possible, and, A full-size beam is 
Better than a smaller beam, and a tall 
vertical is always beter than a short one. 
‘The first axiom is particularly relevant 10 
horizontal antennas, where height is most 
important for reliable DX operation.’ 
Increasing the length tends to increase the 
gain in certain directions. But with the 
vertical antenna, taking it off the ground 
and feeding it at a voltage point (like the J 


‘The matching network and base hareware 
showing 1Y5radalswith te foot (1.8) 
‘erie! The pi networks covered with spastic. 
bag. 


{he oot 05, c-nataartcalcegned 

of 12 ohms order to 
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‘laced onetoot (0.31 m) below, has 14turns 
Shown atthe bese iethe ranctormer and 
Impedance ridge 
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antenna) in order to eliminate radials can 
result in poorer performance because of 
reased earth loss.‘ More experimental 
work remains to be done on this phase of 


vertical antennas. The second axiom noted 
above is gencrally true, but misinterpreted 
by many. The author refers to those 
important properties: power gain — 
important in transmitting and capture 
‘cross-section — important in receiving 
(Power gain is the gain, in magnitude, 
compared to an isotropic radiator, cross 
section is a fictitious area related to the 
ability of the antenna to intercept the 
radiated power and makeit available tothe 
receiver for detection.) As will be seen 
below, very little is compromised in these 
properties by shortening the antenna, 

The short antenna has been defined as 
cone thatis small compared toa wavelength. 
Ina more exact form, itis defined in such a 
‘manner as to simplify the mathematics in 
the theoretical calculations. King*has used 
the following inequality as the definition 
where 


Boh= <05 


a 

med 

b= halength ofa centered antenna 
othe height ofa ground-mouned 
seve. 

A= the wavelength 


oh is actually a quantity which is used to 
express the height ofan antenna in terms of, 
fan angle in radians, Thus, this quantity is 
independent of the frequency. Since 40 
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‘Top Hat and Distbuted Loading 
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meters was used mostly for experimental 
results presented in this article, the 
inequality above assures accurate theoreti- 
cal calculations for verticals of II feet (3.35 
1m) or les. 

The theoretical results show that the 
power gain for a very short antenna, even 
less than !-foot (0,31-m) high on 40 meters, 
is 1.5.’ This increases slowly to 1.513 foran 
[foot (3.35-m) antenna. Thescgainsarcto 
bbe compared to about 1.62 for a resonant 
‘quarter-wave vertical. It can be seen that 
this difference amounts to less than 0.4dB 
(0r0.07 8 unit, based on 6 dB per S unit, 

In a similar fashion, the capture cross- 
sections differ by relatively small amounts. 
For the very short antenna, a cross-section 
valueis 0.119 A2, while for the quarter-wave 
vertical it is 0.13 X2. This is surprising to 
‘many since it is difficult to visualize a 
vertical of a foot or two (0.31 or 0.61 m) in 
height on 40 meters, having practically the 
same receiving ability asa 33-foot(10.06-m) 
quarter-wave antennal 

But the important property of a short 
vertical that makes ts capture cross-section 
nearly theequivalent ofa full 1/4-A antenna. 
isits very small value of input resistance. Fig, 
23 shows the theoretical curve and the 40- 
‘meter experimental results for the input 
resistance ofa ground-mounted verticalasa 
function of height.* The experimental data 
were obtained by essgntially canceling out 
the capacitive reactance of the vertical byan 
inductance at the base of the antenna and 


ase of the vertical antenna wth 80 radials. The 
sluminom disks 'Sinches (038m) in diameter 
land 1/4 ach (rn) thick. iat tapped hates for 
414-20 luminumhox head bolts arm the autor 
fingana 20 form ine nner ring. The insulator is 
polystyrene material wit a tingh (25mm) 
lameter Also shown isthelmpodarce bridge for 
measuring input resistance 
‘nginaliy, teulr wires wero used to connoct all 
‘chal ogothor. These ware 
fot (08t my, starting ram 
‘Toon, one al atime, they wore removed, 
le Keoping acheck onthe antenna 
‘elation resstanee. There was o apparent 


‘Construction etal forthe top hai. For 
ameters of and oot (1-224nd2 19m), 172- 
{neh (13-mm) aluminum tubing was used. The 
‘hose clamp io stalniss stot. The rest ofthe 
hardware al alumina, 


measuring the resistive value with an 
impedance bridge. Since an extensive, low= 
loss radial system was used, the resistance 
‘measured was actually that of the antenna 
itself, which is called the radiavion 

Fig. 24 shows the input resistance of a 
‘quarter-wave resonant verticalasa function 
of the number of radials. At the 115-radial 
point, the input resistance approaches the 
theoretical value of 35 ohms, whichstrongly 
indicates low earth loss and, hence, reliable 
data in short antenna measurements, The 
picture also shows the base hardware for 60, 
radials. The wire is 15-gauge aluminum, 
‘There is nothing sacred about 15 gauge. No. 
22 wire, or even no. 28, would be just as 
ood. 
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Fig. 24— Input resistance ofa quarter-wave 
‘ground mounted resonant vertical as atuncion 
‘tthe numero eas 


It should also be noted that very little 
difference was noted whether 0.2-A 0r0.4-A, 
radials were used. At 16 radials, the results 
‘are practically identical. Infact, thiscurveis 
also similartothe one obtained on20meters 
which was reported earlier? More work 
remains to be done on the trade-offs in 
performance versus length of radials for 
‘ground-mounted vertical.!© 


Experimental Results 


In designing a shortened vertical beam 
for 40, 80 or 160 meters, a most important 


Fig. 25 —Theoratioal curve and experimental resus forthe radiation resistance a function of height 


‘consideration is the value of the input im- 
pedance of the driven element. As seen in 
Fig. 23, a shortened vertical using base 
loading has an extremely low value, 
particularly at one-eighth wavelength and 
less. This input impedance is then usually 
lowered inthe presence of other elementsin 
1 beam array. The resulting very low value 
of input impedance makes it difficult to 
design matching networks. Therefore, an 
experimental investigation was undertaken, 
to see what increases in radiation resistance 
could be obtained by other methods of 
loading, i. top hat, three-quarter point, 
‘midpoint, and distributed (helical antenna). 
‘The results of these experiments areshown, 
in Fig. 25. Table 6 shows the individual 
points for inductive loading and Table 7 for 
top hat and distributive loading. Several 
interesting points were brought out by these 
experimental results. Fig. 25 shows that 
top-hat loading yielded the largest value of 
radiation resistance for a particular height. 
Surprisingly, the helical antenna" yielded 
value less than midpointloading. Thethree- 
quarter point and midpoint loading curves 
were not extended to lower values of height 
because data were very difficult to obtain 
below the points shown on the respective 
curves. The combinations of inductances 
and lengths below the heights shown on. 
these two curves were probably beyond 
resonant conditionsatthefrequency usedin 
the measurements. The other curves were 
extended by dashed lines indicating no 
difficulties were encountered in the 


measurements and other lengths were very 
possible 

‘Another interesting aspect ofthe top-hat 
loading curve is that a four-spoked whee! 
approaches toa good degree a solid disk 
Doublingto eight spokes only improvesthe 
loading by about nine percent as noted in 
Table 7. Thus, afew radials on the top ofa 
vertical are very effective. 

Four radialsat thebase, approximating 
around system, are practically useless as 
noted in Fig. 24. Also, itcan be seen from 
“Table 7 that the reduction in length because 
oftop-hatloadingisapproximatelyequalto 
twice the diameter ofthe disk 

On 160 meters, top hats have been made 
with sloping wires or struts with success. 
Because ofthe lopingnature ofthistop hat, 
some cancellation of the antenna current 
takes place, thus reducing the radiation 
resistance further 

‘Although the curves in Fig. 25 were 
‘obtained feom experiments at 7.21 MH, 
these data can be applied to the other bands 
by proper scaling. For example, by 
doubling all dimensions, including the 
number of turns of the loading coils, che 
radiation resistance values would apply ata 
frequency of 3.6 MHz. By increasing the 
dimensions by only 1.85 instead of 2, the 
results Would then apply to a frequency of. 
3.9 MHz. In lke manner, a proper sealing 
factor could be used to apply these results 
to 8 portion of any of the amateur bands. 


40-and 80-Meter Short-Vertial Designs 

[As was stated before, a most important 
consideration in designing shor verticalsis 
‘a knowledge oftheinputresistanceand how 
itvaries with different types of loading. The 
objectiveisto obtainaresistancevaluelarge 
‘compared to earth losses, so that efficent 
operation is obtained. In the author's 
specific cas, using 115 radials, practically 
no earthloss was measured, and, hence, any 
radiation resistance above a few ohms 
assured good operation and an opportunity 
to verify the theoretical predictions for very 
short vertical antennas. 

‘Since a broad-band, bifilar, 4:1 step-up 
transformer was available from previous 
work,” the first design was forthe shortest 
vertical having an input resistance of 12.5 
ohms, From the curves of Fig. 25, it 
appeated that 16-oF 17-f00t(4.88-oF 5.18- 
‘m) antenna with a coil of some 13 turns 
(extrapolated from Table 6) at 8 or 9 feet 
(2:44 or 2.74 m) from the base would 
provide the proper impedance at 40 meters. 
Further, it was decided that some 7or8 fect 
2.13 oF 2.44 m) of length above the coil 
could be replaced by an cight-spoked top 
hathaving a diameter of feet (1.22m).The 
actual design that resulted, after proper 
‘tuning, is shown inthe picture. Theantenna 
hada otalheightofonly 1feet(3.05m)and 
2 14-turn col placed I foot (0.31m) below 
the top hat. This height was about one foot 
(0.31 m) higher than first expected, but 
upon careful examination it was noted that 
the top hat also reduced the radiation 


a 
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resistance, while replacing a section of the 
vertical portion. Therefore, the height had 
to beincreased somewhat whenconsidering. 
top-loading effects, Also shown ina picture 
‘are the construction details forthe top hat. 

‘Two other shortened verticals for 40 
meters were investigated. One wasan 8-1/2- 


It had a [4-turn coil, 6 inches (152 mm) 
below the top hat and an input impedance 
‘of only 3.5 ohms. Matching was accom- 
plished with the 4:1 transformer and the pi 
network. A picture of the antenna and 
matching network is shown. 

‘A larger 40-meter vertical antenna was 


RADIATION RESISTANCE VS. HEIGHT 
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Fig. 25 —Exporimental results of ation 
fesitance asa function of height of antenna for 
‘nous types of loading (-motor a), 
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Fig, 25— Stanaing wave ratio of various short 
‘erlcsis compared to arotonant quarter ware 
Snterna. The siceanth-wavelangth antennas 
the@-1/2toot (258m) helical design he twolth~ 
wavelengths tha 1-100t(305-m) antenna and 
the elohth-wavelenatnisthe 1-oot Toinch 
(4es-m) antenna (alles are described nthe 
tea) 


foot (2.59-m) helical using a 4-foot (1.22- 
'm) top hat and 75 turnsona I-5/-inch (41- 
min), 7-foot (2.13-m) long, wooden dowel. 
‘The input impedance was 7.5 ohms and it 
‘was matched With a standard pi network. 
Pictures are shown with the network, 
Several tests were made by doubling the 
winding pitch below and above the 
midpoint, Keeping the number of turns 
constant, with very little difference in 
results 

‘The second antenna, also for 40 meters, 
using a 7-foot (2.13-m) top-hat, resulted in 
‘matched vertical only 6 feet (1/83 m) high. 
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Fig. 28 — The standing wave ratio forthe 2-oot 
(67m), 80-metorvortial 


also investigated. It had a 4-foot (1.22-m) 
top hat and 7 turns of base loading which 
resulted ina height of 15 feet 1Oinches (4.83 
‘m) (approximately 1/8 wavelength) and an 
input impedance of 12.Sohms. The purpose 
of this design was to compare its low-angle 
radiation and bandwidth'* with the other 
antennas. Table 8 shows the parameters of 
‘these various short vertical designs. Fig. 26 
shows the SWR curves of three of the short 
antennas compared to a quarter-wave 
resonant vertical and Fig. 27 shows the 
'SWR of the 6-foot (1.83 m) antenna. 

‘As can be seen by the SWR curves, 
shortening an antenna generally decreases 
its bandwidth. Also by comparing the 8- 
1/2-and 6-foot (2.59 and 1.83-m) antennas 


top-hat loading appears to affect the SWR 
the least. It should also be noted that an 
cighth-wavelength antenna appears o have 
a reasonable bandwidth and would prob- 
ably esult in a practical beam design." 

‘And finally, the four short-vertical 
designs described above were compared 
‘with a resonant quarter-wavelengtn anten- 
na for low-angle radiation and on the air 
with other amateurs signals. The low-angle 
radiation measurements were madeatthree 
‘wavelengths in distance and at heights of 1, 
5, 6and feet (031,091, 183, 2.44meters). 
This relates to vertical angles of 0.15, 045, 
0.90 and 1.2 deprees, respectively. All 
measurements were made under matched 
conditions and witha constant {00 wattsfed 
into the antennas under test Innocase were 
there any appreciable differences noted in 
thefield strength measurements. Infact, the 
6-foot (1.8m) antenna seemed to give 
slightly higher readings! These measure- 
‘ments certainly tend to verify the theory on 
the power gain predicted for short verticals 
On-the-air checks were again very 
ingand exciting. Over 200 contacts 
{foot (1.83-m) antenna strongly indicated 
the efficiency and capability of a short 
‘vertical. Invariably atdistances greaterthan 
500 or 600 miles, the short verticals yielded 
excellent signals. 

‘As was stated previously, all of the 
results obtained by measurements on 40 
eters can be scaled, by the appropriate 
ratios of frequencies, o other bands. This 
‘was tried out on 80 meters. Since a 7-foot 
{@.15-2) top hat was available (instead of 
an $-foot [2.44-m] one), the height turned 
out to be 22 fect (6.71 m) instead of 20 
(6:10 m). The loading coil had 24 turns and 
was placed 2 fet (061 m) below the top 
bat. On-the-air results duplicated those on 
40 meters. The bandwidth was 65 kH2 (half 
of the 40-meter value) as siown in Fig. 28. 


Conclusions 

Several interesting results came out of 
this investigation which, even to one 
schooled in antenita theory, are difficult to 
believe. The author refers specifically tothe 
ability of very short verticals to radiate and 
receive as well as a full-size quarter-wave 
antenna. The differences are practically 
negligible. But, as was seen, the trade-offs 
are in lowered input impedances and 
bandwidths. However, with a good image 
plane and a proper design, these trade-offs 
‘can be entirely acceptable. 

‘As a result of this investigation, other 
problems were noted which indicate the 
need for further experimentation. The 
writer refers specifically to the trade-offs 
‘encountered when shortening the radials 
(to OL wavelength, for example), the 
efficiency of ground-mounted versus 
elevated verticals as a function of height 
above ground, the characteristics of a 
‘multiband vertical over a low-loss image 
plane, and a shortened vertical beam using 
‘elements of the order of an eighth wave- 
length. 


‘Another point should be mentioned in 
relation to the results reported here. Even, 
though they were obtained on short, 
‘ground-mounted verticals, they are valid 
for center-fed verticals or horizontal 
antennas as well. The only differences are 
that the impedance values should be 
doubled and theeffect of theimageantenna 
‘accounted for. 

‘The author would like to acknowledge 
the support of many amateurs for their fine 
words of encouragement and excellent 
‘reporting during on-the-aircontacts. Inthis 
study, some 350 amateurs reported on 
comparisons between signals from these 


‘short verticals and those of other stations, 
‘This material was originally presented in 
OST by Jerry Sevick, W2FMI. 
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Optimizing Vertical Antenna Performance 


Do you have tower restrictions, a small yard or patio, almost no room for antennas? 
If so, here are some suggestions for making your signal bigger in spite of the 


handicaps. 


casa tao attabet 
conversation among amateurs; the interest- 
ingarticles by John Stanley, K4ERO/ HCI" 
‘and Roger Hostenback, WSEGS,? on the 
optimum grounding of vertical antennas 
have led the author to communicate these 
thoughts on the subject. Obstacles at the 
‘author's present location (typical of many 
suburban dwellings) place severe limita- 
tions upon where ground wires can be 
placed. These obstacles are large boulders, 
areas of concrete, the house, vegetable and 
flower beds, and the neighbors’ property 
lines. It has not been possible to lay out 
radials of uniform length or of uniform 
angular distribution. Nevertheless, the 
author has had successful results with 
vertical antennas. Although the writermust 
‘make a number of statements which are 
based upon fragmentary evidence and are 
Jacking in scientific rigor, they should be 
useful for suggesting how others might 
proceed to optimize their particular 
situations. 

The writer has three very dissimilar 
vertical antennas. Much of the discussion 
will pertain to their individual ground 
systems, although strictly speaking they 
cannot be independent; a change of the 
grounding conductors of one vertical is 
ound to affect the others. For brevity the 
writer shall not discuss the methods of 
impedance matching of the antennas as this 
is a topic thoroughly covered elsewhere. 
‘The author shall mentionsomeproblemsof 
using dissimilar antennasina phasedarray, 
although the results are preliminary. 


The three antennas are (1) a shunt-fed 
crank-up tower having a three-element 
triband Yagi_on top, the height 
variable from 27 to 4 feet (8.23¢0 12.50; 
@) a 40-foot (12.19-m) insulated base- 
Toaded antenna consisting of a 30-foot 
(9.14) pipe mast topped by a whip, 
located approximately 70 feet (21.34 m) 
south of the tower and hereafter referred to 
as the “south antenna”; (3) about 20 feet 
(6.101) east of the tower, averticalantenna 
fermed the “north antenna,” which was 
described in an earlier QSTarticl.’ Fig. 29 
shows the layout. The north antenna has 
been used with various heights upto 40 feet 


(12.19 m butin thepreseatexperimentsitis 

in its “summer” configuration with a 
Incight of 25 feet (7.62 m) and with 7/14 
MBfztrap located [0 fet (3.05 m) fromthe 
base. For 3.5-MHz operation additional 
loading is supplied at the base. 


‘The Grounding Systems 

None of the three verticals have anything 
approaching an optimum ground system; 
while the south antenna has the best on 
Paper, it is not necessarily the best in 
performance. When the south antenna was 
first placed into operation the grounding, 
system consisted of about 200 feet (60.96) 


How do you ground vertical antenna when there 
ismo ground? 


‘Optimising ground-vre currents i well worth the 
‘umeand afer require. 
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‘of wire distributed among a few conductors 
which went out more or less radially. One 
‘was about 60 feet (18.29 m) long, the others 
30 feet (9.14 m) or less. On 7 MHz the 
performance was generally inferior to that 
‘ofa horizontal half-wavedipale 30fe0t(9. 14 
m) above ground, Later, the ground system 
was augmented to utilize about 1000 feet 
(304.80 m) of wire, and the vertical then 
began outperforming the dipole. 

While the author foresaw Stanley's 
statement that possibly not all of this 
additional wire would be effective, it was 
assumed that any wiresaddedat least would 
dono harm, and the writer tried put wires 
in theentire immediate area of the antenna, 
‘subject to the constraints mentionedabove. 
Several of the radials have bends to avoid 
obstacles. Ina few cases a single wire goes 
out from the antenna to a junction some 
distance away, and then several wires fan 
‘outward from the junction. Three wires are 
‘connected atthe farendstoafewsquare ect 
Of chicken wire, Where the wires are in 
shrubbery they areabove ground; otherwise 
they arean inch ortwo(25or51mm)below. 
None of the additional wires were aslongas 
60 feet (18.29 m), and the lengths were 
generally determined by the obstacles they 
encountered, Haphazard as this system 
‘was, the improvement was spectacular, 

‘While making this change in the south 
antenna’s grounding, theauthorcarried out 
two simple experiments. First, when 
operating at 7 MHz, a 33-foot (10.06-m) 
piece of wire wasadded, which in free space 
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‘would be 1/4 long, but which whenlaidon 
the ground would be longer (in wave- 
lengths), The writer connected it to the rest 
of the ground system through a thermo- 
coupleammeter, and read the current while 
applying power. With this wire then eut in 
half and laid out as separate radials in 
‘opposite directions, it was found that the 
total current inereased. Cutting these 1/8-A 
pieces in half and distributing the resulting 
fragments as four radials indirectionsat 90, 
degrees to each other caused the total 
current to decrease. These observations ed 
the author to conclude that fora given total 
amount of wire the most efficient layout 
would be radials having lengths of about 
1/8 a free-space wavelength. This conch 
sion is consistent with Stanley's Table 1.1 

In the other experiment, the author also 
used a 33-foot (10.06-m) piece of wire, but 
half of it was no, 34 and half no. 12 wire 
With the thick end adjacent tothe antenna, 
the current was higher than with the wire 
turned around so that the thin end was 
adjacent. The experiment showed that wire 
diameter is of some consequence, and itis 
‘more important to have heavy conductors 
close tothe antenna. 


‘The Tower and the North Antenna 


Grounding of the tower is very heteroge- 
neous first of all, of course, the bottom of 
the tower is buried in the ground some8 feet 
(2.4m). There aretwo radialsabout 25 eet 
(7.62 m) long going in 2 more or less 
Southerly direction, then ashort wire going, 
‘to a water faucet om the wall of the house 
Finally, and probably most important, 
theres a wire that goes northward about 20 
feet (6.10 m) and makes a junction with the 
middle of a 120-fo0t (36.58) east, west 
‘wire, The eastern end of this wires located 
at the common corner with the property of 
the neighbor to the northeast and at that 
point is bonded to his extensive chain link 
fence. About 25 feet (7.62 m) west of this 
bond to the fence, there is a junction witha 
southward wire which is connected to the 
base of the north antenna. Otherwise, the 
grounding system of the north antenna, 
consisting of a few radial wires, is a5 
Aescribed in the earlier QST article. 

Some observations were made by 
connecting a thermocouple ammeter and a 
selection of capacitors and inductors in 
series with various conductorseonnectedto 
the base of the tower. On 3.5 MHz, with the 
wire that goes tothe fence, theauthorfound 
a very strong resonance using a 300-pF 
capacitor. No such resonance was found 
with this wire of 7 MHznoron L8MHz,nor 
did there seem to beany resonance with any 
‘of the other wires. 

No attempt has been made to bond the 
upper and lower sections of the tower 
(where they telescope) together. No such 
bonding seems necessary, except in the rare 
case of an extremely strong wind, when 
there is some receiver noise resulting from 
poor conductivity between the sections 
Cranking the tower up and down seems to 


have little effect upon the degree of 
impedance mismatch, 

(On 3.5 MHz, using « power of about 150 
watts, the author had contacts all over the 
world using this shunt-fed tower, usually 
not cranked all the way up. The south 
‘antenna has also given fairly good account 
ofitself, butwithitsthousand feet (304m) of 
radial wices its performances still not quite 
as good as that of the tower with its meager 
“black magic” grounding. 

(On 7 MHz, the behavior of the tower is 
the reverse even though the impedance 
‘match is somewhat superior to that on 3.5, 
MHz. The performance, despite the good 
match, isfarinferior tothesouth antenna or 
feven the north antenna. Offhand, one 
‘would expect the performance, such asitis, 
to be better with the tower cranked down to 
‘minimum height, when it would be close to 
1/4A, but the few reports received on theair 
indicate better performance is obtained at 
‘maximum beight. The overall performance 
of the tower on 7 MHz is a complete 
mystery. 

‘The author has used the tower on 1.8 
MHz only rarely, but has worked as faras 
1000 miles, even though there is avery bad 
impedance mismatch on the feed line. One 
of the author's furureprojectsistocurethat, 
since the tower may be magic on the top 
band, too! 


‘What if You Don’t Have 
‘a Thermocouple Ammeter? 

‘The preceding discussion has, the author 
hopes, suggested that individuals may be 
able to optimize their ground systems by 
measuring thecurrentsin individual ground 
‘wires. In this regard the writer bas been 
fortunate in having available a number of 
thermocouple ammeters, instruments not 
commonly available in ham shacks. 
However, it was found easy to make a 
substitute which can serve to measure 
relative current and to detect resonances, 
‘Take a short length of twin-lead, speaker 
cord arsimilar cable, about afoot (0.305 m) 
ong. Connect one wire of the pair in series 
with the circuit to be studied (the ground 
wire), Connect the two ends of the other 
wire of the pair to a semiconductor diode 
and a sensitive de meter in series (Fig. 30). 
For convenience and for reproducibility in 
results coil the cable up and secure it to a 
terminal board. 


Using Dissimilar Antennas in a 
Phased Array 

‘The author can use any two of the three 
verticals asa phasedarray byconnectingthe 
feed lines in parallel atthe transmitter. In 
the shack theauthor has switchboard that 
‘canswitchadditionallengths oflineinseries 
with one antenna or the other. The writer 
does not attempt to change the impedance 
match at the bases of the individual 
antennas, but does generally retune the 
transmitter as the phasingischanged. Some 
of theeffects observed must beattributedto 
variations in impedance mismatehes rather 
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than to basic changes in directivity 
Nevertheless, some gain can usually be 
obtained by combining the verticals in one 
way or another, 

Inthe use of two dssimilarantennas,two 
{questions aise which may not apply whea 
identical antennas are used. First, i there 
reallyanadvantagein using thetwo ofthem 
ina phased array over usingthe better ofthe 
two alone? The relevance of this question 
nay beseen by consideringtheextremecase 
where one is very much better than the 
‘other. Insuch acase the field strength ofthe 
poorer one is so much less that theres litle 
Aifference whether itis in oF out of phase 
with the field ofthe betterone,andtherecan 
be litle oF no observable directional effect 
when the two are used together. Further- 
more, the power supplied to the better 
antenna is cu in half whilethe other half of 
the power is largely wasted 

This simple argument suggests that in 
most cases the two antennas should be 
nearly equal in the field strengths they 
produce iftheyaretobeeffectiveina phased 
array. However, the actual situation is 
Suliciently complex thatexceptions may be 
found. For one thing, the better antenna 
may have “blind” directions in its pattern 
because of obstructions, and the poorer one 

‘ay help to fill those in. Also, the 
pedance effects which have been men- 
ned before are hard to predict. The 
author can only suggest that one may fndit 
‘worthwhile to try using two such antennas 
together, and may find unexpected advan- 
tages in some directions 

‘On 3.5 MHz the north antenna is 
senerally much poorer than the tower. 
However, insomedirections observershave 
consistently reported a small gain in using 
the two together over the tower alone 
Incidentally, it should be mentioned that 
observations made on receiving are not 
reliable tests, partly because of impedance 
effects. Also, someofthenoisercceived may 
be generated locally and its effect may mask 
the true pattern of the array. The only 
reliable evaluation is by transmitting to 
distant observers. 

The second question concerning dssia- 
ilar antennas involves solving for an 
unknown quantity therelative phase ofthe 
twoantennas. The relative phase of thefield 


of anantennaisnor determined solely bythe 
length ofthe transmission line onnectingit 
to a transmitter. The impedance of the 
antenna usually contains a reactive com- 
ponent, and its presence givesrisctoa phase 
shift. With two identical anteanas these 
phase shifts are the same and do not affect 
the relative phase between the two anten- 
nas, which is determined only by the 
difference in feed-line lengths. With 
dissimilar antennas these phase shifts are 
generally notidentica,andthey may varyin 
different ways with shifts in frequency or 
with variations in the moisture content of 
the earth. Not unrelated was a discovery 
made when changing the grounding of the 
south antenna from 200 feet (60.96 m) of 
wire to 1000 (304.80 m). There was 
substantial change in the phasing when it 
was used in an array with the ower. 

‘The author hes experimentally answered 
this phasing question by setting up small 
probe antenna at a point equally distant 
from thetwoantennasandconnectingittoa 
ficld-steength meter. The line lengths are 
varied until a minimum (usually quite 
sharp) is observed. Thenitisknowa thatthe 
antennas are 180 degrees out of phase, and 
the array is a bidirectional end-fire one 
(WSIK), Ifthe author adds orsubteacts 1/2 
2 of line from one antenna, the antennas 
Should bein phase and 2 maximum should 
be observed. The experimental observ 
tions are in agreement with such pre 
tions. Tra length of line equal in electrical 
wavelengths to the spacing between the 
antennas is then added or subtracted from 
the feed line ofoneofthem, thecombination 
approximates unidirectional end-fire 
array. The favored direction is away from 
the clement which has the longer equivalent. 
feed line (larger phase shift from the 
transmitter) 

"To reiterate, the results with phasing 
dissimilar verticals are very preliminary, 
And there islttlethatcan besaid aboutthem 
except for the fact that at times very 
noticeable gains over using the better single 
antenna are observed. 


‘Vertical Versus Horizontal Antennas 

The author used some horizontal 
antennas and observed the differences in 
performance between them and the vertical 


antennas ata particular location, Horizon- 
tal antennas were not tried on 7 and 3.5 
‘MHzany higher than 30 feet (9.4m) above 
‘round, however. 

‘The first foothills of the Rocky Moun- 
tains rise up immediately to the west of the 
author's QTH, the nearest ones ubtending 
vertical angle of about I0or ISdegrees. AS 
expected, propagation to the west isusually 
difficult. To the east there are some power 
wires cunning north and south. The land 
slopes off to the north, and has a line-of- 
sight view for 12 miles from the base of the 
antenna tower. 

‘The writerfindsa tendency for horizontal 
antennas to be superior tothe west, overthe 
‘mountains, and for verticals to be superior 
to the east. Standard theory explains these 
findings as follows: Probably many of the 
signals coming over the mountains are 
scattered by the surface of the ground, 
‘Those familiar with advanced electromag- 
netic theory remember that accordingtothe 
Fresnel equations, the reflection coefficient 
is greater when the wave is polarized with 
the electric vector parallel to the surface 
(ie, horizontal). Therefore, this scattered 
radiation is probably horizontally polar- 
ized. On the other hand, the electric fleld 
from the vertical antenna is perpendicular 
tothedirection ofthe power wiresandisless 
disturbed by them than the field of a 
horizontal antenna. 

Although very few firm results were 
presented, the author hopes he has 
suggested some procedures which will help 
those facing restrictions on grounding 
systems they can use. With a little 
persistence and ingenuity, they should be 
able to build effective ‘antennas. It is 
possible to evaluate simple arrays yourself 
‘and to improve their performance accoré- 
ing to your own communication require- 
ments. This material was originally 
presented in QSTby Yardley Beers, WOJF. 
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Some Plain Facts about Multiband Vertical 


Antennas 


Does engineering jargon, page-long equations and references to the IEEE 
Proceedings have you gnawing your nails in frustration? Take heart, for these 
bits of knowledge about multiband vertical antennas are given in plain lingo. 
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Some Basie Theory 

The term “multiband antenna” has come 
to mean many things to hams. With trap 
antennas, tapped coils, random wires, and 
0 forth, there is plenty of reason for the 
confusion. Simply, a multiband antenna is 
fone that can beused on more than one band, 
How we make it work on different bands is 
another story. 

Basically, any piece of wire of any'length 
can be classed as a multiband antenna. For 
example, a lengthof wire feet(1.22m)long 
‘could by used on any amateur band, from 
160 meters on up. But how wethe piewe of. 
wire would work is a completely different 
matter, 

In the feed point of any antenna there is 
radiation resistance. The energy suppliedto 
anantenna i dissipated in the formof radio 
‘waves and in heat losses in the wire and 
nearby insulating materials. The radiated 
energy is the useful part, but so far as the 
transmitter is concerned it represents. a 
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power consumptio 
the energy lost in heating the wire. In either 
‘case the dissipated power is equal to PR; in 
the case of heat losses, R is areal resistance 
(Chic losses), but in the case of radiation, 
Ris an assumed resistance. This fictitious 


brings us to our firstimportant point about 
‘multiband antennas, 
‘Whenever one reduces the size (length) of 


an antenna physically, the radi 
resistance is reduced also. As an example, 
assume we have a 20-meter quarter-wave 
antenna, which is approximately 16 feet 
(4.88 m) Jong. Let's imagine we made itout 
‘of no, 40 wire, which has a resistance 
of about 1 ohm per foot, (0.31 m). The 
radiation resistance of resonant quarter- 
‘wave vertical operated against a perfect 
‘ground is on the order of 35 ohms. In this 
‘ease, the feed-point impedance of our 
antenna would be roughly 35 ohms in 
radiation resistance plus 16 ohms in ohmic 
resistance. If we were to feed 51 watts into 
this antenna 16 watts would bedissipatedas 
heat (lost power) and the remainder — 35 
watts — would be radiated, Now, suppose 
‘we use this same antenna on 80 meters, As 
mentioned above, when we reduce the size 
‘of an antenna physically the radiation 
resistance is also reduced. On 80 meters our 
T6foot (488m) antenna would have a 
radiation resistance on the order of { ohm! 
However, we would still have the ohmic 
resistance of 16 obms. It doesnt take much 
figuring to realize that just about all of our 
power Would be lost as heat. 

‘Of course we wouldn't use no. 40 wire for 
such an antenna, More likely the antenna 
‘would be made from aluminum tubing and 
the ohmic losses would be very low, but 


probably still more than the radiation 
resistance. There is an old axiom in 
Amateur Radio that offers some pretty 
good advice: Always make the antenna as 
Tong as possible and erect it as high as 
possible. Also, there isa joke that goes with 
that axiom —ifsuch an antenna stays up, it 
is too small! 

At this point we have only mentioned 
yn_and ohmic resistance in the 
feed point, ‘These are the two 
resistances that exist when the antenna is 
resonant. When theantennaisnotresonant, 
there is reactance present in the feed point. 
Reactance is also expressed in ohms, but it 
isn'ta real resistance in thesensethat power 
can be dissipated therein. We won't go into 
a long discussion on reactance because it 
‘would take up too muchspace. Anexcellent 
explanation can be found in the League 
publication, Understanding Amateur 
Radio. Simply, reactancecanbelikenedtoa 
gate ordoorthatstopsorhindersthe lowof 
current into a cireuit, When an antenna is 
‘operated at some frequency other than the 
resonant frequency there will always be 
reactance present. Keep in mind that with 
‘any antenna, multiband or otherwise, we 
always have a condition on some band or 
frequency where the antenna is not 
resonant. Therefore, there will bereactance 
at the feedpoint, 


‘Types of Vertical Antennas 

‘The basic and most popular type of 
vertical is one that is a quarter wavelength 
long and is operated against ground orina 
groundplane configuration, The antenna is 
usually made from tubing and the radials 
are wire. An ideal groundplane (simulated 
earth ground) would bea sheet of metal with 


Fig. 31 —A ypleal multbang vertical antenna. A 
‘ecripion of thasystemis gen inne tex, 


aradius of one-quarter wavelengthor more. 
However, this is only practical at vhf so the 
customary method is to use wires as the 
radials. Probably the number one question 
asked about groundplaneantennasis, "how 
‘many radials are required?” The answer is, 
simply, the more radials used, the better the 
antenna will perform, atleast up toacertain 
point. This should not beconstruedtomean 
that an antenna with only two or three 
radials won't work. Such an antenna will 
work, but for maximum performance one 
should consider 40 or more radials. Ifthe 
reader is interested in performance data for 
4 few radials versus many, he should read 
the article in QST by Sevick." 

The feed-point impedance of quarter- 
wave groundplane is on the order of 35, 
‘ohms. The impedance can be raised by 
drooping the radials down until a S0-obm 
‘match is obtained, Exactly how much 
droopis required depends on the number of 
radials 

The quarter-wave groundplane is essen- 
tially asingle-band antenna. However,a40- 
‘meter quarter-wave verticalcanalso beused 
‘on 15 meters, « happy circumstance for the 
Novice. In this case, a 40-moter quarter 
wave works outtobethree quarter waveson 
15 and any odd multiple of quarter waves 
will provide a relatively low-impedance 
fed. 


Multiband Verticals 

‘When we get into the field of multiband 
verticals we find that considerable confu- 
sion exists. As pointed out previous 
antenna can be called a multiband antenna, 
bat how we get power into such anantenna 
is another matter. 

Up until the SDs any amateur multiband 
antenna wasa system that usually consisted 
of an antenna, tuned feeders, and an 
antenna coupler. In the early "50s moreand 
‘more amateurs started to use coaxial cable 
for feeders, along with band-switching 
transmitters. The next logical step was the 
use of a multiband antenna system that 
required no adjustments and always 
presented a matched condition to the feed 
line —in other words, anantenna thathada 
SO-ohm feed-point impedance on every 
esired band and frequency within a given 


band. A logical development was the 
‘multiband trap antenna, 

By inserting traps in an antenna it was 
possible to make an antenna “look” like a 
resonant half-wave dipole in whichever 
‘band was used; or, in the case of multiband 
verticals, making the vertical look like a 
resonant quarter-wave antenna for the 
desired band. However, and this is 
important as far as the newcomer is 
concerned, to our knowledge there is no 
‘multiband trap antenna that will provide a 
perfect match on all bands, regardless of 
What some antenna manufacturers may tell, 
you. Manyhamshavespentcountlesshours 
‘trying to adjust trap antennas for that 
“perfeet” match when actually, it is just 
about impossible to obtain such a condi- 
tion 


Nontrap Multiband Verticals 

Several antenna manufacturers sell 
multiband antennas that consist of 2 
vertical piece of tubing, usually 16 0 20 feet 
(4.88 (06.10m) long. Thetubingisused with 
loading coil at the ground end. By making 
appropriate taps and adjustments on the 
coil the antenna can be matched (or closely 
matched) on any given band. This type 
antenna has no traps. This in turn means 
that the coil taps and adjustments must be 
altered when one changes bands, Some 
misguided amateurs buy these antennas 
‘expectingallthey need doisputthem upand 
the antenna will work on all bands, 
‘automatically, Let's make one point lear: 
such anantenna isamultiband antenna, but 
requires adjustment a! the antenna when 
‘one changes bands. 

Of course, the next question should be, 
“L[ftheantennaisthatsimplecan’t build ny 
own?” Yes, it is a very simple multiband 
antenna to'make and install. Two or three 
sections of inexpensive 10-foot(3.05-m) TV 
mast sections can serve as the vertical 
radiating clement. The mast can be 
supported on an insulator, such as a 
beverage bottle, and the mast guyed with 
nylon line, Fig. 31 shows a diagram of the 
antenna system. LI should beacoil made of 
bare wire, no. 12 o 14, so that it can be 
tapped at every turn. A convenient coil ize 
ig 2-1/2 inches (64 mm) in diameter, six 
turns per inch (25 mm), such as B & W 
3905-1 stock. The number of turns re- 
‘quired, assuming 80 meters as the lowest 
band to be used, should be about 30 turns 
‘with an antenna length of 25 feet (7.62 m). 

‘Adjustment of the antenna requires the 
use of an SWR bridge. Connect the coax 
line acrossa few turns of land makeatrial 
position of the shorting tap. Measure the 
SWR, then try various positions of the 
shorting tap until the SWR reaches its 
lowest value, Then vary the line tap 
similarly, This should bring the SWR down 
to a low value. Small adjustments of both 
taps should provide an SWR close to 1. If 
not, try adding Cl and repeat the adjust- 
‘ment procedure, varying Cl cach ime until 
‘a match is achieved, Radials will enhance 


the performance of the antenna. The 
‘number of radials is up to the individual 
amateur. 

‘Trap Verticals 

‘As mentioned earlier, traps canbe 
installed in a multiband vertical. These 
trapsare usually parallel-tuned circuitsand 
the objective is to make each section of the 
antenna work as a quarter-wave vertical or 
‘odd multiple thereof on the desired band. 
Fig. 32 shows an example of this type 
antenna, 

‘The purpose in using this type antenna is 
to provide a system that always presents a 
matched condition for the feed line 
Unfortunately, there isso much interaction 
between various sections of theantennathat 
it is impossible to come up with a perfect 
‘match on each band, Whatis an acceptable 
match is another story. 

‘Amateurs as a whole are inclined to 
attach too much importance to an SWR of, 
1. They feel that if their SWR bridge isn't 
showing an absolute zero reflected power 
that something is horribly wrong and they 
won't work out. The plain factisthat usinga 
feed line such as RG-§/U (assume a 100- 
foot [30.48 m] length) one could have an 
SWR of as much as 5:1 and have no 
appreciable loss in the system. However, 
there's one clinker inthis thinking! 

In many instances commercially made 
transmitters and transceivers are designed 
by the manufacturer to work into a 50-ohm 
load only. They don't allow much leeway 
from this figure. When there isa mismatch 
in the antenna system, it can become 
impossible to load and tune the final 
amplifier of the transmitter. There just isn't 
‘enough tuning range in the tank circuit of 
the amplifier to handle the reactance that 
may be present in the load. There is a wa 
around this problem however, and that is 
using a Transmatch in the feed line to 
disguise the mismatch. The Transmatch 
can be adjusted so that the transmitter 
“sees” a S0-ohm load regardless of the 
mismatch atthe antenna, 


The Harmonic Problems 


Another consideration should be men- 
tioned. As pointed out earlier, any antenna 
can be a multiband antenna, By the same 
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token any harmonics generated in the 
transmitter that reach the antenna can be 
radiated. It is true that a single-band 
antenna will reject harmonicenergy, but not 
‘completely. Inthe ease of a multiband trap 
antenna there is no rejection of some 
harmonies, simply because the antenna is 
designed to be resonant on all hf amateur 
bands. The solution to this problem is the 
use ofa selective circuit installed inthe feed 
line. A Transmatch is such a circuit and 
should provide adequate harmonic rejec~ 
tion 


Some Other Thoughts 
The question is frequently asked, 
“Should I mount my vertical on the ground, 
or get the base up in the air?” Getting the 
‘antenna up in the clear is always better than 
having it mounted at earth level and 
founded by rain gutters, house wiring, 
trees, power lines and so forth, However, 


getting the vertical antenna upintheairalso 
‘means that radials, as many as possible, 
should be used. The average installation (if 
there is suck a thing) usually consists of 
three or four radials (or mors) cut for the 
lowest operating frequency. Such a system 
should give a good performance. 

‘Another important matter is that of the 
earth ground. When verticals are mounted 
at ground level the ground losses can be 
very important. Too many amateurs buy 
their verticals, get a S-foot (1.52-m) long 
‘TV-type ground rod and drive it into the 
carth at the base of theantenna. They think 
this provides a good ground connection, 
‘As a matter of fact, the TV-type ground 
rods are practically worthless for amateur 
work. A good ground rod is the type used 
by the power company for home installa~ 
tions. This is a rod that is heavily 
galvanized, $/8 inch (16 mm) in diameter, 
and about 10 feet (3.05 m) long. The 


amateur should be able to buy these rods 
from any wholesale electrical supply house. 
If possible, tie your ground connection to 
the water-system piping, assuming metal 
piping is used 

You'll hear the statement from fellow 
hams that verticals are poor antennas and 
radiate poorly in all directions. This isn't 
true, because a vertical can by a good 
antenna, but you have to give it a fighting 
chance. This material was originally 
presented in QST by Lewis McCoy, 
WIICP. 
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Shunt-Feeding Towers for Operation on the 
Lower Amateur Frequencies 


The 160- and 80-meter DX antenna you've dreamed about may already be 
standing on your property — just waiting to be used as a DX vertical. Read this 
presentation and learn how to shunt-feed your tower on 1.8 and 3.5 MHz! 
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Giose-up vow of heb unto tower, 
Showing inatwe bottom arms ara hel 
insulator 


used! on 40, but results are rather poor 
because of high radiation angle. WBSEKX, 
with a 37-foot (1.28-m) tower and a 21- 
MHz. beam, finds that shunt feed on 40 
enables him to work DX that henever knew 
existed before 


Preparing the Structure 

Usually some work on the tower system 
rust be done before shunt-feeding is tried. 
Metallic guys should be broken up with 
insulators. They can be made to simulate 
top loading, if needed, by judicious 
placement of the first insulators. Don't 
overdo it; there is no need to “tune the 
radiator to resonance” in this way. If the 
tower is fastened to a house at apoint more 
than about one-fourth of the height of the 
tower, it may be desirable to insulate the 
tower from the building. Plexiglas sheet, 
14-inch (6-mm) or more thick, can be bent 
to any desired shape for this purpose, iit is 
heated in an oven and bent while hot 

All cables should be taped tightly to the 
tower, preferably on the inside, and run 
downio the ground level. It isnotnecessary 
to bond shielded cables to the tower 
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electrically, but there should be no 
exceptions to the down-to-the-ground rule 

No rf problems have developed with 
rotators, beam traps, or even TV sets where 
the TV antenna is part of the radiating 
structure, as is the case at WBSFKX. His 
only precaution was use of coax on the TV 
antenna. It would be well to proceed with 
caution, as every installation could be 
different in this respect. 

‘Though the effects of ground losses are 
less severe with the shuni-fed vertical than 
‘with the simple quarter-wave antenna, a 
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‘good system of buried radials is very 
desirable. The ideal would be 120 radials, 
each 250 feet (76.20 m) long, but fewer 
and/or shorter ones must oftentuffice, You 
ccan sneak them around corners of houses, 
along fences or sidewalks, wherever they 
‘ean be puta few inches under thesurface, or 
even on the earth surface. Aluminum 
clothesline wire is used extensively at 
WSRTQ, and it stands up well. Neoprene 
covered aluminum wire may be safer in 
highly acid soils. Contact withthe soilisnot 
important, Deep-driven ground rods, and 
‘connection to underground copper Water 
pipes, are good, if usable. 


Installing the Shunt Feed 

Principal details of the shunt-fed tower 
for 80 and 160 meters are shown in Fig. 33. 
Rigid rod or tubing can be used forthe feed 
portion, but heavy gauge aluminum or 
copper wire is easier to work with. Flexible 
stranded no. 8 copper wire is used for the 
160-meter feed at WSRTO, because when 
the tower is cranked down, the feed wire 
‘must come down with it. Connection is 
made at the top, 68 fect (20.73m),througha 
4-foot (1.22-m) length of aluminum tubing 
clamped to the top of the tower, horizontal- 
ly. The wire is clamped to the tubing at the 
‘outer end, and runsdown vertically through 
standoff insulators. These are made by 


fitting 12-inch (0.31-m) lengths of PVC 
plastic water pipe over 3-foot (0.91-m) 
lengths of aluminum tubing. These are 
clamped to thetowerat I5t020-foot(4.57t0 
6.10-m) intervals, with the bottom one 
‘about 3 feet (0.91 m) above ground. The 
lengths given allow for adjustment of the 
tower-to-wire spacing over a rangeof about 
1210 36 inches (0.31091 m), forimpedance 
matching, 

‘The gamma-match capacitor for 160 is a 
250-pF variable with about 1/ 16-inch (1.6- 
‘mm)plate spacing, whichisadequate forthe 
power levels presently authorized. The 
‘omega match used for 80 and 75 permits 
retuning for large excursions in frequency 
encountered in using both ew and phone on 
this band, Two capacitors are required, 
‘each about 150 pF, with plate spacing of 
about 3/16 inch (4.8 mm), if full power is 
lused. They can be mounted in plastic 
refrigerator containers for protection 
against the weather. Use wellinsulated 
knobs to avoid rf burns during the 
adjustment process, 

Separate 50-ohm lines ran underground 
to the station. The shield side of their 
connectors should be grounded to the base 
of the tower and to the buried radials as 
directly as possible. 


‘Tuning Procedure 

Its suggested thatthe 160-meter wire be 
connected to the top of a structure 75 feet 
(22.86 m) tall of less, Note, from Table 9, 
thatthe monsterat KSPFL wasfedat 75feet 
(22.86 m) above ground. Mount the 
standoffinsulatorssoastohaveaspacingof 
about 24 inches (0.61 m) between wire and. 
tower. Pull the wire taut and clamp it in 
place at the bottom insulator. Leave alittle 
slack below topermitadjustment ofthe wire 
spacing, if necessary, 

‘Adjust the series capacitor in the 160- 
meter line for minimum reflected power, as 
indicated on an SWR meter connected 
between the coax and the connector on the 


2 frequency near the middle of your 
‘expected operating range. Ifa high SWR is 
indicated, try moving the wire closer to the 
tower. Justthelower part of the wireneed be 
moved for an indication as to whether 
reduced spacing is needed. If the SWR 
drops, move all insulators closer to the 
tower, and try again, If the SWR goes up, 
increase the spacing. There will be a 
practical range of about 12 to 36 inches, 
(0.31 to 91 m). If going down to 12 inches 
(031 m) does not give a low SWR, try 
connecting the top a bit farther down the 
tower. If wide spacing does not make it, the 
‘omega match shown for 80-meter work 
should be tried, No adjustment of spacing, 
is needed with the latter arrangement 
‘which may be necessary with short towers 
or installations having little or no top 
loading. 

The two-capacitor arrangement is also 
useful for working in more thanone25-kHz 
segment ofthe 10-meter band. Tuneup on 
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the highest frequency, say 1990 kHz, using 
the single capacitor, making the settings of 
wire spacing and connection point perma- 
nent for this frequency. To move to the 
lower frequency, say 1810 kHz, connect the 
second capacitor into the circuit and adjust 
it for the new frequency. Switching the 
second capacitor in and out then allows 
‘changing from one segment to the other, 
With no more than a slight retuning of the 
first capacitor, 

‘The omega match is recommended for 
80-meter operation, because of the wide 
tuningrange required. It was found thet the 
point of connection could be at 28feet (8.53 
1m, using a single support atthe top of the 
first tower section, This served as a mount 
for the second standoff insulator for the 
160-meter feed, as well. 

A 40-meter feed, not shown, was 
connected atabout 20 feet (6.101) up, with 
about 8 inches (203 mm) spacing between 
wire and tower. 


‘Substituting Fixed-Value Capacitors 


Depending on the frequencies used and 
the matching problems in a given installa- 


it may be possible to put fixed-value 
capacitors in place of some or all of the 
variables shown in Fig. 33, and then switch 
them remotely, or by hand, when changing 
frequency. This was done at WSRTQ. The 
160-meter gamma capacitor is now a fixed- 
value, 150-pF type designed for high rf 
‘current service. Tt does not have to be 
weatherproofed, and it gives a satisfactory 
‘match over the small frequency range used 
onthis band. 

‘Two or three similar capacitors connect- 
ced in series are used in covering the ew and 
phone frequencies in the 80-meter band. 
‘Operation around 3800 kHz requires about 
‘50 pF in the omega (parallel) capacitor, so 
the three 150-pF units are used in series. 
Moving to ew operation near 3500 kHz 
requires about 75 pF, so only two 150-pF 
capacitors are used ‘in series. The only 
variable now in the system is the 150-pF 
capacitor mounted in the plastic refrigera~ 
tor box at the base of the tower. Itis the 
series or gamma capacitor in the 80-meter 
feed. Even this could be replaced with a 
fixed unit, as it has been found unnecessary 
toadjustitin thecourse of normaloperation 
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of the station, if only small changes in 
frequency are made in using the twomodes. 

‘Because every tower installation is likely 
to be different from every other one insome 
respects, the values and dimensions given 
here may be subject to change, but the 
‘general principles should hold. Proof ofthis, 
‘was found in the May 1975 issue of Ham 
Radio,! wherein W4OQ describes shunt- 
feeding in very similar terms. He also 
presented estimates ofthe electrical height 
‘of various tower-heam combinations that 
prospective shunt-feed users should find of 
interest. 

It is hoped that this information will 
inspire others to try shunt-feeding their 
towers. This method offersaneffective way 
to fire up on the lower frequencies that is 
useful to many who may have wanted to 
work these amateur frequencies but have 
shied away from doingso becauseoflimited 
antenna space. This material was originally 
presented in QST'by Earl W. Cunningham, 
KOSE, 


"Tre, “Shunt-Fed Vertical Antennas” lam Radio 
May 1975 


This 160-meter vertical antenna could be just the one for you, if you reside on 
property of city-lot size or are a mobile operator. You can make it from readily 
available, inexpensive material 


aspiration for the design offered here 
resulted in part from the author's survey of 
antennas in use by 160-meter operators, 
worldwide, An extensive report was 
compiled, which filled a loose-leaf note 
book! A\boil-down of the most useful 
information resulted in an I1-page report 
which was made available to numerous 
amateurs, Subsequently, the writer was 
encouraged to submit some of the data for 
publi ‘Approximately 60 operators 
‘were polled. The following 
from that inquiry should be of 
those who are curious about “preferred” 
antennas for top-band use 

Question 1: “If you could put up any 
antenna for 160, what would it be?” Result: 
(60% favored verticals, 30% said horizon 
tals, and 10%pindicated mixed feelings. The 
term “vertical” includes various configura 
tions — 1/4, 1/2, and 5/8 wavelength, 
vertical arrays, and inverted Ls.) 

Question 2: “Comparing antennas that 
an average ham could build, do you prefer 
verticals or horizontals for 1607" Result; 
70% said vertical, 17% favored horizontal, 
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5% inverted L, 29 horizontal and vertical, 
2% inverted V, and 3%) had no opinion. 
Reasons given for the responses were, 
“Because of signal comparisons and past 
experience. A backyard-compatible verti- 
cal is more effective than a backyard 
compatible horizontal.” 

Question 3:Do you operate mobile on 
1607 If so, what is the antenna used?" 
Result: Three used base-loaded verticals, 
tight used centeroaded ones, and one em- 
ployed a Heliwhip, Some of the operators 
lused capacitance hats. Other questions in 
the survey dealt with receiving antennas, 
types of soil and terrain, besides requesting, 
complete details ofthe present transmitting 

Fig. 34 shows some of the vertical 
systems used when the poll began in 1969, 
Additional configurations used by success- 
ful 160-meter operators are illustrated in 
Fig. 35, It can be seen that a great deal of 
useful “backyard theory” is represented in 
the systems shown. The experience and 
trials of others can save countless years of 
experimenting with antennas (not that 


some of us can't use the exercise)! It is 
hoped that these data will be of value to 
future 160-meter operators. 


‘The Minooka Special 
The following is a description of an 

effective vertical antenna for 160 meters, 

designed with these objectives in mind: 


1) Highly effective for 160-meter DX 
and local work. 

2) Easy to build and adjust 

3) Very economical. 

4) Fits neatly into back yard. 

5) Reasonable bandwidth. 

6) Good for portable and DXpedition 
work, 

7) Can be sealed down for mobile 
operation, 


‘The resultant antenna (Fig. 36) is top 
loaded inductively and can be built by any- 
‘one from readily available material. Onlya 
dip meter and SWR indicator are needed 
for tune-up. Many versions were built and 
tested, ranging from 7-foot (2.13-m) 
mobile typesto 60-foot (18.29-m) backyard 
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Horo 2 50-f00t 18:24.) version ofthe 
Mineaka Spacal te tuned remotely at KOSKK, 
and is used on 160 through 20 meters, Nyon or 
Polypropylene guy ines should be ved 


or DXpedition models. They have been 
used with good results from 20-foot 
(6.10-m)-wide backyards in cluttered Chi- 
cago, to vast beaches on Carribean islands, 
and in South America, The fixed-tuned 
bandwidths vary from 10 kHz for mobile 
versions, to 50 kHz. for the larger fixed- 
station models (SWR 2:1 or better). 


Construction 

The physical layout of the antenna is 
centered around the use of 3/4-inch (19- 
mm) diameter rigid PVC water pipe. This 
sturdy tubing has an outside diameter of 
1 inch (25 mm). The inner diameter pro- 
vides an “interference fit" for 1/2-inch 
(13-mm) EMT conduit (thinwall). A3/8-24 
rut is driven intoa S-inch (127-mm) length 
of conduit, then aligned and braized into 
position, Next, the conduit i taper-ground 
and polished ‘on the opposite end, then 
driven into the PVC tubing (see table of 
dimensions). 

Tn the construction of mobile antennas 
‘another piece of conduit is driven into the 
bottom of the PVC coil form and a 3/8-24 
bolt is brazed into the bottom end, The bolt 
‘will mate with standard mobile antenna 
‘mounts, For larger versions of the antenna 
the PVC material can be mounted in TV 
‘masting, or whatever. A standard §-foot 
(244-mm) stainless-steel whip between 3 
and 8 feet (0.91 and 2.44 m) in length 
can be screwed into the top section. For 
hhome-installed versions of the antenna a 
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Close-up vow ofthe top section of col 
‘assembiy. This unt wae used during mobile 
‘Spertion forever nee years (40,000 miles or 
8374 em) 


% 


version ofthe Minooka Specials shown 
ied onthe authors car. 


‘portable version ofthe 160-meter vertical 
fanianna, twas used by W8YYG and WSUCW at 
FIKOBKXIndseuary 1678 
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Fig, 35 — Examples of ational antennas for 160 meters which proved effective or long-haul work, 


3 or 4foot (0.91- or 22-m) piece of 
thin-wall tubing can be used in place of the 
whip. This will save on the cost of 
‘materials, and will eliminate the need to 
have brazing done. The coil wire should be 
soldered to the conduit to assure a good 
clectrical connection, 


Adjustment 

Pick a set of dimensions from the table 
which suits your application, but add a few 
inches more of coil turns (all turns close 
wound) than are recommended. This will 
allow leeway for pruning the system to 

To simplify adjustment it is suggested 
that the system be assembled first with only 
the coil and top section (no base section). 


Place the antenna where itis inthe clear (on 
the car or fixed-station site), and where it 
can be tuned against the proposed ground 
system — car body or ground radials, 

A three-turn link should be connected 
temporarily between the lower end of the 
coil and the ground system. This will permit 
rough tuning of the system to resonance by 
inserting dipper coil into the link and 
adjustingthe coilturns on the antenna until 
a dip is noted in the desired partof the band, 
Upon completion of the pruning the 
constructor can, if he wishes, cover the coil 
with weatherproof tape or shrink tubing. 
The antenna should be tuned for roughly 
2000 kHz if the entire band is to be used. 
‘Adjust the resonance for 1850 kH7 if only 
the low segment will be utilized. 


1 NSP nso 


Fi, 36 — Electrical deta of he Minooka 
‘Special Table 0 gives specific inforration 
oneorning eimansions X.¥ ang Z L2may vary 
Stzeirom 1Yo 20 {urns and L3 wil contain 
between Sand 10 tu iy. Leena 
‘madetrom no. 18 wie, spaced 1/8 nah (3 me). 
betwesn turns The col diemeter ie -1/2inches 
(@amm) Reero text lor uning instructions. 


Erect the antenna with all of ts parts — 
coil, top and bottom section — and insert 
inductors L2 and L3 of Fig. 36 as shown, 
With L3 temporarily out of the system, 
agjust L2 for the lowerest value of SWR 
obtainable at the desired operating fre- 
quency. Then, place L3 back in the circuit 
sand adjust it for an SWR reading of | 
Addition of the base sectionlateron will not 
affect the resonant frequency of the overall 
system materially, provided the base ection 
does not exceed, say, 60 fect (18.29 m). 

‘The foregoing steps are used also in 
agjusting the mobile version of theantenna, 
However, because of the small size it is 
possible to adjust the antennaincompletely 
assembled form. Only L3 of Fig. 36 is 
needed for mobile antennas, The main coil, 
LI, is adjusted for resonance, then L3 isset 
for lowest SWR. L3 can be mounted inside 
the trunk of under the bumper in a 
‘weatherproof enclosure, 

For fixed-station operation it is reeom= 
mended that a good ground system be 
employed. One should use at least 10 
radials of, say, no. 18 or larger wire, 10 to 
50 feet (3.05 to 15.24 m) in length. If you 
‘can manage 40 radials, 60 feet (18.29 m) in 
Tength, all the better.' 


Concluding Comments 


‘Three fixed-station versions of the 
Minooka Special have been tested and 
used at WUCW. Each was compared 
‘against the regular antenna, which is a 
one-quarter wavelength vertical (130 feet 
[39.62 m) high), and operates against a 
radial system that contains 12,000 fect 
(3657.6 m) of wire. Theshort verticals were 
always inferior to the big antenna by 


approximately 5 dB 

‘Using version no, 4from te table(4-oot 
[1.22-m] base section), the author worked 
Wis through W6s rom the mobile setup 
‘Therigwasan HW- [8 transceiver. Contacts 
‘were also made with VP9 and KV4stations 
from the ca, 

While DXing from San Andres (HK9) 
reports were received of signal strengths 
exceeding $9 plus 20 4B from Maine to 
Washington, Good reports were received 
from Europe also 

Because the loading coil acts as an rf 
choke at 3.5 MHz and above, several 
versions of the antenna have beon used 
‘successfully from 160 through 20 meters 
‘with an appropriate Lenetwork matching 
section installed at the base ofthe system. 
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Inexpensive 5/8-Wave Vertical Antenna 
with Coaxial Transformer 
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3 transtorme or 20-meter 5/8 


ficker of reflected power at 14,000 kHz to 
15:1 at 14,350 kHz. (The next taskis to get 
that lowest-SWR point shifted to 14,275 
kHz.) The whole thing is leaning against a 
tree, almost vertical, and seems t0 work 


well) This material was originally. pre 
sented in QST by Robert J. Earl, 
WIDRY. 
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A Backyard 160-Meter Vertical 


A seomaes avs ne norieon 
at the author’s QTH this winter, The same 
ould be sad for many other amateurs and 
the simple antenna described here may be 
of interest. 

Some of the old-timers wil tell the 
newcomer 10-160 meters that the best 
Antenna for local and DX_work is the 
erie Since fallsie verieal woul be 
‘ery large, the question sfindinga type hat 
llc intoaclosely packed residentialare. 

‘Asastarer, thewritertookan old0-foot 
(12.15-m telescoping mast and insulated it 
from the ground. (This can be done by 
seltingit on top ofa arg soft-drink bottle, 
fr camping it to. a wooden post) The 
Shtenna wasedat the base with RG-S8A/U 
52-ohm coaxial able, The shield was wired 
toa radial system anda ground rod. Aint 
for the radials — buy some aluminurn 
Clothesine andcuta number of sits inyour 
ard with a flat spade. Next, push the wie 
into the slits and tamp the grass back 
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Fig. 38 — Aspat 
‘nile not aways possibe iis desirable tonave 
the wires forthe top hat run offatrightanges to 


together. If there are any swampy parts of 
the yard, theseseemtomakethe best ground. 

Rather than using a loading network at 
the base of the antenna, the author 
‘constructed a eapacitive hat to load itat the 
top instead. The top hat wasmade fromfour 
50-foot (15.24-m) pieces of wire strung out 
From the top ofthe mast in guy-wirefashion, 
‘They are connected electrically to the top, 
and stretched until they are as close as 
possible to. 90-degree angle with respect 10 
the mast 

‘The system described works well with a 
40-foot (12.19-m) mast, but other lengths 
could be used instead. However, the top hat 
may have to beadjusted in orderto bringthe 
system to resonance, While my vertical 
occupies very little space, it seems 10 
perform as well as do many “full-size” 
Antennas on 160 meters. This material was 
originally presented in QST by Mike 
Mussler, WBSIJA. 
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What is 5G? 


The International Telecommunication Union (ITU) is the United Nations specialised agency for 
information and communications technologies. This body decides global spectrum allocation 
frameworks and harmonises international spectrum to ensure networks and connected devices can 
communicate seamlessly. The ITU will undertake the formal, international process ta identify bands for 
5G by 2020. It has developed draft technical specifications for SG which include:* 


* high data rates (1 Gbps for hotspots, 100 Mbps download and 50 Mbps upload for wide-area 
coverage) 

+ massive connectivity (1 million connections per square kilometre) 

* ultra-low latency (1 millisecond) 

+ high reliability (99.99% for mission critical ‘ultra-reliable’ communications), and 

+ mobility at high speeds (up to 500 km/h i.e. high speed trains). 


In working towards these specifications, 5G represents a significant leap from the capabilities of 
previous generations and introduces a range of new technological possibilities. The success of SG in 
delivering new technologies and services will be supported by existing communications infrastructure, 
including the NBN. This convergence of high-speed fixed-line and mobile services will collectively 
produce a consistent and ubiquitous user experience. 


The 5G economics case 


Unlike early generations of mobile networks, 5G will represent a significant shift in the 
telecommunications industry's focus away from voice and more towards mobile broadband and 
increased industrial applications. These new use cases are expected to create benefits across a range of 
sectors—including transportation, health, manufacturing and agriculture—and have varying networking 
requirements, These use cases, as identified by the industry, can be divided into the following 
categories: 


* enhanced Mobile Broadband 
* massive Machine Type Communications, and 
* critical communications. 


Enhanced Mobile Broadband (eMBB) 


MBB will deliver improved capacity to a greater number of devices. This will enable higher rates and 
volumes of data transmission per device and improve coverage to a broader range of locations. eMBB 
will likely be the focus of early 5G deployments as it can immediately support the growing 
communications requirements for the digital economy. 


[An improved mobile experience for consumers 
5G networks will give consumers a better mobile experience in more locations. Increased network 
[capacity will support more users, even in crowded areas, such as large public events, and at peak times. 
Faster network speeds will also enable consumers to view rich content in more places, supporting the 
[streaming of live events and high resolution media. 


ITU, 23 February 2017, "Press Release: ITU agrees on key 5G performance requirements for IMT-2020", 


www communications, gov.au 
‘5G—Enabling the future economy wwwarts gov. Page 3 of 12 
www classification gov.au 


Chapter 2 


Yagi Antennas 


“The antenna systems treated inthis chapter 
are variations of the basic directional gain 
antenna devised many years ago by Yagi 
and Uda. Over the years the fundamental 

shave been referred 
How Mr. Uda was 


to simply as the Yagi 
excluded from the credits remains a 
mystery, as he was a co-developer of the 


of antennas appeal to all 
‘manner of hf-vhf-and uhf-band operators, 
The primary response characteristic of the 
Yagi is unidirectional, discounting minor 


responselobes offthe front, sidesandrearof 
the antenna, The major lobe concentrates 
the radiated energy in a desired directionto 
provide gain in dB and discrimination 
‘against interference from unwanted diree- 
tions. 

Yagis can be used singly or in array 
combinations. In the latter case, each 
time the size of an array is doubled 
the system gain can be made to increase 
by 3 dB — assuming that the phasing, 
impedance matching, and aperture param- 
eters are correct. Thus, a pair of 3-clement 
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Yagis which are “stacked” in an array 
to meet the foregoing criteria will ex- 
hibit 34B more gain than asingle }-element 
Yagi. To effect another 3 dB increase 
in gain, four 3-element Yagis would 
need to be placed ina given array of Yagis, 
‘and s0 on. 

‘This chapter deals with the cream of the 
Yagi crop, 50 to speak, as taken from past 
sues of OST. When zoning laws and 
available property permit, the Yagi is 
preferred over the single-clement vertical 
antennas described in chapter |. 


Short antennas have always captured the interest of amateurs. 


‘the project. The hats lowered the Q of the 


\_ 


Dtalso ho joading coil and capacitance at on 


broad tuning which causes the parasitic ele- 
‘ments to perform as they do, Element tun- 
ing on the Bite-Size Beam! was critical. If 
the dimensions given here are followed 
carefully, the antenna should provide 
excellent characteristics for gain and 
pattern. Front-to-back measurements 
indicateapproximately 204B. Thefront-to 
side ratio was measured in excess of 25 dB, 
‘There are no objectionable side lobes. The 
SWRislessthan 2: ateach end of theband 
‘when the gemma capacitor and rod are set 
for proper operation at 14.1 MHz. Thereis 
no need to select phone or ew asthe primary 
‘mode of operation. 


Construction 

The boom and all the elements are made 
from 1-1/4-inch (32-mm) diameter alumi- 
‘mun tubing available at most hardware 
stores, The two boom sections and the two 
pieces which make up the center portion of. 
the driven clement are coupled using 15- 
inch (0.38-m) sleeves of 1-3/8-inch (35-mamn) 
OD aluminum tubing. Sheet-metal screws 
should be used to secure the sections within 
the coupling sleeves. 

‘The loading coils are wound on 1- 
inch (29-mm) diameter Plexi 
Details are show. 
ends of the aluminum tubing where the 
‘compression clamps are placed. The coils 
are made from no. 14 enameled wire. The 


Fig. 1 —Detallsfor joining sections of aluminum 
tubing and Plengias ro. 


specified number of turns are equally 
spaced tocover theentire inches (229 mm) 
of Plexiglas. 

‘The capacitance hats are constructed 
from 3/4-inch (19-mm) angle aluminum, 
‘Two pieces 2 feet (0.61 m) in length are 
required for each hat. The model shown in 
the diagrams has the angle aluminum 
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Fig. 2— Constructions dtais forthe 20-meter beam. The calls on escn side the element are 
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fastened to the element using aluminum 
strips and no, & sheet-metal screws, but 
sheet-metal screws alone can be used 
Solder lugs are fastened to the ends of the 
angle aluminum and no. 12 or 14 wire 
connects the ends of the aluminum, 
resulting ina square loop. The wires should 
‘be soldered at each of the solder lugs. 

Al of the elements are secured to the 
boom with TV U-bolt hardware. Plated 
bolts are desirable to prevent rust from 
forming. An aluminum plate 9 inches (229 
‘mm) square by 1/4-inch (6-mm) thick was 
used as the boom-to-mast plate 

‘A boom strut is recommended because 
the weight of the elements is sufficient to 
cause the boom to sag. A 1/8-inch (3-mm) 
diameter nylon line is plenty strong, A U- 
bolt clamp is placed on the mast several fect 
above the antenna and provides the 
attachment point for the center of the truss 
Tine. To reduce the possibility of water 
accumulating in the clement tubing and 
subsequently freezing, crutch caps are 
placed over the ends. Rubber fect suitable 
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for keeping furniture from scratching 
hardwood floors would serve the same 
purpose i 
A piece of Plexiglas was mounted inside 
‘an aluminum Minibox to provide support 
‘and insulation for the gamma capacitor. A 
plastic refrigerator box would serve the 
purpose just as well. Thecapacitor housing 
‘is mounted to the boom by means of a U 
bolt. The gamma rod is made of 3/8-inch 
(Q0-mm) aluminum 40inches(1.016m)long 
‘and is connected to the gamma capacitor by 
8 G-inch (152-mm) length of strap alumi- 


‘Tune-Up and Operation 

‘The builder is encouraged to follow the 
dimensions given in Fig. 2asastarting point 
for the position of the gamma rod shorting 
strap. Conneet the eoaxial cable and install 
the antenna near of atthe top of the tower, 
‘The gamma capacitor should be adjusted 
for minimum SWR at 14.1 MHz as 
indicated by an SWR meter (or power 
meter) connected in the feed line at the 


2 1000! (8.5m) tongs of 1-1/4nc (82- 
rn} i, aluminum ving (one forthe 
Fatlactor canter section, one for he 

3 Boot 244m) lengins 
‘om da alumina 
‘ertne boom, one length for the girector 
Jemort senor 

4 Boot 1m legis of 1-1/ineh (92- 
‘mi dla. aluminum bing (two teagte 
forthe driven element center two lengihe 
for the rector and driven element ends). 

2 einen (038-m) lengths of (Seinen 
(-rnm) a alueinam bing. 

1 Spsinen (1219-9 longi of 
(Ho-mm) cla. aluminum bing 

4 Geloot | 83 m| engine a 2/4 inch (19- 
‘em angle aluminut, 

© Ttinen (03t-m lengths of 1-1/-nch 
(29.mm) ia Proniglas rod 

1 Such 229: square, V-anen (Gsm) 
‘hick aluminum i 

5 Ubots 
Compression nose clamps. 

8 Crutoneape 
No. 12 enameled copper wire 

No. enameled copper wits 


finch 


‘gamma capacitor box. If a perfect match 
cannot be obtained, aslightrepositioningof 
the gamma short might be required, 
Evaluation of performance is always a 
difficult task. The 20-Meter DX Weasel is 
mounted on top of a S0-foot(15.24-m) high 
towerarthe QTHof WIFB, Thetransmitter 
input power for the testing period was 3 
watts. Many European stations as well as a 
ZL have been contacted with ease. In fact, 
‘the Weasel has been responsible for 
‘eracking a few pileups on the first call! 


Obtaining the Material 
“Table ists all of the major parts used in 
the 20-meter Weasel. Most of the U-bolt 
hardware a well as the aluminum tubing 
should be available from large hardware 
stores. The Plexiglas rod, however, presents 
bit more ofa problemas indicated by mail 
received by the ARRL Technical Depart- 
ment. Many large plastic supply dealers 
stock the eastrod, The problem sthat there 
are not very many large dealers! Addition 
ally, Plexiglas isa petroleum-base product. 
which means the cost is no doubt higher 
than one would expect. Those amateurs 
who are unable to locate alumigum 
hardware or Plexiglas should consult the 
yellow pages to see who their nearest 
‘supplier i. This material was originally 
presented in QST'by Robert Myers, WIXT 
‘and Jay Rusgrove, WIVD, 
Ise page 4, 


The HW-40 Micro Beam 


Ahelically wound 2-element 40-meter Yagi. 


Dass ac sparcs 
dwellers and other amateurs who live on 
Property that is too small in area to permit 
the use of large 40-meter antennas prompt 
athe authors to develop the antenna 
desribed here. The particular dimensions 
represented in this design were dictated 
Drimarly by the kind of fiberglass tubing 
that was immediately availble. Kirk quad 
spreaders were obtained for weas orison 
Which co wind the ele elements, Longer 
(orskorter) elements can be wsed with good 
resus, Thisarticle intended asa guidein 
the design of siilar antennas 

“The HW-40 is saled downto 28 percent 
of ful sie. Two elements are used, each 
being [8 feet (5.49 m) in length, tip-to-tip. 
‘Thus, the clements are just 2 feet (0.61 m) 
longer than those of a fullsize 10-meter 
Yagi A l6foat (488-vlong Reynolds 
slumsinum-tabing boom (two foot (2.44- 
tn] lengths joined) provides 0.12-wave- 
Iength spacing betwen the driven element 
and reflectors The weight of the atray is 
approximately 25 pounds, making it 
practical to use a TV-iype antenna rotator 
withthe system, 


Design Considerations 

Some may argue that helically wound 
antennas will tend to radiate off the ends of 
the elements (axial mode), ané that the 
condition will prevent the Yagi from 
exhibiting normal front-to-side and front- 
to-back characteristics. It was established 
by Kraus,! that axial-moderadiation occurs 
only when a helix is one wavelength or 
greater in circumference. Generally, when 
the circumference is less than two-thirds 
wavelength, a nearly sinusoidal type of 
current distribution exists. This is effected 
byalternatereinforcementand.ancellation 
of the two traveling waves which are 
directed oppositely. Each is of nearly 
identical current amplitude (Ig), hence the 
To transmission mode results for both 
traveling waves on the helix. Because of the 
foregoing condition the helices of this 
antenna radiatein thenormal madeand will 
exhibit linear polarization characteristics. 
‘Tho diameter of these helices is merely 
0,0009469 wavelength, eliminating any 
opportunity for axial-mode radiation. 
Front-to-side and front-to-back checks of 
the beam indicate, indeed, that normal- 
‘mode radiation is occurring. A number of 
rolative tests were performed locally at 
distances up to 20 miles, and the front-to- 
back characteristics indicate a 10-dB figure. 
Front-to-side checks confirm a figure of 
approximately 28 dB. The effect is not so 


‘The HW-40 beam, just 28 percent of fullsiza, 
light enough to require only TV-rotator 


pronounced when receiving high-angle 
incoming signals. Depending upon thetime 
of day, distance involved, and other 
propagation factors, various directivity 
traits will be observed. 

Helically wound elements were chosen in 
preference to lumped-inductance elements 
inorder to obtain linear voltageandeurrent 
istribution across the elements, and to 
make the matching technique less difficult. 
Even if end-loaded elements with capaci 
ce hats were used, the I8-foot (5.49-m) 
dimension would make it impossible to use 
@ gamma match of conventional design, 
Because of the very low value of radiation 
resistance of short loaded antennas, other 
conventional matching schemes would not 
lend ease to matching a 50-ohm coaxial 
feeder to the system, 

There are certain penalties one must 
accept when using physically shortened 
antennas of this kind, and an in-depth 
treatment of the subject was given by Sevick 
in QST: It was a fortunate circumstancein, 
this case that the feed-point impedance of 
‘the beam turned out to beapproximately 12 
ohms. Therefore, a 4:1 toroidal balun was 
installed at thefeed point to providea near- 
perfect match to the 50-ohm transmission 
line. In addition to encountering low values 
of feed impedance, the bandwidthof loaded 
clements is greatly less than with full-size 
antennas, This beam was tuned for 
operation atacenter frequency of 7050kHz, 
Itworks well from 7025 0 7075 kHz, withan 
‘SWR no greater than 2:1, It is flat at 7050 
kHz. Those wishing to duplicate this Yagi 
should be willing toaccept this design trade- 
off in the interest of having an effective 


directional antenna. It is recommended, 
therefore, that it be tuned for one’s favorite 
part of the 40-meter band, The use of a 
‘Transmateh will, however, permit excur- 
sions into portions of the band where the 
SWR becomes greater than 1. 


Construction Details 


The construction ofthe 40-meter beamis 
very simple and requires no special tools or 
hardware. Two fiberglass 13-metcr quad 
arm spreaders are mounted on an alurai- 
‘mum plate with U bolts, as shown in the 
photograph. A wooden dowel is inserted 
approximately 6inches (152 mn) inthe end 
‘ofeach fiberglass arm to preventthe U bolts 
from crushing the poles. The aluminum 
mounting plate is equipped with U-bolt 
hardware for attachment to the I-/4-inch 
(62-mm) diameter boom 

‘A plastic refrigerator box is mounted on 
‘each element support plate and is used to 
hhousea Miniductor col. No. lscopperwire 
is used forthe elements. The wire is wound 
directly onthe ibergasspolesatadensty of 
40 turns per foot (not turns per inch) for a 
total of 360 evenly spaced turns. The wireis 

tached at each end with an automotive 
ose clamp af the proper size to fit the 
fiberplass rods. Since the (ergass is 
Lapeted, caremusthetaken okeeptheturns 
{com sliding in the direction of the tips 
Several pieces of plastic electrical tape were 
wrapped around the pole and wire at 
intervals of 1 foot (0.31 m). All of the 
clement half sections are identical in terms 
of wire and piteh. Coil dimensions and type 
are given in Fig. 3 

The driven-element matching. system 
consists of a 4:1 balun transformer and a 
link tightly coupled to the Miniduetor. 
Complete details are 

‘Mounted at theend of eachelement (held 
in place by the hose clamp) isashortsection 
Of stiff copper wire used to allow for final 
tuning ofthe system as well as to broaden 
the frequency response of the antenna 
Since the overall antenna is very small in 
relation to a full-sized array, the SWR 
points of 2:1 are rather close to each other, 
asmentioned earlier. Theantenna shownin 
the photograph provides an SWR of less 
than 2:1 within about 25 kHz either side of 
resonance. Tuning the antenna for phone- 
band operation should not be dificult and 
the procedure outlined below should be 
suitable. 


Tuning 
‘The parasitic element is adjusted to be 
about four percent lower in frequency than 
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FRONT VIEW OF DRIVEN ELEMENT 
(2*ELEMENT 40-M HELICAL BEAM) 
Fig, 4—Sehematic lagram ofthe balun assembly mounted insie the plastic uty box. The coreisa 


‘ingle 7-200:2 Amidon. The 12urn link le wouneciectyoverne 1@-tuen Minidvetor. 


the driven element. A grid-dip oscillator 
was coupled to the center loading coil and 
the element tips were trimmed (a quarter of 
an inch [6 mm] at a time!) until the GDO 
indicated resonance to be at 6.678 MHz. 
For phone-band use, the ends could be 
snipped for 6.840 MHz. Adjusting the 
driven element is simple. Place an SWR 
meter or power meterat theinput connector 
and cut the end wires (or add some if 
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necessary) to obtain a proper match 
between line and antenna. 


Performance Characteristics 

Once the initial near-groundtuning ofthe 
elements was completed, the HW-40 was 
carried aloft and mounted on the 40-foot 
(12.19-m) tower at WIFB. Final touching 
up of the matching and element resonances 
was effected after the beam was in place on 


the tower. It is important to realize that 
shortened antennas are sensitive to changes 
in environment because of their narrow- 
band characteristies. Thus, height above 
‘ground and distance from nearby objects 
will cause some change in resonance of the 
elements. The resonant frequency of the 
HW-40 changed some 150 kHz between 
tuning at several feet above ground to final 
‘tweaking atop the tower. 

Itshould benoted thatthe 40-meter beam. 
has yet to be tested at an ideal height above 
ground, A distance of 40 feet (12.19 m) 
above the earth is not much more than one- 
quarter wavelength at 7 MHz, though 
performance thus far has been better than 
‘one might expect when using a beam or 
dipole less than one-half wavelength above 
ground, 

Comparisons were made between the 
beam and three types of wire antennas 
an inverted Y, a 3/4-wavelength end-fed 
wire, and a full-wave 40-meter loop (with 
its theoretical 2-4B gain).? The results have 
been interesting, though at times rather 
confusing. The confusion results from the 
time-of-day/ propagation syndrome men- 
tioned earlier. Atno time, however, did the 
inverted-V or 3/4-wavelength antennas 
surpass the performance of the HW-40, 
‘The beam was always as good as or better 
than the other two radiators, regardless of 
‘band conditions or time. During contacts 
with European or South American DX 
stations, the beam was always the best 
antenna, usually by two S units or more. 
During daytime contacts out to, say, 1000 
miles, the wire antennas equalled the beam 
at times. 

When comparing the beam to the full- 
wave loop, results became less easy to 
evaluate. That is, the antennas took tums 
being best. Frequently, the loop outper- 
formed the beam (inthe favored directionof 
the loop) both on short-haul and DX 
‘contacts, At other times the beam had the 
edge by a couple of S units. At this time itis 
impossible to say which antenna would 
provide the bestall-year, all-around service. 
But, ithasbeen observed thatthe beams far 
less subject to pickup of man-made and 
atmospheric noise because of its narrow- 
‘band characteristics (the loop exhibits the 


blessing, especially when working with the 
‘weaker signals! Another beneficial effect of 
the narrow-band feature is that strong, 
near-frequency signals do not ss severely 
affect the receiver with respect to overload- 
ing and cross modulation, as isthesituation 
with other types of anterinas. The proof of 
this came when trying to operate while 
WIAW (two blocks away from W1FB) was 
transmitting code practice, Until the beam 
was erected it was impossible to use the 40- 
‘meter band, but with the beamconnectedto 
the receiver, and with the antenna pointed 
away from WIAW, it became possible to 
operate within 10 kHz of WIAW without 
knowing that station was on the ait! So, if 


some kW operator lives down the street 
from you, this little beam could put you 
back in business. 

While running approximately 80 watts 
‘output, the short beam has been extremely 
elfective in working DX. DX stations now 
answer our CQs, whereas with the wire 
antennas (loop excepted) this seldom 
happened. Signal reports from DX stations 
average 579, with many 589and 599 reports, 
During QRP operation with the beam (2 
‘watts output), a number of DX stations 
hhave been raised and worked. The signal 
reports are lower of course, but RST 559 
and 569 indicates that something good must 
bbe happening! One unrelated event oc- 
‘curred while testing the beam and loop with 
the QRP setup: a station in the 4th callarea 


called CQand was answered. Heeameback 
and said," No QRP lids, CQ kWs only." I's 
unlikely” that the HW-40 beam can be 
blamed for that, especially since we wenton 
to work five European stations later that 
day with the 2-watt equipment! 


Acknowledgements 

The authors wish to express gratitude to 
those who helped construct, test and erect 
the 40-meter beam, Special hanks to KIJX, 
‘who"clomped” upanddownthe ARRL test 
tower and the WIFB station tower 
numerous times with test gear (and the 
beam) until the final design goals were met, 
‘Thanks also to WINPG (SK) who labored 
silently while winding the helices, and 
subsequently endured the unbearable 


Connecticut heat-wave temperatures of 
August, while putting two coats of exterior 
spar varnish on the completed elements. 
‘The element dimensionsandturnsinforma- 
tion were developed by KITD to test a 
newly developed calculator program. This 
‘material was originally presented in QSTby 
Robert Myers, WIXT and Doug DeMaw, 
WIFB, 


References 


"caus, Antennas, Fist Elion, MeGraw-Hill Book 


The Ground ountee Shor Vertical” ST, 

March 1973, p. 13 (See Chapter 1) 

Deda, “The NovisLoop” GST. October 1973 (See 
CChapee 4) 


A Bite-Size Beam for 20 and 15 Meters 


Do you want to work DX from your space-restricted QTH with increased 
effectiveness? If the answer is yes, perhaps this two-band Yagi system is just the 


one for you 


sores aaverivendiay it 
ghd eke ese 


1S-meter, interlaced Yagi presented here, 
overcomes these problems. Its lightweight 
indi less than I6-Feet(4.88-m) square. And 
it's probably no more obtrusive than a large 
TV antenna. 


‘A popular misconception among ama- 
tours is that any element short of ful size is 
no good inanantennasystem. Reducingthe 
size of an antenna by 50 percent does lower 


cy by a decibel or two, but the 
gain capability of a parasitic array out- 
Weighs this small loss in efficiency. Mount- 
ing the antenna above the interference- 
generating neighborhood can greatly 
reduce susceptibility to man-made noise 
and certainly aids in the reduction of rf 
heating to trees, telephone poles, and 
buildings. It has been said that a brick wall, 
fr dense foliage, can attenuate a signal 
passed through it by as much as 20 dB. 
Placing the antenna above these energy- 
absorbing objectsis very desirable. 


“Theale are wound on Plexiglas roc 
Compression clamps aro used 1 hold the 
Plougias in postion Sheet-metal screws and 
{older gs provce attachment points athe 
fends of te leading cols, 
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View ofthe short beam rom the font yar at 
wire, 


Te ganna esemotyisheln place by neansot 
stoned ciraut board 


Its a generally accepted fact that traps 
are difficult to build and adjust, as well as 
their beinglossy. Loadingcoils, ontheother 
hand, are easy to wind and require 
essentially no adjustment. Ifthe wire size is 
large, losses are not a major factor. W2FMI 
lauded the merits of short antennas in an 
earlier article explaining that in reality, 
short (0 percent) elements do not material- 
ly depreciate the gaia. With these ideas in 
mind, the authors designed and built a 
shortened-element, but wide spaced, 
‘director array for 20 meters interlaced with 
2 similar 15-meter reflector configuration 
also having optimum spacingformaximum 
gain. By placing the 15-meter driven 
element in front of the 20-meter array, the 
onger 20-meter clements tend to act as 
reflectors on 15 meters, There are no 
unwanted reflectors “in front" nor any 
directors “behind” the active array — 
elements which could cause pattern 
distortion and poor front-to-back ratio, 


Construction 

‘The dual-band beam has four elements, 
the longest of which is l6feet(4.88m). Allof 
the elements and the boomaremadefrom |- 
I/4-inch (@2-mm) diameter aluminum 
tubing available at most hardware stores 
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Element sections and boom pieces are 
joined together by slotting a 10-inch (254- 
mm) length of I-1/4-inch (32-mm) tubing 
witha nibbling tool and compressingitfora 
snug ft insidetheclementand boomtubing. 
Coupling details are shown in Fig. 6 

The loading coils are wound on 1-1/8 
inch (29-mm) diameter Plexiglas rod. The 
rod slips into the element tubing and is held 
in place with compression clamps. Be sure 
to slit the end of the aluminum where the 
compression clamps are placed. The model 
shown in the photographs has coils madeof 
surplus Teflon-insulated miniature audio 
‘coaxial cable with the shield braidand inner 
conductor shorted together. A suitable 
substitute would ben. [4enameled copper 
‘wire wound to thesamedimensionsasthose 
given in Fig. 5 


All of the elements are secured to the 
boom with common TV U-bolt hardware. 
Plated bolts are desirable to prevent rust 
from forming. A 1/4-inch (6-mm) thick 
bboom-to-mast plate is constructed from a 
few pieces of sheet aluminum cut into 10- 
inch (254-mm) square shects and held 
together with no. 8 hardware. Several 
‘cookie tins could be used ifshect aluminum 
is not available. One local amateur used a 
plate from a large electrical box as 2 boom- 
to-mast bracket, Since itis galvanized, itis 
uite resistant to the harsh New England 

‘A boom strut (sometimescalled a truss) is 
recommended because the weight of the 
elements is sufficient to cause the boom to 
saga bit. A1/8-inch 3-mm) diameter nylon 
Tine is plenty strong. A U-bolt clamp is 
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Fig. 5—Consiructional detais or the 20- and 15-meter beam, The cols foreach side of the element are 


antic. The gamma capaciors are each 140-9 va 


iorits manufactured by €-F Jonnon Co. The 


{apacitors areingulatod rom ground within ine contairet. Since the sign is one-hal ie for each 
band, tne tuning is eomownatertial, The Bulaoris encouraged "9 fellow carotully the cimensians 


Table? 

‘Complete Parts List forthe Short Beam 

Qty Materia 

9 Boot 2.4m) lengths of slominur 
tubing. 1/44, (32m) di 


n Ubote 
2 Variable capacitors 140 F (EF. 
dlohnson) 


44th Plexiglas east rod, 1-1/8. (29 mm) ia 

16 Stainass Stel nose clamps, 1-1/21n-(38 
rm} dia 

1. luminun plate, 9, 203 mm) square 
‘luranum Solid ro, In. (Sen) als 

‘2. Religerator boxen, 4X4 Xin (102 102 
x02 mn) 

Nylon rope, 178-n. (2mm) dla 

16 No. Geheot metal serews 


36 No.Beolder luge 
‘3 Plasto (or rubber) ene caps, 3/44, (92 
man} 


‘The boom-to-mast plate 


Fig. 6— Coupling detail forjoning sections of 
‘aluminum tubing 


placed on the mast several feet above the 
antenna and provides theattachment point 
forthe center of the truss line. Toreducethe 
possibility of water accumulating in the 
clement tubing and subsequently freezing 
(rupture may be the end result), crutch caps 
are placed over the element ends. Rubber 
feet suitable for keeping furniture from 
scratching hardwood floors would servethe 
same purpose. In fact, the rubber tips 
prevent the element ends from damaging 
surrounding objects during installation, 

‘A heavy-duty steel mast should be used, 
such as a I-inch (25-mm)-diameter galvan- 
ized water pipe. Steel TV mast is also 
acceptable. Any conventional TV-type 
antenna rotator should hold up under load 
conditions presented by this antenna, 
Nevertheless, certain precautions should be 
taken to assure continued trouble-free 
service. For instance, whenever possible, 
‘mount the rotator inside the tower and 
extend the mast through the tower top 
sleeve. This procedure relieves the rotator 
from having to handle lateral pressures 
during windy weather conditions. A thrust 
bearing is desirable to reduce downward 
forces on the rotator bearings. 


Hookup and Operation 

‘The monoband nature of the beam re- 
quires the use oftwo coaxial feed lines, The 
coaxial cable is attached to the 15-meter 
clement (at the front of the beam) at the 
gamma-capacitor box. The otherend ofthe 
able is connected to a surplus 28-V de 
single-pole coaxial switch? The cable for 
the 20-meter element is connected in a 
similar fashion. The switch allows he use of 
a single feed line from the shack to a point 
jjust below the antenna where the switch is 
‘mounted. It is a simple matter to provide 
voltageto theswitch for operationononeof 
the two bands. At the price of coaxial cable 
today, x double run of feed line represents a 
substantial investment and should be 
avoided if possible, 

‘An etched-circuit board was mounted 
inside an aluminum Minibox to provide 
support and insulation for each of the 
gamma tuning capacitors, Plastirefrigera- 
{or boxes available from most department 
stores would serve just as well. The 
‘capacitor housing is mounted to the boom 
by means of U bolts, 

‘The builder is encouraged to follow the 
dimensions given in Fig, Sasastarting point 
for the position of the gamma rods and 
shorting bar. Placing the antenna near the 
top of the tower and then tilting it to allow 
the capacitors to be reached makes it 
possible to adjust the capacitors for 
‘minimum SWR as indicated by an SWR 
meter (or power meter) connected in the 
feed line a the relay. Ifthe SWR cannot be 
reduced below some nominal figure of 


approximately 1.4:1, a slight repositioning 
‘of the gamma short might be required. The 
dimensions given are for operation at 
14.050 MHz and 21.050 MHz. The SWR 
climbs above 2:1 about 50 kHz in either 
direction from the center frequency. 
Although tests were not conducted at more 
than 150 watts input tothetransmitterthere 
js no reason why the system would not 
operate correctly with a kilowatt of power 
supplied to it 

‘After many months of testing atthe QTH 
of WIFB, several characteristics were 
noted. First, the antenna withstood several 
wind and ice storms common to Connecti- 
‘cut, Performance turned out to be what can 
be expected from a 2-element Yagi. Since 
the 20-meter portion of the antenna is a 
director array, the front-to-back ratio is a 
bit less than 10 4B, On IS meters, wherethe 
system operates with a reflector parasitic 
clement, the front-to-back ratioisconsider- 
ably better — on the order of 15 dB. 

This antenna was mounted atopa40-foot 
(12.2-m) tower where previously there was 
connected a 20-meter sloping dipole 
pointed at Europe (a multielementarrayfor 
2 meters graced the top of the tower!). The 
number of European stations contacted 
increased rather dramatically with the 
installation of the beam. Except in pileups 
onsare DX stations, DX is now worked asa 
routine, even though WIFB isa QRP fan 
and typically runslessthan 2watts ofoutput 
power. 

No doubt the increased effectiveness of 
the signal was caused by severalfactors. The 
antenna certainly has gain (although at 
ARRL hg. we have no way of making 
accurate measurements) and is well above 
the nearby small trees. More importantly, 
the antenna is now far from the alursinur 
hhouse siding which once was directly inthe 
pattern of the 20-meter “sloper.” Of course, 
the front-o-back characteristic has the 
tendeney of making DX signals louder in 
relation to stateside stations and therefore 
‘makes receiving much easier. 

If previously you've felt that a beam and 
tower were not possible at your QTH, 
perhaps re-evaluation of the situation is in 
‘order. This antenna, as shown in the 
photograph, does not appear offensive 
when viewed from the front yard. Yet the 
overall amount of property occupied {at 
aground level) is less than one squate foot, 
‘And the turning radius is slightly over 1 
feet (3.35 m)! This material was originally 
presented in OST'by Robert Myers, WIXT 
and Clarke Greene, KIX. 
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Linear Loaded 20-Meter Beam 


Build this novel minibeam for 20 meters 


the height and room for them, But much of 
the advantage is usually lost with average 
installations. So why bother with a sad-~ 
looking monster a few feet atop the house 
when a trim, smaller model will do the job. 
This article deals with a method that 
eliminates the messy and expensive loading 
coils as well 

Having built an HW-32A transceiver, the 
author's 20-meter activity was restricted to 
‘the phone band. A homemade vertical 
antenna did a fair job in the states, but not 
for DX. This writer'sthoughtsrantoabeam 
and the aluminum tubing that could be 
obtained for fullsize construction. A 2- 
clement beam was constructed, using a 
gamma match andinformation foundinthe 
Handbook. The beam worked electrically, 
‘but the mechanical construction left much 
to be desired. It flopped in the wind like a 
wounded butterfly. The author tried 10 
correct this with a wooden framework, but 
it was just as bad. Something with shorter 
elements was desired, something that was 
rigid and would stil perform well. But allof 
‘theauthor'sresearch turned up oniyloading 
coils or other methods involving a loss 
‘compromise 

The author's aluminum supply included 
four 12-ft(3.66-m) lengths of 7/8-inch (22- 
‘mm) diameter tubing. This would give two 
cloments of 24 ft (7.52-m) length and a 
‘minimum of sag. The problem was how to 
‘mount them and make up the difference in 
physical and electrical length for a half- 
wave length, Loading coils were ruled out 
The possibility of folding wire under the 
elements seemed to have merit. (Late, this 
‘was found to be called linear loading.) This 
dictated a split element and standoff 
supports for the tubing. 

Two 2-t (0.61-m) lengths of aluminum 
channel were obtained for the element 
supports (Fig, 7). each I2-ft (3.66-m) 
section was attached using |-in. (25-mm) 
ceramic standoff insulators. A 34-in, (19- 
‘mm) birch dowel was used to stiffen and 
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it works! 


prevent crushing of the tubing where the 
attachment was made. Element supports 
‘were grooved and attached to a 10-f¢(3-m) 
‘TV mast section using a single 5/16-in. (&- 
mm) U bolt. 

“The folded additional loading wire was 
no, [2 copper house wire withthe insul 
stripped off, and was supported by two 
bakelite blocks on each element section, 
The blocks were anchored to the tubing by 
small sheet metal screws, Ends of the wire 
sections were formed into a loop to hold 
their position. 


‘Tune-Up and Adjustments 

My thinking in regard to coaxial-cable- 
fed dipoles is that they should usea balun or 
matching device of some kind. This beam, 
havinga split driven element, seemed tocall 
fora I:1balunsinceitwastobefed with RG- 
58/U (Fig. 8). Formulas found in hand- 
bbooks for beam-clement lengths did not 
‘seem to work for the linear-loading design, 
socut-and-try was used manytimes.Infinal 
tests, a grid-dip meter was utilized with a 
calibrated receiver to determine the driven- 
clement total length of 35 ft (10.67 m). A 
reflector with 10-ft (3.05-m) spacing was 
used, 

It was found that adding a reflector of 
five-percent greater length lowered the 
frequency (with the beam near the ground) 


‘but on raising the beam to rooftop, the 
frequency had increased. The 10-ft spacing 
gavea 3:1 VSWR which was very difficultto 
reduce, Testing this arrangement on the air 
seemed to indicate more gain in the back 
direction than inthe front. After many tests 
and much rebuilding of the wire lengths, the 
director clement approach seemed to give 
the most encouraging results. The VSWR 
was down to 15:1 and the five-percent 
shorter director raised the frequency to the 
phone band. Spacing was reduced to 7ft 6 
in. (2.29 m). 

“More esearch brought out the possibility 
of inductive matching to get the VSWR 
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The Log-Yag Array 


down to a more reasonable level. Many 
hairpin lengths and widths were tried with 
varying esults. The final hairpin was 2, 
Jong by 1-1/2in, (580 x38 mmm) wide witha 
slight fan shape tofitthebalunconnections 
‘This reduced the VSWR at 14,200 kHzand 
14,350 kElz witha flat esponsein between 


On-the-Air Tests 

‘The help of other amateurs in tests for 
front-to back ratio was very helpful 
Average reports have been 2.5S unitsin the 
forward position over the back position 
‘The author did not havea reference dipole 
for gain tests, but has heard and worked 
more DX than in the past 20 years. The 
beam is mounted on a rooftop 10-ft (3-m) 
steel tower 38 ft(I].6-m) above the ground, 
It weighs around 20 pounds and is rotated 
by an older-type TV rotator. This material 
‘was originally presented in QST by Cole 
Collinge, WOYNF. 


The Yagi antenna array has been around for years and years. A relative newcomer 
to hams is the log-periodic dipole array (LPDA), which offers nearly constant gain 
over a greater bandwidth than the Yagi. Guess what happens when you cross a 


Yagi with an LPDA 


number of amateurs have considered 
‘monoband Yagi arrays. The first problem 
encountered seems to be array length, that 
is, overall size for a desired gain’ and 
bandwidth. The Log-Yag principle, as will 
be discussed shortly, has produced asystem 
which will provide the amateur with 
another alternative to the long-boom Yagi, 
stacked Yagis, or loop-antenna systems. 
‘The L-P Yagi (Log-Yag) array is not a new 
system; many such arrays have been 
designed and developed by Oliver Swant 
and others.? This article, however, will 
provide the basic theory of operation, 
design procedure, and the construction of a 
practical antenna, 


Theory of Operation 

“The Log-Yag array utilizes an LPDA- 
riven? group of elements, designed to 
cover a desired bandwidth, in conjunction 
‘with parasitic elements to achieve higher 
sains and greater directivity than woule be 
realized with cither the LPDA or Yagi 
array alone. The Yagi arrey requires long 
boom and wide clement spacing for wide 
bandwidth and high gain. This is because 
the Q of the Yagi system increases as the 
umber of elements is increased and/or as 
the spacing between adjacent elements is 
decreased.* An increase in the Q of the 


‘The.ttachment ofthe lementsto the boom, 


From he ont tothe back ofthe Log-Ya 
Nota the uss provides lateral and vertical 
Support 


‘Yagi array means thatthe total bandwidth 
of that array is decreased; optimum gain, 
frontto-back ratio, and sidelobe rejection 
are obtainable only over small portions of 
the band, Dr. I. L. Morris, using a high- 
speed digital computer, has completed 
extensive research on 4, 5, and 10- 
director Yagi-Uda arrays. His work is 
comprehensive and is recommended 
reading for all techoically minded ame- 
teurs. The parameters varied in his study 
were clement length, spacing, radius and 
hhumber. As can be seen in Fig. 9, the 
forward gain and front-to-back ratio 
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Fig, 9—The tects o director spacing on 
‘ariaus Yagi arrays. The change in gain and front 
Yorbeok rate i plotied for the change in ciractor 
Spacing. The allector spacing has Boon Pole 


‘The connections between the balun and the 
Input termine 


deteriorate sharply as element spacings 
decrease. Ifthe elements are closely spaced, 
then as the frequency is shifted either side 
of the array design frequeney the electrical 
spacing between adjacent clements changes 
rapidly, This causes « higher SWR and a 
deterioration of forward gain and front-to~ 
back ratio. 

‘The Log-Yag system overcomes this 
difficulty by usinga multipledriven element 
cell” designed in accordance with the 
principles of the log-periodic dipole 
array. Since this log eell exhibits both 
gain and directivity by itself, itis a more 
effective radiator than a simple dipole 
driven element. Thefront-to-backratioand 
‘gain ofthe log cell can be improved withthe 
addition of a parasitic reflector and 
director. Ib is not necessary for the parasitic 
element spacings to be large with respect to 
‘wavelength, as in the Yagi array, since the 
logcellis the determining factoriathearray 
bandwidth. In fact, the element spacings 
within the logcell may be small with respect 
toa wavelength without appreciable 
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Fig, 10— Beam patterns of 29-meter arrays 
No. }~—Set tog eal ir @0 14,7 @O2 
No.2— Sel log periodic. 0°01, 
No.3 Set logecl, str. 012, 


deterioration ofthe cell gain. For example, 
decreasing the relative spacing constant (0) 
from 0.1 to 0.5 A will decrease the gain by 
lessthan | dB. Hence, a furtherreductionin 
‘boom length. It can be seen that the Log- 
‘Yag array will exhibit bigh theoretical gain 
(11 4B), high front-to-back ratio (30 dB), 
high cross polarization ({ront-to-side ratio 
—454B),andawideband response utilizing 
boom lengths approximately ane half that 
of a Yagi with similar characteris 

Taouthorbes builimany monobend I 
‘MH Log-Yag arrays in an attempt to find 
an optimum combination of elements, 
while holding the boom length to that of a 
full-sized three-element monobander Yagi 
Relative radiation patterns for various 
element combinations are found in Fig. 10. 
The final array design takes the form of a 
four-clement log cell, parasitic reflector 
spaced at 0.085 Aen and parasitic director 
spaced at 0.15 Asas Where Ana isthe longest 
free-space wavelength within the array 
passband. It has been found that array gain 
is almost unaffected with reflector spacings 
from 0.08 A to 0.25 A and the increase in 
boom length is not justified.* The function 
of the reflector is to improve the front-to- 
back ratio of the log cell while the director 
sharpens the forward lobeanddecreasesthe 
hhalf-power beamwidth. As the spacing 
between the parasitic elements and the log 
cell decreases, the parasitic elements must 
increase in length..° 

The logcellis designed to meet upperand 
lower band limits with o= 0.05. The design 
parameter r is dependent on the structure 
bandwidth, B,. When the log-periodic 
design parameters have been found, the 
element length and spacings can be 
determined. A review of the “Log-Periodic 
Dipole Array” is recommended though not 
necessary for the design of the Log-Yag 
array." 

‘The method of feeding the antenna is 
identical to that of feeding the log-periodic 
dipole array without the parasiticelements. 
As shown in Fig. Il, a balanced feeder is 
required for each log-cell element, and all 
adjacent elements are fed with a 180° phase 
shift by alternating connections. Since the 
Log-Yag array will be coveringa relatively 
small bandwidth, theradiation resistanceof 
the narrow-band logcell will vary from80t0 
90 ohms (tubingelements) dependingonthe 
operating bandwidth. The addition of 
parasitic elements lowers the log-cell 
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radiation resistance. Hence, it is recom- 
mended that a I-to-1 balun be connected at 
the log-cell input terminals and 52-ohm 
‘coaxial cable be used for the feed line. The 
measured radiation resistance of the 14- 
MHz Log-Yag installed at the author's 
QTH is 37 ohms, 14.0 to 14.35 MHz. I 
assumed that tubing elements will be used, 
However, if a wire array is used then the 
radiation resistance R, and antenna-feeder 
input impedance Z must be calculated so 
that the proper balunand coax may be used. 
‘The procedure is outlined in detail in The 
ARRL Antenna Book.) 


Design Procedure 

The following step-by-step design 
procedure may be used to design any 
monoband Log-Yag for any desired 
bandwidth, 


Fig, 11 —Layout ofthe Log-¥ag area. 
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Massive machine type communications (mMTC) 


‘As SG networks mature, they will support the widespread and dense deployment of sensors and other 
network-connected devices by significantly reducing their power requirements and providing flexible 
coverage across different spectrum bands. This proliferation of the Internet of Things (IoT) across 
industries is expected to produce significant productivity benefits and support integration between 
sectors. 


Supporting productivity and innovation 

‘The term industry 4.0 describes the next step in the advancement of the manufacturing sector (the 
‘fourth industrial revolution’). Industry 4.0 introduces autonomous systems supported by a 
[combination of technologies such as loT, artificial intelligence, continued technological improvements 
/and digitalisation in manufacturing. 


[Australia stands to benefit from Industry 4.0, given our world-class manufacturing sector, which 
includes several high-value industries such as medical technology and aerospace. Australian 
manufacturers can improve their productivity and international competitiveness through Industry 4.0 
processes by supporting their participation in global value chains. This is of particular benefit to SME 
manufacturers, opening them up to new markets and opportunities. SG can support Industry 4.0, by 
providing communications infrastructure that is more accessible and flexible to suit specific industry 
needs. 


5G can enable innovation in other sectors such as agriculture. A challenge for Australia’s agricultural 
sector is identifying how to improve productivity while balancing environmental and commercial 
constraints, Precision agriculture, which focuses on improving yields and minimising economic risks, 
seeks to provide more control in the management of agricultural production. While precision 
agriculture requires a range of enablers— including data analysis, sensor networks and geographical 
information systems—5G can provide the supporting infrastructure for these technologies. 


Critical communications 


Low latency and ‘ultra-reliable’ communications networks will support the delivery of critical 
communications, i.e. to support public safety use and playing role in the technology ecosystem 
supporting autonomous vehicles. In addition to automation, critical communications will also help to 
support technological advancement in areas including robotics and artificial intelligence. 


The social benefits from autonomous vehicles 

|5G networks are expected to play a role in the technology ecosystem supporting the development of 
Jautonomous vehicles, which will enable a number of social benefits for transportation. Traffic 
Jcongestion, which is estimated to cost Australia $53 billion by 2031,? could be proactively reduced by 
[smart city traffic management systems that are informed by machine-to-machine communications with 
Jautonomous vehicles. 


Improved road safety is also expected to be a key outcome of autonomous vehicles, as the majority of, 
[car accidents involve human error. in the 12 months to July 2017, there were 1,235 deaths on 
[Australian roads with road trauma costing the Australian community an estimated $27 billion annually. 
Autonomous vehicles can have a valuable role not just in terms of financial savings, but in saving human 
lives. 


* Infrastructure Australia, 2015, ‘Australian Infrastructure Audit’ 
* Bureau of Infrastructure, Transport and Regional Economics, August 2017, ‘Road deaths—monthly bulletins’ 
www communications gov.au 
‘5G—Enabling the future economy ww warts gov. Page 4 of 12 
www classification gov.au 


1) Determine the operating bandwidth, 
B, betweenti, lowest frequency (band edge), 
and f, highest frequency (band edge). 

fe 
Bt 
2) Determine the structure bandwidth 
(og-cell array) B,. 
B= 1158 

3) Determine the design parameter 

(based on 4-clement log cel, note 1). 

I 
vB. 
Note I. The design parameter ischosen 
for a four-element log cell since it provides 
the best bandpass for most amateur bands. 
For log celis with any number of elements 


ret 
OR 
where n = number of elementswithin thelog 
cell. 
4) Determine the apex half-angle « 
Since 6 = 0.05 (relative spacing constant), 
then 


cota 


5) Determine free-space 
‘wavelength Avwsl Lf) 
and longest element length within the log 
cell k(t. 


the longest 


Leth 
het 
Leah 


6) Determine the element spacing (di), 
distance between elements i and I (ft), 


(0-3) ate 


is 


and 
ce 
dye = rds 


7) Determine the parasitic element 
lengths (ft) and spacings (1), 


hee = 5086 
eer = 7 MH 


a 
TMi 


4508 


nee 


Jou = MET 
= 48 
dom = MHz 


‘This completes the design. 


‘The Finished Log-Vag 
The proof is always to be found in the 
completed and operating product. The 
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Fig, 12— Assembly deals. The numbered components refer to Table 6 


“rhe intersonnection between the elements of helog cal changes sides betweon each eloment, 


Array Characteristics 
1, Frequency ange varassmne 
2. Operating anewiatn b> i025 
rama. o.246367 
4. Apaxnattangle n= 40%, cot 63753 


4 ta-14.98 MH) 
aoe sree 


5 Halepawe boa wath 


4, Breesepace wave dun7o26n 

8. Logeat boom tangth oon 

8: Congest iog olamant 17,= 36-141 (a tabulation of erent lengths 
fang spacings given in Table2) 


1154 (thooretea) 


10, Forward gain ver sipole 
2268 theoretical) 


11 Frontte-back alo 


12 Frontte-sgoratio 4548 (theoretical) 
12 Ioputinpednnecs Zasatonme 

14 Sw Tato) (eta 35 14H) 
15, Total welght pounds 


18 Wind oad area 
7 Feee-point impedance 
18 Reflector longin 


San @aonspacing 

18. Drecioriongtn e2ne@iostspacing 

20, Total boom fength 2st 

“Toe mechanical construction of the log cls identical 0 that described in The ARAL Antenna Book 
xcopt forthelongtne and spacings’ Fig. 12 ehows Row the log cel sconstvuciod a well asthe 
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Table 
‘ray Dimensions 
Element — Length Spacing 
ft fe 
Reflector 36-4 60 (Ret.t0/) 
h 3514 351 (ds) 
i S327 332 (a3) 
ah S149 3.34(eh) 
hn 2381 1057 /.toir) 
Director 522 
1ft=0.30478m 
Table 
Material List 


‘Aluminum tubing — 0.047 in, wall thickness 

‘in 12 lengths, 24 nf 

1in. —12 ore tlengins, 28a. 

7iBin.—r2Nlor6Mengths, 721. tk 

S/4in.—Bitlengins ait 

3/4in. 6M lengtns, 96. 

‘Stainoas steel nose clamps — 2, max, 

‘Stalness steel hove clamps —1-1/4In thax 

Phen 

4. Type Ubolts —1-1/2in, 60a. 

5. Ubolis, gay type: 8/16in,X1-1/2in, 

6 Uboits gal. type:1/8in.X1in. 208. 

17. insiD water servicwpolyethylone pipe 60 
Ibvin’ test, approx. 1-/8%n- OD, Tin tt 

8. Hittin Xi-¥/4in.X VBin. aluminum argle—6 
ftlengtns,12tn. 

9 Tin. 1/4, aluminum bar 6 longthe, 6 
line 

10. /6in.top ra of chaintink fence, 265n. 

11 1Atoroid balun 10a, 

12, No. 632% i. stainlons steel sores, 80a 
No. 6:32 etainiee stee nuts 16a, 
No Gacider tugs, ea, 

18, No. 1Reapperteod wire, 22n. tt 

14 W2in.X6in.X 174i, auminur plate, 1.0 

15, 6ire Xain X 1/4in aluminum pate, 128. 

18. 3/4in.galypipo, tn. 

7. Tin gal. pipe ~ mast Stn. te 

18. Gals. guy we, Solin. 

39. Yin. X 2. ormbuees, 40, 

20.1i4in X1-1/21n-eyebolts, 265. 

21, TWguy clamps and eyebots, 20a. 

254mm 
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Tapes 
lemon Material Requirements 


+n, 7 

Tubing Tebing 

Leng engin 
Element (Fa Oy. (0 Qty. 
Aeliotor 24 62 
h 62 82 
4 62 52 
4 82 8 2 
4 62 82 
Drector 21 tar 
1 ft=0:90478 m 


Sita 13/4 1 xr/4in 
Tebing Angie bar 
‘Length engin engin 
FOV. ra a 
a2 None None 
32 3 3 
62 3 3 
82 3 4 
62 ‘None None 


author's 14-MHZ Log-Yag on-the-air 
performance on cw and ssb substantiates 
the theory. The characteristics ofthe array 
are given in Table 3. 

‘The materials needed aregivenin Tables. 

In the construction diagram, Fig. 12, the 

isare referenced by their respective 

list number. The photographs 

‘show the overall construction picture, and 
the drawings show the details. 

‘The materials should be available from 
most hardware and electronic stores. 
However, some have found difficulty in 
‘obtaining aluminum tubing. This can be 
solved by writing to the manufacturer and 
asking for the name of their distributor 
nearest your locality. Commercial antenna 
manufacturers will sell their tubing, but the 
cost is at a premium. 

Thisarray isin operation at K4EWGand 
WABBP. The results on the airare nothing 
short of fantastic! It will give the stacked 
Yagis and long-boom Yagis a run for their 

It is the authors’ hope that this antenna 
‘design will stimulate additional work and 
research by other amateurs. The fieldseems 
wide open, and Yag-Log combinations are 


endless. The optimum designis by no means 
achieved in this article. It does seem, 
hhowever, that a log cell of more than four 
elements would be necessary only wherethe 
array bandwidths, B, exceed 1.03(B=fy/{i, 

‘The authors wish to thank George 
‘Smith, W4AEO, for his work in substanti- 
ating ‘a consideration for log periodic 
gain.* This material was originally pres- 
ented in QST by P. D. Rhodes, KSEWG 
and J, R. Painter, W4BBP. 
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202, Radio Hondbaot, (8h edkion, pp 547-54 
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Chapter 3 


Quad Antennas 


A currently popular form of directional 
gain antenna is called the"quad.” Ingeneral 
performance principles, it compares 
favorably to the Yagi beams discussed in 
chapter 2. The proper namefor thisantenna 
is the “cubical quad.” It was developed by 
Clarence Moore, W9LZX, in 1942 when he 
was an engineer for HCJB in Quito, 
Ecuador. The design came as a solution to 
large corona discharges at the ends of 
existing beam-antenna elements. The 
problem was caused by the highly ionized 


air at the transmitter location, some two 
miles above sea level. Operation was in the 
commercial 25-meter band, which for the 
intentions of the broadcaster, required a 
‘gain type of antenna, 

Moore concluded that a gain antenna 
with no ends was required to handle the 10- 
kW power without corona or flashover. 
Thus, the quad was born. Not only did it 
handle the power without difficulty, tater 
became popular amateur antenna after he 
developed a model for use on 20 meters. 


The primary imitation of quad antennas 
is the unwieldy nature of the “beast, 

especially at 40 and 20 meters, compared to 
a Yagi. The supporting framework is 
subject to extreme stress from ice and wind 
loading. Nonetheless, the quad has proven 
to be one of the most effeetive DX beams 
that an amateur can build at modest cost. 
This chapter contains data on various types 
of quads for a number of amateur bands. It 
is a compendium ofthe best on the subject, 
as published in past issues of OST. 


Quads and Yagis: Comparisons, Patterns 
and Working Dimensions 


Want a fresh look at the Yagi vs. quad question? This is “must” reading for the 


antenna-minded. 


presented. A compilation of some of the 
Working dimensions for both types of 
arrays are also given. This latter material 
should be of interest to the builder and 
experimenter. 


Introductory Antenna Theory and 
Definitions: Polarization 

Inspection of the radiation field of aa 
antenna will show it to have plane-wave 
‘character and to be made up of electticand 
‘magneticfield ines whichare perpendicular 
to each other. Polarization of an electro 
magnetic waveis defined asthatdirectionin 
which the electric field lines are oriented. If 
the electric field vectors fixed (indirection) 
in a plane itis said to be linearly polarized 

‘or example, the polarization ofa dipole is 
linear. Ifthe plane in which this dipole iesis 
horizontal or parallel to some reference 
plane (e., the surface of the earth, itis 
called a horizontally polarized antenna 
Vertical polarization would result if the 
dipole were placed perpendicular to the 
reference plane. Itshould benoted thatifthe 
elecirie vector doesnotstay fixed in position 
but rotates (its tip tracing out an ellipse), 
then the wave is said {0 be elliptically 
polarized, Circular polarization is aspecial 
case of lliptical polarization. Elliptical 
polarization will have a right- or left-hand 


sense, depending upon the direction of 
rotation ofthe electric vector. 


Directivity and Gain of an Antenna 

‘The degree to which a particular antenna 
can concentrate the antenna pattern into a 
beam is known as direcrivity. Mathemati- 
cally, itis the ratio of the power density (in 
watts per square unit of measure) that 
would be available at an observation point 
to the power density one would have if the 
total radiated power were radiated equally 
well in all directions? Dieectivity is a 
function of the antenna pattern alone and 
does not take into account antenna 
efficiency of losses. 

‘The gain of an antenna can be defin 
terms of directivity when antenna efficien 
¢y is taken into consideration. If K is the 
antenna efficiency, a number between 0 
and 1, then antenna gain is given by 
G=KD 
where 

G = antenna gain 
K = antenna efficiency 
D = directivity 


‘The gain in decibels is then given by 
4B gain = 10 loge G. 
Please note that the above definition has 
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been such that it is a function of the 
observation point. In amateur circles gain 
is usually measured at that observation 
point where the maximum power density is 
observed. Further, when considering 
practical Yagi and quad arrays for the hf 
range, K is normally taken as 1. Gain 
‘measured in the above manner is normally 
called gain with respect to an isotropic 
‘antenna, Itis interesting to notethatsincea 
half-wave dipole concentrates its pattern 
into certain directions, it will have some 
gain with respect to an isotropic antenna. 
‘This gain with respect to isotropic is found 
to be 


G= 164 
or, in dB, 
Gan = 2.15 dB 


If the vertical and horizontal half-power 
bbeaim widths are known fora given antenna, 
the following formula will give (somewhat 
‘on the generous side) the gain of the 
antenna with respect to an isotropic 


000 


Or Fae 


where 


Oy = horizontal hall-power beam width 
in degrees. 

‘c= vertical half-power beam widi 
degrees. 
‘This formula assumes low-side and back- 
lobe levels for the antenna pattern. If the 
gain with respect to isotropicis known then 
the gain with respect to a half-wave dipole 
is obtained by subtracting 2.15 dB. 


Antenna Aperture or Area 

This concept is of most use when 
discussing a receiving antenna. I is a 
‘measure of the antenna’s ability to gather 
in available radiated power at some 
receiving position. Antenna area and gain 
are directly related 


where 


G = antenna gain 

2 = operating wavelength 

‘A = area (based upon square units of 
length measurement, with the length 
‘measurement the same as that assumed for 
2), It should be noted that one cannot have 
two antennas with the same gain and 
different areas, One hears this concept 
‘misused (in the sense of theabove sentence) 
quite often on the amateur bands, That is 
10 say, if you feel that one antenna has 
‘more capture area than another, then it 
‘must also have more 


‘Antenna Patterns 

‘The pattern ofan antenna may be plotted 
by recording the received electric field 
sizength oF power density asa function of 
viewing (observation) angle. The properties 
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of most antennas used by radio amateurs 
(below 30 MHz) can be described by two 
basic patterns. Consider a pattern due toa 
radiating half-wave dipole, this pattern to 
be obtained by moving a sampling or test 
antenna about the dipole in the horizontal 
plane which contains the dipole. This 
pattern is called the horizontal-plane or E- 
plane pattera (the pattern was taken in a 
plane containing the electric lines, hence 
the name E-plane pattern). ifthe sampling 
antenna is placed directly in front of the 
horizontal dipole (and in the horizontal 
plane) and moved up over the top of the 
dipole (in a plane perpendicular to the 
horizontal plane), and on around until it 
returns to the starting position, the results 
{the vertical-plane or H-plane pattern (since 
the test antenna moved in plane parallel io, 
‘the magnetic H called an H-plane 
pattern, 

For Yagi and quad arrays these two 
patterns wil give enough essentialinforma- 
tion to determine their expected radiating 
Properties 


‘Comparison of Quad 
and Yagi Arrays 


‘The cubical quad antenna was first 
introduced to the radio world in 1942 by 
Clarence C. Moore at HCIB to alleviate a 
seriouscorona problem occurringon a large 
commercial shortwave Yagi array. It is a 
parasitic array formed with loop elements 
‘which are approximately one wavelength 
in circumference. 

Important to proper operation of a quad 
antenna are considerations of proper 
‘clement sizes, spacing between elements, 
boom length, feed impedance and so forth. 
‘The following material presents a discus- 
sion of these considerations anda comps 
sonof the quad and Yagi arrays. 


Polarization of a Quad Antenna 

‘The polarization of a quad antenna can 
be determined by considering the current 
distribution onthedrivenelement. Tostress 
the point that square, diamond, or circular 
loop all produce essentially the same 
polarization, consider the current distribu- 
tionshown in Fig. IA lttlethoughtreveals 


that fact that the vertical components of 
‘current produce radiated fields that cancel 
‘each other, and the horizontal components 
of current produce a radiated field 
(broadside to the ioop) withall components 
‘adding. The polarization of any of these 
loops is then linear and parallel to an 
imaginary horizontal line drawn through 
the current minima. Hence, ifa quad loopis 
fed at the bottom it produces horizontal 
polarization, and if fed on the side it will 
have vertical polarization. The geometrical 
form of the loop, square, diamond or 
circular, does not mean that the (broadside) 
radiation has a possible combination of 
both horizontal and vertical polarization or 
circular polarization. Tais seems to be & 
‘common misconception inamateur circles 
The linear polarization properties intro- 
duced above can be veritied easily experi- 
mentally. It should be further noted that 
there are no noticeable differences in the 
radiating properties or impedance of a loop 
wavelength circumference whether itbe 
of the circle, diamond or square configura- 
tion, 


‘Angle of Radiation for a Horizontally 
Polarized Quad Antenna 

Placement of an antenna above 
condueting ground will alter its free-space 
radiation pattern, positioning the mi 
‘mum ofits main lobe at possibly anewangle 
with respect to a horizontal reference line, 
‘The angular position of this main lobe is 
called the angle of radiation. The angle of 
radiation of an antenna is a function of its, 
height above the conducting ground and its 
polarization, Given the height and the 
polarization, the angle of radiation can be 
determined by using the concept of the 

tenna’s virtual image or ray theory and 
reflection of the wave by the ground. 

‘The following conclusions can now be 
drawn 
‘The angle of radiation of a horizonrally 
jlarized quad antenna, at a given boom 
ight, is essentially the sanre as that of a 
horizontally polarized Yagi at the same 
boom 

This must be so because the boundary 
conditions imposed upon the electromag- 
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fig. 2 — Veriealplane radiation pater fora 
horizontally polarized quid or Yagi array above 
peril conducting ground 


netic wave at the surface of ground are 
completely insensitive to the fact that the 
wave is produced by a quad antenna as 
opposed to the wave produced by a Yagi 
antenna 

Typical patterns of a quad or Yagi 
antenna placed at a height of 1/2. of TA 
above a perfect ground are shown in Fig.2 
atA and B, 


Gain Comparisons of the Quad Antenna 
with the Yagi Antenna 

‘The gain of a quad array (of given boom 
Jength) seems to be somewhat higher than 
that of @ Yagi array of the same boom 
length. This gain difference can be ex- 
plained by considering the theoretical work 
of Adachi and Mushiake of Tohoku 
University in Japan. In 1952 and 1957 they 
published two papers which discussed the 
current distribution, impedance, and 
radiating properties of loops of large 
circumference. 

Fig. 3 shows the gain of asingle loop asa 
function of wavelength and wire diameter. 
Fig. 4 shows the variation of reactance and 
radiation resistance for asingle loop. Please 
note the dependence upon the eircumfer- 
ence-to-wire-diameter ratio in these two 
figures. They showed that the broadside 
gain ofasingleloop 1A incireumference was 
approximately 2 dB above that of a hall- 
wave dipole. ‘This result implies that a 
parasiticarray ofloopelementsshould have 
the same gainadvantage when compared to 
a Yagi array of comparable boom length, 

“This eain differential for the quad array 
does appear and ean be verified experimen 
tally, Fig, $ demonstrates this comparison, 
‘The points on the figure were obtained as 
follows: For the antenna under considera 
tion Eand H plane patterns were made. The 
sain was then calculated usingthe Band H- 
lane halfpower beam widths of these 
radiation patterns and the formula dis 
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Fig. — On-anis gain ofa single loop 98 2 
Tuncion of oon eitcumterence. (From “Studies 
of Large Cireuar Loop Antennas" by 8, Adachi 
find ¥ tushiake Sei Ap. Ritu, B-[Elect 
Comm vol 8, no. 2, Tohoku Uni, Senda 
Japan 1837) 


cussed above, This gain and the boom 
length of the antenna wore then used to 
doterminea point on the grapk given in Fig. 
5, where gainand boomlength representthe 
parameters under consideration. The date 
points for many, many antennas, both quad 
and Yagi, were then placed onthe graphand 
‘a smooth curve representing an average for 
tach type of antenna was then drawn, 

The expected gain difference of GB does 
indeed appear in favor ofthe quad antenna. 
‘This gain differential is essentially that 
predicted by the results of the Japanese 
‘workers cited above. 

‘The measurements used to obtain the 
above gain comparisons were performed at 
440 MHz. A measuring frequency of 440 


Fig. 4 — Reactance and radiation resistance of 
4 stage loon vorsus creumlorence. Nole 10's 2 
‘ensure ofthe ratio of loop ecurforence to 
irre ameter {1 2in 8a/p who 3 = loop 
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Fig, — Qua ana Yael array gan 28a tuetion of boom length. 
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Tablet 


‘Quad Dimensions 

2-element Quac (WeHTH) 

‘Spacing (given below) 

‘Boom length (given below) 

Band “om 20M 1M 10m 

Retloctor yaatistvain, — TaNAin, aa nain. 2517in 

Driven Element aon sT-¥2in,— 7OH2In arnain aatirin 

Spacing son isn ton Bnei. 

Boomiength 304 a3 fon eisin 

Feod method Diracy with 29 tt Direey with 11 Directly with7M Directly with sf 
OFRG-H then Tin RG-ti,then B-1/2In.AG-T1, Bin. AG-11, then 
fry length AIG-@ any length AG-8 | thananyfongth—anylength AGB 
cone cone RG-s coax cone 

(Note mat spider or bomless quad arrangement could be used for he 1/15/20 meter parts ofthe 

‘above dimensions yielding a ripanc antenna) 

<£lerent Quad” (WAAIW [20] JWOHTH"* JKOKKU/KOEZH/WEFXE) 

‘Spacing: equa: 10 

Boom eng 30m 

Bang zou ism wom 
Prone ow 

Fetlector TaRT2in. 72NSIn. sonein a 1t8-1/2%n, 

Driven Elament 7onsIn arian 3416.12, 

Director s9ntin aentsin aan 74m, 

Director? fontin, —— 6aRtIn ienats S371 

Feed Wenod Directly with Direct with Directiy with 
‘so-ahm coax. SOonmecsx SBI AGH1, then 

any lengths 


“Common boom used io forma trband array. 
“Tha Delamont 4O-meter quad given sbove sade 


‘element Quad (WOHTH/KADYZ"/KAYIB-7W7EPA") 
‘Spacing: ecual, 1314 i 
‘Boom length: 40 


to orm afour-band quad array. 


Band 20m 15m 10m 
Refloctor 72ksin, 4s ttain 35 88-1/2%n, 
Diver gloment —70reSin a7notn, Banevaine 
Director! O31 in 4ontin. (Cirectore 13.0 
Director? ear tin aetutin S3n7 in” 
Feedmethad rectly with Directiywitn 7" Dirac with 
Sonmeoa Bin AG-ti,then ery S0-ohm co 


oh 


‘so-ohmeose, 


“Forth 10-meter band ine driven element is piaed between he 20/15 reflector and 20/18 driven 
‘loment. The TO-mete relleetor placed on the same trae cee 20/1S eter reflectors andthe 


‘remaining To-meter dirctors are paced on thereat 
then a Salenont quad, 


‘clement Quad (WoYDM, WTUMI) 
Spacing: equal: 12% 
Boom engin: 601 


Band: 204 
Refiator ee L2in 

Driven Element Tom win 

Directors! 2and3 68H Tin, 

Directors SON din 

Feed Mattod Directly with 0-ohm coax 
11103088 m 


ining 20 5-mete frames, The 10-eter portion 


MHz was chosen so that 1 cm (at this 
frequency) is equivalent to I foot of 
‘measurement at 14 MHz. Hence, to relate 
these results directly to the 20-meter 
amateur band, boom length inem fromthe 
‘curvecan bereadasboomlengthin fee. For 
example, the gain of a quad on a 40-foot 
(12.19-m) boom should be slightly more 
than 1 dB above a quad on a 25-foot (7.62- 
m) boom. Comparison of the signals from 
these two antennasatareceivingstation will 
‘not reveal much difference; however, in the 
‘DX pile-upsthelongerantennashould have 
a slight advantage. Another interesting 
interpretation of these results isto note that 
a quad on a 30-foot (9.14-m) boom is 
‘equivalent to & Yagi on a 55-foot (16.76-m) 
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boom. Hence the boom of a Yagi antenna 
‘must be about 1.8 times longer than the 
boom ofa quad in order forthe twogainsto 
be comparable. 


Impedance Properties and Matching 

‘The driving-point impedance of a quad 
antenna depends upon the element spacing 
‘and number of elements. For 2-element 
{quad antennas the results of Bill Orr in his 
‘Quad Antenna handbook can be used to 
determine the driving-point impedance. 
For multiclement quads (3 or more 
elements} the impedance will range from 
40 to 60 ohms. Matching of these multi- 
clement quads is most easily done by direct 
feed with a 50-ohm coaxial line, A I:] 
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Fig. 6 A Shape factor as ¢ function ofthe top 
‘lrcumforence to wite dlameter rt. Loop’ 
resonant langlh correction factor” versus shape 
{actor (Circled values obianed from S. Adachi, 
and ¥. Mushioke, “Studies of Large Cieular 
{Loop antennas” Sei Rep. Ait, Be(Eoct. 
Comm! vol 9, no. 2, Tohoku Uni, Sept 1957.) 


balun can be used but experimental results 
show that it does not give performance any 
better than that obtained with direct feed. 
‘A gamma match can be used to obtain an 
‘exact match to any chosen coaxial ine. For 
details of using a gamma mateh on a quad 
antenna see Bill Or’s Quad Antenna 
handbook. 

Hf a single boom is used to construct a 
multiband quad antenna, then it is 
recommended that a separate feed line to 
cach driven element be used. 


Approximate Formulas for Quad 
‘Antenna Element Lengths 


‘The multielement quad antenna gained 
its first real popularity following the work 


of Lee Bergren, WOAIW, in the early 
1960s. He published the results of his work 
in QST in 1963. Many experimentalist: 
have used his dimensions for antennas in 
the 20-meter amateur band and havescaled 
‘them to other bands. Based upon Bergren's 
work and others the following empirical 
formulas ean be used to determine the 
clement lengths of a quad antenna 


Circumference of _ 1005 


driven element ~ fas 
Circumference of _ 1030 fage 
reflector element ~ finn, 
Circumference of _ 975 
director elements ~ Toa 


These results should only be used for 
quad antennas operating below 30 MHz. 
It is interesting to note that for quad 
antennas the reflector and directors 
are only 2-1/2 to 3 percent different 
im length from the driven element. This 
is smaller change than that normally 
encountered in Yagi arrays 

‘The above figures should not be used for 
vhf or uhf quad antennas, At these higher 
frequencies the circumference-to-wire- 
diameter ratio becomes small enough that 
its effect upon the resonant properties of 
the loop must be considered. Here again, 
the results of Adachi and Mushiake are 
useful and the effects of wire size on the 
resonant length of the loop can be taken 
into account. These results are given in 
‘graphical form in Fig. 6 where, based upon 
the cireumference-to-wire-diameter ratio, 
f circumference correction factor can be 
‘obtained, Once the correct size of the 
deiven element is determined (using the 
results of Fig. 6) a quad antenna ean be 
designed by making the reflector approxi 
mately 3 percent longer and the directors 3 
percent shorter. 

“The above results can be used to obtain 
workable dimensions but, just as with 
approximate formulas for Yagi antenna 
element lengths, the “best” dimensions 
would have to be determined experi- 
mentally by tuning the array. 


A Collection of Quad and Yagi Patterns 
land Dimensions: E and H Plane 
Patterns for Quad and Yagi Arrays 

‘The previous section referred to a group 
of experimental tests, where a series of 
‘model antennas were constructed and the E 
and H plane patterns obtained. 

It should be noted that these patterns 
hhave direct interpretation in light of the 20- 
meter band. Recall that the experiments 
were performed at 440 MHz, where 
dimensions for boom length, element size, 
and spacing in emare directly equivalentto 
dimensions in feet for the 20-meter band, 
For example, the patterns for a 440-MHz, 
S-element Yagi on a 55-cm boom can also 
be taken as the pattern for a 14MHz, 5- 
clement Yagi on a 55-foot boom. 

Perusal of these patterns will give a 


2-ELEMENT CUBICAL QUAD ‘S-ELEMENT YAGI 
‘8~cm BOOM 20-em BOOM 
440 mus 435 MH 
tab 8) 


Fig. 7 — € and M plane racaton patterns for (A) 2-olement quad antenna end (8) 3-clement Yet 


4-ELEWENT CUBICAL QUAD S-ELEMENT YAGI 


‘30cm BOOM ‘55cm BOOM 
aaNet 985 Mi 
ry ic) 


Fig. 8 wnt quad antenna and (8) S-olement Yagi 


and H pare radiation pattern fr (A) 


(6- ELEMENT CUBICAL QUAD ‘7-ELEMENT YAGI 


‘60-cm BOOM ‘80-em 800M 
‘a0 MH ‘380 ues 
ial ‘te 


Fig. radiation patterns for (A) G-lement quad antenna and (8) 7-element Yagi 


and H pla 
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visual means of comparing the quad and 
Yagi arrays. It is interesting to note the 
dependence of gain and pattern beam 
‘width upon array boom length. Without 
further comment, typical patterns for both 
types of antennas are given in Figs. 7 
through 9. 


‘A Tabulation of Dimensions of Working 
‘Arrays 

Presented in tabular form are a few 
representative dimensions for both quad 
‘and Yagi antennas, These are dimensions 
presently in use by a number of amateurs. 
Most of the Yagi dimensions are due to 
‘amateurs across the country who sent their 
‘dimensions to Me, Hal Wolff or the author 
to be modeled on the antenna range at the 
University of Denver, The quad dimen- 
sions also are those now in use by anumber 
fof amateurs in this country and abroad, It 
should be noted that most of these 
jensions, and the resulting model 
antennas, provided the necessary data used 
inthe previous section to compare the quad 
‘and Yagi, Where known, either the usca(s) 
oo the originator of a set of dimensions is 
indicated. The first set of dimensions is for 
(quad antennas, the second set for Yagi 
antennas. 


‘Summary 

‘A comparison between the quad and 
Yagi antennas, on the basis of gain, has 
been given, this comparison being based 
‘upon both theoretical and experimental 
results. The results indicate that if both 
antennas have the same boom length the 
gain of the quad array will be about 2 dB 
higher than that of the Yagi. For either 
antenna, gain is a function of boom length 
and will increase approximately 2.5 dB 
each time the boom length is doubled 
Henee, a2-dB gain advantage is equivalent 
to a boom-length advantage of 1.8. In 
other words, for the quad and Yagi arrays 
to have comparable gain, the boom length 
of the Yagi antenna must be 1.8 times 
longer than that of the quad. 

The size of the wire used for the loop 
clement (relative to the loop circumfer- 
ence) will have an influence upon the 
resonance and radiating properties of the 
loop. The influence of this shape factor — 
, the ratio of loop circumference to wire 
liameter — ean be accounted for by using 
the referenced results of Adache and 
Mushiake, 

In conclusion, it might be stated that one 
type of antenna (quad or Yagi) is not 
necessarily better than the other. The 
‘choice between a quad or Yagi array will 
depend critically upon many factors. For 
‘example, if single-band operation is of 
main importance and the geographical 
area where the antenna is to be used does 
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YaglDimensions 
‘eloment Yagi WESAR) 
Boomlength: 2411 


Bang 2004 
torent 
engi Spacing 
Rolector —_4{t10-8/4in. R—DE 
“ano-v2in 
DrivenElement 3342-1/2In. DED: 
Yone-v2in 
Director 31h 172in. 
3-0lomentYagi(WeOKC) 
Boomlength 26% 
Band: 20k 
elemant 
Congth Spacing 
Rellecor sft Gin, DEST 
Drivertlement 33M sin. DE-D:12ft 
Director att in 


‘element eg WECM formeriy WOAY) 


Boorlengt: S0f 
‘Sand: 20Mt 

Etoment 

Longin Spacing 
Reflector 5H 41/2In. R-DE:I34t 
DrvenElement Soft 21/2in. DE—D:171 
Director Sift t0in 
Faechletrod Foleaddlipale 
‘olomont Ya (KOKKLU) 
Boomlangih 30" 
Band:2oM 

torent 

Tongth ——Spaciog 
Relioctor 5 Gin. _allelomente 
DrivenEloment 3311 din. equallyspaced) 
Directors gH 872m, 
Director? Su in 


Sand:20M 
torent 
Length 
Rellector —5ft a/2In, 
DrivenEloment 33H #1/2in. equsllyspaced) 
Direetort Sut 8-/2in 
Director? Nt S1/2in, 


‘element Yag(xeviz) 


Boomlongth:328 
Bang-200 

rement 

Length Spacing 
Reflector 36tt Gin. R—DE 10H 
DrivenElement 3211 6in, — DE—O3-10% 
Dreetort "Singin B1—D2IRH 
Director? HH Tin. 
‘element yagi W20KC) 
Boomlangih: 36M 
Bane zou 

Etemant 

engin Spacing 
Retector sit gin. R-DE TAN 
DrwenElement ft sin, DE—D1:1018in, 
Director S14 B-1/2in, DID2-1T hain 
Director? SMM Tin 
‘element Yap} 
Boom length don 
sna2and 

Element 

Length Spacing 
Relactor 6th in,R-DEN TAME 
BrivenElement S3ft din, DEDI:t2ht 
Director 3iHt7in, OT D2TaR 
Diector? = a1M1 On 
S-olomont Yagi WASZZK) 
Boomlengts 40m 
Band:20M 

Eloment 

Length Spacing 
Reliector at 10in,-R-DEION 
DevenElement 33M tin’ OE—Dr9t 
Director! 2M Gin, DI —DeOHGIn, 
Director 2th Zin, D2—DIHOMGIn 
Directora S410, 
‘element Yagh 
Boomlergth 46m 
and:20M 

tement 

Length Spacing 
Reflector tt 7-/4in, 
DrivenEloment 34ft 53/8in. (Alleloments 
Director 33th ain. equaliyspaces 
Director? STH Sain, attHftGin} 
Duectors 50H #./2in. 


rot have high-wind problems, the best and 
simplest choice would be a long-boom Yagi 
antenna, If multiband operation is desiced, 
‘r if wind problems were to limit the length 
of the boom to some nominal value, then 
the quad antenna would be a good choice. 


Likewise, the choice of available mate- 
rials in your locale, and the acceptance 
of the appearance of the antenna by 
‘your neighbors or family, constitute other 
determining factors, The best approach 
is to survey your requirements and 


{oman Yag(KBEVR) 
‘Scomlength: 61 


and 208 

Eloment 

Length Spacing 
Reflector 5H din-R-DETON 
DrivenElement 3311 5in, —DE-DI-10R 
Director! att gin. = BI —Dtett 
Director? SIM Bin. D2—Da:I2H 
Directors 31M Bin 
S-olomentYagi(WBPWH) 
Boomlength- S20 
Bang 20m 

Element 

engin” Spacing 
Reflector 95H tin R-DEI3H0in 
Drvensiement 3311 41/2in, DE~O1:70R5in 
Director 32H Yin.” OT DEAS DIN, 
Director? 31M Zin” 2—D9:13470In, 
Directors 80H Bin, 
‘-lement Yagi (WEEX, formerly W4DOH) 
Beomiengih's3i 
Band 20M 

Etoment 

Length Spacing 
Reflector 25H Gin. -—-R-DE=t9Nin, 
DrvenSiement 33H din. DE~DI:TI HEIN 
Director) 22H Sin. BI beta 
Direstor2 gait In. 2—DSHEH 
Director) BH Min 


element Yao (WEAR, ormerty WEITA) 


Boom iongth:s5t 
Bard 2008 

Etoment 

Length Spacing 
Reflector 4th Sin. DESI NDIn 
Drientloment 39 Tin 
Birectort 31f Hin. (Alielements 
Director? 311 -1/3in, equallyspaced) 
Directors 31M Bin 
element Yagi 
Boomlangin tt 
Sand!20M 

toment 

engin Spacing 
elector asf Sin 
Drivenlement 34H 5-1/2in. (Allelements 
Dicctor! 32M Tin. Squallyspaced 
Director? 32H Sim, tbH3/8In} 
Duectors 31M $-1/2n 
Divectors 31M 172in, 


S-element Yagi (W8OKC) 
Boom engi 46tt 


Band:20ne 
erent 
Length Spacing 
Rellector 358 Ain, R-DETON 
Drvenéiement 33n 4in. — DE-Or-8nt 
Sin tn, D108: 
Bin 372i 2—DSaK6in 
Sit 12in.” os—peen6in, 
Son tin 
S-clementYag(W6OKC) 
Boomiengin:73t 
Band:20¥ 
Element 
ongth Spacing 
Reflector SH Sin. R—DE-t6NGIn 
Drivorloment sft din. DE-DeBMin 
Director 31h -¥/2in, Diba v4H 
Director? SIM 2¥/2in. 02 —DB:17H6in 
Directors «30M iin.” 3 —De-21K 
Director rt in, 
element Yagi(WeHAW) 
Boomiangtn:eott 
‘Band:2084 
torment 
Length Spacing 
Rolector 3511 Sin. ROE TAR 
DrienEloment Sift din. DESDE Tt 
Director! 318i. 01-02 72h 
Duecter? Nain, D2—oa Ta 
Directors «208i. OS —Datatt 
Dwectors — gomtsin. © D—OS:t6h 
Dwectors 301 Bin, 
‘8-olemontYagi(WAGEKD) 
‘Boom engin: 00% 
‘and:20n4 
lament 
engin Spacing 
Retlector 3411 Gin. Alletements 
DrvenElomant Sot Sin. equallyspaced 
Director S2it2in.—stvattain). 
Director? 31m 11-/4in 
Directors S11 9.7m. 
Direciord S18 Bin 
Directors 314 2in 
Directors 80H 11-3/4in 


environmental restrictions, make your 
‘choice and proceed accordingly. 
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Univer. Set Rept Rite, BiEles Comman 013, 
September 1952, 

“Element pacing of 0.10 10.28 being considered. 

Bergen, “Matelement Quads” OST. May 196) 

At the time these tests were performed (1962-50) the 
uthor washed of the Antenna Laboratory, Denver 
Research Institue, Univesity of Denier. Mt Hal 
‘Wai waste research ecrican ath fc 


ssh, Antenne Enering Handbook New York: Me- 
‘Grae 86h pp. 16a. 

Lindy," tei Toop antenna with non-aniform 
fuetentdsibution?” RE Tren. Anta Pro 
pore (Commaiaiont} val APS,pp-A3948), 
Sy 1960 

Lindsy, A parasicendfie ara of stsla loop 
“cement” IEEE Troms Antenna and Propagation 
(Commnuneation) vo. AP-15, No, pp. 1-38, 
Sept 167. 
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A Triband One-Loop Cubical Quad Element 


Why not trade gain for economy and structural reliability? This three-band “DX 
Getter” consists of a single quad loop. It will stay aloft in high winds and won't look 
like an ugly monster to those who dwell nearby. 


Toe snug ot «count oa 
Riera ees 
weratieabte matter 
vg tana ang 


"Piciin, “A. New Principle in TworBand Rotary 
‘eam Design." QS. October 19 
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eine 12.00 


Fig. 10—Singleoop band cubeal-quad 
‘omen Metre dmensione are shown: approx: 
inate Englsr-untaimentton 

parentheses Frequoneies shown for C103 an 
Eat are those to which these erate are tuned 


‘whon disconnected trom the loop. 

C1 Sepr. 

C240 pF 

U1 TeuIns, No. 12, 38-mm (%-1/24neh) 
‘ameter, space wound 9 18mm (5/-inch) 
iength 

2 
tongtn 

13 tues, No. 12, 98-nm (1-41/2och) 
‘diameter, pace wound to 10-mm (9/8 inch) 
feng. 


turns, No, 12, 38mm (1-1/2) aa 
jae wound Yo.18 mn {11/16-n<h) 


‘have only the desired resonanc 
‘that was builtis shortened only 


‘operating frequency. It is full size at the 
middle operating frequency and much 


longer at the highest operating frequency. 


In addition, no heavy blocking tuned 


circuits are used near the element ends, 


With Cl giving 20-meter resonance 


depends mainly on the total element length 
and Li, Fifleen-meter resonance is con- 
trolled principally by C] and L2.Ten-meter 
resonanceis determined by C2and L2. Once 
the antenna is constructed, it may be fine- 
tuned oneach band by varyingtheconstants 
that control the resonant frequencies, After 
the quad was tuned up, theauthor found the 
SWR on cach band to be very satisfactory. 
On 20 meters, the antenna resonated at 
1415 MHz with a resulting SWR of 
approximately 1:1. With a 15-meter 
resonance at 21.3 MHz, an SWR of 13:1 
‘was measured. On IO meters,28.6 MHzwas 
selected as the resonant frequency. The 
resulting SWR at resonance on this band 
was 15:1. The phase relationship of the 
fields in L1 and L2 varies from band to 
band so that too much direct coupling 
between these coils should be avoided. 

‘Although the author used copper wire to 
‘make the loop element, you may desire to 
use aluminum tubing. The actual construc- 
onal details are left to the builder. The 
‘materials used and the methods of support- 
ing the antenna are limited only by your 
imagination. Thetechniquesemployed may 
bbeas simple or as sophisticated as you may 
desire. DJ2UT used short pieces of coaxial 
cable as capacitors and placed them inside 
the tubing which he used for the element. 
‘The coils and inner capacitor ends were 
sealed and molded in resin. Ffteen-and 10- 
meter resonances are obtained by shifting 
‘copper rings over the ends of LI and L2. 
This can be done without affecting the 
sealed coils in any way. 

‘The author concluded this antenna to 
be rather efficient based on observations 
that the tuning network does not become 
warm and 2 low SWR has been measured 
across each of the three bands. This writer 
wishes to thank OM Sommer, DJ2UT, and 
his co-workers for the very considerable 
amount of work carried out, and the many 
practical ideas which have made successful 
antennas with the triband principle 
possible. This material was originally 
presented in QST by Hans F. Ruckert, 
VK2AOU. 


Department of Communications and the Arts ‘October 2017 


Figure 1—Outline of the relationship between the technical requirements of 5G and expected services and 
applications it will deliver 


Enhanced mobile broadband 


Improved user experience 
100 Mbps connections, >1 Gbps peak data 


3D and 4k video 


Mass connectivity Moss cloud computing 
1 million connections/km? 
“Augmented reality and 


virtual reality 
Industry applications 


‘Smart cities ‘Autonomous vehicles 


Missionentical___Ultra-low latency 


‘application ‘<1 millisecond 
Lower power, lower costs High reliability 
10 year battery life 99.999% for mission critical 
communications 
Massive machine type Critical 
communications communications 


‘Source: Based on figure 2 from the ITU paper, ‘IMT Vision—Framework and overall objectives of the future 
development of IMT for 2020 and beyand." 


www communications, gov.au 
‘5G—Enabling the future economy wwwarts gov. Page S of 12 


www classification.gov.au 


A 2-Element, 15-Meter Quad for the Novice 


Why not build this 2-element quad for 15 meters? It is easy to construct, 
inexpensive and in many ways quite novel. 


Novis i tre ae 
antennas, the author decided on an 
‘optimum-spaced, 2lement _monoband 
quad. The standard formulas were used for 
sides and spacing, and the antenna is fed 
with 50-ohm cable through a quarter-wave 
“Q" section of 75-ohm coax cut to the 
standard formula. The reflector has a 
‘tuning stub. 

‘The driven element grid-dips at 21,150 
kHzand the reflector wastuned by usingthe 
‘grid-dip oscillator asasignal generator. The 
id-dip meter was placed in a neighbor's 
home. Then, the back of the quad was 

med at the dip meter, and the reflector 
was tuned for the lowest indication on the 
S-meter, 

(One of the checks made on the antenna 
was with VESXH, in Swift Current, SK. 
Doug gave the following information: The 
quad has 2 S-units gain over my 1/4-wave 
groundplane which was at the same height. 
‘Strength off the front was $9 and totherear 
was $2, indicating a good front-to-back 
ratio, Because the constructional detailsare 
rather novel, theauthor felt that otherhams 
‘might be interested in how this antenna was 
built. 

Construction 

‘The author used I-1/4-inch (32-mm) TV 

stee! mast pipe, 10 feet (3 m) long, for the 


boom. Also, 10-foot lengths of TV mast 
sections, but aluminum, are used for the 


‘The completed quad onthe tower. For tune-up, 
the qued was temporally mounted onthe ga 
root 


SLES SN 


a 


FReveNT ROTATION 


Poiasim 


BP BSE rvcoax 


Fig. 11 —Detaited rawing of 
oft spree 
tubing ang the pl 


ewater pipe 


spreaders, However, 10-foot longspreaders 
arenotlongenoughfora 15-meter quad; 20- 
foot(6.I-m)lengthsarerequired. Inorderto 
obtain the required length, 20-foot lengths 
of one-inch (25 mm) diameter, ridged 
plastic water pipe were run completely 
through the 10-foot aluminum pipe 
sections. Pieces of rubber hose were used as 
shims between the aluminum pipe and the 
plastic pipe and these were taped where the 
plastic pipe emerges from the aluminum, 

‘The plastic water pipe comes in 20-foot 
lengths, 80 fect (24.4 m) beingrequired. This 
pipe was purchased from a local plumbing 
and lighting outlet; the cost was $10 forthe 
80 feet. Is ridged plastic, but is notstrong 
‘enough to support itself; so the aluminum 
‘mast pipe is used for the center portion of 
the spreaders. 

‘The spreaders are clamped to the boom. 
with standard U bolts, and one spreader in 
each element is pinned to the boom with a 
5/lG+inch (8 mm) cotter key. Additionally, 


quad. The cotter pin and cross-r 
al soetions of split water hose are used for shims between th 


re oni 


to prevent siting 
umn 


apiece of one-inch (25 mm) conduit is used 
ineach element asacross-brace, to hold the 
correct angle between the spreaders. 

‘The formulas and element lengths for 
21,150 kHzare as follows 

Driven element 


1005 
F(MH) 


Reflector 


7 feet, 6 inches (14.48 m) 


FATIG = 48 feet, 8 inches (14.83 m) 


Boom spacing 


5 ae © 
0.2 wavelength =02% T7yrA 


9 fet, 3 inches (2.84 m) 
75-ohm matching section 


26XV _ _162.4 
T (MH) ~ T ME 


= 7 feet, 8 inches 
234m) 
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Fig, 12— Side view, showing the mounting plate, © matching section, and coax feea 


The author used no. 14 soft-drawa 
enameled wire for loops and they were 
secured to the plastic pipe with double- 
iutted eye bolts. The reflector tuning stub 
‘was made from no. I2copperweld wire. The 
total length of my stub is 36inches (0.91 m), 


and after tuning, the shorting bar ended up 
approximately 10inches (254mm) fromthe 
loop. 

‘The SWR showed almostaperfect match 
across the entire band. Since the quad was 
put up, theauthor has workedall continents 


A Practical 40-Meter Quad 


Ossie prc roms 
cate etter 
iy ine tennant 
Se et ee 
Se a 
rE gee ge alee, 

Se as x Fel Day 
night. Success on the higher frequency 
leer neepcer 


62 Chapter 3 


tree and loading it witha couplerjust won't 
“cut the mustard” anymore. Gain and 
<irectivity intothe dense populationareasis 

ie goal. However, the antenna must be 
imple to construct, easy to tune, and 
moderately stable against the wrath of 
Murphy and Mother Nature. 

Our club decided to try a 2-element full- 
sized cubical quad for 40 meters. The 
immediate reaction within the more 
‘conservative ranks of our club was, "A 40- 
meter quad? Tel never work — the first 
breeze will knock it down!” With these 
‘objections in mind, we went ahead with our 
plans. Our location was approximately 
rectangular in shape, 60 feet wide, 500 feet 
Jong (18% 152 m) and above the rest of the 
terrain. Of course, it just happened to be 
cone of the highest locations in Winnebago 
County, TL! 

‘The sketch illustrates the basic construc 


A et 


Fig, 13— The erose-boom 
‘5/8: (10mm) aluminum plate. Orcinary TV 
Ubotte are ured tosecureit tothe Boom and 


ser.ecron <r mt 


Fig. 14— The elector tuning stub is 36 inch 
(0:51 tong. The shorting bar, ashor proce of 
lire te same size as used in tha stub was 
“approximately 10 inches {254 mm) fom the 
Inulator whon aajusted for maxim Hemtto- 
Sok aio! Spang baton wren cl he st 

of he order of afew inches; this spacing 
‘Brot erica sine the stub lengths adjusted by 
the sharing tubin the tune-up procedure, 


‘and 35 countries on the Novice band. 
Stateside contacts always run S8to S9, The 
total cost of the antenna was $28 atthe time 
the system was built, This material was 
originally presented in QST by John 
Daebellichn, WA9BIC. 


tion of the quad. Dimensions were estimat- 
ced using the formula 


26 
teed) FM 

where Lis the length of one side of the 
aiamond 

“The parasitic element was constructed as 
a reflector using anextra longstub. Asmmall 
felay shorts out the stub, thus converting 
the parasitic element from a reflector toa 
director (see Fig. 15). 

“The resonant frequency of the driven 
coments 7150 kHz, the middleof the band. 
‘The distance Lfor the driven element is 34 
feet 8 inches (10.57 m). The parasitic ele 
mentditmensionis Spercentsmallerthanthe 
driven element, The stub is constructed so 
that the total circumference ofthe parasitic 
tlement with stub in the line iv $ percent 
{greater than the driven element. [forthe 


Fig. 15—A simple relay arrangement is used to 
Short out the stuband enange the patter ofthe 
antenna from one dracon to another A smal 
Blasticbag prow weathorprooting inthe event 
Fins. (Doesn't always?) 


director is 33 feet (10.06 m). The stub 
length is 6 feet 9 inches (2.06 m). Eight-inch 
(203-mm) plastic spacers are placed 
‘between the two wires of the stub. 
Supporting the quad is very simple, The 
smast is 50 feet (15.24 m) high, and guyed 
with nylon ropes. The boom is constructed 
from two telescoping sections of electrical 


‘conduit and is 18 feet (5.49 m) long, The 
‘elements are made from no. 14 stranded 
wire. The driven elements fed directly with 
RG-58/U coaxial cable. Location of the 
stub short is determined by the point of 
maximum front-to-back ratio, The boom- 
to-mast construction utilizes the support 
base froma Ham-M rotator. Allittakesisa 
couple of U bolts and the boom-to-mast 
assembly is complete (see Fig. 16). The wire 
is strung from the end of the boom and is 
supported byasmallpiece ofnylonropeand 
an egg insulator. 


Results 

Orientation for the quad was east and 
west. Favoring the eastern direction wasthe 
driven element/ reflector combination, 
whereas the driven clement /director 
combination was broadside to the western 
rection. A local amateur, approximately 
5 miles (8 km) west of the Field Day site, 
assisted in tuning the quad for maximum 
front-to-back ratio. The end result was 
approximately 25 dB, 

Results were a tremendous surprise! The 
antenna worked just as planned. The class 
of entry for simultancous operation of two 
transmitters was used. One transmitter 
‘operated on 20 and 80 meters; the second 
transmitter was set up for [Sand 40 meters. 
Our club, W9AXD/9, scored third place in 
the two-transmitter class, Ourbiggesttotals 
came from 40 meters — 693 contacts, over 
‘one third of our total number. For the first 
four hours of the contest the antenna was 
aimed east, A rate of 90 contacts per hour 
prevailed for five solid hours, From that 
point on it was asteady decline aftera sharp 
drop to about 45 contacts per hour. It was 
later surmised thatthe reason forthedropin 


Fig. 16 —The bottom section ofa CDE Ham-M 
rotor can be adapted to serve as & boom-to-mast 


contact rate was lack of activity and 
difficulty in finding stations that hadn't 
‘been worked before. The East Coast QRM 
was drastically reduced by changing the 
switch from “cast” to “west.” By midmorn- 
ing we were surprised to find only a dozen 
WS stations listed in the log. The antenna 
may not have been too effective in the 
southern direction. 

‘There isno reason why this arrangement 
could not be used for DX operating, The 
antenna could be positioned just under- 
‘neatha bean for the higher frequency bands 
with the peak of the diamond supported 
froma boom placed through thetopsection 
of the tower. 

Tais material was originally presented in 
OST by Peter H. Grillo, WERTT 


Build This C-T Quad Beam for Reduced Size 


This quad-beam antenna, while smaller in size than a conventional quad, performs 
like a veteran. The trade secret is to use Capacitive tuning. 


ie aoc 


replacing a portion of the antenna with a 
capacitive body and adding an inductor to 
restore thesystemtoresonance. Itseemsless 
well-known thatthe full-wave loopantenna 
also may be reduced in physical size while 
holding the resonant frequency of the 
system constant by adding capacitance at 
the voltage Loops. No inductors are needed. 
The capacitance may be added byany ofthe 
methods shown in Fig, 18. 

The outside dimensions of the C-T loop 
may be anything chosen by the builder with 
the larger limit being the full-size, ful-wave 
oop. The limit on the amount of size 


reduction ffectively attainable depends 
both upon the cleetrical resistance in the 
circuit and upon the tendency in loop 
antennas for the current to become equal at 
all points in the circuit when the loop 
becomes very small in proportion to the 
free-space wavelength at the frequency 
under consideration. The geometrical 
shape of the loop is unimportant to basic 
‘operation provided that the capacitance is 
placed at or between the voltageloops. The 
bottom half of the chart in Fig. 21 showsthe 
effective dimensional range of theC-T loop, 
‘The top halfshows he tuningrangethatcan 
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[Awintersnaw sets the scene and accentuates the 
Siamonds of the C-T quad-beam antenna at 
wre. 


RS 


a 
i‘ 


Fg. 17 —The C-T quad design with arrows 
Indicating current flow or Beye. The centr 
‘capacitors located atthe minimum-curtent 
fmigrestvattace) poi mins oop Each sides 
fess than ¥4-wavelongh long, Soo text and Fig 
2 


be expected by using various methods of 
adding capacitance to the diamond quad. 
These dimensionsareintendedasguidelines 
only. 

‘The feedpoint resistance of the full-size, 
I-wavelength loop is about 100 ohms. The 
feedpoint resistance of the C-T loop 
decreases as itis made smaller but willoffer 
1 good mateh to 2 50-ohm coaxial line over 
theentireusable range sshowninthechart. 
A gamma mateh may be used if an exact 
‘match is desired. 

More than one C-T loop may be used to 
form the C-T quad beam. A parasitic 
reflector was used in this installation 
because of the higher radiation resistance 
attainable while maintaining good gain. 
Maintainingthe radiation resistance ashigh 
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Fig, 18— Methods of adding capactiance tothe C-T loop are shown 
‘ies 


placedtes closely to the cet 
food ofthe center-back wire 


nos, Nay 


In Fig. 180 ihe center-back 


mo ineoctve. 124neh (0.3080) 


Capacitance is needed nFig. 180, the capacitance ated by the center cross wires varies with Both the 


fongth of wir and spacing between mies. 


fas possible is particularly important in 
small beams, both to keep efficiency high 
and to prevent the bandwidth from 
becoming too narrow. 


‘Tuning and Mounting 
‘Theuseofagrid-dipmeterto attain initial 
‘band resonance is very helpful. By using a 


‘grid-dip oscillator, this beam was tuned 
initially withthe driven element to resonate 
‘at the center of the band of interest. The 
reflector was then tuned to resonate at a 
frequency three percent lower than the 
riven clement. Final adjustments were 
made using a test oscillator located about 
1000 feet (300m) away asa reference signal. 


gue 


Fg. 19 — Dimensions for the 40-mater C-7 
1 are shown above. For the 2alement boar 


‘nches (889 m) forthe efector. ane 8 Test, 11 
‘ehies (3.02 m) forthe driven sioment. 


[Beat 


Fig, 20— A vertabie capacitors itustrates here, 
ean vsed'otune the Cor quad. The eight 
Ingh(208-r tubular portion fs made om 
Plastic water pipe. Tho ylndrical eapector 
ates are formed roma copper shoot. One pate 
Stic inside tm eight neh (203-mm tobe ans 
theater over the aulsde ofthe tube. Maximum 
‘capactane 


poraximatly 25 pF 


‘The director was tuned forlowestSWRand 
thereflector for best gain. I'you lacka gr 


dipper, initial resonance can be established 
by listening to your station receiver for a 
strong signal while making theadjustmen 


‘A dramatic increase in signal strength will 
‘be noticed at resonance. Tuning is accom- 
plished by shortening or lengthening the 
capacitance wires. 

Thesingle loop or beam may bemounted 
either horizontally or vertically forhorizon- 
talor vertical polarization, butineithercase 
it should be mounted as high above the 
aground as possible. Loop antennas operat- 
Ing close to ground will show a much higher 
feedpoint resistance than normal and wil 
waste considerable powerin groundheating 
effects. A rough guideline is to mount the 


Fig, 21—The char shown above, provicing 
imensional guialines for asingiaC-T loops 
bbasogon tne equation LF = wnera Lis he 
buts dimension in fet, isthe frequency in 
Tale, ond'© @ acoastant chosen for hese ol 
tha€-T loop tbe oonstrusted. Use ths largest 
‘ie possible forthe ben electrical rests. Th 
parletary rue when using C-Tloop eloments 
forma parastic beam. 

Tose theehar pick the largest C (up to= 
1005) feasibe for your application. Use bottom 
hhalfof he enart to see the C-T loop wil operate 
atthe dimensional iz rate 
tapi of the char to 

capacitance method. 


Tables 
Data for plotting SWR curve Information inthis 
{able s used for potting the SWR curve forthe 
4O-meter C+ quad beam, as described he txt 


Fraquoncy (MHz) SWR 
7800 407 
480 400 
7400, 408 
7350 233 
7300 tee 
125 178 
7200 to 
7200 aaa 
7180 525 
7300 Bos 


‘antenna so that the bottom point is at least 
half the loop diameter above the ground. 

‘The working 40-meter version of the C-T 
‘quad beam had a diamond configuration 
because of the greater mechanical strength 
and because of the longer center wire for 
tuning purposes. Final dimensions are 
shown in Fig. 19. A good quality center 
insulator should be used because ofthehigh 
voltages present a the center. 

‘tubular tuningeapacitorwas originally 
installed in the driven element and worked 
well until the kW power level was reached, 
It then promptly arced over, leaving a 
‘conductive carbon deposit. A version using 
2.ineh (S1-mm) plates as shown in Fig. 20 
adequately tuned the reflector even at the 
KW level for some time. The capacitors, as, 


shows, were nottried under wet conditions, 
bbutwould probably besaisfactoryat power 
levels upto 400 watts Forlong-termuse the 
method shown in Fig. ISD is prefered over 
plateto-plate eapacitors because the high 
Yoltages are handled more easily 

Because some dielectric heating was 
noticed in this capacitor, the wire-uned 
version was adopted. The wire version is 
recommended over the methods shown in 

18D and 186, any time the loop islarge 
enough to be tuned by no more than one 
doubled-back wire (as shown in Fig. 18C). 
“Tuning wires elisinate the capacitor with 
its beat loss and allow somewhat betict 
current distribution, Less center radiation 
occurs because of partial cancelingefectsin 
the doubled-back wires. It would be wise 
Initially to eut each center-back wire 12 
inches (0.31 m) longer than shown toallow 
tuning. Proning each center-back wire by | 
foot (304.8 m) increases the resonant 
frequency by roughly 100 kHz in the 40- 
meter version. No. 14 Copperweld wire was 
used throughout. 
Performance 

‘The antenna described performed up to 
expectations and has prompted many 
complimentary reports. The SWR curve 
information shown in Table 3 was attained 
using a 75-ohm coaxial feed line without 
‘any matching network. The SWR would be 
lower if a 50-ohm line or if @ matching 
network wereused, Forward signalstrength 
a compared to the strength to the rear 
showed @ maximum 30dB difference as 
‘measured by means ofthe receiver Smet. 
“Typical difference, as finally adjusted, was 
1248. 

The gain of the C-T quad over a 
comparable double Zepp (full wave on 40) 
‘was typically atleast one S unit beter when 
both antennas were at a height of 45 feet 
(13.7 m), The Zepp was better on very short 
Skip but the C-T quad consistently was 
favored on longer skip. Whenclevated 1065 
feet (19.8 m), the C-F quad gave outstand- 
ing results At this height, two. S-onits 
improvement over a vertical antenna at 
distant points was noted many times. 

The C-T quad may be built for any band. 
It should be most useful in meeting 
requitoments for an inexpensive easily 
tuned wire-beam antenna where the full 
size quad is unsuitable for mechanical or 
economic reasons. This material was 
orginally. presented in QST by Roger 
Sparks, W7WKB. 
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A Nearly Full-Size, Rotatable, 2-Element 
Quad for 80 Meters 


We don't expect readers to rush right out and duplicate this antenna system — 
but this doesn’t mean a lot of hams wouldn't like to! 


emt Ro toe ea 
a 
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‘The botom suppot of the quad elements is 
shown in thi iw, along vet the fring 
natwork Box. which is mounted on the mast 


‘This rotary steel tower is 16 inches (0.41 
m) OD at the base with inch (25-mm) 
thick walls. The tower rests in a 1/2-inch 
thick steel bearing-tube 15 feet (4.57 m) 
long and 20-inches (0.51-m) OD. The bear- 
ing tube is imbedded in a block of con- 
crete 8 X 8 X 16 feot (2.44 X 2.44 X 4.88 
m) which weighs 70 tons. The tower tapers 
to 5-1/2 inches (140 mm) at the top, and 
was designed to carry nine full-size 
monoband beams through 125-mph winds 
Initially the antenna complement was as 
follows 
2j6meters — Vert. groundplane 
at 115 feet (35 m) 
— Gel at 113 feet (34.5 m) 
15 el at 109 feet (33.2 m) 


20° — —Selat 104 feet 31.7 m 
is” — Sel at 96 feet (29.3 m) 
10" Gel at 86 feet 25.2 m) 
40 * 3 elat 77 feet (233 m) 


‘A rotary ball-bearing ring and clamp at 
the 70-foot (2.13-m) level on the tower was 
used to support one end of an inverted L 
for 80 meters. This long wire, which could 
bbe used also om the higher frequencies, was 
{fed through a Matchbox at the base. 

Performance on 40 through 2 meters 
with this antenna system was generally 
excellent, The L and inverted V on $0, 
however, lft much to be desired, especially 
when compared to the antenna perform- 
ance on the other bands. 

In attempts to improve this situation, 
several different 80-meter antennas were 
installed at various times between 1966and 


the spring of 1969. Included in this effort 
wereatop-loaded groundplaneand apsirof 
phased verticals. None of these antennas 
provided sufficient improvement in DX 
performance on 80 to be considered 
satisfactory, 

With the advent of the S-Band DXCC, 
the question of how to do better on 80 
meters again became a matter of concern. It 
‘was at this time that the conceptofaquadof 
some sort, to be mounted on the rotary 
tower, began to emerge. Since 40-meter 
quads had been constructed previously, and 
‘were mechanically feasible, the thought at 
first was to build a half-size quad for 80 
meters, using loading coils. Preliminary 
calculations indicated the possibility of 
achieving some gain over a dipole in 
addition to the obvious advantage of being 
able to rotate the array. 

Itwas quickly determined that a half-size 
quad mounted at $7 feet (17.4 m) would fit 
underneath the 40-meter Yagi. Construc- 
tion could be quite conventional using 
fiberglass X frames in each element, and a 
spacing of 0.15 wavelength. 


Design Considerations 

‘The proposed design wasdiscussed witha 
‘number of amateursincluding Jim Lindsay, 
WH, Dune Carter, WSIOU, and Claus 
Moclicr, DL7CM, who were most helpful 
with advice and suggestions. A searcholthe 
literature disclosed thata number ofloaded 
antennas of various types had been built. In 
‘most cases, however, performance had been 
judged empirically, and there was litle in 
the way of specific comparativedata on the 
performance of loaded versus unloaded 
configurations, or versusa reference dipole. 
Because of this, the decision was made to 
‘build and testa i4-MHz model ofa half-size 
quad. This would enable a direct compari- 
son between the performance ofa miniatur- 
ized quad and other antennas. Of particular 

crest was a comparison with a dipole, 
since this was the morenormalantenna used 
bby amateurs on 80 meters. 

Henry Pemberton, W3PN, who had 
become interested in the project, provided 
the X frames and supports from an old 20- 
‘meter quad, for use in the test model. Tom 
Consalvi, W3EOZ, provided some suitable 
Coil stock for the test design. With this help, 
the 14-MHz model was quickly eonstruct- 
ed, No trouble was experienced in pruning 


the coils and resonating the loops. Except 
for one bad piece of insulation on one coll, 
which promptiy burst into flame when rf 
power was applied to the antenna, the 
driven element could be fed with a full 
Kilowatt at an SWR of 1. The SWR, 
however, would rise sharply when the coils, 
which had no protection from the weather, 
became wet from rain. All testing, there 
fore, had to be done on dry days. 

Since the 80-meter version was to be 
mounted on the tower one-quarter wave- 
length above ground, the 14-MHz model 
was mounted for the tests at the same 
relative height. Standard procedures for 
tuning up the quad were used, and will not 
be detailed here. Impedance of the loaded 
loop was measured at 6Dohms,soitcould be 
driven nicely with a 50-ohm line. The 
bandwidth was 125kHz, measured between 
frequencies each side’ of the resonant 
frequency where the SWR was3:1. Thiswas 
the result expected, due to the heavy 
loading. 

Extensive on-the-air comparisons were 
‘made between the model and various other 
antennas. These included a dipole at the 
sume height above ground as the model, a 
3-element tribander at 60 feet (18.3), two 
different inverted Vsat50feet(15.2m)anda 
S-element monoband Yagi at 104 feet (31.7 
1m). The regular antenna switching arrange- 
‘ments in the station were such that almost 
instantaneous comparisons could be made 
between thedifferent antennas, minimizing 
QSB differences in the receiver. In the 
transmit mode, many amateurs compared 
signal differences between the test model 
‘and the other antennas. It is impossible to 
list the calls of all those who helped in this 
way. 

After considerable testing, adjustment, 
readjustment, and minor configuration 
‘changes in the mode, the results werefound 
to be quite discouraging. The simple 
‘conclusion was that loaded half-size quad 
had insufficient gain compared to a dipole 
to warrant proceeding any further with an 
80-meter version. 


Further Exploration, 

Before abandoning the 80-meter project, 
however, we decided to explore some 
practical ways to increase the size of the 
‘elements, preferably without using the 
normal-type quad X frames, which would 
be difficult i not impossible tohandle when 
the antenna grew too large. This thinking 
developed the concept of using the 14-MHz 
boom at 104 feet (31.7 m) to support 
diamond-shaped elements at the top, and 
using a boom and spreaders rather than an 
X frame to hold the elements at the center. 
‘The bottom of the quad elements could be 
supported easily with a relatively light 
‘boom and spreaders near the base of the 
tower, 

In order to reduce the size of the center 
boom and spreaders, the first model was 
kkite-shaped with an included angle at the 
top of about SO degrees. Unfortunately, the 
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ed vow of one of the qued elements 


Ades 
Showing the method of supporting the loop. 


results were poor,and compared toa dipole 
there was no gain. We concluded that this 
configuration was so squashed together 
that the antenna was acting like a dipole 
instead ofa quad. A series ofconfigurations 
was then drawn upon paper. Theboomand 
spreader sizes were varied, but the included 
angle at the top of each diamond clement 
was kept at 75 degrees or more. This helped 
topindownaconfiguration which would be 
‘mechanically feasible, and which would bea 
reasonable compromise among the various 
considerations to be twken into account. 
‘The one selected is shown in Fig, 22. 

Because these elements are almost full 
size at 4 MHz, making a 20-meter model 
‘quite large, it was decided to build andtesta 
model of this configuration om 15 meters. 
‘The test prooedures for this model were the 
‘same as those previously described for the 
20-meter model of the half-size quad. This 
‘modelshowed substantial gaincomparedto 
the reference dipole at the same height. 
Also, the model mounted only 15 feet (4.6 
tm) above the groundcompared favorablyin 
performance with the tribander at 60 feet 
(18.3 m). The S-element monobander at 96 
feet (29.3 m) consistently provided better 
‘gain, as was to be expected. Theimpedance 
Of the driven element was about 80 ohms. 
Bandwidth between SWR points of 3:1 was 
250 kHz, or about twice what wasmeasured 
‘on the half-size model 


Mechanical Considerations 

Aftera lengthy test period, during which 
many on-the-air comparisons were made, 
the results were good enough to make the 
decisionto build an 80-meter version ofthis 
antenna. Because of the size of the proposed 
antenna, considerable thought had to be 
given to the mechanical design to assure 
Tongevity comparable to the other beams 


which are rated for 125-mph winds. The 
wire in the quad elementsisno. 12stranded 
copperweld. All other metal in the antenna 
isaluminumorstainlesssteel. Thetwoquad 
elements are suspended from the 20-meter 
boomat 104feet(31.7m). Theinsulatorsare 
five glazed porcelain knobs. Spacingisone- 
eighth wavelength, 36 feet (10.97 m). The 
20-meter boom is 46feet(14.02m)long,and 
is made from 4-inch (102-mm) OD, 1/4- 
inch (6-mm) wall T-6 aluminum tubing at 
the center, and similar material tapering 
from 3-1/2 inches (89 mm) to 3inch (76 
mm) OD at the ends. A'1/4-inch stainless 
steel cable supports the boom I8 feet (5.49 
m) out from each side of the tower. 
Originally, the plan was to slide the quad 
clements down this cable from the tower. 
Unfortunately, the stel plates holding the 
Yagi elements to the boom on the other 
beams were found to be rusting beeause of 
poor plating. Rather than dismantle the 
beams, erane was brought inso that these 
plates could be cleaned and painted by a 
mancarried upina boatswain'schair. Atthe 
same time, the elements were hung fromthe 
20-meter beam, end the center boom and 
spreaders for the quad were installed with 
relative ease. 


Dimensions 

‘The 36-foot (10.97-m) center boom at the 
'57-fo0t (17.37-m) level ofthe tower is made 
‘ofa single 24-foot (7.32-m)sectionof 3-1/2- 


inch (76mm) OD pipe telescoped and 
bolted at each end. The boom is supported 
from the tower with a 3/ 16-inch (4.76-mm) 
stainless-steel cable, The spreaders at eacit 
end of this boom are 70 feet (21.34 m) long. 
Each consists of a 24<foot (7.32-m) piece of 
2-1/2-inch (64-mm) OD, 1/8-inch (3-mm) 


‘wall, T-6tubingat the center, withtwo short 

ieces of 2-1/8% 18-inch (54 mm X3-mmn) 
tubing telescoped and bolted at each end to 
make up a length of 30 feet (9.14 m). To 
‘complete the spreaders, 20-foot (6,10-m) 
sections of I-1/2-and I-1/4-ineh (38- and 
32-mm) fiberglass polesarcattached toeach 
‘end af thealuminum centerpiece. Use of the 
fiberglass ceduecs weight and eliminates 
4 one-quarter wavelength piece of metal 
from the middle of the quadelement. A 1/8- 
inch (3-mm) cable and strut supports each 
spreader to minimize sag. which is very 
slight as may be noted in the photograph. A 
‘welded aluminum T structure and stainless 
steel clamps are used to hold the spreaders 
on to theends ofthe boom, A stainless steel 
‘clamp and Teflon grommet is attached to 
the ends of each spreader to hold the 
clement wiresin place. The only function of 
the spreaders is to hold the two opposite 
sides of each quad element apart without 
toomuch foreand aftfloppingaround when 
the antenna is rotated, The length of the 
spreaders, wind loading, and safety factor 
dictates the heavy mechanical design. 

‘The lower boom, which is 23 feet (7 m) off 
the ground, is made of a 24-foot (7.32-m) 
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section of 2-1/4 I/4-inch (57-X 6-mm) T- 
{tubing with shorter 2-X I/4-inch (51-* 6- 
1m) pieces telescoped and bolted at each 
fend to make the total length of 36 feet 
(10.97 m). To maintain symmetry, 17-foot 
(6.18-) spreadersare attached tocach end 
‘of the lower boom. These spreaders are 
made of I-1/2-inch (38mm) fiberglass 
They are attached to the boom with 
aluminum angles and stainless-steel! 
clamps. A light stainless-steel cable and 
strut holds the lower spreaders firm against 
the pull ofthe quad-element wires, which 
are attached 10 each end of the lower 
Spreaders with stainless-steel clamps. The 
Wires are taped along the fiberglass almost 
to the center ofthe spreaders, and then go 
off at right angles to the tuning box, which 
is mounted on the tower 13 fet (4m) above 
round. The distance from the end of the 
lower boom to the tower is about 18 feet 
(65 mi, and the 36 eet (11 m) of wire which 
connects the quad proper tothe tuning box 
represents loading 


Tuning 

Each element, including the 36feet(10.97 
m) of connecting wire just mentioned, 
resonates at 4050 kHz. Thus, a small 
amount of additional inductive loading is 
required to tune the antenna to resonance 
within the 80-meter band. This is accom- 
plished by patting two relatively small 
motor-driven coils in series with each loop 
of the antenna. The reversible motor for 
‘each pair of coils in each loop is controlled 
by a two-way toggleswitch mounted on the 
antenna control panel in the shack. In the 
cease of the driven element, tuning is 
accomplished simply by applying power to 
the antenna and then adjusting the loading 
inductances by the motor-contralswitch to 
the point where the SWR is minimum, 
usually very close to 1. Tuning the reflector 
cean be accomplished by turning the back of 
the quad toward a distant signal, and 
adjusting the reflector loading coils for 


Fig, 22 — Dimensions of one of the quad loops 


68 Chapter 3 


‘minimum received signal. 
‘cumbersome to do each time the operating 
frequency was changed from ew to ssb and 
vice-versa, so a microswitch was added to 
the reflecior coils and motor assembly. 
Each revolution of the coils flicks the 
croswitch, which actuates a light on the 
control panel in the shack. By counting the 
blinks of the light, and referring to a chart 
which shows the resonant frequency of the 
reflector versus the number of turns of 
inductance in the loop, the reflector can be 
tuned to any desired frequency. With this 
tuning scheme, it is quite easy to tune the 
quad for best performance at any point in 
the 80-meter band. The bandwidth between 
the 3:1 SWR points is close to 200 kHz, so 
retuning isrequired only forlargefrequency 
changes within the band, Frequency 
flexibility otherwise is quite good. 

‘The impedance of the driven element 
measures about 75 ohms. The antenna is 
‘coupled to the transmitter through a balun 
and 50-ohmline. Thedifference between the 
resonant frequency of the driven element 
and the reflector, when thelateristuned for 
maximum front-to-back ratio, is in the 
order of only 1-1/2 percent. This probably 
results from the quad being only a one- 
{quarter wavelength above the ground, The 
front-to-back ratio is about 20 dB, and the 
front-to-side, $0 dB. All measurements 
hhave an indicated gain over a dipole in the 
order of 6 to 7 dB. No degradation in 
performance, or SWR, has been observed 
uring heavy rain, The small loading coils, 
are protected fromthe weather, ofeourse,in, 
their aluminum tuner box, so the problem, 
which was encountered with unprotected 
load coils in the 20-meter test model, has 
been eliminated. 

Tests were conducted with the second 
element tuned as a director instead of a 
reflector; there was no noticeable improve- 
‘ment in gain, whereas the front-to-back 
ratio was diminished. Ii felt that the best 


results are obtained withthe reflector. 

‘Some thought was given to driving both 
elementsata 135-degree phase differenceto 
obtaina cardioid pattern Iisfelt, however, 
that the conventional quad pattern, with 
deep nulls on each side, and a reasonably 
‘g00d front-to-back ratio, sore desireable 
for DX. So, nothing further has been done 
with such a phasing arrangement. 

Results 

DX results on 80 meters have improved 
‘considerably since the new antenna was put 
‘on the air. On ew, the gain seems to drop 
off somewhat as compared to the phone 
‘end of the band. Probably this is due tothe 
fact that the relative size of the antenna is 
smaller at the cw operating frequencies. 
Nevertheless, reports usually are from one 
to several S units higher than other U.S. 
stations with comparable power input, and 
conventional antennas. In most instances 
during pile-ups in a recent ew contest, it 
took only a call or two to get through, 
whereas, previously, the station was 
usually last. It was found also that contacts 
could be made earlier, as the band opened. 
In several instances like this, it was 
amazing to get a response from a DX 
station, and then to hear other U.S. 
stations calling without success. 

Reports from overseas on ssb are 
outstanding. During a recent phone 
contest, several dozen DX contacts were 
made in just a few hours —everyone on the 
first call 

During the day, on 80 meters, it is quite 
easy to work into Canada or the Carolinas 
with good signals at both ends of the 
circuit. On a dipole, very often the other 
station is completely unreadable, if not 
inaudible. This points up the fact that one 
notices. great improvement in reception 
with the quad compared to a dipole, which 
‘on 80 is just as important as being able to 
transmit 2 better signal, 

Once it was determined that the quad 
worked well on 80 meters the possibility of 
operating the antenna on 160 meters was 
explored. Since the loops independently 
resonated at 4050 kHz, and there was 
considerable inductive loading available in 
the coils, it was felt that it might be possible 
to resonate the antenna on 1.8 MHz by 
putting the two loops in series. Actually, 
With the load coils tuned to minimum, the 
seties-connected loops resonated at 1775 
kHz because of the mutual coupling. By 
shortening out the coils entirely, the pairof 
loops were resonated at 1805 kHz. There- 
fore, the SWR at the low end of the 160- 
meter band is very low. 

Domestic reports on 160 meters have 
been excellent. Consistent directional 
effects have been noted by several obsery- 
ers when the two-turn loop is rotated. The 
pattern isthe typical figure eight, with deep 
hulls off each side of the loop. Itremainsto 
evaluate how well the antenna works on 
I60-meter DX. 

Following completion of the antenna in 
‘September, there have been several severe 


storms, with winds gusting as high as 65 
mph. These velocities barely moved the 
wires and spreaders around. It is apparent 
that the heavy construction is adequate to 
handle the winds of much higher velocity 
for which the antenna was designed. 
Although it is probably one of the largest 
{quads in existence, it certainly appears as 
though it will stay up a long time, even 


through rough weather 

In conclusion, this project could never 
have been completed successfully without 
the help of many domestic and overseas 
amateurs. Their reports, advice, and 
assistance will always be appreciated. 
Although this has been a sizeable and 
difficult antenna task, 2 great deal of 
satisfaction has been derived from carrying 


The Folded Mini Quad 


it through from concept to on-the-air 
‘operation. The simple lesson has been 
relearned with regard to antennas — that 
fone cannot get something for nothing. 
Mini-size antennas are better than no 
antennas, but there is no substitute for full- 
size antennas if one wants full-size results. 
This material was originally presented in 
QST by Joe Hertzberg, NIEA. 


A full-wavelength loop can take a variety of forms. Despite the shape suggested 
here, the author claims good results. 


A sauna yy offre 
wireloop antenna isin se here on 2 and IS 
tmeters. The design, which the author had 
not seen previously, provides an antenna 
that occupies minimum space; the antenna 

tal, vertically polarized, 
broadbanded and requires no" ground 
plane, 

Tt evolves from 2 full-wavelength loop! 
The loop, if fed on the side (x-y) as in Fig. 
23A, radiates a vertically polarized signal. 
‘The radiation patterns bidireetiona, with 
‘maximum radiation broadside to the plane 
of the loop and with the highest field 
Strength in the plane A-A’ 

“Te loop can be deformed into a square, 
such as in the elements of a quad, and 
without much oss of efficiency into a 
rectangle (Fig. 23C). Vertical polarization, 
bidirectional signal pattern ard maxim 


‘A 90 degree bend at A-A’ and two 
further right angle bends at B-B’ and CC’ 
transforms the flat loop into a cube. The 
circumference is still a full wavelength and 
each side of the cube measures 1/10 
‘wavelength. Again, vertical polarization is 
retained, but the appreciable bidirectional 
radiation from the sides of the cube 
adjacent to A-A’ leads to a nearly omnidi 
rectional radiation pattern. 

My 2meter antenna was constructed 
from aluminum clothesline wire: the length 
in feet was chosen by 1005/f MHz. Its fed 
with S0-ohm coaxial cable through a 
Pomona Electronics no, 1699 adapter and. 
no matching device is used. The SWR sess. 
than 12:1 from 144 to 146.5 MHz and 
climbs to 14:1 at 148 MHz. The radiation 
pattern was measured with a simple field 
strength meter, using a half-wave dipok 
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radiation from the plane A-A’ are pickup clement and a 20-k0 resistance 
retained Series with the 20-uA’ meter to improve 
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Fig. 23 — Conversion ofthe fullwavelength loop to the space-saving cubical configuration. The 


engin ofthe wie and te vertical polarization remain but the pattern changes fom bi 


‘mnicirectional. The spacing between the feed point and the adjacent sda snot critical. The 
Spacing on 2 meters ls about 1-1/2 inches (38 rm). and en TS melo Is about é inches (102 mn) 


linearity.2 The front-to-back ratio is 1.8 4B 
with no prominent idelobesapparent, buta 
rather sharp 3-dB dip is caused by the 
“shadow” of the feed line and hardware, 


Performance 

Fed with 10 watts and used as an indoor 
antenna, it gives consistent communication 
with 2-meter fm base and mobile stations 
within a 10-to 15-mile radius. It performs 
better on receive and transmit than a 1/4- 
wave whip at the same location. 

‘A [Semeter version of the antenna was 
then constructed and suspended inthe attic 
‘with string and tacks. It is operated with 
100 watts and the rg loads almost as wellas 
the 2-meter version, but with a slightly 
higher SWR. The first contacts were with 
California and it has since given excellent 
performance to the West, Midwest and 
South as well as to South America and 
Europe. 

‘The close proximity of antenna sections 
radiating out of phase may lower the 
efficiency over that ofaloop, yet,in terms of 
space requirement, construction cost and 
ease of installation (no radials!) and tuning, 
‘the antenna is hard to beat. Asa full-wave 
Toop it should have a slight edge over a 
vertical. The author recommends further 
experimentation and modification, eg., 
into the even more space-saving configura- 
tion of & cylinder. This material was 
originally presented in QST by Max 
Blumer, WAIMKP, SK. 


{The ARRL Antenna Book 130041974, 7.6, 
MThe Radio Amatnur® Handbook, 46 e198, 
53, 
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A Convenient Stub-Tuning System for 
Quad Antennas 


"Tha idan 
reasons — relatively light weight, small 
sete Stars te Se 
sce c ie niet te 
tata eee ee mee 


A 40-Meter System 
‘This 40-meter antenna consisted of two 
non-rotatable full-wave wire loops sus 


the switening circuitry, are nl 
builder iste to choose a sul 
is own to meet his operating 
ic design information can be foung in The 
ratour's Handbook or The ABAL 
‘nionne Book 
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pended from a boom which was mounted 
near the top of a tower. Spacing between 
elements was 22 feet (6.71 m). The corners 
‘of the loops were tied down to convenient 
anchor points by means of ropes, thereby 
eliminating the need for spreaders. With 
the elements thus fixed in place, the 
antenna was oriented in one general 
direction and could not be steered else- 
where. A driven-element and reflector 
combination was used. 

Early experiments with the antenna 
demonstrated the need for careful reflector 
tuning, Several trips were made up the 
tower to alternately prune and add wire to 
the reflector before the antenna exhibited 
good performance at the frequencies of 
interest. But when tuned properly, the 
quad really performed! In many instances 
signals which were inaudible while using an 
80-foot (24.4-m) high reference dipole were 
perfectly readable with the quad (at a 
‘median height of about 100 feet (30.5 mp. 
Reception was further enhanced by 
rejection of unwanted signals off the back 
of the quad. 

Now if only the quad could be made 
rotatable. . . . Unfortunately, a full-size 
rotating system (spreaders would be 
needed) was out of the question. The cost, 
difficulties of construction and installa- 
\n, and the severe effects of New England 
winters discouraged such ideas. The 
authors, being avid contesters and DXers, 
were willing to settle for the next best 
alternative — keeping the fixed quad, but 
electrically switching its pattern, 

‘The solution involved a tunable stub 
attached to one of the elements to lengthen 
‘or shorten it electrically. With the appro- 
priate stub switched in, the single clement 
could be madetolook like cithera reflector 
‘or director and thus cause the pattern to be 
reversed. In order that adjustments be 
made quickly, easily, and from a conveni- 
ent location (such as the shack or the 
bottom of the tower), itinvolved more than 
the conventional short stub often used with 
quads. Rather, the situation called for a 
Tong stub — long enough to reach the 
desired remote location — terminated ina 
variable reactance. Tuning the element, 
then, involved nothing more than adjust- 
‘ment of the value of reactance which could 
bbe provided conveniently by means of a 
variable capacitor. 

The electrical principle is simple. One 
adds inductive reactance to lengthen an 
element electrically, or capacitive react- 
ance to shorten it. ‘Typically, the former 
arrangement is used with quads in adriven- 
element and reflector combination in 
which both elements are cut to the same 
physical length. A stub, shorted at the end, 


is attached at the center of the bottom 
section of the reflector. By varying the 
position of a shorting bar along the stub, 
the amount of inductive reactance present- 
fed to the element can be varied and the 
electrical length altered correspondingly. 
Because the stub is short in length, this 
adjustment must be made at the antenna 
itsel, preferably near or at its final height. 

‘Now, ifthe stub is cut to some different 
length which happens to be longer than in 
the above case, the parasitic element can 
still be made to see the proper amount of 
inductive reactance (if it is a reflector) 
provided the stub is terminated properly 
‘with some other reactance (in general, 
something other than a short) Varying the 
reactive termination is then equivalent to 
‘moving the shorting bar alongthe conven- 
tional stub. This is a consequence of the 
impedance-transforming property of 
transmission lines, The long stub can be 
treated as a transmission line. If we know 
its characteristic impedance, its length, and 
the impedance that must be seen at the 
pparasitic-element end of the line, the Smith 
‘Chart can tell us what kind of termination 
is required at the opposite end. 

A reflector cut to the same physical 
dimensions as the driven element — self- 
resonant at the desired operating frequency 
— must “see” roughly 150 ohms of induc- 
tive reactance at the terminals where the 
stub is attached. Although litle informa- 
tion is available about the use of directors 
with quads, it is assumed initially that a 
director, also cut to the same length as the 
driven element, must see a roughly equal 
but oppositeamountof reactance, or about 
150 ohms of capacitive reactance. If one 
desires to make the termination at the end 
of the stub a variable capacitor for 
convenience of tuning, which was the case 
in the 40-meter system under considera- 
tion, the problem can be rephrased slightly 
what length of line of a given characteristic 
impedance is required so that a variable 
‘capacitor (a 10- to 350-pF unit was used) 
ccauses the parasitic element to see the 
above reactances? This is easly solved with 
a Smith Chart. Two somewhat different 
systems evolved from these ideas. The 
second, a modification of the first, will be 
described last. 

The design procedure for the 40-meter 
version went as follows: The driven and 
parasitic elements were cut to the same 
Tength, given by the more or less standard 
formula, L = 1005/f, where L is the length 
in feet, and f the frequency in MHz. This 
resulted in aloop cireumference of 143 feet, 
6 inches (43.74 m) at a frequency of 7.0 
MHz. In the practical installation, the 
loops were triangular in shape rather than 
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What is different about 5G? 


5G is expected to enable productivity outcomes across key verticals of the economy as a result of a 
range of characteristics, such as network slicing and mesh networks. However, it will need to overcome 
deployment challenges such as spectrum acquisition and coverage. This is expected to lead to new 
approaches for deployment to enable widespread 5G coverage in Australia. The industry will also need 
to develop a robust business case for 5G rollout, which will likely be demand driven, to support the 
significant capital expenditure required, 


Network slicing 


Network slicing allows operators to split their network into separate sub-networks (also referred to as 
slices), enabling them to dedicate network resources to different users and applications. Sub-networks 
can ‘slice’ the infrastructure resources from the physical network to create virtual independent 
networks. This is a significant development from previous mobile network generations, as it enables an 
operator to deliver many different capabilities by creating slices that can be tailored for the intended 
usage. For example, an operator could create a network slice for loT devices, or alternatively, a network 
slice for higher security for a higher quality of service for government or public safety uses. 


Network slicing also provides a model for infrastructure sharing between network operators. In this 
case, a single transmitter’s network could be shared with more than one operator. Given the capital 
expenditure that will be associated with 5G rollout, network slicing can provide a cost effective, short 
term solution for operators. 


Figure 2—5G network slicing enables operators to create separate virtual networks to meet application 
requirements 


5G NETWORK APPLICATIONS. 


Other slices = + Other applications 


Source: Based on figure 2 from the ITU article, ‘Why end-to-end network slicing will be important for 56." 
Mesh networks 


Mesh networks can be utilised to increase the range of coverage, where the ‘mesh is an 
interconnection among a network of devices. Only one device in the mesh needs to be connected to 
the network, which can then relay data to other nearby devices. 


Mesh networks not only provide the opportunity to support SG deployment but also have the 

additional benefit of providing efficient network speeds. Through dynamic routing, devices on a mesh 

network are able to seek the fastest and most reliable pathway to send and receive data. As such, this 

architecture can provide a cost effective solution for coverage in more remote areas. For example, 
\wwow.communiations.gov.au 
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Fig. 24 — Configuration of 2-elemont switeh- 
able 0smoter quae. Taangular loops are 
‘Shown, although square oF diamond loops can 
be used too Hotn elements ae cut io tne sams 
‘dimensions. 149 foot, 6 Inchos (43.74 m) for 7 0- 
Ms operation. The slaction ofstner Ct or C2 
‘by means of Ki determines which direction the 


the ground. The stub ine i eu long enough to 

‘each thom. Feeding tho orien element with 72- 

‘ohm Twin Lead results in alow SW. 

Gr 10: to 80 pF air-varibie capactor, ag 
usted for dvctor operation as dover in 
tes 

(©2— Same as C1, except adjusted for reflector 
‘operation 

‘k1'™ Dp relay Potter and Brumtiald KAI 
‘or equivalent), 


square or diamond. Shape is relatively 
uncritical — performance is approximately 
equivalent for the various geometric 
configurations, and ease of installation was 
‘considered more important. The triangle 
bas the advantage of requiring only three 
tie-off points — one at the top where it 
hhangs from the boom and two at the 
bottom — whereas the other two forms 
require support at four corners, Further- 
more, the triangle requires less vertical 
height — approximately 4 feet(12.5m) on 
40 meters, assuming equal-length sides — 
‘as opposed to the diamond which needs 
about 50 feet (15.25 m). The square 
requires the least vertical height but isthe 
‘most dificultto support mechanically. The 
resultant configuration is shown in Fig. 24. 

‘The stub line was made from 450-ohm 
3 because ofits 
relatively low cost in commercially made 
form and its low-loss characteristics. The 
reactance range of the 10- to 350-pF 
capacitor by itself at 7 MHz was then 
plotted on the Smith Chart as shown in 
Fig. 25. (Recall that X* =2nfL and X°= 
U/2nfC where X* and X° represent values 
of inductive and capacitive reactance 
respectively, given in ohms, L and C the 
corresponding values of inductance in 


Fig. 25— Example of Smith Chart calculations 
routed to arm a corect stub dimensions. A 


‘opresenis the range of reaciance ofthe 
‘capacitor 5s tuned betwoon the exromes of 
is ange I tho capacior is connected fo 2 
‘O'r2ewavelengtn long stub (pus any mutipte of 
‘one-half wavelength) witha 450-ohmn charactor- 
Isis impedance, the range of reactance 
‘represented bythe are between points C and D 
Is presented tothe paraiic emer This fnge 
is Suliciont to cause a properly cut parasitic 
‘lament fo look lke elthr a director or 

fellector Frther discussion of Smith Cart 
{eleulatione ean bo found in th lator elton of 
The ARAL Antena Book 


henrys and capacitance in farads, and, the 
frequency in hertz.) The low-capacitance 
‘end ofthe range is indicated as point B in 
Fig. 25 wth the Smith Chart normalized to 
450 obs in this example, while the other 
‘extreme comes out at point A. If the 
‘capacitor was then connected atthe end of 
12 0.12-wavelength section of the 450-ohm 
line (approximately 16 feet [4.88 m} in 
‘open-wie line), the impedance seen atthe 
‘other end of the line would vary between 
the range of slightly greater than #300 
~}300, represented by points Cand D. This 
‘would mect the +150 and -j150 reactive 
Joading requirements of the parasitic 
clement for reflector and director opera~ 
tion, respectively. Actually a stub length of, 
0.12 wavelength, plus any multiple ofa half 
wavelength, would work too, because any 
hhalf-wavelength section of tansmission 
Tine merely repeats at one end the imped- 
lance that appears at the other: Thus, the 
Gistance to the desired remote location 
Sictates the minimum required line length 
‘Another advantage of using 450-ohm line, 
‘as opposed to a line witha lower character: 
istic impedance, becomes apparent when 
working exampies on the Smith Chart — 
for given capacitor tuning range, the 450- 
‘ohm ine’ produces a. greater range of 
‘reactance change a the antenna end ofthe 
line. A'300-ohm line would serve almost as 
‘well, however, providing only slightly less 
tuning flexibility. 

“The stub was terminated at a dpdt relay 
‘which was controlled from the station 


‘operating position and which was used to 
select one of two variable capacitors — one 
adjusted to provide reactance for reflector 
operation and the other for director 
‘operation, as shown in Fig. 24. In this 
manner, the pattem could be flipped 
around” 180 degrees instantly from the 
shack. The driven element was fed directly 
with 72-ohm transmiting-type Twin-Lead. 
A low SWR was obtained with no special 
provisions made for matching. 

The director and reflector tuning should 
bbe done empirically, as was stated before. 
Experience has shown that quads tune 
rather broadly for maximum forward gain. 
It was found that fairly large changes in the 
settings of the variable capacitors did not 
alter the gain significantly. It is best, 
therefore, to tune for maximum front-to- 
back ratio, on which the settings had 
considerably more effect. On-the-air 
signals arriving from the rear direction can 
‘be nulled by tuning the eapacitors. The 
nulls should be fairly pronounced if the 
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Fig, 26 — Contiguration of modes 2-lement 
‘Swichable 40-metor quad. Tho lines trom each 
‘lament are bath eu fo the same longi wich 
‘ar be the same as the parasite elem 
Fig. 24 or other sutabio engin. Both 
fre et to th same simensions a in Fig. 2, 
‘The postcns ot Kt ang K2 determine whether 
fn olomont is fed as criven elerent or 
rminaled as 2 velector. The aray pattern can 
be switched by determining which eloment 
‘operates asa relectr or driven event. Only 
‘ne tuning capactor i required, but a matching 
Retwork lt naedec to match 2 ecaila ood ine, 
G1 — 10: to 250-06 alvarable capacitor 
lajusted for reflector operation 
it, 2 — Dpatraays operated simultaneously, 
‘roth may bo replaced by a single four- 
pole, dcuble-thow relay (Potter and Brun 
Feld RATIOG or equivalent), 
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system is set up as described here. The 
exact amount of attenuation of signals off 
the back of the antenna varies from signal 
to signal. It was observed that the 40-meter 
antenna exhibited the greatest front-to- 
back ratio for signals arriving from distant 
locations (at low radiation angles). Alter- 
natively, field-strength measurements can 
bbe made to determine the proper settings 
for minimum radiation or reception off the 
rear of the antenna. In this fashion, one 
capacitor is adjusted for director operation 
‘and the other for reflector operation. 
‘When making large excursions in 
operating frequency on 40 meters, 
necessary to touch up the tuning. A 
director tuned for operation in the low end 
of the ew segment is self-resonant approxi- 
‘mately in the middle of the phone portion 
and provides little usable gain at those 
higher frequencies. Retuningis done easily, 
however — something which is not 
possible using fixed-tuned elements. 


‘A Modified 40-Meter System 

‘The 40-meter system described above 
provided very good results over a period of 
months, including stateside and DX 
contest work and casual DXing. After 
some thought, however, a modified system 
‘was constructed. The new configuration 
provided some advantages over the orginal 
scheme. 

The same principle of operation was 
retained. The new system shown in Fig, 26, 
used only a reflector-type parasitic ele- 
ment, but the switching system now 
allowed either element to operate as the 
driven clement or reflector. In thismanner, 
the antenna pattern could still be reversed 
by choosing the appropriate element for 
the desired funetion, 

‘Several factors prompted the change. It 
was found with the original system that a 
considerably higher front-to-back ratio 
could be had using reflector rather thana 
director. The latter yielded no more than 
about 10-4B discrimination against signals 
received off the back of the antenna, even 
with careful tuning, whereas with the 
former the figure was approximately as 
high as 25 dB. Although most available 
literature made little mention of quad 
performance using a director, this observa 
tion agreed with what little published data, 
could be found on the subject. The 
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reflector-only model also had the advan- 
‘tage that just one tuning adjustment was 
required, since one stub reflector served 
both elements in an identical fashion. 
Furthermore, because the system behaved 
the same no matter which direction the 
array was switched, the SWR did not 
‘change when switching, and the transmit- 
ter was thus always tuned properly. With 
the original scheme the antenna feed-point 
impedance changed when switched be- 
tween director and reflector operation. 
Although the resultant SWR was not 
objectionable in either case (it did change, 
though), it was necessary to retune the 
transmitter after switching, or tolerate a 
‘moderate amount of mistuning, 

‘The design procedure for the new 
arrangement is basically the same as 
before. Both elements are cut to the same 
length. Only the stub requirements for a 
reflector need be considered now in doing 
the Smith Chart calculations. Once the 
stub line length is determined, two such 
identicallength lines, both made from the 
same type of transmission line, are cut, one 
for each element. A four-pole, double- 
throw relay, or two dpdt relays operated 
simultaneously, are required in the hookup 
shown in Fig. 26, to switch the two lines 
‘between the parastic-element termination 
and the main feed-line matehing network 

‘The new system has one disadvantage, 
however. A matching network is required 
between the transmitter and driven element 
because of the mismatch between the main 
feedline, whichis presumably coax, and the 
driven-clement open-wire feed line. The 
‘original system required no special match- 
ing. This presented no problem in the 40- 
meter system considered here since a 
suitable network was easily constructed, 
‘The builder is left to choose a suitable 
matching network of his own as there are 
numerous possibilities to take care of the 
varied matching requirements which may 
arise under different situations. Depending 
upon one's preferences and requirements, 
the modified scheme may or may not prove 
‘more attractive. 


Additional Remarks 

AA few general comments can be made at 
this point. Although a variable capacitor 
hhas been designated thus far as the 
termination for the stub, there i no reason 
for not using a coil or some other 
combination of inductance and capaci 
tance if it will work with a stub length 


which happens to be convenient. The 
builder can choose for himself. The 10- to 
350-pF capacitor described earlier had 
approximately 0.05inch (1.27 mm) spac- 
ing between plates. While it is difficult to 
predict the voltages present in the parasitic 
clement (and across the capacitor), no 
arcing between plates was observed during 
transmitting periods, even while running 
fone kilowate transmitter de input. This 
suggested the plate spacing was adequate, 

‘The lines from each element should be 
brought away perpendicular to the ele- 
ments as much as possible, and open-wire 
line should be kept reasonably clear of 
nearby objects, especially metal ones, Also, 
the velocity factor of the line being used 
(0.95 for “ladder” line) must be remember- 
ced when computing physical lengths. 

‘The authors erected a single diamond- 
shaped 80-meter quad loop withits bottom 
close to the ground. The antenna was tried 
as both a vertically and horizontally 
polarized radiator. For DX work, the 
vertically polarized version yiclded un- 
questionably superior results in terms of 
‘eater signal strengths at long distances 
and the beneficial feature of rejection of 
unwanted high-angle radiation from 
stateside stations when receiving. A 
parasitic element to accompany the single 
Toop was not tried. These observations 
suggest interesting possibilities for vertical- 
ly polarized ground-mounted quads for 
low frequencies. 

‘The ideas presented here are applicable 
to any quad antenna, but should be 
especially useful in designing large arrays 
which cannot be turned physically. The 
design procedure is simple in any case. The 
feature of continuously variable tuning 
climinates the guesswork in cutting fixed= 
length, fixed-tuned elements. The system 

serve wel in any situation where, say, 
climbing the tower to work on the antenna 
is not convenient. 

A fixed, switchable array is an asset to 
the contestant or DXer who finds it 
necessary to change antenna headings in a 
hurry. From the northeastern U-S.,asingle 
such array provides good coverage of 
Europe and Africa in one direction and of 
the western U.S. and the Pacific in the 
other. If two suitable supports spaced a 
reasonable distance apart are available, 
‘two arrays of this type, perpendicular to 
each other, can provide a wide range of 
coverage. This material was originally 
presented in QST by John E. Kaufmann, 
WAICQW and Gary E. Kopes, K8RX. 


Some Notes on a 7-MHz, Linear-Loaded 


Quad 


If you like to experiment with antennas, here are enough new ideas about the 
construction of quad antennas to keep you going. 


searysareatos mess 


near Loading 

‘Asa general rule, a reduction in antenna 
size to two-thirds of full size can beeffected 
without a noticeable drop in performance, 
providing care is taken to limit the losses 
introduced by the loading devices. This 
‘means that one can think in terms of aloop 
for 7 MHz with 24 feet (7.32 m) ona side 
instead of 36 feet (10.97 m) on a side. An 
additional factor in choosing 24-foot-per- 
side length was that the longest bamboo 
spreaders that the writer could obtain were 
18 feet (5.5 m). Attempts were made to 
lengthen these spreaders, but results were 
not satisfactory mechanically. 

Ifa 24-foot loop is to be used, the next 
questions are where to put the loading and 
‘what form of loading to use. A full-sized 
quad loop has symmetrical current distr 
lution. The current maxima occur in the 
middle of the horizontal sections, and the 
current minima develop in the middle of 
the vertical sections. The current distribu 
tion in the vertical elements is such that 


wy, 


Fig, 27 — A method for irearloading of one 
see of a quad element, 
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Fig. 28 — Dimensions used forthe 7-Mie qua 
emaets wnen the loop nas Been cut Tor 
faorance atthe low and af the band, 
Depending onthe height above ground and the 
particular portion of the band fo be operated 
fhe amouat of center loading at he vers! 
‘Séos may have tobe varied slighty. 


most vertical radiation is canceled out. It is 
desirable to retain this current distribution 
in the shortened loop. tis also desirable 
not to put the loading in the center of the 
horizontal elements, since maximum 
radiation occurs at the current maxima, 
and it does not make sense to cut out the 
portion of an antenna that does the most 
effective work. The writer, therefore, chose 
to put the loading in the vertical sides. 
‘There are two popular methods of 
loading, stubs or coils. The writer dislikes 
coils for loading since, if they are wound 
with a heavy-gauge wire (desirable in order 
to avoid undue losses), they are bulky and 
difficult to weatherproof. The choice was 
therefore stub loading. It would have been 
possible to insert a stub at each corner of 
the loop, tied back to the spreaders. But, 
the current flowing in such stubs would be 


Fig, 29 — Dingram ofthe matching section ured 
on the 40-meterarven element. The gamma 
‘eapactor employs a 100pF a variable and @ 
SOo-pF high-voltage sivr mica connected ia 
para. 


uunbelanced, and radiation in unwanted 
directions would take place from the stubs 
themselves. There is also the consideration 
that ifthe same spreaders are used for 14-, 
21- and 28-MHz loops, stubs at the corners 
of the 7-MHz loop would have to be 
mounted well clear of the loops for the 
other bands. 

The original linear-loaded 7-MHz quad 
clement was tried by the writer in a four- 
band quad some years ago. A.single stub in 
the center of each vertical side was used, 
‘The loading stubs were made [4 fect (4.27 
1m) long and were tied on toa point near the 
center of the boom. Performance of this 
quad on 7 MHz was excellent, but the 21- 
MHz quad mounted on the same boom 
was almost useless, probably due to pickup 
at 21 MHz by the 7-MHz loop with 
subsequent reradiation. An attempt was 
made o find an efficient method of loading 
which did not involve long stubs “float 
around.” The next step was to try folding 
the wires in the vertical sections back on 
themselves as shown in Fig, 27A, Current 
distribution either side ofthe center part of 
the vertical elements is symmetrical, as 
desired. This change resulted in a loop that 
was resonant near 7 MHz, although its 
resonant frequency was slightly high. 
Shortening of the stubs slightly, as shown, 
in Fig. 278, was tried, This had virtually no 
effect on resonant frequency. This is no 
doubt because the increased end-loading 
effect of the portion A almost equalled the 
reduction in stub length. Short stubs 
(abour 4 feet [1.22 m] long) were then 
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(G3FPQ’s compact ¢sand quad hes 2 elements 
for7 Miz, 3 elements for 4 MH, and ¢ 
‘lomans for 21 and 28 WH2, Pais ol Yagltype 
‘irectors ae used in place ofthe usual loop 
‘rector fo the thee higher frequency bands. 


inserted at the center ofthe vertical sides, at 
right angles tothe vertical sides as shown in 
Fig, 28, and resonance at 7 MHz was 
achieved. 

A four-band quad for 7, 14, 21 and 28 
MHz was then constructed. Much to the 
writer's delight, there appeared to be no 
noticeable interference with the pattern of 
the 21-MHz quad by the 7-MHZ elements, 
The loading effect of the stubs would be 
ifferent at 21 MHz since they would 
include current maxima; the result is to 


give a loop which, while resonant at 7 
MHz, does not appear to have a third- 
harmonic resonance in or near the 21-MHz 
band. 


Yagi-Type Directors 

The reader can probably see from the 
photograph that the directors for 14, 21 
and 28 MHz consist of pairs of stacked 
Yagi-type elements level with the driven 
elements, There are two pairs of Yagi 
directors forthe 10-and 15-meter elements 
at approximately 6-foot, G-inch (2 m) 
spacing, and one pair of Yagi directors for 
20 meters at approximately 13-foot (4 m) 
spacing. The overall length of the directors 
ig 31 fect, 3 inches (9.52 m) on20 meters; 20 
feet, IDinches (6.35 m) on ISmeters; and 15 
feet, 2-1/2 inches (4.63 m) on 10 meters, 
Performance of the author's array on 10, 
15, and 20 meters at the moment i ite, if 
any, better than an ordinary 2-element 
‘quad. The writer has only recently had an 
‘opportunity to start checking out the 
directors to see what adjustment they need. 
Current indications are that they require 
lengthening, but there is a good deal more 
experimental work to be done. Anyone 
who wants to try this system must be 
prepared to doa good deal of cutand try to 
tune the directors, if any real increase in 
performance over a standard two-element 
quad is to be achieved, 

‘One also has to bear in mind that when 
dealing with multiband quads the resonant 
frequency of Yagi-type directors is likely to 
be affected to a far greater extent by the 
proximity of other elements than would be 


the case for a quad-loop director. This is 
because a Yagi director is a comparatively 
high-Q element. Fromthe theoretical point 
of view, the drawback to quad-loop 
directors is that the reactances involved are 
such that there is a comparatively low 
degree of mutual coupling between the 
(quad-driven element and the quad-loop 
director. This, of course, reduces the 
elficiency of the loop as a director. This 
problem should not apply to the same 
extent with Yagi-type directors, and, in 
theory at least, they should prove to be 
more efficient than quad-loop direct 
‘The question now is whether pra 
follows theory or not. This writer won't 
have an opportunity to conduct any 
detailed experiments until the summer, 
When deciding the original length for the 
Yagi directors, allowance was made for a 
rise in frequency of approximately 100 
kHz. But, the only way to cope with the 
elfects on the director resonant frequency 
of the proximity of other elements is by 
field-strength measurements, coupled with 
good deal of cot and try. As in any 
multiband quad, separate feed lines should 
be used for each band to minimize 
interaction between bands. 

The author's quad has been up for six 
months now, and final tuning remains to be 
done to the 7-MHz reflector loop to 
achieve maximum front-to-back ratio, But 
the results, even on a cut-and-try basis, are 
well worth the work that went into’ the 
array, This material was originally present- 
ed in QST by David, L. Coustier-Dutton, 
G3FPQ. 


Spider Quad Mount: Simplified 


There seems to be a growing interest in 
the spider quad. The photograph shows a 
version ofa hub or “spider” mount, 
2-foot (0.61-m) length of 2-inch (5 
diameter steel pipe, a mount can be 
constructed easily, Two cuts, 10 inches (254 
‘mm) long, are made through the diameter 
at each end of the pipe. This leaves inches 
(102 mm) in the middle for the boom. The 
cut ends arethen bent to anangle to suit the 
desired spacing. The unit shown in the 
photograph is bent to 108 degrees. The 
spreaders may be attached to the boom 
‘mount with hose clamps, bolts or wire. 
‘The beauty of this design is that itcan be 
made to any size desired. Also, it can be 
enlarged to a 4element version, as shown 
Fig. 30. 


” 
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Fig. 20 


One of these spider mounts isin use at 
KPADJI (constructed by KPADIO and 
KP4DJI) using bamboo spreaders. The 


results have been excellent. This material 
‘originally presented in QST by Lynda B. 
Crowley, KP4DIP, 


Two-Band Quad Matching 


While experimenting with a 2-element, 
2-band cubical quad antenna the problem 
of matching the antenna to a 50-ohm 
transmission line arose, The antenna is a 
“plain vanilla” quad built around informa- 
tion in W6SAI's book, Quad Antenn 
The author's method of feeding the 
antenna did nor produce fantastic front-to- 
back ratio or forward gain. It merely made 
the standing-wave ratio more accept- 
able to the 32S-3B used at the home 
QrH 

After building the 2-band quad, the 
author checked it with a General Radio 
1606 impedance bridge and found the [0- 
‘meter antenna to be about 118 ohms and 
the 15-meter antenna to be about 91 ohms 
at resonance. This is 2.36:1 and 1.82:1, or 
approximately 2:1 for a $0-ohm transmis- 
sion line. The feed system described here 
made the VSWR much nearer the desired 
i 

‘The heart of the system is a ferrite-core 
autotransformer, The measured imped- 
ance ratio is very close to 50:107 ohms. The 
insertion loss is ess than 0.2 4B from 15 to 
30 MHz when terminated in 107 obms. 
‘When itis terminated in 50 or 200 ohms the 
insertion loss is less than 0.354B from 1Sto 
30 MHz. Several transformers were built 
before these figures were obtained, and 
after a suitable design was achieved it was 
connected to the quad as shown in Fig. 31, 
You do not have to sacrifice F/Bratiofora 
more acceptable VSWR by detuning the 
reflector stubs; simply adjust the tuning 
stubs for maximum F/B ratio and then 
design the transformer for the proper 
impedance ratio. Also, lowering the 
VSWR places a larger portion of the 
desired band within an impedance range 
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Fig. 31 — Twoband quas matching. 


the average pi-section tuner will accept. 

In answer to on-the-air inquiries: Yes, 
performance of the antenna varies consid 
erably from one end of the band to the 
other. 


Fig. 52 — Standing.wave ratio curves taken 
with alaboratorytype VSWA bridge, 
Measurements wore made at the (ansmitter 
fends af the transmission tne withthe antenna 
‘array mountea on a stool tower 44 foot (13.4 m) 
Above around 


This antenna feed system isa broadband 
eviee, so don’t forget to use a low-pass 
filter. ‘This material was originally pre- 

QST by Toney L. Magnino, 
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Chapter 4 


Miscellaneous Antenna Types 


Here is a potpourri of useful antennas for 
the hf-band enthusiast. This chapter 
contains information on how to build and 
operate loop antennas, limited-space 
antennas and variations of the quad. Once 
again, the work of numerous QSTauthors 


has been collected for a timeless volume of 
useful construction details that can benefit 
amateurs whose operating objectives are 
numerous and varied. 

For the most part, the antennas de 
seribed in this section are simple and 


inexpensive to build. The performance 
characteristics are consistent with the 
operating needs of ragchewers, contesters 
and DX-chasers alike, assuming that the 
builder does not strive to have the loudest 
signal on the amateur bands. 


Beat the Noise with a “Scoop Loop” 


Operators on 160 and 80 meters fight a common foe — noise. Atmospheric 
QRN is compounded by the presence of man-made noise. Loop antennas for 
receiving may offer an economical solution to your noise problems. Here are 


some timely details. 


[eur ns ops mass your 
receiver with a I0-pound hammer because 
You can't copy some of the weak signals 
being heard by your colleagues, you may 
neat a receiving loop! A high ambient 
oie level on 160 meters as stile the 
tuthor’s DX work for several years, and 
‘ore than once was ready to capitulate in 
favor of the man-made aad stmospheric 
noises that the 75-foot (22.9-m) shunt-fed 
Yertical responded to. "Geren" would be 
the snarl asthe author listened to stations 
with Beverage antennas: They were hand 
ing out RST 579 signal reports to. DX 
stations, and the author coulda find the 
DX signals in the nole, let alone copy 
then. 

Something had to be done. It was a 
matter of ging up on LE-MHz efforts 
toward DXCC, or putting forth a zealous 
attempt toward an improved signalto- 
nolge, ratio, Some elfective outdoor 
Teceiving antennas vere erected. (hall 
wavelength open loop — parallel 0 the 
round, and 3 200-oot[6-mend-ed wie 
{few fect off the ground), bat they didnot 
always respond ‘well to. DX. signals: Tt 
depended on band conditions. Alo, there 
was the danger of receiver front-end 
damage eaused by unwanted excitation of 
the lange receiving antennas (resonant) 
‘ring the transmit petiod. They were in 
lose proximity to the vertical antenna, 
Which was used for tansmitting purposes 
Lethargy prevented the author from 
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installing a protective circuit atthe receiver 
front end, and as @ consequence the writer 
“blew” a TFET preamp and two protective 
diodes in the front end of the FT-301D 
transceiver 


Revisiting the Past 

While for many years experimenting 
with small receiving loops for 40, 80 and 
160 meters, the efforts were casual. The 
best of the loops was an outdoor one of the 
shielded variety, five feet (1.52m) ona side, 
and fashioned’ from RG-S9/U coaxial 
cable.! However, it was necessary to go 
out-of-doors each time to rotate it, and the 
author wasn't enthusiastic about investing 
in a rotator to use with the loop, 

Recently, it seemed that some work 
could be done with indoor types of 
receiving loops. Afterall, loops ofthat kind 
hhave been around since radio was invented, 
and plenty of amateurs are using them 
effectively, After scanning available 
literature (Terman, Kraus, Jasik and 
Keen),? the author set about the task of 
building a framework for the chosen 
design. This time a multiturn loop would 
be tested (Fig. 1), 


Construction 

‘The photograph shows the general 
structure of the loop. In Fig. 2 are the 
dimensions of the wooden frame used to 
contain the antenna wires. Thereis nothing 
magic about the size of the antenna: Two 


pieces of wood that were stored in the 
‘workshop were used, each being 48 inches 
long, 1-1/2 inches wide and 3/8 inch thick 
(1.23 m X38 mm X 10 mn) 

‘Arbitrarily, the author decided to make 
LI of Fig. lafive-turn winding. Holes were 
riled (five) in each end of the eross-frame 
to accommadate the loop turns and hold 
them in place. Actually, there should besix 
holes at the bottom point of the frame to 
permit the final end of LI to be secured 
ducing the threading-through process. 

Five additional holes were drilled (Fig. 
2) 3/4 inch (19 mm) below the holes for LI 
‘These are used to contain L2, the one-turn 
‘output link ofthe antenna. L2 requires two 
holes at the bottom member of the frame — 
again to provide an anchor point for the 
ends of L2. Alternatively, V-shaped 
notches can be filed on the ends of the 
cross-frame, The wire for Ll can be laid in 
the grooves rather than threaded through 
the holes shown in Fig, 2. L2 should, 
however, be wound inside LI, through the 
five holes shown in the drawing, 

‘A mounting base for the assembled 
antenna can be made to the builder's 
specifications. This writer used a piece of 
3/4-inch (19 mm) plywood which has 
dimensions of 30X 12 inches (0.761m 305 
mm). A Linch (25 mm) diameter hole was 
drilled in the center of the board to accept 
an 18-inch (457 mm) length of I-inch 
diameter dowel rod. The latter is lashed 10 
the framework of the loop to enable the 


The sinoustte is of an indoor version of the 
tourum shielded loop deserted in this arte 
‘A.weacen framework is usod to support the 
‘rain loop winging and the ana:urm plekup lnk 
‘The resonating capacitor le mounted on ¢n 
aluminum L Bracke along with a phono jack 
land an B60‘ isk cepactor The later is zed 
[betwoon the output lrk and the phapo jack 
Istoad ofa immer eapactor Tho framework 
was bull by Tecrinical Seoretary Marian 
Enderaon's OM, Hob. Its eon stained and 
Coated wth clear lncaver. 


‘operator to rotate the loop as desired. 
Although this isa “kluge” type of assembly, 
it serves its purpose adequately. A carpen 
ter should be able to conceive a more 
practical base and support system for the 
‘antenna! 

Number 22 insulated hookup wire was 
‘used for the loop turns. There is nothing 
critical about the wire size, but its best to 
use the larger gauges. This will make the 
loop more rugged, 


Performance 

‘A variety of feed systems were tried 
before the author settled for the method 
illustrated in Fig. 1. Direct connection to 
the terminals of LI required careful 
balancing to assure a uniform loop- 
response pattern. Unbalance causes pat- 
tera distortion, and if it's bad enough the 
‘maximum response can occur off the broad 
side of the loop rather than in the plane of 
the antenna, 

‘Addition of a one-turn coupling loop, 
L2, proved to be the easiest method for 
assuring good balance. Bandwidth of the 
loop is dependent upon the Q. The latter 
can be controlled by the amount of 
capacitance used at C2: the lighter the 
coupling, the greater the loaded Q. Loop 
resonance is effected by means of Cl. Since 
‘there is interaction between Land L2, itis 
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Fi. 1 — Schematic dlagram ofthe rocoving 

oop. Gi and G2 are mica compression 
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Fig. 2 — Dimensional drawing of the wooden 
frame which contains the Scoop Loop. Further 
tion concerning te sructore ie given in 


necessary to readjust Cl each time C2 is 
‘tweaked. In this application it should be 
stressed that C2 isnot used for the purpose 
of obtaining an SWR of 1. It is purely a 
coupling device. Hence, a 50-ohm condi= 
tion does not necessarily exist at the loop 
output terminals 

During initial experiments the pickup 
loop, L2, was connected directly to the 50- 
ohm input port of a 40-dB broadband 
preamplifier which was designed by 
‘W7ZO! (Fig, 3). Without C2 in the circuit 
the coupling was excessive, This resulted in 
low Q, and the loop bandwidth was 


approximately 150 kHz at the 3-4B points 
of the response curve. After C2 was added 
and adjusted to provide a bandwidth of 25 
KHz, the loop gain increased 10 4B. 
Alternatively, one might make L2 smaller 
and locate it closer to the center of the loop 
frame in order to lighten the coupling 
‘between the two windings. This could be a 
somewhat tedious mechanical procedure: 
‘The writer's inherent lassitude favored the 
jon of C2 for the purpose! 


Performance Characteristics 

A test range was set up for checking the 
full properties and relative gain of the 
loop. The equipment was arranged in an 
outdoor location, well away from power 
wiring and other station antennas. A 
cerystal-controlled weak-signal source 
(QN22A oscillator and 9-volt battery) 
‘was placed some 100 feet (30.48 m) from 
the test loop. It contained a 36-inch (0.91- 
m) whip antenna (vertically mounted) for 
radiation of the test signal. The 75-foot 
(22.86-m) transmitting vertical was shorted 
‘out at the feed point to prevent it from 
being resonant and affecting the loop 
antenna during the test period. 

‘A 50-ohm Tektronix step attenuator was 
placed in the coaxial line between the loop 
and the receiver. The attenuator was used 
to measure accurately the changes in S- 
meter reading on the FT-301D transceiver 
which was used as a detector during the 
measurements, 

‘A null depth of —21 dB was obtained 
with the loop. An extremely sharp null was 
noted. As the broad side of the loop was 
moved toward the signal source, the mull 
began slowly, then fell deeply to —21 dB 
cover the final 10 degrees of rotation. No 
evidence of pattern distortion was. ob- 
served, The null was dead off the broadside 
of the antenna, and maximum response 
‘was directly off the thin side of the loop. 

‘A comparison between the 75-foot 
(22.86-m) transmitting vertical (shunt-fed 
tower, top loaded and with buried radials) 
and the wire loop indicated that on 
‘groundwave signals the loop (without 
preamp in line) was —18 dB respective to 
the vertical. This suggested that in a 
practical installation a single JFET or 
‘dual-gate MOSFET preamp would pro- 
vide unity gain with the transmitting 
vertical 


Using the Loop Indoors 

‘The author's home has aluminum siding, 
and as is the case with all modern homes 
there is a network of water pipes, phone 
wires, TV lead-in conductors and house 
wiring, The author wondered how well the 
loop would perform within all of these 
unwanted signal obstacles, some of which 
form loops by themselves! The ham shack 
is at ground level inside the family room, 
and the loop was placed on a stand at floor 
level. The clutter of unwanted conductors 
disturbed the directivity of the loop 
somewhat, but the signal-pickup ability of 
the antenna was not impaired. 
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A step attenuator was inserted between 
the W7ZOI preamplifier and the station 
receiver so that unity gain could be 
established between the loop and the 160- 
‘meter vertical (22 dB of gain had to be 
gotten rid off. An antenna switch was 
added to the system to permit rapid 
Comparisons between the antennas. 
Extensive tests proved that the loop 
outperforms the vertical by a substan- 
al margin when it comes to digging 
weak signals out of the noise (man-made 
and atmospheric). The author has copied 
PAQHIP, PYOZAE, G3MYI, W6RW, 
WOBLZ, W5ABand others perfectly QSon, 
the loop (indoors) when they couldn't be 
found, or were unreadable on the vertical 
It is only fair to say that on some occasions 
the vertical was the better antenna for 
receiving. Propagation conditions and 
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ambient noise levels at a given time will 
determine which antenna can provide the 
best reception, Typically, the ambient 
noise level from the WIFB vertical is S3 on, 
‘receiver that is calibrated to indicate $9 
on a S0-uV signal? The same receiver 
shows no noise response when the loop is 
connected to it. However, static crashes 
{atmospheric noise peaks) are as loud with 
the loop as they are withthe vertical when a 
storm is inthe immediate area, Noise from 
distant storms ean be discriminated against 
by turning the loop null toward the storm 
front, It appears that the major part of the 
author's ambient noise is man-made in 
nature. At times it peaks as high as S8. 
When the loop is used indoors it 
responsds to unwanted 15.750-kH2 TV 
spurs, and when appliances are actuated 
the ansients kick the receiver S meter 
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Fig 4 — The drawing # A shor 
7 S/einch (178 x 16m) fe 
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rather bard. This is because the loop is 
contained within loops formed by house 
wiring. This type of interference has not 
been observed while using the vertical 
antenna, even though it is affixed to the 
rear of my house. To prove that the house 

ing was causing the problem with TV 
birdies and transients, the loop was located 
‘out-of-doors for two nights, The interfer- 
‘ence vanished! 


Some Other Loop Experiments 

Ferrite-rod loops have been used to 
‘advantage for many years (be-band radios, 
direction-finder receivers for boats and 
aircraft, etc.) $0 it seemed worthwhile to 
investigate a model of that ype of antenna 
before concluding the tests. Two versions 
were tried, each with a preamplifier * The 
first consisted of a single 7X 5/8-inch (178 
X 16 mm) Amidon Assoc. ferrite rod on 
which was wound a 40-turn solenoidal coil 
of no, 22 insulated hookup wire. The loop 
was tuned to resonance by means of a 100- 
pF persection split-stator variable. A four- 
{urn output link was wound over the center 


Viow ofthe ferit-rod loop and test setup accossorie. Inthe foregrouns (le the 


aterworth 


bana pass file. Selow it atthe center i the broacband preampliin and the Tektronix 270% step 


Btenvator leat he far right, 


of the primary winding. The latter oceu- 
pied approximately 3 inches (76 mm) of the 
center portion of the rod. A small alumi- 
‘num chassis served as the foundation for 
the antenna, and the rod was spaced some 3 
inches (76mm) above the chassis. Pecform- 
ance tests showed the antenna to be less 
efficient than the large S-turn wire loop. As 
referenced to the 75-foot (22.86-m) verti- 
cal, the ferrite loop was —38 dB. Further- 
more, it was prone to the same induction 
effects which plagued the wire loop when 
both were used indoors, The rod-loop null 
‘was dismal — some 10 dB! 

‘An improved mode! ofthe loop was built 
by using epoxy cement to join together a 
pair of 7-inch (178-mm) ferrite rods, end to 
end. The sensitivity (uV per meter) 
increases with the length of the rod, but is 
dependent upon the length of the coil 
which is wound on the rod. A multilayer 
coil contained at the center of the rod 
should be considerably better than 2 
solenoidal coil spread over the major 
portion of the rod: The shorter the col, the 
higher the Q of the antenna. 

‘The author did not have Lite wire 
available, and was unable to build a 
multilayer coil, so a short solenoidal 
winding was placed on the center $ inches 
(127 mm) of the 14 X 5/8-inch (356 X 16 
‘mm) rod. It consisted of 32 turns of no, 12 
insulated wire, spaced one wire diameter 
between each turn. The ferrite rods are 
made of Q2 material (x = 125). 

Fig. 4 shows the schematic diagram of 
the rod loop. A four-turn output link is 
wound over the center of LI. C! is a mica 
compression trimmer which tunes the loop 


to resonance, C2 is used as a coupling 
capacitor to control the loop loading. 

It seemed worthwhile to try shielding the 
loop, so a pair of aluminum L brackets 
were bolted to the chassis as shown in the 
photograph. Each bracket is 16 X 3-3/4 
inches (406 X 95mm). The shields are 


spaced 1 inch (25 mm) cither side of the 
oop. 

‘The top of the U-shaped channel must be 
left open to prevent the shield from acting 
asa shorted turn, Proof of the effect can be 
seen by shorting across the open end of the 
trough (over the center of the rod) with a 
screwdriver. The received signal will 
vanish! Aa electrostatic shield, when used 
with a loop antenna, should minimize 
induced fields from nearby conductorsand 
precipitation static, thereby making the 
system better for indoor use. 


Rod-Loop Tests 

The same outdoor test setup was 
‘employed for checking the performance of 
the rod loop. The nulls oceur offthe ends of 
the rod, and maximum response is found 
off the broad sides of the rod. A null of 

23 dB was obtained with the loop, but 
efficiency was less than that obtained with 
the S-turn wire loop. When compared to 
the 75-foot (22.86-m) vertical a reading of 
—31 dB was obtained, 13 dB inferior to 
the wire loop. The noise figure of the 
W7ZOI broadband preamplifier was too 
high for use with the new antenna, so a 
common-gate JFET pre-preamplifier was 
added between the loop output and the 
input to the 'ZOI unit. Ideally, 2 30-or 35- 
dB preamplifier (two JFETs) should be 
used with the rod loop to assure a low noise 
figure and ample gain 

‘With the coupling set for maximum loop 
gain, the bandwidth (measured withan HP 
spectrum analyzer) is 10 kHz at the 3-dB 
points. The loop was measured independ- 
ent of the shields and preamp for unloaded 
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Q by means ofan HP Qmeter. A reading of 
430 was obtained, 

‘The electrostatic shield cured the 
unwanted pickup of TV spurs and appli- 
ance transients during indoor use. The 
‘author would like to mention that the wire 
and rod loops are affected to some extent 
by the presence of the 75-foot (22.86-m) 
vertical. The latter is only 20 feet (6.10 m) 
away from the operating position. Ittends 
to reradiate noise and signals, Some ofthat 
‘energy is picked up by the loop antennas. If 
aan indoor loop isto be used regularly, or if 
itis outdoors, but within 100 fet (30.48 m) 
of so of the vertical, the latter should be 
shorted out or detuned during the receive 
period, An spst relay could be slaved to the 
regular antenna change-over relay to 
accomplish this. 


‘Tho 4turn cose loop wth elecwostatle 
hilging The tems ae vibe on aluminum 


An improvement in performance for 
either type of loop could be had by addinga 
sense antenna and appropriate phasing 
circuit (Fig. 5). This would provide a 
cardioid pattern and result in a unidirec- 

nal response. Greater reduction of QRN 
and QRM would be effected through that 
technique, A weatherproof system of that 
type could be placed out-of-doors for year- 
round use. A TV type of rotator would be 
useful for changing the loop position, as 
desired. 


‘The WIFB 4T-ES Loop 

During final investigation of loop types 
and performance characteristics, an at- 
tempt was made to devise a shielded loop 
small enough to be practical indoors. The 
primary objective was to develop a loop 
from ordinary materials — something that 
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was inexpensive and easy to build. It 
should have efficiency comparable to that 
of the S-turn wire loop described earlier in 
this eeport. A reasonable null depth and an 
undistorted pattern were sought also. 
From these criteria evolved the 4T-ES 
(four turn, electrostati shield) loop shown 
in Fig. 6. 
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Fig. 6 ~ Structural details ofthe WIEB 47-5 

Toop antenna. A A tan iustaton ofthe total 

length of RG-S8/U before the loop is formas. An 

‘expanded view ofthe fogp turns and pickup link 
‘gen a & Drawing © shows how the loop 

tine are taped togeer side by side asthe 

fntenna tekes is tna form, 


It consists of four turns of RG-58/U 
cable which are formed into a circular 
configuration to provide a diameter of 13- 
1/2 inches (343 mm). There is nothing 
ctitical about the diameter, and RG-59/U 
coaxial cable could be used instead of the 
type specified. Theturnsare formed side by 
side, then taped at several points to 
maintain the loop form, 

Its necessary to spit the shield braid at 
the electrical midpoint of the loop. TI 
‘prevents the shield from acting asa shorted 
turn, The principle is the same as that 
described for the ferrite-rod loop with its 
aluminum-channe! shield. The braids are 
joined at the loop feed point and made 
common to one end of L2. The three 
grounded elements are then attached to the 
Coaxial connector ground terminal on the 
loop support frame. 

Loop performance was checked by using 
the test procedure discussed earlier. A null 
depth of —26 dB resulted. There was no 


discernible pattern warping, and the null 
occurred deeply over just a few degrees of 
rotation, The 4T-ES was 18 4B inferior to 
the 7S-foot (22.86-m) vertical antenna 
when checking distant signals. The un- 
loaded Q was measured by means of the 
HP Q meter. A value of 85 was obtained. 
Because C2 was set for light loading of the 
loop, a bandwidth (3-dB points) of 20 kHz 
was obtained when the preamplifier and 
receiver were connected to the antenna, 
Numerous comparisons were made on 
DX signals from Europe and the Carib- 
bean area during the ARRL DX Contestin 
March of 1977. In all instances the 4T-E: 
Was as good as or better than the 75.foot 
(22.86-m) vertical. Ambient noise was 
considerably lower in amplitude while 
using the loop, even though all tests were 


Close-up view of tha 160-mater indoor receiving 
Toop at WIFB. The antenna is rsting on 8 plane 
tone and i tuated nee the operating 
positon ao that Itean be han-otated at 


performed with the loop indoors at ground 
level. There was no reduction in atmos- 
ppheric noise (which was high that weekend) 
because the maxima of the loop favored the 
N.E. and S.W. directions: The storm front 
was S.W. of Connecticut. However, 
rotation of the loop caused a drop of 2608 
in the static crashes when the loop nulls 
were SW. and N.E. Because of the 
electrostatic shielding there was minimum 
noise induction from the house wiring — 
contrast to the performance characteristics 
tf the unshielded S-turn wire loop. The 
W7Z0I broadband preamplifier and an 
attenuator were used during the tests, 
‘There were some instances when the loop 
provided a stronger signal response than 
the vertical, even though the two systems 
were adjusted for unity gain 

The 4T-ES is suitable for use indoors, 
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primary industries would benefit from this network approach by simplifying network connections and 
costs associated with deploying and managing an loT sensor network. However, the application of mesh 
networks is still highly speculative as the industry considers how they will operate in practice and in 
different environments. This may contribute to the development of new business models for 5G. 


Spectrum sharing 


Spectrum is a critical enabler of Australia’s current and future communications infrastructure. The 
specific spectrum bands and quantity of spectrum required for 5G are still being considered. However, 
56 will likely require a mix of low, medium and high frequency spectrum to meet different scenarios 
relating to coverage, connectivity, and latency: 


‘+ Low frequency (less than 1GHz)—providing widespread coverage across urban, suburban and rural 
areas and supporting loT for low data rate applications. 

+ Medium frequency (1-6GHz)—providing good coverage and high speeds, and including the 
expected initial SG range of 3.3-3.8GHz which has been identified as the most likely band for 
launching 5G globally. 

‘+ High frequency (above 6GHz)—providing ultra-high broadband speeds for advanced mobile 
broadband applications, and most suitable for applications in dense traffic hotspots. 


5G technologies can be expected to deliver improvements in spectral efficiency (the data rate that can 
be supported per unit of spectrum). However, the use of 5G networks for applications such as 
widespread industrial applications is likely to require significantly more amounts of contiguous 
spectrum to be made available. 


While some of the potential bands for 5G currently have unused spectrum, other bands would need to 
be ‘refarmed’, noting that it is likely that bands currently used for 2G, 3G and 4G in Australia will 
transition over time to 5G. Refarming enables spectrum to be transitioned to the highest value use as 
required. The refarming of spectrum already held by mobile broadband operators is a commercial 
decision for those operators. 5G is also expected to provide the opportunity for ‘soft-refarming’ where 
4G and 5G technologies can both be supported simultaneously, minimising the impact to legacy devices 
during transition periods. 


Spectrum sharing, that is spectrum accessed by numerous users on a shared basis, has also been 
identified as an option for 5G technology. Spectrum sharing encompasses a range of different aspects 
of spectrum management. Spectrum can be shared by geography, time, economic priority schemes, 
code modulation, polarisation, directionality or power. Access to spectrum is divided between users so 
it can be used without interference issues. 


5G opens up new opportunities for increased spectrum sharing, through mechanisms such as network 
slicing. 5G technology is also designed to support shared arrangements, and allows for the sharing of 
the same spectrum (‘unlicensed Wi-Fi’ spectrum) with other technologies. Operators can augment their 
holdings in situations where existing exclusive holdings are insufficient to meet customer needs. 
Spectrum sharing in the 5G context is also supported by the expected use of highly directional antenna 
technology which would enable operators to operate in closer proximity without interference. 


Antenna technology and network topology 


5G will require radically different structures of networks if it is to achieve successful deployment in 
Australia. As 5G will likely utilise different frequencies, new equipment will be necessary. Additionally, 
the higher frequency 5G spectrum can only travel a small distance and will need more cells to ensure 
adequate coverage. However, antennas and equipment will be smaller, making it easier to attach these 
cells to existing infrastructure such as street lights and buildings. 
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but it could be weatherproofed for outside 
installations. Epoxy cement could be used 
to seal the open ends of the coaxial cable of 
Li, and the trimmer capacitors would 
survive the natural elements if housed in a 
‘metal or plastic container, 


In Summar 

‘The loops that have been discussed here 
should be suitable for use on 40 or 80 
meters if scaled accordingly. They may not 
show much directivity on sky-wave signals 
because of the “tumbling effect” at the 
higher frequencies. But QRM from nearby 
amateurs could be reduced greatly, and 


man-made noise sources could be rejected 
significantly by correct orientation of the 
loop. 

The author has attempted to discuss 
some of the characteristics of small loops 
which are not treated in most of the 
references contained in amateur journals. 
‘There is plenty of latitude remaining for 
experimentation, and the reader is encour- 
aged to apply his or her skills in developing 
better loops for amateur use. Meanwhile, 
why not build a small loop and scoop those 
weak signals out of the noise? It could 
mean some new countries for you on “top 
band” or 80 meters. This material was 


The Half Square Antenna 


originally presented in QST by Doug 
DeMaw, WIFB. 
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Do those 100 countries still elude you for 80-meter DXCC? In terms of dollars 
versus decibels, a half-square antenna may be your best bet for putting punch 


into your signal. 


able interes has arisen in DX and antennas 
for the lower frequency ham bands. The 
author's attempts to get a decent 80-meter 
DX antenna have gore through an evolu- 
tionary eyele with alot of iterative tries and 
with steadily improving results. The half- 
square antenna thatis the latest ofthese has 
some interesting properties and gives about 
fas many “ABs per buck” as any this author 
hhas seen. 

Before describing this configuration, it 
might be interesting to cover briefly the 
different antennas tried which didn’t work 
as well. The writer's available options were 
set up by (I) a yard full ofall trees and (2) 
very litle money to spend. The first 
antenna was an inverted V hung on the 75- 
foot (22.9-m) tower. This is really a quite 
{good antenna — primarily because it has 
the high current part of the antenna atthe 
highest support point. It provided @ 
standard against which all succeeding 
antennas were cheeked. The next step was 
to add a parasitic element (director) which 
didn't seem to help at all. This is perhaps 
not so surprising with the ground so close 
Viewed simply, normal parasitic coupling 
is dependent upon a fair proportion of the 
current in the driven element being coupled 
to the parasitic element. When they are 
both close to the ground, the reverse 
polarity of the image of the driven element 
starts to couple heavily to both the driven 
clement and the parasitic clement, making 
it practically impossible to get the desired 
parasitic current at any useful spacings. 

‘This effect has been shown experimen- 
tally to be less with closed-loop type 
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Fig, 8 — The “hal-square” evolved when one 
lag troke off the basta. The inp impedance 
‘of beth the Boba ane alleequare antonns 
‘ory high. which eliminates te need Toran 
‘laborate ground systor at the fed 

her @paralltuned curt or qua 
transformer ean be Used 'o mateh to a 8.ohm 
fed line. 


Fig. 7 — Bobtail array The dotted linas show the approximate current cstrbution along the 
arfonna and to arrows incleato the relative erections. with this array, the high-current points occur 


antennas such as the quad. Based on this 
supposition, the author next constructed a 
2-clement quad, supported at the comers 
by ropes tied off to trees. With only 75-foot 
(22.9-m) trees and the consequent sag, the 
Bottom was only about 6 feet (1.83 m) off 
the ground. However, the quad did work, 
had an acceptable fecdpoint impedance, 
and gave a few dB (about 1/2.an $ unit) 
improvement over the inverted V on 
European contacts. Obviously, the only 
useful low-angle rediation in this antenna 
came from the upper half of it, the lower 
half serving to feed or excite theupper half 
‘A major problem with the quad was 
keeping it up. Ie had to be very tightly 
stretched between trees to keep it from 
sagging to the ground and as a result the 
wire often broke. 
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Fig, 9 — Two-elemont hall square array gos 
resto gain and a very wide banawiath. 


Fig, 10—Massured SWR ofthe antenna shown 
inFig 


Fig. 11 ~ Computer-pattorn plot fora 2slement 
hal square array with 0.18 wavelongth spacing 
Between slerents The angis refered ton the 
‘rawing are shows inthe ise 


Fig. 12 — Computorsttorn pot forthe antenns: 
‘of fig. 17 with 028 wavelongin spacing 
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To try another tack which would avoid 
the parasitic coupling problem an 83K 
array with four half-wave elements was 
tried, ll elements being fed. With the span 
of this being o long and with lots of igh- 
voltage points which had to be kept from 
touching the trees, the author only 
managed to get it to @ height of about 40 
feet (12.19 sm). The signalreport results 
‘with this were essentially identical to the 
quad on the path to Europe. The horizon- 
tal beamwidth was noticeably ess than the 
quad. Itprotably would havedone better if 
the writer could have gotten it to 75 or 80 
feet (22.86 oF 24.38 m) in height 
The next antenne tried was the so-called 
bobtail which is shown in Fig. 7. Thisis a 
broadside vertical array with approximate 
ly twice the current in the cente leg asthe 
two outer legs and with current distribu- 
tion in the horizontal wires which tend to 
cancel horizontally polarized emission! A 
major reason for ‘ying this was the 
authors frustration with trying to use the 
maximum availabe height ofthe trees and 
Still be able to feed the antenna and keep 
the high-voltage poiats clear of the tree 
branches. The author had avoided vertical 
antennas before because of the difficulty in 
getting a good low-loss ground, Also, the 
trees looked like great vertically polarized 
sf encray eaters. The bobiail is particularly 
nice for tree hanging. since its highest 
support points(A, B, and Cia Fig. 7)areall 
a low impedance and looked as if they 
could be direetlyslung overa tree limb with 
no insulators. It is fed from the bottomata 
high-impedance poiat so the ground 
system doesn’t need to be a good asit does 
low-impedance feedpoints. Also, ike 
the inverted V, the boblail has its maxi- 
‘mum current ai th highest support point. 
It can be excited from a parale-resonant 
tank circuit or a quarter wavelength stu. 
The bobtail has been an outstanding 
performer, l'sat least an $ unt better than 
the invested V and works great on DX 
paths to the Far East (JA, KG, and VS6). 
‘The author put up two of these at right 
angles and found theic interaction (0 be 
practically nil even though their center eps 
are quite close, When switching, the author 
‘round the feed point of the one not in use 


‘The Half-Square Antenna 

With such fine results, it was thought the 
ultimate “tree-hung” antenna had been 
discovered. However, after a particularly 
bad storm, it wasnoticed that one leg ofthe 
bobtail had broken off and yet the antenna 
feed impedance hadn't changed noticeably. 
Furthermore, the results compared with 
the inverted V seemed about the same as, 
the full bobtail, Fig. 8 shows the configu 
ration. It is a Delement (instead of 3) 
vertical broadside array with the same 
current in both legs. It has all the 
advantages of the bobtail except that the 
radiation from the horizontal part of the 
antenna doesn't cancel as well in all 
directions and some end-fire, horizontally 
polarized energy does spill off. This might 


weo0ea 


Fig, 19 — A S-elementhal-squate a 


be considered an advantage or a disadvan 
tage, depending on whether you're seeking 
coverage or discrimination! In discussing 
this with Ed Watters, WA3LGX, he 
pointed out the kinship this antenna has 
with the bisquare array. Itssort of halfof a 
bisquare laid sideways with the ground 
image antenna making up the other half 

“That, plus its obvious shape, led the autor 
to dub it the hall-square antenna, 

After using a single half-square for 
awhile, it was decided to add another 
element with about 0.15-wavelength 
spacing. With the new element in place, a 
check was made to see what parasitic 
‘coupling there might be between elements. 
With several hundred watts fed into the 
riven clement there was no evidence of rf 
fon the parasitic element (using a neon 
bulb). This was a very gross measurement 
which tended to confirm what was ex- 
pected. The very close proximity of the 
antenna to ground tends to reduce greatly 
parasitic coupling to 2 nearby element 
Being puzzled why it should appear so 
small, he only hope was to devise a means 
of measuring this coupling more accurate- 
Wy. 

Having had to tear down the 8K 
antenna to get enough wire for this 
antenna, as a first try for feeding it, the 
‘author just used the 85K open-wireline and 
stub match as it existed. The one wave- 
length of wire for each element was taken 
directly from the 81K also, Fig. 9shows the 
configuration, Unlike the 8K, which was 
narrowband (centered around the middle 
fof the band), this configuration gave the 
very flat SWR shown in Fig. 10 — on the 
first try! The SWR was not very different 
‘whether the feed-line stub was connected to 
point A, B, or C (Fig, 9), B gives a 
bidirectional characteristic while connec- 
tion to A or C gives some unidirectivity. 
‘The author is sill suspicious of the wide 
bandwidth and suspects the two elements 
may be different effective lengths, giving a 
stagger-tuned effect. Ifthespacing between 
these two were increased to a quarter wave 
and fed at point A or point C, it should 
theoretically add another couple of 4B gain 


Fig. 14 — Any of the antennes mentioned can 
be bont as shown in ordor to keep the current 
‘oops a the upper caener. 


and give a more significant front-to-back 
ratio than with the 0.15-wavelength 
spacing. WA3LGX plugged the dimen- 
sions and shape of this antenna into 
generalized computer program he has 
developed for wire antennas and got the 
‘curves shown in Figs. 11 and 12. Fig. 1 
defines the forward pattern for 0.15- 
wavelength spacing assuming a perfectly 
‘conducting earth, Fig. 12 is for quarter- 
‘ave spacing. The actual patterns will be 
modified at angles below 10° to 15° by the 
cearth’s resistivity? as is the case with any 
vertical antenna, The 0.15-wavelength~ 
spaced antetina was used for some timeand 
consistently gave better results than the 
‘bobrail on the path to Europe. 

The writer took one other step beyond 
the Z-clement array and added another 
element at 1/8-wavelength spacing (see 
Fig. 13). The extra element is fed, asarethe 
other two, with an extension of the same 
‘open wire line. This antenna is consider- 
ably quieter (less QRN) than any of the 
other 80-meter antennas the writer bad and 
has better than half an S unit advantage 
over the bobiail on European signals. It 
doesn't require any retuning to cover the 
whole band, 

‘With these antennas not insulated at 


their support points, one might expect 
some effects when the tree sap rises oF in 
wet conditions, The author hasn't been 
able to notice any differences from dry 
weather to monsoon-type rains or wet 
snow covering everything. ‘The trees are 
slightly over 1/4-wavelength high on 80 
meters. Considered as antennas or absorb- 
ers, they would look like grounded 1/4- 
‘wavelength vertical radiators. The vertical 
sections of the halfsquareartenna that run 
close to the trees are just the opposite. That 
is at the bottom of the antenna the voltage 
is high and at the top, the voltage is low. 
This should minimize coupling tothetrees, 
as opposed to, for example, using 1/4 
wavelength grounded verticals for the 
antenna elements 


160-Meter Operation 

Now if you look closely, you can see that 
the 80-meter halfssquare whether 1, 2 or 3 
elements, should make a good antenna for 
160 meters. Each clement is 1/2-wave- 
length long on 160 meters, voltage fed on 
the end, and the high current part of the 
antenna is at the maximum height. True, a 
higher impedance part of the antenna 
touches the tree, but you can’t have 
‘everything free! While not having managed 
to work any DX with the few watts 
available on 160 meters, the author can 
+hear Central European ham stations quite 
‘well oa this band for the first time ever at 
this location. Of course, a different stub or 
‘tuning arrangement is necessary for getting 
alow SWR on 160 meters. The writer just 
lunshorted the stub and put a tapped coil 
(about 14 microhenries) in series with the 
coax feed line to tune it 


Construction Details 

‘These antennas were all built with no. 14 
soft-drawa copper wire. The elements are 
pulled over the top limbs of trees that have 
approximately the correct spacing and tied 
to nylon strings at about shoulder level. If 


your trees aren't a full quarter wave high, 
the extra wire can be stretehed out parallel 
to the ground at each end as shown in Fig. 
14, Note that you still get the maximum, 
current point at the highest support point 
you have. 

The best technique found for getting a 
line over the highest tree is to use a 
fisherman's casting reel (I use a Zebco 202) 
with an S&pound aylon Tine and a I~ or 
1-1/2-ounce sinker. The ree} is put in the 
RELEASE position and a sling shot is used to 
shoot the sinker and line over the desired 
tree. This isa very accurate technique and 
you can easily put a line over 90-foot 
(27.43-m) trees. The light fishing line is used 
to pull over a heavier line. Is a good idea 
to paint the sinker a bright color since the 
line is almost invisible. You can waste a lot 
of time looking for the sinker at the end of 
the Fine, 

Be sure to leave enough droop in the 
horizontal section of the antenna to allow 
for tree motion in high winds. The 
‘open-wire feed line used for the harness 
and stub sections is made with the same no, 
14 wire spaced 3-1/2 inches (89 mm). 

‘The avid Field Day or camping fan will 
notice the obvious advantages of the balf- 
square antenna for that type of operation, 
Tt uses minimum materials, goes up very 
quickly, will really put out a booming 
signal on 80 meters, and can betaken down 
in just a few minutes. You can also make 
‘g00d use ofthe fishing rod in between your 
turns at the key. This material was 
originally presented in OST by Ben Vester, 
K3BC, 
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The HRH Delta-Loop Beam 


Here's an antenna that should excite the interest of the amateur fraternity. 
The Delta-Loop beam has all the features of a quad without many of the 


disadvantages. 
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This sa 10-meter, 2-element Dota Loop that 
In'0ry simlar in conatucion to the antenna 
deserioea in the article 
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Fig, 15 — The base dea fr the Deti-Loop 
‘beam was conceived from the growth of ree 
limos and branches. Mare aro ust a fow of 
nature's configurations that fend themselves to 
fnienna design! 


car with the element in a vertical position 
‘The assembly was then tested at 65- to 75- 
‘mph. Even though the element was only 
secured to the boom as shown in Fig. 17, 
there was no “set” or permanent bending. 
This test opened the door to several 
possibilities in beam design. 

‘A loop aerial can take many shapes. 
Anyone who studies the history of the 
quad will ind that many different configu- 
rations have been used. Why not use a 
triangle?! It should be possibic to achieve 
a very good design using a vertical 
triangle. See Fig. 16. This shape appears 
ideal for a beam with full-wave elements, 
and has most of the advantages of the 
quad without many of the disadvantages. 
This led to the construction of several 
antennas of the type shown in the photo- 
traphs, and some of these advantages 
become quickly apparent. 

First, the entire antenna is above the 
boom. Second, the antenna is constructed 
primarily of aluminum tubing, which 
Drovides extra strength as compared with 
wire elements. Third, the antenna has 
Plumber's Delight type construction, 
‘meaning that the antenna is at ground 
potential for lightning protection, plus the 
fact that this type construction lends itself 
to gamma matching of the feed point, 
eliminating the need for a balun. Last, but 
not least, we find the antenna is very 
attractive in its symmetry. OF course, the 
important point is how well does’ the 
antenna perform? 

‘Several 10-meter models have been 
tested and the unit shown in the roof- 
‘mounted position is 20-meter Delta Loop. 
Using a gamma match with 50-ohm 
coaxial feed, 2 10-meter model was 


matched at 28.8 MHz, The antenna 
consisted of a driven element plus reflector 
with the elements spaced 6-1/2 feet (2 m) 
apart, or approximately 0.2 wavelength, 
‘Surprisingly, the antenna was extremely 
flat across the entire 10-meter. band, the 
‘worst mismatch being less than 1.2 t0 1.2 

‘The author has no means of measuring 
gain or front-to-back ratios. However, 
with the spacing and element sizes the 
same as a quad, the gain should be the 
same, or at least so close the difference 
would be insignificant. On-the-air tests 
have shown the antenna to be as good as 
oor better than quads the author has had 
up. Front-to-back and front-to-side re- 
ports have been outstanding, both on 
ground wave and skip. 


Element Lengths 

Many tests have been made on driven 
elements to determine the effect of element 
lengths on SWR. It was found that the 
flattest curve was obtained with the 
formula 


1005 
From 0 


for the driven element. The reflector 
should be about three percent longer, or 


If directors are desired it would appear 
that a length three percent shorter than the 
driven element would be adequate 


— 


Fig, 16 ~ This drawing shows tna ceiven 
semen! anc feed method of the Datta Loop. 
‘Feats have shown thatthe overall length of the 
antenna is sghity longer than a wavelongth 
(11023) Eaah sce oft antonna is 
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‘of wie section is made signly shorter 4 Put 
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Fig, 17 — This drawing shows the method of 
fant tothe boom. A eater 

tinder sie ofthe Boo 

‘onthe top to hole the 


‘lament securely tothe boom. 


Here is our root-mounted 20-meter Data-Loop 
bom thet ls now undergoing 2 series of ist 


Fig, 18 — Here a 
fiting can bo 

Spacing ns 
Ural or Plexiglas 


As to element spacing, the author has 
long deen an advocate of wide spacing 
(0.17 to 0.2 wavelength) whenever possi- 
ble, In the 10-meter tests 0.2 wavelength 
‘spacing was used 

For readers who are interested, com- 
plete construction information on a 10- 
meter model, including a list of the 
required tubing, follows. 


Construction Notes 

Fig. 17 shows the method of mounting. 
the element tubing to the boom, The angle 
between the semi-vertical elements is 
shown as 75 degrees but this can vary a 
few degrees cither way without any 
appreciable effect on the performance of 
the array. tis difficult to drill and line up 
the element support holes in the boom and 
come out to exactly 75 degrees 

There are a couple of methods of 
‘making the holes in the boom to hold the 
elements. One of the simplest is to use 2 
Greenlee-type chassis punch. This makes a 
clean hole in the boom, Another method is 
to drill holes large enough to take the end, 
of a 3/4-inch (19-mm) reamer and then 
ream out the holes to the necessary 
diameter. 

‘One not accustomed to working with 
‘angles might find it dificult to drill holes 
fata 7Sedegree angle. A simple method is 
to first drill holes to take @ single element. 
Next, make a jig from a piece of stiff 
cardboard or similiar material, using a 
protractor to get the 75-degree angle 
‘Then insert the single element into the 
boom and lay the jig along the element; 
this will give you the correct alingment for 
the other element 

“The elements are inserted through the 
‘boom just far enough to take a cotter pin 
‘on the underside of the boom. On the top 
side, a hose clamp is used to hold the 
clement to the boom and prevent slippage. 
‘A length of copper wire can be wrapped 
‘around both elements just below the 
clamp to insure a good contact between 
the elements and the boom. Hose clamps 


10 dlals on the gamma-matching soetion. As mentioned in the txt, tho eoax 
female type S0-238, mounted on a small brackel which is mounted on he boom. 
rs Yor spacing the gamma line rm the element can be made up rom pisces of 


are also used at the tops of the elements to 
hold the horizontal wire. 

Fig. 18 shows the details of the gamma 
matching section. The gamma section is 
made up from the inner conductor of the 
coax, including its insulation, and two 
sections of telescoping aluminum tubing. 
‘The outer covering and braid is removed 
from a 52-inch (1.32-m) length of RG-8/U 
coax. In Fig. 18, a male coax fitting is 
shown with a short length of braid, 2 
inches (51 mm) long, which is grounded to 
the boom via a clamp and bracket, If 
desired, a chassis-type coax fitting, type 
S0-239, could be mounted on the boom 
‘with a small metal bracket, The capacitor 
section is made of two lengths of tubing 
3/8-inch (10 mm), and 1/2-inch (13 mm) 
diameter, respectively, and both 9 inches 
(229 mm) long. The 3/8-inch (10 mm) 
tubing fits over the insulation around the 
coax inner conductor while the 1/2-inch 
(13 mm) tubing slides over the 3/8:inch 
(10 mm) material, The larger tube is 
Grilled and tapped to takea locking screw. 
‘Spacing of the section from the element is 
3 inches (76 mm), 

Inadjusting the gamma, figures given in 


Fig. 19 — For those interested in exact 
figures, this skotch provides tho eloment and 
oom lengths Yor a atie-Loop beam for 28.8 
hie 
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Fig. 19 can be used as a guide. In order to 
avoid matching errors, the gamma should 
be adjusted with the SWR bridge right at 
the beam, Set the shorting bar to the 
dimension given in the diagram and slide 
the 1/2inch (13 mm) tubing over the 
smaller tubing, looking for a setting that 
‘gives a match, If one cannot be obtained, 
‘move the shorting bar and sliding tubing 
assembly 2 short distance, say an inch (25 
mm), and then try different settings of the 
1/2-inch (13 mm) tubing until you find a 
match, We found that the settings were 
not critical in getting a match. Once the 
beam is matched, the regular feed line to 
the station can be attached to the feed 


point. The connection should be taped to 
prevent moisture from getting into the 
fitting and coax. 

‘As stated earlier, the antenna is ex- 
tremely flat across’ the emtire 10-meter 
band. The present model was designed for 
28,8 MHz and matched at this frequency. 
‘The SWR at the highest point, at 29.7 
MHz, was about 1.2 to I. This dropped to 
Tto Tat about 29 MHz and stayed at | to 
1 all the way down to 28 MHz. This 
feature of the antenna certainly is a help 
‘when using a transceiver designed for 5O- 
‘ohm output. The beam has proved its 
ruggedness through winds and icing 
conditions. Allin all, we think the Delta- 


The Delta-Loop Beam on 15 


Loop beam is one of the best performers 
‘we have seen. This material was originally 
presented in QST by Harry R. Habig, 
KSANV, 
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“aEiiors Nowe A Ldmeter model ofthe Deka Loop 
‘eam tesed at ARR. headquarters was ated a 
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‘Wonumetr The largest missanch also was es tha 
Hote ae at 39.7 Mit) 


DX capability, low SWR and readily available construction materials are 
highlights of this 15-meter beam antenna. Similar to a quad, but rugged as a 
Yagi — those are the virtues of the Delta Loop. 
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Fig. 20 — Basi configuration of 
Loop érven element. Each 8185 Is appro 
matory 1. wavelongth tong 


put tension on the wire, A gamma-match 
feed system is used, eliminating the need 
for a balun, 

The formula used in figuring the driven 
clement length is 


where f is the desired resonant frequency 
of the driven element. The answer will be 
in feet. The reflector length formula is 
1030 

Fae 

For a frequency of 21.2 MHz this figures 
‘out to a driven element 47 feet 5 inches 
(1445 m) long and a reflector that is 48 
feet 7 inches (14,81 m) long. Element 
spacing is approximately 0.2 wavelength 
‘oF about 9 feet (2.74 m). Fig. 21 shows the 


two elements with the lengths of each 
segment, 
Material Requirements 

‘The beam elements were built primarily 
from Reynolds Do-It-Yourself aluminum 
tubing, which should be available from 
most hardware dealers. The reason wesay 
“should” is because in some sections of the 
‘country hardware stores don't stock the 
tubing. However, most dealers will order 
the tubing for you. If you live in an area 
near or in acity of reasonable size, a look 
through the Yellow Pages will show any 
aluminum tubing dealers. The Reynolds 


Fig. 21 — The olement dimensions and the 
pam length all measures on 

‘nade from where the element 
‘rizr the oom, a parton of Ihe tement 
extending through the boom is net courted 


Fig. 22 — Constuetion detais forthe boom to-ns 
‘boom are Zunch {sI-mm) type. Those holding the 
Used teach 


Do-It-Yourself tubing comes in S-foot 
(2.44) lengths but most of the commer- 
cial tubing available from metal distribu- 
tors comes in 12-foot (3,66-m) lengths. If 
you obtain the I2-foot types, be sure to 
specify type 6061 (61S) alloy as this 
‘material affords excellent strength for 
antenna elements, The boom used in this 
antenna was made from this alloy and is 2 
inches ($1 mm) in diameter with a 0,065- 
inch (1.65-mm) wall. Another source of 
aluminum or steel tubing is electrical 
supply houses; although this type of 
aluminum is a little too soft for the 
elements it would be suitable for a boom, 
Also, electrician’s thin-wall steel tubing is 
available in various sizes, including the 2- 
inch diameter, for a boom. In a pinch, the 
boom could be made of wood, such asa 
length of 2X 4, In such a case, the bottoms 
of the elements could be connected 
together with a length of wire to maintain 
the Plumber's Delight feature. The shop- 
ping list included here should prove of help 
in purchasing the parts. 


Construction 

‘The first step in building the antenna is 
to make up the vertical elements. ‘The 
description given here is based on using 
the Reynolds tubing. Using a hack saw, 
cut the 7/8inch (22-mm) tubing into 2- 
foot (0.61-m) seations. This particular type 
is made by Reynolds for the purpose of 
telescoping the I+ and 3/4-inch (25-mm 
and 19-mm) diameter sections together 
and comes in 6-foot (1.83-m) lengths 
After cutting off four 2foot (0.61 m) 
lengths you'll have one foot (1.22-m) 
piece remaining. Cut this into four I-foot, 
{0.31-m) lengths and set these pieces aside 
for the time being. 

Next, cut two lots, the thickness of the 
hacksaw blede, about 2 inches (51 mm) 
deep in one end of each of the I-ineh (25- 
mm) and 7/8-inch (22-mm) diameter 
lengths. Slide the 7/Siach tubing inside 
the l-inch diameter to a length of about 6 
inches (152 mm) and then slip the hose 
clamps over the slots and tighten them 


st mounting bracket The U bolts holding the 
‘mast will depend en the mast dlameter Wwe 


‘em U Boks for a -172.nch dameter ma 


The 3/4-inch (19-mm) tubing can then be 
inserted into the slotted ends of the 7/8 
inch (22-mm) tubing and these sections 
clamped with hose clamps. Two of the 
elements should be adjusted to the proper 
length for the driven element and two for 
the reflector, as per Fig. 21 (or whatever 
length you wish from the formulas). Some 
amateurs may prefer to cut their antennas 
for the ew portion of the band and others 
for the phone section 

The next step isto cut the [-ineh (25- 
sm) hoes in the boom to take the ends of 
the Linch diameter elements, We used a I- 
inch chassis punch to make the hole, but 
4 Teinch metal reamer could also be used 
‘The aluminum is easy to cut or punch so 
making the holes should be no problem 
What can be a problem is lining up the 
holes so that the 75-degree angle between 
the elements is obtained. We made & jig 
from a piece of cardboard, using a 
protractor. Once one set of holes for the 
director and reflector were made the 
elements were temporarily mounted in the 
boom. The cardboard jig was lad on the 
elements and the 7S-legree holes were 
marked off and drill 

‘When the holes areal drilled, the boom 
can be laid on the ground and the element 
ends inserted into the boom holes. We 
allowed about 1/4-inch (6-mm) extension 
Of the base of the elements through the 
‘boom so as to allow space for cotter-pin 
holes. However, before drilling the eotter- 
pin holes, insert the four {-foot (0.31-m) 
fengths of the 7/S-ineh (22-mm) tubing 
into the elements at the boom. This will 
Serve to give added strength to the 
elements at the support point. Drill each 
ofthe four ends to take the cater pins and 
install the pins. Tighten down the hose 
lamps on the top side of the boom to 
Secure the elements in place 

Drill the tops ofthe elements to take the 
1/4-X I-inch (6-mm X25-mm) aluminum 
bolts. The top wires ean then be installed. 

‘The close-up view shows the gamma 
installation, ‘The gamma capacitor is 
amounted inside a plastic freezer container 
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Shopping List 
Quentity Length Diameter Reynolis 
my tiny 0, 
4 8 1 4202 
4 a aa tea 
2 é 7] ro 
4 3 2 See Test 
5 foot of 2/8: oF 1/2inch diameter aluminum 
tubing, 


12, tanch diameter hove clamps, stainless ste 

35 feat of no. 12 oF 14 copper wire, sll oF 
‘tranod. 

1 varable capacitor, 100 pF maximum, 0.025 


480-230 Coax chassis connector 

5 Vien iameler aluminum nuts ane bots, 
‘etrsnehas long. 

Feat x06 

Inches X 25. = mm, 


which is nel in place by small metal L= 
shaped plate mounted on the box and the 
boom, using four selltapping serews. This 
plate also holds an $0-239 coax chassis 
fitting to take the feed line. We like to 
install an SWR bridge directly at the beam 
‘when making SWR or matching tests 10 
reduce matching errors, and having the 
fitting there simplifies the procedure. The 
gamma rod, made from a length of 3/3 
ineh (lO-mm) aluminum tubing 36 inches 
(0.91 my) long, is latencd at one end for a 
Jength of 1-1/2 inches (38 mm). The Matted 
portion is bent over at right angles and 
Grilled to take one ofthe 1/4-% I-1/4-inch 
(6-mm % 32-mm) aluminum bolts, which 
Js mounted through the top of the freezer 
box. The gamma rod is held in place by 
this bolt and by the shorting bar between 
the rod and the element, The shorting bar 
i made from a piece of aluminum, ¥ inch 
(25 mm) wide and long enough to fit 
around the two pieces of tubing and 
provide a separation of 3 inches (76 mm) 
between the fod and the elements 
How you mount the anteana boom to 
the supporting mast will deperd a great 
deal of what type of tower oF supporting 
structure you have, The method shown in 
the photo is fairly simple one, and easy 
to make up. Fig. 22 shows details of the 
construction of the mounting unit, The 
fone shown in the photo supporting the 
beam was made from two pieces of 1/16 
inch (2 mm) thick aluminum plate, 
However, we found that even with the 
te there was still too much 
in the mounting setup, so a 
replacement was made from I/4+inch (6 
mm) thick aluminum, This made the 
‘mount competely steady. Either a plate of 
U4-inch aluminum or 1/8-inch (3 mm) 
steel should be adequate for the jobs. The 
Zinch (51mm) U bolts that hold the 
‘boom to the mounting plate were ade- 
quate, but just for added insurance, 3/8- 
inch (10 mm), 2-3/4-inch (70 mm) long 
machine bolis (two required) were ine 
stalled through the boom and mounting 
plate for greater holding strength, 
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his viow shows the completed antenna boing 
matched 


During our tests, a weather front moved 
through the area and we hed wind gusts 
up to 40 mph plus icing and snow loading 
oon the antenna, The antenna and elements 
showed very little movement in these 
winds, and the entire antenna appeared 
very strong, 


Adjustments 

Adjustment of the gamma section is 
quite simple, Install an SWR bridge at the 
‘gamma feed point and tune up the rig on 
the desired frequency, Set the gamma 
shorting bar 24 inches (0.61 m) from the 
base of the gamma rod and tighten the 
‘gamma-bar nuts and bolts just enough to 
make electrical contact. Set the SWR 
bridge to read reflected power and adjust 
the gamma capacitor for a dip. The object 
is to find a setting of the capacitor and the 
gamma bar that gives a reading of zero in 
the reflected position. This may take few 
tries, but you'll find the settings are aot 
critical. Ifyou adjust the antenna near the 
ground you may find it will require a new 
adjustment when itis up in its permanent 
location 

How you mount the antenna 
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permanent location will depend on what 
you have to hold the antenna. If you use a 
boom mounting-plate-to-mast assembly 
such as already described, the U bolts 
holding the boom could be left slightly 
loose and the 3/8-inch (10-mm) bolts left 
cout. The antenna could then be installed in 
an upside-down position and then rotated 
into place. Two men are better than one 
for this job, but one man car do the job. Lf 
a hole, say’1/2-inch (I3-mm) diameter, is 
drilled through the boom a 1/2-ineh rod 
‘could be slid through to serve as a lever to 
rotate the boom and antenna into an 
upright position and the U bolts and 
hardware could be then tightened down, 

We think the Delta-Loop beam is an 
excellent antenna and offers many possi- 
bilities. Certainly the results obtained to 
this point prove the antenna is a real 
pecformer. Our tower is a crank-up job, 
‘making antenna testing a fairly simple 
project. The antenna was first matched at 
the 8-foot (2.44 m) level (boom height) 


‘Tho paste foozer box fx held in piace by the 
mall metal bracket wich is attached to the 
Soom ith selltapping serews, Also on the 
rackal isco fing t0 take Tap AG-UU 
‘omslalfeed tine. The gamma rod ts mounted 
‘ontop of the ox and ta had to he element 
sin the shorting clam. 


and at the cranked-up height, about 55 
fect (16.76 m) above ground. A'very slight 
readjustment of the gamma capacitor was 
required at the greater height in order to 
get down to a I-to-1 SWR. However, the 
‘change in SWR from the 8-foot to 55-foot 
(2.44 to 16.76-m) heights was very small. 
Also, the highest SWR was at 21,450 kHz, 
the top end of the band, with a mismatch 
‘no worse than 1.2 to J. At 21,300 kHz the 
SWR dropped to I to | and remained at 
that figure all the way to the lower band 
edge. 

‘The entire antenna weighs about 15 
pounds (using the aluminum boom) so the 
antenna could be rotated with a heavy- 
duty TV rotator. One last note: We 
sprayed the cotter pins and hose clamps 
with a clear acrylic spray to reduce 
corrosion. This simple precaution should 
be taken in all antenna construction 10 
prevent or reduce rusting. This material 
was originally presented in QST by Lewis 
G. McCoy, WIICP. 


In ths close-up view of the ond of the boom, 
the mounting of the olomont ends are clearly 
‘Shown Colter pins are used on the Bottom 
fend ol the element and hose clamps on the 
top side of te boom This seeures the 
laments to the boom. The plate (reezer box 
ina hoes the gama captor i ley 


Antennas for Travel Trailers and Campers 


Pounding brass and rendering “lip service” from an RV or mobile home can be 
disappointing as all get-out if the antenna doesn't “play” well. Here are some 
tips for rig-mounted radiators that get the job done. 


go camping? Perhaps it's their Field Day 
training, perhaps it's the next logical step 
afer mobile operation, or perhaps they just 
cannot leave home without their rigs. At 
any rate, itis nice to have your own means 
‘of communication with the outside world 
when you are away from home in the 
Maine woods, at the Grand Canyon, or 
even down in Mexico, 

One thing all hams know is that no 
matter how good a transmitter you may 
hhave, you cannot get out without an 
antenna; and the better the antenna is, the 
better you get out. The antenna is usually 
ro problem forthe homestation. The sky is 
the limit, so to speak. A 65-foot (19.81 m) 
ccrank-up till-over tower with a triband 
beam on top, and a couple of inverted Vs 
for 40 and 75 are not at all uncommon. But 
did you ever contemplate transporting 
such an antenna system to a state park, oF 
some other campground, and setting it up 
while your XYL cooked supper? Obvi- 
ously, the mobile operator is faced with 
vastly different problems than those 
‘confronting the ham who stays at home, 
when it comes to antennas. 

In 1929, the author built a 14-foot travel 
hich was christened “Black 
horily thereafter, the writer got a 
ham license, and one of the first thoughts 
‘was toward a rig for the trailer. This wasin 
the days when mobile operation was still a 
novelty, and the story of Black Maria was 
the author’s first contribution to QST, in 
1933. The rig used a pair of 33s in parallel 
operating from a B-battery pack 

Over the ensuing 35 years, many 
portable antenna designs have been tried, 
and much has been learned about their 


‘The author's 30-oot (9.14 m) Alstream walter 
With the 75 meter Aiestceam Loop in place The 
Tuning” mast i the one carrying the lag. 


relative performance. The degree to which 
a trailer traveler is restricted in a choice of 
an antenna varies widely, of course, 
depending upon the facilites available at 
‘each stopping point. These are seldom 
known in advance, but to get the most out 
of the equipment, the trailer operator 
should be prepared to take maximum 
advantage of whatever facilities he may 
find on each occasion. 


Dipole Antennas 

Long ago, it was found that a simple 
éipole for 40 oF 75 would far outperform 
the author's mobile whip, even with the 
dipole only a few fect above ground. While 
writing this, sitting in the latest Black 
Maria — a 20-foot Airstream job — up in 
Port Colburne, ON, the author was 
listening to the 75-meter phone band, The 
dipole is only 8 feet (2.44 m) above ground. 
When checking into the Airstream Travel 
Trailer Net, which meets every Sunday on 
3963 kHz at 8 Ax. local time, the writer 
worked other trailer stations in Connecti- 
cut, New Jersey, Maryland, Pennsylvania, 
New York and Ohio, Several times the 
author switched to the mobile whip and 
could not be heard through the QRM. 
Such a dipole can be prefabricated and, 
when rolled up, occupies very little storage 
space, 

‘When the length of the stay warrants it 
and trees or other supports are available, 
the antenna will be even more effective 
when raised to a respectable height. A bow 
and arrow is kept on hand for shooting 
lines over taller trees. Incidentally, Hy= 
Gain makes a deluxe portable dipole 
consisting of two stainless-steel tapes in a 
double plastic housing. The tapes are 
calibrated in meters, and can be quickly 
reeled out to the proper length for use on 
any desired band. The unit is fitted with a 
coax connector, making installation very 
easy. 

If only a single support is available, the 
dipole can be used in “inverted-V" fashion 
‘A convenient way of putting up such an 
antenna is to use three or four S-foot (1.52 
m) lengths of 1-1/4-inch (32 mm) alumi- 
num TV masting as a center pole, mount- 
ing iton the front ofthe trailer. The author 
has a mounting for such an arrangement 
clamped to the bumper, as shown in one of 
the photographs. The mast can be 
equipped with light nylon halyards for 
hoisting the center ofthe dipole, The ends 


Insulated mounting at ong end ofthe “Airstream 

Loop" 75-mete” antenna. The "ning" mast ean 

bbe mounted cvectly in one af the othar sockets 

‘The tuning wil vary withthe spacing between 

‘masts az wel a the length of ho “tring” mas 

‘The lesulated mounting can be transferred Io 
ie sockets 10 obtain maximum 


of the dipole can be attached 10 whatever 
may be handy, but the higher, the better. 


Loaded Antennas 

Ofcourse, there are many times when the 
surroundings, or the shortness of the 
stopover, make erection of a conventional 
dipole impractical. On these occasions, the 
author used one or another of several 
arrangements shown in the accompanying 
photographs and sketches. Where the 
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{An olovated mounting for a mobile whip at atop 
font corner ofthe traler body. The bracket is 
{astoned by pop rivals. Ths pol! may also be 
‘Used, wth the whip removed, for faacog wre 
‘poles. 


‘A ebook wi a 20-wat uorescent lamp by 
‘WIWi2 Inaiestes the "not" points on the 
Airstream Loop 75-motor antanna aster, 


antenna system is one that requires a 
‘ground for operation, it was found that a 
‘quarter-wave wire counterpoise connected 
to the trailer, and strung out a few feet 
above ground, is usually a much better 
“ground” than the trailer alone, even ifthe 
trailer is actually grounded to a driven rod 
‘The author carries two each of wires cut to 
Tengths of &, 16, 32 and 60 feet (2.44, 4.88, 
9.75 and 18.29 ‘m) for use'as counterpoi 

fon the 10-, 20-, 40- and 75-meter bands, 
respectively. One end of each wire is fitted 
with a large battery lip, while the other is 
terminated in an insulator, Trailer awning 
poles come in handy as_counterpoise 
supports when nothing else is available. 


“Airstream Loop” Antenna 


Of particular interest is the 75-meter 
folded configuration shown in thesketch of 
Fig. 23, which is called the “Airstream 
Loop,” although, strictly speaking, it docs 
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‘A 25-oot (7.82 m) beseloaded antenna 
‘mounted an brackats attached (othe side af the 
trail, 


not function as a true loop. With the 
fittings that are provided, this antenna can 
be put up in @ few minutes, and its 
performance seems to be about equal to 
that of a low dipole. It has the advantage 
that it is completely supported by the 
trailer, and requires no external supports 
tis contained entirely within your own 
campsite. There are no wires strung out for 
you of your neighboring campers to trip 
Over or be gartoted by inthe dark. A 30- 
foot (9.l4-m) length of wire is strung 
between, and connected to, wo poles made 
of aluminum TV mast sections. A third 
mast(A),ofapproximstelythesame length 
a8 the others, and connected to the trailer, 
isan essential part of the system. This 
arrangement appears to work a8 a folded 
half-wave antenna, the 30-foot (9.14-a) 
wire and the two poles connected to it 
forming one half of the antenna, while the 
other halfis formed by the trailer body and 


mast (A), Probing with a fluorescent lamp 
shows that the end of the trailer opposite 
the feed point is “hot” while the feed-point 
end is “cold.” The system can be tuned by 
‘adjustment ofthe length of pole A, and/or 
changing the spacing between A and the 
‘adjacent pole. The spacing can be changed 
bya selection of the pole mounting sockets 
shown in one of the photographs. In this 
‘manner, the resonant frequency can be 
changed by almost 150 kHz For any 
adjustment, the transmitter can be tuned 
‘about 30 kHz either side of the resonant 
point before the SWR exceeds 3 to I. Since 
the “hot” end of the trailer is the feomt end 
in my case, the tow car must be unhitched, 
and an insulating block used under the 
‘customary supporting jack. 

In a similar arragement for 40 meters, 
mast A is omitted, and awire approximate 
ly 21 feet (6.40 m) long is connected to the 
pole at the feed-point end. The open end of 
the wire is supported from the pole at the 
‘opposite end of the trailer by a length of 
nylon rope, 


40-Meter Monopole 
Another 40-meter antenna that has been 
used with considerable success is a 34-foot 
(10.36 m) length of 300-ohm ribbon line 
connected as a folded monopole, and 
strung up in the same manner ay the 
antenna just described. One conductor of 
the ribbon is grounded to the trailer at the 
feed point, while the other conductor is 
connected to the center conductor of the 
coax line. The two ribbon conductors are 
‘connected together at the far end, 


Matching 
Standing. 


yave ratios up to or6to Lare 


hardly worth worrying about at 4 MHz.so 


‘The BO-meter resonator (op) is New-Trones. A 

treacea stud has been add tothe vacant 

ldo of tho acaptr to fake a New-Tronie 40- 
sonator. The system i fod athe base 

Sinle coax tne 
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The more dense deployment of cells will also give rise to other approaches that improve the reliability 
of data transmission across 2 5G network. Data may be divided into individual streams and transmitted 
through multiple antenna segments in a process called Multiple Input Multiple Output (MIMO) which 
allows for more information to be transmitted simultaneously. This technique is further empowered by 
‘beamforming’ which allows base stations to direct focused beams of energy to a specific area rather 
than dissipate the available power of a larger area. These developments will enable more efficient 
transmission and increase overall throughput. 


5G is also expected to assist the adoption of loT by further reducing power consumption through 
extended discontinuous reception. In this scenario, loT devices shift between active and inactive cycles, 
transmitting only when required. This will allow connected devices to operate for extended periods on 
a single charge, reducing operational costs. 


5G will also increase the support for a greater density of devices that would have otherwise been 
limited by the capacity on 3G and 4G networks. They will also enhance loT deployment through the use 
of network slicing to create virtual network configurations that are optimised for the low power and 
coverage requirements of loT networks. 


Business case 


For Australians to experience the benefits of 5G, the communications sector will need to explore and 
develop new business cases to attract investment and support the rollout of SG services. As SG 
becomes an integral part of the communications ecosystem, the sector will need to be agile to respond 
to the needs and expectations of other sectors which will be seeking to take advantage of these next 
generation networks. 


While residential consumers will inevitably be attracted to the enhanced mobile broadband services 
offered by 5G, itis the industrial applications for SG where industry expects to see the greatest 
‘opportunity for new business models. 


Compelling industrial applications are still to be developed. For example, industry sectors can be 
expected to seek tailored solutions for their business needs such as enhancing their local area network 
or enabling autonomous systems, and small businesses will look for low cost deployments of loT. 


It is therefore expected that the model for SG will be demand driven and will require the 
communications industry to foster new business opportunities. 


www communications gov.au 
‘5G—Enabling the future economy wwwarts gov. Page 8 of 12 


www classification gov.au 


{ 
Ea 


©O© 


Fig, 29 — 75-metar “Airstream Loop! 


‘An 80-meter dipole made af two Now Tronies 
E-meter mobile whip back to back, The Te-oot 
(4.57 m) mas is bumper-mounted. A 1-1-1 
Datum i mounted on the center inslating panel, 
whichis secured tothe mast with U bolts. This 
Sntonns is quite narow band when operated on 
15 meters, making It necessary to retune the 
fntonna for excurelons of mare than 30 oF 40 
wie 


far as additional power loss is concerned 
However, an SWR greater than I to I 
causes the line input impedance to vary, 
depending on the length of the line. The 
output circuits of many transmitters and 
luansceivers are not designed to work into 
loads departing significantly from 50 
‘ohms. With these units, it may not be pos- 
sible to load the final stage, or components 
in the output stage not designed for the 
voltages that develop with higher- 
impedance loads may be damaged. Use a 


Monimatch, or other reflectometer, and 
adjust the antenna for minimum SWR. 
The author carries along several mica 
capacitors ranging in value from 50 pF to 
0.002 F with battery clips attached, which 
are used to shunt the line at the feed point, 
‘Start out with the lowest value, and double 
the capacitance in steps until you get an 
‘SWR of | to I somewhere in the band, and 
then adjust the antenna length for reso- 
rnance at the desired frequency.! 

To get some idea of the relative perform- 
‘ances, a series of checks was made at 3825 
kHz. on several of the antennas described. 
A receiver with a horizontal antenna was 
‘et up ata distance of eight miles from the 
trailer, and S-meter readings were taken 
with the results shown in the accompany 
ing tabulation. All readings were made 
with identical input power to the transmit- 
ter, and with the antennas adjusted for an 
SWR of | to L 

To sum it all up: 

1) Carry a complete set of mobile whips 
for lunch stops, oF other occasions where 
you just do not have the time or room for 
anything better. 

2) If at all possible, use a I/4-wave 
counterpoise clipped to the trailer when 
using a mobile whip. 

3) If you have the time or space, clip a 
1/4-wave wire, instead of a whip, to your 
‘mobile antenna mount, and run it out toa 
bush oF tree 

4) In addition to (3), clip a 1/4-wave 
counterpoise to the trailer, and runt inthe 
‘opposite direction, 

5) If you are stopping for a short time, 
or for the night, rig up the S-band mobile 
whip with five I/4-wave counterpoises, one 
of appropriate length for each band. 

6) If you want to concentrate on one 
band, put up the 16-foot (4.88 m) mobile 


\(Etors Note This methods equivalent othe ws of 
tepdown L aetwork I ean be ued when the 
ne ford point pedance i lower han the He 
impedances To obtains mate, the aetenna length 
he wrsewbat longer thon resonant onl, 0 
‘the sntenna shows inductive reactance a te 
feed pout (Tis reactance serves a a subeitefor 
the reactor ofthe cil ofa conventional Lae 
work) For as accurate match, ei neciary 10 
‘Mit the sateama Tengih and the valbe of the 
fapacitor unl he appropriate transformation ratio 
Schein} 


Brackets for mounting TV masting on the side 
(ofthe wale. The upper bracket Is tod with & 
ed yoke bole tothe bracket. 


Mastered t9 the traler with pop 
Tanie 3 

Hustler 7-meter mobile whip 

‘ounted vertically an top tear 

‘comer of taller 7 
Same a8 above, ih 66to0t 

{ounterpoise wire connected to 

tlie 0 

Two Hustiar 78:meioe mobile wipe 

back to back as & horizontal loaded 

‘ipole 89+ 548 
[0-tootharzontal we 8 fet high. 

sing traler ae ground $94 1048 
Mustle 4STV wap vertical with 75- 

eter resonator 89+ 1048 
120-foot pot, 18 eat high at 

center 99+ 2008 
“Alrsream Loop” antenna ‘$8 +2000 
Home station dipole 0 feat high 59 +30 a 


Foot = 08 


whip dipole if your space is limited. 
7) If you have plenty of room, put up 3 
1/2.wave dipole for your favorite band. 
8 If you want to work all bands, and 
space for dipoles is limited, then put up 
your trap vertical with the 75-meter 
Tesonator tuned to your favorit frequency. 
9) Ifyou are going to spend a week in a 
particular eampground, shoot some lines 
‘vera couple of high trees with a bow and 
arrow, and get your dipoles up in te airas 
high as possible 
10) The use of balloons and kites is 
200d, but depends completely on the wind. 
11) Next best to high dipole, put up the 
“Aiestrcam Loop” antenna for 75 meters. 
12) Iallelse fails, bring your2-kW PEP 
linear and your 2.5 kW ac gas generator 
along. This will at least keep the other 
campers awake. Don't forget a low-pass 
fiver for TVI! This material was originally 
presented in QST by Philip S. Rand, 
WIDBM. 
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The Apartment Dweller’s Dilemma 


Having trouble getting a signal out from “concrete city”? Nonresonant, random- 
length wires can provide surprising results if a Transmatch is used to make the 
rig happy with the load it sees. 


t is apparent that many would-be 
amateurs living in apartment buildings 
believe it is impossible to get an effective 
signal on the air, They feel the need to have 
fan outdoor antenna in order to make 
contacts. This isn't true. Of course, the 
apartment duller can always go mobile, 
‘but there comes a time when the amateur 
wants a home tation, This article treats the 
problem and, hopefully, will get afew more 
hhams on the air 


‘Some General Considerations 

‘There are exceptions to the following 
rules but, in general, they can be depended 
‘upon, 

1) An outdoor antenna will work better 
than an indoor one, 

2) An antenna inside a frame building 
with wood exteriors is better than the same 
antenna in a stee/-and-concrete building, 


3) The higher above ground, inside or 
out, the better the antenna will work, 

4) The bigger (or longer) you can make 
fan indoor antenna, the better — even ifit 
means running the Wire around corners. 

'9) Even a poor antenna should produce 
some contacts. 


‘The Coupling Problem 

‘Most transmitters are designed to work 
{nto a 50-ohm load, and contain little orno 
provision for adjusting the transmitter 
when the load is other than 50 ohms. 
Unfortunately, there is no random-length 
wire antenna that will present a $0-ohm 
load on all bands. What is required is a 
Transmatch, A Transmatch is simply an 
adjustable LC network that converts the 
unknown antenna impedance to 50 ohms. 
This unit, shown in Fig. 24 and the 
photographs, will cover the 80- through 


co) © 
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Fig. 24 — Circuit diagram ofthe Lnotwork 

“Transmatch. The wight bana |acks af EF. 

Johnsen type 108-000. ang nea dual benana 

luge are requtes, EF. Johnson type 108-200, 

61" Varable capacitor 950 pF (EF Johnson 
454-10), 

01, 02— 1N34A germanium dioge. 

‘1, J2— Chassis connector, type SO-208, 

{18 Feodtnvougn terminal isolate 
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Li, L2 — See Fig. 25, part of etched circuit 
fasembiy 

Variable inductor, 28 uM (EF. Johnson 
220-203}, 

Mi — 100A meter 

2, Ra GB-ch, 1/2-watt carbon or 
‘Composition, not wrewoun. 

185 —"25,000-ohm carbon contr} linear teper 

St — Spa toga. 


The completed Transmateh, The counter lat 
tnd knab are James Millen Mg, Co. Ine. 
roduets Chock with GA. Whitohoise, 
Pest NH 02081, 


to-meter bands and can handle | kW of 
Hf power. In addition to matching the 
transmitter to the antenna load, the 
‘Transmatch helps reduce harmonic radia- 
tion, Many Novices get in trouble with the 
FCC because of 2nd-harmonic radiation 
from the 80-moter signal. This unit should 
reduce such harmonic radiation. Also, the 
use of a Transmatch can provide better 
front-end selectivity for the receiver. Some 
receivers are subject to severe cross 
‘modulation when operated near a broad- 
‘ast station, The Transmatch should re- 
duce this effect. 


Circuit Details 

‘The unit shown in Fig. 24 is designed to 
be used in three configurations. They are 
shown at B, Cand D. With one ofthe three 
hookups, it should be possible to match 
practically any antenna to the transmitter 

In order to get complete band coverage 
and avoid the complexities of band- 
switching, banana and jack plugs are used 
to change the circuit to the configuration 
needed. For example, if one wanted the 
setup shown at B, he would jumper 
terminals 7 and 8, I and 3, and 4 and 5, 
Using the banana plugs makes for easy 
‘changing of the circuit. 

Whenever  Transmatch is used, the 
operator should have a way of knowing 
when the unit is adjusted correctly. The 
answer to this need is a Monimateh or 
other SWR indicator. If you have an SWR 
meter, it can be connected in the line 
between the transmitter and the coupler. If 
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Fig. 25 — Etoned ctcultsnosrs template, The fl ike is shown, with etched portion shaded. 


1, You can build the Monimatch! shown 
in Fig. 24, and include it in the eabinet with 
the Transmatch. 

Construction Details 

The chassis for mounting the Trans- 
match is made from a piece of aluminum 
measuring 10 X 19 inches (254 X 482 mm), 
‘Theendsof the 19-inch length of aluminum 
are bent up to form a U-shaped chassis, the 
ends being 4-1/2 inches high to form a 
chassis 10% 10 X 4-1/2 inches (254 X 254% 
114 mm). The back side of the U has an 
opening cut out, 3-1/4 incheshigh by 4-1/2 
inches (83 X 114 mm) long. A piece of 
Plexiglas is mounted over this opening, 
The jack-plug sockets are installed directly 
on the plastic. Connections from the roller 
inductor, L3, and variable capacitor, Cl 
are made to the banana jacks. Be careful 
when drilling the holes for the jacks to 
insure that they will mate with the plugs 
Fig. 25 shows the details for a pe-board 
Monimatch. 

Methods for making etched circuit 
boards are given in detail in the construc- 
tion chapter of The Radio Amateur’s 
Handbook, so we won't treat the process 
here. When installing D1 and D2 on the 
board, be sure to use a heat sink while 
soldering the leads. Too much heat can 
ruin the diodes. Shielded leads are used 
from the circuit board to SI to prevent 
unwanted rf pickup. 

Today's equipment builder soon finds 
out that locating parts can be a tough 

‘oblem. Fortunately, we have found a 
distributor who will furnish all the parts. 
With the exception of the chassis, the parts 
for the Transmatch can be purchased from 
Barry Electronics.? 


Some Antenna Ideas 

With this Transmatch one should beable 
to match any random-length antennato his 
transmitter. To test the system, we strung 
up 25 feet (7.62 m) of wirein the ARRL lab 
(a steel-and-conerete building, firs Noor) 
‘The Transmatch provided the desired 50- 
‘ohm impedance on all bands, We didn’t get 


any “60-over-9" reports, but we did make 
‘As to your antenna installation, we 
suggest running the wire up to the ceiling, 


around the room, perhaps into the next 
room, making the antennas as long as 
possible. Ifthe XYL objects tothe wire, use 
an invisible antenna. Nope, we're not 


“The Monimatch is at the upper let. covered by a metal enclosure. Connections frm the elle 
Inductor ang the variable apecitor tothe tirminalson the |acks ae mace wits thin strips of copper 
tiihough no 12 or 4 wirsean bo used instant. The two antenna terminals are a the rear sgh, Fhe 


{op termina efor use with coated a 


sn, I desired 
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joking! You can make the antenna from 
‘no, 26 oF 28 wite, which will be practically 
invisible, Also, you can conceal the wire 
‘behind molding. Be sure to insulate the 
wire if it runs near any metal, In some 
cases, it is impossible to get the wire 
outside. However, if you have a screen ia 
tone of your windows, terminate the end of 
the antenna at the screen. The screen i 
outside and it will help the system radiate 
While it may be difficult to install, the 
antenna length to shoot for is approxi- 
mately 120 to 130 feet (36.58 to 39.62 m) 
because this isa good length for multiband 
operation. 

If you cannot put an antenna on the 
apartment roof, there is stil a trick or two 
for having an outside antenna. You can 
drop a wire out the window and let it hang 
down. How long the wire should be will 
depend on how high up you are. You can 
make the wire long enough to reach nearly 
to the earth, but high enough to be beyond 
the reach of passersby. Safety first, always! 
‘There is no electrical law that states that a 
vertical must be fed at the bottom. Just 
connect the end of the wire to your 
‘Transmatch and tune up the system. You 
ean use small-diameter wire, Use a lead 
sinker on the end of the wire and possibly 
imbed the sinker in a small sponge-rubber 


ball. (That way, you won't break your 
neighbor's window.) 

If there is a support to which you can 
attach the far end of the antenna you can 
use the invisible-wire trick. Use rubber 
bands for insulators, Erect no. 26 or 28 
wire. Don't be too discouraged ifthe wire 
gets broken by passing birds! 

We know one ham who lived in @ 
basement flat. He ran a wire through the 
wall to the bottom of a rain gutter, tuned 
up the system, and managed to work 
DXCC. (Safety first, again, The down- 
spout should be beyond the reach of 
human beings!) The general idea is to use 
ingenuity. With a Transmateh you never 
ccan tell whar will prove to be a useful 
antenna, 

How to Tune Up 

Using the Transmatch is not compli- 
cated. Although it takes some time to find 
the correct combination of settings, once 
determined, they can be logged for later 
reference. Use a short length of 50-ohm 
‘coax to connect the Transmatch to the 
transmitter. Attach the antenna to the 
‘Transmatch, Tune up your transmitter on 
the desired band, making sure thatthe final 
amplifier is resonated, but with the power 
‘output reduced. With the Monimatch in 
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the forward-reading position, set the 
sensitivity control for a full-scale reading. 

‘You may have to inerease the output of the 
transmitter to get full deflection, but be 
ssure to keep the final amplifier tank in 
resonance. Switch the meter to the 
reflected position, and then adjust LI and 
CC, until you get the lowest indication of 
reflected power. Itshould be possible to get 
the meter to read zero. When you have a 
zero reading in the reflected position, 
‘versus full scale in the forward setting, the 
‘Transmatch is correctly adjusted, and the 
SWR is |. You may have to change the 
Circuit o one of the other configurations in 
‘order to get a match, but one combination 
should work. Once you have the Trans- 
match set properly, you can then adjust the 
transmitter to ils rated power input. One 
other point: I isn't always possible to get a 
‘g00d ground connectionin an apartment, 

Therefore, a connection to a cold-water 
pipe or earth ground should be used. This 
‘material was originally presented in QST- 
by Lewis G. MeCoy. WIICP. 
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This antenna consists of a 1/4-wavelength element grounded at one end and 
wound into a single-turn coil, a few conductor diameters above the ground 


(see Fig. 26). 


oe etre 
antenna site was marred by asharp rise of 4 
Svan meen eect 
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Fig. 25 

RO = 0.078 4 28") 

SP 0110 25") 
225 h (See Note 1) 

(S00 Note 2) 

{S00 Nete 3) 

(G = (S00 Tablo 4) 

‘Note: 1) Actual dimension must be found 

‘experimentally. (2) Vale to resonate the 

{anton to the cporating trea () ¢ rangos 

Upward trom 3/2" (13 mm). The larger “ais the 

Figher efficacy i Use largest pratical see, 

fog 1/2" {13 mm) for 10 mater. §" (187 mm) or 

{6°52 mm) for 80 oF 160 meters 


‘groundplane were concerned. In this loca- 
tion, the DDRR really proved its worth. In 
spite of its low profile, a little over 1 foot 
(O31 m), and its very small span, a few 
inches over 9 feet (2.74 m),it was morethan 
adequate when competing with any signal 
‘on the band. The obvious conclusion from 
my experiments is that the 40-Meter 
DDRR is the apartment-dweller’s dream, 
It is principally for that group that this 
article is prepared, Other interested at 
teurs might be those who are limited, as this 
author is, by too much house on too little 
real estate; or those who for other reasons 
‘cannot cope with high towers, masts and 
uy wires. 

Before this writer's enthusiasm sends 
you out to rip down your inverted V or to 
dismantle your beam, remember this: The 
DDRR, for all of its capabilites, will not 
supplant a full-size single-frequency 
antenna which is propetly erected over 
clear terrain, What it will do is provide an 


‘The chickenwie groundpiene is evident in he background. The base 


te can be seen at 


lower right Note ta ellie postions ofthe 52-onm connial fed atthe lel end of the pate, the 
flange on the foot ofthe post, and the tuning unt at he rght-Rand end of the plate 
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Fig, 27 — Drawing ofthe bate plate which ean be made from either ste! or aluminum, a¢ 


described inthe text 


Table ¢ 
Dimensions for 1/4 Wavelength DDAR Element 


Bend (Metor) 160] 
Feed Point (FP)* i © ¢ 

ap (6) er & 
Capacitor, pF (0) 10 10070 
Spacing (Height) (SP) aoe 
Tubing Diameter (0) eo F 
Ring Diamotor (AD) a we 


+See Fig. 26 for explanation of designations 
Feet X 03048 = m 
Inches X 25.4 = ev, 


no 6 66 2 
row s ’ we 
ae ie + 
35 3% 0 5 
F; Es tye + 
‘ gee 
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antenna which will enable communications 
of respectable quality, where heretofore it 
hhas been impossible because of inadequate 
space to erect a 40-meter antenna, 

‘Some consideration should also be given 
to the fact that the high-Q nature of the 
DDRR and its resultant narrow-band 
characteristics serve to reduce the noise 
level. Boyer? reports that in the initial 
experiments it was found that DX stations 
which could copy signals from either a 
vertical or a DDRR could only be heard on 


the DDRR due to the reduction in 
background noise. So if you have a noisy 
location, it might be to your benefit to try 
the DDRR, regardless of what antenna 
you are presently using. 


Constructing the 40-Meter DDRR 

In this application, 2inch (51 mm) 
diameter automobile exhaust pipe was 
used as the radiating element. The local 
muffler shop not only supplied the 
‘material, but also undertook to bend it to 


‘Thi braised ta serots the fared jont fe to 
assure electrical continully. The screws see 
fre selfepping sheet-metal screws, The top 
(nd of the insulator (2inch [51 mn] diameter 
PVC pipe) i a standard PYC pipe cap the 
booms closed off witha eap from an aerosol 
ean (2inen (St mm} TO). 


specifications. This was an obvious course 
since the material and the power bender 
were right at hand. 

‘The dimensions for 40 meters are 

Ring — 9 foot (2.74 m) diameter, 
center to center. 

Height — 12 inches (0.31 m) from 
ground plant to element center: 

Gap — 6 inches (152 mm) from 
‘upright post center to open end of 
ting. 

In forming the ring to these dimensions, 
four 10-foot (3.05 m) lengths of tubing were 
used. A 10-degree bend was made at 9-inch 
(229 mm) intervals in three of the lengths. 
‘The fourth length was similarly treated, 
except for the last [8 inches (0.46 m) which 
were bent at right angles to form the 
upright leg of the ring. One end of each 
section was flared so thatthe sections could 
be coupled together by slipping the end of 
‘one into the flare of its mate. 

The required flares areeasily made at the 
muffler shop with the aid of the forming 
tools. Another task which can best be 
completed at the shop is to weld a flange 
onto the end of the upright leg. This flange 
is to facilitate attaching the leg to the 
‘mounting plate which provides a chassis 
for the tuning mechanism and the coaxial- 
feed coupler. After bending and flaring is 
‘complete, the ring is assembled and minor 
adjustments made to bring it into round 
and to the proper dimensions. This can best 
be done by drawing a circle on the floor 
with chal and fitting the ring inside the 
circle. The circle must be slightly larger 
than the center-to-center diameter so that 
the reference line ean be seen easily. For 
example, with two-inch (SI-mm) tubing 
the actual diameter of the reference circle 
must be 9 feet, 2inches (2.79 m). When you 
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Fig, 26 — Cireuit a 
DI through 04 — 1 A, 50 PAV, oF equi 
Prope, TA. 


The heavy back ie to lower ig 
the pte housing isthe motor sono fine. 


have a satisfactory fit between the tubing 
ring and the chalk ring drill a 1/4-inch (6- 
mm) hole through each of the joints to 
accept a 1/4inch holt. These bolts will 
clamp the sections together. Also, they can 
be used to attach the insulators which 
support the ring at a fixed height above the 
groundplane. 


Making and Attaching the Insulators 

Insulators for the antenna were made 
from Il-inch (279-mm) lengths of 2-inch 
(S1-mm) PVC pipe inserted into astandard 
cap of the same material. The PVC caps are 

st drilled through thecenterto acceptthe 
1/4-inch (6-mm) bok: previously installed 
atthe joints. The capsare then lipped onto 
the bolts and nuts are installed and 
tightened to secure the caps in place. The 
L-inch length of pipe, when inserted into 
the cap and pressed firmly until it touches 
bottom, results ina total insulator length of 
12 inches (0.31 m). Four insulators are 
required: one at cach of the joints and one 
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et the feed line ard the open end to tho capacitor are 
i the 52-0nm load ine. The smaller line coming from 


ram of the power supply and control metor. 


1, P2— Two-teminal plug 
S1— Spat 

82 — pal, centr oft. 

41 Transformer (260 tex) 


dard ose clamps, 


near the open end ofthe ring for support. It 
is wise to locate this insulator as far back 
from the end of the ringas possible because 
fof the increasing high rf voltage that 
develops as the end of the ringis approach 
ed.* Asa final measure, the bottom ends of 
the insulators were sealed to prevent 
moisture from forming on the inside 
surfaces. Standard PVC caps could be used 
here, but we found that plastic caps from 
IS-ounce aerosol cans fit well, 


Making the Mounting Plate 

The mounting plate is required to 
provide good mechanical and electrical 
connections for the grounded leg of the 
radiator, the coaxial feed-line connection, 
and the tuning mechanism. Ifyou are using 
aluminum tubing, you should use an 
‘aluminum plate, and for steel tubing, a 
steel plate to lessen corrosion from the 
contacting of dissimilar metals. Dimen- 
sions for the plate are shown in Fig. 27. The 
important consideration here is that good, 


solid mechanical and electrical connections 
fare made between the ground side at the 
coaxial connector, the ring base, and the 
tuning capacitor. 
‘The Tuning Unit 

We found that the 9-foot (2.74 m) ring 
resonated easily with approximately 20 pF 
‘of capacitance between the high end of the 
ring and the base plate or ground. A 35-pF 
double-spaced variable from the junk box 
‘was pressed into service here (Cardwell 
NG-35-DS). Any variable which will tune 
the system to resonance and which will not 
arc under full power should besatisfactory. 
Remember, the rf voliage at the high 
impedance end of this antenna can reach 20, 
to 30 KV with high power, so if you are 
using the maximum legal limit, you would 
do welltoconsider usinga vacuum variable 
capacitor. Since we limited our power to 
‘500 watts PEP, the double-spaced Card- 
‘well unit was satisfactory. To provide for 
full band coverage, the capacitor was 
‘coupled to a reversible, slow-speed motor 
which enabled the antenna to be remotely 
tuned from the operating position, An 
indicated SWR of 1.1 to 1 was casily 
achieved over the entire 40-meter band. 
‘The motorused was asurplusitem made by 
Globe Industries of Dayton, OH.* At 20 
volts de the shaft of this motor turns at 
about | rpm which is ideal for DDRR 
tuning. The gears used were surplus items. 
If you cannot obtain gears, string and 
pulley drive will do almost as well, or you 
can mount both the motor and the 
capacitor in ine and use direct coupling. Of 
course, if you operate on a fixed frequency 
‘or within a 40- to 50-kHz segment of the 
band, you can dispense with the motor 
entirely and simply tune the capacitor 
‘manually. In any case, the tuning unit must 
be protected from the weather. We used a 
plastic refigerator box to house the tuning 
capacitor and its drive motor. 

FFig. 28 shows the electrical connection 
for the motor. A small train transformer or 
power supply for toy slot-cars will work 
admirably as a tuning motor power source. 
Standard ac zip cord was used for the 
connection between the control unit and 
the motor. 


Electrical Connections 
tand the Groundplane 

‘The connection between the open end of 
the ring and the tuning capacitor is made 
with no. 12 wire or larger. On the end of the 
base plate opposite the tuning unit, and 
directly under the ring about 8 inches (203 
mm) from the grounded post, install a 
bracket for a coaxial connector. The 
connector should be oriented so that the 
feed line will lead away from the ring at 
close to 90 degrees. Install a clamp on the 
ring directly above the coaxial connector. 
Connect alead of no. 12 orlarger wire from 
the coaxial connector to the clamp. This 
wire must have a certain amount of 
Aexibility to accommodate the movement 
necessary when adjusting the match, The 


matching point must be found by experi- 
‘mentation. It will be affected by the nature 
and quality of the groundplane over which 
the antenna is operating. The antenna will 

inction over earth ground; however, in 
‘our location we found the eletrical ground 
to be unpredictable. A. groundplane 
surface of chicken wire (laid under the 
antenna and bonded to the base plate) 
provided a constant ground reference and 
improved performance. In a rooftop 
location sheet metal roofing should 
provide an excellent groundplane. A poor 


paint to minimize rust. Ifit suits you, there 
is no reason why a final coat of enamel 
could not be applied 


Tuning Procedures 

Once the mechanical construction is 
completed, the antenna should be erected 
in its intended operating location. Cou- 
pling to the station may be accomplished 
with cither S2-ohm or 72-ohm coaxial 
cable, Tune and load the transmitter as 
with any antenna, While observing an 
SWR meter in the line, operate the tuning 


PES LLL ee 


AM la 


‘The tuning moter abowo the capacitor, couplas tothe capacitor shalt rough the goars at lt 


Both the motor ang the eapsciter 


baseplate by two bolts thvough the woatherbroot housing. The lead passing upwara through the 


{ground usvally results in a matching point 
for the feed line far out 
sircurference of the circle. In ou 
tion a near-perfect match was obtained 
With the feed line connected to the ring 
about 12 inches (0.31 m) from the ground- 
ced post. During testing, when the antenna 
was set up on a concrete surface without 
the groundplane, a match was found when 
the feed line was connected nearly 7 feet 
(2.13 m) from the post! 

‘Ag showa in photos, the compactness of 
the antenna is readily apparent. The 
‘groundplane is made up of three 12-foo1 
(G.66-m) lengths of chicken wire, each 4 feet 
(1.22 m) wide, which are bonded along the 
edges at about 6-inch (152-mm) intervals 
In our installation the antenna, with the 
groundplane, could be dismantled in about 
30 minutes, If portability is aot important, 
it is best to bond all of the joints in the 
tubing so that good electrical contin 
assured, 

‘After all construction is completed, the 
antenna should be given a coat of primer 


fo of the capacitor to the open end of the ing. 


motor. Indication of resonance is the 
noticeable decrease in indicated reflected 
power. At this point, note the loading of 
the transmitter, it will probably increase 
markedly as antenna resonance is ap- 
proached. Retune the transmitter and 
move the feed-point tap on the antenna for 
2 further reduction in indicated reflected 
power. There is interaction between the 
‘movement at the feed tap and the reso- 
nance point; therefore, it will be necessary 
to operate the tuning motor each time the 
tap is adjusted until the lowest SWR is 
achieved. Don't settle for anything less 
than 1.1 to 1. With a good ground and 
proper tuning and matching, this ratio can 
be achieved and maintained over the entire 
band. Once the proper feed point has been 
located, the only adjustment necessary 
when changing Irequency is retuning the 
antenna to resonance by means of the 
‘motor. Ifthe antenna is to be fixed tuned, 
provide an insulated shaft extension of 18 
inches (457 mm) or so to the tuning- 
capacitor shaft for manual adjustment. 


This not onty provides insulation from the 
high rf voltage but also minimizes body- 
capacitance effects during the tuning 
process. 


Alternatives 
A number of materials other than the 
steel tubing used here are well suited for the 
ring element. Standard E.M.T. or electrical 
conduit would work as well with a sight 
increase in weight. One advantage to be 
gained through the use of conduit is the 
elimination of the flaring operation since 
standard couplings would serve to connect 
ach segment of the ring to its adjacent 
member. Another suitable material is 
copper tubing. This material is superior to 
either exhaust pipe or conduit in terms of 
its conductivity characteristics. Another 
advantage of copper is that itis available in 
continuous lengths and the joints could be 
omitted entirely 
The 2-inch (51 mm) dimension is by no 
means mandatory. Smaller diameter 
tubing has been used with satisfactory 
results. In fact, DDRR antennas have 
been fabricated with wire elements. But, if 
the element diameter is reduced, the 
antenna tunes more sharply. Some experi 
‘may wish to go in the other 
and use a larger diameter. The 
author recommends the use of aluminum 
downspout with a diameter of about 4 
inches (2 mm). This material does not lend 
itself to bending, however, and the ring 
must be configured as a regular polygon of 
eight or more sides. Because of the large 
number of joints involved, welding is about 
the only practical means of joining the 
segments. Unless you are equipped to do 
this work yoursell, the cost of welding 
might be prohibitive. Anyone who under- 
takes to make a DDRR antenna ofa large 
clement diameter will be rewarded interms 
(of improved performance. 


Performance 

Results have been quite encouraging, 
and it is hoped that more and more hams 
will equip themselves with the DDRR in 
the future. The antenna has proved its 
worth and deserves more investigation by 
the amateur fraternity than it has been 
given in the past. No intensive efforts have 
been made to work DX with the antenna 
described here: however, a low angle of 
radiation is conducive to DX, and this, 
antenna demonstrates a low radiation 
angle, It was found that distant areas, such 
as the East Coast, are more easily contact 
ed than are stations nearby. All of the 
results could be attributed to peculiarities 
of individual stations or skip conditions, 
but since they are charateristics which can 
be anticipated with high-efficiency anten- 
nas having low radiation angle, we prefer 
that interpretation. Besides, where ese will 
you find an antenna for 40 meters that is, 
small enough to fit into a comer of the 
backyard and not protrude above the 
fence; or for that matter, which could be 
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mounted on the roof of an apartment 
building or even a ranch-type house and 
not be visible from the street? 

Nearly everyone who listened to the 
description of this new antenna was 
enthusiastic, The author hopes to hear 
many hams on the air working with the 
DDRR in the near future. This material 
was originally presented in QST by W. E. 
English, W6WYQ. 


Parts List 


4 — 101 (05 my) lengths of Zin. (61 mm) 
tubing, exhaust pipe, conduit or copper 


x 19. 1/8 inches (191 X 
482 Xfm}, soo, aluminum, o” eoppor 10 
reateh tubing. 

TNPYC plpa caps fr 2.inch ($1 mm pipe. 


Novi-Loop 


4: toot (1.22 m) af 2inch PVC pip. 
3 for Zine Tubing 

x 4-Inch (6X 102 mm) bots with nuts 

vole motor with t-rpm shalt output 

4 aide spaced variable capacitor § 1035 pF 

(iin 16550 or equ) 

+ comnal connector 80-230, 


ets 2-coneetor plug and socket for motor 
ont. 

‘26 feat (1097 m) of oot (1.22 m) chicken wire 
‘or equivalent 


1 Mange to attach tube to base p 
22x ‘loon (13 X 25 mm) bolls with nuts 
‘lange mounting). 
‘Suneh (76 mm bonding strips no. 8 
bralded wire 
44 luge nen (61 nm) 10 forts 
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A medium-size roll of wire, some insulators and a day of good antenna “puttin’ 
up” weather can net you a Novi Loop. What will it do for you? Well, follow these 


instructions and get set to work 40-meter DX. Nuff said! 


beginners is the matter of poor antenna 
performance, Many enthisiastic Novis 
fave fallen behind in ther efforts to work 
DX because of bitter disappointment 
caused by poor performance inthe antenna 
Gepartmen. Al to often it is suggested 
tha simple end-fd hunk of wie sample 
for allaround Noviee band operation, oF 
that a dipole will suffice for most Nove 
operation, Sure, almost any kind of 
raistor that can be tuned tothe operating 
frequency and marched tothe impedance 
of the feo line and transmitter wiltenable 
the operator of a low-power station to 
make some contats fom time tote It 
depends on how high the system's above 
ground, how feee and clear it is of 
surrounding objects that can detune the 
radiator and absorb the eneray radiated 
from t, and upon hecondtion of theband 
ata given time Te should stand as frm 
Tule, then, that any amateur who wants 
00d rests should erect the best antenna 
system he ean, consistent with avalable 
Space, nance and sirdtural practicality 
This posible advance beyond th plateau 
of simple dipoles and randon-lengh wires 
in the quest for better performance, and 
without going tothe expense and effort of 
trectng large directional beam such asthe 
‘cubical quad or Yagi. 

What will be described here can be 
applied (o any of tie high-trequeney 
fmateur bands, However, the example 
sve relates to only the 40-meter Novice 
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band, The antenna is a full-wave loop of 

ire, mounted through necessity at WIFB 
ina rectangular format, and matched with 
a simple quarter-wavelength coaxial 
transformer, It has given excellent per- 
formance in DX work and for making 
“solid” stateside contacts. Total cost for the 
antenna system (wire, matching transform- 
rand insulators) is under $12, exclusive of 
the feed line used to connect the antenna to 
the rig. 


Antenna Features 
Fulkwave, closed-loop antennas are 
broadband, iow-Q devices. This is « handy 
feature because it permits the operator to 
‘move his transmitter frequency within a 
particular band without need to compen- 
sate for an increase in standing-wave ratio 
(SWR) which might otherwise occur if 
other types of antennas were used. (The 
higher the Q ofan antenna, thenarrowerits 
bandwidth, even though an SWR of I can 
be obtained at some frequency within the 
band for which itis built.) The foregoing 
rules out the need for a Transmateh with 
the loop antenna, provided the feed 
method recommended here is apy 
Another interesting feature of this kind 
of antenna is the theoretical gain of 
approximately 2 dB it exhibits over a half- 
‘wave dipole. The angle of radiation froma 
properly erected full-wave loop is consid- 
ered to be lower than that of a dipole when 
both are less than one-half wavelength 
above ground. This feature suggests the 


superiority of the loop in situations where 
significant height above ground is not a 
practical goal for the chap wishing to put 
up 2 40-meter antenna. 

‘A full-wavelength closed loop need not 
be square, It can be trapezoidal, rectangu- 
lar, eirewlar, or some distorted configura- 
tion in between those shapes. For best 
results, however, the builder should 
atiempt to make the loop as square as 
possible. The more rectangular the shape, 
‘the greater the cancellation of energy in the 
system, and the less effective it will be. The 
effect is similar to that of a dipole whose 
elfectiveness becomes impaired as the ends 
of the dipole are brought closer and closer 
together. The practical limit ean be seen in 
the “inverted-V" antenna, where a 90: 
degree apex angle between the legs is the 
‘minimum value used. Angles that are less 
than 90 degrees cause serious cancellation 
of the rf energy. 

‘The loop can be fed in the center of one 
of the vertical sides if vertical polarization 
is desired. For horizontal polarization itis, 
necessary to feed either of the horizontal 
sides at the center. At the time of this 
‘writing there have been no data compiled 
to provide a comparison between the 
performance, vertical versus horizontal. 
Such an experiment could be interesting 
(and possibly productive) for the Novice. 


Erecting the Antenna 
Optimum directivity occurs at right 
‘angles to the plane of the loop, or in more 
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a velocity factor of 0.80. Assuming we are 
to use the solid dielectric coax, RG-59/U, 
the length of the matching transformer 
becomes 32.84 (feet) X 0.66 = 21.67 feet, or 
2] feet 8 inches (6,605 m), The transformer 
‘will convert the 100-ohm feed-point 
impedance of the loop to 50 ohms, a 
‘convenient value for connecting thesystem 
to the transmitter. The loop described here 
‘was measured with the KITD Macro- 
matcher! and found to exhibit an impe- 
dance of 110 ohms. Some inductive 
reactance was indicated. By removing | 
foot (0.31 m) of wire from the overall loop 
the reactance dropped to zero, though the 
antenna loaded up fine prior to the final 
‘trimming. The feed impedance at 21 MHz 
was also 110 ohms, but considerable 
inductive reactance was observed. Most 
certainly one could use the antenna on 15 


woh) 


Fig, 29 — Details ofthe fu-wave loop. The dim 


Inctors (7080 kHz). The height above around was 7 fat (2.13 m) in ths nstan 


lone given are for operation atthe fow end of 40 
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Fhataion nthe hoszontal ane Feeding th system at oor side wil sul In vertical polarization 


bhihe radiate signa. 


simple terms, broadside from the loop. 
Therefore, ane should try to hang the 
system from available supports whieh will 
enable the antenna to radiate the maxi- 
mum amount in some favored direction. 
‘The bidirectional pattern is maximized NE 
and SW at the writer's QTH. This gives 
{good results in working Europeans and the 
stations “down under.” Excellent signal 
reports have been obtained off the sides of 
the loop when working within the USA. 
‘Just how the wire is erected will depend 
con what is available in one’syard. Trees are 
always handy for supporting antennas, and 
in many instances the house is high enough 
to be included in the lineup of solid objects 
from which to hang a radiator. If only one 
supporting structure is available it should 
bbe a simple matter to put up an A frame or 
piipe mast to use as a remaining support. 
(Also, tower owners see Fig. 29 inset.) 


‘The overall length of the wire used in a 
loop is determined from the formula 


1005 
T(MHa. 


Hence, for operation at 7125 kHz the 
‘overall wire length will be 141 feet (42.98 
im). The matching transformer, an electri 
‘eal quarter wavelength of 75-ohm coax 
‘able, can be computed by dividing 234 by 
the operating frequency in MHz, then 
‘multiplying that number by the velocity 
factor of the cable being used. Thus, for 
operation at 7125 kHz 


234 


TEARS (Ma) = 32-84 feet 


If coax with solid polyethylene insula- 
tion is used, a velocity factor of 0.66 raust 
bbe employed. Foam-polyethylene coax has 


meters with reasonable success, despite the 
SWR which might be present. 


Results 
During two weeks of testing the loop 
‘gave an excellent account of itself. It was 
‘compared with the writer’s two-element 
short beam for 40 meters, and the results 
indicated that the loop was better than the 
‘beam on some occasions. At other times 
the beam provided better performance, or 
was at least equal to the loop. The 
differences noted were the result of band 
conditions and the time of day. High-angle 
signals can cause misleading results when 
comparing antennas for hf-band use. More 
‘meaningful tests can be made on ground 
‘wave contacts, however, and several checks 
made between the loop and the beam 
indicated that radiation at right angles to 
the plane ofthe loop compared closely 
that from the front of the beam. The beam, 
is rotatable and installed 40 feet (12.19 m) 
above ground, 

‘With 150 watts de input tothe transmit 
ter PA, and operating. at the low end of 
40 meters (loop was cut for 7050K Hz), the 
first night of operation resulted in’ the 
Jogging of three Russian stations, two 
Polish ones, two Yugoslavians, one Italian 
station and two English ones. The lowest 
report was RST $49, The highest report 
‘was RST $99, Generally speaking, the loop 
has outperformed the beam during most 
long-haul contacts. Though no effort has 
yyet been made to work South American 
stations (off the side of theloop), they have 
been heard loud and clear, as have some 
YK stations via long pathat approximately 
2300 UTC. 

It is quite likely that the Novice who 
chooses to erect his own Noyi-Loop will 
hhave a commanding signal on 40 meters. If 
backyard space permits, it should be a 
worthwhile venture. Don't forget, the 
formulas and guidelines given here are 
applicable to the other hf Novice bands as 
‘well. This material was originally presented 
in OST by Doug DeMaw, WIFB. 


"Mal, “The Masromateher:” QS7:Jananey 1972 
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Chapter 5 


Antenna Theory and Test 


Methods 


In order to obtain top performance from a 
given style of amateur antenna, it is 
important to understand the basic princi- 
ples of operation. Additionally, some test 
procedures are necessacy if on 


that his of her antenna is functioning at its 
best. This chapter contains assorted data 
‘on antenna theory, plus a number of 
‘common-sense test methods. 

‘These reprints of popular QST articles 


Quad vs. Triband Yagi 


‘were chosen for all amateurs, regardless of 
their techaical-aptitude levels. There's 
something to honor in the phrase, “Learn 
by doing.” This chapter will help to make 
that philosophy a realty, 


The controversy about quads working better than Yagis, or vice versa, may 
never end. But, we'll bet our newest roll of RG-8/U that you'll find some 
interesting reading on the subject in this report. 


Odjectives 

In the many articles written on the 
cubical quad, itis noteworthy that only on 
a few occasions have the authors been 
privileged to compare the quad with other 
types of antennas on a real-time basis, and 
from the same operating location. Further- 
more, when such comparisons were made, 
the authors generally compared against 
some type of monoband antenna system. A 
casual scanning of the 10-, 15- and 20- 
meter phone bands would lead one to 
conclude that the triband Yagi enjoys a 
rather high position of popularity among. 
the antennas in general use. This being the 
case, it appeared that a worthwhile 
contribution to the data already available 
‘on the Yagi and quad might be made by 
conducting a series of controlled compara 
tive tests, employing the triband Yagi and. 
the quad. The test objectives were then 
defined: to compare various configurations. 
‘ofa cubical quad antenna witha represent- 


100 Chapter 5 


Table + 
Mod. Mod. Mod Mod. 
2 m4 
Retlector 
Eloment’ 72" 704" 725" 728 
Eloment 68 704" 70S" 708 
Director 
Eloment — = — = 
ese 8 
Specing 
2 ay dag ee Fae 
a a 
Feet 0.2048 
Inches X 25.4 


ative commercial triband Yagi: such tests 
to be conducted over short, medium, and 
long transmission paths, and to arrive at 
conclusions regarding the relative merits of 
‘each antenna 


Test Plan and Procedure 

Every effort was made to conduct the 
tests in a manner which would lessen the 
Possibility of compromising the techniques 
‘employed by either the writer orparticipat- 
ing stations: 

1) The test to be performed by establish- 
ing communications with Amateur Radio 
stations located throughout the world on a 
random and scheduled basis. 


2) Amateur Radio stations volunteering 
to assist in this effort to be briefed on 
conduct of test and data desired. 

3) A voice ssb transmission to be made 
to the participating station, identifying the 
first antenna used as antenna “A.” 

4) The voice transmission to be followed 
immediately by an unmodulated cartier for 
4 period of approximately 5 seconds. 

5) The antennas would be switched, and 
4 Voice transmission made identifying the 
‘antenna as “B," and the procedures above 
repeated 

6) Participating stations will note signal 
strength related to each antenna, and 
provide a numerical value as observed on 
his S meter or other indicating device 
These values to be logged, and the test 
reinitiated with another volunteer station. 


Equipment Preparation 

1) Antenna heights to be as nearly 
identical as possible. 

2) Center of antenna horizontal lobe 
patternsto beas near identical as possible 
‘when pointing the antennas toward a 
participating station. 

3) Resonant frequency of each antenna 
to be matched as closely as possible. 

'4) Transmission lines to be matched to 
‘antennas and transmitter loading to be as 
nearly identical as possible with each 
antenna. 

5) Instantaneous transfer of antennas, 


—————SS 
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How are countries preparing for 5G? 


In preparation for SG, many countries have been taking steps to test the technology and review their 
spectrum arrangements. 


Examples of 5G work being undertaken by other countries 


‘The United States is clearing the 600MH2 band through an incentive auction for the potential early 
[deployment of SG. The United States has also identified reforms to infrastructure deployment as a 
priority for 5G rollout. Mobile network operators are also conducting trials of low-band spectrum for 
use in 5G services. 


[The Asia-Pacific Telecommunity (APT), the regional arm of the ITU, approved a recommendation for the 
use of the 700MHz band for SG, with 26 countries in the Asia-Pacific region identifying this band for this 
Use, including Australia, Japan, South Korea and New Zealand. 


Korea and Japan have stated their intention to use some or all of the 26.5 to 29.5GHz range to trial 
Jenhanced mobile broadband applications ahead of the 2018 Winter and 2020 Summer Olympics 
respectively. itis expected that these trials will lead to commercial availability of 5G services. 


‘The European Communications Commission (ECC) identified the 3.4-3.8 GHz and 26GHz band (from 
}24,25 to 27.SGHz) bands for the deployment of 5G in Europe. All European countries are expected to 
select at least part of this range to launch 5G by 2020. 


In the United Kingdom, the government launched its 5G strategy in March 2017. Iti funding testbeds 
{to understand the different deployment requirements and security considerations for 5G. The United 
kingdom is also working to make suitable spectrum available in the high (24.25 GHz-27.5 GHz, and 
lother bands above 30 GHz), medium (3.4-3.8 GH2) and low frequency (700 MHz) bands. 


Industry 5G preparations in Australia 


Australia is well positioned to harness the opportunities of 5G. Australia has an effective and 
competitive mobile communications market, with voice and data coverage available to more than 
99 per cent of the population. It is the top performer internationally in terms of having in place 
effective enablers—infrastructure, affordability, consumer readiness and content availability—to 
support mobile internet adoption.* 


5G trials have already commenced in Australia, with each of the main carriers working with mobile 
‘equipment suppliers in testing the application and limits of the technology. These trials will continue 
and will inform the communications sector on how SG can be effectively deployed for the Australian 
environment. 


* Department of Communications and the Arts, accessed 1 September 2017, ‘Mobile phone towers! 
5 GSM Association, 24 June 2016, ‘Global Mobile Connectivity Index’ 
www communications, gov.au 
‘5G—Enabling the future economy ww w.arts.gov.au Page9 of 12 
www classification gov.au 


6 Relative power and SWR to be 
monitored continuously. 

7) Prior to and after cach data gathering. 
session, equipment parameters will be 
verified. If a significant deviation in any 
parameter is noted, data collected will be 
discarded. 

‘Antenna performance conclusions to be 
based on an analysis of data derived froma 
minimum of 50 unmodulated-carrier 
observations with exch antenna configura- 


much deliberation, and many discussions 
with amateurs throughout the world, the 
decision was made to test three models of 
the quad (a fourth model was tested as will 
bbe noted later). Since the physical charac 
teristics of the quad are fairly standard, 
only the dimensions of the elements and the 
spacing between them was considered. The 
dimensions for the three models tested 
were obtained from a Japanese manufac 
turer of cubical quads, from Orr's book, 
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tion, and supplemented with data gathered 
during conventional ssb QSOs. 


Antenna Selection 

‘This writer had been using a four 
element commercial triband Yagi (boom 
length 24 feet [7.32 m], and $5 feet [16.76 
1m] above ground) for approximately |-1/2 
years, so the properties of this antenna 
‘were fairly well established. Furthermore, 
in on-the-air comparisons with competitive 
‘models of triband Yagis in use by other 
U.S. amateurs operating from the Tokyo 
area, the antenna appeared representative 
of commercial triband antennas in general 
use by the amateur community. Therefore, 
the Yagi in use at the author’s station was 
selected as the reference antenna, 

‘Text material concerning quad anten- 
nas, available to the author in Japan, was 
reviewed. It became evident that there are 
almost as many variations in quad design 
as there are writers on the subject. After 


All About Cubical Quad Antennas,! and 


from Dr., J. E. Lindsay, Jr., WOHI2 
Preliminary Testing 

Several days were spent “dry running” 
the test plan to validate the concept, and 10 
smooth out the operating procedures and. 
techniques. Of particular concern was the 
possible time required to make a valid 
<data-gathering observation. If data were to 
bee reasonably accurate, the transmission 
path had to be stable, and the signal- 
strength observations must be taken on 
each antenna during 2 short period of time. 
The dry runs were valuable inthis respect. 

A problem became evident during the 
first day of testing. Itappears that those of 
uus who speak and understand English do 
not always convey the same message when 
using the same words. AS a result it was 
necessary to modify the verbal format, 
ilizing simple sentences and placing them 
ina logical sequence. 

It also became apparent that the test 
could not be conducted under all transmis 
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sion-path conditions; that even underideat 
conditions several observations were often 
necessary before a conclusive report could 
be compiled. It was decided to conduct the 
tests only on 20 meters. The operating time 
available tothe writer favored openings on 
20 meters to Europe via the long path, and 
to Australia, the U.S. and various islands 
in the Pacific. It was also decided to orient 
the test antennas s0 that the topography 
and obstructions seen by each antenna 
‘would be essentially the same. (Physical 
separation between the two antennas was 
in the order of one wavelength.) 

Testing 

Dimensions of the first quad model 
selected were furnished by a Japanese 
manufacturer of cubieal-quad antennas, 
(ce Table 1). The antenna was assembled, 
utilizing commercially manufactured 
heavy-duty hardware and fiberglass 
spreaders. It was tuned to a center 
frequency of 14,200 kHz. Testing of the 
first model began in November 1967 and 
continued for one month. The results for 
this period are given in Table 2. 

In mid-December 1967 the first quad 
was replaced by a model constructed 
according to the formula and dimensions 
given in Orr's book. The results obtained 
with model 2 are contained in Table 2. 

Construction of the third model (with 
wider clement spacing) was carried out 
next, Two matching systems (Gamma and 
Qesection) were experimented with on this 
antenna. A satisfactory mateh could be had 
with either system, However, the Q-section 
‘was used for the test because it was the 
technique used withthe previous two quad 
models (SWR with each antenna was never 
‘more than 1.3:1 with a difference between 
antennas no greater than 0.1). The results 
conducted with this model were most 
enlightening, as shown in Table 2. The 
model antenna was also used extensively 
during the first weekend of the 1968 ARRL. 
DX Contest. Though these contacts were 
not used in tabulating test samplings, itis 
interesting to observe that openings to the 
U.S. (using the quad) lasted 15 to 30 
minutes longer on each end of the period 
than with the Yagi It is assumed that this 
phenomenon would also apply to each of 
the other quad models. 

‘The fourth quad tested was a 3-element 
‘wide-spaced model constructed according 
to more dimensions furnished by WOHJ. 
‘The results of the samplings were some- 
what disappointing and are given in Table 
2. (Frankly, the author felt that the 3 
element quad would show 2 substantial 
improvement over the Yagi in every case.) 
‘The 3-element model did appear to have a 
better front-to-back and front-to-side ratio 
than either the Yagi or the other quad 
models. One positive comment: The 3- 
element model is a monster to assemble 
fand put up! In the author's opinion the 
difference in performance isn't worth the 
small improvement, Pethaps, on the other 
hhand, if one accepts the 2-element mode! as 
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the departure point between a simple 
‘mechanical structure and a major project, 
4d-element model might be more worth the 
effort. However, this is purely conjecture 
fn the part of the author. 


Summary 

‘The antenna tests indicate that: 

1) Oncean expect to achieve the same or 
better results with a 2element quad of 
proper dimensions than with a 3 or 4 
element triband Yagi 

2) A wide-spaced quad will perform 


substantially better than a close-spaced 
quad. 

3) Dollar for dollar, the quad appearsto 
bea better investment than a Yagi. 
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High Versus Low Antennas Performance 
Tests Using Identical Arrays 


This section compares the performances of identical antennas mounted side- 
by-side at different heights, and produces some experimental evidence to 
support the practical importance of antenna height for most types of Amateur 


Radio communication. 


“ 


‘The Method 


‘The author's approach was to erect 
identical antennas atop two towers of 
different heights and obtain comparative 
signal reports — with some safeguards to 
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The two cubical quads used bythe author to 
stucy tho eflcts of anton height on 
performance. The aterm at right atop 3 24- 
feat (10.9 rm) tit-orer mast descrited by the 
futnor In June 1988 OST The quae at lf Is on 
2 72t00t (21.95 m) tower 


minimize reporting errors and to assure 
proper statistical treatment for the result- 
ing data. For the main tests, one tower was 
72 feet (21.95 m) high (the practical 
‘maximum for the author's residential 


backyard at the time of the tests), whilethe 
other stood 34 fect (10.36 m) high (about 
the minimum usable height for DX work, 
according to Orr). The two towers were 
placed a5 far apart as possible without 
trespassing — about 50 fect (15.24 m). 
With this separation, no interaction was 
evident on any band, 

A pair of 2-element cubical quads were 
selected for the 10-, 15 and 20-meter 
experiments. Each had an eight-foot (2.44 
m) boom with all elements mounted 
concentrically on two sets of spreaders, and 
each antenna was fed with a ingle feed line 
(85 fect [25.9 m] of RG-8/U in both cases). 
This design obviously involves some 
compromises in element spacing and 
impedance matching, but both quads 
developed good SWR curves and front-to- 
back ratios when tuned, And, more 
important for our study, whatever compro 
mises existed were essentially the same for 
both the high and low antennas. 

It became apparent during the tests that 
‘many amateurs regard cubical quads as 
exceptional performers at low heights, but 
(unlike Yagis) not much better if raised 
higher. This popular impressions contrary 
to Lindsay's findings, which suggest that 
quads and Yagis respond quite comparably 
to changes in their height, Accepting 
Lindsay's conclusions, we assumed that 
our findings would be roughly the same if 
Youis had been used for the primary 
experiments. 


Table 3 
‘Comparative Performance Dats for High and Low Antennas 
No. 
No. favoring bigh 
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‘The author wanted to determine how 
‘well high and low antennas would perform 
not only on DX work, but on “Stateside” 
F-layer communications, ground-wave 
work, and E-skip as well. Thus, separate 
tabulations were kept for DX reports (ie., 
those from stations more than 4000 miles 
away) and for reports from “Stateside” 
stations (.¢., Felayer reports over 1500— 
3000-mile paths) on each frequency band.> 
The author was careful to avoid seeking 
reports during anything that resembled an 
E-skip opening on 10, 15, and 20meters, 
the interest of studying E skip vs, antenna 
height separately on 6 meters, 

To study the effect of height on vhf 
groundwave signals, the author replaced 
te cubical quads on the two towers with 
two paits of seven-element 2-meter Yagis, 
each fed in phase with ratio-dipole driven 
clements. A move toa new home prevented 
the use of the same two towers for 6-meter 
experiments, but the author later set up 
two 3-clemeat é-meter Yagis — one atop a 
new 90-foot (27.43 m) tower, and the other 
on a 42-footer (12.8 m) — to continue the 
study. 

‘On each band, the tests were conducted 
‘on ssb (except on 2 meters, where a-m was, 
used), with an audio tone serving as a 
reference signal. The author switched 
between the high and low antennas 
repeatedly on each test, in an effort 10 
counteract the effects of QSB. 

‘This test procedure does introduce some 
sourees of error, including the variability of 
thas skills in observing the results, and 
the lack of receiver S-meter standardiza- 
tion. To cope with this kind of sampling 
fluctuation, the author obtained a number 
of reports on each band and then used t- 
distribution statistical methodology to 
‘evaluate the resulting data. Even with these 
‘efforts to make the study as rigorous as 
possible, however, the author makes no 
claim to finality for the results obtained 
‘The findings on each band did prove to be 
statistically significant (atthe 0.05 level of 
significance or better), but you don't 
“prove” things or arrive at exact parame- 
ters this way. The only claim the author 
makes for his results is that they suggest 
general trends that will probably be 
confirmed if this study is replicated 


2 72-foot (21.95 m) high antenna produces 

12-dB gain” over a 34-fo0t (10.36 m)-bigh 
antenna in 20-meter DX work just because 
the mean advantage in our tests was about 
‘two $ units in this instance, 


‘The Results 

‘The results of these tests, summarized 
the accompanying table, were interesting in 
several respects, With the exception of one 
cease on 10 meters, every single DX station 
reported a substantially better signal from 
the high quad than the low one. This is 
thoroughly predicted in the literature, but 
we also found thatthe high quad produced 
a significantly stronger signal (taking the 
‘mean, or average, figure) on “Stateside” 
‘work, And on ground-wave work, the high 
antennas were absolutely consistent in 
outperforming lower ones. However, E- 
skip contacts proved to be another story, a 
point to be covered in detail later. The 
mean advantage of the high quad over the 
low quad in DX work was 2.1 $ units on 20 
meters, 1.8 S units on 15, and one unit on 
the lO-meter band. 

‘Since the author's linear amplifier (@ 
commercial unit using two 3-400Zs) 
produces signal gain of about two S units 
over the exciter alone on most § meters, it 
became apparent that many DX stations 
could not distinguish the kilowatt feeding 
the lower quad from the exciter “barefoot” 
with the higher array. The implications of 
this dramatic difference in signal strength 
for DX-contest operations are obvious: 
it's no wonder the “big guns” using 
antennas 130 feet (39.62 m) high get 
through the pileups quickly, with or 
without big linears. 

On Stateside F-layer work, the pattern 
was less consistent, although the high array 
continued to hold a significant edge. While 
fa majority of the reports still favored the 
high quad by one ortwo S units, morethan 
a third of the stations dissented, reporting 
equal or virtually equal signals from the 
two quads. No one reported a stronger 
signal from the lower antenna, perhaps 
because of the author's effort to avoid E- 
ship contacts in this phase of the study. The 
mean advantage of the higher quad was 1.4 
S units on 20-meter Stateside work, and 0.9 
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S unit on 15 — still a substantial advan- 
tage, but not enough to render a low 
antenna useless for portable work, as 
generations of Field Day operators ‘can 
attest. In fact, the author previously 
described a portable quad® that stood only 
19 feet (5,79 m) high, but nevertheless 
worked very well for“back-home” contacts 
during long vacation. An antenna only 19, 
feet (5.97 m) high isclearly undesirable, but 
if higher antennas are not feasible, much 
successful hamming can still be done. (This 
is especially true on an occasion like Field 
Day, when almost everyone's antenna is 
Tow, and the few beams that are 40 [12.19 
‘mi or more feet high seem to dominate the 
bands; if the competition is using a low 
antenna you can too!) 


Ground-waye Tests 

Although the plan was to study the effect 
of antenna height on ground-wave com= 
‘munication only on vif bands, a number of 
stations within 100 miles volunteered 
reports on the hf bands. These reports were 
not tabulated except on 15 meters, butthey 
consistently favored the higher array by at 
Teast two S units. 

In the vhf experiments, height again 
proved decisive for gound-wave work. On 
‘both 2 and 6 meters, every station favored 
the high antenna, On two meters, the mean, 
advantage was an amazing 3.3 $ units 
Surprisingly, the higher array appeared to 
be equally superior on contacts with San 
Bernardino-Riverside stations (some 30 
miles from Beaumont, CA, where these 
tests were conducted) and on contacts into 
the Los Angeles basin (almost 100 miles 
away) 

‘Alter moving and acquiting the 90-foot 
(27.43 m) tower, the author put a single 7- 
element 2-meter Yagi up and took an S- 
meter reading on a nearby repeater with the 
new tower cranked down. As the tower 
ascended to its full height, the signal rose 
from S8 to 15 dB over S9 on a popular 
transceiver's S meter. 

‘On 6 meters, only a few ground-wave 
tests were conducted, but the results were 
similar: Everyone favored the higher 
antenna substantially. 
6-Meter E-Skip Tests 

However, on 6-meter E skip an entirely 
bifferent relationship developed: The lower 
antenna had the advantage in seven out of 
10 tests during single-hop openings. Only 
cone station favored the high antenna, and 
‘the low array had a mean advantage of 1.3, 
SS units over the high array! 

Although this finding is surprising and 
contrary to every other test conducted, itis 
‘consistent with the one previous practical 
study of antenna height vs. signal strength 
the author could locate in ham radio 
literature, Working inthe late 1940s, Leroy 
May? set up identical G-meter Yagis at 
Icights of 35 and 75 fet (10.67 and 22.8 m), 
‘and compared 350 received signals on the 
two arrays. He found that the low array 
‘was superior for distances below 1000 miles 
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while the higher arcay began to pull ahead. 
at distances exceeding 1100 miles. 

‘The author made no attempt to fully 
replicate May's work, but all of our 6-meter 
E-skip experience supports him: For 
contacts into many major cities from 
greater Los Angeles, a high antenna is a 
handicap! Much to his chagrin, the author 
has frequently seen his 90-foot (27.43 m) - 
high Yagi outperformed on 6-meter E skip 
by a beam siting 10 feet (3.05 m) above 
somebody's roof on a TV mast 


Conclusions and Recommendations 

It is customary when reporting a study 
such as this to conclude by summarizing 
the findings and making some recommen- 
dations. The conclusion here must be that, 
for every application except E-skip work, 
there are worthwhile advantages of having 


‘an antenna at least 70 feet (21.34 m) high 
‘This height advantage is most pronounced 
‘on ground-wave and long-haul DX work. 

“The only logical recommendation we 
can make, then, isthatall hams should ow 
towers 7Dieet (234m) high. May all ofthe 
XYLs, frightened neighbors, bill collec- 
tors, and zoning-conscious city officials of 
the world forgive us! 

‘Alternately, maybe we should suggest 
that all hams (except the author) use 35- 
foot (10.67 m) towers to give the author a 
better chance in DX contests. Or better yet, 
how about an antenna-height multiplier 
for the DX contests? Let's se, that's Sif 
‘your antenna is below 75 feet (22.86 m), 2.0, 
Fit below 40 feet (12.19 m), and 30ityou 
bury itn the ground .. This material was 
‘originally presented in QST by Wayne E, 
Overbeck, N6NB. 
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Limited-Space Antennas and Methods Of 


Coupling 


When short, random-length wire antennas prove disappointing, chances are the 
installer didn't follow a few basic rules for good performance. These tips should 
lead the way to better results with “randoms.” 


‘Transmitter Loads 

‘Nearly all transmitters described these 
days are designed to work into S0- t0 70- 
‘ohm loads, with litle chought given to any. 
load that departs very tar from these 
figures, If the load is something different 
than the above figure it may be impossible 
to get the amplifier ina transmitter to load 
up. In order for the fiaal amplifier stage to 
‘operate at its best efficiency, the load (the 
antenna system) must be within the design 
range of the amplifier. 

‘An end-fed wire may presenta load of 50 
to 70 ohms, but if it does it will bea case of 
pure luck on the part of the user — and 
whats more important, that load won't 
stay the same across a band. In other 
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‘The completed transmiteh with the 26/40-meter el plugged in. AL the 
{he 10/1S:mater unt fo tho front. In regular operation the antorna wovtd be 
ar ofthe chassis. The clp lead vislble balow the ea Is the one 


‘Stancot Insulator atthe top 
itfsoned ta tho [ack or. 


i he 20-meter coll and 
iaohod to the 


‘The wiring bolow deck. At tho roar ofthe chaste Is the Verimetcher 


the ene 


"Transmateh Not shown isn 
7 which normally would be Inserted 
wal ine ts Tow pase filters used, 
shouldbe th last am in te in Detore the 


words, the antenna will present a 50-t0 70- 
‘ohm load for only a very limited frequency 
range. Once we QSY the load may change 
to where itis no longer within the tuning 
range of the amplifier. Our problem boils 
down to having the transmitter ahways seea 
load of 50 to 70 ohms, regardless of the 
band or frequency in ‘use. This in turn 
means we must make the antenna system 
Jook like a $0- to 70-ohm load, no matter 
which band we use it on. 


‘The Transmateh, an Adjustable RF 
Transformer 

Let's make one point clear aboutend-fed 
wires, or any antenna, for that matter: 
‘There is no way of predicting what the feed 
point impedance (load) will be before 
‘making and installing the antenna, We can 


ton, G2 ie atthe tet ant of 


come clos, but there are many factors that 
fat into the act to detcrmine what the 
{impedance willbe, The antennas height ts 
proximity to nearby objet, is lengt, nd 
the anteana's relation to earth ground are 
just a fe of the factors. Ie don't know 
vthat the feed-point impedance i, how ean 
tte make the transmitter always work nto a 
So-ohm load? The eaiest way ito inser a 
TTransmatch between the Wansmiter and 
the feed point. A Transoatch i simply an 
adjustable rf transformer that takes oUF 
Unknown fed-point oad and conversitto 
2 desir load, 50 ohmsin the cae sbown in 
Fig 3 

‘Not in Fi. 3 that we show a random 
length antenna ané-an earth ground 
Conaection. In this ease, our anknommtoad 
fxists between the end ofthe antenna nd 
found, On the tanamitier ide of the 
Transtmatch we have Saf coaxial cable 
an igeted in this cable s-n S0-ohm 
Fellectometer or ‘SWR.(standing-wave- 
ratio) bridge. The refleetometer i simply 
measuring instrament that tele us when 
tour Transmatch is properly adjusted to 
convert our unknown lead 10.2 50-chmm 
Toad. If the Transmatch has adequate 
Iatching range, we ean convert any fed 
Poin load 50 ohms, And this meas that 
tre can take any random length wire and 
mnake a working antenna out oft for any 
Zmateur band of frequency. There aie 
Some practic limits ast how short ize 
wre cause, but actually the antenna canbe 
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(G2 — 150-pF variable (son 10140 o simile) 
DI, D2 — INSA gurmanium diode 
31 Coax chasse fting,tyo8 SO-208. 

7. 


[G1 — 150-pFvariabie, (at 399 0.977 Inch [2 
rem] or argo for high power, Milon 12515 
De simian ai gap 0.040 inch [1mm] for ow 
omer, Milen 181404 or sae. 

MIG millemmeter (more sensitive meter 
can be used) 

Rt 80-oh, 1/2-watt carbon or comps 
lion, not wire-wournd 

230 ki contro, near tapes 

Si — Single-pole, single-throw toggle switch. 


fg 4 — Cireutclagram ofthe Tranematen ane 
Vatimsicher Al 000% espactos are isk 


4uite short in relation to wavelength and 
still work 


Limited-Space Antennas 

‘Many hams live in apartments or loca- 
tions where it is impossible to put up an 
‘antenna farm” or even a half-wave dipole 
for 80 or 40 meters, Random-length wires 
are sometimes the best bet in these 
circumstances. For hams who live under 
such conditions there are some general 
rules that can be followed for best 
performance. If possible, always get the 
antenna up on the roof. If not, get the 
antenna as high as possible. Make the wire 
as long as possible, even if it has to go 
around comers. Don't overlook existing 
‘antenna possibilities, such as rain gutters 
‘oF Foof flashing. Ina moment we are going 


105 


to describe a Transmateh that can be used 
to couple practically any wire or metal 
structure to the transmitter, including rain 
gutters. 

If it is impossible to get an outdoor 
antenna up (and don't overlook “invisible” 
antennas'), an indoor antenna will work, 
but not as well asan outdoor one. Withthe 
Transmatch to be described, you can run a 
‘around the ceiling moldingand couple 
the wire to the rig, maintaining that 50- 
‘ohm load we mentioned earlier. When you 
hear hams talking about loading up the bed 
spring, don’t laugh — many a ham has 
made contacts that way. All you need is 
some method of coupling the hed spring to 
the rig; that’s what our Transmatch will do. 


The Transmatch 

Shown in Fig. 4 is the circuit for a 
‘Transeatch that will do the job we've been 
talking about. This unit will mateh 
practically any wire to our 50-obm rigs on 
any band from 80 through 10 meters. 
Depending on which capacitor plate 
spacing youuse for Cl the Transmatch can 
be used for Novice powers or upto the legal 
limit of 1 kW. Actually the closer-spaced 
capacitor will handle 200 watts or so. The 
same type coil stock is used for either 
power level, high or low. 

‘Also included inthe Transmatch shown, 
in Fig. 4 and the photographs is an SWR 
bridge. Tis i a necessary item inorder to 
know when the Transmatch is correctly 
adjusted. Ifyou already havea Monimatch 
or reflectometer, the unit described can be 
eliminated from the Transmatch 

With the random-wvire antenna well be 
dealing with various loads, depending on 
the frequency and band in use. Shown in 
Fig. 5 are the tree basic circuit configura- 

ions used with the Transmatch, The circuit 

can be changed to conform with type A, B, 
or C by reversing the piug-in coil in the jack 
bar or by changing the capacitor Cl from 
the output side ofthe L configuration, asin 
B,totheinput side, asin C. The capacitoris 
changed by means of a clip lead connected 
to the stator. 

Some loads may require the cireuit setup 
of A. In this configuration, a link-coupled 
paraileltuned circuit is used, the antenna 
being tapped onto LI 


Construction Details 

‘The chassis used to hold the partsis 27 
% 9 inches (51 mm X 178 mm X 229 mm) 
and the panel measures 7 % 9 inches (178 
mm X 229 mm). Any chassis large enough 
to hold the parts can be used. Cl and the 
jack bar for the plug-in coils are mounted 
‘on top the chassis, and the Varimatcher 
reflectometer and C2 are mounted below 


"Any wie that is no. 28 oe smalerf practically 
impasse to ste when stag sp a8 ants 
‘Many hams use “ible” nica to pecien 
touchy andor ai 
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Fg. 5 — Thvoo possiie configura 
‘Trarematch as asciibed Inthe loxt. To tat Up 
types B or C the plug-in cll is reversed Inthe 
[ack bar and terminal no. 3 ofthe Jack sipped 
to terminal no. 2 


the chassis top. The remaining components 
are mounted on the chassis front. 

‘A 4-inch (102 mm) length of RG-58/U 
coaxial cable is used for the pickup and 
conductor sections of the SWR bridge 
Details for making this section are given in 
Fig. 6. Study these details and the 
photograph of the bottom view carefully 
before starting construction. The black 
outer covering of the coax is removed, 
leaving the braid and inner conductor with 
its insulation. The outer braid will be L3 
and the inner conductor L4, You'll notice 
that there is an open area at the center of 
the coax braid. This is to allow room for 
the connection of one end of the 50-ohm 
resistor to the center ofthe inner part of the 
coaxial line. Use a probe or pointed 
instrument to open up the area in the braid 
and then carefully tin the edges of the 
‘opening with solder so as to prevent any of 
the hair-like wires from shorting to the 
resistor lead or inner conductor. The ends 
of the braid can be wrapped with a few 
tums of solid wire and tinned, The wire 
ends will provide a support for the 
connection to the feed-through terminal 
and the inner pin of JI. 

‘The metal trough that houses the bridge 
section is made from a piece of copper 


flashing, although tin or aluminum could 
be used. Itis a good idea to drill the holes 
for J| and the feed-through bushing before 
bending up the trough into a U. Also, when 
soldering the leads for the diodes, D1 and 
D2, use a heat sink between the body of 
diode and the point being soldered, 
because too much heat can ruin the diode. 


Using the Transmatch 

In making the antenna, shoot for a 
length of at least 1/4 wavelength at the 
lowest operating frequency. In other 
‘words, if you plan on working 80 meters as 
the lowest band, then the antenna should 
bbe 60 feet (18.29 m) long, at least. This 
doesn't mean that shorter Wires won't work 
— they will, but not nearly as well. Alot of 
hhams will say they can't get up a length of 
60 feet! The wire doesn't have to run 
straight. You can go around corners, up 
and down, or what have you. The impor- 
tant point is to get up as much wire as 
possible, 

By the same token, many hams think 
(mistakenly) that they have to have a good 
earth ground connection in order for their 
station to work. Ie'sfine if you have one but, 
if you don’t, forget it, Iyyou have access 10 
@ water pipe or other earth ground 
connection make a connection to the rig 
and the Transmatch, but if you can’t, don't 
worry. The antenna will still work 

With the antenna connected and the rig 
fon the desired frequency, feed enough 
power through the system to get at least a 
hhalfscale reading on the Varimateher 
‘meter, and have the Transmatch set up as 
in (A). Tap the antenna onto the first turn 
of the coil LI at the “hot” end, or end 
‘opposite the ground. Incidentally, always, 
turn the rig off when making any adjust- 


ments on the Transmatch. There may not 
be any de voltages present but some very, 
very high ef voltages can be developed on 
the Transmatch coils and can cause nasty 
rf burn. 

With the antenna tapped on near the hot 
end of LI switch SI to read reflected power 
And adjust Cl and C2 foradip or minimum 
reading. If you cannot get the reflected 
reading down to zero, or close toit, urn of 
the power and move the antenna tap closer 
to the ground end of the coil. You'll 
eventually find a tap point that wil give a 
reading of zero in the reflected position 
‘versus full scale in the forward position of 
SI. If you find that the tap point on L1 is 
very close, say within 25 percent, to the 
ground end, you may want to try confign- 
ration B oF C. 

Tn cight of these configurations, start at 
the antenna end of the coil and, using 
another short clip lead, short out tras or 
portions of turas as you move the antenna 
{ap towards the transmitter end of the 
citeuit. In other words, the antenna is 
always on the end of the coil, but you may 
have some of the coil shorted out in order 
to get a match as indicated by MI 

Once you get a match for any given 
band, make a chart of the taps and soforth 
so you can return to the setup when you 
change bands. 

‘The main reason for using configura- 
tions B and C is that if the antenna is 
tapped near ground on LI inconfiguration 
‘Avextremely high rf voltages can develop 
across Cl even with Novice powers. We 
don't recommend playing around with 
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Fig. 7 — The 80/40-meter col To uso the col! 
(0n 40 meters, short out 10 turns, counting from 
the “A" end ofthe eal. Shorting lip should be 
‘copper and the shorting leads should be 
Inaulated. Cal stock Is no. 14 wire, 8 turns por 
neh {25 tm), 21/2 lnches (84 mm) In dlameter 
(Air Due 20087, 8 & W 3906-1, or Polysois 
ir79). 

The 20-metor coll consists of 4 turn of no. 12 
sola wire, 2-12 inches in diameter, with he 
turns spaced ao that Lt 1-172 Inches (28 mm) 
Teng, L2 sone turn of ro, 12, same diam’ a8 
[En Spaced 172 inch (13 mm) trom the ene of Li 
‘Tho 1s/1O-meter Li coll 1s 2 turns of no. 32 
sold wire, 2172 Inches (64 mm) in darter, 
turns spaced to cover 1-1/2 nee (38 mim). L2 
|S single tur, same diameter ae Li, paced 
2 nen (13 mn) from Lt 

Ait cols are mauntod on Milen type 40305, 
‘lugs ane th sooket (ack ba) isa ltr 
{ra0s. Seo GFL Whiterouse ads in OST. 


“ares” from coils but it might be wise to 
prove to yourself just how much voltage 
‘can be developed. With the antenna tapped 


near the ground end of Ll, take a pencil 
and hold it by the wood, not at the eraser 
fend but in the center. With the key closed 
and the rig loaded up to about 75 watts, 
touch the lead end of the pencil tothe stator 
of Cl. You'll quickly see why caution is 
necessary. Such an arc can make a very 
nasty and painful burn. 

Ifyou want to try using antennas that are 
very short forthe frequency, such as 10 feet 
(3.05 m) long on 80 meters (similar to a 
mobile whip) certain additional steps may 
be required to obtain a match with the 
‘Transmatch. When you make the coil for 
80 and 40 meters you'll have some coil 
stock left over. With very short antennas, 
this can be used as a “loading” coil 
Connect the antenna to one end of the coil 
and connect the other end to the antenna 
terminal on the Transmatch. Then go 
through the tune-up procedure. You may 
have to use a clip lead to short out turnson 
the coil but you'll find a setup that will 
permit matching with the Transmatch. 
‘Again, avoid coming in contact with the 
series loading coil because very high rf 
voltages can develop in such a setup. 

Some beginners may not be aware of it, 
but a fluorescent lamp or neon bulb will 
light up when in an rf field, ifthe rf voltage 
is high enough. If you have a fluorescent 
lamp (a burned-out one is OK), the lamp 
‘ean be laid along the antenna wire where it 
leaves the Transmatch. This makes a good 
output indicator, showing when power is 
flowing in the antenna. This material was 
originally presented in OST by Lewis G. 
McCoy, WIICP. 


Off-Center-Loaded Dipole Antennas 


So you can't manage a buried radial system on your city lot, eh? Then why not 
scrap those plans for a vertical antenna and try K1TD's version of a short 
dipole? Here are the design tips you need 


n these times when much of our amateur 
population lives in urban areas, the subject 
of shortened antennas for the lower 
frequency amateur bands isa very popular 
fone. Physically short ground-mounted 
vertical antennas with lumped-constant 
loading to make them resonant can be 
quite efficient radiators, if a good radial 
system has been installed, This has 
certainly been evidenced in Sevick’s series 
of QST articles! To many amateurs, 
however, the “hitch” in constructing such a 
system is the installation of a good radial 
system, It must be admitted that for the 
“top” amateur bands, 160 and 80/75 


meters, anefficient system of buried radials 
requires a sizable amount of real estate, 
‘even for a physically short radiator. On the 
average city-size lot, 50 or 75 by 1200 150 
feet (15.24- 22.86 m by 36.58 -45.72m), i's 
almost impossible to install a highly 
efficient radial system for 80/75 meters, 
much less for 160 meters, when structures 
like a house and perhaps a separate garage 
exist. Or to some amateurs, just the 
thought of burying hundreds ‘or maybe 
thousands of feet of wire is enough to turn 
off any enthusiasm for the project. 
‘What's the alternative? A dipole type of 
antenna with lunped-constant loading. At 
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modest heights, 30 or 40 feet (9.14 oF 12.19 
‘m), such an antenna will prove to be quite 
satisfactory if i is physically longer than 
about 0.2 wavelength, Shorter lengths may 
also be used, at reduced efficiency. Such an 
antenna can be fed directly with 50-ohm 
‘coaxial fine, and it can be operated with 
no earth ground. (Of course the chassis of 
the transmitter and/or receiver should be 
rounded adequately for protection against 
shock hazard.) 

Nearly all of us are familiar with the 
concept behind the use of inductive loading. 
‘A vertical antenna whieh is shorter than a 
quarter wave (ora dipole antenna which is 
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Fg. 8 — A dipole antenna lengthened 
ectrically wih off-center loading cols For a 
fixed dimension A, greater fficioncy wil be 
realized with greter distance 8, nutes 8s 
Increase, L must be larger In vaive fo maintain 


shorter than a half wave) will exhibit 
‘capacitive reactance at its base (or center) 
feed point. To cancel such capacitive 
reactance, a coil having the proper 
inductive reactance may be connected 
series with the base feed point of the 
vertical, The same result will be obtained 
through the use of two such coils for a 
dipole, one coil connected in series with 
each half. It is mot necessary for the 
inductor to be installed at the feed point, 
however. Infact greater radiating efficien- 
cy results through improved current 
distribution ifthe inductor is located along 
the radiator some distance away from the 
Jow-impedance feed point, viz, in the 
manner of a center-loaded mobile whip 
antenna. Fig. 8 shows this concept ex- 
tended to a dipole element, with off-center 
loading. The inductors resonate the 
antenna to the operating frequency, but do 
litle actual radiating themselves. (Thisis in 
‘contrast to helically wound or continuous 
ly loaded elements, where a long thin 
inductor is the radiator as well as the 
loading element.) 

In the antenna represented by Fig. 8, 
there are many variable factors to be 
‘considered when a practical antenna for a 
given frequency is being constructed. Of 
primary consideration from an efficiency 
standpoint is the overall length, shown as 
dimension A. Another consideration for 
efficiency is the distance of the coils from 
center, dimension B, The longer the overall 
Jength’ (A), up to a half wave, and the 
farther the loading coils are placed from 
the center (B), the greater is the efficiency 
of the antenna. However, the greater is 
distance B (for a fixed overall antenna 
size), the larger the inductors must be to 
maintain resonance. Theoretically, if the 
coils were placed at the outer ends of the 
dipole, they should be infinite in value to 
maintain resonance. Capacitive loading of 
the ends, either through proximity of the 
antenna to other objects or through the 
addition of capacitance hats, will reduce 
this requirement to a more practical value. 


‘What Inductance Values? 
‘As a matter of personal interest, this 
writer has been doing experimental work 
for a number of years with off-center 
loaded antennas. One big drawback to 
such experimentation was the ever-present 
need for a large amount of cut-and-try 
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where 


Ly inductance required 
for resonance 


length, feet 


distance from center 
to cach loading coil, 


natural log feet 
frequency, MHz. D = diameter of radiator, 
overall antenna inches 


work to arrive at resonence whenever a 
new set of dimensions was to be used. 
Probably the number of pruned-off turns 
from coil stock from such experiments, if 
straightened out and soldered end to end, 
‘would make up several full-sized half-wave 
Antennas for the 160-meter band. There 
fore, most of the writer's workolatein this, 
area bas been in going through paperwork 
exercises, looking for @ way whereby at 
least “balk-park™ values of inductance 
needed for @ particular system could be 
calculated. 

“The equation contained in the Mobile 
chapter of The ARRL Antenna Book for 
determining the capacitance of a vertical 
antenna shorter than a quarter wavelength 
leoked promising in early computations, 
and, indeed, it became the basis for the 
calculation procedure which finally esult- 
ed, This procedure has been found to 
produce results much closer than mere 
Myall-park” values for the necessary 
inductance — for wire antennas “in the 
clear" at moderate heights, the final 
inductance values found by eutand-try 
pruning for lowest SWR at the desired 
frequency have been so close to the value 
from calculations that a laboratory bridge 
was necessary to measure the difference. 
‘The results are equally good for elements 
using tubing. Once the needed inductance 
value is determined by calculations, it i 
generally found sufficient 10 obtain coil 
dimensions from an ARRL L/C/F Caleu- 
lator (see LaPlaca’) or by equation. Any 
significant pruning which has been found 
necessary could always be attributed to 
objects in proximity to the ends of the 
antenna 

“The complete set of calculations is 
expressed in the mathematical relationship 
as Eq. 1, presented here primarily for 
mathematics butfs or those having access 
to electronic computers. This equation 
Yields the inductance required, in micro 
hhenrys, for single-band resonance of 
shortened antenna ofa particular physical 


size at a given frequency, for a specific 
position ofthe loading coils from the center 
of the antenna, To spare the reader the task 
of performing some rather tedious calcula 
tions, Fig. 9 has been prepared from Eq. 1 

“The curves of the chart have been normal- 
ined, and may be used for any frequency of 
resonance, The chart is based on a half- 
‘wavelength/diameter ratio of the radiator 
of approximately 24,000. (This corre- 
sponds to no, 14 wire on 80 meters or no. 8 
wire on 160 meters.) For “thinner 

‘conductors, the required inductance will be 
somewhat ‘greater than that determined 
from Fig. 9, and less inductance will be 
required for “thicker” conductors, 

‘The use of the chart is as follows: At the 
intersection of the appropriate curve from 
the body for dimension A and the proper 
value for the coil position from the 
horizontal scale at the bottom of the chart, 
read the required inductive reactance for 
resonance from the scale at the left 
Dimensions A and B are shown in Fig. 8, 
and for use with the chart are expressed as 
percentages, Dimension A is taken as 
percent length of the shortened antenna 
with respect to the length of a resonant 
half-wave dipole of the same conductor 
‘material. Dimension B is taken as the 
percent of coil distance from the feed point 
to the end of the shortened antenna. For 
example, resonating an antenna whichis 50 
percent or half the size of a half-wave 
dipole (one-quarter wavelength overall), 
with loading coils positioned midway 
between the feed point and each end (50 
percent out), would require loading coils 
having an inductive reactance of approxi 
‘mately 950 ohms at the operating frequen- 
cy. Ifthe antenna is hung “in theclear,” and 
if the length diameter ratio of the conduc 
tor is near 24,000, inductance values as 
determined from the chart will be very 
close to actual values required. (Eq. | 
above takes the diameter of the radiator 
into account, and thus may be used for any 
length/diameter ratio.) For practical 
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‘alu forth col postion trom the horzantl sc 
Trduetivereactanee for resonance trom tho scale 


purposes, dimension B may be taken as 
that distance from the center of the feed 
point insulator to the inside eye of the 
Joading-coil insulator, and dimension Aas 
the eye-to-eye distance inside the end 
insulators (which are not drawn in Fig. 8). 

Proximity of surrounding objects in 
individual installations may require some 
pruning of the coils, and the exact amount 
of final inductance required should be 
determined experimentally. Ifthe antenna 
is hung in inverted-V style, with the ends 
brought near the earth, the required 
inductance will almost always be some- 
what less than that determined from the 
chart or equation. A grid-dip meter, 
Macromatcher (see Hall and Kaufmann’), 
‘or SWR indicator may be used during the 
final adjustment procedure. 
Practical Antennas 

Although one might erect an inductively 
loaded antenna that is cut for a single 
amateur band, it is possible to use the 
antenna itself for two, three or more bands 
of operation, if provision is made to lower 
the antenna for band changes. A simple 
rope halyard and pulley arrangement at 
one of the supports will do the trick. Fig. 
IOA shows a three-band antenna of this 
nature, for 160, 80 and 20 meters. If the 
insulators shown are left open, with 
nothing bridging them, the antenna is a 


Jeternining approximate inductance values fr off-center loaded dipoles. At the 
Intersection ofthe appropriate curve from the bod} 


he chert for dimension A an the proper 
ina bottom of he char ead the ragutted 
‘S00 Fig. 8 regarding dimensions A dB. 


simple half-wave dipolecut for 4.18 MHz 
(The 48 5-f00t{14.78 m] lengths act merely 
fs support wires, and have negligible effet. 
fon operation of the antenna.) If the 
insulators are bridged with short lengths of 
antenna wise, the antenna becomes a 
entered SO-meter dipole, resonant at 
bout 36 MHz, For 160-meter operation 
the 20-meter insulators may be bridged 
‘with loading coils to resonate the antenna 
aU 1.8 MHz, as shown in Fig. 0A. Burndy 
or other manufacturers’ “Servit™ type of 
lectrical connectors may be used for ease 
inmaking band changes quickly, as shown 
in Fig. 11 

‘The calculation procedure for determin- 
ing loading-oil values for the antenna of 
Fig. 10A, using the chart of Fig 9, goes ike 
this. I operationis desired on 1.8 MHz, the 
length of a full-sized half-wave dipole is 
found trom the relationship 468/f to be 
260 feet (78.25 m) The 130-foot (39.62 m) 
length of Fig. 10A represents 50 percent of 
this size, meaning that the dimension-A 
‘curve marked "50 percent” in Fig. 9istobe 
used. The position ofthe cols is 16.5/(16.5 
+ 48,5) x 100, oF 25 percent ofthe distance 
out from center, dimension B. From the 
intersection of 25 (horizontal scale. at 
bottom) and the 50 percent curve, the 
required inductive reactance is read from 
the seal at the left of Fig 9to be 650 ohms, 
‘The inductance, L, is 650/2nf or $7.5 
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Fig. 10— At A. an ao-meter dove loaced for 
‘edimele operation The inter re 37 turns 
of eal stock having a Sench (78 mn) dh 

{urns per inch (25 mn) (B & W 3085). ANB, the 
Impederco plot of tis antonra install ata 
helgnt of 83 tet (1524 m) (ola curve), and tne 
pot ota 1eO-neter halt-wnve spate Yorke 
Eine) 


‘and 10 


Fig. 11 — Copper electrical service connectors, 
‘sold under ene ade name of Servi provice a 
‘Simple moans of istaling the loading cols. The 
antenna wire and the ends ofthe coll wires 
‘shouldbe tinned to prevent corrosion. In 
‘alton, a protective coating of acrylic spray 
may be Used 


it na. wire isto beused. For 
Smaller diameter wite, the inductance 
should be somewhat larger. (Calculations 
from Eq, | for no. 12 wice indicate the 
required inductance is 60.99 4H.) 

“The radiation resistance of» shortened 
amenna loaded to resonance is less than 
that of a fllsized antenna. Further, the 
Shortened antenna is “sharper,” meaning 
that the change in reactance versus 
froquency is greater In other words, the 
shortened antenna acts as a tuned circuit 
having higher Q than afullseedantenn 
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To check these characteristics, the line 
input impedances for the antenna of Fig 
10A were measured with a laboratory 
bridge, and the electrical line length at the 
measurement frequency was then taken 
into account to determine the impedance at 
the antenna feed point. The antenna was 
constructed of no. 12 wire and hung at a 
height of 50 feet (15.24 m) as a “flat-top” 
radiator. 

‘The solid curve of Fig. 10Bisa plot ofthe 
feed-point impedance versus frequency for 
this antenna. The plot on Smith Chart 
coordinates is more meaningful than a 
simple SWR-vs-frequency curve because 
the magnitudes of the resistive and reactive 
components are shown, as well asthe sign 
of the reactance. (Capacitive reactance is 
negative, plotted to the left of the vertical 
center line, and inductive reactance is 
positive, plotted to the right) In this 
presentation, « 50-ohm nonreactive imped- 
‘ance will appear at the exact center of the 
‘chart, The SWR in $0-ohm line fora given 
frequency may be determined by first 
noting the distance from the center of the 
chart to the particular impedance plot on 
the curve, and next measuring this same 
distance down the vertical centerline from 
chart center (a drawing compass is helpful 
for this task), and finally dividing 50 into 
the value read at that point on the center 

ine. For example, the SWR at 18 MHz 
equals 120/50 or 2.4, as indicated by the 
segment of the 2.4 SWR circle in Fig. 10B. 
It-may be seem that resonance (zero 
reactance) occurs at approximately 1810 
kHz, where the resistance is about 22 ohms, 
The SWR at resonance is 2.33:1, and 
climbs to 3:1 at 1825 kHz, At 1850 kHz, the 
SWR is 10:1. Without any matching 
provisions the antenna is relatively sharp, 
‘as mentioned earlier. If one sets the usable 
bandwidth as the frequency range where 
the SWR is 3:1 of less, itis approximately. 
35 kHz, or 1.9 percent of the resonant 
frequency. As far as efficiency is con- 
cerned, ohmic losses are low, and the 
antenna is a good performer on 160 meters 
Because of its horizontal polarization, 
hhas proved to be most effective at night, 
and stations several hundred miles away 
have been worked with $9 reports received 
for the 50-wat signal. 

For a comparison of impedances, the 
broken curve of Fig. 10B is a plot of 
measured impedances of a full-size half- 
wave dipole, 260 fect (79.25 m) long 
overall, hung in place of the shortened 
antenna, From this curve it may be seen 
that resonance occurs at 1810 kAz, where 
the resistance is 59 ohms, The 3:1-SWR 
bandwidth for the half-wave antenna is in 
the order of 60 kHz, or 3.3 percent of the 
resonant frequency. Ivis interesting to note 
fn this curve that the SWR at resonance is 
L18:1, and chat it is a somewhat lower 
value, I.15:1, ata frequency a few kilohertz 
above resonance. (Measurements were 
made every 5kHz across this band, but plot 
points are shown only for 25-kHiz incre- 
‘ments to avoid crowding of the data.) This 
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Fig. 12 — ALA, 2 40-motr dipole loaded for 80 
‘mater operation. For resonance at 3.58 MMs the 
Calls shouldbe approximataly 40H (27 tures 
(of siock); 3.78 MPa, 35 pH (24 turn): 29 a, 
S30 ui (22 turns); and 4.0 Ma, 29 uM (21 turn) 
‘Those ae calelated inductance values for no, 
‘2aantenna wire. Col sock rlerenced above is 
‘Sinen (76 mm) slameter, 10 ues per inn (25 
‘mm) (8 & W 2035). At 8, the Impedance plot of 
{he 3.55-MH version (sli curve) and of an &0- 
‘meter hall-wave dipole (broken cure) 


evidence refutes the oft-heard statement 
that the SWR-vs.-frequeney curve is 
‘always lowest at antenna resonance. Points 
to remember are that the SWR in a 
transmission line is completely dependent 
upon the characteristic-impedance value of 
the line in use. Using a line of different 
impedance may shift the position of the 
SWR curve along the frequency axis in a 
simple SWR-vs.frequency plot. This is 
definitely true in this case — if the 160- 
eter half-wave dipole were to be fed with 
‘75-ohm line, the lowest SWR would occur 
at a frequency about 5 kHz below antenna 
resonance, whereas with 50-olm line the 
Towest SWR is at a frequency slightly 
‘above resonance. The reason this happens 
is that the resistive component of the 
impedance, which consists of the radiation 
resistance plus any loss resistance, is not 
constant with frequency, even overa rather 
narrow frequency range. It must be 
‘acknowledged that the differences here are 
very sight, however, and for practical 
purposes the frequency of lowest SWR is 
(within a few kilohertz) the resonant 
frequency of the antenna. 

‘Another point concerning the SWR 
values bears noting. The values as deter- 
mined from the plots in the manner 
described above are quite accurate, having 
been determined by measurements with 
laboratory equipment. In contrast, meas- 
urements with simple SWR indicators 
usually cannot be relied upon for anywhere 
near the equivalent accuracy. 


For example, the author owns a com- 
mercially manufactured SWR incieator of 
the Monimatch type (see McCoy*) which, 
lunder a particular set of conditions, 
indicates 2.521 SWR in a line ‘where 
laboratory. measuring equipment shows 
the ire SWR to be 41. A significant 
difference! Herein lies another reason why 
impedance plots on Smith Chart coord 
nates are more meaningful than a simple 
SWRevs-frequency curve — greater 
accuracy may generally be expected. 
A Half-Sire 80-Meter Antenna 

Fig. 12A shows the 3-band concept 
desebed earlier ast can be applied to BO, 
40 and 20 meters, Its overall length i 66 
feet (20.12 m), nota dificult length to use 
‘ona small lo. This antenna was construct 
4 for S0-meier operation with a dsign- 
enter frequency of 3.55 MHz, using n0.12 
antenna wire and 40-nHlloadingeoils —27 
{umn of stock havinga diameter of 3inches 
(61mm) anda piteh of 10 wens perinch (25 
mz) (tpi). Feed-point impedances versus 
So-mete frequency forthe antenna, hung 
ata height of 50 feet (15.24 m), are shown 
by the solid curve at B of Fig, 12. Actual 
resonance occurred at 3.54 MF, were the 
Tesistance was about 26 ohms, The 
bandwidth within which the SWR is 31 is 
60 kHz, or 1.69 percent of the resonant 
frequency 

‘Also shown in Fig. 12B, by the broken 
curve, are the fed-point impedances of 
half-wave dipole, 132 feet (40.23 m) overall 
lengli, hung in. place of the shortenad 
antenna, Resonance occurs at 3.54 Milz, 
where the resistance is 3.5 ohms and the 
SWR is LISI. The broader nature of the 
half-wave’ antenna is exhibited. by the 
“Tighter” curve which swings closer to the 
Sivohim center point of the chart than the 
shorter, longed antenna. The SWR at 3.5 
Mulzis 6:1, and remains below 3:10 3.67 
Mile 


Capacitive and Inductive Loading 
One would assume that acombination of 
capacitive and inductive loading might 
provide a different feed-point impedance 
than would inductive loading alone, 
because of different current distributions i 
the radiators. To check out this assump- 
tion, the antenna of Fig. 12A was used as a 
“test bed” for comparative measurements, 
Capacitance hats were attached at different 
points along the 17-foot (5.18 m) lengths of 
Wire outside the coils, and the coils were 
pruned to reresonate the antenna at about 
the same frequency as before. The impe- 
dance measuremnts were then repeated, 


Dangling End Sections 

First, “hats” consisting of 18 inches (457 
mm) of no. 12 wire were affixed to the 
antenna ends and permitted to dangle. This 
lowered the resonant frequency to 3435 
kHz. By calculations, this was approx- 
‘mately the same effect as that of extending 
the 17-foot portions of the antenua by the 
‘same amount as the dangling lengths, so it 
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The Government's direction for 5G 


The Government has made significant investments to improve telecommunications infrastructure in 
‘Australia, through the NBN and the Mobile Black Spot Program. The Government is also working to 
create a policy and regulatory environment that supports a competitive and innovative communications 
market. 


The Government recognises that 5G will enable innovation and productivity across industry sectors and 
can significantly contribute to Australian's growth and future prosperity. Therefore, the Government 
will focus on enabling the early deployment of this new generation of mobile networks in Australia and 
encourage its use in delivering new services and applications. 


The Government will support the timely rollout of SG in Australia to enable the next wave of broad- 
based industry productivity, and support the growth of Australia’s digital economy. 


Industry expects and needs to lead the deployment of SG. However, the Government has a role in 
supporting network rollout by modernising policy and regulatory frameworks and removing barriers 
that would delay rollout and adoption unnecessarily 


In the first instance, the Government will support the early deployment of 5G in Australia by: 


+ making spectrum available in a timely manner 
* actively engaging in international spectrum harmonisation activities 

+ streamlining arrangements to allow mobile carriers to deploy infrastructure more quickly, and 

‘* reviewing existing telecommunications regulatory arrangements to ensure they are fit-for-purpose. 


Making spectrum available in a timely manner 


A clear, efficient and flexible regulatory framework governing spectrum access will be essential to 
support the timely deployment of 5G networks in Australia. 


‘The Government is currently undertaking work to modernise Australia’s spectrum management 
framework to ensure it remains fit-for-purpose. In May 2017, it outlined its proposed reforms to the 
framework which are designed to simplify and streamline the processes for spectrum allocation and 
provide a transparent, efficient and flexible spectrum management framework. This will be the most 
significant change to the Australian spectrum management framework in the last 25 years. 


The reforms will remove barriers between licence types, and enable flexible licensing issue and 
allocation processes. This strategic approach will remove outdated processes and support the 
‘Australian Communications and Media Authority (the ACMA) to more effectively respond to market 
demands and new technologies, such as 5G. This will help Australia remain internationally competitive 
with a modern, innovative economy over the coming decades. 


‘The Government will put in place its new spectrum management framework by 2019. 


In addition, the ACMA will continue to work on making spectrum available for SG. The ACMA has been 
investigating the use of 1.5GHz and 3.6GHz and high frequency mmWave bands in considering 
additional spectrum for mobile broadband services. The ACMA has decided to prioritise refarming of 
the 3.6GHz band over the 1.5GHz band, citing industry submissions noting this band is likely to be a 
pioneer band for early 5G deployments and the need to provide greater clarity and investment 
certainty for incumbents and potential new band entrants alike. The ACMA is currently engaging with 
industry on which parts of the 3.6GHz band should be reallocated and on what terms. This approach 
also follows international trends which have seen the 3.6GHz band commonly used for 5G trials. 


‘The ACMA will work to bring 3.6GHz spectrum to auction in 2018. 
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Characteristics of Varlous Loading Techniques, 66-Foot, 8-Meter Dipole 


‘Approx. lee: 
point ris: 

Losaing fence, resonance 

4H cols ony 28 ohms. 

965M cols, 18" 26 

naling ends 

hats outside 28 

S254H cols 
2 

‘36 hate at ends 

None (A/2 dipola) «5 


Coll postions for each loaded antenna were 16 
orsrusted of no. 12 wie and installed at & height 
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Inches X 25.4 = mm, 


3:-SWA band- 
wnat ‘wiih of 
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92 159 

1803 478 

2181 108 

98:1 208 

115 


rom antenna center. All antennas were 
of 50 fet 


would seem to make little difference 
whether short sections of extra length are 
added inside the supporting insulators or 
are at the ends, suspended at right anglesto 
the main antenna wire. 

‘The inductors were reduced from 40 to 
36.5 nH (25-turn coils replaced the original 
27-turn coils), and resonance occurred at 
about 3575 KHz. At this frequency the 
resistance was 26 ohms and the SWR 
1.90:1. The 3:1-SWR bandwidth, 64 kH, 
is 1.79 percent of the frequency of 
resonanee. The impedance plot for this 
arrangement is shown as Curve A in Fig. 
13. The resistance at resonance for this 
antenna is identical to that with the 
alone, and the bandwidth is only 4 kHz 
‘greater, 64 KHz vs. 60. From these results, 
‘one would conclude that the main advan- 
tage offered by the “danglers” is a small 
saving of space over a flatop antenna. 


Capacitance Hats near Loading Coils 

Next the dangling end sections were 
removed and a pairof capacitance hats was 
formed, each from two. 36-inch (0.91 m) 
lengths of no. 12 solid wire. The two wires 
for a single hat were attached at their 
centers to the antenna wire ata point just 
‘outide one of the loading coils. The hat 
wires were then bent radially to form an X 
atrightanglesto theantenna wit, like four 
spokes of a wheel with the main antenna 
wire at the hub. The diameter of the X- 
shaped hat was thus 36inches. The second 
hhat was placed ina like manner just outside 
the second coll. Burndy connectors were 
used to affix the hat wires. The resonant 
frequency of this configuration with the 
original 40>zH loading coils was found to 
be 3290 kHz. The effect of adding the hats 
‘was about the sameas that of extending the 
17-foot (5.18 m) lengths to 19 feet (5.79 m). 

‘When the inductors were replaced with 
23-turn coils (32.5 ul), the antenna 
resonated at about 3.375 MHz, the 
resistance being 23 ohms. The SWR at 
resonance is 215il, and the 3:1-SWR 
bandwidth for this configuration i 60 kHz, 
1.68 percent of the resonant frequency. The 
impedance of this arrangement versus 
frequency is shown by Curve B of Fig. 13. 


It is surprising to note that, by the 
standards of most amateurs, the character- 
istics of this antenna are not as good as 
those of the same length antenna with 
loading coils alone. The SWR at resonance 
for the antenna with combination eapaci- 
tive and inductive loading is higher (2.15 
vs 1.92), and the 3:I-SWR bandwidths are 
the same, 60 kHz. Perhaps @ significant 
factor here, though, is that the diameter of 
the capacitance hats used for these 
measurements was small, only 0,011 
wavelength. Supporting much larger hats 
presents mechanical problems with wire 
antennas, however, as even these were abit 
ffimsy and would require reshaping after 
‘gusty weather. 


Capacitance Hats at Antenna Ends 

Finally, the X-shaped capacitance hats 
were moved to the outside ends of the 
antenna, just inside the end insulators 
With the original 40-H coils, resonance 
appeared at 3215 kHz, From calculations, 
it was as if the 17-foot(5.18 m) end sections 
were actually 21 feet (6.40 m) long. With 
30-uH coils (22 turns) in place, the 
resonant frequency was 3560 kHz. At this 
frequency the resistance was 25 ohms and 
the SWR 1.98:1. The 3:1-SWR bandwidth 
is 73 kHz, of 2.05 percent of the resonant 
frequency. The impedance plot of this 
antenna is given in Fig. 14 

Tis interesting to note that the position 
and shape of the plot for this antenna on 
‘Smith Chart coordinates is nearly identical 
to that for the same length antenna with 
loading colls only, the solid curve of Fig. 
12B. For this antenna, however, the plot 
points for 25-kHz frequency increments 
appear closer together, which accounts for 
the increased bandwidth, 


Conclusions 

The measured characteristics of these 
various configurations of loading for the 
80-meter antennas are tabulated in Table 4. 
Remember that the overall “flat-top” 
length of each antenna arrangement is 66 
feet (20.12m),and that the loading coils are 
always positioned 16 eet (4.88 m) each side 
of the center of the antenna, being pruned 
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Fig. 13 — Curve A ls tha impedance pot of the 
antenna of Fig. 124 with Tasneh (457 men} 
angling end toctions adcod anc the cl) 
Trimmed to vostre resonance near the orginal 
frequency. Curve ® i apt of tha same 
_antanna with X-shaped capacitance has added 
123 pot jut outeige the loading calls 
(dangling sections romoved and 294s trimmed 
fo veestablsh resonance.) 


Fig. 14 — impedance plot of 2 66-foot (20.12 
ipole using a combination of ot-centor 
Inductive loading and capacitive ond loading. Of 
ail he shortened contigurations tried, tie. 
arrangement offered the gratest bandwith 


for resonance at approximately 3550 kHz. 
For comparison, information for a half- 
‘wave dipole is also included. 

‘Of the various arrangements, capacitive 
end loading decidedly provides the greatest 
bandwidth, excepting the full-size ha 
wave antenna, of course, Although there 
are slight differences in the resistance value 
at resonance, all are of the same order of 
magnitude. These values, as well as those 
for the 160-meter antenna discussed 
earlier, tend to confirm a broad rule of 
thumb that the writer has formulated for 
this type of antenna: The feed-point 
impedance value at resonance is roughly 
proportional to the length of the antenna. 
‘That is, a loaded antenna which is half the 
size of a half-wave dipole will have 
approximately half the radiation resistance 
of the full-sized antenna. 


m 


Eq. | given earlier or the chart of Fig. 9 
allows one to calculate loading-coil values 
for antennas with loading. coils only. 
‘Additional capacitive loading is not taken 

fo account. Calculating the effects of 
various capacitive loading arrangements 
appears to be difficult, and work remains 
to be done in this area. 


Multiband Antennas with Loading Coils 

Al of the foregoing material has been 
devoted to the loading of an antenna for 
resonance at a single frequency. Resonated 
as described, the antenna is electrically a 
half wave in length. It will, however, 
‘operate well on higher frequencies — 
Frequencies at which itis an odd multiple of 
hhalf waves in electrical length ... three half 
waves, five half waves, etc. Because of the 
Jumped loading of the shortened antenna, 
these higher frequencies will likely not be 
closely related to odd-order harmonics of 
the fundamental frequency, as the case 
would be for a nonloaded radiator. (For 
example, itis @ well-known fact that a 7= 
MHz half-wave dipole operates well on its 
third harmonic, 21 MHz.) 

A loaded dipole will becomean electrical 
3/2 antenna at some frequency below 
‘that which is three times the fundamental 


Efficient Short 


resonant frequency. Depending upon the 
overall antenna length, coil value, and coil 
position, it is possible for an 80-meter 
loaded dipole to become a 3/2-h performer 
‘on 40 meters. With such an arrangement, 
fone would have a dual-band antenna 
‘without requiring the use of traps. Theidea 
ccan be expanded upon to arriveat a loaded 
antenna without traps which will operate 
‘on more than two bands. This scheme 
offers considerable constructional simpli- 
fication as compared with trap arrange 
‘ments, 

‘The multiband loading-coil concept has 
been recognized for better than half a 
century, but little use of the technique has 
‘been made by amateurs. Some years ago a 
very good article on the subject was 
Published by William Lattin, WaJRW.* 
‘That article is recommended reading for 
anyone interested in more details on the 
concept. Supplemental information has 
been published by Buchanan. Attempts by 
this writer to caleulate antenna sizes and 
coil values for dual-band antennas have 
‘met with some success, From calculations 
and experiments to date, it appears that 
with only two loading coils (one each side 
of center), the antenna must always be 
‘greater than a half wave in physical length 
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for the higher of the two frequency bands. 
In other words any 80/40 meter arrange- 
‘ment, for example, apparently would need 
to be longer than 66 feet (20.12 m) from tip 
to tip. However, much work also remains 
to be done in this area. This material was 
originally presented in QST by Jerry Hall, 
KITD. 
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If you're cramped for space to put up a beam antenna, you'll want to investigate 
these ideas as one way to shrink ‘er down to usable size. 


Sic Sian ile de 
Se earn en 
ONS CRE te eae 


112 Chapter 5 


‘equal. The efficiency of an antenna can be 
expressed as 


EI 


RF Rew 


‘The radiation resistance (R,) of a horizon- 
tal dipole is determined by its length and 
height above ground, In free space, the R, 
of a half-wave dipole is 73 ohms. As the 
length of the dipole is reduced, the Ry 
decreases asthe square of the length. Thus, 
for a hal-size dipole (as compared with 
1/2), the R, decreases toa value one-fourth 
that ofthe A/2 dipole or approxisnately 13, 
ohms, 

The efficiency of a half-wave dipole is 
very high, being on the order of 95 percent, 
‘The Ris large snd Rin small by compari- 


son. If we reduce the overall length by a 
factor of two, the Ry decreases by a factor 
of four. Input impedance at the center of 
the dipole is comprised of alow resistance 
and large capacitive reactance, so inductive 
loading is required in order to resonate the 
dipole. The inductive reactance needed to 
centerload the antenna will be approxi- 
mately 1 k0 (depending on conductor size 
used for the antenna). Assuming eoilQ of 
200 and computing efficiency using Eq | 
‘This means that 28 percent of the transmit 
ting power applied to the antenna is 
dissipated in the loading coil. The author 
hhas neglected any additional losses in the 
‘matching network which would result ifthe 
‘above antenna were driven by a 50-ohm 
Let's suppose we decide to build a 2- 
clement Yagi using shortened center 
loaded elements. ‘The driven element by 
itself has an R, of 13 ohms. Addinga close- 


Fig. 15 — Electrical aquivlant for the 
ioaded aipoe discussed Inthe text. Ee 
72 petcon, as determined by Ea. 


‘The 100-2 “modo” used bythe author for 
{esting shortened elements ine Yagi snfenna 
sesign 


Fig. 16 loaded 2 
‘lament antenna. The alicieney is 47 parcont 


spaced parasitic element reduces the 
radiation resistance by approximately a 
factor of three. Thus, the driven element 
has an impedance composed of approxi- 
mately 4.5 ohms resistive and 1 kQ. 
reactive. Loading both the driven and 
parasitic elements with the same inductors 
‘that were used for the dipole and comput- 
ing efficiency 


eee es 
Bit= $55 =47 percent 
This efficiency equates to slightly more 
than a 3<4B power loss in the driven 
element. The writer has neglected the 


sizable los in the matching network since it 
rust transform the 50-ohm source to the 
9.5-ohm impedance of the antenna at 
resonance. In addition, the loading coil of 
the parasitic clement will contribute 
approximately 1 4B of loss, 

Taking into account the losses on 
Yoading coils of both the driven and 
parasitic clements and the loss on the 


driven element to feed-line matching 
network, we can easily account for a 5-4B 
power loss. Such a power loss would nullify 
the gain of properly tuned Yagi, makingit 
litle better than a full-size dipole. 

It should be obvious from the previous 
examples that the poor performance of 
short dipoles, and particularly Yagis, is a 
direct result of lostes in loading inductors, 
If we can reduce these losses while raising 
the radiation resistance, the increase in 
efficiency will (might?) make the short 
dipole or Yagi competitive with its full-size 
counterpart. 


‘Test Antenna 

The helically wound whip antenna has 
always been appealing because the R. tends 
to be higher than that ofthe base-loaded 
whip. This is because it is continuously 
Joaded. In fact, using end-loading (la 
capacitance hats), the current distribution 
will be much more constant, yielding a R, 
Of up to four times that of a base-loaded 
Whip. The author decided to use the helical 
design for a short test dipole and investi- 
agate the properties of this antenna versus 
that of a full-size dipole. 

Conventional design for a helically 
wound antenna uses a form (wood 
bamboo, fiberglass) wound with appeoxi- 
mately 4/2 of no. [4 wire per A/4 element 
‘The writer Flt tha the resistive Rin ofthis 
large amount of wire would be as erat as 
that of the loading coils in the center- 
loaded dipole, making the helical design 
ineffective. As it is desirable to reduce 
conductor resistance, the surface area of 
the conduetor must be substantially 
increased. Tubing is mot mechanically 
suitable, and because skin depth is only on 
the order of 0.001 inch (0.03 tam),! the use 
of tubing is not required. Some 1/2-inch 
(3 mm) wide copper tape? was on hand 
and a study ofits skin resistance revealed a 
loss per unit length of 12 percent less than 
that of the no, 14 wire. 

‘A helically. wound’ dipole. was con- 
structed (using the 1/2:inch [13 mm] wide 
tape) for use at 100 MHz. This frequency 
was chosen so that fielé-strength measure 
ments could be performed using a local fa 
broadcast station as the signal source. A 
2Binch (711 me) length of 3/4-inch (19 


Fig, 17 — Curves depleting gain and FER (frant- 
to-back ratio} ve. frequency when the Yagi 
{tren i tune for operation at 100 Mee 
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sam) CPVC tubing (plastic water pipe) was 
wound with 38 equally spaced turns of the 
1/2einch (13 mm) wide tape. Using a grid- 
dip meter, resonance was measured at 108 
Miz. Next, two $-1/24neh (140 cm) 
diameter sixspoke capacitance hats were 
Attached tothe ends, Resonance was agai 

measured and found to be 84 MHz, AC- 
tatch® was constructed to transform the 
low impedance of the short dipole to 50 
ohms. The ‘C-métch requires. thatthe 
tlement be made to look inductive by 
lowering resonant frequency. Avarible 


capacitor is then shunted across the feed 


Fig, 18 — VSWR ve, trequaney when the Yagi 
fintenna is tined Yor operation at 109 ME 


point and adjusted for resonance. This LC 
ratio determines the impedance trans- 
formation. A 100-pF variable capacitor 
was shunted across the feed point ofthe test 
dipole and a 50-ohm coaxial cable was 
attached. Since the dipole is a balanced 
antenna, feed-line decoupling was neces- 
sary. The author used a quarter-wave 
sleeve (bazooka), 


‘Antenna Tuning 

Rf power was applied to the test antenna 
through an SWR meter (measurements 
were taken in a screen room). Turns were 
removed, one at a time, and the shunt 
capacitor adjusted until a 1:1 match 
occurred. The capacitance hats were 
always installed at the tips of the element. 
When adjusted for a 1:1 match, the dipole 
‘consisted of 32 turns of copper tape, center 
fed, with 40 pF shunting the feed point and 
aan overall element length of 2! inches (533, 
mim) which is 37 percent of the length of a 
full-size dipole. Tuning was very simpl 
and took but 15 minutes to complete. 


Measurements 

‘The feed-point impedance was measured 
(with C-match disconnected) to be 20 
ohms. The skin depth resistance was 
computed to be 0.24 ohm. Computing 
efficiency 


7 


2. 
ay ran = 98 percent 
‘which is essentially the same as a fullsize 
iipete Handel Jot, 21 EWE 

is was measured to be greater than 6 
parctat of bn operating Empancy, Lares 
capacity hats (or 100 MHz) and wide tape 
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play an equally important role in reducing 
the Q of theantenna sufficiently to obtain 
wide bandwidth. Next, a low-level signal 
generator and dipole were set up 5 
‘wavelengths away from the test antenn 
Using an Empire NF-105 noise and field- 
strength meter, a comparison was made on 
field strength between the test antenna and 
2 fulksize dipole. Results indicated no 
Apparent measurable difference between 
{he short helically wound dipele and a full- 
size dipole, Field-strength measurements 
‘were then taken on the signal froma local 
{fm broadcast station. Again, there was no 
apparent difference; not bad for an 
antenna that i ess than haf ize. The next 
question to be answered was whether gain 
could be secured by the addition of a 
parasitic element. 

‘A boom and a parasitic clement were 
added to the shortened test dipole. 
‘Although a director might provide beter 
‘gain and front-to-back ratio (FBR), the 
decrease in radiation resistance, toa very 
low value (dipole by itself equals 20 ohms) 
because of the close spacing, was thought 
to decrease efficiency and bandwidth. A 
parasitic reflctor was constructed, similar 
to that of the driven element, The element 
was split in the center and a 100-pF 
capacitor installed for tuning purposes. 
Element spacing was adjusted to 0.15 A 
With the capacitor fully meshed, the six- 
spoke capacitance hats were physical 
Positioned on the element (both equidis- 
tant from element centet) so that. the 
reflector resonated at 93 MHz. Nominal 
reflector tuning calls for reflector reso- 
tance approximately S-percent lowes 
frequency than the driven element, or 95 
MIlz. With the above configuration, the 
author was able to adjust reflector reso 
nance, using the variable capacitor, 
anywhere in the range of93t096.5 MHTzor 
4.5 t0 7 percent lower in frequency than the 
‘riven element. 


Using the same field-strength measure- 
sent set up as with the dipole, the reflector 
vwas aimed at the souree signal and adjusted 
(using the variable capacitor at clement 
enter) for minimum pickup. The driven 
element was then readjusted fora 1:1 SWR 
fand the process repeated until minimum 
rear pickup and a I: SWR occurred 
simultaneously. Gain and FBR measure- 
ments wore made at the design frequency 
and at points two percent of the design 
frequency on ether side. The results are 
described in Fig. 17. The bandwidth 
measurements are given in Fig. 18 

‘As can be seen from the curves in Fig. (7, 
4 gain of 4 dBd, and a 15-dB FBR can be 
scoured quite easily wth a physically short 
Yagi. AS with other Yagis, the gain is 
relatively constant over a wide frequency 
range. However, the FBR drops quit fast 
especially when trying to use the antenna 
below its design frequency. From curves 
given in Fig, 18, thebandwidth between the 
2:1 VSWR points is shown to be about 3.7 
percent. Translated to 20 meters this 
bandwidth would be $00 KHz, equal to or 
greater than the average -band trap Yagi. 
{indeed the design were scaled to 1d MHz, 
the antenna would have element lengths of 
slighty over 12 fect (3.66 m) and a boom 
length of 10 feet, 6 inches (3.20 m). 


Adapting Design to Ham Bands 

Since it has been shown that physically 
short Yagi can provide significant gain and 
EBR, a few design pointers are in order. 
First, make the element length no shorter 
than physically necessary for your particu- 
lar situation, Bandwidth and efficiency will 
improve with greater lengths. Second, the 
use of large capacitance hats is recom- 
mended, as this reduces the helical 
conductor length and thus Ruy. Third, use 
large forms of good dielectric quality 
(fiberglass). The larger the form diameter, 
‘the greater the length reduction for a given 


umber of turns. Also, with large diameter 
forms, 1.5 inch (38 mim), the width of the 
conductor can be increased, thus reducing 
Rieu. Fourth, regardless of the matching 
network used, construction of capacitance 
hats, ete, solder alf joints and seal with 
silicone rubber. Do nor rely on pressure 
Joints. Fifth, t0 secure a reasonable FBR 
‘with any Yagi using a split driven element 
and fed with coaxial cable, some form of 
balun transformer is required to keep 
currents from flowing on the outside of the 
coax braid. Sixth, the use of a grid-dip 
‘meter isthe only practical method to secure 
resonance with a fixed physical length, 
Construction will require some cut and try. 
Proximity to surrounding objects will 
affect resonance, and should be avoided 
‘when tuning the array. 

'No doubt the author has left out items, 
which may prove to be a problem for the 
reader. This article was intended to be 
‘more thought provoking than construc- 
tional, although there should be enough 
information here to build your own 
antenna with a reasonable amount of 
experimental effort. My current plans call 
for construction of a 2-clement 10-meter 
Yagi (for reception of OSCAR signals) 
with 6-foot (1,83 m) clements and a S-foot 
(1,52 m) boom. Theauthor wishes o thank 
Mike Povlich, WB9HGS and Russ Mills 
for their assistance with measurements 
‘This material was originally presented in 
QST by Ronald J. Gorski, NIAU. 


References 


"Kuceken, Antennas and Tranmision Lines, Howard 
'W. Sams and Company Indianapolis, IN, Ist Eds 
tion (909). p28 

Copper tape hvalablefeom Minnesota Mining snd 
‘Mig. Check Yellow Paps fo headdress of local 
distributor 

“Orn, Bett noma Handbook, Regio Pubistions 
The, Witon, CT, 3d Eaton, p. 3, 


Simple Arrays of Vertical Antenna Elements 


Work DX with a vengeance! Simple arrays of vertical elements will provide good 
low-angle radiation. DXCC may be closer than you think if you can manage a 


system like this one! 
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ble, and the great difficulty of cither 
experimental modeling or calculating 
exact theoretical performance, it has not 
been practical in the past to arrive at valid 
conclusions. However, itis now quite easy 
to simulate such antenna arrays by 
‘computer programs, and these can produce 
relatively quick and precise answers to a 


very large number of postulated configura- 
tions. After a number of computer trial 
runs, “optimum” configurations can be 
found quite readily. Such a computer 
program for quarter-wave elements has 
been written and supplied by H. Hurwitz, 
WA2VBW. Using a modification of this 
program, the author has investigated a 


Tables ie 
Boom Beam Back __inor 
Case Element Curent Prose xX —YDracion Gain’ Radiation Lobes ; 
an 1 oo 0 oo 343-308 ww 
= 4 ‘9 0a 8 
24 4 i an 41d s709 145 =‘ 
2 1 sm 025 0 ; 
a rr er ee ey es 
2 4 ots 8 : 
Table ‘ 
Beam Back Minor 
” 2 er @ Gein Redation Lobos 
1 oo 19 40do 55.08 ‘y —90 80 “210300 
4 $ 6 te ay ‘ 
1 wz 8 to 4 3o AZIMUTH ANGLE 
1 1 ° “0 34 38 @ 
1 : 8 Tao 84 57 
1 1 6 Ho 48 % 
Table 
Beam Beam Back Minor 
Element Curent Phase xX —-¥_—Direcion Gain’ Radiation Lobes = 
1 ae me = 
el a S608 8748-8708 5 
340 8. § 
Table 
Beam B0am © ack__—‘tnor 
Elomant Current Phase xX —¥—Diation Gein’ ‘Radaion Lobes “ 
+ 1 oo Hl a 
2 1 o 025 0] sm 2748 08a AZIMUTH ALE 
Dr de mo eee Bo. tsk 
Beam Beam Back Mtnor 
oul pie haaaaatgonlt keane However, if the aray isto be wed forall 
ie directions, a more (circularly) symmetrical 
Sno G25 0 | 4ssda 8143 18.68 
eee al array should be considered. These points 


large number of simple array configura 
tions, which are potentially quite useful at 
the lower amateur frequencies, with the 
salient results given here. It is hoped that 
these will prove interesting to those 
‘considering construction of such arrays 


Technique for Optimizing Arrays 

We must first try to define the problem 
and the parameters leading to an optimum 
design. The horizontal-plane pattern of an 
array of (vertical) elements depends only 
on the magnitudes of the individual 
clement currents and their phases, and not 
‘on the way the currents are produced (c.g, 
driven or parasitic. The computer pro- 
gram allows one to specify the locations 
(xy coordinates) of any number, n, of 
quarter-wave elements; also one must 
specify the magnitude of current and its 
phase in each element (usually normalized 
to unity current and zero phase fora given 
fiducial element). With these data inputs 
the radiation pattern is calculated and 
plotted out, giving the relative power gain 


in each azimuth angle interval, say, 5 or 10 
degrees. The power gain is normalized to 
that power which would have been 
radiated at the same azimuth by a single 
vertical element using the same input 
electrical drive power. By using trial values 
‘of the current in all elements, in both 
amplitude and phase, one soon develops a 
feel for the behavior ofthe system, and can 
usually arrive at a "best" value for all the 
currents and phases. One can then try 
different geometrical separations of the 
clements and inthis way arriveat the “best” 
spacing. Usually this best configuration isa 
compromise between power gain and good 
pattern control, e.g., front-to-back ratio, 
‘or more generally, main lobe to minorlobe 
(side or back) ratio. 

In addition to the optimization de- 
seribed above it must be noted that if the 
array is to be used primarily to produce a 
“beam” in a given general direction with 
little emphasis on other directions, one 
usually finds a linear array of elements best 
(equivalent to an end-fire Yagi array) 
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‘will become clear in the discussion of 
results, 


‘Two-Element Array 


In the case of two elements there is only 
cone possible configuration. Consider one 
clement at the origin of the xy plane 
(coordinates 0,0) and the other element 
along the x axis (coordinate x,0). The 
parameters available are x, which we 
Specify in units of wavelength, A, the rf 
currents I] and I2in each element (we shall 
normalize one of the currents, ef, Lf, to 
unity) and the phases, 1 and 42, of the 
ccureents (we shall generally normalize the 
phase of the current in element I as zero 
and specify the relative phase of the current 
in element 2 in electrical degrees, cither 
positive for leadingcurrents ornegative for 
lagging currents). It soon becomes appar- 
ent that the region of main interest is where 
the spacing x is in the neighborhood of 
0.25, ie. 4/4, and there the currents are 
nearly equal in magnitude. The reasonsare 
that, for spacings of 0.5 or greater, other 
strong lobes appear in the pattern, and for 
‘grossly unequal currents relatively poor 
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peak gain and pattern discrimination 
result. Although the spacing x is not 
especially critical in the neighborhood of 
0.25 (one can essentially compensate by 
adjustment of phase angle) we shall now 

the case where x=0.25, and where 

Best overall pattern diserimin: 
tion (minimum back lobe) for the endfire 
‘ease occurs where I = 0, and 42 = 90 
degrees, and the power-gain pattern is 
shown in Fig. 19. 

Peak gain is2(or 2 dB) and occurs along 
the x-axis direction. Fig. 19A shows the 
power pattern of the array, ic. it shows 
‘quantitatively where the radiated power 
‘goes. However, if one is looking at whatan, 
§ meter would indicate, one can present 
exactly the same information on a vertical 
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logarithmic scale as shown in Fig. 198. 

The vertical scale is shown in dB relative 
to the value for a single vertical radiator. 
‘This type of display is useful in judging 
excellence of pattern with respect to minor 
lobes. For all future cases discussed here, 
both displays will be shown. 

It is possible to increase the gain of this 
array at the expense of some back lobe by 
Snereasing the phase lag in element 2,.., 
42 = —120 degrees the peak gain, again 
along the x axis, is 2.59 (or 4.1 dB) and the 
entire pattern is shown again in Figs. 20A. 
and B. 

‘Note that the back lobe now shows @ 
gain of 0.186, which is ~11.5¢B relativeto 
the forward lobe. 

‘These two elements can be used to form 


generally around the line of any set of 
linearly-positioned elements. Thisexample 
has illustrated some of the aspects ofall of 
the results to be presented; namely, that 
a) The best clement spacing will be 
found to be in the neighborhood of 
0.25 wavelength 

) Current ratios and phases can be 
adjusted to produce either a best 
pattern discrimination (minor lobe 
rejection) or best main lobe gain. Itis 
generally not possible to get both at 
the same time, and a compromise 
must be made. 

It may be useful to tabulate the salient 
results of each “best” case by noting the 
coordinates of the elements in the xy 
plane, the individual drive currents, the 
individual phases, main beam heading in 
the xy plane, main beam gain, and the 
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largest pattern gain (such as given by either 
the side of the main lobe or by minor lobes) 
observed anywhere in the entire 180-degree 
sector centered just opposite in direction to 
the main lobe, We shall designate this 
quantity as “back radiation” and express it 
in dB relative to the main lobe gain. We 
shall also tabulate the largest minor oben 
this sector and label it “minor lobe,” again 
expressed in dB relative to the main lobe. 
‘Thus for the eases just described, Table Sis 
resented. 

The sensitivity of these results to 
variations of currents and phases is not 
high. For example, one can summarize 
ease 2 above with somewhat altered 12, oF 
42, as shown in Table 6. 

‘The author feels that end-fire case 2, 
where 42 = -120 degrees, probably 
represents the “best” design with a good 
pattern and gain. Other more complicated 
cases presented below are optimized in thi 
same way and only the “best” configura~ 
tion will be shown with actual results 


Three-Hlement Arrays 

For three elements, two different 
geometries suggest themselves: the linear 
array, best for asingle preferred directional 
Jine, and an equilateral triangle configura 
tion, the closest approach to circular 


symmetry. The latter, as we shall see, could 
be switched to give “beams” in any one of 
six angular positions (every 60 degrees) 
Let us consider first the linear array. 
Linear Array — As in the 2-element 


linear array just discussed, the optimum’ 


arrangement seems 10 center around an 
tlement spacing of about 0.25 wavelength 
with approximately equal current drives 
‘The optimum end-fire case is shown in 
Table 7; the broadside case is shown in 
Table 8 

“The patterns for these cases areshown in 
Figs. 22 and 23 

Remember that for the end-fire case, 
which one can think of asa 3-element Yagi 
nits side, the rather large sidelobe results 
because the pattern lies in a plane per 
pendicular to the elements. Side radiation 
‘shard to avoid, as one cannot take 
advantage of the nulls off of the ends of 
‘excited elements. 

Equilateral Triangular Array —Forttis 
‘ase, the optimum situation appears to be 
as shown in Table 9. The behavior i very 
Similar to the ease of two elements in end 
fire. See Table 5 (we have just split one of 
the two elements and have moved the 
separate pieces tthe triangle corners). The 
pattern is shown in Fig. 24. 

Reversing the phases will reverse the 
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beam direction, and by rotating the drive 
‘currents (and phases) around the triangle, 
‘one ean produce six beam directions (every 
(60 degrees). This is an attractive feature, 
but it does not come free; the maximum 
sain of the system is somewhat less than 
fone obtains with the three linearly- 
osed elements (which are chiefly useful 
ina direction along the line of the aray). 
“The exact size of the triangular array is 
not eiical — one must simply choose the 
best phase angle forthe particular geome- 
try. The “best” phase angles, 62(61 =43 = 
0), as determined by computer runs, for 
different spacings (‘siangle side lengths 
‘expressed in terms of \)are shown i Table 
ta 


Four-Element Arrays 

With four elements, there are at least 
three configurations which are interesting 
to investigate. As before, the linear array 
with a preferred beam direction is one type, 
but there are two configurations which 
possess a measuce of cireular symmetry, 
‘One of these is described by three antenna 
elements at the corners of an equilateral 
triangle with the fourth element at the 
geometric center of the triangle. This one 
we shall designate as a center-filled 
triangle. The other type is a square array. 
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Let us take these three types in order. 

Four-Element Linear Array — For this 
case the optimum end-fire solution appears 
to be as shown in Table 11. The gain and 
‘major lobe shape of this configuration, 
seems to be excellent. The broadside case is 
shown in Table 12. Patterns for this case 
‘are shown in Figs. 25A, B, and 26A, B. 

Note that for this array there is poor 
coverage in some azimuthal directions 
(eg, 45 degrees) if only the two tabulated 
phase arrangements are used. 

Center-Filled Triangle — A large 
number of situations were examined for 

configuration, but unfortunately no 

tions of spacing, currents or 
phases were found that looked very good. 
“The best pattern was not particularly better 
than that of the three-element triangle 
alone, and was substantially inferior to that 
of the 4-element square to be discussed 
next, 

Four- Element Square Array — For this 
‘ase the best situation appears to be as 
shown in Table 13. Note that this arrange- 
‘ment fires. diagonally and produces. a 
respectable gain and excellent pattern. The 
“broadside” arrangement for the same 
square is shown in Table I4. The computed 
patterns are shown in Figs. 27 and 28, 

‘The diagonal-fire pattern is exceptional, 
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providing extremely low back radiation 
‘and minor lobes. The broadside pattern is 
not nearly as good, somewhat superior but 
reminiscent of the end-fire pattern obtain- 
able with just 2 elements (see Fig. 20). In 
fact, the power-gain coverage at ail angles 
(including the broadside angle) just using 
the switched four diagonal beams is large 
‘enough that it probably is not worthwhile 


using the broadside arrangement atall even 
to “fll” between diagonal beams. 

‘This square array is superior to the 
centerfled. triangle, and to all other 
simpler configurations (circular) in both 
gain and pattern discrimingtion. It is 
sufficiently good that one might ask what 
particular properties ofthe square have led 
to the nearly ideal performance. The 
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author believes that there are two parame- 
ters which are noteworthy: first, the gain is 
respectable in diagonal fire because one 
can View the square along its diagonal as a 
three-element linear array in which the 
center element is split, each half being 
displaced to the other corners of the 
square. Thus the array behaves something 
like a 3-element (Yagi-like) linear array 
which is known to have a good gain. 
Secondly, the lobes are much smaller than 
the linear array due to the tendency for the 
phase cancellation of waves produced by 
the spatially-separated corner elements. 
‘Again, as in previous examples, the 
actual dimensions of the square are not 
very critical, as long as one adjusts the 


phase (delay), A in elements 2 and 4 and 
the larger phase delay, @B, in element 3t0 
the “best” value. Examples of such “best” 
phase values for different size squares are 
shown in the Table 15. 

It turns out that the calculated gain 
figures for the smaller arrays are actually 
slightly larger than the gain for the larger 
squares, but asa practical matter thisfactis 
probably offset by the larger (reactive) 
currents required for radiation, The larger 
currents are necessary because of the 
mutual coupling and phase relations 
‘between elements and the required phase 
relationships; in practice with the ineffi- 
ciencies usually caused by ground currents 
when using vertical antennas, the gain 


differences for the various squares are 
probably inconsequential, The patterns for 
all cases are quite good, but the best pattern, 
is obtained for the A/4 square. Incidental- 
ly, the 0.167A and 0.33A square allows the 
possibility tha square can be used 
for two amateur bands, and this has indeed 
become the subject of a practical antenna 
system! 


Conclusion 

Computer trial runs, through a program 
developed by WA2VBW, have facilitated 
the investigation of a large number of A/4 
vertical antenna-array configurations. 
“Best” configurations, drive conditions, 
ower gains and paiterns have been found 
for the cases of two, three and four 
elements. Especially interesting isthe case 
of four elements arranged in a square 
whose side dimension is about one-quarter 
wavelength, 

‘Cases using more than 4 elements have 
been investigated, but the complexity, 
probable cost, and difficulty of installation 
‘of such configurations, reduces their utility 
and so they will not be reported here. 

The author wishes to acknowledge the 
contribution of Henry Hurwitz, WA2VBW, 
who supplied the original computer 
program for this investigation. This 
‘material was originally presented in QST 
by James L. Lawson, W2PV. 
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360-Degree Steerable Vertical Phased 


Arrays 


Microwave power-splitting and phasing techniques were applied to the design 
of this 80-meter array. It has established an outstanding record for performance 


on long and difficult paths. 
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array of four quarter-wave in-line elements 
more than 10 years ago.! The present 
article describes several novel array 
designs, using up-to-date technology, 
which provide greatly improved operation, 
‘Also covered are techniques used for 
effective power division, the beam-forming 
phasing system, switching, and impedance 
matching, Ground radials, cable and 
connector selection, and de continuity 
testing are discussed, 

(One of these arrays recently constructed 
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for 80-meter use has a single 97-degree lobe 
with 2 gain over a single vertical of 
approximately 7 4B at low angles. Its front~ 
to-back ratio is 25 4B, and its front-to-side 
ratio is more that 12 dB, overthe whole 80- 
meter band. It is switchable over 360 
degrees in four 90-degree steps, 


‘Computer-Modeled Arrays and Patterns 


In the spring of 1975, while siting over 
cup of coffee, the three authors discussed 
the possibility of rebuilding the 1965 4- 


119 


Fig, 29 — Polar pct of 
planar view of the four-lomont siamond aeray 
Showing tne pattern obiainea with no de voltage 
fn the suiting relays, as in Fig. 31. Minor 

Tabs are too far coven to show on this seal, 


Fig. 90 — Bandwieth and sde-1obe study ofthe 
fourelement lamond array. 


element array, using many improvements 
in technology that have evolved in the last 
10 years, Dr. Joseph White accelerated the 
effort by coming up with a computer 
program written in Fortran IV, called 
ARRAY, which allows the user to plot 
patterns of arrays of from 2t0 99 elements, 
in various spacings and combinations of 
+ leaving the 
computer. terminal 30 iterations 
using 4 elements were explored, and the 
computer-printed polar plots and other 
gain data analyzed, before we arrived at a 
configuration which provided good for- 
ward gain over a broad beamwidth, with 
xno measurable unwanted lobes 
The configuration selected has four 
quarter-wavelength vertical elements in a 
square, with quarter-wave spacing between 
adjacent elements, as shown, with its 
predicted pattern, in Fig. 29. Ail elements 
are fed with equal amplitudes, the rear 
element at 0°, the two side elements at -90° 
and the lead element at 180°. The beam is 
transmitted along the diagonal from the 
rear to lead element. Gain due to horizon- 
tal beam formation alone is about 5.3 dB 
over a single vertical element. Front-to- 
back ratio is 25 4B, Front-to-side ratios 12 
‘GB, at 90° either side, increasing to much 
higher levels at 135° either side. Since most 
of the vertical energy is concentrated at low 
‘angles by the array, as much as 4dB of g 
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‘additional to the predicted 5.3 dB in the 
horizontal plane can be achieved in theory, 
with perfectly conducting ground. The 
authors estimate that a good radial system 
and less-than-perfect ground yield an 
additional gain of 2B, or a total gain just 
over 7 dB for the system described. 
‘The computer predicts a half-power 
beamviath of 7, soa suitable switching 
‘can be used to direct the beam to 
four different quadrants, with only alight 
loss of forward gain at the cross-over 
points, and virtually no deterioration of the 
front-to-back and front-to-side suppres- 
sion. A computer study of the effect of 
variations in element spacing on forward~ 
gain tomaximumside-lobe level, plotted in 
Fig. 30, led to selection of A/4 spacing of 
the corners of the square array. The 80- 
meter beam erected according to the 
computer-synthesized array design has 
proven to be remarkably successful. On- 
thevair results clearly approximate the 
performance anticipated by the program. 


RF Power Dividers 

Good power splitters are essential tothe 
operation of phased arrays. Two-way and 
three-way power dividers will bediscussed. 
Amateurs in broadcasting are well aware 
that tapped coils are the mainstay for 
power division in their industry. This 
reactive technique presents many prob- 
lems.? The authors, being more versed in 
‘microwave techniques, thought it logical to 
scale up in wavelength the methods of 
power division used most successfully in 
the microwave region, particularly what is 
now known as the Wilkinson Power 
Divider,? shown in Fig. 31. Power fromthe 
transmitter is fed through a 50-ohm line of 
any length to a coaxial T, feeding two 
‘quarter-wavelength 70-ohm lines, WI and 
W2. The two inner conductors of the 70- 


‘ohm lines are connected through 2 100- 
‘ohm noninductive resistor, RI. This type 
of divider gives an equal power split, 
matches to 50-ohm loads at the two 
‘outputs, and has the unique property that 
any energy returning to the two outputs out 
of phase, due to mismatches or mutuals, is 
absorbed in the 100-ohm resistor 

‘The 90-degree phase-delay cable (DL) 
used in one side of each of the three power~ 
spliting hybrids serves to assure that equal 
power reflections from the antennas are 
absorbed. Theoretically the resistors 
absord none of the forward power. This 
technique provides approximately 30¢B of 
isolation from one output terminal to the 
other, to unwanted energy. 

Reference is made in the 1965 article to 
difficulty in adjusting a phased array, 
because of element interaction due 10 
mutual impedances between elements. The 
Wilkinson Power Divider, when used to 
feed phased arrays, reduces these problems 
and those resulting from imperfect match 
at the antenna inputs, and contributes to 
the realization of the’ predicted patterns 
“The “Wilkinson,” is a remarkably simple 
fand uncritical solution to the problem of 
power division. The 3-clement vertical 
array described later uses a three-way 
“Wilkinson,” shown in Fig. 33. It is 
constructed by splitting the S0-ohm input 
three ways, into three quarter-wave lengths 
of 93-ohm coaxial cable. The center 
conductors are connected together through 
150-ohm noninductive resistors. An alter- 
native approach is to return each center 
conductor to an ungrounded common 
point, through $0-ohm noninductive 


Feeding, Switching and Phasing 


The 4-element diamond array erected at 
WICK uses three Wilkinson two-way 


Terminations and switching relays atthe conter of WICF area. 


Department of Communications and the Arts ‘October 2017 


Actively engaging in international spectrum harmonisation activities 


There is already significant work underway globally with several countries trialling SG, but standards for 
this new generation technology are yet to be finalised. The formal, international process to define SG is, 
led by the ITU. The ITU’s Working Party 5D is responsible for shaping the standard for “futuristic mobile 
technologies” to support International Mobile Telecommunications (IMT) for 2020 and beyond. This, 
process is known as IMT-2020. 


Stakeholders such as regulatory and policy setting bodies, hardware manufacturers and governments of, 
countries in which they are based will be seeking to influence the international dialogue. A key body is 
the industry-driven 3GPP which undertakes technology standardisation. Collectively, the ITU and 3GPP 
will drive spectrum harmonisation activities: the ITU, led by administrations, will focus on the spectrum 
requirements; and the 3GPP, led by industry, will concentrate on equipment and device standards. 


Industry is well-placed to lead the standardisation process particularly given its role identifying the 
application of 5G technologies. However, there is also an important role for the Government in these 
processes. This is particularly the case in the harmonisation of international spectrum arrangements 
which will have significant impact on the availability and cost of 5G devices in Australia and can be 
strongly contested. 


In the past, Australia and the Asia-Pacific region have been influential in contributing to standards and 
spectrum plans that have been adopted across the world. This ensured that Australia was able to adopt 
new technologies quickly and that the Australian market could take advantage of the economies of 
scale and have a greater choice of mobile handset equipment. 


The Government will ensure strong participation by Australian in domestic and international 
discussions about 5G spectrum harmonisation. Our continued involvement provides the opportunity 
to contribute to this dialogue and secure outcomes that will benefit the adoption of SG in Australia, 


Streamlining arrangements to allow mobile carriers to deploy infrastructure 
more quickly 


The design and deployment of mobile networks will be radically different from those of today. 5G is 
expected to require additional infrastructure in new forms, including smaller cells and more densely- 
located antennas, particularly in the use of high-band spectrum. 


Carriers have specific powers and immunities relating to telecommunications infrastructure 
deployment and installation. These laws help carriers to rollout telecommunications infrastructure 
quickly in a nationally-uniform way, rather than having to follow state, territory and local government 
requirements. These laws have existed in their current form since 1997. 


‘The Government has recently consulted on proposed new arrangements that take account of 
technology developments and changes in operating practices as well as identifying opportunities to 
streamline deployment processes. Under these new proposed arrangements, mobile carriers would be 
able to rollout new communications technologies such as SG more efficiently. 


The Government understands that some members of the community have expressed concerns about 
the impact on public amenity from increased telecommunications infrastructure. The Government 
considers that telecommunications providers should work with local communities to address concerns 
about their infrastructure plans and is encouraging industry to consider consultation requirements for 
future 5G networks. 


‘The Government continues to work with stakeholders and will implement the first tranche of 
changes to carrier powers and immunities following the conclusion of the consultation process. 


ITU, accessed 1 September, ITU towards “IMT for 2020 and beyond.” 
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Fig, 81 — Schomati 


fam ofthe Wakingon Power Dividers, phasing lines, and ewitching relays 


(connections) fer the fourslement array. De switching commands for the four pattern endings 


ar given atthe lower right 


power dividers, as shown in Fig. 31 
Phasing is accomplished with three 90- 
degree sections of RG-8/U cable, DLI, 
DL2, DL3. The four outputs are at 0°, 
90%, 90° and -180° respectively in phase 
relationship, with power from the trans- 
mitter divided into four equal parts. Every 
cffort was made to preserve symmetry 
throughout the system, in the hybrids, 
phase shifters, rf switching, feeds, and 
antenna placement, in order to have the 
array perform uniformly as itis switched 
between the four headings. 

‘The switching can be done with six spdt 
coaxial relays, as in Fig. 31, or with one 
transfer relay and four pdt relays. With no 
voltage on the relay coils, the arms are in 
the positions shown in Fig. 31, giving 
northeasterly directivity (57° tiue, on 
Paris) the heading used most ofthe time at 
WICE. The array is about 500 feet (152.40 
1m) from the transmitter, necessitating use 
of remote relays. A prospective user should 
consider the iradeoff between cable and 
relay costs. If the array is close to the 
station, four equal lengths of S0-ohm line 
‘ean be brought into the station, and the 
switching done with a 4-pole, 4-position 
swith, 

‘The long run of line here was dictated by 


the desire to take advantage of ground 
{qualities and concealment afforded by 
swampland $00 feet (152.4 m) from the 
house, Not wanting to be electrocuted, we 
used 28 volts de for operation of the 
switching relays. By judicious use of binary 
arithmetic, the switching commands 
require only three wires. Selection of the 
four beam headings is done at the operat 


Fig, 32 ~ Polar plot of rolaive pow, and 
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ing position with a 4-wafer, 4-position 
switch. Relays should be selected for 
reliability and ease of weatherproofing. 
The cluster of relays and teminations 
shown in the photograph is atthe geomet- 
rical center of the WICF array. The 
connectors are protected against moisture 
by 3/4:inch (19 mm) heat-shrink tubing, 
which should extend from the bottom half 
inch (13 mm) of the connector 2 inches (5t 
mm) down the cable. In addition, wide 
plastic wastebaskets are used to protect 
these components. The expensive precau- 
tions were taken’ as the result of hard 
‘experience with moisture in the cables and 
connectors in the 1965 array. 
Radiators and Radials 

Relays KI through K4 (Fig. 31) connect 
to their respective radiators through equal 
lengths of 50-ohm line, with no special 
attempt made for matching. The radiators 
are 51,5 feet (17.53 m) tall, above the base 
insulators. Constructional details follow 
the 1965 article, except as outlined below. 
Base insulators are 2-inch (SI-mm) ID 
PYC pipe, 1/4 inch (6-mm) wall, 18 inches 
(457 mm) long, affixed to the aluminum 
with PVC cement and self-tapping screws. 
Each radiator is guyed at three levels with 
3/6-inch (5-mm) galvanized cable, broken 
every 30 feet (9.14 m) with egg insulators. 

‘Though 120 radials are considered to be 
the optimum number, only 40 per element 
are used here. Most are 65 feet (19.81 m) 
Jong, no. 12 galvanized wire, lying directly 
6m the ground. This presents no hazard, as 
there is no foot traffie through the swamp 
area, The center radials are interconnected 
to two common busses in the central 
region, as recommended in reference 2. The 
authors feel intuitively that the square 
geometry of the array, in addition 10 
providing considerable symmetry of the 
mutuals, allows a higher packing density 
for the radials, reducing ground losses 

“Though the array has quarter-wavelength, 
clement, all the feedpoins are at 50 ohms, 
and any type of vertical element can be 
tused, provided an effort is made to match 
the inputs, and networks used for matching, 
are the same for all 4 elements. Obviously, 
a height of 5/8 wavelength would be 
desirable, particularly for arrays built for 
higher frequencies. An indication of match 
would be to put rf voltmeters across the 
100-ohm resistors, and tune the matching 
networks simultaneously for minimum 
voltage across the resistors. A nice thing 
about the h/4 casei that the match is close 
enough that this step has not been 
necessary. 
Testing 

Before the array is fired up somebody 
should go to each element and short the 
input, while another person. watches an 
cohimmeter placed across the main line at 
the station end. Make sure that a very low 
dde resistance is measured. Then, with the 
aay in the normal position, asin Fig. 31, 
make sure that the resistance across the 
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Fig, 29 — Schematic giagram of a tes-element vertical array anc ite ratty switching and 
‘powar dividing circuitry Intarconnecting leads should be as short and symmettcal as possible, The 


50-ohm lines Between the relays and antenna ole 


input is high. Ifit is low, check for moisture 
in the cables or connectors or for other 
leakage resistance. Silicone grease in the 
connectors is 2 good moisture preventive 
measure, It is recommended that these 
resistance checks be repeated periodically 
to be sure that all is wel 

When the array is ready for use, go easy 
at first, as any reflected energy will be 
dissipated in the 100-ohm resistors. Ifthey 
‘become hot, better matching is necessary, 
and if they blow up, perhaps higher- 
wattage resistors are needed. At WICF, 
resistor banks were made up of 6, 20-watt, 
150-ohm surplus resistors in series-paralle! 
to give 100 ohms. These handle the 
dissipated power when the system is driven 
from a 4CX1000A amplifier, and after a 
‘month of operation there was no evidence 
of resistor damage. No attempt should be 
made to hot-switch the directivity. This 
was done inadvertently, and the result was 
the need for extensive emergency repairs — 
in midwintee. 


Performance 

In the short time that the array has been 
in use, all continents have been worked on 
80-meter phone, including several stations 
in Japan and India, tough paths from New 
England. Gain and side and back rejection 
fon all signals except those arriving from 
very high angles arejust what the computer 
program predicted. 

In receiving in the “search” mode, one 
hhand tunes the receiver while the other 
operates the lobe selector switch, to see 
which position “listens” best. The big 
WICF rotary array for 10, 15 and 20 takes 
45 seconds to rotate 360°, which tends to 
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ments shouldbe al the same length 


discourage frequent directional checks. 
With the phased array @ complete scan 
takes but a few seconds. The high front and 
side rejection eliminates most of the 
interference from signals in unwanted 
directions, and in transmitting the clean 
patterns help to prevent ruffled feathers. 

‘A surprising by-product has been the 
reduced atmospheric noise pickup from 
unwanted directions. In particular, when 
listening toward Europe atmospheric noise 
coming from electrical storms in the 
southwest is greatly reduced, improving 
the signal-to-noise ratio on signals arriving 
from across the pond. The array isan order 
of magnitude better on both transmitting 
and receiving than any antenna previously 
used on 80 at WICF. It has more than held 
its own with the competition, in all four 
quadrants. OF special interest to operators 
who like to use both phone and ew on 80 is 
the fact that the SWR is close to unity, 
from 3.5 to 4 MHz, 


‘Triangle 3-Element Array 

Anticipating that some amateurs may 
wish to use three rather than four elements, 
the ARRAY program was used to explore 
equilateral triangle configurations, 
‘Though it was not reduced to practice, a 3- 
element vertical array with 0.288 spacing 
between adjacent radiators looks promis 
ing. The lead element is driven at 0° and the 
two side elementsat-90°. The forward lobe 

135° wide, with a gain of close to 5.5 4B, 
including an estimated 1 €B contributed by 
vertical focusing. Front-to-back ratio is 12 
4B. With suitable switching, the pattern 
‘ean be aimed in six different directions, 
again providing 360-degree coverage. The 


three-way Wilkinson mentioned earlier 
‘must be used with three 90-degree sections 
of 50-ohm line, to providerthe proper phase 
relationships. Several other configurations 
appear promising, but involve more 
complex switching’ and power-dividing 
circuitry. 
Applications for Other Frequencies 

The diamond and triangle antenna 
configurations may find uses at other 
frequencies, as was done with the 1965 
design.* Formulas are given below for 
determining the line lengths and element 
spacings. A 2-meter phased array can be 
‘mounted on the roof of a car and wafer~ 
switched to the desired directions. For 
people who like to experiment with logic 
and rf switching with semiconductors, 
circuits can be devised so that the receiver 
an scan periodically, and the antenna 
steered to the desired signal 

‘The authors wish to thank the many 
people who have contributed to the 
‘success of this project, including WIFRR, 
KIGXT, WIHMY, WIFXT, KICCK, M. 
E. Hines, F. Howe, H. Wells, R. Rearwin, 
H. P. Scott, and many others. Wealso wish 
to thank Microwaves Associates, Inc. for 
the use of their superb computer facilites. 

Formulas for length of quarter-wave 
(90°) phasing lines, and spacing of 
radiators, are given below: 


Electrical A/4, solid-dielectric coaxial line, 


50 or 70 ohims (RGS, -I1, -58, 59) 
= 162.36 
tae ane 


Electrical 4/4, solid-dielectric coaxial line, 
93 ohms (RG-62, -71): 
205.64 

Bae 
300-ohm Twin-Lead — parallel three A/4 
sections to approximate 93-ohm cable 
(requires I input and 3 output 1:1 baluns) 
201.72 

That 


la 


Radiator spacing, diamond array: 


se = BE soa 
Recito spasng, ingle aay 
se = 2 soa 


This material was originally presented in 
QST by Dana W. Atchley, Jr, WICF, 
Harold E. Stinehelfer and Joseph F. 
White, Ph.D. 
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An Etched-Circuit Monimatch for Checking 
Your Antenna System 


Why buy an expensive SWR indicator when you can build this slick little unit at 
home? Not only will you save money, but you'll learn something about how SWR 
meters operate. Try the W1ICP circuit — you'll like it! 


A oer to rae ntsc 
manual that comes wth his ransmiter and 
tes S0-ohm dummy antenna can fllow 
the tne-up procedute fairly accurately. 
With the dummy antenna he wil find that 
the stings forthe tuning controls wil be 
fairly clove to. thore specified by the 
manufacturer. However, when aa antenna 
system is attached to the rie. in many 
Instances the adjustment are far cemoved 
from any “book” setting. When this 
bappens the Novice finds that he cannot get 
proper tuning of the ig. or worse yet 
actually damages the equipment by trying 
tornforee" itt work 

Nearly every” tasmiter these days, 
wheter commercial or home-built, has & 
Final amplifier stage that is designed 10 
work into a S0-ohm load. Ifthe load fs 
Something other than SO ohms it may be 
inposble to tune the amplifier sage 
correctly. Of course, an important part of 
the problem is finding oxt what the [oad i 
won eather, how far fom SO ohms i 
iappens to be. The pice of measuring gar 
described i this articles a device or doing 
just this. However, before describing the 
Monimatch and what it can do, es take a 
Tite closer look at antenna-syatem loads. 


‘The “50-Ohm” Load 

‘The evolution of transmitter design since 
WW II has been influenced by several 
factors that have led to design that is more 
for less standard these days. First off, 
television came along right after the war 
and the hams quickly discovered that 
extremely tight shielding of a transmitter 
was needed to prevent undesired radiation 
that could cause TVI. However, when tight 
shielding was installed, band changing 


‘tho completed Monimatch with the two 
tha Bonsttvity eon In he Dox at 
igM Th soning unt ea th let 


ope mine une | 


Fig, 34 —A typlea! setup for using @ Monimatch in'a multiband antenna system using a single 


‘ipole. The 
towest oper 
tnd lowspan iler may be omit if not needed, 


without band-switching became a real 
chore because there were so doggone many 
serews to unscrew and rescrew. 

‘The one type of tank circuit that lent 
itself very well to the problem was the pi 
network. Itwasa fairly simple jobto design 
a tightly shielded bandswitching trans- 


This the sansing unit of te 
‘at sink wn solaoring the 
fon 
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ices and restetors tothe iret Board, The 
rerouted ut the oack of the Minlbox, through a rubber gromme 


rath of the dipole ie not cra! butt should bo at leat 74 wavelength overall tthe 
ing Wequency for good elfiiency. The foed line oun be ry length The antenna relay 


mitter, using the pi network, that would 
work into a 50-ohm load. Why 50 ohms? 
‘Simply because at this time 50-ohm coaxial 
cable had become a very popular type of 
transmission line. During the war, tech- 
niques were developed that made the 
manufacture of flexible coaxial cable a 
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Fig, 35 — Circuit detas of tho etched-cireut 
Monimatch. The 000% wF capacitors are disk 
1, D2 ~ 1NSAA germanium diodes 

1, J2— Coax chasse ttings, type SO-200. 

i: La — See text and Fig. 26. 

i, M2— 0:50 nA mater (Lalaytte 99 H S049} 
Ro — 6B-ohm, t/2-vatteardon oF 


3" 25 ui conto, linear taper. 
St — Spat swten, 


reliable and economical process. So TVI 
and the availability of coax feed lines were 
the primary contributing factors that led to 
our present-day transmitter design. 

If the load that is* attached to the 
transmitter is something other than 50 
‘obims then the transmitter may be difficult 
to load, depending on a couple of other 
factors. While it is possible to design a pi 
network that will handle quite a wide 
variety of loads, many present day manu- 
‘Tacturers, in order to compete in given price 
ranges, use a minimum number of partsin 
the tank circuit of the amplifier. For such 
rigs to operate properly the load must be 
between 25 and 75 ohms. This of course 
‘means that the user must furnish a load 
that will fall within this range 


‘Transmission Lines 


‘The output terminal on all rigs these 
days is a coax fitting, which of course 
{implies that a coaxial line must be attached 
fo the rig. This doesn't mean that the 
coaxial line has to go all the way to the 
antenna, It could be connected to a 
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‘Transmatch or a balun. What is important 
js that the first thing in the antenna system 
is the coaxial lin thats attached to therig. 

‘Many Novices mistakenly believe that if 
you attach a 50-ohim coaxial cable to rig 
you automatically have a 50-ohm load. 
This is not true. The 50-ohm designation 
fon the cable merely means that 50 ohms is 
the characteristic impedance of the cable. 
‘The characteristic impedance of a trans- 
‘mission line is determined by the size of the 
conductors used, the spacing of th 
conductors, and the dielectric material 
used to separate and support the conduc- 
tors, The only time you would have a 50- 
‘ohm load using 50-ohm cable is when the 
line is terminated in its characteristic 
impedance. In other words, if the antenna 
has an impedance of 50 ohms then you will 
have a 50-ohm load on the rig. If the 
antenna has an impedance of other than 50 
‘ohms then the load at the transmitter will 
be something other than 50 ohms. This in 
tum leads us up to a short discussion of 
standing-wave ratio, 


SWR 

Ifa transmission line is terminated in its 
characteristic impedance, all the power fed 
into the line from the transmitter will be 
delivered to the load end — inthis case, the 
antenna, Actually, not quite all the power 
wil reach the antenna because there is 
always some loss in the transmission line 
itself. However, what is important is that 
when the line is terminated ints character- 
istic impedance none of the power that 
reaches the end is reflected back toward the 
transmitter; all of it is used up in the 
antenna, 

When the antenna impedance is different 
from the line impedance some of the power 
will be reflected back toward the transmi 
ter end. Standing waves of voltages and 
‘currents will then exist on the transmission 
line. Whea this happens, the transmitter 
will no longer “see" a 50-ohm load. Exactly 
‘what the load will be wll depend on several 
factors,' but suffice to say it will be 
something other than 50 ohms. 

‘The standing-wave ratio on the trans- 
mission line is the ratio of maximum to 
‘minimum voltage or maximum to mini- 
‘mum current that exists along the line. If 
the line were matched in its characteristic 
impedance the voltage would be the same 
along the line and of course the SWR 
would be | to 1. The SWR is determined by 
dividing the resonant antenna impedance 
into the line impedance, or vice versa, For 
‘example, i the antenna impedance were 25 
‘ohms and a S0-ohm line were used, the 
SWR would be 2 to | 

For a moment, let's assume that regard- 
less of how bad a mismatch exists, we are 
still able to tune and load our transmitter. 
‘The question then arises, how does the 
‘mismatch affect the losses in the transmis- 
sion line? The answer to the question 
depends on how eiicient the transmission 
Remember earlier we said there are 


always some power losses in every trans- 
mission line. If we have a mismatch at the 
antenna end, some of the power that 
reaches the end will be reflected back down, 
the line, In traveling back, some of this 
‘power will be dissipated in the line, and the 
higher the SWR the higher these additional 
losses willbe, becausea higher SWR means 
that a greater proportion of the power wil 

be reflected. In a transmission line that is 
100 percent efficient (one that has no 
losses) it follows that regardless of how 
high an SWR exists, we wouldn't have any 
losses due to the SWR. Unfortunately, 
there “ain't no such” line, although some 
types of Hines are much’ less lossy than 
others. 

Also unfortunately, coaxial lines fall 
into the class that can be considered to be 
lossy lines. Just as an example, let's assume 
that you are using 100 feet (30.48:m) of RG- 
58/U on the Novice I5-meter band, and 
{you are getting 50 watts out of your 75-watt 
Novice rig. This 50 watts is what is leaving 
‘your transmitter on the way to antenna via 
the 100 feet (30.48 m) of line. The loss for 
100 feet (30.48 m) of RG-58/U at 21 MHz 
is 1.9 decibels. Translating this figure to 
ower, we would lose about 20 of our 50 
‘watts in the losses in the feed line, leaving 
only 30 watts to reach the antenna and be 
radiated. This is assuming the antenna 
impedance to be 50 ohms, the same as that 
of the line. If there isa mismateh the losses 
will be higher, as pointed out earlier. 
‘Suppose the SWR is 30 I, using the same 
setup. The addivional loss in the system 
because of the SWR would be 1 dB, or a 
total of close to 3 dB. A 3-dB loss 
represents almost exactly one-half the 
power — that is, only 25 watts reach the 
antenna to be radiated. RG-8/U cable has 
the same characteristic impedance as RG- 
58/U but has less loss because it has larger 
‘conductors and more spacing between the 
‘conductors (and of eourse is more expen= 
sive) 

‘The closest thing to a lossless transmis- 
sion line is open-wire line. An open wire 
line on 21 MHz has only 0.08 4B loss per 
100 feet (30.48 m). Even with a very high 
mismatch — for examp 
1, the additional losses are 
dot 

‘This should not be interpreted to mean 
that coax is an undesirable type of line to 
use. For beam antennas it is difficult to 
beat the ease and convenience of using 
‘coax. However, for a single antenna, such 
as a dipole that is to be used on all bands 
and all frequencies, the best system is one 
consisting of a Transmatch and a feed line 
‘of open-wite line, such as shown in Fig, 34 
With this system you can forget about line 
losses, SWR on the line, and mismatches 
between the antenna and feed line. By 
correctly adjusting the Transmatch, you 
can always give your rig a 50-ohm lead 
regardless of what the load is on the 
antenna side of the Transmatch. If we use 
‘an SWR bridge in the short length of 50- 
‘ohm coaxial line that connects the rigto the 


‘Transmatch, we can adjust the Transmatch 
so that the S0-ohm line shows a match, or 
SWR of | to I, and the transmitter always 
sees a $0-ohm load. 

The SWR bridge in the photographs and 
drawings is simple to build, and. when 
installed in 50-ohm cable, will show the 
relative mismatch in the line, and also will 
indicate when you get the Transmatch 
properly adjusted for a match. The SWR 
bridge can also be used ss an output 
indicator, which is very handy when tuning 
up the rig. 


'SWR Bridge Circuit Details 

‘The etched-circuit Monimatch shown 
here is a reflectometer that samples the 
forward and reflected voltage in a 50-ohm 
line. Fig, 35 shows the cireuit diagram. L1 
and L2are the pickup lines. In operation, 2 


“forward,” the closer youcome to | to I,or 
‘a matched condition, 

In the unit showa, two meters are used, 
‘one for the forward and the second for the 
reflected reading. However, if desired a 
single meter can be used and switched as 
shown in Fig. 35 at B. We used two meters 
in the indicator as this permits constant 
monitoring of what is happening in the 
line, The meters are inexpensive ones made 
in Japan, 


Construction Details 

Fig. 36 is a full-sized template of the 
etched circuit board. A QST article? went 
into detail showing simple methods for 
making etched circuits, so we won't treat 
the process here. In making this board, itis 
suggested that the board be covered with 
‘masking tape and then the pattern of Fig. 


‘much heat from the iron can ruia the 
‘component. 

‘The Monimatch and meters are mount- 
edn separate Miniboxes, 2-1/4X2-1/4X5 
inches (57 mm X 57 mm X 127 mm). The 
‘wo connectors on the Monimatch sensing 
unit, JI and J2, are mounted with their 
center pins 3-3/4 inches (95 mm) apart, 
centerto-center. In order to avoid an 
impedance “bump” in the feed line when 
the bridge is inserted in the line, the circuit 
board should be mounted 1/4 ine (6 mm) 
above the base of the Minibox. Quarter- 
inch (6 mm) spacers can be used under the 
circuit board atthe serews holding both the 
board and the coax fittings to position the 
board accurately. 

Shielded conductors should be used for 
the connections from the diodes to the 
meter enclosure. The shields should be 
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Fig, 38 — Etches circuit boare template, The fol side is shown; he etched portion is shaded. 


very small amount of poweris coupled into 
the pickup Tines and the rf voltages are 
rectified by DI and D2. The rectified 
voltages are then fed to the two meters, MI 
and M2, and the SWR then determined 
from the readings. 

‘While a Monimatch isnot a precise piece 
of measuring equipment, the SWR read- 
ings will be close enough for practical 
purposes. In order to determine the SWR, 
the forward-reading meter is set to full 
scale by adjusting R3, the sensitivity 
control, and thea the reading on the 
“reflected” meter is noted. The formula for 
the SWR using this system is 


For example, let's assume the “reflected” 
reading is 5, with the “forward” reading 
being 10. Then IS divided by 5 (thats, 10+ 
5 divided by 10 — 5) would mean the SWR. 
is 3 to 1. The closer the “reflected” reading 
is to zero, versus full-scale reading on 


36 transferred to the tape. Using a sharp 
knife edge or razor blade and a straight 
edge, the masking tapecan be carefully and 
accurately cut to the pattern. 

‘After the board is etched, it can be 
positioned in the Minibox over the chassis. 
connector holes and the board can then be 
marked at the drilling points for the 
‘mounting holes and the center conductor 
pins of the coax fittings. When installing 
the mounting screws, be sure they don't 
short to the center — conductor portion of 
the foil on the board. 

‘There are a couple of other construction 
points that should be stressed. The lead 
lengths on RI and R2 should be kept as 
short as possible. Also, be sure to use 
carbon or composition resistors, not wire 
wound, When mounting the resistor and 
diode ends to the pickup sections, L1 and 
L2, the connections should be at the very 
ends of the sections. Also, use a heat sink 
when soldering the leads on any of the 
components mounted on the board, as too 
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grounded to the chassis at both boxes 

‘These lead lengths are not critical, and the 

Monimatch can be remote from the meter 
dicator, 

Using the Bridge 

Ifyou are using coax feed from therigto 
the antenna, the bridge can be installed at 
any convenient spot in the line. If you are 
using a Transmatch, similar to the system 
as shown in Fig. 34, the Monimatch should 
be installed on the transmitter side of the 
“Transmatch. Any relays or filters should be 
installed between the bridge and the 
transmitter, as shown. 

Set R3 so that the arm of the controlis at 
the top of the resistance —in other words, 
with all the resistance in series with the 
meter circuit. Tune up your tig in the 
normal fashion, and once tuned up adjust 
the sensitivity of the “forward” meter by 
moving the arm of R3 until the meter reads 
full scale, You can then determine the 
SWR by the formula mentioned earlier. 
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When adjusting a Transmatch, feed just 
enough power through the system to 
‘obtain about half-scale reading on the 
“forward” meter and then adjust the 
‘Transmatch controls for a match, as 
indicated by zero reflected power. You may 
have to adjust R3 as you adjust the 
‘Transmatch to keep the “forward” meter 
from reading more than full scale. Once 
‘you have the Transmatch adjusted for a I~ 
to-I ratio as indicated by the bridge, the 
transmitter can be loaded up in the normal 
manner. We usually reduce the forward 


reading to about half scale, and then tune 
the rig for maximum output, as indicated 
by the meter. When doing this, you may no- 
tice that maximum output as indicated by 
the bridge meter occurs at some setting other 
than the normal transmitter plate meter 
“dip” reading. (Normally, the instruction 
manuals tell you to tune fora plate dip the 
transmitter has no output meter.) However, 
the amplifier stage will work better if you 
tune for maximum output rather than the 
dip — keeping the plate loading within the 
transmitter ratings, of course. 


In-Line RF Power Metering 


Once you become familiar with the use 
of the bridge and interpreting the readings, 
you'll find ita very valuable device in your 
station. This material originally presented 
in QST by Lewis G. McCoy, WIICP. 


(Eaters Note: tis recommended thatthe neweoser 
obtin scopy of The ARR Antenne Boo ar more 
‘eued information on tracomiain line operation 
than cane provided i thistle) 

'Selieold, “Fase Easy Primed Circuit Boars” 
(OST, Aust 1969. 


Problems are frequently encountered in designing and building reflected-power 
meters and SWR bridges. Examples of practical in-line rf wattmeters are given 
here, along with complete details for building a unit that will provide two power 
ranges, forward and reflected, for use from 3.5 to 30 MHz. 


tis neither costly nor difficult to build an 
Hf wattmeter. And, if the instrument is 
equipped with a few additional compo- 
nents it can be switched to read reflected 
ower as well as forward power. With the 
foregoing feature the instrument can be 
used as an SWR meter for antenna 
‘matching and Transmatch adjustments. 

Perhaps the most difficult task faced by 
the constructor is that of calibrating the 
power meter for whatever wattage range he 
desires to have, The least difficult method 
is to use a commercial wattmeter as a 
standard. If one is not available, the power 
output of the test transmitter canbe 
computed by means of an rf ammeter 
series with a 50-ohm dummy load, using 
the standard formula, P = IPR. Or, if oneis 
not interested in obtaining power readings 
the bridge can be used solely as an SWR 
indicator, as is done with the Monimatch- 
style SWR bridge.’ 

The advantage ofthe circuits shown here 
over those of Monimatch bridges is that 
these instruments are not frequency- 
sensitive. Monimatch indicators become 
‘more sensitive as the operating frequency is 
increased, thus making it impractical to 
calibrate them in watts for more than one 
band, or for more than one portion of a 
given band. The units described here are 
‘more sensitive than Monimatches are, This 
makes it possible to calibrate them for 
power levels as low as 1 watt, full sale, in 
any part of the hf spectrum. 

Al of the circuits shown in this article 
are similar to the basic one which was 
described in QS73 Some of the circuits are 
those of commercial power meters, and are 
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used to illustrate variations in the basic 
Bruene design. The reader may wish to 
experiment with some of these circuits 


Design Philosophy 

Referring to the circuit of Fig. 37B, the 
circuit used by Collins Radio Company, 
the transmission-line center conductor 
passes through the center of a toroid core 
and becomes the primary of T1. The malt 
tum winding on the core functions as the 
transformer secondary. Current flowing 
through the line-wize primary induces 
voltage in the secondary which causes a 
current to flow through resistors RS and 


R6. The voltage drops across these 
resistors are equal in amplitude, but 180 
degrees out of phase with respect to 
common or ground. They are thus, for 
practical purposes, respectively in and out 
of phase with the line current. Capacitive 
voltage dividers, C3C7 and C4C8, are 
connected across the line to obtain equal- 
amplitude voltages in phase with the line 
voltage, the division ratio being adjusted so 
that these voltages match the voltage drops 
across RS and R6 in amplitude. (As the 
‘current voltage ratio inthe ine dependson 
the load, this can be done only for a 
particular valve of load impedance. Load 


values chosen for this standardization are 
pure resistances that match the character 
lstic impedance of the transmission line 
with which the bridge isto be used, usually 
50 or 75 ohms.) Under these conditions, the 
voltages rectified by D1 and D2 represent, 
in the one case, the vector sum of the 
voltages caused by the line current and 
voltage, and in the other, the vector 
difference. With respect to the resistance 
for which the circuit has been set up, the 
sum is proportional to the forward 
component of a traveling wave such as 
‘occurs on a transmission line, and the 

ference is proportional to the reflected 
component. 

The Collins circuit uses two 8-4F 
capacitors, C5 and C6, to permit the meter 
to approach the PEP level during ssb 
operation. The de voltages in the forward 
and reflected lines charge the capacitors to 


permit a near-peak reading. The discharge 
rate is set by the series calibrating resistors, 
RI through R4, and is dependent upon 
which of them is switched into the metering 
line at a given time. The circuit of Fig. 378 
uses two 43-pF capacitors, Cl and C2, to 
‘cancel the inductive reactances of RS and 
6, Such reactance may become manifest 
at the high end of the range for which the 
strument is built, If reactance is present 
in that part of the circuit the meter readings 
may not be accurate, especially at 10and 15, 
meters. The capacitors were not needed in 
the circuit of Fig. 38, perhaps because the 
resistor leads were very short when they 
‘were mounted on the etched-circuit board 


Some Design Hints 
It is important that the layout of any rf 
bridge beas symmetrical as possibleif good 
balance isto be had. The cireuit-board lay- 
ut for the instrument of Fig. 38 meets this 
requirement. Also, the input and output 
parts of the equipment should be isolated 
from the remainder of the circuit so that 
only the sampling circuits feed voltage 10 
the bridge. A shield across the end of the 
box which contains the input and output 
jacks, and the interconnecting line between 
them, is necessary. If stray rf gets into the 
bridge circuit it will beimpossible to obtain 
a complete zero reflected-power readingon 
ML even though a 1:1 SWR exists. 
Referring again to Fig. 38, resistors RI 
and R2 should be selected for the best null 


reading when adjusting the bridge into a 
resistive $0- or 75-ohm load. Normally the 
value will be somewhere between IQand 47 
ohms. The 10-ohm value worked well with 
the homemade instruments showa here. It 
was found that half-watt resistors ex- 
hibited somewhat less inductive reactance 
at 30 MHzthan did some I-watt units tried, 
Ri and R2 should be as closely matched in 
resistance as possible. They need not be 
exactly 10 ohms, soa VIVM can be used 10 
match them. The resistors used for the 
circuit of Fig. 38 were actually 10.5 ohms 
‘each, and wete chosen from an assortment 
of “i0-percenters” on hand. 

Silver-mica capacitors C3 and C4 were 
‘lose enough in value so that special 
selection was not required. Thereshould be 
‘enough leeway in the ranges of C1 and C2 
to compensate for any difference in the 
values of the 330-pF capacitors, Ideally, 
however, C3 and C# should be matched in 
value 

Diodes DI and D2 should also be 
matched for best results. An ohmmeter can 
be used to select a pair of diodes whose 
forward de resistances are within a couple 


matched. The matched diodes will help to 
assure equal meter readings when the 
bridge is reversed. (The bridge should be 
perfectly bilateral in its performance 
characteristics.) Germanium diodes. are 
used in the bridges described here, but 


ay 


Fig, 97 — Schematic diagrams of typical l-ine power meters. At A the FLL. Drake W 


trament. I uses a centertapped translormer al and has 


bul one capactive voltage vider (the sensing Cou The creut at Bis discussed In tho lex, and s Used by Colirs Radio Company. The capacitive 
‘oltage cvs in his ereuit use twe SO0-pF feedthrough capactors In place of tha sivr-mica capacitors specified in Fig. 08. Capacitors 8 and Co 


Bort charge time tha 


os te motor te read near-pesk power Oh sBb. Callrating restances RI through Rare factory selected. Tho circu at 


Brisas to ane vesd by Comes! in their power meter inthis elecut C1 is a fxea-valve (eral) capacitor, and the bridge Is nuled by the larger 


tapacitor in the aver, C2 
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Fig. 88 — Schomatic diagram of a practical power waltmeter A calibration scale for Mi 


1,02 — 1.3. to 87-pF miniature Wimmer (EF. 
‘johnson 186-802-4 Aval 


‘ontveation. 

103, D2 — Simalsignal germanium diode 
IN34A, te ee txt) 

41,2 ~ Chassiemount coax connector of 
bullde’s choice, Type SO-289 used er. 


Mim to 200548 meter [Tr 
‘sed here) 

RI, 2 Matched 10.chm cesstors (02 text 

FS, Ra — 5000-ahm printos-ereul carbon 


ype 330M 


licon diodes can also be used. Silicon 

les conduct at a higher voltage than 
germanium diodes do — approximately 
0.7 volt — and will not work too wel in 
low-power wattmeters. Some silicon 
diodes were tried, but ceased to conduct at 
approximately 8 watts in the circuit of Fig 
38, This effect can cause misleading results 
when low values of reflected power are 
present during antenna adjustments. The 
SWR can appear to be zero when actually 

isn’t, The germanium diodes conduct at 
approximately 0,3 volt, makingthemmore 
suitable for low-power readings. 

‘Any meter whose full-scale reading 
is between 50 microamperes and ! milli- 
ampere can be used at MI. The more 
semsitive the meter, the more’ difficult 
it wll be to get an absolutereflected-power 
reading of zero. Some residual current 
will flow in the bridge circuit no matter 
how carefully the circuit is balanced, 
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fe capacitors are disk ceramic unless 
a6 PF. esatanoe ls in ohms 


‘contol (IRC AS02-6) 

5, RE — 25.000-ohm printod-cit carbon 
‘contol (IRC R253). 

[RECI, RFG2 — 500-pH rf choke (Millon 34300 
150 oF simian 

St — Dpdtsingla-secton phenolic wafer switch 
(aliony 8272), 

'S2-— Spat phonalic water switch (Centralia 
"480), 

11 = Toreida transformer; 35 tune of so. 26 
‘ena wira to cover enti core of Amidon T= 
63-2 tore (Amidon Aasoe., 12058 Olseg0 St 
No, Hotiwwood, CA 91607). 


and a sensitive instrument will detect 
current flow. Also, the more sensitive 
the meter, the larger will have to be 
the calibrating resistances, R3 through R6, 
to provide high-power readings, A 0-10 
200-microampere meter represents 2 good 
‘compromise for power ranges between 100 
and 2000 watts. 


Construction 

The power meter of Fig, 38is builtin two 
sections. The #f circuit and the calibrating 
resistors are housed in a 44% 2-inch (102 
% 102 X51 mm) aluminum utility box. All 
‘components other than JI, J2, and the 
feedthrough capacitors, are assembled on 
the etched-circuit board. Switches SI and 
82, and the meter, MI, are installed in a 
sloping-panel utility box which measures 
5X 4 inches (127 X 102 mm). Four- 
‘conductor shielded cable — the shield 
serving as the common lead — is used 10 


join the two pieces. There is no reason why 
the entire instrument cannot be housed in 
fone container, but itis sometimes awkward 
to have coaxial cables attach to a unit that 
‘occupies a prominent place in the operat- 
ing position. Built as shown, the two-piece 
instrument permits the rf pickup headto be 
‘concealed behind the transmitter, while the 
control head can be mounted where it is 
accessible to the operator. 

Toroidal transformer TI fits into a 
‘cutout area on the circuit board, A I-inch 
(25 mm) long section of RG-8/ U cable — 
vinyl jacket and shield braid removed — 
provides a snug fit in the eenter hole of the 
toroid, and is used to complete the line 
between J1 and J2. The inner conductor of 
the RG-8/U section solders to the circuit 
board, thus holding TI in place. 

‘A flashing-copper shield divides T! and 
its center-conduetor line from the re- 
mainder of the circuit. This partition is 
shown in dotted lines in Fig. 38. It is 
‘mounted on the non-foil side of the circuit 
board and is secured at each end to solder 
lugs whichare mounted under the retaining 
screws for JI and J2. 

The circuit board is held in place, at the 
end near Tl, by means of an aluminum L 
bracket, The circuit-board end nearest the 
feedthrough capacitors is held in place bya 
1. 6 spade bolt. A solder lug is mounted 
under the no. 6 nut (outside the case) whicit 
secures the spade bolt. The lug serves as a 
connection point for the common lead 
between the rf head and the control box. 
Two solder lugs are mounted under the 
bottom two retaining screws of each coax 
‘connector. The free ends of the lugs are 
soldered to the copper foil of the circuit 
board. 

AA partition is visible in the foil-side view 
of the rf head. It can be eliminated if 
desired, since it did not prove necessary 
when the unit was tested. Similarly, an 
extra shield partition is shown on the top 

f the board. It too ean be eliminated, 
tured out to be unnecessary. The 
flashing-copper shield discussed earlier is 
the only one required fer the erat of Fig 

8. 


Checkout and Tune-up 

Once the instrument is wired and ready 
to test it should be inspected for unwanted 
solder bridges between the circuit-board 
foils. 1 is usually a good idea to serape out 
the rosin buildup between the foils, and this 
can be done with the blade of a small 
screwdriver. A continuity check for 
“opens” and “shorts” should also be made 
before power is applied to the unit. Make 
certain that the diodes are installed for the 
correct polarity — the banded ends 
(cathodes) toward Cl and C2. 

Connect s noninductive S0-ohm dummy 
load to J2. A Heath Cantenna or similar 
load will serve nicely for adjustment 
purposes. Place $2 in the FORWARD 
position, and set SI for the 100- range. 
‘An rf ammeter or calibrated power meter 


“Top view ofthe rf head forthe olrult of Fg. 38. 


[Sollee the trouphline and T! trom tha ast of he cirout The second 
shld (thicker) isnot required and can be eliminated from t 

it's 2000.wat scale Is dase, xod-value reststors of approximately 
22 ki can be connected in sri with high-range pristod-ceut controle 


hing-coppar shld 


cieull a shunt for one oft 


valu 


(r, tho 25 Ki controls shown here can Be replaced by 80 x0 Uns. 


Fig, 29 — inside view ofthe 5= and Soomat pomer meter ead. Component values are the same as 
Inthe cireut of Fig 38, except for the eallbrating feaisancos (see tex) An alumimury shite Isolates 
the hroughline ang teoid from tne remainder oY the efouk. ASO-yA meters Used In ths model 


should be connected between J2 and the 
dummy load during the tests, providing 
power calibation points against which 19 
pilot the scale of MI. Apply transmitter 
‘output power to JI, gradually, until MI 
begins to deflect upward. Increase trans- 
mitter power and adjust R4 so that a full- 
seale meter reading occurs when 100 watts 
is indicated on the rf ammeter or other 


standard in use. Next, switch $2 to 
REFLACTED and turn the transmitter off 
Temporarily short across R3, turn the 
transmitter on, and gradually increase 
power until a meter reading is noted. With 
fn insulated serewdriver adjust C2 for a 
‘ull in the meter reading. 

‘The next step is to reverse the coax 
connections to J1 and J2. Place S2 in the 
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Bottom vow of thee head fr the croult of Fig. 98. The fixed-alue 

{esisor atthe lower let does not belong i the crcl, but was added as 
callbating contrls which wes to Figh in 

1250 kt uni that wes on hand. The shield pation shown here 

proved unnecessary and can be eliminated 


erLecteD position and apply transmitter 
power until the meter reads fullseale at 100 
‘watts output. In this mode the nerLecTED 
position actually reads forward power 
because the bridge is reversed. Calibrating 
resistance R3 is set to obtain 100 watts full 
scale during this adjustment. Now, switch 
'S2 to FORWARD and temporarily place 
short across R4. Adjust CI for a mull 
reading on MI. Repeat the foregoing steps 
until no further improvement can be 
obtained. It will not be necessary to repeat 
the nulling adjustments on the 1000-Watt 
range, but R3 and R6 will have to be 
adjusted to provide a full-scale meter 
reading at 1000 watts. If insufficient meter 
deflection is available for nulling adjust 
‘ments on the 100-watt range, it may be 
necessary to adjust Cl and C2 at some 
power level higher than 100 watts. If the 
capacitors tune through a null, but the 
‘meter will not drop all the way to zero, 
cchanees are that some rfis leaking into the 
bridge circuit through stray coupling, Ifo, 
it may be necessary to experiment with the 
shielding of the through-line section ofthe 
sf head. If only a small residual reading is 
noted it will be of minor importance and 
can be ignored. In the circuit of Fig. 38 
there remained approximately one-half a 
meter division when the null was reached, 
and this occurred only on the 1000-watt 
range, Since this was representative of less 
than 2 watts of power, it was deemed 
inconsequential. 

‘With the component values given in Fig 
38 the meter readings track for both power 
ranges. That is, the 10-watt level on the 
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Inside viw of the madied Heath HM-15 bridge. The new components are grouped at the center of 


the chassis on a 59 tr 
find tho terminal sp Pre 
Iaolation. One caver is in pace; the other at 
tected by instaling an 


stip. The nuling expac 
i alumiram shield covers ar slipped over the rough ie to a in rt 


minum plate between tha erin 


rare connecteg batwoen the Inner ine. 


Tight ofthe photo Improved shielding eight be 
tap ane the two ruling eapactors 


Fig. 40 — Insio view ofa 3.watt power me 


100-watt range, and the 100-watt point on 
the 1000-watt range fall atthe same place 
‘on the meter scale, and so on. This no 
doubt results from the fact that the diodes 
are conducting in the most linear portion of 
their curve. Ordinarily, this desirable 
condition does not exist, making it 
necessary to plot separate scales for the 
different power ranges. 

Tests indicate that the SWR caused by 
insertion of the power meter in the 
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5 fr CAP rigs secu i gan 
1869 QST. Ceramic trimmers are used for nuling tho bridge. Type 30-239 connectors ae 
with phono jacks to ad wereatilty. A 4X4.X2 Inch (102 X 12 X53 mm) uty Box houses 


transmission line is negligible. It was 
checked at 28 MHzand no eflected-power 
could be noted on a Bird wattmeter. 
‘Similarly, the insertion loss was so low that 
it could not be measured with ordinary 


Other Circuits 

Additional cireuits and photos are 
shown for variations in the basic design 
used at Fig. 38. Alow-power model, having. 


Inside vow of a 2000-watt power meter bul by 
is patterned after the elcut 
of Fig, 7B, Pointtorpoint wiring = used 
‘roughaut, tas aolaing the neod for eect 
‘board: Two piston immare are uses for the 
Pulling capastors ana are mounted one above 
{he other on a penaic block. The two S00F 


Fig. 41 — Schematic diagram of the moditod 
Heath Hi-16 SWR meter D3. D2, M3, 1 ane 
‘Stare erigina!ccmpanents Hom the HAS. 71 
's he sare a9 Fig. 38. Seo text for adatonal 
etal 


sealés for 5 and 50 watt, is shown in Fig, 
39, It uses fixed-value resistors for meter 
calibration. The required values of resist- 
ance were first determined by temporarily 
inserting a potentiometer in the meter line, 
obtaining the required full-scale reading, 
then substituting fixed-value resistances of 
the proper ohmage. The meter readings for 
the two power ranges do not track in this 
model 

‘A low-power meter was designed for use 
with the QRP transmitter described in 
June 1969 QST. It is shown in Fig. 40, and 
hhas a full-scale calibration of 3 watts. To 
obtain additional sensitivity, the pri 
of the toroidal transformer consist 
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Reviewing existing telecommunications regulatory arrangements to ensure 
they are fit-for-purpose 


‘The pace of change in the communications sector is impacting on the effectiveness of the existing 
telecommunications regulatory framework. In response, the Government is progressively working to 
modernise the regulatory architecture to ensure that the regulatory and policy settings flexibly respond 
to the current and future needs of the communications sector. 


In undertaking reform, the Government is cognisant that the communications regulatory framework 
will need to be sufficiently flexible to address the emergence of new technologies and business models. 


5G deployment will benefit from the Government's reform efforts, including updates to the regulatory 
framework for telecommunications and radio spectrum and modernising the ACMA. In these cases, the 
Government has been revising regulation to shift it away from the traditional vertical 
telecommunications sectors to principles based, flexible arrangements. This will provide the versatility 
necessary to account for SG developments and services. 


‘The Government will continue to work with industry to modernise current telecommunications 
regulatory arrangements to ensure they encourage competition and innovation in the sector. 


As with previous mobile networks, cybersecurity will be a critical consideration as 5G is deployed. 
Security will be even more so a challenge for 5G, as the reliability of communications will be pivotal in 
the technology's ability to deliver benefits, particularly in the case of critical communications. 


Additionally, in providing the architecture for automation, SG networks will trigger an ever-increasing 
volume of data. While the bulk of data will be machine-to-machine communications, users will want 
assurance that their personal information is protected. User consent will be an area of growing 
complexity due to the intersection between autonomous systems and the individual. 


Industry has strong incentives to address cybersecurity risks in 5G's new types of network deployments 
and systems. However, the Government will continue to assess cybersecurity and privacy issues as. 
they evolve to ensure Australians have confidence in using 5G. 


Next steps 


‘The Government recognises the opportunities presented by 5G for economy-wide transformation, 
creating productivity benefits in sectors such as transportation, health, manufacturing and agriculture. 
However, realising the benefits of SG in sectors other than communications will need the right sectoral 
regulatory settings. 


The Government will work to ensure that sectoral regulatory frameworks are updated to take 
advantage of 5G. The communications portfolio is well-placed to facilitate an ongoing strategic 
dialogue on SG that will support sectors to identify and work towards unlocking the potential benefits 
of the technology. This dialogue would provide a starting point for greater engagement across 
Government and with industry and the community. 


To that end, the Government will establish a SG working group that will bring together 
representatives from across Government and industry. The working group will create a platform for 
this strategic dialogue with a mandate to seek aut opportunities and emerging issues on 5G. This will 
provide better coverage across Government of the evolving policy and regulatory challenges associated 
with 56. 
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‘one-turn link instead of the single wire that 
would normally pass through the hole in 
the toroid core 

‘Some experiments were conducted to see 
if'a Heath HM-15 SWR bridge (a Moni- 
‘match type) could be modified to workin 
Bruene circuit. The results were satisfac- 
tory, and the circuit is given in Fig. 41. No 
attempt was made to obtain a calibration 
scale forthe meter. The unit is being used as 
a simple SWR indicator, but now has 
better sensitivity in the lower part of the hf 
spectrum — 7 wait, full scale, from 3.5 to 
30 MHz. Also, the instrument is no longer 
“frequency-conscious” as was the case 
before modification. The original pickup 
lines were discarded, the FWD-REV panel 
switch was rotated 180 degrees so that the 
labels were correct for the new circuit, and 


press-fit shield covers were installed on the 
‘rough Line as shown in the photo. A power 
seale could be plotted by setting the 
sensitivity control in a fixed position — 
possibly replacing the existing control with 
a screwdriver-adjust type. A new 100-uA, 
meter could be installed to provide a better 
seale for calibration in watts, 

Tt was necessary to dismantle the trough 
line so thatthe toroidal transformer could 
be slipped over the inner line. A few wraps 
of mylar tape were wound over the center 
of the inner line to insulate the toroid 
winding from the line, and to provide a 
snug fit to keep the toroid in place. The 
trough was notched out with a nibbling 
tool to allow clearance for the toroidal 
transformer. Additional shielding can be 
added between the line and the rest of the 


circuit to further assure a zero meter 
reading in the reflected position. 

It is hoped that the experimenter will 
find sufficient information here to enable 
him to build a power meter that will satisfy 
his specific needs. This material was 
originally presented in QST by Doug 
DeMaw, WIFB. 


"Monimatch Mark 1" QS7; February 195 
“An Inde Dietors of Dirtional ati 

= OST. Apel 1959 
vite eited-cealt board pattem and pats ay: 
‘un Sheet for this power meter are available from 


‘ARRL bg Send 25 cents and an sa.ze- Check with 
iru Boerd Specialists, PO. Box 99, Purbo, CO 
10D for nepate aad cucu bourd. 


A Resistive Antenna Bridge — Simplified 


SWR indicators are neat, but when it comes to making measurements of 
resonant impedances, you need a true bridge type of instrument. Measure those 
low antenna resistances directly with this W2FMI circuit, and do it up to 30 MHz 


with ease! 


sous ee ese aa 


'Sevck “Simple RF Bridges” April 1975 QS. page 


possible because the range of antenna 
impedances is generally low enough to 
allow for low valves of resistance in the 
arms of the bridge. Under these conditions 
parasitic capacitances are negligible up to 
30 MHz 

Resistive bridges have the advantages of 
small size, readily available components, 
and dial calibrations which can be made 
rai linear. Two bridges are shown 
with their respective calibration curves. 
‘The first is a linear device. The second 
expands the lower portion of the calibra- 


tion curve, 0 to 30 ohms, to measure lower 
values of antenna impedance and coil 
lostes more accurately 


Bridge Det 

The resistive bridge with « variable 
resistance in one arm and equal resistances 
in the other two is shown in the photo- 
‘graphs, and schematically in Fig. 424, The 
nonlinear bridge is similar mechanically 
‘The small enclosures and compact layout 
minimize lead lengths. With the linear 
version the dial practically reads directly in 


Exterior anc interior view of the resistive bridge. Appearance and component arrangement arelessentilly the same forthe two types described. 
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Fig, 42 — Schematic siagram and parts information forthe linear (A) and noninear(B)resistance 
‘str watiages are the minimum recommends 
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Fig. &3 — Calibration curves forthe linear (A) and nonlin 


(0) resistance bridges. The addon UC 


relwork used was described in the authors QS aftcle on capactive Badges. 


‘ohms. In using the L./C network described 
in the previous article, a constant offset 
‘oceurs, because of ohmic loss inthe coils. 


‘This can be as high as 20 ohms, as is shown 
by the 160-meter curve with the L/C 
network, Fig. 434. 


Why a Transmatch? 


‘The variable resistor used in the bridges 
has a parasitic (stray) capacitance of the 
order of 10 to 20 pF, which has little effect 
even at 14 MHz. Other potentiometers of 
similar design can probably be substituted. 
The calibration curves provide a good 
check, If the difference between the 
calibrations for the lowest and highest 
frequencies to be used is greater than an 
‘ohm or two, parasitic capacitances are 
probably excessive. 

‘The nonlinear bridge uses most of the 
same components, but the control is 
connected in the differential mode, as 
shown in Fig. 42B. Resistanceiissubtracted 
from one arm and added to the other, 
tending to spread out the low end of the 
resistance scale for increased accuracy. In 
this version, the dial can be read easily to 
0.5 ohm. 


Results 

The author has found these resistance 
bridges to be entirely satisfactory for 
measurements in the range of 1.8 to 30 
MHz. Because of their greatly expanded 
scales, as compared with the capacitive 
bridges, and generally lower values of 
resistance in all arms of the bridge, they 
tend to have less marked nulls when used 
with very low-power signal sources. 
Increasing the minimum power to 20 or 30, 
milliwatts, when using the sensitive meter 
described previously, should take care of 
this. 

In closing, the writer wishes to thank 
Roger A. Sykes, WIPP, for bringing the 
resistive bridge to the author's attention, 
‘This material was originally presented in 
OST by Jerry Sevick, W2FMI. 


Let's cut away some of the mumbo jumbo about antennas. Here’s some basic 
information to help the newcomer make the decision that best suits his need. 
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When 2 pi network is designed to work 
into a $0-ohm load, the load must be 50 
‘ohms in order for the transmitter to work 
at full efficiency. Merely connecting S0- 
‘ohm coax to the tank circuit does nor 
accomplish this. For the tank to “see” a S0- 
‘ohm load, the far end of the coax — the 
load of antenna end — must algo have the 
same impedance as the coax, 50 ohms. If 
the load is not 50 ohms the pi network 

see some other value than 50 ohms. 
Usually, too, the tank will see reactance as 
well as’ resistance when the line is not 
‘matched, While reactance is expressed in 
‘ohms, it isn’t a true resistance, and what it 


does is make it more difficult to put power 
into the line unless certain steps are taken 
to compensate for it. 
Pi-Network Tank Circuits 

In the conventional transmitter pi tank 
we have two controls, customarily referred 
to as the “tuning” and “loading” controls. 
‘The tuning control isthe one that resonates, 
the tank circuit to the desired frequency. 
The loading control, when adjusted 
properly, permits the final amplifier stage 
to be loaded to the desired input. To a 
limited extent it can also be used to 
‘compensate for the reactance in the load, 


Fig, 44 ~ At he top isa simple hal-wave dipole 
using Coax feed. At the boom is a drawing of = 
trap dipole. Wn a signals fod to ths antenna, 
{or example an 80-meter one, the Teed line 
“soos” more-or-less resonant antenna on 80. 
Win the taremiter Is switehed 140, the tape 
“aivorce” the Bunter potion an the food ina 
soe 8 resonant dO-mater hata, 


change frequency, the antenna is no longer 
resonant and reactance is introduced into 
the impedance. In turn, reactance is present 
at the transmitter end of the line. Whether 
for not the transmitter tank circuit can 
‘compensate for it will depend on the range 
of the loading capacitor. 

How do we go about getting an antenna 
that will look like 50 ohms over a wide 
range of frequencies within a band — and, 
for that matter, on several bands? It isn’t 
exactly easy. 

For example, if we cut an 80-meter half- 
wave dipolefor the center ofthe band, 3750 
KH, it is possible to obtain a fairly good 
match for $0-ohm coax at that frequency 
and approximately 50 kHz each side of 
3750 kHz. However, at the band edges, 
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Fig. 48 — This crawing shows an deat multiband 
‘by ether S0-or 7O-ohm con 


‘The clinker in this is that the reactance of 
‘many antenna-system loads may have too 
wide a range for the loading capacitor to 
handle. If you've ever been in the situation 
where is was impossible toload (or unload) 
the amplifier stage, the likely reason is that 
the load is too reactive to be handled by the 
tank circuit. 

Such a condition can lead to some 
serious difficulties, While « correctly tuned 
pi network will offer good harmonic 
attenuation, an improperly adjusted tank 
may provide no harmonic attenuation. In 
fact, many Novices who receive second- 
harmonic violation notices for their 80- 
‘meter operation can lay the blame on poor 
loads and incorrectly adjusted tank 
circuits. This leads us to the real crux of the 
problem. How do we get a 50-ohm load on 
the various bands and frequencies desired? 


Antenna Loads 

[As we said earlier, in order for a trans- 
mitter to see a 50-ohim load the far end of 
the 50-ohm coax must also see 50 ohms, 
‘The point where you feed the antenna basa 
certain impedance; in a half-wave dipole, 
for example, the impedance will be in the 
neighborhood of 50 ohms, depending 
somewhat on the dipole’s height above 
‘round. Also, at resonance there will beno 
reactance in’ the impedance. When we 


enna system, The units ean be connected 


“The SWA bridge must math the line used By puting 
font rely In this sation of tha line, he Tranamates ean bo used to advantage for reeling 


3500 and 4000 kHz, the impedance will be 
very reactive and the mismatch between the 
coax and the feed point may be as high as 
10 to I. It would be difficult, if not 
impossible, for our pi network to handle 
that type of mismatch. Actually, there iso 
“simple” antenna, by ham standards, that 
can be coax fed on 80 meters and cover the 
entire band with a reasonable match, The 
40-, 20- and 1S-meter bands are narrow 
‘enough so that the pi tank will handle a 
coax-fed dipole under normal circum- 
stances. However, a coax-fed dipole is 
essentially a one-band system so such an 
antenna is not the answer if we want to 
work “all” bands and all frequencies witha 
single antenna. 


Trap Antennas 

One type of multiband antenna with 
coax feed is the trap antenna, cither 
horizontal or vertical. The horizontal 
variety is essentially a dipole with traps 
added to divorce parts of the antenna so the 
coax “sees” an electrically resonant dipole 
fon the band in use. However, the trap 
dipole is no “broader” than a single dipole. 
Fig. 44 shows such a trap dipole antenna. 

There are a couple of drawbacks to trap 
dipoles, First, a coax-fed single-bané 
dipole is essentially a selective circuit, in 
that it tends to discourage undesired 


Antenna Theory and Test Methods 


harmonics from being accepted and 
radiated. For example, 2 40-meter bar- 
‘monic would have a tough time in an 80- 
‘meter coax-fed dipole because the antenna 
and line are badly mismatched on 40, A 
trap system, however, does not discrim- 
inate against such undesired signals, Also, 
traps introduce power loss — probably not 
a great deal, but nevertheless loss. But if 
you want to use coax line and have 
‘uultiband operation, the trap dipole is an 
answer. On the other hand, a Novice may 
ask, “Is there a better multiband system, 
‘one without the trap losses and harmonic 
problems?” The answer is yes, but before 
describing it let's take a look at feed lines, 


Feed Lines 


Three common types of feed lines are 
used by amateurs: coaxial, twin-lead, and 
open-wire. Each has a certain amount of 
loss, with coax the lossiest, twin-lead next, 
land open-wire line the most efficient. An 
‘important point to keep in mind is that the 
‘greater the mismatch, or standing-wave 
ratio, on the transmission line, the greater 
the line loss. Also, the Joss in any line 
increases with frequency: The loss will be 
least at 80 meters and will become 
progressively greater as weapproach vif or 
thf. As an example, the loss in 100 feet 
(30.48 m) of RG-58/U line at 144 MHz is 
about 6 decibels. Translating this to power, 
ifwe had a transmitter that was putting out 
100 watts only about 25 watts would reach 
the antenna, at the end of a 100-foot (30.48, 
1m) line, to be radiated. The remaining 75 
‘watts would be dissipated as heat in the 
line! And, most important, this figure is 
based on the coax being matched at the 
antenna end, The mismatch or SWR will 
depend entirely on the impedance of the 
transmission line and the impedance of the 
antenna, If there is a mismatch, the losses 
increase, On 80 meters, this same coax has 
a loss ofiess than ! dB for 100 feet (30.48 m) 
fof line, 80 we could tolerate more of a 
suismateh, 

But don't overlook the fact thatif the line 
ind antenna are mismatched it may be 
impossible to make theamplifierload, even 
if the extra loss can be tolerated. The 
‘question that then comes to mind is if we 
usea low-loss line so we can toleratea high 
degree of mismatch, how can we make the 
‘transmitter see a 50-ohm load? The answer 
{o this isto use a Transmatch between the 
transmitter and antenna, 


The Transmatch 

A Transmatch is simply an adjustable cf 
transformer that converts an unknown 
load (antenna side) to a desired load 
(transmitter side). It consists of induct- 
ances and capacitances which canbe 
adjusted to provide a perfect 50-oln fond 
for the transmitter on any band or 
frequency. 

Let's take an example to show how a 
‘Transmatch can do tne job. The impedance 
at the center of an 80-meter dipole is 
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‘Approximate Attenuation in Decibele/10 tt, (90.48 m) 


Type % 88 70 140 2.0 
RGSeU BS ass 10 1518 
$00W. Output e835, 
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aG.50/U 7% Ose 090 13° 18 
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‘would be los in 100-oot (20 48 m) run of RG-S8/U when propery matched. For exam 
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Ma, the loss per 100 fect (2.48 mis 19-48. With 100 watts output from the transmit, 7.9 48 
represent toes of 35 wats in th line. A mismaten wil ieroase te ie loss. 


between 50 and 70 ohms on 80 meters. On 
40 meters, the impedance at the same point 
‘on thissame antenna sabout 4000 ohims. If 
we feed this antenna with 300-ohm twin- 
lead the mismatch on 40 would be on the 
‘order of 13 or 14 to 1. However, bear in 
‘mind that 300-ohm line has relatively low 
loss, so we can probably tolerate the high 
SWR if the line is fairly short — tess than 
100 feet (30.48 m). Our only problem in 
‘making this antenna work on 40 is to take 
care of coupling the line to the transmitter. 
To do this the feed line is connected to the 
‘Transmatch and the Transmatch is then 
adjusted so that the transmitter sees a 50- 
‘ohm load. What we have now is an 80- 
meter dipole being used efficiently on 40, 
and our transmitter is working into the 
load it was designed for. 

Now le’s suppose that we feed this same 
antenna with 50-ohm coax. On 40, the 
‘mismatch would be 4000/50, or about 8010 
1 Because coax is not a low-loss line, the 
loss in the transmission tine would be 
prohibitive, However, with twin-lead —or, 
‘even better, open-wire line — the loss is 
usually insignificant. 

Also, and most important, a Transmatch 
adds selectivity at the output of the 
transmitter, ¢ will discriminate against any 
undesired harmonies or spurious signals, 
‘And, if the antenna switching is set up so 
that the Transmatch is in the cireuit on 
receiving, it will provide more selectivity 
for the receiver. In fact, common problem 
for harms who live near broadcast stations 
is eross-modulation of 80- and 40-meter 
hham signals by the strong be signal. A 
‘Transmatch will provide enough selectivity 
in most cases to eliminate be cross 
modulation when it occurs in the receiver's 
front end, 

‘Many hams are reluctant to use a 
Transmatch because it requires additional 
adjustments, However, the advantages are 
so great in a multiband system that any 
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additional adjustments are more than 
worth the effort, With a Transmatch, the 
antenna doesn't have to bea half wave long. 
to work on any band, For example, we 
described a complete multiband system 
just recently! using an antenna only 100 
feet (30.48 m) long. Most hamscan manage 
to get up a 60-foot (18.29-m) dipole, either 
horizontal or in an inverted-V configura- 
tion, and such an antenna also will work on 
80through 10, One method of putting up. 
‘multiband system is to find two supports 
for each end of the antenna, cuta wire long, 
enough to run between ‘them, put an 

lator in the center of the antenna and at 
cach end, and attach open-wire or twin- 
lead feeders long enough to reach the 
station, That's all thereistoit, Bearin mind 
that a dipole fed this way doesn't haveto be 
a half wave long; itcan be any length, and it 
‘will work, Of course itis always a good idea 
to make it as long as possible and get it up 
as high as possible. Also, if possible, make 
it atleast |/4-wavelength long a its lowest 
‘operating frequency —about 60feet (18.29 
1m) for 80 meters, for example. 


A Few Notes 
Many hams are reluctant to use open- 
ire line because of the problemsin getting 
it into the shack from outdoors. Onesimple 
answer to this is to bring the line to the 
entrance — window sill, doorway, or 
‘whatever — and at that point attach 300- 
‘ohm twin-lead (which is insulated) and run 
the twin-lead in to the Transmatch. The 
fact thatthe two lines are not alike is of no 
concern because the load at the antenna 
side of the Transmatch is going to be some 
unknown value anyhow. 
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At the lft ar two examples of coaxial feed 
fines. The three tines atthe right are balancsd- 
{ype lines, 70-ohm, 300-chm twintead, and TV 
pani ine 


You may have read or heard that you 
‘must use coaxial lines in order to avoid 
TVL Don’t believe it. Ifyou have a well- 
shielded transmitter and use a low-pass 
filter with it you won't have any harmonics 
coming out, Ask youself this simple 
‘question: “If there are harmonics, what 
difference can the kind of transmission line 
make?” The answer is, of course, “No 
difference.” 

‘One of the beauties in using a Trans- 
‘match is thatthe coaxial line between it and 
the rig can always be matched, and this 
matched section is where you put yourlow- 
pass filter, This eliminates any danger to 
the filter from excessive voltage or current 
‘caused by a mismatch. 

‘One typical Novice question is “If my 
transmitter loads properly and I have no 
TVI problem, do T need more matching 
between the transmitter and antenna? I am 
using coax feed. What good would it do me 
to pay for the additional complexity of 
‘changing from band to band?” The answer 
to such a question depends on several 
factors, Is the harmonic attenuation —not 
TVI, but low-frequency harmonics — 
adequate? This could be a problem the 
"Novice isn't aware of. As to the compl 
ties of band changing, this will depend on 
how much the Novice desires to work other 
bands, 

‘What we have tried to do inthis articleis 
to show the reader the problems and the 
recommended cure. There is nothing new 
about the multiband system using tuned 
feeders; it has been used for many years, 
and the interesting thing about i isthat itis 
still the best multiband system. For further 
information it is recommended that the 
newcomer study Understanding Amateur 
Radio and The ARRL Antenna Book to 
gain a better insight as to how antennas 
work. This material was originally pre- 
sented in QST by Lewis G. McCoy, 
WIICR, 


The Ultimate Transmatch 


Most hams would like to own a Transmatch that could cover 80 through 10 
meters, and work during coax-to-coax or balanced-lines conditions. Here is just 
such a unit. It will match the proverbial bedsprings, or any other nonresonant or 
resonant antenna — without plug-in coils or band switching — even on 160 


meters. 


te isk at 


‘The Harmonie Problem 

A large number of hams have found to 
their sorrow that the harmonicsuppression 
in their transmitters may leave much to be 
desired. The FCC issues many citations to 
Novices cach year for second-harmonic 
violations. 

‘Atypical Novice station might consist of 
a transmitter and receiver, with direct coax. 
feed to a trap dipole or vertical antenna. In 
4 properly adjusted transmitter of typical 
design, often there is insufficient attenua- 
tion of the second-harmonic energy. This 
can mean that the second harmonic of the 
signal can reach the antenna and be 
radiated. What is required to eliminate or 
reduce the second harmonic, and higher- 
order harmonics, is more selectivity 
between the transmitter and theantenna, A 
Transmateh is an excellent aid in taking 
care of the harmonic problem, 


‘The 50-Ohm-Load Problem 

Still another reason for using a Trans- 
‘match is that nearly all manufacturers of 
transmitters design ther rigs to work intoa 
nonreactive, $0-ohm load. Any departure 
from this load impedance causes difficulty 
{n tuning and loading the final-amplifier 
stage. It might be pertinent to point out 
that simply because a ham uses 50-ohm 
coax, it doesn't necessarily follow that he 
will have a 50-ohm load. Basically, in order 
to have a 50-ohm load when using S0-ohm 
‘coax, the coax must be terminated in a $0- 
‘ohm resistive impedance. In other words, 
the antenna impedance must be 50 ohms, 

When the terminating impedance of the 
coaxial cable is other than $0 ohms, then 
the transmitter will be “looking” at some 
value other than $0 ohms. Its practically 
impossible to design a single antenna that 
will have an impedance of 50 ohms on all of 
the bands a ham might want to use. One 
answer to the problemis toemploy a device 
that will “match” the unknowa load to the 
'50-ohm impedance required by the trans- 
mitter. One such circuit or device is a 
Transmatch, simply an adjustable rf 
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transformer that can match the unknown 
load presented by the transmitter end of the 
feed line to the required 50-ohm transmit- 
ter impedance. 
Receiver Cross-Modulation 

In addition to taking care of the 
problems just outlined, a Transmateh can 
serve another very useful function at the 
receiver. Some receivers are susceptible to 
what is known as eross-modulation, or 
front-end overloading, by strong nearby 
radio stations. This is particularly true on 
160 or 80 meters when a broadcast station 
is nearby. The be station overloads the 
front end of the communications receiver, 
‘causing “birdies” and other unwanted 
responses across the band. A Transmatch 
will eliminate or greatly reduce this 
problem in nearly all instances, 


The Ultimate Transmatch 

We shall describe two Transmatches — 
‘one for the Novice power limit, and 
‘another for the legal 2W PEP limit. We 
have found that many amateurs on the 
vorge of taking their General, or bigher- 
class licenses, would rather invest initially 
in a unit that will take care of all of their 
future needs. 

Some years ago, a Transmatch was 
described that was designed for use with 
coaxial feed lines. It was called “the 50- 
Obm Transmatch.” This unit handles 
mismatches on the order of 4:1. Tt can 
transform a load of about 200 chins, oF 12 
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‘ohms, to a 50-ohm impedance. The circuit 

3f the Transmatch described in this article, 
Fig. 46, is similar, but with two notable 
exceptions. In place of a tapped, switched 
inductor, a variable inductor is used. (The 
idea for’ this innovation came from Al 
LaPlaca, K2DDK.) The variable inductor 
ig coil wound on an insulated form that 
can be rotated so that a movable wheel 
shorts out and grounds the unused portion, 
of the col. Using the roller inductor, along 
with the two variable capacitors, the 
Transmatch provides an almost unlimited 
matching range, plus the feature of 80- 
through 10-meter coverage without band 
switching. With the values shown in the 
units, it is even possible to add one fixed 
capacitor to obtain 160-meter coverage. 

‘The other exception is the use of a [:4 
(unbalanced-to-balanced) balun trans- 
former on the output side of the Trans- 
‘match, which permits the use of balanced 
feed lines. This means that a Transmatch 
‘can cover 160 through 10 meters (including 
the MARS frequencies) It can be used (0 
match into coaxial lines, random-length 
cend-fed wires, or balanced feeders, and can 
do the job without using switches, 

“The two units shown in the photographs 
underwent extensive tests as to efficiency, 
power-handling capabilites, and methods 
of adjustment. In coax-to-coax tests, 
power inputs and outputs through the 
‘Transmatch were carefully measured while 
using Bird Thruline wattmeters and an 
adjustable dummy load. As carefully as 
could be measured, and with indicated 
mismatches of up to 15:1, the Trans- 
matches showed an efficiency of over 95 
pereent. This small loss in efficiency more 
than outweighs the usefulness of the device. 

Many tests were made with the high- 
power version to.check heating ofthe roller 
inductor and the balun. Under a key-down 
condition, with 1200 wattsindieated power 
through the Transmatch, the transmitter 
was kept on for 15-minute periods. In one 
test, the measured rf current through the 
coll was in excess of 15 amperes. The roller 
inductor used in the unit is rated at $ 
amperes, $0 this was considered a fairly 
rugged test. The col did get warm, but not 
‘enough to be a canse for concern. Keep in 
mind that in regular amateur work, 15 
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Fig. 46 — Circuit eageam of the Utimate 
Franamaicn 
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minutes would be a ridiculous figure for 
conti tion? In ow and seb 
operation, the duty cycie would be in terms 
of seconds or even fractions of seconds. 
‘The balun used for balanced operation 
in the high-power unit was made up from 
three Amidon I-kW cores — more about 
that in a moment. NIRM has made 
extensive checks on a single-core balun. It 
was found that a single core would easily 
hhandle 500 watts of power during severe 
‘mismatch conditions. Failure of the core, 
‘most likely due to saturation and heating, 
took place at the 700-watt level. In the 
high-power Transmateh shown here, three 
cores are used. They are wrapped with glass 
insulating tape and then wound with 
Teflon covered wire, Wire insulation 
material can be important because of the 
extremely high rf voltages that may be 
developed with some load conditions. In 
many tests of long duration, using up to 
1400 watts output into a dummy Toad, it 
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was almost impossible to detect any 
heating of the balun. 

Bear in mind that the balun would only 
be needed if balancedsline operation were 
desired. For coax-to-coax or randomewire 
feed, the balun can be omitted. 


A look at Fig. 46,at A, willshow that the 
circuit is very simple one. The input line 
from the transmitter is connected to the 
rotor of Cl, a split-stator capacitor. This 
‘means thatthe capacitor must be insulated 
from the chassis, usingstandof pillars, and 
from the panel by means of an insulated 
shaft coupler. The same is true for C2. In 
the kW unit shown, we have installed a 
power bridge. Construction details are not 
given here for the bridge because such a 
unit was described in detail in 087°. Also, 
many amateurs already have 2 Moni- 
match! or some other type of SWR 
indicator. An SWR bridge or matching 
indicator is needed in the S0-chm line 
between the rig and the Transmatch to 
show when the Transmatch is correctly 
adjusted, 

Layout of the components should follow 
the same arrangement shown in the 
photographs — CI at the input side, the 
roller inductor atthe eenter, and then C2.1f 
a balun is going to be installed, allow 
enough room behind the roller coil for 
‘mounting the balun, In the two units 
shown, the cabinets are made up from 
aluminum sheet stock. If desired, a 
commercial chassis and cabinet can’ be 
used. In the low-power Transmatch, leave 
at least 1/2-inch (13 mm) spacing between 


teat as 


47 — ALA, dota for padaing a lows 
1g # second var 
(G2 the same value os the low-powar unit C2. In 
the ease of tuning 180 motes, using an Inductor 
f 26 ult for Li, and 280 pF per section for Ci. 
ined eapecitr of 100 pF can be used at Ci, 
{Gantesiad typ €50-T00N? oF sir. At 
‘etal for Connecting the bilar windings on 
the Balun are given. The ungrounded loads 2 
fane'b are connected to U3 and Je, ne 
feedtitough insulator terminals 


the edges of the capacitors and any part of 
the chassis and cabinet. Allow I-inch (25 
‘mm) spacing in the kW unit. 


Balun Details 

For the low-power Transmatch, a single 
toroid core will more than handle the 
power. Incidentally, the low-power unit 
‘was tested under all conditions at about 
100 watts through the Transmatch. The 


[At the rar of the collar inductor Is the 1 balun, The balun i set ontop of @ standoff nsuletor ane 


lace wi 
fear wal is the ieo-ne 
frm) high stancat insulators 


i200 of inulated board and a sera. Tho fod eapacitor mounted onthe 
ft. oth the variable capactore and incuctor are mauntod on inh (28 


‘This is ne low-power Transmateh, The sahaged 
feller inductor fs mounted on th iron pene 
‘mating use ofthe orginal mounting brackets 


Here isan Inside view of the Utimate 
‘ransmatch as bull by Al LaPlaca, K2ODK, who 
ame Up the dea of Uaing the rolls indoor 
‘The instalation on tap the right-hand capacior 
Is the homemade 160-neter sich and fixed 
Toading capactr. 


power-handling capabilities of the units 
depend primarily on the plate spacing used 
for Cl and C2, aside from the balun 
requirements mentioned earlier, At the 
100-watt level, a plate spacing of 0.03 inch. 
(0.8 mm) is adequate. A 0.045-inch (1 mm) 
spacing should handle $00 watts. Inthe kW 
unit shown, CI has a 0.077-ineh (2 mm) 
spacing. While a 0.077-inch spacing 
capacitor wasn't tried at C2, such plate 
spacing should work at the kW level 

Tn making the low-power balun, wiad 
two layers of Scotch brand electrical tape 
around the core before putting on the wire. 
This will provide extra insulation, and will, 
protect the edges of the wire to prevent the 
‘enamel from being scraped away. Fig. 47, 
‘at B, shows a sketch of the winding. The 
winding consists of 10 biflarturns of no. 14 
Formvar insulated wire. Connected as 
shown, this will provide a 1:4, unbalaneed- 
to-balanced configuration, 

‘Three coresare needed inthe high-power 
‘balun, Bach core is covered with two layers 
of 3-M type 27 glass-cloth insulating tape. 
Next, the three cores are stacked, then 
covered with two more layers of the tape. 
The winding consists of 15 bifilar turns of 
either no. 12 or 14 insulated wire. The 
insulation should have a minimum rat 
cof 1000 volts and can be 
-vinyl-nylon (or any other st 


with a minimum voltage rating of 1000 
volts). 

In making the low-power Transmatch, @ 
roller coil from a junked 40-meter ARC-5 
transmitter was salvaged and installed in 
the unit, Many amateurs know other hams 
who have old ARC-5 gear, and these units 
are a good source for the roller coils. 
However, some hams may not be able to 
locate used ARC-5 transmitters, so we 
have included some information on 
sources of surplus and new roller induc- 
tors. There may be surplus outlets in your 
area worth investigating. Look for a roller 
coll that has a minimum inductance of 10 
hE when used with Cl having a value of 
200 pF per section. Such a combination 
‘will cover a low frequency of 3500 kHz. In 
the unit shown, in addition to the ARC-5 
roller, we used a value of 100 pF persection 
for Cl and padded that capacitor with 
another of 200 pF (single section) in order 
to provide the required coverage. This 
‘added capacitor is shown in Fig. 47 at A. 
By using this approach, it is sometimes 
‘easier to save money then when trying to 
locate a 200-pF-per-section variable for 
Cl. (Incidentally, you can use a variable at 
CI of more than 200 pF per section for 
‘good coverage with the roller inductance 
specified above.) 

‘An even better approach to get the 
required capacitance for Cl, because itis 
better to maintain the symmetry of the 
circuit asshown in Fig. 46at A, would be to 
‘gang {wo 200-pF variables to make up your 
‘own split-stator capacitor, withthe desired 
plate spacing. (There may besome around, 
but we couldn't find any manufactured 
split-stator with the required plate spacing 
and capacitance). Still another approach 
would be to clip fixed transmitting-type 
mica capacitors across each section of C1 
to obtain the required capacitance for use 
‘on 160 and 80. 


Finding the Parts 

‘As most hams are finding out, it is 
becoming more and more difficult to buy, 
for find, components for construction 
projects. Some searching was done, and 
the following information is worth passing 
fon, Barry Electronics of New York City 
hhas informed us that they will fill any 
order for any amateur component at the 
‘manufacturer's current amateur net price 
The parts specified in Fig. 46 are currently 
manufactured items. Also, Fair Radio 
Sales in Lima, OH has some surplus roller 
inductors and counter dials in stock. The 
roller-inductor catalog number is 5950- 
199-6469, and the counter dial is listed as 
RT-45, Also, Millen components can be 
purchased directly from G. R. Whitehouse, 
Amberst, NH 03031. 


Using the Transmatch 

‘One of the first considerations in using a 
setup for “coax-to-coax” is exactly how 
much, or how high an SWR can be 
tolerated, As has been pointed out, this 
Transmatch will handle any mismatch on 
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the line. Without getting into a lot of 
details, a few observations about coaxial 
ines arc in order. First, the higher the 
SWR, the greater the losses in coaxial lines. 
‘The amount of losses depends on the line 
construction and the frequency at which 
the line is used — the lower the frequency, 
the less will be the losses. For example, 
RG-8/U has a loss per 100 feet (30.48 m) of 
line of only 0.33 -dB at 3.5 Mi¥z with an 
SWR of I (a matched condition). At 28 
MEy, this same line would have a loss of 
slightly less than 1 dB, However, as the 
'SWR rises, so do the losses. With an SWR 
‘of 10:1, for example, the additional losses 
at 3.5 MHz would amount to about 0.6 4B, 
fo an overall lost of about | dB. For the 
same SWR at 28 MHz, the losses would be 
about 2.5 dB, or a total loss of about 3.5 
4B, Since a loss of 3 dB would mean half of 
the ouput power from the rig would be 
dissipated in 100 feet (30.48 m) of line, one 
could easily tolerate the condition at 80 
meters, but the losses would be prohibitive 
fat 28 MHz. This means that the amateur 
would be wise to keep the match at the 
antenna feed point as close to 50 ohms as 
possible, and thereby keep the SWR low. 

‘With trap or multiple dipoles, the SWR 
should be less than 5 to 1; the Transmateh 
‘would be ideal. Keep in mind that you must 
provide load fora transceiver or amplifier 
that is close to $0 ohms. The Transmatch 
will provide a means. 

In a coax-to-coax system, set both Cl 
and C2 at maximum capacitance (plates 
fully meshed), then feed enough power 
through the Transmatch to get a full-scale 
forward reading on your SWR indicator. It 
is always important to use low power when 
adjusting a Transmatch. Next, switch the 
'SWR bridge to read reflected power, then 
run the roller inductor slowly through its 
range. At some point you will notice a 
sharp dip in the feflected-power reading. 
Once this point is reached you should 
adjust Cl and C2, with possibly a slight 
adjustment ofthe roller coil, to geta perfect 
match, Power can then be increased to the 
desired level. You'll find that several 
different settings of the Transmatch may 
provide a perfect match. The one to shoot 
for is the condition that requires the most 
‘capacitance at Cl and C2 for a matched 
condition 

If a random-length, end-fed antenna is 
used, merely connect the end of the 
antenina to terminal J3, Fig. 46B, and go 
through the adjustment procedures out- 
lined above. It is helpful to have an earth 
‘ground connection on the Transmatch. 
Also, if possible, usean antenna length that 
‘comes out to a quarter wavelength, or odd 
multiple thereof. Such an antenna will be 
of low impedance, and will reduce the 
cchances of high rf voltages appearing on 
the Transmatch or associated equipment. 

balanced feeders are used, the feeders 
should be connected to terminals J4andJ5, 
with a short jumper connected between’ 
terminals J3 and J4, Again, the previously 

cussed tune-up and adjustment proce- 


137 


dures should be followed in setting up the 
Transmate, 


Some Other Thoughts 

Some amateurs might be concerned 
about the amount of voltage that can be 
developed in a mismatched coaxial line. In 
‘a matched condition, with 1000 watts in & 
'50-ohm line, the rf voltage would be about 
220 volts. With a standing-wave ratio or 


20:1 (), the increase in voltage would be 
4-1/2 times, or approximately 990 volts 
This however, is well within the rating of 
the RG-8/U cable. 

This Transmatch should satisfy the 
reeds of those hams who desire a multi- 
band unit without switches or plug-in coils. 
Once the settings for the controls are 
determined, a chart ean be made up for any 
given istallation. Band changing is then 


Build a Baby Ultimate 


Got a match? Not a classic “match,” but one between the antenna 


quickly done. This material was originally 
presented in QST by Lewis G. McCoy, 
WIICP. 


¢ SO-Ohmer Tranamatch” QS; July 196, 

‘Testor: Note However, lap operation would be 
‘continuous st ntlingof these long-winded 2m 
spertoe) | 

reine RF Power Metering.” 057; Deeombe 988 
(Gee chapter 4) 

sUndrsonding Aesstewr Ra, 298 


and your 


QRP rig may be what you need. If so, this article is for you. 


Transmateh during 4 QRP junket to @ 
favorite lake, campsite or other distant 
location. The entte point of QRP opers- 
tion is negated when the low-power station 
can be held on the palm of one's hand, but 
the accessory gear needs to be transported 
by hand truck to the ear, airport or 
whatever! Operators who prefer 10 use 
zandom-length wire antenna for felé work 
will require a matching network between 
the 50-ohm transmitter output and the end 
of the antenna, whose characteristic 
impedance ean be anything from a few 
ohms to 2 couple of thousand, For low- 
power work (25 watts oress)itdocan'ttake 
2 big Transmatch to do the job, and some 
novel ideas can be applied to make the 
matcher cover 80 through 10 moters 
without a roller inductor or messy tapped 
oil switching arrangement. This article 
shows some tricks that ean be applied to 
meet that goal 

“The heart ofthe Baby Transmatch isthe 
halF-toroid variable inductor. It is the by- 
product of a few “Skul sessions” between 
‘Andy Pfeffer, KIKLO, and the write. 
Both amateurs are QRP “freaks.” and 
finding the proper mechanical technique 
for building a miniature panel-operated 
variable inductor of reasonable inductance 
range was challenging and productive. The 
machine-shop skill and impagination of 
KIKLO can be realized when viewing the 
accompanying close-up photograph. Early 
efforts along this line provided aslider type 
of full-toroid variable inductor (cheostat 
style), and dismal results were had: the 
inductor Q was vey low, approximately 5, 
48 a result of the shorted-tuen syndrome. 
Finally, a powderedsiron Toroid core of 
QU material, |-inch (25 mm) diameter with 
3/16 by 3/16:inch (Sram by Smm) wall, 
‘was sawed in half and ozmented to aplastic 
arm. The arm was glued tothe shaft ofthe 
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Exterior view of the Baby Utimats, Dymo tape 
Tabels aro sed vo ioiiy the control 


control so that it would enable the operator 
to change the coil inductance by moving 
the semicircular toroid section in and out 
of the coil 

‘The coil in this unit was air wound, then 
cemented to a semicircular piece of plastic 
which is affixed to a plastic disk of I-1/2- 
inch (38 mm) diameter. The overall coi 
and-plastic assembly is glued to the 3/8- 
inch (10 mm) bushingand | /4-inch (6 mim) 
diameter control shaft. Although all of the 
‘metal work was done from scratch on a 
lathe, an old volume control or rheostat 
bushing and shaft can be modified to 
perform the function required. All that's 
needed here is some amateur ingenuity! 
‘The tuning range ofthe variable inductors 
3 to 9 wH, and the unloaded Q was 
‘measured as 150 at 7.9 MHz 

It is reasonable to conclude that the 
KIKLO “giz,” as heeallsit, could be made 
to cover a greater inductance range by 
making the coil bigger in |Dand cementing 
‘both halves of the toroid core together — 


Interior view ofthe matoher showing the KIKLO 
\avlabl Inductor flower conten, 


fone atop the other — to provide greater 
permeability overall. Ferrite material is 
unsuitable for this component because of 
the hardness of ferrite. Without special 
cutting tools the latter will resist all forts 
to saw through it. One-half of an Amidon. 
L-kW  balun-kit, powdered-iron toroid 
should be excellent for larger units of this 
kind, 


Other Circuit Features 

As is shown in Fig. 48A, S1 is used to 
switch an additional variable inductor(Ll) 
in parallel with the KIKLO unit, L2. This 
provides a lower minimum-inductance 
amount for operaion on 15 and 10 meters. 

Fig. 48B illustrates some variations 
which will extend the Transmatch range 
down to 80 meters. The mode! shown 
photographically was designed for 40 
through 10 meters. In the second example, 
'S2 and L3 have been added to increase the 
total inductance to permit 80-meter 
‘matching. Also, Cl has been changed to a 


w 


Fig. 48 — The diagram at Ais forthe 40 

‘trough i0-meterTrensmoteh, AUB, a 

Euggested rut for coverage from 80 through 

{Ometors 

(C1'™ Dualesection alr variable Miler 2708, 
‘YW. Mlor C.,19070 Reyes Ave, Compton, 
Ga soz2t. Se tox. 

C2" Caiecro er Archer singlesection 
rmlature S85-9F variable 

snd, inel — Phono Jak 

LYST ho as-aH slug-tuned inductor (Miler 


‘See tex. Contains 82 turns of no. 22 

fam, ite i wound, 7/G-neh (11 9m) OD. 

La BtoB but eug-tuned inductor (Miller 
“4505 with red core) 

81, 82 Spat die or toggle switch 


two-section 365-pF, bestyle variable, also 
for the same reason, A dual 365-pF 
‘capacitor can be used for the circuit at A, 
but the tuning rate will be much sharper 
than with the unit specified 


Three phono jacks are used for external 
connections. The frst photograph shows a 
pair of clip leads which have been soldered 
to two phono plugs. These are used for 
making connections to a single-wire 
amtenna and ground, 

‘The slug screw of I protrudes from the 
top panel of the small plastic meter case. 
‘This feature enables the operator to have 
additional control of the overall induct 
‘ance amount during operation on 15 or 10 
meters. All internal ground connections 
are brought to a common point — J3, 
which has both of its terminals joined 

‘The “Ultimate” design is based on one 
which was popularized by WIICP when he 
described in QST a I-kW version of the 
circuit.) The network will match a wide 
range of impedances, but it should be 
pointed out that this cireuit is not capable 
of providing much (if any) harmoni 
attenuation, Examination of the circuit 
will show that the network is basically a 
high-pass type. 

Building the Transmateh 

A lol/2% 2-3/4 X dsinch (38 mm X 70 
mm X 102 mm) plastic meter style of case is 
used to house the Transmatch. The box 
used by the writer was made by RCA asan 
‘enclosure for a 9-volt regulated power- 
supply kit. Similar boxes are available at 
Radio Shack and other parts stores, but 
‘most have @ metal cover. If the latter are 
used, it will be necessary for the builder to 
isolate the rotors of Cl and C2 from the 
metal plate, Adhesive-backed plastic feet, 
are affixed to the bottom of the case. They 
will keep it fom moving about on the 
operating table. 


Using the Transmatch 

When matching the 50-ohm transmitter 
to a given antenaa (fed with coaxial line or 
single wire in nature), an SWR indicator 
Il be necessary between the transmitter 
and the Transmatch,? C1, C2 and L2 are 
adjusted one at a time for the lowest 
fellected-power reading on the meter. 
‘There will be interaction between the 
controls, soit will be necessary to go over 
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them several times to effect an SWR of I. 

Some difficulty may be encountered 
while working with a voltage-fed (high 
impedance) wire antenna. The symptom is 
tone of hand capacitance affecting the SWR 
reading. In such insiances the tune-and-try 
method will be required, moving the hands 
away from the box after each adjustment. 
For this reason the builder may wish to 
house the circuit in a metal box and use 
insulating shaft couplings on C1, C2 and 
L2. OF course, this will make the unit 
somewhat larger. 

“The writer used this Transmateh for two 
weeks in October 1975 while on a QRP 
sortie to Barbados (SP6EU). Maximum 
power used was 20 watts output, and 
minimum power was 2 watts ouput, The 
40-, 20-and 15-meter bands were used, and. 
all’'manner of antennas (end fed and 
coaxially fed) were employed. In all cases 
the SWR could be set for a I:1 condition. 
Insertion Joss through the Transmatch was 
measured at 14 MHz while delivering 20 
watts to a test dummy load. The loss was 
approximately 0.1 dB at a matched 
condition. No heating of the components 
was noted, 

‘One final word is in order. Always use 
the maximum possible amount of capaci 
tance at C2 when adjusting the Transmateh 
for an SWR of 1. There can be several 
settings of Cl, C2 and L2 which will 
provide a match. Bes efficiency will always 
‘occur with maximum usable Cat C2, and 
this is true of all variations of the Ultimate 
‘Transmateh 

Ifyou're a QRP enthusiast, this matcher 
should be part of your setup when 50-ohm 
antennas aren't used. It is lightweight, 
small of size, and can be tucked away in the 
XYL's handbag when enroute, if need be! 
‘This material was originally presented in 
QST by Doug DeMaw, WIFB. 


"McCoy, “The Uae Tansmatch,” QST, Jay 1970. 
Gaede in thi ehaper) 

Deda, "A-QRP Mans RE Power Meter” QS7: 
Tuse 1973, p B 
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Simple Broadband Matching Networks 


This article gives complete details on constructing broadband matching 
transformers for ratios of 4:1, 6:1, 9:1 and 16:1 


Broadband Matching Transformers 

Broadband transformers have been 
widely used because of their inherent 
‘bandwidth ratios (as high as 20,000:!) from 
2 few tens of kilohertz to over a thousand 
megahertz. This is possible because of the 
transmission-line nature of the windings. 
‘The interwinding capacitance is a compo- 
nent of the characteristic impedance and 
therefore, unlike the conventional trans- 
former, forms no resonances which seri 
ously limit the bandwidth.’ At low 
frequencies, where interwinding capaci- 
tances can be neglected, these transformers 
are similar in operation to the conventional 
transformer. The main difference (and 
very important one from a power stand- 
point) is that the windings tend to cancel 
out the induced flux in the core. Thus, 
high-permeability ferrite cores, which are 
not only highly nonlinear but also suffer 
serious damage even at flux levels as low as 
200 to 500 gauss, can be used. This greatly 
fextends the low-frequency range of per~ 
formance. Since higher permeability also 
permits fewer turns at the lower feequen- 
cies, high-frequency performance is also 
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Connie, W2FMI's betta halle making use of 
the shade under Jerry's 40-meter umbrala 
lantanna It's hoped that Jerry warns her about 
tovehing the antenna whan he sunning high 
power 


improved since the upper cutoff is deter- 
mined mainly from transmission-line 
considerations. At the high-frequency 
‘cutoff, the effect of the core is negligible. 

‘The applications of broadband trans- 
formers to antennas and broadband 
circuits have been covered by a number of 
authors. This paper extends the applica 
tion of these transformers to include the 
operation of short ground-mounted verti- 
‘eal antennas with impedances as ow as 310 
4 ohms. Further design considerations 
illustrate variable matches to vertical 
antennas having impedances even greater 
than 35 ohms. 

Biflar matching transformers for ground- 
mounted verticals lend themselves to 
unbalanced operation. That is, both input 
and output terminals can have a common 
‘ground connection. This eliminates. the 
third magnetizing winding required in 
balanced-to-unbalanced (balun) opera- 
tion. By adding third and fourth windings, 
as well as tapping windings at appropriate 
points, various combinations of broad- 
‘band matching can be obtained. Fig. 49 
shows @ 4:1 unbalanced-to-balanced 
configuration. This transformer can be 
‘used with verticals of 12.5 or 200 ohms 
‘when using 50-ohm cable. No. 14 wire can 
‘be used and it will easily handle 1000 watts 


‘of power. By tapping at points 1/4, 1/2and 
53/4 of the way along.the top winding, ratios 
‘of approximately 15:1, 2:1, and 3:l can 
also be obtained. It should be noted that 
fone of the wires was covered with vinyl 
electrical tape in order to prevent voltage 
breakdown between the windings. This was 
nevessary When a step-up ratio was used at 
high power to match antennas with 
impedances greater than SO ohms. 

Fig. 30 shows a transformer with four 
windings, permitting wide-band matching 
ratios as high as 16:1. A picture shows a 
four-winding transformer with taps at 41, 
6:1 9:1 and 161. Intracingthe current low 
in the windings when using the 16:1 tap, 
‘one sees that the top three windings carry 
the same current. The bottom winding, in 
‘order to maintain the proper potential, 
sustains a current three times greater. The 
bottom current cancels out the core flux 
due to the other three windings. If this 
transformer is used to match into low 
impedances like 3 to 4 ohms the current in 
the bottom winding can be'as high as 15 
‘amperes if the high side ofthe transformer 
is fed with 50-ohm cable handling 
Kilowatt of power. If one needs a 16:1 
match like this at high power, then 
cascading two 4:1 transformers is cecom- 
‘mended, In this case, thetransformer atthe 
lowest impedance side only requires each 
Winding to handle 75-4. Thus even no. 14 
‘Wire would suffice in this application 
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Fig. £9 — Four-o-one broadband biilar 
transformer. Usper winding can be taped at 
appropiate points 10 obtain other ration such a 
TBs bane 3 


Fi, 50 — Fourswinding, 
Impedance transtmar Connections 2. band ¢ 
be placed at appropiate points to yield 

Varig ratios tom 1 5% to 11 


Fig. 51 ~ Final design and bandwidth 
haracteristic of a short 20 meter vertical having 
{an input impedance of 85 ohms and ulzing 2 
‘Commercial beach umbrella. This antonne 
‘stabised is worth as a prototype for the 
Tower troquancies. 


‘The popular cores used in these applica- 
tions are 2.5 inch (64 mm) OD ferrites® of 
QI and Q2 material and powdered iron 
cores,’ of 2-inch (51 mm) OD. The 
permeabilities of these cores, j4, are 
nominally 125, 40 and 10, respectively 
Powdered iron cores of permeabilities 8 
and 25 are also available. 

In all cases these cores can be made to 
operate over the 10- to 160-meter bands 
with full power capability and very low 
Joss. The main difference in their design is 
that lower permeability cores require more 
turns at the lower frequencies. For 


example, QI material required 10 turns to 
cover the 160-meter band, Q2 required 12 
turns, and powdered iron (x = 10) required 
14 turns. Since the more common pow- 
dered-iron core is generally smaller in 
diameter and requires more turns because 
of lower permeability, higher ratios are 
sometimes difficult to’ obtain because of 
physical limitations. Although most of the 
‘author's experimentation on these trans- 
formers was done on the 40-, 80-and 160- 
‘meter bands, the results indicated that they 
should operate on the higher bandsequally 
well. When working with low impedance 
levels, unwanted parasitic inductances 
‘come into play, particularly on 14 MHz 
and above. In this case lead lengths should 
be kept to a minimum, 

All the results obtained by the author 
have shown that the transformers can be 
used to match a variety of loads and 
impedance ratios, they can be used over 
‘many bands, and that they exbibit negligi- 
ble loss in operation. More importantly, 
‘the core materials are readily available and 
Tow in cost 


‘A Short Vertical Antenna Design 

‘These transformers permit efficient 
matching to impedances as low as 3 to 4 
‘ohms. This means, with some top-hat 
loading, antennas could be 4to 5 feet (1.22 
to 1.52 m) tall on 40, 8 to 10 feet (2.44 10 
3.05 m) on 80, and 16to 20 eet (4.88 t0 6.10 
‘m) on 160 meters. With the capability of 
tapping off any portion of the transformer 
windings, thus providing variable match- 
ing, the heights of these antennas can be 
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Fig, 52 — The 60-and 180-meterducl-band 
‘rtcaleystem The remotaly swrtened 
matching natwork ie decribed In the ox Not 
Shows a7 ites sats of polypropyiena guy 

ropes at heights of about 9, 1B and 26 fet (2.74, 
Sag and 702m). 
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Fig, 59 — The ramotaly switched matching 
work forthe 80-and 160-mater Gusl-bnt 

‘erica! antenna. The incited 8 

ie for 1-meter operation. 
pet anna relay 

‘31 = Coaxial connecter, chassis typo 

UT Uosa oi for 60 metas. 28-42 turns, ne 
14 wie on 4 cores of neh (51 mm) OD. 
owerecron, parmoablity of 10 (amon 
F200. 
—'Groasband transformer (soe tent) 
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increased at will depending upon the 
bandwidth desired, 

‘The first short vertical designed by the 
author was brought about by a trip to a 
local shopping center. The author saw a 
beach unbrella that had about the right 
proportions one would use in designing @ 
short 40-meter vertical. The “antenna” was 
purchased (at a nominal price) and a 14- 
fur coil, connected across an insulated 
section about three feet (0.91 m) from the 
‘ground, was used to tune the vertical to 
resonance. The measured input impedance 
‘was 3.5 ohms and was matched easly to S- 
1 line with a 16:1 transformer, Fig. $1 
shows the final design and the bandwidth 
‘characteristic. Several months of operation, 
fon 40 meters verified the outstanding 
capability of this short vertical antenna 
(with an extensive radial system) and 
established its worth as.a prototype for the 
Tower frequencies, A further study showed 
that the 6-foot (1.83 m) diameter top- 
‘section was about the equivalent of a4-1/2- 
foot (1.37 m) diameter solid disk. 


A Dual-Band 160- and 80-Meter System 

‘The antenna shown in Fig, $2is a dus 
band design using a remotely switched 
matching network (see photograph) which 
rot only changed a tap on a broadband 
transformer from 4:1 to 9:1, but also 
introduced a powdered-iron base-loading 
coil for 160-meter operation. 

The circuit diagram for the remote 
matching network is shown in Fig. 53. The 
Toading coil was made with four powdered- 
iron (x = 10, 2-inch [51 mm] OD) cores. 
‘They were first wrapped individually with 
several layers of vinyl electrical tape before 
bbeing combined and wrapped again. The 
necessary inductance was obtained with 
2-1/2 turns. A slight adjustment of the 
loading coil and the height of the antenna 
was found necessary in order to put the 
minimum SWR at [812 kHz. In general, 
foot (0.31 m) change in height of the 
antenna changes the 80-meter resonance by 
(60 kHz and the 160-meter resonance by 15, 
kHz, A change of 1/2 turn on the 
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Bottom view ofthe matching network or theldual= 
‘and 0: an 160-meter vertical The loading co 

ian the iar 41 an 9 mate 

The dpa 24-vltatonna 
{olay switches nor out in loading and 
{Changes ie taps on tho ransformes to the 
SSppropriate ratio, The enciesure'sthe 
‘amventionel 4X8 X Enon (102 mm X 127 mm X 
132 mm) aluminum Minibex 


‘The broadband biflar ranslormer shown has 12 

Dilar turns, no, 14 wee, on ferro (QT 

materi, 2. inch (64 ra] OD) core. Taps are 

‘iso placed et 3, 9, nd 8 turns, thus yilaing 

Fallot of 151,27, 3:1 and 4:1. This vanstarmor 
annecion at tne 181 rato tap. Ex 

in es provided ‘or the enameled wire 

inorder to prevent vl 

‘matching into loads greater than 60 ohms. 


powdered-iron core coil changes the 160- 
meter resonance by about 50 kHz. It 
should be noted that the windings hed 
extra insulation (about one layer of vinyl 
tape) added on the inside part of the 
windings in order to prevent breakdown 
between them. 

Low-permeability ferrite material Q2 (1 

40, but still four times larger than the 
powdered iron material) was also investi- 
gated for use as a core for a 160-meter 
loading inductance. It was hoped that with 
several stacked cores of this material, the 
flux density would be reduced to a level 
where nonlinearities and permanent 
damage could be avoided. Two cores and 
about 10 turns of wire were used. The result 
was negative. Large changes in inductance 
were noted on voice peaks by the sudden 
large changes in the SWR. Also, small but 
permanent changes in the SWR’ were 
observed, indicating permanent damage. 
In contrast to ferrite, powdered iron 
maintains its linearity at high flux densities 
and suffers no permanent damage. As 
noted above, four cores of permeability 10, 
and 22-1/2 turns, provided the proper 
inductance (approx. 30 H). The loss in 
this coil was about equal to the ir-wound 
coll (33 turns, 6 tpi, no. 12 wire, 2-1/2-inch 
[64 mm] OD). Two stacked powdered-iron 
cores of permeability 25 were also investi- 
gated. This arrangement required about 17 
turns, but was rejected because the loss, 
‘which was mainly in the two cores, went up 
to 3 ohms. This is certainly intolerable 
since it is of the order of magnitude of the 
radiation resistance of the very short 
vertical 


Concluding Remarks 

‘The predominant characteristic of the 
short antenna is probably its very low value 
‘of radiation resistance. One must be careful 
of excessive ground and ohmic losses in 
coils and matching networks. A good 
image plane can eliminate the ground-loss 
factor. The application of a top hat eases 


the problem somewhat because itincreases 
the effective length and thus the radiation 
resistance. The radiation resistance can be 
inereased five-fold* by resorting to com- 
plete top-hat loading ofa vertical. Combin- 
ations of top-hat and inductive loading can 
bbe used depending upon the radiator height 
‘and the bandwidth desired, One can also 
resort toa short folded unipole. With these 
‘combinations at his disposal, the designer 
is left with the problem of efficiently 
matching his transmission line to various 
impedance levels. The wide-band transmis- 
sion-line transformer can provide the 
answer. It is capable of operating very 
efficiently over a wide range of impedances 
‘and impedance ratios. 

‘The author would like to acknowledge 
the generosity of the following companies 
who supplied cores and information for the 
experiments: Indiana General Corp., 
Amidon Associates, and the Arnold 
Engineering Co. 

Finally, the author would like to thank 
his colleague Mort Fagen, WA2EIT, for 
his encouragement and discussions of the 
‘antenna papers the author has written 
This material was originally presented in 
QST by Jerry Sevick, W2FMI. 
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An RF-Sensed Antenna Changeover Relay 
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with this system — it's automatic! 


‘used, one for the transmitter and one for 
the receiver. This system is impractical for 
‘the most part since duplicate antennas 
would be required for each band of 
operation. There are instances, however, 
when separate antennas with different 
directive patterns can be used to an 
advantage, as in the case of specialized 
receiving antennas, Generally speaking, 
‘most stations use the same antenna for 


transmit and receiver purposes, so this is 
‘more the exception than the rule, 
Several antenna-changeover systems, 
designed to transfer a single antenna from 
the receiver to the transmitter, areshownin 
Fig. $4. At A, a manual switeh is used to 
transfer the antenna connection. This 
scheme is simple and works well, but is not 
without several drawbacks, Good-quality, 
high-power rf switches are often costly and 


hard to locate and, of course, the operator 
is required to switch manually from receive 
to transmit. 

One of these problems was eliminated 
with the advent of the coaxial relay. These 
relays were, in most cases, mounted 
external to the transmitter and receiver 
with connecting cables running to and 
from the unit, as shown in Fig. 54B. Many 
of these relays were rated forakilowatta-m 
signal, and maintained the 50-ohm line 
impedance. The voltage needed for the 
relay field was switched on or off with a 
low-powered toggle or foot switch. Alter~ 
natively, the transmit-receive switch might 
be located on the front panel of the 
transmitter with control voltage or a 
normally open or closed circuit available at 
aa socket on the rear apron. Several extra 
sels of relay contaets were usually fur- 
nished with the relay to perform various 
functions, including that of muting the 
station receiver during transmit periods. 
Although this system of antenna transfer 
represented an improvement over the 
previous setup, it was still necessary for the 
‘operator to switch the antenna manually 
via the relay-control switch, 

Its been said that laziness is the mother 
‘of invention and so it seemed natural hata 
more automatic system be developed. The 
relatively modern scheme at Fig. $4C has 
the transfer relay built into the transmuitter, 
This system is quite popular and is used by 
most commercial manufacturers of ama- 
teur equipment that offer a separate 
transmitter and receiver. When the key is 
Dressed the relay activates automatically 
and switches the antenna to the transmit 
ter. A variablesength delay is usually 
included to hold the relay closed, thereby 
keeping the antenna connected to the 
transmitter during code characters. After 
the last group of code charactersis sent, the 
relay will remain closed for a second or two 
— the amount of time controllable. When 
the relay deactivates, the antenna is 
reconnected to the receiver. 

Unfortunately, some amateurs who 
build their own equipment or purchase 
transmitters and receivers of ‘different 
manufacture, sometimes resort to switch- 
ing methods A or B. These setups, of 
course, do not include the automatic 
features of system C. The circuit described 
here and shown in simplified form in Fig. 
S4D was designed with this in mind. 
Basically, this system detects the presence 
of rf at the output of the transmitter and 
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immediately breaks the antenna connes- 
tion to the receiver. At the same time the 
antenna connection to the transmitter is 
‘made. One of the features of this system is 
that no modifications to either the trans- 
mitter or receiver are required. 


Cireuit Description 

RI of Fig. 55 serves as an rf-voltage 
divider to permit the circuit to be used with, 
transmitters of various power-output 
‘amounts. Rf energy is routed through C1 
to the base of broadband amplifier QI. The 
amplified hi-band energy is supplied to a 
voltage-doubler (Di and D2) through a 
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broadband toroidal step-down transform= 
er, TI, The rectified rf voltage atthe output 
of DI and D2is filtered by means of REC2, 
(CS and C6. This prevents unwanted rffrom 
reaching UI and affecting its performance. 

C6, R7 and R6 comprise a timing 
network (variable) which governs the hold- 
in time of the relay, K1. The smaller the 
resistance amount at R6, the shorter will be 
the time delay. 

UI functions as an inverting amplifier. 
When the input de voltage at pin 2 
increases, the output de voltage at pin 6 
decreases. The output voltage causes the 
base of relay driver Q2to be forward biased 
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negatively when it drops below approxi- 
mately 1-4 volts, Diodes DS and Dé, by 
virtue of their combined barrier voltages 
(0.7 ¥ each), establish the I.4-V fixed bias 


level. Without the diodes, Q2 would 
conduct sufficiently to prevent the relay 
from dropping out during no-signal 
periods. D4 is used (0 suppress transients 
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Fig, 55 — Schematic clagram ofthe r-sensed antenna-changeove relay. Al resistors 
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caused by the field coil of KI. When no 
rectified rfreaches Ul, Q2is cut off because 
of the high positive base voltage it receives 
from Ul, and the relay contacts to the 
transmitter are open, 


Construction 

In Fig. 56 is a suggested printed-circuit 
board layout showing the foil pattern and 
parts placement. RI and R6 may be cieuit- 
board-mounted potentiometers if the 
builder desires, as the board layout was 
designed to accommodate such units. 
Potentiometers of this type are entirely 
suitable if the builder does not anticipate 
frequent changes in power levels and length 
of delay, as these controls must be 
readjusted for such changes. I the builder 
is interested in having access to these 
controls, panel-mounted potentiometers 
can be used at the front apron, in which 
case wires will have to be run from the 
circuit board to the controls. 

‘Our finished model was housed ina5X3 
X Dine (127 mm X 76 mm X51 mm) 
aluminum Minibox. RI and R6 were 
mounted on the front panel and Kurz- 
Kasch knobs were placed on the control 
shafts to dress up the appearance of the 
finished product. Dd is attached direetly to 
the relay terminals. The rear panel 
supports the terminals for the transmitter, 
antenna, receiver antenna and power 
supply. $O-239 connectors were used for 
the transmitter and antenna connections, 
and a phono connector was employed for 
the receiver antenna. Any type of connec 
tors may be substituted to match those 
used in the builder's station. The power- 
supply lead is brought out through a 
feedthrough capacitor. This type of 
feedthrough is not necessary; a simple 
feedthrough insulator or wire could be 
used instead. In our ease, the capacitor lead 
served as a convenient tie point during 
preliminary testing of the unit, 


Operation 

Connect the antenna, transmitter, 
receiver antenna lead and the power: 
supply connections to the appropriate 
terminals. Set R6, the time-delay control, 
to its minimum delay position (cew) and 
the sensitivity control to its midrotation 
position. While keying the transmitter, 
decrease the setting of the seasiti 
control to point just above that where the 
transmitter no longer makes the relay 
‘energize. Once this has been set, it may be 
left in that position until 2” moderate 
‘change in power level has been made. The 
delay control should then be adjusted for 
the length of delay desired. The ciccuit 
shown has been tested from 1.8 to 30 MHz 
and at de power input levels up to and 
including 1000 watts. This material was 
originally presented in QST by Doug 
DeMaw, WIFB, and Jay Rusgrove, 
WIVD. 


Measuring Antenna Gain with Amateur 


Methods 


Beat the cost of expensive test gear. Make your antenna measurements using 
this unique method! A VU meter, a handful of parts and this simple explanation 


are all you need. 
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Ground reflections alone can completely 
invalidate the results on an otherwise good 
fantenna range. At the 1973 West Coast 
VHF Conference, for instance, the author's 
S-element quagi for 432 MHz* was meas- 
ured at precisely the same gain as a well 
built 15-lement Yagi more than twice its 
size, despite the fact (established in other 
tests) that the bigger antenna had 203 6B 
more actual gain! The problem was that, 
even with the sophisticated measuring 
equipment in us, ground reflections were 
distorting the results. The best “gain” 
indication came with both antennas within 
4 few inches ofthe earth, and the smaller 
quagi with its lower Q’didn't mind the 
detuning effects ofthe earth's proximity as 
much a3 the bigger and higher Q array 
With resuts like thet, wild claims are 
sometimes made for one vhf antenna or 
another. And the claims may be even 
Wilder on the hf bands, where an amateur 
may well betold his signa is two of three S 


bed here, two identical masts in a clear aren 


ra requires With the test and elerance antenna at eq 
heights and fee win idetial food tines, te signal produced by 
n Seloron! qual steatea against an 1-olamont Yagl Wet has 
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units louder than another ham’s signal 
when the actual gain difference between the 
two antennas i insignificant. Theham who 
“won ” the comparison by several S units, 
of course, is likely to go away thinking his 
antenna is 12 or 18 dB betterthan the other 
‘guy's, since S meters are supposed to show 
al difference per $ point. 


A Better Way 

‘This article describes amore reliable and 
valid way to estimate antenna gain, and 
without expensive or hard-to-find test 
equipment. The technique requires only 
this equipment: a cooperative nearby ham 
with a transmitter eapable of generating a 
few watts of steady carrier, a receiver 
‘whose age can be turned off, an ordinary 
audio VU meter, and some antennas to 

‘The technique is nothing more than a 
more rigorous application of the test 
procedure radio amateurs have always 
used when they asked for “comparison” 
signal reports. It takes advantage of the 
fact that audio VU meters, unlike meters, 
are calibrated directly and fairly accurately 
in decibels, with easy readout down to 
fractions of a dB. And with the age turned 
off, most receivers will closely reproduce 
changes in the signal input at the antennz 
terminals with corresponding changes i 
audio output until they are badly over- 
loaded. 

‘This means that a nearby amateur's 
signal transmitted at a reasonably low 
power level can be used to compare the 
gain of various antennas by rapidly 
‘switching back and forth between them 
‘and averaging the results. 

‘The only trick isto use a “test signal” that 
is coming from a point source — not a 
signal that is being reflected from sur- 
rounding objects. Ifyour test antennas ean 
“see” the signal source a few miles away 
‘and are well clear of neacby objects (and 
‘lear ofthe earth itself), valid results should 
be attainable if the procedures below are 
followed. 

‘The author has speat many hours 
‘working with both local antenna ranges 
covering a few dozen wavelengths, and on- 
thesaic signals from local stations. It is 
apparent that ground reflections and other 
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Fig, 57 — The audio VU-meter system for antenna 


Fig. St — This small box houses all he test, 
‘equipment required for antanna gain measure 
man's using the technigue deserved here. The 
Irontepanel sui VU mater i cllorates directly 
In decibels, with reacout possi o about 02 
48 inthe most expended part ofthe scale, Not 
Visible ara the mator level potentiometer (on 
ear) and small speaker whichis mounted 
‘downward 


such error sources are less serious problems 
when a steady, on-the-air carrier a fow 
miles away — and not a local signal a few 
dozen wavelengths away — is the signal 
source 


Test Procedures 
Here's how the procedure works at vat 

(at hf, i's alittle more complicated because 

antennas are larger, as well se later): 

1) Build an audio VU metering circuit 
like the oneshown inthe photo and Fig. 57. 
All parts should be readily available 
anywhere that consumer electronics parts 
are sold. The speaker and meter-gain 
control are handy to have when the receiver 
itself is located some distance away from 
the antenna test site, but they aren't 
absolutely essential 

2) Get anearby amateur (perhaps oneto 
five miles away) to generate a steady carrier 
into an antenna of the same polarization as 
your test antennas, A small beam pointed 
toward your test site is much better than a 
dipole or groundplane antenna because itis 
less likely to invite reflection error. A beam 
pointed somewhere else is worst of alll 

3) Two of the antennas to be tested 
should be set up side by side, with identical 
lengths of feed line going to @ coaxial relay 
‘or well-isolated switch. Thetwo supporting, 
poles should be high enough that the test 
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antennas are at least two wavelengths 
above ground (13 feet [3.96 m] or more at 2 
meters) and clear of nearby obstructions. 
To minimize interaction between the two 
antennas, the two masts should also be at 
least one to two wavelengths apart and 
standing side by side in relation to the 
signal source. 

4) Make sure you can raise and lower 
your antennas and move them from side to 
Side by at least a full wavelength or so (81 
inches (2.06 m] at 2 meters) without the 
indicated signal varying more than about | 
4B. Ifyou can't do that, you probably have 
reflection problems that will have to be 
solved before you can make valid readings. 


If this is the case, try different sites until 
you do achieve nonspotty reception. 

5) Check the receiver age to be sure itis 
off; then rapidly switch between the two 
antennas and record the difference in 
decibels. Do it several times and calculate 
the average figure (the mean, for statisti- 
cians). 

6) Next reverse the two antennas. Put 
antenna no. | on mast no. 2and attachitto 
feed line no, 2. Move antenna no. 2 over to 
mast no. | and feed line no. I. Do not 
eliminate this step and expect valid results 

‘Now run the test again, If there are more 
than very slight differences from the 
previous test, one antenna or the other is 
Secing some obstruction or reflection 
source. Your site isn't clear enough for 
ood results; try a different one. 

Since this test procedure requires only 
receiving, there is no reason not to perform 
it somewhere other than at home — 
anywhere that is clear of obstructions. Use 
a receiver or transceiver that runs on 
battery power, if necessary. 

7) If you have followed steps one 
through six, you now have an accurate in- 
dication of the relative gain of your two 
antennas. Now you can make one of your 
antennas a “reference” antenna and 
compare any other antennas you or 


Fg. $9 — Hore a 15loment long-boom quagi for 492 Mis ie compared toa Y6-element los 
petite Vag. using the test procedure described in this alicia The two antennas both delve 18 
88 gain over a cipole, decisively beter than any other 432-Mls antenna tested here. The antennes 
to bo tosted arose! up slo by ice ana fed with lenieallengths of Coax. The antennas shoud be 
‘last two wavelengths above ground and clear of nearby absiructions, To minimize taraction 
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Fi. 60 — An ear version ofthe metering system in Fg 7, with asscité elements of various 
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neighboring hams have against this 
reference. 

‘So how do you determine how much 
gain your antennas have over a dipole? 
Some people would say, “Simple, makethe 
reference antenna adipole.” Butit may not 
be that easy, because dipoles are notorious 
for finding’ reflections that more direc- 
tional antennas can't “see.” At vhf 
conference gain-measurement seminars, 
dipoles have sometimes shown as much as 
3 or 4 dB gain over a dipole! 

‘The best reference antenna is probably a 
small beam of known (or approximately 
known) gain, assuming you don't have the 


National Bureau of Standards type of 
reference antenna that professionals use 
for this purpose. A 3-clement Yagi or a 2- 
element quad built to handbook dimen- 
sions will usually deliver about 6 4B gain 
over a dipole at 2 meters, if the SWR is 
‘okay at the design frequency. 

“Thus, if you find that a particular 8 
clement antenna consistently produces 4.5, 
more dB on the VU meter than your little 
reference beam, you'll know you have an 
fantenna with about 10.5 dB gain, You 
won't be exactly correct, but you'll be close 
to the right figure. Conversely, if your 
bigger beam doesn't show much gain over 
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the small one, and there are no measure 
‘ment etrors ofthe sort just described, you'll 
know forsure that somethingis wrong with 
the big antenna, 

Once you have established the integrity 
of your test site, you can even design your 
‘own antennas very accurately, using the 
audio VU-meter technique. To do that, set 
up your reference antenna and begin 
designing your new antenna by putting an 
‘empty boom on the other pole. Now start 
with 2 or3 elements, getadecent SWR and 
try adding more elements 

‘As you add elements, you will be able to 
actually see where cach new element 
“wants to be” onthe boom, and youcan see 
your new antenna gain over the reference 
antenna increase as you go along, Try all 
soris of element lengths and spacings as 


you progress. 
Antenna design professionals call this 
process “perturbation” and they do it with 


sophisticated mathematics, but you can 
design antennas that work just as well as 
theirs on your own antenna range, once 
you master this technique. Then, ifyou do 
oto avhf conference with your best home- 
designed antennas, you'll know about how 
‘much gain they have before you enter the 
gain contest. And you'll never come away 
from such an event with an antenna that 
hhas “minus 3 dB gain!" Moreover, you'll 
know that your measurements, made 
‘without any ofthe sophisticated equipment 
you saw at the vhf conference, are about as 
‘accurate as anybody's. In fact, you may 
find your own measurements’ are more 
valid than the ones at the conference, 
especially if the antenna-gain figure jumps 
allover the place when you raise and lower 
it at the conference anienna ange, 


HF Antenna Measurements 
So far, all of this has been devoted to vhf 
antenna-gain measurements. Many read- 
cers will say, “That's fine, but I want to 
‘measure the gain of my S-clement 20-meter 
beam!" Of course, an audio VU meter and 
a receiver without age are a much better 
way than the notoriously inaccurate S 
meter to compare two dissimilar hf 
antennas, The author has seen an $ meter 
show three or four S units of signal 
difference between two antennas that are 
really only 3 or 4 4B apart in gain, 
However, the only accurate way to 
calculate the gain of an antenna is to 
compare it to a reference antenna at the 
same height and then switch the two 
antennas to opposite masts to validate the 
data. That may be impractical at hf, but 
ppethaps not as much so as it seems at first. 
Most amateurs motivated enough to install 
fa S-element beam on a erankup tower can 
probably find a way to temporarily set upa 
smaller beam (not a dipole) on a 20-foot 
(6.10 m) mast above a roof. Then the two 
antennas at identical heights can be 
compared on stable, line-of-sight signals. 
‘The results ofthis test can be invalidated 
by obstructions or even by other antennas 
mounted on the same tower with the test 
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antenna, but at east this will be more valid 
than a comparison against another hams 
readings, when the two locations and rigs 
may be entirely different, 

‘And if you can switch your test reference 
hf antennas to opposite masts, you can 
measure the actual gain of one over the 
‘other. One suggestion before you put that 
giant, long-boom array on the big tower: 
Put a little beam on the tower and an 
identical one on the rooftop mast and 
perform the audio VU-meter tests to see if 
the two antenna sites do seem to be 
identical. If they are comparable, then you 
can put the big antenna on the tower and 
find out how much gain it has, if any, over 
the small one on your roof when the two 
are at the same height. 

‘This may seem cumbersome, and in fact 
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itis! That's why most antenna designers do 
their research at vhf where antennas are so 
nice and small, and then scale their best 
designs up for the hf bands. But if you 
really want to know your big beam's actual 
‘gain, this is probably the casiest way to find 
out. 


Conclusions 

‘The antenna gain-measuring technique 
described in this article has repeatedly been 
proved to be reliable and valid. The author 
hhas used it to design new antennas that 
‘work well enough for all kinds of contest 
and DX work, including moonbounce. For 
a dedicated amateur, working DX on a 
home-designed antenna far surpasses the 
thrill of working the same DX with an 
antenna purchased at a store! But remem- 


ber, whether you're working 20 meters or 
23 centimeters, a signal source, a receiver 
‘with its age disabled and an ‘audio VU 
meter are the only pieces of equipment you 
need to measure antenna gain with this 
technique. This. material was originally 
presented in QST by Wayne Overbeck, 
PhD, N6NB. 
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Abstract—This paper includes design and implementation 
result of an adaptive beam forming antenna for upcoming 8G and 
Internet of Things (oT). Switched parasitic array antennas are 
low cost, small sized and compuet cireular array antennas that 
‘steer beam in desired direction by variation in sitching pattern 
of parasitic elements The proposed untenna design has an active 
‘center element, which is surrounded by several symmetrically 
placed parasitic elements. The designed antenna has a gain of 
8 dll and is capable of 360 degrees beam steering in steps 
of 60 degrees each. Simulations are validated with results of 
the fabricated antenna. Antenna beam is steered by controlling 
parasitic elements. Future application of Electronically Steerable 
Parasitic Array Radiator (ESPAR) antennas and switched par 

sitic array antennas in next generation communication networks 
snd methods far reducing size of the antenna are also highlighted. 


Index Terms—toternet of Things, 8G, cireular array, re- 
configurable, smart antenna, adaptive beamforming, Switched- 
Parasitic Array 


L. Ivrxopuetion 


Smart antennas are capable of adaptive beam forming 
accordance with the environment. Over the last three decades 
wireless communication has made rapid progress due to bet- 
ter modulati better error correction schemes. 
Wireless communication systems are replucing the wired ones. 
Antenna is an integral part of wireless devices. To meet the 
‘ever-increasing demand of higher data rate, smart antennas 
‘capable of adaptive beam forming are introduced as a potential 
solution to increasing data rate and improving signal-to-noise 
ratio (SNR) in upcoming 5G and Internet of Things (IoT) [1] 
By using smart antennas Equivalent Isotropically Radiated 
power (EIRP) can be increased. EIRP denotes produet of the 
transmit power (P,) and transmit antenna gain ((,), Le 


EIRP = Px Gi. w 
From (1), itis observed that by using a smart antenna G 
eases, which in turn leads to the increase in the EIRP. The 


beam of an antenna can be steered by means of mechanical 
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‘movement ofa diectional antenna or by electronic beam steer. 
ing. Electronic beam steering is resilient and provides more 
accurate approximation ofthe desired signal source. Moreover 
electronic beam steering antenna does not involve moving 
parts. Therefore there is less wear and tear on the antenna a 
compared to mechanical beam steering, Generally elect 
‘beam forming is achieved by using phase shifters coupled with 
an aray of antenna elements. The phase ofan individual phase 
shifler is varied such that there is net constructive interference 
in the intended direction of the antenna beam and desteuetive 
Jterference in all other directions [2]. Hence electronic beam 
steering is preferred over mechanical heam stering. 
Elecuonically Steerable Parasitic Atray Radiator (ESPAR) 
antennas use mutual coupling between antenna elements to 
steer the beams instead of phase shifters. Design of parasic 
array radiator antennas is diseussed in (3), [4] in which there 
is center active element surrounded by’ circular gray of 
passive elements, where each passive element is loaded with 
4 specific reactance. ESPAR antennas are smaller in size as 
compared to phase array antennas because elements have to be 
placed at a quarter of wavelength of less distance from each 
other for effective mutual coupling. Hence, ESPAR antennas 
ate cost effective and space efficient. In such antennas we 
have only one active element, therefore, only one feed is 
required. Consequently. ESPAR antennas have lower losses 
(de to single feed) as compared to phase aay antennas (3) 
Previously designed antenna Electronically Steerable Pari- 
site Raidator(ESPAR) antennas have alleylndseal element 
Including the feed element (6), [7]. In this paper we have 
proposed design of seven element ESPAR antenna with conical 
cente(acive element). Length of conical element is opt 
rized using optimetics in HESS. Our proposed antenna has 
higher bandwidth as compared to previously designed ESPAR 
antennas. [6], [7] In mulliple-input-multple-outpat (MIMO) 
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Ze (0) 


Fg. 1. Seven Element switched parasite ara) antenna, 6 azimuth angle 
aod Oi elevation angle 


systems there are multiple transmit and and receive antennas 
Each receive antenna receives signal over different propagati 
‘channels yielding diversity gain. The MIMO technique can 
increase system throughput and reduce propagation losses 
Similarly diversity gain can also he achieved by using smart 
tuntennas. In particular, we ean transmit the same si 
‘multiple directions through directional beams, such that they 
‘experience different propagation channels [4]. Our proposed 
antenna is more suited for MIMO applications compared 10 
previously designed model because of its higher gain a 
improved bandwidth efficiency 

‘This paper focuses on the design of a seven element 
switebed parasitic array antenna, The antenna is fist simulated 
and then it is fabricated. Simulation results ate validated 
With the hardware results. Previously done work on ESPAR 
fund switched array antennas involve cylindrical monopole 
flements mounted on a ground plain [8] due to cylindrical 
nature bandwidth of active monopole is confined, subsequently 
bandwidth of switched array and ESPAR antennas is limited 
Instead on cylindrical monopole element we have used ta 
pered conical monopole. Due to tapered design bandwidth is 
‘enhanced. 


TL, SWITCHED PARASITIC ARRAY ANTENNA CONCEPT 

‘The conceptual overview of the switched parasitic array 
tunienna is given in Fig, 1. We have first simulated the antenna 
With seven monopole elements. There is une element at center 
Which is surrounded by a circular array. Feed is applied to the 
‘center element and it is termed as active element, whereas 
‘elements in the circular array are parasitic elements, Parasitic 
ray antennas do not involve phase shifters, so that the 
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a a 
Arianna separation, (2) 


Vers separation dstace 


‘manufacturing cost is less as compared to the phase ammay 
antennas, Each element is separated from other element by a 
quarter of wavelength, thus mutual coupling phenomena comes 
into account and there is a shift in phase of current in each 
clement because of this mutual coupling phenomenon, Since 
switehed parasitic array antennas offer adaptive beamforming 
solution with compact size and low cost, they are likely to be 
used in future communication devices to increase data-rates 
[6], [7], Parasitic array antennas have vast potential for usage 
in laptops, cell phones, WLANs ete 


A, Mutual Coupling 


‘Mutual Coupling is basically the interaction between an- 
‘enna elements in an aray. Since parasitic elements are placed 
closer to each other (ata distance of V4) there will be mutual 
‘coupling. This mutual coupling phenomenon is responsible for 
a shift in phase of current induced in each element [8]:The 
« induced by one antenna element in another antenna 

DB] is given by (3) 


ly 


3) 


“ 


Here Zzp is constant as it is open-circuit output impedance. 
Za, is open-cigcuit transfer impedenace from port 20 port 1 
and it can be approximated by graph shown in Fig. 2. From 
equation (3), beam can be steered in the desired direction by 
varying the phase of current J) [10} 
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TY WAS WITH GREAT PLEASURE THAT I WROTE THIS FOURTH EDITION OF PRACTICAL 
Antenna Handbook. The original intent when the first edition was planned was to 
provide the reader with a practical, yet theoretical, book that could be used with 
only a minimal effort to actually design and install radio antennas. It was assumed 
that the readership would possess a wide range of levels of antenna sophistication, 
from the novice “newbie” to the professional engineer. That assumption proved to be 
correct as [have received letters from a wide variety of people. 

‘The success of the three previous editions of Practical Antenna Handbook has 
been most gratifying. Clerks in radio stores told me that this book was outselling 
other titles 2:1_ They confirmed that the types of people who buy the book meet the 
profile above, It was with surprise and delight that I noted that clerks in one radio 
store could cite the McGraw-Hill catalog number from memory, when they could not 
do that for other antenna books, 

While the sales are deeply appreciated (they are an honor), there was one com- 
ment that stood out. The salesman at one radio store introduced me to an instructor 
from a U.S. Government communications school. He typically bought twenty copies 
of Practical Antenna Handbook at a time for use by his students in a training class. 
He told me that the reason why he selected my book over others was “..JUs the only 
book on the market that people can give to a secretary, o clerk-typist, and expect 
them to be able to put up a working half-wavelength dipole two hours later.” And, he 
stated, in his business that could literally happen any time, 
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Antennas have changed a lot over the years. Figure I-1 shows how antennas 
were between 1913 and 1940. This facility was the first U.S. Navy radio station 
(NAA) in Arlington, VA Those two 600- and 400-ft towers were taken down in 1940 
to make room for National Airport (Washington, D.C.). The towers were reassem- 
bled in. Annapolis, MD, where they lasted until recently. 

Antenna technology has changed since 1940. In preparing this fourth edition of 
Practical Antenna Handbook all previous material was reviewed for accuracy and 
relevance. Additional material was added for the following topics: 


* Wire antenna construction methods 
* Antenna modeling software (miniNEC, WinNEC, and EZNEC for Windows) 
* Antenna noise temperature 

© Antennas for radio astronomy 

* Antennas for Radio Direction Finding, 


Thope that you find this fourth edition as useful as the previous three editions, 
‘And thank you very snuck for honoring me by spending your hard-earned money on 
muy book. 

Joseph J. Carr, MSEE 


"Tho NAA callsign has since been reassigned to the VLP station at Cutler, ME. 


1376860_FM_Carr 4/10/01 4:57 PM Page xi 5 


Introduction to fourth edition xi 


1-1 Massive antenna towers at Navy “Radio Arlington” (1913-1940). (Courtesy of 
the NAA) 
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CHAPTER 


Introduction to 
radio broadcasting 
and communications 


RADIO BROADCASTING AND COMMUNICATIONS SEEMS TO HOLD A STRANGE KIND OF 

magical allure that attracts a wide variety of people and holds them for years. There 

is something fascinating about the ability to project yourself over vast interconti 
ental distances. 

Radio communications have been with us now for the entire twentieth century 
and into the twenty-first. Experiments are on record as early as 1867, and by the turn 
of the century “Wireless telegraphy” (as radio was called then) sparked the imagina- 
tions of countless people across the world. Radio comununications began in earnest, 
however, when Guglielmo Marconi suecessfully demonstrated wireless telegraphy as 
a commercially viable entity. The “wireless” aspect to radio so radically changed corn: 
munications that the word is stil used to denote radio communications in many coun: 
ties of the world. Marconi made a big leap to international fame on a cold December 
day in 1903, when he and a team of colleagues successfully demonstrated trans: 
atlantic wireless telegraphy. Until that time, wireless was a neighborhood—or crass: 
town at best—endeavor that was of limited usefulness. Of course, ships close to 
shore, or each other, could summon aid in times of emergency, but the ability to com. 
munieate over truly long distances was absent, All that changed on that fateful day in 
Newfoundland when Marconi heard the Morse letter “S” tickle his ears. 

Wireless telegraphy was pressed into service by shipping companies because it 
iinmediately provided an element of safety that was missing in the prewireless days, 
Indeed, a ship that sank, leaving its crew and passengers afloat on a forbidding sea, 
was alone. Any survivors often succumbed to the elements before a chance en: 
counter with a rescue vessel. Some early shipping companies advertised that their 
ships were safer because of wireless aboard, It was not until 1909, however, that 
wireless telegraphy proved its usefulness on the high seas. Two ships collided in the 
foggy Atlantic Ocean and were sinking. All passengers and crew members of both 
ships were in imminent danger of death in the iey waters, But radio operator Jack 
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Binns became the first man in history to send out a maritime distress call. There is 
somie debate over which distress call Binns transmitted, but one thing is certain: It 
was not “SOS” (today’s distress call), because SOS was not adopted until later. Binns 
probably transmitted either “CQD” or “CQE,” both of which were recognized in 
those days before standardization, Regardless of which call was sent, however, it was, 
received and relayed from ship to ship, allowing another vessel to come to the aid of 
the stricken pair of ships. 

All radio prior to about 1916 was carried on via telegraphy (Le,, the on-off keying of 
a radio signal in the Morse code). But in 1916 some more magie happened. On a little 
hill in Arlington, Virginia, on a site that now overlooks the Pentagon and the US. Marine 
Corps base called Henderson Hall, there were (and still are) a pair of two-story brick 
‘buildings housing the naval radio station NAA (callsign since reassigned to the VLF sta- 
tion at Cutler, ME), On a night in 1916, radio operators and monitors up and down the 
Atlantic seaboard—from the midwest to the coast and out to sea for hundreds of 
‘miles—heard something that must have startled them out of their wits, for erackling out 
of the “ether,” amidst the whining of Alexanderson alternators and “2ZZZCHHT” of 
spark-gap transmitters, came a new sound—a human voice, Engineers and scientists at 
the Naval Research Laboratory had transmitted the first practical amplitude-modulated, 
(AM) radio signal, Earlier attempts, prior to 1910, had been successful as scientific 
experiments, but they did not use commercially viable equipment. 

Although radio activity in the early years was unregulated and chaotic, today it 
is quite heavily regulated, Order was brought to the bands (don't laugh, ye who tune 
the shortwaves) that was lacking before. Internationally radio is regulated by the In- 
ternational Telecommunications Union (ITU) in Geneva, Switzerland through the 
treaties arising from World Administrative Radio Conferences (WARC) held every 
to 16 years. In the United States, radio communications are regulated by the Fed: 
eral Communications Commission (FCC), headquartered in Washington, D.C. 

Amateur radio has grown from a few thousand “hams” prior to World War I to 
‘more than 900,000 today, about one-third of them in the United States. Amateur op- 
cerators were ordered off the air during World War I, and almost did not make a come- 
back after the war. There were, by that time, many powerful commercial interests 
that greedily coveted the frequencies used by amateurs, and they almost succeeded, 
in keeping postwar amateurs off the air. But the amateurs won the dispute, at least. 
partially. In those days, it was the frequencies with wavelengths longer than 200m 
(Le,, 20 to 1500 kHz) that were valuable for communications, 

‘The cynical attitude attributed to the commercial interests regarding amateurs 
‘was, “put ‘em on 200 meters and below . .. they'll never get out of their backyards 
there!” But there was a surprise in store for those commercial operators, because the 
wavelengths shorter than 200 m are in the high-frequeney region that we now call 
“shortwaves.” Today, the shortwaves are well-known for their ability to communicate 
over transcontinental distances, but in 1919 that ability was not suspected, 

Tonce heard an anecdote from an amateur operator “who was there,” In the 
summer of 1921 this man owned a large, beautiful wire “flattop” antenna array for 
frequencies close to 200 m on his family’s farm in southwestern Virginia. Using 
those frequencies he was used to communicating several hundred miles into eastern, 
Ohio and down to the Carolinas. But, in September 1921 he went to college to study 
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electrical engineering at the University of Virginia in Charlottesville, When he re- 
‘turmed home for Thanksgiving he noticed that his younger brother had replaced the 
Jong Mattop array with a short dipole antenna. He was furious, but managed through 
great effort to contain the anger until after dinner. Confronting his brother over the 
incredible sacrilege, he was told that they no longer used 150 to 200 ma, but rather 
were using 40 m instead. Everyone “knew” that 40/m was useless for communications 
‘over more than a few blocks, so (undoubtedily fuming) the guy took a turn at the key. 
He sent out a “CQ” (general call) and was answered by a station with a callsign like 
*SXX.” Thinking that the other station was in the Sth U.S. call district (WV, OH, MI) 
he asked him to relay a message to a college buddy in Cincinnati, OH. The other sta- 
tion replied in the affirmative, but suggested that“. . . you are in a better 
position to reach Cincinnati than me, Iam FRENCH 8XX." (Callsigns in 1921 did not 
have national prefixes that are used today.) The age of international amateur com- 
‘munications had arrived! And with it came a new problem—the national identifiers in 
call signs became necessary (which is why American call signs begin with K, W, or N). 

During the 1930s, radio communications and broadcasting spread like wildfire 
as technology and techniques improved. World War II became the first war to be 
fought with extensive electronics. Immediately prior to the war, the British devel- 
‘oped a new weapon called RADAR (radio detection and ranging; now spelled radar). 
‘This tool allowed them to see and be forewarned of German aireraft streaming across 
the English Channel to strike targets in the United Kingdom, The German planes 
‘were guided by (then sophisticated) wireless highways in the sky, while British fight- 
ets defended the home island by radio vectoring from ground controllers, With night 
fighters equipped with the first “centimetrie” (Le., microwave) radar, the Royal Air 
Force was able to strike the invaders accurately—even at night. The first kill oc- 
curred one dark, foggy, moonless night when a Beaufighter closed on a spot in the 
sky where the radar in the belly of the plane said an enemy plane was flying. Briefly 
thinking he saw a form in the fog, the pilot cut loose a burst from his quad mount of 
20-mm guns slung in the former bomb bay. Nothing. Thinking that the new toy hdl 
failed, the pilot returned to base—only to be told that round observers had re- 
ported that a German Heinkle bomber fell from the overeast sky at the exact spot 
where the pilot had his ghostly encounter. 

Radio, television, radar, and a wide variety of services, are available today under 
the general rubric “radio communications and broadeasting.” Homeowners, and 
other nonprofessionals in radio, can own a receiver system in their backyard that, 


picks up television and radio signals from satellites in geasynchronous orbit 23,000 mi 
‘out in space. Amateur operators are able to communicate worldwide on low power, 
and have even launched their own “OSCAR” satellites 


Some people had written off the HF radio spectrum in recent years, citing satel- 
lite technology as the reason. But the no-code license for amateur radio operators, 
‘which does not carry HF privileges, has proven to be a stepping stone to higher- 
lass licenses, which do. Also, the shortwave broadcasting market. received a 
tremendous boost during the Gulf War. When the troops of Operution Desert 
Shield and Desert Storm were assembling to take back Kuwait from the Iraqis, the 
sales of shortwave receivers jumped dramatically. And, following January 16, 1991, 
‘when the forces started pouring across the border into the actual fight, the sales 
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B. Beum Steering Mechanism 

In this work the designed antenna is eapable of 60 beam 
steering in steps of 60°. The beam steering is achieved by 
using two sets of 4:1 Analog devices multiplier switch ADG 
904, Fig.3 shows RF PCB designed for beam steering. Beam 
is steered towards an element which is open. The open element 
behaves as a director and shorted elements act as reflectors 
In order to achieve a maxima at 0, we make the element 
| open by using RF switch IC while other elements (ie. 
‘elements 2,345 and 6) ate shorted. This mechanist is similar 
ements with shorter lengths in 
front of feed element act as directors and elements at rear of 
feed element acts as reflectors [11]. In Yagi-Uda antenna feed 
len a a dipole or folded dipole 


to Yagi-Uda antenna where 


ent is ft 


IIL, PARASITIC ARRAY ANTENNA DESIGN 


Design parameters and mechanical design of antenna is 
included in this section, 


A, Design Parameters 


Ai parameters are tabulated and the results are 
optimized using antenna simulation tools, Ground is skirted 
since skirted ground provides mechanically sound model for 
PCB assembly to mount at back of antenna [12]. Skit is NV ia 
length similarly each monopole element is lambda in length 
and \/200 is its radius-Table I shows the design parameters 
for the seven-element switched parasitic array antenna, 


i desi 
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Fig. Designed seven element parasticsvitchad say antena 


Fg. $. Simulated anenns model 


B. Mechanical Design 
Monopole elements are made by cutting copper wire of 
desired gauge ie lamb/200 in radius [13] and these elements 
are soldered on pin of SMA. connectors.Aluminum is used 
as ground plane. Electromagnetic waves are reflected by the 
‘ground, Instead of using seven dipole elements we have used 
seven monopole elements mounted on the ground plane [13] 
Ground is made hollow in order to create space for mounti 
control circuitry [15]. Fig. 4 shows designed hardware 


IV. ANTENNA SIMULATION AND PLOTS 


‘The antenna is first simulated and then simulated results 
are compared with the measured results of fabricated antenna, 
with the hardware results and 


‘Simulated results were in ls 
8 dB gain was observed in simulated results as well as in 
Fabricated antenna. In simulation each of the parasitic element 
is loaded with lumped port excitation, simulating opening and 
shorting [16] of monopole elements, Fig, 5 shows simulated 
‘model, 
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skyrocketed out of sight. One dealer told me that he couldn't keep receivers in 
stock, and that he had sold out most models. That interest seems to have matured 
into long-term interest on the part of a significant: number of listeners and new 
‘ham operators. 

‘The antenna is arguably one of the most important: parts of the receiving and/or 
transmitting station (Fig. 1-1). That is what this book is all about, 


1-1 This AM/PM broadeast antenna 
tower bristles with two-way 
antennas. 


2 


CHAPTER 
Radio-wave propagation 


‘THE PROPAGATION OF RADIO SIGNALS IS NOT THE SIMPLE MATTER THAT IT SEEMS AT 
first glance, Intuitively, radio signal propagation seems similar to light propagation; 
after all, light and radio signals are both electromagnetic waves. But simple inverse 
square law predictions, based on the optics of visible light, fall down radically at ra- 
dio frequencies because other factors come into play. In the microwave region of the 
spectrum, the differences are more profound because atmospheric pressure and 
ater vapor content become more important than for light. For similar reasons, the 
properties of microwave propagation differ from lower VHF and HF propagation. In 
the HF region, solar ionization of the upper reaches of the atmosphere causes the 
kind ofeffects that lead to long-distance “skip” communications and intercontinental 
brondeasting, This chapter examines radio propagation phenomena so that you have 
a better understanding of what an antenna is used for and what parameters are im- 
portant to ensure the propagation results that you desire 


Radio waves 


Although today it is well recognized that radio signals travel in a wave-like manner, 
that fact was not always so clear. It was well known in the first half of the nineteenth 
century that wires carrying electrical currents produced an induction field sur- 
rounding the wire, which is capable of causing action over short distances. It was 
also known that this induction field is a magnetic field, and that knowledge formed 
the basis for electrical motors. In 1887, physicist Heinrich Hertz demonstrated that 
radio signals were electromagnetic waves, like light. Like the induction field, the 
electromagnetic wave is created by an electrical current moving in a conductor (e.g., 
a wire). Unlike the induction eld, however, the radiated field leaves the conductor 
and propagates through space as an electromagnetic wave. 
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‘The propagation of waves is easily seen in the “water analogy.” Although not 
a perfect mateh to radio waves, it serves to iustrate the point. Figure 2-1 shows a 
body of water into which a ball is dropped (Fig. 2-1A). When the ball hits the water 
(Pig, 2-18), it displaces water at its point of impaet, and pushes a leading wall of wa- 
ter away from itself. The ball continues to sink and the wave propagates away from. 
it until the energy is dissipated. Although Fig. 2-1 shows the action in only one di- 
mension (a side view), the actual waves propagate outward in all directions, forming 
concentric circles when viewed from above. 

‘The wave produced by a dropped ball is not continuous, but rather is damped 
(Le, it will reduce in amplitude on successive crests until the energy is dissipated 
and the wave ceases to exist). But to make the analogy to radio waves more realis: 
tic, the wave must exist in a continuous fashion, Figure 2-2 shows how this is done: 
a ball is dipped up and down in a rhythmic, or cyclic manner, successively rein- 


=a 
a ‘alling object 


‘Leauling wave forms at instant 
object strikes water 


Surface of water 


Leading wave moves radially outward 


ie 


Notes: A Amplitude of leading wave 
B Corresponds to 1 eycle of oscillation 


2-1 A ball dropped into water generates a wavefront that spreads out from the point of orig 
inal disturbances, 
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forcing new wave crests on each dip. ‘The waves continue to radiate outward as 
ong as the ball continues to oscillate up and down. The result is a continuous 
wane train. 

‘There are two related properties of all waves that are important to radio waves 
as well: frequency ()) and wavelength (2). The frequency is the number of oseilla- 
tions (or eyeles) per unit of time, In radio waves, the unit of time is the second, so 
frequency is an expression of the number of cycles per second (cps). Ifthe period 
of time required for the leading wave to travel from point “A” to “B” is one second 
(5), and there are two complete wave cycles in that space, then the frequency of 
the wave created by the oscillating ball is 2 eps. 

At one time, radio frequencies (along with the frequencies of other electrical 
and acoustical waves) were expressed in eps, but in horior of Heinrich Hertz, the unit 
‘was renamed the hertz (Hz) many years ago. Because the units are equal (1 Hz 
1 eps), the wave in Fig, 2-2 has a frequeney of 2 Hz. 

Because radio frequencies are so high, the frequency is usually expressed in 
kilohertz (kHz—1000s of Hz) and megahertz (MHz—1,000,000s of Hz). ‘Thus, the 
frequency of a station operating in the middle of the AM broadcasting band ean be 
properly expressed as 1,000,000 Hz, or 1000 kHz, or 1 MH, all of which are equiva- 
lent to each other. Radio dials in North America are usually calibrated in kHz or MHz, 
In Europe and the rest of the world, on the other hand, it is not uncommon to find 
radio dials calibrated in meters, the unit of wavelength, as well as in frequency. In 
‘most equations used in radio antenna design, the proper units are hertz, kilohertz, 
and megahertz 


2-2 Bobbing ball on a 
string demonstrates 
‘continuous wave 
generation action, a 
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‘The wavelength of any wave is the distance between like features on the wave: 
form, In the case of Fig. 2-2, the wavelength (2) is the distance between successive 
positive peaks. We could also measure the same distance between successive nega- 
tive peaks, or between any two similar features on successive waves. In radio work, 
the wavelength of the signal is expressed in meters or ils subunits 

‘The wavelength is proportional to the reciprocal of the frequency. The wave- 
length of any wave is related to the frequency so that fA = v, where fis the frequency 
in Hz, Ais the wavelength in meters, and v is the velocity of propagation in meters 
per second (1n/s). Because radio waves propagate at the speed of light (which is also 
an electromagnetic wave), approximately 300,000,000 m/s in both free space and 
the earth's atmosphere, the lowercase letter ¢ is used to represent velocity (rather 
than ®), so you can rewrite this expression in the form, 


e_ 300,000,000 ei 


‘These equations are sometimes abbreviated for use with the units kHz and MHz: 


12.2] 


[2.3] 


You can get an idea of the order of length of these waves by solving Eq. 2.8 for 
several different frequencies: 100 kHz, 1 MHz (in the AM broadcast band), 10 MHz 
(Gn the shortwave bands), and 1000 MHz (microwave bands). If you work the 
equations, then you will find that these wavelengths are 3000 m (100 kHz), 300 m 
(1 MHz), 30 m (10 MHz), and 0.3 m, or 80 cm (1000 MHz). You can see from these 
numbers why 1 MHz is in what is called the medium-wave band, 10 MHz is in the 
short wave band, and 1,000 MHzis in the microwave (“very small” wave) band. At 
100 kHz, which is 0.1 MH, the wavelength is 3000 m, so this frequency isin the long- 
wave band. 

‘The place where the water analogy falls down most profoundly isin the nature of 
the medium of propagation. Water waves move by moving water molecules; water 
is said to be the medium in which the wave propagates. At one time, scientists could 
not conceive of the “action at a distance” provided by radio waves, so they invented 
a hypothetical medium called ether (or aether) for propagating electromagnetic 
‘waves (such as radio waves and light). It was not until the late nineteenth century 
that American physicists Michaelson and Morley proved that the ether does not exist. 
Nonetheless, radio enthusiasts stil refer to the “stu” out of which radio waves arrive 
as the “ether.” This terminology is merely an archaic, nguistic echo of the past. 


The electromagnetic field: a brief review 


A great deal of heavily mathematical material can be presented about electromag, 
netic waves. Indeed, developing Maxwell's equations is a complete field of study for 
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specialists. In this section, you will not use this rigorous treatment because you cant 
refer to engineering textbooks for that depth of information, The purpose here is to 
present a descriptive approach that is designed to present you with a baste under 
standing of the phenomena, The approach here is similar to the learning of a “con 
versational” foreign language, rather than undertaking a deep study of its grammar, 
syntax, and context, For those whose professional work routinely involves electro 
‘magnetic waves, this treatment is hopelessly simplistic, For that I make no apology, 
because it serves a greater audience. The goal here is to make you more comfortable 
when thinking about the propagation of electromagnetic fields in the radio portion of 
the electromagnetic spectrum, 

Radio signals are transverse electromagnetic (TEM or EM) 1eaves exactly like 
light, infrared (IR), and ultraviolet (UV), except for frequency. Radio waves have 
much lower frequencies than light, IR, of UV, hence they have much longer wave 
lengths. The TEM (EM) wave consists of two mutually perpendicular oscillating 
fields (see Fig. 2-3) traveling together in phase. One of the fields is an electric field 
and the other is a magnetic field. 


Radio-wave intensity 
‘The radio wave is altenuated (i.e. reduced in apparent power) as it propagates from 
the transmitter to the receiver. Although at sore very high mierowave frequencies, 
there is additional path loss as a result of the oxygen and water vapor content of the 
air. At other frequencies other losses exist, Radio waves at all frequencies sulfer 
losses due to the inverse square law. Let's take a look at that phenomenon, 

The electtie field vector falls off in direct proportion to the distance traveled, 
The E field is measured in terms of volts per meter (V/m), or in the subunits mil- 
livolts per meter (mV/m) oF microvolts per meter (W/m), That is, ifan E field of 


Jeeta 


2-3 Electromagnetic wave consists of right angle electric and magnet fields, 
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10 Vim crosses your body from head to toe, and you are about 2 m tall, then an 
electrical voltage is generated of (2 m)x(10 Vim), or 20 V. The reduction of the E 
field is linearly related to distance (Le,, if the distance doubles the E-field voltage 
vector halves). Thus, a 100 mV/m E field that is measured 1 ini from the trans- 
mnitter will be 50 mV/m at 2 mi. 
‘The power in any electrical system is related to the voltage by the relationship 
ra 


p= 2.4] 
7 [2.4] 


where 


Pis the power in watts (W) 
Ris the resistance in ohuns (Q) 
Ells the electrical potential in volts (V) 


Inthe case ofa radio wave, the R term is replaced with the impedance (2) of free 
space, which is on the order of 377 Q. Ifthe E field intensity is, for example, 10 V/m, 
then the power density of the signal is 


(20 Vin)? 
‘a7 


0.265 Win 


P 1.5 mW/ 12.5] 


‘The power density, measured in watts per square meter (W/m#), or the subunits 
(eg,, mWien?), falls off according to the square of the distance. This phenomenon is 
shown graphically in Fig, 2-4. Here, you can see a lamp emitting a light bearn that 
falls on a surface (A), at distance L, with a given intensity. At another surface (B), 
that is 22 from the source, the same amount of energy is distributed over an area 
(B) that is twice as large as area A. Thus, the power density falls off according to 
‘V2, where d is the difference in distance. This is called the inverse square law: 


Isotropic sources 
In dealing with both antenna theory and radio wave propagation, a theoretical 
construct called an isotropic source is sometimes used for the sake of compari- 
son, and for simpler arithmetic. You will see the isotropic model several places in 
this book. An isotropic source assumes that the radiator (.e., an “antenna”) is a 
very tiny spherical source that radiates energy equally well in all directions. The 
radiation pattern is thus a sphere with the isotropic antenna at the center. Be- 
use a spherical source is uniform in all directions, and its geometry is easily de- 
termined mathematically, the signal intensities at all points can be calculated 
from basic geometric principles 
For the isotropic case, you can calculate the average power in the extended 
sphere from 
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Lamp 


2-4 Asa wave propagates, it spreads out according to the inverse square lav, Le., the area 
of Bis 4 times that of A because itis twice as far fron the source. 


where 


P,, is the average power per unit area 

Pris the total power 

dis the radius of the sphere in meters (Le, the distance from the radiator to the 
point in question) 


‘The effective aperture (A,) of the receiving antenna relates to its ability to col- 
lect power from the EM wave and deliver it to the load. Although typically smaller 
than the surface area in real antennas, for the theoretical isotropic case A, = A#/4n. 
‘The power delivered to the load is 


12.71 


By combining the two previous equations, the power delivered to a load at dis 
tance d is given by 


where 


P, Is the power to the load 
ais the wavelength (c/F) of the signal 
From these expressions, there ean then be derived an expression for ordinary 
path losses between an isotropic transtnitter antenna and a receiver antenna 
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or, by rearranging to account for individual terms: 


L, 


[20 log dl} + [20 10g Fy] + [2.10] 


where 


‘Lg the path loss in decibels (aB) 
dis the path length 
is frequency in megahertz (MHz) 
Is on the units ofc as follows: 


Fae 
kis-a constant that depen 


k= 92.4 if in kilometers 
36.58 if d in statute miles 
37.80 if d in nautical miles 
=-S7.87 ifd in feet 

27.56 if d in meters 


‘The radiated sphere of energy gets ever larger as the wave propagates away from 
the isotropic source. If, at a great distance from the center, you take a look at a sinall 
slice of the advancing wavefront you can assume that itis essentially a flat plane, as in 
Fig. 2-5. This situation is analogous to the apparent fatness of the prairie, even though 
the surface of the earth is nearly spherical. You would be able to “see” the electric and. 
‘magnetie Geld vectors at right angles to each other in the flat plane wavefront. 

‘The polarization of an EM wave is, by definition, the direction of the electric 
field. Figure 2-6A shows vertical polarization, because the electric field is vertical 
with respect to the earth, Ifthe fields were exchanged (as in Fig, 2-6B), then the EM 
wave would be horizontally polarized, 

‘These designations are especially convenient because they also show the type 
of antenna used: vertical antennas produce vertically polarized signals, while hori- 
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2-5 When viewed as a plane, the 
fields appear at right angles to 
each other 
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Direction of travel ———p= 


ii 
WATT 


2-6 Wave polarization is determined by the direction of the electre fled lines of force: 
(A) vertical polarized electromagnetic wave; (B) horizontally polarized wave 


zontal antennas produce horizontally polarized signals. At least one text erro: 
neously states that antennas will not pick up signals of the opposite polarity. Such 
is not the case, especially in the high-frequency (HF) and lower very high: 
frequency (VHF) regions. At VHE, ultrahigh frequency (UHF), and microwave fre 
quencies a loss of approximately 20 to 30 dB ean be observed due to cross. 
polarization. 

AnEM wave travels at the speed oflight, designated by the letter c, which is about 
300,000,000 sms (or 186,000 m/s). To put this velocity in perspective, a radio signal 
originating on the sun's surface would reach earth in about 8 minutes. A terrestrial ra 
dio signal can travel around the earth seven times in one second. The velocity of the 
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Fig. 6 Anceole chamber resus foe 000° (Beam ia elevated becuse We 
{Me wing monopole elements With ite grout 


‘Two dimension polar plots depicts the beam steering in the 
direction of given elevation angle, theta (@) and azimuth angle, 
phi (@). Amechoie chamber results for 8=90 and «=0 and 30 
Agrees are shown in Fig. 7 and 8 respectively. Using large 
round plane angle of elevation is reduced closer to 14°. Fig, 
6 shows anechoic chamber result for 4=90 one can observe 
small elevation form desired x-y axis because of ground skirt 
[17LMn simulations elevation angle of 85° is observed. Fig, 
6{a) shows antenna simulated plot for elevation angle @ and 
Fig. 6(b) shows anechoic chamber results Anechoie chamber 
plot of Fig. 7 shows maxima at ¢=0°. in order to get maxima 
at 0? elements from element number 2-6 are shorted and the 
clement 1 is opened, Similarly Anechoie chamber plot of Fig 
8 shows maxima at §=30°, in order 10 get maxima at 30° 
‘elements from element number 3-6 are shorted and element 1 
and element 2 are open. 

‘Traditional ESPAR antenna and switched parasiic array 
amtenna have all cylindsieal elements, including the active 
clement [3], [4]. We have made ceoter element conical instead 
of eylindrical. Due to conical nature of active element response 
‘our frequency range and improved. In onder to validate the 
sain enhancement both models were simulated and results 
were compared. Fig 9. (a) shows conventional design and 
Fig. 9(b) shows simulated antenna with conical center ele- 
ment. Fig. 10 shows Si, plot for cylindrical active element. 
Considering Suu as cut off point bandwidh range from 
2.358 GHz to 251 GHz (0.152 GHZ). Fig. 11 shows S11 
plot for centre conical element, considering Sy as cut off 
point bandwidth ranges from 2.36 GHz to 2.555 GHz (0.195 
Gilz), Therefore my making center element conical we have 

mproved bandwidth as compared to traditional switeh array 
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Fig. 9, (a) Conventional ESPAR antenna model with eylindical Center 
leet, Fig. 9 (b) Designs! ESPAR antenna with conedl lenient for 
Bandwidth Enacement 


parasitic antennas. Low profile design for switched parasitic 
array antennas in also highlighted in [18] 


Y. FUTURE WORK AND CONCLUSION 


5G networks will be designed for device to device, device 
to human and human to huuan interactions, High data rates 
are required to meet demands of 5G systems. One of proposed 
bands for 5G is in mm-Waves range ie from 30GHz to 60GHz 
for such high frequencies path losses are considerable and 
hheam steering antennas are way forward to overcome path 
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‘wave slows in dense media, but in air the speed is so close to the “free-space” value 
of, that the same figures are used for both air and the near vacuum of outer space in, 
practical problems, In pure water, which is much denser than air, the speed of radio 
signals is about one-ninth that of the free-space speed, This same phenomenon shows 
up in practical work in the form of the velocity factor (V) of transmission lines, In 
foam dielectric coaxial cable, for example, the value of V is 0.80, which means that the 
signal propagates along the line ata speed of 0.80c, or 80 percent of the speed of light. 
‘This coverage of radio propagation considers the EM wave as a very narrow “ray” 
or “pencil beam” that does not diverge as it travels. ‘That is, the ray remains the same 
‘width all along its path. This convention makes it easy to use ray tracing diagrams. 
Keep in mind, however, that the real situation, even when narrow-beamwidth m 
crowave signals are used, is much more complicated, Real signals, after all, are slop- 
pier than textbook examples: they are neither infinitesimally thin, nor nondivergent. 


The earth’s atmosphere 
‘The electromagnetic waves do not need an atmosphere in order to propagate, as 
you will undoubtedly realize from the fact that space vehicles can transmit radio 
Signals back to earth in a near vacuum. But when a radio wave does propagate in the 
earth's atmosphere, it interacts with the atmosphere, and its path of propagation is 
altered. A number of factors alfect the interaction, but it is possible to break the 
atmosphere into several different categories according to their respective effects 
‘on radio signals. 

The atmosphere, which consists largely of oxygen (O,) and nitrogen (N) gases, 
is broken into three major zones: (roposphere, stratosphere, and ionosphere (Fig 
2-7). The boundaries between these regions are not very well defined, and change 
both diurnally (over the course of a day) and seasonally 

‘The troposphere occupies the space between the earth's surface and an altitude 
of 6 to 11 km (4 to Ti). The temperature of the air in the troposphere varies with 
altitude, becoming considerably lower at greater altitude compared with ground 
temperature. For example, a +10°C surface temperature could reduce to -55°C at 
the upper edges of the troposphere. 

‘The stratosphere hegins at the upper boundary of the troposphere (6 to 11 kin), 
and extends up to the ionosphere (=50 km). The stratosphere is called an isother. 
‘mal region because the temperature in this region is somewhat constant, despite al 
tituce changes. 

‘The ionosphere begins at an altitude of about 50 km (31 mi) and extends up to 
approximately 300 km (186 mi). The ionosphere is a region of very thin atmosphere 
Cosmic rays, electromagnetic radiation of various types (including ultraviolet ight 
from the sun), and atomic particle radiation from space (most of these from the sun 
also), have sufficient energy to strip electrons away from the gas molecules of the 
atmosphere. These freed electrons are called negative fons, while the O, and N inol- 
‘ecules that lost electrons are called positive ions. Because the density of the air is 
so low at those altitudes, the ions can travel long distances before neutralizing each 
other by recombining, Radio propagation on some bands varies markedly between 
daytime and nighttime because the sun keeps the level of ionization high during 
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2-7, Rauio propagation in the ionosphere is affected by a number of different physical factors: cosine ray 
atornic particles, solar radiation, 
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daylight hours, but the ionization begins to fall off rapidly after sunset, altering 
the radio propagation characteristics after dark. The ionization does not occur at 
Iower altitudes because the air density is such that the positive and negative ions are 
numerous and close together, so recombination occurs rapidly. 


EM wave propagation phenomena 


Because EM waves are waves, they behave in a wave-like manner. Figure 2-8 illus 
trates some of the wave behavior phenomena associated with light and radio waves: 
reflection, refruction, and diffraction. All three play roles in radio propagation. 
Reflection and refraction are shown in Fig. 2-8A. Reflection occurs when a 
wave strikes a denser reflective medium, as when a light wave strikes a glass mir- 
ror. The incident wave (shown as a single ray) strikes the interface between less 
dense and more dense mediums at a certain angle of incidence (a,), and is re- 
Mected at exactly the same angle (now called the angle of reflection (a, ). Be- 
cause these angles are equal, a reflected radio signal can often be traced back to 
its origin. 
Refraction occurs when the incident wave enters a region of different density, 
and thereby undergoes both a velocity change and a directional change. The amount 
id direction of the change are determined by the ratio of the densities between the 
two media. If Zone B is much different from Zone A, then bending is great, In radio 
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systems, the two media might be different layers of air with different densities. It is, 
possible for both reflection and refraction to occur in the same system. Indeed, more 
than one form of refraction might be present. These topics will be covered in greater 
depth shortly. 

Diffraction is shown in Fig. 2-8B. In this case, an advancing wavefront encoun- 
ters an opaque object (e.g., a steel building). The shadow zone behind the building 
is not simply perpendicular to the wave, but takes ona cone shape as waves bend. 
around the object. The “umbra region” (or diffraction zone) between the shadow 
zone (“eone of silence”) and the direct propagation zone is a region of weak (but not, 
zero) signal strength. In practical situations, signal strength in the eone of silence 
rarely reaches zero, A certain amount of reflected signals scattered from other 
sources will fill in the shadow a little bit. The degree of diffraction effect seen in any 
ziven case is a function of the wavelength of the signal, the size of the object, and its 
electromagnetic properties 


Propagation paths 

‘There are four major propagation paths: swrface wave, space wave, tropaspheric, 
and ionospheric. The ionospheric path is important to medium-wave (MW) and HE 
propagation, but is not important to VHF, UHF, or microwave propagation, The space 
‘wave and surface wave are both ground waves, but they behave differently enough 
to warrant separate consideration, The surface wave travels in direct contact with, 
the earth's surface and it sulfers a severe frequency-dependent attenuation caused 
by absorption into the ground. 

‘The space wave is also a ground-wave phenomenon, but it is radiated from an 
antenna many wavelengths above the surface. No part of the space wave normally 
travels in contact with the surface; VHF, UHF, and microwave signals are usually 
space waves. There are, however, two components of the space wave in many’ cases: 
direct and reflected (see Fig. 2-9) 

‘The tropospheric wave is lumped with the direct space wave in some texts, but it 
has properties that actually make it different in practical situations. The troposphere 
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2-8B Diffraction phenomena, 
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‘Tropospheric path Mee 


2.9 Space wave propagation. 


is the region of earth's atmosphere between the surface and the stratosphere, or 
about 4 to 7 mi above the surface, Thus, most forms of ground wave propagate in the 
troposphere. But because certain propagation phenomena (caused mostly by 
\weather conditions) only occur at higher altitudes, tropospheric propagation should 
bbe differentiated from other forms of ground wave. 

‘The ionosphere is the region of earth’s atmosphere that is above the strato- 
sphere. The peculiar feature of the ionosphere is that molecules of air gas (0, and N) 
can be ionized by stripping away electrons under the influence of solar radiation and 

urtain other sources of energy. In the ionosphere, the air density is so low that ions 
can travel relatively long distances before recombining with oppositely charged 
{ons to form electrically neutral atoms, As a result, the ionosphere remains Ionized for 
long periods of the day—even after sunset. At lower altitudes, however, air density 
is greater and recombination thus occurs rapidly. At those altitudes, solar ionization 
diminishes to nearly zero immediately after sunset, or never achieves any significant 
levels even at local noon. 

Ionization and recombination phenomena in the ionosphere add to the noise 
evel experienced at VHF, UHF, and microwave frequencies. The properties of 
the ionosphere are important. to microwave technology because of the noise con- 
tribution. In satellite communications, there are some additional transionos- 
pheric effects. 


Ground-wave propagation 
The ground wave, naturally enough, travels along the ground, or at least in close 
proximity to it, There are three basi¢ forms of ground wave: space wave, surface 
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wave, and tropospheric wave. The space wave does not actually touch the ground. 
Asa result, space wave attenuation with distance in clear weather is about the same 
asin free space (except above about 10 GHz, where H,0 and O, absorption increases 
dramatically). Of course, above the VHF region, weather conditions add attenuation 
‘not found in outer space 

‘The surface wave is subject to the same attenuation factors as the space wave, 
‘but in addition it also suffers ground losses. These losses are caused by ohmic re- 
sistive losses in the conductive earth. In other words, the signal heats up the 
ground. Surface wave attenuation is a function of frequency, and it increases 
rapidly as frequency increases. Both of these forms of ground-wave comununiea- 
tions are affected by the following factors: wavelength, height: of both the receiv- 
ing and transmitting antennas, distance between the antennas, and the terrain and, 
weather along the transmission path. Figure 2-10 is a nomograph that can be used, 
to calculate the line of sight distances in miles from a knowledge of the receiver 
and transmitter antenna heights. Similarly, Figs. 2-11A and 2-11B show power at- 
tenuation with frequency and distance (Fig. 2-L1A) and power attenuation in 
terms of field intensity (Fig. 2-118). 

Ground-wave communications also suffer another difficulty, especially at VF, 
UHE, and microwave frequencies, The space wave is like a surface wave, but itis ra- 
diated many wavelengths above the surface. It is nade up of two components (see 
Fig. 2-9 again): the direct and reflected waves. If both of these components arrive at 
the receiving antenna, they will add algebraically to either increase or decrease sig- 
nal strength. There is always a phase shift between the two components because the 
two signal paths have different lengths (ie., D, is less than D, + D,). In addition, 
there may possibly be a 180° (x radians) phase reversal at the poittt of reflection 
(especially if the incident signal is horizontally polarized), as in Fig. 2-12. The fol 
lowing general rules apply in these situations: 


= A phase shift of an odd number of half wavelengths causes the components to 
add, increasing signal strength (constructive interference), 

* A phase shift of an even number of half wavelengths causes the compo- 
nents to subtract (Fig. 2-12), thus reducing signal strength (destructive 
interference) 

‘= Phase shifts other than half wavelength add or subtract according to relative 
polarity and amplitude, 


‘You can characterize the loss of signal over path D, witha parametric term » that 
is defined as follows: 


an 


where 


2 the signal loss coefficient 

S, is the signal level at the receiver in the presence of a ground reflection com. 
ponent 

S, isthe free-space signal strength over path D, if'no reflection took place. 
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2-10 Noniograph showing the line-of-sight transmission distance as a function of receiving and transmitting 


antenna heights 


Receiving antenna height above ground in feet 


Chapo2_carr 


4/10/01 


2:40 PM Page 21 


dB below 1 watt 


—_— 


EM wave propagation phenomena 21 


Power in 
Free-space field 
1 Watt radiated 
received an 
half-wave antenna 

For 1,000 watts radiated add +30 dB 
For 10,000 watts radiated add +40 dB 
For 100,000 watts radiated add +50 dB 


in ¢ 
170 ss 
O1 0305071 10 100 1,000 10,000 
Frequency in MHz 
2a1A Power in a free-space field (normalized to 1 W) 

You can calculate as follows: 
[2.12] 
[2.13] 


‘The reflected signal contains both amplitude change and phase change. The 
phase change is typically 1 radians (180"). The amplitude change is a function of 
frequency and the nature of the reflecting surface, The reflection coefficient can be 


haracterized as 


ert [2.14] 
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Reflected 
space 


where 


‘is the reflection coefficient 
pis the amplitude change 

is the phase change = 
jis the imaginary operator (V=1) 


For smooth, high-reflectivity surfaces and a horizontally polarized microwave 
signal that has a shallow angle of incidence, the value of the reflection coefficient is 
close to 1 
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‘The phase change of the reflected signal at the receiving antermia is at least m ra- 
dians because of the reflection, Added to this change is an additional phase shift that 
is a function of the difference in path lengths. This phase shift can be expressed in 
terms of the two antenna heights and path length, 


Anh, 
+a 12.15] 


A category of reception problems called multipath phenomena exists because 
of interference between the direct and reflected components of the space wave, The 
form of multipath phenomena that is, perhiaps, most familiar to many readers is 
ghosting in off-the-air television reception. Some multipath events are transitory in 
nature (as when an aireraft flies through the transmission path), while others are 
permanent (as when a large building, or hill, reflects the signal). In mobile commu- 
nications, multipath phenomena are responsible for reception dead zones and 
“picket fencing.” A dead zone exists when destructive interference between direct, 
and reflected (or multiply reflected) waves drastically reduces signal strengths. This 
problem is most often noticed at VHF and above when the vehicle is stopped; and 
the solution is to move the antenna one-half wavelength (which at VHF and UHF is 
amatter of a few inches). Picket fencing occurs as a mobile unit moves through sue- 
cessive dead zones and signal enhancement (or normal) zones, and it, sounds like a 
series of short noise bursts. 

AL VHF, UHF, and microwave frequencies, the space wave is limited to so-called 
line-of-sight distances. The horizon is theoretically the limit of communications dis- 
tance, but the radio horizon is actually about 15 percent farther than the optical hor 
zon (Fig, 2-13). This phenomenon is caused by refractive bending in the atmosphere 
around the curvature of the earth, and it makes the geometry of the situation look as 
ifthe earth’s radius is 4 the actual radius, 

‘The refraction phenomenon occurs at VHF through microwave frequencies, but 
not in the visible light spectrum, because water and atmospheric pressure (which re- 
lates to the effects of atmospheric gases on microwave signals) become important, 
contributors to the phenomenon, The K factor expresses the degree of curvature 
along any given path, while the index of refraction n measures the differential 
properties between adjacent zones of ai. 

‘The K factor, also called the effective earth's radius factor, is defined according 
to the relationship of two hypothetical spheres, both centered at the exact center of 
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Fig 10. Si plot fr conventional swied uray atenna 


Fig 1 St plot for comer conc clement switched ary antena, 


Josses [19]. ESPAR and switched parasitic array antennas 
provide a cost effective way of incorporating adaptive bean- 
forming in future SG and internet of Things (IoT) devices [20] 
However for the efficent use of ESPAR antennas in mobile 
terminals the size of the antenna system must be reduced, 
for this further research on dielectric switched parasitic array 
antennas is underway. Seven element switched parasitic array 
tunienna is designed that is capable of dynamic beam steering. 
Gain of SdB is achieved practically. Simulated results are 
in line with the anechoic chamber results, Designed antenna 
increase the channel capacity by improving signal to noise 
ratio. Gain of 84B was achieved in specified directions of 
elevation angle theta (@) and azimuth angle, phi (d). Antenna 
is optimized in terms of interference reduction for its use 
in wireless ad hoc networks, operating at frequency of 2.45 
GH. Bandwidth of designed antenna is 450 MHz and beam 
is steered in 360". 
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the earth, The first sphere is the earth's surface, which has a radius r, (2440 nmi oF 
6370 km). The second sphere is larger than the first by the curvature of the signal 
“ray path,” and has a radius 7, The value of Kis approximately 


[2.16] 


A value of = 1 indicates a straight path (Fig. 2-14); a value of K'> 1 indicates 
4 positively curved path (refraction); and a value of K <1 indicates a negatively 
‘curved path (subrefraction). The actual value of K varies with local weather condi- 
tions, so one can expect variation not only between locations, but also seasonally. In 
the arctic regions, varies approximately over the range 1.2 to 1.34. In the “lower 
48” states of the United States, K varies from 1.25 to 1.9 during the summer months 
(especially in the south and southeast), and from 1.25 to 1.45 in the winter months, 
‘The index of refraction n can be defined in two ways, depending on the situation. 
When a signal passes across boundaries between adjacent regions of distinetly dif- 
ferent properties (as occurs in temperature inversions, etc.), the index of refraction 
is the ratio of the signal velocities in the two regions, In a homogeneous region » 
can be expressed as the ratio of the free-space velocity c to the actual velocity in the 
atmosphere V: 


[2.17] 


At the surface, near sea level, under standard temperature and pressure condi 
tions, the value of » is approximately 1,0003, and in homogeneous atmospheres it 
will decrease by 4x 10° pet mile of altitude. The units of rare a bit cumbersome in 
equations, so the UHF/microwave communities tend to use a derivative parameter, 
N, called the refractivity of the atmosphere: 


N= (1) x 108 [2.18] 
Kea 
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OXMTR ANT 
ANT Ket 
_———_—> 


y 


2414 Refraction changes path length. 
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‘The value of N tends to vary from about 280 to 320, and both » and N’ vary with 
altitude, In nonhomogeneous atmospheres (the usual case), these parameters will 
vary approximately linearly for several tenths ofa kilometer, All but a few microwave 
relay systems can assume an approximately linear reduction of 1 and N with in- 
creasing altitude, although airborne radios and radars cannot. There are two meth- 
ods for caleulating N: 


4810/1, 
i — [2.19] 
7 
and 
q16 (3.73% 10 
HES (a 2.20) 
i ( a 12.20] 
where 


Pis the atmospheric pressure in millibars (1 torr = 1.3382 mbar) 
Tis temperature in kelvins 
e, is saturation vapor pressure of atmospheric water in. milibars 
Hq is the relative humidity expressed as a decimal fraction (rather than a 
percentage) 
Ray path curvature (A) can be expressed as a function of either or N, provided 
that the assumption of a linear gradient d,/d, holds true: 


[2211 


[2.22] 


For the near-surface region, where d,/d, varies at about 3.9 x 10°" m, the value 
of Kis 1.33, For most terrestrial microwave paths, this value (KC 38) is ealled 
a standard refraction, and is used in calculations in the absence of additional 
data. For regions above the linear zone close to the surface, you can use another ex- 
pression of refractivity: 


[2.23] 


where 


A, is the refractivity at 1 km altitude 
‘his the height of the receiver anteru 
1s the height of the transmit antenna 


—o— 


Chapo2_carr 4/10/01 1:40 PM Page 26 ¢ 


26 Radio-wave propagation 


C,=L,(N IN) 
N, isthe refrctivity at altitude 
isthe refractivity at the earth's surface 


For simple models close to the surface, you can use the geometry shown in 
Fig. 2-15. Distance d is a curved path along the surface of the earth, But because 
the earth's radius r,, is about 4000 statute miles, and it is thus very much larger than. 
a practical antenna height /, you can simplify the model in Fig. 2-15 to that in 
Fig. 2-15B. ‘The underlying assumption is that the earth has a radio radius equal to 
about % (K = 1.83) of the actual physical radius of its surface, 


Earth's Surface 


y= 4000 mi 


2415. Geometry for calculating radio distances 


2-158 Simplified geometry 
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‘The value of distance d is found from the expression 


ViFk, [2.24] 
where 


dis the distance to the radio horizon in statute miles 
r, is the normalized radius of the earth 
2 is the antenna height in feet 


Accounting for all constant factors, the expression reduces to 


d=1414 Vi, 12.25] 

all factors being the same as defined above 
Example 2-1 A radio tower has a UHF radio antenna that is mounted 150 feet 
above the surface of the earth. Caleulate the radio horizon (in statute niles) for this 


system. 
Solution: 


Ald (ht 
= (1414) (250 £1)" 
1.414)(12.25) 

= 17.82 mi 


For other units of measurement: 


d,,,= 123 .Viy, nmi [2.26] 


and 


dy, =130Ving kn 


[2.271 


Surface-wave communications ‘The surface wave travels in direct contact, 
with the earth's surface, and it suffers a severe frequeney-dependent attenuation be- 
cause of absorption by the ground. 

‘The surface wave extends to considerable heights above the ground level, al- 
though its intensity drops off rapidly at the upper end. The surface wave is subject 
to the same attenuation factors as the space wave, but in addition, it also suffers 
ground losses. These losses are caused by ohmic resistive losses in the conductive 
earth, and to the dielectric properties of the earth, In other words, the signal heats, 
up the ground. Horizontally polarized waves are not often used for surface wave 
‘communications because the earth tends to short-cireuit the E-field component. On. 
vertically polarized waves, however, the earth offers electrical resistance to the 
E-field and returns currents to following waves (Fig, 2-16). The conductivity of 
the soil determines how much energy is returned, Table 2-1 shows the typical con- 
ductivity values for several different forms of soil 
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Ground currents 


2:16 Distortion of vert 


ally polarized electric field by lossy ground resistance. 


‘Table 2-1, Sample soil conductivity values 


Dicleetrie Conductivity _—Relative 
‘Type ofsoil constant (siemens/meter) quality 
Salt water 81 5 Best 

resh water 80 0.001 Very poor 
Pastoral hills 14-20 0.03-0.01 Very good, 
Marstyy, wooded = 12, 0.0075 Average/poor 
Rocky hills 4 10 Poot 
Sandy 10 0.002 Poor 


Cities 


0.001 Very poor 


‘The wavefront of a surface wave is tilted because of the losses in the ground that, 
tend to retard the wavefront’s bottom (also in Fig. 2-16). The tilt angle is a function 
of the frequency, as shown in Table 


‘Table 2-2, Tilt angle as a function of frequency 


Frequency (kHz) Tt angle ratio Earthvseawater (degrees) 


20 4.32.08 
200 104 13.40.13 
2,000 64 2.00.5 


0,000 25 35/1.38 


urface-wave attenuation is a function of frequency, and increases rapidly as fre 
quency increases, For both forms of the ground wave, reception is affected by these 
factors: wavelength, height of both the receiving and transmitting antennas, dis 
Jance between antennas, and both ferrain and weather along the transmission 
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path, In addition, the surface wave is affected by the ground losses in Table 2-1, Be- 
‘cause of the ground loss effects, the surface wave is attenuated at a much faster rate 
than the inverse square law. 

Ground-wave propagation frequency effects ‘The frequency of a radio signal 
in large measure determines its surface-wave behavior. In the very low-frequency 
(VLE) band (<300 kH2), ground losses are small for vertically polarized signals, 
so medium-distance communications (up to several hundred miles) are possible. 
In the medium-wave band (300 to 3000 kHz, including the AM broadcast band), 
distances of 1000 mi are possible with regularity—especially at night. In the high 
frequency (HF) band, ground losses are more considerable, so the surface-wave 
distance reduces drastically. It is possible, in the upper end of the HF band (3000 
to 30,000 kHz) for surface-wave signals to die out within a few dozen miles. This, 
phenomenon is often seen in the 15-and 10-m amateur radio bands, as well as the 
LL-m (27-MHz) Citizen's Band. Stations only 20 mi apart cannot communicate, 
but both can talk to a third station across the continent via ionospheric skip. 
‘Thus, the two stations close together must have a station more than 2000 mi away 
relay messages hetween them. 

‘Tropospheric propagation ‘The troposphere is the portion of the atmosphere 
between the surface of the earth and the stratosphere (or about 4 to 7 mi above the 
surface). Some older texts group tropospheric propagation with ground-wave prop- 
agation, but modern practice requires separate treatment. The older grouping over 
looks certain common propagation phenomena that simply don’t happen with space 
or surface waves, 

Refraction is the mechanism for most tropospheric propagation phenomena. 
‘The dielectric properties of the air, which are set mostly by the moisture content 
(Fig. 2-17), are a primary factor in tropospheric refraction. Recall that refraction 
‘occurs in both light or radio-wave systems when the wave passes between mediums 
of differing density. Under that situation, the wave path will bend an amount pro- 
portional to the difference in density. 

‘Two general situations are typically found—espectally at UHF and microwave 
frequencies. First, because air density normally decreases with altitude, the top of 
a beam of radio waves typically travels slightly faster than the lower portion of the 
beam, As a result, those signals refract a small amount. Such propagation provides 
slightly longer surface distances than are normally expected from calculating the 
distance to the radio horizon, This phenomenon is called simple refraction, and was, 
discussed in a preceding section 

A special case of refraction called superrefraction occurs in areas of the world 
where warmed land air goes out over a cooler sea (Fig. 2-18). Examples of such areas, 
have deserts that are adjacent to a large body of water: the Gulf of Aden, the southern, 
Mediterranean, and the Pacific Ocean off the coast of Baja California are examples. 
‘VHF/UHF /microwave communications up to 200 mi are reported in such areas. 

‘The second form of refraction is weather-related. Called ducting, this form 
of propagation (Fig. 2-19) is actually a special case of superrefraction. Evaporation of 
sea water causes temperature inversion regions to form in the atmosphere—that is, 
nyered air masses in which the air temperature is greater than in the layers below it. 
(Vote: air temperature normally decreases with altitude, but at the boundary with an 
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2-17, Refraction in the troposphere 


inversion region, it increases.) The inversion layer forms a “duct” that acts like a 
waveguide. In Fig. 2-19, the distance D, is the normal “radio horizon” distance, and 
D, is the distance over which duct. communications ean occur. 

Ducting allows long-distance communications from lower VHF through mi 
crowave frequencies, with 50 MHz being a lower practical limit and 10 GHz being an 
defined upper Umit, Airborne operators of radio, radar, and other electronic 
‘equipment can sometimes note ducting at even higher microwave frequencies, 

Antenna placement is critical for ducting propagation. Both the receiving and 
transmitting antennas must be either (1) inside the duet physically (as in airborn 
eases) or (2) able to propagate at an angle such that the signal gets trapped inside 
the duct. The latter is a function of antenna radiation angle. Distances up to 2500 mi 
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2:19 Ducting phenomenon. 


or so are possible through ducting, Certain paths where frequent ducting occurs 
have been identified: the Great Lakes to the Atlantic seaboard; Newfoundland to the 
Canary Islands; across the Gulf of Mexico from Florida to Texas; Newfoundland to 
the Carolinas; California to Hawaii; and Ascension Island to Brazil 

Another condition is noted in the polar regions, where colder air from the land 
mass flows out over warmer seas (Fig, 2-20). Called subrefruction, this phenomena 
bends EM waves away from the earth's surface—thereby rechucivg the radio horizon 
by about 30 to 40 percent 
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2-20. Subrefraction phenomena, 


All tropospheric propagation that depends upon air-mass temperatures and hu- 
iidity, shows diumal (ie,, over the course of the day) variation caused by the local 
rising and setting of the sun, Distant signals may vary 20 dB in strength over a 24- 
hour period. These tropospheric phenomena explain how TV, FM broadcast, and 
other VHF signals can propagate great distances, especially along seacoast paths, at 
somte times while being weak or nonexistent at others. 

Diffraction phenomena Electromagnetic waves diffract when they encounter 
a radio-opaque object. The degree of diffraction, and the harm it causes, is frequency 
related. Above 3 GHz, wavelengths are so small (approximately 10 em) compared to 
object sizes that large attenuation of the signal occurs. In addition, beamwidths 
(@ fiction of antenna size compared with wavelength) tend to be small enough 
above 3 GH that blockage of propagation by obstacles is much greater, 

Earlier in this chapter, large-scale diffraction around structures (such as build- 
ings) was discussed. The view presented was from above, so it represented the ho 
zontal plane, But there is also a diffraction phenomenon in the vertical plane. Terrain, 
or man-made objects, intervening in the path between UHF mierowave stations (Fig. 
2-214) cause diffraction, and some signal attenuation, There is a minimum clearance 
required to prevent severe attenuation (up to 20 to 30 dB) from diffraction. Calcula- 
tion of the required clearance comes from Huygens-Fresnel wave theory. 

Consider Fig. 2-218. A wave source A, which might be a transmitter antenna, 
transmits a wavefront to a destination C (receiver antenna). At any point along path, 
‘ou can look at the wavefront as a partial spherical surface (B,-2,) on which all 
wave rays have the same phase. This plane can be called an isophase plane. You can 
assume that the d,/, refraction gradient over the height extent of the wavefront is 
small enough to be considered negligible. 

Using ray tracing we see rays 7, incoming to plane [B-B,], and rays r, outgoing 
from plane [B-B,), The signal seen at C is the algebraic sum of all rays r,, ‘The signal 
pattern will have the form of an optical interference pattern with wave cancellation 
‘occurring between », waves that are a half-wavelength apart on [8-2]. The ray im- 
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221A ‘Terrain masking of VHF and higher-frequeny signals. 


pact points on plane (4-B,] form radii R, called Fresnel zones. The lengths of the 
radii are a function of the frequency and the ratio of the distances D, and D, (see 
Fig. 2-21B). The general expression is 


[2.28] 


where 


R,, is the radius of the nth Fresnel zone 
Foy: i8 the frequency in GHz 

‘D, is the distance from the source to plane BB, 
‘Dy is the distance from destination to plane Bd 
Nis an integer (1,2,3,...) 

Ma constant of proportionality equal to 


we in kilometers and 


17.3iER,, is in meters and D,, D, 


72.1 iER,, is in feet and D,, D, are in statute miles 


Ifyou first calculate the radius of the eritical first Fresnel zone (R,), then you 
can calculate the nth Fresnel zone from 


R,=RVE [2.29] 


Example 2-2 Calculate the radius of the first Fresnel zone for a 2.5-GHz signal 
ata point that is 12 km from the source and 18 km from the destination. 
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Recent Antenna System Technologies for 
Next-generation Wireless Communications 


Koichi Tsunekawa* 
Abstract 


‘This paper describes the requirements of the antennas or antenna systems in recent high-speed and 
high-capacity wireless communication systems and the key technologies for satisfying them. It also 
explains the antennas and antenna systems being researched and developed for next-generation wireless 
communication systems. The antenna in such a system requires high gain, high-efficiency antenna ele- 
‘ments and a multi-antenna design. This paper introduces a high-efficiency antenna created by integrat- 
ing it with a monolithic microwave integrated circuit (MMIC) in a millimeter-wave frequency-band sys- 
tem, a multi-antenna system for the multiple-input multiple-output (MIMO) technique that enables mul- 
tiple data transmission for land mobile communication systems, and a beam-scanning antenna for satel- 
lite communication systems. It also explains the general research and development trend of antenna sys- 
tems and technical problems in each wireless system as an introduction to the other selected papers in 


this issue. 


1. Introduction 


Wireless access technologies have advanced rapid- 
ly [1] and broadband wireless communication sys- 
tems have become popular in our daily lives. An 
antenna is a very important component of a wireless 
system because it acts as the input and output inter 
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face for wireless equipment, as shown in Fig. 1. How- 
ever, system performance is determined by the total 
performance of each component, such as the antenna 
and the radio-frequency (RF), intermediate-frequen- 
cy (IF), and baseband (BB) units. For recent high-per- 
formance wireless systems, overall system design has 
been essential. Accordingly, the antenna must not 
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Fig. 1. Wireless and antenna system. 
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R, = (173) V@A) 72) 
R, = (7.3) 2.88) = 29.4 


For most terrestrial microwave systems an obstacle clearance of 0.6R, is required 
to prevent diffraction attenuation under most normal conditions. However, there are 
conditions in which the clearance zone should be more than one Fresnel zone. 

Fading mechanisms Fading is defined as a reduction in amplitude caused by 
reduced received signal power, changes in phase or polarization, wave cancellation, 
or other related problems that are not caused by a change in the output power level oF 
other parameters associated with either the transmitter or its antenna system. You 
would not ordinarily think that line-of-sight radio relay links would experience 
fading, but that is not true, Fading does, in fact, occur, and it ean reach levels of 30 dB 
in some cases (20 dB is relatively common). In addition, fading phenomena in the 
VHF-and-up range can last several hours, with some periods being reported of sev 
eral days in duration (although very rare). There are several mechanisms of fading, 
and these will be dealt with in this section. HF fading caused by ionospherie mecha- 
nisms will be covered later. 

Any or all of the mechanistus shown in Fig. 2-22 can occur in a given systern, In all 
cases, two or more signals arrive at the receiver antenna (,). Ray A represents the 
dlirect path signal that is, ideally, the only signal to reach the destination, But itis also 
possible that a signal, in an elevated layer or other atmospheric anomaly, will eause 
refraction or subrefraction of the wave creating a second component, B. If this second 
signal arrives out of phase with A, then fading will occur (signal reinforcement — 
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2-22 Multiple paths for signal to take between transmitter and receiver 
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in phase—can also occur). It is also possible to see subrefraction fading, as in D. The 
assical multipath situation represented by ray C and its reflected component C’ is 
also a source of fading. 

‘These mechanisms are frequency-sensitive, so a possible countermeasure is to 
use frequency diversity. Hopping over a percent frequency change will help 
eliminate fading in many eases. In cases where either system constraints, or local 
spectrum usage prevents a 5 percent delta (change), then try for at least 2 or 
3 percent 

Over ocean areas or other large bodies of water there is a possibility of encoun- 
tering fair weather surface ducting as a cause of fading. These ducts form in the mid 
latitudes, starting about 2 to 3 km from shore, up to heights of 10 to 20 mi; wind 
velocities are found in the 10 to 60 km/h range. The cause of the problem is a com 
bination of power fading, due to the presence of the duet, and surface reflections 
(See Fig. 2-23). Power fading alone can occur when there is a superrefractive duct 
elevated above the surface. The duct has a tendency to act as a waveguide and focus 
the signal (Fig, 2-24). Although the duct shown is superrefractive, itis also possible 
to have a subrefractive duct. 

Attenuation in weather Microwave communications above about 10 GHz suf 
{fer an increasingly severe attenuation because of water vapor and oxygen in the at- 
mosphere, Figure 2-25 shows the standard attenuation in dBV/km for microwave 
frequencies. Note that there are several strong peaks in an ever-increasing curve. Set- 
ting a system frequency in these regions will cause poor communications or will re- 
quire a combination of more transmit power, better receiver sensitivity, and better 
antennas on receiving and transmitting locations. The curves shown in Fig, 2-25 
assume certain standardizing conditions, Rain and other weather conditions can 
severely increase the attenuation of signals. In addition to attenuation, radar exhibits 
severe clutter problems when signals backscatter from rain cells. 
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2-23. Multihop interference. 
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2-24 Wave interference. 


Ionospheric propagation 
Now let's tum your attention to the phenomenon of skip conununications, Tonos- 
pherie propagation is responsible for the ability to do intercontinental broadcasting 
and communications, Long-distance radio transiuission is earried out on the high- 
frequency (HE) bands (3 to 30 MHz), also called the shortwave bands, These fre- 
quencies are used because of the phenomenon called skip, Under this type of prop. 

gation, the earth's ionosphere acts as though it is a “radio mirror.” Although the 
actual phenomenon is based on refraction (not reflection, as is frequently believed), 
the appearance to the casual observer is that shortwave and low-VHF radio signals 
are reflected from the ionosphere. The actual situation is a litte different 

‘The key les in te fact that this radio mirror is produced by ionization of the upper 
atmosphere. The upper portion of the atmosphere i called the ionasphere because it 
tends to be easily ionized by’solar and cosmie radiation phenomena, The reason for the 
‘ease with which that region (30 to 300 mij above the surface) ionizes, is that the alr den. 
sity is very low. Energy from the sun strips away electrons from the outer shell of oxy- 
en and nitrogen molecules, The electrons become negative ions, while the remaining 
portion of the atom forms positive ions, Because the air is so ratified at these altitudes, 
those ions can travel great distances before recombining to form electrically neutral 
atoms again. As a result, the average ionization level remains high in that region, 

Several sources of energy will cause ionization of the upper atomosphere, Cos 
rie radiation from outer space causes some degree of ionization, but the majority of 
ionization is caused by solar energy. 

‘The role of costue radiation was noticed during World War Il, when British radar 
operators discovered that the distance at which their equipment could detect Ger- 
‘man aircraft was dependent upon whether or not the Milky Way was above the hori- 
zon. Intergalactic radiation raised the background microwave noise level, thereby 
adversely affecting the signal-to-noise ratio, 
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Events on the surface of the sun sometimes cause the radio mirror to seem to be 
almost perfect, and this situation makes spectacular propagation possible. At other 
mes, however, solar disturbances (Fig. 2-26) disrupt radio communications for 


days at a time, 

‘There are two principal forms of solar energy that affect shortwave communica 
tions: electromagnetic radiation and charged solar particles. Most of the radia. 
tion is above the visible spectrum, in the ultraviolet and x-ray/gamma-ray region of 
the spectrum, Because electromagnetic radiation travels at the speed of light, solar 
events that release radiation cause changes to the ionosphere about 8 minutes later: 
Charged particles, on the other hand, having a finite mass must travel at a consider 
ably slower velocity. They require two or three days to reach earth. 

Various sources of both radiation and particles exist on the sun. Solar flar 
release huge amounts of both radiation and particles, These events are unpre- 
dictable and sporadic, Solar radiation also varies over an approximately 27-day pe- 
riod, which is the rotational period of the sun, The same source of radiation will face 
the earth once every 27 days, and so events tend to be somewhat repetitive 
jolar and galactic noise affect the reception of weak signals. Solar noise can also 
affect radio propagation and act as a harbinger of changes in propagation patterns, 
Solar noise can be demonstrated by using an ordinary radio receiver and a direc 
tional antenna, preferably operating in the VHE/UHF regions of the spectrum (150 to 
162 MHz frequently is used), Aim the antenna at the sun on the horizon at either 
sunset or sunrise, A dramatic change in background noise will be noted as the sun 
slides across the horizon. 


226A. Solar event that can affect radio propagation on earth. 
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Sunspots A principal source of solar radiation, especially the periodic forms, is 
sunspots (Fig, 2-268). Sunspots can be as large as 70,000 to 80,000 miles in diame- 
ter, and generally occur in clusters, The number of sunspots varies over a period of 
approximately 11 years, although the actual periods since 1750 (when records were 
first kept) have varied from 9 to 14 years, The sunspot number is reported daily as 
the statistically massaged Zurich Smoothed Sunspot Number, or Wolf Number 
‘The number of sunspots greatly affects radio propagation via the ionosphere. The 
low was in the range of 60 (in 1907), and the high was about 200 (1958). 

Another indicator of ionospheric propagation potential is the soley flux index 
(SFP. This measure is taken in the microwave region (wavelength of 10.2 em, or 
2.8 GHz), at 1700 UTC at Ottawa, Canada, The SFI is reported by the National Insti: 
tute for Standards and Technology (NIST) radio stations WWV (Fort Collins, CO) 
and WWVH (Maui, Hawaii). 

‘The ionosphere offers different properties that affect radio propagation at dif 
ferent times, Variation 


occur not only ov 


the 11 year sunspot eyele, but also diur 
nally and seasonally. Obviously, if the sun affeets propagation in a significant way 
then differences between nighttime and daytime, and between summe 
must cause variations in the propagation phenomena observed, 

‘The ionosphere is divided, for purposes of radio propagation studies, into various 
layers that have somewhat different properties. These layers are only well defined 
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in texthooks. However, even there you find a variation in the precise altitudes of the 
layers above the earth's surface. In addition, the real physical situation is such that lay- 
ers don't have sharply defined boundaries, but rather fade one into another instead. 
‘Thus, the division into layers is somewhat arbitrary. These layers (Fig. 2-27) are des- 
ignated D, E, and F (with F being further subdivided into FI and F2 sublayers) 

D layer The D layer is the lowest layer in the ionosphere, and exists from 
approximately 30 to 50 mi above the surface. This layer is not ionized as much as the 
higher layers, because all forms of solar energy that cause fonization are severely 
attenuated by the higher layers above the D layer. The reason for this is that the 
Dlayer is much more dense than the E and F layers, and that density of air molecules 
allows ions to recombine to form electroneutral atoms very quickly. 

‘The extent of D layer ionization is proportional to the elevation of the sun, so it 
will achieve maximum intensity at midday. The D layer exists mostly during the 
warmer months of the year because of both the greater height of the sun above 
the horizon and the longer hours of daylight. The D layer almost completely disap- 
pears after local sunset. Some observers have reported sporadic ineidents of D layer 
activity for a considerable time past sunset, The D layer exhibits a large amount of 
absorption of medium-wave and shortwave signals (to such an extent that signals 
below 4 to 6 MHz are completely absorbed by the D layer). 

E layer ‘The E layer exists from approximately 50 to 70 mi above the earth's 
surface, and itis considered the lowest region of the ionosphere that is important to 
radio communications, Like the D layer, this region is ionized only during the day- 
light hours, with ionization levels peaking at midday. The ionization level drops off 
sharply in the late afternoon, and almost completely disappears after local sunset. 

During most of the year, the E layer is absorptive and it will not reflect radio 
signals. During the summer months, however, E layer propagation does oceur. A 
phenomenon called “short skip” (Le., less than 100 mi for medium wave and 1000 mi 
for shortwave signals) occurs in the E layer during the summer months, and in equa- 
torial regions at other times. 

A propagation phenomenon associated with the E layer is called sporadic 2 
propagation. This phenomenon is caused by scattered zones of intense ionization 
in the E layer region of the ionosphere. The sporadic E) phenomenon varies sea- 
sonally, and itis believed to be caused by the bombardment of solar particles. Spo- 
radie E propagation affects the upper HF and lower VHF region. It is observed 
most frequently in the lower VHF spectrum (50 to 150 MHz), but it is also some- 
times observed at higher frequencies. The VHF bands occasionally experience 
sporadic E propagation. Skip distances on VHF can reach 500 to 1500 miles on one 
hop—especially in the lower VHF region (including the 6-m band) 

Flayer The F layer of the ionosphere is the region that is the principal cause of 
long-distance shortwave communications. This layer is located from about 100 to 
800 mi above the earth's surface. Unlike the lower layers, the air density in the 
F layer is low enough that ionization levels remain high all day, and decay slowly af 
ter local sunset, Minimum levels are reached just prior to local sunrise. Propagation 
in the F layer is capable of skip distances up to 2500 mi on a single hop. During the 
day there are actually two identifiable and distinct sublayers in the F layer region, 
and these are designated the Fl and F2 layers, The F1 layer is found approximately 
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100 to 150 miles above the earth's surface, and the F2 layer is above the F extend- 
ing up to the 270- to 300-ni linit. Beginning at local sundown, however, the lower 
regions of the F layer begin to delonize because of recombination of positive and 
negative ions, At some time after local sunset, the FI and F2 layers have effectively 
merged to become a single reduced layer beginning at about 175 mi 

‘The height and degree of ionization of the F2 layer varies over the course of the 
‘day, with the season of the year, and with the 27-day sunspot cycle. The F2 layer be- 
shins to form shortly after local sunrise and reaches maximum shortly before noon, 
During the afternoon, the F2 layer ionization begins to decay in an exponential man- 
ner until, for purposes of radio propagation, it disappears sometime after local sun- 
set, There is some evidence that ionization in the F layer does not completely 
disappear, but its importance to HF radio communication does disappear. 


Measures of ionospheric propagation 

‘There are several different measures by which the ionosphere is characterized at 
any given time, These measures are used in making predictions of radio activity and 
Tong-distance propagation. 

‘The critical frequency and marimum usable frequency (MUF) are indices 
that tell us something of the state of ionization and communications ability. These 
frequencies increase rapidly after sunrise and international communications usually 
begin within 30 minutes 

Critical frequeney F. ‘The critical frequency, designated by F, is the highest 
frequency that can be reflected when a signal strikes the ionosphere as a vertical 
(90° with respect to the surface) ineident wave, The critical frequency is determined 
from an ionogram, which is a eathode-ray tube (CRT) oscilloscope display of the 
height of the ionosphere as a function of frequency. The ionogram is made by Bring 
a pulse vertically (Fig, 2-28) at the ionosphere from the transmitting station, The 
critical frequency is that frequency that is just suffficient to be reflected back to the 
transmitter site. Values of F_ can be as low as 3 MHz during the nighttime hours, an 
as high as 10 to 15 MHz during the day. 

Virtual height Radio waves are refracted in the ionosphere, and those above a 
certain critical frequency are refracted so much that they return to earth, Such 
‘waves appear to have been reflected from an invisible radio “mirror.” An observer on. 
the earth's surface could easily assume the existence of such a mirror by noting the 
return of the “reflected” signal. The height of this apparent “mirror” is ealled the vir- 
tual height of the ionosphere. Figure 2-29 shows the refraction phenomenon. by 
which a radio wave is bent sufficiently to return to earth, Virtual height is deter 
mined by measuring the time interval required for an ionosonde pulse (similar to 
that used to measure critical frequency) to travel between the transmitting station 
and a receiving station (Fig. 2-30). A radio signal travels at a velocity of 300,000,000 
v/s (the speed of light). By observing the time between transmitting the pulse and 
receiving it, you can calculate the virtual height of the ionosphere. 

‘Maximum usable frequency (MUF) The marinunt usable frequency is the 
highest frequency at which communications can take place via the ionosphere over a 
ven path. The MUF between a fixed transmitter site and two different, widely sepa- 
rated, receivers need not be the same, Generally, however, the MUF is approximately 
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for Next Wireless Communications 


only have antenna elements with high-performance 
characteristics, but must also perform effectively as 
an antenna system in conjunction with the RF, IF, and 
BB units. New functions can be added through anten- 
na system design: for example, appropriate radiation 
pattern control provides a large system capacity by 
using baseband signal processing and an antenna ele- 
‘ment with an integrated RF circuit provides high gain 
without feeder loss. 

‘The selected papers in this issue describe the latest 
antenna and antenna system technologies for achiev- 
ing high performance, Two of the papers present 
beam-scanning antenna systems in satellite broad- 
band communication. Beam scanning is carried out 
using by two methods: one [2] uses a variable active 
device or tunable reactance device incorporated into 
the antenna element, which has high-speed electron- 
ic control while the other [3] uses mechanically con- 
trolled antenna movement, which has a very precise 
direction control function, Another paper [4] intro- 
duces an active integrated antenna system with an RF 
circuit, which provides high gain and high efficiency, 
for a high-capacity millimeter-wave transmission 
system, And two papers describe a multiple-input 


multiple-output (MIMO) antenna system for obtain- 
ing high-speed transmission and high system capaci: 
ty in the land mobile communication system from the 
viewpoints of beamforming techniques [5] and 
implementation methods [6] 

‘As an introduction to these advanced antenna tech- 
niques, this paper provides a general explanation of 
the requirements of antennas and antenna systems in 
recent high-speed and high-capacity wireless com- 
munication systems and the key technologies for sat- 
isfying these requirements. It also describes current 
antenna systems and NTT’s antenna research results 
for typical wireless systems, 


recent wireless 


The trend of wireless systems is shown in Fig, 2 
‘This indicates the typical system transmission speed 
and number of antennas needed to achieve a particu- 
Jar system performance for each operating frequency. 
Wireless communication systems are moving towards 
high transmission speeds and high capacity by using 
higher system frequencies to enable a wide frequency 
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Fig. 2. Advances of terrestrial wireless communication systems and their relationship to antenna technologies. 
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‘8 times higher than the critical frequency. Both the MUF and the critical frequency vary 
‘geographically, and they become higher at latitudes close to the equator. 

Itisa general rule that the best propagation occurs at frequencies just below the 
MUF. In fact, there is a so-called frequency of optimum traffic (FOT) that is ap- 
proximately 85 percent of the MUF. Both noise levels and signal strengths are im- 
proved at frequencies near the FOT. 

Lowest usable frequency (LUF) At certain low frequencies, the combination 
of ionospheric absorption, atmospheric noise, miscellaneous static, and/or receiver 
signal-to-noise ratio requirements conspire to reduce radio communications. The 
lowest frequency that can be used for communications, despite these factors, is the 
lowest usable frequency. 

Unlike the MUF, the LUF is not totally dependent on atmospheric physies. ‘The 
LUF of system can be varied by controlling the signal-to-noise ratio (SNR). Although 
certain factors that contribute to SNR are beyond our control, the effective radiated 
power (ERP) of the transmitter can be changed; a 2-MFlz decrease in LUF is available 
for every 10-dB increase in the ERP of the transmitter 


Tonospheric variation and disturbances 


‘The ionosphere is an extremely dynamic region of the atmosphere, especially from a 
radio operator's point of view, because it significantly alters radio propagation. The 
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«<lynamies of the ionosphere are conveniently divided into two general classes: regular 
variation and disturbances. This section covers both types of ionospheric change. 

Tonospheric variation ‘There are several different forms of variation seen ont a 
‘regular basis in the ionosphere: diurnal, 27-day (monthly), seasonal, and 11-year 
cycles 

Diurnal (daily) variation ‘The sun rises and falls on a 24-hour eyele, and be: 
‘cause it is the principal source of iononization of the upper atmosphere, you can ex- 
pect diurnal variation. During daylight hours the E and D levels exist, but these 
disappear at night. The height of the F2 layer increases until midday, and then it de. 
creases until evening, when it disappears or merges with other layers. As a result of 
higher absorption in the E and D layers, lower frequencies are not useful during day- 
light hours. On the other hand, the F layers reflect higher frequencies during the 
day. In the 1- to 30-MHz region, the higher frequencies (>11 MHz) are used during 
daylight hours, and the lower frequencies (<L1 MHz) at night. 

27-day cycle Approximately monthly, this variation is caused by the rotational 
period of the sun. Sunspots are localized on the surface of the stn, so they will face 
the earth only during a portion of the month. As new sunspots are formed, they do 
‘not show up on the earthside face until their region of the sun rotates earthside 

Seasonal cycle ‘The earth's tilt varies the exposure of the planet to the sun on 
a seasonal basis, In addition, the earth's yearly orbit is not circular; it is elliptical, As 
a result, the intensity of the sun's energy that ionizes the upper atmosphere varies 
with the seasons of the year. In general, the E, D, and F layers are affected— 
although the F2 layer is only minimally affected. fon density in the F2 layer tends to 
bbe highest in winter, and less in summer. During the summer, the distinetion between, 
FI and F2 layers is less obvious 

11-year cycle The number of sunspots, statistically averaged, varies on an ap- 
proximately 11-year cyele. Asa result, the ionospheric effects that affect radio prop- 
agation also vary on an 11-year cycle. Radio propagation, in the shortwave bands, is 
bbest when the average number of sunspots is at its highest. 

Disturbances Disturbances in the ionosphere ean have a profound effect on 
radio communications —and mast of them (but not all) are bad, This section will, 
briefly examine some of the more eornmon forms. 

Sporadic E layer A reflective cloud of ionization sometimes appears in the 
E layer of the ionosphere; this layer is sometimes called the £, layer. It is believed 
that the E, layer forms from the effects of wind shear between masses of air moving 
in opposite directions. This action appears to redistribute ions into a thin layer that, 
is radio-reflective. 

Sporadic E propagation is normally thought of asa VHF phenomenon, with most. 
activity between 30 and 100 MHz, and decreasing activity up to about 200 MHz, How- 
ever, about 25 to 60 percent of the time, sporadie E propagation is possible on fre 
quencies down to 10 of 15 MHz. Reception over paths of 1400 to 2600 mi are possible 
in the 50-MHz region when sporadic E is present. In the northern hemisphere, the 
‘months of June and July are the most prevalent sporadic E months. On most days 
when sporadic E is present, it lasts only a few hours, 

Sudden ionospheric disturbances (SIDs) ‘The SD, or Dellinger face, meeh- 
anism occurs suddenly, and rarely gives any warning. The SID can last from a few 
minutes to many hours. It is known that SIDs often oceur in correlation with solar 
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flares, or “bright solar eruptions,” that produce an immense amount of ultraviolet ra- 
dliation that impinges the upper atmosphere. The SID causes a tremendous increase 
inD layer ionization, which accounts for the radio propagation effects, The ionization 
is so intense that all receiver operators on the sunny side of the earth experience pro- 
found loss of signal strength above about 3 MHz, Its not uncommon for receiver own- 
cers to think their receivers are malfunetioning When this occurs, The sudden loss of 
signals on sunny side receivers is called Dellinger fade. ‘The SID is often accompa- 
nied by variations in terrestrial electrical currents and magnetism levels, 

Tonospheric storms ‘The ionospheric storm appears to be produced by an 
abnormally large rain of atomic particles in the upper atmosphere, and is often pre- 
ceded by SIDs 18 to 24 hours earlier. These storms tend to last from several hours, 
toa week or more, and are often preceded by two days or so by an abnormally large 
collection of sunspots crossing the solar disk. They occur, most frequently, and with, 
greatest severity, in the higher latitudes, decreasing toward the equator. When the 
ionospheric storm commences, shortwave radio signals may begin to flutter rapidly 
and then drop out altogether. The upper ionosphere becomes chaotie; turbulence in- 
creases and the normal stratification into layers, or zones, diminishes, 

Radio propagation may come and go over the course of the storm, but it is, 
mostly dead, The ionospheric storm, unlike the SID, whieh affects the sunny side of 
the earth, is worldwide. It is noted that the MUF and critical frequency tend to re- 
duce rapidly as the storm commences, 

Anionospheric disturbance observed in November 1960 was preceded by about 30 
minutes of extremely good, but abnormul, propagation. At 1500 hours EST, European 
stations were noted with S9+ signal strengths in the 7000- to 7300-kHz region of the 
spectrum, which is an extremely rare occurrence. After about 30 minutes, 
the bottom dropped out and even AM broadcast band skip (later that evening) was 
nonexistent. At the time, the National Bureau of Standards* radio station, WWV, 
‘was broadcasting a “W2" propagation prediction at 19 and 49 minutes after each hour 
(which is terrible!) It was difficult to hear even the 5-MHz WWY frequency in the early 
hours of the disturbance, and it disappeared altogether for the next 48 hours. This sig- 
nal’ fade-out occurred during the weekend of the annual ARRL “Sweepstakes” contest. 


Ionospheric sky-wave propagation 
Sky-ware propagation oceurs because signals in the ionosphere are refracted so 
much that they are bent back toward the earth's surface. To observers on the sur- 
face, it looks like the signal was reflected from a radio mirror at the virtual height of 
the ionosphere. The skip distance is the surface distance between the transmitter 
point (A in Fig 2-31) and the point where it returns to earth (point C in Fig. 2-31). 
‘The ground-wave zone is the distance from the transmitter site (A in Fig. 2-31) to 
where the ground wave fades to a low level, below usefulness (point B in Fig. 2-31) 
‘The skip zone is the distance from the outer edge of the ground-wave zone to the 
skip distance, or the distance from B to C in Fig. 2-31. 

It is possible for the sky wave and the ground wave to interfere with each 
other at some frequencies, under some circumstances. When this happens, the 
sky Wave has a relative phase that depends on its path length (among other 


* Now the National Institute of Stannard and Technology 
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things), so it will arrive at some seemingly random phase relative to the ground 
wave. Thus, the sky wave can selectively strengthen or cancel the ground wave, 
living rise to a type of fading. 

Incident angle One of the factors that affects the length of the skip distance is 
the incident angle of the radio wave. This angle is partially a function of the fre 
‘quency, and partially a function of the natural radiation angle of the antenna (,) 
‘The frequency effects are seen as a function of the ionization level and how much a 
given frequency is refracted, 

‘The antenna radiation angle is the angle of the main vertical lobe with respect to 
the earth's surface; itis partially a function of its design, and partially of its installa 
tion configuration. For example, a %-wavelength vertical antenna tends to have a 
lower angle of radiation than a /-wave vertical antenna. Similarly, the dipoles angle 
of radiation is a function of its height above ground, 

Figure 2.32 shows how the angle of radiation affects skip distance. Low-angle-of- 
signals tend to travel farther with respect to the earth's surface before ré- 
so they produce the longest skip distances, Higher angles of radiation have 
shorter skip distances because they tend to return to earth more rapidly. In summer- 
time, some high-frequency bands (e.g, the 11-m—27 MHz—Citizens Band) offer high 
angle “short skip” during the summer, and longer skip during the other months. At 
higher angles of radiation, there will bea critical angle wave and escape angle waves 
that are not retumed to earth, These waves are not used for terrestrial communica 
tions of broadcasting. Figure 2:33 shows the difference between single-hop skip and 
‘multihop skip, asa function of incident angle, Itis generally true that a multihop trans 
tission is more subject to fading, and is weaker, than a single-hop transmission, 


Using the ionosphere 
‘The refraction of high-frequency and some mediun-wave radio signals back to earth, 
via the ionosphere gives rise to intercontinental HF radio communications. This phe: 
nomenon becomes possible during daylight hours and for a while after sunset when 
the ionosphere is ionized. Figure 2-34 reiterates the mechanism of long-distance 
skip communications, The transmitter is located at point 7, while receiving stations 
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2-33, Single-skip and multihop-skip communications 


are located at sites R, and R,, Signals 1 and 2 are not refracted sufficiently to be re- 
fracted back to earth, so they are lost in space. Signal 3, however, is refracted enough 
to return to earth, soit is heard at station R,, The skip distance for signal 3 is the dis- 
tance from T to &,. At points between 7 and R,, signal 3 is inaudible, except within 
fround-wave distance of the transmitter site (7). This is the reason why two stations 
40 ini apart hear each other only weakly, or not a all, while both stations ean com- 
smunicate with a third station 2000 mi away. In amateur radio circles, itis eorumon for 
South American stations to relay between two US. stations only few anles apart 

For an example of this problem, listen to the Inter-American and Halo Missionary 
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Nets on 21.290 MHz (15 m) daily from about 17002 to 2100% (ending time depen. 
dent upon traffic) 

‘Multihop skip is responsible for the reception of the signal from transmitter T'at 
site R,. The signal reflects (not refracts) from the surface at Rand is retransmitted, 
into the ionosphere, where it is again refracted back to earth. 

Figure 2-35 shows a situation where skip signals are received at different dis- 
tances depending upon the angle of radiation of the transmitting antenna. A high 
angle of radiation causes a shorter skip zone, but a lower angle of radiation results in 
a longer skip zone, Communication between any particular locations on any given 
frequency requires adjustment of the antenna radiation angle, Some international 
shortwave stations have multiple antennas with different radiation angles to ensure 
that the correct skip distances are available. 

Great circle paths A qreut circle isa line between two points on the surface of a 
sphere, such that it lays on a plane through the earth's center and includes the two 
points. When translated to “radiospeak,” a great circle is the shortest path on the sur- 
face of the earth between two points. Navigators and radio operators use the great cit- 
le for similar, but different, reasons. The navigator’s reason isin order to get from here 
to there, and the radio operator’ is to get a transmission path from here to there, 

‘The heading of a directional antenna is normally aimed at the receiving station 
along its great circle path, Unfortunately, many people do not understand the cos 
cept well enough, for they typically aim the antenna in the wrong direction. For ex 
ample, [live near Washington, D.C., which is on approximately the same latitude as 
Lisbon, Portugal. If1 catch a lft on Superman's back, and he flies due East, we'll have 
dinner in Lisbon, right? Wrong. Ifyou head due east from Washington, DC, across the 
Atlantic, the first landfall would be west Africa, somewhere near Zaire or Angola. 
Why? Because the great circle bearing 90° takes us far south, The geometry of 
spheres, not fat planes, governs the case 


—— 


Chapo2_carr 


4/10/01 


i:dl PM Page St 


EM wave propagation phenomena 51 


2.35, Skip propagation, 


Figure 2-36 shows a great circle map centered on the Washington, D.C. area. 
‘These maps, or computer tabulations of the same data, can often be purchased for 
your own location by supplying your latitude and longitude to the service company 
that dows the job. By drawing a line from your location at the center of the chart to 
the area you want to hear, and then extending it to the edge of the chart, you will 
obtain the beam heading required. 

Long path versus short path ‘The earth is a sphere (or more precisely, an 
oblate spheroid), so from any given point to any other point there are two great cir 
cle paths: the long path (major arc) and the short path (minor are). In general, the 
best reception occurs along the short path. In addition, short-path propagation is, 
more nearly “textbook,” compared with long path reception, However, there are 
times when long path is better, or is the only path that will deliver a signal to a spe- 
cific location from the geographic location in question, 

Gray line propagation The gray line is the twilight zone between the nighttirne 
and daytime halves of the earth, This zone is also called the planetary terminator 
(Fig. 2-37). It varies up to +23° either side of the north-south longitudinal lines, de- 
pending on the season of the year (it runs directly north-south only at the vernal and 
suturunal equinoxes). The D layer of the ionosphere absorbs signals in the HF region. 
‘This layer disappears almost completely at night, but it builds up during the day. Along 
the gray line, the D layer is rapidly decaying west of the line, and has not quite built up 
east of the line 


Brief periods of abnormal propagation occur along the gray line. Stations on ei 
ther side of the line can be heard from regions, and at distances, that would other- 
wise be impossible on any given frequency. For this reason, radio operators often 
prefer to listen at dawn and dusk for this effect, 


Scatter propagation modes 
Ionospherie scatter propagation occurs when clouds of ions exist in the atmos 
phere, These clouds ean exist in both the ionosphere and the troposphere, although 
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2-36 Acimuthal map centered on Washington, D.C. (Courtesy of The ARRE Antestna Book: ) 


the tropospheric model is more reliable for communications. Figure 2-38 shows the 
mechanism for scatter propagation. Radio signals from the transmitter are reflected 
from the cloud of ions to a receiver location that otherwise might not receive it, Seat 
ter propagation occurs mostly in the VHF region, and it allows communications over 
extended paths that are not normally available, 

‘There are at least three different. modes of seatter from ionized clouds: backseat 
ter, side scatter, and forward scatter. The backscatter mode is a bit like radar, in that 
the signal is returned back to the transmitter site, or to regions close to the transmitter: 
Forward scatter occurs when the reflected signal continues in the same azimuthal di- 
rection (with respect to the transmitter), but is redirected toward the earth's surface 
Side scatter is similar to forward scatter, but the azimuthal direction might change. 

Unfortunately, there are often: multiple reflections from the ionized cloud, and 
these are shown as “multiple scatter” in Fig. 2-38. When these reflections are able to 
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The planetary terminator (“gray line”) provides some unusual prop- 


agation effects, (Courtesy of MFU Enterprises.) 
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band and using advanced system technology to 
achieve high quality and signal multiplexing. The 
antenna requirements for these system properties are: 

+ High-gain and high-efficiency technology 

+ Multi-antenna technology 

Increases in the gain and efficiency of an antenna 
are offset by higher propagation loss at high frequen- 
es, 0 the received signal level needs to be higher. 
High gain is an age-old problem in antenna research 
and development. Multi-antenna technology 
improves the receiving signal quality and provides 
‘multiplexed signal transmission by using an antenna 
system that includes RF circuits, BB units, and anten- 
na elements, 


2.1 High-gain and high-efficiency antenna 

‘Theoretical and experimental antenna gain and effi- 
ciency characteristics are shown in Fig. 3. The depen- 
dences of gain and beamwidth on horn dimension 
LQ) ina relatively large antenna are explained in Fig. 
3(a) [7]. When L is more than 0.5 times the wave- 
length, the antenna’s efficiency is about 100%; a larg- 
er antenna provides higher gain. However, the high- 
gain radiation pattern leads to a narrow beamwidth. 
‘Therefore, a mobile terminal needs to use beam-scan- 
ning or beam-tracking techniques to follow the trans. 
mitter while the terminal moves. On the other hand, 
the efficiency decreases if the antenna size is less than 
0.5 wavelengths, The bandwidth of a linear dipole 
antenna versus its efficiency for various antenna sizes 
(D: diameter) is shown in Fig. 3(b). This graph was 
estimated from theoretical limits [8] and many exper- 


imental results. The antenna efficiency becomes 
approximately 5 dB when antenna bandwidth of 
10% is provided using a linear dipole antenna with a 
length of 0.3 wavelengths. This figure shows that the 
efficiency and bandwidth have a tradeoff relationship 
and that the efficiency drops greatly as the antenna 
size decreases. Therefore, some clever ideas for the 
antenna element structure are needed to overcome 
these weak points. 


2.2. Multi-antenna system 

‘A mnulti-antenna system has several antenna ele- 
ments, but it does not merely work as an ordinary 
array antenna. The performance requirements are sat- 
isfied because the antenna system includes RF cit- 
cuits, BB units, and antenna elements. The antenna 
element technologies and the multi-antenna system 
are shown in Fig. 4. In the antenna element, a high 
gain can be achieved by improvements to the antenna 
‘element structure, for example, by using a new mate- 
rial, adding a parasitic element, or integrating an RF 
circuit (Figs. 4(a)-(c)). The antenna shown in Fig. 
4(0) is called an integrated antenna. It can control the 
radiation pattern as well as provide high gain by elim- 
inating feeder loss. In a multi-antenna system (Fig. 
4(d), the radiation pattern is controlled by baseband 
ignal processing, so the pattern of each wireless 
channel can be controlled by each baseband channel. 
Furthermore, it is possible to get multiplexed signal 
transmission in the space domain by baseband signal 
processing. Multi-antenna systems are generally 
called smart antennas or active antennas [9] 
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Fig. 3. Antenna gain and efficiency characteristics. 
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reach the receiving site, the result isa rapid, Muttery fading that can be of quite pro- 
found depths. 


Auroral propagation 
‘The auroral effect produces a luminescence in the upper atmosphere resulting from 
bursts of particles released from the sun 18 to 48 hours eatlier. The light emitted is 
called the northern lights and the southern lights. The ionized regions of the 
‘mosphere that create the lights form a radio reflection shield, espectally at VHF and 
above, although 15 to 20 MHz effects are known. Auroral propagation effects are 
normally seen in the higher latitudes, although listeners in the southern tier of states 
in the United States are offen treated to the reception of signals from the north be- 
ing reflected from auroral clouds. 


Meteor scatter propagation 

When meteors enter the earth's atmosphere, they do more than simply heat up to 
the point of burning. The burning meteor leaves a wide, but very short duration, 
transient cloud of ionized particles in its path. These ions act as a radio mirror that 
permits short bursts of reception between sites correctly situated, Meteor scatter re- 
ception is not terribly reliable, although at least two companies offer meteor scatter 
‘communications services for users in the higher latitudes. 


Other propagation anomalies 

‘The ionosphere is a physically complex place, and even the extensive coverage in 
this chapter is not sulficient to do it justice. Indeed, entire books are available on the 
subject, and it is a valid engineering subspecialty. I is therefore not surprising that a 
‘number of propagation anomalies are known. 

Nonreciprocal direction If you listen to an amateur band receiver on the East 
Coast of the United States, you will sometimes hear European stations—especially 
in the late afternoon. But when you try to work those stations there is no reply what- 
soever. They simply don't hear you! This propagation anomaly causes the radio wave 
to travel different paths dependent on which direction it travels; Le., an east—+Wwest 
signal is not necessarily the reciprocal of a west-reast signal. This anomaly ean occur 
when a radio signal travels through a heavily ionized medium in the presence of a 
‘magnetic field, which is exactly the situation when the signal travels through the 
ionosphere in the presence of the earth's magnetic field. 

Another anomaly seen in the radio literature of the 1950s is the Radio Lux- 
embourg effect. I is named alter the radio station where it was first noticed, In a 
nonlinear ionosphere, it is sometimes noted that the modulation of superpower 
(Le,, > 500,000 W) shortwave broadcasters will be transferred to the carrier of a 
weaker signal in the same or nearby band, The interchange noted in the 1930s 
when this phenomenon was first discovered was between Radio Luxembourg and 
Britain's British Broadcasting Corporation (BBC) overseas outlets 
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Propagation predictions 

Propagation predictions for the VLF through low VHF bands are published each 
‘month in several magazines. Ham radio operators often use those in QST magazine 
(Fig. 2-29), while SWLs and others tend to prefer those published in magazines such 
as Monitoring Times. These charts relate the time of day in Universal Coordinated 
‘Time (UTC, formerly, GMT) and the frequency for transmission to different parts of 
the world. 


Fading 

Skip communications are not without problems. One phenomenon is fading (Le., a 
variation in signal strength as perceived at the receiver site). This problem can 
sometimes be overcome by using one of several diversity reception systems. Three 
forms of diversity technique are used: frequency diversity, spatial diversity, and 
polarity diversity. 

In the frequency diversity system (Fig, 2-40), the transmitter will send out two 
or more frequencies simultaneously with the same modulating information. Because 
the two frequencies will fade differentially, one will always be strong. 

‘The spatial diversity system (Fig. 2-41) assumes that a single transmitter fre- 
quency is used. At the receiving site, two or more receiving antennas are used, 
spaced one-half wavelength apart. The theory is that the signal will fade at one an- 
tenna while it increases at the other. A three-antenna system is often used. Three 
separate, but identical, receivers, often tuned by the same master local oscillator, are 
connected to the three antennas. Audio mixing, based on the strongest signal, keeps 
the audio output constant while the radio-frequency (RF) signal fades, 

Polarity diversity reception (Fig. 2-42) uses both vertical and horizontal po- 
larization antennas to receive the signal. As in the space diversity system, the 
‘outputs of the vertical and horizontal receivers are combined to produce a con 
stant level output, 

Another form of fading, selective facing, derives from the fact that fading is a 
function of frequency. The carrier and upper and lower sidebands of an AM signal 
have slightly different frequencies, so they arrive out of phase with each other, Al- 
though this type of fading is lessened by using single-sideband (SSB) transinission, 
that does not help AM users. In those systems, some people use a filtering system that, 
eliminates the carrier and one sideband; it then reconstitutes the AM signal with a 
product detector. 

SSB receivers with stable local and product detector oscillators, and a sharp 
intermediate-frequeney (IF) bandpass filter, can be used to reduce the effects of dif- 
ferential fading of AM signals because of the phasing of the lower sideband (LSB), 
upper sideband (USB), and carrier components. Carefully tune the receiver to only 
‘one sitleband of the signal, and note when the heterodyne beatnote disappears. The 
correct point is characterized by the fact that you can then switch among USB, LSB, 
and continuous-wave (CW) modes without changing the received signal output. 
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CHAPTER 


Transmission lines 


‘TRANSMISSION LINES AND WAVEGUIDES ARE CONDUITS FOR TRANSPORTING RF SIGNALS 
between elements of a system, For example, transmission lines are used between an 
exciter output and transmitter input, and between the transinitter input and its out- 
put, and between the transmitter output and the antenna. Although often erro- 

weously characterized as a “length of shielded wire,” transmission lines are actually 
complex networks containing the equivalent of all the three basic electrical eompo- 

wets: resistance, capacitance, and inductance. Because of this fact, transmission 
nes must be analyzed in terms of an RLC network, 


Parallel and coaxial lines 


‘This chapter will consider several types of transmission lines. Both step-funetion 
and sine-wave ac responses will be studied. Because the subject is both conceptual 
and analytical, both analogy and mathematical approaches to the theory of trans: 
mission lines will be used. 

Figure 3-1 shows several basic types of transmission line, Perhaps the oldest and 
simplest form is the parallel line shown in Figs. 3-1A through 3-1D. Figure 3-LA 
shows an end view of the parallel conductor transmission line, The two conductors, 
of diameter f, are separated by a dielectric (which might be air) by a spacing S. 
‘These designations will be used in calculations later. Figure 3-1B shows a type of 
parallel ine called vin lead. This is the old-fashioned television antenna transmis- 
sion line, It consists of a pair of parallel conductors separated by a plastic dielectric, 
‘TV-type twin lead has a characteristic impedance of 300 Q, while certain radio trans: 
mitting-antenna twin lead has an impedance of 450 Q. Another form of twin lead is 
open line, shown in Fig. 3-1. In this case, the wire conductors are separated by an 
air dielectric, with support provided by stiff (usually ceramic) insulators. A tie wire 
(only one shown) is used to fasten each insulator end to the main conductor. Some 
users of open line prefer the form of insulator or supporter shown in Fig. 3-1D. This 
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s 
3-1A_ Parallel line transinission line (end view). 


(End view) 


Conde 


3-1C Parallel line construction details, 


Insulator 


3-1D_ Horseshoe parallel line spreader: 
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form of insulator is made of either plastic or ceramic, and is in the form of a U. The 
purpose of this shape is to reduce losses, especially in rainy weather, by increasing 
the leakage currents path relative to spacing 8. 

Parallel lines have been sed at VLF, MW, and HF frequencies for decades. Even 
antennas into the low VHF are often found using parallel lines, The higher imped- 
ance of these lines (relative to coaxial cable) yields lower loss in high-power appli- 
cations, For years, the VHF, UHF, and microwave application of parallel lines was 
limited to educational laboratories, where they are well suited to performing exper- 
iments (to about 2 GHz) with simple, low-cost instruments. Today, however, printed 
circuit and hybrid semiconductor packaging has given parallel lines new lease on 
life, ifnot an overwhelming market presence. 

Figure 3-18 showsa form of parallel line called shielded twin lead. This type of line 
uses the same form of construction as TV-type twin lead, but it also has a braided shield- 
{ng surrounding it. This feature makes it less susceptible to noise and other problems, 

‘The second form of transmission line, which finds considerable application at 
microwave frequencies, is coavial cable (Figs. 3-1F through 3-11). This form of 
line consists of two cylindrical conductors sharing the same axis (hence “‘coaxial”), 
and separated by a dielectric (Fig. 3-1F). For low frequencies (in flexible cables) 
the dielectric may be polyethylene or polyethylene foam, but at higher frequencies 
Teflon and other materials are used. Also used, in some applications, are dry air and 
dry nitrogen. 


Outer Dielectric 
shield 
S-1E Shielded twin-lead transmission line, 
Pafallel 
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Outer, 
conductor 
:1F Coaxial cable (end view) 
Inner 
Dielectric conductor 
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Several forms of coaxial line are available 
most common form. The outer conductor in such cable is made of either braid or foil 
(Pig. 3-16). Television broadcast receiver antennas provide an example of such cable 
from common experience. Another form of Nexible or semiflexible coaxial line is hel 
cal line (Fig. 3-1H) in which the outer conductor is spiral wound. Hardline (Pig. 
3-11) is coaxial cable that uses a thin-wall pipe as the outer conductor, Some hardline 
coax used at microwave frequencies has a rigid outer conductor and a solid dielectric 
Gas-filled line is a special case of hardline that is hollow (Fig. 3-14), the cent 
uctor is supported by a of thin ceramic or Teflon insulators, The dielec 
either anhydrous (Le., dry) nitrogen or some other inert gas, 
Some flexible microwave coaxial cable uses a solid “air-articulated” dielectric 
(Pig. 3-1K), in which the inner insulator is not cor 
ductor, but rather is ridged. Reduced dielectric los 
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cable at higher frequencies. Double-shielded coaxial cable (Fig. 3-11) provides an 
ure of protection against radiation from the line, and EMI from outside 
sources, from gett 

Stripline, also ealled microstripline (Fig. 3-1ND, is a form of transmission line 
used at high UHF and microwave frequencies. The stripline consists of a critically 
sized conductor over a ground-plane conductor, and separated from it by a dielec 
tric, Some striplines are sandwiched between two groundplanes and are separated 


into the system, 


from each by a dielectric 
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Fig. 4. Antenna elements and system. 


‘An example of a mobile 
communication system 
using a smart antenna in 
the base station is shown in 
Fig. 5. Independent infor- 
mation can be sent to the 
terminals, which are spa- 
tially separated, using the 
same frequency at the same 
time because each beam is, 
generated for a specific ter- 
minal by using the space 
division multiple access 
(SDMA) technique. Fur- 
thermore, N multiplexed 
transmissions can be sent 
to a terminal with N anten- 
nas by utilizing the slight 
difference in antenna loca- 
tions in the terminal. MIMO is representative of this, 
kind of technology. The latest smart antenna systems 
can increase the antenna gain even ina mobile system 
and expand the service area. The designed system 
capacity can be increased by using multiplexing tech- 
niques based on baseband signal processing. Multi- 
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ig. 5. Smart antenna system (land mobile telecommunication). 


antenna systems can achieve very high performance 
with high-level functions corresponding to the wire- 
less system requirements, 


2.3. Key antenna technologies 
The key technologies for achieving a high-gain, 
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Transmission line characteristic impedance (Z,) 


‘The transmission line is an RLC network (see Fig. 3-2), so it has a characteristic 
impedance Z,, also sometimes called a surge impedance. Network analysis will 
show that Z, is a function of the per unit of length parameters resistance R, con 
G, inductance L, and capacitance C, and is found from 


ductance 


13.1 


where 


Z, is the characteristic impedance, in ohms 
Riis the resistance per unit length, in ols 

Gis the conductance per unit length, in mhos 

Lis the inductance per unit length, in henrys 

Cis the capacitance per unit length, in farads 

ois the angular frequency in radians per second (2x) 


Stripline: Dielectric 


ny 341M. Stripline transmission 


r line, 


—memmemnseacen 


Groundplane 
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‘Then: 


3-2 Equivalent eircult of transmission lin 
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In microwave systems the resistances are typically very low compared with the 
reactances, so Eq. 3.1 can be reduced to the simplified form: 


13.21 


Example 3-1 A nearly lossless transmission line (Ris very small) has a unit 

length inductance of 3.75 nH and a unit length capacitance of 1.5 pF. Find the char- 

acteristic impedance Z,, 
Solution: 


areanx 1! 

(orn 2#4) 
1 

(one) 


———— 
[a7ex10" H 
\15x10=F 


= V25x10°=509 


‘The characteristic impedance for a specific type of line isa function of the con- 
ductor size, the conductor spacing, the conductor geometry (see again Fig, 3-1), and 
the dielectric constant of the insulating material used between the conductors. The 
dielectric constant e is equal to the reciprocal of the velocity (squared) of the wave 
‘when a specific medium is used: 


[3.31 
where 
eis the dielectric constant (for a perfect vacuum e = 1.000) 
vis the velocity of the wave in the medium 
(a) Parallel line 
[3.4] 
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where 


Z, is the characteristic impedance, in oluns 
eis the dielectric constant 

Sis the center-to-center spacing of the conductors, 
dis the diameter of the conductors 


(©) Coaxial tine 


138 
2,= 47 8 13.5] 
where 
Dis the diameter of the outer conductor 
dis the diameter of the inner conductor 
(©) Shielded parattel tine 
Z, 13.6] 
(W) Stripline 
[3.7A] 


where 


¢, is the relative dielectric constant of the printed wiring board (PWB) 
Tis the thickness of the printed wiring board 
Wis the width of the stripline conductor 


‘The relative dielectric constant e, used above differs from the normal dielectric 
constant of the material used in the PWB. The relative and normal dielectric con- 
stants move closer together for larger values of the ratio W/T. 

Example 3-2 stripline transmission line is built on a 4-mm-thick printed 
wiring board that has a relative dielectric constant of 5.5, Caleulate the characteris- 
tie impedance if the width of the strip is 2 mun. 

Solution: 
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) 


In practical situations, we usually don't need to calculate the characteristic im- 
pedance of a stripline, but rather design the line to fit a specific system impedance 
(eg., 50.0). We can make some choices of printed circuit material (hence dielectric 
constant) and thickness, but even these are usually limited in practice by the avail- 
ability of standardized boards, Thus, stripline width is the variable parameter, Equa- 
tion 3.2 can be arranged to the form: 


13.78] 


‘The impedance of 50 0 is accepted as standard for RF systems, except in the 
cable TV industry, The reason for this diversity is that power hauling ability and low 
Joss operation don’t occur at the same characteristic impedance. For example, the 
‘maximum power handling ability for coaxial cables occurs at 30.0, while the lowest. 
loss occurs at. 77 0; 50 Qs therefore a reasonable tradeoff between the two points. 
In the cable TV industry, however, the RF power levels are minuscule, but lines are 
long, The tradeoff for TV is to use 75.Q as the standard system impedance in order 
to take advantage of the reduced attenuation factor 


Transmission line characteristics 

Velocity factor 

In the section preceding this section, we discovered that the velocity of the wave (or 
signal) in the transmission line is less than the free-space velocity (.e, less than the 
speed of light). Further, we discovered in Eq. 3.3 that velocity is related to the di 
electric constant of the insulating material that separates the conductors in the 
transtuission Line. Velocity factor » is usually specified as a decimal fraction of c, 
the speed of light (3 x 10° m/s). For example, if the velocity factor of a transmission: 
line is rated at “0.66,” then the velocity of the wave is 0.66c, or (0.66) (3 x 10° m/s) 

1.98 x 108 m/s, 

Velocity factor becomes important when designing things like transmission line 
transformers, or any other device in which the length ofthe line is important. In most 
cases, the transmission line length is specified in terms of electrical length, which 
can be either an angular measurement (e.g., 180° or x radians), or a relative measure 
keyed to wavelength (e.g., one-half wavelength, which is the same as 180°). The 
physical length of the line is longer than the equivalent electrical length, For exam- 
ple, let's consider a 1-GHz half-wavelength transmission line 

Arule of thumb tells us that the length of a wave Gin meters) in free space is 0.30/F, 
where frequency Fis expressed in gigahertz; therefore, a half wavelength line is 0.15/F 


—— 
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At 1 GHz, the line must be 0.15 n/] GHz = 0.15 m. Ifthe velocity factor is 0,80, then the 
physical length of the transmission line that will achieve the desired electrical length 
is [(0.15 m) (») VF = [(0.15 m) (0.80))/1 GHz = 0.12 m, The derivation of the rule of 
‘thumb is “left as an exercise for the student.” (Hout: It comes from the relationship be- 
‘tween wavelength, frequency, and velocity of propagation for any form of wave.) 

‘There are certain practical considerations regarding velocity factor Unat result 
from the fact that the physical and electrical lengths are niot equal. For example, in 
a certain type of phased-array antenna design, radiating elements are spaced a hall 
wavelength apart, and must be fed 180° (half-wave) out of phase with each other. 
‘The simplest interconnect is to use a half-wave transmission line between the 0° 
element and the 180° element. According to the standard wisdom, the transmission 
line will create the 180° phase delay required for the correct. operation of the an: 
tena. Unfortunately, because of the velocity factor, the physical length for a one: 
half electrical wavelength cable is shorter than the free-space half-wave distance 
between elements, In other words, the cable will be too short to reach between the 
radiating elements by the amount of the velocity factor! 

Clearly, velocity factor is a topic that must be understood before transmission 
lines can be used in practical situations. Table 3-1 shows the velocity factors for sev- 
eral types of popular transmission line, Because these are nominal values, the actual 
velocity factor for any given line should be measured. 


Table 3-1. Transmission line characteristics 
Velocity factor 

‘Type of line . 

‘Lin. TV parallel line (air dielectric) 0.95 

Lin, TV parallel line (air dielectric) 0.5 

‘TV twin lead 082 

UHE TV twin lead 0.80 
yethiylene coaxial cable 0.86 
vethylene foam coaxial cable * 0.79 

‘Airspace polyethylene foam coaxial cable * 0.86 

‘Teflon * a0 

+ Various pets dependag up able ype 


‘Transmission line noise 
‘Transmission lines are capable of generating noise and spurious voltages that. are 
seen by the system as valid signals. Several such sources exist. One source is the 
coupling between noise currents flowing in the outer conductor and the inner cot 
ductor. Such currents are induced by nearby electromagnetic interference and other 
sources (e.g., connection to a noisy groundplane). Although coaxial design reduces 
noise pickup, compared with parallel line, the potential for EMI exists. Selection of 
high-grade line, with a high degree of shielding, reduces the problem. 

Another source of noise is thermal noises in the resistances and conductances, 
‘This type of noise is proportional to resistance and temperature. 
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‘There is also noise created by mechanical movement of the cable. One species 
results from the movement ofthe dielectric against the two conductors. This form of 
noise is caused by electrostatic discharges in much the same manner as the spark 
created by rubbing a piece of plastic against woolen cloth, 

A second species of mechanically generated noise is piezoetectricity in the di- 
electric. Although more common in cheap cables, one should be aware of it. Me- 
‘chanical deformation of the dielectric causes electrical potentials to be generated. 

Both species of mechanically generated noise can be reduced or eliminated by 
proper mounting of the cable. Although rarely a problem at lower frequencies, such 
noise can be significant at microwave frequencies when signals are low. 


Coaxial cable capacitance 
A coaxial transmission line possesses a certain capacitance per unit of length. This 
‘capacitance is defined by ane 


[3.84] 
Tog (Did) m 


A long run of coaxial cable can build up a large capacitance, For example, a 
common type of coax is rated at 65 pF/m, A 150-m roll thus has a capacitance of 
665 pF/m x (150 m), oF 9750 pF. When charged with a high voltage, as is done in, 
breakdown voltage tests at the factory, the cable acts like a charged high-voltage 
capacitor. Although rarely (if ever) lethal to humans, the stored voltage in new 
cable can deliver a nasty electrical shock and can irreparably damage electronic 
‘components. 


Coaxial cable cutoff frequency F, 
‘The normal mode in which a coaxial cable propagates a signal is as a transverse 
electromagnetic (TEM) wave, but others are possible—and usually undesirable. 
‘There is a maximum frequency above which TEM propagation becomes a prob- 
Jem, and higher modes dominate. Coaxial cable should not be used above a fre- 
quency of 


Depws 13.88] 


where 
Fis the TEM-mode cutoff frequency 
‘Dis the diameter of the outer conductor, in inches 
dis the diameter of the inner conductor, in inches 
eis the dielectric constant 


When maximum operating frequencies for cable are listed, itis the TEM mode 
thats cited. Beware of attenuation, however, when making selections for microwave 
frequencies. A particular cable may have a sufficiently high TEM-mode frequency, 
Dut still exhubit a high attenuation per unit length at X or Ku bands. 
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Transmission line responses 


In order to understand the operation of transmission lines, we need to consider two 
cases: step-function response and the steady-state ac response. The step-lunetion 
case involves a single event when a voltage at the input of the line snaps from zero 
(or a steady value) to a new (or nonzero) value, and remains there until all action 
dies out. This response tells us something of the behavior of pulses in the line, and in 
fact is used to describe the response to a single-pulse stimulus. The steady-state ac 
response tells us something of the behavior of the line under stimulation by a sinu. 
soidal RF signal. 


Step-function response of a transmission line 

Figure 8-3 shows a parallel transmission line with characteristic impedance Z, con- 
nected to a load impedance Z,, The generator at the input of the line consists of a 
voltage source V in series with a source impedance Z, and a switeh S,. Assume for 
the present that all impedances are pure resistances (Le., R +0), Also, assuine 
that Z, =2Z,. 

When the switch is closed at time 7, (Fig. 3-44), the voltage at the input of the 
line (V,,) jumps to V2. In Fig. 3-2, you may have noticed that the LC circuit resem- 
bles a delay line circuit. As might be expected, therefore, the voltage wavefront 
propagates along the line at a velocity » of 


[3.9] 


where 


vis the velocity, in meters per second 
Lis the inductance, in henrys 
Cis the capacitance, in farads 


———— 


Byxk, 


3-3 Schematic example of transmission line 
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At time 7, (Fig, 3-48), the wavelront has propagated one-half the distance L, 
and by T,, it has propagated the entire length of the cable (Fig. 3-4C) 

If the load is perfectly matched (Le., Z, = Z,), then the load absorbs the wave 
and no component is reflected. But in a mismatched system (Z, is not equal to Z,), 
4 portion of the wave is reflected back down the line toward the generator. 

Figure 3-5 shows the rope analogy for reflected pulses in a transmission line. A 
taut rope (Fig. 3-5A) is tied to a rigid wall that does not absorb any of the energy in 
the pulse propagated down the rope. When the free end of the rope is given a verti 
cal displacement (Fig. 8-5B), a wave is propagated down the rope at velocity » (Fig, 
3-5€). When the pulse hits the wall (Fig. 3-5D), itis reflected (Fig, 3-5E) and prop- 
agates back down the rope toward the free end (Fig. 3-5F). 

Ifa second pulse is propagated down the line before the first pulse dies out, then 
there will be two pulses on the line at the same time (Fig. 3-68). When the two 
pulses interfere, the resultant will be the algebraie sum of the two. In the event that 
a pulse train is applied to the line, the interference pattern will set up standing 
waves, an example of which is shown in Fig. 3-6B. 


Reflection coefficient 
‘The reflection coefficient T of a circuit containing a transmission line and load im: 
pedance is a measure of how well the system is matched, The absolute value of the re- 
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3-68 Standing waves. 


Aection coefficient varies from 1 to +1, depending upon the magnitude of reflection; 
T =O indicates a perfect match with no reflection, while -1 indicates a short-circuited 
Joad, and +1 indicates an open circuit. To understand the reflection coefficient, let's 
start with a basic definition of the resistive load impedance Z = R +70: 


y 
2,24 3.10) 
7 [3.10] 
where 
Z, is the load impedance R +0 
Vis the voltage across the load 
Tis the current flowing in the load 
Because there are both reflected and incident waves, we find that Vand Fare ac 


tually the sum of incident and reflected voltages and currents, respectively. There- 
fore: 


v 
T [3.114] 


[3.11B] 


where 


Vics the incident (Le., forward) voltage 
Vis the reflected voltage 

I, 18 the incident current 

Fis the reflected current. 


Selected Papers 


high-efficiency, multi-antenna system are shown in 
‘Table 1. Antennas for the latest wireless communica- 
tion systems are required to achieve high gain and 
high efficiency. The multi-antenna systems are 
designed to make maximum use of system resources, 
especially space. 


3. Wireless systems and suitable antenna 
systems 


‘The kinds of wireless systems that we can expect to 


find around us in the near future are illustrated in Fig. 
6. RF-ID (radio-frequency identification) tags will be 
attached to various kinds of objects in a ubiquitous 
network and a large quantity of information will be 
gathered to provide useful knowledge to each person. 
High-speed data transmission ranging from a few 
megabits per second to 1 Gbit/s will be possible in 
mobile satellite systems, land mobile systems, and 
wireless local area network (WLAN) systems. In 
home networks, individual items of electronic equip- 
ment will be connected to each other at very high 


Table 1. Key technologies to meet antenna requirements. 
Requirements ey technologies 

1) High gain and | a. Innovative materials (meta-material, high magnetic material...) 

high atciency | b. Element design (parasitic element, fractal element...) 


Integrated antenna (antenna with RF circuit or RF device...) 
4, Active antenna (antenna within variable reactance oF switch.) 


2) Matrantenna 
techniques 
Diversity antenna 
1, SOMA antenna 
@. MIMO antenna 


"a Beam scanning antenna 
', Sector antenna (xed narrow mult-beam system) 


Public land mobile 
‘communications 


Short 
inks 


° 
@ FF tag 
Ubiquitous BS: Base station 
retwork 
system 


Fig. 6. Wireless communication systems. 
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Because of Ohin's law, you can define the currents in terms of voltage, current, 
and the characteristic impedance of the line: 


¥ 
he 13.12] 
and 
Mos 
Ipc 13.13] 


(The sninus sign in Eq, 3.13 indicates that a direction reversal has taken place.) 
‘The two expressions for current (Eqs. 3.12 and 3.13) may be substituted into 
Eq, 3.11 to yield 


[3.14] 


‘The reflection coefficient Tis defined as the ratio of reflected voltage to incident 
voltage: 


[3.15] 


Using this ratio in Eq, 3.14 gives 


[3.16] 


Example 3-3 A 50-Q transmission line is connected to 30-0 resistive load. 
Caleulate the reflection coefficient 
Solution: 


09) 
(50) + (309) 


Bh ig, 
= 5 7028 
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Example 3-4 In Example 3-3, the incident voltage is 3 V rms. Calculate the re- 
fected voltage. 
Solution: 
ity 
v. 


then 


fot = T Ving 
= (025) (8V) =0.75V 


‘The phase of the reflected signal is determined by the relationship of load im 
pedance and transnussion line characteristic impedance. For resistive loads (Z = R + 
70): if the ratio Z,/Z,, is 1.0, then there is no reflection; if Z,/Z, is less than 1.0, then 
the reflected signal is 180° out of phase with the incident signal; if the ratio Z,/2, is 
greater than 1.0 then the reflected signal is in phase with the incident signal. 
In summary: 


Angle of 
Ratio reflection 
Z,/Z,=1 — Noreflection 
Zil<1 180° 
ZlZ,>1 


‘The step-function (or pulse) response of the transmission line leads to a power 
ful means of analyzing the line, and its load, onan oscilloscope. Figure 3-7A shows 
(in schematic form) the test set-up for lime domain reflectometry (TDR) mea- 
surements, An oscilloscope and a pulse (or square-wave) generator are connected in 
parallel across the input end of the transmission line, Figure 3-7B shows a pulse test 
Jig built by the author for testing lines at HE. ‘The small shielded box contains a TTL 
‘square-wave oscillator circuit. Although a crystal oscillator can be used, an RC timed, 
circuit running close to 1000 kHz is sulficient, In Fig. 3-7B, you can see the test pulse 
generator bos is connected in parallel with the cable under test and the input of the 
oscilloscope. A closer look is seen in Fig. 3-70, A BNC “tee” connector and a double 
male BNC adapter are used to interconnect the box with the ‘scope. 

If periodic waveform is supplied by the generator, then the display on the os- 
cilloscope will represent the sum of reflected and incident pulses. The duration of 
the pulse (L.e., pulse width), or one-half the period of the square wave, is adjusted so 
that the returning reflected pulse artives approximately in the center of the incident, 
pulse 

Figure 3-8 shows a TDR display under several circumstances. Approximately 
80 m1 of coaxial cable, with a velocity factor of 0.66, was used in a test setup similar 
to Fig, 3-7. The pulse width was approximately 0.9 microseconds (is). The hori- 
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Pulse 
generator 


3-7. Time domain reflectometry setup. 


a 
en 


3-7B Test setup for impromptu time domain re 
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3-7C Close-up of RF 
connections, 


lr 3 ag 


348A. Idealized TDR pulse. Small “pip” 
‘an top is reflected signal 
Interfering with forward pulse 


0.9 ps. 


zontal sweep time on the ‘scope was adjusted to show only one pulse—which, in this 
anted one-half of a 550-kHz square wave (Fig. 3-8B) 
‘The displayed trace in Fig. 3-8B shows the pattern when the load is matched to 
the line (Z, = Z,). A slight discontinuity exists on the high side of the pulse, and this 
represents a small reflected wave, Even though the load and line were supposedly 
matched, the connectors at the end of the line presented a slight impedance discon 
tinuity that shows up on the ‘scope as a reflected wave. In general, 
in the line, any damage to the line, a 
slight impedance variation, 


5, repre’ 


any discontinuity 
Wy too-sharp bend, or other anomaly, cause 
1nd hence a reflection, 


78 


nsmission lin 


3-88 TDR pulse with no significant 
reflection 


Notice that the anomaly occurs approximately one-third of the 0.9-s duration 
(or 0.3 ps) after the onset of the pulse. This fact tells us thatthe 
rive is after the incident wave leaves. Because this tim 
riod represents a round-trip, you can conclude that the wave required 0.3 psi 
0.15 us to propagate the length of the line. Knowing that the velocity factor is 0.66, 
of line, you can calculate its approximate lengt 


gh = co [3.17] 
(2x 10% nw 7 
= & (0.68) x (1.5 x 1078) 


which agrees “within experimental accuracy” with the 30 m actual length pr 


pared for the experiment ahead of time. Thus, the TDR setup (or a TDR instru 
ment) can be used to measure the length of a transmission line. A general 


equation is, 


+ [3.18] 


cis the velocity of light (3 x 10° m/s) 
ransmission line 
set of thi 


vis the velocity factor of 
T,, is the round-trip time between thy 


Figures 3-8C through 9-8H show the behavior of th 


stepfunction when the load impedance is mismatched to the transmission line 
not equal to Z,). Figure 8-8C shows what happens w 
than the line impedance (in this The reflected wav 


the load impedance is less 
is inverted, and 
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38C Z,<fZ, 


38D 7,22, 


sums with the ine 
be determined by 


nt wave along the top of the pulse. The r 
sxamining the relative 
The opposite situation, in which Z 
reflected wave is in phase with 
m, The cases for a st 
gs, O-8E and 3-8F, 8 


lection coefficient ¢ 
amplitudes of the two wi 
ig shown in Fig. 3-8D. In this ¢ 
we incident, wave, so it adds to the ineident wave as 
wt-cirenited Ioad and an open-circuited load ar 
pectively, The cases of reactive loads ar 
anid 3-8H. The waveform in Fig. 3-8G resulted from 3 
50-Q (inatched) resistance; the waveform in 


in series with a 
alted from a 50-0 resi 


ss with an induc 


The ac response of the transmission line 
When a CW RF signal 


pple 
(Fig. 3-9), s0 it be 


nsmission line, the excitation 
comes useful for us to investigate the st 
the line. The term steady-state implies a 


sinusoidal 
ange of 
onstant amplitude, phase 


ly-state ac 


BH Z, =50 


3-9 AC-excited transmission line 


frequency. When ac is applied to the input of the line, it propagates along the line a 
a given velocity, The ac signal amplitude and phase will decay exponentially 


13.19] 
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where 


Vj is the voltage received at the far end of the line 
Vis the applied voltage 
{is the length of the line 


is the propagation constant of the line 


‘The propagation constant y is defined in various equivalent ways, each of which 
serves to illustrate its nature. For example, the propagation constant is proportional 
to the product of impedance and admittance characteristics of the line: 


y= VE 13.20] 


or, since Z=R+j@Land ¥. 


y= Vie jul (G+ jut) [3.21] 


G +7 @C, we may write: 


You can also write an expression for the propagation constant in terms of the 
line attenuation constant a and phase constant B: 


y=a+jB 13.22] 
If you can assume that susceptance dominates conductance in the admittance 
term, and reactance dominates resistance in the impedance term (both usually true 
at microwave frequencies), then we may neglect the & and G terms altogether and 
write: 

y=ja VLC [3.23] 

We may also reduce the phase eonstant B to 
B=@ViC [3.24] 
B=0Z,C radi 13.25] 


and, of course, the characteristic impedance remains: 


[3.26] 


Special cases 
‘The impedance “looking into” a transmission line (2) is the impedance presented to 
the source by the combination of load impedance and transmission line characteris- 
tic impedance, Below are presented equations that define the looking-in impedance 
‘seen by a generator (or source) driving a transmission line. 
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‘The case where the load impedance, and line characteristic impedance, are 
matched is defined by 


2, =R, +i0=Z, 

In other words, the load impedance is resistive and equal to the characteristic 
impedance of the transmission line, In this ease, the line and load are matched, and 
the impedance looking in wil be a simple Z = Z,, = Z,. In other cases, however, we 
find different situations where Z, is not equal to Z,, 


1. Z, is not equal to Z, in a random-length lossy line: 


[3.271 


4+, ran (yD) 
# =| 7%, +, tan (yD) ] 


where 


Zs the impedance looking in, in ohms 
7, isthe loud impedance, in ohms 

71s the line characteristic impedance, in oluns 
{isthe length of the line, in meters 

1's the propagation eonstant 


2. Z, not equal to Z, in a lossless, or very low loss, random-length line: 


[3.28] 


4, + jt, tan (BD 
Z=G,) [Zizi ay | 


Z,, +32, tan (BD 
Equations 3.27 and 3.28 serve for ines of any random length, For lines that are et 
ther integer multiples of a half-wavelength, or odd-integer (Le., 1, 8,5,7, .- ete.) mul- 


tiples of a quarter-wavelength, special solutions for these equations are found—and 
some of these solutions are very useful in practical situations. For example, consider 


3. Half-wavelength lossy lines: 


[3.29] 


+2, tanh (al) 


tanh (at) | 
Example 3-5 A lossless 50-0 (Z,) transmission line is exactly one-half wave- 
length long anu is terminated in a load impedance of Z = 30 + j0. Caleulate the input 
impedance looking into the line, (Note: in # lossless line a = 0.) 
Solution: 


got, tnt to 
re@p[ Scene | 


Z, +2, tanh (al) 
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Table 2. Wireless systems and NTT's antenna system approaches. 


speed (several gigabits per second) wirelessly instead 
of by cables. In these wireless systems, highly func- 
tional and high-performance antennas will be essen- 
tial. Table 2 explains the main features and technical 
trend of the systems and also shows NTT’s approach- 
eto antennas and antenna systems for each high-per- 
formance wireless system. The technologies in Table 
1 that are used are indicated in parentheses. Each 
antenna system must satisfy severe specifications and 
also provide high functionality, as shown in Figs. 4(c) 
and (d). The antennas discussed in the selected papers 
in this issue are shown in blue in Table 2. The present 
status of each antenna system and research and 
development in NTT are explained below. 


3.1. Ubiquitous network antenna system 

‘Tag antenna elements have the same problems as 
pagers or portable telephone systems that use the LF, 
and VHF bands. The antenna element must be 
all as possible and have high efficiency in a 
small volume and in the neighborhood of various 
objects. Most antennas for passive tags using the LF 
band (13 MHz) are spiral, helical, N-turn loop, or 
‘meander line antennas [10] for achieving an electro- 
‘magnetic induction area and their gains are consid- 
ered to be very low. Bent and spiral monopole or 
dipole antennas are used in personal computer card 
wireless communication systems or in small square 
film tags using UHF-band systems [11]. The 
approach is to design the antenna and RF-IC as one 
system; in other words, the connection impedance 
between the antenna and RF-IC is designed as a 
freely selectable value instead of being restricted to 
50 Q. The same kind of technique is currently being 


Vol. 3 No.9 Sep. 2005 
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Uhiaaros | Mii somes | rer tiie bw ing bas Hato arena 
Mash network (802155) (04.70.16) 
poname | Serrange igh requeey band (niimtarwave sytem) | Acre Hiepasa sven Tse 
Srorrange | Utranigh=peed | Utraweeband (UWE) itr war) 
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investigated in NTT in a study of active integrated 
antennas [12]. On the other hand, the base station 
antenna can be designed by applying techniques 
developed for pagers or land mobile antennas 
because it has high-gain and beam-tilting characteris- 
ties. 


3.2. Millimeter-wave frequency band 
communication antenna system 

A high-speed wireless communication system is 
achieved by using wideband technology, so millime- 
ter-wave frequencies, which provide a very wide 
bandwidth, are attracting attention. The use of high 
frequencies also requires high output power to com- 
pensate for the huge propagation loss and passive cir- 
cuit losses, so high-gain and high-efficiency antennas 
are very important in system design [13]. Millimeter- 
wave systems mainly use horn, reflector [14], or lens 
antennas [15]. Horn or reflector antennas are used in 
relatively long-range communication where the range 
is several hundred meters. A lens type antenna, which 
is integrated with monolithic microwave integrated 
circuits (MMICs) to achieve high efficiency without 
a feeding line, is mainly used for short-range trans- 
mission, e.g., for a home link system. Active inte- 
grated antenna technology in which an amplifier for 
transmitting and receiving is mounted without using 
a connector or cables is suitable for a high-frequency- 
band system [16]. Typical antenna types for millime- 
ter-wave frequency systems are shown in Table 3. 
Horm or reflector antennas provide very high gain but 
cannot be integrated with MMICs, The lens antenna 
provides high gain and can be made into an integrat- 
ed antenna but requires adjustment to correct its 
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30 + 50 tanh [(0) @)] 
z-00{ 50 + 30 tanh [(0) (m)) } 
_ 30 +50 tanh (0) 
=a 50+ 30 tanh (0) | 
30+0 
= (609) 
: »( Sr) 


= (60.9) (30/50) =30.0 


In Example 3-5 we discovered that the impedance looking into a lossless (or 
very low loss) half- wavelength transmission line isthe load impedance: 


[3.30] 


‘The fact that line input impedance equals load impedance, is very useful in cer: 
tain practical situations. For example, a resistive impedance ts not changed by the 
line length. Therefore, when an impedance is inaccessible for measurement pur- 
poses, the impedance can be measured through a transmission line that is an integer 
ruultiple ofa half wavelength. 

Our next special case involves a quarter-wavelength transmission line, and those 
that are odd integer multiples of quarter-wavelengths (of course, even integer mul- 
tiples of a quarter wavelength obey the half-wavelength criteria) 


4. Quarter-wavelength lossy lines: 


Z,,+Z, coth (al) 
£09 Fiat | ream 


and 


5. Quarter-wavelength lossless or very low loss lines: 


=, [3.32] 


From Eq, 3.22, you can discover an interesting property of the quarter-wave: 
length transmission line First, divide each side of the equation by Z, 


zg We 


[3.33] 


[3.34] 
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‘The ratio 2/2, shows an inversion of the load impedance ratio Z,/Z,, or, stated 
another way, 


[3.35] 


Again, from Eq. 3.32, you can deduce another truth about quarter-wavelength 
transmission lines: 


0 
13.36] 
then 
Wi, =NZ, [3.37] 
which means 
13.38] 


Equation 3.38 shows that a quarter-wavelength transmission line ean be used as 
an impedance matching network. Called a Q section, the quarter-wavelength 
transmission line used for impedance matching requires a characteristic impedance 
Z,—if Z is the source impedance and Z, is the load impedance. 
Example 3-6 A 50-2 source must be matched to a load impedance of 36 Q. 
Find the characteristic impedance required of a Q section matching network. 
Solution: 


i, 


4=Vii, 


= VG09) GHD) 


6, Transmission line as a reactance: Reconsider Eq. 3.28, which related im- 
pedance looking in to load impedance and line length: 


: tan (BL) 
BOO Tin, tan BD 13.39) 
Now; for the ease of a shorted lin (Le, 2, = 0), the solution is 
(0) +32, tan (BD, 
Z,+j(@) tan (BT) | 13.40] 
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2-9[ 2] man 
%=j2,tan (Bl) 13.42] 

Recall from Bq. 8.25 that 
B=WZC [3.43] 

Substituting Bq. 8.43 into Eq, 8.42 produces 
% = 52, tan (2,00) 13.44] 
or 

%=j 2, tan (2nFZ,CD) [3.45] 


Because the solutions to Eqs. 3.44 and 3.45 are multiplied by the j operator, the 
impedance is actually a reactance (Z = 0 + JX). It is possible to achieve almost any 
possible reactance (within certain practical limitations) by adjusting the length of 
the transmission line and shorting the “load” end. This fact leads us to a practical 
‘method for impedance matching. 

Figure 3-104 shows a circuit in which an unmatched load is connected toa 
transmission line with characteristic impedance Z,, The load impedance Z, is of the 
form Z = R + jX, and, in this ease, it is equall to 50 ~ j20. 

A complex impedance load can be matched to its source by interposing the eom- 
plex conjugate of the impedance. For example, in the case where Z = 50 ~ 720, the 
‘matching impedance network will require an impedance of 60 +j20 Q. The two im- 
pedances combine to produce a result of 50 Q. ‘The situation of Fig. 3-10A shows a 
matching stub with a reactance equal in magnitude, but opposite in sign, with re- 
spect to the reactive component of the load impedance, In this ease, the stub has a 
reactance of +j20 © to cancel a reactance of —j20 9 in the load. 

A quarter wavelength shorted stub is a special case of the stub concept that 
finds particular application in microwave circuits. Wacteguides (Chap. 19) are based 
(on the properties of the quarter-wavelength shorted stub, Figure 3-10B shows a 
‘quarter-wave stub and its current distribution, ‘The current is maximum across the 
short, but wave cancellation forces it to zero at the terminals, Because Z = Vil, when 
I goes to zero, the impedance becomes infinite, Thus, a quarter-wavelength stub has 
aan infinite impedanice at its resonant frequency, and redundant acts as an insulator 
This concept may be hard to swallow, but the stub is a “metal insulator 


Standing wave ratio 

‘The reflection phenomenon was noted earlier during, the coverage of the step- 
function and single-pulse response of a transmission line; the same phenomenon also 
applies when the transmission line is excited with an ae signal. When a transmission 
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“Transmission ry We 


line Z, =50 2) 


2, = 60 ~ 7200 


Shorted 
matching 
stub (X= +720 0) 


i 


3-10A_ Stub matching system. 


line is not matched to its load, some of the energy is absorbed by the load and some 
is reflected back down the line toward the source, The interference of incident (or 
“forward”) and reflected (or “reverse”) waves creates standing waves on the trans- 
‘mission line, 

Ifthe voltage or current is measured along the line, it will vary, depending on the 
load, according to Fig. 3-11. Figure 3-114 shows the voltage-versus-length curve for 
a matched line (Le, where Z, = Z,). The line is said to be “flat” because the voltage 
(and current) is constant all along the line. But now consider Figs, 3-11B and 3-11C. 

Figure 3-11B shows the voltage distribution over the length of the line when the 
oad end of the line is shorted (ie,, Z, = 0). Of course, at the load end the voltage is, 
zero, which results from zero impedance. The same impedance and voltage situa- 
tion is repeated every half-wavelength down the line from the load end toward 
the generator. Voltage nainimet are called nodes, and voltage maurima are called 
antinodes. 

‘The pattern in Fig. 3-11G results when the line is unterminated (open) (i.e., 
Z,, ==). Note that the pattem is the same shape as Fig. 3-11B (shorted line), but 
the phase is shifted 90°. In both cases, the reflection is 100 percent, but the phase 
of the reflected wave is opposite. 

Figure 3-11D shows the situation in which Z, is not equal to Z,, but is neither 
zero nor infinite, In this case, the nodes represent some finite voltage, V,,., rather 
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than zero. The standing wave ratio (SWR) reveals the relationship between load 
and line. 
Ifthe current along the line is measured, the pattern will resemble the patterns 
of Fig. 3-11. The SWR is then called ISWR, to indicate the fact that it came from a 
urrent measurement. Similarly, i the SWR is derived from voltage measurements it 
is called VSWR. Perhaps because voltage is easier to measure, VSWR is the term 
most commonly used in most radio work, 
VSWR can be spe 


ied in any of several equivalent ways: 


1. From incident voltage (V,) and reflected voltage (V,) 


Vi+¥, 
yswR [3.46] 
2. From transmission line voltage measurements (Fig. 8-11D) 
V 
yswe = [3.47] 
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8. Fram load and line characteristic impedances: 


(4, > Z) VSWR =2,/2, [3.48] 
<4, VSWR=Z,/2, 13.49] 


4. From incident (P,) and reflected (P,) power: 


cag. LEVEIP, 
VSwR= 7 VE [3.50] 
5. From reflection coefficient (T). 
rms 
vswr = [3.51] 


It is also possible to determine the reflection coefficient T from a knowledge of 
VSWR: 


VSWR -1 


VSWR +1 18.52] 


‘The relationship between reflection coefficient T and VSWR is shown in Fig. 
@-11D. 

‘VSWR is usually expressed as a ratio, For example, when Z, is 100 Q and Z, is 
5.Q, the VSWR is Z,/Z, = 100 Q/50 Q= 2, which is usually expressed as VSWR = 2:1 
VSWR can also be expressed in decibel form: 


VSWR = 20 log (VSWR) 13.53] 
Example 3-7 A transmission line is connected to a mismatched load. Calculate 


both the VSWR and VSWR decibel equivalent if the reflection coefficient Fis 0.25, 
Solution: 


(a) VSWR = 


(b) VSWR, = 20 log (VSWR) 
= (20) (log 1.67) 
= (20) (0.22) = 4.3 dB 
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end 


3-11. Voltage versus electrical length: (A) Matched impedances, (B) Z, =0, (C) 2, = infinite 
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end 


3411 Continued: (D) Z, not equal to Z, 


‘The SWR is regarded as important in systems for several reasons. The base of 
these reasons is the fact that the reflected wave represents energy lost. to the load, 
For example, in an antenna system, less power is radiated if some of its input power 
is reflected back down the transmission line, because the antenna feedpoint imped- 
ance does not mateh the transmission line characteristic impedance. The next see- 
ion covers the problem of mismatch losses. 


‘Mismatch (VSWR) losses 

‘The power reflected from a mismatched load represents a loss, and will have imp 
cations that range from negligible to profound, depending on the situation. For ex- 
ample, one result might be a slight loss of signal strength at a distant point from an 
antenna, A more serious problem can result in the destruction of the output device 
in a transmitter. The latter problem so plagued early solid-state transmitters that. 
designers opted to inchude shutdown circuitry to sense high VSWR, and turn down 
‘output power proportionally: 

In microwave measurements, VSWR on the transmission lines (that intercon 
nect devices under test, instruments, and signal sources) can cause erroneous read- 
ings—and invalid measurements, 

Determination of VSWR losses must take into account two VSWR situations, 
Figure 2-9 shows a transmission line of impedance Z, interconnecting a load imped- 
ance Z,, and a source with an output impedance Z,, There is a potential for imped- 
ance mismatch at both ends of the line. 

In the ease where one end of the line is matched (either Z, or Z,), the mismatch 
Joss caused by SWR at the mismatched end is 


ee 1- (et [3.54] 


—— 
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which from Eq. 3.82 is 
‘ML = -10 log (1-T) [3.55] 


Example 3-8 A coaxial transmission line with a characteristic impedance of 50 
Qis connected to the 50-2 output (Z,) ofa signal generator, and also to a 20-W load, 
impedance Z,. Caleulate the mismatch loss. 

Solution: 

(a) First find the VSWR: 


VSWR = 2/2, 
= (60 QY/20 9) 


(b) Mismatch loss: 


swr-1 \* 
ae-sove|1-( SET) | 
25-1 \* 
=-100[ (3357) | 
15 \" 
=-10ne[ 1-(22)'] 
“PGs 
= 10 log [1 - (0.43 
= -10 log [1 ~ 0.185] 


=-10 log [0.815] 
= (10) (0.089) = 


4) 


89 
When both ends of the line are inismatched, a different equation is required: 


ML 


log 1 =, x TI} 13.56] 


reflection coefficient at the source end of the line, 

yR,— DI(VSWR, + 1) 

Tis the reflection coefficient at the load end of the line, 
(VSWR, —1)/VSWR, +1) 


Note that the solution to Eq. 3.56 has two values: [1 + (PF,)] and [1 - (PT. 

‘The equations reflect the misinatch loss solution for low-loss or “lossless” trans- 
rission lines. This is a close approximation in some situations; however, itis insuffi 
lent when the line is lossy. Although not very important at low frequencies, loss 
becomes higher at microwave frequencies. Interference between incident and re- 


—— 


Chap03_carr 


4/10/01 


(3:02 PM Page 93 © 


Transmission line responses 93 


flected waves produces increased current at certain antinodes—which increases 
olunic losses—and increased voltage at certain antinodes—which increases dielec- 
tric losses. It is the latter that increases with frequency. Equation 3.57 relates re- 
flection coefficient and line losses to determine total loss on a given line. 


e-r 
Loss = 10108 (Fir?) 13.571 


where 


Loss is the total ine loss in decibels 

Tis the reflection coefficient 

‘eis the quantity 10% 

A is the total attenuation presented by the line, in decibels, when the line is properly 
matehed (Z,, = Z,) 


Example 3-9 A 50-0 transmission line is terminated in a 30-0 resistive imped- 
ance, The line is rated at a loss of 3 dB/100 ft at 1 GHz, Calculate (a) loss in 5 f of line, 
(®) reflection coefficient, and (¢) total loss in a 5- line mismatched per above. 


Solution: 
(ajA= 700 ft «5 =0.15 dB 
@r 

~ 50+ 30 
() m= 10419 
Lar 10g 
-10n4| SES | 
1.04 ~ (1,04) (0.063) 


Table 3. Antenna types for millimeter-wave systems, 
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‘6 Ganienna array 
Antenna side RF circuit sida 
Fig. 7. Active integrated antenna for 25-GHz system. 


‘mounting error. The patch antenna is a good element 
for integration with MMICs because it can be made 
on the same material substrates, so it does not need 
antenna adjustment. We have developed an active 
integrated antenna designed for broadband mobile 
wireless access systems using the 25-GHz band, as 
shown in Fig. 7 [12]. It exhibited output power of 
14.6 dBm and a noise figure of less than 5 dB. The 
only weakness of this integrated antenna is that high 
gains cannot be provided with one patch antenna. The 
third selected paper in this issue describes a high-gain 
integrated active antenna and high-efficiency RF cir- 
cuit for the millimeter-wave frequency band for a 
‘millimeter-wave communication system [4]. A high- 
gain integrated patch antenna is investigated as a par- 
asitic element to obtain a wide antenna aperture. The 
‘millimeter-wave frequency-band link system was 
first proposed for application to the transmission of 
uncompressed HDTV (high-definition television) 
signals in the home or in a studio. 


3.3. Land mobile and WLAN antenna systems 
‘The number of subscribers to land mobile systems, 
especially cellular systems, has increased rapidly, and 


for broadband Internet access. To meets these 
demands, many improvements to the land mobile sys- 
tem have been proposed such as wideband code dit 

ion multiple access (W-CDMA), adaptive modula 
tion, and ad hoc transmission. Recently, the utiliza- 
tion of space has become as desirable as frequency 
and time utilization [17]. Space utilization is achieved 
using a multi-antenna system with a radiation control 
mechanism, which is accomplished by a smart anten- 
na system, 
3.3.1 Typical multi-antenna techniques for 

mobile systems 

The application areas of multi-antenna techniques 
depend qualitatively on the system characteristics, as 
shown in Fig. 8. A fixed high-gain beam antenna does 
not always need antenna elements, but the other tech- 
niques are achieved through various combinations of 
antenna elements, so they are provided by adaptive or 
integrated multi-antenna systems, as shown in Figs. 
4(0) and (d). A narrow-beam or high-gain antenna is 
used in the line-of-sight situation (where there are no 
obstacles between the transmitting and receiving 
antennas and there are few paths in the multipath 
transmission), so a beam-scanning mechanism is 
needed when a terminal moves fast, and multiple 
beams or sector beams are required when there are 
many terminals in the service area. The diversity 
antenna technique can provide a stable signal level in 
a multipath mobile environment. Beam scanning 
(with a sector beam or multiple beams) and diversity 
antenna techniques have been used fairly extensively 
from the early days of mobile communication servi 
because they use only simple signal processing. How- 
ever, with the rapid progress of signal processing 
technology, a desired signal can now be distinguished 
from a mixture of many signals in a multipath en 
ronment. The SDMA technique distributes signals 
among the terminals communicating in the service 
area, MIMO techniques enable very-high-data-rate 
communication with multiplexed transmission in 
each antenna of the multi-antenna system of the base 
station or mobile terminal. These techniques require 
more calculation as the movement speed of the 
mobile terminal increases. In these wireless systems, 
signal processing ability and superior algorithms are 
more important than the performance of antenna ele- 
ments, 
3.3.2 Research results and developed antenna 

systems 

A very small and thin planar six-sector antenna 
using a patch Yagi-Uda array with common directors 
for mobile terminals has been proposed (Fig. 9) [18], 
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= 101g (222) 


0.974 
= 10 log (1.046) 
= (10) (0.02) = 0.2. 4B 

Compare the matched line loss (A = 0.15 dB) with the total loss (Loss = 0.2 dB), 


which includes mismateh loss and line loss. The difference (Le., Loss ~ A) is only 
0.05 dB. If the VSWR was considerably larger, however, the loss would rise. 


4 


CHAPTER 


The Smith chart 


‘THE MATHEMATICS OF TRANSMISSION LINES, AND CERTAIN OTHER DEVICES, BECOMES 
cumbersome at times, especially in dealing with complex impedances and 
dard” situations. In 1989, Phillip H. Smith published a graphical device for solving 
these problems, and an improved version of the chart followed in 1945. That graphic 
aid, somewhat modified over time, is still in constant use in microwave electronics, 
and other fields where complex impedances and transinission line problems are 
found. The Syaith chart is indeed a powerful tool for the RF designer. 


Smith chart components 


‘The modern Smith chart is shown in Fig. 4-1. It consists of a series of overlapping or 
thogonal circles (Le., circles that intersect each other at right angles). This chapter 
will dissect the Smith chart, so that the origin and use of these circles is apparent. 
‘The set of orthogonal circles makes up the basic structure of the Smith chart. 


‘The normalized impedance line 

A baseline is highlighted in Fig. 4-2, and bisects the Smith chart outer circle, This, 
line is called the pure resistance line, and forms the reference for measurements 
made on the chart. Recall that a complex impedance contains both resistance and 
reactance, and is expressed in the mathematical form: 


Z=RxjX 441 
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where 


Zis the complex impedance 
Ais the resistive component of the impedance 
Xs the reactive component of the impedance* 


‘The pure resistance line represents the situation where X = 0, and the imped- 
ance is therefore equal to the resistive component only. In order to make the Smith, 
chart universal, the impedances along the pure resistance line are normalized with 
reference to system impedance (e., Z, in transmission lines); for most microwave 
RF systems the system impedance is standardized at 50 Q. In order to normalize the 
actual impedance, divide it by the system impedance. For example, if the load im- 
pedance of a transmission line is Z,,, and the characteristic impedance of the line is 
Z,, then Z = Z,/Z,, In other words, 


[42] 


‘The pure resistance line is structured such that the system standard impedance 
is in the center of the chart, and has a normalized value of 1.0 (see point A in Fig. 4- 
2). This value derives from the fact that Z/Z,, = 1.0. 

‘To the left of the 1.0 point are decimal fraction values used to denote imped- 
ances less than the system impedance. For example, in a 50-0 transtnission line sys- 
‘tem with a 25-Q load impedance, the normalized value of impedance is 25 /50 0 or 
0.50 (*B" in Fig, 4-2). Sinularly, points to the right of 1.0 are greater than 1 and de- 
note impedances that are higher than the system impedance. For example, in a 50- 
Qssystem connected to a 100-0 resistive load, the normalized impedance is 100 @/50 
Q, or 2.0; this value is shown as point C in Fig. 4-2. By using normalized impedances, 
you can use the Smith chart for almost any practical combination of system, and load. 
and/or source, impedances, whether resistive, reactive, or complex. 

Reconversion of the normalized impedance to actual impedance values is done 
by multiplying the normalized impedance by the system impedance. For example, if 
the resistive component of a normalized impedance is 0.45, then the actual imped- 
ance is 
[4.3] 


144) 
[45] 


‘The constant resistance circles 

The isoresistance circles, also called the constant resistance circles, represent 
points of equal resistance. Several of these circles are shown highlighted in Fig, 4 
‘These circles are all tangent to the point at the righthand extreme of the pure resis- 


*Accorting to the standard sign convention the inductive reactance (X,) is positive (+) and the eapaci- 
tive reactance (X,) is negative (-).The term {in Bq. 4.1 above isthe difference between the twa reac 
tances (Y=, 3), 
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tance line, and are bisected by that line, When you construct complex impedances 
(Cor which A= nonzero) on the Smith chart, the points on these circles will all have 
the same resistive component. Circle A, for example, passes through the center of 
the chart, so it has a normalized constant resistance of 1,0. Note that impedances 
that are pure resistances (Le. +0) will fall at the intersection ofa constant re- 
sistance circle and the pure resistance Iine, and complex impedances (Le., X not 
‘equal to zero) will appear at any other points on the circle. In Fig. 4-3, circle A 
passes through the center of the chart, so it represents all points on the chart with a 
normalized resistance of 1.0, This particular circle is sometimes called the wnily 
resistance circle. 


‘The constant reactance circles 
Constant reactance circles are highlighted in Fig. 4-4. ‘The circles (or circle seg- 
ments) above the pure resistance line (Fig, 4-4) represent the inductive reac- 
tawce (+X), and those cireles (or segments) below the pure resistance line (Fig 
4-4B) represent capacitive reactance (-X). In both cases, circle A represents a 
normalized reactance of 0.80 

One of the outer circles (Le., circle A in Fig. 4-4C) is called the pure reactance 
circle. Points along circle A represent reactance only; in other words, an impedance 
ofZ =0 JX (R= 0). 

Figure 4-4D shows how to plot impedance and admittance on the Smith chart, 
Consider an example in which system impedance Z, is 50.0, and the load impedance 


is Z, = 95 +,j55 Q This load impedance is normalized to 
[4.6] 
95 + j55 @ 
we [471 
94d [48] 


An impedance radius is constructed by drawing a line from the point repre- 
sented by the normalized load impedance, 1.9 + j1.1, to the point represented by the 
normalized system impedance (1.0) in the center of the chart. A circle is con 
structed from this radius, and is called the VSWR cirle. 

Admittance is the reciprocal of impedance, so it is found from 


[4.9] 


Sle 


Because impedances in transmission lines are rarely pure resistive, but rather 
contain a reactive component also, impedances are expressed by complex notation: 


ZoRajiX 14.10] 
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4-48 Constant capacitive reactance lines 
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4-4C. Angle of transmission enetficient eitele, (com 
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Selected Papers 


‘Mul-path 


Fig. 8 Dependence of multi-antenna techniques on system characteristics. 


‘Dual-drection patch Vagh-Uda array 


Parasite director elements 


Radiation beam 
(att toad). 


Fig. 9. Thin and small sector beam antenna. 


[19], It has square parasitic director elements that are 
shared by two sector arrays that face in opposite 
directions, and it has a hexagonal central director ele- 
‘ment that is shared by all six sectors. These elements 
form three line arrays, which intersect at 60°. These 
shared elements enable the sector antenna to be com- 
pact, Experimental results showed that the fabricated 
antenna had a conical plane beam width of 63° and 
high front-back ratio of 17 dB. The creation of adap- 
tive (smart) antenna hardware has been investigated 
[20]. A novel beam combination method for wide- 


Vol. 3 No.9 Sep. 2005 


band digital indoor communication systems such as 
WLANS has been proposed [21] in NTT. Crossed fan 
beams are used at the base station and mobile termi- 
nal, The beam combination method provides better 
transmission quality than the traditional pencil-beam 
combination and eliminates the need for complex 
beam control in the base station. Maximum disper- 
sion distributions in the transmission frequency band- 
width have been calculated using a three-dimension- 
al indoor propagation delay simulation algorithm. A 
method of designing adaptive antennas including an 
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where 


Zis the complex impedance 
Ris the resistive component 
Xs the reactive component 


In order to find the complex admittance, take the reciprocal of the complex im 
pedance by multiplying the simple reciprocal by the complex conjugate of the im- 
pedance. For example, when the normalized impedance is 1.9 + j1.1, the normalized 
admittance will be: 


any 

1 a9-fa 
Ted “19-711 aa 
. 14.13] 
irery) 


One of the delights of the Smith chart is that this calculation is reduced to a 
‘quick graphical interpretation! Simply extend the impedance radius through the 1.0, 
center point until it intersects the VSWR circle again, This point of intersection rep- 
resents the normalized admittance of the load. 


Outer circle parameters 

‘The standard Smith chart shown in Fig. 44C contains three concentric calibrated 
circles on the outer perimeter of the chart. Cirele A has already been covered and it, 
is the pure reactance circle, The other two circles define the wavelength distance 
(B) relative to either the load or generator end of the transmission line, and either 
the transmission or reflection coelficient angle in degrees (C) 

‘There are two scales on the wavelengih circle (A in Fig 4-4C), and both have 
their zero origin on the left-hand extreme of the pure resistance line. Both scales 
represent one-half wavelength for one entire revolution, and are calibrated from. 
0 through 0.50 such that these two points are identical with each other on the citcle. 
In other words, starting at the zero point and travelling 360° around the eircle brings 
‘one back to zero, which represents one-half wavelength, or 0.5 A. 

Although both wavelength scales are of the same magnitude (0 ~ 0.50), they are 
opposite in direction. The outer scale is calibrated clockwise and it represents wave- 
lengths toward the generator; the inner scale is calibrated counterclockwise and 
represents wavelengths toward! the load. These two scales are complementary at 
all points. Thus, 0.12 on the outer seale corresponds to (0.50 ~ 0.12) or 0.38 on the 
inner scale 
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The angle of transmission coeficient and angle of reflection coefficient 
scales are shown in circle C in Fig. 4-4C. These scales are the relative phase angle be- 
‘tween reflected and incident waves. Recall from transmission line theory (see Chap. 3), 
that a short circuit at the load end of the line reflects the signal back toward the ges 
erator 180° out of phase with the incident signal; an open line (Le., infinite imped- 
ance) reflects the signal back to the generator in phase (Le., 0°) with the incident 
Signal. These facts are shown on the Sinith chart by the fact that both scales start at 
0° on the right-hand end of the pure resistance line, which corresponds to an infinite 
resistance, and it goes halfway around the circle to 180° at the 0 end of the pure re- 
sistance line, Note that the upper hall-cirele is calibrated 0 to +180", and the bottom 
half-cirele is calibrated 0 to -180°, reflecting indictive or capacitive reactance situa- 
tions, respectively. 


Radially scaled parameters 
‘There are six seales lid out on five lines (D through G in Fig. 4-4C and in expanded 
form in Fig, 4-5) at the bottom of the Smith chart. These scales are called the radi- 
ally soiled parameters—and they are both very important, and often overlooked. 
With these scales, we ean determine such factors as VSWR (both as a ratio and in 
decibels), return loss in decibels, voltage or current reflection coefficient, and the 
power reflection coefficient. 

‘The reflection coefficient T is defined as the ratio of the reflected signal to the 
incident signal. For voltage or current: 


14.15] 
Las 
rez 14.16] 
Power is proportional to the square of voltage or current, so: 
Pigg = Tt 14.17] 
Pt 
14.18] 


Example 10 W of microwave RF power is applied to a lossless transmission 
line, of which 2.8 Wis reflected from the mismatched load. Calculate the reflec- 
tion coefficient. 


Tyee F [4.19] 
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__28W 


OW [4.20] 


=0.28 [421] 

‘The voltage reflection coefficient I is found by taking the square root of the 
power reflection coefficient, so in this example it is equal to 0.529. These points are 
plotted at A and B in Fig. 4-5, 


Standing wave ratio (SWR) can be defined in terms of reflection coefficient: 


14r 


vswr = ++ 14.22] 
bi 1+VF,,. 
VSWR = VF 14.23] 
or, in our example, 
1s Vos 
VSWR= ag [4.24] 
1+ 0,529 
= Tos 14.25] 
529, 
= gar 2328 14.26] 
or, in decibel form, 
VSWR, = 20 log (VSWR) 14.27] 
= 20 log (20) 14.28] 
= (20) (0.510) = 10.2 4B 14.29] 


‘These points are plotted at C in Fig. 4-5. Shortly, you will work an example to 
show how these factors are calculated in a transmission line problem from a known 
‘complex load impedance. 

Transmission loss is a measure of the one-way loss of power in a transmission 
line because of reflection from the load. Return loss represents the two-way loss, so 
itis exactly twice the transmission loss. Return loss is found from 


Loss, = 10 10g (F,,.) [4.30] 
and, for our example in which T,,., = 0.28, 

Loss,,, = 10 log (0.28) [4.31] 

= (10) (-0. 5.53 dB 14.32] 
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‘This point is shown as D in Fig. 4-5. 
‘The transmission loss coefficient can be calculated from 


140, 
TLe= [4.33] 
VT 
or, for our example, 
+ 1+ 0.28) 
T= hay [4.34] 
14.35] 


‘The TLC is a correction factor that is used to calculate the attenuation eaused 
by mismatched impedance in a lossy, as opposed to the ideal “lossless,” line, The 
‘TLC is found from laying out the impedance radius on the lass coefficient scale on 
the radially sealed parameters at the bottom of the chart 


Smith chart applications 

One of the best ways to demonstrate the usefulness of the Smith chart is by practi 
cal example. The following sections look at two general cases: transmission line 
problems and stub matchiny systems. 


Transmission line problems 
Figure 4-6 shows a 50-0 transiission line connected to a complex load impedance 
Z,, of 36 + 40 Q. The transmission line has a velocity factor » of 0.80, which means 
lat the wave propagates along the line at % the speed of light (¢ = 300,000,000 nv) 
‘The length of the transmission line is 28 cau, The generator V,, is operated at a fre- 
quency of 4.5 GHz and produces a power output of 1.5 W. See what you can glean 
from the Smith chart (Fig. 4-7). 

First, normalize the load impedance. ‘This is done by dividing the load imped- 
ance by the systems impedance (in this ease, Z, 


36 +400 


an [4.36] 


=0.72 + j0.8 [4.37] 


‘The resistive component of impedance Z is located along the 0.72 pure resistance 
circle (see Fig. 4-7). Similarly, the reactive component of impedance Z is located by 
traversing the 0.72 constant resistance circle until the 40.8 constant reactance cit- 
de is intersected. This point graphically represents the normalized load impedance 
2 =0.72 + 30.80. A VSWR circle is constructed with an impedance radius equal to the 
line between 10 (in the center of the chart) and the 0.72 + j0.8 point. 
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X 10" Ha 


4-6 ‘Transmission line and load eircutt 


Ata frequency of 4.5 GHz, the length of « wave propagating in the transmission 


line, assuming a velocity factor of 0.80, is 


i he 14.38) 
(3x 108 m/s) (0.80) [4.39] 
45x 10" Hz 7 
2.4 x 10° ws 
“4.5 x 10° Hz 40) 
em 
0.053 mx 222 5.3 em 14.41] 


One wavelength is 6:3 em, so a half-wavelength is 6.3 em/2, or 2.65 em. The 
28-cm line is 28 env/.3 em, or 5.28 wavelengths long. A line drawn from the center 
(2.0) to the load impedance is extended to the outer circle, and it intersects the cir 
cle at 0.1325, Because one complete revolution around this circle represents one 
half wavelength, 528 wavelengths from this point represents 10 revolutions plus 
0.28 more, The residual 0.28 wavelengths is added to 0.1325 to form a value of 
(0.1825 + 0.28), or 0.413. The point 0.413 is located on the eircle, and is marked. A 
line is then drawn from 0.413 to the center of the circle, and it intersects the VSWR 
circle at 0.49 — j0.49, which represents the input impedance Z,, looking into the line. 

‘To find the actual impedance represented by the normalized input impedance, 
you have to “denormalize” the Smith chart impedance by multiplying the result by Z, 
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2,,= (049 —j0.49) (50.2) 14.42] 
=245-j245.0 14.43] 


It is this impedance that must be matched at the generator by a conjugate mateh- 
ing network, 

‘The admittance represented by the load impedance is the reciprocal of the load 
impedance, and is found by extending the impedance radius through the center of 
the VSWR circle until it intersects the circle again. This point is found, and repre: 
sents the admittance ¥ = 0.62 ~ 0.69. Confirming the solution mathematically: 


= 14.44) 
1 

“aw 14.45) 

= 012080 eae 


‘The VSWR if found by transferring the “impedance radius” of the VSWR circle to 
the radial scales below. The radius (0.72 ~ 0.8) is laid out on the VSWR scale (top- 
‘most of the radially scaled parameters) with a pair of dividers from the center mark, 
and we find that the VSWR is approximately 2.6:1. The decibel form of VSWR is 8.3, 
4B (next scale down from VSWR), and this is confirmed by 


VSWR,. = 20 log (VSWR) 14.47] 
= (20) log (2.7) [4.48] 
= (20) (0.431) =8.3dB [4.49] 


‘The transmission loss coefficient is found in a manner sinilar to the VSWR, us- 
ing the radially scaled parameter seales. In practice, once you have found the VSWR 
you need only drop a perpendicular line from the 2.6:1 VSWR line across the other 
scales. In this ease, the line intersects the voltage reflection coefficient at 0.44, The 
power reflection coefficient F,, is found from the seale, and is equal to T. The per- 
pendicular line intersects the power reflection coefficient line at 0.20. 

‘The angle of reflection coefficient is found [rom the outer circles of the Smith 
‘chart. The line from the center to the load impedance (Z = 0.72 + 70.8) is extended 
to the angle of reflection coefficient in degrees circle, and intersects it at approxi- 
mately 84°. The reflection coefficient is therefore 0.44/84". 

‘The transmission loss coefficient (TLC) is found from the radially sealed para 
rmeter scales also. In this ease, the impedance radius is laid out on the loss coeffi 
cient scale, where itis found to be 1.5, This value is confirmed from: 


[4.50] 
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1+ (20) 
T=@2i) (4.51) 
1.20 
079 


14.52] 


‘The return loss is also found by dropping the perpendicular from the VSWR 
point to the RET'N LOSS, dB line, and the value is found to be approximately 7 dB, 
which is confirmed by 


Loss, = 101og (F,,.) 4B [4.53] 
= log (0.21) UB [4.54] 
= (10) (0.677) dB, [4.55] 
= 6.77 dB = -6.9897 dB 14.56] 


‘The reflection loss is the amount of RF power reflected back down the trans- 
mission line from the load. The difference between incident power supplied by the 
generator (1.5 Win this example), F,, ~P,,=/, and the reflected power, is the ab- 
sorbed power (P,); or in the case of an antenna, the radiated power. The reflection 
Joss is found graphically by dropping a perpendicular from the TLC point (or by lay- 
ing out the impedance radius on the REFL. LOSS, dB scale), and in this example 
(Fig. 4-7) is -1.05 dB. You ean check the calculations: 
‘The return loss is -7 dB, so 


js Pus is 
P, 

=) [4.58] 
at at (<= ) 4.59 
10 = 8 ee 
itetio Fae as 
ea 14.60) 
14.61) 
(0290.5 W) =P, 14.62] 
03W=P, [4.63] 


——— 


antenna configuration that is suitable for street 
microcells, considering the propagation environ- 
ment, has been described. An automatic calibra- 
tion method at the transmitters and receivers 
using the transmitting signal (ACT), which 
enables realtime calibration, has been presented 
[22]. An SDMA technique using polarization has 
also been studied [23]. The transmission quality 
of an SDMA scheme that uses vertical pattern 
and polarization control was investigated in an 
actual cellular environment. For a sector cell sys- 
tem, this configuration was shown to be effective 
based on an evaluation of the spatial correlation 
characteristics, We also found that the output car- 
rier-to-interference-plus-noise power ratio (CINR) of 
the proposed configuration was from 10 to 17 dB 
higher than that of the conventional SDMA configu- 
ration when the number of users was greater than 
four, The proposed configuration can reduce the 
antenna size compared with conventional SDMA. 
Moreover, MIMO techniques enable very-high-data- 
rate transmission using a limited frequency band. We 
have studied technologies based on the eigenmode- 
space division multiplexing (E-SDM) [24] scheme 
because it provides the theoretically maximum chat 
nel capacity and reduces the terminal’s calculation 
load. The selected papers in this issue introduce both 
theoretical and practical technologies. The fourth 
paper describes new MIMO methods with beam- 
forming to overcome problems of calculation com- 
plexity and low MIMO effect in the line-of-sight sce- 
nario [5]. The fifth paper describes the configuration 
of an 8 x 4 MIMO-OFDM transceiver and presents 


experimental results for the propagation characteris 
tics, bit error rate (BER), and frequency utilization 
(61. 


3.4 Satellite broadband communication system 

If we want to create a seamless and flexible wire- 
less network system, then a satellite communication 
system is very important because it provides a wide 
service area, However, it has the inherent problem 
that the distance between the transmitter and receiver 
is long, so the terminal needs a larger antenna than 
ones in the land mobile system to provide high-speed 
transmission. The effective solution is to make the 
satellite dish larger to provide high gain and multi- 
beam transmission. We have studied multibeam com- 
‘munication satellite technology and onboard large 
deployable antennas for creating a broadband mobile 
satellite communication system [25]. An MMIC- 
based beamforming network equipment for a multi- 


Table 4. Typical antennas in earth stations, 


Satelite | Typeal satelite | Current ypical earth station antenna 
category | system (size or length, gain) 
ame Hola (0.1 m2 eB 
Leo | am | Eipear whip (04 m, 0 4B) 
Patch (0.1 m3 48) 
Parabola (0.6 - 0.9m, 18—21 a5) 
ra ice Phased patch array (0.5 m®. 14 dBi) 
MES | STAR Helical (0.3 m, 2 8} 
INMARSAT — | Patch aray (0.3 m, 12.481) 
Patch (0.1 m3 48) 


LEO: tow earth orbit 
MEO: medium earth obit 
‘GEO: geostationary eath orbit 


beam feeder whose weight is only 1/3 that of the con- 
ventional type was developed. We are also develop- 
ing a large, highly precise deployable antenna with a 
diameter in the over-10-m range. The mobile terminal 
acting as an earth station is also an important compo- 
nent of a broadband mobile satellite communication 
system, Typical existing antennas in earth stations are 
shown in Table 4. Various mobile terminals are 
accommodated in the satellite communication system 
by different transmission rates, and these terminals 
use various antenna methods and locations. A com- 
paratively large terminal antenna is required to han- 
dle high data transmission rates in a satellite system 
to mitigate the huge propagation loss. The high gain 
and narrow beam of a large antenna make a beam- 
scanning mechanism necessary to enable the antenna 
to follow the satellite direction as the terminal moves. 
‘The sixth selected paper describes a highly accurate 
and cost-effective auto-tracking antenna system for 
earth stations onboard vessels, using a novel incli- 
nometer that is highly accurate in acceleration distur- 
bance environments and a new systematic stabiliza- 
tion controller design process based on H-- control 
BI 


4. Conclusion 


This paper gave an overview of the requirements of 
antennas and antenna systems in recent high-speed 
and high-capacity wireless communication systems 
and the key technologies for satisfying these require- 
‘ments to create next-generation wireless communica- 
tions. It also described current antenna systems and 
NTT's antenna research results for typical wireless 
systems, 

‘Antennas for next-generation wireless communica 
tions require high gain, high efficiency, and a multi- 
antenna design. A high-gain antenna can be made 
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‘The power absorbed by the load (P,) is the difference between incident power 
P,, and reflected power P.,. If 0.3 W is reflected, then that means the absorbed 
power is (1.5 0.8), or 1.2 W, 

‘The reflection loss is ~1.05 dB, and ean be checked from: 


p, 
-Lepat = 10108 F*-) 4.641 
Fae 
14.65] 
a 4.66 
TSW lees] 
0.78 14.67] 
(1.5 W) x (0.785) =P, 14.68] 
12W=P, 14.69] 


Now check what you have learned from the Smith chart. Recall that 1.5 W of 4.5- 
GHz microwave RF signal was input to a 50-Q transmission line that was 28 cin long. 
‘The load connected to the transmission line has an impedance of 36 + j40, From the 


Smith chart: 
Admittance (load) 0.62 ~j0.69 
VSWR 2.6:1 
VSWR (aB): 8308 
Reflection coefficient (2) 0.44 
Reflection coefficient (P) 0.2 
Reflection coefficient angle 84 degrees 
Return loss “7B 
Reflection loss =1.05 dB 


‘Transmission loss coefficient 1.5 


Note that in all cases the mathesnatical interpretation corresponds to the graph- 
ical interpretation of the problem, within the Limits of aceuracy of the graphical 
method 


Stub matching systems 
A properly designed matching system will provide a conjugate match to a complex 
impedance, Some sort of matching system or network is needed any time the load 
impedance Z, is not equal to the characteristic impedance Z, of the transmission 
line. In a transmission line system, it is possible to use a shorted stub connected in. 


—— 
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parallel with the line, a-a critical distance back from the mismatched load, in order 
to effect a match, The stub is merely a section of transmission line that is shorted at 
the end not connected to the main transinission line. The reactanee (hence also sus- 
ceptance) of a shorted line can vary from ~2 to +2, depending upon length, so you 

anv use a line of critical length Z, to eaneel the reactive component of the load im- 
pedance. Because the stub is connected in parallel with the line itis a bit easier to 
work with admittance parameters, rather than impedance 

Consider the example of Fig, 48, in which the load impedance is Z = 100 +.j60, 
which is normalized to 2.0 + j1.2. This impedance is plotted on the Stith chart in 
Fig. 4-9, and a VSWR circle is constructed, The admittance is found on the chart at 
point ¥ = 0,37 ~j0.22 

In order to provide a properly designed matching stub, you need to find two 
Iengths,£, is the length (relative to wavelength) from the load toward the generator 
(see L, in Fig, 48); L, is the length of the stub itself. 

‘The first step in finding a solution to the problem is to find the points where the 
unit conductance line (.0 at the chart center) interseets the VSWR circle; there are 
two such points shown in Fig. 4-9: 1.0 + 1.1 and 1.0 ~ j1.1, Select one of these 
(choose 1.0 + j1,1) and extend a line from the center 1.0 point through the 1.0 + j1,1 
point to the outer circle (WAVELENGTHS TOWARD GENERATOR), Similarly, a 
line is drawn from the center through the admittance point 0.37 ~ 0.22 to the outer 


Citcle. These two lines intersect the outer circle at the points 0.165 and 0.461. The 
distance of the stub back toward the generator is found from: 
L, = 0.165 + (0.500 ~0.461) & 14.70] 
‘Transmission line 
1 |< 1 
oa 


Matching stub 


2, = 100 +60 


4-8 Matching stub length and position. 
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= 0.165 + 0.039. (4.71) 
= 0.204% [4.72] 


‘The next step isto find the length of the stub required. This is done by finding 
two points on the Smith chart, First, locate the point where admittance is infinite 
(far right side of the pure conductance line); second, locate the point where the ad- 
mittance is 0 ~j1.1. (Note that the susceptance portion is the same as that found 
where the unit conductance circle crossed the VSWR circle.) Because the condue- 
tance component of this new point is 0, the point will lay on the ~/1.1 circle at the in- 
tersection with the outer circle, Now draw lines from the center of the chart through 
each of these points to the outer circle. These lines intersect the outer circle at 0.368 
and 0.250, The length of the stub is found from 


L, = (0.368 - 0.250) [4.73] 


18h [4.74] 


From this analysis you can see that the impedance, Z = 100 + j60, ean be 
‘matched by placing a stub of a length 0.118% ata distance 0.2042 back from the load. 


‘The Smith chart in lossy circuits 
‘Thus far, you have dealt with situations in whieh loss is either zero (Je, ideal trans- 
mission lines), or so small as to be negligible, In situations where there is apprecia- 
ble loss in the circuit or line, however, you see a slightly modified situation, The 
VSWR circle, in that ease, is actually a spiral, rather than a circle 

Figure 4-10 shows a typical situation, Assume that the transmission line is 
0,604. long, andl is connected to a normalized load impedance of Z = 1.2 + j1.2. An 
“ideal” VSWR circle is constructed on the impedance radius represented by 1.2 + 
1.2. Aline (A) is drawn, from the point where this circle intersects the pure resis- 
tance baseline (B), perpendicularly to the ATTEN, 1 dB/MAJ. DIV. line on the ra- 
dially scaled parameters. A distance representing the loss (3 dB) is stepped off on 
this scale. A second perpendicular line is drawn, from the ~3 dB point, back to the 
pure resistance line (C). The point where line C intersects the pure resistance line 
becomes the radius for a new circle that contains the actual input impedance of the 
line. The length of the line is 0.604, so you must step back (0.60 ~ 0.50)A or 0.1%. 
‘This point is located on the WAVELENGTHS TOWARD GENERATOR outer circle. 
Aline is drawn from this point to the 1.0 center point. The point where this new line 
intersects the new circle is the actual input impedance (Z,,):The intersection 
occurs at 0.76 + j0.4, whieh (when denormalized) represents an input impedance 
Of 38 + j20.0. 


Frequency on the Smith chart 
A complex network may contain resistance, inductive reactance, and capacitive reac- 
tance components. Because the reactance component of such impedances isa func- 
tion of frequency, the network or component tends to also be frequency-sensitive. 


—— 
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You can use the Sinith chart to plot the performance of such a network with respect 
to various frequencies. Consider the load impedance connected to a 50-G transmis. 
sion line in Fig. 4-11. In this case, the resistance is in series with a 2.2-pF capacitor, 
which will exhibit a different reactance at each frequency. The impedance of this net- 
work is, 


[4.75] 

[4.76] 
And, in normalized form, 

(4.771 


s0+50 
50 +0 
50 — JX 


22 pF 


Tia 
2 = 0.72 
a 0.8 
[= = 0.36 
5 = i032 
Le] = i024 


4-11 Load and source 


mpedance transmission line eirenit 
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j 


=10- — 14.78] 
69x10" F 
x 7.28% 10!" oa 
a 14.79] 
Or, converted to gigahertz, 
F,,. 14.80] 


‘The normalized impedances for the sweep of frequencies from 1 to 6 GHz are 


therefore 


2-10-7145 [4.81] 
2210-7072 14.82] 
2210-7048 14.83] 
2210-7036 14.84] 
2=1.0~70.29 14.851 
%= 10-7024 [4.86] 


‘These points are plotted on the Smith chart in Fig. 4-12. For complex networks, 
in which both inductive and capacitive reactance exist, take the difference between 
the two reactances (Le, Xe): 
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CHAPTER 


Fundamentals 
of radio antennas 


AN UNFORTUNATE OVERSIGHT IN MANY BOOKS ON RADIO ANTENNAS IS A LACK OF 
coverage on the most basic fundamentals of antenna theory. Most books, including 
the first draft ofthis one, start with a discussion of dipoles, but overlook that certain 
phiysieal mechanisms are at work. An antenna is basically a transducer that converts 
electrical alternating current oscillations at a radio frequency to an electromagnetic 
wave ofthe same frequentey: This chapter looks at the physics of how that job is ae- 
complished. 

‘The material in this chapter was adapted from a U.S. Army training manual on 
antennas and radio propagation, Although unfortunately no longer in print, the man. 
ual contained the best coverage of basics the author of this book could find. Given 
that U.S. government publications are not protected by copyright, this information 
can be brought to you in ful 


Antenna fundamentals 


‘The electric and magnetic fields radiated from an antenna form the electromagnetic 
field, and this field is responsible for the transmission and reception of electromag- 
netic energy through free space. An antenna, however, is also part of the electrical 
Gireuit of a transmitter (ora receiver); because of its distributed constants, it acts as 
acireuit containing inductance, capacitance, and resistance, Therefore, it can be ex 
pected to display definite voltage and current relationships in respect to a given in. 
put, A current through it produces a magnetic field, and a charge on it produces an 
electrostatic field. These two fields taken together form the induction field. To gain 
abetter understanding of antenna theory, a review of the basic electrical concepts of 
voltage and electric field and of current and magnetic fleld is necessary 
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Selected Papers 


using a relatively large antenna aperture, but a beam- 
scanning mechanism is needed for mobile communi- 
cations. A high-efficiency antenna can be made using 
an active integrated antenna, which integrates an 
MMIC with the antenna element, Multi-antenna tech- 
nology is the innovative technology that enables mul- 
tiple data transmission in space. In MIMO-type 
‘multi-antenna systems, the most important key tech- 
nologies are the beamforming algorithm and the 
implementation method, The solution technologies 
for NTT’s advanced antenna systems are explained in 
detail in the following selected papers in this issue. 
The technological background and the current 
research and development situation are also described 
to make the papers easy to understand. 
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Voltage and electric field 
When a capacitor is connected across a source of voltage, such as a battery (Fig. 
5-1), itis charged some amount, depending on the voltage and the value of capaci 
tance, Because of the emf (electromotive force) of the battery, negative charges 
flow to the lower plate, leaving the upper plate positively charged. Accompanying 
the accumulation of charge is the building up of the electric field. The flux line 

directed from the positive to the negative charges and at right angles to the plate 

If the two plates of the capacitor are spread farther apart, the electric field 
must curve to meet the plates at right angles (Fig ‘The straight lines in A 
become arcs in B, and approximately semicircles in C, where the plates are in a 
straight line, Instead of fat metal plates, as in the capacitor, the two elements ean 
take the form of metal rods or wires. The three-dimensional view in Fig. 5-3 de- 
picts the electrie field more accurately. In A of Fig. 5-3, the wires are approxi- 
mately 30° apart, and the flux lines are projected radially from the positively 
charged wire to the negatively charged wire. In B of Fig. 5-3, the two wires lie in a 
straight line, and the lux lines form a pattern similar to the lines of longitude 
around the earth. To bring out the picture more clearly, only the lines in one plane 
are given. 

Assume that the sphere marked # in Fig. 5-8B isa transmitter supplying RF en- 
ergy. The two wires then can serve as the antenna for the transmitter. RF energy is, 
radiated from the antenna and charges move back and forth along the wires, alter~ 
nately compressing and expanding the ux lines of the electric field. The reversals 
in polarity of the transmitter signal also reverse the direction of the electric field 


Capacitor 
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at various angles, 


5-3 Electric field be 


‘tween wires at various angles. 


When a charge is put on the plates of a capacitor by means of a battery, an elec 


trie field is set up between its plate 


ceases wh 


qual, and ¢ 


‘The low of charge from source to capacitor 


1 the capacitor is fully charged, and the capacitor is said to be charged to 
f opposite polarity, 


of the 


source, The charged capacitor 
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can be used as a source of emf since it stores energy in the form of an electric field. 
‘This is the same as saying that an electric field indicates voltage. The presence of 
aan electric field about an antenna also indicates voltage. Since the polarity, and the 
amount of charge, depend on the nature of the transmuitter output, the antenna volt- 
age also depends on the energy source. For example, if a battery constitutes the 
source, the antenna charges to a voltage equal and opposite to that of the battery. If 
[RF energy is supplied to a half-wave antenna, the voltage across the antenna lags the 
current by 90°. The half-wave antenna acts as if it was a capacitor, and it can be 
described as being capacitive, 


Current and magnetic field 

A moving charge along a conductor constitutes a current and produces a magnetic 
field around the conductor. Therefore, the Now of charge along an antenna also will 
bbe accompanied by a magnetic Held. The intensity of this field is directly propor- 
tional to the flow of charge, When the antenna is uncharged, the current flow is mas- 
imum, since there is no opposing electric Geld, Because of this current flow, a charge 
accumulates on the antenna, and an electrie field builds up in increasing opposition 
to the emf of the source. The current flow decreases and when the antenna is fully 
‘charged, the current no longer flows. 

‘The magnetic field in the space around a current-carrying device has a specific 
configuration, with the magnetie Nux lines drawn according to a definite rule (Fig. 
5-4), Whereas, in the electrie field, the electric lines are drawn from a positive 
charge to a negative charge, in the magnetic field, the ux lines are drawn according 
to the left-hand rule. The direction of current flow is upward along both halves of 
the antenna. The lines of magnetic flux form concentric loops that are perpendic 
lar to the direction of current flow. The arrowheads on the loops indicate the direc 
tion of the field. Ifthe thumb of the left hand is extended in the direction of current 
flow and the fingers are clenched, then the rough circles formed by the fingers indi 
cate the direction of the magnetic field. This is the left-hand rule, or eonvention, 
which is used to determine the direction of the magnetic field. 


Combined electric and magnetic fields 
When RF energy from a transmitter is supplied to an antenna, the effects of charge, 
voltage, current, and the electric and magnetic fields are taking place simultane 
ously. These effects (Fig. 5-5) have definite time and space relationships to each, 
other, Ifa half-wave antenna is used, the relations between charge and current flow 
can be predicted, because of the capacitive nature of this antenna, The voltage will, 
lag the current by 90°, and the electric and magnetic fields will be 90° out of phase. 
With no electric field present (no charge), the current flow is unimpeded, and the 
magnetic field is maximum, As charge accumulates on the antenna, the electric field 
‘builds up in opposition to current flow and the magnetic field decreases in intensity. 
When the electric fleld reaches its maximum strength, the magnetic field has de- 
eayed to zero. 

A reversal in polarity of the source reverses the direction of current flow as well 
as the polarity of the magnetic field, and the electric field aids the low of current by 
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Direction of 
current flow 


Se Magnetie field about a 
half-wave antenna 
(left-hand rule), 


Direction of magnetic 
field 


discharging. The magnetic field builds up to a maximum, and the electric field dis: 
appears as the charge is dissipated. The following half-cycle is a repetition of the first 
half-eyele, but in the reverse direction. This process continues as long as energy is, 
supplied to the antenna. The fluctuating electric and magnetic fields combine to 
form the induction field, in which the electric and magnetic Dux maximum intensi- 
ies occur 90° apart in time, or in lime quadrature. Physically, they occur at right 
angles to each other, or in space quariruture. To sum up, the electric and magnetic 
fields about the antenna are in space and time quadrature, 


Standing waves 

Assume that itis possible to have a wire conductor with one end extending infinitely, 
with an RF transmitter connected to this wire, When the transmitter is turned on, ant 
RF current in the form of sine waves of RF energy moves down the wire. These 
waves of energy are called traveling waves. The resistance of the conductor gradu 
ally diminishes the amplitude of the waves, but they continue to travel so long as the 
line does not come to an end. 

‘The antenna, however, has some finite length. Therefore, the traveling waves 
are halted when they reach the end of the conductor. Assume that the RF transmit: 
ter is turned on just long enough to allow one sine wave of energy to get on the line 
(Fig. 5-6A). This traveling wave is moving down the antenna toward the end. When 
the wave reaches the end of the conductor, the current path is broken abruptly. With 
the stoppage of current flow, the magnetic fleld collapses. A voltage is induced at the 
‘end of the conductor that causes current to flow back toward the source, as in Fig. 
5-68, The wave is reflected back to the source, and, if a continual succession of 
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5-5. Electric and magnetic fields 0° out of phase 


waves is sent down the line, waves will be reflected in the same continual pattern, 
‘The wave moving from the transmitter toward the end is called the incident wave, 
and its reflection is called the reflected wave, 

A continuous flow of incident waves results in a continuous flow of reflected 
waves. Because there is only one conductor, the two waves must pass each other 
lectrically, the only current that actually flows is the resultant of both of these 
waves. The waves can reinforce or cancel each other as they move. 

When they reinforce, the resultant wave is maximum; when they cancel, the re 
sultant wave is minimum, Ina conductor that has a finite length, such ag an antenna, 
the points at which the maxima and minima of the resultant wave occur (Fig. 6-60) 
are stationary. In other words, the maximum and minimum points stand still, al: 
though both the incident and reflected waves are moving, The resultant wave stands 
still on the line, only its amplitude being subject to change, Because of this effect, the 
resultant is referred to as a standing wave 

‘The development of the standing wave on an antenna by actual addition of the 
traveling waves is illustrated in Fig, 5-7. At the instant pictured in A, the incident and 
reflected waves just coincide. The result is a standing wave having twice the ampli: 
tude of either traveling wave. In B, the waves move apart in opposite directions, and 
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5-6 Traveling waves on an antenna and a typical resultant wave 


the amplitude of the resultant decreases, but the points of maximum and mininumn 
do not move. 

‘When the traveling waves have moved to a position of 180° phase difference, the 
resultant is zero along the entire length of the anteruna, as shown in C_ At this instant, 
there can be no current flow in the antenna. The continuing movernent of the trav 
cling waves, shown in D, builds up a resultant in a direction opposite to that in A, The 
in-phase condition of the traveling waves results in a standing wave, in B, equal in 
amplitude, but 180° out of phase with the standing wave in A. 

Ifthe progressive pictures of the standing wave are assembled on one set of axes, 
the result is as in Fig. 5-8. The net effect of the incident and reflected waves is appar- 
ent. The curves are lettered with reference to Fig. 5-7. As the traveling waves move 
past each other, the standing wave changes only its amplitude. The fixed minimum 
points are called nodes, and the curves representing the amplitude are called loops, 

‘The concept of the standing wave ean be applied to the half-wave antenna with 
reference to either current or voltage distribution at any instant. ‘This application is 
possible because there are traveling waves of both voltage and current. Because volt 
age and current are out of phase on the half-wave antenna, the standing waves also 
are found to be out of phase. 
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5-8 Standing waves. 


Voltage and current distribution on half-wave antenna 

When an RF transmitter is feeding a half-wave antenna, positive and negative charges 
‘move back and forth along the antenna (Figs. 5-9 and 5-10). The first picture shows 
the position of the charges at some arbitrary time, T,. The RF charges being observed 
are at the ends of the antenna, and there is a maximum difference in potential be 
tween the ends, A and 8. The remaining illustrations show the instantaneous positions 
of the charges at regular intervals of 22.5° throughout a complete cycle. 

‘To the right of each instantaneous position of the charges are curves represent: 
ing the current and voltage at that particulay time for any point on the antenna. 
For example, at time 7, the positive and negative charges are at points A and B on 
the antenna. The voltage between these points represents a maximum difference of 
potential. The current, being 90" out of phase in respect to the voltage, is every- 
where zero, These distribution curves are standing waves derived in the same man- 
ner as those covered in the previous paragraph. 

‘The next illustration shows the position of the charges at time 7,. ‘The standing 
wave of current isa relative maximum at the center of the antenna. This eurrent loop 
hhas nodes that remain at the ends of the antenna, and it is, therefore, 90° out of 
phase with the standing wave of voltage. 

ALT, and T,, the charges move closer together, and the standing wave of voltage 
slowly decreases in amplitude. Conversely, the current loop increases in magnitude. 
When the charges meet after 90° of the RF eycle (7), the effect is that of having the 
positive and negative charges cancel. ‘The voltage loop accordingly is zero every 
where on the antenna, and the current loop rises to its maximum value, unimpeded 
by any charge on the antenna. 

At time 7,, the charges have passed each other, each charge having moved past 
the center point of the antenna. The polarity of the voltage loops is reversed, and 
tey build up in the opposite direction, Keeping the node always at the center point 
ofthe antenna. The reversal of polarity is shown in the charge positions at T,, 7, and 
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Abstract 


‘The fast technology development of 5G mobile broadband (5G), Internet of Things (loT), Big Data 
Analytics (Big Data), Cloud Computing (Cloud) and Software Defined Networks (SDN) has made 
those technologies one after another and created strong interdependence among one another. For 
example, loT applications that generate small data with large volume and fast velocity will need 
5G with characteristics of high data rate and low latency to transmit such data faster and cheaper. 
On the other hand, those data also need Cloud to process and to store and furthermore, SDN to 
provide scalable network infrastructure to transport this large volume of data in an optimal way. 
‘This article explores the technical relationships among the development of loT, Big Data, Cloud, 
and SDN in the coming 5G era and illustrates several ongoing programs and applications at Na- 
tional Chiao Tung University that are based on the converging of those technologies. 


Keywords 
5G, Internet of Things (101), Software Defined Networks (SDN), Big Data Analytics, Cloud Computing 


1. Introduction 


The roles of SDN, Cloud, loT, and Big Data in 5G Networks have raised great interest recently [1]. According 
to the IEEE Computer Society (IEEE CS 2022 Report [2)), Cloud Computing (Cloud), Big Data Analytics (Big 
Data), Internet of Things (IoT), and Software Defined Networks (SDN) are among 4 of 20+ emerging technolo- 
gies as illustrated in Table 1. In the meantime, based on the report in IEEE Communications Society (IEEE 
ComSoc Technology News (3), among top 10 trends in 2015 as listed in Table 2, 5G, Virtualization (SDN & 
NEV), everywhere connectivity for IoT & IoE, and Big Data are also included. Combining both reports, we can 
identify 5G, Cloud, loT/loE, Big Data, and SDN as the five most worthwhile ICTs (information & communica- 
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TT, The separation of the charges also is accompanied by a decrease in the amplitude 
of the eurrent loop. 

From 7, to 7,, the charges move out to the ends of the antenna. During this time, 
the voltage loops increase and the current loops decrease in amplitude, At time T,, 
which occurs 180° after 7, in the RF eycle, the charges have moved to opposite encls 
of the antenna, Compare the pieture in 7, to the picture in T,, It is seen that the neg- 
ative charge is now at point A and the positive charge at point B. Because the posi- 
tions of the charges have been reversed from 7, to 7, the voltage loops it T, are 180° 
‘out of phase, compared with the loops in T,, 

From T, to 7, in Fig. 5-10, the movement of the charges is shown in the oppo- 
site direction, the eurrent loop reaching a maximum at T,,. When the entire RF ey- 
cle is completed at time 7,q, the charges have returned to the positions that they 
occupied at 7,, The distribution curves of voltage and current also are in their origi- 
nal conditions. The entire process then is repeated for each RF cycle 

Standing waves of voltage and current The distribution curves of the eurrent 
and voltage are standing waves. This means that they are the resultants obtained by 
adding two traveling waves, The two traveling waves are associated with the positive 
‘and negative charges, The wave caused by the negative charge can be called the iu- 
cident wave and the wave caused by the positive change the reflected wave. This, 
however, is clearer when the concept of negative and positive charges is used, 

‘The positive charge, taken at time 7, in Fig, 5-9, produces a traveling wave of 
voltage, shown by the dashed line in Fig, 5-11A. The negative charge at the opposite 
end of the antenna produces an identical traveling wave (dash-dot curve). These 
two add together to produce the 7, voltage distribution eurve, which is the resultant 
wave of Fig. 5-9A. Both of these waveforms are identical, being the standing wave 
of voltage at time 7, All of the following distribution curves of Fig. 5-11 are pro- 
duced in the same manner. They are the standing wave resultants caused by the 
traveling waves accompanying the charges, 

In Fig. 5-11B, each of the traveling waves has moved 45°, the positive traveling 
wave moving to the right and the negative traveling wave moving to the left. This 
time corresponds to T, in Fig. 5-9. The standing wave produced corresponds to the 
voltage distribution curve at ‘7. The standing waves of current are produced in the 
same manner. The current curves at D, E, and F of Fig. 5-11 correspond to times 7, 
T,, and 7, of Fig. 5-9 

Standing waves of voltage In Fig. 5-12A, voltage standing waves occurring at 
different times are brought together on one axis, AB, representing a half-wave an- 
tenna, Essentially, these are the same eurves shown progressively in Figs. 5-9 and 
5-10 as voltage distribution curves. They can be used to determine the voltage at any 
point on the antenna, at any instant of time. For example, if is desired to know the 
variations of voltage occurring at point ¥ on the antenna over the RF cyele, the vari- 
ations are graphed in respect to time, as shown in Fig. 5-12B, At T,, the voltage at Y 
is maximum. From 7, through 7,, the voltage decreases, passing through zero at T, 
The voltage builds up to a maximum in the opposite direction at: T,, returning, 
through zero to its original position from T,,to 

Between 7, and 7,,, therefore, an entire sine-wave cycle, ¥, is reproduced, This 
is also true of any other point on the antenna, with the exception of the node at X. 
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512. Standing waves of voltage ata point on the antenna 
‘The peak amplitude of the sine wave produced at any point depends on its position 


on the antenna, The nearer the point isto either end, the greater its 
Standing waves of current The standing 


ak amplitude 
aves of current occurring at vari 
ous times through the RF cycle are assembled on a single axis in Fig. 6-13. This 
AB, represents the half-wave antenna, If 
T,, are graphed in respect to ti: 


current variations at po 
the result is the sine wave in Fig. 6-188. This is 
true for any point along the antenna with the exception of the nodes at the ends. Th 
current has its greatest swing at X, the center of the antenna, Comparison of the 
voltage variation curve (Fig. 5-12A) with the current variation curve (Fig. 5-194 
shows the voltage curve leading the current curve by 90° at ¥ 
expected on any half-wave deviee 


This relation can be 
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5-13 Standing waves of current at a point on the antenna. 


5-14, the standing waves of voltage 
are current nodes at A and B 


Measurement of standing waves In F 
E and current [are indicated along the antenna. Th 
These standing waves are found on any half-wave antenna 
pf peak) of the ac signal can be used 


and a voltage node at 
A meter that indicates the effective value (¢ 
to measure the standing waves present on the half-wave anter 


Velocity of propagation and antenna length 
In free space, electromagnetic waves travel at a constant velocity of 300,000 kin (or 
approximately 186,000 ni) per second. The RF energy on a antenna, however 


moves at a velocity considerably less than that of the radiated energy in free space 
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because the antenna hus a dielectric constant greater than that of free space. Because 
the dielectric constant of free space (air or vacuum) is approximately 1, a dielectric 
constant greater than 1 retards electromagnetic-wave travel, 

Because of the difference in velocity between the wave in free space and the 
wave on the antenna, the physical length of the antenna no longer corresponds to 
its electrical length. The antenna is a half-wavelength electrically, but somewhat 
shorter than this physically. This is shown in the formula for the velocity of electro: 
magnetic waves, 


V=fh 15.11 


where Vis the velocity, f is the frequency, and 2 is the wavelength. Since the fre- 
quency of the wave remains constant, a decrease in the velocity results in a decrease 
in the wavelength, Therefore, the wave traveling in an antenna has a shorter wave 

length than the same wave traveling in free space, and the physical length of the an- 
tenna can be shorter. 

‘The actual difference between the physical length and the electrical length of the 
antenna depends on several factors. A thin wire antenna, for example, has less effect 
‘on wave velocity than an antenna with a large cross section. As the circumference of 
the antenna increases, the wave velocity is lowered, as compared with its free-space 
velocity. The effect of antenna circumference on wave velocity is illustrated in the 
raph of Fig, 6-15. 

Other factors are involved that lower wave velocity on the antenna, Stray eapat 
tance, for example, inereases the dielectric constant and lowers wave velocity. This ca- 
pacitance can be caused by the line connecting the antenna to the transmitter, the 
insulators used to give physical support to the antenna, or nearby objects made of 
‘metallic or dielectric materials. The change in velocity resulting from stray capacitance 
is called end effect because the ends of the antenna are macle farther apart electrically 
than they are physically. End effect is counteracted by making the physical length, 
about 5 percent shorter than the electrical length, as expressed in the formula 


15.2] 


Where £ is the pliysical length in feet and f is the frequency in megahertz. This for- 
tla is accurate for all practical purposes in determining the physical length of a 
hhalf-wavelength antenna at the operating frequency. 


—— 
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‘The capacitive end effect also slightly changes the standing waves of voltage and 
current. When the standing waves are measured, itis found that the nodes have 


value and do not reach zero, because some current is necessary to charge the 


pacitance. The standing waves measured in Fig. 5-16 sh 


Ww the results of end effect 


5-15. Effect of antenna on 
irounference an wave 
velocity 
oor 
o2 4 6 8 10 


2,500 
ohne 
(end) 


5-16 Impedance along half-wave Pt 
antenna. hans 
(center) 


Chap05_carr 


4/10/01 


32 PM Page 140 © 


140 Fundamentals of radio antennas 


Resonance, resistance, and impedance 

‘The antenna isa circuit element having distributed constants of inductance, capaci 
tance, and resistance, which can be made to form a resonant circuit, The half-wave 
antenna is the shortest resonant length of antenna. However, antennas which are 
two or more half-wavelengths ean also be resonant. Such antennas are said to oper- 
ate on harmonies. If an antenna is four half-wavelengths at the transmitter fre 
‘quency, itis being operated at the fourth harmonic of its lowest resonant frequency. 
In other words, this antenna is a half-wavelength at one-quarter of the frequency 
of operation, An antenna operating on the third harmonic is shown in Fig. 5-7. 

Resistance A current. lowing in the antenna must contend with three kinds of 
resistance, With the antenna considered as a radiator of energy, the power expended 
in the form of radiation can be thought of as an JR, loss, R, is called the radiation 
resistance. With the antenna considered as a conductor, certain amount of energy 
is dissipated in the form of heat. In this [2R, loss, Ris the olumie resistance. There 
is also an JR loss because of the leakage resistance of dielectric elements, such as 
insulators, This & usually is included in the ohmic resistance. 

The purpose of the antenna is to dissipate as much energy as possible in the 
form of radiation. The enengy dissipated by the radiation resistance, therefore, is 
the useful part of the total power dissipated. Because the actual power loss depends 
‘on the ohmic resistance, this resistance should be kept as low as possible. In the half- 
wave antenna, the radiation resistance is large compared to the ohmic resistance, 
and most of the available energy is radiated. The half-wave antenna is, therefore, a 
very efficient radiator for mast purposes. 

Fora half-wave antenna fed at the center point, the radiation resistance is equal 
to 73 Q. The reference point is the center of the antenna at the time of peak current 
flow. Olunie resistance is referred to this point. The total resistance is of importance 
in matching the antenna to a transmission line. 

Impedance Because the half-wave antenna has different conditions of voltage 
and current at different points, and because impedance is equal to the voltage across 
a circuit divided by the current through it, the impedance will vary along the length 
of the antenna. If is divided by I at each point of the voltage and current. enrves in 
Fig, 5-16, the result is the impedance curve, Z. The impedance is about 73.0 at the 
center point and rises to a value of about 2500 Q at the ends. 

‘The impedance of the half-wave antenna usually is considered to be the imped 
ance as seen by the transmitter at the input terminals. This impedance consists of 
both resistance and reactance. If the antenna is cut to a length of exnet resonance, 
the reactance is zero and the impedance is purely resistive, However, ifthe antenna 
is longer or shorter than resonance, reactance is present. When the antenna is made 
shorter, capacitive reactance is present; when the antenna is made longer, inductive 
reactance is present. 

‘The impedance at the antenna input terminals is important in terms of power ef: 
ficiency. If the transmitter is feeding a nonresonant antenna, a power loss is caused 
by the reactive component of the antenna impedance. Conversely, ifthe frequency 
of the transmitter is changed, the electrical length of the antenna also changes. I the 
frequency is made somewhat higher, the electrical length is made greater, and in- 
ductive reactance is added to the impedance. If the frequency is lowered, the elec 
trical length is shortened, and capacitive reactance is added to the impedance, 
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High-frequency 
dipole and other 
doublet antennas 


AMYTI AROSE IN RADIO COMMUNICATIONS CIRCLES SOME TIME AGO. PEOPLE CAME'TO 
believe (especially in the ham and CB communities) that large antenna arrays are 
absolutely necessary for effective communications, especially over long distances. 
Overlooked, almost to the point of disdain, were effective (but simple) nas that 
can be erected by inexperienced people and made to work well. The simple dipole, 
or doublet, is a case in point. This antenna is also sometimes called the Her 
Hertzian, antenna because radio pioneer Heinrich Hertz reportedly used this form 
in his experiments, 

‘The half-wavelength dipole is a balanced antenna consisting of two radiators 
(Fig. 6-1) that are each a quarter-wavelength, making a total of a half-wavelength, 
‘The antenna is usually installed horizontally with respect to the earths surface, so it 
produces a horizontally polarized signal 

In its snost common configuration (Fig. 6-1), the dipole is supported at each end 
by rope and end insulators, The rope supports are tied to trees, buildings, anasts, or 
some combination of such structures, 

‘The length of the antenna is a half-wavelength. Keep in mind that the physical 
length of the antenna, and the theoretical electrical length, are often different by 
about 5 percent. A free-space half-wavelength is found from 


492 


ft 16.11 


Ina perfect antenna, that is self-supported many wavelengths away from any ob~ 
Ject, Eq. 6.1 will yield the physical length. But in real antennas, the length calculated 
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6-1 Simple half-wave dipole antenna. 


above is too long. The average physical length is shortened by up to about 5 percent 
because of the velocity factor of the wire and capacitive effects of the end insulators. 
A more nearly correct approximation (remember that word, it’s important) of a 
half-wavelength antenna is, 


1-288 


ft 16.2] 


where 
Lis the length of a half-wavelength radiator, in feet 


Fy, is the operating frequency, in megahertz 


Example Calculate the approximate physical length for a half-wavelength di 
pole operating on a frequeney of 7.25 MH. 
Solution: 


468 
© Fas 
468 


fn 


= 64.550 


or, restated another Ww: 


64.1.6.6in 


Iis unfortunate that a lot of people accept Bq. 6,2 as a universal truth, a kind of 
immutable law of The Universe, Perhaps abetted by books and articles on antennas 
that fa full story, too many people install dipoles without regard for 
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reality. The issue is resonance. An antenna is a complex RLC network. At some fre 
quency, it will appear like an inductive reactance (X= +jX,), and at others it will 
appear like a capacitive reactance .)- At a specific frequency, the reac- 
tanices are equal in magnitude, but opposite in sense, so they cancel each other out: 

2 At this frequent, the impedance is purely resistive, and the antenna is 
said to be resonant 

‘The goal in erecting a dipole is to make the antenna resonant ata frequency that is 

inside the band of interest, and preferably in the portion of the band most often used by 
the particular station. Some of the implications ofthis goal are covered later on, but for 
the present, assume that the builder will have to custom-tallor the length of the ar. 
tenn, Depending on several local factors (among them, nearby objects, the shape of 
the antenna conductor, and the lengthv/diameter ratio of the conductor) it might prove 
necessary to add, or trim, the length a stall amount to reach resonance. 


The dipole feedpoint 


‘The dipole is a half-wavelength antenna fed in the center. Figure 6-2 shows the volt- 
age (V) and current (1) distributions along the length of the half-wavelength radia- 
tor element. The feedpoint is at a voltage minimum and a current maximum, so you 
can assume that the feedpoint is a current antinode. 


At resonance, the impedance of the feedpoint is R, = Vil. There are two resis- 
tances that make up R,, The first is the olunic losses that generate nothing but heat 
when the transmitter is turned on. These olimic losses come from the fact that con- 
ductors have electrical resistance and electrical connections are not perfect (even 
when properly soldered). Fortunately, in a well-made dipole these losses are almost 
negligible. The second contributor is the radiation resistance R, of the antenna. 
‘This resistance is a hypothetical concept that accounts for the fact that RF power is, 
radiated by the antenna. The radiation resistance is the fictional resistance that 
would dissipate the amount of power that is radiated away from the antenna. 


25000 
(end) 
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4 Macaivly Online Open Curses 12, Sofware Detioad Networks 25. Life Sconces 
5. Quantum Computing 13, High Peformance Computing 21: Comeuitonal Bich wd 
6. Device and Naotchology 14, Claud Computing 22 Robotics 
7.30 iegrated Circuits 15, ere of Things 
8. Univeral Memory 16, Natural User nerfaces 


‘Table 2, IEEE communications society top 10 trends 2015, 


D 5G 
2) FIBER EVERYWHERE 

3) VIRTUALIZATION, SDN & NEV 

4) EVERYWHERE CONNECTIVITY FOR Io? & Io, 

5) _ BIGDATA, COGNITIVE NETWORKS 

5) CYBERSECURITY 

7) GREEN COMMUNICATIONS 

8) SMARTER SMARTPHONES, CONNECTED SENSORS 
9) NETWORK NEUTRALITY, INTERNET GOVERNANCE 
10) MOLECULAR COMMUNICATIONS 


tions technologies) to watch out up to 2020 in term of their potential, convergence and applications. Figure 1 
depicts the overlapping of these five major ICT trends. It also illustrates how the infrastructure deployment of 
5G mobile broadband and the architectural integration of Cloud Computing strongly impact the development of 
oT, Big Data, and SDN. This paper explores the technical relationships of these five areas and discusses several 
ongoing programs and applications currently under development at NCTU based on these technologies. 


2. The Roles of 5G, IoT, Big Data, Cloud, and SDN till 2020 


Although so far the 5G mobile broadband requirements and standard specifications are not ready yet, 5G tech- 
nology research & development are already started and some SG features or subsystems are readily available. 
By Year 2020 the commercial 5G will be available and IoT applications will be deployed everywhere with mo- 
bile broadband technology. Moreover, the Big Data generated by IoT applications will become a norm and 
Cloud will be largely utilized to compute, store and virtualize network functions (NFV). Also, the underlying 
network infrastructure will adopt SDN to reduce both capital expense (CAPEX) and operational expense 
(OPEX), Figure 2 further illustrates the roles of SG, loT, Big Data, Cloud and SDN and their relationships, This 
figure is modified based on the reference [4] by inserting SG mobile broadband in the center, 


3. Technical Relationships among IoT, Big Data, Cloud, & SDN in 5G Era 


Based on Figure 2, we develop Figure 3 to better explain the technical relationships among IoT, Big Data, 
Cloud, and SDN in the 5G mobile broadband services (5G MBS) [5]. First, 1oT is capable of generating Big 
Data with four Vs: volume, velocity, variety and veracity. Then, Cloud is brought in for Big Data storage and 
processing. Finally, SDN is employed to provide more efficient and flexible networks for inter-Cloud data 
transport. Out of Big Data, Cloud, and SDN, advanced technologies such as machine learning analytics, Cloud 
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For example, suppose we have a large-diameter conductor used as an antenna, 
nd it has negligible ohmic losses. If 1000 W of RF power is applied to the feedpoint, 
nd a current of 3.7 A is measured, what is the radiation resistance? 


16.3] 

1000 W ieai 
Bn 

730 16.5) 


It is always important to match the feedpoint impedance of an antenna to the 
transmission-line impedance, Maximum power transfer always oceurs (in any sys- 
tem) when the source and load impedances are matched. Inaddition, ifsome applied 
power is not absorbed by the antenna (as happens in a mistatched system), then 
the unabsorbed portion is reflected back down the transmission line toward the 
transmitter. This fact gives rise to standing waves, and the so-called standing wave 
ratio (SWR or VSWR) discussed in Chap. 3. This is a problem to overcome. 

Matching antenna feedpoint impedance seems to be simplicity itself hecause the 
free-space feedpoint impedance of a simple dipole is about 73 @, seemingly a good 
match to 75-Q coaxial cable, Unfortunately, the 73-Q feedpoint impedance is almost 
a myth, Figure 6-3 shows a plot of approximate radiation resistance (R,) versus 
height above ground (as measured in wavelengths). As before, we deal in approxi- 
‘mations in Fig. 6-3; in this case, the ambiguity is introduced by ground losses. 

Despite the fact that Fig. 6-3 is based on approximations, you can see that radi- 
ation resistance varies from less than 10.Q, to around 100.Q, as a function of height, 
Atheights of many wavelengths, this oscillation of the curve settles down to the free- 
space impedance (72 Q). At the higher frequencies, it might be possible to install a 
dlipole at a height of many wavelengths. In the 2-m amateur radio band (144 to 148, 
MHz), one wavelength is around 6.5 ft (Le., 2m x 3.28 ft/m), so “many wavelengths” 
is relatively easy to achieve at reasonably attainable heights. In the 80-m band (3.5 
to 4.0 MHz), however, one wavelength is on the order of 262 ft, so “many wave- 
lengths” is a practical impossibility 

‘There are three tactics that can be followed. First, ignore the problem alto- 
gether, In many installations, the height above ground will be such that the radiation 
resistance will he close enough to present only a slight impedance mismatch to a 
standard coaxial eable. The VSWR is calculated (among other ways) as the ratio: 


LZ,>R: 


2.2, <R; 
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Height above ground (wavelengths) 


6-3 Radiation resistance versus height abave ground 


R 


vswR 16.71 


where 


Z, is the coaxial-cable characteristic impedance 
A, is the radiation resistance of the antenna 


Consider an antenna mounted at a height somewhat less than a quarter-wave 
Jength, such that the radiation resistance is 60 Q. Although not recomunended as 


Chap0é_carr 


4/10/01 2:51 PM Page 146 © 


146 High-frequency dipole and other doublet antennas 


good engineering practice (there are sometimes practical reasons) it is nonetheless 
necessary to install a dipole at less than optimum height. So, if that becomes neces- 
sary, what are the implications of feeding a 60-Q antenna with either 52- or 75 
standard coaxial cable? Some calculations are revealing: 

For 75-@ coaxial cable: 


4, 
vswn == 16.8] 
BO _j 951 16.9] 
cor 
For 52-0 coaxial cable: 
[6.10] 
16:1 [6.11] 


In neither case is the VSWR created by the mismatch too terribly upsetting, 

‘The second approach is to mount the antenna at a convenient height, and use an 
impedance matching scheme to reduce the VSWR. In Chap. 23, you will find infor- 
mation on various suitable (relatively) broadbanded impedance matching methods 
including Q-sections, coaxial impedance transformers, and broadband RF trans: 
formers. “Homebrew” and commercially available transformers are available to cover 
‘most impedance transformation tasks. 

‘The third approach is to mount the antenna at a height (Fig. 6-8) at which the 
expected radiation resistance crosses a standard coaxial cable characteristic imped: 
ance. The best candidate seems to be a height of a half-wavelength because the ra- 
diation resistance is close to the free-space value of 72.0, and is thus a good match 
for 75-0 coaxial cable (such as RG-11/U or RG-59/), 


The dipole radiation pattern 


‘The radiation pattems of various antennas are covered in this book. Some basic the 
ory of patterns is repeated at each section, not to fill space, but rather to drive home 
4 point and refresh reader memories. We keep harking back to the concepts direo- 
tivity and gain (which are actually different expressions of the same thing), 

Antenna theory recognizes a point of reference called the isotropic radiator. 
‘This device is a theoretical construct consisting of a spherical point source of RF ra- 
iation in all directions (see Chap. 2). It is truly onaidirectional (“all directions”) 
because it creates an ever-expanding sphere as the RF wavefront propagates out- 
ward. Antenna gain is a measure of how the antenna focuses available power away 
from a spherical wavefront to a limited number of directions (two, in the case of the 
dipole). Thus are related the concepts directivity and gain 
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people simplify the topic too much by 
muth aspect), In other words, the r 


does not propagate away from an antenna in an infinitely thin s 
tations seem to imply; ra an ele 
extent, Thus, prop antenna takes into consideration both hori 
zontal and vertical plane patterns. 

Figure 6-4 shows the radiation pattern of a dipole antenna in free space “in the 
round.” In the horizontal plane (6-4), when viewed from above, the pattern isa “figure 
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6-4 Idealized dipole radiation pattem, 
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8° that exhibits bidirectional radiation, Two main “lobes” contain the RF power from the 
transmitter, with sharp nulls of litle or no power off the ends of the antengit axis. This 
patter is the classical dipole pattern that is published in most antenna books, 

Also shown, however, is the vertical plane pattern for a dipole antenna in free 
space, Note that when sliced in this aspect the radiation pattern is circular (Fig. 6-48), 
When the two patterns are combined in the round, you can see the three-dimensional 
doughnut-shaped pattern (Fig. 6-4C) that most nearly approximates the true pattern, 
‘ofan unobstructed dipole in free space 

‘When a dipole antenna is installed close to the earth's surface, not in free space, 
as is the case at most stations, the pattern is distorted from that of Fig. 6-4. Two ef 
fects must be taken into consideration. First, and most important, is the fact that the 
signal from the antenna is reflected from the surface and bounces back into space. 
‘This signal will be phase-shifted both by the reflection and by the time required for 
the transit to occur. At points where the reflected wave combines in phase with the 
radiated signal, the signal is reinforced; in places where it combines out of phase, the 
signal is attenuated. Thus, the reflection of the signal from the ground alters the pat- 
tem from the antenna. The second factor is that the ground is lossy, so not all of the 
signal is reflected; some of it heats the ground underneath the antenna. Thus, the 
signal is attenuated at a greater rate than the inverse square law, so it further alters 
the expected pattern 

Figure 6-5 shows pattems typical of dipole antennas installed close to the earth's 
surface. The views in this illustration correspond to Fig. 6-4B, in that they are look- 
ing at the vertical plane from a line along the antenna axis. Therefore, the antenna is 
represented by # in each case shown. Figure 6-5A shows the case for a dipole 
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t= 


>| 
a 


B 


6-5 Vertical extent of dipole antenna at (A) ¥ wavelength, (B) X wavelength, and (C) ¥ wavelength 
above ground, 
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installed at 1/8 wavelength above the surface. For this antenna, most of the RF en- 
ergy is radiated almost straight up (not very useful). This type of antenna is basically 
limited to ground wave and very short skip (when available). The second case (Fig. 
6-58) shows the pattern when the antenna isa quarter wavelength above the earth's 
surface. Here the patter is Dattened, but it still shows considerable energy in the 
vertical direction (where it is useless). Finally, you can see the pattem obtained 
‘when the antenna is installed a half-wavelength above the surface. In this ease, the 
pattern is best for long-distance work because energy is redirected away from 
straight-up into lobes at relatively shallow angles, 


Tuning the dipole antenna 
‘There are two issues to address when tuning an antenna (any antenna, not just the 
dipole): resonance and impedance matching. Although frequently treated in the 
literature as the same issue, they are not. This section deals mostly with the process 
of tuning the antenna to resonance. Although not all forms of antenna are resonant, 
the dipole is an example of a resonant. antenna. 

‘There is a lot of misinformation abroad concerning the tuning of antennas. Per- 
haps much of what is believed comes from the fact that. VSWR is used as the indi- 
cator of both impedance matching and resonance. Quite a few people honestly, but 
erroneously, believe that the VSWR can be “tuned out” by adjusting the length of 
the feedline. That myth probably derives from the faet that voltage or current sens- 
ing instruments are used for VSWR measurement, and these are affected by trans- 
mission line length, But that fact is caused by a weakness in the instruments, not by 
radio physics. 

‘There is only one proper way to tune a dipole antenna: adjust the length of the 
antenna elements, not the transmission line. It was in order to make these adjust- 
‘ments that we purposely did not initially tell you to solder the electrical connections 
at the center insulator. 

Resonance The indicator of resonance is the minimum point in the VSWR 
curve. Figure 6-6 shows a graph of VSWR vs. frequency for several different cases. 
Curve A represents a disaster: a high VSWR all across the band, The actual value of 
VSWR can be anything from about 3.5:1 to 10:1, or thereabouts, but the cause is 
nonetheless the same: the antenna is either open or shorted; or it is so far off reso- 
nance as to appear to be open or shorted to the VSWR meter. 

Curves B and C represent antennas that are resonant. within the band of inter- 
est, Curve B represents a broadbanded antenna that is relatively flat all across the 
band and does not exhibit excessive VSWR until the frequency is outside of 
the band. Curve @ is also resonant within the band, but this antenna has a much 
higher @ than curve B, In the naive sense, the broadbanded antenna is best, but 
that statement is true only if the broadness is not purchased at the expense of 
efficiency. Losses tend to broaden the antenna, but also reduce its effectiveness 
So, if broad bandedness is purchased at the risk of increased loss, then it is less 
than desirable 

Curves D and # are resonant outside the band of interest, The curve marked D 
is resonant at a frequency on the low side of the band, so the dipole is too long. In 
this ease, you need to shorten the antenna a bit to raise the resonant point inside 
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6-6 VSWR versus frequency for several eases, 


the band. Curve £ represents an antenna that is resonant outside the upper limit 
of the band, so this antenna is too short, and must be lengthened. Because this sit- 
uation is possible, the antenna elements are typically made longer than needed 
when they are first cut. 

How much to cut? That depends on two factors: how far from the desired fre- 
quency the resonant point is found, and which band is being used. The latter re 
quirement comes from the fact that the “frequency per unit length” varies from 
‘one band to another, Look at an example of how to calculate this figure. The pro- 
cedure is simple: 


Calculate the length required for the upper end of the band, 

Calculate the length required for the bottom end of the band, 

Calculate the difference in lengths for the upper and lower ends of the band. 
Calculate the width of the band in kilohertz by taking the difference between 
the upper frequency limit and the lower frequency limit, 


Divide the length difference by the frequency difference; the result is in kilo 
hertz per unit length. 


Example 6-1 Calculate the frequency change per unit of length for $0 and 
for 15m. 


Solution For 80 m (3.5 to 4.0 MHz) 


—— 


Chap0é_carr 


4/10/01 2:52 PM Page 152 © 


The dipole radiation pattern 151 


Frequency difference: 4000 kHz ~ 3500 kHz = 500 kHz 


2, 
3. Difference in length: 133.7 ft—117 t= 16.7 
4, 
5, 


frequency 500 kHz 
unitlength 16.7 ft 
For 15 m (21.0 ~21.45 MHz): 


Caleulate 


10 KH 


468 _ ogo 

1, by = AB sansa 

2, b= “88 = 22.208 
2 


3. Difference in length: 22.29 ft ~21.82 ft = O47 ft 
4, Convert to inches: 0.47 ft x 12 in/ft = 5.64 in 
Frequency difference: 21,450 kHz ~ 21,000 kHz = 450 kHz 
Trequency 450 kHz 
unit length 5.64 in 
At 80 m, the frequency change per foot is small, but at 15 m small changes can 
result in very large frequency shifts. You can calculate approximately how much to 
add (or subtract) from an antenna under construction from this kind of calculation, 
Uf, for example, you design an antenna for the so-called “net frequeney” on 15 m. 
(21,390 kHz), and find the actual resonant point is 21,150 kHz, the frequency shift 
‘required is 21,390 ~ 21,150, or 240 kHz, To determine how much to add or subtract, 
(asa first guess): 


6, Calculate = 80 kEz/in 


1, The factor for 15 m is 80 kHa/in, which is the same as saying 1 in/80 kHz, 
2. The required frequency shift is 240 kHz, 
3. Therefore: 
ou lin 
Length change = 240 kHz x => [6.12] 
Bin [6.13] 


Each side of the antenna must be changed by half of the length calculated above, 
or 1.5 in, Because the first resonant frequency is less than the desired frequency, the 
length should be shortened 1.5 in, Once the length is correct, as proven by the VSWR. 
curve, the connections at the center insulator are soldered and made permanent, 
and the antenna rehoisted to the operating level 

Impedance matching The difference between resonance and impedance 
matching is seen in the value of the VSWR minimum, While the minimum indicates, 
the resonant point, its value is a measure of the relationship between the feedpoint, 
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impedance of the antenna and the characteristic impedance of the transmission line, 
Earlier in this chapter you learned that 


LZ,>R; 
vswr = 6.14) 
SWR =F [6.14] 
2.2,<R; 
VSWR = 16.15) 
where 


Z, is the coaxial-cable characteristic impedance 
A is the radiation resistance of the antenna 


Although knowledge of the VSWR will not show which situation is true, you can 
know that there is a high probability that ome of them is true, and you can experi- 
‘ment to find whieh is the ease, Of course, ifthe VSWR is less than about 1.5:1 or 2:1, 
then forget about it—the improvement is not generally worth the expense and cost. 
When coupled to a transmitter that is equipped with the tunable output network 
(most tube-type transmitters or final amplifiers), then it can accommodate a rela- 
tively wide range of reflected antenna impedances. But modern solid-state final am 
plifiers tend to be a litte more picky about the load impedance. For these 
transmitters, a coax-to-coax antenna tuning unit (ATU) is needed. 


Other dipoles 


‘Thus far, the dipoles covered in this chapter have been the classic form, in which a 
hnalf-wavelength single-conductor radiator element is connected to a coaxial trans 
mission line, This antenna is typically installed horizontally at a half-wavelength, 
above the earth's surface (or wherever convenient if that is impossible). This section 
looks at other forms of the dipole, Some of these dipoles are in every way the equal 
of the horizontal dipole, and others are basically compensation antennas in that they 
are used when a proper dipole is not practical 


Inverted-vee dipole 
‘The tuverted-vee dipote isa half-wavelength antenna fed in the center like a dipole 
By the rigorous definition, the inverted-vee is merely a variation on the dipole 
theme. But in this form of antenna (Fig, 6-7), the center is elevated as high as possi 
ble from the earth's surface, but the ends droop to very close to the surface. Angle a 
can be almost anything convenient, provided that a > 90 degrees; typically, most in 
verted-vee antennas use an angle of about 120 degrees. Although essentially a corm- 
pensation antenna for use when the dipole is not practical, many operators believe 
that itis essentially a better performer on 40 and 801m in eases where the dipole can. 
not be mounted at a half-wavelength (64 {t or so). 

By sloping the antenna elements down from the horizontal to an angle (as shown 
in Fig. 6-7), the resonant frequency is effectively lowered. Thus, the antenna will 
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6-7 Inverted-vee dipole 


need to be shorter for any given frequency than a dipole, There is no absolutely rig- 
orous equation for calculation of the overall length of the antenna elements. Al- 
though the concept of “absolute” Iength does not hold for regular dipoles, it is even 
less viable for the inverted-vee, ‘There is, however, a rule of thumb that. can be fol- 
lowed for a starting point: Make the antenna about 6 percent shorter than a dipole 
for the same frequency. The initial cut. of the antenna element lengths (each quarter 
wavelength) is 


220 


Pane 


t 16.16] 


Affer this length is determined, the actual length is found from the same cut 
and-try method used to tune the dipole in the previous section, 

Bending the elements downward also changes the feedpoint impedance of the 
antenna and narrows its bandwidth. Thus, some adjustment in these departments is 
in order. You might want to use an impedance matching scheme at the feedpoint, or 
anantenna tuner at the transinitter, 


Sloping dipole (“‘sloper” or “slipole”) 

‘The sloping dipole (Fig, 6-8) is popular with those operators who need a low angle 
of radiation, and are not overburdened with a large amount of land to install the 
antenna. This antenna is also called the sloper and the stipole in various texts. The 
author prefers the term “slipole,” in order to distinguish this antenna froma sloping. 
vertical of the same name. Whatever it is called, however, itis a half-wavelength di 
pole that is built with one end at the top of a support, and the other end elose to the 
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Figure 2; Relationship among SG, 1oT, Big Data, Cloud and SDN based on | 


RAN and softwarized 5G then are developed. 

As illustrated in Figure 4, 5G will serve as a better gateway and transport network for oT applications so that 
IoT data can be delivered more efficiently and economically. In addition, oT will become one of the major 
sources of Big Data by producing large volume, fast velocity, and many varieties of data [6 as illustrated in 
Figure 5. 

Finally, Figure 6 shows that Cloud can be adopted in the 5G Radio Access Network (RAN) and turns it ta 
Cloud-based RAN (C-RAN). Both SDN and NFV have been applied to data center in the cloud to enable better 
load balance and resource allocation of the cloud. SDN has also been applied to 5G mobile broadband core net- 
‘works to enable smart routing, better traffic management and improve network resource utilization. 
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6-8 “Stipole” or “sloper: 
ground, and being fed in the center by coaxial cable, Some of the same comments as 
obtained for the inverted-vee antenna also apply to the sloping dipole, so please see 
that section also, 

Some operators like to arrange four sloping dipoles from the same mast such 
that they point in different directions around the compass (Fig. 6-9). A single four- 
position coaxial cable switch will allow switching a directional beam around the corn: 
pass to favor various places in the world. 


Broadbanded dipoles 
‘One of the rarely discussed aspects of antenna construction is that the length/diame- 
ter ratio of the conductor used for the antenna element isa factor in determining the 
bandwidth of the antenna. In general, the rule of thumb states that large cross-se 
tional area makes the antenna more broadbanded. In some cases, this rule suggests 
the use of aluminum tubing instead of copper wire for the antenna radiator. On the 
‘higher-frequency bands that is a viable solution, Aluminum tubing can be purchased 
for relatively small amounts of money, and is both lightweight and easily worked with. 
ordinary tools, But, as the frequency decreases, the weight becomes greater because 
the tubing is both longer and (Tor structural strength) must be of greater diameter. 
(On 80m, aluminum tubing is impractical, and at 40:m itis neatly so. Yet, 80 m is a sige 
nificant problem, especially for older transinitters, because the band is 500 kHz. wide, 
‘and the transmitters often lack the tuning range for the entire band. 

Some other solution is needed, Here are three basic solutions to the problem of 
wide-bandwidth dipole antennas: folded dipole, bowtie dipole, and cage dipole. 


—— 


Chap0é_carr 


4/10/01 2:52 PM Page 155 © 


Other dipoles 155 


Mast 
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(Top view) ‘of four slopers (top view) 


Figure 6-10A shows the folded dipole antenna, This antenna basically consists 
of two half-wavelength conductors shorted together at the ends and fed in the mid- 
le of one of them. The folded dipole is most often built from 300-0 television an 
tenna twin-lead transmission line, Because the feedpoint impedance is nearly 300.2, 
the same type of twin lead can also be used for the transmission line. The folded di- 
pole will exhibit excellent wide-bandwidth properties, especially on the lower bands. 

A disadvantage of this form of antenna is that the transmitter has to match the 
300-0 balanced transmission line. Unfortunately, most modern radio transmitters 
are designed to feed coaxial-cable transmission line, Although an antenna tuner can 
be placed at the transmitter end of the feedline, itis also possible to use a 4:1 balun 
transformer at the feedpoint (Fig. 6-10B). This arrangement makes the folded dipole 
a reasonable match to 62- or 75-Q coaxial-cable transmission line. 

Another method for broadbanding the dipole is to use two identical dipoles fed 
from the same transmission line, and arranged to forma “bowtie” as shown in Fig. 6-11 
‘The use of two identical dipole elements on each side of the transmission line has the 
effect of increasing the conductor eros sectional area so that the antenna has a slightly 
improved lengtlvdiameter ratio. 

‘The bowtie dipole was popular in the 1930s and 1940s, and became the basis for 
the earliest television receiver antennas (TV signals are 3 to 5 MHz wide, so they require 
a broadbanded antenna). It was also popular during the 1950s as the so-called Wonder 
Bar antenna for 10 m. It stil finds use, but it has faded somewhat in popularity. 

The cage diople (Fig. 6-12) is similar in concept, if not construction, to the 
bowtie. Again, the idea is to connect several parallel dipoles together from the same 
transmission line in an effort to inerease the apparent cross-sectional area, In the 
case of the cage dipole, however, spreader disk insulators are constructed to keep 
the wires separated, The insulators can be built from plexiglass, Incite, or ceramic. 
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‘They can also be constructed of materials such as wood, if the wood is properly 
treated with varnish, polyurethene, or some other material that prevents it from be- 
‘coming waterlogged. The spreader disks are held in place with wire jumpers (see in- 
set to Fig. 6-12) that are soldered to the main element wires. 

A tactic used by some bnilders of both bowtie and eage dipoles is to make the el 
ements slightly different lengths. This “stagger tuning” method forces one dipole to 
favor the upper end of the band, and the other to favor the lower end of the band. 
‘The overall result is a slightly Matter frequency response characteristic across the 
entire band. On the cage dipole, with four half-wavelength elements, it should be 
possible to overlap even narrower sections of the band in order to create an even 
fatter characteristic 


Shortened coil-loaded dipoles 

‘The half-wavelength dipole is too long for some applications where real estate is at a 
premium. The solution for many operators is to use a coil-loaded shortened dipole 
such as shown in Fig. 6-13. A shortened dipole (Le., one which is less than a half- 
wavelength) is capacitive reactance. There is no reason why the loading coil cannot 
be any point along the radiator, but in Figs, 6-13 and 6-13B they are placed at 0 per- 
cent and 50 percent of the element length, respectively. The reason for this proce 
dure is that it makes the calculation of coil inductances easier, and it also represents 
the most common practice 

Figure 6-18 shows a table of inductive reactances as a function of the per 
ntage of a half-wavelength, represented by the shortened radiator. Its likely that 
the percentage figure will be imposed on you by the situation, but the general rule 
is to piek the largest figure consistent with the available space. For example, sup. 
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A MMe oN 
© 
A <x A 
B I<— as 
i 
00 mm 
Percent Cais at 
othall: —_Coilsat_——_middle of 
wavelength feedpoint (0) radiators (0) 
20 1800 2800 
é a 250 1800 
a0 700 1800 
50 500 1800 
0 280 950 
m0 260 00 
80 160 00 
0 75 160 
95 38 80 
98 18 80 


6-13 Shortened or loaded dipole. (A) inductors at feedpoint; (B) inductors midway along elements; (C) 
chart of reactances for coils; (D) commercially available coils; (E) homemade coil based on comme 
cial coll stack 
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pose you lave about 40 ft available for a 40-m antenna that normally needs about 
65 ft for a half-wavelength, Because 39 ft is 60 percent of 65 ft, you could use this 
value as the design point for this antenna. Looking on the chart, a 60 percent an- 
tenna with the loading coils at the midpoint of each radiator element wants to see 
an inductive reactance of 700 . You can rearrange the standard induetive reac- 
tance equation (X, = 6.28 FL) to the form 


X,x10° 


> Se 16.171 


where 


Ly i8 the required inductance, in microhenrys 
Fis the frequency, in hertz (Hz) 
LX; is the inductive reactance calculated from the table in Fig, 6-13C. 


Example 6-2 Calculate the inductance required for a 60 percent antenna op- 
erating on 7.25 MHz. The table requires a reactance of 700 @ for a loaded dipole with 


the cols inthe center of each element (Fig 6-15B), 
Solution: 
Xx 10° 
4a = aR 16.18] 
(700) C0" 
(28) (7.250.000) a 
16.20] 
(6.21) 


‘The inductance calcu 
by cut-and-try methods. 

‘The loaded dipole antenna is a very sharply tuned antenna, Because of this fact, 
you must either confine operation to one segment of the band, or provide an antenna 
iuner to compensate for the sharpness of the bandwidth characteristic. However, ef- 
ficiency drops, markedly, far from resonance even with a transmission line tuner. 
‘The function of the tuner is to overcome the bad effects on the transmitter, but it 
does not alter the basie problem, Only a variable inductor in the antenna will do that. 
trick (at least one commercial loaded dipole once used a motor-driven inductor at 
the center feedpoint), 

Figures 6-13D and E show two methods for making a coil-Ionded dipole antenna 
Figure 6-18D shows a pair of commercially available loading coils especially designed 
for this purpose. The ones shown here are for 40 m, but other models are also avail 
able. The inductor shown in Fig. 6-13E is a section of commercial coil stock con- 
nected to a standard end or center insulator, No structural stress is assumed by the 
coil—all forces are applied to the insulator, which is designed to take it 


jed above is approximate, and it might have to be altered 
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Inductance values for other length antennas can be approximated from the 
graph in Fig. 6-14. This graph contains three curves for coil-loaded, shortened 
dipoles that are 10, 50, and 90 percent of the normal half-wavelength size. Find 
the proposed location of the coil, as a percentage of the wire element length, along. 
the horigontal axis. Where the vertical line from that point intersects with one of the 
three curves, that intersection yields the inductive reactance required (see along 
vertical axis). Inductances for other overall lengths ean be “rough-guessed” by in 
terpolating between the three available curves, and then validated by cut and try. 


Tunable dipoles 

Dipoles are resonant antennas, so they naturally tend to prefer one frequency over the 
others. The VSWR will be quite low at the resonant point (assuming no feedline mis- 
match problems), and will rise at frequencies above and below resonance. If the an- 
tenna is a high-Q model, then the effect is quite profound, and it might render the 
antenna nearly useless at frequencies on the other end of the same band (especially 
where modern transmitters equipped with VSWR shutdown circuitry are used). Figure 
15 shows a method for overcoming this problem. Here is how it works. 

‘An antenna that is too long for the desired resonant frequency will act indue- 
tively (Le., it will show a feedpoint impedance of the form Z = R + jX,.). To counter- 
act the inductive reactance component +X, itis necessary to adda bit of eapacitive 
reactance ~JX... This approach is taken in tuning certain antenna forms and it can be 
used with dipoles to snake the antenna tunable over a range of about 15 percent of 
the frequency. 

‘The tunable dipole of Fig. 5-15 is longer than other dipoles and it has an overall 
length of 


505 
A, 


16.22] 


Note that the velocity constant is 505, rather than the 468 that is used with or 
dinary dipoles. 

‘The required capacitive reactance, which is used to electrically shorten the an 
tenna, is provided by C,. In one effective design that I've tested, the capacitor was a 
'500-pF transmitting variable type. When the Heath Company was making kits, they 
offered an antenna tuner based on this idea, It was a motor-driven 500-pF variable 
capacitor inside of a weather-resistant metal-shielded case. The Heath tuner ean be 
used on inverted vees and dipoles (if a center support is provided). A low-voltage 
(which is necessary for safety reasons) de motor drives the shaft of the capacitor to 
tune the antenna to resonance, 


Stacked dipoles 

Figure 6-16 shows a double dipole (Le., two half-wavelength dipole antennas 
spaced a hall-wavelength apart). The transmission lines are connected in parallel at 
the receiver. This antenna provides about 3-<dB gain over a single dipole, and it adds 
a bit of fade protection because two side-by-side antennas provide a bit of space di 
versity (see the end of Chap. 2 for information on diversity reception). 
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Coil location as a percentage 
of element length 


6-14. Inductive reactance versus coil location for shortened inductance-loaded dipol 
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6-15, Electrically reducing the length ofa dipole antenna by placing a capacitor at the feedpoint 
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6-16 Phased dipoles provide a 3-dB gain over single dipole 


‘The two dipoles are supported by a comunon structure consisting of ropes (R) 
and end insulators (1) to support masts on the ends, In the center, a half-wavelength 
space is taken up by a rope so that the structure is maintained. The space is deter- 
mined by 


Space,. 16.23] 


and, for the dipoles, 
Length = pee 16.24] 


‘The stacked dipole gets a bit lengthy on low-frequency bands, but is easily 
achievable by most people on the upper HF bands. 
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‘The feedlines for the two dipoles can be connected directly in parallel and fed 
from the transmitter, provided that the antenna tuning unit will support one-half the 
normal expected impedance. Alternatively, a box can be provided that includes a 
‘matching transformer for 1:2 ratio, These can be built like a balun transformer ona 
toroidal core. A trifilar winding is used, Alternatively, a phasing box can be built that 
will allow altering the directionality of the antenna by 90°. This is done by using the 
switching circuit to reverse the sense of L,, 


Off-center-fed full-wave doublet (OCFD) antennas 


An antenna that superficially resembles the Windom is the off-center-fed doublet 
(OCFD) antenna of Fig. 6-17. It is a single-band antenna, although at harmonics it 
will begin to act as a resonant, standing wave, longwire antenna. ‘The overall length 
is one wavelength long: 


L 


tt FO 16.25] 

‘This antenna works best at heights of at least 1/2 above ground, so practical con 
siderations limit it to frequencies above about 10 MHz (ie., 30-m band). The feed: 
point of the antenna is placed at a distance of 4/4 from one end, and is a good match 
for 75-Q coaxial cable, A 1:1 balun transformer at the feedpoint is highly recorn- 
‘mended. The pattern ofa 12 antenna is a four-lobe “eloverleaf,” with the major lobes 
being about 53° from the wire. The gain is about 1 dB. 


a a 
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Sia Bau 
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6-17 Off-center-fed L-wire antenna. 
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Off-center-fed nonresonant sloper (OCES) 


Perhaps more viable for many people is the nonresonant off-centerfed sloper 
(OCFS) antenna of Fig. 6-18. This antenna consists of a wire radiator that must be 
longer than 31/2 at the lowest frequency of operation, The feedpoint is elevated at 
least W/4 above ground at the lowest operating frequency. The antenna is fed with 
75-Q coaxial cable. The shield of the coax is connected to a W/4 resonant, radial 
(counterpoise ground), There should be at least one radial (more is better) per band 
of operation. 

‘The far end of the radiator element is sloped to ground, where it is terminated in 
a 270-Q noninductive resistor. The resistor should be able to dissipate up to one- 
third of the power level applied by the transmitter. 


Double extended Zepp antenna 


‘The double extended Zepp antenna (Fig. 6-19) provides a gain of about 2 dB over a 
dipole at right angles to the antenna wire plane. It consists of two sections of wire, 
each one of a length 
60 
Lipa® Luh 16.26] 


tet Fane 
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6-18 Terminated sloper antenna, 
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6-19 Double extended Zepp antenna, 


‘Typical lengths are 20.7 ft on the 10-m band, 28 ft on the 15-m band, 42 ft on the 
20-m band, and 84 ft on the 40-m band. 

‘The double extended Zepp antenna can be fed directly with 450-0 twin lead, es- 
pecially if a balanced antenna tuner is available at the receiver, Alternatively, it ean 
be fed from a quarter-wavelength matching section (made of 450-0 twin lead, or 
equivalent open air parallel line), as shown, and a balun if coax is preferred. The 
Jength of the matching section should be 


103 
Mate = Fay 


16.27] 


‘The double extended Zepp will work on several different bands. For example, a 
20-mm-band double extended Zepp will workas a Zepp on the design band, a dipole on 
Irequencies below the design band, and as a four-lobed cloverleaf antenna on fre- 
quencies above the design band. 


Collinear “Franklin” array antenna 


Perhaps the cheapest approach to very serious antenna gain is the collinear Franklin 
array shown in Fig. 6-20. This antenna pushes the dipole and double extended Zepp 
concepts even farther, It consists of a half-wavelength dipole that is center-fed with a 
4:1 balun and 75-Q coaxial cable. At each end of the dipole, there is a quarter-wave- 
length phase reversal stub that end-feeds another half-Wwavelength element. Each el- 
ement is a half-wavelength (4/2) long, and its length can be calculated from 


xe 16.28] 


Fyne 
‘The phase reversal stubs are a quarter-wavelength long, or one half the length caleu- 
lated by Eq. 6.28, 
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6-20 Wire collinear antenna. 


‘The version of the “Collinear” shown in Fig, 6-20 has a gain of about 3 dB. There 
is no theoretical reason why you can’t extend the design indefinitely, but there is a 
practical limit set by how much wire can be held by your supports, and how much 
real estate you own, A 4,5-dB version can be built by adding another half-wavelength. 
section at each end, with an intervening quarter-wavelength phase reversal stub in 
between each new section, and the preceding section. Once you get longer than five 
half-wavelengths, which provides the 4.5-dB gain, the physical size becomes a bit of 
a bother for most. folks. 


The TCFTED dipole 


‘The tilted, conterfed, terminated, folded dipole (TCFTED, also called the TED oF 
‘TTFD) isan answer to both the noise pickup and length problems that sometimes af- 
fect other antennas. For example, a randon-length wire, even with antenna tuner, 
will pick up considerable amounts of noise. A dipole for 40 1m is 66 ft long. 

‘This antenna was first described publicly in 1949 by Navy Captain C, L, Coun- 
tryman, although the U.S. Navy tested it for a long period in California during World 
War Il. The TCFTFD can offer claimed gains of 4 to 6 dB over a dipole, depending on 
the frequency and design, although 1 to 3 dB is probably closer to the mark in prac 
tice, and less than 1 dB will be obtained at some frequencies within its range (espe 
cially where the resistor has to absorb a substantial portion of the RF power). The 
‘main attraction of the TCFTFD is not its gain, but rather its broad bandedwess. 

Inaddition, the TCFTED can also be used at higher frequencies than its design 
frequency. Some sources claim that the TCFTED can be usedl over a 5 or 6:1 fre 
‘quency range, although my own observations are that 4:1 is more likely. Nonetheless, 
4.40-m antenna will work over a range of 7000 to 25,000 kHz, with at least some de 
cent performance up into the 11-m Citizen's Band (27,000 kHz). 

‘The basic TCFTED (Fig. 6-21) resembles a folded dipole in that it has two par- 
allel conductors of length L, spaced a distance W apart, and shorted together at the 
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6-21 ‘TTFDantenna. 


ends, The feedpoint is the middle of one conductor, where a 4:1 balun coil and 
75-Q coaxial-cable transmission line to the transceiver are used, A noninductive, 
390-Q resistor is placed in the center of the other conductor. This resistor can be a 
carbon-composition (or metal-film) resistor, but it must not be a wirewound resistor 
or any other form that has appreciable inductance. The resistor must be able to dis: 

sipate about one-third of the applied RF power. The TCFTED can be built from or- 

dinary no.14 stranded antenna wire 

Fora TCFTFD na covering 40 through 11 m, the spread between the con- 
ductors should be 19% in, while the length £ is 27 ft. Note that length L includes 
‘one-half of the 19-in spread because it is measured from the center of the antenna 
element to the center of the end supports. 

‘The TCFTFD is a sloping antenna, with the lower support being about 6 ft off the 
ground, The height of the upper support depends on the overall length of the an- 
tena, For a 40-m design, the height is on the order of 50 ft 

‘The parallel wires are kept apart by spreaders, At least one commercial TCFTED 
antenna uses PVC spreaders, while others use ceramic. You can use wooden dowels, 
of between Lin and %in diameter; of course, a coating of varnish (or urethane 
spray) is recommended for weather protection, Drill two holes, of a size sufficient to 
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pass the wire, that are the dimension W apart (19 in for 40 m). Once the spreaders 
are in place, take about a foot of spare antenna wire and make jumpers to hold the 
dowels in place. The jumper is wrapped around the antenna wire on either side of 
the dowel, and then soldered. 

‘The two end supports can be made of 1 x 2 in wood treated with varnish or ure- 
thane spray. ‘The wire is passed through screw eyes fastened to the supports. A sup: 
port rope is passed through two holes on either end of the 1 x 2-and then tied off at 
aan end insulator. 

‘The TCFTFD antenna is noticeably quieter than the random-length wire an- 
tena, and somewhat quieter than the half-wavelength dipole. When the tilt angle is 
around 30°, the pattern is close to omnidirectional. Although a little harder to build 
than dipoles, it offers some advantages that ought not to be overlooked. These di- 
mensions will suffice when the “bottom end” frequency is the 40-m band, and it wil 
work well on higher bands, 


Vee-sloper antenna 


‘The nee-sloper antenna is shown in Fig. 6-22. Ibis related to the vee beam (covered. 
in Chap. 9), but it is built like a sloper (.e., with the feed end of the antenna high 
above ground). The supporting mast height should be about half (to three-fourths) 
of the length of either antenna leg. The legs are sloped downward to terminating 
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6-22 Vee-sloper antenna, 
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resistors at ground level. Each wire should be longer than 14 at the lowest operating, 
frequency. The terminating resistors should be on the order of 270 Q (about one-half 
of the characteristic impedance of the antenna), with a power rating capable of dis- 
sipating one-third of the transtitter power, Like other terminating resistors, these 
should be noninductive (carbon composition or metal film), 

‘The advantage of this form of antenna over the vee beam is that it is vertically 
polarized, and the resistors are clase to the earth, so they are easily grounded 


Rhombic inverted-vee antenna 


A variation on the theme is the vertically polarized rhombic of Fig. 6-23. Although 
sometimes called an inverted vee—not to be confused with the dipole variant of the 

wime—this antenna is half a shombie, with the missing half being “misrored!” in 
the ground (similar to a vertical). The angle at the top of the mast (@) is typically 
290°, and 120 to 145° is more common, Each leg (A) should be >A, with the longer 
lengths being somewhat higher in gain, but harder to install for low frequencies. A 
requirement for this type of antenna isa very good ground connection. This is often 
accomplished by routing an underground wire between the terminating resistor 
round and the feedpoint ground. 


Multiband fan dipole 


‘The basic half-wavelength dipole antenna is a very good performer, especially when 
cost is a factor. The dipole yields relatively good performance for practically no in 


Direction of 
reception 


6-23 Inverted 
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vestment. A standard half-wavelength dipole offers a bidirectional fgure-8 pattern 
nits basic band (Le, where the length isa half-wavelength), and a four-lobe clover~ 
leaf pattern at frequencies for which the physical length is 32/2, Thus, a 40-m half- 
‘wavelength dipole produces a bidirectional pattem on 40 m, and a fourlobe 
Cloverleaf patter on 15 m. 

‘The dipole is not easily multibanded without resorting to traps (covered in 
Chap. 8). One can, however, tie several dipoles to the same center insulator or balun 
transformer. Figure 6-24 shows three dipoles cut for different bands, operating, from 
common feeding and balun transformer: Al-A2, B1-B2, and C1-C2, Each of these 
antennas is a halF-wavelength (Le, Lg: = 468/F y,) 
‘There are two points to keep in mind when building this antenna, First, try to 
keep the ends spread a bit apart, and second, make sure that none of the antennas 
is cut as a half-wavelength for a band for which another is 31/2, For example, if you 
make A1-A2 cut for 40 m, then don't cut any of the other three for 15 m. If you do, 
the feedpoint impedance and the radiation pattern will be aected, 


The counterpoise longwire 


‘The longwire antenna is an end-fed wire more than 22 long. It provides eonsider- 
able gain over a dipole, especially when a very long length can be accommodated, Al- 
though 75- to 80m, or even 40-m longwires are a bit difficult to erect at most 
locations, they are well within reason at the upper end of the HF spectrum, Low-VHF 
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6-24 Multiband dipote antenna. 
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band operation is also practical, Indeed, I know one fellow who lived in far southwest 
‘Virginia as a teenager, and he was able to get his family television reception for very 
Jow cost by using a TV longwire (channel 6) on top of his mountain. 

‘There are some problems with longwires that are not often mentioned. Two 
problems seem to insinuate themselves into the process. First, the Zepp feed is a bit 
cumbersome (not everyone is enamored of parallel transmission line). Second, how 
do you go about actually grounding that termination resistor? I it is above ground, 
then the wire to ground is long, and definitely not at ground potential for RF. If you 
ant to avoid both the straight Zepp feed system employed by most such antennas, 
as well as the resistor-grounding problem, then you might want to consider the 
counterpoise lonpwire antennas shown in Fig, 6-25. 
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6-258 Balun transformer feed for longwire antenna. 
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A counterpoise ground is a structure that acts like a ground, but is actually elec- 
tically floating above real ground (and it is not connected to ground). A groundplane 
of radials is sometimes used as a counterpoise ground for vertical antennas that are 
‘mounted above actual earth ground. In fact, these antennas are often called ground 
plane verticals. In those antennas, the array of four (or more) radials fromthe shield 
of the coaxial cable are used as an artificial, or counterpoise, ground system, 

In the eounterpoise longwire of Fig. 6-254, there are two counterpoise grounds 
(although, for one reason or another, you might elect to use either, but not both). 
One counterpoise is at the feedpoint, where it connects to the “cold” side of the 
transmission line, The parallel line is then routed to an antenna tuning unit (ATU) 
and from there to the transmitter. The other counterpoise is from the cold end of the 
termination resistor to the support insulator. This second counterpoise makes it 
possible to eliminate the earth ground connection, and all the problems that it might 
entail, especially in the higher end of the HF spectrum, where the wire to ground is, 
of substantial length compared with 1A of the operating frequency. 

A slightly different scheme used to adapt the antenna to coaxial cable is shown 
in Fig. 6-25B. In this case, the longwire is a resonant type (nonterminated). Nor- 
‘mally, one would expect to find this antenna fed with 450-0 parallel transmission 
line, But with a 2/4 radial acting as a counterpoise, a 4:1 balun transformer can be 
used to effect a reasonable match to 75-0 coaxial cable, The radial is connected to 
the side of the balun that is also connected to the coaxial cable shield, and the other 
side of the balun is connected to the radiator element, 


CHAPTER 


Vertically polarized 
HF antennas 


IN PREVIOUS CHAPTERS, YOU HAVE FOUND THAT THE POLARITY OF AN ANTENNA IS THE 
direction of the electrical (B) field. Because the transmitted signal is an orthogonal 
electromagnetic wave, the magnetic field radiated from the antenna is at right angles 
to the electric field, The direction of the electric field, which sets the polarity of the 
anterina, isa function of the geometry of the radiator element. Ifthe element is ver- 
tical, then the antenna polarity is also vertical. The signal propagates out from the ra- 
diator inall directions of azimuth, making this antenna an “omnidirectional” radiator, 

Figure 7-1A shows the basic geometry of the vertical antenna: ant RF genera: 
tor (transmitter or transmission line from a transmitter) at the base ofa radiator of 
length L, Although most commonly encountered verticals are quarter-wavelength 
(L=M4), that length is not the only permissible length. In fact, it may not even be 
the most desirable length, This chapter covers the standard quarter-wavelength 
Vertical antenna (because it is so popular), and other-length verticals (both 
‘greater and less than quarter-wavelengtth). 

‘The quarter-wavelength vertical antenna is basically half of a dipole placed ver: 
tically, with the “other hall” of the dipole being the ground. Becanse of this fact, 
some texts show the vertical with a double-line ghost radiator, or image antenna, in 
the earth beneath the main antenna element, Figure 7-18 shows the current and 
voltage distribution for the quarter-wavelength vertical. Like the dipole, the quarter- 
wavelength vertical is fed at a current loop, so the feedpoint impedance is at a mini- 
mum (typically 2 to 87 Q, depending upon nearby objects and design). As a result, 
the current is maximum and the voltage is minimum at the feedpoint. As you will 
see, however, not all vertical antennas are fed directly at the current loop. As a 
result, some designs require antenna tuning units to make them match the antenna 
impedance to the transmitter output. impedance, 

Figure 7-10 and 7-1D show the two basic configurations for the HF vertical 


antenna. Figure 7-1C shows the ground-mounted vertical antenna, The radiator 
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Figure 6, C-RAN architecture in 5G mobile network. 
4. Ongoing Programs and Applications at National Chiao Tung University (NCTU) 


In this section, we describe five ongoing programs and applications at NCTU that are closely related to the SDN, 
Cloud, Big Data, loT, and 5G technologies (7-117) 


4.1. Program on SDN-Enabled Cloud-Based Broadband and Wireless Network 
‘Technologies and Services 


This program is a national program to support the SDN Industry-Academia Cooperation, led by both NCTU and 
CHT (Chunghwa Telecom, the largest mobile & telecom operator in Taiwan) with 5 other networking and 
communications companies in Taiwan, This is a multi-year program with the target to set up a testhed for end- 
to-end testing and to help establish an ecosystem for local SDN industry. 

Figure 7 shows the scope of this program that covers mobile access, WiFi access, broadband core and data 
center cloud end-to-end application systems. 

Figure @ further shows both the structure of the program and its network configuration across NCTU, CHT 
and another university National Tsing Hwa University (NTHU).The program includes research and development 
involving 4G/LTE, BAGISG, SDN, Cloud, SDN for Wi-Fi, and SDN for WAN technologies. There are five 
sub-programs: 1) SDN broadband network technologies and services, 2) SDN mobile/wireless network tech- 
nologies and services, 3) SDN and cloud integration services and management, 4) SDN switch-related devices 
and systems and 5) SDN system integration and field trials 

The program is intended to construct an SDN network in NCTU, CHT and NTHU, respectively. These SDN 
networks then will be interconnected to form a wide area SDN network in Taiwan. Eventually, we plan to have 
this end-to-end system connected to the global network, The SDN switches deployed in this testbed will be 
mostly small or medium scale due to their experimental nature. Also included in this testbed are SDN-based 
Wi-Fi access points. Cloud-based data centers will be deployed in each location of NCTU, CHT and NTHU. 
‘Three types of SDN controllers including OpenDaylight, Ryu and Floodlight are currently under trial in the 
experimental network. Our architecture assumes the scenario of multiple SDN controllers with a hierarchical 
topology on which useful SDN APPs such as load balancer, network optimizer for video delivery, network co- 
ordinator (including visualization), dynamic flow configuration, end-to-end service configuration, dynamic policy- 
based traffic engineering, and multitenant network automation can be developed and deployed. 


4.2. Program on Big Data Analytics for Network Traffic and Management Data 
In this program, we address the network performance issues with two experimental networks: BML at NCTU 
campus and ITRINET of ITRI. 

‘The architecture of the BML experimental network is illustrated in the lower part of Figure 9 that consists of 
4 4G RAN, a 4G Core and a Cloud environment. For the 4G RAN, both indoor and outdoor environment are 
taken into consideration. The left upper part of Figure 9 shows the scope of the ITRINET experimental network 
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element is mounted at ground level, but it is insulated from ground, Because the 
antenna shown is a quarter-wavelength, itis fed at a current loop with 52-Q coaxial 
cable, The inner conductor of the coaxial cable is connected to the radiator element, 
and the coaxial cable shield is connected to the ground. As you will see shortly, 
the ground system for the vertical antenna is critical to its performance. Normally, the 
feedpoint impedance is not 52 Q, but rather is somewhat lower (37 Q). As a 
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result, without some matching there will be a slight VSWR, but in most eases, the 
‘VSWR is a tolerable tradeoff for simplicity. Ifthe antenna lias a feedpoint impedance 
0f37 Q, which is the value usually quoted, then the VSWR will be 52 Q/37 Q, or 1.41:1 

A vertical mounted above the ground level is shown in Fig. 7-1D. This antenna 
is equally as popular as the ground mounted. Amateurs and CB operators find it 
easy to construct this form of antenna because the lightweight vertical ean be 
‘mounted at reasonable heights (15 to 60 ft) using television antenna slip-up tele- 
scoping masts that are reasonably low in cost. A problem with the non-ground-level 
vertical antenna is that there is no easy way to connect it to ground. The solution to 
the problem is to create a counterpoise (artificial) ground with a system of quarter- 
wavelength radials 

In general, at least two radials are required for each band, and even that number 
is marginal, The standard wiscdom holds that the greater the number of radials, the be 
ter the performance. Although that statement is true, there are both theoretical and, 
practical imits to the number of radials. The theoretical lint is derived from the fact 
that more than 120 radials returns practically no inerease in operational effectiveness, 
and at more than 16 radials, the returned added effectiveness per new radial is less 
than is the case for fewer radials. That is, going from 16 to 22 radials (doubling the 
number) creates less of an increase in received field strength at a distant point than 
going from 8 to 16 radials (both represent doubling the density of the radial system), 
‘The practical limit is 16 radials 

‘The radials of the off-ground-level vertical antenna can be at any angle. In Fig. 
TAD, they are “drooping radials” (.e,, the angle is greater than 90° relative to the ver- 
tical radiator element). Similarly, Fig, 7-1E shows a vertical antenna that is equipped 
with radials at exactly 90° (no common antenna has radials less than 90°). Both of 
these antennas are called ground plane vertical antennas. 

‘The angle of the verticals radials is said to affect the feedpoint impedance and 
the angle of radiation of the vertical antenna. Although thase statements are un- 
doubtedly true in some sense, there are other factors that also affect those para- 
meters, and they are probably more important in most practical installations. 
Before digging further into the subject of vertical antennas, take a look at the sub- 
jects of angle of radiation and gain in vertical antennas. 


Angle of radiation 


Long-distance propagation in the HF region depends upon the ionospheric phe- 
nomena called “skip.” (See Chap. 2 for a more extensive explanation.) In this type 
of propagation, the signal leaves the transmitting antenna at some angle «, called 
the angle of radiation, and enters the ionosphere where it is refracted back to 
earth at a distance D from the transmitting station. The signal in the zone between 
the outer edge of the antenna’s ground-wave region and the distant skip point is 
weak or nonexistent. 

‘The distance covered by the signal on each skip is a function of the angle of radi- 
ation. Figure 7-2 shows a plot of the angle of radiation of the antenna, and the dis 
tance to the first skip zone, The angle referred to along the vertical axis is the angle 
of radiation away from the antenna relative to the horizon, For example, an angle of 
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7-2 Eifect of radiation angle on skip communications. 


10° is elevated 10° above the horizon, Shorter distances are found when the angle of 
radiation is inereased. At an angle of about. 30°, for example, the distance per skip is 
only a few hundred miles. 

Although you might expect on first blush to see a single line on the graph, there is 
actually a zone shown (shaded). This phenomenon exists because the ionosphere 
is found at different altitudes at different times of the day and different seasons of 
the year. Generally, however, in the absence of special event phenomena in the 
ionosphere, you can expect from 1500 to 2500 mi per bounce in the HF bands for low 

ngles of radiation, Note, for example, that for a signal that is only a degree or two 
above the horizon the skip distance is maximum. 
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At distances greater than those shown in Fig. 7-2, the signal will make multiple 
hops. Given a situation where the skip distance is 2500 mi, covering a distance of 
7500 mi requires three hops. Unfortunately, there is a signal strength Toss on each 
hop of 3 to 6 dB, so you can expect the distant signal to be attenuated from making 
multiple hops between the earth's surface and the ionosphere. For maximizing dis- 
tance, therefore, the angle of radiation needs to be minimized. 

So what is the ideal angle of radiation? It is standard—but actually erroneous— 
wisdom among amateur radio operators (and even commercial operators, it turns 
out) that the lower the angle of radiation, the better the antenna. That statement is, 
only true if long distance is wanted, so it reflects a strong bias toward the DX com- 
munity. The correct answer to the question is: “It depends on where you want the 
signal to go.” For example, [live in Virginia, IF 1 want to communicate with stations 
in the Carolinas or New England, then it would behoove me to select a higher angle 
of radiation for radio conditions represented in Fig. 7-2 so that the signal will land 
in those regions. But if wanted to work stations in Europe or Africa or South Amer- 
ica, then a low angle of radiation is required. Because of the difference between 
performance of high and low angles of radiation, some stations have two antennas 
for each band: one each for high and low angles of radiation, 

Figure 7-3 shows a signal from a hypothetical antenna located at point 0, in or- 
der to show what angle is meant by “angle of radiation.” The beam from the antenna 
is elevated above the horizon (represented by the horizontal “tangent to horizon’ 
line), ‘The angle of radiation «is the angle between the tangent line and the center 
of the beam. This angle is not to be confused with the beamwidth, which is also an 
angle. In the case of beamwidth, we are talking about the thickness of the main lobe 
of the signal between points where the field strength is ~3 dB down from the maxi- 
‘mum signal (which occurs at point P); these points are represented by points.X and 
Yin Fig. 7-3. Thus, angle b is the beamwidth, and angle a is the angle of radiation, 


Gain in vertical antennas 


Vertical antennas are considered omnidirectional because they radiate equally 
well in all directions, “Gain” in an antenna is not the creation of power, but rather a 
simple refocusing of energy from all directions to a specilic direction, gain therefore 
infers directivity. According to the convention, then, the vertical antenna cannot 
have any gain because it radiates in all directions equally . . . gain infers directivity. 
Right? No, not really. Let's develop the theme more carefully. 

Again consider the idea of an isotrople radiator (the word isotropic means 
equal power in all directions). Consider a spherical point source radiator located at 
point O in Fig. 7-4. Whatever the level of power available from the transmitter, it will 
be spread equally well over the entire surface of the sphere as it radiates out into 
space away from point 0. If you measure the power distributed over some area A at 
a distance R from the source, then the power available will be a fraction of the total 
power: 

total available power x A 


‘soll “Total surface area of sphere 
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7-3. Side view of vertical extent radiation pattern. 


or, in math symbols 
P, 
=r i711 
where 
P, is the power available per solid degree 
is the total radiated power, in watts 
vris the radius of the sphere (Le., the distance from 0 to P). 


A practical rule of thumb for this probilem is to caleulate from the surface area of the 
sphere. Ifyou perform the right calculations, you will find that there are approximately 
411,253 square degrees on the surface ofa sphere. By caleulating the surface area of the 
‘beam front (also in square degrees), you can find the power within that region. 

Now for the matter of gain in a vertical antenna. The vertical is not gainless be- 
cause it does not, in fact, radiate equally well in all directions. In fact, the vertical is, 
quite directional, except in the horizontal (azimuth) plane. Figure 7-5 shows the ra 
lation pattern of the typical free-space vertical radiator. The pattern looks like a gi 

nt doughnut in free space (see solid pattern in Fig. 7-5). When sliced like a bagel, 
the pattern is the familiar circular “omnidirectional” pattern, When examined in the 
vertical plane, however, the plane looks like a sliced figure-8. The “gain” comes from 
the fact that energy is not spread over an entire sphere, but rather it is concentrated 


—— 
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7-4 Spherical or “isotropic” radiation pattern. 


to the toroidal doughnut-shaped region shown. Therefore, the power per unit area 
is greater than for the isotropic (truly omnidirectional) case. 


Non-quarter-wavelength verticals 


‘The angle of radiation for a vertical antenna, hence the shape of the hypothetical 
doughnut radiation pattern, is a function of the length of the antenna, (Note: Length 
in terms of vertical antennas is the same as height, and is sometimes expressed in 
degrees of wavelength, as well as feet and/or meters.) Figure 7-6A shows the ap- 
proximate patterns for three different-length vertical antennas: quarter-wavelength, 
half-wavelength, and %-wavelength. Note that the quarter-wavelength antenna 
has the highest angle of radiation, as well as the lowest gain of the three cas 


fy 


7-6A. Vertical radiation pattern as a function of element length: Ideal 
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‘The wavelength antenna is both the lowest angle of radiation and the highest gain, 
(compared with isotropic). 

The patterns shown in Fig, 7-6A assume a perfectly condueting ground under 
neath the antenna. However, that is not a possible situation for practical antennas; 
all real grounds are lossy. The effect of ground losses is to pull in the pattern clase 
to the ground (Fig. 7-68), Although all of the patterns are elevated from those of 
Fig. 7-6A, the relationships still remain: the wavelength radiator has the lowest 
angle of radiation and highest gain. 

‘The feedpoint impedance of a vertical antenna is a function of the length of the 
radiator, For the standard quarter-wavelength antenna, the feedpoint radiation re 
sistance is a maximum of 37 Q, with only a very small reactance component. Figure 
7-7 shows the approximate feedpoint impedances for antennas from nearly zero 
effective length to 120° of length, 

Antenna length expressed in degrees derives from the fact that one wavelength 
is 360°. Thus, a quarter-wavelength antenna has a length of 360°/4 = 90°. To convert 
any specific length from degrees to wavelength, divide the length in degrees by 360. 
‘Thus, for a 90° antenna: 907/360" = wavelength. The graph in Fig, 7-7A shows the 
antenna feedpoint impedance, both reactance and radiation resistance, for antennas 
from 60 to 120°; Fig. 7-7B shows the radiation resistance for antennas from near zero 
to 60", Note that the radiation resistance for such short antermas is extremely stall. 
For example, an antenna that is 30° long (% = 0.083 wavelengths) has a resistance 
of approximately 3.Q. Itis generally the practice on such antennas to use a broadband 
impedance-matching transformer to raise the impedance of such antennas to a higher 
value (Fig, 7-8) 


7-68 Accounting for ground losses. 
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that covers a much greater area of Hsinchu County than NCTU and includes additionally ITRI (Industrial Tech- 
nologies Research Institute), HSIP (Hsinchu Science Industrial Park) and THR (Taiwan High-speed Rail, Hsin- 
chu station). The right upper part of Figure 9 illustrates how ITRINET covers various R&D buildings in the 
corporate campus of ITRI such as B11, B12, BSI, etc. 

Figure 10 illustrates how Big Data analytics based on InfoSphere or Spark is performed on ITRINET for the 
purpose of network optimization. First, network traffic measurement and network management data are collected. 
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7-78 Radiation resistance as a function of antenna length, 


The ground system for the vertical antenna 


‘The vertical antenna works well only when placed over a good ground system, Chap 
ter 28 gives details of proper ground systems for all radio antennas, verticals in 
cluded, so only certain specifics are included here, The reader should also examine 
Chap. 28, however, in order to get a firmer grasp of the problem, 

‘The usual way to provide a good ground for a vertical is to use a system of radi 
als such as Fig. 7-9. This case shows a view (from above) of 16 quarter-wavelength 
radials arranged to cover the full cirele around the antenna, Each radial is a quar 
terwavelength, so it will have a length (in fact) of 246/Fy9,.. All of the radials are 
connected together at the base of the antenna, and the ground side of the trans- 
mission line is connected to this system. The radials can be placed either on the sur 
face or underground. One friend of the author built an extensive radial system on 
the bare dirt when his house was built, so when the sod was installed he had a very 
high-quality underground radial system, 
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Ifyou decide to use an aboveground radial system, however, be sure to prevent 
people from tripping over it. There might be liability implications for people who 
trip and injure themselves, even when the person is an intruder or trespasser. 

Some experts prefer to plaice a copper wire screen at the center of the radial 
system. The minimum size of this screen is about 2m square (6 x 6 ft). Connect it 
to the radials at the points shown using solder. Other experts will drive ground 
stakes into the ground at these points, Still another method is shown in Fig. 7-9B. 
‘This case shows a “spider web" of conductors shorting the radials at points a meter 
or two from the antenna. Again, some authorities recommend that ground rods be 
driven into the earth at the indicated points, 

‘The exact number of radials to use depends in part on practical matters (how 
‘many can you physically install?). Use at least two radials per band, with four per 
band preferred for simple, low-cost systems. However, even four is considered a 
compromise case. ‘The general rule is; the more the better. But it’s also true that 
there ig a law of diminishing returns as the number of radials is increased. Figure 
7-9C shows the approximate field intensity (mV/n) as a function of the number of 
radials. Notice that the field intensity does not increase as rapidly with the number 
of radials above 20 or so, Note that the Federal Communications Commission re: 
quires AM band (550 to 1700 kHz) stations to use 120 radials, but that number is not 
necessary for amateur stations. A practical upper init of 16 radials is usually ac 
cepted for amateur radio work, and four radials work quite well. 
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7-94. Comprehensive ground system for vertical antenna, 


For vertical antennas mounted above ground, there is an optimum height above 
ground for the base of the antenna, This height is a quarter-wavelength above the 
actual ground plane. Unfortunately, that distance might not be the height above 
the surface, Depending upon ground conductivity and groundwater content, the 
height can be exactly a quarter-wavelength above the surface or slightly lower. The 
point is found from experimentation, and will, unfortunately, vary over the year if 
climatic changes are usual 


Variations on the vertical antenna theme 


‘Thus far, the vertical antennas have been standard quarter- or %-wavelength models, 
‘This section looks at several variations on the theme, Consider Fig. 7-10. This antenna 
is the vertical half-wavelength dipole. The vertical dipole is constructed in exactly the 
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7-98 “Spider web" ground system. 


same manner as the horizontal dipole, but is mounted in the vertical plane, In general, 
the section of the radiator that is closest to the ground should be connected to the 
shield end of the coaxial cable transmission line. 

Like the horizontal dipole, the approximate length of the vertical dipole is cal 
culated from 


468 


(7.21 


where 


La is the length, in feet 
F qo, 8 the operating frequency, in megahertz 


Example Calculate the length of a half-wavelength vertical dipole for opera 
tion on a frequency of 14.250 MHz in the 20-m amateur radio band, 
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Note: The 0.8 ft part of this calculated length can be converted to inches by 
multiplying by 12: 0.8 x 12 = 9.6 in, 
Each leg of the vertical dipole is one half of the calculated length, or 


82.8 f 


6.4m 


‘The vertical dipole antenna is used in many locations where it is impossible to 
properly mount a horizontal dipole, or where a roof- or mast-mounted antenna is 
impossible to install because of logistics, a hostile landlord, and/or a homeowners 
association. Some row house and town house dwellers, for example, have been suc- 
cessful with the vertical dipole. In the 1950s and 1960s, the vertical dipole was pop- 
ular among European amateurs because of space restrictions found in many of 
those locations. 

‘The construction of the vertical dipole is relatively straightforward. You must 
find or build a vertical support structure. In the case shown in Fig, 7-10, the support 
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is a wooden or PVC must erected for that purpose. Ropes and insulators at either 
end support the wire elements from the ends and keep the antenna taut. If the 
neighbors are a problem, then try to find some white PVC pipe that will make a fine 
Magpole and be patriotic—with a vertical dipole hidden inside of the pipe. In other 
cases, if your home is not metal-sided, and if it is high enough, then a support from 
the roof structure (or soffits) will make a proper mount 
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One problem with the vertical dipole, and one that Lability-conscions people 
need to consider, is that a high-impedance current node is found at the ends of a 
hhall- wavelength dipole. Anyone touching the antenna will likely receive a nasty RF 
bburn (or shock) from this antenna, 

Acoaxial vertical is siilar to the vertical dipole (and, in fact, it can be argued 
that itis a form of vertical dipole) in that it uses a pair of vertical radiator elements 
In the case of the coaxial vertical antenna, however, the radiator that is closest to 
the ground is coaxial with the transmission line and the main radiator element. An 
example is shown in Fig. 7-11A. An insulator at the feedpoint separates the two 
halves ofthe radiator; in most cases, its of smaller diameter than the coasial sleeve 
(also called the shield pipe in some publications). The reasons for this arrange- 
‘ment are not entirely electrical, for the most part, but mechanical. The coaxial ea- 
ble transmission line passes through the sleeve, and is itself coaxial to the sleeve. 

‘The overall length of the coaxial vertical antenna is a half-wavelength, which 
consists of two quarter-wavelength sections, Both the radiator and the sleeve are 
‘quarter-wavelength. The length of each is found (approximately) from 


234 


17.3] 


(7.4) 


You should recognize these as similar to the equation used previously to calculate 
half-wavelength antennas, but reduced by a factor of 2 

‘The coaxial vertical antenna was once popular with CB operators, and as such 
‘was called the collinear antenna, In some cases, you can find hardware from these 
antennas on the hanvfest or surplus markets, and the pieces ean be modified for 
amateur radio use. In the situation where a 10-m-band antenna is being built, itis a 
simple matter to ent the L1-m CB antenna for operation on a slightly higher fre- 
‘quency. In the case of the lower-frequency bands, however, itis a little more diff- 
cult and it is likely that only the insulator and mounting assembly are salvageable. 
Keep in mind, however, the fact that adjacent sizes of aluminum tubing are de- 
signed such that the inside diameter (ID) of the larger piece isa slip-fit for the out- 
side diameter (OD) of the smuller piece. You can, therefore, connect adjacent sizes 
of aluminum tubing together without the need for special couplers, ete. With that in 
‘mind, salvaged insulator assemblies ean be cut off with just 6 to 10 in of the former 
radiator and sleeve, and new radiators from “adjacent size” tubing installed, 

‘The configuration shown in Fig. 7-11A is the manner of construction used by 
‘commercial antenna manufacturers for VHF and CB collinear vertical dipoles, but is 
a little difficult for amateurs (unless they happen to own a machine shop) to make 
the center insulator. For those people, some other method is indicated before this, 
antenna is practical. 
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igure 7-11B shows a construction method that has been used by amateurs 
with good results, The radiator and shield pipe (sleeve) are joined together in an in- 


sulating plece of thick-wall PVC plumbing pipe, Lucite, or plexiglass tubing; 6 to 10 
in of tubing are needed 


A gap of about 2 in is left- between the bottom end of the radiator pipe and the 
top end of the shield pipe in order to keep them electrically insulated from each 
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other, and to allow the coaxial cable to be passed through to the outside world. A 
hole in the insulator pipe is drilled for this purpose. 

‘The aluminum tubing pieces for the radiator and the sleeve are fas 
Insulator with at least two heavy machine screws each. One of the machine screws on 
‘each can be used as the electrical connection between the coaxial cable and the pipes, 
provided that a larger hole is cut in the insulator at that point to admit the washer 
that provides the electrical pathway between the screw head and the alurninum pipe. 
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‘Figure 9: Greater Hsinchu 4G/LTE & Future SG experimental network ITRINET (include 1TRI, NTU, THR & SIP). 


‘Then, data analytics methods based on machine learning, data mining and statistical modeling are applied to 
analyze the collected data. Finally, we apply the results thus generated to network performance evaluation and 
optimization by providing a feedback loop for system re-configuration. The whole operational cycle includes the 
technologies of AG/LTE, BAG/SG, Big Data Analytics, Cloud, and Traflic Engineering, 


4.3. Application on IoT Platform Integrated with Data Generation and Data Analytics 


This is an application where we set up an oT platform integrated with data generator and data analytics capabil- 
ities as illustrated in Figure 11, A common challenge for loT/M2M service providers is how to test their large 
scale loT/M2M applications with the near realistic data that the system will handle in a production environment. 
As such tests may involve not only a large number but also a large variety of sensors, deploying a testing envi- 
ronment that contains all the necessary sensors turns out to be an infeasible, if not impossible job. To tackle this 
problem, we develop a data generation method (illustrated in the lower part of Figure 11) based on streams 
generation capabilities of IBM InfoSphere and Spark to emulate data from a large number and a large variety of 
sensors, Such generated data will be sent into and processed by the applications residing on the loT/M2M 
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If you depend upon the machine screw touching the pipe at the edges of the hole eut 
for it, then there will probably be intermittent connection and all of the aggravation 
that ensues, 

‘Mounting of the homebrew coaxial vertical antenna can be a “pain in the neck 
Normally, this antenna is mounted high in the air above ground, so some form of sup: 
port is needed. Fortunately, you can use sinall-area metal supports connected to the 
sleeve for this purpose. Figure 7-11C shows one method for mounting that is popu: 
lar. A pair of television antenna standoff mounting brackets are used to support the 
sleeve. Those brackets can be bought in sizes from 6 to 24 in, Note that a 2x4 piece 
of lumber is used between the building wall and the brackets. This wood serves as an 
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7-LUC_ Mast mounting system for verticals, 
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insulator, so it should be varnished or painted. It is held to the wall with lag bolts, 
wing bolts, or some other effective method of anchoring. Keep in mind that the 
forces on the brackets increase tremendously during wind storms! 

Itis possible for the two vertical antennas shown previously to become a shock 
hazard to anyone who touches them, Both of these antennas are half-wavelength 
radiators and are of the dipole form of construction, The center point is used for 
feeding the antenna, so it forms the low-impedance point in the antenna. As a 
result, the ends of the antenna, one of which is close to the ground, are the high: 
impedance points—hence the voltages at those points within reach of prying hands 
playing in the yard can be high. It is wise to either mount the antennas so far above 
the ground that they cannot be reached, or build a small nonconductive fence 
around the bottom end of the antenna. 


Vertical antenna construction 


‘There are two general cases for installing vertical antennas: grouncL-Jevel-mounted and 
nnon-ground-mounted. This section takes brief look at both forms of mounting. We will 
‘concentrate on installation of homebrew verticals rather than commercial, because itis 
assumed that the vendors of such antennas will provide their own instructions 

‘The ground-level-mounted vertical is shown in Fig, 7-12, The typical vertical an- 
tenna is 8 to 40 ft high. Thus, although the actual weight of the antenna is small, the 
forces applied to the mounting structure (especially during windstorms) can be quite 
high. Don't be fooled by the apparent light weight of the antenna in this respect. 

‘The mounting structure for the vertical antenna can be a metal or wooden 
fence post buried in the ground. At least 2 ft of the fence post should be above 
ground. In the case of Fig. 7-12, a 4 x 4 wooden fence post is used as the mount- 
ing, but the principles are similar for all forms of post, A fence post hole is pro- 
vided that is at least 2 ft deep. In some cases, it might be possible to use a 
L-ft-deep gravel fil topped with back-filled dirt. In other eases, especially where 
a steel fence post is used, a concrete plug is placed at the bottom of the hole 
over a 4-in layer of gravel 

‘The antenna radiator element is installed onto the fence post using standoft 
insulators. Unfortunately, these insulators are difficult to find, so they might have to 
be omitted. Given that varnished or painted wood is not a terribly good conductor, 
it is not unreasonable to bolt the radiator directly to the 4x4 fence post. Use Ye-in 
(or larger) bolts, and make them long enough to fit completely through both the an 
tenna element and the 4 x 4 post. Thus, 6-in-, 7-in-, or &-in-long Yin bolts are the 
candidates for this job. Use at least two bolts, one at the bottom of the antenna 
radiator element, anu one near the top of the fence post, A third bolt, halfway be- 
tween the other two, would not be out of order. 

Ifthe antenna is quarter-wavelength, then no matching is generally necessary 
Although the feedpoint impedance is not exactly 62 , itis elose enough (37 Q) to 
form a reasonable match for 62-2 coaxial cable (with VSWR = 14:1). The center 
conductor of the coaxial cable is connected to the radiator element, while the shield 
is connected to the ground system. In the example shown in Fig. 7-12, two ground 
‘methods are used, First, an 8-1 ground rod is driven into the earth at the base of the 
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antenna; second, a system of quarter-wavelength radials is used. Remember that 
the ground system is absolutely essential, 

‘A method for installing a vertical antenna above ground is shown in Fig, 7-13, 
{In this case, a wooden support (2.x 4 or 4 x 4) is installed in a manner similar to Fig. 
7-12, but with a deeper hole to counter the longer length. Alternatively, the wooden 
support is affixed to the side of a building wall, shed, or other preexisting structure. 
Once the support is arranged, however, the method of attachment of the radiator 
element is the same for the previous case, so that will not be repeated here. 

Electrical connections to the antenna are also shown in Fig. 7-13. Because the 
antenna is above ground level, an electrical counterpoise ground consisting of a sys- 
‘tem of radials is absolutely essential; at least two radials per band must be provided. 
‘A small L bracket is used to support the radials and to provide an $0-239 coaxial 
connector for the coax. This connector is a chassis-mounted type with its center 
conductor connected to the radiator element, The shield of the connector is con- 
nected to the bracket, so itis also connected to the radial system. 

In some installations, the antenna support structure will require guy wires to 
keep the structure stable. Do not use the radials as guy wires. The type of wire that 
normally works well for radials is too soft, and too easily stretched, for guy wire ser- 
vice, Use regular steel guy line, available where TV antenna supplies are sold, for 
this antenna, Make the lengths nonresonant, and break the guy lines up with egg in 
sulators, if necessary, to achieve the nonresonance 


54-Wavelength verticals 


Figure 7-14 shows the configuration for the %-wavelength vertical antenna, Such an 
antenna generally gives a lower angle of radiation than the more common quarter- 
wavelength radiator, so presumably it works better for long distance. 

‘The radiator of this antenna is made from 0,5-in to 15-in aluminum tubing 
Again, remember that adjacent sizes fit together snugly to form longer sections, 
‘The physical length of the %-wavelength radiator is found from. 


17.5] 


or, in meters, 


[7.6] 


‘The radials are the usual quarter-wavelength, and are made of no. 12 of no. 14 
copper wire. These lengths are found from: 


17.71 
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or, in meter 


17.8] 

‘The feedpoint impedance of the %wavelength antenna is about 1600Q, not a 
good match for the ordinary coaxial cables that are routinely available on the ama: 
teur market. Some form of impedance matehing is needed. 

One option is to use a broadbanded RF transformer. These transformers will 
work throughout the HF spectrum, and match a wide variety of impedances to the 
50-Q standard system impedance 

Another option, especially for a single-band antenna, is to use a coaxial cable 
impedance transformer, such as shown in Fig. 7-14. The transformer consists of two 
sections of coaxial cable joined together, shown as L, and L, in Fig. 7-14. The 
wsths are found from, 2 


(7.9) 
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[7.10] 
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[7.12] 


Grounded vertical antennas 


‘The vertical antennas presented thus far in this chapter are called series-fed verti- 
cals, because the generator is essentially in series with the radiator element. Such, 
an antenna must be insulated from ground. The other class of vertical is the shant- 
Jed vertical, which is grounded at one end (Fig. 7-15). There are three methods of 
shunt-feeding a grounded vertical antenna: delta, gamma, and omega. All three 
‘matching systems have exactly the same function: to form an impedance transfor- 
mation between the antenna radiation resistance, at the feedpoint, and the coaxial 
cable characteristic impedance, as well as cancelling any reactance in the system. 
‘The delta feed system is shown in Fig. 7-15. In this case, a taut feed wire is con- 
nected between a point on the antenna, which represents a specific impedance on 
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the antenna, and an antenna tuner. This method of feed is common on AM broadcast. 
antennas (which are usually—perhaps always—verticals). Although you would 
think that the sloping feed wire would distort the pattern, that is not the case. The 
distortion of the pattern, if any, is minimal, hence it can be neglected, 

‘The gamma feed system is shown in Fig. 7-15B. This method is commonly used 
by amateurs to feed Yagi beam antennas, so it is quite familiar in the amateur radio 
world. The feed system consists of a variable capacitor to tune the system, and a 
matching rod that parallels the antenna radiator element, It is important. that the 
rod not be anywhere near a quarter-wavelength, or it would become a vertical 
antenna in its own right, and in fact would resemble the so-called J-pole antenna. 
A review of the gamma match is given in Chap. 12, The omega feed (shown in Fig. 
7-156) is similar to the gamma match except that a shunt capacitor is used, 


Conclusion 


‘The vertical antenna is a viable alternative for many situations, especially where 
real estate is al a premium. Contrary to popular opinion, the vertical antenna works 
well when installed properly and when due consideration has been given to matters 
such as the grounding and angle of radiation desired, 
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CHAPTER 


Multiband and 
tunable-wire antennas 


MOST COMMUNICATIONS OPERATORS REQUIRE MORE THAN ONE BAND, AND THAT MAKES 
the antenna problem exactly that—a problem to be solved. Amateur radio, commer 
Gial, and military operators are especially likely to need either multiple antennas for 
different bands, or a multiband antenna that operates on any number of different 
bands. This situation is especially likely on the high-frequency (HF) bands from 3.5 
to 29.7 MHz, 

Another problem regards the tunability of an antenna, Some amateur bands are 
very wide (several hundred kilohertz), and that causes any antenna to be highly vari- 
able from one end of the band to another. Its typical for amateurs to design an an- 
tenna for the portion of the band that they use most often, and then tolerate a high 
VSWR at the other frequencies. Unfortunately, when you see an antenna that seems 
to offer a low VSWR over such a wide range, it is almost certain that some problem 
exists that reduces the Q, and the antenna efficiency, to broaden the response. How 
ever, itis possible to tune an antenna for a wide band. It is also possible (now that 
amateurs have new HF bands) to use a single antenna between them, and then tune 
the difference out. For example, designing a single antenna for 21/24 MHz, 14/18 
MHz, or 7/10 MHz should prove possible. 

In this chapter we will take a look at both problems: the multiband and the tun- 
able antenna. 


Multiband antennas 


Although a triband Yagi or quad beam antenna will undoubtedly work better than a 
wire antenna (when installed correctly!), the low-budget amateur operator need not 
lament any supposed inability to “get out” on wire antennas. To quote an old saying: 

jetter’ is the enemy of ‘good enough.” Or, to put it in terms of Carr's law: “Its 
‘good enough’ then don't waste a lot of energy fretting over inaking it ‘better’ unless 
‘you really want to make it a lot better 
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Trap dipoles 


Perhaps the most common form of multiband wire antenna is the trap dipole 
shown in Fig. 8-14. In this type of antenna, one (or more) pairs of parallel resonant 
traps are placed in series with the quarter-wavelength elements of the dipole. The 
purpose of the traps is to block their own resonant frequency, while passing, all 
other frequencies, 

In the example of Fig. $-1A, a 10-m trap isolates the first $ ft or so (quarte 
Wavelength on 10 m) so that the antenna resonates on that band. A 40-m or 15-m 
signal, on the other hand, passes through the traps and uses the whole length of the 
antenna. (Note: A half-wavelength 40-mn dipole works as a /2-wavelength antenna 
on 15m) 

‘The overall length of the trap dipole will be a little less than the natural “non- 
trap” length for the lowest frequency of operation. At the low frequencies, the 
traps add a little inductance to the circuit, so that the resonant point is lower than 
the natural resonant frequency. In general, most trap dipoles are just a few per- 
cent shorter than nontrap dipoles at the same band. The actual amount of short- 
ening depends upon the values of the components in the traps, so consult the 
data for each trap purchased, Where more than one pair of traps is used in the 
antenna, make sure they are of the same brand and are intended to work 
together. 

Another solution to this problem is shown in Fig. 8-1B. This type of antenna ac 
‘tually has two or more half-wavelength dipoles fed from the same transmission line. 
In this illustration, a total of three dipoles are fed from the same 75-Q transmission 
line, There is no theoretical limit to how many dipoles can be accommodated, al 
though there is certainly a practical limit. For one thing, there is a mechanical limit 
to how many wires are supportable (or desirable) hanging from any given support. 
‘There is also an electrical limit, although it is less defined. Having a lot of dipoles in- 
creases the possibility of radiating harmonies and other spurious emissions from 
your transmitter. 

‘The 75-2 coaxial cable is connected to the center feedpoint of the multidipole 
cither directly or through a 1:1 balun transformer, as shown in Fig. 8-1B. Bach an- 
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8-18 Multiband dipole consists of several dipoles fed from a common feedlin. 


tenna (A-A, B-B, or C-C) is a half-wavelength. Therefore, the overall length is found 
approximately from the standard dipole expressions: 


Overall length (A +A, +B, or C + C) 


[8.1] 


18.2] 


As always, close to the earth's surface, these equations are approximations, and 
are not to be taken too literally. Some experimentation will probably be necessary to 
‘optimize resonance on each band. Also, be aware that the drooping dipoles (B and C 
inthis case) may act more like an inverted-vee antenna (see Chap. 7) than a straight, 
dipole, so the equation length will be just a few percent too short, In any event, a lit- 
tle spritzing with this antenna will yield results 

Some amateurs build the multiple dipole from four- or five-wire TV rotator lead. 
‘That type of wire is used to eontrol antenna rotators, and has either four or five par- 
allel wires in a flat arrangement similar to lamp cord, Cut each wire to the length re 
quired for a band, and strip off any unused portions, 

Another possibility is the link-tuned dipole shown in Fig. 8-1C. In this situation, a 
single conductor is used for each half of the dipole, or actually inverted vee. The con 
ductors are broken into segments A, B, and C (or more, if desired). Each segment is, 
separated from the two adjacent sections by inline insulators (standard end insula- 
tors are suitable). Segment A is a quarter-wavelength on the highest frequency band 
of operation, A + 8 is a quarter-wavelength on the next highest band of operation, andl 
A+B + Cisa quarter-wavelength on the lowest frequeney band of operation. 

‘The antenna is “tuned” to a specific band by either connecting, or disconnecting, 
a similar wire (see inset) jumper across the insulator that breaks the connection be- 
tween the segments. Either a switch or an alligator clip jumper will short out the in- 
sulator to effectively lengthen the antenna for a lower band, Some amateurs use 
single-pole 110-Vae power line switches to jumper the insulator. Although I have not, 
tried this method, it should work. 


—— 
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8-1C Multiband inverted vee uses shorting links to change bands. 


A Dig disadvantage to this type of multiband antenna is that you must go out into 
the yard and manually switch the links to change bands, which probably explains 
why other antennas are a lot more popular, especially in northern latitudes. 


Tuned feeder antennas 


Figure 8-2A shows the tuned feeder type of antenna, This antenna can be used from 
80 through 10 m, but it requires a special tuner and a length of parallel transmission 
line, There are two ways to get parallel transmission line: make it or buy it Using no. 
14 or 12 wire, and specially made insulators (also called spreaders), you ean make 
300-, 450-, or 600-0 parallel transmission line, But that's a pain in the ptusch be- 
cause you can also buy parallel line rather cheaply. I paid $16 for 100 ft of 450-0 
line recently 

One form of parallel line is ordinary V-type twin lead, which has an impedance 
(0300 Q, This line will take up to about 250 W, although some people use itat higher 
powers (not recommended). The antenna of Fig. 2A uses 450-Q parallel line, You 
‘can buy insulated 450-0 twin lead (see Fig. 8-2B) that can be handled as easily as TV 
‘twin lead—and a lot more easily than open (uninsulated) parallel line. 


The G5RV multiband dipole 


Figure 8-3 shows the popular GRV antenna, Although not without some problems, 
this antenna is very popular. It can be used either as a horizontal dipole, a sloper, or 

1 inverted-yee antenna (which is how I used it). The dipole elements are each 51 ft 
long. The feedline can be either 300- or 450-2 twin lead. For 300-0 cases, use 29 f. 
of ine, and for 450-Q line, use 34 fl, One end of the parallel transmission line is con: 
nected to the antenna, and the other end is connected to a length of 50-Q coaxial 
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cable, Although most articles on the GARV claim that. any length of 50-Q line will 
work, J. M. Haerle (HF Antenna Systems: The Easy Way) recommends that the 
50-0 segment should be at least 65 ft long. 

Haerle is a little caustic in his comments on the GSRV, but his criticism is well 
taken, If you don't have a parallel transmateh, then the GRV will work (especially if 
your rig can tolerate a 3:1 VSWR on some selected frequencies). Otherwise, use the 
antenna of Fig. 8-2A (or a transmatch with the GBRV). 
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Figure $-4 shows the once-popular end-fed Zepp antenna, This antenna is a 
“monopole” in that it uses a hal-wavelength radiator, but itis fed at a voltage loop 
rather than a current loop (Le., the end of the antenna rather than the center). A 
450- or 600-0 parallel transinission line is used to feed the Zepp antenna, Although 
the line can theoretically be any length, practicality dictates a quarter-wavelength, 
because of the fact that the antenna is fed at a high RF voltage point. 

‘The Zepp (as shown) isa single-band antenna unless the transmission ine is fed 
with a good, widerange transmatch, or other antenna tuner unit. The antenna tuner 
required isa balanced type, although a standard transmatch with a 4:1 balun trans 
former at the output will also work well. Using the Zepp on many bands is easy, but 
keep in mind that it is voltage-fed, and (at frequencies for which the paralle line is 
not an odd integer multiple of a quarter-wavelength) there will be a high-voltage 
node at the transmatch. That raises the possibilty of “RF in the shack"—"hot” snip- 
pets of RF on the grounded chassis of station equipment (including microphones, 
where it is uncomfortable when touched to the lips). 


Feeding parallel transmission line 


Parallel transmission line is balanced with respect to ground, but coaxial cable is 
unbalanced to ground (i.., one side of the coax is usually grounded). As a result 
the standard amateur transmitter output will not drive parallel (balanced) feedline 
properly. You need to do one of two things: (1) buy (or build) an antenna tuner that, 
is balanced on the output and unbalanced on the input or (2) convert a standard 
"coax-to-coax" transmatch or other form of antenna coupler to “coax-to-balanced” 
configuration, In some cases you can use a 4:1 balun transformer at the output of the 
coaxial cable tuner. Keep in mind, however, that some tuner manufacturers recom 
‘mend against this practice, Ifyou tse the standard tee-network (or SPC) transmateh, 
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then it is possible to make a balun for this purpose from some no.12 formvar- or 
‘enamel-covered wire and either a ferrite toroid or a short piece of PVC plumbing 
pipe, Figure 8-5 shows a balun coil construction project. Use 12 tums of no.12 form- 
var or enameled wire over a 1-in outside diameter piece of PVC pipe or tubing, 

Next, we have the so-called longwire antenna. I use the term so-called because 
not all long wire antennas are truly longwires. A true longwire is longer than two 
wavelengths at the lowest frequency of operation. In Fig. 8-6 we see a lonawire, or 
“random-length,” antenna fed from a tuning unit, If the antenna length L is greater 
than a quarter-wavelength, then the tuner consists of a single series eapacitor (see 
below); and ifit is shorter than a quarter-wavelength, the tuner is a series inductor, 
‘The standard tuner for this type of antenna, regardless of length, is a simple L-sec- 
tion coupler (also shown), which can be selected for L-section, series-L or series-C 
operation, 

‘The Windom antenna (Fig. 8-7) has been popular since the 1920s. Although 
Loren Windom is credited with the design, there were actually a number of contrib 
tutors, Coworkers with Windom at the University of Iinois were John Byrne, E. F. 
Brooke, and W. L. Everett, and they are properly cocredited. The designation of Win- 
dom as the inventor was probably due to the publication of the idea (credited to Win- 
dom) in the July 1926 issue of QST magazine, Additional (later) contributions were 
rendered by G2BI and GMILAA (Jim Macintosh). We will continue the tradition of 
crediting Loren Windom, with the understanding that others also contributed to this 
antenna design. 

‘The Windom is a roughly half-wavelength antenna that will also work on even 
harmonics of the fundamental frequency. The basie premise is that the antenna ra- 
diation resistance varies from about 50 Q to about 5000 Q, depending upon the 
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wth (aca, iPerroncously, “longwire") antenna, 


selected feedpoint. When fed in the exact center, a current loop, the feedpoint im. 
pedance will be 50 Q; similarly, end feeding the antenna finds a feedpoint impedance 
‘of about 5000 Q. In Fig. 8-7 the feedpoint is tapped away from the center ata point 
that is about one-third the way from one end, at a point where the impedance is 
bout. 600 2. 

‘The Windom antenna works well—but with some caveats. For example, the an 
tenna has a tendency to put “RF in the shack” because of the fact that it is voltage- 
fed. Second, there is some radiation loss from the feedline. Finally, the antenna 
works poorly on odd harmonies of the fundamental frequency. 

‘The antenna tuning unit can be either a parallel resonant, link-coupled LC tank 
circuit (see inset to Fig, 8-74); or a reversed pi network. nthe ease of the Windom, 
the pi network is turned around backward from the usual configuration: C, is at the 
low-impedance end of the network, soit is larger than C,. Design a pi network (see 
programs at end of book) to match 50 0 on the transmitter end and 600 0 on the an- 
tenna end 

A reasonable compromise Windom that reduces feedline radiation losses is 
shown in Fig. 8-78. In this antenna a 4:1 balun transformer is placed at the feed 
point, and this in turn is connected to 75- coaxial transmission line to the trans- 
ritter. A transmatch, or similar antenna tuner, is then connected between the trans- 
ritter and the transmission line 
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CHAPTER 


Longwire 
directional antennas 


YOUVE HEARD IT DOZENS OF TIMES: THE RANDOM-LENGTH LONGWIRE ANTENNA [8 THE 
“perfect” solution to awkward antenna problems, Whether it’s a lack of real estate, 
cranky landlords, or a profound lack of dollars, the random-length longwire will do the 
Job for you. Right? Well, now, that depends on who you ask, and what they did to make 
it work— or not work. One person says the longwire is not worth a plugged nickel; 
another is very ho-hum about it because his “kinda works"; still another is enthusias- 
tie because hers is installed correctly and it works better than anything “since sliced 
pickle and liverwurst sandwiches.” Over the years my various living arrangements 
have forced me to use longwires at many QTHs, as well as on Field Day. Why does the 
random-length longwire have such a varied reputation? Before we answer that ques 
tion let's find out (for those who came in late) just what is a longwire antenna. 
an aside, let me point out that random-length wire antennas (less than 2A) 
common (if erroneous) usage compels 


are not true longwire antennas. However, 
the inclusion of both types. 


Longwire antennas 


Longwire antennas are any of several types of resonant and nonresonant antennas, 
Any given longwire antenna may be both resonant and nonresonant, depending upon 
the operating frequencies used. In the “old days,” when I was first starting in amateur 
radio, most resonant longwires were resonant over all HF bands because those bands 
were harmonically related to each other. But with the addition of the 10-, 18-, and 
24-MHz band segments, that relationship no longer holds true for all cases. 

Figure 9-1 shows the classic random length, nonresonant longwire antenna, It 
consists of a wire radiator that is at least a quarter-wavelength long, but is most. of- 
ten longer than a quarter-Wwavelength, The specific length is not critical, but it must 
be greater than a quarter-wavelength at the lowest frequency of operation an. 
ticipated. If you have a 90-0. wire, it will work on all HF bands above 3.5 ME, In 
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platform (illustrated in the middle part of Figure 11). Finally, the data sets produced by the IoT/M2M applications 
are analyzed by data analytics engines in IBM InfoSphere and Spark (illustrated in the upper part of Figure 11). 

‘The effectiveness of our data generation methodology is first verified in @ people management system of a 
large factory environment. With our methodology, we are able to test our factory management [oT/M2M appli- 
cation more efficiently without actually deploying a large number and a large variety of sensors. This applica- 
tion development uses both oT and Big Data Analytics. 


4.4. Application on Data Analytics for Traffic Generated by Testing & Measurement 


‘The automatic Testing & Measurement (T&M) of DUT (Device under Test, including 4G/LTE SD, UE/CPE) 
for 4-Stage (namely, conformance, interoperability, operator-IOT and field trials) testing is shown in Figure 12, 

‘We apply the data analytics learning techniques for the classification of the DUT types by series numbers or 
id. Once the type is identified, the parameters for feature extraction can be measured by the testing and mea- 
surement equipment. An example for DUT classification is shown in Table 3. In this example, the DUT type 
relational table is a 4 x 4 table with 4 fields: 1) DUT Device Type, 2) UE capability Information (FGD), 3) DNS 
(TTL), and 4) HTTP (User Agent). This device relational table is created by applying multivariate statistical 
analytics on the network traffic flow and LTE UE connection related information. Then by extracting specific 
features, we are able to identify the types of DUT such as Dongle, Smartphone, CPE, etc. 


AG RAN Access Network 
of BML/NCTU 


Network Testing & 
Measurement 
Equipment 


‘Figure 12, Data generation by endpoints from testing & measurement, 
‘Table’, DUT relational table. 
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9-1 Random-length antenna, 


‘most installations, the wire is no.12 and no.14 coppenieeld, of hard-drawn copper 
wire. [ have successfully used both no.12 and no.14 house wire, but because it is 
solid (not stranded) it is not the best material. Stranded wire lasts longer in the 
‘wind, because solid wire fatigues and breaks quicker. 

‘The longwire antenna is capable of providing gain over a dipole and a low angle 
of radiation (whieh is great for DX operators!). But these advantages are only found 
when the antenna is several wavelengths long, so it occurs only on typical HF anten- 
nas in the 21- through 29-MHz bands. 

‘The longwire is end-fed, and therefore has a high impedance, except in those 
cases where the radiator happens to be quarter-wavelength. Because of this fact, it 
is necessary to use an antenna tuner between the low-impedance transmitter out- 
put (ustally limited to 60- to 75-Q impedances) and the antenna. You can buy any 
of several commercial antenna tuners, or make one yourself, Figure 9-2 shows a 
typical antenna tuner for longwires. It is an L-section coupler consisting of a series 
inductance and a shunt capacitance, both variable, The inductor can be hom 
made, or it can be made from a B&W miniductor (3029 is suitable). Alternatively, 
you ean buy a used roller inductor from a hamfest, If you opt for the homemade or 
miniductor alternatives, then an alligator clip lead (Short!) connected to one end. 
of the coil can be used to short out unneeded turns when adjusting the inductance. 
Iprefer the roller inductor method, because it allows the whole “shootin match” to 
bbe installed inside a shielded cabinet, helping the TV/BCI (television interfer- 
ence/broadcast interference) situation. 
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9-2 L-section coupler 


‘The capacitor (also available from the same sources) should be 150-pF to 250 
pF maximum capacitance high-voltage variable. So-called transmitting variables are 
usually ok if the plate spacing is at least 4 in. 

‘Tuning of the longwire is simplicity itself, If the tuner does not have a built-in 
VSWR meter, then install one in the line between the transmitter output and the 
tuner input, Adjust both L, and C, (they are a bit interactive so do it several times) 
for the lowest VSWR. If you use the alligator clip method, turn off the darn trans- 
miter before adjusting the clip position—RF burns are nasty! 


So what’s the problem? 

Ok, so we haye decided to installa longwire. How do we make it work? First, make 
‘sure that it is long enough. The bare minimum lengths for HF bands are 70 ft for 
35 MHz and up, 34 0 for 7 MHz and up, arid so on, In general, the longer the better. 
‘The second problem is a good ground. The importance of a good ground cannot be 
underestimated, and it accounts for about 99 percent of the difference in reported 
performance of langwires, 

‘A good ground consists of short wire to either one very long ground rod or ruul- 
tiple ground rods spaced a couple feet apart, An important factor is the length of 
the ground wire. It must be considerably less than a quarter-wavelength, Use no.10 
stranded wire (several parallel lengths) or braid. 

When I was in college I lived on the second floor of a whacky student boarding 
house in Norfolk, VA. The ground was 24 ft away, and that made “short ground wire” 
a joke—and my longwire nearly inoperative. But I figured out. a way around the 
problem. A quarter-wave radial was dropped out the window (see Fig. 9-3). Use 
‘more than one radial if possible, In one ease, when the landlord was particularly 
cranky, [tacked the radial to the baseboard of my room (insulated on standoffs at the 
{ar end to protect against the high RF voltages present). It worked welll 
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Anew product also comes to the rescue of those reader-hams who cannot put up 
a good longwire. The MF Enterprises (Box 494, Mississippi State, MS, 39762, 1-800- 
647-1800) model MFJ-931 artificial RF ground is installed in the ground line (see Fig. 
9-4) and is used to tune the ground wire. Adjust the capacitance and inductance cor 
trols for maximum ground current as shown on the built-in meter. Be sure to follow 
the instructions, however, because high RF voltages can appear on a nonresonant 
ground wire. I wish Td had one of these when T was in that whacky boarding house; 
discussing existentialist poetry can't hold a candle to DXing 
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9-3. Radials improve the “ground” of random-length antenna. 
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When is a long wire a longwire? 

For many years, the longwire has been a popular form of antenna, It is cheap, it is 
easy to construct, and—although reports vary—it has the potential to perform well 
Properly constructed, it has a lot of utility. But what is a real longwire antenna? In 
past columns, Ihave used the term to mean an antenna such as Fig. 9-1. This form of 
antenna is popularly called a longuire if tis more than a quarter- wavelength, Land 
other authors have used the term longwire to mean this antenna, but that’s not rig- 
orously correct, A (ve longwire is an antenna tat is many wavelengths long, or to 
be a litle more rigorous, an antenna that is more than two wavelengths long. Al- 
though I will stil use the term longivire for both forms of longwire antenna, proper 
rigor requires Fig, 9-1 to be called a “random-length antenna.” 


True longwire antennas 


Figure 9-5 shows the true resonant longwire antenna. It is a horizontal antenna, and 
if properly installed, itis not simply attached to a convenient support (as is true with 
the random length antenna). Rather, the longwire is installed horizontally like a di- 
pole. The ends are supported (dipole-like) from standard end insulators and rope. 
‘The feedpoint of the longwire is one end, so we expect to see a voltage antinode 
where the feeder is attached. For this reason we do not use coaxial cable, but rather 
either parallel transmission line (also sometimes called open-air line or some such 
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9.5. nd/-fed longwire with suitable tuner. 
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name), oF 450-0 twin lead, The transmission line is excited from any of several types 
of balanced antenina tuning unit (see Fig. 9-5). Alternatively, a standard antenna 
tuning unit (designed for coaxial cable) can be used if a 4:1 balun transformer is: 
used between the output of the tuner and the input of the feelin. 

What does “many wavelengths” mean? That depends upon just what you want 
the antenna to do. Figure 9-6 shows a fact about the longwire that excites many 
users of longwires: It has gain! Although a two-wavelength antenna only has a slight 
sain over a dipole; the longer the antenna, the greater the gain. Infact, tis possible 
to obtain gain figures greater than a three-element beam using a longwire, but only 
at nine of ten wavelengths. 
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9-6 Antenna length versus gain over dipole 
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What does this mean? One wavelength is 984/Fy.,. ff, so at 10 m (29 MHz) one 
wavelength is about 34 ft; at 75 m (3.8 MHz) one wavelength is 259 ft long. In order 
to meet the two-wavelength criterion a 10-m antenna need only be 68 ft long, while 
a 75-1 antenna would be 518 ft long! For a ten-wavelength antenna, therefore, we 
‘would need 340 ft for 10 an; and for 75 1m, we would need nearly 2,600 ft. Ah me, 
now you see why the longwire is not more popular. The physical length of a nonter- 
‘inated resonant longwire is on the order of 


[9.11 


(Vis number of half-wavelengths in the radiator elements.) 


OF course, there are always people like my buddy (now deceased) John 
‘Thorne, KANFU. He lived near Austin, TX on a multiacre farmette that has @ 1400- 
ft property line along one side, John installed a 1300 ft longwire and found it 
worked excitingly well. He fed the thing with homebrew 450-Q parallel (open-air) 
line and a Matchbox antenna tuner. John’s longwire had an extremely low angle of 
radiation, so he regularly (much to my chagrin on my small suburban lot) worked 
ZL, VK, and other Southeast Asia and Pacific basin DX, with only 100 W from a 
Kenwood transceiver. 

Oday enough, John also found a little bitty problem with the longwire that text- 
books and articles rarely mention: electrostatic fields build up a high-voltage de 
charge on longwire antennas! ‘Thunderstorms as far as 20 mi away produce serious 
levels of electrostatic fields, and those fields can eause a buildup of electrical charge 
‘on the antenna conductor. The electric charge can cause damage to the recelver. 
John solved the problem by using a resistor at one end to ground. The “resistor” is 
composed of ten to twenty 10-MQ resistors at 2 W each. This resistor bleeds off the 
charge, preventing damage to the recelver. 

A common misconception about longwire antennas concerns the normal radia- 
tion pattern of these antennas. [have heard amateurs, on the air, claim that the max- 
imum radiation for the longwire is 


1, Broadside (Le., 90°) with respect to the wire run or 
2, In line with the wire run. 


Neither is correct, although ordinary intuition would seem to indicate one or the 
other. Figure 9-7 shows the approximate radiation pattern of a longwire when 
viewed from above. There are four main lobes of radiation from the longwire (A, B, 
C, and D). There are also two or more (in some cases many) minor lobes (F and F) 
in the antenna pattern, The radiation angle with respect to the wire run (GH) is a 
function of the number of wavelengths found along the wire. Also, the number and 
‘extent of the minor lobes is also a function of the length of the wire. 


—— 
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Nonresonant single-wire longwire antennas 


‘The resonant longwire antenna is a standing wave avtenna, because itis untermi- 
nated at the far end, A signal propagating from the feedpoint, toward the open end, 
will be reflected back toward the source when it hits the open end. The interference 
between the forward and reflected waves sets up stationary standing current and 
voltage waves along the wire. 

A nonresonant fongwire is terminated at the far end in a resistance equal to its 
characteristic impedance. Thus, the incident waves are absorbed by the resistor, 
rather than being reflected. Such an antenna is called a traveling wave antenna. 
Figure 9-8 shows a terminated longwire antenna. The transmitter end is like the feed 
system for other longwire antennas, but the far end is grounded through a termi- 
nating resistor R, that has a resistance R equal to the characteristic impedance Z, of 
the antenna (Le., R = Z,). When the wire is 20 to 30 ft above the ground, Z, is about 
500 to 600 0. 

‘The radiation pattern for the terminated longuwire is unidirectional version of 
the multilobed pattern found on the unterminated longwires. The angles of the 
lobes vary with frequency, even though the pattern remains unidirectional. The di- 
rectivity of the antenna is partially specified by the angles of the main lobes. It is in- 
teresting to note that gain rises almost linearly with mA, while the directivity 
function changes rapidly at shorter lengths (above three or four wavelengths the 
rate of change diminishes considerably). Thus, when an antenna is cut for a certain 
low frequency, it will work at higher frequencies, but the directivity characteristic 
will be different at each end of the spectrum of interest, 

A two-wavelength (24) pattern is shown in Fig. 9-7. There are four major lobes 
positioned at angles of #36° from the longwire. There are also four minor lobes— 
the strongest of which is -5 dB down from the major lobes—at angles of 76° from, 
the longwire, Between all of the lobes, there are sharp nulls in which little reception 
is possible. As the wire length is made longer, the angle of the main lobes pulls in 
tighter (L., toward the wire). As the lobes pullin closer to the wire, the number of 
minor lobes increases. At 5A, there are still four main lobes, but they are at angles 
‘of 222° from the wire, Also, the number of minor lobes increases to 16. "The minor lobes 
are located at 247°, 262°, 272°, and 483° with respect to the wire, The minor 
lobes tend to be -5 to -10 dB below the major lobes. When the longwire gets very 


—— 


Chapo9_carr 4/10/01 2:42 PM Page 221 p 


Nonresonant single- 


ive longwire antennas 221 


>a ——___» 


atu fmm XM 


9-8 Longwire (greater than 2) antenna is terminated in a resistance (typically 400 to 800 0). 
Radials under the resistor improve the grounuling of the antenna, 


‘much longer than 52, the four main lobes begin to converge along the length of the 
Wire, and the antenna becomes bidirectional. This effect occurs at physical lengths 
greater than about 202. 

In general, the following rules apply to longwire antennas: 


© Oneach side of the antenna, there is at least one lobe, minor or major, for each 
hhalf-wavelength of the wire element, For the overall element, there is one lobe 
for every quarter-wavelength, 

= Ifthere are an even number of lobes on either side of the antenna wire, then 
half of the total number of lobes are tilted backward, and half are tilted for- 
ward; symmetry is maintained. 

* Ifthere are an odd number of lobes on either side of the wire, then one lobe 
on either side will be perpendicular to the wire, with the other lobes distrib 
uted either side of the perpendicular lobe, 


‘Vee beams and rhombic beams 

Longwire antennas can be combined in several ways to increase gain and sharpen 
directivity. Two of the most popular of these are the vee beam and the rhombic an 
tennas. Both forms can be made in either resonant (unterminated) or nonresonant 
(terminated) versions, 

Vee beams The vee beam (Fig. 9-9A) consists of two equal-length longwire 
elements (wire 1 and wire 2), fed 180° out of phase with each other, and spaced 
to produce an acute angle between them. The 180° phase difference is inherent in 
connecting the two wires of the vee to opposite conductors of the same parallel com 
ductor feedline. 
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9-94. Radiation pattern of vee beam antenna consists ofthe algebraic sun of the two longwire 
patterns that make up the antenna, 


‘The unterminated vee beam (Fig 9-9A) has a bidirectional pattern that is ereated. 
by summing together the patterns of the two individual wires. Proper alignment of the 
‘main lobes of the two wires requires an included angle, between the wires, of twice 
the radiation angle of each wire, Ifthe radiation angle of the wire is B, then the appro- 
priate included angle is 2B. To raise the pattern a few degrees, the 2B angle should be 
slightly less than these values. It is common practice to design a vee beam for a low 
frequency (e.f,, 75-/80- or 40-m bands), and then to use it also on higher frequencies 
that are harmonies of the minimum design frequency. A typieal vee beam works well 
over a very wide frequency range ovly ifthe included angle is adjusted to a reasonable 
compromise. It is common practice to use an included angle that is between 35° and, 
90°, depending on how many harmonic bands are required. 

‘Vee beam patterns are based on an antenna height that is greater than a half- 
wavelength from the ground. At low frequencies, such heights will not be practical, and 
‘You must expect a certain distortion of the pattern because of ground reflection effects. 

Gain on a vee beam antenna is about 3 dB higher than the gain of the single-wire 
Iongwire antenna of the same size, and it is considerably higher than the gain of a 
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dipole (see Fig. 9-9B). At three wavelengths, for example, the gain is 7 dB over a di 
pole. In addition, there may be some extra gain because of mutual impedance 
effects—whieh ean be about 1 dB at 54 and 2 dB at 82, 

Nonresonant vee beams Like the single-wire longwire antennas, the vee beam. 
can be made nonresonant by terminating each wire in a resistance that is equal to 
the antennas characteristic impedance (Fig. 9-10). Although the regular vee is a 
standing wave antenna, the terminated version is a traveling wave antenna and is, 
thus unidirectional. ‘Traveling wave antennas achieve unidirectionality because the 
terminating resistor absorbs the incident wave after it has propagated to the end of 
the wire. In a standing-wave antenna, that energy is reflected backwartls toward the 
source, so it can radiate oppositely from the incident wave. 

Rhombie beams ‘The rhombic beam antenna, also called the double vee, 
consists of two vee beams positioned end-to-end with the tips connected. ‘The uni 
directional, nonresonant (terminated) rhombic is shown in Fig. 9-11, The untermi- 
nated resonant form gives approximately the same gain and directivity as a vee 
beam of the same size, ‘The nonresonant rhombic has a gain of about 3 dB over a 
vee beam of the same size (see Fig. 9-9 again), 

‘Two angles are present on the rhombic antenna. One-half of the ineluded 
gle of the two legs of one wire is the tilt angle (), while the angle between the 
two wires is the apex angle (0). A common rhombic design uses a tilt angle of 
70°, a length of 62, for each leg (two legs per side), and a height above the ground 
of LA, 


Rhombic& Voe-Bsam Gain over Dipole 


evens: 


9-98 Gain versus length of vee beam and rhombie beam antennas, 
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‘Another example of applying data analytics in T&M traffic is to evaluate LTE QoS. When evaluating LTE 
6S, itis required to setup testing scenarios with different QoS levels. Traffic Flow Template (TFT) (as shown 
in Table 4) is designed to filter packets into correspondent bearers, ether a default bearer or dedicated bearer, in 
LTE network. Each bearer has its own QoS level. We can establish a dedicated bearer of guarantee bit rate 
(GBR) for applications such as VoIP, or a default bearer of basic QoS level for applications like file transfer. 

‘What TT does is to filter packets into correspondent bearers according to packets’ IP address, port number, 
protocol, direction, The information, however, is insufficient to differentiate among web file download, FB news 
browsing, and Line chat. We are unable to give different QoS levels to these applications. To tackle this problem, 
‘we propose a new architecture which integrates deep packet inspection (DPI) with TFT to provide a higher gra- 
nularity of QoS levels for applications. When some traffic flow has been identified as a certain application type, 
TFT will be informed to update rules of packet filters. With this improved method, the traffic flow can be deli- 
vvered through the bearer of suitable QoS level, 


4.5. Applications on Data Analytics for Traffic Flow Created by APP’s of SD 


To fulfill the Quality of Service (QoS) requirements from users, itis important to make effective use of the net- 
‘work resource, We can optimize the performance of a network by applying data analytics to traffic engineering 
In particular, itis important to classify mobile applications traffic intended by the user with data analytics. 

‘We propose a HMM-based (Hidden Markov Model) model to classify the mobile applications. By surveying 
related work, we have realized that there are different handshake pattems of well-known application protocols. 
‘Also, according to the observation of some specific mobile applications, we discover that every mobile Intemet 
service has its unique negotiation process at the beginning when service starts. HMM was widely used to recog- 
nize time-dependent sequences and find out unknown patterns of data, such as speech recognition, handwriting 
recognition. 
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9-10 Nonresonant vee beam antenna, 


‘The termination resistance for the nonresonant rhombie is 600 to 800 Q, and 
‘ust be noninduetive, For transmitting rhombies, the resistor should be eapable of 
dissipating at least one-third of the average power of the transmitter. For re 
only rhombies, the termination resistor can be a 2-W carbon composition or metal 
film type. Such an antenna works nicely over an octave (2:1) frequency range 


Beverage or “wave” antennas 


‘The Beverage or wave antenna is considered by m 
nen 


Ay people to be the best receive 
available for very low frequency (VLF), AM broadcast band (BCB), medium. 
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9-1 ‘Terminated rhombie antenna, 


wave (MW), or tropical band (low HF region) DXing, The Beverage was used by RCA 
at its Riverhead, Long Island (NY) station in 1922, and a technical description by Dr, 
H. H. Beverage (for whom it is named) appeared in QS magazine for November 
1922, in an article titled “The Wave Antenna for 200-Meter Reception.” In 1984, an 
edited and updated version of the 1922 article appeared in the same magazine. In 
1921, Paul Godley, under sponsorship of the American Radio Relay League, journeyed 
to Scotland to erect a receiving station at Androssan, His mission was to listen for am- 
ateur radio signals from North America, As a result of politicking in the post-World 
‘War I era, ham were consigned to the supposedly useless shortwave (2 <200 m), ancl 
it was not clear that reliable international communications were possible. Godley went, 
to Scotland to see ifthat could happen; he reportedly used a wave antenna for the task 
(today, called the Beveruge?. 

‘The Beverage antenna is a longwire of special design, more than one wavelength. 
(1d) long (Fig. 9-12), although some authorities maintain that >0.52 is minimally sut- 
ficient. The Beverage provides good directivity and good gain, but is not very efficient. 
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Asa result, it is preferred for receiving, and is less useful for transmitting. This is an 
‘example of how different attributes of various antennas make the Law of Reciprocity 
‘an unreliable sole guide to antenna selection, Unlike the regular longwire, which is of 
a different design, the Beverage is intended to be mounted close to the earth's surface 
(typically < 0.12); heights of 8 to 10 feet is the usual prescription, 

Figure 9-12 shows the basie single-wire Beverage antenna. It consists of a single 
conductor (no.16 to no.8 wire, with no.14 being most common) erected about 8 to 10 Mt 
above ground. Some Beverages are tnterminated (and bidirectional), but most of them, 
are terminated at the far end in a resistance equal to the antenna’s characteristic im- 
pedance Z,, ‘The receiver end is also terminated in its characteristic impedance, but 
generally requires an impedance matching transformer to reduce the antenna imped- 
ance to the 50-0 standard impedance used by most moclerm transmitters, 

‘The Beverage works best in the low-frequency bands (VLF through MW), 
although at least some results are reportedly relatively easy to obtain up to 25 m, 
(15 MHz). Some questionably successful attempts have been made at making 
Beverage antennas work as high as the L1-m Citizens Band or the 10-m ham band 
(29.7 MHz) 

‘The Beverage antenna works on vertically polarized waves arriving at low angles of 
incidence. These conditions are normal in the AM BCB, where nearly all transmitting 
antennas are vertically polarized. In addition, the ground and sky-wave propagations 
found in these bands (VLF, BCB, and low HF) are relatively consistent. As the fre- 
‘quency increases, however, two factors become increasingly dominant. First, the likeli 
hood of horizontal polarization increases because of the size of a wavelength at those 
frequencies. The polarization of the received signal not only changes in those bands, but 
dloes so constantly when conditions are unsettled. It is the strong dependence of the 
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Beverage on relatively constant vertical polarization that makes’ me suspect the claims 
of Beverage-like performance above the 25- or even 31-m bands, 

‘The Beverage depends on being erected over poorly conductive soil, even 
though the terminating resistor needs a good ground. Thus, one source claimed that 
sand beaches adjacent to salty marshes make the best Beverage sites (a bit of an 
overstatement). Figure 9-18 shows why poorly conductive soil is needed. The E-field 
vectors are launched from the transiuitting antenna perpendicular to the earth's sur- 
face. Over perfectly conducting soil, the vertical waves would remain vertical. But, 
over imperfectly conducting soil, the field lines tend to bend close to the point of 
contact with the ground, As shown in the inset of Fig, 9-13, the bending of the wave 
provides a horizontal component of the E-field vector, and this provides the means 
of generating an RF current in the conductor wire. 

A debate among Beverage antenna fans regards the best length for the antenna. 
Some sources state that the length can be anything greater than or equal to 0.52, yet 
others say greater than or equal told is the minimum size. One camp says that the 
length should be as long as possible, while others say it should be close to a factor 
called the maximum effective length (MEL), whieh is 


MEL = 19.21 


where 


MEL is the maximum effective length, in meters 
2.is the wavelength, in meters 
‘Kis the velocity factor, expressed as a percent 


Misek, who may well be the leading exponent of the Beverage antenna, uses 
rumbers like 1.62 to 1.7A over the 1.8- to 7.3-MHz region, and 0.532 to 0.56%. on fre- 
‘quencies lower than 1.8 MHz. Doctor Beverage was once quoted as saying that the 
‘optimum length is 1. 

Like the longwire antenna, the Beverage needs a termination resistor that is 
connected to a good ground. This requirement might be harder to meet on Beverage 
antennas because they work best over lossy ground, which doesn’t make a very good. 
ground connection, As in the longwire case, insulated or bare wires, a quarter-wave- 
Iength long, make the best radials. However, a substantial improvement in the 
ground is possible using just bare wires measuring 15 to 20 ft long (which is much 
less than W/4), buried in the soil just below the surface (far enough to prevent ero- 
sion from bringing it to the surface). Many articles and books on Beverages: show 
ground rods of 2 or 3 ft long, which borders on the ridiculous. Poor soil requires 
longer ground rods, on the order of 6 to 8 ft. Copper-clad steel makes the best rods. 

In addition to the radials and ground rod, Misek also recommends using a wire 
connection between the ground connection at the termination resistor, and the 
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9-13 Performance of Beverage antenna over different values of ground conductance, 


ground connection at the receiver transformer (see again Fig. 9-12). According to 
Misek, this wire helps to stabilize the impedance variations at higher frequencies, 

Installation of the Beverage antenna is not overly critical if certain rules are fol- 
lowed. The antenna should be installed ata height of 6 to 10 f¢ off the ground, and it 
should be level with the ground over its entire length. Ifthe ground is not flat enough 
to make a level installation possible, then try to use a height that i 6 to 10 ft above the 
average terrain elevation along its rn. A popular installation method is to erect 16-8 
4x4 lumber, such that 3 to 4 ft are buried in a concrete-filed posthole. Use lumber 
that is treated for outdoor use (Le., pressure-treated lumber sold for decks and 
porches, The wire can be fastened to the 4 x 4 posts using either ceramic standotT 
(“beehive”) insulators or electric fence insulators (which some people deem prefer- 
able). Try to use one contiguous length of wire for the antenna, if possible, in order to 
avoid soldered splices and joints 

One of the Beverage installation dificuties shared with the longwire is the need 
to slope down to a point where a termination resistor can be easily installed close to 
the ground. While the longwire can be sloped over a large portion of its length, th 
Beverage should be sloped downvard only over the lust 60 ft oF so, 
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Steerable notch Beverage antennas 
A Beverage erected with two wires—parallel to each other, at the same height, 
spaced about 12 in apart (Fig. 9-14), with a length that is a multiple of a half-wave 
length—is capable of mull steering. That is, the rear null in the pattern can be 
steered over a range of 40° to 60°. This feature allows strong, off-axis signals to be 
reduced in amplitude so that weaker signals in the main lobe of the pattern ean 
be received. There are at least two varieties of the steerable wave Benerage (SWB) 
If null steering behavior is desired, then a phase control circuit (PCC) will be 
required—consisting of a potentiometer, an inductance, and a variable eapacitor in 
series with each other. Varying both the “pot” and the capacitor wil steer the null 
You can select the direction of reception, and the direction of the null, by using a 
switch to swap the receiver and the PCC between port A and port B. 


qn Ts 


9-14 Beverage antenna with a steerable null, 
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CHAPTER 


Hidden and 
limited-space antennas 


ONE OF THE MOST SIGNIFICANT IMPEDIMENTS TO AMATEUR RADIO OPERATORS, CB 
operators, and shortwave listeners is the space available for their antennas. In 
many thousands of other cases, the limitation is less one of space, but of regula. 
tors. More and more subdivisions are built with covenants on the deed that pro: 
hibit the buyer from installing outdoor antennas. Once limited to townhouse 
developments, where that breed of contemptible vermin (called the Homeowners 
Committee) routinely intruded on the affairs of people who mistakenly think they 
“own” their townhouse (ownership implies right of use, which is limited by the 
covenants). These onerous covenants are now routinely placed on single-family 
dwellings as well. In fact, it is the single most serious threat to amateur commu- 
nications people in the country today. Other homeowners are no longer angered 
by the restriction on antennas because their television reception is now carried to 
them via cable systems in most parts of the country. Even where cable is not avail: 
most users can install a moderately sized television antenna in their attic, or 
use rabbit ears, In other cases, the townhouse community will install a single mas: 
ter TV antenna and then distribute signals to each unit. The result is that the am. 
ateur radio operator, CB operator, and shortwave listener are left to fend for 
themselves without assistance from neighbors. 

In this chapter we will examine some of the alternatives available to those read- 
fers who have either a limited space situation (such as a small city lot), or are unable 
to move out of a subdivision where there are stupid rules against outdoor antennas, 
‘The suggestions contained in this chapter are not universal, and indeed the author 
recommends that you adapt, as well as adopt, these recommendations, and come up 
with some of your own. Creativity within the constraints of the laws of physies gov 
erning radio antennas is encouraged. 
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Hidden antennas 


A hidden antenna is one that is either completely shielded from view or disguised as 
something else. Alternatively, you could also include in this category antennas that, 
are in semiopen view, but which are not too obvious (except to the trained and dil 
gent eye). Some people have opted for “hidden” longwires made of very fine wire 
(no, 26 enameled wire is popular). The user will install the wire in the open, high off 
of the ground (as in an apartment installation), and operate without anyone kno\ 
ing the difference. One chap used no, 22 wire suspended between two 16-story 
apartment house buildings that were 100 yards apart, He had one of the best work- 
ing longwires in town until a windy day when the whole thing came down. No one 
was injured; but had someone been hurt, there might have been a lawsuit. Hidden 
antennas must be designed with an eye toward causing others no harm, It is neither 
ethical nor smart to place others at risk in enjoying our hobbies. 

‘The dipole is a popular antenna with both shortwave listeners and amateur ra- 
dio operators. Indeed, for the CB operator who wants to get on the air from an apart- 
‘ment or townhouse (or restricted single-family home), the dipole ean represent. a 
respectable alternative 

As you learned in Chap. 6, the dipole is a horizontal wire (or pipe) antenna that 
isa half-wavelength long and fed in the center (ideally) with 75-Q coaxial cable. In 
the “townhouse” dipole, it is possible to build the antenna entirely inside the attic of 
the building, ‘The length of the dipole is given approximately by 


468 


"Fie 


[0.11 


Ifyou do some quick calculations you will find that antennas for the 10-, 13-, 15+, 
and (possibly) even 18- and 20-m bands, will fit entirely inside the typical townhouse 
attic. This statement is also true of the L1-m citizen's band antenna: It will ft inside 
the standard townhouse attie, But what about the lower frequency bands? 

Figure 10-1 shows a possible solution to the use of the lower frequencies in the 
townhouse situation. The two quarter-wavelength arms of the dipole are ideally in- 
stalled in line with each other, as was shown in the chapter on horizontal antennas, 
But in a sticky situation we ean also install the dipole with the arms bent to accom. 
modate the space available. In this example, only one of many possible methods for 
accomplishing this job is shown, Here each quarter-wavelength section is composed, 
of two legs, AB and CD, respectively. Ideally, segments B and C are the longest di- 
mensions. Also, if possible, make segments A and D equal lengths, Another method 
is to reverse the direction of one end leg, say for example D, and run it to the other 
comer of the building over the peak of the roof. 

‘The author is almost hesitant to offer only one drawing, despite space con- 
straints, in the fear that readers will take the offered pattern as the only authorized 
version, or solution. In reality, you might not be able (for a variety of reasons) to use 
the exact pattern shown (so ad lib a little bit) 

How about performance? Will the constrained dipole of Fig, 10-1 work as well as, 
a regular dipole installed a wavelength or two off the ground and away from objects? 
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One possibile 
solution 


House, 


10-1 Installing dipole in attic 


Ina word: no, But that is not the problem being solved; getting on the air at alls the 
present problem, You will find that the pattern of the constrained dipole is distorted 
‘compared with that of the regular dipole. In addition, the feedpoint impedance is not 
Hoing to be 73 © (except if by Nuke), so you will be required to use an antenna tuner 
of some kind. You are well advised to read the chapter on antenna instruments and 
‘measurements so that you can be prepared to figure out any feed problems that erop 
up—as well they might. 

‘The wire nsed in the constrained dipole (or other forms of attic antenna) should 
bbe mounted on TV-type screw-in standoff insulators. Almost any outlet that sells TV 
antennas, or installation parts, will have them. These standoff insulators are also 
available in many hardware stores, and department stores that sell TV antennas or 
“Harry and Harriet Homeowner” supplies, in addition to electronics parts suppliers. 
Do not simply tape the wire to the wooden underside of your roof, The reason is sim- 
ple: in a poorly tuned antenna, voltages can get high enough at the ends to produce 
corona effects; arcing could be a fire hazard. Also, use insulated wire to avoid acci- 
dental contact in the event that someone is in the attic when you are operating. Be 
ware that the insulation might affect the propagation velocity of signals in the wire, 
so it wil slightly alter the required length. 


——— 
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In our method, we extract the packet size sequence and packet transmission direction sequence of the first 20 
packets to train the HMM model, Figure 13 shows our designed model structure of HMM. X,. is the hidden 
variable. It represents the transmission states which cannot be observed directly. Because of the unknown trans- 
mission states, we need to use observation variable O} and O} as training features to build the mobile appli- 
cation models. Here, “n” is the sequence number of packets in a traffic flow, O! is the observation symbol of 
packets transmission direction. O; is the observation of packet size that quantizes to a certain range of packet 
size. We quantize smallest packet size to number 1 and largest packet size to number 8, The rest of packet sizes 
are then divided into six groups. 

Figure 14 shows the main process of our classification system, First, we process the collected packets by 
reading from original PCAP files, and extract the necessary field of packet header, including source IP, destina- 
tion IP, source port number, destination port number, packet timestamp, and packet size. Second, we use packet 


the n'* packet the (n+1)" packet 


Xp: state of the n® packet (Hidden Variable) 
O} the packat direction (Observation Variables) 


O32 : that packet size quantizes to correspondin 
(Observation Variables) 


roup 


1. PCAP File Processing ‘Learning Process 
Original packet > processing data HMM Parameter Estimation 
+ SRC_IP/ DST_IP * Using EM algorithm 
+ SRC_PORT / DST_PORT Application Training Model 
‘+ Each application has its own model 
=A A Bod” = ity, Ay By} 
2, Beoture Extraction ‘4, Recognizing Process 
First 20 packets of each flow Find Maximum Probability 
* Packet Direction + Observation of testing data: O"" 
1: Client -> Server 12) 
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Another alternative for the attic antenna, and one that avoids some of the prob 
Jems of corona effects, is the nonresonant loop shown in Fig. 10-2, Although spect 
fled as a top view, the loop can be installed in the configuration that best. uses the 
space. In faet, the best performance will be bidirectional when the loop is installed 
vertically. In this case, a large loop (as large as ean be aeconunodated in the space 
available) is installed in the attic. Again, use standoff insulators and insulated wire 
for the installation. 

‘The giant loop is fed with parallel line, and is tuned with a balanced antenna tun 
ing unit. As was true with the constrained dipole, the performance is not to be 
equated with the performance of more regular antennas; but, with the prospect of 
not being on the air at all... Once again we have a compromise antenna for a com: 
promising situation, 

‘Another ploy is the old “flagpole trick” shown in Fig. 10-8, Some developments al- 
Jow homeowners to vent their patriotism by installing Nagpoles—and fagpotes can be 
disguised antennas, In the most obvious ease, you can install a brass or aluminum Mlag- 
pole and feed it directly from an antenna tuning unit. For singe-band operation, espe- 
ally on the higher frequencies, you can delta-feed the “Mlagpole” unobtrusively, and 
call your flagpole a vertical antenna. But that is not always the best solution. 

Figure 10-3 shows two methods for ereating a flagpole antenna, and both de 
pend on using white PVC plumbing pipe as the pole. The heavier grades of PVC pipe 


Large wire 
oop 
(Top view) 


10-2. Large loop antenna 


Parallel ine 
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are self-supporting to heights of 16 to 20 ff, although lighter grades are not self 


supporting at all (hence are not usable) 


Figure 10-3A shows the use of a PVC flagpole in which a no. 12 (or no. 14) wire is 
hidden inside, This wire is the antenna radiator. For some frequencies, the wire will be 
resonant, and for others, it will surely be nonresonant. Because of this problem an an 
tenna tuning unit is used elther at the base of the antenna or inside at the transmitter. 


PVC pipe. 


———----- 


Coax 
‘Tuner to 
MTR 


‘Taut 
#14 or #12 wire 
hidden inside 
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Ifthe wire is too long for resonance (as might happen in the higher bands), then place 
4 capacitor in series with the wire, Various settings may be required, so use a multi- 
section transmitting variable that has a total capacitance seleetable to more than 1000 
pE Alternatively, use a vacuum variable capacitor of the same range. 

In cases where the antenna is too short for resonance, as will occur in the lower 
bbands, insert an inductance in series with the line to “lengthen” it, Another alterna- 
tive is to use an L-section tuner at the feedpoint. 

A good compromise situation is the use of a 16-M length of “flagpole” pipe with a 
16-foot wire embedlded inside. The 16-foot wire is resonant at 20 m, so it will perform 
like a vertical antenna at those frequencies. ‘The tuner will then accommodate fre 
‘quencies above and below 20 m. 

Another alternative is the version shown in Fig, 10-3B. In this ease the wire ra 
diator is replaced with a section of aluminum tubing. A wooden oF plastic insert is 
fashioned with a drill and file to support the aluminum tubing inside the PVC tubing, 
One way to make the support is to use a core bit in an electric drill to cut out a disk 
that fits snugly inside the PVC tubing. Rat out the center hole, left by the eore bit pi- 
lot, to the outside diameter of the aluminum tubing. The support ean be held in place 
with screws from the outside, or simply glued in place. 

‘The problem of operating with a hidden antenna is a serious challenge, But with 
some of these guidelines and a little ereativity, you can get on the air and enjoy your 
amateur raclio hobby. 


Limited-space antennas 


Many people live in situations where it is permissible to install an outdoor antenna, 
‘butit is not practical to install a full-size antenna. [once lived in a house that. was 
{ft wide and 37 ft long, on a 33 100-f lot. Very few full-sized antennas could be in- 
stalled on that lot because of the space constraints, Beam antennas were out because 
‘county laws required that the antenna not hang over the property line. Although ver- 
tical antennas were possible, there was a period of time when I used other antennas 
that were easier to install, In this chapter, you will examine some of the options open. 
to those with limited space for amateur radio, CB, or SWL antennas 

Once again we return the simple dipole as the basis for our discussion, In Fig. 
10-4, you see several alternatives for installing an outcoor antenna in a limited space. In 
Fig. 10-44, the slanted dipole (or slipote) antenna uses the standard dipole configura. 
tion, but one end is connected to the high point of the building, while the other is an- 
‘chored near the ground, The coaxial cable is connected to the midpoint of the antenna 
in the usual manner for regular dipoles. Ifthe end of the dipole is within reach of peo- 
ple on the ground, then they may get a nasty RF burn if the antenna is touched while 
‘You are operating. Take precautions to keep people and pets away from this lower end. 

Another method is the vee dipole shown in Fig. 10-4B. In a regular dipole in- 
stallation, the ends of the antenna are along the same axis (in other words, at an 
angle of 180°). In the example of Fig. 10-4B, however, the angle between the ele- 
‘ments is less than 180°, but greater than 90°. In some eases we might want to bend 
the elements, rather than install them in a vee shape. Figure 10-4C shows an an- 
gled dipole with four segments. For the best performance (but not as good as that 
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PVC plumbing pipe Ca 
(sectioned ew) 


10-38. PVC flagpole hiding an 
aluminum tubing vertical 


of a regular dipole 


Wooden or 
plastic plug 


Yaineh to Aine 
aluuninurn tubing 


|. make A = D and B = C. In all three examples, Figs. 10-44 


Unough 10-4G, you can expect to find the length needed for resonance varies 
somewhat from the standard 468/F,,,, value, and that the feedpoint impedance is, 


other than 73 Q. Also, the pattern will be distorted with respect to the regular di- 
pole, Although these antennas do not work as well as a properly installed dipole, 


the performance is sufficient to allow successful operation, 


aA 
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House, tree or 
other structure 


Insulator 


Center insulator 


Ground 
104A. Sloper dipote. 


Another limited-space wire antenna is the (so-called) half-slope shown in Fig. 
10-4D. Although single-band versions are often seen, the example in Fig. 10-4D is a 
multiband version. Resonant traps separate the different band segments, This an- 
tenna operates like the vertical, but it is not omnidirectional. Also, the feedpoint itu 
pedance will be different from the regular vertical situation. If the impedance varies 
too much for comfort, insert an antenna tuner, such as the Transmateh, in the coax- 
il line between the transmitter and the antenna, 

Figure 10-5 shows another antenna that's useful for limited-space situations, Al- 
though it is easily constructed from low-cost materials, the antenna is also sold by 
several companies under various rubries including “cliff-dweller,” “apartment 
house,” “townhouse,” or “traveler's” antennas, The antenna consists of a 4- to 16-ft 
section of aluminum or copper tubing, Some of the commercial antennas use a tele: 
scoping tubing that can be carried easily in luggage. As was true with the longwire, 
the windowsill antenna is tuned to resonance with an L-section coupler. 

‘The L-section coupler must be tuned to produce the lowest possible VSWR, so 
either an RF power meter or a VSWR meter snust be installed in the coaxial cable be: 
‘tween the transmitter and the tuner. Again, a good ground (or radial system) will 
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‘Vee dipole 


10-4B Vee dipole, 


sreatly improve the operation of this antenna. The performance should be consider- 
ably less than that of a good longwire, but it will work DX for you even on lower fre 
‘quencies. Once again itis not the best antenna made, but it will get you on the air 

Figure 10-6 shows the use of a mobile antenna for a fixed or portable location. I 
used this type of antenna at one QTH to good effect. Mount a mobile antenna, such 
as the Hustler, on the window sill, or other convenient mount (at least one amateur 
radio operator uses one mounted on the roof of the house). Grounding is essential 
for this antenna, as was also true for the longwire and windowsill antenna (Fig. 
10-5). The operation of this antenna is improved by installing atleast two radials per 
band as a counterpoise ground, My installation worked well, even though only two 
radials were present 

A directional rotatable dipole is shown in Fig. 10-7. This antenna is made from a 
pair of mobile antennas connected “back-to-back” on a horizontal length of Lx 2 
lumber and fed in the center with a coaxial cable. The end pieces of the mobile an. 
tenna set the resonance, and you must recognize that adjusting one requires a coun. 
tervailing adjustment of the other as wel. 

‘Two examples of helically wound antennas are show 
of antenna, an insulating mast is wound with a half-wavelength of antenna wire. The 
overall length of the antenna is considerably less than a half-wavelength, except st 
the highest frequencies. In order to dissipate the high voltages that tend to build up 
atthe ends of these antennas, a capacitance hat is used, These “ats” are either disks 
(pie tins work well) or rods of conductor about 16 to 24 in long, The version shown 
in Fig, 10-8A is a vertical antenna, and like other verticals, it must be installed over 
either a good grouncl or a counterpoise ground. The version shown in Fig, 10-8Bis hor- 
izontally polarized. 


in Fig. 10-8. In this type 
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10-5. Window sill antenna, 
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10-6 Use of mobile antenna as.a window sill antenna, 
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10-7 Use of two mobile antennas as a rotatable dipole 
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header information (5-tuple: source IP, destination IP, source port number, destination port number, and proto- 
col) to process packets with the same S-tuple information into a unit of mobile application traffic flow, and ex- 
tract the features of each application flow. Third, in learning process, we use the extracted features which are 
quantized into corresponding symbol sequence to training the HMM-based application models for different ap- 
plications. Finally, we can identify the new traffic flow by finding out the maximum value of log likelihoods de- 
rived from different application models, 


5. Conclusion 


This paper presents a forward looking view of the convergence of IoT, big data, cloud, SDN technologies along 
with the arrival of 5G mobile broadband networks. We intend to demonstrate the technical relationships of those 
technologies and the compelling programs and applications that can be created when two, three or more of those 
technologies converge. Due to the nature of fast evolution of ICT and the ongoing innovation of those five 
technologies, this paper should be updated on annual basis to keep the related information up to day with the 
ICT major trends 
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CHAPTER 


Directional phased 
vertical antennas 


‘THE VERTICAL ANTENNA IS A PERENNIAL FAVORITE WITH RADIO. COMMUNICATIONS 
isers. The vertical ig either praised, or cursed, depending upon the luck of the 
owner. “DXability” is usually the eriterion for judging the antenna's quality. Some 
amateurs ean get out of their backyards with a vertical, and they let everyone 
Within earshot know that such and such a brand is no good. Yet, another person rou- 
tinely works New Zealand or Australia on 15 m using exactly the same brand of ver- 
tical. The proper installation of vertical antennas is dealt with in another chapter, so, 
{or the present, let's look at another problem attributed to vertical antennas. 

‘That problem is that vertical antennas are omnidirectional in the azimuth aspect; 
that is, they send out and receive equally well from all directions, Some people moan 
tat this pattern dissipates their power, and gives them a weaker signal “out. where it 
counts” (true). However, the main disadvantage of the omnidirectional pattem is notse 
(QRN and QRM). “QRN” is natural noise from thunderstorms and other sources, 
*QRM" is man-made noise, and can consist of other stations or the many assorted forms 
of electrical fith that pollute the airwaves. All forms of noise, however, have one thing 
in common: they are directional with respect to the station. In other words, if you could 
null signals coming from the direction of the noise source (or undesired station), you 
‘would be able to hear desired stations much better. A directional antenna performs this 
task, so let look at some vertically polarized directional antennas. 

‘Although most amateurs seem to think thatthe effective radiated power (ERP) in 
crease that the directional antenna gives them is the real reason to own one, the min 
benefit is actually on receive. Think about it for a moment. With anywhere from 100 to 
1500 W available, the increase or decrease in signal strength (due to the direetivity of 
the antenna) results in a minimal difference on the receive end, especially during good 
DX conditions. If we rotate the directional pattern, to null out interference, then we 
usually find that the change in our signal strength perceived by the other guy is stnall 
the $ meter reading of the desired station is minimally affected; but the amplitude of 
the interference source is greatly attenuated! The overall effect is an apparent increase 
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inthe other guy’s signal, even though the $ meter tells a slightly different story. The im- 
provement of signal-to-noise ratio (SNR) is tremendously improved. 


Directivity and phasing 

So, how does a vertical antenna owner get the benefit of directivity without the kilobuck 
investment that a bean or quad costs? The usual solution is to use phased verticals, AM. 
brondcast stations, with more than one tower, are using this type of system (although 
{or different reasons than hams). The idea is to place two or more antennas in close 
proximity and feed them at specific phase angles to produce a desired radiation pattern, 
A lot of material is available in the literature on phased vertical antenna systems, and it 
is far too much to be reproduced here, There are “standard pattems" dating from be- 
fore World War Il that are created with different spacings and different phase angles of 
feed current. In this chapter, we will consider only one systern, 

Figure 11-1 shows the patterns for a pair of quarter-wavelength vertical antennas 
spaced a half-wavelength (180°) apart. Without getting into complex phase shifting 
networks, there are basically two phasings that are easily obtained: 0° (antennas in. 
phase) and 180° (antennas out of phase with each other). 

When the two antennas (A and 8) are fed in phase with equal currents (Fig. 11- 
1A), the radiation pattern (shown somewhat idealized here) is a bidirectional figure 8 
that is directionally perpendicular to the ine of centers between the two antennas; this 
pattern s called a broadside pattem. A sharp nul exists along the line of centers (4-B). 

When the antennas are fed out of phase with each other by 180° (Fig. 11-1B), 
the pattern rotates 90° (a quarter way around the compass) and now exhibits direc: 
tivity along the line of the centers (A-B); this is the “end fire" pattern, The interfer- 
fence cancelling mull snow perpendicular to line A-B. 

It should be apparent that you ean select your directivity by selecting the phase 
angle of the feed currents in the two antennas, Figure 11-2 shows the two feeding 


ALAA. Patter of two radiators 
5 <B in-phase, spaced a 
A ‘half-wayelength apart. 
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11-18 Pattem of two radiators out of 


phase, spaced a half-wavelength 
apart 


‘To transmitter 


11-24. Feeding a phased array antenna in phase 


systems usually cited for in-phase (Fig. 11-2A) and out-of-phase (Fig. 11-2B) sys 


tems, Figure 11-2 shows the coax from the transmitter coming to a coax tee con- 
nector. From the connector to ti 


antenna feedpoints are two lengths of coax (L. 
and L,) that are equal to each other, and identical, Given the variation between 
coaxial cables, I suspect that it would work better if the two cables were not mer 
the same length (J, = Z,), but also that they came from th 

‘The second variation, shown in Fig. 11-2B, supposedly produces a 180° phase 
shift between antenna A and antenna B, when length L, is an electrical half-wave 
length. According to a much-publicized theory, the system of Fig. 11-2B ought to 
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11-28 Feeding a pha 


J array antenna out of phase 


produce the pattern of Fig. 11-1B—yet experience shows this claim is false. Itseems 
that there are several problems with the system in Fig. 11-2B. 

First, coax has a property called velocity factor (V,), which is the fraction of the 
speed of light at which signals in the cable propagate. The V, is a decimal fraction on 
the order of 0.66 to 0.90, depending upon the type of coax used, Unfortunately, the 
physical spacing between A and is a real half-wavelength (L, = 492/F), but the ca- 
ble length is shorter by the velocity factor [La = (Vj. 492) /F. 

Consider an example. A 15-m phased vertical antenna system will have two 
11-ft radiators, spaced 22 ft apart (approximately, depending upon exact fre- 
quency). If we use foam coax, with V,, = 0.80, the cable length is 0.8 x 22 IL, or 
17.6 ft. In other words, despite lots of publicity, the cable wort fit between the 
towers! 

Second, the patterns shown in Fig. 11-1 are dependent upon one condition: the 
antenna currents are equal, both of them are the same impedance, and are fed 
from the same transmitter, then it is reasonable to assume that the currents are 
equal—right? No, wrong! What about coax loss? Because of normal coax loss, which 
increases at higher frequencies, the power available to antenna B in Fig, 11-1B is le 
than the power available to antenna A. Thus, the pattern will be somewhat distorted, 
because the current produced in B is less than the current in A, when they should be 
equal, 

‘The first problem is sometimes fixed by using unequal lengths for cables L, and 
(Pig. 11-2A), and using it for the out-of-phase case, For example, if we make L, 
ne-quarter wavelength and J, three-quarter wavelength (Fig, 11-2C), antenna A is, 
fed with a 90° phase lag (relative to the tee connector signal), while antenna B is fed 
with 270° phase shift. The result is still a 180° phase difference, Unfortunately, we 


Chapli_carr 


4/10/01 


3 


Directivity and phasing 249 


Coax 
to 
XMTR 


11-2€ Corrected feed for a phased array antenna. 


have not solved the current level problem, and may have actually made it worse by 
adding stil more lossy cable to the system, 

‘There is still nother problem that is generic tothe whole clas of phased vert 
cals. Once installed, the pattern is fixed. This problem doestt bother most point-to 
point commercial stations, or broadcasters, because they tend to transmit in only one 
direction. But amateurs are likely to need a rotatable pattern, Neither the antennas in 
Fig. LI-LA nor that in Fig. 11-1B i rotatable without a lot of effort—like changing the 
coax feeds, or physically digging up the verticals and repositioning them, 

Fortunately, there is a single solution to all three problems. Figure 11-3 shows a 
two-port phasing transformer made from a toroidal balun kit. Use the kind of kt that 
makes a 1:1 balun transformer. Although we are not making a balun, we will need 
enough wire to make three windings, and that is the norinl eage for 1:1 balun 
don Associates and others make toroidal balun kits 

Wind the three cols in triflar style, according to the kit instructions. The dots in 
Fig. 11-3 show the “sense” of the coils, and they are important for correct phasing 
call one end the “dot end” and the other end the “plain end” to keep them separate 
Inthe dot end of the first col is connected to J, (and the transinitter), then connect 
the dot end of the second coil to the O° output (J, which goes to antenna A). The 
third coll is connected to a DPDT RF relay or stitch. In the position shown, S, 
causes the antenuss to be 180° out of phase, In the other position, the “sense” of the 
third coll is reversed, so the antennas are in phase 

‘Another phasing method is shown in Fig, 11-4, tn this scheme, two convenient 
but equal, lengths of coaxial cable (L, and L,) are used to carry RF power to the an 
tennas. One segment (Z,) is fed directly frm the transmitters coaxial eable (L 
while the other is fed from a phasing switch, The phasing switch is used to either by 
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113A. Phasing transformer circuit, 


pass or insert a phase-shifting length of coaxial cable (L,). For 180° phasing use the 
following equation to find the length (L.,) 


492 V, 
ft uLay 


where 


Lis the length of L, in feet 
Vpis the velocity factor (a decimal fraction) 
Fg the operating frequency, in megahertz 


Some people use a series of switches to select varying amounts of phasing shift 
from 45° to 270°, Such a switch allows them to select any number of other patterns 
{for special situations. 


360° directional array 


‘The phased vertical antenna concept can be used to provide round-the-compass 
control of the antenna pattern. Figure 11-5A shows how three quarter-wavelength 
verticals (arranged in a triangle that is a half-wavelength on each side) can be used 
to provide either end-fire or broadside patterns from any pair (4-B, A-C, or B-C). 
Any given antenna (A, B, or C) will be grounded, fed at 0°, or fed with 180°. The 
table in Fig, 11-5B shows the relative phasing for each direction that was labelled in 
Fig, 11-5. Hither manual phase changing or switch-operated phase changing can be 
used, although the latter is preferred for convenience. Some international showcase 
broadcasters use antenna arrays formed into two of more concentric circles of verti: 
cal elements, with one element at the center. Selection of elements and phasing de 
termines directivity and gain 


Length =, = Ds 
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CHAPTER 


Directional beam 
antennas 


‘THE DIRECTIONAL BEAM ANTENNA DOES SEVERAL JOBS, FIRST, IT PROVIDES AN APPARENT 
increase in radiated power, because it focuses available transmitter power into a sin- 
‘gle (or at, worst limited) direction. For this reason, a bidirectional dipole has a gain 
of approximately 2 dB over an isotropic radiator. Add one or more additional 
ments, and the focusing becomes nearly unidirectional, which increases the effec~ 
tive radiated power (ERP) even more, Second, the beam increases the received 
signal available at the inputs of the receiver, Antennas are generally reciprocal, so 
they will work for receiving as they do for transmitting, Finally, the directivity of the 
‘beam antenna allows the operator to null interfering stations. In fact, itis the last at 
tribute of the beam that is most useful on today’s crowded bands. Allin all, if your 
funds are too little to provide both increased RF power and a good antenna system, 
then spend what is available on the antenna—not on the power. 

In this chapter we wil focus on directional antennas that can be built relatively 
easily. It is assumed that most readers who want. a triband multielement Yagi will 
prefer to buy a commercial product, rather than build a homebrew model, The ma- 
terial herein concentrates on homebrew projects that are within the reach and 
capabilities of most readers. ‘The first of these is not a beam antenna at all, but 
rather a rotatable dipole. 


Rotatable dipole 


‘The dipole is a bidirectional antenna with a figure-8 pattern (when viewed from 
above). The dipole is a half-wavelength and is usually installed horizontally, although 
vertical half-wavelength dipoles are known, Although the length of the dipole is too 
great for rotatability at the lower bands, itis within reason for the higher band. For 
example, the size of the halfwave dipole is approximately 16 ft on 10 m and 22 ft on 
15 m. Even the 33-ft length on 20 1 is not unreasonable for amateur constructors, 
‘The length of the dipole is found from 
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468 
Fy, 


2.1) 


This length is approximate because of end effects and other phenomena, so 
some “cut and try” is required. 

Example 12-1 Find the length of a dipole antenna for a frequency of 24.930 
MHz in the 12-m amateur radio band. 

Solution: 

468 
an i 
468 
2.980 MHz 

‘The half-wave dipole is fed in the center by coaxial cable. Each element of the 
dipole is one-half of the overall length (or, in the example given, about 9.4 f.), 

Figure 12-1 shows a rotatable dipole that can be designed for use on 15, 12, and 
10 m. The radiator elements are made from 10-f lengths of ¥-in aluminum tubing 
‘The tubing is mounted on “beehive” standoff insulators, which in turn are mounted, 
ona 4-felength of2 X 2 lumber. The lumber should be varnished against weathering, In 
areal pinch, the elements can be mounted directly to the lumber without the insulators, 
‘but this is not the recommended practice. 

‘The mast is attached to the 2 2 lumber throngh any’ of several means. ‘The pre- 
{erred method is the use of a L-in pipe flange. These devices are available at hardware 
stores under the names floor flange and rightangle flange. 

‘The 10-(t lengths of pipe are the standard lengths available in hardware stores, 
so it was selected as being closest to the required 22 ft for 15 m. A 0.L4-pH loading 
coil is used at the center, between the elements, in order to make up for the short 
length. The dimensions of the coil are 4 to 5 turns, 0.5-in diameter, 4-in length. For low 
power levels, the coil can be made of no. 10 (or no, 12) solid wite—and, for higher lev- 
els, Yin copper tubing, 

‘There are two basic ways to feed the antenna, and these are shown in details 
Aand B in Fig. 12-1. The traditional method is to connect the coaxial cable (in parallel) 
across the inductor: This method is shown in Fig. 12-1, detail A. A second method is to 
link couple the coil to the line through a one- to three-turn loop (as needed for imped- 
nice matching), This is the method that would be used for a toroidal inductor, 

Lower frequencies can be accommodated by changing the dimensions of the 
coil, The coil cannot be sealed, simply because the relative length of the antenna 
changes as the frequency changes. But itis possible to cut and try by adding turns to 
the coil, one turn at a time, and remeasuring the resonant frequency. Adding induc- 
tance to the coil will make the antenna usable on 17 m and 20 m,as well as on 15 m. 

Another method for building a rotatable dipole for lower frequencies is to in 
crease the element lengths. On 17 m, the overall length is approximately 27.4 ft, so 
each element length is 13.7 ft long, This length can be achieved by either of two 
methods. First, adjacent sizes of aluminum tubing are designed so that the smaller 
will be a slip-it inside of the larger. What constitutes “adjacent sizes” depends on the 
wall thickness, but for one common brand, the %-in is adjacent to the ¥-in size. You 
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12-1 Rotatable dipole antenna. Inset A shows conventional feed; inset B shows transformer feed. 


can use two smaller lengths to make the larger lengths of pipe, and cut it to size. This 
method is only available to those readers who have a commercial or industrial met 
als distributor nearby, because the 16-ft lengths are not generally available from 
hardware sto 

Bands higher than 18 m (Le, 12 and 10 m) can be accommodated by using the 
10-ft lengths of tubing, but without the inductor. The tubing is cut to the desired 
half-wavelength size and used directly. 


Yagi beam antennas 


A Yagi antenna is one member ofa class of directional beam antennas that are pop: 
ular in the HF bands. Figure 12-2 shows the pattern (viewed from above) typical of 
the beam antenna. The antenna is located at point P and fires signals in the direction 
shown by the arrow. The beamwidth of the antenna is the angle a between the points 
on the main lobe that are ~3 dB down from the center point C, 
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12-2 Patter of beam antenna. 


Sidelobe 


Backlobe 


A perfect beam antenna will have only the main Jobe, but that situation occurs only 
in dreams, All real antennas have both sidelobes and backlobes, also shown in Fig. 12-2. 
‘These lobes represent wasted power transmitted in the wrong direction during trans: 
mission and interference opportunities while receiving. The goal of the antenna 
designer is to increase the main lobe while decreasing the sidelobes and backlobe 
Figure 12-3 shows, schematically, the basic Yagi-Uda antenna (usually called 
simply Yagi). The driven element is a simple half-wavelength dipole fed in the 
center. There are two additional elements: reflectors and directors. These are 
called parusitic elements because they are not directly excited by RF, but rather, 
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they receive energy radiated from the driven element and then reradiate it. The 
reflector is placed behind the driven element, and is typically about 4 percent 
longer than the driven element. The director is placed in front of the driven ele. 
‘ment (relative to the direction of propagation). The director is typically about 4 
percent shorter than the driven element. Although there is no fixed rule regard- 
ing the number of either reflectors or directors, it is common practice to use a si 
gle director and a driven element for two-element beams, and a single reflector 
and a single director, in addition to the driven element, for three-element beams. 
Again, additional reflectors can be added for four- and more element beams, but 
standard practice calls for addition of directors instead, 
‘The length of the elements is given by 


12.2] 


where 
Lis the length, in feet 
Fy, is the frequency, in megahertz 
Kisa constant 
‘The spacing of the elements is typically from 0.15 to 0.308 wavelengths, al 
though 0.2 and 0.25 are the most common values, 
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12.3 Basie Yagi-Uda antenna, 
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Example Calculate the approximate element lengths for a three-element 15- 
1m beam designed to operate on a frequency of 21.39 MHz, 
Solution: 


1. Driven element (K= 478): L, 


2. Reflector (A = 492). 


3. Director (K = 461.5): 


21.39 MHz 
1.58 1 


4, Element Spacing (K = 142): L 


‘The elements of a rotatable beam antenna can be built ina manner similar to the 
rotatable dipole described earlier. In the beam antenna, however, a boom is needed 
between the elements to support them. The boom can be made of metal or wood. In 
the case of a metal boom, the driven element must be insulated from the boom, ever. 
though the parasitic elements can be mounted directly to it. In general, itis usually 
Letter to use wood as a matter of convenience. Metal boom antennas can be obtained 
from commercial sources, The wood boom is easy to build and maintain, even though. 
allittle less durable than a mnetal boom, 

‘The feedpoint impedance of a dipole is on the order of 72 @ in free space, al- 
though the actual impedance will vary above and below that figure for antennas 
close to the earth's surface. In addition, adding parasitic elements reduces the im- 
pedance even more. The feedpoint impedance of the antenna is too low to be 
directly fed with coaxial cable, so some means of impedance matching is needed. 
Some people feed the antenna through an impedance matching balun transformer. 
Figure 12-4 shows the gamma match system. The driven element of the Yagi is not 
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broken in the center, as in the case of the simple dipole. The outer conductor, or 
shield, of the coaxial cable is connected to the center point of the driven element. 
‘The center conductor is connected to the ganuna match element. The dimensions of 
the garnma match are 


1. Gamma mateh length: L/10 
2. Gamma match director: D/3 
8. Spacing of gamma match from driven element: L/70 


where 

‘Lis the length of the driven element 

‘Dis the diameter of the driven element 

‘The capacitorin series with the center conductor of the coaxial cable has a value 
of approximately 8 pF per meter of wavelength at the lowest frequency in the band 
of operation, or approximately, 


2400 


12.3] 


‘The capacitor must be a high-voltage transmitting variable type. In general, the 
gamma match capacitors are either air or vacuum variables. 

‘There are three aspects to the adjustment of the Yagi antenna. Resonance is de- 
termined by the length of the element. The length is increased or decreased in order 
to find the resonant point. This point can be determined by the use of a noise bridge, 
VSWR meter or other means. The capacitor, and the shorting bar/clamp, are ad- 
justed to match the impedance of the antenna to the transmission line impedance. 
For the dimensions shown, the coaxial cable should be 82 @ (RG-88 or RG-S), 

Its not necessary to use tubing or pipes for the antenna elements in order to obtain 
the benefits of the Yagi beam antenna, An exaunple of a wire beam is shown in Fig. 12-5. 
‘The wire beam is made as if it were two half-wavelength dipoles, installed parallel to and 
about 0.2 to 0.25 wavelengths apart from each other. Although multielement wire beams 
fare possible, the two-element version is the most common, Perhaps the most frequent 
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12-4 Gamma feed provides impedance matching, 
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use of the wire beam antenna is on the lower bands (e.g., 40 m and 75/80 m) where ro- 
tatable beams are more difficult to build, 


20-m ZL-special beam 


‘The antenna shown in Fig, 12-6 is a close relative of the Yagi beam. It consists of a 
pair of folded dipoles, mounted approximately 00.12 wavelengths apart. The elements 
are 30.5 ft in length, and the spacing is 7.1 [1. The elements can be built from alu 
minum tubing if the antenna is to be rotatable. Alternatively, for a fixed antenna, the 
elements can be made of 300-0 television-type twin lead. If the tubing type of con: 
struction is selected, then make the size of the tubing, and its spacing, sufficient for 
300-2 parallel transmission lines, according, to 
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12-5 Wire bean useful for low frequencies. 
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where 
Zs the impedance of the line (300 Q) 
Sis the center-to-center spacing of the parallel conductors on the elements 
is the diameter of the conductors 


‘The two half-wavelength elements of the ZL-special are fed 135° out of phase 
«with each other. The feedline is connected to one of the dipoles directly; and then to 
the other through a length of 900-Q twin lead that has an electrical length of about 
45° (8). 

‘The feedpoint impedance is on the order of 100 to 150 Q, so it will make a good 
‘match to either 52- or 75-9 coaxial cable ifa 2:1 impedance matching transformer is 
used, 


Cubical quad beam antenna 


‘The cubical quad antenna is a one-wavelength square wire loop. It was designed in 
the mid-1940s at radio station HCJB in Quito, Ecuador, HCJB is a Protestant ruis- 
sionary shortwave radio station with worldwide coverage, The location of the station 
is at a high altitude, This fact makes the Yagi antenna less useful than itis at lower 
altitudes. According to the story, HCJB originally used Yagi antennas. These anten- 
nas are fed in the center at a current loop, so the ends are high-voltage loops, In the 
thin air of Quito, the high voltage at the ends caused corona arcing, and that arcing 
periodically destroyed the tips of the Yagi elements. Station engineer Clarence 
Moore designed the cubical quad antenna (Fig. 12-7) to solve this problem. Because 
it is a full-wavelength antenna, each side being a quarter wavelength, and fed at. a 
current loop in the center of one side, the voltage loops oceur in the middle of the 
adjacent sides—and that reduces or eliminates the arcing, The elements can be fed 
in the center of a horizontal side (Figs. 12-7A and 12-8A), in the center of a vertical 
side (Fig. 12-88), or at the comer (Fig. 12-80). 

‘The antenna shown in Fig, 12-7A is actually a quad loop rather than a cubical 
‘quad. Two or more quad loops, only one of which needs to be fed by the coax, are 
used to make a cubical quad antenna. If only this one element is used, then the an- 
tena will have a figure-8 azimuthal radiation pattern (similar to a dipole). The quad 
loop antenna is preferred by many people over a dipole for two reasons. First, the 
‘quad loop has a smaller “footprint” because it is only a quarter-wavelength on each, 
side (A in Fig, 12-7). Second, the loop form makes it somewhat less susceptible to 
local electromagnetic interference (EMD). 

‘The quad loop antenna (and the elements of a cubical quad beam) is mounted 
to spreaders connected to a square gusset plate. At one time, carpets were wrapped, 
aroun bamboo stalks, and those could be used for quad antennas, ‘Those day's are 
gone, however, and today itis necessary to buy fiberglass quad spreaders. A number 
of kits are advertised in ham radio magazines. 

‘The details for the gusset plate are shown in Fig. 12-7B, ‘The gusset plate is made 
ofa strong insulating material such as fiberglass or Yin marine-grade plywood. It is, 
‘mounted to a support mast using two or three large U bolts (stainless steel to pre- 
vent corrosion). The spreaders are mounted to the gusset plate using somewhat 
smaller U bolts (again, use stainless steel U bolts to prevent corrosion damage) 
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‘The Internet of Things (IoT) is evolving with the connected objects at an unprecedented rate, bringing about enormous 
‘opportunities forthe future lo applications as well as challenges. One of the major challenges is tohandle the complexity generated 
by the interconnection of billions of abjects. However, Social Internet of Things (SIoT), emerging from the conglomeration of IoT 
and social networks, has realized an elficient way to facilate the development of complex future loT applications, Nevertheless, 10 
fully utilize the benefits of SIoT, a platform that can provide elicient services using social relations among heterogeneous objects is 
highly required, The web objects enabled [oT environment promotes SIoT features by enabling virtualization using virtual objects 
and supporting the modularity with microservices. To realize SIOT services ths article proposes an architecture that provides 
a foundation for the development of lightweight microservices based on socially connected web objects. To efficiently discover 
web objects and reduce the complexity of service provisioning pracesses, a social relationship model is presented. To realize 
the interoperable service operations, a semantic ontology model has been developed, Finally to evaluate the proposed design, a 
prototype has been implemented based an a use case scenario. 


1. Introduction 


‘The Internet of Things (IoT) envisions billions of objects 
connected to the Internet that continuously generate data 
about the physical environment. Several state-of-the-art 
applications can be built using the information and services 
provided by the pervasive and heterogeneous loT objects. 
However, building applications based on these objects raises 
some challenges. Examples include how the growing number 
of objects will interact or coordinate to render valuable 
services, how the complexity generated by the coordination 
of objects can be handled, and how a large amount of diverse 
data sensed from the surroundings can be managed properly 

Numerous promising solutions have been provided to 
handle the complexity and the heterogeneity of loT objects. 
One of the prominent approaches is to develop virtual envi 
ronments to resolve the issues caused by the heterogeneous 
objects. Virtualization has become a key component in many 
oT architectures, in the form of either virtual objects or 


virtual entities, A virtual object (VO) is defined as a digital 
representation of a real-world object [1] and provides a way 
for the IoT services to discover and compose features that 
cannot be achieved directly with a real-world object (RWO). 
It has been realized that issues such as heterogeneity of 
dissimilar objects and scalability can be effectively resolved 
using VOs, Hence, a crucial rale of a VO is to bridge the gap 
between the physical world and the virtual world by hiding 
the physical characteristics of an lo device and acquiring 
and interpreting its data and context 

‘Another way to reduce the complexity caused by a 
large number of objects is to link these objects in a social 
network [2], which provides a more exact solution than 
using a sole individual object. This principle has given birth 
to the concept of Social Internet of Things (SloT), which 
is emerging as a new paradigm with the merger of social 
networks and loT [3-7]. It has been realized as an efficient 
‘way to facilitate the development of complex future loT 
applications. t supports sharing of information generated by 
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12-8 Feed options for the quad. 


‘There is a running controversy regarding how the antenna compares with other 
beam antennas, particularly the Yagi, Some experts claim that the cubical quad has 
a gain of about 1.5 to 2 dB higher than a Yagi (with a comparable boom length be- 
tween the two elements), In addition, some experts claim that the quad has a lower 
le of radiation, Most, experts agrée that the quad seems to work better at. low 
heights above the earth's surface, but the difference disappears at heights greater 
than a half-wavelength, 

‘The quad can be used as either a single-element antenna or in the form of a 
‘beam, Figure 12-9 shows a pair of elements spaced 0.13 to 0.22 wavelengths apart. 
‘One element is the driven element, and it is connected to the coaxial-cable feedline 
directly. The other element is a reflector, so itis a bit longer than the driven element. 
A tuning stub is used to adjust the reflector loop to resonance. 

Because the wire is arranged into a square loop, one wavelength long, the actual 
length varies from the naturally resonant length by about 3 percent. The driven 


—— 


Chapi2_carr 4/10/01 3:31 PM Page 266 ¢ 


266 Directional beam antennas 


NX Driven element 


12-9 Quad beam antenna, 
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element is about 3 percent longer than the natural resonant point. The overall 
lengths of the wire elements are 


1005 
1. Driven element: 2.5] 
2, Reflector 112.6) 
8, Director: 271 


One method for the construction of the quad beam antenna is shown in 
Fig. 12-10. This particular scheme uses a 12 X 12-in wooden plate at the center, 
bamboo (or fiberglass) spreaders, and a wooden (or metal) boom. The constr 
tion must be heavy-duty in order to survive wind loads. For this reason, it is prob- 
ably a better solution to buy a quad kit consisting of the spreaders and the center 
structural element. 
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More than one band can be installed on a single set of spreaders. The size of the 
spreaders is set by the lowest band of operation, so higher frequency bands can 
be accommodated with shorter loops on the same set of spreaders. 

‘This quad antenna isan example of a multielement, large loop antenna, Additional 
information on large loops, but not ita beam antenna array, is found in Chap. 14, 


Inverted bobtail curtain (Thorne array) 


‘The bobiail curtain antenna is a Gxed array consisting of three individual quarter 
wavelength elements spaced a half-wavelength apart, and fed from the top by a 


Boom, 


12-10 Quad construction, 


Mast 
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shorting element or wire, The inverted boblail curtain, or Thorne array, consists 


fan upside down bobtal eurtain as shown in Fig. 12-1. The radiator elena are 
each a quarter wavelength long Their length ae found from 
oo a 
Fu . we 


‘The lengths of spacing between the elements are exactly twice above the value, 


t 12.9) 


‘The antenna is fed at the base of the center element, through a parallel resonant 
tuner. The capacitor is a 100- to 200-pF transmitting variable, while the inductor is 
set to resonate at the band desired (with the capacitor at half to three-quarters full 
capacitance). A loop or link coupling scheme connects the tuner to the transmission 
line, 

An altemate feed method (Fig. 12-12) worked out by the late J. H. Thorne 
(KANFU/S), feeds the end elements from the shield of the coaxial cable, and the cen- 
ter element of the array is fed from the center conductor of the coaxial cable. A coax: 
ial impedance-matching section is used between the cable transmitter and the 


antenna feedpoint 
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12-11 Inverted bobiail curtain. 
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CHAPTER 


Antennas for 
shortwave reception 


ALTHOUGH MOST OF THIS BOOK ADDRESSES ANTENNAS FOR TRANSMITTING, THERE IS A 
certain body of material that pertains purely to receiving antennas. This material 
also needs to be addressed, and that is the function of this chapter. There are two 
readers in mind for this chapter. First, and foremost, is the shortwave listener 
(SWL). Second, however, is the amateur radio operator who wants to either use a 
separate receiving antenna on the main station receiver or us 
(common among DXers), 


The law of reciprocity 


Antennas possess a property called reciprocity. That is a fancy way of saying that ant 
anterna works on reception the same way it does for transmission, Although articles 
occasionally appear in the literature claiming an HF or VHF design which violates the 
law of reciprocity, to date all have depended on either variable definitions, false 
premises, or faulty measurements. There is even a school of thought that falsely 
argues against antenna reciprocity based on an ionospheric anomaly int which prop- 
agation depends on the direction traveled (see the end of Chap. 2). The bottom line 
of reciprocity, for the SWL, is that every antenna described in this book can be also 
used with equal results on receive. For example, a half-wavelength dipole works 
equally Well as a receiver antenna, or as a transmitter antenna, 


Which properties are important? 


Selecting a receiver antenna is a function of several factors. Assuming that you 
want more than a simple longwire (which we will deal with shortly), you will want 
to home in on the properties desired for your particular monitoring application, Is 
the antenna to be fixed or rotatable? Do you want omnidirectional or directional re. 
ception? In which plane? What about gain? 
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‘What about gain? What is gain, for that matter? The concept of antenna gain de- 
rives from the fact that directional antennas focus energy. Two kinds of gain figure 
are often quoted: gain referenced to a dipole antenna on the same frequency, and 
gain relative to a theoretical construct called an isotropic radiator. In the isotropic 
case, the reference radiator to which the antenna is compared is a spherical point 
source that radiates equally well in all directions. The dipole exhibits a figure-8 radi- 
ation and reception pattern, 

‘The gain of an antenna is merely the ratio (usually expressed in decibels) of the 
power radiated in a given direction by two antennas (ie., the reference antenna and 
the test antenna). If an antenna gain is listed as “S-dB gain over isotropic,” this 
‘means that, in the direction specified, the power radiated is 8 dB higher than the 
same total power applied to an isotropic radiator. 

So, of what use is antenna gain? Two answers immediately present themselves. 
First, by accumulating more signal, the antenna essentially makes your receiver 
‘more sensitive. Note that the gain of the antenna does not create a higher powered, 
signal, it merely increases the apparent signal power by focusing energy from a given, 
direction. And, note well that gain implies directivity. Any antenna that claims to 
provide gain, but that is truly omnidirectional in all planes, is a fraud. ‘The fund: 
‘mental assumption is that gain implies directivity 

‘The concept of directivity (hence also of gain) is often taken to mean horizon- 
tal directivity, which is the ease of a dipole antenna, But all forms of antenna radi- 
ate in three-dimensional space. Azimuth angle of radiation, and elevation angle of 
radiation, are both important, Certain 2-m vertical antennas are listed as “gain an 
tennas,” yet the pattern in the horizontal direction is 360°—implying omnidlirec- 
tional behavior. In the vertical plane, however, lost enengy is compressed into a 
smaller range of elevation angles, so gain occurs by refocusing energy that would, 
have been radiated at a higher than useful angle 

‘The second application of directivity is in suppressing interfering signals. On 
the regular AM and FM broadcast bands, channelization permits receiver selectiv- 
ity to overcome adjacent channel interference in most cases. But in the HF amateur 
radio and international broadcast bands, channelization is either nonexistent, 
poorly defined, or ignored altogether. In these cases, interfering “adjacent” channel 
signals can wipe out a weaker, desired station, Similarly, with cochannel interfer- 
ence (Le., when both stations are on the same frequeney), two or more signals 
compete in a “dog fight” that neither will ever totally win, Consider Fig. 13-1A. As- 
sume that two 9540-kHz signals, 8, and S,, arrive at the same omnidirectional ver- 
tical antenna, Either both signals will be heard, or the stronger signal will drown, 
‘out the weaker signal, 

Now, consider Fig, 13-18, Here, a dipole is used as the receiving antenna, soa lit 
tle directivity is obtained. The main lobes of the dipole are wide enough to provide 
decent reception of signal S,, even though the antenna is positioned such that S, is 
not along the maximum line (dotted), But the positioning shown places the interfer- 
ing cochannel signal (S,) in the null off the ends of the dipole, so it weakens it con 
siderably. The result will be enhanced reception of S,. In Fig. 13-1B, the idea is not 
to exploit the ability of the gain antenna to increase the level of 8. Indeed, by plac- 
ing the antenna as shown, we are not getting 5; levels as high as might otherwise be 
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13-1A Omuidivectional antenna 
picks up eochannel inter 
fring signals equally well 


13-18 Directional antenna ean 
discriminate against 
‘unwanted signa 


the people and the devices based on the social relationships. 
‘These relationships further promote efficient discovery of the 
objects and effective service compositions. 

Let us havea glimpse ofthe application scenarios in which 
SloT will make a profound effect on our daily life in the 
near future, Imagine a group of vehicles that form a mobile 
social network on the move when heading towards the same 
location or when they are bound in a common relationship. 
Vehicles may form diverse social communities; for example, 
small cars create a social network to share available parking 
space information or bicycles share information about the 
vacant paths using a network [8]. Vehicles commuting from 
home to office can join a social network to share traffic 
congestion experience, accident warnings, or other common 
information (e.g, a meeting plan) with colleagues by access 
ing their vehicles’ social network. Let us analyze another SloT. 
use case where a user enters a public museum with an loT’ 
environment, which incorporates smart objects that exploit 
social relationships to share information. At the entrance 
to the premises, the user's smartphone is prompted with a 
beacon signal to recommenda service app installation. When 
the user grants the permission, an app is installed and a 
social agent acquires his profile and friendship details. The 
app incorporates a microservice which uses a smartphone 
object to establish a social relationship with the museum 
Visit service. The museum is equipped with a network of 
smart objects that monitor the user's location and provide 
services to enhance his/her experience such as personalizing 
the displays, assisting in the navigation, and recommending 
the relevant services. 

To support the above-mentioned use cases, most of the 
current loT architectural approaches are not suitable as they 
are based on the traditional monolithic approaches, which 
further hinder the development of efficient, modular, and 
independent services that cannot scale well with the increas 
ing user's service demands, as already witnessed in many 
studies [9-12]. Using monolithic approaches, we cannot 
fully achieve the benefits offered by SloT including efficient 
information discovery, improved scalability, and simplified 
interconnection of objects. 

‘These limitations motivate the current paper to define 
a design for the development of SloT based services with 
efficient and lightweight mechanisms to exploit SloT features 
for improved service provisioning. The proposed design is 
based on the microservices concept which promises a more 
solid practice of SOA. There is no particular definition of 
microservices architectural style; however, it is explained 
in [13] by Martin Fowler as “an approach to developing a 
single application as a suite of small services, each running 
in its own process and communicating with lightweight 
mechanisms, ofien an HTTP resource API.” Following the 
microservices based proposed design, SloT applications can 
be developed, deployed, and maintained more efficiently and 
independently, which will promote system modularity and 
interoperability 

Moreover, a SloT design needs to facilitate the efficient 
information discovery based on the social relationships 
among objects. To achieve this, incorporating the existing 
social relationship models in the proposed design can be 
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useful. However, applications with intelligent service features 
require dynamic object selection, Therefore, objects need to 
acquire the ability to infer new relationships for intercon- 
nection with other objects in the system, This view further 
‘motivates the present article to develop a social relationship 
model based on the semantic ontology. The utilized ontology- 
based approach is highly useful to dynamically infer new 
social relationships for efficient service provisioning. 

Furthermore, to fully achieve the benefits of both, the 
SloT and microservices, selecting an loT environment is nec- 
‘essary where not only can the social interconnection among 
heterogeneous objects be utilized but also the lightweight 
services can be developed to apply these relationships for 
effective IoT service provisioning. To fulfill this goal, the 
Web of Objects (WoO) [ld] platform has been selected 
According to the ITU recommendation (ITU-T ¥.4452) [15], 
“the Web of Objects (WoO) is a realization way of the 
oP services, where virtualized objects (ie. vietual objects 
(VOs) and composite virtual objects (CVOs)) are connected, 
controlled, and incorporated with resources to facilitate the 
development, deployment, and operation of loT services on 
the World Wide Web.” 

‘To exploit the opportunities provided by the above dis- 
‘cussed technological advancements, the main contributions 
are highlighted as follows: 


(i) This article contributes a novel design based on the 
microservices concept with lightweight and modular 
services to support the development of SloT applica- 
tions. The proposed design involves mechanisms to 
enhance object discovery and to reduce the magni- 
tude of complexity generated due to the huge number 
of objects. 


(i) A social relationship ontological model is developed, 
‘which helpsidentfythe hidden and unidentified rela 
tionships among objects with reasoning mechanisms. 


(iil) A use case with the implementation prototype based. 
‘on the WoO platform is developed to exploit the social 
relationship model, supporting the proposed design 
for efficient loT service provisioning, 


Further, to support the above contributions, virtual objects, 
serving on real-world objects, have been developed, which 
can be reusable in other services as well. CVOs are imple 
mented, where each update of the information in the real- 
world object is reflected in the VO and propagated to the 
CVO. Also, the Social loT notion is incorporated into virtual 
objects to provide easy discovery and efficient execution 
while maintaining collaboration using social connections. 
Moreover, an experimental analysis has been carried out to 
evaluate the discovery time of VOs and the time required for 
service execution, with or without social relationships among 
virtual objects 

‘The remainder of this article is organized as follows. In 
Section 2, the related workis described. Section 3 presents the 
proposed design of the social web objectsaccompanied by the 
social interaction model. In Section 4, an loT environment 
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possible, ‘The idea here is to place the unwanted signal (S,) into the “notch” in order 
to make it considerably weaker. Note that the noteh is sharper than the peak of the 
‘main lobe. Ifthe dipole is placed on a mast, with an antenna rotator, this ability is in- 
ereased even more. 

Another antenna parameter, of considerable interest, is angle of radiation a, 
Which (by reciprocity) also means angle of reception. Because HF propagation over 
ong distances is created by skip phenomena, the angle at which the signal hits the 
ionosphere becomes extremely important, Figure 13-2 shows two situations from 
the same station. Signal 5, has a high angle of radiation («,), so its skip distance (D,) 
is relatively short, On signal S,, however, the angle of radiation (a) is low, so the skip 
distance (D,) is much longet than D, 

So which situation do you want in your antenna? The impulsive answer would be 
the long distance angle of radiation (a,), but that is often wrong. The correct answer 
is: “It depends!” The desired angle of radiation is a function of whether you want to 
receive a station from point A or point B 

‘The angle of radiation of the antenna is fixed by its design, that is, by antenna 
physies. The desired angle is a function of the ionospheric properties at the time of 
interest, and the operating frequency. For this reason, some well-equipped radio 
hobbyists have several antennas, of differing properties, to enhance their listening, 


Connection to the receiver 


I's simply too naive to state, I suppose, but let's do it anyway: An antenna must be 
properly connected to the receiver before it can be effective. If your antenna uses 
coasial cable, and the receiver accepts coax, then no discussion is needed: Attach 


ono ere 


13-2 Skip phenomena dependence on angle of radiation, 
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the proper coax connector and phig in, But in other eases, non-coaxial-eable anten 
nas are used 

‘There are two major forms of antenna input connector used on shortwave re 
celvers. One form uses two (or three) screws intended for either wrapped wire leads 
or spade lugs, while the other is one or more varieties of coaxial connector. This sec- 
tion covers how each type is connected toa single-wire antenna lead-in 

Consider first the serew-type connector (Fig. 13-34), Depending upon the de. 
sign, there will be either two or three screws. If only two screws are found, then 
one is for the antenna wire and the other is for the ground wire. These screws will 
tbe marked something like “A/G" or “ANT/GND,” or with the schematic symbols for 
antenna and ground. 

‘Three-serew designs are intended to accommodate balanced transmission lines 
such as twin lead, or parallel ladder line, Shortwave listeners can sometimes use or- 
dlinary ae line cord (called zipeord) as an antenna transmission line, Zipeord has an 
impedance that approximates the 75-Q impedance ofa dipole. When parallel lines of 
any type are used, connect one lead to AL and the other to A2. Of course, the ground 
terminal (G) is connected to the earth ground. 

For single-lead antenna lines connect a jumper wire or bar (i.e. short piece of 
bare no. 22 solid hookup wite) between A2 and G. This jumper converts the bal 
anced input line to unbalanced, The A2/G terminal is connected to earth ground, 
while AI is connected to the single-lead antenna wire 


Antenna 


Juniper 


13-3. Connection of wire antenna to balaneed antenna terminals an receiver, 
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(On receivers that use an SO-239 coaxial connector, we can use either of two tec 
niques to connect a single-lead wire, First, we can obtain the mating PL-259 plug, and. 
solder the antenna lead to the center conductor pin, The PL-259 connector is then 
screwed into the mating SO-239 chassis connector. Regardless of the type of coaxial 
connector, however, the mate can be used for the antenna lead wite, But for SO-239 
connectors another alternative is also available, Figure 13-38 shows a “banana plug” 
attached to the lead wire and inserted into the receptacle af the $O-239, 


DANGER! 


Certain low-cost receivers, especially older vacuum-tube models, have a so-called 
acide or transformeriess internal de power supply. On most receivers, the de com: 
monis the chassis, which also serves as the RF signal common. But on ae/de mod. 
els the neutral wire of the ac power line serves as the de common, and itis kept 
foating as a “counterpoise” ground above the chassis ground used by the RF sig- 
nals. A capacitor (C, in Fig. 13-4) sets the chassis and counterpoise gromnd at 0 
V RF potential, while keeping the counterpoise isolated for de and 60 Hz ac. A 
danger exists if either the ac plug is installed backwards or someone plugs the 
socket in the wall incorrectly (often happens!). Even if Cis intact, a nasty shiek 
can be felt by touching the antenna ground (G or GND) terminal. The capac 
itive reactance of C, is about 2.7 MQ for 60-Hiz ac, so at least a “bite” is going to 
happen. But if that capacitor is shorted, which is likely on older receivers, then 
the bite is considerably worse, and might even prove fafal. The problem, in that 
cease, is that reversed ac line polarity will set the hot line from the ac socket on the 
round lead. The least to expect is massive fireworks and a possible fire hazard; 
the most to expect isa fire, and your possible electrocution, 

‘The usual advice given to owners of such radios is to make sure that C, is in 
tact before using the radio. I prefer a better solution: buy, install, and ‘use a 
120:120 Vac isolation transformer to isolate your receiver from the ac power lines 
Such a transformer is standard practice in repair shops, and it should also be stan 
dard practice in your house. 


13-3B Connection of wire antenna to coaxial 
Input receiver. 
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13-4 Dangerous form of antenna/receiver circuitry 


Wire antennas 


‘This section reviews simple wire antennas that are suitable for the reception of 
shortwave signals, although not necessarily for transmitting. Once again, you are re. 
minded that the law of reciprocity permits you to use any transmitting antenna 
found in other chapters for receiving also. 

Figure 13-5 shows the common receiving longwire. The antenna element should 
to 150 fin length. Although most texts show it horizontal to the ground (and 
indeed, a case can be made that performance is better that way), it is not strictly 
necessary. If you must slope the wire, then it is doubtful that you will notice any re. 
ception problems, 

‘The far end of the wire 


attached to a supporting structure through an insulator 
and a rope. The support structure can be another building, a tree, or a mast installed 
‘especially for this purpose. Chapter 28 deals with antenna construction practices, 

Wind will cause motion in the antenna wire and its supporting structure. Over 
me, the wind movement will fatigue the antenna wire and cause it to break. Also, if 
a big enough gust of wind (or a sustained storm) comes along, then even a new an- 
tenna can either sag badly or break altogether. You can do either of two things to re 
duce the problem. First, as shown in Fig. 13-5, a door spring can be used to provide 
a little variable slack in the wire. The spring tension is selected to be only partially 
expanded under normal conditions, so wind will increase the tension, and stretch 
the spring. Make sure that the spring is not too strong to be stretched by the action 
of wind on the antenna, or no good is accomplished, 
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13-5 Longwire SWL antenna. 


Another tactic is to replace the spring with a counterweight that is heavy enough 
to keep the antenna nearly taut under normal conditions, but not so heavy that it 
fails to move under wind conditions. In other words, the antenna tension should ex- 
actly balance the counterweight under normal conditions, and not be too great that 
it stretches the antenna wire excessively, 

‘The antenna wire should be either no, 12 or no, 14 hard-drawn copper, or Capper- 
weld stranded wire. The latter is actually steel-core wire, but has a copper coating 
on the outside. Because of skin effect, RF signals flow only in the outer copper coat- 
ing, Soft-drawn copper wire will stretch and break prematurely, so it should be 
avoided. 

‘The downlead of the antenna must be insulated, and it should also be stranded 
\wire (which breaks less easily than solid wire). Again, no. 12 or no, 14 wire should be 
used, although no. 16 would be permissible. The point where the downlead and an- 
tena are joined should be soldered to prevent corrosion of the joint. Mechanical 
strength is provided by proper splicing technique (see Fig. 13-6). Do not depend on. 
the solder for mechanical strength, for it has nv 

‘There are several ways to bring a downlead into the building. First, if you can 
tolerate a slight crack in the junction of the sash and sill, then run the wire under- 
neath the sash and close the window. Alternatively, you can buy a flat strap connec 
tor to pass under the window, This method is electrically the same as running the 
ead, but is mechanically nicer, Chapter 28 deals with several methods, and should. 
be consulted. 


Grounding 


‘The ground lead should be a heavy conductor, such as heavy wire or braid. The 
shield stripped from RG-8 or RG-11 coaxial cable is suitable for most applications. 
For reception purposes only, the ground may be a cold-water pipe inside the house 
Do not use the hot-water pipes (whieh are not well grounded) or gas pipes (which 
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13-6 Construction details, 


are dangerous to use). Also, be aware that residential air conditioner liquid lines look 
like copper cold-water pipes in some cases, Don't use them, Chapter 29 deals with 
grounding. 

‘The lightning arrester is a safety precaution, and it must be used! Its purpose is 
to supply an alternative path to ground in the event of « lightning strike. Although at 
least one text calls the arrester optional, itis not, Besides the obvious safety reasons 
(which are reason enough), there are also legal and economic reasons for using 
the arrester. Your local government building and/or fire codes might require a light- 
ning arrester for outdoor antennas. Also, your insurance company might not honor 
your homeowner's policy if the lightning arrester (required by local code) is not 
used. The antenna lightning arrester is not optional, so use it 

WARNING! DO NOT EVER ATTEMPT TO INSTALL AN ANTENNA BY CROSS- 
ING A POWER LINE! EVER! NO MATTER WHAT YOU BELIEVE OR WHAT YOUR 
FRIENDS TELL YOU, IT’S NEVER SAFE AND IT COULD KILL YOU. 

The rest of this discussion touches on antennas, other than the receiver long- 
wire. Because construction details are similar, we will not repeat them. You are, by 
the way, encouraged to also read Chap. 28 to glean more details on antenna con- 
struction methods 


The flattop antenna 
‘The “flattop” antenna is shown in Fig. 13-7. This antenna is a relative of the longuwire, 
with the exception that the downline is at the approximate center of the antenna 
section. The flattop should be at lenst a half-wavelength (492/F,,,) at the lowest fre 
quency of operation. The advantage of the Hattop is that it allows the maximum use 
of space in the configuration shown. 


Vertical antennas 


It is also possible to build shortwave listener antennas in vertical polarization, 


Figure 13-8 shows one version of this type of antenna. The support (which could 
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13-7 Flattop SWL antenna 
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be a tree or building) should have enough height to be at least a quarter- 
wavelength on the lowest frequency of operation, The antenna is fed at the base 
with coaxial cable. The center conductor of the coax is connected to the antenna 
element, and the shield is connected to the ground rod at the base of the structure. 
You are encouraged to see Chap. 10, which deals with limited space and hidden an- 
tennas, for a different version of this antenna. It is possible to install the wire (or 
multiple wires of different lengths) inside of a length of PVC plumbing pipe. ‘The 
pipe serves as the support structure, and the conductors are placed inside. 

Different lengths of conductor are required for different bands of operation. You 
can calculate the length (in feet) required for quarter-wavelength vertical antennas 
from L,=246/F,,. Figure 13-98 shows how several bands are accommodated from, 
the same feedliné on the same support structure. In this particular ease eight differ- 
ent antenna elements are supported from the same tee bar. Be sure to insulate them, 
from each other, and from the support structure. Again, PVC piping ean be used for 
the support, Another method for accommodating several different bands is to tie the 
Upper ends of the wires to a sloping rope (as in Fig. 13-9B), 


Wire directional antenna 


A directional antenna has the ability to enhance reception of desired signals, while re- 
jecting undesired signals arriving from slightly different directions. Although 
directivity normally means a beam antenna, or at least a rotatable dipole, there are eer- 
tain types of antenna that allow fixed antennas to be both directive and variable, See 
(Chap, 7 for fixed but variable directional antennas and Chap. 11 for fixed and non-vari- 
able directive arrays. Those antennas are transtitting antennas, but they work equally 
‘well for reception. This section shows a erude, but often effective, directional antenna 
that allows one to select the direction of reception with pin plugs or switches. 

Consider Fig. 13-10. In this case, a number of quarter-wavelength radiators are 
fanned out from a common feedpoint at various angles from the building. At the near 
end of each element is a female banana jack. A pair of balanced feedlines from the 
receiver (300-0 twin lead, or similar) are brought to the area where the antenna el- 
ements terminate, Each wire in the twin lead has a banana plug attached. By select- 
ing which banana jack is plugged into which banana plug, you can select. the 
directional pattern of the antenna. If the receiver is equipped with a balanced an- 
tenna input, then simply connect the other end of the twin lead direction to the 
receiver. Otherwise, use one of the couplers shown in Fig. 13-11 

Figure 13-114 shows a balanced antenna coupler that is tuned to the frequency of 
reception. The col is tuned to resonance by the interaction of the induetor and the ea- 
pacitor, Antenna impedance is matched by selecting the taps on the inductor to which the 
{eedline is attached. A simple RF broadband coupler is shown in Fig, 13118. This trans- 
former is wound over a ferrite core, and consists of 12 to 24 turns of no. 26 enameled 
‘wire, with nore turns being used for lower frequencies, and fewer for higher frequen- 
cies. Experiment with the number of turns in order to determine the correct value, Al- 
ternatively, use a 1:1 balun transformer instead of Fig. 13-11B; the type intended for 
amateur radio antennas is overkill powerwise, but it will work nicely. 


—— 


282 Antennas for shortwave reception 
Crossbar 
Insulators 
139A. Multiband wire 
certical SWL an 
tenna: tee bar style 
All wire 
Joined together 


Wire directional antenna 283 


Ground rod 


13-98 Multiband wire vertical SWL antenna: fan sty 


Wireless Communications and Mobile Computing 


use case is explained with the details of the prototype imple- 
mentation and discussion of the performance evaluation. 
Finally, Section 5 provides a conclusion of this paper. 


2. Related Work 


‘This section presents the related work with respect to the 
SloT and microservices. Further, the significance of both 
technologies pertaining to the JoT environment has been 
discussed. 


2.1 Social Internet of Things (SIoT). ‘The concept behind Slo 
is to enable smart objects to create a social network similar 
to a human social network. ‘The objective is to exploit the 
social relationships among objects in an IoT environment 
to facilitate the effective information discovery, to promote 
the scalability, to enhance the interactive communication 
between objects that are friends, and to achieve trustworthi- 
ness [3] 

‘The initial notion of a social network of objects was 
proposed by [16), which discussed how the wireless devices 
form social connections on the temporary bases that are 
controlled by the node owners. As the work was carried 
out before the introduction of Io, it did not consider 
the SloT concept. Later studies [5] investigated the objects’ 
social interaction where objects formed social networks and 
communicated with each other based on the rules already set. 

‘The idea of using the Web of Things in a social ecosystem 
was presented by [17, 18], where things were shared using 
the social network infrastructures, for example, Twitter, 
Facebook, and Linkedin, These implementations consisted 
of objects that communicated either through the built-in 
embedded servers or through smart gateways. Further, in 
these settings, the web-enabled things owned by a person 
provided an interface to his/her social group of friends so that. 
they can interact with the things using a social network. 

Lysis [19] is another good example of Social [oT platform 
based on cloud infrastructure. It uses the platform asa service 
(PaaS) model and focuses on the deployment of applications 
in the cloud space. However, dynamic inferencing of new 
social relationships from existing relationships is not sup. 
ported by this system. Moreover, making a modular interop. 
erable design by employing concepts like microservices and 
semantic web technologies is not considered in this work. 

Paraimpu [20] provided a social Web of ‘Things platform 
to connect virtual and physical things to the web. In this 
system, the social concept only relates to humans by provid 
ing them with the capability to share things with each other 
using a human social network. Also, virtual things are not 
considered as VOs but rather viewed as services on other loT’ 
platforms. 

Using SloT at the edge of the network was investigated by 
[21]. In this system, an approach was proposed to cope with 
the communication delay due to the objects being remotely 
located in the cloud. This approach exploits the computing 
resources at the network edge to deploy virtual objects 

‘The ThingSpeak solution was used as the basis for the 
implementation of an early SloT platform [22]. This platform 
provided the object social behavior functions incorporated at 


the centralized server. In this implementation, functions such. 
asthe creation and the management ofthe social relationships 
‘were developed. However, VO concept was limited only to the 
records in the remote database. 

Another featured Slo'T framework was contributed by [4] 
‘This work presented how to combine services, devices, users, 
and their social interaction to enable interactivity, discovery, 
and recommendation of services. Social relationships have 
also been investigated in communities [23], where a proposed 
framework enables the identification of communities in the 
social networks. 

Although most of the research contributions in the SloT 
domain incorporate a notion of the social association of 
objects, however, limited information has been provided 
about the social relationship model and the details on how 
that can be used by IoT services. Furthermore, existing 
approaches are lacking lightweight and modular mechanisms 
which can be utilized by services to exploit social rela- 
tionships efficiently. In our approach, we have developed 
a semantic ontology-based social relationship model that 
provides the capability to infer new connections in a network 
‘of social objects. Another distinction of the proposed system. 
is a microservices based design that utilizes the developed 
social model to provide lightweight, modular, simple, and 
interoperable loT services. 


2.2, Microservices. The microservices architecture is emerg- 
ing as a new trend among the practices of developing 
distributed web applications. To develop SOA based systems, 
microservices have become a prominent approach in real- 
world settings [24]. In the microservices based architectural 
pattern, each application incorporates a collection of small 
services which execute independently and use lightweight 
communication mechanisms [9]. The microservices are tar- 
ggeted for doing one thing well at a time based on the 
Principle of single responsibility [25], as defined by Robert 
C, Martine: “Gather together those things that change for 
the same reason and separate those things that change for 
different reasons” [26]. Also, the microservices are conceived 
as autonomous entities, which means they can be changed 
and deployed independently of each other without requiring 
their consumers to change [24] 

In the last few years, several IoT architectural designs 
‘were proposed and developed. Some of these designs pro- 
vvided innovative features such as the European FP7 project 
iCore [27] which proposed a cognitive framework for loT 
application development. This project provided an architec- 
ture with the concept of virtual objects and their composites. 
However, in iCore, services are designed using a traditional 
SOA based monolithic style, whereas the microservices 
based architecture provides a better option to develop loT 
services. Furthermore, in iCore, VOs lack the mechanisms 
to semantically represent real-world objects (RWOs), which 
limits extensibility and interoperability 

‘To support IoT applications, microservices based archi- 
tectures are being proposed in many research initiatives and 
applied in several research projects. In [28], microservices are 
used for M2M applications, realizing the fact that monolithic 
approaches for M2M cannot provide areal solution, Another 
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13-10 Direetional SWL antenna (view from abave), 


‘The antenna of Fig. 13-10 works by phasing the elements s0 as to null, or en 
hance (as needed), certain directions. This operation becomes a little more flexible 
if you build a phasing transformer, as shown in Fig. 19-11C and 13-11D, Winding L.,, 
ind L, are wound “trifilar” style onto a ferrite core. Use 14 tums of no. 26 ¢ 
eled wire for each winding. The idea in this eircut is to feed one element from coil 
Lin the same way all of the time. This port becomes the 0° phase reference. The 
other port, B, is fed from a reversible winding, so it ean either be in phase or 180° out 
of phase with port A. Adjust the DPDT switeh and the banana plugs of Fig. 13-10 for 
the best reception. 


Wire directional antenna 285 


RX 
131A Ant 


13-118 Antenna matching transformer 
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13-11 Phase-switching antenna matcher 
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13+11D Phasing box permits phasing 
antennas 0° to 180°, 
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CHAPTER 


Large wire loop antennas 


THERE ARE TWO BASIC FORMS OF LOOP ANTENNAS: SMALL AND LARGE, THESE TWO TYPES 
have different characteristics, work according to different principles, and have dif- 
ferent purposes. Small loops are those in which the current flowing in the wire has 
the same phase and amplitude at every point in the loop (which fact implies a very 
short wire length, i, less than 0.24). Such loops respond to the magnetic field com: 
ponent of the electromagnetic radio wave. A large loop antenna has a wire length 
greater than 0.2A, with most being either 4/2, 1A, or 24. ‘The current in a large loop 
varies along the length of the wire in a manner similar to other wire antennas, 


d/2 large loops 
‘The performance of large wire loop antennas depends in part on their size. Figure 14-1 
shows half-wavelength loop (Le., one in which the four sides are each /8 long), There 
are two basic configurations for this antenna: continuous (S, closed) and open 
(5, open). Inboth cases, the feedpoint is at the midpoint ofthe side opposite the switch, 

‘The direction of the main reception, or radiation lobe (.e,, the direction of max- 
imum reception), depends on whether 5, is open or closed, With S, closed, the main 
lobe is to the right (solid arrow); and with S, open, itis to the left (broken arrow). Di: 
rection reversal can be achieved by using a switch (or relay) at, although some 
people opt for unidirectional operation by elizinating.S,, and leaving the loop either 
open or closed 

‘The feedpoint impedance is considerably different in the two configurations. In 
the closed-loop situation (Le., §, closed), the antenna ean be modeled as ifit were a 
hualf-wavelength dipole bent into a square and fed at the ends, The feedpoint. (X,—X,) 
impedance is on the order of 3 kO because it occurs at a yoltage antinode (eurrent 
node). The current antinode (ie. [q,.) is at S,, on the side opposite the feedpoint. An 
antenna tuning unit (ATU), or RF impedance transformer, must be used to match the 
lower impedance of the transmission lines needed to connect to receivers. 

“The feedpoint impedance of the open-loop conliguration (S, open) is low heeaus 
the current antinode occurs at X,—X,. Some texts list the impedance as “about 60 9 
but my own measurements on several test loops were somewhat higher (about 70 Q). 
Ineither case, the open loop i a reasonable match for either 52- or 75-0 coaxial cable 
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> Direction of main lobe (8; closed) 


< = Direction of main lobe (8; open) 


1441 Half-wave square loop antenna with reversal switeh, 


Neither 4/2 loop configuration shows gain over a dipole, The figure usually 
quoted is —1-dB forward gain (Le,, a loss compared with a dipole), and about 6-dB 
front-to-back ratio (FBR). Such low values of FBR indicate that there is no deep 
noteh (“null”) in the pattern. 

‘A lossy antenna with a low FBR seems like a born loser, and in most eases it is, 
But the N2 loop finds a niche where size must be constrained, for one reason or 
another. In those cases, the X/2 loop can be an alternative. These antennas can be 
considered limited-space designs, and can be mounted in an attic, or other limite 
access place, as appropriate. 

A simple trick will change the gain, as well as the direction of radiation, of the 
closed version of the M2 loop. In Fig. 14-2, a pair of inductors (L, and L,) are i 
serted into the circuit at the midpoints of the sides adjacent to the side containing 
the feedpoints, These inductors should have an inductive reactance X, of about 360 
Q in the center of the band of operation. The inductance of the coil is 


—6— 
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rere 
ra pt (14.1) 
on 


i 


where 
Ly is the coil inductance, in microhenrys (wH) 
Fiji the tuidband frequency, in hertz (Hz) 


Example Find the inductance for the coils in a loaded half-wavelength closed 
Joop antenna that must operate in a band centered on 10.125 MHz. 

Solution: 
ie: 10.125 MHz 


10,125,000 Hz] 


36 x 10° : 
2. Gx (10,125,000 Hay 7 HH 

‘The coils force the current antinodes toward the feedpoint, reversing the direc- 
tion of the main Jobe, and creating a gain of about +1 dB over a hull-wavelength 
dlipote 

‘The currents flowing in the antenna can be quite high, so when making the 
coils, be sure to use a size that is sufficient for the power and current levels an 
pated, The 2- to 3-in BRW Air Dux style coils are sufficient for most amateur radio 
use. Smaller coils are available on the market, but their use is liuited to low-power 
situations 


by 
X,=8700 
Xs 
‘Maximum 
reception 
L 
X= 370.0 


14-2 Use of inductive loading to reduce the size of antenna, and make the pattern more 
uniform, 
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1) large loops 


If size is not foreing you to a X/2 loop, then a 1X loop might be just the ticket. It 
produces a gain of about +2 dB over a dipole in the directions that are perpen- 
dicular to the plane of the loop. The azimuth patterns formed by these antennas 
are similar to the figure-8 pattern of the dipole. Three versions are shown: the square 
loop (Fig. 14-3), the diamond loop (Fig. 14-4), and the delta loop (a.ka. D-loop and. 
triangle—Fig. 14-5). The square and diamond loops are built with N/4 on each 
side, and the delta loop is 4/3 on each side The overall length of wire needed to 
build these antennas is, 


1005 


ee 


42) 


‘The polarization of the three loop antennas is horizontal, because of the location 
of the feedpoints. On the square loop, moving the feedpoint to the middle of either 
vertical side will provide vertical polarization. Similarly, on the diamond loop vertical 
polarization is realized by moving the feedpoint to either of the two adjacent apexes, 
On the delta loop, placing the feedpoint at either of the two other apexes produces 
a diagonal polarization that offers approximately equal vertical and horizontal polar~ 
ization components, 


———a 
k 
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14-3 Quarter-wavelength square loop (single-element quad) 
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14-4 Bottom-fed loop, 


145 Delta loop antenna, 


201 
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‘The feedpoint impedance of the 1A loop is around 100 Q, so it provides a slight 
mismatch to 75-Q coax and a 2:1 mismatch to 52-Q coax. A very good match to 52-2 
coax can be produced using the scheme of Fig. 14-6, Here, a quarter-wavelength 
coaxial cable matching section is made of 75-Q coaxial cable, The length of this ea 
ble should he 


2460 


b= 114.3] 
where 
gis the lengthy, in feet (£0) 
Vis the velocity factor of the coax 
Fis the frequency, in megahertz (Mz) 
‘The impedance Z, of the cable used for the matching section should be 
Z,=ViZ, [14.4] 


‘ToX and.Xy 


> matching section 
sn (G5 0.c0ax) 


14-6 Quarter wave 
coaxial matching sec 


coax to 
receiver (any length) 


VA 
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where 
Zs the characteristic impedance of the coax used in the matching section, in 
ohms 
Z, isthe feedpoint impedance of the antenna, in ohms 
is the source impedance (Le, the 62-0 characteristic impedance of the ine to 
the receiver in standard systems) 


When Eq. 14.4 is applied to this system, where 


Z,= Van a2 9) 14.5) 


‘This is a very good match to 75-Q coaxial cable, 


Demiquad loop antenna 


‘The demiquad is a single-element 1 quad antenna. The length of the antenna is, 
like the cubical quad beam antenna (see Chap. 12), one wavelength. Figure 14-7 
shows a type of demi-quad based on the tee-cross type of mast, 

‘The impedance-matching section is a quarter-wavelength piece of 75-Q coaxial 
cable (RG-58/U of RF-11/1)), The length of the matching section is determined from: 


246v" 


Fa 


u4.6] 


Fy. is the frequency, in megahertz 
Vis the velocity factor of the coaxial cable (typically 0.6 


0.70, or 0.80) 


Delta loop 


‘The delta loop antenna, like the Greek uppercase letter “delta” (A) from which it 
draws its name, is triangle-shaped (Fig. 14-8). The delta loop is a full wavelength, 
with elements approximately 2 percent longer than the natural wavelength (like the 
quad). ‘The actual length will be a function of the proximity and nature of the under- 
lying ground, so some experimentation is necessary. The approximate preadjust- 
‘ment lengths of the sides are found from: 


4.71 


n48] 


Je through a 4:1 balun trans~ 
\d will offer a bidirectional 


‘The delta loop antenna is fed from 52-Q coaxial 
former. The delta loop can be built in a fixed lo 
pattern, 
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work [10] provided an analysis of using microservices archi 
tecture for large-scale distributed applications. This work 
demonstrated that significant benefits can be achieved as 
compared to generic SOA approaches when using microser 
vices in an IoT platform for smart city applications, 

Moreover, Almanac FP7 EU Project [29] provides smart 
city services based on the IoT environment. The project 
uses microservices to employ scalability in a horizontal and 
vertical fashion. Also, in the industry, microservices have 
become a solution for developing large-scale applications. 
Netflix, Pivotal [30], and Amazon use microservices in their 
software bases 

‘The increased importance of microservices for the IoT 
applications is due to the fact that they simplify complex 
systems. By dividing a system into smaller parts, higher 
cohesion and lower coupling can be achieved, which makes 
it highly scalable. In scenarios where requirements keep 
changing continuously, microservices can help make a system 
easily modifiable. Moreover, the major benefits that are 
envisaged when using microservices in an IoT environment 
are as follows: Microservices leverage scalability to provide a 
highty decoupled pattern and can allow scaling individually. 
‘Their usefulness can be realized as when the demand for the 
requirement increases the system complexity also rises. In 
this ase, a system can be supported by creating new instances 
of existing services. Microservices scalability [9] fits in three- 
dimensional space, that is, horizontal scalability (typical 
scalability), vertical scalability (splitting different individual 
‘microservices), and 2-axis scalability (splitting similar things, 
suchas DB partitioning). Microservices architecture supports 
a plug-and-play behavior where system components become 
loosely coupled. To acquire new functionality or replace a 
failed service, pull the plug from one microservice and plug 
into a new microservice [31]. One of the major problems that 
oT is facing today is how to deal with the heterogen 
of incompatible solutions. To harmonize the heterogencit 
semantic web technologies with microservices are leveraged 
to provide interoperable exchange and communication of 
data. Microservices realize a decentralized and autonomous 
bbchavior, operating on their own priorities and schedule. This, 

they provide several benefits for being utilized in an lo 


3. The Proposed Design of Social Web Objects 


Recently, there have been several research efforts [3-6, 17,20, 
32] for defining the Social loT. This new aspect minimizes 
the complexity generated by the communication of billions 
of real-world objects and enables sharing of information, The 
social notion can be incorporated into the WoO platform 
to provide a semantically rich base for loT applications 
that can utilize real-world object relationships for efficient 
information discovery. Moreover, this section providesa brief 
introduction of WoO reference architecture in Section 3. 
‘A classification of social relationships among web objects 
(virtual objects and composite virtual objects) is discussed 
in Section 3.2 and a social relationship model is presented in 
Section 3.3. Further, the details of functional components for 
the proposed architecture are explained in Section 3.4 
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3.1. Web of Objects (WoO) Reference Architecture. To enable 
the deployment of loT services on the World Wide Web, 
WoO provides a reference framework. In other words, it 
realizes the IoT services in such a way that virtualized objects 
are interwoven with resources to support the development, 
deployment, and operations of loT services [33,34]. The WoO 
platform provides service functionality by merging VOs and 
features of web applications. Moreover, the WoO platform 
uses semantic web technologies to enable interoperability 
among heterogeneous resources. This realization provides the 
basis for the composition and harmonization of objects to 
provide smart services in an loT domain, Building services 
based on WoO platform using diverse technologies, including 
microservices [35], social networks, and semantic web, helps 
reduce the complexity and fosters the easy and efficient 
development of loT applications. 

Virtualization has become a major concept in IoT to 
address the heterogeneity of diverse types of physical objects 
VO is a digital representation of a real-world object that 
can be anything, living or nonliving, mobile or stationary, 
concrete or immaterial. In WoO, VO is defined as domain- 
specific semantic ontology based on the VO information 
‘model [36]. It is uniquely identified using URI and provides 
information updates on the representative real-world object. 
On the other hand, WoO also provides a notion of CVO 
which aggregates one or more VOs to enable service fea- 
tures that satisfy the application requirements. CVOs chain 
semantically interoperable VOs together. The WoO platform 
incorporates features to efficiently reuse existing VOs and 
handles the complexity generated by self-management and 
control mechanisms [37]. In the WoO, service level decides 
which CVOs and VOs will take part in creating an object 
‘mashup to fulfill service objectives. The service logic is saved 
in the form of templates and stored in the template repository 
[38-40]. The domain expert or knowledge engineer defines 
the service templates that are used to instantiate new services. 

WoO reference architecture is shown in Figure 1. In 
this architecture, the service layer handles requests and 
provides several management functions, whereas the CVO 
level consists of functions to manage and instantiate CVOs 
fr reuse the existing ones based on the provided service 
execution logic. New objects such as sensors are registered 
in the WoO platform using a registration function and their 
templates are generated to make them digitally available 
in the form of VOs. Another most important aspect is 
the semantic representation of data at three-layered WoO 
architecture [23, 39]. The database at each layer is supported 
with semantic web technologies. 


3.2, Types of Social Relationships. Previous research [3] on 
SloT has derived some basic relationship types among 
objects. ‘These relationships are characterized as follows. 
Parental Object relationship (POR) exists between the objects 
that belong to the same batch, such as objects that are created 
in the same production process or at the same time by a 
common manufacturer. Cowork object relationship (CWOR) 
is the relationship among objects that are grouped together 
based on some commonly shared job to be done by them. 
Similarly, colocation abject relationship (CLOR) is established 
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14-8 Delta loop antenna. 


Half-delta sloper (HDS) 


‘The half-delta sloper (HDS) antenna (Fig, 14-9) is sitnilar to the full delta loop, ex- 
cept that (like the quarter-wavelength vertical) half of the antenna is in the form of 
an “image” in the ground. Gains of 1.5 to 2 dB are achievable, The HDS antenna 
consists of two elements: a A/3-Wavelength sloping wire and a M/6 vertical wire (on 
an insulated mast), or a 6 metal mast, Because the ground currents are very im: 
portant, much like the vertical antenna, either an extensive radial system at both 
ends is needed, or a base ground return wire (buried) must be provided, 

‘The HDS will work on its design frequency, plus harmonies of the design 
frequency. For a fundamental frequency of 5 MHz, a vertical segment of 33 ft and a 
sloping section of 66 fis needed. The lengths for any frequency are found from 
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and 


[14.10] 


‘The HDS is fed at one comer, close to the ground. If only the fundamental 
frequency is desired, then you can feed it with 52-0 coaxial cable. But at har: 
monies, the feedpoint impedance changes to as high as 1000 Q. If harmonic oper- 
ation is intended, then an antenna tuning unit (ATU) is needed at point A to 
match these impedan 


Bisquare loop antenna 


‘The bisquere antenna, shown in Fig, 14-10, is similar to the other large loops, ex 
cept that it is V2 on each side, mnaking a total wire length of two wavelengths. This 
va is built like the diamond loop shown earlier (Le, it isa large square loop fed 
at ari apex thot is set at the bottom of the assembly). In this case, the loop is fed ei 
ther with an antenna tuning unit (to match a 1000-0 imperiance) or a quarter-wave- 
length matching section made of 300-Q or 450-2 twin-lead transmission line, A 1:1 
bbalun transformer connects the 75-8 coaxial cable to the matching section. 
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14-9 Halfdlelta loop antenna. 
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14-10 Bisquare 2A square loop 


2 AMatohing seotion antenna 
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‘The bisquare antenna offers as much as 4-dB gain broadside to the plane of the 
antenna (Le., in and out of the book page), ina Sgure-8 pattern, on the design fre 
quency. It is horizontally polarized, When the frequency drops to one-half of the de. 
sign frequency, the gain drops to about 2 dB, and the antenna works like the 
diamond loop covered previously, 
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Small loop 
receiving antennas 


Radio direction finders and people who listen to the AM broadcasting bands, VLE, 
medium-wave, or the so-called low-frequency tropical hands are all candidates for a 
small loop antenna, These antennas are fundamentally different from large loops and 
other sorts of antennas used in these bands, Large loop antennas have a length of at 
least 0.54, and most are quite a bit larger than 0.5. Small loop antennas, on the other 
hand, have an overall length that is less than 0.22, with most being less than 0.10. 

‘The small loop antenna responds to the magnetic field component of the electro 
inagnetie wave instead of the electrical field component, One principal difference be- 
tween the large loop and the small loop is found when examining the RF currents 
induced in a loop when a signal intercepts it. Ina large loop, the current will vary from 
one point in the conductor to another, with voltage varying out of phase with the cur- 
rent. In the stuall loop antenna, the current is the same throughout the entire loop 

‘The differences between small loops and large loops show up in some interest- 
ing ways, but pethaps the most striking is the directions of maximum resporise—the 
main lobes—and the directions of the nulls. Both types of loops produce figure-8 
pattems but in directions at right angles with respect to each other. The large loop 
antenna produces main lobes orthogowal, at right angles or “broadside,” to the plane 
of the loop. Nulls are off the sides of the loop. The small loop, however, is exactly the 
opposite: The main lobes are off the sides of the loop (in the direction of the loop 
plane), and the nulls are broadside to the loop plane (Fig. 15-14). Do not confuse 
small loop behavior with the behavior of the loopstick antenna, Loopstick antennas 
are made of coils of wire wound on a ferrite or pawdered-iron rod. The direction of 
maximum response for the loopstick antenna is broadside to the rod, with deep nulls 
off the ends (Fig. 15-1B). Both loopsticks and small wire loops are used for radio di- 
rection-finding and for shortwave, low-frequency medium-wave, AM broadcast 
band, and VLF listening 

‘The nulls ofa loop antenna are very sharp and very deep, Smull changes of point- 
ing direction can snake a profound difference in the response of the antenna. If you 
point a loop antenna so that its mull is aimed at a strong station, the signal strength of 
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15-1A. Large loop antenna. 


the station appears to drop dramatically at the center of the notch, Turn the antenna 
only a few degrees one way or the other, however, and the signal strength increases 
sharply. The depth of the null can reach 10 to 15 dB on sloppy loops and 30 to 40 dB, 
‘on well-built loops (30 dB is a very common value). I have seen claims of 60-dB nulls 
for some commercially available loop antennas. The construction and uniformity of 
the loop are primary factors in the sharpness and depth of the null 
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15-18 Loopstick antenna, 


At one time, the principal use of the small loop antenna was radio direction-find 
ing, especially in the lower-frequency bands. The RDF loop is mounted with a com- 
pass rose to allow the operator to find the direction of minimum response. The null 
was used, rather than the peak response point, because it is far narrower than the 
peak. As a result, precise determination of direction is possible, Because the null 
is bidirectional, ambiguity exists as to which of the two directions is the correct, 
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direction. What the direction-finder “finds” is a line along which the station exists. If 
the line is found from two reasonably separated locations and the lines of direction, 
are plotted on a snap, then the two lines will crs in the area of the station. Three or 
more lines of direction (a process called triangulation) yields a pretty precise 
knowledge of the station’s actual location. 

Today, these small loops are stil used for radio direction-finding, but their use 
has been extended into the general recelving arena, especially on the low Irequen- 

ies. One of the characteristics of these bands is the possibility of strong, local inter 
ference smothering weaker ground-wave and sky-wave stations. As a result, you 
cannot hear cochannel signals when one of them is very strong and the other is 
weak. Similarly, if a cochannel station has a signal strength that is an appreciable 
fraction of the desired signal and is slightly different in frequency, then the two sig- 
nals will heterodyne together and form a whistling sound in the receiver output. The 
frequency of the whistle is an auclio tone equal to the difference in frequency be 
‘ween the two signals. This is often the case when trying to hear foreign BCB signals 
‘on frequencies (called split frequencies) between the standard spacing, The diree- 
tional characteristies of the loop can help if the loop null is placed in the direction of 
the undesired signal. 

Loops are used mainly in the low-frequeney bands even though such loops are 
either physically larger than high-frequency loops or require more turns of wire 
Loops have been used as high as VHF and are commonly used in the 10-m ham bane 
{or such activities as hidden transmitter hunts, The reason why low frequencies are 
the general preserve of loops is that these frequencies are more likely to have sub- 
stantial ground.-wave signals. Sky-wave signals lose some of their apparent directiv- 
ity because of multiple reflections. Similarly, VHF and UHF waves are likely to reflect 
from buildings and hillsides and so will arive at angles other than the direction of 
the transmitter. As a result, the loop is less useful for the purpose of radio direction- 
finding. I your goal is not RDF but listening to the station, thus is hardly a problem. 
A sinall loop can be used in the upper shortwave bands to nulla strong local ground: 
wave station in order to hear a weaker sky-wave station. Finally, loops can be useful 
in rejecting noise from local sources, such as a “leaky” electric power line or a neigh: 
bor's outdoor light dimmer. 

Let's examine the basic theory of small loop antennas and then take a look at 
some practical construction methods. 


Grover's equation 


Grover’s equation (Grover, 1946) seems closer to the actual inductance measured in 
‘empirical tests than certain other equations that are in use. This equation is 


Ly = KN) x {mn Sava + [Seely 
ere w+bo aN 


where £,_, is the inductance, in microhentys (WH) 
‘i the length of a loop side, in centimeters (em) 
D is the loop width, in centimeters (em) 
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’n ig the number of turns in the loop 
K, through K, are shape constants and are given in Table 
Ins the natural log of this portion of the equation 


Air core frame loops (“box” loops) 


Awire loop antenna is made by winding a large coil of wire, consisting of one or more 
tums, on some sort of frame. The shape of the loop can be circular, square, triangu- 
Jar, hexagonal, or octagonal, For practical reasons, the square loop seems to be most 
popular. With one exception, the loops considered in this section will be square, 80 
you can easily duplicate them, 

‘The basic form of the simplest loop is shown in Fig. 15-2. This loop is square, 
with sides the same length A all around, The width of the loop (B) is the distance 
from the first turn to the last turn in the loop, or the diameter of the wire if only one 
turn is used. The turns of the loop in Fig, 15-2 are depth wound, meaning that each 
turn of the loop is spaced in a slightly different parallel plane. The turns are spaced 
evenly across distance B, Alternatively, the loop can be wound such that the tums 
are in the same plane (this is called planar winding). In either ease, the sides of the 
loop (A) should be not less than five times the width (B). There seems to be ttle dif- 
ference between depth- and planar-wound loops. The far-field patterns of the dilfer- 
ent shape loops are nearly the same if the respective cross-sectional areas (w* for 
circular loops and A* for square loops) are less than 2/100, 

‘The reason why a small loop has a null when its broadest aspect is facing the sig- 
nal is simple, even though it seems counterintuitive at first blush, Take a look at Fig 
15-3. Here, we have two identical small loop antennas at right angles to each other. 
Antenna 4 is in line with the advancing radio wave, whereas antenna B is broadside 
to the wave, Each line in the wave represents a line where the signal strength is the 
same, ie.,an “isopotential line.” When the loop isin line with the signal (antenna A), 
there is a difference of potential from one end ofthe loop to the other, so current can, 
be induced in the wires. When the loop is turned broadside, however, al points on 
the loop are on the same potential line, so there is no difference of potential between 
segments of the conductor. Thus little signal is picked up (and the antenna therefore 
sees a null) 

‘The actual voltage across the output terminals of an untuned loop is @ function 
of the angle of arrival of the signal « (Fig, 15-4), as well as the strength of the signal 
and the design of the loop. The voltage V, is given by 


‘Table 15-1, Shape constants 


Shape KK, OK, , 


‘Triangle 0.006 
Square 0,008, 
Hexagon 0.012 
Octagon 0.016 2613 0.7514 0.0715 
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Ficus i: Web of Objects reference architecture, 


between objects belonging to the same location such as 
home or office. Diferent or same types of objects can be 
combined based on the common location or premises. On the 
other hand, Ownership Object Relationship (OOR) is formed 
among objects belonging to the same owner. Social Object 
Relationship (SOR) is another kind of relationship that is 
created among objects when they come close to each other, 
either random in time or periodically. This relationship can 
be envisaged when the owners of objects come into contact, 
with each other. Apart from the above relationships, in [41], 
theauthors define the Guardian Object Relationship (GOR) in 
the Internet of Vehicles (loV) scenario where on-board units 
of vehicles become children in relation to the super nodes 
of Road Side Units. This child and parent association gives 
«special meaning to a new hierarchical relationship. 

In addition to the relationships defined in other studies, 
wwe have identified few more relationships suitable for some 
diverse scenarios. These include Sibling Object Relationship 
(SIBOR) that is created among objects that belong to a 
group of friends or family members. This relationship among, 
objects extracts the property of trustworthiness based on the 
relationship of their owners. Another relationship type is the 
_guest object relationship (GSTOR) which is formed between 


objects that belong to the users in the guest role, for example, 
when a person visits a friend's home and gets the privilege 
asa guest. The same can be applied to the objects that move 
in guest relation (GSTOR) from one place to another; they 
will have some privilege of accessibility of information as 
compared to other objects. Stranger Object Relation (STGOR) 
applies to objects that encounter the presence of each other 
in an anonymous environment such as on the go or in the 
public environment. Similar to people who meet each other 
sometimes regularly but are anonymous to each other or are 
‘ot fully aware of each other, this relationship can be used 
among objects to form different trust levels or to form strict, 
restrictions to promote secure connections, Moreover, in 
service object relationship (SVOR), objects forma relationship 
‘while coordinating in the same service composition to fulfill 
a service request. Generally, in the proposed scheme, service 
request execution generates a mashup of objects, and objects 
that belong to the same mashup are assumed to be in SVOR. 

‘We believe that the above defined new social relation: 
ships are beneficial in several distinctive scenarios. For 
example, SIBOR is more useful in scenarios where trust 
is highly important for establishing a connection. Unlike 
the more generalized relation POR, SIBOR is established 
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15-2A A simple loop antenna 
y= 2RANE, cos (a) 
nN 
where V, is the output voltage of the loop 


A is the area ofthe loop, in square meters (m*) 
Wis the number of turns of wire in the loop 
E, isthe strength of the signal, in volts per meter (Vim) 
is the angle of arrival of the signal 
2 is the wavelength of the arriving signal 
Loops are sometimes specified in terms of the effective height of the antenna. 
‘This number is a theoretical construct that compares the output voltage of a small, 
loop with a vertical piece of the same kind of wire that has a height of 
2nNA 


fe" 


Ifa capacitor (such as C, in Fig. 15-2) is used to tune the loop, then the output 
voltage V, will rise substantially. The output voltage found using the first equation is 
‘multiplied by the loaded @ of the tuned cireuit, which can be from 50 to 100: 


HQ cos (a) 
d 
Even though the output signal voltage of tuned loops is higher than that of un 
tuned loops, itis nonetheless low compared with other forms of antenna, Asa result, 
loop preamplifier usually is needed for best performance. 
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15-3 Two smnall loop antennas at right angles to each other, 


‘ADVANCING RADIO WAVE 


15-4 An untuned loop antenna. 
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Transformer loops 


11s common practice to make a small loop antenna with two loops rather than just 
one, Figure 15-5 shows such a transformer loop antenna. The main loop is built ex- 
actly as discussed above: several turns of wire on a large frame, with a tuning capac- 
itor to resonate it to the frequeney of choice. The other loop isa one- or two-turn 
coupling loop, This oop is installed in very close proximity to the main loop, usually 
(but not necessarily) on the inside edge not more than a couple of centimeters away. 
‘The purpose of tis loop is to couple signal induced from the main loop to the re- 
ceiver at a more reasonable impedance match. 

‘The coupling loop is usually unfuned, but in some designs a tuning eapacitor 
(C,) is placed in series with the coupling loop. Because there are many fewer turns 
on the coupling loop than on the main loop, its inductance is considerably smaller. As 
a result, the capacitance to resonate is usually much larger. In several lop antennas 
Constructed for purposes of researching this chapter, [found that a 15-turn main 
loop resonated in the AM ECB with a standard 365-pF capacitor, but the two-turn 
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coupling loop required three sections ofa ganged 3 X 365-pF capacitor connected in 
parallel to resonate at the same frequencies. 

In several experiments, | used computer ribbon cable to make the loop tums, 
‘This type of cable consists of anywhere from § to 64 parallel insulated conductors 
arranged in a flat ribbon shape. Properly interconnected, the conductors of the rib- 
‘bon cable form a continuous loop. It is no problem to take the outermost one or two 
conductors on one side of the wire array and use them for a coupling loop. 


Tuning schemes for loop antennas 


Loop performance is greatly enhanced by tuning the inductance of the loop to the 
desired frequency. The bandwidth of the loop is reduced, which reduces front-end 
overload, Tuning also increases the signal level available to the receiver by a factor 
of 20 to 100 times, Although tuning can be a bother if the loop is installed remotely 
from the receiver, the benefits are well worth it in most cases, 

‘There are several different. schemes available for tuning, and these are detailed 
in Fig, 15-6, The parallel tuning scheme, which is by far the most popular, is shown 
in Fig, 15-6A. In this type of circuit, the eapacitor (C,) is connected in parallel with, 
the inductor, which in this ease is the loop, Parallel resonant circuits have a very high 
impedance to signals on their resonant frequency and a very low impedance to other 
frequencies. As a result, the voltage level of resonant signals is very much larger than 
the voltage level of off-frequency signals, 

‘The series resonant scheme is shown in Fig, 15-6B. In this cireuit, the loop is, 
connected in series with the capacitor. A property of series resonant circuits is that 
they offer a high impedance to all frequencies except the resonant frequency (ex- 
actly the opposite of the ease of parallel resonant circuits). As a result, current from. 
the signal will pass through the series resonant cireuit at the resonant frequeney, but, 
off-frequency signals are blocked by the high impedance, 

‘There isa wide margin for error in the inductance of loop antennas, and even the 
precise-looking equations to determine the required values of capacitance and in- 
ductance for proper tuning are actually only estimations, ‘The exact geometry of the 
loop “as built” determines the actual inductance in each particular ease, As a result, 
it is often the case that the tuning provided by the capacitor is not as exact as de- 
sired, so some form of compensation is needed. In some cases, the capacitance re- 
{quired for resonance is not easily available ina standlard variable capacitor, and some 
‘means must be provided for changing the capacitance. Figure 15-GC shows how this 
is done, The main tuning capacitor can be connected in either series or parallel with, 
other capacitors to change the value. I the capacitors are connected in parallel, then 
the total capacitance is increased (all capacitances are added together). Ifthe extra 
capacitor is connected in series, however, then the total capacitance is reduced. The 
‘extra capacitors can be switched in and out of a circuit to change frequency bands. 

‘Tuning of a remote loop can be a bother if it is done by hand, so some means 
‘must be found to do it from the receiver location (unless you enjoy elimbing into the 
attic or onto the rool), Traditional means of tuning called for using a low-rpm de mo- 
tor, or stepper motor, to turn the tuning capacitor. A very popular combination was 
the little 1- to 12-rpm motors used to drive rotating displays in retail store show 
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15.6 Various tuning schemes: (A) parallel, (B| series resonant, (C) series or parallel 
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‘windows, But this approach is not really needed today. We ean use varactor voltage- 
variable capacitance dliodes to tune the circuit 

‘A varactor Works because the junction capacitance of the diode is a function of 
the applied reverse-bias voltage. A high voltage (such as 30 V) drops the eapact 
tance, whereas a low voltage increases it, Varactors are available with maximum ea- 
pacitances of 22, 33, 60, 100, and 400 pF. The latter are of most interest to us 
because they have the same range as the tuning eapacitors normally used with loops. 

Figure 15-7 shows how a remote tuning scheme can work with loop antennas, 
‘The tuning capacitor is a combination of a varactor diode and two optional capaci 
tors: a fixed capacitor (C,) and a trimmer (C,). The de tuning voltage (V) is pro- 
vided from the receiver end from a fixed de power supply (V+). A potentiometer 
(Ri, is used to set the voltage to the varactor, hence also to tune the loop. A de block- 
ing capacitor (C,) keeps the de tuning voltage from being shorted out by the receiver 
input circuit. 


The sports fan’s loop 


OK, sports fans, what do you do when the best game of the week is broadcast only 
on a low-powered AM station and you live at the outer edge of their service area 
where the signal strength leaves much to be desired? You use the sports fan's loop 
antenna, that's what! I first learned of this antenna from a friend of mine, a profes- 
sional broadeast engineer, who worked at a religious radio station that had a pip- 
‘squeek signal but lots of fans. It really works—one might say it's a miracle. 

‘The basie idea is to build a 16-turn, 60-cm* tuned loop and then place the AM 
portable radio at the center so that its loopstick is aimed such that its mull end is 
broadside of the loop. When you do so, the nulls of both the loop and the loopstick 
are in the same direction. The signal will be picked up by the loop and then coupled 
to the radio's loopstick antenna. Sixteen-conductor ribbon cable can be used for 
‘making the loop. For an extra touch of class, place the antenna and radio assembly 
ona dining room table lazy Susan to make rotation easier, A 365-pF tuning capacitor 
is used to resonate the loop. If you listen to only one station, then this eapaeitor can 
bea trimmer type. 


Shielded loop antennas 


“The loop antennas discussed thus far inthis chapter have all been unshielded types. 
Unshielded loops work well under most circumstances, but in some cases their pat- 
tern is distorted by interaction with the ground and nearby structures (trees, build- 
ings, ete.). In my own tests, trips to a nearby field proved necessary to measure the 
depth of the mull because of interaction with the aluminum siding on my house. Fig- 
ure 15-8 shows two situations, In Fig. 15-8 we see the pattern of the normal “free 
space” loop, i, a perfect figure-8 pattern, When the loop interacts with the nearby 
environment, however, the pattern distorts, In Fig. 15-8B we see some filling of the 
notch for a moderately distorted pattern. Some interactions are so severe that the 
pattem is distorted beyond all recognition 
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15-8A. A normal “free space’ loop. 


Loop. 


15-88 Filling of the notch. 


‘The solution to the problem is to reduce interaction by shielding the loop, as in 
Fig. 15-9. Loop antennas operate on the magnetic component of the electromagnetic 
wave, so the loop can be shielded against voltage signals and electrostatic interac 
tions. In order to prevent harming the ability to pick up the magnetic field, a gap is 
left in the shield at one point. 

‘There are several ways to shield a loop. You can, for example, wrap the loop in 
adhesive-backed copper-foil tape, Alternatively, you can wrap the loop in aluminum, 
foil and hold it together with tape. Another method is to insert the loop inside a cop: 
per or aluminum tubing frame, Or—the list seems endless, 


Using a loop antenna 


‘Most readers will use a loop for DXing rather than hidden transmitter hunting, 
gation, or other RDF purposes. For the DXer, there are actually two uses for the 
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SHIELD GAP 


15-9 Shielding the loop. 


loop. One is when you are a renter or live in a community that has routine covenants 
against outdoor antennas. In this situation, the loop will serve as an active antenna 
for receiving AM BCB and other low-frequency signals without the neighbors or 
landlord becoming PFls (“purple-faced jerks”), 

‘The other use is illustrated by the case of a friend of mine, He regularly tunes in 
clear channel WSM (650 kHz, Nashwille) in the wee hours between Saturday evening. 
(Grand Ole Opry” time) and dawn. However, this “clear” channel of WSM is not re. 
ally so clear, especially without a narrow filter in the receiver, He uses a loop antenna 
to null out a nearby 630-KEz signal that made listening a bit dicey and can now tape 
his 19405-1950s vintage country music. 

Its not necessary to place the desired station directly in the main lobes off the 
ends of the antenna but rather to place the nulls (broadside) in the direction of the 
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offending station that you want to eliminate, So what happens if the offending sta- 
tion and the desired station are ina direct line with each other and your receiving lo- 
cation is in the middle between them? Both nulls and lobes on a loop antenna are 
bidirectional, so a null on the offending station also will null the desired station in the 
opposite direction 

One method is to use a sense antenna to spoil the pattern of the loop to a ear~ 
dioid shape, Another snethod is to use a spoiler loop to null the undesired signal, The 
spoiler loop is a large box loop placed 1 to 8 ft (found experimentally) behind the re- 
ception loop in the direction of the offending signal. This method was first deseribed 
by Levintow and is detailed in Fig. 15-10. The small loopstick may be the antenna in- 
side the receiver, whereas the large loop is a box loop such as the sports fan's loop. 
‘The large box: loop is placed about 33 to 100 cm behind the loopstick and in the di 
rection of the offending station. The angle with respect to the line of centers should 
be 60° to 90°, which also was found experimentally. tis also possible to use two air 
core loops to produce an asymmetrical receiving patter. 


Sharpening the loop 


Many years ago, the Q-multiplier was a popular add-on accessory for a communica- 
tions receiver. These devices were sold as Heathkits, ancl many construction projects, 
could be found in magazines and amateur radio books. The Q-multiplier has the ef- 
fect of seeming to greatly increase the sensitivity of a receiver, as well as greatly re- 
ducing the bandwidth of the front end. ‘Thus it allows better reception of some 
stations because of increased sensitivity and narrowed bandwidth. 

‘A Qumultiplier is an active electronic circuit placed at the antenna input of a re- 
ceiver. It is essentially an Armstrong oscillator, as shown in Fig, 15-11, that does not 
‘quite oscillate, These circuits have a tuned circuit (L,/C,) at the input of an amplifier 
stage and a feedback coupling loop (L.,). The degree of feedback is controlled by the 
coupling between L, and L,. The coupling is varied by varying both how close the 
two coils are and their relative orientation with respect to each other. Certain other 
circuits use a series potentiometer in the L, side that controls the amount of feed- 
back, 

‘The Q-multiplier is adjusted to the point that the eireuit is just on the verge of 
oscillating, but not quite. As the feedback is backed away from the threshold of os- 
cillation, but not too far, the narrowing of bandwidth occurs, as does the inerease in 
sensitivity, It takes some skill to operate a Q-rmultiplier, but it is easy to use once you 
get the hang of it and is a terrific accessory for any loop antenna. 


Loop amplifier 

Figure 15-12 shows the cireuit for a practical loop amplifier that ean be used with ei- 
ther shielded or unshielded loop antennas. It is based on junction field effect tran- 
sistors (JFET) connected in cascade. The standard common-drain configuration is 
used for each transistor, so the signals are taken from the source terminals, The 
drain terminals are connected together and powered from the +12-V de power 
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(i Sibling Object Relationship (SIBOR) 
) Service Object Relationship (SVOR) 

(i) Stanger Object Relations 

iv) Guest Objet Relationship (GSTOR) 


(0) Parental Object Relationship (POR) [3] 
(0) Colocation Object Relationship (CLOR) (3) 
(i) Ownership Object Relationship (O02) [3] 


FicukE 2: Ontological model representing web objects’ relationships, 


among objects from the same manufacturer having similar 
features but different behaviors. Similarly, GSTOR is suitable 
in scenarios where objects use relationships for privileged 
services, Imagine a person asa guest speaker in a conference 
with his smart devices, where he can connect to the network 
easily, and his personal devices are recognized as a guest 
(with GSTOR) in the venue network to avail free services 
like high-speed Internet, special notifications, and others 
Stranger Object Relation (STGOR) is used in scenarios where 
objects are on the go, and to get some information, they have 
to compromise with a limited trust level. For instance, in a 
public transit system, one mobile node on the move wants 
to use crowdsourced information from another mobile node 
which is not fully trusted. Also, SVOR is useful in service 
composition specific scenarios, where object mashups are 
formed to facilitate service requirement, and itis also useful 
in a particular orchestration of objects. 

‘To model information about microservices, social web 
objects, and their relationships, a semantic ontological model 
has been developed as depicted in Figure 2. Conceptual 
ization of objects and their social relationships in semantic 
structures are highly beneficial to infer new connections 
among a network of objects with the help of reasoning 
techniques. The ontology facilitates the representation of 
objects, as well as what they measure in termsof observations, 
their processing, and functions. Web objects’ relationship 
ontology contains the concepts that define each object in 
terms of a class. The data properties are used to represent 
object values and the object properties are defined to identify 
the link between two objects in the ontology. Major concepts, 
in the ontology are microservices, CVOs, VOs, and their 

relationships. Further, microservices have an indi- 
vidual instance that uniquely defines a microservice object 
and associated data with it. Similarly, CVOs and VOs are 
also instantiated and contain data properties to retain their 
values, With the increasing number of objects, a semantic 
ontology model is used to perform reasoning function that 
helps identify new connections. Further, to analyze the social 
relationship among objects (such as VOs and CVOs), their 
properties are provided in Table 1 


3.3, Social Relationship Model for Web Objects. At each level 
Of service life cycle, objects form a social relationship with 
each other to accomplish a service task. Codifying the rela- 
tionship among web objects can provide many benefits, such 
as efficient information discovery from related objects and 
better composition and reuse. To perceive social interaction 
between web objects, we assume every service is based on one 
‘or more microservices and other objects including CVOsand 
VOs. At VO level, VOs create several relationships with each. 
other based on the RWO they represent. CVOs associated 
‘with microservices are incorporated in relationships as well, 

Object-to-object associations are categorized as either 
vertical associations (interobject relations) or horizontal 
associations (intraobject relations) as shown in Figure 3. 
‘The relationships that flow from the bottom to the top in 
WoO based architecture are known as interobject relations 
(ie, from VO to CVO or vice versa). On the other hand, 
relationships are known as intraobject relations if they are 
generated within objects at each level such as between one 
‘VO and another, or within one CVO to a relative CVO. The 
newly defined relationships among objects are maintained at 
different levels, which enables information discovery more 
efficiently Itis considered that not only will the relationships 
bbe maintained when two objects (ie, VOs) are used in the 
same CVO or service, but also they will be maintained if 
objects are used in different CVOs or services 

‘As depicted in Figure 3, VOI and VO2 bind in the 
SIBOR relationship, considering the fact that they belong 
to the same family of CVOI. Similarly, VO4, VO5, and 
‘VO6 are combined in a CWOR, as they are used in the 
same service. However, all of them do not have a common 
family relation that makes their trustworthiness restrictive 
to some level as compared to SIBOR. Moreover, though 
VO7 and VO8 are not used together in a service setup, 
still they form a STGOR relationship. This relationship also 
helps codify those VOs that have similarity in. premises 
during a certain point in time regularly but they had never 
combined in any service scenario before. For example, if a 
person visits a subway regularly but stays very shortly, in such, 
scene, the user's smartphone VO and subway station point 
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15-11 A Q-multiplier. 


supply. A 2.2-F bypass capacitor is used to put the drain terminals of Q, and Q, at 
ground potential for ac signals while keeping the de voltage from being shorted out. 

‘The two output signals are applied to the primary of a center-tapped trans- 
former, the center tap of which is grounded, To keep the de on the source terminals 
from being shorted through the transformer winding, a pair of blocking capacitors 
(C, C,) is used, 

‘The input signals are applied to the gate terminals of Q, and Q, through de 
blocking capacitors C, and C,, A pair of diodes (D,, D.) is used to keep high-ampli- 
tude noise transients from affecting the operation of the amplifier. These diodes are 
connected back to back in order to snub out both polarities of signal 

‘Tuning capacitor C, is used in lieu of the eapacitor in the loop and is used to res- 
“nate the loop to a specific frequency. Its value ean be found from the equation given 
earlier. 

‘The transistors used for the push-pull amplifier (@,, @,) can be nearly any gen- 
ceral-purpose JPET device (MPF-102, MPF-104, ete,). A'practieal approach for many 
people isto use transistors from service replacement lines, such as the NTE-312 and 
NTE-316 devices, 


—— 
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Special problem for VLE/LF loops 


A capacitance is formed whenever two conductors are side by side, A coil produces 
capacitance as well as inductance beeause the turns are side by side, Unfortunately, 
‘with large multitum loops, this capacitance can be quite lange. The “distributed ca- 
pacitance” of the loop causes a self-resonance with the inductance. The loop does 
not work well at frequencies above the self-resonant point, so itis sometimes impor- 
tant to raise the self-resonance to a point where it does not affect operation at the 
desired frequencies, 

Figure 15-18 shows a solution that raises the self-resonant point. The tus are 
broken into two or more groups and separated by a space, This method reduces the 
effective capacitance by placing the capacitances of each group of wires in series 


with the others. 
SPACE SPACE 


a A rN 


WINDINGS 


15-13 Raising the self-resonant point. 
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Coaxial-cable loop antennas 


One of the more effective ways to make a shielded loop is to use coaxial cable, Fig- 
ure 15-14 shows the eircuit of such a loop. Although only a single-turn loop is shown, 
there can be any number of turns, One reader made a 100-kHz LORAN (a navigation 
system) loop using eight turns of RG-59/1 coaxial cable on an 8-ft diameter, 

Note the special way that the coaxial cable is connected. This method is called 
the Faraday connection after the fact that the shield of the coax forms a Faraday 
shield. At the output end, the center conductor of the coaxial cable is connected to 
the center conductor of the coaxial connector. The coax shield is connected to the 
connector ground/shield terminal, At the other end of the loop, the shield is left 
floating, but the center conductor is connected to the shield. Note very carefully that 
the center conductor at the far end is connected to the shield af the connector, not 
at just any convenient point. 


To 
RECEIVER 


15-14 A coaxial-cable shielded loop, 
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Chapter 


Small transmitting 
loop antennas 


Small transmitting loops are those which are less than one-third wavelength (N/3) 
according to Hart (1986) or between 0.04 and 0.104 according to Belrose (1993). 
Other sources claim that loops up to about 0.20 are small, The key characteristic is 
that the current is equal in all points ofthe loop rather than varying with loop length 
the way the current ina large loop (or other antenna) does 

One of the parameters of the small loop antenna is a very low radiation resis 
tance (it isa fumetion of the area of the loop). The radiation resistance of the stnall 
Joop antenna is less than 1 0 and often considerably less than this figure (e.g., 0.05 
). This means that the copper or aluminum losses of the antenna must be kept 
very, very low. For such reasons, it is common to assemble the small transmitting 
Joop antenna from 1- to 4-in copper or aluminum pipe. For this reason, the square 
(Pig. 16-14) or octagon (Fig. 16-1B) shapes are preferred, The reason this is true is 
purely mechanical: The square loop can be built with 90° elbow joints, and the octa- 
gon can be built with 45° elbow joints. For antennas whose eircumference is greater 
than M8, standard '/-in copper pipe can be used in construction, but for smaller 
sized loops, larger-sized eopper piping is used. 

‘The small transmitting loop tends to be highly inductive in its reactance. Values 
of inductive reactance to 1000 0 are not unusual, although closer to 100 02 is the 
norm. Because of this inductive reactance, the small transmitting loop antemna is 
tuned by one or more series capacitors. 

A sample loop was modeled by Belrose (1993). It was 1 n in diameter and was 
made of 2.54-em (1-in) copper pipe. For this loop, the gains were 


10MHz 2.88 dBi 
14 MHz 022 dBi 
21MHz 1.14 dBi 
20MHz 1.42 dBi 


Note that the gains were all less than that of a dipole (12,18 dBi) but in the up- 
per regions of the frequency spectrum were quite decent. Even at 10 MHz, the I-m 
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16-1 Small transmitting loop antennas: [A] square, [B) octagon. 


small loop antenna was only ~5.03 dBi less than the dipole. The loop probably would 
show similar gains up to the point of self-resonance. 

Caleulations of the current and voltage within the loop are substantial. The loop 
impedance at 10 MH is 0.088 1 j161 0 This means that a 150-W transmitter, cer- 
tainly modest for these frequencies, would produce 41 A circulating inside the loop 
and voltage across the tuning eapacitor of 6600 V. As Belrose (11998) warns: “Don't 
touch your loop when transmitting!” 

‘The tuning capacitor in Belrase’s loop should be rated for at least 10,000 V to 
‘Auard against anyone using more than 150 W. Keep in mind that a power of 500 W will 
produce potentials across the eapacitar of 30,000 V, so you will need a eapacitor with 
at least Y/-in spacing. A 1-in spacing is good for about 7,000 V. It is probably best to 
use a vacuum-variable capacitor for the tuning capacitor of a small loop antenna if you 
‘can afford one. Regardless, the loop power should be kept under controll 

‘The @ of the antenna at any given resonant frequency is very, very high. For the 
1m loop antenna described earlier, the Q at 10 MHz was 1824, which resulted in a 
bandwidth of 5.5 kHz (although in practice itis twice this amount before VSWR tol: 
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enmees on the transmitter are exceeded). Regardless, the bandwidth of the 
resonated loop is tiny, so some means must be provided for retuning the loop as 
you shift frequency. If you do not shift frequency, then the loop can be tuned and 
forgotten, but for the rest of the radio fraternity, perhaps a remotely tuned capacitor 
is in order. Getting a large capacity variable in the voltages that are required for op- 


eration with a good power level isa bit trieky. 
Design equations 

‘The design equations developed by Hart (1986) are as follows: 
Radiation resistance (R,) 


3.38 x LO UF*A)* 


Loss resistance (R,): 


9.96 x 10-18 VF 


Exficiency (m): 


Inductince (L); 


ie 


9 X 10'S (7.353 log,, ——- — 6.386) 
(7:53 08 Spy ~ 6388) 


Inductive reactance (X,): 


2nFL Xx 10" 


Tuning capacitance (C) 


Quality factor (Q) 


Bandwidth (AF): 


meek 
Q 
Distributed capacitance (C,); 
©, = 0.828 


Capacitor voltage (V,): 


16.1) 


16.21 


16.3) 


16.4) 


16.51 


116.6) 


116.7] 


16.8] 


16.9] 


116.10] 
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where 


Ais the area of the loop, in square feet (12) 

‘Sis the length of the loop conductor, in feet (11) 

Dis the diameter of the conductor, in inches (in) 

Pis the applied transmitter output power, in watts (W) 


Some sample loop antennas 


‘The Patterson (1967) loop antenna is shown in Fig. 16-2. It is made from 1.5-in cop 
per tubing. Segments are cut and are joined together by eight 45° elbow joints, giv 
ing the octagon shape. Bach segment is 0.5 ft long. The tuning is accomplished by 
three capacitors, two of which are a split-tator unit (two eapacitors on the same 
shaft), The tuning control is the split-stator capacitor, whereas the loading control is 
a single capacitor. 


i TUNING 


LOADING 


16-2 A Patterson loop antenna. 
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Another loop antenna is shown in Fig, 16-3, This antenna has a Faraday feed sys 
tem rather than a eapacitor-coupled feed system, as did the Patterson loop. The tun- 
ing is accomplished by C,, the series tuning capacitor. The requirement must be met 


that D/D, = 5. 


Still nother loop is shown in Fig. 16-4. This loop relies on magnetic coupling to 
perform the coupling of the transmitter. In this loop antenna, the coupling is via a 
small coupling loop and 50-01 coaxial cable to the transmitter. Capacitor C, is used to 
resonate the loop, whereas capacitors C, and C, serve the purposes of loading and 
resonating the coupling loop. According to Moziochi (1998), the voltages and enr- 


rents with respect to the capacitors are 


1800 VP 


v= 18 VP 


7 VP 


Iq, = 2.2. VP 


I, = 021 VP 


16-3 A loop antenna with a Faraday feed system. 
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‘TanLe I Social relationship attributes, 
Social object relationships types ‘Altibules/ proper 
Sibling object relation (SIBOR) (0, fas relationship with O, — SIBOR, objects ownership is defined as: —= SameFamaily 
(0, has relationship with O, —» SVOR, if objects’ serviceStatusis defined as 
Service object relationship (SVOR) Saneierdeson pontton 
©, has relationship with ©, —+ STGOR, if objects’ authentication is defined as: 

Stranger object relation (STGOR) heen 
Gt eed vnc (OS7ORY 0 has relation with O, ~» GSTOR, abject’ owner defined as -SameFamly 
aie ject eaetig ORD © hee lanai ws + POR, objet? cation eed ak Sede | 

: (©, has relationship with O, -» CLOR, if objects proximity is defined as: == Neighborhood 
Cosette tes ssieneete 108) I location is defined as: == SameL.ocation 
Ownership object relationship (OR) (0, has relationship with ©, —» OOR, if objects’ proprietorship is defined a: == SameOwner 


' 
i 


WO 


“Horzontalinvaobject (inte object ration) 


Figuae 3; Hierarchical social relationships of web objects 


VO or subway security camera VO may establish STGOR. 
‘This may help reuse VOs in service scenarios where only 
for short duration a VO object is required. At CVO level, 
CVO2 forms two different relationships, which increases 
the level of connectivity of the CVO. CVO2 first shares a 
CLOR with CVO1 and CVO3, CVO4, and CVOS together. 
Secondly, CVO2 is combined in a SIBOR with CVO3 and 
becomes in the same service family. Further, in the selected 
use case scenario described in Section 4, several other social 
interactions have also been elaborated. 


3.4. Social Web Objects Architecture. SloT envisages a system 
Where the social framework will bring smart devices and 
people to interact with each other. By incorporating web 
technologies like SOA based microservices,loT services can 
be rendered on top of the social framework. The proposed 
social web objects architecture (as shown in Figure 4) has 
been decomposed into three levels: service level, object 


virtualization level, and aggregated object virtualization level. 
At the service level, to support social relationships within 
‘web objects, several microservices have been designed, which 
are discussed further in the following section. Moreover, 
the data management function in the proposed design helps 
each layer to interconnect with semantic databases. The 
SPARQL endpoints have been defined at the service and the 
“object virtualization levels that expose interfaces to retrieve, 
store, and modify RDF graphs. Several interfaces allow the 
knowledge engineer, domain expert, and the developer to 
‘create service templates and VOs, as well as update the RWK 
‘model, user profile, and policies. 


bl, Service Level Functional Components. The service level 
functions handle operations from the request inception to 
the execution of services. This level is supported by some 
core functions common to be used in each service life cycle. 
“These include the management function to handle service 
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50-OHM 
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a 


16-4 A loop antenna with magnetic coupling. 


1, =0.15 VP 116.16] 


‘The radiation patterns for the loop antenna are shown in Fig. 16-5. Note that 
four elevations are given (0°, 20°, 45°, and 60°) 

‘The bottom line is that small transmitting loop antennas are not very good for 
those who can afford to put up a better antenna, but for those whose tight quarters 
permit only a small transmitting loop, they are quite viable. 
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CHAPTER 


Antenna modeling 
software 


One of the significant contributions of computer technology to antenna design is the 
improvement of modeling and simulation. Modeling and simulation are used in a 
wide variety of applications, including management, science, and engineering, We 
can now model just about any process, any device, or any circuit that can be reduced 
mathematically. The purpose of modeling, at least in engineering, is to do the design 
cheaply on the computer before “bending metal.” ‘The old “cut and try” method 
works, to be sure, but itis costly in time and money (two things perpetually in short 
supply). If performance issues and problems can be solved on a computer, then we 
are time and money ahead of the game. Also, modeling and simulation make it pos 
sible to look at more alternatives and to gauge the effect of a change in an antenna 
design before the change is made 

Modeling is used not just in engineering but also in other processes. Organiza- 
tions and management consultants use modeling and simulation to study their oper- 
ations and find the most efficient way of doing things. I saw ant example where ant 
inefficient truck terminal and warehouse operation was improved significantly by 
modeling on a Windows desktop computer. The operators modeled the existing sys- 
tem and several alternative systems, and found that one particular rule (involving 
bulk deliver trucks such as tankers and dry bulk carriers) was jamming up the nor 
mal package deliveries at the warehouse dock. ‘They could have tried different sets 
of rules over a couple of years, collected lots of data, presented scores of viewzraphs 
to management committees, and still have overlooked the actual cause of the prob: 
lem. The model showed the problem in only a few minutes, however. 


What is a model? 


Models are no big mystery. If you have fingers and can count, then you can make 
models. In fact, you probably do make models mentally, e.g., when you look at how 
much cash you have in your pocket when confronted with several different purc 
choices but cannot afford all of them, The “model” is the “what i” considerations 
that lead to your selection. 
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Youngsters in the schools are learning that the equations and formulas they 
earn in algebra and trigonometry are “models.” This designation was not used when 
Iwas in school, but itis an apt deseription in most eases. 

One of the earliest modeling methods for the masses was the computer-based 
spreadsheet program. Software such as Microsoft Excel can be used to test various 
scenarios by entering different values into the cells. I have seen spreadsheets used. 
{for the originally intended business applications, as well as engineering applications 
Gncluding antenna design), 

Antenna modeling software tends to use the “method of moments, 
each wire in the system is broken into 1 to N’ segments, and the current in each seg- 
‘ment is calculated. 


in which 


Some common programs 


Some years ago an antenna modeling program came on the scene. Developed by the 
Navy, this program used numerical methods to perform the complex calculations 
needed to model an antenna, Called the Numerical Electromagnetic Computation 
(NEC) program, asmaller version soon became available known as miniNEC (which 
runs on PCs). You ean download miniNEC-3 from several sources in the amateur ra- 
dio newsgroups in the United States or United Kingdom, or from the Navy Postgrad 
uate School Web site, A miniNEC-4 version is also available, but I understand that it 
requires a license to use and eannot be exported without a permit from the U.S. gov- 
emment. 

‘There are also a number of private vendors who offer the miniNEC at a price. 
Some of the better vendors offer their own versions, based on the miniNEC concept, 
‘but with some value added to make it worthwhile to buy theirs instead of using the 
“freebie” version. 

‘The miniNEC programs model wire antennas using the coordinate system 
shown in Fig. 17-1, This is a standard three-cimensional Cartesian coordinate sys- 
tem in which the y axis is horizontal, the z axis is vertical, and the wr axis is orthogo- 
nail to both the y and = axes. The idea is to specify the starting and ending points of 
the wires making up the antenna in terms of the rye coordinate system, Figure 17-2 
shows a single-wire antenna laid out in the. axis, This axis is in the horizontal plane 
‘but orthogonal to the y axis, The antenna designer will specify X, and X,, which are 
the starting and ending points of the wire. 5 

‘The antenna can consist of a large number of wires, although the larger the num- 
ber, the longer is the processing time. Each wire is broken into a number of different 
segments for caleulation purposes. 


NEC-4 
‘The NEC-4 software is the latest in the NEC series and is proprietary to the Univer- 

sity of California, from whom a license must be obtained to use it. Because of na 

tional defense considerations, an export license is required to take NEC-4 overseas, 

‘The NEC-4 software will produce modeling of underground radials, elements of 
varying diameter, and carefully constructed close-spaced parallel wires 
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17-1 XYZ coordinate system for NecWin modeling software 


EZNEC Professional 


Roy Lewallen, W7EL, provides the EZNEC Pro software. This software has an option 
for NEC-4, provided that the license is obtained from the University of California 


(again, export restrictions apply). 


GNEC 

Nittany-Scientifie makes a version of NEC-4 known as GNEC. It pernits the use of 
catenary wires, helices, networks, and other possibilities. Outputs include 3-D, polar 
plots, and rectangular plot graphs, as well as a large array of tabular reports, 


—— 
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Zz 


x2 


0.00 


xt 


17-2 Example of a single wire laid out on XYZ coordinate system, 


NEC-2 
‘This is a high-capability version of the NEC software, and it is in the public domain. 
It is limited to antenna elements of constant diameter, although some software 
providers who base their wares on NEC-2 provide corrections for multidiameters. It 
is fitted with the Sommerfield-Norton ground model for modeling horizontal wires 
close to the earth's surface, 


NECWin Plus 


‘This software is provided by Nittany-Scientific. It features true spreadsheet geome: 
ry. The software also offers stepped-diameter corrections, a gait-averaging test, a 


—— 
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CAD file (*.dxf), 2-D and 3-D plots, 2-D and 3-D antenna views, and certain graphic 
‘outputs. There are two versions, NECWin Pro and NECWin Basie (NECWin Basic is, 
reviewed in this chapter) 


EZNEC for Windows 

Roy Lewallen’s EZNEC for Windows is available in both NEC-2 and NEC-4 versions, 
although the NEC-4 version requires a license from the University of California to 
operate. It offers 2-D and 3-D plots, 3-D plots with 2-D slicing, ground-wave output, 
stepped-diameter correction, and various shortcuts to antenna modeling. The stan- 
dard EZNEC is limited to 500 segments (the Pro version handles « much larger num: 
ber of segments), 


Expert MiniNEC 

‘This new version of MiniNEC can handle sharp angles in antenna geometry directly 
and handles antennas close to the ground much more accurately than MiniNEC. Sev- 
eral versions of Expert MiniNEC are available from EM Scientific. These are 
MiniNEC for Windows and MiniNEC Broadcast Professional. 


MiniNEC 
MiniNEC Version 3.13 is the latest of the public-domain MiniNEC code. It runs ona 


PC in the DOS mode. It handles element lengths of changing diameter. Horizontal 
antennas must be at least 0.24 above ground for accurate results to occur. 


NEC4Win95 

Orion (Canada) offers a Windows 95/98 version of MiniNEC known as NEC4Wind5. 
coffers spreadsheet antenna geometry input, pull-down boxes for all other antenna 
parameters, and a pattern-plotting routine that includes lobe identification and 
bandwidth, 


NECWin Basic 
Many amateur and professional users have been increasingly dissatisfied with the 
commercial miniNEC-hased antenna modeling programs on the market (mostly be- 
‘cause they only run in the DOS environment and are clumsy to use). A low-cost Win- 
dows-based modeling program is NecWin Basic for Windows. This program appears 
to bea DOS-based NEC engine run with a Windows graphic user interface written in 
Visual Basic 3.0. The vendor offering NecWin Basic for Windows is Nittany Scientific, 
Inc. [Airline Highway, Suite 361, Hollister, CA, 95023-5621; phone: (408) 634-0573; 
Web site: wu. nittany-scientific.com}. The basic version (which I test drove and, 
now tse) costs less than $100, and there is a professional version for a higher price. 
NecWin Basie for Windows allows you to speeify the geometry of the antenna in 
the xyz coordinate system, This process is made a lot easier by the fact that it uses 
a “spreadsheet-like” grid (Fig, 17-3). Once the geometry is entered, you ean select 
from several different ground situations (including “none” for free-space calcula- 
tions), the operating frequency, and units of measure used for the antenna wires 
(meters is default), You also ean customize the calculations using the “Output” but- 
ton, Once the geometry and parameters are entered, you can visualize the geometry 
in “stick form” using the “Eye” button on the toolbar. The “Traffie Light” button 
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performs the NEC calculations, whereas the “Polar Coordinates" button creates the 
elevation and azimuth pattern graphies. When you “Save Seren” in the “File” menu, 
‘you will produce a bitmap (bmp) file of the pattern, 

‘The particular geometry entered in Fig. 17-3 is for a longewite antenna (Fig, 
17-4) that is two wavelengths long and has a quarter-wavelength radial used as a 
counterpoise ground. There are io wires in the y and z planes, so the values of ¥,, 
Y,, Z,, and Z, are zero. The antenna is described with the coordinates X, = 0.000 and 

‘The operating frequency is set to 25-MH on another sereen, When 
the NEC calculations are made and the patterns displayed, the azimuth (Fig. 17-5) 
and elevation (Fig. 17-6) patterns ean be printed out 


‘0000, KD ND) Ae) OND) AWG 1 1 Pact 


| 


17-8 NecWin screen, 


beat a 


17-4 Off-center fed doublet antenna. 
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17-6 Modeled vertical pattern. 


youare serious about antennas, then you need to obtain this software. It will perform. 
well for many professional users, as well as student users in schools, However, pro: 
fessional users might want to consider buying the higher-priced Nec\Win Professional 
for Windows version. 


EZNEC for Windows 
Roy Lewallen, W7EL, produces the EZNEC for Windows software. The software ex. 
tends Roy's earlier work on DOS versions of EZNEC but is still based on the NEC-2 
engine (a NEC-4 professional version is available for those with the required license 
from the University of California) 

Figure 17-8 shows the basic window that opens when you open an antenna pro: 
Ject (in this case, a 10-MHz dipole). Given in the active window are file name, fre 
quency, wavelength (in meters), number of wires and segments, number of sources, 
number of foads, transmission lines, ground type, wire loss, the units being calculated 
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(meters, feet, etc.), plot type (azimuth, elevation), elevation angle, step size, a ret. 
erence level, and an alternate SWR Z, 

‘There are command buttons to the left of the main window. These include Oper 
Save As, Currents, Sto Dat, Load Dat, FF Tab, NF Tab, SWR, View Antenna, and FF 
Plot. The “View Antenna” button provides a view of the xyz coordinate system along 
with the wires (Fig. 17-9). The “FF Plot” button plots the far field of the antenna, 
and the “SWR"” button plots the SWR curve based on parameters you give it (starting 
frequency, stopping frequency, frequency step). 

‘The “View Antenna” window is shown in Fig. 17-9. This antenna view provides 
the ye coordinate system, along with the wires. There are scroll bars to the left of 
the main window where the antenna appears that are used to vary the image 
to better see it. A series of three “Reset” buttons resets the image to the initial 
setting. 

If you wish to plot the radiation pattern (azimuth or elevation) of the antenna, 
then press “FF Plot” in the main window. The result will be as shown in Fig. 17-10. 
‘Some data appears in the lower window on the plot. The data in this case are eleva- 
tion angle, outer ring gain, slice gain maximum, front-to-side ratio, beamwidth, side. 


17-9 View Antenna window of EZNEC for Windows. 
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17-10 Result of pressing “FF Plot” button in main window of EZNEC for Windows. 


lobe gain, front/sidelobe, cursor azimuth, and gain. You can print out the plot of the 
radiation pattern with either the data present or the data hidden, 

One of the really nice things about EZNEC for Windows is the availability of 
VSWR plots without going to the professional edition. Figure 17-11 shows the plot 
for the dipole under consideration. Note that the data given include the starting fre- 
quency, the SWR at the starting frequency, the impedance at the starting frequency, 
the reflection coefficient at the starting frequency, and the source impedance. 
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CHAPTER 


VHE/UHF transmitting 
and receiving antennas 


‘Tue VHF/UHF sPECTRUMIS COMMONLY ACCEPTED TO RANGE FROM3O MHZ 70 900 MHZ, 
although the upper breakpoint is open to some differences of opinion. The VHF 
spectrum is 30 MHz to 300 MHz, and the UHF spectrum is 300 MHz to 900 ME 
Above 900 MHz is the microwave spectrum. These bands are used principally for 
local “line-of-sight” communications, according to the standard wistiom.. However, 
with the advent of OSCAR satellites, the possibility of long-distance direct commu 
nications is a reality for VHF/UHF operators. In addition, packet radio is becoming 
common; this means indirect long-distance possibilities through networking. For the 
low end of the VHF spectrum (e.g, 6-1 amateur band), long-distance communica 
tions are a relatively common occurrence. 

In many respects, the low-VHF region is much like the 10-m amateur band and 
11m Citizens Band: skip is not an infrequent occurrence, Many years ago, I recall an 
event where such skip caused inany a local police officer to skip a heart beat, In those 
days, our police department operated on 38.17 MHz, which is between the 6-1 and 
10-m amateur bands. They received an emergency broadcast concerning a bank rob: 
bery at a certain Wilson Boulevard address, After a race to the county line, they dis 
covered that the reported address would be outside of the county, and in fact did not 
exist even in the neighboring county (a number was skipped). The problem was 
traced to a police department in a southwest city that also had a Wilson Boulevard, 
and for thern the alarm was real 

‘The principal difference between the lower frequencies and the VHEVLTHF spec 
trum is that the wavelengths are shorter in the VHE/UHF region. Consiler the fact 
tHut the wavelengths for these bands range from 10 m to 1 for the VHF region, and 
from I m to 33 em for the UHF region. Most antenna designs are based on wavelength, 
so that fact has some ituplications for VHF/UHF antenna design. For example, be 
cause bandwidth is a function of lengtivdiameter ratio for many classes of antenna, 
broadbanding an antenna in the VHF/UHF region is relatively easy. If, say, 25-mm 
(Ce, 1-in) aluminum tubing is used to make a quarter-wavelength vertical, then the 
approximate L/D ratio is 790 in the 8-m band and 20 in the 2-m band, This feature is 
fortunate, because the VHF/UHF bands tend to be wider than the HF bands 
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Another point to make is that many of the mechanical chores of antenna design 
and construction become easier for VHF/UHF antennas. One good example is the 
delta impedance-matehing scheme. At 80.1, the delta-mnateh dimensions are ap- 
proximately 36 X 43 ft, and at 2.m they are 9.5 X 12 aches, Clearly, delta matching 
is a bit more practical for most users at VHF than at HF, 


Types of antennas usable for VHE/UHE 


‘The concept “VHF/UHF antenna” is only partially valid because virtually all forms 
of antenna can be used at HE, MW, and VHF/UHF. The main limitations that dist 
guish supposedly VHE/UHF designs from others are mechanical; there are some 
things that are simply much easier to accomplish with small antennas. Besides the 
delta match mentioned previously, there is the ease of construction for multiele- 
ment antennas. A 14-element 20-m beam would be a wonderful thing to have ina 
QRM-laden DX pile-up, but is simply too impractical for all but a few users because 
of its size. If you look on embassy rooftops around the world you will see man} 
element Yagi and log periodic HF antennas supported on massive towers...and 
some of them use a standard Size 25 tower (common for amateur use) as the 
antenna boom! A 14-element 80/75-m Yagi approaches impossibility. But at 2m, a 
L4-element Yagi beam antenna can be carried by one person, in one hand, unless 
the wind is acting up, 

Safety note Large array beams, even at VHE/UHF, have a relatively high 
fndsail area,” and even relatively modest winds can apply a lot of force to them. 1 
‘once witnessed a large, strong technician blown off a ladder by wind acting on a mod- 
est, “suburban” sized, TV antenna. It cam happen fo you, loo. So always install an- 
lennas with a helper, aud use hoists and other tools to actually handle the array. 


Lower band antennas on VHF/UHF 


Between 1958 and 1962, a friend and I had aecess to a radio club amateur radio sta- 
tion in a Red Cross chapter house in Virginia. The “antenna farm” consisted of a 14: 
element 2-m beam, a three-element triband HF beam (10, 15, and 20 m), and a 
five-band (80 to 10 m) trap dipole. All of the coaxial cables came into the station 
through a wall; they were kept disconnected and shorted out when not in use be: 
cause of the senior Red Cross official's concern over lightning. 

One night, attempting to connect the 2-m beam to the Gonset. “gooney box” 2-m 
AM transceiver, my friend accidentally used the cable from the five-band trap dipole in- 
stead, We worked a lot of stations that contest weekend, and scored lots of points. Later, 
we discovered the error, and asked a more technically competent adult (we were 
teenagers), “Why the good reports?” He then gave us a lesson in Jongwire antenna the- 
ory. A good longwire is many wavelengths long. Consider that a half-wave antenna on 2 
mis 80 1/2 m or 40 wavelengths shorter than an 80-m half-wave antenna. Thus, the 
‘80-1 antenna, counting foreshortening of physical lengths because of the traps, was on 
the order of 35 to 38 wavelengths long on 2 m, We had a highly directional, but multi- 
lobed, pattern. 


—— 
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Similarly, 40- to 10-m and 80- to 10sn trap verticals are often usable on 
VHF/UHF frequencies without any adjustments. Sitilarly, Citizens Band 11-m an- 
tennas, many of which are Y,-wavelength (18 ft high), will sometimes work on VHF 
frequencies. Check the VSWR of an HF antenna on 2 m with a reliable VHE/UHF 
VSWR meter (or RF wattmeter) to discover the truth about any particular antenna. 
Alway’s use the low-power setting on the transmitter to limit damage in eases where 
the specific antenna is not usable on a specific frequency. 

‘The lesson to be learned is that antennas are often usable on frequencies rmuch 
higher than the design frequency, even though useless on nearby bands. Care must be 
exercised when initially checking out the antenna, but that is not an inordinate difficulty. 


VHE/UHE antenna impedance matching 


‘The VHF/UHF antenna is no more of less immune from the need for impedance match. 
ing than lower-frequency antennas, However, some methods are easier (coax balun, 
delta mateh, ete.) and others become either difficult ar impossible, An example of the 
latter case i the tuned LC impedance-matching network, At 6 m, and even to some 
limited extent 2 m, inductor and capacitor LC networks can be used. But above 2 m. 
other methods are more reasonable. We can, however, minnie the LC tuner by using 
stripline components, but that approach is not always suited to amateur needs, 

‘The balun transformer makes an impedance transformation between balanced 
and unbalanced impedances. Although both 1:1 and 4:1 impedance ratios are possi- 
ble, the 4:1 ratio is most commonly used for VHF/UHF antenna work, At lower fre- 
quencies itis easy to build broadband transformer baluns, but these become more of 
4 problem at VHF and above 

For the VHF/UHF frequencies, a 4:1 impedance ratio coaxial balun (Fig, 18-1A) 
is normally used. Two sections of identical coaxial cable are needed. One section (A) 
has a convenient length to reach between the antenna and the transinitter Its char- 
acteristic impedance is Z., The other section (B) is a hall-wavelength long at the 
center of the frequency range of iiterest, The physical length is found from 


118.1) 


where 


Lis the cable length, in inches 
Fg, i8 the operating frequency, in megahertz, 
Vis the velocity factor of the coaxial cable 


‘The velocity factors of common coaxial cables are shown in the following table. 
Coaxial cable velocity factors 
Regular polyethylene 0.66 


Polyethylene foam 0.80 
‘Teflon 072 
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1 = AV inches 
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18-1A_ Coasial 4:1 balun transformer 


Example 18-1 Calculate the physical length required of a 146-MHz 4:1 balun 
made of polyethylene foam coaxial cable 
Solution: 
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47232 


‘A mechanical method of joining the coaxial cables is shown in Fig, 18-1B, In this 
example, three SO-239 coaxial receptacles are mounted on a metal plate. This arrange- 
ment has the effect of shorting together the shields ofthe three ends of coastal cable. 
‘The center conductors are connected in the manner shown, This method is used es- 
pecially where a mounting bracket is available on the antenna. The lengths of coaxial 
cable need PL-259 coax connectors installed in order to use this method. 

‘The “delta mateh” gets its name from the fact that the structure of the mateling 
element has the shape of the Greek letter delta, ora triangle, Figure 18-2A shows the 
basie delta match scheme. The matching element is attached to the driven element 
of the antenna (symmetrically, about the center point of the antenna). The width 
(A) of the delta match is given by 


182] 


8.3] 


‘The transmission line feeding the delta match is balanced line, such as parallel trans 
mission line or twin lead, The exact impedance is not terribly critical because the dimen- 
sions (especially A) can be adjusted to accommodate differences. In genera, however, 
either 450- or 600-2 line is used, although 300-0 line can also be used. Figure 18-28 
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18-1B Practical implementation of 4:1 balun using connectors. 
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requests and initiate service provisioning processes, the 
service discovery function to select the available services, the 
composition engine to enable service mashups, and the Real- 
‘World Knowledge (RWK) and situation management func 
tion to acquire RWK and continuously maintain it. Besides 
these core functions, several microservices have been used 
to provide the plug-and-play feature in the proposed design; 
that is, in case of service failure, it is replaced with another 
cone, These services include the Request Evaluator microser- 
vice which interprets a service request and matches a request 
query to the service template. The registration microservice 
registers newly added service objects to the registry. When 
a new template is instantiated, objects are put in service, 
and to know the existence of available service instances, they 
are recorded in the service registry. The lookup microservice 
is defined to search for the required service objects using 
the semantic representation. The representations available 
in RDF/OWL format are queried from the registry based 
on the request parameters. Service life cycle management 
keeps track of the states of service objects during their life 
cycle, whereas RWK management microservice is a semantic 
data processing service which processes facts about user 
preferences, profile, and situational information. 

‘To realize service provisioning, itis always not possible to 
satisfy the service requirement with a single service function. 
Service composition and harmonization features are required 
to fulfill a demanding service request. Service composition is 
not a single operation; many microservices are used to com: 
pose the individual features. One of the major components 
of the composition is the Workflow Management (WFM) 
microservice which is responsible for decomposing the ser- 
vice requirement if no single service is available to satisfy 
the task. WEM microservice identifies the service objects 
using input and output interfaces. In this concern, it uses 
the matchmaking microservice to identify the approximate 
‘matches that can serve the required service functionality 
Here, service objects are semantically represented in the form 
of ontologies. The semantic ontology alignment algorithm is, 
used to match the service up to acertain threshold level that is 
defined by the matchmaking microservice. The reuse tracker 
microservice is used to identify the current service instance 
usage by the application; it incorporates a coordination 
mechanism before instantiating any new instance, and this 
helps in service reuse by many clients. Binding microservice 
enables tying of services selected by WEM; this function 
synchronizes input and output of services in a workflow 
to produce a single service output based on the generated 
composition plan. 

Furthermore, user characterization is another important 
element to support the loT services by matching user require- 
‘ments more closely. The User Profile Manager microservice 
handles many facts related to the human user. These include 
user profile, preference, context, and policies. Semantic Con. 
text Collector microservice organizes the services requested 
by the user and the context in which these services were 
requested. This helps in identifying user interest with respect. 
to the service context. User context or situation helps in 
service selection more efficiently if a user requests again 
With a similar service requirement. Some microservices have 


been designed to handle user situation information; these 
microservices include situation discovery, classification, and 
recognition functions, Situation discovery is used to process 
sensor data that is provided by CVOs to prompt a situation, 
‘whereas machine learning algorithms are applied to remove 
the false values and data normalization is performed in case 
inappropriate triggers in the data exist. Situation classification 
incorporates the reasoning methods and rules to generate 
a relationship over detected events and refine the missing 
knowledge between the events. Situation projection analyzes 
the events data with the help of machine learning methods 
and provides an output in the form of predicted facts that 
are related to the situation being detected. Moreover, all 
the microservices coordinate using a communication hub to 
share information with each other. 

‘A flow of service inception to service execution in the pro- 
posed architecture is depicted in Figure 5 where service man- 
agement is responsible for initiating the above-mentioned 
functionalities and instantiating the microservices. This pro- 
cess further results in the generation of CVO/VO mashup 
‘graphs to be handled by CVO management (discussed in 
Section 3.4.2). Situational information has also been used to 
improve request analysis and service provisioning, whereas 
‘VO management (discussed in Section 3.4.3) acquires and 
‘aggregates data from sensors and other RWOs 


Social Relationship Management Microservices. To support the 
social relationships among web objects at each layer of the 
proposed system, relationship management microservices 
are defined, which support the codification of relationships 
among web objects (VOs and CVOs) and their management. 
‘These microservices are defined as follows. Group manage- 
‘ment microservice identifies the grouping of objects into 
specific sets based on the type and interaction of objects; it 
builds a social graph of the object relationships. Link man- 
agement microservice incorporates mechanisms to maintain 
relationships among different objects and it includes several 
other subfunctions. The first subfunction is object selection 
which involves choosing candidate objects that are likely 
to form a particular association. The second subfunction 
is matchmaking service which provides exact relationship 
match based on the type of objects. The third subfunction 
is the association life cycle manager, which maintains the 
relationship status between objects; it checks whether they are 
in active relation or not. It keps track of relationship validity 
and also the duration of relationships. Relationship observer 
microservice enables the object activities to be observed, 
and it also handles the mutual sharing, which defines what 
information an object is allowed to share or use of another 
object based on the relationship among them. Relationship 
dependability recognizer microservice identifies, maintains, 
and continuously improves the level of reliability among 
objects. If objects A and B are frequently interacting and 
always perform a task together that leads to successful 
execution of an application to serve the requirements, then 
they are more likely to form a reliable relationship with each 
other. The consistency of the relationship allows objects to 
share their information with fewer constraints as compared 
to unpredictable association among objects. Relationship 
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shows a method for using comsial cable with the delta match, The impedance is trans 
formed in a 4:1 balun transformer (see Fig. 18-14), The elements of the delta match can 
be made from brass, copper, or aluminum tubing, or a bronze brazing rod bolted to the 
main radiator element 

A stub-matching system is shown in Fig. 18-3. In this case, the impedance trans 
formation is accomplished despite the half-wavelength shorted stub of transmission 
line, The exact impedance of the line is not very critical, and is found from 


28 


8.4] 


loys 


d 


‘The matching stub section is made from metal elements such as tubing, wire, or 
rods (all three are practical at VHF/UHF frequencies). For a in rod, the spacing 
is approximately 2.56 in to make a 450-Q transmission line, A sliding short circuit is 
used to set the electrical length of the half-wave stub. The stub is tapped ata distance 
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18-3 Stub matching 
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from the antenna feedpoint that matches the impedance of the transmission line. In the 
‘example shown, the transmission line is coaxial cable, so a4:1 balun transformer is used 
between the stub and the transmission line. The two adi s to make in this sys 

tem are: (1) the distance of the short from the feedpoint and (2) the distance of the 
‘transmission line tap point from the feedpoint. Both are adjusted for minimum VSWR. 

‘The gamma match is basically a half delta match, and operates according to sim 

ilar principles (Fig. 18-4). The shield (outer conductor) of the coaxial cable is con: 

nected to the center point of the radiator element. The center conductor of the 
coaxial cable series feeds the gamma element through a variable eapacitor. 


VHE/UHE antenna examples 


Although it is probably not necessary to reiterate the point, VHF/UHF antennas are not 
substantially different from HF antennas, especially those for the higher bands. How- 
ever, for various practical reasons there are several forms that are specially suited, or at 
least popular, in the VHF/UHF bands. In this section we will take a look at some of them. 


Coaxial vertical 

‘The coaxial vertical is a quarter-wavelength vertically polarized antenna that is pop: 
ular on VHEVUHE, There are two varieties. In Fig. 18-5 we see the coaxial antenna 
made with coaxial cable. Although not terribly practical for long-term installation 

the coas-coax antenna is very useful for short-term, portable, or emergency applica: 
tions. For example, a boater found himself adrift, and in dire trouble, after a storm. 
damaged the boat. The mast-top VHF antenna was washed away, leaving only the 
end of the coaxial cable dangling loose, Fortunately, the boat operator was a two-way 
radio technician, and he knew how to strip back the coaxial cable to make an it 

promptu coaxial vertical. 

‘The coax-coax antenna shown in Fig. 18-5A uses a quarter-wavelength radiator 
and a quarter-wavelength sleeve. The sleeve consists of the coax brald stripped back 
and folded down the length of the coax cable. ‘The maximum length is found from the 
equation below (actual length is trimmed from this maximum): 
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‘The antenna is mounted by suspending it from above by a short piece of string, 
twine, or fishing line, From a practical point of view, the only problem with this fori, 
of antenna is that it tends to deteriorate after a few rainstorms. This effect can be 
reduced by sealing the end, and the break between the sleeve and the radiator, with 
either silicone RTV or bathtub caulk. 

A more permanent method of construction is shown in Fig, 18-5B. The sleeve is 
a piece of copper or brass tubing (pipe) about 1 in in diameter. An end cap is fitted 
over the end and sweat-soldered into place, The solder is not intended to add me. 
chanical strength, but rather to prevent weathering from destroying the electrical 
contact between the two pieces. An SO-289 coaxial connector is mounted on the end 
cap. The coas is connected to the SO-239 inside the pipe, which means making the 
connection before mounting the end cap. 
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‘The radiator element is a small piece of tubing (or brazing rod) soldered to 
the center conductor of a PL-269 coaxial connector. An insulator is used to pre- 
vent the rod from shorting to the outer shell of the PL-259. (Note: an insulator sal- 
vaged from the smaller variety of banana plug can be shaved a small amount with, 
a fine file and made to fit inside the PL-259. It allows enough center clearance for 
Yeinich or ¥%-inch brass tubing.) 

Alternatively, the radiator element can be soldered to a banana plug. The normal- 
size banana plug happens to fit into the female center conductor of the SO-239, 


Collinear vertical 

Gain in antennas is provided by directivity. In other words, by taking the power radi- 
ated by the antenna, and projecting it into a limited direction, we obtain the appear 
ance of higher radiated power. In fact, the effective radiated power (ERP) of the 
antenna is merely its feedpoint power multiplied by its gain. Although most antenna 
patterns are shown in the horizontal dimension (as viewed from above), itis also pos- 
sible to obtain gain by compressing the vertical aspect. In this manner itis possible to 
havea vertical antenna that produces gain. Figure 18-6 shows a collinear gain antenna, 
‘with vertical polarization and a horizontally omnidirectional pattern. Incidentally, 
‘when mounted horizontally the pattern becomes bidirectional 

‘The collinear antenna shown in Fig. 18-6 is basically a pair of stacked collinear 
arrays, Bach array consists of a quarter-wavelength section A and a half-wavelength, 
section C separated by a quarter-wavelength phase reversing stub B. The phase re- 
versal stub preserves in-phase excitation for the outer element: (referenced to the 
inner element). 

‘The feedpoint is between the two elements of the array (Le., between the A sec- 
tions). The coaxial-cable impedance is transformed by a 4:1 balun transformer (see 
Fig. 18-1). Alternatively, 300-0 twin lead can be used for the transmission line. If 
this alternative is used, then the use of UHF shielded twin lead is highly recom 
mended. Ifthe transmitter lacks the balanced output needed to feed twin lead, then 
use a balun at the input end of the twin lead (Le., right at the transmitter) 


‘Yagi antennas 
‘The Yagi heam antenna is a highly directional gain antenna, and is used both in HF 
and VHF/UHF systems. The antenna is relatively easy to build at VHF/UHF. In fact, 
it is easier than for HF systems. The basic Yagi was covered in Chap. 12, so we will 
only show examples of practical VHF devices, A 61m Yagi antenna is shown in Fig. 
18-7. This particular antenna is a four-element model. The reflector and directors 
can be mounted directly to a metallic boom, because they are merely parasitic. The 
riven element, however, must be insulated from the metal boom. 

‘The driven element shown in Fig. 18-7 isa folded dipole. While this is common 
practice at VHF, because it tends to broadband the antenna, itis not strictly neces- 
sary. The dimensions of the driven element are found from Bq. 18.4. Set the equation 
equal to 300 Q, select the diameter of the tubing from commercially available 
sources, and then calculate the spacing. 

Example 18-2 Calculate the spacing of a 300-9 folded dipole when Yin tub- 
ing is used in its construction. 
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Solution: 


6 log, 
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300.0 = 276 log, 


300 


Using 0.76-in pipe results in 


12.02 = 2.678 
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‘Two-meter yagi 
Figure 18-8 shows the construction details for a six-element 2-meter Yagi beam an 
tenna. This antenna is built using a2 % 2-in wooden boom and elements made of either 
brass or copper rod. Threaded brass rod is particularly useful, but not strictly neces: 
sary. The job of securing the elements (other than the driven element) is easier when 
threaded rod is used, because it allows a pair of hex nuts, one on either side of the 
X 24n boom, to be used to secure the element. Nonthreaded elements can be se 
cured with RTV sealing a press-Lit. Alternatively, tie wires (see inset to Fig. 18-8) can 
be used to secure the rods. A hole is drilled through the 2 % 2 to admit the rod or tub: 
ing. The element is seeured by wrapping a tie wire around the rod on either side of the 
2, and then soldering it in place. The tie wire is no, 14 to no. 10 solid wire. 
‘Mounting of the antenna is accomplished by using a mast secured to the boom, 
with an appropriate clamp. One alternative is to use an end-flange clamp, such as 
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is sometimes used to support pole lamps, etc. The mast should be attached to the 
boom at the center of gravity, which is also known as the balance point. If you try 
to balance the antenna in one hand unsupported, there is one (and only one) 
point at, which it is balanced (and won't fall). Attach the mast hardware at, or 
near, this point in order to prevent normal gravitational torques from tearing the 
mounting apart. 

‘The antenna is fed with coaxial cable at the center of the driven element. Or- 
dinarily, either a matching section of coax, or a gamma match, will be needed be. 
cause the effect of parasitic elements on the driven element feedpoint impedance 
is to reduce it. 


Y-wavelength 2-m antenna 
‘The ¥-wavelength antenna (Fig. 18-9) is popular on 2 m for mobile operation be- 
cause itis easy to construct, and it provides & small amount of gain relative to a di- 
pole, The radiator element is %-wavelength, so its physical length is found fromm 


= 7380 


in 118.6] 


‘The ¥-wavelength antenna is not a good match to any of the common forms of 
coaxial cables. Either a matching section of eable, or an inductor snatch, is normally 
used. In Fig, 18-9 an inductor match is used. The matching coil consists of 2 to 8 
turns of no. 12 wire, wound over a ¥-in OD form, Yin long, The radiator element can 
be tubing, brazing rod, or length of heavy “piano wire.” Alternatively, for low-power 
systems, it can bea telescoping antenna that is bought as a replacement. for portable 
radios or televisions. These antennas have the advantage of being, adjustable to res- 
nance without the need for eutting. 


J-pole antennas 
‘The J-pole antenna is another popular form of vertical on the VHF bands. It can be 
used at almost any frequency, although the example shown in Fig, 18-10 is for 2m. 
‘The antenna radiator is ¥-wavelength long, so its dimension is found from. 


he in 118.7] 


F, 


and the quarter-wavelength matching section length from 


2052. 
Faw [18.8] 


‘Taken together the matching section and the radiator form a parallel trans- 
mission line with a characteristic impedance that is 4 times the coaxial cable im- 
pedance, If 50-Q coax is used, and the elements are made from 0.5 in OD pipe, 
then a spacing of 1.5 in will yield an impedance of about 200 Q. Impedance match: 
ing is accomplished by a ganuna match consisting of a 25-pF variable capacitor, 
connected by a clamp to the radiator, about 6 in (experiment with placement) 
above the base. 
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lookup microservice incorporates the discovery algorithm 
(as given in listing of Algorithm 1) to discover the social 
relationships and maintains the list of all objects and their 
potential association rating. The rating defines the opportu- 
nity for objects to form a relationship with each other. 

“Moreover, the operation flow of social microservices has 
been illustrated in Figure 6, where VO management retrieves 
the social relationship among objects this is queried using 
link management, which uses a lookup service. Associations 
are maintained in a social relationship graph using semantic 
ontology and queried using the relation observer service. The 
social graph is also updated and maintained continuously 
with respect to changing links among objects, on the basis, 
of which VOs are selected. 


3.4.2, Functional Components in Aggregated Object Virtual- 


tion Level. Aggregated object virtualization (AOV) level 
involves all the necessary functions to instantiate, manage, 
and continuously monitor CVOs. Besides, it includes the 
interface required by the service level to interact with CVO 
components. Service level provides the mashup graphs of 
CVOs and VOs that are required to fulfil a service request. 
Aggregation level also supports some core functions; these 
are categorized as CVO configuration and management to 
decompose requests from service level and manage CVO 
instances, CVO generator to instantiate CVOs, composition. 
function to form CVO and VO mashups, reuse management 


to select existing CVOs that approximately match service 
requirement, and system knowledge engine to grow knowl- 
‘edge for the optimal use of CVO resources. Further, other 
aggregation level functionalities are as follows: registration 
function records the CVO entry into the semantic CVO 
registry in the form of RDF/JSON format. CVO includes 
‘ontologies that specify conditions to be applied on the 
VO data. Also, at this level, templates are created by a 
domain expert or knowledge engineer, which consist of 
functionalities associated with each CVO type. Template 
‘management module provides an interface to include tem- 
plates to the CVO template repository and also supports 
the modification mechanism. CVOs are discovered using 
their semantic annotation via the discovery function. CVO 
selection analyzer function provides estimated selection of 
a CVO for reuse if there is no single CVO that can exactly 
provide the required service. This is supported by similar- 
ity checking mechanism to analyze the level of similarity 
before recommending for reuse. Ataggregation level, another 
important function is event processing; event streams gen- 
erated by object virtualization level are highly valuable to 
infer situational awareness and building RWK that is used 
by high-level functions. Event processing module facilitates 
processing of events and provides generated facts as output. 
Event processing is supported by CVO hypothesis analyzer 
that incorporates several hypotheses which are trained over 
data to build system level knowledge. Aggregation level also 
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Groundplane 

‘The groundplane antenna is a vertical radiator situated above an artificial RF 
ground consisting of quarter-wavelength radiators. Groundplane antennas can be ei: 
ther %-wavelength or %-wavelength (although for the latter case impedance match. 
ing is needed—see the previous example) 

Figure 18-11 shows how to construct an extremely simple groundplane an- 
tenna for 2 m and above. The construction is too lightweight for 6- antennas 
(in general), because the element lengths on 6-m antennas are long enough to 
make their weight too great for this type of construction. The base of the an- 
tenna is a single $0-239 chassis-type coaxial connector. Be sure to use the type 
that requires four small machine serews to hold it to the chassis, and not the 
single-nut variety. 

‘The radiator element isa piece of ¥,-in or 4-mm brass tubing. This tubing ean be 
bought at hobby stores that sell airplanes and other models. The sizes quoted just 
happen to Git over the center pin of an SO-239 with only a slight tap from a light 
weight hammer—and I do mean slight tap. Ifthe inside of the tubing and the con- 
nector pin are pretinned with solder, then sweat soldering the joint will make a good 
electrical connection that is resistant to weathering, Cover the joint with elear lac 
‘quer spray for added protection. 

‘The radials are also made of tubing, Alternatively, rods ean also be used for this 
purpose. At least four radials are needed for a proper antenna (only one is shown in 
Fig. 18-11). This number is optimum because they are attached to the SO-230 
‘mounting holes, and there are only four holes. Flatten one end of the radial, and drill 
a small hole in the center of the Nattened area, Mount the radial to the SO-239 using 
small hardware (4-40, ete.) 

‘The SO-239 can be attached toa metal L bracket. While itis easy to fabricate such 
a bracket, itis also possible to buy suitable brackets in any well-equipped hardware 
store. While shopping at one do-it-yourself type of store, I found several reasonable 
candidate brackets. The bracket is attached to a length of 2 % 2-in lumber that serves 
as the mast 


Halo antennas 

One of the more saintly antenras used on the VHF boards is the halo (Fig. 18-12). ‘This 
antenna basically takes a hall-wavelength dipole and bends into a circle. The ends of the 
lipole are separated by a capacitor. In some cases, a transmitting-type mica “button” c 
pacitor is used, but in others (and pethaps more commonly), the halo capacitor consists 
‘of two din disks separated by a plastic dielectric. While air also serves as a good (and per- 
haps better) dielectric, the use of plastic allows mechanical rigidity to the system. 


Quad beam antennas 
‘The quad antenna was introduced in the chapter on beams. It is, nonetheless, also 
‘emerging as a very good VHF/UHF antenna, It should go without saying that the an 
tenna is lot easier to construct at VHF/UHF frequencies than it is at HF frequer 
ies! Figure 18-13 shows a modest example, 

‘There are several methods for building the quad antenna, an 18-18 repre- 
sents only one of them. The radiator element can be any of several materials, 
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including heavy solid wire (no. 8 to no. 12), tubing, or metal rods. The overall 
lengths of the elements are given by: 


Driven element: 


118.9] 

Reflector: 
[18.10] 

Director: 
in 8.11) 


‘There are several alternatives for making the supports for the radiator. Because 
of the lightweight construction, almost any method can be adapted for this purpose. 
In the case shown in Fig, 18-13, the spreaders are made from either 1-in furring 
strips, trim strips, or (at above 2m) even wooden paint stirring sticks, The sticks are 
cut to length, and then half-notched in the center (Fig. 18-19, detail B). The two 
spreaders for each element are joined together at right angles and glued (Fig. 18-13, 
detail C). The spreaders can be fastened to the wooden boom at points in detail C. 
‘The usual rules regarding element spacing (0.15 to 0.31 wavelength) are followed, 
See the information on quad antennas in Chap. 12 for further details, Quads have 
‘been successfully built for all amateur bands up to 1296 MHz. 


—o— 


plB_carr 4/10/01 3:45 PM Page 359 


VHF/UHF antenna examples 359 


Overall lengths: 
Reflector: L = 
Director: L = 


Driven element: L = 


Wire 
rod 


é 


po 


18-13 Quad loop construction on VHF. 


Chapl6_carr 4/10/01 


45 PM Page 360 © 


360 VHF/UHF transmitting and receiving antennas 


VHE/UHE scanner band antennas 


‘The hobby of shortwave listening has always hud a subset of adherents who listen ex- 
Clusively to the VHF/UHF bands. In those bands are found a rich variety of services 
from commercial two-way radios, police and fie systems, and others. Many of these 
people are serious DXers, but others have a little of the voyeur in them (they like to lis- 
ten to whats going on in the conununity by monitoring the police frequencies). As long 
as they neither respond to the seene of a police or fire action, nor use the information 
zained from monitoring in an ileyal manner, they are perfeetly free to listen in, 

Afew people have an unusually practical element to their VAE/UHF listening. At 
least one person known to the author routinely tunes in the local taxieab company’s 
frequency as soon as she orders a cab, She then listens for her own address, She 
knows from that approximately when to expect the cab, 

In the early 1960s, when all VHF monitor receivers were crystal-controlled (and 
relatively expensive), the listener had a very limited selection of frequencies to 
choose from. Having worked in various shops that sold those receivers, I ean recall 
that most of our customers tended to be police officers, fire fighters (or volunteers), 
or journalists covering the local erime news, However, modern scanners operate on 
both major VHF bands (low and high), plus UHF bands and others 


Scanner-vision antennas 

‘The antennas used by seanner listeners are widely varied, and (in some cases) over- 
priced, Although itis arguable that a total coverage VHF/UHF antenna is worth the 
‘money, and it probably is, there are other possibilities that should be considered. 

First, don’t overlook the use of television antennas for scanner monitoring! The 
television bands (about 80 channels from 54 MHz to around 800 MHz) encompass 
‘most of the ordinarily used scanner frequencies. Although antenna performance is 
not optimized for the scanner frequencies, itis also not “zero” on those frequencies, 
Ifyou already have an “all channel” TV antenna installed, then it isa simple matter 
to conneet the antenna to the seanner receiver. (Note: if the antenna uses 300-0 
‘win lead, then installa 4:1 balun transformer that accepts 300 0 in and produces 7 
‘Qout. These transformers are usually available at TV shops, video shops—including 
videotape rental places—and Radio Shack stores.) 

‘The directional characteristic of the TV antenna makes it both an advantage 
and a disadvantage to the scanner user. If the antenna has a rotator, then there is 
no problem, Just rotate the antenna to the direction of interest. However, i the an- 
tenna is fixed, and the station of interest is elsewhere than where the antenna is 
pointed, then there is a bit of a problem, Nevertheless, some reception is possible 
for at least three reasons. One is that the main beam of the antenna is not infinitely 
thin, so the station of interest might well he within the beam—even if off the point 
alittle bit. Second, there are always sidelobes on an antenna, These are areas out- 
side of the main beam that offer reduced, but nonzero, reception characteristics. 
Finally, the sidelobes and main lobe of the antenna are optimized for the TV bands, 
and may not obtain the same directivity on certain scanner frequencies. It is, 
therefore, possible that a TV antenna will have an unusual lobe in the direction of 
interest for the scanner channel, 
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‘The TV antenna also offers other possibilities. The hardware and electronics, 
normally found useful on TV antenna systems, are also useful for scanner antennas, 
‘The use of the mounting hardware is obvious, but less obvious is the use of compo: 
nents such as multiset couplers, impedance transformers, and wideband amplifiers, 
For example, Fig. 18-14 shows two scanner antennas joined together into a single 
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transmission line using a two-set coupler. Although intended to allow two television 
sets to receive a signal from the same antenna, the device also works to combine two 
antennas into a single transmission line. Two popular TV uses include two antennas 
{for different directions and VHF and UHF antennas that share the same downlead, 
Be sure to buy a weatherproof model if you intend to mount the coupler on the 
antenna mast (the correct place for it) (Fig. 18-15) 

‘TV antenna amplifiers are used to increase the weak signal from a distant station 
to a level compatible with the TV receiver, Because these amplifiers are wideband 
designs, they will also work well for the scanner bands that are inclusive within the 
54-10 800-MEz TV bands, Some models are intended to be part of the antenna, while 
others are mounted indoors, some distance from the antenna, The basic rule of 
thumb is to place the amplifier as close as possible to the “head end” of the syste1 
where the antenna is located. This situation will permit signals to be built up to a 
level considerably above the noise level before being attenuated in the transmission 
line losses, 

TV/PM receiver folded dipoles made of twin-lead transmission line also work 
Well at other VHF/UHF frequencies. Figures 18-16A and 18-16B show the details of 
their construction. 


Scanner skyhooks 
Other antennas not to be overlooked are the CB, or amateur radio, high-frequency 
(shortwave) antennas. Many amateur radio operators use their 80-m dipole antenna 


| 


Downlead. Inches 
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‘on 2 m (144 to 148 MHz) and find that it has the gain and directivity characteristics 
ofa longwire antenna. Similarly, with vertical “ham” and CB antennas, they have ap: 
parent gain on some VHF frequencies and will at least perform to some ext 
‘on others, 

Even the lowly “random lengtl” wire antenna used for your shortwave re- 
ceiver ought to turn in decent performance as a VHF/UHF longwire antenna. 
‘These antennas are simply a 30- to 150-ft length of no. 14 wire attached to a dis- 
tant support, 

Figure 18-17 shows two variants to an antenna that is popular with VHE/UHF re 
ceiver operators: the drooping dipole. These antennas are similar to the inverted: 
vee dipole, in that they consist of two quarter-wavelength radiator elements, Unlike 
the ordinary dipole, the ends of the radiators, in the single-band drooping dipole of 
Fig. 18-17A, are lowered. The drooping dipole can be made using an SO-239 UHF 
coaxial connector as the support for either stiff wire, brass hobbyist tubing, or braz- 
ing rod elements cut to /4 each. The antenna can be made into a multiband, or very 
Wideband, antenna by connecting several pairs of drooping dipoles in parallel, as in 
Fig. 18-178, 


t 


18-17A_Drooping dipole 


18-178 Multiband drooping dipote. 


Wireless Communications and Mobile Computing 


n 


rel query] Execute query 


‘raph real 


Feline reation 


tarred relationships 


Update dependencies 


F—]Add member 


Update Group 


Modied cial graph 


Select retro 
Vor 
i eg tlaton graph 
Revive socal 
abjet elation 
Relation raph resp. 
vpdatevo 
pda change in 
Socal graph update 
pdtv 


Ficuas 6: Sequence of operation required to establish a social relationship among objects, 


provides composition function which provides the basis for 
‘merging multiple VOs to generate single service feature and 
validation function to validate the compositions of multiple 
VOs. Moreover, the coordinator helps in resolving conilicts 
in case of simultaneous access of single CVO by multiple 
services together, 


3.43, Functional Components in Object Virtualization Level 
Although lo middleware virtualizes sensors and actuators 
in some form of virtual entities, however, in WoO, every 
living or nonliving thing can be represented in the virtual 
world. VOs are supported by an information model (14, 
15] which includes the representation of RWO that can 
be ICT or non-ICT. In the proposed architecture, object 
Virtualization level includes functions to create, maintain, 
and coordinate VOs such as VO generator, VO management, 
and optimization engine. VO registration function provides 
an interface to register VOs with the help of VO ownership 
‘management function where the VO ownership is main: 
tained, Template management function handles templates 
or loads updated ones as provided by the domain expert. 
‘Metadata management maintains data associated with VOs; 
as VO is a digital representative of real-world entities, there 
is a high need to store metadata information to recognize 
the class of sensed data. Use of metadata provides the real 
value of the data in the form of the context stored within 
it, Furthermore, VO data synthesizer service handles the 


discrepancies if found in the data corresponding to VO; this 
includes data manipulation and missing value rectification 
Conflict resolution function helps in case the same VO is 
used by multiple service instances, to resolve the conflicts 
‘Also, VO access management function controls access for 
‘VOs in case access right information has been defined by 
the VO owner, whereas identification management module 
maintains identification information about VOs so that each 
VO can be uniquely identified in the system. 


344, Social Relationship Discovery and Composition. To 
identify associations among web objects within a social 
relationship graph, an algorithm is elaborated briefty. In the 
following algorithm, the microservices that are in execution 
are retrieved first, represented as EMys next, all the CVOs 
associated with each of those microservices are recovered 
in EMc and, further, the corresponding VO model ZMv 
is iterated, In the next step, executing the query statement 
routine returns the results denoted as T. ‘The process of 
finding the relationships is carried out through lines (6)-(19) 
in maltiple nested iterations as shown in the pseudocode of 
Algorithm 1 listing, 

Algorithm 2 facilitates the composition of objects based 
‘on social association types. This algorithm takes as input the 
set of object social relationships denoted by Z and registry 
entries of the objects that are currently available in the 
system, represented as Ble. After the object model denoted 
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18-18A_ Vertical dipole, 
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‘The vertical dipole (Fig. 18-18A) also finds use in the VHF/UHF region. 
element is N/4 long, and its physical length can be found from 


2892 


L in 118.12] 


F 


‘This antenna can be built with the same types of materials as the drooping dipole. AL- 
though several different construction techniques are popular, the method of Fig. 18: 
18B is probably the most popular with homebrew builders. 

A groundplane antenna for VHF/UHF frequencies is shown in Fig. 18-19, The 
antenna sits on an L bracket mounted to a2 X 4-in wooden mast or support. The L 
bracket can be manufactured for the purpose, or purchased at Happy Harry's hard- 
ware emporium. The base of the antenna is a chassis-mount SO-239 UHF coaxial 
connector. A quarter-wave radiator element is made from Yin brass tubing, or 
brazing rod, soldered to the center conductor pin of the SO-239. Similarly, radials 
can be made from the same type of material, but soldered directly to the body of the 
SO-239 (this action connects it to the coaxial cable shield). The four mounting 
holes of the SO-239 make reasonable anchors for the radials. Solder them for elec 
trical integt 
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A coaxial vertical can be made from 1-in brass tubing or copper plumbing pipe, 
and either brazing rod or brass tubing (Fig. 18-20). The sleeve is fitted with an end 
cap that has an SO-239 mounted on it (see inset). The radiator element can be made 
with a mate to the $0-239, namely the PL-259 coaxial plug. The radiator element is 
soldered to the center conductor, and it is insulated from the shield. You can buy 
coaxial whips with this type of construction, so you may not have to actually build 
the radiator element. 

Additional gain, about +3 dB, can be achieved by stacking VHE/UHF antennas to- 
gether. Figure 18-21 shows a typical arrangement in which two half-wavelength dipole 
antennas are connected together through a quarter-wavelength hamess of RG-59/U 
coaxial cable, This hamess is shorter than a quarter wavelength by the velocity factor of 
the coaxial cable: 
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where 
Lis the length, in inches 
Vis the velocity factor (typically 0.66 or 0.80 for comunon coax) 


Fg, i8 the frequency, in megahertz, 


‘The antennas can be oriented in the same direction to inere: 
onally (as shown in Fig. 18-21) to make it more omnidirectional 

Because the impedance of two identical dipoles, fed in parallel, is one-half 
that of a single dipole, it is necessary to have an impedance-matching section 


se gain, or orthog. 
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18-21 Stacking VHF antenna: 
made of RG-58/U coaxial cable. This cable is then fed with RG-BO/U coax from 
the receiver 
There is nothing magical about scanner recelvers that require any form of 
antenna that is significantly different from other VHF/UHF antennas. Although the 
designs might be optimized for VHF or UHF, these antennas are basically the same 
as others shown in this book. As a matter of fact, almost any antennas, from any 
chapter, can be used by at least some scanner operators 
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CHAPTER 


Microwave waveguides 
and antennas 


‘THE MICROWAVE PORTION OF THE RADIO SPECTRUM COVERS FREQUENCIES FROM ABOUT 
900 Mz to 200 GHz, with wavelengths in free-space ranging from 33 em down to 
1 mun, Transmission lines can be used at frequencies from dle to about 50 or 60 GHz, 
although, above 5 GHz, only short runs are practical, because attenuation increases 
dramatically as frequeney increases. There are three types of losses in conventions 
transmission lines: ohmic, dielectric, and radiation. ‘The obunic losses are caused 
by the current flowing in the resistance of the conductors making up the transmis 
sion lines. Becanse of the skin effect, which increases resistance at higher fre 
quencies, these losses tend to increase in the microwave region. Dielectric losses 
are caused by the electric feld acting on the molecules of the insulator and 
thereby causing heating through molecular agitation. Radiation losses represent 
loss of energy as an electromagnetic wave propagates away from the surface of the 
transmission line conductor. 

Losses on long runs of coaxial transmission line (the type most commonly used) 
cause concern even as low as the 400-MHz region, Also, because of the increased 
losses, power handling capability decreases at high frequencies, Therefore, at higher 
microwave frequencies, or where long runs make coax attenuation losses unaccept 
able, or where high power levels would overheat the coax, waveguides are used in 
lieu of transmission lines, 

What is a waveguide? Consider the light pipe analogy depicted in Fig. 19-1. 
flashlight serves as our “RF source,” which (given that light is also an electromag. 

etic wave) is not altogether unreasonable. In Fig. 19-1A the source radiates into 
free space and spreads out as a function of distance. The intensity per unit area, at 
the destination (a wall), falls off as a funetion of distance (D) according to the i 
verse square law (I/D). 

But now consider the transmission scheme in Fig. 19-1B. The light wave still 
propagates over distance D, but is now confined to the interior of a mirrored pipe. 
Almost all of the energy (ess small losses) coupled to the input end is delivered 
to the output end, where the intensity is practically undiminished. Although not 
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19-1 Waveguide analogy to light pipe. 


perfect, the light pipe analogy neatly summari 
of microwave waveguides. 

‘Thus, we can consider the waveguide as an “RF pipe” without seeming too 

serenely detached from reality. Similarly, fiber-optic technology is waveguidelike at 
optical (IR and visible) wavelengths, In fact, the analogy between fiber optics and 
waveguide can withstand more rigorous comparison than the simplistic ight pipe 
analogy. 
‘The internal walls of the waveguide are not mirrored surfaces, as in our optical 
logy, but are, rather, electrical conductors, Most waveguides are made of alu- 
minum, brass, or copper. In order to reduce ohmic losses, some waveguides have their 
internal surfaces electroplated with either gold or silver, both of which have lower re- 
sistivities than the other metals mentioned above. 

Waveguides are hollow metal pipes, and can have either circular or rectangular 
cross sections (although the rectangular are, by far, the most common). Figure 19-2 
shows an end view of the rectangular waveguide, The dimension a is the wider i- 
mension, and b is the narrower. These letters are considered the standard form of 
notation for waveguide dimensions, and will be used in the equations developed in 
this chapter. 


2s, ona simple level, the operation 


Development of the rectangular 
waveguide from parallel transmission lines 


One way of visualizing how a waveguide works is to develop the theory of waveguides 
from the theory of elementary parallel transmission lines (see Chap. 3). Figure 19-3A 
shows the basic parallel transmission line which was introduced in Chap. 3. The line 
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Development of the rectangndar waveguide from paraltel transi 


consists of two parallel conductors separated by an air dielectric. Because air won't 
support the conductors, ceramic or other material insulators are used as supports, 
‘There are several reasons why the parallel transtnission line per se is not used at 
microwave frequencies. Skin effect increases olunic losses to a point that is unac 
ceptable, Also, the insulators supporting the two conductors are significantly more 


19-2. Rectangular waveguide (end view) 


Fields not confined. 
A. in this direction 


Field confined 
in this direetion 


End view of two wire line 


19-3 Development of waveguide from parallel line 
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lossy at microwave frequencies than at lower frequencies. Finally, radiation losses 
inerease dramatically. Figure 19-3B shows the electric fields surrounding the co 
ductors. The fields add algebraically (either constructively or destructively), result- 
ing in pinching of the resultant field along one axis, and bulging along the other. This 
eometry increases radiation losses at microwave frequencies. 

Now let’s consider the quarter-wavelength shorted stub. The “looking-in” im- 
pedance of such a stub is infinite. When placed in parallel across a transtuission line 
(Fig. 19-4A) the stub acts like an insulator. In other words, at its resonant frequency, 
the stub isa metallic insulator, and can be used to physically support the transmis 
sion line. 

Again, because the impedance is infinite, we can connect two quarter 
wavelength stubs in parallel with each other across the same points on the 
transmission line (Fig. 19-48) without loading down the line impedance. This 
arrangement effectively forms a half-wavelength pair. The impedance is still infi- 
nite, so no harm is done. Likewise, we can parallel a large number of center-fed 
hhalf-wavelength pairs along the line, as might be the case when a long line is sup- 
ported at multiple points. The waveguide is analogous to an infanite number of 


= 


Short 
‘arent 


19-48 
Quarter-wave stub analogy 
extended, 
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A rac 


‘Quarter-wave stub analogy 
West, 


beMs == 


conter-fed “half-wave pairs” of quarter-wave shorted stubs connected across 
the line. The result is the continuous metal pipe structure of the common rectan 
gular waveguide (Fig, 19-4C) 

On first glance, relating rectangular waveguide to quarter-wavelength shorted 
stubs seems to fall down, except at the exact resonant frequency. It tums out, how 
‘ever, that the analogy also holds up at other frequencies, so long as the frequeney is, 
higher than a certain minimum cutoff frequency. The waveguide thus acts like a high- 
pass filter, There is also a practical upper frequency limit, In general, waveguides sup- 
port a bandwidth of 30 to 40 percent of cutoff frequency. As shown in Fig. 19-5, the 
center line of the waveguide (which represents the points where the conductors 
are in the parallel line analogy) becomes a “shorting bar” between segments, and that 
“bar” widens or narrows according to operating frequency. Thus, the active region is, 
still a quarter-wavelength shorted stub, 

Below the cutoff frequency, the structure disappears entirely, and the wave: 
guide acts like a parallel transmission line with a low-impedance inductive reactance 
shorted across the conductors, When modeled as a pair of quarter-wavelength stubs, 
the a dimension of the waveguide is a half-wavelength long. The cutoff irequeney is, 
defined as the frequency at which the a dimension is less than a half-wavelength. 


Propagation modes in waveguides 


‘The signal in a microwave waveguide propagates as an electromagnetic wave, not as 
a current. Even in a transmission line, the signal propagates as a wave because the 
current in motion down the line gives rise to electric and magnetic fields, which be- 
have as an electromagnetic field. The specific type of field found in transmission 
lines, however, is a (ransverse electromagnetic (TEM) field. The term transverse 
implies things at right angles to each other, so the electric and magnetic fields 
are perpendicular to the direction of travel. In addition to the ward “transverse,” 
these right-angle waves are said to be “normal” or “orthogonal” to the direction of 
travel—three different ways of saying the same thing: right-angledness, 
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Require: (51), (®.) 
(1) Output: § (Socal relationship graph of objects) 

(2) EM, © Load Mieroservices in model 

(3) EM" + Load CVOs in model 

(4) EM, — Load VOsin model 

(6) Te exeeuteQueryStatement (My. M,.M,,Q) 

(6) for Ally in do (iterate Microservice instance being used) 
(7) for AMO € do (check CVO and VOs used by the Services) 


(8) if 0, == output of G ina relationship set R. then 
0°) add C, to Tl 

(0) ese 

(1) FO, == output of Vy in relationship set R, then 
(2) add Vp to TT, 

(3) Ny fag (Assign relationship tag to each object entry) 
(4) else 

(5) add, to, 

(is) endif 

(7) endif 

(8) end for 

(19) end for 


contri I: Social relationship discovery. 


Require: (29), (%), (Z) 
(1) Output: C (Composite Service) 


(2) EM = Listall objects available (Microservices, CVOs, VOs) in model 


(8) T e executeQueryStatement (EM, Q) 
(4) Z = executeQueryStatement (EM, Q’) 
(3) for Allai eT do 

(6) for AllAi co do 


(2) if Ai== anyzinZ then 
®) add Aito Ty, 
Oy sore Ty 
(0) endit 
(1) end for 
(12) for AIL@i€ TT, do 
(3) if@i== any @iin,,, then 
ranking (Assign rank to each service) 
add @i to yy 
store Hy 
end if 
8) end for 


(19) for Alla} € Hy do 
(20) ifoj(RD) > then 
(2) addajto Wr 


(22) qe assign to queue 
(23) Sort Pg 

24) Formulate WE 

25) endif 

(20) end for 


Auconrris 2: Composition of objects based on socal relationship. 


2s EM is loaded, the first step is to compose objects based 
on their relationship types, This way, the SPARQL queries 
are executed; the first query is denoted as Q to retrieve 
the available service templates and the second query is 
represented as Q' to extract the relationships associated with 


the services, From line (5) to (11) fist, the social relationship 
is searched among objects and then the found relative objects 
are composed in groups. The design philosophy employed 
over here is to assign a ranking to each selected group 
based on the relationship type that helps in a more efficient 
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A. Operating frequency 


19.5 
Me Changing frequency does not 
B. Increasing frequency affect the analogy 


C. Decreasing frequency 


Ditnension 
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Boundary conditions 
‘The TEM wave will not propagate in a waveguide because certain bovindary condi 

tions apply. Although the wave in the waveguide propagates through the air (or in 

ert gas dielectric) in a manner similar to free-space propagation, the phenomenon is 
bounded by the walls of the waveguide, and that implies eertain conditions must be 
met. The boundary conditions for waveguides are 


1. The electric field must be orthogonal to the conductor in order to exist at the 
surface of that. conductor, 
2. The magnetic field must not be orthogonal to the surface of the waveguide. 


In order to satisfy these boundary conditions the waveguide gives rise to two 
types of propagation modes: transverse electric mode (TE mode), and trunsverse 
magnetic mode (TM mode). ‘The TEM mode violates the boundary conditions 
because the tic field is not parallel to the surface, and so does not occur in 
waveguides, 

The transverse electric field requirement means that the E field must be per: 
pendicular to the conductor wall of the waveguide. This requirement is met by use 
ofa proper coupling scheme at the input end of the waveguide. A vertically polarized 
coupling radiator will provide the necessary transverse field. 

‘One boundary condition requires that the magnetic (H) field must not be or: 

b ‘thogonal fo the conductor surface. Because it is at right angles to the E field, it will 


inet this somes (a ig 1.6). he ln fom yd gt el a 
paral tah he rection of propagation an the wide inersion sure 
pone tat reno aang the ae of prog, alae rtgnal othe 
ie apy stead or the se apy, ok one crmponest shox 
Fig 187 Te cause sham 17 gh md an wey Nae 
that the angle of incidence with the waveguide wall increases as frequency drops. The 
angle se tvard Ora thecal eeny is spretied fn shove, Hea 
thecoequney theanlels athe wave owes bck not ete the 
wl thn prone 


‘Top ie 
stew #| om 
Lists 
‘Strong Fefieldfe—"j—S>| End view 
Cross sectional viewat center of side view rime atl 
Side "b" view Ny 
view Dim, from end 


19-6 Magnetic leds in waveguide. 
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Frequency effect on propagating 


C, Lov frequency 
(approaching eutoft) 


2+ 4 ofincidence 
0 = Z of reflection 


Coordinate system and dominant mode in waveguides 
Figure 19-8 shows the coordinate system used to denote dime id directions 
in microwave discussions. The a and b dimensions of the waveguide correspond to 
the x and y axes of a cartesian coordinate system, and the 2 axis is the direction of 
Wave propagation, 

In describing the various modes of propagation, use a shorthand notation as 
follows: 


Te 


where 


ris E for transverse electric mode, and M for transverse magnetic mode 
mis the number of half-wavelengths along the «axis (Le., a dimension) 
‘nis the number of half-wavelengths along the y axis (Le., b dimension) 
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‘The TE,, mode is called the dominant mode, and is the best mode for low atten 
uation propagation in the 2 aris. The nomenclature TE,, indicates that there is 
one half-wavelength in the a dimension and zero half-wavelengths in the b dimen- 
sion. The dominant mode exists at the lowest. frequency at which the waveguide is a 
half-wavelength. 


Velocity and wavelength in waveguides 

Figures 19-9 and 19-08 show the geometry for two wave components, simplified 
for the sake of ilustration. There are three different wave velocities to consider with 
respect to waveguides: free-space elocity ¢, group velocity V, and phase veloc- 
ity V,, The free-space velocity is the velocity of propagation in unbounded free space 
(e,, the speed of light ¢ = 8 x 10" m/s). 


x 


TM 


uigular waveguide coordinate systern 
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19-9. Antenna radiator in capped waveguide. 


19.98 Wave propagation in waveguide 


‘The group velovity is the straight line velocity of propagation of the wave down 
the center line (z axis) of the waveguides. The value of V, is always less than c, be: 
cause the actual path length taken, as the wave bounces’ back and forth, is longer 
than the straight line path (ie, path ABC is longer than path AC). The relationship 
between ¢ and Vis, 


V,=csina 9.11 
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where 


V, is the group velocity, in meters per second 
cls the free-space velocity (3 X 10" nvs) 
cis the angle of incidence in the waveguide 


‘The phase velocity is the velocity of propagation of the spot on the waveguide wall 
where the wave impinges (e.g., point B in Fig, 19-9B). This velocity, depending upon 
the angle of incidence, can actually be faster than both the group velocity and the speed 
of light. The relationship between phase and group velocities ean be seen in the beach, 
analogy. Consider an ocean beach, on which the waves arrive from offshore at an angle 
other than 90°, In other words, the arriving wavefronts are not parallel to the shore. 
‘The arriving waves have a group velocity V,, But as a wave hits the shore, it will strike a 
point down the beach first, and the “point of strike” races up the beach at a much faster 
pluse velocity V., that is even faster than the group velocity. Ina microwave waveguide, 
the phase velocity can be greater than ¢, as can be seen from Bq, 19.2: 


sina 92] 


Example 19-1 Calculate the group and phase velocities for an angle of inci- 
dence of 33°, 
Solution: 


(@) Group velocity 


sina 
(2 10 (sin 33°) 
= (3% 109)(0.5446) = 1.6 « 10% m/s 
(b) Phase velocity 


sin at 


x 10" missin 33° 
= (8X 10* m/s)/(0.5446) 
= 5.1 x 10° ns 

For this problem the solutions are 


o= 8x 10'ms 


BAL x 10° avs 


V,= 16 x 10° m/s 


We can also write a relationship between all three velocities by combining Eqs, 
19.1 and 19.2, resulting in 
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In any wave phenomenon the product of frequency and wavelength is the ve 
locity, Thus, for a TEM wave in unbounded free space we know that: 


[19.4] 


Because the frequeney F is fixed by the generator, only the wavelength can 
change when the velocity changes. In a microwave waveguide we ean relate phase 
velocity to wavelength as the wave Is propagated in the waveguide: 


Axe 
», 


119.5) 


where: 


V,, is the phase velocity, in meters per second 
cris the free-space velocity (3% 10" nvs) 

2 is the wavelength in the waveguide, in meters 

2, is the wavelength in free space (c/F), in meters (see Eq. 19.4) 


Equation 19.5 can be rearranged to find the wavelength in the waveguide: 
VA, 
yo 


119.6) 


Example 19-2. A 5.6-GHx microwave signal is propagated in a waveguide, 
Assume that the internal angle of incidence to the waveguide surfaces is 42 degrees, 
Calculate (a) phase velocity, (b) wavelength in unbounded free space, and (¢) wave- 
Jength of the signal in the waveguide 

Solution: 


(a) Phase velocity 
v= 
sina 


3x 10" ws 
sin 42° 


3X 10" mis 
OO 4.5 x 10s 
0.6991 
(b) Wavelength in free space 
st olF 
= (BX 10° m/s)/(5.6 * 10° Hz) 


= 0.054 m 
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(© Wavelength in waveguide 
va 
yet 
(4.5 x 10" ws)(0.054 m) 
Bx 10 rs qo 
Comparing, we find that the free-space wavelength is 0.054 m, and the wave- 
length inside of the waveguide increases to 0.08 mn, 


Cutoff frequency (F.) 


‘The propagation of signals in a waveguide depends, in part, upon the operating 
frequency of the applied signal. As covered earlier, the angle of incidence made by 
the plane wave to the waveguide wall is a function of frequency. As the frequency 
drops, the angle of incidence increases toward 90°. 

‘The propagation of waves depends on the angle of incidence and the associated 
reflection phenomena, Indeed, both pliase and group velocities are funetions of the 
angle of incidence, When the frequency drops to a point where the angle of inci- 
‘dence is 90°, then group velocity is meaningless. 

We can define a general mode equation based on our system of notation: 


ay ( ms y+) 9.7] 


where 


As the longest wavelength that will propagate 

4a, b are the waveguide dimensions (see Fig. 19-2) 

1m, 1 are integers that define the number of half 
and b dimensions, respectively 


felengths that will fit in the a 
Evaluating Bq. 19.7 reveals that the longest TE-mode signal that will propagate 

in the dominant mode (TE,,) is given by 
= 2a [19.8] 


from which we can write an expression for the cutoff frequency: 


119.91 


where 


Fis the lowest frequency that will propagate, in hertz 
cis the speed of light (3%10" m/s) 
is the wide waveguide dimension 


——— 


Chap19_carr 


4/10/01 3:39 PM Page 382 © 


382 Microwave waveguides and antennas 


Example 19-3 A rectangular waveguide has dimensions of 3X 5 em, Caleu- 
late the TE,, mode cutoff frequency. 


Solution: 


(3X 1081ws 


@(5emx 2") 


100 cm 


ax 10" mis 
(20.05 m) 


3GHe 


Equation 19.7 assumes that the dielectric inside the waveguide is air. A more 
generalized form, which can accommodate other dielectrics, is, 


= (y+ (4) 119.10] 


where 


eis the dielectric constant 
wis the permeability constant 


For air dielectrics, u =u, and ¢ = e,, from whieh, 
1 


VES 119.11) 


‘To determine the cutoff wavelength, we can rearrange Eq. 19.10 to the form: 


[19.12] 


One further expression for air-filled waveguide calculates the actual wavelength 
in the waveguide from a knowledge of the free-space wavelength and actual operat: 
ing frequency: 


[19.13] 


where 


2, is the wavelength in the waveguide 
2X is the wavelength in free space 

# is the waveguide cutolf frequency 
Fis the operating frequency 
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Example 19-4 A waveguide with a 4.5-GHz cutoff Irequeney is excited with a 
6.7-GHz signal, Find (a) the wavelength in free space and (b) the wavelength in the 
waveguide, 

Solution: 

@ 


oF 


3X 10° m/s 


() 


0.0448 m 

+ 45 GHz y 
a7 
0.0448 m 

1-0. 


= 20488 0.136 m, 


0 


‘Transverse magnetic modes also propagate in waveguides, but the base TM,, 
‘mode is excluded by the boundary conditions. Thus, the TM,, mode is the lowest 
‘magnetic mode that will propagate. 


Waveguide impedance 


All forms of transmission line, including the waveguide, exhibit a characteristic im- 
pedance, although in the ease of waveguide its a little difficult to pin down concep- 
tually. This concept was developed for ordinary transmission lines in Chap. 3. For a 
‘waveguide, the characteristic impedance is approximately equal to the ratio of the 
electric and magnetic fields (E/F1), and converges (as a function of frequency) to 
the intrinsic impedance of the dielectric (Fig, 19-10). The impedance of the wave- 
uide is a function of waveguide characteristic impedance (Z, ) and the wavelength, 
in the waveguide: 


—— 
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Web of objects 
plana 


Microservices 


Composite VOs 


Virtual obects 


B 


“Tempersture 


oe i) Camera (7) 
“upee@, \ 
ae 


Lone 7; Use ease scenario, 


composition of service objects ({rom line (12) to (18). The last 
part of Algorithm 2 will continue to iterate to compose the 
object composition workflow by checking first the assigned 
relationship ranking with the defined threshold, and then the 
selected composition workflow graphs are sorted and stored 
in queues for service execution 


4. Use Case and Prototype Implementation 


In this section, first, to realize loT service provisioning based 
on social web objects, a use case about IoT enabled museum 
environment has been presented and then the details on the 
prototype implementation are furnished. 


4.1, Use Case Scenario. ‘This use case is based on a user 
experience in a public museum where the lo environment 
is already set up with the WoO platform incorporating web 
objects that use social relationship model and a social agent 
which obtains the user’ profile and his friendship details 
from social media (as shown in Figure 7). The user enters 
the premises of the museum and his smartphone is prompted 
with a beacon signal to recommend service app installation 
where he accepts the request. The phone app incorporates a 
rmicroservice which establishesa social relationship (GSTOR) 
with museum visit service objects. The system monitors the 
interaction of the user in the museum environment; the 
installed camera network and motion detectors detect the 
user presence and this feed is collected by the museum 
visit service. The user shares his current location with the 
system, which is used by the location navigator service to 
assist him in moving around the museum by providing the 
direction to the locations where different museum items are 
situated. It is worth noticing that the VOs for museum visit 
service and location navigator service are bound in CLOR 
relationship due to the same location points. The user shares 
his social network profile which is used to acquire the list 


of friends and choices for things the user is interested in 
‘This information is acquired by the recommendation service 
which suggests the best things to do with respect to the user’ 
interests, making his visit most enjoyable. Recommendation 
service suggests facilities available in the museum such as 
places a user should visit, cafeteria food menu, and prices 
for the day. This service also shares with the user the past 
‘experiences of his friends at the museum to help him get most 
‘out of his visit. Moreover, personalization service provides 
special features such as adjusting contents on displays or 
‘optimizing the luminosity, to support users with disabilities 
‘To enable these service features, objects exploit the SVOR 
relationship. Also, the fire management service maintains the 
status of all VOs that can detect an unusual fire situation in 
the museum. The temperature VOs acquire readings from 
temperature sensors and smoke detector VOs get a feed 
from smoke detection sensors. These VOs form a CLOR 
relationship with each other in the common proximity. Fire 
situation monitoring CVO acquires VOs data. One or more 
‘CVOsare managed by the fire management service. In case of 
a fire breakout, the fire management service executes with the 
data from the fire detection CVOs and the temperature and 
smoke detector VOs. Meanwhile, services incorporate high- 
level functionality to react on the data provided by virtual 
entities in the system, Itis important to notice that sharing of 
information based on social relationships has become easy in 
the proposed use case. That is because the user information 
and device information are communicated with social links 
‘of web objects and are utilized by the services 


4.2, Proof-of-Concept Details. To evaluate the proposed 
<design, a proof of concept has been furnished, which realizes 
services based on web objects as considered in the abave use 
case. These objects include, for instance, fre situation mon- 
itoring CVO to handle emergency fire breakout situations, 
location navigator CVO to find the shortest path to the user 
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Zz 
A 


Intrinsic impedance 


‘of dielectre 


Impedance 


>F 
Frequency 
19-10 Impedance versus frequency 
[19.14] 
Or, for rectangular waveguide, with constants taken into consideration: 
120m, 
Z [19.15] 


‘The propagation constant B for rectangular waveguide is a function of both 
cutoff frequency and operating frequency: 


B=WVeu [19.16] 


v \F 


from which we can express the TE-mode impedance: 


= 
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119.171 


and the TM-mode impedance: 


[19.18] 


Waveguide terminations 


When an electromagnetic wave propagates down a waveguide, it must eventually 
reach the end of the guide. Ifthe end is open, then the wave will propagate into free- 
space. The hom radiator is an example of an unterminated waveguide. If the wave- 
guide terminates in a metallic wall, then the wave reflects back down the waveguide, 
from whence it came, The interference between incident and reflected waves forms 
standing waves (see Chap. 3). Such waves are stationary in space, but vary in the 
time domain, 

In order to prevent standing waves, or more properly, the reflections that give 
rise to standing waves, the waveguide must be terminated in a matching imped- 
ance, When a properly designed antenna is used to terminate the waveguide, it 
forms the matched load required to prevent reflections. Otherwise, a dummy load 
‘must be provided. Figure 19-11 shows several types of dummy load. 

‘The classic termination is shown in Fig. 19-11A. The “resistor” making up the 
dummy load is a mixture of sand and graphite, When the fields of the propagated 
wave enter the load, they cause currents to flow, which in turn cause heating. 
‘Thus, the RF power dissipates in the sand-graphite rather than being reflected 
back down the waveguide. 

‘A second dummy load is shown in Fig. 19-11B. The resistor element is a car 
bonized rod critically placed at the center of the electric field. ‘The E field causes 
currents to flow, resulting in J losses that dissipate the power. 

Bulk loads, similar to the graphite-sand chamber, are shown in Fig. 19-110, D, 
and E, Using bulk material such as graphite or a carbonized synthetic material, these 
loads are used in much the same way as the sand load (Le., currents set up, and /R 
losses dissipate the power), 

‘The resistive vane load is shown in Fig, 19-11F. The plane of the element is or: 
thogonal to the magnetic ines of foree. When the magnetic lines cut across the vane, 
currents are induced, which gives rise to the °R losses. Very litle RF energy reaches 
the metallic end of the waveguide, so there is little reflected energy and a low VSWR. 

‘There are situations where it isn’t desirable to terminate the waveguide in a 
dummy load. Several reflective terminations are shown in Fig. 19-12. Perhaps the 
simplest form is the permanent end plate shown in Fig. 19-124. The metal cover 
‘must be welded or otherwise alfixed through a very-low-resistarice joint, At the sub 
stantial power levels typically handled in transmitter waveguides, even sinall resis- 
tances can be important, 

‘The end plate (shown in Fig. 19-128) uses a quarter-wavelength cup to reduce 
the effect of joint resistances. The cup places the contact joint at a point that is a 


—— 
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19-11 Dummy loads: (A) sand-graphite chamber; (B) resistive rod; (C) weda 
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A 
Permanent plate at ene 
Contact isat 
point of | 
. 
B 


Removable 
Nywave end piece 


& End terminations, 


‘Thumb 


Remayable short circult 


Actual short here | 


Cc 


Half wave channel 


Adjustable plunger 


quarter-wavelength from the end, This point is a minimum-current node, so 8 
losses in the contact resistance become less important. 

‘The adjustable short circuit is shown in Fig. 19-12C. The walls of the waveguide 
and the surface of the plunger form a half-wavelength channel. Because the metallic 
end of the channel is a short cireuit, the impedance reflected back to the front of the 
plunger is zero ohms, or nearly so. Thus, a virtual short exists at the points shown, 
By this means, the contact (or joint) resistance problem is overcome 


Waveguide joints and bends 


Joints and bends in any form of transmission line or waveguide are seen as imped: 
nce discontinuities, and so are points at which disruptions occur. Thus, improperly 
formed bends and joints are substantial contributors to a poor VSWR. In general, 
bends, twists, joints, or abrupt changes in waveguide dimension can deteriorate the 
‘VSWR by giving rise to reflections. 

Extensive runs of waveguide are sometimes difficult to make in a straight line. 
Although some installations do permit a straight waveguide, many others require di 
rectional change. This possibility is especially likely on shipboard installations, 
Figure 19-13A shows the proper ways to bend a waveguide around a corner. In each 
case, the radius of the bend must be at least two wavelengths at the lowest fre- 
quency that will be propagated in the system. 

‘The “twist” shown in Fig. 19-13B is used to rotate the polarity of the E and H 
flelds by 90°. This type of section is sometimes used in antenna arrays for phasing 


hy 
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the elements. As in the case of the bend, the twist must be made over a distance of 
at least two Wavelengths, 

When an abrupt 90° transition is needed, it is better to use two successive 45° 
bends spaced one-quarter wavelength apart (see Fig. 19-13C). The theory (behind 
this kind of bend) is to cause the interference of the direct reflection of one bend, 
with the inverted reflection of the other. The resultant relationship between the 
fields is reconstructed as if no reflections had taken place. 

Joints are necessary in practical waveguides because it simply isn’t possible to 
construct a single length of practical size for all situations. Three types of comunon 
Joints are used: permanent, semipermanent, and rotating. 

To make a permanent, joint the two waveguide ends must be machined 
extremely flat so that they can be butt-fitted together. A welded or brazed seam 
bonds the two sections together. Because such a surface represents a tremendous 
discontinuity, reflections and VSWR will result unless the interior surfaces are milled 
at and then polished to a mirror-like finish, 

Asemipermanent joint allows the joint to be disassembled for repair and main 
tenance, as well as allowing easier orv-site assembly. The most common example of 
this class is the choke joint shown in Fig. 19-14, 

One surface of the choke joint is machined Mat and is a simple butt-end planar 
flange. The other surface is the mate to the planar flange, but it has a quarter- 
wavelength circular slot cut at a distance of one-quarter wavelength from the wave- 
guide aperture. The two flanges are shown in side view in Fig. 19-14A, and the 
slotted end view is shown in Fig. 19-148. The method for fitting the two ends to: 
gether is shown in the oblique view in Fig. 19-14C. 
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19-14 Choke joint 


Rotating joints are used in cases where the antenna has to point in different. 
directions at different times. Perhaps the most common example of such an applica: 
tion is the radar antenna, 

‘The simplest form of rotating joint is shown in Fig, 19-15. The key to its opera 
tion is that the selected mode is symmetrical about the rotating axis. For this reason, 
a circular waveguide operating in the TM,, mode is selected. In this rotating choke 
Joint, the actual waveguide rotates but the Internal fields do not (thereby minimizing 
reflections). Because most waveguide is rectangular, however, a somewhat more 
complex system is needed. Figure 19-16 shows a rotating joint consisting of two cir- 
cular waveguide sections inserted between segments of rectangular waveguide. On 
each end of the joint, there is a rectangular-to-circular transition section. 

In Fig. 19-16, the rectangular input waveguide operates in the TE,, mode that is, 
‘most efficient for rectangular waveguide. The E-field lines of foree couple with the 
Circular segment, thereby setting up a TM,, mode wave. The TM,, mode has the re- 
quired symmetry to permit coupling across the junction, wi meets anothe 
transition zone and is reconverted to TE,, mode. 


Waveguide coupling methods 


Except possibly for the case where an oscillator exists inside a waveguide, itis nec 
essary to have some form of input or output coupling in a waveguide system. There 
are three basic types of coupling used in a microwave waveguide: capacitive (or 
probe), inductive (or loop), and aperture (or slot) 

Capacitive coupling is shown in Fig. 19-17. This type of coupling uses a vertical 
radiator inserted into one end of the waveguide. Typically, the probe is a quarter 
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wavelength in a fixed-frequency system. The probe is analogous to the vertical ar 
tennas used at lower frequencies. A characteristic of this type of radiator is that the 
E field is parallel to the waveguide top and bottom surfaces, This arrangement satis 
fles the first boundary condition for the dominant TE,, mode, 

‘The radiator is placed at a point that is a quarter-wavelength from the rear 
wall (Fig. 19-178). By traversing the quarter-wave distance (90° phase shift), be. 
ing reflected from the rear wall (180° phase shift), and then retraversing the 
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quarter-wavelength distance (another 90° phase shift), the wave undergoes a to- 
tal phase shift of one complete cycle, or 360°. Thus, the reflected wave arrives 
back at the radiator in phase to reinforce the outgoing wave. Hence, none of the 
excitation energy is lost 

Some waveguides have an adjustable end cap (Fig, 19-17C) in order to accom 
modate multiple frequencies. The end cap position is varied to accommodate the dif 
ferent wavelength signals 

Figure 19-17D shows high- and low-power broadband probes that are typically 
not a quarter-wavelength except at one particular frequency. Broadbanding is ac 
complished by attention to the diameter-to-lengti ratio. The degree of coupling can 
be varied in any of several ways: the fengt/ of the probe can be varied; the position 
of the probe in the E field can be changed; or shielding can be used to partially 
shade the radiator element 

Inductive, or loop coupling, is shown in Fig. 19-18. A small loop of wire (or other 
conductor) is placed such that the number of magnetic ux lines is maximized, This 
form of coupling is popular on microwave receiver antennas, in order to make a 
Waveguide-to-coaxial cable transition. In some cases, the loop is formed by the pig: 
tail lead of a detector diode that, when combined with a local oscillator, downcon- 
verts the microwave signal to an IF frequency in the 30- to 300-MHz region. 

Aperture, or slot coupling, is shown in Fig. 19-19. This type of coupling is used 
to couple together two sections of waveguide, as on an antenna feed system, Slots 
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can be designed to couple either electric, magnetic, or electromagnetic fields. In 
Fig. 19-19, slot A is placed at a point where the E field peaks, so it allows electrical 
field coupling. Siuilarly, slot B is at a point where the H field peaks, so it allows 
magnetic field coupling. Finally, we see slot C, which allows electromagnetic field 


coupling, 
Slots can also be characterized according to whether they are radiating or won: 
radiating. A nonradiating slot is cut at a point that does not interrupt the flow 


of currents in the waveguide walls, The radiating slot, on the other hand, does inter 
rupt currents flowing in the walls. A radiating slot is the basis for several forms of 
antenna, which are discussed at the end of this chapter. 
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FigURE &; Prototype implementation components 


intended destinations, and user profile reader CVO which 
acquires user personal information from the social media 
profile. Several other CVOs have been developed that acquire 
diverse data and metadata from VOs where each represents a 
different RWO. These VOs include a user VO, smartphone 
VO, camera VO, wristband VO, motion detector VO, and 
others that are associated with the chosen environment 
(such as CO, sensor VO, humidity VO, temperature VO, 
and light VO). Each VO has several instances; for example, 
temperature sensor instances are represented as temperature- 
Sesor0001 and temperatureSesor0002. Further VO data is 
collected and analyzed by CVOs with the rules incorporated 
in the ontologies. CVOs composed in microservices help ana- 
lyze different situations and initiate inference over data using 
inference engines. Considering the system requirement, sev- 
eral aspects have been evaluated, including identification of 
web objects for effective loT service provisioning, finding the 
social relationships among web objects efficent discovery of 
web objects based on these relationships, and composition 
and harmonization of web objects. 


43, Prototype Implementation Details. To analyze the fea- 
sibility of the proposed architecture, a prototype on the 
discussed use case has been implemented. Figure 8 illus- 
trates the components of the prototype, which constitute 
social application server (SAS), ontology management server 
(OMS), and databases to hold VO and CVO graphs that are 
supported with SPARQL endpoints. The gateway connecting 
sensors and actuators has been incorporated in the imple- 
‘mentation. Additionally, user data management services are 


implemented to get user profile and preferences history along 
‘with social network data. 

‘The application server comprises five major compo- 
rents: social relationship manager (SRM), service manage- 
‘ment function (SME), situation/context management func~ 
tion (CME), preference predictor, and virtual object man- 
ager (VOM). ‘The SMF is an entry point for the service 
request; it interprets and evaluates the service request. It 
is also responsible for matching the service request with 
the available template, SMF communicates with VOM to 
check the VO or CVO availability. A compiled list of VOs 
is provided to SMF which generates object mashups to 
satisfy the service request. The execution of VO mashup 
graph is done using microservices. The second function, 
VOM, maintains instances of CVOs and associated VOs and. 
coordinates with OMS to use available ontologies in the 
system. It records the association of services and VOs and 
enables the reuse of VOs by more than one service; it also 
resolves conflicts using conflict resolution mechanism. VOM 
is implemented using RESTful web services. Further, SM 
is implemented to maintain object relationships in the form 
of RDF concepts represented in ontologies. It also involves 
several microservices, each implemented for a specific task. 
For example, group management microservice is developed. 
to group objects that have similar characteristics. Similarly, 
other tasks are distributed in different microservices; for 
example, link management microservice is used to iden- 
tify the dependency among objects. Relationship observer 
‘microservice is implemented to monitor the objects when 
they change their state at runtime, whereas to search a web 
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Microwave antennas 


Antennas are used in communications and radar systems at frequencies from the 
very lowest to the very highest. In both theory and practice, antennas are used until 
frequencies reach infrared and visible light, at which point opties becomes more im- 
portant, Microwaves are a transition region between ordinary “radio waves” and “op- 
tical waves,” so (as might be expected) microwave technology makes use of 
techniques from both worlds. For example, both dipoles and parabolic reflectors are 
used in microwave systems 

‘The purpose of an antenna is to act as a transducer between either electrical 
oscillations or propagated “guided waves” (Le., in transmission lines or waveguides) 
and a propagating electromagnetic wave in free space. A principal funtion of the an- 
tenna is to act as an impedance matcher between the waveguide, or transmission 
line, impedance and the impedance of free space 

‘Antennas can be used equally well for both receiving and transmitting signals 
because they obey the law of reciprocity, That is, the same antenna can be used to 
both receive and transmit with equal success. Although there might be practical or 
‘mechanical reasons to prefer specific antennas for one or the other mode, electri 
cally they are the same, 

Inthe transmit mode, the antenna must radiate electromagnetic energy. For this 
Job, the important property is gain G. In the receive mode, the job of the antenna is 
to gather energy from impinging electromagnetic waves in free space. The important 
property for receiver antennas is the effective aperture A, which is a function of the 
antenna’s physical area. Because of reciprocity, a large gain usually infers a large ef- 
fective aperture and viee versa. Effective aperture is defined as the area of the im- 
pinging radio wavefront that contains the same power as is delivered to a matched 
resistive load across the feedpoint terminals. 


The isotropic “antenna” 


Antenna definitions and specifications ean become useless unless @ means is pro- 
vided for putting everything on a common footing. Although a variety of systems ex- 
{st for describing antenna behavior, the most common system compares a specific 
antenna witha theoretical construct, called the isotropic radiator: 

‘An isotropic radiator is a spherical point source that radiates equally well in all 
directions. By definition, the directivity of the isotropic antenna is unity (1), and 
all antenna gains are measured against this standard. Because the geometry of the 
sphere and the physics of radiation are well known, we ean calculate field strength 
and power density at any point. These figures can then be compared with the actual 
values from an antenna being tested. From spherical geometry, we can calculate 
isotropic power density at any distance f from the point source: 


[19.19] 
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where 


P, is the power density, in watts per square meter 
is the power in watts input to the isotropic radiator 
Ais the radius in meters at which point power density is measured 


Example 19-5 Calculate the power density at a distance of 1 km (1000 m) 
from a 1000-W isotropic source. 
Solution: 
P 
«ane 
(2000 W) 
x (1000 my 


P 


7.98 x 10 Wit 


‘The rest of this chapter covers antenna gains and directivities that are relative 
to isotropic radiators, 


‘Near field and far field 

Antennas are defined in terms of gain and directivity, both of which are measured 
by looking at the radiated field of the antenna. There are two fields to consider: near 
field and far field. The patterns published for an antenna tend to reflect far-field 
performance, The far field for most antennas falls off according to the inverse 
square law. ‘That is, the intensity falls off according to the square of the distance 
(CUR), as in Eq. 19.19. 

‘The near field of the antenna contains more energy than the far field because of 
the electric and magnetic fields close to the antenna radiator element. The near field 
tends to diminish rapidly according to a 1/ function. The minimum distance to the 
ceaige of the near field isa function of both the wavelength of the radiated signals and 
the antenna dimensions: 


2 2e 
‘mn 


[19.20] 


where 


Yq is the near-field distance 
dis the largest antenna dimension 
2 is the wavelength of the radiated signal (all factors in the same units) 


Example 19-6 An antenna with a length of 6 em radiates a 12-cm wavelength 
signal, Calculate the near-field distance, 
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Solution: 


Antenna impedance 

Impedance represents the total opposition to the flow of alternating current 
(eg., RF), and includes both resistive and reactive components. The reactive com- 
ponents can be either capacitive or inductive, or & combination of both, Impedance 
can be expressed in either of two notations: 


2= VET EXE f9.211 
Z=RajX [19.22] 


Of these, Eq. 19.22 is perhaps the more commonly used in RF applications. The 
reactive part of antenna impedance results from the magnetic and electrical fields 
(close to the radiator) returning energy to the antenna radiator during every cycle, 
‘The resistive part of impedance consists of two elements: olnic losses R, and ra- 
diation resistance R., The olunic losses are due to heating of the antenna condue- 
tor elements by RF current passing through, as when current passes Uhrough any 
conductor. 

‘The radiation resistance relates to the radiated energy. An efliciency factor k 
compares the loss and radiation resistances: 


ae [19.23] 
B+R, 

‘The goal of the antenna designer is to reduce R, to a minimum. The value of 8, 
is set by the antenna design and installation, and is defined as the quotient of thé 
voltage over the current at the feedpoint, less losses, 


Dipole antenna elements 

‘The dipole is a two-pole antenna (Fig. 19-20) that can be modeled as either a single 
radiator fed at the center (Fig. 19-20A) or a pair of radiators fed back to bax 
(Fig. 19-20B). RF current from the source oscillates back and forth in the radiator el- 
ement, causing an electromagnetic wave to propagate in a direction perpendicular 
to the radiator element. The polarity of any electromagnetic field is the direction 
of the electrical field vector (see Chap. 2). In the dipole, the polarization is parallel 
to the radiator element: a horizontal element. produces a horizontally polarized sig 
nal, while a vertical element produces a vertically polarized signal 
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19-20A Basie dipole antenna showing propagation. 


19-208 Basie dipole antenna, 


Figure 19-21 shows the radiator patterns for the dipole viewed from two per 
spectives. Figure 19-214 shows the pattern of a horizontal half-wavelength dipole as 
viewed from above. This plot shows the directivity of the dipole: maximum radiation 
is found in two lobes perpendicular to the radiator length, The plot in Fig. 19-21B 
shows the end-on pattern of the dipole, This omnidirectional pattern serves for a 
vertically polarized dipole viewed from above. The end-on pattern of a horizontal di 
pole would be sinular, except that itis distorted by ground effects unless the antenna 
is a very large number of wavelengths above the ground, 
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Dipole 
19.21A 
Dipole pattern (horizontal) 
19.218 


Dipole pattem (vertical) 


A microwave dipole is shown in Fig, 19-22. The antenna radiator element con 
sists of a short conductor at the end of a section of waveguide, Although most low. 
frequency dipoles are a half-wavelength, microwave dipoles might be either a 
half-wavelength, less than a half-wavelength, or greater than a half-wavelength, de: 
pending upon application. For example, because most microwave dipoles are used to 
luminate a reflector antenna of some sort, the length of the dipole depends upon 
the exact illumination function required for proper operation of the reflector. Most, 
however, will be a half-wavelength 


Antenna directivity and gain 
‘The dipole discussed illustrated a fundarental property of the type of antenna gen- 
erally used at microwave frequencies: directivity and gitin, These two concepts are 
different but so interrelated that they are usually discussed at the same tite, Be 
cause of the directivity, the antenna focuses energy in only two direetions, which, 
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‘means that all of the energy is found in those directions (Fig. 19-21A), rather than 
being distributed over a spherical surface. Thus, the dipole has a gain approximately 
2.1 dB greater than isotropic. In other words, the measured power density at any 
point will be 2.1 dB higher than the calculated isotropic power density for the same 
RF input power to the antenna 

Directivity ‘The directivity of an antenna is a measure of its ability to direct 
RF energy in a limited direction, rather than in all (spherical) directions equally, As 
shown in Fig, 19-214, the horizontal directivity of the dipole forms a bidirectional 
figure-8 pattern. ‘Two methods for showing unidirectional antenna patterns are 
shown in Fig. 19-23. The method of Fig. 19-23A is a polar plot viewed from above. 
‘The main lobe is centered on 0°. The plot of Fig, 19-238 is a rectangular method for 
displaying the same information, This pattern follows a (sin x)/ar function of, 
for power, [(sin-c)/rf. 

Directivity D is a measure of relative power densities: 


[19.24] 


Or, referenced to isotropic, 


119.25] 


where 


Dis the directivity 
P,,.. is the maximum power 


PIs the average power 
js the solid angle subtended by the main lobe 


19-22 
Microwave dipale radiator 
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Main lobe 19.280, 
Directional antenna pattern (top 
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IB beamwidth 


‘The term @ is a solid angle, which emphasizes the fact that antenna patterns 
snust be examined in at least two extents: horizontal and vertical. 

A common method for specifying antenna directivity is beamwidth (BW). The 

definition of BW is the angular displacement between points on the main lobe (see 
Figs, 19-23A and 19-238), where the power density drops to one-half (~3 dB) of its 
mum main lobe power density, This angle is shown in Fig. 19-23A as a. 
In an ideal antenna system, 100 percent of the radiated power is in the main 
lobe, and there are no other lobes. But in real antennas certain design and installa 
tion anomalies cause additional minor lobes, such as the sidelobes and backlobe 
shown in Fig. 19-23A. Several problems derive from the minor lobes. First is the loss 
of usable power. For a given power density required at « distant receiver site, the 
transmitter must supply whatever additional power is needed to make up for the m 
nor lobe losses, 

‘The second problem is intersystem interference. A major application of dire 
tional antennas is the prevention of mutual interference between nearby cochan- 


—— 


Chap19_carr 


4/10/01 3:39 PM Page 401 © 


The isotropic “antenna” 401 


nel stations. In radar systems, high sidelobes translate to errors in detected tar- 
gets. If, for example, a sidelobe is large enough to detect a target, then the radar 
display will show this off-axis target as if it was in the main lobe of the antenna. 
‘The result is an azimuth error that could be important in terms of marine and aero- 
nautical navigation, 

Gain Antenna gain derives from the fact that energy is squeezed into a limited 
space instead of being distributed over a spherical surface. The term gaiv implies 
that the antenna creates a higher power when, in fact, it merely concentrates the 
power into a single direction that would otherwise be spread out over a larger area. 
Even so, itis possible to speak of an apparent increase in power. Antenna-transtnitter 
systems are often rated in terms of effective radiated power (ERP). The ERP is the 
product of the transmitter power and the antenna gain. For example, if an antenna 
has a gain of +3 dB, the ERP will be twice the transinitter output power. In other 
words, a 100-W output transmitter connected to a +3-dB antenna will produce a 
power density at a distant receiver equal to a 200-W transtuitter feeding an isotropic 
radiator. There are two interrelated gains to be considered: directivity gain G, and 
power gain Gy, 

‘The directivity gain is defined as the quotient of the maximum radiation inten- 
sity over the average radiation intensity (note the similarity to the directivity defini- 
tion). This measure of gain is based on the shape of the antenna radiation pattern, 
and can be calculated with respect to an isotropic radiator (D=1) from: 


4nP, 


a= 


[19.26] 


Sidelobes 


19-238 Graphically presented patter, 
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where 


G, is the directivity gain 
7 js the maximum power radiated per unit of solid angle 
P. is the total power radiated by the antenna 


‘The power gain is similar in nature, but slightly different from directivity gain; it 
includes dissipative losses in the antenna, Not included in the power gain are losses 
caused by cross-polarization or impedance mismatch between the waveguide (or 
transmission line) and the antenna, There are two commonly used means for deter- 
mining power gain: 


G,= SnPo [19.27] 
P, 
and 
oa Pa [19.28] 
oR 
where 


P, is the maximum radiated per unit solid angle 

is the net power accepted by the antenna (Le., less mismatch losses) 

is the average intensity at a distant point 

P/is the intensity at the same point from an isotropic radiator fed the same RE 
power level as the antenna 


(Equations assume equal power to antenna and comparison isotropic source.) 


Provided that ohmic losses are kept negligible, the relationship between direc 
tivity gain and power gain is given by: 


[19.29] 


(All terms as previously defined.) 

Relationship of gain and aperture Antennas obey the law of reciprocity 
Which means that any given antenna will work as well to receive as to transmit. The 
function of the receiver antenna is to gather enengy from the electromagnetic field 
radiated by the transinitter antenna. The aperture is related to, and often closely ap- 
proximates, the physical area of the antenna, Butin some designs the effective aper- 
ture A, is less than the phiysical area A, so there isan effectiveness factor n that must 
be applied. In general, however, a high-gain transmitter antenna also exhibits a high 
receiving aperture, and the relationship ean be expressed as 


Anan 
6s [19.30] 
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where 


A, is the effective aperture 
nis the aperture effectiveness ( 
Ais the wavelength of th 


for a perfect, lossless antenna) 


Horn antenna radiators 


‘The hom radiator is a tapered termination of a length of waveguide (see Fig. 19-24 
(A.C) that provides the impedance transformation between the waveguide imped 
ance and the free-space impedance. Horn radiators are used both as antennas in 
their own right, and as illuminators for reflector antennas. Hom antennas are not a 
perfect match to the waveguide, although standing wave ratios of 1.5:1 or less are 
achievable. The gain of a horn radiator is proportional to the area A of the flared 
open ange (A = ab in Fig. 19-248), and inversely proportional to the square of 
the wavelength: 


10a 


[19.31] 


where 


Ais the Dange area 
is the wavelength (both in same units) 


Thi 
from: 


a 


dB beamwidth for vertical and horizontal extents can be approximated 


Vertical 


[19.32] 
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Figune 9: Ontological model of socal web objects, 


object relationship, the lookup microservice is used. The 
CMF function has been developed to process the situational 
information and it selects the most suitable VOs based on 
the context. The situational information contains the current 
location ofthe user, location of the RWOs, and the area under 
observation. CME helps form a VO configuration specific to 
the user current situation. Additionally, to incorporate the 
real-world facts about the user and the situation, RWK base 
has been developed which is updated continuously. This also 
helps in adapting services according to the current situation. 

\VOs provided data is accumulated in RWK model and the 
reasoning engine is used to infer new facts based on the 
existing data. ‘The last function of social application server 
is the preference predictor which provides predictions by 
using machine learning methods. To implement the learning 
function, Weka Library [42] has been used, For the objective 
of demonstration, user preference patterns are collected from 
the social data and user preference history is used to predict 
the future patterns. 

On the other hand, OMS deals with the semantic repre- 
sentation of VOs. The first functional component of OMS is. 
the ontology management service, which is used to handle 
‘VO and CVO ontologies and provides an interface to use VO 
graphs, Further, to manage ontologies in the developed sys- 
tem, we have used Apache Jena framework [43], and to model 


VO and CVO ontologies, Protégé [44] has been used. Models. 
generated in Protégé are utilized by ontology management 
service and stored in OWL format in semantic data stores. 
‘To take full advantage of ontology-based implementation, a 
reasoning engine has also been used to get extra facts related 
to the modeled concepts. Reasoning engine helps to grow 
RWEK facts stored in VO and CVO ontologies. For the proof of 
concept, the prototype has used Apache Jena inference engine 
along with Jena provided reasoner. For the deployment of 
persistent storage of the RDF data, Jena TDB has been used 
in our prototype, which is the Jena native high-performance 
triple store with API support [43]. Query manager is another 
{important component of OMS which provides an interface to 
query CVO and VO ontologies saved in RDF/XML format, 
using SPARQL, Also, web services are implemented for the 
execution of SPARQL queries such asextractingand updating 
RDF triples in the database. Other than SPARQL query 
processing, semantic matching of existing concepts is also 
performed. 

“Moreover, to achieve interoperable relationships among 
‘web objects, a semantic ontology model has been developed 
as shown in Figure 9. The model constitutes the VO and CVO 
‘ontologies and their relationships. Several CVOs have been 
instantiated, for example, the location navigator, fre situation 
‘monitor, emergency notification, and many others that are 
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Horizontal 
=" degrees [19.33] 


where 


is the vertical beamwidth, in degrees 
¢, is the horizontal beamwidth, in degrees 
«a,b are dimensions of the flared flange 
Ais the wavelength, 


A form of antenna, related to the horn, is the cavity antenna of Fig. 19-25. 1n this 
type of antenna, a quarter-wavelength radiating element extends from the wave- 
guide (or transmission line connector) into a resonant cavity. The radiator element 
is placed a quarter-wavelength Into a resonant cavity; and is spaced a quarter- 
wavelength from the rear wall of the cavity. A tuning disk is used to alter cavity di- 
mensions in order to provide a limited tuning range for the antenna. Gains to about 
6 dB are possible with this arrangement. 


Reflector antennas 
At microwave frequencies, it becomes possible to use reflector antennas because of 
the short wavelengths involved. Reflectors are theoretically possible at lower fre- 
quencies, but because of the longer wavelengths, the antennas would be so large 
that they become impractical. Several forms of reflector are used (Figs. 19-26 and 
19-27), In Fig, 19-26 we see the corner reflector antenna, which is used primarily in 
the high-UHF and low-microwave region. A dipole element is placed at the “focal 
point” of the comer reflector, so it receives (in phase) the reflected wavefronts from 
the surface. Either solid metallic reflector surfaces or wire mesh may be used, When 
‘mesh is used, however, the holes in the mesh must be %-wavelength or smaller, 
Figure 19-27 shows several other forms of reflector surface shape, most of which 
are used in assorted radar applications. 


Parabolic “dish” antennas 
‘The parabolic reflector antenna is one of the most widespread of all the microwave 
antennas, and is the type that normally comes to mind when thinking of microwave 
systems. This type of antenna derives its operation from physies similar to optics, 
and is possible because microwaves are in a transition region between ordinary radio 
waves and infrared/visible light, 

‘The dish antenna has a paraboloid shape as defined by Fig. 19-28. In this figure, 
the dish surface is positioned such that the center is at the origin (0,0) of an r-y co- 
ordinate system. For purposes of defining the surface, we place a second vertical 
axis called the directriz (y') a distance behind the surface equal to the focal length, 
(w). The paraboloid surface follows the function y= 4uzr, and has the property that, 
‘line from the focal point F to any point on the surface is the same length as a line 
from that same point to the directrix (in other words, MN = MF) 

Ifa radiator element is placed at the focal point F then it will illuminate the 
reflector surface, causing wavefronts to be propagated away from the surface in 


——— 


Chapi9_carr 4/10/01 


39 PM Page 405 


The isotropic “antenna” 405 


Antenna radiator Microwave 


ie 


‘Tuning adjustinent 


‘Waveguide or screw 


‘coaxial cable 
fitting 


19-25 Cavity antenna 


Dipole 19.26 
element Comer reflector 


phase, Similarly, wavefronts, intercepted by the reflector surface, are reflected to 
the focal point 

Gain The gain of a parabolic antenna is a function of several factors: dish di 
ameter, feed illumination, and surface accuracy. The dish diameter D should be large 
compared with its depth, Surface accuracy refers to the degree of surface irregular: 
ities. For commercial antennas, -wavelength surface accuracy is usually sufficient, 
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19-27 Reflector antennas, 


although on certain radar antennas the surface accuracy specification must be 
tighter. 

‘The feed illumination refers to how evenly the feed element raciates to the re 
lector surface, For circular parabolic dishes, a circular waveguide feed produces op. 
{imum illumination, and rectangular waveguides are less than optimum. The TE, 
mode is desired. For best performance, the iumination should drop off evenly from 
the center to the edge, with the eddge being 210 dB down from the center. The diam. 
eter, length, and beamwidth of the radiator element (or horn) must be optimized for 
the Specific F/d ratio of the dish, The cutoff frequency is approximated from 


1 ee [19.34] 


where 


Sousa is the cutoff frequency 
dis the inside diameter of the circular feedhorn 


‘The gain of the parabolic dish antenna is found from 
kD 
x 


a [19.35] 


where 


Gis the gain over isotropic 
Disthe diameter 

Ais the wavelength (same units as D) 

kis the reflection efficiency (0.4 to 0.7, with 0.55 being most comunon) 
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‘The —3-dB beamwidth of the parabolic dish antenna is approximated by 


OX 


BW [19.36] 
D 
and the focal length by 
a 119.371 
16d 


For receiving applications, the effective aperture is the relevant specification 
and is found from 


= kx(Di2y* [19.38] 


‘The antenna pattern radiated by the antenna is similar to Fig. 19-238. With horn 
illumination, the sidelobes tend to be 23 to 28 dB below the main lobe, or 10 to 15 dB 
below isotropic. It is found that 50 percent of the energy radiated by the parabolic 
dish is within the —3-dB beamwidth, and 90 percent is between the first nulls on ei 
ther side of the main lobe. 


Parabolic (y? = ux) 
reflector surface 


yt y 


Chapl9_carr 4/10/01 3:39 PM Page 408 p 


408 Microwave waveguides and antennas 


Ifa dipole element is used for the feed device, then a splash plate is placed 
vavelength behind the dipole in order to improve illumination. The splash plate 
‘nust be several wavelengths in diameter, and is used to reflect the backlobe back 
toward the reflector surface, When added to the half-wave phase reversal inher- 
ent in the reflection process, the two-way quarter-wavelength adds another half- 
wavelength and thereby permits the backwave to move out in phase with the front 
lobe wave. 

Parabolic dish feed geometries Figure 19-29 shows two methods for feed- 
ing parabolic dish antennas, regardless of which form of radiator (horn, dipole, etc.) 
is used. In Fig. 19-29A we see the method in which the radiator element is placed at 
the focal point, and a waveguide (or transmission line) is routed to it. This method 
is used in low-cost installations such as home satellite TV receive-only (TVRO) 
antennas, 

Figure 19-298 shows the Cassegraim feed system. This system is modeled after 
the Cassegrain optical telescope. The radiator element is placed at an opening at the 
center of the dish, A hyperbolic subreflector is placed at the focal point, and it is 
used to reflect the wavefronts to the radiator element, The Cassegrain system re- 
sults in lower-noise operation because of several factors: less transmission line 
length, lower sidelobes, and the fact that the open horn sees sky instead of earth 
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19-298 Parabolic antenna Cassegeain feed. 


(which has lower temperature); on the negative side, galactic and solar noise might 
be slightly higher on a Cassegrain dish. 

Figure 19-30A shows the monopulse feed geometry. In this system, a palr of ra- 
diator elements are placed at the focal point, and fed to a power splitter network that. 
‘outputs both sum and difference signals (Fig. 19-30B). When these are combined, 
the resultant beam shape has improved —3-dB beamwidth as a result of the alge- 
braic summation of the two. 


Array antennas 
When antenna radiators are arranged in a precision array, an increase in gain occurs, 
An array might be a series of dipole elements, as in the broadside array of Fig. 19-31 
(hich is used in the UHF region), or a series of slots, horns, or other radiators. The 
overall gain of an array antenna is proportional to the ruumber of elements, as well as 
the details of their spacing. In this, and other antennas, a method of phase shifting 
is needed. In Fig. 19-31, the phase shifting is caused by the crossed feeding of the el- 
‘ements, but in more modern arrays, other forms of phase shifter are used, 

‘Two methods of feeding an array are shown in Fig, 19-22. The corporate feed 
method connects all elements, and their phase shifters, in parallel with the source. 
‘The branch feed method breaks the waveguide network into two (or more) separate 
paths. 

Solid-state array antennas Some modern radar sets use solid-state array an: 
tennas consisting of a lange number of elements, each of which is eapable of shifting 
the phase of a microwave input signal. TWo forms are known: passive (Fig. 19-334) 
and active (Fig. 19-338). tn the passive type of element, a ferrite (or PIN diode) 
phase shifter is placed in the transmission path between the RF input and the radia- 
tor element (usually a slot). By changing the phase of the RF signal selectively, itis 
possible to form and steer the beam at will. A 3-bit (Le,, three diserete state) phase 
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shifter allows the phase to shift in 45° increments, while a 4-bit phase shifter allows 
225° increments of phase shift 

‘The active element contains, in addition to a phase shifter, a transmit power am- 
plifier (1 or 2 W) and a low-noise amplifier (LNA) for receiving. A pair of transmit/ 
receive (T/R) switches select the path to which the RF signal is directed. The total 
‘output power of this antenna is the sum ofall output powers from all elements in the 
array, For example, an array of one thousand 2-W elements makes a 2000-W system. 


Slot array antennas 

A resonant slot (cut into a wall of a section of waveguide) is somewhat analogous, if 
not identical, to a dipole. By cutting several slots in the waveguide, we obtain the ad 

vantages of an array antenna in which the elements are several slot radiators. Slot ar- 
ray antennas are used for marine navigation radars, telemetry systems, and the 
reception of microwave television signals in the Multipoint Distribution Service 
(MDS) on 2,145 GHz, 

Figure 19-24 shows a simple slot antenna used in telemetry applications. A slot- 
ted section of rectangular waveguide is mounted to a right-angle waveguide Mange 
An internal wedge (not shown) is placed at the top of the waveguide and serves as a 
‘matehing-impedance termination to prevent internal reflected waves. Directivity is, 
enhanced by attaching flanges to the slotted section of waveguide parallel to the di 
rection of propagation (see end view of Fig, 19-24), 

Figure 19-35 shows two forms of flatplate array antennas constructed from 
slotted waveguide radiator elements (shown as insets). Figure 19-35A shows the 
rectangular array, and Fig. 19-35B shows the circular array. These flatplate arrays, 
are used extensively in microwave comuunications and radar applications 

‘The feed structure for a flatplate array is shown in Fig. 19-35C, The antenna el- 
‘ement is the same sort as shown in Figs. 19-35A and 19-368, A distribution wave- 
guide is physically mated with the element, and a coupling slot is provided between 
the two waveguides. Energy propagating in the distribution system waveguide is 
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coupled into the antenna radiator element through this slot. In some cases metallic 
or dielectric phase-shifting stubs are also used in order to fine-tune the antenna ra 
diation pattern, 


Microwave antenna safety note 


Microwave RF energy is dangerous to your health, Anything that can cook a roast 
beef can also cook you! The U.S. government sets a safety limit for microwave ex. 
posure of 10 mW/em* averaged over 6 minutes; some other countries use a level 
one-tenth of the U.S, standard, The principal problem is tissue heating, and eyes 


seem especially sensitive to microwave energy, Some authorities believe that 
cataracts form from prolonged exposure. Some authorities also believe that genetic 
damage to offspring is possible as well as other long-term effects as a result of eu 
:mulative exposure. 

Because of their relatively high gain, snicrowave antennas can produce hazardous 
field strengths in close proximity—even at relatively low RF input power levels, At 
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Figure Il; Smartphone VO used in the ontology. 


based on the composition of numerous VOs. This develop- 
‘ment has been supported by OMS and semantic web tools 
such as Jena, Using OMS, CRUD operations are performed 
like create, update, and delete on CVOs and VOs using 
SPARQL. In the developed semantic relationships, two CVO. 
instances, namely, “FireSitMon0001” and “PathFinder0001,” 
have been used in the code snippet provided in Figure 10, 
for fie situation monitoring and location navigation, respec- 
tively, We can see the data properties and object properties 
associated with each object to maintain the relationship 
with other objects in the system. Further, to understand the 
VO representation, a smartphone VO “SmartPhone0001” is 
shown in Figure I with the defined properties. A list of VOs 
used in our prototype has been given in OWL description as 
shown in Figure 12. 

In the test bed environment, the sensor to the gateway 
connectivity is enabled using ZigBee and BLE. Another 
source of information that has been incorporated to provide 
user-centric service capability is SNS feed, which consists of 
‘Twitter and Facebook data collected using social media APIs. 
On the other hand, user profile and preferences are updated 
using data management service, and this information is used 
to grow RWK base. 

“To test the prototype, an android application has been 
developed. After the user logs in to the app for WoO based 


assisted services, the app starts the configuration of services 
according to the user profile. A list of services is presented 
‘on the user’ screen from which the user can select any 
service. These services include museum visit service, location 
navigator service, recommendation service, and emergency 
notification, The selected service starts collecting information 
with the interaction of the user or when the devices start 
pushing values about any change in the observed envi- 
ronment. Based on these observed parameters, alerts are 
generated by the app: for example, the museum visit service 
{generates alerts about the available facilites in the museum 
and the environmental conditions including the indoor and 
‘outdoor temperatures, On the other hand, the location nav- 
igator service helps the user to navigate around the museum 
bby showing directions to several visitor attractions. Moreover, 
the emergency notification service triggers alerts when a 
temporary fire is created to mimic an unusual situation such, 
as fire breakout. The resulting fire increases the temperature 
reading which is detected by the temperature sensor. ‘This 
change in reading is forwarded through the gateway and 
analyzed by the fire situation monitor CVO which checks its 
threshold value and generates an emergency notification on 
the user's app screen. Also, the recommendation service is 
used to generate suggestions about the museum events and. 
the places to visit. 
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least one technician in a TV satellite earth station suffered abdominal adhesions, solid 
matter in the urine, and genital dysfunction after servicing a 45-m-diameter 3.5-GHz 
antenna with RF power applied. 

Be very careful around microwave antennas, Do not service a radiating an- 
tenna. When servicing nonradiating antennas, be sure to stow them ina position 
that prevents the inadvertent exposure of humans, should power accidentally be 
applied. A Radiation Hazard sign should be prominently displayed on the an- 
tena, Good design practice requires an interlock system that prevents radiation in 
such situations, “Hot” transmitter service should be performed with a shielded 
dummy load replacing the antenna. 
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CHAPTER 


Antenna noise 
temperature 


RADIO RECEPTION Is 
must be some amplitude above the 


NTIALLY A MATTER OF SIGNAL-TO-NOISE RATIO (SNR). SIGNALS 
noise floor of the system in order to be received 
properly. All electronic systems (receivers and antennas included) have inherent 
wise, even if there is no power flowing in them. One of the goals of the antenna 
designer is to minimize the noise so that weak signals are not obscured. One of the 
‘basic forms of noise seen in systems is the fherma noise. Even if the amplifiers in 
the receiver add no additional noise (they willl), there will be thermal noise at the input 
Ifyou replace the antenna with a resistor matched to the system impedance that is 
totally shielded, there will still be noise present. The noise is produced by the random 
motion of electrons inside the resistor. At all temperatures above absolute zero (about 
—273.16°C) the electrons in the resistor material are in random motion. Atany given in- 
stant there will be a luge number of electrons int motion in all directions, The reason 
why there is no discernible current flow in one direction is that the motions cancel each 
other out even aver short time periods. The noise power present in a resistor is 


Py 


KTBR [20.1 
where 


P, is the noise power, in watts 
is the temperature, in kelvins (K) 

Cis Boltzmann's constant (1.38 * 10 K) 
Bis the bandwidth, in hertz 

Ris the resistance, in ouns 


Note: By international agreement T is set to 290 K. 
Consider a receiver witha 1-MHz bandwidth and an input resistance of 50 Q. The 
noise power is (1.38 % 10K) x (290 K) x (1,000,000 Hz) x (50.2) = 2 x 10-'W, 
‘This noise is called Wermal noise, thermal agitation noise, or Johnson noise, 
A resonant antenna can be modeled as an impedance consisting solely of a resis 
tor witha value equal to the feedpoint impedance. If an antenna has a 50-0 feedpoint 
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impedance, then it will generate exactly the same amount of thermal noise as a re- 
sistor of the same value. 


Noise factor, noise figure, and noise temperature 


‘The noise performance of a receiving system can be defined in three different, but 
related, ways: noise factor F,, noise figure (NF), and equivalent noise tempera- 
ture T,; these properties are lefinable as a simple ratio, decibel ratio, or kelvin tem 
perature, respectively. 


Noise factor (F,) 

For components such as resistors, the noise factor is the ratio of the noise produced 
bby a real resistor to the simple thermal noise of an ideal resistor: The noise factor of 
a radio receiver (or any system) is the ratio of output noise power P., to input noise 
power P, 


[20.2] 


In order to make comparisons easier, the noise factor is usually measured at the 
standard temperature (77,) of 290 K (standardized room temperature), although in 
some countries 299 K or 300 K is commonly used (the differences are negligible). 

Itis also possible to define noise factor Fin terms of output and input signal-to- 
noise ratios: 


S, 
F=3 [20.3] 


where 


§,, is the input signal-to-noise ratio 
,, 18 the output signal-to-noise ratio 


Noise figure (NF) 

‘The noise figure is a frequently used measure of a receiver's “goodness,” or its de 
parture from “idealness.” Thus, itis a figure of merit. The noise figure is the noise 
factor converted to decibel notation: 


F = log F, [20.4] 


where 


NF is the noise figure, in decibels 
Fis the noise factor 
LOG refers to the system of base 10 logarithins 


Noise temperature (T_) 
‘The noise “temperature” is a means for specifying noise in terms of an equivalent 
temperature, Evaluating the noise equations shows that the noise power is directly 
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proportional to temperature in kelvins, and also that noise power collapses to zero at 
the temperature of absolute zero (0 K). 

Note that the equivalent noise temperature 7, is nof the physical temperature 
of the amplifier, but rather a theoretical construct that is an equivalent tempera- 
ture that produces that amount of noise power. The noise temperature is related to 
the noise factor by 


-pr, [20.5] 


and to noise figure by 


= KT, log (in [20.6] 


Noise temperature is often specified for receivers and amplifiers in combination 
swith, or in lieu of, the noise figure. ‘The noise temperature concept is also applied to 
antennas where it is related to the amount of thermal noise generated by the resis- 
live component of the antenna feedpoint impedance. 

‘The antenna-receiver system will be afflicted by three different noise sources 
external to the receiver. The first is the thermal noise temperature of the feedpoint 
impedance (T,). The sky exhibits a noise temperature that depends on where the 
antenna main lobe is pointed. Similarly, the ground has a noise temperature that 
consists of components reflected from the sky as well as components of its own 
caused by whatever thermal agitation exists. In a typical system (Fig. 20-1) the 
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20-1 Contributors to antenna noise temperature, 
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‘main lobe will be pointed toward the sky noise source, while the sidelobes will pick 
up noise from the ground, ‘The total noise temperature of the antenna is 
Typ = MX Tyg) + EMIT iggy t Ty [20.71 


where 


7T., is the equivalent noise temperature of the antenna 
Tg, is the noise temperature of the sky 

7T,.. the noise temperature of the ground 

7, is the feedpoint resistance noise temperature 

ATs the fraction of the total energy that enters the main lobe 

1s the fraction of sidelobes that are viewing the groundl (only one of several 
sidelobes is shown in Fig. 20-1) 
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CHAPTER 


Antennas for radio 
astronomy 


Fo CENTURIES ASTRONOMERS HAVE SCANNED THE HEAVENS WITH OPTICAL TELESCOPES 
astronomers have marty more tools in their bag, and one of them is radio 
astronomy. The field of radio astronomy emerged in the 1930s and 1940s through the 
work of Grote Reber and Carl Jansky. Even during World War Il, progress was made 

Ay tens of thousands of operators were listening to frequencies from de to near 
daylight (well, actually, the low-end microwave bands). British radar operators noted 
during the Battle of Britain that the distance at which they could detect German alr 
craft dropped when the Milky Way was above the horizon, 

Although there is a lot of amateur radio astronomy being done, most of it re 
quires microwave equipment with low-noise front ends. However, there are several 
things that almost anyone ean do. 

‘The topic of antennas for radio astronomy can include nearly all forms of direc 
tional gain antenna, It is common to see Yagis, ring Yagis, cubical quads, and other an 
tennas for lower-frequeney use (18 to 1200 MHz). Microwave gain antennas can be 
used for higher frequencies, Indeed, many amateur radio astronomers appropriate TV 
receive-only (TVRO) satellite dish antennas for astronomy work. In this chapter we will 
cover some antennas that: are not found in other chapters, at least not in this present 
context. 


Jupiter reception 


Jupiter isa strong radio souree (next to the sun, its the strongest in the sky). It pro 
duces noiselike signals over the spectrum 5 to 40 MHz, with peaks between 18 and 
24 MHz. One source claims that the radio signals come from massive storms on the 
largest planet's surface, apparently triggered by the transit of the jovian moons 
trough the planet's magnetie Geld, The signals are plainly audible on the HF band 
any time Jupiter is above the horizon, day or night. However, in order to eliminate 
the possibility of both local and terrestrial skip signals from interfering, Jupiter DX- 
ers prefer to listen during the hours after 2100 jor whenever the maximum usable 
frequency (MUF) drops significantly below 18 MHz] and local sunup. Listen to the 
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amateur 17- or 15-m bands. If you hear zilch activity, then it's a good bet that the 
MUF has dropped enough to make listening worthwhile. Even during the day, how. 
ever, itis possible to hear jovian signals, but differentiating them from other signals 
or solar noise is difficult 

So what do you need to DX Jupiter? It would help to have a decent radio receiver 
that works well over the range 18 to 24 MHz, Some cheaper radio receivers are not 
desirable, but most modern communications receivers are fine, The radio signals are 
rising and falling “swooshing” noises. The chances of receiving a signal from Jupiter 
are about 1 in 6, according to several radio astronomers, 

‘The antenna can be.a simple dipole cut for the middle of the 18- to 24-MHz band, 
Which happens to be a 15-m amateur radio band antenna. ‘The antenna should be in- 
stalled in the normal manner for any dipole, except that the wire must run east-west 
in order to pick up the southerly rising planet. 

Figure 21-1 shows a broadband dipole that covers the entire frequency region of 
interest (18 to 24 MHz) by paralleling three different dipoles: one cut for 18 MHz, 
‘one cut for 21 MHz, and one cut for 24 MHz, The dimensions are 


A 195R 24 MH 


‘There are several approaches to making this type of antenna. One is to use 
three-conductor wire, and cut the wires to the lengths indicated above, Another is to 
use a homemade spacer to spread the wires apart. 


Ring antenna 


Another popular jovian radio antenna is the ring radiator, two versions of which are 
shown in Fig. 21-2. This antenna is made of a 5-ft-diameter loop of Y-in-diameter soft- 
drawn copper plumbing pipe. The single-ended version is shown in Fig. 21-2A. In this 
antenna the loop is open-ended. The center conductor of the coaxial cable feedline is 
connected to one end of the ring radiator, while the coax shield is connected to the 
chicken wire ground plane. The balanced version (Fig. 21-28) has an RF transformer 
(7) at the feedlpoint. 

‘The ring radiator antenna should have a bandpass preamplifier. The preamp is 
needed because of the low pickup of this kind of antenna, and that preamp should 
bbe mounted as close as possible to the antenna, ‘The bandpass characteristic is ob- 
tained by filtering. The idea is to get rid of terrestrial signals in the adjacent bands. 
‘The typical preamplifier is broadbanded (which is what we want), so will pick up 
not only the desired signals but others as well (which is what we don’t want). Even, 
a 5-W CB transmitter a few blocks away can drive the preamplifier into saturation, 
so it’s wise to eliminate the undesired signals before they get into the preamplifier. 
In the case of the single-ended amplifier, a single-ended preamplifier is used. But 
for the balanced version (Fig. 21-2B) a differential preamplifier is used. 

‘The loop (both versions) is mounted about 7 or 8 in above a groundplane made of 
chicken wire, metal window screen, copper sheeting, or copper foil, The copper sheeting 
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21-1 Wideband dipole such as might be used for Jupiter reception. 
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21-2A Ring radiator: single-ended. 
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44, Performance Evaluation. "The proposed architecture has 
been analyzed from two different perspectives: system scala- 
bility and resource consumption, The results with respect to 
the experiments and the performance criterion are discussed 
in this section, ‘The first experiment involves the analysis 
of the time required to discover the virtual objects in the 
proposed system with or without social relationship criterion 
as shown in Figure 13. As it is apparent from the results, 
initially, to form a social graph, VO discovery process incurs 
delay due to the communication for establishing social 
relationship links, However, direct lookup for VOs in the 
registry at the start of the discovery process comparatively 
requires less time, but as the number of VOs increases, the 
delay rises. Traversing the social links to discover objects as 
the number of virtual objects grows considerably reduces the 
total lookups in the registry database. 

“The second experiment provides an analysis of the exe- 
cution time required for the CVOs as shown in Figure M4 
‘To test this in a real environment, an android application 


‘nétp://wn.wabotobiacts .con/huts/enart-rsrvice-ontoleavidevicstans"” 
wnitp: //son92.0rg/2003/0'1/awiWMatatypaProparty 


a 


tnetp://anmwabofobjects.con/hu 

"itt: / nm wabofobests_son/hufs/snart-serrica-ontologylDaarsensor" /> 
tp: //wn.wabotabjects.con/hufs/anart-servace-ontologyiFireAiarn" /> 

http: ebofebeats.con/hifa/snaxt-servce-ontology4aRStense:” 


InStp://www. webotob3eats..con/huts/snart=sarvaoe-ontologvitisartiatesancor” /> 
‘ecource-"http://wp.webefohjeats.cog/nufa/smart-service-ontelogy#lumditysensos" /> 
hnttp://inot_wabotabjacts_con/huf2/anazt-sarvise-ontelogy@EDLaght 


e 77 


nf 


kp: //wp.wabe objects. con/hufs/snact=service-oatologyiBressureSantor”/> 
int tp:/ /inot.wobofobjacts com/hufs/snart-service-ontologyisnartPhone"/> 


tip: //mnewabofobjacts_son/bufs/snazt-anceice-ontalogydSnckaSansar" /> 
tb; //www, wobofobioots. con/hugs/tnaxt=rexvioe-ontoloavisweatsansox” /> 
‘http: //ino.wabefobjacts.con/hufs/snact-service-oatologyiMriatBandsensar" 
en: nev. 2rg/2001 /AMisichenadatring" 


"7 


sooo 
50 
2 wom 
2 0 
© 2000 
ete 
4000 Sg a50" 1580 
a 
ao wo 6h 


‘Number of virtual objects 


= With social interaction 
Without social interaction 

FicunE 1: Service execution time with the incressing number of 

virtual objects, 


hhas been developed. The app allows access to the parameters 
from the available VOs. When the app requires retrieving 
‘observations, it iterates through VOs in the repository using 
‘query interface. This requires high CPU utilization with more 
execution time required to retrieve the sensor values against 
each app generated request. This is due to the fact that the 
decision for the selection of VOs has been done at runtime; 
it requires more time to select the VO graphs, execute them, 
and get the relevant data from the VOs. However, when object 
interaction is based on the social relationship, it requires 
less time for the retrieval as friends in the social network 
share the data on other friends’ requests, which results in less 
‘computation as compared with the previous scheme, 
‘Moreover, Figure 15 depicts the time to discover VOs 
in four different types of services. These services are the 
‘museum visit service, the location navigator service, the 
emergency notification service, and the recommendation 
service. The discovery time varies from one service to 
another depending on the number of VOs used. However, 
as compared with the impact of social connections, it can be 
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RING RADIATOR 


t 
PREAMPLIFIER 
output 
—EE 
at TORCVR 
21-28 Ring radiator: balanced. 


or follis best, but casts alot of money, and tums ngly green after a couple weeks in the el 
ements. I'you use sereen, make sure that tis a metallic screen. Some window and porch 
screening material is made of synthetic materials that are insulators. 

Figure 21-34 is a mechanical side view of the ring radiator antenna, while Fig 
21-8 isa side view, The antenna is mounted above the screen with insulators. These 
can be made of wood, plastic, or any other material. The frame holding the ground: 
plane screen (Pig. 21-3B) can be made from 1 % 2-in lumber. Note that the framne has 
interior crosspieces to support the antenna, as well as the outer perimeter. The 
larger outer perimeter is needed because the screen groundplane should extend be- 
yond the diameter of the radiator element by about 10 to 15 percent. 


DDRR 


‘The directional discontinuity ring radiator (DDRR) antenna is shown in Fig. 21-4 
while a side view showing the mounting scheme is shown in Fig. 21-4B. Itis typically 
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21-44 DDRR antenna. 


INSULATOR. 


(16 es 


21-48 DDRR antenna: side view, 


mounted about 1 ft off the ground (H=12 in). The DDRR consists of two sections, 
one vertical and one horizontal. The short vertical section has a length equal to the 
height 1 of the antenna above the ground. One end of the vertical seginent is 
grounded, The horizontal section is a loop with a diameter D. 

‘The conductor diameter E is at least 0.5 in at 28 MHz, and 4 in at 4 MHz. Because 
of the loop, some people call this the hula hoop antenna. One author recommends 
using a 2-in automobile exhaust pipe bent into the correct shape by an auto muffler 
dealer. The far end of the loop is connected to ground through a small-value tuning 
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capacitor C,. ‘The actual value of C, is found experimentally and is used to resonate 
the antenna to a particular operating frequency. 

‘The feedline of the DDRR antenna is coaxial cable connected such that the 
shield is grounded at the bottom end of the vertical section. The center conductor is, 
connected to the ring radiator a distance F from the vertical section. The length F 
is determined by the impedance that must be matched. The radiation resistance is, 
approximated by 


2620" 
x 


21. 


where 
A, Js the radiation resistance, in okuns 
His the height of the antenna off the ground 
Ais the wavelength, 


(Both # and \ are in the same units.) 
‘The approximate values for the various dimensions of the DDRRare given below 
in general terms, with examples in Table 21-1 


0.0784 
o.11D 

0.25H 

05 to din 

See Table 21-1 


amars 


Table 21-1, Examples of dimensions for DDRR 


Band (MHz) 

Dimension is ¢ 78 is 22 30 150 

G Gn) 16 a 8 15 1 

6, OF) 10075 10 6 

F'n) 6 6 1 05 
Ha 4 on 15 1 

Dy 8 45 ld 6 

£0) 42 1 oso 


‘The construction details of the DDRR are so similar to thase of the ring radiator 
that the same diagram ean be used (see Fig. 21-3 again) 


‘The normal attitude of the DDRR for communications is horizontal, However, for 
Jupiter radio reception, the antenna groundplane screen can be tilted to 
face Jupiter's point in the sky. 


Helical antennas 


‘The helical antenna (Fig. 21-5) provides moderately wide bandwidth and circular 
‘uation, Because of the polarization some people find the helical antenna to be 


—— 
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particularly well suited to radio astronomy reception. The antenna (of diameter D) 
will have a circumference C of 0.754 to 1.34. The piteh of the helix (S) is the axial 
Jength of one turn, while the overall length L=NS (where Nis the number of turns) 
‘The ratio S/C should be 0.22 to 0.28d. At least three turns are needed to produce 
axial-mode main lobe maxima, 

‘The diameter or edge of the groundplane G should be on the order of 0.84 to 
L.A if circular and/or square, respectively. The offset. between the groundplane and 
the first turn of the helix is 0.12. 

‘The approximate gain of the helical antenna is found from 


Gain = 11.8+10 og (CNS) Bi 121.2) 
‘The pitch angle and tur length + for the helical antenna are given by 
= tan pea ) [21.3] 
and 
[21.4] 
o-+ [21.5] 
NS 


where 


is the beamwidth, in degrees 

Nis the number of turns 

‘Sis the pitch, in wavelengths 

Cis the circumference, in wavelengths 

Kis 52 for the ~3-dB beamwidth and 115 for the beamwidth to the first. null 
inthe pattern 


‘The short section between the helix and the groundplane is terminated in a 
coaxial connector, allowing the antenna to be fed from the rear of the groundplane, 
‘The feedpoint impedance is approximately 140 Q. 


Multiple helical antennas 


Stacking helical antennas allows a radiation pattern that is much cleaner than the 
normal one-antenna radiation pattern. Italso provides a good way to obtain high gain 
with only a few turns in each helix. If two helixes are stacked, then the gain will be 
the same as for an antenna that is twice the length of each element, while for four 
stacked antennas the gain is the same as for a single antenna 4 times as long. Figure 
21-6 shows a side view of the stacked helixes. 

‘The feed system for stacked helixes isa little more complex than for a single he 
lix, Figure 21-7A shows an end view of a set of four stacked helical antennas. Ta- 
pered lines (TL) are used to cary signal from each element and the coaxial 
‘connector (B). In this case, the coaxial connector is a feed-through “barrel” SO-239 
device at the center of the groundplane (B). A side view of the tapered line system, 


—— 
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is shown in Fig. 21-7B. The length of the tapered lines is 1.06A, while the center-to. 
center spacing between the helical elements is 1.54. The length of each side of the 
groundplane is 2.5A. In the case of Fig, 21-7, the antenna is fed from the front of 
the groundplane. 


Interferometer antennas 


‘The resolution of an antenna is set by its dimensions a relative to the wavelength 
of the received signal. Better resolution can be achieved by increasing the size of the 
antenna, but that is not always the best solution. Figure 21-8 shows a summation 
interferometer array. ‘Two antennas with aperture a are spaced S wavelengths 
apart. The radiation pattern isa fringe pattern (Fig. 21-9). This pattern consists of a 
series of maxima and nulls. The resolution angle ¢ to the first null is 


21.6) 


‘The interferometer can be improved with additional antennas in the array. Pro: 
fessional radio astronomers use very wide baseline antennas. With modern commu- 
nications it is possible to link radio telescopes on different continents to make the 
widest possible baseline. 


21-8. Interferometer array. 
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21-9 Interferometer pattern 
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CHAPTER 


Adjusting, installing, 
and troubleshooting 
antennas and 
transmission lines 


ANTENNA AND TRANSMISSION LINE MEASUREMENTS SHOULD BE MADE WHEN THE. ANTENNA 
Js first installed and periodically thereafter. If'some difference in operation is noted, 
the same measurements should be repeated. Many antenna measurements are diff 
cult to make with any degree of accuracy. There are some things about antennas that 
can and should be measured, however, regardless of the difficulty. For example, 
VSWR and the resonant frequency of the antenna are readily accessible. It's also pos: 
sible to measure the impedance of the antenna feedpoint, You can measure the 
VSWR either with a special VSWR meter (often built into transmitters or antenna 
tuning units), or by using an RF wattmeter. 

By frequency stepping through the band and testing the VSWR at. various fre. 
quencies, one can draw a VSWR curve (Fig. 22-1) that shows how the antenna per 
forms across the band. The resonant frequency is the point where the VSWR dips to 
a minimum (which may or may not be the much sought-after 1:1), 

‘You can use the resonant frequency to figure out whether the antenna is too long 
(resonant frequency lower than the hoped-for design frequency), ar too short (reso- 
nant frequency above the design frequency). Figure 22-2 shows all three situations, 
Curve A represents the desired or ideal curve that is centered on the desired fre- 
quency F,, Ifthe antenna is too long, however, the resonant frequency will be shifted 
downward towards F,, and curve B will he observed. Similarly, if the antenna is too 
short, curve C will be found as the resonant frequency shifts upband to F 

But resonant frequency and VSWR curves are not the entire story because they 
don’t tell us anything about the impedance presented by the antenna. One cannot 
get the VSWR to be 1:1 unless the antenna impedance and transmission line imped- 
ance are the same, For example, a dipole has a nominal textbook impedance of 73, 
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Fiouae 15: VO discovery time for four diferent services with or 
without social relationship utilieation 
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“Tad completion time (ms) 


0 
Without social elationships With socal relationships 


Service 
Serviced 


= Service2 
FiGURE 16: Task completion time required for each service with or 
‘without social relationship exploitation, 


realized that the services can considerably reduce the time 
of object discovery and execution by using the relationship 
‘model, This is due to the fact that with social association 
among web objects a service does not have to query the 
registry for all VOs and rather VOs in the same social graph 
are utilized. Also, VOs collected observations are shared to 
save the service time for probing each VO. To view this, 
Figure 16 shows the overall time required for services to 
execute their tasks. An important factor to notice here is that 
the overall task completion time is also affected when social 
links are used to collect observations from VOs that are used 
in the service execution. 


5. Conclusion. 


‘The Internet of Things is bringing the next technological 
revolution by connecting billions of abjects on the earth and 
providing intelligent IoT services. However, italso carriestwo 
‘most important challenges: the first one isthe complexity of 
handling a huge number of heterogeneous objects and the 
second one is how to deal with the monolithic approaches 
for providing services over existing IoT infrastructure. To 
address these challenges, we have proposed an integrated 
design based on the principles of SloT, where the compli 
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hhas been handled using socially connected web objects: 
to overcome the monolithic approaches, microservices that 
can compose new service features independently have been 
adopted. In the proposed design, a social relationship model 
hhas been presented, which enables the efficient discovery of 
web objects and reduces the complexity of service provision- 
ing process with the algorithms to discover and compose web 
objects. A semantic ontology model has also been developed 
to realize the interoperable social interaction among hetero- 
{geneous objects. Finally, a prototype implementation based 
‘ona use case scenario has been demonstrated: to evaluate the 
system with respect to the performance issues, experimental 
results pertaining to the VO discovery and service execution 
time have been rendered. 


Details of Notations Used in Algorithms 


Lip: Service object ontologies based on 
semantic representation where ty isa 
replacement for M, which represents 
microservices M_ which represents CVO 
and M, are VO ontologies 

Tl: Collection or list ofall relationships that 
are retrieved from service objects 

Ty: List of the objects that do not have a 
relationship or are not associated 

&: Social relationship graph of objects 

Us Correlation union of templates 

UT: All service objects returned in response to 

the query request 

7: _Allobjects returned in response to the 
query request 

4}: The single instance iterated from the 
collection of microservices 

‘M: Data model based on the specified 
“ontology, where EM, represents service 
data model, EM, represents context data 
model, and user profile model is 
represented as EM, 

Q: SPARQL query to retrieve the available 
service templates for user rating 

Q': SPARQL query to retrieve the relationship 
associated with services 

Ry: Registry entries of service objects 

Cy: Relationship associated with CVO 

Vai Relationship associated with VO 

Ri: All possible relationships that can be 
associated with CVO 

Ry: All possible relationships that can be 
associated with VO 

O,: Iterator object instance for iterating the lst 
‘of CVO and VO objects 

Z: Set of objects’ social relationships 

ci: Iteration item ofthe list of service objects 

Ai: An instance of iteration items in thelist of 

service objects 

: List of all matched service items 

@i:" An instance of iteration items in the list of 
matched service items 
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> 
Fy 
FREQUENCY 
22-1 VSWR-vs-frequency plot 


22-2 YSWR-vs-frequency plot for three frequencies. 


so it makes a very good match to 75-Q coaxial cable, But the actual impedance of a 
real dipole may vary from a few ohms to more than 100 Q, For example, if your an- 
tenna exhibits a feedpoint impedance of (say) 25 Q, using 75-Q coaxial cable to feed, 
it produces a VSWR=75/25~3:1. Not too great. Measuring the feedpoint impedance 
is therefore quite important to making the antenna work properly. 

‘There are any number of instruments on the market that will aid in making an 
tenna measurements. Some of them are quite reasonably priced (or can be built), 
while others are beyond the reach of all but the most ardent and well-endowed en. 
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thusiasts, In this chapter we will look at a newer breed of more universal instrument 
called the SWR analyzer 


VSWR analyzers 


‘One basic premise in this chapter is that the instruments used for measuring VSWR. 
must be accessible to people who don’t have a commercial or ham operator’ license, 
as well as those who do (we must remember our SWL and scanner friends), Some of 
the instruments used by hams meet that requirement, but a relatively new breed, 
of instrument called the SWR analyzer provides a lot of capability to the SWL, sean- 
ner operator, and ham radio operator alike. It uses a low-power RF signal generator 
and some clever circuitry to measure the VSWR of the antenna. One model also mea- 
sures the feedpoint resistance 

‘The MFJ-259 VSWR analyzer (MFJ Enterprises, Ine., RO. Box 494, Mississippi 
State, MS, 39762) is shown in Fig, 22-3, This instrument combines a VSWR analyzer 
‘with a digital frequency counter, and operates over the range 1.8 to 170 MHz, A band 
switch is set to the desired band, and then the fuze control is set to the desired fre- 
‘quency. The meter will then read the VSWR at the design frequency. Alternatively, 
you can adjust the tune control until the minimunt VSWR is found. This frequency is, 
the actual, versus the desired, resonant frequency of the antenna, The front panel 
of the MFJ-259 has two meters, SWR and RESISTANCE. The SWR meter is cali- 
brated up to 3:1, with a little uncalibrated scale to indicate higher SWRs. 

‘The resistance meter is calibrated from 0 to 500 Q, which is consistent with the 
SWR range. Two controls on the front panel are tune and frequency (a band 
switch). The MFI-259 has a digital frequency meter to measure the operating fre- 
‘quency of the internal oscillator. This frequency counter can also be used to measure 
the frequency of external signal sources, (Do nol connect the counter to the output 
ofa transmitter; the instrument will be destroyed.) The top end of the MFJ-259 has 
number of controls and connectors. An SO-239 UHF-style coaxial connector is pro- 
vided for the antenna connection. A BNC coaxial connector is provided to apply ex- 
ternal signal to the frequency counter, while a push button iryput switeh is available 
to switch the counter from internal to external signal sources, Another push button, 
switch is used to set the gate timing of the counter (a red LED on the front panel 
blinks every time the gate is triggered). The tuning is from 1,8 MHz to 174 MHz, 
‘while the counter will measure up to 200 MHz, 

‘The MFJ-259 will work from an external 12-Vde source, or from an internal bat- 
tery pack consisting of eight size-AA standard cells, MFJ recommends that either 
alkaline or rechargeable batteries, rather than ordinary zinc-carbon cells, be used in 
order to reduce the possibility of leakage that can damage the instrument (this is 
good practice in all battery-powered instruments), 

Unlike many lesser SWR meters, this instrument is not fooled by antennas that 
have impedances consisting of both resistance and reactance elements, An example 
in the manual demonstrates an impedance of 25+/25 © (Le,, R is 25 Qand reaetance 
X is also 25 ©). When connected to a 50-2 load one might be tempted to think 
the VSWR is 1:1, and some cheaper meters will so indicate, But the actual SWR is, 
26:1, which is what the MPJ-259 will read. 
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Lick 
MFJ HF/VHF SWR ANALYZER 
4.8-170 MHz. 
MODEL MFJ-259 


~ FREQUENCY COUNTER 


FREQUENCY 
te 


22-3 MPI-250 VSWR analyzer 


‘The resistance measurement assumes a resistive load ({e., the measurement is 
made at the antenna’s resonant frequency), and is referenced to 50 9. The VSWR 
and resistance measurements should be consistent with each other. Ifthe VSWR is 
2:1, then the resistance should be either 100 9 (100/50 = 2:1) or 25 Q (50/25 = 2:1), 
Ifthe resistance is not consistent with the VSWR reading, then you should assume 
that the impedance has a significant reactive component and take steps to tune it 

In addition to antenna measurements, the MFJ-250 is equipped to measure a 
wide variety of other things. It will measure the velocity factor of transmission line, 
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help in tuning or adjusting matching stubs or matching networks, measure capaci 
tance or inductance, and determine resonant frequency of LC networks. 


Doping out coaxial cable 


When you install an antenna, or do a bit of preventive maintenance, or find the an- 
tenna is not. working properly, one thing to cheek is the transmission line. Two ba- 
sic measurements are popular. Figure 22-4 shows how to make ohmic checks. The 
cable consists of an inner conductor and an outer conductor (shield). With term 
nals A and B open there should not be any resistive path across the input termini 
(as shown). Ifa high resistance is seen, then there might be some contamination 
in the system, or the insulation has failed, permitting a current path. A low resis~ 
tance indica short cirenit. If the cable has been cut, or an object passed 
through, or the connector is messed up, then a short can result, 

If terminals A-B are shorted together, a low resistance should be noted. If not, 
then it is likely that the center conductor is open. Of course, if connectors are on the 
line, either the shield or center conductor could be at fault 

‘The other issue is loss of the transnuission line, Cable losses get higher as eables 
age, so low loss on installation does not guarantee low loss later on. Losses in new ca 
bles run from 0.2 dB/100 ft at 4 MHz. At 30 MHz the losses are 0.7 dB/100 ft to 
2.6 dB/100 ft. At VHF/UHF frequencies the losses rise considerably, 

Figure 22-5 shows a test setup for coaxial cable. It is necessary to know the 
length of the piece of coax under test. For ease of calculations a 100-ft section 


OHMMETER 


(COAX BEING TESTED 


22-4 Ohinmeter used to test coax 
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SS = 
wecower [H\ 
‘source t 


22.5 Attenuation test for coax. 


should be used. Two RF power meters (M, and M,) are used to measure the input 
power to the line (Af,) and the delivered power (IM). The difference in power deter 
mines the loss. The loss is : 


122.1] 


where 


Loss is the loss of the eable, in dB 
P,, is the power reading on M, 
Pi is the power reading on M, 


If the cable length is 100 ff, then you already have the loss in dB/100 ft. But if 
lengtll is anything other than 100 f, then you need to make the following calculation: 
Loss, 


L055 yg X 100 22.2] 
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CHAPTER 


Antennas for radio 
direction finding (RDF) 


RADIO DIRECTION FINDING IS THE ART AND PRACTICE OF EITHER LOCATING YOURSELF O8 A 
radio station by using a directional radio antenna and receiver. When the FCC wants 
to locate an ilegal station that is transmitting, they will use radio direction finders to 
triangulate the position. Ifthey find the bearing from two stations they will locate the 
station at the intersection, However, there is a fair degree of ambiguity in the mea. 
surement. As a result, radio direction finders typically use three or more (hence 
“triangulate”) sites, Each receiving site that can find the bearing to the station re- 
duces the overall error. 

‘At one time aviators and seafarers relied on radio direction finding. It is said that 
the Japanese air fleet that attacked Pearl Harbor, Hawaii, on December 7, 1941 
homed in ona Honolulu AM radio station, During the 1950s and early 1960s AM ra- 
dios came with two litte circled triangle marks at the 640-kHz and 1040-kHz points 
on the dial. These were the CONALRAD frequencies that. you could tune to in ease 
of a nuclear attack (right before you kissed your butt good-bye, I suspect). All other 
radio stations were off the air except the CONALRAD stations. The enemy was pre~ 
vented from using these frequencies for RDF because the system used several sta- 
tions that transmitted in a rapidly rotating pattern. No one station was on the air long 
enough to allow a “fix.” The result was a wavering sound to the CONALRAD station 
Gvhich we heard during tests) that would confuse any enemy who tried to DX his 
‘way into our cities with nuclear weapons. 

Radio direction finders based on the AM broadeast band (BCB) looked a bit like 
Fig. 23/1. A receiver with an $ meter (which measures signal strength) is equipped 
with a rotatable ferrite loopstick antenna to form the RDF unit. A degree scale 
around the perimeter of the antenna base could be oriented toward north so that the 
bearing could be read. 

Loopstick antennas have a figure-8 reception pattern (Fig, 23-2) with the max- 
ima parallel to the loopstick rod and the minima offthe ends of the rod. When the an~ 
tenna is pointed at the signal, maximum reception strength is achieved 
Unfortunately, the maxima are so broad that itis virtually impossible to find the true 
point on the compass dial where the signal peaks. The peal is too shallow for that, 
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28-1 Radio direction finding (RDF) receiver using a loopstick antenna 
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28-24. Pattern of loopstick antenna: not oriented towards 
signal 
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28-2B Patter of loopstick antenna: oriented towards signal 


purpose. Fortunately, the minima are yery sharp. You can get a good fix on the di- 
rection of the signal by pointing the miniina toward the station. This point is found 
by rotating the antenna until the audio goes to zip or the S meter dips to a minimum 
(Pig. 23-28) 

‘The loopstick is a really neat way to do RDF—except for one ttle problem: The 
damn thing is bidirectional. ‘There are two minima because, alter al, the pattern is a fig- 
ure 8. You will get exactly the same response from placing either minima in the direc- 
tion of the station, As a result, the unassisted loopstick can only show you a line along 
which the radio station is located, but cant tell you which direction it is. Sometimes 
this doesn't matter. Ifyou know the station is in a certain city, and that you are gener- 
ally south of the city, and can distinguish the general direction from other clues, then 
the Line of minima of the loopstick will refine that information. A compass helps, of 
course. Shortly we will take a look at an impromptu radio direction finder using a 
portable radio. 

‘The solution to the ambiguity problem is to add a sense antenna to the loopstick 
(Fig. 23-3), The sense antenna is an omnidirectional vertical whip, and its signal is, 
combined with that of the loopstick in an RC phasing cireuit. When the two patterns 
are combined, the resultant pattern will resemble Fig. 23-4. This pattern is called a 
cardioiel because of the heart shape it exhibits. This pattern has only one null, so it 
resolves the ambiguity of the loopstick used alone. 


—— 


23-4 Candioid pattem of sense-plus-loopstick antennas. 
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Field improvisation 


Let's suppose you are out in the woods trekking around the habitat of lions, tigers, 
‘ood measure). Normally you find you 
min topological map, and a Global Position 
you real good latitude 
and longitude indication, But what happens if it breaks or a bear eats it? The answer 
to your direction finding problem might be the little portable AM BCB radio (Fig. 23. 
5) that you brought along for company. 

‘Open the back of the radio and find the loopstick antenna, You will need to know 
hich axis it lies along. In the radio shown in Fig. 23-5 the loopstick is along the top 
of the radio, from left to right. In other radios it is vertical, from top to bottom, Once 
you know the direction, you can tune in a known AM station and orient the radio un- 
til_you find a null. Your compass can give you the bearing. If you know the approxi: 
‘mate location of the station, then you can reverse the compass direction from it and 
‘mark the line on the topo map. Of course, its still a bidirectional indication, so all you 
know is the line along which you are lost 

But then you tune into a different station in a different city (or at least wide 
‘enough from the line to the other station to make a difference) and take another 
reading, Your approximate location is where the two lines cross. Take a third, fourth, 
and fifth reading and you will home in pretty tight. Ifyou were smart enough to plan 
ahead, you will have selected candidate stations in advance and located thelr lati 
tude and longitude, Alternatively, you would have bought the topo map that covers 
thelr location as well as where you want to hike, and from those maps you ean find 
the latitudes and longitudes of the distant stations. 
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28-5 AM portable radio. Dark bar represents position and dinec- 
tion of internal loopstick 
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1g: List of ll matched ranking 

a: Ranking value assigned toa service object 

gj: erator item for the ranking ist 

x: Threshold to rank a service object 

WE Workilow forthe composition of service 
objects 

Pq: Priority queue to store ranked object 
instances 

Rd: Assigned relationship ranking, 
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Regular loop antennas 


Regular wire loop antennas (Fig. 23-6) are also used! for radio direction finding. In 
fact, in some cases the regular loop is preferred over the loopstick. The regular loop 
antenna may be square (as shown), circular, or any other regular “n-gon” (e.g, 
hexagon), although for practical reasons the square is easier to build. The loop has 
pretty decent inductance even with only a few turns. One loop 1 built was 24 in 
square (A in Fig, 23-6) and had, iff recall correctly, about, 10 turns of wire spaced 
over a 1-in width (B in Fig. 23-6). It resonated to the AM BCB with a standard 3 
pF “broadeast" variable capacitor. 

When you use a regular loop antenna be aware that the antenna has a figure-8 
pattern like the loopstick, but itis oriented 90° out of phase with the loopstick an- 
tenna. In the regular loop the minima (nulls) are perpendicular to the plane of the 
loop, while the maxima are off the sides. in Fig. 23-6 the minima are in and out of 
the page, while the maxima are left and right (or top and bottom). 


Fox hunting 


An activity popular with ham radio operators in the 1960s was “fox hunting.” A 
fiendishly clever ham (the “fox") would go hide with a mobile or portable trans- 
mitter (ustally on either 10 or 75 m). The “hunters” would then RDF the fox's brief 
transmissions and try to locate the transmitter. If you could locate the antenna, 
you located the station (according to the most common set of rules). Sometimes 
the hunt got a little wild as hunters raced each other (a no-no) in the final stretch. 

One friend of mine hadl an interesting experience. He drove a 1949 Plymouth that 
was painted hideous dark green with fire-engine-red hub eaps. It looked just plain aw- 
ful (especially since the paint looked like it was put on with a whisk broom). He used 
a Gonset converter linked to the AM BCB receiver installed in the car. ‘The antenna 
was a wire loop on the end of a broom handle, similar to Fig, 23-7. The antenna was 
‘mounted about where you would expect the left-side rear view mirror to be located. 
He could reaci his hand out the window and rotate the antenna while listening for the 
‘minima on the receiver. Worked rather well, and he won some fox hunts. 

‘The fox hunts in his area were usually held on Saturday or Sunday morning, and 
after it was all over the whole crew would get to a restaurant for brunch or beer or 
something. One morning, however, my buddy with the hideous green ear was racing 
down a residential street to be the first to the transmitter. Others were in the area, 
and the end game was in motion, Unfortunately, a litle old Indy called the police 
complaining about a *,..10ut racing up and down the street in a strange car waving a 
cross out the window.” Breakfast had to wait that morning, I bet. 


Shortwave and AM BCB “skip” RDE 


Radio direction finding is most accurate over relatively short distances. If you ean 
use the ground wave, then all the better (which is what you use during daylight 
hours for nearly all AM BCB stations). Skip rolls in on the AM BCB after local 
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sundown, so you can hear all manner of stations all up and down the dial. You can RDF 
dlstant stations. Some rather interesting sites have turned up when SWL DXers RDF'ed_ 
some of the infamous “numbers stations.” Those stations transmit either CW or voice 
‘numbers groups, and are believed to be sending messages to spies around the world. 
RDFing by DXers has located some of these transmitters at, well, “interesting” sites, 

Unfortunately, there are some problems with skip RDFing. When we look at 
propagation drawings of skip in textbooks we usually see a one plane view. The eur 
‘vature of the earth shows, as does the transmitter and receiver site. A “pencil be 
radio signal travels at some angle up the ionosphere, where it is “reflected” (actuall 
it’s a refraction phenomenon but looks like reflection to an observer on the surface) 
back to earth. We can tell from the drawing that the angle of incidence equals the an- 
le of reflection, just like they told us in high school seience classes. Oops! The real 
World is not so neat andl erisp, however. 

Inthe real world the wave might encounter a different ionization density along its 
path of travel and therefore be deflected from its original path, It might return to 
earth at a location offset from the direction it appears. If we look at the true bearing 
from the receiver site to the transmitter site, and then note the azimuthal angle of ar- 
rival of the signal, we note that something is amiss, 

Actual reflection also causes some problems, especially when RDFing a station in 
the high end of the HF band or the VHF/UHF bands. Radio waves will reflect from ge- 
logical features such as mountains, as well as man-made structures (e.g, buildings), 
Ifthe reflection is strong enough it might appear to be the real signal, and cause a se- 
vere error in RDFing. Be wary of RDF results when the “skip isin.” 


Sense antenna circuit 


Figure 23-8 shows a method for summing together the signals from an RDF antenna 
(such as a loop) and a sense antenna. The two terminals of the loop are connected to 
the primary of an RF transformer. This primary (L,,) is center-tapped and the center 
tap is grounded, The secondary of the transformer (L.,,) is resonated by a variable c 
pacitor C,. The dots on the transformer coils indieate the 90° phase points. 

‘The top of L, is connected to the sense circuit, and to the receiver antenna in- 
put. The phasing control is a potentiometer (R,). The value of this pot is usually 10 
to 100 kQ, with 25 kQ being a commonly seen value, Switch S, is used to take the 
sense antenna out of the circuit, The reason for this switeh is that the nulls of the 
loop or loopstick are typieally a lot deeper than the null on the eardioid pattern. The 
null is first located with the switch open, When the switch is closed you can tell 
by the receiver S meter whether or not the correct null was used. Ifnot, then reverse 
the direction of the antenna and try again. 


Adcock antennas 


‘The Adcock antenna has been around since 1919 when it was patented by F, Adcock. 
Figure 23-9 shows the basic Adcock RDF array. This antenna consists of two center- 
fed nonresonant (but. identieal) vertical radiators. Each side of each element is at 
east 0.1A long, but need not be resonant (which means the antenna can be used. 
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28-8 Sense circuit for a loop/sense antensia RDF, 


overa wide band). The elements are spaced from 0.14 to 0.75A, although the exam- 
ple shown here is spaced 0.125. 

‘The Adcock antenna is vertically polarized, so it will respond to the vertically 
polarized wave very much like loop or phased array antennas of similar size. The hor 
izontally polarized wave, however, affects all elements the same, so the currents are 
essentially cancelled, resulting in no pattern. This characteristic snakes the Adcock 
antenna suitable for high-frequency shortwave RDFing 

The pattern for an Adcock antenna is shown in Fig. 23-10, This pattern was 
generated using the NecWin Basic for Windows program (Chap. 17). The example 

wtenna is a 10-MHz (30-m band) Adcock that uses 1.455-m elements (total 2.91 
‘mon each side), spaced 4 m apart. The pattern is a traditional figure-8 with deep 
nulls at 0° and 180°, The antenna can be rotated to find a null in the same manner 
as a loop. 


Watson-Watt Adcock array 


Figure 23-11 shows the Watson-Watt Adcock RDF array. It consists of two Adeock 
arrays arranged orthogonally to each other. It is common practice to arrange one Ad- 
cock in the east-west direction and the other in the north-south direction. These are 
fed to identical receivers that are controlled by a common local oscillator (LO). The 
outputs of the receivers are balanced, and are used to drive the vertical and hor 
zontal plates of a cathode-ray oscilloscope (CRO). Figure 23-12 shows the patterns, 
achieved by signals of various phases arriving at the Watson-Watt array. The patterns 
of Figs. 23-12A and 23-128 are made from signals 180° out of phase, while the 
signal of Fig, 23-12C has a 90° phase difference. 
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28-12 Patterns for different signals on the Watson-Watt array 


Doppler RDF antennas 


effect is seen when a wailing ambulance siren is approaching you, and then passes 


you and heads away from you. The wailing piteh will rise as the sound sour 
proaches, and then fall as the sound source recedes in the opposite direction. 

Ina radio system, the antenna and signal source move with respect to each, 
other, a Doppler shift is generated. This sh ‘oportional to the relative speed dif 
ference. The Doppler RDF antenna of Fig. 23-13 uses a rotating antenna. The signal 
approaches froma single direction, so there will be a predictable Doppler shift at any 
point on the circular path of the antenna, The magnitude of the phase shift is 
oF, 


[23.11 
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28-13 Doppler antenna. 


where 
Sis the Doppler shift, in hertz 
Ris the radius of rotation, in meters 
is the angular velocity of the antenna, in radians per second 
Fis the carrier frequency of the incoming signal, in hertz 
cis the velocity of light (3  10* m/s) 


In theory this antenna works nicely, but in practice there are problems. One of 
the big problems is getting a large enough Doppler shift to easily measure. Unfortu- 
nately, the rotational speed required of the antenna is very hijgh—too high for prac- 
tical use. However, the effect can be simulated by using a number of antennas, 
arranged in a circle, that are sequentially scanned. The result is a piecewise approx- 
imation of the effect seen when the antenna is rotated at high speed, 


Wullenweber array 


‘One of the problems associated with small RDF antennas is that they have such a small 
aperture that relatively large distortions of their pattern result from even stall anom- 

alies, Follow that? What if means is that the pattern is all messed up by sinall defects. 

If you build a wide-aperture direction finder (WADF), however, you can average the 
signals from a large number of antenna elements distributed over a large-circumafer- 

ence circle. The Wullenweber array (Fig. 23-14) is such an antenna, It consists of a ci 

dle of vertical elements. In the HF band the cirele can be 500 to 2000 f¢ in diameter. 

A goniometer rotor spins inside the ring to produce an output that will indicate 
the direction of arrival of the signal as a function of the position of the goniometer, 
‘The theoretical resolution of the Wullenweber array is on the order of 0.1°, although. 
practical resolutions of about 2.8” are commonly seen, 
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23-14 Wallenwweber RDP array. 


Time difference of arrival (TDOA) array 


Iryouerect two antennas with distance d apart, then arriving signals can be detected 
by examining the time-of-arrival difference. Figure 23-15A shows an example signal 
Ifthe advancing wavelront is parallel to the line between the antennas, then it will 
arrive at both antennas at the same time, The TDOA is zero in that ease. But if the 
signal arrives at an angle (as in Fig. 23-15), it will arive at one antenna first. From, 
the difference between the time of arrival atthe two antennas we can discern the di- 
rection of arrival 

‘There is an ambiguity in the basic TDOA array in that the combined output will 
be the same for conjugate angles, ie. at the same angle from opposite directions. 
‘This problem ean be resolved by the system shown in Fig. 23-15B. The signals from 
ANTI and ANT2 are designated V, and V, respectively. These signals are detected 
by receivers (RCVRI and RCVR2), and are then threshold detected in order to pre- 
‘vent signal-to-noise problems from interfering with the operation, The outputs of the 
threshold detectors are used to trigger a sawtooth generator that controls the hori 
zontal sweep on an oscillescope. 

‘The two signals are then delayed, and one is inverted. The reason for inverting 
‘one signal is to allow the operator to distinguish them on the CRT sereen. The rea- 
son Why this is necessary is the ambiguity. Ifthe antennas in Fig. 23-15 are arrayed 
feast to west, then the line perpendicular to the line between them is north to south, 

If we designate north as 0°, then the signal shown arrives at an angle of 380° 
‘That means it will arrive at ANTI before it arrives at ANT2. A signal arriving from a 
bearing of 30° will produce the same output signal, even though it arrives at ANT2 
before ANTI All signals of bearing 0 <r < 180° will arrive at ANT2 first, while all 
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28-15B Block diagram of typical TDOA circuit. 
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signals 180 <r < 360° will arrive at ANTI first. Yet both will produce the same blip 
‘on the oscilloscope screen. The solution to discerning which of the two conjugate an 
ales is intended is to invert the ANTI signal. When this is done, the ANTI signal falls, 
below the baseline on the CRT sereen, while the ANT2 signal is above the baseline, 
By noting the time difference between the pulses, and their relative position, we can 
determine the bearing of the arriving signal, 


Switched-pattern RDF antennas 


‘Suppose we have a unidirectional pattern such as the cardioid shown in Fig, 23-16, Lrwe 
can rapidly switch the pattern back and forth between two directions that are 180° 
apart, then we can not only discem direction, but also we ean tell whether an off-axis 
signal is left or right, This feature is especially useful for mobile and portable direction 
fining, 

In Fig. 23-16 we have three different positions for a signal source. When the sig 
nal source is at point A, it will affect the pattern to the left more than the pattern to 
the right, so the meter will read left. I the signal source is at point B, on the other 
hand, the signal affects both pattern positions equally, so the meter reads zero, Fi- 
nully, if the signal arrives from point C, it affects the right-hand pattern more than 
the left-hand pattern, so the meter reads right. 

Figure 23-17 shows how such a system can be constructed. This system has 
been used by amateur radio operators with “rubber ducky” VHF antennas and a sin- 
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28-16  Switched-pattern RDF system, 
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28-17 Double-ducky RDF system based on the switche 


attern system, 


le receiver, where it is commonly called the double-ducky direction finder 
(DDDF). The antennas are spaced from 0.25 \ to 1A apart over a good groundplane 
(Such as the roof of a car or truck). If no groundplane exists, then a sheet metal 
groundplane should be provided. 

In Fig. 23-17 we see the antennas are fed from a common transmission to the re- 
ceiver. In order to keep them electrically the same distance apart, a pair of identical 
half-wavelength sections of transmission line are used to couple to the antennas. 

Switching is accomplished by using a bipolar square wave and PIN diodes, The bipo- 
lar square wave (see inset to Fig, 23-17) has a positive peak voltage and a negative peak 
voltage on opposite halves of the eyele. The PIN diodes (D, and D,) are connected in op- 
posite polarity to each other, Diode D, will conduct on negative excursions of the square 
wave, while D, conducts on positive excursions. The antenna connected to the conduct- 
ing diode is the one that is connected to the receiver, while the other one is parasitic. "The 
active antenna therefore switches back and forth between ANTI and ANTE. 


—— 
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‘This antenna is coupled to the receiver through a small-value capacitor (C,) s0 
that the square wave does not enter the receiver. This allows us to use the transimis- 
sion line for both the RF signal and the switching signal. An RF choke (RFC,) is used, 
to keep RF from the antenna from entering the square-wave generator. 

‘The DDDF antenna produces a phase modulation of the incoming signal that has 
the same frequency as the square wave. This signal can be heard in the receiver out- 
put. When the signal's direction of arrival is perpendicular to the line between the 
two antennas, the phase difference is zero, so the audio tone disappears, 

‘The pattern of the DDDF antenna is bidirectional, so there is the same ambigu: 
ity problem as exists with loop antennas. The ambiguity ean be resolved by either of 
two methods. First, a reflector can be placed N/4 behind the antennas. ‘This is at- 
tractive, but it tends to distort the antenna pattern a litte bit. ‘The other method is 
to rotate the antenna through 90° (or walk an L-shaped path), 


Conclusion 


Radio direction finding can be very useful for locating RF noise sources, illegal sta 
tions, and other RF sources. It ean also be used to locate yourself if you can get bear- 
ings on at least two stations, The lines of bearing will cross at a location approximately 
where you are standing—try it, you'll like it. 
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CHAPTER 


Impedance matching 
in antenna systems 


ONE OF THE FIRST THINGS THAT YOU LEARN IN RADIO COMMUNICATIONS AND 
broadcasting is that antenna impedance must be matched to the transmission line 
impedance, and that the transmission line impedance must be matched to the out 
put impedance of the transmitter. The reason for this requirement is that m 
power transfer, between a source JAways occurs when the system imped 
ances are matched. In other words, more power is transmitted from the system when 
the load impedance (the antenna), the transmission line impedance, and the trans- 
mitter output impedance are all matched to each other. 

Ofcourse, the trivial case is where all three sections of our system have the samme 
Impedance. For example, we could have an antenna with a simple 75-2 resistive 
feedpoint impedance (typical of a half-wave dipole in free space), and a transtuitter 
with an output impedance that will match 75 Q. In that case, we need only connect 
astandard-impedance 75- length of coaxial cable between the transmitter and the 
antenna, Job done! Or so it seems, 

But there are other cases where the job is not so simple. In the case of our “stan. 
dard” antenna, for example, the feedpoint impedance is rarely what the books say it 
should be. That ubiquitous dipole, for example, is nominally rated at 73.0, but even 
the simplest antenna books tell us that value is an approximation of the theoretical 
free-space impedance. At locations closer to the earth’s surface, the impedance 
could vary over the approximate range of 30 to 190 Q and it might have a substantial 
reactive component. 

But there is a way out of this situation. We can construct an impedance-match- 
ing system that will marry the source impedance to the load impedance. This chap- 
ter examines several matching systems that might prove useful in a number of 
antenna situations 


Copyright 2001 - the McGraw-Hill Companies 457 


Chap24_carr 4/10/01 3:52 PM Page 458 p 


458 Impedance-matching in antenna systems 


Impedance-matching approaches 


Antenna impedance can contain both reactive and resistive components. In most 
practical applications, we are searching for a purely resistive impedance (2 = R), but 
that ideal is rarely achieved. A dipole antenna, for example, has a theoretical free 
space impedance of 73. at resonance. As the frequency applied to the dipole is var- 
ied away from resonance, however, a reactive component appears, When the 
frequency is greater than resonance, then the antenna tends to look like an inductive 
reactance, so the impedance is Z = 8 + JX. Similarly, when the frequency is less than 
the resonance frequency, the antenna looks like a capacitive reactance, so the im 
pedance is Z =  ~ JX. Also, at distances closer to the earth's surface the resistive 
component may not be exactly 73 @, but may vary from about 30 to 130 Q. Clearly, 
whatever impedance coaxial cable is selected to feed the dipole, it stands a good 
chance of being wrong. 

‘The method used for matching a complex load impedance (such as an antenna) 
to a resistive source (the most frequently encountered situation in practical radio 
work) is to interpose a matching network between the load and the source (Fig 
24-1). The matching network must have an impedance that is the complesr conju- 
gate of the complex lond impedance, For example, if the load impedance is R + 7 
then the matching network must have an impedance of R —jX; similarly, if the load, 
is R ~jX then the matching network must be R + JX. The sections to follow look at 
some of the more popular networks that aceomplish this job, 


L-section network 

‘The L-section network is one of the most used, of at least the most published, an 
tenna matching networks in existence: it rivals even the pi network. A circuit for the 
L-seetion network is shown in Fig, 24-24, The two resistors represent the source 
(R,) and load (R,) impedances, The elementary assumption of this network is that 
R, © Ry, The design equations are 


R,<R, and 1<Q<5 [24.1] 
sovre arcana Devt oa 
‘output or eee ‘impedance 
source impedance inpaienet Joad 
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24-1 ‘Transmitter, matcher, and antenna system, 
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24-2. (A) L-section network; (B) reverse L section; (C) inverted L-section network. 


628FL =QxR, [24.2] 


[24.3] 


[24.4] 


also, 


[24.5] 


You will most offen see this network published in conjunction with less- 
than-quarter-wavelength longwire antennas. One common fault of those books and 
articles is that they typically call for a “good ground” in order to make the anten- 
nas work properly. But they dort tell you (1) what a “good ground” is and (2) how 
you can obtain it, Unfortunately, at most locations a good ground means burying a 
ot of copper conductor—something that most of us cannot afford. In addition, itis 
often the case that the person who is forced to use a longwire, instead of a better 
antenna, cannot construct a “good ground” under any circumstances because of 
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landlords (and/or logistics) problems. The very factors that prompt the use of a 
Iongwire antenna in the first place also prohibit any form of practically obtainable 
“good ground.” But there is a way out; radials, A good ground can be simulated, 
with a counterpoise ground constructed of quarter-wavelength radials. These radi- 
als have a length in feet equal to 246/F,,, and as few as two of them will work 
wonders. Another form of L-section network is shown in Fig, 24-28. This cireuit, 
dliffers from the previous circuit in that the roles of the Land G components are re- 
versed. As you might suspect, this role reversal brings about a reversal of the in 
pedance relationships: in this circuit the assumption is that the driving source 
impedance R, is larger than the load impedance R, (Le, R, > R,). The equations 
are shown below. 


[24.6] 


[24.71 


[24.8] 


Still another form of L-section network is shown in Fig, 24-20. Again, we are as- 
suming that driving source impedance R, is larger than load impedance R, (Le.,R, > 
R,). In this circuit, the elements are arranged similar to Fig. 24-24, with the excep- 
tion that the capacitor is at the input rather than the output of the network, The 
‘equations governing this network are: 


R,>Ryand 1 <Q <5 [24.9] 
[24.10] 
[24.11] 
BR [24.12] 

x, 
ed [24.13] 


‘Thus far, we have considered only matching networks that are based on induc- 
tor and capacitor circuits. But there is also a possibility of using transmission line 
segments as impedance-matching devices. Two basic forms are available to us: quar- 
ter-wave sections and the series matching section, 
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Pi networks 

‘The pi network shown in Fig. 24-3 is used to match a high source impedance to a low 
Joad impedance. These circuits are typically used in vacuum tube RF power ampli- 
fiers that need to mateh low antenna impedances. The name of the circuit comes 
{from its resemblance to the Greek letter pi, The equations for the pi network are: 


R,> Rand 5 <Q <15 [24.14] 


[24.15] 


[24.16] 


[24.17] 


Split-capacitor network 
“The split-capacitor network shown in Fig, 244i used to transforma source impedance 
that is less than the load impedance. In nddition to matching antennas, tis circuit is 
also used for interstage impedance matching inside communications equipruent. The 
‘equations for design are 


RR, [24.18] 


[24.19] 


[24.20] 


24-3 Pinctwork, RI 


I 


Ry > Ry 
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Ry 
24-4 Split-capacitor network 


Ry < hy 


Xr 

[24.21] 
Kaun 

[24.22] 


Transmatch circuit 


One version of the iransmatch is shown in Fig, 245, This cireuitis basically com 
bination of the split-capacitor network and an output tuning capacitor (C,). For the 
HE bands, the capacitors are on the order of 150 pF per section for C,, and 250 pF 
for C,. The collar inductor should be 28 ji. The transmatch is essentially a coax 
to-cons impedance matcher, and is used to trim the mismatch from a line before it 
alfects the transmitter 


Ry 245. Split-capacitor transmateh network 


Chap24_carr 


4/10/01 


52 PM Page 463 © 


Transmatch circuit 463 


Perhaps the most common form of transmatch circuit is the tee network shown in 
Fig. 24-6. This network is lower in cost than some of the others, but sullers a problem, 
Although it does, in fact, match impedance (and thereby, in a naive sense, “tunes out” 
VSWR on coaxial lines), it also sulfers a high pass characteristic. The network, there- 
fore, does not reduce the harmonic output of the transmitter, The simple tee network 
does not serve one of the main purposes of the antenna tuner: harmonic reduction, 

An alternative network, called the SPC fransmatch, is shown in Fig. 24-7. This 
version of the circuit offers harmonic attenuation, as well as matching impedance, 

Figure 24-8 shows commercially available antenna tuners based on this trans- 
‘match design. ‘The unit shown in Fig. 24-8A is manufactured by MFJ Electronics, Ine. 
It contains the usual three tuning controls, here labeled transmitter, antenna, and 
inductor. Included in this instrument is an antenna selector switch that allows the op- 
erator to select a coax antenna through the tuner, to connect input to output (coax) 
without regard to the tuner, select a balanced antenna, or connect an internal dummy 
Joad. The instrument also contains a multifunction meter that ean measure 200 W or 
2000 W (full scale), in either forward or reverse directions, In addition, the meter op- 
erates as a VSWR meter, 


24-6 ‘Tee-network transmatch, 


R Ry 


24-7 Improved transmatch offers 
Ry harmonic attenuation. 
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Figures 24-SB through 24-8D show an imported tuner from the United Kingdom, 
‘This instrument, called the Nevacla model, isa low-cost model, but contains the three 
bbasie controls. For proper operation, an external RF power meter, or VSWR meter, is 
required. The tuner is shown in Fig. 24-8B; also shown is a Heathkit transmateh an- 
tenna tuner. The rear panel of the Nevada instrument is shown in Fig, 24-8C, There 
are $O-229 coaxial connectors for input and unbalanced output, along with a pair of 
posts for the parallel line output, A three-post panel is used to select which antenna 
the RF goes to: unbalanced (coax) or parallel, The internal circuitry of the Nevada is 
shown in Fig. 24-8D. The roller inductor is in the center and allows the user to set the 
tuner to a wide range of impedances over the entire 3- to 30-MHz HF band. 


24-8A MEJ antenna tuner 


24-8B Author's Heathkit antenna 
iuner and the Nevada 
tuner from the United 
Kingelom. 


24-8C Rear of Nevada tuner: 
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24-8D_ Inside of Nevada tuner: 


Coaxial cable BALUNS 

A balun is a transformer that matches an unbalanced resistive source impedance 
(Guch as a coaxial cable), to a “balanced” load (such as a dipole antenna), With the 
circuit of Fig. 24-9, we can make a balun that will transform impedance at a 4:1 ratio, 
with A, = 40 R,. The length of the balun section of coaxial cable is, 


a92v 


zB [24.23] 


where: 


Ly is the length, in feet, 
Vis the velocity factor of the coaxial cable (a decimal fraction) 
F yyy. i8 the operating frequency, in megahertz 


Matching stubs 

A shorted stub can be built to produce almost. any value of reactance. This fact can 
be used to make an impedance-matching device that cancels the reactive portion of 
a complex impedance. If we have an impedance of Z=R + {30 Q we need to make a 
stub with a reactance of 730 Q to mateh it. Two forms of matching stub are shown in 
Figs. 24-10A and 24-108, These stubs are connected exactly at the feedpoint of the 
complex load impedance, although they are sometimes placed farther back on the 
line at a (perhaps) more convenient point. In that case, however, the reactance re- 
quired will be transformed by the transmission line between the load and the stub. 


—o— 
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24-9 Coaxial balun transformer: 
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Impedance 
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24-10A. Stub mateh scheme 
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Load 
impedance 


24-108 Coaxial stub matching 


Quarter-wave matching sections 
Figure 24-11 shows the elementary quarter-wavelength transformer section connected 
between the transmission line and the antenna load. This transformer is also some 
times called a @ section. When designed correctly, this transmission line trans 
former is capable of matching the normal feedline impedance Z, to the antenna 
feedpoint impedance Z,. The key factor is to have available a piece of transmission 
line that has an impedance Z, of 


[24.24] 


‘Most texts slow this circuit for use with coaxial cable, Although itis certainly pos 
sible, and even practical in some for the most part there is a serious flaw in us 
ing coax for this project. It seems that the normal range of antenna feedpoint 
impedances, coupled with the rigidly xed values of coaxial-cable surge impedance 
available on the market, combines to yield unavailable values of Z,, Although there are 
certainly situations that yield to this requirement, many times the quarter-wave sec 
tion is not usable on coaxial-cable antenna systems having standard impedance values, 

On parallel transmission line systems, on the other hand, it is quite easy to 
achieve the correct impedance for the matching section, We use the equation above 
to find a value for Z,, and then calculate the dimensions of the parallel feeders. Be- 
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4 


Load 
Impedance 


MQ section 24-11. Quarter-wavelength @ section, 


cause we know the impedance, and can more often than not seleet the conductor di 
ameter from available wire supplies, you can use the equation below to calculate 
conductor spacing 


[24.25] 


where 


Sis the spacing 

Dis the conductor diameter 

Zis the desired surge impedance. 

From there you can calculate the length of the quarter-wave section from the 
familiar 246/F,,,,.D and S are in the same units, 


Series matching section 

‘The quarter-wavelength section, covered in the preceding section, suffers from 
drawbacks: it must be a quarter-wavelength and it must use a specified (often non- 

standard) value of impedance. The series matching section is a generalized case of 


py 
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the same idea, and it permits us to build an impedance transformer that overcomes 
these faults. According to The ARRL Antenna Book, this form of transformer is ca: 
pable of matching any load resistance between about 5 and 1200 Q. In addition, the 
transformer section is not located at the antenna feedpoint 

Figure 24-12 shows the basic form of the series matching section. There are 
three lengths of coaxial cable: £,, L,, and the line to the transmitter, Length L, and 
the line to the transmitter (which is any convenient length) have the same charac 
teristic impedance, usually 75 @. Section L,, has a different impedance from L, and 
the line to the transmitter. Note that only standard, easily obtainable values of im- 
pedance are used here, 

‘The design of this transformer consists of finding the correct lengths for L, and 
L,, You must know the characteristic impedance of the two lines (50 Q and 75 @ 
given as examples), and the complex antenna impedance. In the case where the an- 
tenna is non resonant, this impedance is of the form Z = R « jX, where R is the re- 
sistive portion, X is the reactive portion (inductive or capacitive), and j is the 
so-called imaginary operator (Le., square root of minus one). IC the antenna is reso 
nant, then X'= 0, and the impedance is simply R. 

‘The first chore in designing the transformer is to normal 


ize the impedances: 


4, 

> [24.26] 
[24.27] 
[24.28] 


24-12, Series matching section, 
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tan 


where: 


Constraints; 
4,>4, VSWR 
4,<4, VSWR 


ICL, <0, then add 180° 
IB <0, then Z, is too close to Z, 
Z, not equal to Z, 


ZNVSWR <2, < Z.V/VSWR 


Physical length in feet 


where 


4 x velocity factor 


A= Trequeney in megahertz 


[24.29] 


[24.30] 


431] 
[24.32] 


[24.33] 


[24.34] 


[24.35] 


‘The physical length is determined from arctan A and arctan B, divided by 360 


and multiplied by the wavelength along the line and the velocity factor, 


Although the sign of B can be selected as either — or +, the use of + is preferred 
because a shorter section is obtained, In the event that the sign of A turns out nega- 


tive, add 180° to the result 


‘There are constraints on the design of this transformer. For one thing, the im 
pedance of the two sections L, and L,, cannot be too close together. In general, the 


following relationships must be observed: 
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Either 


(24.36) 


[24.37] 


Ferrite core inductors 


‘The word ferrite refers to any of several examples of class of materials that behave 
similarly to powdered iron compounds, and are used in radio equipment in the form, 
of inductors and transformers, Although the original materials were of powdered 
iron, and indeed the name ferrite still implies iron, many modern materials are com- 
posed of other compounds. According to the Amidon Associates literature, ferrites 
witha permeability u of $00 to 5000 are generally of the manganese-zine type of ma- 
terial, and cores with permeabilities of 20 to 800 are of nickel-aine, The latter are 
useful in the 0,5: to 100-MHez range. 


Toroid cores 


A oroid is a doughnut-shaped object, so one can reasonably expecta toroidal core to be 
‘an inductor (or transformner) form, made of a ferrite material, in the general shape of a 
‘doughnut, The type of core must be known for application purposes, ands given by the 
type number. The number will be of the form: FT ~acr ~ mn, where FT means ferrite 
toroid and describes the shape, 2:r indicates the size, and mm indicates the material type. 
‘The F in FTis sometimes deleted in parts lists, and the core defined asa “Tser-rt.” 

A chu is provided by Amidon that gives the dimensions, and a description of the 
properties of the different types of material, along with a lot of other physical data. 
Some of these data are also available in the annual ARRL, publication The ARRL Hand 
book for the Radio Amateur (the same material has appeared in earlier editions also). 

Tables are derived in part from both Amidon and ARRL sources. From these ta- 
bles, you can see the sizes and properties of various popular toroids. These tables, 
incidentally, are not exhaustive of either the variety of toroids available, or all of the 
properties of the toroids mentioned. Using the nomenclature mentioned, a T-50-2 
core refers to a core that is useful from 1 to 30 MHz, has a permeability of 10, is, 
painted red, and has the following dimensions: OD = 0,500 in (1.27 em), ID = 0.281 
in (0.714 em) anda height (Le., thickness) of 0.188 in (0.448 em) 


Toroidal transformers 

‘A magazine reader once asked a question of this author concerning the winding pro- 
tocol for toroidal transformers as seen in textbooks and magazine articles. My corre- 
spondent included a partial circuit (Fig. 24-19A) as typical of the dilemma, The 
‘question was “How do you wind it?” and a couple of alternative methods were pro- 
posed. At first I thought it was a silly question because the answer was “obvious,” 
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A 
———— 
ee 


24-13 Broadband RF transformer: 


and then I realized that perhaps I was wrong, and to many people the answer was not 
at all that obvious. 

‘The answer to the question is that all windings are wound together in a “inultifi- 
lar” manner, Because there are three windings, in this case we are talking about “tri- 
filar” windings. Figure 24-1B shows the trifilar winding method. For the sake of 
larity, I have patterned all three wires differently so that you can follovy them. This 
practice is also a good idea for practical situations. Sinice most small construction 
projects use no.26, no.28 or no.30 enameled wire to wind coils, I keep three colors 
of each size on hand, and wind each winding with a different color [Note: for trans: 
uitting antenna transformers use no.16, no.14, 10.12, or no.10 wire]. Otherwise, la 
‘bel the ends with adhesive labels. 
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‘The dots in the schematic, and on the pictorial, are provided to identify one end 
of the coil windings. Thus, the dot and no-dot ends are different from each other, 
and it usually makes a difference to circuit operation which way the ends are con- 
nected into the circuit (the issue is signal phasing) 

Figure 24-14 shows two accepted methods for winding  multifilar coil on a 
toroidal core, Figure 24-144 is the same method as in Fig. 24-138, but on an actual 
toroid instead of a pictorial representation. The wires are laid down parallel to each 
other as shown previously The method in Fig. 24-14B uses twisted wires. The three 
\wites are “chucked up” in a drill and twisted together before being wound on the 
core, With one end of the three wires secured in the drill chuck, anchor the other end 
of the three wires in something that will hold it taut, Some people use a bench vise 
for this purpose. Turn on the drill at slow speed and allow the wires to twist together 
until the desired pitch is achieved. 

Be very careful when performing this operation. If you don’t have a variable 
speed electric drill (so that it can be run at very low speed), then use an old-fash- 
ioned manual hand drill, f you use an electric drill, then wear eye protection. Ifthe 
wire breaks, or gets loose from its mooring at the end opposite the drill, it will whip 
around wildly until the drill stops. That whipping wire will cause painful welts on the 
skin, and can easily damage eyes permanently. 

Of the two methods for winding toroids, the method of Figs. 24-13B and 24-144 
is preferred. When winding toroids, at least those of relatively few windings, pass the 
‘wire through the “doughnut hole” until the toroid is about in the middle of the length, 
of wire. Then, loop the wire over the outside surface of the toroid, and pass it, 
through the hole again. Repeat this process until the correct number of turns is, 
wound onto the core, Be sure to press the wire against the toroid form, and keep it 
taut as you wind the coils 

‘Enameled wire is usually used for toroid transformers and inductors and that type 
of wire can lead to a problem. The enamel can chip and cause the copper conductor to 
contaet the core, On larger cores, such as those for antenna-matching tranformers (and 
bbaluns used at kilowatt power levels), the practical solution is to wrap the bare toroid 
core in a layer of fiberglass packing tape. Wrap the tape exactly’ as if it was wire, but, 
‘overlap the turns slightly to ensure covering the entire circumference of the core. 

On some projects, especially those in which the coils and transformers use very 
fine wire (e.g, no.0), You may experience a tendency for the wire windings to un- 
ravel after the winding is completed. This problem is also easily curable. At the ends, 
of the windings, place a tiny dab of rubber cement or RTV silicone sealer. 


24-14 Winding toroidal transformer ye 
A) parallel wound, 
B) twist wound. 
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ABSTRACT 


Multiple antenna technologies have 
received high attention in the last few 
decades for their capabilities to improve the 
overall system performance. Multiple-input 
‘multiple-output systems include a variety of 
techniques capable of not only increase the 
reliability of the communication but also 
impressively boost the channel capacity. In 
addition, smart antenna systems can increase 
the link quality and lead to appreciable 
interference reduction. 


L. Introduction 


Multiple antennas technologies proposed 
for communications systems have gained 
‘much attention in the last few years because 
of the huge gain they can introduce in the 
communication reliability and the channel 
capacity levels. Furthermore, multiple 
antenna systems can have a big contribution 
to reduce the interference both in the uplink 
and the downlink by employing smart 
antenna technology. 

To increase the reliability of the 
communication systems, multiple antennas 
can be installed at the transmitter or/and at 


the receiver. Alamouti code is considered as 
the simplest transmit diversity scheme while 
the receive diversity includes maximum 
ratio, equal gain and selection combining 
methods. Recently, cooperative 
communication was deeply investigated as a 
‘mean of increasing the communication 
reliability by not only considering the 
mobile station as user but also as a base 
station (or relay station). The idea behind 
‘multiple antenna diversity is to supply the 
receiver by multiple versions of the same 
signal transmitted via independent channels. 

On the other hand, multiple antenna 
systems can tremendously increase the 
channel capacity by sending independent 
signals from different transmit antennas. 
BLAST spatial multiplexing schemes are a 
good example of such category of multiple 
antenna technologies that boost the channel 
capacity. 

In addition, smart antenna technique can 
significantly increase the data rate and 
improve the quality of wireless transmission, 
which is limited by interference, local 
scattering and multipath propagation. 
Through shaping the antenna radiation 
pattern and adaptively adjusting the antenna 
weight vector, smart antennas improve the 
communication link quality by increasing 
the received signal power and suppressing 
the interference. 
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‘Mounting toroid cores Now that you have a properly wound toroidal inductor 
or transformer, it is time to actually mount it in a circuit being construeted. There 
are three easy ways to do this job. First, you might be able to ignore it. Ifthe wire is 
heavy enough, then just use the wire connections to the circuit board or terminal 
strip to support the component. But if this is not satisfactory, and in mobile equip 

‘ment (or wherever else vibration isa factor) it won't be, then try laying the toroid fat 
‘on the board and cementing it in place with silicone seal or rubber cement, The third 
‘method is to drill a hole in the wiring board and use a screw and nut to secure the 
toroid. Do not use metallic hardware for mounting the toroid! Metallic fasteners will 
alter the inductance of the component and possibly render it unusable. Use nylon 
hardware for mounting the inductor, or transformer. 

How many turns? ‘Three factors must be taken into consideration when mak: 
ing toroid transformers or inductors: (oroid size, core material, and number of 
turns of wire, The toroid size is selected as a function of power-handlling capabilit 
or for convenience of handling. The core material is selected according to the fre 
‘quency range of the cirenit. The only thing left to vary is the number of turns. The 
size and core material yields a figure called the A, factor. The required value of in- 
ductance and the A, factor are used in the following equation: 


Net00 | [24.38] 
Nie the number of tums 


Lys the inductance in microhenrys 
4, is the core factor, in microhenrys per 100 turns 


where: 


Example Calculate the number of tums required to make a 5-H induetor on 
a T.50-6 core, The A, factor is 40, 


Solution: 
wei00 [Se 
A, 


=100 [Bat 
40 


= 100 0.125 
= (100) (0.35) = 35 


Don't take the equation value too seriously, however, because itis my experience 
that a wide tolerance exists on amateur-grade ferrite cores. Although it isn't too anuch, 
ofa problem when building transformers, it can be critical when making inductors for 
a tuned circuit. When you find that the tuned circuit takes considerably more (or 
less) capacitance than called for in the standard equation, and all of the stray capac- 
itance is properly taken into consideration, then it may be that the actual A, value of 
your particular core is different from the table value, 
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Ferrite rods 

Another form of ferrite core available on the market is the rod, shown in Fig 
24-15A. This type of core is used to make RF chokes, such as the RFC used in the 
‘uum tube filament lines of a linear amplifier power tube (Fig. 24-15B). They are 
also used for baluns by some people. The two windings are wound in a biflar man 
ner over the ferrite rod. Of course, the wires used must be heavy enough to carry the 
filament current of the tube, As was true in the toroidal transformer, I use two dif 
ferent wire colors in order to make it easy to identify windings, 

Ferrite rods are also used in receiving antennas. Although the amateur use is not 
extensive, there are places where a ferrite rod antenna (or “loopstick”) is used. For 
example, in radio direction finding antennas, it is common to see the ferrite loop. 
Also, some amateurs report that they use a loopstick receiving antenna when oper- 
ating on crowed bands, such as 40 and 75 m. The small loopstick has an extremely 
directional characteristic, so itis capable of nulling out interfering signals. Of course, 
you would not want to use the loopstick for transmitting, so some means must be 
found for transferring the antennas over between the transmit and receive functions, 

‘Mounting ferrite rods Ferrite rods can be mounted in several ways, two of whieh 
are analagous to the methods used an toroids. We can, for example, mount the rod using 
either its own wires for support or by using. a dab of cement or silicone sealer to fasten it 
tothe board. Although we cannot use sirnple nylon screws the way we can on toroids, we 
can use insulating cable clamps to secure the ends of the rod to the board. 


Toroid broadbanded impedance matching transformers 
‘The toroidal transformer forms a broadbanded means for matching antenna imped- 
ance to the transmission line, or matching the transmission line to the transmitter. 
‘The other matching methods (shown thus far) are frequency-sensitive, and must be 
readjusted whenever the operating frequency is changed even a small amount. Al- 
though this problem is of no great concern to fixed-frequency radio stations, itis of 
critical importance to stations that operate on a variety of frequencies. 

Figure 24-16A shows a trifilar transformer that provides a 1:1 impedance ratio, 
but it will transform an unbalanced transmission line (e.g., coaxial cable) to a 


B 
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24-15. Ferrite rod inductor (A) construction, (B) use in amplifier 
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balanced signal required to feed a dipole antenna. Although it provides no imped- 
‘ance transformation, it does tend to balance the feed currents in the two halves of 
the antenna. This fact makes it possible to obtain a more accurate figure-8 dipole ra- 
diation pattern in the horizontal plane. Many station owners make it standard prac 
tice to use a balun at the antenna feedpoint 

‘The balun shown in Fig, 24-16B is designed to provide the unbalanced to balanced 
transformation, while also providing a 4:1 impedance ratio, Thus, a 300 0 folded dipole 
feedpoint. impedance will be transformed to 75 Q unbalanced. This type of balun is often 
included inside antenna tuners, including all three models shown in Figs, 24-SA and 24 
SB. A variable (or at least settable) broadbanded transformer is shown in Fig. 24-16C. In 
this case the output winding is tapped, and the operator selects the correct tap needed. 
to provide the desired impedance ratio, The usual turns ratio criterion applies, 

Another multiple-impedance transformer is shown in Fig. 24-L6D. In this case, 
the operator can select impedance transformation ratios of 1.5:1, 4:1, 9:1 or 16:1. A 
‘commercial version of this type of transformer is shown in Fig. 24-16B. It is manufac- 
tured by Palomar Engineers, and is intended for vertical antenna feeding in the HF 
bands. It will, however, work well on antennas other than simple verticals. A top view 
of the vertical antenna feeding transformer is in Fig. 24-16P. 
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24-16C Tapped BALUN. 


Ry 


24-16D_ Multi-impedance BALLIN, 


| 


24-16 Vertical antenna 24-16F Top view of 
feeding transformer Pig. 24-188. 
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CHAPTER 


Mobile, emergency, 
portable, and 
marine antennas 


MOBILE OPERATION OF RADIO COMMUNICATIONS EQUIPMENT DATES BACK TO ONLY A 
tle later than “base station” operation. From its earliest times, radio buffs have at- 
tempted to place radio communications equipment in vehicles. Unfortunately, two- 
way radio was not terribly practical until the 1990s, when the earliest applications 
were amateur radio and police radio (which used frequencies in the 1.7- to 2.0-MHz 
region). Over the years, the land mobile and amateur radio mobile operation has 
moved progressively higher in frequency because of certain practical considerations, 
‘The higher the frequency, for example, the shorter the wavelength; and, therefore, 
the shorter a full-size antenna, On the L1-m Citizens Band, for example, a quarter: 
wavelength whip antenna is 102 in long, and for the 10-m amateur band only 96 in 
Jong. At VHF frequencies, antennas become even shorter. As a result, much mobile 
activity takes place in the VHF and UHF region, 

‘The amateur 144-, 220-, and 440-MHz bands are popular because of several 
factors, not the least of which is the ease of making % and %-wavelength antennas, 
Because low-cost commercial antennas are available for these frequencies, how 
ever, we will not examine such antennas in this chapter. Rather, we will concen. 
trate on high-frequency antennas, 


Mobile HF antennas 


High-frequency (HE) mobile operation requires substantially different antennas than 
VHF or UHF. Quarter-wavelength antennas are feasible only on the 11- and 10-m 
bands, with some argument in favor of 13 1 as well. But by the time the frequency 
drops to the 21-MHz (15-m) band, the antenna size must be approximately 11 ft long, 
and that is too long for practical mobile operation. Because of practical considerations, 
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‘you must lit antenna size to 8 oF 9M in the amateur radio bans the Sf antenna is 
fost popular because itis resonant on 10 m. At all ower frequencies, the Bt whip 
becomes capaeltiv, and therefore requires an equal inductive reactance to cancel the 
capacitive reactance ofthe antenna, 

Figure 25-1 shows three basic configurations of coi-loaded HF antennas for fre 
quencies lower than the natural resonant frequency of the antenna, In each case, the 
antennas are series fed with coaxial cable from the base; point A is connected to 
the conxial cable center conductor, and point is connected tothe shield, and the car 
body (which serves as ground). The system shown in Fig. 25-1A is hase-loaded. Al 
though convenient, there is some evidence that the current distrbution i less than 
optinum, The version shown in Fig. 25-1B is centerloaded, and results in an it~ 
proved current distebion, This configuration is probably the most common among 
Commercially available HF mobile antennas, althotigh the col soften located slightly 
above the center point. Finally, we see the top-oaded coi system in Fig. 25-1B, In all 
three cases, the point is to use the inductance of the col to cancel the eapacitive 
reactarice of the antenna 

‘A modified version of the coiloaded HF mobile antenna is shown in Fig. 25-24. 
In this configuration the loading inductance i divided between two individual evils, 

and L, Coil is adjustable with respect to the antenna, while Lis fixed; col. 
is'tapped, however, in order to match the impedance of the antenna to the ehurac 


| : | 25-1 Loaded mobile antennas. 
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by 


25-2A. Practical mobile antenna 
for HF bands below 10 mi; 
1L, resonates, L., matches 
impedance. 


COAX to 
RIG or RVR 


teristic impedance of the coaxial-cable transmission line, When tuning this antenna, 
two instruments are needed: a field strength meter and a VSWR meter. The field 
strength meter gives a relative indication of the amount of power radiated from the 
antenna, while the VSWR meter helps determine the state of the impedance match, 
A pair of relative field strength meter projects are discussed later in this chapter. 

Variations on the theme are shown in Figs. 25-2B and 25-2C. A helical whip is 
shown in Fig. 25-2B. In this configuration, the inductor is distributed along the 
Iength ofa fiberglass antenna rod. The conductor is a wire that is helically wound on 
the fiberglass shaft. An adjustable tip sets the antenna to resonance. The length of 
this tip can be set by a local field strength meter. Fixed versions of this type of an- 
tenna are very popular on the Citizens Band where they may be as short as 30 in, or 
as long as 48 in, There are also some amateur radio commercial antennas based on 
this concept 

‘The other variant is shown in Fig. 25-2C. In this case, the lower end of the radiator 
consists ofa metal tube topped with a loading coil. An adjustable shaft at the top end is, 
used to tune the antenna to resonance. This form of antenua is popular among commer- 
cial makers of HF mobile antennas, such as the Hustler, The fixed shaft tends to be uni 
versal for all bands, while the coil and adjustable shaft form a separate 
each band, Multiband operation of this form of antenna can be accomplished by using a 
bracket such as shown in Fig. 25-2D. Although early versions of this scheme were home- 
brewed, several manufacturers currently make factory-built versions. The idea in Fig. 
25-20 is Lo mount two or more resonators to a common fixed shaft 


—— 
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A common problem with all coil-loaded mobile antennas is that they tend to be 
very high Q antennas. In other words, they are very sharply tuned. The VSWR tends 
to rise rapidly as the operating frequency departs from the frequency to which the 
antenna is tuned; as little as 25-kEz change of operating frequency will detune the an- 
tenna significantly. Although an antenna tuner at the output of the transmitter will 
reduce the VSWR to a point thatallows the transmitter to operate, that type of tuner 
is merely a line flattener that does not fully address the problem, The actual problem, 
is that the antenna is not resonant, The efficiency of the antenna drops off rapidly as, 
the frequency changes. The only cure for this problem is to readjust the resonator's, 
adjustable shaft as the band segment is changed (not merely the band, but the bard 
segment). Unfortunately, this solution requires tools, and the operator must get out. 
of the vehicle in order to do a good job of retuning, Another solution is to use a 
motor-driven variable inductor for the loading coil, Several manufacturers offer both 
bbase-loaded and center-loaded coils that are either motor-driven or relay-selectable 
to permit frequency changing from the operator's seat. 


Tuning HF mobile antennas 
Although the procedures for tuning certain specific antennas might be different 
from those given below, the basic principles are the same, and can easily be adapted 
to any given situation, There are two situations to consider. First is the antenna in 
which there is either s single adjustable (or tap-selectable) loading coil, or a fixed 
loading coil and an adjustable shalt resonator, Second is the case ( Fig. 25-24) where 
there is an adjustable or tapped coil in series with a tapped impedance-matching coil 
at the base. 

Case no. 1. In this ease, we assume that the antenna has a single adjustment, 
either a shaft resonator or adjustable coil. In this case we need to use a field strength 
meter (FSM) to measure the relative field strength of the radiated signal. The an- 
tenna resonator is adjusted until the radiated Held strength is maximum. Of course, 
this procedure must be done in steps, keying the transmitter after each adjustment to 
see what happened. Alternatively, a VSWR meter can be used to set the resonator 
toa minimum VSWR. 

Case no. 2. Here, we have a coil at the base that is fixed with respect to the an- 
tenna radiator element, but is tapped with respect to the coaxial eable fros the 
transmitter. A second coil is also used in the antenna (see Fig. 25-2), which can be 
either in the center or at the top. This coil is adjustable for setting resonance. Alter 
natively, this coil may be fixed, and an adjustable resonator shaft may be used to set 
‘operating frequency. In this type of antenna the upper coil, or resonator shat, is ad- 
justed to resonance by using a field strength meter. The lower call is adjusted for 
‘minimum VSWR. Both adjustments are needed to complete the job. 


Field strength meters 
A field strength meter (ESM) is an instrument that measures the radiated field from 
an antenna, Commercial engineering-grade instruments are calibrated in terms of 
either watts/square centimeter or volts/meter, and are used for jabs such as broad- 
cast station “proof-of-performance” tests and other professional jobs. For adjusting 
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Fig. 1. Multiple antenna technologies. 


Besides, on-line calibration technique is 
also adopted to correct the errors due to the 
distortions and nonlinearity of the radio 
frequency components in the antenna array 
system, 


Fig. 1 summarizes the different multiple 
antenna technologies and gives 
examples of these technologies, 


me 


This paper is organized as follows: in 
section I] we present multiple antenna 
diversity schemes employed atthe 
transmitter or/and at the receiver. Spatial 
multiplexing presented by BLAST schemes 
is detailed in section III. Section IV is 
dedicated to some advanced multiple input 
‘multiple-output (MIMO) systems including 
multi-user MIMO — and cooperative 
communications. While techniques related 
to the smart antennas such as phased 
antenna array, switched beam antenna array, 
and adaptive antenna array are described in 
Section V. Finally, we conclude in Section 
VL 


Il. MIMO Diversity 


In communication systems, we have to 
increase the reliability of the communication 
operation between transmitter and receiver 
while maintaining a high spectral efficiency. 
The ultimate solution relies in the use of 
diversity, which can be viewed as a form of 
redundaney [1]. There are many diversity 
techniques that be applied to 
communication systems; we mention herein 
time diversity, frequency diversity, and 
spatial diversity or any combination of these 
three diversities. In time diversity, the same 
information-bearing signal is transmitted in 
different time slots where a good gain can be 
achieved when the duration between the two 
slots, in which the symbol is 
transmitted, is greater than the coherence 
time of the channel. In frequency diversity, 
the same information-bearing signal is 
transmitted on different subcarriers where a 
good diversity gain can be achieved when 
the separation between subcarriers is greater 
than the coherence bandwidth. 
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antennas, however, a considerably different instrument is sufficient, This section 
describes two simple, passive (which means no de power is required) field strength, 
meters usable for adjusting HF radio antennas, including both CB and amateur 
radio antennas. 

‘Two forms are shown in Fig. 25-3; both are basically variations on the old-fash- 
ioned “erystal set” theme. Figure 25-3A shows the simplest form of untuned FSM. 
In this circuit a small whip antenna (used for signal pickup) is connected to one 
end of a grounded RF choke (RFC). The RF voltage developed across the RFC is 
applied to a germanium diode detector; either IN34 or INGO can be used, Silicon 
diodes are normally preferred in signal applications, but in this case we need the 
lower contact potential of germanium diodes in order to improve sensitivity (V, is 
0.2 to 0.3 V for Ge and 0.6 to 0.7. V for Si). A potentiometer is used both as the 
load for the diode and as a sensitivity control to set the meter reading to a conve- 
nent level 

‘The untuned version of the FSM is usable even at low powers, but suffers from 
a lack of sensitivity. Only a certain amount of signal can be developed across the 
REC, so this limits the sensitivity. Also, the RFG does not make a good impedance 
match to the detector diode D,. An improvement is possible by adding a tuned cir- 
‘cuit and an impedance-matching scheme, as shown in Fig, 25-38. In this ease a vari- 
able capacitor C, is used as a tune control. The tuning capacitor is parallel resonant 
with inductor £,. A tapped capacitive voltage divider (C/C.,) is used to provide im- 
pedance matching to the diode. Figure 25-3C gives values of capacitance and induc- 
tance for various bands, 

Operation of the tunable FSM is simple and straightforward. Set the sensitivity 
control to approximately half-scale, and then key the transmitter; adjust the tuning 
control (C,) for maximum deflection of the meter pointer (readjustment of the set 
sitivity control may be needed). After these adjustments are made, the tunable FSM 
works just like any other FSM. 
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Antennas for emergency operations 


Some time ago, I met an interesting character ata convention, As a medical doc 
tor, he was a medical missionary working at a relief station in Sudan, Because of his 
unique business address, he was able to discuss mobile and portable antennas for 
conununications from the boondocks. His bona fides for this knowledge includes 
the fact that he is licensed to operate on both the amateur radio bands, and as a 
Iandmobile (or point-to-point) station in the 6.2-MHz band. The desert where he 
travels is among the worst in the world. The path they euphemistically call a “road” 
is occasionally littered with camel corpses because of the harsh conditions. The 
doctor's organization requires him to check in twice daily on either 6.2 MHz or 
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3.885 MHz (which some missionary hams in Africa use as an unofficial calling fre- 
quency). If he misses two check-ins in a row, then the search and rescue planes are 
sent up. As a result of his unique “house calls,” he does a lot of mobile and portable 
operating in the lower-HF region of the spectrum, His problem is this: How do you 
reliably get through the QRM and tropical QRN with only 200 W PEP and a stan- 
dard loaded mobile antenna? 

Another fellow I once met works in Alaska for a government agency. He faces 
‘many of the same problems as the doctor in Sudan, but at close to 100° colder, He 
frequently takes his 100-W mobile rig into the boondocks with him in a four-wheel 
dlrive vehicle, Again, with only 100 W into a poor-efficiency loaded mobile antenna, 
how does one reliably cut through the interference to be heard back at the home- 
stead? 

An earthquake, or hurricane, strikes your community. Antenna towers collapse, 
tribanders become tangled masses of aluminum tubing, dipoles are snarled globs of 
nno.14 Copperweld, and the rig and linear amplifier are smashed under the rubble 
ofone comer of your house. All that remains is the 100-W HF rig in your ear. How do 
you reliably establish communications in “kilowatt alley” with a 100-W mobile driving 
‘2 T5-W loaded whip? Of course, you always got through one way or another before, 
‘but now communications are not for fun—they are deadly serious. Somehow, the 
distant problems of a Sudanese missionary doctor and a KLT government forester 
«lon’t seem too very far away. 

For these operators, communications often means life or death for someone, 
perhaps themselves. Given the inefficiency of the loaded whips typically used as mo- 
bile antennas in the low-HF region, the generally low power levels used in available 
‘mobile rigs, and the crowded band conditions on the 80-, 75-, and 40-m bands, it be- 
comes a matter of more than academic interest how you might increase the signal 
strength from your portable (or mobile) emergency station, Anything we can do, 
easily and cheaply, to improve the signal is like having money in the bank. Fortu 
nately, there are several tricks of the trade that will help us out in a pinch, 

Figure 25-4 shows a typical mobile antenna for a low-HF band. Because quarter- 
wavelength antennas on these frequencies are 30 to 70 ft high, fullsize vertical whip 
antennas are not practical. In fact, at frequencies below 10 m, full-size whips are not 
generally used, Short antennas exhibit capacitive reactance, so we add a loading coil 
(inductor L in Fig, 25-4) to the radiator to make up the difference (its inductive re- 
actance cancels the capacitive reactance of the antenna). The inductor in such a 
loaded antenna ean be placed almost anywhere along the radiator, although base-, 
center, and top-londed designs predominate. The actual inductance needed varies 
somewhat with coil placement, as does antenna performance, The “resonators” used 
‘on commercial low-HF mobile antennasare loading coils encapsulated in a weathertight 
housing, 

‘The mobile configuration is inefficient by its nature, and little ean be done to im- 
prove matters. Of course, an antenna-matching device or tuner will help in optimiz 
ing the power transfer to the antenna, and should always be used in any event 
(especially with solid-state final amplifiers, which don* tolerate VSWR as easily as do 
tube finals), In the portable configuration, however, we can both improve the per- 
formance of “mobile” antennas and look into antenna options not open to the mobile 
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operator. We can make a basic assumption for these improvements: The operator 
needing emergency or urgent communications is not driving down the interstate 
somewhere, but is stopped in the back country and needs to call out 

Th cases of emergencies on most highways, we are in range of some repeater, so 
\we would use a VHF band (probably 2 m) to contact police or other emergency ser- 
vives through a repeater autopatch. In fact, with the wide availability of repeaters 
around the country it behooves any amateur, backpacking or four-wheeling into re- 
‘mote areas, to be familiar with repeater locations and frequencies. From hilltops, 
especialy, it is often possible to hit repeaters from a surprisingly long distance. 1 
have seen hand-held 2-m rigs trigger mountain top repeaters from the mountains of 
southwestern Virginia, and presume that other areas of the country are as well off 
repeaterwise, This chapter deals with HF rigs, especially those operating in the 
lower end of the HF spectrum, in situations where a temporary antenna must be 
erected. 

Most amateurs, who have low-HF mobile rigs, will testify that getting out is a 
pain in the mike button, Antenna efficiencies are simply too poor. One factor in this 
dlisnal equation is that the vehicle body makes a very poor anteruma ground system. 
One could, I suppose, carry a supply of 6- or 8-f copper-clad steel ground rods, and 
a 9-1b sledge hammer to drive them into the earth wherever a portable station is 
needed. Somehow, that solution doesn't seem too appealing at this point! Besides, 
have you ever tried to remove an effective 8-f ground rod from the ground? Forget, 
it, its too much pain for too little gain. A better solution is to provide a counterpoise 
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groundplane, as shown in Fig, 25-5. In Fig. 25-5A we see the electrical situation and 
connection, while in Fig. 25-5B we see the mechanical scheme for a specific situa. 
tion: A groundplane consists of two or more (even owe helps) quarter-wavelength ra- 
dials connected to the antenna ground point (ie., where the coaxial cable shield 
connects to the vehicle body). The radials are made of no. 14 wire, so are relatively 
easy to stow, 

Figure 


5B shows 


a workable system that will improve the performance of a 
mobile rig in stationary situations. The mobile antenna uses the normal base mount 
attached to the rear quarter panel of the car adjacent to the trunk lid. An all-metal 
grounding-type binding post is installed through an extra hole drilled in the base 
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insulator (see Fig. 25-50). Radials for portable operation are attached at this point. Al- 
though the binding post is small it easily accommodates two no, 14 radials. The owner 
used the vehicle for camping, and the radials were used to improve antenna efficiency. 
don't believe the dramatic aecounts enthusiastically reported by the owner of the car, 
‘but my own Field Day experience (and the testimony of the Sudanese missionary doc- 
tor) lead me to expect considerable improvement over the unaicled loaded whip. 

A potential solution to the inefficiency problem is to replace the mobile antenna 
with a more efficient, but stowable, antenna that can be brought out and erected 
when needed. One candidate is a surplus military HF whip antenna. Intended for 
jeeps and communications trucks, these antenna/tuner combinations are collapsi- 
ble and are as efficient as any on the market. Although my Alaskan friend could use 
such a surplus find, my Sudanese friend could not, He told me that Americans in the 
boonies, even (pethaps especially) missionaries, are always suspected by pin- 
headed local authorities of being agents of the dreaded “Cuban Invasion Authority.” 
Showing up “out there” with obviously military radio equipment serves only to seal 
that belief 

‘The common dipole is often looked down upon by the owners of massive array 
antennas, but those old-fashioned antennas are capable of turning in some impres- 
sive results. The dipole is mace by connecting two quarter-wavelength pieces of wire 
toa coaxial-cable transmission line. One length is connected to the center conduc 


tor, and the other is connected to the shield of the eoax. In a pinch, zip (Le., lamp) 
cord and twisted pairs of hookup wire will do for a transmission line. Figure 25: 
shows the common dipole and the normal equation for determining approimate 
length, The actual length is found by trimming length until the VSWR drops to its 
lowest point, a nicety that might not seem altogether important in an emergency. 
‘The ends of the dipole must be supported on trees, masts, oF some other elevated 
structure. Unfortunately, mounting points aren't easily found. My Sudanese friend 
doesn't see many trees! 

Figure 25-7 shows another alternative antenna that works well for portable op 
eration. Based on the dipole, this inverted-vee dipole does not require two end sup- 
ports but rather a single center support. The length of each leg is 6 percent longer 
than for a nominal dipole. Beeause the application is both emergency-related and 
temporary in nature, we can get away with construction methods that would be un- 
thinkable in more permanent installations. 
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25-7 Portable inverted-v 


e antenna. 


‘Three problems present themselves. First, the antenna must be portable for 
backpackers, or stowable in the case of those people who motor into the back coun: 
ty. Size and welght are major constraints in both eases, even though the vehicular 
case is 4 lot easier to work with than the backpacker. Second, what materials and 
‘means of construction are needed for the mast? Third, how is the mast supported? 
Because the answer to the third question depends in part on the answer selected for 
the second, we will deal with it first. The first question is avoided at this point be 
cause [have selected the vehicular ease, 

One alternative is to use a telescoping TV antenna mast to support your an 
tenna. We can either mount a mobile whip and its associated radials at the top, oF in 
stall an inverted-vee per Fig, 25-7. These masts collapse to 6 or 8 fin length, but can. 
be slipped up to heights of 18, 25, 30, 40, or 50 ft, depending upon the type selected. 
Keep in mind, when shopping for these masts, that the larger models are consider: 
ably heavier than shorter models, and they require two or more people to install 
them. Erecting a 40- or 50-ft telescoping mast is not a single-person job, even though. 
you might know someone who has done it. I've done it, and won't do it again! Even 
the 20-f¢ snodels are a bit hairy to install alone, 
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Another mast that can be used for the inverted vee is made from PVC plastic 
plumbing pipe, If it can be carried on or in the vehicle, then lengths up to 10 ft are 
available. Longer lengths are made at the site of erection by joining together 10-f¢ or 
shorter sections with couplings (also available at plumbing supply outlets). Be care- 
{ful of using PVC pipe that is too small, however. PVC pipe is relatively thin walled, 
and it is therefore Nexible, Sizes below 1.5-in diameter will not easily stand alone 
without guving. While a single 10-ft section might be self-supporting, two or more 
sections together will not support themselves and the weight of the antenna. Guying 
can be accomplished with ropes, or on a temporary basis, heavy twine. 

Still another alternative is to carry steel TV antenna masts, Available in 5-and 10-ft 
lengths, these masts are flared on one end and crimped on the other, so that they can 
bbe joined together to form longer lengths. In addition, the same sources that sell these 
‘masts also sell the guy wire rings that help support the mast when installed. There is 
also a variety of rooftop mounting devices that aid also in ground mounting the antenna, 

Tused the TV mast solution on Field Day expeditions for many years. The in- 
verted-vee antenna is, of course, a natural for this solution. Once, however, we used. 
a Hustler mobile antenna mounted at the top of a 20-f¢ mast, with four radials, and it 
worked surprisingly well with the 30-W limit for extra points credit then available for 
Field Day contestants 

‘There are, then, several alternatives for masts that slip up, snap together, or are 
otherwise easily unstowed and installed, Let's now turn our attention to base mount- 
ing schemes that can be used to support the mast. Of course, ina life or death pine! 
you could always just pile rocks around the base, or hold the darn thing up as you 
transmit, But a little forethought could eliminate those problems easily. 

One of the first solutions I'l deal with was seen on the Outer Banks of North Car- 
lina, and was provided to me by a CB operator. Surf fishers on the Outer Banks use 
four-wheel drive vehicles to get out on the beach (to the surf, where the big sea bass 
lurk). Welded to either the front or rear bumper attachments are steel tubes (see 
Fig, 25-7) used for mounting the very, very long surf casting rods they use to eatch 
fish. The CB operator had a 20-ft mast consisting of two 10-ft TV mast. sections 
‘mounted in one of the rod holders. At the upper end of the mast was his Lm, 
groundplane antenna. The same method of mounting would also support similar am- 
aateur antennas, inverted-vee dipoles, or VHF/UHF antennas, 

Given that the antenna installation will be temporary, lasting only a few hours or a 
couple of days in the worst case, we need not worry about long-term integrity, 
orthe practicality of the installation, Mounting the mast to the back of a four-wheeler or 
pickup truck witha pair of U bolts is not terribly practical if you must move the vehicle, 
‘but works nicely if you plan to camp (or are stranded) for a few days, 

For lightweight masts, up to about 25 ft, the base support, could be an 
X-shaped base made of 2X 4-in lumber (Fig. 25-84), or even a Christmas tree 
holder, Alternatively, a TV antenna rooftop tripod mount (Fig. 25-SB) is easily 
adopted for use on the ground, None of these three alternatives can be depended 
upon for self-supporting installations, and must be guyed even if used for only a 
short period. Again, because of the temporary nature of the installation, aluminum, 
‘or wooden tent pegs can be used to anchor the guy wires. Although they are insul- 
ient for long-term installations, they work fine for the short run. 
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25-88 TV-antenna tripod also 
works in portable 
situation for HE ‘TV Root. 
antenna masts, tripod mount 


Another problem 


Field Day is a reasonably good training ground for people who anticipate operating 
radio equipment under primitive conditions. If you pay attention to the sometimes 
humorous foul-ups seen while getting on the air from atop High Peak Mountain in 
Goose Bump National Park, then you might avoid some of the same mistakes when 
foul-ups mean more than a quick drive to the nearest town. You will learn, for exam. 
ple, which simple tools are a must for constructing and repairing simple antennas 
(including the 12-Vde soldering iron that runs off the vehicle battery). You will also 
Jeam a bit about electricity needed to run the rig, 

‘Two alternatives present themselves. First, you could use 12 Vde from the vehicle 
electrical system, which makes sense with the current crop of 12 Vde HF rigs on the 
market. Or, you could operate from 120 Vac generated by a light plant generator. 

When boondocking in a four-wheeler (or other vehicle), it is wise to use a dual 
battery system such as shown in Fig. 25-9. TWo separate 12-Vde auto batteries 
(preferably high ampere-hour capacity) are connected essentially in parallel with 
the alternative charging system. Diodes D, and D, are rated at 100 A, 50 V peak in- 
verse voltage (PVI), and are used to isolate the two batteries from each other. Diode 
assemblies such as this can be built, or purchased from van conversion and recreational 
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Finally, in spatial diversity, the same 
information-bearing signal is transmitted 
the maximum gain can be achieved when 
the fading occurring in the channel is 
independent (or low correlated). In the 
receiver, diversity gain can be achieved by 
combining the redundant signals arriving 
via independent (or lowly correlated) 
channels. 


ived via different antennas where 


Fig. 2 shows some possible combinations 
of transmit diversity which can be 
achieved when employing multiple 


transmit antennas, 


In the following section, we present some 
famous space-time block codes applied at 
the transmitter side. We present also the 
combining techniques used when different 
versions of the information-bearing signal 
are received. Finally, we present a scheme 
that includes transmit and receive 
diversities. 


The basic idea of the use of transmit 
diversity is to reduce the mobile station 


Space-Time oerty 


‘Spacafrequany iesy 


(MS) receiver complexity while improving 
the detection performance. 

The pioneering work in the transmit 
diversity was done by Alamouti where he 
proposed his famous 2*1 space-time code, 
Alamouti scheme achieves diversity gain 
‘while requiring only a linear decoder. 

Later on, Tarokh et al, proposed a 
generalized theory of the complex 
‘orthogonal space-time codes. Based on 
Tarokh work, more than two antennas 


bbe used and the code rate can be fractional. 
In the following we present the two 
different types of spas 


ime codes. 


2.1.1 Complex Orthogonal Space- 
Time Codes 


For this type of space time codes, the 
following conditions must be satisfied 


@ Square transmission matrix (number 
of transmit antennas N, equal to 
number of used time slots m) 

@ A unity code rate (number of used 
time slots m equals to number of 
transmitted symbols /) 

@ Orthogonality of the transmission 
matrix in the time and space 


domains (SS"=S"S) where S" is 


the conjugate transpose of S 


Fig. 2, Transmit diversity. 
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From. 
alternator 


2549 Diode pack allows charging two batteries from sy 


tem charger: 


vehicle shops, Van and RV owners’ use is the same as yours: It's a darn shame to run 
down the battery needed to start the vehicle just by operating your rig. You not only. 
cannot start the vehicle in such a case, but cannot muster enough power to call for 
the wilderness equivalent of “Triple A.” 

One experienced boondocker I met in southern Arizona totes either a 450-W 
Kawasaki or 500-W Honda tint light plant generator in the back of his Bronco. These 
models are surprisingly lightweight and quiet operating. One of the generators has a 
12-Vde, 8-A outlet that can be used to charge a dead battery. The other has any the 
110-Vae outlet, but can be used for battery charging if a small charger is provided, 
Simple 10-A battery chargers can usually be bought at auto parts or accessories 
stores, for about $60. 

Operating radio communications equipment sucessfully under primitive condi 
tions depends upon two major factors: available electrical power and a proper, eff 
antenna system, Although dealing in detail with the means of obtaining power 
in remote locations is beyond the scope of this book, we have provided some ideas 
from which you can start planning your own “survival” radio system, 


Marine radio antennas 


Radio communications considerably lessened the dangers inherent in sea travel, So 
much so, in fact, that the maritime industry took to the new “wireless telegraphy”” 
earlier than any other segment of society. In the early days of radio, a number of ex- 
citing rescues occurred because of wireless. Even the infamous 8.8. Titanic sinking 
might have cost less human life if the wireless operator aboard a nearby ship had 
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been on duty. Today, shore stations and ships maintain 24-hour surveillance, and 
vessels cant be equipped with autoalarm devices to wake up those who are not on 
duty, Even small pleasure boats are now equipped with radio communications, and 
these are monitored around the clock by the U.S. Coast Guard, 

‘The small shipboard operator can have a selection of either HF single-sideband 
conumunications or VHF-FM communications, The general rule i that a station must 
have the VHF-FM, and can be licensed for the HF SSB mode only if VHF-FM is also 
board, The VHF-FM radio is used in coastal waters, inland waters, and harbors. hese 
radios are equipped with a high/low power switch that permits the use of low power 
(1. W typically) in the harbor, buthigher power when under way. The HF SSB radios are 
more powerful (100 W typically), and are used for offshore long-distance comumuniea- 
tions beyond the line-of-radio-sight capability of the VHF-FM ban 

‘The problems of antennas on boats are the same as for shore installations, but 
sare aggravated by certain factors. Space, for one thing, is less on a boat so most HF 
antennas must be compensation types, Also, grounds are harder to come by on a 
fiberglass or wooden boat, so external grounds must be provided 

A typical powerboat example is shown in Fig. 25-10, The radio is connected to a 
Whip antenna through a transmission line (and a tuner on HE), while also being 
grounded to an extemally provided groundplate, Over the years, radio grounds have 
taken a lot of different forms, For example, the ground might be copper or aluminum 
foil cemented to the boat hull. Alternatively, it might be a bronze plate or hollow 
bronze tube along the center line of the boat, or along the sides just below the water 
line, The ground will also be connected to the engine. Careful attention must be paid 


Bronze plate 


25-10 Motorboat grounding system, 
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to the electrical system of the boat when creating extemal grounds to prevent elec 
trolytie corrosion from inadvertent current flows. 

(On sailboats the whip antenna (especially VHF-FM) might be mast-mounted as 
shown in Fig, 25-11. The same grounding scheme applies with the addition of a metal 
keel or metal foil over a nonmetallic keel 

‘The whips used for boat radios tend to be longer than land mobile antennas for the 
same frequency. The VHF-FM whip (Fig. 25-12) can be several quarter-wavelengths 
and take advantage of gain characteristics thereby obtained. Whips for the HF bands 
tend to be 10 to 30 fin length, and often look like trolling rods on power boats. You will 
also see Citizens Band radios on board boats, and the CB antennas are also whips, It is 
‘not a good idea to rely solely on CB for boat communications, because it is a lot less 


25-11 Sailboat grounding, 
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25-12. VHF-PM boat antenna, | | 


likely to be useful in emergencies. Also, some boaters use amateur radio sets, often 
illegally, for emergency communications in leu of proper HF-SSB unit 

Longwire antennas also find use in marine service, Figure 25-13 shows two instal- 
lations, The antenna in Fig. 25-1A shows a wire stretched between the stern and bow 
by way of the mast. The antenna is end-fed from an antenna tuner or “line Mattener.” 
‘The longwire shown in Fig, 25-138 is similar in concept, but runs from the bottom to 
the top of the mast, Again, a tuner is needed to match the antenna to the radio trans- 
iission line, Notice that the antennas used in this manner are actually not “longwires 
in the truly rigorous sense of the term, but rather “random length" antennas. 

‘The format of the tuner can be any of several designs, shown in Fig, 25-14. The 
reversed L-section coupler shown in Fig, 25-144 is used when the antenna radiator el- 
ement is less than a quarter-wavelength. Similarly, when the antenna is greater than 
4 quarter-wavelength, the circuit of Fig. 25-148 is the tuner of choice. This eirenit is a 
‘modified L-section coupler that uses two variable capacitors and the inductor. 
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B 

c 
25-14 Antenna tuners for 
broad HF antennas. 


Finally, we see in Fig. 25-14C the coupler used on many radios for random. 
Jength antennas. Two variable inductors are used; L, is used to resonate the antenuta, 
and L., is used to match the impedance looking back to the transmitter to the system. 
impedance. In some designs, the inductors are not actually variable, but rather use 
switeh-selected taps on the coils. The correct coil taps are selected when the opera: 
tor selects a channel, This approach is less frequently encountered today, when fre- 
quency synthesizers give the owner a selection of channels to use. In those cast 
either the antenna must be tuned every time the frequency is changed, or an auto 
matic (or motor-driven) preselected tuner is used, 
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‘The line Mattener (Fig. 25-15) is a standard transmatch antenna tuner that 
flattens coaxial-cable transinission line for VSWR. This type of tuner is especially 
useful for transmitters with solid-state finals that are not “happy” with high VSWR. 
Some of those designs incorporate shutdown circuits that reduce (and then cut 
off) power as the VSWR increases. The line flattener basically tunes out the VSWR. 
at the transmitter. It does nothing to tune the antenna, but only makes the trans- 
miter operable. 
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CHAPTER 


Antennas for low- 
frequency operation 


LOW-FREQUENCY OPERATION (E.G., 160- AND 75/80-METER BAND) POSES CERTAIN 
difficulties for the antenna, Of course, the first thing that springs to mind is 
the large size of those antennas, A half-wavelength dipole is between 117 and 
133 ft long on 75/80 m, and on 160 m it is about twice that length. On my own sub: 
urban lot, I cannot erect a half-wave 75/80-m band antenna and stay within the 
property lines. 

‘A simular situation is seen with vertical antennas, Although a 40-m vertical (33 ft 
high) is not an unreasonable mechanical job, the 66 ft 75/80-m vertical (never mind 
the 120-f 160-m vertical) is a nightmare, In addition, the local authorities might not 
require any special inspections or permits (check!) on the 33-t antenna, yet impose 
rigid and very exacting requirements on the higher structure, On suburban or urban 
lots, a typical 40-m antenna might well be able to fall over and still not cross the 
property line—or come in close proximity to power lines. A longer antenna, how 
ever, almost inevitably suffers one—or the other—problem when it falls. 


Grounding 


Still another problem involves grounding. The ground system of a higher-frequency 
vertical antenna can be installed using 2/4 radials buried a few inches below the sur- 
face, But that same idea becomes problematic when the radials are 66 or 125 {. long, 
Burying half a dozen 125-ft radials might remind your neighbors of the Galloping 
Gung-Ho Gopher—and not to their amusement! 

There are, however, some solutions to the problem—without having you buy 
1a farm in the flatter regions of the midwest. For example, the length problem can 
be solved by using one of the bent dipoles covered in Chap. 10. No, they are not 
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as effective as an antenna that is correctly installed. But they will serve to get you 
‘on the air, Some of them work surprisingly well 

‘The ground radial problem can be solved by bending the radial system around 
your property (Fig. 26-1). You will never have to cross your neighbor's line. And, as 
for the gopher track appearance, itis not necessary to work sloppily, and you can In- 
stall radials so that nary an eye, practiced or otherwise, can see thelr location. 


Shortened vertical antennas 


‘The biggest problem for most low-frequency DXers, as you have seen, is the exces 
sive size of antennas for those frequencies; it is “not for nothing” that those AM 
broadeast band (<1.6 MHz) towers are usually hundreds of feet tall, But there are 
\way’s to shorten an antenna—not for free, because the TANSTAAFL’ principle still 
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26-1 Methods for laying out low-frequency radials ina cramped space 


ore ain't no such thing asa free inne! 


——— 


Chap26_carr 


4/10/01 


4:05 PM Page 503 5 


Shortened vertical antennas 503 


applies—to a point where it becomes mechanically possible, Let me reiterate once 
‘again that these compensation antennas will not work as well as a properly installed 
full-sized antenna, but they will serve to get you on the air on frequencies where it is 
otherwise utterly impossible, Several different compensation configurations are 
popular, and these are shown in Fig, 26-2. 
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26-2 Inductance loading of vertical antennas: (A) center; (B) top; (C) base; 
(D) linear or length-loaded; (E) linear hairpin-loaded 
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Fig. 3, Alamouti scheme example with QPSK modulation, 


As said before, the simplest complex 
orthogonal spa 
Alamouti code which uses two transmit 


me code is the 


antennas and one receive antenna 
Furthermore, Alamouti scheme requires 
that the fading channel envelope remains 
constant over two time slots. 


Fig. 3 shows an example of the encoding 
process of Alamouti scheme with QPSK 
‘modulation (2), [3] 


Fig. 4 shows the receiver structure used 
for decoding the combined re 
symbols. 
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Fig. 4, Alamouti code re 


At the receiver the following signals are 
received (with applying the complex 
conjugate to the received signal at t:) 


‘al 


The linear combiner multiplies the 
received symbols by the Hermitian 
transpose of the channel matrix (for 
simplicity, we consider that channel is 
perfectly estimated), The output of the 
linear combiner is then given by 


acs 


Maximum-Likelihood (ML) decoder is 
then applied to get the transmitted symbols, 
‘As one can see, the simplicity of the 
receiver is due to the spatio-temporal 
orthogonality of the transmission matrix, 


a 


A complex orthogonal space-time code 
using 4 or 8 antennas was proposed by 
Tarokh et al. in (4 


2.1.2 Generalized Complex 
Orthogonal Space- 


1e Codes 


‘The search for space-time codes with more 
than two antennas was started by Tarokh, 
Jafarkhani, and Calderbank, Their work 
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‘The basic foundation for these antennas is a very short vertical antenna. The 
“standard” vertical antenna is a quarter-wavelength (2/4) (Le., 90° electrical length), 
and it is unbalanced with respect to ground 

Recall that a vertical antenna that is too short for its operating frequency (Le., 
tess than 2/4) will exhibit capacitive reactance, In order to resonate that antenna, it 
is necessary to cancel the capacitive reactance with an equivalent inductive reae 
tance, such as 1X, 1 By placing an Inductance in series with the antenna ra- 
dliator element, therefore, we can effectively “lengthen” it electrically. Of course, 
‘what is really happening is that the effects of the lower operating frequeney are be- 
ing accommodated (ie., “cancelled out”) of a too-short antenna. 

Anantenna that is reactance-compensated fora different frequency is said to be 
loaded, of in the case of a very low frequency antenna, inductively loaded. Three 
basic forms of loading are popular: discrete loading, continuous foading, and tin- 
ear loading. 

Discrete loading means that there is a discrete, or lumped, inductance in series 
with the antenna radiator (Figs. 26-24 through 26-2C), These antennas are so con- 
structed that a loading coil is placed at the center (Fig. 26-24), top (Fig. 26-2B), or 
bottom (Fig. 26-20) of the radiator element. 

You will recognize these configurations as being the same as those found on mi 
bile antennas. Indeed, low-band mobile antennas can be used in both mobile and 
fixed installations. Note, however, that although it is convenient to use mobile an 
tennas for fixed locations (because they are easily available in “store bought” form); 
they are less efficient than other versions of the same concept. The reason is that the 
mobile antenna, for low frequencies, tends to be based on the standard 96- to 102-in 
‘whip antenna used by amateur operators on 101m or Citizens Band operators on 11 m, 
In fixed locations, on the other hand, longer radiator elements (which are more effi- 
cient) are more easily handled. For example, a 16- to 30-(t high aluminusn radiator 
element can easily be constructed of readily available materials. The 16-f¢ element 
can be bought in the form of one or two lengths of 1- to 1.5-in alurninum tubing at, 
do-it-yourself outlets. 

A problem seen with these antennas is that they tend to be rather high Q, so the 
bandwidth is necessarily narrow. An antenna might. work in the center of a band, but 
present a high VSWR at the ends of the band, and thus be unusable. This problem is 
solved by making the inductor variable so that slightly different inductance values 
can be selected at different frequencies across the band. For the base-loaded version 
(Fig. 26-20), this is particularly easy: a rotary inductor (perhaps motor driven for re- 
‘mote operation) can be used. For the other configurations, a tapped fixed inductor 
can be used! instead. Each tap represents a different inductance value. Bither elip 
connectors, or relay connections, can be used to select which tap is used. 

‘A continuously loaded antenna has the inductance distributed along the entire 
length of the radiator (Fig. 26-2D). Typical of these antennas is the helically wound 
verticals in which about a half-wavelength of insulated wire is wound over an insu 
lating form (such as a length of PVG pipe or a wooden dowel); the tums of the coil 
are spread out over the entire length of the insulated support. 

Linear loading (Fig, 26-28) is an arrangement whereby a section of the an. 
tenna is folded back on itself like a stub. Antennas of this sort have been successfully 


—— 


Chap26_carr 


4/10/01 


‘05 PM Page 505 © 


Shortened horizontal antennas 505 


built from the same type of aluminum tubing as regular verticals. For 75/80-m 
(3.75-MHz) operation a length of 30 ft for the radiator represents 41°, while a nor- 
‘mal 1/4 vertical is 90°, The difference between 90° and 41° of electrical length is 
‘made up by the “hairpin” structure at the base. 


Shortened horizontal antennas 


‘The same strategies that worked for vertical antennas also work for horizontal an- 
tennas, although in the horizontal case we are simulating a half wavelength (180°) 
balanced antenna—rather than a 4/4 unbalanced antenna. Figure 26-3 shows several 
different shortened, low frequency antennas that are based on the same methods as 
the verticals shown previously. 

Figures 26-34 through 26-3C show discretely loaded dipole antennas. Figures 
26-24 and 26-8 are center-loaded versions, and Fig. 26-3C is a center (of each ele- 
‘ment) -loaded version. In each case, itis assumed that the radiator elements are the 
same physical length. In the example of Fig. 26-A, the coil is tapped to provide a 
mateh to either 62- or 75-Q transmission line. In some variants, the shield of the 
coaxial-cable transmission line is connected directly to the junction of the coil and 
‘one radiator element, and the coax center conductor is connected to the tap that 
best matches the impedance of the line. 

‘The impedance-matching problem is solved a little differently in Fig. 26-3B. In this, 
type of antenna, the coil is used to center-load the dipole, but the transmission line is, 
‘connected to link wound on the same form as the loading inductor. The turns ratio be- 
‘tween the loading inductor and the coupling link determines the impedance match. 

‘A “hairpin” linear loading scheme is shown in Fig. 26-3D. This design is basically 
the same as for the vertical case, but it is balanced out of respect for the design of 
the dipole, This type of design is used for both the driven and parasitic elements on 
some commercial 40-m beam antennas. In addition, some “add-on” 40-m dipoles 
(designed for beam antennas that were intended for operation at frequencies in the 
20-m and higher bands) use this method, Such antennas are essentially rotatable 
dipoles, 

‘The continuously loaded dipole of Fig. 26-38 is constructed like the helical ver- 
tical ({e., about a half-wavelength of insulated wire is wound over the entire length. 
of an insulated rod or pipe of some sort). The winding can be either broken at its 
center point to accommodate the feedline, of link-coupled to the transmitter, or re- 
ceiver, as shown in Fig, 26-F. Of the two feed methods, the most popular appears to 
bbe the type that breaks the winding into two pieces, 

‘The form of continuously loaded dipole in Fig. 26-3E has a combination of the 
two methods of feed. The distributed loading coil is broken into two sections, as 
is often done on continuously loaded dipoles. But in this case, a portion of the 
overall inductance is made by using a discrete inductor that is part of a toroidal 
transformer 7, ‘The length of the wire used for the continuous loading coil is, 
somewhat shorter (find by experimentation) than otherwise would be the ease 
because of the inductance of the transformer secondary. Transformer T, can be 
wound usinig the same sort of toroidal ferrite or powdered iron core used for 
Balun transformers, 


——— 


Chap26_carr 4/10/01 4:05 PM Page 506 ¢ 


506 Antennas for low-frequency operation 


To XMTR 
A 


‘To XMTR 
B 


To XMTR 


‘ToxMTR ——F 


pereeeernernennnnnnnnnnnnnnnnennnnen@ @ renner 


To XMTR 


26-3, Inductance loading of a dipole: (A) center loading with impedance tapped coil, 
(B) center loading with transformer coupling: (C) loading at center of ele 
ments; (D) linear loading (hairpin); (E) linear or length loading; (F) trans. 
former coupling. 
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Loaded tower designs 


‘Many amateur radio stations and other services use a rotatable beam antenna on top 
of a tower: Typical towers are from 30 to 120 ftin height, In my locality, towers to 30 ft, 
or less than 3 ft above the roof line, whichever is taller, ean be ereeted without a per 
mit as long as they are attached to the house andl will not fall onto a power line, oF 
across the property line, in a catastrophic failure, Higher towers must be erected un- 
der a mechanical permit, and properly inspected by the county. These towers typi- 

ally support a two-element (or more, three is popular) Yagi/Uda beam antenna, oF 
a quad, or some other highly directional antenna. But they can also be treated as a 
vertical antenna under the right circumstances. 

If the tower is close to 66 ft high (which is a popular height for amateur radio 
towers), then the tower (already 2/4) ean be used as a resonant vertical on 75/80 rm. 
‘The same tower can also be used on lower frequencies if proper antenna tuning unit 
(ATU) components are provided. 

Figure 26-4 shows a situation in which an 80- to 110-f tower is insulated from 
ground, and is considered a random-length vertically polarized Marconi antenna. 
Like other such antennas, itis fed by a simple L-section, or reverse L-section, ATU. 
Note the approximate values of the inductors and capacitors in each configuration, 
and also their relationships. On the 40- and 75/80-m versions, the tower is too long, 
so a series capacitance and shunt inductance are used for the ATU (ie., Reverse L- 
section coupler). On the other hand, the tower is too short for 160 m, so the indue- 
tor and capacitor are reversed 

‘There is only one sinall problem with the design of Fig. 26-4: Compared with 
grounded towers, insulated towers are expensive to buy and install. In addition, 
lightning protection is probably better in the grounded tower. So how do we work a 
grounded tower? See Fig. 26-5. In this antenna, the tower is grounded at its base. If 
the tower is mounted to a concrete pedestal (the usual arrangement), then a sepa- 
rate ground rod and ground wire adjacent to the pedestal must. be provided. Con- 
crete is not a good insulator, but itis also not a good conductor. A delta feed system 
is used with this antenna, That is, a single wire from the ATU is connected to a point, 
on the antenna where an impedance match can be achieved. Its important that the 
ATU be spaced away from the tower base (as shown), and the wire must be ran 
straight to the feedpoint on the antenna. This system is an example of several possi- 
ble siaunt feeding systems. 


Random-length Marconi 


(One of the old standbys for all bands is the rancom-length Marconi antenna, Sueh an- 
tennas consist ofa length of wire, typically (but not always) less than 2/4, and fed at 
‘one end with cosial cable and an L-section coupler (Fig. 26-6). The antenna radiator 
element can be angled in any direction as needed, but it works best if the radiator is 
either as horizontal, or vertical, as possible (for pure polarization). The usual sitta- 
tion, however, is to run the wire at an inclined angle, of with about equal portions hor 
‘zontal and vertical (see the inverted L) which yields complex polarization, 
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26-5 Delta matching a grounded vertical tower antenna. 
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26-6 Random-length wire antenna 
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‘The Lesection coupler shown in Fig, 26-6 is set up for the case where the art 
tenna radiator element is ess than 2/4 (Le.,a series inductor and a shunt capacitor). 
Ifthe antenna is longer than 2/4 on some frequency, then reverse the positions of the. 
capacitor and inductor. 


Inverted-L antennas 

Another popular antenna for low frequencies is the 2/4 inverted-L (Fig. 26-7). In 
this type of antenna, two sections are erected at a 90° angle with respect to each 
other; one vertical and the other horizontal. One way to think of this antenna is bent 
14 vertical, although some people liken it to a top-loaded vertical. The feedline ean 
‘be 52- or 75-0 coaxial cable. 

Itis generally the case that the sections of the inverted-L are equal in length (WS 
each), but that is not strictly necessary. As the vertical section becomes longer (with 
overall length remaining at 2/4), the angle of radiation depresses. 

One popular method of construction is to use a tower for the vertical sectios 
nd a run of wire for the horizontal section. If you already have a GO-It tower to ac 
commodate the beam antenna used on higher frequencies, then it is relatively easy 
to build an inverted-L antenna for 160 1, 
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26-7 L-section quarter-wavelength antenna 
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The linearly loaded “tee” antenna 
A“tee” antenna consists of horizontal radiator element fed at the center witha sin- 
fle conductor wire (not cons) that is a quarter-wavelength long, and goes away from 
the radiator at a right angle, Such antennas were popular prior to World War Il in the 
United States, although popularity fel off in the late 1930s as other types (and rea- 
sonably priced transmission lines) became available. The tee is possibly one of the 
oldest forms of radio transmitting antennas, Like other antennas at low frequencies, 
however, its far too long for easy use in most locations. 

We can, however, linearly load the tee by folding the eruds of the radiator back on 
themselves to form the zigzag pattern of Fig, 26-8. Popular in Europe for some time, 
this antenna can provide reasonable performance on the lower frequencies without. 
using too much horizontal space, 

‘The radiator element consists of three sections that are each about 2/6 long 
(L, = 164/F,,,), and spaced 8 to 12 in apart; they are parallel to each other. The 
quarter-wavelength transmission line is connected to the center point of the mid- 
dle section of the radiator element. 

Figure 26-9 shows how the linearly loaded tee antenna could be built using. wire 
for the radiator elements, Spreaders made of 24-in-long 1 x 2-in lumber (treated 
against the weather), plastic, or some other synthetic material can be used. Bach 
spreader has three holes drilled int spaced about 10/in apart. Spreaders A and E are 
‘end spreaders, and are identical—except for being upside down with respect to each 
other. In each case, one of the radiator element. conductor sections is terminated, 
while the other passes through to the back of the spreader to join the center radia- 
tor element, The other spreaders are used either for center support, as in C (note 
the transmission line attachment), or for interim support between the center insula- 
tor and the end insulators 
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hhas built the basis for a theory of 
«generalized complex orthogonal designs. 

Generalized complex orthogonal designs 
are distinguished from Alamouti code by 
the following 


@ A non-square transmission matrix 
(umber of used time slots # number 
of Tx antennas) 

@ A fractional code rate (number of 
transmitted symbols < number of 
used time slots) 

@ Orthogonality of the transmission 
‘matrix is only guaranteed in the time 


Asa consequence of these characteristics, 


the spectral efficiency is reduced and the 
number of time slots over which the 
channel should be constant is increased. 


‘The transmission matrix of a generalized 
complex space-time code with 3 antennas, 
4 transmitted symbols and & used time 
slots is given by [5] 


@) 


In the literature, more research was done 
to increase the rate of the space-time codes. 
For more details refer to [6] 

Table 1 summarizes the difference 
between Alamouti and space-time code 
characterized by the transmission matrix 
G. 

These shown coding schemes can be 
transmitted in the space-time domains, 


spac 


e-frequency domains or in space 


frequency-Time domains. These coding 
schemes are thus known as ST, SF, and 
STF coding, respectively [7] 


2.1.3 Cyclic Delay Diversity (CDD) 


CDD can be considered as a very simple 
transmit diversity scheme, CDD can 
achieve transmit artificial frequency 
diversity by selecting appropriate transmit 
delays. In this method, multiuser diversity, 
obtained by scheduling based on 
frequency domain channel response, can 
bbe improved by adjusting the delay spread 
(at the transmitter) which is done by 
controlling the delay values dependent on 
the channel condition [8], [9] 


2.2 Space Diversity at the 
Receive Side 

In space diversity at the receive side, 

multiple antennas are used in the receiver 

with sufficient spacing betw: 

in such a way mutual correlation between 

antennas is reduced and a 


‘n antennas 


consequent 
diversity gain is increased [10]. To get 
diversity gain at the receiver, received 
signals from different antennas are 
combined, ‘There are four combining 
‘methods, namely, select combining (SC), 
‘maximal-ratio combining (MRC), equal- 
gain combining (EGC), and square-law 
combining. The first three schemes are 
linear while the last requires a non-linear 


Fig. 5 shows a simplified block diagram 
of the linear combining schemes which 
differ in the weighting vector w. In SC, the 
signal at the branch with maximum signal 
to noise ratio (SNR) is selected and other 
received signals are discarded. 

The weighting vector w = (wi, W2, 
wu) is the N" column of the identity 
‘matrix of size M where the N" branch has 
the maximum SNR. 
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CHAPTER 


Measurements and 
adjustment techniques 


‘THIS CHAPTER EXAMINES SOME OF THE INSTRUMENTS AND TECHNIQUES FOR TESTING 
antenna systems, whether brand new installations, or in troubleshooting situations 
on older antenna. The basic radio system is shown in Fig. 27-1. We have several ele 
ments in the system: transmitter, low-pass flter, impedance-matching unit, a coaxial 
relay if the receiver is separate from the transmuitter, and the antenna. Connecting 
these elements are lengths of transmission line. In most modern radio systems below 
the microwaves, the transmission line is coaxial cable. 

‘The low-pass filter and matching unit may be considered optional by some, but 
some designers regard them as essentially standard equipment, especially for HF 
and low-band VHF systems. The low-pass filter has the job of removing harmonics 
from the output signal that could interfere with other radio systems or radio and TV 
broadcast reception. It will pass only those frequencies below a certain cutoff point. 
‘The impedance matching unit is used to “tune out” impedance mismatches that 
cause the transmitter to see an excessive VSWR. These units are common in VLF, 
MW, and HF communications stations, as well as AM broadcasting stations, The 
matehing unit also provides additional attenuation of the harmonies, so it makes the 
output even cleaner than is possible with the low-pass filter alone. 

Another reason to use the matching unit is to allow the radio transmitter to 
put out the maximum allowable RF power. Modern solid-state final amplifiers are 

jot tolerant of VSWR. In addition, these units use fixed-tuned low-pass filters for 
each band rather than the wide-range pi networks common on vacuum tube 
transmitters. Solid-state transmitters usually include a feedback automatic load 
control (ALC) that reduces output power when a high VSWR is sensed. The 
VSWR cut-in knee begins around 1.5:1 and completely shuts off the transmitter 
when the VSWR gets high (typically above 2.5:1 or 3:1). The external T/R relay is 
not used on most modern systems because the receiver and transmitter are typi 
cally housed inside of the same box. The coaxial relay was used in days past, when 
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27-1 Basie communications radio station setup. 


a separate receiver needed to use the same antenna, In addition, many modern 
solid-state equipments use PIN diode T/R switching. 


Transmission lines 


‘The transmission line is not merely a wire that carries RF power to the antenna. [tis 
actually a complex circuit that simulates an infinite LC network. There is a charac- 
teristic impedance Z,, also called surge impedance, which describes each transmis- 
sion line. This impedance is the square root of the ratio of the capacitance and 
inductance per unit of length. When a load having a “resistive-only” impedance equal 
to the surge impedance of the transmission line is connected, then we will see max. 
imumn transfer of power between the line and the antenna, 

We cannot deal extensively with transmission-line theory here, and refer the 
reailer instead to previous chapters. We must, however, have at least some idea of 
What the circuit looks like. Figure 27-2 shows a model of a transmission line in which 
Z, is the surge impedance of the line, R, is the load impedance of the antenna, and 

is the output impedance of the transmitter. In a properly designed system all 
three impedances either will be equal (Z, = R, = R,) or a matching network will 
‘make them equal 7 

‘We must consider the electrical situation along the transmission line in order to 
understand the readings that we see on our instruments. Figure 27-3 shows several 
possible situations, These graphs are of the RF voltage along the line, with voltage on 
the vertical axis and transmission line length (expressed in wavelengths of the RF 
signal) along the horizontal axis. When the system is matched (Z, = R,), the voltage 
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is the same everywhere along the line (Fig. 27-3A). This line is said to be “fat.” But 
when Z, and R, are not equal, then the voltage varies along the line with wavelength 

In mismatched systems, not all of the power is radiated by the antenna, but rather is 
reflected back to the transmitter. The forward and reflected waves combine alge- 

braically at each point along the line to form standing waves (Fig. 27-38). We can 
plot the voltage maxima (V,,.) and minima (V,,,.). Keep this graph in mind for a few 
minutes because you will refer again to it when we deal with VSWR. 

‘Two special situations oveur in transmission line and antenna systems that yield 
similar results. The entire forward power is reflected back to the transmitter (none 
radiated) if the load (Le., antenna) end of the transmission line is either open oF 
shorted. ‘The voltage plot for an open transmission line (Ris infinite) is shown in 
Fig. 27-3C, and that for the shorted line is shown in Fig. 27-2D. Note that they are 
very similar to each other except for where the minima (V,,, = 0) occur. The minima 
are offset from each other by 90° (Le., quarter-wavelength). 


Calculating standing wave ratio 


‘The VSWR can be calculated from any of several bits of knowledge. Even if you don't 
havea VSWR meter, therefore, itis possible to determine VSWR. Ifthe antenna load im- 
pedance (R,) is not equal to Z,, then we can caleulate VSWR from one of the following: 


IZ, is greater than Ry: 


g, 
vswe =F P71 
IZ, is less than Ry 
R 
vswe = => R721 
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(B) unequal impedances; (C) open load; (D) shorted load. 
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We can also measure the forward and reflected power, and calculate the VSWR 
from those readings: 
1+ V@P) 
VSWR=7 VPP) sei 

where 

VSWR is the voltage standing wave ratio 

P is the reflected power 

Bis the forward power 


If We can measure either the voltage maximum and minimum, or the current 
‘maximum and minimum, then we can calculate SWR: 


VSWR => [27.4] 


Finally, if the forward and reflected voltage components at any given point on 
‘the transinission line can be measured, then we can calculate the VSWR from: 


Vay, 


v-v, 


YSWR = [27.51 


where 


Js the forward voltage component 
Vis the reflected voltage 


‘The last equation, based on the forward and reflected voltages, is the basis for 


many modern VSWR and RF power meters. 


Impedance bridges 


We can make antenna impedance measurements using a variant of the old-fashioned 
Wheatstone bridge. Figure 27-4A shows the basie form of the bridge in its mast gen- 
eralized form. The current flowing in the meter wil he zero when (Z,/Z,) = (Z./Z,) 
If one arm of the bridge is the antenna impedance, then we can adjust the others 
to make the bridge null to make the measurement, A typical example is shown in 
Fig. 27-4B, The antenna connected to J, is one arm of the bridge, while R, is a sec- 
ond. The value of R, should be 50 Q or 75 , depending upon the value of the 
expieted antenna impedance. ‘The ehoite of 88 0 3s a good compromise for metert 
to operate on both types of antennas. The other two arms of the bridge are the reac- 
tances of C,, and C,p, which is a single differential capacitor. Tune C, until the me- 
ter is nulled, and then read the antenna from the al. At least one instrument allows 
the technician to plug in a resistor element equal to system impedance 

Calibrating the instrument is simple. A series of noninductive carbon composition 
resistors having standard values from 10 to 1000 Q are connected across J, The meter 
is then nulled, and the value of the load resistor is inscribed on the dial at the point. 
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‘The basie circuit of Fig. 27-48 is useful only to measure the resistive component 
of impedance. We can modify the circuit as shown in Fig. 27-4C to account for the re- 
active component, An example of a commercial hand-held radio antenna impedance 
bridge is shown in Fig. 27-5. 


The RE noise bridge 


‘This section explores a device that was once associated only with engineering labo: 
ratories, but tums out to have applications in general communications servicing as 
well: the RF noise bridge. It is one of the most useful, low-cost, and often over: 
looked test instruments in our armamentarium. 

Several companies have produced low-cost noise bridges: Omega“T, Palomar 
Engineers, The Heath Company, and, most recently, MFJ. The Omega-T and the 
Palomar Engineers models are shown in Fig. 27-5. The Onmega-T device is a stall 
cube with minimal dials, and a pair of BNC coax connectors (antenna and re- 
ceiver). The dial is calibrated in ohms, and measures only the resistive component 
of impedance. The Palomar Engineers device is a little less eve appealing, but does 
everything the Omega-T' does; in addition, it allows you to make a rough measure- 
ment of the reactive component of impedance. The Heath Company added their 
Model HD-1422 to the lineup. And the latest entry is the MFJ-204B antenna bridge. 

Over the years, some people have found the noise bridge very useful for a vari 
ety of test and measurement applications, especially in the HF and low-VEF regions. 
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27-5. Commercially available amateur noise bridges. 
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‘Those applications are not limited to the testing of antennas (which is the main job 
of the noise bridge). In fact, although the two-way technician (including CB) or arn: 
ateur radio operator, will measure antennas, tuned circuits, and resonant cavities 
with the device, consumer electronics technicians will find other applications, 

Figure 27-6 shows the eircuit of a noise bridge instrument. The bridge consists 
of four arms. The inductive arms (L,, and L,,) form a trifilar wound transformer over 
a ferrite core with L,.,, 80 a signal applied to L,, is injected into the bridge cireuit. The 
‘measurement consists of a series circuit of a 200-Q potentiometer and a 120-pF vari- 
able capacitor. The potentiometer sets the range (0) to 200 Q) of the resistive com- 
ponent of measured impedance, while the capacitor sets the reactance component. 
Capacitor C, in the unknown arm of the bridge is used to balance the measurement 
capacitor, With C, in the circuit, the bridge is balanced when C is approximately in 
the center of its range. This arrangement accommodates both inductive and capaci: 
tive reactances, which appear on either side of the “zero” point (Le,, the midrange 
capacitance of C). When the bridge is in balance, the settings of F and C reveal the 
impedance across the unknown terminal, 

A reverse-biased zener diode (zeners normally operate in the reverse-blas mode) 
produces a large amount of noise because of the avalanche process inherent in zener op- 
eration, Although this noise is a problem in many other applications, in a noise bridge it 
ishighly desirable: the richer the noise spectrum the better the performance. The spec- 


4 
Cs sont 
0.01 Heactance 


a 
EUG-222 


(noise source) Ce cy 
: 7 40 pF 100 pF 
balance: SM. 
¥: toroid triflar Conk 
traraforner 
10T,no. 28 over Antena 
PUA core h 


27-6 Noise bridge circutt 


—p— 


Chap27_carr 


4/10/01 


4:03 PM Page 523 5 


The RF noise bridge 523 


trum is enhanced because of the 1-kHz square-wave modulator that chops the noise sig- 
nal. An amplifier boosts the noise signal to the level needed in the bridge circuit 

‘The detector used in the noise bridge is a tunable receiver covering the fre 
‘quencies of interest. The preferable receiver uses an AM demodulator, but both CW 
(morse code) and SSB receivers will do in a pinch, The quality of the receiver de. 
pends entirely on the precision with which you need to know the operating fre- 
quency of the device under test 


Adjusting antennas 
Perlups the most common use for the antennu noise bridge is nding the impedance 
and resonant points of an HF antenna, Connect the receiver terminal of the bridge 
to the antenna input of the HF receiver through a short length of eoaxial eable as 
shown in Fig. 27-7. The length should be as short as possible, and the characteristic 
impedance should match that of the antenna feedline, Next, connect the coaxial 
feedline from the antenna to the anterma terminals on the bridge. You are now 
ready to test the antenna. 

Set the noise bridge resistance control to the antenna feedline impedance (ust 
ally 50 to 75 for most eommon antennas). Set the reactance control to midrange 
(zero). Next, tune the receiver to the expected resonant frequency (F,,,) of the 
antenna. Tum the noise bridge on, look for a noise signal of about $9 (will vary on 
different recelvers), and if—in the unlikely event that the antenna is resonant on the 
expected frequency—you will find yourself right in the middle of the null. 

Adjust the resislarice control R on the bridge for a null, Le, minimum noise as ind 
cated by the S meter. Next, adjust the resistance control G for a null, Repeat the adjust 
‘ments of the R and € controls for the deepest possible nul, as invicated by the lowest 
noise output on the $ meter (there is some interaction between the two controls), 
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27-7 Connection of noise bridge. 
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Table 1. Comparison between Alamouti and generalized complex space-time codes. 


Spacetime | Number of | Number of | Numberof ] Orthogonality | Rate= Um 
code | Txantennas | transmitted | used time | of fx matrix 
symbols, |__ slots, m 
3 2 z T 
G 3 + x Only temporal | —__122 
Table 2. Comparison between diversity combining schemes. 
Scheme | Requiring CSt ‘Outage Probability “Appi 
Fea) 
se No foe No constant 
1-e*' J 
MRC Yes 7 No constraints 
x 
7 } 
EGC Ye No closed fonn for M>2 No constrains 
SLE No - FSK or DS-CDMA 


As one can see, the SC scheme does not 
require any channel information except 
that of SNR. On the other hand, MRC 
and EGC schemes require the channel 
state information (CSI) or a part of it 
(channel envelope, phase, delay). MRC 
scheme weights the signals 
according to their reliability; a more 
reliable signal has a high weight while a 
less reliable signal has a small weight. 
‘Also, the channel phase distortion is 
compensated. Finally, signals are aligned 
then combined. On the other hand, EGC 
scheme can be viewed as a simplified 
version of MRC signals are 
weighted equally (ie. the weighting vector 
w= (1, 1, 1x) then aligned before 
being combined coherently. In practice, 
the phase at different branches can’t be 
often estimated. So, EGC and MRC can’t 
be employed. In such situations, square 
law combining (SLC) can be applied to 
obtain spatial diversity without requiring 
phase estimation. Unlike linear combining 
schemes, SLC scheme can only be applied 
to modulation schemes which preserve 
sort of orthogonality including 


received 


where 


frequeney-shift keying (FSK) or direct- 
sequence CDMA [5], [11] 

Table 2 summarizes a comparison 
between combining schemes. It is known 
that, from a performance point of view, 
MRC jis optimum and gives the best 


performance among the pre-described 
combining schemes, 
% 
Tear 
>Lcombiner_ [> 


Fig, 5. Simple block diagram of linear 
combining schemes, 


2.3 Combined Transmit/Receive 
Diversity 


Spatial diversity schemes explained in 
the previous two sections can be combined 
together to achieve diversity at both 
receive and transmit sides. An example of 
such a hybrid spatial diversity scheme is 
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A perfectly resonant antenna will have a reactance reading of zero ohms, and a 
resistance of 50 to 75 Q. Real antennas might have some reactance (the less the bet- 
ter), and a resistance that is somewhat different [rom 50 to 75 Q. Impedance-matel 
ing methods can be used to transform the actual resistive component to the 50- or 
75-Q characteristic impedance of the transmission line, The results to expect: 


1. Ifthe resistance is close to zero, then suspect that there is a short circuit on 
the transmission line. Suspect an open circuit if the resistance is close to 200 
Q. 

2. A reactance reading on the X, side of zero indicates that the antenna is too long, 
while a reading on the X,, side of zero indicates an antenna that is too short. 


Anantenna that is too long or too short should be adjusted to the correct length, 
To determine the correct length, we must find the actual resonant frequency F, To 
do this, reset the reactance control to zero, and then slowly tune the receiver in the 
proper direction—downband for too long and upband for too short—until the null is, 
found. On a high-@ antenna, the null is easy to miss if you tune too fast. Don't be sur- 
prised if that null is out of band by quite a bit. The percentage of change is given by 
dividing the expected resonant frequency £.,,, by the actual resonant frequency F., 
and multiply by 100: 


Fogg % 100% 


Change = > ——— 127.6) 


Connect the antenna, noise bridge, and receiver in the same manner as above. 
Set the receiver to the expected resonant frequency (ie., approximately 468/ for 
half-wavelength types and 234/F for quarter-wavelength types). Set the resistance 
control to 50 9 or 75 Q, as appropriate for the normal antenna impedance and the 
transmission line impedance. Set the reactance control to zero. Turn the bridge on. 
and listen for the noise signal. 

Slowly rock the reactance control back and forth to find on which side of zero 
the null appears. Once the direction of the null is determined, set the reactance con- 
trol to zero, and then tune the receiver toward the null direction (downband if null, 
is on X, side and upband if it is on the X,. side of zero). 

‘A less-than-ideal antenna will not have exactly 50- or 75-Q impedance, so some 
adjustment of R and C to find the deepest null is in order. You will be surprised how 
far off some dipoles and other forms of antennas can be if they are not in “ree 
space,” (Le., if they are close to the earth's surface), 


Nonresonant antenna adjustment 
‘We can operate antennas on frequencies other than their resonant frequency if we 
know the impedane 


27.71 


[27.8] 
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Now, plug “X" calculated from Bq. 27.7 or 27.8 into X, = A/F where F is the de- 
sired frequency in MHz. 


Other jobs 
‘The noise bridge can be used for a variety of jobs. We can find the values of capaci- 
tors and inductors, determine the characteristics of series- and parallel-tuned reso- 
nant circuits, and adjust transmission lines, 

Transmission line measurements Some antennas and non-noise measure- 
iments require antenna feedlines that are either a quarter-wavelength or half-wave- 
length at some specific frequency. In other cases, a piece of coaxial cable of specified 
length is required for other purposes: for instance, the dumuny load used to service 
depth sounders is nothing but a long piece of shorted coax that returns the echo at 
a time interval that corresponds to a specific depth, We ean use the bridge to find 
these lengths as follows: 


1. Connect a short circuit across the unknown terminals and adjust Rand X for 
the best null at the frequency of interest. (Note: both will be near zero.) 

2, Remove the short cirenit 

3. Connect the length of transmission line to the wndenown terminal—it should 
be longer than the expected length. 

4, For quarter-wavelength lines, shorten the line until the null is very close to 
the desired frequency. For half-wavelength lines, do the same thing, except 
‘that the line snust be shorted at the far end for each trial length. 


‘The velocity factor of a transmission line (usually designated by the letter Vin 
equations) is @ decimal fraction that tells us how fast the radio wave propagates 
along the line relative to the speed of light in free space. For example, foam dielec~ 
tric coaxial cable is said to have a velocity factor of V =0,80. This number means that, 
the signals in the line travel at a speed 0.80 (or 80 percent) of the speed of light. 

Because all radio wavelength formulas are based on the velocity of light, you 
need the V value to calculate the physieal length needed to equal any given electri- 
cal length, For example, a half-wavelength piece of coax has a physical length of 
(492. V)/Fyp, feet. Unfortunately, the real value of Vis often a bit different from the 
published valle. You can use the noise bridge to find the actual value of V for any 
sample of coaxial cable as follows 


1. Select a convenient length of the coax more than 12 ft in length and install a 

PL-259 RF connector (or other connector compatible with your instrument) 

‘on one end, and short-cireuit the other end. 

Accurately measure the physical length of the coax in feet; convert the “re- 

‘maindet” inches to a decimal fraction of a foot by dividing by 12 (e.g, 32 £8 

22.67 ft because 8 in/12 in = 0.67). Alternatively, cut off the cable to the nearest 

foot and reconnect the short circuit. 

Set the bridge resistance and reactance controls to zero, 

4. Adjust the monitor receiver for deepest null. Use the null frequency to find 
the velocity factor V = FL/492, where Vis the velocity factor (a decimal frac- 
tion); Fis the frequency in megahertz; and Lis the cable length in feet. 


—— 
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‘Tuned circuit measurements An inductor/eapacitor (LC) tuned “tank” eir- 
cuit is the circuit equivalent of a resonant antenna, so there is some similarity be 
tween the two measurements, You can measure resonant frequency with the noise 
bridge to within +20 percent (or better if care is taken). This accuracy might seem, 
poor, but itis better than you can usually get with low-cost signal generators, dip mne- 
ters, absorption wavemieters, and the like. 

A series tuned circuit exhibits a low impedance at the resonant frequeney and 
a high impedance at all other frequencies. Start the measurement by connecting the 
series tuned circuit under test across the unknown terminals of the dip meter. Set 
the resistance control to a low resistance value, close to zero ohms. Set the reac 
tawce control at: midscale (zero mark). Next, tune the receiver to the expected null, 
frequency, and then tune for the null, Make sure that the null is at its deepest point 
by rocking the R and X controls for best null. At this point, the receiver frequeney is, 
the resonant frequency of the tank eircuit 

A parallel resonant civeuit exhibits a high impedance at resonance and a low 
impedance at all other frequencies. The measurement is made in exactly the same 
‘manner as for the series resonant circuits, except that the connection is different. 
Figure 27-8 shows a two-tum link coupling that is needed to inject the noise signal 
into the parallel resonant tank circuit. If the inductor is the toroidal type, then the 
link must go through the hole in the doughnut-shaped core and then connect to 
the uvknown terminals on the bridge, After this, proceed exactly as you would for 
the series tuned tank measurement 

Capacitance and inductance measurements ‘The bridge requires & 100-pF 
silver mica test capacitor and a 4.7-UH test inductor, which are used to measure in 
ductance and capacitance, respectively. The idea is to use the test components to 
form a series-tuned resonant circuit with an unknown component. If you find a res- 
‘nant frequency, then you can calculate the unknown value. In both cases, the series 
tuned eireuit is connected across the unknown terminals of the dip meter, and the 
series tuned procedure is followed, 


To noise 
bridge 
27-8 Noise bridge connection 
L to LC tank circuits, 
2Stun 
Tink 


Chap27_carr 


4/10/01 


4:03 PM Page 527 cb 


Dip oscillators 527 


‘To measure inductance, connect the 100-pF capacitor in series with the un 
known coil across the wninown terminals of the dip meter. When the null frequency 
is Found, find the inductance from 


27.91 


where 


Lis the inductance, in microhenries 
Fis the frequency, in megahertz 


Connect the test inductor across the wiknown terminals in series with the un 
known capacitance. Set the resistance control to zero, tune the receiver to 2 MHz, 
and readjust the reactance control for null. Without readjusting the noise bridge 
control, connect the test inductor in series with the unknown capacitance and re- 
tune the receiver for a null, Capacitance can now be calculated from: 


[27.10] 


where: 


Cis in picofarads 
Fis in megahertz 


Dip oscillators 


One of the most comunon instruments for determining the resonant frequency of an 
antenna is the so-called dip oscillator or dip meter, Originally called the grid dip 
meter, the basis for this instrument is the fact that its output energy ean be absorbed 
by a nearby resonant circuit (or antenna, which is an electrically resonant LC tank 
Gireuit), When the inductor of the dip oscillator (see Fig. 27-9) is brought into 


27-9 Dip meter, 
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close proximity to a resonant tank circuit, and the oseillator is operating on the 
resonant frequency, then a small amount of energy is transferred. This energy loss 
shows up on the meter pointer as a slight “dipping” action. The dip is extremely 
sharp, and is easily missed if the meter frequency dial is tuned too rapidly 

Antennas are resonant circuits, and can be treated ina manner similar to LC 
tank circuits. Figure 27-10A shows one way to couple the dip oscillator to a vertical 
antenna radiator. The inductor of the dipper is brought into close proximity to the 
base of the radiator. Figure 27-10B shows the means for coupling the dip oscillator 


Radiator 


Dip meter 


27-10A. Direct coupling the 
dip meter to antenna, 


Base 
insulator 


Mount or 

Dip meter col 

ZS 
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to systems where the radiator is not easily accessed (as when the antenna is still 
erected). We connect a small two- or three-turn loop to the transmitter end of the 
transmission line, and then bring the inductor of the dipper close to it. A better way 
is to connect the loop directly to the antenna feedpoint 

‘There are two problems with dip meters that must be recognized in order to best 
use the instrument. First, the dip is very sharp. Its easy to tune past the dip and not 
even see it, To make matters worse, it is normal for the meter reading to drop off 
gradually from one end of the tuning range to the other. But if you tune very slowly, 
then you will notice a very sharp dip when the resonant point is reached. 

‘The second problem is the dial calibration. The dial gradations of inexpensive 
dip meters are too close together and are often erroneous. Its better to mnonitor the 
‘output of the dip oscillator on a receiver and depend upon the calibration of the re- 
ceiver for data, 


Selecting and using RF wattmeters 
and antenna VSWR meters 


A key instrument required in checking the performance of, or troubleshooting, radio 
transmitters is the RF power meter (or “wattmeter"). These instruments measure the 
output power of the transmitter, and display the result in watts, or some related unit. 
Closely related to RF wattmeters is the antenna VSWR meter. This instrument also ex- 
amines the output of the transmitter and gives a relative indication of output power. It 
‘can be calibrated to display the dimensionless units of voltage standing wave ratio. 
‘Many modern instruments, a couple of which will be covered as examples in this chap- 
ter, combine both RF power and VSWR measurement capabilities, 


Measuring RF power 
Measuring RF power has traditionally been notoriously difficult, except perhaps in 
the singular ease of continuous-wave (CW) sources that produce nice, well-behaved 
sine waves, Even in that limited ease, however, some measurement methods are dis- 
tinetly better than others, 

The peak voltage of a waveform is 100 V (Le., peak-to-peak 200 V). Given that, 
the CW waveform is sinusoidal, we know that the root mean square (RMS) voltage is, 
0.707 V. The output power is related to the RMS voltage across the load by 


(27.011 


where: 


Pis the power, in watts 
Vip i8 the RMS potential, in volts. 
Zi the load impedance, in ohms 


If we assume a load impedance of 50 Q, then we can state that the power in our 
hypothetical illustration waveform is 100 W. 


—— 
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We can measure power on unmodulated sinusoidal waveforms by measuring ei: 
ther the RMS or peak values of either voltage or current, assuming that a constant- 
value resistance load is present. But the problem becomes more complex on modu- 
lated signals. The various power readings on a Bird model 4311 peak power meter, 
the peak (PEP) and average powers, vary markedly with modulation type. 

One of the earliest forms of practical RF power measurement was the thermo 
couple RF ammeter (see Fig. 27-11). This instrument works by dissipating a small 
amount of power in a small resistance inside the meter, and then measuring the heat 
generated with a thermocouple. A de current meter monitors the output of the ther 
‘mocouple device, and indicates the level of current flowing in the heating element. 
Because it works on the basis of the power dissipated heating a resistance, a ther- 
‘mocouple RF ammeter is inherently an RMS-reading device. Because of this fea- 
ture itis very useful for making average power measurements. If we know the RMS 
‘current and the resistive component of the load impedance, and ifthe reactive com. 
ponent is zero or very Iow, then we ean determine RF power from the familiar ex: 
pression: 


P=PRR, 127.12] 


‘There is, however, a significant problem that keeps thermocouple RF ammeters 
from being universally used in RF power measurement: those instruments are highly 
frequency-dependent. Even at low frequencies, its recommended that the meters 
bbe mounted on insulating material with at least %-in spacing between the meter and. 
its metal cabinet. Even with that precaution, however, there is a strong frequency 
dependence that renders the meter less useful at higher frequencies. Some meters 
are advertised to operate into the low-VHF region, but a note of caution is necessary. 
‘That recommendation requires a copy of the calibrated frequency response curve 
{for that specific meter, so that a correction factor ean be added (or subtracted) from 
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the reading, At 10 MHz and higher, the readings of the thermoconple RF ammeter 
must be taken with a certain amount of skepticism unless the original calibration 
‘chart is available. 

We can also measure RF power by measuring the voltage across the load resis- 
tance (see Fig. 27-12). In the circuit of Fig. 27-12, the RF vollage appearing across 
te load is sealed downward to a level compatible with the voltmeter by the resistor 
voltage divider (R/R,). The output of this divider is rectified by CR, and filtered to 
de by the action of capacitor C,, 

‘The method of measuring the voltage in a simple diode voltmeter is valid only if 
the RF signal is unmodulated and has a sinusoidal waveshape. While these criteria 
are met in many transmitters, they are not universal, Ifthe voltmeter circuit is peak 
reading, as in Fig. 27-12, then the peak power is, 


ve 


R, 


P 


[27.13] 


‘The average power is then found by multiplying the peak power by 0.707. Some 
meter circuits include voltage dividers that precede the meter and thereby convert 
the reading to RMS, and thus convert the power to average power. Again, it must be 
stressed that terms like RMS, average, and peak have meaning only when the input, 
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27-12. RF voltmeter “wattmeter.” 
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RF signal is both unmodulated and sinusoidal. Otherwise, the readings are meaning- 
less unless calibrated against some other source, 

It is also possible to use various bridge methods for measurement of RF power 
Figure 27-13 shows a bridge set up to measure both forward and reverse power. This 
ireuit was once popular for VSWR meters. There are four elements in this quasi- 
Wheatstone bridge circuit: R,, R,, R, and the antenna impedance (connected to the 
bridge at J,). If, is the antenna resistance, then we know that the bridge isin bal- 
ance (ie, the null condition) when the ratios R/R, and R./R,, are equal. In an ideal 
situation, resistor R, will have a resistance equal to R,,, , but that might overly limit 
the usefulness of the bridge. In some cases, therefore, the bridge will use a compro 
ise value such as 67 2 for R,, Such a resistor will be usable on both 50- and 75-2 
antenna systems with only small errors. Typically, these meters are designed to read. 
relative power level, rather than the actual power. 

An advantage of this type of meter is that we can get an accurate measurement of 
VSWR by proper calibration. With the switch in the forward position, and RF power 
applied to J, (XMTR), potentiometer R, is adjusted to produce a full-scale deflection on, 
meter M,, When the switch is then set to the reverse position, the meter will read re- 
verse power relative to the VSWR. An appropriate VSWR scale is provided. 
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27-13 A bridge arrangement to measure both forward and reverse power 
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A significant problem with the bridge of Fig. 27-18 is that it cannot be left in the 
circuit while transmitting because it dissipates a considerable amount of RF power 
in the internal resistances. These meters, during the time when they were popular, 
were provided with switches that bypassed the bridge when transmitting. The bridge 
was only in the circuit when making a measurement. 

An improved bridge circuit is the eapacitor/resistor bridge in Fig, 27-14; this cir- 
cuit is called the micromatch bridge. Immediately, we see that the micromateh is, 
improved over the conventional bridge because it uses only 1 9 in series with the 
line (R,). This resistor dissipates considerably less power than the resistance used in 
the previous example. Because of this low-value resistance, we can leave the micto- 
mate in the line while transmitting, Recall that the ratios of the bridge arms must, 
‘be equal for the null condition to occur. In this case, the capacitive reactance ratio of 
CC, must match the resistance ratio R/R,,,. For a 50-Q antenna, the ratio is Yo, and 
for 75-0 antennas it is Ys (or, for the compromise situation, Y). The small-value 
trimmer capacitor (C,) must be adjusted for a reactance ratio with C, of Yo, 4, or 
depending upon how the bridge is set up. 

‘The sensitivity control ean be used to calibrate the meter, In one version of 
the micromatch, there are three power ranges (10, 100, and 1000 W). Bach range 
has its own sensitivity control, and these are switehed in and out of the circuit, 
as needed. 

‘The monomateh bridge cireuit in Fig. 27-15 is the instrument of choice for HF 
and low-VHF applications. In the monomatch design, the transmission line is segment, 
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27-14 Micromateh wattmeter. 


—— 


the 22 Alamouti/MRC MIMO. system 
(12) 
IIL. Spatial Multiplexing 


As shown in the previous section, 
MIMO diversity can be used in the 
transmitter or the receiver sides or in both 
to inctease the reliability of the 
communication, In this section we talk 
about spatial multiplexing schemes which 
are for goal to increase the channel 
capacit 

The most known spatial multiplexing 
schemes are the BLAST family which 
includes Vertical-BLAST, — Diagonal- 
BLAST, and Turbo-BLAST. The acronym 
BLAST stands for “Bell Laboratories 
Layered Space-Time 
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3.1 Diagonal-BLAST 


D-BLAST was originally proposed by 
Foschini [13]. In D-BLAST, the symbols 
to be transmitted are arranged on the 
diagonals of th 
matrix where elements under the diagonal 
are padded with zeros. Fig. 6-a depicts the 
structure of the D-BLAST transmitter for 
four transmit antennas. At first, the bit 
stream is de-multiplexed into four parallel 
streams which are encoded and modulated 
independently. Encoded-modulated 
streams are cycled over time. Equation (4) 
is an example of the transmission matrix 
‘when using four transmit antennas, 
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Fig, 6. Transmitter block diagrams for BLAST family using four transmit antennas. 
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27-15 Monomatch wattmeter. 


B, while RF sampling elements are formed by segments A and C. Although the origi 
nal designs were based on a coaxial-cable sensor, later versions used either printed 
circuit foil transmission line segments or parallel brass rods for A, B, and C. 

‘The sensor unt is basically a directional coupler with a detector element for 
both forward and reverse directions. For best accuracy, diodes CR, and CR, should 
be mutched, as should R, and &, The resistance of Rand should match te trans- 
inission ine surge impedance, though in many instruments a 68-£ compromise re- 
sistance is used. 

‘The particular circuit shown in Fig. 27-16 uses a single de meter movement to 
monitor the ontput power, Many modern designs use two meters (one each for for 
ward and reverse power). 

One of the latest designs in VSWR meter sensors is the current transformer as 
sembly shown in Fig, 27-16, In this instrument, a single-turn ferrite toroid trans 
former is used as the directional sensor. The transmission line passing through the 
hole in the toroid “doughnut” forms the primary winding of a broadband RF trans- 
former The secondary, which consists of 10 to 40 turns of small enamel wire, is con- 
nected to a measurement bridge circuit (C, + C, + load) witha rectified de output 

Figures 27-17 and 27-18 show instruments based on the current transformer 
technique. Shown in Fig. 27-17 is the Heath model HM-102 high-frequency 
VSWR/power meter. The sensor is a variant on the current transformer method, This 
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27-16 Current transformer wattmeter 


27-17 Amateur radio RF wattmeter 


instrument measures both forward and reflected power, and it ean be calibrated to 
measure VSWR. 

‘The Bird model 43 Thruline RF wattmeter shown in Fig. 27-18 has for years 
been one of the industry standards in communications service work. Although it is, 
slightly more expensive than lesser instruments, itis also versatile, and it is accurate 
and rugged. The Thruline meter can be inserted into the transmission line of an 
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27-18 Bird model 49 RF wattmete 


antenna system with so little loss that it may be left permanently in the line during 
normal operations. The Model 43 Thruline is popular with land mobile and marine 
radio technicians, 

‘The heart of the Thruline meter is the directional coupler transmission line as- 
sembly shown in Fig. 27-194; it is connected in series with the antenna, or dummy 
load, transmission line, The plug-in directional element can be rotated 180° to mea- 
sure both forward and reverse power levels. A sampling loop and diode detector are 
contained within each plug-in element. The main RF barrel is actually a special coax- 
ial line segment with a 50-Q characteristic impedance. ‘The Thruline sensor works 
due to the mutual inductance between the sample loop and center conductor of the 
coaxial element. Figure 27-19B shows an equivalent cireuit. The output voltage from 
the sampler (e) is the sum of two voltages, ¢, and e,,.. Voltage e, is created by the 
voltage divider action of & and C on transmission line voltage E. If R is much less 
then X,, then we may write the expression for e, as 


= REC jw) 7.14] 


Voltage ¢,,, on the other hand, is due to mutual inductance, and is expressed by 


jo) +M [27.15] 


‘We now have the expression for both factors that contribute to the total voltage 
e. We know that: 


[27.16] 


so, by substitution, 
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At any given point ina transmission line £ is the sum of the forward (E, 
fected (,) voltages, and the line current is equal to 


£, 
[27.18] 


where Z, is the tr 


smission line impedance 


We may specily ¢ in the forms 


[27.19] 
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and 


joME,) 
Er ae [27.20] 


‘The output voltage e of the coupler, then, is proportional to the mutual inductance 
and frequency (by virtue of ja). But the manufacturer terminates R in a capacitive 
reactance, so the frequency dependence is lessened (see Fig. 27-19C). Each element is 
custom-calibrated, therefore, for a specific frequency and power range. Beyond the 
specified range for any given element, however, performance is not guaranteed. There 
are a large number of elements available that cover most commercial applications. The 
‘Thruline meter is not a VSWR meter, but rather a power meter, VSWR can be dete 
mined from the formula, or by using the nomographs in Fig. 27-20. Some of the Thru 
line series intended for very high power (Fig. 27-19D) applications use an in-line coaxial 
cable coupler (lor broadcast-style hardline) and a remote indicator: 
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27-20 Forward versus reflected power graphs. 
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Dummy loads 


A dummy load is a substitute antenna for making measurements and tests. In fact, 
British radio engineers often refer to dummy loads as “artificial aerials.” There are 
several tses for these devices. Radio operators should use dummy loads to tune up 
‘on crowded channels and (only then) transfer to the live antenna. 

‘The other use is in troubleshooting antenna systems, Suppose we have a system, 
in which the VSWR is high enough to affect the operation of the transmitter. You can, 
disconnect each successive element and connect the dummy load to its output, If 
the VSWR goes down to the normal range, then the difficulty is downstream (i.e., to 
ward the antenna). You will eventually find the bad element (which is usually the an- 
tenna itself). 

Figure 27-21 shows the most elementary form of dummy load, which consists of 
‘one or more resistors connected in parallel, series, or series-parallel so that the total 
resistance is equal to the desired load impedance. The power dissipation is the sum, 
of the individual power dissipations, [1 is essential that noninductive resistors be 
used for this application. For this reason, earbon-composition or metal-film resis 
tors are used. For very low frequency work, itis permissible to use special counter 
wound wire low-inductance resistors. These resistors, however, cannot be used over 
a few hundred kilohertz. 

Several commercial dummy loads are shown in Figs. 27-22 through 27-24. The 
load in Fig. 27-224 is a 5-W model, and is typically used in Citizens Band servicing, 
‘The resistor is mounted directly on a PL-259 coaxial connector. These loads typically 
work to about 300 MHz, although many are not really useful over about 150 MHz. A 
hhigher-power version of the same type is shown in Fig. 27-22B. This device works to 
the low VHF region, and dissipates up to 50 W. Ihave used this dummy load for ser- 
vicing high-VHF land mobile rigs, VHF-FM marine rigs, and low-VHF land mobile 
rigs. Very high power loads are shown in Fig. 27-23, These devices are Bird Ble« 
tronics “coaxial resistors,” and operate to power levels up to 10, 30, and 40 kW, 
‘These high-power loads are cooled by flowing water through the body of the resistor 
and then exhausting the heat in an air-cooled radiator, 

Our final dummy load resistor is shown in Fig, 27-24. The actual resistor is 
shown in Fig. 27-244, and a schematic view is shown in Fig. 27-24B, The long, high- 
power noninductive resistor element is rated at 50 ©, and ean dissipate 1000 W for 
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27-22A CB-style SW dummy load, 


¥ 


27-228 15.W dununy load, 


27-23 Termaline RF wattmeter 


27-24A. Drake DL-1000 duruny load. 


several minutes. If longer times, or higher powers, are anticipated, then forced air 
cooling is applied by adding a blower to one end of the cage. The device is modified 
by adding the BNC sampling jack. This jack is connected internally to either a two. 
turn loop, made of no.22 insulated hookup wire, or brass rods that are positioned 
alongside the resistor element. It will therefore pick up a sample of the signal so that 
it can be viewed on an oscilloscope, or used for other instrumentation purposes. 
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CHAPTER 


General antenna 
mechanical construction 
techniques 


ANTENNA INSTALLATION CHORES VARY IN COMPLEXITY FROM ‘THE SIMPLE, WHICH A 
teenager, with no assistance, can execute properly and safely, all the way up to large- 
scale projects that are best lelt to professional antenna riggers. If your only antenna 
installation chore is a dipole handing between the peak of your house roof and a 
nearby tree, ther little need be said besides “Be careful 

‘The purpose of this chapter is to cover both wire and intermediate installation 
Jobs that can be done by amateurs if instructed properly. Keep in mind when plan- 
ning an installation, however, that the information given herein is merely informal 
guidance. Always have your plans reviewed by a professional mechanical or strue- 
tural engineer licensed to practice in your state. In many locales, there are good in- 
surance reasons for this step. Also, learn and abide by local mechanical, electrical, 
and building codes. It is simply not worth the pain, and risk, to 
laws. 


Antenna erection safety 


Before dealing with the radio and performance issues, le’s deal first with a few an- 
tenna safety matters. You do not want to be hurt either during installation or during 
the next wind storm. Two problems present themselves: reliable mechanical in 
stallation and eleetrical safety, 

Radio antennas are inherently dangerous to erect if certain precautions are not 
followed. It is not possible to foresee all the situations you might face in erecting an 
antenna, I would like to give you all possible warnings, but this is not even possible. 
You are on your own and must take responsibility for installing your own antenna. 1 
can, however, give you some general safety guidelines, Knowledge of what you face 
and some hard-nosed, sound judgment, modulated by a little bit of common sense 
are the best tools on any antenna job. 
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Table 3. MIMO systems diversity order 


iversity order 
NEN, 


N-N+1 


The first diagonal of $ is transmitted via 
the first antenna; the second diagonal is 
transmitted via antenna 2, and so on. 


3.2 Vertical-BLAST 


A simplified version of D-BLAST was 
proposed by Wolniansky known as 
Vertical-BLAST or V-BLAST [14]. In V- 
BLAST, incoming data stream is de- 
‘multiplexed into 1, streams each of which 
is encoded and modulated independently 
and sent on an antenna of its own, V- 
BLAST high-level diagram is depicted in 
Fig, 6-b where four antennas are used at 
the transmit side. Compared to D-BLAST, 
V-BLAST does not include cycling over 
time, the complexity is significantly 
reduced. In addition, unlike D-BLAST, V- 
BLAST does not include any space-time 
wastage, At the receiver, transmitted 
symbols can be decoded using ordered 
serial interference-cancellation (OSI) 
detector. For the OSIC to work properly, 
the number of receive antennas N, must be 
at least as large as the number of transmit 
antennas, 


3.3 Turbo-BLAST 

Turbo-BLAST was first described by 
Sellathurai and Haykin [15]. The Turbo- 
BLAST transmitter structure is depicted in 
Fig, 6-c. The data stream bits are firstly 
demultiplexed into N, parallel streams 
which are encoded independently using 
the block encoder (outer encoder) (i. 
channel coding). The output streams of the 
outer encoder. are 
independently and passed to the inner 
encoder. The mission of the outer encoder 
is to achieve random-layered space-time 
(RLST) coding. 


interleaved 


The structure of the RLST encoder, with 
periodical cyclic space-time interleaving is 
depicted in Fig. 6d. For optimal 
performance of the RLST code, the 
receiver should employ the maximum a 
posteriori probability (MAP) decoding 
algorithm, Nevertheless, the complexity of 
the MAP decoding algorithm is very high 
(increases exponentially with Nj. To 
decrease the complexity of the receiver, 
the near-optimal turbo-like re 
used. This near-optimal turbo. 
is known as iterative detection and 
decoding (IDD) receiver 

Before going further, we list in Table 3 
comparison between diversity order of the 
different space-time coding and the 
BLAST family schemes. 


iver can be 


IV. Advanced Topics 


4.1 Single and Mul 
MIMO 


‘odeWord 


In single codeword (SCW) MIMO, an 
encoded packet is distributed across many 
streams to form the MIMO transmission, 
Feedback is used to control the rank of the 
MIMO transmission (number of streams 
used) as well as the overall rate of 
transmission, In multiple codeword 
MIMO, several separately encoded 
packets are transmitted independently over 
the multiple streams. Here the rate of each 
stream can be controlled with feedback 
[16] and [17] 


4.2 Single-User MIMO and 
Multi-User MIMO. 

In single-user MIMO, already explained 
techniques in previous sections are used 
where the channel capacity grows linearly 
swith min(Nt, Nr) [18] 
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One rule that is an absolute is that no antenna should ever be erected where the 
antenna, the feedline, or any part thereof erosses over or under a power line or pole 
transformer—evert This is a “no kidder’"—dont do it. Every year we read sad news in 
‘magazines or newspapers about a colleague being electrocuted while installing or 
working on an antenna. In all these tragic cases, the antenna somehow came into con- 
tact with an ac power line. Keep in mind one dictum and make it an absolute: 

‘There is never a time or situation when itis safe to let an antenna contact the elec- 
trical power lines! 

‘This advice includes dipoles and other long wire antennas “thrown over” sup- 
posedly insulated lines, as well as antennas built from aluminum tubing. The excuse 
that the power lines are insulated is hogwash, Old insulation crumbles on contact 
‘with even a thin wire antenna. Don't do it! The operant word is never! 

Power lines look insulated, but there are often small breaks or weakened spots 
(especially more than a couple days after installation) that ean bring the antenna 
into contact—lethal contact—with a “hot” power line. Every year or so we hear 
about an SWL, scanner/monitor buff, or ham operator being killed by tossing an 
tena wire over a power line. Avoid making yourself into a high-powered resistor— 
it might blow your “life fuse.” 

‘And the same rule applies to situations where the antenna can fall onto a power 
line if it fails mechanically. You have to examine the situation to see if there is any 
possible way for that antenna or its support structure to fall onto a power line if it 
breaks in any way whatsoever. Figure 28-1 is a diagram of my lot in Virginia. A 23-ft 
‘mast is erected at the back of the house, and its 23-f “fall radius” is plotted. It should 
not intersect either the power lines or the cable TV line, even when it fails and is 
wind-whipped. 

Note that the antenna could fall over the property line onto the next lot to the 
rear. After consultation with the other landowner and the county mechanical in- 
spector, it was determined that my rear fence is sufficient protection for the other 
homeowner. Because it is technically on my land, the fence damage is my responsi- 
bility. However, should the other homeowner change his mind or a new homeowner 
‘buys the place, then my antenna may have to be moved. 

Another caution is that you must be physically fit to do the work. While the on- 
the-ground portion of the work is usually not too strenuous, any climbing at all, even, 
on ladders, ean be taxing. Antenna materials are deceptively lightweight on the 
ground, but when you get up on even a small ladder, they are remarkably difficult to 
handle. Attempting to manhandle a 22- vertical once wiped my back out to the ex- 
tent that I needed 800-mg of ibuprofen three times a day for about a week—and 1 
consider myself lucky that the pain hit me after I had dismounted the ladder. Be 
sides, if you could see me, you would wonder why a man my size was on any ladder 
in the first place! 

Before using a ladder, learn how to use a ladder. A lot of homeowners, whether 
putting up antennas or painting the upstairs windows, fall off ladders that were being 
used incorrectly. There is a right way and a wrong way to use each of the different 
types of ladder; learn to use them correctly. 

If the wind blows even a few kilometers per hour, the danger is magnified cor 
siderably. [recall friend, who is a large, strong “bear ofa man,” attempting to install 
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28-1 Antenna installation on suburban lot 


4 26-element television “all channel” rotatable antenna on the roof of his two-story 
beach house, He wanted to be able to piek up Richmond, VA; Norfolk, VA; Washing- 
ton, DC; and Baltimore, MD, on television, plus seanner bands, from his beach house 
on the Chesapeake Bay. The antenna was handled easily with one hand on the 
ground and with no wind blowing. But up on the roof, it was a different story! “Big 
AI" was on the peak of the roof when an off-shore gust of wind came up sueldenty and 
‘caught the antenna. It acted like a hang glider and pulled Al off the roof, plunging 
hhim down two stories to the patio below. He fractured his pelvis and busted a leg 
‘Two months of orthopedic casts and a year of physical therapy followed—not to 
‘mention lost wages. Expensive TV antenna, I reckon. Be carefull 

‘One good rule is to always work under the “buddy system,” Ask as many friends 
as are needled to do the job safely, and always have at least one assistant, even when 
you think you ean do it alone. 

Always use quality materials and good work practices. Antennas, being poten- 
tially dangerous, always should have the best of both materials and workmanship in 
order to keep quality high. It is not just the electrical or radio reception workings, 
that are important but also the ability to stay up in the air and be safe. 

When planning an antenna job, keep in mind that pedestrian traffic in your yard 
possibly could affect the antenna system, Wires are difficult to see, and ifan antenna 
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wire is low enough to intersect someone's body, then it is possible to cause very se- 
rious injuries to passersby. In the United States, even when the person is trespasser 
(or even a burglar!), the courts may hold a homeowner liable for injuries caused by 
an inappropriately designed and installed antenna. Take care for safety not only of 
yourself but also of others, 

Consider a typical scenario involving a four- or five-band trap vertieal antenna 
(Fig. 28-2). It will be 18 to 26 f tall, judging from the advertisements in magazines, 
and will be mounted on a roof or mast 12 to 30 ft off the ground, Consider the case 
of a 25-M1-tall trap vertical installed atop a 15-ft-high telescoping TV antenna mast. 
‘The total height above ground will be the sum of the two heights: 15 ft + 25 ft = 40 
f. The tip of the vertical is 40-f above ground level. You must select a location at 
which a 40-f. aluminum pole can fit—and fall. This requirement limits the selection 
of locations for the antenna. If this is done, then a wind storm cannot result in a 
shorted! or downed power line if the antenna falls over. 

When installing a vertical antenna, especially one that: is not ground-mounted, 
‘make sure that you have help. It takes at least two people to safely install a standard, 
HF vertical antenna, and more may be needed for especially large models. Ifyou are 
alone, then go find some friends to lend an arm or two, Wrenched backs, smashed 
antennas, crunched house parts, and other calamities simply do not happen as often, 
‘ona well-organized work party that has sufficient hands to do the job safely 

‘The second issue pertaining to installing antennas is old-fashioned mechanical 
integrity. Wo problems are often seen, First, you must comply with local building 
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codes, regulations, and inspections. The local government has a reasonable interest 
and absolute right to impose reasonable engineering standards on the electrical and, 
‘mechanical installation of radio antennas. The second issue is that itis in your own, 
best interest to make the installation as good as possible, Consider the local regula- 
tions as the minimum acceptable standard, not the maximum. 

Both these mechanical integrity issues become extremely important if a prob- 
lem develops. For example, suppose that a wind or snow storm wrecks the antenna, 
plus part of your house. Your insurance company may not pay off if your local gov- 
ernment requires an inspection and you failed to get one. Make sure that the me- 
chanical and/or electrical inspector (as required by the law) leaves a certificate oF 
receipt proving that the final inspection was done. It could come in handy when dis- 
puting the insurance company over damage. 

‘A quality installation starts with the selection of good hardware for the installa- 
tion. Any radio-TV parts distributor who sells TV antenna hardware will have what 
you need in most cases. 1 used Radio Shack standoff brackets, ground pin, and a 19- 
fe telescoping mast in one installation. Wherever you buy, select the best-quality, 
strongest materials that you ean find. Opt for steel masts and brackets over alu- 
‘minum, 10 matter what the salesperson behind the counter tells you. Keep in mind, 
that although salespeople cant be knowledgeable and even helpful, you, not they, are 
responsible for the integrity of the installation, 

Local government One necessary reminder is that your local government, 
might have some interesting ideas—legal requirements, actually—concerning 
your antenna installation, The electrical, mechanical, and zoning codes must be 
‘observed, ‘There is a great deal of similarity between local codes because most of 
them are adaptations (even adoptions) from certain national standards. But there 
are enough differences that one needs to consult local authorities. Indeed, you 
may need a license or building permit to install an antenna in the first place 

One problem that SWLs and seanner/monitor bulls face in the United States is 
that thelr antennas are not protected by the Federal Communications Commission, 
as are ham antennas, Local governments have limited rights to regulate ham anten- 
‘nas—only “reasonable” mechanical and electrical standards can be imposed. It may 
be illegal for you to install any type of antenna, 

Save all paperwork regarding your building permit, including the inspection eer 
tiffeates, decals, letters or papers, and the original drawings (with the local building 
inspector’ stamps). Ifa casualty occurs, then your insurance company may elect not, 
to pay off if you have violated an electrical, mechanical, building, or zoning code. 
‘This advice may be overlooked by an enthusiastic antenna builder, but it eould prove 
to be a costly oversight if something bad happens. 

In some jurisdictions, there might be another limitation on antenna location. 
Some local governments have a requirement that the antenna be able to fall over andl 
land entirely on your own property. About 30 years ago, a Maryland county required 
that antennas be installed double their own length plus 50 ft from the nearest prop- 
erty line—until a local ham radio club sued on grounds that about 99.99 pereent of 
the rooftop TV antennas in the county were noncompliant. In one humorous scene, 
8 group of amateur radio operators went down to the county offices and asked for 
about 50,000 complaint forms. They filled out several thousand against homeowners 
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with TV antennas before they were stopped by the county officer. Before installing 
any antenna, check with the local building codes! 


Wire antenna construction 


Volumes have been written on wire antennas. Indeed, many of my antenna books 
spend a lot of space on the topic, What seems to be missing in many books is details 
‘on the mechanical aspects of wire antenna construction and installation, Although 
some books cover the mechanical details, much is often missing. Let's take a look at 
some of the basics, 


The basic wire antenna 

Wire antennas come in a bewildering variety of forms, but for our purposes, the 
“standard model” is our old friend the half-wavelength horizontal dipole (Fig, 28-3). 
‘The overall length (A) in meters is found from 144/F,,. Each element (B) is one- 
half the overall length, or 72/f,,. The antenna’s nominal feedpoint impedance at 
resonance is 73 2, soit isa good inateh to standard 75-2 coaxial cable, Itis common, 
practice to use a 1:] balun transformer at the feedpoint in order to balance currents 
and keep the pattern according to textbook predictions. 


Center insulators 
It was once common (but poor) practice to strip a few centimeters of coaxial cable, 
part the braid and center conduetor, and connect them to each side of the dipole, We 
could then wonder why the darn thing fell down in the next wind storm. Even if you 
elect to not use the balun transformer, a ready-mnade center insulator is a must, Fig 
ure 28-4A shows a common form of center insulator for use with dipoles and other 
wire antennas, There is an SO-230 UHF coaxial connector on the bottom to accept 
the feedline and two eyebolts mounted with solder connectors for the antenna ele 
‘ments on the sidewalls. At the top is a sinall eyebolt that is used to strain-relieve the 
system, or to hang it from a center support (as when inverted-V dipoles are built) 

A larger form of center insulator is shown in Fig. 28-4B. The enlarged down see 
tion indicates that this device contains either a 4:1 or 1:1 impedance ratio balun 
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28-3 Dipole antenna. 
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28-4A Center insulator: 


transformer. The 1:1 size is recommended for ordinary dipoles, whereas a 4:1 unit is 
used for folded dipoles and certain other wire antennas, 

Connections to the device, whether straight center insulator or balun form, are 
shown in Fig. 28-5. For simplicity, only one side is shown (the other side is identical) 
‘The elements (# in Fig. 28-3) typically are made of no. 12 or no. 14 antenna wire. 
‘The best wire is stranded and is copper-clad steel core wire (Copperweld). 

‘The end of the antenna wire is passed through the eyebolt and then doubled back 
and twisted onto itself 7 to 10 times. The remainder of the wire is then soldered to the 
terminal. Some people prefer to use a separate “pigtail” wire to connect the antenna 
element to the solder terminal. Itis fastened to the antenna element wire between the 
7-to 10-tumn twist and the eyebolt. 

When preparing the center connector/balun, itis good practice to use steel wool 
or sandpaper on the solder lug to remove oxidation, Oxidation makes it hard to sol- 
der and forces you to use too much heat to make a good connection. Also, be sure to 
have a large pair of pliers to crimp the wings of the solder lugs onto the wire. 

Solder assists in making a good connection at the solder lugs, but the crimp 
should be good enough to do the job. The solder then provides corrosion protection. 
Also, tin the 7- to 10-turn twist section with solder. This does not increase the 
strength or provide better electrical connection—it is protection against the corro- 
sion that will occur with copper wires. 

Note Use only resin-core solder for antennas! Typical solder is 50/50 or 60/40 
lead/tin ratio and may be labeled *radio-TV" or “electronic” or something similar. 
Plumber's solder is acid core and will destroy your antenna within a short time after 
itis erected. 
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Figure 28-6 shows the dipole installed. The ends of the two wire elements are 
connected to end insulators, which are in turn supported by rope to a vertical sup. 
port (e.g,, last, tree, roof line of the house, etc.). Although shown nice and straight 
hhere, the actual installation will droop a bit in the center due to the weights of the 
center insulator or balun, the coaxial cable, and the wire itself. Gravity! 

‘Note that the coaxial cable is formed into a 15- to 25-cm loop just below the coax- 
ial connector to the center insulator or balun. This forms a species of RF choke to keep 
currents from flowing in the outer shield and improves the pattem. The coaxial cable 
loop is bound together with black electricians tape or some similar adhesive medium 
and then fastened to the top eyelet with stout string or fishing line for strain relief, 
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28-5 Center insulator/balun connections, 


Support rope 
‘The support rope selected should be large enough to provide support but. small 
enough to fit through the holes of the end insulators, Cotton rope is singularly un- 
suited to this task because it weathers poorly and will rot through in short order. Ny 
Jon rope, sail rope, and parachute rope are perhaps the best types, especially 1f a 
particular lot has been tested for high tensile strength. Remember, the wind loading 
of your antenna, even a short dipole, can be tremendous! 


End insulators 
End insulators come in a large variety of shapes and sizes (I have even seen one chap 
use old toothbrushes, suitably drilled, of course), The main categories, however, are 
represented in Fig. 28-7. The version in Fig. 28-7A is the standard form, whereas 
that in Fig. 28-7B is an “egg” insulator. The egg insulator has two sets of wire grooves. 
and through-holes that are orthogonal to each other (only one set is shown). Wire 
passes through one hold and set of grooves, and the supporting rope passes through 
the other hole/groove set. 

‘The standard form shown in Fig. 28-7A has a number of grooves or ridges cut 
along the body. These grooves are intended to lengthen the electrical path between 
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ends of the insulator and therefore serve to reduce losses in the insulator. Typical 
materials used to construct insulators include ceramic, glass, nylon, and plastics, 

Figure 28-8 shows the connections to the end insulator. The electrical connec- 
Hons to the antenna wire are the same as for the center insulator. The only proviso 
here is that for transmitting antennas, it is wise not to leave any sharp points stick: 
ing up. The end of the dipole is at high RF voltages, so sharp points tend to cause 
corona sparking. Cut off any extraneous leads that form sharp points, and then 
smooth the whole affair down with tinning (Le., solder), 

‘The rope is treated in a similar manner as the wire, but it must be knotted in 
some manner that tends to pull together as the rope is pulled into tension. Some 
people use the “hangman's knot,” but this seems a bit excessive. 


Strain relief of the antenna 
Figure 28-9 shows a method of strain relief for the center insulator or balun. ‘This 
point is at the highest tension and probably is the weakest because of the number of 


B 


28-7, End insulators, 
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28-8 Connections to end insulators, 
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For multi-user MIMO, which is of high 
interest research topic, it was shown that 
for N; transmitting antennas (at the base 
station) and N, users, the same overall 
capacity can be achieved. This later work 
was encouraged by applying dirty paper 
coding [19] where results showed that if 
the transmitter knows the interfering 
signal, then the channel capacity will not 
be affected by the presence of the 
[20]. On the other hand, 
integrate 
beamforming to apply spatial division 
multiple access (SDMA). 


interfere 


multi-user MIMO can 


4.3 Cooperative Communication and 


Virtual MIMO 

In cooperative communication, a mobile 
can act as both a user and relay, As 
consequence, mobile sends to the base 


station its own data bits and some of other 
mobiles (sometimes called partner) 
information bits. Fig, 7 shows a 
cooperative cellular system where for 
simplicity we consider three cooperative 
users and one base station [21]. As 
depicted in Fig. 7, user 1 cooperates with 
users 2 and 3 to send its own information, 
‘As a result, the overall cooperative system 
ean be seen as virtual-MIMO (V-MIMO) 
and in the above example it is 3%*Nas 
MIMO system (for the uplink) where Nas 
is the base station's number of receive 
antennas, Users 2 and 3. can simply 
amplify and forward user 1 re 
information or detect and forward 
Another method of cooperation is the 
coded cooperation where different coded 
portions are sent via different fading 
channels [23] 


Fig. 7. Cooperative communication and virtual-MIMO. 


4.4 Pre-Coded MIMO with Rank 
Adaptation 


4.4.1 Per Antenna Rate Control 
(PARC) 


PARC can be considered as a closed-loop 
MIMO. system where transmitter uses 
channel quality indication (CQU) fed by 
the receiver to select the best modulation 


and coding schemes per antenna, Fig. (8) 
shows a general PARC transmitter 
structure with 4 transmit antennas [24] 


44.2 Per Group Rate Control 
(GRC) 


In PARC, a CQI feedback is necessary for 
each transmit antenna, This 
uplink overhead. 


increases the 
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28-9 Strain relieving the center insulator or balun. 


connections and things that can break. A suspension rope is run between the ane 
tenna’s vertical supports, parallel to the antenna wire. It is tied to the top eyelet on 
the center insulator or balun by a short bit of rope about 15 to 20 em long, 


Special case of the folded dipole 


‘The folded dipole (Fig, 28-10) is a special case of the half-wavelength horizontal di- 
pole, It consists of two close-spaced conductors shorted together on the extreme 
ends. One of the conductors is split in the center and used as the feedpoint. The 
feedpoint impedance at resonance is around 280 02, so it makes a good match to 300- 
{television antenna bwin Tead, The usual practice is to build the entire antenna and 
feedlline out of twin lead. An alternative (as shown in Fig. 28-10) is to provide a 4:1 
balun transformer at the feedpoint to match 75-0 coaxial cable. Despite the fact that 
300-02 TV twin lead is disappearing from the market, the folded dipole maintains 
certain following among SWLs and hams, 

‘The problem is how to install the antenna such that the terribly weak 300-0 twin 
lead wires do not break at the slightest provocation. Figure 28-11 shows a solution 
used by one fellow (admittedly a fine worker in plastics and other materials). He 
fashioned a center insulator and the end insulators from a piece of strong Lucite 
‘material 

‘The 300-0 TV twin lead is prepared as shown in Fig, 28-114. The antenna ele- 
‘ment is notched in the center (break along the bottom) for about 1 to 1.5 em. A land 
punch is used to place two or three holes in the center insulation on either side of 
the break. Either a large-size leather punch or a paper punch can be used to make 
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the holes, In a test, I was able to make the required holes using a hand-operated pa 
per punch, but it required a large force (and turned my hand temporarily purple!) 

‘The center insulator is shown in Fig, 28-118. It is made from a piece of strong 
plastic, Lucite, or other insulating material. Two identical sections, front and back, 
are needed, A number of 6-nm holes are drilled into both pieces at the points shown 
to clamp the twin lead, A pair of solder lugs is provided to make connections be: 
‘tween the antenna element and the transmission line (either twin lead or leads from 
abalun), The screws and nuts used to fasten the two halves of the insulator are made 
of nylon to prevent interaction with the antenna. 

Aside view is shown in Fig. 28-11C. Note that the twin lead causes gap that can 
atch water, I also makes it possible to break ane or both insulators by overtightet 
ing the nuts. In order to prevent this, a gasket of similar material is gued into the 
space as filler. The gasket material should be about as thick as the twin lead. 

Ifyou opt for a balun transformer, then it can be wired to the downlleg of the tee 
insulator using the holes that normally would clamp the twin-lead transmission line, 

An end insulator for twin-lead antennas is shown in Fig. 28-12. It is constructed 
ina similar manner to the center insulator. Two scenarios are possible, The first, and 
‘that used in a test antenna, is to make the clamping fixture from metal such as 3- to 
6-mm brass or copper stock, The ends of the antenna wires are shorted, so this is not 
a great. problem, 

Anend insulator is then used with a rope in the normal manner. A chain-link sec 
tion is used to fasten the clamping fixture and the end insulator. I attempted this 
with a nylon chain link, about 1.5 * 2.5 in, from a do-it-yourself hardware store, It 
y With a bit of difficulty that the ends were pulled apart, slipped into both the 
end insulator and the clamping fixture, and then reclosed. 

‘The second approach is to make the clamping fixture out of the same material as 
the center insulator. It then becomes the end insulator, so the other end insulator and. 
‘that cursed chain link can be ignored. If you opt for this approach, itis a good idea to 
sinootl and polish the rope hole on the clamping fixture to prevent chaffing of the rope. 


Masts and other supports for wire antennas 


‘The end supports of the antenna can be anything that provides height: a mast, a tree, 
or the roof line of a building, Figure 28-13 shows the use of @ mast, but either of the 
other forms of support could be used as well. The support rope is not tied off at the 


28-12. Folded dipole end insulator. 
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28-13 Mounting mast schemes 


top, as is true in all too many installations, but rather is brought down to ground level 
‘This approach facilitates raising and lowering the antenna for maintenance and tuning, 
Be sure to provide enough “dead stack” to make lowering the antenna feasible 

‘The antenna support rope is connected to a spring on one end and a counter~ 
‘weight on the other end, The spring should be stout enough so that itis only slightly 
extended when the full weight of the antenna places it in tension, [ have used door- 
springs for this task, but only the stoutest varieties, 

‘The counterweight should be just enough to balance the weight of the antenna 
and keep it not quite taut. As wind moves the antenna up and down, the eounter- 
weight raises and lowers, thereby reducing the chances of straining the antenna 
wires to thelr limit, Any number of counterweights can be used. I have seen a num 
ber of types: drapery cord weights, a small bucket of rocks, a gaggle of Hshing 
weights, and (in one case) a burned-out automobile starter motor (the mounting 
hole on the front boss of the motor was ideal for accepting the rope). 

Figures 28-144 and 28-148 show two methods for making the connections at the 
top of the mast, Although egg insulators are shown here for the sake of fairness (the 
alternate form was shown earlier), either form can be used. A pulley is mounted on 
the top of the mast with a link section and a stout eyebolt that passes through the 
mount. In the case of a tree, [have used a steel band of the type used to mount TV 
antennas to house chimneys. By making the down rope a closed loop, you gain the 


——— 


Chap28_carr 


4/13/01 11:20 AM Page S58 © 


558 General antenna mechanical construction techniques 


B 


28-14 ‘Two alternate pulley systems for wire antenna mounting, 


ability to raise and lower the antenna, But do not let a loose end slip, or you will be 
chasing the rope up the mast as it slips through the pulley. 

Pulleys work nicely, but they are mechanical contraptions that tend to fail ocea- 
sionally. When they fail the rope gets stuck. Pulleys also can corrode rather badly, 
with the same end result, Alli all, pulley is not the best solution for mast people 

Figure 28-15 shows a better way. In this approach, a U-bolt is fastened to the top 
of the support mast. I'the U-bott is made of brass, then all the better, for it will not 
corrode. The rope can be passed through the U-boltas in the pulley system but with- 
ut the mechanical failure problem. Be sure to install the U-boltall the way up to the 
tiureads so that the rope will not chafe against them, 

‘The method shown in Fig. 28-16 can only be used by a horse lover! This method 
uses a brass stirrup in place of the U-bolt. Ifyou have switched to cars or trucks and 
no longer need your horse stirrups, then perhaps this isa viable means of attaching 
the support rope to the top of the mast 
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Installing vertical antennas 


Despite continuous (and mostly untrue) stories of very poor performance, the four- 
or five-band commercially manufactured trap vertical antenna remains one of the 
‘most popular amateur radio “antlers” in the HF bands. They are economical com- 
pared with directional rotating beam antennas, easy to erect, and do not have to o¢- 
cupy a lot of real estate (the “footprint” of the vertical can be very small, especially 
if you bury the radials). Unfortunately, a misinstalled vertical is both dangerous and 
avery poor performer. This section covers both problems in order to give you a good 
chance of success. 


Electrical installation 


Figure 28-17 shows the usual form of multiband trap vertical antenna, Each trap 
(7RI-TR3) is a parallel resonant LC tank circuit that blocks a certain frequency but 
passes all others. In Fig. 28-17, TRI is the 10-m trap, TRE is the 15-m trap, and TRI 
is the 20-m trap. No 40-m trap is needed because the antenna resonates the entire 
Tength of the tubing on 40 m. Each section (except perhaps the 10-mn section) is ac 
{ually a little shorter than might be expected from the standard quarter-wavelength 
formulas. This is because the traps tend to act inductively and so lessen the length, 
required to resonate on any given band. 

‘The vertical antenna manufacturer might give suggested lengths for the various 
segments between traps. Do not make the mistake of assuming that these are sb- 
solute numbers, They are only recommended starting points, even thougth the liter 
ature packed with the antenna may suggest otherwise. Loosely (meaning do not 
tighten the clamps too much) but safely install the antenna, and then adjust each 
segment for resonance. Start with the 10-m band, and then work each Iower-fr: 
quency band in succession: 10-15-20-40, etc, After each lower band is adjusted, 
recheck the higher bands to make sure that nothing has shifted, because there might. 
bea little interaction between bands. Once the antenna is properly resonant, tighten 
the clamps, and make the final installation, 1 know this is a pain in the neck, and 
‘means pulting the antenna up and taking it down a couple of times, but it pays divi- 
lends in the end. [ failed to do this once and found that the 15-m band was useless; 
it resonated at: 19.2 MHz, 

Radials make or break a vertical antenna; they form the ground plane for the an 
tenna. AM broadcast stations typically use vertical antennas and must have 120 ra 
dials for the ground plane. Antenna reference books usually contain a graph plotted 
to show the effectiveness of radials and demonstrate a decreasing return on invest 
ment after about 32 radials. For amateur work, I recommend not less than 2 radials 
per band, and preferably 4, arranged so that they are equally spaced around the an- 
tena. If you cannot space them correctly, never fear; they will work anyway. On a 
four-band antenna, this means 16 radials, which really is not a lot. OF course, the gen- 
ceral rule is that the more radials, the better is the antenna, at least up to the point 
Where disninishing returns are realized. 

The radials are made of no, 14 wire and must be a quarter wavelength 
(246/F,,.). Figure 28-18 shows how to mount the radials on a mast-mounted (or 
roof-mouinted) installation, and Fig, 28-19 shows radials in a ground-mounted situa 
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™ 28-17 Mounting eorunercial trap vertical, 


ie 


tion. Ido not recommend radials on the surface for ground-mounted antennas. It is 
too easy for a guest or even a trespasser to trip over the radials, and this could land 
you in court. Wire radials can be buried using a spade tip to cut a 3- to d-in slit, and 
they even make for a better ground, 


Ground mounting verticals and masts 
In the preceding section, the essential assumption was that the antenna is mounted 
above ground, on a mast or other support. In this section you will take a look at the 
‘methods of ground mounting the antenna or its mast. The same mast ideas are also 
useful for erecting supports for dipoles and other wire antennas, 

Figure 28-20 shows a standard chain-link fence post used as a support for either 
a vertical antenna or a mast (which could be metal, PVC, or wood). The typical fence 
post is 1.25 to 2.00 in outside diameter and made of thick-wall galvanized steel. Thus 
such a pipe makes a tough installation. Some authorities believe that the pipe will 
last longer if painted its entire length (especially the underground portion) with a 
rust-inhibiting paint such as Rustolewrn, 
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28-18 Feeding the mast-mounted vertical antenna. 


Sto in, or more 
Cons 


i 


Buried radial 


28-19 Feeding the ground-mounted vertical antenna, 


‘The beauty of the fence post as an antenna support is that itis relatively easy to 
install, and supplies are obtained easily from hardware stores. The post is mounted 
in a concrete plug set at depth D in the ground (see again Fig. 28-20). The depth D 
is a function of local climate and local building codes. In the absence of local regula- 
tions to the contrary, make the hole at least 24 in deep (or more), The depth is de 
ear depth of the frost line in your area, a figure well familiar to 

egal for 


termined by the 100 
local building experts. Keep in mind, however, that shallower depths may be 
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28-20 Fence post mounting. 
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feice posts, but installation of a vertical antenna (or snast) on top of the fence post 
changes the mechanical situation considerably. 

‘The hole can be dug with a post-hole digger tool or an earth-auger-bit tool. The 
latter often can be rented in either gasoline engine, electrical motor, or manual ver~ 
sions from tool rental stores, 

Once the hole is dug, place about 4 in (or local requirement) of gravel at the bot 
tom of the hole. This gravel can be bought in bags from hardware stores for small 
jobs. The post is installed at this point and made plumb (Le., itis made to sit vertical 
in the hole). Gravel can be used to force the post to remain upright as the job is fin 
ished. On top of the gravel is a concrete plug that fills the hole to at least 4 in below 
the surface. The rest of the hole is backfilled with dirt, unless you want the plug to 
‘extend all the way to the surface. Do not put anytlting on top of the post for at least. 
4 days or whatever period of time the concrete manufacturer recommends, Conerete 
needs time to cure, and 4 to 7 days seems to be the recommended period of time. It 
is probably a good idea to install the post one weekend and then complete the an- 
tenna installation the following weekend, 
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Fig. 8. Per Antenna Rate Control (PARC), 


To solve this problem, PGRC is used 
where a feedback is required per group of 
This the feedback 
information while maintaining almost the 
same performance of PARC [24] 


antennas. reduei 


4.4.3 Per User Unitary Rate Control 
(PURC) 


PU'RC is a multi-user closed-loop MIMO. 
system, Each user feeds back the CQI to 
the base station, The base station uses the 
CQL to determine the modulation and 
coding schemes per user. In addition, base 


station can apply unitary pre-coding and 
adaptively select the number of transmit 
antennas (rank adaption) [25} 


V. Smart Antennas 


5.1 Introduction 


‘Smart antenna was born in the carly 
1990s 
antenna 


when well developed adaptive 
originate from Radar 


‘Smart antenna technique is 


arrays 


wireless communications 


system, Recently, Smart antenna technique 
has been proposed as a promising solution 
to the future generations of wireless 


communication systems, such as the 
Fourth-Generation mobile communication 
systems, broadband wireless ss 


networks, where a wide variety of services 
through reliable high-data rate wireless 
channels are exp Smart antenna 
technique can significantly increase the 
data rate and improve the quality of 


3s transmission, which is limited by 
interference, local scattering and multipath 
propagation [26], [27]. Smart antennas 
offer the following main applications in 
hhigh data-rate wireless communication 
systems [28], [29] 


© Spatial Diversity 


© Co-channel interference reduction 

© Angle reuse or space division 
multiple access (SDMA) 

© Spatial multiplexing 

Smart antenna system canbe 

categorized into three main groups 


Phased antenna array system, switched 
beam systems, and adaptive antenna array 
system. To match the characteristics in 

ch frequency chain of the 
transmitter and re 


radio 


calibration is required in smart antenna 
systems nique 
can compensate the errors such as the 
distortions of frequency 
components due to small environment 
the nonlinear characteristics of 
amplifier and attenuator, UQ 
imbalance errors, ete 


On-line calibration 


radio 


5.2 Phased Antenna Array System 


Phased antenna array is a group of 
antennas in which the relative phases of 
the respective signals feeding the antennas 
are varied in such a way that the effective 
radiation pattern of the array is reinforced 
in a desired direction and suppressed in 
undesired directions. 
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Chain-link fence posts tend to be about 4 ft high, and this is sufficient for instal 
lation of masts for inverted-V and dipole support. However, for vertical installatior 
make the height #7 of the post about 18 in (otherwise, the antenna tries to act differ- 
ently from the instructions). 

Ifthe antenna is a standard vertical with the usual form of offset base (as shown 
in Fig. 28-20), then use either the mounting brackets that come with the antenna or 
U-bolts fastened around the fence post. Never use a single mounting point; always 
Use at least two-point mounting to prevent the antenna from pivoting and shearing 
off the mounting hardware, 

Figure 28-21 shows how to mount a2 % 4 mast to a fence post. Good-quality 
X 4 lumber can be purchased in lengths up to 20 ft, although, 8-, 10-, 12-, and 16-ft 
Jengths are the most commonly available (in my area, 16- and 20-ft lengths have to 
‘be bought at professional “contractor” lumberyards rather than those which serve 
homeowners). The 2 X 4 selected should be kilt-ried and pressure-treated. It also 
should be painted in order to minimize the effeets of weathering on the mechanical 
integrity of the installation. Good-quality 2 % 4 lumber is relatively inexpensive, but 
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the less costly material (Which is only marginally less costly than the best) will warp 
and ruin the installation within 1 year. 

‘The 2 X dis attached to the fence post using U-bolts. A2 X 4 scrap is used as a 
‘wedge to take up the difference between the post and the mast. In some installations, 
the U-bolt will go around the perimeter of the 2 * 4, whereas in others a pair of holes 
will be drilled in the 2 X 4 to admit the U-bolt arms. The U-bolt must be at least 
in no. 20 thread, and either a 's-in bolt or a Yo-in bott is highly recommend if the 
‘mast supports any significant weight. Some installers lke to place a brick at the base 
ofthe 2 X 4. This support bears the static and dynamic loads (Le., gravity and wind) 
that eventually would cause the mast to list becanse of the eccentric loading on the 
footer. The auxiliary purpose is to keep the butt end of the 2 X 4 off the ground and 
thereby prevent rot. Some additional mechanical stability might be afforded by re- 
placing the brick with a cinder block that is filed with conerete. Another approach is 
to install a pressure-treated 4 X 4 of the sort used to support decks (Fig. 28-22). 
Hardware stores and lumber yards sell the specially treated 4 % 4 posts and the con- 
crete for the footers. These footers are dropped onto a gravel bed at the bottom of a 
hole (see the preceding section for a discussion of how deep the hole must be). A 
typical deck footer has a plastic or heavy-duty metal mount to support the 4 X 4. A- 
ter the footer and mount are installed, the hole is backfilled with soil. Some people 
prefer to backill, at least to a point above the mount, with Duilder's gravel (of the 
same sort as used beneath the concrete footer), or concrete can be used for mast 
‘mum stability 


Installing towers 
Antenna towers are used extensively in amateur and commercial radio communica- 
tions systems for a yery obvious reason: Antennas tend to work better “at altitude 

than on the ground, Amateur operators tend to install 30- to LO0-ft towers, although, 
the 40- and 50-ft models probably predominate for practical (and in some areas 


28-22 4x dantenna support 
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legal) reasons. Local laws vary considerably, from one area to another. Be sure to 
consult the bureaucracy before erecting a tower 

In my own area, a 30-ft tower that is physically attached to a two-story house 
does not need a permit or inspection (but must be constructed according to certain 
regulations), although anything mounted away from the house (or at a height 
greater than 30 fl, if attached to the house) requires a permit and the usual me- 
chanical inspection. The law requires that an inspection be performed when the hole 
{or the footing is completed and 4 in of gravel is on the bottom. The inspector will 
take a yardstick and measure both the depth of the hole and the depth of the gravel. 
‘A final inspection is performed when the antenna is installed, Prior to all this mess, 
a permit must be obtained (which means drawings submitted). 

Several different types of towers are used by amateurs. Somte are squaire-base de- 
signs, and others are triangular-base designs. At least one commercial model isa 
round pipe that has a rotator at the base. In this model, the entire tower turns when 
the antenna is rotated. Several tower configurations are seen commonly. Figure 28-23 
shows the fixed form of tower. This type of tower costs the Ieast, and a case can be 
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made for it also being the most stable. It is made of 10-f¢ sections and an 8- to 12-ft 
top section that contains the thrust bearing for the antenna mast and rotator mount- 
ing platform, Some fixed towers are self-supporting up to a point, but the use of guy 
wires is always recommended unless a firm mounting point (against the side of a 
building, for example) is provided about 18 ft above the surface. The fixed tower can 
‘be made to tilt aver at the base by using a hinged baseplate on the mounting pedestal 

‘The tlt-over tower is shown in Fig. 28-24, This type of tower uses the same sort 
of construction as the fixed model but is hinged at a point between one-third and 
one-half the total height. A winch at the base drives a steel wire that is used to raise 
or lower the tower between fully extended and fold-over positions. 

Still another configuration is shown in Fig. 28-25. This type of tower is the slip 
up variety. A wide base section supports a smaller movable upper section, A winch is 
used to lit the upper section into its fully extended position. ‘Typical examples will 
raise from a low position of 20 M, to a height of 40 ft or so when fully extended (or 
20/50 ft), When the tower is fully extended, itis locked into place at the bottom of 
the upper section with steel bolts. A lot of shear force is applied to these bolts, soit 
is wise to use several very hard stainless stee! bolts for the lockdown. 

‘There is a serious danger inherent in the design of the slip-up tower: the guillo- 
tine effect. If the upper section comes loose while you are working on it, it will come 
plummeting down the shaft formed by the lower section and shear off any arms, legs, 
or other body parts that get in the way. Whenever you work on this form of tower, 
use steel fence posts (or similar pieces of metal) as a safety measure (Fig. 28-26); at 
least two should be used, and both should be attached securely at both ends with 


28-24 Fold-over tower 
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rope. The purpose of the rope is to prevent the safety pipes from working loose and 
falling out. These pipes are used in addition to, not instead of, the normal bolt fas 
teners that keep the antenna tower erect 

‘The antenna tower, regardless of its configuration, is typically installed on a 
buried pedestal made of conerete (Fig, 28-27). The construction must follow local 
laws, but there are some general considerations to keep in mind, The surface area of 
the pedestal is 242 to 262 in. The top surface is fitted with either a fixed or hinged 
baseplate (which must be installed before the concrete sets). The depth of the 
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pedestal and the depth of the gravel hase tend to reflect the local frost line. Regardless 
‘of how general local law is, good advice is to make the pedestal at least 28 in deep— 
even if local law permits less. 

Raising the tower can be accomplished by either of two methods, although, in 
iy opinion, only one of them is safe. Figure 28-28 shows a method by which the 
tower is laid out on the ground and then raised with a heavy rope over a high support 
(Buch as the peak of the house roof). This method is dangerous unless certain pre 
cautions are taken, For example, a support must be placed beneath the antenna as 
itis mised. This requirement means that a constantly inereasing height of the tower 
demands a constantly increasing lower support. 

‘The end-over-end method of raising a tower is shown in Fig. 28-29. A “gin pole” 
is required for this job. The gin pole is a length of pipe fitted with a pulley at the top 
and a pair of clamps at the bottom. The gin pole is clamped onto the top end of the 
highest section so that it can be used to raise the next 10-ft section into place, where 
it can be bolted down. The gin pole is then raised to the top of the newly installed 
section, where the operation is repeated again. The end-over-end method is pre 
ferred by tower manufacturers and is the method recomunended by most of them. 

The antenna tower will be most stable if guy wites are installed at appropriate 
places determined by the tower manufacturer. Although snany people are inclined to 
install towers “free standing” and some towers are advertised as such, itis always 
ood practice to use guy wires attached to at least one point (or more, for tall tow 
fers). Use at least four guy wires on a square tower or three on a triangle tower (or 
in each direction), Figure 28-80 shows two methods for securing the guy wires to the 
ground. One approach is to bury a heavy concrete or metal “deadman” weight un- 
derground. Alternatively, use at least one 4- to 6-f pipe (1 to 1.5.in in diameter) 
buried up to a length of 12 to 24 in (18 in is shown in Fig, 28-30). 

Note It is absolutely essential to use safety belts when climbing a tower. Use 
two belts that are completely independent of each other so that no “single-point fall 
ure” can eliminate the belts function. Always keep one belt fastened to the tower; 
when climbing, unhook one belt and move it up on the tower, and then disconnect 
the other only when the first is reattached. Be sure to inspect the belts prior to use 
Leather and metal wear out and break, and you do not want to find that failure at 50 
up. Also, do not buy cheap belts. 


28-28 Dangerous method for erecting tower 
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CHAPTER 


Grounding the antenna: 
What is a good ground? 


‘THE SUCCESS OR FAILURE OF A RADIO ANTENNA SYSTEM OFTEN (PERHAPS USUALLY) 
hangs on whether or not it has a good RF ground, Poor grounds cause most anten 
nas to operate at less than best efficiency. In fact, itis possible to burn up between 
50/and 90 percent of your RF power heating the ground losses under the antenna, in 
stead of propagating into the air. Ground resistances can vary from very low values 
of 5 Q, up to more than 100 Q (5 to 30 Q is a frequently quoted range). RF power is 
dissipated in the ground resistance. The factors that affect the ground resistance in- 
clude the conductivity of the ground, its composition, and the water content. The 
ideal ground depth is rarely right on the surface, and depencling on local water table 
level might be a couple meters or so below the surface. 

Tt is common practice among some amateur radio operators to use the building 
electrical ground wiring for the RF antenna grouncl of thei station, Neglecting to in 
stall an outloor grouncl that will properly do the job, they opt instead for a single 
connection to the grounded “third wire" in a nearby electrical outlet, Besides being 
dangerous to work ith, unless you know what you are doing, this is also a very poor 
RF ground. It is too long for even the low RF bands, and radiates RF around the 
house in large quantity. Stations that use the household electrical wiring as the radio 
ground tenul to cause TV interference, broadcast interference, and other electro 
rtugnetic interference both in their own building and in nearby buildings. 

Fortunately, there are some fixes that will help your situation, We can reduce 
the ground resistance by either altering the composition ofthe earth surrounding the 
‘ground point, or by using a large surface area conductor as the ground point 

Figure 29-1 shows the traditional ground rod used on small radio stations, in- 
cluding amateur stations. Use either a copper (or copper-clad steel) rod atleast 6 ft 
long (8 ft preferred). Electrical supply houses, as well as amateur radio and commu 

ations equipment suppliers, also sell these ground rods, Do not tse the nonclad 
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Phased antenna array system is usually 
utilized in radio frequency (RF) ot 
intermediate frequency (\F) with the 
system central frequency larger than 10 
GHz, such as satellite communication 
system [30]. There are two main different 
types of phased arrays, also. called 
beamformers, There are time domain 
beamformers and frequency domain 
beamformers, 


5.3 Switched Beam System 


‘The switched beam method is considered 
as an extension of the current sectorization 
scheme. In the switched beam approach, 
the sector coverage is achieved by 
multiple predetermined fixed beam 
patterns with the greater gain placed in the 
centre of a beam [30]. When a mobile user 
is in the vicinity of a beam, then the 
signals at the output ports will be given as 
in (5). This enables the sw 
system to select the signal from the output 
port corresponding to that beam. As the 
mobile moves to the coverage of another 
beam during the call, the system monitors 
the signal strength and switches to other 
output ports as required. A basic switched 
beam antenna architecture is shown in Fig. 
9, And Fig. 10 illustrates the produced 
antenna pattern with 4 antennas, 


ed beam 


VD =S,(OG(NY (NG) (3) 


where yi() is the total signal appearing at 
port i, 9(f) is the signal source, f(t) is the 
interfering signal source located at 
arbitrary angles @), G, is the transfer 
function between signal source along the 
main beams and their corresponding 
output ports, Gy is the transfer function 
between interference signal / and port i 


Fig.9. Functional block diagram of 
switched beam system, 


a ee } 
‘tga dection [Segres| 


Fig.10. Produced antenna pattern of 
switched beam system with 4 antennas, 
Switched beam systems can offer 
several advantages, including 


® Low complexity and cost. Since 
switched beam system only requires a 
beamforming network, RF switches, 
and simple control logic, they are 
relatively easy and cheap to 
implement, 

® Moderate interaction with base 
station receivers, In practice, 
switched beam system can simply 
replace conventional sector antennas 
without requiring significant 
modifications to the radio base 
station antenna interface or the 
baseband algorithms implemented at 
the receiver. 

© Coverage extension. The antenna 
array aperture gain will boost the link 
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"To transmitter 


dba eae gaia islnis 


ccopper-clac 
steel rod 


steel types sold by some electrical supply houses. They are usable by electricians 
When making a service entrance ground on your home or workplace, but RF appli- 
cations require the low skin resistance of the copper-clad variety. The rod need not 
be all copper, because of skin effect forcing the RF current to flow only on the outer 
surface of the rod. Try to use an 8-ft rod if at all possible, because it will work better 
than the shorter kind. Do not bother with the small TV-antenna 4-f¢ ground rods, 
they are next to useless for HF radio stations. Drive the ground rod into the earth un: 

til only 6 in or so remains above the surface. Connect a ground wire from your 
station to the ground rod, 

‘The ground wire should be as short as possible. Furthermore, it should be a low- 
inductance conductor, Use either heavy braid (or the outer conductor stripped from 
RG-8 or RG-11 coaxial cable) or sheet copper. You can buy rolls of sheet copper from 
‘metal distributors in widths from 4 in up to about 18 in. Some amateurs prefer to use 
-in-wide foll that is rated at a weight of 1 Ihfiinear ft. Sweat-solder the ground wire 
to the rod, You can get away with using mechanical connections like the electricians 
use, but you will eventually have to service the installation when corrosion takes its 
toll. I prefer to use soldered connections, and then cover the joint with either 
petroleum jelly or aerylic spray lacquer. 

Another alternative is to use a eopper plumbing pipe as the ground rod. The pipe 
can be purchased in 8-ft through 16-f1 lengths from plumbing supply shops or hart 
"ware stores. The pipe selected should be 4 in or larger. Some people report using up 
to 2:in pipe for this application, ‘The surface area of the hollow pipe is greater than 
that ofa solid rod of the same diameter. Because of certain current flow geometries 
in the system, however, the ground resistance is not half the resistance of a rod of 
the same diameter, but is nonetheless lower. 

Driving a long pipe into the ground is not easily done. Unlike the copper-clad 
steel rod, the pipe has no compression strength and will deform when you hit it 
with a hammer or other driving tool. To overcome this problem (see Fig. 29-2) 
you can use a garden hose as a water drill, Sweat solder a tee joint on the top end 
of the pipe, and then sweat-solder a faucet fitting that matches the garden hose 
end on one end of the tee joint. Cap off the other port of the tee joint. Use the tee 
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Faucet ‘Tee 
Garden, fitting 
hoe End 
cap 
S-foot 
copper pipe 
29-2 Hose method of installing 
round pipe 
Bevel Ground 


Nt 


joint as a handle to drive the pipe into the ground. When water pressure is ap- 
plied, the pipe will sink into the ground as you apply a downward pressure on the 
tee handle, In some cases, the pipe will slip into the ground easily, requiring only 
a few minutes. In other cases, where the soil is hard or has a heavy clay content, 
it will take considerably greater effort and more time. When you finish the task, 
turn off the water and remove the garden hose, Some people also recomunend 
unsoldering and removing the tee join 


Altering soil conductivity 


‘The conductivity of the soil determines how well, or how poorly, it conduets electr- 
cal current (Table 29-1). Moist soil over a brackish water dome conducts best 
(Southern swamps snake better radio station locations), and the sand of the western 
deserts makes the worst conductor. Figure 29-3 shows a method for reducing the 
soil electrical resistance by treating with one of two chemicals: copper sulfate or 
‘common rock salt. The rock salt is one of several salt materials used for snow and ice 
‘melting in snow-prone areas of the country. If you cannot locate rock salt in a hard- 
ware store, then look for a store that sells ice-cream-making supplies. Rock salt is a 
principal ingredient in the process (but not the product). 
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‘Table 29-1, Sample soil conductivity values 


Dielectric Conductivity ‘Relative 
‘Type of soil constant (siemens /meter) quality 
Salt water al 5 Best 
Fresh water 80 0,001 Yery poor 
Pastoral hills 14-20 .03-0.01 Very goo 
Marshy, wooded 12, 0.0075 Average/poor 
Sandy 0 0.002 Poor 
Cities a5 0,001 Very poor 
A toBin 
layer of 
rocksaltor —g 
copper sulfate Ground rod 
29-34. Ground rod with 


“improved” ground. 


6to10 


‘Trench, 


29-38 ‘Trenching pattern. 


Figures 29-34 and 29-38 show side and top views (respectively) of a slit trench 
method of applying the chemical treatment. Dig a 6- to 10-in-deep trench, about 12 to 
24 in from the ground rod. Fill that trench with a 4- or 5-in layer of rock salt or copper 
sulfate, Cover the remaining depth with soil removed when you dug the trench, Water 
the trench well for about 15 minutes. The treatment will need to be repeated every 12 
to 36 months, depending upon local rainfall and soil composition, 

Figure 29-3C shows an alternative method: the salt pipe. Use either copper or 
PVC plumbing pipe, up to 4 in diameter (although 2 to 3 in is easier to work). The 
overall length of the pipe should be at least 18 to 24 in, although longer is useful. 


—o— 
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End eap, 


2 or in 
29.3C Slow release ground treatment copper or PVG 
ripe. pipe filled 

with rock salt or 

‘copper sulfate 


1810 24in 


End cap. 


Drill a large number of small holes in the pipe (no hole over in), sparing only the 
end that will be above the surface. Fill with rock salt or copper sulfate and cap off 
both ends, 

Install several salt pipes around the ground rod. Installation is best accom- 
plished with a fence posthole digger. Drop the salt pipe into the hole and backfill 
with water. Remove the top endeap and hose down for about. 15 minutes. Refill the 
pipe occasionally to account for the salt leaching out. 


Multiple ground rods 


‘The key to a low-resistance ground is the surface area in contact with soil, One means, 
for gaining surface area, and thereby reducing ground resistance, is to use multiple 
ground rods. Although multiple 4-f rods are better than a single 4-ft ground rod, the 
use of 6- or 8-Mt rods is recommended even in cases where multiple rods are used. 

Figure 29-44 shows the use of three ground rods in the same system. The 8-ft 
rods are placed 12 to 18 in apart for low- and medium-power levels, and perhaps. 
30 in for higher amateur power levels. An electrical connection is made between 
the rods on the surface using either copper stripping or copper braid. The con 
nections are sweat-saldered in the manner described above, with the feedpoint at 
the center rod. 

Figure 29-48 shows a more complex system with a larger number of rods laid 
out in an array. The rods are arrayed about 24 in apart, As in the previous ease, the 
rods are electrically connected (by braid or foil) on the surface. Again, connection to 
the system is made from the rod at the geometric center of the array. 


Radials/counterpoise grounds 


‘The effectiveness of the ground system is enhanced substantially by the use of ra 
dials either above ground or buried under the surface. Figure 29-8 shows a vertical 


—— 
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To 
XMTR 


29-4 Multiple ground rord system. 


Ground 
rods 


29-48 Connection scheme. 


antenna with three different forms of radials: aboveground, subsurface, and ground 
rod. It is not unreasonable to use both radials and a ground rod, Note (from Chap. 7) 
that vertical antennas are relatively ineffective unless provided with a good ground 
system, and for most installations that requirement is best met through a system of 
ground radials, 

Anellective system of radials requires a large number of radials. Although as few 
‘as two quarter-wavelength resonant radials will provide an improvement, the best per- 
formance is to use more. Broadcasters in the AM band (650 to 1640 kHz) are advised 
to use 120 half-wavelength radials. Installing more than 120 radials is both expensive 
and time-consuming, but does not provide any substantial improvement. For amateurand 
small commercial stations, use a minimum of 16 quarter-wavelength radials, 

Above ground, the use of insulated wire is recommended, but not required. Be 
low ground, noninsulated wire is preferred. Although some sources claim that any 
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Antenna element 


Above ground 


29-5. Combining radials 


ground rod and 
buried radials 


Below ground. 
radials 


Ground Rod 


size wire from no. 26 up to no. 10 can be used, it is best to use larger sizes in that 
range (Le., no. 14 through no. 10). Either solid or stranded wire can be used. 

‘The layout for a system of radials in a vertical antenna system is depicted int a 
view from above in Fig, 29-6. Here, the radials are laid out in a uniform pattern around 
the antenna element. This coverage provides both the lowest resistance and the best 
radiation pattern for the antenna. Solder all radials together at a common point, 
Which might be the ground or mounting rod used to support the vertical antenna, 


Station grounding 


It does no good to provide a topllight ground system, such as those shown earlier in 
this chapter, if the connection between the station equipment and the ground sys: 
tem is substandard, Figure 29-7 shows a method used by the author to good effect. 
‘On the back of the operating position is a sheet of copper, 7 in wide, running the 
Iength of the equipment platform. This form of copper, in the I-Ib/sq ft weight, is 
used on older houses for roofing flashing. Each piece of equipment is connected to 
the ground sheet through a short length of braid harvested from RG-8 or RG-1L 
coaxial cable shield, RF accessories, such as the low-pass TV interference Olter (if 
used—it should be) are mounted directly to the copper sheet. In one installation, the 
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Antenna 


Radials 


29-6 Radial patter, 


author was able to drop the copper sheet down from the table to connect directly to 
the ground system outside the building. The run was less than 40 in, But in other 
cases, a short length of braid wire will be more practical. 


Tuning the ground wire 


An alternative that some operators use is the ground wire tuner. These instruments 
insert an inductor or capacitor (or a LC network) in series with the ground line. You 
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‘Tuner 


XxMTR 
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TLaw-pass Hiker [Spout filter 


29-7 Ground system inside shack. 
Tin. wide: 

Lbisq ft 

copper sheet 


S10 


ground rod 


adjust the ground line tuner for maximum ground current at the operating fre 


quency. MFJ Blectronics, Inc., Mississippi State, MS, makes one of these devices 


Conclusion 


A high-quality, low-resistance ground might seem costly to install, but in reality it 
pays rich dividends in the functioning of your antenna, Don’t overlook the quality of 
the ground, or you might be in the position of being penny wise and pound foolish. 
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budget, which could be translated to a 
coverage extension. 


5.4 Adaptive Antenna Array 
System (AAA) 


Adaptive antennas date back to 1959. 
‘The original work was attributed to L. C 
Van Atta’s work, Electromagnetic 
Reflection, Since then, adaptive 
beamforming techniques have been 
employed to remove unwanted noise and 
jamming from the output, mainly in 
military applications. With the thriving 
commercial wireless communication 
industry and the advancing 
microprocessor technologies, the adaptive 
beamforming techniques have found their 
applications in commercial wireless 
communications. With powerful digital 
signal processing (DSP) hardware at the 
base-band, algorithms could control 
antenna beam pattems adaptively to the 
real signal environment, forming beams 
towards the desired signals while forming 
nulls to co 
system performance is optimized in terms 
of link quality and system capacity (31. 
Adaptive antenna array can be utilized in 
the transmitter side, which is known as 
transmit beamforming (TXBF) or in the 
receiver side, which is called receive 
beamforming (RXBF) 


wannel interferers. Thus, the 


5.4.1 Transmit Beamforming (TxBF) 


The implementation of adaptive antenna 
array technique in a handset is difficult 
with today's hardware due to its 
limitations in size, cost, and energy 
storage capability, while it is feasible to 
adopt antenna arrays at base stations. 


Transmit beamforming provides 
powerful method for increasing downlink 
capacity [32]-[35]. The idea of TXBF is 
similar to the pre-coded MIMO technique 
but with different strategies to calculate 
the transmit weight vector. TxBF adjusts 
the antenna main lobe towards to the 


desired user and reduce the interference to 
other users. A simple illustration of TxBF 
is shown in Fig, 11 


Fig.11. An illustration of TxBF, 


Eigenvector TxBF Algorithm 


Eignenvector TxBF algorithm is widely 
used for TXBF. The eigenvector of the 
spatial covariance channel matrix is 
caleulated as 

R, =H ©) 
where R,, is the autocovariance matrix of 
the desired user's signal, and His the 
spatial covariance channel matrix. The 
eigenvector ma Which corresponds to the 
largest eigenvalue will be selected as the 
‘weight vector [36]. One example of beam 
pattem for 4 uniform linear array elements 
is shown in Fig 12. 
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A 
absorbed power (P.), transmission 
lines, 113-114 
absorption of ralerowaves, 98 
“Adeoek antennas, 446-447, 448, 
49 
Advack, Fy 446 
tadjustable plunger or short-creult 
termination, microwave wave- 
‘uuldes and antennas, 388, 388 
fadjustinent techniques (See mea- 
surement wad adjustment 
Techniques) 
admittance, 100, 105, 112-114 
alr care frame loops (*box” loops), 
‘300-205, 204 
alr-articulated line, 62-69, 68 
airborne radio, 20 
Alexandergon alternators, 2 
Aluminum ws. copper radiators it 
high-frequency dipotes and 
doublets, 154 
AM radio, 47,55 
Beverage or “wave” antenna in, 
224-928, 226, 228, 229 
vertically polarized HF antennas 
In, 186 
radio direction finding (RDF) 
antennas in, 439 


AMUPM broadeast austenna tower, 4 
amateur radio, 2,3, 29, 49, 85 
Joop antennas, snall recelver-type 
‘in, 902, 
multiband and tunable-sview 
antennas in, 203, 
vertically polarized HP antennas 
in, 176, 179, 186 
ammeter, 590, 830 
Amplifier, for nop antennas, small 
recoivertype, 313-916, 316 
amplitude modulation (AM), 2, 8,29 
Angle of incidence, 16, 16, 22 
anule of radiation, 50, 214, 274,274 
Angle of reflection, 16, 16, 75 
Angle of releetion eoedficlent, 103, 
106, 112 
angle of transmission coefficient 
‘ele, Smith charts, 108, 106, 
angled or bent dipale antenna, 
296-297, 240 
antenna matehing tuner, 981, 285 
antenna noise temperature, 
417-20 
antenna tuning unit (ATU) (See 
also tuning), 463-464, 464, 
465, 
Jn (4/2 large loop antennas, 287 
1a high-frequency dipoles and 
doublets, 152, 172 
In Jongwires, 214 
4a ltd and tunable-wire 
antennas, 210 
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fantenmia tuning unit (ATU) (Cont): 
in vertically polarized HE 
antennas, 173, 
antinades, 87 
aperture and aperture (slot) cou- 
piling, waveguides and antes 
‘has, 390-308, 39a, 402-103 
apex angle, rhormbie beam long- 
wire, 223 
approximation, in high-frequency 
dipoles and doublets, 142-143, 
arcing, 233 
Armstrong osellatoreireult, 313, 
315 
array antennas: 
branch feed systems for, 409, 412 
corporate feed systems for, 409, 
412 
‘atplate array antennas, 11, 413, 
414, 415 
‘phage shifting in, 408, 412, 413 
slot array antennas, 411-13, 419 
solid-state array antennas in, 
408-411 
Watson-Watt Adcock array anten- 
suas, 447-450, 449, 450 
astronomy (Soe radio astronomy 
ennas) 
tmospheric layers and radio prop- 
gation, 14-16, 18, 18, 
40-4542 
tmospheric pressure vs, radio 
‘propagation, 25 
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attenuation, 9-10, 28, 82,96, 82, beam antennas (Cont) burn or shock hazard trough 
S77 ‘ZL-special beam antenna, 20-1, antennas, 191, 195,215,283, 
atte-installed antennas, 232-294, 262-268,262 276, 279 
233 ‘saat Byme, John, 209 
auroral propagation, 54 nlerowave waveguides and 
automatic load control (ALC), 515 antennas, 400, 400, 401 c 
azimuth aspect, high-frequency parabolic “dish” antennas, 407 cable TV, 
dipoles and doublete, 147 bonds in microwave waveguides cage dipoles, 154, 185, 157, 187 
and antennas, 988-390, 889, call signs, 2 
B 390 vapacitance, 126, 198, 526-527 
backlobes in microwave wave- Dent dipole antenna, 296-297, 240 coaxial eable, 69 
guides and antennas, 400,400, Beverage or “wave” antenna, Joop antennas, small receiver. 
224-228, 226, 228, 229 type, 317 
Joop antennas, stall transmitter: 
installation of, 228 type, 321 
multiband aud thnable-wire dnsulators in, 228 trnsinigsion lines, 64 
ant 108-209, 208 ‘maximum effective length (MEL) capacitance tuning of loop 
(See also baluns) 1m, 227 antennas, small recelvertype, 


lune steerable note Beverage 307-308 
‘eoaial cable, 465, 466 antennas, 229, 220 ‘apacitive (probe) coupling in 
ln diteetional phased vertical Beverage, HIL, 25, ‘mjorowave waveguides and 
antennas, 249 Binns, Jack, frst maritime radio antennas, 390-399, 392 
In high-frequency dipoles and distress call, 1-2 vapacitive antennas, 126 
doublets, 186, 171,471 ‘directionality of lopaticks in capacitive reactance, 140 
In longwires, 171, 171 RDF antennas, 441 in high-frequency dipoles and 
rmultiimpedance, 476,477 Disquare loop large antenna, doublets, 149, 
sn anulttband and tunable: 2098-2917, 297 ltmpedaice matching snd, 458 
‘antequias, 208-208, 208, 210 boundary conditions n merowave stg Stlth chats, 100, 102, 
stra rele for, 53-554, B54 ‘waveguides aud antennas, 17 
tapped, 476,47 375-376 capacitors, 124-126, 124 
in VHFTHE transmitting! “bowtie” dipoles, 154, 155, 186, inlongwires, 215 
rocelving antennas, 341-246, 361, 362 in loop antennas, smal receive 
342, 343 , 803-305 type, 304, 807-809 
bandwidth, 2 nd systems for array Inloop antennas, small transmitter 
lnloop antennas, small transmitter antennas, 409, 412 type, 320, 21 
type, 220-821, 920, ridges: in Yagi antennas, 261 
lo. VHFVOHP transmttingteceiving impedance bridges, 519-821, 520, cardoid radiation pattern of sense 
antennas, 339) 524 antenna in RDP antennas, 441, 
basic radio system, 515, 616 noise bridge, 521-692, 521, 822, 442 
Dattery chargers/battery packs, 523 Cartesian coordinate system used 
126, 499-494, 494 RF noise bridge, 522-527, 581 in modeling soltware, 328, 329, 
bean antennas RF power measurement using, 330 
‘cubical quad beam antennas, 52, 882 Cassegrain feed for parabolic “dish 
263-267, 264, 266, 267 British Broadcasting Corporation unten, AD8-109, 409 
snverted baba curt (Thorne (BBC), 54 cavity antennas, 404, 408 
array) antenna, 267-269, 268, broadband impedance matching, in center insulators, 548-850, 549, 
269 1igh-frequency’ dipoles and 350, 551 
‘quad beam VHF/UHF antenna, doublets, 146 eharacteristic impedance (7,), 516 
58, 968, 959 Droadtanded dipoles, 154-157 of Beverage antenna, 226” 
VHEVTHF transmittingfreceiving broadside radiation pattern in oflongwires, 223, 
antennas, 349-952, 981, 352 directional phased vertical of microwave waveguides andl 
Yagi antennas, 257-262, 269, 265, antennas, 246 antennas, 383-384 
349-52, 961, 252 Brooke, EF, 209 of transmission line, 64-67, 89 
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charge, 124-126, 124, 127, 
11-197, 132, 133 
charged sole particles ye. propaga- 
tion, 39) 
lok joints in nlcrowaye wave- 
uides and antennas, 389, 390 
lreular oop transmitter antenna, 
23, 923, 
Citizens’ Rand (CB) radio, 20, 48, 
166, 176, 191, 941, 496 
‘coaxial eable, 59, 61-62, 61, 62 
Doaluns, 465, 466 
capacitance in, 69 
characteristic impedance of, 66 
‘coxa vertical seannier antenna 
using, 965-368, 967, 368 
eutof trequeney (F.) of, 69 
oping out, 437438 
Faraday connection in, 18 
Faraday shield in, 318 
length of, ealeulating, 438 
loop antennas made Using, 318, 
as 
lsses in, 269, 498 
matching section of, quarter. 
wavelength coax, 292 
sultan sud tursableiee 
‘teeta, 208 
testing, 437-438, 487, 438 
velocity factor (V,) of, 248 
vertical coax VHF/UHF antenna, 
‘346-40, 947, 348 
coaxial vertical antennas, 191-194, 
192, 193 
‘coaxial Vertical scanner antenna, 
65-08, 267, 268 
eochannel biterference in loop 


antennas, small receiver-ype, 
‘ana 

coll-loaded mobile antenna, 
480-81, 480 

collinear “Prantl” array antenna, 
165-166, 166 

collier vertical VHE/UHE antenna, 
49, 350 


‘commercial operators, multiband 
and tunable-wire antennas, 203 

complex adittanee, Smith charts, 
105 

‘complex conjugates in impedance 
matching, 458 

CONALRAD station frequencies, 
439 


conductance of transmission lines, 
64 
‘conductivity of soll, 27, 28¢ 
conte of alence, 17 
‘constant reactance elrles, Stat, 
‘hart, 100-105, 
‘constant resistance cirvles, Smith 
charts, 97-100, 99 
‘onstruction techniques (See in- 
stallation and construction 
tecluniques) 
constructive interference, 19 
‘eontinous loading i Low 
frequency operation antennas, 
503, 504-505, 506, 
‘continuous wave (CW), 55 
‘continuous wave trains, 7, 7 
‘coordinate gystens to denote 
dimensions in microwave wave- 
uldes and antennas, 276-877, 
377 
‘coordinate system used in model- 
ing software, 228, 929, 330 
‘copper plumbing pipes as ground 
rod, 574 
‘copper sulfate to alter soll eonduc- 
tivity, 575-676 
eopperweld wire, 244 
core material of transformers, 474 
corner reflector antennas, 404, 
405, 406 
corona effects, 283 
corporate feed systems for array 
‘antennas, 409, 412 
cosmic radiation noise, 37 
‘counterpoise grounds, 677-57 
579 
Jn emergency operations antennas, 
487-488, 488, 
nvlongwire, 170-17: 
‘coupling loop antennas, 3 
306 
‘coupling methods for microwave 
‘waveguides and antennas, 
5390-398 
CQDICQE distress calls, 2 
centical angle, 48 
‘enitical frequeney (F ), 43,44 
‘crass-polarization, 15 
‘cubical quad beam antennas, 
263-207, 264, 266, 267, 121 
‘current, 123, 126, 128, 12, 
191-197, 182, 138 
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ceurrent (Cont) 
in directional phased vertical 
antennas, 248 
in (22 large lop antennas, 289 
ln high-frequency dipoles aud 
doublets, 149-146, 143 
in oop antennas, lage designs, 
299 
in oop antennas, small reeeiver- 
type, 208 
Inoop antennas, small transmitter. 
type, 320 
standing waves of, 134, 185, 
137, 139 
in vertically polarized HF anterwsas, 
175,174 
In oop antennas, small ranstnitter 
type, 223, 
current standing wave ratio 
SWE), 88 
fourrent transformer wattmeter, 
534598, 685, 586, 537 
outof froqueney (F_) 
in mlerowave waveguides and 
‘antennas, 381-383, 
in parabolic “dish” antennas, 406 
eyeles per second, 7 


D 
D ayer of ionosphere, 41, 42, 46, 
5 
D oop (1A) large antenna, 
290-295, 201 
damping, 6 
‘lead zones, 23 
Dellinger fae, 46-47 
‘olta feed match systems: 
in low-frequency operation 
antennas, 507, 509 
in VHFIUHP transtaitting/receiving 
antennas, 243, 344, 345 
lta loop (1A) large antenna, 
290-293, 291, 295, 
\olta-fed grounded vertical 
antenna, 200-201, 200 
\domiquad loop large antenna, 293, 
204 
depth Wound loop antennas, small 
receivertype, 303 
design equations for loop antennas, 
amall Iransmittertype, 
21-122, 
destructive interference, 19 
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‘diamond loop (14) large antenna, 


dielectric constants, 138 
dielectric loss, 268 
dicloctric properties of alr, 29-20, 
20 
diffraction, 16-17, 17, 92-35 
ip oseilatordip moter, 527 
527, 528 
dipoles and doublets, 141-172, 142 
luminum vs. copper radiators in, 
154 
‘angled or bent dipole, 286-257, 
240 
antenna tuning unit (ATU) for, 
153, 172, 
approximation of, 42-148 
ate installation of, 292-234, 238 
azimuth aspect of, 7 
Doaluns in, 185, 171,172 
"bowtie" dipales in, 154, 155, 166, 
261, 362 
broadband impedance matching 
in, 146 
Droaubanued dipoles in, 164-157 
cage dipoles in, 154, 155, 167, 157 
capacitive reactance In, 143 
center insulators, 548-550, 549, 
550, 551 
collinear “Prandin array antenna 
In, 165-106, 166 
‘eounterpoise longwite in, 
170-172, 171 
feurrent in, 149-146, 148 
dliectivity in, 146-247 
double dipoles in, 160 
double extended Zepp antenwa in, 
164-165, 165 
Arooping dipole seanner antenna 
1, 963, 963 
‘eluctrical vs, physical length of, 
14, 142-143, 149-151, 160, 
162 
femergeney operations antennas, 
4190, 490 
fend or egg insulators, 551-588, 
553 
feedpoint in, 149-146, 256-257, 
257 
‘Noor Danges mounting hardare 
in, 256 
{olded dipole, 154-155, 186, 362, 
1362, 554-556, 585, 556 


dipoles suid doublets (Cont) 

sgn in, 146-147 

‘ground plane verticals in, 172 

Ihojght of anterua ys. radiation 
patterns it, 48-149, 148 

hoight of antenna va. resistance in, 
145-1485, 148, 

‘hdden andi Linited-space antennas, 
292-24, 293 

hlg-9 models of, 160 

high-frequency dipoles and 
doublets, 141-172, 142 

‘Impedance and impedance mateh- 
Ing in, 149-146, 149, 151-15: 
155, 2 

dnuductive reaetauce in, 148, 157, 
158, 159-160, 161 

{instalation plan for, 582 

Insulators for, 141, 256, 548-660, 
549, 550, 551, 551-559, 853 

inverted-vee dipole in, 152-153, 
153, 490-491, 491 

‘isotropic radiation in, 146, 

length of, 141, 142-149, 149-151, 
160, 292, 255-257 

limited-space designs for, 296-244 

loading cols in, 157-160, 187 

losses in, 14-146 

nierowave waveguides and anten- 
tag and, elements of, 398-98, 
97, 399 

mounting of, 141, 283, 

‘multiband fan dipole in, 169-170, 
170 

off-conter-fod full-wave doublet 
(OCPD) in, 163, 163 

olf-conter-fed nonresonant sloper 
(OCPS), 164, 164 

‘humic loss in, 149-148 

‘ominidirectionalty of, 146 

phase reversal stubs i, 165 

Qtactor in, 160 

Q-sections i, 146 

radiation patterns of, 146-152, 
447 

radiation resistance i, LIS-146 

radiators of, LL 

reactance in, 149 

resistance in, 149-148, 148, 

‘resonance in, 143, 149-161, 160, 

7 

‘thombie inverted-vee antes 

169, 169 


na, 


——— 


«dipoles snd doublets (Cont): 
Fight-angle flange mounting hard 
ware in, 256, 
RLC networks and, 143, 
rotatable dipole antennas, 299, 
1242, 255-257, 257 
shortened eollleaded dipoles in, 
157-160, 158 
shortwave reception antennas, 
272, 278, 274 
loping ('sloper” o “sipole”) 
dipole in, 159-154, 154, 156, 
36, 298 
space diversity ln, 160 
stacked dipoles in, 160-163, 162 
sagger tua of, 157 
standing wayes and standing wave 
ratio (SWR) in, 144 
sain relief in, 55-554, 854 
“support ropes for, 851 
Huree-<dimensional (ideal) ralin- 
tion pattern of, 147-148, 147 
Llted, conter-fed, terminated, 
folded dipole (TCFTED or T + 
2+ FD, TTFD) in, 166-168 
transformers for, 146 
tunable dipoles in, 160 
tuning of, 149-152 
vee dipoles, 236, 299 
vee-sloper antenni in, 168-168, 
168 
vertical dipole scanner antenna 
364, 364, 365, 
vertical plane radiation pattern of, 
148-149, 148 
voltage in, 143-146, 148 
Voltage standing wave ratio 
(VSWR) in, 144, 146, 149-151, 
4150, 160) 
Wavelength measurement of, 
I-14 
Wire antenna, basle design, 548, 
548 
Zepp antenna in, 164-165, 168, 
aL 
direct va reflected space waves, 
17-19,18 
dirwction of radio waves, 54 
directional array, 360-degroe 
phased, 250-254, 
25, 2541 
‘directional bean antennas, 
255-260 
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‘nectional beara antenmias (Cont. 
cubical quad beam antennas, 
263-267, 264, 266, 267 
irectivity of, 255 


effective radiated power (ERP) in, 


255 
electromagnetic interference 
(EMD, 268 


feedpoints, 256-257, 257 
260-261, 261, 263, 265 
‘Noor Danges mounting hardware 
In, 256 

‘gamma mate feed system fr, 
260-261, 261 

Insulators, 

Inverted Hobtall curtain (Thorne 
array) antenna, 267-269, 268, 
269 

length of, 255-257, 259-260 

mounting of, 256, 

‘quad loop antennas i, 269-267, 
264, 266, 267 

right-ange Dange mounting hard 
ware in, 256 

rotatable dipole as, 255-257, 287 

‘Yagi antennas as, 257-262, 289, 
285 

Yagl-Uida antenna ag, 258 

ZL-special bearn antenna, 20-2, 
‘82-265,268 

lnectional discontinuity ring radia- 
tor (DDRR) antenma, 424-427, 
426, 1271 

ttirertlonal phased vertical antennas, 
245-254 

broadside radiation patter 
In, 246 

current in, 248 

directivity of, 246-250 


effective radiated power (ERP) in, 


245-246 

{ood phasing table for, 254 

feedpoiut in, 247-248, 247, 248 

length of, variable lengths in, 
28-249, 249 

noise in, 245 

‘onundivetlonality of, 245, 

phase-shifting cirouit for, 252 

phasing in, 246-260 

phasing switch in, 249-250, 252 

radiation patterns in, 246-250, 
246, 247 

signal-to-noise ratio (SNR) in, 246 


rectional phased vertical 
antennas (Cond) 
360.logree directional array, 250, 
253, 2541 
‘luree-element, 250, 253 
‘ransformers in, 249-250, 250, 
251 
‘wo-port phasing transformer for, 
249-250, 250, 251 
velocity factor (V,) of coax in, 248 
digectional wire antenna, for short- 
‘wave reception, 281-286, 284 
directivity: 
Jn directional beam antennas, 255, 
‘n directional phased vertical 
antennas, 246-250 
4a high-frequency dipoles nnd 
doublets, 146-247 
Jn. microwave waveguides and 
‘antennas, 395, 297, 398-109 
400 
Jn shortwave ception antensas, 
Jn VHF/UHF transmniting/tecedving 
antennas, 349 
directivity gain (G,) in microwave 
‘waveguides and antennas, 
401-402 
directors, Yagi antennas, 258-259 
irectris, parabolic “dish” antennas, 
408 
iserete loading in low-frequency 
‘operation antennas, 608, 
504-505 
‘dish antennas (See parabolic “dish” 
antennas) 
distance between antennas, 28 
distance calculation, for radlo, 
26-27, 26 
stress calls, 2 
distributed capacitance, in loop 
antenaa, stall transmitter: 
type, 321 
disturbance, ionospheric, 45-47 
dlurnal (See tne-of-day 
variations) 
liversity propagation/reception, 
55-58, 87, 88, 160 
dominant mode in microwave 
‘waveguides and autennas, 
376-277 
Doppler antennas, 450-451, 451 
double dipoles, 160 


—— 
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double ducky direction finders 
(DDDF), 455-456, 455 

double extended Zepp antenna, 
161-165, 168, 

double yee longwite antennas, 225 

‘double-shielded coaxial, 63, 63 

doublet antennas (Seo igh 
frequency dipoles and doublets) 

‘drooping dipole seanner antenna, 
363, 963 

{drooping dipole multiband 
antennas, 205 

“drooping radials,” in vertically po- 
lariged HF antennas, 176, 17 

ducting, 29-31, 31 

dummy loads, 885-388, 386, 
540-512, BAO, BAL, BAZ 

DXing using loop anteruas, stall 
recelvertype, 311-813 


E 
E layer of ionosphere, 41, 42, 46, 
effective aperture (A), 11,394, 
407 
effective Earth's radius factor (K 
factor), 29-27 
effective Height of antennas, 304 
effective radiated power (ERP), 45 
in directional beam antennas, 
255 
in directional phased vertical 
‘antennas, 245-246 
in microwave waveguides and 
antennas, 401 
in VHPIUHP transtaitting/receiving 
antennas, 49 
lfciency, in loop antennas, stall 
‘ranemittertype, 921 
E-field eamponents, 27 
levtrie Geld, 123, 124-126, 128, 
127,128 
in tongwires, 219) 
in microwave waveguides and 
antennas, 384, 395-396 
in vertically polarized HF anterwsas, 
173 
electrical installation, vertical 
antennas, 560-561 
lectrcal v. physical length, 
197-140, 199 
ofhigh-trequency dipoles and 
doublets, 141-149, 149-161, 
160, 162 
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‘luetrical vs, physica length 
(Cont. 

Impedance raatehing and, 
470-71 

oflongwires, 21 
221 

ff transmission line, 67-68 

electromagnetic fies, 816, 9, 
123, 125-127 

electromagnetic interference 
(EMD, 26 

electromagnetic radiation vs, prop- 
gation, 38 

electromagnetic waves, 5 

eloctrostatiefeldsldischarge, i 
longwires, 219 

loyen-year eye of radio propaua- 
ton, 46 

itfie, 381 


214, 21 


219, 


battery packs for, 498-494, 494 
‘eounterpoise ground plane for, 
487-488, 488 
tipales in, 490, 490 
grounding and ground systems 
lor, 487-488 
Increasing signal strength rom 
portable”mabie stations for, 
486 
Jnverted-yee dipole in, 490-491, 
49 
‘mobile antennas and, 486-487, 
487 
‘mounting of, on vehicles, 491-492 
‘multiple radials from vehicle 
mounted antenna for, 488, 489 
radial-to-mobile-antenna connec 
ton detail in, 488, 489 
ropeaters and, 487 
telescoping antennas for, 49 
temporary antenna construction 
Lor, 487-488, 488 
temporary mast mount for, 492, 
493 
VHF band for, 487 
wend effect, 138-139 
ened or egg insulators, 581-659, 888 
fend plates/ond terminators, in 
microwave waveguides and 
antennas, 385, 288, 388 
sd longwire, 217-219, 217 
11 Zepp antenna, 208, 208, 


‘enwvironmental/natural noise 
(QRN), 245, 

‘erecting antennas safely, 543-648 

escape angle, 18 

ether, 8 

Evervtt, WL, 200 

Expert MiniNEC modeling sot- 
ware, 331 

BZNEC for Windows modeling soft- 
‘ware, 31, 04-937, 985, 96, 
337 

BZNEC Professional modeling soft- 
ware, 329 


fading, 3 
Dellinger fade, 46-47 
selective fading, 58 
{fan dipole, multiband, 169-170, 
170 

{ir Gold calculations in microwave 
‘waveguides and antennas, 
895-3985 

Faraday connection, 318 

Faraday shield, 218 

Federal Comuntuniations Comtole- 

sion (FCC), 2 
{oed geometries for parabolic “dish 
antennas, 408-109, 408, 409 
{eed ilumination in parabolic “ish 
antennas, 406 
oeding transformer, 476,477 
foedpoints: 
2? large loop antennas, 287-288 
Uipoles, 256-257, 287 
digectional beam antennas, 
256-257, 267, 260-261, 261 
directional phased vertical 
‘antennas, 247-248, 247, 248 
Igh-frequeatey dipoles and 
doublets, 13-146 
ongwires, 217-218 
‘multiband ad tuable-wine 
antennas, 204, 210, 
‘one/LA large loop antennas, 202, 
‘quad beam antennas, 269, 265 
vertically polarized HP antennas, 
197.4 
Yagi antennas, 260-261, 261 
otce posts as supports for vertical 
antennas, 61-565, 862, 664 
rte core inductors, 471-477 


——— 


ferrite rods, 475,478, 
‘her optics, 370 
‘eld strength meters (FSMD, for 
‘mobile HF antennas, 483-485, 
484, 485, 485 
fold strength, 21, 22 
figure of merit, 418. 
filters, 55, 515 
fivo-cighths-wavelength antennas, 
197-200 
2-meter VHEVUHF antenna, 353, 
354 
vertical antenna, 181, 182 
‘Aagpole-installed antennas, 
234-206, 285, 287 
‘atplate array antennas, 411,413, 
414, 415 
‘Aattop antennas, shortwave recep- 
‘on, 279, 280 
‘oor flanges mounting hardware, 
256 
‘nx, magnetic, 126, 127 
FM, marine radio antennas, 49 
fold- or tit-aver tawer, 567, 867 
folded dipole, 154-155, 156 
installation of, 554-556, 885, 586 
tilted, center fed, terminated, 
{folded dipole (TCFTFD or 
TED, TTFD) in, 166-168, 
167 
VHF/UHF antennas, 962, 362 
forward power, 638, 689) 
forward seatter, 
fox hunting” antenna, 444, 445 
“Franklin” array antenna, 165-166, 
166 
free space, 14, 19, 21, 67-68, 
197-138 
free-space velocity (C) in mlcro- 
‘wave waveguides and antennas, 
37, 880 
frequency, 2,7, 9 
in microwave waveguides and 
iennas, $73, 374, 375, 976, 
380, 383-384, 384 
using Sinith charts, 17-121, 149, 
120 
lt angle vs, 28, 28¢ 
VHF/UHF transmitting receiving 
antennas, 339, 941 
VSWR vs. 434-497, 498, 
frequency diversity, 36, 55, 87 
frequency modulation (FM), 
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frequency of optimum trai 
OT), 45 

Fresnel zones, 39-34, 84, 95, 

fundamentals of radio antennas, 
123-140) 


G 
GSRV multiband dipole antenna, 
206-208, 207 
gain: 
n.V2 large loop antennas, 
288-280, 289 
In high-frequency dipoles and 
doublets, 146-147 
In longwires, 214, 218, 218, 223 
in loop antennas, small transaite 
type, 819-820 
In microwave waveguides and 
antennas, 394-395, 398409 
in microwave waveguides and 
antennas, vs, aperture in, 
402-403 
ln parabolic “sh” antennas, 
405-408 
ln shortwave reception antennas, 
272 
In vertically polarized HF antennas, 
179-181 
ln VHEVOHF transmittin/receiving 
antennas, 249) 
galactic noise, 39, 421 
‘una tated feel system: 
sn Yagi antennas, 260-261, 
261 
ln VHF/UHF transmitting recoiving 
antennas, 346, 246 
gamma rays, 99 
‘gammi-fed grounded Vertical 
antenna, 200-201, 201, 
‘gue-filled line, 62, 63 
‘host radiator, vertically polarized 
HF antennas, 173 
un pole to raise towers, 570, 874 
Global Positioning System (GPS), 
443 
GNEC modeling soft 
29-390 
‘srophite-sand dummy load in 
microwave waveguides and 
antennas, 985, 
‘gray ine transmission, 51, 58 
‘great circle pats, 50-51, 52 
‘ged dip meter, 527-629, 528 


‘grown loases, vertically polarized 
HP anterutas, 183 
‘ground plane vertical antennas, 
172,176,177 
‘ground rods, 573-874, 874, 575, 
875,577, 578 
‘ground stakes and guy wires, 870, 
572 
‘ground wave, 17-29, 18, 47-48, 
48, 002 
‘ground-mounted vertial antennas, 
561-585, 562 
grounded vertical antennas, 
200-201 
growing and ground systems, 
573-581 
Jn Beverage antenna, 227-228, 
228 
‘copper plumbing pipes as ground 
ad, 574 
ceopper sulfate to alter soll 
conductivity in, 575-876 
‘counterpoise grounds, 377-579, 
579 
Jn emergency operations antennas, 
487-488 
ground rods for, 873-674, 874, 
574-575, 875, 577, 878 
Jn hidden and Lmited-space 
antennas, 238-239) 
Impedance marching and, 
450-460 
interference and, 573 
Tength of ground wires in, 574 
invJongwires, 215-216, 216 
Jn.Jow-frequeney operation anten- 
sas, 501-502, 602 
Jn marine radio antennas, 
495-496, 495, 496 
rials for, 577-570, 879, 680 
“salt pipe’ to apply chemical sll. 
‘conductivity improvers, 
877 
salt to alter soll conductivity in, 
575-576 
In shortwave reception antermas, 
276, 277, 278-279, 279 
soil conductivity and, altering, 
575-577, 576, 876, 67 
station grounding, 578-580, 581 
‘trenching to apply chemical soll 
‘conductivity improvers, 
576, 876 


——— 
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grounding and ground systems 
(Cont 
tuning ground wire, 580-581 
in vertically polarized HF antes 
nas, 176, 185-187, 195-197, 
196 
‘sroundplane VHF/UHF antenna, 
56, 957 
‘groundplane seanner antenna, 364, 
366 
zroup velocity (V,) in microwave 
waveguides afd antennas, 
S739 
Grover’ equation, for oop anten- 
‘a, stall reeelvertype, 
$3020, 30 
‘guy wires and ground stakes, 670, 
572 


H 
“hairpin” loading scheme, 505, 506 
‘half-delta sloper (HDS), 295-296, 
296 
‘half-slope vertical antenna, 238, 
240 
‘all-wave antennas, 126, 181, 182 
urrent distribution in, 131-197, 
192, 133 
electric vs. physical length of 
antenna, 137-159, 189 
Impedance matching in, 189-140, 
139 
standing waves and, 129 
voltage distribution in,131-137, 
132, 133 
‘hal wavelength line, $8 
alo VHR/UHF antenna, 396, 258 
Ihariine, 62, 62 
‘harmonies, 140, 209, 210, 515 
Dhojght of antenna, 19, 20, 25, 28 
tistance calculation Tor, 
lu high-trequeney dipoles and 
‘doublets, vs radiation pat- 
turns in, 148-149, 148 
ln high-frequency dipoles and 
doublets, vs. resistance in, 
145-146, 148, 
in oop antennas, small reeeiver- 
type, 204 
in vertically polarized HF antennas, 
181, 187 
Dolical antennas, 427-428, 428 
Dolical line, 62 


26 
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Helical whip mobile antenna, 481, horizontal low-frequency operation impedance and impedance match- 
482 antennas, 505 ing (Cont. 

Delically Wound antennas, 289, 242, horizontal polarization, 12-18, 18, matching stub systems for, 
ua 27, 85, 173 465-4166, 466, 467 


hertz as unit of frequency, 7 Beverage antenna and, 22 ‘matching units for, 515 


Hertz or hertsian antenna (Soe holcally Wound ante Jn microwave waveguides and 
high-frequency dipoles and 299,212, 243 Antennas, 389-984, 384, 904, 
doublets) ‘hor antenna radiators, 409-404, 296 

Hertz, Heinrich, 6,7 403 ‘multi-mpedance balun for, 476, 

hoterodyning, Huygens-Fresnel wave theory, 22 477 

hidden and limited -space antennas, {multiband and tunable-wire 
2al-244 1 antennas, 210 

tangled or bent dipole, 296-257, FRJosses in microwave waveguides noise and, 417-418 
240 ‘and antennas, 385 ‘normalization of impedance in, 
attie-tnstalled, 282-234, 29 ‘mage antenna, vertically polarized 469-470 
ipales as, 292-234, 283, 296, HF antennas, 173 nA Large loop antennas, 
Aagpole installation for, 234-236, imaginary operator ()),22 292-293, 292 
+235, 237 Impedance and impedance mateh- pl networks for, 461, 461 
ground system for, 238-259) Ing, 140, 498, 457-477, ‘quarter-wave matching (Q sec 
hall-slope vertical antenna as, 238,525, tian) sections for, 467-468, 
240 antenna tuners for, 462-464, 464, 468, 469 
holically wound antennas as, 299, 465, radials in, 460, 
242, 243, inantennias, 199, 199) serio matching section for, 
L-section couplers in, 238-209 approaches to, 458-462, 458 468-471 
limired-spave designs for, 296-244 in Beverage antenna, 226 using Smith charts, 110-112, 
longywires as, 232 capacitive reactance in, 458 115, 119-121, 119 
mobile antenna used as windowsill. cluaracteristic impedance 2.) of using Stat cluarts, impedance 
‘mounted, 239, 241 ‘transmission line and, 62-67 dius i, 100 
mounting of, 283, ‘in comstal cable baluns, 465,466 using Sinth charts, normalized 
‘nonresonant loop antennas as, ‘complex conjugates in, 458 impedance line in, 95-97, 98 
24-235, 234 in dipoles, 297 SPC transmatch network in, 63, 
rotatable dipole antennas as, 299, electrical ys. physica length eal- 463 
a2 culations in, 470-471 split-eapacitor networks for, 
safety issues for, 293, {foeding transformer for, 476, 461-402, 462 
sloping (sloper" or “slipole") 477 ‘stub matching aystems for, 115 
dipole as, 236, 238 forrte core inductors in, 471-477 tapped balun for, 476, 477 
vee dipoles a, 236, 239 rite rods in toe-network transmateh for, 463, 
voltage standing wave ratio ‘grounding and, 459-460 463 
(VSWR) in, 298 ‘nv high-frequeney dipoles and toroid broadbanded transformers 
window-sill antennas as, 238, 241 doublets, 149-146, 149, for, 475-477, 476 

high trequeney (HF), 3, 19, 17,29, 151-153, 155 toroid cores and, 471,472 
85, 97, 41, 48, 61, 170-171, 203, impedance bridges in, 519-521 toroidal transfortners and, 
479-485 520, 521 471-475, 478 

high-frequency dipoles and dou- Impedatice matching network In towers, 507, 508 
bets (See dipoles and doublets) (Q sections) in, 85 transinateh eireults for, 462-471, 

high-power RF wattmeters, 598, ductive reactance in, 458 462 
538 L-section network for, 458-460, gy tanstlssion lines, 71, 72, 

bigh-Q dipoles and doublets, 160, 459 82-86, 109, 110-112, 111, 112 

hinged baseplate tower, 865-567, in A large loop antennas, in vertically polarized HF anten- 
538 287-288 ‘nas, 173, 175-176, 189, 184, 

Distory of radio broadcasting and in Jongwires, 244, 229 4186, 195-197, 190-200, 199 
‘eammmunieations, Lt ‘nvlow-frequeney operation in VHPULF transmitting/eceiving 

hopping, 36 antennas, 505 antennas, 341-246, 342 


—— 
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Impedance and impedance match- instalation and construction intensity of radio waves, 9-10 
Ing (Cont) teelusiques (Cont. interference, 19, 36,96, 37, 573 
Wheatstone bridge in, 519-621, folded dipole installation, electromagnetic interference 
+520 554-558, 585, 556 (EMD, 263 
Jn Yagi antennas, 260-261, 262 four support posts for, 665, in Jongwires, 214 
impedance bridges, 519-521, 820, 565, in oop antennas, small reeeiver- 
521 sin pole to raise towers, 570, S71 type, 202 
Incident angle, 48 sroun-mounted vertical antennas, in microwave waveguides andl 
Incident power (P,) of transmission 561-865, 562 antennas, 400-401 
lines, 89 uy wires and ground stakes, 570, in shortwave reception antennas, 
Incident waves, 128, 194 872 272, 278, 274 
Index of refraction, 29-24 hinged baseplate tower, 866-567, interferometer antennas, 441, 491, 
Inductance, 526-527 538 432 
ferrite core inductors in, Insulators, 548-550, 549, 560, intermediate frequency (IF), 55, 
aTaT7 561-558, 551, 553 International Telecornmunications 
Grover’ equation in, 302-308, smast-mounted vertical antenna, Union (TU, 2 
‘sar 56, 560-561, 546, B61, 562 inverse square li 


Inlongwires, 214 masts and supports, 556-559, 11, 368-870 
In loop antennas, small receiver. 557, 558 Inverted bobtail curtain (Thome 
type, 307 pedestal for towers, 668-570, array) antenna, 267-269, 268, 
ln loop antennas, small tranaalter- 569 269 
type, 321 permits, zoning, and regulations, inverted-L antenna, 510, 510 
ln transtuission lines, 64 inverted-vee antenna, rhombic, 
Induction felds, 5, 128, 127 169, 169 
Inductive (loop) coupling in inwerted-vee dipole, 152-169, 158 
microwave waveguides and raising towers, 570, 870, S72 emergency operations antennas, 
safely issues, 543-648 490-491, 491 
Inductive loading in low-frequency slip-up tower, 567-568, 868, 869 multiband and tmnable-wire 
operation antennas, 608, stzrup-end mounting hardwate, ‘antennas, 205, 206 
504-505 558, 559 ionization, 5, 14-16, 15, 18,07, 41, 
Inductive reactance, 140 straln relief, 553-554, 684 46,47, 51, 62, 54 
In high-frequency dipoles and support ropes, 551 Jonograms, 43 
doublets, 143, 157, 158%, suburban lot installation plan, 648 ionosphere, 14-16, 18, 18, 97, 
159-160, 161 {tower installation, 565-972, 538 40-43, 42, 176 
Impedance matehing and, 458 U-holt mounting hardware, 668, ionospherie disturbances, 
ln. V2 large loop antennas, 559 4547 
288-280, 289 vertical antenna installation, jonesphetic propagation, 17-18, 18, 
In loop antennas, small transmitter 580-872 17-49, 178 
type, 319, 221 wire antenna, basic design, 648, ionospheric seatter propagation, 
mith charts, 100, 101, 117 548 51-64, 68 
infrared (IR) radiation, 9 Insulators (or spreaders), 648-550, ionosphere storms, 47 
snstallaton and constouetion tech 549, 550, 654, 551-853, 588 | ionospheric variation, 45-47 
niques, 433-438, 543-572 Jn Beverage antenna, 298 {osthermal region of atmosphere, 
center insulators, 548-550, 849, in dipoles, 256, 1415, 
550, 551 Jn directional beam antennas, 256 sophase plane, 22 
electeea installation, yertieal dn hgh-frequency dipoles ad isopotential line, loop antennas, 
antennas, 540-561 doublets, ML small receiver-type, 303 
fend or egg insulators, 581-8653, in microwave waveguides and Isoresisiance cireles, using Smith 
353 antennas, 371-372 ‘charts, 97-100, 99 
fence posts as supports for verti- in multiband'and tunable-wire isotropic antenna waveguide, 
al antennas, 561-865, 863, antennas, 206 94403 
564 lnverticaly polarized HP antennas, backlobes in, 400, 400, 401 
{old- or it-over tower, 567, 867 175, 195 beamwidth in, 400, 400, 401 


——— 


Fig, 12. Example beam pattern of 4 antenna elements in a sectorized system for a single 
sector (main beam direction is 240° ), 


Transmit Adaptive Array (TxAA) 
Algorithm 


Transmit adaptive array (TXAA) is a 
technique in which the user periodically 
sends quantized estimates of the optimal 
transmit weights to the BS via a feedback 
channel, The transmitter weights are 
optimized to deliver maximum power to 
the user, The optimal transmit weights are 
given by 


w=H" /HH" a 


where w is the transmit weight vector and 
His the channel matrix, 

The weights are normalized so that the 
total transmitted power is not altered. In 
the case of multipath channels emanating 
from each antenna, the optimal weights 
will be given by the principal eigenvector 


of the channel correlation matrix HH 
5.4.2 Receive Beamforming (RxBF) 


Beamforming also can be applied in the 
uplink to improve the link quality and 
the co-channel interference, 


suppres 
which is known as receive beamforming 


(RXBF), Through RxBF, smart antenna 
system can receive predominantly from a 
desired direction (direction of the desired 
source) compared to some undesired 
directions (direction of interfering sources). 
This implies that the digital processing has 
the ability to shape the radiation pattern to 
adaptively steer beams in the direction of 
the desired signals and put nulls in the 
direction of the interfering signals. This 
enable low ci 
large antenna gain to the desired signal 

Based on the reference signals adopted 
in the beamforming algorithms, RXxBF can 
be classified into spatial reference 
beamforming (SRB), temporal reference 
beamforming (TRB), and signal structure 
reference beamforming (SRB), 


channel interference and 


Spatial Reference Beamforming 
(SRB) 


Spatial reference beamforming method 
is sometimes referred as direction of 
arrival (DOA) method. SRB estimates the 
direction of arrival of the signal based on 
the spatial reference signal, using any of 
the techniques like multiple signal 
classification or estimation of signal 
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Jsotropie antenna wavegulde 
(Cont. 
‘ipole antenna elements and, 
396-98, 997, 399 
irectivity in, 397, 398-403, 400 
gain in, 398403, 
gain vs. aperture in, 402-409 
Impedance in, 396 
Interference and, 400-401 
‘ear fled and fa Ged caleubations 
In, 995-996 
fohmie loss in, 396, 
radiation patterns and, 337, 398 
radiation resistance in, 396 
sidelobes i, 400, 400, 401 
‘sotropic radiation: 
In high-frequency dipoles and 
doublets, 146, 
in microwave waveguides and 
antennas, 994 
ln shortwave reception antennas, 
272 
ln vertically polarized HP antennas, 
179-181, 181 
Isotropic sourees, 10-14 
ISWR (Seo current standing 
wave ratio) 


Ji 

J-pole antennas, 201, 359-55, 
355 

Jans, Carl, 421 

JPET amplifier for loop antennas, 
‘small receivertype, 313-216, 
6 

Johnson noise, 417 

Joints and bends in microwave 
Waveguides and antennas, 
88-190, 289, 290 

Jupiter reception antenna, 
431-122, 423 


K 
K factor, 23-2 
Ielohrtzas unit of frequency, 7 
Ku bands, 69 


L 

{eseution coupler, 214, 215, 
238-239 

Lesection network for impedance 
matching, 458-460, 489 

lg, voltage, 126, 


42 large loop antennas, 987-289, 
288, 289 

‘MA inverted -L antes 
Law of Reciprocity, 
[Le tank eireuit, 526, 526 
leakage resistane, 140 
left-hand rul 

length of antenna elem 


‘in dipoles, 142, 142-149, 149. 
160, 252, 255-256 

{n drectional beam antennas, 
285-257, 250-260 

{n directional phased vertical an 
tenia, vatiable lengths i, 
248-249, 249 

‘nv high-frequency dipoes and 
doublets, 141, 142-143, 
149-151, 160, 232, 255-256 

‘nvlongwires, 219-215, 218-219, 
218,221, 228 

in Jow-trequeney operation 
antennas, 504 

‘nn imierowave waveguides and 
antennas, 392 

‘ns multiband and punable-wire 
antennas, 204 

‘n vertical antennas, 604 

‘n vertically polarized HF antennas, 
181, 183, 184 

in VHF/UHF transmnting/recelving 
antennas, 399 

‘Yagi antennas, 269-260 

Lowallen, Roy, 29, 981, 994 

eensing, 

light, speed, 8, 9, 19-14, 99, 525 

limited-space antennas, 231-244 

ne attenuation constant, 82 

line fattener tuner for maine radio 
antennas, 500, 500 

line-of-sight transmission, 19, 20, 


‘nea Loading in Loy-fre 
‘operation antennas, 504-808 
linearly loaded tee antensia, 511, 
512 
link-tuned dipole, multiband and 
‘tnablewire antennas, 205, 
loaded tawer designs, 507 
Joading, $08, 504-505, 506 
automatic load vontral (ALC), 515 
‘nvJow-trequeney operation au 
suas, 503, 50-505, 506 


——— 


loaating (Come. 
in low-frequeney operation unten 
‘nas, loaded tower designs for, 
507 
loactng coils, dipoles and doublets 
in, 157-160, 187 
Jong path transmission, 51 
Jong wave band, 8 
ongwires, 213-229 
‘angle of radiation In, 214 
antenna tuning unit (ATU) in, 
172,214 
apex angle In, 228 
Dalune i, 171, 171 
Beverage or wave” antenna in, 
224-298, 226, 228, 229 
capacitors for, 215 
churacteristic inpedance in, 228, 
26 
ounterpoise, 170-172, 171 
‘double vee antennas, 228 
levtrical vs. physical length of, 
213-214, 217, 218-219, 221 
electrostatic Belds and electric 
‘charge in, 219 
end-fod longwire, 217-219, 217 
feedpoint in, 217-218 
Aagpole instalation of, 234-236, 
235, 237 
ln in, 214, 218, 218, 223, 
‘ground plane verticals in, 172 
rounding of, 215-216, 216 
ss hidden and Unnted-spiace 
antennas, 222 
impedance and impedance 
‘matching in, 214, 223, 226 
inductors for, 214 
interference and, 214 
L-sectian coupler for, 214, 218 
length of, 219-215, 218-219, 218, 
et) 


sas marine radio antennas, 497 
498 

‘asimutn effective length (MEL) 
in, 227 

as ulti and tunable-wire 

ntennas, 209, 210 

non-resonant single-wire longwire 
antennas in, 220 

‘nonresonant vee bears, 

224 

‘nuarter wavelength, 214, 217 

‘radials for, 215 
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longwires (Cont) Joop antennas, large design (Cord.): loop antennas, stall receiver-type 

rauition patterns in, 219, 220, Impedance nnd impedance match (Cont.) 

290-291, 282 Ing in, 292-293, 292 preamplifiers for, 304 
rindom-length type, 219-214, 414 impedance in, 287-288 (Qemultipliers for, 813,915 
rusonat vs, on-resonat types nuductive reactance i, 288-289, radiation patterns in, 299-800, 

in, 219 289 300, 201, 303, 313 
‘hombie beam, 221, 228-224, V2 large loop antennas in, ‘radio dtvetion finding (RDF) 

225 287-280, 288, 289 using, 01 
safety Issues in, 215 Joss in, 288-289, 289 ‘remote tuning in, 307-309, 910 
fasshortwave reception antennas, nulls in, 209-300, 300, 301 self-esonant point in, 917, 317 

277-278, 278 (1A) large loop antennas, series resonant tuning in, 
as standing wave antennas, 220, 290-298, 290, 291 807-908, 308, 
stwerable noteh Beverage aitennas orthogonal labes in, 299-300, 300, shape: constant i, 305, 9038 

‘and, 229, 229 301 sharpening of, 313, 
terminated antennas as, 290,221 radiation patterns in, 287, shlelded loop antennas as, 
tu angle in, 223 298-800, 300, 301 309-911, 311, 312 
transmulssion ine for, 217-218 square loop (14) large antenna, split frequencies in, 302 
traveling wave antennas in, 220, 0-208, 290 spoiler loop for, 313, 314 

223 Joop antennas, stall recelvertype, sports fan's loop as, 309) 
true longyire antenna, 217-219, 299-918 Iransformer loops in, 908-907, 806 

217 (See also loop antennas, large triangulation of radio signal using, 
tuning of, 214, 215, 215 ‘design; loop antennas, saall 302 
ew bean, 221-223, 22 ‘ransmittertype) tuning of, 804, 207-909, 208, 
VIIF/UHF tranamitting/receiving air core frame loops (“box” loops) 312-313 

antennas, 340-241 sn, 909-905, 904 UHE, 902 
Voltage standing wave ratio amateur radio, 202 use of, SL1-319) 

(VSWR) in, 215 amplifier for, 313-816, 316 varactor tuning in, 909, 810 
wwavelength-measurement in, 217, angle of arrival of signal in, voltage VHF, 902 

pretty vs. 905, 905 VLF/LF loops, special problems in, 
windowsill antennas, 298, 24 Armstrong oscillator eircult for, 317 
wire used in, 214 313, 315 voltage in, 303, 904 
Zopp antenna i, 164-165, 165 ypacitanee and capacitors in, loop antenas, smal transmtter- 
“lookin i" peste, 82-86, 972 ‘304, 307-209, 317 type, 319-225, 

loop antennas, 129, 131 ‘apacitanee tuning of, 307-809 (Soe also loop antennas, large 

loop antennas, large design, cvaxial cable loop antennas, 318, ddosigns ; oop antennas, small 
287-207, 209 318 reeeivertype) 

(Soe also loop antennas, small cochannel buterference, 902 bandwidth of, 320-921 
recelvertype;loop antennas, coupling loops in, 306-807, 806 capacitance and eapacitors in, 
tual transmittertype) current in, 29 20-921 

antenna tuning unit (ATU) in,287 dept wound loops in, 903, capacitor volage in, 321 

bisquare loop large antenna, DXing using, S191: circular oop transmitter antenna 

296-297, 297 effective height of, 304 ‘as, 925, 923 
current in, 289) Faraday connection and Faraday current in, 320, 323 
elt loop (1A) large antenna, lel in, 518 dlosign equations for, 321-3 

290-285, 201 Grover’s equation in, 902-809, 908¢ distributed capacitance in, 321 
delta loop large antenna, 293, 295 eight of, 304 elficloney in, 321 
demiquad loop antenna, 293,284 induetanee in, 307 gum in, 319-220 
‘diamond loop (1A) large antenna, isopotential line in, 308 Inductance in, 321 

200-299, 201 Jow frequency (LF), 902 inductive reactance in, 919, S21 
feedpoints in, 287-288, 202 ‘mulls in, 299-200, 800, 801, 903, loss resistance in, 321 
gain in, 288-289, 289 305 ‘petagonal loop transtnitteran- 
half-delia sloper (HDS), 295-296, parallel runing of, 807-909, 208 ‘enna in, 919, 920, 922, 922, 


296 planar windings in, 908, 


——— 
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Joop antennas, small transmitter Jow-frequeney operation auenas matching stub systems, 405~406, 
type (Cont) (Cont: 466, 467 
Patterson octagonal loop transiit- impedance matching in, oftowers, maximum effective length (MEL), 
ter auton as, 922, 332 507, 508 237 
‘quality fuetor (Q) in, 520-31 Jnductance loading of vertical ‘masimumn usable frequency (MUF), 
adiation patterns i, 324, 928 antennas in, 608 445,47 
radiation resistance in, 319,921 inductive loading in, 808, 504-505 Maxwell’ equations, 8-9 


sistance in, 319, 321, inverted-L antenna for, 510,810 measurement and adjustment ted 
square loop transmitter antenna 4/4 invertes-L antenna for, 510, ‘niques, 483-438, 515-542 
In, 919, 820 510 antenna adjustment in, 623-524 
tuning capacitance in, 220-921 length of vertical antenna in, 504 ausfomatic load control (ALC) in, 
Voltage in, 320, 929, linear loading in, 50%, 5044-505 55 
voltage standiig wave ratio linearly loaded tee antenna for, basic radio system in, 515, 516 
(VSWR) in, 820 511, 512 bridge ta measure RF power i, 
loss, 11-12, 19, 27, 140 loaded tower designs for, 507 532, 882 
In coaxial cable, 438 Joauding in, 508, 504-505, 506 capacitance measurement in, 
Inhigh-frequency dipoles and ‘adil Layout fot, 502, 502 526-527 
doublets, 143-146 random-length Marconi antenna current transformer wattmeter in, 
4.2 ange loop antennas, for, 507-510, 509 534.538, 585, 536, 537 
288-280, 289 shortened horizantal antennas for, dip asillator/dip meter in, 
loss eoelficient scale in, 109, 505 527-529, 527, 528 
In mierowave waveguides and shortened tee antenna, 611,613 dummy loads in, 540-542, 640, 
antennas, 996, shortened vertical antennas for, BAL, 542 
lo multiband and tunable-wire 502-505, 503 filters in, 515, 
antennas, 210 shunt foed systems in, 507 forward power in, 538, 539 
la Smith charts, 108-109 lower sideband (LSB), 58 trid dip metor in, 527-529, 628 
In transmission ines, 83-84, lowest usable frequency (LUF), 45 harmonics in, 615 
91-94, 369 high-power RF wattmeters for, 
In vertically polarized HF ante ML 538, 588 
rag, 183 magnetic Hels, 123, 12 lnmpedance bridges in, 519-521, 


lose coefHclent seale, 109, 112-113 ln mlerowave waveguides and 520, 521 
Joss resistance, in loop antenna antennas, 375-376, 978,383, impede in, 525 
stall transtulttertype, 321 395-896 Inductance measurement in, 
lsey circuits, Smith charts, 117, magnetie flux, 126, 127 526-527 
us ‘man-made noise (QRM), 245, LC tank circuit in, 526, 626 
low frequency (LP), 421 ‘Marconi, Guglielmo, 1 ‘mating unit in, 515, 
loop antennas, small receiver marine radio antensias, 1-2, ‘miloromateh wattmeter in, 883, 
type, 302 494-497, 497 533 
low-frequency operationanten- Citizens Band radios and, 496 ‘monomateh wattmeter in, 
nas, 301-513 ground and ground systems 533-54, BBA 
VHE/THE trismttingtrecelving Tot, 495-495, 495, 496 ‘nonresonant antenna adjustinent 
‘atenuias ys, 339 HP SSB mode in, 495 in, 524-525, 
Jow-frequuncy operation antennas, ine fatener tuner for, 500,600 parallel resonant circuits i, 526 
501-51 Jongwire antennas, 497, 498 power in, 615, 51-532 
‘onto Toad i, 503, runers, 497-500, 499, 500 power-frequetiey calibration in, 
504-605, 506 ‘VHF-FM use in, 495 598, 538 
delta feed systems in, 507, 809 Whip antennas for, 496-497, 497 reactance testing/adjustment i, 
discrete loading n, 808, 504-505 mast-mounted vertical antenna, 2 
grounding and ground systems 546, 846, 560-561, 861, 562 reflected power in, 638, 689 
for, 501-502, 502 ‘masts and supports, 556-559, 557, resistance testing/adiustment in, 
“nalgpln’ loading seueme in, 505, 558 23-824 
508 ‘matching section, quarter ‘resonance testing/adjustment in, 
Impedance matehing ln, 505 ‘wavelength coax, 282 524 


—— 
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measurement and adjustment tnlerowave waveguides and rnlerawave waveguides and 
techniques (Cont) antennas (Con): antennas (Cont, 
IR noise bridge in, 521-522, 821 corporate feed systems fr, 409, ohmic loss in, 368,71, 96 
RF power measurements i, 412 parabolic "di autsas 8, 
59-59 coupling methods for, 380-985 404-409, 407, 408, 409 
RP wottmeters for, 629-599,691 cutoff requency (Fn, 981-989 pase shifting in, 409, 412, 419 
sores tuned ecu in, 625, dilocti loss, 368 ase velocity (V,) a, 977,979, 
surge impedance (2,) in, 516 <lipole antenna elements and, 380 iy 
thermocouple for RF amiueter in, 396-298, 997, 399 pipe aaogy af 969-370, 970 
50, 530 Aectsty gain (G) in, 401-402 powor gain (G,) in, 401-402 
transmission lines in, 516-817, 625 directivity in, 995, 397, 898-408, propagation ecnstant (B) in, 984 
tuned eireuit measurements in, 400 ‘propagation modes in, 23-381 
526 dotninant mode in, 876-877 quarter-yavelenah shorted stub 
‘unin antennas in, 524 lon loads in, 3185-388, 386 1s, 972-318, 972, 979, 974 
voltage measurement in, 531 effective aperture A.) in, 304 rudiating ys. nontadiating slots, 
‘voltage standing wave ratio effective raliated power (ERP) in, 393 
(VSWR) in, 515, 517-519, 529, 401 ition loss in, 889, 372 
sa electric elds in, 883,995-396—__rutiation patterns and, 97, 398 
‘Wheatstone bridge in, 519-521, end plate in, 385,388, 988 dition resistance in, 398 
520 ‘atploe array antennas, 411,413, revtangular waveguide using 
rmedinm wave (IW), 8, 17,29, 48, 414, 415 parallel transmission lines and, 
61, 224-228, 226,228, 220 | free-space velocity (C) in, 377, 980 370-973, 97 
meteor seatter propagation, frequency i, 73, 974, 75,976, reflector antennas, 404, 408, 406 
rmicromateh waftmeter, 535, 882 S380, 380-384, 384 resistive vane dummy lod it, 385 
rjcrowave transmissions, 8.5, 8, gain in, 994,395, 188-409 ‘rotating joints, 290, 39 
fin vs aperture in, 402-403 safety issues, 13-415 
Sraphute-suul dun load i, 385 semipermanent jolts i, 389 
snlerowave waveguides andanten- group velocity CV.) in, 377, stelding in, 392 
tus 309-415, 421 sms sidelobes i400, 400, 401 
(Seo also parabolic “dish Thor antenna radiators, shin effet in, 368, 71 
‘anras) 403-404, 408 slot aay antennas in, 411-213, 
tujustable plurwer or short-ereuit FR Joss i, 385 413 
tertination i, 388, 388 dmpedhance and inpedance match- —slidstate array antennas i, 
antenna design using, SO ing in, 383-384, 994,396, “408-411 
aperture (sot) coupling i, Inductive Qoop) coupling in, terminations for, 985-388 
0-89, 398 390-208, 19 transducer action of, 296 
aperture in, 02-408 Anguators in, 971-972 transverse electric made (TE 
array antennas in, 409-411 lntexference and, 400-401 rode) i, 375 
attenuation in, 37 inverse square law (1D), transverse electromagnetic (TEM) 
Tiaekobes in, £00, 400, 40% 89-370 fies in, 373 
leans i, 400,400, 402 Isotropic antenna wavexuide, transverse thagnetic mode (TM 
boundary conditions in, 375-876 54-403 mode) in, 375 
branch feed systems for, 409,412 ssotrapie radiation in, 394 velocities in, 377-381, 978 
capacitive (probe) coupling i, joints ad bends, S88-390, 389, voltage standing wae eto 
‘90-85, 392 390 (VSWR) in, 388 
cavity antentas, 404,408 Jaw of eeiproeity and, 894 wavelength in, 377-881, 378 
Characteristic npedance in, Jength in, 382 ‘wedge dusuny loads in, 385, 86, 
83-84 losses in, 387 
cthoke joins in, 389, 980 ‘magnetic elds in, 375-876, 378, itary rao, multiband and 
coordinate system to denote 383, 395-906 ‘hnable-wire antennas, 208 


dimensions in, 376-977, 877 materials used in, 970 ‘MniNEC modeling software, 832 
comer reflector antennas, 404, near field and far field calenlations—ainiNEC-A/ninINEC-4 for model- 
405, 406 ing software, 128-929 
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“nlrroring” of radio waves, 43,64 monthly variations in radio props multiband and tuna 
mismatch (VSWR) losses, transmis gation, 46 antennas (Cont) 
son lines, 91-4 Morse vod, 1,2 Ihartwondes i, 210) 
mixing, 55 mounting (See also construction ——_rspedace in, 210 
mobile HF anteruas, 479-485 and installation techniques) insulators (spreaders) in, 206 
coll-loaded antenna as, 480-481, Beverage antenna, 228 inverted-ver dipole for, 205, 206 
480, 851 dipole, 233, 256 length of, 204 
{Gold strength meters (FSM) for, directional beam antenna, 256 lndestuned dipole for, 205 
483-485, 484, 485, 1851 ‘emergency operations antenna, on Iongwites for, 209, 210 
Dlical whip antenna as, 481, 482 vehicles, 491-492 lasses in, 210 
rmultaid top-loaded antenna ae, fence post as supports for ‘quad beam antennas for, 203 
481, 482 vertical antenna, 561-585, ‘randome-length longwire antennas 
Q factor in, 483) 563, 564 in, 209, 210 
radial-to-mobile-anterna connec- oor anges in, 256, trunsformess for, 210, 241 
tom detail in, 488,489 ‘hdden and Uited-space antenna, transimatches in, 208-209, 209 
reson in, 483 233 trap dipoles in, 204-206, 204, 205, 
top-loaded antenna as, 481,482 gh-frequency dipole and tunability of, 203 
tuning of, 483-4185 doublet, 141 tuned feeder antennas in, 206, 
voltage standing wave ratio ‘nast-mmounted vertical antenna, 207 
(VSWR) in, 483 546 tuning of, 205 
‘used as windowsill: mounted, pulley system for, 557-558, 588 ——_volage standing Wave ratio 
241 ‘rigt-angle lange harciware bn, (VSWR) and, 203 
modeling software for antennas, 56 ‘Windom antennas, 209-210, 212 
227-298 shortwave reception antenna, Vag! antennas as, 209 
coordinate system used in, 928, 277-278, 278 ‘multiband fan dipole, 169-170, 170 
29, 90 stirrup-end hardware in, 558, 889 multiband top-leaded mobile 
Expert MiniNEC, 31 temporary mast mount for antenna, 481, 482 
EZNEC for Windows, 331, emergency antenna, 49 ‘mulkiflar windings in transformers, 
34-997, 985, 986, 337 U-bolt hardware, 558, 589 472 


EZNEC Professional, veicle-mounted emergency ‘uultop communication, 23, 49, 


antenna, 191-192. 49-50 
vertically polarized HP antenwa, multihop interference, 36, 36 
rminiNEC-3'mnlNEC-4, 186, 189-190, 194-195, 194, multiple helical antennas, 428-431, 
NEC2, 990 195197, 196, 560-505, 561 429, 430 
NECAWIngS, 331 VHF/UHF transtitting/receiving  mouliple radials from vehiclo- 
NECWin Basie, 991-994, 982 antenna, 247 ‘mounted antenna, 488, 489 
NECWin Plus, 390-391 smulti-impedance balun, 476,477 
Numerical Electromagnetic Com- multiband and tunable-wire N 
putation (NEC) programs in, antennas, 202-212, NAA radio station, 2 
228 antenna tuning unit (ATU) for, National Bureau af Standards (Sev 
ralation patterns displayed in 210 National Institute of Standards 
EZNEC for Windows, 396-837, ‘alanced transmission line and, and Tecluology) 
337 208 ‘ational identifiers in eal sans, 
radiation patterns displayed in ‘alancing live, 208-209, 209 National Institute for Standards 
NECWin Basic, 2,988, 984 Yaluns for, 208-209, 209, 210 and Tectwology (NIST), 40,47 
voltage standing wave ratio ‘ost cable in, 2085 Naval Research Laboratory, 2 
(VSWR) modeling i, 393,385 dipoles in, 204-205, 208 ‘near field and far field ealeulations 
Voltage standing wave ratio fend-fod Zepp anteniia in, 208,208 in microwave waveguldes and 
(VSWR) modeling in, 397,888 feeding parallel transmission line antennas, 395-396 
‘monamatch wattmeter, 533-534, for, 208-212 NEC-2 modeling software, 390 
sad {oedpoint in, 204, 210, ‘NECAWin9S modeling software, 381 
‘monopulse feeds, parabolic “dish” GSRV multiband dipole antenna NECWin Basic modeling software, 
antennas, 408, 410 ‘n, 206-208, 207 391-904, 992 


—— 
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NECWin Plus modeling software, Nummericnl Electromagnetic Com- parallel resonant elgeuit, 526 
0-1 putation (NEC) programs, 328 parallel tuning in loop antennas, 
Nittany-Sclentifie, 329, 890, 381, 307-909, 308, 
nodes, 87, 129 fo) parasite elements ln Yagh antennas, 
sale, 37, 68-69 12 large loop antennas, 290-293, 258-250 
‘antenna noise temperature as, 290, 291 paths, 17-18, 18 
417-420 ‘octagonal loop transmitter antenna, Patterson octagonal lop transtalt- 
‘contributors to antenna noise 319, 820, 222, 322, 929, 924 tor antenna, 322, 922 
Temperature and, 419-420, oll-eenter-fed full-wave doublet pedestals for towers, 858-570, 569 
419 (OCPD), 163, 168 permits, zoning, and regulations, 
environmentaVatural noise off-conter-fed nonresonant sloper BAT 548 
(RN) in, 245, (CFS), 164, 164 phase, 126, 128 
figure of merit and, 418 300, 971,896 phase constant, 82 
Impedance and, 417-418 ‘lunie resistance, 19, 27, 140, phase control circuit (PCC), 228 
Tohuigon noise in, 17 ‘olunmeter, coaxial eable test, phase reversal stubs, collnear 
‘man-made noise (QRM) in, 245 497-438, 497 


Franklin” array antenna in, 


noise bridge in, 521-522, 821, Olun's aw, transmission lines, 7 
522, 523 ‘O-fed growled vertical antenna, phase shift, 19, 21-23, 129, 409, 

noise factor (F,) in, 418 200-201, 202 412, 418, 450-151, 451 

noise figure (NF) in, 418 ‘ominidirectionality: ‘phase velocity (V) in microwave 

noise temperature (1) in, in high-frequency dipoles and waveguides afd antennas, 77, 
418-420 . doublets, 146 79, 980 


‘omnidizectionality v., 245 noise vs, 245 phase-shifting eireuit, directional 
pieaveloctric, 69 Jn shortwave reception antensas, ‘phased vertical antennas, 252, 
IRF noise bridge in, 621-622, 821 273 252 
signal-to-noise ratio (SNR) in, 4 vertically polarized IHF anten-pase-switching antenna matcher, 

a6 ‘as, 173, 1TH-181 shortwave reception antennas, 
sky noise sources, 419-420 ‘open line, 59) 284, 285 
thermal agitation wolse, 417 Orton, 331 phasing box, shortwave reception 
thermal noise in, 417-420 ‘orthogonal lobes, in loop antennas, antennas, 284, 286 
ln transtission lies, 68-69 298-800, 300, 301 phasing switch, directional phased 
fn Yagi antennas, 261, OSCAR satelite communications, vertical antennas, 249-250, 252 
noise bridge, 521-522, 824, 822, 3,99 phasing transformer, 249-250, 250, 
523 ‘out-of pliase waves, 22 251 

noise factor (F,), 418 ‘phasing, phased radial, directional 

noise figure (NF), 418 P ‘phased Vertical antennas, 

noise temperature (T,), 418-420 parabolic “dis” antennas, 404-409, 246-250 

‘nonrecipracal direction propaga 407, 408, 409, 421 pinetworks, 461, 461 

ton, 5 beamwidth in, 407 *pleket feneing,"23 
nonresonant antenna adjustment, Cassegrain feed in, 408-409, 409 peznelecteicity, 69 

5u-805 eutofl frequen in, 408 planar windlngs in loop antennas, 
‘nonresonant oop antennas, direeteis in, 404 planetary terminator, 51, 58 

24-235, 234 effective aperture in, 407 plunger or short-circuit termuna- 
nonresonant siygle-wirelongwire feed geometries for, 408-409, ton, mlerowave waveguides 

408, 409 and antennas, 988, 988 

nonresonant vee bean longwire feed Hlumnination in, 406 polarity, 126-127, 181, 15 

antenna, 229, 224 sgn in, 405-408 ‘reversal of, 126-127, 181, 194 
‘normalization of impedance, 95-97, monopulse feeds, 409, 410 polarization of radio waves, 12-13, 

98, 469-470 ray tracing showing operation of, 13,27, 28, 29,55, 173 

northern lights, 54 407 in Beverage antenna, 226-227 

null steering, 229) splash plates in, 408 in directional phased vertical 

nls, in loop antennas, 298-800, ‘ey coordinates in, 404 antennas (See directional 
800, 301, 903, 905 parallel lines, 59-68, 60, 65-66 phased vertical antennas) 


——— 
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polarization of radio waves (Cont) 
in vertically polarized HF 
antennas, 173-202 
polarization diversity, 85, 88 
power, 11,24, 140, 15, 581-532 
ln RF power measurements, 
529-639 
ln vertically polarized HF 
antennas, 180 
power density, 10 
power fading, 36 
power gain (G,) in microwave 
‘waveguides and antennas, 
401-402 
powersrequency calibration 
58, 538 
preatnplfiers for aap antennas, 
‘808 
predictions of propagation, 55, 56 
‘propagation constant (B), ®2, 
84 
propagation modes in microwave 
waveguides and antennas, 
73-381 
propagation af raio waves, 5-58 
propagation predictions, 58, 66 
pulley system for mounting, 
557-588, 558 
pure reactane circle, Smith charts, 
100, 103 
pre resistance line, Smith charts, 
95-97, 98 


Q 

‘Q-multipliers for loop antennas, 
small receiver-type, 313, 315, 

QRM noise, 245 

QRN noise, 245, 

‘quad beam VHF/UHF antenna, 356, 
958, 359 

‘quad beaun antennas, 203, 

‘quad loop antennas, 263-267, 264, 
266, 267 

‘quality factor (Q), 85, 160, 
820-821, 483 

‘quarter-wave matching (Q section) 
sections, 85, 146, 199-200, 199, 
467-408, 468, 469 

‘quarter-wave Vertical polarized HE 
antenna, 173 

‘quarter-wavelongth longwires, 
217 

‘quarter-wavelongth lines, 84-85 


24, 


‘quarter-wayelength shorted stub 
“Looking in” impedance in, 972 
nicrowave waveguides and anten- 

sas vs, 572-873, 872, 978, B74 
‘ransnission lines and, 86, 87, 88 
‘quarter. wavelength vertical 
antenna, 181, 182, 183, 187 


R 
radar, 3,20 
rdialto-mobile-antenaw conection 
tall, 488, 489 
radially scaled parameters, Smith 
huts, 106-109, 107 
radials 
‘n grounding and ground systems, 
577-574, 579, 580 
‘n. mpedance matching, 460 
‘nJongwires, 215, 
{nv low-frequeney operation a 
nas, 502, 502 
‘multiple, from vehicle-mmounted 
antenna for, 488, 489 
‘rdial-to-mobile-antonna conne 
‘ion detain, 488, 489 
‘in vertically polarized HF ante 
sas, 176, 186, 189, 560-561 
radiated Held, 5 
‘radiating vs, nonradiating slots, 
smjerowaye waveguides nd 
antennas, 99 
‘radiation angle, 0, 48-50, 50 
radiation loss, 369, 872 
‘radiation patterns: 
1 Adoock antenna, 449 
‘in bean antennas, 257 
ceandioid, 441,442 
{n directional phased vertical 
‘antennas, 246-250, 246, 247 
EANEC for Windows modeling of, 
396-897, 397 
‘nv high-frequency dipoles nnd 
doublets, 146-152, 147 
‘nu Jsotropie antenna waveguide, 
597, 398 
11 AP large loop antennas, 287 
‘nvlongwires, 219, 220, 220-221, 
222 
{nvJoop antennas, large designs, 
299-200, 800, 304 
Jnvleop antennas, small receiver: 
‘ype, 299-300, 800, 301, 303, 
313 


8, 258 


—— 


radiation patterns (Cont) 
in loop anterunas, small transtnitter 
type, 924, 325 
In loopstick antennas, 439, 440, 
mm 
NECWin Basie modeling of, 822, 
332, 934 
in sense antennas, 441, 442 
inwitched-pattern RDF antenna, 
41514156, 454 
in vertically polarized HP anten- 
‘nas, 178-181, 181, 182 
ln. Watson-Watt Adcock array 
antennas, 450 
in Yagi antennas, 257-258, 258 
rrulation resistance, 140 
lnshigh-Irequeney dipoles ana 
doublets, 143-146 
In oop anteras, snall transtnitter 
type, 319, 21 
in microwave waveguides and 
antennas, 395, 
in vertically polarized HF antennas, 
189, 184, 185 
‘radiators, high-frequency dipales 
‘and doublets, 141 
raul astronomy antenna, 431-492 
directional discontinuity ring 
‘radiator (DDRR) antenna in, 
421-497, 426, 4371 
holieal antennas in, 427-428, 429 
interferometer antennas in, 431, 
431, 432 
Jupiter reception antenna, 
421422, 429 
‘multiple helical antennas in, 
28-491, 429, 430 
ing antenna, 422-424, 423, 424, 
425 
summation interferometer array 
‘antenga, 431, 481 
raul direction fading (RDF), 
439456 
Adeock antennas for, 446-447, 
448, 449 
AM broadeast band (BCB) in, 439 
birdirectionalty of loopsticks in, 
4 
ardiid radiation pattern of sense 
antenna in, 441, 442, 
CONALRAD station frequencies 
and, 439 
Doppler antennas, 450-451, 451 
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aio direction fing (RDF) 
(Cont, 

double ducky direction fhuders 
(DDDF) in, 455-456, 458 

“fox hunting” antenna in, 444, 445 

Global Positioning Systema (GPS) 
and, 449 

Improvisation of, using portable 
“AM radio receiver, 443, 443. 

loop antennas in, stall receiver. 
type, 201 

loopstick antennas in, 439-440, 
“440 

measurements In, 433 

raudition patterns of loopsticks in, 
499, 440, 441 

regular wire oop autennas for, 


4, 445 

“rubber ducky” VHF antennas in, 
454-4565, 455, 

8 moters in, 

sense antenna for, 441, 442, 446, 
447 

shortwave and AM BCB “skip" in, 
1446 

switched-pattern RDF antenna in, 
454-156, 454 

tue differosice of urtival (TDOA) 
array antenna in, 452-464, 
453 

‘wiangulation of radio signal ln, 
439 


Watsou-Watt Adcock array anten- 
nas in, 447-450, 449, 450 
\Wide-aperture direction finder 
(WADF) in, 451 
Wullenweber array antennas in, 
451, 452 
Radio Luxembourg effect, 54 
radio system, 515, 516 
rao veetoring, 
ralio wave conliguration, 5-8 
randomn-lengtt long 1.210, 
213-214, 214, 507-510, 509 
‘racing, 82-98, 407 
reactance, 140, 524 
(See also ea 
Inductive reactance) 
ln high-frequency dipoles and 
doublets, 143 
Smith charts, 109, 117 
Smith charts, capacitive reactance 
In, 100, 102 


reactance (Cont): 
Sinith charts, constant reactance 
‘rele a, 100-105 
Sinith charts, inductive reactance 
41, 100, 101 
Sinith charts, pure reactance 
cielo in, 100, 108 
Jn transmission lines, 85-88, 108, 
525 
Jn vertically polarized HP antennas, 
185, 184 
Reber, Grote, 421 
receivers, 123 
reciprocity, la, 226, 271, 994 
recombination phenomena, 18 
rectangular waveguide using paral 
Jel transmission lines, 370-873, 
a7 
reflected power (P ), 89, 58, 889 
reflected waves, 198) 194 
‘reflection, 16-17, 21, 22, 60,52, 
161 
reflection eoetficient, 21,22 
Simi charts, 108, 106, 106-109, 
112, 114 
transmission lines, 71-79, 89, 112, 
1a 
reflection loss, 113-114 
reflector antennas, 404, 408, 406 


‘refraction, 16-17, 16, 23-24, 
29-90, 80, 48 
‘rofravtivity of atmosphere, 24-27 
‘regular wire loop antennas, 444, 
445 
‘emote tuning, loop antennas, small 
receivertype, 307-208, 310 
‘repeaters for emergency operations 
antennas, 487 
resistance, 27, 140, 969, 434-497, 
521-504 
4a high-frequency dipoles unl 
doublets, 13-146, 145 
Jn Joop antennas, small transmitter. 
type, 319,821 
4 Smith charts, constant or ore: 
sistance eirles in, 97-100, 99 
Jn Smith charts, pure resistance 
line in, 95-97, 98 
dn Smith charts, unity resistance 
cielo in, 100 
4n transmission lines, 64 525) 


—— 
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resistance (Cont, 
in vertically polarized HF 
antennas, 183, 
rosistive vane duty Load i 
nierowave waveguides and 
antennas, 385, 
resonance, 140, 524 
in dipoles, 257 
in high-frequency dipoles and 
doublets, 149, 149-151, 150 
in mobile HF antenwias, 483 
‘resonant frequency, 438, 
resonant ys. otr-resonaut Jonge 
wires, 213 
roturn loss, 108-109, 113, 114 
RP aunmeter, 580, 550 
RF noise bridge, 521-622, 521 
RF power measurements, 
520-539 
RP wattmeters, 520-599, 531 
‘shombie beam langwire antenna, 
221, 229-204, 225 
‘homie inverted-vee antenna, 169, 
169 
‘ight-angle fange mounting hard- 
258 
pa, 422-404, 498, 404, 


RLC networks, 88, 143 

rotatable dipole antennas, 298, 
242, 255-257, 257 

‘rotating joints in microwave wave- 
uldes and antennas, 390, 391 

“rubber ducky” VHF antennas, 
“451456, 455 


s 
‘Smmeters in RDF antennas, 439 
safety issues, 549-548 
burns or shocks from RF through 
vertical antennas, 191, 195 
dden and linited-sace 
antennas, 283, 
longwires, 205 
rnjerowave waveguides and anten- 
nas, 413-415 
shortwave reception antennas, 
276, 277, 279 
VHFIUIP transmitting ceiving 
antennas, 40 
“salt pipe" to apply chemical soll 
‘conductivity mpeovers, 
576-577, 877 
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silt to ater soll conductivity, 
575-576 

satelite communications, 9, 399, 421 

seanner band VHF/UHF antennas, 
‘360-868 

seanner skyhook VIEVUHE 
antennas, 362-68, 263 

vision antennas, 360-362, 


261 

seatter propagation, 51-54, 88 

seasonal variations in radio propa- 
gation, 24, 40, 41,46, 51, 178 

selective fading, 55 

sell-resonant point, loop antennas, 
small receivertype, 317, 317 

semnipermanent joints in microwave 
‘waveguides and antennas, 389) 

sense antenna in RDF, 441,442, 
446, 447 

series matching section, 468-471 

series resonant tuning, loop anten- 
nas, small receiver type, 
07-209, 208 

series tuned eireuts, 625, 

series-fed vertical antennas, 200 

shape constants, oop antennas, 
small receivertype, 203, 803¢ 

shielded loop antennas, 309-311, 
su 312 

shielded parallel tin 
lmpedance of, 

shlelded twin lead, 61, 61 

shielding in mlerowave wa 
‘and antennas, 392 

shocks hazards from RF through 
antennas, 191, 195, 215, 293, 
276, 279 

short path transmission, 61 

short skip, 41 

short-clrenit termination, in 
microwave waveguides and 
antennas, 988, 388 

shorted lines, 87 

shorted stubs, trausmission lines, 
86, 87 

shorted stubs (See stub matching 
systems) 

shortened coll-loaded dipoles, 
157-160, 158 

shortened tee antenna, 511, 613 

shortwave and shortwave ception 
antennas, 2-4, 8,7, 41, 54-55, 
271-286 


characteristic 


reguldes 


ahortwave and shortwave reception, 
antennas (Cont) 
Angle of radiation in, 274, 274 
antenna matching transformer tn, 
281, 285 
antenna matching tuner in, 281, 
285, 
connection to receiver in, 
274-276, 278, 276 
dipole as, 272, 278, 274 
digectional wire antenna in, 
281-288, 284 
directivity of, 272 
‘attop antennas for, 
sgn in, 272 
‘grounding for, 276, 277, 278-279, 
279 
Interference and, 272, 298, 274 
{isotropic radiation in, 272 
law of reciprocity in, 271 
Jongwire antennas for, 277 
278 
‘mounting for, 277-278, 278 
‘multiband wire vertical antennas 
Jot, 281, 282, 283 
‘ommidirectionality in, 272, 278 
phase-switehing antenna matcher 
4, 284, 288 
plasty bo for, 284, 286 
properties of importance in, 
271-274 
‘radio disection fanding (RDF) 
antennas for, 444-46 
safety issues in, 270, 277,279 
skip propagation an, 274 
‘transformers in, 281 
vertical antennas for, 279-281, 
280, 282, 283 
shuunt feed systems, 200, 507 
side seatter, 52 
‘sidelobes in microwave wave- 
guides and antennas, 400, 400, 
401 
signal-to-noise ratio (SNR), 97,45, 
246 
simple refraction, 29, 
sinigle-sideband (SSB), 55,495 
skin effect, 969, 971 
skip distance, 47-48, 48, 47 
skip propagation, 6,29, $7, 41, 
AT-48, 48, 49, 51,95 
trio digvetion finding (RDF) 
antennas and, 444-446 


279, 280 


278, 


—— 


skip propagation (Cont): 
shortwave reception antennas 
nd, 74 
vertically polarized HP antennas 
td, 176-179, 178 
VHFIUIP transmitting receiving 
antennas and, 399) 
‘kip zone, 47-48, 48. 
ky noise sources, 419-420 
aky wave, 47-48, 48, 49, 202 
‘kyhook VHF/UHF antennas, 
162-268, 268 
slip-up tower, 667-568, 668, 568 
sloping (sloper” or “slipole") 
dipole, 153-154, 154, 155, 
238 
hulfalelta sloper (HDS), 295-296, 
296 
olf-center-fed nonresonant sloper 
(OCFS), 164, 164 
-sloper antensa in, 168-168, 
168 
lot array antennas, 411-413, 413 
‘Smith charts, 95-121, 96 
absorbed power (P.) in, 118-114 
admittance in, 100,112, 114 
angle of reflection coefficient 
‘ire in, 108, 108, 112 
tangle of transmission coedfieient 
‘ircle in, 103, 108 
applications for, 109-121 
capacitive reactance i, 100, 102, 
17 
‘complex admittance in, 105, 
omponents of, 85-109 
‘sanstant reactance circles in, 
100-105 
‘constant resistance eiteles in, 
97-100, 99 
frequency in, 117-121, 119, 120 
Impedance and impedance match 
ing, 10-112, 111,115, 
11-121, 119 
lnmpedance radius in, 100 
inductive reactance in, 100, 101, 
17 
isoresistanee eirles in, 97-100, 
99, 
Joss coefficient seale in, 1 
112-113 
lossy eireults and, 117, 118 
‘normalized impedance line ln, 
5-97, 


8, 
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Simith charts (Cont) 
pure reactance circle in, 100, 108 
pre resistance line in, 85-97, 98 
rrudally sealed parameters in, 
106-109, 107 
reactance it, 109, 117 
ruflection enefficient in, 106-109, 
1 
reflection loss in, 113-114 
return loss in, 108-109, 118, 114 
standing wave rato (SWR) in, 108 
stub matching systems problems 
solved using, 109, 114-117, 
115, 116 
susceptance in, 117 
transmulssion ine probleins solved 
using, 109-114 
‘uanstulssion loss coeffilent 
(TLC) in, 112, 114 
transtalssion loss in, 108-109 
lunity resistance circle in, 100, 
Voltage standing wave ratio 
(VSWR) circle in, 100, 104, 
112, 114, 115, 117 
Wavelength calculation in, 110, 
15 
wavelength circles in, 1038, 105 
Sint, Philip 1,95 
soll conductivity, 27, 281, 675-577, 
576, 576, 577 
solar Mages vs. radio propagation, 
‘97, 39, 46-47 
solar lux index (SFD, 40 
solar storms, 47 
solid-state array antennas, 408-411 
808, 2 
southern lights, 54 
spave diversity, high-frequency 
dipoles and doublets, 160 
space quadrature flds, 127 
spave waves, 17-19, 18 
spark-gap transmitters, 2 
spatial diversity, 
SPC transinatelt network, 463, 463 
“spider web” ground system, 
vertically polarized HF antennas, 
185, 188 
splash plates, parabolic “dish 
antennas, 408 
split frequencies, bop antennas, 
tual receiver-type, 302 
split-capacitor networks, 461-462, 
462 


spoiler loop, loop antennas, small 
recelvertype, 313, 314 
sporadic E propagation, 41, 46 
sports fan's loop antennas, stall 
recelvertype, 309 
spreaders, multiband and tunable- 
wire antennas, 206, 
square loop (14) large antenna, 
200-299, 290 
square loop transmitter antenna, 
319,820 
stackrd dipoles, 160-169, 162 
stagger tuning in hight-frequeney 
dipoles and doublets, 157 
standard refraction, 25 
standing wave antesmas, 20 
standing wave ratio (SWR), 434 
1a high-frequency dipoles nue 
doublets, 14 
dou Smith chats, 108 
Jn transmission lines, 86-91, 90 
standing waves, 87, 127-181, 180, 
1a 
current, 134, 195, 196, 197, 139 
{nv high-frequency dipoles and 
doublets, M44 
‘measurement of, 187, 198) 
4a, transmission les, 71, 72, 73 
voltage, 14-136, 135, 196, 139 
station grounding, 57-580, 581 
stationary waves, 128 
steady-state av response, transmis 
sion lines, 70, 79-82, 81 
steerable notch Beverage antet 
229, 229 
step-function response, transiais- 
sion Lines, 70-1, 70, 7 
stirrup-end mounting hardware, 
588, 559 
storms, lonaspherie, 47 
strain relief, 53-554, 684 
stratosphere, 14,18, 18 
stray capacitance, 138 
stripline or microstripline, 63, 64, 
66-67 
stuly matching systenns, 114-117, 
115, 465166, 466, 467 
Impedance matching in, 115 
Jength of stub ealeulation in, 
ur 
shorted stubs, 114 
Sinith charts for, 109, 114-117, 
115,116 
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stub matching systems (Cou) 
in VHF/UHF transtutting/recetw 
antennas, 45-346, 345, 
voltage standing wave ratio 
(VSWR) in, 115, 117 
wavelength calculation in, 115 
‘subrefractin, 31, 32, 36, 
‘sudden ionospheric disturbances 
(Sis), 46-47 
summation interferometer array 
antenna, 491, 491 
sunspots vs. radio propagation, 
40-41, 40, 43,46, 47 
superrefraction, 29, 81, 26, 
support posts, 65, 568, 
support ropes, 551 
suburbat ot installation plan, 548, 
surface waves, 17-19, 18, 27-29, 
surge impedance (See cluaracter- 
istic impedance) 
susceptance, Smith charts, 117 
‘switched-pattern RDF antenna, 
454-456, 454 
‘SWR analyzer, 424 


T 

360-deuree directional a 
253, 254 

tapped balun, 476, 477 

toe anteruias, SLL, BAZ, 513 

twe-network transmateh, 463, 468 

Tellon, 61, 62 

telegraph 1, 

Tolescoping antennas, emergency 
‘operations, 491 

television, 3, 22 

television Interferenceftmnadeast 
interference (TVVBCD, 214 

Lolevision-zeanner VHF/UHF 
antennas, 360-362, 361 

temperature effect on propagation, 
29-2, 98 

temporary antenna construction, 
emengeney operations, 
487-488, 488 

temporary mast mount for emer 
gency antennas, 492, 498 

terminated longwire antennas, 220, 
2ai 

terminations for microwave wave- 
‘uldes ancl antennas, 385-388 

terrain effects, 28, 92, 92 

ermal agitation noise, 417 


250, 


ON 
ae \ 
Fig. 13. A general structure of SRB. 
parameters via rotational invariance © Collect received samples and 


techniques algorithms or their derivatives. 
They involve finding a spatial spectrum of 
the antenna/sensor array, and calculating 
the DoA from the peaks of this spectrum 
[37]. A general architecture of SRB 
algorithm is shown in Fig, 13. The general 
steps of SRB method are shown as 
follows: 


@ DoA Estimation 

© Arbitrary Array: MUSIC, etc 
Linear Array: ESPRUT, ete 
‘@ Beam Synthesis, 


Gram-Schmidt, et 
@ Combining 


© EGC, MRC, Wiener Filter, ete 


‘Multiple signal classification (MUSIC) 
algorithm estimates the DoA of the 
desired signal by using an cig 
method based on a spatial reference 
signal. MUSIC requires 
calculation of eigenvalues 
eigenvectors of an autocorrelation matrix 


space 


intensive 
and 


of the input vectors from the receiving 
antenna array. A general step of MUSIC 
algorithm is shown below: 


estimate the covariance matrix of the 
received samples. 

Perform eigen-decomposition of the 
covariance matrix, 

Calculate spatial spectrum, 

Estimate DoA by locating peaks in 
the spectrum, 


Estimation of signal parameters via 
rotational invariance techniques 
(ESPRIT) is also well known for the SRB 
method. In addition, ESPRIT has many 
important advantages MUSIC 
algorithm [38] 


® No knowledge of the array geometry 
and 
required, 

Much less complex on computation. 
No calibration of the array is required. 
The — algorithm 
estimates the number of sources and 
Doa’s 


clement characteristics are 


simultaneously 
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604 Inder 
thermal noise, 68, 417-420 ‘transformers (Cont) transilasion lines (Cont) 
thermocouple for RF ammeter, 530, un directional phased vertical electrical ys physical length of, 
530 antennas, 249-250, 250, 251 67-68 
“Thome array antenna, | feeding type, 476,477 equivalent cireuit for, 64, 516, 517 
268, 269 Ierrite rods in, 475, 475 ssliled line as, 62, 63, 
three-limensianal (Kal) radiation in high-frequeney dipoles and halfewavelength line as, 8 
pattern, dipoles and doublets, doublets, 146 
147-148, 147 ‘mult-impedanee balun and, 476, helical ine as, 62 
tt angle of surface wave, 28, 28¢ 417 {nypedanee ancl impedance match 
tt angle, rhombic beam longwire, in multiband and tunable-wine ing, 71, 
224 antennas, 210, 214 at 
ted, centered, terminated, ‘multifar windings in, 472 inypedance matching network. 
folded dipole CTCFTFD oF In shortwave reception antennas, (Q section) i, B5 
FFD, TTFD), 168-168, 167 281 incident power @) 
time difference of arrival (TDOA) tapped balun and, 476,47 induetane in, 64 
array antenna, 452-454, 458 toroid core mounting in, 471,472, installation tips fr, 433-438 
time domain reflectometry (TDR), 474 insulators in, 61 
75-19, 76, 77, 78, 79, 80, 81 toroid broadbared, for imped load impedance i, 109-110 
time quadrature flelds, 127 ance matching, 475-77, 476 longwires au, 217—218 
time-of-day variations in radio toroidal type, 471-475, 472 ooking-in impedance of, 2-86 
propagation, 14, 16,2, 99-41, in transformer loop antennas, {oss coefficient scale in, 112-113 
43, 46, 51, 178 306-307, 906 lose in, 83-84, 91-94, 369 
top-loaded mobile antenna, 481, —_iflar windings in, 472 ‘measurement and adjustment 
482 turns in, 474 techniques for, 516-517, 525 
toroid broadbanded transformers, in VHF/UHF transtalting’ ‘misimateh (VSWR) losses in, 
475-477, 476 receiving antennas, 341-346, 91-98 
tomuid cores, 471, 472, 474 343, 343 ‘vultibandl and tunable-wire 
tomuidal transformers, 871-475, windings in, 472478, 47 antennas and, feeding, 
472 ‘ransmateh eireults, 208-209, 209, 208-212 
towers, 588, 565-51 462-471, 462 odes i, 87 
fok- or tittover, 587, 867 ‘transmission lines, 9-94, 516-517 noise and, 68-69 
tin pole to raise, 570, 872 absorbed power (P.) in, 1-114 oni los in, 369 
‘uy wires and ground stakes for, adjustments to, 43-498 Oba’ aw aun, 74 
570, 872 admittance in, 112, 114 open line as, 59 
Dinged baseplate, 888, 566-67 _—_airarticulated Line as, 62-69, 63 parallel ines as, 59-63, 60, 65-68 
Impedance matching in, 507, 808 angle of reflection in, 75 ‘hase constant of, $2 
low-frequency operation anten-_antinodes in, 87 ‘propagation constant of, 8% 
nas, loaded tower designs for, attenuation constant of, 82 Qsection in, 85, 
507 Valancrd transmission line and, quarter-wavelength lines as, 84-85 
masts an supports for, 656-558, squarter-wvavelength shorted stubs 
387, 558, in, 86, 87, 88 
pedestals for, 568-570, 569 ‘eapaeitanee in, 64, 69 radiation loss in, 869 
alsin of, 570, 570, 574 characteristic impedance (Z,), reactance in, 85-86, 109, 625 
safety issues in, 5-548 64.67, 89 rectangular waveguide using, 
slip-up, 567-588, 868, 569 oad cable, 59, 61-62, 61, 62, parallel type, 370-378, 37 
transducer action, microwave 66, 6, 208 reflected power (P,) in, 89 
‘waveguides aul antennas, 394 (See also coaxial eable) refletion coefficient in, 71-79, 89, 
transformer loop antennas, ceonuduetance in, 64 112,144 
306-307, 306 ‘current standing wave ratlo reflection oss in, 119-114 
transformers, 198-200 OSWR) in resistance in, 64, 525 
feore material in, 474 cutoff frequency (F,) in, 60 responses in, 70-94 
feurrent transformer wattmeter in, dielectric loss in, 369 return Jas in, 113, 114 
54-538, 585, 896, 537 louble-shielded coaxial as, 6 RLC networks and, 59 


—— 
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‘uanstulssion lines (Cont 
shielded parallel line as, 6 
shielded twin lead as, 61, 62 
shorted lines and, 87 
shorted stubs, 86, 87, 114 
(Soe also stub matching systems) 
skin effect in, 260 
Sint charts for, 109-114 
standing wave rato (SWR) in, 

86-91, 90 
standing waves in, 71, 72, 73, 87 
steady-state ac response in, 70, 
70-82, 81 
step-function response in, 70-71, 
70,71 
striplse oF raerostipline as, 63, 
64, 66-87 
stub matching systems (See stub) 
matehing systems) 
surge impedance (Z_) in, 516 
time domain reflectometry (TDR) 
measurements in, 75-79, 76, 
77, 78, 79, 80, 81 
transtalssion loss coefficlent 
(TLC) in, 112, 114 
troubleshooting tps fo, 
43-438 
‘in Toad as, 59, 60 
velocity thctor of, 67-68, 68, 625 
voltage mini and maxima in, 87 
voltage standing wave ratio 
(VSWR) in, 88-94, 90, 112, 
114, 517, 518, 
waveguides vs, 86 
wavelength calculation in, 110 
transmission loss, using Sinith 
hats, 108-109) 


transtnission loss coefficient (TLC), 


112, 114 
transtalters, 125 
franstntting antennas, stall loops 
(Sev loop antennas, small 
tranenaltrertype) 
tuansverse electric mode (TE, 
ode) in microwave wave 
guides and antennas, 3 
transverse cloctramagnetic (TEM) 
flelds, 9, 69, 973-275 
transverse magnetic mode (TM 
mode) in mlerowave wave 
‘guides and antennas, 
trap dipoles, 204-206, 204, 205 
traveling wave antennas, 220, 223, 


‘traveling waves, 127, 128-129, 129, 

1s 

‘enching to apply chemical so 
‘conductivity improvers, 
576 

triangle loop (1A) large antenna, 
290-209, 201 

tiangulation of radio signal, 302, 
439 

trillar windings in transformors, 472 

‘opleal hand, Beverage or “wave 
‘antenna in, 224-228, 226, 228, 
229 

troposphere, 14, 18,29, 51 

‘tropospheric propagation, 17-18, 
18, 29-92 

‘troubleshooting tips, 483-498 

‘rue longwire antenna, 27-219, 
217 

‘tubing construction af vertical 
dipole,192-194, 193 

‘tunability, multiband and tunable- 
wire antennas, 203, 

‘tunable dipoles, 160, 

‘unable-wire antennas, 20-212 

tuned eigeuit measurements, 526 


ung, 
Antenna matching tuner in, 281, 
285 
of ground wires, 580-581 
of high-frequency dipoles and 
‘doublets, 149-152 
oflongwires, 214, 218, 215 
fof loop antennas, small recelver- 
‘ype, 304, 807-909, 208, 
312-313 
‘fmarine radio antennas, 
497-500, 499, 500 
of mobile HP antennas, 489-185, 
ff multiband and gunabe-wire 
antennas, 203-205 
ye reception antennas, 


‘tuning antennas, 203 
‘tuning eapacitance and eapaeitors, 
twas, nal ransntter- 

type, 920-321 

urns in transformers, 474 

‘TV receive-only (TVRO) satelite 
dishes, 421 

‘twenty-seven day cyele of radio 
propagation, 46 
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tyvn Lead, 59, 60 

wo-meter Yaw VHF/UHF antenna, 
352-353, 352 

two-port phasing transformer for 
lirectional phased vertical 
Antennas, 249-250, 260, 251 


U 
U-holt mounting hardware, 
559 
ultrahigh frequency (UHF), 1, 
17-19, 23, 29, 32, 99, 61 
in Joop antennas, stall receiver 
type, 302 
ln VHE/UHP transtdttingy 
‘receiving antennas, 339-968 
ultraviolet (LV) radiation, 9, 39 
tumbra region, 17 
lunty resistance cirele, Smith 
‘hurts, 100, 
Universal Coordinated Time (UTC), 
55 
‘upper sideband (USB), 55 


v 
varactor tuning, in loop antennas, 
small receiver-type, 309, 310 
variation, ionospheric, 4547 
vee beam longwire antennas, 
23, 228 
vee dipole, 236, 289 
vee-sloper antenna, 168-169, 168 
velocity factor (Vp), 14,525 
of cons, 248 
of mierowave waveguides andl 
antennas, 377-381, 378 
of transmission lines, 67-68, 68¢ 
velocity of propagation, 8, 13-14, 
197-199, 199) 
vertical antennas (See vertically 
polarized HF antennas) 


vertical dipole scanner antenna, 
364, 364, 365, 
vertical extent radiation pattern, 


vortieally polarized IF ant 
sas, 179, 180 

vertical plane radiation pattern, 
‘high-frequency dipoles and 
doublets, 148-149, 148, 

vertical polarization, 12-18, 18, 27, 
28,55, 173 
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vertical polarization (Cow) 


Beverage antenna, 2 

helically wound antennas, 289, 
2, 243 

vertically polarized HIF antennas, 
173-202 


Vertically polarized HF antennas, 
173-202, 174 
above-ground mounted, 197 
angle of radiation in, 176-179, 178 
fantensi tuning units (ATU in, 173 
‘coaxial vertical antennas in, 
191-194, 192, 193 
coaxial vertical scanner antenna 
1, 385-068, 267, 268 
coaxial-fed, 175 
collinear vertical VHE/UHE 
“49,350 
collinear vertical antennas in, 
101-194, 192 
ceanstruetion of, 195-197 
current in, 178, 174 
Holta-fed grounded vertical 
antenna in, 200-201, 200 
tlirectionally phased (Ser 
directional phased vertical 


“drooping radials" in, 176, 17 

lluetre felds in, 173, 

electrical connections for,197, 
198, 580-561 

eedpoint circuits for, 197, 198 

fence posts as supports for vert 
‘al antennas, 561-565, 663, 
564 

Aive-eighths-wavelength antenna, 
181, 182, 189, 197-200 

four/4e support posts for, 565, 
565, 

gain in, 172-181 

‘uammi-fed grounded vertical 
‘antenna in, 200-201, 201 

uhost radiator in, 173 

‘uround losses in, 183, 

{ground plane vertical antennas in, 
176,177 

sround-mounted, 176, 195-197, 
196, 561-55, 56, 

grounding and ground system for, 
176, 185-187, 188, 195-197, 
4196, 200-201 

half-slope vertical antenna, 238, 
240 


vertically polarized HIF antennas 
(Cont: 
ual-yave vertical dipole in, 
187-191, 190 
dua-avelength antenna, 181, 188 
‘height of antenna in, 181, 187 
holcally Wound antennas, 289, 
242, 243 
‘mage antenna in, 173 
{impedance anu impedance mateh- 
‘ng, 172, 175-176, 188, 
184, 186, 195-197, 199-200, 
199) 
Anstllaton of, 860-572 
Insulators in, 175, 195 
‘isotropic radiation in, 279-181, 
181 
JFpole antennas in, 201 
length of, 181, 183, 184 
limited-space designs, 208, 240 
Josses in, 183 
Jow-frequency operation antenna, 
502-5085, 503 
smast-mounted, 178, 194-195, 
194, 546, 560-561, 561, 562 
‘mounting, 188, 189-190, 194-197, 
194, 196, 560-565, 561 
uon-ground-znounted, 195, 197 
non-quarter-wavelength verticals 
4m, 1B1-185, 
‘omega-fed grounded vertical 
‘anton i, 200-201, 202 
‘omaidirectowsaity in, 173, 
179-181 
power caleulaton in, 180 
19-200, 199 
rwavelength antenna, 173, 
181, 182, 183, 187 
‘radials used in, 176, 186, 189, 
560-581 
radiation patterns in, 178-181, 
181, 182 
‘radiation resistance in, 185, 184, 
185 
reactance in, 183, 184 
resistance in, 183 
safely issues, burns or shocks 
from RF through vertical 
antennas, 191, 1 
series-fed vertical antennas in, 
200 
shortwave reception antennas, 
279-281, 280, 282, 283 
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vertically polarized HP antennas 
Cont.) 

shunt-fed vertieal anteruas in, 200 

skip propagation and, 176-179, 
178 

“spider web ground system for, 
185, 188 

tower installation, 688, 565-572 

Hransformers in, 199-200 

Tubing construction of vertical 
dipole, 192-104, 19 


vertical dipole scanner antenna 
364, 364, 365, 

vertical extent radiation pattern 
in, 179, 180 

VHF/UHF transiting receiving 
mennias, S4D-341 

voltage in, 173,174 

voltage standing wave rato 
(VSWR) in, 176, 195 

Wwindow-sill antennas, 298, 241 

Vag antennas and, 201 

very high frequeney (VHF), 19, 
17-19, 29, 29, 90, 92,99, 41,46, 
54,65, 170-171 

emergency operations antennas 
‘an, 487 

loop antennas, small receivertype 

td, S02, 

marine radio antenmas and, 495 

vertically polarized HP antennas 
and, 191 

VHF/UHF transmitting receiving 
‘antennas and, 39-268 

very low frequency (VLF), 29, 55, 


224-298, 226, 228, 229 

VHF/UHF transtuthing receiving 
antennas, 339-368, 

Dalune in, 41-246, 342, 349 


Dea a 
352 

“bowtie” dipoles in, 861, 362 

citizens’ band antennas as, 341 

‘ula vertical antenna for, 
346-349, 247, 248 

‘eal vertical scanner antenna 
in, 965-968, 867, 268 

collinear vertical antenna, $49, 850 


949-952, 851, 


1376860_tndex_carr 4/13/01 12:11 PM Page 607 © 


Index 607 
VEFATHE transmittingecelving VHF/UHF transmiting/receving voltage (Cont, 

sutennas (Con) antennas (Cont) in vertically polarized HF 
delta feed mateh for, 48,844, 945 voltage standing wave ratio antennas, 195 
dls Limitations in, 340 (VSWR) in, 341 in VHF/UE transetingoceds 
divectsty in, 349 wavelength i, 339 antennas, 31 
drooping dipole scanner antenna Yaglantenvias i, 3H9-5, 381, 952 in Yah antennas, 261 

in, 963, 368 sirtual height, 49,44, 45, 

effective radiated power (ERP) in, e 123-120, 191-197,192,  W 


4g 133, 531 Water analogy of radio wave propa- 
five-cighths-wavelength 2-meter (Soe also Voltage standing wave sation, 6-7 

antenna for, 353, 284 ratio) Watson-Watt Adcock array anten- 
folded dipoles in, 962, 362 dn high-frequency dipoles and nas, 447-450, 449, 450 
frequency spectrum of, 389, 341 doublets, 143-146, 143 wattmeters, 529/599, 581, 533, 
saan in, 349 Jag, 126 45334, 535, 636, 537, 538 
‘gamma math system for, 346, Jn Joop antennas, stall recelver- waveguides, 86, 269-415 

346 type, 303, 204 (See also microwave waveguides 
groundplane antenna for, 356,387 uv loop altennas, small transmitter. and.antentnas) 
“droundplane seamner atenwa i, type, 320, 823 wavelength ealeulation, using Smith 

34, 166 sina andl maxima of (See anti hurts, 108, 105, 10, 15 
halo antenna for, 256, 358 nodes; nodes) wavelength, 7-8, 28 
Impedance matching i, 341-948, standing Waves of, 184-196, 188, high-frequency dipoles and 

a2 136, doublets, 141-142 
{pole antenna for, 963-985, 65 in vertically polaried HF ant ongwires, 217, 218-219 
length of, 239 nas in, 173, 174 ‘miorowave waveguides and 
line-of-sight communications and, voltage standing wave ratio 

390 (VSWR), 88-91, 90, 515, VHFIUHF transmitting receiving 
longwires as, 340-841 517-519, 529, 592 antennas, 339 
low frequency (LE) vs, 339 caleulation of, 517-819 “wave” antenna, 224-298, 226, 
lower band antennas on VHF/UHF,  EZNEC for Windows modeling of, 228, 229 

‘sa0-3al 397, 338 weather-related propagation 
mounting, 347 frequency vs., 444-497, 485 phenomena, 28, 36 
OSCAR satellite communications in Mddens and Lnuted-space wedge dummy loads, in microwave 

and, 389 antennas, 238 ‘waveguides and antennas, 85, 
‘quad beam antenna for, 356,958, in high-frequency dipoles andl 386, 387 

359 in, 144,146, 149-151,  Wheatstone bridge, 519-521, 


safety Issues in, 240, 
satellite communications and, 399 Jongwie: 


520 
Whip antennas for marine radio, 


seanner band antennas, 360-368 inJoop anterwias, small transmitter 496-497, 497 

seanner skyhook antennas in, type, 920 \wide-aperture direction finder 
‘982-368, 963 measurement of, 433, 435-497, QWADF), 451 

seanner-vision antenas in, 436,529, 592 windings in transformers, 472-479, 
‘360-302, 362 wveguldes and 473 

sizeof, ae lniting factor, 340 antennas, 388 ‘Windom antenna, 209-210, 

skip propagation in, 339 Jn mobile HF antennas, 48 2 

stub matching system for, Jn multiband and tunable-wire Windom, Loren, 208 

15-246, 345, antennas, 203 window-sill antennas, 298, 241 

‘uansformers in, S41-346, 942, NECWin Basic modeling of, 333, wire antenna, baste design, 548, 
343 335 AS 

‘wo-meter Yagi antenna, 352-953, using Smith-eharts circle, 100, wire used in langwires, 214 


452 404, 112, 114, 115,117 wireless telegraphy, 1 

Vertical antennas as, 340-941 Jnnstub matching systems, 115,117 Wolf Number, 40 

Vertical dipole scanner antenna in, nt transmission lines, 91-94, 112, World Administrative Ratio 
54, 964, 365 114, 517, 518, Conferences (WARC), 2 
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Wullenweber aay antennas, 451, Yagl antennas (Cont) Vag antennas (Cont) 

452 sua match feed system for, VIEF/UHF transtuittinghreceivinw 
WWY radio station, 40,47 200-261, 261 antennas, 349-352, 351, 
WWVH radio station, 40 Impedance matching in, 260-261, 352 

261 Vagtlda antenna, 258 
x length of, 259-260 
ands, 69 noise and VSWR in, 261 Zz 
S-ray radiation, 39 parasitic elements in, 258-259 Zep antenna, 164-165, 168, 
‘quar beam antennas vs, 265 17 
bi tadiation pattern of, 257-258, 288 end-fod multiband, 208, 208 
Yagi antennas, 209, 257-262, 259, reflectors in, 258-259 spear, 275 
421 ‘wo-meter Yagi VHF/UHF antenna, ZL-special bear antenna, 20-1, 
capncitors in, 261 52-858, 382 262-269, 268 
directors in, 258-259 vertically polarized HF antennas, Zurich Sinoothed Sunspot 


feedpoints, 26 201 Nurubr, 40 
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Fig. 14, A general structure of TRB. 


Temporal Reference Beamforming 
(TRB) 


Temporal Reference Beamforming 
shown in Fig. 14, is a method used to 
create the radiation patter of the antenna 
array by adding constructively the phases 
of the signals in the DoA of the desired 
user, and mulling the pattem of the 
interfering users based on the temporal 
reference signal [39]. Based on the 
temporal reference signal and 
predefined adaptive weight calculation 
criterion, some adaptive algorithms such 
as LMS (Least Mean Square), RLS 
(Recursive Least Squares), and DSMI 
(Direct Sample Matrix Inverse) algorithms, 
are used to adjust the weight vector of the 
antenna array to improve the link quality. 
‘The general characteristics of TRB are as 
follows: 


@ Good performance in 
channel environment 

© Computationally inexpensive 

@ Requiring Training sequence 

© Difficult to apply TxBF because of 
the absence of DoA information 


‘multipath 


Criterion of 
Calculation 


Adaptive Weight 


In the minimum mean-square error 
(MMSE) criterion, the weights are chosen 
to minimize the mean-square error (MSE) 
between the beamformer output and the 
temporal reference signal. While in the 
‘maximum — signal-to-interference 
(MSIR) criterion, the weights are chosen 
to directly maximize the signal-to- 
(SIR). And The 
‘minimum variance (MV) criterion chooses 
the weights that minimize the variance of 
the output power. All the above three 
criterions has the same form of 


ratio 


interference ratio 


W,, = BR;'v (8) 


where Ris the inverse of the covariance 
matrix of the interference signals received 
in the antenna array and V is the antenna 
array propagation vector [40]. 

Let us assume that d() is the 
transmitted temporal reference signal and 
R. is the covariance matrix of interference 
signals at the output of the beamformer, 
The calculation of f for MMSE, MSIR 
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Tower photo at sunset (ront and back): Tower and beam at the station of 
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Upper right image: UHF antenna, Photo credit: ShutterStock com. 


Lower right image: Some of the members of the C5Z contest DXpediion 
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We are plessed to offer the 21st edition of The ARRL Antenna Book. Since the first edition in September 1939, each new 
Antenna Book has provided more and better information about the fascinating subject of radio antennas, We've sold more than & 
nillion Antenna Books over the years to amateurs and professionals alike, making it one of the most successful books in our 
extensive lineup of publications. 

Fundamentals about anteanas rarely change from eition to edition, but moder application of these Fundamentals can result 
‘more highly optimized or specialized antennas. For example, many of the antennas in this new edition benefit directly from ad- 
‘vances in sophisticated computer modeling 

‘We usually update at least 20% ofthe materi 
in the following chapters: 


na new edition, and this book is no exception. There have been major revisions 


+ Chapter 2: Updated information the concept of “gai 
* Chapter 6: Further insights into the importance of low elevation angles forthe lower frequencies, plus a whole new section 
fon NVIS (Near Venical Incidence Skywave) operation. 
+ Chapter 8: Completely new section on feeding of phased arrays by W7EL. 
* Chapter 13: Updates on Beverage receiving antennas, 
* Chapter [4: New “tape-measure” portable Yagi for fox hunting. 
+ Chapter 16: New information on mobile “screwdriver” antennas 
* Chapter 25: Expanded section on ionospheric area-coverage maps. 
* Chapter 27: New section on $-parameters, as used in Vector Network Analyzers (VNAs) 
We are fortunate to have the expertise of some well-known and highly talented authorities, who either wrote or reviewed & 
‘number of chapters for technical accuracy 
+ Rudy Severns, NOLF, and Rey Lewallen, W7EL—low-frequency antennas. 
+ LB Cebik, W4RNL—Modeling antennas. 
+ Dick Jansson, WD4PAB—satllite antennas. 
+ Dave Hallidy, K2DH—EME arrays 
‘Bob Hunsucker, ABTVP, and Catl Luetelschwab, K9LAWHP propagation. 


In addition, some exceptional software writers have contributed programs and data forthe Antenna Book: 


+ Roy Lewallen, the author of EZNEC, has ereated a special EZNEC ARRL program, just for the Antenna Book. EZNEC ARRL 
uses the multitude of specialized modeling files also included on the CD-ROM. These models were used in almost every chapter 
inthe book. 

+ WTEL has also supplied AvrayfeedI-eve, a program to design feed systems for phased-arrays. 

‘Dr Peter Guth and the US Naval Academy have again graciously allowed ARRL to include the versatile MicroDEM mapping 
program on the CD-ROM. MicroDEM can easily and quickly generate customized terrain files for the HFTA terrain-assessment 
program. as well as map terrain ll around the country sing free US topographic data fils from the Internet. 

+ Tim Tabor, NUSS, wrote GeoAler-ARRL, a wonderful freeware program to track propagation tends and to keep tabs on the latest 
Internet propagation bulletins, 

+ Dean Straw, NOBY, editor of The ARRL Antenna Book has updated and upgraded his YW (Yagi for Windows), TLW (Transmis- 
sion Line for Windows) and HPTA (HE Terrain Assessment) programs from the 20th edition. A large numberof statistical elev 
tion-angle files for QTHs all around the world are included as well. NOBV has also written a new Range-Bearing program that is 
included on the CD-ROM, 

+ Also included on the CD-ROM are DOS-based utility programs by several authors that analyze antenna tuners, design mobile 
antennas and LPDAS, and tht scale Yagis for YW. 

+ Ate you planning on going on a DXpedition to somewhere you've never heen before? The CD-ROM now includes both Simpl 
fied and Detailed propagation prediction tables for more than 150 QTHs al around the world, Even if you don’t journey to distant 
lands, these tables will give you plenty of insight on planning contesting or DXing strategies —They can also help you setup that 

Saturday afternoon schedule with your uncle Harry in Cleveland? 


‘You now have in one place the information you need to design your own complete antenna system scientifcally—the elev 
tion angles to aim for from your part of the world andthe effects of your own local terrain 

‘As usual, ina publishing etfort ofthis magnitude, errors creep ito the process despite ourbest efforts. We appreciate hearing 
from you, our readers, about errors or about suggestions on how future editions might be made even more useful o you. A form for 
‘mailing your comments is included atthe back of the book, of you ean e-mail us at: pubsfdbk@arrLorg. 


David Sumner, KIZZ. 
Executive Vice President 
Newington, Connecticut 
February 2007 
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‘The seed for Amateur Radio was planted in the 1890s, when Guglielmo Marconi began his experiments in 
Wireless telegraphy. Soon he was joined by dozens, then hundreds, of others who were enthusiastic about 
messages through the air—some with a commercial interest, but others solely out of 

sdiumn. The United States government began licensing Amateur Radio 


4 love for this new comm 
‘operators in 1912. 

By 1914, there were thousands of Amateur Radio operators—hams—in the United States. Hiram Perey 
Maxim, a leading Hartford, Connecticut inventor and industrialist, saw the need for an organization to band 
together this fledgling group of radio experimenters. In May 1914 he founded the American Radio Relay 
League (ARRL) to meet that need, 

Today ARRL, with approximately 150,000 members, is the largest organization of radio amateurs in the 
United States, The ARRL is a not-for-profit organization that 

+ promotes interest in Amateur Radio comn 

+ represents US radio amateurs in legislative matters, and 

+ maintains fraternalism and a high standard of conduct among Amateur Radio operators. 

ACARRL headquarters in the Hartford suburb of Newington, the staff helps serve the needs of mem! 
ARRL is also International Secretariat for the International Amateur Radio Union, which is made up of 
similar societies in 150 countries around the world. 

ARRL publishes the monthly journal OST. as well as newsletters and many publications coveri 
pects of Amateur Radio. Its headquarters station, WIAW, transmits bulletins of interest to radio amateurs 
land Morse code practice sessions. The ARRL also coordinates an extensive field organization, which is 
cludes volunteers who provide technical information and other support services for radio amateurs as well 
as communications for public-service activites. In addition, ARRL repre 
Communications Commission and other government agencies in the US and abroad. 

‘Membership in ARRL means much more than receiving QST each month. In addition to the services al- 
ready described, ARRL offers membership services on a personal level, such as the ARRL Volunteer Exan 
iner Coordinator Program and a QSL bureau, 

Full ARRL membership (available only to licensed radio amateurs) gives you a voice in how the affairs of 

wverned. ARRL policy is set by a Board of Directors (one from each of 15 Divisions) 
Each year, one-third of the ARRL Board of Directors stands for election by the full members they represent. 
‘The day-to-day operation of ARRL HQ is managed by a Chief Executive Officer. 

[No matter what aspect of Amateur Radio attracts you, ARRL membership is relevant and important. There 
would be no Amateur Radio as we know it today were it not for the ARRL. We would be happy to welcome 
you as a member! (An Amateur Radio license is not required for Associate Membership.) For more informa- 
tion about ARRL and answers t0 any questions you may have about Amateur Radio, write or call 
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ARRL—The national association for Amateur Radio 
5 Main Street 
Newington CT 06111-1494 
Voice: 860-594-0200 
Fax: 860-594-0259 
E-mail: hq@arrlorg 
Internet: www.arrLorg! 
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Prospective new amateurs call (toll-free) 
800-32-NEW HAM (800-326-3942) 
You can also contact us via e-mail at newham@arrLorg 
for check out ARRLMeb at http://www.arrlorg/ 
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and MV criterions are summarized in 
Table 4. 


Adaptive Beamforming Algorithm 


The least mean square (LMS) algorithm 
uses the temporal reference signal to 
update the weights at each iteration, In the 
LMS algorithm, we are searching for the 
optimal weight that would make the array 
output either equal or as close as possible 
to the reference signal, which is the weight 
that minimizes the MSE. Since the MSE 
has a quadratic form, moving the weights 
in the negative direction of the gradient of 
the MSE should lead us to the minimum of 
The weight update 
equation is shown in (9) [30]. 


the error surface, 


w(t+D=wi)-ux(i+ De" (9) 


where #/ is a constant, called the step size, 
which determines how close the weights 
approach the optimum value after each 
iteration and it controls the convergence 
speed of the algorithm, And is the error 
signal between the temporal reference 
signal and the received signal at the 
beamformer output. x(t+1) is the received 
signal vector at the antenna array at time 
1 

The main drawback of the LMS 
algorithm is that it is sensitive to the 
scaling of its input. This makes it very 
hard (if not impossible) to choose a step 
size that guarantees stability of the 
algorithm. The normalized least_mean 
square (NLMS) algorithm is a variant of 
the LMS algorithm that sotves this 


problem ky normalizing with the power of 
the input, The weights updating fimetion 
ofNLMS algorithm is shown as 

ji * 
—* xine" (10) 


w+ l= w+ 
a+ fol 


Recursive least square (RLS) algorithm 
is derived to overcome the drawback of 
slow convergence speed in the LMS. 
algorithm, when the eigenvalue spread of 
the correlation matrix R of received signal 
vector x is large. RLS algorithm replaces 
the step size 11 with the inverse of R. The 


‘weights are then updated using (11). 


wtt+D=wi)-R'x¢+De (11) 


Performance 


Fig. 15, 
among LMS, NLMS, and RLS algorithms, 


comparison 


Fig. 15 shows a simple performance 
comparison of the above three algorithms 
in OFDMA system under the Rayleigh 
fading channel with 8 antenna elements 
[41]. From this figure, we see that RLS 
algorithm performs best due to its faster 
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Safety First 


Safety begins with your attitude. If you make it a habit 
to plan your work carefully and to consider the safety 
aspects of a project before you begin the work, you will be 
much safer than “Careless Carl,” who just jumps in, pro- 
ceeding in a haphazard manner, Learn to have a positive 
attitude about safety. Think about the dangers involved with 
‘a job before you begin the work. Don’t be the one to s: 
i didn’t think it could happen to me.” 

Having a good attitude about safety isn’t enough, 
however. You must be knowledgeable about common 
safety guidelines and follow them faithfully. Safety guide- 
lines can’t possibly cover all the situations you might face, 
but if you approach a task with a measure of “common 
sense,” you should be able to work safely. 

This chapter offers some safety guidelines and pro- 
tective measures for you and your Amateur Radio station, 
You should not consider it to be an all-inclusive dit 
sion of safety practices, though. Safety considerations will 
affect your choice of materials and assembly procedures 
when building an antenna. Other chapters of this book will, 
offer further suggestions on safe construction practices. 
For example, Chapter 22 includes some very important 
advice on a tower installation. 


PUTTING UP SIMPLE WIRE ANTENNAS: 

No matter what type of antenna you choose to erect, 
you should remember a few key points about safety. If 
you are using a slingshot or bow and arrow to get a line 


over a tree, make sure you keep everyone away from the 
‘downrange” area, Hitting one of your helpers with a 
rock or fishing sinker is considered not nice, and could 
end up causing a serious injury. 

Make sure the ends of the antenna are high enough 
to be out of reach of passers-by. Even when you are trans- 
mitting with low power there may be enough voltage at 
the ends of your antenna to give someone nasty “RF 
burns.” If you have a vertical antenna with its base at 
ground level, build a wooden safety fence around it at 
least 4 feet away from it. Do not use metal fence, as this 
will interfere with the proper operation of the antenna 
Be especially certain that your antenna is not close to 
‘any power wires. That is the only way you can be sure it 
won't come in contact with them! 

Antenna work often requires that one person climb 
up on a tower, into a tree or onto the roof of a house. 
Never work alone! Work slowly, thinking out each move 
before you make it. The person on the ladder, tower, tree 
or rooftop should wear a safety belt, and keep it securely 
anchored. It is helpful (and safe!) to tie strings or light- 
weight ropes to all tools. If your tools are tied on, you'll 
save time getting them back if you drop them, and you'll 
«greatly reduce the risk of injuring a helper on the ground, 
(There are more safety tips for climbing and working on 
towers later in this chapter. Those tips apply to any work 
that you must do above the ground to install even the 
simplest antenna.) 


Tower Safety 


Working on towers and antennas is dangerous, and 
possibly fatal, if you do not know what you are doing 
Your tower and antenna can cause serious property dam- 
‘age and personal injury if any part of the installation, 
should fail. Always use the highest quality materials in 
your system. Follow the manufacturer's specifications 
paying close attention to base pier and guying details. 
Do not overload the tower. If you have any doubts about 


your ability to work on your tower and antennas safely, 
contact another amateur with experience in this area or 
seek professional assistance. 

Chapter 22, Antenna Supports, provides more 
detailed guidelines for constructing a tower base and put 
ting up a tower. It also explains how to properly attach 
‘guy wires and install guy anchors in the ground. These 
are extremely important parts of a tower installation, and. 
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you should not take shortcuts or use second-rate materi- 
als. Otherwise the strength and safety of your entire 
antenna system may be compromised. 

Any mechanical job is easier if you have the right 
tools. Tower work is no exception. In addition to a good 
assortment of wrenches, screwdrivers and pliers, you will 
need some specialized tools to work safely and efficiently 
on a tower. You may already own some of these tools. 
Others may be purchased or borrowed. Don’t start a job 
until you have assembled all of the necessary tools. Short- 
cuts or improvised tools can be fatal if you gamble and 
lose at 70 feet in the air. The following sections describe 
in detail the tools you will need to work safely on a tower, 


CLOTHING 


‘The clothing you wear when working on towers and 
antennas should be selected for maximum comfort and 
safety. Wear clothing that will keep you warm, yet allow 
complete freedom of movement. Long denim pants and a 
long-sleeve shirt will protect you from scrapes and cuts. 
(A pull-on shirt, like a sweat shirt with no openings or 
buttons to snag on tower parts, is best.) Wear work shoes 
with heavy soles, or better yet, with steel shanks (steel 
inserts in the soles), to give your feet the support they 
need to stand on a narrow tower rung. 

Gloves are necessary for both the tower climber and 
all ground-crew members. Good quality leather gloves will 
protect hands from injury and keep them warm. They also 
offer protection and a better grip when you are handling 
rope. In cooler weather, a pair of gloves with light insula- 
tion will help keep your hands warm, The insulation should 
not be so bulky as to inhibit movement, however. 

Ground-crew members should have hard hats for pro- 
tection in case something falls from the tower. It is not 
uncommon for the tower climber to drop tools and hard- 
ware, A wrench dropped from 100 feet will bury itself 
several inches in soft ground; imagine what it might do 
to an unprotected skull. 


SAFETY BELT AND CLIMBING 
ACCESSORIES 


Any amateur with a tower must own a high-quality 
safety belt, such as the one shown in Fig 1. Do not attempt 
to climb a tower, even a short distance, without a belt. 
The climbing belt is more than just a safety device for the 
experienced climber. It isa tool to free up both hands for 
work. The belt allows the climber to lean back away from 
the tower to reach bolts or connections. It also provides a 
solid surface to lean against to exert greater force when 
hoisting antennas into place. 

A climber must trust his life to his safety belt. For 
this reason, nothing less than a professional quality, com- 
mercially made, tested and approved safety belt is accept- 
able. Check the suppliers’ list in Chapter 21, Antenna 
Product Suppliers, and ads in QST for suppliers of climb- 
ing belts and accessories. Examine your belt for defects, 
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Fig 1—Bill Lowry, W1VV, uses a good quality safety belt, 
‘a requirement for working on a tower. The belt should 
contain large steel loops for the strap snaps. Leather 
loops at the rear of the belt are handy for hoiding tools. 
(Photo by K1WA) 


before each use. If the belt or lanyard (tower strap) are 
cracked, frayed or worn in any way, destroy the dam- 
aged piece and replace it with a new one. You should 
never have to wonder if your belt will hold, 

‘Along with your climbing belt, you should seriously 
consider purchasing some climbing accessories. A canvas 
bucket is a great help for carrying tools and hardware up 
the tower. Two buckets, a large one for carrying tools and a 
smaller one for hardware, make it easier to find things when 
needed. A few extra snap hooks like those on the ends of 
yourbelt lanyard are useful for attaching tool bags and equip- 
‘ment to the tower at convenient spots. These hooks are bet- 
ter than using rope and tying knots because in many cases 
they can be hooked and unhooked with one hand. 

Many hams use climbing belts such as shown in 
Fig |. But fully integrated fall-arrest and positioning safety 
harnesses are preferable. The model ASL-301 in Fig 2 has 
a D-ring on the back of the harness to which a safety lan- 
yard is attached. These harnesses are available through 
Champion Radio Products, Box 572, Woodinville, WA 
98072, www.championradio.com. 


Rope and Pulley 
Every amateur who owns a tower should also own a 


Fig 2—Fall-arrest 
‘safety harness 
integrated with 
positioning safety 
belt for tower 
‘climbing. (Courtesy 
‘of Champion Radio 
Products) 


Fig 3—A good quality rope and pulley are essential for 
‘anyone working on towers and antennas. This pulley is 

sed in wood so the rope cannot jump out of the 
pulley wheel and jam. 


‘good quality rope at least twice as long as the tower height. 
The rope is essential for safely erecting towers and 
installing antennas and cables. For most installations, a 
‘good quality */-inch diameter manila hemp rope will do 
the job, although a thicker rope is stronger and may be 
easier to handle. Some types of polypropylene rope are 
acceptable also: check the manufacturer's strength ratings. 
‘Nylon rope is not recommended because it tends to stretch 
and cannot be securely knotted without difficulty. 

Check your rope before each use for tearing or chaf- 
ing. Do not attempt to use damaged rope: if it breaks with 
a tower section or antenna in mid-air, property damage 
‘and personal injury are likely results. If your rope should 
get wet, let it air dry thoroughly before putting it away. 

Another very worthwhile purchase is a pulley like 
the one shown in Fig 3. Use the right size pulley for your 
rope. Be sure that the pulley you purchase will not jam 
‘or bind as the rope passes through i 


THE GIN POLE 


A gin pole, like the one shown in Fig 4, is a handy 
device for working with tower sections and masts. This 
‘gin pole is designed to clamp onto one leg of Rohn No. 
25 or 45 tower. The tubing, which is about 12 feet long, 


mechanical device that can be 
‘clamped to a tower leg to aid in the assembly of 
‘sections as well as the installation of the mast. The 
‘aluminum tubing extends through the clamp and may 
be slipped into position before the tubing clamp is 
tightened. A rope should be routed through the tubing 
‘and over the pulley mounted at the top. 


e Bs ee 
Fig 5—The assembly of tower sections is made simple 
when a gin pole is used to lift each one into position. 
Note that the safety belts of both climbers are fastened 
below the pole, thereby preventing the strap from 
slipping over the top section. (Photo by K1WA) 
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thas a pulley on one end. The rope is routed through the 
tubing and over the pulley. When the gin pole is attached 
to the tower and the tubing extended into place, the rope 
may be used to haul tower sections or the mast into place. 
Fig 5 shows the basic process. A gin pole can be expen- 
sive for an individual to buy, especially for a one-time 
tower installation. Some radio clubs own a gin pole for 
use by their members. Stores that sell tower sections to 
‘amateurs and commercial customers frequently will rent 
‘a gin pole to erect the tower. If you attempt to make your 
own gin pole, use materials heavy enough for the job. 
Provide a means for securely clamping the pole to the 
tower. There are many cases on record where homemade 
gin poles have failed, sending tower sections crashing 
down amidst the ground crew. 

When you use a gin pole, make every effort to keep 
the load as vertical as possible. Although gin poles are 
strong, you are asking for trouble if you apply too much 
lateral force. 


INSTALLING ANTENNAS ON THE 
TOWER 

All antenna installations are different in some 
respects. Therefore, thorough planning is the most 
important first step in installing any antenna. At the 
beginning, before anyone climbs the tower, the whole pro- 
cess should be thought through. The procedure should 
be discussed to be sure each crew member understands 
‘what is to be done. Plan how to work out all bugs. Con- 
sider what tools and parts must be assembled and what 
items must be taken up the tower. Extra trips up and down 
the tower can be avoided by using forethought. 

Getting ready to raise a beam requires planning, 
Done properly, the actual work of getting the antenna into 
position can be accomplished quite easily with only one 
person at the top of the tower. The trick is to let the ground 
crew do all the work and leave the person on the tower 
free to guide the antenna into position. 

Before the antenna can be hoisted into position, the 
tower and the area around it must be prepared. The ground 


‘crew should clear the area around the base while some- 
‘one climbs the tower to remove any wire antennas or other 
‘objects that might get in the way. The first person to climb 
the tower should also rig the rope and pulley that will be 
used to raise the antenna. The time to prepare the tower 
is before the antenna leaves the ground, not after it 
becomes hopelessly entwined with your 3.5-MHz dipole. 


SOME TOWER CLIMBING TIPS 


‘The following tower climbing safety tips were com- 
piled by Tom Willeford, NSETU. The most important 
safety factor in any kind of hazardous endeavor is the 
right attitude. Safety is important and worthy of careful 
consideration and implementation. The right attitude 
toward safety is a requirement for tower climbers. Lip 
service won't do, however; safety must be practiced. 

‘The safe ham's safety attitude is simple: Don't take 
‘any unnecessary chances. There are no exceptions 0 this 
plain and simple rule. Its the first rule of safety and, of 
course, of climbing. The second rule is equally simple: 
Don't be afraid to terminate an activity (climbing, inthis 
cease) at any time if things don’t seem to be going well. 

Take time to plan your climb; this time is never 
wasted, and its the first building block of safety. Talk 
the climb over with friends who will be helping you. 
Select the date and alternative dates to do the work. 
‘Choose someone to be responsible for all activities on 
the ground and for all communication with the climbers. 
Study the structure to be climbed and choose the best 
route to your objective. Plan emergency ascent and de- 
scent paths and methods. 

‘Make a list of emergency phone numbers to keep by 
your phone, even though they may never be used. Develop 
a plan for rescuing climbers from the structure, should 
that become necessary. 

Give careful thought to how much time you will need 
to complete the project. Allow enough time to go up. do 
the work, and then climb down during daylight hours, 
Include time for resting during the climb and for com- 
pleting the work in a quality fashion. Remember that the 


Fig 6—Hf the switch box feeding power to 
equipment on your tower is equipped 
with'a Tock-out hole, use it With a Tock 
through the hole on the box, the power 
cannot be accidentally turned back on. 
(Photos courtesy of American ED CO®, 
St lett, and Osborn tig Corp, a right) 
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temperature changes fast as the sun goes down. Climb- 
ing up or down a tower with cold hands and feet is very 
difficult—and dangerous 

Give careful consideration to the weather, and climb 
only in good weather. Investigate wind conditions, the 
temperature, and the weather forecast. The weather can 
change quickly, so if you're climbing a really tall tower, 
it may be a good idea to have a weather alert radio handy 
during the climb. Never climb a wet tower. 

The person who is going to do the climbing should 
be the one to disconnect and tag all sources of power to 
the structure. All switches or circuit breakers should be 
labeled clearly with DO NOT TOUCH instructions. Use 
locks on any switches designed to accept them. (See 
Fig 6.) Only the climber should reconnect power sources. 

‘An important part of the climbing plan is to review 
notes on the present installation and any previous work. 
It’s a good idea to keep a notebook, listing every bolt and 
nut size on your tower/antenna installation. Then, when 
‘you have to go up to make repairs, you'll be able to take 
the minimum number of tools with you to do the job. If 
you take too many tools up the tower, there is a much 
‘greater chance of dropping something, risking injury to 
the ground crew and possibly damaging the tool. 

tis also a good idea to review the instruction sheets 
‘and take them with you. In other words, plan carefully 
‘what you are going to do, and what you'll need to do it 
efficiently and safely. 

It's better to use a rope and pulley to hoist tools. 
Climbing is hard work and there’s no sense making it 
more difficult by carrying a big load of tools. Always rig 
the pulley and rope so the ground crew raises and lowers 
tools and equipment. 


Climbing Equipment 

Equipment is another important safety consideration. 
By equipment, we don’t just mean tools. We mean safety 
equipment. Safety equipment should be selected and cared 
for as if your life depends on it—because it does! 

The list of safety equipment essential to a safe climb 
and safe work on the tower should include 
1) A first class safety belt, 

2) Safety glasses, 

3) Hard hat, 

4) Long-sleeved, pull-over shirt with no buttons or open- 
ings to snag (long sleeves are especially important for 
climbing wooden poles), 

5) Long pants without cuffs, 

6) Firm, comfortable, steel-shank shoes with no-slip soles 
and well-defined heels, and 

7) Gloves that won't restrict finger movement (insulated 
gloves if you MUST work in cold weather). 

Your safety belt should be approved for use on the 
structure you are climbing. Different structures may require 
different types of safety hooks or straps. The belt should 
be light weight, but strength should not be sacrificed to 


Fig 7—Mark Wilson, K1RO, shows the proper way to 
atiach a safety hook, with the hook opening facing 
away from the tower. That way the hook can't be 
accidentally released by pressing it against a tower leg. 


save weight. It should fit you comfortably. All moving 
parts, such as snap hooks, should work freely. You should 
inspect safety belts and harnesses carefully and thoroughly 
before each climb, paying particular attention to stitchi 
rivets and weight-bearing mechanical parts. 

‘Support belt hooks should always be hooked to the D 
rings in an outward configuration. That is, the opening part 
of the hook should face away from the tower when engaged 
in the D rings (see Fig 7). Hooks engaged this way are 
ceasier to unhook deliberately but won't get squeezed open 
by a part of the tower or engage and snag a part of the 
tower while you are climbing. The engagement of these 
hooks should always be checked visually. A snapping hook 
makes the same sound whether it's engaged or not. Never 
check by sound—Iook to be sure the hook is engaged prop- 
erly before trusting it 

Remember that the D rings on the safety belt are for 
support hooks only. No tools of lines should be attached to 
these hooks. Such tools or lines may prevent the proper 
engagement of support belt hooks, or they may foul the 
hooks. At best, they could prevent the release of the hooks 
in an emergency. No one should have to disconnect a sup- 
pport hook to get a tool and then have to reconnect the sup- 
port hook before beginning to work again. That's foolish. 

Equipment you purchase new is best. Homemade belts 
or home-spliced lines are dangerous. Used belts may have 
wom or defective stitching, or other faulty components. 
Be careful of so-called “bargains” that could cost you your 
life. 
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Straps, lanyards and lines should be as short as pos- 
sible. Remember, in general knots reduce the load strength 
of a line by approximately 50%. 

Before actually climbing, check the structure visu- 
ally. Review the route. Check for obstacles, both natural 
(like wasp’s nests) and man-made. Check the structure 
supports and add more if necessary. Guy wires can be 
obstacles to the climb, but it’s better to have too many sup- 
ports than not enough. Check your safety belt, support belts 
and hooks at the base of the tower. Really test them before 
you need them. Never leave the ground without a safety 
belt—even 5 or 10 feet. After all of this, the climb will be 
“cake walk” if you are careful. 

Climb slowly and surely. Don't overreach or overstep. 
Patience and watchfulness is rewarded with good hand and 
foot holds. Take a lesson from rock climbers. Hook on to 
the tower and rest periodically during the climb. Don’t try 
to rest by wedging an arm or leg in some joint; to rest, 
hook on. Rests provide an opportunity to review the 
remainder of the route and to make sure that your safety 
equipment feels good and is working properly. Rest peri- 
ods also help you conserve a margin of energy in case of 
difficulty 

Finally, keep in mind that the most dangerous part 
of working on a tower occurs when you are actually climb- 
ing. Your safety equipment is not hooked up at this time, 
so be extra careful during the ascent or descent. 

You must climb the tower to install or work on an 
antenna. Nevertheless, any work that can be done on the 
ground should be done there. If you can do any assembly 
or make any adjustments on the ground, that's where you 
should do the work! The less time you have to spend on 
the tower, the better off you'll be. 

‘When you arrive at the work area, hook on to the tower 
and review what you have to do. Determine the best posi- 
tion to do the work from, disconnect your safety strap and 
‘move to that position. Then reconnect your safety strap at 
a safe spot, away from joints and other obstacles. If you 
‘must move around an obstacle, try to do it while hooked 
on tothe tower. Find a comfortable position and go to work. 
Don’t overreach—move to the work. 

Use the right tool for the task. If you don’t have it, 
have the ground crew haul it up. Be patient. Lower tools, 
don’t drop them, when you are finished with them, 
Dropped tools can bounce and cause injury or damage, 
or can be broken or lost. It’s a good idea to tie a piece of 
string or light rope to the tools, and to tie the other end to 
the tower or some other point so if you do drop a tool, it 
‘won't fall all the way to the ground. Don’t tie tools to the 
D ring or your safely belt, however! 

Beware of situations where an antenna may be off 
balance. It’s hard to obtain the extra leverage needed to 
handle even a small beam when you are holding it far 
from the balance point. Leverage can apply to the climber 
as well as the device being levered. Many slips and 
skinned knuckles result from such situations. A severely 
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injured hand or finger can be a real problem to a climber. 

Before descending, be sure to check all connections 
and the tightness of all the bolts and nuts that you have 
worked with. Have the ground crew use the rope and pul- 
ley to lower your tools. Lighten your load as much as pos- 
sible. Remember, you're more tired coming down than 
going up. While still hooked on, wiggle your toes and move 
alitile to get your senses working again. Check your down- 
ward route and begin to descend slowly and even more 
surely than you went up. Rest is even more important dur- 
ing the descent. 

‘The ground captain is the director of all activities 
on the ground, and should be the only one to communi- 
‘cate with a person on a tower. Hand-held transceivers 
can be very helpful for this communication, but no one 
else should transmit to the workers on the tower. Even 
minor confusion or misunderstanding about a move to 
be made could be very dangerous. 

“Antenna parties” can be lots of fun, but the joking 
and fooling around should wait until the job is done and 
everyone is down safely. Save the celebrating until after 
the work is completed, even for the ground crew. 

‘These are just a few ideas on tower climbing safety: 
no list can include everything that you might run into. 
‘Check Chapter 22 for additional ideas. Just remember— 
you can't be too careful when climbing. Keep safety in 
mind while doing antenna work, and help ensure that 
after you have fallen for ham radio, you don’t fall from 
ham radio. 


THE TOWER SHIELD 


‘A tower can be legally classified as an “attractive 
nuisance” that could cause injuries. You should take some 
precautions to ensure that “unauthorized climbers” can’t 
get hurt on your tower. This tower shield was originally 
described by Baker Springfield, W4HYY, and Richard 
Ely, WA4VHM, in September 1976 QST, and should 
eliminate the worry 

Generally, the attractive-nuisance doctrine applies to 
your responsibility to trespassers on your property. (The 
law is much stricter with regard to your responsibility to 
an invited guest.) You should expect your tower to attract, 
children, whether they are already technically trespassing 


Fig 8—Z-bracket component pieces. 
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Fig 9—Assembly of the Z bracket. 
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Fig 10—Installation of the si 


id on a tower rung. 


‘or whether the tower itself lures them onto your property. 
A tower is dangerous to children, especially because of 
their inability to appreciate danger. (What child could resist 
tying to climb a tower once they see one?) Because of 
this danger, you have a legal duty to exercise reasonable 
care to eliminate the danger or otherwise protect children 
against the perils of the attraction. 

The tower shield is composed simply of panels that 
enclose the tower and make climbing practically impos- 
sible. These panels are 5 feet in height and are wide enough 
to fit snugly between the tower legs and flat against the 
rungs. A height of 5 feet is sufficient in almost every case. 
‘The panels are constructed from 18-gauge galvanized sheet 
metal obtained and cut to proper dimensions from a local, 
sheet-metal shop. A lighter gauge could probably be used, 
but the extra physical weight of the heavier gauge is an 
advantage if no additional means of securing the panels to 
the tower rungs are used. The three types of metals used 
for the components of the shield are supposedly rust proof 
and nonreactive. The panels are galvanized sheet steel, the 
brackets aluminum, and the screws and nuts are brass. For 
a triangular tower, the shield consists of three panels, one 
for each of the three sides, supported by two brackets. 
Construct these brackets from 6-inch pieces of thin alumi- 
num angle stock, Bolt two of the pieces together to form a 
Zobracket (see Figs 8, 9 and 10). The Z brackets are bolted 
together with binding head brass machine screws. 

Lay the panels flat for measuring, marking and drill- 
ing. First measure from the top of the upper mounting 
rung on the tower to the top of the bottom rung. (Mount 


Fig 11—Removable handle construction. 


ing rungs are selected to position the panel on the tower.) 
‘Then mark this distance on the panels. Use the same size 
brass screws and nuts throughout the shield. Bolt the top 
vertical portion of each Z bracket to the panel. Drill the 
‘mounting-screw holes about | inch from the end of the Z 


Fig 12— 
Installed 
tower shield. 
Note the 
holes for 
using the 
handles. 
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brackets so there is an offset clearance between the 
Z-bracket binding-screw holes and the panel-bracket 
mounting-screw holes. Drill holes in each panel to match 
the Z-bracket holes. 

‘The panels are held on the tower by their own weight. 
‘They are not easy to grasp because they fit snugly between 
the tower legs. If you feel a need for added safety against 
deliberate removal of the panels, this can be accomplished 
bby means of tie wires. Drill a small hole in the panel just 
above, just below, and in the center of each Z bracket 
Run a piece of heavy galvanized wire through the top 
hole, around the Z bracket, and then back through the 
hole just below the Z bracket. Twist together the two ends 
of the wire. One tie wire should be sufficient for each 
panel, but use two if desired. 


‘The completed panels are rather bulky and difficult 
to handle. A feature that is useful if the panels have to be 
removed often for tower climbing or accessibility is a 
pair of removable handles. The removable handles can 
be constructed from one threaded rod and eight nuts (see 
Fig 11). Drill two pair of handle holes in the panels a 
few inches below the top Z bracket and several inches 
above the bottom Z bracket. For panel placement or 
removal, you can hook the handles in these panel holes. 
‘The hook, on the top of the handle, fits into the top hole 
of each pair of the handle holes. The handle is optional, 
but for the effort required it certainly makes removal and 
replacement much safer and easier. 

Fig 12 shows the shield installed on a tower. This 
relatively simple device could prevent an accident, 


Electrical Safety 


Although the RF, ac and de voltages in most ama- 
teur stations pose a potentially grave threat to life and 
limb, common sense and knowledge of safety practices 
will help you avoid accidents. Building and operating an 
Amateur Radio station can be, and is for almost all ama- 
teurs, a perfectly safe pastime. However, carelessness can 
lead to severe injury, or even death. The ideas presented 
here are only guidelines: it would be impossible to cover 
all safety precautions. Remember, there is no substitute 
for common sense. 

A fire extinguisher is a requirement for the well- 
equipped amateur station, The fire extinguisher should 
be of the carbon-dioxide type to be effective in electrical 
fires. Store it in an easy-to-reach spot and check it at rec 
‘ommended intervals. 

Family members should know how to turn the power 
off in your station. They should also know how to apply 
artificial respiration. Many community groups offer 
courses on cardiopulmonary resuscitation (CPR). 


AC AND DC SAFETY 

The primary wiring for your station should be con- 
trolled by one master switch, and other members of your 
household should know how to kill the power in an emer- 
gency. All equipment should be connected to a good 
ground. All wires carrying power around the station 
should be of the proper size for the current to be drawn 
‘and should be insulated for the voltage level involved, 
Bare wire, open-chassis construction and exposed con- 
nections are an invitation to accidents. Remember that 
high-current, low-voltage power sources are just as dan- 
xgerous as high-voltage, low-current sources. Possibly the 
most-dangerous voltage source in your station is the 
120-V primary supply; it is a hazard often overlooked 
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because it is a part of everyday life. Respect even the 
lowliest power supply in your station. 

‘Whenever possible, kill the power and unplug equip- 
ment before working on it. Discharge capacitors with an 
insulated screwdriver; don’t assume the bleeder resistors 
are 100% reliable. In a power amplifier, always short the 
tube plate cap to ground just to be sure the supply is dis- 
charged. If you must work on live equipment, keep one 
hand in your pocket. Avoid bodily contact with any 
grounded object to prevent your body from becoming 
the return path from a voltage source to ground. Use 
insulated tools for adjusting or moving any circuitry. 
Never work alone. Have someone else present; it could 
save your life in an emergency. 


National Electrical Code 

‘The National Electrical Code® is a comprehensive 
document that details safety requirements for all types 
of electrical installations. In addition to setting safety 
standards for house wiring and grounding, the Code also 
contains a section on Radio and Television Equipment 
— Article 810. Sections C and D specifically cover Ama- 
teur Transmitting and Receiving Stations. Highlights of 
the section concerning Amateur Radio stations follow. If 
you are interested in learning more about electrical safety, 
you may purchase a copy of The National Electrical Code 
or The National Electrical Code Handbook, edited by 
Peter Schram, from the National Fire Protection Asso- 
ciation, Batterymarch Park, Quiney, MA 02269. 

Antenna installations are covered in some detail in 
the Code. It specifies minimum conductor sizes for dif- 
ferent length wire antennas. For hard-drawn copper wire, 
the Code specifies #14 wire for open (unsupported) spans 
less than 150 feet, and #10 for longer spans. Copper-clad 


steel, bronze or other high-strength conductors may be 
#14 for spans less than 150 feet and #12 wire for longer 
runs. Lead-in conductors (for open-wire transmission line) 
should be at least as large as those specified for antennas, 

‘The Code also says that antenna and lead-in condue- 
tors attached to buildings must be firmly mounted at least 
3 inches clear of the surface of the building on nonabsor- 
bent insulators. The only exception to this minimum dis- 
tance is when the lead-in conductors are enclosed in a 
“permanently and effectively grounded” metallic shield, 
‘The exception covers coaxial cable. 

‘According to the Code, lead-in conductors (except 
those covered by the exception) must enter a building 
through a rigid, noncombustible, nonabsorbent insulating 
tube or bushing, through an opening provided for the pur- 
pose that provides a clearance of at least 2 inches or through 
drilled window pane. All lead-in conductors to transmit- 
ting equipment must be arranged so that accidental con- 
tact is difficult. 

‘Transmitting stations are required to have a means of 
draining static charges from the antenna system. An 
antenna discharge unit (lightning arrester) must be installed 
on each lead-in conductor (except where the lead-in is pro- 
tected by a continuous metallic shield that is permanently 
and effectively grounded, or the antenna is permanently 
and effectively grounded). An acceptable alternative to 
lightning arrester installation is a switch that connects the 
lead-in to ground when the transmitter is not in use. 

Grounding conductors are described in detail in the 
Code. Grounding conductors may be made from copper, 
aluminum, copper-clad steel, bronze or similar erosion- 
resistant material, Insulation is not required. The “protec- 
tive grounding conductor” (main conductor running to the 
ground rod) must be as large as the antenna lead-in, but 
rot smaller than #10. The “operating grounding conduc- 
tor” (to bond equipment chassis together) must be at least 
#14, Grounding conductors must be adequately supported 
and arranged so they are not easily damaged. They must 
run in as straight a line as practical between the mast or 
discharge unit and the ground rod. 

‘The Code also includes some information on safety 
inside the station, All conductors inside the building must 
be at least 4 inches away from conductors of any lighting 
or signaling circuit except when they are separated from 
other conductors by conduit or a nonconducting mate- 
rial. Transmitters must be enclosed in metal cabinets, and 
the cabinets must be grounded. All metal handles and 
controls accessible by the operator must be grounded, 
Access doors must be fitted with interlocks that will dis- 
connect all potentials above 350 V when the door is 
opened, 


Ground 


An effective ground system is necessary for every 
amateur station. The mission of the ground system is two- 
fold. First, it reduces the possibility of electrical shock if 


something in a piece of equipment should fail and the 
chassis or cabinet becomes “hot.” If connected properly, 
three-wire electrical systems ground the chassis, but older 
amateur equipment may use the ungrounded two-wire 
system. A ground system to prevent shock hazards 

erally referred to as “de ground.” 

‘The second job the ground system must perform is 
to provide a low-impedance path to ground for any stray 
RF current inside the station. Stray RF can cause equip- 
ment to malfunction and contributes to RFI problems. This 
low-impedance path is usually called “RF ground.” In 
most stations, de ground and RF ground are provided by 
the same system 

‘The first step in building a ground system is to bond 
together the chassis of all equipment in your station. 
Ordinary hookup wire will do for a de ground, but for a 
good RF ground you need a low-impedance conductor. 
Copper strap, sold as “flashing copper.” is excellent for 
this application, but it may be hard to find. Braid from 
coaxial cable is a popular choice: it is readily available, 
makes a low-impedance conductor, and is flexible. 

Grounding straps can be run from equipment chas- 
sis to equipment chassis, but a more convenient approach 

lustrated in Fig 13. In this installation, a 'Ys-inch 
diameter copper water pipe runs the entire length of the 
operating bench. A thick braid (from discarded RG-8 
cable) runs from each piece of equipment to a clamp on 
the pipe. Copper water pipe is available at most hard- 
ware stores and home centers. Alternatively, a strip of 
flashing copper may be run along the rear of the operat- 
ing bench. 

‘After the equipment is bonded to a common ground 
bus, the ground bus must be wired to a good earth ground, 
This run should be made with a heavy conductor (braid 
is a popular choice, again) and should be as short and 
direct as possible. The earth ground usually takes one of 
two forms. 

In most cases, the best approach is to drive one or 
more ground rods into the earth at the point where the 
conductor from the station ground bus leaves the house. 
‘The best ground rods to use are those available from an 
electrical supply house. These rods are 8 to 10 feet long 
and are made from stee! with @ heavy copper plating. Do 
not depend on shorter, thinly plated rods sold by some 
home electronics suppliers. These rods begin to rust 
almost immediately after they are driven into the soil, 
and they become worthless within a short time. Good 
ground rods, while more expensive initially, offer long- 
term protection 

If your soil is soft and contains few rocks, an 
acceptable alternative to “genuine” ground rods is /=-inch 
diameter copper water pipe. A 6- to 8-foot length of this 
material offers a good ground, but it may bend while being 
driven into the earth. Some people have recommended 
that you make a connection to a water line and run water 
down through the copper pipe so that it forces its own 
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hole in the ground. There may be a problem with this 
method, however. When the ground dries, it may shrink 
away from the pipe and not make proper contact with the 
ground rod. This would provide a rather poor ground. 

Once the ground rod is installed, clamp the condue- 
tor from the station ground bus to it with a clamp that can 
be tightened securely and will not rust. Copper-plated 
clamps made especially for this purpose are available from 
electrical supply houses, but a stainless-steel hose clamp 
will work too, Alternatively, drill several holes through 
the pipe and bolt the conductor in place. 

Another popular station ground is the cold water pipe 
system in the building. To take advantage of this ready- 
made ground system, run a low-impedance conductor 
from the station ground bus to a convenient cold water 
pipe, preferably somewhere near the point where the main 
water supply enters the house. Avoid hot water pipes: they 
do not run directly into the earth. The advent of PVC (plas- 
tic) plumbing makes it mandatory to inspect the cold water 
system from your intended ground connection to the main 
inlet. PVC is an excellent insulator, so any PVC pipe or 
fittings rule out your cold water system for use as a sta 
tion ground 

For some installations, especially those located above 
the first floor, a conventional ground system such as that 
jjust described will make a fine de ground but will not pro- 
Vide the necessary low-impedance path to ground for RF. 
‘The length of the conductor between the ground bus and 
the ultimate ground point becomes a problem. For example, 
the ground wire may be about '/: (or an odd multiple of 
"Yo2) long on some amateur band. A '/i-A wire acts as an 
impedance inverter from one end to the other. Since the 
‘grounded end is at a very low impedance, the equipment 
end will be at a high impedance. The likely result is RF 
hot spots around the station while the transmitter is oper- 
ating. A ground system like this may be worse than having 
no ground at all. 

An alternative RF ground system is shown in Fig 14. 
Connect a system of '/i-A radials to the station ground 
bus. Install at least one radial for each band used. You 
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Fig 14—Here is an alternative to earth ground if the 
station is located far from the ground point and RF 
in the station is a problem. Install at least one ‘vA 

radial for each band used. 


should still be sure to make a connection to earth ground 
for the ac power wiring. Try this system if you have prob- 
lems with RF in the shack. It may just solve a number of 
problems for you. Be careful, however, to prevent con- 
tact with the ends of the radials, where there is high-volt- 
age RF for powers greater than QRP level. 


Ground Noise 


Noise in ground systems can affect sensitive radio 
‘equipment. It is usually related to one of three problems: 


1) Insufficient ground conductor size, 
2) Loose ground connections, or 
3) Ground loops. 


‘These matters are treated in precise scientific research 
equipment and some industrial instruments by paying 
attention to certain rules. The ground conductor should be 
at least as large as the largest conductor in the primary 
power circuit. Ground conductors should provide a solid 
connection to both ground and to the equipment being 
grounded. Liberal use of lock washers and star washers 
is highly recommended. A loose ground connection is a 
tremendous source of noise, particularly in a sensitive 
receiving system, 

Ground loops should be avoided at all costs. A short 
discussion of what a ground loop is and how to avoid 
them may lead you down the proper path. A ground loop 


convergence speed than LMS and NLMS 
algorithms. 


ignal Structure Reference 


Beamforming (SSRB) 


SSRB method is based on inherent 
structure of the transmit signal of the 
implicit kind reference signal. Algorithms 
such as blind beamforming, least squares, 
and constant modulus algorithms, are 
based on the SSRB method. SSRB method 
is robust against different propagation 
conditions and does not require the array 
manifold knowledge. But the convergen 
problem becomes the main drawback of 
the SSRB method. 


VI. Conclusions 


In this paper we introduced the multi 
antenna technologies which can be 
considered as one of the most vivid area of 
research. Multiple antenna technologies 
were categorized into two main groups 
where in the first group we introduced 
some techniques related to spatial 
diversity and spatial multiplexing by 
outlining the gain achieved by these 
schemes. Furthermore, we introduced the 
smart antenna techniques and the up-to- 
date research progress in this field. 

‘The advantages of multiple antenna 
systems make of them a very strong 
candidate to increase link reliability, 
increase channel capacity and reduce 
in both uplink and downlink, 
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is formed when more than one ground current is flowing 
in a single conductor. This commonly occurs when 
grounds are “daisy-chained” (series linked). The correct 
way to ground equipment is to bring all ground condue- 
tors out radially from a common point to either a good 


driven earth ground or to a cold water system. 

Ground noise can affect transmitted as well as 
received signals. With the low audio levels required to 
drive amateur transmitters, and with the ever-increasing 
sensitivity of our receivers, correct grounding is critical. 


Lightning and EMP Protection 


The National Fire Protection Association (NFPA) 
publishes a booklet called Lighting Protection Code 
(NFPA no. 78-1983) that should be of interest to radio 
‘amateurs. For information about obtaining a copy of this 
booklet, write to the National Fire Protection Associa- 
tion, Batterymarch Park, Quincy, MA 02269. Two para- 
graphs of particular interest to amateurs are presented 
below 


16 Antennas. Radio and television masts of metal, 
located on a protected building, shall be bonded to the 
lightning protection system with a main size conductor 
and fittings. 

“3-27 Lightning arresters, protectors or antenna dis- 
ccharge units shall be installed on electric and telephone 
service entrances and on radio and television antenna 
lead-ins.” 

The best protection from lightning is to disconnect 
all antennas from equipment and disconnect the equip- 
ment from the power lines. Ground antenna feed lines to 
safely bleed off static buildup. Eliminate the possible 
paths for lightning strokes. Rotator cables and other con- 
trol cables from the antenna location should also be dis- 
connected during severe electrical storms. 

In some areas, the probability of lightning surges 
entering homes via the 120/240-V line may be high, 
Lightning produces both electrical and magnetic fields 
that vary with distance. These fields can be coupled into 
power lines and destroy electronic components in equip- 
ment that is miles from where the lightning occurred 
Radio equipment can be protected from these surges to 
some extent by using transient-protective devices. 


ELECTROMAGMETIC PULSE AND THE 
RADIO AMATEUR 

The following material is based on a 4-part ST 
article by Dennis Bodson, W4PWF, that appeared in the 
August through November 1986 issues of OST. The series 
‘was condensed from the National Communications Sys- 
tem report NCS TIB 85-10. 

‘An equipment test program demonstrated that most 
Amateur Radio installations can be protected from light- 
ning and electromagnetic pulse (EMP) transients with 
‘a basic protection scheme. Most of the equipment is not 
susceptible to damage when all external cabling is 
removed. You can duplicate this stand-alone configura- 


tion simply by unplugging the ac power cord from the 
outlet, disconnecting the antenna feed line at the rear of 
the radio, and isolating the radio gear from any other long 
metal conductors. Often it is not practical to completely 
disconnect the equipment whenever it is not being used. 
Also, there is the danger that a lightning strike several 
miles away could induce a large voltage transient on the 
power lines or antenna while the radio is in use. You can 
add two transient-protection devices to the interconnected 
system, however, that will also closely duplicate the safety 
of the stand-alone configuration. 

‘The ac power line and antenna feed line are the two 
important points that should be outfitted with transient 
protection. This is the minimum basic protection scheme 
recommended for all Amateur Radio installations. (For 
fixed installations, consideration should also be given to 
the rotator connections—see Fig 15.) Hand-held radios 
‘equipped with a “rubber duck” require no protection at the 
antenna jack. If a larger antenna is used with the hand- 
held, however, a protection device should be installed. 


General Considerations 


Because of the unpredictable energy content of a 
nearby lightning strike or other large transient, itis pos- 
sible for a metal-oxide varistor (MOV) to be subjected to 
‘an energy surge in excess of its rated capabilities. This may 
result in the destruction of the MOV and explosive rupture 
of the package. These fragments can cause damage to 
nearby components or operators and possibly ignite flam- 
mable material. Therefore, the MOV should be physically 
shielded. 

‘A proper ground system is a key factor in achieving 
protection from lightning and EMP transients. A low- 
impedance ground system should be installed to eliminate 
transient paths through radio equipment and to provide a 
good physical ground for the transient-suppression devices. 
A single-point ground system is recommended (Fig 16) 
to help prevent lightning from getting into the shack on 
the shields of antenna feed-line coaxes. Many hams use 
well-grounded radio-entrance panel mounted outside the 
shack to ground their coaxes before they enter the house. 
Fig 17 shows an entrance panel at K8CH’s home in Michi- 
gan, All external conductors going to the radio equipment 
should enter and exit the station through this panel. Install 
all transient-suppression devices directly on the panel. Use 
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the shortest length(s) possible of #6 solid wire to connect 
the radio equipment case(s) to the ground bus. 


‘Ac Power- 

Tests have indicated that household electrical wit- 
ing inherently limits the maximum transient current that 
it will pass to approximately 120 A. Therefore, if pos- 
sible, the amateur station should be installed away from 
the house ac entrance panel and breaker box to take 
advantage of these limiting effects. 

Ac power-line protection can be provided with easy- 
to-install, plug-in transient protectors. Ten such devices 
were tested for the article series in 1986. The plug-in- 
strip units are the best overall choice for a typical ama- 
teur installation. They provide the protection needed, 
they're simple to install and can be easily moved to other 
operating locations with the equipment. 

In their tests, NCS found that the model that pro- 
vided transient paths to ground from the hot and neutral 
lines (common mode) as well as the transient path between 
the hot and neutral lines (normal mode) performed best. 
‘The best model used three MOVs and a 3-clectrode gas- 
discharge-tube arrester to provide fast operation and large 
power dissipation capabilities. This unit was tested 
repeatedly and operated without failure, 

‘The flood of low-cost computers in the 1990s spawned 
a host of surge protection devices designed to limit tran- 
sient voltage spikes coming from the ac line and also 
through the telephone line into a modem connected to a 
computer. Many of these devices are well-designed and can 
be relied upon to provide the protection they claim. 

You can, however, easily find a variety of really low- 
cost bargain strips at flea markets and discount hardware 
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1e Protection 


stores. A bargain-brand $6 unit may prove to be a poor 
bargain indeed if it allows a spike to get through to dam- 
age your $2000 computer or $4000 transceiver. 

‘You should be careful to find one that carries a 
sticker indicating that it meets Underwriters Laborato- 
ries safety standard UL 1449. This defines the minimum 
level of clamping voltage beyond which a surge protec- 
tor will “fire” to protect the device connected to its out 
put. The UL 1149 limit is 330 V ac. Prices for brand-name 
units from Tripp Lite, APC or Curtis vary from about 
$30 to $80, depending on how many ac sockets they have 
and the number of indicator lights and switched/ 
unswitched sockets. A brand-name device is well worth 
the small additional cost over the bargain-basement units. 

‘A transient suppressor requires a 3-wire outlet; the 
outlet should be tested to ensure all wires are properly 
connected. In older houses, an ac ground may have to be 
installed by a qualified electrician. The ac ground must, 
be available for the plug-in transient suppressor to func- 
tion properly. The ac ground of the receptacle should be 
attached to the station ground bus, and the plug-in 
receptacle should be installed on the ground panel behind 
the radio equipment. 


Emergency Power Generators 
Emergency power generators provide two major tran- 
sient-protection advantages. First, the station is discon- 
nected from the commercial ac power system. This isolates 
the radio equipment from a major source of damaging tran- 
sients. Second, tests have shown that the emergency power 
generator may not be susceptible to EMP transients 
When the radio equipment is plugged directly into 
the generator outlets, transient protection may not be 


Fig 16—At A, the proper method 
of tying all ground points 
together. The transient path to 
ground with a single-point ground 
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needed. If an extension cord or household wiring is used, 
transient protection should be employed, 

‘An emergency power generator should be wired into 
the household circuit only by a qualified electrician. When 
properly connected, a switch is used to disconnect the 
‘commercial ac power source from the house lines before 
the generator is connected to them. This keeps the gen- 
erator output from feeding back into the commercial 
power system. If this is not done, death or injury to 
unsuspecting linemen can result. 


Feed-Line Protection 
Coaxial cable is recommended for use as the trans- 


mission line because it provides a certain amount of tran- 
sient surge protection for the equipment to which it is 
attached. The outer conductor shields the center conduc- 
tor from the transient field. Also, the cable limits the 
maximum conducted transient voltage on the center by 
arcing the differential voltage from the center conductor 
to the grounded cable shield. 

By providing a path to ground ahead of the radio 
equipment, the gear can be protected from the large cur- 
rents impressed upon the antenna system by lightning and 
EMP. A single protection device installed at the radio 
antenna jack will protect the radio, but not the transmis. 
sion line. To protect the transmission line, another tran. 
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Table 1 
RF Coaxial-Line Protectors 


Measured 
Approximate HighZ 
Cost Clamping 


Manufacturer Device (US Dollars) Voltage (Volts) 
55 393 


Fischer FCC-250-200-UHF 
Fischer FCC-250-350-UHF 55. 260 
Fischer FCC-250-150-UHF 55. 220 
Fischer _-FCC-250-120-UHF 55. 240 
Fischer FCC-450-120-UHF 55 20 
Polyphasor IS:NEMP 83 140 
Polyphasor IS.NEMP-1 83 150 
Polyphasor IS-NEMP.2 83 160 


Note: The transmitter output power, frequency of operation, and 
transmission line SWR must be considered when selecting any 
‘of these devices. 


Fig 17—Radio-entrance panel at K8CH. A flat aluminum 
plate serves as a common grounding point for all coax 
cables to prevent transients from nearby lightning 
strikes from getting into the shack on the feed lines. 
“Spark-gap" protectors to kill transients on the coax 
inner conductors are located behind the panel. A spark- 


{gap protector is also used on the two open-wire feeder 
insulators mounted on the Plexiglas sheet behind the 
aluminum panel. 


sient protector must be installed between the antenna and 
the transmission line. (See Fig 15). 

RF transient protection devices from several manu- 
facturers were tested (see Table 1) using RG-8 cable 
equipped with UHF connectors. All of the devices shown 
can be installed in a coaxial transmission line, Recall that 
during the tests the RG-8 cable acted like a suppressor: 
damaging EMP energy arced from the center conductor 
to the cable shield when the voltage level approached 
SRV. 

Low price and a low clamping-voltage rating must 
be considered in the selection of an RF transient-protec- 
tion device. The lower cost devices have the higher clamp- 
ing voltages, however, and the higher-cost devices have 
the lower clamping voltages. Because of this, medium- 
priced devices manufactured by Fischer Custom Com- 
munications were selected for testing. The Fischer 
Spikeguard Suppressors ($55 price class) for coaxial lines 
can be made to order to operate at a specific clamping 
voltage. The Fischer devices satisfactorily suppressed the 
damaging transient pulses, passed the transmitter RF 
output power without interfering with the signal, and 
operated effectively over a wide frequency range. 

Polyphaser Corporation devices are also effective 
in providing the necessary transient protection. The 
devices available limited the transmitter RF output power 
to 100 W or less, however. These units cost approximately 
$83 each, 

RF coaxial protectors should be mounted on the sta- 
tion ground bus bar. If the Fischer device is used. it should 
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be attached to a grounded UHF receptacle that will serve 
as a hold-down bracket. This creates a conductive path 
between the outer shield of the protector and the bus bar. 
‘The Polyphaser device can be mounted directly to the 
bus bar with the bracket provided 

‘Attach the transceiver or antenna matching network 
to the grounded protector with a short (6 foot or less) 
piece of coaxial cable. Although the cable provides a 
ground path to the bus bar from the radio equipment, itis 
not a satisfactory transient-protection ground path for the 
transceiver. Another ground should be installed between 
the transceiver case and the ground bus using solid #6 
wire. The coaxial cable shield should be grounded to the 
antenna tower leg at the tower base. Each tower leg should 
have an earth ground connection and be connected to the 
single-point ground system as shown in Fig 16. 


Antenna Rotators 


‘Antenna rotators can be protected by plugging the 
control box into a protected ac power source and adding 
protection to the control lines to the antenna rotator. When 
the control lines are in a shielded cable, the shield must 
be grounded at both ends. MOVs of the proper size should 
be installed at both ends of the control cable. At the sta- 
tion end, terminate the control cable in a small metal box 
that is connected to the station ground bus. Attach MOVs 
from each conductor to ground inside the box. At the 
antenna end of the control cable, place the MOVs inside 
the rotator case or in a small metal box that is properly 
grounded. 

For example, the Alliance HD73 antenna rotator uses 
1 6-conductor unshielded control cable with a maximum 
control voltage of 24.7 V de. Select an MOV with a clamp- 
ing voltage level 10% higher (27 V or more) so the MOV 
won't clamp the control signal to ground. If the control 
voltage is ac, be sure to convert the RMS voltage value to 
peak voltage when considering the clamping voltage level. 


Mobile Power Supply Protection 


The mobile amateur station environment exposes 
radio equipment to other transient hazards in addition to 
those of lightning and EMP. Currents as high as 300 A 
are switched when starting the engine, and this can pro- 
duce voltage spikes of over 200 V on the vehicle’s elec- 
trical system. Lightning and EMP are not likely to impact, 
the vehicle's electrical system as much as they would that, 
of a fixed installation because the automobile chassis is, 
not normally grounded. This would not be the case if the 
vehicle is inadvertently grounded; for example, when the 
vehicle is parked against a grounded metal conductor. The 
mobile radio system has two advantages over a fixed 
installation: Lightning is almost never a problem, and the 
vehicle battery is a natural surge suppressor. 

Mobile radio equipment should be installed in a way 
that takes advantage of the protection provided by the 
battery. See Fig 18. To do this, connect the positive power 
lead of the radio directly to the positive battery post, not 
to intermediate points in the electrical system such as the 
fuse box or the auxiliary contacts on the ignition switch. 
To prevent equipment damage or fire, in-line fuses should 
be installed in the positive lead where they are attached 
to the battery post. 

‘An MOV should be installed between the two leads 
of the equipment power cord. A GE MOV (V36ZA80) is, 
recommended for this application. This MOV provides 
the lowest measured clamping voltage (170 V) and is low 
in cost. 


Mobile Antenna Installation 

Although tests indicate that mobile radios can sur- 
vive an EMP transient without protection for the antenna 
system, protection from lightning transients is still 
required. A coaxial-line transient suppressor should be 


installed on the vehicle chassis between the antenna and 
the radio’s antenna connector. 

‘A Fischer suppressor can be attached to a UHF 
receptacle that is mounted on, and grounded to, the 
vehicle chassis. The Polyphaser protector can be mounted 
on, and grounded to, the vehicle chassis with its flange. 
Use a short length of coaxial cable between the radio and 
the transient suppressor. 


Clamping Voltage Calculation 

‘When selecting any EMP-protection device to be used 
at the antenna port of a radio, several items must be con- 
sidered. These include transmitter RF power output, the 
SWR, and the operating frequency. The protection device 
must allow the outgoing RF signal to pass without clamp- 
ing. A clamping voltage calculation must be made for each 
amateur installation. 

‘The RF-power input to a transmission line develops a 
corresponding voltage that becomes important when a volt- 
aage-surge arrester is in the line. SWR is important because of 
its influence on the voltage level. The maximum voltage 
‘developed fora given power input is determined by 


2xPxZxSWR q!) 


where 


peak power in W 
impedance of the coaxial cable (Q) 
\V = peak voltage across the cable 


Eq | should be used to determine the peak voltage 
present across the transmission line. Because the RF tran- 
sient-protection devices use gas-discharge tubes, the volt- 
age level at which they clamp is not fixed; a safety margin 
must be added to the calculated peak voltage. This is done 
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Fig 18—Recommended method of connecting mobile radio equipment to the vehicle battery and antenna, 
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by multiplying the calculated value by a factor of three. 
This added safety margin is required to ensure that the 
transmitter’s RF output power will pass through the tran- 
sient suppressor without causing the device to clamp the 
RF signal to ground. The final clamping voltage obtained 
is then high enough to allow normal operation of the trans- 
miter while providing the lowest practical clamping volt- 
age for the suppression device. This ensures the maximum 
possible protection for the radio system. 

Here’s how to determine the clamping voltage 
required. Let’s assume the SWR is 1.5:1. The power out- 
put of the transceiver is 100 W PEP. RG/8 coaxial cable 
hhas an impedance of 52 Q. Therefore: 

100 W 
20 
SWR = 


5 


Substituting these values into Eq 1 


100 x 


15 = 124.89 V peak 


Note thatthe voltage, V. is the peak value at the peak 
of the RF envelope. The final clamping voltage (FCV) is 
three times this value, oF 374.7 V. Therefore, a coaxial- 
line transient suppressor that clamps at or above 375 V 
should be used. 

‘The cost of a two-point basic protection scheme is 
estimated to be $100 for each fixed amateur station. This 
includes the cost of a good quality plug-in power-line pro- 
tector ($45) and one Fischer coaxial-line protector (855). 


Inexpensive Transient-Protection Devices 

Here are two low-cost protection devices you can 
assemble. They performed flawlessly in the tests. 

‘The radio antenna connection can be protected by 
‘means of another simple device. As shown in Fig 19, two 
spark gaps (Siemens BI-A350) are installed in series at 
one end of a coaxial-cable T connector. Use the shortest 
practical lead length (about 1/4 inch) between the two spark 
‘gaps. One lead is bent forward and forced between the split 
sections of the inner coaxial connector until the spark gaps 
approach the body of the connector. A short length of 
insulating material (such as Mylar) is placed between the 
spark gaps and the connector shell. The other spark-gap 
lead is folded over the insulator, then conductive (metal- 
lic) tape is wrapped around the assembly. This construc- 
tion method proved durable enough to allow many 
insertions and removals of the device during testing. Esti- 
‘mated cost of this assembly is $9. Similar devices can be 
built using components from Joslyn, General Electric, 
General Semiconductor or Siemens. 


‘Summary 


Amateurs should be aware of which components in 
their radio system are most likely to be damaged by EMP. 
‘They should also know how to repair the damaged equip- 
ment. Amateurs should know how to reestablish commu- 
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Fig 19—Pictorial diagram of an inexpensive, homemade 
RF coax transient protector. 


nications after an EMP event, taking into consideration 
its adverse effects on the earth's atmosphere and radio 
‘equipment. One of the first things that would be noticed. 
providing the radio equipment is operative, is a sudden 
silence in radio transmissions across all frequencies below 
approximately 100 MHz. This silence would be caused 
in part by damage to unprotected radio gear from the EMP 
transient. Transmissions from one direction, the direc- 
tion of the nuclear blast, would be completely out. RF 
signal loss by absorption and attenuation by the nuclear 
fireball are the reasons for this, 

‘After an EMP event, the amateur should be prepared 
to operate CW. CW gives the most signal power under 
adverse conditions. It also provides a degree of message 
security from the general public. 

‘Amateurs should develop the capability and flex- 
ibility to operate in more than one frequency band. The 
lower ground-wave frequencies should be useful for long- 
distance communications immediately after an EMP 
event. Line-of-sight VHF would be of value for local 
communications, 

‘What can be done to increase the survivability of an 
Amateur Radio station? Here are some suggestions: 


1) If you have spare equipment, keep it disconnected: 
use only the primary station gear. The spare equip- 
‘ment would then be available after an EMP event. 

2) Keep equipment turned off and antenna and power 
lines disconnected when the equipment is not in use. 

3) Connect only those external conductors necessary for 
the current mode of operation, 

4) Tie all fixed equipment to a single-point earth ground 
to prevent closed loops through the ground. 

5) Obtain schematic diagrams of your equipment and 
tools for repair of the equipment. 

6) Have spare parts on hand for sensitive components 
of the radio equipment and antenna system, 

7) Learn how to repair or replace the sensitive compo- 
nents of the radio equipment. 

8) Use nonmetallic guy lines and antenna structural 
parts where possible. 

9) Obtain an emergency power source and operate from 


it during periods of increased world political tension. 
‘The power source should be completely isolated from 
the commercial power lines. 

10) Equipment power cords should be disconnected when 
the gear is idle. Or the circuit breaker for the line 
feeding the equipment should be kept in the OFF 
position when the station is off the air. 

11) Disconnect the antenna lead-in when the station is 
off the air. Or use a grounding antenna switch and 
keep it in the GROUND position when the equipment 
is not in use 

12) Have a spare antenna and transmission line on hand 
to replace a damaged antenna system. 

13) Install EMP surge arresters and filters on all primary 


conductors attached to the equipment and antenna, 

14) Retain tube type equipment and spare components: 
keep them in good working order. 

15) Do not rely on a microprocessor to control the sta~ 
tion after an EMP event. Be able to operate without 
microprocessor control, 


‘The recommendations contained in this section were 
developed with low cost in mind; they are not intended 
to cover all possible combinations of equipment and 
installation methods found in the amateur community. 
Amateurs should examine their own requirements and use 
this report as a guideline in providing protection for the 
equipment. 


RF Radiation and Electromagnetic Field Safety 


Amateur Radio is basically a safe activity. In recent 
years, however, there has been considerable discussion 
‘and concern about the possible hazards of electromag 
netic radiation (EMR), including both RF energy and 
power-frequency (50-60 Hz) electromagnetic (EM) fields. 
FCC regulations set limits on the maximum permissible 
exposure (MPE) allowed from the operation of radio 
transmitters. These regulations do not take the place of 
RF-safety practices, however. This section deals with the 
topic of RF safety. 

This section was prepared by members of the ARRL 
RF Safety Committee and coordinated by Dr Robert E. 
Gold, WBOKIZ. It summarizes what is now known and 
offers safety precautions based on the research to date. 

All life on Earth has adapted to survive in an envi- 
ronment of weak, natural, low-frequency electromagnetic 
fields (in addition to the Earth’s static geomagnetic field). 
Natural low-frequency EM fields come from two main, 
sources: the sun, and thunderstorm activity. But in the last 
100 years, man-made fields at much higher intensities and 
with a very different spectral distribution have altered this 
natural EM background in ways that are not yet fully 
understood. Researchers continue to look at the effects of 
RF exposure over a wide range of frequencies and levels. 

Both RF and 60-Hz fields are classified as nonion- 
izing radiation, because the frequency is too low for there 
to be enough photon energy to ionize atoms. (lonizing 
radiation, such as X-rays, gamma rays and even some 
ultraviolet radiation has enough energy to knock elec- 
trons loose from their atoms. When this happens, posi- 
tive and negative ions are formed.) Still, at sufficiently 


high power densities, EMR poses certain health hazards, 
It has been known since the early days of radio that RF 
energy can cause injuries by heating body tissue. (Any- 
fone who has ever touched an improperly grounded radio 
cchassis or energized antenna and received an RF burn 
will agree that this type of injury can be quite painful.) In 
extreme cases, RF-induced heating in the eye can result 
in cataract formation, and can even cause blindness. 
Excessive RF heating of the reproductive organs can cause 
sterility. Other health problems also can result from RF 
heating, These heat-related health hazards are called ther- 
‘mal effects. A microwave oven is a positive application 
of this thermal effect. 

There also have been observations of changes in 
physiological function in the presence of RF energy lev- 
cls that are too low to cause heating. These functions 
return to normal when the field is removed. Although 
research is ongoing, no harmful health consequences have 
been linked to these changes. 

In addition to the ongoing research, much else has 
been done to address this issue. For example, FCC regu- 
lations set limits on exposure from radio transmitters. The 
Institute of Electrical and Electronics Engineers, the 
American National Standards Institute and the National 
Council for Radiation Protection and Measurement, 
among others, have recommended voluntary guidelines 
to limit human exposure to RF energy. The ARRL has 
established the RF Safety Committee, consisting of con- 
cerned medical doctors and scientists, serving voluntar- 
ily to monitor scientific research in the fields and to 
recommend safe practices for radio amateurs. 
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THERMAL EFFECTS OF RF ENERGY 


Body tissues that are subjected to very high levels 
of RF energy may suffer serious heat damage. These 
effects depend on the frequency of the energy, the power 
density of the RF field that strikes the body and factors 
such as the polarization of the wave. 

At frequencies near the body's natural resonant fre- 
quency, RF energy is absorbed more efficiently, and an 
increase in heating occurs. In adults, this frequency usu- 
ally is about 35 MHz if the person is grounded, and about 
70 MHz if insulated from the ground. Individual body 
parts may be resonant at different frequencies. The adult 
head, for example, is resonant around 400 MHz, while a 
baby's smaller head resonates near 700 MHz. Body size 
thus determines the frequency at which most RF energy 
is absorbed. As the frequency is moved farther from reso- 
nance, less RF heating generally occurs. Specific absorp- 
tion rate (SAR) is a term that describes the rate at which 
RF energy is absorbed in tissue. 

Maximum permissible exposure (MPE) limits are 
based on whole-body SAR values, with additional safety 
factors included as part of the standards and regulations, 
This helps explain why these safe exposure limits vary with 
frequency. The MPE limits define the maximum electric 
and magnetic field strengths or the plane-wave equivalent 
power densities associated with these fields, that a person 
may be exposed to without harmful effect—and with an 
acceptable safety factor. The regulations assume that a 
person exposed to a specified (safe) MPE level also will 
experience a safe SAR. 

Nevertheless, thermal effects of RF energy should not 
be a major concer for most radio amateurs, because of 
the power levels we normally use and the intermittent 
nature of most amateur transmissions. Amateurs spend 
‘more time listening than transmitting, and many amateur 
transmissions such as CW and SSB use low-duty-cycle 
modes. (With FM or RTTY, though, the RF is present con- 
tinuously at its maximum level during each transmission.) 
In any event, itis rare for radio amateurs to be subjected to 
RF fields strong enough to produce thermal effects, unless 
they are close to an energized antenna or un- shielded power 
amplifier. Specific suggestions for avoiding excessive 
exposure are offered later in this chapter. 


ATHERMAL EFFECTS OF EMR 


Research about possible health effects resulting 
from exposure to the lower level energy fields, the 
athermal effects, has been of two basic types: epidemio- 
logical research and laboratory research. 

Scientists conduct laboratory research into biologi- 
cal mechanisms by which EMR may affect animals 
including humans. Epidemiologists look at the health pat- 
tems of large groups of people using statistical methods, 
These epidemiological studies have been inconclusive, 
By their basic design, these studies do not demonstrate 
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cause and effect, nor do they postulate mechanisms of 
disease. Instead, epidemiologists look for associations 
between an environmental factor and an observed pat- 
tem of illness. For example, in the earliest research on 
malaria, epidemiologists observed the association 
between populations with high prevalence of the disease 
and the proximity of mosquito infested swamplands. It 
was left to the biological and medical scientists to isolate 
the organism causing malaria in the blood of those with 
the disease, and identify the same organisms in the mos- 
quito population. 

Inthe case of athermal effects, some studies have iden- 
tified a weak association between exposure to EMF at home 
or at work and various malignant conditions including 
leukemia and brain cancer. A larger number of equally well 
designed and performed studies, however, have found no 
association. A risk ratio of between 1.5 and 2.0 has been 
observed in positive studies (the number of observed cases 
of malignancy being 1.5 to 2.0 times the “expected” num- 
ber in the population). Epidemiologists generally regard a 
risk ratio of 4.0 or greater to be indicative of a strong asso- 
ciation between the cause and effect under study. For 
example, men who smoke one pack of cigarettes per day 
increase their risk for lung cancer tenfold compared to non- 
smokers, and two packs per day increases the risk to more 
than 25 times the nonsmokers” risk. 

Epidemiological research by itself is rarely conclu- 
sive, however. Epidemiology only identifies health pat- 
terns in groups—it does not ordinarily determine their 
‘cause. And there are often confounding factors: Most of 
us are exposed to many different environmental hazards 
that may affect our health in various ways. Moreover, not 
all studies of persons likely to be exposed to high levels 
of EMR have yielded the same resulls. 

‘There also has been considerable laboratory research 
about the biological effects of EMR in recent years. For 
example, some separate studies have indicated that even 
fairly low levels of EMR might alter the human body's 
circadian rhythms, affect the manner in which T lympho- 
cytes function in the immune system and alter the nature 
of the electrical and chemical signals communicated 
through the cell membrane and between cells, among other 
things. Although these studies are intriguing, they do not 
demonstrate any effect of these low-level fields on the over- 
all organism. 

‘Much of this research has focused on low-frequency 
magnetic fields, or on RF fields that are keyed, pulsed or 
modulated at a low audio frequency (often below 100 Hz). 
Several studies suggested that humans and animals can 
adapt to the presence of a steady RF carrier more readily 
than to an intermittent, keyed or modulated energy source. 

‘The results of studies in this area, plus speculations 
concerning the effect of various types of modulation, were 
and have remained somewhat controversial. None of the 
research to date has demonstrated that low-level EMR 
‘causes adverse health effects. 


Fig 20—1991 RF protection guidelines for body exposure of humans. It is known officially as the “IEEE Standard for 


Safety Levels with Respect to Human Exposure to Rat 


Given the fact that there is a great deal of ongoing 
research to examine the health consequences of exposure 
to EMF, the American Physical Society (a national group 
of highly respected scientists) issued a statement in May 

1995 based on its review of available data pertaining to 

the possible connections of cancer to 60-Hz EMF expo. 

sure. This report is exhaustive and should be reviewed 
by anyone with a serious interest in the field. Among its 

‘general conclusions were the following: 

1. The scientific literature and the reports of reviews by 
other panels show no consistent, significant link 
between cancer and power line fields. 

2. No plausible biophysical mechanisms for the system: 
atic initiation or promotion of cancer by these 

extremely weak 60-Hz fields has been identified. 

While itis impossible to prove that no deleterious health 

effects occur from exposure to any environmental fac 

tor, it is necessary to demonstrate a consistent, sig 
nificant, and causal relationship before one can 
conclude that such effects do occur. 

In a report dated October 31, 1996, a committee of 
the National Research Council of the National Academy 
of Sciences has concluded that no clear, convincing evi 
dence exists to show that residential exposures to elec 
tric and magnetic fields (EMFS) are a threat to human 
health. 

‘A National Cancer Institute epidemiological study 
of residential exposure to magnetic fields and acute lym 
phoblastic leukemia in children was published in the New 
England Journal of Medicine in July 1997. The exhaus 
tive, seven-year study concludes that if there is any link 
at all, itis far too weak to be concerned about. 


Frequency Electromagnetic 


jelds, 3 kHz to 300 GHz.” 


Readers may want to follow this topic as further 
studies are reported. Amateurs should be aware that 
exposure to RF and ELF (60 Hz) electromagnetic fields 
atall power levels and frequencies has not been fully stud. 
ied under all circumstances. “Prudent avoidance” of any 
avoidable EMR is always a good idea. Prudent avoid. 
ance doesn't mean that amateurs should be fearful of 
using their equipment. Most amateur operations are well 
within the MPE limits. If any risk does exist, it will almost 
surely fall well down on the list of causes that may be 
harmful to your health (on the other end of the list from 
your automobile). It does mean, however, that hams 
should be aware of the potential for exposure from their 
stations, and take whatever reasonable steps they can take 
to minimize their own exposure and the exposure of those 
around them, 


Safe Exposure Levels 

How much EM energy is safe? Scientists and regu: 
lators have devoted a great deal of effort to deciding upon 
safe RF-exposure limits. This is a very complex prob 
lem, involving difficult public health and economic con 
siderations. The recommended safe levels have been 
revised downward several times over the years —and not 
all scientific bodies agree on this question even today. 
An Institute of Electrical and Electronics Engineers 
(IEEE) standard for recommended EM exposure limits 
was published in 1991 (see Bibliography). It replaced a 
1982 American National Standards Institute (ANSD stan 
dard. In the new standard, most of the permitted expo 
sure levels were revised downward (made more stringent) 
to better reflect the current research. The new IEEE stan 
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FCC RF-Exposure Regulations 


FOG regulations contol the amount of RF exposure 
that can result from your station's operation (§§87-13. 
97-503, 1.1307 (b)(c)d), 1.1310 and 2.1038). The regula 
tions set limits on the maximum permissible exposure 
(MPE) allowed trom operation of transmiters in all rio 
services. They also require that certain types of stations be 
evaluated to determine if they are in compliance with the 
MPES specitiod in the rules. The FCC has also required 
that five questions on RF environmental safety practices be 
added to Novice, Technician and General license examina: 
tons. 

These rules went into effect on January 1, 1998 for new 
stations of stations that file a Form 605 appication with the 
FCC. Other existing stations have until September 1, 2000 
to be in compliance with the ules. 


The Rules 


Maximum Permissible Exposure (MPE) 

Al radio stations regulated by the FCC must comply with 
the requirements for MPEs, even QRP stations running 
only a few watts or less. The MPEs vary with frequency, as 
shown in Table A. MPE limits are specified in maximum 
electric and magnetic fields for frequencies below 30 MHz, 
in power density for trequencies above 300 MH2 and all 
three ways for frequencies from 30 to 300 MHz. For 
compliance purposes, all of these limits must be consic: 
ered separately. If any one is exceeded, 


the station is not in compliance. 
‘The regulations control human exposure to RF fields, 
not the strength of RF fields. There is no limit to how 
strong a field can be as long as no one is being exposed 
toi, although FCC regulations require that amateurs use 
the minimum necessary power at al imes (§97.311 [a)). 


Environments 
The FCC has defined two exposure environments — 
controlled and uncontrolled, A controlled environment is 

fone in which the people who are being exposed are 
aware of that exposure and can take steps to minimize 
that exposure, if appropriate. In an uncontrolled environ: 
ment, the people being exposed are not normally aware 
of the exposure. The uncontrolled environment limits are 
more stringent than the controlled environment limits. 

‘Although the controlled environment is usually 
intended as an occupational environment, the FCC has 
determines that it generally applies to amateur operators 
‘and members of their immediate households. In most 
‘cases, controlled-environment limits can be applied to 
your home and property to which you can control 
Physical access. The uncontrolled environment is 
intended for areas that are accessible by the general 
public, such as your neighbors’ properties. 

‘The MPE levels are based on average exposure. An 
averaging time of 6 minutes is used for controlled 
exposure; an averaging period of 30 minutes is used for 
Uncontrolied exposure. 


(A) Limits for Occupational/Controlled Exposure 


{ = frequency in Mz 
Plane-wave equivalent power density (see Note 1). 


1 = frequency in M2 
* = Plane-wave equivalent power density (see Note 1) 


Table A—(From §1.1310) Limits for Maximum Permissible Exposure (MPE) 


(8) Limits for General Population/Uncontrolled Exposure 


Note 1: This means the equivalent far-ild strength that would have the E or Huleld compo 
nent calculated oF measured. It does not apply wel in the near field of an antenna. The 
equivalent far-eld power density can be found in the near of far field regions from the 
relationships: Py = [Eq (3770 mWiem? or trom P=Hygaf 97.7 mWiem 


Station Evaluations 


‘The FCC requires 
that certain amateur 


Frequency Electric Field + Magnetic Field Power Density Averaging Time _tations be evaluated 
Range” Strong” Strength (miwem’) (minstes) for compliance withthe 
(MHz) (Vim) (Wim) Media cun hoes 
asso 64 1.83 (109) 6 somanne sie 30 te 
Sos0 —teaant bon teookey 8 semunion kis 
sos00 eis ates to 8 ee 
00-1500 = ‘i300 8 Staion, The ARRL 
1500-100,000 — = 5 8 


book AF Exposure and 
You contains extensive 
information about the 
regulations and a large 
chapter of tables that 


Frequency Electric Pid. Magnetic Field Power Density Averaging Time shew compliance 
Range Strengit Strength (Wim) (minutes) altances for specie 
Mrz) (vim (wm) iovols, Genoraly, hams 
osts4 614 1.63 (100)" 30 tvalvate tt stations. 
13430 BRA 2igt (soe 30 Som neve abiee 
30300275, 0.073 be 30 have been included in 
300-1500 — = #1500 30 the FCC's information 
4+800-100,000 — = 1.0 30 a ET Buletn 65 and 


its Supplement B.1f 
hams choose, however, 
they can do more 
extensive calculations, 
use a computer to 
‘model their antenna 
and exposure, or make 
actual measurements. 
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Table B—Power Thresholds for Routine 
Evaluation of Amateur Radio Stations 


Wavelength Evaluation Required it 
Band Power" (watts) Exceeds: 
MF 
160 m 500 
HF 
80m 500 
75m 500 
40m 500 
30m 425 
20m 225 
17m 425 
15m 100 
12m 5 
10m 50 
VHF (all bands) 50 
UHF 
70m 70 
33. em 150 
23 om 200 
43 cm 250 


SHF (all bands) 250 
EHF (all bands) 250 


Repeater stations 
{all bands) 


non-building-mounted antennas: 

height above ground level 

to lowest point of antenna 

< 10 m and power > 500 W ERP 

building-mounted antennas: 

power > 500 W ERP. 

“Transmitter power = Peak-envelope power input to 
antenna. For repeater stations only, power exclusion 
based on ERP (effective radiated power). 


Categorical Exemptions 

‘Some types of amateur stations do not need to be 
evaluated, but these stations must still comply with the 
MPE limits. The station licensee remains responsible for 
ensuring that the station meets these requirements. 

‘The FCC has exempted these stations from the evalua- 
tion requirement because their output power, operating 
‘mode and frequency are such that they are presumed to 
bee in compliance with the rules. 

Stations using power equal to or less than the levels in 
Table B do not have to be evaluated. For the 100-W HF 
ham station, for example, an evaluation would be required 
only on 12 and 10 meters. 

Hand-held radios and vehicle-mounted mobile radios 
that operate using a push-to-talk (PTT) button are also 
categorically exempt from performing the routine evalua: 
tion. Repeater stations that use less than 500 W ERP or 
those with antennas not mounted on buildings, i the 
antenna is at least 10 meters off the ground, also do not 
eed to be evaluated. 


Correcting Problems 

Most hams are already in compliance with the MPE 
requirements. Some amateurs, especially those using 
indoor antennas or high-power, high-duty-cycle modes 
such as a ATTY bulletin station and specialized stations 
for moonbounce operations and the like may need to make 
adjustments to their station or operation to be in compli- 

‘The FCC permits amateurs considerable flexibility in 
complying with these regulations. As an example, hams can 
adjust their operating frequency, mode or power to comply 
with the MPE limits. They can also adjust their operating 
habits oF control the direction their antenna is pointing 


More Information 
‘This discussion offers only an overview of this topic: 

‘additional information can be found in AF Exposure and 
You and on ARFLWeb at www.artl.orginewsirfsafety/. 
ARRLWeb has links to the FCC Web site, with OET 
‘Bulletin 65 and Supplement B and links to software that 
hams can use to evaluate their stations. 


dard was adopted by ANSI in 1992. 

‘The IEEE standard recommends frequency-dependent 
and time-dependent maximum permissible exposure lev- 
els. Unlike earlier versions of the standard, the 1991 stan- 
dard recommends different RF exposure limits in controlled 
environments (that is, where energy levels can be accu- 
rately determined and everyone on the premises is aware 
of the presence of EM fields) and in uncontrolled environ- 
ments (where energy levels are not known or where people 
‘may not be aware of the presence of EM fields). FCC regu- 
lations also include controlled/occupational and uncon- 
twolled/general population exposure environments 

‘The graph in Fig 20 depicts the 1991 IEEE standard, 
It is necessarily a complex graph, because the standards 
differ not only for controlled and uncontrolled environ- 
ments but also for electric (E) fields and magnetic (H) 


fields. Basically, the lowest E-field exposure limits occur 
at frequencies between 30 and 300 MHz. The lowest H- 
field exposure levels occur at 100-300 MHz. The ANSI 
standard sets the maximum E-field limits between 30 and 
300 MHz at a power density of 1 mW/em® (61.4 V/m) in 
controlled environments—but at one-fifth that level 
(0.2 mW/em* or 27.5 V/m) in uncontrolled environments. 
‘The H-field limit drops to | mW/em: (0.163 A/m) at 100- 
300 MHz in controlled environments and 0.2 mW/em 
(0.0728 A/m) in uncontrolled environments. Higher power 
densities are permitted at frequencies below 30 MHz 
(below 100 MHz for H fields) and above 300 MHz, based 
‘on the concept that the body will not be resonant at those 
frequencies and will therefore absorb less energy. 

In general, the 1991 IEEE standard requires averag- 
ing the power level over time periods ranging from 6 to 
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30 minutes for power-density calculations, depending on 
the frequency and other variables. The ANSI exposure 
limits for uncontrolled environments are lower than those 
for controlled environments, but to compensate for that 
the standard allows exposure levels in those environments 
to be averaged over much longer time periods (generally 
30 minutes). This long averaging time means that an 
intermittently operating RF source (such as an Amateur 
Radio transmitter) will show a much lower power den- 
sity than a continuous-duty station—for a given power 
level and antenna configuration, 

Time averaging is based on the concept that the 
‘human body can withstand a greater rate of body heating 
(and thus, a higher level of RF energy) for a short time 
than for a longer period. Time averaging may not be 
appropriate, however, when considering nonthermal effects 
of RF energy. 

‘The IEEE standard excludes any transmitter with an 
‘output below 7 W because such low-power transmitters 
‘would not be able to produce significant whole-body heat- 
ing. (Recent studies show that hand-held transceivers 
often produce power densities in excess of the IEEE stan- 
dard within the head.) 

There is disagreement within the scientific commu- 
nity about these RF exposure guidelines. The IEEE stan- 
dard is still intended primarily to deal with thermal effects, 
not exposure to energy at lower levels. A small but sig- 
nificant number of researchers now believe athermal 
effects also should be taken into consideration. Several 
European countries and localities in the United States have 
adopted stricter standards than the recently updated IEEE. 
standard 

Another national body in the United States, the 
National Council for Radiation Protection and Measure- 
ment (NCRP), also has adopted recommended exposure 
guidelines. NCRP urges a limit of 0.2 mW/em for non- 
‘occupational exposure in the 30-300 MHz range. The 
NCRP guideline differs from IEEE in two notable ways: It 
takes into account the effects of modulation on an RF 
carrier, and it does not exempt transmitters with outputs 
below 7 W. 

‘The FCC MPE regulations are based on parts of the 
1992 IEEE/ANSI standard and recommendations of the 
National Council for Radiation Protection and Measure- 
ment (NCRP). The MPE limits under the regulations are 
slightly different than the IEEE/ANSI limits. Note that the 
MPE levels apply to the FCC rules put into effect for radio 
amateurs on January 1, 1998. These MPE requirements do 
not reflect and include all the assumptions and exclusions 
of the IEEE/ANSI standard, 


Cardiac Pacemakers and RF Safety 

Itis a widely held belief that cardiac pacemakers may 
be adversely affected in their function by exposure to elec- 
tromagnetic fields. Amateurs with pacemakers may ask 
‘whether their operating might endanger themselves or visi- 
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tors to their shacks who have a pacemaker. Because of this, 
and similar concerns regarding other sources of electro- 
magnetic fields, pacemaker manufacturers apply design 
methods that for the most part shield the pacemaker cir- 
cuitry from even relatively high EM field strengths. 

It is recommended that any amateur who has a pace- 
maker, or is being considered for one, discuss this matter 
with his or her physician. The physician will probably 
put the amateur into contact with the technical represen- 
tative of the pacemaker manufacturer. These representa- 
tives are generally excellent resources, and may have data 
from laboratory or “in the field” studies with specific 
model pacemakers. 

‘One study examined the function of a modern (dual 
chamber) pacemaker in and around an Amateur Radio 
station. The pacemaker generator has circuits that receive 
and process electrical signals produced by the heart, and 
also generate electrical signals that stimulate (pace) the 
heart. In one series of experiments, the pacemaker was 
connected to a heart simulator. The system was placed 
on top of the cabinet of a 1-kW HF linear amplifier dur- 
ing SSB and CW operation. In another test, the system 
was placed in close proximity to several | to 5-W 2-meter 
hand-held transceivers. The test pacemaker was connected 
to the heart simulator in a third test, and then placed on 
the ground 9 meters below and 5 meters in front of a 
three-element Yagi HF antenna. No interference with 
pacemaker function was observed in these experiments. 

Although the possibility of interference cannot be 
entirely ruled out by these few observations, these tests 
represent more severe exposure to EM fields than would 
ordinarily be encountered by an amateur—with an aver- 
age amount of common sense. Of course, prudence dic~ 
tates that amateurs with pacemakers, who use hand-held 
VHF transceivers, keep the antenna as far as possible from 
the site of the implanted pacemaker generator. They also 
should use the lowest transmitter output required for 
adequate communication. For high power HF transmis- 
sion, the antenna should be as far as possible from the 
operating position, and all equipment should be properly 
grounded. 


Low-Frequency Fields 

Although the FCC doesn’t regulate 60-Hz fields, 
some recent concern about EMR has focused on low- 
frequency energy rather than RF, Amateur Radio equip- 
ment can be a significant source of low-frequency mag- 
netic fields, although there are many other sources of this 
kind of energy in the typical home. Magnetic fields can 
be measured relatively accurately with inexpensive 60-Hz 
meters that are made by several manufacturers. 

Table 2 shows typical magnetic field intensities of 
Amateur Radio equipment and various household items. 
Because these fields dissipate rapidly with distance, “pru- 
dent avoidance” would mean staying perhaps 12 to 
18 inches away from most Amateur Radio equipment (and 


24 inches from power supplies with 1-kW RF amplifiers). 


Determining RF Power Density 

Unfortunately, determining the power density of the 
RF fields generated by an amateur station is not as simple 
‘as measuring low-frequency magnetic fields. Although 
sophisticated instruments can be used to measure RF 
power densities quite accurately, they are costly and 
require frequent recalibration. Most amateurs don’t have 
access to such equipment, and the inexpensive field- 


Table 2 
‘Typical 60-Hz Magnetic Fields Near Amateur 
Radio Equipment and AC-Powered Household 
Appliances 

Values are in miligauss. 


tem Field Distance 
Electric blanket 30-90 Surface 
Microwave oven 10-100 ‘Surface. 
1-10 12" 
IBM personal 5410 Atop monitor 
computer ot 18" from screen 
Electric drill 500-2000 At handle 
Hale dryer 200-2000 At handle 
HF transceiver 10-100-—_top cabinet 
1 18" from front 
1-kW RF ampliier 80-1000 Atop cabinet 
1:25 18" from front 


(Source: measurements made by members of the ARAL RF 
Safely Committee) 


Table 3 
Typical RF Field Strengths Near Amateur Radio 
Antennas 

‘A sampling of values as measured by the Federal 
Communications Commission and Environmental Protec- 
tion Agency, 1990, 


Antenna Type Freq Power Field 
(MHz) (W) (Vim) Location 
Dipole in attic 14.15 1007-100 In home 
Discone in attic 148.5 250 10:27 Inhome 
Half sloper 215 1000 50 1m trom 
base 
Dipole at 7-13 7.14 120 8-450 1-2 m from 
earth 
Vertical 38 800 180 0.5 mtrom 
base 
Sielement Yagi 21.2, 1000 10-20 In shack 
at 60 ft 4 12m trom 
base 
Seelement Yagi 285-425. «8-12.12 mfrom 
at 25 tt base 
Inverted V 723 1400 5:27 Below 
at 22-46 ft ‘antenna 
Vertical on root 14.11 1406-9 In house 
35-100 At antenna 
tuner 
Whip on auto root 1465 © 100 22.75 2m 
‘antenna 
15-30 In vehicle 
90 Rear seat 
Siolement Yagi 50.1 500 3760 10m 
at 20 tt antenna 


Table 4 

RF Awareness Guidelines 

These guidelines were developed by the ARRL RF Safety 

Committee, based on the FCC/EPA measurements of 

Table 3 and other data, 

‘Although antennas on towers (well away trom people) 
pose no exposure problem, make certain that the RF 
Fadiation is confined to the antennas’ radiating elements 
themselves. Provide a single, good station ground 
(earth), and eliminate radiation from transmission lines. 
Use good coaxial cable or other feed line properly. Avoid 
serious imbalance in your antenna system and feed line. 
For high-powered installations, avoid end-fed antennas 
that come directly into the transmitter area near the 
operator. 

+ No person should ever be near any transmitting antenna 
while itis in use. This is especially true for mobile or 
ground-mounted vertical antennas. Avoid transmitting 
with more than 25 W in a VHF mobile installation unless it 
is possible to first measure the RF fields inside the 
vehicle. At the 1-kW level, both HF and VHF directional 
antennas should be at least 35 ft above inhabited areas. 
Avoid using indoor and attic-mounted antennas if at all 
possible. If open-wire feeders are used, ensure that itis 
‘ot possible for people (or animals) to come into acciden- 


tal contact with the feed line. 

+ Don't operate high-power amplifiers with the covers 
removed, especially at VHF/UHF. 

+ In the UHF/SHF region, never look into the open end of an 
activated length of waveguide or microwave feed-horn 
antenna or point it toward anyone. (If you do, you may be 
‘exposing your eyes to more than the maximum permis. 
sible exposure level of RF radiation.) Never point a high- 
gain, narrow-bandwidth antenna (a paraboloid, for 
instance) toward people. Use caution in aiming an EME 
{moonbounce) array toward the horizon; EME arrays may 
deliver an effective radiated power of 250,000 W or more. 

+ With hand-held transceivers, keep the antenna away from 
your head and use the lowest power possible to maintain 
‘communications. Use a separate microphone and hold the 
‘ig as far away from you as possible. This will reduce your 
‘exposure to the RF energy. 

+ Don’t work on antennas that have RF power applied. 

+ Don’t stand or sit close to a power supply or linear 
amplifier when the ac power is turned on. Stay at least 
24 inches away from power transformers, electrical fans 
land other sources of high-level 60-Hz magnetic fields. 
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strength meters that we do have are not suitable for mea- 
suring RF power density. 

Table 3 shows a sampling of measurements made at 
Amateur Radio stations by the Federal Communications 
Commission and the Environmental Protection Agency 
in 1990. As this table indicates, a good antenna well 
removed from inhabited areas poses no hazard under any 
of the IEEE/ANSI guidelines. However, the FCC/EPA 
survey also indicates that amateurs must be careful about 
using indoor or attic-mounted antennas, mobile anten- 
nas, low directional arrays or any other antenna that is 
close to inhabited areas, especially when moderate to high 
power is used. 

Ideally, before using any antenna that is in close 
proximity to an inhabited area, you should measure the 


RF power density. If that is not feasible, the next best 
option is make the installation as safe as possible by 
observing the safety suggestions listed in Table 4. 


It also is possible, of course, to calculate the prob- 
able power density near an antenna using simple equa- 
tions. Such calculations have many pitfalls. For one, most 
of the situations where the power density would be high 
enough to be of concern are in the near field. In the near 
field, ground interactions and other variables produce 
power densities that cannot be determined by simple arith- 
‘metic. In the far field, conditions become easier to pre~ 
dict with simple calculations. 

‘The boundary between the near field and the far field 
depends on the wavelength of the transmitted signal and 
the physical size and configuration of the antenna. The 
boundary between the near field and the far field of an 
antenna can be as much as several wavelengths from the 
antenna. 

Computer antenna-modeling programs are another 
approach you can use. MININEC or other codes derived 
from NEC (Numerical Electromagnetics Code) are suit- 
able for estimating RF magnetic and electric fields around 
amateur antenna systems. 

‘These models have limitations. Ground interactions 
‘must be considered in estimating near-field power densi- 
ties, and the “correct ground” must be modeled. Computer 
‘modeling is generally not sophisticated enough to predict 
“hot spots” in the near field—places where the field inten- 
sity may be far higher than would be expected, due to 
reflections from nearby objects. In addition, “nearby 
objects" often change or vary with weather or the season, 
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so the model so laboriously crafted may not be representa- 
tive of the actual situation, by the time it is running on the 
‘computer. 

Intensely elevated but localized fields often can be 
detected by professional measuring instruments. These 
“hot spots” are often found near wiring in the shack, and 
metal objects such as antenna masts or equipment cabi- 
nets. But even with the best instrumentation, these mea- 
surements also may be misleading in the near field, 

‘One need not make precise measurements or model 
the exact antenna system, however, to develop some idea 
of the relative fields around an antenna. Computer mod- 
cling using close approximations of the geometry and 
power input of the antenna will generally suffice. Those 
who are familiar with MININEC ean estimate their power 
densities by computer modeling, and those who have 
access to professional power-density meters can make 
useful measurements. 

While our primary concern is ordinarily the inten- 
sity of the signal radiated by an antenna, we also should 
remember that there are other potential energy sources to 
be considered. You also can be exposed to RF radiation 
directly from a power amplifier if it is operated without 
proper shielding. Transmission lines also may radiate a 
significant amount of energy under some conditions. Poor 
microwave waveguide joints or improperly assembled 
connectors are another source of incidental radiation, 


Further RF Exposure Suggestions 

Potential exposure situations should be taken seri- 
ously. Based on the FCC/EPA measurements and other 
data, the “RF awareness” guidelines of Table 4 were 
developed by the ARRL RF Safety Committee. A longer 
version of these guidelines, along with a complete list of 
references, appeared in a QST article by Ivan Shulman, 
MD, WC2S (“Is Amateur Radio Hazardous to Our 
Health?” OST , Oct 1989, pp 31-34). For more informa 
tion or background, see the list of RF Safety References, 
in the next section. 

In addition, the ARRL has published a book, RF 
Exposure and You, that is helping hams comply with the 
FCC's RF-exposure regulations. The ARRL. also main- 
tains an RF-exposure news page on its Web site. See 
www.arrlorg/news/rfsafety. This site contains reprints 
of selected OST articles on RF exposure and links to the 
FCC and other useful site. 


a 


Antenna 
Fundamentals 


Antennas belong to a class of devices called trans. 
ducers. This term is derived from two Latin words, mean- 
ing literally “to lead across” or “to transfer.” Thus, a 
transducer is a device that transfers, or converts, energy 
from one form to another. The purpose of an antenna is 
to convert radio-frequency electric current to electromag. 
netic waves, which are then radiated into space. [For more 
details on the properties of electromagnetic waves them- 
selves, see Chapter 23, Radio Wave Propagation. ] 

‘We cannot directly see or hear, taste or touch elec- 
tromagnetic waves, so it’s not surprising that the process 
by which they are launched into space from our antennas 
can be a little mystifying, especially to a newcomer. In 
everyday life we come across many types of transducers, 
although we don’t always recognize them as such. A com- 
parison with a type of transducer that you can actually see 
and touch may be useful, You are no doubt familiar with a 
loudspeaker. It converts audio-frequency electric current 
from the output of your radio or stereo into acoustic pres- 
sure waves, also known as sound waves. The sound waves 
are propagated through the air to your ears, where they 
are converted into what you perceive as sound. 

‘We normally think of a loudspeaker as something that 
converts electrical energy into sound energy, but we could 
just as well turn things around and apply sound energy to 


a loudspeaker, which will then convert it into electrical 
energy. When used in this manner, the loudspeaker has 
become a microphone. The loudspeaker/microphone thus 
exhibits the principle of reciprocity, derived from the Latin 
word meaning to move back and forth 

Now, let's look more closely at that special trans- 
ducer we call an antenna. When fed by a transmitter 
with RF current (usually through a transmission line), the 
antenna launches electromagnetic waves, which are propa- 
gated through space. This is similar to the way sound 
‘waves are propagated through the air by a loudspeaker. In 
the next town, or perhaps on a distant continent, a similar 
transducer (that is, a receiving antenna) intercepts some 
of these electromagnetic waves and converts them into 
electrical current for a receiver to amplify and detect. 

In the same fashion that a loudspeaker can act as a 
microphone, a radio antenna also follows the principle 
of reciprocity. In other words, an antenna can transmit as 
well as receive signals. However, unlike the loudspeaker, 
an antenna does not require a medium, such as air, through 
which it radiates electromagnetic waves. Electromagnetic 
‘waves can be propagated through air, the vacuum of outer 
space or the near vacuum of the upper ionosphere. This 
is the miracle of radio—electromagnetic waves can propa- 
sate without a physical medium. 


Essential Characteristics of Antennas 


What other things make an antenna different from 
an ordinary electronic circuit? In ordinary circuits, the 
dimensions of coils, capacitors and connections usually 
are small compared with the wavelength of the frequency 
in use. Here, we define wavelength as the distance in free 
space traveled during one complete cycle of a wave. The 


velocity of a wave in free space is the speed of light, and 
the wavelength is thus: 


99:7925%10° meters/sec 
Then 


299.7925 
7 MHz 


a, 


4!) 
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Where Apetes» the Greek letter lambda, is the free-space 


wavelength in meters, 
Expressed in feet, Eq 1 becomes: 


983.5712 _ 983.6 
FMHz MHz 


eat = (42) 

When circuit dimensions are small compared to 2, 
most ofthe electromagnetic energy is confined to the cir- 
cuit itself, and is used up either performing useful work 
or is converted into heat. However, when the dimensions 
of wiring or components become significant compared 
with the wavelength, some of the energy escapes by ra- 
diation in the form of electromagnetic waves. 

‘Antennas come in an enormous, even bewildering, 
assortment of shapes and sizes. This chapter on fundamen- 
tals will deal withthe theory of simple forms of antennas, 
usually in free space, away from the influence of ground. 
Subsequent chapters will concentrate on more exotic or spe- 
cialized antenna types. Chapter 3 deals with the complicated 
subject of the effect of ground, including the effect of un- 
even local terrain. Ground has a profound influence on how 
an antenna performs in the real world 

No matter what form an antenna takes, simple or 
complex, its electrical performance can be characterized 
according to the following important properties 


1. Feed-point Impedance 
2. Directivity, Gain and Efficiency 
3. Polarization 


FEED-POINT IMPEDANCE 


‘The first major characteristic defining an antenna is 
its feed-point impedance. Since we amateurs are free to 
choose our operating frequencies within assigned bands, 
wwe need to consider how the feed-point impedance of a 
particular antenna varies with frequency, within a particu- 
Jar band, or even in several different bands if we intend to 
use one antenna on multiple bands. 

‘There are two forms of impedance associated with 
any antenna: self impedance and mutual impedance. As 
you might expect, self impedance is what you measure at 
the feed-point terminals of an antenna located completely 
away from the influence of any other conductors. 

‘Mutual, or coupled, impedance is due tothe parasitic 
effect of nearby conductors: that is, conductors located 
within the antenna’s reactive near field. (The subject of 
fields around an antenna will be discussed in detail late.) 
This includes the effect of ground, which is a lossy con- 
ductor, but a conductor nonetheless. Mutual impedance is 
defined using Ohm's Law, jus lke self impedance. How- 
ever, mutual impedance is the ratio of voltage in one con- 
ductor, divided by the current in another (coupled) 
conductor. Mutually coupled conductors can distort the 
pattern ofa highly directive antenna, as well as change the 
impedance seen at the feed point. 
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In this chapter on fundamentals, we won't directly 
deal with mutual impedance, considering it as a side effect, 
of nearby conductors. Instead, here we'll concentrate on 
imple antennas in free space, away from ground and any 
other conductors. Mutual impedance will be considered 
in detail in Chapter 11, HF Yagi Arrays, where itis essen- 
tial for proper operation of these beam antennas. 


Self Impedance 

‘The current that flows into an antenna’s feed point 
‘must be supplied at a finite voltage. The self impedance of 
the antenna is simply equal to the voltage applied to its 
feed point divided by the current flowing into the feed 
point. Where the current and voltage are exactly in pk 
the impedance is purely resistive, with zero reactive com- 
ponent. For this case the antenna is termed resonant. (Ama- 
teurs often use the term “resonant” rather loosely, usually 
‘meaning “nearly resonant” or “close-to resonant.") 

Please recognize that an antenna need not be reso 
nant in order to be an effective radiator. There is in fact 
nothing magic about having a resonant antenna, provided 
of course that you can devise some efficient means to 
feed the antenna. Many amateurs use non-resonant (even 
random-length) antennas fed with open-wire transmis- 
sion lines and antenna tuners. They radiate signals just 
as well as those using coaxial cable and resonant anten- 
nas, and as a bonus they usually can use these antenna 
systems on multiple frequency bands. It is important to 
consider an antenna and its feed line as a system, in which 
all losses should be kept to a minimum. See Chapter 24 
‘Transmission Lines, for details on transmission-line loss 
as a function of impedance mismatch 

Except at the one frequency where it is truly reso- 
nant, the current in an antenna is at a different phase 
compared to the applied voltage. In other words, the 
antenna exhibits a feed-point impedance, not just a pure 
resistance. The feed-point impedance is composed of 
either capacitive or inductive reactance in series with a 
resistance. 


Radiation Resistance 


‘The power supplied to an antenna is dissipated in 
two ways: radiation of electromagnetic waves, and heat 
losses in the wire and nearby dielectrics. The radiated 
power is what we want, the useful part, but it represents 
a form of “loss” just as much as the power used in hea 
ing the wire or nearby dielectrics isa loss. In either case, 
the dissipated power is equal to PR. In the case of heat 
losses, R is a real resistance. In the case of radiation, 
hhowever, R is a “virtual” resistance, which, if replaced 
with an actual resistor of the same value, would dissi- 
pate the power actually radiated from the antenna. This 
resistance is called the radiation resistance. The total 
power inthe antenna is therefore equal to °(Ry+R), where 
Ry is the radiation resistance and R represents the total 
of all the loss resistances. 


In ordinary antennas operated at amateur frequencies, 
the power lost as heat in the conductor does not exceed a 
few percent of the total power supplied to the antenna, 
Expressed in decibels, the loss is less than 0.1 dB. The RF 
loss resistance of copper wire even as small as #14 is very 
low compared with the radiation resistance of an antenna 
that is reasonably clear of surrounding objects and is not 
too close to the ground. You can therefore assume that the 
ohmic loss in a reasonably well-located antenna is negli- 
gible, and that the total resistance shown by the antenna 
(the feed-point resistance) is radiation resistance. As a 
radiator of electromagnetic waves, such an antenna is a 
highly efficient device, 


Impedance of a Center-Fed Dipole 

A fundamental type of antenna is the center-fed half: 
wave dipole. Historically, the 4/2 dipole has been the most 
popular antenna used by amateurs worldwide, largely 
because it is very simple to construct and because it is an 
effective performer. It is also a basic building block for 
‘many other antenna systems, including beam antennas, 
such as Yagis. 

A center-fed half-wave dipole consists of a straight 
wire, one-half wavelength long as defined in Eq 1, and 
fed in the center. The term “dipole” derives from Greek 
words meaning “two poles.” See Fig 1. A 2/2-long dipole 
is just one form a dipole can take. Actually, a center-fed 
dipole can be any length electrically, as long as itis con 
figured in a symmetrical fashion with two equal-length 
legs. There are also versions of dipoles that are not fed in 
the center. These are called off-center-fed dipoles, some- 
times abbreviated as “OCF dipoles.” 

In free space—with the antenna remote from every 
thing else—the theoretical impedance of a physically half- 
wave long antenna made of an infinitely thin conductor 
is 73 + j 425 Q. This antenna exhibits both resistance 
and reactance. The positive sign in the + j 42.5-Q re: 
tive term indicates that the antenna exhibits an inductive 
reactance at its feed point. The antenna is slightly long 
electrically, compared to the length necessary for exact 


Fig 1—The center-fed dipole antenna. It is assumed 
that the source of power is directly at the antenna feed 
ion line. Most 
‘amateur applications, the overall length 
1X2, but the antenna can in actuality be 


any length. 


resonance, where the reactance is zero 
‘The feed-point impedance of any antenna is affected 
by the wavelength-to-diameter ratio (dia) of the cond 
tors used. Theoreticians like to specify an “infinitely thin 
antenna because itis easier to handle mathematically. 
‘What happens if we keep the physical length of an 
antenna constant, but change the thickness of the wire 
used in its construction? Further, what happens if we vary 
the frequency from well below to well above the hali- 
‘wave resonance and measure the feed-point impedance? 
Fig 2 graphs the impedance of a 100-foot long. center- 
{ed dipole in free space, made with extremely thin wire— 
in this case, wire that is only 0.001 inches in diameter. 
There is nothing particularly significant about the choice 
here of 100 feet. This is simply a numerical example. 
‘We could never actualy build such a thin antenna (and 
neither could we install tin free space). but we can model 
how this antenna works using a very powerful piece of com- 
puter software called NEC-4.1. See Chapter 4, Antenna Mod- 
eling and System Planning. for details on antenna modeling. 
‘The frequency applied to the antenna in Fig 2 is var- 
ied from 1 to 30 MHz. The x-axis has a logarithmic scale 
because of the wide range of feed-point resistance seen 
over the frequency range. The y-axis has a linear scale 
representing the reactive portion of the impedance. In- 
ductive reactance is positive and capacitive reactance is 
negative on the y-axis. The bold figures centered on the 
spiraling line show the frequency in MHz 
‘At MHz, the antenna is very short electrically, with 
a resistive component of about 2:0 and_a series capaci- 


Fig 2—Feed-point impedance versus frequency for a 
free space, fed in the 


is is calibrated in positive (inductive) 
series reactance up from the zero line, and negative 
(capacitive) series reactance in the downward direction. 
‘The range of reactance goes from ~6500 12 to +6000 0. 
Note that the x-axis is logarithmic because of the 

range of the real, resistive component of the feed-point 
impedance, trom roughly 2 8 to 10,000 0. The numbers 
placed along the curve show the frequency in MHz. 
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Fig 3—Feed-point impedance versus frequency for a 


shown in Fig 2, 
5,000 0, the maxi 
in Fig 2 for the thinner wire, where it is about 10,0000. 


tive reactance about 5000 @. Close to 5 MHz, the line 
crosses the zero-reactance line, meaning that the antenna 
goes through half-wave resonance there. Between 9 and 
10 MHZ the antenna exhibits a peak inductive reactance 
of about 6000 Q. It goes through full-wave resonance 
(again crossing the zero-reactance line) between 9.5 and 
9.6 MHz. At about 10 MHz, the reactance peaks at about 
6500 Q. Around 14 MHz, the line again crosses the zero- 
reactance line, meaning that the antenna has now gone 
through 3/2-wave resonance. 

Between 19 and 20 MHz, the antenna goes through 
4/2-wave resonance, which is twice the full-wave reso- 
nance or four times the half-wave frequency. If you allow 
your mind’s eye to trace out the curve for frequencies 
beyond 30 MHz, it eventually spirals down to a resistive 
component somewhere between 200 and 3000 2. Thus, 
‘we have another way of looking at an antenna—as a sort 
of transformer, one that transforms the free-space imped- 
ance into the impedance seen at its feed point. 

Now look at Fig 3, which shows the same kind of 
spiral curve, but for a thicker-diameter wire, one that is 
0.1 inches in diameter. This diameter is close to #10 wire, 
4 practical size we might actually use to build a real 
dipole. Note that the y-axis scale in Fig 3 is different from 
that in Fig 2. The range is from +3000 Q in Fig 3, while 
it was £7000 Q in Fig 2. The reactance for the thicker 
antenna ranges from +2300 to -2700 Q over the whole 
frequency range from 1 to 30 MHz. Compare this with 
the range of +5800 to ~6400 Q for the very thin wire in 
Fig 2. 

Fig 4 shows the impedance for a 100-foot long dipole 
using really thick, 1.0-inch diameter wire. The reactance 
varies from +1000 to -1500 ©, indicating once again that 
a larger diameter antenna exhibits less of an excursion in 
the reactive component with frequency. Note that at the 
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* * fae 
Fig 4—Feed-point impedance versus frequency for a 
theoretical 100-foot long dipole in free space, fed in 


3k 1.0-inch diameter wire. 
‘again, the excursion in both reactance and 
ange is less with this, 


ipedance versus frequency for a 
theoretical 100-foot long dipole in free space, fed in 
the center and made of very thick 10.0-inch diameter 
wire. This ratio of length to diameter is about the same 
as a typical rod type of dipole element commonly used 
at 432 MHz, The maximum resistance is now about 
1,000 @ and the peak reactance range is from about ~ 
625 {to +380 A. This performance is also found in 
“cage” dipoles, where a number of paralleled wires are 
used to simulate a fat conductor. 


half-wave resonance just below 5 MHz, the resistive com- 
ponent of the impedance is still about 70 Q, just about what 
it is for a much thinner antenna, Unlike the reactance, the 
half-wave radiation resistance of an antenna doesn’t radi- 
cally change with wire diameter, although the maximum 
level of resistance at full-wave resonance is lower for 
thicker antennas. 

Fig 5 shows the results for a very thick, 10-inch 
diameter wire. Here, the excursion in the reactive com- 
ponent is even less: about +400 to ~600 Q. Note that the 
full-wave resonant frequency is about 8 MHz for this 


6—Expansion of frequency range around half- 
wave resonant point of three center-fed 


the curves in MHz. The slope of change in 
series reactance versus series resistance is steeper 
for the thinner antennas than for the thick 1 
antenna, indicating that the Q of the thinner antennas 
is higher. 


extremely thick antenna, while thinner antennas have full: 
‘wave resonances closer to 9 MHz. Note also that the full: 
wave resistance for this extremely thick antenna is only 
about 1,000 Q, compared to the 10,000 © shown in Fig 2. 
All half-wave resonances shown in Figs 2 through 5 
remain close to 5 MHz, regardless of the diameter of the 
antenna wire. Once again, the extremely thick, 10-inch 
diameter antenna has a resistive component at half-wave 
resonance close to 70 Q. And once again, the change in 
reactance near this frequency is very much less for the 
extremely thick antenna than for thinner ones. 

Now, we grant you that a 100-foot long antenna made 
with 10-inch diameter wire sounds a little odd! A length 
of 100 feet and a diameter of 10 inches represent a ratio 
of 120:1 in length to diameter. However, this is about the 
same length-to-diameter ratio as a 432-MHz. half-wave 
dipole using 0.25-inch diameter elements, where the 
ratio is 109:1. In other words, the ratio of length-to- 
diameter for the 10-inch diameter, 100-foot long dipole 
is not that far removed from what might actually be used. 
at UHF. 

Another way of highlighting the changes in reac- 
tance and resistance is shown in Fig 6. This shows an 
expanded portion of the Frequency range around the half: 
wave resonant frequency, from 4 to 6 MHz. In this 
region, the shape of each spiral curve is almost a straight 
line. The slope of the curve for the very thin antenna 
(0.001-inch diameter) is steeper than that for the thicker 
antennas (0.1 and 1.0-inch diameters). Fig 7 illustrates 
another way of looking at the impedance data above and. 
below the half-wave resonance. This is for a 100-foot 
dipole made of #14 wire. Instead of showing the fre 
quency for each impedance point, the wavelength is 


Fig 7—Another way of looking at the data for a 100- 
foot, center-fed dipole made of #14 wire in free space. 
The numbers along the curve represent the fractional 
wavelength, rather than frequency as shown in Fig 6. 
Note that this antenna goes through its half-wave 
resonance about 0.488 4, rather than exactly at a half- 
wave physical length. 
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Fig 8—Effect of antenna diameter on length for half- 
wavelength resonance, shown as a multiplying factor, 
K, to be applied to the free-space, half-wavelength. 


shown, making the graph more universal in application 

Just to show that there are lots of ways of looking at 
the same data, Fig 8 graphs the constant “K” used to 
multiply the free-space half-wavelength as a function of 
the ratio between the half-wavelength and the conductor 
diameter. The curve approaches the value of 1,00 for an 
infinitely thin conductor, in other words an infinitely large 
ratio of half-wavelength to diameter. 

‘The behavior of antennas with different X/diameter 
ratios corresponds to the behavior of ordinary series-reso- 
nant circuits having different values of Q. When the Q of 
a circuit is low, the reactance is small and changes rather 
slowly as the applied frequency is varied on either side 
of resonance. If the Q is high, the converse is true. The 
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response curve of the low-Q circuit is broad; that of the 
high-Q circuit sharp. So it is with antennas—the imped 
ance of a thick antenna changes slowly over a compara 
tively wide band of frequencies, while a thin antenna has 
a faster change in impedance. Antenna Q is defined 


fyAX 
2R, AF 


(Bq 3) 


where fy is the center frequency, AX is the change in the 
reactance fora Af change in frequency, and Ry isthe resis 
tance the fy. For the “Very Thin,” 0.001-inch diameter 
dipole in Fig 2, a change of frequency from 5.0 to 5.5 MHz 
yields a reactance change from 86 to 351 2, with an Ry of 
95 Q. The Qis thus 14.6. Forth I.0-inch-diameter “Thick” 
dipole in Fig 4, AX = 131 Q and Ry is still 95 ©, making 
Q = 7.2 for the thicker antenna, roughly half that of the 
thinner antenna. 

Let's recap. We have described an antenna first as a 
transducer, then as a sort of transformer toa range of free 
space impedances. Now, we just compared the antenna to 
a series-tuned circuit. Near its half-wave resonant fre 
quency, a center-fed 2/2 dipole exhibits much the same 
characteristics as a conventional series-resonant circuit. Ex 
actly at resonance, the current at the input terminals is in 
phase with the applied voltage and the feed-point 
impedance is purely resistive. If the frequency is below 
resonance, the phase of the current leads the voltage: that 
is, the reactance of the antenna is capacitive. When the 
frequency is above resonance, the opposite occurs; the cur 
rent lags the applied voltage and the antenna exhibits 
inductive reactance. Just like a conventional series-tuned 
circuit, the antenna’s reactance and resistance determines 


its Q 


ANTENNA DIRECTIVITY AND GAIN 
The Isotropic Radiator 

Before we can fully describe practical antennas, we 
‘must first introduce a completely theoretical antenna, the 
isotropic radiator. Envision, if you will, an infinitely small 
antenna, a point located in outer space, completely removed 
from anything else around it. Then consider an infinitely 
small transmitter feeding this infinitely small, point 
antenna. You now have an isotropic radiator. 

‘The uniquely useful property of this theoretical 
point-source antenna is that it radiates equally well in all 
directions. That is to say, an isotropic antenna favors no 
direction at the expense of any other—in other words, it 
has absolutely no directivity. The isotropic radiator is 
useful as a measuring stick for comparison with actual 
antenna systems 

You will find later that real, practical antennas all 
exhibit some degree of directivity, which is the property 
of radiating more strongly in some directions than in 
others. The radiation from a practical antenna never has 
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the same intensity in all directions and may even have zero 
radiation in some directions. The fact that a practical 
antenna displays directivity (while an isotropic radiator 
does not) is not necessarily a bad thing. The directivity of 
a real antenna is often carefully tailored to emphasize 
radiation in particular directions. For example, a recei 
ing antenna that favors certain directions can discriminate 

inst interference or noise coming from other directions, 
thereby increasing the signal-to-noise ratio for desired si 
nals coming from the favored direction. 


Directivity and the Radiation Pattern— 
a Flashlight Analogy 

‘The directivity of an antenna is directly related to the 
pattern of its radiated field intensity in free space. A graph 
showing the actual or relative field intensity ata fixed dis- 
tance, as a function of the direction from the antenna sys- 
tem, is called a radiation pattern. Since we can't actually 
see electromagnetic waves making up the radiation pattern 
of an antenna, we can consider an analogous situation. 

Fig 9 represents a flashlight shining in a totally dark- 
ened room. To quantify what our eyes are seeing, we 
might use a sensitive light meter like those used by pho- 
tographers, with a scale graduated in units from 0 to 10. 
We place the meter directly in front of the flashlight and 
adjust the distance so the meter reads 10, exactly full 
scale. We also carefully note the distance. Then, always 
keeping the meter the same distance from the flashlight 
and keeping it at the same height above the floor, we move 
the light meter around the flashlight, as indicated by the 
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Fig 9@—The beam from a flashlight 
darkened area as shown here. Rea 


‘may be used to plot the radiation pattern of the flashlight. 
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arrow, and take light readings at a number of different 
positions. 

After all the readings have been taken and recorded, 
‘we plot those values on a sheet of polar graph paper, like 
that shown in Fig 10, The values read on the meter are 
plotted at an angular position corresponding to that for 
which each meter reading was taken. Following this, we 
connect the plotted points with a smooth curve, also 
shown in Fig 10. When this is finished, we have com- 
pleted a radiation pattern for the flashlight. 


Antenna Pattern Measurements 

Antenna radiation patterns can be constructed in a 
similar manner. Power is fed tothe antenna under test, and 
a field-strength meter indicates the amount of signal. We 
‘ight wish to rotate the antenna under test, rather than 
moving the measuring equipment to numerous positions 
about the antenna. Or we might make use of antenna reci- 
procity, since the pattern while receiving is the same as 
that while transmitting. A source antenna fed by a low 
power transmitter illuminates the antenna under test, and 
the signal intercepted by the antenna under testis fed to a 
receiver and measuring equipment. Additional information 
fon the mechanics of measuring antenna patterns is con 
tained in Chapter 27, Antennas and Transmission-Line 
Measurements, 

Some precautions must be taken to assure that the 
‘measurements are accurate and repeatable. In the case of 
the flashlight, let's assume that the separation between 
the light source and the light meter is 2 meters, about 
6.5 feet. The wavelength of visible light is about one- 
half micron, where a micron is one-millionth of a meter 

For the flashlight, a separation of 2 meters between 
source and detector is 2.01(0.5x10*) = 4 million A, a very 
large number of wavelengths. Measurements of practical 
HF or even VHF antennas are made at much closer dis- 
tances, in terms of wavelength. For example, at 3.5 MHz 
a full wavelength is 85.7 meters, or 281.0 feet. To dupli- 
cate the flashlight-to-light-meter spacing in wavelengths 
at 3.5 MHz, we would have to place the field-strength 
‘measuring instrument almost on the surface of the Moon, 
about a quarter-million miles away! 


The Fields Around an Antenna 

Why should we be concerned with the separation 
between the source antenna and the field-strength meter 
‘which has its own receiving antenna? One important rea- 
son is that if you place a receiving antenna very close to 
an antenna whose pattern you wish to measure, mutual 
coupling between the two antennas may actually alter the 
pattern you are trying to measure. 

‘This sort of mutual coupling can occur in the region 
very close to the antenna under test. This region is called 
the reactive near-field region. The term “reactive” refers 
to the fact that the mutual impedance between the trans- 
mitting and receiving antennas can be either capacitive 


The measured values are plotted and connected 
smooth curve. 


or inductive in nature. The reactive near field is some- 
times called the “induction field,” meaning that the mag- 
netic field usually is predominant over the electtic field 
in this region. The antenna acts as though it were a rather 
large, lumped-constant inductor or capacitor, storing 
energy in the reactive near field rather than propagating 
it into space. 

For simple wire antennas, the reactive near field is 
considered to be within about a half wavelength from an 
antennas radiating center. Later on, in the chapters deal- 
ing with Yagi and quad antennas, you will find that mutual 
coupling between elements can be put to good use to 
purposely shape the radiated pattern, For making pattern 
‘measurements, however, we do not want to be too close 
to the antenna being measured. 

‘The strength of the reactive near field decreases in a 
complicated fashion as you increase the distance from 
the antenna. Beyond the reactive near field, the antenna’s 
radiated field is divided into two other regions: the radi 
dating near field and the radiating far field. Historically. 
the terms Fresnel and Fraunhdfer fields have been used 
for the radiating near and far fields, but these terms have 
been largely supplanted by the more descriptive termi- 
nology used here. Even inside the reactive near-field 
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Fig 11—The fields around a radiating antenna. Very 
close to the antenna, the rea id dominat 
Within this area mutual impedances are obser 
between antenna and any other antennas used to 
ponse. Outside of the reactive field, the 
ing field dominates, up to a distance 
approximately equal to 2L'/A, where L is the length of 


9 field, where 
power density varies as the inverse square of radial 


distance. 


region, both radiating and reactive fields coexist, although 
the reactive field predominates very close to the antenna, 

Because the boundary between the fields is rather 
fuzzy, experts debate where one field begins and another 
leaves off, but the boundary between the radiating near 
and far fields is generally accepted as: 


Fi 


where L is the largest dimension ofthe physical antenna, 
expressed in the same units of measurement as the wave- 
length 2. Remember, many specialized antennas do not 
follow the rule of thumb in Eq 4 exactly. Fig 11 depicts 
the three fields in front of a simple wire antenna 

‘Throughout the rest of this book we will discuss 
mainly the radiating far-fields, those forming the travel: 
ing electromagnetic waves. Far-field radiation is distin- 
guished by the fact that the intensity is inversely 
proportional tothe distance, and thatthe electric and mag 
netic components, although perpendicular to each other in 
the wave font, are in time phase. The total energy is equally 
divided between the electric and magnetic fields. Beyond 
several wavelengths from the antenna, these are the only 
fields we need to consider. For accurate measurement of 
radiation patterns, we must place our measuring instru- 
mentation at least several wavelengths away from the 
antenna under test. 
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Pattern Planes 

Patterns obtained above represent the antenna radiation 
in just one plane. In the example of the flashlight, the plane 
of measurement was at one height above the floor. Actually, 
the patter for any antenna is three dimensional, and there- 
fore cannot be represented in a single-plane drawing. The 
solid radiation pattern of an antenna in free space would be 
found by measuring the field strength at every point on the 
surface of an imaginary sphere having the antenna at its cen- 
ter. The information so obtained would then be used to con- 
struct a solid figure, where the distance from a fixed point 
(representing the antenna) to the surface of the figure is pro- 
portional to the field strength from the antenna in any given 
direction. Fig 12B shows a three-dimensional wire-grid rep- 
resentation of the radiation pattern of a half-wave dipole. 

For amateur work, relative values of field strength 
(rather than absolute) are quite adequate in pattern plot- 
ting. In other words, itis not necessary to know how many 
microvolts per meter a particular antenna will produce at 
a distance of 1 mile when excited with a specified power 
level. (This is the kind of specifications that AM broad- 
cast stations must meet to certify their antenna systems 
to the FCC.) 

For whatever data is collected (or calculated from theo- 
retical equations), it is common to normalize the plotted 
values so the field strength in the direction of maximum 
radiation coincides with the outer edge of the chart. On a 
given system of polar coordinate scales, the shape of the 
pattern is not altered by proper normalization, only its size. 


E and H-Plane Patterns 

‘The solid 3-D pattern of an antenna in free space can- 
not adequately be shown with field-strength data on a flat 
sheet of paper. Cartographers making maps of a round Earth 
on flat pieces of paper face much the same kind of problem, 
As we discussed above, cross-sectional or plane diagrams 
are very useful for this purpose. Two such diagrams, one in 
the plane containing the straight wire of a dipole and one in 
the plane perpendicular to the wire, can convey a great deal 
of information. The pattern in the plane containing the axis 
of the antenna is called the E:plane pattern, and the one in 
the plane perpendicular to the axis is called the H-plane 
pattern. These designations are used because they repre 
sent the planes in which the electric (symbol E), and the 
‘magnetic (symbol H) lines of force lie, respectively. 

‘The E lines represent the polarization of the antenna. 
Polarization will be covered in more detail later in this 
chapter. As an example, the electromagnetic field pic- 
tured in Fig 1 of Chapter 23, Radio Wave Propagation, is 
the field that would be radiated from a vertically polar- 
ized antenna; that is, an antenna in which the conductor 
is mounted perpendicular to the earth. 

When a radiation pattern is shown for an antenna 
mounted over ground rather than in free space, we auto- 
matically gain two frames of reference—an azimuth angle 
and an elevation angle. The azimuth angle is usually ref- 


Fig 12—Directive diagram of a fr 
A, the pattern in the plane conta 
The length of each dashed-line arrow represents thi 
relative field strength in that , referenced to 
the direction of m: mn, which is at right 
angles to the wire's axis. The arrows at approximately 
45° and 315° are the half-power or ~3 dB points. At B, 
a wire grid representation of the solid pattern for the 
‘same antenna. These same patterns apply to any 
center-fed dipole antenna less than a half wavelength 
long. 


erenced to the maximum radiation lobe of the antenna, 
where the azimuth angle is defined at 0°, or it could be 
referenced to the Earth's True North direction for an 
antenna oriented in a particular compass direction. The 
E-plane pattern for an antenna over ground is now called. 
the azimuth pattern. 

‘The elevation angle is referenced to the horizon at 
the Earth’s surface, where the elevation angle is 0°. Of 
course, the Earth is round but because its radius is so 


Introduction to the Decib 


The power gain of an antenna system is usually 
expressed in decibels. The decibel is a practical unit 
for measuring power ratios because it is more closely 
related to the actual effect produced at a distant 
receiver than the power ratio itself. One decibel 
represents a just-detectable change in signal 
strength, regardless of the actual value of the signal 
voltage. A 20-decibel (20-d8) increase in signal, for 
example, represents 20 observable steps in in: 
creased signal. The power ratio (100 to 1) corre- 
sponding to 20 dB gives an entirely exaggerated idea 
of the improvement in communication to be expected. 
The number of decibels corresponding to any power 
ratio Is equal to 10 times the common logarithm of 
the power ratio, or 


Py 
dB = 1010, 
10, 


If the voltage ratio is given, the number of decibels 
is equal to 20 times the common lagarithm of the 
ratio, That is, 


220090 
5 


When a voltage ratio is used, both voltages must 
be measured across the same value of impedance. 
Unless this is done the decibel figure is meaningless, 
because it is fundamentally a measure of a power 
ratio. 

The main reason a decibel is used is that succes 
sive power gains expressed in decibels may simply 
bbe added together. Thus a gain of 3 dB followed by a 
gain of 6 dB gives a total gain of 9 dB. In ordinary 
power ratios, the ratios must be multiplied together to 
find the total gain. 

‘A reduction in power is handled simply by sub- 
tracting the requisite number of decibels. Thus, 
reducing the power to Ys is the same as subtracting 
3 decibels. For example, a power gain of 4 in one 
part of a system and a reduction to ¥4 in another part 
gives a total power gain of 4 x Y2 = 2. In decibels, this 
is 6 3 = 3 dB. A power reduction or loss is simply 
indicated by including a negative sign in front of the 
appropriate number of decibels. 


large, it can in this context be considered to be flat in the 
area directly under the antenna. An elevation angle of 
90° is straight over the antenna, and a 180° elevation is 
toward the horizon directly behind the antenna. 

Professional antenna engineers often describe an 
antenna’s orientation with respect to the point directly 
overhead—using the zenith angle, rather than the eleva- 
tion angle. The elevation angle is computed by subtract- 
ing the zenith angle from 90°. 
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Referenced to the horizon of the Earth, the H-plane 
pattern is now called the elevation pattern. Unlike the 
free-space H-plane pattern, the over-ground elevation 
pattern is drawn as a half-crcle, representing only posi- 
tive elevations above the Earth's surface. The ground 
reflects or blocks radiation at negative elevation angles. 
‘making below-surface radiation plots unnecessary. 

After a litte practice, and withthe exercise of some 
imagination, the complete solid pattern can be visualized 
with fair accuracy from inspection of the two planar dia- 
rams, provided of course that the solid pattern of the 
antenna is smooth, a condition that is true for simple 
antennas like 1/2 dipoles. 

Plane diagrams are plotted on polar coordinate paper 
as described earlier. The points on the pattern where the 
radiation is zero are called nulls. The curved section from 
one null to the next on the plane diagram, or the corre- 
sponding section on the solid pattern, is called a lobe. The 
strongest lobe is commonly called the main lobe. Fig 12A 
shows the E-plane pattern for a half-wave dipole. In Fig 12 
the dipole is placed in free space. In addition to the labels 
showing the main lobe and nulls in the pattern, the 
so-called half-power points on the main lobe are shown. 
‘These are the points where the power is 3 dB down from 
the peak value in the main lobe. 


Directivity and Gain 

Let us now examine directivity more closely. As 
mentioned previously, all practical antennas, even the 
simplest types such as dipoles, exhibit directivity. Here's, 
another picture that may help explain the concept of 
directivity. Fig 13A. shows a balloon blown into its usual 
spherical shape. This represents a “reference” isotropic 
source. Squeezing the balloon in the middle in Fig 13B 
produces a dipole-like figure-8 pattern whose peak levels at 
topaand bottom are larger than the reference sphere. Compare 
this with Fig 13C. Next, squeezing the bottom end of the 
balloon produces a pattern that gives even more “gain” 
compared to the reference. 

Free-space directivity can be expressed quantitatively 
by comparing the three-dimensional pattern of the antenna 
under consideration with the perfectly spherical three- 
dimensional pattern of an isotropic antenna. The field 
strength (and thus power per unit area, or power density) is 
the same everywhere on the surface of an imaginary sphere 
having a radius of many wavelengths and having an isotropic 
antenna at its center. At the surface of the same imaginary 
sphere around an antenna radiating the same total power, 
the directive pattern results in greater power density at some 
points on this sphere and less at others. The ratio of the 
‘maximum power density to the average power density taken 
over the entire sphere (which is the same as from the isotropic 
antenna under the specified conditions) is the numerical 
‘measure of the directivity of the antenna, That is, 


P 
Pay 


(Eq 5) 
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Fig 13—Demonstrating antenna pattern gain wi 
balloons. Take a balloon, blow it up so that 
circular in shape and then declare that this is a 

ion pattern from an isotropic radiator. Next, blow 
Up another balloon to the same size and shape and tell 
the audience that this will be the “reference” antenna 
(A). Then, squeeze the first balloon in the middle to 
form a sort of figure-8 shape and declare that this is @ 
dipole and compare the maximum size to that of the 
reference “antenna” (8). The dipole can be seen to 
have somo “gain” over the reference isotropic. Next, 
squeeze the end of the first balloon to come up with a 
sausage-like shape to demonstrate the sort of pattern 
a beam antenna creates (C). 


roughly 


where 


directivity 
= power density at its maximum point on the sur- 
face of the sphere 

erage power density 


P. 


‘The gain of an antenna is closely related to its direc~ 


tivity. Because directivity is based solely on the shape of 
the directive patter, it does not take into account any power 
losses that may occur in an actual antenna system. To deter- 
‘mine gain, these losses must be subtracted from the power 
supplied tothe antenna. The loss is normally a constant per- 
centage of the power input, so the antenna gain is 
Ger? = kD 


(Eq 6) 


where 
G = gain (expressed as a power ratio) 
D = directivity 
ficiency (power radiated divided by power in- 
put) of the antenna 
P and P,, are as above 


For many of the antenna systems used by amateurs, 
the efficiency is quite high (the loss amounts to only a 
few percent of the total). In such cases the gain is essen- 
tially equal to the directivity. The more the directive dia- 
gram is compressed—or, in common terminology, the 
sharper the lobes—the greater the power gain of the 
antenna. This is a natural consequence of the fact that as 
power is taken away from a larger and larger portion of 
the sphere surrounding the radiator, itis added to the vol- 
lume represented by the narrow lobes. Power is therefore 
concentrated in some directions, at the expense of others. 
In a general way, the smaller the volume of the solid ra- 
diation pattern, compared with the volume of a sphere 
having the same radius as the length of the largest lobe in 
the actual pattern, the greater the power gain. 

As stated above, the gain of an antenna is related to 
its directivity, and directivity is related to the shape of 
the directive pattern. A commonly used index of direc- 
tivity, and therefore the gain of an antenna, is a measure 
of the width of the major lobe (or lobes) of the plotted 
pattern. The width is expressed in degrees at the half- 
power or ~3 4B points, and is often called the beamwidth. 

This information provides only a general idea of rela- 
tive gain, rather than an exact measure. This is because an 
absolute measure involves knowing the power density at 
every point on the surface of a sphere, while a single dia- 
‘gram shows the pattern shape in only one plane of that 
sphere. It is customary to examine at least the E-plane and, 
the H-plane patterns before making any comparisons be- 
‘ween antennas. 

A simple approximation for gain over an isotropic 
radiator can be used, but only if the sidelobes in the 
antenna's pattern are small compared to the main lobe 
and if the resistive losses in the antenna are small. When 
the radiation pattern is complex, numerical integration is, 
employed to give the actual gain, 


41053 
[ope 
Fas *Esan ea) 


where Hyg and Esyg are the half-power points, in 


degrees, for the H and E-plane patterns 


Radi: 


jon Patterns for Center-Fed Dipoles at 

Different Frequencies 

Earlier, we saw how the feed-point impedance of a 
fixed-length center-fed dipole in free space varies as the 
frequency is changed. What happens to the radiation ps 
tem of such an antenna as the frequency is changed? 

In general. the greater the length of a center-fed 
antenna, in terms of wavelength, the larger the number 
of lobes into which the pattern splits. A feature of all 
such patterns is the fact that the main lobe—the one that 
gives the largest field strength at a given distance— 
always is the one that makes the smallest angle with the 
antenna wire. Furthermore, this angle becomes smaller 
as the length of the antenna is increased. 

Let's examine how the free-space radiation pattern 
changes for a 100-foot long wire made of #14 wire as 
the frequency is varied. (Varying the frequency effec- 
tively changes the wavelength for a fixed-length wire.) 
Fig 14 shows the E-plane pattern at the A/2 resonant 
frequency of 4.8 MHz. This is a classical dipole pattern, 
with a gain in free space of 2.14 dBi referenced to an 
isotropic radiator. 

Fig 15 shows the free-space E-plane pattern for the 
same antenna, but now at the full-wave (22/2) resonant 
frequency of 9.55 MHz. Note how the pattern has been 
pinched in at the top and bottom of the figure. In other 
words, the two main lobes have become sharper at this 
frequency, making the gain 3.73 dBi, higher than at the 
42 frequency. 


rm Free Space €-Pare 


Plane radiation pattern for a 
at its half-wave resonant frequency of 

‘dBi of gain. The dipole 
located on the line from 90° to 270°, 
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Coordinate Scales for Radiation Patterns 


‘A number of different systems of coordinate scales or grids are in use for plotting antenna patterns. Antenna, 
patterns published for amateur audiences are sometimes placed on rectangular grids, but more often they are 
Shown using polar coordinate systems. Polar coordinate systems may be divided generally into three classes: 
linear, logarithmic and modified logarithmic. 

‘A very important point to remember is that the shape of a pattern (its general appearance) is highly dependent 
cn the grid system used for the platting. This is exemplified in 
Fig A, where the radiation pattern for a beam antenna is 
presented using three coordinate systems discussed in the 
paragraphs that follow. 


Linear Coordinate Systems 

The polar coordinate system for the flashlight radiation 
pattern, Fig 10, uses linear coordinates. The concentric circles 
are equally spaced, and are graduated from 0 to 10. Such a grid 
may be used to prepare a linear plot of the power contained in 
the signal. For ease of comparison, the equally spaced concen- 
tric circles have been replaced with appropriately placed circles 
representing the decibel response, referenced fo 0 dB at the 
outer edge of the plot. In these plots the minor lobes are 
suppressed. Lobes with peaks more than 15 dB or so below the 
main lobe disappear completely because of their small size. 
This is a good way to show the pattern of an array having high 
directivity and small minor lobes. 


Logarithmic Coordinate System 

‘Another coordinate system used by antenna manufacturers 
is the logarithmic grid, where the concentric grid lines are 
spaced according to the logarithm of the voltage in the signal. If 
the logarithmically spaced concentric circles are replaced with 
appropriately placed circles representing the decibel response, 
the decibel circles are graduated linearly. In that sense, the 
logarithmic grid might be termed a linear-log grid, one having 
linear divisions calibrated in decibels. 

This grid enhances the appearance of the minor lobes. If the 
intent is to show the radiation pattern of an array supposedly 
having an omnidirectional response, this grid enhances that 
appearance. An antenna having a difference of 8 or 10 dB in 
pattern response around the compass appears to be closer to 
‘omnidirectional on this grid than on any of the others. See 
Fig A-(B). 


The modified logarithmic grid used by the ARRL has a 
system of concentric grid lines spaced according to the loga- 
rithm of 0.89 times the value of the signal voltage. In this grid, 
minor lobes that are 30 and 40 dB down from the main lobe are 
distinguishable. Such lobes are of concern in VHF and UHF 
work. The spacing between plotted points at 0 dB and 

=3 dB is significantly greater than the spacing between ~20 and 
~23 dB, which in turn is significantly greater than the spacing 
between ~80 and -53 dB. 

For example, the scale distance covered by 0 to -3 dB is, 
about '/~ of the radius of the chart. The scale distance for the 
next 3-B increment (to ~6 dB) is slightly less, 89% of the first 
to be exact. The scale distance for the next 3-dB increment (to 
=9 dB) is again 89% of the second. The scale is constructed so 
that the progression ends with ~100 dB at chart center. 

The periodicity of spacing thus corresponds generally to the 
relative significance of such changes in antenna performance. 
‘Antenna pattern plots in this publication are made on the 
‘modified-log grid similar to that shown in Fig A-(C). 
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Fig 15—Free-space E-Plane radiation pattern for a 
100-foot dipole at its full-wave resonant frequency of 
9.55 MHz. The gain has increased to 3.73 dBi, because 
the main lobes have been focused and sharpened 
compared to Fig 13. 


Fig 16 shows the pattern at the 32/2 frequency of 
14.6 MHz. More lobes have developed compared to 
Fig 14. This means that the power has split up into more 
lobes and consequently the gain decreases a small amount. 
down to 3.44 dBi. This is still higher than the dipole at 
its 1/2 frequency, but lower than at its full-wave frequency. 
Fig 17 shows the E-plane response at 19.45 MHz, the 
4212, or 2h, resonant frequency. Now the pattern has 
reformed itself into only four lobes, and the gain has asa 
consequence risen to 3.96 dBi 

In Fig 18 the response has become quite complex at 
the 52/2 resonance point of 24.45 MHz, with ten lobes 
showing. Despite the presence all these lobes, the main 
lobes now show a gain of 4.78 dBi. Finally, Fig 19 shows 
the pattern at the 3A (6A/2) resonance at 29.45 MHz. 
Despite the fact that there are fewer lobes taking up power 


Fig A—Radiation pattern plots for a high-gain Yagi 
antenna on three different grid coordinate systems. 
‘At A, the pattern on a linear-power dB grid. Notice 
how details of sidelobe structure are lost with 

grid. At B, the same pattern on a grid with constant 
5 dB circles. The sidelobe level is exaggerated when 
this scale is employed. At B, the same pattern on the 
‘modified log grid used by ARRL. The side and 
rearward lobes are clearly visible on this grid. The 
concentric circles in all three grids are graduated in 
decibels referenced to 0 dB at the outer edge of the 
chart. The patterns look quite different, yet they all 
represent the same antenna response! 


Fig 16—Free-space E-Plane radiation pattern for a 100- 
foot dipole at its 3/24 resonant frequency of 14.60 MHz. 
The pattern has broken up into six lobes, and thus the 
peak gain has dropped to 3.44 dBi 


than at 24.45 MHz, the peak gain is slightly less at 
29.45 MHz, at 4.70 dBi 

‘The pattern—and hence the gain—of a fixed-length 
antenna varies considerably as the frequency is changed. 
Of course, the pattern and gain change in the same fash- 
ion if the frequency is kept constant and the length of the 
wire is varied. In either case, the wavelength is chang. 
ing. It is also evident that certain lengths reinforce the 
pattern to provide more peak gain, If an antenna is not 
rotated in azimuth when the frequency is changed, the 
peak gain may occur in a different direction than you 
might like. In other words, the main lobes change direc- 
tion as the frequency is varied, 


POLARIZATION 


We've now examined the first wwo of the three major 
properties used to characterize antennas: the radiation 
pattern and the feed-point impedance. The third general 
property is polarization, An antenna’s polarization is de 
fined to be that of its electric field, in the direction where 
the field strength is maximum. 

For example, if a 2/2 dipole is mounted horizon- 
tally over the Earth, the electric field is strongest perpen. 
dicular to its axis (that is, at right angle to the wire) and 
parallel to the earth. Thus, since the maximum electric 
field is horizontal, the polarization in this case is also 
considered to be horizontal with respect to the earth. If 
the dipole is mounted vertically, its polarization will be 
vertical. See Fig 20. Note that if an antenna is mounted 
in free space, there is no frame of reference and hence its 
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Fig 17—Free-space E-Plane radiation pattern for a 100- 
foot dipole at twice its full-wave resonant frequency of 
19.45 MHz. The pattern has been refocused into four 
lobes, with a peak gain of 3.96 dBi. 
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ace E-Plane radiation pattern for a 100- 
foot dipole at its 5/22 resonant frequency of 24.45 MHz. 
The pattern has broken down into ten lobes, with a 
peak gain of 4.78 dBi. 


polarization is indeterminate. 

Antennas composed of a number of M/2 elements 
arranged so that their axes lie in the same or parallel di- 
rections have the same polarization as that of any one of 
the elements. For example, a system composed of a group 
of horizontal dipoles is horizontally polarized. If both hori- 
zontal and vertical elements are used in the same plane 
and radiate in phase, however, the polarization is the 
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19—Free-space E-Plane radiation pattern for a 100- 
foot dipole at three times its full-wave resonant 
frequency of 29.45 MHz. The pattern has returned to six 
lobes, with a peak gain of 4.70 dBi. 
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Fig 20—Vertical and horizontal polari 
‘above ground. The direction of polari 
direction of the maximum electric field with respect to 
the earth. 


resultant of the contributions made by each set of elements 
to the total electromagnetic field at a given point some dis- 
tance from the antenna. In such a case the resultant polar- 
ization is still linear, but is tilted between horizontal and 
vertical. 

In directions other than those where the radiation is 
maximum, the resultant wave even for a simple dipole is 
a combination of horizontally and vertically polarized 
components. The radiation off the ends of a horizontal 
dipole is actually vertically polarized, albeit at a greatly 
reduced amplitude compared to the broadside horizon- 
tally polarized radiation—the sense of polarization 


changes with compass direction. 

‘Thus it is often helpful to consider the radiation pat- 
tem from an antenna in terms of polar coordinates, rather 
than trying to think in purely linear horizontal or vertical 
coordinates. See Fig 21. The reference axis in a polar sys- 
tem is vertical to the earth under the antenna. The zenith 


Fig 21—Diagram sh 


ng polar representation of 
point P lying on an imaginary sphere surround a point- 
source antenna. The various angles associated with 
this coordinate system are shown referenced to the x, 
y and z-axes. 


angle is usually referred to as (Greek letter theta), and the 
azimuth angle is referred to as 4 (Greek letter phi). Instead 
of zenith angles, most amateurs are more familiar with ele~ 
vation angles, where a zenith angle of O° is the same as an 
elevation angle of 90°, straight overhead. Native NEC or 
MININEC computer programs use zenith angles rather than 
elevation angles, although most commercial versions auto- 
‘matically reduce these to elevation angles. 

If vertical and horizontal elements in the same plane 
are fed out of phase (where the beginning of the RF period 
applied to the feed point of the vertical element is not, 
in time phase with that applied to the horizontal), the 
resultant polarization is elliptical. Circular polarization 
is a special case of elliptical polarization. The wave front, 
of a circularly polarized signal appears (in passing a 
fixed observer) to rotate every 90° between vertical and. 
horizontal, making a complete 360° rotation once every 
period. Field intensities are equal at all instantaneous 
polarizations. Circular polarization is frequently used 
for space communications, and is discussed further in 
Chapter 19, Antenna Systems for Space Communications. 

‘Sky-wave transmission usually changes the polar- 
ization of traveling waves. (This is discussed in Chapter 
23, Radio Wave Propagation.) The polarization of receiv. 
ing and transmitting antennas in the 3 to 30-MHz range, 
where almost all communication is by means of sky wave, 
need not be the same at both ends of a communication, 
circuit (except for distances of a few miles). In this range 
the choice of polarization for the antenna is usually 
determined by factors such as the height of available 
antenna supports, polarization of man-made RF noise 
from nearby sources, probable energy losses in nearby 
objects, the likelihood of interfering with neighborhood 
broadcast or TV reception and general convenience. 


Other Antenna Characteristics 


Besides the three main characteristics of impedance, 
pattern (gain) and polarization, there are some other use- 
ful properties of antennas. 


RECIPROCITY IN RECEIVING AND 
TRANSMITTING 


Many of the properties of a resonant antenna used for 
reception are the same as its properties in transmission. It 
hhas the same directive pattern in both cases, and delivers 
‘maximum signal to the receiver when the signal comes from 
a direction in which the antenna has its best response. The 
impedance of the antenna is the same, at the same point of 
‘measurement, in receiving as in transmitting 

In the receiving case, the antenna is the source of 
power delivered to the receiver, rather than the load for a 
source of power (as in transmitting). Maximum possible 
output from the receiving antenna is obtained when the 


load to which the antenna is connected is the same as the 
impedance of the antenna. We say that the antenna is 
matched to its load 

The power gain in receiving is the same as the 
gain in transmitting, when certain conditions are met. One 
such condition is that both antennas (usually 2/2-long 
antennas) must work into load impedances matched to their 
own impedances, so that maximum power is transferred in 
both cases. In addition, the comparison antenna should be 
oriented so it gives maximum response to the signal used 
inthe test. That is, it should have the same polarization as 
the incoming signal and should be placed so its direction 
of maximum gain is toward the signal source. 

In long-distance transmission and reception via the 
ionosphere. the relationship between receiving and trans- 
mitting, however, may not be exactly reciprocal. This is 
because the waves do not always follow exactly the same 
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paths at all times and so may show considerable varia 
tion in the time between alternations between transmit 
ting and receiving. Also, when more than one ionospheric 
layer is involved in the wave travel (see Chapter 23, 
Radio Wave Propagation), it is sometimes possible for 
reception to be good in one direction and poor in the other, 
over the same path. 

‘Wave polarization usually shifts in the ionosphere. The 
tendency is for the arriving wave to be elliptically polar- 
ized, regardless of the polarization of the transmitting 
antenna. Vertically polarized antennas can be expected to 
show no more difference between transmission and 
reception than horizontally polarized antennas. On the av= 
erage, however, an antenna that transmits well in a certain, 
direction also gives favorable reception from the same 
direction, despite ionospheric variations. 


FREQUENCY SCALING 


‘Any antenna design can be scaled in size for use on 
another frequency or on another amateur band. The 
dimensions of the antenna may be scaled with Eq 8 below. 


5d (Eq 8) 


sealed dimension 
original design dimension 

original design frequency 

scaled frequency (frequency of intended 
operation) 


2 


From this equation, a published antenna design for, 
say, 14 MHz can be scaled in size and constructed for 
operation on 18 MHz, or any other desired band. Similarly, 
aan antenna design could be developed experimentally at 
\VHF or UHF and then scaled for operation in one of the 
HF bands. For example, from Eq 8, an element of 
39.0 inches length at 144 MHz would be scaled to 14 MHz, 
as follows: D = 144/14 x 39 = 401.1 inches, or 33.43 fet. 

To scale an antenna properly, all physical dimensions 
must be scaled, including element lengths, element spac~ 
ings, boom diameters and element diameters. Lengths and 
spacings may be scaled in a straightforward manner as in 
the above example, but element diameters are often not as 
conveniently scaled. For example, assume a 14-MHz antenna 
is modeled at 144 MHz. and perfected with “h-inch cylindri- 
cal elements. For proper scaling to 14 MHz, the elements 
should be cylindrical, of 144/14 x Js or 3.86 inches diam- 
eter. From a realistic standpoint, a 4-inch diameter might be 
acceptable, but cylindrical elements of 4-inch diameter in 
lengths of 33 feet or so would be quite unwieldy (and quite 
expensive, not to mention heavy). Choosing another, more 
suitable diameter is the only practical answer. 
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Diameter Scaling 

Simply changing the diameter of dipole type ele- 
ments during the scaling process is not satisfactory with- 
out making a corresponding element-length correction. 
This is because changing the diameter results in a change 
in the A/dia ratio from the original design, and this alters 
the corresponding resonant frequency of the element. The 
element length must be corrected to compensate for the 
effect of the different diameter actually used. 

To be more precise, however, the purpose of diam- 
‘eter scaling is not to maintain the same resonant frequency 
for the element, but to maintain the same ratio of self- 
resistance to self-reactance at the operating 
frequency—that is, the Q of the scaled element should 
be the same as that of the original element. This is not 
always possible to achieve exactly for elements that use 
several telescoping sections of tubing, 


Tapered Elements 

Rotatable beam antennas are usually constructed 
with elements made of metal tubing. The general prac- 
tice at HF is to taper the elements with lengths of 
telescoping tubing. The center section has a large 
diameter, but the ends are relatively small. This reduces 
not only the weight, but also the cost of materials for the 
elements. Tapering of HF Yagi elements is discussed 
in detail in Chapter 11, HF Yagi Arrays. 


Length Correction for Tapered Elements 

The effect of tapering an element is to alter its elec- 
tical length. That is to say, two elements of the same 
length, one cylindrical and one tapered but withthe same 
average diameter as the cylindrical element, will not be 
resonant at the same frequency. The tapered element must 
be made longer than the cylindrical element for the same 
resonant frequency. 

A procedure for calculating the length for tapered 
elements has been worked out by Dave Leeson, W6NL. 
(ex-W6QHS), from work done by Schelkunoff at Bell 
Labs and is presented in Leeson’s book, Physical Design 
‘of Yagi Antennas. Inthe software accompanying this book 
is a subroutine called EFFLEN.FOR. It is written in For- 
tran and is used in the SCALE program to compute the 
effective length of a tapered element. The algorithm uses 
the W6NL-Schelkunoff algorithm and is commented step- 
by-step to show what is happening. Calculations are made 
for only one half of an element, assuming the element is 
symmetrical about the point of boom attachment 

‘Also, read the documentation SCALE.PDF for the 
SCALE program, which will automatically do the com- 
plex mathematics to scale a Yagi design from one fre- 
‘quency to another, or from one taper schedule to another. 


-<Research Interests RTT design for IMT- 
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The Vertical Monopole 


So far in this discussion on Antenna Fundamentals, 
wwe have been using the free-space, center-fed dipole as 
our main example. Another simple form of antenna 
derived from a dipole is called a monopole. The name 
suggests that this is one half of a dipole, and so itis. The 
monopole is always used in conjunction with a ground 
plane, which acts as a sort of electrical mirror. See Fig 22. 
where a A/2 dipole and a 4/4 monopole are compared 
‘The image antenna for the monopole is the dotted line 
beneath the ground plane. The image forms the missing 
second half of the antenna, transforming a monopole into 
the functional equivalent of a dipole. From this explana: 
tion you can see where the term image plane is some- 
times used instead of ground plane. 

Although we have been focusing throughout this 
chapter on antennas in free space, practical monopoles 
are usually mounted vertically with respect to the sur- 
face of the ground. As such, they are called vertical mono: 
poles, or simply verticals. A practical vertical is supplied 
power by feeding the radiator against a ground system, 
usually made up of a series of paralleled wires radiating 
from and laid out in a circular pattern around the base of 
the antenna. These wires are termed radials 

The term ground plane is also used to describe a 
vertical antenna employing a i/4-long vertical radiator 
working against a counterpoise system, another name for 
the ground plane that supplies the missing half of the 
antenna. The counterpoise for a ground-plane antenna 
usually consists of four A/4-long radials elevated well 
above the earth. See Fig 23. 

Chapter 3, The Effects of Ground, devotes much 
attention to the requirements for an efficient grounding 
system for vertical monopole antennas, and Chapter 6, 


Fig 22—The 1/2 dipole antenna and its 1/4 ground- 
plane counterpart. The “missing” quarter wavelength is 
supplied as an image in “perfect” (t igh- 
conductivity) ground. 


Low-Frequency Antennas, gives more information on 
ground-plane verticals. 


Characteristics of a 1/4 Monopole 

The free-space directional characteristics of a 24 
‘monopole with its ground plane are very similar to that of a 
2/2 antenna in free space. The gain for the 2/4 monopole is 
slightly ess because the H-plane forthe 2/2 antenna is com- 
pressed compared to the monopole. Like a 3/2 antenna, the 
14 monopole has an omnidirectional radiation pattern in 
the plane perpendicular to the monopole. 

The current in a 3/4 monopole varies practically sinu- 
soidally (as is the case with a 2/2 wire) and is highest at the 
ground-plane connection. The RF voltage is highest at the 
‘pen (top) end and minimum at the ground plane. The feed- 
point resistance close to iv resonance of a vertical mono- 
pole over a perfect ground plane is one-half that for a M2 
dipole at its 2/2 resonance. In this case, a “perfect ground 
plane” is an infinitely large, lossless conductor. 

See Fig 24, which shows the feed-point impedance 
of a vertical antenna made of #14 wire, 50 feet long, 
located over perfect ground. This is over the whole HF 
range from | to 30 MHz. Again, there is nothing special 
about the choice of 50 feet for the length of the vertical 
radiator; itis simply a convenient length for evaluation 
Fig 25 shows an expanded portion of the frequency range 
above and below the 4/4 resonant point, but now cali- 
brated in terms of wavelength. Note that this particular 
antenna goes through 2/4 resonance at a length of 0.244 2, 
not at exactly 0.25 A. The exact length for resonance var- 
ies with the diameter of the wire used, just as it does for 
the 2/2 dipole at its 2/2 resonance. 

The word height is usually used for a vertical mono- 
pole antenna whose base is on or near the ground, and in 
this context, height has the same meaning as length when 
applied to 4/2 dipole antennas. Older texts often refer to 
heights in electrical degrees, referenced to a free-space 
wavelength of 360°, but here height is expressed in terms 
of the free-space wavelength. The range shown in Fig 24 
is from 0.132 2 to 0.300 2, corresponding to a frequency 
range of 2.0 to 5.9 MHz, 


Fig 23—The ground- 
plane antenna. Power 
is applied between 
the base of the 
vertical radiator and 
“y_the center of the four 
ground plane wires. 
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Fig 24—Feed-point impedance versus frequency for a 
theoretical 50-foot-high grounded vertical monopole 
‘made of #14 wire. The numbers along the curve show 
the frequency in MHz. This was computed using 
“perfect” ground. Real ground losses will add to the 
feed-point impedance shown in an actual antenna 
system, 


‘The reactive portion of the feed-point impedance 
depends highly on the length/dia ratio of the conductor, 
as was discussed previously for a horizontal center-fed. 
dipole. The impedance curve in Figs 24 and 25 is based 
on a#14 conductor having a length/dia ratio of about 800 
to 1. As usual, thicker antennas can be expected to show 
less reactance at a given height, and thinner antennas will 
show more. 


Efficiency of Vertical Monopoles 

This topic of the efficiency of vertical monopole 
systems will be covered in detail in Chapter 3, The Effects 
of Ground, but it is worth noting at this point that the 
efficiency of a real vertical antenna over real earth often 
suffers dramatically compared with that of a }/2 antenna 
Without a fairly elaborate grounding system, the effi- 
ciency is not likely to exceed 50%, and it may be much 
less, particularly at monopole heights below A/4. 
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The Effects 
of Ground 


‘The ground around and under an antenna is part of 
the environment in which any actual antenna must oper: 
ate. Chapter 2, Antenna Fundamentals, dealt mainly with 
theoretical antennas in free space, completely removed 
from the influence of the ground. This chapter is devoted 
to exploring the interactions between antennas and the 
ground. 

‘The interactions can be analyzed depending on where 
they occur relative to two areas surrounding the antenna: 
the reactive near field and the radiating far field. You will 
recall that the reactive near field only exists very close to 
the antenna itself. In this region the antenna acts as though 
it were a large lumped-constant inductor or capacitor, where 
energy is stored but very little is actually radiated. The 
interaction with the ground in this area creates mutual 


impedances between the antenna and its environment and. 
these interactions not only modify the feed-point imped 
ance of an antenna, but also often increase losses. 

In the radiating far field, the presence of ground pro 
foundly influences the radiation pattern of a real antenna, 
‘The interaction is different, depending on the antenna’s 
polarization with respect to the ground. For horizontally 
polarized antennas, the shape of the radiated pattern in the 
elevation plane depends primarily on the antenna’s height 
above ground. For vertically polarized antennas, both the 
shape and the strength of the radiated pattern in the eleva: 
tion plane strongly depend on the nature of the ground 
itself (ts dielectric constant and conductivity atthe frequency 
of operation), as well as on the height of the antenna above 
ground. 


The Effects of Ground in the Reactive Near Field 


FEED-POINT IMPEDANCE VERSUS 
HEIGHT ABOVE GROUND. 

‘Waves radiated from the antenna directly downward 
reflect vertically from the ground and, in passing the 
antenna on their upward journey, induce a voltage in it. The 
‘magnitude and phase of the current resulting from this 
induced voltage depends on the height of the antenna above 
the reflecting surface 

‘The total current in the antenna consists of two com- 
ponents. The amplitude of the first is determined by the 
power supplied by the transmitter and the free-space feed- 
point resistance of the antenna, The second component is 


induced in the antenna by the wave reflected from the 
‘ground. This second component of current, while consider: 
ably smaller than the first at most useful antenna heights, is, 
by no means insignificant. At some heights, the two com: 
ponents will be in phase, so the total current is larger than is 
indicated by the free-space feed-point resistance. At other 
heights, the two components are out of phase, and the total 
current is the difference between the two components. 
Changing the height of the antenna above ground will 
cchange the amount of current flow, assuming that the power 
input to the antenna is constant. A higher current at the same 
power input means that the effective resistance of the 
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antenna is lower, and vice versa. In other words, the feed- 
point resistance of the antenna is affected by the height of 
the antenna above ground because of mutual coupling 
between the antenna and the ground beneath it 

The electrical characteristics of the ground affect both 
the amplitude and the phase of reflected signals. For this 
reason, the electrical characteristics of the ground under the 
antenna will have some effect on the impedance of that 
antenna, the reflected wave having been influenced by the 
‘ground, Different impedance values may be encountered 
‘when an antenna is erected at identical heights but over dif- 
ferent types of earth 

Fig 1 shows the way in which the radiation resis- 
tance of horizontal and vertical half-wave antennas var- 
ies with height above ground (in 2, wavelengths). The 
height of the vertical half-wave is the distance from the 
bottom of the antenna to ground, For horizontally polar: 
ized half-wave antennas, the differences between the ef- 
fects of perfect ground and real earth are negligible if the 
antenna height is greater than 0.2 A At lower heights, 
the feed-point resistance over perfect ground decreases 
rapidly as the antenna is brought closer to a theoretically 
perfect ground, but this does not occur so rapidly for ac- 
tual ground. Over real earth, the resistance actually be- 
‘gins increasing at heights below about 0.08 2. The reason 
for the increasing resistance at very low heights is that 
more and more of the reactive (induction) field of the 
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ion resistance of vertical and 
horizontal half-wave antennas at various heights above 
flat ground, Solid lines are for perfectly conducting 
ground; the broken line is the radiation resistance of 
horizontal half-wave antennas at low height over real 
ground. 
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antenna is absorbed by the lossy ground in close proxim- 
ity. This results in increased loss that is reflected in the 
increased value of the feedpoint resistance. 

For a vertically polarized 2/2-Long dipole, differences 
between the effects of perfect ground and real earth on the 
feed-point impedance is negligible, as seen in Fig 1. The 
theoretical half-wave antennas on which this chart is based 
are assumed to have infinitely thin conductors 


GROUND SYSTEMS FOR VERTICAL 
MONOPOLES 


In this section, we'll look at vertical monopoles, which 
require some sort of ground system in order to make up for 
the “missing” second half of the antenna and reduce the 
power lost in the near field. Rudy Sevems, N6LF, contrib- 
‘uted much of the new material in this chapter. 

In Chapter 2, Antenna Fundamentals, and up to this 
point in this chapter, the discussion about vertical mono- 
poles has mainly been for antennas where perfect ground is, 
available. We have also briefly looked at the ground-plane 
vertical in free space, where the four ground-plane radials, 
form a built-in ground system, 

Perfect ground makes a vertical monopole into the func- 
tional equivalent of a center-fed dipole, although the feed- 
point resistance at resonance is half that of the center-fed 
dipole. But how can we manage to create that elusive per- 
fect ground, or at least a reasonable approximation, for our 
real vertical antennas? 


Simulating a Perfect Ground in the 
Reactive Near Field 

‘The effect of a perfectly conducting ground (so far as 
feed-point resistance and losses are concerned) can be simu- 
lated under a real antenna by installing a very large metal 
screen or mesh, such as poultry netting (chicken wire) or 
hardware cloth, on or near the surface of the ground. The 
screen (also called a counterpoise system, especially if itis 
elevated off the ground) should extend atleast a half wave- 
length in every direction from the antenna. The feed-point 
resistance of a quarter-wave long, thin vertical radiator over 
such a ground screen will approach the theoretical value of 
36.6 ©. OF course on the lower HF bands such a sereen is 
not practical for most amateurs 

Based on the results of a study published in 1937 by 
Brown, Lewis and Epstein (see Bibliography), a grounding 
system consisting of 120 wires, each at least 2/2 long, 
extending radially from the base of the antenna and spaced 
equally around a circle, is also the practical equivalent of 
perfectly conducting ground for reactive-field currents. The 
‘Wires can either be laid directly on the surface of the ground 
or buried a few inches below. 


‘Another approach to simulating a perfect ground sys- 
tem is to utilize the ground-plane antenna, with its four 
ground: plane radials elevated well above lossy earth. Heights 
(between the bottom of the ground-plane and the surface of 
the ground) greater than /8 have proven to yield excellent 


results. See Chapter 6, Low-Frequency Antennas, for more 
details on practical ground-plane verticals 

For a vertical antenna, a large ground screen, either 
made of wire mesh or a multitude of radials, or an elevated 
system of ground-plane radials will reduce ground losses 
near the antenna. This is because the screen conductors are 
solidly bonded to each other and the resistance is much lower 
than that of the lossy, low-conduetivity earth itself. If the 
ground screen or elevated ground plane were not present, 
RF currents would be forced to flow through the lossy, low- 
conductivity earth to return to the base of the radiator. The 
ground screen or elevated ground plane in effect shield 
‘ground-return currents from the lossy earth, 


Less-Than-Ideal Ground Systems 

Now, what happens when something less than an ideal 
‘ground screen is used as the ground plane for a vertical 
monopole? Typically this will take the form of an on-ground 
‘wire radial system. A great deal of mystery and lack of 
information seems to surround the vertical antenna ground 
system. In the case of ground-mounted vertical antennas, 
many general statements such as “the more radials the bet- 
ter” and “lots of short radials are better than a few long ones” 
have served as rules of thumb, but many questions as to 
relative performance differences and optimum number for 
a given length remain unanswered, as isthe justification for 
the rules of thumb, Most of these questions boil down to 
fone: namely, how many radials, and how long, should be 
used in a given vertical antenna installation? 

A ground system with 120 2/2 radials is not very prac- 
tical for many amateur installations, which often must con- 
tend with limited space and funding. Unfortunately the 
‘round resistance, R,., increases rapidly when the number 
of radials is reduced, To minimize ground loss where alarge, 
‘optimum ground system is not possible requires that we 
understand how ground losses occur and how to optimize 
the design of a ground system that can fit within the space 
and budget available 


EandH Fields 


E and H fields were introduced in Chapter 2, Antenna 
Fundamentals, to explain some basic concepts conceming 
‘antennas. To understand the reasons for ground loss we need 
to look at the E and H fields in the near field, but we need to 
hhave some feeling for what E and H fields are. The follow- 

«brief description of these fields. It is certainly not a 
rigorous description but should give at least an intuitive feel- 
ing for what is happening, 

In 1820 Hans Oerstad discovered that a current flow- 
ing in a wire would deflect the needle of a nearby com- 
pass. We attribute this effect to a magnetic or H-field, 
which at any given location is denoted by the bold-faced 
letter H. His a vector, with an amplitude expressed in 
‘Alm (Amperes/meter) and a direction. Fig 2 shows a typi- 
cal experimental arrangement. The shape of the magnetic 
field is roughly shown by the distribution of the iron fil- 


ings. This field distribution is very similar to that for a 
vertical antenna. 

A compass needle (a small magnet itself) will try to 
align itself parallel to H. As the compass is moved around, 
the conductor, the orientation of the needle changes accord- 
ingly. The orientation of the needle gives the direction of H. 
If you attempt to turn the needle away from aligament you 
will discover a torque trying to restore the needle to its origi- 
nal position. The torque is proportional to the strength of 
the magnetic field at that point. This is called the field inten. 
sity or amplitude of Hat that point. Ifa larger current flows 
in the conductor going through the piece of paper holding 
the iron filings, the amplitude of H will be larger. Currents 
flowing in the conductors of an antenna also generate a 
‘magnetic field, one component of the near field. 

‘An antenna will also have an electric or E-field, which 
can be visualized using a parallel-plate capacitor, as shown. 
in Fig 3. If we connect a battery with a potential V4. across 
the capacitor plates there will he an electric field Eestab- 
lished between the plates, as indicated by the lines and 
directional arrows between the plates. The magnitude of vec- 
tor E is expressed in V/m (volts per meter), so for a poten- 
tial of V volts and a spacing of d meters, E = V/d Vim. The 
amplitude of E will increase with greater voltage and/or a 
smaller distance (d). In an antenna, there will be ac poten- 
tial differences between different parts of the antenna and. 
from the antenna to ground. These ac potential differences 
establish the electric field associated with the antenna. 


Conduction And Displacement Currents 


If we replace the de voltage source in Fig 3 with an ac 
source, a steady ac current will flow in the circuit. In the 
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Fig 2—The magnetic lines of force that surround a 
conductor with an electric current flowing in it are 
shown by iron filings and small compass needles. 
‘The needles point in the direction of the magnetic 

or H-field. The filings give a general view of the field 
distribution in the plane perpendicular to the 
conductor. 
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conductors between the ac source and the capacitor plates, 
current ([,) flows, because of the movement of charge, usu- 
ally electrons. But in the space between the capacitor 
plates—particularly in a vacuum—there are no charge car- 
riers available to carry a conduction current. Nonetheless, 
current still flows in the complete circuit, and we attribute 
this to a displacement current (14) flowing between the 
capacitor plates to account for the continuity of current in 
the circuit. Displacement and conduction currents are two 
different phenomena but they both represent current, just 
‘wo different kinds. Some observers prefer to call conduc: 
tion currents “currents” and displacement currents “imagi- 
nary currents.” That terminology is OK, but to account for 
the current flow in a closed circuit with capacitance you 
have to keep track of both kinds of current, whatever you 
call them, 

In an antenna over ground, the displacement current 
represents the current flow from the antenna surface through 
the air into the ground. The currents flowing in the ground 
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Fig 3—Example of an electric field, E=Vg./d. When the 
‘de source is replaced with an ac source there will be 


displacement current (|,) flowing between the capacitor 
plates. 
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Fig 4—When the capacitor dielectric is less than 
perfect there will be a conduction current (I) in 
addition to the displacement current (I,). Soil will 
typically have both resistive and capacitive 
‘components. Power loss in the soil is due to the 
current flowing through the resistive component. 
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are predominantly conduction currents, but there may also 
be displacement currents, 

Where the dielectric material between the capacitor 
plates is not a perfect insulator, both conduction and dis- 
placement currents can flow between the capacitor plates. 
A good example of this would be a soil dielectric, which 
has both resistive and capacitive characteristies. Soil can be 
represented in the circuit of Fig 4, where there is a resistor 
with a conduction current I. in parallel with a capacitor with 
a displacement current Iy. The two currents add up 
(vectorially) as the total current ly, 


A Closer Look at Verticals 


‘A vertical antenna has two field components that 
induce currents in the ground around the antenna. Fig 5 
shows in a general way the electric-field component (E,. in 
Vira) and magnetic-field component (Hy, in A/m) in the 
region near a vertical, Because the soil near the antenna usu- 
ally has relatively high resistance, both of these field com- 
ponents will induce currents (ly and 1) in the ground, 
resulting in losses. While the worms may enjoy the heated 
ground, power dissipated in the ground is subtracted from 
the radiated power. weakening your signal 

‘As shown in Fig 5, the tangential component of the 
Hefield (H,) induces horizontal currents (ly) flowing radi- 
ally. The normal component (perpendicular to the ground 
surface) of the E-field (E,) induces vertically flowing 
currents (I,). Actually, things are more complex than this 
but we don’t need to thrash through that to understand con- 
ceptually what's going on. 

‘When modeling an antenna we account for the radi- 
ated power (P,) by assuming there is a resistor we call the 
radiation resistance (R,) through which the antenna base 
current (I,) flows. The radiated power is then P, = 1,?R, 
Similarly, we can account for the power dissipated in the 
ground (P,) by adding a loss resistance (R,) in series with 
R,. The ground loss is then P, = 1,2R,- Additional losses 
due to conductors, loading coils, ete can also be simulated 


Vertical Racist 


Fig 5—A general view of the fields and ground currents 
rear the base of a vertical antenna. Note that the H- 
ield distribution is equivalent to that shown in Fig 3. 


by adding more series loss resistances. Putting aside for the 
moment these addtional losses, the efficiency (n) of a ver- 
tical can be expressed as: 


P, 
"Tae &q)) 
This can be restated in terms of resistances as 
ue 
RetRy | Re £42) 


Inessence, efficiency isthe ratio ofthe radiated power 
to the total input power (Py = P, + Py). Another way of say- 
ing this is that efficiency depends on the ratio of ground 
loss resistance (R,) to radiation resistance (R,). as Eq 2 
shows. The smaller we make R, the more power will be 
radiated for a given input power. Reducing R, is the pur- 
pose of the ground system, 

[A sketch of current flow in the antenna and the sur- 
rounding ground (due to H-fild), near the base ofa veri- 
cal, is shown in Fig 6 I, represents the total zone current 
flowing radially through a cylindrical zone ata given radius 
(©) due tothe H field, while I, is the current atthe feed point 
atthe base ofthe antenna, Technically speaking. the cylin- 
der is infinitely deep. with I, being the total current inte- 
grated over the surface of the cylinder at a given radius 

Fig 7 is a graph of the amplitude of 1, for several 
antenna heights in wavelengths (h) as we move away from 
the base of the antenna. Fig 7 shows the zone current that 
would flow in the ground returning to the base of the 
antenna, assuming a single ground rod is placed at the feed 
point for the vertical radiator. The heights indicated are the 
effective electrical heights. For example, if you use some 
top loading on the vertical, the effective electrical height 
will be greater than the physical height. 

Its important to recognize that simply adding a top 
hatto a vertical ofa given physical height may reduce ground 
losses. We can see this from the effect of h on ground cur- 
rent amplitude in Fig 7. Increasing h reduces the ground 
current. Even something as simple as moving a loading coil 
from the base up to the center of the antenna may reduce 
ground losses because it reduces ground current amplitude 
But we do have to be careful that te loss introduced by the 
loading coil does not overcome the reduction in ground loss! 
Both loading-coil and top-hat schemes also increase the 
radiation resistance R,, which further improves efficiency 

The currents in Fig 7 have been adjusted for constant 
radiated power atthe base of the antenna by varying I, to 
compensate for the change in R, as we vary h. To maintain 
constant radiated power as R, is falling, you must increase 
1,. The base feed-point impedance is a strong function oh 
For example, for h= 0.25 A, R, will be in the neighborhood 
of 36 2. However, for h = 0.1 %,R, will be less than 4 2 
More information on short antennas can be found in Chap- 
ter 16, Mobile and Maritime Antennas 


Fig 7 clearly shows the high currents that flow in the 
ground near the base of a short antenna due to the antenna’s 
H field, Compared to a 0.25-A vertical, the 0.1-A vertical has 
about three times the base current. As you shorten the 
antenna further, the zone current increases even more quickly. 
The ground loss is proportional to the square of the ground 
current (P, = I,2R,), so the power loss in the immediate 


n of the zone current near the base 
of a vertical antenna. Individual i, components of current 
flow into a cylinder of soil, with a radius r centered on 
the base of the vertical. The total current, I,, thus 
represents the net current induced in the soil by the 
Hfield for a given radius. (|, was labeled Iy in Fig 5.) 
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Fig 7—Plot of zone current (|) in amperes near the 
base of a vertical as a function of height (h) and radius 
(f) in wavelengths. The current in the base of the 0.25-h 
antenn: 

values of h is adjusted to maintain t 
power (P, = l,2R, = 37 W) as the radiation resistance (R,) 
changes with h. 


region of the base is much higher for a short antenna operat- 
ing with the same input power as for a quarter-wave vertical 

We can calculate the losses induced in the soil by 
either the E- or H-field intensity. Fig 8 shows an example of 
the H-field losses for several different antenna heights, given 
a constant radiated power of 37 W. Note that the total loss 
within 0.5 2 of the base for h = 0.25 2. is about 16 W (right 
side of the graph). This gives 1 = 37/(37 + 16) =70%. How- 
ever, for h= 0.1 2, the total loss is about 94 W. Taking into 
consideration only the H-field losses, 1) = 37/(37 + 94) = 
28%. Note that in both cases the majority of the loss is near 
(< 0.1 A) the antenna, with the rate of increase of total loss 
decreasing rapidly as we move farther away from the base 
where the lines are almost flat 

Fig 9 is a graph of the E-field intensity around a verti- 
cal with 1500 W radiated power, for three values of h. The 
E-field intensity doesn’t depend on the exact type of ground 
system. (You can see this when you consider that the volt- 
age across a capacitor doesn’t depend on the size of the 
capacitor’s plates.) Notice that close to the base, the E-field 
intensity for the 0.1-2 vertical is almost 100 times that for 
the 0.25-A vertical. Because loss is proportional to the square 
of the voltage, the E-field losses close to the base will be ten 
thousand times larger in the 0.1-A vertical! At a 1500-W 
power level the field intensity near the base of a short verti- 
cal is high enough to pose some risk of igniting grass and 
bushes that grow above any radial system close to the 
vertical's base. The grass should be kept mowed within 
0.1 2 of the base 

Fig 10 shows a computation for the E-field losses, again 
for a constant radiated power of 37 W and several values of 
h, For the 0.25-A vertical, the electric field intensity is quite 
low and so are the losses associated with it, at only 1.5 W. 
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Fig Total H-fiold induced ground loss within a circle 
of radius r around the base of a vertical for different 
values of h and constant P, = 37 W. Note how the total 
loss increases rapidly near the base of the antenna 
indicating high loss. Beyond r = 0.15 2, however, the 
additional loss is much lower and the curves flatten 
ut. Note also how much higher the loss is for shorter 
antennas. 
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for different values of h. P, is held constant at 1500 W. 


With any reasonable ground system, the E-field losses for a 
0.25-A vertical will be insignificant. 

For shorter or longer verticals, however, the picture is 
different. This is why we see the very high losses (> 100 W) 
in Fig 10 for =0.1 A. This loss, when added to the Hefield 
loss, reduces the efficiency of the 0.1-A vertical to 16% or 
less without a good ground system. In short antennas the 
E-field losses cannot be ignored, since they get worse 
exponentially as the antenna is shortened further. 

‘The presence of a top-loading hat will also increase 
the E-field intensity inthe area below the hat. However, most 
practical amateur hats will be quite small and the associated 
E-field loss small. The benefit, however, of reducing | 


because of the addition of the hat—which reduces the field 
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Fig 10—Total E-field induced ground loss within a circle 
of radius r around the base of a vertical for different 
values of h and constant P, = 37 W. Note how the total 
reases rapidly near the base of the antenna, 
ing high loss. Beyond r = 0.05 2, however, the 
additional loss is much lower and the curves flatten 
out. Note again how much higher the loss is for shorter 
antennas. For h = 0.1 4 the E-field loss is greater than 
the H-field loss. 
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Fig 11—Etfective ground resistance (R,) at the base of 
the vertical as a function of the radius of a ground 
‘screen for several different antenna heights. Note how 
R, falls as power dissipation in the soil is eliminated by 
the highly conducting ground screen. 


from the vertical part of the antenna—more than compen- 
sates for the small additional E-field loss due to the hat. 
Verticals taller than 0.25 2 also display increased 
E-field intensity, but not nearly so severe as short verticals. 
In verticals both shorter and longer than a 0.25 2, the criti 
cal loss region is within a radius of about 0.05 A. We can see 
this in Fig 10, where the power-loss curves for the shorter 
antennas flatten out by the time we reach a radius of 0.05 
It’s not widely known, but while radial wire systems 
reduce the H-field losses very effectively, Larsen (see Bib- 
liography) has shown that the E-field losses with the same 
radial system do not fll inthe same fashion as H-field losses. 
For h > 0.15 this doesn’t matter much because the E-field 


Joss is so low anyway. However, fr short antennas itis very 
helpful to install either a ground sereen or a dense radial 
system within 0.05 2 of the base. 

‘We can take the data in Figs 8 and 10 and calculate the 
effective value of the ground resistance R,. Fig 11 shows 
the resulls of such a computation, Fig 11 assumes a perfect 
ground screen that varies in radius from 0,001 ito 0.5. As 
‘we would expect, when the ground screen is very small the 
ground losses are high, meaning R, is high and the effi 
ciency i low, As we increase the radius of the ground screen 
forcing current out of the lossy soil and into the very low 
loss screen, R, drops rapidly and the efficiency increases. 

Fig I demonstrates why itis desirable to have a good 
ground system out to atleast 0.125 A, and better yet, even 
farther. The shorter the antenna, the more important the 
ground system becomes, especially close to the base. In this 
example the ground system consists ofa highly conductive 
bonded ground screen, not always practical for amateur 
installations. A more typical ground system would consist 
of a number of individual radial wires. This kind of ground 
will be inferior to a screen but represents a practical com 
promise. We'll examine this in more detail shortly 

[Note that as we reduce hin Fig 11, R, actually goes 
down—even though the ground losses are higher. When h 
is made smaller the radiation resistance declines rapidly (see 
Chapter 16, Mobile and Maritime Antennas), so that for a 
given radiated power I, must increase. If we measure R, as 
wwe reduce h over a given ground system, we would see that 
the value for R, goes down as shown in Fig 11. But because 
|, is rising more rapidly than R, is falling, the power lost in 
the ground increases and efficiency decreases. The point here 
is thatthe value of R, depends on the ground system, soil 
characteristics and the antenna configuration. You cannot 
assign an arbitrary value to R, independent of the antenna 
system 


Wire Radial Systems 

Fig 11 shows R, for a dense, perfectly conducting 
ground sereen, bt what we really need to know isthe effect 
of length and number of individual radials on Ry in a wire 
radial system, We can calculate the current division between 

system and the soil and use this to determine Ry. A 
graph ofthe proportion of the zone current flowing 
inthe radial system, as a function of radius and various num 
bers of radials (N) is shown in Fig 12. 

‘The radial currents decrease as we move away from 
the base, and the lower the number of radials, dhe more rap 
idly the radial current decreases. This means that close to 
the base of the antenna most ofthe current is inthe radial 
system, but as we move away from the base the current 
increasingly flows in the lossy ground. When only a few 
radials are used, the outer ends ofthe radials contribute litle 
to reducing ground loss. 

‘Why is this? The problem is that I, does not go imme- 
diately tothe nearest radial but may flow for some distance 
inthe soil, This is illustrated in a general way in Fig 13. As 
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we move away from the base ofthe antenna, adjacent rai 
als are further apart from each other and the current must 
flow further in the soil before it reaches one ofthe radials 
When we use more radials, the distance between radials is 
less and more of the total current willbe in the radials and 
less in the sol. Ths reduces ground loss. 
When we know the current distribution inthe ground 
culate the power loss and R,. A typical example 
for h = 0.25 iis given in Fig 14. We ean lear a lot about 
radial system design from Fig [4 and similar graphs. If we 
use only a few radials, the radial curren drops off very rap- 
idly. Most ofthe current is flowing inthe soil 
Such a ground system is by nature infficient—that is, 
Ris large. We can also see that if we have only 16 radials, 
Rj falls an ohm or two as we lengthen the radials, but is 
essentially flat by 0.1 A. There is no point in making them 
longer because there is litle current in the outer portions 
and R, is essentially constant beyond 0.1. As we increase 
the number of radials, we gather more current further out 
making longer radials more useful. The result is cumula- 
tive—more radials allow longer radials to be effective and 
both together reduce ground loss. We can see this in Fig 14 
where the initial value of Ry drops as N increases and flat 
tens out at longer radial lengths. For 128 radials, for 
example, lengths of 0.25 4 or more are useful 
The example in Fig 14 uses #12 wire forthe radials. 
‘Compared to soil, the resistance of the radial wires is very 
small, especially if many radials are used, and does not 
greatly affect overall losses no matter how small the wire. 
The effect of changing wire size is to slowly change the 
current division between ground and the radial system, 
Larger wire results in only a small decrease in Ry. In prin 


ciple, very small wire could be used for radials but from 
a mechanical point of view, #18 or #20 wire is about as 
small as is practical. Any smaller wire breaks too easily 
to be buried, and also breaks easily when left on the 
ground surface and is walked on or driven over. 


Vertical Radintor 


Fig 13—An example of current entering the ground 
between the radials and flowing for some distance 
before being picked up by a radial. 


Fig 12—An example of the portion of the zone current 
flowing in the radial system as you move away from the 
base of a 0.25 A vertical for different numbers of rat 

(N). Note that when more radials are used, more of the 
Zone current flows in the radials and not in the ground, 
reducing ground loss. The proportion of current in the 
radial system falls rapidly when only a few radials are 
used. This leads to high ground loss because most of 
the zone current is flowing in the ground rather than in 
the radials. 
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Fig 14—An example of the variation of R, 
length and number of radials (N) for h 
only a few radials are used ther 

making them longer than 0.1 2. Increa: 
at a given radius and also makes longer radials useful, 
further reducing Ry. R, for other values of h behave 


On the other hand, wire larger than #12 is expen- 
sive. Thousands of feet of #8 wire may be affordable for 
broadcast stations but not for most hams. Increasing the 
wire size from #20 to #10 would result in only a small 
reduction in R,. Of course, if you happen to have a few 
thousand feet of old RG-8 cabie lying around (the diam- 
ter is comparable to #0000 wire) then that might indeed 
help to reduce R,, as W9QQ has shown (see Bibliogra- 
phy). You are still better off, however, using many radi- 
als with small wire than a few radials with large wire. 
Radial wire size is usually a mechanical and financial 
issue, not an electrical one. 

If the example in Fig 14 were changed for different 
ground characteristics, then the curves would have a simi- 
lar shape but would be shifted either up or down. For 
example, poorer ground will result in higher R, but the 
usable length for the radials for a given N would increase 
somewhat. For better-quality ground, with higher con- 
ductivity, R, will be lower but the usable length of the 
radials for a given N will be shorter. 

For short antennas, the initial drop in R, will be more 
rapid and the curves flatten out sooner. This implies that 
somewhat shorter radials are useful with short antennas. 
However, given the high losses, itis still a very good idea 
to use lots of radials with short antennas. As in the above 
example, increasing N also increases the usable length. 

As you go up in frequency from 160 meters, R, gen- 
erally rises slowly and then stabilizes around 7 MHz, 
depending on the ground characteristics. This effect is 
related to the change in skin depth with frequency, which 
is discussed in a later section of this chapter. There is 
also a small shift in current division between the radials, 
‘and ground as the frequency increases. 


‘AWord Of Caution 

In the preceding discussion we presented a number of 
‘graphs and the CD-ROM accompanying this book contains 
some spreadsheets containing the equations from which 
these graphs were derived. From these graphs we extracted 
‘a number of observations on how to design radial systems. 
Basic to each graph is the assumption that we know the 
‘ground characteristics: conductivity and permitivity. In the 
real world, we amateurs very rarely have more than a rough 
idea of the ground characteristics under our antennas. Even 
‘when careful measurements are made, the characteristics 
will vary through the year with rainfall or the lack thereof. 

Soils are always stratified vertically and can vary by 
factors or two or more horizontally over distances compa- 
rable to radial length, so that even good ground measure~ 
‘ments are at best an average. In addition, there will frequently 
be constraints on the size and shape of the ground system. 
As aresult, we use the calculated information and the previ- 
ous graphs for general guidance and preliminary design, but 
when actually installing a ground system we try to mea- 
sure—or at least estimate—R, as we go along. 

When R, stops falling, or our patience and/or money 
‘run out, we stop adding ground radials. We can measure the 


feed-point resistance with an impedance bridge to estimate 
of R,. The impedance seen a the feed point of the antenna 
isthe sum ofthe oss and the radiation resistance. To deter- 
mine R, you have to estimate R, (from the antenna height) 
and other losses due to loading or conductors, and then sub- 
tract that from the total measured input resistance. The 
remainder is R,, and R, should fall as we add radials. When 
R, stops falling we probably have as many radials ofa given 
length as will be useful. Further reduction in Ry would 
require more, longer radials, 


Practical Suggestions For Vertical 
Ground Systems 

At least 16 radials should be used if at all possible. 
Experimental measurements and calculations show that with 
this number, the loss resistance decreases the antenna effi- 
ciency by 30% to 50% for a 0.25 A vertical, depending on 
soil characteristics. In general, a large number of radials (even 
though some or all of them must be short) is preferable to a 
few long radials fora vertical antenna mounted on the ground. 
‘The conductor size is relatively unimportant as mentioned 
before: #12 to #22 copper wire is suitable. 

Table 1 summarizes these conclusions. John Stanley, 
K4ERO, first presented this material in December 1976 
OST. Another source of information on ground-system 
design is Radio Broadcast Ground Systems (see the Bib- 
liography at the end of this chapter). Most of the data 
presented in Table 1 is taken from that source, or derived 
from the interpolation of data contained therein. 

Table | is based on the number of radials. For each 
configuration, there is a corresponding optimum radial 
length. Each configuration also includes the amount of 
Wire used, expressed in wavelengths. Using radials con- 
siderably longer than suggested for a given N or using a 
lot more radials than suggested for a given length, while 
not adverse to performance, does not yield significant 
improvement either. That would represent a non-optimum 
use of wire and construction time. Each suggested con- 
figuration represents an optimum relationship between 
length and number for the given amount of total wire used. 
Table 1 leads to these conclusions: 


+ If you install only 16 radials (in configuration A), they 
need notbe very long—0.1 is sufficient. The total length 
of wire will be 1.6 2, which is about 875 feet at 1.8 MHz. 

+ If you have the wire, the space and the patience to lay 
down 120 radials (optimal configuration F), they should 
be 0.4 A long. This radial system will gain about 3 dB 
over the 16-radial case and you'll use 48 2. of wire, or 
about 26,000 feet at 1.8 MHz. 

+ If you install 36 radials that are 0.15 % long, you will 
lose 1.5 dB compared to optimal configuration F. You 
will use 5.4 2 of wire, or almost 3,000 feet at 1.8 MHz. 


‘The loss figures in Table 1 assume h = 0.25 4. A 
very rough approximation of loss when using shorter 
antennas can be obtained by doubling the loss in dB each 
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Table 1 
Optimum Ground-System Configurations 


Configuration Designation 


A 8B 
Number of radials 16 (24 
Length of each radial in wavelengths 0.10.15 
Spacing of radials in degrees 225 15 
Total length of radial wire 

installed, in wavelengths 1603 
Power loss in dB at low angles with 

‘a quarter-wave radiating element 58 
Feed-point impedance in ohms with 

‘a quarter-wave radiating element 5246 


c oD e F 
3660080120 
015 0.2 0.25 04 
10 6 4 3 
5412 22548 
184 05 oO 
43° 4000 8785 


Note: Configuration designations are indicated only for text reference. 
“Reference: The loss of this configuration is negligible compared to a perfectly conducting ground. 


time the antenna height is halved. For taller antennas the 
losses decrease, approaching 2 dB for configuration A of 
Table 1 for a half-wave radiator. Even longer antennas 
yield correspondingly better performance. 

‘Table 1 is based on average ground conductivity. 
‘Variation of the loss values shown can be considerable, 
especially for configurations using fewer radials. Those 
building antennas over dry, sandy or rocky ground should 
expect more loss. On the other hand, higher than average 
soil conductivity and wet soils would make the compro- 
mise configurations (those with the fewest radials) even 
‘more attractive. 

When antennas are combined into arrays, either para 
sitic or all-driven types, mutual impedances lower the 
radiation resistance of the elements. This drastically 
increases the effects of ground loss because I, will be higher 
for the same power level. For instance, an antenna with a 
50-Q feed:-point impedance, of which 10 Q is ground-loss. 
resistance, will have an efficiency of approximately 83%. 
‘An array of two similar antennas in a driven array with simi- 
lar ground losses may have an efficiency of 70% or less. 

Special precautions must be taken in such cases to 
achieve satisfactory operation. Generally speaking, a 
wide-spaced broadside array presents little problem 
because R, is high, but a close-spaced end-fire array 
should be avoided because R, is much lower, unless low- 
loss radial system configurations are used or other pre- 
cautions taken. Chapter 8, Multielement Arrays, covers 
the subject of vertical arrays in great detail 

In cases where directivity is desirable or real-estate 
limitations dictate, longer, more closely spaced radials 
can be installed in one direction, and shorter, more widely 
spaced radials in another. Multiband ground systems can 
be designed using different optimum configurations for 
different bands. Usually it is most convenient to start at, 
the lowest frequency with fewer radials and add more 
short radials for better performance on the higher bands. 

‘There is nothing sacred about the exact details of 
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the configurations in Table 1, and small changes in the 

number of radials and lengths will not cause serious prob- 

lems. Thus, a configuration with 32 or 40 radials of 

0.14 A or 0.16 % will work as well as configuration C 

shown in the table. 

If less than 90 radials are contemplated, there is no 
need to make them a quarter wavelength long. This dif- 
fers rather dramatically from the case of a ground-plane 
antenna, where resonant radials are installed above 
ground. For a ground-mounted antenna, quarter-wave 
long radials may not be optimum. Because the radials of 
‘a ground-mounted vertical are actually on, if not slightly 
below the surface, they are coupled by capacitance or 
conduction to the ground, and thus resonance effects are 
not important. The basic function of radials is to provide 
4 low-loss return path for ground currents. 

Radio Broadcast Ground Systems states, “Experi- 
ments show that the ground system consisting of only 15 
radial wires need not be more than 0.1 wavelength long, 
while the system consisting of 113 radials is still effec- 
tive out to 0.5 wavelength.” Many graphs in that publica- 
tion confirm this statement. This is not to say that these 
two systems will perform equally well; they most cer- 
tainly will not. However, if 0.1 4 is as long as the radials 
can be, there is little point in using more than 15 of them 
unless the vertical radiator’s height is also small. 

‘The antenna designer should 

1. Study the cost of various radial configurations versus 
the gain of each. 

2. Compare alternative means of improving transmitted 
signal and their cost (more power, etc). 

3. Consider increasing the physical antenna height (the 
electrical length) of the vertical radiator, instead of 
improving the ground system. 

4, Use multi-element arrays for directivity and gain, 
observing the necessary precautions related to 
mutual impedances discussed in Chapter 8, 
Multielement Arrays. 


The Effect of Ground i 


‘The properties of the ground in the far field of an 
antenna are very important, especially for a vertically 
polarized antenna, as discussed above. Even if the ground- 
radial system for a vertical has been optimized to reduce 
¢ground-retur losses in the reactive near field to an insig- 
nificant level, the electrical properties of the ground may 
still diminish far-field performance to lower levels than “per- 
fect-ground” analyses might lead you to expect. The key is 
that ground reflections from horizontally and vertically 
polarized waves behave very differently. 


Reflections in General 


First, let us consider the case of flat ground. Over flat 
ground, either horizontally or vertically polarized 
downgoing waves launched from an antenna into the far 
field strike the surface and are reflected by a process very 
similar to that by which light waves are reflected from a 
mirror. As is the case with light waves, the angle of reflec- 
tion is the same as the angle of incidence, so a wave strik- 
ing the surface at an angle of, say, 15° is reflected upward 
from the surface at 15°, 

‘The reflected waves combine with direct waves (those 
radiated at angles above the horizon) in various ways. Some 
of the factors that influence this combining process are the 
height of the antenna, its length, the electrical characteristics, 
of the ground, and as mentioned above, the polarization of 
the wave. At some elevation angles above the horizon the 
direct and reflected waves are exactly in phase—that is, the 
‘maximum field strengths of both waves are reached at the 
same time at the same point in space, and the directions of 
the fields are the same. In such a case, the resultant field 
strength for that angle is simply the sum of the direct and 
reflected fields. (This represents a theoretical increase infield 
strength of 6 dB over the free-space pattern at these angles.) 

‘Atother elevation angles the two waves are completely 
‘out of phase—that is, the field intensities are equal at the 
same instant and the directions are opposite. At such angles, 
the fields cancel each other. At sill other angles, the result- 
ant field will have intermediate values. Thus, the effect of 
the ground is to increase radiation intensity at some eleva 
tion angles and to decrease it at others. When you plot the 
results as an elevation pattern, you will see lobes and nulls, 
as described in Chapter 2, Antenna Fundamentals. 

‘The concept of an image antenna is often useful to 
show the effect of reflection. As Fig 15 shows, the reflected 
ray has the same path length (AD equals BD) that it would 
if it originated at a virtual second antenna with the same 
characteristics as the real antenna, but situated below the 
‘ground just as far as the actual antenna is above it 

‘Now, if we look at the antenna and its image over per- 
fect ground from a remote point on the surface ofthe ground, 
‘we will see that the currents in a horizontally polarized 
antenna and its image are flowing in opposite directions, or 
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Fig 15—At any distant point, P, the field strength 
the vector sum of the direct ray and the reflected 
The reflected ray travels farther than the direct ray by 
the distance BC, where the reflected ray is considered 
to originate at the image antenna. 


in other words, are 180° out of phase. But the currents in a 
vertically polarized antenna and its image are flowing in the 
same direction—they are in phase. This 180° phase differ- 
ence between the vertically and horizontally polarized 
reflections off ground is what makes the combinations with 
direct waves behave so very differently. 


FAR-FIELD GROUND REFLECTIONS AND 
THE VERTICAL ANTENNA 


A vertical’s azimuthal directivity is omnidirectional 
‘A222 vertical over ideal, perfectly conducting earth has the 
elevation-plane radiation pattern shown by the solid line in 
Fig 16, Over real earth, however, the patter looks more 
like the shaded one in the same diagram. In this case, the 
Jow-angle radiation that might be hoped for because of per- 
fect-ground performance is not realized in the real world, 

‘Now look at Fig 17A, which compares the computed 
elevation-angle response for two half-wave dipoles at 
14 MHz. One is oriented horizontally over ground ata height 
of A/2 and the other is oriented vertically, with its center just 
over 2/2 high (so that the bottom end of the wire doesn't 
actually touch the ground). The ground is “average” in 
dielectric constant (13) and conductivity (0.005 S/m). At a 
15° elevation angle, the horizontally polarized dipole has 
almost 7 dB more gain than its vertical brother. Contrast 
Fig 17A to the comparison in Fig 17B, where the peak gain 
of a vertically polarized half-wave dipole over seawater 
which is virually perfect for RF reflections, is quite compa- 
rable with the horizontal dipole’s response at 15°, and 
exceeds the horizontally polarized antenna dramatically 
below 15° elevation. 
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Fig 16—Vertical-plane radiation pattern for a ground- 
mounted quarter-wave vertical. The solid line is the 
pattern for perfect earth. The shaded pattern shows 
how the response is modified over average earth (k = 
13, G = 0.005 Sim) at 14 MHz. y is the pseudo-Brewster 
angle (PBA), in this case 14.8" 


To understand in a qualitative fashion why the desired 
low-angle radiation from a vertical is not delivered when 
the ground isn’t “perfect.” examine Fig 18A. Radiation from 
‘each antenna segment reaches a point P in space by two 
paths; one directly from the antenna, path AP, and the other 
by reflection from the earth, path AGP. (Note that P is so far 
away that the slight difference in angles is insignificant— 
for practical purposes the waves are parallel to each other at 
point P) 

Ifthe earth were a perfectly conducting surface, there 
would be no phase shift of the vertically polarized wave 
upon reflection at point G. The two waves would add 
together with some phase difference because of the differ- 
cent path lengths. This difference in path lengths of the two 
waves is why the free-space radiation pattern differs from 
the pattern of the same antenna over ground. 

Now consider a point P that is close to the horizon, as 
in Fig 18B. The path lengths AP and AGP are almost the 
same, so the magnitudes of the two waves add together, pro- 
ducing a maximum at zero angle of radiation. The arrows 
‘on the waves point both ways since the process works simi- 
larly for wansmitting and receiving, 

With real earth, however, the reflected wave from a 
vertically polarized antenna undergoes a change in both 
amplitude and phase in the reflection process. Indeed, at a 
low-enough elevation angle, the phase of the reflected wave 
will actually change by 180° and its magnitude will then 
subtract from that of the direct wave. Ata zero takeoff angle, 
it will be almost equal in amplitude, but 180° out of phase 
with the direct wave, 

Note that this is very similar to what happens with hori- 
zontally polarized reflected and direct waves at low eleva 
tion angles. Virtually complete cancellation will result in a 
deep null, inhibiting any radiation or reception at 0°. For 
real-world soils, the vertical loses the theoretical advantage 
it has at low elevation angles over a horizontal antenna, as 
Fig 17A so clearly shows. 

‘The degree that a vertical works better than a hori- 
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7—At A, comparison of horizontal and vertical N2 
dipoles over average ground. Average ground has. 
conductivity of 5 mSim and dielectric constant of 13. 
Horizontal dipole is 42 hi I dipole's bottom 
Wire is just above ground. Horizontal antenna is much 
less affected by far-field ground losses compared with 
its vertical counterpart. At B, comparison of 20-meter 
412 vertical dipole whose bottom wire is just above 


zontal antenna at low elevation angles is largely depen 
dent on the characteristics of the ground around the ver: 
tical, as we'll next examine 


THE PSEUDO-BREWSTER ANGLE AND 
THE VERTICAL ANTENNA 


‘Much of the material presented here regarding pseudo. 
Browster angle was prepared by Charles J. Michaels, W7XC, 
and first appeared in July 1987 QST, with additional infor: 
mation in The ARRL Antenna Compendium, Vol 3. (See the 
Bibliography at the end of this chapter.) 

‘Most fishermen have noticed that when the sun is low, 
its light is reflected from the water's surface as glare, 
obscuring the underwater view. When the sun is high, how. 
ever, the sunlight penetrates the water and it is possible to 
see objects below the surface of the water. The angle at which, 
this transition takes place is known as the Brewster angle, 
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Fig 18—The direct wave and the reflected wave 
‘combine at point P to form the pattern (P is very far 
from the antenna). At A the two paths AP and AGP 
differ appreciably in length, while at B these two path 
lengths are nearly equal. 


‘named for the Scottish physicist, Sir David Brewster (1781- 
1868). 

A similar situation exists in the case of vertically 
polarized antennas: the RF energy behaves as the sunlight in 
the optical system, and the earth under the antenna acts as 
the water. The pseudo-Brewster angle (PBA) is the angle at 
which the reflected wave is 90° out of phase with respect to 
the direct wave. “Pseudo” is used here because the RF effect 
is similar to the optical effect from which the term gets its 
name. Below this angle, the reflected wave is between 90° 
‘and 180° out of phase with the direct wave, so some degree 
of cancellation takes place. The largest amount of cancella- 
tion occurs near 0°, and steadily less cancellation occurs as 
the PBA is approached from below. 

‘The factors that determine the PBA for a particular 
location are not related to she antenna itself but tothe ground 
‘around it, The first of these factors is earth conductivity, G, 
which is a measure of the ability of the soil to conduct elec- 
tricity. Conductivity is the inverse of resistance. The second 
factor is the dielectric constant, k, which is a unitless quan 


tity that corresponds to the capacitive effect of the earth. 
For both of these quantities, the higher the number, the 
betters the ground (for vertical antenna purposes). The third 
factor determining the PBA for a given location is the 
frequency of operation. The PBA increases with increasing 
frequency, all other conditions being equal. Table 2 gives 
typical values of conductivity and dielectric constant for 
different types of soil. The map of Fig 19 shows the 
approximate conductivity values for different areas in the 
continental United States, 

‘As the frequency is increased, the role of the dielectric 
constant in determining the PBA becomes more significant 
‘Table 3 shows how the PBA varies with changes in ground, 
conductivity, dielectric constant and frequency. The table 
shows trends in PBA dependency on ground constants and. 
frequency. The constants chosen are not necessarily typical 
of any geographical area; they are just examples. 

‘At angles below the PBA, the reflected vertically 
polarized wave subtracts from the direct wave, causing the 
radiation intensity to fall off rapidly. Similarly, above the 
PBA, the reflected wave adds to the direct wave, and the 
radiated pattern approaches the perfect-earth pattern, 
Fig 16 shows the PBA, usually labeled yp, 

‘When plotting vertical-antenna radiation patterns over 
real earth, the reflected wave from an antenna segment is, 
multiplied by a factor called the vertical reflection coef: 
cient, and the product is then added vectorially to the direct, 
‘wave to get the resultant. The reflection coefficient consists 
of an attenuation factor, A, and a phase angle, 6, and is usu- 
ally expressed as AZ@. (@ is always a negative angle, 
because the earth acts as a lossy capacitor in this situation.) 
The following equation can be used to calculate the reflec- 
tion coefficient for vertically polarized waves, for earth of 
given conductivity and dielectric constant at any frequency 
and elevation angle (also called the wave angle in many 
texts). 


Table 2 
Conductivities and Dielectric Constants for Common Types of Earth 
Surface Type Dielectric 
Constant 
Fresh water 80 
Salt water 81 
Pastoral, low hills, rich soil, typ Dallas, 
‘TX, to Lincoln, NE areas 20 


Pastoral, low hill, rich soil typ OH and IL 14 
Flat country, marshy, densely wooded, 

typ LA near Mississippi River 12 
Pastoral, medium hills and forestation, 

typ MD, PA, NY, (exclusive of mountains 


and coastline) 13 
Pastoral, medium hills and forestation, 

heavy clay soll, typ central VA 13 
Rocky soil, steep hills, typ mountainous 12-14 
Sandy, dry, flat, coastal 10 
Cities, industrial areas 5 


Cities, heavy industrial areas, high buildings 3 


Conductivity Relative 
(Sim) Quality 

0.001 

5.0 

0.0303 Very good 

0.01 

0.0075 

0.008 

0.005 Average 

0.002 Poor 

0.002 

0.001 Very Poor 
0.001 Extremely poor 
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Table 3 


Pseudo-Brewster Angle Variation with Frequency, Avex 8 => (Eq 3) 
Dielectric Constant, and Conductivity iia case ¥ 
Frequency Dielectric Conductivity PBA where 
(Miz) Constant —(S’m) (degrees) ‘Avex £ @ = vertical reflection coefficient 
7 20 0.0308 64 \y = elevation angle 
13 0.005 133 
13 0.002 15.0 1.810" xG 
5 0.001 23.2 ee | 
3 0.001 278 
14 a o.0908 ee electric constant of earth (k for ait= 1) 
is G05 Ee G = conductivity of earth in S/m 
4 0 008 aa f= frequency in MHz, 
. cool ay {= complex operator ( 
at 20 0.0308 10.0 Solving this equation for several point indicates what 
is 0.005 15.2 effect the earth has on vertically polarized signals at a par- 
13 0.002 184 et the eat bas on vert pa ae 
B Aye ne ticular location for a given frequency range. Fig 20 shows 
5 nant oy the reflection coefficient as a function of elevation angle at 
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21 MHz over average earth (G 
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Fig 19—Typical average soil conductivities for the continental United States. Numeric values indicate 
conductivities in millisiemens per meter (mSim), where 1.0 mSim = 0.001 Sim. 
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Fig 20—Reflection coetticient for vertically polarized 
waves. A and @ are magnitude and angle for wave 
angles y. This case is for average earth, (k = 13,G = 
0.005 Sim), at 21 MHz. 


Note that as the phase curve, y, passes through 90°, the 
attenuation curve (A) passes through a minimum atthe same 
\wave angle y. This is the PBA. At this angle, the reflected 
wave is not only at a phase angle of 90° with respect to the 
direct wave, but is so low in amplitude that it does not aid 
the direct wave by a significant amount. In the case illus- 
trated in Fig 20 this elevation angle is about 15°. 


Variation: 


PBA with Earth Quality 

From Eq 3, it is quite task to search for either the 90° 
phase point or the attenuation curve minimum for a wide 
variety of earth conditions. Instead, the PBA can be calcu- 
lated directly from the following equation. 


I ae = SRC a a Re 
Lave? 42/79? 4710? 2? 


omen 


ey 
(44) 
where k, Gand f are as defined for Eq 3, and 


L8x104xG 

f 

Fig 21 shows curves calculated using Eq 4 for sev- 
cral different earth conditions, at frequencies between 1.8 
and 30 MHz. As expected, poorer earths yield higher PBAs. 
Unfortunately, at the higher frequencies (where low-angle 
radiation is most important for DX work), the PBAs are 
highest. The PBA is the same for both transmitting and 
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Fig 21—Pseudo-Brewster angle (y) for various qualities 
of earth over the 1.8 to 30-MHz frequency range. Note 
that the frequency scale is logarithmic. The constants 
used for each curve are given in Table 2. 


Relating PBA to Location and Frequency 

Table 2 lists the physical descriptions of various kinds 
of earth with their respective conductivities and dielectric 
constants, as mentioned earlier. Note that in general, the 
dielectric constants and conductivities are higher for better 
earths. This enables the labeling of the earth characteristics 
as extremely poor, very poor, poor, average, very good, and 
soon, without the complications that would result from treat: 
ing the two parameters independently. 

Fresh water and salt water are special cases; inspite of 
high resistivity, the fresh-water PBA is 6.4°, and is nearly 
independent of frequency below 30 MHz. Salt water, 
because of its extremely high conductivity, has a PBA that 
never exceeds 1° in this frequency range. The extremely 
low conductivity listed for cities (the last case) in Table 2 
results more from the clutter of surrounding buildings and 
other obstructions than any actual earth characteristic. The 
PBA at any location can be found for a given frequency 
from the curves in Fig 21 


FLAT-GROUND REFLECTIONS AND 
HORIZONTALLY POLARIZED WAVES 


‘The situation for horizontal antennas is different from 
that of verticals. Fig 22 shows the reflection coefficient for 
horizontally polarized waves over average earth at 21 MHz. 
Note that in this case, the phase-angle departure from 0° 
never gets very large, and the attenuation factor that causes 
the most loss for high-angle signals approaches unity for 
low angles. Attenuation increases with progressively poorer 
cearth types. 

In calculating the broadside radiation pattern of a hori 
zontal 4/2 dipole, the perfect-earth image current, equal to 
the true antenna current but 180° out of phase with it) is 
multiplied by the horizontal reflection coefficient given by 
Eq 5 below. The product is then added vectorially to the 
direct wave to get the resultant at that elevation angle. The 
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reflection coefficient for horizontally polarized waves can 
be calculated using the following equation. 


Vie=cos?y- sin 
Attoas 24 => —_ 


= 5 
Ye—cosyesin y €45) 


where 
Attoriz 24 = horizontal reflection coefficient 
y= elevation angle 


1.8104 xG 
of f } 


diclectric constant of earth 
conchctivity of earth in S/m 
frequency in MHZ 

j= complex operator (7) 


For a horizontal antenna near the earth, the resultant 
pattern is a modification of the free-space pattern of the 
antenna, Fig 23 shows how this modification takes place 
for a horizontal 2/2 antenna over a perfectly conducting flat 
surface. The patterns at the left show the relative radiation 
when one views the antenna from the side; those atthe right 
show the radiation pattern looking at the end of the antenna 
‘Changing the height above ground from 2/4 to A/2 makes a 
significant difference in the high-angle radiation, moving 
the main lobe down lower. 

Note that for an antenna height of 2/2 (Fig 23, bot- 
tom), the out-of-phase reflection from a perfectly conduct- 
ing surface creates a null in the pattern at the zenith (90° 


elevation angle). Over real earth, however, a filling in of this 
null occurs because of ground losses that prevent perfect, 
reflection of high-angle radiation, 

‘Ata 0° elevation angle, horizontally polarized anten- 
nas also demonstrate a null, because out-of-phase reflec 
tion cancels the direct wave. As the elevation angle departs, 
from 0°, however, there is a slight filling-in effect so that 
over other-than-perfect earth, radiation at lower angles is, 
enhanced compared to a vertical. A horizontal antenna will 
often outperform a vertical for low-angle DX work, par- 
ticularly over lossy types of earth at the higher frequencies. 

Reflection coefficients for vertically and horizon. 
tally polarized radiation differ considerably at most angles 
above ground, as can be seen by comparison of Figs 20 
and 22. (Both sets of curves were plotted for the same 
ground constants and at the same frequency, so they may 
be compared directly.) This is because, as mentioned 
earlier, the image of a horizontally polarized antenna is 
out-of-phase with the antenna itself, and the image of a 
vertical antenna is in-phase with the actual radiator. 

‘The result is that the phase shifts and reflection mag. 
nitudes vary greatly at different angles for horizontal and 
vertical polarization. The magnitude of the reflection coef: 
ficient for vertically polarized waves is greatest (near unity) 
at very low angles, and the phase angle is close to 180°. As 
mentioned earlier, this cancels nearly all radiation at very 
low angles. For the same range of angles, the magnitude of 
the reflection coefficient for horizontally polarized waves 
is also near unity, but the phase angle is near 0° for the spe- 
cific conditions shown in Figs 20 and 22. This causes rein 
forcement of low-angle horizontally polarized waves. At 
some relatively high angle, the reflection coefficients for 


J | 


9 Wore Angle (Depots) 


Fig 22—Retlection costficient for horizontally polarized 
waves (magnitude A at angle g), at 21 MHz over average 
earth (k = 13, G = 0.005 Sim), 
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Fig 23—Etfect of the ground on the radiation from a 
horizontal half-wave dipole antenna, for heights of one- 
fourth and one-halt wavelength. Broken lines show 
what the pattern would be if there were no reflection 
from the ground (free space). 


The issues and challenges surrounding 5G 


The telecoms industry is currently in the process of designing the technologies that are due to take 
over from 46, which is still being deployed today. A great deal of work is thus underway to prepare 
these “5G” technologies. 


To prepare for the arrival of this new generation of technologies, Arcep wanted to take a detailed 
look at the industry to better understand what is in the works. This report is the fruit of the 
interviews and research that Arcep conducted over the course of 2016, and which the Authority 
wanted to publish as a way to contribute to the public debate over 5G. 


Its aim it to provide as objective and exhaustive an overview as possible, and deliver a concise, 
informative snapshot of the work that is currently underway on the future generation of mobile 
networks. 


This report reflects the views of the stakeholders who were interviewed, but in no way represents 
Arcep’s positions on or roadmap for SG. Arcep awarded in 2015 the 700 MHz band and is currently 
working towards licensing the 3.5 GHz band, both of which have been identified as 5G bands. Arcep 
is also working with the Direction générale des entreprises and the Agence nationale des fréquences 
towards enabling spectrum for SG. 


Arcep would like to thank all of the entities (listed on the last page) who agreed to take part in this 
process, and who were willing to contribute to the regulator's investigation into the development of 
4G's successor. Arcep is dedicated to sustaining an ongoing dialogue with the market, and invites all 
interested parties to provide information on the matter or to share their reactions to this report, by 
contacting Arcep’s Mobile and Innovation Directorate at the following address: 5G@arcep fr. 
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horizontally and vertically polarized waves are equal in 
magnitude and phase. At this angle (approximately 81° for 
the example case), the effect of ground reflection on verti- 
cally and horizontally polarized signals will be the same. 


DEPTH OF RF CURRENT PENETRATION 

‘When considering earth characteristics, questions about 
depth of RF current penetration often arise. For instance. if 
a given location consists of a 6-foot layer of soil overlying a 
highly resistive rock strata, which material dominates? The 
answer depends on the frequency, the soil and rock dielec~ 
tric constants, and their respective conductivities. The 
following equation can be used to calculate the current den- 
sity at any depth, 


pa _ Current Density at Depth d 
© Current Density at Surface €n 6) 
where 

depth of penetration in em 


jatural logarithm base (2.718) 


x10* 
Be 


ma, ((. 


oS 


X = 0.008 x nx F 
B=556x107xkxf 
dielectric constant of earth 
frequency in MHz 

G = conductivity of earth in S/m 


After some manipulation ofthis equation, itcan be used 
to calculate the depth at which the current density is some 
fraction of that at the surface. The depth at which the cur- 
rent density is 37% (I/e) of that at the surface (often 
referred to as skin depth) is the depth at which the current 
density would be zero if it were distributed uniformly 
instead of exponentially. (This I/e factor appears in many 
physical situations. For instance, a capacitor charges to 
within Ie of full charge within one RC time constant.) At 
this depth, since the power loss is proportional to the square 
of the current, approximately 91% of the total power loss 
has occurred, as has most of the phase shift, and current 
flow below this level is negligible. 

Fig 24 shows the solutions to Eq 6 over the 1.8 to 
30-MHz frequency range for various types of earth. For 
example, in very good earth, substantial RF currents flow 
down to about 3.3 feet at 14 MHz. This depth goes to 
13 fect in average earth and as far as 40 feet in very poor 
earth. Thus, if the overlying soil is rich, moist loam, the 
underlying rock stratum is of little concem. However, if the 
soil is only average, the underlying rock may constitute a 
major consideration in determining the PBA and the depth 
to which the RF current will penetrate. 

‘The depth in fresh water is about 156 feet and is nearly 
independent of frequency in the amateur bands below 
30 MHz. In salt water, the depth is about seven inches at 


1.8 MHz. and decreases rather steadily to about two inches 
at 30 MHz. Dissolved minerals in moist earth increase its 
conducti 

‘The depth-of-penetration curves in Fig 24 illustrate a 
noteworthy phenomenon. While skin effect confines RF 
current flow close to the surface of a conductor, the earth is. 
so lossy that RF current penetrates to much greater depths 
than in most other media. The depth of RF current penetra- 
tion is a function of frequency as well as earth type. Thus, 
the only cases in which most of the current flows near the 
surface are with very highly conductive media (such as salt 
water), and at frequencies above 30 MEY. 


DIRECTIVE PATTERNS OVER 
REAL GROUND 


‘As explained in Chapter 2, Antenna Fundamentals, 
because antenna radiation patterns are three-dimensional, it 
is helpful in understanding their operation to use a form of 
representation showing the elevation-plane directional char- 
acteristic for different heights. Itis possible to show selected 
elevation-plane patterns oriented in various directions with 
respect to the antenna axis. In the case of the horizontal 
half-wave dipole, a plane running in a direction along the 
axis and another broadside to the antenna will give a good 
deal of information, 

The effect of reflection from the ground can be 
expressed as a separate pattern fuctor, given in decibels. 
For any given elevation angle, adding this factor algebra- 
ically to the value for that angle from the free-space pattern 
for that antenna gives the resultant radiation value at that, 
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Fig 24—Depths at which the current density is 37% 
(1/e) of that at the surface for different qualities of 
earth over the 1.8- to 30-MHz frequency range. The 
depth for fresh water, not plotted, is 156 feet and 
almost independent of frequency below 30 MHz. See 
text and Table 2 for ground constants. 
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angle. The limiting conditions are those represented by the 
direct ray and the reflected ray being exactly in-phase and 
exactly out-of-phase, when both (assuming there are no 
ound losses) have equal amplitudes. Thus, the resultant 
field strength at a distant point may be either 6 dB greater 
than the free-space pattern (twice the field strength), or zero, 
in the limiting cases. 


Horizontally Polarized Antennas 

‘The way in which pattem factors vary with height for 
horizontal antennas over flat earth is shown graphically in 
the plots of Fig 25. The solid-line plots are based on per: 
fectly conducting ground, while the shaded plots are based 
‘on typical real-earth conditions. These patterns apply to 
horizontal antennas of any length. While these graphs are, 
in fact, radiation patterns of horizontal single-wire antennas 


(dipoles) as viewed from the axis of the wire, it must be 
remembered that the plots merely represent pattern factors 

Fig 26 shows vertical-plane radiation patterns in the 
directions off the ends of a horizontal half-wave dipole for 
various antenna heights. These patterns are scaled so they 
‘may be compared directly to those for the appropriate heights, 
in Fig 25. Note that the perfect-earth patterns in Figs 264, 
and 25B are the same as those in the upper part of Fig 23, 
Note also that the perfect-earth patterns of Figs 26B and 
25D are the same as those in the lower section of Fig 23. 
‘The reduction in field strength off the ends of the wire at the 
lower angles, as compared with the broadside field strength. 
is quite apparent. It is also clear from Fig 26 that, at some 
heights, the high-angle radiation off the ends is nearly as 
great as the broadside radiation, making the antenna essen 
tially an omnidirectional radiator. 


J=Antenna 11/23 high 


k= Antenna 1-3/4 high 


L=Antenna 2 high 


Fig 25—Retlection factors for horizontal dipole antennas at various heights above flat ground. The solid-line curves 
are the perfect-earth patterns (broadside to the antenna wire); the shaded curves represent the effects of average 
earth (K = 13, G = 0.005 Sim) at 14 MHz. Add 7 dB to values shown for absolute gain in dBd referenced to dipole in 
free space, or 9.15 dB for gain in dBi. For example, peak gain over perfect earth at ‘/s2 height is 7 dBd (or 9.15 dBi) 


at 25° elevation. 
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In vertical planes making some intermediate angle 
between O° and 90° with the wire axis, the pattern will have 
a shape intermediate between the broadside and end-on pat- 
tems. By visualizing a smooth transition from the end-on 
patter to the broadside pattern as the horizontal angle is 
Varied from 0° to 90°, a fairly good mental picture of the 
actual solid pattern may be formed. An example is shown in 
Fig 27. At A, the elevation-plane pattern of a half-wave 
dipole ata height of 2/2is shown through a plane 45° away 
from the favored direction of the antenna. At B and C, the 
patter of the same antenna is shown at heights of 32/4 and 
12 (through the same 45° off-axis plane). These patterns 
are scaled so they may be compared directly with the broad- 
side and end-on patterns forthe same antenna (at the appro- 
priate heights) in Figs 25 and 26, 

The curves presented in Fig 28 are useful for deter- 
mining heights of horizontal antennas that give either 
maximum or minimum reinforcement at any desired wave 


angle. For instance, if you want to place an antenna at a 
height so that it will have a null at 30°, the antenna should, 
be placed where a broken line crosses the 30° line on the 
horizontal scale. There are two heights (up to 2 2) that 
will yield this null angle: 1 A and 2. 

‘As asecond example, you may want to have the ground 
reflection give maximum reinforcement of the direct ray 
from a horizontal antenna at a 20° elevation angle. The 
antenna height should be 0.75 A. The same height will give 
‘a null at 42° and a second lobe at 90° 

Fig 28 is also useful for visualizing the vertical pattern 
of a horizontal antenna. For example, if an antenna is erected 
at 1.25 2, it will have major lobes (solid-line crossings) at 
12° and 37°, as well as at 90° (the zenith). The nulls in this 
pattern (dashed-line erossings) will appear at 24° and 53°, 

‘The Y-axis in Fig 28 plots the wave angle versus the 
height in wavelength above flat ground on the X-axis. 
Fig 28 doesn't show the elevation angles required for actual 
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plane radiation patterns of horizontal half-wave 
ine curves are the flat, perfect-earth patterns, and the shaded curves represent the effects of average flat 
= 0.005 Sim) at 14 MHz. The 0-dB reference in each plot corresponds to the peak of the main lobe in 


ole antennas off the ends of the antenna 


the favored direction of the antenna (the maximum gain). Add 7 dB to values shown for absolute gain in dBd 
referenced to dipole in free space, or 9.15 dB for gain in dBi. 
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Fig 27—Vertical-plane rat 
flat ground. The solid-lin 


jon patterns of half-wave horizontal dipole antennas at 45° from the antenna 
id shaded curves represent the same conditions as in Figs 25 and 26. These pi 


are scaled $0 they may be compared directly with those of Figs 25 and 26. 
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Fig 28—Angles at which nulls and maxima (factor = 
6 dB) in the ground-reflection factor appear for antenna 

ts up to two wavelengths over flat ground. The 
lines are maxima, dashed lines nulls, for al 
horizontal antennas. See text for examples. Values m: 
also be determined from the trigonometric relationshi 
8 = arc sin (A/ah), where @ is the wave angle and h 
the antenna height in wavelengths. For the first 
maximum, A has a value of 1; for the first null A has @ 
value of 2 for the second maximum 3, for the second 
null 4, and so on. 


communications to various target geographic locations of 
interest. Chapter 23, Radio Wave Propagation, and the CD- 
ROM in the back of this book give details about the range of 
angles required for target locations around the world. It is, 
very useful to overlay plots of these angles together with the 
elevation pattern for horizontally polarized antennas at vari- 


D-Antenno 3/4 0 high 
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Vertically Polarized Antennas 

In the case of a vertical 2/2 dipole or a ground-plane 
antenna, the horizontal directional pattern is simply a circle 
at any elevation angle (although the actual field strength 
will vary, atthe different elevation angles, with the height 
above ground). Hence, one vertical pattern is suflicient to 
give complete information (fora given antenna height) about 
the antenna in any direction with respect to the wire. A 
series of such patterns for various heights is given in 
Fig 29. Rotating the plane pattern about the zenith axis of 
the graph forms the three-dimensional radiation pattern in 
each case 

‘The solid-line curves represent the radiation patterns 
of the 4/2 vertical dipole at different feed-point heights over 
perfectly conducting ground, The shaded curves in Fig 29 
show the patterns produced by the same antennas a the same 
heights over average ground (G = 0.005 Sim, k = 13) at 
14 MHz. The PBA in this case is 14.8" 

In shor, far-field losses for vertically polarized anten: 
nas are highly dependent on the conductivity and dielectric 
constant of the earth around the antenna, extending far 
beyond the ends of any radials used to complete the ground 
retum for the near field, Putting more radials out around the 
antenna may well decrease ground-return losses in the 
reactive near field for a vertical monopole, but will not 
increase radiation at low elevation launch angles in the far 
field, unless the radials can extend perhaps 100 wavelengths 
in all directions! Aside from moving to the fabled “salt 
‘water swamp on a high hill,” there is very litle that some: 
cone can do to change the character of the ground that 
affects the far-field pattern of a real vertical. Classical texts 
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Fig 29—Vertical-plane rat 
‘ground plane, which consists of four radials 


jon patterns of a ground-plane antenna above flat ground. The height is that of the 
a horizontal plane. S¢ 


188 are perfect-earth patterns; shaded 


Curves show the effects of real earth. The patterns are scaled—that is, they may be directly compared to the solid- 


line ones for comparison of losses at any wave angle. These patterns were calculated for average ground ( 
005 Sim) at 14 MHz. The PBA for these conditions is 14.8°. Add 6 dB to 
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‘over dipole in free space. 
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jlues shown for absolute 9} 


‘on verticals often show elevation patterns computed over 
an “infinitely wide, infinitely conducting ground plane.” Real 
ground, with finite conductivity and less than perfect 
dielectric constant, can severely curtail the low-angle radia 
tion at which verticals are supposed to excel. 

While real verticals over real ground are not a sure- 
fire method to achieve low-angle radiation, cost versus per- 


formance and ease of installation are still attributes that can 
highly recommend verticals to knowledgeable builders. 
Practical installations for 160 and 80 meters rarely allow 
amateurs to put up horizontal antenna high enough to radi- 
ate effectively at low elevation angles. Afterall, a half-wave 
con 1.8 MHz is 273 feet high, and even at such a lofty height 
the peak radiation would be at a 30° elevation angle. 


The Effects of Irregular Local Terrain in the Far Field 


‘The following material is condensed and updated from 
an article by R. Dean Straw, NOBV, in July 1995 QEX maga- 
zine. HFTA (HF Terrain Assessment) and supporting data 
files are included on the CD-ROM at the back of this book. 
HETA is the latest version of the YT program included with 
earlier editions of The ARRL Antenna Book. 


Choosing a QTH for DXing 


‘The subject of how to choose a QTH for working DX 
hhas fascinated hams since the beginning of amateur opera- 
tions. No doubt, Marconi probably spent a lot of time wan- 
dering around Newfoundland looking for a great radio QTH 
before making the first transAtlantic transmission, Putting 
together a high-performance HF station for contesting or 
Xing has always followed some pretty simple rules. First, 
you need the perfect QTH, preferably on a rural mountaintop 
Or at least on top of a hill. Even better yet, you need a 
‘mountaintop surrounded by seawater! Then, after you have 
found your dream QTH, you put up the biggest antennas 
you possibly can, on the highest towers you can afford. Then 
you work all sorts of DX—sunspots willing, of course 

‘The only trouble with this straightforward formula for 
success is that it doesn’t always work. Hams fortunate 
enough to be located on mountain tops with really spec- 
tacular drop-offs often find that their highest antennas don’t 
do very well, especially on 15 or 10 meters, but often even 
‘on 20 meters. When they compare their signals with nearby 
locals in the flatlands, they sometimes (but not always) come 
out on the losing end, especially when sunspot activity is 
high. 

(On the other hand, when the sunspots drop into the 
cellar, the high antennas on the mountaintop are usually the 
ones crunching the pileups—but again, not always. So, the 
really ambitious contest aficionados, the guys with lots of 
resources and infinite enthusiasm, have resorted to putting 
up antennas at all possible heights, on a multitude of towers. 

‘There is a more scientific way to figure out where and 
how high to put your antennas to optimize your signal dur- 
ing all parts of the 11-year solar cycle. We advocate a sys- 
tem approach to HE station design, in which you need to 
know the following: 


1. The range of elevation angles necessary to get from point 
‘Ato point B 

2. The elevation patterns for various types and configura- 
tions of antennas 

3. The effect of local terrain on elevation patterns for hori- 
zontally polarized antennas. 


WHAT IS THE RANGE OF ELEVATION 
ANGLES NEEDED? 


Up until 1994, The ARRL Antenna Book contained only 
4 limited amount of information about the elevation angles 
needed for communication throughout the world. Inthe 1974 
edition, Table 1-1 in the Wave Propagation chapter was cap- 
tioned: “Measured vertical angles of arrival of signals from 
England at receiving location in New Jersey.” 

‘What the caption didn't say was that Table 1-1 was 
derived from measurements made during 1934 by Bell Labs. 
The highest frequency data seemed pretty shaky, consider 
ing that 1934 was the low point of Cycle 17. Neither was 
this data applicable to any other path, other than the one 
from New Jersey to England, Nonetheless, many amateurs 
located throughout the US tried to use the sparse informa- 
tion in Table I-1 as the only rational data they had for deter- 
mining how high to mount their antennas. (If they lived on 
hills, they made estimates of the effect of the terrain, 
assuming that the hill was adequately represented by a long. 
unbroken slope. More on this later.) 

In 1993 ARRL HQ embarked on a major project to 
tabulate the range of elevation angles from all regions ofthe 
US to important DX QTHs around the world. This was 
accomplished by running many thousands of computations 
using the JONCAP computer program. JONCAP has been 
under development for more than 25 years by various agen- 
cies of the US government and is considered the standard of 
comparison for propagation programs by many agencies. 
including the Voice of America, Radio Free Europe, and 
more than 100 foreign governments throughout the world, 
JONCAP is a real pain in the neck to use, but it is the stan- 
dard of comparison, 

‘The calculations were done forall levels of solar activ- 
ity, for all months of the year, and for all 24 hours of the 
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day. The results were gathered into some very large data- 
bases, from which special custom-written software extracted 
detailed statisties. The results appeared in summary form in 
Tables 4 through 13 printed in Chapter 23, Radio Wave 
Propagation, of the 17th Edition and in more detail on the 
diskette included with that book. (This book, the 20th Edi- 
tion, contains even more statistical data, for more areas of 
the world, on the accompanying CD-ROM.) 

Fig 30 shows the full range of elevation angles (repre- 
sented as vertical bars) for the 20-meter path from New 
England (centered on Newington, Connecticut) to all of 
Europe. Thisis forall openings, in all months, over the entire 
L-year solareycle. The most likely elevation angle occurs at 
5° forabout 13% of the times when the 20-meter band is open 
to Europe from New England. From 4° to 6° the band is open 
total of about 34% of the times the band is open. There is a 
secondary peak between 10° to 12°, occurring for a total of 
about 25% of the times the band is open. 

Overlaid on Fig 30 along with the elevation-angle 
statistics are the elevation-plane responses for three dif- 
ferent horizontally polarized Yagi beams, all over flat 
ground. The first is mounted 140 feet high, 2 2 in terms 
of wavelength. The second Yagi is mounted 70 feet high 
(at 1 A) and the third is 35 feet (0.5 2). The 140-foot high 
antenna has a deep null at 15°, but it also has the highest 
response (13.4 dBi) of the three at the statistical peak ele- 
vation angle of 5°. However, at 12°—where the band is 


open some 9% of the time—the 140-foot high Yagi is 


Fig 30—Graph showing 20-meter percentage of all 
‘openings from New England to Europe versus elevation 
angles, together with overlay of elevation patterns over 
flat ground for three 20-meter antenna systems. The 
most statistically likely angle at which the band will be 
‘open is 5°, although at any particular hour, day, month 
and year, the actual angle will ikely be different. Note 
the deep null exhibited by the 140-foot high antenna 
centered at 14°. 
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down 4 dB compared to the 70-foot antenna, 

‘The 70-foot high Yagi arguably covers the overall range 
best, since it has no disastrous nulls in the 1° to 25° range, 
where most of the action is occurring on 20 meters. At 5°, 
however, its response is only 8.8 dBi, 4.6 dB down from the 
140-foot high antenna at that angle. The 35-foot antenna 
peaks above 26° in elevation angle, and is down some 
10.4 4B compared to the 140-foot antenna at 5°. Obviously, 
ro single antenna covers the complete range of elevation 
angles needed, 

‘Note that the highest Yagi has a strong second lobe 
peaking at 22°, Let's say that you could select between two 
antennas, one at 140 and one at 70 feet, and that the ineom- 
ing angle for a particular distant station is 22°. You might 
be fooled into thinking that the incoming angle is around 
6°, favoring the first peak of the higher antenna, when in 
truth the angle is relatively high. The 70-foot antenna’s, 
response would be lower at 22° than the higher one, but 
only because the 140-foot antenna is operating on its sec- 
ond lobe. (What would clinch a determination of the correct, 
incoming angle—6° or 22°—would be the response of the 
35-foot high Yagi, which would be close to its peak at 22°, 
while it would be very far down at 6°.) 

‘Now, we must emphasize that these elevation angles 
are statistical entiries— in other words, just because 5° is 
the “statistically most likely angle” for the 20-meter path 
from New England to Europe doesn’t mean that the band. 
will be open at 11° at any particular hour, on a particular 
day, in a particular month, in any particular year. In fact 
however, experience agrees with the JONCAP computations: 
the 20-meter path to Europe usually opens at a low angle in 
the New England morning hours, rising to about 11° during 
the afternoon, when the signals remain strongest through 
out the afternoon until the evening in New England, 

‘What would happen if we were to feed all three Yagi at 
140, 70 and 35 fect in-phase as a stack? Fig 31 shows this, 
situation, along with a more highly optimized stack at 120, 
80 and 40 feet that better covers the overall range of eleva- 
tion angles from Connecticut to Europe. 

Now see Fig 32, which uses the same 120/80/40-foot 
stack of 20-meter antennas as in Fig 31, but this time from 
Seattle, Washington, to Europe. For comparison, the 
response of a single 4-element Yagi at 100 feet over flat 
ground is also shown in Fig 32. Just because 5° is the statis- 
tically most prevalent angle (occurring some 13% of the 
time) from Seattle to Europe on 20 meters, this doesn't mean 
that the actual angle at any particular moment in time might 
not be 10°, or even 2°. The statistics for W7 to Europe say 
that 5° is the most likely angle, but 20-meter signals from 
Europe arrive at angles ranging from 1° to 18°, Note that, 
this range of angles is quite a bit less than from WI to 
Europe, which is much closer geographically to Europe than 
is the Pacific Northwest coast of the US. If you design an 
antenna system to cover all possible angles needed to talk 
to Europe from Seattle (or from Seattle to Europe) on 20 
meters, you would need to cover the full range from 1° to 
18° equally well 
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Fig 31—Graph showing results of stacking antennas at 
different heights on the same tower to cover a wider 
range of elevation angles, in this case for the path from 
Connecticut (W1) to all of Europe on 20 meters. The 
optimized stack at 120/80/40 feet covers the needed 
range of elevation angles better than the stack at 140/ 
70/35 feet or the single Yagi at 140 feet. 


20040 stack 


‘openings, this time from Seattle, WA, to Europe, 
together with an overlay of elevation patterns over flat 
{ground for two 20-meter antenna systems. The 
Statistically most likely angle on this path is 5°, 
‘occurring about 13% of the time when the band is 
actually open. Higher antennas predominate on this, 
low-angle path. 


15-meter percentage of all 
‘openings from Chicago to Southern Africa, together 
with overlay of elevation patterns over flat ground for 
two 15-meter antenna systems. On this long-distance, 
low-angle path, higher antennas are again most 
effective. 


Similarly, if you wish to cover the full range of eleva- 
tion angles from Chicago to Southern Africa on 15 meters, 
you would need to cover 1° to 13°, even though the most 
Statistically likely signals arrive at 1°, for 214% of the time 
when that the band is open for that path, See Fig 33. 

Itis important to recognize that Figs 30 through 33 are 
for flat ground. When the antennas are mounted over 
irregular local terrain, things get much more complicated. 
First, however, we'll discuss general-purpose antenna mod- 
cling programs as they try to model real terrain, 


DRAWBACKS OF COMPUTER MODELS 
FOR ANTENNAS OVER REAL TERRAIN 

‘Modern general-purpose antenna modeling programs 
such as NEC or MININEC (or their commercially upgraded 
equivalents, such as NEC-Win Plus, EZNEC and EZNEC 
ARRL) can accurately model almost any type of antenna 
commonly used by radio amateurs. In addition, there are 
specialized programs specifically designed to model Yagis, 
efficiently, such as YO or YW (Yagi for Windows, bundled 
on the CD-ROM with this book) or YagiMax. These pro- 
‘grams however are all unable to model antennas accurately 
over anything other than purely flat ground. 

While both NEC and MININEC can simulate irregular 
ground terrain, they do so in a decidedly crude manner, 
employing step-like concentric rings of height around an 
antenna. The documentation for NEC and MININEC both, 
clearly state that diffraction off these steps is not modeled. 
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‘Common experience among serious modelers is that the 
‘warnings in the manuals are worth heeding. 

Although you can analyze and even optimize antenna 
designs using free-space or flat-earth ground models, itis 
diffraction that makes the real world a very, very compli- 
cated place. This should be clarified—diffraction is hard, 
even tortuous, to analyze properly, but it makes analysis of 
real world results far more believable than a flat-world 
reflection model does. 


RAY-TRACING OVER UNEVEN 
LOCAL TERRAIN 


The Raytracing Technique 

First, let's look at a simple raytracing procedure 
involving only horizontally polarized reflections, with no 
diffractions. From a specified height on the tower, an 
antenna shoots “rays” (just as though they were bullets) in 
0.25° increments from +35° above the horizon to ~35° 
below the horizon. Each ray is traced over the foreground 
terrain to see if it hits the ground at any point on its travels, 
in the direction of interest. If it does hit the ground, the 
ray is reflected following the classical law of reflection 
‘That is, the outgoing angle equals the incoming angle, re- 
flected through the normal to the slope of the surface. Once 
the rays exit into the ionosphere, the individual contribu- 
tions are vector-summed to create the overall far-field el- 
vation pattern. 

The next step in terrain modeling involves adding 
diffractions as well as reflections. At the Dayton antenna 
forum in 1994, Jim Breakall, WA3FET, gave a fascinating 
and tantalizing lecture on the effect of foreground terrain. 
Later Breakall, Dick Adler, K3CXZ, Joel Young and a group 
of other researchers published an extremely interesting 
paper entitled “The Modeling and Measurement of HF 
Antenna Skywave Radiation Patterns in regular Terrain” 
in July 1994 JEEE Transactions on Antennas and Propaga: 
tion. They described in rather general terms the modifica 
tions they made to the NEC-BSC program. They showed 
how the addition of a ray-tracing reflection and diffraction, 
‘model to the simplisti star-stepped reflection model in regu- 
lar NEC gave far more realistic results. For validation, they 
compared actual pattern measurements made on a site in 
Utah (with an overflying helicopter) to computed patterns 
made using the modified NEC software. However, because 
the US Navy funded this work the software remained for a 
long time a military secret 


‘Thumbnail History of the Uniform 
Theory of Diffraction 

It is instructive to look briefly at the history of how 

Geometric Opties (GO) evolved (and still continues to 

evolve) into the Uniform Theory of Diffraction (UTD). The 

following is summarized from the historical overview in one 

book found to be particularly useful and comprehensive on 
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the subject of UTD: Introduction to the Uniform Geomerri- 
cal Theory of Diffraction, by McNamara, Pistorius, and 
Malherbe. 

Many years before the time of Christ, the ancient 
Greeks studied optics. Euclid is credited with deriving the 
law of reflection about 300 BC. Other Greeks, such as 
Ptolemy, were also fascinated with optical phenomena. In 
the 1600s, a Dutchman named Snell finally figured out the 
law of refraction, resulting in Snell's law. By the early 1800s, 
the basic world of classical optics was pretty well described 
from a mathematic point of view, based on the work of a 
number of individuals. 

As its name implies, classical geometric optical theory 
deals strictly with geometric shapes. Of course, the impor- 
tance of geometry in optics shouldn't be minimized—after 
all, we wouldn't have eyeglasses without geometric optics. 
Mathematical analysis of shapes utilizes a methodology that, 
traces the paths of straight-line rays of light. (Note that the 
paths of rays can also be likened to the straight-line paths of 
particles.) In classical geometric optics, however, there is 
‘no mention of three important quantities: phase, intensity 
and polarization. Indeed, without phase, intensity or polar- 
ization, there is no way to deal properly with the phenom- 
enon of interference, or its cousin, diffraction. These 
phenomena require theories that deal with waves rather than 
rays. 

Wave theory has also been around for a long time, 
although not as long as geometry. Workers like Hooke and. 
Grimaldi had recorded their observations of interference and 
diffraction in the mid 1600s. Huygens had used elements of 
‘wave theory in the late 1600s to help explain refraction. By 
the late 1800s, the work of Lord Rayleigh, Sommerfeld, 
Fresnel, Maxwell and many others led tothe full mathematic, 
characterization of all electromagnetic phenomena, light 
included. 

Unfortunately, ray theory doesn't work for many prob- 
Jems, at least ray theory in the classical optical form. The 
real world is a lot more jagged, pointy and fuzzy in shape 
than can be described in a totally rigorous mathematic fash- 
ion. Some properties of the real world are most easily 
explained on the micro level using electrons and protons as 
conceptual objects, while other macro phenomena (like res 
nance, for example) are more easily explained in terms of 
waves. To get a handle on a typical real-world physical 
situation, a combination of classical ray theory and wave 
theory was needed, 

‘The breakthrough in the combination of classical geo- 
‘metric optics and wave concepts came from J. B. Keller of 
Bell Labs in 1953, although he published his work in the 
early 1960s. In the very simplest of terms, Keller introduced 
the notion that shooting a ray at a diffraction wedge causes, 
wave interference at the tip, with an infinite number of dif- 
fracted waves emanating from the diffraction point. Each 
diffracted wave can be considered to be a point source 
radiator at the place of generation, the diffraction point. 
‘Thereafter, the paths of individual waves can be traced as 


though they were individual classical optic rays again, What 
Keller came up with was a reasonable mathematical descrip- 
tion of what happens at the tip of the diffraction wedge 

Fig 34 is a picture of a simple diffraction wedge 
with an incoming ray launched at an angle of a, refer- 
enced to the horizon, impinging on it. The diffraction 
‘wedge here is considered to be perfectly conducting, and 
hence impenetrable by the ray. The wedge generates an 
infinite number of diffracted waves, going in all direc- 
tions not blocked by the wedge itself. The amplitudes and 
phases of the diffracted waves are determined by the in- 
teraction at the wedge tip, and this in turn is governed by 
the various angles associated with the wedge. Shown in 
Fig 34 are the included angle a of the wedge, the angle 6 
of the incoming ray (referenced to the incoming surface 
of the wedge), and the observed angle 0 of one of the 
outgoing diffracted waves, also referenced to the wedge 
surface 

The so-called shadow boundaries are also shown in 
Fig 34. The Reflection-Shadow Boundary (RSB) is the angle 
beyond which no further reflections can take place for a 
«given incoming angle. The Incident-Shadow Boundary (ISB) 
is that angle beyond which the wedge's face blocks any 
incident rays from illuminating the observation point 

Keller derived the amplitude and phase terms by com- 
paring the classical Geometric Optics (GO) solution with 
the exact mathematical solution calculated by Sommerfeld 
for a particular case where the boundary conditions were 
‘well known—an infinitely long, perfectly conducting wedge 
illuminated by a plane wave. Simply speaking, whatever 
was left over had to be diffraction terms. Keller combined 
these diffraction terms with GO terms to yield the total field 
everywhere. 

Keller's new theory became known as the Geometric 
Theory of Diffraction (abbreviated henceforth as GTD). The 
beauty of GTD was that in the regions where classical GO 
predicted zero fields, the GTD ““illed in the blanks,” so to 
speak. For example, see Fig 35, showing the terrain for a 


hypothetical case, where a 60-foot high 4-element 15-meter 
‘Yagi illuminates a wide, perfectly flat piece of ground. A 
10-foot high rock has been placed 400 feet away from the 
tower base in the direction of outgoing rays. Fig 36 shows 
the elevation pattern predicted using reflection-only GO tech- 
niques. Due to blockage of the direct wave (A) trying to 
shoot past the 10-foot high rock, and due to blockage of (B) 
reflections from the flat ground in front of the rock by the 
rock, there is a hole in the smooth elevation pattern, 

‘Now, doesn't it defy common sense to imagine that a 
single 10-foot high rock will really have such an effect on a 
15-meter signal? Keller's GTD took diffraction effects into 
account to show that waves do indeed sneak past and over 
the rock to fill in the pattern. The whole GTD scheme is, 
very clever indeed. 

However, GID wasn't perfect. Keller's GTD predicts, 
some big spikes in the pattern, even though the overall shape 
of the elevation pattern is much closer to realty than a simple 
GO reflection analysis would indicate. The region right at 
the RSB and ISB shadow boundaries is where problems are 
found. The GO terms go to zero at these points because of 
blockage by the wedge, while Keller's diffraction terms tend 
to go to infinity at these very spots. In mathematical terms 
this is referred to as a caustic problem. Nevertheless, despite 
these nasty problems at the ISB and RSB, the GTD pro- 
vided a remarkably better solution to diffraction problems 
than did classical GO. 

In the early 1970s, a group at Ohio State University 
under R. G. Kouyoumjian and P. H. Pathak did some piv- 
otal work to resolve this caustic problem, introducing 
what amounts to a clever fudge factor to compensate for 
the tendency of the diffraction terms at the shadow bound- 
aries to go to infinity. They introduced what is known as, 
a transition function, using a form of Fresnel integral 
Most importantly, the Ohio State researchers also created 
several FORTRAN computer programs to compute the 
amplitude and phase of diffraction components. Now 
computer hackers could get to work! 


Fig 34—Diagram showing 
diffraction mechanism of ray 
launched at angle a, below the 


horizon ata ditraction wedge, 
‘whose included angio a o- 
Referenced to the ant face (the 
cosmo ¢ Ovlace as it's called in UTD 
er terminology), the incoming angle is 
@ (phi prime). The wedge creates 
Ditested an infinite number of diffracted 
‘waves. Shown ts one whee angle 
Feterenced tothe otace is , the 
Sd is So-called observation angiein UTD 
Peni _ terminology. 
on 
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iting so-called “10- 
flat from the tower base 

igh rock is placed. 
Note that this forms a diffraction wedge, but that it also 
blocks direct waves trying to shoot through it to the flat 
‘surface beyond, as shown by Ray A. Ray B reflects off 
the flat surface before it reaches the 10-foot rock, but it 
is blocked by the rock from proceeding further. A 
‘simple Geometric Optics (GO) analysis of this terrain 
without taking diffraction into account will result in the 
elevation response shown in Fig 36. 


‘out to 400 feet, where a 10-foot 


‘The program that finally resulted is called HFTA, stand: 

ing for “HF Terrain Assessment.” (The DOS version of HFTA 
was known as YT, standing for “Yagi Terrain.”) As the name 
suggests, HFTA analyzes the effect of local terrain on HE 
propagation through the ionosphere. It is designed for hori 

zontally polarized Yagis, although it will model the effects 
of a simple flattop dipole also. The accurate appraisal of the 
effect of terrain on vertically polarized signals is a far more 
complex problem than for horizontally polarized waves, and 
HETA doesn't do verticals. 


SIMULATION OF REALITY—SOME 
SIMPLE EXAMPLES FIRST 

‘We want to focus first on some simple results, to show 
that the computations do make some sense by presenting 
some simulations over simple terrains. We've already 
described the “10-foot rock at 400 feet” situation, and 
showed where a simple GO reflection analysis is inadequate 
to the task without taking diffraction effects into account. 

Now look at the simple case shown in Fig 37, where a 
very long, continuous downslope from the tower base is, 
shown, Note that the scales used for the X and Y axes are 
different: the Y-axis changes 300 feet in height (from 800 to 
1100 feet), while the X-axis goes from 0 to 3000 feet. This 
exaggerates the apparent steepness of the downwards slope. 
‘which is actually a rather gentle slope, at tan (1000 ~ 850) 
13000 - 0) = -2.86°. In other words, the terrain falls 150 feet 
in height overa range of 3000 feet from the base of the tower. 

Fig 38 shows the computed elevation response for this 
terrain profile, for a 4-clement horizontally polarized Yagi 
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Fig 36—Elevation response for rays launched at terrain 

Fig 35 from a height of 60 feet using a 4-element 
Yagi. This was computed using a simple Geometrical 
Optics (GO) reflection-only analysis. Note the hole in 
the response between 6° to 10° in elevation. It is not 
reasonable for a 10-foot high rock to create such a 
disturbance at 21 MHz! 


‘on a 60-foot tower. The response is compared to that of an 
identical Yagi placed 60 feet above flat ground, Compared 
to the “flatland” antenna, the hilltop antenna has an eleva- 
tion response shifted over by almost 3° towards the lower 
elevation angles. In fact, this shift is directly due to the 
-2.86° slope of the hill. Reflections off the slope are tilted 
by the slope. In this situation there is a single diffraction at 
the bottom of the gentle slope at 3000 feet, where the pro- 
‘gram assumes that the terrain becomes flat. 

Look at Fig 39, which shows another simple terrain 
profile, called a “Hill-Valley” scenario. Here, the 60-foot 
high tower stands on the edge of a gentle hill overlooking 
long valley. Once again the slope of the hill is exaggerated 
by the different X and Y-axes. Fig 40 shows the computed 
elevation response at 21.2 MHz for a 4-element Yagi on a 
(60-foot high tower at the edge of the slope. 

‘Once again, the pattern is overlaid with that of an iden- 
tical 60-foot-high Yagi over flat ground. Compared to the 
flatland antenna, the hilltop antenna’s response above 9° in 
elevation is shifted by almost 3° towards the lower elevation 
angles. Again, this is due to reflections off the downward 
slope. From 1° to 9°, the hilltop pattern is enhanced even 
‘more compared to the flatland antenna, this time by diffrac- 
tion occurring at the bottom of the hill 

‘Now let's see what happens when there is a hill ahead 
in the direction of interest. Fig 41 depicts such a situa- 
tion, labeled “Hill-Ahead.” Here, at a height of 400 feet 
above mean sea level, the land is flat in front of the tower, 
out to a distance 500 feet, where the hill begins. The hill 
then rises 100 feet over the range 500 to 1000 feet away 
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‘A long, gentle downwards-sloping terrain. This 
has no explicit diffraction points and can be 
analyzed using simple GO reflection techniques. 


using a 4-element 15-meter Yagi, 60-foot high. Note that 
the shape of the response is essentially shifted towards 
the left, towards lower elevation angles, by the angle of 
the sloping ground. For reference, the response for an 
identical Yagi placed over flat ground is also shown. 


from the tower base. After that, the terrain is a plateau, at 
‘a constant 500 feet elevation, 

Fig 42 shows the computed elevation pattern for a 
4-element 21-MHz Yagi 60-feet high on the tower, com- 
pared again with an overlay for an identical 60-foot high 
‘antenna over flat ground. The hill blocks low-angle waves 
directly radiated from the antenna from 0° to 2.3°. In addi- 
tion, waves that would normally be reflected from the ground, 
and that would normally add in phase from about 2.3° to 
12°, are blocked by the hill also. Thus the signal at 8° is 
down almost 5 dB from the signal over flat ground, all due 
to the effect of the hill. Diffracted waves start kicking in 
‘once the direct wave rises enough above the horizon to illu- 


l-Valley” terrain, with reflected and 
ted rays. 


"atta epee vee 


Fig 40—Elevation response computed by HFTA program 
for single 4-element 15-meter Yagi at 60 feet above “Hill- 
Valley" terrain shown in Fig 39. Note that the slope has 
caused the response in general to be shifted towards 
lower elevation angles. At 5° elevation, the diffraction 
components add up to increase the gain slightly above 
the amount a GO-only analysis would indicate. 


inate the top edge of the hill. These diffracted waves tend. 
to augment elevation angles above about 12°, which reflected 
‘waves can't reach. 

Is there is any hope for someone in such a lousy QTH 
for DXing? Fig 43 shows the elevation response for a truly 
heroic solution. This involves a stack of four element Yagis, 
‘mounted at 120, 90, 60 and 30 feet on the tower. Now, the 
total gain at low angles is just about comparable to that from. 
a single 4-clement Yagi mounted over flat ground. Where 
there's a ham, there is a way! 
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Fig 41—“Hill-Ahead” terrain, shown with diffracted rays 
imination of the edge of the plateau at the 


top of the hill. 


ig 42—Elevation response computed by HFTA for “Hill- 
Ahead” terrain shown in Fig 41. Now the hill blocks 

rect rays and also precludes possibility of any 
constructive reflections. Above 10°, diffraction 
‘components add up together with direct rays to create 
the response shown. 


At 5° elevation, four diffraction components add up 
(there are zero reflection components) to achieve the far- 
field pattern. This seems reasonable, because each of the 
four antennas is illuminating the diffraction point separately 
and we know that none of the four antennas can see over the 
hill directly to produce a reflection at a low launch angle. 
‘At an elevation angle of 5°, 15-meter signals arrive 
from Europe from New England about 13% of the total ime 
when the band is actually open. We can look at this another 
‘way. For about two-thirds of the times when the band is 
‘open on this path, the incoming angle is between 3° to 12°. 
For about one-third of the time, signals arrive above 10°, 
where the “heroi 
into its own, 
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Fig 43—Elevation response of “heroic effort” to 
‘surmount the difficulties imposed by hill in Fig 41. This 
effort involves a stack of four 4-element Yagis in a stack 
starting at 120 feet and spaced at 30-foot increments on 
the tower. The response is roughly equivalent to a 
‘single 4-element Yagi at 60 feet above flat ground, 
hence the characterization as being a “heroic effort.” 
The elevation-angle statistics from New England to 
Europe are overlaid on the graph for reference. 


A More Complex Terrain 

‘The results for simple terrains look reasonable; let's 
try a more complicated real-world situation. Fig 44 shows 
the terrain from the New Hampshire NOBV/1 QTH towards 
Japan. The terrain was complex, with 52 different points 
HFTA identifies as diffraction points. Fig 45 shows a 
labeled HFTA output for three different types of antennas 
on 20 meters: a stack at 120 and 60 feet, the 120-foot 
antenna by itself, and then a 120/60-foot stack over flat 
ground, for reference. The elevation-angle statistics for New 
England to Japan are overlaid on the graph also, making for 
a very complicated looking picture—it is a lor easier to 
decipher the lines on the color CRT, by the way than on a 
black-and-white printer. 

Comparison of the same 120/60-foot stacks over 
irregular terrain and flat ground is useful to show where the 
terrain itself is affecting the elevation response. The flatland 
stack has more gain in the region of 3° to 7° than the same 
stack over the N6BV/I local terrain towards Japan. On the 
other hand, the N6BV/I local terrain boosts signals in the 
range of 8° to about 12°. This demonstrates the conserva 
tion of energy—you may gain a stronger signal at certain 
elevation angles, but you will lose gain at others. In this 
case, the N6BV/I station always felt “weak” towards Japan 
on 20 meters, because the dominant angles are low. 

Examination of the detailed data output from HFTA 
shows that at an elevation angle of 5°, there are 6159 


Terain Profie 


Fig 44—Terrain of N6BV in Windham, NH, towards 
Japan. HFTA identifies 52 different points where 
diffraction can occur. 


diffraction components. There are many, many signals 
bouncing around off the terrain on their tip to Japan! Note 
that because of blockage of some parts of the terrain, the 
660-foot high Yagi cannot illuminate all the diffraction points, 
while the higher 120-foot Yagi is able to see these diffrac 
tion points, 

Its fascinating to reflect on the thought that received 
signals coming down from the ionosphere to the receiver 
are having encounters with the terrain, but from the oppo- 
site direction. It's not surprising, given these kinds of inter 
actions, that transmitting and receiving might not be totally 
reciprocal 

the 120/60-foot sack in Fig 4S achieves its peak goin 
of 17.3 dBi at 11° elevation, where itis about 3 dB stronger 
than the single Yagi at 120 feet. It maintains this 3-dB 
advantage over most of the range of incoming signals from 
Japan. This difference in performance between the stack and 
each antenna by itself was observed many times on the air. 
‘Much of the time when comparisons are being made, how- 
ever, the small differences in signal are difficult to measure 
‘meaningfully, especially when the QSB varies signals by 
20 dB or so during a typical QSO. It should be noted that the 
stack usually exhibited less fading compared to each 
antenna by itself 


USING HFTA 
Manually Generating a Terrain Profile 

‘The HFTA program uses two distinct algorithms to 
generate the far-field elevation pattern. The first is a simple 
reflection-only Geometric Optics (GO) algorithm. The sec~ 
ond is the diffraction algorithm using the Uniform Theory 
of Diffraction (UTD). These algorithms work with a digi 
tized representation of the terrain profile for a single azi 
muthal ditection—for example, towards Japan or towards 
Europe. 


‘eo weve 


Fig 45—Elevation responses computed by HFTA for 
NGBV/1 terrain shown in Fig 44, for a stack of two 4- 
element 20-meter Yagis at 120 and 60 feet, together with 
the response for a single Yagi at 120 feet and a 120/60- 
foot stack over flat ground for reference. The response 
due to many diffraction and reflection components is 
quite complicated! 


‘You can generate a terrain file manually using a topo- 
‘graphic map and aruler or a pair of dividers. The HFTA.PDF 
file (accessed by clicking on the Help button) and on the 
accompanying CD-ROM gives complete instructions on how 
to create a terrain file manually (or automatically). The 
‘manual process is simple enough in concept. Mark on your 
US Geological Survey 7.5-minute map the exact location of 
your tower. You will find 7.5-minute maps available from 
some local sources, such as large hardware stores, but the 
main contact point is the U.S. Geological Survey, Denver, 
CO 80225 or Reston, VA 22092. Call 1-800-MAPS-USA. 
Ask for the folder describing the topographic maps avail- 
able for your geographic area. Many countries outside the 
USA have topographic charts also. Most are calibrated in 
meters. To use these with HFTA, you will have to convert 
meters to feet by multiplying meters by 3.28 or else insert- 
ing a single line at the very beginning of the disk file, saying 
“meters” for HFTA to recognize meters automaticaly. 

‘Mark off a pencil line from the tower base, in the azi 
‘muthal direction of interest, perhaps 45° from New England 
to Europe, or 335° to Japan. Then measure the distance from 
the tower base to each height contour crossed by the pencil, 
line, Enter the data at each distance/height into an ASCIL 
computer file, whose filename extension is “PRO.” stand- 
ing for profile. 

Fig 46 shows a portion of the USGS paper map for the 
NOBY QTH in Windham, NH, along with lines scribed in 
several directions towards various parts of Europe and the 
Far East. Note that the elevation heights of the intermediate 
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contour lines are labeled manually in pencil in order to make 
sense of things. Itis very easy to get confused unless you do 
this! 

‘The terrain model used by HFTA assumes that the ter 
rain is represented by flat plates connecting the elevation 
points in the *.PRO file with straight lines. The model is, 
‘two dimensional, meaning that range and elevation are the 
only data for a particular azimuth. In effect, HFTA assumes 
that the width ofa terrain plate is wide relative to its length. 
Obviously, the world is three-dimensional. If your shot in a 
particular direction involves aiming your Yagi down a can- 
yon with steep walls, then it’s prety likely that your actual 
elevation pattern will be different than what HFTA tells you. 
‘The signals must careen horizontally from wall to wall, in 
addition to being affected by the height changes of the ter- 
rain, HFTA isn't designed to do canyons. 

To get a true 3-D picture of the full effects of terrain, a 
terrain model would have to show azimuth, along with range 
and elevation, point-by-point for about two miles in every 
direction around the base of the tower. After you go through, 
the pain of creating a profile for a single azimuth, you'll 
appreciate the immensity of the process if you were you try 
to create a full 360° 3D profile manually. 


Terrain Data from the Internet 


At one time digitized terrain data commonly available 
from the Internet didn't have sufficient resolution to be 


accurate enough for HFTA. Nowadays, the complete, accu- 
rate set of USGS topographic 7.5-minute maps are ava 
able at no cost on the Internet. You can use a program called 
MicroDEM, written by Professor Peter Guth at the US 
Naval Academy, to quickly and easily produce terrain data 
files suitable for HPTA from topographic data files. Dr Guth, 
and the US Naval Academy have graciously allowed ARRL, 
to include the MicroDEM program on the CD-ROM accom- 
panying this book. It should be noted that besides automa 
cally creating terrain profiles for HFTA, MicroDEM is a 
full-featured mapping program on its own, 

Instructions for using MicroDEM are in the Help file 
for HFTA (HFTA.PDF), which you can access from the 
HFTA main window by clicking on the Help button. Fig 47 
shows a sereen capture of the MicroDEM program for the 
N6BV/I location in New Hampshire for an azimuth of 45° 
into Europe. The black/white rendering of the screen cap- 
ture doesn’t do justice to the same information in color. The 
‘computed terrain profile is plotted in the window atthe right 
of Fig 47 and the data file is shown in the inset window at 
the top right. 

Using MicroDEM and on-line USGS topographic map 
data, you can also automatically create up to 360 terrain 
profiles with 1° spacing of azimuths in afew seconds. (Speci- 
fying a 1° spacing is really overkill; most operator choose 
tocreate 72 profiles with 5° spacing.) On a topographic DEM 
Gigital elevation model) map that covers the geographic 


46—A portion of USGS 7.5, 
minute topographic map, showing 
N6BV/1 QTH, together with marks 
in direction of Europe and Japan 
from tower base. Note that the 
‘elevations contours were marked 
by hand to help eliminate 
contusion. This required a 

19 glass and a steady 
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area of interest, you simply specify the latitude and longi- 
tude of a tower's location—found using a GPS receiver— 
and then ask MicroDEM for a Viewshed. See the HFTA 
Help file for the details. 

Compare this automated several-second MicroDEM 
process to creating manual profiles on a paper topographic 
‘map—It can take up to an hour of meticulous measurements 
to manually create a single terrain profile! 


Algorithm for Ray-Tracing the Terrain 

Once a terrain profile is created, there are a number of 
‘mechanisms that HFTA takes into account as a ray travels 
over that terrain: 


1. Classical ray reflection, with Fresnel ground coefficients, 

2. Ditect diffraction, where a diffraction point is illuminated 
directly by an antenna, with no intervening terrain fea- 
tures blocking the direct illumination. 

3, When a diffracted ray is subsequently reflected off the 
terrain, 

4, When a reflected ray encounters a diffraction point and 
‘causes another series of diffracted rays to be generated. 

5, When a diffracted ray hits another diffraction point, gen- 
crating another whole series of diffractions. 

Certain unusual, bowl-shaped terrain profiles, with 
sheer vertical faces, can conceivably cause signals to 
reflect or diffract in a backwards direction, only to be 
reflected back again in the forward direction by the sheer- 
walled terrain to the rear. HFTA does not accommodate these 
interactions, mainly because to do so would increase the 
computation time too much. It only evaluates terrain in the 
forward direction along one azimuth of interest. 


Distance along Prot. 


Fig 48 shows a portion of an HFTA screen capture in 
the direction towards Europe from the N6BV/I location in 
New Hampshire on 21.2 MHz. It compares the results for a 
‘90/60/30-foot stack of TH7DX tribanders to the same stack 
over flat land, and to a single antenna at 70 feet over flat 
ground. The 70-foot single antenna represents a pretty typi- 
‘eal station on 15 meters. The terrain produces excellent gain 
at lower elevation angles compared to the same stack over 
flat ground. The stack is very close to or superior to the 
single 70-foot high Yagi at all useful elevation angles. Ter- 
rain can indeed exhibit a profound effect on the launch of 
signals into the ionosphere—for good or for bad. 


HFTA’s Internal Antenna Model 


‘The operator selects the antenna used inside HETA to 
be anything from a dipole to an 8-element Yagi. The de- 
faultassumes a simple cosine-squared mathematic response, 
‘equivalent to a 4-element Yagi in free space. HFTA traces 
rays only in the forward direction from the tower along the 
azimuth of interest. This keeps the algorithms reasonably 
simple and saves computing time. 

HFTA considers each antenna in a stack as a separate 
point source. The simulation begins to fall apart if atravel- 
ing wave type of antenna like a rhombic is used, particu- 
larly if the terrain changes under the antenna—that is, the 
ground is not flat under the entire antenna, For a typical 
Yagi, even a long-boom one, the point-source assumption 
is reasonable. The internal antenna model also assumes that 
the Yagi is horizontally polarized. HIFTA does not do verti- 
cally polarized antennas, as discussed previously. The docu- 
mentation for HFTA also cautions the user to work with 
practical spacings between stacked Yagis—0.5 A or more 


Fig 47—A screen-capture of the 
MicroDEM program, showing the 
topographic map for the same 
terrain shown in Fig 46, together 
with the computed terrain profile 
along uth of 45° on the path 
towards Europe from the N6BVI1 
location in Windham, NH. 
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Fig 48—The 21-MHz elevation response for a stack 
of three TH7DX Yagis mounted on a single tower at 
90/60/30 feet, at the N6BV/1 QTH for a 45° azimuth 
towards Europe. The terrain focuses the energy at low 
elevation angles compared to the same stack over flat 
ground. This illustrates once again the conservation of 
energy—Energy squeezed down into low elevation 
angles is stolen from other, higher, angles. 


because HFTA doesn’t explicitly model mutual coupling 
between Yagis in a stack. 

HETA compares well with the measurements for the 
horizontal antennas described earlier by Jim Breakall, 
WA3FET, using a helicopter in Utah. Breakall’s measure- 
ments were done with a 15-foot high horizontal dipole. 


More Details About HFTA 
Frequency Coverage 

HFTA can be used on frequencies higher than the HF 
bands, although the graphical resolution is only 0.25°. The 
patterns above about 100 MHz. thus look rather grainy. The 
UTD is a high-frequency-asymptotic solution, so in theory 
the results become more realistic as the frequency is raised. 
Keep in mind too that HFTA is designed to model launch 
angles for skywave propagation modes, including E- and F- 
layer, and even Sporadic-E. Since by definition the iono- 
spheric launch angles include only those above the horizon, 
direct line-of-sight UHF modes involving negative launch 
angles are not considered in HFTA. 

See the HFTA.PDF documentation file for further 
<details on the operation of HFTA. This file, as well as sample 
terrain profiles for some big-gun stations, is located on the 
CD-ROM accompanying this book. 
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tion Design for DX,” by Paul Rockwell, W3AFM. The long- 
range profiles of several prominent, indeed legendary, 
stations in Rockwell’s article are fascinating: W3CRA, 
WAKFC and W6AM. 


——_ Zz 


Antenna Modeling & 
System Planning 


OVERVIEW: 
ANTENNA ANALYSIS BY COMPUTER 


As pointed out in Chapter 3, The Effects of Ground, 
irregular local terrain can have a profound effect on the 
launch of HF signals into the ionosphere. A system 
approach is needed to create a scientifically planned sta- 
tion. We pointed out in Chapter 3 that antenna modeling 
programs do not generally take into account the effects 
of irregular terrain, and by “irregular” we mean any sort 
of ground that is not flat. Most modeling programs based 
‘on NEC-2 or MININEC do model reflections, but they do 
not model diffractions. 

(On the other hand, while a ray-tracing program like 
HETA (HF Terrain Assessment) does take into account 
diffraction, it doesn’t explicitly factor in the mutual 
impedance between an antenna and the ground. Instead, 
HFTA makes the basic assumption that the antenna is, 
mounted sufficiently high above ground so that the 
mutual impedance between an antenna and the ground 
is minimal. 

In this chapter we'll look at modeling the antennas 
themselves on the PC. We'll evaluate some typical 
antennas over flat ground and also in free space. Once char- 
acterized—or even optimized for certain characteristics: 
these antennas can then be analyzed over real terrain using 
HETA and the other tools discussed in Chapter 3. 


A Short History of Antenna Modeling 

With the proliferation of personal computers since 
the early 1980s, amateurs and professionals alike have 
made significant strides in computerized antenna system 
analysis. It is now possible for the amateur with a rela- 
tively inexpensive computer to evaluate even complicated 


antenna systems, Amateurs can obtain a keener grasp of 
the operation of antenna systems—a subject that has been 
a great mystery to many in the past. We might add that 
‘modern computing tools allow hams to debunk overblown, 
claims made about certain antennas. 

‘The most commonly encountered programs for 
antenna analysis are those derived from a program 
developed at US government laboratories called NEC, short 
for “Numerical Electromagnetics Code.” NEC uses a so 
called Method of Moments algorithm. This intrig 
derives from a mathematical convention dealing with how 

‘momentous” the accumulated error becomes when cer 
tain simplifying assumptions are made about the current 
distribution along an antenna wire. If you want to delve 
into details about the method of moments, John Kraus, 
W8IK, has an excellent chapter in his book Antennas, 2nd. 
edition. See also the article “Programs for Antenna Analy- 
sis by the Method of Moments,” by Bob Haviland, W4MB, 
in The ARRL Antenna Compendium, Vol 4 

‘The mathematics behind the method-of-moments 
algorithm are pretty formidable, but the basic principle 
is simple. An antenna is broken down into a number of 
straight-line wire segments, and the field resulting from 
the RF current in each segment is evaluated by itself and. 
also with respect to other mutually coupled segments. 
Finally, the field from each contributing segment is vec 
tor-summed to yield the total field, which can be com 
puted for any elevation or azimuth angle desired. The 
effects of flat-earth ground reflections, including the 
effect of ground conductivity and dielectric constant, may 
be evaluated as well. 

In the early 1980s, MININEC was written in BASIC 
for use on personal computers. Because of limitations in 
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memory and speed typical of personal computers of the 
time, several simplifying assumptions were necessary in 
MININEC and these limited potential accuracy. Perhaps 
the most significant limitation was that perfect ground 
wwas assumed to be directly under the antenna, even though 
the radiation pattern in the far field did take into account 
real ground parameters. This meant that antennas mod- 
eled closer than approximately 0.2 2 over ground some- 
times gave erroneous impedances and inflated gains, 
especially for horizontal polarization. Despite some limi- 
tations, MININEC represented a remarkable leap forward 
in analytical capability. See Roy Lewallen’s (W7EL) 


“MININEC—the Other Edge of the Sword” in Feb 1991 
OST for an excellent treatment on pitfalls when using 
MININEC. 

Because source code was made available when 
MININEC was released to the public, a number of pro: 
grammers produced some very capable commercial ver- 
sions for the amateur market, many incorporating exciting 
graphics showing antenna patterns in 2D or 3D. These 
programs also simplify the creation of models for popu- 
Jar antenna types, and several come with libraries of 
sample antennas. 

By the end of the 1980s, the speed and capabilities 


Commercial Implementations of MININEC and NEC-2 Programs 

Ever since the source code for NEC-2 and MININEC came into in the public domain, enterprising programmers 
have been upgrading, extending and improving these programs. There are a number of “{reeware” versions 
available nowadays, and there are also a variely of commercial implementations. 

This sidebar deals only with the most popular commercial versions, programs that many hams use. You should 


keep in mind that whatever program you choose will require an investment in learning time, if not in dollars. Your 
time is valuable, of course, and so is the ability to swap modeling files you create with other modelers. Other 
peoples’ modeling files, particularly when you are just starting out, are a great way to learn how the “experts” do 
their modeling. For example, there are archives of EZNEC/ELNEC files available on the Internet, since this popular 
‘modeling program has been around for a number of years. (ELNEC is the DOS-only, MININEC-core predecessor 


of EZNEC,) 


Livermore National Laboratories. 


The following table summarizes the main features and the pricing as of 2006 for some popular commercial 
‘antenna modeling programs. The programs that use the NEC-4 core require separate licenses from Lawrence 
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of personal computers had advanced to the point where 
PC versions of NEC became practical, and several versions 
are now available to amateurs. The most recent public-do- 
main version is NEC-2 and this is the computational core 
that we'll use as an example throughout this chapter. 

Like MININEC, NEC-2 is a general-purpose model- 
ing package and it can be difficult to use and relatively 
slow in operation for certain specialized antenna forms. 
‘Thus, custom commercial software has been created for 
more user-friendly and speedier analysis of specific 
antenna varieties, mainly Yagi arrays. See Chapter 11, 
HF Yagi Arrays. Also see the sidebar, “Commercial 
Implementations of MININEC and NEC-2 Programs.” 

For this edition of The ARRL Antenna Book, Roy 
Lewallen, W7EL, has graciously provided a special ver- 
sion of his EZNEC 3.0 program, called EZNEC-ARRL. 
This version works with the specific antenna models also 
bundled on the CD-ROM. Please note that this ARRL- 
specific version of EZNEC is limited to a maximum of 
20 segments (we'll explain segments later) for all mod- 
cls except for the special ones included on this CD-ROM. 
You can find information on how to purchase the full- 
fledged version of EZNEC in the Help section of the 
EZNEC-ARRL program, 

The following material on antenna modeling is by 
necessity a summary, since entire books have been writ- 
ten on this subject. Serious modelers would be well- 
advised to enroll in the online Antenna Modeling course, 
part of the ARRL Certification and Continuing Educa- 
tion series. L. B. Cebik, W4RNL created the ARRL 
Antenna Modeling course and it contains a great deal 
of information, tips and techniques concerning modeling 
by computer. See: http://www.arrl.org/news/stories/ 
2002/02/06/2/ for more information. We also strongly rec 
‘ommend that you read the Help files in EZNEC-ARRL. 
‘There is a wealth of practical information on the finer 
points of antenna modeling there. 


THE BASICS OF ANTENNA MODELING 


This chapter will discuss the following antenna- 
modeling topics for an NEC-2-based modeling software, 
using EZNEC-ARRL as an example: 

Program outputs 
Wire geometry 
Segmentation, warnings and limitations 
Source (feed point) placement 
Environment, including ground types and frequency 
Loads and transmission lines 
Testing the adequacy of a model 


PROGRAM OUTPUTS 
Instruction manuals for software programs tradition- 
ally start out describing in detail the input data needed 
by the program. They then demonstrate the output data 
the program can generate. We feel it is instructive, how- 
ever, to turn things around and start out with a brief over~ 


view of the output from a typical antenna-modeling pro- 
gram, 

‘We'll look at the output from public-domain NEC-2. 
Next, we'll look at the output information available from 
commercial adaptations of NEC-2, using EZNEC-ARRL 
provided by W7EL. After this brief overview of the out- 
put data, we'll look in detail at the input data needed to 
make a modeling program work. In the following discus- 
sions it will be very instructive if you to bring up EZNEC- 
ARRL on your computer and open the specific modeling 
files used in each example. [From now on in this chapter 
we'll refer merely to EZNEC rather than EZVEC 3.0, the 
official name or EZNEC-ARRL, a specialized subset of 
EZNEC 3.0. Where there are specitic differences between 
EZNEC 3.0 and the limited-edition EZNEC-ARRL we'll 
identify them.] 


Native NEC-2 


‘The native NEC-2 program produces pages and 
pages of output formatted for a mainframe “line printer.” 
‘You may be old enough to remember the stacks of green- 
and-white, tractor-feed, 132-column computer paper that 
such a line printer produced. Corporate MIS departments 
stored untold number of boxes of that paper. 

Native NEC-2 was written in the Fortran language, 
which stands for Formula Translation. Programmers used 
punched cards to enter the program itself and its accom- 
panying input data into huge mainframe computers, To 
say that the paper output from NEC-2 is massive, even 
intimidating, is putting it mildly. There is a strong 
tinction between “useful information” and “raw data” and 
the raw output from native NEC-2 bombards the user with 
raw data, 

‘Commercial versions that use the NEC-2 computa- 
tional core shield the user from the ugliness of raw line- 
printer output, as well as punched-card input (or disk 
surrogates for punched cards). Commercial versions like 
EZNEC do produce output numerical tables where this is 
useful. These tables show parameters such as the source 
impedance and SWR at a single frequency, or the char. 
acteristics of a load or a transmission line. But as the old 
saying goes, “One picture is worth a thousand words.” 
This is as true for modeling programs as it is for other 
endeavors dealing with reams of numbers. Thus, most 
commercial modeling software packages create graphs 
for the user. EZNEC produces the following types of 
graphs: 


«* Polar (linear-dB or ARRL-style) graphs of the far-field 
elevation and azimuth responses. 

‘© 3-D wire-frame graph of the total far-field response, 

‘© Graph of the SWR across a frequency band. 

‘* Graphical display of the RF currents on various con- 
ductors in a model. 

‘* Rotatable, zoomable 3-D views of the wires used to 
make a model. 

‘* Output to programs capable of generating Smith charts. 
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Fig 1A and 1B shows the computed far-field 2-D 
elevation and azimuth patterns for a 135-foot long hori- 
zontal dipole, mounted in a flattop configuration 50 feet 
above flat ground. These figures were generated using 
EZNEC at 3.75 MHz. Fig 1C shows a 3-D wire-frame 
picture of the far-field response, but this time at 14.2 MHz 
For comparison, Table 1 shows a short portion of the line- 
printer output for the azimuth pattern at 3.75 MHz. The 
‘actual printout is many pages long. One picture can indeed 
replace thousands of numbers! 

Fig 2 shows the computed SWR curve over the fre- 
quency range 3.0 to 4.0 MHz for this dipole, fed with 
lossless 50-Q transmission line. EZNEC generated this 
plot using the “SWR" button. Figs | and 2 are typical of 
the kind of graphical outputs that commercial implemen- 
tations of the NEC-2 computing core can produce. 

Now, let’s get into the details of what kind of input 
data is required to run a typical method-of-moments 
antenna-modeling program. 


PROGRAM INPUTS: WIRE GEOMETRY 
Coordinates in an X,Y and Z World 


The most difficult part of using a NEC-type of mod- 
cling program is setting up the antenna's geometry—you 
must condition yourself to think in three-dimensional, 
‘Cartesian coordinates. Each end point of a wire is repre. 
sented by three numbers: an x, y and z coordinate. These 
coordinates represent the distance from the origin (x-axis). 
the width of an antenna (y-axis), and the height (z-axis). 

‘An example should help sort things out. Fig 3 shows 
‘a simple model of a 135-foot center-ted dipole, made of 
#14 copper wire placed 50 feet above flat ground. The 
common term for this antenna is flattop dipole. For con- 
venience, the ground is located at the origin of the coor: 
dinate system, at (0,0, 0) feet, directly under the center 
of the dipole. Fig 4 shows the EZNEC spreadsheet-like 
input data for this antenna. (Use model file: Ch4-Flattop 
Dipole.EZ.) EZNEC allows you to specify the type of 
conductor material from its main window, using the Wire 
Loss button to open a new window. We will click on the 
Copper button for this dipole. 

‘Above the origin, at a height of 50 feet on the 
z-axis, is the dipole's feed point, called a source in NEC 
terminology. The width of the dipole goes toward the left 
(that is, in the “negative-y" direction) one-half the over- 
all length of 135 feet, or ~67.5 feet. Toward the right, 
‘our dipole's other end is at +67.5 feet. The x-axis dimen- 
sion of our dipole is zero, meaning thatthe dipole wire is 
parallel to and directly above the x-axis. The dipole's ends 
are thus represented by two points, whose coordinates 
are (0, -67.5, 50) and (0, 67.5, 50) feet. The use of paren- 
theses with a sequential listing of (x,y, 2) coordinates is 
‘a common practice among antenna modelers to describe 
‘a wire end point. 

Fig 3B includes some other useful information about 
this antenna beyond the wire geometry. Fig 3B overlays 
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the wire geometry, the current distribution along the wire 
and the far-field azimuth response, in this case at an ele- 
vation angle of 30°. 

Although not shown specifically in Fig 3, the thick- 
ness of the antenna is the diameter of the wire, #14 gauge. 
Note that native NEC programs specify the radius of the 


Elevation = 20 og. 
) S75 uke 


© 


Fig 1—At A, far-field elevation-plane pattern for a 135- 
foot-long horizontal dipole, 50 feet above flat ground, 
at 3.5 MHz. At B, the far-field azimuth-plane pattern at 
an elevation angle of 30°. 


Introduction: the vision for 5G, creating an ultra-connected society 


5G wants to be the disruptive generation, the generation that no longer only caters to the needs of 
‘mobile operators and consumer communications, but which opens up new prospects and enables an 
extremely wide diversity of applications and use, unified within a single technology. 5G is setting 
itself up as an enabler of the digitisation of society and the economy. 


The idea that is starting to take shape behind the notion of 5G is that it will not mean just an increase 
in transmission speeds, as has been the case with previous generations. 


Consumer mobile communications, video downloads and the use of mobile apps account for the bulk 
of 4G networks’ radio resources usage today. With 5G, the goal will be to enable a much broader 
spectrum of uses and a much greater diversity of users. 


5G is targeting a wide variety of sectors, which will not necessarily have anything other than this 
technology in common, but which are central pillars in a society: energy, healthcare, media, industry 
and transportation. 


Figure 1. 5G driving industrial and societal changes" 


The energy sector, for instance, has undergone a great many changes and developments over the 
past several years in terms of energy production, storage and transport. Rising fossil fuel costs, the 
introduction of renewable energy sources and markets being opened up to competition have all 
helped usher in new kinds of energy product and new stakeholders ~ both independent campanies 
and ordinary citizens ~ to the energy marketplace. The objective with 5G will thus be to enable better 
‘management of these networks (smart grids, smart agriculture, factories of the future) and their 
interconnections, to achieve more efficient and more agile distribution. 


*5G Empowering vertical industries, White Paper, 2016, https://5e-ppp.eu/w 
content/uploads/2016/02/BROCHURE SPPP_BAT2 PLiodf 
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Frequency, MHz 


Fig 2—SWR curve for 135-foot flattop dipole over the 
frequency range 3.0 to 4.0 MHz for a 50-f1 feed line. 
This antenna is an example and is not optimized for 
the amateur band. 


wire, rather than the diameter, but programs like EZNEC 
use the more intuitive diameter of a wire rather than the 
radius. EZNEC (and other commercial programs) also 
allows the user to specify the wire as an AWG gauge. 
such as #14 or #22, for example. 

We've represented our simple dipole in Fig 3 using 


a single, straight wire. In fact, all antenna models cre- 
ated for method-of-moment programs are made of com- 
binations of straight wires. This includes even complex 
antennas, such as helical antennas or round loops. (The 
‘mathematical basis for modeling complex antennas is that 
they can be simulated using straight-wire polygons. 
A circular loop, for example, can be modeled using an 
octagon.) 


‘Segmentation and Specifying a Source Segment 
We've specified the physical geometry of this simple 
cone-wire dipole. Now several more modeling details sur- 
face—you must specify the number of segments into 
which the dipole is divided for the method-of-moment 
analysis and you must somehow feed the antenna. The 
NEC-2 guideline for setting the number of segments is 
to.use at least 10 segments per half-wavelength. This is a 
general rule of thumb, however, and in many models more 
dense segmentation is mandatory for good accuracy. 

In Fig 3, we've specified that the dipole be divided 
into 11 segments for operation on the 80-meter band. This 
follows the rule of thumb above, since the 135-foot dipole 
is about a half-wavelength long at 3.5 MHz. 


Setting the Source Segment 
‘The use of 11 segments, an odd rather than an even 
number such as 10, places the dipole's feed point (the 


Table 1 


Portion of line-printer output from NEC-2 for 135-foot dipole. 


+++ RADIATION PATTERNS - - - 


--ANGLES--  -POWERGAINS- --- POLARIZATION--- ~~ - E(THETA) -- ++ (PHI) += 

Theta Phi Vert Hor Total Axial ‘Tilt’ ‘Sense Magnitude Phase Magnitude Phase 
Degrees Degrees dB dB dB Ratio Degrees Volts Degrees Volts Degrees 
60.00 0.00 999.99 3.14 3.14 0.00000 90.00 LINEAR 0.00000E+00 0.00 6.62073E-01 ~66.87 
60.00 1.00 37.87 3.13 3.14 0.00301 8952 LEFT 5.89772E-03 -86.64 6.61933E-01 66.87 
60.00 2.00 1.85 3.13 3.13 0.00603 89.04 LEFT 1.17915E-02 -86.64 6.61512E-01 66.87 
60.00 3.00 28.33 3.12 3.12 0.00904 88.56 LEFT 1.76776E-02 -86.64 6.60812E-01 66.87 
60.00 4.00 25.84 3.11 3.11 0.01206 88.08 LEFT 2.35520E-02 -86.64 6.59834E-01 66.87 
60.00 5.00 23.91 3.09 3.10 0.01508 8759 LEFT 2.94109E-02 -86.64 6.58577E-01 ~66.87 
60.00 6.00 22.34 3.07 3.08 0.01810 87.11 LEFT 3.52504E-02 -86.64 6.57045E-01 66.87 
60.00 7.00 21.01 3.05 3.06 0.02112 86.62 LEFT 4.10669E-02 -86.63 6.55237E-01 66.87 
60.00 8.00 “19.87 3.02 3.04 0.02415 86.14 LEFT 4.68565E-02 -86.63 6.53158E-01 66.87 
60.00 9.00 “18.86 299 3.02 0.02718 85.65 LEFT 5.26156E-02 -86.63 6.50808E-01 ~66.87 
60.00 10.00 17.96 295 299 0.03022 85.15 LEFT 5.83405E-02 -86.63 6.48190E-01 ~66.87 
60.00 11.00 17.15 291 296 0.03327 84.66 LEFT 6.40278E-02 -86.63 6.45308E-01 66.86 
60.00 12.00 “16.42 287 292 0.03631 84.16 LEFT 6.96739E-02 -86.63 6.42165E-01 66.86 
60.00 13.00 “15.75 2.83 289 0.03937 83.66 LEFT 7.52755E-02 -86.63 6.38764E-01 66.86 
60.00 14.00 “15.13 278 285 0.04243 83.16 LEFT 8.08291E-02 -86.63 6.35108E-01 66.86 
60.00 15.00 14.56 2.72 280 0.04550 8265 LEFT 8.63317E-02 -86.62 6.31203E-01 66.86 
60.00 16.00 14.03 2.66 276 0.04858 8214 LEFT 9.17800E-02 -86.62 6.27051E-01 66.86 
60.00 17.00 “13.53 2.60 271 0.05166 81.62 LEFT S.71711E-02 -86.62 6.22657E-01 66.85 
60.00 18.00 “13.07 254 266 0.05475 81.10 LEFT 1.02502E-01 -86.62 6.18027E-01 66.85 
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Fig 3—At A, simple model for a 135-foot long 
horizontal dipole, 50 feet above the ground. The dipole 
is over the y-axis. The wire has been segmented into 11 
‘segments, with the center of segment number 6 as the 
{feed point. The left-hand end of the antenna is -67.5 
feet from the center feed point and that the right 

end is at 67.5 feet from the center. At B, EZNEC “Vi 
Antenna” drawing, showing geometry of wire and the x, 
y and z axes. Overlaid on the wire geometry drawing 
are the current distribution along the wire and the far- 
field azimuthal response at an elevation angle of 30°. 


source in NEC-speak, a word choice that can befuddle 
beginners) right at the antenna’s center, at the center of 
segment number six. In concert with the “EZ” in its name, 
EZNEC makes choosing the source segment easy by 
allowing the user to specify a percentage along the wire, 
in this case 50% for center feeding. 

At this point you may very well be wondering why 
no center insulator is shown in the middle of our center- 
fed dipole. After all, a real dipole would have a center 
insulator. However, method-of-moment programs assume 
that a source generator is placed across an infinitely small, 
‘gap in the antenna wire. While this is convenient from a 
‘mathematical point of view, the unstated use of such an 
infinitely small gap often confuses newcomers to the 
world of antenna modeling. We'll get into more details, 
caveats and limitations in source placement later in this, 
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Fig 4—EZNEC “Wires” spreadsheet for simple flattop 
dipole in Fig 3. The numbers shown are in feet, except 
for the wire diameter, which EZNEC allows you to 
specify as an AWG gauge, in this case #14. Note that 
83 segments have been specified for this antenna for 
analysis over the range from 3.5 to 29.7 MHz. 


chapter. For now, just trust us that the model we've just 
described with 11 segments, fed at segment 6, will work 
well over the full amateur band from 3.5 to 4.0 MHz. 

Now, let's consider what would happen if we want to 
use our 135-foot long dipole on all HF amateur bands from 
3.5 to 29.7 MHz, rather than just from 3.5 to 4.0 MHz. 
Instead of feeding such an antenna with coax cable, we 
‘would feed it with open-wire line and use an antenna tuner 
in the shack to create a 50-@ load for the transmitter. To 
comply with the segmentation rule above, the number of 
segments used in the model should vary with frequency — 
or at least be segmented at or above the minimum recom 
‘mended level at the highest frequency used. This is because 
a half wavelength at 29.7 MHz is 16.6 feet, while a half 
wavelength at 3.5 MHz is 140.6 feet. So the number of 
segments for proper operation on 29.7 MHz should be 10 
x 135/16.6 = 81. We'll be a little more conservative than 
the minimum requirement and specify 83 segments. Fig 4 
shows the EZNEC input spreadsheet for this model. (Use 
model file: Ch4-Multiband Dipole.EZ.) 

‘The penalty for using more segments in a program 
like NEC is that the program slows down roughly as the 
square of the segments—double the number of segments 
and the speed drops to a fourth. If we try to use too few 
segments, we'll introduce inaccuracies, particularly in 
computing the feed-point impedance. We'll delve into this 
area of segmentation density in more detail later when 
wwe discuss testing the adequacy of a model 


Segment Length-to-Wire-Diameter Ratio 


Even if you're willing to live with the slowdown in 
computing speed for situations involving a large number 
of wire segments, you should make sure the ratio between 
the segment length and the diameter of any wire is greater 
than 1:1. This is to say that the length of each segment is, 
longer than the diameter of the wire. Doing so stays away 
from internal limitations in the NEC program. 

For the #14 wire specified in this simple 135-foot long 
dipole, it’s pretty unlikely that you'll bump up against this, 
limitation for any reasonable level of segmentation. After 
all, #14 wire has a diameter of 0.064 inches and 135 feet 
is 1620 inches. To keep above a segment length of 
0.064 inches, the maximum number of segments is 1620/ 


0.064 = 25,312. This is a very large number of segments 
and it would take very long time to compute, assuming 
‘that your program can handle that many segments. 

Keeping above a 1:1 ratio in segment length to wire 
diameter can be more challenging at VHF/UHF frequen- 
cies, however. This is particularly true for fairly large 

‘wires” made of aluminum tubing. Incidentally, this is an- 
other point where newcomers to antenna modeling can be 
led astray by the terminology. In a NEC-type program, all 
conductors in a model are considered to be wires, even if 
they consist of hollow aluminum or copper tubes. Surface 
effect keeps the RF current in any conductor confined to 
the outer surface of that conductor, and thus it doesn’t mat- 
ter whether the conductor is hollow or solid, or even made 
using a number of stranded wires twisted together. 

Let's look at a half-wave dipole at 420 MHz. This 
would be about 14.1 inches long. If you use '/-inch 
diameter tubing for this dipole, the maximum segment 
length meeting the 1:1 diameter-to-length ratio require- 
ment is also Vs inches long. The maximum number of 
segments then would be 14.1/0.25 = 56.4, rounded down 
to 56, From this discussion you should now understand 
why method-of-moment programs are known for using a 

thin-wire approximation.” Really fat conductors can get 
you into trouble, particularly at VHF/UHF, 


Some Caveats and 
Concerning Geometry 


Example: Inverted-V Dipole 


ions 


Now, let's get a litle more complicated and specify 
another 135-foot-long dipole, but this time configured as 
an inverted V. As shown in Fig 8, you must now specify 
‘two wires. The two wires join at the top, at (0, 0, 50) feet 
(Again, the program doesn’t use a center insulator in the 
model.) 

If you are using a native version of NEC, you may 
have to go back to your high-school trigonometry book 
to figure out how to specify the end points of our “droopy” 
dipole, with its 120° included angle. Fig 5 shows the 
details, along with the trigonometric equations needed. 
EZNEC is indeed more “easy” here, since it allows you 
to tilt the ends of each wire downwards an appropriate 
number of degrees (in this case ~30° at each end of the 
dipole) to automatically create an inverted-V configura- 
tion. Fig 6A shows the EZNEC spreadsheet describing 
this inverted-V dipole with a 120° included angle between, 
the two wires, 

See the EZNEC Help section under “Wire Coordi- 
nate Shortcuts” for specific instructions on how to use 
the “elevation rotate end” shortcut “RE~30" to create the 
sloping wires easily by rotating the end of the wire down 
30°. Now the specification of the source becomes a bit 
more complicated. The easiest way is to specify two 
sources, one on each end segment at the junction of the 
two wires. EZNEC does this automatically if you specify 
a so-called split-source feed. Fig 6B shows the two 
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Fig 5—Model for an inverted-V dipole, with an included 
angle between the two legs of 120°. Sine and cosine 
functions are used to describe the heights of the end 


points for the sloping arms of the antenna. 
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Fig 6—At A, EZNEC spreadsheet for inverted-V dipole 
in Fig 5. Now the ends of the inverted-V dipole are 
16.25 feet above ground, instead of 50 feet for the 
tlattop dipole. At 8, EZNEC “View Antenna” drawing, 
with overlay of geometry, current distribution and 
azimuth plot. 


sources as two open circles at the top ends of the two 
wires making up the inverted-V dipole. What EZNEC is 
doing is creating two sources, each on the closest seg- 
ments on either side of the junction of the two wires. 
EZNEC sums up the two source impedances to provide a 
single readout. 
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‘Navigating in the View Antenna Window 

At this point it's worthwhile to explore some of the 
ways you can see what the wire geometry looks like using 
the EZNEC View Ant button on the main window. Bring 
up the file Chd-Inverted V Dipole.EZ in EZNEC, and. 
click on the View Ant button. You will see a small in- 
verted-V dipole raised over the (0, 0, 0) origin on the 
ground directly under the feed point of the inverted-V 
dipole. First, “rotate” the dipole by holding down the left- 
mouse button and moving the mouse. You can orient the 
picture any way you wish. 

Let's take a closer look at the junction of the two wires 
at the feed point. Click the Center Ant Image checkbox 
toward the bottom of the window to anchor the center of 
the image at the center of the window, and then move the 
‘Zoom slider upwards to zoom in on the image. At some 
point the junction of the two slanted wires will move up 
off the edge of the window, so you will need to click on 
the left-hand side of the Z Move Image slider to bring the 
junction back into view. Now you should be able to see a 
zoomed view of the junction, along with the two open 
circles that represent the location of the split sources in 
the middle of the segments adjacent to the wire junetion, 

Now put the mouse cursor over one of the slanted 
wires and double click the left-mouse button. EZNEC will 
now identify that wire and show its length, as well as the 
length of each segment on that wire. Pretty slick, isn’t it? 


Short, Fat Wires and the Acute-Angle Junction 

Another possible complication can arise for wires 
with short, fat segments, particularly ones that have only 
‘a small included angle between them. These wire seg- 
ments can end up inter-penetrating within each other's 
volumes, leading to problems in a model. Once you think 
of each wire segment as a thick cylinder, you can appre 
ciate the difficulty in connecting two wires together at 
their ends. The two wires always inter-penetrate each 
other's volume to some extent. Fig 7 depicts this prob- 
lem graphically for two short, fat wires joined at their 
cends at an acute angle. A rule of thumb is to avoid creat- 
ing junctions where more than '/: of the wire volumes 
inter-penetrate. You can achieve this by using longer seg- 
ment lengths or thinner wire diameters. 


al Antenna Geometries 
| Half-Wave Dipole 

If you turn the 135-foot-long horizontal dipole in 
Fig | on its end you will create a vertical half-wave dipole 
that is above the origin of the x, y and z axes. See Fig 8, 
where the bottom end of the dipole is placed 8 feet off 
the ground to keep it away from humans and animals for 
safety, at (0, 0, 8) feet. The top end is thus at 8 + 135 = 
143 feet off the ground at (0, 0, 143). Fig 8 also shows 
the current distribution and the elevation pattern for this, 
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acute angle. This results in inter-penetration of the two 
volumes beyond the middle-1/3 recommended 


Fig 8A vertical half-wave dipole, created by turning 
the dipole in Fig 3 on its end, with a minimum height at 
the lower end of 8 feet to keep the antenna away from 
people and animals. The current di ion and the 

1 pattern for this antenna are also shown 
‘on the wire geometry. 


antenna. (Use EZNEC model file 
Dipole.EZ.) 


Ch4-Vertical 


A Ground-Plane Antenna 


‘The ground-plane model is more complicated than 
previous ones because a total of five wires are now 
needed: one for the vertical radiator and four for the ra 
dials. Fig 9 shows the EZNEC view for a 20-meter ground, 
plane mounted 15 feet off the ground (perhaps on a ga 
rage roof), with the overlay of both the current distribu- 
tion and the elevation-plane plot. (Use EZIVEC model file: 
(Ch4-GP.EZ.) Note that the source has been placed at the 


Fig 9—A vertical ground-plane antenna. The radials and 
the bottom of the vertical radiator are located 15 feet off 
the ground in this model. The current distribution along 
‘each wire and the far-field elevation-plane pattern are 
‘overlaid on the antenna geometry. 


Fig 10—EZNEC View Antenna for the ground-plane 
antenna with its four radials tilted downwards by 40° 
to improve the SWR at the feed point. 


bottom segment of the vertical radiator. Once again, the 
program needs no bottom insulator, since all five wires 
are connected together at a common point. EZNEC reports, 
that this antenna has a resonant feed-point impedance of 
about 22 , which would show an SWR of 2.3:1 for a 
50-2 coax feed line if no matching system is used, such 
‘asa gamma or hairpin match. 

Fig 10 shows the same antenna, except that the 
radials have now been tilted downwards by 35° to facili- 
tale an almost perfect 50-Q match (SWR = 1.08:1). In 
addition, the length of the radiator in this model was short- 
ened by 6 inches to re-resonate the antenna. (Use EZNEC 
model file: Ch4-Modified GP.EZ.) The trick of tilting 
the radials downwards for a ground-plane antenna is an 
old one, and the modeling programs validates what hams 
have been doing for years. 


A 5-Element Horizontal Yagi 

This is a little more challenging modeling exercise 
Let's use a 5-element design on a 40-foot boom, but rather 
than using telescoping aluminum tubing for the elements, 
we'll use #14 wire. The SCALE program included with 
this book on the CD-ROM converted the aluminum- 
tubing 520-40.YW to a design using #14 copper wire. 
‘Table 2 shows the element lineup for this antenna. (Later 
in this chapter we'll see what happens when telescoping 
aluminum tubing is used in a real-world Yagi design.) 

‘Some explanations of what Table 3 means are in 
order. First, only one half of each element is shown. The 
YW program (Yagi for Windows), also included on the 
CD-ROM, computes the other half of the Yagi automati- 
cally, essentially mirroring the other half on the opposite 
side of the boom. Having to enter the dimensions for only 
half of a real-world Yagi element that uses telescoping 
aluminum tubing is much easier this way 

Second, the placement of the elements along the 
boom starts at 0.0 inches for the reflector. The distance 
between adjacent elements defined in this particular file 
is the spacing between the element itself and the element 
just before it. For example, the spacing between the driven 
element and the reflector is 72 inches, and the spacing 
between the first director and the driven element is also 
72 inches. The spacing between the second director and. 
the first director is 139 inches. 

Fig 11 shows the wire geometry for this Yagi array 
when it is mounted 720 inches (60 feet) above flat ground 
and Fig 11B shows the EZNEC Wires spreadsheet that 
describes the coordinates. (Use EZNEC model file 
(Ch4-520-40W.EZ.) You can see that the x-axis coordi- 
nates for the elements have been automatically moved 
by the SCALE program so that the center of the boom is, 
located directly above the origin. This makes it easier to 
evaluate the effects of stacking different monoband Yagis, 
on a rotating mast in a “Christmas Tree” arrangement. A 
typical Christmas Tree stack might include 20, 15 and 
10-meter monobanders on a single rotating mast sticking 
out of the top of the tower. 

Fig 12 shows the computed azimuth pattern for this 
Yagi at 14.175 MHz, at an elevation angle of 15°, the 
angle where the peak of the forward lobe occurs at this, 


Table 2 


520-40W.YW, using #14 wire from 520-40H.YW 
44.000 14.174. 14.350 MHz 


Selements, inches 
Spacing 064 
0.000 210.923, 
72.000 200.941 
72.000 199.600 
199,000 197.502, 
191.000 190.536 
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Fig 11—At A, geometry for 5-element Yagi on a 40-foot 
‘boom, mounted 720 inches (60 feet) above flat ground, 
with an overlay of current and the azimuth pattern. At 
B, EZNEC Wires spreadsheet for this antenna. Thi 
design uses #14 wire for simplicity. 


Fig 12—EZNEC azi 
angle of 15° for #14 


uth-plane pattern at an elevation 
ire Yagi described in Fig 11. 
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height above flat ground. The antenna exhibits excellent 
gain at 13.1 dBi, as well as a clean pattern behind the 
main lobe. The worst-case front-to-rear ratio at any point 
from 90° to 270° in azimuth is better than 23 dB. EZNEC 
says the feed-point impedance is 25 ~ j 23 Q, just the 
right impedance suited for a simple hairpin or gamma 
mateh, 


A Monoband 2-Element Cubical Quad 


Unlike a Yagi, with its elements existing only in the 
xy plane, a quad type of beam is a three-dimensional 
sort of antenna, A quad loop has height in the z-axis, as 
well as width and length in the x-y plane. Each individual 
Joop for a monoband quad consists of four wires, joined 
together at the comers. Fig 13 shows the coordinates for 
2 2-element 15-meter quad, consisting of a reflector and 
a driven element on a 10-foot boom. 

You can see that the axis of symmetry, the x-axis 
runs down the center of this model, meaning thatthe ori- 
gin of this particular x, y and z-coordinate scheme is in 
the center ofthe reflector. The (0, 0, 0) origin is placed 
this way for convenience in assigning corner coordinates 
for each element. For actual placement of the antenna at 
4 particular height above real ground, the heights of all 
z-axis coordinates are changed accordingly. EZNEC has 
convenient built-in function to change the height of all 
wires at a single stroke 

Fig 14 shows the input EZNEC spreadsheet for this, 
quad in free space, clearly showing the symmetrical 
nature of the corner coordinates. (Use EZNEC model file 
Chd-Quad.EZ.) This is a good place to emphasize that 
you should enter the wire coordinates in a logical 
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13—Wire geometry for a 2-element cul 
1 element. The x- 
free-space model. 
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Fig 14—EZNEC 
coordinates usei 
x ‘an element on the 10- 
foot boom and also is the axis of symmetry for each 
‘element. The values for the z-axis and y-axis vary 
above and below the axis of symmetry. 


sequence. The most obvious example in this particular 
model is that you should group all the wires associated 
with a particular element together—for example, the four 
wires associated with the reflector should be in one place. 
In Fig 14 you can see that all four wires with an x-coor- 
dinate of zero represent the reflector. 

It's best to follow a convention in entering wires in 
‘a loop structure in a logical fashion. The idea to connect, 
the end point of one wire to the starting point of the next, 
wire. For example, in Fig 13 you can see that the left- 
hand end of Wire 1 is connected to the bottom of Wire 2, 
‘and that the top of Wire 2 connects to the left-hand end 
of Wire 3. In turn, Wire 3 connects to the top of Wire 4, 
‘whose bottom end connects to the right-hand end of Wire 
1. The pattern is known as “going around the horn” mean- 
ing that the connections proceed smoothly in one direc- 
tion, in this case in a clockwise direction. 

You can see that the entry for the wires making up 
the elements in the S-element Yagi in Fig 11B also pro- 
ceeded in an orderly fashion by starting with the reflec 
tor, then the driven element, then director 1, then director 
2 and finally director 3. This doesn’t mean that you 
couldn't mix things up, say by specifying the driven ele~ 
ment first, followed by director 3, and then the reflector, 
‘or whatever. But it's a pretty good bet that doing so in 
this quasi-random fashion will result in some confusion, 
later on when you revisit a model, or when you let another 
person see your model. 


THE MODELING ENVIRONMENT 
The Ground 
Above, when considering the 135-foot dipole 
mounted 50 feet above flat earth, we briefly mentioned 
the most important environmental item in an antenna 
model—the ground beneath it. Let's examine some of the 
options available in the NEC-2 environment in EZNEC: 


© Free space 
© Perfect ground 


© MININEC type ground 
+ “Fast” type ground 
© Sommerfeld-Norton ground. 


‘The free space environment option is pretty self- 
explanatory—the antenna model is placed in free space 
away from the influence of any type of ground. This 
option is useful when you wish to optimize certain char- 
acteristics of a particular antenna design. For example. 
you might wish to optimize the front-to-rear ratio of a 
Yagi over an entire amateur band and this might entail 
many calculation runs. The free-space ground will run 
the fastest among all the ground options. 

Perfect ground is useful as a reference case, espe- 
cially for vertically polarized antennas over real ground. 
Antenna evaluations over perfect ground are shown in 
‘most classical antenna textbooks, so itis useful to com- 
pare models for simple antennas over perfect ground to 
those textbook cases. 

MININEC type ground is useful when modeling ver- 
tical wires, or horizontal wires that are higher than 0.2 
above ground. A MININEC type ground will compute 
faster than either a “Fast” ground or a Sommerfeld-Norton 
type of ground because it assumes that the ground under 
the antenna is perfect, while stll taking into account the 
far-field reflections for ground using user-specified val- 
ues of ground conductivity and dielectric constant. The 
fact that the ground under the antenna is perfect allows 
the NEC-2 user of a MININEC type ground to specify 
wires that touch (but don’t go below) the ground surface. 
something that only users of the advanced NEC-4 pro- 
gram can do with the more accurate Sommerfeld-Norton 
type of ground described below. (NEC-4 is presently not 
in the public domain and is strictly restricted and licensed 
by the US government.) The ability to model grounded 
wires is useful with vertical antennas. The modeler must 
be wary of the feed-point source impedances reported for 
either horizontally or vertically polarized wires because 
of the perfect-ground assumption inherent in a MININEC- 
type ground. 

‘The “fast” type of ground is a hybrid type of ground 
that makes certain simplifying assumptions that allow it 
to be used provided that horizontal wires are higher than 
about 0.1 2 above ground. With today's fast computers 
the Sommerfeld-Norton model is preferred. 

‘The Sommerfeld-Norton ground (referred to in 
FZNEC as the “high accuracy” ground) is preferable to 
the other ground types because it has essentially no pra 
tical limitations for wire height. It has the disadvantage 
that it can run about four times slower than a MININEC 
type of ground, but today’s fast computers make that 
almost a non-issue. Again, NEC-2-based programs can- 
not model wires that penetrate into the ground (although 
there are work-arounds described below) 

‘As mentioned above, for any type of ground other 
than perfect ground or free space. the user must specify 
the conductivity and dielectric constant ofthe soil. EZNEC 
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allows the entry by several user-friendly categories, where 
is conductivity in Siemens/meter and ¢ is dielectric con- 
stant: 


‘+ Extremely poor: cities, high buildings (6 = 0.001, 
* Very Poor: cities, industrial (6 = 0.001 
Sandy, dry (6 = 0.002, e = 10) 

* Poor: rocky, mountainous (6 = 0.002, ¢ = 13) 

+ Average: pastoral, heavy clay (6 = 0.005, ¢ = 13) 


Pastoral: medium hills and forestation (= 0.006, 
e=13) 

+ Flat, marshy, densely wooded (6 = 0.0075, e = 12) 

+ Pastoral. rich soil, US Midwest (6 = 0.010, € = 14) 

* Very Good: pastoral, rich, central US (6 = 0.0303, 
2=20) 

+ Fresh water (6 = 0.001, e = 80) 

* Saltwater (6 = 5, 8 = 80) 


Let's use EZNEC's ability to overlay one or more 
plots together on one graph to compare the response 
of the vertical ground plane antenna in Fig 9 for two 
different types of ground: Saltwater and Poor. Open the 
Ch4-GP.EZ file in EZNEC. Click the Ground Descrip 
button and then right-click anywhere in the Media win- 
dow that opens up. Choose first the “Poor: rocky, moun- 
tainous” option button, click OK and then FF Plot. When 
the elevation plot appears, click the File menu at the top 
of the main window, and then Save As. Choose an appro 
priate name for the trace, perhaps “Poor Gnd. PF: 

Go back and select saltwater as your Ground 
Deserip and follow the same procedure to compute the 
far-field plot for saltwater ground. Now, add the Poor 
Gnd.PF trace, by clicking menu selection File, Add 
‘Trace. Fig 15 shows this comparison, which greatly 
favors the saltwater environment, particularly at low 
elevation angles. At S° the ground plane mounted over 
saltwater has about a 10 dB advantage compared to its 
landlocked cousin, 

‘You might be wondering what happens if we move 
the ground-plane antenna down closer to the ground. The 
lower limit to how far the radials can approach the lossy 
arth is 0.001 2 or twice the diameter of the radial wire. 
A distance of 0.001 2 at 1.8 MHz is about 6 inches, while 
itis 0.4 inches at 30 MHz. While NEC-2-based programs 
cannot model wires that penetrate the ground, radial sys~ 
tems just above the ground with more than about eight 
radial wires can provide a work-around to simulate a 
direct-ground connection, 


Modeling Environment: Frequency 

I's always a good idea to evaluate an antenna over 
a range of frequencies, rather than simply at a single spot 
frequency. Trends that become quite apparent on a fre- 
quency sweep are frequently lost when looking simply at 
fa single frequency. Native NEC-2 has built-in frequency 
sweep capabilities, but once again the commercial pro- 
‘grams make the process easier to use and understand. You 
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Fig 15—A comparison of the elevation response for the 
vertical ground plane in Fig 9 over saltwater and over 
“poor: rocky, mountainous” soil. Saltwater works 
wonders for verticals, providing excellent low-angle 
signals, 


0B 


Fig 16—Frequency sweep of 5-element Yagi described 
in Fig 11, showing how the azimuth pattern changes 
with frequency. 


saw in the SWR curve in Fig 2 the result of one such 
frequency sweep using EZINEC. Fig 16 shows a frequency 
sweep of the azimuth response for the S-element Yagi in 
Fig 11 across the 20-meter band, using steps of 117 kHz, 
so there are four evaluation frequencies. At 14.0 MHz, 
this Yagi’s gain is down a small amount compared to the 
gain at 14.351 MHz but the rearward pattern is notice- 
ably degraded, dropping to a front-to-back ratio of just 
under 20 dB. 

EZNEC can save to a series of output plot files a 
frequency sweep of elevation (or azimuth) patterns. In 
essence, this automates the process described above for 


saving a plot to disk and then overlaying it on another 
plot. EZNEC can save to a text file for later analysis (or 
perhaps importation into a spreadsheet) the following 
parameters, chosen by the user: 

© Source data 

Load data 

Pattern data 

Current data 

MicroSmith numeric data 

Pattern analysis summary. 


Frequency Scaling 

EZNEC has a very useful feature that allows you to 
create new models scaied to a new frequency. You invoke 
the algorithm used to scale a model from one frequency 
to another by checking the Rescale box after you've 
clicked the Frequency button. EZINEC will scale all model 
dimensions (wire length, height and diameter) except for 
‘one specific situation—the wire diameter will stay the 
same at the new frequency if you originally specified wire 
size by AWG gauge. For example, #14 copper wire for a 
half-wave 80-meter dipole will stay #14 copper wire for 
2 20-meter half-wave dipole. If, however, you specified 
diameter as a floating point number originally, the diam- 
eter will be scaled by the ratio of new to old frequency 
along with wire length and height. 

Start up EZNEC and open up the file Ch4-520-40W.EZ, 
for the S-element 20-meter Yagi on a 40-foot boom. Click 
the Frequency box and then check the Reseale check box. 
Now, type inthe frequency of 28.4 MHz and click OK. You 
have quickly and easily created a new 5-element 10-meter 
Yagi, that is mounted 29.9949 feet high, the exact ratio of 
28.4 MHz to 14.1739 MHz, the original design frequency 
‘on 20 meters. Click the FF Plot button to plot the azimuth 
patter for this new Yagi. You will see that it closely dupli- 
cates the performance of its 20-meter brother. Click Sre Dat 
to see that the source impedance is 25.38 ~ j 22.19 0. again 
very close to the source data for the 20-meter version. 


REVISITING SOURCE SPECIFICATION 
Sensitivity to Source Placement 

Earlier, we briefly described how to specify a source 
on a particular segment using EZNEC. The sources for 
the relatively simple dipole, Yagi and quad models 
investigated so far have been in the center of an easy-to- 
visualize wire. The placement for the source on the verti- 
cal ground plane was at the bottom of the vertical radiator, 
‘an eminently logical place. In the other cases we speci- 
fied the position of the source at 50% of the distance along 
wire, given that the wire being fed had an odd number 
of segments. Please note that in each case so far, the feed 
point (source) has been placed at a relatively low-imped- 
lance point, where the current changes relatively slowly 
from segment to segment. 


Now we're going to examine some subtler source- 
placement problems. NEC-2 is well-known as being very 
sensitive to source placement. Significant errors can result, 
from a haphazard choice of the source segment and the 
segments surrounding it, 

Let's return to the inverted-V dipole in Fig 5. The 
first time we evaluated this antenna (Ch4-Inverted V 
Dipole.EZ) we specified a split source in EZNEC. This 
function uses two sources, one on each of the segments 
immediately adjacent to the junction of the two down 
ward slanting wires. 

‘Another common method to create a source atthe junc 
tion of two wires that meet at an angle is to separate these 
two slanted wires by a short distance and bridge that gap 
with a short straight wire, which is fed at its center. Fig 17 
shows a close-up of this scheme. In Fig 17 the length of the 
segments surrounding the short middle wire are purposely 
‘made equal to the length of the middle wire. The segmenta- 
tion for the short middle wire is set to one. Table 3 lists the 
source impedance and the maximum gain the EZNEC com 
putes for three different models: 


1. Ch4-Inverted V Dipole-EZ (the original model) 

2. Chd-Inverted V Dipole Triple Segmentation.EZ. 

3. Ch4-Modified Inverted V Dipole.EZ (as shown in 
Fig 17, for the middle wire set to be 2 feet long) 

4, Ch4-Mod Inverted V Poor Segmentation.EZ. 
(where the number of segments on the two slanted 
‘wires have been increased to 200) 


Source 
on Snort 
Mica Wire 


4 S 


17—Model of inverted-V dipole using a short center 
wire on which the source is placed. 


Table 3 
135-Foot Inverted-V Dipole at 3.75 MHz 


Case Segments Source Max. Gain 
Impedance 2 Bi 

1 82 72.644 1282 4.82 

2 246 © 73.19+/1289 © 4.82 

3 67 73.064 /1291 4.85 

4 401 76.214 1352 4.67 
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Case 2 shows the effect of tripling the number of 
segments in Case 1. This is a check on the segmentation, 
to see that the results are stable at a lower level compared 
to a higher level of segmentation (which theoretically is, 
better, although slower in computation). We purposely 
set up Case 4 so that the lengths of the segments on either 
side of the single-segment middle wire are significantly 
different (0.33 feet) compared to the 2-foot length of the 
middle wire. 

The feed-point and gain figures for the first three 
models are close to each other. But you can see that the 
figures for the fourth model are beginning to diverge from 
the first three, with about a 5% overall change in the 
reactance and resistance compared to the average values, 
‘and about a 3% change in the maximum gain, This illus- 
trates that it is best to keep the segments surrounding the 
source equal or at least close to equal in length. We'll 
soon examine a figure of merit called the Average Gain 
test, but it bears mentioning here that the average gain 
test is very close for the first three models and begins to 
diverge for the fourth model. 

Things get more interesting if the source is placed 
at a high-impedance point on an antenna—for example, 
in the center of a full-wave dipole—the value computed 
for the source impedance will be high, and things will be 
quite sensitive to the segment lengths. We'll repeat the 
computations for the same inverted-V models, but this 
time at twice the operating frequency, at 7.5 MHz. 

‘Table 4 summarizes the results. The impedance is high, 
as expected. Note that the resistance term varies quite a bit 
for all four models, a range of about 23% around 
the average value. Interestingly, the poorly segmented model's 
resistance falls in between the other three. The reactive terms 
are closer for all four models but still cover a range of 4% 
around the average value. The maximum gain shows the same 
tendancy to be somewhat lower in the fourth model com- 
ppared to the first three and thus looks as potentially untrust- 
‘worthy at 7.5 MHz as it does at 3.75 MHL. 

This is, of course, but a small sampling of segmen- 
tation schemes, and caution dictates that you shouldn't 
take these results as being representative of all possibili- 
ties. Nevertheless, the lesson to be learned here is that 
the feed-point (source) impedance can vary significantly 
ata point where the current is changing rapidly, as it does 
where a high impedance feed is involved. Another gen- 


Table 4 

135-Foot Inverted-V Dipole at 7.5 MHz 

Case Segments Source Max. Gain 
Impedance 2 Bi 

1 82 2097 — / 2668 5.67 

2 246 1822 — j 2553 5.66 

3 67 1960 ~ j 2583 5.66 

4 401 2031 ~ j 2688 5.48 
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eral conclusion that can be drawn from Table 5 is that 
‘more segments, particularly if they surround the source 
segment improperly, is not necessarily better. 


Voltage and Current Sources 

Before we leave the topic of sources, you should be 
aware that programs like EZNEC and others have the abil- 
ity to simulate both voltage sources and current sources. 
Although native NEC-2 has several source types, voltage 
sources are the most commonly used by hams. Native 
NEC-2 doesn’t have a current source, but a current source 
is nothing more than a voltage source delivering current 
through a high impedance. Basic network theory says that 
every Thevenin voltage source has a Norton current 
source equivalent. Various commercial implementations 
° f 
NEC-2 approach the creation of a current source in 
slightly different fashions. Some use a high value of 
inductive reactance as a series impedance, while others 
use a high value of series resistance. 

Why would we want to use a current source instead 
of a voltage source in a model? The general-purpose 
answer is that models containing a single source at a single 
feed point can use a voltage source with no problems. 
Models that employ multiple sources, usually with dif- 
ferent amplitudes and different phase shifts, do best with 
current sources. 

For example, phased arrays feed RF currents at dif- 
ferent amplitudes and phase shifts into two or more ele- 
‘ments. The impedances seen at each element may be very 
different—some impedances might even have negative 
values of resistance, indicating that power is flowing out 
of that element into the feed system due to mutual cou- 
pling to other elements. Having the ability to specify the 
amplitude and phase of the current, rather than a feed 
voltage, at a feed point in a program like EZNEC is a 
valuable tool. 

Next, we examine one more important aspect of 
building a model, setting up loads. After that, we'll look 
into two tests for the potential accuracy of a model. These 
tests can help identify source placement, as well as other 
problems. 


LOADS 


‘Many ham antennas, in particular electrically short 
ones, employ some sort of loading to resonate the sys- 
tem, Sometimes loading takes the form of capacitance 
hats, but these can and should be modeled as wires con- 
nected to the top of a vertical radiator. A capacitance hat 
is not the type of loading we'll explore in this section. 
Here, the term loads refers to discrete inductances, 
capacitances and resistances that are placed at some point 
(or points) in an antenna system to achieve certain effects. 
One fairly common form of a load is a loading coil used 
to resonate an electrically short antenna. Another form 
of load often seen in ham antennas is a rrap. EZIVEC has 


Healthcare, transportation and media are sectors that are bound up with our fellow citizens’ daily 
lives: any improvements in these sectors thus have a clearly visible impact. The introduction of 
robots to perform specialised surgical operations, of video on demand or the advent of new 
connected features in cars have already improved our daily lives. 5G is promising to go several steps 
further in all of these areas: it would enable remote medical diagnoses and operations in real time, it 
would demacratise streaming of 360° 3D video, it would provide users with a vast selection of video 
content with a picture quality better than ultra high-definition (4K, 8K..). The automotive universe 
could rely on these new networks to help cars make decisions without human involvement, and also 
communicate with one another (this is already possible, for instance, with the first experimental fleet 
of fully autonomous taxis being tested on the streets of Singapore by the firms nuTonomy and 
Grab’), with reaction times that are compatible with the demands of high-speed travel. 


In terms of factories of the future, the improvements brought by 5G are primarily targeting the 
introduction of new generations of connected robots, the interconnection of production sites and 
the much heavier use of smart sensors to improve industrial processes. Generally speaking, the aim is 
to achieve ubiquitous communication between machines, a process that is already well underway. 


One thing that it is crucial to understand, through the few examples listed above whose demands 
‘might seem mutually incompatible, is that depending on the sector or the application, the network 
properties and the functionalities required will not be the same. Service providers ~ whether they are 
today’s mobile operators or other market players ~ will need to be capable of adapting their network 
to demand, occasionally in real time. 5G will thus be not so much a universal technology as a 
polymorphous, or multi-faceted technology, capable of adapting to any use, up to and including the 
‘most demanding ones. 
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fa special built-in function to evaluate parallel-resonant 
traps, even at different frequencies beyond their main 
parallel resonance. 

Just for reference, a more subtle type of load is a 
distributed material load, We encountered just such a load 
in our first model antenna, the 135-foot long flattop 
dipole—although we didn’t identify it specifically as 
load at that time. Instead, it was identified as a “wire loss’ 
associated with copper. 

‘The NEC-2 core program has the capability of simu- 
lating a number of built-in loads, including distributed 
material and discrete loads. EZVEC implements the fol- 
lowing discrete loads: 


* Series R + X loads. 

+ Series R-L-C loads, specified in Q of resistance, WH 
of inductance and pF of capacitance. 

+ Parallel R-L-C loads, specified in Q of res 
of inductance and pF of capacitance. 

+ Trap loads, specified in @ of resistance in series with 
MH of inductance, shunted by pF of capacitance, at a 
specific frequency. 

© Laplace loads, specified as mathematical Laplace 
coefficients (sometimes used in older modeling programs 
and left in EZNEC for backwards compatibility). 


tance, WH 


I is important to recognize that the discrete loads in 
fan antenna modeling program do not radiate and they 
have zero size. The NEC-2 discrete loads are described 
by L. B. Cebik in his antenna modeling course as being 
‘mathematical loads. The fact that NEC-2 loads do not 
radiate means that the popular mobile antennas that use 
helical loading coils wound over a length of fiberglass 
‘hip cannot be modeled with NEC-2, because such coils 
do radiate. 

Lets say that we want to pat a air-wound loading coil 
with an unloaded Q of 400 atthe center of a 40-foot long, 
'50-f00t high, flattop dipole so that its resonant at 7.1 MHz 
‘The schematic ofthis antenna is shown in Fig 18. Examine 
the modeling file Ch4-Loaded Dipole.EZ to see how a dis- 
crete series RL. load is used to resonate this short dipole at 
7.1 MHz, with a feed-point (source) impedance of 25.3 
‘This requires a series resistance of 1.854 Qand an inductive 
reactance of +741.5 Q. Note that we again used a single wire 
to mode! this antenna, and that we placed the load ata point 
'50% along the length of the wire. 

This load represents a 16.62 WH coil with an 
unloaded Q of 741.5/1.854 = 400, just what we wanted 
Let's assume for now that we use a perfect transformer 
to transform the 25.3-0 source impedance to 50.2. If we 
now attempt to run a frequency sweep over the whole 
40-meter band from 7.0 to 7.3 MHz, the load reactance 
and resistance will not change, since we specified fixed 
values for reactance and resistance. Hence, the source 
impedance will be correct only at the frequency where 
the reactance and resistance are specified, since the reac- 
tance changes with frequency. 


(9.0.50) (0,50) (0.20, 50) 


lie diagram of a 40-foot long flattop 
dipole with a loading coil placed at the center. This coil 
hhas an unloaded Q of 400 at 7.1 MHz. 


19—SWR graph of the loaded 40-foot long flattop 
dipole shown in Fig 18. 


So let's use another load capability and substitute a 
16.62 fH coil with a series 1.854-0 resistance at 7.1 MHz. 
We'll let EZNEC take care of the details of computing 
both the reactance and the changing series resistance at 
various frequencies. The degree that both reactance and 
series loss resistance of the coil change with frequency 
may be viewed using the Load Dat button from the main, 
EZNEC window. 

Fig 19 shows the computed SWR curve for a 
25.3-Q Alt SWR ZO reference resistance. The 2:1 SWR 
bandwidth is about 120 kHz. As could be expected, the 
antenna has a rather narrow bandwidth because itis elec- 
tically short. 


ACCURACY TESTS 
‘There are two tests that can help identify accuracy 
problems in a model: 


‘© The Convergence test 
‘© The Average Gain test. 


Convergence Test 

‘The idea behind the Convergence test is simple: If 
you increase the segmentation in a particular model and 
the results changes more than you'd like, then you 
increase the segmentation until the computations converge 
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to a level that is suitable to you. This process has the 
potential for being subjective, but simple antenna mod- 
els do converge quickly. In this section, we'll review sev- 
eral more of the antennas discussed previously to see how 
they converge. 

Let's go back to the simple dipole in Fig 3. The origi- 
nal segmentation was 11 segments, but we'll start with a 
very low value of segmentation of three, well below the 
minimum recommended level. Table 5 shows how the 
source impedance and gain change with increase in seg- 
mentation at 3.75 MHz. For this simple antenna, the gain 
levels off at 6.50 dBi by the time the segmentation has 
reached I segments. Going to ten times the minimum- 
recommended level (to 111 segments) results in an 
increase of only 0.01 dBi in the gain. 

Arguably, the impedance has also stabilized by the 
time we reach a segmentation level of 11 segments, 
although purists may opt for 23 segments. The tradeoff 
is a slowdown in computational speed. 

Let's see how the 5-element Yagi model converges 
with changes in segmentation level. Table 6 shows how 
the source impedance, gain, 180° front-to-back ratio and 
worst-case front-to-rear ratio change with segmentation 
density. By the time the segmentation has reached 1 seg- 
ments per wire, the impedance and gain have stabilized 
quite nicely, as has the F/R. The 180° FB is still increas 
ing with segmentation level until about 25 segments, but 
relatively small shift in frequency will change the maxi- 
mum F/B level greatly. For example, with 11 segments 
per wite, shifting the frequency to 14.1 MHz—a shift of 
only 0.5%— will change the maximum 180° F/B from 
almost 50 dB down to 27 4B. For this reason the FIR is, 
considered a more reliable indicator of the adequacy of 
the segmentation level than is F/B 


Average Gain Test 

The theory behind the Average Gain test is a little 
more involved. Basically, if you remove all intentional 
losses in a model, and if you place the antenna either in 
free space or over perfect ground, then all the power fed 
to the antenna should be radiated by it. Internally, the 
program runs a full 3-D analysis, adding up the power in 
all directions and then dividing that sum by the total power 
fed to the antenna. Since NEC-2 is very sensitive about 
source placement, as mentioned before, the Average Gain 
test is a good indicator that something is wrong with the 
specification of the source 

Various commercial versions of NEC-2 handle the 
Average Gain test in different ways. EZNEC requires the 
‘operator to turn off all distributed losses in wires or set 
to zero any discrete resistive losses in loads. Next you 
set the ground environment to free space (or perfect 
ground) and request a 3-D pattern plot. EZNEC will then 
report the average gain, which will be 1.000 if the model 
hhas no problems. The average gain can be lower or higher 
than 1.000, but if it falls within the range 0.95 to 1.05 it 
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Table 5 

135-Foot Flattop Dipole at 3.75 MHz 

Segments Source Max. Gain 
Impedance 2 Bi 

3 85.9 + 128.0 6.34 

5 86.3 +) 128.3, 6.45 

7 86.8 +1288 6.48 

"1 87.9 + j129.5 6.50 

23 88.5 + j 130.3 65t 

45 89.0 + j 130.8 651 

101 89.4.4) 131.1 651 

Table 6 

S-element Wire Yagi at 14.1739 MHz 

Segments Source + Max. Gain 180° F/B FIR 
Impedance dBi dB 8 

3 285-j306 1279 232 224 

5 263-j256 1302 305 23.1 

7 256-j24.0 1307 348 23.1 

4 251-j229 1309 399 28.1 

25 249-j220 1310 437 28.1 

99 247-j215 1310 44228. 


is usually considered adequate. 

As L. B. Cebik, W4RNL, stated in his ARRL Certi- 
fication and Continuing Education Course on antenna 
modeling: “Like the convergence test, the average gain 
testis a necessary but not a sufficient condition of model 
reliability.” Pass both tests, however, and you can be prety 
well sure that your model represents reality. Pass only 
one test, and you have reason to worry about how well 
your model represents reality. 

Once again, open the model file Ch4-Mod 
Inverted V Poor Segmentation.EZ, and set Wire Loss 10 
zero, Ground Type to Free Space and Plot Type to 
3-Dimensional. Click on the FF Plot button, EZNEC will 
report that the Average Gain is 0.955 = -0.2 dB. This is very 
‘lose to the lower limit of 0.95 considered valid for excellent 
accuracy. This isa direct result of forcing the segment lengths 
adjacent to the source segment to be considerably shorter 
than the source segment’s length. The gain reported using 
this test would be approximately ~0.2 dB from what it should, 
bbe—just what Table 4 alludes to also. 

Now, let's revisit the basic model Ch4-Inverted 
V Dipole.EZ and look at Case 2 in Table 4. Case 2 
amounts to a Convergence test for the basic inverted-V 
model. Since the impedance and gain changes were small 
comparing the basic model to the one using three times 
the number of segments, the model passed the Conver- 
gence test. The Average Gain test for the basic model 
yields a value of 0.991, well within the limits for good 
accuracy. This model has thus passed both tests and can 
be considered accurate, 


Running the Average Gain test for the S-element Yagi 
(using 11 segments per wire and whose convergence we 
examined in Table 6) yields a value of 0.996, again well 
within the bounds indicating a good model. And the 
simple flattop dipole with 11 segments at 3.75 MHz yields 
an Average Gain result of 0.997, again indicating a very 
‘accurate model. 


OTHER POSSIBLE MODEL 
LIMITATIONS 


Programs based on the NEC-2 core computational 
code have several well-documented limitations that you 
should know about. Some limitations have been removed, 
in the restricted-access NEC-4 core (which is not gener- 
ally available to users), but other limitations still exist, 
even in NEC-4. 


Closely Spaced Wires 

If wires are spaced too close to each other, the 
NEC-2 core can run into problems. If the segments are 
not carefully aligned, there also can be problems with 
accuracy. The worst-case situation is where two wires 
are so close together that their volumes actually merge 
into each other. This can happen where wires are thick, 
parallel to each other and close together. You should keep 
parallel wires separated by at least several diameters, 

For example, #14 wire is 0,064 inches in diameter. The 
rule then is to keep parallel #14 wires separated by more 
than 2 x 0.064 = 0.128 inches. And you should run the Con- 
vergence test to assure yourself that the solution is indeed 
converging when you have closely spaced wires, especially 
if the two wires have different diameters. To model anten- 
nas containing closely spaced wires, very often you will need 
many more segments than usual and you must also care- 
fully ensure that the segments line up with each other. 

Things can get a little more tricky when wires cross 
over or under each other, simply because such crossings 
are sometimes difficult to visualize. Again, the rule is to 
keep crossing wires separated by more than two diam- 
eters from each other. And if you intend to join two wires 
together, make sure you do so at the ends of the two wires, 
using identical end coordinates. When any or all of these 
rales are violated, the Convergence and Average Gain tests 
will usually warn you of potential inaccuracies. 


Parallel-Wire Transmission Lines and LPDAs 


Acommon example of problems with closely spaced 
wires is when someone attempts to model a parallel-wire 
transmission line. NEC-2-based programs usually do not 
‘work as well in such situations as do MININEC-based 
programs. The problems are compounded if the diam- 
ters are different for the two wires simulating a parallel- 
wire transmission line. In NEC-2 programs, it is usually 
better to use the built-in “perfect transmission line” func- 
tion than to try to model closely spaced parallel wires as 
a transmission line, 


For example, a Log Periodic Dipole Array (LPDA) 
is composed of a series of elements fed using a transmis- 
sion line that reverses the phase 180° at each element. In 
other words, the elements are connected to a transmis- 
sion line that reverses connections left-to-right at each 
element. It is cumbersome to do so, but you could model 
such a transmission line using separate wires in EZNEC, 
but it is a potentially confusing and a definitely painstak- 
ing process. Further, the accuracy of the resulting model 
is usually suspect, as shown by the Average Gain test 

It is far easier to use the Trans Lines function from 
the EZVEC main window to accurately model an LPDA. 
See Fig 20, which shows the Trans Lines window for 
the 9302A.EZ 16-clement LPDA. There are 15 transmis- 
sion lines connecting the 16 elements, placed at the 50% 
point on each element, with a 200-Q characteristic 
impedance and with Reversed connections. 


Fat Wires Connected to Skinny Wires 

Another inherent limitation in the NEC-2 computa- 
tional core shows up when modeling several popular ham- 
radio antennas: many Yagis and some quads. 


‘Tapered Elements 
As mentioned before, many Yagis are built using tele. 
scoping aluminum tubing. This technique saves weight and. 
makes for a more flexible and usually stronger element, 
one that can survive wind and ice loading better than a 
“monotaper” element design. Many vertical antennas are 
also constructed using telescoping aluminum tubing. 
Unfortunately, native NEC-2 doesn’t model accu- 
rately such rapered elements, as they are commonly 
called. There is, however, a sophisticated and accurate 
work-around for such elements, called the Leeson cor: 
rections. The Leeson corrections, derived by Dave 
Leeson, W6NL, from pioneering work by Schelkunoff at 
Bell Labs, compute the diameter and length of an ele- 
‘ment that is electrically equivalent to a tapered element. 
This monotaper element is much easier to use in a pro- 


| 
=| 

=| 

Fig 20—Transmissio 

‘ovelement LPDA. Note thatthe transmission lines 


going between elements are “reversed,” meaning 
that they are 180° out-of-phase at each element, a 
requirement for properly feeding an LPDA. 
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Table 7 


5-element Yagi at 14.1739 MHz with Telescoping Aluminum Elements 


With Leeson Corrections 


Without Leeson Corrections 


Freq. Source Impedance Gain. «FIR Source Impedance Gain FIR 
MHz a Bi dB 2 Bi 

14.0 23.2 - 26.5 14.82 23.3 22.4 - 12.7 14.92 

141 227-205 1487 22.8 486-125 14.70 

142 228-/148 1487 22.7 66-46 14.01 

143 225-/11.9 14.76 215 194/106 10.61 

144 145-105 1445 19.9 16 +237 11.15 

gram like NEC-2. See Chapter 2, Antenna Fundamen- 

Table 8 


tals, for more information on the Leeson corrections. 

EZNEC and other NEC-2 programs can automati- 
cally invoke the Leeson corrections, providing that some 
basic conditions are met—and happily, these conditions 
are true for the telescoping aluminum-tubing elements 
‘commonly used as Yagi elements. EZNEC gives you the 
ability to disable or enable Leeson corrections, under the 
Option menu, under Stepped Diameter Correction, 
EZNEC’s name for the Leeson corrections. Open the 
modeling file $20-40H.EZ, which contains tapered alu- 
minum tubing elements and compare the results using 
and without using the Leeson corrections. 

‘Table 7 lists the differences over the 20-meter band, 
with the 5-element Yagi at a height of 70 feet above flat 
ground. You can see that the non-Leeson corrected fig 
ures are very different from the corrected ones. At 
14.3 MHz, the pattern for the non-corrected Yagi has 
degenerated to a F/R of 3.1 db, while at 14.4 MHz, just 
outside the top of the Amateur band, the pattern for the 
non-corrected antenna actually has reversed. Even at 
14.2 MHz, the non-corrected antenna shows a low source 
impedance, while the corrected version exhibits smooth, 
variations in gain, F/R and impedance across the whole 
band, just as the actual antenna exhibits. 


Some Quads 
‘Some types of cubical quads are made using a combina. 
tion of aluminum tubing and wire elements, particularly in 
Europe where the “Swiss” quad has a wide following. Again, 
NEC-2-based programs don’t handle such tubing/wire ele- 
‘ments well, Its best to avoid modeling this type of antenna, 
although there are some ways to attempt to get around the 
limitations, ways that are beyond the scope of this chapter. 


NEAR-FIELD OUTPUTS 


FCC regulations set limits on the maximum permis- 
sible exposure (MPE) allowed from the operation of 
radio transmitters. These limits are expressed in terms of 
the electric (V/m) and magnetic fields (A/m) close to an 
antenna, NEC-2-based programs can compute the electric 
and magnetic near fields and the FCC accepts such compu- 
tations to demonstrate that an installation meets their regu- 
latory requirements. See Chapter 1, Safety, in this book. 
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E- and H-Field Intensities for 1500 W into 
5-Element Yagi at 70 Feet on 14.2 MHz 


Height H-Field EField 
Feet (Am) (vim) 
0 0.04 44 

10 0.03 13.8 
20 0.04 20.6 
30 0.08 22.6 
40 0.08 25.8 
50 0.10 33.8 
60 0.12 415 
70 0.12 44.3 


We'll continue to use the S-element Yagi at 70 feet 
to demonstrate a near-field computation. Open 
(Ch4-520-40HLEZ in EZNEC and choose Setups and then 
Near Field from the menu at the top of the main window: 
Let's calculate the E-field and H-field intensity for a power 
level of 1500 W (chosen using the Options, Power Level 
choices from the main menu) in the main beam at a fixed 
distance, say 50 feet, from the tower base. We'll do this at 
various heights, using 10-foot increments of height, in 
order to see the lobe structure of the Yagi at 70 fect height. 

‘Table 8 summarizes the total H- and E-field intensi- 
ties as a function of height. As you might expect, the fields 
are strongest directly in line with the antenna at a height 
of 70 feet. At ground level, the total fields are well within 
the FCC limits for rf exposure for both fields. In fact, the 
fields are within the FCC limits if someone were to stand 
at the tower base, directly under the antenna. 


ANTENNA MODELING SUMMARY 


This section on antenna modeling is by necessity 
only a brief introduction to the science of antenna mod- 
cling. The subject is partly art as well as science because 
there are usually several ways of creating a model for a 
particular antenna or antennas. 

Indeed, the presence of other wires surrounding a 
particular antenna can affect the performance of that 
antenna. Finally, there are the practical aspects of putting a 
actual antenna up in the real world, We'll explore this next. 


Practical Aspects, Designing Your Antenna System 


‘The most important time spent in putting together 
‘an antenna system is the time spent in planning. In Chap- 
ter3, The Effects of Ground, we outlined the steps needed 
to evaluate how your local terrain can affect HF commu- 
nications. There we emphasized that you need to com- 
ppare the patterns resulting from your own terrain to the 
statistically relevant elevation angles needed for cover- 
age of various geographic areas. (The elevation-angle sta- 
tistics were developed in Chapter 23, Radio Wave 
Propagation and are located on the CD-ROM included 
with this book, as is the terrain-assessment program 
ETA) 

The implicit assumptions in Chapter 3 are (1) that 
‘you know where you want to talk to, and (2) that you'd 
like the most effective system possible. At the start of 
such a theoretical analysis, cost is no object. Practical 
matters, like cost or the desires of your spouse, can come 
later! Afterall, you're just checking out all the possibili- 
ties. If nothing else, you will use the methodology in 
Chapter 3 to evaluate any property you are considering 
buying so that you can build your “dream station.” 

Next, in the first part of this chapter we described 
modeling tools used to evaluate different types of anten- 
nas. These modeling tools can help you evaluate what 
type of antenna might be suitable to your own particular 
style of operating. Do you want a Yagi with a lot of 
rejection of received signals from the rear? Let's say that 
terrain analysis shows that you need an antenna at least 
50 feet high. Do you really need a steel tower, or would a 
simple dipole in the trees serve your communication needs 
just fine? How about a vertical in your backyard? Would 
that be inconspicuous enough to suit your neighbors and 
‘your own family, yet still get you on the air? 

In short, using the techniques and tools we've pre~ 
sented in Chapters 3, 23 and here in Chapter 4, you can 
scientifically plan an antenna system that will be best 
suited for your own particular conditions. Now, however, 
you have to get practical. Thinking through and planning 
the installation can save a lot of time, money and frustra- 
tion. While no one can tell you the exact steps you should 
take in developing your own master plan, this section, 
prepared originally by Chuck Hutchinson, K8CH, should 
help you with some ideas. 


WHAT DO YOU REALLY WANT? 


Begin planning by spelling out your communications 
desires, What bands are you interested in? Who (or where) 
do you want to talk to? When do you operate? How much 
time and money are you willing to spend on an antenna 
system? What physical limitations affect your master 
plan? 

From the answers to the above questions, begin to 
formulate goals—short, intermediate and long range. Be 
realistic about those goals. Remember that there are three 


station effectiveness factors that are under your control. 
‘These are: operator skill, equipment in the shack, and the 
antenna system. There is no substitute for developing 
operating skills. Some tradeoffs are possible between 
shack equipment and antennas. For example, a high-power 
amplifier can compensate for a less than optimum 
antenna. By contrast, a better antenna has advantages for 
receiving as well as for transmitting. 

Consider your limitations. Are there regulatory 
restrictions on antennas in your community? Are there 
any deed restrictions or covenants that apply to your prop- 
erty? Do other factors (finances, family considerations, 
other interests, and so forth) limit the type or height of 
antennas that you can erect? All of these factors must be 
investigated because they play a major role determining 
the type of antennas you erect. 

Chances are that you won't be able to immediately 
do all you desire. Think about how you can budget your 
resources over a period of time. Your resources are your 
money, your time available to work, materials you may 
have on hand, friends that are willing to help, etc. One 
way to budget is to concentrate your initial efforts on a 
given band or two. If your major interest is in chasing 
DX, you might want to start with a very good antenna for 
the 14-MHz band. A simple multiband antenna could ini- 
tially serve for other frequencies. Later you can add bet- 
ter antennas for those other bands. 


SITE PLANNING 


A map of your property or proposed antenna site 
can be of great help as you begin to consider alternative 
antennas. You'll need to know the size and location of 
buildings, trees and other major objects in the area. Be 
sure to note compass directions on your map. Graph or 
quadrille paper (or a simple CAD program) can be very 
useful for this purpose. See Fig 21 for an example. It's a 
good idea to make a few photocopies of your site map so 
you can mark on the copies as you work on your plans. 

Use your map to plan antenna layouts and locations 
of any supporting towers or masts. If your plan calls for 
more than one tower or mast, think about using them as 
supports for wire antennas. As you work on a layout, be 
sure to think in three dimensions even though the map 
shows only two, 

Be sensitive to your neighbors. A 70-foot guyed 
tower in the front yard of a house in a residential neigh- 
borhood is not a good idea (and probably won't comply 
with local ordinances!). You probably will want to locate 
that tower in the back yard. 


ANALYSIS 


Use the information earlier in this chapter and in 
Chapters 3 and 23 to analyze antenna patterns in both 
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Fig 21—A site map such this one is a useful tool for 
planning your antenna installation. 


horizontal and vertical planes towards geographic areas 
of interest. If you want to work DX, you'll want anten- 
nas that radiate energy at low as well as intermediate 
angles. An antenna pattern is greatly affected by the pres- 
ence of ground and by the local topography of the ground. 
Therefore, be sure to consider what effect ground will 
have on the antenna pattern at the height you are consid- 
ering. A 70-foot high antenna is approximately ‘Vs, 1, 1'/ 
» and 2 wavelengths (4) high on 7, 14, 21 and 28 MHz 
respectively. Those heights are useful for long-distance 
communications. The same 70-foot height represents only 
{4/4 at 3.5 MHz, however. Most of the radiated energy 
froma dipole at that height would be concentrated straight 
up. This condition is not great for long-distance commu- 
nication, but can still be useful for some DX work and 
excellent for short-range communications. 

Lower heights can be useful for communications. 
However, it is generally true that “the higher, the better 
as far as communications effectiveness is concerned. This 
general rule of thumb, of course, should be tempered by 
fan exact analysis of your local terrain. Being located at 
the top of a steep hill can mean that you can use lower 
tower heights to achieve good coverage. 

There may be cases where itis not possible to install 
low-frequency dipoles at A/4 or more above the ground. 
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A vertical antenna with many radials is a good choice for 
long-distance communications. You may want to install 
both a dipole and a vertical for the 3.5- or 7-MHz bands. 
On the 1.8-MHz band, unless extremely tall supports are 
available, a vertical antenna is likely to be the most use- 
ful for DXing. You can then choose the antenna that per- 
forms best for a given set of conditions. A low dipole 
will generally work better for shorter-range communica 
tions, while the vertical will generally be the better per- 
former over longer distances. 

Consider the azimuthal pattern of fixed antennas. 
You'll want to orient any fixed antennas to favor the 
directions of greatest interest to you. 


BUILDING THE SYSTEM 


‘When the planning is completed, itis time to begin 
construction of the antenna system, Chances are that you 
can divide that construction into a series of phases or 
steps. Say, for example, that you have lots of room and. 
that your long-range plan calls for a pair of towers, one 
100-feet high, and the other 70-feet high, to support 
monoband Yagi antennas. The towers will also support a 
horizontal 3.5-MHz dipole, for DX work. On your map 
you've located them so the 80-meter dipole will be broad: 
Side to Europe. You decide to build the 70-foot tower with 
a “tiband” beam and 80- and 40-meter inverted-V 
dipoles to begin the project. 

In your master plan you design the guys, anchors 
and all hardware for the 70-foot tower to support the load, 
of stacked 4-element 10- and 15-meter monobanders, 
Yagis. So you make sure you buy a heavy-duty rotator 
and the stout mast needed for the monoband antennas 
later. Thus you avoid having to buy, and then sell, a 
medium-duty rotator and lighter weight tower equipment 
later on when you upgrade the station. You could have 
saved money in the long run by putting up a monoband 
beam for your favorite band, but you decided that for now 
it is more important to have a beam on 14,21 and 28 MHz, 
so you choose a commercial triband Yagi 

‘The second step of your plan calls for installing the 
second tower and stacking a 2-element 40-meter and a 
4-element 20-meter monoband Yagi on it. You also plan 
to replace the tribander on the 70-foot tower with stacked. 
4-clement 10- and 15-meter monoband Yagis. Although 
this is still a “dream system” you can now apply some of 
the modeling techniques discussed earlier in this chapter 
to determine the overall system performance. 


Modeling Interactions at Your Dream Station 

In this analysis we're going to assume that you have 
sufficient real estate to separate the 70- and 100-foot tow. 
ers by 150 feet so that you can easily support an 80-meter 
dipole between them. We'll also assume that you want 
the 80-meter dipole to have its maximum response at a 
heading of 45° into Europe from your location in 
Newington, Connecticut. The dipole will also have a lobe 


Fig 22—Layout for two-tower antenna system, at 70 
‘and 100 feet high and 150 feet apart. The 70-foot tower 
has a 4-element 10-meter Yagi at 80 feet on a 10-foot 
rotating mast and a 4-element 15-meter Yagi at 70 feet. 
‘An 80-meter dipole goes from the 70-foot tower to the 
100-foot tower, which holds a 2-element 40-meter Yagi 
at 110 feet and a 4-element 20-meter Yagi at 100 feet. In 
this figure all the rotatable Yagis are facing the 
direction of Europe and the nts on the 15-meter 
Yagi are shown. Note the significant amount of current 
re-radiated by the nearby 80-meter dipole. 


facing 225° towards the USA and New Zealand, making 
ita good antenna for both domestic contacts and DX work. 

Let's examine the interactions that occur between the 
rotatable Yagis for 10, 15, 20 and 40 meters. See Fig 22, 
which purposely exaggerates the magnitude of the currents 
con the 4-clement 15-meter Yagi mounted at 70 feet. Here, 
both sets of Yagis have been rotated so that they are point 
ing into Europe. There is a small amount of current radi 
ated onto the 10-meter antenna but virtually no current is 
radiated onto the 40- and 20-meter Yagis. This is good. 

However, significant current is radiated onto, and then 
re-radiated, by the 80-meter dipole. This undesired current 
affects the radiation pattern of the 15-meter antenna, as 
shown in Fig 23, which overlays the pattem of the 4-cle- 
ment 15-meter Yagi by itself with that of the Yagi interact- 
ing with the other antennas. You can see “ripples” in the 
azimuthal response of the 15-meter Yagi due to the effects 
Of the 80-meter dipole’s re-radiation. The magnitude of the 
ripples is about 1 dB at worst, so they don't seriously affect 
the forward pattern (into Europe), but the rearward lobes 
are degraded somewhat, to just below 20 dB. 

Fig 23 also shows the worst-case situation for the 
15-meter Yagi. Here, the 15-and 10-meter stack has been 
tured clockwise 90°, facing the Caribbean, while the 40- 
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Fig 23—An overlay of azimuth patterns. The solid line 
is the radiation pattern for the 15-meter Yagi all by 
itself. The dashed line is the pattern for the 15-meter 
Yagi, as affected by all the other antennas. The dotted 
line is the pattern for the 15-meter Yagi when it is 
pointed toward the Caribbean, with the Yagis on the 
100-foot tower pointed toward the 70-foot tower. The 
peak response of the 15-meter Yagi has dropped by 
about 1.5 dB, 


Fig 24—The layout and 15-meter currents when the Yagis 
‘on the 100-foot tower are pointed toward the 70-foot 
tower. The 15-meter Yagi has been rotated to face the 
direction of the 100-foot tower (toward the Caribbean). 


and 20-meter Yagis on the 100-foot tower have been 
turned counter-clockwise 90° (in the direction of Japan) 
to face the 70-foot tower holding the 10/15-meter Yagis. 
You can see the layout and the currents in Fig 24. Now 
the 40- and 20-meter Yagis re-radiate some 15-meter 
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Fig 25—The radiation patterns for the 10-meter Yagi. 
The sol the 10-meter Yagi by itself. The dashed 
line is for the same Yagi, with all other antenna 
interactions. The dotted line shows the worst-case 
pattern, with the stacked Yagis on the 100-foot tower 
facing the 70-foot tower and the 10-meter Yagi pointed 
toward the Caribbean. Again, the peak response of the 
10-meter Yagi has dropped about 1.5 dB in the worst- 
cease situation. 


energy and reduce the maximum gain by about 1.5 dB. 
Note that in this direction the 80-meter dipole no longer 
has 15-meter energy radiated onto it by the 15-meter Yagi. 

The shape of the patterns will change depending on 
whether you specify “current” or “voltage” sources in the 
models for the other antennas, since this effectively opens 
up or shorts the feed points at the other antennas so far as 
15-meter energy is concerned. In practice, this means that 
the interaction between antennas will vary somewhat 
depending on the length of the feed lines going to each 
‘antenna and whether each feed line is open-circuited or 
short-circuited when it is not in use. 

You can now see that interactions between various 
antennas pointing in different directions can be signifi- 
cant in a real-world antenna system. In general, higher- 
frequency antennas are affected by re-radiation from 
lower-frequency antennas, rather than the other way 
around. Thus the presence of a 10- or 15-meter stack does 
not affect the 20-meter Yagi at all 

Modeling can also help determine the minimum 
stacking distance required between monoband Yagis on 
the same rotating mast. In this case, stacking the 10- and 
15-meter monobanders 10 feet apart holds down interac- 
tion between them so that the pattern and gain of the 
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10-meter Yagi is not impacted adversely. Fig 25 demon- 
strates this in the European direction, where the patterns 
for the 10-meter beam by itself looks very clean com- 
pared to the same Yagi separated by 10 feet from the 
15-meter Yagi below it. The worst-case situation is point- 
ing towards the Caribbean, when the 40- and 20-meter 
stack is facing the 70-foot tower. This drops the 10-meter 
gain down about 1.5 dB from maximum, indicating sig- 
nificant interaction is occurring. 

In this situation you might find it best to place the 
70-foot tower in the direction closest to the Caribbean if 
this direction is very important to you. Doing so will, 
however, cause the pattern in the direction of the Far East 
to be affected on 10 and 15 meters. You have the model- 
ing tools necessary to evaluate various configurations to 
achieve whatever is most important to you. 


COMPROMISES 

Because of limitations, most amateurs are never able 
to build their dream antenna system, This means that some 
compromises must be made. Do not, under any circum- 
stances, compromise the safety of an antenna installation. 
Follow the manufacturer's recommendations for tower 
assembly, installation and accessories. Make sure that all 
hardware is being used within its ratings. 

Guyed towers are frequently used by radio amateurs 
because they cost less than more complicated unguyed or 
freestanding towers with similar ratings. Guyed towers are 
fine for those who can climb, or those with a friend who is, 
willing to climb, But you may want to consider an antenna, 
tower that folds over, or one that cranks up (and down). 
Some towers crank up (and down) and fold over too. See 
Fig 26, That makes for convenient access to antennas for 
adjustments and maintenance without climbing. Crank-up 
towers also offer another advantage. They allow antennas 
to be lowered during periods of no operation, such as for 
aesthetic reasons or during periods of high winds, 

‘A well-designed monoband Yagi should outperform 
‘a multiband Yagi. Ina monoband design the best adjust- 
ments can be made for gain, front-to-rear ratio (F/R) and. 
matching, but only for a single band. In a multiband 
design, there are always tradeoffs in these properties for 
the ability to operate on more than one band. Neverthe- 
less, a multiband antenna has many advantages over two 
or more single band antennas. A multiband antenna 
requires less heavy-duty hardware, requires only one feed 
line, takes up less space and it costs less. 

Apartment dwellers face much greater limitations 
in their choice of antennas. For most, the possibility of a 
tower is only a dream. (One enterprising ham made 
arrangements to purchase a top-floor condominium from 
a developer. The arrangements were made before con- 
struction began, and the plans were altered to include a 
roof-top tower installation.) For apartment and condo- 
minium dwellers, the situation is still far from hopeless. 
A later section presents ideas for consideration. 


Fig 26—Alternatives to a guyed tower are shown here. At A, the crank-up tower permits wor 
reduced height. It also allows antennas to be lowered during periods of no operation. Motor-driven ver 
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available. The fold-over tower at B and the combination at C permit working on antennas at ground level. 


EXAMPLES 


You can follow the procedure previously outlined 
to put together modest or very large antenna systems. 
‘What might a ham put together for antennas when he or 
she wants to try a little of everything, and has a modest 
budget? Let's suppose that the goals are (1) low cost, (2) 
no tower, (3) coverage of all HF bands and the repeater 
portion of one VHF band, and (4) the possibility of work- 
ing some DX. 

After studying the pages of this book, the station 
‘owner decides to first put up a 135-foot center-fed 
antenna. High trees in the back yard will serve as sup- 
ports to about 50 feet. This antenna will cover all the HF 
bands by using a balanced feeder and an antenna tuner. It 
should be good for DX contacts on 10 MHz and above, 
‘and will probably work okay for DX contacts on the lower 
bands. However, her plan calls for a vertical for 3.5 and. 
7 MHz to enhance the DX possibilities on those bands. 
For VHF, a chimney-mounted vertical is included. 


ANOTHER EXAMPLE 


A licensed couple has bigger ambitions. Goals for 
their station are (1) a good setup for DX on 14, 21 and 
28 MHz, (2) moderate cost, (3) one tower, (4) ability to 
work some DX on 1.8, 3.5 and 7 MHz, and (5) no need 
to cover the CW portion of the bands. 

Alter considering the options, the couple decides to 
install a 65-foot guyed tower. A large commercial triband 
‘Yagi will be mounted on top of the tower. The center of a 
trap dipole tuned for the phone portion of the 3.5- and 
7-MHz bands will be supported by a wooden yardarm 
installed at the 60-foot level of the tower, with ends droop 
ing down to form an inverted V. An inverted L for 
1.8 MH starts near ground level and goes up to a similar 
yardarm on the opposite side of the tower. The horizon 
ial portion of the inverted L. runs away from the tower at 
right angles to the trap dipole. Later, the husband will 
experiment with sloping antennas for 3.5 MHz. If those 
experiments are not successful, a 2/4 vertical will be used 
on that band. 
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Apartment 


A complete and accurate assessment of antenna types, 
antenna placement and feed-line placement is very impor- 
tant for the apartment dweller. Among the many possibili- 
ties for types are balcony antennas, invisible ones (made 
of fine wire), vertical antennas disguised as flag poles or 
as masts with a TV antenna on top, and indoor antennas, 
‘A number of amateurs have been successful negoti- 
ating with the apartment owner or manager for permis- 
sion to install a short mast on the roof of the building. 
Coaxial lines and rotator control cables might be routed 
through conduit troughs or through ductwork. If you live 
in one of the upper stories of the building, routing the 
cables over the edge of the roof and in through a window 
might be the way to go. There is a story about one ama- 
‘eur who owns a triband beam mounted on a 10-foot mast. 
But even with such a short mast, he is the envy of all his 
‘amateur friends because of his superb antenna height. His, 
mast stands on top of a 22-story apartment building. 
Usually the challenge is to find ways to install 
antennas that are unobtrusive. That means searching out 
antenna locations such as balconies, eaves, nearby trees, 
etc, For example, a simple but effective balcony antenna 
is a dangling vertical. Attach a thin wire to the tip of a 
mobile whip or a length of metal rod or tubing. Then 
mount the rigid part of the antenna horizontally on the 
balcony rail, dangling the wire over the edge. The antenna 
is operated against the balcony railing or other metallic 
framework. A matching network is usually required at 
the antenna feed point. Metal in the building will likely 
give a directivity effect, but this may be of little conse~ 


Antennas for 


Itis not always practical to erect full-size antennas 
for the HF bands. Those who live in apartment buildings 
may be restricted to the use of minuscule radiators 
because of house rules, or simply because the required 
space for full-size antennas is unavailable. Other ama- 
teurs may desire small antennas for aesthetic reasons, 
perhaps to keep peace with neighbors who do not share 
their enthusiasm about high towers and big antennas, 
‘There are many reasons why some amateurs prefer to use 
physically-shortened antennas. This section discusses 
proven designs and various ways of building and using 
them effectively. You will find that modeling antennas 
by computer, even compromised “stealth antennas,” can 
help you determine the most practical system possible 
for your particular circumstances—before you go through 
the effort of stringing up wires. 

Few compromise antennas are capable of deliver- 
ing the performance you can expect from the full-size 
variety. But the patient and skillful operator can often do 
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Possibilities 


quence and perhaps even an advantage. The antenna may 
be removed and stored when not in use. 

Frequently, the task of finding an inconspicuous 
route for a feed line is more difficult than the antenna 
installation itself. When Al Francisco, KNHY, lived in 
an apartment, he used a tree-mounted vertical antenna. 
The coax feeder exited his apartment through a window 
and ran down the wall to the ground. Al buried the sec- 
tion of line that went from under the window to a nearby 
tee. At the tree, a section of enameled wire was con 
nected to the coax center conductor. He ran the wire up 
the side of the tree away from foot traffic. A few short 
radials completed the installation. The antenna worked 
fine, and was never noticed by the neighbors. 

See Chapters 6, Low-Frequency Antennas, and 
Chapter 15, Portable Antennas, for ideas about low-fre- 
quency and portable antennas that might fit into your 
available space. Your options are limited as much by your 
imagination and ingenuity as by your pocketbook. 
Another option for apartment dwellers is to operate away 
from home. Some hams concentrate on mobile operation. 
as an alternative to a fixed station. It is possible to make 
alot of contacts on HF mobile. Some have worked DXCC 
that way. 

‘Suppose that you like VHF contests. Because of 
other activities, you are not particularly interested in 
operating VHF outside the contests. Why not take your 
equipment and antennas to a hilltop for the contests? 
Many hams combine a love for camping or hiking with 
their interest in radio, 


Limited Space 


‘as well as some who are equipped with high power and 
full-size antennas. Someone with a reduced-size antenna 
may not be able to “bore a hole” in the bands as often, 
‘and with the commanding dispatch enjoyed by those who 
are better equipped, but DX can be worked successfully 
when band conditions are suitable, 


INVISIBLE ANTENNAS 


We amateurs don’t regard our antennas as eyesores; 
in fact, we almost always regard them as works of art! 
But there are occasions when having an outdoor or vis- 
ible antenna can present problems. 

When we are confronted with restrictions—self- 
imposed or otherwise—we can take advantage of a num- 
ber of options toward getting on the air and radiating at 
least a moderately effective signal. In this context, a poor 
‘antenna is certainly better than no antenna at all! This, 
section describes a number of techniques that enable us 
to use indoor antennas or “invisible” antennas outdoors. 
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Fig 27—The clothesline antenn: 
‘appears to be. 


more than it 


Fig 28—The “invisible” end-fed antenna. 


Many of these systems will yield good-to-excellent results 
for local and DX contacts, depending on band conditions 
at any given time. The most important consideration is 
that of not erecting any antenna that can present a haz: 
ard (physical or electrical) 10 humans, animals and build 
ings. Safety first! 


Clothesline Antenna 

Clotheslines are sometimes attached to pulleys 
(Fig 27) so that the user can load the line and retrieve the 
laundry from a back porch. Laundry lines of this variety 
are accepted parts of the neighborhood “scenery.” and 
can be used handily as amateur antennas by simply insu- 
lating the pulleys from their support points. This calls 
for the use of a conducting type of clothesline, such as 
heavy gauge stranded electrical wire with Teflon or vi- 
ny! insulation. A high quality, flexible steel cable 
(stranded) is suitable as a substitute if you don’t mind 
cleaning it before clothing is hung on it. 

‘A jumper wire can be brought from one end of the 
line to the ham shack when the station is being operated, 
If a good electrical connection exists between the wire 
clothesline and the pulley, a permanent connection can 
>be made by connecting the lead-in wire between the pul- 


ley and its insulator. An antenna tuner can be used to 
match the “invisible” random-length wire to the trans 
mitter and receiver. 


Invisible Long Wire 

‘A wire antenna is not actually a “long wire” unless 
it is one wavelength or greater in length. Yet many ama 
teurs refer to (relatively) long physical spans of conduc 
tor as long wires. For the purpose of this discussion we 
will assume we have a fairly long span of wire, and refer 
to it as an end-fed wire antenna. 

If we use small-diameter enameled wire for our end 
fed antenna, chances are that it will be very difficult to 
see against the sky and neighborhood scenery. The smaller 
the wire, the more invisible the antenna will be. The lim 
iting factor with small wire is fragility. A good compro 
mise is #24 or #26 magnet wire for spans up to 130 feet: 
lighter-gauge wire can be used for shorter spans, such as 
30 or 60 feet. The major threat to the longevity of fine 
wire is icing. Also, birds may fly into the wire and break 
it. Therefore, this style of antenna may require frequent 
service or replacement. 

Fig 28 illustrates how you might install an invisible 
end-fed wire. It is important that the insulators also be 
lacking in prominence. Tiny Plexiglas blocks perform this, 
function well. Small-diameter clear plastic medical vials 
are suitable also. Some amateurs simply use rubber bands 
for end insulators, but they will deteriorate rapidly from 
sun and air pollutants. They are entirely adequate for 
short-term operation with an invisible antenna, however. 


Rain Gutter and TV Antennas 

‘A great number of amateurs have taken advantage 
of standard house fixtures when contriving inconspicu 
us antennas. A very old technique is the use of the gutter 
and downspout system on the building. This is shown in 
Fig 29, where a lead wire is routed to the operating room 
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Fig 29—Rain gutters and TV antenn: 
be used as inconspicuous Amateur Radi 
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from one end of the gutter trough. We must assume that 
the wood to which the gutter is affixed is dry and of good 
quality to provide reasonable electrical insulation. The 
rain gutter antenna may perform quite poorly during wet 
‘weather or when there is ice and snow on it and the house 
roof, 

All joints between gutter and downspout sections 
must be bonded electrically with straps of braid or flash- 
ing copper to provide good continuity in the system. Poor 
joints can permit rectification of RF and subsequently 
cause TVI and other harmonic interference. Also, it is 
prudent to insert a section of plastic downspout about 
8 feet above ground to prevent RF shocks or burns to 
passersby while the antenna is being used. Improved per- 
formance may result if you join the front and back gutters 
of the house with a jumper wire to increase the area of 
the antenna. 

Fig 29 also shows a TV or FM antenna that can be 
‘employed as an invisible amateur antenna. Many of these 
‘antennas can be modified easily to accommodate the 144- 
or 222-MHz bands, thereby permitting the use of the 
300-2 line as a feeder system. Some FM antennas can be 
used on 6 meters by adding #10 bus wire extensions to 
the ends of the elements, and adjusting the match for an 
SWR of 1:1. If 300- line is used it will require a balun 
or antenna tuner to interface the line with the station 
equipment. 

For operation in the HF bands, the TV or FM antenna 
feeders can be tied together at the transmitter end of the 
span and the system treated as a random length wire. If 
this is done, the 300-Q line will have to be on TV stand- 
off insulators and spaced well away from phone and power 
company service entrance lines. Naturally, the TV or FM 
radio must be disconnected from the system when it is 
used for amateur work! Similarly, masthead amplifiers 
‘and splitters must be removed from the line if the system, 
is to be used for amateur operation. If the system is mostly 
vertical, a good RF ground system with many radials 
around the base of the house should be used to improve 
performance, 

A very nice top-loaded vertical can be made from a 
length of TV mast with a large TV antenna on the top. 
Radials can be placed on the roof or at ground level with 
the TV “feed line” acting as part of the vertical. There is, 
‘an extensive discussion of loaded verticals and radial sys- 
tems in Chapter 6, Low-Frequency Antennas. 


Flagpole Antennas 
We can exhibit our patriotism and have an invisible 
amateur antenna at the same time by disguising our 
antenna as shown in Fig 30. The vertical antenna is a wire 
that has been placed inside a plastic or fiberglass pole. 
The flagpole antenna shown is structured fora single 
amateur band, and it is assumed that the height of the 
pole corresponds to a quarter wavelength for the chosen 
band. The radials and feed line can be buried in the ground 
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Fig 30—A flagpole antenna. 


as shown. In practical installation, the sealed end of the 
coax cable would protrude slightly into the lower end of 
the plastic pole. 

Ifa large-diameter fiberglass pole were available, a 
multiband trap vertical may be concealed inside it. Or 
you might use a metal pole and bury a water-tight box at 
its base, containing fixed-tuned matching networks for 
the bands of interest, The networks could then be selected 
remotely by means of relays inside the box. A 30-foot, 
flagpole would provide good results in this kind of sys- 
tem, provided it was used in conjunction with a buried 
radial system. 

‘Still another technique is one that employs a wooden 
flagpole. A small diameter wire can be stapled to the pole 
and routed to the coax feeder or matching network. The 
halyard could by itself constitute the antenna wire if it 
were made from heavy-duty insulated hookup wire. There 
are countless variations for this type of antenna, and they 
are limited only by the imagination of the amateur. 


Other Invisible Antennas 

‘Some amateurs have used the metal fence on apart- 
‘ment verandas as antennas, and have had good results on 
the upper HF bands (14, 21 and 28 MHz). We must pre- 
sume that the fences were not connected to the steel 
framework of the building, but rather were insulated by 
the concrete floor to which they were affixed. These ve- 
randah fences have also been used effectively as ground 
systems (counterpoises) for HF-band vertical antennas 
put in place temporarily after dark. 

‘One amateur in New York City uses the fire escape 
on his apartment building as a 7-MHz antenna, and he 
reports good success working DX stations with it. Another 


apartment dweller makes use of the aluminum frame on 
his living room picture window as an antenna for 21 and 
28 MHz. He works it against the metal conductors of the 
baseboard heater in the same room. 

Many jokes have been told over the years about bed- 
spring antennas. The idea is by no means absurd. Bed- 
springs and metal end boards have been used to advantage 
as antennas by many apartment dwellers as 14, 21 and 
28 MHz radiators. A counterpoise ground can be routed 
along the baseboard of the room and used in combina- 
tion with the bedspring. It is important to remember that 
‘any independent (insulated) metal object of reasonable 
size can serve as an antenna if the transmitter can be 
matched to it, An amateur in Detroit once used his 
Shopsmith craft machine (about 5 feet tall) as a 28 MHz, 
‘antenna. He worked a number of DX stations with it when 
band conditions were good. 

‘A number of operators have used metal curtain rods 
‘and window screens for VHF work, and found them to 
be acceptable for local communications. Best results with 
any of these makeshift antennas will be had when the 

‘antennas” are kept well away from house wiring and 
other conductive objects. 


INDOOR ANTENNAS. 


Without question, the best place for your antenna is, 
outdoors, and as high and in the clear as possible. Some 
of us, however, for legal, social, neighborhood, family or 
landlord reasons, are restricted to indoor antennas. Hav- 
ing to settle for an indoor antenna is certainly a handicap 
for the amateur seeking effective radio communication, 
>but that is not enough reason to abandon all operation in 
despair. 

First, we should be aware of the reasons why indoor 
antennas do not work well. Principal faults are: 

* Low height above ground—the antenna cannot be 
placed higher than the highest peak of the roof, a point 
usually low in terms of wavelength at HF 

© The antenna must function in a lossy RF environment 
involving close coupling to electrical wiring, gutter- 
ing, plumbing and other parasitic conductors, besides 
dielectric losses in such nonconductors as wood, plas 
ter and masonry 

© Sometimes the antenna must be made small in terms 
of a wavelength 

© Usually it cannot be rotated. 

‘These are appreciable handicaps. Nevertheless, glo- 
bal communication with an indoor antenna is still pos- 
sible, although you must be sure that you are not exposing 
‘anyone in your family or nearby neighbors to excessive 
radiation. See Chapter 1, Safety, in this book 

‘Some practical points in favor of the indoor antenna 
include: 


* Freedom from weathering effects and damage caused. 
by wind, ice, rain and sunlight (the SWR of an attic 


antenna, however, can be affected somewhat by a wet 
or snow-covered roof), 

‘© Indoor antennas can be made from materials that would, 
be altogether impractical outdoors, such as aluminum 
foil and thread (the antenna need support only its own 
weight) 

‘© The supporting structure is already in place, eliminat- 
ing the need for antenna masts. 

‘© The antenna is readily accessible in all weather condi- 
tions, simplifying pruning or tuning, which can be 
accomplished without climbing or tilting over a tower. 


Empi 

‘A typical house or apartment presents such a com- 
plex electromagnetic environment that itis impossible to 
predict theoretically which location or orientation of the 
indoor antenna will work best. This is where good old. 
fashioned cut-and-try, use-what-works-best empiricism 
pays off. But to properly determine what really is most 
suitable requires an understanding of some antenna mea- 
suring fundamentals, 

Unfortunately, many amateurs do not know how to 
evaluate performance scientifically or compare one antenna, 
with another. Typically, they will put up one antenna and 
tty it out on the air to see how it “gets out” in comparison 
with a previous antenna. This is obviously a very poor 
evaluation method because there is no way to know if the 
better or worse reports are caused by changing band con- 
ditions, different S-meter characteristics or any of several 
other factors that could influence the reports received, 

‘Many times the difference between two antennas or 
between two different locations for identical antennas 
amounts to only a few decibels, a difference that is hard 
to discern unless instantaneous switching between the two 
is possible. Those few decibels are not important under 
strong signal conditions, of course, but when the going 
gets rough, as is often the case with an indoor antenna, a 
few dB can make the difference between solid copy and. 
no possibility of real communication. 

Very little in the way of test equipment is needed 
for casual antenna evaluation, other than a communica- 
tions receiver. You can even do a qualitative comparison 
by ear, if you can switch antennas instantaneously. Dif- 
ferences of less than 2 dB, however, are still hard to dis- 
cern. The same is true of S-meters. Signal strength 
differences of less than a decibel are usually difficult to 
see. If you want to measure that last fraction of a decibel, 
you should use a good ac voltmeter at the receiver audio 
‘output (with the AGC tured off). 

In order to compare two antennas, switching the 
coaxial transmission line from one to the other is neces- 
sary. No elaborate coaxial switch is needed; even a simple 
double-throw toggle or slide switch will provide more 
than 40 dB of isolation at HF. See Fig 31. Switching by 
‘means of manually connecting and disconnecting coaxial 
lines is not recommended because that takes too long. 
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Fig 31—When antennas are compared on fading 
‘signals, the time delay involved in disconnecting and 
reconnecting coaxial cables is too long for accurate 
‘measurements. A simple slide switch will do well for 
‘switching coaxial lines at HF. The four components can 
‘be mounted in a tin can or any small metal box. Leads 
should be short and direct. J1 through J3 are coaxial 
connectors. 


Fading can cause signal-strength changes during the 
changeover interval. 

Whatever difference shows up in the strength of the 
received signal will be the difference in performance 
between the two antennas in the direction of that signal. 
For this test to be valid, both antennas must have nearly 
the same feed-point impedance, a condition that is reason- 
ably well met if the SWR is below 2:1 on both antennas, 

On ionospheric propagated signals (sky wave) there 
will be constant fading, and for a valid comparison it will, 
be necessary to take an average of the difference between 
the two antennas. Occasionally, the inferior antenna will, 
deliver a stronger signal to the receiver, but in the long 
run the law of averages will put the better antenna ahead. 

OF course with a ground-wave signal, such as that 
from a station across town, there will be no fading prob- 
lems. A ground-wave signal will enable the operator to 
properly evaluate the antenna under test in the direction 
of the source. The results will be valid for ionospheric~ 
propagated signals at low elevation angles in that direc 
tion. On 28 MHz, all sky-wave signals arrive and leave 
at low angles. But on the lower bands, particularly 3.5 
and 7 MHz, we often use signals propagated at high el- 
vation angles, almost up to the zenith. For these angles 
‘a ground-wave test between local stations may not pro- 
vide a proper evaluation of the antenna, and use of sky 
wave signals becomes necessary. 


Dipoles 

At HE the most practical indoor antenna is usually 
the dipole. Attempts to get more gain with parasitic ele- 
ments will usually fail because of close proximity to the 
ground or coupling to house wiring. Beam antenna 
dimensions determined outdoors will not usually be valid 
for an attic antenna because the roof structure will cause 
dielectric loading of the parasitic elements. It is usually 
more worthwhile to spend time optimizing the location 
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and performance of a dipole than to try to improve results 
with parasitic elements. 

Most attics are not long enough to accommodate 
half-wave dipoles for 7 MHz and below. If this i the case. 
some folding of the dipole will be necessary. The final 
shape of the antenna will depend on the dimensions and. 
configuration of the attic. Remember that the center of 
the dipole carries the most current and therefore does most. 
of the radiating. This part should be as high and unfolded 
as possible. Because the dipole ends radiate less energy 
than the center, their orientation is not as important. They 
do carry the maximum voltage, nevertheless, so care 
should be taken to position the ends far enough from other 
conductors to avoid arcing. 

‘The dipole may end up being L-shaped, Z-shaped. 
U-shaped or some indescribable corkscrew shape. 
depending on what space is available, but reasonable per- 
formance can often be had even with such a non-straight 
arrangement. Fig 32 shows some possible configurations, 
Multiband operation is possible with the use of open-wire 
feeders and an antenna tuner. 

‘One alternative not shown here is the aluminum-foil 
dipole, which was conceived by Rudy Stork, KASFSB. 
He suggests mounting the dipole behind wallpaper or in 
the attic, with portability, ease of construction and 
adjustment, and economy in design among its desirable 
features. This antenna should also display reasonably 
good bandwidth resulting from the large area of its con- 
ductor material. If coaxial feed is used, some pruning of 
an attic antenna to establish minimum SWR at the band 
center will be required. Tuning the antenna outdoors and, 
then installing it inside is usually not feasible since the 
behavior of the antenna will not be the same when placed 
in the attic. Resonance will be affected somewhat if the 
antenna is bent. 

Even if the antenna is placed in a straight line, para- 
sitic conductors and dielectric loading by nearby wood. 
structures can affect the impedance. Trap and loaded 
dipoles are shorter than the full-sized versions, but are 
comparable performers. Trap dipoles are discussed in 
Chapter 7, Multiband Antennas, and loaded dipoles in 
Chapter 6, Low-Frequency Antennas. 


Dipole Orientation 


‘Theoretically a vertical dipole is most effective at 
low radiation angles, but practical experience shows that 
the horizontal dipole is usually a better indoor antenna, 
A high horizontal dipole does exhibit directional effects, 
at low radiation angles, but you will not be likely to see 
much, if any, directivity with an attic-mounted dipole. 
‘Some operators place two dipoles at right angles to each 
other with provisions at the operating position for switch- 
ing between the two. Their reasoning is the radiation pat- 
terns will inevitably be distorted in an unpredictable 
‘manner by nearby parasitic conductors. There will be little 
coupling between the dipoles if they are oriented a right 
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Fig 32—Various configurations for small indoor antennas. See text for discussion. 
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angles to each other as shown in Figs 33 and 33B. There 
will be some coupling with the arrangement shown in 
Fig 33C, but even this orientation is preferable to a single 
dipole. 

‘With two antennas mounted 90° apart, you may find 
that one dipole is consistently better in nearly all direc 
tions, in which case you will want to remove the inferior 
dipole, pethaps placing it someplace else. In this manner 
the best spots in the house or attic can be determined 
experimentally 


Parasitic Conductors 


Inevitably, any conductor in your house near a quar: 
ter wave in length or longer at the operating frequency 
will be parasitically coupled to your antenna. The word 
parasitic is particularly appropriate in this case because 
these conductors usually introduce losses and leave less 
energy for radiation into space. Unlike the parasitic ele 
ments in a beam antenna, conductors such as house wir- 
ing and plumbing are usually connected to lossy objects 
such as earth, electrical appliances, masonry or other 
objects that dissipate energy. Even where this energy is 
reradiated, it is not likely to be in the right phase in the 
desired direction; it is, in fact, likely to be a source of 
RFI 


Fig 33—Ways to orient a pair of perpendicular dipoles. 
The orientation at A and B will result in no mutual 
coupling between the two dipoles, but there will be 
some coupling in the configuration shown at C. End 
(El) and center (Cl) insulators are shown. 


Antenna Modeling & System Planning 4-29 


There are, however, some things that can be done 
about parasitic conductors. The most obvious is to reroute 
them at right angles to the antenna or close to the ground, 
or even underground—procedures that are usually not 
feasible in a finished home. Where these conductors can- 
not be rerouted, other measures can be taken. Electrical 
wiring can be broken up with RF chokes to prevent the 
flow of radio-frequency currents while permitting 60-Hz 
current (or audio, in the case of telephone wires) to flow 
unimpeded. A typical RF choke for a power line can be 
100 turns of #10 insulated wire close wound on a length 
of L-inch diameter plastic pipe. Of course one choke will, 
be needed for each conductor. A three-wire line calls for 
three chokes. The chokes can be simplified by winding 
them bifilar or trfilar on a single coil form, 


THE RESONANT BREAKER 


Obviously, RF chokes cannot be used on conduc 
tors such as metal conduit or water pipes. But it is still 
possible, surprising as it may seem, to obstruct RF cur- 
rents on such conductors without breaking the metal. The 
resonant breaker was first described by Fred Brown, 
WOHPH, in Oct 1979 OST. 


be used to obstruct radio-frequency currents in a 
conductor without the need to break the conductor 
lly. A vernier dial is recommended for use with 

‘capacitor because tuning is qi 

citor is in series with the loop. 
r tunes from 14 through 29.7 MHz. 
Larger models may be constructed for the lower 
frequency bands. 
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Fig 34 shows a method of accomplishing this. A fig- 
uure-cight loop is inductively coupled to the parasitic con- 
ductor and is resonated to the desired frequency with a 
variable capacitor. The result is a very high impedance 
induced in series with the pipe, conduit or wire. This 
impedance will block the flow of radio-frequency cur- 
rents. The figure-eight coil can be thought of as two turns 
of an ait-core toroid and since the parasitic conductor 
threads through the hole of this core, there will be tight 
coupling between the two. Inasmuch as the figure-eight 
coil is parallel resonated, transformer action will reflect, 
a high impedance in series with the linear conductor. 

Before you bother with a resonant breaker of this 
type, be sure that there is a significant amount of RF cur- 
rent flowing in the parasitic conductor, and that you will 
therefore benefit from installing one. The relative mag- 
nitude of this current can be determined with an RF cur- 
rent probe of the type described in Chapter 27, Antenna 
and Transmission-Line Measurements. According to the 
rule of thumb regarding parasitic conductor current, if it 
‘measures less than '/io of that measured near the center 
of the dipole, the parasitic current is generally not large 
enough to be of concern. 

‘The current probe is also needed for resonating the 
breaker after itis installed. Normally, the resonant breaker 
will be placed on the parasitic conductor near the point 
of maximum current, When itis tuned through resonance, 
there will be a sharp dip in RF current, as indicated by 
the current probe. Of course, the resonant breaker will be 
effective only on one band. You will need one for each 
band where there is significant current indicated by the 
probe. 


Power-Handling Capability 

So far, our discussion have not considered the full 
power-handling capability of an indoor antenna. Any ten- 
dency to flash over must be determined by running full 
power or, preferably, somewhat more than the peak power 
you intend to use in regular operation. The antenna should 
ie carefully checked for arcing or RF heating before you 
do any operating. Bear in mind that atties are indeed vul- 
nerable to fire hazards. A potential of several hundred 
volts exists at the ends of a dipole fed by the typical 
Amateur Radio transmitter. If a power amplifier is used 
there could be a few thousand volts at the ends of the 
dipole. Keep your antenna elements well away from other 
objects. Safety first! 


Construction Details and Practical Considerations 


Ultimately the success of an antenna project depends 
‘on the details of how the antenna is fabricated. A great 
deal of construction information is given in other chap- 
ters of this book. For example the construction of HF 
Yagis is discussed in Chapter 11, Quad arrays in Chapter 
12, VHF antennas in Chapter 18, and in Chapter 20 there 
is an excellent discussion of antenna materials, particu- 
larly wire and tubing for elements. Here is still more help- 
ful antenna construction information. 


END EFFECT 


Ifthe standard expression 4/2 = 491.8/f (MHz) is used 
for the length of a 2/2 wire antenna, the antenna will reso- 
nate at a somewhat lower frequency than is desired. The 
reason is that in addition to the effect of the conductor 
diameter and ground effects (Chapter 3, The Effects of 
Ground) an additional “loading” effect is caused by the 
insulators used at the ends of the wires to support the 
antenna. The insulators and the wire loops that tie the 
insulators to the antenna add a small amount of capaci- 
tance to the system. This capacitance helps to tune the 
‘antenna to a slightly lower frequency, in much the same 
‘way that additional capacitance in any tuned circuit low- 
ers the resonant frequency. In an antenna this is called end 
effect. The current at the ends of the antenna does not quite 
reach zero because of the end effect, as there is some cur- 
rent flowing into the end capacitance. Note that the com- 
utations used to create Figs 2 through 7 in Chapter 2, 
‘Antenna Fundamentals, did not take into account any end 
effect. 

End effect increases with frequency and varies 
slightly with different installations. However, at frequen- 
cies up to 30 MHz (the frequency range over which wire 
antennas are most commonly used), experience shows that 
the length of a practical 4/2 antenna, including the effect 
of diameter and end effect. is on the order of 5% less 
than the length of a half wave in space. As an average, 
then, the physical length of a resonant 2/2 wire antenna 
can be found from: 


4918x095 468 
(MHz) F (MHz) 


(41) 


Eq | is reasonably accurate for finding the physical 
length of a 2/2 antenna for a given frequency. but does not 
apply to antennas longer than a half wave in length. In the 
practical case, ifthe antenna length must be adjusted to 
exact frequency (not all antenna systems require it) the 
length should be “pruned” to resonance. Note that the use 
of plastic-insulated wire will typically lower the resonant 
frequency of a half-wave dipole about 3% 


INSULATORS 


Wire antennas must be insulated at the ends. Com- 


Fig 35—Some ideas for homemade antenna insulators. 


mercially available insulators are made from ceramic, 
glass or plastic. Insulators are available from many Ama- 
tour Radio dealers. RadioShack and local hardware stores 
are other possible sources. Acceptable homemade insu- 
ators may be fashioned from a variety of material 
including (but not limited to) acrylic sheet or rod, PVC 
tubing, wood, fiberglass rod or even stiff plastic from a 
discarded container. Fig 35 shows some homemade 
insulators. Ceramic or glass insulators will usually outlast 
the wire, so they are highly recommended for a safe, 
reliable, permanent installation. Other materials may tear 
under stress or break down in the presence of sunlight. 
Many types of plastic do not weather well. 


INSTALLING TRANSMISSION LINES 


‘Many wire antennas require an insulator at the feed 
point. Although there are many ways to connect the feed 
line, there are a few things to keep in mind. If you feed 
your antenna with coaxial cable, you have two choices. 
You can install an SO-239 connector on the center insu- 


Fig 36—Some homemade dipole center insulators. The 
‘one in the center includes a built-in SO-239 connector. 
Others are designed for direct connection to the feed 
line. 
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Fig 37—Details of 
antenn: 


lator, as shown by the center example in Fig 36, and use 
a PL-259 on the end of your coax, or you can separate 
the center conductor from the braid and connect the feed 
line directly to the antenna wire as shown in the other 


two examples in Fig 36 and the example in Fig 37. 


Although it costs less to connect direct, the use of con- 
nectors offers several advantages. Coaxial cable braid 
soaks up water like a sponge unless it is very well water- 
proofed. If you do not adequately seal the antenna end of 
the feed line, water will find its way into the braid. Water 
in the feed line will lead to contamination, rendering the 
coax useless long before its normal lifetime is up. Many 
hams waterproof the coax, first with vinyl electrical tape, 
and then using a paint-on material called “PlastiDip, 
which is sold by RadioShack (part number 910-5166 for 
the white variety), 

It is not uncommon for water to drip from the end of 
the coax inside the shack after a year or so of service if 
the antenna connection is not properly waterproofed. Use 
of a PL-259/S0-239 combination (or connector of your 
choice) makes the task of waterproofing connections 
‘much easier. Another advantage to using the PL-259/ 
‘80-239 combination is that feed-line replacement is much 
easier, should that become necessary, 

Whether you use coaxial cable, ladder line, or twin 
lead to feed your antenna, an often overlooked consider- 
ation is the mechanical strength of the connection. Wire 
antennas and feed lines tend to move a lot in the breeze, and. 
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|. At A, the end insulator connect 
is shown. A balun (not shown) is often used at the feed pc 


nis shown. At B, the completed 
‘a balanced antenna. 


since thi 


(Loop trough obs) 


Ta Antenna Tuner 


Fig 38—A piece of cut Plexiglas can be used as a 
center insulator and to support a ladder-line feeder. 
‘The Plexiglas acts to reduce the flexing of the wires 
where they connect to the antenna. Use thick Plexiglas 
in areas subject to high winds. 


unless the feed line is attached securely, the connection will 
‘weaken with time. The resulting failure can range from a 
frustrating intermittent electrical connection to a complete 
separation of feed line and antenna, Fig 37 and Fig 38 illus- 
‘ate different ways of attaching either coax or ladder line to 
the antenna securely. 

When open-wire feed line is used, the conductors 
of the line should be anchored to the insulator by thread- 
ing them through the eyes of the insulator two or three 
times, and twisting the wire back on itself before solder- 
ing. A slack tie wire should then be used between the 
feeder conductor and the antenna, as shown in Fig 38. 
(The tie wires may be extensions of the line conductors 
themselves.) When window-type line is suspended from 
‘an antenna in a manner such as that shown in Fig 38, the 
line should be twisted—at several twists per foot—to pre- 
vent stress hardening of the wire because of constant flex- 
ing in the wind 

‘When using plastic-insulated open-wire line, the ten- 
dency of the line to twist and short out close to the antenna 
can be counteracted by making the center insulator of 
the antenna longer than the spacing of the line, as shown 
in Fig 38. In severe wind areas, it may be necessary to 
use Y-inch thick Plexiglas for the center insulator rather 
than thinner material. 


RUNNING THE FEED LINE FROM THE 
ANTENNA TO THE STATION 


Chapter 24, Transmission Lines, contains some gen- 
eral guidelines for installing feed lines. More detailed 
information is contained in this section. Whenever pos- 
sible, the transmission line should be lead away from the 
antenna at a 90° angle to minimize coupling from the 
‘antenna to the transmission line. This coupling can cause 
‘unequal currents on the transmission line, which will then 
radiate and it can detune the antenna. 

Except for the portion of the line in close proximity 
to the antenna, coaxial cable requires no particular care 
in running from the antenna to the station entrance, other 
than protection from mechanical damage. If the antenna 
is not supported at the center, the line should be fastened. 
toa post more than head high located under the center of 
the antenna, allowing enough slack between the post and 
the antenna to take care of any movement of the antenna 
in the wind. If the antenna feed point is supported by a 
tower or mast, the cable can be taped to the mast at inter- 
vals or to one leg of the tower. 

Coaxial cable rated for direct burial can be buried a 
few inches in the ground to make the run from the antenna, 
to the station. A deep slit can be cut by pushing a square- 
end spade full depth into the ground and moving the 
handle back and forth to widen the slit before removing 
the spade. After the cable has been pushed into the slit 
with a piece of I-inch board 3 or 4 inches wide, the slit 
‘can be tamped closed. Many hams run coax cables through 
PVC pipe buried in the ground deeper than the frost line 


Fig 39—A support for open-wire line. The support at 
the antenna end of the line must be sufficiently rigid to 
stand the tension of the line. 


and slanted downwards slightly so that water will drain, 
rather than pooling inside the length of the pipe. 

Solid ribbon or the newer window types of line 
should be kept reasonably well spaced from other con- 
ductors running parallel to it for more than a few feet 
‘TV-type standoff insulators with strap clamp mountings 
can be used for running this type of line down a mast or 
tower leg. Similar insulators of the screw-in type can be 
used in supporting the line on wooden poles for a long 

Open-wire lines with bare conductors require fre- 
quent supports to keep the lines from twisting and short- 
ing out, as well as to relieve the mechanical strain. One 
‘method of supporting a long horizontal run of heavy open- 
wire line is shown in Fig 39. The line must be anchored 
securely at a point under the feed point of the antenna, 
Window-type line can be supported similarly with wire 
links fastened to the insulators or with black cable ties, 
(ones not affected by UV radiation from the sun), 

‘To keep the line clear of pedestrians and vehicles, itis 
usually desirable to anchor the feed line atthe eaves or rafter 
line of the station building (see Fig 40), and then drop it 
vertically to the point of entrance. The points of anchorage 
and entrance should be chosen to permit the vertical drop 
without crossing windows for aesthetic reasons, 

If the station is located in a room on the ground floor, 
cone way of bringing coax transmission line into the house 
is to go through the outside wall below floor level, feed it 
through the basement or crawl space and then up to the 
station through a hole in the floor. When making the 
entrance hole in the side of the building, suitable mea- 
surements should be made in advance to be sure the hole 
will go through the sill 2 or 3 inches above the founda- 
tion line (and between joists if the bore is parallel to the 
joists). The line should be allowed to sag below the 
entrance hole level outside the building to allow rain water 
to drip off. 

Open-wire line can be fed in a similar manner, 
although it will require a separate hole for each condue- 
tor. Each hole should be insulated with a length of poly- 
styrene or Lucite tubing. If available, ceramic tubes 
salvaged from old-fashioned knob and tube electrical 
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supported between the antenna and the anchoring point. 


installations, work very well for this purpose. Drill the 
holes with a slight downward slant toward the outside of 
the building to prevent rain seepage. With window lad- 
der line, it will be necessary to remove a few of the 
spreader insulators, cut the line before passing through 
the holes (allowing enough length to reach the inside) 
and splice the remainder on the inside. 


Fig 42—Feedthrough connector for coax line. An 
‘Amphenol 83-14 (PL-258) connector, the type used to 
splice sections of coax line together, is soldered into a 
hole cut in a brass mounting flange. An Amphenol 
bulkhead adapter 83-1F may be used instead. 
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Fig 41—An adjustable window lead-in panel made up of 
two sheets of Lucite or Plexiglas. A feedthrough 
connector for coax line can be made as shown in Fig 28. 
Ceramic feedthrough insulators are suitable for open- 
wire line. (W1RVE) 


If the station is located above ground level, or if there 
is other objection to the procedure described above, 
entrance can be made at a window, using the arrange- 
ment shown in Fig 41. An Amphenol type 83-IF 
(UG-363) connector can be used as shown in Fig 42; 
ceramic feedthrough insulators can be used for open-wire 
line. Ribbon line can be run through clearance holes in 
the panel, and secured by a winding of tape on either 
side of the panel, or by cutting the retaining rings and 
insulators from a pair of TV standoff insulators and 
clamping one on each side of the panel. 


LIGHTNING PROTECTION 


‘Two or three types of lightning arresters for coaxial 
cable are available on the market. Ifthe antenna feed point 
is at the top of a well-grounded tower, the arrester can be 
fastened securely to the top of the tower for grounding 
purposes. A short length of cable, terminated in a coaxial 
plug, is then run from the antenna feed point to one 
receptacle of the arrester, while the transmission line is 
run from the other arrester receptacle to the station. Such 
arresters may also be placed at the entrance point to the 
station, if suitable ground connection is available at that, 
point (or arresters may be placed at both points for added. 
insurance). 


1 5G objectives 


Ever since the first real mobile telephone call, 44 years ago’, mobile technologies have been evolving 
steadily and their performances have improved exponentially: as mentioned earlier, calling services 
and later texting and finally the mobile internet and the use of multi-service mobile applications have 
characterised the evolution of mobile networks and the transition from one generation to the next. 
‘The birth of LTE technology and the fourth generation (4G), coupled with the widespread use of 
smartphones and tablets, have driven a massive increase in the amount of mobile data traffic being 
relayed over the networks. 


The use of a mobile handset and its applications is now an integral part of our fellow citizens’ daily 
habits. Portable connected devices are increasingly powerful: in many instances they have replaced 
users’ landline telephones, cameras, computers and even televisions. Today, 5 million videos are 
watched on YouTube and 67,000 images uploaded to Instagram every minute (see Figure 3). 


Figure 3. What we do over the network today in one minute” 


The latest Mobility Report® from Ericsson indicates that traffic on mobile networks almost doubled in 
a single year, and that over the next five years it will have increased to 10 times what itis today. New 
solutions must therefore be found to meet this demand, and to optimise how resources are used. 


‘The increase in the number of applications available, their diversification and the improved quality of 
‘mobile networks have all contributed to driving up demand, the emergence of new uses (connected 
objects, drones, etc.) and new users. 


“03 April 1973, Motorola's Martin Cooper made a cal from the corner of $6" street in New York City with the first mobile 
phone. 

* hutps://www.eriesson.com/res/docs/2014/5g-what-isit-for.pa 

* hutps://www.eriesson,com/assats/local/mability-report/documents/2016/eriesson-mobilty-report-november-2016 pdf 
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Fig 43—A simple lightning arrester for open-wire line 
made from three standoff or feedthrough insulators 
and sections of inch brass or copper strap. It 
‘should be installed in the line at the point where the 
line enters the station. The heavy ground lead should 
bbe as short and as direct as possible. The gap setting 
should be adjusted to the minimum width that will 
prohibit arcing when the transmitter is operated. 


The construction of a homemade arrester for open- 
wire line is shown in Fig 43. This type of arrester can be 
‘adapted to ribbon line an inch or so away from the center 
member of the arrester, as shown in Fig 44. Sufficient 
insulation should be removed from the line where it 
crosses the arrester to permit soldering the arrester con- 
necting leads. 


Lightning Grounds 

Lightning-ground connecting leads should be of 
conductor size equivalent to at least #10 wire. The #8 
aluminum wire used for TV-antenna grounds is satisfac- 
tory. Copper braid ‘Vi-inch wide (Belden 8662-10) is also 
suitable. The conductor should run in a straight line to 
the grounding point. The ground connection may be made 
to a water pipe system (if the pipe is not plastic), the 
‘grounded metal frame of a building, or to one or more 
%h-inch ground rods driven to a depth of at least 8 feet. 
More detailed information on lightning protection is con- 
tained in Chapter 1, Safety. 

A central grounding panel for coax cables coming 
into the house is highly recommended. See Fig 45 for a 
photo of the homemade grounding panel installed by 
Chuck Hutchinson, KSCH, at his Michigan home. The 
coax cables screwed into dual-female feed-through UHF 
connectors. K8CH installed this aluminum panel under 
the outside grill for a duct that provided combustion air 
to an unused fireplace. He used ground strap to connect 
to ground rods located under the panel. See the ARRL 


Fig 44—The lightning arrester of Fig 39 may be used 
with 300-0 ribbon line in the manner shown here. The 
TV standoffs support the line an inch or so away from 
the grounded center member of the arrester 


Fig 45—K8CH's coax entry panel mounted on exterior 
wall (later covered by grill that provides combustion to 
an unused fireplace). The ground braid goes to a 
{round rod located beneath the panel. (Photo courtesy: 
‘Simple and Fun Antennas for Hams) 


book Simple and Fun Antennas for more information 
about ground panels. 

Before a lightning storm approaches, a prudent ham 
will disconnect all feed lines, rotor lines and control lines 
inside the shack to prevent damage to sensitive electron- 
ics. When lightning is crashing about outside, you cer~ 
tainly don’t want that lightning inside your shack! 
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Loop 
Antennas 


A loop antenna is a closed-circuit antenna—that 
is, one in which a conductor is formed into one or more 
turns so its two ends are close together. Loops can be 
divided into two general classes, those in which both 
the total conductor length and the maximum linear di- 
mension of a turn are very small compared with the 
wavelength, and those in which both the conductor 
length and the loop dimensions begin to be comparable 
with the wavelength 

Asma!” loop can be considered to be simply a rather 
large coil, and the current distribution in such a loop is the 
same as in a coil. That is, the current has the same phase 
and the same amplitude in every part of the loop. To meet 
this condition, the total length of conductor in the loop 
rust not exceed about 0.1 . Small loops are discussed 
later in this chapter, and further in Chapter 14, Direction 
Finding Antennas. 

AA “large” loop is one in which the current is not the 
same either in amplitude or phase in every part ofthe loop. 
‘This change in current distribution gives rise to entirely 
different properties compared with a small loop, 


Half-Wave Loops 

‘The smallest size of “large” loop generally used is 
cone having a conductor length of /2 . The conductor is 
usually formed into a square, as shown in Fig 1, making 
each side '/s 2 long. When fed at the center of one side. 
the current flows in a closed loop as shown in Fig 1A. 
‘The current distribution is approximately the same as on 
"fs h wire, and so is maximum at the center of the side 
‘opposite the terminals X-Y, and minimum at the termi 
nals themselves. This current distribution causes the field 
strength to be maximum in the plane of the loop and in 
the direction looking from the low-current side to the 
high-current side. If the side opposite the terminals is 


‘opened at the center as shown in Fig 1B (strictly speaking, 
itis then no longer a loop because it is no longer a closed 
circuit), the direction of current flow remains unchanged 
but the maximum current flow occurs at the terminals. This 
reverses the direction of maximum radiation. 

‘The radiation resistance at a current antinode (which is 
also the resistance at X-Y in Fig 1B) is on the order of 50 Q. 
‘The impedance at the terminals in Fig 1A is a few thousand 
‘ohms. This can be reduced by using two identical loops side 
by side with a few inches spacing between them and apply 
ing power between terminal X on one loop and terminal Y on 
the other. 

Unlike a /: 2 dipole or a small loop, there is no direc- 
tion in which the radiation from a loop of the type shown in 
Fig 1 is zero, There is appreciable radiation in the direction 
perpendicular tothe plane of the oop. as well as tothe “rear 
the opposite direction to the arrows shown, The front-to-back 
(F1B) ratio is approximately 4t0 6 dB. The small size and the 
shape of the directive patter result in a loss of about 1 dB 
‘when the field strength in the optimum direction from such a 
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‘1—Half-wave loops, consisting of a single turn 
having a total length of "Vs. 
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loop is compared with the field from a ‘Vs 2 dipole in its 
optimum direction. 

‘The ratio of the forward radiation to the backward radia- 
tion can be increased, and the field strength likewise 
increased at the same time to give a gain of about | dB over 
a dipole, by using inductive reactances to “load” the sides 
joining the front and back of the loop. This is shown in 
Fig 2. The reactances, which should have a value of 
approximately 360 2, decrease the current in the sides in 
which they are inserted and increase it in the side having 
terminals. This increases the directivity and thus increases 
the efficiency of the loop as a radiator. Lossy coils can re- 
duce this advantage greatly. 


‘One-Wavelength Loops 

Loops in which the conductor length is 1 A have dif- 
ferent characteristics than'/:-h loops. Three forms of 1 2. 
loops are shown in Fig 3. At A and B the sides of the 
squares are equal to «A, the difference being in the point 
at which the terminals are inserted. At C the sides of the 
triangle are equal to '/s A. The relative direction of cur- 
rent flow is as shown in the drawings. This direction 
reverses halfway around the perimeter of the loop, as such 
reversals always occur at the junction of each 's-A. sec- 
tion of wire. 

‘The directional characteristics of loops of this type 
are opposite in sense to those of a small loop. That is, the 
radiation is maximum perpendicular to the plane of the 
loop and is minimum in either direction in the plane con- 
taining the loop. If the three loops shown in Fig 3 are 
‘mounted in a vertical plane with the terminals at the bot- 
tom, the radiation is horizontally polarized. When the 
terminals are moved to the center of one vertical side in 
Fig 3A, or to a side corner in B, the radiation is vertically 
polarized. If the terminals are moved to a side corner in 
C, the polarization will be diagonal, containing both ver- 
tical and horizontal components. 

In contrast to straight-wire antennas, the electrical 
length of the circumference of a 1-2 loop is shorter than 
the actual length. For a loop made of bare #18 wire and 
operating at a frequency of 14 MHz, where the ratio of 
conductor length to wire diameter is large, the loop will 
be close to resonance when 


Length. = 

‘The radiation resistance of a resonant 1 loop is 
approximately 120 ©, under these conditions. Since the 
loop dimensions are larger than those of a '/A dipole, 
the radiation efficiency is high. 
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Fig 2—Inductive loading in the sides of a '/=4 loop to 
increase the directivity and gain. Maximum radiation or 
response is in the plane of the loop, in the di 

‘shown by the arrow. 
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‘ig 3—At A and B, loops having sides ‘/« 2 long, and at 
C having sides ‘ls 2 long (total conductor length 1 2). 
‘The polarization depends on the orientation of the loop 
and on the position of the feed point (terminals X-Y) 
around the perimeter of the loop. 


Inthe direction of maximum radiation (that is, broad 
side to the plane of the loop, regardless of the point at 
which it is fed) the 1-2 loop will show a small gain over 
a "fh dipole. Theoretically, this gain is about | dB, and 
measurements have confirmed that it is of this order. 

‘The 1-A loop is more frequently used as an element 
of a directive antenna array (the quad and delta-loop 
antennas described in Chapter 12, Quad Arrays) than 
singly, although there is no reason why it cannot be used 
alone. In the quad and delta loop, its nearly always driven 
so that the polarization is horizontal 


Small Loop Antennas 


‘The electrically small loop antenna has existed in vari- 
fous forms for many years. Probably the most familiar form 
of this antenna is the ferrite Joopstick found in portable AM 
broadcast-band receivers. Amateur applications of the small 
loop include direction finding, low-noise directional receiv- 
ing antennas for 1.8 and 3.5 MHz, and small transmitting 
antennas. Because the design of transmitting and receiving 
loops requires some different considerations, the two situa- 
tions are examined separately in this section. This informa- 
tion was written by Domenic M. Mallozzi, NIDM. 


The Basic Loop 


What is and what is not a small loop antenna? By 
definition, the loop is considered to be electrically small 
when its total conductor length is less than 0.1 4—0.085 
is the number used in this section. This size is based on 
the fact that the current around the perimeter of the loop 
must be in phase. When the winding conductor is more 
than about 0.085 & long, this is no longer true. This con- 
straint results in a very predictable figure-eight radiation 
pattern, shown in Fig 4 

‘The simplest loop is a 1-turn untuned loop with a 
load connected to a pair of terminals located in the cen- 
ter of one of the sides, as shown in Fig 5. How its pattern 
is developed is easily pictured if we look at some “snap- 
shots” of the antenna relative to a signal source. Fig 6 
represents a loop from above, and shows the instanta- 
neous radiated voltage wave. Note that points A and B of 
the loop are receiving the same instantaneous voltage. 
‘This means that no current will flow through the loop. 
because there is no current flow between points of equal 
potential. A similar analysis of Fig 7, with the loop turned 
90° from the position represented in Fig 6, shows that 


Fig 4—Calculated small loop antenna radiation pattern. 


this position of the loop provides maximum response. Of 
course, the voltage derived from the passing wave is small 
because of the small physical size of the loop. Fig 4 shows 
the ideal radiation pattern for a small loop. 

‘The voltage across the loop terminals is given by 


(&q) 


ross the loop terminals 
ea of loop in square meters 

umber of turns in the loop 

E=RF field strength in volts per meter 

@ = angle between the plane of the loop and the signal 
source (transmitting station) 

‘wavelength of operation in meters 


Lv 


Fig 5—Simple untuned small loop antenna. 


Fig 6—Example of orientation of loop antenna that does 
not respond to a signal source (null in pattern). 
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Fig 7—Example of orientation of loop antenna for 
maximum response. 


‘This equation comes from a term called effective height. 
The effective height refers to the height (length) of a verti- 
cal piece of wire above ground that would deliver the same 
voltage to the receiver. The equation for effective height is, 


2nNA 


h (Eq?) 
where h is in meters and the other terms are as for Eq 1 

‘A few minutes with a calculator will show that, with, 
the constraints previously stated, the loop antenna will have 
4 very small effective height. This means it will deliver a 
relatively small voltage to the receiver, even with a large 
transmitted signal 


TUNED LOOPS 


‘We can tune the loop by placing a capacitor across the 
antenna terminals. This causes a larger voltage to appear 
across the loop terminals because of the Q of the parallel 
resonant circuit that is formed. 
‘The voltage across the loop terminals is now given by 
HANEQes? a 
‘where Q is the loaded Q of the tuned circuit, and the other 
terms are as defined above. 

Most amateur loops are of the tuned variety. For this 
reason, all comments that follow are based on tuned-loop 
antennas, consisting of one or more turns. The tuned-loop 
antenna has some particular advantages. For example, it puts 
high selectivity up at the “front” of receiving system, where 
it can significantly help factors such as dynamic range. 
Loaded Q values of 100 or greater are easy to obtain with 
careful loop construction, 

Consider a situation where the inherent selectivity 
of the loop is helpful. Assume we have a loop with a Q 
of 100 at 1.805 MHz, We are working a DX station on 
1.805 MH and are suffering strong interference from a 
local station 10 kHz away. Switching from a dipole to a 


% 


v 
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small loop will reduce the strength of the off-frequency sig- 
nal by 6 dB (approximately one S unit). This, in effect, in- 
creases the dynamic range of the receiver. In fact, if the 
off-frequency station were further off frequency, the attenu- 
ation would be greater. 

Another way the loop can help is by using the nulls 
in its pattern to null out on-frequency (or slightly off- 
frequency) interference. For example, say we are work- 
ing a DX station to the north, and just 1 kHz away is 
another local station engaged in a contact. The local sta- 
tion is to our west. We can simply rotate our loop to put 
its null to the west, and now the DX station should be 
readable while the local will be knocked down by 60 oF 
more dB. This obviously is quite a noticeable difference. 
Loop nulls are very sharp and are generally noticeable 
only on ground-wave signals (more on this later). 

OF course, this method of nulling will be effective 
only if the interfering station and the station being worked 
are not in the same direction (or in exact opposite direc- 
tions) from our location. If the two stations were on the 
same line from our location, both the station being worked 
and the undesired station would be nulled out. Luckily 
the nulls are very sharp, so as long as the stations are at 
least 10° off axis from each other, the loop null will be 
usable. 

A similar use of the nulling capability is to elimi- 
nate local noise interference, such as that from a light 
dimmer in a neighbor's house. Just put the null on the 
offending light dimmer, and the noise should disappear. 

Now that we have seen some possible uses of the 
small loop, let us look at a bit of detail about its design, 
First, the loop forms an inductor having a very small ra- 
tio of winding length to diameter. The equations for find- 
ing inductance given in most radio handbooks assume 
that the inductor coil is longer than its diameter. How- 
ever, F. W. Grover of the US National Bureau of Stan- 
dards has provided equations for inductors of common 
cross-sectional shapes and small length-to-diameter ra- 
tios. (See the Bibliography at the end of this chapter.) 
Grover's equations are shown in Table 1. Their use will 
yield relatively accurate numbers; results are easily 
‘worked out with a scientific calculator or home computer. 

The value of a tuning capacitor for a loop is easy to 
calculate from the standard resonance equations. The only 
matter to consider before calculating this is the value of 
distributed capacitance of the loop winding. This capaci- 
tance shows up between adjacent turns of the coil be- 
cause of their slight difference in potential. This causes 
each turn to appear as a charge plate, As with all other 
capacitances, the value of the distributed capacitance is 
based on the physical dimensions of the coil. An exact 
mathematical analysis of its value is a complex problem 
‘A simple approximation is given by Medhurst (see Bibli- 
ography) as: 


c=HD (Eq 4) 


istributed capacitance in pF 

constant related to the length-to-diameter ratio 
of the coil (Table 2 gives H values for length-to- 
diameter ratios used in loop antenna work.) 

D = diameter of the winding in em 


Medhurst’s work was with coils of round cross 
section. For loops of square cross section the distributed 
capacitance is given by Bramslev (see Bibliography) as 


c= 608 (Eq 5) 
where 
C= the distributed capacitance in pF 


the length of the side in meters 


If you convert the length in this equation to centime- 
ters, you will find Bramslev’s equation gives results in the 
same order of magnitude as Medhurst’s equation. 

This distributed capacitance appears as if it were a 
capacitor across the loop terminals. Therefore, when deter- 
mining the value of the tuning capacitor, the distributed 
capacitance must be subtracted from the total capacitance 
required to resonate the loop. The distributed capacitance 
also determines the highest frequency at which a particular 
loop can be used, because it is the minimum capacitance 
obtainable, 


Electrostatically Shielded Loops 

Over the years, many loop antennas have incorporated 
an electrostatic shield. This shield generally takes the form 
of atube around the winding, made of a conductive but non- 
‘magnetic material (such as copper or aluminum). Its pur- 
pose is to maintain loop balance with respect to ground, by 
forcing the capacitance between all portions of the loop and 
‘ground to be identical. This is illustrated in Fig 8. It is neces- 
sary to maintain electrical loop balance to eliminate what is 
referred to as the antenna effect. When the antenna becomes 
unbalanced it appears to act partially as a small vertical 
antenna, This vertical pattern gets superimposed on the ideal 
figure-eight pattern, distorting the pattern and filling in the 
rulls. The type of pattern that results is shown in Fig 9. 

Adding the shield has the effect of somewhat reduc- 
ing the pickup of the loop, but this loss is generally off- 
set by the increase in null depth of the loops. Proper 
balance of the loop antenna requires that the load on the 
loop also be balanced. This is usually accomplished by 
use of a balun transformer or a balanced input preampli- 
fier. One important point regarding the shield is that it 
cannot form a continuous electrical path around the loop 
perimeter, or it will appear as a shorted coil turn, Usually 
the insulated break is located opposite the feed point to 
‘maintain symmetry. Another point to be considered is that 
the shield should be of a much larger diameter than the 
loop winding, or it will lower the Q of the loop. 

Various construction techniques have been used in 


Table 1 


Inductance Equations for Short Coils (Loop 
Antennas) 


Triangle: 


L (uH) = 0.006N? s 


(1.1547sN 0.1348 (N +1) ¢ 
[» {preay} 288893 
Square: 


L(yH)=0.008N? s 


[in( 1-4142sN) 0.3333 (N+1)¢ 
in wera |*° 97942425 
Hexagon: 


Lp)=0.012N?s 


[,( 2sN ) 0.1348 (N+1)¢] 
ives 0.888881 —— S| 
Octagon: 


L(uH)=0.016N? 
{in( 2:8138N 


In| 


0.07153 (N+1)é 
oe, a 


oN 


|+0.75143+ 


umber of turns 
ide length in em 
oll length in cm 


Note: In the case of single-turn coils, the diameter of the 
conductor should be used for ¢ 


Table 2 
Values of the Constant H for Distributed 
Capacitance 

Length to 

Diameter Ratio H 

0.10 0.98 

0.15 0.79 

0.20 0.78 

0.25 0.64 

0.30 0.60 

0.35 0.57 

0.40 0.54 

0.50 0.50 

1.00 0.88 
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8—At A, the loop is unbalanced by capacitance to 
's surroundings. At B, the use of an electrostatic 
shield overcomes this effect. 
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Fig 9—Distortion in loop pattern resulting from antenna 
effect. 


making shielded loops. Genaille located his loop wind- 
ing inside aluminum conduit, while True constructed an 
aluminum shield can around his winding. Others have 
used pieces of Hardline to form a loop, using the outer 
conductor as a shield. DeMaw used flexible coax with 
the shield broken at the center of the loop conductor in a 
‘multiturn loop for 1.8 MHz. Goldman uses another shield- 
ing method for broadcast receiver loops. His shield is in 
the form of a barrel made of hardware cloth, with the 
loop in its center. (See Bibliography for above references.) 
All these methods provide sufficient shielding to main- 
tain the balance. It is possible, as Nelson shows, to con- 
struct an unshielded loop with good nulls (60 dB or better) 
by paying great care to symmetry. 


LooPQ 


As previously mentioned, Q is an important consider- 
ation in loop performance because it determines both the 
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loop bandwidth and its terminal voltage for a given field 
strength. The loaded Q of a loop is based on four major 
factors. These are (1) the intrinsic Q of the loop winding, 
(2) the effect of the load, (3) the effect of the electrostatic 
shield, and (4) the Q of the tuning capacitor 

The major factor is the Q of the winding of the loop 
itself. The ac resistance of the conductor caused by skin 
effect is the major consideration. The ac resistance for cop- 
per conductors may be determined from 

x10 Vi 
oases mae 


where 


R = resistance in ohms per foot 
f= frequency, Hz 
d = conductor diameter, inches 


‘The Q of the inductor is then easily determined by tak- 
ing the reactance of the inductor and dividing it by the ac 
resistance. If you are using a multitumn loop and are a per- 
fectionist, you might also want to include the loss from con- 
ductor proximity effect. This effect is described in detail 
later in this chapter, in the section on transmitting loops. 

Improvement in Q can be obtained in some cases by 
the use of Litz wire (short for Litcendrah). Litz wire con- 
sists of strands of individual insulated wires that are woven 
into bundles in such a manner that each conductor occupies 
each location in the bundle with equal frequency. Litz wire 
results in improved Q over solid or stranded wire of equiva- 
lent size, up to about 3 MHz. 

Also, the Q of the tuned circuit of the loop antenna 
is determined by the Q of the capacitors used to resonate 
it, In the case of air variables or dipped micas this is not 
usually a problem. But if variable-capacitance diodes are 
used to remotely tune the loop. pay particular attention 
to the manufacturer's specification for Q of the diode at 
the frequency of operation. The tuning diodes can have a 
significant effect on circuit Q 

Now we consider the effect of load impedance on 
loop Q. In the case of a directly coupled loop (as in 
Fig 5), the load is connected directly across the loop ter- 
minals, causing it to be treated as a parallel resistance in 
‘ parallel-tuned RLC circuit. Obviously, if the load is of 
‘a low value, the Q of the loop will be low. A simple way 
to correct this is to use a transformer to step up the load 
impedance that appears across the loop terminals. In fact, 
if we make this transformer a balun, it also allows us to 
use our unbalanced receivers with the loop and maintain 
loop symmetry. Another solution is to use what is referred 
to as an inductively coupled loop, such as DeMaw’s four 
tum electrostatically shielded loop. A one-turn link is, 
connected to the receiver. This turn is wound with the 
four-turn loop. In effect, this builds the transformer into 
the antenna. 

Another solution to the problem of load impedance on 
loop Q is to use an active preamplifier with a high imped- 


ance balanced input and unbalanced output. This method 
also has the advantage of amplifying the low-level output 
voltage of the loop to where it can be used with a receiver of, 
even mediocre sensitivity. In fact, the Q of the loop when 
used with a balanced preamplifier having high input imped- 
ance may be so high as to be unusable in certain applica- 
tions. An example of this situation would occur where a 
loop is being used to receive a 5 kHz wide AM signal at a 
frequency where the bandwidth of the loop is only 1.5 kHz. 
In this case the detected audio might be very distorted. The 
solution to this is to put a Q-degrading resistor across the 
loop terminals. 


FERRITE-CORE LOOP ANTENNAS: 


‘The ferrte-core loop antenna is a special case of the 
air-core receiving loops considered up to now. Because of 
its use in every AM broadcast-band portable radio, the fer- 
rite-core loop is, by quantity, the most popular form of the 
loop antenna. But broadcast-band reception is far from its 
only use; it is commonly found in radio-direction-finding 
equipment and low-frequency-receiving systems (below 
500 kHz) for time and frequency standard systems. In 
recent years, design information on these types of antennas 
hhas been a bit sparse in the amateur literature, so the next 
few paragraphs are devoted to providing some details. 
Ferrite-loop antennas are characteristically very small 
compared to the frequency of use. For example, a 3.5-MHz 
version may be in the range of 15 to 30 cm long and about 
1.25 em in diameter. Earlier inthis chapter, effective height 
‘was introduced as a measure of loop sensitivity. The effec- 
tive height of an air-core loop antenna is given by Eq 2. 
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Fig 10—At A, an air-core loop has no effect on nearby 
field lines. B illustrates the effect of a ferrite core on 
nearby field lines. The field is altered by the reluctance 
of the ferrite material. 


If an air-core loop is placed in a field, in essence it 
ccuts the lines of flux without disturbing them (Fig 10A). 
(On the other hand, when a ferrite (magnetic) core is placed 
in the field, the nearby field lines are redirected into the 
loop (Fig 10B). This is because the reluctance of the fer- 
rite material is less than that of the surrounding air, so 
the nearby flux lines tend to flow through the loop rather 
than passing it by. (Reluctance is the magnetic analogy 
of resistance, while flux is analogous to current.) The 
reluctance is inversely proportional to the permeability 
of the rod core, jog. (In some texts the rod permeability 
is referred to as effective permeability, t1,,). This effect 
modifies the equation for effective height of a ferrite-core 
loop to 


2a NAtias 
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where 
t= effective height length) in meters 


jumber of turns in the loop 
= area of loop in square meters 
srmeability of the ferrite rod 
ravelength of operation in meters 


This obviously is a large increase in “collected” sig- 
nal. Ifthe rod permeability were 90, this would be the same 
‘as making the loop area 90 times larger with the same num- 
ber of turns. For example, a 1.25-cm diameter ferrite-core 
loop would have an effective height equal to an air-core loop 
22.5 cm in diameter (with the same number of turns) 

By now you might have noticed we have been very 
careful to refer to rod permeability. There is a very impor- 
tant reason for this. The permeability that a rod of ferrite 
exhibits is a combination of the material permeability or 
4H, the shape of the rod, and the dimensions of the rod. In 
ferrite rods, u is sometimes referred to as initial perme- 
ability, u,, or toroidal permeability, w,, Because most 
amateur ferrite loops are in the form of ods, we will dis- 
ccuss only this shape. 

The reason that pi, is different from jis a very com- 
plex physics problem that is well beyond the scope of 
this book. For those interested in the details, books by 
Polydoroff and by Snelling cover this subject in consid- 
erable detail. (See Bibliography.) For our purposes 
simple explanation will suffice. The rod is in fact not a 
perfect director of flux, as is illustrated in Fig 11. Note 
that some lines impinge on the sides of the core and also 
exit from the sides. These lines therefore would not pass 
through all the turns of the coil if it were wound from 
‘one end of the core to the other. These flux lines are 
referred to as leakage flux, or sometimes as flux leakage. 

Leakage flux causes the flux density in the core to be 
nonuniform along its length, From Fig 11 it can be seen that 
the flux has a maximum at the geometric center of the length 
of the core, and decreases as the ends of the core are 
approached. This causes some noticeable effects. As a short 
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coil is placed at different locations along a long core, its 
inductance will change, ‘The maximum inductance exists 
‘when the col is centered onthe rod. The Q of a shor coil on 
along tod is pretest atthe center. On the other hand, if you 
require a higher Q than this, itis recommended that you 
spread the coil turns along the whole length of the core 
even though this will result in a lower value of inductance 
(The inductance can be increased to the original value by 
adding tums.) Fig 12 gives the relationship of rod perme 
ability to material permeability fora variety of values. 

“The change in yt over the length of the rod results in an 
adjustment in the term. forit 0 called “reeends” (those 
not covered by the windig). This adjustment factors given 
by 


minals and its signal-to-noise ratio (SNR). The voltage may 
be determined from 


AR ANWQE 
oeexee® (Eq 10) 


nutput voltage across the loop terminals 
loop area in square meters 

jumber of turns in the loop winding 
corrected rod permeability 

loaded Q of the loop 

= RF field strength in volts per meter 
avelength of operation in meters 


Lankford’s equation for the sensitivity of the loop for 
10 dB SNR is 


WH TE (Eq 8) 
‘sigs 09x10 AFL 
E 5 €q 11) 
the corrected permeability ANu'VQ 
41= the length of the core aie. 
b= the length ofthe coil 
{= operating frequency in Hz 
‘This value ofp’ should be used in place ofp, in Eq7 Te lon laactante in hexaye 
to obtain the most accurate value of effective height bc receiver bandwidth in He 
Al these variables make the calculation of ferrite loop 
antenna inductance somewhat less accurate than forthe at- 
core version. The inductance ofa ferrite loop is given by 
where ee aa 
L= inductance in pH 
N = number of turns Pratt 
cross-sectional area of the core in square mm gana 
‘magnetic length of core in mm eal 
ees 
Experiments indicate that the winding diameter should acca 
be as close to that ofthe rod diameter as practical in order to ies we 
‘maximize both inductance value and Q. By using allthis ‘a 
information, we may determine the voliage a the loop tex. 
i 
ar] 1) {ll 
>_>. 7 
a aoe Lego Pato 


ig 11—Example of magnetic field lines near a practical 
ferrite rod, showing leakage flux. 
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Fig 12—Rod permeability, pjoq, versus mat 
jy. for different rod length-to-< 


SG is at the crossroads of these news uses; it aims to better and simultaneously satisfy this 
tremendous variety of needs and these new demands, through a unified technology that takes this 
diversity into account at the design stage. 


‘The advent of 5G could have a significant impact not only in the technical realm, but also on different 
countries’ economic and social development. As indicated in the introduction, 5G targets a very large 
number of sectors and, through society’s digitisation, is expected to contribute to countries’ 
economic growth. 


To give an example, according to a report produced by InterDigital Europe, Real Wireless, Techai2 
and Connect (Trinity College Dublin)’, this new technology will require a great deal of money and a 
great deal of work, but will generate €113.1 billion in profits per annum for the European economy 
by 2025. 


1.1 Technical specifications of SG 


‘The specifications for a new generation of mobile telephony are set primarily by two bodies: 
ITU (International Telecommunication Union) and 3GPP (3 Generation Partnership Project). 


ITU is the United Nations agency devoted to information and communications technologies. It carries 
out research and studies through its Working Party SD, the sub-group responsible for the overall 
radio system aspects of international mobile telecommunications (IMT). In 2013, this group began 
working on defining the characteristics of the new IMT standard, IMT-2020 (5G) (cf. 1.3), as it had 
done back in the early 2000s to define 4G (IMT-Advanced). Further details on the roadmap 
established for this work can be found in Annex 1, the objective set by ITU-R being to complete its 
analyses by 2020. 


Parallel to the work being done by ITU are the studies being conducted by 3GPP. The 3" Generation 
Partnership Project was created in 1998, and its members include seven standardisation bodies, 
several hundred industry players, associations and public organisations. It is responsible for 
developing and maintaining technical specifications for mobile telephony standards®. When a new 
standard is being defined by ITU, 3GPP works on the technical solutions that make it possible to 
achieve the objectives set by ITU. 


Although SG is one of the most widely debated topics inside international and European bodies 
today, no standard has yet been defined by 3GPP. The draft of Release 15, the first SG standard from 
3GPP, is still in the works: definition of the new architecture began in December 2016 and work on 
the New Radio (NR) interface is set to begin in March 2017. A first Release of the standard should be 
validated in September 2018 to meet the more urgent demands; a second Release (3GPP Release 16) 
will then be published in March 2020. All of these elements are addressed in more detail in Annex 1. 


it should also be said that the transition from one generation to the next takes place gradually. LTE 
will continue to evolve alongside NR, and these two standards will likely be very complementary 
initially. In particular, for pioneer 5G rollouts LTE shall probably remain the master of the network 
and control the NR antennae. Moreover, some of the objectives set for 5G could be achieved thanks 
to functionalities or technologies introduced in 3GPP Releases 13, 14 and 15 that will not be proper 
to 5G, but rather evolutions of 4G (which some refer to as 4.96 or LTE Advanced Pro). 


7 hutp:/ fic interdigital.com/file/Index?KeyFile=36051368 
* GSM for 26, UMTS for 3G and LTE for 46 
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Similarly, Belrose gives the SNR of a tuned loop 
antenna as, 


663NAtioa E [QE 

vb 
From this, if the field strength E, yb, and A are 
fixed, then Q or N must increase (or L decrease) to yield 
a better SNR. Higher sensitivity can also be obtained 
(especially at frequencies below 500 kHz) by bunching 
ferrite cores together to increase the loop area over that 
which would be possible with a single rod. High sensi- 
tivity is important because loop antennas are not the most 
efficient collectors of signals, but they do offer improve- 
‘ment over other receiving antennas in terms of SNR. For 
this reason, you should attempt to maximize the SNR 
‘when using a small loop receiving antenna. In some eases 
there may be physical constraints that limit how large you 
ccan make a ferrite-core loop. 

After working through Eq 11 or 12, you might find 
you still require some increase in antenna system gain to 
effectively use your loop. In these cases the addition of 
a low noise preamplifier may be quite valuable even 
fon the lower frequency bands where they are not com 
monly used. Chapter 14 contains information on such 
preamplifiers 

The electrostatic shield discussed earlier with refer- 
ence to air-core loops can be used effectively with fer- 
rite-core loops. (Construction examples are presented in 
Chapter 14.) As in the air-core loop, a shield will reduce 
electrical noise and improve loop balance. 


PROPAGATION EFFECTS ON NULL 
DEPTH 


After building a balanced loop you may find it does 
not approach the theoretical performance in the null depth. 
This problem may result from propagation effects. Tilt- 
ing the loop away from a vertical plane may improve per- 
formance under some propagation conditions, to account 
for the vertical angle of arrival. Basically, the loop per- 
forms as described above only when the signal is arriv- 
ing perpendicular to the axis of rotation of the loop. At 
incidence angles other than perpendicular, the position 
and depth of the nulls deteriorate. 

‘The problem can be even further influenced by the 
fact that if the loop is situated over less than perfectly 
conductive ground, the wave front will appear to tilt or 
bend. (This bending is not always detrimental; in the case 
of Beverage antennas, sites are chosen to take advantage 
of this effect.) 

Another cause of apparent poor performance in the 
rnull depth can be from polarization error. Ifthe polariza- 
tion of the signal is not completely linear, the nulls will 
not be sharp. In fact, for circularly polarized signals, the 
loop might appear to have almost no nulls. Propagation 
effects are discussed further in Chapter 14. 


SNI 


(Bq 12) 


SITING EFFECTS ON THE LOOP 


The location of the loop has an influence on its perfor- 
‘mance that at times may become quite noticeable. For ideal 
performance the loop should be located outdoors and clear 
of any large conductors, such as metallic downspouts and 
towers. A VLF loop, when mounted this way, will show 
‘good sharp nulls spaced 180° apart if the loop is well bal- 
anced. This is because the major propagation mode at VLF 
is by ground wave. At frequencies in the HF region, a sig- 
nificant portion of the signals is propagated by sky wave, 
‘and nulls are often only partial 

Most hams locate their loop antennas near their 
‘operating position. If you choose to locate a small loop 
indoors, its performance may show nulls of less than the 
expected depth, and some skewing of the pattern. For 
precision direction finding there may be some errors 
associated with wiring, plumbing, and other metallic con- 
struction members in the building. Also, a strong local 
signal may be reradiated from the surrounding conduc- 
tors so that it cannot be nulled with any positioning of 
the loop. There appears to be no known method of curing 
this type of problem. All this should not discourage you 
from locating a loop indoors; this information is presented 
here only to give you an idea of some pitfalls. Many hams 
have reported excellent results with indoor mounted loops, 
in spite of some of the problems. 

Locating a receiving loop in the field of a transmitting 
antenna may cause a large voltage to appear at the receiver 
antenna terminals. This may be sufficient to destroy sensi- 
tive RF amplifier transistors or front-end protection diodes. 
This can be solved by disconnecting your loop from the 
receiver during transmit periods. This can obviously be done 
‘automatically with a relay that opens when the transmitter 
is activated. 


LOOP ANTENNA ARRAYS 


Arrays of loop antennas, both in combination with each 
other and with other antenna types, have been used for many 
years. The arrays are generally used to cure some “defi- 
ciency” in the basic loop for a particular application, such 
as a 180° ambiguity in the null direction, low sensitivity, 
and so forth. 


A Sensing Element 

For direction-finding applications the single loop suf- 
fers the problem of having two nulls that are 180° apart. 
This leads to an ambiguity of 180° when trying to find the 
direction to a transmitting station from a given location. A 
sensing element (often called a sense antenna) may be added 
to the loop, causing the overall antenna to have a cardioid 
pattern and only one null. The sensing element is a small 
vertical antenna whose height is equal to or greater than the 
loop effective height. This vertical is physically close to the 
loop, and when its omnidirectional patter is adjusted so 
that its amplitude and phase are equal to one of the loop 
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lobes, the patterns combine to form a cardioid. This antenna 
can be made quite compact by use of a ferrite loop to form 
a portable DF antenna for HF direction finding. Chapter 14 
contains additional information and construction projects 
using sensing elements. 


Arrays of Loops 

A more advanced array that can develop more diverse 
patterns consists of two or more loops. Their outputs are 
combined through appropriate phasing lines and combiners 
to form a phased array. Two loops can also be formed into 
aan array that can be rotated without physically turning the 
loops themselves. This method was developed by Bellini 
and Tosi in 1907 and performs this apparently contradic- 
tory feat by use of a special transformer called a goniom 
eter. The goniometer is described in Chapter 14. 


Aperiodic Arrays 

‘The aperiodic loop array is a wide-band antenna. This 
type of array is useful over at least a decade of frequency, 
such as 2 to 20 MHz. Unlike most of the loops discussed up 
to now, the loop elements in an aperiodic array are untuned. 
Such arrays have been used commercially for many years. 
One loop used in such an array is shown in Fig 13. This 
loop is quite different from all the loops discussed so far in 
this chapter because its pattern is not the familiar figure eight. 
Rather, itis omnidirectional 

‘The antenna is omnidirectional because itis purposely 
unbalanced, and also because the isolating resistor causes 


_> oang Resistor 
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the antenna to appear as two closely spaced short mono- 
poles. The loop maintains the omnidirectional characteris- 
tics over a frequency range of at least four or five to one. 
‘These loops, when combined into end-fire or broadside 
phased arrays, can provide quite impressive performance. 
A commercially made end-fire array of this type consisting 
of four loops equally spaced along a 25-meter baseline can 
provide gains in excess of 5 dBi over a range of 2 to 
30 MHz. Over a considerable portion of this frequency range, 
the array can maintain F/B ratios of 10 dB. Even though the 
commercial version is very expensive, an amateur version 
can be constructed using the information provided by 
Lambert. One interesting feature of this type of array is that, 
with the proper combination of hybrids and combiners, the 
antenna can simultaneously feed two receivers with signals 
from different directions, as shown in Fig 14. This antenna 
may be especially interesting to one wanting a directional 
receiving array for two or more adjacent amateur bands. 


SMALL TRANSMITTING LOOP 
ANTENNAS 


The electrically small transmitting-loop antenna 
involves some different design considerations compared to 
receiving loops. Unlike receiving loops, the size limitations 
of the antenna are not as clearly defined. For most purposes, 
any transmitting loop whose physical circumference is less 
than 4 2, can be considered “smal.” In most cases, as a con- 
sequence of their relatively large size (when compared to a 
receiving loop), transmitting loops have a nonuniform cur- 
rent distribution along their circumference. This leads to 
some performance changes from a receiving loop. 

The transmitting loop is a parallel-tuned circuit with a 
large inductor acting as the radiator. As with the receiving 
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ig 13—A single wide-band loop antenna used in an 
aperiodic array. 
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Fig 14—Block diagram of a four-loop broadside array 
with dual beams separated by 60° in azimuth. 


Table 3 
Transmitting Loop Equations 


X, =2ntLohms 


Bt 2Ra +R) 


2 
Ra =a.t2xt04| SA] ohms 


inductive reactance, ohms 

irequency, Hz 

bandwidth, Hz 

radiation resistance, ohms 

loss resistance, ohms (see tex!) 

‘number of turns 

area enclosed by loop, square meters 

wavelength at operating frequency, meters 
joltage across capacitor 

power, watts 

lL = resonant circulating current in loop 


ver renee 


loop, the calculation ofthe transmitting-loop inductance may 
be carried out with the equations in Table 1. Avoid equations 
for long solenoids found in most texts. Other fundamental 
‘equations for transmitting loops are given in Table 3. 

In the March 1968 QS7, Lew McCoy, WIICP, intro- 
duced the so-called “Army Loop” to radio amateurs. This 
was an amateur version of a loop designed for portable use 
in Southeast Asia by Patterson of the US Army and described 
in 1967. The Army Loop is diagrammed in Fig 15A, show- 
ing that this is a parallel tuned circuit fed by a tapped- 
capacitance impedance-matching network, 

‘The Hart “high-efficiency” loop was introduced in the 
June 1986 OST by Ted Hart, WSQUR. Itis shown schemati- 
cally in Fig 15B and has the series-tuning capacitor sepa- 
rate from the matching network. The Hart matching network 
is basically a form of gamma match. Other designs have 
used a smaller loop connected to the transmission line to 
couple into the larger transmitting loop. 

‘The approximate radiation resistance of a loop in ohms 
is given by 


ny = 3120 (413) 


where 


umber of turns 
ea of loop in square meters 
ravelength of operation in meters 


Resonance (Tune) 


w 4 
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Fig 15—At A, a simplified diagram of the Army Loop. At B, the WSQJR loop, which is described in more detail later 


in this chapter. 
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‘The radiation resistance of a small transmitting loop is 
usually very small. For example, a I-meter diameter, single- 
tum circular loop has a radius of 0.5 meters and an enclosed 
area of x 0.5? = 0.785 m2, Operated at 14.0 MHz, the 
free-space wavelength is 21.4 meters and this leads to a com- 
puted radiation resistance of only 3.12 x 10~(0.785/21.42)> 
= 0.092 0. 

Unfortunately the loop also has losses, both ohmic and 
from skin effect. By using this information, the radiation 
efficiency of a loop can be calculated from 


(Bq 14) 


1)= antenna efficiency, % 
radiation resistance, Q 

= loss resistance, ©, which includes the loop’s con- 
ductor loss plus the loss in the series-tuning capacitor. 

A simple ratio of Rr versus Ry, shows the effects on 
the efficiency, as can be seen from Fig 16. The loss resis- 
tance is primarily the ac resistance of the conductor. This 
can be calculated from Eq 6. A transmitting loop gener- 
ally requires the use of copper conductors of at least 
inch in diameter in order to obtain reasonable efficiency. 
Tubing is as useful as a solid conductor because high- 
frequency currents flow only along a very small depth of 
the surface of the conductor; the center of the conductor 
has almost no effect on current flow. 

Note that the Ry, term above also includes the effect of 
the tuning capacitor’s loss. Normally, the unloaded Q of a 
capacitor can be considered to be so high that any loss in 
the tuning capacitor can be neglected. For example, a very 
high-quality tuning capacitor with no mechanical wiping 
contacts, such as a vacuum-variable or a transmitting but- 
terfly capacitor, might have an unloaded Q of about 5000. 
This implies a series loss resistance of less than about 
0.02 Q for a capacitive reactance of 100 Q. This relatively 
tiny loss resistance can become significant, however, when 
the radiation resistance of the loop is only on the order of 
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Fig 16—Effect of ratio of Rq/R on loop efficiency. 
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0.1 Q! Practical details for curbing capacitor losses are cov- 
cred later in this chapter. 

In the case of multiturn loops there is an additional 
loss related to a term called proximity effect. The proximity 
effect occurs in cases where the turns are closely spaced 
(such as being spaced one wire diameter apart). As these 
current-carrying conductors are brought close to each other, 
the current density around the circumference of each con- 
ductor gets redistributed. The result is that more current per 
square meter is flowing at the surfaces adjacent to other 
conductors. This means that the loss is higher than a simple 
skin-effect analysis would indicate, because the current is 
bunched so it flows through a smaller cross section of the 
conductor than if the other turns were not present. 

As the efficiency of a loop approaches 90%, the prox- 
imity effect is less serious. But unfortunately, the less 
efficient the loop, the worse the effect. For example, an 8- 
turn transmitting loop with an efficiency of 10% (caleu- 
lated by the skin-effect method) actually only has an 
efficiency of 3% because of the additional losses intro- 
duced by the proximity effect. If you are contemplating 
construction of a multitum transmitting loop, you might 
‘want to consider spreading the conductors apart to reduce 
this effect. G. S, Smith includes graphs that detail this 
effect in his 1972 IEEE paper. 

‘The components in a resonated transmitting loop are 
subject to both high currents and voltages as a result of 
the large circulating currents found in the high-Q tuned 
circuit formed by the antenna. This makes it important 
that any fixed capacitors have a high RF current rating, 
such as transmitting micas or the Centralab 850 series. 
Be aware that even a 100-W transmitter can develop 
currents in the tens of amperes, and voltages across the 
tuning capacitor in excess of 10,000 V. This consider- 
ation also applies to any conductors used to connect the 
loop to the capacitors. A piece of #14 wire may have more 
resistance than the rest of the loop conductor! 

I is therefore best to use copper strips or the braid 
from a piece of large coax cable to make any connections. 
Make the best electrical connection possible, using sol- 
dered or welded joints. Using nuts and bolts should be 
avoided, because at RF these joints generally have high 
resistance, especially after being subjected to weathering. 

Anunfortunate consequence of having a small but high- 
efficiency transmitting loop is high loaded Q, and therefore 
limited bandwidth. This type of antenna may require retun- 
ing for frequency changes as litte as 5 kHz. If you are using 
any wide-band mode such as AM or FM, this might cause 
fidelity problems and you might wish to sacrifice a little 
efficiency to obtain the required bandwidth, 

‘A special case of the transmitting loop is that of the 
ferrite-loaded loop. This is a logical extension of the trans- 
mitting loop if we consider the improvement that a ferrite 
ccore makes in receiving loops. The use of ferrites in atrans- 
mitting loop is still under development. (See the Bibliogra- 
phy reference for DeVore and Boley.) 


PRACTICAL COMPACT TRANSMITTING 
Loops 


‘The ideal small transmitting antenna would have per- 
formance equal to a large antenna, A small loop antenna 
ccan approach that performance except for a reduction in 
‘bandwidth, but that effect can be overcome by retuning. This 
section is adapted and updated from material written by 
Robert T. (Ted) Hart, WSQUR. 

As pointed out above, small antennas are character- 
ized by low radiation resistance. For atypical small antenna, 
such as a short dipole, loading coils are often added to 
achieve resonance. However, the loss inherent in the coils 
can result in an antenna with low efficiency. If instead of 
coils a large, low-loss capacitor is added to a low-loss con- 
ductor to achieve resonance, and if the antenna conductor is 
bent to connect the ends to the capacitor, a loop is formed 

Based on this concept, the small loop is capable of rela- 
tively high efficiency, compared to its coil-loaded cousin. 
In addition, the small loop, when mounted vertically, can 
radiate efficiently over the wide range of elevation angles 
required on the lower frequency bands. This is because it 
has both high-angle and low-angle response. See Fig 17, 
which shows the elevation response for a compact transmit- 
ting loop only 16.2 inches wide at 14.2 MHz. This loop is 
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Fig 17—Elevation-plane plot at 14.2 MHz, showing 
response of an 8.5-foot circumference octagonal 
copper loop (width of 16.2 inches), compared to a full- 
sized 1/4 ground-plane vertical with two elevated N4 
radials, the same small loop flipped horizontally at a 
height of 30 feet, and lastly, a 2/2 flattop dipole also at a 
height of 30 feet. Both the 4/4 ground-plane vertical and 
the vertically polarized loop are elevated 8 feet above 
typical ground, with @ = 5 mSim and e = 13. The low 
vertically polarized loop is surprisingly competitive, 
‘only down about 2.5 dB compared to the far larger 
ground plane at low elevation angles. Note that the 
Vertical loop has both high-angle as well as low-angle 
radiation, and hence would be better at working close- 
in local stations than the ground-plane vertical, with its 
deep nulls at higher angles. The simple flattop dipole, 
however, is better than either vertical because of the 
poor ground reflection for a vertically polarized 
‘compared to a horizontally polarized signal. 


vertically polarized and its bottom is 8 feet above average 
«ground, which has a conductivity of 5 mS/m and a dielec~ 
tric constant of 13. For comparison, Fig 17 also shows the 
responses of three other reference antennas—the same small 
loop flipped sideways at a height of 30 feet to produce hori- 
zontal radiation, a full-sized 4-A ground plane antenna 
mounted 8 feet above average ground using two tuned radi- 
als, and finally a simple Yi flattop dipole mounted 30 feet 
above flat ground. The considerably smaller transmitting 
loop comes to within 3 dB of the larger %é-i, vertical at a 10° 
elevation angle, and itis far stronger for high elevation angles 
because it does not have the null at high elevation angles 
that the ground plane has. Of course, this characteristic does 
make it more susceptible to strong signals received at high 
elevation angles. Incidentally, just in case you were won- 
dering, adding more radials to the 2/4 ground plane doesn’t 
materially improve its performance when mounted at an 
8-foot height on 20 meters. 

The simple horizontal dipole in Fig 17 would be the 
clear winner in any shootout because its horizontally polar- 
ized radiation does not suffer as much attenuation at reflec- 
tion from ground as does a vertically polarized wave. The 
case is not quite so clear-cut, however, for the small loop 
mounted horizontally at 30 feet. While it does have increased 
gain at medium elevation angles, it may not be worth the 
effort needed to mount it on a mast, considering the slight 
loss at low angles compared to its twin mounted vertically 
only 8 feet above ground. 

A physically small antenna like the 16.2-inch-wide 
vertically polarized loop does put out an impressive signal 
compared to far larger competing antennas. Though some- 
what ungainly, itis a substantially better performer than most 
mobile whips, for example. The main deficiency in a com- 
pact transmitting loop is its narrow bandwidth—it must be 
accurately tuned to the operating frequency. The use of a 
remote motor drive allows the loop to be tuned over a wide 
frequency range. 

For example, for fixed-station use, two loops could be 
constructed to provide continuous frequency coverage from 
3.5 to 30 MHz. A loop with an 8.5 foot circumference, 
16 inches wide, could cover 10 through 30 MHz and a loop 
with a 20-foot circumference, 72 inches wide, could cover 
3.5 to 10.1 MHz. 

Table 4 presents summary data for various size loop 
antennas for the HF amateur bands. Through computer 
‘analysis, the optimum size conductor was determined to be 
YJeinch rigid copper water pipe, considering both perfor- 
mance and cost. Performance will be compromised, but only 
slightly, if Yo-inch flexible copper tubing is used. This tub- 
ing can easily be bent to any desired shape, even a circle. 
‘The rigid ‘Z-inch copper pipe is best used with 45° elbows, 
to make an octagon. 

The loop circumference should be between '/s and 
"Ys at the operating frequency. It will become self-reso- 
nant above '/s A, and efficiency drops rapidly below 'v/s 2. 
In the frequency ranges shown in Table 4, the high fre- 
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Table 4 
Design Data for Loops 


Loop Circumference = 8.5' (Width = 92.4"), Vertically 


Polarized 
Frequency, MHz 104 142 212 29.0 
Max Gain, dBi 4.47 1.42 41.34 42.97 


Max Elevation Angle 40° 30° 22°90" 


Gain, dBi @10° 8.40 -461 -087 40.40 
Total Capacitance, pF 145 70 29 13 
Peak CapacitorkV 23 27°80 80 


Loop Circumference = 8.5' (Width = 32.8"), Horizontally 
Polarized, @30' 

Frequency, MHz 101 142 212 29.0 
Max Gain, dBi 3.08 41.71 45.43 46.60 
Max Elevation Angle 34° 28° 20°16" 


Gain, dBi @10° 9.25 -311 4261 45.34 
Total Capacitance, pF 145 70 ©2913, 
Peak CapacitorkV 23° 27° 8080 


Loop Circumference = 20' (Width = 6'), Vertically 
Polarized 


Frequency,MHz =» 3.5 407.2 10.4 
Max Gain, dBi 7.40 ~6.07 -1.69 -0.34 
Max Elevation Angle 68° 60" 38°30" 
Gain, dBi @10° 11.46 -10.12 -527  -3.33 
Capacitance, pF «379-286 8588 
Peak CapacitorkV 22 24 2680 


Loop Circumference = 20' (Width = 6), Horizontally 
Polarized, @30 

Frequency, MHz 85) 4072 10.4 
Max Gain, dBi “13.32-1060 -0.20 43.20 
Max Elevation Angle 42° 42° 38" 34" 


Gain, dBi @10° W2162-18.79 -7.51 -3.22 
Capacitance, pF «379«286 8588. 
Peak CapacitorkV 22 242880 


Loop Circumference = 38’ (Width = 11.5), Vertically 
Polarized 

Frequency,MHz «3.54.0 7.2 

Max Gain, dBi 2.93 -2.20 0.05 

Max Elevation Angle 46° 42°28" 


Gain, dBi @10° 6.48 5.69 -2.80 
Capacitance, pF «16512829 
Peak CapacitorkV 26 27,83 


Notes: These loops are octagonal in shape, constructed 
with %-inch copper water pipe and soldered 45° copper 
elbows. The gain figures assume a capacitor unloaded 
Qc = 5000, typical for vacuum-variable type of tuning 
capacitor. The bottom of the loop is assumed to be 

8 feet high for safety and the ground constants are 
‘typical’ at conductivity = § mS/m and dielectric con- 
stant = 13. Transmitter power is 1500 W. The voltage 
across the tuning capacitor for lower powers goes down 


P 
with a multiplier of 75. For example, at 

tha multiplier of ang ple, at 100 W 
Using the 38-foot-circumference loop at 7.2 MHz, the 


[3100 
peak voltage would be 83 KV = |= = BS KV 


quency is tuned with a minimum capacitance of about 
29 pF—including stray capacitance. 

‘The low frequency listed in Table 4 is that where the 
loop response is down about 10 dB from that of a full-sized 
clevated ground plane at low elevation angles suitable for 
DX work. Fig 18 shows an overlay at 3.5 MHz of the eleva- 
tion responses for two loops: one with an 8.5-foot circum- 
ference and one with a 20-foot circumference, together with 
the response for a full-sized 80-meter ground plane elevated 
8 feet off average ground with 2 tuned radials. The 20-foot 
circumference loop holds its own well compared to the full- 
sized ground plane, 


Controlling Losses 

Contrary to earlier reports, adding quarter-wave 
ground radials underneath a vertically polarized trans- 
mitting loop doesn’t materially increase loop efficiency. 
‘The size of the conductor used for a transmitting loop, 
however, does directly affect several interrelated aspects 
of loop performance, 
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Data for Table 4 was computed for %-inch copper 
water pipe (nominal OD of 0.9 inch). Note that the effi- 
ciency is higher and the Q is lower for loops having a 
circumference near '/s 4. Larger pipe size will reduce the 
loss resistance, but the Q increases. Therefore the band- 
width decreases, and the voltage across the tuning capa- 
citor increases. The voltage across the tuning capacitor 
for high-power operation can become very impressive, 
as shown in Table 4. Rigid %-inch copper water pipe is a 
good electrical compromise and can also help make a 
small-diameter loop mechanically sturdy. 

The equivalent electrical circuit for the loop isa par- 
allel resonant circuit with a very high Q, and therefore a 
narrow bandwidth. The efficiency is a function of radia- 
tion resistance divided by the sum of the radiation plus 
loss resistances. The radiation resistance is much less than 
1.Q, so it is necessary to minimize the loss resistance 
which is largely the skin-effect loss of the conductor, as- 
suming that the tuning capacitor has very low loss. Poor 
construction techniques must be avoided. All joints in the 


loop must be brazed or soldered. 

However, if the system loss is too low, for example 
by using even larger diameter tubing, the Q may become 
excessive and the bandwidth may become too narrow for 
practical use, These reasons dictate the need for a com- 
plete analysis to be performed before proceeding with 
the construction of a loop. 

‘There is another source of additional loss in a com: 
pleted loop antenna besides the conductor and capacitor 
losses. If the loop is mounted near lossy metallic conduc: 
tors, the large magnetic field produced will induce currents 
into those conductors and be reflected as losses in the loop. 
‘Therefore the loop should be as far from other conductors 
as possible. If you use the loop inside a building constructed 
with large amounts of iron or near ferrous materials, you 
will simply have to live with the loss if the loop cannot oth 
cerwise be relocated, 


The Tuning Capacitor 
Fig 19 demonstrates the selection of loop size ver: 
sus tuning capacitance for any desired operating fre- 
quency range for the HF amateur bands. This is for 
mnal-shaped loops using %-inch copper water pipe 
with 45° copper elbows. For example, a capacitor that 
varies from 5 to 50 pF, used with a loop 10 feet in cir. 
cumference, tunes from 13 to 27 MHz. (represented by 
the left dark vertical bar), A 25 to 150-pF capacitor with 
a 13.5-foot loop circumference covers the 7 to 14.4-MHz 
range, represented by the right vertical bar. 
Fig 20 illustrates how the 29-MHz elevation pattern 
becomes distorted and rather bulbous-looking for the 10. 
foot circumference loop, although the response at low 
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“ig 18—Elevation-plane response of three antennas at 
3,5 MH2—a 20-foot circumference octagonal copper 
loop, a 38-foot circumference copper loop and a full- 
sized 1/4 ground plane with two elevated radials. The 
bottom of each antenna is mounted 8 feet above ground 
for safety. The 38-foot circumference loop (which has @ 
“wingspan” of 11.5 feet) Is fairly competitive with the 
‘much large ground-plane, being down only about 4 dB 
at low elevation angles. The 20-foot circumference loop 
is much more lossy, but with its top only about 14 feet 
off the ground is very much of a “stealth” antenna, 


elevation angles is still better than that of a full-sized 
ground-plane antenna, 


Air Variable Capacitors 

Special care must be taken with the tuning capacitor if 
‘an air-variable type is used. The use of a split-stator capaci- 
tor eliminates the resistance of wiper contacts, resistance 
‘that is inherent in a single-section capacitor. The ends of the 
loop are connected to the stators, and the rotor forms the 
variable coupling path between the stators. With this arrange- 
ment the value of capacitance is divided by two, but the 
voltage rating is doubled, 
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Fig 19—Frequency tuning range of an octagon-shaped 
loop using °/«inch copper water pipe, for various values 
of tuning capacitance and loop circumference. 


Fig 20—Elevation-plane plot for a 16.2-inch wingspan 
‘octagonal copper loop at 29 MHz, compared to a A/4 
‘ground-plane antenna with two resonant elevated 
radials. The gains at low angles are almost identical, 
but the loop exhibits more gain at medium and high 
elevation angles. Again, the bottom of each antenna is 
located 8 feet above ground for safety. 
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You must carefully select a variable capacitor for 
transmitting-loop application—that is, all contacts must 
be welded, and no mechanical wiping contacts are 
allowed. For example, if the spacers between plates are 
not welded to the plates, there will be loss at each joint, 
and thus degraded loop efficiency. (Earlier transmitting 
loops exhibited poor efficiency because capacitors with 
wiping contacts were used.) 

‘There are several suitable types of capacitors for this, 
application. A vacuum variable is an excellent choice, pro- 
vided one is selected with an adequate voltage rating, 
Unfortunately, those capacitors are very expensive. 

WSQIR used a specially modified air-variable capaci- 
tor in his designs. This had up to 340 pF maximum per sec- 
tion, with '/-inch spacing, resulting in 170 pF when both 
sections were in series as a butterfly capacitor. Another 
alternative is to obtain a large air variable, remove the alu- 
‘minum plates, and replace them with copper or double-sided 
PC board material to reduce losses. Connect all plates 
together on the rotor and on the stators. Solder copper straps 
to the capacitor for soldering to the loop itself. 

‘The spacing between plates in an air-variable capaci- 
tor determines the voltage-handling capability, rated at 
75,000 V per inch. For other power ratings, multiply the 
spacing (and voltage) by the square root of the ratio of your 
power to 1000 W. For example, for 100 W, the ratio would 
be = 0.316. 


Table 5 
KD7S Loop-Tuning Capacitor Parts List for 
Nominal 50-pF Capacitor 


Qty Description 
2 10-inch length of %inch-ID type M copper water 


pipe 

2 10-inch length of Yeinch-ID type M copper water 
pipe 

1 3.inch length of Yé-inch-ID type M copper water 
pipe 


2 Yeinch, 90° copper elbows. 
2 %écinch, 90° copper elbows. 
2 10 x 22-inch piece of 0.005-inch-thick Teflon 
sheet plastic 
12-inch length of #8-32 threaded brass rod 
#8-32 brass shoulder nut 
22 x 5Yé x Vé-inch ABS plastic sheet (top and 
‘bottom cavers) 
1 x 5Y « Yéinch ABS plastic sheet (end pieces 
and center) brace/guide 
1 « 22 x Yeinch ABS plastic sheet (side rails) 
50 to 200-rpm gear-head de motor 
DPDT center-off toggle switch (up/down control) 
SPDT microswitches (limit switches) 
0 feet 3-conductor control cable 
Enclosure for control switch 
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ATeflon-Insulated Trombone Variable Capacitor 


Another type of variable capacitor discussed in the 
‘amateur literature for use with a compact transmitting loop 
is the so-called “trombone” type of capacitor. Fig 24 shows 
practical trombone capacitor created by Bill Jones, KD7S, 
for Nov 1994 OST. This capacitor uses downward pointing 
extensions of the two "/inch OD main conductor copper 
pipes, with a Teflon-insulated trombone section made of 
¥Jeinch ID copper pipe. The trombone telescopes into the 
main pipes, driven by a lead screw and a 180-rpm gear-head 
motor. Like the butterfly air variable capacitor, the trom- 
‘bone works without lossy wiper contacts. Jones’ capacitor 
varied from 12 pF (including strays) to almost 60 pF, mak- 
ing it suitable to tune his 3-foot circumference loop from 
14 to 30 MHz at the 100-W level 

KDTS used 5-mil (0.005 inch) thick Teflon sheet as an 
insulator. Since Teflon is conservatively rated at more than 
1 KY per mil of thickness, the voltage breakdown capability 
of this capacitor is well in excess of 5 kV. The pars list is 
given in Table 5. 


Fig 21—A practical trombone capacitor designed by 
Bill Jones, KD7S, for his compact transmitting loop. 
This capacitor has a tuning range from 12 to almost 
660 pF, and can withstand at least 5 kV peak. The 10- 
inch Yé-inch ID tubes are covered with Tetlon-sheet 

ingulation and slide into the %-inch ID copper pipes. 


A short length of plastic tubing connects the threaded 
brass rod to the motor. The tubing acts as an insulator and a 
flexible coupling to smooth out minor shaft-alignment errors. 
‘The other end of the rod is threaded into a brass nut sol- 
dered to the crossbar holding the 'Vs-inch pipes together. 
Jones used a 12-V motor rated at 180 xpm, but it has suffi- 
cient torque to work with as little as 4 V applied. Instead of 
a sophisticated variable duty-cycle speed control circuit, he 
used an LM327 adjustable voltage regulator to vary the 
‘motor-control voltage from 4 to 12 V. Tuning speeds ranged 
from 11 seconds per inch at 12 V to 40 seconds per inch at 
4-V. The higher speed is necessary to jump from band to 
‘band in a reasonable length of time. The lower speed makes 
it easy to fine-tune the capacitor to any desired frequency 
within a band. 

When building the capacitor, keep in mind that the 
smaller tubes must telescope in and out of the larger tubes 
with silky smoothness. Any binding will cause erratic tun- 
ing. For the same reason, the #8-32 brass threaded rod must 
be straight and properly aligned with the brass nut. Take 
your time with this part of the project. 

Perhaps the easiest way to form the insulator is to pre- 
cuta length of Teflon sheet to the proper size. Place a length- 
wise strip of double-sided tape on the tube to secure one 
cnd of the Teflon sheet. Begin wrapping the Teflon around 
the tube while keeping it as tight as possible. Don't allow 
wrinkles or ridges to form. Secure the other end with an- 
other piece of tape. Once both tubes are covered, ensure 
they are just short of being a snug fit inside the larger tubes. 
Confirm that the insulation completely overlaps the open 
cend of the small tubes. If not, the capacitor is certain to arc 
internally with more than a few watts of power applied to it. 

Route the motor wiring inside the antenna pipes to 
minimize the amount of metal within the field of the an- 
tena, Bring the wires out next to the coaxial connector. A 
three-wire system allows the use of limit switches to restrict 
the movement of the trombone section. Be sure to solder 
together all metal parts of the capacitor. Use a small pro- 
pane torch, a good quality flux and 50/50 solid solder. Do 
not use acid-core solder! Clean all parts to be joined with 
steel wool prior to coating them with flux. 


‘A Cookie-Sheet and Picture-Frame-Glass 
Variable Capacitor 


In Vol 2 of The ARRL Antenna Compendium series, 
Richard Plasencia, WORPV, described a clever high-volt- 
age variable capacitor he constructed using readily avail- 
able materials. See Fig 22, which shows Plasencia’s 
h-voltage variable capacitor, along with the 
coil and other parts used in his homemade antenna coupler. 
‘This capacitor could be varied from 16 to 542 pF and tested 
at a breakdown of 12,000 V. 

‘The capacitor sits on four PVC pillars and consists of 
two 4"/s x 4¥/s-inch aluminum plates separated by a piece of, 
window glass that is 8's x 54%: inches in size. The lower 
plate is epoxied to the glass. The upper plate is free to move 


ina wooden track epoxied to the upper surface of the glass. 
‘The motor is reversible and moves the upper capacitor plate 
by rotating a threaded rod in a wing nut pinned to a tab on 
the capacitor plate. The four pillars are eut from PVC pipe 
to insulate the capacitor from the chassis and to elevate it 
into alignment with the motor shaft. 

'WORPV used a piece of 0,063-inch thick single-weight 
glass that exhibited a dielectric constant of 8. He removed 
the glass from a dime-store picture frame. In time-honored 
ham fashion, he improvised his wooden tracks for the up- 
per capacitor plate from a single wooden paint stirrer, and 
forthe capacitor plates, he used aluminum cookie sheets 

‘The wooden track for the upper plate is made by split- 
ting the wooden paint stirrer with a knife into one narrow 
and one wide strip. The narrow strip is cemented on top and 
overhangs the movable plate, creating a slotted track. Since 
the wood is supported by the glass plate, its insulating quali- 
ties are of no importance 

‘The principle of operation is simple. The reversible 
motor turns a threaded '/-inch rod with a pitch of 20 threads 
to the inch, This rod engages a wing nut attached to the 
movable capacitor plate. Although WORPV grounded his, 
‘capacitor’s movable plate with a braid, an insulator similar 
to that used inthe trombone capacitor above should be used 
to isolate the lead-screw mechanism, Several pieces of braid 
made from RG-8 coax shield should be used to connect to 
the ends ofthe compact transmitting loop conductors to form 
low-loss connections. 

WORPY used a 90-rpm motor from a surplus vending 
machine. It moved his variable capacitor plate 4's inches. 
taking about a minute to travel from one end to the other. 
Since he wished to eliminate the complexity and dubious 
reliability of limit switches when used outdoors, he moni- 
tored the motor's de current through two 3 Q, 2W resistors, 


Fig 22—The picture-trame-glass variable capacitor 
design of Richard Plasencia, WORPV. Two aluminum 
plates separated by a piece of glass scavenged from a 
picture frame create a variable capacitor that can 


‘withstand 12,000 V, with a v 
542 pF. 


ble range from 16 to 


Loop Antennas 5-17 


placed in series with each lead of the motor and shunted by 
red LEDs at the control box. When the motor stalled by 
jamming up against the PVC limit stop or against the inside 
Of the plastic mounting box, the increased motor current 
caused one or the other of the LEDs to light up. 


TYPICAL LOOP CONSTRUCTION 


After you select the electrical design for your loop 
application, you must consider how to mount it and how to 
feed it. If you wish to cover only the upper HF bands of 20 
through 10 meters, you will probably choose a loop that has 
a circumference of about 8.5 feet. You can make a reason- 
ably sturdy loop using 1-inch diameter PVC pipe and /s- 
inch flexible copper tubing bent into the shape of a circle. 
Robert Capon, WASULH, did this for a QRP-level trans- 
mitting loop described in May 1994 QST. Fig 23 shows a 
picture of his loop, with PVC H-frame stand, 


ig 23—Photo of compact transmitting loop designed by 
Robert Capon, WA3ULH. This uses a 1-inch PVC H-frame 
to support the loop made of flexible ‘i-inch copper 
tubing. The small coupling loop made of RG-8 coax bral 
couples the loop to the coax feed line. The tuning 
‘capacitor and drive motor are at the top of the loop, 
shown here in the ARRL Laboratory during testing. 
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This loop design used a 20-inch long coupling loop 
made of RG-8 coax to magnetically couple into the trans- 
mitting loop rather than the gamma-match arrangement used 
‘by WSQIR in his loop designs. The coupling loop was fas- 
tened to the PVC pipe frame using 2-inch long #8 bolts that 
also held the main loop to the mast. 

‘A more rugged loop can be constructed using rigid “/s- 
inch copper water pipe, as shown in the WSQUR design in 
Fig 24. While a round loop is theoretically a bit more effi 
cient, an octagonal shape is much easier to construct. The 
values presented in Table 4 are for octagons. 

For a given loop circumference, divide the circum- 
ference by 8 and cut eight equal-length pieces of "inch 
copper water pipe. Join the pieces with 45° elbows to 
form the octagon. With the loop lying on the ground on 
scraps of 2 x 4 lumber, braze or solder all joints 

WSQJR made a box from clear plastic to house his 
air-variable capacitor and drive motor at the top of the 
loop. The side of the box that mounts to the loop and the 
capacitor should be at least Y-inch thick, preferably 
“winch. The remainder of the box can be '/-inch plastic 
sheet. He mounted the loop to the plastic using */-inch 
bolts (two on either side of center) after cutting out a 
section of pipe 2 inches wide in the center. On the motor 
side of the capacitor, he cut the pipe and installed a cop- 
per T for the motor wiring. 

WSQIR's next step was to solder copper straps to the 
loop ends and tothe capacitor stators, then he remounted the 
loop to the plastic. If you insert wood dowels, the pipe will 
remain round when you tighten the bolt. Next he installed 
the motor drive cable through the loop and connected ito the 
motor. Antenna rotator cable is a good choice for this cable. 
He completed the plastic box using short pieces of aluminum 
angle and small sheet-metal serews to join the pieces. 

The loop was then ready to raise to the vertical posi- 
tion. Remember, no metal is allowed near the loop. WSQUR 
made a pole of 2 x 4-inch lumber with I x 4-inch boards on 
either side to form an I section, He held the boards together 
with /-inch bolts, 2 feet apart and tied rope guys to the top. 
‘This made an excellent mast up to 50 feet high. The pole 
hheight should be one foot greater than the loop diameter, to 
allow room for cutting grass or weeds at the bottom of the 
loop. WSQUR installed a pulley at the top so that his loop 
could be raised, supported by rope. He supported the bot- 
tom of the loop by tying it to the pole and tied guy ropes to 
the sides ofthe loop to keep it from rotating inthe wind. By 
moving the anchor points, he could rotate his loop in the 
azimuth plane 

WSQUR used a gamma-matching arrangement made 
of flexible '-inch copper tubing to couple the loop to the 
transmission line. In the center of one leg, he cut the pipe 
‘and installed a copper T. Adjacent to the T, he installed a 
mount for the coax connector. He made the mount from 
copper strap, which can be obtained by splitting a short piece 
‘of pipe and hammering it flat. 

While the loop was in the vertical position he cut a 
piece of #/-inch flexible copper tubing the length of one 
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Figure 4. 3GPP timeline for 56” 


This same momentum occurred when making the transition from 3G (Release 4) to 4G (Release 10, 
first Release of IMT-Advanced): the first LTE specifications (Releases 8 & 9) do not achieve all of the 
ITU targets for 4G, and reprised many of the characteristics of the most advanced form of 3G at the 
time, 


The synergies between the successive generations, the absence in most instances of a great initial 
jump in performances between generations, and the race between competitors to outperform one 
another and be the most innovative, can often lead operators and equipment suppliers to give a 
“commercial” name to each generation of mobile telephony. For instance, in the United States AT&T 
had called its HSPA network 4G, while in France it is a 3G+ network. 


So in all likelihood the first 5G networks deployed on a large scale will be 4.9G systems, using carrier 
aggregation, massive MIMO (Multiple-Input Multiple-Output) and Network Function Virtualization, 
or NFV (cf. trials conducted in in France, detailed in Section 1.5.3). These technologies, which will be 
explored in greater detail further on, represent more of an evolution of the fourth generation than 
an actual transition to 5G, which will occur when disruptive technologies such as NR carriers in 
millimetre bands, non orthogonal multiple access (NOMA) and mobile edge computing (MEC) can be 
put into place. 


In addition to this commercial race, equipment suppliers - often backed by their respective 
government at home, notably in the United States, Japan and South Korea ~ want to get a head start 
in defining and testing SG technologies, in the hope of establishing themselves as the technological 
leaders in international standardisation bodies. Here, the precocity of the first rollouts announced in 
South Korea (SG deployment for the Winter Olympics in 2018 in Pyeongchang) and Japan (5G 
deployment for the Summer Olympics in Tokyo) would justify the supposition that only a small 
portion of 5G technologies will be used, and that these rallouts will be based more on 4.9G or pre-SG 
technologies. 


* bntp://gsacom.com/paper/intel-5g-technology-mm-wave-frequencies/ 
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Fig 24—Octagonal loop construction details. Table 4 gives loop design data for various frequency ranges. 


of the straight sides of the loop. He then flattened one 
end and soldered a piece of flexible wire to the other. He 
wrapped the tubing with electrical tape for insulation and 
connected the flexible wire to the coax connector. He then 
installed the tubing against the inside of the loop, held 
temporarily in place with tape. He soldered the flat part 
to the loop, ending up with a form of gamma match, but 
without reactive components. This simple feed provided 
better than 1.7:1 SWR over a 2:1 frequency range. For 
safety, he installed a good ground rod under the loop and 
connected it to the strap for the coax connector, using 
large flexible wire. 


TUNE-UP PROCEDURE 


The resonant frequency of the loop can be readily 
found by setting the receiver to a desired frequency and 
rotating the capacitor (by remote control) until signals 
peak. The peak will be very sharp because of the high Q 
of the loop, 

Turn on the transmitter in the tune mode and adjust 
either the transmitter frequency or the loop capacitor for 
maximum signal on a field-strength meter, or for maxi- 
mum forward signal on an SWR bridge. Adjust the match- 
ing network for minimum SWR by bending the matching 
line. Normally a small hump in the 'Z-inch tubing line, 
as shown in Fig 24, will give the desired results. For a 
loop that covers two or more bands, adjust the feed to 
sive equally low SWR at each end of the tubing range. 


‘The SWR will be very low in the center of the tuning 
range but will rise at each end. 

If there is metal near the loop, the additional loss will 
reduce the Q and therefore the impedance of the loop. In 
those cases it will be necessary to inerease the length of the 
matching line and tap higher up on the loop to obtain a 
50-2 match. 


PERFORMANCE COMPARISON 


‘As previously indicated, a compact transmiting loop can 
provide performance approaching full-size dipoles and verti- 
cals. To illustrate one case, a loop 100 feet in circumference 
‘would be 30 feet high for 1.8 MHz. However, a good dipole 
‘would be 240 feet (/s 2) in length and at least 120 feet high 
(4:2). A fed vertical would be 120 feet tall with a large num- 
ber of radials on the ground, cach 120 feet in length. The smaller 
loop could replace both of those antennas with only a moder- 
ate degradation in performance and a requirement for a high- 
voltage variable capacitor. 

On the higher frequencies, the same ratios apply, but 
full-size antennas are less dramatic. However, very few city 
dwellers can erect good verticals even on 7 MHz. with a 
full-size counterpoise. Even on 14 MHz a loop about 3 feet 
high can work the world 

Other than trading small size for narrow bandwidth and 
4 high-voltage capacitor, the compact transmitting loop is 
an excellent antenna and should find use where large anten- 
nas are not practical 
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The Loop Skywire 


Are you looking for a multiband HF antenna that is 
easy to construct, costs nearly nothing and yet works well? 
‘You might want to try this one. The Loop Skywire antenna 
is a full-sized horizontal loop. Early proponents suggested 
that the antenna could be fed with coaxial cable with little 
concern for losses, but later analysis proved that this was a 
bit of wishful thinking—the relatively low values for SWR 
‘across multiple bands indicate that cable losses were part 
and parcel of performance. The best way to feed this versa- 
tile antenna is with open-wire ladder line, with an antenna 
tuner in the shack to present the transmitter with a low value 
of SWR. 


THE DESIGN 


‘The Loop Skywire is shown in Fig 25. The antenna 
has one wavelength of wire in its perimeter at the design 
cor fundamental frequency. If you choose to calculate L, 

in feet, the following equation should be used: 


_ 1005 
val = 


where f equals the frequency in MHz. 


Given any length of wire, the maximum possible area 


the antenna can enclose is with the wire in the shape of a 
circle. Since it takes an infinite number of supports to 
hang a circular loop, the square loop (four supports) is, 
the most practical. Further reducing the area enclosed 
by the wire loop (fewer supports) brings the antenna 
closer to the properties of the folded dipole, and both 
harmonic-impedance and feed-line voltage problems can, 
result. Loop geometries other than a square are thus pos- 
sible, but remember the two fundamental requirements 
for the Loop Skywire—its horizontal position and maxi- 
mum enclosed area, 

‘There is another great advantage to this antenna sys- 
tem, It can be operated as a vertical antenna with top-hat, 
loading on other bands as well. This is accomplished by 
simply keeping the feed line run from the antenna to the 
shack as vertical as possible and clear of objects. Both feed- 
line conductors are then tied together, and the antenna is 
fed against a good ground, 


CONSTRUCTION 


Antenna construction is simple. Although the loop can 
bbe made for any band or frequency of operation, the fol- 
lowing two Loop Skywires are good performers. The 10- 
MHz band can also be operated on both. 
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Fig 25—A complete view of the Loop Skywire. The square loop is erected horizontal to the earth. 
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3.5-MHz Loop Skywire 
(3.5-28 MHz loop and 1.8-MHz vertical) 
Total loop perimeter: 272 feet 
‘Square side length: 68 feet 

7-MHz Loop Skywire 
(7-28 MHz loop and 3.5-MHz vertical) 
Total loop perimeter: 142 feet 
‘Square side length: 35.5 feet 


‘The actual total length can vary from the above by 
few feet, as the length is not at all critical. Do not worry 
about tuning and pruning the loop to resonance. No signal 
difference will be detected on the other end when that 
‘method is used 

Bare #14 copper wire is used in the loop. Fig 26 
shows the placement of the insulators at the loop cor- 
ners. Two common methods are used to attach the insu- 
lators. Either lock or tie the insulator in place with a loop 
wire tie, as shown in Fig 26A, or leave the insulator free 
to “float” or slide along the wire, Fig 26B. Most loop 
users float at least two insulators. This allows pulling the 
slack out of the loop once it is in the air, and eliminates, 
the need to have all the supports exactly placed for proper 
tension in each leg. Floating two opposite corners is rec- 
ommended. 

Fig 27A shows the azimuth-plane performance on 
7.2 MHz of a 142-foot long. 7-MHz Loop Skywire, 40 feet 
high at an elevation angle of 10°, compared to a regular 
fattop "/s-A dipole at a height of 30 feet. The loop comes 
into its own at higher frequencies. Fig 27B shows the re- 
sponse at 14.2 MHz, compared again to a "sh 14.2-MEz 
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ig 26—Two methods of installing the insulators at the 
loop corners. 


Fig 27—At A, azimuth-plane response of 142-foot long, 
7-Mlz Loop Skywite, 40 feet in the air at 7.2 MHz, 
‘compared with ¥=2 dipole 30 feet in the air. At B, 
response of same Loop Skywire at 14.2 MHz, compared 
with 4 14.2-MHz dipole 30 feet in the air. Now the 
loop has some advantage in certain directions. AtC, 
response of the same Loop Skywire at 21.2 MHz 
‘compared to a 21.2-MHz dipole at 30 feet. Here, the 
Loop Skywire has more gain in almost all directions 
than the simple dipole. All azimuth-plane patterns were 
made at 10° elevation. 
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dipole at a height of 30 feet. Now the 
loop has several lobes that are stronger 
than the dipole. Fig 27C shows the 
response at 21.2 MHz, compared to a 
dipole. Now the loop has superior gain 


compared to the 'Ys-A dipole at almost 
‘any azimuth. In its favored direction on 
21.2 MHz, the loop is 8 dB stronger 
than the dipole. 

‘The feed point can be positioned 
anywhere along the loop that you wish, 
However, most users feed the Skywire 
ata corner. Fig 28 depicts a method of 
doing this, using a piece of plexiglass 
to provide insulation as well as strain 
relief for the open-wire ladder line. It 
is advantageous to keep the feed-point 
mechanicals away from the corner sup- 
port. Feeding a foot or so from one cor- 
ner allows the feed line to exit more 
freely. This method keeps the feed line 


(Loop trough toes) 


free from the loop suppor. 

Generally a minimum of four 
supports is required. If trees are used 
for supports, then at least two of the 
ropes or guys used to support the 
insulators should be counterweighted 
‘and allowed to move freely. The feed- 
line comer is almost always tied down, however. Very 
little tension is needed to support the loop (far less than 
that for a dipole). Thus, counterweights are light. Several 
such loops have been constructed with bungie cords tied 
to three of the four insulators. This eliminates the need 
for counterweighting. 

Recommended height for the antenna is 40 feet or 
more. The higher the better, especially if you wish to use 
the loop in the vertical mode. However, successful local 
and DX operation has been reported in several cases with 
the antenna at 20 feet. Fig 29 shows the feed arrange- 
ment for using the Loop Skywire as a top-loaded vertical 
fed against ground on the lower bands, 

Because the loop is high in the air and has consider- 
able electrical exposure to the elements, proper methods 
should be employed to eliminate the chance of induced 
or direct lightning hazard to the shack and operator. Some 
users simply completely disconnect the antenna from the 
antenna tuner and rig and shack during periods of pos- 
sible lightning activity. 
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Fig 28—Most users feed the Skywire at a corner. A high-impedance 
weather-resistant insulator should be used for the feed-point insulator. 


a 


Fig 29—The feed 
arrangement for 
operating the 7-MHz 
Loop Skywire as a 
vertical antenna, 


7-MHz Loop 


An effective but simple 7MHz antenna that has a 
theoretical gain of approximately 1 dB over a dipole is a 
full-wave, closed vertical loop. Such a loop need not be 
square, as illustrated in Fig 30A. It can be trapezoidal, 
rectangular, circular, or some distorted configuration in 
between those shapes. For best results, however, you 
should attempt to make the loop as square as possible. 
‘The more rectangular the shape, the greater the cancella 
tion of energy in the system, and the less effective it will 
be. In the limiting case, the antenna loses its identity as a 
loop and becomes a folded dipole. 

You can feed the loop in the center of one of the verti- 
cal sides if you want vertical polarization. For horizontal 
polarization, you feed either of the horizontal sides at the 
center. Since optimum directivity occurs at right angles to 
the plane of the loop (or in more simple terms, broadside to 
the loop), you should hang the loop to radiate the maximum 


amount in some favored direction 
Fig 31A shows the azimuthal response at a takeof 
angle of 15°, a typical angle for 40-meter DX, for vertical 


and horizontal feed systems over ground with * 


wwerage” con. 


ductivity and dielectric constant. Fig 31 includes, for ref 
erence, the response of a flattop dipole 50 feet high. For DX 
work on 40 meters, the vertically polarized loop can per- 
form as well as or substantially better than either a horizon. 
tally polarized loop or a flattop dipole, particularly in the 
‘azimuthal nulls of the dipole. 

For the low elevation angles that favor DX work, the 
‘optimal feed point is at the center of one of the vertical wires, 
Feeding the loop at one of the corners at the bottom gives a 
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Fig 30—At A, details of the rectangular full-wave loop. 
‘The dimensions given are for operation at 7.05 MHz. 
The height above ground was 7 feet in this instance, 
although improved performance should result if the 
builder can install the loop higher above ground 
without sacrificing length on the vertical sides. At B, 
illustration how a single supporting structure can be 
Used to hold the loop in a diamond-shaped 
configuration. Feeding the diamond at the lower tip 
provides radiation in the horizontal plane. Feeding the 
‘system at either side will result in vertical pola 

of the radiated signal. 
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Fig 31—At A, azimuthal plane responses for the 
vertically and horizontally pol 

‘compared to a flattop 50-foot 
takeoff angle of 15° for DX work. The s 
feeding the loop horizontally at the bottom; the dashed 
line is for feeding the loop vertically at a side, and the 
dotted line is for a simple flattop horizontal dipole at 
450 feet in height. For DX work, the vertically polarized 
loop is an excellent performer. 
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compromise result for both local and DX work. The actual 
impedance is roughly the same at each point: bottom hori- 
zontal center, comer or vertical side center. 

Fig 31B demonstrates how the gain for vertical polar- 
ization changes over different type of grounds: saltwater, 
very poor ground (conductivity = 1 mS/m, dielectric con- 
stant = 5) very good (conductivity = 30 mS/m, dielectric 
constant = 20) and average ground (conductivity = 5 mS/m, 
diclectic constant = 13). Again, for reference a50-Foot high 
fattop dipole's elevation response is included. AS has been 
‘mentioned previously in other chapters, a seaside location 
is a wonderful environment for verticals! 

Just how you erect such a loop will depend on what is 
available in your backyard. Trees are always handy for sup- 
porting loop antennas. A disadvantage to the rectangular 
loop shown in Fig 304 is that two 34-foot high supports are 
needed, although in many instances yourhouse may be high 
enough to serve as one ofthese supports. Ifyou have a tower 
higher than about 50 fet, Fig 30B demonstrates how you 
can use it to support a diamond-shaped loop for 40 meters. 
‘The elevation and azimuthal responses are almost the same 
for either loop configuration, rectangular- or diamond- 
shaped 

‘The overall length of the wire used in a loop is de- 
termined in feet from the formula 1005/f (MHz). Hence, 
for operation at 7.125 MHz the overall wire length will 
be 141 feet. The matching transformer, an electrical 's 
of 7502 coax cable, can be computed by dividing 246 by 
the operating frequency in MHz, then multiplying that 
number by the velocity factor of the cable being used. 
Thus, for operation at 7.125 MHz, 246/7.125 MHz = 
34.53 feet. If coax with solid polyethylene insulation is 
used, a velocity factor of 0.66 must be employed. Foam- 
polyethylene coax has a velocity factor of 0.80. Assum- 


Frege 2 whe 


‘Anu Ange =45.0 do, 


32—Elevation-plane response of 7-MHz loop used 
on 14.2 MHz. This is for a feed point at the center of 
one of the two vertical wires. The dashed line is the 
response of a flattop 20-meter dipole at 30 feet 
height for comparison. 


ing RG-59 is used, the length of the matching transformer 
becomes 34.53 (feet) x 0.66 = 22.79 feet, or 22 feet 
9¥/ inches, 

This same loop antenna in Fig 30A fed vertically may 
be used on the 14 and 21MHz bands, although its pattern 
will not be as good as that on its fundamental frequency 
and you will have to use an open-wire transmission line to 
feed the loop for multiband use. Fig 32 shows the response 
at the peak lobe of the loop, at a 45° angle to the plane of 
the loop, compared to the peak response for a simple 
halfwave 20-meter dipole, 30 feet high. The gain from a 
simple flattop dipole, mounted at 30 feet, will be superior 
to the loop operated on a harmonic frequency. 


A Receiving Loop for 1.8 MHz 


You can use a small shielded-loop antenna to improve 
reception under certain conditions, especially at the lower 
amateur frequencies. This is particularly true when high lev- 
els of man-made noise are prevalent, when the second- 
harmonic energy from a nearby broadcast station falls in 
the 1.8MHz band, or when interference exists from some 
other amateur station in the immediate area. A properly con- 
structed and tuned small loop will exhibit approximately 
30 dB of front-to-side response, the minimum response be- 
ing at right angles to the plane of the loop. Therefore, noise 
and interference can be reduced significantly or completely 
nulled out, by rotating the loop so that it is sideways to the 
interference-causing source. 

Generally speaking, small shielded loops are far less 
responsive to man-made noise than are the larger antennas 
used for transmitting and receiving. But a trade-off in per- 
formance must be accepted when using the loop, for the 
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strength of received signals will be 10 or 15 4B less than when 
using a full-size resonant antenna. This condition is not a 
handicap on 1.8 or 3.5 MHz, provided the station receiver 
has normal sensitivity and overall gain. Because a front-to- 
side ratio of 30 dB may be expected, a shielded loop can be 
used to eliminate a variety of receiving problems if made 
rotatable, as shown in Fig 33, 

To obtain the sharp bidirectional pattern of a small 
loop, the overall length of the conductor must not exceed. 
0.1 2. The loop of Fig 34 has a conductor length of 
20 feet. At 1.81 MHz, 20 feet is 0.037 2. With this style of 
oop, 0.037 2 is about the maximum practical dimension 
if you want to tune the element to resonance. This limita- 
tion results from the distributed capacitance between the 
shield and inner conductor of the loop. RG-59 was used. 
for the loop element in this example. The capacitance per 
foot for this cable is 21 pF, resulting in a total distributed 


shielded loop. Bamboo cross arms are used to 
‘support the antenns 


capacitance of 420 pF. An additional 100 pF was needed 
to resonate the loop at 1.810 MHZ. 

‘Therefore, the approximate inductance of the loop is 
15 WH. The effect of the capacitance becomes less pro- 
nounced at the higher end of the HF spectrum, provided the 
same percentage of a wavelength is used in computing the 
conductor length. The ratio between the distributed capaci- 
tance and the lumped capacitance used at the feed point 
becomes greater at resonance. These facts should be con- 
templated when scaling the loop to those bands above 
1.8 MHz, 

‘There will not be a major difference in the construe- 
tion requirements of the loop if coaxial cables other than 
RG-59 are used. The line impedance is not significant with 
respect to the loop element. Various types of coaxial line 
exhibit different amounts of capacitance per foot, however, 
thereby requiring more or less capacitance across the feed 
point to establish resonance. 

Shielded loops are not affected noticeably by nearby 
objects, and therefore they can be installed indoors or out 
after being tuned to resonance. Moving them from one place 
to another does not significantly affect the tuning. 

You can see in the model shown in Fig 33 that a sup- 
porting structure was fashioned from bamboo poles. The X 
frame is held together at the center with two U bolts. The 
oop element is taped to the eross-arms to form a square. 
‘You could likely use metal cross arms without seriously 


Fig 34—Schematic diagram of the loop antenna. The 
dimensions are not critical provided overall length of 
the loop element does not exceed approximately 0.1 2. 
‘Small loops which are one halt or less the size of this 
‘one will prove useful where limited space 
consideration. 


degrading the antenna performance. Alternatively, wood can 
be used for the supporting frame. 

‘A Minibox was used at the feed point of the loop to 
hold the resonating variable capacitor. In this model a 
'50 to 400-pF compression trimmer was used to establish 
resonance, You must weatherproof the box for outdoor 
installations. 

Remove the shield braid of the loop coax for one inch 
directly opposite the feed point. You should treat the ex- 
posed areas with a sealing compound once this is done. 

In operation this receiving loop has proven very effec- 
tive for nulling out second-harmonic energy from local 
broadcast stations. During DX and contest operations on 
1.8 MHz it helped prevent receiver overloading from nearby 
1.8-MHz stations that share the band. The marked reduc- 
tion in response to noise has made the loop a valuable st 
tion accessory when receiving weak signals. It is not used 
all of the time, but is available when needed by connecting 
it to the receiver through an antenna selector switch. Recep- 
tion of European stations with the loop has been possible 
from New England at times when other antennas were 
totally ineffective because of noise. 

It was also discovered that the effects of approaching 
storms (with attendant atmospheric noise) could be nulli- 
fied considerably by rotating the loop away from the storm 
front. It should be said that the loop does not exhibit mean- 
ingful directivity when receiving sky-wave signals. The 
directivity characteristics relate primarily to ground-wave 
signals. This is a bonus feature in disguise, for when null: 
ing out local noise or interference, one is still able to copy 
sky-wave signals from all compass points! 
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For receiving applications it is not necessary to 
match the feed line to the loop, though doing so may 
enhance the performance somewhat. Ifno attempt is made 
to obtain an SWR of 1, the builder can use 50 or 75-Q 
coax for a feeder, and no difference in performance will 


be observed. The Q of this loop is sulficiently low to 
allow the operator to peak it for resonance at 1.9 MHz 
‘and use it across the entire 1.8MHz band. The degrada- 
tion in performance at 1.8 and 2 MHz will be so slight 
that it will be difficult to discern 


An Indoor Stealth Loop 


Ted Phelps, W8TP, wrote an article in The ARRL 
Antenna Compendium, Vol 7 describing. his attic-mounted 
wire loop antenna, fed with an automatic antenna tuner. Here 
is a shortened version of that article. 

If you drive down my street in Whitechapel Village in 
Newark, DE, trying to find my ham location by looking for 
my antenna, you wouldn't find it. Even if you pulled up in 
front of my condo, you wouldn't notice any telltale signs, 
because my multiband antenna is completely hidden. I's 
in the attic of my two-bedroom condominium in a small re- 
tirement community completed in 1999, 

Before the move, I had given considerable thought to 
what type of antenna I might use, if any. I already knew that 
permanent outdoor types were out of the question, due 10 
restrictive real estate and condo association rules. So I 
planned a clause for any sales contract I might sign, specifi- 
cally mentioning amateur radio and my desire to set up a 
station in my new living quarters, I decided I would not move 
where my lifelong hobby would be severely restricted or 
prohibited. 

‘That meant that to be reasonably sure I could continue 
enjoying Amateur Radio as before, I would have to install 
an indoor antenna that could perform as well as a typical 
outdoor system, What kind? In Ohio, I had tried a horizon- 
tally polarized attic dipole made with #14 wire. It didn't 
work very well—it was just too low to the ground. 

earned about a high-tech method of remote antenna 
tuning using an antenna coupler which contains a micropro- 
cessor. I found this kind of automatic tuner available from 
two American manufacturers and within a reasonable price 
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Fig 35—Diagram showing layout of W8TP’s indoor 
hidden loop antenna. 
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range. Although our move was still a few months ahead, 1 
purchased a model SG-230 antenna coupler made by SGC 
Inc, Bellevue, WA, for use in Delaware. 

Fig 35 shows the final dimensions of my hidden loop, 
which is a single-turn rectangular loop, erected in a north- 
south vertical plane and made from nearly 78 feet of #6 
stranded, aircraft primary wire in a PVC jacket, held taut at 
the lower comers and supported by a pulley and guy rope at 
each upper comer. Because it’s vertically polarized, it sup- 
ports low-angle radiation reasonably well. By the way, if 
‘you're wondering why I used such a relatively large-gauge 
\wire as #6 for the loop antenna, it was readily available from 
my son-in-law! 

Fig 36 shows my completed condo unit. Note the dog- 
house dormer on the roof about 12 feet above ground at the 
attic floor. This is the level of my hidden loop's base leg. 

In constructing my system I had to overcome RFI 
problems on my own premises. Each condo unit has its 
‘own electronic security panel on an upper shelf in a closet. 
‘As soon as I applied moderate power to my radio and 
loop, the Fire Alarm sounded and firefighters came to 
my door! The burglar/intrusion signal was triggered a 
couple of times, too. Working with a security installation 
technician, I found that there was no ground wire con- 
nected to my security panel. “We don’t bother with that,” 
said the tech, and then, reacting to my surprise, connected 
‘a #14 ground between the security panel and the house 
‘water-pipe ground. I then installed a ferrite bead on each 
lead entering the security panel. I also placed ferrite beads 
on keyer-paddie leads, GFCI electrical outlets, etc. Those 


Fig 36—Can you see W8TP’s antenna in this, 
photograph? Of course you can't—it's hidden from view 
inside his attic! 
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Fig 37—At A, computed elevation pattern at 14.2 MHz 
for W8TP's hidden loop (solid line), compared to a 20- 
meter dipole (dashed line) at a height of 23 feet. At B, a 
‘comparison of the azimuth patterns at a 20°-elevation 
angle for W8TP’s loop (solid line) and the same 20- 
‘meter dipole (dashed line). The loop has a slightly 
asymmetrical response because it is fed at a corner, 
but its performance is competitive to an outdoor dipole. 
In fact, it has superior low-angle performance, typical 
ed antenna compared to a low 


‘measures seem to have eliminated my RFI problems. 

‘When we moved into our condo, I took the obvious 
precaution of not using a linear amplifier. I took extra care 
to establish a single-point ground for my station equipment 
by connecting all equipment grounds to the cover plate of 
the dedicated metallic outlet box behind the operating posi- 
tion, and thence to a separate ground rod in our front yard. 1 
use a I-KW RL Drake low-pass filter in the transceiver 
antenna feed line. 

Is this indoor antenna system safe? I believe so. In the 
attic it is not at all close to our living space. Itis fixed firmly 
in place and unlike most amateur antennas it is out of the 
weather! I therefore do not use a quick-grounding system 
for times when a thunderstorm approaches, 

Fig 37 shows the computed elevation and azimuth pat- 
tems on 20 meters. The tuner is able to hold the SWR down, 
low enough so that my JRC-245 transceiver can operate 
through its intemal antenna tuner. 
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1.2 5Guse cases 


Three main use cases (defined by ITU, under IMT-2020), with their respective - and potentially 
mutually incompatible - demands are in the process of taking shape, and will make it possible to 
meet the sector-specific needs referred to in the introduction. 

1, mMTC - Massive Machine Type Communications: A very large number of connected devices 
with disparate quality of service requirements. The objective of this category is to provide a 
response to the exponential increase in the density of connected objects; 

2, eMBB — Enhanced Mobile Broadband: ultra high-speed connection indoors and outdoors, with 
uniform quality of service, even on the edges of a cell; 

3. uRLLC - Ultra-reliable and Low Latency Communications: this use case has stringent 
requirements for capabilities such as latency and packet-loss, to ensure increased reactivity. 
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Figure 5. 5G use cases!” 


The first group (mMTC) primarily encompasses all Internet of Things related uses. These services 
require broad coverage, lower energy consumption and relatively slow transmission speeds. What 
5G will deliver compared to existing technologies is the ability to connect objects that are spread out 
in a very dense fashion across a given area. 


Enhanced mobile broadband (eMBB) concerns all of the applications and services that require 
increasingly fast connections, for instance to watch ultra high-definition (8K) videos or to stream 
virtual or augmented reality applications wirelessly. 


* http://Sp.iewe.org/standards 
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le lightning arrester for open-wire line Fig 44—The lightning arrester of Fig 39 may be used 


standoff or feedthrough insulators 


should be installed in the line at the point where the 
line enters the station. The heavy ground lead should 
be as short and as direct as possible. The gap setting 
should be adjusted to the minimum width that wi 
prohibit arcing when the transmitter is operated. 


‘The construction of a homemade arrester for open- 
wire line is shown in Fig 43. This type of arrester can be 
adapted to ribbon line an inch or so away from the center 
member of the arrester, as shown in Fig 44. Sufficient 
insulation should be removed from the line where it 
‘crosses the arrester to permit soldering the arrester con- 
necting leads. 


Lightning Grounds 

Lightning-ground connecting leads should be of 
conductor size equivalent to at least #10 wire. The #8 
aluminum wire used for TV-antenna grounds is satisfac- 
tory. Copper braid */-inch wide (Belden 8662-10) is also 
suitable. The conductor should run in a straight line to 
the grounding point. The ground connection may be made 
to a water pipe system (if the pipe is not plastic), the 
grounded metal frame of a building, or to one or more 
“yeinch ground rods driven to a depth of at least 8 feet. 
More detailed information on lightning protection is con- 
tained in Chapter 1, Safety. 

A central grounding panel for coax cables coming 
into the house is highly recommended. See Fig 45 for a 
photo of the homemade grounding panel installed by 
‘Chuck Hutchinson, K8CH, at his Michigan home. The 
‘coax cables screwed into dual-female feed-through UHF 
connectors. K8CH installed this aluminum panel under 
the outside grill for a duct that provided combustion air 
to an unused fireplace. He used ground strap to connect 
to ground rods located under the panel. See the ARRL 


with 300-0 ribbon line in the manner shown here. The 
‘TV standoffs support the line an inch or so away from 
the grounded center member of the arrester 


Fig 45—K8CH's coax entry panel mounted on ex 
wall (later covered by grill that provides combus 
‘an unused fireplace). The ground braid goes to a 
ground rod located beneath the panel. (Photo courtesy: 
‘Simple and Fun Antennas for Hams) 


book Simple and Fun Antennas for more information 
about ground panels, 

Before a lightning storm approaches, a prudent ham 
will disconnect all feed lines, rotor lines and control lines 
inside the shack to prevent damage to sensitive electron- 
ics. When lightning is crashing about outside, you cer- 
tainly don’t want that lightning inside your shack! 
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Low-Frequency 
Antennas 


In theory there is no difference between antennas at 
10 MHz and up and those for lower frequencies. In reality 
however, there are often important differences. It isthe size 
of the antennas, which increases as frequency is decreased, 
that creates practical imits on what can be realized physically 
at reasonable cost. 

At 7.3 MHz, 12, = 133 feet and by the time we get to 
1.8 MHz, 1 2. = 547 feet. Even a 2/2 dipole is very long on 
160 meters. The result is that the average antenna for these 


bands is quite different from the higher bands, where Yagis 
and other relatively complex antennas dominate. In addition, 
vertical antennas can be more useful at low frequencies than 
they are on 20 meters and above because of the low heights 
(in wavelengths) usually available for horizontal antennas 
‘on the low bands. Much of the effort on the low bands is 
focused on how to build simple but effective antennas with 
limited resources. This section is devoted to antennas for use 
‘on amateur bands between 1.8 to 7 MHz. 


The Importance of Low Angles for Low-Band DXing 


In Chapter 3, The Effects of Ground, we emphasized 
the importance of matching the elevation response of your 
antennas as closely as possible to the range of elevation 
angles needed for communication with desired geographic 
areas. Fig 1 shows the statistical 40-meter elevation angles 
needed over the entire 1-year solar cycle to cover the path 
from Boston, Massachusetts, to all of Europe. These angles 
range from 1° (at 9.6% of the time when the 40-meter band 
is open to Europe) to 28° (at 0.3% of the time) 

Fig | also overlays the elevation pattern response of a 
100-foot high flatop dipole on the elevation-angle statistics, 
illustrating that even at this height the coverage is hardly opti 
‘mum to cover all the necessary elevation angles. While Fig | is 
«dramatic in its own right, the data can be viewed in another way 
that emphasizes even more the importance of low elevation 
angles. Fig 2 plots the the cumulative distribution function, 
the total percentage of time 40 meters is open from Boston to 
Europe, at or below each elevation angle. For example, Fig 2 
says that 40 meters is open to Europe from Boston 50% of the 
time at an elevation angle of 9 or less. The band is open 90% 


Fig 1—Screen capture from HFTA (HF Terrain Assessment) 
program showing elevation response for 100-foot high 
dipole over flat ground on 7.1 MHz, with bar-graph overlay 
of the st ‘elevation angles needed over the whole 
11-year solar cycle from New England (Boston) to all of 
Europe. Even a 100-foot high antenna cannot cover all the 
necessary angles. 
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Fig 2—Another way of looking at the elevation statistics 
1. This shows the percentage of tir 

band is open, at or below each elevation angle, on the path 

‘from Boston to Europe. For example, the band is open 50% 

of the time at an angle of 9° or lower. Itis open 90% of the 

time at an angle of 19° or lower. 
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ig 4—The 40-meter statistics from the West Coast: from 
‘San Francisco to the rest of the DX world. Here, 90% of 
the time the path to Europe is open, itis at takeoff angles 
less than or equal to 11°. No wonder the hams living on 
‘mountain tops do best into Europe from the West Coast. 
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Fig 3—The percentage of time the 40-meter band is open, 
at or below each elevation angle, for various DX paths from 
Boston: to Europe, South America, southern Arica, Japan, 
Oceania and south Asias. The angies are predominantly 
quite low. For example, on the path from Boston to. 
90% of the time when the 40-meter band is open, it 
at elevation angles less than or equal to 10". Achieving 
{good performance at these low takeotf angles requires very 
igh horizontally polarized antennas, or efficient vertically 
polarized antennas. 


of the time at an elevation angle of 19° or less. 

Fig 3 plots the 40-meter elevation-angle data for six 
‘major geographic areas around the world from Boston. In 
general, the overall range of elevation angles for far-distant 
locations is smaller, and the angles are lower than for closer- 
in areas. For example, from Boston to southern Asia (India), 
50% of the time the takeoff angles are 4° or less. On the path 
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Fig 5—The situation on 80 meters from Boston to the rest 
‘of the DX world, Into Europe, 90% of the time the elevation 
angle is less than or equal to 20°. Into Japan from Boston, 
‘90% of the time the angle is less than or equal to 12°, 


to Japan from Boston, the takeoff angles is less than or equal 
to 6° about 70% of the time. These are low angles indeed. 
Fig 4 shows similar data for the 40-meter band from 
San Francisco, California, o the rest of the world, The path 
to southern Africa from the US West Coast is a very long. 
distance path, open some 65% of the time itis open at angles 
of 2° or less! The 40-meter path to Japan involves takeoff 
angles of 10° or less more than 50% of the time. If you are 
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Fig 6—From San Francisco to the rest of the world on 

‘80 meters: 90% of the time on the path to Japan, the 

takeotf angle is less than or equal to 17°; 50% of the time 

the angle is less than or equal to 10°; 25% of the time the 

angle is less than or equal to 6°. A horizontally polarized 

antenna would have to be 600 feet above flat ground to be 
um at 6°! 


fortunate enough to have a 100-foot high flattop dipole for 
40 meters, at a takeoff angle of 10° the response would be 
down about 3 dB from its peak level at 20°, At an elevation, 
angle of 5° the response would be about $ dB down from 
peak. You can see why the California stations located on 
‘mountain tops do best on 40 meters for DXing. 

Fig 5 shows the same percentage-of-time data for the 
80-meter band from Boston to the world. Into Europe from 
Boston, the 80-meter elevation angle is 13° orless more than 
‘50% of the time. Into Japan from Boston, 90% of the time 
the band is open is at a takeoff angle of 13° or less. (Note 
that these elevation statistics are computed for “undisturbed” 
ionospheric conditions. There are times when the incoming 
angles are affected by geomagnetic storms, and generally 
speaking the elevation angles rise under these conditions.) 

Fig 6 shows the 80-meter data from San Francisco to 
the world. Low elevation angles dominate in this graph and 
high horizontal antennas would be necessary to optimal 
coverage. In fact, 50% of the time for all paths, the elevation, 
angle is less than 10°. 

Inthe rest of this chapter, we'll often compare horizon- 
tally polarized antennas at practical heights with vertically 
polarized antennas, usually at takeoff angles of 5° or 10°, 
angles useful for DX work. But first, let us look at situations 
where high takeoff angles are most useful, 


Short/Medium-Range Communications 


Not all hams are interested in working stations thousands 
of miles from them. Traffic handlers and rag chewers may, in 
fact, only be interested in nearby communications —perhaps 
out to 600 miles from their location, 

For example, a ham in Boston may want to talk with 
his brother-in-law in Cleveland, OH, a path that is just over 
550 miles away. Oran operator in Buffalo, NY, may be the net, 
control station (NCS) for a regional net involving the states, 
of New York and New Jersey. She needs to cover distances, 
up to about 300 miles away. 

Depending on the time of day, the most appropriate 
hham frequencies needed for nearby communications are the 
40 and 80/75-meter bands, with 160 meters also a possibility 
during the night hours, particularly during low portions of the 
sunspot cycle. The elevation angles involved in such nearby 
distances are usually high, even almost directly overhead for 
distances beyond ground-wave coverage (which may be as 
short asa few miles on 40 meters). For example, the distance 
between the Massachusetts cities of Boston and Worchester 
is about 40 miles. On 40 meters, 40 miles is beyond ground- 
‘wave coverage. So you will need sky-wave signals that use the 
ionosphere to communicate between these two cities, where 
the elevation angle is 83°—very nearly straight up. 

Hams using vertical antennas for communications 
with nearby stations may well find that their signals will be 
below the noise level typical on the lower bands, especially 


if they aren’t running maximum legal power. Such relatively 
short-range paths involve so-called NVIS, “Near Vertical 
Incidence Skywave,” a fancy name for HF communication 
systems covering nearby geographic areas. The US military 
discusses NVIS out to about 500 miles, encompassing the 
terstory a brigade might cover. Elevation angles needed to 
cover distances from 0 to 500 miles range from about 40° to 
‘90°. This also covers the circumstances involved in amateur 
communications, particularly in emergency situations 
The following section is adopted from the article 
‘What's the Deal About NVIS?" that appeared in December 
2005 OST. This article used an example of a hypothetical 
earthquake in San Francisco to analyze HF emergency com- 
munication requirements 


HAM RADIO RESPONSE IN NATURAL 
DISASTERS 


One of San Francisco's somewhat less endearing nick- 
names is “the city that waits to die.” When the Big Earthquake 
does come, you can be assured that all the cell phones and the 
land-line telephones will be totally jammed, making calling 
in or out ofthe San Francisco Bay Area virtually impossible. 

‘The same thing occurred in Manhattan on September 11. 

2001. The Internet will also be severely affected throughout 
northern California because of its trunking via the facilities 
of the telephone network. Commercial electricity will be out 
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in wide areas because power lines will be down. It's virtually 
certain that water mains will be out of commission too. 

Ifthe repeaters on the hills around the San Francisco Bay 
Area haven't been damaged by the shaking itself, there will 
be some ham VHF/UHF voice coverage in the intermediate 
area, at least until the backup batteries run down. But con- 
necting to the dysfunctional telephone system will be difficult. 
at best through amateur repeaters. 

With little or no telephone coverage, an obvious need 
for ham radio communications to aid disaster relief would 
be from San Francisco to Sacramento, the state capital. Sac- 
ramento is 75 miles northeast of the Bay Area, well outside 
VHF/UHF coverage, so amateur HF will be required on 
this radio circuit. On-the-ground communications directly 
between emergency personnel (including the armed-forces 
personnel who will be brought into the rescue and rebuilding 
effort) will often be difficult on VHF/UHF since San Fran- 
cisco is a hilly place. So HF will probably be needed even 
for short distance, operator-to-operator or operator-to-com- 


Table 1 


‘Average Elevation Angles for Target Destinations 
from San Francisco 


Location Distance Average Elevation 

‘Miles Angle, Degrees 
San Jose, CA 43 80 
Sacramento, CA 75 78 
Fresno, CA 160 63 
Reno, NV 185, 60 
Los Angeles: 350 44 
San Diego 450 42 
Portland, OR 530 30 
Denver, CO 950 18 
Dallas, TX 1500 8 


‘munications center work. Throughout the city, portable HF 
stations will have to be quickly set up and staffed to provide 
such communications. 

Hams used to half jokingly call short range HF com- 
‘munications on 40 and 80 meters “cloud warming.” This is an, 
apt description, because the takeoff angles needed to launch 
HF signals up into the ionosphere and then down again to a 
nearby station are almost directly upwards. Table 1 lists the 
distance and takeoff angles from San Francisco to various 
cities around the western part of the USA. The distance be- 
‘tween San Francisco and Sacramento is about 75 miles, and 
the optimum takeoff angle is about 78°. Launching such a 
high-angle signal is best done using horizontally polarized 
antennas mounted relatively close to the ground, 


GEOGRAPHIC COVERAGE FOR NVIS 
Figure 7A shows the geographic area coverage around 
‘San Francisco for a 100-W, 7.2-MH7z station using an inverted 
V dipole. The center of this antenna is 20 feet above flat 
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ig 8—Layout for two band inverted V dipoles for 40 and 
80 meters. The two dipoles are fed together at the center 
and are laid out at right angles to each other to minimize 
interaction between them. Each end of both dipoles is 
kept 8 feet above ground for personnel safety. 


Fig 7—At A, Predicted 40 meter geographic coverage plot for a 100 W transmitter in December at 0000 UTC (near sun- 


‘sel), for a SSN (Smoothed Sunspot Number) of 20. The antennas used are 20 foot-hi 


inverted V dipoles. At B, 40 meter 


‘coverage for same date and time, but for 100 foot-high flattop dipoles. Most of California is well covered with $9 signals 


in both cases, but there is more susceptibility in the higher di 
jen Texas. Such noise can interfere 


California, for example from Arizona or 


6-4 Chapter 6 


le case to thunderstorm crashes coming from outside 
‘communications inside California. 


9—Elevation plots for 


different 40 meter antennas 


above flat ground with average 


= ‘ground characteristics (5 mSim 


‘conductivity and dielectric 


constant of 13).The 10 foot-high 


flattop dipole and the 20 foot- 


high inverted V dipoles both 


have close to the same char- 


acteristics. Note that there is a 


in the response of the 100 


tlattop dipole at a 42° 


angle. The gain there 


roughly that of a2 foot-high 


4 ; 


Fig 10—The distribution of lightning strikes across the 
USA for August 10, 2005 from 2200 to 0000 UTC, in the 
afternoon California time. There are lots of lightning strikes 
in the US during the summer—60,898 of them in this two- 
hour period! (Courtesy Vaisala Lightning Explorer) 


ground and the ends are 8 feet high. An actual implementation 
of such an antenna could be as an 80-meter inverted V. fed in 
parallel with a 40-meter inverted V dipole at 2 90° angle. See 
Fig 8. The 8-foot height puts the ends high enough to prevent, 
RF burns to humans (or most animals). The low height of 
the antenna above ground means that the azimuthal pattern, 
is omnidirectional for high elevation angles. 

Fig 7 was generated using the VOAAREA program, part 
of the VOACAP propagation-prediction suite, for the month 
‘of December. This was for 0000 UTC, close to sundown, for 


a low period of solar activity (Smoothed Sunspot Number, 
SSN of 20). The receiving stations were also assumed to be 
using identical inverted-V dipoles. 

‘You can see that almost the whole state of California is 
covered with $9 signals, minus only a thin slice of land near 
the Mexican border in the southeast portion of the state, where 
the signal drops to $7. Signals from Texas are predicted to be 
only SS or less in strength. Signals (or thunderstorm static) 
coming from, say, Louisiana would be several § units weaker 
than signals from central Texas. 

Now take a look at Fig 7B. Here, the date, time and 
solar conditions remain the same, but now the antennas are 
100-foot high flattop dipoles. California is still blanketed 
with $9 signals, save for an interesting crescent-shaped slice 
near Los Angeles, where the signal drops down to $7. Close 
investigation of this intriguing drop in signal strength reveals, 
that the necessary elevation angle, 44°, from San Francisco 
to this part of southern California falls in the first null of the 
100-foot high antenna’s elevation pattern, See Fig 9, which 
shows the elevation patterns for five 40-meter antennas at dif 
ferent heights. In the null at a44° takeoff angle, the 100-foot 
high dipole is just about equal to a 2-foot high dipole. We'll 
discuss 2-foot high dipoles in more detail later. 

For most of California, the problem with 100-foot high 
40-meter antennas is that interfering signals from Texas, Col: 
‘orado or Washington State will also be $9 in San Francisco. 
So will static crashes coming from thunderstorms all over 
the West and much of the Gulf Coast. (Ed Farmer, AAGZM, 
joked once that the Army doesn’t have any problem with 
interfering signals—they just call in an airstrike. We hams 
don't generally have this ability, although we occasionally 
call in the FCC.) See Fig 10, which shows a typical distri 
bution of thunderstorms across the US in the late afternoon, 
California time, in mid-August. There certainly are a lot of 
thunderstorms raging around the country in the summer. 

The signal-to-noise and signal-to-interference ratios for 
120-foot high inverted V dipole will be superior for medium- 
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aE Fig 11—VOACAP calculations for a 


350 mile path from San Francisco 


to Los Angeles, using 10 foot-high 


flattop dipoles. This plot shows 
the signal strength in S Units 

('S10" = $9+10) for a worst-case 
‘month’SSN combination—winter 


solstice, in December, for a low 


level of solar activity (SSN = 20). 
The 40-meter signal drops toa 


very low level during the night 
because the MUF drops well be- 


ral Srengh 10%») 


low 7.2 MHz. The 80-meter signal 


drops in the afternoon because of 


D-layer absorption. For 24-hour 
‘communications on this path, the 


rule of thumb is to select 40 me- 


ters during the day and 80 meters 


Ey during the night. 
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ese Fig 12—Signal strengths for the 


San Francisco to Los Angeles 


path for a worst-case month/ 


SSN combination—summer 
solstice, in June, for a 


level of solar activity 
(SSN = 120). Now 80 meters 


drops out more dramatically 
‘during the daylight hours, due 
to increased D-layer absorp- 


tion. At this high level of solar 


‘tna Sterah C1759 +), 


‘activity, 40 meters remains 
n 24 hours with reasonable 


signal levels. However, the NVIS 
rule-of-thumb stil holds: 


440 meters during the day 


‘80 meters at night. 


range distances, say out to 500 miles from the center, com- 
ppared to a 100-foot high antenna, The 20-foot high antenna 
can discriminate against medium-angle thunderstorm noise in 
the late afternoon coming from the Arizona desert, although 
itwouldn’thelp much for thunderstorms in the Sierra Nevada, 
in central Nevada, which are arriving in San Francisco at high 
angles, along with the desired NVIS signals, 

This isthe essence of what NVIS means. NVIS exploits 
the difference in elevation pattern responses of low hori- 
zontally polarized antennas compared to higher horizontal 
antennas, or even verticals. Over the years, many hams have 
been lead to believe that higher is always better. This is not 
quite so true for consistent coverage of medium or short 
distance signals! 

If NVIS only involved putting up a low horizontally 
polarized antenna on 40 meters the story would end here. 
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However, real cloud warming is more complicated. It also 
involves the intelligent choice of more than just one operating 
frequency to achieve reliable all day, all-night communica 
tions coverage. 

Fig 11 shows the signal strength predicted using 
VOACAP for the 350-mile path from San Francisco to Los 
‘Angeles for the month of December for a period of low 
solar activity (SSN of 20). The antennas used in this case are 
10-foot high dipoles, just for some variety. These act almost 
like 20-foot high Inverted V dipoles. December at a low 
[SSN was chosen as a worst-case scenario because the winter 
solstice occurs on December 21. This is the day that has the 
fewest hours of daylight in the year. (Contrast this with the 
summer solstice, on June 21, which has the most hours of 
<daylight in the year.) Note that the upper signal limit in Fig 1 
is “$10"—a fictitious quantity that allows easier graphing. 


$10 is equivalent to S94, or at least S9+10 dB. 

‘The 40-meter curve in Fig 1 shows that the MUF (maxi- 
mum usable frequency) actually drops below the 7.2 MHz ama- 
teurband after sunset. The signal becomes quite weak for about 
14 hours during the night, from about 0300 to 1700 UTC. In 
‘period of low solar activity the 40-meter band thus becomes 
strictly a daytime band on this medium-distance path, 

The 80-meter curve in Fig 11 shows strong signals 
after dusk, through the night and up until about an hour after 
sunrise. After sunrise, 80 meters starts to suffer absorption in 
the D layer of the ionosphere and hence the signal strength 
drops. Here, 80 meters is a true nighttime band. 

Let's see what happens from San Francisco to Los Ange- 
les during period of high solar activity (SSN of 120) during 
the summer solstice in June. Fig 12 shows that 40 meters now 
stays open all hours of the day due to the greater number of 
hours of sunlight in June and because the ionosphere becomes 
more highly ionized by higher solar activity. Meanwhile, 
80 meters still remains a nighttime band during these condi- 
tions on this path 

Now, let's look at a shorter-distance path—our 75-mile 
‘emergency communications path from San Francisco to Sac- 
ramento. We'll again use June during the summer solstice, 
ata high level of solar activity (SSN of 120) because this 
represents another worst-case scenario. Fig 13 shows that 
40 meters remains open on this path all day, dropping to a 
lower signal level just before sunrise. At sunrise, the MUF 
drops close to 7.2 MHz. 80 meters is still mainly a nighttime 
‘band to Sacramento, even though it does yield workable signal 
levels even during the daylight hours. However, 40 meters is, 
better from 1200 t0 0400 UTC, so 40 would be still the right 
daytime band for this path during the day. 


CHOOSING THE RIGHT NVIS FREQUENCY 


You can see that a pattern is developing here for effi- 


cient NVIS short/medium-distance communications out to 

500 miles: 

© You should pick a frequency on 40 meters during the 
day. 

© You should pick a frequency on 80 meters during the 
night. 

© You should choose an antenna that emphasizes moder- 
ate to high elevation angles, from 40° to almost directly 
overhead at 90°. 

“What about 60 meters?” you might ask. The character- 
istics on 60 meters fall in-between 40 and 80 meters, although 
it resembles 40 meters more closely. With characteristics, 
close to that of 40, but with only five channels available and 
2 50-W power limit, the 60-meter band is of low utility for 
serious NVIS use. 

‘What about 160 meters? For 100-W level radios, even 
at the worst-case month or during low solar activity, the riti- 
cal frequency doesn’t fall below 3.8 MHz often enough to 
destroy the ability to communicate, even for short distances. 
‘That is a relief, considering that installing a 160-meter half- 
‘wave dipole involves a 255-foot wingspan, and it would need 
to be elevated at least 30 feet in the center. A short loaded 
vertical such as a 160-meter mobile whip would have poor 
response at the high elevation angles needed for NVIS. You 
could probably put a monster 160-meter horizontal dipole 
up at a permanent location, but hauling such a thing around 
in the field would not be an easy task. 


‘SOME OTHER OBSERVATIONS ABOUT 
NVIS—STRATEGY 


‘You could pose the question about whether NVIS is an 
‘operating mode or whether itis actually an operating strategy 
‘We maintain that NVIS is a strategy. It involves choosing 
both appropriate frequencies and then appropriate antennas 
for those frequencies. Fig 13 does show that on short-distance 
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4 and SSN = 120. 
‘could be used successfully 


‘over the full 24-hour period 
| because signal levels are 


always higher than $6. But the 


simple NVIS rule-of-thumb still 
holds: Use 40 meters during 


the day; 80 meters at night. 


‘simplifies giving instruc- 


tions to operators unaccus- 
tomed to the use of HF. 
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paths, such as between San Francisco and Sacramento, you 
could stay on 80 meters all day and night. But if you have 
to give a single rule-of-thumb to operators who are not very 
experienced at operating HF, we would tell them to operate 
‘onthe higher frequency band during the day and on the lower 
frequency band at night 


SOME OTHER OBSERVATIONS ABOUT 
NVIS—ANTENNA HEIGHT 
‘Some NVIS aficionados have advocated placing dipoles 
only a few feet over ground, something akin to s if 
low is good for NVIS, then lower must be even better.” Now 
we are not claiming that a very low antenna won't work in 
specific instances—for example, covering a small state such 
as Rhode Island or even just the San Francisco Bay Area, 
It certainly is convenient to mount a 40-meter dipole 


‘on some 2-foot high red traffic cones! You should be very 
skeptical, however, about the ability of such antennas to cover 
all of a large state, such as California or Texas, especially on 
80 meters. Fig 14 shows the computed elevation responses, 
for a number of 80-meter antennas, including a 2-foot-high 
dipole. 

Fig 15B shows the 80 meter geographic coverage plot 
for 2-foot-high flattop dipoles, compared with the plot in 
Fig 15A for 20-foot-high inverted V dipoles on both ends of 
the path, The 2-foot-high dipoles produce about two S-units, 
less signal across all of California than the 20-foot-high 
inverted V dipoles, at 0300 UTC in December, with an SSN 
‘oF 20. The reason is that a low dipole will suffer more losses 
in the ground under it 

The differential between California signals and possible 
interfering signals from, say, New Mexico. is predicted to be 
four S-units, the same as itis for the higher inverted V dipole 


Fig 14—Elevation response pat- 
terns for 80 meter antennas over 


average soll. The shapes track 


each other rather well, remaining 


parallel for heights from 2 


0 66 feet over flat ground. The 


2 foot dipole is substantially 


down, about 9 dB, from the 


20 foot inverted V dipole at all 


angles. 
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foot-high antennas is down about 2 § Units, 8 to 12 dB for atypical communications receiver. 
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|The response for the 


Ultra-reliable and Low Latency Communications (uRLLC) include all of the applications that require an 
extreme reactivity and very strong message transmission guarantees. The sectors where these 
requirements are particularly prevalent are transportation (reaction time when an accident occurs, 
for instance) and medicine (telesurgery), and when digitising manufacturing processes in general. 
To implement these three use case, ITU established eight key performance indicators’ (KP!) to 
specify, quantify and measure the characteristics of IMT-2020 (SG) systems: 

- Peak data rate (Gbit/s); 

- User experienced data rate (Mbit/s); 

- Spectrum efficiency (bit/H2); 

- Device mobility (km/h); 

= Latency (ms); 

- Connection density (number of connected/accessible objects per km?) 

- Network's energy efficiency 

- Area traffic capacity (Mbit/s/m?). 


* Added to these eight classes, ve new Indicators were defined and are currently being examined: reliability, mobility 
Interruption time, bandwidth, maximum spectrum efficiency, S" percentile spectrum efficiency. 
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at 20 feet. Thus there is no real advantage in terms of signal- 
to-interference ratio or signal-to-noise ratio (for thunderstorm 
static crashes) for either height. This is because the shape of 
all the response curves in Fig 14 below 20 feet essentially 
tack each other in parallel 

However, the lower the antenna, the lower the transmit- 
ted signal strength. Physics remain physics. And if you are 
in an emergency situation operating on batteries, you could 
reduce power from 100 W to 10W with a 20-foot high 
inverted-V antenna and stil maintain the same signal strength 
asa 2-foot high dipole at LOW. 


LOW NVIS ANTENNAS AND LOCAL 
POWERLINE NOISE 


‘Some advocates of really low antennas have stated that 
the received noise is much lower than that received from high- 
cerantennas, and this therefore leads to better signal-to-noise 
ratios (SNR). How much this is true depends on the source 
Of the noise. Ifthe noise comes from distant thunderstorms, 
then the SNR advantage going to a 2-foot antenna from a 
20-foot-high one is insignificant, as Fig 15 indicates. 

If noise is from an arcing insulator on a HV power line 
half a mile away, that noise will arrive at the antenna as a 
‘ground-wave signal. We calculate that the 2-foot antenna 
receives 4.4 dB less noise by groundwave than a 20-foot-high 
inverted V dipole. However, at an incoming elevation angle 
‘of 45°—suitable for a signal going from Los Angeles to San 
Francisco—the signal would be down 7.1 dB on the low 
dipole compared to the higher antenna, The net loss in SNR 
for the 2-foot-high dipole is thus 7.1—4.4 or 2.7 dB. Close, but, 
no cigar. Summarizing about really low NVIS antennas: 


# A 2-foot-high dipole yields weaker signals, but without an 
SNR advantage compared to its more elevated brethren, 

# A2-foot-high dipole is alot easier to trip over at night. We 
‘would cal this a “knee biter” (or maybe an “ankle biter” 
if you're really tall). 

# You (and your dog) can easily get RF bums from an an- 
tena that is only 2 feet off the ground. 

This is nota winning strategy to make friends or QSOs, 
it seems. But still, a really low dipole may serve your short- 
range communication needs just fine. But remember, that 
Just as “higher is better” isn’t universally true for 
even longer range) applications, “lower is bette 
panacea either. 


ELEVATION ANGLES FOR MODERATE 
DISTANCES ON 75/80 METERS 


Fig 16 shows the elevation angles statistics for a 
75-meter, 550-mile path from Boston to Cleveland, together 
with overlays of the elevation patterns for several different 
types of antennas. These elevation statistics cover all parts 
of the 1-year solar cycle for this path. The responses for 
the popular GSRV antenna (described later in this chapter) 
are shown for two different heights above flat ground: 50 
and 100 feet. An 80-meter half-wave sloper (“full sloper”) 
and an 80-meter ground-plane antenna are also shown. All 
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Fig 16—80175-meter elevation statistics for all portions of 
the 11-year solar cycle for the path from Cleveland, Ohio, 
to Boston, Massachusetts, together with the elevation 
responses for four different multiband antennas. The 100- 
{foot high horizontally polarized GSRV performs well over 
the entire range of necessary takeott elevation angles. 


‘antenna patterns are for “average ground” constants of 
‘5 mS/m conductivity and a dielectric constant of 13. 

Atthe statistically most significant takeoff angles around 
'50®, the two horizontally polarized GSRV antennas are about 
equal. At the second-highest elevation peak near 30°, the 
100-foot GSRV has about a 4-dB advantage over its lower 
counterpart. The full sloper has comparable performance to 
the 100-foot high GSRV from 1° to about 20° and then gradu- 
ally rises to its peak at angles higher than 70°. The full sloper 
is superior to the 50-foot horizontal GSRV at low takeoff 
clevation angles. The 80-meter ground plane has a deep null 
directly overhead. Atan elevation angle of 70° itis down some 
16 dB compared to the 50-Foot high horizontal GSRV. 

‘The advantage of antennas suitable forhigh-angle radia- 
tion was vividly demonstrated during a 75-meter QSO one 
fall evening between N6BV/I in southern New Hampshire 
‘and WI WEF in central Connecticut. This involved a distance 
of about 100 miles and WIWEF was using his Four Square 
vertical array. Although W1WEP's signal was $9 on the Four 
Square, NOBV/1 suggested an experiment. Instead of con- 
necting the so-called “dump power” connector on his Comtek. 
ACB-4 hybrid phasing coupler to a 50-Q dummy load (the 
normal configuration), W1WEF switched the dump power 
to his 100-foot high 80-meter horizontal dipole. WIWEF's 
signal came up more than 20 dB! The approximately 100-W 
‘of power that would otherwise be “wasted” in the dummy 
load was converted to useful signal 


ELEVATION ANGLES FOR MODERATE 
DISTANCES ON 40 METERS 
Fig 17 shows the situation for the 40-meter band, from 
Boston to Cleveland, together with the same antennas used for 
80 meters in Fig 16. Note that the 100-foot high horizontally 
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Fig 17—40-meter elevation statistics for the Cleveland 
to Boston path, together with elevation patterns for four 
antennas. Here, the 100-foot high horizontally polarized 
‘GSRV would have a null in the middle of the range of ele- 
vation angles needed for consistent performance on this 
path. For multiband use on this path to relatively nearby 
‘stations, the 50-foot high horizontal antenna would be a 
better choice than the 100-foot high antenna. 


polarized GSRV has about a 16-dB null at an elevation angle 
‘fF 43°. This doesn’t affect things for low elevation angles, but 
it certainly has a profound effect on signals arriving between 
about 30° to 60°, especially when compared to the 50-foot 
high horizontal GSRV. The 40-meter full sloper beats out 
the high horizontal antenna from about 35° to 50°. And the 


‘ground plane is obviously not the antenna of choice for this 
moderate-range path from Boston to Cleveland, although it, 
is still a good performer on longer-distance paths, with their 
low takeoff angles. 

A 100-foot high multiband dipole is about %-? high on 
75/80 meters. It is an excellent antenna for general-purpose 
local and DXing operation. But the same dipole used on 
40 meters becomes %-A high. At that height, the nulls in 
its elevation pattern give large holes in coverage for nearby 
40-meter contacts. Many operators have found that a 40- to 
'50-foot high dipole on 40 meters gives them far superior 
performance for close-in QSOs, when compared to a high 
dipole, or even a high 2-element 40-meter Yagi. 


NVIS SUMMARY 


The use of NVIS strategies to cover close-in and inter- 
mediate distance communications within about 600 miles 
involves the intelligent choice of low HF frequencies. As 
a rule-of-thumb for ham band NVIS, 40 meters is recom. 
mended for use during the day; 80 meters during the night, 

NVIS involves the choice of antennas suitable for 
this strategy. Horizontally polarized dual-band 80 and 
40-meter flattop dipoles that are mounted higher than about 
10 feet high will work adequately for portable operations. 
Dual-band 80 and 40-meter inverted V dipoles supported 
20 feet above the ground at the center can also work well in, 
portable operations. 

Single-band 40-meter flattop antennas about 30 feet 
high and 80-meter flattop antennas about 60 feet high can 
do a good job for fixed locations, 


Horizontal Antennas for the Low Bands 


As shown in Chapter 3, The Effects of Ground, and 
here, radiation angles from horizontal antennas are a very 
strong function of the height above ground in wavelengths. 
‘Typically for DX work heights of 2/2 to 1 2. are considered 
to be a minimum. As we go down in frequency these heights 
become harder to realize. For example, a 160-meter dipole at 
70 feet is only 0.14 3. high. This antenna will be very effective 
for local and short distance QSOs but not very good for DX. 
work. Despite this limitation, horizontal antennas are very 
popular on the lower bands because the low frequencies are 
‘often used for short range communications, local nets and rag 
chewing. Also horizontal antennas do not require extensive 
‘ground systems to be efficient. 


DIPOLE ANTENNAS: 

Half-wave dipoles and variations of these can be a very 
‘good choice for a low band antenna. A variety of possibilities 
are shown in Fig 18. An untuned or “flat” feed line isa logi- 
cal choice on any band because the losses are low, but this 
‘generally limits the use of the antenna to one band. Where 
only single-band operation is wanted, the 2/2 antenna fed 
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with open-wire line is one of the most popular systems on 
the 3.5 and 7-MHz bands. 

Ifthe antenna is a single-wire affair, its impedance is in 
the vicinity of 60 ©, depending on the height and the ground 
characteristics. The most common way to feed the antenna 
is with 50- or 75-Q coaxial line, Heavy coaxial lines present 
support problems because they are a concentrated weight at 
the center of the antenna, tending to pull the center of the 
antenna down, This can be overcome by using an auxiliary 
pole to take at least some of the weight of the line. The line 
should come away from the antenna at right angles, and it 
ccan be of any length. 


Folded Dipoles 

A folded dipole (Fig 18B and C) has an impedance of 
about 300 ©. and can be fed directly with any length of 300-C 
line. The folded dipole can be made of ordinary wire spaced 
by lightweight wooden or plastic spacers, 4 or 6 inches long. 
‘or a piece of 300 or 450-0 twin-lead or ladder line. 

‘A folded dipole can be fed with a 600-0 open wire line 
with only a 2:1 SWR, but a nearly perfect match can be ob- 
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Fig 18—Half-wavelength antennas for sit 
match to the feeder over a somewhat 


le band operation. The multiwire types shown in B, Cand D offer a better 
F range of frequencies but other 
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‘the performances are ident 


should run away from the antenna at aright angle for as great a distance as possible. In the coupling circuits shown, 


tuned circuits should resonate to the oper 
recommended, and in D th 
tapped across at least ‘4 the coil. The tapped-c 


tained with a three-wire dipole fed with either 450-0 ladder 
line or 600-0 open wire line. One advantage of the two- and. 
three-wire antennas over the single wire is that they offer a 
better match over a wider band. This is particularly important 
if full coverage of the 3.5-MHz band is contemplated. 


Inverted-V Dipole 
‘The halves of a dipole may be sloped to form an in- 


luctance and capacitance should be 


9 frequency. In the series-tuned circuits of A, B, and C, high Land low C are 


‘to the output-amplifier tank, with the feeders, 
‘Chapter 25 can be substituted in each case. 


verted V, as shown in Fig 19. This has the advantages of re 
quiring only a single high support and less horizontal space. 
‘There will be some difference in performance between a 
normal horizontal dipole and the inverted V as shown by 
the radiation patterns in Fig 20. There is small loss in peak 
‘gain and the pattern is less directional. 

Sloping of the wires results in a raising of the reso: 
nant frequency and a decrease in feed-point impedance and. 
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Fig 19—The inverted-V dipole. The length and apex angle 
should be adjusted as described in the text. 


bandwidth. Thus, for the same frequency, the length of the 
dipole must be increased somewhat. The angle at the apex is 
not critical, although it should probably be made no smaller 
than 90°. Because of the lower impedance, a 50-@ line should 
be used. For those who are dissatisfied with anything but a 
perfect match, the usual procedure is to adjust the angle for 
lowest SWR while keeping the dipole resonant by adjustment 
‘of length, Bandwidth may be inereased by using multicondue- 
tor elements, such as a cage configuration. 


PHASED HORIZONTAL ARRAYS. 


Phased arrays with horizontal elements, which provide 
some directional gain, can be used to advantage at 7 MHz, if 
they can be placed at least 40 feet above ground. At3.5 MHz. 
heights of 70 feet or more are needed for any real advantage. 


Fig 20—At A, elevation and at B, azimuthal radiation 
patterns comparing a normal 80-meter dipole and an 
inverted-V dipole. The center of both dipoles is at 

65 feet and the ends of the inverted V are at 20 feet. The 
frequency is 3.750 MHz. 
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Fig 21—Directional antennas for 7 MHz.To realize any 


jirection depending upon the tuning 
conditions of the parasitic element. The length of the 
elements in either antenna should be exactly the same, 
but any length from 60 to 150 feet can be used. 

It the length of the antenna at A is between 60 and 

80 feet, the antenna will be bidirectional along the 
‘same line on both 7 and 14 MHz. The system at B can 
bbe made to work on 7 and 14 MHz in the same way, by 
keeping the length between 60 and 80 feet. 


Many of the driven arrays discussed in Chapter 8 and even 
some of the Yagis discussed in Chapter 11 can be used as 
fixed directional antennas. Ifa bidirectional characteristic is, 
desired, the W8JK array, shown in Fig 21A, is a good one. If 
‘a unidirectional characteristic is required, two elements can 
>be mounted about 20 feet apart and provision included for 
tuning one of the elements as either a director or reflector, 
as shown in Fig 21B. 

‘The parasitic element is tuned at the end of its feed 
line with a series or parallel-tuned circuit (whichever would 
normally be required to couple power into the line), and the 
proper tuning condition can be found by using the system 
for receiving and listening to distant stations along the line 
to the rear of the antenna. Tuning the feeder to the parasitic 
element can minimize the received signals from the back 
of the antenna. This is in effect adjusting the antenna for 
maximum front-to-back ratio, Maximum front-to-back does, 
not occur at the same point as maximum forward gain but, 
the loss in forward gain is very small. Adjusting the antenna 
for maximum forward gain (peaking received signals in the 
forward direction) may increase the forward gain slightly 
but will almost certainly result in relatively poor front-to- 
back ratio, 


A MODIFIED EXTENDED DOUBLE ZEPP 


Ifthe distance between the available supports is greater 
‘than 2/2 then a very simple form of a single wire collinear 
array can be used to achieve significant gain. The extended 
double Zepp antenna has long been used by amateurs and is 
discussed in Chapter 8, Multiclement Arrays. A simple varia- 
tion of this antenna with substantially improved bandwidth 
ccan be very useful on 3.5 and 7.0 MHz. The following mate- 
ral has been taken from an article by Rudy Sevems, NOLF, 
in The ARRL Antenna Compendium Vol 4. 

‘The key to improving the characteristics of a standard 
double-extended Zepp is to modify the current distribution, 
‘One of the simplest ways to do this is to insert a reactance(s) 
in series with the wire. This could either be an inductor(s) or 
acapacitor(s). In general, a series capacitor will have a higher 
(Q and therefore less loss. With either choice itis desirable to 
use as few components as possible. 

AS an initial trial at 7 MHz, only two capacitors, one 
‘on each side of the antenna, were used. The value and posi- 
tion of the capacitors was varied to see what would happen. 
It quickly became clear that the reactance at the feed point 
could be tuned out by adjusting the capacitor value, making 
the antenna look essentially like a resistor over the entire 
band. The value of the feed-point resistance could be varied 
from less than 150 © to over 1500 Q by changing the loca- 
tion of the capacitors and adjusting their values to resonate 
the antenna, 

‘A number of interesting combinations were created. The 
‘one ultimately selected is shown in Fig 22. The antenna is 
170 feet in length. Two 9.1 pF capacitors are located 25 feet 
‘out each side of the center. The antenna is fed with 450-0 
‘transmission line and a 9:1 three-core Guanella balun used 


Fig 22—Schematic for modified NELF Double Extended 
Zepp. Overall length is 170 feet, with 9.1 pF capacitors 


Fig 23Azimuth pattern for NGLF Double Extended Zepp 
(solid line), compared to classic Double Extended Zepp 
{dashed line). The main lobe for the modified antenna is 
Slightly broader than that of the classic model, and the 
Sidelobes are suppressed better. 


at the transmitter to convert to 50.0. The transmission line 
can be any convenient length and it operates with a very 
low SWR. 

That's all there is to it. The radiation pattern, overlaid 
‘with that for a standard DEZepp for comparison, is shown in 
Fig 23. The sidelobes are now reduced to below 20 dB. The 
main lobe is now 43° wide at the 3-dB points, as opposed. 
to 35° for the original DEZepp. The antenna has gain over 
‘a dipole for > 50° now and the gain of the main lobe has 
dropped only 0.2 dB below the original DEZepp. 


Experimental Results 

‘The antenna was made from #14 wire and the capaci- 
tors were made from 3.5-inch sections of RG-213, shown 
in Fig 244. Note that great care should be taken to seal out 
moisture in these capacitors. The voltage across the capacitor 
for 1.5 kW will be about 2000 V so any corona will quickly 
destroy the capacitor. 

silicon sealant was used and then both ends covered 
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Fig 24—Construction details for series capacitor made 
from RG-213 coaxial cable. At A, the method used by N6LF 
is illustrated. At B, a suggested method to seal capacitor 
better against weather is shown, using a section of PVC 
pipe with end caps. 
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Fig 25—Measured SWR curve across 40-meter band for 
N6LF DEZepp. 


with coax seal, finally wrapping it with plastic tape. The 
solder balls indicated on the drawing are to prevent wicking 
‘of moisture through the braid and the stranded center condue- 
tor. This is a small but important point if long service out in 
the weather is expected. An even better way to protect the 
capacitor would be to enclose it ina short piece of PVC pipe 
with end caps, as shown in Fig 24B. 

Note that all RG-8 type cables do not have exactly the 
same capacitance per foot and there will also be some end. 
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Fig 26—75/80-meter modified Double Extended Zepp, 
designed using NEC Wires. At A, a schematic is shown 

for antenna. At B, SWR curve is shown across 75/80- 
meter band. Solid line shows measured curve for W7ISV 
antenna, which was pruned to place SWR minimum higher 
in the band. The dashed curve shows the computed 
response when SWR minimum is set to 3.8 MHz. 


effect adding to the capacitance. If possible the capacitor 
should be trimmed with a capacitance meter. Itisn't necessary 
to be too exact—the effect of varying the capacitance £10% 
was checked and the antenna still worked fine 

‘The results proved to be close to those predicted by the 
‘computer model. Fig 25 shows the measured value for SWR 
across the band. These measurements were made with a Bird 
directional wattmeter. The worst SWR is 1.35:1 at the low 
cend of the band. 

Dick Ives, W7ISY, erected an 80-meter version of the 
antenna, shown in Fig 26A. The series capacitors are 17 pF. 
Since he isn’t interested in CW, Dick adjusted the length for 
the lowest SWR at the high end of the band, as shown in the 
SWR curve (Fig 26B). The antenna could have been tuned 
somewhat lower in frequency and would then provide an 
SWR <2:1 over the entire band, as indicated by the dashed 
line. 


This antenna provides wide bandwidth and moderate 
‘gain over the entire 75/80-meter band, Not many antennas 
will give you that with a simple wire structure. 


Vertical Antennas 


(On the low bands quarter-wave high vertical antennas 
become increasingly attractive, especially for DX work, be- 
cause they provide a means for lowering the radiation angle, 
This is especially true where practical heights for horizontally 
polarized antennas are too low. In addition, verticals can be 
very simple and unobtrusive structures. For example, it is, 
very easy to disguise a vertical asa flagpole. In fact an actual, 
flagpole may be used as a vertical. Performance of a vertical 
is determined by several factors: 


‘© Height of the vertical portion of the radiator 

* The ground or counterpoise system efficiency, if one is, 
used 

© Ground characteristics in the near- and far-field regions 

© The efficiency of loading elements and matching net- 
works 


THE HALF-WAVE VERTICAL DIPOLE 
(HVD) 

The simplest form of verticals that ofa half-wave ver- 
tical dipole, an HVD. This is « horizontal dipole tamed 90° 
so that itis perpendicular to the ground under it. OF course, 
the top end of such an antenna must be a least a half wave 
above the ground or else it would be touching the ground. 
‘This poses quite a construction challenge ifthe builder wants a 
free-standing low-frequency antenna, Hams fortunate enough 
to have tall trees on their property can suspend wire HVDs 
from these trees. Similarly, hams with two tall towers can run 
rope catenares between them to hold up an HVD. 

‘A vertical half-wave dipole has some operational 
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Fig 27—At A, a 80-meter half-wave vertical dipole elevated 
8 feet above the ground. The feed line is run perpendicu- 
larly away trom the dipole. AtB, aground plane" type of 
quarter-wave vertical, with four elevated resonant radials. 
Both antennas are mounted 8 feet above the ground to 
keep them away trom passersby. 


advantages compared to a more-commonly used vertical 
cconfiguration—the quarter-wave vertical used with some sort 
‘of above-ground counterpoise or an on-ground radial system, 
See Fig 27 and 27B, which shows the two configurations 
discussed here. In each case, the lowest part of each antenna 
is 8 feet above ground, to prevent passersby from being able 
to touch any live wire. Each antenna is assumed to be made 
of #14 wire resonant on 80 meters. 


Feeding a Half-Wave Vertical Dipole 
Fig 28 compares elevation patterns for the two antennas 
for “average ground.” You can see that the half-wave vertical 
dipole has about 1.5 dB higher peak gain, since it compresses 
the vertical elevation pattern down somewhat closer to the 
horizon than does the quarter-wave ground plane. Another 
advantage to using a half-wave radiator besides higher gain 
is that less horizontal “real estate” is needed compared to a 
quarter-wave vertical with its horizontal radials. 

The obvious disadvantage to an HVD is that iti taller 
than a quarter-wave ground plane. This requires a higher 
support (such as a taller tee) if you make it from wire, or a 
longer element if you make it from telescoping aluminum 
tubing, 

‘Another problem is that theory says you must dress the 
feed line so that it is perpendicular to the half-wave radia 
tor. This means you must support the coax feed line above 
‘ground for some distance before bringing the coax down to 
‘ground level. A question immediately arises: How far must 
‘you go out horizontally with the feed line before going to 
‘ground level to eliminate common-mode currents that are 
radiated onto the coax shield? Such common-mode currents 
will affect the feed-point impedance as well as the radiation 
pattern for the antenna system. Quite abit of distortion inthe 
‘azimuthal pattern can be created if common-mode currents 
aren't suppressed, usually by using a common-mode choke. 
also known as a current balun. 
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Fig 28—A comparison of the elevation patterns for the 

two antennas in Fig 27. The peak gain of the HVD is about 

1.5 dB higher than that for the quarter-wave ground-plane 
iator with radials. 
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Fig 29—A 20-meter HVD whose bottom is 8 feet above 
‘ground. This is fed with a 1,2 of RG-213 coax. This system 
Uses a common-mode choke at the feed point and another 
114 down the line. The resulting azimuthal radiation pattern 
is within 0.4 dB of being perfectly circular. The “wingspan” 
of this antenna system is 27 feet from the radiator to the 
point where the coax comes to ground level. 


Constructing such a common-mode choke is very 
simple: Three large ferrite beads are slipped over the coax 
(before the connectors are soldered on or else they won't fit!) 
‘and taped in place. The only problem with this scheme is that 
an additional support (some sort of “skyhook") is required 
to support the coax horizontally. Let’s try to simplify the 
installation, by slanting the feed-line coax down to ground. 
from the feed point at a fairly steep angle of about 30° from 
vertical. See Fig 29. 

‘Note thatthe bottom end of the coax in Fig 29 is ground- 
ed toa ground rod. This serves several purposes—this serves 
‘as a mechanical connection to hold the coax in place and it 
provides some protection against lightning strikes. Now, as 
‘a purely practical matter, just how picky are we being here? 
‘What if we skip the second common-mode choke and just 
use one atthe feed point? The computer models predicts that 
there will be some distortion inthe azimuthal pattern—about 
1.1 dB worth. Whether this is serious is up to you. However, 
‘you may find other problems with common-mode currents on 
the coax shield—problems such as RFin the shack or variable 
SWR readings depending on the way coax is routed in the 
shack. The addition of three extra ferrite beads to suppress 
the common-mode currents is cheap insurance. 

Later in this chapter we'll discuss shortened vertical 
antennas, ones arranged both as vertical dipoles and as verti- 
cal monopoles with radial systems. 


MONOPOLE VERTICALS WITH GROUND 
PLANE RADIALS 
For best performance the vertical portion of a ground- 
plane type of antenna should be 2/4 or more, but this is not an 
absolute requirement. With proper design, antennas as short 
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as 0.1 2.or even less can be efficient and effective. Antennas 
shorter than 2/4 will be reactive and some form of loading 
and perhaps a matching network will be required. 

Ifthe radiator is made of wire supported by nonconduct 
ing material, the approximate length for 2/4 resonance can 
be found from: 


234 


(Eq) 


fect 
ee 

For tubing, the length for resonance must be shorter than 
givenby the above equation, asthe legth-to-diamete ratios 
Tower than for wire (see Chapter 2, Antenna Fundamental). 
For a tower, the resonant length willbe shorter stl. In any 
case, after installation the antenna length (height) can be 
aujusted for resonance at the desired frequency. 

‘The eflect of ground characteristics on losses and eleva- 
tion pattems discussed in detail in Chapter 3, The Effects of 
Ground. The most important points made in that discussion 
ate the effect of ground characteristics onthe radiation pattern 
and the means for achieving low ground-Ioss resistance ina 
buried ground system. As ground conductivity increases, lw- 
angle radiation improves. This makes a verical very attractive 
to those who live in areas with good ground conductivity. IF 
your QTH is on a saltwater beach, then a vertical would be 
very effective, even when compared to horizontal antennas 
at great height 

When a buried-radial ground system is used, the 
efficiency of the antenna willbe limited by the los resistance 
ofthe ground system, The ground can be a numberof rail 
Wires extending out from the base ofthe antenna for about 
UA, Driven ground rods, while satisfactory for electrical 
safety and for lighting protection, are of litle value as an 
RF ground fora vertical antenna, except pethaps in marsby of 
beach areas. As pointed out in Chapter 3, many lon radials 
are desirable. In general, however, a large number of short 
radials are preferable tonly a few ong radials, although the 
best system would have 60 or more radials longer than )/4. An 
elevated system of radials or aground screen (counterpoise) 
may be used instead of buried radials, and can result in an 
efficient antenna 


ELEVATED RADIALS AND 
COUNTERPOISES 


Elevated radials, isolated from ground, can be used 
in place of an extensive buried radial system. Work by AL 
Christman, K3LC (ex-KB81), has shown that 410 8 elevated 
radials can provide performance comparable to a 120 2/4- 
long buried wires. This is especially important for the low 
bands, where such a buried ground system is very large and 
impractical for most amateurs. An elevated ground system 
is sometimes referred to as a ground plane or counterpoise. 
Fig 30 compares buried and elevated ground systems, show- 
ing the difference in current flow in the two systems, 
Anelevated ground can take several forms. A number 
of wires arranged with radial symmetry around the base of 
the antenna is shown in Fig 30B. Four radials are normally 


Fig 30—How earth currents atfect the losses in a short vertical antenna system. At A, the current through the 


‘ground, Ce (which con: 
system shown at B is sometimes called a counterpoise. 


used, but as few as two, or as many as eight, can be used. 
For a given height of vertical, the length of the radials can 
be adjusted to resonate the antenna. For a 2/4 vertical, the 
radials are normally 2/4 long. 

In the case of a multiband vertical, two or more sets of 
radials, with different lengths, may be interleaved. The radi- 
als associated with each band are adjusted for resonance on 
their associated band. 

‘A.counterpoise is most commonly a system of elevated 
radials, where the radial wires are interconnected with jump- 
ers, as shown in Fig 31. As illustrated in Fig 30, the purpose 
of the elevated-ground system is to provide a return path 
for the displacement currents flowing in the vicinity of the 
antenna, The idea is to minimize the current flowing through 
the ground itself, which is usually very lossy. By raising the 
radials above ground most ofthe current will flow in the radi- 
als, which are good conductors. This allows a simple radial, 
system to provide a very efficient ground. However, there is, 
«aprice to be paid for this. 

‘The ground system now has a direct effect on the feed- 
point impedance, introducing reactance as well as resistance, 
and is relatively narrow band, Fora given vertical height, the 


jon of Ce and Re may be appreciable if Ce is much greater than Cy, the capacitance of the vertical to the ground 
ratio can be improved (up to a point) by using more radials. By rai 
Sof the series combination of Ge, and Ces) is decreased while Cy, stays the same. The radial 


19 the entire antenna system off the 


Fig 31—Counterpoise, showing the radial wires connected 
together by cross wires. The length of the perimeter of the 
individual meshes should be < 1/4 to prevent undesired 
resonances. Sometimes the center portion of the 
counterpoise is made from wire mesh. 
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Table 2 
lustration of the effect of variable vertical height 
(L,) on elevated radial length (L2) and Rp. 

#12 wire, elevated 5 feet over average ground at 
3.525 MHz. 


LAP UAL). co ody, oR 
(i) (feet) leet) (0) 

0225 628 94 288 
025 698 67 © 384 
027 750 45 = 51.0 
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Fig 32—The ground-plane antenna. Power is applied 
‘between the base of the vertical radiator and the center of 
the ground plat cated in the drawing. Decoupling 
‘rom the transmission line and any conductive support 
structure is highly desirable. 


radial length must be adjusted to resonate the antenna. The 
length of the radials must be readjusted for each band if a 
‘multiband vertical is used. As pointed out above, this usually 
means the installation of a set of radials for each band. To 
minimize current flowing in the ground, the antenna, ground. 
plane and feed line must be isolated from ground for RF. 
More on this later. 

‘The height of the vertical does not have to be exactly 
24, Other lengths may be used and the antenna may be 
resonated by adjusting the length ofthe radials. Table 2 gives, 
‘a comparison between three different vertical lengths in an 
antenna using four elevated radials at 3.525 MHz. 

An important feature of Table 2is the dramatic reduction 
in radial length (L) with even a small increase in vertical 
height (L,). For example, increasing the height by 5 feet 
reduces the radial length by 22 feet on 80 meters. On the 
other hand even a small decrease in Ly can cause a substan: 
tial increase in Lp, This would be very undesirable, since the 
area required by the radials is already considerable. Notice 
also that the small increase in height raises Rk to 51 Q. This, 
tick of increasing the height slightly to reduce the size of 
the elevated ground system and to inerease the input resis- 
tance can be very useful. In a following section the use of 
10p loading for short antennas will be discussed. Top loading 
can also be used on a 2/4 vertical to achieve the same effect 
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as increasing the height. 
‘and a better match, 


GROUND-PLANE ANTENNAS. 


‘The ground-plane antenna is a 2/4 vertical with four 
radials, as shown in Fig 32. The entire antenna is elevated 
‘above ground. A practical example of a 7-MHz ground-plane 
antenna is given in Fig 33. As explained earlier, elevating 
the antenna reduces the ground loss and lowers the radiation 
angle somewhat. The radials are sloped downward to make 
the feed-point impedance closer to 50 0. 

‘The feed-point impedance of the antenna varies with 
the height above ground, and to a lesser extent varies with 
the ground characteristics. Fig 34 is a graph of feed-point 
resistance (Rg) for a ground-plane antenna with the radials, 
parallel to the ground. Rk is plotted as a function of height 
above ground. Notice that the difference between perfect, 
‘ground and average ground (c=13 and = 0.005 S/m) is 
small, except when quite close to ground. Near ground Ry, 
is between 36 and 40 ©. This is a reasonable match for 50-Q. 
feed line but as the antenna is raised above ground Rx drops 
{o approximately 22 Q, which is not a very good match. The 
feed-point resistance can be increased by sloping the radials, 
downward, away from the vertical section, 

The effect of sloping the radials is shown in 


the ability to use shorter radials 


ig 38. The 


ig 33—A ground-plane antenna is effective for DX work 
on 7 MHz. Although its base can be any height above 
(ground, losses in the ground underneath will be reduced 
by keeping the bottom of the antenna and the ground 
plane as high above ground as possible. Feeding the 
antenna directly with 0-02 coaxial cable will result in a low 
‘SWR. The vertical radiator and the radials are al /4 long 
electrically. Contrary to popular myth, the radials need not 
necessarily be 5% longer than the 

length will depend on their length-to- 
height over ground and the length oft 
as discussed in text. 


1.3 Jump in performance compared to 4G networks 
‘As mentioned in Paragraph 1.1, the deployment of SG is likely to take place in two stages: 


1, The first 5G rollouts will deliver better performances, but as a continuation of what 
provided at the time by 4G systems which will continue to evolve as well (4.5G, 4.96); 

2, Performances will continue to improve with the gradual introduction of disruptive 
technologies, such as the use of millimetre wave frequencies. 


being 


This gradual rollout is very similar to the way in which 4G was introduced, as the performances 
obtained with pioneer deployments were relatively similar to those supplied by existing 3G networks. 


ITU defines the 4" generation of technologies, called IMT-Advanced, by the values for the eight KPI 
listed above, as indicated in the following chart. The 5" generation, called IMT-2020, is represented 
as well. Here, it should be noted that the official ITU definition of 4G in fact corresponds to what 
commercial rollouts supplied later on, under the name 4G¢ or LTE-Advanced. 


Figure 6. Comparison between 4G and 5G with respect to the eight key performance indicators” 


According to these objectives, SG must be able to provide a user experienced data rate and a peak 
data rate that is respectively 10 and 20 times higher than what is currently available. The maximum 
connection density will be multiplied by 10 and latency divided by at least 10 (the target point-to- 
point latency is 1 ms, compared to 30 to 40 ms today). 


® Recommendation ITU-R M.2083-0 (09/2015), httos://www Jtuint/ams_pubrec/itu-r/rec/m/R-REC-M.2083-0-201503. 
DF-E.pdf 
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Fig 34—Radiation resistance of a 4-radial ground-plane 

;ntenna as a function of height over ground. Perfect 
and average ground are shown. Frequency is 3.525 MHz. 
Radial angle (0) is 0°. 


ogi of Rails (Desrees) 


Fig 35—Radiation resistance and resonant length for a 
4-radial ground-plane antenna > 0.3 3. above ground as a 


‘graph is for an antenna well above ground (> 0.3 2). Notice 
that Ry = 50-0 when the radials are sloped downward at an 
angle of 45°, a convenient value. The resonant length of the 
antenna will vary slightly with the angle. In addition, the 
resonant length will vary a small amount with height above 
the ground. It is for these reasons, as well as the effect of 
conductor diameter, that some adjustment of the radial lengths 
is usually required. When the ground-plane antenna is used 
onthe higher HF bands and at VHE, the height above ground 
is usually such that a radial sloping angle of 45° will give a 
‘good match to 50-0 feed line, 

The effect of height on Ry with a radial angle of 45° is 
shown in Fig 36. At7 MHz and lower, itis seldom possible to 
clevate the antenna a significant portion of a wavelength and 
the radial angle required to match to 50-0 line is usually of the 
‘order of 10° to 20°. To make the vertical portion of the antenna 


Fig 37—The folded monopole antenna. Shown here is a 
‘ground plane of four i/4 radials. The folded element may 
be operated over an extensive counterpoise system or 
mounted on the ground and worked against buried radials 
‘and the earth. As with the folded dipole antenna, the feed- 
point impedance depends on the ratios of the radiator 
‘conductor sizes and their spacing. 


resistance and resonant length for a 
plane antenna for various heights above 
‘average ground for radial droop angle 0 = 45°. 


Fig 38—A choke balun with sufficient impedance to 

isolate the antenna properly can be made by winding 

‘coaxial cable around a section of plastic pipe. Suitable 
jimensions are given in the text. 
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as long as possible, it may be better to accept 
match and keep the radials parallel to ground. 

The principles ofthe folded dipole (Fig 18) can also be 
applied tothe ground-plane antenna, as shown in Fig 37. This 
isthe folded monopole antenna. The feed-point resistance can 
bbe controlled by the number of parallel vertical conductors 
‘and the ratios oftheir diameters. 

‘As mentioned earlier, itis important in most installations 
to isolate the antenna from the feed line and any conductive 
supporting structure. This is done to minimize the return 
current conducted through the ground. A return current on 
the feed line itself or the support structure can drastically 
alter the radiation patter, usually for the worse. For these 
reasons, a balun (see Chapter 26, Coupling the Line to the 
Antenna) or other isolation scheme must be used. 1:1 baluns 
are effective for the higher bands but at 3.5 and 1.8 MHz 
commercial baluns often have too low a shunt inductance 
to provide adequate isolation. It is very easy to recognize 
‘when the isolation is inadequate. When the antenna is be- 
ing adjusted while watching an isolated impedance or SWR 
meter, adjustments may be sensitive to your touching the 
instrument. After adjustment and after the feed line is at- 
tached, the SWR may be drastically diferent. When the feed 
line is inadequately isolated, the apparent resonant frequency 
cor the length of the radials required for resonance may also 
be significantly different from what you expect. 

In general, an isolation choke inductance of 50 to 
100 uH will be needed for 3.5 and 1.8-MHz ground-plane 
antennas. One of the easiest ways to make the required isola- 
tion choke is to wind a length of coaxial cable into coil as 
shown in Fig 38. For 1.8 MHz, 30 turns of RG-213 wound 
‘ona I4-inch length of 8-inch diameter PVC pipe, will make 
‘very good isolation choke that can handle full egal power 
continuously. A smaller choke could be wound on 4-inch 
diameter plastic drain pipe using RG-8X or a Teflon insulated 
cable. The important point here isto isolate or decouple the 
antenna from the feed line and support structure. 

‘A full-size ground-plane antenna is often a litle im- 
practical for 3.5-MHz and quite impractical for 1.8 MHz, 
but itcan be used at 7 MHz to good advantage, particularly 
for DX work. Smaller versions can be very useful on 3.5 
and 1.8 MHz 


EXAMPLES OF VERTICALS. 


‘There are many possible ways to build a vertical an- 
tenna—the limits are set by your ingenuity. The primary 
problem is creating the vertical portion of the antenna with 
sufficient height. Some of the more common means are: 


ightly poorer 


* A dedicated tower 

© Using an existing tower with an HF Yagi on top 

© A wire suspended from a tree limb or the side of a build- 
ing 

© A vertical wire supported by a line between two trees or 
other supports 

© Atall pole supporting a conductor 

© Flagpoles 
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Light standards 
© Irrigation pipe 
©) TV masts 


If you have the space and the resources, the most 
straightforward means is to erect a dedicated tower for a 
vertical. While this is certainly an effective approach, many 
amateurs do not have the space or the funds to do this, espe~ 
cially if they already have a tower with an HF antenna on the 
top. The existing tower can be used as a top-loaded vertical, 

using shunt feed and a ground radial system. A system like 
this is shown in Fig 39B, 

For those who live in an area with tall trees, it may be 
possible to install a support rope between two trees, or be- 
‘tween a tree and an existing tower. (Under no circumstances 
should you use an active utility pole!) The vertical portion of 
the antenna can be a wire suspended from the support line to 
‘ground, as shown in Fig 39C. If top loading is needed, some 
or all of the support line can be made part of the antenna, 

‘Your local utility company will periodically have older 
power poles that they no longer wish to keep in service. These 
lable at little or no expense. If you see a 
power line under reconstruction or repair in your area you 
might stop and speak with the crew foreman, Sometimes they 
will have removed older poles they will not use again and 
‘will have to haul them back to their shop for disposal. Your 
offer for local “disposal” may well be accepted. Such a pole 
can be used in conjunction with a tubing or whip extension 
such as that shown in Fig 39A. Power poles are not your 
only option. In some areas of the US, such as the southeast 
or northwest, tall poles made directly from small conifers 
are available. 

Freestanding (unguyed) flagpoles and roadway illumi~ 
nation standards are available in heights exceeding 100 feet. 
‘These are made of fiberglass, aluminum or galvanized steel. 
Alll of these are candidates for verticals. Flagpole suppliers 
are listed under “Flags and Banners” in your Yellow Pages. 
For lighting standards (lamp posts), you can contact a local 
electrical hardware distributor. Like a wooden pole, a fiber- 
glass flagpole does not require a base insulator, but metal 
poles do. Guy wires will be needed, 

(One option to avoid the use of guys and a base insula- 
tor is to mount the pole directly into the ground as originally 
intended and then use shunt feed. Ifyou want to keep the pole 
‘grounded but would like touse elevated radials, you can attach 
‘cage of wires (four to six) atthe top as shown in Fig 39D. 
‘The cage surrounds the pole and allows the pole (or tower for 
that matter) to be grounded while allowing elevated radials to 
be used. The use of a cage of wires surrounding the pole or 
tower is a very good way to increase the effective diameter. 
This reduces the Q of the antenna, thereby increasing the 
bandwidth. It can also reduce the conductor loss, especially 
if the pole is galvanized steel, which is not a very good RF 
conductor. 

Aluminum irrigation tubing, which comes in diameters 
‘of 3 and 4 inches and in lengths of 20 to 40 feet, is widely 
available in rural areas. One or two lengths of tubing con- 


‘are sometimes av: 


92 0 180 rm, 
(o) re 
Fig 39—Vertical antennas are effective for 3.5- or 7-MHz work. The 7.4 antenna shown at A is fed directly with 50-02 com 


ine, and the resulting SWR is usually less than 1.5 to 1, depending on the ground resistance. It a grounded antenna 
ther 60- oF 75-0 coaxi 


as at B, the antenna can be shunt fed with 


used 
ine. The tap for best match and the value of C will have 


to be found by experiment. The line running up the side of the antenna should be spaced 6 to 12 inches from the antenna. 
It tall trees are available the antenna can be supported from a line suspended between the trees, as shown in C. If the 
vertical section is not long enough then the horizontal support section can be made of wire and act as top loading. 
Apole or even a grounded tower can be used with elevated radials if a cage of four to six wires is provided as shown in D. 
The cage surrounds the pole which may be wood or a grounded conductor. 


nected together can make a very good vertical wher 
with non-conducting line. It is also very lightweight and 
relatively easy to erect. A variety of TV masts are available 
which can also be used for verticals. 


1.8 TO 3.5-MHz VERTICAL USING AN 
EXISTING TOWER 
A tower can be used as a vertical antenna, provided 
that a good ground system is available. The shunt-fed tower 
is at its best on 1.8 MHz, where a full 2/4 vertical antenna 
is rarely possible. Almost any tower height can be used. If 
the beam structure provides some top loading, so much the 


beter, but anything can be made to radiate—if i is fed prop- 
erly. WSRTQ (now K6SE) usesa self-supporting, aluminum, 
crank-up,tiltover tower, with a THODXX tribander mounted 
‘at 70 feet. Measurements showed that the entire structure has 
‘about the same properties as a 125-foot vertical. It thus works 
quite well as an antenna on 1.8 and 3.5 MHz for DX work 
requiring low-angle radiation, 


Preparing the Structure 
Usually some work on the tower system must be done 
before shunt-feeding is tried. Ifpresent, metallic guys should 


be broken up with insulators. They can be made to simulate 
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top loading, if needed, by judicious placement of the first in- 
sulators. Don’t overdo it; there is no need to “tune the radiator 
to resonance” in this way since a shunt feed is employed. If 
the tower is fastened to a house at a point more than about 
‘one-fourth of the height of the tower, it may be desirable to 
insulate the tower from the building. Plexiglas sheet, YV-inch 
‘or more thick, can be bent to any desired shape for this pur- 
pose, ifit is heated in an oven and bent while hot. 

All cables should be taped tightly to the tower, on the 
inside, and run down to the ground level. Its not necessary 
to bond shielded cables to the tower electrically, but there 
should be no exceptions to the down-to-the-ground rule. 

‘A good system of buried radials is very desirable. The 
ideal would be 120 radials, each 250 feet long, but fewer and 
shorter ones must often suffice. You can lay them around cor- 
ners of houses, along fences or sidewalks, wherever they can 
bbe put a few inches under the surface, or even on the earth's 
surface. Aluminum clothesline wire may be used extensively 
in areas where it will not be subject to corrosion. Neoprene- 
covered aluminum wire will be better in highly acid soils. 
Contact with the soil is not important. Deep-driven ground 
rods and connection to underground copper water pipes may 
be helpful, if available, especially to provide some protection 
from lightning. 


Installing the Shunt Feed 

Principal details ofthe shunt-fed tower for 8 and3.5 MHz 
are shown in Fig 40. Rigid rod or tubing can be used for the 
feed portion, but heavy gauge aluminum or copper wire is, 
‘easier to work with. Flexible stranded #8 copper wire is used 
at WSRTQ (now K6SE) forthe 1.8-MHz feed, because when. 
the tower is cranked down, the feed wire must come down 
with it. Connection is made at the top, 68 feet, through a 
4-foot length of aluminum tubing clamped to the top of the 
tower, horizontally. The wire is clamped to the tubing at the 
‘outer end, and runs down vertically through standoff insula- 
tors. These are made by fitting 12-inch lengths of PVC plastic 
‘water pipe over 3-foot lengths of aluminum tubing. These 
are clamped to the tower at 15- to 20-foot intervals, with the 
bottom clamp about 3 feet above ground, These lengths allow 
for adjustment of the tower-to-wire spacing over a range of 
about 12 to 36 inches, for impedance matching. 

‘The gamma-match capacitor for 1.8 MHz is a 250-pF 
variable with about Y-inch plate spacing. This is adequate 
for power levels up to about 200 W. A large transmitting or 
‘a vacuum-variable capacitor should be used for high-power 
applications. 


Tuning Procedure 

‘The 1.8-MHz feed wire should be connected to the top 

of the structure if tis 75 feet tall or less. Mount the standoff 

insulators so as to have a spacing of about 24 inches between, 

‘wire and tower. Pull the wire taut and clamp it in place at the 

bottom insulator. Leave a litle slack below to permit adjust- 
ment of the wire spacing, if necessary. 

‘Adjust the series capacitor in the 1.8-MHz line for 


6-22 Chapter 6 


minimum reflected power, as indicated on an SWR meter 
‘connected between the coax and the connector on the capaci: 
tor housing. Make this adjustment at a frequency near the 
middle of your expected operating range. If a high SWR is, 
indicated, try moving the wire closer to the tower. Just the 
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ig 40Principal details of the shunted tower at WSRTQ 
(now K6SE). The 1.8-Mlz feed, left side, connects tothe top 
ofthe tower through a horizontal arm of 1-inch diameter 
aluminum tubing. The other arms have standoff insulators 
at their outer ends, made of 1-oot lengths of plastic water 
The connection for 3.5-4 MHz, righ, is made similarly, 
28 feet, but two variable capacitors are used to perm 
justment of matching with large changes in frequency. 


lower part of the wire need be moved for an indication as to 
‘whether reduced spacing is needed. If the SWR drops, move 
all insulators closer to the tower, and try again. 

Ifthe SWR goes up, increase the spacing. There will be 
‘a practical range of about 12 to 36 inches. If going down to 
12 inches does not give a low SWR, try connecting the top a 
bit farther down the tower. If wide spacing does not make it, 
‘the omega match shown for 3.5-MHz work should be tried. No 
adjustment of spacing is needed with the later arrangement, 
which may be necessary with short towers or installations 
having little or no top loading. 

‘The two-capacitor arrangement in the omega match is 
also useful for working in more than one 25-kHz segment 
of the 1.8-MHz band. Tune up on the highest frequency, say 
1990 kHz, using the single capacitor, making the settings 
of wire spacing and connection point permanent for this 
frequency. To move to the lower frequency, say 1810 kHz, 
connect the second capacitor into the circuit and adjust it for 
the new frequency. Switching the second capacitor in and out 
then allows changing from one segment to the other, with no 
more than a slight retuning of the first capacitor. 


‘SIMPLE, EFFECTIVE, ELEVATED 
GROUND-PLANE ANTENNAS. 


This section describes a simple and effective means 
of using a grounded tower, with or without top-mounted 
‘antennas, as an elevated ground-plane antenna for 80 and 
160 meters. It first appeared in a June 1994 QST article by 
‘Thomas Russell, N4KG. 


From Sloper to Vertical 

Recall the quarter-wavelength sloper, also known as 
the half sloper. {The half sloper is covered later in this chap- 
ter in more detail—Ed.| It consists of an isolated quarter 
‘wavelength of wire, sloping from an elevated feed point on 
‘grounded tower. Best results are usually obtained when 
the feed point is somewhere below a top-mounted Yagi 
‘antenna. You feed a sloper by attaching the center conduc- 
tor of a coaxial cable to the wire and the braid of the cable 
to the tower leg. Now, imagine four (or more) slopers, but 
instead of feeding each individually, connect them together 
to the center conductor of a single feed line. Voila! Instant 
elevated ground plane. 

Now, all you need to do is determine how to tune the 
‘antenna to resonance. With no antennas on the top of the tow 
er, the tower can be thought of asa fat conductor and should 
be approximately 4% shorter than a quarter wavelength in 
free space. Calculate this length and attach four insulated 
<quarter-wavelength radials at this distance from the top ofthe 
tower. For 80 meters, a feed point 65 feet below the top of an 
unloaded tower is called for. The tower guys must be broken 
up with insulators for all such installations. For 160 meters, 
130 feet of tower above the feed point is needed. 

‘What can be done with atypical grounded-tower-and- 
Yagi installation? A top-mounted Yagi acts as a large capaci- 
tance hat, top loading the tower. Fortunately, top loading is 


the most efficient means of loading a vertical antenna, 

‘The examples in Table 3 should give us an idea of how 
much top loading might be expected from typical amateur 
antennas. The values listed in the Equivalent Loading column 
tell us the approximate vertical height replaced by the anten- 
nas listed in a top-loaded vertical antenna. To arrive at the 
remaining amount of tower needed for resonance, subtract 
these numbers from the non-loaded tower height needed for 
resonance. Note that for all but the 10-meter antennas, the 
equivalent loading equals or exceeds a quarter wavelength 
‘on 40 meters. For typical HF Yagis, this method is best used 
only on 80 and 160 meters 


Construction Examples 


Consider this example: A TH7 triband Yagi mounted on 
‘240-foot tower. The TH7 has approximately the same overall 
dimensions as a full-sized 3-element 20-meter beam, but has 
more interlaced elements. Its equivalent loading is estimated 
tobe 40 feet. At3.6 MHz, 65 feet of tower is needed without 
loading. Subtracting 40 feet of equivalent loading, the feed 
point should be 25 feet below the TH7 antenna. 

‘Ten quarter-wavelength (65-foot) radials were run from 
nylon rope tied between tower legs at the 15-foot level, to 
various supports 10 feet high. Nylon cord was tied to the 
insulated, stranded, #18 wire, without using insulators. The 
radials are all connected together and to the center of an exact 
half wavelength (at 3.6 MHz) of RG-213 coax, which will 
repeat the antenna feed impedance at the other end. Fig 41 is 
‘drawing of the installation, The author used a Hewlett-Pack- 
ard low-frequency impedance analyzer to measure the input 
impedance across the 80-meter band. An exact resonance 
(zero reactance) was seen at 3.6 MHz, just as predicted. The 
radiation resistance was found to be 17 ©. The next question 
is, how to feed and match the antenna. 

(One good approach to 80-meter antennas is to tune them 
to the low end of the band, use a low-loss transmission line, 
‘and switch an antenna tuner in line for operation in the higher 
portions of the band. With a 50-0 line, the 17-0 radiation 
resistance represents a 3:1 SWR, meaning that an antenna 
‘tuner should be in-line for all frequencies. For short runs, it 


Table 3 
Effective Loading of Common Yagi Antennas 
Antenna Boom Equivalent 
Length S Leading 
(fee!) (area, f) (feet) 
L204 768 39 
BL15 26 624 35 
4L15 20 480 at 
Lis 16 384 28 
BLi10 24 384 28 
alto 18 288 24 
sLio 2 192 20 
TH? 24 a 40 (estimated) 
THE 14 = 27 (estimated) 
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Fig 41—At A, an 80-meter top-loaded, reverse-ted elevated 
{ground plane, using a 40-foot tower carrying a TH’ triband 
Yagi antenna. At B, dimensions of the 3.6-MHz matching 
network, made from RG-59. 


‘would be permissible to use RG-8 or RG-213 directly to the 
tuner. If you have a plentiful supply of low-loss 75-0 CATV 
rigid coax, you can take another approach. 

Make a quarter-wave (70 feet x 0.66 velocity factor 
16 feet) 37-€ matching line by paralleling two pieces of 
RG-59 and connecting them between the feed point and a run, 
‘of the rigid coax to the transmitter. The magic of quarter-wave 
matching transformers is that the input impedance (R,) and 
‘output impedance (R,) are related by: 


ZP=RxR, 


(&q2) 


For R, = 17 and Zy = 37, R, = 80.Q, an almost 
perfect match for the 75-O. CATV coax. The resulting 1.6:1 
SWR at the transmitter is good enough for CW operation, 
‘without a tuner. 


160-Meter Operation 

On the 160-meter band, a resonant quarter-wavelength 
requires 130 feet of tower above the radials. That's a pretty 
tall onder. Subtracting 40 feet of top loading for a 3-element 
20-meter or TH7 antenna brings us to a more reasonable 
90 feet above the radials. Additional top loading in the form 
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Fig 42—A 160-meter antenna using a 75-foot tower 
carrying stacked triband Yagis. 


‘of more antennas will reduce that even more. 

Another installation, using stacked TH6s on a 75-foot 
tower, is shown in Fig 42. The radials are 10 feet off the 
‘ground. 


PHASED VERTICALS 


‘Two or more vertical antennas spaced apart can be oper 
‘ated as a single antenna system to obtain additional gain and 
‘a directional pattern. There is an extensive discussion of 
phased arrays in Chapter 8, Multielement Arrays. Much of 
‘the material in Chapter 8 is useful for low-band antennas. 


The Half-Square Antenna 


The halfsquare antenna isa very simple form of vertical 
‘wovelement phased array that can be very effective on the 
low bands. The following section was originally presented 
in The ARRL Antenna Compendium Vol 5, by Rudy Severns 
NOLF. 

A simple modification to a standard dipole is to add 
two 2/4 vertical wires, one at each end, as shown in Fig 43, 
This makes half-square antenna. The antenna canbe fed at 
‘one comer (low-impedance, current fed) or atthe lower end 
of one of the vertical wires (high-impedance, voltage fed), 


Fig 43—Typical 80-meter half-square, with 2/4-high vertical 
legs and a i/2-1ong horizontal leg. The antenna may be fed at 
the bottom or at a corner. When fed at a corner, the feed point 
isa low-impedance, current-feed. When fed at the bottom of 
‘one of the wires against a small ground counterpoise, the 
feed point is a high-impedance, voltage-teed. 


Other feed arrangements are also possible, 

‘The “classical” dimensions for this antenna are 1/2 
(131 feet at 3.75 MHz) for the top wire and 2/4 (65.5 feet) 
for the vertical wires. However, there is nothing sacred about, 
these dimensions! They can vary over a wide range and still 
‘obtain nearly the same performance. 

This antenna is two 2/4 verticals, spaced 2/2, fed in- 
phase by the top wire. The current maximums are at the top 
comers. The theoretical gain over a single vertical is 3.8 4B. 
An important advantage of this antenna is that it does not, 
require the extensive ground system and feed arrangements, 
that a conventional pair of phased 2/4 verticals would, 


Comparison to a Dipole 

In the past, one of the things that has turned off potential 
users of the half-square on 80 and 160 meters is the perceived 
need for 2/4 vertical sections. This forces the height to be 
> 65 feet on 80 meters and > 130 feet on 160 meters. That's, 
not really a problem. If you don't have the height there are 
several things you can do. For example, just fold the ends 
in, as shown in Fig 44. This compromises the performance 
surprisingly litle. 

Iis helpful to compare the examples given in Figs 43 
and 44 to dipoles at the same height. Two heights, 40 and 
80 feet, and average, very good and sea water grounds, were 
used for this comparison. It is also assumed that the lower 
‘end of the vertical wires had to be a minimum of S feet above 
‘ground. 

‘AL40 feet the half-square is really mangled, with only 
35-foot long (= 2/8) vertical sections. The elevation-plane 
comparison between this antenna and a dipole of the same 
height is shown in Fig 45. Over average ground the half- 
square is superior below 32° and at 15° is almost 5 dB better. 
‘That is a worthwhile improvement. If you have very good 
soil conductivity, like parts of the lower Midwest and South, 
‘then the half-square will be superior below 38° and at 15° will 
be nearly 8 dB better. For those fortunate few with saltwater 
frontal property the advantage at 15° is 11 dB! Notice also 
that above 35°, the response drops off rapidly. This is great 
for DX but is not good for local work. 


Fig 44—An 80-meter half-square configured for 40-foot high 
supports. The ends have been bent inward to reresonate the 
antenna, The performance is compromised surprisingly litle. 


Fig 45—Comparison of 80-meter elevation response of 
40-foot high, horizontally polarized dipole over average 
{ground and a 40-foot high, vertically polarized halt-square, 
‘over three types of ground: average (conductivity « =5 
mSim, dielectric constant « = 13), very good (o = 30 mSim, 

‘© = 20) and salt water (« = 5000 mS/m, « = 80). The quality of 
the ground clearly has a profound effect on the low-angle 
performance of the half-square. Even over average ground, 
the half-square outperforms the low dipole below about 32°. 


Halesquee @ 40 Fan Dipole 


Fig 46—80-meter azimuth patterns for shortened half- 
‘square antenna (solid line) shown in Fig 44, compared 
with flattop dipole (dashed line) at 100 feet height. 
‘Average ground is assumed for these cases. 
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Fig 46 shows the azimuthal-plane pattern for the 80- 
meter half-square antenna in Fig 44, but this time compared 
with the response ofa flattop horizontal dipole that is 100 feet, 
high. These comparisons are for average ground and are for 
an elevation angle of 5°. The message here is that the lower 
your dipole and the better your ground, the more you have to 
‘gain by switching from a dipole to a half-square. The half- 
square antenna looks like a good bet for DXing. 


Changing the Shape of the Half Square 

Just how flexible is the shape? There are several com- 
‘mon distortions of practical importance. Some have very litle 
ceffect but a few are fatal to the gain. Suppose you have either 
more height and less width than called for in the standard ver- 
sion or more width and less height, as shown in Fig 47. 

The effect on gain from this type of dimensional 
variation is given in Table 4. For a top length (Ly) varying 
between 110 and 150 feet, where the vertical wire lengths 
(Ly) readjusted to resonate the antenna, the gain changes 
only by 0.6 dB. For a 1-dB change the range of Ly is 100 to 
155 feet, a pretty wide range. 

Another variation results if we vary the length of 
the horizontal top wire and readjust the vertical wires for 
resonance, while keeping the top at a constant height. See 
Fig 47B. Table 5 shows the effect of this variation on the peak 
gain. For a range of Ly = 110 to 145 feet, the gain changes 
only 0.65 dB. 

‘The effect of bending the ends into a V shape, as shown 
in Fig 47C, is given in Table 6. The bottom of the antenna is, 


Table 4 
Variation in Gain with Change in Horizontal Length, 
with Vertical Height Readjusted for 

Resonance (see Fig 47A) 


Ly(leet) Ly (feet) Gain (dB) 
100 85.4 2.65 

110 798 3.15 

120 737 355 

130 678 3.75 

140 618 3.65 

150 56 3.05 

155 53 2.65 
Table 5 


Variation in Gain with Change in Horizontal Length, 
with Vertical Length Readjusted for Resonance, but 
Horizontal Wire Kept at Constant Height (see Fig 47B) 


Lyleet) Ly (feet) Gain (dB) 
110 787 315 
120 739 355 
130 68 3.75 
140 63 335 
145 60.7 3.05 
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kept at a height of 5 feet and the top height (H) is either 40 
‘or 60 feet. Even this gross deformation has only a relatively 
small effect on the gain. Sloping the ends outward as shown, 
in Fig 47D and varying the top length also has only a small 
effect on the gain, While this is good news because it allows 
you dimension the antenna to fit different QTHs, not all 
distortions are so benign, 


o 


© 


© . 7 


o 


‘47—Varying the horizontal and vertical lengths of @ 
hall-square. At A, both the horizontal and vertical legs 
are varied, while keeping the antenna resonant. AtB, the 
height of the horizontal wire is kept constant, while its 
length and that of the vertical legs is varied to keep the 
antenna resonant. At C, the length of the horizontal wit 
is varied and the lags are bent inwards in the shape of 
“vees."AtD, the ends are sloped outward and the length 
of the flatop portion is varied. All these symmetrical 
forms of distortion of the basic half-square shape result 
in small performance losses. At E, a “halfwave vertical 
pole” (HVD) with the feed coax isolated with common- 
mode choke baluns to keep RF current off the coax shield. 


Table 6 
Gain for Half-Square Antenna, Where Ends Are Bent 
Into V-Shape (see Fig 47 C) 


Height H=40 feet H=40 feet H=60 feet H-60 feet 
Ly(leet) Le (feet) Gain (dBi) Lg (feet) Gain (0B) 
40 576 3.25 5.0 2.75 
60 514 875 45.4 3.35, 
80 452 3.95 764 3.65 
100 386 «375, 614 3.85, 
120 3173.05 444 3.65 
140 _ = 23 3.05 


Fig 48—An asymmetrical distortion of the halt-square 
antenna, where the bottom of one leg is purposely made 
20 feet higher than the other. This type of distortion does 
affect the pattern! 


‘compared to conventional half-square shown in 
over the same kind of ground. 


Suppose the two ends are not of the same height, as 
illustrated in Fig 48, where one end of the half-square is 
20 feet higher than the other. The elevation-plane radiation, 
pattern for this antenna is shown in Fig 49 compared to a di- 
pole at 50 feet. This type of distortion does affect the pattern, 
‘The gain drops somewhat and the zenith null goes away. The 
nulls off the end of the antenna also go away, so that there 


is some end-fire radiation. In this example the difference in 
height is fairly extreme at 20 feet. Small differences of | 10 
5 feet do not affect the pattern seriously. 

Ifthe top height is the same at both ends but the length 
of the vertical wires is not the same, then a similar pattern 
distortion can occur. The antenna is very tolerant of sym- 
metrical distortions but it is much less accepting of asym- 
metrical distortion, 

‘What if the length of the wires is such that the antenna is 
not resonant? Depending on the feed arrangement, that may 
‘or may not matter. We will look at that issue later on, in the 
section on patterns versus frequency. The half-square antenna, 
like the dipole, is very flexible in its proportions. 


Half-Square Feed-Point Impedance 

‘There are many different ways to feed the half-square. 
‘Traditionally the antenna has been fed either at the end of 
‘one of the vertical sections, against ground, or at one of the 
upper corners as shown in Fig 43, 

For voltage feed at the bottom against ground, the 
impedance is very high, on the order of several thousand 
‘ohms. For current feed at a corer, the impedance is much 
lower and is usually close to 50 ©. This is very convenient 
for direct feed with coax. 

‘The half-square is a relatively high-Q antenna (Q = 17). 
Fig 50 shows the SWR variation with frequency for this feed 
arrangement, An 80-meter dipole is not particularly wideband 
either, but a dipole will have less extreme variation in SWR 
than the half-square. 


Patterns Versus Frequency 

Impedance is not the only issue when defining the band- 
‘width of an antenna, The effect on the radiation pattern of 
changing frequency is also a concer. For a voltage-fed half- 
square, the current distribution changes with frequency. For 
an antenna resonant near 3.75 MHz, the current distribution 
is nearly symmetrical. However, above and below resonance 
the current distribution increasingly becomes asymmettical. 
In effect, the open end of the antenna is constrained to be 
a voltage maximum but the feed point can behave less as a 
voltage point and more like a current maxima. This allows 
the current distribution to become asymmetrical 

The effect is to reduce the gain by ~0.4 dB at 3.5 MHz 
and by 0.6 4B at 4 MHz. The depth of the zenith null is 
reduced from ~20 dB to ~10 dB. The side nulls are also 
reduced. Note that this is exactly what happened when the 
‘antenna was made physically asymmetrical. Whether the 
asymmetry is due to current distribution or mechanical ar 
rangements, the antenna pattern will suffer. 

‘When current-feed at a comer is used, the asymmetry 
introduced by off-resonance operation is much less, since 
both ends of the antenna are open circuits and constrained to 
be voltage maximums. The resulting gain reduction is only 
0.1 dB. Its interesting that the sensitivity of the pattern to 
changing frequency depends on the feed scheme used. 

‘Of more concern for corner feed is the effect of the 
‘transmission line. The usual instruction is to simply feed 
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Fig 50—Variation of SWR with 
frequency for current-fed halt- 


square antenna. The SWR band- 
width is quite narrow. 


—— 


Frequency (wie) 


+ 


ig 51—Typical 
atching networks 
used for voltage- 
feeding a halt-square 
antenna. 


L ® 


© 


the antenna using coax, with the shield connected to verti 
cal wire and the center conductor to the top wire. Since the 
shield of the coax is a conductor, more or less parallel with 
the radiator, and is in the immediate field of the antenna, 
you might expect the pattern to be seriously distorted by 
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this practice. This arrangement seems to have very little 
effect on the pattern. The greatest effect is when the feed 
line length was near a multiple of 2/2. Such lengths should 
be avoided. 

Of course, you may use a choke balun at the feed point 
if you desire. This might reduce the coupling to the feed line 
even further but it doesn’t appear to be worth the trouble. In 
fact, if you use an antenna tuner in the shack to operate away 
from resonance with a very high SWR on the transmission 
line, a balun at the feed point would take a beating, 


Voltage-Feed at One End of Antenna: Matching 
Schemes 

Several straightforward means are available for nar 
row-band matching. However, broadband matching over the 
full 80-meter band is much more challenging. Voltage feed 
with a parallel-resonant circuit and a modest local ground, 
as shown in Fig 51. is the traditional matching scheme for 
this antenna, Matching is achieved by resonating the circuit 
at the desired frequency and tapping down on the inductor 
in Fig 51A or using a capacitive divider (Fig 51B). Itis also 
possible to use a 2/4 transmission-line matching scheme, as 
shown in Fig 51C. 

If the matching network shown in Fig 1B is used, 
typical values for the components would be: L = 15 4H. 
Cl = 125 pF and C2 = 855 pF Atany single point the SWR 
can be made very close to 1:1 but the bandwidth for SWR 
< 2:1 will be very narrow at <100 kHz. Altering the L-C 
ratio doesn’t make very much difference. The half-square 
antenna has a well-earned reputation for being narrow- 
band 


Peak Data Rate > 20 Gbps 


Data Rate 
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Figure 7. Representation of the “average user experience data rate” KPI for 4G and 5G and “Peak data rate” KPI 
for 3G, 4G and 56” 


As the successor to 46, the objective for 5G will also be to provide: 
- An extremely reliable network, with more consistent performances regardless of the user’s 
position with respect to the base station; 
- _Astable connection, even when travelling (at speeds of up to 500 km/h); 
- Greater network energy efficiency (with batteries that consume up to 100 times less power). 


‘The following table summarises the target performances for SG and those currently available with 
4G: 


Performances/Generation 4G 5G 

Peak data rate (Gbit/s) 7 20 
2, User experience data rate 

(bit/s) 10 100 
3. Spectrum efficiency re a 
4. Speed (km/h) 380 00 
5. Latency (ms) am ai 
6. Connection density (number of 

objects/km?) 10° 10° 
7. Network energy efficiency re aia 
&, Area traffic capacity (Mbit/s/m") aa 


Table 1. Comparisons between 4G and 5G performances 


http://www samsung. com/global/business-images/insights/2015/Samsung.SG-Vision-0.pdf 
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Short Vertical Antennas 


(On the lower frequencies it becomes increasingly dif 
ficult to accommodate a full 2/4 vertical height and full-sized 
24 radials, or even worse, a full-sized half-wave vertical di- 
pole (HVD). In fac, it is not absolutely necessary to make the 
antenna full size, whether itis an HVD, a grounded monopole 
antenna or a ground-plane type of monopole antenna. The 
size of the antenna can be reduced by half or even more and. 
still retain high efficiency and the desired radiation pattern, 
‘This requires careful design, however. And if high efficiency 
is maintained, the operating bandwidth of the shortened 
antenna will be reduced because the shortened antenna will, 
have a higher Q. 

This translates into a more rapid increase of reactance 
away from resonance. The effect can be mitigated to some 
extent by using larger-diameter conductors. Even doing this 
however, bandwidth will be a problem, particularly on the 
3.5 to 4-MHz band, which is very wide in proportion to the 
center frequency. 

If we take a vertical monopole with a diameter of 
2 inches and a frequency of 3.525 MHz. and progressively 
shorten it from 2/4 in length, the feed-point impedance 
‘and efficiency (using an inductor at the base to tune out the 
capacitive reactance) will vary as shown in Table 7. In this 
example perfect ground and conductor are assumed. Real 
‘ground will not make a great difference in the impedance but 
will introduce ground loss, which will reduce the efficiency 
further. Conductor loss will also reduce efficiency. In general, 
higher Rg will result in better efficiency. 

‘The important point of Table 7 is the drastic reduction 
in radiation resistance Rx as the antenna gets shorter. This, 
combined with the increasing loss resistance of the induc- 
tor (R,) used to tune out the increasing base reactance (X¢) 
reduces the efficiency. 


BASE LOADING A SHORT VERTICAL 
ANTENNA 


‘The base of the antenna is a convenient point at which 


Table 7 
Effect of Shortening a Vertical Radiator Below 1/4 
Using Inductive Base Loading. 

Frequency is 3.525 MHz and for the Inductor Q, 
Ground and conductor losses are omitted. 
Length Length Ra Xc 


200. 


Efficiency Loss 


(ee) 0) @) @) @) (%) (a8) 
14 0.050 098 -761 38 20 70 
209 0075 22 883 27 45 35 
279 0.100 42 395 20 68 a7 
349 0.125 68 208 15 82 0.86 
419 0.150 104 -220 1.1 90 0.44 
489 0.175 151 183 077 95 0.22 


558 0.200 214 -92 
628 0.225 297 ~34 


0.48 98 
0.17 99 


0.09 
0.02 


to add a loading inductor, but itis usually not the lowest loss 
point at which an inductor, of a given Q, could be placed. 
‘There is an extensive discussion of the optimum location of 
the loading in a short vertical as a function of ground loss 
and inductor Q in Chapter 16 for mobile antennas, which by 
necessity are electrically and physically short. This informa- 
tion should be reviewed before using inductive loading. 

On the accompanying CD-ROM is a copy of the pro- 
‘gram MOBILE.EXE. This is an excellent tool for designing 
short, inductively loaded antennas. In most cases, where top 
loading (discussed below) is not used, the optimum point 
is near or a little above the middle of the vertical section. 
Moving the loading coil from the base to the middle of the 
vertical antenna can make an important difference, increas- 
ing Ry and reducing the inductor loss. For example, in an 
antenna operating at 3.525 MHz, if we make L, = 34.9 feet 
(0.125 2) the amount of loading inductor placed at the center 
is 25.2 WH. This resonates the antenna. In this configura- 
tion Ry will increase from 6.8 © (base loading) to 13.5. 
(center loading). This substantially increases the efficiency 
of the antenna, depending on the ground loss and conductor 
resistances. 

Instead of a lumped inductance being inserted at some 
point in the antenna, itis also possible to use “continuous 
loading.” where the entire radiator is wound as a small di 
ameter coil. The effect is to distribute the inductive loading 
all along the radiator. In this version of inductive loading the 
coil isthe radiator. An example of a short vertical using this 
principle is given later in this chapter. 


OTHER WAYS OF LOADING A SHORT 
ANTENNA FOR RESONANCE 

Inductive loading is not the only, or even the best, way 
to compensate for reduced antenna height. Capacitive top 
Toading can also be used as indicated in Fig 52 to bring a 
vertical monopole to resonance. Table 8 gives information on 
shortened 3.525-MHz vertical using top loading. The verti- 
cal portion (L,) is made from 2-inch tubing. The top loading 
is also 2-inch tubing extending across the top like a T. The 
length of the top loading T (2L.) is adjusted to resonate the 


Table 8 
Effect of Shortening a Vertical Using Top Loading 
4, Ly Length = 

(leet) (feet) a) @ 

140 48.8 0.050 40 

209 38.6 0.075 85 

279 30.1 0.100 140 
349-228 0.125 199 
419173 0.150 255 

489 119 0.175 30.4 

558 7.0 0.200 339 

28 24 0.225, 35.7 
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antenna, Again, the ground and the conductors are assumed 
to be perfect in Table 8, 

Fora given vertical height, resonating the antenna with 
top loading results in much higher radiation resistance Re—2 
to 4 times. In addition, the loss associated with the loading 
clement will be smaller. The result is a more efficient antenna 
for low heights. A comparison of Rp for both capacitive top 
loading and inductive base loading is given in Fig $3. For 
heights below 0.15 2. the length of the top-loading elements, 
becomes impractical but there are other, potentially more 
useful, top-loading schemes. 

‘A multiwire system such as the one shown in Fig 54 
has more capacitance than the single-conductor arrangement, 
‘and thus does not need to be as long to resonate at a given 
frequency. This design does, however, require extra supports, 
for the additional wires. Ideally, an arrangement of this sort 
should be in the form of a cross, but parallel wires separated 
by several feet give a considerable increase in capacitance 


Fig 52—Horizontal wire used to top load a short vertical. 


om N 
4 


Length of Vertical (Wovlegtne) 


Fig 53—Comparison of top (cap: 
(inductive) loading for short ver 
is used to resonate the antenns 


ive) and base 
Is. Sufficient loadi 
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54—Multiple top wires can increase the effective 
capacitance substantially. This allows the use of shorter 
top wires to achieve resonance. 


Fig 55—A close- 
of the 


a 7-MHz vertical 
antenna. The ‘in. 


arms terminate in a 
loop of copper wire. 


Gilad 


Fig 56—Capacitance of sphere, disc and cylinder as 
a function of their diameters. The cylinder length is 
assumed equal toits diameter. 


The top lading canbe supplied hy a varity of metalic 
sutures large enough to have the necessary slF-capac- 
tance, For example, as shown in Fig $5, a tmultcspoked 
tute with ty ends connected together can be used One 
Simple way to make a capacitance at so take four to sx 
Soot berglase CB mobile whips, arrange them ike spokes 
ina wagon whos and conngctthe ends witha peripheral vite 
This amangement wll produce a 16foot diameter ha hat 
is economical and very durable, even when loaded with ie 
Praccally any sufitenty large metalic stctre ean be 
used fr hs purpose, but simple geomstric forms such asthe 
phere cline and dis are pefened because ofthe lative 
{hse with which her capctane canbe caleulted 

The capacitance of tne geometric forms canbe et 
mated from the curves of Fig 6 ava Function of ther sie 
Forte cylinder he length inspected equal othe diameter. 
‘The sphere, disc and eylinder ean be constructed frm sheet 
meta if sch constuction is fexsbl, but the capacitance 
Sil be practically the same in each f “skeleton” ype of 
Constution with screening or networks of wie or ting 
eased 


Finding Capacitance Hat Size 
The required size of a capacitance hat may be deter- 
mined from the following procedure. The information in this 
section is based on a September 1978 OST article by Walter 
Schulz, K30QF. The physical length ofa shortened antenna 
can be found from: 
11808 
Fe 


‘where h = length in inches. 

‘Thus, using an example of 7 MHz.and a shortened length 
of 0.167 4, b= 11808/7 x 0.167 = 282 inches, equivalent to 
23.48 fet. 

Consider the vertical radiator as an open-ended trans- 
mission line, so the impedance and top loading may be de- 
termined. The characteristic impedance of a vertical antenna 
‘can be found from 


h, 


(B43) 


inches 


(44) 


natural logarithm 
length (height) of vertical radiator in inches 
(as above) 

liameter of radiator in inches 


‘The vertical radiator for this example has a diameter of 
1 inch. Thus, for this example, 


zn (o(224}} 


361.2 
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where 

X-= capacitive reactance, ohms 

Z, = characteristic impedance of antenna (from Eq 4) 

@ = amount of electrical loading, degrees. 

This value for a 30° hat is 361/tan 30° = 625 Q. This 
capacitive reactance may be converted to capacitance with 
the following equation, 

10° 

2niKe 
where 

(C= capacitance in pF 

f= frequency, MHz 

Xe = capacitive reactance, ohms (from above). 


(E46) 


Fortis example, the required C = 10°/(2 7 x 625) 
36.4 pF, which may be rounded to 36 pF. A disc capacitor is, 
used in this example. The appropriate diameter for 36 pF of 
‘hat capacitance can be found from Fig 56. The disc diameter 
that yields 36 pF of capacitance is 40 inches. 

The skeleton dise shown in Fig 55 is fashioned into a 
‘wagonwheel configuration. Six 20-inch lengths of “s-inch 
‘OD aluminum tubing are used as spokes. Each is connected 
to the hub at equidistant intervals. The outer ends of the 
spokes terminate in a loop made of #14 copper wire. Note 
that the loop increases the hat capacitance slightly, making 
‘a better approximation of a solid disc. The addition of this 
hat at the top of a 23.4-foot radiator makes it quarter-wave 
resonant at 7 MHz. 

After construction, some slight adjustment in the 
radiator length or the hat size may be required if resonance 
at a specific frequency is desired. From Fig 53, the radiation 
resistance of a0.167-2 high radiator is seen to be about 13 
‘without top loading. With top loading Rr = 25 Q or almost 
double. 


THE COMPACT VERTICAL DIPOLE 


A variation on the HVD (half-wave vertical dipole) 
theme is the compact vertical dipole, or CVD. The CVD 
uses capacitance-hat loading on each end of a shortened 
vertical radiator, as shown in Fig 57C. Some call this “top 
hat” and “bottom hat” loading. Les Moxon, G6XN, called 
this method of loading a shortened antenna simply “end 
loading.” The vertical wire for his 40-meter CVD is 25 feet, 
high, with 15-foot long horizontal loading wires on each 
side, top and bottom. 


K8CH Compact Vertical Dipole 

The top loading wires needn’t be perpendicular to the 
vertical radiator, although that is convenient if you construct 
the antenna from aluminum tubing. K8CH described a wire 
30-meter CVD in the 2006 Edition of The ARRL Handbook 
This used #14 wire throughout, with sloping top loading 
‘wires. It was designed to be suspended from a tree at least 
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Fig 57—Progression of end-loaded-vertical 
le designs. At A, the HVD (half. 
cal dipole), with no end loading. At B, an HVD_ 
whose bottom half has been replaced with a 
set of four ground-plane radials, making it into 
the familiar ground-plane vertical. At C, GBXN- 
style dipole with end loading of two wires at 
both top and bottom. At D, end-loaded dipole 
with four shorter wires at top and bottom. 
ALE, KACH end-loaded dipole with asymmetric 
loading wires. The four top wires are slanted 
down to the ground using extension insul: 
Strings that also hold up the bottom horizontal 
end-loading wires. See Fig 58. 


32 feet high to keep all wires 8 feet or more above humans 
and animals. The vertical radiating wire is 24 feet long, and 
the eight top and bottom end-loading wires are all 5 feet, 
9 inches long. See Fig 57E and Table 9, CVD 1 

‘The top loading wires slant at an angle of 45° down 
to the ground, using insulating strings that also support the 
ends of the bottom loading wires, holding them out so that 
they are horizontal. See Fig 58. There is a small loss of gain, 
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because of the “umbrella” shape of the top loading wires, 
‘and the 2:1 SWR bandwidth is diminished slightly from the 
horizontal case. This isn’t a problem on a narrow band like 
30 meters. 

A 40-meter version of this antenna, CVD 6, also uses 
1 24-foot long vertical radiator, 8 feet high at its bottom. It 
uses 11.3-foot long radial wires made of #14 wire, 
with the top four slanted down at 45°, This CVD has a 2:1 


WN 


Insuatos 
Guy Sings 


Fig 58—Layout of CVD made using #14 wire suspended 
from a tree branch. 


SWR bandwidth of 250 kHz. It is directly fed with 50-0 
coax with ferrite-core common-mode choke baluns in the 
middle of the vertical radiator. An additional choke balun is, 
used where the coax reaches ground level in order to knock 
down common-mode currents that might otherwise radiate 
‘onto the coax shield. 

‘You should note the comparison of 40-meter ground-plane 


vertical antennas in Table 9. GP 1 is for horizontal radials that, 
are 8 feet off the ground, while GP 2 has its radials only 2 feet 
high. There is some loss in gain because ofthe proximity of the 
lossy ground. The 40-meter CVD 1 and CVD 2 cases illustrate 
the same effect of being close to the lossy ground. 

‘Some of the cases in Table 9 require Center Load coils 
to bring the antenna to resonance. Where the loading coil 
inductance is equal to the “Hairpin Coil” inductance, the 
loading coil also serves as a hairpin matching coil. Where 
the amount of Hairpin Coil inductance is less than the Load 
Coil inductance, a match is achieved by tapping the Center 
Load Coil symmetrically out from the center. 


80-Meter CVD 


The size of a CVD becomes a real challenge on 
80 meters, requiring either very tall support structures or 
multiple loading methods to keep the vertical radiator to a 
reasonable length. The CVD 2 design in Table 9 shows a 
K8CH-style CVD wire antenna whose vertical radiator is, 
46.5 feet long. It requires a 54.5-foot high tree to keep the 
bottom end of the vertical radiator 8 feet above ground for 
safety. Compare this to an HVD that requires a 143-foot sup- 
port of some sort to keep it 8 feet off the ground at the bottom, 
‘The CVD 2 sactifices some 0.7 dB in gain for this difference 
in size, and about 75 kHz in 2:1 SWR bandwidth, 

The CVD 2 would require retuning when going from 


Table 9 
Variations on a Vertical Center-Fed Dipole 
Name Style Vertical + Spoke = Min. Ht Max. 
Fig57 Length Length feet Gain 
feat feat Bi 
20 Meters 
GP B 1753 16.53 8 0.29 
cvot c 137.87 8 0.12 
cvo2 BD 2 a 8 0.00 
evo E1248 56 8 0.01 
30 Meters 
GP Bo 2454 28.14 8 0.04 
cvot E 24 5.33 8 02 
vb 2 E 17 7.80 8 0.36 
40 Meters 
HVD A 66 = 8 0.13 
GP 1 8 35 33 8 0.12 
GP2 8 345 33 2 037 
cvot c 25 16 8 0.42 
cvD2 0 G 24 15 2 1.09 
evo 3 D 24 10 8 055 
evo 4 D 24 5 8 0.85 
cvos D 16 8 8 118 
evo 6 E 24118 8 059 
80 Meters 
HVD A 135 a 8 0.19 
GP B 655 61 Bont 
cvbt c 48.3 30 8 027 
cvb2 E 465 219 8-050 


2:1 SWR 
kee 


Center 
‘Load 
aH 


Hairpin 
Coil 
aH 


400 
625 
550 
450 
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CW to phone, probably by changing the length of the four 
bottom horizontal wires equally. 


LINEAR LOADING 


Another alternative to inductive loading is linear load- 
ing. This litte-understood method of shortening radiators can 
be applied to almost any antenna configuration—including 
parasitic arrays. Although commercial antenna manufacturers 
‘make use of linear loading in their HF antennas, relatively few 
hams have used it in their own designs. Linear loading can 
be used to advantage in many antennas because it introduces 
relatively litle loss, does not degrade directivity pattems, and 
has low enough Q to allow reasonably good bandwidth. Some 


ll i 3 hedter 


0 © 


a 


Fig 59—Some examples of linear loading, The small 
circles indicate the feed points of the antennas. 
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Fig 60—Wire dipole antennas. The ratio tty is the measured 
resonant frequency divided by frequency fy of a standard 
dipole of same length. R ‘ohms. At 


dipole, similar to folded dipole except that side opposite 
‘eed line is open. At C, three-wire linear-loaded dipole. 
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‘examples of linear-loaded antennas are shown in Fig 59. 

Since the dimensions and spacing of linear-loading 
devices vary greatly from one antenna installation to another, 
the best way to employ this technique is to try a length of 
conductor 10% to 20% longer than the difference between 
the shortened antenna and the full-size dimension for the 
linear-loading device. Then use the “cut-and-try” method, 
varying both the spacing and length of the loading device to 
‘optimize the match. A hairpin atthe feed point can be useful 
in achieving a 1:1 SWR at resonance. 


Linear-Loaded Short’ 

‘More detail on linear loading is provided in this section, 
which was originally presented in The ARRL Antenna Com 
‘pendium Vol 5 by John Stanford, NNOF. Linear loading can 
significantly reduce the required length for resonant anten 
nas. For example, it is easy to make a resonant antenna that 
is as much as 30 to 40% shorter than an ordinary dipole for 
‘given band. The shorter overall lengths come from bending 
back some of the wire. The increased self-coupling lowers 
the resonant frequency. These ideas are applicable to short 
antennas for restricted space or portable use. 


Antennas 


Experiments 

‘The results of the measurements are shown in Fig 60 
‘and are also consistent with values given by Rashed and Tai 
from an earlier paper. This shows several simple wire antenna, 
configurations, with resonant frequencies and impedance 
(radiation resistance). The reference dipole has resonant 
frequency fy and resistance R = 72 ©. The fig values give the 
effective reduced frequency obtained with the linear loading 
in each case. For example, the two-wire linear-loaded dipole 
thas its resonant frequency lowered to about 0.67 to 0.70 that 
of the simple reference dipole of the same length, 

‘The three-wire linear-loaded dipole has its frequency re- 
duced to 0.55 t0 0.60 of the simple dipole of the same length 
As you will see later, these values will vary with conductor 
diameter and spacing. 

‘The two-wire linear-loaded dipole (Fig 60B) looks 
almost like a folded dipole but, unlike a folded dipole, itis 
‘open in the middle of the side opposite where the feed line 
is attached. Measurements show that this antenna structure 
has a resonant frequency lowered to about two-thirds that, 
of the reference dipole, and R equal to about 35 Q. A three~ 
wire linear-loaded dipole (Fig 60C) has even lower resonant 
frequency and R about 25 to 30 0. 

Linear-loaded monopoles (one half of the dipoles in Fig 
(60) working against a radial ground plane have similar res 
nant frequencies, but with only half the radiation resistance 
shown for the dipoles. 


A Ladder-Line Linear-Loaded Dipole 

Based on these results, NNOF next constructed a linear 
loaded dipole as in Fig 60B, using 24 feet of I-inch ladder 
line (the black, 450-0 plastic kind widely available) for the 
dipole length. He hung the system from a tree using nylon 


fishing line, about 4 feet from the tree at the top, and about 
8 feet from the ground on the bottom end. It was slanted at, 
‘about a 60° angle to the ground. This antenna resonated at 
12.8 MHz and had a measured resistance of about 35 Q. After 
the resonance measurements, he fed it with I-inch ladder 
‘open-wire line (a total of about 100 feet to the shack), 

For brevity, this is called a vertical LLSD (linear-loaded 
short dipole). A tuner resonated the system nicely on 20 and. 
30 meters. On these bands the performance of the vertical 
LLSD seemed comparable to his 120-foot long, horizontal 
ccenter-fed Zepp, 30 feet above ground. In some directions 
‘where the horizontal, all-band Zepp has nulls, such as toward 
Siberia, the vertical LLSD was definitely superior. This 
system also resonates on 17 and 40 meters. However, from 
listening to various signals, NNOF had the impression that, 
this length LLSD is not as good on 17 and 40 meters as the 
horizontal 120-foot antenna, 


Using Capacitance End Hats 

He also experimented with an even shorter resonant 
length by trying an LLSD with capacitance end-hats. The 
hats, as expected, increased the radiation resistance and 
lowered the resonant frequency. Six-foot long, single-wire 
hats were used on each end of the previous 24-foot LLSD, 
as shown in Fig 61. The antenna was supported in the same 
‘way as the previous vertical dipole, but the bottom-end hat 
‘wire was only inches from the grass. This system resonated 
at 10.6 MHz with a measured resistance of 50.Q. 

Ifthe dipole section were lengthened slightly, by a foot or 
so, to about 25 feet, it should hit the 10.1-MHz band and be a 
‘good match for 50-0 coax. It would be suitable for a restricted 


Fig 61—Two-wire linear-loaded dipole with capacitance 
tend hats. Main dipole length was constructed from 24 feet 
of “windowed” ladder line. The end-hat elements were stiff 
wires 6 feet long. The antenna was strung at about a 60° 
angle from a tree limb using monofilament fishing line. 
‘Measured resonant frequency and radiation resistance 
were 10.6 MHz and 50 2. 


space, shortened 30-meter antenna, Note that this antenna is, 
‘only about half the length of a conventional 30-meter dipole, 
needs no tuner, and has no losses due to traps. It does have the 
loss of the extra wire, but this is essentially negligible. 

Any of the linear-loaded dipole antennas can be mounted 
either horizontally or vertically. The vertical version can be 
used for longer skip contacts—beyond 600 miles or so—un- 
less you have rather tall supports for horizontal antennas to 
«ive a low elevation angle. Using different diameter conduc- 
tors in linear-loaded antenna configurations yields different 
results, depending on whether the larger or small diameter 
conductor is fed. NNOF experimented with a vertical ground- 
plane antenna using a 10-foot piece of electrical conduit pipe 
(4 inch OD) and #12 copper house wire. 

Fig 62 shows the configuration. The radial ground 
system was buried a couple of inches under the soil and is, 
not shown, Note that this is not a folded monopole, which 
‘would have either A or B grounded. 

‘The two conductors were separated by 2 inches, using 
plastic spreaders held onto the pipe by stainless-steel hose 
clamps obtained from the local hardware store, Hose clamps 
intertwined at right angles were also used to clamp the pipe 
‘on electric fence stand-off insulators on a short 2x4 post set 
vertically in the ground. 

‘The two different diameter conductors make the antenna 
‘characteristics change, depending on how they are configured, 
With the antenna bridge connected to the larger diameter 
conductor (point A in Fig 62), and point B unconnected, the 
system resonated at 16.8 MHz and had R = 35 ©. With the 
bridge at B (the smaller conductor), and point A left uncon. 
nected, the resonance lowered to 12.4 MHz and R was found. 
to be about 24 0. 

‘The resonant frequency of the system in Fig 62 can be 
adjusted by changing the overall height, or for increasing 
the frequency, by reducing the length of the wire. Note that 
3.8-MH7 resonant ground plane can be made with height 
only about half that of the usual 67 feet required, ifthe smaller 
conductor is fed (point B in Fig 62). In this case, the pipe 
would be left unconnected electrically. The lengths given 
above can be scaled to determine a first-try attempt for your 
favorite band. Resonant lengths will, however, depend on the 
conductor diameters and spacing. 


Fig 62—Vertical ground-plane 
antenna with a 10-foot pipe 
and #12 wire as the linear- 
loaded element. Resonant 
‘frequency and radiation 
resistance depend on which 

‘fed.The other 
not grounded. 
See text for details. 
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‘The same ideas hold fora dipole, except that the lengths 
should be doubled from those of the ground plane in Fig 62. 
‘The resistance will be twice that of the ground plane. Say, 
how about a shortened 40-meter horizontal beam to enhance 
your signal?! 


COMBINED LOADING 


As an antenna is shortened further the size of the top 
loading device will become larger and at some point will be 
impractical. Inthis situation inductive loading, usually placed 
directly between the capacitance “hat” and the top of the 
antenna, can be added to resonate the antenna. An alternative 
‘would be to use linear loading in place of inductive loading. 
‘The previous section contained an example of end loading 
combined with linear loading, 


SHORTENING THE RADIALS 

Very often the space required by full-length radials is 
simply not available. Like the vertical portion ofthe antenna, 
the radials can also be shortened and loaded in very much 
the same way. An example of end loaded radials is given in 
Fig 63A. Radials half the usual length can be used with litle 
reduction in efficiency but, a inthe case of top loading, the 
antenna Q will be higher and the bandwidth reduced. As 
shown in Fig 63B, inductive loading can also be used. As 
long as they are not made too short (down to 0.12) loaded 
radials can be efficient—with careful design. 


GENERAL RULES 


‘The steps in designing an efficient short vertical antenna 

system are: 

‘© Make the vertical section as long as possible. 

© Make the diameter of the vertical section as lange as 
possible. Tubing or a cage of smaller wires will work 
well. 

* Provide as much top and/or bottom loading as pos- 
sible. 

+ If the top/bottom loading is insufficient, resonate the 
antenna with a high-Q inductor placed between the hat 
and the top of the antenna. 

+ Forburied-ground systems, use as many radials (> 0.2 4) 
as possible. 40 or more is best. 

+ Ifan elevated ground plane is used, use 4 to 8 radials, 5 
‘or more feet above ground, 

© Ifshortened radials must be used then capacitive loading 
is preferable to inductive loading. 


EXAMPLES OF SHORT VERTICALS. 
A6-Foot-High 7-MHz Vertical Antenna 

Figs 64 through 67 give details for building short, effec- 
tive vertical quarter-wavelength radiators. This information 
‘was originally presented by Jerry Sevick, W2FML 

A short vertical antenna, properly designed and in- 
stalled, approaches the efficiency of a full-size resonant 
quarter-wave antenna, Even a 6-foot vertical on 7 MHz.can 


6-36 Chapter 6 


oo 


ol 


63_Radials may be shortened by using either capacl- 
tive (A) or inductive (B) loading. In extreme cases both 
may be used but the operating bandwidth will be limited. 


produce an exceptional signal. Theory tells us that this should 
be possible, but the practical achievement of such a result 
requires an understanding of the problems of ground losses, 
loading, and impedance matching. 

The key to success with shortened vertical antennas 
lies in the efficiency of the ground system with which the 
antenna is used. A system of at least 60 radial wires is rec~ 
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Fig 64—Jerry Sevick, W2FMI, adjusts the 6-foot high, 
40-meter vertical. 


‘ommended for best results, although the builder may elect to 
reduce the number at the expense of some performance. The 
radials can be tensioned and pinned at the far ends to permit 
‘on-the-ground installation, which will enable the amateur 
to mow the lawn without the wires becoming entangled in 
the mower blades. Alternatively, the wires can be buried in 
the ground, where they will not be visible. There is nothing 
critical about the wire size for the radials. Radials made of 


28, 22, or even 16-gauge wire, will provide the same results 
‘The radials should be at least 0.2 4 long (27 feet or greater 
on 7 MHz). 

A top hat is formed as illustrated in Fig 65. The diameter 
is 7 feet, and a continuous length of wire is connected to the 
spokes around the outer circumference of the wheel. A load- 


Fig 65—Construction details for the top hat. For a 
diameter of 7 feet, “in. aluminum tubi The 
hose clamp is made of stainless steel and is available at 
‘Sears. The rest of the hardware is aluminum, 
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Fig 66—Standing-wave ratio of the 6-foot vertical using a 
7-foot top hat and 14 turns of loading 6 inches below the 
top hat. 


ing of 14 tums of B&W 3029 Miniductor stock 
inch dia, 6 TPI, #12 wire) is installed 6 inches below the 
top hat (see Fig 65). This antenna exhibits a feed-point im. 
pedance of 3.5 Qat7.21 MHz. For operation above or below 
this frequency, the number of coil turns must be decreased or 
increased, respectively. Matching is accomplished by increas- 
ing the feed-point impedance to 14 Q through addition of a 
4:1-transformer, then matching 14 0 to 50 Q (feeder imped- 
ance) by means of a pi network. The 2:1 SWR bandwidth for 
this antenna is approximately 100 kHz. 

More than 200 contacts with the 6-foot antenna have 
indicated the efficiency and capability of a short vertical. 
Invariably at distances greater than 500 or 600 miles, the 
short vertical yields excellent signals. Similar antennas can 
be scaled and constructed for bands other than 7 MHz. The 
7-foot-diameter-top hat was tried on a 3.5-MHz vertical, with 
‘an antenna height of 22 feet. The loading coil had 24 turns 
and was placed 2 feet below the top hat. On-the-air results 
duplicated those on 40-meters. The bandwidth was 65 kHz. 

Short verticals such as these have the ability to radi- 
ate and receive almost as well as a full-size quarter-wave. 
‘Trade-offs are in lowered input impedances and bandwidths 
However, with a good radial system and a proper design, these 
trade-offs can be made entirely acceptable. 


Q 


Short Continuously Loaded Verticals 
While there is the option of using lumped inductance 
to achieve resonance in a short antenna, the antenna can also 
be helically wound to provide the required inductance. This 
is shown in Fig 68. Shortened quarter-wavelength vertical 
antennas can be made by forming a helix on along cylindrical 
insulator. The diameter of the helix must be small in terms of 
2to prevent the antenna from radiating in the axial mode. 

‘Acceptable form diameters for HF-band operation are 
from 1 inch to 10 inches when the practical aspects of antenna 
construction are considered, Insulating poles of fiberglass, 
PVC tubing, treated bamboo or wood, or phenolic are suit- 
able for use in building helically wound radiators. If wood 
‘or bamboo is used the builder should treat the material with 
at least two coats of exterior spar varnish prior to winding 
the antenna element. The completed structure should be 
given two more coats of varnish, regardless of the material 
used for the coil form. Application of the varnish will help 
‘weatherproof the antenna and prevent the coil turns from 
changing position. 

No strict rule has been established concerning how short 
helically wound vertical can be before a significant drop in 
performance is experienced. Generally, one should use the 
‘greatest amount of length consistent with available space. 
‘A guideline might be to maintain an element length of 0.05 
wavelength or more for antennas which are electrically a 
quarter wavelength long. Thus, use 13 feet or more of stock 
for an 80-meter antenna, 7 feet for 40 meters, and so on. 

A quarter-wavelength helically wound vertical can be 
used in the same manner as a full-size vertical. That is, it 
can be worked against an above-ground wire radial system 
(four or more radials), or it can be ground-mounted with 


Low-Frequency Antennas 6-37 


Fig 67—Base of the verti 


‘Zinches thick. Sixty tapped holes for %-20 aluminum hex- 
head bolts form the outer ring and 20 form the inner ring. 
The inner bolts were used for performance comparisons 
with more than 60 radials. The insulator is polystyrene 
‘material (phenolic or Plexiglas suitable) with a1-inch 
diameter. Also shown is the impedance bridge used for 
‘measuring input resistance. 
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Fig 68—Helically wound ground-plane vertical. 
Performance from this type of antenna is comparable 

to that of many full-size 1/4 vertical antennas. The major 
design trade-off is usable bandwidth. All shortened 
antennas of this variety are narrow-band devices. At 

7 Mhz, in the example illustrated here, the bandwidth 
between the 2:1 SWR points will be on the order of 

'50 kHz, half that amount on 80 meters, and twice that 
‘amount on 20 meters. Therefore, the antenna should be 
adjusted for operation in the center of the frequency band 
of interest. 
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radials buried or lying on the ground. Some operators have 
reported good results when using antennas of this kind with 
fourhelically wound radials cut for resonance at the operating 
frequency. The latter technique should capture the attention, 
Of those persons who must use indoor antennas. 


Winding Information 

There is no hard-and-fast formula for determining 
the amount of wire needed to establish resonance in a hel 
cal antenna. The relationship between the length of wire 
needed for resonance and a full quarter wave at the desired 
frequency depends on several factors. Some of these are wire 
size, diameter of the turns, and the dielectric properties of 
the form material, to name a few. Experience has indicated 
that a section of wire approximately one half wavelength 
Jong, wound on an insulating form with a linear pitch (equal 
spacing between turns) will come close to yielding a reso- 
nant quarter wavelength. Therefore, an antenna for use on 
160 meters would require approximately 260 feet of wire, 
spirally wound on the support. 

No specific rule exists concerning the size or type of 
wire one should use in making a helix. Larger wire sizes are, 
of course, preferable in the interest of minimizing PR losses 
inthe system. For power levels up to 1000 W itis wise to use 
‘a wite size of #16 or larger. Aluminum clothesline wire is 
suitable for use in systems where the spacing between turns 
is greater than the wire diameter. Antennas requiring close- 
spaced turns can be made from enameled magnet wire or #14 
vinyl jacketed, single-conductor house wiring stock. Every 
cffort should be made to keep the turn spacing as large as is 
practical to maximize efficiency. 

A short rod or metal dise should be made for the top 
‘or high-impedance end of the vertical. This is a necessary 
part of the installation to assure reduction in antenna Q. This 
broadens the bandwidth of the system and helps prevent ex- 
‘tremely high amounts of RF voltage from being developed 
at the top of the radiator. (Some helical antennas act like 
‘Tesla coils when used with high-power transmitters, and can 
‘actually catch fire at the high-impedance end when a stub or 
disc is not used.) Since the Q-lowering device exhibits some 
additional capacitance in the system, it must be in place before 
the antenna is tuned, 


‘Tuning and Matching 

Once the element is wound it should be mounted where 
it willbe used, with the ground system installed. The feed end. 
of the radiator can be connected temporarily to the ground 
system. Use a dip meter to check the antenna for resonance 
by coupling the dipper to the last few turns near the ground 
‘end of the radiator. Add or remove turns until the vertical is 
resonant at the desired operating frequency. 

It is impossible to predict the absolute value of feed 
impedance for a helically wound vertical. The value will 
depend upon the length and diameter of the element, the 
‘ground system used with the antenna, and the size of the disc 
Oo stub atop the radiator. Generally speaking, the radiation 
resistance will be very low—approximately 3 to 100. An L 


1.4 Network slicing and software-defined networks 


It is vital to understand that the set of indicators listed in Section 1.3 determine a set of peak 
performances for 5G. It will not, however, be possible to achieve all these peak values 
simultaneously: not every requirement or use case is compatible, so a trade-off will need to be made 
when defining categories of use that each have their own performance envelope, notably for the use 
cases described in Section 1.2 (mMTC, eMBB and URLLC). This is the principle of network slicing: each 
slice has its own set of KPI, which is a trade-off tied to the target use. On a 5G system, the network 
properties will need to adapt to the chosen environment. 


‘The following diagram positions the three main use cases listed in Section 1.2. with respect to the 
eight key performance indicators listed above. 
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Figure 8. Key performance indicators for the three 5G use cases** 


per km? 


So for applications that require enhanced mobile broadband (eMBB), such as 4K, 8K or 3D video or 
Virtual reality, a certain number of performance indicators, such as spectrum efficiency, peak data 
rate and area traffic capacity, can be reached only at the expense of others, such as latency or 
connection density. 


On the flipside, when a massive simultaneous connection of connected objects (mMTC) needs to be 
managed, the network will concentrate its resources and use the technologies required to achieve 
this task, but will not be able, for instance, to use spectrum as efficiently or to guarantee low latency. 
Lastly, when ultra-reliable and low latency communications (uRLLC) are required, the number of 
simultaneous connections, data rates and spectrum efficiency may be reduced. 

This flexibility, or ability to adapt, that network slicing brings can only be achieved thanks to the 
softwarisation and virtualisation of a sizeable number of network components (cf. 1.5.2) ~ a process 
referred to as Software-Defined Networking (SDN) and Network Function Virtualisation (NFV). 
Behind these acronyms is a common idea, namely to use as many generic and reconfigurable 
components as possible, rather than bespoke ones that are permanently dedicated to very specific 
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network of the kind shown in Fig 68 can be used to increase 
the impedance to 50 Q. The Q, (loaded Q) of the network 
inductors is low to provide reasonable bandwidth, consistent 
\with the bandwidth of the antenna. Network values for other 
‘operating bands and frequencies can be determined by using 
the reactance values listed below: The design center for the 
network is based on a radiation resistance of 5 Q. Ifthe exact, 
feed impedance is known, the following equations can be 
used to determine precise component values for the matching 
network. (See Chapter 25, Coupling the Transmitter to the 
Line, for additional information on L-network matching.) 


XA QRL 4?) 
(E48) 
Xu=Xa+ B49) 


sapacitive reactance of C1 
“apacitive reactance of C2 
inductive reactance of L1 
loaded Q of network 

R,,= radiation resistance of antenna 


Example: Find the network constants for a helical 
antenna with a feed impedance of 5 Q at 7 MHz, Q = 3: 


‘Therefore, C1 
0.7 H. The capacitors can be made from parallel or series 


1500 pF, C2 = 1350 pF, and Li = 


combinations of transmitting micas. L, can be a few turns 
of large Miniductor stock. At RF power levels of 100 W or 
less, large compression trimmers can be used at C1 and C2 
because the maximum RMS voltage at 100 W (across 50.0) 
will be 50 V. At, say, 800 W there will be approximately 
220 V RMS developed across 50 Q. This suggests the use of 
small transmitting variables at C1 and C2, possibly connected 
in parallel with fixed values of capacitance to constitute the 
required amount of capacitance for the network. 

By making some part of the network variable, it will 
be possible to adjust the circuit for an SWR of 1:1 without 
knowing precisely what the antenna feed impedance is. Ac- 
tually, Cl is not required as part of the matching network. 
It is included here to bring the necessary value for L1 into 
‘a practical range. 

Fig 68 illustrates the practical form a typical helically 
‘wound ground-plane vertical might take. Performance from 
this type antenna is comparable to that of many full-size 


quarter-wavelength vertical antennas. The major design 
trade-off is in usable bandwidth. All shortened antennas of 
this variety are narrow-band devices. At 7 MHz, in the ex- 
ample illustrated here, the bandwidth between the 2:1 SWR 
points will be on the order of 50 kHz, half that amount on 
80 meters, and twice that amount on 20 meters. Therefore, 
the antenna should be adjusted for operation in the center of 
the frequency spread of interest. 


SHORTENED DIPOLES 


As shown in preceding sections, there are a number of 
‘ways to load antennas so they may be reduced in size with: 

‘out severe reductions in effectiveness. Loading is always a 
‘compromise; the best method is determined by the amount 
of space available and the band(s) to be worked. 

‘The simplest way to shorten a dipole is shown in Fig 69, 

If you do not have sufficient length between the supports, 

simply hang as much of the center of the antenna as possible 
between the supports and let the ends hang down. The ends 
can be straight down or may be at an angle as indicated but 
in either case should be secured so that they do not move in 
the wind. As long as the center portion between the supports 
is atleast %, the radiation pattern will be very nearly the same 
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Fig 69—When space is limited, the ends may be bent 
downward as shown at A, or back on the radiator 
‘shown at B. The bent dipole ends may come straight 

gle away from the center of the 
antenna. An inverted V at C can be erected with the ends 
bbent parallel to the ground when the support structure is 
not high enough. 
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as.a full-length dipole. 

The resonant length of the wire will be somewhat 
shorter than a full-length dipole and can best be determined 
by experimentally adjusting the length of ends, which may 
be conveniently near ground. Keep in mind that there can be 
very high potentials at the ends of the wires and for safety 
the ends should be kept out of reach. Letting the ends hang, 


ig 70—-At Ais a dipole antenna lengthened electrically 
with off-center loading coils. 

greater effi be realized 
B, but as B is increased, L must be larger in value to 
maintain resonance. If the two coils are placed at the ends 
of the antenna, in theory they must be infinite in size to 
‘maintain resonance. At B, capacitive loading of the ends, 
either through proximity of the antenna to other objects 
or through the addition of capacitance hats, will reduce 
the required value of the coils. At C, a fan dipole provides 
some electrical lengthening as well as broadbanding 


down as shown is a form of capacitive end loading. While it 
is efficient, it will also reduce the matching bandwidth—as 
does any form of loadi 

‘The most serious drawback associated with inductive 
loading is high loss in the coils themselves. It is important, 
that you use inductors made from reasonably large wire or 
tubing to minimize this problem. Close winding of turns 
should also be avoided if possible. A good compromise is to 
use some off-center inductive loading in combination with 
capacitive end loading, keeping the inductor losses small and 
the efficiency as high as possible. 

‘Some examples of off-center coil loading and capa: 
citive-end loading are shown in Fig 70. This technique was 
described by Jerry Hall, KITD in Sep 1974 QST. In the 
equation below, the diameter D is that of the wire used for 
the antenna, in inches. The frequency fis expressed in MHz. 


Fig 71—Chart for determining 


approximate inductance values for 


Ht off-center-loaded dipoles. See Fig 70A. 


{l] tthe intersection of the appropriate 


T Curve from the body of the chart for 


| dimension A and proper value for 


‘the col position from the horizontal 
/ scale at the bottom of the chart, read 
the required inductive reactance for 


resonance from the scale atthe left. 


Dimension A is expressed as percent 


length of the shortened antenna with 


respect to the length of a half-wave 


dipole of the same conductor material, 


Dimension B is expressed as the 
percentage of col distance rom the 


int to the end of the antenna. 
smple, a shortened antenna, 
'50% or half the size of a halt- 


‘wave dipole (one-quarter wavelength 


overall) with loading coils positioned 


midway between the feed point and 


each end (50% out), would require 


coils having an inductive reactance of 
approximately 950.0 at the operating 


frequency for antenna resonance. 
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Fig 72—The WOSVM “Shorty Forty” 
center-loaded antenna. Dimensions 
given are for 7.0 MHz. The loading 

Coil is 5 inches long and 2" inches 
diameter. Ithas a total of 30 turns of 
#12 wire wound at 6 turns per inch 
(Miniductor 3029 stock). 
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For the antennas shown, the longer the overall length (dimen- 
sion A, Fig 70A, in feet) and the farther the loading coils are 
from the center of the antenna (dimension B, also in feet), 
the greater the efficiency of the antenna. As dimension B is 
increased, however, the inductance required to resonate the 
‘antenna at the desired frequency increases. 

Approximate inductive reactances for single-band reso- 
nance (for the antenna in Fig 70A only) may be determined with 
the aid of Fig 71 or from Eq 10 below. The final values will 
depend on the proximity of surrounding objects in individual 


installations and must be determined experimentally. The use of 
high-Q low-loss coils is important for maximum efficiency. 

A dip meter or SWR indicator is recommended for use 
during adjustment of the system, Note that the minimum 
inductance required is for a center-loaded dipole. Ifthe in 
ductive reactance is read from Fig 66 for a dimension B of 
zero, one coil having approximately twice this reactance can 
be used near the center of the dipole. Fig 72 illustrates this 
idea. This antenna was conceived by Jack Sobel, WOSVM. 
‘who dubbed the 7-MHz version the “Shorty Forty: 


(Eq 10) 


Inverted-L Antennas 


‘The antenna shown in Fig 73 is called an inverted-L. 
antenna, It is simple and easy to construct and is a good 
antenna for the beginner or the experienced 1.8-MHz DXer. 
Because the overall electrical length is made somewhat 
‘greater than 2/4, the feed-point resistance is on the order of 
50 Q, with an inductive reactance. That reactance is canceled 
by a series capacitor as indicated in the figure. For a verti- 
cal section length of 60 feet and a horizontal section length 
Of 115 feet, the input impedance is = 40 + j 300 Q. Longer 
vertical or horizontal sections would increase the input im- 
pedance. The azimuthal radiation pattern is slightly asym- 
metrical with =1 to 2-dB increase in the direction opposite 
to the horizontal wire. This antenna requires a good buried 
‘ground system or elevated radials and will have a 2:1 SWR 
‘bandwidth of about 50 kHz. 


This antenna is a form of top-loaded vertical, where the 
top loading is asymmetrical. This results in both vertical and 
horizontal polarization because the currents in the top wire 
do not cancel like they would in a symmetrical-T vertical 
This is not necessarily a bad thing because it eliminates the 
zenith null present in a true vertical. This allows for good 
communication at short ranges as well as for DX. 

‘A yardarm attached to a tower ora tree limb can be used 
to support the vertical section. As with any vertical, for best 
results the vertical section should be as long as possible. A 
‘good ground system is necessary for good results—the better 
the ground, the better the results. 

If you don’t have the space for the inverted L shown 
in Fig 73 (with its 115-foot horizontal section) and if you 
don't have a second tall supporting structure to make the top 
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Fig 73—The 1.8-MHz inverted L. Overall wire length is 165 
10 175 feet. The variable capacitor has a capacitance range 
‘rom 100 to 800 pF, at 3 kV or more. Adjust antenna length 
‘and variable capacitor for lowest SWR. 
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Fig 75—Overlay ofthe elevation responses forthe in- 
Verted-L antennas in Fig 73 (solid line) and Fig 74 (dashed 
line). The gains are very close for these two setups, 

rovided that the ground radial system for the antenna in 
ig 74is extensive enough to keep ground losses low. 
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Fig 74—Sketch showing a modified 160-meter inverted L, 
with a single supporting 60-foot high tower and a 79-foot 
long slanted top-loading wire. The feed-point impedance 
is about 12 0 in this system, requiring a quarter-wave 
matching transformer made of paralleled 50-0 coaxes. 


wire horizontal, consider sloping the top wire down towards 
ground. Fig 74 illustrates such a setup, with a 60-foot high 
vertical section and a 79-foot sloping wire. As always, you 
will have to adjust the length of the sloping wire to fine-tune 
the resonant frequency. For a good ground radial system, 
the feed-point impedance is about 120, which may be 
transformed to 50.Q with a 25-0 quarter-wave transformer 
consisting of two paralleled 50-Q quarter-wave coaxes. The 
peak gain will decrease about 1 dB compared to the inverted 
L shown in Fig 73. Fig 75 overlays the elevation responses for 
average ground conditions. The 2:1 SWR bandwidth will be 
about 30 kHz, narrower than the larger system in Fig 73. 

If the ground system suggested for Figs 73 and 74 is 
not practical, you can use a single elevated radial as shown 
in Fig 76. For the dimensions shown in the figure Z, = 50-+ 
498 ©, requiring a 175-pF series resonating capacitor. The 
‘azimuthal radiation pattern is shown in Fig 77 compared to 
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ig 76—A single elevated radial can be used for the 
inverted-L. This changes the directivity slightly. The series 
tuning capacitor is approximately 175 pF for this system. 


ig 77—Azimuthal pattern comparison for inverted-L 
antennas shown in Fig 73 (solid line) and the compromise, 
single-radial system in Fig 76 (dashed line). This is for a 
takeotf angle of 10°. 
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Fig 78—Azimuthal pattern at a takeoff angle of 5 for an 
80-meter version ofthe inverted L (solid line) in Fig 73, 
compared to the response for a 100-foot high fattop 
dipole (dashed lin). 


the inverted L in Fig 68. Note that the 1 to 2-dB asymmetry 
is now in the direction of the horizontal wires, just the op- 
posite ofthat fora symmetrical ground system. The 2:1 SWR 
‘bandwidth is about 40 kHz, assuming thatthe series capacitor 
is adjusted at 1.83 MHz for minimum SWR. 

Fig 78 shows the azimuthal response at a 5° elevation 
angle for an 80-meter version of the inverted L in Fig 73. 
‘The peak response occurs at an azimuth directly behind the 
direction in which the horizontal portion of the inverted L 
points. For comparison, the response for a 100-foot high flat 
top dipole is also shown, The top wire of this antenna is only 
40 feet high and the 2:1 SWR bandwidth is about 150 kHz 
‘wide with a good, low-loss ground-radial system. 

Fig 78 illustrates that the azimuth response of an in- 
verted L is nearly omnidirectional. This gives such an antenna, 
‘an advantage in certain directions compared to a flattop 
dipole, which is constrained by its supporting mounts (such 
as trees or towers) to favor fixed directions. For example, 
the flattop dipole in Fig 78 is at its weakest at azimuths of 
90° and 270°, where it is down about 12 dB compared to 
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Fig 72—Details and dimensions for gamma-match feeding 
‘a 50-foot tower as a 1.8-MHz vertical antenna. The rotator 
‘cable and coaxial feed line for the 14-MHz beam is taped 
to the tower legs and run into the shack from ground level. 
No decoupling networks are necessary. 


the inverted L. Hams who are fortunate enough to have high 
rotary dipoles or rotatable low-band Yagis have found them 
to be very effective antennas indeed. 


A DIFFERENT APPROACH 


Fig 79 shows the method used by Doug DeMaw, 
WIEFB, to gamma match his self-supporting 50-foot tower 
operating as an inverted L. A wire cage simulates a gamma 
rod of the proper diameter. The tuning capacitor is fashioned 
from telescoping sections of 1 and 1/-inch aluminum tub- 
ing with polyethylene tubing serving as the dielectric. This, 
capacitor is more than adequate for power levels of 100 W. 
‘The horizontal wire connected to the top of the tower pro- 
vides the additional top loading. 


Low-Frequency Antennas 6-43 


Sloper Antennas 


Sloping dipoles and 2/2 dipoles can be very useful 
‘antennas on the low bands. These antennas can have one end 
attached to a tower, tree or other structure and the other end. 
near ground level, elevated high enough so that passersby 
can’t contact them, of course. The following section gives 
number of examples of these types of antennas. 


THE HALF-WAVE SLOPING DIPOLE 


Ifyou have a sufficiently high support, you can install a 
halfwave dipole sloping downwards toward ground to provide 
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Fig 80—At A, the azimuthal responses for a flattop dipole 
{solid line), a dipole whose end has been tilted down 45° 
(dashed line), and a HVD (haltwave vertical dipole, dotted 
line). All these were modeled over average ground, with 
‘a conductivity of 5 mSim and a dielectric constant of 

13. Note that the tilted dipole exhibits about 5 dB front- 
to-back ratio, although its maximum gain is less than 
either the HVD or flattop dipole. At B, the elevation-plane 
patterns for the same antennas. Note that the tilted 
halfwave dipole (dashed line) has more energy at higher 
elevation angles than either the flattop dipole or HVD. 


6-44 Chapter 6 


vertical as well as horizontal polarization. This antenna is 
popularly known asa sloper ora halfvave sloper. The amount 
‘of slope from horizontal can vary from 0°, where the dipole is 
ima flatop configuration, all the way to 90°, where the dipole 
becomes fully vertical. The later configuration is sometimes 
called a Halfwwave Vertical Dipole (HVD). 

‘The question arises when contemplating a vertical half 
‘wave dipole or a halfwave sloping dipole about how to treat 
the feed line to make sure it doesn’t accidentally become part 
‘of the radiating system. The ideal situation would be to bring 
the feed line out perpendicular to the vertical or loping wire 
for an infinite distance. Obviously, that isn't very practical 
because the feed line eventually has to be connected to a 
transmitter located near the ground. An intensive modeling 
study on feeding an HVD was done for the book Simple and 
Fun Antennas for Hams. This study indicated that a slant 
‘angle down to the ground of as little as 30° from a vertical 
radiator can work with only minor interaction, provided that 
‘common-mode decoupling chokes were employed atthe feed 
point and a quarter-wavelength down the line from the feed 
point. These common-mode chokes can consist of either di 
crete ferrite beads placed over the outer jacket of the coaxial 
line or multiple turns of the coax itself to form a choke. 

Fig 80A compares the 40-meter azimuthal patterns at 
‘2 DX takeoff angle of 5° for three configurations: a flattop 
dipole, a dipole tilted down 45° and an HVD (halfwave ver 
tical dipole). These are computed for ground with average 
conductivity and dielectric constant, and for a maximum 
height of 80 feet in each configuration. The sloping halfwave 
dipole exhibits about 5 dB of front-to-back ratio, although 
even at its most favored direction it doesn’t quite have the 
same maximum gain as the HVD or the flattop dipole. 

‘The reason why the maximum gain for the sloper is less 
‘than the other two configurations, even while still exhibiting 
some front-to-back pattem, is shown in Fig 80, which shows 
the elevation-plane patterns forthe same antennas, each at the 
azimuth of maximum gain. The halfwave sloper distributes 
much of its energy higher in elevation than the HVD, lower 
ing the peak-gain potential of the sloper. 

You can also see from Fig 80B that the 80-foot high 
horizontal dipole would perform much better than either the 
HVD or halfwave sloper for close-in local contacts, which 
‘occur at high elevation angles. On the other hand, except for 
the greater gain exhibited inthe flattop dipole's most favored 
directions, the HVD has more gain than the other antennas 
at low elevation angles. While the HVD’s omnidirectional 
pattern is a plus for transmitting, it may be a problem for 
receiving, where local noise may be coming from specific di- 
rections (such as power lines) and may also be predominantly 
vertically polarized. In such cases, a horizontally polarized 
flattop dipole may be a considerably better receiving antenna 
than a vertically polarized antenna of any sort. We've already 
mentioned the fact that a rotary flattop dipole high in the air 
ccan be a very effective antenna on the low bands. 


THE QUARTER-WAVELENGTH 
“HALF SLOPER” 


Perhaps one of the easiest antennas to install is the 2/4 
sloper shown in Fig 81. As pointed out above. a sloping 
22 dipole is known among radio amateurs as a sloper oF 
sometimes as a full sloper. I only one half of itis used, it 
becomes a huff sloper. The performance of the two types of 
sloping antennas is similar—They exhibit some directivity 
inthe direction of the slope and radiate vertically polarized 
energy at low angles respective to the horizon. The amount 
of directivity will range from 3 to 6 dB, depending upon 
the individual installation, and will be observed in the slope 
direction 

‘The main advantage of the half sloper over the full half 
\wave-long sloping dipole is that its supporting tower needn't 
bbe as high. Both the half sloper and the full sloper place the 
feed point (the point of maximum current) high above lossy 
‘ground, But the half-sloper only needs half as much wire to 
build the antenna for a given amateur band, The disadvan- 
tage ofthe half sloper is that it is sometimes difficult or even 
impossible to obtain a low SWR when using coaxial-cable 
feed, especially without a good isolating choke balun. ‘See 
the section above on isolating ground-plane antennas.) 

ther factors that affect the feed impedance are tower 
height, height ofthe attachment point, enclosed angle between 
the sloper and the tower, and what is mounted atop the tower 
(HF or VHF beams). Further, the quality ofthe ground under 
the tower (ground conductivity, radials, etc) has a marked 
effect on the antenna performance. The final SWR can vary 
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Fig 81—The 1/4“half sloper” antenna. 


(after optimization) from 1:1 to as high as 6:1. Generally 
speaking, the closer the low end of the slope wire is to ground, 
the more difficult it will be to obtain a good match. 


Basic Recommendations for a Half Sloper 
‘The half sloper can be an excellent DX type of antenna. Hams 
usually instal theirs on a metal supporting structure such as a 
mast or tower. The support needs to be grounded at the lower 
end, preferably to a buried or on-ground radial system. If a 
nonconductive support is used, the outside of the coax braid 
‘becomes the return circuit and should be grounded at the base 
of the support. As a starting point you can attach the sloper 
so the feed point is approximately 2/4 above ground. If the 
tower is not high enough to permit this, the antenna should be 
fastened as high on the supporting structure as possible. Start 
with an enclosed angle of approximately 45° as indicated in 
Fig 81, Cut the wire to the length determined from 
260 


fyate 


(Eq 11) 


This will allow sufficient extra length for pruning the 
wire for the lowest SWR. A metal tower or mast becomes 
an operating part of the half sloper system. In effect, it and 
the slope wire function somewhat like an inverted-V dipole 
antenna, In other words, the tower operates asthe missing half 
of the dipole. Hence its height and the top loading (beams) 
play a significant role. 

Detailed modeling indicates that a sufficiently large 
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mounted on a 50-foot high tower witha large 5-element 20- 
meter beam on the top compared to that fora flattop dipole 
{dashed line) at 100 feet. At a 5° takeott angle typical for DX 
‘work on 80 meters, the two antennas are pretty comparable 
in the directions favored by the high dipole. In other direc- 
tions, the half sloper has an advantage of more than 10 4B. 
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Fig 83—Comparison of elevation patterns for a full-sized 
halfwave sloper (solid line) on a 100-foot tower and a halt 
sloper (dashed line) on a 50-foot tower with a S-element 
20-meter Yagi acting as a top counterpoise. The per- 
formance is quite comparable for these two systems. 


mass of metal (that is, a large, “Plumber's Delight” Yagi) 
connected to the top of the tower acts like enough of a 

‘op counterpoise” that the tower may be removed from 
the model with little change in the essential character- 
istics of the half-sloper system. Consider an installation 
using a freestanding 50-foot tower with a large 5-element 
20-meter Yagi on top. This Yagi is assumed to have a 
40-fo0t boom oriented 90° to the direction of the slanted 80- 
meter half-sloper wire. The best SWR that could be reached 
by changing the length and slant angle for this sloper is 1.67:1, 
representing a feed-point impedance of 30.1 ~ j 2.7 ©. The 
peak gain at 3.8 MHz is 0.97 dBi at an elevation angle of 70°. 
Fig 82 shows the azimuth-plane pattern for this half sloper, 
compared to a 100-foot high flattop dipole for reference, at 
an elevation angle of 5°. 

Removing the tower from the model resulted in a feed- 
point impedance of 30.1 —j 1.5 Qand a peak gain of 1.17 dBi. 
‘The tower is obviously not contributing much in this setup, 
since the mass of the large 20-meter Yagi is acting like an 
clevated counterpoise all by itself It's interesting to rotate the 
‘boom of the model Yagi and observe the change in SWR that 
‘occurs on the half-sloper antenna. With the boom tumed 90°, 
the SWR falls to 1.38:1. This level of SWR change could be 
‘measured with amateur-type instrumentation, 

On the other hand, substituting a smaller 3-element 20- 
meter Yagi with an 18-foot boom in the model does result in 
significant change in feed-point impedance and gain when the 
tower is removed from the model, indicating that the “coun- 
terpoise effect” of the smaller beam is insufficient by itself. 
Interestingly enough, the best SWR for the half sloper/tower 
and the 3-element Yagi (with its boom inline with the half 
sloper is 1.33:1), changing to 1.27:1 with the boom turned 
90°, Such a small change in SWR would be difficult to mea- 
sure using typical amateur instrumentation, 

In any case, the 50-0 transmission line feeding a half 
sloper should be taped to the tower leg at frequent intervals, 
to make it secure. The best method is to bring it to earth level, 
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Fig 84—Comparing the azimuthal response of a half 
sloper (solid line) on a 50-foot tower with a 3-element 


20-meter Yagi on top to that ofa flattop dipole (dashed 
line) at 100 feet. The two are again quite comparable at 
‘a5? takeoff angle. 


then route it to the operating position along the surface of 
the ground if it can’t be buried. This will ensure adequate 
RF decoupling, which will help prevent RF energy from 
affecting the equipment in the station. Rotator cable and 
other feed lines on the tower or mast should be treated in a 
similar manner. 

‘Adjustment of the half sloper is done with an SWR 
indicator in the 50-0 transmission line, A compromise can 
usually be found between the enclosed angle and wire length, 
providing the lowest SWR attainable in the center of the cho- 
sen part of an amateur band. If the SWR “bottoms out” at 2:1 
or lower, the system will work fine without using an antenna 
‘tuner, provided the transmitter can work into the load. Typical 
‘optimum values of SWR for 3.5 or 7-MHz half slopers are 
between 1.3:1 and 2:1. A 100-kHz bandwidth is normal on 
3.5 MHz, with 200 kHz being typical at 7 MHz. 

If the lowest SWR possible is greater than 2:1, the 
attachment point can be raised or lowered to improve the 
match, Readjustment of the wire length and enclosed angle 
may be necessary when the feed-point height is changed. If 
the tower is guyed, the guy wires will need to be insulated 
from the tower and broken up with additional insulators to 
prevent resonance. 

At this point you may be curious about which antenna 
is better—a full sioper or a half sloper. The peak gain for 
each antenna is very nearly identical. Fig 83 overlays the 
clevation-plane pattern for the full-sized halfwave sloper on 
2 100-foot tower and for the half sloper shown in Fig 81 on 
‘2 50-foot tower with a S-element 20-meter Yagi on top. The 


Fig 85—The W1CF halt sloper 
for 160 meters is arranged in 
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this manner. Three monoband 
antennas atop the tower provide 
capacitive loading. 


full-sized halfwave sloper has more front-to-back ratio, butit 
is only a few dB more than the half sloper. Fig 84 compares, 
the azimuthal patterns at a 5° takeoff angle for a 100-foot 
high flattop dipole and a half-sloper system on a S0-foot, 
tower with a 3-element 20-meter Yagi on top. 

Despite the frustration some have experienced trying 
to achieve a low SWR with some half-sloper installations, 
many operators have found the half sloper to be an effective 
and low-cost antenna for DX work. 


1.8-MHz ANTENNA SYSTEMS USING 
TOWERS 


‘The half sloper discussed above for 80 or 40-meter 
‘operation will also perform well on 1.8 MHz where verti- 
cally polarized radiators can achieve the low takeoff angles 
needed on Topband. Prominent 1.8-MHz operators who have 
had success with the half sloper antenna suggest a minimum, 
tower height of 50 feet. Dana Atchley, WICF (SK), used 
the configuration sketched in Fig 85. He reported that the 
uninsulated guy wires act as an effective counterpoise for 
the sloping wire. In Fig 86 is the feed system used by Doug 


Aluminum Clamp 


| ~ shield Broid Under 
Clamp 
“Tower Leg 


Tope 


Fig 86—Feed system used by WIFB for 1.8 MHz half 
‘sloper on a 50-foot self-supporting tower. 
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DeMaw, WIFB (SK), on a 50-foot self-supporting tower. The 
‘ground for the WIFB system is provided by buried radials 
‘connected to the tower base. 

As described previously, a tower can also be used as 
‘a true vertical antenna, provided a good ground system is 
used. The shunt-fed tower is at its best on 1.8 MHz, where a 
full 1/4 vertical antenna is rarely possible. Almost any tower 
height can be used. An HF beam at the top provides some 
top loading. 


THE K1WA 7-MHz “SLOPER SYSTEM” 


(One of the more popular antennas for 3.5 and 7 MHz is 
the half-wave long sloping dipole described previously. David 
Pietraszewski, KIWA, made an extensive study of sloping 
dipoles at different heights with reflectors at the 3-GHz fre- 
{quency range. From his experiments, he developed the novel 
7-MHz antenna system described here. With several sloping 
dipoles supported by a single mast and a switching network, 
‘an antenna with directional characteristies and forward gain 
ccan be simply constructed. This 7-MHz system uses several 

slopers” equally spaced around a common center suppor. 
Each dipole is cut to 2/2 and fed at the center with 50-0 coax. 
‘The length of each feed line is 36 feet. 

All of the feed lines go to a 
‘common point on the support (tower) 
‘where the switching takes place. The 
line length of 36 feet is just over 
32/8, which provides a useful quality. 
AUT MHz, the coax looks inductive 
to the antenna when the end at the 
switching box is open circuited. This 
has the effect of adding inductance 
fat the center of the sloping dipole 
clement, which electrically lengthens 
the element. The 36-foot length of 
feed line serves to increase the length 
ofthe element about 5%. This makes 
any unused element appear to be a 
reflector. 

‘The array is simple and effec- 
tive. By selecting one of the slopers 
through a relay box located at the 
‘tower, the system becomes a parasitic 
array that can be electrically rotated. 
‘All but the driven element of the ar- 
ray become reflectors. 

‘The physical layout is shown 
in Fig 87, and the basic materials 
required for the sloper system are f 
shown in Fig 88. The height of 
‘the support point should be about 
70 feet, but can be less and still give 
reasonable results. The upper portion 
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ig 88—The basic materials required for the sloper 


system. The control box appears at the left, and the relay 
box at the right. 
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ofthe sloper is 5 feet from the tower, 
suspended by rope. The wire makes 
‘an angle of 60° with the ground, 


Fig 87—1 
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sloping dipoles suspended from one support. Directivity and forward 
{gain can be obtained from this simple array. The top view shows how the elements 
‘should be spaced around the support. 


tasks. This evolution towards software-based systems has been in the works for several years, but is 
now becoming possible thanks to improved performances from all of these reconfigurable 
components, including those that are the closest to the elementary tasks of wireless communications 
(detection, baseband coding, bitstream management, frequency handover, signal processing, etc.). 


1.5 Technological building blocks to achieve the objectives 
15,1 Airinterface 


Several, sometimes competing radio access technologies are currently being examined. Some have 
already been pre-implemented by equipment manufactures and can be used in trials, notably 
‘massive MIMO and NFV. Others, such as NOMA modulation and mobile edge computing (MEC), will 
no doubt take longer before they are ready to be used. In any event, a consensus ~ which could be 
painful for certain suppliers whose investments will be lost - will need to be found when defining SG 
standards, to ensure the systems’ interoperability. 


The technologies currently bi 


ig examined are the following: 


- _ Millimetre wave frequencies: the use of millimetre wave frequencies constitutes one of the 
disruptive 5G technologies. The term refers to the frequencies above 6 GHz which have 
never been considered for mobile fronthaul network rollouts, for reasons of technological 
maturity and propagation quality. To meet the demand for ever increasing data rates and 
traffic volumes, new bands with very wide channels (over 100 MHz per user) will need to be 
employed: millimetre wave frequencies could provide this spectrum resource, and in certain 
cases their use would make it possible to achieve the data rates listed in Table 1. 
Comparisons between 4G and 5G). In exchange, to be able to use these frequencies all of the 
required, miniaturised low-cost technologies will need to be developed, and ensure a level of 
energy consumption that is compatible with portable devices (amplifiers, coders, signal 
processing, antennae, etc.). In particular, because of millimetre waves’ poor propagation 
quality, each cell will have limited coverage and so require the use of beamforming 
(described below) to better focus the power transmitted by the antenna, 

- Massive MIMO (Multiple inputs - Multiple Outputs): this technology involves the use of a 
large number of smart micro-antennae, located on the same panel (between eight and 128 
today, but the number will increase with the use of frequencies above 6 GHz). The appeal of 
using massive MIMO is twofold: first, the technology makes it possible to increase data rates, 
thanks to spatiotemporal multiplexing; second, it makes it possible to focus energy on a 
device to improve its link budget, thanks to beamforming. 
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Fig 89—Inside view of relay box. Four relays pro\ 
control over five antennas. See text. The relays pictured 
here are Potter and Brumfeld type MR11D. 


In Fig 89, the switch box is shown containing all the 
necessary relays to select the proper feed line for the desired 
direction. One feed line is selected at a time and the feed 
lines of those remaining are opened, Fig 90. In this way the 
array is electrically rotated. These relays are controlled from 
inside the shack with an appropriate power supply and rotary 
switch, For safety reasons and simplicity, 12-volt de relays 
are used. The control line consists ofa five conductor cable, 
‘one wire used as a common connection; the others go to the 
four relays. By using diodes in series with the relays and a 
ual-polarity power supply, the number of control wires can 
be reduced, as shown in Fig 90B. 

Measurements indicate that this sloper array provides 
up to 20 dB front-to-back ratio and forward gain of about 
44B over a single half-wave sloper. Fig 91 shows the azi 
rmuthal pattern (at a 5° takeoff angle) for the KIWA array. 
compared to a 100-foot high flattop dipole and a full sloper 
suspended from a 50-foot tower. These patterns were cal- 
culated for average ground conditions. Just for fun, look at 
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basic layout, excluding control cable and antennas. Note thi 


iagram for sloper control system. All relays are 12-volt de, OPDT, 


'8-A contact ratings. At A, the 
at the braid of the coax is also open-circuited when not in use. 


Each relay is bypassed with 0.001-F capacitors. The power supply is a low current type. At B, diodes are used to reduce 


the number of control wires when using dec relays. See text. 
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Fig 91—Azimuth pattern for KIWA 40-meter sloper array 
(solid tne), compared to aflattop dipole (dashed line) 
31100 feet and a halfwave ful sloper on a 50-fot tower 
(dotted line). The K1WA array has an excelent frontto- 
backratio and almost as much gain as the high flattop 
dipole, These patterns are for average ground. 


Fig 92, which shows a comparison between a 100-foot high 
flattop dipole and a KIWA array placed over saltwater. Now 
‘that’s a real barnburner at low takeoff angles! Such a seaside 
system would be very competitive with a rotatable 2-element, 
shorty-40” type of Yagi. 

fone direction is the only concern, the switching system 
ccan be eliminated and the reflectors should be cut 5% longer 
than the resonant frequency. The feature worth noting is the 
‘good F/B ratio. By arranging the system properly, a null can 
be placed in an unwanted direction, thus making itan effective 
receiving antenna. Inthe tests conducted with this antenna, the 
number of reflectors used were as few as one and as many as 
five. The optimum combination appeared to occur with four 
reflectors and one driven element. No tests were conducted 
‘with more than five reflectors. This same array can be scaled 
10 3.5 MHz for similar results. 
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Multiband 
Antennas 


For operation in a number of bands, such as those 
between 3.5 and 30 MHz, it would be impractical for most 
amateurs to put up a separate antenna for each band. But 
this is not necessary—a dipole, cu forthe lowest frequency 
band to be used, can be operated readily on higher fre- 
quencies. To do so, one must be willing to accept the fact 
that such harmonic-type operation leads to a change in the 
directional pattern of the antenna, both in the azimuth and 
the elevation planes (see Chapter 2, Antenna Fundamentals, 
‘and Chapter 3, The Effects of Ground). 

You can see from discussions in Chapter 6, Low- 
Frequency Antennas, that you should carefully plan the 
height at which you install a multiband horizontally polarized 
antenna. This is one aspect of multiband antennas. Another 
important thing to consider is that you should be willing to 
use so-called tuned feeders. A center-fed single-wite antenna 
ccan be made to accept power and radiate it with high effi 
ciency on any frequency higher than its fundamental resonant 
frequency and, with reduction inefficiency and bandwidth, 
‘on frequencies as low as one half the fundamental 

Infact, itis not necessary for an antenna tobe a full half- 


wavelength long at the lowest frequency. An antenna can be 
considerably shorter than '4 2, even as short as “and still 
be a very efficient radiator. The use of such short antennas 
results in stresses, however, on other parts of the system, for 
example the antenna tuner and the transmission line, This 
will be discussed in some detail in this chapter. 

Methods have been devised for making a single antenna 
structure operate on a number of bands while still offering a 
good match to a transmission line, usually of the coaxial type. 
It should be understood, however, that a multiband antenna is, 
not necessarily one that will match a given line on all bands 
fon which you intend to use it. Even a relatively short whip 
type of antenna can be operated as a multiband antenna with 
suitable loading for each band. Such loading may be in the 
form of a coil at the base of the antenna on those frequen 
cies where loading is needed, or it may be incorporated in 
the tuned feeders running from the transmitter to the base 
of the antenna, 

This chapter describes a number of systems that can be 
used on two or more bands. Beam antennas, such as Yagis or 
‘quads, are treated separately in later chapters. 


Simple Wire Antennas 


‘The simplest multiband antenna is a random length of 
#12 or #14 wire, Power can be fed to the wire on practically 
any frequency using one or the other of the methods shown 
in Fig 1, I'the wire is made either 67 or 135 feet long, it can 
also be fed through a tuned circuit, as in Fig 2. Itis advanta- 
‘geous to use an SWR bridge or other indicator in the coax 
line at the point marked “X.” 


If you have installed a 28- or 50-MHz rotary beam, in 
‘many cases it may be possible to use the beams feed line as 
‘an antenna on the lower frequencies. Connecting the two wires 
of the feeder together at the station end will give a random 
length wire that can be conveniently coupled to the transmitter 
asin Fig 1. The rotary system at the far end will serve only to 
end-load the wire and will not have much other effect. 
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Fig 1—At A, a randomength wie driven directly from the 
pinetwork output ofa transmitter. AtB, an Lnetwork for 
Use in cases where sufficient loading cannot be obtained 
withthe arangement at A. C1 should have about the same 

late spacing as the final tank capacitor In a vacuum-tube 
{ype of ranamittera maximum capacitance of 100 pF 
Suificlent I Lt is 20 to 25H. A sullabe col would consist 
{9f 30 turns of #12 wie, 2/4 inches diameter, 6 ums per 
inch. Bare wire should be used so the tap canbe placed 
a8 requlted for loading the transmitter. 


4137 or 67° 
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‘One disadvantage of all such directly fed systems is that 
part of the antenna is practically within th station, and there 
is a good chance that you will have some trouble with RF 
feedback. RF within the station can often be minimized by 
choosing a length of wire so thatthe low feed-point imped: 
ance ata current loop occurs ator near the transmitter. This 
‘means using a wire length of 2/4 (65 feet at 3.6 MHz, 33 feet 
at 7.1 MHz), or an odd multiple of 2/4 (/-2 is 195 feet at 
3.6 MHz, 100 feet at 7.1 MHz). Obviously this can be done 
for only one band in the case of even harmonically related 
bands, since the wire length that presents a current loop at 
the transmitter will prsent a voltage loop at two (or four) 
times that frequency. 

‘When you operate with arandom-length wire antenna, as 
inFigs | and , you should try different types of grounds on the 
various bands, to see what gives you the best results. In many 
cases it will be satisfactory to return tothe transmitter chassis 
for the ground, or directly to a convenient metallic water pipe. 
Ifneither of these works well (or the metallic water pipe is not 
availabe), a length of #12 or#14 wire (approximately 2/4 long) 
can often be used to good advantage. Connect the wire atthe 
point inthe circuit that is shown grounded, and run it out and 
down the side of the house, or support ita few feet above the 
_ground ifthe station ison the first floor or inthe basement. It 
should not be connected to actual ground at any point 


END-FED ANTENNAS 


‘When a straight-wire antenna is fed at one end with a 
‘wo-wire transmission line, the length ofthe antenna portion 
becomes critical if radiation from the line is to be held to a 
minimum. Such an antenna system for multiband operation 
isthe end-fed Zep or Zepp-fed antenna shown in Fig 3. The 
antenna length is made 7/2 long at the lowest operating fre 

quency. (This name came about because the first documented 
use ofthis sort of antennas was on the Zeppelin airships.) The 
feeder length can be anything that is convenient, but feeder 
lengths that are multiples of 2/4 generally give touble with 
parallel currents and radiation from the feeder portion of the 
system. The feeder can be an open-wire line of #14 solid 


Fig 2—Hf the antenna length is 137 feet, a parallel-tuned 
coupling circuit can be used on each amateur band from 
3.5 through 30 MHz, with the possible exception of the 
WARC 10-, 18- and 24-MHz bands. C1 should duplicate the 
final tank tuning capacitor and Lt should have the same 
dimensions as the final tank inductor on the band being 
sed. Ifthe wire is 67 feet long, series tuning can be used 
(on 3.5 MHz as shown at the left; parallel tuning will be 
required on 7 MHz and higher frequency bands. C2 and 
L2will in general duplicate the final tank tuning capacitor 
and inductor, the same as with parallel tuning. The L 
network shown in Fig 1B is also suitable for these antenna 
lengths. 
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Fig 3—An end-fed Zepp antenna for multiband use. 


copper wire spaced 4 or 6 inches with ceramic or plastic 
spacers. Open-wire TV line (not the type with a solid web 
of dielectric) is a convenient type to use. This type of line 
is available in approximately 300- and 450-0 characteristic 
impedances, 

If you have room for only a 67-foot flat top and yet want 
to operate in the 3.5-MHz band, the two feeder wires can 
be tied together at the transmitter end and the entire system 
treated as a random-length wire fed directly, as in Fig 1 
‘The simplest precaution against parallel currents that could 
cause feed-line radiation is to use a feeder length that is not 
a multiple of 2/4. An antenna tuner can be used to provide 
‘multiband coverage with an end-fed antenna with any length 
of open-wire feed line, as shown in Fig 3 


CENTER-FED ANTENNAS, 


‘The simplest and most flexible (and also least expensive) 
all-band antennas are those using open-wire parallel-conduc- 
tor feeders to the center of the antenna, as in Fig 4. Because 
each half of the flat top is the same length, the feeder cur- 
rents will be balanced at all frequencies unless, of course, 
unbalance is introduced by one half of the antenna being 
closer to ground (or a grounded object) than the other. For 
best results and to maintain feed-current balance, the feeder 
should run away at right angles to the antenna, preferably 
for at least 2/4, 

Center feed is not only more desirable than end feed be- 
cause of inherently better balance, but generally also results in 
a lower standing wave ratio on the transmission line, provided 
‘aparallel-conductor line having a characteristic impedance of 
450 to 600 is used. TV-type open-wire line is satisfactory 
for all but possibly high power installations (over 500 W), 
where heavier wire and wider spacing is desirable to handle 
the larger currents and voltages. 

‘The length of the antenna isnot critical, nor isthe length 
of the line. As mentioned earlier, the length of the antenna 
can be considerably less than 2/2 and still be very effective 
Ifthe overall length is at least 2/4 at the lowest frequency, a 
quite usable system will result. The only difficulty that may 
exist with this type of system is the matter of coupling the 
antenna-system load to the transmitter. Most modern trans- 
ritters are designed to work into a 50-Q.coaxial load. With 
this type of antenna system a coupling network (an antenna 
tuner) is required 


Feed-Line Radiation 


‘The preceding sections have pointed out means of re- 
ducing or eliminating feed-line radiation. However, it should 
bbe emphasized that any radiation from a transmission Line is 
not “lost” energy and is not necessarily harmful. Whether or 
not feed-line radiation is important depends entirely on the 
antenna system being used. For example, feed-line radiation 
is not desirable when a directive array is being used. Such 
feed-line radiation can distort the desired pattern of such an 
array, producing responses in unwanted directions. In other 
words, you want radiation only from the directive array, 
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Fig 4—A center-fed antenna system for multiband use. 


rather than from the directive array and the feed line. See 
Chapter 26, Coupling the Line to the Antenna, for a detailed 
discussion of this topic. 

On the other hand, in the case of a multiband dipole 
where general coverage is desired, if the feed line happens 
to radiate, such energy could actually have a desirable ef: 
fect. Antenna purists may dispute such a premise, but from 
‘a practical standpoint where you are not concerned with a 
directive pattem, much time and labor can be saved by ignor- 
ing possible transmission-line radiation. 


THE 135-FOOT, 80 TO 10-METER DIPOLE 


As mentioned previously, one of the most versatile 
antennas around is a simple dipole, center-fed with open-wire 
‘transmission line and used with an antenna tuner in the shack. 
A 135-foot long dipole hung horizontally between two trees 
‘or towers at a height of 50 feet or higher works very well on 
80 through 10 meters. Such an antenna system has significant 
‘gain at the higher frequencies. 


Flattop or Inverted-V Configuration? 

There is no denying that the inverted-V mounting 
configuration (sometimes called a drooping dipole) is very 
convenient, since it requires only a single support. The flattop 
configuration, however, where the dipole is mounted horizon- 
tally, gives more gain at the higher frequencies. Fig 5 shows 
the 80-meter azimuth and elevation patterns for two 135-foot 
long dipoles. The first is mounted as aflattop at a height of 
550 feet over flat ground with a conductivity of 5 mS/m and a 
dielectric constant of 13, typical for average soil. The second 
dipole uses the same length of wire, with the center apex at 
'50 feet and the ends drooped down to be suspended 10 feet 
off the ground. This height is sufficient so that there is no 
danger to passersby from RF bums. 

At 3.8 MHz, the flattop dipole about 4dB more 
peak gain than its drooping cousin. On the other hand, the 
inverted-V configuration gives a pattern that is more omni- 
directional than the flattop dipole, which has nulls off the 
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‘ends of the wire. Omnidirectional coverage may be more im- 
Portant to net operators, for example, than maximum gain. 

Fig 6 shows the azimuth and elevation patterns for the 
same two antenna configurations, but this time at 14.2 MHz 
‘The flattop dipole has developed four distinct lobes at a 
10° elevation angle, an angle typical for 20-meter skywave 
‘communication. The peak elevation angle gain of 9.4 dBi 
‘occurs at about 17° for a height of 50 feet above flat ground 
for the flattop dipole. The inverted-V configuration is again 
nominally more omnidirectional, but the peak gain is down 
some 6 dB from the flattop. 

The situation gets even worse in terms of peak gain at 


28.4 MHz for the inverted-V configuration. Here the peak 
gain is down about 8 dB from that produced by the flattop 
dipole, which exhibits eight lobes at this frequency with a 
maximum gain of 10.5 dBi at about 7° elevation. See the 
‘comparisons in Fig 7. 

Whatever configuration you choose to mount the 135- 
foot dipole, you will want to feed it with some sort of low-loss, 
‘open-wire transmission line. So-called window 450-O ladder 
line is popular for this application. Be sure to twist the line 
about three or four turns per foot to keep it from twisting 
excessively in the wind, Make sure also that you provide some 
‘mechanical support forthe line atthe junction with the dipole 
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Fig 5—Patterns on 80 meters for 135-foot, center-fed di 
‘erected as a horizontal flattop dipole at 50 feet, compared 


apex at 50 feet and the ends at 10 feet. The azimuth patter 
is shown at A, where the dipole wire lis in the 80° to 270° 
plane. AtB, the elevation pattern the dipole wire comes 
Out ofthe paper ata right angle. On 80 meters, the patterns 
are not markedly different for either fattop or inverted-V 
configuration. 
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as an inverted V with 120° included angle between the 
legs. The azimuth pattern is shown in A and the elevation 
pattern is shown in B. The inverted V has about 6 dB 

less gain at the peak azimuths, but has a more uniform, 
almost omnidirectional, azimuthal pattern. In the elevation 
plane, the inverted V has a fat lobe overhead, m: 
‘somewhat better antenna for local communi 
quite so good for DX contacts at low elevation angles. 


© 


Fig 7—Patterns on 10 meters for same antenna 
configurations as in Figs 7 and 8. Once again, the 
inverted-V configuration yields a more omnidirectional 
pattern, but at the expense of almost 8 dB less gain than 
the flattop configuration at its strongest lobes. 


‘wires. This will prevent flexing of the transmission-line wire, 
since excessive flexing will result in breakage. 


THE GSRV MULTIBAND ANTENNA 


‘A multiband antenna that does not require a lot of 
space, is simple to construct, and is low in cost is the GSRV. 
Designed in England by Louis Varney (GSRV) some years 
‘ago, it has become quite popular in the US. The GSRV design 
is shown in Fig 8. The antenna may be used from 3.5 through 
30 MHz. Although some amateurs claim it may be fed di 
rectly with 50-0 coax on several amateur bands with a low 
SWR, Varney himself recommended the use of an antenna 
tuner on bands other than 14 MHz (see Bibliography). In fac, 
aan analysis of the GSRV feed-point impedance shows there 


Fig &—The GSRV multiband antenna covers 3.5 through 
‘30 MHz, Although many amateurs claim it may be fed 

rectly with 50-2 coax on several amateur bands, Lc 
‘Varney, its originator, recommends the use of a matching 
network on bands other than 14 MHz. 


Fig 9—Azimuth pattern ata 5° takeott angle for a 102- 
{oot long, 50-foot high GSRV dipole (solid line). For 
comparison, the response for a 132-foot long, center-fed 
dipole at 50 feet height (dashed line) and a 33-foot long 
half wave 20-meter dipole at 50 feet (dotted line) are 

also shown. The longest antenna exhibits about 0.5 dB 
more gain than the GRY, although the response is more 
omnidirectional for the GSRV_—an advantage for a wire 
antenna that is not usually rotatable. 


is no length of balanced line of any characteristic impedance 
that will transform the terminal impedance to the 50 to 75-0 
range on all bands. (Low SWR indication with coax feed 
‘and no matching network on bands other than 14 MHz may 
indicate excessive losses in the coaxial line.) 

Fig 9 shows the 20-meter azimuthal pattern fora GSRV 
ata height of 50 feet over flat ground, at an elevation angle of 
'5° that is suitable for DX work. For comparison, the response 
for two other antennas is also shown in Fig 9—a standard half 
\wave 20-meter dipole at 50 feet and a 132-foot long center-fed 
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dipole at 50 feet. The GSRV on 20 metersis, of course, longer 
than a standard half wave dipole and it exhibits about 2 dB 
‘more gain compared to that dipole, With four lobes making 
it look rather like a four-leaf clover, the azimuth pattern is, 
‘more omnidirectional than the two-lobed dipole. The 132-foot 
ccenter-fed dipole is longer than the GSRV and it has about 
(0.5 dB more gain than the GSRV, also exhibiting four major 
lobes, along with two strong minor lobes in the plane of the 
wire. Overall, the azimuthal response for the GSRV is more 
‘omnidirectional than the comparison antennas. 

‘The GSRV patterns for other frequencies are similar 
to those shown for the 135-foot dipole previously for other 
frequencies. Incidentally, you may be wondering why a 
132-foot dipole is shown in Fig 9, rather than the 135-foot 
dipole described earlier. The 132-foot overall length de- 
scribes another antenna that we'll discus in the next section 
fon Windom antennas. 

‘The portion of the GSRV antenna shown as horizontal in 
Fig 8 may also be installed in an inverted-V dipole arrange- 
‘ment, subject to the same loss of peak gain mentioned above 
for the 135-foot dipole. Or instead, up to of the total length 
of the antenna at each end may be dropped vertically, 
vertically, o bent at a convenient angle to the main axis of the 
antenna, to cut down on the requirements for real estate. 


THE WINDOM ANTENNA 


Anantenna that enjoyed popularity in the 1930s and into 
the 1940s was what we now call the Windom. It was known, 
at the time as a “single-feeder Hertz” antenna, after being 
described in Sep 1929 OST by Loren G. Windom, W8GZ. 
(see Bibliography). 

‘The Windom antenna, shown in Fig 10, is fed with a 
single wire, attached approximately 14% off center. In theory, 
this location provides a match for the single-wire transmis 
sion line, which is worked against an earth ground. Because 
the single-wire feed line is not inherently well balanced and 
because it is brought to the operating position, “RF in the 
shack” and a potential radiation hazard may be experienced 
with this antenna, 
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Fig 10—The Windom antenna, cut for a fundamental 
frequency of 3.75 MHz. The single-wire feeder, connected 
14% off center, is brought into the station and the system 
is fed against ground. The antenna is also effective on its 
armor 
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Later variations of the off-center fed Windom moved 
the attachment point slightly to accommodate balanced 
300-0 ribbon line. One relatively recent variation is called the 

‘Carolina Windom.” apparently because two ofthe designers, 
Edgar Lambert, WA4LVB, and Joe Wright, W4UEB, lived 
in coastal North Carolina (the third, Fim Wilkie, WYAR. lived 
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Fig 11—Layout for flattop “Carolina Windom” antenna. 
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Fig 12—20-meter azimuth patterns for a 132-foot long off- 
center fed Carolina Windom and a 132-foot long center-fed 
flattop dipole on 20 meters, both at a height of 50 feet 
above saltwater. The response for the Carolina Windom 

is more omnidirectional because the vertically polarized 
radiation from the 22-foot long vertical RG-8X coax fills in 
the deep nulls. 
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Figure 9. Example of the use of a beamforming antenna to connect Wi-Fi access points" 


Full Duplex: in classic systems, transmission and reception takes place either on different 
frequency bands, i.e. frequency division duplexing (FDD) used on all mobile network bands in 
France, or at different times: time division duplexing (TDD), the top contender for LTE 
wireless local loop networks in France. The full duplex is intended to enable the simultaneous 
transmission and reception of data, on the same frequencies, at the same time and in the 
same location.*® 
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Figure 10. Illustration of full-duplex, compared to FDD and TOD” 


- NOMA Multiplexing (Non Orthogonal Multiple Access): LTE uses what is referred to as 
orthogonal multiplexing, with each device using a portion of the resource blocks in a unique 
fashion at any given time. For SG to provide improved spectrum efficiency compared to 4G, 
the plan is to use non-orthogonal multiplexing methods, whereby several users can use the 
same frequencies at the same time. A distinction can be made between several users by 
assigning different codes to each user — referred to as SCMA or sparse code multiple access ~ 
a combination of 36's code division multiple access (CDMA) and 46's orthogonal frequency 


* https://www slideshare.net/100001290086432/massive-mimo 
The basic operating principle Is the following: an antenna sends a signal at the same time as It is receiving signals coming 
from devices in the cel. However, the signal received by the antenna is a combination of the signal sent by itself and signals 
coming from the devices (everyone is “talking” at once). As it knows which signal it itself has sent, the antenna can subtract 
it during digital processing from the ones it received. So only the signals received fram the devices remain, 


 http://eompeng.columbia.edu/biggest-component-full-duplex-w/-firadio-antenna 
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in nearby Norfolk, Virginia). One of the interesting parts 
about the Carolina Windom is that it tums a potential disad- 
vantage—feed line radiation—into a potential advantage 

ig 11 isa diagram of a flattop Carolina Windom, which 
uses a 50-foot wire joined with an 83-foot wire at the feed- 
point insulator. This resembles the layout shown in Fig 10 
for the original W8GZ Windom. The “Vertical Radiator” for 
the Carolina Windom isa 22-foot piece of RG-8X coax, with 
“Line Isolator” (current-type choke balun) at the bottom 
‘end and a 4:1 “Matching Unit” atthe top. The system takes 
advantage of the asymmetry of the horizontal wires to induce 
‘current onto the braid of the vertical coax section. Note that 
the matching unit is a voltage-type balun transformer, which 
purposely does not act like a common-mode current choking 
balun, You must use an antenna tuner with this system to 
present a 1:1 SWR to the transmitter on the amateur bands 
from 80 through 10 meters. 

‘The radiation resulting from current induced onto the 
22-foot vertical coax section tends to fill in the deep nulls, 
that would be present ifthe 132-feet of horizontal wire were 
symmetrically center fed. Over saltwater, the vertical radiator 
‘can give significant gain at the low elevation angles needed 
for DX work. Indeed, field reports for the Carolina Windom 
are most impressive for stations located near or on saltwater. 
Over average soil the advantage of the additional vertically 
polarized component is not quite so evident. Fig 12 compares, 
.250-foot high Carolina Windom on 14 MHz over saltwater to 
150-foot high, 132-foot long, flattop center-fed dipole. The 
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Fig 13—10-meter azimuthal responses for a 132-foot long, 
50-foot high Carolina Windom over saltwater (solid line) 
and over average ground (dashed line), compared to that 
for a 20-meter hal-wave dipole at 50 feat (dotted line). 


Carolina Windom has a more omnidirectional azimuthal pat- 
tem, a desirable characteristic ina 132-foot long wire antenna 
that is not normally rotated to favor different directions. 

Another advantage of the Carolina Windom over a 
traditional Windom is that the coax feed line hanging below 
the common-mode current choke does not radiate, meaning 
that there will be less “RF in the shack.” Since the feed line 
is not always operating at a low SWR on various ham bands, 
use the minimum length of feed coax possible to hold down, 
losses in the coax. 

Fig 13 shows the azimuth responses for a 50-foot long 
flattop Carolina Windom on 28.4 MHz over saltwater and 
over average soil. The pattern for a 50-foot high, flattop 
20-meter dipole operated on 28.4 MH7 is also shown, since this, 
20-meter dipole can also be used as a multiband antenna, when 
fed with open-wire transmission line rather than with coax. 
Again, the Carolina Windom exhibits a more omnidirectional 
pattern, even ifthe pattern is somewhat lopsided atthe bottom, 


MULTIPLE-DIPOLE ANTENNAS 


‘The antenna system shown in Fig 14 consists ofa group 
of center-fed dipoles, all connected in parallel at the point 
where the transmission line joins them. The dipole elements, 
are stagger-tuned. Thats, they are individually cut tobe 3/2 
different frequencies. Chapter 9, Broadband Antenna Match- 
ing, discusses stagger tuning of dipole antennas to attain a 
low SWR across a broad range of frequencies. An extension, 
of the stagger tuning idea is to construct multiwire dipoles 
‘cut for different bands. 

In theory, the 4-wire antenna of Fig 14 can be used with 
‘a coaxial feeder on five bands. The four wires are prepared 
as parallel-fed dipoles for 3.5, 7, 14, and 28 MHz. The 
7-MHz dipole can be operated on its 3rd harmonic for 
21-MHz operation to cover a fifth band. However, in practice 
ithas been found difficult to get a good match to coaxial line 
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Fig 14—Multiband antenna using paralleled dipoles all 
‘connected to a common low-impedance transmission line. 
The half-wave dimensions may be either for the centers 

of the various bands or selected to fit favorite frequencies 
in each band. The length of a half wave in feet is 468) 
‘frequency in MHz, but because of interaction among the 
various elements, some pruning for resonance may be 
needed on each band. 
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on all bands. The 2/2 resonant length of any one dipole in 
the presence of the others is not the same as for a dipole by 
itself due to interaction, and attempts to optimize all four 
lengths can become a frustrating procedure. The problem is, 
‘compounded because the optimum tuning changes in adiffer- 
‘ent antenna environment, so what works for one amateur may 
not work for another. Even so, many amateurs with limited 
antenna space are willing to accept the mismatch on some 
bands just so they can operate on those frequencies using a 
single coax feed line. 

‘Since this antenna system is balanced, itis desirable to 
use balanced transmission lin to feed it. The most desirable 
type of line is 75-0 transmitting twin-lead. However, either 
52.0 or 75-2 coaxial line can be used. Coax line introduces 
some unbalance, but this is tolerable on the lower frequen 
cies. An alternative is to use a balun at the feed point, fed 
with coaxial cable. 

‘The separation between the dipoles for the various 
frequencies does not seem to be especially critical. One set 
of wires can be suspended from the next larger set, using 
insulating spreaders (of the type used for feeder spreaders) 
to give a separation of a few inches. Users of this antenna 
often run some of the dipoles at right angles to each other 
to help reduce interaction. Some operators use inverted-V- 
‘mounted dipoles as guy wires for the mast that supports the 
antenna system, 

Aninteresting method of construction used successfully 
by Louis Richard, ON4UF, is shown in Fig 15. The antenna 
has four dipoles (for 7, 14, 21 and 28 MHz) constructed 
from 300-0 ribbon transmission line. A single length of rib- 
bon makes two dipoles. Thus, two lengths, as shown in the 
sketch, serve to make dipoles for four bands. Ribbon with 
‘copper-clad steel conductors (Amphenol type 14-022) should 
be used because all of the weight, including that of the feed 
line, must be supported by the uppermost wire. 

‘Two pieces of ribbon are first cut to a length suitable 


for the two halves of the longest dipole. Then one of the 
conductors in each piece is cut to proper length for the next 
‘band higher in frequency. The excess wire and insulation is 
stripped away. A second pair of lengths is prepared in the 
same manner, except that the lengths are appropriate for the 
next two higher frequency bands. 

‘A piece of thick polystyrene sheet drilled with holes 
for anchoring each wire serves as the central insulator. The 
shorter pair of dipoles is suspended the width of the ribbon 
below the longer pair by clamps also made of poly sheet. 
Intermediate spacers are made by sawing slots in pieces of 
poly sheet so they will fit the ribbon snugly. 

‘The multiple-dipole principle can also be applied to 
vertical antennas. Parallel or fanned 2/4 elements of wire or 
tubing can be worked against ground or tuned radials from 
a common feed point. 


OFF-CENTER-FED DIPOLES 

Fig 16 shows an off-center-fed or OCF dipole. Because 
it is similar in appearance to the Windom of Fig 12, this 
antenna is often mistakenly called a “Windom,” or some- 
times a “coax-fed Windom.” The two antennas are not the 
same, since the Windom is worked against its image in the 
‘ground, while one leg is worked against the other in the 
OCF dipole. 

Itis not necessary to feed a dipole antenna at its center, 
although doing so will allow it tobe operated with arelatively 
low feed-point impedance on its fundamental and odd har- 
‘monies. (For example, a 7-MHz center-fed half-wave dipole 
ccan also be used for 21-MHz operation. By contrast, the OCF 
dipole of Fig 16, fed ‘of its length from one end, may be 
used on its fundamental and even harmonics. Its free-space 
antenna-terminal impedance at 3.5, 7 and 14 MHz is on the 
order of 150 to 200 Q. A I: step-up transformer at the feed 
point should offer a reasonably good match to 50- or 75-02 
line, although some commercially made OCF dipoles use a 
1:6 transformer. 

“Atthe 6th harmonic,21 MHz, the antenna is three wave- 
lengths long and fed at a voltage loop (maximum), instead of 
‘a current loop. The feed:-point impedance at this frequency 
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Fig 15—Sketch showing how the twin-lead mul 
dipole antenna system is assembled. The excess 
insulation are stripped aw: 
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Fig 16—The off-center-fed (OCF) dipole for 3.5,7 and 
14 Mz. A 1:4 or 1:6 step-up current balun is used at the 
feed point. 


is high, a few thousand ohms, so the antenna is unsuitable 
for use on this band, 


Balun Requirements 

Because the OCF dipole is not fed at the center of the 
radiator, the RF impedance paths of the two wires at the feed 
point are unequal. Ifthe antenna is fed directly with coax (or 
balanced line), or if voltage step-up transformer is used, 
then voltages of equal magnitude (but opposite polarity) are 
applied to the wires at the feed point. Because of unequal 
impedances, the resulting antenna currents flowing in the 
two wires will not be equal. This also means that antenna 
current can flow on the feeder—on the outside of a coaxial 


line. (You may recall that this is how the Carolina Windom 
‘works, actually inducing current onto a carefully chosen 
length of coax, choked at its bottom end, so that it acts as a 
vertical radiator.) 

How much current flows on the coax shield depends 
‘on the impedance of the RF current path down the outside 
of the feed line. In general, this is not a desirable situation, 
‘To prevent radiation, equal currents are required at the feed 
point, with the same current flowing in and out of the short 
leg as in and out of the long leg of the radiator. A current or 
‘choke type of balun provides just such operation. (Current 
baluns are discussed in detail in Chapter 26, Coupling the 
Line to the Antenna.) 


Trap Antennas 


By using tuned circuits of appropriate design strategi- 
cally placed ina dipole, the antenna can be made to show what 
is essentially fundamental resonance at a number of different 
frequencies. The general principle is illustrated by Fig 17. 

Even though a trap-antenna arrangement isa simple one, 
aan explanation of how a trap antenna works can be elusive 
For some designs, traps are resonated in our amateur bands, 
and for others (especially commercially made antennas) the 
traps are resonant far outside any amateur band, 

‘A trap in an antenna system can perform either of two 
functions, depending on whether or not itis resonant at the 
operating frequency. A familiar case is where the trap is 
parallel-resonant in an amateur band. For the moment, let us 
assume that dimension A in Fig 17 is 32 feet and that each LIC 
combination is resonant in the 7-MHz band. Because of its 
parallel resonance, the trap presents a high impedance at that 
point in the antenna system. The electrical effect at 7 MHz is, 
that the trap behaves as an insulator. It serves to divorce the 
outside ends, the B sections, from the antenna. The result is 


easy to visualize—we have an antenna system that is resonant 


Fig 17—A trap dipole antenna. This antenna may be 
‘fed with 50-0 coaxial line. Depending on the LIC ratio of 
the trap elements and the lengths chosen for dimensions 
‘A and B, the traps may be resonant either in an amateur 
band or at a frequency far removed from an amateur band 
{for proper two-band antenna operation. 


in the 7-MHz band. Each 33-foot section (labeled A in the 
<drawing) represents 2/4, and the trap behaves as an insulator. 
‘We therefore have a full-size 7-MHz antenna. 

‘The second function of a trap, obtained when the 
frequency of operation is nor the resonant frequency of the 
trap, is one of electrical loading. Ifthe operating frequency is 
below that of trap resonance, the trap behaves as an inductor; 
if above, as a capacitor. Inductive loading will electrically 
lengthen the antenna, and capacitive loading will electrically 
shorten the antenna. 

Let's carry our assumption a bit further and try using 
the antenna we just considered at 3.5 MHz. With the traps 
resonant in the 7-MHz band, they will behave as inductors 
\when operation takes place at 3.5 MHz, electrically lengthen- 
ing the antenna. This means that the total length of sections A. 
and B (plus the length ofthe inductor) may be something less 
‘than a physical 2/4 for resonance at 3.5 MHz. Thus, we have 
‘atwo-band antenna that is shorter than full size on the lower 
frequency band. But with the electrical loading provided by 
the traps, the overall electrical length is 2/2. The total antenna 
length needed for resonance in the 3.5-MHz band will depend 
‘on the LIC ratio of the trap elements. 

‘The key to trap operation off resonance is its LIC ratio, 
the ratio of the value of L to the value of C. At resonance, 
however, within practical limitations the L/C ratio is imma- 
terial as far as electrical operation goes. For example, in the 
antenna we've been discussing, it would make no difference 
for 7-MHz operation whether the inductor were | Hand the 
capacitor were 500 pF (the reactances would be just below 
45.Q at 7.1 MHZ), or whether the inductor were 5 1H and 
the capacitor 100 pF (reactances of approximately 224 © at 
7.1 MHz). But the choice of these values will make a signifi- 
cant difference in the antenna size for resonance at 3.5 MHz. 
In the first case, where the L/C ratio is 2000, the necessary 
length of section B of the antenna for resonance at 3.75 MHz. 
‘would be approximately 28,25 feet. In the second case, where 
the LIC ratio is 50,000, this length need be only 24.0 feet, a 
difference of more than 154%, 

‘The above example concerns a two-band antenna with 
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trap resonance at one of the two frequencies of operation. On 
each of the two bands, each half of the dipole operates as an 
electrical 2/4. However, the same band coverage can be ob- 
tained with a trap resonant at, say, 5 MHz, a frequency quite 
removed from either amateur band. With proper selection of 
the L/C ratio and the dimensions for A and B, the trap will act 
to shorten the antenna electrically at 7 MHz and lengthen it 
electrically at 3.5 MHz. Thus, an antenna that is intermediate 
inphysical length between being ful size on 3.5 MHz and full, 
size on 7 MHz can cover both bands, even though the trap is, 
not resonant at either frequency. Again, the antenna operates, 
with electrical /4 sections, Note that such non-resonant traps 
have less RF current flowing in the trap components, and 
hence trap losses are less than for resonant traps 

‘Additional traps may be added in an antenna section to 
cover three or more bands. Or a judicious choice of dimen- 
sions and the L/C ratio may permit operation on three or more 
bands with just a pair of identical traps in the dipole. 

‘An important point to remember about traps is this. If 
the operating frequency is below that of trap resonance, the 
trap behaves as an inductor; if above, as a capacitor. The 
above discussion is based on dipoles that operate electri- 
cally as 2/2 antennas. This is not a requirement, however. 
Elements may be operated as electrical 3/2 i, or even 5/2 2, 
and still present a reasonable impedance to a coaxial feeder. 
In trap antennas covering several HF bands, using electrical 
lengths that are odd multiples of 2/2 is often done at the 
higher frequencies. 

‘To further aid in understanding trap operation, let's now 
‘choose trap L and C components that each have a reactance of 
20 Cat 7 MHz. Inductive reactance is directly proportional to 
frequency, and capacitive reactance is inversely proportional 
When we shift operation to the 3.5-MHz. band, the induc- 
tive reactance becomes 100, and the capacitive reactance 
becomes 40.0. At first thought, it may seem that the trap 
would become capacitive at 3.5 MHz. with a higher capaci- 
tive reactance, and that the extra capacitive reactance would 
‘make the antenna electrically shorter yet. Fortunately, this is 
not the case. The inductor and the capacitor are connected 
in parallel with each other. 
aIXiXe 
Xi+Xc 
where j indicates a reactive impedance component, rather 
than resistive. A positive result indicates inductive reactance, 
and a negative result indicates capacitive. In this 3.5-MHz, 
‘case, with 40 Q of capacitive reactance and 10.0 of induc- 
tive, the equivalent series reactance is 13.3 © inductive. This, 
inductive loading lengthens the antenna to an electrical 2/2 
overall at 3.5 MHz, assuming the B end sections in Fig 17 
are of the proper length, 

With the above reactance values providing resonance at 
7-MHz, X,, equals X¢, and the theoretical series equivalent 
is infinity. This provides the insulator effect, divorcing the 
ends, 

At 14 MHz, where Xy, = 40 Q and Xe = 100, the re- 
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sultant series equivalent trap reactance is 13.3 © capacitive. 
Ifthe total physical antenna length is slightly longer than 
3/22. at 14 MHz, this trap reactance at 14 MHz can be used 
to shorten the antenna to an electrical 3/2 2. In this way, 
3-band operation is obtained for 3.5, 7 and 14 MHz with just 
‘one pair of identical traps. The design of such a system is not 
straightforward, however, forany chosen LIC ratio fora given 
total length affects the resonant frequency of the antenna on 
both the 3.5 and 14-MHz bands. 


Trap Losses 
Since the tuned circuits have some inherent losses, 
the efficiency of a trap system depends on the unloaded Q 
values of the tuned circuits. Low-loss (high-Q) coils should 
bbe used, and the capacitor losses likewise should be kept 
as low as possible. With tuned circuits that are good in this 
respect—comparable with the low-loss components used 
in transmitter tank circuits, for example—the reduction in 
efficiency compared with the efficiency of a simple dipole 
is small, but tuned circuits of low unloaded Q can lose an 
appreciable portion of the power supplied to the antenna 
‘The commentary above applies to traps assembled from 
conventional components. The important function of a trap 
that is resonant in an amateur band is to provide a high isolat- 
ing impedance, and this impedance is directly proportional 
to Q Unfortunately, high Q restricts the antenna bandwidth, 
because the traps provide maximum isolation only at trap 


FIVE-BAND W3DZZ TRAP ANTENNA 

C.L. Buchanan, W3DZZ, created one of the first trap 
antennas for the five pre-1979 WARC amateur bands from 3.5 
10 30 MHz, Dimensions are given in Fig 18. Only one set of, 
‘raps is used, resonant at 7 MHz to isolate the inner (7-MHz) 
dipole from the outer sections. This causes the overall system 
to be resonant in the 3.5-MHz band. On 14, 21 and 28 MHz 
the antenna works on the capacitive-reactance principle just 
outlined. With a 75-0 twin-lead feeder, the SWR with this 
antenna is under 2:1 throughout the three highest frequency 


18—Five-band (3.5, 7, 14, 21 and 28 MHz) trap dipole 
for operation with 75-01 feeder at low SWR (C. L. Buchanan, 
W322). The balanced (parallel-conductor) line indicated 
is desirable, but 75-0 coax can be substituted with some 
the system. Dimensions given are 
sonance (lowest SWR) at 3.75, 7.2, 14.15 and 
28.5 MHz. Resonance is very broad on the 21-MHz band, 
with SWF less than 2:1 throughout the band. 


bands, and the SWR is comparable with that obtained with 
similarly fed simple dipoles on 3.5 and 7 MHz. 


Trap Construction 


‘Traps frequently are built with coaxial aluminum tubes 
(usually with polystyrene tubing in-between them for insula 
tion) for the capacitor, with the coil either self-supporting or 
‘wound on a form of larger diameter than the tubular capacitor. 
‘The coil is then mounted coaxially with the capacitor to forma 
unit assembly that can be supported at each end by the antenna 
wires. In another type of trap devised by William J. Lattin, 
WAJRW (see Bibliography at the end of this chapter), the coil 
is supported inside an aluminum tube and the trap capacitor is 
obtained in the form of capacitance between the coil and the 
outer tube. This type of trap is inherently weatherproof. 

A simpler type of trap, easily assembled from readily 


Fig 19—Easily 
‘constructed trap 

{for wire antennas 

(A. Greenburg, W2LH).. 
The ceramic insulator 
is 4%inches long 
(Birnback 688). The 
‘clamps are small 
service connectors 
available from 
electrical supply 

and hardware stores 
(Burndy KS90 servits). 
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constructed as shown in Fig 21. The capacitors are 
100 pF each, transmitting type, 5000-volt de rating 
(Centralab 850SL-100N). Coils are 9 turns of #12 wire, 
24 inches diameter, 6 turns per inch (B&W 3029) with 
tend turns spread as necessary to resonate the traps to 
7.2 MHz. These traps, with the wire dimensions shown, 
resonate the antenna at approximately the following 
frequencies on each band: 3.9, 7.25, 14.1, 21.5 and 

29.9 Miz (based on measurements by W9YJH). 


available components, is shown in Fig 19. A small transmit. 
ting-type ceramic “doorknob” capacitors used, together with 
length of commercially available coil material these being 
supported by an ordinary antenna strain insulator. The circuit 
constants and antenna dimensions differ slightly from those of 
Fig 18, in order to bring the antenna resonance points closer 
to the centers of the various phone bands. Construction data 
are given in Fig 20. Ifa 10-turn length of inductor is used, 
‘a half turn from each end may be used to slip through the 
anchor holes in the insulator to act as leads. 

‘The components used in these traps are sufficiently 
weatherproof in themselves so that no additional weather- 
proofing has been found necessary. However, ifitis desired to 
protect them from the accumulation of snow or ice, a plastic 
cover can be made by cutting two discs of polystyrene slightly 
larger in diameter than the coil, drilling atthe center to pass 
the antenna wires, and cementing a plastic cylinder on the 
edges of the discs. The cylinder can be made by wrapping 
‘bo turns or so of 0.02-inch poly or Lucite sheet around the 
discs, if no suitable ready-made tubing is available, Plastic 
drinking glasses and 2-liter soft-drink plastic bottles are easily 
‘adaptable for use as impromptu trap covers, 


TWO W8NX MULTIBAND, 
COAX-TRAP DIPOLES 


Over the last 60 or 70 years, amateurs have used many 
kinds of multiband antennas to cover the traditional HF 
bands. The availability of the 30, 17 and 12-meter bands has 
expanded our need for multiband antenna coverage. 

‘Two different antennas are described here. The first cov- 
crs the traditional 80, 40, 20, 15 and 10-meter bands, and the 
second covers 80, 40, 17 and 12 meters. Each uses the same 
type of WSNX trap—connected for different modes of opera- 
tion—and a pair of short capacitive stubs to enhance coverage. 
‘The WSNX coaxial-cable traps have two different modes: a 
hhigh- and a low-impedance mode. The inner-conductor wind- 
ings and shield windings of the traps are connected in series 
for both modes. However, either the low- or high-impedance 
point can be used as the trap’s output terminal. For low-im- 
pedance trap operation, only the center conductor turns of 
the trap windings are used. For high-impedance operation, 
all turns are used, in the conventional manner for a trap. 
‘The short stubs on each antenna are strategically sized and 
located to permit more flexibility in adjusting the resonant 
frequencies of the antenna, 


80, 40, 20, 15 and 10-Meter Dipole 
Fig 21 shows the configuration ofthe 80, 40,20, 15 and 
10-meter antenna. The radiating elements are made of #14 


Fig 21—A WANX multiband dipole for 
80, 40, 20, 15 and 10 meters. The values 
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shown (123 pF and 4 pH) for the coas 
cable traps are for parallel resonance at 
7.15 MHz. The low-impedance output of 
each trap is used for this antenna. 
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stranded copper wire. The element lengths are the wire span 
lengths in feet. These lengths do not include the lengths of 
the pigtails atthe balun, traps and insulators. The 32.3-foot- 
long inner 40-meter segments are measured from the eyelet 
of the input balun to the tension-relief hole in the trap coil 
form. The 4.9-foot segment length is measured from the ten- 
sion-relief hole in the trap to the 6-foot stub. The 16.L-foot 
uter-segment span is measured from the stub to the eyelet 
of the end insulator. 

‘The coaxial-cable traps are wound on PVC pipe coil 
forms and use the low-impedance output connection. The 
stubs are 6-foot lengths of Y-inch stiffened aluminum or 
‘copper rod hanging perpendicular to the radiating elements. 
‘The first inch of their length is bent 90° to permit attachment 
to the radiating elements by large-diameter copper crimp 
connectors. Ordinary #14 wire may be used for the stubs, but 
it has a tendency to curl up and may tangle unless weighed 
down at the end. You should feed the antenna with 75-0.coax 
cable using a good 1:1 balun, 

This antenna may be thought of as a modified W3DZZ. 
antenna due tothe addition of the capacitive stubs. The length 
and location of the stub give the antenna designer two extra 
degrees of freedom to place the resonant frequencies within 
the amateur bands. This additional flexibility is particularly 
helpful to bring the 15 and 10-meter resonant frequencies to 
‘more desirable locations in these bands. The actual 10-meter 
resonant frequency of the original W3DZZ antenna is some- 
what above 30 MHz, pretty remote from the more desirable 
low frequency end of 10 meters. 


80, 40, 17 and 12-Meter Dipole 

Fig 22 shows the configuration of the 80, 40, 17 and 12- 
meter antenna. Notice that the capacitive stubs are attached 
immediately outboard after the traps and are 6.5 feet long, 
° foot longer than those used in the other antenna. The traps 
are the same as those of the other antenna, but are connected 
for the high-impedance parallel-resonant output mode. Since 
only four bands are covered by this antenna, it is easier to 
fine tune it to precisely the desired frequency on all bands. 
‘The 12.4-foot tips can he pruned to a particular 17-meter 
frequency with litle effect on the 12-meter frequency. The 
stub lengths can be pruned to a particular 12-meter frequency 
with litle effect on the 17-meter frequency. Both such pruning 
adjustments slightly alter the 80-meter resonant frequency. 
However, the bandwidths of the antennas are so broad on 17 
and 12 meters that little need for such pruning exists. The 
40-meter frequency is nearly independent of adjustments to 


the capacitive stubs and outer radiating tip elements. Like 
the first antennas, this dipole is fed with a 75-Q balun and 
fed line. 

Fig 23 shows the schematic diagram of the traps. It 
explains the difference between the low and high-impedance 
‘modes of the traps. Notice that the high-impedance terminal 
is the output configuration used in most conventional trap 
applications. The low-impedance connection is made across 
only the inner conductor turns, corresponding to one-half of, 
the total turns of the trap. This mode steps the trap's imped 
ance down to approximately one-fourth of that of the high- 
Impedance level. This is what allows a single trap design to 
be used for two different multiband antennas. 

Fig 24 is a drawing of a cross-section of the coax trap 
shown through the long axis of the trap. Notice thatthe traps 
are conventional coaxial-cable traps, except for the added 
low-impedance output terminal. The traps are 8% close- 
spaced tums of RG-59 (Belden 8241) on a2%-inch-OD PVC 
pipe (schedule 40 pipe with a 2-inch ID) coil form, The forms 
are 44 inches long. Trap resonant frequency is very sensitive 
to the outer diameter of the coil form, so check it carefully. 
Unfortunately, not all PVC pipe is made with the same wall 
thickness. The trap frequencies should be checked with a dip 
meter and general-coverage receiver and adjusted to within 
‘50 kHz of the 7150 kHz resonant frequency before installa- 
tion. One inch is leftover at each end of the coil forms to allow 
for the coax feedthrough holes and holes for tension-relief 
attachment of the antenna radiating elements to the taps. Be 
sure to seal the ends of the trap coax cable with RTV sealant 
to prevent moisture from entering the coaxial cable. 

Also, be sure that you connect the 32.3-foot wire ele- 
‘ment at the start ofthe inner conductor winding of the tap. 
‘This avoids detuning the antenna by the stray capacitance of 
the coaxial-cable shield. The trap output terminal (which has 
the shield stray capacitance) should be at the outboard side of 


Fig 23— 
‘Schematic for the 
WBNX coay 
cable trap. RG-59 
is wound on a 
24-inch OD 

PVC pipe. 


Fig 22—AWENX multiband dipole 
aa hie for 80, 0, 17 and 12 meters. For 

ee bs i 25 PO sae this antenna, the high-impedance 
‘output is used on each trap. The 

us fest be resonant frequency of the traps is 


7.45 Miz, 
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radiate litle power and make only minor 
contribution tothe radiation patterns. In 
theory the pattern has four major lobes 
on 17 meters, with maxima tothe north- 
cst, southeast, southwest and northwest, 
bs ‘These provide low-angle radiation into 
Europe, Aftica, South Pacific, Japan 
and Alaska, A narrow pair of minor 
broadside lobes provides north and south 
coverage into Central America, South 
America and the polar regions. 
There are four major lobes on 
o 12 meters, giving nearly end-fireradia- 
tion and good low-angle east and west 
coverage. There are also three pairs of 


Fig 24—Construction details of the WENX coaxial-cable trap. 


the trap. Reversing the input and output terminals of the trap 
will lower the 40-meter frequency by approximately 50 kHz, 
but there will be negligible effect on the other bands. 

Fig 25 shows a coaxial-cable trap. Further details of 
the trap installation are shown in Fig 26. This drawing ap- 
plies specifically to the 80, 40, 20, 15 and l0-meter antenna, 
which uses the low-impedance trap connections. Notice the 
lengths of the trap pigtails: 3 to 4 inches at each terminal of 
the trap. If you use a different arrangement, you must modify 
the span lengths accordingly. Al connections can be made 
using crimp connectors rather than by soldering. Access to 
the trap's interior is attained more easily with a crimping tool 
than with a soldering iron, 


Performance 

‘The performance of both antennas has been very sat- 
isfactory. W8NX uses the 80, 40, 17 and 12-meter version 
because it covers 17 and 12 meters. (He has a wibander for 
20, 15 and 10 meters.) The radiation pattern on 17 meters 
is that of a ¥4-wave dipole. On 12 meters, the pattern is that 
of a Ywave dipole. At his location in Akron, Ohio, the 
antenna runs essentially east and west. Itis installed as an 
inverted V, 40 feet high at the center, with a 120° included 
angle between the legs. Since the stubs are very short, they 


very narrow, nearly broadside, minor 
lobes on 12 meters, down about 6 dB 
from the major end-fire lobes. On 80 
and 40 meters, the antenna has the usual figure-8 patterns of. 
‘ahalf-wave-length dipole, 

Both antennas function as electrical half-wave dipoles 
‘on 80 and 40 meters with a low SWR. They both function 
as odd-harmonic current-fed dipoles on their other operat- 
ing frequencies, with higher, but still acceptable, SWR. 
‘The presence of the stubs can either raise or lower the input 
impedance of the antenna from those of the usual third and 
fifth harmonic dipoles. Again W8NX recommends that 75-0, 


ig 25—Other views of a WANX coax-cable trap. 


Fig 26—Additional 
construction details for the 


Multiband Antennas 7-13 


rather than 50-0, feed line be used because of the generally 
higher input impedances at the harmonic operating frequen- 
cies of the antennas. 

‘The SWR curves of both antennas were carefully mea- 
sured using a 75 to 50-0 transformer from Palomar Engineers 
inserted at the junction of the 75-0 coax feed line and a S0-Q. 
‘SWR bridge. The transformer is required for accurate SWR 
measurement if a 50-0 SWR bridge is used with a 75-0 
line. Most 50-0 rigs operate satisfactorily with a 75-Q line, 
although this requires different tuning and load settings in the 
final output stage of the ig or antenna tuner. The author uses 
the 75 to 50-Q transformer only when making SWR measure 


Fig 27—Measured SWR curves for an 80, 40, 20, 15 and. 
10-meter antenna, installed as an inverted-V with 40-ft 
apex and 120° included angle between legs. 
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Fig 28—Measured SWR curves for an 80, 40, 17 and 
12-meter antenna, installed as an inverted-V with 40-ft 
‘apex and 120° included angle between legs. 
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ments and at low power levels. The transformer is rated for 
100 W, and when he runs his 1-kW PEP linear amplifier the 
transformer is taken out of the line. 

Fig 27 gives the SWR curves of the 80, 40, 20, 15 and 
10-meter antenna. Minimum SWR is nearly 1:1 on 80 meters, 
15:1 on 40 meters, 1.6:1 on 20 meters, and 1.5:1 on 10 me- 
ters, The minimum SWR is slightly below 3:1 on 15 meters. 
On 15 meters, the stub capacitive reactance combines with 
the inductive reactance of the outer segment of the antenna to 
produce a resonant rise that raises the antenna input resistance 
to about 220 OQ, higher than that ofthe usual 3/2-wavelength 
dipole. An antenna tuner may be required on this band to 
keep a solid-state final output stage happy under these load 
conditions. 

Fig 28 shows the SWR curves of the 80, 40, 17 and 12- 
meter antenna, Notice the excellent 80-meter performance 
with a nearly unity minimum SWR in the middle of the band. 
‘The performance approaches that ofa full-size 80-meter wire 
dipole. The short stubs and the low-inductance traps shorten 
the antenna somewhat on 80 meters. Also observe the good 
17-meter performance, with the SWR being only alittle above 
2:1 across the band, 

But notice the 12-meter SWR curve of this antenna, 
which shows 4:1 SWR across the band. The antenna input 
resistance approaches 300 Q on this band because the capa- 
citive reactance of the stubs combines with the inductive 
reactance of the outer antenna segments to give resonant 
rises in impedance. These are reflected back to the input 
terminals. These stub-induced resonant impedance rises are 
similar to those on the other antenna on 15 meters, but are 
even more pronounced, 

‘Too much concern must not be given to SWR on the 
feed line. Even if the SWR is as high as 9:1 no destructively 
high voltages will exist on the transmission line. Recall that 
transmission-line voltages increase as the square root of 
the SWR in the line. Thus, 1 kW of RF power in 75-Q line 
corresponds to 274 V line voltage for a 1:1 SWR. Raising 
the SWR to 9:1 merely triples the maximum voltage that 
the line must withstand to 822 V. This voltage is well below 
the 3700-V rating of RG-11, or the 1700-V rating of RG-59, 
the two most popular 75-O.coax lines. Voltage breakdown in 
the traps is also very unlikely. As will be pointed out later, 
the operating power levels of these antennas are limited by 
RF power dissipation inthe traps, not trap voltage breakdown, 
or feed-line SWR. 


‘Trap Losses and Power Rating 

Table 1 presents the results of trap Q measurements and 
extrapolation by a two-frequency method to higher frequen- 
cies above resonance. W8NX employed an old, but recently 
calibrated, Boonton Q meter for the measurements. Extrapo- 
lation to higher-frequency bands assumes that trap resistance 
losses rise with skin effect according to the square root of 
frequency, and that trap dielectric loses rise directly with 
frequency. Systematic measurement errors are not increased 
by frequency extrapolation, However, random measurement 


Table 1 


Trap Q 
Frequency (MHz) 387.18 1418 18.1 213249286 

High Z out (2) 101124139 16573179186 

Low Z out (2) 8103125137 44149158, 

Table 2 

‘Trap Loss Analysis: 80, 40, 20, 15, 10-Meter Antenna 

Frequency (MHz) 38 715 1418-213 286 

Radiation Erficiency (96) 964 708 994 999 100.0 

Trap Losses (dB) 016 15 © 0.02 0.010.003, 

Table 3 When the 80, 40, 20, 15 and 10-meter antenna is 
‘Trap Loss Analysis: 80, 40, 17, 12-Meter Antenna operated on 40 meters, the radiation efficiency of 70.8% 
Frequency (MHz) 38° 718181. 249 corTesponds to a dissipation of 146 W in each trap when 
Radiation ciency (%4) 89.8 905 993 998 | KWis delivered tothe antenna. Ths is sure to bum out the 
Trap Losses (d8) 0S 04 0.03 0.006 __taps—evenif sustained for only a hor time. Thus, the power 


certors increase in magnitude with upward frequency extrapo: 
lation. Results are believed to be accurate within 4% on 80 
‘and 40 meters, but only within 1Oto 15% at 10 meters. Trap Q 
is shown at both the high- and low-impedance trap terminals. 
‘The Q at the low-impedance output terminals is 15 to 20% 
lower than the Q at the high-impedance output terminals. 

WSNX computer-analyzed trap losses for both antennas 
in free space. Antenna-input resistances at resonance were 
first calculated, assuming lossless, ifinite-Q traps. They were 
‘again calculated using the Q values in Table 1. The radiation 
elficiencies were aso converted into equivalent trap losses in 
decibels. Table 2 summarizes the trap-loss analysis for the 
80, 40, 20, 15 and 10-meter antenna and Table 3 for the 80, 
40.17 and 12-meter antenna. 

‘The loss analysis shows radiation efficiencies of 90% 
‘or more for both antennas on all bands except for the 80, 40, 
20, 15 and 10-meter antenna when used on 40 meters. Here, 
the radiation efficiency falls to 70.8%. A I-kW power level 
‘a 90% radiation efficiency corresponds to 50-W dissipation 
per trap. In W8NX's experience. this is the trap's survival 
limit for extended key-down operation. SSB power levels of 
1 kW PEP would dissipate 25 W or less in each trap. This is 
\well within the dissipation capability of the traps. 


should be limited to leas than 300 W when this antenna is, 
‘operated on 40 meters under prolonged key-down conditions. 
A 50% CW duty cycle would correspond to a 600-W power 
limit for normal 40-meter CW operation. Likewise, a 50% 
duty cycle for 40-meter SSB corresponds to a 600-W PEP 
power limit for the antenna, 

‘The author knows of no analysis where the burnout watt 
‘age rating of traps has been rigorously determined. Operating 
experience seems to be the best way to determine trap burn- 
‘out ratings. In his own experience with these antennas, he’s 
hhad no traps burn out, even though he operated the 80, 40,20, 
1S and 10-meter antenna on the critical 40-meter band using 
his AL-80A linear amplifier at the 600-W PEP output level 
He did not make a continuous, key-down, CW operating test 
at full power purposely trying to destroy the traps! 

Some hams may suggest using a different type of 
coaxial cable for the traps. The de resistance of 40.7 © per 
1000 feet of RG-59 coax seems rather high. However, W8NX 
thas found no coax other than RG-59 that has the necessary 
inductance-to-capacitance ratio to create the trap character- 
istic reactance required for the 80, 40, 20, 15 and 10-meter 
antenna. Conventional traps with wide-spaced, open-air 
inductors and appropriate fixed-value capacitors could be 
substituted for the coax traps, but the convenience, weather- 
proof configuration and ease of fabrication of coaxial-cable 
‘raps is hard to beat 
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Multiband Vertical Antennas 


‘There are two basic types of vertical antennas; either 
type can be used in multiband configurations. The firs is the 
ground-mounted vertical and the second, the ground plane. 
‘These antennas are described in detail in Chapter 6, Low- 
Frequency Antennas. 

The efficiency of any ground-mounted vertical depends 
‘a great deal on near-field earth losses. As pointed out in Chap- 
ter 3, The Effects of Ground, these near-field losses can be 
reduced or eliminated with an adequate radial system. Con- 
siderable experimentation has been conducted on this subject 
by Jerry Sevick, W2FMI, and several important results were 
obtained. It was determined that a radial system consisting of 
40 to 50 radials, 0.2 2 long, would reduce the earth losses to 
about 2 © when a 2/4 radiator was being used. These radials, 
should be on the earth’s surface, orif buried, placed not more 
than an inch or so below ground. Otherwise, the RF current 
would have to travel through the lossy earth before reaching 
the radials, In a multiband vertical system, the radials should 
be 0.2. long for the lowest band, that is, 55 feet long for 
3.5-MHz operation. Any wire size may be used for the radi- 
als. The radials should fan out in circle, radiating from the 
base of the antenna. A metal plate, such as a piece of sheet 
‘copper, can be used at the center connection, 

‘The other common type of vertical isthe ground-plane 
antenna. Normally, this antenna is mounted above ground 
with the radials fanning out from the base of the antenna. 
‘The vertical portion of the antenna is usually an electrical 
U4, as is each of the radials. In this type of antenna, the 
system of radials acts somewhat like an RF choke, to prevent 
RF currents from flowing in the supporting structure, so the 
‘number of radials is not as important a factor as itis with a 
sground- mounted vertical system. From a practical standpoint, 
the customary number of radials is four or five. In a multi- 
band configuration, 2/4 radials are required for each band of 
operation with the ground-plane antenna. 

This. not so with the ground-mounted vertical antenna, 
where the ground plane is relied upon to provide an image of 
the radiating section. Note that even quarter-wave-long radi- 
als are greatly detuned by their proximity to ground—radial 
resonance is not necessary or even possible. In the ground- 
mounted case, so long as the ground-screen radials are 
approximately 0.2 2. long atthe lowest frequency, the length 
will be more than adequate for the higher frequency bands. 


Short Vertical Antennas 


A short vertical antenna can be operated on several 
bands by loading it atthe base, the general arrangement be- 
ing similar to Figs 1 and 2. That is, for multiband work the 
vertical can be handled by the same methods that are used 
for random-length wires. 

‘A vertical antenna should not be longer than about % % 
at the highest frequency to be used, however, if low-angle 
radiation is wanted. If the antenna is to be used on 28 MHz 
and lower frequencies, therefore, it should not be more than 
approximately 25 feet high, and the shortest possible ground 
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lead should be used. 

Another method of feeding is shown in Fig 29. L1 is a 
loading coil, tapped to resonate the antenna on the desired 
‘band. A second tap permits using the coil as a transformer 
for matching a coax line to the transmitter. C1 is not strictly 
necessary, but may be helpful on the lower frequencies, 3.5, 
and 7 MHz, if the antenna is quite short. In that case C1 
‘makes it possible to tune the system to resonance with a coil 
of reasonable dimensions at L1. C1 may also be useful on 
other bands as well, if the system cannot be matched to the 
feed line with a coil alone. 

‘The coil and capacitor should preferably be installed 
at the base of the antenna, but if this cannot be done a wire 
can be run from the antenna base to the nearest convenient 
location for mounting LI and Cl. The extra wire will of 
course be a part of the antenna, and since it may have to run 
through unfavorable surroundings itis best to avoid using it 
if at all possible. 

‘This system is best adjusted with the help of an SWR 
indicator. Connect the coax line across a few turns of L1 and 
take trial positions of the shorting tap until the SWR reaches 
its lowest value. Then vary the line tap similarly; this should 
bring the SWR down to a low value. Small adjustments of, 
both taps then should reduce the SWR to close to 1:1. Ifnot, 
tury adding C1 and go through the same procedure, varying 
Cl each time a tap position is changed. 
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Fig 29—Multiband vertical antenna system using base 
loading for resonating on 3.5 to 28 MHz. L1 should be 
‘wound with bare wire so it can be tapped at every turn, 
using #12 wire. A convenient size is 2 inches diameter, 
6 turns per inch (such as B&W 3029). Number of turns. 
required depends on antenna and ground lead length, 
more turns being required as the antenna and ground 
lead are made shorter. For a 25-foot antenna and a ground 
lead of the order of 5 feet, L1 should have about 30 

turns. The use of C1 is explained in the text. The smallest 
‘capacitance that will permit matching the coax cable 
should be used; a maximum capacitance of 100 to 150 pF 
will be sufficient in any case. 


division multiple access (OFDMA) or by playing on the difference in users’ signal to noise 
ratios (power domain NOMA“, illustrated below). These are the two methods chosen for NR. 
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Power domain 
Power domain 


Frequency domain Frequency domain 


Figure 11. illustration de multiplexing power domain NOMA"? 


-  QAM256: as with many modern communication systems, 4G uses quadrature amplitude 
modulation (QAM). In 4G this modulation can achieve QAM64, which means that six bits of 
information are being transmitted (2° = 64) at any given time. On wireless systems, the main 
limitation on QAM order is the signal to noise ratio: when a large amount of information is 
sent all at once, its transmission will be very sensitive to disruptions (a bit lke trying to talk in 
a noisy environment: it is easy to understand “yes” or “no” but harder to understand more 
complex sentences). Thanks to an improved link budget, via antenna or signal processing 
technologies, 5G modulation could reach QAM256, i.e. eight bits of information being 
transmitted at any given time, which translates into a 33% increase in maximum capacity 
under ideal conditions. This improved modulation will also be deployed on advanced 4G 
systems. 

- loT waveforms: new waveforms are being explored for the future deployment of SG loT in 
mobile bands. But although mass market IoT is one of the main challenges put forth for 5G, 
no concrete results have yet been made public. Operators” are starting to deploy new 
standards (EC-GSM or Extended Coverage GSM, LTE-(e)MTC or enhancements for Machine- 
Type Communications, NB-loT or NarrowBand loT) which were defined by 3GPP in Release 
13 but, as they are based on 2G and 4G, they do not deliver the performance levels, notably 
in terms of autonomy, coverage and density, that are compatible with the targets set for 
future 5G networks. 


1.5.2. Network architecture 


‘As with air interfaces, new network architectures are also being explored: 


- Software-defined networking (SDN) and network functions virtualisation (NFV): these two 
functionalities extend beyond the scope of 5G networks per se. They are part of an overall 


The basic operating principle isthe following: either User 1 (U1) with a good signal to noise ratio and User 2 (U2) with a 
less good signal to noise ratio. The antenna sends a high power Signal 2 to U2, and superimposes a weaker Signal 1 aimed 
at UL, U2 will only see $2 as $1 is drowned out by the noise. U1 will decrypt S2 then delete it from the signal received, to 
create a higher quality $1, thanks to a better signal to noise ratio. 

1 ttps://www anritsu com/en-AU/test-measurement/technologies/5g-everything-connected/Sg-everything-connected. 
detail 

 http://www.vadafone.com/content/index/ what/technology blog/nbiot-commercial-launch-spain.htrn 
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Trap Verticals 

The trap principle described in Fig 17 for center-fed 
<ipoles also can be used for vertical antennas. There are two 
principal differences. Only one half of the dipole is used, the 
ground connection taking the place of the missing half, and 
the feed-point impedance is one half the feed-point imped- 
ance of a dipole. Thus itis in the vicinity of 30 © (plus the 
sground-connection resistance), so 52-2cable should be used 
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Fig 30—Constructional de 
band antenna system. 


of the 21- and 28-MHz dual- 


since it is the commonly available type that comes closest 
to matching. 


ATRAP VERTICAL FOR 21 AND 28 MHZ 

‘Simple antennas covering the upper HF bands can be 
«quite compact and inexpensive. The two-band vertical ground 
plane described here is highly effective for long-distance 
‘communication when installed in the clear. 

Figs 30, 31 and 32 show the important assembly detail. 
‘The vertical section of the antenna is mounted on a %-inch 
thick piece of plywood board that measures 7 x 10 inches. 
Several coats of exterior varnish or similar material will help 
protect the wood from inclement weather. Both the mast and 
the radiator are mounted on the piece of wood by means of 
TV U-bolt hardware. The vertical is electrically isolated 
from the wood with a piece of I-inch diameter PVC tubing. 
A piece approximately 8 inches long is required, and itis of, 
the schedule-80 variety. To prepare the tubing, you must sli it 
‘along the entire length on one side. A hacksaw will work quite 
‘well. The PVC fits rather snugly on the aluminum tubing and 


Fig 32—The base assembly of the 21- and 28-MHz vertical. 
‘The S0-239 coaxial connector and hood can be seen in 
the center of the aluminum L bracket. The U bolts are 
‘TV-type antenna hardware. The plywood should be coated 
with varnish or similar material. 
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will have to be “persuaded” with the aid of a hammer. Mount 
the mast directly on the wood with no insulation, 

Use an $0-239 coaxial connector and four solder lugs 
fon an L-shaped bracket made from a piece of aluminum 
sheet. Solder short length of test probe wire, or inner con- 
ductor of RG-58 cable, to the inner terminal ofthe connector. 
A UG-106 connector hood is then slid over the wire and 
onto the coaxial connector. Then bolt the hood and connec 
tor to the aluminum bracket. Two wood screws are used to 
secure the aluminum bracket to the plywood, as shown in 
the drawing and photograph, Solder the free end of the wire 
‘coming from the connector to a lug mounted on the bottom 
of the vertical radiator. Fill any space between the wire and 
where it passes through the hood with GE silicone sealant or 
similar material to keep moisture out. The eight radials, four 
for each band, are soldered to the four lugs on the aluminum, 
bracket. Separate the two sections of the vertical member 
with a piece of clear acrylic rod. Approximately 8 inches of 
%inch OD material is required. You must slit the aluminum, 
tubing lengthwise for several inches so the acrylic rod may 
be inserted. The two pieces of aluminum tubing are separated 
by 2% inches. 

‘The trap capacitor is made from RG-8 coaxial cable and 
is 30.5 inches long. RG-8 cable has 29.5 pF of capacitance 
per foot and RG-58 has 28.5 pF per foot. RG-8 cable is, 
recommended over RG-58 because of its higher breakdown- 


voltage capability. The braid should be pulled back 2 inches 
‘on one end of the cable, and the center conductor soldered 
to one end of the coil. Solder the braid to the other end of 
the coil, Compression type hose clamps are placed over the 
capacitor/coil leads and put in position at the edges of the 
‘aluminum tubing. When tightened securely, the clamps serve 
‘a two-fold purpose—they keep the trap in contact with the 
vertical members and prevent the aluminum tubing from 
slipping off the acrylic rod, The coaxial-cable capacitor runs 
upward along the top section ofthe antenna, This i the side of. 
the antenna to which the braid of the capacitor is connected. 
Place a cork or plastic cap in the very top of the antenna to 
keep moisture out 


Installation and Operation 

‘The antenna may be mounted in position using a TV- 
type tripod, chimney, wall or vent mount. Alternatively, a 
telescoping mast or ordinary steel TV mast may be used, in 
‘which case the radials may be used as guys for the structure. 
‘The 28-MHz radials are 8 feet 5 inches long, and the 21-MHz 
radials are 11 feet 7 inches. 

Any length of 50- cable may be used to feed the 
antenna. The SWR at resonance should be on the order of 
1.2:1 to 1.5:1 on both bands. The reason the SWR is not 1:1 
is thatthe feed: point resistance is something other than 50 
—closer to 35 or 40 0. 


The Open-Sleeve Antenna 


Although only recently adapted for the HF and VHF 
amateur bands, the open-sleeve antenna has been around 
since 1946. The antenna was invented by DrJ.T. Bolljahn, of 
‘Stanford Research Institute. This section on sleeve antennas 
was written by Roger A. Cox, WBODGE, 

‘The basic form of the open-sleeve monopole is shown 
in Fig 33. The open-sleeve monopole consists of a base-fed 
central monopole with two parallel closely spaced parasities, 
one on each side ofthe central element, and grounded at each 
base. The lengths of the parasitics are roughly one half that 
of the central monopole. 


Impedance 

The operation of the open sleeve can be divided into 
two modes, an antenna-mode and a transmission-line mode. 
This is shown in Fig 34. 

The antenna-mode impedance, Za, is determined by 
the length and diameter of the central monopole. For sleeve 
lengths less than that of the monopole, this impedance is es- 
sentially independent of the sleeve dimensions. 

The transmission-line mode impedance, Z, is deter- 
‘mined by the characteristic impedance, end impedance, and 
length of the 3- wire transmission line formed by the central 
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‘monopole and the two sleeve elements. The characteristic 
impedance, Z., can be determined by the element diameters 
and spacing if all element diameters are equal, and is found 
from 


Z_=207 log 1.59 (Did) (&q2) 


where 
D = spacing between the center of each sleeve element 


and the center of the driven element 
d= diameter of each element 


This is shown graphically in Fig 35. However, since 
the end impedance is usually unknown, there is little need 
to know the characteristic impedance. The transmission-line 
‘mode impedance, Z, is usually determined by an educated 
‘guess and experimentation, 

‘Asan example, let us considerthe case where the central 
‘monopole is 1/4 at 14 MHz. It would have an antenna mode 
impedance, Z,, of approximately 52 Q, depending upon the 
‘ground conductivity and number of radials. If two sleeve 
clements were added on either side of the central monopole, 
with each approximately half the height of the monopole and 
at a distance equal to their height, there would be very little 
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Fig 33—Diagram of an open-sleeve monopole. 


Fig 34—Equi 


lent circuit of an open-sleeve antenna. 


effect on the antenna mode impedance, Z, at 14 MHz. 

Also, Zpat 14 MHz would be the end impedance trans- 
formed through a 2/8 section of a very high characteristic 
impedance transmission line. Therefore, Z- would be on the 
order of 500-2000 © resistive plus a large capacitive reactance 
‘component. This high impedance in parallel with 52 © would 
slill give a resultant impedance close to 52 0. 

‘Ata frequency of 28 MHz, however, Z. is that ofan end- 
fed half-wave antenna, and is on the order of 1000-5000 Q 
resistive. Also, Zpat 28 MHz would be on the order of 1000 
to 5000 Q resistive, since itis the end impedance ofthe sleeve 
‘elements transformed through a quarter-wave section of a 
very high characteristic impedance 3-wire transmission line. 
‘Therefore, the parallel combination of Z,, and Z would still 
be on the order of 500 to 2500 0 resistive 

If the sleeve elements were brought closer to the cen- 
tral monopole such that the ratio of the spacing to element 
diameter was less than 10:1, then the characteristic imped- 


ance of the 3-wire transmission line would drop to less than 
250 ©. At28 MHz, Z, remains essentially unchanged, while 
Zz begins to edge closer to 52.0 as the spacing is reduced, 
At some particular spacing the characteristic impedance, as, 
determined by the D/d ratio, is just right to transform the end 
impedance to exactly 52 Q at some frequency. Also, as the 
spacing is decreased, the frequency where the impedance is, 
purely resistive gradually increases. 

‘The actual impedance plots of a 14/28-MHz open- 
sleeve monopole appear in Figs 36 and 37. The length of the 
central monopole is 195.5 inches, and of the sleeve elements 
8955 inches. The element diameters range from 1.25 inches at 
the bases to 0.875 inch at each tip. The measured impedance 
of the 14-MHz monopole alone, curve A of Fig 36, is quite 
high. This is probably because of a very poor ground plane 
under the antenna. The addition ofthe sleeve elements raises 
this impedance slightly, curves B, C and D. 

As curves A and B in Fig 37 show, an 8-inch sleeve 
spacing gives a resonance near 27.8 MHz at 70 Q, while a 6- 
inch spacing gives a resonance near 28.5 MHz at 42.0. Closer 
spacings give lower impedances and higher resonances. The 
‘optimum spacing for this particular antenna would be some- 
where between 6 and 8 inches. Once the spacing is found, 
the lengths of the sleeve elements can be tweaked slightly 
for a choice of resonant frequency. 

In other frequency combinations such as 10/21, 10/24, 
14/21 and 14/24-MHz, spacings in the 6 to 10-inch range 
work very well with element diameters in the 0.5 to 1.25-inch 
range. 
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Fig 36—Impedance of an open-sleeve monopole for the 
frequency range 13.5-15 MHz. Curve Ais for a 14 MHz 
‘monopole alone. For curves B,C and D, the respective 
spacings from the central monopole to the sleeve elements 
are 8, 6 and 4 inches. See text for other dimensions. 


Fig 37—Impedance of the open-sleeve monopole for the 
range 25-30 MHz. For curves A, B and C the spacings from 
the central monopole to the sleeve elements are 8, 6 and 
inches, respectively. 


Bandwidth 

‘The open-sleeve antenna, when used as a multiband 
antenna, does not exhibit broad SWR bandwidths unless, of 
course, the two bands are very close together. For example, 
Fig 38 shows the return loss and SWR of a single 10-MHz, 
vertical antenna. Its 2:1 SWR bandwidth is 1.5 MHz, from 
9.8 to 11.3 MHz, Return loss and SWR are related as given 
by the following equation, 


l+k 


swr=2* (Bq3 
Ick Eq 3) 
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RL-= return loss, dB 

When sleeve elements are added for a resonance near 
22 MHz, the 2:1 SWR bandwidth at 10 MHZ is still nearly 
1.5 MHz, as shown in Fig 39. The total amount of spectrum 
under 2:1 SWR increases, of course, because of the additional 
band, but the individual bandwidths of each resonance are 
virtually unaffected. 

‘The open-sleeve antenna, however, can be used as a 
broadband structure, if the resonances are close enough to 
overlap. With the proper choices of resonant frequencies, 
sleeve and driven element diameters and sleeve spacing, the 
SWR “hump” between resonances can be reduced to a value 
less than 3:1. This is shown in Fig 40, 


Current Distribution 


According to H. B. Barkley (see Bibliography at the 
end of this chapter), the total current flowing into the base 
of the open-sleeve antenna may be broken down into two 
components, that contributed by the antenna mode, I,, and 
‘that contributed by the transmission-line mode, Iy. Assuming 
‘that the sleeves are approximately half the height ofthe central 
‘monopole, the impedance of the antenna mode, Z., is very 
low at the resonant frequency of the central monopole, and 


Fig 38—Return loss and SWR of a 10 MHz vertical 

enna. A return loss of 0 dB represents an SWR of 
infinity. The text contains an equation for converting 
return loss to an SWR value. 


Fig 39—Return loss and SWR of a 10/22 MHz open-sleeve 
vertical antenna, 
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Fig 40—SWR response of an open-sleeve dipole and a 
conventional dipole. 


the impedance of the transmission-line mode, Z is very high. 
‘This allows almost all of the current to flow in the antenna 
mode, and Ia is very much greater than I, Therefore, the 
current on the central 2/44 monopole assumes the standard 
sinusoidal variation, and the radiation and gain characteristies 
are much like those of a normal 2/4 vertical antenna, 

However, at the resonant frequency of the sleeves, the 
impedance of the central monopole is that of an end fed 
half-wave monopole and is very high. Therefore I, is small 
If proper element diameters and spacings have been used to 
match the transmission line mode impedance, Z,, to 52.0, 
then Ip the transmission line mode current, is high compared 
toly 

‘This means that very little current flows in the central 
monopole above the tops of the sleeve elements, and the 
radiation is mostly from the transmission-line mode current, 
Ir: inall three elements below the tops of the sleeve elements. 
‘The resulting current distribution is shown in Figs 41 and 42 
for this case 


Radiation Pattern and Gain 


‘The current distribution of the open-sleeve antenna 
‘where all three elements are nearly equal in length is nearly 
that ofa single monopole antenna. If, ata particular frequency, 
the elements are approximately 7/4 long, the current distribu- 
tion is sinusoidal. 

If, for this and other length ratios, the chosen diameters 
and spacings are such that the two sleeve elements approach 


mode. The amplitude of the current 
‘element equals that of the current in the central element 
bbut the phases are opposite, as shown. 


Fig 42—Total current distribution with 


an interelement spacing of 2/8, the azimuthal pattern will 
show directivity typical of two in-phase vertical radiators, 
approximately 3/8 apart. Ifa bi-directional pattern is needed, 
then this is one way to achieve it. 

Spacings closer than this will produce nearly circular 
‘azimuthal radiation patterns. Practical designs in the 10 to 
30 MHz range using 0.5 to 1.5-inch diameter elements will 
produce azimuthal patterns that vary less than +1 dB. 

If the ratio of the length of the central monopole to 
the length of the sleeves approaches 2:1, then the elevation 
pattern of the open-sleeve vertical antenna at the resonant 
frequency of the sleeves becomes slightly compressed. This, 
is because of the in-phase contribution of radiation from the 
222 central monopole 

As shown in Fig 43, the 10/21-Mhz open-sleeve vertical 
antenna produces a lower angle of radiation at 21.2 MHz with 
corresponding increase in gain of 0,66 dB over that of the 
10-MHz vertical alone. At length ratios approaching 3:1, the 
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‘AU 10.1 MHz the maximum gai 
21.2 MHz, 


‘antenna mode and transmission-line mode impedance become 
nearly equal again, and the central monopole again carties a 
significant portion of the antenna current, The radiation from 
the top 2/2 combines constructively with the radiation from 
the 2/4 sleeve elements to produce gains of up to 3 dB more 
than just a quarter-wave vertical element alone. 

Length ratios in excess of 3.2:1 produce higher level 
sidelobes and less gain on the horizon, except for narrow 
spots near the even ratios of 4:1, 6:1, 8:1, etc. These are where 
the central monopole is an even multiple of a half-wave, 
and the antenna-mode impedance is too high to allow much 


antenna-mode current 

Upto this point, thas been assumed that only 2/4 reso- 
nance could be used on the sleeve elements. The third, fifth, 
‘and seventh-order resonances of the sleeve elements and the 
central monopole element can be used, but their radiation 
patterns normally consist of high-elevation lobes, and the 
‘gain on the horizon is less than that of a 2/4 vertical 


Practical Construction and Evaluation 


‘The open-sleeve antenna lends itself very easily to 
home construction. For the open-sleeve vertical antenna, 
only a feed-point insulator and a good supply of aluminum 
tubing are needed. No special traps or matching networks are 
required. The open-sleeve vertical can produce up to 3 dB 
‘more gain than a conventional 2/4 vertical. Further, there is no 
reduction in bandwidth, because there are no loading coils. 

‘The open-sleeve design can also be adapted to horizontal 
dipole and beam antennas for HF, VHF and UHF. A good 
‘example of this is Telex/Hy-Gain’s Explorer 14 triband beam 
‘which utilizes an open sleeve for the 10/15-meter driven ele- 
‘ment. The open-sleeve antenna is also very easy to model in 
computer programs such as NEC and MININEC, because 
of the open tubular construction and lack of traps or other 
intricate structures. 

In conclusion, the open-sleeve antenna is an antenna 
experimenters delight. It isnot difficult to match or construct, 
‘and it makes an ideal broadband or multiband antenna, 


The Coupled-Resonator Dipole 


‘A variation of the open-sleeve system above is the 
<coupled:-resonator system described by Gary Breed, KOAY, 
in an article in The ARRL Antenna Compendium, Vol 5, 
‘entitled “The Coupled-Resonator Principle: A Flexible 
Method for Multiband Antennas.” The following is con- 
‘densed from that article 

In 1995, OST published two antenna designs that use 
an interesting technique to get multiband coverage in one 
antenna, Rudy Severns, NOLF, described a wideband 80 and 
7Someter dipole using this technique, and Robert Wilson, 
ALTKK, showed us how to make a three-band vertical. 
Both of these antennas achieve multi-frequency operation 
by placing resonant conductors very close to a driven dipole 
or vertical —with no physical connection. 


The Coupled-Resonator Principle 

As we all know, nearby conductors can interact with an 
antenna. Our dipoles, verticals and beams can be affected by 
nearby power lines, rain gutters, uy wires and other metallic 
‘materials. The antennas designed by Severns and Wilson use 
this interaction intentionally, to combine the resonances of 
several conductors ata single feed point. While other names 
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have been used, Icall the behavior that makes these antennas 
work the coupled-resonator (C-R) principle. 

‘Take a look at Fig 44, which illustrates the general 
idea. Each figure shows the SWR at the feed point of a 
dipole, over a range of frequencies. When this dipole is all 
alone, it will have a very low SWR at its half-wave resonant 
frequency (Fig 44A). Next, if we take another wire or tubing 
conductor and start bringing it close to the dipole, we will 
seea “bump” in the dipole’s SWR at the resonant frequency 
of this new wire, See Fig 44B. We are beginning to the see 
the effects of interaction between the two conductors. As we 
bring this new conductor closer, we reach a point where the 
SWR “bump” has grown to a very deep dip—a low SWR. 
‘We now have a good match at both the original dipole’s 
resonant frequency and the frequency of the new conductor, 
a illustrated in Fig 44C. 

We can repeat this process for several more conductors 
at other frequencies to get a dipole with three, four, five, 
‘or more resonant frequencies. The principle also applies to 
verticals, so any reference to a dipole can be considered to 
be valid for a vertical, as well. 

We can write a definition of the C-R principle this 
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Fig 4—At A, the SWR of a dipole over a wide frequency range. At B, a nearby conductor 
ole. At C, when the second conductor is at the optimum spacing, the combi 


with the 
frequencies. 


way: Given a dipole (or vertical) at one frequency and an 
additional conductor resonant at another frequency, there 
isan optimum distance between them that results in the 
resonance of the additional conductor being imposed upon 
the original dipole, resulting in a low SWR at both resonant 
frequencies. 


‘Some History 

Inthe late 1940s, the coaial sleeve antenna was devel- 
oped (Fig 45A), covering two frequencies by surrounding 
1 dipole or monopole with a cylindrical tube resonant at 
the higher of the desired frequencies. In the 1950s, Gonset 
briefly marketed a two-band antenna based on this design. 
Other experimenters soon determined that two conductors 
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Fig 45—Evolution of coupled-resonator antennas: At A, 
the coaxial-sleeve dipole; at B, the open-sleeve dipole; 
and at C, a coupled-resonator dipole, the most universal 
‘configuration. 


just close enough to interact 
jon is matched at both 


at the second frequency, placed on either side of the main 
dipole or monopole, would make a skeleton representation of 
a cylinder (Fig 45B). This is called the open-sleeve antenna. 
‘The Hy-Gain Explorer wibander uses this method in its driven 
clement to obtain resonance in the 10-meter band. Later on, 
afew antenna developers finally figured out that these extra, 
‘conductors did not need to be added in pairs, and that a single 
‘conductor at each frequency could add the extra resonances 
(Fig 45C). This is the method used by Force 12 in some of 
their multiband antennas. 

‘This is a perfect example of how science works. A spe- 
cific idea is discovered, with later developments leading to 
‘an underlying general principle. The original coaxial-sleeve 
configuration is the most specific, being limited to two fre- 
{quencies and requiring a particular construction method. The 
open-sleeve antenna is an intermediate step, showing that the 
sleeve idea is not limited to one configuration, 

Finally, we have the coupled-resonator concept, which 
is the general principle, applicable in many different antenna 
configurations, for many different frequency combinations. 
Severns’ antenna uses it with a folded dipole, and Wilson 
uses it with a main vertical that is off-center fed. The author 
KOAY used it with conventional dipoles and quarter-wave 
verticals. Other designers have used the principle more sub- 
tly, like putting the first director in a Yagi very close to the 
driven element, broadening the SWR bandwidth the same 
way Severns' design does with a dipole. 

In the past, most antennas built with this single-conduc- 
tor technique have also been called open-sleeve (or multiple- 
‘open-sleeve) antennas, a term taken from the history of their 
development. However, the term sleeve implies that one 
conductor must surround another. This is not really a physical 
or electrical description ofthe antenna’s operation, therefore, 
KOAY suggests using the term coupled-resonator, which is, 
‘the most accurate description of the general principle. 


ALLittle Math 
‘The interaction that makes the C-R principle work is not 
random. It behaves in a predictable, regular manner. K9AY 
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derived an equation that shows the relationship between the 
driven element and the additional resonators for ordinary 
dipoles and vertical: 


(Eq 4) 


where 


d = distance between conductors, measured in wave- 
lengths at the frequency of the chosen additional 
resonator 

the diameter of the conductors, also in wavelengths 

at the frequency of the additional resonator. 

Bq 4 assumes they are both the same diameter and that 
the feed point impedance at both frequencies is the same as a 
dipole in free space (72 ©) or a quarter-wave monopole over 
perfect ground (36 2). 

‘The equation only describes the impedance due to the 
‘additional resonator. The main dipole element is always part 
ofthe antenna, and it may have a fairly low impedance at the 
additional frequency. This is the case when the frequencies 
are close together, or when the main element is operating at 
its third harmonic. At these frequencies, the spacing distance 
must be adjusted so that the parallel combination of dipole 
‘and resonator results in the desired feed-point impedance. 

K9AY worked out two correction factors, one to cover 
‘a range of impedances and another for frequencies close 


together. These can be included in the basic equation, which 

is rearranged below to solve for the distance between the 

conductors: 

210054105, (D/8) 204355, UE /F)-LDAL HOD) 
108 : 

where (AD, 

d and D are the same as above 

he desired feed point impedance atthe frequency of 

the additonal resonator (between 20and 120.0). For 

vertical, multiply the desired impedance by two to 

get Zy, Ifyou want a 50-0 feed, use 100.0 for Z, 

F, = the resonant frequency of the main dipole or 

vertical 
he resonant frequency ofthe additional conductor. 


‘The ratio FF, is more than 1.1 
e = 2.7183, the base of natural logarithms. 


Eq 5 does not directly allow for conductors of unequal 
diameters, but it can be used as a starting point if you use 
the diameter of the driven dipole or vertical element for D 
in the equation, 


Characteristics of C-R Antennas 


Here's the important stuff—what's different about C-R 
antennas, what are they good for and what are their draw- 
backs? The key points are: 


‘Multiband operation without traps, stubs or tuners 


KQAY's Eq 5 above does indeed yield a good “frst- 
cout” value for the spacing between coupled-resonator, 
‘elements. Fig A shows the spacing, in inches, plotted 
against the ratio of frequencies, for two coupled resona- 
tor elements with different diameters, again expressed 
in inches. This is for an upper frequency of 28.4 MHz. 
Beyond a frequency ratio of about 1.5:1 (28.4:18.1 
M2), the spacing flattens out to a fixed distance be- 
tween elements for each element diameter. For example, 
if t/ginch elements are used at 28.4 and 18.1 MHz, the 
‘spacing between the elements is about 3.75 inches, 

EZNEC verifies Eq 5's computations. Note that a 
large number of segments are necessary for each ele- 
ment when they are closely spaced from each other, and 
the segments on the elements must be closely aligned 
with each other. Be sure to run the Average Gain test, 
‘as well as Segmentation tests. The modeler should also 
bbe aware that if mutually coupled resonators are placed 
‘along a horizontal boom (as they would be on multiband 
Yagis using coupled resonators), the higher-trequency 
‘elements will act like retrograde directors, producing 
‘some gain (or lack of gain, depending on the azimuth 
being investigated). 

For example, in the EZNEC file K9AY C-R 28-21- 
14 MHz 1 In.EZ, using 1-inch diameter elements spaced 
6 inches apart, if the 28-MHz element is placed 6 inches 
behind the 14-MHz driven element (with the 21-MHz 
‘element placed 6 inches ahead), on 28 MHz the system 
will have a FIB of 2.6 dB. favoring the rearward direc- 
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tion. On 21 MHz, the system will exhibit a FIB of 1.6 dB, 
favoring the forward direction. Of course, there are sys- 
‘tems where gain and F/B due to the C-R configuration 
may be put to good use, such as the multiband Yagis 
mentioned above. However, i the elements are spaced 
abovelbelow the 14-MHz driven element there is no 
distortion of the dipole patterns. 
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* Flexible impedance matching at each frequency 

‘ Independent fine-tuning at each frequency (little interac 
tion) 

* Easily modeled using MININEC or NEC-based pro- 
‘grams 

Pruning process same as a simple dipole 

Can accommodate many frequencies (seven or more) 

Virtually lossless coupling (high efficiency) 

Requires a separate wire or tubing conductor at each 

frequency 

‘© Mechanical assembly requires a number of insulated sup- 
ports 

‘© Narrower bandwidth than equivalent dipole 

‘© Capacitance requires slight lengthening of conductors 


‘To begin with, the most obvious characteristic is that this 
principle can be used to add multiple resonant frequencies to 
an ordinary dipole or vertical, using additional conductors, 
that are not physically connected. This gives us three variable 
factors: (1) the diameter of the conductor, (2) its length, and 
3) its position relative to the main element. 

Having the freedom to control these factors gives us the 
advantage of flexibility; we have a wide range of control over 
the impedance at each added frequency. Another advantage 
is that the behavior at each frequency is quite independent, 
once the basic design is in place. In other words, making 
fine-tuning adjustments at one frequency doesn’t change the 
resonance or impedance at the other frequencies. A final ad- 
vantage is efficiency. With conductors close together, and with 
resonant target conductor, coupling is very efficient. Traps, 
stubs, and compensating networks found on other multiband 
antennas all introduce lossy reactive components. 

There are two main disadvantages of C-R antennas. 
‘The first is the relative complexity of construction. Several 
conductors are needed, installed with some type of insulating 
spacers. Other multiband antennas have their complexities 
as well (such as traps that need to be mounted and tuned), 
but C-R antennas will usually be bulkier. The larger size 
generally means greater windload, which is a disadvantage 
to some hams. 

‘The other significant disadvantage is narrower band- 
width, particularly atthe highest ofthe operating frequencies. 
We can partially overcome this problem with large conductors 
that are naturally broad in bandwidth, and in some cases we 
‘might even use an extra conductor to put two resonances in 
‘one band. It is interesting to note that the pattern is opposite 
that of trapped antennas, The C-R antenna gets narrower atthe 
highest frequencies of operation, while trap antennas gener- 
ally have narrowest bandwidth at their lowest frequencies. 

There are two special situations that should be noted, 
First, when the antenna has a resonance near the frequency 
where the driven dipole is 3/2 2 long (3/4 2 for a vertical), 
the dipole has fairly low impedance. The spacing of the C-R 
‘element needs to be increased to raise its impedance so that 
the parallel combination of the main element and C-R ele- 
‘ment equals the desired impedance (usually $0 ©). There is, 
also significant antenna current in the part of the main dipole 


extending beyond the C-R section, contributing to the total 
radiation pattem. As a result, this particular arrangement 
radiates as three 2/2 sections in phase, and has about 3 dB 
‘gain and a narrower directional pattern compared to a dipole 
(Fig 46). This might be an advantage for antennas covering 
‘bands with a frequency ratio of about three, such as 3.5 and 
10.1 MHz, 7 and 21 MHz, or 144 and 430 MHz. 

‘The other special situation is when we want to add a new 
frequency very close to the resonant frequency of the main 
dipole. An antenna for 80 and 75 meters would be an example 
of this. Again, the driven dipole has a fairly low impedance at 
the new frequency. Add the fact that coupling is very strong 
between these similar conductors and we find that a wide spac- 
ing is required to make the antenna work. A dipole resonant at 
3.5 MHz and another wire resonant at 3.8 MHz will need to 
bbe 3 ord feet apart, while a 3.5 MHz and 7 MHz combination 
might only need to be spaced 4 or 5 inches. 

Another useful characteristic of C-R antennas is that 
they are easily and accurately modeled by computer programs 
‘based on either MININEC or NEC, as long as you stay within 
ceach program’ limitations, For example, Severns points out 
that MININEC does not handle folded dipoles very well, and 
NEC modeling is required. With ease of computer modeling, 
‘a precise answer isn't needed for the design equation given 
above. An approximate solution will provide a starting point 
‘that can quickly be adjusted for optimum dimensions. 

‘The added resonators have an effect on the lengths of all, 
conductors, due to the capacitance between the conductors. 
Capacitance causes antennas to look electrically shorter, so 


Fig 46—Radiation pattern for the special case of a 
C-R antenna with the additional frequency at the third 
in dipole resonant frequency. 
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‘each element needs to be about 1% or 2% longer than a simple 
dipole at the same frequency. As a rule of thumb, use 477/f 
(in feet) instead of the usual 468/f when calculating dipole 
length, and 239/f instead of 234/f for a 2/4 vertical 


‘A30/17/12-Meter Dipole 

To show how a C-R antenna is designed, let's build a 
dipole to cover all three WARC bands. We'll use #12 wire, 
which has a diameter of 0.08 inches, and the main dipole will 
be cut for the 10.1 MHz band. From the equation above, the 
spacing between the main dipole and the 18-MHz resonator 
should be 2.4 inches for 72 © or 1.875 inches for 50.0. At 
24.9 MHz, the spacing to the resonator for that band should 
be 2.0 inches for 72.0, or 1.62 inches for 50 ©. Of course, 
this antenna will be installed over real ground, not in free 
space, so these spacing distances may not be exact. Plugging 
these numbers into your favorite antenna-modeling program 
will let you optimize the dimensions for installation at the 
height you choose. 

For those of you who like to work with real antennas, 
not computer-generated ones, the predicted spacing is ac- 
‘curate enough to build an antenna with minimum trial-and- 
error. You should use a nice round number just larger than 


a 


Fig 47—Dimensions of a C-R dipole for the 30, 17 and 
12-meter bands. 


the calculated spacing for 50.0. For this antenna, K9AY 
decided that the right spacing for the desired height would 
bbe 2 inches for the 18 MHz resonator and 1.8 inches for the 
24.9 MHz resonator. For simplicity of construction, he just 
used 2 inches for both, figuring that the worst he would get 
is a 1.2:1 SWR if the numbers were a litte bit off. Like all 
dipoles, the impedance varies with height above ground, but 
the 2-inch spacing results in an excellent match on the two 
‘additional bands, at heights of more than 25 feet 

The final dimensions of the dipole for 10.1, 18.068 and 
24.89 MHz are shown in Fig 47. These are the final pruned 
lengths for a straight dipole installed at a height of about 
40 feet. If you put up the antenna as an inverted V, you will 
need each wire o be abit longer. Pruning this type of antenna 
is just like a dipole—if it’s resonant too low in frequency, 
it’s too long and the appropriate wire needs to be shortened. 
So, you can cut the wires just a litte long to start with and 
‘easily prune them to resonance, 

‘A final note: ifyou want to duplicate this antenna design, 
remember that the 2-inch spacing is just for #12 wire! The 
required spacing fora C-R antennas related to the conductor 
diameter. This same antenna built with #14 wire needs under 
1%inch spacing, while a 1-inch aluminum-tubing version 
requires about 7-inch spacing. 


‘Summary 

‘The coupled-resonator principle is one more weapon in 
the antenna designer's arsenal. It's not the perfect method for 
all multiband antennas, but what the C-R principle offers is 
‘an alternative to traps and tuners, in exchange for using more 
wire or aluminum, Although a C-R antenna requires more 
complicated construction, its main attraction is in making a 
‘multiband antenna that can be built with no compromise in 
matching or efficiency. 


HF Discone Antennas 


‘The material inthis section is adapted from an article by 
Daniel A. Krupp, W8NWE, in The ARRL Antenna Compen- 
dium, Vol 5. The name discone is a contraction of the words 
disc and cone, Although people often describe a discone by its 
design-center frequency (for example, a “20-meter discone”), 
it works very well over a wide frequency range, as much as 
several octaves. Fig 48 shows a typical discone, constructed 
of sheet metal for UHF use. On lower frequencies, the sheet 
metal may be replaced with closely spaced wires and/or 
aluminum tubing. 

‘The dimensions of a discone are determined by the 
lowest frequency of use. The antenna produces a vertically 
polarized signal at a low-elevation angle and it presents a 
good match for 50-0 coax over its operating range. One 
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advantage of the discone is that its maximum current area is 
near the top of the antenna, where it can radiate away from 
‘ground clutter. The cone-like skirt of the discone radiates 
the signal—radiation from the disc on top is minimal. This 
is because the currents flowing in the skirt wires essentially 
all go in the same direction, while the currents in the dise 
elements oppose each other and cancel out. The discone’s 
‘omnidirectional characteristics make it ideal for roundtable 
QSOs or for a Net Control station. 

Electrical operation of this antenna is very stable, with 
no changes due to rain or accumulated ice. It isa self-con- 
tained antenna—unlike a traditional ground-mounted vertical 
radiator, the discone does not rely on a ground-radial system 
for efficient operation. However, just like any other vertical 


process of network upgrades taking place today and already available with 4G technology 
(4.96). The nevertheless remain a key enabler of 5G: 
© SDN (Software-Defined Network) is designed to disassociate the network's control 
plane from its data plane, these two planes traditionally being linked and distributed 
in a set fashion in the network (see diagram below). Controlling the network, a task 
previously assigned to specialised and unscalable hardware components, is 
centralised in the form of software on more powerful servers and, in theory, free of 
equipment manufacturer specifications. This enables the deployment of high value- 
added services (load balancing, smart routing, dynamic configuration, etc.) in 
disparate environments. 
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Figure 12. Centralisation of the control plane in a software-defined network” 


© _NFV, which builds upon SON, is used to virtualise, in other words to replace hardware 
designed specially to perform certain key network functions (firewall, network core, 
interfaces between different systems...) with software on a server, to accelerate 
rollouts and enable rapid changes and upgrades. 

-  CloudRAN: this functionality, also know as centralized-RAN, requires a very different network 
architecture to what we find today. It is an evolution of SON: the base stations’ signal 
processing units, currently installed at the base station level, are moved to the cloud and 
centralised. They communicate with the network radio heads, located closer to the antenna, 
over an optical fibre network (Radio over fibre technology). This centralisation makes it 
possible to obtain a complete overview of all of the stations deployed and to coordinate 
signal processing and manage interference between cells and devices 


http://www igm.univ-miy.fr/~dr/XPOSE2014/software-defined_networking/sdn.htmn 
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‘metal disc and cone. itis fed directly with 50-0. coax 

line. The dimensions L and D, together with the spacing 
'S between the disc and cone, determine the frequency 
characteristics of the antenna. L = 246 | fyi, for the lowest 
frequency to be used. Diameter D should be trom 0.67 to 
0.70 of dimension L. The diameter at the bottom of the 
ccone B is equal to L. The space S between disc and cone 
can be 2 to 12 inches, with the wider spacing appropriate 
for larger antennas. 


antenna, the quality of the ground in the Fresnel area will 
affect the discone’s far-field pattern, 

Both the dise and cone are inherently balanced for wind 
loading, so torque caused by the wind is minimal. The entire 
cone and metal mast or tower can be connected directly to 
ground for lightning protection, 

Unlike a trap vertical or a triband beam, discone 
antennas are not adjusted to resonate ata particular frequency 
in a ham band or a group of ham bands. Instead, a discone 
functions as a sort of high-pass filter, efficiently radiating RF 
all the way from the low-frequency design cutoff to the high- 
frequency limits imposed by the physical design, 

While VHF discones have been available out-of-the- 
box for many years, HF discones are rare indeed. Some 
articles have dealt with HF discones, where the number of 
disc elements and cone wires was minimized to cut costs or 
to simplify construction. While the minimalist approach is 
fine if the sought-after results really are obtained, W8NWF 
believes in building his discones without compromise. 


History of the Discone 

The July 1949 and July 1950 issues of CQ magazine 
both contained excellent articles on discones. The fist ar- 
ticle, by Joseph M. Boyer, WOUYH, said that the discone 
was developed and used by the military during World War 
IL (See Bibliography.) The exact configuration of the top 
disc and cone was the brainchild of Armig G. Kandonian. 
Boyer described three VHF models, plus information on 
how to build them, radiation patterns, and most importantly, 
a detailed description of how they work. He referred to the 


discone as a type of “coaxial taper transformer.” 
‘The July 1950 article was by Mack Seybold, W2RYI 
He described an I1-MHz version he built on his garage roof. 
‘The mast actually fit through the roof to allow lowering the 
antenna for service. Seybold stated that his 11-MHz.discone 
‘would load up on 2 meters but that performance was down 
10 dB compared to his 100-MHz Birdcage discone. He com- 
mented that this was caused by the relatively large spacing 
between the dise and cone. Actually, the performance degra- 
dation he found was caused by the wave angle lifting upward 
at high frequencies. The cone wires were electrically long, 
causing them to act like long wire antennas. See Fig 49. 


W8NWF's First Discone: the A-Frame Discone 


‘The first discone was one designed to cover 20 through 
10 meters without requiring an antenna tuner. The cone as- 
sembly uses 18-foot long wires, with a 60° included apex 
angle and a 12-foot diameter dise assembly. See Fig 50 and 
Fig 51. The whole thing was assembled on the ground, with 
the feed coax and all guys attached. Then with the aid of 
some friends, it was pulled up into position, 

‘The author used a 40-foot tall wooden “A-frame” mast, 
made of three 22-foot-long 2 x 4s. He primed the mast with 
sealer and then gave it two coats of red barn paint to make 
it look nice and last a long time. The dise hub was a 12-inch 
length of 3-inch schedule-40 PVC plumbing pipe. The PVC 
is very tough, slightly ductile, and easy to drill and cut. PVC 
is well suited for RF power at the feed point of the antenna. 

‘Three 12-foot by 0.375-inch OD pieces of 6061 alu- 
minum, with 0.058-inch wall thickness, were used for the 
12-foot diameter top disc. These were cut in half to make the 
center portions of the six telescoping spreaders. Four twelve 
foot by 0.250-inch OD (0.035-inch wall thickness) tubes were 
ccut into 12 pieces, each 40 inches long. This gave extension 
tips for each end of the six spreaders. 

See Fig 52 for details on the disc hub assembly. 
WSNWF started by drilling six holes straight through the 
PVC for the six spreaders, accurately and squarely, starting 


Fig42—Computed elevation plot over average ground for 
WANWF's small discone at 146 MHz, ten times its design 
frequency range. The cone wires are acting as long- 
antennas, distorting severely the low-elevation angle 
response, even though the feed-point impedance is close 
10500. 
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Fig 50—Photo of WaNWF's original 
‘A-frame mounted HF discone. 


about two inches down rom the topand spaced radially every 
30° Each hole is 0.375 inches below the plane ofthe previous 
one. Take great care in drilling—a poor job now will look 
bad from the ground up fora long time! It's a ood idea to 
make up a paper template beforehand, Tape this tothe PVC 
hub and then dil the holes, which should make fora close 
fit with the elements. I'you got, start over with anew piece 
of PVC—it's cheap. 
ach six-foot spreader tube was secured exactly in the 
center to clear a 6-32 threaded brass rod that secured the 
elements mechanically and electrically. A tvo-foot long by 
Yeinch OD wooden dowel was inserted into the middle of 
ach six-foot ength of tubing, The dowel added strength and 
also prevented crushing the element when the nuts on the 
threaded rod were tightened 
Insert the 40-inch long extension fur inches nto each 
end of the six-foot spreaders. Mark and dil holes to pin the 
telescoping tip, plus holes big enough to clear #18 sofedravn 
copper wire. Ths was forte iner circumferential wire for 
the die: Drill a single hole for #18 wire about % inch from 
each extension element tp, through which passes the outer 
circumferential wie, Finally, insert all 6-fot elements into 
the PVC hub and lin up the oles in 
the center so the brass rod could be 
inserted through the mide to secure 
the elements, 
“The next step is to “chisel to 
ft” the top of my wooden mast to 
4 co nie allow the PVC to slide down on 
Se ae it about six or seven inches. For 
“ convenience, place the whole mast 
assembly in a horizontal position on 
top of two clothesline poles and one 


2 ak stepladder. 
ae Place the disc head assembly 
f over the top of the mast, but don’t 


secure it yet. This allows for rota- 
tion while adding the disc spreader 
extensions. A tip for safety: tie white 
pieces of cloth to the ends of ele- 
‘ments near eye level. Just remember 
to remove them before raising the 
antenna, 

For a long-lasting installation, 
use an anti-corrosion compound, 
such as Penetrox, when assembling 
the aluminum antenna elements. 
AS the extensions are added, secure 
Gey ae them in the innermost ofthe two holes 
Pew ot 3 nt, ‘with a short piece of #18 wire. Then 


fetialt ail nee run a wire through the remaining 
holes looping each element as you go. 

Fig 51—Detalled drawing of the Atrame discone for 14 to 30 Miz, The disc This gives added suppor Interlly to 
assembly at the top ofthe A-rame is 12 feet in diameter There are 45 cone the elements. Next add a #18 wire to 


‘wires, each 18 feet long, making a 60° included angle of the cone. This antenna 
‘works very well over the design frequency range. 
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the tips ofthe extensions in the same 
fashion. This provides even more 
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Fig 52—Detalls of the top hub for 
the A-frame discone. The three-inch 
PVC pipe was drilled to hold the six 
spreaders making up the top disc. 
Connections for the shield of the 
feed coax were made to the disc. 

The coax center conductor was, 
connected to the cone-wire assembly 


50-0 coor feed ine 


physical stability as well as making electrical connections. 

Next, pin the PVC disk hub to the wooden mast with 
1 Yeinch threaded rod. This is also the point where the cone 
wires are attached, using a loop of #12 stranded copper wire 
around the PVC. Solder each cone wire to this loop, together 
with the coax shield braid. Make sure the loop of #12 wire 
is large enough to make soldering possible without burning 
the PVC with the soldering iron, 

Connect the coax center conductor to the dise assembly 
by securing it with the same 6-32 threaded rod that ties all the 
disc elements together. Make sure to use coax-seal compound 
to keep moisture out of the coax. The coax is then fed down 
the mast and secured in a few places to provide strain relief 
and to keep it out of the way of the cone wires. 

Use two sets of three guy wires. Break these up with 
egg insulators, just to be sure there won't be any interaction 
with the antenna. Use 45 wires of #18 soft-drawn copper wire 


for the cone, 18 feet long each. Cut them a litte Long so they 
can be soldered to the connecting loop. 

A difficult task is now at hand—keeping all the cone 
wires from getting tangled! Solder each of the 45 cone wires, 
to the loop of #12 wire, spacing each wire about ‘4 
the last one for an even distribution all the wa 

‘The cone base is 18 feet in diameter to provide a 60° 
included angle. At the base ofthe cone, use five 12-foot long 
aluminum straps, | inche wide by ‘4 inch thick, overlapping 
814 inches and fastened together with aluminum rivets. Drill, 
holes along the strap every 15 inches to secure the cone 

Make sure to handle the aluminum strap carefully while 
fastening the cone wire ends; too sharp of a bend could 
possibly break it. Fasten six small-diameter nylon lines to 
the cone-base aluminum strap to stabilize the cone. These 
ccone-guys share the same guy stakes as the mast guy lines. 
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After cutting the nylon lines, heat the frayed ends of each 
with a small flame to prevent unraveling. Apply several coats, 
of clear protective spray to the disk head assembly, after 
checking that all hardware is tight, A rain cap at the top of 
the PVC disc hub completes construction. 


Putting It All Up 

You are going to need a lot of help now to raise this an- 
tenna, Have the whole process fully thought out before trying 
to aise it. You should have the spot selected for the base of 
the mast and some pipes driven into the ground to prevent 
the mast from slipping sideways as itis being pulled up. The 
three guy stakes should be in place, 23 feet, 15 inches from 
‘mast center. Of course, the guys should have been cut to the 
correct length, with some extra. Be sure the coax transmission 
line will come off the mast where it should. A long length 
of rope to an upper and lower guy line is used to pull up the 
whole works. 

‘The author used an old trick of standing an exten- 
sion ladder vertically near the antenna base with the pull 
lines looped over the top rung to get a good lift angle. The 
weight added to the mast from the antenna dise assembly 
and cone wires is about 26 pounds, most of it from the cone 
assembly. Use two strong people to pull up the antenna 
slowly so that the other helpers on the guy wires and cone 
guy lines have time to move about as required. As the antenna 
rises to the vertical position, if there are no snafus, the guy 
lines can be secured. Then tie the six cone lines to stakes. 


A Really Big Discone 

When an opportunity arose to buy 
:164-foot self-supporting TV tower, the 
author jumped at the chance to imple- 
ment a full 7 to 30-MHz discone. His 
new tower had eight sections, each 
eight feet long. Counting the overlap 
between sections, the cone wires would 
‘come off the tower at about the 61.5- 
foot mark, 

W8NWF took some liberties 
with the design of this larger discone 
‘compared to the first one, which he 
had done strictly “by the book.” The 
first change was to make the cone 
wires 70 feet long, even though the 
formula said they should be 38 feet 
Jong. Further, the cone wires would not 
be connected together at the bottom. 
With the longer cone wires, he felt that 
75 and 80-meter operation might be a 
possibility. 


Fig 53—The large WBNWF discone, 
designed for operation from 7 to 
14 MHz, but useable with a tuning 
network in the shack for 3.8 MHz. 


‘The second major change was to widen the apex angle 
‘out from 60° to about 78°. Modeling said this should produce 
a flatter SWR over the frequency spectrum and would also 
give a better guy system for the tower. 

‘The topside disc assembly would be 27 feet in diameter 
and have 16 radial spreaders, using telescoping aluminum 
tubing tapering from % to 4 to % inches OD. All spread- 
cers were made from 0.058-inch wall thickness 6063-T832 
aluminum tubing, available from Texas Towers. A section 
of 10-inch PVC plumbing pipe would be used as the hub for 
construction of the disc assembly. 


Construction Details for the Large Discone. 
While installing the tower, the author had left the top 
section on the ground. This allowed him to fit the disc head 
assembly precisely to it. Fig 53 shows the overall plan for the 
large discone. The 10-inch diameter PVC hub was designed 
to lip over the tower top section, but was a litle too large. So 
‘aset of shims was installed on the three legs at the top of the 
tower for a just-right fit Drilling the PVC pipe for the eight 
‘Ycinch OD elements was started about an inch down from the 
top. WSNWF purposely staggered the drilled holes inthe same 
fashion as the hub for the smaller antenna. See Fig 54. 
Again, three-foot sections of 4-inch wooden dowel were 
used to strengthen the %-inch center portion of each spreader. 
Instead of using a loop of #12 wire for connecting the cone 
wires, as had been done on the smaller discone, he drilled 
36 holes in the PVC hub, These holes are small enough so 
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Fig 54—Photo showing details of the hub assembly for 
the large discone, including the threaded brass rod that 
connects the radial spreaders together. The 10-inch PVC. 
pipe is drilled to accommodate the radial spreaders. Each 
spreader is reinforced with a three-foot long wooden 
‘dowel inside for crush resistance. Note the row of holes 
drilled below the lowest spreader. Each of the 36 cone 
wire passes through one of these holes. 


that the PVC hub would not be weakened appreciably. He 
drilled the circles of holes for the cone wires about 6 inches 
below the dise spreaders. 

He prepared a three-foot long piece of RG-213 coax, 
permanently fastened on one end to the antenna, with a female 
type-N connector at the other end. Type-N fittings were used 
because of their superior waterproofing abilities. The coax 
center lead was connected with a terminal lug under a nut 
fon the brass threaded rod securing the dise spreaders. The 
‘coax shield braid was folded back over a six-inch long cop- 
per pipe and clamped to it with a stainless-steel hose clamp. 
See Fig §5 for details. 


pipe and secured with additional hose clamps. 


‘The plan was that after the top disc assembly had been 
hoisted up and attached atthe top ofthe tower, individual cone 
‘wires would be fed, one at a time, through the small holes 
drilled in the PVC. They were to be laid against the copper 
pipe and secured with stainless-steel hose clamps. 

‘The 4 and Y-inch OD spreader extension tips were 
secured in place with two aluminum pop-rivets at each joint. 
Again, the author used anti-oxidant compound on al spreader 
Junctions. He drilled a hole horizontally near the tip of each 
Y%cinch tip all around the perimeter to allow a #8 aluminum 
wire to circle the entire dise. A small stainless-steel sheet- 
metal screw was threaded into the end of each element to 

secure the wire. 
{In parallel with the aluminum wire, 


‘length of small-diameter black Dacron 
line was run, securing it in a couple of 
places between each set of spreaders 
with UV-resistant plastic tie-wraps. The 
reason for doing this was to hold the 
aluminum wire in position and to prevent 
it from dangling, in case it should break 
—-| some years in the future. Two coats of 
clear protective spray were applied for 
protection. 

A truss system helps prevent the 
| disc from sagging due to its own weight. 
See Fig $6 for details. This shows the 
‘completed disk assembly mounted on the 


Fig 56—Photo of the spreader hub 
assembly, showing the truss ropes 
above and below the radial spreaders. 


This is a very rugged assembly! 
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top of the tower. A 3-foot length of 2-inch PVC pipe was used 
for a truss mast above the disc assembly, notching the bottom 
of the pipe so that it would form a saddle over the top couple 
of spreaders. This gave a good foothold. He cut a circle of 
thin sheet aluminum to fit over the 10-inch PVC to serve as, 
‘arain cap. The cap has a hole in the center for the two-inch 
PVC truss mast to pass through, thereby holding it down tight. 
‘The author sprayed a few light coats of paint over the PVC 
for protection from ultraviolet radiation from the sun. 

Sixteen small-diameter black Dacron ropes were con- 
nected at the top of the truss support mast, with the other ends 
fastened to the dise spreaders, halfway out, Another rain cap 
was added to the top of the two-inch PVC truss mast. Eight 
lengths of the same small diameter Dacron rope were added 
halfway out the length of every other spreader. These ropes 
fare meant to be tied back to the tower, to prevent updrafts, 
from blowing the dise assembly upwards. Small egg insula- 
tors were used near the spot where the eight bottom trusses, 
were tied to the dise spreaders, just to be sure there would 
be no RF leakage in rainy weather. 

Hoisting the completed disc assembly to the top of the 
tower can be done easily, with the assistance of at least two 
others. The trickiest part is to get the dise assembly from 
its position sitting flat on the ground to the vertical position 
needed for hoisting it up the tower without damaging it. The 
disc assembly weighs about 35 pounds. Someone at the top 
of the tower will receive the disc as itis hoisted up by gin 
pole, and can mount it on the tower top, 

‘You should prepare three 6-foot long metal braces going 
over the outside of the PVC to fasten to the tower legs. They 
really beef things up. 

In plastic irigation pipe buried between the house and 
tower base, the author ran 100 feet of 9086 low-loss coax. 
to the shack. For cone wires, he was able to obtain some 
#18 copperclad steel wire, with heavy black insulation that 
looked a lot like neoprene. The cone system takes a lot of 
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{fence posts used to hold individual 
‘cone wires to keep them off the ground 
‘and out of harm's way. The truck in 

the background is carting away the 
A-frame 


wire: 36 x 70 feet = 2520 feet, plus some extra at each end 
for termination. You'd be well advised to look around at 
hhamfests to save money. 

Aseach cone wire was connected atthe top of the tower, 
‘helper should place the other end at its proper spot below. 
‘The lower end of each cone wire is secured to an insulator 
screwed into a fencepost. See Fig $7. There are 36 treated- 
ppine fenceposts, each standing about 5’ feet tall 45 feet from 
the tower base to hold the lower end of the cone wires. This 
makes mowing the grass easier and the cone wires are less 
likely to be tripped over too. 

On the final trip down the tower, the eight Dacron 
<downward-truss lines were tied back to the tower about 6 feet 
below the disc assembly. The author's tower has three ground 
rods driven near the base, connected with heavy copper wire 
to the three tower legs. 


ox Gon= 2.868 


Fig 58—Computed patterns showing elevation response 
Cf small discone at 28.5 MHz compared to that of the 
larger discone at 28.5 MHz. The cone wires are clearly 
t00 long for efficient operation on 10 meters, producing 
unwanted high-angle lobes that rob power from the 
desirable low-elevation angles. 


Performance Tests 


‘On the air tests proved tobe very satisfying. Loading up 
‘on 40 meters was easy—the SWR was 1:1 across the entire 
band, WSNWE can work all directions very well and receives 
excellent signal reports from DX stations. When he switches 
to his long (333 foot) center-fed dipole for comparison, he 
finds the dipole is much noisier and that received signals 
are weaker. During the daytime, nearby stations (less than 
bout 300 to 500 miles) can be louder with the dipole, but 
the discone can work them just fine also. 

‘The author happily reports that this antenna even works 
well on 75 meters. As you might expect, it doesn’t present 
a 1:1 match. However, the SWR is between 3.5:1 and 5.5:1 
across the band, W8NWF uses an antenna tuner to operate 
the discone on 75. It seems to get out as well on 75 as it does 
on 40 meters 

‘The SWR on 30 meters is about 1.1:1. On 20 meters the 
SWR runs from 1,05:1 at 14.0 MHz to 14:1 at 14.3 MHz. 
‘The SWR on the 17, 15, 12 and 10-meter bands varies, going 
up to a high of 3.5:1 on 12 meters. 


Radiation Patterns for the Discones 


From modeling using NEC/Wires by K6STI, W8NWF 
verified that the low-angle performance for the bigger antenna 
is worse than that for the smaller discone on the upper fre- 
quencies. See Fig §8 for an elevation-pattern comparison on 
10 meters for both antennas, with average ground constants, 
‘The azimuth patterns are simply circles. Radiation patterns 
produced by antenna modeling programs are very helpful to 
determine what to expect from an antenna, 

‘The smaller discone, which was built by the book, 
displays good, low-angle lobes on 20 through 10 meters 
‘The frequency range of 14 through 28 MHz is an octave's 
worth of coverage. It met his expectations in every way by 
covering this frequency span with low SWR and a low angle 
of radiation 

‘The bigger discone, with a modified cone suitable for 
use on 75 meters, presents a little different story. The low- 
angle lobe on 40 meters works well, and 75-meter perfor- 
‘mance also is good, although an antenna tuner is necessary 
on this band. The 30-meter band has a good low-angle lobe 


Fig 59—Computed elevation-response patterns for the 
larger WENWF discone for 3.8, 7.2 and 21.2 MHz operation. 
‘Again, as in Fig 58, the pattern degrades at 21.2 MHz, 
although sasonably efficient, if not optimal. 


but secondary high-angle lobes are starting to hurt perfor: 
‘mance. Note that 30 meters is roughly three times the design 
frequency of the cone. On 20 and 17 meters there still are 
‘good low-angle lobes but more and more power is wasted in 
high-angle lobes. 

‘The operation on 15, 12, and 10 meters continues to 
worsen for the larger discone. The message here is that 
although a discone may have a decent SWR as high as 10 
times the design frequency, its radiation pattem is not neces- 
sarily good for low-angle communications. See Fig 59 for a 
‘comparison of elevation patterns for 3.8, 7.2 and 21.2 MHz 
‘on the larger discone. 

A discone antenna built according to formula will work 
predictably and without any adjustments. One can modify the 
antenna’s cone length and apex angle without fear of render- 
ing it useless. The broadband feature of the discone makes it 
attractive to use on the HF bands. The low angle of radiation 
makes DX a real possibility, and the discone is also much 
less noisy on receive than a dipole. 

Probably the biggest drawback to an HF discone is its 
bulky size. There is no disguising this antenna! However, if 
you live in the countryside you should be able to put up a 
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Harmonic Radiation from Multiband Antennas 


‘Since a multiband antenna is intentionally designed for 
operation on a number of different frequencies, any harmonics 
or spurious frequencies that happen to coincide with one of the 
antenna resonant frequencies will be radiated with very little, if 
any, attenuation. Particular care should be exercised, therefore, 
to prevent such harmonics from reaching the antenna, 

Multiband antennas using tuned feeders have a certain 
inherent amount of built-in protection against such radiation, 
since it is nearly always necessary to use a tuned coupling 
circuit (antenna tuner) between the transmitter and the feeder 
‘This adds considerable selectivity to the system and helps to 
discriminate against frequencies other than the desired one. 

Multiple dipoles and trap antennas do not have this 
feature, since the objective in design is to make the antenna 
show as nearly as possible the same resistive impedance in 
all the amateur bands the antenna is intended to cover. It is, 
advisable to conduct tests with other amateur stations to de- 
termine whether harmonics ofthe transmitting frequency can 
be heard at a distance of, say, a mile or so. If they can, more 
selectivity should be added to the system since a harmonic 
that is heard locally, even if weak, may be quite strong at a 
distance because of propagation conditions, 
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C-RAN Controller 


Figure 13. Illustration of CloudRAN™ network architecture 


ed content delivery, using a mobile content delivery network (mobile CDN): 
corresponds to a set of servers working together in a transparent fashion to optimise the 
delivery of content to end users over wireless (mobile or Wi-Fi) networks, with high 
availability and performance. With 5G, the objective for these CDN is to cache content close 
to users, notably thanks to predictive algorithms, to offload traffic from the networks and 
decrease latency. 

-  MEC (mobile edge computing): MEC is an evolution of mobile CDN whose purpose, in 
addition to bringing data closer to devices, is to provide devices with an accessible computing 
power with very low latency, within a very specific area for demanding applications. This 
technology makes it possible to locate a portion of the network's intelligence (managing local 
critical applications and performance analysis) at the base station level. The “antennae” will 
be capable of analysing a certain number of data, and so to make decisions very quickly. 

-  Device-to-device: D2 is a direct form of communication between two nearby devices, 
which does not require the data to travel over the cellular network. Device-to-device 
‘communication is not new, as technologies such as Bluetooth and Wi-Fi direct already enable 
it. But a new mesh networking technology will be introduced with 4.9G and later 5G network 
rollouts: LTE-direct. Far more energy-efficient than its predecessors, this technology will have 
a range of up to 500 metres and geolocation capabilities to enable communications. This 
technology will be very useful for low latency V2V(vehicle-to-vehicle) or V2X 
(vehicle-to-everything) communications and for certain public-security related uses. 


15,3 5G: a multi-technology genera 


ion cohabitating with existing networks 
As stated earlier, SG is not meant to replace 4G overnight. In practice, the devices will undoubtedly 
be multi-modal: still connected to the 4G network, which will provide extended coverage for pioneer 
rollouts, then transitioning to 5G networks when they become available. 


While 4G and 5G frequencies will probably be initially segregated, in all likelihood devices will rapidly 
become capable of aggregating 4G and SG carriers and, further down the road, 4G carriers will be 
encapsulated in 5G ones. 


* https://Se-p9p eu/wp-content/uploads/2016/11/04_10-Nov_Session-3 Takaharu-Nakamura pdf 
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Multielement Arrays 


‘The gain and directivity offered by an array of elements 
represents a worthwhile improvement both in transmitting 
and receiving. Power gain in an antenna is the same as an 
equivalent increase in the transmitter power. But unlike 
increasing the power of your own transmitter, antenna gain 
works equally well on signals received from the favored 
direction. In addition, the directivity reduces the strength of 
signals coming from the directions not favored, and so helps 
discriminate against interference. 

‘One common method of obtaining gain and directivity 
is to combine the radiation from a group of 2/2 dipoles to 
concentrate it ina desired direction. A few words of explan: 
tion may help make it clear how power gain is obtained. 

In Fig 1, imagine that the four circles, A, B, C and D, 
represent four dipoles so far separated from each other that 
the coupling between them is negligible. Also imagine that 
point P is so far away from the dipoles that the distance from 
Ptoeach one is exactly the same (obviously P would have to 
bbe much farther away than itis shown in this drawing). Under 
these conditions the fields from all the dipoles will add up at 
P ifall four are fed RF currents in the same phase 

Let us say that a certain current, I, in dipole A. will 
produce a certain value of field strength, E, at the distant 
point P, The same current in any of the other dipoles will 
produce the same field at P. Thus. if only dipoles A and B 
are operating, each with a current I, the field at P will be 2E. 


Fig 1—Fields from separate antennas combine at a distant 
point, P,to produce a field strength that exceeds the field 
produced by the same power in a single antenna. 


With A, B and C operating, the field will be 3E, and with all 
four operating with the same I, the field will be 4E. Since 
the power received at P is proportional to the square of the 
field strength, the relative power received at P is 1, 4, 9 or 
16, depending on whether one, two, three or four dipoles 
are operating. 

Now, since all four dipoles are alike and there is no 
coupling between them, the same power must be put into 
ceach in order to cause the current I to flow. For two dipoles 
the relative power input is 2, for three dipoles it is 3, for 
four dipoles 4, and so on. The actual gain in each case is the 
relative received (or output) power divided by the relative 
input power. Thus we have the results shown in Table 1 
‘The power ratio is directly proportional to the number of 
elements used. 

It is well to have clearly in mind the conditions under 
which this relationship is true: 

1) The fields from the separate antenna elements must 
be in-phase at the receiving point. 

2) The elements are identical, with equal currents in 
all elements 

3) The elements must be separated in such a way that 
the current induced in one by another is negligible; tha is, 
the radiation resistance of each element must be the same as 
it would be if the other elements were not there. 

Very few antenna arrays meet all these conditions 
exactly, However, the power gain of a directive array using 
dipole elements with optimum values of element spacing 
is approximately proportional to the number of elements. 


Table 1 
Comparison of Dipoles with Negligible Coupling 
(See Fig 1) 


Relative Relative Gain 
Output — Input Power in 
Dipotes Power Power = Gain dB 
only 1 1 1 i 
AandB 4 2 2 3 
ABandc 9 3 3 48 
A.BCandD 16 4 4 6 
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Another way to say this is that a gain of approximately 3 dB 
will be obtained each time the number of elements is doubled, 
assuming the proper element spacing is maintained. Itis pos- 
sible, though, for an estimate based on this rule to be in error 
by a ratio factor of two or more (gain error of 3 dB or more), 
especially if mutual coupling is nor negligible. 


DEFINITIONS 


An element in a multi-element directive array is usu 
ally a 2/2 radiator or a 2/4 vertical element above ground. 
The length is not always an exact electrical half or quarter 
wavelength, because in some types of arrays itis desirable 
thatthe element show either inductive or capacitive reactance. 
However, the departure in length from resonance is ordinarily 
small (not more than 5% in the usual case) and so has no ap- 
preciable effect on the radiating properties of the element. 

Antenna elements in multi-element arrays of the type 
considered in this chapter are always either parallel, as in 
Fig 2A , or collinear (end-to-end), asin Fig 2B. Fig 2C shows 
an array combining both parallel and collinear elements. The 
elements can be either horizontal or vertical, depending on 
‘whether horizontal or vertical polarization is desired. Except 
for space communications, there is seldom any reason for 
mixing polarization, so arrays are customarily constructed 
‘with all elements similarly polarized 

A driven element is one supplied power from the 
transmitter, usually through a transmission line. A parasitic 
element is one that obtains power solely through coupling 
to another element in the array because of its proximity to 
such an element. 

A driven array is one in which all the elements are 
driven elements. A parasitic array is one in which one or 
more of the elements are parasitic elements. At least one 
element must be a driven element, since you must somehow 
introduce power into the array. 

‘A broadside array is one in which the principal direc- 
tion of radiation is perpendicular to the axis of the array and 
to the plane containing the elements, as shown in Fig 3. The 
elements of a broadside array may be collinear, as in Fig 3, 
or parallel (two views in Fig 3B). 

Anend-fire array is one in which the principal direction, 


of radiation coincides with the direction of the array axis. 
‘This definition is illustrated in Fig 4. An end-fire array must 
‘consist of parallel elements. They cannot be collinear, as 2 
‘elements do not radiate straight off their ends. A Yagi is a 
familiar form of an end-fire array. 

A bidirectional array is one that radiates equally well, 
in either direction along the line of maximum radiation. A 
bidirectional pattern is shown in Fig SA. A unidirectional 
‘array isone that has only one principal direction of radiation, 
as the pattern in Fig SB shows. 

‘The major lobes of the directive pattern are those in 
which the radiation is maximum. Lobes of lesser radiation 
intensity are called minor lobes. The beamwidth of adirective 
antennais the width, in degrees, of the major lobe between the 
‘wo directions at which the relative radiated power is equal to 
one half its value atthe peak of the lobe. At these half:power 
points the field intensity is equal to 0.707 times its maximum, 
value, or in other words, is down 3 dB from the maximum. 
Fig 6 shows a lobe having a beamwidth of 30°. 

Unless specified otherwise, the term gain as used in this, 


a 
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Fig 3—Representative broadside arrays. At A, collinear 
‘elements, with parallel elements at B. 


ooo om 


The array shown at C combines both parallel and collinear 
elements. 
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both broadside directivity (Fig 3) and end-fire directivity, 
including both parallel and collinear elements. 


section is the power gain over an isotropic radiator in free 
space. The gain can also be compared with a 2/2 dipole of the 
same orientation and height as the array under discussion and 
hhaving the same power input. Gain may either be measured 
experimentally or determined by calculation, Experimental 
measurement is difficult and often subject to consider- 
able error, for two reasons. First, errors normally occur in 
‘measurement because the accuracy of simple RF measuring 


emo (A) 


Fig 5—At A, typical bidirectional pattern and at B, 
unidirectional directive pattern. These drawings also 
illustrate the application of the terms major and minor to 
the pattern lobes. 


Fig 6—The width of a beam is the angular distance 
between the directions at which the received or 
transmitted power is half the maximum power (-3 dB). 
Each angular division of the pattern grid is 5°. 


equipment is relatively poor—even high-quality instruments 
suffer in accuracy compared with their low-frequency and de 
counterparts. And second, the accuracy depends considerably 
oon conditions—the antenna site, including height, terrain 
characteristics, and surroundings—under which the measure- 
‘ments are made. 

Calculations are frequently based on the measured or 
theoretical directive patterns of the antenna (see Chapter 2) 
‘The theoretical gain of an array may be determined approxi- 
mately from 


41.253, 
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G = 10 log (Bq!) 


jecibel gain over a dipole in its favored direction 

64, = horizontal half- power beamwidth in degrees 

(y = vertical half- power beamwidth in degrees. 

‘This equation, strictly speaking, applies only to lossless, 
antennas having approximately equal and narrow E- and H- 
plane beam widths—up to about 20°—and no large minor 
lobes. The E and H planes are discussed in Chapter 2. The 
error may be considerable when the formula is applied to 
simple directive antennas having relatively large beam widths. 
‘The error is in the direction of making the calculated gain 
larger than the actual gain. 

Front-to-back ratio (F/B) is the ratio of the power 
radiated in the favored direction to the power radiated in 
the opposite direction. See Chapter 11 for a discussion of 
front-to-back ratio, and its close cousin, worst-case fromt- 
to-rear ratio. 


Phase 

‘The term phase has the same meaning when used in 
connection with the currents flowing in antenna elements as 
it does in ordinary circuit work. For example, two currents 
are in-phase when they reach their maximum values, lowing 
in the same direction, at the same instant. The direction of 
ccurrent flow depends on the way in which power is applied 
to the element. 

‘This is illustrated in Fig 7. Assume that by some means 
aan identical voltage is applied to each of the elements at the 
tends marked A. Assume also that the coupling between the 
elements is negligible, and that the instantaneous polarity of 
the voltage is such that the current is flowing away from the 
point at which the voltage is applied. The arrows show the 
assumed current directions. Then the currents in elements 1 
and 2 are in-phase, since they are flowing in the same direc- 
tion in space and are caused by the same voltage. However, 
the current in element 3 is flowing in the opposite direction 
in space because the voltage is applied to the opposite end 
of the element. The current in element 3 is therefore 180° 
‘out-of-phase with the currents in elements 1 and 2. 

‘The phasing of driven elements depends on the direc 
tion of the element, the phase of the applied voltage, and the 
point at which the voltage is applied. In many systems used 
by amateurs, the voltages applied tothe elements are exactly 
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Fig 7—This drawing illustrates the phase of currents 
in antenna elements, represented by the arrows. The 
‘currents in elements 1 and 2 are in phase, while that in 
‘element 31s 180° out of phase with 1 and 2. 


in or exactly out-of-phase with each other. Also, the axes of 
the elements are nearly always in the same direction, since 
parallel or collinear elements are invariably used. The cur- 
rents in driven elements in such systems therefore are usually 
either exactly in or exactly out-of-phase with the currents in 
other elements. 

It is possible to use phase differences of less than 180° 
in driven arrays. One important case is where the current in 
‘one set of elements differs by 90° from the current in another 
set. However, making provision for proper phasing in such 
systems is considerably more complex than in the case of 
simple 0° or 180° phasing, as described in a later section of, 
this chapter. 

In parasitic arrays the phase of the currents in the 
parasitic elements depends on the spacing and tuning, as 
described later. 


Ground Effects 

‘The effect of the ground is the same with a directive 
antenna as itis with a simple dipole antenna, The reflection 
factors discussed in Chapter 3 may therefore be applied to 
the vertical pattem of an array, subject to the same modifi- 
cations mentioned in that chapter. In cases where the array 
elements are not all at the same height, the reflection factor 
for the mean height of the array may be used for a close ap- 
proximation. The mean height is the average of the heights 
‘measured from the ground to the centers of the lowest and 
highest elements, 


MUTUAL IMPEDANCE 


Consider two 2/2 elements that are fairly close to each, 
other Assume that power is applied to only one element, 
causing current to flow. This creates an electromagnetic field, 
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which induces a voltage in the second element and causes 
current to flow in it as well. The current flowing in element 2 
will in tum induce a voltage in element 1, causing additional 
‘current to flow there. The total current in 1 is then the sum 
(aking phase into account) of the original current and the 
induced current. 

With element 2 present, the amplitude and phase of the 
resulting current in element 1 willbe different than if element 
2 were not there. This indicates thatthe presence of the second 
‘element has changed the impedance of the first. Ths effect is 
called mutual coupling. Mutual coupling results in a mutual 
impedance between the two elements. The mutual impedance 
hhas both resistive and reactive components. The actual imped 
ance of an antenna element is the sum of its self-impedance 
(the impedance with no other antennas present) and its mutual 
impedances with all other antennas in the vicinity. 

‘The magnitude and nature of the feed-point impedance 
of the first antenna depends on the amplitude of the current 
induced in it by the second, and on the phase relationship 
between the original and induced currents. The amplitude and 
phase of the induced current depend on the spacing between 
the antennas and whether or not the second antenna is tuned 
to resonance. 

In the discussion of the several preceding paragraphs, 
power is applied to only one of the two elements. Do not 
interpret this to mean that mutual coupling exists only in 
parasitic arrays! It is important to remember that mutual 
‘coupling exists between any two conductors that are located 
near one another. 


Amplitude of Induced Current 

‘The induced current will be largest when the two anten- 
nas are close together and are parallel. Under these conditions 
the voltage induced in the second antenna by the first, and in 
the first by the second, has its greatest value and causes the 
largest current flow. The coupling decreases as the parallel 
antennas are moved farther apart. 

The coupling between collinear antennas is com. 
paratively small, and so the mutual impedance between such 
antennas is likewise small. It is not negligible, however. 


Phase Relationships 
When the separation between two antennas is an ap- 
preciable fraction of a wavelength, a measurable period of 
time elapses before the field from antenna I reaches antenna 
2. There is a similar time lapse before the field set up by the 
‘current in number 2 gets back to induce a current in number 
1. Hence the current induced in antenna 1 by antenna 2 will 
have a phase relationship with the original current in antenna 
1 that depends on the spacing between the two antennas, 
‘The induced current can range all the way from be 
ing completely in-phase with the original current to being 
‘completely out-of-phase with it. IF the currents are in-phase 
the total current is larger than the original current and the 
antenna feed-point impedance is reduced. If the currents are 
out-of-phase, the total current is smaller and the impedance 


is increased, At intermediate phase relationships the imped- 
ance will be lowered or raised depending on whether the 
induced current is mostly in or mostly out-of-phase with the 
original current. 

Except in the special cases when the induced current 
is exactly in or out-of-phase with the original current, the 
induced current causes the phase of the total current to shift 
with respect to the applied voltage. Consequently, the pres- 
ence ofa second antenna nearby may cause the impedance of 
aan antenna to be reactive—that i, the antenna will be detuned 
from resonance—even though its self-impedance is entirely 
resistive, The amount of detuning depends on the magnitude 
and phase of the induced current. 


Tuning Conditions 

A third factor that affects the impedance of antenna 
I when antenna 2 is present is the tuning of number 2. If 
antenna 2 is not exactly resonant, the current that flows in 
it as a result of the induced voltage will either lead or lag 
the phase it would have if the antenna were resonant. This 
causes an additional phase advance or delay that affects the 
phase of the current induced back in antenna 1. Such a phase 
Jag has an effect similar to a change in the spacing between 
self-resonant antennas. However, a change in tuning is not 
exactly equivalent to a change in spacing because the two 
‘methods do not have the same effect on the amplitude of the 
induced current. 


MUTUAL IMPEDANCE AND GAIN 


‘The mutual coupling between antennas is important 
because it can have a significant effect on the amount of 
current that will flow for a given amount of power supplied. 
And it is the amount of current flowing that determines the 
field strength from the antenna, Other things being equal, if 
the mutual coupling between two antennas is such that the 
currents are greater for the same total power than would be 
the case ifthe two antennas were not coupled, the power gain 
will be greater than that shown in Table 1 

On the other hand, ifthe mutual coupling is such as t0 
reduce the current, the gain will be less than if the antennas 
‘were not coupled. The term murwal coupling, as used in this 
paragraph, assumes that the mutual impedance between ele- 
‘ments is taken into account, along with the added effects of, 
propagation delay because of element spacing and element 
tuning or phasing. 

The calculation of mutual impedance between antennas, 
is acomplex problem. Data for two simple but important cases 
are graphed in Figs 8 and 9. These graphs do not show the mu- 
‘wal impedance, but instead show a more useful quantity —the 
feed-point resistance measured at the center of an antenna as 
it is affected by the spacing between two antennas. 

As shown by the solid curve in Fig 8, the feed-point 
resistance at the center of either antenna, when the two are 
self-resonant, parallel, and operated in-phase, decreases as 
the spacing between them is increased until the spacing is 
about 0.7 4. This is a broadside array, The maximum gain 
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Fig 8Feed-point resistance measured at the center of 
‘one element as a function of the spacing between two 
parallel. selt-resonant antenna elements. For ground- 
‘mounted ‘4 vertical elements, divide these resistances 
by two. 


is achieved from a pair of such elements when the spacing 
is in this region, because the current is larger for the same 
power and the fields from the two arrive in-phase at adistant 
point placed on a line perpendicular to the line joining the 
‘two antennas. 

‘The dashed line in Fig 8, representing two antennas, 
operated 180° out-of-phase (end-fire), cannot be interpreted 
quite so simply. The feed-point resistance decreases with 
spacing decreasing less than about 0.6 2. in this case. How- 
ever, for the range of spacings considered, only when the 
spacing is 0.5 2. do the fields from the two antennas add up 
exactly in phase at a distant point in the favored direction. 
‘At smaller spacings the fields become increasingly out-of- 
phase, so the total field is less than the simple sum ofthe two. 
‘Smaller spacings thus decrease the gain at the same time that 
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Fig 9—Feed-point resistance measured at the cent 
one element as a function of the spacing between 
‘ends of two collinear self-resonant ‘antenna elements 
operated in phase. 
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the reduction in feed-point resistance is increasing it. For a 
lossless antenna, the gain goes through a maximum when the 
spacing is in the region of % 2. 

‘The feed-point resistance curve for two collinear ele- 
‘ments in-phase, Fig 9, shows that the feed-point resistance 
decreases and goes through a broad minimum in the region 
of 04 to 0.6-2 spacing between the adjacent ends of the 
antennas. As the minimum is not significantly less than the 
feed-point resistance of an isolated antenna, the gain will not 
exceed the gain calculated on the basis of uncoupled antennas. 
‘That is, the best that two collinear elements will give, even 
with optimum spacing, is a power gain of about 2 (3 dB). 
When the separation between the ends is very small—the 
usual method of operation—the gain is reduced, 


GAIN AND ARRAY DIMENSIONS 


‘The gain of an array is principally determined by the 
dimensions of the array, so long as there are a minimum num- 
ber of elements. A good example of this is the relationship 
between boom length, gain and number of elements for an 
array such as a Yagi. Fig 10 compares the gain versus boom 
length for Yagis with different numbers of elements. For 
given number of elements, notice that the gain increases as the 
boom length increases, up toa maximum. Beyond this point, 
longer boom lengths result in less gain for a given number of 
elements. This observation does not mean that it is always 
desirable to use only the minimum numberof elements. Other 
considerations of array performance, such as front-to-back 
ratio, minor lobe amplitudes or operating bandwidth, may 
‘make it advantageous to use more than the minimum number 
of elements for a given array length. A specific example of 
this is presented in a later section in a comparison between 
ahalf-square, a bobtail curtain and a Bruce array. 

In a broadside array the gain is a function of both the 
length and width of the array. The gain can be increased by 
adding more elements (with additional spacing) or by using 
longer elements (>7/2), although the use of longer elements 
requires proper attention to current phase in the elements. In 
general, in a broadside array the element spacing that gives 
‘maximum gain for a minimum number of elements, is in the 
range of 0.5 to 0.7 i. Broadside arrays with elements spaced 
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Fig 10—Yagi gain for 3,4, 5, 6 and 7- 
function of boom length. (From Yagi 
J. Lawson, W2PV.) 


for maximum gain will frequently have significant side lobes 
and associated narrowing of the main lobe beamwidth. Side 
lobes can be reduced by using more than the minimum number 
of elements, spaced closer than the maximum gain distance, 

‘Additional gain can be obtained by expanding the array 
into a third dimension. An example of this is the stacking 
of endfire arrays in a broadside configuration. In the case 
of stacked short endfire arrays, maximum gain occurs with 
spacings in the region of 0.5 to 0.7 2. However, for longer 
higher-gain end-fire arrays, larger spacing is required to 
achieve maximum gain, This is important in VHF and UHF 
arrays, which often use long-boom Yagis. 


PARASITIC ARRAYS 
‘The foregoing applies to multi-element arrays of both. 
types, driven and parasitic. However, there are special con: 
siderations for driven arrays that do not necessarily apply to 
parasitic arrays, and vice versa. Such considerations for Yagi 
and quad parasitic arrays are presented in Chapters 11 and 12. 
‘The remainder of this chapter is devoted to driven arrays. 


Driven Arrays 


Driven arrays in general are either broadside or end-fire, 
and may consist of collinear elements, parallel elements, 
of a combination of both. From a practical standpoint, 
the maximum number of usable elements depends on the 
frequency and the space available for the antenna. Fairly 
elaborate arrays, using as many as 16 or even 32 elements, 
ccan be installed in a rather small space when the operating 
frequency is in the VHF range, and more at UHF. At lower 
frequencies the construction of antennas with a large number 
of elements is impractical for most amateurs. 
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Of course the simplest of driven arrays is one with just 
two elements. Ifthe elements are collinear, they are always 
{fed in-phase. The effects of mutual coupling are not great, as 
illustrated in Fig 9. Therefore, feeding power to each element 
in the presence ofthe other presents no significant problems. 
‘This may not be the case when the elements are parallel to 
each other. However, because the combination of spacing 
and phasing arrangements for parallel elements is infinite, 
the number of possible radiation patterns is endless. 

‘This is illustrated in Fig 11. When the elements are fed 


in-phase, a broadside pattern always results. At spacings of 
less than % 2 with the elements fed 180° out-of-phase, an 
cend-fire pattern always results, With intermediate amounts of 
phase difference, the results cannot be so simply stated. Pat- 
terns evolve that are not symmetrical in all four quadrants 
Because of the effects of mutual coupling between the 
‘wo driven elements, fora given power input greater orlesser 
currents will flow in each element with changes in spacing 
and phasing, as described earlier. This, in turn, affects the 
gain of the array in a way that cannot be shown merely by 
plotting the shapes ofthe patterns, as has been done in Fig 11 
‘Therefore, supplemental gain information is also shown in 
Fig 11, adjacent to the pattern plot for each combination of, 
spacing and phasing. The gain figures shown are referenced 
toa single element. For example, a pair of elements fed 90° 
apart at a spacing of 4/4 will have a gain in the direction of 
‘maximum radiation of 3.1 4B over a single element. 


Current Distribution in Phased Arrays 

In the plots of Fig 11, the two elements are assumed 
to be identical and self-resonant. In addition, currents of 
equal amplitude are assumed to be flowing at the feed point 
of each element, a condition that most often will not exist in 
practice without devoting special consideration to the feeder 
system. Such considerations are discussed in the next section 
of this chapter, 

‘Most literature for radio amateurs concerning phased 
arrays is based on the assumption that if all elements in the 
array are identical, the current distribution in all the elements 
will be identical. This distribution is presumed to be that of 
a single, isolated element, or nearly sinusoidal. However, 
information published in the professional literature as early 
as the 1940s indicates the existence of dissimilar current dis- 
tributions among the elements of phased arrays. (See Harrison 
and King references in the Bibliography.) Lewallen, in July 
1990 OST, pointed out the causes and effects of dissimilar 
current distributions 

In essence, even though the two elements in a phased 
array may be identical and have exactly equal currents of the 
desired phase flowing at the feed point, the amplitude and 
phase relationships degenerate with departure from the feed 
point. This happens any time the phase relationship is not 0° 
or 180°. Thus, the field strengths produced at a distant point 


by the individual elements may differ. This is because the 
field from each element is determined by the distriburion of 
the current, as well as its magnitude and phase. 

‘The effects are minimal with shortened elements—verti- 
cals less than 2/4 or dipoles less than 1/2 long. The effects on 
radiation patterns begin to show atthe above resonant lengths, 
and become profound with longer elements—7/2 or longer 
verticals and | 2 or longer center-fed elements. These effects 
are less pronounced with thin elements. The amplitude and 
phase degeneration takes place because the currents in the 
array elements are not sinusoidal. Even in two-element arrays 
‘with phasing of 0° or 180°, the currents are not sinusoidal, but 
in these two special cases they do remain identical 

‘The pattern plots of Fig 1 take element current 
distributions into account. The visible results of dissimilar 
distributions are incomplete nulls in some patterns and 
the development of very small minor lobes in others. For 
example, the pattem for a phased array with 90° spacing 
and 90° phasing has traditionally been published in amateur 
literature as a cardioid with a perfect null inthe rear direction. 
Fig 11, calculated for 7.15-MHz self-resonant dipoles of #12 
wire in free space, shows a minor lobe at the rear and only a 
33-dB front-to-back ratio. 

It is characteristic of broadside arrays that the power 
gain is proportional to the length of the array but is substan- 
tially independent of the number of elements used, provided 
the optimum element spacing is not exceeded. This means, 
for example, that a five-element array and a six-element ar- 
ray will have the same gain, provided the elements in both 
are spaced so the overall array length is the same. Although 
this principle is seldom used for the purpose of reducing the 
number of elements because of complications introduced in 
feeding power to each element in the proper phase, it does 
illustrate the fact that there is nothing to be gained, in terms of 
‘more gain, by increasing the number of elements ifthe space 
‘occupied by the antenna is not increased proportionally. 

Generally speaking, the maximum gain in the smallest 
linear dimensions will result when the antenna combines 
both broadside and end-fire directivity and uses both paral- 
lel and collinear elements. In this way the antenna is spread 
over a greater volume of space, which has the same effect 
as extending its length to a much greater extent in one linear 
direction, 
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‘b= phasing). The elements are aligned with the 
page) is of lagging phase at angles other than 0°. 
amplitude currents flowing at the feed point. See text regarding current distributions. The gain figure associated with 
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each pattern indicates that of the array over a singl 


sment. The plots represent the horizontal or azimuth pattern at a 0° 
ace vertical or elevation pattern of two 
horizontal “=. elements when viewed on end, with one element above the other. (Patterns computed with ELNEC—sce 


‘of two "i. vertical elements ove 
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Phased Array Techniques 


Phased antenna arrays have become increasingly popu- 
Jar foramateur use, particularly on the lower frequency bands, 
‘where they provide one of the few practical methods to obtain 
substantial gain and directivity. This section on phased-array 
techniques was written by Roy Lewallen, W7EL. 

‘The operation and limitations of phased arrays, how to 
design feed systems to make them work properly and how 
to make necessary tests and adjustments are discussed in the 
pages that follow. The examples deal primarily with vertical 
HP arrays, but the principles apply to VHF/UHF arrays and 
arrays made from other element types as well. 


OVERVIEW 


Much of this chapter is devoted to techniques for 
feeding phased arrays. Many people who have a limited 
acquaintance with phased array techniques believe this is a 
simple problem, consisting only of connecting array elements 
through “phasing lines” consisting of transmission lines of, 
the desired electrical lengths. Unfortunately, except for a very 
few special cases, this approach won't achieve the desired 
array pattern, 

Other proposed universal solutions, such as hybrid cou- 
plers or Wilkinson or other power dividers, also usually fai to 
achieve the necessary phasing. These approaches sometimes 
produce—often more by accident than design—results good 
enough to mislead the user into believing that the simple 
approach is working as planned. Confusion can result when 
aan approach fails to work in different circumstances. This 
section will explain why the simple solutions don’t work 
as often thought, and how to design feed systems that do 
consistently produce the desired results 

‘Very briefly, the reason why the simple phasing-line 
approach fails is that the delay of current or voltage in a 
transmission line equals the line’s electrical length only if, 
the line is terminated in its characteristic impedance. And in 
phased arrays, element feed-point impedances are profoundly 
affected by mutual coupling. 

Consequently, even if each element has the correct, 
impedance when isolated, it won't when all elements are 
excited. Furthermore, transmission lines that are not termi- 
nated in their characteristic impedance will transform both 
the voltage and current magnitude. The net result is that the 
array elements will have neither the correct magnitudes nor 
phases of current necessary for proper operation except in a 
few special cases. This isn’t a minor effect of concern only 
toperfectionists, but often a major one that causes significant 
pattern distortion and poor or mislocated nulls. The problem 
is examined in greater depth later. 

Power dividers and hybrid couplers also fail to achieve 
the desired result for different reasons, which will be dis- 
cussed below, although in one common application hybrid 
couplers fortuitously provide results that are acceptable to 
many users. This chapter will show how to design array 
feed systems that will produce predicted element currents 
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and array patterns. 

‘Various EZNEC models are provided to illustrate con- 
cepts presented in this chapter. They can all be viewed with 
the EZNEC-ARRL software furnished on the CD included 
with this book. Step-by-step instructions for the examples 
are given in Appendix A. 


FUNDAMENTALS OF PHASED ARRAYS 


‘The performance of a phased array is determined by 
several factors, Most significant among these are the char- 
acteristics ofa single element, reinforcement or cancellation 
of the fields from the elements and the effects of mutual 
coupling. To understand the operation of phased arrays, it 
is first necessary to understand the operation of a single 
antenna element. 

Of primary importance is the strength of the field 
produced by the element. The field radiated from a linear 
(straight) element, such as a dipole or vertical monopole, is 
proportional to the sum of the elementary currents flowing 
in each part of the antenna element. For this discussion it 
is important to understand what determines the current in a 
single element, 

‘The amount of current flowing at the base of a ground 
‘mounted vertical or ground-plane antenna is given by the 
familiar formula 


— 42) 
R 


where 
is the power supplied to the antenna 
Ris the feed-point resistance. 


R consists of two parts, the loss resistance and the 
radiation resistance. The loss resistance, R, , includes losses 
in the conductor, in the matching and loading components 
and dominantly (in the case of ground-mounted verticals) in 
‘ground losses. The power “dissipated” in the radiation resis- 
tance, Ris actually the power that is radiated, so maximizing 
the power dissipated by the radiation resistance is desirable. 
However, the power dissipated in the loss resistance truly is 
lost as heat, so resistive losses should be made as small as 
possible, 

‘The radiation resistance of an element can be derived 
from electromagnetic field theory, being a function of antenna, 
length, diameter and geometry. Graphs of radiation resistance 
versus antenna length are given in Chapter 2. The radiation 
resistance of a thin resonant 2/4 ground-mounted vertical is 
about 360. A resonant 2/2 dipole in free space has a radiation 
resistance of twice this amount, about 73 ©. Reducing the 
antenna lengths by one half drops the radiation resistances 
to approximately 7 and 14 Q, respectively. 

‘The radiation resistance of a large variety of antennas, 
ccan easily be determined by using EZNEC-ARRL, which is 
included on the CD in the back of this book. The radiation 


4G is still being deployed, and its technological evolution and certain building blocks will be used by 
both the first SG networks and advanced 4G networks. To wit, the latest trials conducted in France 
are allowing 4G networks to perform better thanks to the use of pre-5G technologies: 


- Bouygues Telecom, in partnership with Huawei, managed to achieve a peak data rate of 
1.Gbps thanks to the simultaneous use of four-carrier aggregation (800 MHz, 1800 MHz, 
2100 MHz, 2600 MHz) and more powerful modulation (256 QAM)"; 

- Inthe coming weeks, Orange will be launching a massive MIMO (16x16) trial with Nokia”. 


In addition to the strong integration between 4G and 5G, the new generation will no doubt also 
continue convergence efforts between frequency bands governed by exclusive licences — i.e. bands 
that are allocated exclusively to an operator, such as mobile operators ~ and unlicensed frequency 
bands, governed by a system of general authorisation (e.g. Wi-Fi bands), which already began in 4G 
with LTE-LAA (Long Term Evolution ~ License Assisted Access) and LTE-LWA (Long Term Evolution ~ 
Wii Link Aggregation). 


LTE-LAA is characterised by the aggregation of one or several LTE carriers, used in licensed bands, 
with other LTE carriers employing unlicensed 5 GHz Wi-Fi bands. To guarantee cohabitation with very 
widespread Wi-Fi networks whose deployment pattern is unpredictable, it uses LBT (Listen Before 
Talk) technology to listen to the radio channel before transmitting, in order to determine whether or 
not a frequency is available. 


LTE-LWA consists of an aggregation of LTE carriers in licensed bands with Wi-Fi traffic. To achieve 
this, the LTE cell and Wi-Fi access point need to be connected: the Wi-Fi traffic is sent ta the cell 
Which sends back the entire aggregated link on the 4G core network. This technology is particularly 
well suited to indoor environments with small cells, a system which, as detailed in paragraph 3.3 
below, will end itself well to 5G deployments. 


2» hutps://www. corporate bouyguestelecom fr/wp-content/uploads/2016/05 CommuniquiéC3%A9-Bouygues-Telecom-ot 
Huawel-Technologies-r9sC3%Adalisent.un-test-de-d9SC3%ASbI-4G-S6C3%4A0-plus-de-1.Gbps pour-la-premi%sC3%ABre-fols 
en-Europe-de-|Ouest. pal 

>» httos://networks orange fr/actualites/actualtes-des-netwarks/orange-et-nokia-partners-pour developper-Les-futurs: 
services-5 
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Fig 12—Simplified equivalent circuit for a single-element 
Tesonant antenna. Rp represents the radiation resistance, 
‘and R the ohmic losses in the total antenna system. 


resistance is simply the feed-point resistance (the resistive 
part of the feed-point impedance) when all losses have been 
set to zero, 


Radiation Efficiency 

‘To generate a stronger field from a given radiator, itis 
necessary t0 increase the power P (the brute-force solution), 
decrease the loss resistance R, (by putting in a more elaborate 
ground system for a vertical, for instance) or to somehow 
decrease the radiation resistance R,, so more current will flow 
with a given power input. This can be seen by expanding the 
formula for base current as 


Re + RL 


Splitting the feed-point resistance into components Ry, 
and R, easily leads to an understanding of element efficiency. 
The efficiency of an element is the proportion of the total 
power that is actually radiated. The roles of Ry and R, in 
determining efficiency can be seen by analyzing a simple 
equivalent circuit, shown in Fig 12, 

‘The power dissipated in R,, (the radiated power) equals, 
FR,. The total power supplied to the antenna system is 


R,+R,) (44) 


so the efficiency (the fraction of supplied power that is actu- 
ally radiated) is 


(Bq3) 


a re. | 


F Rp +R) (a5) 


> RL 


Efliciency is frequently expressed in percent, but ex- 

pressing it in decibels relative to a 100%-efficient radiator 

gives a better idea of what to expect in the way of signal 

strength. The field strength of an element relative to a lossless 

but otherwise identical element, in dB, is 
Ra 

Re +R 


FSG 


0 log (Eq 6) 


where FSG = field strength gain, dB. 

For example, information presented by Sevick in March 
1973 QST shows that a /4 ground-mounted vertical antenna 
with four 0.2-2 radials has a feed-point resistance of about 
(65 © (see the Bibliography at the end of this chapter). The 
efficiency of such a system is 36/65 = 55.4%. It is rather 
disheartening to think that, of 100 W fed tothe antenna, only 
'55 Wis being radiated, with the remainder literally warming 
up the ground. Yet the signal will be only 10 log (36/65) = 
~2.57 dB relative to the same vertical with a perfect ground 
system. In view of this information, trading a small reduction 
in signal strength for lower cost and greater simplicity may 
become an attractive consideration 

So far, only the current at the base of a resonant antenna 
hhas been discussed, but the field is proportional tothe sum of 
currents in each tiny part of the antenna. The field is a func 
tion of not only the magnitude of current flowing at the feed 
point, but also the distribution of current along the radiator 
and the length of the radiator. Nothing can be done at the 
feed point to change the current distribution, so for a given 
element the field strength is proportional to the feed point 
current. However, changing the radiator length or loading 
it at some point other than the feed point will change the 
current distribution. 

More information on shortened or loaded radiators 
‘may be found in Chapters 2 and 6 and in the Bibliography 
references of this chapter. The current distribution is also 
changed by mutual coupling to other array elements, although 
for most arrays this has only a minor effect on the pattern 
‘This is discussed later in more detail. A few other important 
facts follow 

1) If there is no loss, the field from even an infinitesi- 
‘mally short radiator is less than dB weaker than the field 
from a half-wave dipole or quarter-wave vertical. Without 
loss, all the supplied power is radiated regardless of the 
antenna length, so the only factor influencing gain is the 
slight difference in the patterns of very short and 2/2 antennas. 
‘The small patter difference arises from different current dis- 
tributions. A short antenna has avery low radiation resistance, 
resulting in a heavy current flow over its short length. In the 
absence of loss, this generates a field strength comparable 
to that ofa longer antenna. Where loss is present—that is, in 
practical antennas—shorter radiators usually don’t do so well, 
since the low radiation resistance leads to lower efficiency 
for a given loss resistance. If care is taken, reasonably short 
antennas can achieve good efficiency. 

2) Care has to be taken in calculating the efficiency of 
folded antennas. (See Chapter 6.) Folding transforms both the 
radiation resistance and loss resistance by the same factor, so 
their ratio and therefore the efficiency remains the same. It’ 
easy to show that in a ground-mounted vertical array, folding 
reduces the current flowing from the feed line to the ground 
system by a factor of two due to the impedance transforma- 
tion, However, the folded antenna has an additional connec 
tion to ground, which also carries half the original ground 
current. The result is that the same amount of current flows, 
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into the ground system, whether unfolded or folded, result- 
ing in the same ground system loss. Analyses purporting to 
show otherwise invariably transform the radiation resistance 
but neglect to also transform the loss resistance and reach an 
incorrect conclusion, 

3) The current flowing in an element with a given power 
input can be increased or decreased by mutual coupling to 
other elements. The effect is equivalent to changing the 
clement radiation resistance. Mutual coupling is sometimes 
thought of as a minor effect, but often it is not minor! 


Field Reinforcement and Cancellation 

‘The mechanism by which phased arrays produce gain, 
and the role of mutual coupling in determining gain, were 
covered earlier in this chapter. One important point that can't 
bbe emphasized enough is that all antennas must abide by 
the law of conservation of energy. No antenna can radiate 
‘more power than supplied to it. The total amount of power 
itradiates isthe amount it's supplied, less the amount lost as 
heat. This is true of all antennas, from the smallest “rubber 
ducky” to the most gigantic array. 


Gain 

Gain is strictly a relative measure, so the term is com- 
pletely meaningless unless accompanied by a statement of 
just what iti relative to. One useful measure for phased array 
gain is gain relative 10 a single similar element. This is the 
increase in signal strength that would be obtained by replacing 
a single element by an array made from elements just like 
it. In some instances, such as investigating what happens to 
array performance when all elements become more lossy, 
it’s useful to state gain relative to a more absolute, although 
unattainable standard: a lossless element 

‘And the most universal reference for gain is another 
unattainable standard, the isotropic radiator. This fictional 
antenna radiates absolutely equally in all directions. I's very 
useful because the field strength resulting from any power 
input is readily calculated, so if the gain relative to this 
standard is known, the field strength is also known for any 
radiated power. Gain relative to this reference is referred to 
as dBi, andit's the standard used by most modeling programs 
including EZNEC-ARRL. To find the gain of an array rela- 
tive to a single element or other reference antenna such as a 
dipole, model both the array and the single element or other 
reference antenna in the same environment and subtract their 
«dBi gains. Don’t rely on some assumption about the gain of, 
a single element—many people assume values that can be 
very wrong. 


Nulls 

Pattern nulls are very often more important to users of 
phased arrays than gain because of their importance in reducing 
both man-made and natural interference when receiving. Con- 
sequently, a good deal of emphasis is, and should be, placed 
‘on achieving good pattern nulls. Unfortunately, good nulls are 
‘much more difficult to achieve than gain and they are much 
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more sensitive to array and feed-system imperfections. 

As an illustration, consider two elements that each 
produce afield strength of, say, exactly 1 millivolt per meter 
(m¥/m) at some distance many wavelengths from the array. 
In the direction in which the fields from the elements are 
in-phase, a total field of 2 mV/m results. In the direction in 
which they're out-of-phase, zero field results. The ratio of, 
‘maximum to minimum field strength of this array is 2/0, or 
infinity 

Now suppose, instead, that one field is 10% high and. 
the other 10% low—I.1 and 0.9 mV/m, respectively. In the 
forward direction, the field strength is still 2 mV/m, butin the 
canceling direction, the field will be 0.2 mV/m. The front- 
to-back ratio has dropped from infinity to 2/0.2, or 20 dB. 
(Actually, slightly more power is required to redistribute the 
field strengths this way, so the forward gain is reduced—but 
by only a small amount, less than 0.1 dB.) For most arrays, 
unequal fields from the elements have a minor effect on 
forward gain, but a major effect on pattern nulls. This is il- 
lustrated by EZNEC Example: Nulls in Appendix A. 

Even with perfect current balance, deep nulls aren't 
assured. Fig 13 shows the minimum spacing required for total 
field reinforcement or cancellation. If the element spacing 
isn’t adequate, there may be no direction in which the fields 
are completely out-of-phase (see curve B of Fig 13). Slight 
physical and environmental differences between elements 
‘will invariably affect null depths, and null depths will also 
vary with elevation angle. 

However, a properly designed and fed array can produce 
very impressive nulls. The key to producing good nulls, like 
producing gain, is controlling the strengths and phases of, 
the fields from the elements. Just how to accomplish that is 
the subject of most of the remainder of this section. But be 
sure to keep in mind that producing good nulls is generally 
a much more difficult task than producing approximately 
the predicted gain, 
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Fig 13—Minimum element spacing required for total field 

inforcement, curve A, oF total field cancellation, curve B. 
Total cancellation results in pattern nulls in one or more 
directions, Total reinforcement does not necessarily mean 
‘there is gain over a single element, as the effects of loss 
‘and mutual coupling must also be considered. 


Mutual Coupling 

Mutual coupling was discussed briefly earlier in this 
chapter. Because it has an important and profound effect 
(on both the performance and feed system design of phased 
arrays, it will be covered in greater depth here. 

Mutual coupling refers to the effects which the ele- 
‘ments in an array have on each other. Mutual coupling can 
‘occur intentionally or entirely unintentionally. People with 
‘multiple antennas on a small lot (or car top) often discover 
that a better description of their system is a single antenna 
‘with multiple feed points. Current is induced in conductors in 
various antennas by mutual coupling, causing them toact like 
parasitic elements, which re-radiate and distort the antenna’s 
pattern. The effects of mutual coupling are present whether 
(or not the elements are driven. 

‘Suppose that two driven elements are many wavelengths 
from each other. Each has some voltage and current at its feed 
point. For each element, the ratio ofthis voltage to current 
is the element self-impedance. If the elements are brought 
close to each other, the current in each element will change in 
‘magnitude and phase because of coupling with the field from 
the other element. The field from the first element changes, 
the current in the second. This changes the field from the 
second, which alters the current in the first, and so forth until 
an equilibrium condition is reached in which the currents in 
all elements (hence, their fields) are totally interdependent. 

‘The feed-point impedances of all elements also are 
changed from their values when far apart, and all are depen- 
dent on each other. Ina driven array, the changes in feed-point 
impedances can cause additional changes in element currents, 
because the operation of many feed systems depends on the 
element feed-point impedances. Significant mutual coupling 
‘occurs at spacings as great as a wavelength or more. 

Connecting the elements to a feed system to form a 
driven array does not eliminate the effects of mutual cou- 
pling. Infact, in many driven arrays the mutual coupling has 
a greater effect on antenna operation than the feed system 
does. All feed-system designs must account forthe impedance 
changes caused by mutual coupling if the desired current 
balance and phasing are to be achieved. 

Several general statements can be made regarding the 
effects of mutual coupling on phased-array systems. 


1) The resistances and reactances of all elements of 
an array generally will be substantially different from the 
values when the elements are isolated (that is, very distant 
from other elements). 

2) If the elements of a two-element array are identical 
and have equal currents that are in-phase or 180° out-of- 
phase, the feed-point impedances of the two elements willl be 
equal. But they will be different than for an isolated element. 
the two elements are part of a larger array, their impedances 
can be very different from each other. 

3) Ifthe elements of a two-element array have currents, 
that are neither in-phase (0°) nor out-of-phase (180°), their 
feed-point impedances will not be equal. The difference will 
be considerable in typical amateur arrays. 


4) The feed: point resistances ofthe elements in aclosely 
spaced, 180° out-of-phase array will be very low, resulting 
in poor efficiency due to ohmic losses unless care is taken to 
minimize loss. This is also true for any other closely spaced 
array with significant predicted gain, 

I's essential to realize that this is not a minor effect 
and one that can be overlooked or ignored, See EZNEC Ex- 
ample—Mutual Coupling in Appendix A for an illustration 
of these phenomena, 


Loss Resistance, 
Mutual Coupling and Antenna Gain 

Loss reduces the effects of mutual coupling because 
the feed-point impedance change resulting from mutual 
coupling is effectively in series with loss resistance. If the 
loss is great enough, two important results occur. First, the 
‘eed-point impedance becomes independent of the presence 
of nearby current-carrying elements. This greatly simplifies 
feed system design—the simple “phasing-line” or hybrid- 
coupler feed system described below is adequate provided 
that all elements are physically identical and the feed point 
of each element is matched 10 the Zy of the feed line and, if 
used, the hybrid coupler 

‘The impedance matching restrictions are necessary to 
insure that the phasing line or hybrid coupler performs as 
expected. Identical elements are needed so that equal element 
currents will result in equal fields from the elements. 

Inthe absence of mutual coupling effects, the maximum 
gain of an array of identical elements relative to a single 
(Gimilarly lossy) element is simply 10 log(N), where N is 
the number of elements—providing that spacing is adequate 
for the fields to fully reinforce in some direction. If spacing 
is less, maximum gain will also be less. Of course, the array 
gain relative to a single Jossless element will be very low, 
‘most likely a sizeable negative number when expressed in 
4B. So intentionally introducing loss isn’t a wise idea for a 
transmitting array. It is sometimes an advantageous thing to 
do for a receiving array, however, as explained in the fol- 
lowing section, 

High-gain close-spaced arrays, such as the W8JK 
phased array (see EZNEC-ARRL example file ARRL_W8JK. 
EZand accompanying Antenna Notes fle), and most parasitic 
arrays depend heavily on mutual coupling to achieve their 
gain, Introduction of any loss to these arrays, which reduces 
the mutual coupling effects, has profound effect on the gain. 
Consequently, parasitic or close-spaced driven arrays often 
produce disappointing results when made from grounded 
vertical elements unless each has a fairly elaborate (and 
therefore very low-loss) ground system, 

If you place two low-loss elements very close together 
and feed them in-phase, mutual coupling reduces the array 
gain to essentially that of a single element, so there's no ad- 
‘Vantage to this configuration over a single element. However, 
if you havea single lossy element, for example a short vertical 
having a relatively poor ground system, you can improve the 
gain by up to 3 dB by adding a second, close spaced, element 
and ground system and feeding the two in-phase, Another 
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‘way to look at this technique is that you're putting two equal 
«ground system resistances in parallel, which effectively cuts 
the loss in half. The gain you can realize in practice depends 
oon such things as the ground system overlap, but it might be 
a practical way to improve transmitting array performance 
in some situ 


FEEDING PHASED ARRAYS 

‘The previous section explains why the fields from the 
clements must be very close tothe ratios required by the array 
design. Since the field strengths are proportional tothe currents 
inthe elements, controlling the fields requires controling the ele. 
‘ment currents, Since the desired current ratio is 1:1 for virtually 
all wo-element and for most (but not all) larger amateur arrays, 
special attention is paid to methods of assuring equal element 
currents. But we will examine other current ratios also. 


The Role of Element Currents 

‘The field from a conductor is proportional to the current 
flowing on it. So if we're to control the relative strengths 
and phases of the fields from the elements, we have to 
control their currents, We usually do this by controlling the 
currents at the element feed points. But because the field 
from an element depends on the current everywhere along 
the element, elements having identical feed-point currents 
will produce different fields if they have different current 
distributions—that is, if the way the current varies along the 
lengths of the elements is different. 

A previous section explained that mutual coupling alters, 
the current distribution, so in many arrays the current distribu- 
tions will be different on the elements and consequently the 
relationship between the overall fields won't be the same as 
that between the feed: point currents. Fortunately, this effect is 
relatively minor in thin, /4 monopole or 2/2 dipole elements. 
‘The most common arrays are made from elements in this 
category, so we can generally get very nearly the desired ratio 
of fields by effecting the same ratio of feed point currents. 
Exceptions are detailed immediately below. 


Feed-point vs Element Current 

For most antennas, environmental factors are likely to 
cause greater performance anomalies than current distribu- 
tion differences, and both can be corrected with minor feed 
system adjustments. The difference between field and feed- 
point current ratios can become very significant, however, if 
the elements are very fat and/or close to 2/2 (monopole) or 
1/2 (dipole) long. In those cases, most of the feed systems 
described here won't produce the desired field ratios without 
‘major adjustment or modification, except in the special cases, 
of 2-element arrays with identical elements having feed point 
currents in-phase or 180° out-of-phase. In those special cases, 
the element current distributions are the same for the same 
reason the feed-point impedances are equal. This is explained 
later in the feed system sections. 

To get an idea of just how large an element must be to 
disturb the patter of an array with correct feed-point currents, 
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‘atwo-element cardioid array of quarter wave vertical elements 
was modeled at 10 MHz. With thin, 0.1-inch diameter ele- 
‘ments, the front/back ratio was 35 dB, the very small reverse 
lobe caused by slightly unequal element current distributions. 
Increasing the element diameter to 20 inches decreased the 
front/back ratio to 20 dB. Returning the front/back ratio of 
the array of 20-inch elements to >35 dB required changing 
the feed-point current ratio from the nominal value of 1.0 at 
an angle of 90° to 0.88 at 83°, 

‘The same array was first modeled with 0.1 inch diameter 
elements, where it has a front/back ratio of 35 dB, then the 
‘elements were lengthened. The front/back ratio dropped to 
20 dB at an element length of 36 feet, orabout 0.37 2. In that 
‘case, adjustment of the feed-point current ratio to about 0.9 
at about 83° restored a good front/back ratio. 

In the discussion and development which follow, the 
assumption is made that the fields will be very neatly pro- 
portional to the feed-point currents. Ifthe elements are fat or 
Jong enough to make this assumption untrue, some adjustment 
of feed-point current ratio will be necessary to achieve the 
<desired pattem, particularly nulls. Most feed systems can be 
designed for any current ratio. Modeling will reveal the ratio 
required forthe desired pattern, and then the feed system can 
be designed accordingly. 


COMMON PHASED-ARRAY FEED 
SYSTEMS 


This section will fist describe several popular ap 
proaches to feeding phased amas that ten don't produce 
the desired resus ll dese why they don't work a 
wel as hoped, I also bily discusses systems that could 
be used, bu that often arent appropiate o opium for 
amateuraray. 

“Ths wllbe followed inthe nex section by detailed de 
sition ary fedsystems that do produce the predicted 
tlement current ratios and nay pte 


\g-Line” Approach 

For an array to produce the desired patter, the element 
‘currents must have the required magnitude and the required 
phase relationship. As explained above, this can generally be 
achieved well enough by causing the feed point currents to have 
that same relationship. 

(On the surface, this sounds easy—just make sure that the 
difference in electrical lengths of the feed lines to the elements 
‘equals the desired phase angle. Unfortunately, this approach 
doesn’t necessarily achieve the desired result. The first prob- 
Jem is that the phase shift through the line is not equal to its 
electrical length. The current (or, for that matter, voltage) delay 
in a transmission line is equal to its electrical length in only a 
few special cases—cases which don’t exist in most amateur 
arrays! The impedance of an element in an array is frequently 
very different from the impedance of an isolated element and 
the impedances of all the elements in an array can be different 
from each other. 

See the EZNEC Example—Mutual Coupling in Appen- 


dix A for a graphic illustration of the effect of mutual coupling 
‘on feed-point impedance. Also look at the Four-Square array 
cexample in the Phased Array Design Examples section. The 
array in that example has one element with a negative feed. point 
resistance, if ground loss is low. Without mutual coupling, the 
resistance of that same element would be about 36 © plus 
ground loss. 

‘Because of mutual coupling, the elements seldom provide a 
‘matched load forthe element feed lines. The effect of mismatch 
‘on phase shift can be seen in Fig 14. Observe what happens to 
the phase of the current and voltage on a line terminated by a 
purely resistive impedance that is lower than the characteristic 
impedance of the line (Fig 14), Ata point 45° from the load 
the current has advanced less than 45°, and the voltage more 
than 45°, At 90° from the load both are advanced 90°, At 135° 
the current has advanced more and the voltage less than 135°. 
‘This apparent slowing down and speeding up of the current and 
voltage waves is caused by interference between the forward and 
reflected waves. Itoccurs on any line that isnot terminated with 
‘apure resistance equal tits characteristic impedance. Ifthe load 
resistance is greater than the characteristic impedance ofthe line, 
as shown in Fig 14B, the voltage and current exchange angles. 
‘Adding reactance tothe load causes additional phase shift. The 
‘only cases in which the current (or voltage) delay is equal to the 
electrical lengoh ofthe line are 

1) When the line is lat; that is, terminated in a purely 
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Fig 14—Resultant voltages and currents along a 
‘mismatched line. At A, R less than Zp, and at B, 
FR greater than Zp. 


resistive load equal to its characteristic impedance; 

2) When the line length is an integral number of half 
wavelengths; 

3) When the line length is an odd number of quarter 
‘wavelengths and the load is purely resistive: and 

4) When other specific lengths are used for specific 
load impedances. 

Just how much phase error can be expected if two feed 
lines are simply hooked up to form an array? There is no 
simple answer. Some casually designed feed systems might 
deliver satisfactory results, but most will not. See the EZNEC 
Example—‘Phasing-Line” Feed in Appendix A for the 
typical consequences of using this sort of feed system, 

‘Assecond problem with simply connecting feed lines of 
different lengths to the elements is that the lines will change 
the magnitudes of the currents. The magnitude of the current 
(or voltage) out of a line does not equal the magnitude into 
that line, except in cases 1, 2 and 4 above. The feed systems 
presented later in this chapter assure currents that are correct 
in both magnitude and phase. 

‘The elementary phasing-line approach will work 
in three very special but common situations. If the array 
consists of only two identical elements and those elements 
are fed in-phase, mutual coupling will modify the element 
impedances, but both will be modified exactly the same 
amount. Consequently, if the two elements are fed through 
cequal-length transmission lines, the lines will transform and 
delay the currents by the same amount and result in equal, 
in-phase currents at the element feed points. 

‘Similarly, an array of two identical elements fed 180° 
‘out-of-phase will have the same feed-point impedances and 
ccan be fed with two lines of any length so long as one line is 
an electrical half wavelength longer than the other. But this 
can’t be extended to any two elements in a larger array, since 
‘mutual coupling to the other elements can result in different 
‘feed-point impedances. Methods will be described later which 
do assure a correct current ratio in this situation. 

‘The third application in which the phasing-line approach 
‘works isin receiving arrays where the elements are very short 
in terms of wavelength and/or very lossy. In either of these 
cases, mutual coupling between elements is much less than 
aan element's self-impedance. This allows the elements to be 
individually matched to the feed lines, with no significant 
change taking place when the elements are formed into an 
array. Under those conditions, the transmission lines can be 
‘matched and the lines used as simple delay lines with easily 
predictable phase shift and with no transformation of current 
(or voltage magnitude other than cable loss. This is discussed 
in the later section on receiving antennas. 

‘Many arrays can be correctly fed with a feed system 
consisting of only transmission lines, but the technique 
requires knowledge of the element feed-point impedances 
in a correctly fed array. Line lengths can then be computed 
that provide the correct ratio of currents into those particular 
load impedances. The line lengths generally differ by amount 
that's considerably different from the element phase angle 
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difference, and appropriate line lengths can’t always be found 
for all arrays. This technique is described more fully in the 
“The Simplest Phased Array Feed System—That Works” 
section later in the chapter and illustrated in the examples in 
Phased Array Design Examples. 


The Wilkinson Divider 

‘The Wilkinson divider, sometimes called the Wilkinson 
power divider, was once heavily promoted as a means to 
distribute power among the elements of a phased array. While 
it's a very useful device for other purposes, it won't produce 
the desired current ratios in antenna elements. In most phased 
arrays, element feed-point resistances are different and 
therefore require different amounts of power to achieve the 
desired equal magnitude currents. (See the section on mutual 
coupling above.) A Wilkinson divider is intended to deliver 
equal powers, not currents, to multiple loads. And it won't 
even do that when the load impedances are different. 


The Hybrid Coupler 

Hybrid couplers are promoted as solving the problem 
of achieving equal magnitude currents with a 90° phase dif- 
ference between elements. Unfortunately, they provide equal 
‘magnitude, quadrature (90° phased) currents only when the 
load impedances are equal and correct. And this simply isn't 
true of arrays with quadrature-fed elements, except for arrays 
consisting of short and/or lossy elements, usually suitable 
only for receiving. In those arrays, the hybrid coupler can 
be useful for the same reasons as the phasing-line approach, 
discussed in an earlier section, 

‘At the time of this writing, hybrid couplers are being 
used in a popular commercial product for phasing at least 
cone type of array. Reports are that it works satisfactorily 
However, this shouldn't be taken as proof that the hybrid 
coupler forces equal magnitude 90° phased currents in loads 
of arbitrary impedances. No passive network, including the 
hhybrid coupler, is capable of doing that. See The “Magic 
Bullet” below for more information, 


Large Array Feed Systems 

The author once worked on a radar system where 
the transmit array consisted of over 5,000 separate dipole 
elements and the receive array over 4,000 pairs of crossed 
dipoles, all vera metal reflecting plane, which was the slop- 
ing side ofa 140 foot high building. In uch large arrays, each 
clement is in essentially the same environment as every other 
element except near the array edges, so almost all elements 
have very nearly the same feed-point impedance. While 
producing the phase shifts and magnitude tapers isa consider- 
able mathematical challenge, the problem of unequal element 
feed-point impedances can largely be ignored. Consequently, 
feed methods for these large arrays are generally not suitable 
for typical amateur arrays of a few elements, 


The Broadcast Approach 
Networks can be designed to transform the element 
base impedances from their values in an excited array to, 
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say, 50 @ resistive. Then another network can be inserted at 
the junction of the feed lines to properly divide the power 
among the elements (not necessarily equally!). And finally 
additional networks must be added to correct for the phase 
shifts and magnitude transformations of the other networks. 
‘This general approach is used by the broadcast industry. 
in installations that are typically adjusted only once fora 
particular frequency and pattern 

‘Although this technique can be used to correctly feed. 
any type of array, design i difficult and adjustment is tedious, 
since all adjustments interact. When the relative currents and 
phasings are adjusted, the feed-point impedances change, 
‘hich in turn affect the element currents and phasings, and so 
on, A further disadvantage of using this method is that switch- 
ing the array direction is generally impossible. Information 
‘on applying this technique to amateur arrays can be found in 
Paul Lee's book, listed in the Bibliography. 


The “Magic Bullet” 

For about 15 years prior to this writing, this Antenna 
Book section has contained a specification for a hypotheti- 
cal passive circuit that would provide equal-magnitude, 90° 
phased currents into two loads without respect to the load 
impedances. This would be a circuit to which we could con- 
rect any two elements and guarantee that they'd have exactly 
the correct currents, 

‘Along with the specifeation was a request that any per- 
son knowing of such a circuit would contact the author (Roy 
Lewallen, W7EL) or the book editors. During this time, only 
single response was received, in 1996. It was from Kevin 
Schmidt, WCF, who has formulated a mathematical proof 
that such a circuit—in fact, one resulting in any relative phase 
other than 0° or 180°—cannot exist if restricted to reciprocal 
‘elements. (Thats, tcan’t exist unless directional components 
such as ferrite circulators are used.) This means that, in order 
todesign a network to feed elements at any other phase angle 
other than 0 or 180°, we must know the impedance of at least 
one element, and correct feed system operation depends on 
that impedance. There's no way around this requirement. 
At the time of this writing, Schmidt's proof can be found at 
fermi.la.asu.edu/w9cf/articles/magic/index.html, 


RECOMMENDED FEED METHODS FOR 
AMATEUR ARRAYS 


‘The following feed methods are able to produce element 
feed-point currents having a desired magnitude and phase 
relationship, resulting in desirable and predictable patterns. 
Most methods require knowing the feed-point impedance of 
fone or more array elements when the array element currents 
‘are the correct values. This isn't possible to measure directly, 
because ifthe element currents were correct, the feed system 
would already be working properly and no further design 
would be necessary. 

By far the easiest way to get this information, if pos- 
sible, is by computer modeling. Modeling programs such as 
EZNEC-ARRL (included on the CD in the back of this book) 


allow you to construct an ideal array with perfect element 
currents, then look at the resulting feed-point impedances. 
Because of its simplicity and versatility, this approach is 
highly recommended and it's the one used for the array design 
examples in this chapter, 

‘Some feed systems allow adjustment, so even an 
approximate result provides an adequate starting point on 
which to base the feed-system design. There are several other 
alternatives to computer modeling. One is to first eliminate 
the effects of coupling of the element to be measured from 
all other elements, usually by open circuiting the feed points 
of the other elements. Then the feed-point impedance of the 
element is measured. Next, the impedance change due to 
‘mutual coupling from all other elements has to be calculated, 
based on the intended currents in the other elements, their 
lengths and their distances from the element being measured. 
Mutual impedance (which is not the same as the impedance 
‘change due to mutual coupling) between each pair of elements 
‘must be known for this calculation and it ean be determined 
by measurement, calculation or from a graph. 

‘The latter two methods are possible only for the simplest 
clement types and measurement is very difficult to do ac- 
curately because it involves resolving very small differences 
between two relatively large values. Accuracy ofa calculated 
result will be reduced if any elements are relatively fat (that 
is, they have alarge diameter, because this impacts the current 
distribution) or they aren’t perfectly straight and parallel. 

So the only situations where you're likely to get good 
results from approaches other than modeling are the very easi- 
est ones to model! And modeling allows determination of the 
feed-point impedances of many antennas that areimpossible 
to calculate by manual or graphical methods. Therefore, the 
‘manual approach isn’t discussed or used here. Appendix B, 
on the CD, contains equations and manual techniques from 
previous editions of The ARRL Antenna Book, for those who 
are interested. You can also find a great deal of additional 
information in many of the texts listed in the Bibliography, 
particularly Jasik and Johnson, 


Current Forcing with 1/4 Lines—Elements 
In-Phase or 180° Out-of-Phase 

‘The feed method introduced here has been used in 
its simplest form to feed television receiving antennas and 
other arrays, as presented by Jasik, pages 2-12 and 24-10 or 
Johnson, on his page 2-14. However, until first presented in 
The ARRL Antenna Book, this feed method was not widely 
applied to amateur arrays. 

‘The method takes advantage of an interesting property 
of 2/4 transmission lines. (All references to lengths of lines 
are electrical length and lines are assumed to have negli 
loss.) See Fig 15. The magnitude of the current out of a W/4 
transmission line is equal to the input voltage divided by the 
characteristic impedance of the line. This is independent 
of the load impedance. In addition, the phase of the output 
current lags the phase of the input voltage by 90°, also 
independent of the load impedance. These properties can be 


Fig 15—A useful property of 1/4 transmission lines; see 
text. This property is utilized in the “current-forcing” 
‘method of feeding an array of coupled elements. 


used to advantage in feeding arrays with certain phase angles 
between elements. 

If any number of loads are connected to a common driv- 
ing point through 2/4 lines of equal impedance, the currents in 
the loads will be forced to be equal and in-phase, regardless 
of the load impedances. So any number of in-phase elements 
ccan be correctly fed using this method, regardless of how their 
impedances might have been changed by mutual coupling. 
‘Arrays that require unequal currents can be fed through 2.4 
lines of unequal impedances to achieve other current ratios. 

‘The properties of 2/2 lines also are useful. Since the 
current out of 2/2 line equals the input current shifted 180°, 
regardless of the load impedance, any number of half wave- 
lengths of line may be added to the basic 1/4, and the current 
and phase forcing property will be preserved. For example, 
iff one element is fed through a 2/4 line and another element 
is fed from the same point through a 32/4 line of the same 
characteristic impedance, the currents in the two elements will 
be forced to be equal in magnitude and 180° out-of-phase, 
regardless of the feed-point impedances of the elements. 

If an array of two, and only two, identical elements 
is fed in-phase or 180° out-of-phase with equal magnitude 
currents, both elements have the same feed-point impedance. 
‘The reason is that each element sees exactly the same thing 
when looking at the other. In an in-phase array, each sees 
another element with an identical current; in an out-of-phase 
array, each sees another element with an equal magnitude 
current that’s 180° out-of-phase, the same distance away in 
both cases. This isn’t true in something like a 90° fed array, 
where one element sees another with a current leading its 
current by 90°, while the other sees another element with a 
lagging current. 

With arrays fed in-phase or 180° out-of-phase, feeding 
the elements through equal lengths of feed line (in-phase) or 
lengths differing by 180° (out-of-phase) will lead to the cor- 
rect current magnitude ratio and phase difference, regardless 
of the line length and regardless of how much the element 
feed-point impedances depart from the lines’ Zy, 

Unless the feed-point impedances equal the line Z, or 
the lines are an integral number of half wavelengths long, the 
‘magnitudes of the currents out of the lines will not be equal 
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to the input magnitudes, and the phase will not be shifted an 
amount equal to the electrical lengths of the lines. But both 
lines will produce the same transformation and phase shift 
because their load impedances are equal, resulting in a prop- 
erly fed array. In practice, however, feed-point impedances 
of elements frequently are different even in these arrays, be- 
cause of such things as different ground systems (for ground 
‘mounted vertical elements), proximity to buildings or other 
antennas, or different heights above ground (for horizontal 
or elevated vertical elements). 

In many larger arrays, two or more elements must 
be fed either in-phase or out-of-phase with equal currents, 
but coupling to other elements can cause their impedances 
to change unequally—sometimes extremely so. Using the 
current-forcing method allows the feed system designer to 
ignore all these effects, while guaranteeing equal and cor- 
rectly phased currents in any combination and number of O° 
and 180° fed elements. 

This method is used to develop feed systems for the 
Four Square and 4-element rectangular arrays in the Practi- 
cal Array Design section, The front and rear elements of a 
Four-Square antenna provide a good example of elements 
having very different feed-point impedances that are forced 
to have equal out-of-phase currents. 


“The Simplest Phased Array Feed System— 
‘That Works” 

This is the title of an article in The ARRL Antenna 
Compendiwn, Vol 2, which describes how arrays can be fed 
‘with a feed system consisting of only transmission lines. (The 
article is available for viewing at eznec.com/Amateur/Ar- 
ticle/Simpfeed.paf and is also on the CD included in the 
back of this book, along with the program Arrayfeed, which 
solves the equations presented in the article.) 

‘As explained earlier in the Phasing Line section, this 
‘method requires knowing what the element feed-point imped- 
ances will be in a correctly fed array. Feed-line lengths can 
then be computed, for most but not all arrays. These lengths 
will produce the desired current ratio in array elements that 
do present those feed-point impedances. If you know the load 
impedances connected to transmission lines whose inputs 
are connected to a common source, it’s simple to calculate 
the resulting load currents for any transmission line lengths. 
However, the reverse problem is much more difficult; that is, 
given the load impedances and desired currents to calculate 
the required cable lengths, 

‘One way to solve the problem is to choose some feed- 
line lengths, solve for the currents, examine the answer, 
adjust the feed-line lengths, and try again until the desired 
currents are obtained. The author used tis iterative approach, 
using first a programmable calculator and later a computer, 
for some time before developing a direct way of solving for 
the transmission-line lengths. The direct solution method is, 
described briefly in the Compendium article. 

Fig 16 shows the basic so-called “simplest” system 
applied to a two element array. Although it resembles an 
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Fig 16—"Simplest” feed system for 2-olement array. 
No matching or phasing network Is used here, only 
transmission lines. 


elementary phasing-line system as described earlier, the 
critical difference is that the lengths of Lines 1 and 2 are 
calculated to provide the correct current relative magnitude 
transformation and phase shift when terminated with the 
actual feed-point impedances. 

‘The advantage to using this “simplest” feed system 
is indeed its simplicity. I's no more complicated than the 
elementary phasing-line approach but actually works as 
planned. The disadvantage over some other methods is that 
there's no convenient adjustment to compensate for environ: 
‘ment factors, array imperfections or inaccurately known 
feed-point impedances. 

Also, while unusual, it’s possible that no suitable 
feedline lengths can be found for some arrays, or at leat 
none with practical feed-line characteristic impedances. The 
difference in electrical feed-line lengths almost never equals 
the difference in phase angles between element currents. This 
is because ofthe different line delays resulting from different 
feed-point impedances. 

Program Arrayfeed!, included on the CD included 
with this book, can do the calculations for any two ele- 
‘ments (alone or ina larger array), a Four-Square array or a 
rectangular array in which two in-phase elements are driven 
at any current magnitude and phase relative to the other two 
in-phase elements. These possibilities cover a large number 
of common arrays. 

Arrayfeed! can also be applied to other types of arrays 


using the method described in the Feeding Larger Arrays 
section in Appendix B (on the CD). The required knowledge 
of element feed-point impedances ina correctly fed array can 
be obtained using EZNEC-ARRL, also included on the CD. 
Examples ofthe design of a “simplest” feed system for several 
different arrays using EZNEC-ARRL and Arvayfeed! can be 
found in the Phased Array Design Examples section 

‘When a solution is possible for a given choice of line 
characteristic impedances, a second solution with different 
lengths is always available. See the comments inthe introdue- 
tory part of the Phased Arrray Design Examples section 
about choosing the solution to use. 


‘An Adjustable L-Network Feed System 

Adjustment of the current ratio of any two elements, 
requires varying two independent quantities; for example 
the magnitude and phase of the current ratio. Two degrees 
of freedom—adjustments that are atleast partially indepen- 
dent—are required. The “simplest” all-transmission line 
feed system described earlier adjusts the lengths of the two 
transmission lines to achieve the correct ratio, 

Burif the antenna characteristies aren't well known—for 
example, if the ground resistance isn't known even approxi- 
‘mately—then the initial “simplest” design won't be optimum 
and adjustment can be difficult and tedious. The current-fore- 
ing method produces correct currents independently of the 
element characteristics, so it doesn’t require adjustment as 
long as the elements are identical, But it’s suitable only for 
feeding elements in-phase or 180° out-of-phase and a few 
fixed current-magnitude ratios. 

‘The addition of a simple network as shown in Fig 17 
allows you to easily adjust feeding of element pairs at other 
relative phase angles and/or magnitude ratios. Any desired 
current ratio (magnitude and phase) can be obtained with two 
elements fed with any lengths of wire, equal or unequal, by 
adding a network. 

However, calculations for the general case are complex. 
‘The problem becomes much simpler if the transmission lines 
are restricted to lengths of odd multiples of 2/4, forming a 
‘modified “forcing” system that includes an added network. 
‘There are atleast three additional advantages ofthis scheme. 
One is that a 1/4 line is easy to measure, even if the velocity 
factor isn't known, This is described in the Practical Aspects 
of Phased Array Design section. 

‘Second is that the feed system becomes completely 
insensitive to the feed-point impedance of one of the two ele. 
‘ments. And the third is that the transmission lines of “forcing” 
systems feeding groups of elements in larger arrays can be 
used in place of the normal 2/4 lines. This greatly simplifies 
both the design of feed systems for larger arrays and the feed 
systems themselves. Note that both lines can be changed to 
30/4 if necessary to span the physical distance between ele- 
‘ments, but both lines must be the same 32/4 length. 

This basic feed method can be used for any pair of 
elements, or for two groups of elements having forced equal 
currents. (See Feeding Four Element and Larger Arrays 


Element 


Element 2 


Fig 17—The addition of a simple L-network to Fig 16 
allows you to easily adjust feeding of element pairs at 
other relative phase angles andior magnitude ratios. 


below.) Many networks can accomplish the desired function, 
bbuta simple L network is adequate for most feed systems. The 
network can be designed to produce a phase lead or phase lag. 
‘The basic two-element L-network feed system is shown in 
Fig 17. Many variations of this general method can be used, 
bbut the equations, program, and method to be discussed here 
apply only to the feed system shown, 

If the phase angle of Ly/l, is negative (element 2 is 
lagging element 1), the L network will usually resemble a 
low-pass network (X,., isan inductor and X,, is a capacitor). 
But if the phase angle is positive (element 2 lagging element 
1), the L network will resemble a high-pass network (Xo, is 
a capacitor and X,, is an inductor). However, some current 
ratios and feed-point impedances could result in both com- 
ponents being inductors or both being capacitors. 

If it’s desired to maintain symmetry in the feed system, 
Xe, €an be divided into two components, each being inserted 
in series with a transmission line conductor. If Xjee 
inductor, the new components will each have half the value 
of the original X,.,.as shown in Fig 18. If Xo, is a eapaci- 
tor, each of the new components will be twice the original 
value of Xen 

Because of the current-forcing properties of 2/4 lines, 
‘we need to make the ratio of voliages atthe inputs of the lines 
equal to the desired ratio of currents at the output ends of 
the lines; that is, at the element feed points. The job of the L 
network is to provide the desired voltage transformation. IP 
the output-to-input voltage ratio of the network is, say, 2.0 
at an angle of ~60°, then the ratio of element currents (Iy/l;) 
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Fig 18—Symmetrical feed system similar to Fig 17, whore 
feed network is split into two symmetrical parts. 


will be 2.0 at an angle of ~60°. The voltage transformation 
ofthe network is affected by the impedance of element, but 
not by the impedance of element 1. So only the impedance of 
‘element 2 must be known to design the feed system 

Equations for designing the L network are given in 
Appendix B, but the program Arrayfeed! is included on the 
CD to make it unnecessary to solve them. The feed-point 
impedance of the lagging element or group of elements 
must be known in order to design the network. This can best 
be determined by modeling the array with EZVEC-ARRL. 
‘The impedance can be manually calculated for some simple 
‘element and array types by using the equations in Appendix 
B, but those same types of element and array are simple to 
model. 

Examples of the design of L-network feed systems for 
several different arrays using EZNEC-ARRLand Arvayfeed! 
‘can be found inthe Phased Array Design Examples section. 
A similar application of this feed system and a spreadsheet 
program for calculation was developed by Robye Lahlum, 
WIMK, and described in Low-Band DXing (see the Bibli- 
ography). Arrayfeed! can be used forthe applications of the 
feed system described in that book if desired. 


Additional Considerations 
Feeding 4-Element and Larger Arrays 

Both the simplest and L-network feed systems described. 

above can be extended to feeding larger arrays having two 

groups of elements in which all the elements in a group are 

in-phase or 180° out-of-phase with each other—basically 

any group that can be fed with the current-forcing method. 
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‘The elements in each group are connected to a common 
point with 2/4 or 32/4 lines to force the currents to be in 
the correct ratio within the group. Then the “simplest” or 
L-network feed system can be used to produce the correct 
phasing between the two groups, just as it does between two 
individual elements. 

‘Two common arrays that fit this description are the 
Four Square and the 4-element rectangular array. But more 
‘elaborate arrays could be constructed and fed using this, 
‘method, such as a pair of binomial arrays. (A single binomial 
array is described in the Phased Array Design Example 
section below.) The Arrayfeed! program incorporates ad- 
ditional calculations necessary for designing Four Square 
and 4-element rectangular arrays. The general procedure 
for adapting the feed methods to other larger arrays can be 
found in Appendix B. 


What If the Elements Aren't Identical 

Getting the desired pattern requires getting the correct, 
relative magnitude and phase of the fields from the elements. 
Ifthe elements are identical, which we've generally assumed 
up to this point, then producing currents of the desired 
‘magnitude and phase will create the desired fields (neglect. 
ing mutual coupling current distribution effects, discussed 
elsewhere), 

‘But what if the elements aren't identical’? Fortunately, 
the feed systems described here can still be used for any 2 
‘element array and some more complex arrays, provided that 
the system can be accurately modeled. But slightly different 
approach is required than for identical elements. 

‘The first step is to model the array with a current source 
atthe feed point of each element. Next, the magnitudes and 
phases of the model source currents are varied until the de- 
sired pattern is achieved. Then the ratio of feed-point (source) 
‘currents is calculated and this value, along with the feed-point 
impedances reported by the model, are used for the feed 
system design. The feed system will produce the same ratio 
of currents as the model, resulting in the same pattern. 

In general, this approach won't work with shunt fed 
towers or gamma-fed elements because of the difficulty of 
accurately modeling those structures. See Shunt and Gamma 
Fed Towers and Elements for more information. 


Shunt and Gamma Fed Towers and Elements 

In ashunt, gamma, or similarly fed tower orelement, the 
feed-point current isn’t the same as the main current flowing 
in the element. The ratio between the feed-point current and 
element current isn’t a constant, but depends on a number 
of factors. The ratio of currents in shunt or gamma fed ele- 
‘ments are typically different—often vastly different—from 
the currents at the feed points. This complicates the design 
of feed systems for arrays of these elements. 

‘An even more limiting problem is that the feed-point 
impedances are difficult o determine. The feed-point imped- 
ances of one or more elements in a properly fed array must 
be known in order to design a feed system for anything but 


2 5G development initiatives 


With a view to keeping the many promises being made for 5G, a number of initiatives are currently 
underway around the globe to promote its development. Below, we detail the foremost initiatives 
put forth by the players with which Arcep met as part of its investigation. 


2.1 Government initiatives 


‘The prospect of significant socio-economic repercussions generated by 5G (possible revenue of close 
to $225 billion a year” by 2025) combined with many countries’ desire to establish themselves as 
technological leaders and make their companies more competitive, have propelled a multitude of 
government initiatives around the globe, aimed at encouraging the mobile ecosystem to begin the 
work and make the investments required to drive the rapid construction of the first SG networks. 


Aselection of the largest initiative is detailed below. 
2.1.1 In Europe 


5G-PPP 


The 5G Public Private Partnership (5G-PPP) is dedicated to 5G research and development, created on 
the initiative of the European Commission in 2013, with a budget de €700 million in public funding. 
The main objectives set by 5G-PPP are: 
- Create stronger ties between the economic players and academic bodies devoted to the 
telecommunications sector over R&D projects, along the entire value chain; 
- Reduce technological dependence on the United States and Asia while sustaining a strong 
global market; 
- Regain technological leadership, notably in disruptive technologies, by promoting standards 
in international bodies; 
- Allow innovative business models to emerge; 
- Facilitate large-scale experimentation. 
‘The results of this work will help clarify the 5G action plan (see below), and fuel the standardisation 
work that is currently underway. 
To achieve its ambitions, 5G-PPP has initiated three stages of work, financed by the European Union, 
whose roadmap is in sync with the main international initiatives (3GPP and ITU, cf. Figure 14): 
- The first stage which is currently underway, will last until mid-2017; 
- _ Asecond stage focused on systems optimisations, from the end of 2017 to mid-2019; 
- And finally a full-size trial stage from 2019 to 2020. 
Deploying 5G by 2020 will require Europe to develop leading edge technologies, globally approved 
standards and especially to achieve consensus over the most suitable frequency bands. This funding 
and these projects — involving a great many researchers from more than a hundred companies and 
the finest R&D centres in Europe ~ are thus vital. 


 https://ww abiresearch,com/press/abi-research.projects-5g-worldwide-service-revenuie 
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2-element in-phase or 180° out-of-phase arrays. 

‘The only practical way to get this information for a 
shunt or gamma fed array is by modeling an array having the 
desired element currents. But Cebik has pointed out (“Two 
Limitations of NEC-4"—see the Bibliography) that many 
common antenna analysis programs, including EZNEC- 
ARRL, have difficulty accurately modeling folded dipoles 
with unequal diameter wires. The same problem applies to 
shunt and gamma-fed elements when the element diameter 
is significantly different from the diameter of the shunt or 
gamma feed wire. Without accurate feed-point impedances, 
feed systems can't be designed to work without adjustment. 
Itmight be possible to get reasonably accurate results from a 
-MININEC-based modeling program, but there are a number 
of issues which must be given great care when using one. 
(See Lewallen, “MININEC—The Other Edge of the Sword,” 
listed in the Bibliography.) 

If such a MININEC program is available, you would 
hhave to model the complete array including feed system, with 
sources at the normal feed points in the shunt or gamma wires. 
Next, you would have to adjust the magnitudes and phases 
of the sources to produce the desired pattern. The reported 
source impedances and currents would be the ones you would 
use to design the feed system. I's likely that some adjustment 
‘would be necessary, so an adjustable system such as the L- 
network feed system described later would be best. 


Loading, Matching and Other Networks 

‘Adding a component such as a loading inductor in 
series with an element or element feed point won't change 
the ratio of element current to feed-point current. As a re- 
sult, a feed system designed to produce particular ratio of 
clement currents will still function properly if the elements 
contain series components, The extra feed-point impedance 
introduced by the loading component(s) must be considered 
‘when designing the feed system, however. Similarly, end or 
top loading won't alter the relationship between feed-point 
and element current, provided that the current distribution 
in the elements is essentially the same. (See Feed-point vs 
Element Current in a previous section.) 

‘However, insertion of any shunt component, or a net 
‘work containing a shunt component, will alter the relationship 
between feed-point and element current because it will divert 
part of the feed-line current that would otherwise flow into 
the antenna. As a result, a feed system designed to deliver 
correct currents at the feed points will produce incorrect ele- 
‘ment currents and therefore an incorrect pattern. Therefore, 
any components or networks other than a series loading 
‘component should be avoided at any place in the feed system 
‘on the antenna side of the point at which the feed system splits 
to go to the various elements. 

‘There are a few exceptions to this rule. If the feed- 
point impedances of the elements when in the excited array 
are equal, then identical networks with or without shunt 
‘components can be put at the feed points of the elements 
and the proper element current ratio maintained—so long as 


the feed system is designed to deliver the proper feed-point 
current ratio with the networks in place. Equal element im- 
pedances occur in arrays having only two identical elements 
fed in-phase or 180° out-of-phase, or arrays of any number 
of elements where the elements are electrically short and/or 
very lossy. 


Baluns in Phased Arrays 

For purposes of achieving the correct array pattern, 
bbaluns aren't usually required when feeding grounded verti- 
cal elements with coaxial cable feed lines. However, a balun 
‘ight be desirable if current induced onto the outside of the 
feed line by mutual coupling to the elements is causing RF 
in the shack. And with arrays of dipole or other elevated ele- 
‘ments, baluns can be important to achieve the proper element 
current ratio, as explained below. 

First, however, the general rules for using baluns in 
phased arrays will be stated. Here, “main feed line” means the 
feedline going from the transmitter or receiver to the common 
point where the system splits to feed the various elements. 
“Phasing-system lines” means any transmission ines between 
that common point and any element. The rules: 

‘Rule 1: A balun orbaluns (more specifically, current, 
sometimes called a choke balun) should be used as necessary 
to suppress unbalanced current on the main feed line. This 
usually isn’t required when feeding grounded elements with 
coaxial feed line from an unbalanced rig or tuner. Unbalanced 
current can occur on either coax or parallel-conductor line. 

“Baluns: What They Do and How They Do It listed 
in the Bibliography, describes conducted-imbalance (com- 
‘mon-mode) currents. Imbalance can also be caused by mutual 
coupling to the array elements. Common-mode currents have 
at least two undesirable effects on array performance. First, 
the imbalance current can flow from the main feed line to 
the phasing system lines, not necessarily splitting in the right 
proportion to maintain the correct element current ratio. This 
ccan affect the array pattern, In practice, however, this effect 
is likely to be small unless the common-mode current is un- 
usually large. Even a small common-mode current, however, 
results in main feed-line radiation, and even a small amount 
of radiation can significantly degrade array pattern nulls. Any 
type of current balun can be used on the main feed line, at any 
place along the line, without any effect on the array pattern 
except to the extent that it reduces common mode current. 

‘Rule 2: No balun or any other component or network 
should be inserted in any phasing system line that will alter 
the line length or characteristic impedance. This means that 
bbaluns in phasing system lines must be of a type made from 
the phasing line itself. Options are the W2DU type balun, 
consisting of ferrite cores placed along the outside of the feed. 

in air-core balun made by winding part of the line into 
an approximately self-resonant or otherwise high-impedance 
coil: or winding part of the line onto a ferrite core or rod to 
‘make a several-turn winding. When coaxial cable is used, the 
feed system characteristics are dictated by the inside of the 
cable. Any cores or winding of the outside prevents common- 
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‘mode current on the outside, but otherwise have no effect on 
the phasing performance. This rule applies equally to parallel 
wire line, where the balun affects only common-mode cur- 
rent (equivalent to current on the outside of coax) while the 
phasing performance depends on differential mode current 
(equivalent to the current on the inside of coax). 

Baluns are important when feeding dipole or other 
elevated arrays, unless a fully balanced tuner is used. This 
is because common-mode current represents a diversion of, 
some ofthe current that should be going tothe array elements. 
‘The presence of common-mode current means that the ele- 
‘ment currents are being altered from the desired ratio and 
therefore the pattern won't as intended. A balun should be 
placed wherever a path for current exists other than along a 
paralel-line conductor or on the inside of a coaxial line. Such 
a path exists, for example, where a coaxial cable connects 
to adipole, as shown in Fig 1 of the balun article referenced 
above. Or a path can exist where a parallel-conductor trans- 
mission line connects to an unbalanced tuner or to a coaxial 
line, as shown in Fig 2 of that article. In both those cases, a 
path exists for a common-mode current to flow on the outside 
of the coax cable. A balun creates a high impedance to this 
current, thereby reducing its magnitude, But remember that 
all baluns must conform to the rules above, 

Fig]9 shows recommended balun locations for a coax: 
fed dipole array using an L-network feed system. 


Receiving Arrays 

While it might not be entirely intuitive, an array de- 
signed for a particular gain and pattern for transmitting that 
considers mutual coupling, element currents, field reinforce- 
‘ment and cancellation, and so forth, will perform exactly the 
same when receiving. So a receiving array can be designed 
by approaching the problem as though the array were to be 
used for transmitting, 

However, at HF and below, the system requirements, 
for transmitting and receiving antennas are different, so 
receiving-only arrays can be designed that aren’t suitable 
for transmitting but are perfectly adequate for receiving in 
that frequency range. The reason, described in more detail in 
Chapter 13 of this book, is that at HF and below atmospheric 
noise is typically much greater than a receiver's internally 
generated noise. Lowering a receiving antenna’s gain and 
efficiency reduces the signal and atmospheric noise both by 
the same factor. Because the overall noise is for practical 
purposes all atmospheric noise, the signal/noise ratio isn’t 
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Fig 19—Adding choke baluns to a two-dipole feed system 
to get rid of common-mode currents radiated onto the 
coax shields. 


affected by antenna efficiency. 

Ofcourse. a point can be reached where the atmospheric 
noise is so reduced by inefficiency that the receiver itself 
becomes the dominant source of noise, but this typically 
doesn't happen until the antenna is extremely inefficient. 
When transmitting, reduced efficiency lowers the transmitted 
signal, but it has no effect on the receiving station's noise, 
So reduced efficiency of a transmitting antenna results in a 
reduced signal/noise ratio at the receiving end, and conse. 
{quently should be avoided. 

‘Mutual coupling effects can be minimized by increasing 
the loss (and therefore reducing the efficiency) of the ele~ 
‘ments, or by reducing the element sizes toa small fraction of, 
wavelength, Doing the second without the first isn’t usually 
1 good idea because the feed: point impedance tends to change 
rapidly with frequency for very small elements, making an 
antenna that works well over only a narrow bandwidth, But 
increasing loss broadens the bandwidth, even for small ele- 
‘ments, as well as reducing mutual coupling effects. So this 
approach is often taken for designing a receiving-only array. 
With mutual coupling effects minimized because of loss, 
feed-system design becomes relatively simple, provided a 
few simple rules are followed. See Loss Resistance, Mutual 
Coupling, and Antenna Gain, above. 


Phased Array Design Examples 


This section, also written by Roy Lewallen, W7EL, 
presents examples of feed-system design for several kinds of, 
array using the design principles given in previous sections. 
All but the last example array are assumed to be made of 1/4 
vertical elements. The last example is for a halfwave-dipole 
array, which illustrates that exactly the same method can be 
used for arrays of any shape of elements, including dipole, 
square (quad) and triangular. Likewise, the methods shown 
here apply equally well to VHF and UHF arrays. The first 
example includes more detail than the remaining ones, so 
you should read it before the others. 


General Array Design Considerations 

Ifeither the “simplest” feed system (Fig 16) or L-network 
feed system (Fig 17) is used the feed-point impedance of one or 
more elements—when the array elements all have the correct 
‘currents—mustbe known. By far the best way to determine this 
is by modeling. If accurate modeling isn't practical for some 
reason, an estimation should be made from an approximate 
‘model, and you should expect to have to adjust the feed system. 
after building and installing it 

‘Manual calculation methods for some simple configura- 
tions are given in Appendix B (on the CD), bat calculation is 
tedious and, as stated earlier, the configurations for which this 
method works are the very ones witich are easiest to model. 
EZNEC-ARRL (also included on the CD) is used in the fol- 
lowing examples to determine feed-point impedance. Space 
doesn’t permit detailed instructions here on creating the models, 
so they are included in complete form. They should provide 
convenient stating point for any variations you might like 
to try, See the EZNEC-ARRL manual (accessed by clicking 
Help/Contents in the main EZNEC-ARRL window) for help 
in using this program. 

In the following examples, vertical elements are close 
to 2/4 high and dipole elements close to 2/2, and theirlengths 
have been adjusted for resonance when all other elements are 
absent or open circuited. There's actually no need in practice 
to make the elements self-resonant—it’s simply used as a 
convenient reference point for these examples. You'll also 
find it imteresting to see how much reactance is present at the 
feed points ofthe elements when in the arrays, knowing that 
it’s very nearly zero when only one element is present. 

Inany real grounded vertical array, there is ground loss 
associated with each element. The amount of loss depends 
oon the length and number of ground radials, and on the type 
and wetness of the ground under and around the antenna. 
This resistance becomes part of the feed-point resistance, 
so it must be included in the model used to determine feed- 
point impedance. The 90° Fed, 90° Spaced Array example 
below discusses how this is done. Fig 20 gives resistance 
values for typical ground systems, based on measurements, 
by Sevick (July 1971 and March 1973 QS7). The values of 
feed system components based on Fig 20 will be reason- 
ably close to correct, even if the ground characteristics are 
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Fig 20—Approximate ground system loss resistance of 
‘a resonant 1/4 ground-mounted vertical e 

the number of radials, based on measure 
Sevick, W2FMI. Moderate 


especially for only a few radials, will depend on the nature 
of the soil under the antenna. Add 36 ©for the approximate 
feed-point resistance of a thin resonant i. vertical 


somewhat different than Sevick's 
Feed systems for the design example arrays to follow 
are based on the resistance values given below. 


Number of Radials Loss Resistance, 0 


4 29 
8 18 
16 9 
Infinite 0 


Elevated radial systems also have some ground loss, 
although it can be considerably less than a system with the 
same number of buried radials. This loss will be automati- 
cally included in the feed-point impedance of a model which 
includes the elevated radials, so no further estimation is, 
required. Be sure to use Perfect, High-Accuracy ground type 
‘when modeling an elevated radial system with EZNEC-ARRL. 
In other NEC-2 based programs, this might be referred to as, 
‘Sommerfeld type ground. More information can be found in 
the EZNEC-ARRL manual. 

‘The matter of matching the array for the best SWR on. 
the feed line to the station is not dealt with here, since it’s 
4 separate problem from that of the main topic, which is 
designing feed systems to produce a desired pattern. Some 
of the simpler arrays provide a match that is close to 50 or 
75 Q, sono further matching is required. However, as shown 
by program Arrayfeed!, many larger arrays present a less 
favorable impedance for direct connection and will require 
‘matching if a low SWR on the main feedline is required. If 
‘matching is necessary, the appropriate network should be 
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placed in the single feed line running tothe station. Attempts 
{oimprove the match by adjustment ofthe phasing L network, 
individual element lengths, matching at the element feed 
points or individual element feeder lengths will usually ruin 
the current balance of the array. Program TLW, included on 
the CD, can be used for designing an appropriate matching 
network. Additional information on impedance matching may 
be found in Chapters 25 and 26 of this book. 


Choosing Arrayfeed! Solutions 

When designing a feed system for a two element array, 
Arrayfeed! program allows you to choose the characteristic 
impedances of the two transmission lines going to the 
elements, which don’t have to be equal, so you have your 
choice of more than one solution. However, directional aray 
switching is much more difficult if the lies have different 
Jmpedances, so in general you should use the same charac- 
teristic impedances 

For larger arrays, Arrayfeed! requires the feed lines to 
all elements to have the same impedance. In choosing the 
transmission line impedance values, usually you can simply 
use convenient impedances. Butin general, you should avoid 
solutions where component reactance (X) values are vastly 
different (say, more than three times or less than one third as 
large) as the line characteristic impedances. Such networks 
will become more critical to adjust, and both the imped- 
ance and patter will change more rapidly with changes in 
frequency. You can usually avoid this situation by choosing 
feedcline impedances that are in the same ballpark as the 
clement feed-point impedances. The last example in the 
Practical Array Design section illustrates this problem and 
its solution 

When designing a “simplest” feed system, the most 
broadbanded and least critical system is usually one where 
the difference in electrical feed-line lengths is closest to the 
relative element phase angle. Here, “broadbanded” means that 
the pattern changes less with frequency, not necessarily that 
the SWR changes less. However, an array thats broadbanded 
in the pattern sense is usually also relatively broadbanded 
with respect to SWR. 

Arrayfeed! reports the impedance seen atthe main array 
feed point. While it might be tempting to choose the solution 
producing the lowest SWR on the main feedline, you'll end 
up with a less critical and more broadbanded system if you 
base your choice on the criteria given above, and provide 
separate impedance matching at the array's main feed point 
when necessary. 


90° Fed, 90° Spaced Vertical Array 

This example illustrates the design of both “simplest” 
and L-network feed systems fora 2-element, 90° spaced and 
fed vertical array. The first task when using either feed system 
is to determine the feed-point impedances of the elements 
‘when placed in an array having the desired element currents. 
The “simplest” feed system method requires knowledge 
of both element impedances, while the L-network system 
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requires you to know only one. Actually it's equally easy to 

determine both as it is to find just one, using EZNEC-ARRL. 

(Appendix B contains equations for those interested in manual 

‘methods or for more insight as to how the impedances come 

about.) The first step is to specify the antenna we want. For 

this example, we'll specify: 

‘» Frequency: 7.15 MHz. 

‘* Two identical, one inch (2.54 cm) diameter, 33 feet 
(10.06 meter) long elements spaced 90 electrical degrees, 
with element currents equal in magnitude and 90° apart 
in-phase. 

‘© 8 buried radial wires, 0.3 2. long, under each element. 

‘A model of this antenna has been created and furnished 
with EZNEC-ARRL. So the next step is to start EZNEC-ARRL, 
click the Open button, enter ARRL_Cardioid_Example in 
the text box (or double-click iin the file list) to open example 
file ARRL_Cardioid_Example.EZ, 

‘This EZNEC example model uses a MININEC-ype 
‘ground, which isthe same as perfect ground when calculating 
antenna currents and impedances. A real antenna would have 
some additional resistive loss due to the finite conductivity 
of the ground system. The only way to model a buried radial 
‘ground system with an NEC.2 based program like EZNEC is 
to create radial wires just above the ground (using the Real, 
High-Accuracy ground type), because NEC-2 can't handle 
buried conductors. 

‘This provides only a moderate approximation of a buried 
system. Another way to estimate ground.-system resistance is 
to measure the feed-point impedance of a single element, then 
subtract from that the resistance reported for a model of that 
clement over perfect (or MININEC-type) ground. For most 
uses, however, an adequate approximation can be made by 
simply referring tothe graph of Fig 20. As stated previously, 
the feed system design depends on the feed-point impedances 
of the elements, which in tum depend on the ground system 
resistance. So the ground system resistance must be known, 
approximately anyway, before designing the feed system. At 
the end of this example we'll investigate the effect of changes 
in the ground system or errors in estimating the resistance 
‘on the pattern. 

For 8 radials, Fig 20 shows the ground system resistance 
to be about 18 ©. This is included in the example model as a 
simple resistive load at the feed point of each element. Click 
the Sre Dat button to see the feed-point impedances of the 
two elements. In this model, Source 1 is at the base of Wire 
I (element 1), and Source 2 is at the base of Wire 2 (ele- 
‘ment 2). Notice in the Source Data display that the Source 
1 current has been specified at 1 amp at 0°, and Source 2 is 
Lamp at -90°. $o the Source 2 elements the lagging element. 
‘You should see impedances of 37.53 - j19.1 Q for element | 
and 68.97 + 18.5 Q for element 2. These are the feed-point 
‘impedances resulting when the array is ideally fed, with equal 
‘magnitude and 90° phased currents. Record these values for 
use in ArrayfeedI, 

Click the FF Plot button to generate aplotof the azimuth 
pattern at an elevation angle of 10°. In the 2D Plot Window. 


‘open the File menu and select Save Trace As. Enter Cardi- 
oid_Ideal Feed in the File Name box, then click Save. This 
saves the cardioid pattern plot so you can compare it later to 
the pattern you get with the transmission line feed system. 

‘Now it's time to design the feed system. Refer to the 
appropriate subheading below for the design of each of the 
two kinds of feed systems. Both systems use program Ar- 
rayfeed! program. 


“Simplest” (Transmission Line Only) Feed System 

Start Arvayfeed!. Inthe Array Type frame, select Two 
Element. In Feed System Type, select “Simplest.” In the 
Inputs frame, enter the following values: 

Frequency MHz = 7.15: Feed-point impedances 
~ Leading Element: R ohms = 37.53, X ohms = —19.1; Lag- 
ging Element: R ohms = 68.97, X ohms = 18.5 (these are 
the element R and X values from EZNEC-ARRL). We'll be 
discussing the array input impedance, so check the Cale Zin 
box near the lower left comer of the main window if it's not 
already checked 

‘We're free to choose any transmission-line characteristic 
impedances we want, so long as we can get cables with those 
impedances. And the two cables don’t have to have the same 
characteristic impedances. Each choice will lea toa differ- 
ent set of solutions. But sometimes a solution isnt possible, 
‘hich then requires choosing different line impedances. Let's 
tty 50.0 for both lines. Enter 50 in both 20 boxes. 

Finally, enter 1 for the lagging:leading I Mag, and 
90 for the Phase. Click Find Solutions. The result is no 
solution! So enter 75 into both the line impedance boxes 
and click Find Solutions again. You should now see two 
sets of results in the Solutions frame, electrical lengths of 
(68.80° and 156,03° for the frst solution and 131.69° and 
185,00° for the second, (Notice that the difference in length 
between the two lines isn't 90° for either solution, although 
the first solution is quite close. It's normal for the feed-line 
length difference to be different than the phase difference, 
due to the unequal element feed-point impedances caused 
bby mutual coupling.) 

‘The solution with a line length difference closest to the 
element phase difference is usually preferable. Also, all else 
being equal the solution with shortest lines is better provid- 
ing thatthe ines will physically reach the elements. This is 
because the current magnitude and phase will change less 
with frequency than for a longer-length solution. However, 
there might be some cases where the change with frequency 
luckily compensates for the changing electrical distance 
between elements, so i's nota bad idea to model both solu- 
tions unless you plan on using the antenna over only a narrow 
frequency range: 

In this cas, the first solution looks best in all respects. 
‘The sum of the two lines in the fist solution is about 225 
electrical degrees. Assuming the lines have a velocity factor 
of 0.66, the total length of the lines will be more than 148 
physical degrees. Since our wo elements ae spaced 90 physi- 
cal degrees apart, the lines will comfortably reach. If they 


didn’t, we could either use the second solution’s lengths, use 
cable with a higher velocity factor or add a half wavelength 
to both the line lengths in the first solution, 

‘The impedance Zin shown by Arrayfeed! is the imped 
lance at the input to the feed system, so it’s the impedance 
that will be seen by the main feed line. The second solution 
provides nearly a perfect match for a S0-© transmission 
line, But the first solution is good for nearly all applications. 
‘Also a 50-Q line connected to the first solution’s feed system 
‘would have an SWR of only 1.65:1, which wouldn't require 
any matching under most circumstances. Normal line loss 
‘would reduce the SWR even more at the transmitter end of 
the feed coax. 

‘To ind the required physical line lengths, enter the cable 
velocity factor and make your choice of units in the Physical 
Lengths frame. The design is now complete: all you have to 
do is cut two lines to the specified lengths and connect one 
from a common feed point to each element as shown in Fig 
16, or the screen capture from Arrayjeed shown in Fig 21. 

Next, we'll design an L-network feed system for the 
same array. 


L Network Feed System 

In Arrayfeedi, select L Network in the Feed System 
‘Type frame. The program doesn’t need to know the leading 
clement impedance to calculate the L-network values, but it 
does need it to calculate the array input impedance. If you 
‘want to know the impedance, check the Zin box at the lower 
left comer of the main window, otherwise you can uncheck 
itand the input box for the leading element Z. will disappear. 
‘The values from the “Simplest” analysis should still be pres- 
ent in the appropriate boxes; if not, refer to the “Simplest” 
feed system design above and re-enter the values. Again, 
‘we'll use 75 © for the line impedances, since that gave us a 


Fig 21—Screen capture from Arrayfeedi program for 
“Simplest” 2-element phased array shown in Fig 16 
and whose feed-point impedances are modeled by 
EZNEC-ARRL. 
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Fig 22—Screen capture from Arrayfeed! program for 
Linetwork feed system using “current-forcing” properties 
of 1/4 feed lines. 


solution for the “Simplest” feed system. This feed system is 
‘more versatile, though, so we could use 50-Q lines with this 
feed system if desired. 

Click Find Solution and see the results in the Solution, 
frame. See screen capture in Fig 22. With 75-2 lines, the L 
network consists ofa series inductor of 1.815 Hand a shunt 
capacitor of 199.7 pF, connected as shown in the diagram 
in the left part of the program window. To find the physical 
length of the 2/4 lines, enter the velocity factor and choice 
of units in the Physical Lengths frame. 

‘The main feed-point impedance of 31.37 + 25.940. 
‘would resultin about a2.2:1 SWR on a 50-0 feed line, which 
‘would be acceptable for many applications. It could easily be 
reduced to 1.6:1 by the simple addition of a series capacitor 
of 25.94 Q reactance (858 pF) at the main feed point or, 
of course, reduced to 1:1 with a simple L network or other 
‘matching system designed with the TLW program. 


Pattern Verification and Effect of Loss Resistance— 
“Simplest” System 

EZNEC-ARRL doesn’t have the capability to model an 
L-network, so EZNEC-ARRL verification of the pattern and 
the effect of various modifications can be done only for the 
“simplest” feed system, 

EZNEC model ARRL_Cardioid_TL_Example.EZ. 
hhas been created to model the “simplest” feed system just 
designed. Open it with EZNEC-ARRL. In the View Antenna 
Display, you can see the transmission lines connecting to the 
source midway between the antennas. In EZNEC, the physical 
locations of the ends of transmission line models don’t have 
to be the same as the physical locations, so the view isn't a 
precise representation of what the actual setup would look 
like, (You can find more about this in ARRL_Cardioid_ 
‘TL_Example-tst, the Antenna Notes file that accompanies 
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example file ARRL_Cardioid_TL_Example.EZ.) 

Click FF Plot to generate a 2D pattern of the antenna. 
In the 2D Plot Window, open the File menu and select Add 
‘Trace. Select Cardioid—Ideal Feed (which you saved 
earlier) and click Open. The added plot overlays perfectly, 
indicating thatthe pattern using this feed system is identical 
to the pattern we got with perfect current sources at each 
feed point. 

‘To check the feed-point currents, click the Currents 
button. In the resulting table, you can see that Wire 1 Seg- 
‘ment I current is 0.56467 A ata phase of -56.73° and Wire 
2 Segment I current is 0.56467 A at -146.7°. (If you get the 
correct phase angles but wrong magnitudes, open the main 
‘window Options menu, select Power level, and make sure 
the Absolute V, [sources box is checked.) The ratio is 1.0000 
at an angle of -89.97°, which is within normal error bounds 
for the desired 1 at -90°. 

‘Asa check on Arrayfeed/. click the Sre Dat button to 
find the impedance seen by the source. This would be the 
impedance at the main feedline connection in the real ar- 
ray. EZNEC-ARRL reports 33.96 + j13.11 Q, very close to 
the 33.94 + j13.13 O given by Arrayfeed! in Fig 21. Small 
differences of this order are normal and to be expected. This 
provides a further check that the EZNEC-ARRL model is 
correctly analyzing the Arrayfeed! feed system, 

‘This EZNEC-ARRL model uses lossless transmission 
lines of a fixed physical length rather than a fixed electri- 
cal length (number of degrees), so they'll behave like real 
lines as the frequency is changed. By changing the EZNEC 
frequency and re-running the 2D plot, you can see that the 
front-to-back ratio degrades at 7.0 and 7.3 MHz. A slight 
adjustment of one or more line lengths, ora new Arrayfeed! 
solution at a slightly different frequency might produce a 
better compromise for some uses. 

Other things you can try are to evaluate the second 
Arrayfeed! solution, or to try using different line impedances. 
(Keep the two line impedances equal if you anticipate doing 
array direction switching.) The effect of varying ground 
system resistance can also be evaluated by clicking the Loads 
line in the main window and changing the load resistance 
values. For example, if the ground system resistance were 
9Q instead of the 18 Owe have assumed, the front/back ratio 
‘would drop from about 32 to about 20 dB. Note that chang- 
ing the EZNEC ground conductivity in this model has no 
effect on the feed-point current ratio. With a MININEC type 
‘ground, it’s used only for patter calculation—the ground is 
assumed perfect during impedance and current calculations, 
and the only ground system loss resistance in the model is 
‘what we've specifically put in as loads. 

Not surprisingly, the forward gain is affected very litle 
by changes in frequency or ground system loss. To find the 
gain relative to a single element, compare the reported dBi 
gain of ARRL_Cardioid_Example with the same model 
‘with one of the elements deleted. You'll find it’s very close 
to 3.0dB. The 90° fed, 90° spaced array is a special case of 
array where the effects of mutual coupling on the two ele- 


‘ments are opposite and cancel, resulting in the same gain as 
if mutual coupling didn’t exist. But mutual coupling most 
certainly does exist! 

‘The second solution presented a more favorable main 
feed-point impedance, so it would be tempting to use that 
fone instead of the first solution. Replacing the feed-line 
lengths with the second solution lengths to model the second 
solution shows that the front/back ratio deteriorates more at 
the band edges when the second solution is used. This might 
be tolerable if restricted frequency use is anticipated. But it 
does illustrate that the solution with shorter lines is generally 
‘more broadbanded and that the choice of solution shouldn't 
in general be based on the one giving the most favorable 
impedance. 


AThree-Element Binomial Broadside Array 

An array of three in-line elements spaced 2/2 apart and. 
fed in-phase gives a pattern that is generally bidirectional. 
Ifthe element currents are equal, the resulting patter has a 
forward gain of 5.7 dB (for lossless elements) compared to 
single element, but it has substantial side lobes. Ifthe cur- 
rents are tapered in a binomial coefficient 1:2:1 ratio (twice 
the current in the center element as in the two end elements), 
the gain drops slightly to just under 5.3 dB, the main lobes 
‘widen and the side lobes disappear. 

‘The array is shown in Fig 23, and an EZNEC-ARRL model, 
of the antenna over perfect ground to show the ideal pattern 
is provided as ARRL_Binomial_ExampleEZ. To obtain a 
1:2:1 current ratio in the elements, each end element is fed 


through a 32/4 line of impedance Z,, Line lengths of 32/4 are 
chosen because 2/4 lines will not physically reach. The center 
clement is fed from the same point through two parallel 32/4 
lines of the same characteristic impedance. This is equivalent 
to feeding it through a line of impedance Z,/2. The curents 
are thus forced to be in-phase and to have the correct ratio. 
ARRL_Binomial_TL_ExampleEZ is an EZVEC-ARRL 
‘model that shows this feed system with lossless transmission 
lines. The reader is encouraged to experiment with this model 
to see the effect of changes in frequency, the addition of loss 
resistance (as resistive loads atthe element feed points) and 
other alterations on the array pattern and gain. You should 
also replace the perfect ground with MININEC type of ground 
to show how radiation patterns over real ground differ from 
the theoretical perfect-ground pattern, 


‘A“Four Square” Array 

Several types of feed system are used for feeding this 
popular array, and most share a common problem—they 
don’t provide the correct element current ratio—although 
a number of them produce a workable approximation. The 
feed systems described here are capable of producing exactly 
the correct current ratio. The only significant variable is the 
element feed-point impedances, so the quality of the result 
depends on your ability to model the feed-point impedances, 
of a correctly fed array. As in the examples above, EZNEC- 
ARRL will be used for that purpose and Arrayfeed! for the 
design of the feed system itself. 

In this aray (see Fig 24), four elements are placed in a 
square with 2/4 sides. (A variation of the Four Square uses 
‘wider spacing.) The rear and front elements (I and 4) are 180° 
out-of-phase with each other. The side elements (2 and 3) are 
in phase with each other and 90° delayed from the front ele 


array. All feed lines are % electrical wavelength long and 
have the same characteristic impedanc 


Fig 24—Pattern and layout of the four-element Four-Square 
array. Gain is referenced to a single similar element; add 
5.5 dB to the scale values shown. 
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‘ment. The magnitudes ofthe currents in all four elements are 
equal. The front and rear elements can be forced to be 180° 
‘out-of: phase and to have equal currents by using the current- 
forcing method described earlier. One element is connected 
toalline that is either 2/4 or 32/4 long, the other toa line that 
is 2/2 longer, and the two lines to a common point. 

Likewise, the two side element currents are forced to be 
cequal by connecting them to a common point via 2/4 or 34/4 
lines. Fig 25 shows the basic current-forcing system. 

Ifthe patter is to be electrically rotated, itis necessary 
to bring lines from all four elements to a common location. 
If solid-polyethylene dielectric coaxial cable, which has a 
dielectric constant of 0.66, is used, 2/4 lines won't reach the 
center ofthe array. So 32/4 lines must be used. Alternatively, 
you can use 1/4 lines with foam or other dielectric having 
‘velocity factor of more than about 0.71 (plus a little extra 
‘margin). These will rach to the center. Whatever your choice, 
three of the ines must be the same length and the fourth must 
be 2/2 longer. 

In this array, the side elements (2 and 3) have equal 
impedances, but the rear and front (1 and 4) are different from 
each other, and both are different from the side elements. We 
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Fig 25—"Simplest” feed system for the Four-Square array 
In Fig 24. Grounds and cable shields have been omitted 
for clarity. 
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hhave to know the feed-point impedances ofthe front, rear and 
side elements in order to design the “simplest” feed system, 
but only the side element impedances are needed to design the 
L-network system. Knowledge of all feed-point impedances 
is necessary if the array main feedpoint impedance Zin is 
tw be calculated, EZNEC-ARRL model 4Square_Exampl 
EZ shows a 40-meter Four Square array with 18 of loss 
resistance at each element, to approximate an 8-radial per 
‘element ground system. (See the cardioid array example 
above for more information about modeling ground system 
loss.) Opening the file in EZNEC-ARRL and clicking the Sre 
Dat button gives the following impedances: 

Source 1: 16.4~j15.85 0 

Sources 2 and 3: $7.47 — 19.44. 

Source 4:77.81 + 54.8.0 

It's interesting to note that the resistive part of source 
1 is less than the 18.0 of loss resistance we intentionally 
added to simulate ground system loss. That means that the 
‘element I feed-point resistance would be negative if the 
ground resistance were less than about an ohm and a hal. This 
isn't uncommon in phased arrays and simply means that the 
‘element is feeding power into the feed system. This power is 
‘coming via mutual coupling from the other elements 


“Simplest” (Transmission Line Only) Feed System 
To design a “simplest” feed system, start Arrayfeedl. 
In the Array Type frame, select 4 Square, and select 
“Simplest” in the Feed System Type frame. In the Inputs 
frame, enter the frequency and the impedances from EZNEC. 
ARRL: 
Frequency = 7.15 MHz 
Leading Element: R= 16.4, X 
Side elements: R = 57.47, X 
Lagging Element: R 


~15.85 
-19.44 


We'll ty using 50 0 for al lines, so enter 80 into the 
next three boxes. 

Enter 1 for the laggingcleading 1 magnitude and -90 
forthe phase. 

Click Find Solutions. 

The result is shown in the Solutions frame, shown in 
Fig 26, As always when any solution exists, there are two 
to choose from. The one with the shortest lines is generally 
preferable, so we'll choose it. For this example, we'll use 
14 lines with velocity factor of 0.82. So enter 0.82 in the 
Velocity Factor box inthe Physical Lengths frame, and read 
the physical lengths from the bottom of that frame. The 1/4 
lines (marked in the Arrayfeed! diagram with an asterisk) 
are 28.2 feet, line 1 is 7.483 feet and line 2 is 51.668 feet. 
‘The “simplest” feed system is shown in Fig 26, and the 
‘complete feed system consists ofthis connected to the array 
of Fig 25. 

EZNEC-ARRL model ARRL_4Square_TL_Ex- 
ample.EZ is simulates the array fed with this system. 
Comparison of the pattern plot to one from ideal-current 
model ARRL_4Square_Example-EZ and examination of 


Fig 26—Screen capture from Arrayfeed! for “Simplest” 
{eed system for Four Square feed system shown in Fig 25. 
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Fig 27—L-network setup for Four-Square array in Fig 25, 
fed with 1/4 (or 31/4) current-forcing feed system. 


the element currents verify that the feed system is produe- 
ing the desired pattern and element currents. You can use 
ARRL_4Square_Example-EZ to investigate the effect of 
frequency change, ground loss and other changes on the 
array gain and patter. 


L-Network Feed System 

‘To design the L-network feed system, simply change the 
Feed System Type to L Network and click Find Solutions. 
‘The results you should see are a 0.484 1H inductor for the 
series component X,.,, and a 1369.6 pF capacitor for the 
shunt component X,,. The L-network feed system is shown 
in Fig 27, and the complete feed system consists of this L 
network connected to the array of Fig 25, 

EZNEC-ARRL doesn'thave the ability to directly model 


Fig 28—Pattern and layout of the four-element rectangular 
array. Gain is referenced to a single similar element; add 
6.8 dB to the scale values shown. 


the L network, so it's unable to model the complete system. 
However, the system has been modeled using the network 
capability of EZVEC v.5 and found to work as designed. 
Arrays have also been built using this feed system and the ele- 
‘ment currents measured, with exactly the expected results. 

‘This array is more sensitive to adjustment than the 2-ele- 
‘ment 90° fed, 90° spaced array. Adjustment procedures and a 
‘method of remotely switching the direction of this array are 
described in the Practical Aspects of Phased Array Design 
section that follows. 


‘A4-Element Rectangular Array 

‘The 4-element rectangule array shown with its pattern 
in Fig 28 has appeared numerous times in amateur publica- 
tions. However, many of the accompanying feed systems fail 
to deliver currents in the proper amounts and phases to the 
various elements. The array can be correctly fed using the 
principles discussed in this chapter and the design methods 
that follow. 

Elements 1 and 2 can be forced to be in-phase and to 
hhave equal currents by feeding them through 32/4 lines. (As 
in the binomial and Four Square array examples, 37/4 lines 
are chosen because 2/4 lines won't physically reach.) The 
currents in elements 3 and 4 can similarly be forced to be 
equal and in-phase, Fig 29 shows the “‘current-forcing” feed 
system. Elements 3 and 4 are made to have currents of equal 
‘magnitude but of 90° phase difference from elements | and 
2 by use of either a “simplest” all-transmission line feed 
system or an L-network feed system. Both will be designed 
in this example. 
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Loading Elements 
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Fig 29—"Simplest” feed system for four-element 


rectangular 
cables. 


ray, using four equal-length 2/4 (or 32/4) 


For this array, we have to know the feed-point imped. 
ances of two elements (one of each pair) in order to design 
cither type of feed system. EZNEC-ARRL model Rectangu- 
lar_Example.EZ shows a 20-meter rectangular array with 
18 Q of loss resistance at each element, again to approximate 
an 8-radial per element ground system, (See the cardioid array 
‘example above for more information about modeling ground 
system loss.) Open the file in EZNEC-ARRL and click the Sre 
Dat button to find the following feed-point impedances: 

Sources | and 2: 21.44 —j21.29.0 

Sources 3 and 4: 70.81 ~j5.232.0 


“Simplest” (Transmission- Line Only) Feed System. 

‘To design a“simplest” feed system, start program Array: 
{feedl.In the Array Type frame, select 4 Element Rectangle, 
and select “Simplest” in the Feed System Type frame. In 
the Inputs frame, enter the frequency and the impedances 
from EZNEC-ARRL: 


Frequency = 14.15 MHz 
Leading Elements R = 21.44, 
Lagging Elements R = 70.81, X 


21.29 
5.232 


We'll use 50 0 for all lines, so enter 50 into the next 
three boxes. 

Enter 1 for the lagging:leading I magnitude and -90 
for the phase. 

Click Find Solutions. 

‘The result is “No Solution"—This combination of line 
impedances can't be used. Several other combinations also 
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produce this result, but making lines 1 and 2 each 75 © and 
the 37/4 lines 50 © does produce a solution, Enter 75 into the 
Line 1 20 and Line 2 20 boxes, and leave 80 in the Choose 
‘20 of “or % wavelength lines box, then click the Find Solu- 
tions button, There won'te any problem making lines | and 
2 reach, so we'll choose the first solution because the lines 
are shorter. The physical lengths of all the lines are shown 
in the Physical Lengths frame when the velocity factor is 
centered in the appropriate box. Assuming that we use coax 
with a velocity factor of 0.66 (and the example frequency of 
14.15 MHz), the lengths are: 

Line 1: 4.982 feet 

Line 2: 20.153 feet 

30/4 Lines (marked with an asterisk in the Arrayfeed! 
diagram: 34.408 feet, 
‘The lines are connected following the diagram in the upper 
left part of the Arrayfeed! window. This completes the 
“simplest” feed system design. EZNEC-ARRL model! Rect- 
angular_TL_Example.EZ simulates an array fed with this 
system. 
ye Comparison ofthe pattem plot to one fom ideal-curent 
Rectangular_Example.RZ, and examination of the element 
currents verify that the feed system is producing the desired 
pattern and element currents. 


L-Network Feed System 

‘To design the L-network feed system using Arrayfeed!, 
change the Feed System Type to L Network and click Find 
Solutions. The resulting L-network values are a 0.484 tH 
inductor for the series component X,o, and a 1369.6 pF 
capacitor for the shunt component Xj, 


120° Fed, 60° Spaced Dipole Array 

‘This example shows the design of “simplest” and L 
network feed systems fora 2-element 20- meter dipole array, 
rather than a vertical array. No special accommodation is, 
required for the array made from dipoles rather than vertical 
elements—the same methods can be used regardless of el 
‘ment shape. This example also shows that both the “simplest 
and L-network feed systems can readily be applied to ele- 
‘ments that use phase angles other than 90°. 

‘Any 2-element array made with identical elements 
spaced 2/2 or closer and having equal magnitude currents 
with a relative phase angle of 180° minus the spacing 
will produce a unidirectional pattern with a good null to 
the rear. In practice, very close spacings lead to very low 
feed-point resistances, with consequent losses and very nar- 
rowband characteristics. But this 60° spaced array is well 
‘within the range of practical realization. File ARRL_Dipole_ 
Array_Example.EZ is a model created for this array. with 
ideal element currents. Open this file in EZNEC-ARRL and 
click FF Plot to show the pattern at an elevation angle of 10°. 
‘You can save this pattern for later comparison to the pattern 
‘with a “simplest” feed system by opening the File menu in 
the 2D Plot window, selecting Saye Trace As, entering a 
name for the trace file and clicking Save. 
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Figure 14, 5G PPP vs. 3GPP and ITU roadmaps™* 


5G action plan 


‘As a complementary measure, on 14 September 2016 the European Commission launched its 5G for 
Europe Action Plan to bolster investments in SG infrastructure and service rollout efforts in the 
Digital Single Market between now and 2020. This action plan sets out a clear roadmap for public 
and private 5G investments inside the EU. 


‘The Commission has proposed the following measures to ac 


ve this plan: 


‘Align roadmaps and priorities for a coordinated 5G deployment across all EU Member states, 
targeting early network introduction by 2018, and moving towards commercial large scale 
introduction by the end of 2020 at the latest. 

Make provisional spectrum bands available for 5G ahead of the 2019 World Radio 
‘Communication Conference (WRC-19), to be complemented by additional bands as quickly as 
possible, and work towards a recommended approach for the authorisation of the specific 
5G spectrum bands above 6GH2. 

Promote early deployment in major urban areas and along major transport paths. 

Promote pan-European multi-stakeholder trials as catalysts to turn technological innovation 
into full business solutions. 


Facilitate the implementation of an industry-led venture fund in support of 5G-based 
innovation. 


Unite leading actors in working towards the promotion of global standards. 


5G Empowering vertical industries, White Paper, 2016, https://Sg-ppp.eu/wp- 
content/uploads/2016/02/BROCHURE SPPP_BAT2 PLodf 
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Following the same procedure as in the previous ex- 
amples, we begin the array design by finding the element 
feed-point impedances in the ideally fed array using EZNEC- 
ARRL numbers. Having already opened ARRL_Dipole. 
Array_Example.EZ, all that’s needed is to click Sre Dat. 
The results are: 

Leading element (source 1) : 36.16 ~ 46.05. 

Lagging element (source 2) : 49.56 + /51.47 


“Simplest” (Transmission Line Only) Feed System 

Select Two Element for the Array Type in Array 
{feed and “Simplest” for the Feed System Type. Enter the 
frequency of 14.15 MHz and enter the element feed-point 
impedances from EZNEC-ARRL into the appropriate boxes in 
the Inputs frame. For line impedances, the section describing 
the “simplest” feed system recommends against choosing 
fone which is very different from the element feed-point 
impedances, but for fun let’s try 300 0 for the two lines and 
see what happens, Enter 300 in the Line 1 Z0 and Line 2 20 
boxes. Finally, enter the lagging:leading I mag, phase of 
1 for Mag and -120 for Phase. 

Click Find Solutions. For this example we'll assume 
that TV type twinlead with a velocity factor of 0.8 is being 
used. So enter 0.8 for the Velocity Factor and read the 
physical line lengths in the Physical Lengths frame. A 
‘model of the array using the first solution has been created 
as ARRL_Dipole_Array_TL_Example.EZ. Open this file 
in EZNEC-ARRL and click FF Tab. You should see that the 
plot is virtually identical to the one saved earlier from the 
ideal-current model. Note the gain and front/back ratio or 
8.79 dBi and 31.01 4B respectively reported in the data box 
below the 2D plot. 

Don't subtract 2.15 dB to find the gain relative to a 
single element! This isn’t a free-space model, and the gain 
of a single dipole over ground is much greater than 2.15 dBi. 
Instead, delete one of the elements in ARRL_Dipole_ 
Array_Example.EZ to find the gain of a single element and 
subtract that value from the array gain. You can use the undo 
feature or re-open the file to restore the array. 

Now, go back to the model with the “simplest” feed 
system in EZNEC-ARRL and change the Frequency to 14.0 
MHz. Click FF Tab again. The gain has decreased a little, 
to 8.54 dBi and the front/back ratio has also decreased, to 
21.8 dB. At 14.3 MHz, the gain is slightly higher, 9.04 dBi, 
but the front/back is again worse, down to 18.64 dB. But this 
isn't bad overall 

Let's take alook at the second solution. Click the Trans 
Lines line in the main EZNEC-ARRL window to open the 
Transmission Lines Window. Change the length of the first 
line to 26.886 feet, the second to 28.356 feet, and press the 
Enter key to complete the change. Change the Frequency 
back to 14.18 MHz and click FF Tab. You should see exactly 
the same pattern as for both the first solution and for the ideal 
current model. But now change the Frequency to 14.0 MHz, 
click FF Tab, and look at the patter, 

What happened? The gain has dropped to 5.95 dBi 


and the front/back to only 3.1 4B. The array is now neatly 
bidirectional! I's almost as bad at 14.3 MHz. So we've 
created a teribly touchy system, The chance of its working 
correctly even at the design frequency is stim, because there 
ae inevitably some differences between the model and ral 
antenna, 

‘We did have a clue this might happen. As stated inthe 
section describing the “simplest fed system, the bestchoices 
for line Z, and forthe resulting solution give a difference in 
electrical ine lengths about equal othe desired phase delay 
ofthe current. The difference in electrical ine lengths forthe 
first solution was about 152°—not as close tothe 120° curent 
phase difference as we'd like, but much better than the mere 
9.7 difference of the lines forthe second solution. While the 
300-02 line Zo is quite diferent from the element Feed-point 
impedances, the first solution result is quite good. If desired. 
you can ty other line impedance values into Arnayfeed! and 
evaluate the results with EZNEC-ARRL. 

Please se the information about baluns in the Baluns 
in Phased Arrays section. Baluns are placed the same asin 
Fig 19, which shows the Lenetwork feed system, 


L-Network Feed System 

To design an L network feed system, change the 
Arvayfeed! Feed System Type to L Network and click 
Find Solutions. The results aren't good ones to use. The 
‘component reactance magnitudes of about 1573 and 2619 © 
are more than five times the 300-0 Z, of the feed lines. As 
explained in the section describing the L-network feed sys- 
tom, it's undesirable to have such a large ratio of component 
reactance to line Zy. Among other problems, the inductor 
and capacitor values are quite extreme and capacitor stray 
inductance and inductor capacitance would have a significant 
impact on performance. 

‘The problem occurs because the feed-line impedance 
‘we chose is much larger than the element feed-point imped- 
ances, so the 2/4 lines transform the feed-point impedances 
to much higher values at the L network and main feed point. 
‘This feed system would be extremely critical, narrowbanded 
and difficult to adjust. We can do better by choosing feed-line 
impedances that aren't too drastically different than the ele- 
‘ment feed-point impedances. In this case, 50 or 75.0 would 
bbe a much better choice than 300. Let's try 75. 

In Arrayfeed!, change the Line 1 Z0 and Line 2 Z0 
impedances from 300 to 75 and click Find Solutions. L- 
network component reactance magnitudes are now about 98 
and 164 Q, much better than before. This will be a relatively 
uncritical and broadbanded feed system. 

‘Again, be sure to read the information about baluns 
in the Baluns in Phased Arrays section. Fig 19 shows the 
completed feed system including baluns. 


PRACTICAL ASPECTS OF PHASED 
ARRAY DESIGN 
With almost any type of antenna system, there is much 
that can be learned from experimenting with, testing and using 
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various array configurations. In this section, Roy Lewallen, 
WEL, shares the benefit of years of his experience from 
actually building, adjusting and using phased arrays. There 
is much more work to be done in most of the areas covered 
here, and Roy encourages the reader to build on this work. 


Adjusting Phased Array Feed Systems 

Ifa phased array is constructed only to achieve forward 
gain, adjusting it is seldom worthwhile. This is because the 
forward gain of most arrays is quite insensitive to either the 
‘magnitude or phase of the relative currents flowing in the 
elements. If, however, good rejection of unwanted signals 
is desired, adjustment may be required. And achieving very 
deep nulls will almost surely require some adjustment. 

‘The in-phase and 180° out-of-phase current-forcing 
‘method supplies very well-balanced and well-phased currents 
toelements without adjustment. Ifthe pattern of an array fed 
using this method is unsatisfactory, it’s generally the result of 
environmental differences—where the elements, even though 
furnished with correct currents, aren't generating the correct 
fields. Such an array can be optimized in a single direction, 
but a more general approach than the current-forcing method 
‘must be taken, Some possibilities are described by Paul Lee 
and Forrest Gehrke (see Bibliography). 

Unlike the current-forcing method, the “simplest” and. 
L-network feed systems described earlier in this chapter are 
dependent on the self and mutual impedance of one or more 
elements. The required transmission-line lengths or L-net- 
‘work component values can be computed to a high level of, 
precision, but the results are only as good as the knowledge 
of the relevant feed-point impedances, 

While the simplest feed system doesn't readily lend 
itself to adjustment, the components of an L network can 
easily be made adjustable or can be experimentally changed 
in increments. A practical approach is to model the array 
as accurately as possible, design and build the feed system 
based on the model results and then adjust the network for 
the best performance. 

‘Simple arrays such as the two-element 90° fed and 
spaced array can be adjusted as follows. Place a low-power 
signal source at a distance from the array (preferably sev- 
eral wavelengths), in the direction a null should be. While 
listening to the signal on a receiver connected to the array, 
alternately adjust the two L-network components forthe best 
rejection of the signal 

This has proved to be a very good way to adjust 2-ele- 
‘ment arrays. However, variable results were obtained when 
a Four-Square array was adjusted using this technique. The 
probable reason is that more than one combination of current 
balance and phasing can produce a null in a given direction 
but each produces a different overall pattern, So a different 
method must be used for adjusting more complex arrays. 
This involves actually measuring the element currents in 
some way, and adjusting the network until the currents are 
correct. After adjusting the currents, small adjustments can 
bbe made to deepen the null(s) if desired. 
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Measuring Element Currents 

‘You can measure the element currents two ways. One 
‘way isto measure them directly atthe element feed points, as 
shown in Fig 30. A dual-channel oscilloscope is required to 
‘monitor the currents. This method is the most accurate and it 
provides a direct indication of the actual relative magnitudes 
and phases of the element currents. The current probe is 
shown in Fig 31 

Instead of measuring the element currents directly, you 
could measure them indirectly by measuring the voltages on 
the feed lines an electrical 2/4 or 32/4 distance from the array. 
‘The voltages at these points are directly proportional to the 
clement currents. This introduces additional variables that can 
reduce the accuracy of the result, but the method generally 
produces adequate performance. The 2-element arrays fed 
with the L-network system and all the four element arrays 
presented earlier have 2/4 or 34/4 lines from all elements toa 
common location, making this second measurement method 
convenient. The voltages can be observed with a dual-channel 
oscilloscope, or, to adjust for equal-magnitude currents and 
90° phasing, you can use the test circuit shown in Fig 32. 

‘The test circuit is connected to the feed lines of two ele- 
‘ments that are to be adjusted for 90° phasing (such as elements 
1 and 2, or 2 and 4 of the Four-Square array of Figs 24 and 
25). Adjust the L-network components alternately until both 
‘meters read zero. Proper operation of the test circuit can be 
verified by disconnecting one of the inputs. The phase output 
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Fig 30—One method of measuring element currents in 
‘a phased array. Details of the current probe are given in 
Fig 31. Caution: Do not run high power to the antenna 
system for this measurement, or damage to the test 
‘equipment may result. 
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Fig 31—The current probe for use in the test setup of Fig 
30. The ferrite core is of type 72 material, and may be any 
size, The coax line must be terminated at the opposite end 
with'a resistor equal to its characteristic impedance. You 
‘should build this probe in a plastic or metal box to provide 
‘mechanical ruggedness. 


should remain close to zero. If not, there is an undesirable 
imbalance in the circuit, which must be corrected. Another 
‘means of verification is to first adjust the L network so the 
tester indicates correct phasing (zero volts at the phase out- 
put). Then reverse the tester input connections to the elements. 
‘The phase output should remain close to zero. 


Directional Switching of Arrays 

One ideal directional-switching method would take 
the entire feed system, including the lines to the elements 
and physically rotate it. The smallest possible increment of 
rotation would depend on the symmetry of the array—the 
feed system would need to rotate until the array again looks 
the same to it. For example, any 2-element array can be 
rotated 180° (although that wouldn’t accomplish anything 
if the array is bidirectional to begin with). The 4-element 
rectangular array of Figs 28 and 29 can also be reversed, and 
the Four-Square array of Figs 24 and 25 can be switched in 
90° inerements. 

‘Smaller switching inerements can be accomplished only 
by reconfiguring the feed system, including any network if 
used, effectively creating a different kind of array. Switching 
in smaller increments than dictated by symmetry will create a 
different pattern in some directions than in others, and must 
be thoughtfully done to maintain equal and properly phased 
clement currents. The methods illustrated here will deal only 
‘with switching in increments related to the array symmetry, 
except for one: a 2-element broadside/end-fire array. 

In all arrays, the success of directional switching de- 
pends on the elements and ground systems being identical 
so that equal element currents result in equal fields. t's even 
‘more important in arrays fed with any method other than 
current forcing, because the effectiveness of those methods 
depends on the element feed-point impedances. Few of us 
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Fig 32—Quadrature test circuit. All di 
‘such as 1N34A, 1N270, or equiv. Hot c 
diodes can be used at higher power levels. All resistors 
are ‘4 or A W, 5% tolerance. Capacitors are ceramic. 
Alligator clips are convenient for making the input and 
{ground connections to the array. 

T1—7 triflar turns on an Amidon FT-37-43, -75,-77, oF 
equivalent ferrite toroid core. 


can afford the luxury of having an array many wavelengths 
away from all other conductors, so an array will nearly always 
perform somewhat differently in each direction. The array 
should be adjusted when steered in the direction requiring 
the most signal rejection in the nulls. Forward gain will, for 
all practical purposes, be equal in all the switched directions, 
since gain is much more tolerant of error than are nulls. 


Basic Switching Methods 

Following is a discussion of basic switching methods, 
how to power relays through the main feed line and other 
practical considerations. In diagrams, grounds are frequently 
‘omitted to aid clarity, but connections ofthe ground condue- 
tors must be carefully made. In fact, itis recommended that 
the ground conductors be switched just as the center condue- 
tors are, as explained in more detail in Improving Array 
‘Switching Systems below. In all cases, interconnecting lines 
‘ust be very short 

‘A pair of elements spaced 2/2 apart can readily be 
switched between broadside and end-fie bidirectional pat- 
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Grounds and cable shields have been omitted for clarity. 


Fig 34—Directional switching for 90°, 90° spaced 
2-element array fed with a “simplest” feed system. 


tems, using the current-forcing properties of 2/4 lines. The 
‘method is shown in Fig 33. The switching device can be a 
relay powered via a separate cable or by de sent along the 
‘main feed line. 

Fig 34 shows directional switching of a 90° fed, 90° 
spaced array fed with a “simplest” feed system, where L1 and 
L2are the required lengths of the wo feed lines. Fig 35 shows 
hhow to switch the same array when fed with an L-network, 
current-forcing system, 

‘The rectangular array of Fig 28 can be switched in a 
similar manner, as shown in Fig 36. To switch a “simplest” 
fed rectangular array, use the switching circuit of Fig 34, 
but connect the two equal length lines to points A and B of 
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Fig 35—Directional switching for 90°, 90° spaced 2-element 
array fed with an L-network, current-forcing feed system. 


Fig 36—Directional switching of a four-element rectangular 
array. All interconnections must be very short. AS usual, 
grounds and cable shields have been omitted for clarity. 


Fig 29 in place of the two elements shown in Fig 34. 

‘Switching the direction of an array in increments of 90°, 
when permitted by symmetry, requires at least two relays. 
‘A method of 90° switching of the Four-Square array with 
Lenetwork feed is shown in Fig 37. 


Powering Relays Through Feed Lines 

All ofthe above switching methods can be implemented 
‘without additional wires to the switch box. A single-relay 
system is shown in Fig 38A, and a two-relay system in 


Fig 38B. Small 12 or 24-V de power relays can be used in 
either system at power levels up to at least a few hundred 
‘watts. Do not attempt to change directions while transmitting, 
however. Blocking capacitors C1 and C2 should be good 
quality ceramic or transmitting mica units of 0.01 to 0.1 pF. 
No problems have been encountered using 0.1 1F, 300-V 
‘monolithic ceramic units at RF output levels up to 300 W. C2 
‘may be omitted if the antenna system is an open circuit at de. 
(C3 and C4 should be ceramic, 0.001 uF or larger 

In Fig 38B, capacitors C5 through C8 should be selected 
with the ratings of their counterparts in Fig 38A, as given 
above. Electrolytic capacitors across the relay coils, C9 and 
C10 in Fig 38B, should be large enough to prevent the relays 
from buzzing, but not so large as to make relay operation too 
slow: Final values for most relays will be in the range from 
10 10 100 pF. They should have a voltage rating of at least 
double the relay coil voltage. Some relays do not require this 
capacitor. All diodes are IN4001 or similar. A rotary switch 
‘may be used in place of the two toggle switches in the two- 
relay system to switch the relays in the desired sequence. 


Improving Array-Switching Systems 

‘The extra circuitry involved in switching arrays can 
degrade array performance by altering the relative currents 
fed to each element. One common cause is current sharing 
in common ground conductors, even when connections are 
kept very short. The author has seen a 30° phase shift in 
voltage along a 4-inch piece of #12 wire in a 40-meter array 
feed system, 

‘When the two conductors of a feedline are physically 


* Peeters: Leas 
Fig 37—Directional switching of the four-square array. All 


Interconnections must be very short. 


separated from each other, the impedance increases. This 
is especially true when the main lines are coaxial cables. If 
currents from two elements share the ground conductor of 
a split line, a relatively large voltage drop results. Voltage 
changes 2/4 from the elements translate to current changes 
at the elements. Although keeping all leads extremely short 
is sometimes adequate, the best way to reduce current sharing 
problems is to keep the two conductors of each transmission 
line as close together as possible, and switch both conductors 
of each line rather than just a single or “hot” conductor. 

‘An example of a carefully designed switching system 
is shown in Fig 39. It avoids the problem of shared ground 
conductor currents, as well as another common problem, 
namely that effective line lengths are often different along 
different switching paths. Notice how the path from the main 
feed point travels through a single line to each element with 
xno common ground connections to other lines except at the 
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Fig 38—Remote switching of relays. See text for 
‘component information. A one-relay system is shown at A, 
and a two-relay system at B. In B, S1 activates K1, and S2 
activates K2. 
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‘main feed point. Notice also that the distance doesn't change 
as the direction is switched. The 2/4 lines going to the two 
elements must be shortened by the length ' of the lines on 
the feed side of the relays, so thatthe total line length from 
the main feed point to each element is 4/4 (or 32/4), 

‘You can see that in either relay position, there's an open. 
ended stub of length & connected at the main feed point and 
another at the output end of the L network. These will add 
capacitance at those points. Extra C at the main feed point will 
alter the overall impedance seen by a transmitter, but won't 
otherwise have any effect on the array or its performance. 
‘The one at the output of the L network will, however, change 
the transformation and phase shift properties of the network. 
Butit’s easy to compensate—the value of the shunt capacitor 
clement is simply reduced by the amount of the C added by 
the stub, The amount of C for any kind of transmission line 
ccan be calculated from: 


Cope ny) = 
0 
3336 
C(pt/m)= 
(tlm) = 
ToElement 1 Tobtement2 


Fig 38—A carefully designed L-network, current-orcing 
‘switching system that switches both hot and shield 
‘conductors in feed coaxes. 
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where Zy = the characteristic impedance of the line and VF 
= the velocity factor. This works out to 31 pF/foot or 101 pE/ 
meter for 50-Q solid polyethylene insulated coax, which has 
a velocity factor of 0.66. 

‘The general principles illustrated in Fig 39 can be ex. 
tended to other switching systems. If switching the ground 
‘conductors as described above isn’t practical, use of a metal 
box for the switching circuitry is recommended, so that the 
relatively large surface area of the box can be used for the 
‘common ground conductors, minimizing their inductance. 
Always keep leads extremely short. 


Measuring the Electrical Length of Feed Lines 
‘When using the feed methods described earlier the feed 
lines must be very close to the correct length. For best results, 
they should be correct within 1% or so. This means that a line 
that is intended to be, say, 1/4 at 7 MHz, should actually be 
at some frequency within 70 kHz of 7 MHz. A simple but 
accurate method to determine at what frequency a line is /4 
or 2/2 is shown in Fig 40A. The far end of the line is short 
circuited with a very short connection. A signal is applied to 
the input and the frequency is swept until the impedance at 
the input is a minimum. This is the frequency at which the 
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the frequency 
tor. The signal generator output must be 
‘of harmonics; the half-wave harmonic filter at B may be 
Used outboard if there is any doubt. It must be constructed 
for the frequency band of operation. Connect the filter 
between the signal generator and the attenuator pad. 

C1, C3—Value to have a capacitive reactance = Rin. 
€2_Value to have a capacitive reactance = ' Ry. 

L1, L2—Value to have an inductive reactance = Fy. 


line is 2/2. Bither the frequency counter or the receiver may 
be used to determine this frequency. The line is, of course, 
24 at one half the measured frequency. 

‘The detector can be a simple diode detector or an oscil: 
loscope may be used if available. A 6 to 10 dB attenuator pad is 
included to prevent the signal generator from looking intoa short 
circuit atthe measurement frequency. The signal generator out- 
put must be free of harmonics. Ifthere isany doubt, an outboard 
low-pass filter, such as a half-wave harmonic filter, should be 
used. The half-wave filter circuit is shown in Fig 40B, and must 
be constructed for the frequency band of operation. 

Another satisfactory method is to use a noise or resis 
tance bridge or antenna analyzer at the input of the line, again 
looking for a low impedance at the input while the output 
is short circuited. Simple resistance bridges are described in 
Chapter 27. 

Dip oscillators have been found to be unsatisfactory. 


‘The required coupling loop has too great an effect on mea- 
surements, 


Measuring Element Self and Mutual Impedances 

‘The need for measuring element self and mutual im- 
pedances has been made largely unnecessary with the ready 
availability of modeling software. Few amateurs appreciate 
the considerable difficulty of making accurate impedance 
‘measurements and accurate mutual impedance measurements 
are very difficult even with professional test equipment and 
skills. Despite the limitations of computer modeling, results 
very often are better than measured values because of the 
‘multiple factors affecting measurement accuracy 

‘Those who are interested in measuring self and mutual 
impedances can find more detailed information about doing so 
in Appendix B. The information there is from earlier editions 
of The ARRL Antenna Book. 


Broadside Arrays 


Broadside arrays can be made up of collinear or paral- 
lel elements or combinations of the two. This section was 
contributed by Rudy Sevems, N6LF 


COLLINEAR ARRAYS 


Collinear arrays are always operated with the ele- 
‘ments in-phase. (If alternate elements in such an array are 
‘out-of-phase, the system simply becomes a harmonic type 
of antenna.) A collinear array is a broadside radiator, the 
direction of maximum radiation being at right angles to the 
line of the antenna, 


POWER GAIN 


Because of the nature of the mutual impedance between 
collinear elements, the feed-point resistance (compared to a 
single element, which is =73 0) is increased as shown earlier 
in this chapter (Fig 9). For this reason the power gain does 
not increase in direct proportion to the number of elements. 
‘The gain with two elements, as the spacing between them is 
varied, is shown by Fig 41. Although the gain is greatest when 


the end-to-end spacing is in the region of 0.4 10 0.6 2, the use 
cof spacings of this order is inconvenient constructionally and 
introduces problems in feeding the two elements. As result, 
collinear elements are almost always operated with their ends 
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Fig 41—Gain of two collinear 1/2 elements as a function of 
spacing between the adjacent ends. 
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quite close together—in wire antennas, usually with just a 
strain insulator between, 

With very small spacing between the ends of adjacent 
elements the theoretical power gain of collinear arrays, 
assuming the use of #12 copper wire, is approximately as 
follows over a dipole in free space: 

2 collinear elements—1.6 dB 

3 collinear elements—3.1 dB 

4 collinear elements—3.9 4B 


More than four elements are rarely used. 


DIRECTIVITY 


‘The directivity of a collinear array, ina plane containing, 
the axis of the array, increases with its length. Small second- 
ary lobes appear inthe pattern when more than two elements 
are used, but the amplitudes of these lobes are low enough so 
that they are usually not important, In a plane at right angles 
to the array the directive diagram is a circle, no matter what 
the numberof elements. Collinear operation, therefore, affects 
only E-plane directivity, the plane containing the antenna. 

When a collinear array is mounted with the elements, 
vertical, the antenna radiates equally well in all geographical 
directions. An array of such stacked collinear elements tends 
to confine the radiation to low vertical angles. 

Ifacollinear array is mounted horizontally the directive 
pattern in the vertical plane at right angles to the array is the 
same as the vertical pattern of a simple 2/2 antenna at the 
same height (Chapter 3) 


TWO-ELEMENT ARRAYS 
‘The simplest and most popular collinear array is one 
using two elements, as shown in Fig 42. This system is 
commonly known as nvo half-waves in phase. The directive 
patter in a plane containing the wire axis s shown in Fig 43, 


Fig 42—At A, two-element collinear array (two half-waves 
in phase). The transmission line shown would operate as 
a tuned line. A matching section can be substituted and a 
onresonant line used if desired, as shown at B, where the 
matching section is two series capacitors. 


8-38 Chapter 8 


Fig 43—Free-space E-plane di diagram for dipole, 
2,3 and 4-element collinear arrays. The solid line is a 
‘4-element collinear; the dashed line is for a 3-element 
collinear; the dotted line is for a 2-element collinear and 
the dashed-dotted line Is for a 2 dipole. 


which shows superimposed patterns for adipole and 2,3 and 
4-element collinear arrays. Depending on the conductor size, 
height, and similar factors, the impedance at the feed point 
can be expected to be in the range of 4 to 6 KO, for wire 
antennas. If the elements are made of tubing having a low 
‘dia (wavelength o diameter) ratio, values as low as 1 kQ.are 
representative. The system can be fed through an open-wire 
tuned line with negligible loss for ordinary line lengths, or a 
‘matching section may be used if desired. 

‘A number of arrangements for matching the feed line 
to this antenna are described in Chapter 26. If elements 
somewhat shorter than 2/2 are used, then additional match: 
ing schemes can be employed at the expense of a slight 
reduction in gain. When the elements are shortened two 
things happen—the impedance at the feed-point drops and 
the impedance has inductive reactance that can be tuned out 
with simple series capacitors, as shown in Fig 42B, 

‘Note that these capacitors must be suitable forthe power 
level. Small doorknob capacitors such as those frequently used 
in power amplifiers, are suitable. By way of an example, if 
‘each side of a 40-meter 2-element array is shortened from 67 
058 feet, the feed-point impedance drops from nearly 6000 © 
to about 1012.0 with an inductive reactance of 1800 ©. The 
reactance can be tuned out by inserting 25 pF capacitors at 
the feed:-point. The 1012.0 resistance can be transformed to 
200 Qusing a 2/4 matching section made of 450-0 ladder line 
and then transformed to 50 Q with a4:1 balun. Shortening the 
array as suggested reduces the gain by about 0.5 dB. 

Another scheme that preserves the gain is tose a 450-0. 
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Fig 44—Layouts for 3- and 4-element collinear arrays. Alternative methods of feeding a 3-element array are shown at 
‘and B. These drawings also show the current distribution on the antenna elements and phasing stubs. A matched 
transmission line can be substituted for the tuned line by using a suitable matching section. 


2/4 matching section and shorten the antenna only slightly to 
have a resistance of 4 KO. The impedance at the input of the 
‘matching section is then near 50 and a simple 1:1 balun 
ccan be used. Many other schemes are possible. The free-space 
E-plane response for a 2-element collinear array is shown 
in Fig 43, compared with the responses for more elaborate 
collinear arrays described below. 


THREE- AND FOUR-ELEMENT ARRAYS 


In a long wire the direction of current flow reverses in 
each 2/2 section. Consequently, collinear elements cannot 
simply be connected end to end; there must be some means for 
‘making the current flow in the same direction in all elements. 
‘When more than two collinear elements are used itis neces- 
sary to connect phasing stubs between adjacent elements in 
order to bring the currents in all elements in-phase. In Fig 44A 
the direction of current flow is correct in the two left-hand 
elements because the shorted 2/4 transmission line (stub) is 
connected between them. This stub may be looked upon sim- 
ply as the alternate 2/2 section of a long-wire antenna folded 


back on itself to cancel its radiation, In Fig 44A the part to 
the right of the transmission line has a total length of three 
half wavelengths, the center half wave being folded back to 
form a 2/4 phase-reversing stub. No data are available on the 
impedance at the feed point in this arrangement, but various 
considerations indicate that it should be over I kO. 

‘An alternative method of feeding three collinear ele- 
‘ments is shown in Fig 44B. In this case power is applied at 
the center of the middle element and phase-reversing stubs 
are used between this element and both of the outer elements. 
‘The impedance at the feed point in this case is somewhat 
over 300 © and provides a close match to 300 © line. The 
‘SWR will be less than 2:1 when 600-0 line is used. Center 
feed of this type is somewhat preferable to the arrangement 
in Fig 44A because the system as a whole is balanced. This 
assures more uniform power distribution among the element. 
In Fig 44A, the right-hand element is likely to receive some- 
‘what less power than the other two because a portion of the 
input power is radiated by the middle element before it can 
reach the element located at the extreme right. 
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A four-element array is shown in Fig 44C. The system 
is symmetrical when fed between the two center elements as 
shown. As in the three-element case, no data are available on 
the impedance at the feed point. However, the SWR with a 
6600 Q line should not be much over 2:1 

Fig 43 compares the directive pattems of 2, 3 and 4- 
clement arrays. Collinear arrays can be extended to more 
than four elements. However, the simple 2-element collinear 
array is the type most frequently used, as it lends itself well 
to multi-band operation, More than two collinear elements 
are seldom used because more gain can be obtained from 
other types of arrays. 


ADJUSTMENT 


In any of the collinear systems described, the lengths of 
the radiating elements in feet can be found from the formula 
468 yy. The lengths of the phasing stubs can be found from 
the equations given in Chapter 26 for the type of line used. 
Ifthe stub is open-wire line (500 to 600 © impedance) you 
may assume a velocity factor of 0.975 in the formula for a 
4 line. On-site adjustment is, in general, an unnecessary 
refinement. If desired, however, the following procedure may 
bbe used when the system has more than two elements. 

Disconnect all stubs and all elements except those di- 
rectly connected to the transmission line (in the case of feed 
such as is shown in Fig 44B leave only the center element 
connected to the line). Adjust the elements to resonance, 
using the still-connected element. When the proper length is 
determined, cut all other elements to the same length. Make 
the phasing stubs slightly long and use a shorting bar to adjust 
their length, Connect the elements tothe stubs and adjust the 
stubs to resonance, as indicated by maximum current in the 
shorting bars orby the SWR on the transmission line. If more 
than three or four elements are used it is best to add elements 
two at a time (one at each end of the array), resonating the 
system each time before a new pair is added. 


THE EXTENDED DOUBLE ZEPP 
(One method to obtain higher gain that goes with wider 
spacing in a simple system of two collinear elements is to 
‘make the elements somewhat longer than 2/2. As shown in 
Fig 45, this increases the spacing between the two in-phase 


Fig 45—The extended double Zepp. This system gives 
somewhat more gain than two i-sized collinear elements. 


8-40 Chapter 8 


pattern for the extended double Zepp_ 
horizontal directional 

ents are horizontal. The axis 

ts lies along the 90:-270" line. Th 

{free-space array gain is approximately 4.95 dBi. 
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Fig 47—Resistive and reactive feed-point impedance of a 
‘40-meter extended double Zepp in free space. 


12 sections at the ends of the wires. The section in the 
‘center carties a current of opposite phase, but if this section 
is short the current will be small; it represents only the outer 
ends of a 7/2 antenna section, Because of the small current 
and short length, the radiation from the center is small. The 
‘optimum length for each element is 0.64 2.. At greater lengths 
the system tends to act as a long-wire antenna, and the gain 
decreases. 

‘This system is known as the extended double Zepp. The 
gain over a 2/2 dipole is approximately 3 dB, as compared 
with about 1.6 dB for two collinear 2/2 dipoles. The direc 
tional pattern in the plane containing the axis of the antenna 


The European Commission has given every EU country a certain number of ambitious, numerical 
targets. One core objective for 5G is thus to have at least one major city in every European country 
outfitted with this new generation mobile system by 2020, and coverage of every city, motorway and 
high-speed railway lines by 2025. This comes in response to announcements from South Korea and 
Japan which are both promising large-scale SG demonstrations, respectively, at the Winter Olympics 
in Pyeongchang in 2018 and the Summer Olympics in Tokyo in 2020. 


2.1.2 Worldwide (examples in the US, South Ko 


Japan and China) 


‘The race is already underway between countries to be the first to begin large-scale SG trials, and 
later to introduce commercially available services, so much so that they are willing to employ pre- 
standard technical specifications. 


Several countries are therefore working on standards and seeking to reach a consensus with one 
another to achieve international backing for the technical specifications that will satisfy their needs, 
and earn them the best possible return on the investments made thus far. This in turn is creating a 
certain turmoil, for instance, over the frequency bands that would be the best candidates for 5G. 


‘The United States” 


SG is seen as an unprecedented opportunity for economic growth, with a tremendous impact on 
education, job, transportation, etc. According to the US federal regulator, the FCC (Federal 
Communications Commission), the following three elements in particular need to be the prime focus 
of attention: spectrum, infrastructure and the backhaul network: 


= Spectrum: in July 2016, the FCC voted to free up and to open up nearly 11 GHz of high 
frequency spectrum to be used for fixed and mobile broadband applications: 3.85 GHz of 
licensed spectrum in the 27.5 ~ 28.35 GHz and 37 - 40 GHz bands, as well 7 GHz of unlicensed 
spectrum from the 64-71 GHz band. The FCC’s stated goal was to provide the assurance and 
clarity for investments in the telecoms sector. Verizon welcomed this decision, and plans on 
achieving the first rollouts in 2017, with trials already underway in several cities around the 
country (cf. 3.3) 

~ Infrastructures: The FCC believes that SG must be underpinned by a robust infrastructure 
network capable of handling already heavy traffic that could potentially increase 
exponentially in the coming years. It will interact in a hybrid fashion between traditional 
towers with macro cells and small cell deployments, as well as distributed antenna systems. 
With an eye on the deployment of new towers, the FCC resolved to reduce, or eliminate in 
certain cases, the regulatory restrictions on installing facilities and antennae that will have 
very little impact “on historic properties” (tower re-use, small antennae, indoor installations, 
etc." 

-  Backhaul network: Because 5G systems will require very high-power backhaul networks, the 
FCC is in the process of reforming and updating the regulations governing data services 
markets, including wireless backhaul solutions. The FCC is seeking to protect this market 
while also creating competition, so that competitive and high quality backhaul network 
solutions can emerge. 


* Forging Our SG Future — Federal Communications Commission: hntps://www fee gou/SG 
™ https://apps fee gov/edocs_public/attachmatch/DA-16-900A1, Red. paf 
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is shown in Fig 46, As in the case of 
all other collinear arrays, the free-space 


pattern inthe plan aight angles to = 
theantenaclementsisthe same asthat Rear 
of a2 antenna-cieala 

the operating frequency so tha the f 
feed-point impedance is complex 1 


(RJ) A typical example of the 
variation of the feedpoim impedance 
Dver the band fora 40meter double 


extended Zepp is shown in Fig 47. This 
antenna is normally fed with open-wire 
transmission line to an antenna tuner. 
Other matching arrangements are, of course, possible. A 
‘method for transforming the feed-point impedance to 450 
and eliminating the minor lobes is given in Chapter 6, 


THE STERBA ARRAY 

‘Two collinear arrays can be combined to form the Sterba 
«array, often called the Sterba curtain, An 8-clement example 
of a Sterba array is shown in Fig 48. The four 2/4 elements 
joined on the ends are equivalent to two 2/2 elements. The two 
collinear arrays are spaced 2/2 and the 2/4 phasing lines con- 
nected together to provide 1/2 phasing lines. This arrangement 
hhas the advantage of increasing the gain fora given length and 
also increasing the E-plane directivity, which is no longer 
cular. An additional advantage ofthis array i thatthe wire forms 


Fig 48—Typical Sterba array, an 8-olement version. 


a closed loop. For installations where icing is a problem a low 
voltage de or low frequency (50 or 60 Hz) ac current can be 
passed through the wire to heat it for deicing. The heating cur- 
rent is isolated from RF by decoupling chokes. This is standard 
practice in commercial installations 

‘The number of sections ina Sterba array can be extended 
as far as desired but more than four or five are rarely used 
because of the slow increase in gain with extra elements, the 
narrow He-plane directivity and the appearance of multiple 
sidelobes. When fed at the point indicated the impedance is 
about 600 Q. The antenna can also be fed at the point marked 
X. The impedance at this point will be about 1 kO. The gain 
of the 8-element array in Fig 48 will be between 7 to 8 dB 
over a single element. 


Parallel Broadside Arrays 


‘To obtain broadside directivity with parallel elements, 
the currents in the elements must all be in-phase. Ata distant 
point lying on a line perpendicular to the axis of the array 
and also perpendicular to the plane containing the ele- 
‘ments, the fields from all elements add up in phase. The 
situation is like that pictured in Fig 1 in this chapter, where 
four parallel 2/2 dipoles were fed together a broadside 

” proadside arays of this type theoretically can have 
any number of elements. However, practical limitations of 
construction and available space usually limit the number 
of broadside parallel elements. 


POWER GAIN 


‘The power gain of a parallel-element broadside array 
depends on the spacing between elements as well as on the 
number of elements. The way in which the gain of a two- 
clement array varies with spacing is shown in Fig 49. The 
greatest gain is obtained when the spacing is in the vicinity 
0f 0.67 2. 

‘The theoretical gains of broadside arrays having more 
than two elements are approximately as follows: 


oof dB Gain. dB Gain 
Parle) — with 2th Sa 
Elements Spacing ‘Spacing 
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Fig 49—Gain as a function of the spacing between two 
parallel elements operated in-phase (broadside). 
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‘The elements must, of course, all lie in the same plane 
and all must be fed in-phase. 
DIRECTIVITY 


‘The sharpness of the directive pattern depends on 
spacing between elements and number of elements. Larger 


element spacing will sharpen the main lobe, for a given 
umber of elements, up to a point as was shown in Fig 41 
‘The two-element array has no minor lobes when the spac- 
ing is 2/2, but small minor lobes appear at greater spacings. 
When three or more elements are used the patter always 
hhas minor lobes. 


Other Forms Of Broadside Arrays 


For those who have the available room, multi-element 
arrays based on the broadside concept have something to 
offer. The antennas are large but of simple design and non- 
critical dimensions; they are also very economical in terms 
of gain per unit of cost 

Large arrays can often be fed at several different points 
However, the pattern symmetry may be sensitive tothe choice 
of feed point within the array. Non-symmetical feed points 
will result in small asymmetries in the pattern but these are 
not usually of great concern, 

Arrays of three and four elements are shown in Fig $0. 
In the 3-clement array with 7/2 spacing at A, the array is fed 
at the center. This is the most desirable point in that it tends 
to keep the power distribution among the elements uniform. 
However, the transmission line could alternatively be con- 
nected at either point B or C of Fig 50A, with only slight 
skewing of the radiation patter. 

‘When the spacing is greater than 2/2, the phasing lines 
rust be 1 2 long and are not transposed between elements. 
This is shown Fig SOB. With this arrangement, any element 
spacing up to 1 2. can be used, if the phasing lines can be 
folded as suggested in the drawing. 

‘The 2-element array at C is fed at the center of the 
system to make the power distribution among elements as 
uniform as possible. However, he transmission line could be 
connected at either point B, C, D or E. In this case the sec- 
tion of phasing line between B and D must be transposed to 
‘make the currents flow in the same direction in all elements. 
‘The 4-element array at C and the 3-element array at B have 
approximately the same gain when the element spacing in 
the array at B is 32/4. 

Analternative feeding method is shown in Fig SOD. This, 
system can also be applied to the 3-element arrays, and will 
result in better symmetry in any case. It is necessary only to 
‘move the phasing line to the center of each element, making 
connection to both sides of the line instead of one only. 

‘The free-space pattern for a 4-element array with 1/2 
spacing is shown in Fig $1. This is also approximately the 
pattern for a 3-element array with 37/4 spacing, 

Larger arrays can be designed and constructed by fol- 
lowing the phasing principles shown in the drawings. No 
accurate figures are available for the impedances at the various 
feed points indicated in Fig 50. You can estimate itto be in the 
vicinity of 1 KO when the feed point is at a junction between 
the phasing line and a 2/2 element, becoming smaller as the 
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‘number of elements in the array is increased. When the feed 
point is midway between end-fed elements as in Fig SOC, the 
feed-point impedance of a 4-clement array is in the vicinity 
of 200 to 300 ©, with 600-2 open-wire phasing lines. The 
impedance at the feed point with the antenna shown at D 
should be about 1.5 k® 


> 
= aay a — rs) 
” l l 
cab GI SER ep 
Sa 
Q ‘ 
Ly 


Fig 50—Methods of feeding 3- and 4-element broadside 
‘arrays with parallel elements. 


Fig 51—Free-spa 


E-plane pattern of a 4-element 
Fray using parallel elements (Fig 50).This 

isto the horizontal directive pattern at low wave 
angles for a vertically polarized array over ground. The 
axis of the elements lies along the 90:-270° line. 


NON-UNIFORM ELEMENT CURRENTS 


‘The pattern for a 4-element broadside array shown in 
Fig 51 has substantial side lobes. This is typical for arrays 
‘more than 2/2 wide when equal currents flow in each element. 
Sidelobe amplitude can be reduced by using non-uniform 
current distribution among the elements. Many possible 
current amplitude distributions have been suggested. All of 
them have reduced current in the outer elements and greater 
current in the inner elements. This reduces the gain somewhat 
but can produce a more desirable pattern. One of the common 
current distributions is called binomial current grading. In 
this scheme the ratio of element currents is set equal to the 
coelficients of a polynomial. For example: 


Ixth = LI 
(etIP Ix? +241, S121 
(HIP Hix 43x72 43x4h > 1331 an 
(eta txt +43 +6x? 46x41, > 14.64, 


In a2-clement array the currents are equal, in a 3-ele~ 
‘ment array the current in the center element is twice that in 
the outer elements, and so on. 


HALF-SQUARE ANTENNA 
(On the low-frequency bands (40, 80 and 160 meters) it 


becomes increasingly difficult to use 1/2 elements because of 
their size. The half-square antenna is a 2-element broadside 


Fig 52—Layout for the half-square antenna, 


Fig 53—Free-space E-plane directive pattern for the 
hall-square antenna, 


array with 2/4-high vertical elements and 2/2 horizontal 
spacing. See Fig 2. The free-space H-plane pattern for 
this array is shown in Fig $3. The antenna gives modest 
(4.2 dBi) but useful gain and has the advantage of only 2/4 
height. Like all vertically polarized antennas, real-world 
performance depends directly on the characteristics of the 
‘ground surrounding it. 

‘The half-square can be fed either atthe point indicated 
cr at the bottom end of one of the vertical elements using a 
voltage-feed scheme, such as that shown in Fig $4 for the 
bobiail curtain. The feed-point impedance is in the region of 
‘50 © when fed at a comer as shown in Fig 52. A typical SWR 
plot is shown in Fig $5. Chapter 6 has a detailed discussion 
of the half-square antenna with several variations, together 
‘with practical considerations. 
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Fig 54—The bobiall curtain is an excellent low-angle 
radiator having broadside bidirectional characteristics. 
Current distribution is represented by the arrows. 
Dimensions A and B (in feet, for wire antennas) can be 
determined from the equations. 


space E-plane directive diagram 
of the bobiall curtain shown in Fig 54.The array lies along 
the 90°-270: axis. 
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Fig 55—Typical SWR plot for a 40-mel 
antenna fed at one corner. Antenna 


BOBTAIL CURTAIN 


‘The antenna system in Fig 54 uses the principles of 
co-phased verticals to produce a broadside, bidirectional 
pattem providing approximately 5.1 dB of gain overa single 
‘ld element. The antenna performs as three in-phase, top-fed 
vertical radiators approximately 1/4 in height and spaced 
approximately 2/2. Itis most effective for low-angle signals 
and makes an excellent long-distance antenna for 1.8, 3.5 
or 7 MHz. 

The three vertical sections are the actual radiating 
components, but only the center element is fed directly. The 
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Fig 57—Typical SWR plot for an 80-meter bobtail curtain in 
{ree space. This is a narrow-band antenna. 


‘two horizontal parts, A, act as phasing lines and contribute 
very litte to the radiation pattern, Because the current in the 
center element must be divided between the end sections, the 
current distribution approaches a binomial 1:2:1 ratio, The 
radiation pattern is shown in Fig 56. 

‘The vertical elements should be as vertical as possible. 
‘The height for the horizontal portion should be slightly greater 
than B, as shown in Fig 54, The tuning network is resonant at 
the operating frequency. The L/C ratio should be fairly low 
to provide good loading characteristics. As a starting point, a 
‘maximum capacitor value of 75 to 150 pF is recommended, 
and the inductor value is determined by C and the operating 
frequency. The network is first tuned to resonance and then the 


{ap point is adjusted for the best match. A slight readjustment 
of C may be necessary. A link coil consisting of a few turns 
can also be used to feed the antenna, 

‘A feeling for the matching bandwidth of this antenna 
can be obtained by looking at a feed point located at the 
top end of the center element. The impedance at this point 
will be approximately 32. An SWR plot (for Z, = 32 Q) 
for an 80-meter bobtail curtain at this feed-point is shown 
in Fig 57. However, itis not advisable to actually connect 
a feed line at this point since it would detune the array and 
alter the pattern. This antenna is relatively narrow band. 
‘When fed at the bottom of the center element as shown in 
Fig 54, the SWR can be adjusted to be I:1 at one frequency 
but the operating bandwidth for SWR < 2:1 may be even 
narrower than Fig 57 shows. For 80-meters, where operation 
is often desired in the CW DX window (3.510 MHz) and in 
the phone DX window (3.790 MHz), it will be necessary to 
retune the matching network as you change frequency. This 
ccan be done by switching a capacitor in or out, manually or 
remotely with a relay. 

‘While the match bandwidth is quite narrow, the radiation 
pattern changes more slowly with frequency. Fig 58 shows the 
variation inthe pattern over the entire band (3.5 to 4.0 MHz). 
‘As would be expected, the gain increases with frequency 
because the antenna is larger in terms of wavelengths. The 
general shape of the pattern, however, is quite stable. 


THE BRUCE ARRAY 


Four variations of the Bruce array are shown in Fig $9. 
‘The Bruce is simply a wire folded so thatthe vertical sections 
carry large in-phase currents, while the horizontal sections 
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Fig 58—80-meter bobtall curtain’s ft 
pattern variation over the 80-meter 


carry small currents flowing in opposite directions with 
respect to the center of a section (indicated by dots). The 
radiation is vertically polarized. The gain is proportional to 
the length ofthe array but is somewhat smaller than you can 
obtain from a broadside array of 2/2 elements of the same 
length. This is because the radiating portion of the elements 
is only 2/4, 

‘The Bruce array has a number of advantages: 

1) The array is only 2/4 high. This is especially help- 
ful on 80 and 160 meters, where the height of 2/2 supports 
becomes impractical for most amateurs, 

2) The array is very simple. It is just a single piece of 
wire folded to form the array. 

3) The dimensions of the array are very flexible. 
Depending on the available distance between supports, any 
number of elements can be used. The longer the array, the 
‘greater the gain, 

4) The shape of the array does not have to be exactly 
1.05 2/4 squares. If the available height is short but the 
array can be made longer, then shorter vertical sections and 
longer horizontal sections can be used to maintain gain and 
resonance. Conversely, if more height is available but width 
is restricted then longer vertical sections can be used with 
shorter horizontal sections. 

'5) The array can be fed at other points more convenient 
fora particular installation 

6) The antenna is relatively low Q, so thatthe feed-point 
impedance changes slowly with frequency. This is very 
helpful on 80 meters, for example, where the antenna can 
be relatively broadband. 

7) The radiation pattern and gain is stable over the width 
of an amateur band. 

‘Note that the nominal dimensions ofthe array in Fig 59 
call for section lengths = 1.05 2/4. The need to use slightly 
longer elements o achieve resonance is common in large wire 
arrays. A quad loop behaves in the same manner. This is quite 
different from wire dipoles, which are typically shortened by 
2-5% to achieve resonance, 

Fig 60 shows the variations in gain and pattern for 2 to 
‘S-element 80-meter Bruce arrays. Table 2 lists the gain over 
vertical 2/2 dipole, a 4-radial ground:-plane vertical and the 
size of the array. The gain and impedance parameters listed 
are for free space. Over real ground the patterns and gain will 
depend on the height above ground and the ground character- 
istics. Copper loss using #12 conductors in included. 

Worthwhile gain can be obtained from these arrays, 
especially on 80 and 160 meters, where any gain is hard to 
come by. The feed-point impedance is for the center of a 
vertical section. From the patterns in Fig 60 you can see that 
sidelobes stat to appear as the length of the array is increased 
beyond 31/4. This is typical for arrays using equal currents 
in the elements. 

Iis interesting to compare the bobtail curtain (Fig 54) 
with a 4-element Bruce array. Fig 61 compares the radiation 
patterns for these two antennas. Even though the Bruce is 
shorter (31/4) than the bobtail (1.2), it has slightly more 
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Fig 59—Various Bruce arrays: 2, 3,4 and 5- 


Table 2 
Bruce array length, impedance and gain as a function of number of elements 
Number Gain Over 2 Gain over/4 Array Length Approx. Feed 
Elements Vertical Dipole Ground-Plane Wavelengths Za 

2 1.208 1.908 % 130 

3 2.848 3.6 48 % 200 

4 4348 5.1 dB % 250 

5 5348 6.1 48 1 300 
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gain. The matching bandwidth is illustrated by the SWR 
curve in Fig 62. The 4-clement Bruce has over twice the 
‘match bandwidth (200 kHz) than does the bobtail (75 kHz 
in Fig 57). Part of the gain difference is due to the binomial 
current distribution—the center element has twice the current 


Fig 60—80-meter free-space E-plane directive patterns 
for the Bruce arrays shown in Fig 59.The 5-element's 
pattern is a solid line; the 4-element is a dashed line; the 
‘S-element is a dotted line, and the 2 

dashed-dotted line. 


as the outer elements in the bobtail. This reduces the gain 
slightly so that the 4-element Bruce becomes competitive. 
‘This is a good example of using more than the minimum 
‘number of elements to improve performance or to reduce size. 
‘On 160 meters the 4-element Bruce will be 140 feet shorter 
than the bobtal a significant reduction. If additional space is 
available for the bobtail (1 2) then a S-element Bruce could 
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Fig 62—Typical SWR curve for a 4-element 80-meter, 
Bruce array. 
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Fig 61—Comparison of free space patterns of a 
Bruce array (solid line) and a 3-element bobiall curtain 
(dashed line) 


Fig 63—Alternate feed arrangements for the Bruce array. 
ALA, the antenna is driven against a ground system and 
at B, ituses a two-wire counterpoise. 
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be used, with a small increase in gain but also introducing 
some sidelobes. 

‘The 2-element Bruce and the half-square antennas are 
both 2-element arrays. However, since the spacing between 
radiators is greater in the half-square (2/2) the gain of the 
hhalf-square is about 1 dB greater. If space is available, the 
hhalf-square would be a better choice. If there is not room for 
aahalf-square then the Bruce, which is only half as long (2/4), 
‘may be a good alternative. The 3-element Bruce, which has 
the same length (2/2) as the half-square, has about 0.6 dB 
‘more gain than the half-square and will have a wider match 
bandwidth. 

‘The Bruce antenna can be fed at many different points, 
and in different ways. In addition to the feed points indicated 
in Fig 59, you may connect the feed line atthe center of any 
of the vertical sections. In longer Bruce arrays, feeding at 
fone end will result in some current imbalance among the 
elements but the resulting pattern distortion is small. Actually, 
the feed: point can be anywhere along a vertical section. One 
very convenient point is at an outside corner. The feed-point 
impedance will be higher (about 600 9). A good match for 
450-0 ladder-line can usually be found somewhere on the 
vertical section. It is important to recognize that feeding 
the antenna at a voltage node (dots in Fig 59) by breaking 
the wire and inserting an insulator, completely changes the 
current distribution. This will be discussed in the section on 
endfire arrays. 

A Bruce can be fed unbalanced against ground or against 
‘a counterpoise as shown in Fig 63. Because itis a vertically 
polarized antenna, the better the ground system, the better 
the performance. As few as two elevated radials can be used 
as shown in Fig 63B, but more radials can also be used to 
improve the performance, depending on local ground con- 
stants. The original development of the Bruce array in the 
late 1920s used this feed arrangement. 


FOUR-ELEMENT BROADSIDE ARRAY 


‘The 4-element array shown in Fig 64 is commonly 
known as the Jazy H. It consists of a set of two collinear ele- 
‘ments and a set of two parallel elements, all operated in-phase 
to give broadside directivity. The gain and directivity will 
depend on the spacing, as in the case of a simple parallel-le- 
‘ment broadside array. The spacing may be chosen between 
the limits shown on the drawing, but spacings below 31/8 are 
not worthwhile because the gain is small, Estimated gains 
compared to a single element are: 

30/8 spacing—4.2 dB 

002 spacing—5.8 dB 

SWS spacing—6.7 dB 

30/4 spacing—6.3 dB 

Half-wave spacing is generally used. Directive pat- 
tems for this spacing are given in Figs 65 and 66. With 1/2 
spacing between parallel elements, the impedance at the 
junetion of the phasing line and transmission line is resistive 
and in the vicinity of 100 ©. With larger or smaller spacing 
the impedance at this junction will be reactive as well as 
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Fig 64—Four-element broadside array (“lazy H") using 
collinear and parallel elements. 


resistive. Matching stubs are recommended in cases where a 
non-resonant line isto be used. They may be calculated and 
adjusted as described in Chapter 26. 

‘The system shown in Fig 64 may be used on two bands 
hhaving a 2-to-1 frequency relationship. It should be designed 
for the higher of the two frequencies, using 37/4 spacing 
between parallel elements. It will then operate on the lower 
frequency as a simple broadside array with 32/8 spacing 

‘An alternative method of feeding is shown in the small 
diagram in Fig 64. In this case the elements and the phasing 
line must be adjusted exactly to an electrical half wavelength. 
‘The impedance at the feed point will be resistive and on the 
order of 2 kO. 


THE BI-SQUARE ANTENNA 

‘A development of the lazy H, known as the bi-square 
antenna, is shown in Fig 67. The gain of the bi-square is 
somewhat less than that of the lazy-H, but this array is at- 
tractive because it can be supported from a single pole. It 
hhas a circumference of 22. at the operating frequency, and is 
horizontally polarized, 

‘The bi-square antenna consists of two I 2.radiators, fed 
180° out-of-phase at the bottom of the array. The radiation 
resistance is 300 ©, soit can be fed with either 300- or 600-0 
line. The free space gain of the antenna is about 5.8 dBi, 
which is 3.7 dB more than a single dipole element. Gain 
‘may be increased by adding a parasitic reflector or director. 
‘Two bi-square arrays can be mounted at right angles and 
switched to provide omnidirectional coverage. In this way, 
the antenna wires may be used as part of the guying system 
for the pole. 

‘Although it resembles a loop antenna, the bi-square 
is not a true loop because the ends opposite the feed point 
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elements is above the other from the ends of the elements. 


are open. However, identical construction techniques can 
be used for the two antenna types. Indeed, with a means of 
remotely closing the connection atthe top for lower frequency 
‘operation, the antenna can be operated on two harmonically 


Fig 67—The bi-square array. It has the appearance of a 
oop, but is not a true loop because the conductor is open 
at the top. The length of each side, in feet, is 480/f (MHz). 


related bands. As an example, an array with 17 feet per side 
ccan be operated as a bi-square at 28 MHz and as a full-wave 
loop at 14 MHz. For two-band operation in this manner, the 
side length should favor the higher frequency. The length of 
a closed loop is not as critical 
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End-Fire Arrays 


‘The term end:fire covers a number of different meth- 
‘ods of operation, all having in common the fact that the 
‘maximum radiation takes place along the array axis, and that 
the array consists of a number of parallel elements in one 
plane. End-fire arrays can be either bidirectional or unidirec 
tional. In the bidirectional type commonly used by amateurs 
there are only two elements, and these are operated with 
currents 180° out-of-phase. Even though adjustment tends 
to be complicated, unidirectional end-fire driven arrays 
have also seen amateur use, primarily as a pair of phased, 
ground-mounted 2/4 vertical elements. Extensive discus. 
sion of this array is contained in earlier sections of this 
chapter. 

Horizontally polarized unidirectional end-fire arrays see 
little amateur use except in log-periodic arrays (described in 
Chapter 10). Instead, horizontally polarized unidirectional ar 
rays usually have parasitic elements (described in Chapter 11) 
and are called Yagis. 


TWO-ELEMENT END-FIRE ARRAY 


Ina 2-element array with equal curents out-of-phase, 
the gain varies with the spacing between elements as shown 
in Fig 68. The maximum gain occurs in the neighborhood 
of 0.1 2 spacing. Below thatthe gain drops rapidly due to 
conductor loss resistance 

The feed-poin resistance for either element i very low 
atthe spacings giving greatest gain, as shown in Fig 8 earlier 
in this chapter. The spacings most frequently used are 2/8 
and 2/4, at which the resistances of eenter-fed 2/2 elements 
are about 9 and 32 Q, respectively. 

The effect of conductor resistance on gain for various 
spacings is shown in Fig 69. Because current along the 
element isnot constant (it is approximately sinusoidal, the 
resistance shown isthe equivalent resistance (R.,) inserted 
atthe center ofthe element to account forthe loss distributed 
along the element. 

“The equivalent resistance ofa 2/2 element is one half 
the ac resistance (R,,) ofthe complete element. Ri usually 
>> Ry due to skin effect. For example, a 1.84 MHz dipole 
using #12 copper wire wll have the following Ruy 


Wire length = 267 feet 
Rde = 0.00159 | /Noot] x 267 [feet] = 0.42 
Fr=RaciRde = 10.8 

Req =(Rdc/2) x Fr=2.29 


For a 3.75 MHz dipole made with #12 wire, Req = 
1.59 Q. In Fig 69, it is clear that end-fire antennas made with 
#12 or smaller wire will limit the attainable gain because of, 
losses. There is no point in using spacings much less than A/4 
if you use wire elements. If instead you use elements made 
of aluminum tubing then smaller spacings can be used to 
increase gain, However, as the spacing is reduced below A/4 
the increase in gain is quite small even with good conductors. 
Closer spacings give litle gain increase but can drastically 
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Fig 68—Gain of an end-fire array consisting of two elements 
{fed 180° out-of-phase, as a function of the spacing between 
‘elements. Maximum radiation is in the plane of the elements, 
and at right angles to them at spacings up to 7/2, but the 
direction changes at greater spacings. 


ie 
II 

iin 
nt 


« 10 46 aS aS AO AS wD 


Fig 69—Gain over a single element of two out-of-phas 
‘elements in free space as a function of spacing for various 
loss resistances. 


reduce the operating bandwidth due to the rapidly increasing 
Q of the array. 


Unidirectional End-Fire Arrays 

‘Two parallel elements spaced 2/4 apart and fed equal 
currents 90° out-of-phase will have a directional pattern in 
the plane at right angles to the plane of the array. See Fig 70. 
‘The maximum radiation is in the direction of the element in 
which the current lags. In the opposite direction the fields 
from the two elements cancel, 

‘When the currents in the elements are neither in-phase 
nor 180° out-of-phase, the feed-point resistances of the 
elements are not equal. This complicates the problem of 
feeding equal currents to the elements, as discussed in earlier 
sections. 


Japan 
Japan wants to demonstrate its 5G leadership by deploying the first commercial 5G network that 


complies with international technical specifications, in time for the Summer Olympic Games in Tokyo 
in 2020. 


According to the Radio Policies Towards 2020” report, published in June 2016 by Japan’s Ministry of 
Internal affairs and Communications (MIC), the 3600-4200 MHz, 4400-4900 MHz and 27.5- 
29.5 GHz bands were selected to be the 5G candidate bands on a national scale. Although other 
bands are also being investigated, with a view to WRC19, 5G rollouts are already planned in the 
3600 - 4100 MHz, 4405 - 4895 MHz and 27.5 - 28.28 GHz bands as early as 2017 in Tokyo, and will be 
built out in 2018 and 2019. 


China 


Like Japan, China too wants to prove its leadership with the first commercial rollouts in 2020. The 
first trials will be conducted that year in the 3400-3600 MHz band. The 3300-3400 MHz, 
4400 - 4500 MHz and 4800-4990 MHz bands are also under consideration and currently being 
investigated. For higher speeds, the country plans on using spectrum around the 25 GHz and 40 GHz 
frequencies. 


South Korea 


South Korea, meanwhile, has set its sights on a pre-commercial 5G service that would be ready in 
time for the 2018 Winter Olympics in Pyeongchang. Several trials are already underway to prepare 
for full scale demonstrations in several South Korean cities, including Pyeongchang and Seoul. The 
country’s three national mobile operators are hoping for spectrum in the 26.5 ~ 29.5 GHz bands. 


South Korea’s largest mobile operator, SK Telecom, has announced a plan for conducting 
interoperability tests with Qualcomm and Ericsson, as well as outdoor trials of the new air interface 
based on the 3GPP NR standards that are being developed today. These trials and experiments will 
be carried out in the second half of 2017. 


If the goal of these trials is to help accelerate the specification of the new NR air interface, which is 
part of the work being done on 3GPP Release 15, it has not yet been specified which frequency bands 
will be used for these trials. 


2.2 Ahost of private initiatives — a few examples 


5G Open Trial Specification Alliance 


In early 2016, South Korean operators KT and SK Telecom, Japanese carrier NTT DoCoMo and 
‘American carrier Verizon formed the 5G Open Trial Specification Alliance to carry out collaborative 
5G trials. 


Due to be conducted between 2016 and 2018, the aim for these trials is to provide a common 
platform for operators, for exchanging results and shared assessments of the different SG network 
components and elements. One of the operators’ objectives is to help accelerate the definition of 
standards and specs, and to enable economies of scale. The findings of these evaluations will provide 
input for 3GPP discussions, adding simulations to the experimental data produced by the 
partnershi 


* http://www gsma.com/spectrum/wp-content/uploads/2016/08/MIC_Spectrum for-5G-MIC-Kuniko-OGAWA pdf 
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Fig 70—Representative H-plane pattern for a 2-element 
‘end-fire array with 90° spacing and phasing. The elements 
Tig along the vertical axis, with the uppermost element the 
of lagging phase. Dissimilar current distributions are 
taken into account. (Pattern computed with ELNEC.) 


Fig 71—H-plane pattern for a 3-element end-fire ar 
with binomial current distribution (the current in the 


‘upper element lags the lower element by 180° in phase. 
Diseimilar current distributions are taken into account. 
(Pattern computed with ELNEC.) 


More than two elements can be used in a unidirectional 
end-fire array. The requirement for unidirectivity is that there 
:must be a progressive phase shift in the element currents equal 
to the spacing, in electrical degrees, between the elements. 
‘The amplitudes of the currents in the various elements also 
‘must be properly related. This requires binomial current 


distribution. In the case of three elements, this requires that 
the current in the center element be twice that in the two 
outside elements, for 90° (2/4) spacing and element current 
phasing. This antenna has an overall length of 2/2. The di- 
rective diagram is shown in Fig 71. The pattern is similar to 
that of Fig 70, but the 3-clement binomial array has greater 
directivity, evidenced by the narrower half-power beamwidth 
(146° versus 176°). Its gain is 1.0 dB greater. 


THE W8JK ARRAY 


As pointed out earlier, John Kraus, WSIK, described 
his bidirectional flat-top WSIK beam antenna in 1940, See 
Fig 72. Two 2/2 elements are spaced 2/8 to 2/4 and driven 
180° out-of-phase. The free-space radiation pattern for this 
antenna, using #12 copper wire, is given in Fig 73. The pat- 
tem is representative of spacings between 2/8 and 2/4 where 
the gain varies less than 0.5 dB. The gain over a dipole is 
about 3.3 dB (5.4 dBi referenced to an isotropic radiator), a 
‘worthwhile improvement. The feed-point impedance (includ- 
ing wire resistance) of each element is about 11 Q for 1/8 
spacing and 33 © for /4 spacing. The feed-point impedance 
at the center connection will depend on the length and Z of 
the connecting transmission line. 

Kraus gave a number of other variations for end-fire 
arrays, some of which are shown in Fig 74. The ones fed at 
the center (A, C and E) are usually horizontally polarized 
flat-top beams. The end-fed versions (B, D & F) are usually 
vertically polarized, where the feed point can be conveniently 
near ground. 

‘A practical variation of Fig 74B is given in Fig 75. In 
this example, the height is limited to 2/4 so the ends can be 
bent over as shown, producing a 2-element Bruce array. This 
reduces the gain somewhat but allows much shorter supports, 
an important consideration on the low bands. If additional 
height is available, then you can achieve some additional gain. 
‘The upper ends can be bent over to fit the available height. 
‘The feed-point impedance will greater than 1 kO. 


Trane. Le 


Fig 72—A 2-element W8JK array. 
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Fig 75—A 2 


ent end-fire array with reduced height. 


Fig 73—Free-space E-plane pattern for the 2element, 
WAJK array 
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Fig 74—Six other variations of WAJK “flat-top beam” antennas. 
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FOUR-ELEMENT END-FIRE AND 
COLLINEAR ARRAYS 

‘The array shown in Fig 76 combines collinear in-phase 
elements with parallel out-of-phase elements to give both 
broadside and end-fire directivity. It is a nvo-section W8IK. 
‘The approximate free-space gain using #12 copper wire 
is 4.9 dBi with 2/8 spacing and 5.4 dBi with 2/4 spacing. 
Directive patterns are given in Figs 77 for free space, and in 
Fig 78 for heights of 1 2.and 2/2 above flat ground. 

‘The impedance between elements atthe point where the 
phasing line is connected is of the order of several thousand 


Fig 76—A 4-0lement array combining collinear broadside 
elements and parallel end-fire elements, popularly known 
{8 a two-section WBJK array. 


Fig 77—Free-space E-plane pattern for the antenna shown 
in Fig 76, with 18 spacing. The elements are parallel to the 
90:-270° line in this diagram. Less than a 1° change in half- 
power beamwidth results when the spacing Is changed 
from 1/8 0 1/4. 


pattern for the 4-element antenna 
horizontally at two heights over 
2. hhigh; dashed line = 1/2 high. 


‘ohms. The SWR with an unmatched line consequently is quite 
hhigh, and this system should be constructed with open-wire 
line (500 or 600 ) if the Line is to be resonant. With 1/4 
clement spacing the SWR on a 600 Q line is estimated to be 
in the vicinity of 3 or 4:1 

‘To use a matched line, you could connect a closed stub 
32/16 long at the transmission-line junction shown in Fig 76. 
‘The transmission line itself can then be tapped on this match- 
ing section atthe point resulting in the lowest line SWR. This 
point can be determined by tral 

‘This type of antenna can be operated on two bands 
hhaving a frequency ratio of 2 to 1, if resonant feed line is 
used. For example, if you design for 28 MHz with 2/4 spac- 
ing between elements, you can also operate on 14 MHz as a 
simple 2-element end-fire array having 2/8 spacing. 


‘Combination Driven Arrays 

‘You can readily combine broadside, end-fire and col- 
linear elements to increase gain and directivity, and this is 
in fact usually done when more than two elements are used 
in an array. Combinations of this type give more gain, ina 
given amount of space, than plain arrays of the types just 
described. Since the combinations that can be worked out 
are almost endless, this section describes only a few of the 
simpler types. 

‘The accurate calculation of the power gain of a multi- 
clement array requires a knowledge of the mutual impedances 
between all elements, as discussed in earlier sections. For 
approximate purposes itis sufficient to assume that each set 
(collinear, broadside, end-fire) will have the gains as given 
earlier, and then simply add up the gains for the combination. 
‘This neglects the effects of cross-coupling between sets of 
elements. However, the array configurations are such that the 
‘mutual impedances from cross-coupling should be relatively 
small, particularly when the spacings are 2/4 or more, so the 
estimated gain should be reasonably close to the actual gain. 
Alternatively, an antenna modeling program, such as EZNEC, 
can give good estimates of all parameters for a real-world 
antenna, providing that you take care to model all applicable 
parameters. 
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FOUR-ELEMENT DRIVEN ARRAYS 

The array shown in Fig 79 combines parallel ele- 
‘ments with broadside and end-fire directivity. The smallest 
array (physically)—32J8 spacing between broadside and 
U8 spacing between end-fire elements—has an estimated 
gain of 6.5 dBi and the largest—3A/4 and 2/4 spacing, 


respectively —about 8.4 dBi. Typical directive patterns for a 
2d x 2.2 array are given in Figs 80 and 81. 

‘The impedance at the feed point will not be purely 
resistive unless the element lengths are correct and the 
phasing lines are exactly 2/2 long. (This requires somewhat 
less than 2/2 spacing between broadside elements.) In this 


Fig 79—Four-element array combining both broadside and 


Fig 81—Vertical pattern of the antenna shown in Fig 79 
at a mean height of 37/4 (lowest elements 1/2 above flat 
ground) when the antenna is horizontally polarized. For 
‘optimum gain and low wave angle the mean height should 


case the impedance at the junction is estimated to be over 
10k. With other element spacings the impedance at the 
junction will be reactive as well as resistive, but in any event 
the SWR will be quite large. An open-wire line can be used 
as a resonant line, or a matching section may be used for 
non-resonant operation, 


EIGHT-ELEMENT DRIVEN ARRAYS 


‘The array shown in Fig 82 is a combination of collinear 
and parallel elements in broadside and end-fire directivity. 
Common practice in a wire antenna is to use 2/2 spacing for 
the parallel broadside elements and 2/4 spacing for the end: 
fire elements. This gives a free-space gain of about 9.1 dBi, 
Directive patterns for an array using these spacings are similar 
to those of Figs 80 and 81, but are somewhat sharper. 

‘The SWR with this arrangement will be high. Matching 
stubs are recommended for making the lines non-resonant. 
‘Their position and length can be determined as described in 
Chapter 26. 


Fig 80—Free-space H-plane pattern of the 4-element 
antenna shown in Fig 79. 
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Fig 82—Eight-element driven array combining collinear 
‘and parallel elements for broadside and end-tire directivity. 


‘This system can be used on two bands related in fre- 
quency by 2 2-to-1 ratio, providing it is designed for the higher 
of the two, with 32/4 spacing between the parallel broadside 
clements and 2/4 spacing between the end-fire elements. 
(On the lower frequency it will then operate as a 4-element 
antenna of the type shown in Fig 79, with 32/8 broadside 
spacing and 2/8 end-fire spacing. For two-band operation a 
resonant transmission line must be used. 


PHASING ARROWS IN ARRAY 
ELEMENTS 


In the antenna diagrams of preceding sections, the rela- 
tive direction of current flow in the various antenna elements 
and connecting lines was shown by arrows. In laying out any 
antenna system itis necessary to know that the phasing lines 
are properly connected; otherwise the antenna may have 
entirely different characteristics than anticipated. The phasing 

‘may be checked either on the basis of current direction or 

polarity of voltages. There are two rules to remember: 

1) Inevery 2/2 section of wire stating from an open end, the 
current directions reverse. In terms of voltage, the polarity 
reverses at each 22 point, starting from an open end. 

2) Currents in transmission lines always must flow in op- 
posite directions in adjacent wires. In terms of voltage, 
polarities always must be opposite. 

Examples of the use of current direction and voltage 
polarity are given at A and B, respectively, in Fig 83. The 
222 points in the system are marked by small circles. When 
current in one section flows toward a circle, the current in 
the next section must also flow toward it, and vice versa. In 
the 4-element antenna shown at A, the current in the upper 
right-hand element cannot flow toward the transmission line 
because then the current in the right-hand section of the 
phasing line would have to flow upward and thus would be 
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Fig 83—Methods of checking the phase of currents in 
‘elements and phasing lines. 


flowing in the same direction as the current in the left-hand 
wire. The phasing line would simply act like two wires in 
parallel in such a case. Of course, all arrows in the drawing 
could be reversed, and the net effect would be unchanged. 

C shows the effect of transposing the phasing line. 
‘This transposition reverses the direction of current flow in 
the lower pair of elements, as compared with A, and thus 
cchanges the array from a combination collinear and end-fire 
arrangement into a collinear-broadside array. 

‘The drawing at D shows what happens when the trans- 
zission line is connected at the center ofa section of phasing 
line. Viewed from the main transmission line, the two parts of 
the phasing line are simply in parallel so the half wavelength 
is measured from the antenna element along the upper section 
of phasing line and thence along the transmission line, The 
distance from the lower elements is measured in the same 
‘way. Obviously, the two sections of phasing line should be the 
same length. If they are not, the current distribution becomes 
quite complicated: the element currents are neither in-phase 
nor 180° out-of-phase, and the elements at opposite ends 
of the lines do not receive the same current. To change the 
element current phasing at D into the phasing at A, simply 
transpose the wires in one section of the phasing line. This 
reverses the direction of current flow in the antenna elements 
connected to that section of phasing line. 
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Appendix A—EZNEC-ARRL Examples 


This appendix contains step-by-step procedures us- 
ing EZNEC-ARRL (included on the Antenna Book CD) to 
illustrate various topics discussed in the main chapter. A 
standard EZNEC program type of v. 4.0 or later may also 
be used. Different versions, program types and calculating 
‘engines may give results that are slightly different from those 
shown in the examples. However, any differences should be 
insignificantly small 


EZNEC Example—Mutual Coupling 

Ilustrates the effect of mutual coupling on feed-point 
impedance. Open the ARRL_Cardioid.EZ file, which is 
mounted over “perfect” ground. Click the View Ant button 
to see a diagram of the antenna, a2-element array of vertical 
‘elements. Click on the Wires line in the main window to open 
the Wires Window. Click the button at the left of the Wire 2 
line, and then press the Delete key on your keyboard to delete 
wire #2. After clicking Ok, note that one of the verticals 
has disappeared from the View Antenna display, leaving a 
single element. Click Sre Dat and note that the feed-point 
impedance of this single vertical is about 37+ 1 Q~it's 
very nearly resonant. 

Next, in the Wires Window, open the Edit menu at 
the top and click Undo delete wire(s) to restore the second 
‘element. Click Sre Dat again and notice that the feed-point 
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impedance of wire #1 is now about 21 ~j 19. The feed- 
point impedance of the second element, which is identical to 
the first, is about 52 + j 21 ©. This difference, and the change 
from the self-impedance of 37 +) 1.9, is due to mutual 
coupling. As you see, it’s not at all a minor effect. 

‘AS an additional exercise, change the magnitude or 
phase angle of the source at the base of wire #2 (click Sources 
in the main window), and see how this changes the feed- 
point impedances of both elements. You should be able to 
confirm each ofthe four points enumerated in the MUTUAL 
COUPLING section, 


EZNEC Example—Nulls 

Ilustrates the effect of current magnitude on nulls and 
gain. Again, open the ARRL_Cardioid.EZ file. Click the 
FF Plot button to generate the azimuth pattern of an ideal 
array. Save the plot for future reference as follows: In the 
plot window, open the File menu and select Save Trace As. 
Enter the name Cardioid and click Save. Now, in the main 
‘window click on the Sources line to open the Sources Win- 
dow. Change the magnitude of source | from I to 1.1, and 
of source 2 from | to 0.9 and press Enter on your keyboard 
so that EZNEC-ARRL will accept the last change. 

Click FF Plot to generate a pattern with the new cur- 
rents, In the plot window, open the File menu and select Add 


‘Trace, Enter the name Cardioid and click Open. You should 
now see the original plot and new plot overlaid. Notice that 
the null is much less deep with the altered currents, but the 
forward patterns are nearly identical. By clicking on the 
names of the traces, Primary and Cardioid, you can see in 
tum the gain and front-to-back ratio of each ofthe traces. The 
original, Cardioid, has a front-to-back ratio of about 32 dB, 
‘while Primary, the new plot, has a ratio of about 22.5 dB. The 
forward gain, however, differs by only 0.02 dB, a completely 
insignificant amount. 


EZNEC Example—“Phasing-Line” Feed 

Illustrates the effect of using a “phasing-line” feed. Open 
the ARRL_CardTL.EZ file. This is a model of an array fed 
‘with transmission lines whose lengths were designed using 
the Arrayfeed! program to take into account the actual load 
impedances of elements in a phased array. This model is 
‘mounted over “perfect” ground, 

Click the View Ant button to show the array. Note 
that the lengths of the lines from the source (circle) to the 
clements don’t represent the actual physical lengths of the 
lines. In the main window, click on the Trans Lines line to 
‘open the Transmission Lines window. In it you can see that 
the lengths of the feed lines, both of which are connected to 
the same source, are about 81° and 155°, a difference of 74° 
rather than 90°. 

Inthe main window, click the Currents button and take 
a look at the current shown for segment | of wires 1 and 2. 
‘These are the currents at the element feed points. The ratio 
of the magnitude of currents is 4.577/4.561 = 1.003, and 


the phase difference is -$6.3°-(-147.5°) = 91.2°. (A more 
accurate determination of feed-line lengths with program 
Arrayfeed! gives lengths of 80.61° and 153.70°, resulting in 
current ratio of 1,000 ata phase of 90.02°. But the resulting 
patter is very nearly the same.) But let's see what happens 
‘when we make the lines exactly 90° different in length 

First, click the FF Plot bution to generate the azimuth 
pattern ofthe original model. Save the plot for future refer- 
ence as follows: Inthe plot window, open the File menu and 
select Save Trace As. Enter the name CardTL. and click 
Save. Now in the Transmission Lines Window, change the 
length of line number 1 from 80.56° to 90°. Important: In 
the line 1 Length box, enter 90d to make the line 90° long. 
If you omit the dit will become 90 meters long! Similarly, 
change the length of line 2to 180° by entering 180d in the 
line 2 Length box, then press Enter on your keyboard so that 
EZNEC will accept the last change 

Click BF Plot to generate a pattern with the new line 
lengths. In the plot window, open the File menu and select 
‘Add Trace. Enter the name Card and click Open. You 
should now see the original plot and new plot overlaid to- 
gether. Notice thatthe gain of the modified model is about 
1 dB greater than the original, but the fron-to-back rato has 
deteriorated to about 10 4B. 

Experiment with different combinations of line lengths 
that differ by 90°--for example, 45° and 135° (don't forget 
the “d"), or change the impedance of one or both lines and 
you'll se that you can get a wide variety of patterns. None, 
hhowever, are likely to be as close tothe ideal cardio pattern 
asthe original 
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Broadband Antenna 
Matching 


Antenna systems that provide a good impedance 
‘match to the transmitter over a wide frequency range have 
been a topic of interest to hams for many years. Most 
emphasis has been focused on the 80-meter band since a 
conventional half-wave dipole will provide better than 2:1 
'SWR over only about one-third of the 3.5 to 4.0 MHz band, 
‘The advantage of a broadband match is obvious—fewer 
adjustments during tune-up and an antenna tuner may not 
be required. 

‘This chapter was written by Frank Witt, AITH, who has 
‘written numerous articles in QST and in The ARRL Antenna 
Compendium series on this subject. See the Bibliography for 
details. 

‘The term broadband antennas has frequently been 
used to describe antenna systems that provide a wideband 
impedance match to the transmitter. This is something of 
‘a misnomer, since most antennas are good radiators over 
‘a wide range of frequencies and are therefore “broadband 
antennas” by definition. The problem is getting the energy 
to the antenna so it can be radiated. Antenna tuners solve 
this problem in some cases, although losses in transmission 
lines, baluns and the antenna tuner itself can be excessive. 
Also worthy of mention is that antenna directional 
properties are usually frequency dependent. In this chapter 
we discuss broadbanding the impedance match to the 
transmitter only, 


GENERAL CONCEPTS 


The Objective 

Fig 1 shows a simplified system: the transmitter, an 
‘SWR meter and the transmitter load impedance. Modern 
transceivers are designed to operate properly into a 50-Q 
load and they will deliver full power into the load 
impedance, at their rated level of distortion, when the 
SWR is less than about 1.5:1. Loads beyond this limit 


may cause the transceiver to protect itself by lowering 
the output power. 

Many transceivers have built-in automatic antenna 
tuners that permit operation for loads outside the 1.5:1 
SWR range, but the matching range is often limited 
particularly on the lower-frequency bands. In practice 
barefoot operation is simplified ifthe load SWR is held to 
less than 2:1 

For high-power amplifiers, itis also best to keep the 
load SWR to less than about 2:1, since output tuning 
components are commonly rated to handle such loads. You 
can see that the primary function of the SWR meter in 
Fig | is to measure the suitability of the load impedance 
so far as the transmitter is concerned. Henceforth, we will 
use the term load SWR as a description of the transmitter’s 
load. 

‘The SWR meter is actually reading a circuit condi: 
tion at a single point in the system. In fact, the meter 
really measures magnitude of the reflection coefficient. 
but is calibrated in SWR. The relationships between the 
complex load impedance, Z,. the magnitude of the reflec: 
tion coefficient, [p|, and the load SWR are as follows: 
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owr = “P| (42) 


where 50 Q is used as the reference impedance, since the 
design load impedance for the transmitter is assumed to 
be 50.0. 

An important point is that you need not know the out 
put impedance ofthe transmitter to design a broadband match- 
ing network. The issue of the actual value of the output 
impedance of typical RF power amplifiers is a matter of con: 
tinuing controversy in amateur circles. Fortunately, this 
issue is not important for the design of broadband matching 
networks, since the load SWR is independent of the output 
impedance of the transmitter. Our objective is to design the 
matching network so that the load SWR (with a 50-Q refer- 
cence resistance) is less than some value, say 2:1, over as wide 
a band as possible. 


Resonant Antennas 


‘The broadband matching techniques described here 
apply to antennas operating near resonance. Typical 
resonant antennas include half-wave dipoles, quarter-wave 
verticals over a ground plane and full-wave loops. To 
design a broadband matching network, you must know the 
antenna feed-point impedance near resonance. Fig 2 shows 
the antenna-impedance equivalent circuit near resonance. 
Although the series RLC circuit is an approximation, it is 
‘good enough to allow us to design matching networks that, 
significantly increase the band over which a good match 
to the transmitter is achieved. 

Note that the impedance is defined by Fp, the reso- 
nant frequency, Ra, the antenna resistance at resonance, 
and Qa, the antenna Q. Ry is actually the sum of the 
radiation resistance and any loss resistance, including 


Om: Fo 


The simple series RLC approximation applies to many 
resonant antenna types, such as dipoles, monopoles, 
land loops. Ra, Qq and Fo are properties of the entire 
antenna, as discussed in the text. 
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conductor losses and losses induced by surrounding 
objects, such as the ground below the antenna. Ry is fre- 
quency dependent, but itis sufficient to assume itis fixed 
during the matching network design process. Minor 
adjustments to the matching network will correct for the 
frequency dependence of Ry. 

‘The antenna resistance and Q depend on the physical 
properties of the antenna itself, the properties of ground 
and the height above ground. Consider as an example an 
'80-meter horizontal half-wave dipole made from #12 wire 
located over average ground (dielectric constant = 13 and 
conductivity = 5 mS/m). Figs 3 and 4 show how feed 
point resistance and Q vary with height. It is clear from 
these figures that there are wide gyrations in antenna 
parameters. The better these parameters are known, the 
more successful we will be at designing the broadband 
matching network. For horizontal dipoles, Figs 3 and 4 
‘ay be used to get a good idea of antenna resistance and 
Q, so long as the height is scaled in proportion to 
wavelength. For example, a 160-meter dipole at a height 
of 100 feet would have about the same resistance and Q 
as an 80-meter dipole at 50 feet. 

For optimum results, the resistance and Q can be 
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‘3—Feed-point resistance (solid line) for 80-meter 
horizontal dipole at resonance versus height over 
ground. The free-space value is shown as a dashed 
line. 
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Fig 4—Antenna Q for 80-meter horizontal dipole (solid 
line) versus height. The free-space value is shown as a 
dashed line. 


The alliance’s founders hope to attract a number of industrial partners to the platform, including 
other carriers, equipment suppliers, chipset makers, etc. Several of the founding operators’ 
equipment suppliers are already involved in the scheduled trials. 


The trials will cover multiple frequency bands, both above and below 6 GHz. 


Verizon 5G Technical Forum 


The Verizon 5G Technology Forum (VSGTF) was created in late 2015 by Verizon, in cooperation with 
its partners Cisco, Ericsson, Intel, LG, Nokia and Qualcomm. The goal of the collaboration is to 
provide a platform for testing radio interface specifications in the 28 and 39 GHz bands. 


The first fruit of this collaboration, in July 2016 Verizon announced the completion of the first 
specifications of their 5G radio interface. These specs should enable the different parties involved to 
develop interoperable solutions and so to help drive forward the definition pre-standards. 


Even though they run the risk of developing solutions that are not compatible with 3GPP or ITU 
standards, Verizon believes it has a solid enough grasp of the overall concepts being discussed in 
those bodies. The tests carried out in several US cities were thus able to validate substantially greater 
capacities than 4G. 


Orange/Eriesson 


Orange and Ericsson have been working together since October 2016 on developing 5G use cases 
and services, as well as demonstrations. The purpose is to develop technological building blocks, 
conduct trials and pilot projects for a range of use cases, including multi gigabits/s wireless internet 
access in suburban and rural environments, the Internet of Things and connected cars. 


Their collaboration made it possible to achieve 15 Gb/s in a laboratory environment, notably thanks 
to the use of massive MIMO and beamtracking using centimetre waves. The collaboration will also 
focus on the transition from 4G to SG solutions, notably in terms of reducing costs and improving 
energy efficiency, and on the use of SDN and NFV technologies. 


Since January 2017, the partnership has included PSA (Peugeot) to carry out trials on connected cars. 


5G-ConnectedMobility 


5G-ConnectedMobility is a consortium formed by Ericsson, BMW, Deutsche Bahn, Germany's three 
mobile operators, Deutsche Telekom, Telefonica Deutschland and Vodafone, the SG TU Dresden 
laboratory, the BAST research institute and BnetzA, with the goal of galvanising and accelerating SG 
R&D in Germany. 


5G-ConnectedMobility thus plans on supplying a digital motorway infrastructure and real application 
environment to be able to test V2V (vehicle-to-vehicle) technologies as well as solutions for digitising 
railway infrastructure. 


To this end, SG-ConnectedMobility operates with the help of an independent network infrastructure 
that is not connected to any commercial network. The Ericsson mobile network devoted to this 
project makes it possible to run live tests: Ericsson thus obtained permission from regulator BNetzA 
to employ spectrum in the 700 MHz band in the Nuremberg area. 
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determined from computer simulation (using a program 
like EZNEC, for example) or measurement (using a low 
power SWR/Z meter such as the MFJ-259B or the Autek 
Research VA1 or RF-1). Ry can be computed using SWR 
measurements at resonance. Fig 5 shows the typical bowl- 
shaped SWR curve as a function of frequency for a reso- 
nant antenna. S, is the SWR at resonance. You must take 
into account the loss of the feed line if the measurement 
must be made at the end of a long 50-Q transmission line 
If the line loss is low or if the measurement is made at 
the antenna terminals, the formulas given below apply. 


For Ry > 50.2 
Ry =S x50 43) 

For Ry < 50.0 
44) 


There is an ambiguity, since we do not know if Ry is 
‘greater than or less than 50 Q. A simple way of resolving this, 
ambiguity isto take the same SWR measurement at resonance 
with a 10-@ non-inductive resistor added in 
series with the antenna impedance. If he SWR goes up, Ry > 
45 Q. Ifthe SWR goes down, Ry < 45 Q. This will resolve the 
ambiguit 

‘Qu may be determined by measuring the SWR band- 
width. Define BW, as the bandwidth over which the reso- 
nant antenna SWR is less than 2:1 (in the same units as Fy) 
See Fig 5 


For Ry > 50.0 


Bf &45) 
eos, - 4 
Qa Bw, 
For Ry < 500 
ry 6) 
—' _ oss, -s,-1 _ 
On Bw xs, 


Again, you must take into account the loss of the feed 


: 


Fig 5—SWR at the antenna versus frequency in the 
ity of resonance. 


line if you make the measurement at the end of a long 
50-2 transmission line. 

For horizontal and inverted-V half-wave dipoles, a 
very good approximation for the antenna Q when Ry is, 
known is given by: 


[, S10 | 


93.9] In 1 


a (Eq?) 


Qa = Ry 


where D = the diameter of wite, in inches, 


Loss 

When you build a resonant antenna with some 

‘matching scheme designed to increase the bandwidth, you, 

might overlook the loss introduced by the broadband 
‘matching components. Loss in dB is calculated from: 


Power radiated by antenna 
Loss =~ 10 log Vowet HE Dy aterm Ea 8) 
Total power from transmitter 

or, alternatively, define efficiency in % as 
Etticiency — 100-*Power radiated by antenna (Eq 9) 

Y= “Total power from wansmitter 
e 

ELI 5 


Frequency (He) 


6—Matching the dipole with a complementary RLC. 
network greatly improves the SWR characteristics, 
nearly 1:1 across the 3.5-MHz band. However, the 
relative loss at the band edges is greater than 5 dB. 
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An extreme degree of bandwidth broadening of an 80. 
meter dipole is illustrated in Fig 6. This approach is not 
recommended, but it is offered here to make a point. The 
broadening is accomplished by adding resistive losses. From 
network theory we obtain the RLC (resistor, inductor, 
capacitor) matching network shown. The network provides 
the complement of the antenna impedance. Note that the 
SWR is virtually 1:1 over the entire band (and beyond), but 
the efficiency falls off dramatically away from resonance. 

‘The band-edge efficiency of 25 to 30% shown in 
Fig 6 means that the antenna has about 5 to 6 dB of loss 
relative to an ideal dipole. At the band edges, 70 to 75% 
of the power delivered down the transmission line from 
the transmitter is heating up the matching-network 
resistor. For a 1-kW output level, the resistor must have a 
power rating of at least 750 W! Use of an RLC 
complementary network for broadbanding is not 
recommended, but it does illustrate how resistance (or 
losses) in the matching network can significantly increase 
the apparent antenna SWR bandwidth 

The loss introduced by any broadband matching 
approach must be taken into consideration. Lossy matching 
networks will usually provide more match bandwidth 
improvement than less lossy ones. 


SIMPLE BROADBAND MATCHING TECHNIQUES 


The Cage Dipole 

You can increase the match bandwidth of a single: 
wire dipole by using a thick radiator, one with a large 
diameter. The gain and radiation pattern are essentially 
the same as that of a thin-wire dipole. The radiator does 
not necessarily have to be solid; open construction such 
as shown in Fig 7 may be used. 

‘The theoretical SWR response of an 80-meter cage 
dipole having a 6-inch diameter is shown in Fig 8. BW. 
for this antenna fed with 50-Q line is 287 kHz, and the Q 
is approximately 8. Its 2:1-SWR frequency range is 1.79 
times broader than a dipole with a Q of 13, typical for 


thin-wire dipoles. 

‘There are other means of creating a thick radiator, 
thereby gaining greater match bandwidth. The bow-tie and 
the fan dipole make use of the same Q-lowering principle 
as the cage for increased match bandwidth. The 
broadbanding techniques described below are usually more 
practical than the unwieldy cage dipole. 


Stagger-Tuned Dipoles 

A single-wire dipole exhibits a relatively narrow 
bandwidth in terms of coverage for the 3.5 to 4.0-MHz 
band. A technique that has been used for years to cover 
the entire band is to use two dipoles, one cut for the CW 
portion and one for the phone portion. The dipoles are 
connected in parallel at the feed point and use a single 
feeder. This technique is known as stagger tuning 

Fig 9 shows the theoretical SWR response of a pair 
of stagger-tuned dipoles fed with 50-Q line. No mutual, 
coupling between the wires is assumed, a condition 


€ 
a 


Frequency (wie) 


‘8—Theoretical SWR versus frequency response 
for a cage dipole of length 122 feet 6 inches and a 
spreader diameter of 6 inches, fed with 50- line. The 


-SWR bandwidth frequencies are 3.610 and 
3.897 MHz, with a resulting BW, of 287 kHz. 


I, and should be 


htweight. Between adjacent conductors, the spa 


1g should be 0.02 4 


or less. The number of spreaders and their spacing should be sufficient to maintain a relatively constant 


‘separatior 
of the radiator wires. 
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tuned dipoles. They are connected in parallel at the 
feed point and fed with 50-0 line. The dipoles are of 
wire such as #12 or #14, with total lengths of 119 and 
182 feet. 


that would exist ifthe two antennas were mounted at right 
angles to one another. As Fig 9 shows, the SWR response 
is less than 1.9:1 across the entire band, 

A difficulty with such crossed dipoles is that four 
supports are required for horizontal antennas. A more 
common arrangement is to use inverted V dipoles with a 
single support, at the apex of each element. The radiator 
wires can also act as guy lines for the supporting mast. 

When the dipoles are mounted at something other 
than a right angle, mutual coupling between them comes 
into play. This causes interaction between the two 
elements—tuning of one by length adjustment will affect, 
the tuning of the other. The interaction becomes most 
critical when the two dipoles are run parallel to each other, 
suspended by the same supports, and the wires are close 
together. Finding the optimum length for each dipole for 
total band coverage can become a tedious and frustrating 
process. 


+ 


L 


| lg roar a, deals ofthe inverse 

| fed ground-plane at W4PK. The 
inset shows the feed-point details. 

| Keep the two sets of radials as 

| close to 90: as possible. Don't try 

| to resonate the antenna by 

adjusting radial lengths. At B, SWR 

curve of the inverse-fed ground 

plane antenna with stagger-tuned 

radials. The objective is to have a 

low SWR for both the CW and SSB 

80/75-meter DX windows. 


a 
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Stagger-Tuned Radials 


A variation of the use of stagger tuning has been 
applied by Sam Leslie, W4PK. See his article entitled 
“Broadbanding the Elevated, Inverse-Fed Ground Plane 
Antenna” in The ARRL Antenna Compendium, Vol 6. An 
existing tower with a large beam and VHF/UHF antennas 
fn top is used as an 80-meter monopole. See Fig 10A. The 
feed point is part way up the tower, at a point where the 
metal above it makes up an electrical quarter wavelength. 
Four elevated quarter-wave radials are used as a ground 
plane. The radials droop away from the tower. They are 
joined together at the tower but not connected to the tower. 
‘The antenna is fed with 50-Q coax and an impedance step- 
down autotransformer (50:22 Q unun) located at the tower. 
The shield of the coax is carried through the transformer 
and connected to the tower. The coax “hot side” is connected 
to the junction of the radials. A Q-section made from two 
paralleled RG-59 coax cables (Zy = 75/2 = 37.5 ) may be 
used instead of the autotransformer. 

‘The broadband match is achieved by cutting two 
opposing radials for one end of the desired match range 
(75 meters) and cutting the other two for the other end of 
the range (80 meters). See Fig 10B for the resultant SWR. 
versus frequency characteristic. 


FEED-LINE IMPEDANCE MISMATCHING 


‘The simplest broadband matching network is a trans. 
former at the junction of the transmission line and the 
antenna, See Frank Witt’s article entitled “Match Band 
width of Resonant Antenna Systems” in October 1991 
QST. Observe that the impedance of the series RLC reso 
nant antenna model of Fig 2 increases at frequencies away 
from resonance. The result is that more bandwidth is 
achieved when SWR at resonance is not exactly 1:1. For 
example, if the antenna is fed with a low-loss 50-Q trans- 
mission line, the maximum SWR bandwidth is obtained 
if the effective Ry = SO/1.25 = 40 Q. The improvement in 
BW), the 2:1 SWR bandwidth, over a perfect match at 
resonance is only 6%, however. This condition of R, 

40 Q can be achieved by installing a transformer at the 
junction of the feed line and the antenna. 

If the line loss is larger, you can gain more benefit in 
terms of bandwidth by deliberately mismatching at the 
antenna. If the matched-line loss is 2 dB, the improve- 
‘ment rises to 18%. To achieve this requires an Ry = 28.2 
Q. Again, the improvement over a perfect match at reso 
nance is modest. 

It is interesting to compare the 2:1 SWR bandwidth 
(at the transmitter end of the line) for the case of a lossless 
line versus the case of 2-dB matched-line loss. BW, for 
the lossy line case is 1.95 times that of the lossless line 
case, so substantial match bandwidth improvement occurs, 
but at the cost of considerable loss. The band edge loss 
for the lossy-line case is 3 dB! 

‘This example is provided mostly as a reference for 
comparison with the more desirable broadbanding 
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techniques below. It also explains why some installations, 
with long feed lines show large match bandwidths. 


PARALLEL-TUNED CIRCUITS AT THE 
ANTENNA TERMINALS. 


As mentioned previously, a resonant antenna has an 
equivalent circuit that may be represented as a series RLC 
circuit. We can cancel out some of the antenna reactance 
away from resonance with a parallel-tuned circuit 
connected across the antenna terminals. The impedance 
level of the parallel-tuned circuit must be low enough to 
be effective and must have the same resonant frequency 
as the antenna, You can use a parallel-tuned circuit made 
with lumped LC components or with transmission-line 
segments. A quarter-wave transmission line with a short 
at the far end, or a half-wave line with an open at the far 
end, each behave like a parallel-tuned LC circuit 


The Double Bazooka 


‘The response of the controversial double bazooka 
antenna is shown in Fig 11. This antenna actually consists, 
of a dipole with two quarter-wave coaxial resonator stubs 
connected in series. The stubs are connected across the 
antenna terminals 

Not much bandwidth enhancement is provided by this, 
resonator connection because the impedance of the 
matching network is too high. The antenna offers a 2:1- 
SWR bandwidth frequency range that is only 1.14 times 
that of a simple dipole with the same feeder. And the 
bandwidth enhancement is partially due to the “fat” 
antenna wires composed mostly of the coax shield. No 


ttciensy (2) 


requency (Mle) 


ig 11—The double bazooka, someti 
coaxial dipole. The antenna is self-resonant at 

3.75 MHz. The resonator stubs are 43.23-foot lengths 
of RG-58A coax. 


improvement in antenna gain or pattern over a thin-wire 
dipole can be expected from this antenna, 


The Crossed Double Bazooka 
A modified version of the double-bazooka antenna 
is shown in Fig 12. In this case, the impedance of the 
matching network is reduced to one-fourth of the 
impedance of the standard double-bazooka network. The 
lower impedance provides more reactance correction, and 
hence increases the bandwidth frequency range noticeably, 
to 1.55 times that of a simple dipole. Notice, however, 
that the efficiency of the antenna drops to about 80% at 
the 2:1-SWR points. This amounts to a loss of 
approximately 1 dB. The broadbanding, in part, is caused 
by the losses in the coaxial resonator stubs (made of RG- 
58A coax), which have a remarkably low Q (only 20). 


MATCHING NETWORK DESIGN 


Optimum Matching 


You can improve the match bandwidth by using a 
transformer or a parallel-tuned circuit at the antenna 
terminals. A combination of these two techniques can yield 
avery effective match bandwidth enhancement. Again, you 
can make the impedance transformation and implement, 
the tuned circuit using lumped-circuit elements 
(transformers, inductors and capacitors) or with 
distributed-circuit elements (transmission lines). 

In 1950, an article by R. M. Fano presented the theory 
of broadband matching of arbitrary impedances. This classic 
work was limited to lossless matching networks. 


Unfortunately, matching networks realized with transmission 
lines have enough loss to render the Fano results useful as 
only a starting point in the design process. A theory of 
optimum matching with lossy matching networks was 
presented in an article by Frank Witt entitled “Optimum, 
Lossy Broadband Matching Networks for Resonant 
Antennas” that appeared in April 1990 RF Design and was 
summarized and extended in “Broadband Matching with the 
Transmission Line Resonator,” in The ARRL Antenna 
Compendium Vol 4. 

Using a matching network, the 2:1 SWR bandwidth 


‘ean be increased by a factor of about 2.5. Instead of the 
familiar bowl-shaped SWR versus frequency characteristic 


seen in Fig 5, the addition of the matching network yields 
the W-shaped characteristic of Fig 13. The maximum SWR, 
over the band is Sy. The band edges are F, and Fy. Thus 
the bandwidth, BW, and the center frequency, Fy, are 


(Eq 10) 
(Bq 11) 


Fig 14 shows the pertinent equivalent circuit for a 
typical broadband antenna system, The parallel LC match 
ing network is defined by its resonant frequency, Fp (Which 
is the same as the resonant frequency of the antenna). its 
Q and its impedance level. The impedance level is the 
reactance of either the matching network inductance or 
capacitance at Fy, The optimum transmitter load resistance, 


\}+-—_— ow ——+| 


ou 


Fig 13—W-shaped SWR versus frequency 
characteristic that results when a transformer and 
parallel LC matching network are used. 


'12—The crossed double bazooka yields bandwidth 
improvement by using two quarter-wave resonators, 
parallel connected, as a matching network. As with the 
double bazooka, the resonator stubs are 43.23-foot 
lengths of RG-58A coax. 


Fig 14—Assumed equivalent circuit for the broadband 
‘matching system. The antenna and the matching 
network have the same resonant frequency. 


Broadband Antenna Matching 9-7 


Rg, is achieved using an impedance transformer between 
the transmitter and the input to the parallel-tuned circuit 
‘Thus for a transmitter whose optimum load resistance is, 
50 Q, the required impedance transformer would have an, 
impedance transformation ratio of 50:Rg, 

‘The goal is to keep the SWR over the band as low as 
possible. There is a best or minimum value of Syq that 
may be achieved over the entire band. It depends on the 
desired match bandwidth and the Q’s of the antenna and 
‘matching network and is given by the following formula: 


Qq = antenna Q 


Qy = matching network Q. 
‘The reactance at resonance of the parallel tuned LC 
matching network is given by 


where Ry = antenna resistance in Q. 
‘The transmitter load resistance is calculated from: 


Smmin Ra Qn Xno 
Ra + Qn Xno 


(Eq 14) 


‘The loss of the matching network is always greatest 
at the edges of the band. This loss, Lyyye, in dB. is given 
by: 


by 


Qw Xo 


Now you have all the information needed to design 
an optimal broadband matching network. An 80-meter 
dipole will serve as an example to illustrate the procedure. 
‘The following parameters are assumed: 


FL=3.5 MHz 


‘The values of Ra and Qa are reasonable values for 
an 80-meter inverted V with an apex 60 feet above ground. 
Qu = 40.65 is the calculated value of the Q of a resonator 
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made from RG-213 or similar cable in the middle of the 
80-meter band. The results are: 


BW = 0.5 MHz (from Eq 10) 
Fy = 3.742 MHz (from Eq 11) 
18 (from Eq 12) 

Xyo = 15.9.2 (from Eq 13) 
94.8.0 (from Eq 14) 
Lyne = 132 4B (from Eq 15) 


Shown in Fig 15 is the plot of SWR and matchin 
network loss versus frequency for this example. The ref- 
erence resistance for the SWR calculation is Rg or 94.8 
Q. Since the desired load resistance for the transmitter is, 
50 Q, we need some means to transform from 94.8 Q to 
50 Q. The examples given in the rest of this chapter will 
show a variety of ways of achieving the necessary imped- 
ance transformation. 

‘The meaning of Xo = 15.9 Q is that the inductor 
and the capacitor in the matching network would each 
have a reactance of 15.9 Q at 3.742 MHz. Methods for 
obtaining a particular value of Xo are shown in the fol- 
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Fig 15—SWR and matching-network loss for example. 
Note that Sy is exactly 1.8 and the band-edge loss is 
exactly 1.32 dB, as calculated. 
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ig 16—80-meter dipole example with a 1-h resonator 
as the matching network. 


owing examples as well. The particular value of Xyp of 
this example may be obtained with a one-wavelength reso: 
nator (open-circuited at the far end) made from RG-213. 
‘The system described in this example is shown in Fig 16 

‘The broadband antenna system shown in Fig 16 has 
a desirable SWR characteristic, but the feed line to the 
transmitter is not yet present. Fortunately, the same cable 
segment that makes up the resonator may be used as the 
feed line. A property of a feed line whose length is a 
multiple of 2/2 (an even multiple of 4/4) is that its input 
impedance is a near replica of the impedance at the far 
end, This is exactly true for lossless lines atthe frequencies 
where the 2/2 condition is true. Fortunately, practical lines 
have low-enough loss that the property mentioned above 
is true at the resonant frequency. Off resonance, the desired 
reactance cancellation we are looking for from the resonant 
line takes place. The very same design equations apply. 

In Fig 17, the antenna shown in Fig 16 is moved to 
the far end of the 12 resonator. The SWR and loss for this 
‘case are shown in Fig 18, which should be compared with 
Fig 15. The SWR is only slightly degraded, but the loss is 
about the same at the band edges. We have picked up a 
feed line that is 1% long (173.5 feet) and broadband 
matching. You can make the SWR curve virtually the same 
as that of Fig 15 if the transmitter load resistance is 
increased from 94.8 © to 102.9. From a practical point of 
view, this degree of design refinement is unnecessary, but 
is instructive to know how the SWR characteristic may be 
controlled. You may apply the same approach when the 
resonator is an odd multiple of a wavelength, but in that 
case the transmitter or antenna must be connected A/4 from 
the shorted end, 


440.387 48/100 


Fig 17—The antenna is at the far end of the 1-A line. 
The line does double duty—broadband matching and 
signal transport. 


Chebyshev Matching 
Although itis not as efficient from the standpoint of 
bandwidth improvement and loss, Chebyshev matching 
is useful for some purposes. This arrangement yields a 
transmitter load impedance of 50 + 0 Q at two frequen 
cies in the band. The matching network circuit is the same 
as the optimum matching case, but the parameters are 
different. In this case, we assume that the antenna 
parameters, Fj, Ra and Qa, the network Q and the maxi- 
mum SWR over the band are specified. The bandwidth, 
impedance level and generator resistance are given by: 


Suu J 


‘The loss at the band edges is given by Eq 15. The 
frequencies where the transmitter load is 50 + j 0 O, Fy 
and Fy, are given by: 


Fa (e419) 
yf -ef (420) 
(42) 
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Frequency (Utz) 


Fig 18—SWR and loss for a 1-A 50-0 feed line. The 
antenna system model is the one shown in Fig 17. 
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LC-MATCHING NETWORKS 


Before the theory of optimal matching above was 
developed, Frank Witt, AIIH, described in his article 
“Broadband Dipoles—Some New Insights" in October 
1986 OST the basic principle and some applications of 
LC matching networks. Fig 19 shows an LC matching 
network that is a modified version of one originally 
proposed by Alan Bloom, NIAL. Note that the basic 
ingredients are present: the parallel-tuned circuit for 
reactance cancellation and a transformer. 

‘The network also functions as a voltage balun by 
connecting the shield of the coaxial feed line to the center 
tap of the inductor. The capacitor is connected across the 
entire coil to obtain practical element values. The SWR 
response and efficiency offered by a network of lumped 
components is shown in Fig 20. The 2:1-SWR bandwidth 
with 50-0 Line is 460 kHz. The design is a Chebyshev 
match, where SWR = 1:1 is achieved at two frequencies. 
For the same configuration, more match bandwidth and 
less loss could have been realized if the optimal-match 
theory had been applied 

‘The efficiency at the band edges for the antenna sys 
tem shown in Fig 20 is 90% (Loss = 0.5 dB). This low 
loss is due to the high Q of the LC matching network 
(Qy = 200). The very low-impedance level required 
(Xp = 12-4 Q) cannot be easily realized with practical 
inductor-capacitor values. It is for this reason that the 
coil is tapped and serves as an autotransformer with mul 
tiple taps. The required impedance transformation ratio 
of 1:2.8 is easily achieved with this arrangement. 


80-Meter DXer's Delight 

‘A version of an antenna system with an LC 
broadbanding network is dubbed the 80-meter DXer’s 
Delight. This antenna has SWR minima near 3.5 and 
3.8 MHz. A single antenna permits operation with a 
transmitter load impedance of about 50 Q in the DX 
portions of the band, both CW and phone. The efficiency 


Fig 19—A practical LC matching network that provides 
reactance compensation, impedance transformation 
and balun action. 
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and SWR characteristic are shown in Fig 21 

Fig 22 shows the method of construction. The 
selection of a capacitor for this application must be made 
carefully, especially if high power is to be used. For the 
capacitor described in the caption of Fig 22, the allowable 
peak power (limited by the breakdown voltage) is 2450 W. 
However, the allowable average power (limited by the RF 
current rating of 4 A) is only 88 W! These limits apply at 
the 1.8:1 SWR points, 


ctcaney (8) 


Frasueney (Miz) 


matching with a lumped 
‘element LC network. The antenna in this example has a 
resistance of 72 @ and a Q of 12. The matching network 
has an impedance level of 12.4 0, and a Q of 200. The 
feed line is 50-0 coax, and the matching network 
provides an impedance step-up ratio of 2.8:1. 
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Fig 21—The 80-meter DXer's Delight permits operation 
with a 50-0 transmitter load in the DX portions of the 
band, both CW and phone. This network was designed 
to provide a broadband match for an inverted V with 

Fo = 3.67 MHz, an antenna resistance of 60 0 and a Q 
of 13. The matching network has an impedance level of 
9.9, and a Q of 220. The feed line is 50-0 coax, and the 
matching network provides an impedance step-up ratio 
of 20:1. 


Fig 22—A method of 
constructing the LC 
broadband matching 
network. Components 
must be chosen for 
high @ and must have 
adequate voltage and 
current ratings. The 
network is designed 
for use at the antenna 
feed point, and should 
bbe housed in a 
weather-resistant 
package. The 
‘component values 
are as follows: 

C1—400 pF 
transmitting mica 
rated at 3000 V, 
4A (RF) 

Li—4.7 WH, B's 
turns of B&W coil 
stock, type 3029 (6 
turns per in., 2'/-in. dia, #12 wire). 
The LC circuit is brought to midband resonance by 
adjusting an end tap on the inductor. The primary and 
‘secondary portions of the coil have 1°/« and 2" turns, 
respectively. 


PROPERTIES OF TRANSMISSION-LINE 
RESONATORS. 


‘One way around the power limitations of LC broadband 
matching networks is to use a transmission line as the 
resonator. Transmission ine resonators, TLRs, typically have 
higher power-handling capability because the losses, though 
higher, are distributed over the length of the line instead of 
being concentrated in the lumped-LC components. 
‘Transmission-line resonators must be multiples of a quarter 
wavelength. For a parallel-tuned circuit, the odd-multiple 
{U4 lines must be shorted atthe far end and the even-multiple 
{U4 lines must be open circuited. 

‘The length of the matching network resonator is n 
electrical quarter wavelengths. The impedance level, Q, 
and line length are given by: 


or, solving for Zp, 


oie BEN: (Eq 22) 
+ 
4k, 
_ 2.714% (23) 
Qn 
poe. (E424) 
cy 


where 

Zp = line characteristic impedance in © 

matched line loss in dB per 100 feet 

V'= velocity factor, and 

Tine length in feet 
These equations may be used to find the properties 
of the transmission line resonator inthe systems shown in 
Figs 16 and 17. The line is RG-213 with the following 
properties: 
2 = 50.0 
V'=0.66 
Ag = 0.4 dB/100 feet at 4 MHz 

We need the matched loss at 3.742 MHz. Since the 
line loss is approximately proportional to ,/frequency « 


(Eq 25) 


where Age, and Appz are the matched line losses at fre 
quencies F, and F;, respectively. Hence, 


‘Ag = 0.387 dB/100 feet at 3.742 MHz 
Qy = 40.65 (from Eq 23) 

This is the Q of any resonator made from RG-213 
for a frequency of 3.742 MHz. It does not matter how 
‘many quarter wavelengths (n) make up the cable segment. 
Earlier we calculated that the required impedance level. 
Xxo, is 15.9 Q. Therefore, the required impedance level 


(from Eq 22) 


2.500 


‘This means that you could use a quarter-wavelength 
segment with a short at the far end if Zp = 12.5 Q, or a 
half-wavelength segment with a open at the far end if 
Zy=25 Q. Our example used an open-circuited full-wave. 
length resonator (n = 4) with a Zo of 50 Q. This example 
was crafted to make this happen (so that it fits RG-213 
properties), but it illustrates that some juggling is required 
to obtain the right resonator properties when it is made 
from a transmission line, since we are stuck with the 
cable's characteristic impedance. 


The TLR Transformer 

‘Away around the limitation created by available char- 
acteristic impedance values is to use the transmission-line 
resonator transformer. The basic idea is to make the con 
nection to the TLR at an intermediate point along the line 
instead of at the end of the line. I is analogous to using 
taps on a parallel-tuned LC resonant circuit to achieve 
transformer action (See Fig 19). The nature of the trans- 
former action is seen in Fig 23, where the ends of the trans- 
former are designated 1-1 and 2-2. The impedance ratio 
of the transformer, Nz, is approximated by 
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Fig 23—Transformer action in the TLR. The definition of 
transtormer terminals depends on whether the TLR end 
is open- or short-circuited. 8 is the distance between 
the minimum of the voltage standing wave (at 
resonance) and the connection point, expressed as an 


tlectrical angle. The distance x is that same distance 
expressed in feet. 
Nz =sin? @ (Eq 26) 
The distance in feet. x. is given by 
6k @ 250 eg 


90 “47> 90“, 


This approach may be used for the connection of the 
TLR to the transmitter or to the antenna or both. An 
example will help make the power of the TLR transformer 
clear. We want to broadband match an 80-meter dipole 
(where Fy is 3.742 MHz, Ry is 65 © and Qa is 13). The 
feed line is RG-213 50-0 cable, and the total distance 
between the antenna and transmitter is less than 100 feet. 

Since we know that Z = 50 Q. we will design a pro 
totype system with as % TLR (n=3). Since n is odd, the 
TLR must be shorted at one end, and we will place the 
short at the transmitter end of the line. The intermediate 
step of using a prototype system will enable us to design a 
system with the final TLR, but without transformer ac- 
tion. Then we'll calculate the proper connection points 
along the TLR. Fig 24 shows the prototype system and 
the system with built-in transformers. 

Note that the prototype antenna is connected to the 
‘open end of the TLR. The prototype generator (transmit 
ter) is connected at a multiple of 4/2 from the antenna 
Here, at resonance, an approximate replica of the antenna 
will appear. We will use primed variables to indicate pro: 
totype antenna system elements. The prototype antenna 
differs from the actual antenna in impedance level, so only 
Rg will change. Fy and Qy remain the same. 

Starting with the "A TLR, we have 


Xyo = 21.20 


(from Eq 22) 
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” ) 
Fig 24—An optimized antenna system with a" A TLR 
made from RG-213 coaxial cable. The prototype 


system at A is a convenient intermediate step in the 
design process. At B is the configuration with TLR 
transformers. Ithas an open stub, Lo, a link, L, (which 
serves as the feed line), and a shorted stub, Ls. 


‘The prototype antenna resistance at resonance, R',, 
is calculated by rearranging Eq 13, 


(Eq 28) 


Earlier we calculated that Qu = 40.65 and Syinin = 

1.8. Now we find 

16.3.2 (from Eq 28) 

264.0 (from Eq 14) 
The electrical angles (in degrees) and connection 

locations (in feet) are given by 


(42) 

(£430) 

xe, tea) 
0 

9a (Eq 32) 


3 The challenges of SG 


In this part we explore the different challenges that lie ahead for SG, which emerged from the 
interviews that Arcep conducted over the past several months. 


3.1 New business models focused on vertical markets 


3G and especially 4G technologies were designed primarily for the superfast mobile internet. SG 
continues on in this direction, but also wants to target what are known as vertical markets, which 
encompass several segments, including: 


- Connected vehicles, not only to deliver entertainment and information to passengers, but 
also to guarantee safety via communications both between vehicles and between vehicles 
and infrastructure; 

- Factories of the future; 

- Smart cities with requirements in the areas of public transportation (similar to the needs of 
connected vehicles), the environment, managing buildings and energy consumption; 

- Medicine, healthcare and robot-assisted telesurgery; 

- Smart grid flow monitoring and management (electricity, gas, water, etc.). 


This section will focus in particular on the connected car and factories of the future segments. 
Because of their current and future macro-economic context, along with the plurality and 
effervescence of the pioneer work being done in these areas, these two segments constitute the 
main avenues of SG development in vertical markets. Smart cities and smart grids have already 
begun to soar through existing Internet of Things (loT) technologies. 


3.1.1 The automotive sector 


The car is an extremely common form of transportation, and safe driving is a fundamental 
consideration: human error is the number one cause of all transport accidents. The transportation 
sector wants to use technological innovations to tackle this problem, and to continue to make 
transportation more efficient, more sustainable and safer. 


‘There are three areas in which technological progress could help improve automotive transportation. 
5G could have a role to play in all three, but particularly in the first two: 


- Provide in car internet connectivity, to deliver entertainment to passengers; 

- Provide access to driver assistance information, to reduce accidents and improve the fluidity 
of traffic; 

- And, finally, the ability to make cars autonomous, thanks to artificial intelligence algorithms, 


‘The first area is just an extension of the developments occurring today around 4G. The aim is to give 
passengers access to their messaging services, to the internet, to multimedia content, online gaming, 
etc. The increased connection speeds promised by 5G will improve the use of all of these services. 


The second area aims to make cars more intelligent by using information that was not previously 
available to them. This in turn will help improve the safety and efficiency of the networks as well as 
help drivers make the right decisions, and adapt to driving conditions. Such connected vehicles could 
have access to information about dangers on the road (slow or stopped cars, traffic jam warnings, 
indications of where construction is taking place on the roads, weather conditions, emergency 
braking, emergency service vehicles approaching, etc.) or regarding signage (signalling/signage on- 
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‘The lengths of the stubs and link of Fig 24 are given 
by 
Lo=Ly (Eq 33) 
Ls = XG (Eq 34) 
Ly, = 3 -Lo-Ls (E435) 
Since Ly = 43.4 feet, 
0, = 674° (from Eq 29) 
0g = 39.0° (from Eq 30) 
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Fig 25—The SWR and loss of the TLR transformer 
antenna system. At A, the results are shown with the 
calculated provement after the 
lengths were optimized is shown in Table 1. At C, for 
comparison, SWR and loss for the same setup as at A, 
but with the stubs removed. 


Table 1 


Calculated and Optimized Parameters Using TLR 
Transformers 


Calculated Optimized 
Dipole resonant 

frequency (Fo) 3.742MHz 3.710 MHz 
Open stub (Lo) 10.9 feet 13.1 feet 
Shorted stub (Ls) 18.8 feet 20.1 feet 
Link (U4) 100.4 feet 101.0 feet 


10.9 feet (Grom Eq 33) 


18.8 feet (from Eq 34) 
100.4 feet (from Eq 35) 
These dimensions are summarized in Fig 24. If 
required, additional 50-0 cable may be added between the 
transmitter and the junction of the shorted stub and the 
link. A remarkable aspect of the TLR transformer, as 
demonstrated in this example, is that it is a transformer 
‘with multiple taps distributed over a great distance, inthis 
case over 100 feet. 

‘The calculated SWR and loss of the antenna system 
with the TLR transformer are shown in Fig 254. We 
mentioned earlier that the stub calculations are an 
approximation. Fig 25 bears this out, but the changes 
necessary to achieve the optimized results are relatively 
small. By changing the lengths and dipole resonant 
frequency slightly, the target optimized SWR characteristic 
of Fig 25B results. See Table 1 for a summary of the 
changes required 

‘To demonstrate the significant improvement in match 
bandwidth that the TLR transformer provides, the SWR 
and loss of the same dipole fed with 100.4 feet of RG-213 
cable is shown in Fig 25C. The loss added by the two stubs 
used to obtain match bandwidth enhancement is negligible 
(0.210 0.5 dB). 

ATTLR transformer may be used by itself to achieve 
a low-loss narrow-band impedance transformation, 
functioning like a /4 Q-section. Itis different in nature 
from a Q-section, in that itis a true impedance transformer, 
while a Q section is an impedance inverter. The TLR 
transformer may be designed into the antenna system and 
is a useful tool when a narrow-band impedance trans- 
formation is needed. 


a 
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ig 26—Dipole matching methods. At A, the T match; at 
B, the gamma match; at C, the coaxial resonator match. 
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Fig 27—Evolution of the coaxial-resonator-match 
broadband dipole. At A, a TLR transformer is used to 
match the feed line to the off-center-fed dipole. The 
match and dipole are made collinear at B. At C, the 
balanced transmission-line TLR transformer of A and B 
is replaced by a coaxial version. Because the shield of 
the coax can serve as a part of the dipole radiator, the 
wire adjacent to the coax match may be eliminated, D. 


TRANSMISSION-LINE RESONATORS AS PART 
OF THE ANTENNA 


The Coaxial-Resonator Match 

‘This material is condensed from articles that appeared 
in April 1989 QST and The ARRL Antenna Compendium, 
Vol 2. The coaxial-resonator match, a concept based on 
the TLR transformer, performs the same function as the T 
match and the gamma match, that is, matching a 
transmission line to a resonant dipole. These familiar 
matching devices as well as the coaxial resonator match 
are shown in Fig 26. The coaxial resonator match has some 
similarity to the gamma match in that it allows connection, 
of the shield of the coaxial feed line to the center of the 
dipole, and it feeds the dipole off center. The coaxial 
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Fig 28—1 
‘an antenna opti 
portions of the 3.5-MHz band. The coax segment 
lengths total to one quarter-wavelength. The overall 
length is the same as that of a conventional inverted V 
dipole, 


resonator match has a further advantage: It can be used to 
broadband the antenna system while providing an 
impedance match, 

‘The coaxial resonator match is a resonant transformer 
made from a quarter-wave long piece of coaxial cable. 
Fig 27 shows the evolution of the coaxial-resonator match. 
Now it becomes clear why coaxial cable is used for the 
quarter-wave TLR transformer—interaction between the 
dipole and the matching network is minimized. The 
effective dipole feed point is located at the crossover, 
which is an off-center feed point. In effect, the match is, 
physically located “inside” the dipole. Currents flowing 
oon the inside of the shield of the coax are associated with 
the resonator; currents flowing on the outside of the shield 
of the coax are the usual dipole currents. Skin effect 
provides a degree of isolation and allows the coax to 
perform its dual function. The wire extensions at each end 
make up the remainder of the dipole, making the overall 
length equal to one half-wavelength. 

A useful feature of an antenna using the coaxial- 
resonator match is that the entire antenna is at the same 
de potential as the feed-line potential, thereby avoiding 
charge buildup on the antenna. Hence, noise and the 
potential of lightning damage are reduced. 

Fig 28 shows the detailed dimensions of an 80-meter 
inverted-V dipole using a coaxial-resonator match. This, 
design provides a load SWR better than 1.6:1 from 3.5 to 
3.825 MHz and has been named the 80-Meter DX Special. 
‘The coax is an electrical quarter wavelength, has a short at 
fone end, an open at the other end, a strategically placed 
crossover, and is fed at a tee junction. (The crossover is, 
‘made by connecting the shield of one coax segment to the 
center conductor of the adjacent segment and by connecting 
the remaining center conductor and shield in a similar way.) 
‘The antenna is constructed as an inverted-V dipole with a 
110° included angle and an apex at 60 feet. The measured 
SWR versus frequency is shown in Fig 29. Also in Fig 29 


Frequney (Mee) 


Fig 29—Measured SWR performance of the 80-Meter 
DX Special, curve A. Note the substantial 
broadbanding relative to a conventional 
uncompensated dipole, curve B. 


ion. ALA, a 2inch PVG. 
‘coupling can be used for the T, and at B, a 
ch coupling for the crossover. These sizes are the 

al inside diameters of the PVC pipe that is normally 
Used with the couplings. The T could be made from 
standard UHF hardware (an M-358T and a PL-258 
Coupler). An alternative construction for the crossover is 
shown at C, where a direct solder connection is made. 


is the SWR characteristic for an uncompensated inverted 
V dipole made from the same materials and positioned 
exactly like the broadband version. 

‘The 80-Meter DX Special is made from RG-213 
coaxial cable and #14 AWG wire, and is fed with 50-Q 
coax. The coax forming the antenna should be cut so that, 
the stub lengths of Fig 28 are within '/: inch of the 
specified values. PVC plastic-pipe couplings and SO-239 
UHF chassis connectors can be used to make the T and 
crossover connections, as shown in Fig 30A. and 30B. 


Altematively, a standard UHF T connector and coupler 
can be used for the T, and the crossover may be a soldered 
connection (Fig 30C). RG-213 is used because of its ready 
availability, physical strength, power handling capability, 
and moderate loss, 

Cut the wire ends of the dipole about three feet 
longer than the lengths given in Fig 28. If there is a tilt in 
the SWR-frequency curve when the antenna is first built, 
it may be flattened to look like the shape given in Fig 29 
by increasing or decreasing the wire length. Each end 
should be lengthened or shortened by the same amount. 

A word of caution: If the coaxial cable chosen is not 
RG-213 or equivalent, the dimensions will have to be 
modified. The following cable types have about the same 
characteristic impedance, loss and velocity factor as RG- 
213 and could be substituted: RG-8, RG-8A, RG-10, 
RG-10A and RG-215. If the Q of the dipole is particularly 
high or the radiation resistance is unusually low because 
of different ground characteristics, antenna height, 
surrounding objects and so on, then different segment 
lengths will be required. 

‘What is the performance of this broadband antenna 
relative to that of a conventional inverted-V dipole? Aside 
from the slight loss (about 0.75 dB at band edges, less 
elsewhere) because of the non-ideal matching network, the 
broadband version will behave essentially the same as a 
dipole cut for the frequency of interest. That is, the radiation, 
patterns for the two cases will be virtually the same 


The Snyder Dipole 

A commercially manufactured antenna utilizing the 
principles described in the Matching Network Design 
section is the Snyder dipole. Patented by Richard D 
Snyder in late 1984 (see Bibliography), it immediately 
received much public attention through an article that 
Snyder published. Snyder's claimed performance for the 
antenna is a 2:1 SWR bandwidth of 20% with high 
efficiency. 

‘The configuration of the Snyder antenna is like that 
of the crossed-double bazooka of Fig 12, with 25-0 line 
used for the eross-connected resonators. In addition, the 
antenna is fed through a2:1 balun, and exhibits a W-shaped 
SWR characteristic like that of Fig 13. The SWR at band 
center, based on information in the patent document, is 
1.7 o 1. There is some controversy in professional circles 
regarding the claims for the Snyder antenna, 


The Improved Crossed-Double Bazooka 

‘The following has been condensed from an article 
by Reed Fisher, W2CQH, that appeared in The ARRL 
Antenna Compendium Volume 2. The antenna is shown in 
Fig 31. Note that the half-wave flat-top is constructed of 
sections of RG-58 coaxial cable. These sections of coaxial 
cable serve as quarter-wave shunt stubs that are essentially 
connected in parallel at the feed point in the crossed 
double-bazooka fashion. At an electrical quarter 
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Fig 31—Details of the W2CQH broadband-matched 80- 
meter dipole. 
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‘32—SWR curves for the improved double bazook: 
Curve A, the theoretical curve with 50-0 stubs and a 
4/4, 75-0 matching transformer. Curve B, measured 
response of the same antenna, built with RG-58 stubs 
and an RG- 59 transformer. Curve C, mes 

from a dipole without broadbanding. Mes 
were made at W2CH with the dipole horizontal at 30 
tect. 


Novena 


Fig 33—This simple broadband 
antenna system resembles a 
conventional 80-meter dipole except 
for the 4/4-wavelength 75-2 segment. 
e lengths of the Q-section, TLR. 
(including balun) and dipole are 
43.3 feet, 170.5 feet, and 122.7 feet, 
respectively. 


wavelength (43 feet) from each side of the feed point X- 
Y. the center conductor is shorted to the braid of the coaxial 
cable. 

‘The parallel stubs provide reactance compensation, 
‘The necessary impedance transformation at the antenna 
feed point is provided by the quarter-wave Q-section 
constructed of a 50-foot section of 75-Q coaxial cable 
(RG-59). A W2DU 1:1 current balun is used at the feed 
point. See Fig 32 for the SWR versus frequency for this, 
antenna with and without the broadband matching network. 

‘This antenna is essentially that of the crossed double 
bazooka antenna shown in Fig 12, with the addition of 
the 75-Q Q-section. The improvement in match 
bandwidth is substantial. The antenna at W2CQH is 
straight and nearly horizontal with an average height of 
about 30 feet. 
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TRANSMISSION-LINE RESONATORS AS PART 
OF THE FEED LINE 


‘A Simple Broadband Dipole for 80 Meters 

This system was described in an article in September 
1993 ST. It has the advantage that the radiator is the 
same as that of a conventional half-wave wire dipole. Thus 
the antenna is light weight, easy to support and has small 
‘wind and ice loading. The broadband matching network 
is integrated into the feed line. 

‘The system is shown in Fig 33. It is a variation of 
the example shown in the Matching Network Design 
section of this chapter as shown in Fig 17. The TLR is a 
12 length of RG-213 50-0 coax and the impedance 
transformation is accomplished with a 75-0 Q-section 
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Fig 34—Measured SWR versus frequency for the 
broadband and conventional antenna systems. 
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Fig 35—Measured SWR for the 80- and 40-meter 
multiband antenna system. 


made of RG-11. The antenna is an inverted-V with a 140° 
included angle and an apex height of 60 feet. The wire 
size is #14, but is not critical. The balun is a W2DU 1:1 
current type. It easily handles the legal power limit over 
the entire 80-meter band. The measured SWR is shown 
in Fig 34, 

‘A unique advantage of this antenna is that by 
paralleling a 40-meter dipole at the feed point and sharing 
the feed line, operation on both 80 and 40 meters is 
possible. The reason for this is that the lengths of the Q- 
section and the TLR are multiples of a half-wavelength 
(on 40 meters. To minimize the interaction, the two dipoles 
should be spaced from each other away from the feed point. 
First tune the 80-meter antenna and then the 40-meter one. 
Fig 35 shows the result of adding a 40-meter dipole to the 
system shown in Fig 33. Each 40-meter dipole leg is 
344 feet long. Note that the SWR on 80 meters changes 
very little compared to Fig 34. No change was made to 
the 80-meter dipole or to the transmission line. 


80-Meter Dipole with the TLR Transformer 

The total length of the feed line in the system just 
described above in Fig 33 is quite long, about 214 feet. 
For installations with shorter runs, the TLR transformer 
concept may be employed to advantage. An example 
provided in “Optimizing the 80-Meter Dipole” in The 
ARRL Antenna Compendium, Vol 4 is shown in Fig 36 
Here the TLR is Vs 2 long overall and is made from 
RG-213 50-02 cable. The design applies for an 80-meter 
horizontal dipole, 80 feet above average ground, with an 


36—Broadbanding with the TLR transformer. The 
1ensions shown apply for an 80-meter horizontal 
ole 80 feet above average ground. 


assumed antenna Fy, Ra, and Qa of 3.72 MHz, 92 9 and 
9, respectively. (See Figs 3 and 4). The lengths must be 
revised for other dipole parameters. 

For this design, the feed line is 113.1 feet long and 
the shorted stub at the transmitter end is 21.6 feet long. 
You can add any length of 50-Q cable between the 
transmitter and the junction of the shorted stub and the 
feed line. The shorted stub gives a de path to ground for 
both sides of the dipole, preventing charge buildup and 
some lightning protection. For multiband operation with 
an antenna tuner, the stub should be removed. 

‘The general application of the TLR transformer 
concept has a tap at both the transmitter end and a tap at 
the antenna end. (See Fig 24.) In this case, the concept 
was applied only at the transmitter end, since very little 
impedance transformation was required at the antenna end. 
The location of the TLR transformer is not obvious. 
Consider a /s TLR with a short at one end, and an open 
at the other end where the antenna is connected. The 
generator for no impedance transformation would be 
located 2/4 (43.6 feet @ 3.72 MHz) from the short. By 
connecting the transmitter 21.6 feet from the short, the 
required impedance transformation for a transmitter 
optimized for 50-02 loads is achieved. 
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Log Periodic Arrays 


This chapter was contributed by L. B. Cebik. 
WARNL. The Log Periodic Dipole Array (LPDA) is one 
of a family of frequency-independent antennas. Alone, 
an LPDA forms a directional antenna with relatively con. 
stant characteristics across a wide frequency range. It may 
also be used with parasitic elements to achieve specific 
characteristic within a narrow frequency range. Common 
names for such hybrid arrays are the log-cell Yagi or the 
Log-Yag. We shall look at the essential characteristics of 
both types of arrays in this chapter. 

‘The LPDA is the most popular form of log: periodic 
systems, which also include zig-zag, planar, trapezoidal, 
slot, and V forms. The appeal of the LPDA version of 
the log periodic antenna owes much to its structural simi: 
larity to the Yagi-Uda parasitic array. This permits the 
construction of directional LPDAs that can be rotated 
at least within the upper HF and higher frequency ranges. 
Nevertheless, the LPDA has special structural as well 
as design considerations that distinguish it from the 


Yagi. A number of different construction techniques for 
both wire and tubular elements are illustrated later in this, 


chapter. 


Antenna Feeder or 
Pose-Line 


Fig 1—The basic components of a log periodic dipole 
array (LPDA). The forward direction is to the left in this 
sketch. Many variations of the basic design are 
possible. 


The LPDA in its present form derives from the pio- 
neering work of D. E. Isbell at the University of Ilinois in 
the late 1950s. Although you may design LPDAs for large 
frequency ranges—for example, from 3 to 30 MHz or a 
litle over 3 octaves—the most common LPDA designs that 
radio amateurs use are limited to a one-octave range, usu- 
ally from 14 to 30 MHz. Amateur designs for this range 
tend to consist of linear elements. However, experimental 
designs for lower frequencies have used elements shaped 
like inverted Vs, and some versions use vertically oriented 
Ye elements over a ground system. 

Fig I shows the parts of a typical LPDA. The struc- 
ture consists of a number of linear elements, the longest 
of which is approximately '/: 2 long at the lowest design 
frequency. The shortest element is usually about '/ 4 long 
ata frequency well above the highest operating frequency. 
‘The antenna feeder, also informally called the phase-line, 
connects the center points of each element in the series, 
with a phase reversal or cross-over between each element. 
‘A stub consisting of a shorted length of parallel feed line 
is often added at the back of an LPDA. 

The arrangement of elements and the method of feed 
yield an array with relatively constant gain and front-to- 
back ratio across the designed operating range. In addi 
tion, the LPDA exhibits a relatively constant feed-point 
impedance, simplifying matching to a transmission line. 


BASIC DESIGN CONSIDERATIONS 


For the amateur designer, the most fundamental fac~ 
ets of the LPDA revolve around three interrelated design 
variables: 0. (alpha), t (tau), and (sigma). Any one of 
the three variables may be defined by reference to the 
other two. 

Fig 2 shows the basic components of an LPDA. The 
angle 0: defines the outline of an LPDA and permits every 
dimension to be treated as a radius or the consequence of 
a radius (R) of a circle. The most basic structural dimen- 
sions are the element lengths (L), the distance (R) of each 
element from the apex of angle 1, and the distance 
between elements (D). A single design constant, t, de- 
fines all of these relationships in the following manner 
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Fig 2—Some fundamental relationships that define an 
array as an LPDA. See the text for the defining 
‘equations. 


L (Eq) 


where clement n and n+l are successive elements in the 
array working toward the apex of angle at. The value of t 
is always less than 1.0, although effective LPDA design 
requires values as close to 1.0 as may be feasible. 

‘The variable + defines the relationship between sue- 
cessive element spacings but it does not itself determine 
the initial spacing between the longest and next longest 
elements upon which to apply t successively. The initial 
spacing also defines the angle ot for the array. Hence, we 
have two ways to determine the value of G, the relative 
spacing constant: 


let _D, 


Tana 2b, 


(42) 


where D, is the distance between any two elements of 
the array and L, is the length of the longer of the two 
elements. From the first of the two methods of determin- 
ing the value of 6, we may also find a means of deter- 
mining o when we know both t and o. 

For any value of t, we may determine the optimal 
value of 6: 


(Eq3) 


Gy = 0.243 t-0.051 


‘The combination of a value for t and its correspond- 
ing optimal value of g yields the highest performance of 
which an LPDA is capable. For values of t from 0.80 
through 0.98, the value of optimal 6 varies from 0.143 to 
0.187, in increments of 0.00243 for each 0.01 change in, 
+. However, using the optimal value of ¢ usually yields a 
total array length that is beyond ham construction or 
tower/mast support capabilities. Consequently, amateur 
LPDAs usually employ compromise values of t and 6 
that yield lesser but acceptable performance. 

For a given frequency range, increasing the value of 
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+ increases both the gain and the number of required ele 
ments. Increasing the value of o increases both the gain 
and the overall boom length. A t of 0.96—which 
approaches the upper maximum recommended value for 
t-yields an optimal 6 of about 0.18, and the resulting 
array grows to over 100 feet long for the 14 to 30 MHz 
range. The maximum free space gain is about 11 dBi, 
‘with a front-to-back ratio that approaches 40 dB. Normal 
amateur practice, however, uses values of t from about 
0.88 to 0.95 and values of o from about 0.08 to 0.06. 

Standard design procedures usually set the length of 
the rear element for a frequency about 7% lower than the 
lowest design frequency and use the common dipole for- 
mula (Lig = 468/fyqu,) to determine its length (5% lower 
than a free-space half wavelength, where Ljg, = 493.56! 
fqn) The upper frequency limit of the design is ordi- 
narily set at about 1.3 times the highest design frequen 
Since t and 6 set the increment between successive ele- 
ment lengths, the number of elements becomes a function 
‘of when the shortest element reaches the dipole length for 
the adjusted upper frequency. 

The adjusted upper frequency limit results from the 
behavior of LPDAs with respect to the number of active 
elements. See Fig 3, which shows an edge view of a 10- 
element LPDA for 20 through 10 meters. The vertical 
lines represent the peak relative current magnitude for 
ceach element at the specified frequency. At 14 MHz, vir- 
tually every element of the array shows a significant cur- 
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Fig 3—The relative current magnitude on the elements, 
of an LPDA at the lowest and highest operating 
frequencies for a given design. Compare the number of 
“active” elements, that is, those with current levels at 
least ‘/o of the highest level. 


rent magnitude. However, at 28 MHz, only the forward 
5 elements carry significant current. Without the extended 
design range to nearly 40 MHz, the number of elements 
with significant current levels would be severely reduced, 
along with upper frequency performance 

‘The need to extend the design equations below the 
lowest proposed operating frequency varies with the value 
of t. In Fig 4, we can compare the current on the rear 
elements of two LPDAs, both with a 6 value of 0.04. The 
upper design uses a t of 0.89, while the lower design 
uses a value of 0.93. The most significant current-bear- 
ing element moves forward with increases in t, reducing 
(but not wholly eliminating) the need for elements whose 
lengths are longer than a dipole for the lowest operating 
frequency 


LPDA Design and Computers 


Originally, LPDA design proceeded through a series 
of design equations intended to yield the complete speci- 
fications for an array. More recent techniques available 
to radio amateurs include basic LPDA design software 
and antenna modeling software. One good example of 
LPDA design software is LPCAD28 by Roger Cox, 
WBODGE. A copy of this freeware program is on the 
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Fig 4—Patterns of current magnitude at the lowest 
operating frequency of two different LPDA designs: 
a 10-element low-t design and a 16-element 
higher-r design. 


CD-ROM that accompanies this volume. The user begins 
by specifying the lowest and highest frequencies in the 
design, He then enters either his selected values for t and 
6 or his choices for the number of elements and the total 
length of the array. With this and other input data, the 
program provides a table of element lengths and spac- 
ings, using the adjusted upper and lower frequency lim- 
its described earlier. 

‘The program also requests the diameters of the long- 
est and shortest elements in the array, as well as the 
diameter of average element. From this data, the program 
calculates a recommended value for the phase-line con- 
necting the elements and the approximate resistive value 
of the input impedance. Among the additional data that 
LPCAD28 makes available is the spacing of conductors 
to achieve the desired characteristic impedance of the 
phase-line. These conductors may be round—as we would 
use for a wire phase-line—or square—as we might use 
for double-boom construction. 

An additional vital output from LPCAD28 is the con- 
version of the design into antenna modeling input files 
of several formats, including versions for AO and 
NECAWIN (both MININEC-based programs), and a ver~ 
sion in the standard *.NEC format usable by many imple- 
mentations of NEC-2 and NEC-4, including NECWin Plus, 
GNEC, and EZNEC Pro. Every proposed LPDA design 
should be verified and optimized by means of antenna 
modeling, since basic design calculations rarely provide 
arrays that require no further work before construction. 
‘A one-octave LPDA represents a segment of an arc de- 
fined by o: that is cut off at both the upper and the lower 
frequency limits. Moreover, some of the design equations 
are based upon approximations and do not completely 
predict LPDA behavior. Despite these limitations, most 
of the sample LPDA designs shown later in this chapter 
are based directly upon the fundamental calculations. 
Therefore, the procedure will be outlined in detail before 
turning to hybrid log-cell Yagi concepts. 

Modeling LPDA designs is most easily done on a 
version of NEC. The transmission line (TL) facility built 
into NEC.2 and NEC-4 alleviates the problem of model- 
ing the phase-line as a set of physical wires, each section 
of which has a set of constraints in MININEC at the right- 
angle junctions with the elements. Although the NEC TL, 
facility does not account for losses in the lines, the losses 
are ordinarily low enough to neglect. 

NEC models do require some careful construction to 
obtain the most accurate results. Foremost among the cau- 
tions is the need for careful segmentation, since each ele- 
ment has a different length. The shortest element should 
hhave about 9 or 11 segments, so that it has sufficient seg- 
ments at the highest modeling frequency for the design. 
Each element behind the shortest one should have a greater 
number of segments than the preceding element by the in- 
verse of the value of t. However, there is a further limita- 
tion, Since the transmission line is at the center of each 
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element, NEC elements should have an odd number of seg- 
ments to hold the phase-line centered. Hence, each seg- 
‘mentation value calculated from the inverse of t must be 
rounded up to the nearest odd integer. 

Initial modeling of LPDAs in NEC-2 should be done 
with uniform-diameter elements, with any provision for 
stepped-diameter element correction turned off. Since 
these correction factors apply only to elements within 
about 15% of dipole resonance at the test frequency, 
models with stepped-diameter elements will correct for 
only a few elements at any test frequency. The resulting 
combination of corrected and uncorrected elements will 
not yield a model with assured reliability 

(Once one has achieved a satisfactory model with uni- 
form-diameter elements, the modeling program can 
be used to calculate stepped-diameter substitutes. Each 
uniform-diameter element, when extracted from the larger 
array, will have a resonant frequency. Once this frequency 
is determined, the stepped-diameter element to be used, 
in final construction can be resonated to the same fre- 
quency. Although NEC-4 handles stepped diameter 
elements with much greater accuracy than NEC-2, the pro- 
cess just described is also applicable to NEC-4 models, 
for the greatest precision, 


LPDA Behavior 

Although LPDA behavior is remarkably uniform over 
a wide frequency range compared to narrow-band designs, 
such as the Yagi-Uda array, it nevertheless exhibits very 
significant variations within the design range. Fig 5 shows 
several facets of these behaviors. Fig 5 shows the free- 
space gain for three LPDA designs using 0.5-inch diam- 
eter aluminum elements. The designations for each model 
list the values of ¢ (0.93, 0.89, and 0.85) and of 6 (0.02, 
0.04, and 0.06) used to design each array. The resultant 
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Fig 5—The modeled free-space gain of 3 relatively 
small LPDAs of different design. Note the relations! 
of the values of t and of ¢ for these arrays with quite 
similar performance across the 14-30 MHz span. 
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array lengths are listed with each designator. The total 
number of elements varies from 16 for “9302” to 10 for 
"8904" to 7 for “8504.” 

First, the gain is never uniform across the entire fre~ 
‘quency span. The gain tapers off at both the low and high 
ends of the design spectrum. Moreover, the amount of 
gain undulates across the spectrum, with the number of 
peaks dependent upon the selected value of t and the 
resultant number of elements. The front-to-back ratio 
tends to follow the gain level. In general, it ranges from 
less than 10 dB when the free-space gain is below 5 dBi 
to over 20 dB as the gain approaches 7 dBi. The front-to- 
back ratio may reach the high 30s when the free-space 
array gain exceeds 8.5 dBi. Well-designed arrays, espe- 
cially those with high values of ¢ and o, tended to have 
well-controlled rear patterns that result in only small dif- 
ferences between the 180° front-to-back ratio and the 
averaged front-to-rear ratio. 

Since array gain is a mutual function of both t and 
6, average gain becomes a function of array length for 
any given frequency range. Although the gain curves in 
Fig 5 interweave, there is little to choose among them in 
terms of average gain for the 14 to 18-foot range of array 
lengths. Well-designed 20- to 10-meter arrays in the 
30-foot array length region are capable of about 7 dBi 
free-space gain, while 40-foot arrays for the same fre~ 
‘quency range can achieve about 8 dBi free-space gain. 

Exceeding an average gain of 8.5 dBi requires at least 
4 50-foot array length for this frequency range. Long arrays 
with high values of t and o also tend to show smaller 
excursions of gain and of front-to-back ratio in the overall 
curves. In addition, high-t designs tend to show higher 
gain at the low frequency end of the design spectrum. 

‘The frequency sweeps shown in Fig 5 are widely 
spaced at 1 MHz intervals. The evaluation of a specific 
design for the 14 to 30-MHz. range should decrease the 
interval between check points to no greater than 0.25 MHz 
in order to detect frequencies at which the array may show 
a performance weakness. Weaknesses are frequency 
regions in the overall design spectrum at which the array 
shows unexpectedly lower values of gain and front-to- 
back ratio. In Fig 5 note the unexpected decrease in gain 
of model “8904” at 26 MHz. The other designs also have 
weak points, but they fall between the frequencies 
sampled. 

In large arrays, these regions may be quite small and 
may occur in more than one frequency region. The weak- 
ness results from the harmonic operation of longer ele- 
ments to the rear of those expected to have high current 
levels. Consider a 7-element LPDA about 12.25-foot long 
for 14 to 30 MHz using 0.5-inch aluminum elements. At 
28 MHz, the rear elements operate in a harmonic mode, 
as shown by the high relative current magnitude curves 
in Fig 6. The result is a radical decrease in gain, as shown 
in the “No Stub” curve of Fig 7. The front-to-back ratio 
also drops as a result of strong radiation from the long 


board vehicles, speed limits on vehicles, failure to heed signage/safety precautions at crossings, 
request for right-of-way at traffic lights for designated vehicles, green light optimal speed advisory, 
etc.). Other services, such as information on refuelling or recharging stations, vulnerable road user 
protection, managing street parking and traffic information, and smart guidance, could also prove 
useful. It is still not clear whether, to achieve this, vehicles will simply exchange information with 
each other or if connectivity with infrastructure will be required along the roads to optimise vehicles’ 
behaviour. In both instances, 5G could have a role to play. 


Of the many initiatives that are already underway we can begin with an example from France: the 
SCOOP@F™ (cooperative intelligent transport systems) project coordinated by the Ministry of the 
Environment, Energy and the Sea, and which unites local authorities and R&D centres. Launched in 
February 2014, new partners subsequently joined the initiative, including Orange and Austrian, 
Spanish and Portuguese partners. As itis a European project, it receives 50% of its financing from the 
European Commission, and cross-tests are conducted with Austria, Spain and Portugal. SCOOP@F is a 
pilot rollout project for cooperative intelligent transport systems; it aims to deploy 3,000 vehicles on 
2,000 km of roadway spread across five locations: Ile-de-France, the Ad motorway, the Isére, and ring 
roads in Bordeaux and Brittany. Its main objectives are to improve road safety and the safety of 
roadway workers, achieve more efficient traffic management, reduce pollution, streamline 
infrastructure management costs and participate in defining the car of the future. 


In addition, in early 2017, mobile carrier Orange, equipment supplier Ericsson and car-maker PSA 
Group signed a partnership agreement, as part of the "Towards 5G” initiative, to conduct technical 
trials relating to SG. The aim of this alliance is to test the different paths of technological evolution 
from 4G to SG to meet the needs of connected cars, notably in terms of intelligent transport systems 
(ITS), for safer driving and new on-board services. 


‘The third area concerns the emergence of autonomous vehicles. A number of projects are underway 
in this area. The first step is to outfit vehicles with algorithms that enable it to make decisions quickly 
based on their environment. This requires a large number of sensors to deliver a full “understanding” 
of what is happening around the vehicle. Without pre-judging the technologies that will ultimately be 
employed to achieve this, as with a human driver (see above), the car could take advantage of 
connections with other vehicles on the road and with an infrastructure, to have access to all of the 
aforementioned information. 


3.1.2 Industry 4.0 


Competitiveness does not depend solely on innovation and the evolution of products, but also on 
modernising businesses and their means of production. According to certain studies carried out in 
2015”, the digital transition in Europe will enable enterprises to increase their revenue by more than 
110 billion euros a year over a five-year period. 


A great many countries have set out a strategy for modernising their manufacturing infrastructure 
(Vindustrie du futur in France®, industry 4.0 in Germany...) of which one aspect will involve digitising 
processes and trade. The European Commission itself introduced measures in 2016 for strengthening 


* http://wmw scoop. developpement-durable.gouv f/spip.php?page 
te hto://Awww orange. com/fr/Press-Room/communiques-2017 Eriesson-Orange-et-1e-groupe-PSA- partners pourta 
volture-connectee-en-5G 

® pwc, “Industry 4.0: Opportunities and challenges of the industrial internet” (2015), and Boston Consulting Group, 
“Industry 4.0: The Future of Productivity and Growth in Manufacturing Industries (2015) 

* http://www economie.gouv.1/fles/fles/POF/industrie-du-futur_dp.pdf 
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Fig 6—The relative current magnitude on the elements 
of model “8504” at 28 MHz without and with a stub. 
Note the harmonic operation of the rear elements 
before a stub is added to suppress such operation. 


elements to the rear of the array. 

Early designs of LPDAs called for terminating trans- 
mission-line stubs as standard practice to help eliminate 
such weak spots in frequency coverage. In contemporary 
designs, their use tends to be more specific for eliminat- 
ing or moving frequencies that show gain and front-to- 
back weakness. (Stubs have the added function of keeping 
both sides of each element at the same level of static 
charge or discharge.) The model dubbed “8504” was fit- 
ted (by trial and error) with an 18-inch shorted stub of 
600-2 transmission line. As Fig 6B shows, the harmonic 
operation of the rear elements is attenuated. The “stub” 
curve of Fig 7 shows the smoothing of the gain curve for 
the array throughout the upper half of its design spec- 
trum. In some arrays showing multiple weaknesses, a 


Sample LPDAs: Free-Space Gain 
‘With and Without Corrective Stub 
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Fig 7—A graph of the gain of model “8504” showing the 
frequency region in which a “weakness” occurs and its 
absence once a suitable stub is added to the array. 


single stub may not eliminate all of them. However, it 
may move the weaknesses to unused frequency regions. 
Where full-spectrum operation of an LPDA is necessary, 
additional stubs located at specific elements may be 
needed. 

Most LPDA designs benefit (with respect to gain and 
front-to-back ratio) from the use of larger-diameter ele~ 
ments, Elements with an average diameter of at least 
05-inch are desirable in the 14 to 30 MHz. range. How- 
ever, standard designs usually presume a constant ele- 
ment length-to-diameter ratio. In the case of LPCAD28, 
this ratio is about 125:1, which assumes an even larger 
diameter. To achieve a relatively constant length-to- 
diameter ratio in the computer models, you can set the 
diameter of the shortest element in a given array design 
‘and then increase the element diameter by the inverse of 
+ for each succeeding longer element. This procedure is, 
often likely to result in unreasonably large element 
diameters for the longest elements, relative to standard 
amateur construction practices. 

Since most amateur designs using aluminum tubing 
for elements employ stepped-diameter (tapered) elements, 
roughly uniform element diameters will result unless the 
LPDA mechanical design tries to lighten the elements at 
the forward end of the array. This practice may not be 
advisable, however. Larger elements at the high end of the 
design spectrum often counteract (at least partially) the 
natural decrease in high-frequency gain and show improved 
performance compared to smaller diameter elements. 

An alternative construction method for LPDAs uses 
wire throughout. At every frequency, single-wire elements 
reduce gain relative to larger-diameter tubular elements. 
An alternative to tubular elements appears in Fig 8. For 
each element of a tubular design, there is a roughly 
equivalent 2-wire element that may be substituted. The 
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Fig 8—A substitute for a large-diameter tubular element 


composed of two wires shorted at both the outer ends 
and at the center junction with the phase-line. 


spacing between the wire is determined by taking one of 
the modeled tubular elements and finding its resonant fre- 
quency. A two-wire element of the same length is then 
constructed with shorts at the far ends and at the june- 
tions with the phase-line. The separation of the two wires 
is adjusted until the wire element is resonant at the same 
frequency as the original tubular element. The required 
separation will vary with the wire chosen for the element. 
Models used to develop these substitutes must pay close 
attention to segmentation rules for NEC due to the short 
length of segments in the end and center shorts, and to 
the need to keep segment junctions as exactly parallel as, 
possible with close-spaced wires. 


Feeding and Constructing the LPDA 
Original design procedures for LPDAs used a single, 


ordinarily fairly high, characteristic impedance for the 
phase-line (antenna feeder). Over time, designers real- 


ized that other values of impedance for the phase line 
offered both mechanical and performance advantages for 
LPDA performance. Consequently, for the contemporary 
designer, phase-line choice and construction techniques 
are almost inseparable considerations. 

High-impedance phase lines (roughly 200 @ and 
higher) are amenable to wire construction similar to that 
used with ordinary parallel-wire transmission lines. They 
require careful placement relative to a metal boom used 
to support individual elements (which themselves must be 
insulated from the support boom). Connections also re~ 
quire care. If the phase-line is given a half-twist between 
each element, the construction of the line must ensure con- 
stant spacing and relative isolation from metal supports, 
to maintain a constant impedance and to prevent shorts, 

Along with the standard parallel-wire line, shown 
in Fig 9A, there are a number of possible LPDA struc- 
tures using booms. The booms serve both to support the 
elements and to create relatively low-impedance (under 
200 Q) phase-lines. Fig 9B shows the basics of a twin 
circular tubing boom with the elements cross-supported 
by insulated rods. Fig 9C shows the use of square tubing 
with the elements attached directly to each tube by 
through-bolts. Fig 9D illustrates the use of L-stock, which 
may be practical at VHF frequencies. Each of these 
sketches is incomplete, however, since it omits the nec~ 
essary stress analyses that determine the mechanical fea- 
sibility of a structure for a given LPDA project. 

The use of square boom material requires some 
adjustment when calculating the characteristic impedance 
of the phase-line. For conductors with a circular cross- 
section, 
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Fig 9—Four (of many) possible construction techniques, shown from the array end. In A, an insulated plate 


supports and separates the wires of the phase 


, Suitable with wire or tubular elements. A dual circular boom 


phase-line also supports the elements, which are cross-supported for boom stability. Square tubing is used in C, 
with the elements joined to the boom/phase-line with through-bolts and an insert in each half element. The L-stock 


shown in D is useful for lighter VHF and UHF arrays. 
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d=Li8w (Eq5) 


where d is the approximate equivalent diameter of the 
square tubing and w is the width of the tubing across one 
side. Thus, for a given spacing, a square tube permits you 
to achieve a lower characteristic impedance than round 
conductors. However, square tubing requires special 
attention to matters of strength, relative to comparable 
round tubing. 

Electrically, the characteristic impedance of the 
LPDA phase-line tends to influence other performance 
parameters of the array. Decreasing the phase-line Zo also 
decreases the feed-point impedance of the array. For small 
designs with few elements, the decrease is not fully 
matched by a decrease in the excursions of reactance, 
Consequently, using a low impedance phase- 
make it more difficult to 
the entire frequency range. However, higher-impedance 
phase-lines may result in a feed-point impedance that 
requires the use of an impedance-matching balun. 

Decreasing the phase-line Zy also tends to increase 
LPDA gain and front-to-back ratio. There is a price to be 
paid for this performance improvement—weaknesses at 
specific frequency regions become much more pronounced 
with reductions in the phase-line Zo. For a specific array 
you must weigh carefully the gains and losses, while 
‘employing one or more transmission line stubs to get, 
around performance weaknesses at specific frequencies. 

Depending upon the specific values of t and 6 
selected for a design, you can sometimes select a phase- 
line Zp that provides either a 50- or a 75-Q feed-point 
impedance, holding the SWR under 2:1 for the entire 
design range of the LPDA. The higher the values of + 
and 6 for the design, the lower the reactance and resis- 
tance excursions around a central value. Designs using 
optimal values of with high values of t show a very 
s 1 i g h t 
capacitive reactance throughout the frequency range. 
Lower design values obscure this phenomenon due to 
the wide range of values taken by both resistance and 
reactance as the frequency is changed. 

At the upper end of the frequency range, the source 
resistance value decreases more rapidly than elsewhere 
in the design spectrum. In larger arrays, this can be over- 
come by using a variable Zy phase-line for approximately 
the first 20% of the array length. This technique is, how- 
ever, difficult to implement with anything other than wire 


phase-lines. Begin with a line impedance about half of 
the final value and increase the wire spacing evenly until 
it reaches its final and fixed spacing. This technique can 
sometimes produce smoother impedance performance 
‘across the entire frequency span and improved high-fre- 
quency SWR performance. 

Designing an LPDA requires as much attention to 
designing the phase-line as to element design. It is always 
useful to run models of the proposed design through sev- 
eral iterations of possible phase-line Z, values before 
freezing the structure for construction, 


Special Design Corrections 

The curve for the sample 8504 LPDA in Fig 7 
revealed several deficiencies in standard LPDA designs. 
‘The weakness in the overall curve was corrected by the 
use of a stub to eliminate or move the frequency at which 
rearward elements operated in a harmonic mode. In the 
course of describing the characteristics of the array, we 
have noted several other means to improve performance. 
Fattening elements (either uniformly or by increasing 
their diameter in step with t) and reducing the character- 
istic impedance of the phase-line are capable of small 
improvements in performance. However, they cannot 
wholly correct the tendency of the array gain and front- 
to-back ratio to fall off at the upper and lower limits of 
the LPDA frequency range. 

One technique sometimes used to improve perfor- 
mances near the frequency limits is to design the LPDA 
for upper and lower frequency limits much higher and 
lower than the frequencies of use. This technique unnec- 
essarily increases the overall size of the array and does 
not eliminate the downward performance curves. Increas- 
ing the values of t and will usually improve perfor- 
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Fig 10—A before and after sketch of an LPDA, showing 
the original lengths of the elements and their 
adjustments from diminishing the value of t at both 
ends of the array. See the text for the amount of 
change applicable to each element. 
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mance at no greater cost in size than extending the fre- 
quency range. Increasing the value of t is especially ef- 
fective in improving the low frequency performance of 
an LPDA. 

Working within the overall size limits of a standard 
design, one may employ a technique of circularizing the 
value of 1 for the rear-most and forward-most elements. 
See Fig 10, which is not to-scale relative to overall array 
length and width. Locate (using an antenna-modeling pro- 
gram) the element with the highest current at the lowest, 
operating frequency, and the element with the highest 
current at the highest operating frequency. The adjust- 
ments to element lengths may begin with these elements, 
‘or—at most—one element further toward the array cen- 
ter. For the first element (counting from the center) to be 
modified, reduce the value of t by about 0.5%. For a rear- 
‘ward element, use the inverse of the adjusted value of + 
to calculate the new length of the element relative to the 
unchanged element just forward of the change. For a for- 
ward element, use the new value of € to calculate the new 
length of the element relative to the unchanged element 
immediately to the rear of it. 

For succeeding elements outward, calculate new val- 
ues of t from the adjusted values, increasing the incre- 
ment of decrease with each step. Second adjusted 
elements may use values of t about 0.75% to 1.0% lower 
than the values just calculated. Third adjusted elements 
may use an increment of 1.0% to 1.5% relative to the 
preceding value. 

Not all designs require extensive treatment. As the 
values of t and 6 increase, fewer elements may require 
adjustment to obtain the highest possible gain at the fre- 


quency limits, and these will always be the most outward 
elements in the array. A second caution is to check the 
feed-point impedance of the array after each change to 
censure that it remains within design limits, 

Fig 11 shows the free-space gain curves from 14 to 
30 MHz for a 10-clement LPDA with an initial t of 0.89 
and a 6 of 0.04. The design uses a 200-0 phase-line, 0.5- 
inch aluminum elements, and a 3-inch 600-Q stub. The 
lowest curve shows the modeled performance across the 
design frequency range with only the stub, Performance 
at the frequency limits is visibly lower than within the 
peak performance region. The middle curve shows the 
effects of circularizing t. Average performance levels 
have improved noticeably at both ends of the spectrum. 

In lieu of, or in addition to, the adjustment of ele- 
ment lengths, you may also add a parasitic director to an 
LPDA, as shown in Fig 12. The director is cut roughly 
for the highest operating frequency. It may be spaced 
between 0.1 2 and 0.15 A from the forward-most element 
of the LPDA. The exact length and spacing should be 
determined experimentally (or from models) with two 
factors in mind. First, the element should not adversely 
effect the feed-point impedance at the highest operating 
frequencies. Close spacing of the director has the great- 
est effect on this impedance. Second, the exact spacing 
and element length should be set to have the most de- 
sired effect on the overall performance curve of the ar- 
ray. The mechanical impact of adding a director is to 
increase overall array length by the spacing selected for 
the element. 

The upper curve in Fig 11 shows the effect of add- 
ing a director to the circularized array already equipped 
with a stub. The effect of the director is cumulative, in- 
creasing the upper range gain still further. Note that the 
added parasitic director is not just effective at the highest 
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ig 11—The modeled free space gain from 14 to 
30 MHz of an LPDA with + of 0.89 and o of 0.04. 
‘Squares: just a stub to eliminate a weakness; Triangles: 
with a stub and circularized elements, and Circles: with 
a stub, circularized elements and a parasitic director. 
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Fig 12—A generalized sketch of an LPDA with the 
addition of a parasitic director to improve performance 
at the higher frequencies within the design range. 


frequencies within the LPDA design range. It has a per- 
ceptible effect almost all the way across the frequency 
span of the array, although the effect is smallest at the 
low-frequency end of the range. 

‘The addition of a director can be used to enhance 
upper frequency performance of an LPDA, as in the 
illustration, or simply to equalize upper frequency per- 
formance with mid-range performance. High-t designs, 
with good low-frequency performance, may need only a 
director to compensate for high-frequency gain decrease. 
One potential challenge to adding a director to an LPDA 
is sustaining a high front-to-back ratio at the upper fre- 
quency range. 

Throughout the discussion of LPDAs, the perfor- 
mance curves of sample designs have been treated at all 
frequencies alike, seeking maximum performance across 
the entire design frequency span. Special compensations 
are also possible for ham-band-only LPDA designs. They 
include the insertion of parasitic elements within the 
array as well as outside the initial design boundaries, 
In addition, stubs may be employed not so much to elimi- 
nate weaknesses, but only to move them to frequencies 
outside the range of amateur interests, 


A DESIGN PROCEDURE FOR AN LPDA 


The following presents a systematic step-by-step 
design procedure for an LPDA with any desired band- 
width. The procedure requires some mathematical calcu- 
lations, but a common calculator with square-root, 
logarithmic, and trigonometric functions is completely 
adequate. The notation used in this section may vary 
slightly from that used earlier in this chapter. 

1) Decide on an operating bandwidth B between f,, 
lowest frequency and f,, highest frequency: 


fy 
al (Eq 6) 


2) Choose t and 6 to give the desired estimated av- 
erage gain. 


0.8< +<0.98and0.0356 6 4p 4?) 


where Gp, is calculated as noted earlier in this chapter. 
3)Determine the value for the cotangent of the apex 
half-angle o. from 


do 
cot 


48) 


Although a is not directly used in the calculations, 
cot ris used extensively. 

4) Determine the bandwidth of the active region By, 
from 


B, =1.1+7.7(I-t} cota (Eq 9) 
'5) Determine the structure (array) bandwidth B, from 
By =BxB,, (Eq 10) 


6) Determine the boom length L, number of elements 
N, and longest element length /, 


(Eq iy 


(Eq 12) 


(Eq 13) 


(Eq 14) 


Usually the calculated value for N will not be an 
integral number of elements. If the fractional value is 
more than about 0.3, increase the value of N to the next 
higher integer. Increasing the value of N will also increase 
the actual value of L over that obtained from the sequence 
of calculations just performed. 

Examine L, N and 1, to determine whether or not 
the array size is acceptable for your needs. If the array is 
too large, increase f, or decrease 6 or t and repeat steps 
2 through 6. Increasing f, will decrease all dimensions. 
Decreasing ¢ will decrease the boom length. Decreasing 
will decrease both the boom length and the number of 
elements. 

7) Determine the terminating stub Z,. (Note: For 
many HF arrays, you may omit the stub, short out the 
longest element with a 6-inch jumper, or design a stub to 
overcome a specific performance weakness.) For VHF 
and UHF arrays calculate the stub length from 


(Eq 15) 


8) Solve for the remaining element lengths from 


(Eq 16) 
9) Determine the element spacing dj.> from 


(at 


(Eq 17) 


where , and f2 are the lengths of the rearmost 
elements, and dj is the distance between the elements 
with the lengths ¢, and f2. Determine the remaining ele- 
ment-to-element spacings from 


Afospn= tala (Eq 18) 


0) 


10) Choose Rp, the desired feed-point resistance, to 
azive the lowest SWR for the intended balun ratio and feed- 
line impedance. Ro, the mean radiation resistance level 
of the LPDA input impedance, is approximated by: 
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(Eq 19) 


where the component terms are defined and/or calculated 
in the following way. 

From the following equations, determine the neces 
sary antenna feeder (phase-line) impedance, Z 


~ ro at] 41 


(Eq 20) 


(Eq 21) 


Zay is the average characteristic impedance of a 
dipole and is given by 


Z, 


sls 


The rati 
the element n, 


‘Av (Eq22) 


Iy/diam, is the length-to-diameter ratio of 


11) Once Zy has been determined, select a combina- 
tion of conductor size and spacing to achieve that imped- 
ance, using the appropriate equation for the shape of the 
conductors. If an impractical spacing results for the 
antenna feeder, select a different conductor diameter and 
repeat step 11. In severe cases it may be necessary to select 
a different Ry and repeat steps 10 and 11. Once a satisfac 
tory feeder arrangement is found, the LPDA design is com- 
plete, 

A number of the LPDA design examples at the end 
of this chapter make use of this calculation method. How- 
ever, the resultant design should be subjected to exten- 


Director 


Log=Cell Driver 


Reflector 


Fig 13—A sketch of a typical monoband log-cell Yagi. 
‘The reflector is, in principle, optional. The log-cell may 
have from 2 to 5 (or more elements). There may be one 
or more directors. 
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sive modeling tests to determine whether there are per- 
formance deficiencies or weaknesses that require modi- 
fication of the design before actual construction. 


Log-Cell Yagis 

Fig 12 showed an LPDA with an added parasitic 
director. Technically, this converts the original design into 
a hybrid Log-Yag. However, the term Log-Yag (or more 
generally the fog-cell Yagi) is normally reserved for 
monoband designs that employ two or more elements in 
‘asingle-band LPDA arrangement, together with (usually) 
a reflector and one or more directors. The aim is to pro- 
duce a monoband directive array with superior directional 
qualities over a wider bandwidth than can be obtained 
from many Yagi-Uda designs. Log-cells have also been 
successfully used as wide-band driver sections for multi- 
band Yagi beams. 

Fig 13 illustrates the general outline of a typical log- 
cell Yagi. The driver section consists of a log periodic 
array designed for the confines of a single amateur band 
or other narrow range of frequencies. The parasitic 
reflector is usually spaced about 0.085 2, behind the rear 
element of the log cell, while the parasitic director is 
normally placed between 0.13 and 0.15 2 ahead of the 
log cell 

Early log-cell Yagis tended to be casually designed. 
Most of these designs have inferior performance com- 
pared with present-day computer-optimized Yagis of the 
same boom length. Some were designed by adding one 
‘or more parasitic directors to simple phased pairs of ele- 
ments. Although good performance is possible, the oper- 
ating bandwidth of these designs is small, suitable only 
for the so-called WARC bands. However, when the log 
cell is designed as a narrowly spaced monoband log 
periodic array, the operating bandwidth increases dramati- 
cally. Operating bandwidth here refers not just to the SWR 
bandwidth, but also to the gain and front-to-back band- 
width, 

The widest operating bandwidths require log cells of 
3 to 4 elements for HF bands like 20 meters, and 4 to 
5 elements for bands as wide as 10 meters. (The bandwidth 
of the 20-meter band is approximately 2.4% of the center 
frequency, while the bandwidth of the 10-meter band 
approaches 9.4% of the center frequency.) A practical 
limit to 6 for log cells used within parasitic arrays is about 
0.05. Slightly higher gain may be obtained from higher 
values of 6, but at the cost of a much longer log cell. The 
limiting figure for o results in a practical value for t 
between 0.94 and 0.95 to achieve a cell with the desired 
bandwidth characteristies 


Anarray designed according to these principles has 
‘an overall length that varies with the size of the log cell 
A typical array with a 4-element log-cell and single para- 
sitic elements fore and aft is a bit over 0.35 2 long, while 
‘a S-element log-cell Yagi will be between 0.4 and 0.45 2 
long. Spacing the reflector more widely (for example, up 


Fig 14—Overlaid free-space azimuth patterns for 
virtually identical 5-element log-cell Yagis (with 
3-element log-cells), one having the elements V'd 
forward at 40° from linear (dashed), the other with 
linear elements (solid). 


to 0.25 A) has litle effect on either gain or front-to-back 
ratio. Wider spacing of the director will also have only a 
small effect on gain, ince the arrangement is already close 
to the boom-length limit recommended for director- 
driver-reflector arrays. Further lengthening of the boom 
should be accompanied by the addition of one or more 
directors to the array, if additional gain is desired from 
the design 

‘Compared to a modern-day Yagi of the same boom 
length, the log-cell Yagi is considerably heavier and 
exhibits a higher wind load due to the requirements of 
the log-cell driver. Yagis with 3- and 4-elements within 
the boom lengths just given are capable of peak free-space 
gain values of 8.2 to 8.5 dBi, while sustaining a high front- 
to-back ratio, Peak front-to-back ratios are typically in 


Wire Log-Periodic Dipole 


These wire log-periodic dipole arrays for the lower 
HF bands are simple in design and easy to build. They 
are designed to have reasonable gain, be inexpensive and 
lightweight, and may be assembled with stock items 
found in large hardware stores. They are also strong: 

they can withstand a hurricane! These antennas were first 
described by John J. Uhl, KVSE, in QST for August, 


the vicinity of 25 dB. However, Yagi gain tends to 
decrease below the design frequency (and increase above 
it), while the front-to-back ratio tends to taper off as one 
moves away from the design frequency. For the largest 
log-cell sizes, log-cell Yagis of the indicated boom lengths 
are capable of sustaining at least 8.2 dBi free-space gain 
over the entire band, with front-to-back ratios of over 
30 dB across the operating bandwidth. 

The feed-point impedance of a log-cell Yagi is a 
function of both the cell design and the influence of the 
parasitic elements. However, for most cell designs and 
common phase-line designs, you can achieve a very low 
variation of resistance and reactance across a desired 
band. In many cases, the feed impedance will form a direct 
match for the standard 50-2 coaxial cable used by most 
amateur installations. (In contrast, the high-gain, high- 
front-to-back Yagis used for comparison here have feed- 
point impedances ranging from 20 to 25 ©.) 

‘A common design technique used in some LPDA 
and log-cell Yagi designs is to bend the elements forward 
to form a series of Vs. A forward angle on each side of 
the array centerline of about 40° relative to a linear ele- 
ment has been popular. In some instances, the mec 
cal design of the array may dictate this element formation. 
However, this arrangement has no special benefits and 
possibly may degrade performance. 

Fig 14 shows the free-space azimuth patterns of a 
single S-element log-cell Yagi in two versions: with the 
elements linear and with the elements bent forward 40° 
‘The V-array loses about '/s dB gain, but more significantly, 
it loses considerable signal rejection from the sides. Simi- 
lar comparisons can be obtained from pure LPDA de- 
signs and from Yagi-Uda designs when using elements 
in the vicinity of 2 4. Unless mechanical considerations 
call for arranging the elements in a V, the technique is 
not recommended. 

Ultimately, the decision to build and use a log-cell 
Yagi involves balancing the additional weight and wind- 
load requirements of this design against the improvements 
in operating bandwidth for all of the major operating 
parameters, especially with respect to the front-to-back 
ratio and the feed-point impedance. 


Arrays for 3.5 or 7 MHz 


1986. Fig 15 shows one method of installation. You can 
use the information here as a guide and point of refer- 
ence for building similar LPDAs. 

If space is available, the antennas can be rotated or 
repositioned in azimuth after they are completed. A 75- 
foot tower and a clear turning radius of 120 feet around 
the base of the tower are needed. The task is simplified 
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Fig 15—Typical lower-HF wire 4-element log periodic 
dipole array erected on a tower. 


if you use only three anchor points, instead of the five 
shown in Fig 15. Omit the two anchor points on the for: 
ward element, and extend the two nylon strings used for 
clement stays all the way to the forward stay line, 


DESIGN OF THE LOG-PERIODIC 
DIPOLE ARRAYS 


Design constants for the two arrays are listed in 
‘Tables 1 and 2. The preceding sections of this chapter con- 
tain the design procedure for arriving at the dimensions 
and other parameters of these arrays. The primary differ- 
ences between these designs and one-octave upper HF 
arrays are the narrower frequency ranges and the use of 
wire, rather than tubing, for the elements. As design 
examples for the LPDA, you may wish to work through 
the step-by-step procedure and check your results against 
the values in Tables | and 2. You may also wish to com- 
pare these results with the output of an LPDA design soft- 
‘ware package such as LPCAD28. 

From the design procedure, the feeder wire spacings 
for the two arrays are slightly different, 0.58 inch for the 
3.5-MHz array and 0.66 inch for the 7-MHz version. As a 
compromise toward the use of common spacers for both 
bands, a spacing of Vs inch is quite satisfactory. Surpris- 
ingly, the feeder spacing is not at all critical here from 

‘a matching standpoint, as may be verified from Zy 
276 log (2S/diam) and from Eq 4. Increasing the spacing 
to as much as %s inch results in an Ry SWR of less than 
1:1 on both bands. 


Constructing the Arrays 

Construction techniques are the same for both the 
3.5 and the 7-MHz versions of the array. Once the designs 
are completed, the next step is to fabricate the fittings: 
see Fig 16 for details. Cut the wire elements and feed 
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lines to the proper sizes and mark them for identifica- 
tion, After the wires are cut and placed aside, it will be 
difficult to remember which is which unless they are 
marked. When you have finished fabricating the connec 
tors and cutting all of the wires, the antenna can be 
assembled. Use your ingenuity when building one of these 
antennas; it isn’t necessary to duplicate these LPDAs pre- 
cisely. 

The elements are made of standard #14 stranded cop- 


Table 1 


Design Parameters for the 3.5-MHz Single-Band 
LPDA 


Element lengths: 
149.091 feet 
125.982 feet 
106.455 feet 
89.954 feet 
Element spacings: 
dj2=17.891 feet 
15.118 feet 
12.775 feet 
Element diameters 
‘All = 0.0641 inches 
eidiameter ratios: 


= 3.8 dBd 


23 elements (decrease to 4) 
inch short jumper 


io = 208 2 uidiam, = 16840 
Zyy = 897.8. Hidiams = 19929 
0.06527 Hidiam, = 23585 
3198.0 uidiam, = 27911 


‘Antenna feeder: 
#12 wire spaced 0.58 inches 
Balun: 4:1 

Feed line: 52-0 coax 


Table 2 
Design Parameters for the 7-MHz Single-Band 


Element lengths: 


11 = 71.304 feet 
60.252 feet 

50.913 feet 

43.022 feet 

Element spacings: 

dia = 8.557 feet 

Bay = 1.3864 dys = 7.230 feet 


1.8070 dgq = 6.110 feet 

Element diameters: 
‘All = 0.0641 inches 

‘diameter ratios: 
‘didiam, = 8054 
‘Bidiamy = 9531 


‘Antenna feeder: 


#12 wire spaced 0.66 inches 
Balun: 4:1 
Feed line: 52-0 coax 


bole size to 
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Fig 16—Pleces for the LPDA that require fabrication. At A is the forward connector, made from ‘/=inch Lexan 
(polycarbonate). At B is the rear connector, also made from "inch Lexan. At C is the pattern for the phase-line 
spacers, made from '/vinch Plexiglas. Two spacers are required for the array. 


— per wire, The two parallel feed lines are made of #12 
solid copper-coated steel wire, such as Copperweld. 
cavurweren Copperweld will not stretch when placed under tension. 
118 pour Stance We ‘The front and rear connectors are cut from '/:-inch thick 
4 Lexan sheeting, and the feed-line spacers from '/s-inch 

eh, > Plexiglas sheeting. 


Study the drawings carefully and be familiar with 
the way the wire elements are connected to the two feed 
lines, through the front, rear and spacer connectors. 
Details are sketched in Figs 17 and 18, Connections made 
in the way shown in the drawings prevent the wire from 
breaking. All of the rope, string, and connectors must be 
made of materials that can withstand the effects of ten- 
sion and weathering. Use nylon rope and strings, the type 

fer that yachtsmen use. Fig 15 shows the front stay rope com- 

Svea ing down to ground level at a point 120 fect from the base 
of a 75-foot tower. Space may not be available for this 
arrangement in all cases. An alternative installation tech- 
nique is to put a pulley 40 feet up in a tree and run the 

is bea front stay rope through the pulley and down to ground 

Undesice of Comactr level at the base of the tree. The front stay rope will have 

eet to be tightened with a block and tackle at ground level 

Putting an LPDA together is not difficult if it is 
assembled in an orderly manner. It is easier to connect 
the elements to the feeder lines when the feed-line 


mnie 


Ae ae 
Fig 17—The generic layout for the lower HF wire LPDA. 
to fron Use a 4:1 balun on the forward connector. See Tables 1 
d and 2 for dimensions. 
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Fig 18—Details of the electrical and mechanical 
connections of the elements to the phase-line. Knots 
in the nylon rope stay line are not shown. 


assembly is stretched between two points. Use the tower 
and a block and tackle, Attaching the rear connector to 
the tower and assembling the LPDA at the base of the 
tower makes raising the antenna into place a much sim- 
pler task. Tie the rear connector securely to the base of 
the tower and attach the two feeder lines to it. Then thread 
the two feed-line spacers onto the feed line. The spacers 
will be loose at this time, but will be positioned properly 
when the elements are connected. Now connect the front 
connector to the feed lines. A word of caution: Measure 
accurately and carefully! Double-check all measurements 
before you make permanent connections. 

Connect the elements to the feeder lines through 


10-14 Chapter 10 


their respective plastic connectors, beginning with ele- 
ment 1, then element 2, and so on. Keep all of the ele 
ment wires securely coiled. If they unravel, you will have 
‘a tangled mess of kinked wire. Recheck the element-to- 
feeder connections to ensure proper and secure junctions. 
(See Figs 17 and 18.) Once you have completed all of the 
element connections, attach the 4:1 balun to the under- 
side of the front connector. Connect the feeder lines and 
the coaxial cable to the balun. 

You will need a separate piece of rope and a pulley 
to raise the completed LPDA into position. First secure 
the eight element ends with nylon string, referring to Figs 
15 and 17. The string must be long enough to reach the 
tie-down points. Connect the front stay rope to the front 
connector, and the completed LPDA is now ready to be 
raised into position. While raising the antenna, uncoil 
the element wires to prevent their getting away and tan- 
ling up into a mess. Use care! Raise the rear connector 
to the proper height and attach it securely to the tower, 
then pull the front stay rope tight and secure it. Move the 
elements so they form a 60° angle with the feed lines, in 
the direction of the front, and space them properly rela 
tive to one another. By adjusting the end positions of the 
elements as you walk back and forth, you will be able to 
align all the elements properly. Now it is time to hook 
your rig to the system and make some contacts. 


Performance 


The reports received from these LPDAs were com- 
pared with an inverted-V dipole. All of the antennas are 
fixed; the LPDAs radiate to the northeast, and the dipole 
to the northeast and southwest. The apex of the dipole is 
at 70 feet, and the 40- and 80-meter LPDAS are at 60 and 
50 feet, respectively. Basic array gain was apparent from 
many of the reports received. During pileups, it was pos- 
sible to break in with a few tries on the LPDAS, yet it was 
impossible to break in the same pileups using the dipole. 
‘The gain of the LPDAs is several dB over the dipole. For 
additional gain, experimenters may wish to try a para- 
sitic director about '/:2 ahead of the array. Director length 
and spacing from the forward LPDA element should be 
field-adjusted for maximum performance while maintain- 
ing the impedance match across each of the bands. 

Wire LPDA systems offer many possibilities. They 
are easy to design and to construct: real advantages in 
countries where commercially built antennas and parts 
are not available at reasonable cost. The wire needed can 
be obtained in all parts of the world, and cost of con- 
struction is low. If damaged, the LPDAs can be repaired 
easily with pliers and solder. For those who travel on 
DXpeditions where space and weight are large consider- 
ations, LPDAs are lightweight but sturdy, and they per- 
form well 


competitiveness in Europe, in which SG could play a significant role. This included earmarking 
500 million euros for the Horizon-2020™ research programme. 


‘The advent of new technologies (4G, fibre and soon 5G) and new services (the Internet of Things, the 
cloud, big data) should facilitate businesses’ digital transition. SG in particular is expected to be a 
very versatile technology, capable of undergirding a very wide array of uses, and could go a long way 
in furthering companies’ transition to digital technologies and solutions. 


3.2 Spectrum harmonisation 


5G is emerging as a technology that will use both low frequencies (f<1GH2), high frequencies 
(1.GHz <f <6 GHz) and, for the first time ever in consumer networks, very high frequencies referred 
to as “millimetre wave” frequencies (f > 6 GHz). 


This spectrum diversity is entirely bound up with the promises of SG: extended coverage (low 
frequencies), ultra high speeds (very large channels in very high frequency bands), low power 
consumption. Furthermore, satellite services will also contribute to the development of this new 
technology, especially in areas that are difficult to cover and to provide backhaul solutions. The 
satellite industry is thus taking an interest in 5G, and wants to be involved in defining these new 
generation network. 


3.2.1 Millimetre wave frequencies 
The “millimetre” band, also referred to as millimetre wave spectrum, aka frequencies above 6 GHz, 
are essential to enabling 5G to mark a departure from 4G, for the reasons cited in Section 1.5.1. 


At the latest World Radiocommunications Conference (WRC-15 in Geneva), a conference under the 
aegis of ITU whose objective is to change the way frequencies are allocated between users, 
discussions over the definition of future mobile bands made it possible to focus future 5G studies, for 
millimetre wave frequencies, on a certain number of bands situated between 24 GHz and 86 GHz 
{33.25 GHz identified in total): 24.25 -27.5 GHz, 31.8- 33.4 GHz, 37- 43.5 GHz, 45.5 - 50.2 GHz, 
50.4 - 52.6 GHz, 66 - 76 GHz, 81 - 86 GHz. 


It is important to stress that, even if the above-listed bands have been identified as “SG bands”, at 
this stage there is no way to know whether they can actually be used to deploy this new generation 
system: only the results of technical studies will make it possible to establish the constraints and 
rules of compliance, and to validate the feasibility of these hypotheses, 
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Figure 15. Millimetre wave frequencies identified at WRC-15 


Contrary to the conclusions of the Conference, which reflect European recommendations, the United 
States and certain Asian countries (South Korea, Japan) have decided to perform SG trials in the 
28 GHz band, and equipment suppliers such as Qualcomm and Samsung, have begun manufacturing 
28 GHz- band products. 


* https://ec-europa.eu/programmes/horizon2020/en/what-horlzon-2020 
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5-Band Log Periodic Dipole Array 


A rotatable log periodic array designed to cover the fre. 

quency range from 13 to 30 MHz is pictured in Fig 19. This 

is a large array having a free-space gain that varies from 6.6 

to over 6.9 dBi, depending upon the operating portion of the 

design spectrum. This antenna system was originally 

described by Peter D. Rhodes, WAAIVE, in Nov 1973 OST. 

A measured radiation pattern for the array appears in Fig 20. 
‘The characteristics of this array are: 

1) Half-power beamwidth, 43° (14 MHz) 

2) Design parameter t = 0.9 

3) Relative element spacing constant & 

4) Boom length, L = 26 feet 

5) Longest element 41 = 37 feet 10 inches. (A tabulation 


0.05 


Fig 19—The 13-30 MHz log periodic dipole array. 


_———— 


270° 902 


Fig 20—Measured radiation pattern of the 13-30 MHz 
LPDA. The front-to-back ratio is about 14 dB at 14 MHz 
and increases to 21 dB at 28 MHz. 


Table 3 
13-30 MHz LPDA Dimensions, feet 
Ele Nearest 
No. Length dy.1» (Spacing) Resonant 
1 srtoz 
2 3e07" 394" =dyy 14 Mie 
3 3079" B49" odsy 
4 arnt 308" = dy, 
5 24100" 28.1 = das 18 Mie 
6 Bea" 258" day 21 MHz 
7 Bote" 228" = dey 
3 tet 201" 2dr 24.9 MHz 
9 1635" 19.7" = dog 28 MHz 
to 1a 79" 1°75" = deo 
1 1324" 156" = dion 
120 1105" 73.8" diye 
Table 4 
Materials list: 13-30 MHz LPDA 
Material Description Quantity 
4) Aluminum tubing—0.047" wall 
thickness 
1°12 or 6” lengths 126 lineal feet 
Ye —12" lengths 96 lineal feet 
We" oF 12’ lengths 66 lineal feet 
2/8" lengths 16 lineal feet 
2) Stainless-stee! hose clamps— 
2” max 48 0a 
3) Stainless-stee! hose clamps— 
te" max 26a 
4) TV type U bolts t4ea 
5) U bolts, galv. type 
Shee dea 
Wee” 2ea 
6) 1” ID polyethylene water- 
service pipe 160 lbvin.? test, 20 lineal feet 
approx. 1"/<” OD 
AYA)" «ie 1/8" aluminum 
‘Angle—6' lengths 30 lineal feet 
B) 1" 1" aluminum bar— _—_—*12 lineal feet 
6’ lengths 
7) 11" top rail of chain-link fence 26 lineal feet 
8) 1:1 toroid balun tea 
9) 6-32 « 1” stainless steel screws 24 ea 
6-32 stainless steel nuts 48 ea 
#6 solder lugs 2400 
10) #12 copper feeder wire 60 lineal feet 
11) 12” « 8” x ‘/<" aluminum plate 1ea 
B) 6” x4” x" aluminum plate 1 ea 
12A) 9” galv. Pipe 3 lineal feet 
B) 1” galv. pipe-mast 5 lineal feet 
13) Galv. guy wire 50 lineal feet 
14) "1" « 2” turnbuckles 4ea 
15) '/e" « 11" eye bolts 2ea 
16) TV guy clamps and eye bolts. 20a, 
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Fig 21—Construction diagrams of the 13-30 MHz LPDA. B and C show the method of 


king electrical connection 


between the phase-line and each half-element. D shows how the boom sections are joined. 
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Table 5 
Element Material Requirements: 13-30 MHz LPDA 


Elo. r Va a 
No. Tubing Tubing Tubing 
Len. Qty Len. Qty — Len. Qty 
1 e 2 6 2 gy 2 
2 e 2 2 a 
3 e 2 iat oo a Tims 
4 e 2 as’ 2 a 
5 e 2 eB: = 
6 e 2 e 2 = 
7 e 2 5s 2 = 
8 e 2 38° 2 — 
9 e 2 2s 2 = 
10 gy 2 5 2 md 1 
" x2 a2 = 
12 x2 a2 ease 


moor 
Angle Bar 
Len. Len, 
gy an 
Be 
a ae 
a ae 
gt ae 
yor 
Bat 
tN, iat 
zoo 
gt ae 
er 
BP 


of clement lengths and spacings appears in Table 3.) 

6) Total weight, 116 pounds 

7) Wind-load area, 10.7 square feet 

8) Required input impedance (mean resistance), Ry = 
72.Q, Z, = 6-inch jumper #18 wire 

9) Average characteristic dipole impedance, Z,y:337.8 2 

10) Impedance of the feeder, Z,: 117.1. 0 

11) Feeder: #12 wire, close spaced 

12) With a 1:1 toroid balun at the input terminals and a 
72-Q coax feed line, the maximum SWR is 1.4:1 
‘The mechanical assembly uses materials readily avail- 

able from most local hardware stores or aluminum supply 

houses. The materials needed are given in Table 4, In the 


construction diagram, Fig 21, the materials are referenced 
by their respective material list numbers. The photograph 
shows the overall construction, and the drawings show the 
details. Table 5 gives the required tubing lengths to con- 
struct the elements, 

Experimenters may wish to improve the performance 
of the array at both the upper and lower frequency ends of 
the design spectrum so that it more closely approaches the 
performance in the middle of the design frequency range, 
‘The most apt general technique for raising both the gain 
‘and the front-to-back ratio at the frequency extremes would 
be to circularize t as described earlier in this chapter. How- 
ever, other techniques may also be applied. 


The Telerana 


‘The Telerana (Spanish for spider web) isa rotatable 

log periodic antenna that is lightweight, easy to construct, 

and relatively inexpensive to build. Designed to cover 

12.1 to 30 MHz, it was co-designed by George Smith, 

W4AEO, and Ansyl Eckols, YVSDLT, and first described 

by Eckols in QST for Jul 1981. Some of the design 

parameters are as follow. 

)t=09 

2) 0 = 0.05 

3) Gain = 4.5 to 5.5 dBi (free-space) depending upon 
frequency 

4) Feed arrangement: 400-Q feeder line with 4:1 balun 
fed with $2-Q coax. The SWR is 1.5:1 or less in all 
amateur bands. 

The array consists of 13 dipole elements, properly 
spaced and transposed, along an open wire feeder hav- 
ing an impedance of approximately 400 Q. See Figs 22 
and 23. The array is fed at the forward (smallest) end 
with a 4:1 balun and RG-8 cable placed inside the front 
arm and leading to the transmitter. An alternative feed 
method is to use open wire or ordinary TV ribbon and a 
tuner, eliminating the balun. 


The frame that supports the array (Fig 24) consists 
of four 15-foot fiberglass vaulting poles slipped over short 
nipples at the hub, appearing like wheel spokes (Fig 25). 
Instead of being mounted directly into the fiberglass, the 
hub mounts into short metal tubing sleeves that are in- 
serted into the ends of each arm to prevent crushing and 
splitting the fiberglass. The necessary holes are drilled 
to receive the wires and nylon, 

A shopping list is provided in Table 6. The center 
hub is made from a 1"/-inch galvanized four-outlet cross 
or X and four 8-inch nipples (Fig 25). A I-inch diameter 
X may be used alternatively, depending on the diameter 
of the fiberglass. A hole is drilled in the bottom of the 
hhub to allow the cable to be passed through after welding 
the hub to the rotator mounting stub. 

All four arms of the array must be 15 feet long. They 
should be strong and springy to maintain the tautness of 
the array. If vaulting poles are used, try to obtain all of 
them with identical strength ratings. 

The forward spreader should be approximately 
14.8 feet ong. It can be much lighter than the four main 
arms, but must be strong enough to keep the lines rigid 
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Fig 22—The overall configuration of the spider web antenna. Nylon monofilament line is used from the ends of the 
elements to the nylon cords. Use nylon line to tie every point where lines cross. The forward fiberglass feeder lies 
‘on the feeder line and is tied to it. Both metric and English measurements are shown, except for the illustration of 
the feed-line insulator. Use soft-drawn copper or stranded wire for elements 2 through 12. Element 1 should use 
7/22 flexible wire or #14 AWG Copperweld. 
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Fig 23—The frame construction of the spider web antenna. Two different hub arrangements are illustrated. 
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Fig 24—Although the spider web antenna resembles a 
rotatable clothes line, it is much larger, as indicated by 
Figs 22 and 23. However, the antenna can be lifted by 
hand. 
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main bow of the spider web antenna, 
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Table 6 

‘Shopping List for the Telerana 

1—1'veinch galvanized, 4-outlet cross or X. 

4—8.inch nipples. 

‘4—15-foot long arms. Vaulting poles suggested. These must 
'be strong and all of the same strength (150 Ib) or better. 

1 Spreader, 14.8 foot long (must not be metal). 

1—4:1 balun unless open-wire or TV cable is used. 

12—Feed-line insulators made from Plexiglas or fiberglass. 

36—Small egg insulators. 

328 feet copper wire for elements: flexible 7/22 is 
‘suggested 

65. feet (20 m) #14 Copperweld wire for interelement feed 
line. 

164 feet (50 m) strong “é-inch dia cord. 

‘1—Roll of nylon monofilament fishing line, 50 Ib test or 
better. 

“4—Metal tubing inserts go into the ends of the fiberglass 

2—Fiberglass fishing-rod blanks. 

4—Hose clamps. 


If tapered, the spreader should have the same measure 
ments from the center to each end. Do not use metal for 
this spreader 

Building the frame for the array is the first construe- 
tion step. Once the frame is prepared, then everything 
else can be built onto it, Begin by assembling the hub 
‘and the four arms, letting them lie flat on the ground with 
the rotator stub inserted in a hole in the ground. The tip- 
to-tip length should be about 31.5 feet each way. A hose 
clamp is used at each end of the arms to prevent splitting. 
Place the metal inserts in the outer ends of the arms, with 
1 inch protruding. The mounting holes should have been 
drilled at this point. If the egg insulators and nylon cords 
‘are mounted to these tube inserts, the whole antenna can 
be disassembled simply by bending up the arms and pull- 
ing out the inserts with everything still attached. 

Choose the arm to be at the front end. Mount two 
egg insulators at the front and rear to accommodate the 
inter-element feeder. These insulators should be as close 
as possible to the ends, 

At each end of the cross-arm on top, install a small 
pulley and string nylon cord across and back. Tighten 
the cord until the upward bow reaches 3 feet above the 
bub. All cords will require retightening after the first few 
days because of stretching. The cross-arm can be laid on 
its side while preparing the feeder line. For the front-to- 
rear bowstring it is important to use a wire that will not 
stretch, such as #14 Copperweld. This bowstring is actu- 
ally the inter-element transmission line. See Fig 26. 

Secure the rear ends of the feeder to the two rear 
insulators, soldering the wrap. Before securing the fronts, 
slip the 12 insulators onto the two feed lines. A rope can 
be used temporarily to form the bow and to aid in mount- 
ing the feeder line. The end-to-end length of the feeder 


Improving the Telerana 

In The ARRL Antenna Compendium, Vol 4, Markus 
Hansen, VE7CA, described how he modified the 
Telerana to improve the front-to-back ratio on 20 and 
15 meters. In addition, he added a trapped 30/40- 
meter dipole that functions as a top truss system to 
stabilize the modified Telerana in strong uprising 
winds that otherwise could turn the antenna into an 
inside-out umbrella." 


Fig A shows the layout for the modified Telerana, 
and Table A lists the lengths and spacings for the 
#14 wire elements. Note that VE7CA used tuning 
stubs to tweak the 15 and 20-meter reflector wires 
for best rearward pattern. The construction tech- 
niques used by VE7CA are the same as for the 
original Telerana. Fig B shows a side view of the 
additional 40/30-meter-dipole truss sytem 
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Table A 
BE clement Lengins and spacings, 
in Inches 
Element'/: Element Total 
‘Number Length Distance 
(inches) (inches) 
Ri 2020 0.0 
Lt ator 102.0 
2 ist2 1407 
Ro 1380 1583 
is 1740 1759 
la 1583 207.9 
ts 14a 237.0 
te 131 261.5 
7 ti93 285.6 
te 1088 307.6 
lo 988 3276 
Nyon rage =—« LID. 8.9 345.8 
Lit 24 364.5 


Note: the reflector lengths do not include 
the length of the tuning stubs. 


Fig A—Physical layout of modified 
Telerana with 20 and 15-meter reflectors 
added (in place of first two elements in 
original Telerana). Note the tuning stubs 
for the added reflectors. 
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ig B—Side view of 30/40-meter 
addition to the modified Telerana, 

inch PVC pipe as a vertical 
and support for the 30/40- 
meter trapped dipole. 
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should be 30.24 feet. 

Now lift both bows to their upright position and tie 
the feeder line and the cross-arm bowstring together where 
they cross, directly over and approximately 3 feet above 
the hub. 

‘The next step is to install the number I rear element 
from the rear egg insulators to the right and left cross- 
arms using other egg insulators to provide the proper ele~ 
ment length. Be sure to solder the element halves to the 
transmission line. Complete this portion of the construc 
tion by installing the nylon cord catenaries from the front 
arm to the cross-arm tips. Use egg insulators where 
needed to prevent cutting the nylon cords. 

‘When preparing the fiberglass forward spreader, keep 
in mind that it should be 14.75 feet long before bowing and 
is approximately 13.75 feet across when bowed. Secure the 
center of the bowstring to the end of the front arm. Lay the 
spreader on top of the feed line, then tie the feeder to the 
spreader with nylon fish line. String the catenary from the 
spreader tips to the eross-arm tips, 

AL this point of assembly, prepare antenna elements 
2 through 13. There will be two segments for each ele- 
ment. At the outer tip make a small loop and solder the 
wrap. The loop will be for the nylon leader. Measure the 
length plus 0.4 inch for wrapping and soldering the ele- 


ment segment to the feeder. Seven-strand #22 antenna 
wire is suggested for the element wires. Slide the feed- 
line insulators to their proper position and secure them 
temporarily. 

‘The drawings show the necessary transposition 
scheme. Each element half of elements 1, 3, 5,7, 9, 11 
and 13 is connected to its own side of the feeder, while 
elements 2, 4, 6, 8, 10 and 12 cross over to the opposite 
side of the transmission line. 

‘There are four holes in each of the transmission-line 
insulators (see Fig 22). The inner holes are for the 
transmission line, and the outer ones are for the elements. 
Since the array elements are slanted forward, they should 
pass through the insulator from front to back, then back 
over the insulator to the front side and be soldered to the 
transmission line. The small drawings of Fig 22 show the 
details of the element transpositions 

Everywhere that lines cross, tie them together with 
aylon line, including all copper-nylon and nylon-nylon 
junctions. Careful tying makes the array much more rigid. 
However, all elements should be mounted loosely before 
you try to align the whole thing. Tightening any line or 
element affects all the others. There will be plenty of 
walking back and forth before the array is aligned prop- 
erly. Expect the array to be firm but not extremely taut. 


The Pounder: A Single-Band 144-MHz LPDA 


The 4-clement Pounder LPDA pictured in Fig 27 
was developed by Jerry Hall, KITD, for the 144-148 MHz 
band, Because it started as an experimental antenna, it 
utilizes some unusual construction techniques. However, 
it gives a very good account of itself, exhibiting a theo- 
retical free-space gain of about 7.2 dBi and a front-to- 
back ratio of 20 dB or better. The Pounder is small and 
light. It weighs just 1 pound, and hence its name. In ad- 
dition, as may be seen in Fig 28, it can be disassembled 
and reassembled quickly, making it an excellent antenna 
for portable use. This array also serves well as a fixed- 
station antenna, and may be changed easily to either ver- 
tical or horizontal polarization. 

The antenna feeder consists of two lengths of "x 
"Ycinch angle aluminum. The use of two facing flat 
surfaces permits the builder to obtain a lower characteristic 
impedance than can be obtained from round conductors with 
the same spacing. The feeder also serves as the boom for 
the Pounder. In the first experimental model, the array con- 
tained only two elements with a spacing of! foot, soa boom 
length of I foot was the primary design requirement for the 
4-element version. Table 7 gives the calculated design data 
for the 4-element array: 


Construction 


You can see the general construction approach for 
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Fig 27—The 144 MHz Pounder. The boom extension at the 
left of the photo is a 40-inch length of slotted PVC tubing, 
“ieinch outer diameter. The tubing may be clamped to the 
side of a tower or attached to a mast with a small boom- 
‘to-mast plate. Rotating the tubing at the clamp will 
provide for either vertical or horizontal polarization. 


Table 7 
Design Parameters for the 144-MHz Pounder 


ft = 143 MHz Element lengths: 
48 MHZ 3.441 feat 
0350 (2 = 3.165 feet 
0.92 (3 = 2.912 feet 
6 = 0.053 (4 = 2.679 feet 
Gain = 7.2 dBi = 5.1 dBd Element spacings: 
cot « = 2.6500 diz = 0.965 feat 
By = 1.2306 zs = 0.336 feat 
B, = 1.2736 ddgq = 0.309 feat 
0.98 fest Element diameters: 
90 elements (increase to 4) All = 0.25 inches 


‘diameter ratios: 
‘4idiam, = 128.6 
‘3idiamy = 139.8 
(2idiam, = 151.98 
idiamy = 165.1 


Fig 28—One end of each halt element is tapped to 
fasten onto boom-mounted screws. Disassembly of the 
array consists of merely unscrewing 8 half elements 
from the boom. The entire disassembled array creates 
‘a small bundle only 21 inches long. 


‘Antenna feeder: ‘Ys Js x “ie” angle aluminum 
spaced "1" 

Balun: 1:1 (see text) 

Feed line: 52-42 coax (see text) 


Fig 30—The feed arrangement, using a right-angle 


Fig 29—A close-up view of the boom, showing an chassis-mounted BNC connector, modified by 
alternative mounting scheme. This photo shows an removing a portion of the flange. A short length of bus 
lier 2-element array, but the boom construction is wire connects the center pin to the opposite feeder 


the same for 2 or 4 elements. See the text for details. conductor. 
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the Pounder in the photographs. Drilled and tapped pieces 
of Plexiglas sheet, 'J-inch thick, serve as insulating spac- 
crs for the angle aluminum feeder. Two spacers are used, 
cone near the front and one near the rear of the array. Four 
+#6-32 x cinch pan head screws secure each aluminum 
angle section to the Plexiglas spacers, as shown in Figs 29 
and 30. Use flat washers with each screw to prevent it 
from touching the angle stock on the opposite side of the 
spacer. Be sure the screws are not so long as to short out 
the feeder! A clearance of about '/« inch is sufficient. If 
you have doubts about the screw lengths, check the 
assembled boom for a short with your ohmmeter on a 
Megohm range. 

Either of two mounting techniques may be used for 
the Pounder. As shown in Figs 27 and 28, the rear spacer 
measures 10 x 2'/ inches, with 45° corners to avoid sharp 
points. This spacer also accommodates a boom extension 
of PVC tubing, which is attached with two #10- 
|inch screws. This tubing provides for side mounting 
the Pounder away from a mast or tower. 

An alternative support arrangement is shown in 
Fig 29, Two '/s x 3-inch Plexiglas spacers are used at the 
front and rear of the array. Each spacer has four holes 
drilled ‘/ inch apart and tapped with #6-32 threads. Two 
screws enter each spacer from either side to make a tight 
aluminum-Plexiglas-aluminum sandwich. At the center 
of the boom, secured with only two screws, is a 2 x 18- 
inch strip of /s-inch Plexiglas. This strip is Slotted about 
2 inches from each end to accept hose clamps for mount- 
ing the Pounder atop a mast. As shown, the strip is at- 
tached for vertical polarization. Alternate mounting holes, 
Visible on the now-horizontal lip of the angle stock, pro- 
Vide for horizontal polarization. Although sufficient, this 
mounting arrangement is not as sturdy as that shown in 
Fig 27 

‘The elements are lengths of thick-wall aluminum 
tubing, '/-inch OD. The inside wall conveniently accepts 
1 #10-32 tap. The threads should penetrate the tubing to 
a depth of at least 1 inch. Eight #10-32 x -inch screws 
are attached to the boom at the proper element spacings 
and held in place with #10-32 nuts, as shown in Fig 28 
For assembly, the elements are then simply screwed into 
place. 

Note that with this construction arrangement, the two 
halves of any individual element are not precisely col- 
linear; their axes are offset by about ‘4 inch. This offset 
{does not seem to affect performance. 


‘The Feed Arrangement 

Use care initially in mounting and cutting the ele- 
ments to length. To obtain the 180° crossover feed ar- 
rangement, the element halves from a single section of 
the feeder/boom must alternate directions. That is, for 
half-clements attached to one of the two pieces of angle 
stock, elements 1 and 3 will point to one side, and ele~ 
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ments 2 and 4 to the other. This arrangement may be seen 
by observing the element-mounting screws in Fig 28. 
Because of this mounting scheme, the length of tubing 
for an element “half” is not simply half of the length given 
in Table 7. After final assembly, halves for elements 2 
and 4 will have a slight overlap, while elements 1 and 3 
are extended somewhat by the boom thickness. The best, 
procedure is to cut each assembled element to its final 
length by measuring from tip to tip. 

The Pounder may be fed with RG-58 or RG-59 coax 
and a BNC connector. A modified right-angle chassis- 
mount BNC connector is attached to one side of the 
feeder/boom assembly for cable connection, Fig 30. The 
modification consists of cutting away part of the mount- 
ing flange that would otherwise protrude from the boom 
assembly. This leaves only two mounting-flange holes, 
but these are sufficient for a secure mount. A short length 
of small bus wire connects the center pin to the opposite 
side of the feeder, where it is secured under the mount- 
ing-screw nut for the shortest element. 

For operation, you may secure the coax to the PVC 
boom extension or to the mast with electrical tape. You 
should use a balun, especially if the Pounder is operated 
with vertical elements. A choke type of balun is satisfac- 
tory, formed by taping 6 turns of the coax into a coil of 
3 inches diameter, but a bead balun is preferred (see Chap- 
ter 26). The balun should be placed at the point where 
the coax is brought away from the boom. If the mounting 
arrangement of Fig 29 is used with vertical polarization, 
‘second balun should be located approximately '/: wave- 
length down the coax line from the first. This will place 
it at about the level of the lower tips of the elements. For 
long runs of coax to the transmitter, a transition from 
RG-58 to RG-8 or from RG-59 to RG-9 is suggested, to 
reduce line losses. Make this transition at some conve- 
nient point near the array. 

No shorting feeder termination is used with the ar- 
ray described here. The antenna feeder (phase-line) Zp 
of this array is in the neighborhood of 120 , and with a 
resulting feed-point impedance of about 72 Q. The theo- 
retical mean SWR with 52 Q line is 72/52 or 1.4 to 1 
Upon array completion, the measured SWR (52-Q line) 
‘was found to be relatively constant across the band, with 
1a value of about 1.7 to 1. The Pounder offers a better 
match to 72-2 coax. 

Being an all-driven array, the Pounder is more im- 
mune to changes in feed-point impedance caused by 
nearby objects than is a parasitic array. This became ob- 
vious during portable use when the array was operated 
near trees and other objects... the SWR did not change 
noticeably with antenna rotation toward and away from 
those objects. Consequently, the Pounder should behave 
well in a restricted environment, such as an attic. Weigh- 
ing just one pound, this array indeed does give a good 
account of itself. 


Meanwhile Europe, following the publication of an RSPG (Radio Spectrum Policy Group within which 
France is represented by ANFR) opinion®, decided to focus its first studies on the 26 GHz band 
{pioneer band), then on the 32 GHz and 42 GHz bands. Later, studies will be carried out on 
introducing 5G in all of the other bands identified by WRC-15. 


The rapid choice of the 26 GHz band as the pioneer band was made to enable economies of scale for 
equipment production, since itis very likely that dual-mode equipment, i.e. compatible with both the 
26 GHz and 28 GHz band, will be available for pioneer rollouts”. 


In France, the 26 GHz band is already being employed for a variety of uses: mobile operators’ 
wireless fixed links (4G infrastructure links), fixed satellite service systems and ground stations for 
space services. Studies will therefore need to be conducted to take these services into account, and 
define either the cohabitation or migration of applications to other millimetre wave frequencies. 


3.2.2. Frequency bands below 6 GHz 


The 3.4-3.8 GHz band 


It will not be possible for 5G to run entirely on millimetre wave frequencies: the propagation 
qualities of these bands make it difficult to achieve widespread coverage, particularly in more 
sparsely populated areas. In addition, these bands are still lacking in technological maturity when it 
comes to delivering consumer market communication services. As a result, a “core” band below 
6GHz needs to be identified: one that provides sufficiently large channels to enable future SG 
operators to provide innovative services and a higher quality of service than with 4G. 


‘The 3400 - 3800 MHz band appears to be a good candidate. 


First, it has already been harmonised for ultrafast mobile services inside the European Union. Initially 
the 3400 - 3600 MHz band and later the 3600 - 3800 MHz band were identified as the “IMT” bands 
(for high-speed mobile). Second, they have a great deal of available spectrum (up to 400 MHz). 
Lastly, technological advancements (antenna and signal processing) make these frequencies 
compatible with their use to establish macro cells, and not only microcells. To give an example, it 
emerged from the interviews conducted by Arcep that coverage with this band could be similar to 
coverage with the 2.6 GHz band, the core 4G frequency band. 


This analysis has been confirmed by the European Commission (in its 5G mandate to RSCOM™) and 
by RSPG™ which consider the 3.4 - 3.8 GHz band as the only credible SG band for deployments taking 
place before the end of 2020. 


In France, the band is assigned to Arcep, in a priority fashion, for the 3400 - 3600 MHz frequencies 
{and in 2 non-priority fashion to the Ministry of the Interior and the Ministry of Defence), and 
exclusively for the 3600 - 3800 MHz frequency bands. It is used for wireless local loop and satellite 
applications. 


The compatibility of future uses with current applications is being examined by the Electromagnetic 
Compatibility Advisory Committee, which is chaired by the National Frequency Agency and of which 


hut /rspg-spectrum.eu/wp-content/uploads/2013/05/RPSG16-032-Opinion_ $G.pdf 

% The tuning range is vital here: a system capable of regulating its frequency from 26 to 28 GHz appears entirely 
technologically achievable within the timeframe far the first 5G millmetre wave deployments, This would have been less 
true if a switch between 28 and 32 GHe were required. 

* ytuns://ircabe europa cu/sd/a/448dc765-$ide-4fc8-b6e0-S6ed6a1 ddbca/RSCOM16-40rev3%205G%420draft_mandate_C 
ePr.pdt 

nto://rspe- spectrum. eu/wp-content/uploads/2013/05/RPSG16-032-Opinion $G.pdt 
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Log Periodic-Yagi Arrays 


Several possibilities exist for constructing high-gain 
arrays that use the log periodic dipole array concept. One 
technique is to add parasitic elements to the LPDA to 
increase both the gain and the front-to-back ratio for a 
specific frequency within the passband of the LPDA. The 
LPDA.Yagi combination is simple in concept. It utilizes 
an LPDA group of driven elements, along with parasitic 
clements at normal Yagi spacings from the active elements, 
of the LPDA. 

The LPDA-Yagi combinations are endless. An 
example of a single-band high-gain design is a 2- or 3- 
clement LPDA for 21.0 to 21.45 MHz with the addition, 
of two or three parasitic directors and one parasitic re- 
flector. The name Log-Yag (log-cell Yagi) array has been, 
coined for these hybrid antennas. The LPDA portion of 
is of the usual design to cover the desired band- 

and standard Yagi design procedures are used for 
the parasitic elements. Information in this section is based, 
on a Dec 1976, OST article by P. D. Rhodes, KAEWG, 
and J. R. Painter, W4BBP, “The Log-Yag Array.” 


THE LOG-YAG ARRAY 


The Log-Yag array, with its added parasitic elements, 
provides higher gain and greater directivity than would 
be realized with the LPDA alone. Yagi arrays require a 
long boom and wide element spacing for wide bandwidth 
and high gain, because the Q of the Yagi system increases 
as the number of elements is increased oF as the spacing 
between adjacent elements is decreased. An increase in 
the Q of the Yagi array means that the total operating 
bandwidth of the array is decreased, and the gain and 
front-to-back ratio specified in the design are obtainable 
only over small portions of the band. [Older Yagi designs 
did indeed exhibit the limitations mentioned here. But 
‘modern, computer-aided design has resulted in wideband 
Yagis, provided that sufficient elements are used on the 
boom to allow stagger tuning for wide-band coverage. 
See Chapter 11.—Ed.] 

The Log-Yag system overcomes this difficulty by 
using a multiple driven element cell designed in accor- 
dance with the principles of the log periodic dipole ar- 
ray. Since this log cell exhibits both gain and directivity 
by itself, tis a more effective wide-band radiator than a 

imple dipole driven element. The front-to-back ratio and 
gain of the log cell can then be improved with the addi- 
tion of a parasitic reflector and director. 

It is not necessary for the parasitic element spacings 
to be large with respect to wavelength, since the log cell 
is the determining factor in the array bandwidth. As well, 
the element spacings within the log cell may be small 
‘with respect to a wavelength without appreciable dete- 
rioration of the cell gain. For example, decreasing 
the relative spacing constant (6) from 0.1 to 0.05 will 
decrease the array gain by less than 1 dB. 


A Practical Example 


‘The photographs and figures show a Log-Yag array 
for the 14-MHz amateur band. The array design takes the 
form of a 4-element log cell, a parasitic reflector spaced 
at 0.085 Ayyaq, and a parasitic director spaced at 0.15 Ry 
(where Ayax is the longest free-space wavelength within 
the array passband). Array gain is almost unaffected with 
reflector spacings from 0.08 i to 0.25 A, and the increase 
in boom length is not justified. The function of the 
reflector is to improve the front-to-back ratio of the log 
cell, while the director sharpens the forward lobe and 
decreases the half-power beamwidth. As the spacing 
between the parasitic elements and the log cell decreases, 
the parasitic elements must increase in length. 

The log cell is designed to meet upper and lower 
band limits with 6 = 0.05. The design parameter t is 
dependent on the structure bandwidth, B,. When the log 
periodic design parameters have been found, the element 
length and spacings can be determined. 

Array layout and construction details can be seen in 
Figs 31 through 34. Characteristics of the array are given 
in Table 8. 

The method of feeding the antenna is identical to 
that of feeding the log periodic dipole array without the 
parasitic elements. As shown in Fig 31, a balanced feeder 
is required for each log-cell element, and all adjacent ele- 
ments are fed with a 180° phase shift by alternating con- 
nections. Since the Log-Yag array will be covering a 
relatively small bandwidth, the radiation resistance of the 
narrow-band log cell will vary from 80 to 902 (tubing 


Table 8 
Log-Yag Array Characteristics 

4) Frequency range 14 to 14.35 MHz 

2) Operating bandwidth B= 1.025 

43) Design parameter = 0.946657 

4) Apex half angle = 14.921°; cot « = 3.753 
'5) Hall-power beamwidth 42° (14 to 14.35 MHz) 


6) Bandwidth of structure 17875 
7) Free-space wavelength 0.28 feat 
8) Log cell boom length = 10.0 feet 


9) Longest log element 1 = 95.14 feet (a tabulation 
of element lengths and 
spacings is given in Table 9) 
10) Forward gain (tree 8.2 dB 
space) 
11) Front-to-back ratio 
12) Front-to-side ratio 


32 dB (theoretical) 
45 dB (theoretical) 


18) Input impedance 2-372 
14) SWR 1.8 to 1 (14 to 14.35 MHz) 
15) Total weight 96 pounds 
16) Wind-load area 8.5 sq feet 


17) Reflector length 
18) Director length 
19) Total boom length 


36.4 feat at 6.0 foot spacing 
32.2 feat at 10.5 foot spacing 
26.5 fest 
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Table 9 
Log-Yag Array Dimensions 


A orector Element Length Spacing 
al - Feet Feat 
Reflector 36.40 6.00 (Ref. to /1) 
a 35.14 381 (dia) 
2 33.27 3.92 (dos) 
hy 8 31.49 3.14 (dea) 
4 29.81 10.87 (F4 to dir) 


Director 32.20 


t elements) depending on the operating bandwidth. The ad 
Pee : dition of parasitic elements lowers the log-cell radiation 
a resistance, Hence, i is recommended that a 1:1 balun be 
Conibecaat te log-el inpab terminals mn SDC ea) 

Calle be used for the feed tine 
ed ‘he nieasuiid entiation ress ofthe Veale 
Lp Yag 1997 0 over the Trajuenty sige fam 14,0 fp 
LASS Mila, 138 4ouined Hi ting lecenrs wil be 
fe abaisa al used. However, ifa wire array is used, then the radiation 
rosso Rand ates feeder nut ipedante Zot 
~he We callie st Gatch pe Valuh a0 cha sty be 
7 sed. Th peters gabe Tdi qn nari et 
~J_ OF this chaptet, However, programs sich ae LPCADZS 

dep ala Sato atone fe caleatnns 
Table 9 has aray dimensions. Tables 10 and 11 con 
fas af the nails uecossty to Dal the Log: YAg 
as 


over Bo, 
Angie PVE Pipe 


The numbered components refer to Table 11. 


32—Assembly det 
10-26 Chapter 10 


Table 10 
Element Material Requirements: Log-Yag Array 


tin, Sein. 
Tubing Tubing Tubing 
Len, Len, Len. 
Feet Qty Feet Qy Feet aly 
Reflector 12 1 6 2 8 2 
an 6 2 6 2 8 2 
2 6 2 6 2 8 2 
3 6 2 6 2 6 2 
4 6 2 6 2 6 2 
Director 120 1 6 2 6 2 


Tein, Tein, 
Angle Bar 
Len, Len. 
Foot Feet 
None None 
3 1 

3 1 

3 1 

3 1 
None None 


Fig 33—The attachment of the elements to the boom. 


Fig 34—Looking from the front to the back of the Log- 
Yag array. A truss provides lateral and vertical support. 


Table 11 
Materials List, Log-Yag Array 
1) Aluminum tubing—0.047 in. wall thickness 
1 in.—12 ft lenths, 26 lin. f 
1 in—12 ft or 6 ft lengths, 48 tin. ft 
Yisin—t2 fk or 6 ft lengths, 72 lin. t 
21s in.—8 tt lengths, 48 lin. ft 
21 in.—6 Ht lengths, 36 lin. ft 
2). Stainless steel hose clamps—2 in. max, 8 ea 
3) Stainless steel! hose clamps—t'/s in. max, 24 ea 
4) Type U bolts—t'sin., 6 ea 
5) U bos, gal. type: 5/16 in. x 1"/sin., 6 ea 
5A) Ubolis, galv. type: '/s in. x 1 in., 2¢a 
6) 1 in. ID water-service polyethylene pipe 160 Ib/in2 
test, approx. 1% in. OD, 7 lin. ft 
7) Wein. 1% in, « ‘in, aluminum angle—6 ft 
lengths, 12 lin. tt 


8) in. « Yin, x ‘in. aluminum angle—6 ft lengths, 
Bilin. tt 

8) 1" in. top ral of chain-link fence, 26.5 ln. tt 

10) 1:1 toroid balun, 1 ea 

11) No. 6-32 « 1 in. stainless steal screws, 8 ea 
No. 6:82 stainless steel nuts, 16 ea 
No. 6 solder lugs, 8 ea 

12) #12 copper feed wire, 22 lin 

13) 12 in. « 6 in. x “sin, aluminum plate, 1 ea 

14) 6 in. 4 in. x in. aluminum plate, 1 ea 

15) 2/sin. galv. pipe, 3 lin. ft 

16) 1 in. galy. pipe—mast, 5 ln. tt 

17) Galv. guy wire, 50 lin. ft 

18) */sin. x 2 in. turnbuckles, 4 ea 

19) ‘isin. x 1" in. eye bolts, 2 ea 

20) TV guy clamps and eyebolts, 2 ea 
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HF Yagi 
Arrays 


‘Along with the dipole and the quarter-wave verti 
cal, radio amateurs throughout the world make extensive 
use of the Yagi array. Hidetsugu Yagi and Shintaro Uda, 
two Japanese university professors, invented the Yagi in 
the 1920s. Uda did much of the developmental work, 
while Yagi introduced the array to the world outside Ja- 
pan through his writings in English. Although the antenna 
should properly be called a Yagi-Uda array, it is com. 
monly referred to simply as a Yagi 

‘The Yagi is a type of endfire multielement array. At 
the minimum, it consists of a single driven element and a 
single parasitic element. These elements are placed paral: 
lel to each other, on a supporting boom spacing them apart. 
‘This arrangement is known as a 2-element Yagi. The para- 
sitic element is termed a reflector when it is placed be- 
hind the driven element, opposite to the direction of 
maximum radiation, and is called a director when it is 
placed ahead of the driven element. See Fig 1. In the VHF 
and UHF spectrum, Yagis employing 30 or more elements 
are not uncommon, with a single reflector and multiple 
directors. See Chapter 18, VHF and UHF Antenna Sys- 
tems, for details on VHF and UHF Yagis. Large HF ar- 
rays may employ 10 or more elements, and will be covered 
in this chapter. 

‘The gain and directional pattern of a Yagi array is 
determined by the relative amplitudes and phases of the 
currents induced into all the parasitic elements. Unlike 
the directly driven multiclement arrays considered in 
Chapter 8, Multiclement Arrays, where the designer must 
compensate for mutual coupling between elements, proper 
Yagi operation relies on mutual coupling. The current in 
each parasitic element is determined by its spacing from 
both the driven element and other parasitic elements, and 
by the tuning of the element itself. Both length and 
diameter affect element tuning. 


For about 50 years amateurs and professionals cre- 
ated Yagi array designs largely by “cut and try” experi- 
‘mental techniques. In the early 1980s, Jim Lawson, W2PV, 
described in detail for the amateur audience the fundamen- 


tal mathematics involved in modeling Yagis. His book Yagi 
Antenna Design is highly recommended for serious an- 
tenna designers. The advent of powerful microcomputers 
and sophisticated computer antenna modeling software in 


a 


@ 


ig 1—Two-element Yagi systems using a single 

parasitic element. At A the parasitic element acts as a 
irector, and at B as a reflector. The arrows show the 

direction in which maximum radiation takes place. 
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try 100,000 or more different combinations of element 
lengths and spacings to create a Yagi design tailored to 
‘meet a particular set of high-performance parameters. To 
explore this number of combinations experimentally, a 
human experimenter would take an unimaginable amount 


of time and dedication, and the process would no doubt 
suffer from considerable measurement errors. With the 
computer tools available today, an antenna can be designed, 
constructed and then put up in the air, with little or no 
tuning or pruning required. 


Yagi Performance Parameters 


There are three main parameters used to characterize 
the performance of a particular Yagi—forward gain, pat- 
tern and drive impedance/SWR. Another important con- 
sideration is mechanical strength. It is very important to 
recognize that each of the three electrical parameters, 
should be characterized over the frequency band of inter- 
est in order to be meaningful. Neither the gain, SWR nor 
the pattern measured at a single frequency gives very much 
insight into the overall performance of a particular Yagi 

Poor designs have been known to reverse their 
directionality over a frequency band, while other designs 
have excessively narrow SWR bandwidths, or overly 
“peaky” gain response. Finally, an antenna’s ability to 
survive the wind and ice conditions expected in one's, 
‘geographical location is an important consideration in any 
design. Much of this chapter will be devoted to describ- 
ing detailed Yagi designs that are optimized for a good 
balance between gain, pattern and SWR over various 
amateur bands, and that are designed to survive strong 
winds and icing, 


YAGI GAIN 


Like any other antenna, the gain of a Yagi must be 
stated in comparison to some standard of reference. 
Designers of phased vertical arrays often state gain refer- 
enced to a single, isolated vertical element. See the sec- 
tion on “Phased Array Techniques” in Chapter 8, 
Multiclement Arrays, 

Many antenna designers prefer to compare gain to 
that of an isotropic radiator in free space. This is a theo- 
retical antenna that radiates equally well in all directions, 
and by definition, it has a gain of 0 dBi (AB isotropic). 
Many radio amateurs, however, are comfortable using a 
dipole as a standard reference antenna, mainly because it 
is not a theoretical antenna. 

In free space, a dipole does not radiate equally well 
in all directions—it has a figure-eight azimuth pattern, 
with deep nulls off the ends of the wire. In its favored 
directions, a free-space dipole has 2.15 dB gain compared 
to the isotropic radiator. You may see the term dBd in 
amateur literature, meaning gain referenced to a dipole 
in free space. Subtract 2.15 dB from gain in dBi to con- 
vert to gain in dBd. 

Assume for a moment that we take a dipole out of 
“free space,” and place it one wavelength over the ocean, 
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whose saltwater makes an almost perfect ground. At an 
elevation angle of 15°, where sea water-reflected radia- 
tion adds in phase with direct radiation, the dipole has a 
gain of about 6 dB, compared to its gain when it was in 
free space, isolated from any reflections. See Chapter 3, 
The Effects of the Earth. 

It is perfectly legitimate to say that this dipole has a 
gain of 6 dBd, although the term “dBd” (meaning “dB 
dipole”) makes it sound as though the dipole somehow has 
gain over itself! Always remember that gain expressed in 
Bd (or dBi) refers to the counterpart antenna in free 
space. The gain of the dipole over saltwater in this example 
can be rated at either 6 dBd (over a dipole in free space), 
or as 8.15 dBi (over an isotropic radiator in free space). 
Each frame of reference is valid, as long as itis used con- 

stently and clearly. In this chapter we will often switch 
between Yagis in free space and Yagis over ground. To pre- 
vent any confusion, gains will be stated in dBi, 

Yagi free-space gain ranges from about 5 dBi for a 
small 2-element design to about 20 dBi for a 31-clement 
long-boom UHF design. The length of the boom is the 
‘main factor determining the gain a Yagi can deliver. Gain 

function of boom length will be discussed in detail 
after the sections below defining antenna response pat- 
tems and SWR characteris 


RESPONSE PATTERNS— 
FRONT-TO-REAR RATIO 

As discussed in Chapter 2, Antenna Fundamentals, 
for an antenna to have gain, it must concentrate energy 
radiated in a particular direction, at the expense of energy 
radiated in other directions. Gain is thus closely related to 
aan antenna’s directivity pattern, and also to the losses in 
the antenna. Fig 2 shows the E-plane (also called E-field, 
for electric field) and H-plane (also called H-field, for 
magnetic field) pattern of a 3-clement Yagi in free space, 
compared to a dipole, and an isotropic radiator. These pat- 
tems were generated using the computer program NEC-2, 
which is highly regarded by antenna professionals for its 
accuracy and flexibility. 

In free space there is no Earth reference to deter- 
mine whether the antenna polarization is horizontal or 
and so its response patterns are labeled as 
E-field (electric) or H-field (magnetic). For a Yagi 
mounted over ground rather than in free space, if the 
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Fig 2—E-Plane (electric field) and H-Plane (magnetic 
field) response patterns for 3-element 20-meter Yagi in 
free space. At A the E-Plane pattern for a typical 
3-element Yagi is compared with a dipole and 
isotropic radiator. At B the H-Plane patterns are 
compared for the same antennas. The Yagi has an 
E-Plane half-power beamwidth of 66°, and an H-Plane 
half-power beamwidth of about 120°. The Yagi has 
7.28 dBi (5.13 dBd) of gain. The front-to-back ratio, 
which compares the response at 0° and at 180°, is 
about 35 dB for this Yagi. The front-to-rear ratio, which 
compares the response at 0° to the largest lobe in the 
rearward 180° arc behind the antenna, is 24 dB, due to 
the lobes at 120° and 240. 


E-field is parallel to the earth (that is, the elements are 
parallel to the earth) then the antenna polarization is hori- 
zontal, and its E-field response is then usually referred to 
as its azimuth pattern, Its H-field response is then referred 
to as its elevation pattern. 

Fig 2A demonstrates how this 3-element Yagi in free 
space exhibits 7.28 dBi of gain (referenced to isotropic), 
and has 5.13 dB gain over a free-space dipole. The gain is 
in the forward direction on the graph at 0° azimuth, and the 
forward part of the lobe is called the main Jobe. For this 
particular antenna, the angular width of the E-plane ma 
lobe at the half power, or 3 dB points compared to the peak, 
is about 66°. This performance characteristic is called the 
antenna’s azimuthal half-power beamwidth. 

Again as seen in Fig 2A, this antenna’s response in 
the reverse direction at 180° azimuth is 34 dB less than in 
the forward direction. This characteristic is called the 
antenna’s front-to-back ratio, and it describes the ability 
of an antenna to discriminate, for example, against inter- 
fering signals coming directly from the rear, when the 
antenna is being used for reception. In Fig 2A there are 
two sidelobes, at 120° and at 240° azimuth, which are about 
24 dB down from the peak response at 0°. Since interfer- 
ence can come from any direction, not only directly off 
the back of an antenna, these kinds of sidelobes limit the 
ability to discriminate against rearward signals. The term 
worst-case front-to-rear ratio is used to describe the worst- 
case rearward lobe in the 180°-wide sector behind the 
antenna’s main lobe. In this ease, the worst-case front-to- 
rear ratio is 24 dB. 

In the rest of this chapter the worst-case front-to-rear 
ratio will be used as a performance parameter, and will be 
abbreviated as “F/R.” For a dipole or an isotropic radia- 
tor, Fig 2A demonstrates that F/R is 0 dB. Fig 2B depicts 
the H-field response for the same 3-element Yagi in free 
space, again compared to a dipole and an isotropic radia- 
tor in free space. Unlike the E-field pattern, the H-field 
pattern for a Yagi does not have a null at 90°, directly 
over the top of the Yagi. For this 3-element design, the H- 
field half-power beamwidth is approximately 120° 

Fig 3 compares the azimuth and elevation patterns 
for a horizontally polarized 6-element 14-MHz Yagi, with 
4 60-foot boom mounted one wavelength over ground, to 
a dipole at the same height. As with any horizontally 
polarized antenna, the height above ground is the main 
factor determining the peaks and nulls in the elevation 
pattern of each antenna. Fig 3A shows the E-field pat- 
tern, which has now been labeled as the Azimuth pattern. 
This antenna has a half-power azimuthal beamwidth of 
about 50°, and at an elevation angle of 12° it exhibits a 
forward gain of 16.02 dBi, including about 5 dB of ground 
reflection gain over relatively poor ground, with a dielec- 
tric constant of 13 and conductivity of 5 m$/m. In free 
space this Yagi has a gain of 10.97 dBi. 

‘The H-field elevation response of the 6-clement Yagi 
hhas a half-power beamwidth of about 60° in free space, 


HF Yagi Arrays 11-3 


ssa71 wire (@) 


Fig 3—Azimuth pattern for 6-element 20-meter Yagi on 
60-foot long boom, mounted 60 feet over ground. At A, 
the azimuth pattern at 12° elevation angle is shown, 
‘compared to a dipole at the same height. Peak gain of 
the Yagi is 16.04 dBi, or just over 8 dB compared to the 
dipole. At B, the elevation pattern for the same two 
antennas is shown. Note that the peak elevation 
pattern of the Yagi is compressed slightly lower 
‘compared to the dipole, even though they are both at 
the same height over ground. This is most noticeable 
for the Yagi's second lobe, which peaks at about 40°, 
while the dipole’s second lobe peaks at about 48°. This 
is due to the greater free-space directionality of the 
Yagi at higher angles. 


but as shown in Fig 3B, the first lobe (centered at 12° in 
elevation) has a half-power beamwidth of only 13° when 
the antenna is mounted one wavelength over ground. The 
dipole at the same height has a very slightly larger first- 
lobe half-power elevation beamwidth of 14°, since its free- 
space H-field response is omnidirectional, 

Note that the free-space H-field directivity of the Yagi 
suppresses its second lobe over ground (at an elevation 
angle of about 40°) to 8 dBi, while the dipole’s response 
at its second lobe peak (at about 48°) is at a level of 9 dBi. 

The shape of the azimuthal pattern for a Yagi oper- 
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Fig 4—SWR over the 28.0 to 28.8 MHz portion of the 
10-meter band for two different 3-olement Yagi designs. 
One is designed strictly for maximum gain, while the 
‘second is optimized for F/R pattern and SWR over the 
frequency band. A Yagi designed only for maximum 
gain usually suffers from a very narrow SWR 
bandwidth. 


ated over real ground will change slightly as the Yagi is 
placed closer and closer to earth. Generally. however, the 
azimuth pattern doesn’t depart significantly from the free 
space pattern until the antenna is less than 0.5 2 high 
This is just over 17 feet high at 28.4 MHz, and just under 
35 feet at 14.2 MHz, heights that are not difficult to 

Hhieve for most amateurs. Some advanced computer pro- 
‘grams can optimize Yagis atthe exact installation height. 


DRIVE IMPEDANCE AND SWR 


‘The impedance at the driven element in a Yagi is 
affected not only by the tuning of the driven element 
itself, but also by the spacing and tuning of nearby para 
sitic elements, and to a lesser extent by the presence of 
ground. In some designs that have been tuned solely for 
maximum gain, the driven-element impedance can fall 
to very low levels, sometimes less than 5 Q. This can lead 
to excessive losses due to conductor resistance, especially 
at VHF and UHF. In a Yagi that has been optimized solely 
for gain, conductor losses are usually compounded by 
large excursions in impedance levels with relatively small 
changes in frequency. The SWR can thus change dramati- 
cally over a band and can create additional losses in the 
feed cable. Fig 4 illustrates the SWR over the 28 to 
28.8 MHz portion of the 10-meter amateur band for a 
S-element Yagi on a 24-foot boom, which has been tuned 
for maximum forward gain at a spot frequency of 
28.4 MHz. Its SWR curve is contrasted to that of a Yagi 
designed for a good compromise of gain, SWR and F/R. 
Even professional antenna designers have difficulty 
\ccurately measuring forward gain. On the other hand, SWR. 
can easily be measured by professional and amateur alike, 
Few manufacturers would probably want to advertise an 
antenna with the narrow-band SWR curve shown in Fig 4! 


Monoband Yagi Performance Optimization 


DESIGN GOALS 


The previous section discussing driven-element 
impedance and SWR hinted at possible design trade-offs 
among gain, pattern and SWR, especially when each 
parameter is considered over a frequency band rather than 
at a spot frequency. Trade-offs in Yagi design parameters 
can be a matter of personal taste and operating style. For 
example, one operator might exclusively operate the CW 
portions of the HF bands, while another might only be 
interested in the Phone portions. Another operator may 
‘want a good pattern in order to discriminate against sig 
nals coming from a particular direction; someone else 
may want the most forward gain possible, and may not 
care about responses in other directions. 

Extensive computer modeling of Yagis indicates that 
the parameter that must be compromised most to achieve 
wide bandwidths for front-to-rear ratio and SWR is for- 
ward gain, However, not much gain must be sacrificed 
for good F/R and SWR coverage, especially on long- 


boom Yagis. Although 10 and 7-MHz Yagis are not rare, 
the HF bands from 14 to 30 MHz are where Yagis are 
most often found, mainly due to the mechanical difficul- 
ties involved with making sturdy antennas for lower fre~ 
quencies. The highest HF band, 28.0 to 29.7 MHz, 
represents the largest percentage bandwidth of the upper 
HF bands, at almost 6%. It is difficult to try to optimize 
in one design the main performance parameters of gain, 
worst-case F/R ratio and SWR over this large a band, 
Many commercial designs thus split up their 10-meter 
designs into antennas covering one of two bands: 28.0 to 
28.8 MHz, and 28.8 to 29-7 MHz. For the amateur bands 
below 10 meters, optimal designs that cover the entire 
band are more easily achieved. 


DESIGN VARIABLES 


‘There are only a few variables available when one 
is designing a Yagi to meet certain design goals. The vari- 
ables are: 


(A) 


(C) 


@) 


Fig 5—Comparisons of three different 3-element 
10-meter Yagi designs using 8-foot booms. At A, gain 
comparisons are shown. The Yagi designed for the best 
compromise of gain and SWR sacrifices an average of 
about 0.5 dB compared to the antenna designed for 
‘maximum gain. The Yagi designed for optimal F/R, gain 
and SWR sacrifices an average of 1.0 dB compared to 
the maximum-gain case, and about 0.4 dB compared to 
the compromise gain and SWR case. At B, the front-to- 
rear ratio is shown for the three different designs. The 
antenna designed for optimal combination of gain, F/R 
and SWR maintains a FIR higher than 20 dB across the 
entire frequency range, while the antenna designed 
strictly for gain has a F/R of 3 dB at the high end of the 
band. At C, the three antenna designs are compared for 
‘SWR bandwidth. At the high end of the band, the 
antenna designed strictly for gain has a very high SWR. 
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The physical length of the boom 
The number of elements on the boom 

The spacing of each element along the boom 

The tuning of each element 

The type of matching network used to feed the 


GAIN AND BOOM LENGTH 


As pointed out earlier, the gain of a Yagi is largely a 
function of the length of the boom. As the boom is made 
longer, the maximum gain potential rises. For a given 
boom length, the number of elements populating that 
boom can be varied, while still maintaining the antenna’s 
Jin, provided of course that the elements are tuned prop- 
erly. In general, putting more elements on a boom gives 
the designer added flexibility to achieve desired design 
goals, especially to spread the response out over a fre- 
quency band. 

Fig SA is an example illustrating gain versus fre- 
quency for three different types of 3-element Yagis on 
8-foot booms. The three antennas were designed for the 
lower end of the 10-meter band, 28.0 to 28.8 MHz, based 
on the following different design goals: 


Antenna 1: Maximum mid-band gain, regardless of 
FIR or SWR across the band 

Antenna 2: SWR less than 2:1 over the frequency band; 
best compromise gain, with no special con- 

jderation for F/R over the band. 

Antenna 3: “Optimal” case: F/R greater than 20 dB, SWR 
less than 2:1 over the frequency band; best 
compromise gain. 


Fig 5B shows the F/R over the frequency band for 
these three designs, and Fig 5C shows the SWR curves 
over the frequency band. Antenna 1, the design that strives 
strictly for maximum gain, has a poor SWR response over 
the band, as might be expected after the previous section 
discussing SWR. The SWR is 10:1 at 28.8 MHz and rises 
to 22:1 at 29 MHz. At 28 MHz, at the low end of the 
band, the SWR of the maximum-gain design is more than 
6:1. Clearly, designing for maximum gain alone produces 
an unacceptable design in terms of SWR bandwidth. The 
FIR for Antenna | reaches a high point of about 20 dB at 
the low-frequency end of the band, but falls to only 3 dB 
at the high-frequency end. 

Antenna 2, designed for the best compromise of gain 
while the SWR across the band is held to less than 2:1, 
achieves this goal, but at an average gain sacrifice of 
0.7 dB compared to the maximum gain case. The F/R for 
this design is just under 15 dB over the band. This de- 
sign is fairly typical of many amateur Yagi designs be- 
fore the advent of computer modeling and optimization 
programs. SWR can easily be measured, and experimen- 
tal optimization for forward gain is a fairly straightfor- 
ward procedure. By contrast, overall pattern optimization 
is not a trivial thing to achieve experimentally, particu- 
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larly for antennas with more than four or five elements. 

Antenna 3, designed for an optimum combination 
of F/R, SWR and gain, compromises forward gain an 
average of 1.0 dB compared to the maximum gain case, 
and about 0.4 dB compared to the compromise gain/SWR 
case. It achieves its design objectives of more than 20 dB 
FIR over the 28.0 to 28.8 MHz portion of the band, with 
an SWR less than 2:1 over that range. 

Fig 6A shows the free-space gain versus frequency 
for the same three types of designs, but for a bigger 
S-element 10-meter Yagi on a 20-foot boom. Fig 6B 
shows the variation in F/R, and Fig 6C shows the SWR 
curves versus frequency. Once again, the design that con- 
centrates solely on maximum gain has a poor SWR curve 
over the band, reaching just over 6:1 toward the high end 
of the band. The difference in gain between the maxi- 
‘mum gain case and the optimum design case has narrowed 
for this size of boom to an average of under 0.5 dB. This 
comes about because the designer has access to more 
variables in a S-element design than he does in a 3-cle- 
‘ment design, and he can stagger-tune the various elements 
to spread the response out over the whole band, 

Fig 7A, B and C show the same three types of 
designs, but for a 6-element Yagi on a 36-foot boom. The 
‘SWR bandwidth of the antenna designed for maximum gain 
has improved compared to the previous two shorter-boom 
examples, but the SWR still rises to more than 4:1 at 
28.8 MHz, while the F/R ratio is pretty constant over the 
band, at a mediocre 11 dB average level. While the antenna, 
designed for gain and SWR does hold the SWR below 2:1 
over the band, it also has the same mediocre level of F/R 
performance as does the maximum-gain design. 

‘The optimized 36-foot boom antenna achieves an ex- 
cellent F/R of more than 22 dB over the whole 28.0 to 
28.8 MHz band. Again, the availability of more elements 
and more space on the 36-foot long boom gives the designer 
more flexibility in broadbanding the response over the 
whole band, while sacrificing only 0.3 dB of gain com- 
pared to the maximum-gain design. 

Fig 8A, B, and C show the same three types of 
10-meter designs, but now for a 60-foot boom, populated 
with eight elements. With eight elements and a very long 
boom on which to space them out, the antenna designed 
solely for maximum gain can achieve a much better SWR 
response across the band, although the SWR does rise to 
more than 7:1 at the very high end of the band. The SWR 
remains less than 2:1 from 28.0 to 28.7 MHz, much better, 
than for shorter-boom, maximum-gain designs. The worst- 
case FIR ratio is never better than 19 dB, however, and re- 
mains around 10 dB over much of the band. The antenna 
designed for the best compromise gain and SWR loses only 
about 0.1 dB of gain compared to the maximum-gain design, 
but does little better in terms of F/R across the band, 

Contrasted to these two designs, the antenna opti- 
mized for F/R, SWR and gain has an outstanding pattern, 
exhibiting an F/R of more than 24 dB across the entire 


Arcep is a member: exclusion zones, protecting certain locations tied to long-term use of satellite 
solutions, need to be set up. Military radiolocation systems operating below 3.4 GHz also need to be 
protected, 


b) Other bands below 6 GHz 
The bands being used today for 2G, 3G and 4G could be used for future 5G deployments. 


Refarming 2G, 3G and 4G could be a delicate undertaking, however, because of the duplexing 
methods they use. Most mobile communications in Europe use FDD (Frequency Division Duplexing)” 
to exchange information. Technical discussions over 5G are nevertheless anticipating that TDD (Time 
Division Duplexing)* will be the chief, if not sole, form of duplexing used for this new generation, 
notably because it makes it possible to adjust bandwidth to data rates and because it is particularly 
efficient when beamforming is used. 


For 5G networks, using already harmonised mobile bands will thus require in-depth technical studies 
to define the terms and conditions of use and sharing with existing services. On this point, the ECC 
(Electronic Communications Committee) decided to assess the potential of certain already 
harmonised bands, notably the 700 MHz and the L band (1427-1492 MH2). 


In France, Arcep allocated the 700 MHz band to mobile operators in late 2015. Even if the country's, 
four operators all obtained frequencies in this band, only Free Mobile, which has no blocks of 
800 MH? spectrum, decided to begin its rollouts in the band using LTE (4G) technology. 


Arcep is currently analysing the contributions to its public consultation, addressing among other the 
3.5 GHz band, that ended recently. 


The L band (1427-1518 MHz), which was defined to be used exclusively in SDL (Supplemental 
DownLink) mode, could be considered to meet the constant demand for ever higher data rates and 
the greater increase in downlink traffic, compared to uplink traffic. In France the band is used by 
wireless fixed links authorised by Arcep, by the Ministry of Defence for mobile services (excluding 
aeronautical) and by the Ministry of the Interior. Using it for 4G or 5G would therefore suppose 
‘moving the above-mentioned uses over to other bands. 


3.3 Increasingly small cells 


Today, mobile network rollouts are essentially based on the use of macro base stations: installations 
that are equipped with high-power antennae deployed to guarantee coverage for a relatively wide 
area, providing good quality of service. Network configurations are evolving constantly: new radio 
base stations are installed on a regular basis to increase the networks’ capacity, to better meet users’ 
needs in terms of indoor and outdoor coverage, and to improve quality of service. 


However, this continually growing demand for capacity already requires operators to increase the 
density of their networks with smaller and smaller cells. 


5G ~ which will probably bring about a sizeable increase in data traffic, and which will use millimetre 


wave frequencies whose propagation capabilities are weak — will no doubt require the widespread 
deployment of low-power base stations (small cells). 


* a technique that consists of sending and receiving data simultaneously, but on two different frequency bands. 
* & technique that consists of sending and receiving data on the same frequency band butat different times 


* The European body that specifies the technical terms and conditions governing the use of frequency bands, which are 
then set by European Commission decisions. 
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Fig 6—Comparisons of three different designs for 
S-element 10-meter Yagis on 20-foot booms. At A, the 
gain of three different 5-element 10-meter Yagi designs 
are graphed. The difference in gain between the three 
antennas narrows because the elements can be 
sstagger-tuned to spread the response out better over 
the desired frequency band. The average gain 
reduction for the fully optimized antenna design is 
about 0.5 dB. At B, the optimal antenna displays better 
than 22 dB FIR over the band, while the Yagi designed 
for gain and SWR displays on average 10 dB less F/R 
throughout the band. At C, the SWR bandwidth is 
compared for the three Yagis. The antenna designed 
strictly for forward gain has a poor SWR bandwidth 
and a high peak SWR of 6:1 at 28.8 MHz. 


band, while keeping the SWR below 2:1 from 28.0 to 
28.9 MHz. It must sacrifice an average of only 0.4 dB 
compared to the maximum gain design at the low end of 
the band, and actually has more gain than the maximum 
gain and gain/SWR designs at the high-frequency end of 
the band, 

The conclusion drawn from these and many other 
detailed comparisons is that designing strictly for maxi- 
mum mid-band gain yields an inferior design when the 
antenna is examined over an entire frequency band, 
especially in terms of SWR. Designing a Yagi for both, 
gain and SWR will yield antennas that have mediocre 
rearward patterns, but that lose relatively little gain com- 
pared to the maximum gain case, at least for designs with, 
more than three elements. 

However, designing a Yagi for an optimal combina 
tion of F/R, SWR and gain results in a loss of gain less 
than 0.5 dB compared to designs designed only for gain 
and SWR. Fig 9 summarizes the forward gain achieved 
for the three different design types versus boom length, 


as expressed in wavelength. 

Except for the 2-element designs, the Yagis described 
in the rest of this chapter have the following design goals, 
over a desired frequency band: 


1. Front-to-rear ratio over the frequency band of 
more than 20 dB 

2. SWR over the frequency band less than 2:1 

3. Maximum gain consistent with points | and 
2 above 


Just for fun, Fig 10 shows the gain versus boom length 
for theoretical 20-meter Yagis that have been designed to 
meet the three design goals above. The 31-element design 
for 14 MHz would be wondrous to behold. Sadly, it is 
unlikely that anyone will build one, considering that the 
boom would be 724 feet long! However, such a design does 
become practical when scaled to 432 MHz. In fact, a KIFO. 
22-element and a KIFO 31-element Yagi are the proto- 
types for the theoretical 14-MHz long-boom designs. See 
Chapter 18, VHF and UHF Antenna Systems. 
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Fig 7—Comparisons of three different 6-element 
10-meter Yagi designs on 36-foot booms. At A, 
shown over the band. With more elements and a longer 
boom, the tuning can be staggered even more to make 
the antenna gain more uniform over the band. This 
narrows the gain differential between the antenna 
designed strictly for maximum gain and the antenna 
designed for an optimal combination of F/R, SWR and 
gain. The average difference in gain is about 0.2 dB 
throughout the band. At B, the F/R performance over 
the band is shown for the three antenna designs. The 
antenna designed for optimal performance maintains 
an average of almost 15 dB better FIR over the whole 
band compared to the other designs. At C, the SWR. 
bandwidth is compared. Again, the antenna designed 
strictly for maximum gain exhibits a high SWR of 4:1 at 
28.8 MHz, and rises to more than 14:1 at 29.0 MHz. 


OPTIMUM DESIGNS AND ELEMENT 
SPACING 
Two-Element Yagis 

Many hams consider a 2-element Yagi to give “the 
most bang for the buck” among various Yagi design: 
particularly for portable operations such as Field Day. A 
2-element Yagi has about 4 dB of gain over a simple 
dipole (sometimes jokingly called a “one-clement Yagi") 
and gives a modest F/R of about 10 dB to help with 
rejection of interference on receive. By comparison, going 
from a 2-element to a 3-element Yagi increases the boom 
length by about 50% and adds another element, a 50% 
increase in the number of elements—for a gain 
increase of about 1 dB and another 10 dB in F/R. 


Element Spacing in Larger Yagis 

One of the more interesting results of computer 
modeling and optimization of high-performance Yagis 
with four or more elements is that a distinct pattern in 
the element spacings along the boom shows up consis- 
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tently. This pattern is relatively independent of boom 
length, once the boom is longer than about 0.3 2. 

The reflector, driven element and first director of 
these optimal designs are typically bunched rather closely 
together, occupying together only about 0.15 to 0.20 2 of 
the boom. This pattern contrasts sharply with older 
designs, where the amount of boom taken up by the 
reflector, driven element and first director was typically 
more than 0.3 A. Fig 11 shows the element spacings for 
an optimized 6-clement, 36-foot boom, 10-meter design, 
compared to a W2PV 6-clement design with constant 
spacing of 0.15 2 between all elements. 

A problem arises with such a bunching of elements 
toward the reflector end of the boom—the wind loading 
of the antenna is not equal along the boom. Unless prop- 
erly compensated, such new-generation Yagis will act like 
‘windvanes, punishing, and often breaking, the rotators 
trying to turn, or hold, them in the wind. One successful 
solution to windvaning has been to employ “dummy ele- 
ments” made of PVC piping. These nonconducting ele- 
‘ments are placed on the boom close to the last director so 
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Fig 8—Comparisons of three different 8-element 
10-meter Yagi designs using 60-foot booms. At A, gain 
shown over the frequency band. With even more 

freedom to stagger-tune elements and a very long 
boom on which to place them, the average antenna 
gain differential over the band is now less than 0.2 dB 
between the three design cases. At B, an excellent 
24 dB FIR for the optimal design is maintained over 
the whole band, compared to the average of about 
12 dB for the other two designs. At C, the SWR 

ial over the band is narrowed between the 
ns, again because there are more 
variables available to broaden the bandwidth. 
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Fig 9—Gain versus boom length for three different 
10-meter design goals. The goals are: (1) designed for 
maximum gain across band, (2) designed for a 
‘compromise of gain and SWR, and (3) designed for 
optimal F/R, SWR and gain across 28.0 to 28.8 MHz 
portion of 10-meter band. The gain difference is less 
than 0.5 dB for booms longer than approximately 0.5 2. 


the windload is equalized at the mast-to-boom bracket 
In addition, it may be necessary to insert a small amount 
of lead weight at one end of the boom in order to balance 
the antenna weight. 

Despite the relatively close spacing of the reflector, 
driven element and first director, modern optimal Yagi 
designs are not overly sensitive to small changes in 
either element length or spacing. In fact, these antennas 
can be constructed from design tables without excessive 
concern about close dimensional tolerances. In the HF 
range up to 30 MHz, building the antennas to the nearest 
"Finch results in performance remarkably consistent with 
the computations, without any “tweaking” or fine-tuning 
‘when the Yagi is on the tower. 


ELEMENT TUNING 


Element tuning (or selfsimpedance) is a complex 
function of the effective electrical length of each element 
and the effective diameter of the element. In turn, the ef- 
fective length and diameter of each clement is related to 
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Fig 10—Theoretical gain versus boom length for 
20-meter Yagis designed for optimal combination of 
FIR, SWR and gain across the entire 14.0 to 14.35 MHz 
band. The theoretical gain approaches 20 dBi for a 
gigantic 724-foot boom, populated with 31 elements. 
Such a design on 20 meters is not too practical, of 
course, but can readily be achieved on a 24-foot boom 
on 432 MHz. 


the taper schedule (if telescoping aluminum tubing is used, 
the most common method of construction), the length of 
each telescoping section, the type and size of mounting 
bracket used to secure the element to or through the boom, 
and the size of the Yagi boom itself. See the section en- 
titled “Antenna Frequency Scaling,” and “Tapered Ele- 
ments” in Chapter 2, Antenna Fundamentals, of this book 
for details about element tuning as a function of tapering 
and element diameter. Note especially that Yagis con- 
structed using wire elements will perform very differently 
compared to the same antenna constructed with elements 
‘made of telescoping aluminum tubing. 

‘The process by which a modern Yagi is designed usu- 
ally starts out with the selection of the longest boom pos- 
sible fora given installation. A suitable number of elements 
of a given taper schedule are then placed on this boom, 
and the gain, pattern and SWR are calculated over the entire 
frequency band of interest to the operator. Once an elec- 
trical design is chosen, the designer must then ensure the 
‘mechanical integrity of the antenna design. This involves 
verifying the integrity of the boom and each element in 
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Fig 11—Tapering spacing versus constant element 
spacing. At A, illustration of how the spacing of the 
reflector, driven element and first director (over the 
first 0.19 4 of the boom) of an optimally designed Yagi 
is bunched together compared to the Yagi at B, which 
uses constant 0.15 2 spacing between all elements. 
‘The optimally designed antenna has more than 22 dB 
F/R and an SWR less than 1.5:1 over the frequency 
band 28.0 to 28.8 MHz. 


the face of the wind and ice loading expected for a par- 
ticular location, The section entitled “Construction with 
Aluminum Tubing” in Chapter 20, Antenna Materials and 
Accessories, of this book shows details of tapered tele- 
scoping aluminum elements for the upper HF bands. In 
addition, the ARRL book Physical Design of Yagi Anten 
nas, by Dave Leeson, WONL (ex-W6QHS), describes the 
mechanical design process forall portions of a Yagi antenna 
very thoroughly, and is highly recommended for serious 
Yagi builders. 


Specific Monoband Yagi 
Designs 


The detailed Yagi design tables that follow are for 
two taper schedules for HF Yagis covering the 14 through 
30-MHz amateur bands. The heavy-duty elements are 
designed to survive atleast 120-mph winds without icing, 
or 85-mph winds with “-inch radial ice. The medium- 
duty elements are designed to survive winds greater than 
‘80 mph, or 60-mph winds with ‘/-inch radial ice 

For 10.1 MHz, the elements shown are capable of 
surviving 105-mph winds, or 93-mph winds with Y/-inch 
radial ice. For 7.1 MHz the elements shown can survive 
93-mph winds, or 69-mph winds with /-inch radial ice. 
For these two lower frequency bands, the elements and 
the booms needed are very large and heavy. Mounting, 
turning and keeping such antennas inthe air isnot a trivial 
task. 

Each element is mounted above the boom with a 
heavy rectangular aluminum plate, by means of U-bolts 
with saddles, as shown in Fig 35 in Chapter 18, VHF and 
UBF Antenna Systems for a 6-meter Yagi. This method 
of element mounting is rugged and stable, and because 
the element is mounted away from the boom, the amount 
of element detuning due to the presence of the boom is 
minimal. The element dimensions given in each table 
already take into account any element detuning due to 
the boom-to-element mounting plate. For each element, 
the length of the tip determines the tuning, since the 
inner tubes are fixed in diameter and length 


Half Elements 
Each design shows the dimensions for one-half of 
each element, mounted on one side of the boom. The other 
half of each element is symmetrical, mounted on the other 
side of the boom. The use of a tubing sleeve inside the 
center portion of the element is recommended, so that 
the element is not crushed by the mounting U-bolts. 
Unless otherwise noted, each section of tubing is made 
of 6061-T6 aluminum tubing, with a 0.058-inch wall 
thickness. This wall thickness ensures that the next stan- 
dard size of tubing can telescope with it. Each telescop- 
ing section is inserted 3 inches into the larger tubing, 
and is secured by one of the methods shown in Fig 11 in 
Chapter 20, Antenna Materials and Accessories. 


Matching System 

Each antenna is designed with a driven-element 
length appropriate fora hairpin type of matching network. 
‘The driven-clement’s length may require slight readjust- 
‘ment for best match, particularly if a different matching 
network is used. Do not change either the lengths or the 
telescoping tubing schedule of the parasitic elements— 
they have been optimized for best performance and will 
not be affected by tuning of the driven element! 


Fig 12—Typical construction techniques for an HF Yagi. 
This photo shows a hairpin match on a driven element 
that uses a fiberglass insulator (wrapped in black vinyl 
tape for protection against UV). Muffler clamps and 
saddles mount the element to the boom, while U-bolts 
and saddles mount the element to the boom-to-element 
plate. The gray PVC sleeves insulate the element from 
the plate. The feed coax is connected to the two bolts 
that also connect to the hairpin wire. Note that the 
hairpin is grounded at its opposite end to dissipate 
static charges that might otherwise build up. 


Fig 12 is a photograph of the driven element for a 
2-element 17-meter Yagi built by Chuck Hutchinson, 
KSCH, for the ARRL book Simple and Fun Antennas for 
Hams, The aluminum tubing on each side of the boom 
was I-inch OD, and the two pieces were mechanically 
joined together with a */-inch OD fiberglass insulator. 
Chuck wound electrical tape over the insulator to protect, 
the fiberglass from the sun's UV. 

Chuck used 3-inch lengths of 1-inch sunlight-resi 
tant PVC conduit, split lengthwise, to make the grey outer 
insulators for the driven element. The aluminum plates 
came from DX Engineering, as did the stainless-steel U- 
bolts and saddle clamps. These saddles ensured that the 
elements don’t rotate on the 2-inch OD boom in the heavy 
‘winds in his part of rural Michigan. 

‘You can see the bolts used to pin the center fiber- 
glass insulator to the aluminum tubing, while also pro- 
viding an electrical connection for the #12 hairpin wire 
and for the feed-line coax, which uses ferrite beads over 
the coax’s outer vinyl jacket to make a common-mode 
current-type of balun (not shown in Fig 12). Note that 
the center of the hairpin is connected to the boom using 
a grounding lug for some measure of protection from 
static buildup. 
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10-METER YAGIS 


Fig 13 describes the electrical performance of eight 
optimized 10-meter Yagis with boom lengths between 6 
to 60 feet. The end of each boom includes 3 inches of 
space for the reflector and last-director (or driven ele- 
‘ment for the 2-element designs) mounting plates. Fig 13A 
shows the free-space gain versus frequency for each 
antenna; 13B shows the front-to-rear ratio, and 13C shows 
the SWR versus frequency. Each antenna with three or 
more elements was designed to cover the lower half of 
the 10-meter band from 28.0 to 28.8 MHz, with SWR 


less than 2:1 and F/R better than 20 dB over that range. 
Fig 13D shows the taper schedule for two types of 
10-meter elements. The heavy-duty design can survive 
125-mph winds with no icing, and 88-mph winds with 
‘/-inch of radial ice. The medium-duty design can handle 
96-mph winds with no icing, and 68-mph winds with 
‘feinch of radial ice. The element-to-boom mounting plate 
for these Yagis is a 0.250-inch thick flat aluminum plate, 
4 inches wide by 4 inches long. Each element except for 
the insulated driven element, is centered on the plate, held 
by two stainless-steel U-bolts with saddles. Another set 
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Fig 13—Gain, F/R and SWR performance versus frequency for optimized 10-meter Yagis. At A, gain is shown versus 


frequency for eight 10-meter Yagis whose booms range from 6 feet to 60 feet long. Except for the 2-element design, 
these Yagis have been optimized for better than 20 dB F/R and less than 2:1 SWR over the frequency range 28.0 to 28.8 


MHz. At B, front-to-rear ratio for these antennas i 


shown versus frequency, and at C, SWR is shown over the frequency 


range. At D, the taper schedule is shown for heavy-duty and for medium-duty 10-meter elements. The heavy-duty 
elements can withstand 125-mph winds without icing, and 88-mph winds with '/-inch radial ice. The medium-duty 


elements can survive 96-mph winds without icing, and 68-mph winds with ‘/<inch radi 
19 section of 6061-T6 aluminum tubing is 0.058 inches, and the overlap at each telescoping junction is 


telesco 
3iinches. 
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ice. The wall thickness for each 


Table 1 
Optimized 10-Meter Yagi Designs 
‘Two-element 10-meter Yagi, 6 foot boom 


Element Spacing Heavy-Duty Tip Medium-Duty Tip 
File Name 210-06H.YW 210-08M.YW 

Retlector 0.000" 66.000" 71,500" 

Driven Element 66.000" 57.625" 63.000" 

Three-element 10-meter Yagi, 8 foot boom 

Element Spacing Heavy-Duty Tip Medium-Duty Tip 

File Name 310-08H.YW 310-08M.YW 

Retlector 0.000" 6.750" 71.875" 

Driven Element 36.000" 57.625" 62.875" 

Director 1 34.000" 53.125" 58500" 

Gompensator 12" behind Dir. 19.000" 18.125" 

Four-element 10-meter Yagi, 14 foot boom 

Element ‘Spacing Heavy-Duty Tip Medium-Duty Tip 

File Name 410-144. YW 410-14M.YW 

Retlector 0.000" 6.000" 72.000" 

Driven Element 36.000" 58,625" 63.875" 

Director 1 36.000" 57.000" 62.250" 

Director 2 30.000" 47.750" 53.125" 

Gompensator 12" behind Dir.2 22.000" 20.500" 

Five-element 10-meter Yagi, 24 foot boom 

Element Spacing, inches Heavy-Duty Tip Medium-Duty Tip 

File Name 510-24H. YW 510-24M.YW 

Rellector 0.000 65.625" 70.750" 

Driven Element 36.000" 58,000" 63.250" 

Director 1 36.000" 57.125" 62.375" 

Director 2 38.000" 55.000" 80.250" 

Director 3 414.000" 50.750" 56.125" 

Gompensator 12" behind Dir.8 28.750" 26.750" 

Sixelement 10-meter Yagi, 36 foot boom 

Element ‘Spacing, inches Heavy-Duty Tip Medium-Duty Tip 

File Name 610-36H. YW 610-36M.YW 

Rellector 0.000" 66.500" 71,500" 

Driven Element 37.000" 58,500" 64.000" 

Director 1 43.000" 57.125" 62.375" 

Director 2 98.000" 541875" 60.125" 

Director 3 427.000" 53.875" 59.250" 

Director 4 121.000" 49.875" 55.250" 

Gompensator 12" behind Dir.4 32.000" 23.750" 

Seven-element 10-meter Yagi, 48 foot boom has tonto a 
Element Spacing, inches Heavy-Duty Tip Medium-Duty Tip designs ae optimized for 
File Name 710-48. YW TH0-48MY S38 Fk and SW 
Rellector 0.000" 65.375" 70.500" 221 over reauency range 
Driven Element 37.000" 59.000" 64.250" Sion 26.000 w 25.000 Miz, 
Director 1 37.000" 57.500" 62.750" for haayycny saments 
Director 2 36.000" 3487s" 80.125" ({25ragh wel svt 
Director 3 130.000" 52.250" 57.625" eh Sarva For soverage 
Director 4 154.000" 52.625" 58,000" {tom 26.8 1929.7 ike 
Director 5 116.000" 49.875" 55.250" Subtract 2.900 inches from 
Gompensator 12" behind Dir.5 35.750" 33.750" fot each mer bt 
Eight-element 10-meter Yagi, 60 foot boom Same as shown here: Only 
Element Spacing, inches Heavy-Duty Tip Medium-Duty Tip loment tip aimensions are 
File Name 810-60H.YW 810-60M.YW ‘shown, and all dimensions 
Rellector 0.000 65.000" 70.125" sare inches, S00 Fig 130 for 
Driven Element 42.000" 88.000" 63.500" sement telescoping Wubng 
Director 1 37.000" 57.125" 62.375" schedule, Torque compens 
Director 2 87.000" 55.375" 80.825" SD PVC water pipe placed 
Director 3 126.000" 53.250" 58.625" {2inches behind last 
Director 4 141.000" 51.875" 57.250" director Dimensions shown 
Director 5 157.000" 52.500" 57.875" for compensators is one-half 
Director 6 121.000" 50.125" 55.500" owl length, cartered on 
Gompensator 12" behind Dir.6 59.375" 55.125" 
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of U-bolts with saddles is used to secure the mounting 
plate to the boom, 

Electrically each mounting plate is equivalent to a 
cylinder, with an effective diameter of 2.405 inches for 
the heavy-duty element, and 2.310 inches for the medium: 
duty element. The equivalent length on each side of the 
boom is 2 inches. These dimensions are incorporated in 
the files for the YW (Yagi for Windows) computer mod: 
cling program on the CD-ROM accompanying this book 
to simulate the effect of the mounting plate 

‘The second column in Table 1 shows the spacing of 
each element relative to the next element in line on the 
boom, starting at the reflector, which itself is defined as 
being at the 0.000-inch reference point on the boom. The 
boom for antennas less than 30 feet long can be con. 
structed of 2-inch OD tubing with 0.065-inch wall thicl 
ness. Designs larger than 30 feet long should use 3-inch 
OD heavy-wall tubing for the boom. Because each boom 


has extra space at each end, the reflector is actually placed 
3 inches from the end of the boom. For example, in the 
310-08H.YW design (3 elements on an 8-foot boom), the 
driven element is placed 36 inches ahead of the reflector, 
and the director is placed 54 inches ahead of the driven 
clement, 

‘The next columns give the lengths for the variable 
tips for the heavy-duty and then the medium-duty ele- 
ments. In the example above for the 310-08H.YW Yagi, 
the heavy-duty reflector tip, made out of '/=-inch OD tub- 
ing, sticks out 66.750 inches from the */s-inch OD 
tubing. Note that each telescoping piece of tubing over- 
laps 3 inches inside the piece into which it fits, so the 
overall length of '/s-inch OD tubing is 69.750 inches long 
for the reflector. The medium-duty reflector tip has 71.875, 
inches protruding from the “/s-inch OD tube, and is 74.875 
inches long overall. As previously stated, the dimensions 
are not extremely critical, although measurement accu- 
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Fig 14—Gain, F/R and SWR performance versus frequency for optimized 12-meter Yagis. At A, gain is shown versus 
frequency for seven 12-meter Yagis whose booms range from 6 feet to 54 feet long. Except for the 2-element design, 
these Yagis have been optimized for better than 20 dB F/R and less than 2:1 SWR over the narrow 12-meter band 24.89 to 
24.99 MHz. ALB, front-to-rear ratio for these antennas is shown versus frequency, and at C, SWR over the frequency 
range is shown. At D, the taper schedule for heavy-duty and for medium-duty 12-meter elements is shown. The heavy- 
duty elements can withstand 123-mph winds without icing, and 87-mph winds with ‘lninch radial ice. The medium-duty 


elements can survive 85-mph winds without icing, and 61-mph winds with '-inch r 
19 section of 6061-T6 aluminum tubing is 0.058 inches, and the overlap at each telescoping junction is 


telesco 
3inches. 
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ice. The wall thickness for each 


Table 2 
Optimized 12-Meter Yagi Designs 


‘Two-element 12-meter Yagi, 6 foot boom 


Element Spacing Heavy-Duty Tip 
File Name 212-06H.YW 
Reflector 0.000" 67.500" 

Driven Element 66.000" 59.500" 
Three-element 12-meter Yagi, 10 foot boom 

Element Spacing, inches Heavy-Duty Tip 
File Name 312-40H.YW 
Reflector 0.000" 69.000" 

Driven Element 40.000" 60.250" 
Director 1 74.000" 54.00 
Compensator 42" behind Dir.1 13.625" 
Four-element 12-meter Yagi, 15 foot boom 

Element ‘Spacing, inches Heavy-Duty Tip 
File Name 412-15H.YW 
Reflector 0,000 


Fieve Sete noes anya Te 
Fieve Sete noes ory ouy Te 


‘Medium-Duty Tip 
212-06M.YW 


312-10M.YW 


412-15M.YW 


‘Medium-Duty Tip 
512-20M.YW 


19.625" 


‘Medium-Duty Tip 
612-30M.Y\ 


26.250" 


‘Medium-Duty Tip 
612-40M.Y\ 


‘Medium-Duty Tip 
712-54M.YW 
73.000" 


37.500" 


‘These 12-meter Yagi designs 
wore optimized for > 20 dB 
FIR, and SWR < 2:1 over 
frequency range from 24.890 
to 34.990 M2, for heavy: 
duly elements (123 mph 
wind survival) and for 
‘medium duty (85 mph wind 
survival). Only element tip, 
dimensions are shown, and 
All dimensions are inches. 
Seo Fig 14D for element 
telescoping tubing schedule. 
Torque compensator element 
ig made of 35" OD PVG. 
\water pipe placed 12" behind 
fast director. Dimensions 
shown for compensators is 
‘one-half of total length, 
centered on boom. 
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Fig 15—Gain, FIR and SWR performance versus 
frequency for optimized 15-meter Yagis. At A, gain versus 
frequency is shown for eight 15-meter Yagis whose 
booms range from 6 feet to 80 feet long. Except for the 2- 
element design, these Yagis have been optimized for 
better than 20 dB FIR and less than 2:1 SWR over the 
frequency range 21.0 to 21.45 MHz. At B, frontto-rear 
ratio for these antennas is shown versus frequency, and 
at C, SWR over the frequency range is shown. At D, the 
taper schedule for heavy-duty and for medium-duty 
15-meter elements is shown. The heavy-duty elements 
can withstand 124-mph winds without icing, and 90-mph 
winds with ‘/-inch radial ice. The medium-duty elements 
can survive 86-mph winds without icing, and 61-mph 
winds with */«inch radial ice. The wall thickness for each 
telescoping section of 6061-76 aluminum tubing is 0.058 


+2490) 


soon 


o (0) 


racy to '/s inch is desirable, 
‘The last row in each variable tip column shows the 
length of one-half of the “dummy element” torque com: 
pensator used to correct for uneven wind loading along 
the boom. This compensator is made from 2.5 inches OD 
PVC water pipe mounted to an element-to-boom plate like 
those used for each element. The compensator is mounted 
12 inches behind the last director, the first director in the 
case of the 3-element 310-08H.YW antenna, Note that the 
heavy-duty elements require a correspondingly longer 
torque compensator than do the medium-duty elements. 
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12-METER YAGIS 


Fig 14 describes the electrical performance of seven 
optimized 12-meter Yagis with boom lengths between 6 
to 54 feet. The end of each boom includes 3 inches of 
space for the reflector and last director (or driven ele- 
ment) mounting plates. The narrow frequency width of 
the 12-meter band allows the performance to be optimized 
easily. Fig 14A shows the free-space gain versus fre- 


quency for each antenna; 14B shows the front-to-rear 
ratio, and 14C shows the SWR versus frequency. Each 
antenna with three or more elements was designed to 


To satisfy demand and enable the introduction of SG, estimates indicate at least 10 small cells per 
‘macro base station in urban settings, where cells are already today relatively tightly meshed to 
handle traffic density. 


Here, the players that met with Arcep raised several questions that will no doubt need to be 
answered when considering the ubiquitous deployment of small cells. 


3.3.1 Taxation 


‘The current regulatory framework stipulates that base stations whose power requires an opinion, an 
agreement or a statement from the National Frequency Agency (ANFR) are subject to a flat tax on 
network companies (IFER). The amount of the tax varies according to transmission power, the type 
of installation and the deployment location. For a deployment in an urban area, the tax stands at 
€1,607/year/installation for a base station with an effective isotropic radiated power (EIRP) of more 
than SW (a COMSIS agreement from ANFR is required to be able to transmit) and €160.70€/ 
year/installation for an EIRP of between 1W and SW (declaration to ANFR is required to be able to 
transmit). 


5G small cells will likely use variable transmission powers of between 1W and 25W. In light of rollout 
density forecasts, hence the number of small cells to install, some of the stakeholders that Arcep met 
with raised the question of possibly adapting this tax in such a way as to enable massive small cell 
deployments without generating an equally massive increase in the total tax amount. 


This process is already underway, notably with a view to decreasing taxes on base stations in 
locations that are hard to cover: Act No. 2016-1888 of 28 December 2016 on the modernisation, 
development and protection of mountain regions thus exonerates mobile base stations built in 
‘mountain regions between 1 January 2017 and 31 December 2020 from paying the IFER tax. 


3.3.2 Access to elevated and “semi-elevated 


ations 


To perform their deployments successfully, mobile operators have traditionally needed to install 
their base stations in elevated locations (towers, rooftops, etc.). This will continue to be true with SG 
networks, but will be even more challenging for two main reasons: 


L. 5G antennae will probably be larger {in the m’ range for some) than current 2G, 3G or 4G 
antennae, because of the above-mentioned massive MIMO processing that will require the use 
of a very large number of radiating elements. Moreover, additional antennae compatible with 
new 5G bands will no doubt also need to be deployed. So the re-use of existing masts could 
very well be problematic, and new (possibly collocated) transmission sites will need to be 
found. 

2. This search for new sites will also need to be carried out to install small cells in semi-levated 
locations, but with extra care as the density of these installations will undoubtedly be high: 
operators will thus be required to deploy their equipment on urban furniture and 
infrastructures such as bus shelters, lampposts, public buildings, billboards, ete. 


‘As a result, public authorities will need to keep a close eye on the matter and, if necessary, adopt 
‘measures that will facilitate 5G rollouts. 


“http://www Jemag-numerique.com/wp-content/uploads/2015/10/WP_Souverainete Telecoms PetitesCells FINAL pdf 
“FER = Imposition forfaitaire sur les enterprises de réseaux 


Autorité de régulation des communications électroniques et des postes ayaa 


Tables 
Optimized 15-Meter Yagi Designs 


Two-element 15-neter Yagi 6 foot boom 

foment cin leavy-Duty Ti 

File Name ae 2t5.d6n. Mw? 

Rellector 0.000" 62.000" 

Driven Element 86.000" 34.000" 

Thwes-element 1SmeterYagh 12 foot boom 
ioment pacin leavy-Duty Ti 

File Name : S152H. YW 

Retlector 0.000" 82.000 

Driven Element 48.000" 54-000 

Biretor 92.000" 43800 

Compensator 12" behind Die. 134.780 

Eourolement 1S-meterYagh 18 f00t boom 
foment Spacin feavy-Duty Ty 

File Name if a15t8H YS 

Retlector 0.000 81-000 

Driven Element 86.000 81.500 

Director 1 36.000" 42.000 

Director 2 98,000 36.625 

Compensator 12" behind Dit.2 20.878 

Elveclement 15-meter Yagh 24 foot boom 
foment cin Teavy-Duty Ti 

File Name pened Bi 2aH. YW 

Retlector 0.000" 82.000" 

Driven Element 48.000" 52.375" 

Director + 48.000" 47878" 

Director 2 52.000 47.000 

Biretor 8 134.000" 41000 

Compensator 12" behind Die. 40.250 

Siicoloment 1:meter Yagi 96 foot boom 
‘oment pac leavy-Duty Ti 

File Name » 615-a6H 

Retlector 0.000 81-000 

Driven Element 83.000 52.000 

Director 1 36.000 49.125 

fy 39.000 45.138 

118.000" 47878" 

Director 4 442.000" 42.000" 

Compensator 12" behind Dis. 4 48.800" 

Severrelement 1S:meter Yah 48 fot boom 
foment pain foavy-Duty Ti 

File Name : 615-a8H 

Retlector 0.000" 82.000" 

Driven Element 48.000" 59.000" 

Director + 48.000 51.280 

Director 2 128.000" 48.000 

Director 8 190.000" 45.500 

Director 4 181.000" 42.000 

Compensator 12" behind Die. 451-500" 

Severrelement 1S:meter Yah 60 foot boom 
foment pain foavy-Duty Ty 

File Name J 715:60H 

Retlector 0,000" 59.750 

Driven Element 48.000" 52.000" 

Director + 48.000" 32.000" 

Director 2 93,000 

Director 8 173.000" 

Director 4 197.000" 45.500" 

Director § 15.000" 44750" 

Compensator 12" behind Die. 58.500" 

Eightelement 1S-meter Yagi, 80 foot boom | 

File Name : 815-20. YW 

Retlector 0.000 62.000 

Driven Element 86.000 52.500 

Director + 48.000 34-800 

Director 2 118.000 4a375 

Director 3 164.000" 45.750 

Director 4 202.000" 43.125 

Director § 206.000" 44750 

Director 8 163.000" 40.875" 


Compensator 12" behind Dir. 6 95.000" 


Medium-Duty Tip 
215-06M. 
85.000" 

74,000" 


Medium-Duty Tip 
315-12M.YW 
84.250" 

73.750" 

68.750" 

37.625" 


Medium-Duty Tip 
415-18M.YW 
83.500" 

74.500" 

71.125" 

60.250" 

18.625" 


Medium-Duty Tip 
515-24M.YW 
84.375" 

75.250" 

71.000" 

70.125" 

64.378" 

35.125" 


Medium-Duty Tip 
615-36M.YW 
83.375" 

75.000" 

72.125" 

68.375" 

71.000" 

65.375" 

38.750" 


Medium-Duty Tip 
615-48M.YW 
84.000" 

75.000" 

74.125" 

71.125" 

68.750" 

65.375" 

45.375" 


Medium-Duty Tip 
715-60M.YW 
82.250" 

75.000" 

74875" 

72.500" 

67.375" 

68.750" 

65.125" 

51.000" 


Medium-Duty Tip 
815-80M.YW 
84.000" 
75.500" 
74375" 
71.500" 
69,000" 
66.500" 
68.000" 
64.250" 
83.375" 


‘Those 15-mater Yagi 
designs are optimized for 
> 2048 FIR, ang SWR 
2:1 over entire frequency 
‘ange trom 21.000 to 
21.450 MHz, for heavy-duty 
‘elements (124 mph wind 
survival) and for medium. 
duty (86 mph wind 
‘surviva). Only element tip 
‘dimensions ate shown, See 
Fig 15D for element 
telescoping tubing 
schedule. All dimensions 
are in inches. Torque. 
‘compensator element is 
made of 2.5" OD PVG 
water pipe placed 12° 
behind last director, and 
dimensions shown for 
‘compensators is one-half 
Of total length, centered 
‘on Boom. 


17 Meter Yagi, Gain vs Frequency 


{7 Meter Yagi, FIR vs Frequency 
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Fig 16—Gain, F/R and SWR performance versus frequency 
{for optimized 17-meter Vagis. At A, gain versus frequency 
is shown for six 17-meter Yagis whose booms range from 
6 feet to 60 feet long. Except for the 2-element design, 
these Yagis have been optimized for better than 20 dB F/R. 
and less than 2:1 SWR over the narrow 17-meter band 
18.068 to 18.168 MHz. At B, front-to-rear ratio for these 
antennas is shown versus frequency, and at C, SWR over 
the frequency range is shown. At D, the taper schedule for 
heavy-duty and for medium-duty 10-meter elements is 
shown. The heavy-duty elements can withstand 123-mph 
winds without icing, and 89-mph winds with '/<inch radial 
ice. The medium-duty elements can survive 83-mph winds 
without icing, and 59-mph winds with '/-inch radial ice. 
The wall thickness for each telescoping section of 6061-76 
aluminum tubing is 0.058 inches, and the overlap at each 
telescoping junction is 3 inches. 


mae in cevors 
= * o (0) 
sacs 


cover the narrow 12-meter band from 24.89 to 
24.99 MHz, with SWR less than 2:1 and F/R better than 
20 dB over that range. 

Fig 14D shows the taper schedule for two types of 
12-meter elements. The heavy-duty design can survive 12: 
mph winds with no icing, and 87-mph winds with 
"Ye inch of radial ice. The medium-duty design can handle 
85-mph winds with no icing, and 61-mph winds with 
"Ye inch of radial ice. The element-to-boom mounting plate 
for these Yagis is a 0.375 inch thick flat aluminum plate, 5 
inches wide by 6 inches long. 

Electrically, each mounting plate is equivalent to a 
cylinder, with an effective diameter of 2.945 inches for 
the heavy-duty element, and 2.857 inches for the medium- 
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duty element. The equivalent length on each side of the 
boom is 3 inches. As usual, the torque compensator is, 
mounted 12 inches behind the last director. 


15-METER YAGIS: 

Fig 15 describes the electrical performance of eight 
optimized 15-meter Yagis with boom lengths between, 
6 feet to a spectacular 80 feet. The end of each boom in- 
cludes 3 inches of space for the reflector and last-director 
(or driven element) mounting plates. Fig [5A shows the 
free-space gain versus frequency for each antenna; 15B 
shows the worst-case front-to-rear ratio, and 15C shows 
the SWR versus frequency. Each antenna with three or more 
elements was designed to cover the full 15-meter band from 


Table 4 
Optimized 17-meter Yagi Designs 


Two-element 17-meter Yagi, 6 foot boom 


Element ‘Spacin Heavy-Duty Ti 
File Name rs 217-06H.YW 
Rellector 0.000 61.00 

Driven Element 66.00 448.000" 


Three-element 17-meter Yagi, 14 foot boom 
Element ‘Spacing Heavy-Duty Tip 


File Name 317-14H.YW 
Reflector 61.500" 
Driven Element 

Director 1 


12" behind Dir. 1 


12.625" 
Four-element 17-meter Yagi, 20 foot boom 


Element ‘Spacin, Heavy-Duty Ti 
File Name d Arron” 


Reflector 61.501 
Driven Element 54.250" 
Director 1 52.625" 
Director 2 40.500" 
Compensator 12° behind Dir.2 42.500" 


Five-element 17-meter Yagi, 30 foot boom 
Element ‘Spacing Heavy-Duty Tip 


File Name 517-30H.YW 
Reflector 61.875" 
Driven Element 52.250" 
Director 1 49.625" 
Director 2 49.875" 
Director 3 43.500" 
Compensator 12" behind Dir.3 54.375" 


Six-element 17-meter Yagi, 48 foot boom 


Element ‘Spacing Heavy-Duty Tip 
File Name 617-48H.YW 
Reflector 63.000" 

Driven Element 52.500" 
Director 1 45.500" 
Director 2 47.875" 
Director 3 47.000" 
Director 4 42.000" 
Compensator 12° behind Dir. 4 68.250" 


Six-element 17-meter Yagi, 60 foot boom 
Element Spacing Heavy-Duty Tip 


File Name 617-60H.YW 
Reflector 61.250" 
Driven Element 54.750" 
Director 1 52.250" 
Director 2 46.000" 
Director 3 44.625" 
Director 4 41.500" 
Compensator 12° behind Dir. 4 62875" 


Medium 2uty Tip 


Medium-Duty Tip 
317-14M.YW 
91.500" 


Medium Duty Tip 


Medium-Duty Tip 
517-30M.YW 
89.875" 


‘Medium-Duty Tip 
617-48M.YW 


57.500" 


Medium-Duty Tip 
617-60M.YW 


‘These 17-m Yagi designs are optimized for > 20 dB FIR, and SWR < 2:1 over enti frequency range from18.068 to 18.168 M2, for 
hheavy-duty elements (123 mph wind survival) and for medium-duly (83 mph wind survival). Only element tip dimensions are shown. 
All dimensions are in inches. Torque compensator element is made of 2.5" OD PVC water pipe placed 12" behind last director, and 
dimensions shown for compensators is one-half of total length, centered on boom. 


21.000 to 21.450 MHz, with SWR less than 2:1 and F/R 
ratio better than 20 dB over that range. 

Fig ISD shows the taper schedule for two types of 
15-meter elements. The heavy-duty design can survive 
124-mph winds with no icing, and 90-mph winds with 
‘Jc inch of radial ice. The medium-duty design can handle 


86-mph winds with no icing, and 61-mph winds with 
Ws inch of radial ice. The element-to-boom mounting plate 
for these Yagis is a 0.375-inch thick flat aluminum plate, 
5 inches wide by 6 inches long. 

Electrically, each mounting plate is equivalent to a 
cylinder, with an effective diameter of 3.0362 inches for 
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20 Meter Yagi, Gain vs Frequeng 


20 Meter Yagis, SW vs Frequency 


(0) [Se ween 
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for optimized 20-meter Yagis. At A, gain versus frequency 
is shown for eight 20-meter Yagis whose booms range 
from 8 feet to 80 feet long. Except for the 2-element design, 
these Yagis have been optimized for better than 20 dB F/R. 
and less than 2:1 SWR over the frequency range 14.0 to 
14.35 MHz. At B, front-to-rear ratio for these antennas is, 
shown versus frequency, and at C, SWR over the 
frequency range is shown. At D, the taper schedule for 
heavy-duty and for medium-duty 20-meter elements is 
shown. The heavy-duty elements can withstand 122-mph 
is without icing, and 89-mph winds with ‘/-inch radial 

. The medium-duty elements can survive 82-mph winds 

‘out icing, and 60-mph winds with ‘lvinch radial ice. 
The wall thickness for each telescoping section of 6061-76 
aluminum tubing is 0.058 inches, and the overlap at each 
telescoping junction is 3 inches. 


wen. 


the heavy-duty element, and 2.9447 inches for the 
‘medium-duty element. The equivalent length on each side 
of the boom is 3 inches. As usual, the torque compensa- 
tor is mounted 12 inches behind the last director. 


17-METER YAGIS 
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Fig 16 describes the electrical performance of six 
optimized 17-meter Yagis with boom lengths between 6 
to a heroic 60 feet. As usual, the end of each boom 
includes 3 inches of space for the reflector and last 
director (or driven element) mounting plates. Fig 164. 
shows the free-space gain versus frequency for each an- 


Table 5 
Optimized 20-Meter Yagi Designs 
Two-element 20-meter Yagi, 8 foot boom 


Element Spacing Heavy-Duty Tip 
File Name 220-08H. YW 
Reflector 0.000" 66.000" 

Driven Element 90.000" 48,000" 
Three-element 20-meter Yagi, 16 foot boom 

Element ‘Spacing Heavy-Duty Tip 
File Name 320-16H. YW 
Reflector 0.000" 69.625" 

Driven Element 80.000" 51.250 
Director 1 108.000" 42.625" 
Gompensator 12" behind Dir. 1 33.375" 
Four-element 20-meter Yagi, 26 foot boom 

Element ‘Spacing ‘Heavy-Duty Tip 
File Name 420-26H.YW_ 
Reflector 0.000" 65.625" 

Driven Element 72.000" 53.375" 
Director 1 60.000" 51.750" 
Director 2 174.000" 38.625" 
Gompensator 12" behind Dir.2 54.250" 
Five-element 20-meter Yagi, 34 foot boom 

Element Spacing Heavy-Duty Tip 
File Name 520-344. YW 
Reflector 0,000" 68.625" 

Driven Element 72.000" 52.250 
Director 1 71.000" 45.875" 
Director 2 68,000" 45.875" 
Director 3 191.000" 37.000" 
Compensator 12" behind Dir. 69.250" 
Five-element 20-meter Yagi, 40 foot boom 

Element ‘Spacing Heavy-Duty Tip 
File Name 520-40. YW 
Reflector 0,000" 68.375 

Driven Element 72.000" 53.500 
Director 1 72.000" 51.500 

Director 2 139.000" 48.375) 
Director 3 191.000" 38,000 
Compensator 12" behind Dir. 69.750" 
Five-element 20-meter Yagi, 48 foot boom 

Element ‘Spacing Heavy-Duty Tip 
File Name 520-48H. YW 
Reflector 0.004 66.250" 

Driven Element 72.000" 53.000" 
Director 1 88,000" 50.500" 

Director 2 199.000" 47.375" 
Director 3 211.000" 39.750 
Compensator 12" behind Dir.3 70.325" 
Six-element 20-meter Yagi, 60 foot boom 

Element ‘Spacing Heavy-Duty Tip 
File Name 620:80H. YW 
Reflector 0.000" 67.000 

Driven Element 84.000" 51.500 
Director 1 91.000" 45.125" 
Director 2 130.000" 44.378" 
Director 3 210.000" 46.875" 
Director 4 199.000" 39.125" 
Compensator 12" behind Dir.4 72.875" 
Six-element 20-meter Yagi, 80 foot boom 

Element ‘Spacing Heavy-Duty Tip 
File Name 620-80. YW 
Reflector 0.000" 66.125' 

Driven Element 72.000" 52.375 
Director 1 122.000" 49.125" 

Director 2 229.000" 44/500" 

Director 3 291.000" 42.625) 
Director 4 240.000" 38.750 
Compensator 42" behind Dir.4 78.750" 


Medium-Duty Tip 
220-08M.YW 
80.000" 

59.000" 


Medium-Duty Tip 
320-16M.YW 
81.625" 

64.500" 

56.375" 

38.250" 


Medium-Duty Tip 
420-26M.Y\ 
78.000" 

65.375" 

63.875" 

51.500" 

44.250" 


Medium-Duty Tip 
'520-34M.YW 
80.750" 

65.500" 

59.375" 

59.375" 

51.000" 

56.250" 


Medium-Duty Tip 
'520-40M.YW 
80.500" 

66.625" 

64.625" 

61.750" 

52.000" 

56.750" 


Medium-Duty Tip 
'520-48M.Y\ 
78.500" 

66.000" 

63.750" 

60.875" 

53.625" 

57.325" 


Medium-Duty Tip 
620-60M.YW 
79.250" 

65.000" 

58.750" 

55.125" 

60.375" 

53.000" 

59.250" 


Medium-Duty Tip 
620-80M.YW 
78.375" 

65.500" 

62.500" 

58.125" 

56.375" 

52.625" 

64.125" 


These 20-meter Yagi 
designs are optimized for 
$'20-d8 FIR, and SWR, 

< 2:1 ‘over entire frequency 
range from 14.000 10, 
14.350 MHz, for heavy-duty 
elements (132 mph wind 
Survival) and for medium. 
duty (82 mph wind 

survival). Only element tip 
‘dimensions ate shown, See 
Fig 17 for element 
telescoping tubing 
schedule. All dimensions 
are in Inches. Torque 
‘compensator element is 
made of 2.5" OD PVC 
water pipe placed 12° 
behind last director, and 
‘dimensions shown for 
‘compensators is one-half 
of total length, centered 

‘on boom. 
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30 Meter Yagi, FIR vs Frequency 
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Fig 18—Gain, F/R and SWR performance versus frequency 
{for optimized 30-meter Yagis. At A, gain versus frequency is 
shown for three 30-meter Yagis whose booms range from 
15 feet to 34 feet long, and which have been optimized for 
better than 10 dB F/R and less than 2:1 SWR over the 
{frequency range 10.1 to 10.15 MHz. At B, front-to-rear ratio 
{for these antennas is shown versus frequency, and at C, 
‘SWR over the frequency range is shown. At D, the taper 
schedule is shown for heavy-duty 30-meter elements, which 
can withstand 107-mph winds without icing, and 93-mph 
winds with ‘/«inch radial ice. Except for the 2'/-inch and, 
2.inch sections, which have 0.083 inch thick walls, the wall 
thickness for the other telescoping sections of 6061-76 
aluminum tubing is 0.058 inches, and the overlap at the 
inch telescoping junction with the “inch section is, 
complete. The 2-inch section utilizes two machined 
aluminum reducers to accommodate the 1 
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tenna; 16B shows the worst-case front-to-rear ratio, and 
16C shows the SWR versus frequency. Each antenna 
three or more elements was designed to cover the narrow 
17-meter band from 18,068 to 18.168 MHz, with SWR 
less than 2:1 and F/R ratio better than 20 dB over that 


range. 


Fig 16D shows the taper schedule for two types of 
17-meter elements. The heavy-duty design can survive 

ids with 
"Joinch of radial ice. The medium-duty design can handle 
83-mph winds with no icing, and 59-mph winds with 


123-mph winds with no 


Ys inch of radial ice. 


The element-to-boom mounting plate for these Y: 
‘k flat aluminum plate, 6 inches wide by 
8 inches long. Electrically, each mounting plate is equiva- 


is a 0.375-inch thi 
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1g, and 83-mph wi 


lent toa cylinder, with an effective diameter of 3.5122 inches 
for the heavy-duty element, and 3.3299 inches for the 
medium-duty element. The equivalent length on each side 
of the boom is 4 inches. As usual, the torque compensator is, 
mounted 12 inches behind the last director. 


20-METER YAGIS 

Fig 17 describes the electrical performance of eight 
optimized 20-meter Yagis with boom lengths between & 
to a giant 80 feet. As usual, the end of each boom 
includes 3 inches of space for the reflector and last direc: 
tor (driven element) mounting plates. Fig 17A shows the 
free-space gain versus frequency for each antenna; 17B 
shows the front-to-rear ratio, and 17C shows the SWR 
versus frequency. Each antenna with three or more ele- 


40 Meter Yagi, Gain vs Frequency 


40 Meter Vagis, FIR vs Frequency 


(A) 


(C) 


(8) 


Fig 19—Gain, F/R and SWR performance versus 
frequency for optimized 40-meter Yagis. At A, gain 
versus frequency is shown for three 40-meter Yagis 
whose booms range from 20 feet to 48 feet long, and 
which have been optimized for better than 10 dB FIR 
and less than 2:1 SWR over the frequency range 7.0 to 
7.2 MHz. At B, front-to-rear ratio for these antennas is 
shown versus frequency, and at C, SWR over the 
frequency range is shown. At D, the taper schedule is 
shown for heavy-duty 40-meter elements, which can 

ithstand 107-mph winds without icing, and 93-mph 
ids with ‘/«inch radial ice. Except for the 2'-inch 
and 2-inch sections, which have 0.083 inch thick walls, 
the wall thickness for the other telescoping sections of 
6061-T6 aluminum tubing is 0.058 inches, and the 
overlap at the end telescoping junction is 3 inches. 
The 2-inch section utilizes two machined aluminum 
reducers to accommodate the 1-inch tubing. 


3,600 


ments was designed to cover the complete 20-meter band 
from 14.000 to 14.350 MHz, with SWR less than 2:1 and 
FIR ratio better than 20 dB over that range. 

Fig 17D shows the taper schedule for two types of 
20-meter elements. The heavy-duty design can survive 
122-mph winds with no icing, and 89-mph winds with 
'Yeinch of radial ice. The medium-duty design can handle $2- 
mph winds with no icing, and 60-mph winds with 
'Ycinch of radial ice. The element-to-boom mounting plate for 
these Yagis is a 0.375-inch thick flat aluminum plate, 


6 inches wide by 8 inches long. Electrically, each mounting 
plate is equivalent to a cylinder, with an effective diameter of 
3.7063 inches for the heavy-duty element, and 
3.4194 inches for the medium-<duty element. The equivalent 
length on each side of the boom is 4 inches. As usual, the torque 
compensator is mounted 12 inches behind the last director. 


30-METER YAGIS 


Fig 18 describes the electrical performance of three 
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Table 6 
Optimized 30-Meter Yagi Designs 


‘Two-element 30-meter Yagi, 15 foot boom 


Element Spacing Heavy-Duty Tip 
File Name 230-15H.YW 
Reflector 0.000" 50.250" 

Driven Element 174.000" 14.875" 


S-element 30-meter Yagi, 22 foot boom 


Element Spacing Heavy-Duty Tip 
File Name 330-22H.YW 
Reflector 0.000 59.375 

Driven Element 135.000 35.000 

Director 1 128.000 19.625 


Three-element 30-meter Yagi, 34 foot boom 


Element Spacing Heavy-Duty Tip 
File Name 330-34H.YW 
Reflector 0.000" 53.750" 

Driven Element 211 29.000" 
Director 1 490 44.500" 


‘These 30-m Yagi designs are optimized for > 10 dB F/R, and 
‘SWR’< 2:1 over entire frequency range from 10.100 to 10.150 
MHz for heavy-duty elements (105 mph wind survival). Only 
tlement tip dimensions are shown. See Fig 18D for element 
felescoping tubing schedule. All dimensions are in inches. No 
torque compensator element is required. 


optimized 30-meter Yagis with boom lengths between 15 
to 34 feet. Because of the size and weight of the elements 
alone for Yagis on this band, only 2-element and 3-ele- 
ment designs are described. The front-to-rear ratio require- 
‘ment for the 2-element antenna is relaxed to be greater 
than 10 dB over the band from 10.100 to 10.150 MHz, 
while that for the 3-element designs is kept at greater than 
20 dB over that frequency range. 

As usual, the end of each boom includes 3 inches of 
space for the reflector and last director mounting plates. 
Fig I8A shows the free-space gain versus frequency for 
each antenna; 18B shows the worst-case front-to-rear 
ratio, and 18C shows the SWR versus frequency. 

Fig 18D shows the taper schedule for the 30-meter 
elements. Note that the wall thickness of the first two 
sections of tubing is 0.083 inches, rather than 0.058 
inches. This heavy-duty element design can survive 107- 
‘mph winds with no icing, and 93-mph winds with '/« inch 
of radial ice. The element-to-boom mounting plate for 
these Yagis is a 0.500-inch thick flat aluminum plate, 6 
inches wide by 24 inches long. Electrically, each mount- 
ing plate is equivalent to a cylinder, with an effective di- 
ameter of 4.684 inches. The equivalent length on each 
side of the boom is 12 inches. These designs require no 
torque compensator. 


40-METER YAGIS 


Fig 19 describes the electrical performance of three 
optimized 40-meter Yagis with boom lengths between 20 
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Table 7 
Optimized 40-Meter Yagi Designs 


‘Two-element 40-meter Yagi, 20 foot boom 


Element ‘Spacing Heavy-Duty Tip 
File Name 240-20H.YW 
Reflector 0.000" 85,000" 

Driven Element 234.00 35,000" 


‘Three-element 40-meter Yagi, 32 foot boom 


Element ‘Spacing Heavy-Duty Tip 
File Name 340-32H.YW 
Reflector 0.00 

Driven Element 196.00 

Director 1 182.001 33.875" 


‘Three-element 40-meter Yagi, 48 foot boom 


Element Spacing Heavy-Duty Tip 
File Name 340-48H.YW 
Reflector 0.000" 

Driven Element 

Director t 


‘These 40-m Yagi designs are optimized for > 10 dB F/R, and 
SW < 2:1 over low-end of frequency range from 7.000 10 
7.200 MHz, for heavy-duty elements (35 mph wind survival) 
Only element tip dimensions are shown. See Fig 190 for 
element telescoping tubing schedule. Ali dimensions are in 
inches. No wind torque compensator is required. 


to 48 feet. Like the 30-meter antennas, because of the 
size and weight of the elements for a 40-meter Yagi, only 
2-element and 3-clement designs are described. The front- 
to-rear ratio requirement for the 2-element antenna is 
relaxed to be greater than 10 dB over the band from 7.000 
to 7.300 MHz, while the goal for the 3-element designs 
is 20 dB over the frequency range of 7.000 to 7.200 MHz. 
It is exceedingly difficult to hold the F/R greater than 
20 4B over the entire 40-meter band without sacrificing 
excessive gain with a 3-element design, 

As usual, the end of each boom includes 3 inches of, 
space for the reflector and last director mounting plates. 
Fig 19A shows the free-space gain versus frequency for 
each antenna; 19B shows the front-to- rear ratio, and 19C 
shows the SWR versus frequency 

Fig 19D shows the taper schedule for the 40-meter el- 
ements, Note that the wall thickness of the first 
two sections of tubing is 0.083 inches, rather than 
0.058 inches. This element design can survive 93-mph winds 
with no icing, and 69-mph winds with '/ inch of radial ice. 
The element-to-boom mounting plate for these Yagis is a 
0.500-inch thick flat aluminum plate, 6 inches wide by 24 
inches long. Electrically each mounting plate is equivalent 
to a cylinder, with an effective diameter of 4.684 inches. 
‘The equivalent length on each side of the boom is 12 inches. 
‘These designs require no torque compensator. 


Modifying Monoband Hy-Gain Yagis 


Enterprising amateurs have long used the Telex 
Communications Hy-Gain “Long John” series of HF 
monobanders as a source of top-quality aluminum and 
hardware for customized Yagis. Often-modified older 


models include the 105BA for 10 meters, the 1S5BA for 
15 meters, and the 204BA and 20SBA for 20 meters. 


Fig 20—Gain, FIR and SWR over the 28.0 to 28.8 MHz 
range for original and optimized Yagis using Hy-Gain 
hardware. Original 105BA design provided excellent 
weight balance at boom-to-mast bracket, but compro- 
mised the electrical performance somewhat because of 
non-optimum spacing of elements. Optimized design 
requires wind torque-balancing compensator element, 
and compensating weight at director end of boom to 
rebalance weight. The F/R ratio over the frequency 
range for the optimized design is more than 23 dB. 
Each element uses the original Hy-Gain taper schedule 
and element-to-boom clamp, but the length of the tip is 
changed per Table 8. 


Table 8 
Optimized Hy-Gain 20-Meter Yagi Designs 


Optimized 204BA, Four-element 20-meter Yag 
26 foot boom 


Element Spacing Element Tip 
File Name BV204CA. YW 
Reflector 0.000" 56.000" 
Driven Element 85.000" 52.000" 
Director 1 72.000" 61.500" 
Director 2 149.000" 50.125" 


Optimized 205CA, Five-element 20-meter Ya 
34 foot boom 


Element Spacing Element Tip 
File Name BV205CA.YW 
Reflector 0.000" 62.625" 
Driven Element 72.000" 53.500" 
Director 1 72.000" 63.875" 
Director 2 74.000" 61.625" 
Director 3 490.000" 55.000" 


Newer Hy-Gain designs, the 105CA, 155CA and 205CA, 
have been redesigned by computer for better performance. 

Hy-Gain antennas have historically had an excellent 
reputation for superior mechanical design, and Hy-Gain 
proudly points out that many of their monobanders are 
still working after more than 30 years. In the older designs 
the elements were purposely spaced along the boom to 
‘hieve good weight balance at the mast-to-boom bracket, 
with electrical performance as a secondary goal. Thus, 
the electrical performance was not necessarily optimum, 
particularly over an entire amateur band. Newer Hy-Gain 
designs are electrically superior to the older ones, but 
because of their strong concern for weight-balance are 
still not optimal by the definitions used in this chapter. 
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Fig 21—Gain, F/R and SWR over the 21.0 to 21.45 MHz 
band for original and optimized Yagis using Hy-Gain 
hardware. Original 155BA design provided excellent 
weight balance at boom-to-mast bracket, but 
compromised the electrical performance somewhat 
because of non-optimum spacing of elements. 
Optimized design requires wind torque-balancing 
compensator element, and compensating weight at 
director end of boom to rebalance weight. The FIR ratio 
over the frequency range for the optimized design is 
more than 22 dB. Each element uses the original Hy- 
Gain taper schedule and element-to-boom clamp, but 
the length of the tip is changed per Table 9. 


Table 9 
Optimized Hy-Gain 15-Meter Yagi Designs 


Optimized 155BA, Five-element 15-meter Yagi, 
24 foot boom 


Element Spacing Element Tip 
File Name BVISSCA.YW 
Reflector 0.000" 64.000" 
Driven Element 48,000" 65.500" 
Director 1 48.000" 63.875" 
Director 2 82.750" 61.625" 
Director 3 127.250" 55,000" 
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Fig 22—Gain, F/R and SWR over the 14.0 to 14.35 MHz 
band for original and optimized Yagis using Hy-Gain 

1 205BA design provided good 
ince at boom-to-mast bracket, but 
‘compromised the electrical performance because of 
non-optimum spacing of elements. Optimized design 
requires wind torque-balancing compensator element, 
and compensating weight at director end of boom to 
rebalance weight. The F/R ratio over the frequency 
range for the optimized design is more than 23 dB, 
while the original design never went beyond 17 dB of 
F/R. Each element uses the original Hy-Gain taper 
schedule and element-to-boom clamp, but the length 
Of the tip is changed per Table 10. 


Table 10 
Optimized Hy-Gain 10-Meter Yagi Designs 


Optimized 105BA, Five-element 10-meter Yagi, 
24 foot boom 


Element Spacing, inches Element Tip 
File Name BV105CA. YW 
Reflector 0.000" 44,250" 
Driven Element 40.000" 53.625" 
Director 1 40.000" 52.500" 
Director 2 89.500" 50.500" 
Director 3 112.250" 44.750" 


With the addition of wind torque-compensation dummy 
elements, and with extra lead weights, where necessary, 
at the director end of the boom for weight-balance, the 
electrical performance can be enhanced, using the same 
proven mechanical parts. 

Fig 20 shows the computed gain, F/R ratio and SWR 
for a 24-foot boom, 10-meter optimized Yagi (modified 
105BA) using Hy-Gain hardware, Fig 21 shows the same 
for a 26-foot boom 15-meter Yagi (modified 155BA), and 
Fig 22 shows the same for a 34-foot boom (modified 20BA) 
20-meter Yagi. Tables 8 through 10 show dimensions for 
these designs. The original Hy-Gain taper schedule is used 
for each element. Only the length of the end tip (and the 
spacing along the boom) is changed for each element. 


Multiband Yagis 


So far, this chapter has discussed monoband Yagis- 
that is, Yagis designed for a single Amateur-Radio fre- 
quency band. Because hams have operating privileges on 
more than one band, multiband coverage has always been 
very desirable, 


INTERLACING ELEMENTS 


In the late 1940s, some experimenters tried inter- 
lacing Yagi elements for different frequencies on a single 
boom, mainly to cover the 10 and 20-meter bands (at that 
time the 15-meter band wasn’t yet available to hams). 
The experimenters discovered, to their considerable 
chagrin, that the mutual interactions between different 
elements tuned to different frequencies are very difficult 
to handle. 

Adjusting a lower-frequency element usually results, 
in interaction with higher-frequency elements near it, In 
effect, the lower-frequency element acts like a retrograde 
reflector, throwing off the effectiveness of the higher- 
frequency directors nearby. Element lengths and the spac- 
ing between elements can be changed to improve perfor- 
mance of the higher-frequency Yagi, but the resulting 
compromise is rarely equal to that of an optimized 
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monoband Yagi. A reasonable compromise for portable 
operation may be found in Chapter 15, Portable Antennas, 
by VETCA. 


TRAPPED MULTIBANDERS 


Multiband Yagis using a single boom can also be 
made using traps. Traps allow an element to have mul- 
tiple resonances. See Chapter 7, Multiband Antennas, for 
details on tap designs. Commercial vendors have sold 
trapped antennas to hams since the 1950s and surveys 
show that after simple wire dipoles and multiband verti- 
cals, trapped triband Yagis are the most popular anten- 
nas in the Amateur Radio service. 

‘The originator of the trapped tribander was Chester 
Buchanan, W3DZZ, in his Mar 1955 QST article, “The 
Multimatch Antenna System.” On 10 meters this rather 
unusual tribander used two reflectors (one dedicated and 
one with traps) and two directors (one dedicated and one 
with traps). On 20 and 15 meters three of the five ele. 
ments were active using traps. The W3DZZ tribander 
‘employed 12 traps overall, made with heavy wire and 
concentric tubular capacitors to hold down losses in the 
traps. Each trap was individually fine tuned after con- 


3.3.3. 5G networks’ regional coverage and backhaul 


Ensuring regional connectivity will be one of the challenges for this new generation of mobile 
networks. 


The diversity of use-cases envisioned for future 5G networks, the geographical distribution of which 
is not yet precisely known, must be factored in when addressing coverage issues. 


‘The higher frequency bands that are being put forth for future SG networks, along with the 
potentially very substantial bandwidth consumed by these new uses, pose the question of the 
regional foothold of these networks. As a matter of fact, mobile networks have never before 
employed such high frequencies whose use will require a large number of relay antennae to be 
installed. 


Moreover, connecting the 5G installations to the network will push to the fore the question of the 
cost of connecting them via optical fibre, which will no doubt be necessary in most instances to 
ensure the expected quality of service. The industry needs to design the technologies that will make 
it possible to minimise the cost of SG rollouts in rural areas. 


3.4 Net neutrality issues 


European regulation on safeguarding an Open Internet“, adopted by the European Parliament and 
Council on 25 November 2015, for which European regulators required an additional nine months to 
specify the rules governing its application, introduces the principle of net neutrality as one of the top 
priorities in the standardisation hierarchy. 


Net neutrality is an overriding principle that guarantees equal treatment for all data traffic on the 
internet. In particular, it excludes any form of discrimination with respect to the source, the 
destination or the content of data flows. 


(On 30 August 2016, BEREC (the Body of European Regulators for Electronic Communications) 
published guidelines for national regulators on the enforcement of the European Open Internet 
regulation”. 


During the BEREC public consultation“ on its draft net neutrality guidelines, several enterprises and 
electronic communications sector stakeholders took the opportunity to deliver a clear-cut point of 
view in their “5G manifesto for timely deployment of 5G in Europe”. This manifesto aims at warning 
public authorities against a too restrictive approach to traffic management, and especially of the 
supposedly negative effects that, in their opinion, an overly strong enforcement of net neutrality 
could have on the 5G rollout roadmap. 


* Regulation (EU) 2015/2120: http://eut-lex europa.eu/legal-content/ER/TXT/PDF,/Puri=CELEX:32015R2120&from=EN 
© Internet service providers (ISP) can employ reasonable traffic management measures for certain categories of traffic, 
under non-diseriminatory conditions and provided they are transparent, proportionate and justified by abjective technical 
requirements, and not used to serve their own commercial interests, ISPs can also distinguish certain service, called 
specialised services, from their internet access service, without them affecting the latter, provided these services have 
specifi, objective transit requirements. 


* http://www berec.europa.cu 
* http://telecoms.com/wp-content/blogs.dir/1/files/2016/07/5GManifestofortimelydeploymentofSGinéurope.paf 
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struction before mounting it on an element. 

Another example of a homemade tribander was the 
26-foot boom 7-clement 20/15/10-meter design described 
by Bob Myers, WIXT (ex-WIFBY) in Dec 1970 QST. 
‘The WIFBY tribander used only two sets of traps in the 
driven element, with dedicated reflectors and directors 
for each frequency band. Again, the traps were quite ro~ 
bust in this design to minimize trap losses, using ‘/e-inch 
aluminum tubing for the coils and short pieces of RG-8 
coax as high-voltage tuning capacitors. 

Only a relatively few hams actually built tribanders 
for themselves, mainly because of the mechanical com- 
plexity and the close tolerances required for such anten- 
nas, The traps themselves must be constructed quite 
accurately for reproducible results, and they must be care~ 
fully weatherproofed for long life in rain, snow, and often 
polluted or corrosive atmospheres. 


Ch 


Another possible method for achieving multiband 
coverage using monoband Yagis is to stack them in a 
“Christmas tree” arrangement. See Fig 23. For an instal- 
lation covering 20, 15 and 10 meters, you could mount 
on the rotating mast just at the top of the tower the 
20-meter monobander. Then perhaps 9 feet above that 
‘you would mount the 15-meter monobander, followed by 
the 10-meter monoband Yagi 7 feet further up on the mast. 
Another configuration would be to place the 10-meter 
‘Yagi in between the lower 20-meter and upper 15-meter 
Yagis. Whatever the arrangement, the antenna in the 
middle of such a Christmas-tree always suffers the most 
interaction from the lowest-frequency Yagi. 

Dave Leeson, WONL (ex-W6QHS), mentions that 
the 10-meter Yagi in his closely stacked Christmas Tree 
(5 meters at the top, 10 meters in the middle, and 
20 meters at the bottom of the rotating mast) loses “sub- 
stantial gain” because of serious interaction with the 
20-meter antenna. (NOBV and K1VR calculated that the 
free-space gain in the WONL stack drops to 5 dBi, com- 
pared to about 9 dBi with no surrounding antennas.) 
Monobanders are definitely not universally superior to 
tribanders in multiband installations. In private conver- 
sations, W6NL has indicated that he would not repeat 
this kind of short Christmas Tree installation again. 


mas Tree Stacks 


Forward Staggering 

Some hams have built multiband Yagis on a com- 
‘mon boom, using a technique called forward staggering. 
This means that that most (or all) of the higher-frequency 
elements are placed in front of any lower-frequency ele- 
‘ments—in other words, most of the elements are not 
interlaced. Richard Fenwick, KSRR, described his triband 
Yagi design in Sep 1996 QEX magazine. This uses for- 
ward:-stagger and open-sleeve design techniques and was 
optimized using several sophisticated modeling programs. 

Fenwick’s tribander used a 57-foot, 3-inch OD boom 
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Fig 23—“Christmas Tree” stack of 20/15/10-meter Yagis, 
spaced vertically on a single rotating mast. 


to hold 4 elements on 20 meters, 4 elements on 15 meters 
and 5 elements on 10 meters. Fig 24 shows the element 
placement for the KSRR tribander. Most hams, of course, 
don’t have the real-estate or the large rotator needed to 
turn such a large, but elegant solution to the interaction 
problem! 


Force 12 C3 “Multi-Monoband” Triband Yagi 

Antenna manufacturer Force 12 also uses forward- 
stagger layouts and patented combinations of open- and 
closed-sleeve drive techniques extensively in their prod- 
uct line of multiband antennas, which they call “multi- 
monoband Yagis.” Fig 25 shows the layout for the popular 
Force 12 C3 triband Yagi. The C3 uses no traps, thereby 
avoiding any losses due to traps. The C3 consists of three 
2-element Yagis on an 18-foot boom, using full-sized ele- 
ments designed to withstand high winds, 

‘The C3 feed system employs open-sleeves, where 
the 20-meter driver element is fed with coax through a 
‘common-mode current balun and parasitically couples to 
the closely spaced 15-meter driver and the two 10-meter 
drivers to yield a feed-point impedances close to 50. Q 
on ll three bands. See the section on open-sleeve dipoles 
in Chapter 7, Multiband Antennas. 

Note the use of the forward-stagger technique in the 
C3, especially on 10 meters. To reduce interaction with 
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Fig 24—Dimensions of KSRR's trapless tribander using “forward stagger” and open-sleeve techniques to manage 


interaction between elements for different frequencies. 
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Fig 25—Layout of Force 12 C3 multiband Yagi. Note that 
the 10-meter (driver/director) portion of the antenna is 
“forward staggered’ ahead of the 15-meter (reflector! 
driver) portion, which in turn is placed ahead of the 20- 
meter (rflectoridriver) portion. The antenna is fed at the 
20-meter driver, which couples parasitically to the 15- 
meter driver and the two 10-meter drivers. 
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the lower-frequency elements behind it, the 10-meter por- 
tion of the C3 is mounted on the boom ahead of all the 
lower-frequency elements, with the main 10-meter para. 
sitic element (#7) acting as a director. The lower-fre. 
quency elements behind the 10-meter section act as 
retrograde reflectors, gaining some improvement of the 
gain and pattern compared to a monoband 2-element Yagi. 
A simplified EZNEC model of the C3 is included on the 
CD-ROM accompanying this book. 

‘On 15 meters, the main parasitic element (#2) is a 
dedicated reflector, but the other elements ahead on the 
boom act like retrograde directors to improve the gain 
and pattern somewhat over a typical 2-element Yagi with 
areflector. On 20 meters, the C3 is a 2-element Yagi with, 
a dedicated reflector (#1) at the back end of the boom. 

‘The exact implementation of any Yagi, of course. 
depends on the way the elements are constructed using 
telescoping aluminum tubing. The C3 type of design is, 
no exception. 


Stacked Yagis 


Monoband parasitic arrays are commonly stacked 
cither in broadside or collinear fashion to produce addi- 
tional directivity and gain. In HF amateur work, the most 
common broadside stack is a vertical stack of identical 
Yagis on a single tower. This arrangement is commonly 
called a vertical stack. At VHF and UHF, amateurs often 
employ collinear stacks, where identical Yagis are stacked 
side-by-side at the same height. This arrangement is called 
a horizontal stack, and is not usually found at HF, be~ 
cause of the severe mechanical difficulties involved with 
large, rotatable side-by-side arrays. 

Fig 26 illustrates the two different stacking arrange- 
‘ments. In either case, the individual Yagis making up the 
stack are generally fed in phase. There are times, how- 
ever, when individual antennas in a stacked array are pur- 
posely fed out of phase in order to emphasize a particular 
elevation pattern. See Chapter 17, Repeater Antenna S) 
tems, for such a case where elevation pattern steering is 
implemented for a repeater station. 

Let's look at the reasons hams stack Yagis: 


‘© For more gain 
‘* For a wider elevation footprint in a target geographical 
‘© For azimuthal diversity 
‘© For less fading 

+» For less precipitation static 


two or more directions at once 


STACKS AND GAIN 


Fig 27 compares the elevation responses for three 
antenna systems of 4-element 15-meter Yagis. The 
response for the single Yagi at a height of 120 feet peaks 
at an elevation of about 5°, with a second peak at 17° and 
a third at 29°, When operated by itself, the 60-foot high 
‘Yagi has its first peak at about 11° and its second peak 
beyond 34°. 

The basic principle of a vertically stacked HF array 
is that it takes energy from higher-angle lobes and con- 
centrates that energy into the main elevation lobe. The 
main lobe of the 120/60-foot stack peaks about 7° and is 
about 2 dB stronger than either the 60- or 120-foot 
antenna by itself. The shape of the left-hand side of the 
stack’s main lobe is determined mainly by the 120-foot 
antenna’s response. The right-hand side of the stack’s 
main lobe is “stretched” rightwards (toward higher angles) 
mainly by the 60-foot Yagi, while the shape follows the 
curve of the 120-foot Yagi. 

Look at the second and third lobes of the stack, which 
appear about 18° and 27°. These are about 14 dB down 
from the stack’s peak gain, showing that energy has 
indeed been extracted from them. By contrast, look at the 
levels of the second and third lobes for the individual 
Yagis at 60 and 120 feet. These higher-angle lobes are 
almost as strong as the first lobes, 


Par ) 
Seon 
| 
Mast at 


Fig 26—Stacking arrangements. At A, two Yagis are 
stacked vertically (broadside) on the same mast. At B, 
two Yagis are stacked horizontally (collinear) side-by- 
side. At HF the vertical stack is more common because 
‘of mechanical difficulties involved with large HF 
antennas stacked side-by-side, whereas at VHF and 
UHF the horizontal stack is common. 


‘The stack squeezes higher-angle energy into its main 
elevation lobe, while maintaining the frontal lobe azimuth, 
pattern of a single Yagi. This is the reason why many 
state-of-the-art contest stations are stacking arrays of rela- 
tively short-boom antennas, rather than stacking long- 
boom, higher-gain Yagis. A long-boom HF Yagi narrows, 
the azimuthal pattern (and the elevation pattern too), 
making pointing the antenna more critical and making it 
more difficult to spread a signal over a wide azimuthal 
area, such as all of Europe and Asiatic Russia at one time. 


STACKS AND WIDE ELEVATION 
FOOTPRINTS 
Detailed studies using sophisticated computer 


models of the ionosphere have revealed that coverage 
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Fig 27—Comparison of elevation patterns on 15 meters 
for a stack of 4-element Yagis at 120 and 60 feet and 
individual Yagis at those two heights. The shape of the 
stack's response is determined mainly by that of the 
top antenna. 


of a wide range of elevation angles is necessary to ensure 
consistent DX or contest coverage on the HF bands. These 
studies have been conducted over all phases of the 11- 
year solar cycle, and for numerous transmitting and 
receiving QTHs throughout the world. 

Chapter 23, Radio Wave Propagation, covers these 
studies in more detail, and the CD-ROM accompanying 
this book contains a huge number of elevation-angle sta- 
tistical tables for locations all around the world. The HFTA 
(HF Terrain Assessment) program on the CD-ROM can 
not only compute antenna elevation patterns over irregu- 
lar local terrain, but it can compare them directly to the 
elevation-angle statistics for a particular target geographic 


‘A 10-Meter Example 


Fig 28 shows the 10-meter elevation-angle statistics 
for the New England path from Boston, Massachusetts, 
to all of the continent of Europe. The statistics are over- 
laid with the computed elevation response for three indi- 
vidual 4-element Yagis, at three heights: 90, 60 and 
30 feet above flat ground. In terms of wavelength, these 
heights are 2.60 2, 1.73 A and 0.86 A high. 

You can see that the 90-foot high Yagi covers the 
lower elevation angles best, but it has a large null in its 
response centered at about 11°, This null puts a big hole 
in the coverage for some 22% of all the times the 
10-meter band is open to Europe. At those angles where 
the 90-foot Yagi exhibits a null, the 60-foot Yagi would 
be effective, and so would the 30-foot Yagi. If that is the 
only antenna you have, the 90-foot high Yagi would be 
too high for good coverage of Europe from New England. 

‘The peak statistical elevation angle into Europe is 
5°, and this occurs about 11% of all the times the 
10-meter band is open to Europe from Boston. At an 
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Fig 28—Comparison of elevation patterns and 
elevation-angle statistics for individual 10-meter 
TH7DX tribanders mounted over flat ground aiming 
from New England to Europe. No single antenna can 
cover the wide range of angles needed—from 1° to 18°. 


elevation of 5° the 30-foot high Yagi would be down 
almost 7 dB compared to the 90-foot high Yagi, but at 
I1° the 90-foot Yagi would be more than 22 dB down 
from the 30-foot Yagi. There is no single height at which 
one Yagi can optimally cover all the necessary elevation 
angles, especially to a large geographic area such as 
Europe—although the 60-foot high antenna is arguably 
the best compromise for a single height. To cover all the 
possibilities to Europe, however, you need a 10-meter 
antenna system that can cover equally well the entire 
range of elevation angles from 1° to 18°. 

Fig 29 compares elevation-angle statistics for two 
10-meter paths from New England to Europe and to 
Japan, The elevation angles needed for communications 
with the Far East are very low. Overlaid on Fig 29 for 
comparison are the elevation responses over flat ground 
for three different antenna systems, using identical 
4-clement Yagis: 


‘+ Three Yagis, stacked at 90, 60 and 30 feet 
* Two Yagis, stacked at 70 and 40 feet, 
‘© One Yagi at 90 feet. 


‘The best coverage of all the necessary angles on 
10 meters to Europe is with the stack of three Yagis at 
90/60/30 feet. The two- Yagi stack at 70 and 40 feet comes 
in a close second to Europe, and for elevation angles 
higher than about 9° the 70/40-foot stack is actually 
superior to the 90/60/30-foot stack 

Both of the stacks illustrated here give a wider ele- 
vation footprint than any single antenna, so that all the 
angles can be covered automatically without having to 
switch from higher to lower antennas manually. This is 
perhaps the major benefit of using stacks, but not the only 
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Fig 29—Combinations of 4-element Yagis over flat 
ground. The elevation-angle statistics into Japan from 
New England (Boston) are represented by the black 
vertical bars, while the grey vertical bars represent the 
elevation-angle statistics to Europe. The 90/60/30-foot 
stack has the best elevation footprint into Japan, 
although the 70/40-foot stack performs well also. 


one, as we'll see. 

To Japan, the necessary range of elevation angles is 
considerably smaller than that needed to a larger geo- 
graphic target area like Europe. The 90/60/30-foot stack 
is still best on the basis of having higher gain at low angles, 
although the two-Yagi stack at 70 and 40 feet is a good 
choice too. Note that the single 90-foot high Yagi’s per- 
formance is very close to the 70/40-foot stack of two Yagis 
at low angles, but the two-Yagi stack is superior to the 
single 90-foot antenna for angles higher than about 5° on 
10 meters. 


A 15-Meter Example 

The situation is similar on 15 meters from New 
England to Europe. On 15 meters, the range of angles 
needed to fully cover Europe is 1° to 28°. This large range 
of angles makes covering all the angles even more chal- 
lenging. Ken Wolff, KIEA, a devoted contest operator 
and the author of the famous CT contest logging program, 
put it very clearly when he wrote in the bulletin for the 
Yankee Clipper Contest Club: 

“Suppose you have 15-meter Yagis at 120 feet and 
60 feet, but can feed only one at atime. A 15-meter beam 
at 120 feet has its first maximum at roughly 5° and the 
first minimum at 10°. ‘The Yagi at 60 feet has a maxi- 
‘mum at 10° and a minimum at 2°. At daybreak, the band 
is just opening, signals are arriving at 3° or less and the 
high Yagi outperforms the low one by 5-10 dB. Late in 
the morning, western Europeans are arriving at angles of 
10° or more, while UA6 is still ariving at 4-5°. Western 
Europe can be 20-30 dB louder on the low antenna than 
the high! What to do? Stack em!” 


Fig 30—Comparison of elevation patterns for K1EA's 
illustration about 15-meter Yagis mounted over flat 
ground, with elevation-angle statistics to Europe 
added. The stack at 120 and 60 feet yields a better 
footprint over the range of 3° to 11° at its half-power 
points, better than either antenna by itself. 


Fig 30 illustrates KIEA’s scenario, showing the ele- 
vation statistics to Europe from Massachusetts and the 
elevation responses for a 120- and a 60-foot high, 4-ele- 
ment Yagi, both over flat ground, together with the 
response for both antennas operated as vertical stack. The 
half-power beamwidth of the stack’s main lobe is 6.9°. 
while that for the 120-foot antenna by itself is 5.5° and, 
that for the 60-foot antenna by itself is 11.1°. The half 
power beamwidth numbers by themselves can be deceiv- 
ing, mainly because the stack starts out with a higher gain. 
‘A more meaningful observation is that the stack has equal 
to or more gain than either of the two individual antennas 
from 1° to about 10°. 

Is such a stack of 15-meter Yagis at 120 and 60 feet 
optimal for the New England to Europe path? No, it isn't, 
as we'll explore later, but the stack is clearly better than 
either antenna by itself for the scenario KIEA outlined 
above. 


‘A 20-Meter Example 

Take a look now at Fig 31, which overlay 
tion-angle statistics for Europe (gray vertical 
Japan (black vertical bars) from Boston on 20 meters 
plus the elevation responses for four different sets of an- 
tennas mounted over flat ground. Just for emphasis, the 
highest antenna is a 200-foot high 4-Element Yagi. It is 
clearly too high for complete coverage of all the needed 
angles into Europe. A number of New England operators 
have verified that this is true—a really high Yagi will open 
the 20-meter band to Europe in the morning and may shut 
it down in the afternoon, but during the middle of the day 
the high antenna gets soundly beaten by lower antennas. 

To Japan, however, from New England the range 
of angles needed narrows considerably on 20 meters 
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Fig 31—Comparison of elevation patterns for individual 
20-meter Yagis over flat ground, compared with the 
range of elevation angles needed on this band from 
New England to Europe (gray bars) and to Japan (black 
bars). For fun, the response of a 200-foot high Yagi is, 

\cluded—this antenna is far too high to cover the 
needed range of angles to Europe because of its deep 
rulls at eritical angles, like 10°, But the 200 footer is 
great into Japa 


from 1° to only 11°, For these angles, the 200-foot Yagi 
is the best antenna to work Japan from New England on, 
20 meters. 

This is true provided that the antenna is aiming out 
over flat ground. The actual, generally irregular, terrain, 
in various directions can profoundly modify the takeoff 
angles favored by an antenna system, particularly on steep 
hills. There will be more discussion on this important topic 
later on, 


SPARE ME THE NULLS! 

Now, let's look closely at some other 20-meter 
antennas in Fig 28, the ones at 120 and 60 feet. At an 
elevation angle of 8° the difference in elevation response 
between the 60- and 120-foot high Yagis is just over 
3 4B. Can you really notice a change of 3 dB on the air? 
Signals on the HF bands often rise and fall quickly due to 
fading, so differences of 2 or 3 4B are difficult to discern. 
Consequently, the difference between a Yagi at 120 feet 
and one at 60 feet may be difficult to detect at elevation, 
angles covered well by both antennas. But a deep null in 
the elevation response is very noticeable. 

Back in 1990, when editor Dean Straw, NOBV, put 
up his 120-foot tower in Windham, New Hampshire, his, 
first operational antenna was a 5-element triband Yagi, with 
3 elements on 40 and 4 elements on both 20 and 
15 meters. Just as the sun was going down on a late Au- 
gust day Straw finished connecting the feed line in the 
shack. The antenna seemed to be playing like it should, 
with a good SWR curve and a good pattern when it was, 
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rotated. So NOBV/I called a nearby friend, John Dorr, 
KIAR, on the telephone and asked him to get on the air to 
make some signal comparisons on 20 meters into Europe. 

‘Straw was shocked that every European they worked 
that evening said his signal was several $ units weaker 
than KIAR’s. Dorr was using a 4-element 20-meter 
monobander at 90 feet, which at first glance should have 
been comparable to Straw’s 4-element antenna at 120 feet. 
But NOBV really shouldn’t have been so shocked—in 
New England, the elevation angles from Europe late in 
the day on 20 meters are almost always higher than 11°, 
and that is true for the entire solar cycle. 

The NOBV/1 station was located on a small hill, 
while KIAR was located on flat terrain towards Europe. 
The elevation response for NOBV/I's 120-foot high Yagi 
fell right into a deep null at 11°. This was later confirmed 
‘many times in the following eight years that the NBV/1 
station was operational. During the early morning open- 
ing on 20 meters into Europe, the top antenna was 
always very close to or equal to the stack of three TH7DX 
tribanders at 90/60/30 feet on the same tower. But in the 
afternoon the top antenna was always decidedly worse 
than the stack, so much so that Straw often wondered 
whether something had gone wrong with the top antenna! 

So what's the moral to this short tale? It’s simple: 
The gain you can achieve, while useful, is not so impor- 
tant as the deep nulls you can avoid by using a stack 


STACKING DISTANCES BETWEEN 
YAGIS. 


So far, we've examined stacks as a means of achiev- 
ing more gain over an individual Yagi, while also match- 
ing the antenna system's response to the range of elevation 
angles needed for particular propagation paths. Most 
importantly, we seek to avoid nulls in the elevation 
response. Earlier we asked whether a 120/60-foot stack 
‘was optimal for the path from New England to Europe 
fon 15 meters. Let's examine how the stacking distance 
between individual antennas affects the performance of 
a stack. 

Fig 32 shows overlays of various combinations of 
15-meter Yagis. Just for reference, a plot for a single 
(60-foot high Yagi is also included. Let's start by looking 
at the most widely spaced stack in the group: the 120/30- 
foot stack. Here, the spacing is obviously too large, since 
the second lobe is actually stronger than the first lobe. In 
terms of wavelength, the 90-foot spacing between anten- 
nas in this stack is 1.94 A, a large spacing indeed. 

There is a great deal of folklore and superstition 
among amateurs about stacking distances for HF arrays. 
For years, high-performance stacked Yagi arrays have been 
used for weak-signal DXing on the VHF and UHF bands. 
‘The most extreme example of weak-signal work is EME 
work (Earth-Moon-Earth, also called moonbounce) 
because of the huge path losses incurred on the way to 
and from the Moon. The most successful arrays used for 
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Fig 32—Various stacks towards Europe from New 
England for 15-meters. The stack at 120 and 30 feet is 
clearly suboptimal, since the second lobe is higher 
than the first lobe. The 120/60-foot stack is better in 
this regard, but is still not as good a performer as the 
90/60/30-foot stack. It's debatable whether going to 
four Yagis in the 120/90/60/30-foot stack is a good idea 
because it drops below the performance of the 
'90/60/30-foot stack at about 10° in elevation. The exact 
distance between practical HF Yagis is not critical to 
obtain the benefits of stacking. For a stack of 
tribanders at 90, 60 and 30 feet, the distance in 
‘wavelengths between individual antennas is 0.87 4 at 
28.5 MHz, 0.65 4 at 21.2 MHz, and 0.43 A at 14.2 MHz. 


moonbounce have low sidelobe levels and very narrow 
frontal lobes that give huge amounts of gain. The low 
sidelobes help minimize received noise, since the receive 
levels for signals that do manage to bounce off the Moon 
and return to Earth are exceedingly weak 

But HF work is different from moonbounce in that 
rigorously trying to minimize high-angle lobes is far less 
crucial at HF, where we've already shown that the main 
goal is to achieve gain over a wide elevation-plane foot- 
print without any disastrous nulls in the pattern. The gain 
gradually increases as spacing in terms of wavelength is 
increased between individual Yagis in a stack, and then 
decreases slowly once the spacing is greater than about 
1.0 2. The difference in gain between spacings of 0.5 A 
to 1.02 fora stack of typical HF Yagis amounts to only a 
fraction of a decibel. Stacking distances on the order of 
0.6 2 to 0.75 A give best gain commensurate with good 
patterns. 

While the stack at 120/60 feet in Fig 32 doesn’t have 
the second-lobe-stronger problem the 120/30-foot stack 
has, 60 feet between antennas is 1.29 A, again outside the 
normal range of HF stack spacings. As a consequence, 
the 120/60-foot stack doesn’t cover the range of eleva- 
tion angles as well as it could, and is inferior to both the 
£90/60/30-foot stack and the 120/90/60/30-foot stack. The 


120/60-foot two-Yagi stack needs at least one more 
antenna placed in-between to spread out the elevation- 
range coverage and to provide more gain. 

It could be debated, but the 90/60/30-foot stack 
seems optimal for coverage of all the angles into Europe 
from New England on 15 meters. Note that the 30-foot 
spacing between Yagis is 0.65 % on 21.2 MHz, right in 
the middle of the range of typical stack spacings. 


‘Switching Out Yagis in the Stack 


Still, the extra gain that is available at low elevation 
angles from a 120/90/60/30-foot high, four-Yagi stack 
in Fig 32 is alluring. For those statistically possible, but 
less likely, occasions when the elevation angle is higher 
than about 12°, it would be advantageous to switch out 
the top 120-foot Yagi and operate with only the lower 
three Yagis in a stack. (This also allows the top antenna 
to be rotated in another direction, an aspect we'll explore 
later.) There are even times when the incoming angles 
are really high and when the top two antennas might be 
switched out to create a 60/30-foot stack. Later in this 
chapter we'll explore flexible circuitry for such stack 
switching, 


Stacking Distance and Lobes at HF 


Let's look a little more closely at how a stack 
achieves gain and a wide elevation footprint. Fig 33 shows 
a rectangular X-Y graph of the elevation response from 
0° to 180° for two 3-clement 15-meter Yagis (with 12- 
foot booms) spaced 30 feet apart (0.65 A at 21.2 MHz), 
but mounted at two different heights: 95/65 and 85/55 
feet. The rectangular plot gives more resolution than is 
possible on a polar plot. Note that the heights shown rep- 
resent typical stacking heights on 15 meters—there's 
nothing magic about these choices. The free-space 
H-Plane pattern for the 30-foot spaced stack is also shown 
for reference 

The worst-case overhead elevation lobe, which 
ranges from about 60° to 120° in elevation (430° from 
straight overhead at 90°), is about 14.7 dB down for the 
95/65-foot stack. The overhead lobe peaks broadly at an 
elevation angle of about 82°. The overhead lobe for the 
lower 85/55-foot stack occurs at an elevation of about 
64°, where it is 19 dB down, 

‘The F/B for both 3-clement sets of heights is about 
15 dB, well down from the excellent 32 dB F/B for each 
Yagi by itself. The degradation of F/B is mainly due to 
‘mutual coupling to its neighbor in the stack 

‘The ground-reflection pattern in effect “modulates” 
the free-space pattern of the individual Yagi, but in a com- 
plex and not always intuitive manner. This is quite evi- 
dent for the 85/55-foot stack at near-overhead angles. In 
this region things become complicated indeed, because 
the fourth and fifth lobes due to ground reflections are 
interacting with the free-space pattern of the stack. 

Because the spacing remains constant at 30 feet for 
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Fig 33—Rectangular plot comparing two 15-meter 
stacks of 3-element Yagis—each antenna is spaced 30 
feet from its partner, but at different heights. The lobes 
are a complicated function of the antenna height, not 
the spacing, since that remains constant. 


these pairs of antennas, however, the main determinant 
for the upper-elevation angle lobes is the distance of the 
horizontally polarized antennas above the ground, not the 
spacing between them, 


Changing the Stack Spacing 

Fig 34 demonstrates just how complicated things 
get for four different spacing scenarios. Here, the lower 
‘Yagi in the stack is moved down in 5-foot increments 
from the 95/70 feet level, to 95/65, 95/60 and 95/55 feet. 
‘The closest spacing, 25 feet in the 95/70-foot stack, yields 
nominally the “cleanest” pattern in the overhead region 
from 60° to 120°. The worst-case overhead lobe for the 
95/70-foot stack is down 28 dB from peak. The F/B is 
again about 15 dB. 

The worst case overhead lobe for the widest spac: 
ing, 40 feet in the 95/55-foot stack, is about 11 dB down 
from peak. The F/B has increased marginally, but is still 
only about 16 dB. It is difficult to pinpoint directly 
whether the spacing or the height above ground is the 


‘major determinant for the various lobe amplitudes for 
the 3-element stack. We'll soon look closely at whether 
the overhead lobe is important or not for HF work. 


Longer Boom Length and Stack Spacing 

Fig 35 shows the same type overlay of elevation 
plots, but this time for two 7-element 15-meter Yagis on 
gigantic 64-foot booms. These Yagis are also spaced 
30 feet apart (0.65 2 at 21.2 MHz), mounted at the same 
four sets of heights in Fig 34. As you'd expect, the free. 
space elevation pattern for a stacked pair of 7-element 
‘Yagis on 64-foot booms is narrower than that for a stacked. 
pair of 3-element Yagis on 12-foot booms. The intrinsic 
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Fig 34—Four spacing scenarios for two 3-element 15- 
meter Yagis. Things get very complicated. The optimal 
‘spacing in terms of stacking gain is 30 feet, which is 
0.65 4. The near-overhead lobes turn out to be ugly 
looking, but unimportant for skywave propagation. 


Fig 35—Four spacing scenarios for two large 7-element 
16-meter Yagis (on 64-foot booms). Again, a 0.65 4 
‘spacing (30 feet) provides the most stacking gain. 


FIB of the longer Yagi is also better than the F/B of the 
shorter antenna. As a result, all lobes beyond the main, 
lobe of the stacked 7-clement pair are lower for both sets, 
of heights than their 3-clement counterparts. The worst 
case overhead lobe for the 7-clement 95/65-foot pair is 
about 22 dB down at 76° and the F/B at 172° is greater 
than 21 dB for all four sets of heights, 

‘Table 11 summarizes the main performance charac- 
teristics for four sets of stacked Yagis. The first entry for 
each boom length is for the Yagi by itself at a height of 
95 feet. Stacked configurations are next listed in order of 
gain. The column labeled “Worst lobe, dB re Peak” is the 


Table 11 
Example, Spacing Between 15-Meter Yagis 


Antenna Peak Gain Worst Lobe 
Bi dB re Peak 
3-Ele., 12° boom 
By itself 95° 13.2 0.9 
957/65" (4 30") 16.08 5 
16.01 62 
95/70" (4 25') 15.81 32 
95/55" (4 40') 15.71 87 
95/75" (A 20) 15.34 23 
4-Ele., 18 boom 
By itself 95° 13.92 A 
95/65" (4 30") 16.63 AS 
957/60! (4 35') 166 6.2 
95/55" (4 40') 16.36 “87 
95/70" (4 25') 16.36 33 
95/75" (A 20') 15.92 25 
5-Ele., 23' boom 
By itself 95° 14.26 4 
957/65" (4 30") 16.86 46 
95/60" (4 35') 16.86 63 
957/55" (4 40") 16.67 88 
95/70! (a 25') 16.59 34 
95/75" (A 20') 16.18 26 
7-Ele., 64° boom 
By itself 95° 17.93 2.2 
95/65" (4 30") 19.39 69 
957/60 (A 35') 19.38 86 
957/55" (4 40') 19.29 10.9 
95/70" (4 25') 19.26 55 
95/75" (A 20') 19.08 46 


Worst Lobe F/B Overhead Lobe 
Angle,” 0B OB re Peak 
at 288 75 
25 14.9 “14.7 
2a 154 10.9 
24 148 28 
24 16.4 i 
23 163 172 
at 283 20.4 
23 185 -173 
24 182 13.1 
24 198 13.2 
24 20.4 318 
23 25.9 -19 
at 27.9 22.3 
24 20.8 19 
24 20.7 “14.4 
24 235 14:4 
24 24.9 34.4 
23 34.3 20.2 
at 28.9 “174 
24.3 214 219 
24 ata “16.9 
24 25.0 18.6 
23 24 35.3 
23 27 23.4 


amplitude of the second lobe due to ground reflections, 
and the elevation angle of that second lobe is listed as 
well. 

Besides the 3- and 7-clement designs discussed above, 
we've also added 4- and 5-element designs in Table 11 
Over the range of stacking distances between 20 and 
40 feet on 15 meters (0.43 2. to 0.86 2), the peak gain for 
the 3-clement stacks changes less than 0.75 dB, with the 
30-foot spacing exhibiting the highest gain. The differences 
between peak gains versus stacking distance become 
smaller as the boom length increases. For example, for 
the 64-foot boom Yagi, the gain varies 19.39 ~ 19.08 = 
(0.31 dB for stack spacings from 20 to 40 feet. 

In other words, changing the spacing from 20 to 
40 feet (0.43 2.to 0.86 2) doesn’t change the gain signifi- 
cantly for boom lengths from 12 to 64 feet (0.26 2 to 
1.38 2). From the point of view of gain, the vertical spac- 
ing between individual antennas in an HF stack is not 
critical 

The worst-case lobes (generally speaking, the sec- 
ond lobe due to ground reflections) are highest for a Yagi 
operated by itself. After all, a single Yagi doesn’t benefit 


from the redistribution of energy from higher-angle lobes 
into the main lobe that a stack gives. Thus, the 3-cle- 
ment, 12-foot boom Yagi by itself at 95 feet would have 
a second lobe at 21° that is only 0.9 dB down from the 
main lobe, while the stack of two such antennas at a 
30-foot (0.65 A) spacing at 95/65 feet would have a se 
ond lobe down 4.5 dB. As the spacing between antennas 
in a vertical stack increases, the second lobe is suppressed 
more, up to 8.7 dB at a 40-foot (0.86 2) spacing. 

Since the free-space elevation pattern for a 3-cle- 
ment Yagi is wider than that for a 7-clement Yagi, the 
second lobe due to ground reflection will be somewhat 
reduced. This is true for all longer-boom antennas oper- 
ating by themselves over ground. Used in stacks, the se 
ond lobe's amplitude will vary depending on spacing 
between antennas, but they range only about 6 dB. 

The front-to-back ratio will also tend to increase 
with longer boom lengths on a properly designed Yagi. 
Table 11 shows that the F/B is somewhat better for closer 
spacings between antennas in a stack, a rather non-intui- 
tive result, considering that the mutual coupling should 
be greater for closer antennas. For example, the 5-cle- 
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‘ment Yagi stack with a 20-foot spacing has a exceptional 
F/B of 34.3 dB, compared to a F/B of 21.4 dB with the 
30-foot spacing distance that gives nominally the most 
gain. High values of F/B, however, rarely hold over a 
wide frequency range because of the very critical phas- 
ing relationships necessary to get a deep null, so the di 
ference between 34.3 and 21.4 dB would rarely be 
noticeable in practice. 

‘The near-overhead lobe structure (between 60° to 
120° in elevation) tends also to be lower for smaller stack 
spacings—for all boom lengths—peaking in this example 
at a spacing of 25 feet for the boom lengths considered 
here. Since the peak gain actually occurs with smaller 
spacing between Yagis in this 7-element stack, even rela- 
tively large and messy looking overhead lobes are not 
subtracting from the stacking gain. In the next section 
we'll now examine whether this overhead lobe is impor- 
tant oF not. 


Are Higher-Angle Lobes Important? 

We've already shown that the exact spacing between 
HF Yagis is not critical for stacking gain. Further, the 
heights (and hence spacing) of the individual Yagis in a 
stack interact in a complicated fashion to determine 
higher-angle lobes. 

Let’s examine the relevance of such higher-angle 
lobes for stacked HF Yagis, this time in terms of inter- 
ference reduction on receive. As Chapter 23, Radio Wave 
Propagation, points out, few DX signals arrive at ele- 
vation angles greater than about 30°. In fact, DX signals 
only propagate at elevation angles in the range from 1° 
to 30° on all the bands where operators might reason- 
ably expect to stack Yagis—nominally from 7 to 
29.7 MHz. 

You should remember that the definition of the criti- 
cal frequency for HF propagation is the highest frequency 
for which a wave launched directly overhead at 90° ele- 
vation is reflected back down to Earth, rather than being 
lost into outer space. The maximum critical frequency 
for extremely high levels of solar flux is about 15 MHz. 
In other words, high overhead angles do not propagate 
signals on the upper HF bands. 

However, some domestic signals do arrive at rela- 
tively high elevation angles. Let’s look at some scenarios 
where higher angles might be encountered and how the 
elevation patterns of typical HF stacks affect these sig- 
nals, Let’s examine a situation where a medium-range 
interfering station is on the same heading as a more dis- 
tant target station. 

We'll examine a typical scenario involving stations 
in Atlanta, Boston and Paris. The heading from Atlanta 
to Paris is 49°, the same heading as Atlanta to Boston. In 
other words, the Atlanta station would have to transmit 
over (and listen through) a Boston station for communi- 
cation with Paris. The distance between Atlanta and Bos- 
ton is about 940 miles, while the distance from Atlanta 
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to Paris is about 4350 miles. Ground wave signals obvi- 
ously cannot travel either of these distances at 21 MHz 
(ground wave coverage is less than about 10 miles at this 
frequency), and so the propagation between Atlanta to 
Boston and Atlanta to Paris will be entirely by means of 
the ionosphere. 

Let's evaluate the situation on 15 meters in the 
month of October. We'll assume a smoothed sunspot 
number (SSN) of 100 and that each station puts 1500 W 
of power into theoretical isotropic antennas that have 
+10 dBi of gain at all elevation and azimuth angles. [We 
use such theoretical isotropic antennas because they make 
it easier to work in VOACAP. We will factor in real-world 
stacks later.] VOACAP predicts that the signal from Bos- 
ton will be $9 + 8 dB in Atlanta at 1400 UTC, arriving at 
an elevation angle of 21.3° on a single F, hop. This 
elevation angle is higher than commonly encountered 
angles for DX signals, but itis still far away from near- 
overhead angles. 

‘The signal from Paris into Atlanta is predicted to be 
about 86 for the same theoretical isotropic antennas, at an 
incoming elevation angle of 6.4° on three F, hops. The $6 
level validates the rule-of-thumb that each extra hop loses 
approximately 10 dB of signal strength, assuming that each 
S unit is about 4 dB, typical for modern receivers. 

Now look at Fig 36, which shows the response for a 
stack of 3-element Yagis at 90/60/30 feet over flat ground, 
along with the response for a similar stack of 7-clement 
Yagis. Again, we'll assume that all three stations are 
using such 3-clement 90/60/30-foot stacks. The stations 
in Atlanta and Boston point their stacks into Europe and 
the Parisian station points his stack towards the USA. 
The gain of the Atlanta array at 6.4° into Paris will be 
about 16 dBi, or 6 dB more than the isotropic array with 
its +10 dBi of gain selected for use in VOACAP. Simi- 
larly, the French station's transmitted signal will enjoy a 
6 dB gain advantage over the isotropic array used in the 
VOACAP calculation, and thus the French signal into 
Adlanta will now be $6 + 12 dB, or about $9, 

By comparison, the interfering signal from Boston 
into Ailanta will be reduced by the rearward pattern of 
his array, which will launch a signal at 180° ~ 21.3° 
158.7° in elevation at the single F mode from Boston to 
Adanta. From Fig 33, the Boston station’s gain at thi 
rearward elevation is going to drop from the isotropic’s 
+10 dBi of gain down to 11 dBi, a drop of 21 dB. The 
signal into the Atlanta receiver will also be reduced by 
the pattern of the Atlanta array on receive, which has a 
gain of about 0 dBi at 21.3°, compared to the isotropic’s 
+10 dBi gain at 6.4°, a net drop of 10 dB. 

‘Thus, the Boston station's signal will drop by about 
21 + 10 = 31 dB, bringing the interfering signal from 
Boston, which would be $9 + 8 dB for isotropic anten- 
nas, down to about $3 due to the combined effects of the 
arrays. This is a very significant reduction in interfer- 
ence. But you will note that the reduction has nothing to 


BEREC’s opinion®, in response to the contributions to the aforementioned public consultation, 
recalls that the rules of net neutrality are technology neutral and therefore apply to SG networks. 
Moreover, BEREC guidelines clarify that network slicing which networks will need to use to respond 
to the different use cases (mMTC, eMBB, URLLC) planned for this new generation (cf. 1.4) system, 
‘may be used to deliver specialised services, 


The subject of net neutrality as it applies to future 5G networks is still very much open and 
unexplored, but new analyses could be performed parallel to the work being done on defining 5G. 
Arcep is open to discussion and will also work, within BEREC, towards bringing the required clarity to 
the ecosystem. 


* http://oerec.europa.cu/eng/document_register/subject_matter/berec/download/0/6161-berec-report-on-the-outcome- 
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Fig 36—Stacks of three 3-element and 7-element Yagis, 
(on 15 meters at 90/60/30 feet heights. The FIB for the 
‘7-element stack is superior to the 3-clement stack 
‘mainly because the F/B is intrinsically better for the 
long-boom design. 


do with the near-overhead lobes, dealing as it does with, 
the trailing edge of the main lobe and the F/B lobe. 


Even Higher Ele! 

Now let's evaluate a station that is even closer to 
Boston, say a station in Philadelphia. The heading from 
Philadelphia to Paris is 53° and the distance is 3220 miles. 
On the same day in October as above, VOACAP predicts, 
a signal strength of $8 from Paris to Philadelphia, at a 
2.7° elevation angle on two Fy hops. Again, the VOACAP 
computations assume isotropic antennas with +10 dBi 
jn at all three stations. The gain of the 3-element stacks 
at both ends of the circuit at 2.7° is also about +10 dBi, 
so the signal level from Paris to Philadelphia would be 
‘88 with the 3-element stacks. 

Now VOACAP computes the elevation angle from 
Philadelphia to Boston as 56.3°, on one F, hop launched, 
at an azimuth of 53°, well within the azimuthal beamwidth, 
of the stack. VOACAP says the predicted signal strength, 
for isotropic antennas with +10 dBi of gain is less than 
si! 


on Angles 


What's happening here? Boston and Philadelphia are 
within the “skip” region on 21 MHz and signals are skip. 
ping right over Boston from Philadelphia (and vice versa). 
‘Actual signals would be much weaker than they would be 
with theoretical isotropic antennas because of the actual 
patterns of the transmitting and receiving stacks, At an el- 
vation angle of 56.3° the receiving stack would have a 
gain of ~10 dBi, while at an elevation of 180° - 56.3° = 
123.7° the transmitting stack would be down to -10 dBi as 
well. The net reduction for the stacks compared to 
isotropics with +10 dBi gain each would be 40 dB, putting 
the interfering signal well into the receiver noise. 


You can safely say that near-overhead angles don’t 
enter into the picture, simply because signals at interme- 
diate distances are in the ionospheric skip zone and 
interfering signals are very weak in that zone already. 

Even in situations where having a poor front-to-back 
ratio might be beneficial—because it alerts stations tun- 
ing across your signal that you are occupying that fre- 
quency—the ionosphere doesn’t cooperate for 
intermediate-distance signals that are in the skip zone. 
Often two stations may be on the same frequency with- 
out either knowing that the other is there. 


Ground Wave? 


What happens, you might wonder, for ground-wave 
signals? Let's look at a situation where the interfering si 
tion isin the same direction as the desired target, but is only 
5 miles away. Unfortunately, his signal is $9 + 50 dB. Even 
reducing the level by 30 dB, a huge number, i still going to 
make his signal 20 dB stronger than signals from your 
desired target location! There is not much you can do about 
ground-wave signals and fretting about optimizing stack 
heights to discriminate against local signals is generally 
futile. 


Stacking Distances for Multiband Yagis 

By definition, a stack of multiband Yagis (such as a 
“tribander” covering 20/15/10 meters) has a constant ver- 
tical spacing between antennas in terms of feet or meters, 
but not in terms of wavelength. Tribanders are no differ- 
ent than monobanders in terms of optimal spacing 
between individual antennas. Again, the difference in gain 
between spacings of 0.5 2 and 1.02 for a stack of triband 
Yagis amounts to only a fraction of a decibel. Further- 
more, the main practical constraint that limits choice of 
stacking distances between any kind of Yagis, multiband 
or monoband, is the spacing between guy wire sets on 
the tower itself. 


‘Summary, Stacking Distances 

In short, let us summarize that there is nothing magi- 
cal about stacking distances for practical HF Yagis—a 
good rule-of-thumb is a stacking distance of 0.65 A. This 
is 23 feet on 10 meters, 30 feet on 15 meters and 45 feet 
on 20 meters for monoband stacks. Practically speaking, 
however, you've only got limited places where you can 
‘mount antennas on the tower—mainly where guy wires 
allow you to place them. This is especially applicable if 
you wish to rotate lower antennas on the tower, where 
Yyou must clear the guys from up above. 


STACKS AND FADING 
‘The following is derived from an article by Fred 
Hopengarten, KIVR, and Dean Straw, NOBV, in a Feb 
1994 QST article. Using stacked Hy-Gain TH7DXs or 
THODXXs at their respective stations, they have solic 
ited a number of reports from stations, mainly in Europe, 
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to compare various combinations of antennas in stacks 
and as single antennas. The peak gain of the stack is usu- 
ally just a little bit higher than that for the best of the 
single antennas, which is not surprising. Even a large 
stack has no more than about 6 dB of gain over a single 
Yagi at a height favoring the prevailing elevation angle. 
Fading on the European path can easily be 20 dB or more, 
so it is very confusing to try to make definitive compari- 
sons. They have noticed over many tests that the stacks 
are much less susceptible to fading compared to single 
Yagis. Even within the confines of a typical SSB band- 
width, frequency-selective fading occasionally causes the 
tonal quality of a voice to change on both receive and 
transmit, often dramatically becoming fuller on the stacks, 
and tinnier on the single antennas. This doesn’t happen 
all the time, but is often seen. They have also observed 
often that the depth of a fade is less, and the period 
of fading is longer, on the stacks compared to single 
antennas. 

Exactly why stacks exhibit less fading is a fascinat- 
ing subject, for which there exist a number of specula~ 
tive ideas, but little hard evidence. Some maintain that 
stacks outperform single antennas because they can afford 
space diversity effects, where by virtue of the difference 
in physical placement one antenna will randomly pick 
up signals that another one in another physical location 
might not hear. 

‘This is difficult to argue with, and equally difficult 
to prove scientifically. A more plausible explanation about 
why stacked Yagis exhibit superior fading performance 
is that their narrower frontal elevation lobes can discrimi- 
nate against undesired propagation modes, Even when 
band conditions favor, for example, a very low 3° eleva~ 
tion angle on 10 or 15 meters from New England to West 
ern Europe, there are signals, albeit weaker ones, that 
arrive at higher elevation angles. These higher-angle sig- 
nals have traveled longer distances on their journey 
through the ionosphere, and thus their signal levels and 
their phase angles are different from the signals travers- 
ing the primary propagation mode. When combined with 
the dominant mode, the net effect is that there is both 
destructive and constructive fading. If the elevation 
response of a stacked antenna can discriminate against 
signals arriving at higher elevation angles, then in theory 
the fading will be reduced. Suffice it to say: In practice, 
stacks do reduce fading 


STACKS AND PRECIPITATION STATIC 


‘The top antenna in a stack is often much more 
affected by rain or snow precipitation static than is the 
lower antenna. NOBV and KIVR have observed this phe- 
nomenon, where signals on the lower antenna by itself 
are perfectly readable, while $9+ rain static is rendering 
reception impossible on the higher antenna or on the stack, 
This means that the ability to select individual antennas, 
in a stack can sometimes be extremely important. 
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STACKS AND AZIMUTHAL DIVERSITY 


Azimuthal diversity is a term coined to describe the 
situation where one of the antennas in a stack is purposely 
pointed in a direction different from the main direction 
of the stack. During most of the time in a DX contest, 
from the East Coast, the lower antennas in a stack are 
pointed into Europe, while the top antenna is often 
rotated toward the Caribbean or Japan, Ina stack of three 
identical Yagis, the first-order effect of pointing one 
antenna in a different direction is that one-third of the 
transmitter power is diverted from the main target area. 
This means that the peak gain is reduced by 1.8 dB, not a 
very large amount considering that signals are often 10 
to 20dB over $9 anyway when the band is open from 
New England to Europe. 

Fig 37 shows the 3D pattern of a pair of 4-element 
Yagis fed in-phase at 95 and 65 feet, but where the lower 
antenna has been rotated 180° to fire in the ~X direction. 
The backwards lobe peaks at a higher elevation angle 
because the antenna doing the radiating in this direction 
is lower on the tower. The forward lobe peaks at a lower 
angle because its main radiator is higher. 


THE N6BV/1 ANTENNA SYSTEM— 
BRUTE FORCE FEEDING 


‘The NOBV/I system in Windham, New Hampshire, 
‘was located on the crest of a small hill about 40 miles 
from Boston, and could be characterized as a good, but 
not dominant, contesting station. A number of top-10 
contest results were achieved from that station in the 
1990s before N6BV returned to California, 

‘There was a single 120-foot high Rohn 45 tower, 
guyed at 30-foot intervals, with a 100-foot horizontal 
spread from tower base to each guy point so there was, 
sufficient room for rotation of individual Yagis on the 
tower. Each set of guy wires employed heavy-duty insu- 
ators at 57-foot intervals, to avoid resonances in the 80 
through 10-meter amateur bands. There were five Yagis 
on the tower. A heavy-duty 12-foot long steel mast with 
0.25-inch walls was at the top of the tower, turned by an 
Orion 2800 rotator. Two thrust bearings were used above 
the rotator, one at the top plate of the tower itself, and 
the other about 2 feet down in the tower on a modified 
rotator shelf plate. The two thrust bearings allowed the 
rotator to be removed for service. 

At the top of the mast, 130 feet high, was a 5-ele- 
ment, computer-optimized 10-meter Yagi, which was 
a modified Create design on a 24-foot boom. The ele- 
ment tuning was modified from the stock antenna in 
order to achieve higher gain and a better pattern over the 
band. At the top of the tower (120-foot level) was 
mounted a Create 714X-3 triband Yagi. This was a large 
tribander, with a 32-foot boom and five elements. Three 
elements were active on 40 meters, four were active on 
20 meters and four were active on 15 meters. The 40- 
meter elements were loaded with coils, traps and 


Fig 37—3D representation of the pattern for two 4- 
element 15-meter Yagis, with the top antenna at 95 
and the bottom at 65 feet, but pointed in the opposite 
direction. 


capacitance hats, and were approximately 46 feet long. 
‘A triband 20/15/10-meter Hy-Gain TH7DX tribander was, 
fixed into Europe at the 90-foot level on the tower, just 
above the third set of guys. 

At the 60-foot level on the tower, just above the sec- 
ond set of guys, there was a “swinging-gate” side-mount 
bracket, made by DX Engineering of Oregon. A Hy-Gain 
Tailtwister rotator turned a TH7DX on this side mount, 


(Note that both the side mount and the element spacings 
of the TH7DX itself prevented full rotation around the 
tower—about 280° of rotation was achieved with this sys- 
tem.) At the 30-foot level, just above the first set of guys, 
was located the third TH7DX, also fixed on Europe. 

All five Yagis were fed with equal lengths of Belden 
9913 low-loss coaxial cable, each measured with a noise 
bridge to ensure equal electrical characteristics. At each 
feed point a ferrite-bead choke balun (using seven large 
beads) was placed on the coax. All five coaxial cables 
went to a relay switch box mounted at the 85-foot level 
on the tower. Fig 38 shows the schematic for the switch 
box, which was fed with 250 feet of 75-Q, 0.75-inch OD 
Hardline coaxial cable, 

‘The stock DX Engineering remote switch box was 
modified by adding relay K6, so that either the 130-foot 
or the 120-foot rotating antenna could be selected through 
a second length of 0.75-inch Hardline going to the shack, 
This created a Multiplier antenna, independent of the Main 
antennas. A second band could be monitored in this fash- 
ion while calling CQ using the main antennas on another 
band. Band-pass filters were required at the multiplier re- 
ceiver to prevent overload from the main transmitter. 

‘The 0.75-inch Hardline had very low losses, even 
when presented with a significant amount of SWR at the 
switch-box end. This was important, because unlike 
KIVR’s system, no attempt was made at NOBV to main- 
tain a constant SWR when relays KI through KS were 
switched in or out. This seemingly cavalier attitude came 
about because of several factors. First, there were many 
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Fig 38—NGBV/1 switch box system. This uses a modified DX Engineering remote switch box, with relay K6 added 
to allow selection of either of the two top antennas (5-element 10-meter Yagi or 40/20/15-meter triband 714X-3) as a 
“multiplier” antenna. There is no special provision for SWR equalization when any or all of the Yagis are connected 
in parallel as a stack fed by the Main coaxial cable. Each of the five Yagis is fed with equal lengths of flexible 
Belden 9913 coax, so phasing can be maintained on any band. The Main and “Multiplier” coaxes going to the 
shack are 0.75" OD 75-0 Hardline cables. 
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different combinations of antennas that could be used 
together in this system. Each relay coil was independently 
controlled by a toggle switch in the shack. N6BV was 
unable to devise a matching system that did not become 
incredibly complex because of the numerous impedance 
combinations used over all the five bands. 

Second, the worst-case additional transmission line 
loss due to a 4:1 SWR mismatch when four antennas were 
connected in parallel on 10 meters was only 0.5 dB. It 
‘was true that the linear amplifier had to be retuned slightly 
when combinations of antennas were switched in and out, 
but this was a small penalty to pay for the reduced com- 
plexity of the switching and matching networks. The 
90/60/30-foot stack into Europe was used for about 95% 
of the time during DX contests, so the small amount of 
amplifier retuning for other antenna combinations was 
considered only a minor irritation, 


WHY TRIBANDERS? 


Without a doubt, the most common question KIVR 
and NOBV have been asked is: “Why did you pick 
tribanders for your stacks?” Triband antennas were cho- 
sen with full recognition that they are compromise 
antennas. Other enterprising amateurs have built stacked 
tribander arrays. Bob Mitchell, NSRM, is a prominent 
example, with his so-called TH28DX array of four 
TH7DX tribanders on a 145-foot-high rotating tower. 
Mitchell employed a rather complex system of relay-se~ 
lected tuned networks to choose either the upper stacked 
pair, the lower stacked pair or all four antennas in stack, 
Others in Texas have also had good results with their 
tribander stacks. Contester Danny Eskenazi, K7SS, has 
very successfully used a pair of stacked KT-34XA 
tribanders for years. 

A major reason why tribanders were used is that over 
the years both authors have had good results using 
THODXX or TH7DX antennas. They are ruggedly built, 
mechanically and electrically. They are able to withstand 
New England winters without a whimper, and their 
24-foot long booms are long enough to produce signifi- 
cant gain, despite trap-loss compromises. Amateurs 
speculating about trap losses in tribanders freely bandy 
about numbers between 0.5 and 2 dB. Both NOBV and 
KIVR are comfortable with the lower figure, as are the 
Hy-Gain engineers. 

Consider this: If 1500 W of transmitter power is going 
into an antenna, a loss of 0.5 dB amounts to 163 W. This 
would create a significant amount of heat in the six traps 
that are on average in use on a TH6DXX, amounting to 
27 W per trap. Ifthe loss were as high as 1 dB, this would 
be 300 W total, or 50 W per trap. Common sense says that 
if the overall loss were greater than about 0.5 dB, the traps 
would act more like big firecrackers than resonant cir- 
1 A long-boom tribander like the THODXX or TH7DX. 
also has enough space to employ elements dedicated to 
different bands, so the compromises in element spacing 
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usually found on short-boom 3 or 4-clement tribanders 
can be avoided, 

Another factor in the conscious choice of tribanders 
‘was first-hand frustration with the serious interaction that 
can result from stacking monoband antennas closely 
together on one mast in a Christmas Tree configuration, 
N6BV’s worst experience was with the ambitious 10 
through 40-meter Christmas Tree at W6OWQ in the early 
1980s. This installation used a Tri-Ex SkyNeedle tubu- 
lar crankup tower with a rotating 10-foot-long heavy- 
‘wall mast, The antenna suffering the greatest degradation 
was the 5-element 15-meter Yagi, sandwiched 5 feet 
below the 5-element 10-meter Yagi at the top of the mast, 
and 5 feet above the full-sized 3-element 40-meter Yagi, 
which also had five 20-meter elements interlaced on its 
50-foot boom. 

‘The front-to-back ratio on 15 meters was at best about 
12 4B, down from the 25+ dB measured with the bottom 
40/20-meter Yagi removed. No amount of fiddling with 
element spacing, element tuning or even orientation of the 
15-meter boom with respect to the other booms (at 90° or 
180°, for example) improved its performance. Further, the 
20-meter elements had to be lengthened by almost a foot 
‘on each end of each element in order to compensate for 
the effect of the interlaced 40-meter elements. It was a 
lucky thing that the tower was a motorized crankup, 
because it went up and down hundreds of times as various 
experiments were attempted! 

Interaction due to close proximity to other antennas 
in a short Christmas Tree can definitely destroy carefully 
optimized patterns of individual Yagis. Nowadays, such 
interaction can be modeled using a computer program such 
as EZNEC or NEC. A gain reduction of as much as 2 to 
34B can easily result due to close vertical spacing of 
‘monobanders, compared to the gain of a single monoband 
antenna mounted in the clear. Curiously enough, at times 
such a reduction in gain can be found even when the front- 
to-back ratio is not drastically degraded, or when the front- 
to-back occasionally is actually improved. 

If you plan on stacking monoband Yagis—for 
example, putting only 15-meters Yagis on a single tower, 
with your other monoband stacks on other towers—do 
make sure you model the system to see if any interac- 
tions occur. You may be quite surprised. 

Finally, in the NOBV/1 installation, triband anten- 
rnas were chosen because the system was meant to be as 
simple as possible, given a certain desired level of per- 
formance, of course. Triband antennas make for less 
mechanical complexity than do an equivalent number of 
monobanders. There were five Yagis on the N6BV/1 
tower, yielding gain from 40 to 10 meters, as opposed to 
using 12 or 13 monobanders on the tower. 


THE K1VR ARRAY: A MORE ELEGANT 
APPROACH TO MATCHING 
‘The KIVR stacked array is on a 100-foot high Rohn 


25 tower, with sets of guy wires at 30, 60 and 90 feet, 
made of nonconducting Phillystran. Phillystran is a non- 
metallic Kevlar rope covered by black polyethylene to 
protect against the harmful effects of the sun’s ultravio- 
let rays. A caution about Phillystran: Don’t allow tree 
branches to rub against it. It is designed to work in ten- 
sion, but unlike steel guy wire, it does not tolerate abra- 
sion well. 

Both antennas are Hy-Gain THODXX tribanders, 
with the top one at 97 feet and the bottom one at 61 feet. 
‘The lower antenna is rotated by a Telex Ham-M rotator 
‘on a homemade swinging-gate side mount, which allows 
it to be rotated 300° around the tower without hitting any 
‘guy wires or having an element swing into the tower. At 
the 90-foot point on the tower, a 2-element 40-meter 
Cusheraft Yagi has been mounted on a RingRotor so it 
can be rotated 360° around the tower. 

‘After several fruitless attempts trying to match the 
‘THODXX antennas so that either could be used by itself 
or together in a stack, KIVR settled on using a relay- 
selected broadband toroidal matching transformer. When 
both triband antennas are fed together in parallel as a 
stack, it transforms the resulting 25-Q impedance to 
50 Q. The transformer is wound on a T-200A powdered- 


iron core, available from Amidon, Palomar Engineering 
or Ocean State Electronics. Two lengths of twin RG-59 
coax (sometimes called Siamese or WangNet), four turns 
cach, are wound on the core. Two separate RG-59 cables 
could be used, but the Siamese-twin cable makes the 
assembly look much more tidy. The shields of the RG-59 
cables are connected in series, and the center conductors 
are connected in parallel. See Fig 39 for details. 

Fig 40 shows the schematic of the KIVR switch box, 
which is located in the shack. Equal electrical lengths of 
50-Q Hardline are brought from the antennas into the 
shack and then to the switch box. Inside the box, the relay 
contacts were soldered directly to the SO-239 chassis 
connectors to keep the wire lengths down to the absolute 
minimum, KIVR used a metal box that was larger than 
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Fig 39—Diagram for matching transformer for KVR 
stacked tribander system. The core is powdered iron- 
core T-200A, with four turns of two RG-59A or 
“Siamese” coax cables. Center conductors are 
connected in parallel and shields are connected in 
series to yield 0.667:1 turns ratio, close to desired 
25-0 to 50-0 transformation. 


Fig 40—Relay switch box for K1VR stacked tribander 
system. Equal lengths of 50-Q Hardline (with equal 
lengths of flexible 50-0 cable at each antenna to allow 
rotation) go to the switch box in the shack. The SWR on 
all three bands for Upper, Lower or Both switch 
positions is very close to constant. 
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might appear necessary because he wanted to mount the 
toroidal transformer with plenty of clearance between it 
and the box walls. The toroid is held in place with a piece 
of insulation foam board. Before placing the switch box 
in service, the system was tested using two 50-0 dummy 
loads, with equal lengths of cable connected in parallel 
to yield 25 Q. The maximum SWR measured was 1.25:1 
at 14 MHz, 1.3:1 at 21 MHz and 1.15:1 at 28 MHz, and 
the core remained cold with 80 W of continuous output 
power, 

One key to the system performance is that KIVR 
‘made the electrical lengths of the two hardlines the same 
(within 1 inch) by using a borrowed TDR (time domain 
reflectometer). Almost as good as Hardline, KIVR points 
out, would be to cut exactly the same length of cable from, 
the same 500-foot roll of RG-213. This eliminates manu- 
facturing tolerances between different rolls of cable. 

KIVR’s experience over the last 10 years has been 
that at the beginning of the 10 or 15-meter morning open- 
ing to Europe the upper antenna is better. Once the band is 
wide open, both antennas are fed in phase to cast a bigger, 
shadow, or footprint, on Europe. By mid-morning, the 
lower antenna is better for most Europeans, although he 
continues to use the stack in case someone is hearing him 
over a really long distance path throughout Europe. He 
reports that it is always very pleasant to be called by a 487 
or HS or VU2 when he is working Europeans at a fast 
clip! 


SOME SUGGESTIONS FOR STACKING 
TRIBANDERS 


It is unlikely that many amateurs will try to dupli- 
cate exactly KIVR’s or NOBV’s contest setups. However, 
‘many hams already have a tribander on top of a moder- 
ately tall tower, typically at a height of about 70 feet. It is 
not terribly difficult to add another, identical tribander at 
about the 40-foot level on such a tower. The second 
tribander can be pointed in a fixed direction of particular 
interest (such as Europe or Japan), or it can be rotated 
around the tower on a side mount or a Ring Rotor. If guy 
wires get in the way of rotation, the antenna can usually 
be arranged so that itis fixed in a single direction, 

Insulate the guy wires at intervals to ensure that they 
don’t shroud the lower antenna electrically. A simple feed 
system consists of equal-length runs of surplus 0.5-inch 
75-Q Hardline (or more expensive 50-Q Hardline, if you 
are really obsessed by SWR) from the shack up the tower, 
to each antenna. Each tribander is connected to its 
respective Hardline feeder by means of an equal length 
of flexible coaxial cable, with a ferrite choke balun, so 
that the antenna can be rotated. 

Down in the shack, the two hardlines can simply be 
switched in and out of parallel to select the upper antenna, 
only, the lower antenna only, or the two antennas as a 
stack. See Fig 41. Any impedance differences can be 
handled as stated previously, simply by retuning the lin- 
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Fig 41—Simple feed system for 70/40-foot stack of 
tribanders. Each tribander is fed with equal lengths of 
0.5-inch 75-0 Hardline cables (with equal lengths of 
flexible coax at the antenna to allow rotation), and can 
be selected singly or in parallel at the operator's 
position in the shack. Again, no special provision is 
made in this system to equal SWR for any of the 
combinations. 


car amplifier, or by means of the internal antenna tuner 
(included in most modern transceivers) when the tran: 
ceiver is run barefoot. The extra performance experienced 
in such a system will be far greater than the extra decibel 
or two that modeling calculates. 


THE WX9B APPROACH TO STACK 
MATCHING AND FEEDING 

Earlier we mentioned how useful it would be to 
switch various antennas in or out of a stack, depending 
on the elevation angles that need to be emphasized at 
that moment. Jay Terleski, WXOB, of Array Solutions 
has designed switchable matching systems, called 
StackMatches, for stacks of monoband or multiband 
Yagis. 

‘The StackMatch uses a 50-@ to 22.25-Q broadband 
transmission-line transformer to match combinations of 
up to three Yagis in a stack. See Fig 42 for a schematic 
of the StackMatch. For selection of any 50-2 Yagi by 
itself, no matching transformer is needed and Relay IN 
routes RF directly to the common bus going to Relay 1 
2 and 3. For selection of two Yagis together the parallel 
impedance is 50/2 = 25 Q and Relay IN routes RF to the 
matching transformer. The SWR is 25/22.25 = 1.1:1. For 
three Yagis used together, the parallel impedance is 50/3 
= 16.67 Q, and the SWR is 22.25/16.67 = 1.3:1 

‘The broadband transformer consists of four trifilar 
turns of #12 enamel-insulated wire wound on a Ferrite 
Corporation FT-240 2.4-inch OD core made of #61 
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Fig 42—Schematic of WX9B's StackMatch 2000 switchbox, which uses a broadband transmission line transformer 
using trifilar #12 enamel-insulated wires. (Courtesy Array Solutions.) 


material (\t = 125). WXOB uses 10-A relays enclosed in 
plastic cases to do the RF switching, selected by a con- 
trol box at the operating position. (10-A relays can theo- 
retically handle 10 A? x 50 Q = 5000 W.) Fig 43 shows a 
photo of the transmission-line transformer and 
StackMaster PCB. 

The control/indicator box uses a diode matrix to 
switch various combinations of antennas in/out of the 
stack. Three LEDs lined up vertically on the front panel 
indicate which antennas in a stack are selected, 


“BIP/BOP” OPERATION 

‘The contraction “BIP” means “both in-phase,” while 
OP” means “both out-of-phase.” BIP/BOP refer to 
stacks containing two Yagis, although the term is com- 
monly used for stacks containing more than two Yagis. In 
theory, feeding a stack with the antennas out-of-phase will 
shift the elevation response higher than in-phase feeding. 
ig 44 shows a rectangular plot comparing BIP/BOP. 
operation of two 3-clement 15-meter Yagis at heights of 
2 Aand 1 2 (93 and 46 feet) over flat ground. The BOP 
pattern is the higher-angle lobe and the two lobes cross 
over about 14°. The maximum amplitude of the BOP 
stack’s gain is about 4 dB less than the BIP pair. For 
reference, the pattern of a single 46-foot high Yagi is 

overlaid on the pattern for the stacks. 
‘The most common method for feeding one Yagi 180° 
out-of-phase is to include an extra electrical half wave- 


Fig 43—Inside view of StackMatch. (Photo courtesy 
Array Solutions.) 


length of feed-line coax going to one of the antennas. 
This method obviously works on a single frequency band 
and thus is not applicable to stacks of multiband Yagis, 
such as tribanders. For such multiband stacks, feeding 
only the lower antenna(s)—by switching out higher 
antenna(s) in the stack—is a practical method for achiev- 
ing better coverage at medium or high elevation angles, 
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Fig 44—HFTA screen shot of “BIP/BOP” operation of 
two 4-element 15-meter Yagis at $3 and 46 feet above 
flat ground. The elevation response in BOP (both out- 
of-phase) operation is shifted higher, peaking at about 
21°, compared to the BIP (both in-phase) operation 
where the peak is at 8°. The dashed line is response of 
single Yagi at 46 feet 


STACKING DISIMILAR YAGIS 

So far we have been discussing vertical stacks of 
identical Yagis. Less commonly, hams have successfully 
stacked dissimilar Yagis. For example, consider a case 
where two S-clement 10-meter Yagis are placed 46 and 
25 feet above flat ground, with a 7-element 10-meter Yagi 
at 68 feet on the same tower. See Fig 48, which is a sche- 
matic of the layout for this stack. Note that the driven 
clement for the top T-clement Yagi is well behind the 
vertical plane of the driven elements for the two 5-ele- 
ment Yagis. This offset distance must be compensated 
for with a phase shift in the drive system for the top Yagi. 

Fig 46 shows the elevation-pattern responses for 
uncompensated (equal-length feed lines) and the com: 
pensated (additional 150° of phase shift to top Yagi) 
stacks. These patterns were computed using EZNEC 
ARRL, which is included with this book. Not only is about 
1.7 4B of maximum gain lost, but the peak elevation angle 
is shifted upwards by 11° from the optimal takeoff angle 
of 8°—where some 10 dB of gain is also lost. Without 
compensation, this is a severe distortion of the stack's 
elevation pattern, 

For RG-213 coax, the extra length needed to pro: 
vide an additional 150° of phase shift = 150°/360° 2 = 
0.417 2 = 9.53 feet at 28.4 MHz. This was computed 
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Fig 45—Stacking dissimilar Yagis. In this case a 7- 
‘element 10-meter Yagi is stacked over two S-element 
Yagis. Note the displacement of the 7-element Yagi's 
driven element compared to the position of the two 5- 
‘element Yagis. This leads to an undesired phase shift 
for the higher antenna, 
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Fig 46—Comparison of elevation responses for 7/5/5- 
element 10-meter stacks, with and without 
compensation for driven-element offset. 


1g the program TLW (Transmission Line for Windows) 
included on the CD-ROM accompanying this book. 

It is not always possible to compensate for dissimi. 
lar Yagis in a stack with a simple length of extra coax, so 
you should be sure to model such combinations to make 
Sure that they work properly. A safe alternative, of course, 
is to stack only identical Yagis, feeding all of them with 
equal lengths of coax to ensure in-phase operation. 


So far, the stacking examples shown have been for 
flat ground. Things can become a lot more complicated 
when you deal with real-world irregular terrains! See 
Chapter 3, The Effects of Ground, for a description of 
the HFTA (High Frequency Terrain Assessment) program 
that is included with this book, 

Fig 47 shows the HFTA-computed 20-meter eleva- 
tion responses towards Europe (at an azimuth of 45°) for 
three antennas at the N6BV/I location in Windham, New 
Hampshire. Overlaid as a bar graph are the elevation- 
angle statistics for the path to all of Europe from New 
England (Massachusetts). The stack at 90/60/30 feet 
clearly covers all the angles needed best at 14 MHz. The 
N6BV 120-foot Yagi has a severe null in the region from 
about 7° to about 20°, with the deepest part of that null 
‘occurring at about 13° and is roughly comparable to the 
90/60/30-Foot stack between 2° to 7°, 

In practice, the 120-foot Yagi was indeed compa- 
rable to the stack during morning openings to Europe on 
20 meters, when the elevation angles are typically about 
5° In the New England afternoon, when the elevation 
angles typically rise to about 11°, the 120-foot Yagi was, 
always distinctly inferior to the stack. 

For reference, the response of a single 120-foot high 
‘Yagi over flat ground is also shown, Note that the N6BV 
120-foot high Yagi has about 3 dB more gain at a 5° takeoff 
angle than does its latland counterpart. This additional gain 
is due to the focusing effects of the local terrain, which had 
about a 3° downwards slope towards Europe. 
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Fig 47—HFTA screen shot showing how complicated 
things become when real-world irregular terrain is 
analyzed. This is the 20-meter elevation pattern for 
the N6BV/1 station location in Windham, NH, for the 
90/60/30-foot stack of triband TH7DX Yagis and a 4- 
element Yagi at 120 feet on the same tower. For 
comparison, the response of a 120-foot Yagi over flat 
ground is also included. 


and Stacks 


Fig 48 shows the HFTA-computed 15-meter eleva- 
tion responses towards Europe for the 90/60/30-foot stack 
at 90/60/30 feet at NOBV/I, compared to the same 120- 
foot high Yagi and a 90/60/30-foot stack, but this time 
over flat ground, Again, the NOBV/I terrain towards 
Europe has a significant effect on the gain of the stack 
compared to that of an identical stack over flat ground. 
In fact, the peak gain of 20.1 dBi at a 4° elevation angle 
is close to moon-bounce levels. 


OPTIMIZING OVER LOCAL TERRAIN 


‘There are only a small number of possibilities to 
optimize an installation over local terrain: 


Change the antenna height(s) above ground, 
Stack two (or more) Yagis. 

Change the spacing between stacked Yagis. 
Move the tower back from a cliff (or a hill) 
BIP/BOP (Both In Phase/Both Out of Phase) 


‘The HFTA program on the CD-ROM accompanying 
this book can be used, together with Digital Elevation 
Model (DEM) topographic data available on the Internet, 
to evaluate all these options. 


SO NEAR, YET SO FAR 


It is sometimes very surprising to compare eleva- 
tion responses for different towers located at various 
points on the same property, particularly when that prop- 


Fig 43—-HFTA screen shot showing the 15-meter 
elevation pattern for the N6BV/1 station location in 

Windham, NH, for the 90/60/30-foot stack of triband 

THTDX Yagis and a 4-element Yagi at 120 feet on the 
‘same tower. For comparison, the response of a 120- 
foot Yagi over flat ground is also included. 
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Fig 49—-HFTA screen shot showing the 20-meter 
elevation pattern for K1KI's North and South towers, 
with 100-foot high 4-element Yagis pointing into Europe 
at an azimuth of 45°. The responses are surprisingly 
different for two towers separated by only 600 feet. 


erty is located in the mountains. Fig 49 shows the computed 
elevation responses for three 100-foot high I4-MHz Yagis 
cover three terrains towards Europe: from the North tower at 
KIK1's location in West Suffield, Connecticut, from the 
South tower at KIKI, and over flat ground. The elevation 
response from the South tower follows that over flat ground 
well, while the response from the North tower is quite a bit 
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Fig 50—K1KI's terrain profiles for the North and South 
towers at an azimuth of 45° into Europe. 


stronger at low elevation angles—about 1.5 dB on average, 
as the Figure of Merit shows from HFTA, 

Fig 50 shows the reason why this happens—the 
terrain from the North tower slopes down quickly towards 
Europe, while the terrain from the South tower goes out 
almost 900 feet before starting to fall off. These two tow- 
crs are about 600 feet apart. 


Moxon Rectangle Beams 


LB Cebik, WARNL, has written extensively about the 
Moxon rectangle, an antenna invented by Les Moxon, 
GOXN, derived from a design by VK2ABQ. The Moxon 
rectangle beam takes less space horizontally than a con- 
ventional 2-element Yagi design, yet it offers nearly the 
same amount of gain and a superior front-to-back ratio. 
‘And as an additional benefit, the drive-point impedance is 
close to 50 Q, so that it doesn’t need a matching section. 
For example, rather than a “wingspan” of 17 feet 
for the reflector in a conventional 2-element 10-meter 
‘Yagi, the Moxon rectangle is 13 feet wide, a saving of 
almost 259%. The Moxon rectangle WRNL created for 
The ARRL Antenna Compendium, Vol 6, had an SWR less 


than 2:1 from 28.0 to 29.7 MHz, with a gain over ground 
of 11 dBi, It had a F/B of 15 dB at 28.0 MHz, more than 
20 dB at 28.4 MHz, and 12 dB at 29.7 MHz. 

‘The Moxon rectangle relies on controlling the spacing 
(hence controlling the coupling) between the ends of the 
driven element tips and the ends of the reflector tips, which 
are both bent toward each other. See Fig $1, which shows 
the general outline for WARNL's 10-meter aluminum Moxon 
rectangle. The tips of the elements are kept a fixed distance 
from each other by PVC spacers. The closed rectangular 
mechanical assembly gives some rigidity to the design, keep- 
ing it stable in the wind. W4RNL described other Moxon 
rectangle designs using wire elements in June 2000 OST. 
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Quad Arrays 


Chapter 11, HF Yagi Arrays, discussed Yagi arrays 
as systems of approximately half-wave dipole elements 
that are coupled together mutually. You can also employ 
other kinds of elements using the same basic principles 
of analysis. For example, loops of various types may be 
combined into directive arrays. A popular type of para 
sitie array using loops isthe quad antenna, in which loops 
having a perimeter of about one wavelength are used in 
much the same way as half-wave dipole elements in the 
Yagi antenna, 

Clarence Moore, W9LZX, created the quad antenna 
in the early 1940s while he was at the Missionary Radio 
Station HCIB in Quito, Ecuador. He developed the quad 
to combat the effects of corona discharge at high alti- 
tudes. The problem at HCIB was that their large Yagi 
‘was literally destroying itself by melting its own element 
tips. This occurred due to the huge balls of corona it gen- 
crated in the thin atmosphere of the high Andes moun- 
tains. Moore reasoned correctly that closed loop elements 
would generate less high voltage—and hence less 

than would the high impedances at the ends of 
a half-wave dipole element. 

Fig 1 shows the original version of the two-element 
quad, with a driven element and a parasitic reflector. The 
square loops may be mounted either with the corners lying 
on horizontal and vertical lines, as shown at the left, or 
with two sides horizontal and two vertical (right). The 
feed points shown for these two cases will result in hori- 
zontal polarization, which is commonly used. 

Since its inception, there has been controversy 
‘whether the quad is a better performer than a Yagi. Chap- 
ter 11 showed that the three main electrical performance 
parameters of a Yagi are gain, response patterns (front- 
to-rear ratio, F/R) and drive impedance/SWR. Proper 
analysis of a quad also involves checking all these 
parameters across the entire frequency range over which 
you intend to use it. Both a quad and a Yagi are classified 
as “parasitic, end-fire arrays.” Modern antenna model- 
ing by computer shows that monoband Yagis and quads 
‘with the same boom lengths and optimized for the same 
performance parameters have gains within about 1 dB of 
each other, with the quad slightly ahead of the Yagi 

Fig 2 plots the three parameters of gain, front-to- 
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Fig 1—The basic two-element quad antenna, with 
driven-element loop and reflector loop. The driven 
loops are electrically one wavelength in circumference 
(‘/s wavelength on a side); the reflectors are slightly 
longer. Both configurations shown give horizontal 
polarization. For vertical polarization, the driven 
‘element should be fed at one of the side corners in the 
arrangement at the left, or at the center of a vertical 
side in the “square” quad at the right. 
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Fig 2—Comparison of gain, F/R and SWR over the 14.0 
to 14.35-MHz range for an optimized three-element 
quad and an optimized three-element Yagi, both on 
26-foot booms. The quad exhibits almost 0.5 dB more 
gain for the same boom length, but doesn't have as 
good a rearward pattern over the whole frequency 
range compared to the Yagi. This is evidenced by the 
F/R curve. The quad's SWR curve is also not quite as 
flat as the Yagi. The quad's design emphasizes gain 
‘more than the other two parameters. 
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rear ratio (F/R) and SWR over the 14.0 to 14.35-MHz 
band for two representative antennas—a monoband three- 
element quad and a monoband four-element Yagi. Both 
of these have 26-foot booms and both are optimized for 
the best compromise of gain, F/R and SWR across the 
whole band, 

While the quad in Fig 2 consistently exhibits about 
0.5 dB more gain over the whole band, its F/R pattern 
toward the rear isn't quite as good as the Yagi’s over that 
span of frequencies. This quad attains a maximum F/R 
of 25 dB at 14.1 MHz, but it falls to 17 dB at the bottom 
end of the band and 15 dB at the top. On the other hand, 
the Yagi’s F/R stays consistently above 21 dB across the 
whole 20-meter band. The quad’s SWR rises to just 
under 3:1 at the top end of the band, but stays below 2:1 
from 14.0 to almost 14.3 MHz. The Yagi’s SWR remains 
lower than 1.5:1 over the whole band. 

‘The reason the Yagi in Fig 2 has more consistent 
responses for gain, F/R and SWR across the whole 20- 
meter band is that it has an additional parasitic element, 
giving two additional variables to play with—that is, the 
length of that additional element and the spacing of that 
element from the others on the boom. 

Yagi advocates point out that it is easier to add extra 
elements toa Yagi, given the mechanical complexities of add- 
ing another element to a quad. Extra parasitic elements give 
a designer more flexibility to tailor all performance param- 
eters over a wide frequency range. Quad designers have his- 
torically opted to optimize strictly for gain and, as stated 
before, they can achieve as much as | dB more gain than a 
Yagi with the same length boom. But in so doing, a quad 
designer typically has to settle for front-to-rear patterns that 
are peaked over more narrow frequency ranges. The 20-meter 
quad plots in Fig 2 actually represent an even-handed ap- 
proach, where the gain is compromised slightly to obtain a 
‘more consistent pattern and SWR across the whole band. 

Fig 3 plots gain, F/R and SWR for two 10-meter 
monoband designs: a five-element quad and a five-ele- 
ment Yagi, both placed on 26-foot booms. The quad now 
hhas the same degrees of freedom as the Yagi, and as a 
consequence the pattern and SWR are more consistent 
across the range from 28.0 to 28.8 MHz. The quad’s F/R 
remains above about 18.5 dB from 28.0 to 28.8 MHz. 
Meanwhile, the Yagi maintains an F/R of greater than 
22 dB over the same range, but has almost 0.8 dB less 
gain compared to the quad at the low end of the band, 
eventually catching up at the high end of the band. The 
SWR for the quad is just over 2:1 at the bottom of the 
band, but remains less than 2:1 up to 28.8 MHz. The SWR 
on the Yagi remains less than 1.6:1 over the whole band. 

Fig 4 shows the performance parameters for two 15- 
meter monoband designs: a five-clement quad and a five- 
clement Yagi, both on 26-foot booms. The quad is still the 
leader in gain, but has a less optimal rearward pattern and a 
somewhat less flat SWR curve than the Yagi. One thing 
should be noted in Figs 2 through 4. The F/R pattern on the 
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Fig 3—Comparison of gain, F/R and SWR over the 28.0 
to 28.8-MHz range for an optimized five-element quad 
and an optimized five-element Yagi, both on 26-foot 
booms. The gain advantage of the quad is about 0.25 dB 
at the low end of the band. The F/R is more peaked in 
frequency for the quad, however, than the Yagi. 
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Fig 4—Comparison of gain, F/R and SWR over the 21.0, 
to 21.45-MHz range for an optimized 5-element quad 
and optimized 5-element Yagi, both on 26-foot booms. 
‘The quad enjoys a gain advantage of about 0.5 dB over 
most of the band. Its rearward pattern is not as good 
as the Yagi, which remains higher than 24 dB across 
the whole range, compared to the quad, which remains 
in the 16-dB average range. 


Yagi is largely determined by the response at the 180° point, 
directly in back of the frontal lobe. This point is usually 
referred to when discussing the “front-to-back ratio.” 

‘The quad on the other hand has what a sailor might 
term “quartering lobes” (referring to the direction back 
towards the “quarterdeck” at the stern of a sailing vessel) 
in the rearward pattern. These quartering lobes are often 
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Fig 5—Comparing the pattern of the 15-meter quad and 
Yagi shown in Fig 4. The quad has a slightly narrower 
frontal beamwidth (it has 0.5 dB more gain than the Yagi 
but has higher “rear quartering” sidelobes at about 125° 
(with a twin sidelobe, not shown, at 235°). These 
sidelobes limit the worst-case front-to-rear (F/R) to about 
17 dB, while the FIB (at 180°, directly at the back 

of the quad) is more than 24 dB for each antenna. 


worse than the response at 180°, directly in back of the 
main beam. Fig § overlays the free-space E-Field 
responses of the 15-meter quad and Yagi together. 
At 21.2 MHz, the quad actually has a front-to-back ratio 
(F/B) of about 24 dB, excellent in anyone’s book. The 
Yagi at 180° has a F/B of about 25 dB. again excellent. 
However, at an azimuth angle of about 125° (and at 
235° azimuth on the other side of the main lobe) the 
quad’s “quartering lobe” is down only some 17 dB, set- 
ting the worst-case F/R at 17 dB also. As explained in 
Chapter 11, the reason F/R is more important than just 
the F/B is that on receive signals can come from any 
direction, not just from directly behind the main beam. 
Table 1 lists the dimensions for the three computer- 
optimized monoband quads shown in Figs 2, 3 and 4. 


Is a Quad Better at Low Heights than a Yagi? 
Another belief held by some quads enthusiasts is that 
they need not be mounted very high off the ground to give 
excellent DX performance. Quads are somehow supposed 
to be greatly superior to a Yagi at the same height above 
ground. Unfortunately, this is mainly wishful thinking, 
Fig 6 compares the same two 10-meter antennas as 
in Fig 3, but this time with each one mounted on a 50- 
foot tower over flat ground, rather than in theoretical free 
space. The quad does indeed have slightly more gain than 
a Yagi with the same boom length, as it has in free space. 
This is evidenced by the very slight compression of the 
quad’s main lobe, but is more obvious when you look at 
the third lobe, which peaks at about 53° elevation. In 
effect, the quad squeezes some energy out of its second 


Tablet 
Dimensions for Optimized Monoband Quads in 
Figs 2, 3 and 4, on 26-Foot Booms 


142MH2 © 21.2MH2 28.4 MHz 
Reflector 739" 496" 37's" 
R.DE Spacing 178" 7 

Driven Element 71” 8" are 

DE-D1 Spacing 8° 3" 5 

Director 1 687" 468° 

D1-D2 Spacing — e 

Director 2 = 46° 10" 

D2-D3 Spacing — ra 

Director 3 = 458° 3a" 2" 
Feed method Direct S02 Direct S02 Direct 50. 
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Fig 6—A comparison on 10 meters between an optimized 
five-element quad and an optimized five-element Yagi, 
both mounted 50 feet high over flat ground and both 
employing 26-foot booms. There is no appreciable 
difference in the peak elevation angle for either antenna. 
In other words, a quad does not have an appreciable 
elevation-angle advantage over a Yagi mounted at the 
same boom height. Note that the quad achieves its 
slightly higher gain by taking energy from higher-angle 
lobes and concentrating that energy in the mai 

elevation lobe. This is a process that is similar to what 
happens with stacked Yagis. 


and third lobes and adds that to the first lobe. However, 
the difference in gain compared to the Yagi is only 
0.8 dB for this particular quad design at a 9° elevation 
angle. And while it’s true that every dB counts, you can 
also be certain that on the air you wouldn't be able to tell 
the difference between the two antennas. After all, a 10- 
to 20-dB variation in the level of signals is pretty com- 
mon because of fading at HF. 


Multiband Quads 
On the other hand, one of the valid reasons quads have 
remained popular over the years is that antenna homebrewers 
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can build multiband quads far more easily than they can 
construct multiband Yagis. In effect, all you have to do 
with a quad is add more wire to the existing support arms. 
It’s not quite as simple as that, of course, but the idea of 
ready expandability for other bands is very appealing to 
experimenters, 

Like the Yagi, the quad does suffer from interactions 
between wires of different frequencies, but the degree of 
interaction between bands is usually less for a quad. The 
higher-frequency bands are the ones that often suffer most 
from any interaction, for both Yagis and quads. For 
example, the 10- and 15-meter bands are usually the ones 
affected most by nearby 20-meter wires in a triband quad, 
while the 20-meter elements are not affected by the 10- 
or 15-meter elements, 

‘Modern computer modeling software can help you 
counteract at least some of the interaction by allowing 
you to do virtual “retuning” of the quad on the computer 
screen — rather than clinging precariously to your tower, 
fiddling with wires. However, the programs (such as NEC- 
2 or EZNEC) that can model three-dimensional wire 
‘antennas such as quads typically run far more slowly than, 
those designed for monoband Yagis (such as YW included 
with this book). This makes optimizing rather tedious, 
but you use the same considerations for tradeoffs between 
gain, pattern (F/R) and SWR over the operating band- 
‘width as you do with monoband Yagis. 


CONSTRUCTING A QUAD 


‘The parasitic element shown in Fig | is tuned in much 
the same way as the parasitic element in a Yagi antenna. 
‘That is, the parasitic loop is tuned to a lower frequency 
than the driven element when the parasitic is to act as a 
reflector, and to a higher frequency when it is to act as a 
director. Fig 1 shows the parasitic element with an adjust- 
able tuning stub, a convenient method of tuning since the 
resonant frequency can be changed simply by changing 
the position of the shorting bar on the stub. In practice, it 
thas been found that the length around the loop should be 
approximately 3.5% greater than the self-resonant length 
if the element is a reflector, and about 3.0% shorter than 
the self-resonant length if the parasitic element is a direc 
tor. Approximate formulas for the loop lengths in feet are: 


‘These are valid for quad antennas intended for op- 
ration below 30 MHz and using uninsulated #14 stranded 
copper wire. At VHE, where the ratio of loop circumfer- 
ence to conductor diameter is usually relatively small, the 
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circumference must be increased in comparison to the 
wavelength. For example, a one-wavelength loop con- 
structed of '/inch tubing for 144 MHz should have a 
circumference about 2% greater than in the above equa- 
tion for the driven element. 

Element spacings on the order of 0.14 to 0.2 free- 
space wavelengths are generally used. You would 
‘employ the smaller spacings for antennas with more than 
two elements, where the structural support for elements 
with larger spacings tends to become challenging. The 
feed-point impedances of antennas having element spa 
ings on this order have been found to be in the 40- to 
60-2 range, so the driven element can be fed directly 
with coaxial cable with only a small mismatch 

For spacings on the order of 0.25 wavelength (physi- 
cally feasible for two elements, or for several elements at 
28 MHz) the impedance more closely approximates the 
impedance of a driven loop alone—that is, 80 to 100 Q 
The feed methods described in Chapter 26 can be used, 
just as in the case of the Yagi. 


‘Making It Sturdy 

‘The physical sturdiness of a quad is directly propor- 
tional to the quality of the material used and the care with 
which itis constructed. The size and type of wire selected 
for use with a quad antenna is important because it will 
determine the capability of the spreaders to withstand high, 
winds and ice. One of the more common problems con- 
fronting the quad owner is that of broken wires. A solid 
conductor is more apt to break than stranded wire under 
constant flexing conditions. For this reason, stranded cop- 
per wire is recommended. For 14. or 28-MHz 
operation, #14 or #12 stranded wire is a good choice. 
Soldering of the stranded wire at points where flexing is 
likely to occur should be avoided 

‘You may connect the wires to the spreader arms in 
many ways. The simplest method is to drill holes through 
the fiberglass at the appropriate points on the arms and 
route the wires through the holes. Soldering a wire loop 
across the spreader, as shown later, is recommended, 
However, you should take care to prevent solder from 
flowing to the corner point where flexing could break it 

While a boom diameter of 2 inches is sufficient for 
smaller quads using two or even three elements for 14, 
21 and 28 MHz, when the boom length reaches 20 feet or 
ich diameter boom is highly recommended, 
id creates two forces on the boom, vertical and hori- 
zontal. The vertical load on the boom can be reduced with 
«a guy-wire truss cable. The horizontal forces on the boom 
are more difficult to relieve, so 3-inch diameter tubing is 
desirable, 

Generally speaking, three grades of material can be 
used for quad spreaders. The least expensive material is 
bamboo. Bamboo, however, is also the weakest material 
normally used for quad construction. It has a short life, 
typically only three or four years, and will not withstand 
aharsh climate very well. Also, bamboo is heavy in con- 


trast to fiberglass, which weighs only about a pound per 
13-foot length. Fiberglass is the most popular type of 
spreader material, and will withstand normal winter cli- 
mates. One step beyond the conventional fiberglass arm 
is the pole-vaulting arm. For quads designed to be used 
on 7 MHz, surplus “rejected” pole-vaulting poles are 
highly recommended. Their ability to withstand large 
amounts of bending is very desirable. The cost of these 
poles is high, and they are difficult to obtain. See Chap- 
ter 21 for dealers and manufacturers of spreaders. 


Diamond or Square? 

‘The question of how to orient the spreader arms has 
been raised many times over the years. Should you mount 
the loops in a diamond or a square configuration? Should 
one set of spreaders be horizontal to the earth as shown 
in Fig 1 (right), or should the wire itself be horizontal to 
the ground (spreaders mounted in the fashion of an X) as, 
shown in Fig | (left)? From the electrical point of view, 
there is not enough difference in performance to worry 
about. 

From the mechanical point of view there is no ques- 
tion which version is better. The diamond quad, with the 


associated horizontal and vertical spreader arm: 
capable of holding an ice load much better than a 


stem 


where no vertical support exists to hold the wire loops 
upright. Put another way, the vertical poles of a diamond 


array, if sufficiently strong, will hold the rest of the sys- 
tem erect. When water droplets are accumulating and 
forming into ice, it is very reassuring to see water run- 
ning down the wires to a comer and dripping off, rather 
than just sitting there on the wires and freezing. The wires 
of a loop (or several loops, in the case of a multiband 
antenna) help support the horizontal spreaders under 
load of ice. A square quad will droop severely under heavy 
ice conditions because there is nothing to hold it up 
straight. 

Of course, in climates where icing is not a problem, 
‘many amateurs point out that they like the aesthetics of 
the square configuration. There are thousands of square- 
configuration quads in temperate areas around the world. 

Another consideration will enter into your choice 
of orientation for a quad. You must mount a diamond quad 
somewhat higher on the mast or tower than for an equiva 
lent square array, just to keep the bottom spreader away 
from the tower guys when you rotate the antenna, 


Two Multiband Quads 


This section describes two multiband quad designs. 
‘The first is a large triband 20/15/10-meter quad built on 
a 26-foot boom made of 3-inch irrigation tubing. This 
antenna has three elements on 20 meters, four elements 
on 15 meters, and five elements on 10 meters. Fig 7 shows 
a photograph of the five-element triband quad. 

‘The second project is a compact two-element triband 
quad on an 8-foot boom that covers 20, 17, 15, 12 and, 
10 meters. We call this a “pentaband” quad since it cov- 
cers five bands. This antenna uses five concentric wire 
loops mounted on each of the two sets of spreaders. Either 
antenna may be constructed in a diamond or square 
configuration. 

While the same basic construction techniques are 
‘employed for both multiband quads, the scale of the larger 
triband antenna makes it a far more ambitious undertak- 
ing! The large quad requires a strong tower and a rugged 
rolator. It also requires a fair amount of real estate in 
order to raise the quad to the top of the tower without 
entangling trees or other antennas. 


A FIVE-ELEMENT, 26-FOOT BOOM 
TRIBAND QUAD 


Five sets of element spreaders are used to support 
the three elements used on 14 MHz, four elements on 
21 MHz and five elements on 28-MHz. We chose to use four 
‘elements on 15 meters in this design (rather than the five we 
could have been employed on this length of boom) because 


the difference in optimized performance wasn't great enough 
to warrant the extra complexity of using five elements. The 
dimensions are listed in Table 2, and are designed for center 
frequencies of 14.175, 21.2 and 28.4 MHz. 

‘The spacing between elements has been chosen to 
provide good compromises in performance consistent 
with boom length and mechanical construction, You can 
see that the element spacings for 20 meters are quite dif- 
ferent from those for the optimized monoband design, 
This is because the same set of spreaders is used for all 


Fig 7—Photo of the three-band, five-element quad 
antenna. 


Quad Arrays 12-5 


Fig 8—Layout for the three-band, five-element quad, not drawn to scale. See Table 2 for dimensions. 


three bands on three out of the five elements, and the 
higher-frequency bands dictate the spacing because they 
are more critical. 

Each of the parasitic loops is closed (ends soldered 
together) and requires no tuning. Fig 8 shows the physi- 
cal layout of the triband quad. Fig 9 plots the computed 
free-space gain, front-to-rear ratio and SWR response 
ross the 20-meter band. With only a few degrees of free- 
dom in tuning and spacing of the three elements, it is 
impossible to spread the response out to cover the entire 
20-meter band. The compromise design results in a rear- 
‘ward pattern that varies from a worst-case of just under 
10 dB at the high end of the band, to a peak FIR of just 


Table 2 

‘Three-Band Five-Element Quad on 26-Foot Boom 
1415 MHe © 212MH2 28.4 Mile 

Rellector 726" 494 36° 8° 

R-DE Spacing 12" 12 e 

Driven Element 71° are 35° 4° 

DE-D1 Spacing 14” r e 

Director 1 686" 468" 34° 8° 

D1-D2 Spacing — 14 r 

Ditector 2 = 465" 34° 8° 

2.03 Spacing — - ie 

Director 3 = 7 3° 

Feed method Direct 50.2 Direct $0.2 Direct 50.2 
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under 19 dB at 14.2 MHz, in the phone portion of the band, 
‘The FIR is about 11 dB at the low end of the band. 

‘The SWR remains under 3:1 for the entire 20-meter 
band, rising to 2.8:1 at the high end. The feed system for 
this tiband quad consists of three separate 50-0 coax 


20-Meter Optimized Triband Quad 
3 Fle. Quad, 26 Boom 


ere 


Fig 9—Computed performance of the triband, five- 
element quad over the 20-meter band. The direct 50-2 
feed system holds the SWR below 2.8: 1 across the 
whole band. This could be improved with a gamma- 
match system tuned to 14.1 MHz if the builder really 
desires a low SWR. The F/R peaks at 14.1 MHz and 
remains above 10 dB across the whole band. 


lines, one per driven element, together with a relay switchbox 
mounted to the boom so that a single coax can be used back 
to the operating position. Each feed line uses a ferrite-bead 
balun to control common-mode currents and preserve the 
radiation pattern and each coax going to the switchbox is 
cut to be an electrical three-quarter wavelength on 15 meters. 
This presents a short at the unused driven elements since 
modeling indicated that the 15-meter band is adversely 
affected by the presence of the 20-meter driven element if it 
is left open-circuited. If you use RG-213 coax, the “-helec- 
trical length of each feed line is 23 feet long at 21.2 MEW. 
This is sufficient physical length to reach each driven ele- 
‘ment from the switchbox. 

Fig 10 shows the free-space response for the 15- 
meter band. The rearward response is roughly 15 dB 
across the band. This is a result of the residual interac- 
tion between the 20-meter elements on 15 meters, and no 
further tuning could improve the F/R. Note how flat the 
SWR curve is. This SWR characteristic is what gives the 
quad the reputation of being “wideband.” A flat SWR 
curve, however, is not necessarily a good indicator of 
optimal performance for directional antennas like quads 
or Yagis, particularly multiband designs where compro- 
mises must be made by physical necessity. 

Fig 11 shows the characteristics of the 10-meter por- 
tion of the two-element triband quad. The response 
favors the low-phone band, with the F/R falling to about 
12 dB at the low end of the frequency range and rising to 
just about 23 dB at 28.4 MHz. The SWR curve is once 
gain relatively flat across the major portion of the band 
up to 28.8 MHz, 


Construction 


‘The most obvious problem related to quad antennas 
is the ability to build a structurally sound system. If high 


15-Meter Optimized Triband Quad 
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winds or heavy ice are a normal part of the environment, 
special precautions are necessary if the antenna is to sur- 
vive a winter season, Another stumbling block for would 
be quad builders is the installation of a three-dimensional 
system (assuming a Yagi has only two important dimen- 
sions) on top of a tower—especially if the tower needs 
guy wires for support. With proper planning, however, 
‘many of these obstacles can be overcome. For example, a 
tram system may be used. 

Both multiband quad arrays use fiberglass spread- 
ers (see Chapter 21 for suppliers). Bamboo is a suitable 
substitute (if economy is of great importance). However, 
the additional weight of the bamboo spreaders over 
fiberglass is an important consideration. A typical 
12-foot bamboo pole weighs about 2 pounds; the fiber- 
glass type weighs less than a pound. By multiplying the 
difference times 8 for a two-element array, times 12 for a 
three-element antenna, and so on, it quickly becomes 
apparent that fiberglass is worth the investment if weight 
is an important factor. Properly treated, bamboo has a 
useful life of three or four years, while fiberglass life is 
probably 10 times longer. 

Spreader supports (sometimes called spiders) are 
available from many different manufacturers. If the 
builder is keeping the cost at a minimum, he should con- 
sider building his own. The expense is about half that of 
a commercially manufactured equivalent and, according 
to some authorities, the homemade arm supports 
described below are less likely to rotate on the boom as a 
result of wind pressure, 

A 3-foot length of steel angle stock, I inch per side, 
is used to interconnect the pairs of spreader arms. The 
steel is drilled at the center to accept a mufiler clamp of 
sufficient size to clamp the assembly to the boom. The 
fiberglass is clamped to the steel angle stock with auto- 
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Fig 10—Computed performance of the triband, five- 
‘element quad over the 15-meter band. There is some 
degree of interaction with the 20-meter elements, 
limiting the worst-case FIR to about 15 dB. The gain 
‘and SWR curves are relatively flat across the band. 


Fig 11—Computed performance of the triband, five- 
element quad over the 10-meter band. The FIR is higher 
than 12 dB across the band from 28.0 to 29.0 MHz, but 
the SWR rises at the top end of the band beyond 2:1. The 
free-space gain is higher than 10 dBi across the band. 
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Fiberglass Arm 


[angle steet 


Matter Clomp 


mL Hove Clamps 


Fibergloss Arm 


Fig 12—Details of one of two assemblies for a spreader 
frame. The two assemblies are joined back-to-back to 
form an X with a muffler clamp mounted at the position 
shown. 


Non. ee warped tshy 


Fig 14—An alternative method of assembling the wire 
of a quad loop to the spreader arm. 


motive hose clamps, two per pole. Each quad-loop 
spreader frame consists of two assemblies of the type 
shown in Fig 12, 

Connecting the wires to the fiberglass can be done 
in a number of different ways. Holes can be drilled at the 
proper places on the spreader arms and the wires run 
through them. A separate wrap wire should be included 
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ig 13—A method of assembling a corner of the wire 
loop of a quad element to the spreader arm. 
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Fig 15—Sultable circuit for relay switching of bands for 
the three-band quad. A three-wire control cable is 
required. K1, K2—any type of relay suitable for RF 
switching, coaxial type not required (Potter and 
Brumfeld MR11A acceptable; although this type has 
double-pole contacts, mechanical arrangements of 
‘most single-pole relays make them unacceptable for 
switching of RF). 


at the entry/exit point to prevent the loop from slipping, 
Details are presented in Fig 13. Some amateurs have 
experienced cracking of the fiberglass, which might be a 
result of drilling holes through the material. However, 
this seems to be the exception rather than the rule. The 
model described here has no holes in the spreader arms; 
the wires are attached to each arm with a few layers of 


Fig 16—The relay box is mounted on the boom near the 
center. Each of the spreader-arm fiberglass poles is 
attached to steel angle stock with hose clamps. 


plastic electrical tape and then wrapped approximately 
20 times in a crisscross fashion with “i-inch diameter 
nylon string, followed by more electrical tape for UV pro- 
tection, as shown in Fig 14. 

‘The wire loops are left open at the bottom of each 
driven element where the feed-line coaxes are attached. 
All of the parasitic elements are continuous loops of wire; 
the solder joint is at the base of the diamond 

Although you could run three separate coax cables 
down to the shack, we suggest that you install a relay box 
at the center of the boom. A three-wire control system may 
be used to apply power to the proper relay for changing 
bands. The circuit diagram of a typical configuration is, 
presented in Fig 15 and its installation is shown in Fig 16. 

Every effort must be placed upon proper construe- 
tion if you want to have freedom from mechanical prob- 
Jems. Hardware must be secure or vibration created by 
the wind may cause separation of assemblies. Solder joints, 
should be clamped in place to keep them from flexing, 
which might fracture a connection point. 


A TWO-ELEMENT, 8-FOOT BOOM 
PENTABAND QUAD 


This two-element pentaband (20/17/15/12/10-meter) 
quad uses the same construction techniques as its big 
brother above. Since only two elements are used, the 
boom can be less robust for this antenna, at 2 inches di- 
ameter rather than 3 inches. Those who like really rug- 
ged antennas can still use the 3-inch diameter boom, of 

Table 3 lists the element dimensions for the 
pentaband quad. The following plots show the perfor- 
mance for each of the five bands covered. The feed sys- 
tem for the pentaband quad uses five, direct 50-0 coaxes. 
‘one to each driven element. These five coaxes are cut to 
be ‘fA electrically on 10 meters (17 feet, 2 inches for 
RG-213 at 28.4 MHz). In this design the 10-meter band 
is the one most affected by the presence of the other driven 
elements if they are left unshorted. The "/s-A lines open- 
circuited at the switchbox are long enough physically to 
reach all elements from a centrally mounted switchbox. 
This length assumes that the switchbox open-cireuits the 
unused coaxes. If the switchbox short-circuits unused 
ccoaxes (as several commercial switchboxes do), then use 
long lines to feed all five driven elements (11 feet, 


20-Meters, Optimized Pentaband Quad 
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Fig 17—Computed performance of the pentaband two- 
‘element quad on 20 meters. With the simple direct-feed 
system, the SWR rises to about 2.3:1 at the low end of, 
the band. A gamma match can bring the SWR down to 

1:1 at 14.1 MHz, if desired. 


Table 3 
Five-Band Two-Element Quad on 8-Foot Boom 


142MHz2 18.1 MHz 21 MHz © 24.9MHz 28.4 MHz 
Reflector 72 a" 56" 4" age 437" St 
RADE Spacing 8” cy a es a 

Driven Element 69° 10's" 54" 10%" «48'7" 39" TON" 34" 


Quad Arrays 12-9 


5 inches for RG-213 at 28.4 MHz). 

‘The SWR curves do not necessarily go down to 1:1 
because of this simple, direct feed system. If anyone is, 
bothered by this, of course they can always implement 
individual matching systems, such as gamma matches. 
Most amateurs would agree that such a degree of com- 
plexity is not warranted. The worst-case SWR is less than, 
2.3:1 on each band, even with direct feed on 20 meters. 
With typical lengths of coaxial feed line from the shack 
to the switchbox at the antenna, say 100 feet of RG-213, 
the SWR at the transmitter would be less than 2.0:1 on 
all bands due to losses in the feed line. 

Fig 17 shows the computed responses for the 


17 Meters, Optimized Pentaband Quad 
‘2 Quad, 8° Boom 


pentaband quad over the 20-meter band. With only two 
degrees of freedom (spacing and element tuning) there is 
not much that can be done to spread the response out 
over the entire 20-meter band. Nonetheless, the perfor- 
mance over the band is still pretty reasonable for an 
antenna this small. The F/R pattern peaks at 19 dB at 
14.1 MHz. and falls to about 10 dB at either end of the 
band. The free-space gain varies from about 7.5 dBi to 
just above 6 dBi, comparable to a short-boom three-ele- 
ment Yagi. The SWR curve remains below 2.3:1 across 
the band. If you were to employ a gamma match tuned at 
14.1 MHz, you could limit the peak SWR to less than 
2.0:1, and this would still occur at 14.0 MHz, 


12 Meters, Optimized Pentaband Quad 
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Fig 18—Computed performance of the pentaband two- 
element quad on 17 meters. There is some interaction 
with the other elements, but overall the performance 
satisfactory on this band. 


15 Meters, Optimized Pentaband Quad 
"2 Quad, 8° Boom 


Fig 19—Computed performance of the pentaband two- 
element quad on 15 meters. The performance is. 
acceptable across the whole band. 
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Fig 20—Computed pertormance of the pentaband two- 
element quad on 12 meters. 


10 Meters, Optimized Pentaband Quad 
‘2 Quad, 8° Boom 


Fig 21—Computed performance of the pentaband two- 
‘element quad on 10 meters. The SWR curve is slightly 
above the target 2:1 at the low end of the band and 
rises to about 2.2:1 at 28.8 MHz. This unlikely to be a 
problem, even with rigs with automatic power 
reduction due to SWR, since the SWR at the input of a 
typical coax feed line will be lower than that at the 
antenna due to losses in the line. 


Annex 1 Definition and standardisation work 


‘A new generation of mobile telephony is defined primarily by two bodies: ITU (International 
Telecommunication Union) and 3GPP (3 Generation Partnership Project). These two, respectively 
public and private, organisations are dedicated to defining the objectives, standards and technical 
specifications of the new technology in question. 


mu 


‘The first large-scale 5G commercial rollouts are expected to take place in 2020. As mentioned earlier, 
the exploratory phase — which provides an opportunity to determine demands and identify the most 
promising techniques and technologies for these future 5G networks ~ has already begun. Although a 
number of organisations and consortia are involved in defining SG, 3GPP will very probably be the 
central standardisation body for its technical specifications. 


Whatever the case may be, ITU (International Telecommunication Union) is vital to defining the 
technologies and standards that govern any new generation of IMT (International Mobile 
Telecommunications) at the global level. 


‘These IMT standards are established with the involvement of public authorities and industry players, 
and have provided the framework for the evolution of mobile communication services around the 
world, since the beginning of IMT standardisation, with IMT-2000 (3G, UMTS), then IMT-Advanced 
(4G, LTE-A) and more recently IMT-2020 (56). 


98s 2000 2003 2012 21s 
so Aitpted IMEI Visa TMTTAdvanced IMT 
FALMIS Rec ITU-R Res ITU-R Rec. ITU-R Vision 


Figure 16. Timeline of IMT developments and deployments” 


‘The advent of an IMT standard typically occurs in three main stages : a vision stage, a development 
stage and a deployment stage. 


The vision stage - whose completion is marked by a document that is usually called a Vision 
Recommendation ~ is the stage during which ITU sets the framework and objectives for the future 
technology. The aim of this document is generally to define what the new technology will be in a 
‘more or less concrete fashion, what its characteristics will be, the uses it will enable, etc. Whether for 


“Recommendation ITU-R M.2083-0 (09/2015), httos://www jtuint/dms pubrec/itu-r/rec/n/R-REC-M,2083.0-201509- 
WIPDE-E pdt 
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On 17 meters, Fig 18 shows that the other elements 
are affecting 18 MHz, even with element-length optimi- 
zation. Careful examination of the current induced on the 
other elements shows that the 20-meter driven element is 
interacting on 18 MHz, deteriorating the pattern and gain 
slightly. Even still, the performance on 17 meters is rea- 
sonable, especially for a five-band quad on an 8-foot boom. 

On 15 meters, the interactions seems to have been 
contained, as Fig 19 demonstrates. The F/R peaks at 
21.1 MHz, at 19 dB and remains better than 12 dB past the 
top of the band. The SWR curve is low across the whole 
band, 

On 12 meters, the interaction between bands is mi 
nor, leading to the good results shown in Fig 20. The 
SWR change across this band is quite flat, which isn’t 
surprising given the narrow bandwidth of the 12-meter 
band. 

On 10 meters, the interaction seems to have been 
tamed well by computer-tuning of the elements. The F/R 
remains higher than about 14 dB from 28 to 29 MHz. 
‘The SWR remains below 2.2:1 up to about 28.8 MHz, 
while the gain is relatively flat across the band at more 
than 7.2 dBi in free space. See Fig 21. 

Overall, this pentaband quad is physically compact 
and yet it provides good performance across all five bands. 


It is competitive with commercial Log Periodic Dipole 
Array (LPDA) designs and triband Yagi designs that 
employ longer booms. 
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Long-Wire and 
Traveling-Wave 
Antennas 


‘The power gain and directive characteristics of elec- 
tically long wires (that is, wires that are long in terms of 
wavelength), as described in Chapter 2, make them useful 
for long-distance transmission and reception on the higher 
frequencies. Long wires can be combined to form anten- 

nas of various shapes that increase the gain and directiv 

ity over a single wire. The term long wire, as used in this 
chapter, means any such configuration, not just a straight. 

wire antenna. 


Long Wires Versus Multielement Arrays 


In general, the gain obtained with long-wire anten- 
nas is not as great, when the space available for the antenna 
is limited, as you can obtain from the multielement phased 
arrays in Chapter 8 or from a parasitic array such as a Ya 

or quad (Chapters 11 or 12). However, the long-wire 
antenna has advantages of its own that tend to compen- 
sate for this deficiency. The construction of long-wire 
antennas is simple both electrically and mechanically, and 
there are no especially critical dimensions or adjustments. 
‘The long-wire antenna will work well and give satisfac- 
tory gain and directivity over a 2-to-1 frequency range. In 
addition, it will accept power and radiate well on any fre- 
quency for which its overall length is not less than about a 
half wavelength. Since a wire is not electrically long, even 
at 28 MHz, unless its physical length is equal to at least a 
half wavelength on 3.5 MHz, any long-wire can be used 
onall amateur bands that are useful for long-distance com- 


‘munication. 

Between two directive antennas having the same theo- 
retical gain, one a multielement array and the other a long. 
wire antenna, many amateurs have found that the long-wire 
antenna seems more effective in reception. One possible 


explanation is that there is a diversity effect with a long- 
wire antenna because it is spread out over a large distance, 
rather than being concentrated in a smalll space, as would 
be the case with a Yagi, for example. This may raise the 
average level of received energy for ionospheric-propa- 
gated signals. Another factor is that long-wire antennas 
have directive patterns that can be extremely sharp in the 
horizontal (azimuthal) plane. This is an advantage that 
other types of multielement arrays do not have, but it can 
be a double-edged sword too. We'll discuss this aspect in 
some detail in this chapter. 


General Characteristics of Long-Wire Antennas 

Whether the long-wire antenna is a single wire run- 
ning in one direction or is formed into a V-beam, rhom- 
bic, or some other configuration, there are certain general 
principles that apply and some performance features that 
are common to ll types. The first of these is that the power, 
gain of a long-wire antenna as compared with a half-wave 
dipole is not considerable until the antenna is really long 
(its length measured in wavelengths rather than in a spe- 
cific number of feet). The reason for this is that the fields 
radiated by elementary lengths of wire along the antenna 
do not combine, at a distance, in as simple a fashion as the 
fields from half-wave dipoles used in other types of direc 
tive arrays. 

There is no point in space, for example, where the 
distant fields from all points along the wire are exactly in 
phase (as they are, in the optimum direction, in the case of 
two or more collinear or broadside dipoles when fed with 
in-phase currents). Consequently, the field strength at a dis~ 
tance is always less than would be obtained if the same 
length of wire were cut up into properly phased and sepa 
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rately driven dipoles. As the wire is made longer, the fields 
‘combine to form increasingly intense main lobes, but these 
lobes do not develop appreciably until the wire is several 
wavelengths long. See Fig 1 
‘The longer the antenna, the sharper the lobes become, 
and since itis really a hollow cone of radiation about the 
Wire in free space, it becomes sharper in both planes. Also, 
the greater the length, the smaller the angle withthe wire a 
Which the maximum radiation lobes oceus. There are four 
main lobes to the dtective patterns of long-wire antennas; 
each makes the same angle with respect to the wire 
Fig 2A shows the azimuthal radiation pattern of a 
1-2. long-wite antenna, compared with a '-2 dipole. Both 
of 1 A above flat 
1 wire length of 


‘antennas are mounted atthe same hei 
ground (70 feet high at 14 MHz, wit 
70 feet) and both patterns are for an elevation angle of 


10°, an angle suitable for long-distance communicatio 
20 meters. The long-wire in Fig 2A is oriented in the 
270° 10 90° ditection, while the dipole is aligned at right 
angles so that its characteristic figure-8 pattern goes lefl- 
to-right. The I-A long-wite has about 0.6 dB more gai 
than the dipole, with four main lobes as compared to the 
‘ovo lobes from the dipole. 
You can see that the two lobes on the left side of 
Fig 2A are about 1 dB down compared to the two lobes 
the right side. This is because the long-wire here is fed 


atthe left-hand end in the computer model. Energ 
n the wire and some energy is 
resistance in the wire and the ground, 


y is rae 


diated as a wave travels do 


also lost to ohm 


The forward-going wave then reflects from the open-cit 
ight-hand 
tion, traveling toward the left end, still radiating as it 


cuit at th 1d of the wire and reverses direc 


as Lh : neoretcal gain of along: 
: me fe € aire antenna, n dB a a function 
gett 2 of wire length. The angle, with 

so Ly respect to the wire, at which the 
i Tadlation intensity is maximum 
Be also is shown. 


ox, Gan = 7.48 iat Aciath Pt 
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Fig 2—At A, comparison of azimuthal patterns for a 1-2 
fong-wire antenna (solid line) and a YA dipole (dashed 
line) at an elevation angle of 10°. Each antenna is 
located 12 (70 feet) over flat ground at 14 MHz. At B, 
the elevation-plane patterns at peak azimuth angles for 
each antenna. The ong-wire has about 0.6 dB more 
gain than the dipole. 
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travels, An antenna operating in this way has much the 
same characteristics as a transmission Tine that is termi 
nated in an open circuit—thatis, it has standing waves on 
it, Unterminated long-wire antennas are often referred t0 
as standing wave antennas. As the length of a long-wire 
‘antenna is increased, a moderate front-to-back ratio te 
sults, about 3 dB for very long antennas, 

Fig 2B shows the elevation-plane pattern for the long- 

Tor the dipole. In each case the elevation pattern 

is at the azimuth of maximum gain—at an angle of 38° 
with respect to the wire-axis for the long-wite and at 90° 
for the dipole. The peak elevation for the long-wire is very 
slightly lower than that for the dipole at the same height 
I but not by much. In other words, the height 
is the main determining factor forthe shape 
(ofthe main lobe of a Iong-wire’s elevation pattern, as it is 
for most horizontally polarized antennas. 

‘The shape of the azimuth and elevation patterns in 
Fig 2 might lead you to believe thatthe radiation pattern 
is simple. Fig 3 is a3-D representation of the pattern from 
‘a 1-4 long-wiee that is 1 2 high ver flat ground. Besides 
the main low-angle lobes, there are strong lobes at higher 
angles. Things get even more complicated when the length 
(of the long-wire increases. 


Directivity 
Because many points along a long wire are carrying 
‘currents in different phases (with different current an 
plitudes as well) the field pattern at a distance becomes 
more complex as the wire is made longer. This complex- 
ity is manifested in a series of minor lobes, the number 
‘of which increases with the wire length. The intensity of 
radiation from the minor lobes is frequently as great as, 
‘and sometimes greater than, the radiation from a half- 


Fig 3—A 3-D representation of the radiation pattern 
{or the 1-2 long-wire shown in Fig 2. The pattern is 
obviously rather complex. it gets even more 
‘complicated for wires longer than 1 A. 


wave dipole, The energy radiated in the minor labes is 
available to improve the gain in the major lobes, which 
is another reason why a long-wire antenna must be long 

‘sive appreciable gain in the desired directions. 

Fig 4 shows an azimuthal-plane comparison between 
43-2 (209 feet Io wire and the comparison "x2. 
dipole. The long-wire now has 8 minor lobes besides the 
four main lobes. Note that the angle the main lobes make 
with respect tothe axis of the Iong-wire (also left-to-right 
in Fig 4) becomes smaller as the length of the long-wire 
increases. For the 3-h long-wire, the main lobes occur 
28° off the axis of the wire itself. 

Other types of simple driven and parasitic arrays do 
‘not have minor lobes of any great consequence. For that 
reason they frequently seem to have much better directivity 
than Iong-Wire antennas, because their responses in undes- 
ited directions are well down from their response in the 
desired direction, This is the case even if a multielement 
array and a long-wire antenna have the same peak gait 
the favored direction. Fig 5 compares the same 3-A long- 
Wire with a 4-element Yagi and a ¥-2 dipole, again both at 
the same height as the Iong-wire. Note that the Yagi has 
ly a single backlobe, down about 21 dB from its broad 
‘main lobe, which has a 3-dB beamwidth of 63°. The 3-4B 
beamwidth of the long-wire's main lobes (at a 28° angle 
from the wire axis) is far more narrow, at only 23°. 
For amateur work, particularly with directive anten- 
is that cannot be rotated, the minor lobes of a long-wire 
antenna have some advantages, Although the nulls in the 


Fig 4—An azimuthal-plane comparison between a 
3:4 (209 feet long) fong-wire (solid line) and the 
comparison Ys dipole (dashed line) at 70 feet high 
(12) at 14 MH. 
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Fig 5—A comparison between the 3:2 long-wire (solid 


line) in Fig 4, 2 4-element 20-meter Yagi on a 26-foot 
‘boom (dotted line), and a %a, dipole (dashed line), 
again at a height of 70 feet. The main lobes of the tong- 
wire are very narrow compared to the wide frontal lobe 
‘of the Yagi. The fong-wite exhibits an azimuthal pattern 
‘that is more omnidirectional in nature than a Yagi, 
particularly when the narrow, deep nulls in the long- 
‘Wire's pattern are filed-in due to irregularities in the 
terrain under its long span of wit 
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computer model in Fig 5 are deeper than 30 dB, they are 
« so dramatic in actual practice. This is due to irregu- 
larities in the terrain that inevitably occur under the span 
of a long wire. In most directions the long-wire antenna 
will be as good as a half-wave dipole, and in addition will 
ve high gain in the most favored directions, even though 
that is over narrow azimuths. 

Fig 6A. compares the azimuth responses for a 5-2 
Tong-wire (350 feet long at 14 MHz) to the same 4-ele- 
‘ment Yagi and dipole. The long-wire now exhibits 16 mi- 
nor lobes in addition to its four main lobes. The peaks of 
these sidelobes are down about 8 dB from the main lobes 
and they are stronger than the dipole, making this long- 
Wire antenna effectively omnidirectional. Fig 68 shows 

pattern of the 5-4 long-wire at its most ef- 

fective azimuth compared toa dipole. Again, the shape of 
determined by the long-wiee's 

height above ground, since the peak angle is only just a 
bit lower than the peak angle for the dipole. The long- 
Wire's elevation response breaks up into numerous lobes 
above the main lobes, just as it does in the azimuth plane. 

For the really ambitious, Fig 7 compares the perfo 
‘mance for an 8-2 (571 feet) long-wire antenna with a 4- 
element Yagi and the '/:-A dipole. Again, in actual 
practice, the nulls would tend to be filled in by terra 
irregularities, so a very long antenna like this would be a 
pretty potent performer 


the elevatio 


the main lobe is main 


Calculating Length 


In this chapter, lengths are discussed in terms of wave- 


Fig 6—At A, the azimuth responses for a 5 long-wire 
(50 feet long at 14 Mz—solid line) to the same 
‘element Yagi (dotted line) and dipole (dashed line) as 
In Fig. At B, the elevation-plane responses for the. 
Jong-wire (sold line) and the dipole (dashed line) by 
themselves. Note that the elevation angle giving peak 
gain fo ist about the same. The long- 
wire achieves gain by compressing mainly the azimuthal 
response, squeezing the gain into narrow lobes; not so 


A 
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Fig 7—The azimuthal-plane performance for an 8-2. 
(671 feet) long-wire antenna (solid line), compared with 
‘2 4-olement Yagi (dotted line) and a 442 dipole (dashed 
line). 


lengths. Throughout the preceding discussion the frequency 
in the models was held at 14 MHz, Remember that a long- 
Wire that is 4 4 long at 14 MHz is 8 2 long at 28 MHL 

‘There is nothing very critical about wiee lengths in 
tan antenna system that will work over a frequency range 
including several amateur bands. The antenna character- 
istics change very slowly with length, except when the 
Wires are short (around one wavelength, for instance) 
‘There is no need to try to establish exact resonance at a 
particular frequency for proper antenna operation, 

‘The formula for determining the lengths for harm 


984 (N 0.025) 


Leng (= EOS) 0) 


Where N is the antenna length in wavelengths. 
Where precise resonance is desired for some reason (For 
obtaining a resistive load for a transmission line at a par- 
ticular frequency, for example) it is best established by 
Uuimming the wire length until the standing-wave ratio 
‘on the line is minimum 


Tilted Wires 
In theory, it is possible o maximize gain from a long- 
Wire antenna by tilling it to favor a desired elevation take- 
off angle. Unfortunately, the effect of real ground under 
the antenna negates the possible advantages of tilting, just 
as it does when a Yagi or other type of parasitic array is 
tilted from horizontal, You would do better keepin 


° 


Fig &—Methods for feeding long single-wire antennas. 


Iong-wire antenna horizontal, but raising it higher above 
ground, to achieve more gain at low takeotT angles. 


Feeding Long Wires 

A long-wire antenna is normally fed at the end or at 
‘current loop. Since a current loop changes to a node 
When the antenna is operated at any even multiple of the 
frequency for which it is designed, a long-wite antenna 
will operate as a true long Wire on all bands only when it 
is fed at the end. 

‘A common method of feeding a long 
resonant open-Wire line. This system will work on all 
bands down to the one, if any, at which the antenna is only 
‘ahalf wave long. Any convenient line length can be used 
if you match the transmitter to the line's input impedance 
using an antenna tuner, as described in Chapter 25 

“Two arrangements for using nonresonant lines are 
given in Fig 8. The one at A is useful for one band only 
since the matching section must be a quarter wave Tong, 
approximately, unless a different matching section is used 
for each band. In B, the 2/4 transformer (Q-section) im- 
pedance can be designed to match the antenna to the line, 
‘as described in Chapter 26. You ean determine the value 
of radiation resistance using a modern modeling program 
for you can actually measure the feed-point impedance. 
Although it will work as designed on only one band, the 
‘antenna can be used on other bands by treating the Tine 
and matching transformer as a resonant line. In this case, 
as mentioned earlier, the antenna will not radiate as a true 
long wire on even multiples of the frequency for which 
the matching system is designed. 

The end-fed arrangement, although the most conve~ 
when tuned feeders are used, suffers the disadvan- 
tage that thet is likely tobe a considerable antenna current 

he line. In addition, the antenna reactance changes rap- 
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idly with frequency. Consequently, when the wire is sev- 
eral wavelengths long, a relatively small change in fre 
{queney—a fraction of the width of a band—may require 
major changes inthe adjustment ofthe antenna tuner. Also, 
the line becomes unbalanced at all frequencies between 
those at which the antenna is resonant. This leads to a con- 
siderable amount of radiation from the line. The unbal- 
‘ance ean be overcome by using multiple long wires in a V 
‘or shombic shape, as described below. 


COMBINATIONS OF LONG WIRES 


‘The directivity and gain of long wites may be 
ereased by using two wires placed in relation to each 
‘other such that the fields from both combine to produce 
the greatest possible field strength at a distant point. The 
principle is similar to that used in designing the multi 
element arrays described in Chapter 8. 


Parallel Wires 

One possible method of using two (or more) long 
Wires isto place them in parallel, witha spacing of “hor 
so, and feed the two in phase. In the direction of the wires 
the fields will add in phase, However, the takeoff angle is 
high directly inthe orientation ofthe wire, and this method 
Will result in rather high-angle radiation even if the wires 
are several wavelengths long. With a parallel arrangemes 
Of this sort the gain should be about 3 dB over a single 
Wire of the same length, at spacings in the vicinity of 
Ys wavelength, 


‘The V-Beam Antenna 
Instead of using two long wires parallel to each other, 
they may be placed in the form of a horizontal V, with the 
cluded angle between the wires equal to twice the angle 
made by the main lobes referenced to the wire axis for a 
single wite of the same physical length. For example, for 
‘leg length of 54, the angle between the legs of a V should 
bbe about 42°, twice the angle of 21° ofthe main lobe refer- 


enced to the long-wire's axis. See Fig 6. 

The plane directive patterns of the individual wires 
combine along a line in the plane of the antenna and 
bisecting the V, where the fields from the individual wires 
reinforce each other. The sidelobes in the azimuthal pat- 
{ern are suppressed by about 10 dB, so the pattern becomes 
essentially bidirectional. See Fig 9 

The included angle between the legs is not particu 
larly critical. This is fortunate, especially if the same 
antenna is used on multiple bands, where the electsical 
length varies directly with frequency. This would normally 
require different included angles for each band, For multi- 
band V-antennas, a compromise angle is usually chosen 
o equalize performance. Fig 10 shows the azimuthal pat- 
tem fora V-beam with I-h legs, with an included angle of 
75° between the legs, mounted I 2 above flat ground. This 
is for a 10° elevation angle. At 14 MHz the antenna has 
‘ovo 70-fo0t high, 68.5-Foot long legs, separated at their 
far ends by 83.4 feet. For comparison the azimuthal pat- 
terns for the same 4-element Yagi and 14-2 dipole used 
previously for the long-wires are overlaid on the same 
plot. The V has about 2 dB more gain than the dipole but 
is down some 4 dB compared to the Yagi, as expected for 
relatively short legs. 

Fig 11 shows the azimuthal pattern for the same 
antenna in Fig 10, but at 28 MHz and at an elevation angle 
of 6°. Because the legs ate twice as long electrically at 
28 MHz, the V-beam has compressed the m 

row beam that now has a peak gain equal to the Yagi, 
but with a 3-dB beamwidth of only 18.8°, Note that you 
could obtain about 0.7 dB more gain at 14 MHz, with a 
1.7-dB degradation of gain at 28 MH, if you inerease the 
included angle to 90° rather than 75° 

Fig 12 shows the azimuthal pattern for a V-beam with 
2-A legs (137 feet at 14 MHz), with an included angle of 
60° between them. As usual, the assumed height is 70 feet, 
for 12 at 14 MHz, The peak gain for the V-beam is just 
bout equal to that ofthe 4-element Yagi, although the 3-48 


lobe into a 


Fig 9—Two long wires and thelr respective patterns are shown atthe left. f these two wires 


‘combined to form 


V with an angle that is twice that of the major lobes of the wires and with the wires excited out of phase, the 


radiation along the bisector of the V adds and th 
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adiation in the other directions tends to cancel. 
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Fig 10— Azimuthal-plane pattern at 10: 


The V-beam Is mounted 1 4 above flat ground, and Is 
‘compared with a ¥- dipole (dashed line) and a 4- 
‘element 20-meter Yagi on a 26-foot boom (dotted line). 


W 


Fig 11—The same V-beam as in Fig 10 at 28 MHz (solld 


line), at an elevation angle of 6*, compared to a 4- 
‘element Yagi (dotted line) and a dipole (dashed line). 
The V-beam’s pattern is very narrow, at 18.8° at th 
{dB points, requiring accurate placement of the 
supports poles to alm the antenna at the desi 
geographic target 


el eae : 


vation angle 
{for a 14-MHz V.beam (solid line) with 1-4 legs (68.5 feet 
long), using an included angle of 75° between the legs. 


Fig 12—Azimuthal pattern for a V-beam (solid line) with 
24, legs (137 feet at 14 MHz), with an included angle of 

60* between them. The height Is 70 feet, or 12, over flat 
(ground. For comparison, the response for a 4-element 

Yagi (dotted line) and a dipole (dashed line) are shown. 
‘The 3-dB beamwidth has decreased to 23.0°. 


nose beamwidth is narrow, at 23°. This makes setting up 
the geometry critical if you want to maximize gain into a 
particular geographic area. While you might be able to get 
away with using convenient tees to support such an ante 

it's far more likely that you'll have to use carefully located 
towers fo make sure the beam is aimed where you expect it 
to be pointed. 

For example, in order to cover all of Europe from 
San Francisco, an antenna must eover from about 11° (to 
Moscow) to about 46° (to Portugal). This isa range of 35° 
and signals from the V-beam in Fig 12 would be down 
some 7 UB over this range of angles, assuming the center 
of the beam is pointed exactly at a heading of 28.5°. The 
4-element Yagi on the other hand would cover this range 
of azimuths more consistently, since its 3-IB beamwidth 
is 68. 

Fig 13 shows the same V-beam as in Fig 12, but this 
time at 28 MHz. The peak gain of the main lobe is now 
about 1 dB stronger than the 4-element Yagi used as a 
reference, and the main lobe has two nearby sidelobes that 
tend to broaden out the azimuthal response. AC this fre- 
{quency the V-beam would cover all of Europe better from 
San Francisco. 

Fig 14 shows a V-beam with 3-2 (209 feet at Lt MHz) 
legs with an included angle of 50° between them. The peak 
{gain is now greater than that of a 4-element Yagi, but the 
3.dB beamwidth has been reduced t0 17.8", 
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Fig 13—The same 2-4 per leg V-beam (solid line) as in 
Fig 12, but at 28 MHz and ata 6° takeoff elevation 
angle. Two sidelobes have appeared flanking the main 
Tobe, making the effective azimuthal pattern wider at 
this trequency. 


Fig 14—A V.beam (solid line) with 3-A (209 feet at 


14 MHz) legs using an Included angle of 50° between 
them, compared to a 4-element Yagi (dotted line) and a 
dipole (dashed line). The 3-48 beamwidth has now 
‘decreased to 17.8 
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Fig 15—The same 209-foovleg V-beam as Fig 14, but at 
28 Miz. Again, the two close-in sidelobes tend to 
spread out the azimuthal response some at 28 MHz. 


ing the antenna even more critical. Fig 15 shows the same 
beam at 28 MHz. Here again, the main lobe has nearby 
sidelobes that broaden the effective azimuth to cover a 


wider area 

Fig 16 shows the elevation-plane response for the 
same 209-foot leg V-beam at 28 MHz (3-2 at Lf MHz), 
compared 10 a dipole at the same height of 70 feet. The 
higher-guin V-beam suppresses higher-angle lobes, essen 
tially stealing energy rom them and concentrating it 
the main beam at 6° elevation 

The same antenna can be used at 3.5 and 7 MHz. The 
gain will not be large, however, because the legs ate not 
very long at these frequencies. Fig 17 compares the V- 
beam versus a horizontal 44-4 40-meter dipole at 70 feet. 
At low elevation angles there is about 2 dB of advantage 

40 meters. Fig 18 shows the same type of compariso 

for 80 meters, where the 80-meter dipole is superior at all 
angles. 


Other V Combinations 

A gain inerease of about 3 4B can be had by stacking 
‘wo V-beams one above the other, a half wavelength apart, 
and Feeding them with in-phase currents. This will result in 
1 lowered angle of radiation, The bottom V should be at 
least a quarter wavelength above the ground, and prefer- 
ably a half wavelength. This arrangement will narrow the 


IMT-Advanced, the commonly used technical abbreviation attributed to the definition of 4G, or IMT- 
2020, the abbreviation attributed to definition of 5G, the vision stage lasts around three years. 
Recommendation ITU-R M.2083-0 was published in September 2015, bringing to a close three years 
of work performed by ITU-R (Working Party 5D) on defining the framework and objectives for IMT for 
2020 and beyond. It is this document that today serves as the basis of the different 5G research and 
standardisation work being done around the globe. 


Next comes the standards development stage, based on the conclusions of the vision stage. 
Regarding IMT-2020, this development and standardisation work is already underway, and ITU plans 
on having completed it by 2020 to be able to satisfy the most pressing needs of the ITU members and 
organisations that want to deploy SG as quickly as possible. This is all the more challenging as the 
development stage will last only five years, compared to 15 years for IMT-2000 and nine years for 
IMT-Advanced. 


The different deadlines set for IMT-2020 within ITU can be found in Figure 17. The spectrum 
identification phases (indicated by the black triangles) coincide with the World Radiocommunications 
Conferences, of which the latest was WRC-2015 and the next is WRC-2019 (see 3.2). 
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Figure 17. Stages and expected deadlines for IMT-2020" 


All of the work that ITU is conducting on IMT-2020 is following a roadmap that is detailed in Figure 
18, with the completed stages indicated in green and those to come in blue. The work that is 
underway today concerns 5G spectrum aspects, prerequisites and assessment criteria, along with the 
different technical studies and proposals, which are a prerequisite to the standardisation phase of 
the work. 


hecommendation ITU-R M.2083-0 (09/2015), httns://wwwjtwint/éms_pubrec/itu-r/rec/m/R-REC-M.2083-0-201503- 
DF-E.pdf 
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Fig 16—The elevation-plane of the 209-foot/leg V-beam 
(solid line) compared to the dipole (dashed line) 
‘Again, the elevation angle for peak gain corresponds 
‘well to that of the simple dipole at the same height. 
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Fig 17—Elevation pattern for the same 209-foot-per-leg 
\V.beam (solid line), at 7 MHz, compared to a 40-meter 
dipole (dashed line) at the same height of 70 feet. 


elevation pattern and it will also have a narrow azimuthal 
pattern 
‘The V antenna can be made unidirectional by using 

‘second V placed an odd multiple of a quarter wavelength, 

a back of the first and exciting the two with a phase dif- 
ference of 90°. The system will be unidirectional in the 
direction of the antenna with the lagging current. How- 
ever, the V reflector is not normally employed by am 
teurs at low Frequencies because it restricts the use to one 
bund and requires a fairly elaborate supporting structure 
Stacked Vs with driven reflectors could, however, be built 
for the 200- to 500-MHz region without much difficulty 


Feeding the V Beam 

‘The V-beam antenna is most conveniently fed with 
tuned open-wire feeders with an antenna tuner, since this 
permits multiband operation. Although the length of the 
Wiees in a V-beam is not at all ertieal, it is important that 
both wires be the same electrical length, Ifa single band 


Fig 18—Elevation pattern for the same 208-foot-per-leg 
\V-beam (solid line), at 3.5 MHz, compared to an 80: 
meter dipole at 70 feet (dashed line) 


solution is desired, probably the most appropri- 
tte matching system is that using a stub or quarter-wave 

satching section. The adjustment of such a system is de- 
scribed in Chapter 26, 


‘THE RESONANT RHOMBIC ANTENNA 


The diamond-shaped of shombie antenna shown 
Fig 19 can be looked upon as two acute-angle V-beam 
placed end-to-end. This arrangement is called a resonant 
rhombic. The leg lengths of the resonant rhombic must be 
tan integral number of half wavelengths to avoid reactance 
a its Feed point. 

The resonant rhombic has wo advan 
simple V-beam. For the same total wire length it gives 
somewhat greater gain than the V-beam. A thombie with 

for example, has about 1 dB gain over a V 

son a leg. Fig 20 compares the 
azimuthal pattern at a 10° elevation For a resonant rhom- 
bic with 3 4 legs on 14 MHz, compared to a V-beam with 
6 A legs atthe same height of 70 feet. The 3-dB nose beam- 
Width of the resonant rhombic is only 12.4° wide, but the 
gain is very high at 16.26 dBi. 

The directional pattern of the rhombic is less fre- 
‘quency sensitive than the V when the antenna is used over 
‘wide frequency range. This is because a change in fre- 
‘quency causes the major lobe from one leg to shift in one 
direction while the lobe from the opposite leg shifts the 
‘other way. This automatic compensation keeps the direc 
tion the same over a considerable frequency range. The 
‘disadvantage of the rhombic as compared with the V-beat 
is that an additional suppor is requited, 

The same factors that govern the design of the V- 
beam apply in the case of the resonant rhombic. The 
optimal apex angle A in Fig 19 is the same as that for a 
V having an equal leg length. The diamond-shaped 
antenna also can be operated as a terminated antenna, as 
described later in this chapter, and much of the diseus- 


ges over the 


tuntenna with 6 wavele 
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Fig 19—The resonant rhomble or diamond-shaped 
antenna. All legs are the same length, and opposite 
angles of the diamond are equal. Length ¢ is an 
integral number of half wavelengths for resonance. 


Etectan Anges 10° 


Fig 20—Azimuthal-plane pattern of resonant 
{(unterminated) rhombic (solid line) with 3-2 legs on 

14 MHz, at a height of 70 feet above flat ground, 
‘compared with a 6-A per leg V-beam (dashed line) at 
the same height. Both azimuthal patterns are at a 
takeoff angle of 10°. The sidelobes for the resonant 
‘thombic are suppressed to a greater degree than those 
for the 

va 


sion in that seetion applies to the resonant rhombic as 
well 

“The resonant shombic has a bidirectional pater, with 
minor lobes in other directions, their number and intensity 
depending on the leg length. In general, these sidelobes are 
suppressed better with a resonant rhombic than with a 
‘V-beam. When used at frequencies below the VHF regi 
the rhombic antenna is always mounted with the plane co 
taining the wires horizontal. The polarization inthis plane, 
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and also in the perpendicular plane that bisects the rhombic, 
ishorizontal. At 44 MHz and above, the dimensions are such 
that the antenna can be mounted with the plane containing 
the wires vertical if vertical polarization is desited 

‘When the rhombic antenna is to be used on several 
LHF amateur bands, its advisable to choose the apex angle, 
A, on the basis ofthe leg ength in wavelengths at Lt MHz. 
‘Although the gain on higher frequency bands will not be 
{quite as favorable as if the antenna had been designed for 
the higher frequencies, the system will still work well at 
the low angles that are necessary at such frequencies. 

‘The resonant chombie has lots of gain, but you must 
‘not forget that this gain comes from a radiation pattern 
that is very narrow. This requires careful placement of the 
supports for the resonant thombie to cover desired geo- 
‘graphic areas. This is definitely not an antenna that al 
lows you to use just any convenient trees as supports! 

‘The resonant rhombic antenna can be fed in the same 
‘way as the V-beam. Resonant feeders are necessary if the 
antenna isto be used in several amateur bands, 


‘TERMINATED LONG-WIRE ANTENNAS 


Allthe antenna systems considered so fara this chap. 
ter have been based on operation with standing waves of 
current and voltage along the wite, Although most hams 
use antenna designs based on using resonant wires, reso- 
nance is by no means a necessary condition for the wire 
tw radiate and intercept electromagnetic waves efficiently, 
as discussed in Chapter 2. The result of using nonresonan 
wires is reactance at the feed point, unless the antenna is 
terminated with a resistive load. 

In Fig 21, suppose that the wire is parallel with the 
ground (horizontal) and is terminated by a load Z equal 10 
its characteristic impedance, Zag. The wire and its im- 
aage in the ground create a transmission line. The load Z. 
‘can represent a receiver matched to the line. The termi 
nating resistor R is also equal to the Z.yyy of the wire. A 
‘wave coming from direction X will strike the wire frst at 
its far end and sweep across the wire at some angle until it 
reaches the end at which Z is connected. In so doing, it 
will induce voltages inthe antenna, and currents will flow 
asa result. The current flowing toward Z is the useful out 
put of the antenna, while the current flowing backwards 
owatd R will be absorbed in R. The same thing is true of 
‘4 wave coming from the direetion X’. In such an antenna, 
there are no standing waves, because all received power 
is absorbed at either end. 

‘The greatest possible power will be delivered to the 
load Z when the individual currents induced as the wave 
sweeps across the wire all combine properly on reaching 
the load. The currents will each Z.in optimum phase when 
the time required for a current to flow from the far 
the antenna to Z is exactly one-half eycle longer th 
time taken by the wave to sweep over the antenna. A half 
cycle is equivalent to a half wavelength greater than the 
distance traversed by the wave from the instant it stikes 
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Fig 21—Layout for a terminated long-wire antenna. 


the far end of the antenna to the instant that it reaches the 
near end. This is shown by the small drawing, where AC 
represents the antenna, BC is a line perpendicular to the 
\wave direction, and AB isthe distance traveled by the wave 
in sweeping past AC. AB must be one-half wavelength 
shorter than AC. Similarly, AB' must be the same length 
as AB for a wave arriving from X’ 

‘A wave arriving at the antenna from the opposite 
ditection Y (or Y'), will similarly result in the largest pos- 
sible current at the far end. However, since the far end is 
terminated in R, which is equal to Z, all the power deliv- 
ered to R by the wave arriving from Y will be absorbed 
R. The current traveling to Z will produce a signal in Z 
proportion to its amplitude, Ifthe antenna length is such 
that all the individual currents arrive at Z in such phase as 
to add up to zer0, there will be no current through Z. At 
other lengths the resultant current may reach appreciable 
values. The lengths that give zero amplitude are those 
Which are odd multiples of 2, beginning at Ye. The 
response from the Y direction is greatest when the a 
enna is any even multiple of '/ i long; the higher the 
‘multiple, the smaller the response. 


Directional Characteristics 

Fig 22 compares the azimuthal pattern for a 5-A long 
14-MHZz Iong-wire antenna, 70 feet high over flat ground, 
when itis terminated and when itis unterminated. The 
rearward pattern when the wite is terminated with a 600 Q 
resistor is reduced about 15 dB, with a reduction in gain 
in the forward direction of about 2 dB. 

For a shorter leg length in a terminated long-wire 
antenna, the reduction in forward gain is larger—more 
energy is radiated by a longer wire before the forward wave 
is absorbed in the terminating resistor. The azimuthal pat- 
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Fig 22—Azimuthal-plane pattern for 5-4 long-wire 
antenna at 14 MHz and 70 feet above flat ground. The 
Solid line shows the lon rminated with 600-2, 
to ground, while the dashed line Is for the same 
antenna unterminated. For comparison, the response 
for a ih dipole Is overlaid with the two other patterns. 
You can see that the terminated long-wire has a good 
front-to-back pattern, but it loses about 2 dB in forward 
gain compared to the unterminated long-wire. 


{ems for terminated and unterminated V-beams with 2-2 
legs are overlaid for comparison in Fig 23. With these rela- 
tively short legs the reduction in forward gain is about 
3.5 UB due to the terminations, although the front-to-rear 
ratio approaches 20 dB for the terminated V-beam. Each 
leg of this terminated V-beam use a 600-2 non-induetive 
resistor to ground, Each resistor would have to dissipate 
about one-quarter of the transmitter power. For average 
conductor diameters and heights above ground, the Zr 
of the antenna is of the order of 500 to 600 © 


‘THE TERMINATED RHOMBIC ANTENNA 


The highest development of the long-wire antenna is 
the terminated rhombic, shown schematically in Fig 24 
It consists of four conductors joined to form a diamond, 
for rhombus. All sides of the antenna have the same length 
and the opposite comer angles are equal. The antenna cat 

be considered as being made up of two V antennas placed 
end to end and terminated by @ noninduetive resistor 10 
produce a unidirectional pattern. The terminating resistor 
is connected between the far ends of the two sides, and is 
‘made approximately equal to the characteristic impedance 
of the antenna as a unit. The rhombic may be constructed 
either horizontally or vertically but is practically always 
constructed horizontally at frequencies below 54 MHz, 
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With shorter legs, the 
terminated V-beam loses about 3.5 dB In forward gain 
compared to the unterminated version, while 
‘Suppressing the rearward lobes as much as 20 dB. 


since the pole height requited is considerably less. Also, 

horizontal polarization is equally, if not more, satisfac- 
tory at these frequencies over most types of soil. 

‘The basie principle of combining lobes of maximum 

cituting the 

shombus or diamond is the san ated 

type or the resonant type described earlier in this chapter. 


radiation from the four individual wires co 


Tilt Angle 

In dealing with the terminated shombie, itis a matter 
of custom to talk about the rift angle (@ in Fig 24), rather 
than the angle of maximum radiation with respect to an 
individual wire. Fig 25 shows the till angle as a funetion 
of the antenna leg length. The curve marked “0°” is used 
for a takeoff elevation angle of O°: that is, maximum 
radiation inthe plane ofthe antenna. The other curves show 
the proper tlt angles to use when aligning the major lobe 
with a desired takeoff angle. For a 5° takeoff angle, the 
difference in tlt angle is less than 1° for the range of 
lengths shown, 

‘The broken curve marked “optimum length” shows the 
leg length at which maximum gain is obtained at any given 
takeofT angle. Increasing the leg length beyond the opti 
‘mum will result in less gain, and for that reason the eurves 
do not extend beyond the optimum length. Note that the 


13-42 Chapter 13 


Rkor eo 7 


é 


Fig 24—The layout for a terminated rhombic antenna. 


‘optimum length becomes greater as the desired takeoff angle 
decreases. Leg lengths over 6 % are not recommended be- 
cause the directive pattern becomes so sharp that the a 
‘enna performance is highly variable with small changes 
the angle, both horizontal and vertical, at which an incor 
‘wave reaches the antenna. Since these angles vary to some 
extent in ionospheric propagation, i does not pay fo attempt 
to try for foo great a degree of directivity 


‘Multiband Design 
‘When a shombie antenna is to be used over a consid 
erable frequency range, a compromise must be made 
the tilt angle. Fig 26 gives the design dimensions ofa suit 
able compromise for a rhombic that covers the 14 t0 
30 MHz range well. Fig 27 shows the azimuth and ele- 
vation patterns for this antenna at 14 MH, at a height of 
70 feet over flat ground. The comparison antenna in this 
cease is a 4-element Yagi on a 26-foot boom, also 70 feet 
above flat ground. The thombie has about 2.2 dB more 
gain, but its azimuthal pattern is 17.2° wide at the 3 dB 
points, and only 26° at the ~20 dB points! On the other 
hhand, the Yagi has a 3-dB beamwidth of 63°, making it 
11a distant geographic location. Fig 278 

shows the elevation-plane patterns for the same antennas 
above. As usual, the peak angle for either horizontally 
is determined mainly by the height above 


fat easier toa 


‘The peak gain of a terminated shombie is less than 
that of an unterminated resonant shombie. For the rhom- 
bie of Fig 26, the reduction in peak gain is ubout 1.5 dB. 
Fig 28 compares the azimuthal patterns for this chombie 
with and without an 800-02 termination, 

Fig 29 shows the azimuth and elevation patterns for 
the terminated rhombie of Fig 26 when itis operated at 
28 MHz, The main lobe becomes very narrow, at 6.9° at 
the 3-dB points. Hovvever, this is partially compensated 
for by the appearance of two sidelobes each side of the 
‘main beam, These tend to spread out the main patter 
some. Again, a 4-element Yagi at the same height is used 
for comparison, 
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Fig 25—Rhombie-antenna design 


cchart. For any given teg length, 
the curves show the proper tit 


angle to give maximum radiation 
=| at the selected takeott angle. The 
broken curve marked “optimum 


length” shows the leg length that 
‘gives the maximum possible 
‘Output at the selected takeott 


angle. The optimum length as 
given by the curves should be 


‘multiplied by 0.74 to obtain the 
leg length for which the takeott 
angle and main lobe are aligned. 


Tt Angle ae 


Fig 26—Rhombie antenna dimensions for a 
‘compromise design between 14- and 28-MHz 
equirements, as discussed in the text. The leg 
length is 62 at 28 MHz, 32 at 14 MHz. 


Termination 


Although the difference in the gain is relatively small. 
with terminated oF u 


sminated thombies of comparable 
design, the terminated antenna has the advantage that over 
a wide frequency range it presents an essentially resis- 
tive and constant load to the transmitter. In a sense, the 
power dissipated in the terminating resistor can 
sidered power that would have been radiated in the other 
ditection had the resistor not been there. Therefore, the 
fact that some of the power (about one-third) is used up 
in heating the resistor does not mean that much actual 
loss in the desired direction, 

The characteristic impedance of an oni 
antenna, looking into the input end, isin the order of 700 to 


800.0 when properly terminated in a resistance at the far 
end. The terminating resistance required to bring about the 
‘matching condition usually is slightly higher than the input 
impedance because ofthe loss of energy through radiation 
by the time the far end is reached. The correct value usu- 
ally will be found to be of the order of 800 Q. and should 
be determined experimentally ifthe attest possible antenna 
is desired. However, for average work an 

tance of $00 2 can be used with the assurance thatthe op- 
eration will not be far from optimum, 

The tern esistor must be practically a pure 
resistance at the operating frequencies: that is, its indue- 
tance and capacitance should be negligible. Ordinary 
Wite-wound resistors are not suitable because they have 
far too much inductance and distributed capacitance. Small 
carbon resistors have satisfactory electrical characteris- 
ties but will not dissipate more than a few watts and so 
cannot be used, except when the transmitter power does 
not exceed 10 oF 20 watts of when the antenna is 10 be 
used for reception only. The special resistors designed ei- 
ther for use as dummy antennas or for terminating rhom- 
bie antennas should be used in other cases. To allow a 
factor of safety, the total rated power dissipation of the 
resistor of resistors should be equal to half the power out 
put of the transmitter 

“To reduce the effects of stray capaci 


inductive resis- 


sit is desie- 


able to use se 
alone will safely dissipate the power. The two end units 
should be identical and each should have one fourth to one 
up 
stalled in a weather- 


eral units, say the, in series even when one 


third the total resistance, with the center unit making 
the difference. The units should be 
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Fig 28—Comparison of azimuthal patterns for 
torminated (solid line) and unterminated (dashed line) 
rhombic antennas, using same dimensions as Fig 26 at 
a frequency of 14 MHz. The gain tradeott Is about 

1.5 4B in return for the superior rearward pattern of the 
terminated antenna. 


proof housing atthe end of the antenna to protect them and 
topermit mounting without mechanical strain. The connect 
ing leads should be short so that little extraneous indue- 


tance is introduced, 
‘Alternatively, the terminating resistance may be 
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Fig 27—At left, azimuthal pattern for 3-2 (at 14 MHz) 
terminated rhombic (solid line) shown In Fig 26, 
compared with 4-element 20-meter Yagi (dotted line) on 
226-foot boom and a 20-moter dipole (dashed line). All 
antennas are mounted 70 feet (1 2) above flat ground. 
The rearward pattern of the terminated rhombic is 
good and the forward gain exceeds that of the Yagi, but 
the frontal lobe is very narrow. Above, elevation-plane 
pattern of terminated rhombic compared to that of a 
simple dipole at the same height. 


placed atthe end of an 800-0 line connected to the end of 

sna. This will permit placing the resistors and their 
‘at a point convenient for adjustment rather than 
at the top of the pole. Resistance wire may be used for 
this line, o that a portion of the power will be dissipated 
before it reaches the resistive termination, thus permit 
ting the use of lower wattage lumped resistors. 


Multiwire Rhombics 


‘The input impedance of a chombic antenna con 
structed as in Fig 26 is not quite constant as the frequency 
is varied. This is because the varying separation between 
the wires causes the characteristic impedance of the 
antenna to vary along its length. The variation in Zascr 
can be minimized by a conductor arrangement that 
increases the capacitance per unit length in proportion to 
the separation between the wires. 

The method of accomplishing this is shown in 
Fig 30. Three conductors are used, joined together at the 
ends but with increasing separation as the junction 
between legs is approached. For HF work the spacing 
between the wires at the center is 3 to 4 feet, which is 
allations using legs 
several wavelengths long. Since all three wires should 
hhave the same length, the top and bottom wires should 
bo slightly farther from the support than the middle wire, 
Using three wires in this way reduces the Zascr of the 
antenna to approximately 600 ©. thus providing a better 
‘match for practical open-wire line, in addition to smooth 
ing out the impedance variation over the frequency range. 

A similar effect (although not quite as favorable) is 
obtained by using two wires instead of three. The 3-wire 
system has been found to inerease the gain of the 


similar to that used in commercial in 
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Fig 30—Three-wire rhombic antenna. Use of multiple 
lites improves the Impedance characteristic of a 
terminated thomble and increases the gain somewhat. 


antenna by about 1 dB over that of a single-c 


Front-to-Back Ratio 
1s theoretically possible to obtain an infinite fron 
to-back ratio with a terminated shombic antenna, and in 
practice very large values can be had. However, when the 
‘antenna is terminated in its characteristic impedance, the 


Precious Su ange 


@) 
Fig 29—At A, the azimuthal pattern for the same 


infinite front-to-back rato ean be obtained only at frequen 


cies for which the leg length is an odd multiple of a quat 
et wavelength. The front-to-back ratio is smallest at 
frequencies for Which the leg length is a multiple ofa balf 
wavelength, 

‘When the leg length is not an odd multiple of a quar- 
{er wave at the frequency under consideration, the front-to- 
back ratio can be made very high by decreasing the value 
of terminating resistance slightly. This permits a small 
reflection from the far end of the antenna, which cancels 
‘out the residual response at the input end. With large 
antennas, the front-to-back ratio may be made very larg 
‘over the whole frequency range by experimental adjustment 
of the terminating resistance. Modification ofthe terminat- 

resistance can result in a spliting of the back 
‘oo nulls, one on either side of a small lobe in the back 
direction. Changes in the Value of terminating resistance 
thus permit steering the back null over a small horizontal 
range so that signals coming from a particular spot not ex- 
actly to the rear of the antenna may be minimized, 


into 


Methods of Feed 
the broad frequency characteristic ofthe terminated 
rhombic antenna isto be utilized fully, the feeder syste 
‘must be similarly broadbanded. Open-wire transmissio 
ne of the same characteristic impedance as that shown at 
the antenna input terminals (approximately 700 to $00 ) 
‘may be used, Data for the construction of such lines is 
given in Chapter 24. While the usual matching stub ea 
be used to provide an impedance transformation to more 
satisfactory line impedances, this limits the operation of 
the antenna to a comparatively narrow range of frequen- 
cies centering about that for which the stub is adjusted. 
Probably a more satisfactory arrangement would be to use 
‘coaxial transmission line and a broadbas 
balun at the antenna feed point. 


transformer 
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Receiving Wave Antennas 


Perhaps the best known type of wave antenna is the 
Beverage. Many 160-meter enthusiasts have used Bever- 
‘age antennas 10 enhance the sig 

attempting to extract weak signals from the often high lev- 
cls of atmospheric noise and interference on the low bands. 
‘Alternative antenna systems have been developed and used 
over the years, such as loops and long spans of 
unterminated wite on or slightly above the ground, but 
the Beverage antenna seems to be the best for 160-meter 
weak-signal reception. The information in this seetion was 
prepared originally by Rus Healy, K2UA (ex-NJ2L), 


THE BEVERAGE ANTENNA 

A Beverage is simply a directional wire ante 
least one wavelength long, supported along its le 
fairly low height and terminated at the far end in its chat- 
acteristic impedance. This antenna is shown in Fig 31A. 
It takes its name from its inventor, Harold Beverage, 
W2BML. 

Many amateurs choose to use a single-wire Bever- 
‘age because they are easy to install and they work well. 
‘The drawback is that Beverages are physically long and 
they do require that you have the necessary amount of real 
estate (0 install them. Sometimes, a neighbor will allow 
You to put up a temporary Beverage for a particular con- 
test or DXpedition on his land, particularly during the 
winter months. 

Beverage antennas can be useful into the HF range, 
but they are most effective at lower frequencies, mainly on 
160 through 40 meters. The antenna is responsive mostly 0 
low-angle incoming waves that maintain a constant (verti- 
cal) polarization. These conditions are neatly always satis- 
fied on 160 meters, and most of the dime on $0 meters. As 
the frequency is increased, however, the polarization and 
arrival angles are less and less constant and favorable, mak- 

1g Beverages less effective at these frequencies. Many 
amateurs have, however, reported excellent performance 
from Beverage antennas at Frequencies as high as 14 MHz, 
especially when rain or snow (precipitation) static prevents 
‘good reception on the Yagi or dipole teansmiting antennas 
used on the higher frequencies. 


I-to-noise ratio while 


Beverage Theory 

‘The Beverage antenna acts like a long transmission 
line with one lossy conductor (the earth), and one good 
conductor (the wire). Beverages have excellent direct 
ity if erected properly, but they are quite inefficient 
because they are mounted close to the ground, This is in 
‘contrast with the terminated long-wire antennas deseribed 
earlier, which are typically mounted high off the ground. 
Beverage antennas are not suitable for use as transmit- 
ting antennas. 

Because the Beverage isa traveling wave, terminated 
antenna, it has no standing waves resulting from radio, 
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signals. As a wave strikes the end of the Beverage from 
the desired direction, the wave induces voltages along the 

pace as well. Fig 31B 
shows part of a wave on the antenna resulting from a 
desired signal, This diagram also shows the till ofthe wave, 
The signal induces equal voltages in both directions. The 
resulting currents are equal and travel in both directions; 
the component traveling toward the termination end moves 
‘against the wave and thus builds down toa very low level 
atthe termination end. Any residual signal resulting from 
this direction of current flow will be absorbed in the ter 
‘mination (if the termination is equal to the an 
pedance). The component ofthe signal flowin, 
Uirection, as we will see, becomes a key part of the 
received signal, 


‘antenna and continues travel 


inthe otber 


As the wave travels along the wit 


the wave in space 
travels at approximately the same velocity. (There is some 
phase delay in the wire, as we shall see.) At any given 
point in time, the wave traveling along in space induces a 
voltage in the wire in addition to the wave already travel 


o 


rast 2540, 


beg, 270, 


stereo Recs (Ong) 
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Fig 31—At A, a simple one-wire Beverage antenna with 
2 Variable termination impedance and a matching 
utotransformer for the receiver Impedance. At B, a 
pportion of a wave from the desired direction is shown 
traveling down the antenna wire. is tit angle and 
effective takeott angle are also shown. At C, a situation 
‘analogous to the aclion of a Beverage on an incoming 
‘wave Is shown, See text for discussion. 


Ree 


ig on the wire (voltages already induced by the wave). 
Because these two waves are nearly in phase, the voll- 
‘ages add and build toward a maximum atthe receiver end 
Of the antenna, 

‘This process can be likened toa series of signal gen. 
cerators lined up on the wire, with phase differences cor- 
responding o their respective spaci 
(Fig 31C). At the receiver end, a maxin 
produced by these voltages adding in phase. For example, 
the wave component induced at the receiver end of the 
antenna will be in phase (atthe receiver end) with a com: 
ponent of the same wave induced, say, 270° (or any other 
distance) down the antenna, afte it travels tothe receiver 
end 

In practice, there is some phase shift of the wave on 
the wire with respect to the wave in space. This phase 
shift results from the velocity factor of the antenna. (As 
With any transmission line, the signal velocity on the 
Beverage is somewhat less than in free space.) Velocity 
‘of propagation on a Beverage is typically between 85 and 
‘98% of that in free space. As antenna height is increased 
to a certain optimum height (which is about 10 feet for 

factor increases. Beyond this 


‘on the wire 
1m voltage is 


Cia TT 


height, only minimal improvement is afforded, as show 
in Fig 32. These curves are the result of experimental 
‘work done in 1922 by RCA, and reported in a OST article 
(November 1922) entitled “The Wave Antenna for 200- 
Meter Reception.” by H. H. Beverage. The curve for 
160 meters was extrapolated from the other curves. 

Phase shift (per wavelength) is shown as a function 
of velocity factor in Fig 33, and is given by 


= 360{ 122-1) 
ED 


(E42) 


where k = velocity factor of the antenna in percent 

“The signals present on and around a Beverage antenna 
are shown graphically in A through D of Fig 34. These 
ccurves show relative voltage levels over a number of peri- 
ods of the wave in space and their relative effects in terms 
of the otal signal atthe receiver end of the antenna 


Fig 32—Signal velocity on a Beverage Increases with 
helght above ground, and reaches a practical maximum 
at about 10 feet. Improvement is minimal above this, 
height. (The velocity of light is 100%.) 


Fig 33—This curve shows phase shift (per wavelength) 
a a function of velocity factor on a Beverage antenna. 
‘Once the phase shift for the antenna goes beyond 80°, 
the gain drops off from its peak value, and any 
Increase in antenna length will decrease gain. 
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Fig 34—These curves show the voltages that appear In 

e antenna over a period of several cycles of 
the wave. Signal strength (at A) is constant over the 
length of the antenna during this period, as is voltage 
induced per unit length in the wire (at B). (The voltage 
Induced in any section of the antenna is the same as 
the voltage induced in any other section of the same 

1e same period of time.) AL, the voltage 
Induced by an undesired signal from the rearward 
direction add in phase and bulld to a maximum at the 
rmination end, where they are dissipated in the 

termination (i Zn = Za) The voltages resulting trom a 
desired signal are shown at D. The wave on the wire 
travels closely with the wave in space, and the 
voltages resulting add in phase to a maximum at the 
receiver end of the antenna, 


Performance in Other Directions 
‘The performance of a Beverage antenna in directions 
‘ther than the favored one is quite different than previ- 
‘ously discussed. Take, for instance, the case of a signal 
arriving perpendicular to the wire (90° either side of the 
favored direction). In this ease, the wave induces volt 
along the wite that are essentially in phase, so that they 
arrive at the receiver end more or less out of phase, and 
wel. (This can be likened toa series of signal gen- 
erators lined up along the antenna as before, but having 
no progressive phase differences.) 

'AS a result of this cancellation, Beverages exhibit 
deep nulls off the sides. Some minor sidelobes will exist, 


thus e 
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as with other long-wire antennas, and will increase in 
umber with the length of the antenna, 

In the case of a signal arriving from the rear of the 
antenna, the behavior of the antenna is very similar to its 
performance in the favored ditection, The major difference 
is tha the signal from the rear adds in phase at the termina- 
tion end and is absorbed by the termination impedance. 
Fig 35 compares the azimuth and elevation patterns for a 
2-4: (1062 foot) and a 1-2, (531 foot) Beverage at 83 MHz. 
The wire is mounted 8 feet above flat ground (to keep it 
tbove deer antlers and away from humans too) and is ter- 
‘minated with a 500-Q resistor in each case, although the 
exact value of the terminating resistance is not very eriti- 
cal. The ground constants assumed in this computer model 
are conductivity of 5 mS/m and a dielectric constant of 13. 
Beverage dielectric performance tends to decrease as the 
ground becomes better, Beverages operated over saltwater 
do not work as well as they do over poor ground, 

For most effective operation, the Beverage should 
be terminated in an impedance equal to the characteristic 
impedance Zayr of the antenna, For maximum signal 
transfer to the receiver you should also match the 
receiver's input impedance to the antenna, If the termi- 

sion impedance is not equal to the characteristic 
impedance of the antenna, some part of the signal from 
the rear will be reflected buck toward the receiver end of 
the antenna, 

Ifthe termination impedance is merely an open cir- 
cuit (no terminating resistor) total reflection will result 
and the antenna will exhibit a bidirectional pattern (still 
with very deep nulls ff the sides). An unterminated Bev- 
erage will not have the same response to signals in the 
rearward direction as it exhibits o signals in the forward 
direction because of attenuation and reradiation of part 
of the reflected wave as it travels back toward the receiver 
end, Fig 36 compares the response from two 2-2 Bever 
ages, one terminated and the other unterminated. Just like 
4 terminated long-wire transmitting antenna (which is 
‘mounted higher off the ground than a Beverage, which is 
‘meant only for receiving), the terminated Beverage has a 
reduced forward lobe compared to its unterminated sib- 

‘The unterminated Beverage exhibits about a 5 dB 
front-to-back ratio for this length because of the radia- 
tion and wire and ground losses that occur before the For- 
‘ward wave gets to the end of the wire. 

If the termination is between the extremes (open cir- 
cuit and perfect termination in Zax) the peak direction 
and intensity of signals off the rear of the Beverage will 
change. As a result, an adjustable reactive termination 
can be employed to steer the nulls to the rear of the 
antenna (see Fig 37). This can be of great help in elimi- 

Ling a local interfering signal from a rearward divec- 
tion (typically 30° to 40° either side ofthe back direction). 
Such a scheme doesn’t help much for interfering skywave 
signals because of variations encountered in the iono- 
sphere that constantly shift polarity, amplitude, phase and 
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Figure 18. WP SD"* work programme 
3GPP 


Based on ITU Recommendations, 3GPP has played a major role in the success of LTE over the past 
several years, which has been the fastest growing cellular technology to date: never before has a 
new radio standard been adopted and deployed as rapidly and as widely from the finalisation of the 
first version of its standardisation (for LTE Release 8, in December 2008). 


For the first time, under the LTE acronym, the entire mobile industry agreed on a single new 
technology (contrary to 3G where 3GPP and 3GPP2 co-exist, each backing their version of 3G 
standardisation that complies with IMT-2000 criteria), and so enabling unprecedented economies of 
scale and momentum in the ecosystem. 


After Release 8, the work performed by 3GPP has been centred on the following strategic areas: 


Enhancing LTE radio standards to further improve capacity and performance; 
Enhancing system standards to make LTE and EPC (Evolved Packet Core, the core LTE 
network technology) available to new business segments; 
Introducing improvements for system robustness, especially for handing exponential 
smartphone traffic growth. 
‘These areas of focus have made it possible to map out the general path of evolution from LTE ta 
LTE-Advanced (Releases 10 to 12) and later LTE-Advanced Pro (Releases 13 and 14) while awaiting 
5G. 


‘The ambitiousness of 5G requirements, the tight timeline “imposed” by the market, along with the 
different national tendencies have pushed 3GPP to define two stages of specification work: 


1. A first stage that will end in the second half of 2018, with the termination of Release 15, and 
Which will address the most urgent matters with respect to commercial requirements; 
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Fig 36—Comparing the azimuthal patterns for a 2 
Beverage, terminated (solid line) and unterminated 
(dashed line). 


incoming elevation angles. 

To determine the appropriate value for a terminat- 
ing resistor, you need to know the characteristic imped- 
ance (surge impedance), Zyyr. of the Beverage. It is 
interesting to note that Zap is nota function of the length, 
just like a transmission line 


@) 


Fig 35—At A, azimuthal patterns of a 

and a 1-4 (dashed line) Beverage antenna, 
With §50-0 resistor at 1.83 MHz, al an elevation angle 
of 10°. The rearward pattern around 180° Is more than 
20 dB down from the front lobe for each antenna. At B, 
the elevation-plane patterns. Note the rejection of very 
high-angle signals near 80° 
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where 
Zaws = characteristic impedance of the Beverage 
terminating resistance needed 
Wire height above ground 
Wire diameter (in the same units as h) 


bh 
d 


Another aspect of terminating the Beverage is the 
quality of the RF ground used for the termination. For most 
{ypes of soil a ground rod is sufficient, since the optimum 
value for the termination resistance is in the range of 400 
0 600 0 for typical Beverages and the ground-loss resis 
tance is in series with this. Even if the ground-loss resis. 
tance at the termination point is as high as 40 of 50 2 it 
sill is not an appreciable fraction of the overall terminat 
ing resistance. For soil with very poor conductivity, how- 
ever, (such as sand or rock) you can achieve a better ground 
termination by laying radial wises on the ground at both 
the receiver and termination ends. These wires need not 
be resonant quarter-wave in length, since the ground 
ddetunes them anyway. Like the ground counterpoise for a 
vertical antenna, a number of short radials i better than a 
few long ones. Some amateurs use chicken-wire ground 
sereens for their ground terminations. 

‘As with many other antennas, improved directivity and 
gain can be achieved by lengthening the antenna and by 
arranging several antennas ito an array. One iter that must 
bbe kept in mind is that by virtue of the Velocity factor of the 
antenna, there is some phase shifl of the wave on the an- 
{enna with respect to the wave in space. Because of this 
phase shift, although the directivity will continue to sharpen 
With increased length, there will be some optimum length 
at Which the gain of the antenna will peak. Beyond this 
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Fig 37—A two-wire Beverage 
antenna that has provisions for 
direction switching and null 
Steering in the rear quadrant. 
Performance improves with 
height to.a point, and is optimum 
for 1.8-MHz operation at about 10 
to 12 feet, Parts Identifications a 
for text reference. 


of the antenna will no Tonger be in phase, and will not add 
to produce a maximum signal at the receiver end. This op- 


‘imum length is a function of velocity factor and frequency, 
and is given by: 
th 


(ey 4) 


maximum effective length 
gnal wavelength in free space (same units as L) 
K = velocity factor of the antenna in percent 


Because velocity factor increases with height (to a 
point, as mentioned earlier) optimum length is somewhat 
longer if the antenna height is increased. The maximum 
effective length also increases with the number of wires 
in the antenna system. For example, for a two-wire Bev- 
erage like the bidirectional version shown in Fig 37, the 
maximum effective length is about 20% longer than 
the single-wire version, A typical length for a single-wire 
1.8-MHz Beverage (made of #16 wire and erected 10 feet 
above ground) is about 1200 feet. 


Feed-Point Transformers for 
‘Single-Wire Beverages 
Matching transformer TL i 
structed. Small toroidal ferrite cores are best for this 
application, with those of high permeability (qu, = 125 t0 
'5000) being the easiest to wind (requiring fewest turns) 
‘nd having the best high-frequency response (because few 
turns are used). Teifl 
convenient 


Fig 31 is easily con- 


wound autotransformers ate most 


‘Most users are not concerned with a small amount 
of SWR on the transmission line feeding their Beverages. 
For example, let us assume that the Zax of a particular 
Beverage is 525 © and the terminating resistance is made 
equal to that Value, Ifa standard 3:1 turns-ratio autotr 
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former is used at the input end of the antenna, the nomi- 
ral impedance transformation 50 Q x 32= 450 Q. This 
leads to the terminology often used for this transformer 
asa 9:1 transformer, referring to its impedance transfor 
‘mation, The resulting SWR on the feed line going back 
to the receiver would be 525/450 = 1.27:1, not enough to 
be concemed about. For a Zaxr of 600 2, the SWR is 
{600/450 = 1.33:1, again not a matter of concern, 

Hence, most Beverage users use standard 9:1 
(450:50 @) ‘autotransformers. You can make a matching 
transformer suitable for use from 160 to 40 meters using 
cight tifilar turns of #24 enameled wire wound over a stack 
fof two Amidon FT-50-75 of two MNS-CX cores. See 
Fig 38. 

“Make your own tiflar cable bundle by placing three 
3-foot lengths of the #24 wite side-by-side and twisting 
them in a hand drill so that there isa uniform twist about 
1e Wist-per-inch. This holds the three wires together ia 
‘bundle that can be passed through the two stacked cores, 
rather like threading a needle. Remember that each time 
you put the bundle through the center of the cores counts 

After you finish winding, cut the individual wires t0 
leave about "is off the enamel insulation 
ig iron. Identify the indi- 
h an obmmeter and then connect them 
together following Fig 38. Coat the transformer with Q- 
dope (liquid polystyrene) to finalize the transformer. 
White glue will work also, See Chapters 25 and 26 and 
The ARRL Handbook for more information on winding 
toroidal transformers or see Chapter 7 (Special Receiv- 
ing Antennas) of ON4UN's Low-Band DXing book. 


‘The Two-Wire Beverage 

“The two-wire antenna shown in Fig 37 has the major 
advantage of having signals from both directions avail 
able at the receiver atthe flip of a switch between J1 and 
12. Also, because there are two wires in the system (equal 
Amounts of signal voltage are induced in both wires), 
greater signal voltages will be produced. 


so" S00) 
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Fig 38—Constructing the feed-point transformer for a 
ssingle-wire Beverage. See text for details. 


A signal from the left direction in Fig 37 induces equal 
voltages in both wires, and equal in-phase currents flow as 
‘a result. The reflection transformer (T3 at the right-hand 
fend of the antenna) then inverts the phase ofthese signals 
and reflects them back down the antenna toward the receiver, 
using the antenna wires as a balanced open-wire twansmis- 
sion line, This signal is then transformed by T1 down tothe 
input impedance of the receiver (50.0) at JL 

Signals traveling from right to left also induce equal 
voltages in each wire, and they travel in phase toward the 
receiver end, through T1, and into T2. Signals from this 
disection are available at 12 

TI and T2 are standard 9:1 wideband transformers 
capable of operating from 1.8 to at least 10 MHz. Like 
any (Wo parallel wires making up a transmission line, the 
iwo-wire Beverage has a certain characteristic imped- 
‘ance—we'll call it Z, here—depending on the spacing 
between the two wires and the insulation between them, 
"T3 transforms the terminating resistance needed atthe end 
of the line to Z,. Keep in mind that this terminating resis- 
tance is equal to the characteristic impedance Zar of the 
Beverage—thatis, the impedance of the parallel wites over 
theic images in the ground below. For example, if Z, of 
the Beverage wire is 300 Q (that is, you used TV twin- 
lead for the two Beverage wires), T3 must transform the 
balanced 300 0210 the unbalanced 500 © Zs impedance 
used to terminate the Beverage. 

‘The design and consteuction of the reflection trans- 
former used in a two-wire Beverage is more demanding than 
‘that forthe straightforward matching transformer TI because 
the exact value of terminating impedance is more critical for 
‘good F/B. See Chapter 7 (Special Receiving Antennas) in 
ON4UN’s Low-Band DXing for details on winding the 


el eas i 


reflection transformers for a two-wire Beverage. 

Another convenient Feature of the two-wire Bever- 
age is the ability to steer the nulls off either end of the 
antenna while receiving in the opposite direction, For in- 
stance, ifthe series RLC network shown at J2 is adjusted 
While the receiver is connected to J1, signals can be re- 
ceived from the left direction while interference coming 
from the right can be partially oF completely aulled. The 

"lls can be steered over a 60° (or more) area off the right- 
hhand end of the antenna. The same null-steering capabil 
ity exists in the opposite direction with the receiver 
connected at 12 and the termination connected at J1 

The two-wire Beverage is typically erected at the 
same height asa single-wire version. The two wires are at 
the same height and are spaced uniformly —typically 12 
to IS inches apatt for discrete wires. Some amateurs con 
struct two-Wire Beverages using “window” ladder-line, 
‘visting the line about three twists per foot for mechani- 
cal and electrical stability in the wind, 

The characteristic impedance Zayr of a Beverage 
‘made using two diserete wites with air insulation betweet 
them depends on the wire size, spacing and height and is 
siven by 


(Eq 5) 


where 
Zaycr = Beverage impedance = desired terminating 
resistance 
8 = wire spacing 


bh = height above ground 
= wire diameter (in same 
e = 2.71828 
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Beverages in Echelon 

“The pattern ofa Beverage receiving antenna is dependent 
‘on the terminating resistance used fora particular antenna, as 
was demonstrated at the extremes by Fig 36. This compared 
the patterns fora terminated and an unterminated Beverage. 
The patter of even a poorly terminated Beverage can be 
Significantly improved by the addition of a second Beverage. 
The additional Beverage is installed so that itis operated in 
echelon, a word deriving from the fact that the two wires look 
like the parallel rungs on a ladder. For a practial 160- and 
SO-meter setup the second Beverage wire is parallel to the 
first Beverage, spaced from it by about 5 meters, and also 
staggered 30 meters ahead. See Fig 38. 

The forward Beverage is fed with a phase difference 
of +125° such that the total phase, including that due to the 
forward staggering, is 180°. This forms the equivalent of an 
end-fite array fed out-of-phase, but it takes advantage of 
the natural ditectivity of each Beverage. Fig 39 compares 
the pattern ofa single 1-2 160-meter Beverage thats sloppy 
terminated with two Beverages fed in echelon. The 
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Beverages in echelon gives a modest additional gain of 
almost 2 dB. But where the two Beverages in echelon really 
shine is how they cleans up the rearward pattern—from an 
average about 15 dB for the single Beverage to more than 
25 dB for the two Beverages. 

Even ata spacing of 5 meters, there is very litle mutual 
‘coupling between the two Beverage wites because of their 

ently small radiation resistance when they are mounted 
low above lossy ground. Ifyou adjust for alow SWR (using 
proper transformers to match the feed-line coaxes), the phase 
difference will depend solely on the difference in length of 
the two coaxes feeding the Beverage wires. Fig 40 shows a 
Wideband feed system designed by Tom Rauch, W8UI, as a 
“crossfire” feed system, The 180° wideband phase-inverting 
transformer allows the system t0 work on two bands, say 
160 and 80 meters. See Chapter 7, Receiving Antennas, in 
ON4UN’s Low-Band DXing book, 4th Edition for 
teansformer details, 


Practical Considerations 


Even though Beverage antennas have excellent 
directive patterns if terminated properly, gain never ex- 
‘ceeds about ~3 dBi in most practical installations. How 
ever, the directivity that the Beverage provides results in 
fa much higher signal-to-noise ratio for signals in the 
‘desired direction than almost any other real-world antenna 
used at low frequencies, 

A typical situation might bea station located in the US 
Northeast (WI), trying to receive Topband si 
Europe tothe northeast, while thunderstorms behind hitn in 
the US Southeast (W) are creating huge static crashes. In- 
stead of listening to an S7 signal with 10-dB over $9 noise 
and interference on a vertical, the directivity of a Beverage 
\ill typically allow you to copy the same signal at perhaps 
5 with only $3 (or lower) noise and interference. This is 
Certainly a worthwhile improvement, However, if you are 

the middle of a thunderstorm, of if there is a thunder- 

storm inthe direction from which you are tying to receive 
a signal, no Beverage is going to help you! 

‘There are a few basie principles that must be kept in 
mind when erecting Beverage antennas if optimum per- 
formance is to be realized, 


als from 


1) Plan the installation thoroughly. including choosing 
aan antenna length consistent with the optimum length 
values discussed eater. 

2) Keep the antenna as straight and as nearly level as 
possible over its entire run. Avoid following the ter- 
rain under the antenna too closely—keep the antenna 
level with the average terrain 

3) Minimize the lengths of vertical downleads at the ends 
of the antenna, Their effect is detrimental tothe ditec- 
tive pattern of the antenna, It is best to slope the 

Wire from ground level to its final height (over 
ice of 50 feet or so) atthe feed-point end. Simi- 
lar action should be taken at the termination end. Be 
sure to seal the transformers against weather. 
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Fig 39—Layout of two 160-meter 1-2 long Beverages in 


‘echelon, spaced § meters apart, with 30 meter forward 
Stagger. The upper antenna has a 125° phase shift In its 
toed system. 


Fig 40—Azimuth pattern at 10° takeotf angle for single 


Beverage (dashed line) and two Beverages in an echelon 
‘end-fire array. The rearward pattern is considerably 
cleaner on the echelon. Thus, two closely spaced, short 
Beverages can give considerable Improvement over a 
single short Beverage. 
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Fig 41—Two ways of feeding the two-Beverage 
echelon array in Fig 39. On the let, a feed 
system good for one frequency; on the right, a 
‘cross-fite” feed system good for 1.8 and 
3.6 MHz. For this system we want a phase shift 
‘due to the coax length of +116° af the back 
Beverage A. The angle @ is thus 180°-116" 
Jong on 160 meters. In the system on the right, a 
64" length on 160 meters becomes 128° long on 
‘80 meters, So with the phase-Inverting 
transformer the net phase shift becomes 53° on 
‘80 meters, a reasonable compromise. (Courtesy 
Wadi and ON4UN) 


4) Use a noninductive resistor for terminating a single- 
Wire Beverage. If you live in an area where lighting 
storms are common, use 2-W terminating resistors, 
Which can survive surges due to nearby lightning strikes, 

5) Use high-quality insulators for the Beverage wire 
Where it comes into contact with the supports, Plastic 

insulators designed for electric fences are inexpensive 

and effective. 

Keep the Beverage away from parallel conductors such 

as electric power and telephone lines for a distance of 

at least 200 feet. Perpendicular conductors, even other 

Beverages, may be crossed with relatively little in 

action, but do ‘conductors that may pose 

a safety hazad 

Run the coaxial feed line to the Beverage so that itis 

not directly under the span of the wire. This prevents 

‘common-mode currents from appearing on the shield 

of the coax. It may be necessary to use a ferrite-bead 

‘choke on the feed line if you find that the feed li 

itself picks up signals when it is temporarily diseon- 

nected from the Beverage. See Chapter 26 for details 

‘on common-mode chokes. 

8) If you use elevated radials in your transmitting 
antenna system, Keep your Beverage feed lines well 
way from them to avoid stray pickup that will ruin 
the Beverage’s directivity 
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Direction Finding 
Antennas 


The use of radio for direction-finding purposes 
(RDF) is almost as old as its application for communica 
tions. Radio amateurs have learned RDF techniques and 
found much satisfaction by participating in hidden-trans- 
mitter hunts, Other hams have discovered RDF through 
an interest in boating or aviation, where radio direction 
finding is used for navigation and emergency location 
systems, 

In many countries of the world, the hunting of hid- 
den amateur transmitters takes on the atmosphere of a 
sport, as participants wearing jogging togs or track suits 
dash toward the area where they believe the transmitter 
is located. The sport is variously known as fox hunting, 
bunny hunting, ARDF (Amateur Radio direction finding) 
or simply transmitter hunting. In North America, most 
hunting of hidden transmitters is conducted from auto- 
‘mobiles, although hunts on foot are gaining popularity 

There are less pleasant RDF applications as well, 
such as tracking down noise sources or illegal operators 
from unidentified stations, Jammers of repeaters, traffic 
nets and other amateur operations can be located with 
RDF equipment. Or sometimes a stolen amateur rig will 
be operated by a person who is not familiar with Ama- 
teur Radio, and by being lured into making repeated trans- 
missions, the operator unsuspectingly permits himself to 
be located with RDF equipment. The ability of certain 
RDF antennas to reject signals from selected directions 
has also been used to advantage in reducing noise and 
interference. Through APRS, radio navigation is becom- 
ing a popular application of RDF. The locating of downed 
aircraft is another, and one in which amateurs often lend 
their skills. Indeed, there are many useful applications 
for RDF. 

Although sophisticated and complex equipment 
pushing the state of the art has been developed for use by 
governments and commercial enterprises, relatively 
simple equipment can be built at home to offer the Radio 


Amateur an opportunity to RDF. This chapter deals with 
antennas suitable for that purpose. 


RDF by Triangulation 

It is impossible, using amateur techniques, to pin- 
point the whereabouts of a transmitter from a single 
receiving location, With a directional antenna you can 
determine the direction of a signal source, but not how 
far away it is. To find the distance, you can then travel in 
the determined direction until you discover the transmit 
ter location, However, that technique can be time con- 
suming and often does not work very well 

A preferred technique is to take at least one addi 
tional direction measurement from a second receiving 
location, Then use a map of the area and plot the bearing 
or direction measurements as straight lines from points, 
‘on the map representing the two locations. The approxi: 
mate location of the transmitter will be indicated by the 
point where the two bearing lines cross. Even better 
results can be obtained by taking direction measurements, 
from three locations and using the mapping technique 
just described. Because absolutely precise bearing mea- 
surements are difficult to obtain in practice, the three lines 
will almost always cross to form a triangle on the map, 
rather than at a single point. The transmitter will usually 
be located inside the area represented by the triangle. 
Additional information on the technique of triangulation 
and much more on RDF techniques may be found in 
recent editions of The ARRL Handbook. 


DIRECTION FINDING SY\STEMS 

Required for any RDF system are a directive antenna 
and a device for detecting the radio signal. In amateur 
applications the signal detector is usually a transceiver 
and for convenience it will usually have a meter to indi: 
cate signal strength. Unmodified, commercially available 
portable or mobile receivers are generally quite satisfac- 
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tory for signal detectors. At very close ranges a simple 
diode detector and de microammeter may suffice for the 
detector. 

(On the other hand, antennas used for RDF techniques 
are not generally the types used for normal two-way com- 
munications. Directivity is a prime requirement, and here 
the word directivity takes on a somewhat different mean- 
ing than is commonly applied to other amateur antennas. 
Normally we associate directivity with gain, and we think 
of the ideal antenna pattern as one having a long, thin 
main lobe. Such a pattern may be of value for coarse 
‘measurements in RDF work, but precise bearing measure- 
‘ments are not possible. There is always a spread of a few 
(or pethaps many) degrees on the nose of the lobe, where 
a shift of antenna bearing produces no detectable change 
in signal strength. In RDF measure-ments, it is desirable 
to correlate an exact bearing or compass direction with 
the position of the antenna. In order to do this as acct 
rately as possible, an antenna exhibiting a nul! in its pat- 
tern is used. A null can be very sharp in directivity, to 
within a half degree or less. 


Loop Antennas 

A simple antenna for HF RDF work is a small loop 
tuned to resonance with a capacitor. Several factors must 
be considered in the design of an RDF loop. The loop 
‘must be small in circumference compared with the wave- 
length. In asingle-turn loop, the conductor should be less 
than 0.08 2 long. For 28 MHz, this represents a length 
of less than 34 inches (a diameter of approximately 
10 inches). Maximum response from the loop antenna is 
in the plane of the loop, with nulls exhibited at right angles 
to that plane. 

To obtain the most accurate bearings, the loop must 
be balanced electrostatically with respect to ground. 
Otherwise, the loop will exhibit two modes of operation. 
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Fig 1—Small-loop field patterns with varying amounts 
of antenna effect—the undesired response of the loop 
acting merely as a mass of metal connected to the 
receiver antenna terminals. The straight lines show the 
plane of the loop. 
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One is the mode of a true loop, while the other is that of, 
an essentially nondirectional vertical antenna of small 
dimensions. This second mode is called the antenna effect. 
The voltages introduced by the two modes are seldom in 
phase and may add or subtract, depending upon the 
direction from which the wave is coming. 

‘The theoretical true loop pattern is illustrated in 
Fig 1A. When properly balanced, the loop exhibits two 
nulls that are 180° apart. Thus, a single null reading with 
a small loop antenna will not indicate the exact direction 
toward the transmitter—only the line along which the 
transmitter lies. Ways to overcome this ambiguity are dis- 
cussed later. 

When the antenna effect is appreciable and the loop 
is tuned to resonance, the loop may exhibit little direc- 
tivity, as shown in Fig 1B. However, by detuning the loop 
to shift the phasing, a pattern similar to 1C may be 
obtained. Although this pattern is not symmetrical, it does 
exhibit a null, Even so, the null may not be as sharp as 
that obtained with a loop that is well balanced, and it 
‘may not be at exact right angles to the plane of the loop. 

By suitable detuning, the unidirectional cardioid 
pattern of Fig 1D may be approached. This adjustment is 
sometimes used in RDF work to obtain a unidirectional 
bearing, although there is no complete null in the pat- 
tern. A cardioid pattern can also be obtained with a small 
loop antenna by adding a sensing element. Sensing ele- 
ments are discussed in a later section of this chapter. 

An electrostatic balance can be obtained by shield- 
ing the loop, as Fig 2 shows. The shield is represented by 
the broken lines in the drawing, and eliminates the 
antenna effect. The response of a well-constructed 
shielded loop is quite close to the ideal pattern of Fig LA. 


Fig 2—Shielded loop for direction finding. The ends 
of the shielding turn are not connected, to prevent 
shielding the loop from magnetic fields. The shield is 
effective against electric fields. 


Fig 3—Small loop consisting of several turns of wire. 
‘The total conductor length is very much less than a 
wavelength. Maximum response is in the plane of the 
loop. 


For the low-frequency amateur bands, single-turn 
loops of convenient physical size for portability are gen- 
erally found to be unsatisfactory for RDF work. There- 
fore, multitun loops are generally used instead. Such a 
loop is shown in Fig 3. This loop may also be shielded, 
and if the total conductor length remains below 0.08 2, 
the directional pattern is that of Fig 1A. A sensing ele- 
‘ment may also be used with a multiturn loop. 


Loop Circuits and Criteria 

No single word describes a direction-finding loop 
of high performance better than symmetry. To obtain an 
undistorted response pattern from this type of antenna, 
you must build it in the most symmetrical manner pos- 
sible. The next key word is balance. The better the elec- 
trical balance, the deeper the loop null and the sharper 
the maxima. 

The physical size of the loop for 7 MHz and below 
is not of major consequence. A 4-foot diameter loop will 
exhibit the same electrical characteristics as one which 
is only an inch or two in diameter. The smaller the loop, 
however, the lower its efficiency. This is because 
aperture samples a smaller section of the wave front. Thus, 
if you use loops that are very small in terms of a wave- 
length, you will need preamplifiers to compensate for the 
reduced efficiency. 

‘An important point to keep in mind about a small 
loop antenna oriented in a vertical plane is that it is ver- 
tically polarized. It should be fed at the bottom for the 
best null response. Feeding it at one side, rather than at 
the bottom, will not alter the polarization and will only 
degrade performance. To obtain horizontal polarization 
from a small loop, it must be oriented in a horizontal 
plane, parallel to the earth. In this position the loop 


response is essentially omnidirectional. 

‘The earliest loop antennas were of the frame antenna 
variety. These were unshielded antennas built on a wooden 
frame in a rectangular format. The loop conductor could 
be a single tur of wire (on the larger units) or several 
tums if the frame was small. Later, shielded versions of 
the frame antenna became popular, providing electrostatic 
shielding—an aid to noise reduction from such sources as 
precipitation static. 


Ferrite Rod Antennas 


With advances in technology, magnetic-core loop 
antennas came into use. Their advantage was reduced size, 
and this appealed especially to the designers of aircraft 
and portable radios. Most of these antennas contain fer- 
rite bars or eylinders, which provide high inductance and 
Q with a relatively small number of coil turns. 

Magnetic-core antennas consist essentially of turns 
of wire around a ferrite rod. They are also known as 
loopstick antennas. Probably the best-known example of 
this type of antenna is that used in small portable AM 
broadcast receivers. Because of their reduced-size advan- 
tage, ferrite-rod antennas are used almost exclusively for 
portable work at frequencies below 150 MHz. 

As implied in the earlier discussion of shielded loops 
in this chapter, the true loop antenna responds to the mag- 
netic field of the radio wave, and not tothe electrical field 
The voltage delivered by the loop is proportional to the 
amount of magnetic flux passing through the coil, and to 
the number of turns in the coil. The action is much the 
same as in the secondary winding of a transformer. For a 
given size of loop. the output voltage can be increased by 
increasing the flux density, and this is done with a ferrite 
core of high permeability. A '/sinch diameter, 7-inch rod 
of Q2 fertite (m, = 125) is suitable for a loop core from 
the broadcast band through 10 MHz. For increased out- 
pul, the turns may be wound on two rods that are taped 
together, as shown in Fig 4. Loopstick antennas for con- 


Fig 4—A ferrite-rod or loopstick antenna. Turns of wire 
may be wound on a single rod, or to increase the output 
from the loop, the core may be two rods taped together, 
‘as shown here. The type of core material must be 
selected for the intended frequency range of the loop. 
To avoid bulky windings, fine wire such as #28 

or #30 is often used, with larger wire for the leads. 
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Fig 5—Field pattern for a ferrite rod antenna, The dark 
bar represents the rod on which the loop turns are 
wound. 


struction are described later in this chapter. 

Maximum response of the loopstick antenna is 
broadside to the axis of the rod as shown in Fig §, whereas 
‘maximum response of the ordinary loop is in a direction 
at right angles to the plane of the loop. Otherwise, the 
performances of the ferrite-rod antenna and of the ordi- 
nary loop are similar. The loopstick may also be shielded 
to eliminate the antenna effect, such as with a U-shaped 
or C-shaped channel of aluminum or other form of trough. 
‘The length of the shield should equal or slightly exceed 
the length of the rod. 


Sensing Antennas 

Because there are two nulls that are 180° apart in 
the directional pattern of a loop or a loopstick, an ambi- 
guity exists as to which one indicates the true direction 
Of the station being tracked. For example, assume you 
take a bearing measurement and the result indicates the 
transmitter is somewhere on a line running approximately 
ceast and west from your position. With this single read- 
ing, you have no way of knowing for sure if the transmit- 
ter is east of you or west of you. 

If more than one receiving station takes bearings on 
a single transmitter, or if a single receiving station takes 
bearings from more than one position on the transmitter, 
the ambiguity may be worked out by triangulation, as 
described earlier. However, it is sometimes desirable to 
have a pattern with only one null, so there is no question 
about whether the transmitter in the above example would 
be east or west from your position. 

‘A loop or loopstick antenna may be made to have a 
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Fig 6—At A, the directivity pattern of a loop antenna 
with sensing element. At B is a circuit for combining 
the signals from the two elements. C1 is adjusted for 
resonance with T1 at the operating frequency. 


single null if a second antenna element is added. The ele- 
ment is called a sensing antenna, because it gives an added 
sense of direction to the loop pattern. The second ele- 
ment must be omnidirectional, such as a short vertical 
When the signals from the loop and the vertical element 
are combined with a 90° phase shift between the two, a 
cardioid pattern results. The development of the pattern 
is shown in Fig 6A. 

Fig 6B shows a circuit for adding a sensing antenna 
toa loop or loopstick. RI is an internal adjustment and is 
used to set the level of the signal from the sensing 


2, Asecond stage that will end in December 2019, which marks the end of Release 16, which will 
address the other use cases and prerequisites identified in the IMT-2020 Vision 
Recommendation. 


‘The Work Plan for Release 15, the first set of SG specifications, was ratified at the plenary meeting of 
the TSGH72 (Technical Specification Group #72) 3GPP working groups in June 2016. This plan includes 
a set of intermediate tasks and checkpoints to steer ongoing work in the different groups. This Work 
Plan sets out the transition from current studies to the standardisation phase of the work: 


- Starting in December 2016: beginning of standardisation work by TSG SA2 (Technical 
Specification Group System Architecture); 

- Starting in March 2017: specification begins for the 5G NR (New Radio) interface in the TSG 
RAN (Technical Specification Group Radio Access Network). 
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Figure 19. Roadmap for 3GPP standardisation groups” 
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IF SG is viewed as the technology capable of transforming society, and even of ushering in the next 
industrial revolution by impacting multiple (vertical) sectors with new business models and in a way 
that benefits the economy, notably in Europe, in all likelihood it will initially be driven forward by 
M8 (Enhanced Mobile Broadband, cf. 1.2). 


With this in mind, 3GPP defined the framework for Release 15, stage 1 specifications of SG 
standardisation, as detailed earlier, whose work will focus on the following: 
- Standalone and Non-Standalone NR operation: the Standalone version to work 


independently of LTE technology, and the Non-standalone NR being highly interoperable 
with LTE™, 


* https://Se-p9p eu/wp-content/uploads/2016/11/01_10-Nov_Session-3_ Dino-Flore.pdf 
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antenna. For the best null in the composite pattern, the 
signals from the loop and the sensing antenna must be of, 
equal amplitude, so RI is adjusted experimentally dur- 
ing setup. In practice, the null of the cardioid is not as 
sharp as that of the loop, so the usual measurement pro- 
cedure is to first use the loop alone to obtain a precise 
bearing reading, and then to add the sensing antenna and 
take another reading to resolve the ambiguity. (The null 
of the cardioid is 90° away from the nulls of the loop.) 
For this reason, provisions are usually made for switch- 
ing the sensing element in an out of operation. 


PHASED ARRAYS 


Phased arrays are also used in amateur RDF work. 
‘Two general classifications of phased arrays are end-fire 
and broadside configurations. Depending on the spacing 
and phasing of the elements, end-fire patterns may exhibit 
a null in one direction along the axis of the elements. At 
the same time, the response is maximum off the other 
end of the axis, in the opposite direction from the null. A 
familiar arrangement is two elements spaced '/s A apart 
and fed 90° out of phase. The resultant pattern is a car- 
dioid, with the null in the direction of the leading ele- 
‘ment. Other arrangements of spacing and phasing for an 
end-fire array are also suitable for RDF work. One of the 
best known is the Adcock array, discussed in the next 
section. 

Broadside arrays are inherently bidirectional, which 
‘means there are always at least two nulls in the pattern 
Ambiguity therefore exists in the true direction of the 
transmitter, but depending on the application, this may 
be no handicap. Broadside arrays are seldom used for 
amateur RDF applications however. 


The Adcock Antenna 


Loops are adequate in RDF applications where only 
the ground wave is present. The performance of an RDF 
system for sky-wave reception can be improved by the 
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use of an Adcock antenna, one of the most popular types 
of end-fire phased arrays. A basic version is shown in 
Fig 7. 

‘This system was invented by F. Adcock and patented 
in 1919, The array consists of two vertical elements fed 
180° apart, and mounted so the system may be rotated. 
Element spacing is not critical, and may be in the range 
from 0.1 to 0.75 2. The two elements must be of identi- 
cal lengths, but need not be self-resonant. Elements that 
are shorter than resonant are commonly used. Because 
neither the element spacing nor the length is critical in 
terms of wavelengths, an Adcock array may be operated 
over more than one amateur band. 

‘The response of the Adcock array to vertically 
polarized waves is similar to a conventional loop, and 
the directive pattern is essentially the same. Response of, 
the array to a horizontally polarized wave is consider- 
ably different from that of a loop, however. The currents 
induced in the horizontal members tend to balance out 
regardless of the orientation of the antenna. This effect 
has been verified in practice, where good nulls were 
obtained with an experimental Adcock under sky-wave 
conditions. The same circumstances produced poor nulls 
with small loops (both conventional and ferrite-loop 
models). 

Generally speaking, the Adcock antenna has attrac- 
tive properties for amateur RDF applications. Unfortu- 
nately, its portability leaves something to be desired, 
making it more suitable to fixed or semi-portable appli- 
cations. While a metal support for the mast and boom 
could be used, wood, PVC or fiberglass are preferable 
because they are nonconductors and would therefore 
cause less pattern distortion, 

Since the array is balanced, am antenna tuner is 
required to match the unbalanced input of a typical 
receiver. Fig 8 shows a suitable link-coupled network. 
C2 and C3 are null-balancing capacitors. A low-power 
signal source is placed some distance from the Adcock 


ae 


Fig 7—A simple Adcock antenna. 


Fig 8A suitable coupler for use with the Adcock 
antenna. 
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Fig 9—At A, the pattern of the Adcock array with an element spacing of ‘iz wavelength. In these plots the elements 
are aligned with the horizontal axis. As the element spacing is increased beyond °/. wavelength, additional nulls 
develop off the ends of the array, and at a spacing of 1 wavelength the pattern at B exists. This pattern is, 


unsuitable for RDF work. 


antenna and broadside to it. C2 and C3 are then adjusted 
until the deepest null is obtained. The tuner can be placed 
below the wiring-hamess junction on the boom. Connee- 
tion can be made by means of a short length of 300-0 
twin-lead. 

The radiation pattern of the Adcock is shown in 
Fig 9A. The nulls are in directions broadside to the array, 
and become sharper with greater element spacings. How- 
ever, with an element spacing greater than 0.75 4, the 
pattern begins to take on additional nulls in the direc- 
tions off the ends of the array axis. At a spacing of 
1 the pattern is that of Fig 9B, and the array is unsuit- 
able for RDF applications. 

Short vertical monopoles are often used in what is 
sometimes called the U-Adcock, so named because the 
elements with their feeders take on the shape of the letter 
U_ In this arrangement the elements are worked against 
the earth as a ground or counterpoise. If the array is used 
only for reception, earth losses are of no great conse- 
quence. Short, elevated vertical dipoles are also used in 
what is sometimes called the H-Adcock. 

‘The Adcock array, with two nulls in its pattern, has 
the same ambiguity as the loop and the loopstick. Add- 
ing a sensing element to the Adcock array has not met 
with great success. Difficulties arise from mutual cou- 
pling between the array elements and the sensing element, 
among other things. Because Adcock arrays are used pri- 
marily for fixed-station applications, the ambiguity pre- 
sents no serious problem. The fixed station is usually one 
of a group of stations in an RDF network. 


LOOPS VERSUS PHASED ARRAYS 


Although loops can be made smaller than suitable 
phased arrays for the same frequency of operation, the 
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phased arrays are preferred by some for a variety of rea- 
sons. In general, sharper nulls can be obtained with phased 
arrays, but this is also a function of the care used in con 
structing and feeding the individual antennas, as well as 
of the size of the phased array in terms of wavelengths, 
‘The primary constructional consideration is the shield- 
ing and balancing of the feed line against unwanted sig- 
nal pickup, and the balancing of the antenna for a 
symmetrical pattern 

Loops are not as useful for skywave RDF work 
because of random polarization of the received signal, 
Phased arrays are somewhat less sensitive to propag 
tion effects, probably because they are larger for the same 
frequency of operation and therefore offer some space 
diversity. In general, loops and loopsticks are used for 
mobile and portable operation, while phased arrays are 
used for fixed-station operation. However, phased arrays 
are used successfully above 144 MHz for portable and 
mobile RDF work. Practical examples of both types of, 
antennas are presented later in this chapter. 


THE GONIOMETER 


Most fixed RDF stations for government and commer- 
cial work use antenna arrays of stationary elements, rather 
than mechanically rotatable arrays. This has been true since 
the earliest days of radio. The early-day device that per- 
mits finding directions without moving the elements is 
called a radiogoniometer, ot simply a goniometer. Various 
types of goniometers are still used today in many 
installations, and offer the amateur some possibilities. 

The early style of goniometer is a special form of 
RF transformer, as shown in Fig 10. It consists of two 
fixed coils mounted at right angles to one another. Inside 
the fixed coils is a movable coil, not shown in Fig 10 to 


Fig 10—An early type of goniometer that is still used 
today in some ROF applications. This device is a 
special type of RF transformer that permits a movable 
coil in the center (not shown here) to be rotated and 
determine directions even though the elements are 
stationary. 


avoid cluttering the diagram. The pairs of connections 
marked A and B are connected respectively to two ele- 
‘ments in an array, and the output to the detector or receiver, 
is taken from the movable coil. As the inner coil is rotated, 
the coupling to one fixed coil increases while that to the 
other decreases. Both the amplitude and the phase of the 
signal coupled into the pickup winding are altered with 
rotation in a way that corresponds to actually rotating 
the array itself. Therefore, the rotation of the inner coil 
can be calibrated in degrees to correspond to bearing 
angles from the station location. 

In the early days of radio, the type of goniometer 
just described saw frequent use with fixed Adcock arrays. 
‘A refinement of that system employed four Adcock ele- 
‘ments, two arrays at right angles to each other. With a 
goniometer arrangement, RDF measurements could be 
taken in all compass directions, as opposed to none off 
the ends of a two-element fixed array. However, resolu- 
tion of the 4-clement system was not as good as with a 
single pair of elements, probably because of mutual cou- 
pling among the elements. To overcome this difficulty a 
few systems of eight elements were installed. 

‘Various other types of goniometers have been devel- 
oped over the years, such as commutator switching to vari- 
‘ous elements in the array. A later development is the diode 
switching of capacitors to provide a commutator effect. As 
mechanical action has gradually been replaced with ele 
tronics to “rotate” stationary elements, the word goniom- 
eter is used less frequently these days. However, it still 
appears in many engineering reference texts. The more com- 
plex electronic systems of today are called beam-forming 
networks, 


Electronic Antenna Rotation 


With an array of many fixed elements, beam rotation 
can be performed electronically by sampling and combin- 
ing signals from various individual elements in the array. 
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Fig 11—This diagram illustrates one technique used in 
electronic beam forming. By delaying the signal from 
element A by an amount equal to the propagation 
delay, the two signals may be summed precisely in 
phase, even though the signal is not in the broadside 
direction. Because this time delay is identical for all 
frequencies, the system is not frequency sensitive. 


Contingent upon the total number of elements in the sys- 
tem and their physical arrangement, almost any desired 
antenna pattern can be formed by summing the sampled 
signals in appropriate amplitude and phase relationships. 
Delay networks are used for some of the elements before 
the summation is performed. In addition, attenuators may 
be used for some elements to develop patterns such as from 
an array with binomial current distribution 

One system using these techniques is the 
Willenweber antenna, employed primarily in government 
and military installations. The Wullenweber consists of a 
very large number of elements arranged in a circle, usu- 
ally outside of (or in front of) a circular reflecting screen. 
Depending on the installation, the circle may be anywhere 
from a few hundred feet to more than a quarter of a mile 
in diameter. Although the Wullenweber is not one that 
would be constructed by an amateur, some of the tech- 
niques it uses may certainly be applied to Amateur Radio. 

For the moment, consider just two elements of a 
Wullenweber antenna, shown as A and B in Fig 11. Also 
shown is the wavefront of a radio signal arriving from a 
distant transmitter. As drawn, the wavefront strikes ele~ 
ment A first, and must travel somewhat farther before it 
strikes element B. There is a finite time delay before the 
wavefront reaches element B. 

‘The propagation delay may be measured by delay- 
ing the signal received at element A before summing it 
with that from element B. If the two 
bined directly, the amplitude of the resultant signal will 
be maximum when the delay for element A exactly equals 
the propagation delay. This results in an in-phase condi- 
tion at the summation point. Or if one of the signals is 
inverted and the two are summed, a null will exist when 
the element-A delay equals the propagation delay; the 
signals will combine in a 180° out-of-phase relationship. 
Either way, once the time delay is known, it may be con- 
verted to distance. Then the direction from which the wave 
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is arriving may be determined by trigonometry. 

By altering the delay in small increments, the peak 
of the antenna lobe (or the null) can be steered in azi- 
muth, This is true without regard to the frequency of the 
incoming wave. Thus, as long as the delay is less than 
the period of one RF cycle, the system is not frequency 
sensitive, other than for the frequency range that may be 
covered satisfactorily by the array elements themselves. 
Surface acoustic wave (SAW) devices or lumped-constant 
networks can be used for delay lines in such systems if 
the system is used only for receiving. Rolls of coaxial 
cable of various lengths are used in installations for trans- 
mitting. In this case, the lines are considered for the time 
delay they provide, rather than as simple phasing lines. 
‘The difference is that a phasing line is ordinarily designed 
for a single frequency (or for an amateur band), while a 
delay line offers essentially the same time delay at all 
frequencies. 

By combining signals from other Wullenweber ele- 
‘ments appropriately, the broad beamwidth of the pattern 
from the two elements can be narrowed, and unwanted 
sidelobes can be suppressed. Then, by electronically 
switching the delays and attenuations to the various ele- 
‘ments, the beam so formed can be rotated around the com- 
pass. The package of electronics designed to do this, 
including delay lines and electronically switched attenua- 
tors, is the beam-forming network. However, the 
Wullenweber system is not restricted to forming a single 
beam. With an isolation amplifier provided for each ele- 
‘ment of the array, several beam-forming networks can be 
operated independently. Imagine having an antenna sys- 
tem that offers a dipole pattern, a thombic pattern, and a 
‘Yagi beam pattern, all simultaneously and without fre- 
quency sensitivity. One or more may be rotating while 
another is held in a particular direction. The Wullenweber, 
‘was designed to fulfill this type of requirement. 

(One feature of the Wullenweber antenna is that it can 
operate 360° around the compass. In many government 
installations, there is no need for such coverage, as the 
areas of interest lie in an azimuth sector. In such cases an 
in-line array of elements with a backscreen or curtain re- 
flector may be installed broadside to the center of the se 
tor. By using the same techniques as the Wullenweber, 
the beams formed from this array may be slewed left and 
right across the sector. The maximum sector width avail- 
able will depend on the installation, but beyond 70° to 80° 
the patterns begin to deteriorate to the point that they are 
unsatisfactory for precise RDF work. 


RDF SYSTEM CALIBRATION AND USE 


Once an RDF system is initially assembled, it should 
be calibrated or checked out before actually being put 
into use. Of primary concern is the balance or symmetry 
of the antenna pattern, A lop-sided figure-8 pattern with 
a loop, for example, is undesirable; the mulls are not 180° 
apart, nor are they at exact right angles to the plane of 
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the loop. If you didn’t know this fact in actual RDF work, 
measurement accuracy would suffer. 

Initial checkout can be performed with a low- 
powered transmitter at a distance of a few hundred feet 
It should be within visual range and must be operating 
into a vertical antenna. (A quarter-wave vertical or a 
loaded whip is quite suitable.) The site must be reason- 
ably clear of obstructions, especially steel and concrete 
or brick buildings, large metal objects, nearby power lines, 
and so on. If the system operates above 30 MHz, you 
should also avoid trees and large bushes. An open field 
makes an excellent site 

‘The procedure is to find the transmitter with the RDF 
equipment as if its position were not known, and com- 
pare the RDF null indication with the visual path to the 
transmitter. For antennas having more than one null. each 
null should be checked. 

If imbalance is found in the antenna system, there 
are two options available. One is to correct the imbal- 
ance. Toward this end, pay particular attention to the feed 
line. Using a coaxial feeder for a balanced antenna invites 
an asymmetrical pattern, unless an effective balun is used 
‘A balun is not necessary if the loop is shielded, but an 
asymmetrical pattern can result with misplacement of the 
break in the shield itself. The builder may also find that 
the presence of a sensing antenna upsets the balance 
slightly, due to mutual coupling. Experiment with its 
position with respect to the main antenna to correct the 
error. You will also note thatthe position of the null shifts 
by 90° as the sensing element is switched in and out, and 
the null is not as deep. This is of little concern, however, 
as the intent of the sensing antenna is only to resolve 
ambiguities. The sensing element should be switched out 
when accuracy is desired 

‘The second option is to accept the imbalance of the 
antenna and use some kind of indicator to show the true 
directions of the nulls. Small pointers, painted marks on 
the mast, or an optical sighting system might be used 
Sometimes the end result ofthe calibration procedure will 
be a compromise between these two options, asa perfect 
electrical balance may be difficult or impossible to attain 

‘The discussion above is oriented toward calibrating 
portable RDF systems. The same general suggestions 
apply if the RDF array is fixed, such as an Adcock. How- 
ever, it won't be possible to move it to an open field 
Instead, the array must be calibrated in its intended oper- 
ating position through the use of a portable or mobile 
transmitter. Because of nearby obstructions or reflecting 
objects, the null inthe pattern may not appear to indicate 
the precise direction of the transmitter. Do not confuse 
this with imbalance in the RDF array. Check for imbal- 
ance by rotating the array 180° and comparing readings 

Once the balance is satisfactory, you should make a 
table of bearing errors noted in different compass direc- 
tions. These error values should be applied as corrections 
‘when actual measurements are made. The mobile or por- 
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Fig 12—A multiturn frame antenna is shown at A. L2 is, 
the coupling loop. The drawing at B shows how L2 is 
connected to a preamplifier. 


table transmitter should be at a distance of two or three 
miles for these measurements, and should be in as clear 
an area as possible during transmissions. The idea is to 
avoid conduction of the signal along power lines and other 
overhead wiring from the transmitter to the RDF site. OF 
course the position of the transmitter must be known 
accurately for each transmission, 


FRAME LOOPS 


It was mentioned earlier that the earliest style of 
receiving loops was the frame antenna, If carefully con- 
structed, such an antenna performs well and can be built 
at low cost. Fig 12 illustrates the details of a practical 
frame type of loop antenna, This antenna was designed 
by Doug DeMaw, WIFB, and described in QST for July 
1977. (See the Bibliography at the end of this chapter.) 
The circuit in Fig 12A is a 5-turn system tuned to reso- 
nance by C1. If the layout is symmetrical, good balance 
should be obtained. L2 helps to achieve this objective by 
eliminating the need for direct coupling to the feed ter- 
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Fig 13—A wooden frame can be used to contain the 
wire of the loop shown in Fig 12. 


Fig 14—An assembled table-top version of the 
electrostatically shielded loop. RG-58 cable is used 
in its construction. 
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minals of LI. If the loop feed were attached in parallel 
with Cl, a common practice, the chance for imbalance 
would be considerable, 

L2 can be situated just inside or slightly outside of 
Ll; a L-inch separation works nicely. The receiver or 
preamplifier can be connected to terminals A and B of 
2, as shown in Fig 12B. C2 controls the amount of cou- 
pling between the loop and the preamplifier. The lighter 
the coupling, the higher is the loop Q, the narrower is the 
frequency response, and the greater is the gain require- 
‘ment from the preamplifier. It should be noted that no 
attempt is being made to match the extremely low loop, 
impedance to the preamplifier. 

‘A supporting frame for the loop of Fig 12 can be 
constructed of wood, as shown in Fig 13. The dimen- 
sions given are for a 1.8-MHz frame antenna. For use on 
75 or 40 meters, L1 of Fig 12 will require fewer turns, 
or the size of the wooden frame should be made some- 
what smaller than that of Fig 13 


SHIELDED FRAME LOOPS 


If electrostatic shielding is desired, the format shown 
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Fig 15—Components and assembly details of the 
shielded loop shown in Fig 14. 
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in Fig 14 can be adopted. In this example, the loop con- 
ductor and the single-turn coupling loop are made from 
RG-58 coaxial cable. The number of loop turns should be 
sufficient to resonate with the tuning capacitor at the op- 
crating frequency. Antenna resonance can be checked by 
first connecting Cl (Fig 12A) and setting it at midrange. 
Then connect a small 3-turn coil to the loop feed tern 
nals, and couple to it with a dip meter. Just remember that 
the pickup coil will act to lower the frequency slightly 
from actual resonance. 

In the antenna photographed for Fig 14, the 1-turn 
coupling loop was made of #22 plastic-insulated wire. 
However, electrostatic noise pickup occurs on such a cou- 
pling loop, noise of the same nature that the shield on the 
main loop prevents. This can be avoided by using RG-58 
for the coupling loop. The shield of the coupling loop 
should be opened for about I inch at the top, and each 
end of the shield grounded to the shield of the main loop. 

Larger single-turn frame loops can be fashioned from 
aluminum-jacketed Hardline, if that style of coax is avail- 
able. In either case, the shield conductor must be opened 
at the electrical center of the loop, as shown in Fig 15 at 
A and B. The design example is for 1.8-MHz operation, 

To realize the best performance from an electro- 
statically shielded loop antenna, you must operate it near 
to and directly above an effective ground plane. An auto- 
mobile roof (metal) qualifies nicely for small shielded loops. 
For fixed-station use, a chicken-wire ground screen can 
be placed below the antenna at a distance of 1 to 6 feet. 
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Fig 16—At A, the diagram of a ferrite loop. C1 is a duai 
section air-variable capacitor. The circuit at B shows a rod 
loop contained in an electrostatic shield channel (see 

text). A suitable low-noise preamplifier is shown in Fig 19. 
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Fig 17—The assembly at the top of the picture is a 
shielded ferrite-rod loop for 160 meters. Two rods have 
been glued end to end (see text). The other units in the 
picture are a low-pass filter (lower lett), broadband 
preamplifier (lower center) and a Tektronix step 
attenuator (lower right). These were part of the test 
setup used when the antenna was evaluated. 


FERRITE-CORE LOOPS 


Fig 16 contains a diagram for a rod loop (loopstick 
antenna). This antenna was also designed by Doug 
DeMaw, WIFB, and described in QS7 for July 1977. The 
winding (L1) has the appropriate number of turns to per- 
mit resonance with Cl at the operating frequency. Ll 
should be spread over approximately Vs of the core cen- 


ter. Litz wire will yield the best Q, but Formvar magnet 
wire can be used if desired. A layer of 3M Company glass 
tape (or Mylar tape) is recommended as a covering for 
the core before adding the wire. Masking tape can be used 
if nothing else is available. 

L2 functions as a coupling link over the exact cen- 
ter of LI. Cl isa dual-section variable capacitor, although 
a differential capacitor might be better toward obtaining 
optimum balance. The loop Q is controlled by means of 
C2, which is a mica-compression trimmer. 

Electrostatic shielding of rod loops can be effected 
by centering the rod in a U-shaped aluminum, brass or 
copper channel, extending slightly beyond the ends of, 
the rod loop (I inch is suitable). The open side (top) of 
the channel can’t be closed, as that would constitute a 
shorted turn and render the antenna useless. This can be 
proved by shorting across the center of the channel with 
a screwdriver blade when the loop is tuned to an incom- 
ing signal. The shield-braid gap in the coaxial loop of 
Fig 15 is maintained for the same reason 

Fig 17 shows the shielded rod loop assembly. This 
antenna was developed experimentally for 160 meters and 
uses two 7-inch ferrite rods, glued together end-to-end 
with epoxy cement. The longer core resulted in improved 
sensitivity for weak-signal reception. The other items in 
the photograph were used during the evaluation tests and 
are not pertinent to this discussion. This loop and the 
frame loop discussed in the previous section have bidi- 
rectional nulls, as shown in Fig LA. 


Obtaining a Cardioid Pattern 
Although the bidirectional pattern of loop antennas 


Fig 18—Schematic 
diagram of a rod-loop 
antenna with a cardiold 
response. The sensing 
antenna, phasing 
network and a 
preamplifier are shown 
also. The secondary of Tt 
‘and the primary of T2 are 
tuned to resonance at 
the operating frequency 
of the loop. 768-2 to 
68-6 Amidon toroid 
cores are suitable for 
both transformers. 
Amidon also sells ferrite 
rods for this type of 
antenna. 
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Fig 19—Schematic diagram of a tw 
Tt and T2 have a 4:1 impedance 


be built on double-sided circuit board for best stability. 


can be used effectively in tracking down signal sources 
by means of triangulation, an essentially unidirectional 
loop response will help to reduce the time spent finding 
the fox. Adding a sensing antenna to the loop is simple to 
do, and it will provide the desired cardioid response. The 
theoretical pattern for this combination is shown in Fig 
1D. 

Fig 18 shows how a sensing element can be added 
to a loop or loopstick antenna. The link from the loop is 
connected by coaxial cable to the primary of TI, which 
is a tuned toroidal transformer with a split secondary 
winding. C3 is adjusted for peak signal response at the 
frequency of interest (as is C4), then RI is adjusted for 
minimum back response of the loop. It will be necessary 
to readjust C3 and RI several times to compensate for 
the interaction of these controls. The adjustments are 
repeated until no further null depth can be obtained. Tests 
at ARRL Headquarters showed that null depths as 
great as 40 dB could be obtained with the circuit of 
Fig 18 on 75 meters. A near-field weak-signal source was 
used during the tests. 

The greater the null depth, the lower the signal out- 
put from the system, so plan to include a preamplifier with 
25 to 40 dB of gain. QI shown in Fig 18 will deliver ap- 
proximately 15 dB of gain. The circuit of Fig 19 can be 
used following T2 to obtain an additional 24 dB of gain. 
In the interest of maintaining a good noise figure, even at 
1.8 MHz, QI should be a low-noise device. A 2N4416, an 
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-stage broadband amplifier patterned after a design by Wes Hayward, W7ZOl. 
io and are wound on FT-50-61 toroid cores (Amidon) which have a jy of 125. 
They contain 12 turns of #24 enamel wire, bifilar wound. The capacitors are disc cerami 


This amplifier should 


MPF102, o a 40673 MOSFET would be satisfactory. The 
sensing antenna can be mounted 6 to 15 inches from the 
loop. The vertical whip need not be more than 12 to 
20 inches long. Some experimenting may be necessary in 
order to obtain the best results. Optimization will also 
change with the operating frequency of the antenna, 


A SHIELDED LOOP WITH 

SENSING ANTENNA FOR 28 MHz 

Fig 20 shows the construction and mounting of a 
simple shielded 10-meter loop. The loop was designed, 
by Loren Norberg, WOPYG, and described in QST for 
April 1954. (See the Bibliography at the end of this chap- 
ter.) It is made from an 18-inch length of RG-11 coax 
(either solid or foam dielectric) secured to an aluminum 
box of any convenient size, with two coaxial cable hoods 
(Amphenol 83-1HP). The outer shield must be broken at 
the exact center. C1 is a 25-pF variable capacitor, and is, 
connected in parallel with a 33-pF fixed mica padder 
capacitor, C3. C1 must be tuned to the desired frequency 
while the loop is connected to the receiver in the same 
way as it will be used for RDF. C2 is a small differential 
capacitor used to provide electrical symmetry. The lead- 
in to the receiver is 67 inches of RG-59 (82 inches if the 
cable has a foamed dielectric), 

‘The loop can be mounted on the roof of the car with 
a rubber suction cup. The builder might also fabricate 
some kind of bracket assembly to mount the loop tempo- 


rarily in the window opening of the automobile, allow- 
ing for loop rotation. Reasonably true bearings may be 
obtained through the windshield when the car is pointed 
in the direction of the hidden transmitter. More accurate 
bearings may be obtained with the loop held out the win- 
dow and the signal coming toward that side of the car. 

Sometimes the car broadcast antenna may interfere 
with accurate bearings. Disconnecting the antenna from 
the broadcast receiver may eliminate this trouble. 


Sensing Antenna 

A sensing antenna can be added to Norberg’s loop 
above to determine which of the two directions indicated 
by the loop is the correct one. Add a phono jack to the top 
of the aluminum case shown in Fig 20. The insulated cen- 
ter terminal of the jack should be connected to the side of 
the tuning capacitors that is common to the center con- 
ductor of the RG-59 coax feed line. The jack then takes a 
short vertical antenna rod of the diameter to fit the jack, or 
a piece of #12 or #14 solid wire may be soldered to the 


ayy 


Fig 20—Sketch showing the constructional details of 
the 28-MHz RDF loop. The outer braid of the coax loop 
is broken at the center of the loop. The gap is covered 
with waterproof tape, and the entire assembly is given 
coat of acrylic spray. 


center pin of a phono plug for insertion in the jack. The 
sensing antenna can be plugged in as needed. Starting with 
a length of about four times the loop diameter, the length 
of the sensing antenna should be pruned until the pattern 
is similar to that of Fig 1D. 


THE SNOOP LOOP—FOR 
CLOSE-RANGE HF RDF 

Picture yourself on a hunt for a hidden 28-MHz 
transmitter. The night is dark, very dark. After you take 
off at the start of the hunt, heading in the right direction, 
the signal gets stronger and stronger. Your excitement 
increases with each additional $ unit on the meter. You 
follow your loop closely, and it is working perfectly 
You're getting out of town and into the countryside. The 
roads are unfamiliar. Now the null is beginning to swing 
rather rapidly, showing that you are getting close. 

‘Suddenly the null shifts to give a direction at right 
angles to the car. With your flashlight you look carefully 
across the deep ditch beside the road and into the dark 
field where you know the transmitter is hidden, There 
are no roads into the field as far as you can see in either 
direction. You dare not waste miles driving up and down 
the road looking for an entrance, for each tenth of a mile 
counts. But what to do?— Your HF transceiver is mounted 
in your car and requires power from your car battery. 

In a brief moment your decision is made. You park 


Fig 21—The box containing the detector and amplifier 
is also the "handle" for the Snoop Loop. The loop is. 
mounted with a coax T as a support, a convenience but 
‘not an essential part of the loop assembly. The loop 
tuning capacitor is screwdriver adjusted. The on-off 
switch and the meter sensitivity control may be 
‘mounted on the bottom. 
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Fig 22—The Snoop Loop circuit for 28-MHz operation. 

The loop is a single turn of RG-8 inner conductor, the 

outer conductor being used as a shield. Note the gap 

in the shielding; about a 1-inch section of the outer 

conductor should be cut out. Refer to Fig 23 for 

alternative connection at points A and B for other 

frequencies of operation. 

BT1—Two penlight cells. 

(C1—25-pF midget air padder. 

‘D1—Small-signal germanium diode such as 1N34A or 
equiv. 

DSi—Optional 2-cell penlight lamp for meter 
illumination, such as no. 222. 

Q1—PNP transistor such as ECG102 or equiv. 

R1—100-kO potentiometer, linear taper. May be 
'PC-mount style. 

R2—50-KQ potentiometer, linear taper. 

S1—SPST toggle. 

‘$2—Optional momentary push for illuminating meter. 


beside the road, take your flashlight, and plunge into the 
veldt in the direction your loop null clearly indicated. 
But after taking a few steps, you're up to your armpits in 
brush and can’t see anything forward or backward. You 
stumble on in hopes of running into the hidden transmit- 
ter—you're probably not more than a few hundred feet 
from it. But away from your car and radio equipment, 
it’s like the proverbial hunt for the needle in the haystack. 
What you really need is a portable setup for hunting at 
close range, and you may prefer something that is inex- 
pensive. The Snoop Loop was designed for just these 
requirements by Claude Maer, Jr, WOIC, and was 
described in QST for February 1957. (See the Bibliogra- 
phy at the end of this chapter.) 

The Snoop Loop is pictured in Fig 21. The loop itself 
is made from a length of RG-8 coax, with the shield bro- 
ken at the top. A coax T connector is used for conve- 
rience and ease of mounting. One end of the coax loop is 
connected to a male plug in the conventional way, but the 
center conductor of the other end is shorted to the shield 
so the male connector at that end has no connection to 
the center prong. This results in an unbalanced circuit, 
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Fig 23—Input circuit for lower frequency bands. Points 
‘A.and B are connected to corresponding points in the 
circuit of Fig 22, substituting for the loop and C1 in 
that circuit. L1-C1 should resonate within the desired 
amateur band, but the L/C ratio is not critical. After 
construction is completed, adjust the position of the 
tap on Lt for maximum signal strength. Instead of 
‘connecting the RDF loop directly to the tap on L1, a 
length of low impedance line may be used between the 
loop and the tuned circuit, L1-C1. 


irectional 3.5-MHz RDF using ferrite-core 
ith sensing antenna. Adjustable components of 
the circuit are mounted in the aluminum chassis 
supported by a short length of tubing. 


but seems to give good bidirectional null readings, as well, 
as an easily detectable maximum reading when the 
grounded end of the loop is pointed in the direction of 
the transmitter. Careful tuning with C1 will improve this, 
maximum reading. Don’t forget to remove one inch of 
shielding from the top of the loop. You won't get much 
signal unless you do. 

‘The detector and amplifier circuit for the Snoop Loop 


- Target use cases: starting with Enhanced Mobile Broadband (eMBB) as well as Low Latency 
and High Reliability to enable some URLLC (Ultra-reliable and Low Latency Communications, 
cf. 1.2) use cases. 


- _ Simultaneous examination of frequency ranges below 6 GHz and above 6 GHz. 


Release 16, the second phase of 5G specifications, will then focus more on other segments such as 
mMTC (Massive Machine Type Communications, cf. 1.2), for instance, to tackle oT use cases that 
require higher quality of service than what LPWAN (Low-Power Wide-Area Network)” can provide. 


In its non-standalone version, the NR control plane is LTE’. in other words, the 4G network controls the SG carters and 
spreads users across the different bands and technologies 
* sigfox and LoRa LPWAN 
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Fig 25—Circuit of the 3.5-MH2 direction finder loop. 

(C1—140 pF variable (125-pF ceramic trimmer in 
parallel with 15-pF ceramic fixed. 

Li—Approximately 140 wH adjustable (Miller No. 4512 
‘or equivalent. 

Ri—1-k0 carbon potentiometer. 

Si—SPST toggle. 

Loopstick—Approximately 15 wH (Miller 705-A, with 
‘original winding removed and wound with 20 turns of 
#22 enamel). Link is two turns at center. Winding ends 
secured with Scotch electrical tape. This type of 
ferrite rod may also be found in surplus transistor AM 
radios. 


is shown in Fig 22. The model photographed does not 
include the meter, as it was built for use only with high- 
impedance headphones. The components are housed in 
an aluminum box. Almost any size box of sufficient size 
to contain the meter can be used. At very close ranges, 
reduction of sensitivity with R2 will prevent pegging the 
meter. 

‘The Snoop Loop is not limited to the 10-meter band 
or to a built-in loop. Fig 23 shows an alternative circuit 
for other bands and for plugging in a separate loop con- 
nected by a low-impedance transmission line. Select coil 
and capacitor combinations that will tune to the desired 
frequencies. Plug-in coils could be used. It is a good idea 
to have the RF end of the unit fairly well shielded, to 
eliminate signal pickup except through the loop. This little 
unit should certainly help you on those dark nights in the 
country. (Tip to the hidden-transmitter operator—if you 
want to foul up some of your pals using these loops. just 
hide near the antenna of a 50-kW broadcast transmitter!) 


A LOOPSTICK FOR 3.5 MHz 


Figs 24 through 26 show an RDF loop suitable for the 
3.5-MHz band, It uses a construction technique that has 
had considerable application in low-frequency marine di- 
rection finders. The loop is a coil wound on a ferrite rod 
from a broadcast-antenna loopstick. The loop was designed 
by John Isaacs, WOPZV, and described in QST for June 


1958. Because you can make a coil with high Q using a 
ferrite core, the sensitivity of such a loop is comparable to 
a conventional loop that is a foot or so in diameter. The 
output of the vertical-rod sensing antenna, when properly 
combined with that of the loop, gives the system the car- 
dioid pattern shown in Fig 1D. 

‘To make the loop, remove the original winding on 
the ferrite core and wind a new coil, as shown in Fig 25, 
Other types of cores than the one specified may be sub- 
stituted: use the largest coil available and adjust the wind- 
ing so that the circuit resonates in the 3.5-MHz band 
within the range of Cl. The tuning range of the loop may 
be checked with a dip meter. 

‘The sensing system consists of a 15-inch whip and 
an adjustable inductor that resonates the whip as a quar- 
ter-wave antenna. It also contains a potentiometer to con- 
trol the output of the antenna. $1 is used to switch the 
sensing antenna in and out of the circuit. 

‘The whip, the loopstick, the inductance Ll, the 
capacitor Cl, the potentiometer R1, and the switch S1 
are all mounted on a4 x 5 x 3-inch box chassis, as shown 
in Fig 26. The loopstick may be mounted and protected 
inside a piece of '/-inch PVC pipe. A section of '/2-inch 
electrical conduit is attached to the bottom of the chassis 
box and this supports the instrument. 

To produce an output having only one null there must, 
2 90° phase difference between the outputs of the loop and 
sensing antennas, and the signal strength from each must 
be the same. The phase shift is obtained by tuning the sens- 
ing antenna slightly off frequency, using the slug in Ll 
Since the sensitivity of the whip antenna is greater than that 
of the loop, its output is reduced by adjusting RI. 


Adjustment 

To adjust the system, enlist the aid of a friend with a 
mobile transmitter and find a clear spot where the transmit- 
ter and RDF receiver can be separated by several hundred 
feet. Use as little power as possible at the transmitter. (Make 
very sure you don’t transmit into the loop if you are using a 
transceiver as a detector.) With the test transmitter operat- 
ing on the proper frequency, disconnect the sensing antenna 
with $1, and peak the loopstick using C1, while watching 
the S meter on the transceiver. Once the loopstick is peaked, 
no further adjustment of C1 will be necessary. Next, con- 
nect the sensing antenna and turn R1 to minimum resistance. 
Then vary the adjustable slug of L1 until a maximum rea 
ing of the S meter is again obtained, It may be necessary to 
turn the unit a bit during this adjustment to obtain a higher 
reading than with the loopstick alone. The last turn of the 
slug is quite critical, and some hand-capacitance effect may 
be noted. 

Now turn the instrument so that one side (not an end) 
of the loopstick is pointed toward the test transmitter. Turn 
R1 a complete revolution and if the proper side was cho- 
sen a definite null should be observed on the § meter for 
one particular position of R1. If not, turn the RDF 180° 
and try again, This time leave RI at the setting producing 
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Fig 26—Components of the 3.5-MHz RDF are mounted 
on the top and sides of a channel-lock type box. In this 
view R1 is on the left wall at the upper left and C1 is at 
the lower left. L1, $1 and the output connector are on 
the right wall. The loopstick and whip mount on the 
outside. 


the minimum reading. Now adjust LI very slowly until 
the S-meter reading is reduced still further. Repeat this 
several times, first RI, and then LI, until the best mini- 
mum is obtained. 

Finally, as a check, have the test transmitter move 
around the RDF and follow it by turning the RDF. If the 
tuning has been done properly the null will always be 
broadside to the loopstick. Make a note of the proper side 
of the RDF for the null, and the job is finished, 


A 144-MHZ CARIOID-PATTERN RDF 
ANTENNA 


Although there may be any number of different VHF 
antennas that can produce a cardioid pattern, a simple 
design is depicted in Fig 27. Two '/-wavelength vertical 
elements are spaced one '/-A apart and are fed 90° out of 
phase. Each radiator is shown with two radials approxi- 
mately 5% shorter than the radiators. This array was 
designed by Pete O'Dell, KBIN, and described in OST 
for March 1981 

Computer modeling showed that slight alterations 
in the size, spacing and phasing of the elements strongly 
impact the pattern. The results suggest that this system is 
a litle touchy and that the most significant change comes 
at the null. Very slight alterations in the dimensions 
caused the notch to become much more shallow and. 
hence. less usable for RDF. Early experience in building 
a working model bore this out 

This means that if you build this antenna, you will 
find it advantageous to spend a few minutes to tune it 
carefully for the deepest null. If itis built using the tech- 
niques presented here, then this should prove to be a small 
task, well worth the extra effort. Tuning is accomplished 
by adjusting the length of the vertical radiators, the spac- 
ing between them and, if necessary, the lengths of the 
phasing harness that connects them. Tune for the deepest 
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Fig 27—At A is a simple configuration that can 
produce a cardioid pattern. AtB is a convenient way 
of fabricating a sturdy mount for the radiator using 
BNC connectors. 


ull on your $ meter when using a signal source such as 
‘a moderately strong repeater. 

This should be done outside, away from buildings 
and large metal objects. Initial indoor tuning on this 
project was tried in the kitchen, which revealed that 
reflections off the appliances were producing spurious 
readings. Beware too of distant water towers, radio towers, 
and large office or apartment buildings. They can reflect 
the signal and give false indications. 

Construction is simple and straightforward. Fig 27B 
shows a female BNC connector (RadioShack 278-105) 
that has been mounted on a small piece of PC-board 
material. The BNC connector is held upside down, and 
the vertical radiator is soldered to the center solder lug. 
A 12-inch piece of brass tubing provides a snug fit over, 
the solder lug. A second piece of tubing, slightly smaller 
in diameter, is telescoped inside the first. The outer tub- 
ing is crimped slightly at the top after the inner tubing is 
installed. This provides positive contact between the two 
tubes. For 146 MHz the length of the radiators is calcu- 
lated to be about 19 inches. You should be able to find 
small brass tubing at a hobby store. If none is available 
in your area, consider brazing rods. These are often avail- 
abie in hardware sections of discount stores. It will prob- 
ably be necessary to solder a short piece to the top since 
these come in 18-inch sections. Also, tuning will not be 
quite as convenient. Two 18-inch radials are added to each 
clement by soldering them to the board. Two 36-inch 
pieces of heavy brazing rod were used in this project. 


The Phasing Harness 

As shown in Fig 28, a T connector is used with two 
different lengths of coaxial line to form the phasing har- 
ness. This method of feeding the antenna is superior over 


harness for the phased 144-MHz 
ing sections must be measured from 
the center of the T connector to the point that the vertical 
radiator emerges from the shielded portion of the 
upside-down BNC female. Don't forget to take the length 
of the connectors into account when constructing the 
harness. If care is taken and coax with solid 
polyethylene dielectric is used, you should not have to 
prune the phasing line. With this phasing system, the 
rll will be 

in a direction that runs along the boom, on the side of 
the '/ewavelength section. 


other simple systems to obtain equal currents in the two 
radiators. Unequal currents tend to reduce the depth of 
the null in the pattern, all other factors being equal 

The '/s-wavelength section can be made from either 
RG-58 of RG-$9, because it should act as a 1:1 transformer. 
With no radials or with two radials perpendicular to the 
vertical element, it was found that a wavelength sec- 
tion made of RG-59 75-Q coax produced a deeper notch 
than a Yeewavelength section made of RG-58 50-0 line. 
However, with the two radials bent downward somewhat, 
the RG-58 section seemed to outperform the RG-59. 
Because of minor differences in assembly techniques from 
one antenna to another, it will probably be worth your time 
and effort to try both types of coax and determine what 
‘works best for your antenna, You may also want to try 
bending the radials down at slightly different angles for 
the best null performance. 

The most important thing about the coax for the ha 
ness is that it be of the highest quality (well-shielded and 
with a polyethylene dielectric). The reason for avoiding 
foam dielectric is that the velocity factor can vary from 
fone roll to the next—some say that it varies from one 
foot to the next. OF course, it can be used if you have test 
equipment available that will allow you to determine its 
electrical length. Assuming that you do not want to or 
cannot go to that trouble, stay with coax having a solid 
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Fig 29—A simple mechanical support for the DF 
antenna, made of PVC pipe and fittings. 


polyethylene dielectric. Avoid coax that is designed for 
the CB market or do-it-yourself cable-TV market. (A good 
choice is Belden 8240 for the RG-S8 or Belden 8241 for 
the RG-59.) 

Both RG-58 and RG-59 with polyethylene diclec- 
tric have a velocity factor of 0.66. Therefore, for 146 MHz 
a quarter wavelength of transmission line will be 
20.2 inches x 0.66 = 13.3 inches. A half-wavelength sec- 
tion will be twice this length or 26.7 inches. One thing 
you must take into account is that the transmission line is 
the total length of the cable and the connectors. Depend- 
ing on the type of construction and the type of connec- 
tors that you choose, the actual length of the coax by itself 
will vary somewhat. You will have to determine that for 
yourself. 

Y connectors that mate with RCA phono plugs are 
widely available and the phono plugs are easy to work with. 
Avoid the temptation, however, to substitute these for the 
T and BNC connectors. Phono plugs and a Y connector 
were tried. The results with that system were not satisfac- 
tory. The performance seemed to change from day to day 
and the notch was never as deep as it should have been. 
Although they are more difficult to find, BNC T connec- 
tors will provide superior performance and are well worth 
the extra cost. If you must make substitutions, it would be 
preferable to use UHF connectors (type PL-259). 

Fig 29 shows a simple support for the antenna, PVC 
tubing is used throughout. Additionally, you will need a 
T fitting, two end caps, and possibly some cement. (By 
not cementing the PVC fittings together, you will have 
the option of disassembly for transportation.) Cut the PVC 
for the dimensions shown, using a saw or a tubing cutter. 
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Fig 30—At the left, Ay represents the antenna of the 
hidden transmitter, T. At the right, rapid switching 
between antennas A, and A, at the receiver samples 
the phase at each antenna, creating a pseudo-Doppler 
effect. An FM detector detects this as phase 
modulation. 
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Fig 31—if both receiving antennas are an equal 
distance (0) from the transmitting antenna, there will 
be no difference in the phase angles of the signals in 
the receiving antennas. Therefore, the detector will not 
detect any phase modulation, and the audio tone will 
disappear from the output of the detector. 


a 


‘A tubing cutter is preferred because it produces smooth, 
straight edges without making a mess. Drill a small hole 
through the PC board near the female BNC of each ele- 
‘ment assembly. Measure the 20-inch distance horizontally 
along the boom and mark the two end points. Drill a small 
hole vertically through the boom at each mark. Use a small 
‘nut and bolt to attach each element assembly to the boom. 


Tuning 

The dimensions given throughout this section are 
those for approximately 146 MHz. If the signal you will 
be hunting is above that frequency, then the measurements 
should be a bit shorter. If you wish to operate below that 
frequency, then they will need to be somewhat longer. Once 
you have built the antenna to the rough size, the fun begins. 
‘You will need a signal source near the frequency that you 
will be using for your RDF work. Adjust the length of the 
radiators and the spacing between them for the deepest 
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null on your $ meter. Make changes in increments of '/s 
inch or less. If you must adjust the phasing line, make 
sure that the 'Ys-wavelength section is exactly one-half 
the length of the half-wavelength section. Keep tuning 
until you have a satisfactorily deep null on your $ meter. 


THE DOUBLE-DUCKY DIRECTION 
FINDER 

For direction finding, most amateurs use antennas 
having pronounced directional effects, either a null or a 
peak in signal strength. FM receivers are designed to 
climinate the effects of amplitude variations, and so they 
are difficult to use for direction finding without looking 
at an § meter. Most modern HT transceivers do not have 
S meters. 

This classic “Double-Ducky” direction finder 
(DDDF) was designed by David Geiser, WA2ANU, and 
was described in QST for July 1981. It works on the prin- 
ciple of switching between two nondirectional antennas, 
as shown in Fig 30. This creates phase modulation on the 
incoming signal that is heard easily on the FM receiver. 
When the two antennas are exactly the same distance 
(phase) from the transmitter, as in Fig 31, the tone disap- 
pears. (This technique is also known in the RDF literature 
as Time-Difference-of-Arrival, or TDOA, since signals 
arrive at each antenna at slightly different times, and hence 
at slightly different phases, from any direction except on 
‘a line perpendicular to and halfway in-between the two 
antennas. Another general term for this kind of two- 
antenna RDF technique is interferometer. —Ed.) 

In theory the antennas may be very close to each 
other, but in practice the amount of phase modulation 
increases directly with the spacing, up to spacings of a 
half wavelength. While a half-wavelength separation on 
2 meters (40 inches) is pretty large for a mobile array, a 
quarter wavelength gives entirely satisfactory results, and 
even an eighth wavelength (10 inches) is acceptable. 

Think in terms of two antenna elements with fixed 
spacing. Mount them on a ground plane and rotate that 
ground plane. The ground plane held above the hiker’s 
head or car roof reduces the needed height of the array 
and the directional-distorting effects of the searcher's 
body or other conducting objects. 

‘The DDDF is bidirectional and, as described, its tone 
null points both toward and away from the signal origin. 
An L-shaped search path would be needed to resolve the 
ambiguity. Use the techniques of triangulation described 
cearlier in this chapter. 


Specific Design 

Itis not possible to find a long-life mechanical switch 
operable at a fairly high audio rate, such as 1000 Hz. Yet 
‘we want an audible tone, and the 400- to 1000-Hz range is 
perhaps most suitable considering audio amplifiers and 
average hearing. Also, if we wish to use the transmit fune- 
tion of a transceiver, we need a switch that will carry per- 
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Fig 32—Schematic diagram of the DDDF circuit. Construction and layout are not critical. Components inside 
the broken lines should be housed inside a shielded enclosure. Most of the components are available from 


RadioShack, except D1, D2, the antennas and RFC1-RFC3. These components are discussed 


haps 10 W without much problem, 

A solid-state switch, the PIN diode is used. The 
intrinsic region of this type of diode is ordinarily bare 
of current carriers and, with a bit of reverse bias, looks 
like a low-capacitance open space. A bit of forward 
bias (20 to 50 mA) will load the intrinsic region with 
current carriers that are happy to dance back and forth at 
a 148-MHz rate, looking like a resistance of an ohm or 
so. In a 10-W circuit, the diodes do not dissipate enough 
power to damage them. 

Because only two antennas are used, the obvious 
approach is to connect one diode forward to one antenna, 
to connect the other reverse to the second antenna and 
to drive the pair with square-wave audio-frequency ac, 
Fig 32 shows the necessary circuitry. RF chokes (Ohmite 
Z144, J. W. Miller RFC-144 or similar vhf units) are used 


the text. S1—See text. 


to let the audio through to bias the diodes while blocking 
RE Of course, the reverse bias on one diode is only equal 
to the forward bias on the other, but in practice this seems 
sufficient. 

A number of PIN diodes were tried in the particular 
setup built. These were the Hewlett-Packard HPS082. 
3077, the Alpha LE-5407-4, the KSW KS-3542 and the 
Microwave Associates M/A-COM 47120. All worked 
well, but the HP diodes were used because they provided 
a slightly lower SWR (about 3:1) 

‘A type 567 IC is used as the square-wave generator. 
‘The output does have a de bias that is removed with a 
nonpolarized coupling capacitor. This minor inconve- 
nience is more than rewarded by the ability of the IC to 
work well with between 7 and 15 volts (a nominal 9-V 
minimum is recommended). 
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Fig 33—Ground-plane layout and detail of parts at the 
antenna connectors. 


Fig 34—Photo of Fox-Hunting DF Twin ‘Tenna set up as 
a horizontally polarized, 3-element Yagi. 


‘The nonpolarized capacitor is also used for de block- 
ing when the function switch is set to xmur. D3, a light- 
emitting diode (LED), is wired in series with the transmit, 
bias to indicate selection of the xr mode. In that mode 
there is a high battery current drain (20 mA or so). SI 
should be a center-off locking type toggle switch. An 
ordinary center-off switch may be used, but beware. If 
the switch is left on xMIT you will soon have dead batter- 


Cables going from the antenna to the coaxial T con- 
rector were cut to an electrical '/s wavelength to help the 
open circuit, represented by the reverse-biased diode, look 
open at the coaxial T. (The length of the line within the T 
‘was included in the calculation.) 
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‘The length of the line from the T to the control unit 
is not particularly critical. If possible, keep the total of, 
the cable length from the T to the control unit to the trans- 
ceiver under 8 feet, because the capacitance of the cable 
does shunt the square-wave generator output. 

Ground-plane dimensions are not critical. See 
Fig 33. Slightly better results may be obtained with a 
larger ground plane than shown. Increasing the spacing 
between the pickup antennas will give the greatest 
improvement. Every doubling (up to a half wavelength 
maximum) will cut the width of the null in half. A1° 
wide null can be obtained with 20-inch spacing. 


DDDF Opera 

Switch the control unit to DF and advance the drive 
potentiometer until a tone is heard on the desired signal 
Do not advance the drive high enough to distort or “hash 
up” the voice. Rotate the antenna for a null in the funda- 
mental tone. Note that a tone an octave higher may ap- 
pear. 

If the incoming signal is quite out of the receiver 
linear region (10 kHz or so off frequency), the off-null 
antenna aim may present a fairly symmetrical AF output 
to one side, Fig 35A. It may also show instability at a 
sharp null position, indicated by the broken line on the 
display in Fig 35B. Aimed to the other side of a null, it 
will give a greatly increased AF output, Fig 35C. This is 
caused by the different parts of the receiver FM detector 
curve used. The sudden tone change is the tip-off that the 
antenna null position is being passed. 

The user should practice with the DDDF to become 
acquainted with how it behaves under known situations 
of signal direction, power and frequency. Even in diffi- 
cult nulling situations where a lot of second-harmonic 
AF exists, rotating the antenna through the null position 
causes a very distinctive tone change. With the same fre- 
quencies and amplitudes present, the quality of the tone 
(timbre) changes. It is as if a note were first played by a 
violin, and then the same note played by a trumpet. (A 
good part of this is the change of phase of the fundamen- 
tal and odd harmonics with respect to the even harmon- 
ics.) The listener can recognize differences (passing 
through the null) that would give an electronic analyzer 
indigestion 


A FOX-HUNTING DF TWIN ‘TENNA 


Interferometers give sharp bearings, but they lack 
sensitivity for distant work. Yagis are sensitive, but they 
provide relatively broad bearings. This project yields an 
antenna that blends both on a single boom to cover both 
ends of the hunt. This is a condensation of a October 1998 
OST article by R. F. Gillette, W9PE. 

A good fox-hunting antenna must meet a number of 
criteria: (1) small size, (2) gain to detect weak signals 
and (3) high directivity to pinpoint the fox. Small anten- 
nas, however, do not normally yield both gain and direc- 
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Fig 35—Schematic of the Yagi/interferometer antenna system. 


Table 1 
Yagi Design 
tem Overall Length _ Boom to 
Element Tip 
(inches) (Inches) 
Director length 34,75 17.00 
Director to Driven El. spacing 15.75 16.00 
Driven El. length 37.78 18.50 
Driven El. to Reflector spacing 18.75 16.00 
Reflector length 40.75 20.00 


“SWR less than 1.3:1 from 144.5 to 148 MHz 


tivity, By combining two antennas, all three requirements 
are satisfied in a way that makes a nice build-it-yourself, 
project. 

This antenna uses slide switches to configure it as 
either a Yagi or a single-channel interferometer. When 
used as an interferometer, a GaAs RF microcircuit 
switches the FM receiver between two matched dipoles 
at an audio frequency. To make the antenna compact 
WOPE used hinged, telescopic whips as the elements; they 
collapse and fold parallel to the boom for storage. 


The Yagi 
‘The Yagi is a standard three-element design, based 
on 0.2-A spacing between the director, the driven element 
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and the reflector. It yields about 7 dBi gain and a front- 
to-back ratio of over 15 dB. Because a slide switch is 
used at the center of each element and the elements have 
small diameters, their resonant lengths are different from 
typical ones. Table 1 shows the sizes used and Fig 34 
shows the Yagi. 

To make sure that radiation from the coax does not 
affect the pattern, the author used some ferrite beads as 
coaxial choke-baluns. This also prevents objects near the 
coax from affecting signal-strength readings. The Yagi also 
has a low SWR; with uncalibrated equipment, he mea- 
sured less than 1.3:1 over most of the 2-meter band. 

This Yagi has a lot more gain than a “rubber ducky,” 
but we need more directivity for fox hunting. That's where 
the interferometer comes in. 


An Interferometer 


To form the interferometer, the two end elements are 
converted to dipoles and the center element is disabled. 
‘When the three switches in Fig 38 are thrown to the right, 
the feed line to the receiver is switched from the center, 
element to the RF switch output, and the end elements are 
connected via feed lines to the RF switch inputs. With the 
‘Yagi’s feed point open and the driven element equidistant 
from both interferometer antennas, the center element 
should have no effect on the interferometer. Nonetheless, 
it’s easier to collapse the driven-element whips and get 
them out of the way than to worry about spacing. 

Now if both interferometer coax cables are of equal 
length (between the antennas and switch) and the two 
antennas are the same distance from the transmitter 
(broadside to it), the signals from both antennas will be 
in phase. Switching from one antenna to the other will 
have no effect on the received signal. If one antenna is a 
litle closer to the transmitter than the other, however, 
there will be a phase shift when we switch antennas. 

When the antenna switch is at an audio rate, say 
700 Hz, the repeated phase shifts result in a set of 700 Hz 
sidebands. At this point, all that was needed was a circuit 
to switch from one antenna to the other at an audio rate. 
WOPE chose a low-cost Mini-Circuits MSWA-2-20 GaAs 
RF switch driven by a simple multivibrator and buffer. 
‘The GaAs switch is rated to 2.0 GHz, hence this switch- 
ing concept can easily be scaled to other ham bands. The 
PC board should work through the 440 MHz ham band. 
‘The author suggests adding a ground plane under the RF 
portion of the PC board and testing it before using it at a 
higher frequency. 

The RF switch is controlled by a set of equa 
amplitude, opposite-phase square waves: 0 V at one con- 
trol port and -8 to ~12 V at the other. (Mini Circuits is 
unclear about maximum voltages for this device. For 
safety, don’t power it with more than 9 V.—Ed.) The 
opposite controls the other switch position. A 9-V bat- 
tery was used as the power supply, with the positive ter- 
minal grounded. This results in a 0 V control signal to 
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Table 2 
Bill of Materials 
Quantity Item 
Sit Sjvinch aluminum U channel 
6 sets _ insulated shoulder washers for elements 
9V battery 
9 V battery connector 
10 uF, 16 V electrolytic capacitor 
0.01 uF, 25 V capacitor 
0.022 uF, 25 V capacitor 
11ko. Ve W resistor 
4,7 kOe W resistor 
10 ko Ye W resistor 
47 kQ ‘fa resistor 
1kQ Ye W resistor 
2N2222 transistors 
Mini-Circuits MSWA-2-20 (Mini-Circuits Labs, 
13 Neptune Ave, Brooklyn, NY 11235; 
tel 718-934-4500, 417-335-5935, 
fax 718-332-4661; e-mail 
sales@minicircuits.com; 
URL www.mninicircuits.com) 
3 DPOT slide switch (1'/einch, 29 mm, 
‘mounting centers), Stackpole, 3 A, 125 V used 
40 ft 50. coax (0.140-inch maximum OD) 
1 coaxial connector (receiver dependent) 
1 lot, mounting hardware 
1 lot, heat-shrink tubing or equal 
4 cable ties 
1 
1 
1 


2x3.5-inch single-sided fiberglass PC board 
‘inch PVC conduit 
2 #FB-20 ferrite beads 0.14-inch ID, 
(0.5-inch long (All Electronics Corp: 
PO Box 567, Van Nuys, CA 91408-0567; 
tel 888-826-5492, fax 818-781-2653, 
e-mail: alleorp@allcorp.com; 
URL www.allcorp.com/.) 

6 20'/="inch telescoping antenna elements 
(Nebraska Surplus, tel 402-346-4750; 
e-mail grinnell@probe.net) 

1 Special resist flm (Techniks Inc, PO Box 463, 
Ringoes, NJ 08551; tel 908-788-8249, 
fax 908-788-8897; e-mail techniks@idt.net; 
URL www.techniks.com/) 


the RF switch when the buffer transistor is off and a Vsat 
(about 0.2 V less than the -9 V battery: -8.8 V) signal 
when the buffer transistor is saturated. The multi-vibrator 
has two outputs, and each drives a buffer resulting in the 
required equal-and-opposite-phase drive signals. 


Circuit Construction 
‘After he selected the Mini-Circuits RF switch, W9PE 
realized that its small size would be best handled with a 
simple PC board. He made the prototype boards with a 
photocopy transparency technique. 
‘A power on-off switch was not used, as the 9-V bat- 
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tery connector serves the same function, The battery fits 
tightly in the “inch U channel. W9PE covered the cir- 
cuit board with a plastic-lined aluminum cover, but plas- 
tic film and some aluminum foil, provide the same 
function. A cable tie will strap either into the U channel. 

‘Table 2 is a complete bill of materials. You can use 
any telescoping elements, providing that they extend to 
over 20 inches and have a mounting stud long enough to 
accommodate the insulated washers. As an alternate to 
the stud, they can have ends tapped to receive a screw for 
the insulated mounting. The author picked up his elements 
at a hamfest from the vendor listed; they are also avail- 
able from most electronic parts houses. The Mini-Circuit 
RF switch is a currently available part. 


Antenna Construction 

Fig 35 shows the antenna schematic. It shows all 
three switches in the Yagi position; each would slide to 
the right for interferometer use. Slide switches work pretty 
well at 2 meters. Each of the elements is mounted to the 
boom with insulating washers, and a strip of copper stock 
connects each element to its slide switch. (You can sub- 


stitute copper braid, solder wick, coax shield or any short, 
low resistance, low inductance conductor for the copper 
stock.) This switching arrangement allows you to switch 
the reflector and director from being parasitic elements 
(electrically continuous) to being dipoles (center fed). 

Because the elements telescope, you can adjust the 
interferometer dipoles to exactly equal lengths each time 
you switch the antenna configuration from Yagi to inter- 
ferometer. Again, choke baluns block RF on the outside 
of each element's coax. 

Caution: Do not transmit when the RF switch is 
selected. Transmit only when in the Yagi configuration, 
RF power will destroy the Mini-Circuits RF switch. To be 
safe, lock out your transmit function, Most HTs have this 
capability. When using a mobile radio, disconnect the 
microphone. It is, however, safe to transmit in the Yagi 
configuration—which is nice for portable operating. 

Fig 36 gives dimensions for drilling a standard 
°/-inch aluminum U channel for the boom and shows how 
the author cut a I-inch PVC pipe (plastic conduit) for a 
mast and a mast locking ring. If PVC conduit is not avail- 
able in your area, PVC water pipe (and a PVC union for 
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the locking ring) will work. This mast allows mounting 
the antenna for either vertical or horizontal polarization. 

Be sure to test the plastic pipe you use for low RF 
loss. Do this by heating a sample in a microwave oven, 
Place a pipe sample and a glass of water in the oven. (The 
sample is not placed in the glass of water: the water keeps 
the microwave from operating without a load.) Bring the 
water to a boil, and then carefully check the sample’s 
temperature. If the sample is not hot, its RF loss is low, 
and the plastic can be used. 


Using the Antenna 

When starting a hunt, set up the Yagi antenna by 
placing all switches in the Yagi position. Swing all of the 
telescoping elements perpendicular to the boom and set 
the whip lengths to achieve the proper element lengths, 
while keeping each element symmetrical about the boom. 
The cables or boom can be marked with the length data. 

While the signal is weak, use the Yagi. It has 7 dBi 
gain, but its bearing resolution is only about 20°. When 
the signal gets stronger, use the interferometer. It has less 
gain, but its bearing resolution is better than 1°. If the 
fox transmitter begins overloading your receiver, collapse 
the whips (equally) to reduce the gain and continue tri- 
angulating. Near the transmitter, you should triangulate 
both horizontally (azimuth) and vertically (elevation). The 
antenna works both ways, and the transmitter may be 
located above or below you. 


Antenna Altern: 


e 
As an alternative to the telescoping elements, George 
Holada, K9GLIJ, suggested using fixed-length elements, 
with banana plugs matched to banana jacks on the boom. 
‘Three pairs would be used for the Yagi, an extra driven- 
element pair for the interferometer mode and two short- 
element pairs to reduce the received signal level if an 
overload condition occurs. He also suggested a PVC boom 
allowing the elements to be stored inside the boom. 


THE FOUR-WAY MOBILE DF SYSTEM 

This innovative, yet simple, RDF antenna system was 
described in an article by Malcolm C. Mallette, WA9BVS, 
in November 1995 QST. It is derived from the TDOA 
design shown earlier in this chapter by David T. Geiser, 
WA2ANU, and by a design by Paul Bohrer, WODUU, 
(See Bibliography.) 

Direction-finding often involves two different activi- 
ties: DFing on foot and DFing from a vehicle. Often, you 
‘must track the signal using a vehicle, then finish the hunt 
on foot. Whether on foot or in a vehicle, the primary prob- 
lem you'll encounter when trying to locate the transmit- 
ter is multipath reception. Multipath reception involves 
receiving the same signal by more than one path, one sig- 
nal from the true direction of the transmitter and others 
by reflected paths that may come from widely different 
directions. VHF and UHF signals bounce off almost any 
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object and hide the true source of a signal. For example, 
if there's a large metal building north of you, a signal 
from the south may arrive from the north because the si 
nal bounces off the building and back to you. 

Multipath reception effects can be defeated by tak- 
ing a number of readings from different positions and 
arriving at an average direction. While moving at road 
speeds in a vehicle, it's possible to take a number of read- 
ings from different positions and average them, and it’s 
also possible to average a number of readings over a dis- 
tance of travel by electronic means. The true bearing to 
the transmitter can usually be found by either method. 

DFing equipment for use on foot is simpler than 
systems for use on a vehicle. While afoot, you can turn at 
will or easily rotate an antenna. Turning a vehicle while 
going down a street may result in a fender-bender if you're 
not careful! 

‘The simplest DFing system to use while on foot con- 
sists of an S-meter-equipped hand-held receiver and a 
small, hand-held Yagi with an attenuator in line between 
the antenna and receiver. The attenuator keeps the S meter 
from pinning. The direction in which the beam points 
when the strongest signal is received is the direction of 
the transmitter. Of course, you'll want to take readings at 
several locations at least a wavelength apart to obtain an 
average heading, as multipath reception can still cause 
false readings in some locations. 

Another approach that many hams have taken is the 
simple WA2ANU DDFF—it is now commonly known 
simply as the “buzzbox.” Various commercial versions 
of the hand-held buzzbox system are available. Some sys- 


Fig 37—Front panel of the Four-Way DFer. At the 
extreme lett of the front panel is the voLuue control. 
Immediately to the right is the RovioFFior center-off 
toggle switch, with the damping (our) control switch 
nearby. Four LEDs mounted in a diamond pattern 
indicate signal direction: front (yellow), right (green), 
back (orange) and lett (red). The horizontally 
mounted zero-center meter indicates leftiright signal 
reception, the vertically mounted meter displays. 
frontiback signal reception. A small speaker is. 
mounted on the top cover. 
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Fig 38—Placement of the four antennas on the author's 
‘car roof. The small object to the left of the antennas is 
the switch board. 


tems have been upgraded to indicate whether the signal 
is arriving from the left or right of your position. The 
main drawback, however, to the buzzbox is that it’s not 
as sensitive as a simple dipole and not nearly as sensitive 
as a beam. 

In theory, you could take a buzzbox or Yagifattenu- 
ator system in a car, stop periodically, get out and check 
the direction to the transmitter, then climb back in and 
drive off. Although this procedure works, it isn’t very 
practical—it takes a long time to find the transmitter. 

This design is for a left-right, front-back box (LREB 
box) that indicates whether the received signal is to the 
left or right and whether it is to the front or back of the 
receiver. The location display consists of four LEDs 
arranged in a diamond pattern (see the title-page photo). 
When the top LED is on, the signal is coming from the 
front. When the top and right LEDs are on, the transmit- 
ter is between the front and the right. When only the right 
LED is on, the signal is directly to the right. When the 
bottom LED and right LED are on, the transmitter is to 
the right and to the back. The same pattern occurs around 
the clock. Therefore, four LEDs indicate eight directions 
As most highways and streets have intersections that force 
a driver to choose moving straight ahead, right or left, 
the indication is sufficiently precise for practical trans- 
miter hunting, 

If the four-LED display is used alone, all parts can 
be obtained from your local Radio Shack store. Two zero- 
center 50-"A meters (50-0-50)—MI and M2—can be 
used in addition to, or in place of, the LEDs, but 
RadioShack does not stock such meters. Fig 37 shows 
the front panel layout of the LREB. 

The LRFB box uses four mag-mount '/s-A antennas 
placed on the vehicle roof as shown in Fig 38. The whips 
in the mag mounts can be changed to "/s-2.440-MHz whips 
and the antennas placed closer together when switching 
from 144-MHz to 440-MHz operation. 


Circuit Description 

See Fig 39 in the following discussion (pages 26 and 
27). U2, a 555 timer, generates a string of square-wave 
pulses at pin 3. The pulse frequency is determined by the 
setting of R4. The pulses are fed to the clock input (pin 
14) of U3, a 4017 decade counter. On the first pulse, a 
positive voltage appears at U3, pin 3. On receipt of the 
second pulse from U2, pin 3 of U3 goes to ground and a 
positive voltage appears on pin 2. This sequence contin- 
tues on successive pulses from U2 as pins 3, 2.4, 7, 10, 1, 
5, 6,9 and 11 go positive in succession. 

D1 through DS, and Dé through D10, OR the pulses 
The result is that TP3 goes positive on the first pulse from 
U2, while TP2 is at O V. The next pulse of U2 results in 
TP? going positive and TP3 going to 0 V. This sequence 
repeats as the counter goes around to make pin 3 positive 
again, and recycles. 


Antenna Switching 

U2 and U3 produce alternating pulses at TP2. and 
TP3. If we wanted only to alternately turn on and off 
two antennas, we could use the pulses at TP2 and TP3. 
The design ensures that the pulses at TP2 are the same 
length as the pulses at TP3. For the LRFB box, how- 
ever, we need to switch between the left-right antennas 
many times, then switch between the front-back anten- 
nna many times. 

Pin 12 of U3, CARRY OUT, emits a pulse every time 
U3 counts through its cycle of 10 pulses. The carry pulses 
from U3 go to Ud, pin 14, the clock input of that 4017 
counter. As Ud cycles, its output pins pulse: those pulses 
are, in effect, directed by D1 through D20. 

As a result, TP4 is positive during the first 50 pulses 
from U2 and TPS is positive during the second 50 pulses 
of U2. QI through Q6 form a quad AND gate. They AND 
the pulses at TP4 and TPS with the alternating pulses at 
‘TP2 and TP3 so that the result isa pulse at the base of Q9, 
followed by a pulse at the base of QUO, a pulse at the base 
of Q9, and so on. The pulses alternate 25 times between 
Q9 and Q10. Then, as TP4 goes to 0 V, TPS rises from 0V 
to some positive voltage and the alternating pulses appear 
at the bases of Q7 and Q8. The pulses alternately go to the 
bases of Q7 and Q8 25 times. Then they alternate between 
the bases of Q9 and QUO 25 times. This pattern continues 
as long as the unit is in DF operation. 

In Fig 40, two leads of a four-conductor-plus-ground 
cable to the antenna-switch board are connected to points 
A and B. The same pulses that turn Q7 and Q8 off and on 
tur on and off the left and right antennas. One of those 
two antennas is turned on and off in phase with Q7 and the 
other is tuned on and off in phase with Q8. The PHASE 
switch, $3, determines which antenna is in phase with 
which transistor. Similarly, the two front/back antennas are 
turned on and off in phase with Q9 and QUO, and S4 deter- 
mines which antenna is in phase with which transistor. 

The pulses arriving at points A and B turn on and 
off the diodes connecting the coax of the left and right 
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C1, C15—0.1-pF, 50-V (272-1069) 

C2—10-yF, 35-V electrolytic capacitor (272-1025) 

€3—0.01-uF, 25-V disc-ceramic capacitor (272-131) 

C4, C5—1-pF, 16-V electrolytic capacitor (272-1434) 

€6—0.001-uF, 25-V disc-ceramic capacitor (272-126) 

7, C8—100-pF, 6.3-V bipolar (nonpolarized) capacitor; 
Digi-Key P-1102, available from Digi-Key Corp, 701 
Brooks Ave S, PO Box 677, Thief River Falls, MN 
56701-0677, tel 800-344-4539, 218-681-6674; fax: 218- 
681-3880; RadioShack stocks 100-uF, 35-V axial (272- 
1016) and radial-lead (272-1028) electrolytic 
capacitors. 

8, C10—4700-nF, 6.3-V bipolar capacitor (made of five 
1000-uF, 6.3-V bipolar capacitors), Digi-Key P1106. 
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‘Standard 1000-pF, 36-V radial and axial-lead 


RadioShack; a 4700-uF, 35-V axial-lead electrolytic 
capacitor Is also available (272-1022). Note that C7, 
8, C9 and C10 are non-polarized capacitors because 
2 small reverse voltage can appear across the meter 
and capacitors when the system is in use. Standard 
polarized electrolytics have been used in a number of 
Units using this circuit (the same detector circuit 
used in W8DUU's unit) without any known ill eects, 
however. 

1-D20—1N914 silicon switching diode (276-1620 or 
276-1122) 

F1—2-A fuse (270-1007) 

LS1—8-W speaker (40-245) 
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M1, M2—Zero-center, 50-4A meter; optional—see text 

Q1-010—MPS2222 or 2N2222 NPN silicon general- 
purpose transistors (276-2008) 

Ri, R24, R27—4.7 ka. (271-281); note: many of the 
fixed-value resistors can be found in RadioShack 
resistor assortment packages 271-308 and 271-312. 

R2, R12, R14, R16, R18—220 N (271-1330) 

R3, R25, R26, R28, R29—1 kO (271-1321) 

R4—100-ka trimmer potentiometer (271-284) 

R5—10 kQ (271-1335) 

6, R8, R21, R22—100 kaa (271-1347) 

R7, RQ, R11, R13, R15, R17—47 kAd (271-1342) 

R10—1-KQ trimmer potentiometer (271-280) 

R19—25-N. panel-mount potentiometer (271-2654) 


R23—1 MO (271-1134) 

R45—1.5 kO. (part of 271-312 assortment) 

S1—SPDT, center-off switch (275-325) 

S2—DPDT switch (275-626) 

Ti—8-0 to 1-kO audio-output transformer (273-1380) 

U1—LM317T, 1.5-A, three-terminal, adjustable voitage 
regulator (276-1778) 

U2—555 timer (276-1723) 

U3, U4—4017 decade counter (276-2417) 

U5—LM741 op amp (276-007) 

Mise: two 8-pin IC sockets (276-1995); two 16-pin IC 
sockets (276-1982); experimenter's PC board (276- 
148) or FAR Circuits PC board set; enclosure; four 
‘mag-mount antennas, four-conductor shielded cable; 
in-line fuse holder (270-1281). 
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Fig 40—Schematic of the 

antenna switch board. Part 

numbers in parentheses are 
Shack. All fixed-value 

tors are ‘iW, 5%-tolerance 


substituted. 


switching diode (276-1620 or 
276-1122) 

J1—Sixpin female Molex 
connector (274-236 or 274-155) 

P1—Six-pin male Molex 
connector (274-226 or 274-152) 

R50-R54—22 kO (can be found 
in RadioShack resistor 

sssortment packages 271-308 

and 271-312); also available in 
ack of five (271-1325) 

83, S4—DPDT switch (275-626) 
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41—Schematic of the LED 
driver circuit. Part numbers in 
parentheses are RadioShack. 
Al fixedevalue resistors are ‘x 
W, 5%tolerance units. 
Equivalent parts can be 
substituted. 
(C11.C14—0.1-uF, 25-V dise- 
‘ceramic capacitor (272-135) 
D2t—1N4733, 5.1-V, 1-W Zener 
diode (276-565) 

DS1-DS4—LEDs; one each red 
(276-066); green (276-022); 
yellow (276-021); orange 
(276-012) 

R30, R32, R41, RAS—10 kA 
(271-1335) 

R34, R39, R40, R61—470 kA 
(271-1354) 

R35-R38—1 kA (271-1321) 

R31, R93, R42, R4d—100-k0 
‘trimmer potentiometer 
(271-284 ) 

U6, U7—LM339 quad 
‘comparator 
(276-1712) 

Misc: two 14-pin IC sockets 
(276-1999) 


ra 


antennas to the receiver coax. This occurs 25 times, thereby 
switching the receiver between the left and right antennas 
25 times. Similar switching then occurs between the front 
and the back antennas from pulses arriving at points C 
and D. 


Detector Circuit 


‘The detector circuit (back again in Fig 39) starts with 
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US, a 741 op amp that amplifies the receiver's audio out- 
put. The audio is fed into R24 and R27, two 4.7-kQ pots. 
‘The zero-center, 50-wA meters across R24 and R27 are 
optional. The meters, as well as the LEDs, indicate front/ 
back and left/right. Such meters can be expensive unless 
you find surplus meters, and they're not really necessary, 

When the left/right antennas are active, one end of 
R24 is grounded by Q7 and Q8 on each alternate pulse. 


If Q7 is conducting, Q8 is not conducting. On each pulse, 
cone of the left/right antennas is turned on and one end of, 
R24 is grounded. On the next pulse, the other left/right 
antenna is turned on and the other end of R24 is grounded. 
If there is a phase difference between the signal received 
by the left antenna and the signal received by the right 
antenna, a de voltage is built up across R24. That voltage 
causes the quad comparator, U7 in Fig 41 to turn on DS3 
(red) or DS4 (green) L/R LEDs. If the optional lefvright 
meter is installed, it deflects to indicate the direction as 
do the LEDs. 

After 25 cycles, the left and right antennas are both 
turned off and the front and back antennas are cycled on 
and off 25 times with the same detection process, produe- 
ing a voltage across R27 if there is a phase difference 
between the RF received by the front and the back anten- 
nas. That voltage across R27 causes quad comparator U6 
to turn on DSI or DS2. 

C9 and C10, for the F/B detector, and C7 and C8, 
for the L/R detector, damp the voltage swings caused by 
‘multipath reception. To control damping, S2A and $2B 
switch the 4700-uF capacitors in or out of the circuit. 
‘You want the greatest amount of damping when you drive 
through an area with a lot of multipath propagation (as 
from buildings); a lot of damping helps under those ci 
cumstances. 


Construction 

The prototype was built using a pad-per-hole 
RadioShack board. However, a PC board makes construc- 
tion a lot faster. Far Circuits offers a printed-circuit project 
on their Web site: www.clais.net/farcir). Except for the 
optional meters and the nonpolarized capacitors, most 
parts are available from RadioShack. 

First build the power supply so you can power the 
unit from your car or another 12-V source. Apply 12 V 
to the DFer and adjust RI until UL’s output is +9 V. (You 
can use a 9-V battery and omit the power-supply section, 
but you'd better take along a spare battery when you go 
DFing.) 

Install U2 and its associated parts. Power up and turn 
on SI. A string of pulses should appear at TP1. If you 
have a frequency counter, set R4 for a pulse frequency of 
2200 Hz at TPI. If you don’t have a counter, connect a 
0.1-uF capacitor from TPI to headphones or a small 
speaker and set R4 for atone of about 2 kHz. Later, you'll 
adjust the clock so the unit works with the passband of 

Turn off $1 and remove the power source. Install 
U3 and its diodes. Pin 12 of U3 need not be connected 
yet. Apply power and turn on S1. At TP2 and TP3, you 
‘should find alternating 1100-Hz pulses. If you have a dual- 
trace scope, you can see that the pulses alternate. If you 
have a single-trace scope, connect TP3 to TP2 and to the 
scope input and the trace will appear as a solid line as 
there is a pulse at either TP2 or TP3 at all times. If you 


don’t have a scope, the tone in a speaker or earphones 
from TP2 or TP3 will sound half as high (about 1 kHz) 
as the tone at TPL 

‘Turn off $1. Install Ud and its diodes. Note that pin 
12 of US is connected to pin 14 of U4. At TP4 and TPS, 
there should be long pulses—five times longer than the 
pulses at TPI, and the pulses should alternate between TP4 
and TPS. The pulse frequency should be about 44 Hz. 
Power down and turn off S1. Install the remaining circuit 
components. When you power up, 25 alternating pulses 
should appear at A and B, then 25 alternating pulses should 
appear at C and D. Use a scope to verify that. 

If you're not using the optional panel meters, con- 
nect a voltmeter across R24 (L/R BALANCE), using the low- 
est de-voltage range. Note that neither end of R24 is 
grounded. With no audio input, adjust R24 until there 
is no voltage across it. Do the same with R27 (F/B 
BALANCE). If you use the optional meters, adjust R24 and 
R27 so there’s no current shown on either meter. 

Power down and assemble the rest of the circuit. With 
power applied, but with no audio input, adjust R31, 33, 
42 and 44 so that the four LEDs (DS1 through DS4) are 
off. The objective of the following adjustments is to get 
the red and green LEDs to turn on with the same voltage 
amplitude, but opposite polarity, across R24. Move R24’s 
wiper so a low positive voltage appears across R24, as 
indicated by the voltmeter connected across R24 or move- 
ment of the panel-meter needle. Adjust R44 (LED ADJ 
1A) and R42 (LED ADJ 1B) so that the green LED (DS4) 
comes on when the voltage goes positive at one end of 


Fig 42—An inside view of one DF unit built into @ 
28x5%inch (HWD) box. Because of the height 
restriction, the two 4700-uF damping capacitors (C8 
and C10) are not mounted on the PC board, but near 
the rear panel behind the smaller of the two PC boards. 
One of the 4700-uF damping capacitors is a standard 
electrolytic, the other is a parallel combination of five 
1000-yF, 6.3-V bipolar (nonpolarized) capacitors 
wrapped in electrical tape. 
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Fig 43—The rear panel of the DF unit supports the two 
DPDT PHASE toggle switches. Grommets in the panel 
holes allow abrasion-free passage of the antenna, dc- 

cables. The de power cord is outfitted 
with an inline fuse holder and a male Jones plug. A six- 
pin female Molex connector (five pins are used) feeds 
the four antennas. The audio-input cable is terminated 
ina ‘/einch diameter male plug. 


R24, but goes off when R24 is adjusted for 0 V across 
R24, 

Next, adjust R24 for a slight negative-voltage indi 
tion and adjust R42 and R44 so that the red LED (DS3) 
comes on, but extinguishes when the voltage across R24 
is 0 V. When you're done, adjusting R24’s wiper slightly 
cone way should illuminate the red LED. Both LEDs should 
be off when there's no voltage across R24: rotating R24’s 
‘wiper slightly in the opposite direction should turn on the 
green LED. 

Connect the voltmeter across R27 or use the panel 
meter as an indicator. With no audio input, adjust R27 so 
that there's no voltage across R27. Adjust R31 (F/B LED 
ADI 1A) and R33 (F/B LED 1B) so that a F/B LED (DS1) is, 
con when there is a slight positive voltage across R27 and 
the other F/B LED (DS2) is on when there is a negative 
voltage across R27. 


‘Switch Board 

Assemble the switch board for the four mag-mount 
antennas (see Fig 40). You can use half of a RadioShack 
dual pad-per-hole PC board (RS 276-148) as a platform. 
Lead length is critical only on this board and in the length 
of the coax from the switching board to the antennas, so, 
avoid wire-wrap construction here. 


Feed 

‘The coax lines from the switch board to each of the 
four antennas must be of equal length. The coax lengths 
should be long enough to permit each antenna to be placed 
slightly less than '/ 2 from its counterpart, at the lowest 
frequency of operation. (There's a local belief that 
27'/sinches is the best length. The author used that length 
and it works, but other lengths might work as well.) An 


ines 
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attempt to locate the switch board inside the vehicle and 
run equal-length 12-foot-long cables to the antennas failed. 
Keep the switch board on the vehicle's roof. 

Use the same type of coax for all lines—that is, don’t 
mix foam and polyethylene dielectric coax on the antenna 
lines. Ifthe velocity factor of the lines is not equal, a phase 
shift in the signals will exist even when the transmitter is 
dead ahead and it will lead you astray. 

Solder the coax from the antennas directly to the 
board—don’t use connectors. From the switch board to 
the receiver, use 50-@ coax of any type and length. Equip 
the receiver end of the line with a connector that mates 
with your receiver's antenna-input jack. Make the four- 
conductor shielded cable from the main DFer box to the 
switch board long enough to reach from the LRFB box’s 
operating position to the roof of the car. Construct the 
antennas so that the whips can be changed easily for use 
on any frequency in which you're interested, 


Mechanical Assembly 

Mount the finished PC boards in a metal box of your 
choice. You can follow the construction method used in 
the prototype (sce Fig 42 and Fig 43), but do ensure that 
4 can be adjusted easily with a tuning tool from outside 
the box. A hole drilled in the box at the right point will 
suffice. Arrange the LEDs in a diamond pattern on the 
front panel, with the left LED (red) to the left, the right 
LED (green) on the right, and the front and back LEDs at 
the top and the bottom. 

Wrap the switch board with tape to waterproof it, or 
place it in a watertight box. Arrange the mag-mount 
antennas on top of the vehicle in a diamond shape. The 
distance between each antenna pair should be less than 
Ye at the operating frequency. (In limiting the distance 
between antennas in a pair—F/B or L/R—to less than 
"Yeh, the author followed W9DUU's example.) 


Final Adjustments 

It’s best to start on 2 meters. Install the 2-meter whips 
in the antenna bases. Mount the antennas on the top of 
your vehicle. Identify the left and right antenna bases with 
Land R, and mark the front and back antenna bases, too. 

A good way to find out if the antennas are properly 
installed is to short either the left or right antenna with a 
clip lead from the whip to the metal base: the L/R meter 
will deflect one way and the left or right LED will light. 
If you short one of the front and back antennas with a 
clip lead, the front or back LED will come on. If you 
short one of the L/R antennas and it makes the meter go 
to the right, it does not necessarily mean you have the 
PHASE switch in the proper position. That depends on the 
relative phase determined by the number of audio stages 
in your receiver, each of which may contribute a shift of 
180°. 

Connect the coax from the switch board to your FM 
receiver. It must be an FM receiver; an AM VHF or AM 
aircraft receiver won't suffice. Connect the audio output 


of your 2-meter receiver to the LRFB box audio input. If 
you're using a transceiver, disable its transmit function 
bby removing the mike. You don’t want to transmit into 
the switch board! 

Turn on the receiver and place the LRFB box in 
receive by setting SI to the RCV position. Center R10. 
Only one of the antennas will be turned on and the DF 
operation will be disabled. Back off the squelch and notice 
that you hear the audio from the speaker of the LRFB 
box. Switch to an unused simplex channel. Have a friend 
with an HT stand 20 feet or so in front of the vehicle. 
With the receiver in the car turned off, turn S1 to DF. The 
four LEDs should be off. If an LED lights, adjust R24 
and R27 for zero voltage. If the LED is still on, readjust 
R31 and R33, or R42 and R44 as explained earlier. When 
all four LEDs are off with the antennas connected, no 
audio from the receiver and no RF input signal, you're 
ready. Turn on your receiver and have your friend trans- 
‘mit on the 2-meter frequency (simplex) that your receiver 
is set to. When he transmits, one or more of the LEDs 
should illuminate. Ignore the front/back LEDs, but check 
to see if the right or left LED is on. If the right LED is on 
and your friend is standing to the right of the center of, 
the vehicle front, all is well. Have him walk back and 
forth in front of the vehicle and notice that when he is to 
the right, the green LED turns on, and when he’s to the 
left, the red LED glows. If the indications are reversed, 
that is, if the LRFB box indicates left when your friend is 
to your right, reverse the position of PHASE switch 

When the LIR indicators are working properly, have 
your friend walk back and forth between a position 20 feet 
to the front and right of the car and a position 20 feet away 
to the rear and right of the car. The right LED should stay 
‘on, but the front LED should be on when the HT is in front 
of the antennas, and the back LED should be on when the 
HT is behind the antennas. Ifthe front/back indications are 
reversed, reverse the position of PHASE switch S4. 

While receiving a signal from your friend's HT, 
adjust R4 for maximum deflection on any one of the two 
optional meters, or on a voltmeter (set on the lowest de 
voltage range) connected across R24 or R27. Look for the 
maximum deflection of the meter needle as the meter 
swings both ways while the signal source moves from back 
to front or left to right (depending, of course, on which 
panel meter you're looking at or which resistor—R24 or 
R27—your voltmeter is across). The audio passband of 
FM receivers varies, and if you switch from an ICOM IC- 
27 to an ICOM IC-W2A, for example, you'll have to 
change U2's master clock frequency. You may encounter, 
receivers that don't require readjusting R4, but such read- 
justment should be expected. When changing receivers, 
you may also need to change the position of PHASE, 
Switches $3 and S4, This may also be necessary when 
changing from UHF to VHF, or VHF to UHF on the same 
receiver, as the number of receiver stages (and, hence, the 
audio phase) may change from band to band 


‘Audio Level Adjustments 

With meter damping ($2) off, adjust R10 so that you 
have full deflection of one of the two meters (or your 
multimeter) with the signal source at a 45° angle from 
the vehicle (halfway between ahead and right), and a rea~ 
sonable audio level from the speaker. Turn the rig's vol- 
ume control all the way up to ensure that the audio circuit 
doesn’t overload. IFit overloads, the meters won't deflect. 
From zero to full blast, the meter should deflect more 
and more (unless the signal is straight ahead or exactly 
left or right). If you're using an H-T, maximum deflec- 
tion of the meter should occur before the volume control 
is % of maximum, or before the volume control is at 
‘Js of maximum if you're using a mobile rig. If R1O is 
properly adjusted, turning the volume control to maxi- 
mum won't cause the meter to fall back toward zero. If 
increasing the volume causes the meter to deflect less. 
then R10's setting is too high. 

Now have your friend walk around the vehicle with 
the HT transmitting and notice that the LEDs indicate the 
signal direction. On 2 meters in a clear field, the indica- 
tions should be correct 80 or 90% of the time. The errone- 
ous readings that occasionally occur are due to multipath 
propagation caused by the irregular shape of the vehicle. 
Slight adjustments in the positions of the L/R and F/B 
antennas may be necessary to make the zero points fall 
directly in front of the vehicle (neither left nor right LED 
on) and at the center of the antennas (neither front nor 
back LED on), 

‘Try the same procedure on 440 MHz. You may have 
to flip the PHASE switches when you move to another band, 
‘even when using the same receiver. Remember that the 
total length of the 440-MH2z antennas must be '/s 2 or 
Jess, and the antennas must be placed less than "2 apart. 
‘The results on 440 MHz probably won't be as consistent 
as the results on 2 meters, as there is likely to be a lot 
‘more multipath propagation caused by the irregular shape 
of the vehicle. 


Fox Hunting 

Before heading out to find the fox, check to be cer- 
tain the LRFB box is working properly. Tune to the fox’s 
frequency and drive off. Turning on the DAMPING switch 
stabilizes the indication as you drive along. Follow indi- 
cations generated as you travel over the road or street. If 
an indication is constant for 15 or 20 seconds while you're 
moving down the road, it’s probably the true direction to 
the fox. It's possible to have a reflection from a moun- 
tain over a long distance down the road, however. When 
you can hear the fox with no antenna, it’s time to get out 
of the car, switch to the hand-held system and hunt for 
the fox on foot. 

If you switch to a new receiver, you may have to 
readjust R4, CLOCK FREQ. That's because both receiv 
ers may not have the same audio bandwidth. Author 
WAQBVS forgot this while chasing a balloon once and 
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the results were comical. When chasing balloons with ham 
radio transmitters, the readings you get are likely to be 
confusing when the balloon is at a high angle with respect 
to the plane of the car top. Use a hand-held Yagi to verify 
the balloon location. Even with a simple buzzbox, you 
should be able to find a keyed transmitter. 


A TAPE-MEASURE BEAM FOR RDFING 
Joe Leggio, WB2HOL, designed this antenna while 
searching for a beam with a really great front-to-back ratio 
to use in hidden transmitter hunts. It exhibits a very clean 


pattern and is perfect for RDF use. You can construct this 
beam using only simple hand tools, and it has been 
duplicated many times, 

WB2HOL's first design requirement was to be able to 
get in and out of his car easily when hunting for a hidden 
transmitter. He accomplished this by using steel “tape: 
measure” elements, which fold easily when putting the 
antenna into a car and yet are self supporting. They also 
hold up well while crashing through the underbrush on a 
fox hunt. 

WB2HOL decided to use three elements to keep the 
boom from getting too long. He used inexpensive 
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Fig 44—Tape-measure beam dimensions. 
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Fig 45—Photo of 
driven-element 
‘mounted to PVC tee 
using hose clamps. 
The hairpin match 
wires is shown here 
soldered to the tape- 
‘measure elements, 
‘along with the 
RG-58 feed line. 


Fig 46—Photo of complete tape-measure beam, 
to hunt foxes! 


Schedule-40 PVC pipe, crosses and tees that can be found 
at any hardware store for the boom and element supports. 

He used a simple hairpin match, consisting of a 5-inch 
length of #14 solid wire bent into the shape of a U, with the 
two legs about ‘+ inch apart. This gave in a very good match 
across the 2-meter band after he tweaked the distance 
(Linch on his prototype) between the halves of the driven 
clement for minimum SWR. 

You can cut the I-inch wide tape-measure elements 
with a pair of shears, chamfering the ends of the elements. 
Be very careful—the edges are very sharp and will inflict a 
nasty cut if you are careless. Use some sandpaper to re- 
move the sharp edges and burrs and put some vinyl electri- 


cal tape on the ends of the elements to protect yourself from 
getting cut. Wear safety glasses while cutting the elements 
See Fig 44 for dimensions. 

‘The RG-S8 coax feed line is wound into a 8-turn coil 
along the boom to form a choke balun, The coil is covered 
with vinyl black tape to secure it to the boom. Make sure 
‘you scrape or sand the paint off the tape-measure elements 
‘where the feed line is attached. Most tape measures have a 
very durable paint finish designed to stand up to heavy use. 
You do not want the paint to insulate your feed. 
nection! 

If you are careful, you can solder the feed line to the 
clement halves, but take care since the steel tape measure 
does not solder easily and the PVC supports can be easily 
melted. Tin the tape-measure elements before mounting 
them to the PVC crass if you decide to connect the feed line 
in this fashion. 

If you decide not to solder to the tape-measure ele- 
‘ments, you can use two other methods to attach the feed 
line. One method employs ring terminals on the end of the 
coax. The ring terminals are then secured under self-tap- 
ping screws or with 6-32 bolts and nuts into holes drilled in 
the driven-element halves. However, with this method you 
cannot fine-tune the antenna by moving the halves of the 
driven element in and out. 

‘The simplest method is simply to slide the ends of the 
feed line under the driven element hose clamps and tighten 
the clamps to hold the ends of the coax. This is low-tech but 
it works just fine 

WB2HOL used 1'/-inch stainless-steel hose clamps 
to attach each driven-element half to the PVC eross that 
acts as its support. This allowed him to fine-tune his antenna 
for lowest SWR simply by loosening the hose clamps 
and sliding the halves of the driven element in or out to 
lengthen or shorten the element. He achieved a 1:1 SWR at 
146.565 MHz (the local fox-hunt frequency) when the two 
elements were spaced about | inch apart. Fig 48 shows the 
hhose-clamp method for attaching the driven element to the 
PVC cross, along with the hairpin wire and feed-line coax. 

Some builders have used rubber faucet washers be- 
tween the tape-measure elements and the PVC-cross fit- 
tings on the director and reflector. These allow for the tape 
to fit the contour of the PVC fitting better and will make 
the antenna look nicer. It is normal for the reflector and 
director elements to buckle a bit as they are tightened to 
the PVC tee and cross if you don't use faucet washers 
You can also eliminate the buckling if you use self-tap- 
ping screws to attach these elements instead of hose 
Clamps. The beam will not be as rugged, however, as when 
you use hose clamps, 

This beam has been used on fox hunts, on mounta 
at local public-service events, outdoors, indoors in at- 
tics—just about everywhere, The SWR is typically very 
close to 1:1 once adjusted. Front-to-back performance is 
exactly as predicted. The null in the rear of the pattern is 
perfect for transmitter hunts. 
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Portable 
Antennas 


For many amateurs, the words portable antennas 
may conjure visions of antenna assemblies that can be 
broken down and carried in a backpack, suitcase, golf 
bag, or what-have-you, for transportation to some out. 
of-the way place where they will be used. Or the vision 
could be of larger arrays that can be disassembled and 
moved by pickup truck to a Field Day site, and then 
erected quickly on temporary supports. Portable anten. 
nas come in a wide variety of sizes and shapes, and can 
bbe used on any amateur frequency 

Strictly speaking, the words “portable antenna” 
really means sransportable antenna—one that is moved to 
some (usually temporary) operating position for use. As 
such, portable antennas are not placed into service when 
they are being transported. This puts them in a different class 
from mobile antennas, which are intended to be used while 
in motion. Of course this does not mean that mobile anten: 
nas cannot be used during portable operation, Rather, truc 
portable antennas are designed to be packed up and moved, 
usually with quick reassembly being one of the design req: 
uisites. This chapter describes antennas that are designed 
for portability. However, many of these antennas can also 
be used in more permanent installations. 

‘Any of several schemes can be employed to support 
an antenna during portable operation, For HF antennas 
made of wire, probably the most common support is a 
conveniently located tree at the operating site. Tempo. 
rary, lightweight masts are also used. An aluminum 
extension ladder, properly guyed, can serve as a mast for 
Field Day operation. Such supports are discussed in Chap- 
ter 22, Antenna Supports. 


A SIMPLE TWIN-LEAD ANTENNA FOR 
HF PORTABLE OPERATION 


‘The typical portable HF antenna is a random-length 
wire flung over a tree and end-fed through an antenna 
tuner, Low-power antenna tuners can be made quite 
compact, but each additional piece of necessary equip- 
ment makes portable operation less attractive. The sta 
tion can be simplified by using resonant impedance- 
matched antennas for the bands of interest. Perhaps the 
simplest antenna of this type is the half-wave dipole, cen- 
ter-fed with 50- or 75-Q coax. Unfortunately, RG-58, 
RG-59 or RG-8 cable is quite heavy and bulky for back- 
packing, and the miniature cables such as RG-174 are 
too lossy. 

A practical solution to the coax problem, developed 
by Jay Rusgrove, WIVD, and Jerry Hall, KITD, is to 
use folded dipoles made from lightweight TV twin-lead, 
‘The characteristic impedance of this type of dipole is near 
300 Q, but this can easily be transformed to a 50-0 
impedance. The transformation is obtained by placing a 
lumped capacitive reactance at a strategic distance from 
the input end of the line, Fig 1 illustrates the construc- 
tion method and gives important dimensions for the twin- 
lead dipole. 

A silver-mica capacitor is shown for the reactive ele- 
‘ment, but an open-end stub of twin-lead can serve as well, 
provided it is dressed at right angles to the transmission 
line for some distance. The stub method has the advantage 
of easy adjustment of the system resonant frequency. 

‘The dimensions and capacitor values for twin-lead 
dipoles for the HF bands are given in Table 1. To pre- 
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Fig 1—A twin-lead folded dipole makes an excellent 
portable antenna that is easily matched to 50-0. 
equipment. See text and Table 1 for details. 


serve the balance of the feeder, a 1:1 balun must be used 
at the end of the feed line. In most backpack QRP appli- 
cations the balance is not critical, and the twin-lead can 
be connected directly to a coaxial output jack—one lead 
to the center contact, and one lead to the shell 

Because of the transmission-line effect of the 
shorted-radiator sections, a folded dipole exhibits a wider 
bandwidth than a single-conductor type. The antennas 
described here are not as broad as a standard folded 
dipole because the impedance-transformation mechanism 
is frequency selective. However, the bandwidth should 
be adequate. An antenna cut for 14.175 MHz, for example, 
will present an SWR of less than 2:1 over the entire 
L4-MHz band. 


ZIP-CORD ANTENNAS 


Zip cord is readily available at hardware and depart- 
‘ment stores, and it's not expensive. The nickname, zip 
cord, refers to that parallel-wire electrical cord with brown 
or white insulation used for lamps and many small appli- 
ances. The conductors are usually #18 stranded copper 
wire, although larger sizes may also be found. Zip cord 
is light in weight and easy to work with. 

For these reasons, zip cord can be pressed into ser- 
vice as both the transmission line and the radiator sec~ 
tion for an emergency dipole antenna system. This 
information by Jerry Hall, KITD, appeared in QST for 
March 1979, The radiator section of a zip-cord antenna 
is obtained simply by “unzipping” or pulling the two con- 
ductors apart for the length needed to establish resonance 
for the operating frequency band. The initial dipole length 
can be determined from the equation / = 468/f, where 
is the length in feet and f is the frequency in MHz. (It 
would be necessary to unzip only half the length found 
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Table 1 


Twin-Lead Dipole Dimensions and Capacitor 
Values 


Frequency LengthA LengthC C, 
3.75 MHz 124" 92" 13 289 pF 
718 e4 151 pE 
10.125 44 107 pF 
14.175 315%" 76 pF 
18.118 28%" 60 pF 
21.225 23%" 51 pF 
24.94 111%" 43 pF 
285 18%" 38 pF 


from the formula, since each of the two wires becomes 
half of the dipole.) The insulation left on the wire will 
have some loading effect, so a bit of length trimming may 
be needed for exact resonance at the desired frequency. 

For installation, you may want to use the electrician’s 
knot shown in Fig 2 at the dipole feed point. This is a 
balanced knot that will keep the transmission-line part of 
the system from unzipping itself under the tension of 
dipole suspension. This way, if zip cord of sufficient 
length for both the radiator and the feed line is obtained, 
1a solder-free installation can be made right down to the 
input end of the line. 

(Purists may argue that knots at the feed point will 
create an impedance mismatch or other complications, 
but as will become evident in the next section, this is not 
‘a major consideration.) Granny knots (or any other vari- 
ety) can be used at the dipole ends with cotton cord to 
suspend the system. You end up with a lightweight, low- 
cost antenna system that can serve for portable or emer- 


Peet just how efficient isa zip-cond antenna system? 
Since it is easy to locate the materials and simple to 
install, how about using such for a more permanent 
installation? Upon casual examination, zip cord looks 
about like 72-Q balanced feed line. Does it work as well?” 


Zip Cord as a Transmission Line 

‘To determine the electrical characteristies of zip cord 
as a radio-frequency transmission line, a 100-foot roll 
‘was subjected to tests in the ARRL laboratory with an RF 
impedance bridge. Zip cord is properly called parallel power 
cord. The variety tested was manufactured for GC Elee- 
tronics, Rockford, IL, being 18-gauge, brown, plastic-insu- 
lated type SPT-1, GC cat. no. 14-118-2G42. Undoubtedly, 
minor variations in the electrical-characteristics will occur 
among similar cords from different manufacturers, but the 
results presented here are probably typical 

‘The characteristic impedance was determined to be 
107 Q at 10 MHz, dropping in value to 105 Q at 15 MHz 
and to a slightly lower value at 29 MHz. The nominal 


= ¥ 
z a 
n's knot, often used inside lamp eas a8 


bases and appliances in lieu of a plastic grip, can also 
serve to prevent the transmission-line section of a zip- 
Cord antenna from unzipping itself under the tension of 
dipole suspension. To tie the knot, first use the right- 
hand conductor to form a loop, passing the wire behind 
the unseparated zip cord and off to the left. Then pass 
the left-hand wire of the pair behind the wire extending 
off to the left, in front of the unseparated pair, and 
thread it through the loop already formed. Adjust the 
knot for symmetry while pulling on the two dipole wires. 


value is 105 Q at HF, The velocity factor of the line was 
determined to be 69.5%. 

Who needs a 105-0 line, especially to feed a di 
pole? A dipole in free space exhibits a feed-point resis 
tance of 73 Q, and at heights above ground of less than '/ 
« wavelength the resistance can be even lower. An 80- 
meter dipole at 35 feet over average soil, for example, 
will exhibit a feed-point resistance of about 35 Q. Thus, 
for a resonant antenna, the SWR in the zip-cord trans- 
mission line can be 105/35 or 3:1, and maybe even higher 
in some installations. Depending on the type of transmi 
ter in use, the rig may not like working into the load pre~ 
sented by the zip-cord antenna system. 

But the really bad news is still to come—line loss! 
Fig 3 is a plot of line attenuation in decibels per hundred 
feet of line versus frequency. Chart values are based on 
the assumption that the line is perfectly matched (sees a 
105-Q load as its terminating impedance), 

Ina feed line, losses up to about 1 decibel or so can 
be tolerated, because at the receiver a 1-B difference in 
signal strength is just barely detectable. But for losses 
above about | dB, beware. Remember that if the total 
losses are 3 dB, half of your power will be used just to 
heat the transmission line. Additional losses over those 
charted in Fig 3 will occur when standing waves are 
present. (See Chapter 24, Transmission Lines.) The 
trouble is, you can’t use a 50- or 75-Q SWR instrument 
to measure the SWR in zip-cord line accurately. 

Based on this information, we can see that a hun- 


Fig 3—Attenuation of zip cord in decibels per hundred 
feet when used as a transmission line at radio 
frequencies. Measurements were made only at the 
three frequencies where plot points are shown, but the 
curve has been extrapolated to cover all high- 
frequency amateur bands. 


dred feet or so of zip-cord transmission line on 80 meters 
might be acceptable, as might 50 feet on 40 meters. But 
for longer lengths and higher frequencies, the losses 
become appreciable. 


Zip Cord Wire as the Radiator 


For years, amateurs have been using ordinary cop- 
per house wire as the radiator section of an antenna, erect 
ing it without bothering to strip the plastic insulation. 
Other than the loading effects of the insulation mentioned 
earlier, no noticeable change in performance has been 
noted with the insulation present. And the insulation does 
offer a measure of protection against the weather. These 
same statements can be applied to single conductors of, 
zip cord. 

‘The situation in a radiating wire covered with insu- 
lation is not quite the same as in two parallel conductors, 
where there may be a leaky dielectric path between the 
two conductors. In the parallel line, itis the current leak. 
age that contributes to line losses. This leakage current is 
set up by the voltage potential that exists on the two ad: 
jacent wires. The current flowing through the insulation, 
on a single radiating wire is quite small by comparison, 
and so as a radiator the efficiency is high. 

In short, communications can certainly be established 
with a zip-cord antenna in a pinch on 160, 80, 40, 30 and 
perhaps 20 meters. For higher frequencies, especially with 
long line lengths for the feeder, the efficiency of the sys- 
tem is so low that its value becomes questionable. 
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A TREE-MOUNTED HF GROUND-PLANE 
ANTENNA 


A tree-mounted, vertically polarized antenna may 
sound silly, But is it really? Perhaps engineering refer- 
ences do not recommend it, but such an antenna does not 
cost much, is inconspicuous, and it works. This idea was 
described by Chuck Hutchinson, K8CH, in QST for Sep- 
tember 1984, 

‘The antenna itself is simple, as shown in Fig 4. A 
piece of RG-S8 cable runs to the feed point of the 
antenna, and is attached to a porcelain insulator. Two 
radial wires are soldered to the coax-line braid at this 
point. Another piece of wire forms the radiator. The top 
of the radiator section is suspended from a tree limb or 
other convenient support, and in turn supports the rest of 
the antenna. 

‘The dimensions for the antenna are given in Fig §. 
All three wires of the antenna are ‘4 wavelength long. 
This generally limits the usefulness of the antenna for 
portable operation to 7 MHz and higher bands, as tem- 
porary supports higher than 35 or 40 feet are difficult to 
come by. Satisfactory operation might be had on 3.5 MHz 
with an inverted-L configuration of the radiator, if you 
in overcome the accompanying difficulty of erecting the 
antenna at the operating site. 

‘The tree-mounted vertical idea can also be used for 
fixed station installations to make an invisible antenna. 


Fig 4—The feed point of the tree-mounted ground- 
plane antenna. The opposite ends of the two radial 
wires may be connected to stakes or other convenient 
points. 
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Shallow trenches can be slit for burying the coax feeder 
and the radial wires. The radiator itself is difficult to see 
unless you are standing right next to the tree. 


A PORTABLE DIPOLE FOR 80 TO 
2 METERS 

This dipole antenna, described by Robert Johns, 
W3IIP, in August 1998 OST, can be used for any band 
from 80 through 2 meters. One half of the dipole is an 
inductively loaded aluminum tube. Its length is adjust- 
able from 4 to 11 feet, depending on how much room is 
available. The other half is flexible insulated wire that 
can be spooled out as necessary. The tube is supported 
by a flagpole bracket attached to a long carpenter's clamp. 
The clamp mounts the antenna to practically anything: a 
windowsill, railing, a chair or post. If there is no struc- 
ture to mount the antenna (a parking lot or the beach). 
the clamp attaches to two light wooden legs to form a 
tripod, as shown in Fig 6. 

The key to mounting flexibility is the large clamp. 
The key to electrical flexibility is a large adjustable coil 
that lets you resonate the tube on many bands. The coil is 
wound with #8 aluminum ground wire from RadioShack. 
The form is a four-inch (4'/-inch OD) styrene drain 
coupling from the Home Depot or a large plumbing sup- 
ply store. A movable tap adjusts the inductance to tune 
the upright tube to the desired band. The wire half of the 
antenna is always a bit less than 2/4 on each band. Hang 
it from any convenient support or drape it over bushes to 
keep it off the ground. 


Fig 5—Dimensions and construction of the tree- 
mounted ground-plane antenna. 


Fig 6—At top, the portable antenna in some of the 
many places it may be mounted around the house, 
porch and yard. At bottom, the simple ground-mounted 
legs that make a tripod. 


Construction 


‘The 18-inch carpenter's clamp (sometimes called a 
bar clamp, such as Jorgensen’s No. 3718) and flagpole 
bracket that takes a s-inch pole are common hardware 
items. Insulate the bracket from the clamp jaw with a 
Hsinch length of L-inch PVC pipe (see Fig 7). Hammer 
the PVC over the end clamp jaw to make it take the shape 
of the jaw. Secure the flagpole bracket to PVC with a large 
ground clamp (For /s or I-inch conduit). The ground clamp 
includes '/-inch bolts; enlarge the flagpole bracket holes 
to accept them. Some flagpole brackets have an integral 
cleat; the author hammered the cleat ears flat on his. 

Mount an SO-239 chassis connector on the flagpole 
bracket using RadioShack insulated standoffs (276-1381), 
‘The standoffs tightly press the center pin of the 0-239 
against the bracket surface; no other connection is needed 
Other mounting hardware may require a connection from 
the coax center conductor to the bracket. The spooled 
wire’s inner end wraps around a standoff and connects to 
‘ring terminal under a screw holding the SO-239 flange 
to the standoff. 

‘The I x 2-inch wooden legs for the tripod are each 
30 inches long. Bolt them together at one end with a | or 
1'/-inch-long bolt. Countersink the bolt head and nut 
below the surface of the wood so they don’t interfere with 
the clamp jaws. 


Aluminum Element 

You can make this element from three lengths of 
telescoping aluminum tubing ("%, /s and '/ inch, 0,058- 
inch walls). The author used tubing with thinner walls 
for less weight and easier handling. A 45-inch-long, 
°Ycinch tube fits the flagpole bracket. He chose this length 
because it and the flagpole bracket make 4/4 on 6 meters. 
The two outer tubes are both %/s inch, made by cutting a 
seven-foot aluminum clothesline pole in halves. They are 


Fig 7—The flagpole bracket that supports the tubing 
elements is clamped to the long carpenter's clamp, but 
insulated from it by a small section of 1-inch PVC pipe. 
‘A coax connector is mounted to the bracket and the 
‘spool of wire is attached to the coax connector. 
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joined together with a copper coupling (‘/s inch ID) for 

inch copper pipe. The coupling is bolted to one of the 
Sheinch sections, and a slot is cut in the free half of the 
coupling. The remaining ‘h-inch tube is inserted there 
and secured with a hose clamp. See Fig 8. 

One ‘Ys-inch tube slides into the '/«-inch tube to pro- 
vide a continuously variable element length from about 
4 to 7's feet. This extends from 7'/: to II feet when the 
two “h-inch sections are joined together. 


Loading Coil 

The loading coil has 12 turns of bare aluminum wire 
spaced to fill the 3'/-inch length of the drain coupling. 
Drill “/-inch holes at the ends of the coil form to accept 
the ends of the coil wire. (See Fig 9.) To wind the coil, 
feed four inches of wire through the form, make a sharp 
bend in the wire and start winding away from the nearby 
mounting hole. Wind 12 turns on the form, spacing them 
only approximately. Cut the wire for a 4-inch lead and 
feed it through the other hole in the form. Tighten the 
wire as best you can and bend it into another acute angle 
where it passes into the form. Space the turns about 
equally, but don’t fuss with them. Final spacing will be 
set after the wire is tightened. 

Tighten the coil wire by putting a screwdriver or a 
needle-nose pliers jaw under one turn, and pry the wire 
up and away from the surface of the coil form. While this 
can be done anywhere, its best to put these kinks on the 
backside, away from the mounting shaft. Put kinks in 
every other turn, removing any slack from the coil and 
holding the turns in place. Should the coil ever loosen, 
simply retighten it with a screwdriver. If you prefer, glue 
the coil turns in place with epoxy or coil dope. Use a thin 
bead of glue that won't interfere with the clip that con- 
nects to the coil 

‘The coil form mounts on anine-inch-long "/-inch PVC 
pipe. (See Fig 9 and Fig 10.) The inside diameter is slightly 
larger than the */-inch aluminum, but slotting the PVC and 
tightening it with a hose clamp secures the tube. (Use a 
wide saw to cut these slots, not a hacksaw.) The coil form 
‘mounts to the PVC pipe with #6-32 x I'/-inch bolts. A five- 
inch long, ‘-inch aluminum tube permanently attaches 
to one end of the coil assembly and slides into the 


| 8 


Fig 8—The joint between two sections of ‘ie-inch tubing 
is made from a '‘=inch copper pipe coupling, bolted to 
‘one section and hose clamped to the other. 
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flagpole bracket. One end of the coil wire connects to this 
short tube. Flatten the wire end by hammering it on some- 
thing hard, then drill a %e-inch hole in the flattened end 
and attach it to the short tube with a #6-32 x I-inch bolt 
Tighten the bolt until the Ys-inch tube stats to flatten, This 
will keep pressure on the aluminum-to-aluminum joint. 

‘The aluminum element slides into the opposite end 
of the coil assembly. The hose clamp there can be tight- 
ened until the element just slides in snugly 

A 12-inch clip lead connects the aluminum element 
to the coil. Bolt the plain wire end to the */iinch tube 
three inches from its end. Many alligator clips will fit in 
the space between the turns of the coil (about "is inch), 
but W3IIP preferred using a solid-copper clip (Mueller 
TC-1). Cut off most of the jaws, so that only the part 
close to the hinge grabs the coil. This shorter lever grips 
very tightly 


Wire and Spool 

‘The lower half of the antenna is insulated wire that 
is about 2/4 on the band of operation. The wire is pulled 
from the spool, and the remaining wire forms an indue- 
tance that doesn’t add much to the antenna length. The 
Home Depot sells #12 and #14 insulated stranded copper 
wire in 50 and 100-foot lengths, on plastic spools. (See 
Fig 11) A '/-inch dowel fits into the spool to make a 
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Fig 9—Holes to be drilled in the styrene coupling and 
the */-inch PVC pipe. All holes are */«-inch diameter, to 
provide clearance for #6-32 bolts. The hole 1'/s inches 
from one end holds a bolt that serves as a stop, so that 
the antenna tube does not slide in too far. Space the 
holes for coil leads far enough from the mounting 
holes to clear the %-inch 


Fig 10—Top photo shows the loading coil for the 20, 
30, and 40-meter band coverage. The short aluminum 
tube on the coil slides into the fiagpole bracket, and 
the tubing element slides into the other end of the PVC 
pipe. The wire and clip connect the element to the coll. 
Bottom photo shows the coil for operating the antenna 
‘on 80 meters. This is placed in the flagpole bracket and 
the 40-meter aluminum coll plus the tubing element is 
inserted into it. 


handle and spool axle, Bolts through the dowel on either 
side of the spool hold it in place. A crank handle is made 
by putting a one-inch-long bolt through the spool flange. 

The author calibrates the wire on the spool with 
markers and electrical-tape flags. There's a mark (from a 
permanent marking pen) at each foot, a black flag every 
five feet and a Iength-marked colored flag every 10 feet. 
Simply mark the length for each band, if you like. 

Make sure you prevent the wire from unspooling, 
especially when it’s hanging from a window mounting. 
A heavy rubber band works, but it doesn’t last long. A 
better solution is a loop of light bungee cord, preferably 
with a knot for grip. The bungee loop runs from the axle/ 
handle around the spool! making a half twist on the way, 
and then passes over the axle end on the other side of the 
spool. (See Fig 1.) 


Operation 

Table 2 lists element length, wire length and coil 
tap point for various bands. When the number of turns 
shown is zero, the coil is not needed. On all bands except 
6 meters, you can simply bypass the coil with the clip 
ead—the extra length just lowers the frequency a bit. For 
6 meters, the coil must be removed. The location of the 
unspooled wire greatly affects the settings, so these num- 
bers are only starting points. The lengths in the table were 
taken with the wire one to three feet above ground, draped 


Fig 11—The wire spool has a wooden axle/handle and 
small handle for winding the wire. A bungee cord 
stretched over the spool and around the axle prevents 
the wire from unwinding. 


Table 2 
Coil Turns Wire 
Length (feet) 


Tubing 
Length (feet) 

6 meters 
10 meters 


12 meters 


15 meters 1 


17 meters 1 


20 meters 1 


30 meters 1 


40 meters 1 


‘over and through bushes and flowerbeds. The antenna 
will still work if the wire is lying on the ground, but it 
will require less unspooled wire to resonate. A balun is 
not needed, and an SWR analyzer is very helpful while 
adjusting this antenna. 

‘The SWR is less than 1.5:1 on all bands, and it’s 
usually below 1.2:1. Occasionally, a band shows a higher 
SWR (still less than 2:1), but that can always be lowered 
by adjusting the length or location of the lower wire. 
Never set up the antenna where it could fall and injure 
someone, or where the unwary could get an RF burn by 
touching it 

‘The author's results with this antenna have been 
excellent, both from home and on vacation. If you haven't 
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yet operated from a seashore location, be prepared for a 
pleasant surprise! The good ground afforded by the salt 
water really makes a difference. 


80 Meters 

It’s easy to add this lower frequency band. Fig 10 
shows a 35 JH coil for 80 meters. It’s constructed and 
tightened just like the 40-meter coil, but has 20 turns of 
#12 magnet wire. 

To operate on 75/80 meters, insert the new coil into 
the flagpole bracket and plug the 40-meter coil into it. 
Tune across the band with the movable tap on the 40-meter 
coil. This varies antenna resonance from below 3.5 to 
above 4.0 MHz, with the full 11 feet of tubing extended. 
If your version doesn't achieve this tuning range, adjust 
the spacing of the turns on the 80-meter coil 

‘The 80-meter coil has a five-inch length of *.-inch 
aluminum tube inserted into one end of the '/:-inch PVC 
pipe that supports the coil form. One end of the coil is 
connected to this aluminum tube. The other end is 
secured under the bolt that holds the coil form to the PVC 
pipe. A second clip lead connects the base of the 40-meter 
coil to the outer end of the larger coil. The length of wire 
‘on the spool must also be increased to about 64 feet. 


2 Meters 

A 22 dipole for 2 meters can be made with about 
15 inches of '/:-inch aluminum tubing in the flagpole 
bracket, and 18 inches of wire. The tubing element is 
shorter than normal for 2 meters because the bracket is 
also part of the antenna. You can also shorten the 6-meter 
wire a bit and operate the 6-meter antenna as a 34/2 on 
2 meters, with a somewhat higher SWR. 


Cont 


uous Coverage 

With easily changed element lengths and a continu- 
ously variable loading coil, you may operate the antenna 
on any frequency from 6.5 to 60 MHz, if coverage for other 
services is needed. With taps in the 80-meter coil at 8, 11 
and 14 turns, the antenna will also tune from 4 to 7 MHz. 


THE HF CABOVER ANTENNA 


If you have ever had the pleasure of traveling across 
the country with an HF mobile in a camper, trailer or 
motor home you may want to duplicate this antenna for 
use when you park. This antenna was described in The 
ARRL Antenna Compendium, Vol 5, by Jim Ford, NOIF. 
‘The author's camper has limited spots on which to 
mount an HF mobile antenna. The back ladder is a con- 
venient place to mount a small mobile whip. However, 
the efficiency of typical mobile center-loaded antennas, 
depending on coil Q and other assumptions, is often less 
than 2% for 80 meters and 10% for 40 meters. (These 
numbers come from the excellent, easy-to-use MOBILE 
antenna design program by Leon Braskamp, AA6GL, 
which is on the CD-ROM bundled with this book.) 
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At some locations, N6JF used an 80-meter dipole, 
which was very efficient and worked great on all bands 
when fed with open-wire line and an antenna tuner. How- 
ever, it took over 40 minutes to set up and about 20 min- 
utes to tear down, working with a sling shot and many 
tree snags. This is too much time to make a schedule or 
for an early morning departure, although it’s OK if you 
plan to stay for a while. Even more important, there were 
often too many trees or other barriers (perhaps some even 
social) to allow putting up the dipole at a campsite. 

‘When this happened he was stuck with the mobile 
antenna with poor efficiency. There had to be a better 
antenna for camper operation. The author decided on a 
large vertical. 

A telescoping aluminum extension pole used for 
roller painting would make a good bottom section for the 
loaded vertical. These are available at many local home 
supply centers. The author's was | inch in diameter and 
6 feet long, telescoping to almost 12 feet. He disas~ 
sembled both sections and cross-cut a 1-inch slot in the 
top of the bottom section with a hacksaw to allow com- 
pression clamping with a hose clamp. The tip of the top 
section was fitted with an aluminum plug that had a 
3/8-24 hole tapped in it. This procedure was a simple 
machine-shop operation. The plug was pounded into the 
top section and is quite snug. He tapped some set screws 
through the pole into the plug, however, just to be sure, 
An insulated, lay-down marine antenna mount fit perfectly 
into the bottom of the aluminum base and was secured 
with a bolt that also served as the electrical connection 
from the capacitor matching box. See Fig 12 showing the 
aluminum base plate, the laydown mount and the antenna 


Fig 12—Photo of aluminum base plate, showing details 
‘of mounting to the camper. The four banana-plug jacks 
‘on the bottom are for extra radials, if desired. 


Fig 13—Photo showing the back of the camper, with 
the antenna in the lowered position, parallel to the 
ladder. The “Outback” standby mobile antenna is, 
shown clamped to the left side of the ladder. 


01 3 Section 365 pF 
C2 B00pF mica 
St is Closed on 80M 


Fig 14—Schematic of tuning capacitor at base plate. 
2 is an 800 pF transmitting mica capacitor. C1 is a 
three-section 365 pF broadcast tuning capacitor. $1 is 
closed for 80-meter operation. 


mast itself lowered down the back of the camper. Fig 13 
shows the layout of the back of the camper, with the 
antenna on the right-hand side, laid down for travel. 

‘The variable capacitor in the matching box is a sur- 
plus three-section 365-pF broadcast tuning capacitor. Two 
of three sections are connected in parallel and a switch 
parallels in the third section, along with an extra 800 pF 
mica capacitor for use on 80 meters. See the schematic 
in Fig 14. 

‘The capacitor assembly was put in a custom-glued 
Plexiglas box to keep out the weather and mounted to a 
piece of plate aluminum, along with an SO-239 connec- 
tor. The aluminum plate was riveted to the camper shell 
using a lot of aluminum rivets. Do not use steel. N6IF 
peeled back about a 4-inch wide section of the side of the 
camper for this direct aluminum-to-aluminum connection, 
People who are hesitant to modify their campers like this 
need to find an alternate low-resistance connection 
method. His camper was old enough not to be an issue. 

For an extra low-resistance connection a 1'/s-inch 
aluminum strip was added from the top of the base plate 
to the camper, as shown in Fig 12 near the 80-meter 


Fig 15—Close-up photo of 80 and 40-meter coils, with 
top section and telescoping whip antenna with swivel 
bracket for tuning the top section for the higher bands. 
Note quick-disconnect connectors at top and bottom of 
both coils. The top whip is a Fiberglas CB whip, used 
‘on 80 and 40 meters. 


switch. The tuning knob protrudes from the side of the 
Plexiglas box. The four bottom holes in the plate are for 
banana plugs to connect ground radials if extra efficiency 
is desired. However, the roof of a camper is one of the 
better places for a mobile antenna, so the author seldom 
hooks up the radials. When he does use them, the tuning 
changes only a litle. 

To keep losses down, NOJF used coils: wound with 
aluminum clothes-line wire on old mobile coil center sec- 
tions with quick disconnect fittings. See Fig 18, which 
shows both the 80 and 40 meter coils, together with the 
top portion of the antenna. An article by Robert Johns, 
WSIIP, in October 1992 OST described techniques for 
building your own loading coils. The coils ended with a 
little more inductance than calculated and the author had 
to remove some turns. Both coils are spaced at 4 turns 
per inch. The 8-inch long 80-meter coil has 18 turns. The 
T-inch long 40-meter coil has § turns. 

‘The matching network is actually an L-section step-up 
match, using the net inductive reactance ofthe antenna plus 
the center loading coil. The PVC coil construction technique 
was described in W3JIP's OST anicle anda follow-up Tech- 
nical Correspondence piece in October 1992 OST. Basi- 
cally, it consists of drilling an accurate row of slightly 
undersized holes along a length of Y-inch PVC pipe and 
then carefully sawing down the center of the row of holes 
witha hack sav. Then, you tap the coil wires inthe grooves 
between the two sawed halves and tie the two halves 
together with string. When you are satisfied that everything 
is proper, you then tighten the string and apply epoxy glue 
to make it strong and permanent. 

‘One advantage of aluminum clothes line wire is that 
it is already coiled at the approximate diameter needed 
‘when you buy it and itis easy to position on the coil form. 
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The clothes line wire had a plastic coating, which wasn’t 
removed except at the contact points. Once the epoxy 
ries, this method of construction does a good job of hold- 
ing the finished coil together and it is lightweight. 

‘The computed coil Q from the MOBILE antenna pro- 
gram is about 800 for the 80-meter coil and about 400 
for the 40-meter coil. The author accidentally made the 
40-meter coil 7 inches in diameter instead of a higher-Q 
6 inch diameter. Even so, the whole antenna system with 
9-foot top section calculates as being 56% efficient on 
80 meters and 85% for 40 meters. 

‘The removable top section for 80 and 40 meters is a 
full-size fiberglass CB whip from RadioShack. The 
fiberglass whip has about a #16 hole in the center of it 
Be sure to sand and paint the whip for protection against 
UV and to protect yourself against fiberglass spurs in the 
hands. NOJF tried a full-size stainless steel CB whip to 
get a slightly higher capacitance to ground because of 
larger conductor size but discovered it was far too heavy. 
That experience reinforced his decision that aluminum 
was a far more practical coil and base section material 
for this project. 

Quick-disconnect connectors found years ago at a 
hamfest were used for both coil forms and for the top sec 
tion, Bands higher than 40 meters don’t need any loading 
coils and the antenna length can be telescoped to get a's 
wavelength. Ten meters doesn’t require any top section. 
Be sure to use some NOALOX or similar compound to 
prevent corrosion and poor connections at all aluminum 
joints. This is especially true for the telescoping sections, 
and the aluminum rivets. The matching capacitor is in the 
circuit at all times but when the 80-meter switch is off you 
can set the capacitor at minimum (about 14 pF) and it is 
effectively out of the circuit, even at 10 meters. The au- 
thor has not tried this antenna on power levels greater than 
about 100 W but the weakest link would probably be the 
matching capacitor. The voltage at the matching capacitor 
is low, so 200 W should be no problem. 

You can achieve a 1:1 SWR match for 80 or 40 meters 
and a good SWR is obtained without retuning the base 
matching capacitor for approximately 100 kHz on 
80 meters and most of 40 meters. The top section, how- 
ever, does not have such low Q and needs to be tuned. The 
2:1 SWR bandwidth on 80 meters is about 25 kHz and 
150 kHz for 40 meters. Tuning is accomplished by using 
a telescoping FM portable radio antenna connected to the 
top-section whip with a stainless steel hose clamp. The 
maximum length of the telescoping section used was 
29 inches, and it collapses down to 7 inches. A whip with 
an elbow was used to adjust the angle of the whip as well 
A telescoping whip half the length would still be long 
enough for the full adjustment of both bands. 

Adjustment of the top section is one of the penalties 
paid to achieve high efficiency for operation on 80 and 
40 meters. Substituting an automatic antenna tuner would 
likely lose efficiency, particularly on 80 meters since the 
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base resistance calculates to about 10.2. NOJF has not 
tried to make the antenna work on 160 meters. The SWR 
for the higher bands was good enough without any match- 
ing network 

‘As light as the antenna is, it still won’t hold up ina 
moderate wind without some support guys. N6JF used 
Yieinch and "/-inch PVC support pipes in a telescoping 
arrangement for storage, but expanding to give an 
approximate 45° support at the top of the bottom section 
from both directions. One end of the telescoping section 
was connected to the camper roof with a hinge. The other 
end formed a snap-fit out of a PVC barrel that was cut 
lengthwise. See Fig 16 and Fig 17 for details. Even 
though it formed a good snap fit, N6IF didn’t trust the 
joint for strong winds so he glued a piece of Velcro to the 
Joint to close up the open end. Be careful, though, be- 
‘cause Velero deteriorates with exposure. 

‘Another hose clamp near the top of the bottom sec- 
tion holds an ‘/s-inch line taken up the ladder to pull up 
the antenna without the need of an assistant. The disad- 
vantage is you have to climb the roof. Use a non-slip floor 
mat or something similar to spread the load on the roof 
and to avoid slipping. Once on the roof, however, the coil 
is at a height for easy adjustment when the telescoping 
section is in the down position. 

‘An advantage of being able to assemble the whole 
antenna on the roof is that you don’t need a lot of swing- 
up room and you can clear trees easily. You can put cali- 
bration marks on the upper aluminum section for resonant 
lengths on the higher bands but just raise the top section 
up all the way for 80 or 40 meters. Mark also the small 


Fig 16—Close-up of one of the snap-on support 
brackets used to brace the antenna. Note the Velcro 
pieces used to ensure that the antenna doesn't pop out 
of the bracket in the wind. 
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Fig 17—Photo showing the two support bracket poles 
bracing the bottom section of the antenna. The top 
tuning whip is evident above the homemade loading 
coll at the top of the bottom section. 


coil tuning whip for 80 or 40 meters, although different 
locations may require slightly different settings due to 
detuning from nearby metal objects. 

‘The overall length is about 21 feet. The top of the 
author's camper is about 10 feet high when on the truck, 
putting the tip at 31 feet. This antenna is definitely 
designed for use when you are parked at a fixed location. 
NOJF can put up this antenna in less than 5 minutes and 
can take it down in half the time. The success of this, 
project has as much to do with knowing how and where 
‘you operate as it does paying attention to mechanical and, 
electrical details. The antenna has been a good compro- 
mise between efficiency and convenience. 


TWO PORTABLE 6-METER ANTENNAS. 


‘These antennas were described by Markus Hansen, 
VEICA, in The ARRL Antenna Compendium, Vol 5. 
After years of HF operation, he became enthusiastic about 
VHF/UHF operation when he found a used Yaesu 
FT-726R VHF/UHF all-mode transceiver at a reasonable 
price. 

But he became really enthused when he got on 
6 meters and discovered the joys of driving to high moun- 
tain peaks to operate. Not only does an antenna have to 
be portable for this kind of operation, it must be easily 
assembled and disassembled, just in case you have to 
move quickly to a better location. 


A Portable Two-Element Six-Meter Quad 


VETCA's primary objective was to construct a two- 
element quad using material found in any small town. It 
should not use a complicated matching network. The 
Gamma matches commonly used on quads do not hold 
up well when you are setting up and taking down these 
antennas in the field. The final design adjusted the dis- 
tance between the driven and the reflector elements so 
that the intrinsic feed-point impedance was 50 Q. 

Fig 18 shows the dimensions for the boom and the 
boom-to-mast bracket. The boom is made from a 27"/s- 
inch length of 2X2. (The actual dimension of 2x2 is 
closer to P'/: by P'/s inches but it is commonly known in 
lumber yards as a 2 x 2.) Use whatever material is avail- 
able in your area, but lightweight wood is preferred, so 
clear cedar or pine is ideal. Drill the four */s-inch holes 
forthe spreaders with a wood bit, two at each end, through 
one of the faces of the 2 x 2 and the other through the 
other face. The boom-to-mast bracket is made from 
“Jeinch fir plywood. 

‘The spreaders are 's-inch dowel. The local lumber- 
yard had a good supply of fir dowels but other species of 
‘wood are available. The exact material is not important. 
Maple is stronger but expensive. Fiberglass would be 
ideal but itis not always available locally. Cut two of the 
¥Jainch dowels to a length of 834/ inches for the driven 
element spreaders and two to 88 inches for the reflector 
spreaders. Fig 19 shows one end of the boom with the 
two spreaders inserted. The mast was made from two six- 
foot lengths of 1'/inch fir dowel. Again, use whatever 
you may have available. Waterproof all wooden parts with 
at least two coats of exterior varnish, 

While you are at the lumberyard or hardware store 
look for plastic pipe that fits over the end of the "/-inch 
spreaders. You will need a one-foot length, with some to 
spare. Cut it into seven equal lengths, approximately one 
inch long, and one to a length of 1'Vs inches. Drill a ‘he- 
inch hole through the seven equal lengths ‘v/s inch from 
the ends, and two holes one above the other "/-inch apart 
on the I'-inch sleeve. VETCA used #14 hard-drawn 
stranded bare copper wire for the elements. Do not use 
insulated wire unless you are willing to experimentally 
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Fig 18—Dimensions for the boom-to-mast bracket for 
VE7CA's portable two-element 6-meter quad. 


Fig 19—Photo of one end of the VE7CA quad with the 
two spreaders inserted. 


determine the element lengths, since the insulation 
detunes each element slightly. 

Cut the reflector element 251 inches long and slip 
one end of the wire through the holes you drilled in four 
of the plastic sleeves. Don’t attempt to secure the wire to 
the plastic sleeves at this point. Cross the end of the 
reflector elements one inch from their respective ends and 
twist and solder together. The total circumference of the 
reflector element should be 249 inches when the ends are 
connected together. 

Cut the driven element wire to 241 inches and slip 
three of the I-inch sleeves onto the wire. Again, don't 
secure the wires to the sleeves yet. Then the ends are 
passed through the two holes in the 1'/:-inch pipe. Wrap 
the ends around the pipe and twist them back onto them- 
selves to secure the wire. The coax feed line is attached 
directly to the two ends at this point. The circumference 
of the driven-element loop from the points where the coax 
is attached should be 236% inches. Solder the coax feed 
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line to the driven element and waterproof the coax with 
silicone seal. The author used RG-58, as it is lightweight, 
‘The length required for a portable installation is typically 
not very long, maybe 20 feet, so the loss in the small cable 
is not excessive. Near the feed point, coil the coax into 
six turns with an inside diameter of two inches. This is 
an effective method of choking any RF from flowing on 
the outside of the coax shield. 

Begin assembling the quad by pushing the two 
reflector spreaders, without wires attached, through one 
end of the boom and the two shorter driven-element 
spreaders through the holes in the other end of the boom, 
Center the spreaders and mark the spreaders with a black 
felt-tip pen next to the boom, Now insert a I'/: #8 wood 
serew or a threaded L-hook into the boom so that it just 
touches one of the spreaders. Take the serew or L-hook 
out and file the end flat, then reinsert it so that it is just 
snug against the spreaders. The author only used two 
L-hooks for the two vertical spreaders; the horizontal 
spreaders are held in the proper position by the tension 
of the wire loops. If you use an L-hook, you can unscrew 
it with your hands—you won't have to worry about leav- 
ing the screwdriver at home. 

You are now ready to assemble the wire loops. Take 
the reflector loop and place the four plastic caps over the 
ends of the reflector spreaders. Equalize the wire lengths 
between the spreader so that the loop is square. Now, 
secure the plastic sleeve pipes by tightly wrapping wire 
around the sleeve and the wire element and soldering the 
wire in place. See Fig 20, a photo showing one of the 
plastic sleeves slipped over one of the spreader ends, with 
the wire element through the hole and fastened in place, 
Follow the same procedure with the driven element, 

Fig 21 shows the quad’s boom, with the plywood 
boom-to-mast bracket fastened with wood screws and glue. 
‘Two U-bolts are used to attach to the mast. When the quad. 
is raised, the shape of the loop is commonly known as a 
diamond configuration. The mast consists of two six-foot 
lengths of doweling joined together with a two-foot length 
of PVC plastic pipe, held together with wood screws. 

Make a slot the width of a #8 wood screw about one 
inch deep from the top of the plastic PVC pipe and then 
put the top mast into the plastic pipe. Insert a one inch #8 
wood screw into the bottom of the slot you cut into the 
top of the pipe and tighten only enough so that the top 
mast can be removed without unscrewing it. VETCA 
drove a nail into the end of the lower mast and left it 
exposed an inch or more. This end is placed in the ground 
and the nail holds the pole in place. A strip of wood 
approximately 1 x3 and long enough to cross over the 
roof rack of the family van is used to hold the center of, 
the antenna mast to the roof rack of the van with small 
diameter rope. See Fig 22 for a photo of the quad in 
action next to the family van 

To disassemble the quad, lay it on its side, slip the 
plastic sleeves off the ends of the spreaders and roll up 


Fig 20—Photo showing one of the plastic sleeves 
slipped over end of a spreader to provide a mechanical 
‘mounting point and support for the wires. 


Fig 21—Photo of the two-element quad’s boom, with 
the plywood boom-to-mast bracket secured with wood 
screws and glue. 


the wire loops. Loosen the L-hooks holding the vertical 
spreaders in place. Push the spreaders out of the boom, 
loosen the U-bolts and free the mast from the boom. 

That is all there isto it. It takes about two minutes to 
put it up, or take it down. It is quite sturdy and has sur- 
vived several high-wind storms. 


A Three-Element Portable 6-Meter Yagi 

The idea to build a Yagi antenna resulted when the 
author traded the family van for a compact car. He needed 
something that would fit into the trunk of the car. At close 
to 7-feet long, the quad spreaders were too long. Com- 
puter modeling showed that a three-element Yagi on a 
five-foot boom also could pick up about 1.5 dB gain over 
the short-boom two-element quad. A five-foot boom fits, 
into the trunk or across the back seat of the car, but some- 
thing had to be done about the nine-foot elements! 

‘One day VE7CA noticed a box of portable-radio tele- 
scoping antenna elements at the radio parts store. They 


Fig 22—Ready for action! VE7CA has set up his quad 
next to the family van. 


were 54 inches long when fully extended. He next found 
4160-inch length of aluminum tubing that fit over the end 
of the telescoping elements. There are many different 
sizes of telescoping antenna elements, with different di- 
ameters. This is where you will have to use your scroung- 
ing skills! Fig 23 shows how the tubing is used as a center 
section to join two telescoping elements together. It also 
serves to extend the total length of each element, since 
two telescoping elements themselves are not long enough 
to resonate on six meters. See Table 3 for dimensions 
and element spacings. Each center section is slotted at 
both ends with a hacksaw, and stainless-steel hose clamps 
are used to secure the telescoping elements. 

Fig 24 shows the center sections of the three ele- 
ments with their mounting brackets. A square boom was 
used to obtain a flat surface to work with. Fig 25 shows 
how the reflector is attached to the end of the boom with 
two 1'Vseinch 10-32 bolts and wingnuts. Fig 26A provides 
the dimensions and details for the reflector and director 
element-to-boom brackets, which are formed from 
"he-inch plate aluminum. The driven element is split in 
the center and is insulated from the boom. Fig 26B shows 
details for the driven-element bracket. Fig 27 is a photo 
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Fig 23—Photo showing a plece of aluminum tubing 
used as a center section to join the two telescoping 
tips together. 


¥. 


Fig 24—A view of the center sections of the three Yagi 
elements with their mounting brackets. 


e 


Fig 25—Photo detailing attachment of the reflector to 
the square-section boom, using two #10 bolts and 
wingnuts. 


Fig 26—At A, details for the reflector and director 
element-to-boom brackets, made of */«-inch plate 
aluminum. At B, details for the driven-element bracket. 
These are screwed to the square boom. 


of the driven element with the hairpin matching wire 
‘and the banana plugs used to connect the coax to the 
driven element. You could use a female PL-259 connec- 
tor if you wish. VE7CA used #14 solid bare copper wire 
for the hairpin. It is very durable—even after being 
severely warped in the car trunk, it can be bent back into 
shape quickly and easily 

‘The boom is ‘/-inch square aluminum, 65 inches 
long. The material was found at a local hardware store, 
To detach the elements, just loosen the wing nuts and 
remove the elements from the boom. A similar method 
was used to attach the support mast to the boom. 

‘As with the quad, a choke balun was used, consist- 
ing of a coil of 6 turns of coax with an inside diameter of 
2 inches. To tune the hairpin match, assemble the Yagi 
‘on its mast and extend the elements. Spray switch con- 
tact solution on a cloth and wipe any dirt and grease from 
the elements. Push the elements together and apart a 


Three-Element Yagi, Element Lengths and Spacing Along the Boom, and Hairpin Dimensions 


Table 3 
Element Spacing Center_—‘Telescoping 
Along Boom ection Ele. Length _—_ (inches) 
(inches) (inches) 

Reflector 0 22/5 51s 
Driven 28 Oy." 48% 
Director 63% 14% 51% 
Hairpin #14.wire 4 long "le spacing 


* Driven-element uses 2 sections insulated at center 


Total Length 
(inches) 


125% 
5B 
417 
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iq 27—Photo of the driven element, complete with 
airpin match and the banana plugs used to connect 
the coax cable to the driven element. 


couple of times so that the contact solution cleans the 
elements thoroughly. Attach the antenna mast to your 
vehicle or use whatever method of support you intend to 
use in the field. Connect an SWR meter and a transmitter, 
to the coax feeding the antenna. VETCA used two alli- 
gator clips soldered together to slide along the two hair- 
pin wires to find the position for the lowest SWR. The 
dimensions computed by computer were correct! The 
SWR was below 1.16:1 from 50.05 to 50.2 MHz. 

You can take this antenna out of the trunk of the car 
and assemble it in less than two minutes. One caution: 
the telescoping elements when fully extended are quite 
fragile. VETCA has not broken one as yet, but carrying a 
spare element just in case would be a good idea. 


VE7CA 2-Element Portable HF Triband Yagis 


‘These portable HF wire Yagis were described by 
Markus Hansen, VE7CA, in November 2001 QST and in 
The ARRL Antenna Compendium, Vol 7. 


‘A 20/15/10-Meter Triband 2-Element Yagi 

VETCA wanted a simple 2-element wire Yagi for 
20/15/10 meters that could be stored in the ski boot of his, 
car. The basic concept comprises three individual 
dipole driven elements, one each for 20, 15 and for 
10 meters tied to a common feed point, plus three separate 
reflector elements. The elements are strung between two 
2.13-meter (7-foot) long, 2 x 2-inch wood spreaders, each 
just long enough to fit into the ski boot of his car. 

By playing with the reflector-to-driven clement spac- 
ing and the initial driven-element lengths, VE7CA was 
able to come up with a feed-point impedance on each 
band that allowed the use of a single setting for the short- 
ing bar on a hairpin match. The result was a very accept- 
able match over the lower portions of each band. The 
layout of the 20/15/10-meter triband wire Yagi 
is shown in Fig 28, with the dimensions provided in 
Table 4. 

‘The dimensions shown in Table 4 are what resulted 
after tuning for the lowest SWR in the middle of the lower 
portion of each band. VE7CA set his system up by hang- 


ing one end of the antenna from a tree and sloped it down- 
wards at 45°, tying the lower end to a peg in the ground 
‘The height at the feed point was 30 feet. 

‘The feed-point impedance of an antenna is affected 
by many environmental factors. The presence ofa reflec- 
tor relatively close to the driven element has a major 
effect, since the impedance atthe driven element in a Yagi 
is affected by the tuning of the driven element itself, by 
the spacing and length of the reflector element and to a 
lesser extent the height of the antenna above ground and 
the character of the soil itself. The real challenge in a 
multiband Yagi with a single feed line is to obtain a low 
SWR on all the bands. 

‘The hairpin match is one of the easiest matching 
systems to make. It is easy to adjust and since wire is the 
only ingredient it can be coiled up with the rest of the 
antenna when the antenna is disassembled, The feed-point 
impedance of the Yagi with a reflector element spaced 
0.1 & behind the driven element typically produces a 
resistance around 20 Q. By shortening the driven element 
from its resonant length, capacitive reactance is added to 
the feed: point resistance. This can be cancelled by shunt- 
ing the feed point with an inductor in the shape of a wire 
loop resembling a hairpin. This causes a step up of the 
20-0 feed: point resistance to 50 ©. 


Table 4 
Dimensions for 20/15/10-Meter Tribander 
Frequency Spacing Driven Element Reflector Hairpin 
MHz DE to Fefl Half Length Length Length 

com (feet) cm (feet) com (feet) com (inches) 
144 213 (6.99) 488 (16.01) 1085 (34.94) 43 (14.9) 
214 175 (5.74) 335 (10.99) 708 (23.23) 
28.25 125 (4.1) 254 (8.33) 531 (17.42) 


‘Spacing between hairpin wires is 10 cm (4 inches). 
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Fig 28—Dimensions for VE7CA's 2-element 20/15/10-meter triband Yagi. 


The Balun 
Fig 29 shows the hairpin match and the common- 
mode choke balun for the 10/15/20-meter triband wire 
Yagi. You should let the coax drop straight down from 
the center insulator and attach it to the center of the hair- 
pin shorting bar. Continue by making a coil using the coax, 
of 8 turns, with a diameter of about 4 inches. This balun 
will choke off RF flowing along the outside of the coax 
shield that would otherwise distort the radiation pattern 
of the antenna. The center of the shorting bar is at a neu- 
tral potential, so there is no harm in attaching the coax 
feed line at that point. 


Flattop or Tilted? 
If DX is your main interest, then you want to tilt the 
‘antenna towards the vertical to emphasize the lower eleva 
tion angles. Remember that the radiation pattern is quite 
dependent on ground conductivity and dielectric constant, 
for a vertically polarized antenna. A location close to salt- 
water will yield the highest gain and the lowest radiation 
angle. With very poor soil in the near and far field, the peak 
radiation angle will be higher and the gain less. 
VETCA has had numerous opportunities to test this, 
‘out while operating portable at his favorite location. 
Using two trees as supports he can pull the antenna to 
horizontal with the feed line about 7 meters above the 
ground. In this position, with 20 meters open to Europe, 
he found it difficult to work DX on CW with 3 W of out- 
put power. However, when he changed the slope of the 
‘antenna so that itis nearly vertical he not only heard more 
DX stations, but he found it relatively easy to work DX. 
The sloping antenna always performs much better for 
working DX than a low horizontal antenna. 
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Fig 29—Details of feed point for 20/15/10-meter triband 
Yagi. The same mechanical support is provided for the 
balun and feed coax for the 30/17/12-meter tribander. 


‘A 30/17/12-Meter Triband 2-Element Yagi 

When the author attempted to add 17 and 12 meter 
elements to the existing 20/15/10-meter Yagi model he 
became exasperated. Adding two more driven elements 
and reflectors brings many more variables into the equa- 
tion! It became clear that there was serious interaction 
between the elements. He could not obtain a workable 
feed-point impedance on all five bands that could be trans- 
formed to 50 @ using a single hairpin match. There was 
also serious pattern distortion on 12 meters. 

Even building a WARC-only triband Yagi for 
30/17/12 meters turned out to be a real challenge. VETCA, 
had difficulty finding a combination that would allow him 
to use a single matching system to transform the feed- 
point impedance of the combined driven elements to 50 Q. 
He couldn't create a 30/17/12 triband Yagi using the same 
design principles as his 20/15/10-meter version. The main 
problem occurred on 12 meters. Not only was the feed- 
point impedance unmanageable, but the radiation pattern 
had four lobes, not the single lobe you'd like from a Yagi, 

He decided to try the Modified Coaxial-Sleeve 
method, more aptly termed by K9AY the Coupled-Reso- 
nator (C-R) in his article in The ARRL Antenna Compen- 
dium, Vol 5. The K9AY method uses a single driven 
element, with other elements placed in very close proxim- 
ity (but not physically connected) to the driven element 
By starting with the dimensions suggested by K9AY for a 
triband 30/17/12-meter dipole, VETCA was able to develop 
a 2-element Yagi with acceptable feed-point impedances 
on all three bands using a single hairpin match. Notice 
that this WARC design uses a 2 x 2-inch wooden boom 
length that is 230 cm (7.5 feet) long. Of course, the antenna 
can't fit into a typical ski boot anymore, so VETCA had to 
put it on a roof rack for transportation, 

The space between the tightly coupled driven ele- 
‘ments is only 3.7 cm (1.5 inches), so you need to use 
more PVC pipe spreaders than in the 20/15/10 design to 
make sure the driven-element wires stay as close as pos- 
sible to the desired spacing without physically touching 
cach other. The driven elements lie in the horizontal plane 


and the hairpin match and feed line hang down vertically 
from the center of the 30-meter driven element. 

‘The spacing between the 30-meter driven elements 
and the other two conductors and the size of the wire all 
played a part in developing this antenna for a single feed 
line with the common hairpin match. Do not change the 
wire size from the recommended #14 for the driven ele- 
ments unless you are willing to spend a considerable 
amount of time with a NEC-based modeling program 
retweaking the antenna. This is not the case with the 
20/15/10 tri-band Yagi, where any convenient sized wire 
is acceptable. 

Using #14 gauge wire allows all the Yagi antennas in 
this article to be used at the maximum power levels 
allowed in North America. The only limiting factor is the 
power handling capability of the feed line. However, even 
RG-58 should work for the relatively short length from 
the feed point down to ground level, where you can change 
to RG-8 or some other higher-power, lower-loss coaxial 
cable if you wish. Fig 30 is a detailed drawing of the 
30/17/12-meter driven element. The other dimensions for 
the 30/17/12-meter triband Yagi are shown in Table 5. 


Assembly 

When you are ready to assemble your wire Yagi, start 
by attaching the longest reflector element and the driven 
clement assembly to the wood end booms. Do this with 
the wires and the booms on the ground. Next attach the V 
slings to both of the booms and with ropes attached to the 
V slings pull the array up off the ground between two sup- 
ports (perhaps two trees). A height of 1.5 meters (5 feet) 
above the ground makes it easy to work on the antenna, 
while you add the other reflector elements and adjust the 
V slings. Pull them tight so that the array is fairly flat. It 
won't stay horizontal, because the driven elements are 
heavier than a single reflector element. So you will need 
to support the 2 x 2-inch spreaders so they are horizontal. 
Lean the booms on something at a convenient height, such 
as the rungs of two step ladders. Now add the two other 
reflector elements, but don’t pull them as tight as the long- 
est reflector. Next attach the feed line, 


Table 5 
Dimensions for 30/17/12-Meter Tribander 
Frequency Spacing Driven Element Reflector Hairpin 
MHz DE to Ref —_Length Length Length 

em (feet) cm (feet) om (feet) em (inches) 
10.12 280 (7.5) 713 (23.4) Half 1476 (48.4) 24.5 (9.5) 
18.11 165 (5.4) 808 (26.5) 822 (27.0) 
24.91 120 (3.9) 570 (18.7) 606 (19.9) 


‘Spacing between hairpin wires is 10 om (4 inches). Note that dimensions for 17 and 12-meter driven elements are full 
lengths, since they are not broken with insulator in the middle, unlike all driven elements for 20/15/10-meter triband 


design in Table 4. 
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Fig 30—Layout of 30-meter driven element with coupled resonators for 17 and 12 meters. 


V Slings 

Since the author wanted to be able to raise the 
30/17/12-meter triband antenna by himself, he again used 
only one rope on either end of the array. One end goes 
over a tree limb and the other end is tied to a stake in the 
ground or some other nearby support, perhaps a tree trunk, 
Using only one attachment rope on either end makes it 
very easy to change beam direction by walking the 
antenna around the antenna support tree or tower. To 
accomplish this he used two V slings, one on each end 
attached to the 2 x 2-inch spreaders. 

‘The secret to keeping the antenna level in the hori- 
zontal plane is that the V slings are not equilateral in 
shape. The combined weight of driven elements, balun 
and feed line is heavier than the reflectors. If the length 
of the sides of the V are equal, the array will rotate down- 
wards. The driven elements will end up facing the ground, 
with the reflectors facing up. Adjust the V slings so that 
the antenna will stay level in the horizontal plane by short 
ening the length of the side of the V attached to the driven 
elements. It is quite easy to adjust in the field, and once 
you have it adjusted it stays balanced. 

‘Once you raise the antenna to its operating position 
and in the horizontal plane, you can change direction 180° 
by pulling on the feed line. As you pull, the whole array 
will slowly turn over. Stop it from turning by holding 
onto the feed line once the array has swung over to face 
the opposite direction. 


SWR Adjustment 

Since you may situate your antenna in an entirely 
different position than VETCA did, you may need to fine 
tune your antenna. Begin with the dimensions in Table 5 
as a starting point. Make a temporary shorting bar using 
two alligator clips joined by a piece of wire and attach 
them at the recommended position. Next raise the antenna 
to the desired final position. Using an antenna analyzer 
(or transmitter and SWR meter) plot the SWR over all 
three bands. Start with the lowest band, 30 meters and 
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Fig 31—Layout for inverted-V 40-meter portable wire 
Yagi suspended from tower. 


adjust the shorting bar up or down to find the lowest SWR 
point in the portion of the band you plan to operate in. 
(This procedure also works if you wish to adjust the 20/ 
15/10-meter tribander. Start with the lowest frequency.) 
‘You shouldn't have to move the shorting bar very 
far from the suggested length. Now that you have deter- 
mined the right shorting-bar position, adjust the other two 
driven element lengths for the lowest SWR in the portion 
of those bands in which you plan to operate. You may 
have to compromise with the position of the shorting bar 
to find a satisfactory range where the SWR is acceptable 
on all three bands. After satisfying himself with the po- 
sition of the shorting bar, VETCA replaced the alligator 
clips simply by folding one side of the parallel hair-pin 


wire lengths over to the other side and soldering it in the 
position where the alligator clips had been attached. The 
author does not recommend changing the reflector ele- 
‘ment lengths unless you are familiar with antenna mod- 
cling programs and are willing to model different spacing 
or element lengths. 


40-Meter Wire Yagis, 

After his November 2001 QST article, VE7CA 
received several requests for a 40-meter wire Yagi. One 
ham mentioned that he wanted to be able to pull up a 
40-meter Yagi between two towers and to be able to flip 
it over to change direction. Another wanted a 40-meter 
Yagi he could pull up on a single tower for the winter 
DX contests and then put it away during the summer. So 
VETCA ran four different 40-meter scenarios in his com- 
puter models: 


A horizontal 2-element wire Yagi at 65 feet. 
A sloping 2-element wire Yagi, with one end at 
65 feet and sloping downward 30° from vertical. 

A sloping 2-clement wire Yagi, with one end at 
65 feet and sloping downward 65° from vertical. 

An inverted-V 2-element wire Yagi with the apex at 
65 feet and an included angle between the wires of 
120°. 


Fig 31 shows the layout for an inverted-V system and 
Table 6 lists the element and hairpin lengths. Elevation pat- 
tems for the 40 meter antennas are compared in Fig 32, 
with a reference antenna of a single flattop dipole at 65 feet. 
As they say, a picture is worth a thousand words. IF your 
interest is DX, it is very clear that horizontal and high is a 
very good rule of thumb for most antennas. 

Yes, a '/u wave vertical over salt water or 120 
"Je-wave radials over good ground will produce very low 
radiation angles, but such systems are not exactly por- 
table and we don’t all live near the ocean. Mind you, if 
you can manage to locate antenna Number 3 (the most 
vertically oriented wire Yagi) next to the ocean, you would 
be very happy. 

‘The point here is that if you have two towers and 
you're not fortunate enough to be located on a saltwater 
‘marsh, you should pull the 40-meter array up as high and 
as horizontal as you can. If you have only one tower and 
don’t need to change direction often, then try the inverted- 
V configuration. You can still change the direction by 
walking each end around the tower. 

However, even the sloping 40-meter Yagi with one end 
at 65 feet up a tower (or tree) and the other end attached 
with a long rope as far as possible from the tower will still 
put out a very respectable signal. It is directional, and you 
can walk it around the tower to change direction or you can 


Table 6 
40-Meter Wire Yagi Configurations 


Configuration Driven Element Reflector 
om (tet) em (feet) 

1. Horizontal 1978 (64.90) 2098 (68.83) 

2.-30° Sloper 1978 (64.90) 2118 (69.32) 

3.-65° Sloper 1978 (64.90) 2101 (68.93) 

4-Inverted V 2040 (66.93) 2126 (69.75) 


Hairpin Length 
cm (feet) 
‘Approx 50 cm 
(22 inches) 


‘Spacing between driven element and reflector is 427 cm (14 feel). Spacing between parallel hairpin wires is 10 cm 
(4 inches). The lengths shown above are the total wire length for each element. 
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Fig 32—Comparisons of elevation 
patterns for five 40-meter 
antennas: a 2-element flattop Yagi 
at 65 feet; a 2-element inverted-V 
\ 30 Yagi at 65 feet; a 2-element Yagi 

sloped 65° from the vertical plane; 
a 2-element Yagi sloped 30° from 
the vertical plane; and a horizontal 
dipole at 65 feet. 
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flip the antenna over and change direction 180° very quickly. 


Summary 

You don’t need a 10-meter (60-foot) high tower, a 
commercial triband Yagi and a rotator to put out a good 
signal on the HF bands. Wire Yagis work very well and 
they can be inexpensive and easy-to-build, using com- 
ponents found at your local hardware store. Fig 33 is a 
photograph of a successful portable installation in Ma 
sachusetts. 
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Fig 33 — VE7CA portable 2-element 
20/15/10-meter wire Yagi installed 
at Plimoth Plantation in Plymouth, 
Massachusetts. (Photo courtesy 
KIHTN). 
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5G Core Service & Performance Requirements 


An industry "Vision for 5G" Is now established and supported worldwide. Services and 
performance requirements have been identified, and the industry is moving into the 
development and implementation phases with a view to commercial launch of 5G 
mobile service around 2019 and fixed wireless access using mmWave radio from 
2017. Ta meet these schedules, leading operators — especially Tier 1s with high ex- 
pectations and aggressive deployment timelines ~ are working to make their net- 
works SG-ready ahead of commercial deployment. 


This white paper argues that with a 5G-ready technology strategy, operators can 
prepare for rapid SG service launch in a way that optimizes their investment in nex! 
generation IP and mobile core platforms over the next three years. Specifically, it 
discusses |) how 5G services crive a requirement for an IP services fabric to connect 
the distributed data centers that will hast 5G network functions, content and appi- 
cations and 2} the development of cloud-native, service-orientated core networks 
for advanced 4G and 5G networks. 


5G Services Dimensions 


Development of the 5G system architecture, and associated core network, is being 
led by 5G service requirements. Figure 1 shows the output from the 3GPP SMARTER 
sludy group that has investigated the service dimensions of SG. 


Figure 1: Service Dimensions in Future 5G Networks 


Source: 3GPP SMARTER 
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Mobile and 
Maritime Antennas 


Mobile antennas are those designed for use while 
antennas, most amateurs think of a whip mounted on an 
automobile or other highway vehicle, perhaps on a recre 
ational vehicle (RV) or maybe on an off-road vehicle. While 
it is true that most mobile antennas are vertical whips, mo- 
bile antennas can also be found in other places. For example, 
antennas mounted aboard a boat or ship are mobile, and are 
usually called maritime antennas. Fig 1 shows yet another 
type of mobile antenna—those for use on handheld trans. 
ceivers. Because they may be used while in motion, even 
these antennas are mobile by literal definition, 

Pictured in Fig | is a telescoping full-size quarter: 
wave antenna for 144 MHz, and beside it a stubby 
antenna for the same band. The stubby is a helically wound 
radiator, made of stiff copper wire enclosed in a protective 
covering of rubber-like material. The inductance of the 
helical windings provides electrical loading for the antenna. 
For frequencies above 28 MHz, most mobile installations 


ig 1—Two mobile antennas—mobile because they 
may be used while in motion. Shown here are a 
telescoping '/«-, antenna and a “stubby” antenna, both 
designed for use at 144 MHz. The ‘cA antenna i 

19 inch long, while the stubby antenna is only 3's inch 
long. (Both dimensions exclude the length of the BNC 
connectors. The stubby is a helically wound radiator. 


permit the use of a full-size antenna, but sometimes smaller, 
loaded antennas are used for convenience. The stubby, for 
example, is convenient for short-range communications, 
avoiding the problems of a lengthier, cumbersome antenna 
attached to a handheld radio. 

Below 28 MHz, physical size becomes a problem 
with full-size whips, and some form of electrical loading 
(as with the stubby) is usually employed. Commonly used 
loading techniques are to place a coil at the base of the 
whip (base loading), or at the center of the whip (center 
loading). These and other techniques are discussed in this, 
chapter. 

Few amateurs construct their own antennas for HF 
mobile and maritime use, since safety reasons dictate very 
sound mechanical construction. Several construction 
projects are included, however, in this chapter for those 
who may wish to build their own mobile antenna. Even 
if commercially made antennas are installed, most require 
some adjustment for the particular installation and type 
of operation desired and the information given here may 
provide a better understanding of the optimization 
requirements. 


HF-MOBILE FUNDAMENTALS 


Fig 2 shows a typical bumper-mounted center- 
loaded whip suitable for operation in the HF range. Jack 
Schuster, WIWEF, operates 80 through 2 meters from 
his car. The antenna could also be mounted on the car 
body itself (such as a fender), and mounts are available 
for this purpose. The base spring and tennis ball act as, 
shock absorbers for the bottom of the whip, as the con- 
tinual flexing while in motion would otherwise weaken 
the antenna, A short heavy mast section is mounted be- 
tween the base spring and loading coil. Some models have 
a mechanism that allows the antenna to be tipped over 
for adjustment or for fastening to the roof of the car when 
not in use. 

It is also advisable to extend a couple of guy lines 
from the base of the loading coil to clips or hooks fas: 
tened to the roof gutter on the car, or to the trunk and 
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Fig 2—A typical bumper-mounted HF mobile 
antenna, as used by W1WEF. Note the nylon guy 
lines and the tennis ball used as a shock absorber. 
(Photo courtesy W1WEF,) 


rear bumper, as WIWEF has done. Nylon fishing line 
(about 40-pound test) is suitable for this purpose. The 
guy lines act as safety cords and also reduce the swaying 
motion of the antenna considerably. The feed line to the 
transmitter is connected to the bumper and base of the 
antenna. Good low-resistance connections are important 
here. 

‘Tune-up of the antenna is usually accomplished by 
changing the height of the adjustable whip section above 
the precut loading coil. First, tune the receiver and try to 
determine where the signals seem to peak up. Once this 
frequency is found, check the SWR with the transmitter 
on, and find the frequency where the SWR is lowest. Short- 
ening the adjustable section will increase the resonant fre- 
quency, and making it longer will lower the frequency. It 
is important that the antenna be away from surrounding 
objects such as overhead wires by ten feet or more, as con- 
siderable detuning can occur. Once the setting is found 
where the SWR is lowest at the center of the desired fre- 
quency range, the length of the adjustable section should 
be recorded. 

Propagation conditions and ignition noise are usu- 
ally the limiting factors for mobile operation on 10 
through 28 MHz. Antenna size restrictions affect opera- 
tion somewhat on 7 MHz and much more on 3.5 and 
1.8 MHz. From this standpoint, perhaps the optimum 
band for HF-mobile operation is 7 MHz. The popularity 
of the regional mobile nets on 7 MHz is pethaps the best 
indication of its suitability. For local work, 28 MHz is 
also useful, as antenna efficiency is high and relatively 
simple antennas without loading coils are easy to build, 

As the frequency of operation is lowered, an antenna 
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of fixed length looks (at its feed point) like a decreasing 
resistance in series with an increasing capacitive reac 
tance. The capacitive reactance must be tuned out, 
necessitating the use of an equivalent series inductive 
reactance or loading coil. The amount of inductance 
required will be determined by the placement of the coil 
in the antenna system, 

Base loading requires the lowest value of inductance 
for a fixed-length antenna, and as the coil is placed far- 
ther up the whip, the necessary value increases. This is 
because the capacitance of the shorter antenna section 
(above the coil) to the car body is now lower (higher 
capacitive reactance), requiring more inductance to tune 
the antenna to resonance. The advantage is that the cur- 
rent distribution on the whip is improved, increasing the 
radiation resistance. The disadvantage is that requirement 
of a larger coil also means the coil size and losses 
increase. Center loading has been generally accepted as 
1 good compromise with minimal construction problems, 
Placing the coil */s the distance up the whip seems to be 
about the optimum position, 

For typical antenna lengths used in mobile work. 
the difficulty in constructing suitable loading coils 
increases as the frequency of operation is lowered. Since 
the required resonating inductance gets larger and the 
radiation resistance decreases at lower frequencies, most 
of the power is dissipated in the coil’s loss resistance and 
in other ohmic losses. This is one reason why it is advis- 
able to buy a commercially made loading coil with the 
highest power rating possible, even if only low-power 
operation is planned, 

Coil losses in the higher-power loading coils are usu- 
ally less (percentage-wise), with subsequent improvement 
in radiation efficiency, regardless of the power level used, 
OF course, the above philosophy also applies to home- 
made loading coils, and design considerations will be 
considered in a later section. 

‘Once the antenna is tuned to resonance, the input 
impedance at the antenna terminals will look like a pure 
resistance. Neglecting losses, this value drops from nearly 
15 Q at 21 MHz to 0.1 Q at 1.8 MHz for an 8-foot whip, 
When coil and other losses are included, the input resis- 
tance increases to approximately 20 Q at 1.8 MHz and 
16 Q at 21 MHz. These values are for relatively high- 
efficiency systems. From this it can be seen that the 
radiation efficiency is much poorer at 1.8 MHz than at 
21 MHz under typical conditions. 

Since most modern gear is designed to operate with 
2 50- transmission line, a matching network is usually 
necessary, especially with the high-efficiency antennas 
previously mentioned. This can take the form of either a 
broadband transformer, a tapped coil, or an LC matching 
network. With homemade or modified designs, the 
tapped-coil arrangement is perhaps the easiest one to 
build, while the broadband transformer requires no 
adjustment. As the losses go up, so does the input resis~ 


tance, and in less efficient systems the matching network 
may not be needed, 


The Equivalent 
Mo! 

In the previous section, some of the general consi 
erations were discussed, and these will now be taken up 
in more detail. It is customary in solving problems 
involving electric and magnetic fields (such as antenna 
systems) to try to find an equivalent network with which 
to replace the antenna for analysis reasons. In many cases, 
the network may be an accurate representation over only 
a limited frequency range. However, this is often a valu 
able method in matching the antenna to the transmission 
line. 


Antenna resonance is defined as the frequency at 
which the input impedance at the antenna terminals is 
purely resistive. The shortest length at which this occurs 
for a vertical antenna over a ground plane is when the 
antenna is an electrical quarter wavelength at the operat 
ing frequency: the impedance value for this length (ne- 
glecting losses) is about 36 2. The idea of resonance can 
be extended to antennas shorter (or longer) than a quarter 
‘wave, and means only that the input impedance is purely 
resistive. As pointed out previously, when the frequency 
is lowered, the antenna looks like a series RC circuit, as 
shown in Fig 3. For the average 8-foot whip, the capaci 
tive reactance of C, may range from about -150 Q at 
21 MHz to as high as -8000 Q at 1.8 MHz, while the 
radiation resistance R , varies from about 15 Q at 1 MHz 
toas low as 0.1 @ at 1:8 MHz 

For an antenna less than 0.1 2 long, the approximate 
radiation resistance may be determined from the following: 


(Eq) 


173 x (£2 x 108 


Fig 3—At frequencies below 
resonance, the whip antenna will 
oH show capacitive reactance as 
"8 well as resistance. Ry is the 
radiation resistance, and Cy 
represents the antenna 
capacitance. 


Fig 4—The capacitive reactance 
at frequencies below the 

4 resonant frequency of the whip 
can be canceled by adding an 

‘equivalent inductive reactance 

in the form of a loading coil in 

series with the antenna. 


where ¢ is the length of the whip in inches, and f is the 
frequency in megahertz, 

Since the resistance is low, considerable current must 
flow in the circuit if any appreciable power is to be dissi- 
pated in the form of radiation in Rx. Yet it is apparent 
that little current can be made to flow in the circuit as 
long as the comparatively high series reactance remains, 


Antenna Capacitance 
Capacitive reactance can be canceled by connecting 
an equivalent inductive reactance, (coil L) in series, as 
shown in Fig 4, thus tuning the system to resonance. 
‘The capacitance of a vertical antenna shorter than a 
quarter wavelength is given by: 


ie 


(Eq?) 


capacitance of antenna in pF 
antenna height in feet 

D = diameter of radiator in inches 
operating frequency in MHz 


na stogy 2 
D 


Fig 5 shows the approximate capacitance of whip 
antennas of various average diameters and lengths. For 
8, 4 and 7 MHz, the loading coil inductance required 
(when the loading coil is at the base) would be approxi: 
mately the inductance required to resonate in the desired 
band (with the whip capacitance taken from the graph), 
For 10 through 21 MHz, this rough calculation will give 
more than the required inductance, but it will serve as a 
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Fig 5—Graph showing the approximate capacitance of 
short vertical antennas for various diameters and 
lengths. These values should be approximately halved 
for a center-loaded antenna. 
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starting point for the final experimental adjustment that 
must always be made. 


LOADING COIL DESIGN 

‘To minimize loading coil loss, the coil should have 
4 high ratio of reactance-to-resistance (that is, a high 
unloaded Q). A 4-MHY loading coil wound with small 
wire on a small-diameter solid form of poor quality, and 
enclosed in a metal protector, may have a Q as low as 50, 
with a loss resistance of 50 or more. High-Q coils 
require a large conductor, air-wound construction, large 
spacing between turns, and the best insulating material 
available, A diameter not less than half the length of the 
coil (not always mechanically feasible) and a minimum 
of metal in the field of the coil are also necessities for 
optimum efficiency. Such a coil for 4 MHz may show @ 
Q of 300 or more, with a resistance of 12 {2 or less. 

‘The coil could then be placed in series with the feed 
line at the base of the antenna to tune out the unwanted 
capacitive reactance, as shown in Fig 4. Such a method 
is often referred to as base-loading, and many practical 
‘mobile antenna systems have been built using this scheme 

Over the years, the question has come up as to 
whether or not more efficient designs are possible com- 
pared with simple base loading. While many ideas have 
been tried with varying degrees of success, only a few 
have been generally accepted and incorporated into 
actual systems. These are center loading, continuous load- 
ing, and combinations of the latter with more conven- 
tional antennas 


Base Loading and Center Loading 

Ifa whip antenna is short compared to a wavelength 
‘and the current is uniform along the length ¢, the electric 
field strength E, at a distance d, away from the antenna is 
approximately 


(Eq3) 


a 


where 


Tis the antenna current in amperes 
2. is the wavelength in the same units as D and & 


A uniform current flowing along the length of the 
whip is an idealized situation, however, since the current 
is greatest at the base of the antenna and goes to a mini- 
mum at the top. In practice, the field strength will be less 
than that given by the above equation, because itis a func~ 
tion of the current distribution on the whip. 

‘The reason that the current is not uniform on a whip 
antenna can be seen from the circuit approximation shown 
in Fig 6. A whip antenna over a ground plane is similar 
in many respects to a tapered coaxial cable where the 
center conductor remains the same diameter along its 
length, but with an increasing diameter outer conductor. 
The inductance per unit length of such a cable would 
increase along the line, while the capacitance per unit 
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Fig 6—A circuit approximation of a simple whip over 
a perfectly conducting ground plane. The shunt 
capacitance per unit length gets smaller as the height 
increases, and the series inductance per unit length gets 
larger. Consequently, most of the antenna current 
relurns to the ground plane near the base of the antenna, 
giving the current distribution shown at the right. 


Fig 7—Improved 
_ current distribution 
L resulting from center 
loading. 


length would decrease. In Fig 6 the antenna is represented 
by a series of LC circuits in which C1 is greater than C2, 
which is greater than C3, and so on. LI is less than L2, 
which is less than succeeding inductances. The net result 
is that most of the antenna current returns to ground near 
the base of the antenna, and very little near the top. 

‘Two things can be done to improve this distribution 
‘and make the current more uniform. One would be to 
increase the capacitance of the top of the antenna to 
ground through the use of top loading or a capacitance 
hat, as discussed in Chapter 6. Unfortunately, the wind 
resistance of the hat makes it somewhat unwieldy for 
mobile use. The other method is to place the loading coil 
farther up the whip, as shown in Fig 7, rather than at the 
base. If the coil is resonant (or nearly so) with the 


Table 1 
Approximate Values for 8-ft Mobile Whip 


Loading (050) (0300) Ay 
utHz) Lal a 08 a 
Base Loading 

18 348 7 13 oa 
38 7 a7 8A as 
72 20 a 3 135 
tor 95 2 2 2a 
142 45 77 13 57 
181 3.0 60 10 10.0 
21.25 125 3405. 148 
249 ag 260 = 20.0 
29.0 = es ss 
Center Loading 

18 700 18823 02 
38 150 mR oa 
72 40 3% 6 30 
to. 20 22 a2 58 
142 a6 1828 110 
181 44 e215 19.0 
21.25 25 66 14 27.0 


Fg = loading coll resistance; Ry, = radiation resistance. 


Foed R* Matching 
2 La 
2 3 

16 42 
18 06 
2 04 
12 028 
14 028 
16 028 
2 0.25 
38 023 
a4 a7 
22 14 
19 o7 
8 05 
19 0.35 
2 oat 
29 029 


“Assuming loading coil Q = 300, and including estimated ground:-loss resistance. 


Table 2 
Suggested Loading Coil Dimensions 

Regia Wire Dia. Length 
LH) Tums Size Inches Inches 
700 190 22 3 10 
345135 18 3 10 
450 100 16 2 10 

7 4 2M 10 

7 23 2 5 4 
408 16 2s 2 
4034 12 2 4% 
2 17 16 2 1% 
20 22 12 2M 2 
B66 4 2 2 
B65 12 2M 3 

45 10 4 2 1% 
45 12 2 2M 4 

25 8 2 2 2 

25° 8 6 2h 4% 
125 6 12 1% 2 

125 8 6 2h 4 


capacitance to ground of the section above the coil, the 
current distribution is improved as also shown in Fig 7, 
The result with both top loading and center loading is 
that the radiation resistance is increased, offsetting the 
effect of losses and making matching easier. 

Table 1 shows the approximate loading coil induc- 
tance for the various amateur bands. Also shown in the 
table are approximate values of radiation resistance to be 


expected with an 8-foot whip, and the resistances of load- 
ing coils—one group having a Q of 50, the other a Q of 
300. A comparison of radiation and coil resistances will 
show the importance of reducing the coil resistance to a 
minimum, especially on the three lower frequency bands. 
Table 2 shows suggested loading-coil dimensions for the 
inductance values given in Table 1 


OPTIMUM DESIGN OF SHORT 
COIL-LOADED HF MOBILE ANTENNAS 


Optimum design of short HF mobile antennas 
results from a careful balance of the appropriate loading 
coil Q-factor, loading coil position in the antenna, ground 
loss resistance, and the length-to-diameter ratio of the an- 
tenna, The optimum balance of these parameters can be 
realized only through a thorough understanding of how 
they interact. This section presents a mathematical ap- 
proach to designing mobile antennas for maximum radia~ 
tion efficiency. Bruce Brown, W6TWW, in The ARRL 
Antenna Compendium Volume’ I, frst presented this ap- 
proach. (See the Bibliography at the end of this chapter.) 

The optimum location for a loading coil in an 
antenna can be found experimentally, but it requires many 
hours of designing and constructing models and making 
measurements to ensure the validity of the design. A faster 
and more reliable way of determining optimum coil 
location is through the use of a personal computer. This 
approach allows the variation of any single variable, while 
observing the cumulative effects on the system. When 
plotted graphically, the data reyeals thatthe placement of 
the loading coil is critical if maximum radiation efficiency 
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Table 3 
Variables used in Eqs 4 through 20 
area in degree-amperes 
antenna radius in English or metric units 

ignal loss in decibels 
efficiency in percent 
f (MHz) = frequency in megahertz 

= height in English or metric units 

height in electrical degrees 
height of base section in electrical degrees 
height of top section in electrical degrees 
lnage = 1 ampere base current 
olo128 
ean characteristic impedance 
mean characteristic impedance of base section 
‘2 =mean characteristic impedance of top section 
LS length or height of the antenna in feet 
P = power fed to the antenna 
Pa = power radiated 

coil figure of merit 

oll loss resistance in 
round loss resistance in © 
radiation resistance in Q 
.ading-coil inductive reactance 


is to be realized. (See the program MOBILE.EXE, which 
is included on the CD-ROM in the back of this book.) 


Rad 
‘The determination of radiation efficiency requires the 
knowledge of resistive power losses and radiation losses. 
Radiation loss is expressed in terms of radiation resistance 
Radiation resistance is defined as the resistance that would 
dissipate the same amount of power that is radiated by the 
antenna, The variables used in the equations that follow are 
defined once in the text, and are summarized in Table 3 
Radiation resistance of vertical antennas shorter than 45 
electrical degrees ('/s wavelength) is approximately: 


in Resistance 


(Eq4) 


Ry = radiation resistance in Q 
h = antenna length in electrical degrees. 


Antenna height in electrical degrees is expressed by: 


b= chp (atte) 360 


where 


£ = antenna length in feet 
£ (MHz) = operating frequency in megahertz. 


(Eq 5) 


End effect is purposely omitted to ensure that an 


46-6 Chapter 16 


op=oame 


00 oars Exeetily 


Uneor 
5 lesiial current Profle 


50 J ose2rs| 
40 0.70804 
20 4 o9se6o| 


lertease Coane 


i na 


Fig 8—Relative current distribution on a vertical 
antenna of height h = 90 electrical degrees. 


antenna is electrically long. This is so that resonance at 
the design frequency can be obtained easily by removing 
a turn or two from the loading coil, 

Eq 4 is valid only for antennas having a sinusoidal 
current distribution and no reactive loading. However, it 
can be used as a starting point for deriving an equation 
that is useful for shortened antennas with other than 
sinusoidal current distributions 

Refer to Fig 8. The current distribution on an 
antenna 90° long electrically ('/« wavelength) varies with 
the cosine of the length in electrical degrees. The current 
distribution of the top 30° of the antenna is essentially 
linear. It is this linearity that allows for derivation of a 
simpler, more useful equation for radiation resistance. 

‘The radiation resistance of an electrically short base- 
loaded vertical antenna can be conveniently defined in 
terms of a geometric figure, a triangle, as shown in Fig 9. 
The radiation resistance is given by 
Ry=KA? (Eq 6) 
where 

K is a constant (to be derived shortly) 
area of the triangular current distribution in 
degree-amperes. 


Degree-ampere area is expressed by 


(Eq?) 


hx Thase 


2s fore7 
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Fig 9—Relative current distribution on a base-loaded 
vertical antenna of height H = 30 electrical degrees 
(linearized). The base loading coil is not shown here. 


By combining Eqs 4 and 6 and solving for K, we 
get 


k=" _ 
312x A’ Gap 
By substituting the values from Fig 9 into Eq 8 we 


get 
30° 
312 x (05x30 x1) 


and by substituting the derived value of K into Eq 6 we 
get 
Rp = 0.0128 x A? (Eq 9) 

Eq 9 is useful for determining the radiation resis- 
tance of coil-loaded vertical antennas less than 30° in 
length. The derived constant differs slightly from that 
presented by Laport (see Bibliography), as he used a dif- 
ferent equation for radiation resistance Eq 4 

When the loading coil is moved up an antenna (away 
from the feed point), the current distribution is modified 
as shown in Fig 10. The current varies with the cosine of 
the height in electrical degrees at any point in the base 
section. Therefore. the current flowing into the bottom 
of the loading coil is less than the current flowing at the 
base of the antenna, 

But what about the current in the top section of the 
antenna? The loading coil acts as the lumped constant 
that itis, and disregarding losses and coil radiation, main- 


0.0128 


res 


a 


Fig 10—Relative current distribution on a center-loaded 
antenna with base and top sections each equal to 15 
‘electrical degrees in length. The cross-hatched area 
shows the current distribution that would exist in the top 
16° of a 90°-high vertical fed with 1 ampere at the base. 


tains the same current flow throughout. As a result, the 
current at the top of a high-Q coil is essentially the same 
as that at the bottom of the coil. This is easily verified by 
installing RF ammeters immediately above and below the 
loading coil in atest antenna. Thus, the coil “forces” much 
more current into the top section than would flow in the 
equivalent section of a full 90° long antenna. This occurs 
as a result of the extremely high voltage that appears at 
the top of the loading coil. This higher current flow 
results in more radiation than would occur from the 
equivalent section of a quarter-wave antenna. (This is true 
for conventional coils. However, radiation from long thin 
coils allows coil current to decrease, as in helically wound 
antennas.) 

‘The cross-hatched area in Fig 10 shows the current 
that would flow in the equivalent part of a 90° high 
antenna, and reveals that the degree-ampere area of the 
whip section of the short antenna is greatly increased as 
a result of the modified current distribution. The current 
flow in the top section decreases almost linearly to zero 
at the top. This can be seen in Fig 10. 

‘The degree-ampere area of Fig 10 is the sum of the 
triangular area represented by the current distribution in 
the top section, and the nearly trapezoidal current distri- 
bution in the base section. Radiation from the coil is not 
included in the degree-ampere area because it is small 
and difficult to define. Any radiation from the coil can be 
considered a bonus. 

‘The degree-ampere area is expressed by: 
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A= ah (1+ 0osh,)+hy (cosh, )] (Eq 10) 


where 
hh, = electrical length in degrees of the base section 
electrical height in degrees of the top section. 

‘The degree-ampere area (calculated by substituting 
Eq 10 into Eq 9) can be used to determine the radiation 
resistance when the loading coil is at any position other 
than the base of the antenna. Radiation resistance has been 
calculated with these equations and plotted against load: 
ing coil position at three different frequencies for 8- and 
I 1-foot antennas, Fig 11. Eight feet is a typical length for 
commercial antennas, and I1-foot antennas are about the 
maximum practical length that can be installed on a 
vehicle 

In Fig 11, the curves reveal that the radiation resis- 
tance rises almost linearly as the loading coil is moved 
up the antenna. They also show that the radiation resis- 
tance rises rapidly as the frequency is increased. If the 
analysis were stopped at this point, one might conclude 
that the loading coil should be placed at the top of the 
antenna. This is not so, and will become apparent shortly. 


, Lr] 1+] 

cle ff tae 

°o ras + 5 6 7 8 8 oN 
Fig 11—Radiation resistance plotted as a function of 


loading coil position. 
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Required Loading Inductance 
Calculation of the loading coil inductance needed 
to resonate a short antenna can be done easily and accu- 
rately by using the antenna transmission-line analog 
described by Boyer in Ham Radio. For a base-loaded 
antenna, Fig 9, the loading coil reactance required to reso- 
nate the antenna is given by 
X= =i Ky cot h 
where 
XL 
Ka 
12), 


(11) 


inductive reactance required 
‘mean characteristic impedance (defined in Eq 


{, 2H ] 
wt). 


ri (Eq 12) 


where 
H = physical antenna height (excluding the length 
of the loading coil) 
‘a= radius of the antenna in the same units as H. 


From Eq 12 you can see that decreasing the height- 
to-diameter ratio of an antenna by increasing the radius 
results in a decrease in K,,. With reference to Eq Il, a 
decrease in K,, decreases the inductive reactance required 
to resonate an antenna. As will be shown later, this will 
increase radiation efficiency. In mobile applications, we 
quickly run into wind-loading problems if we attempt to 
use an antenna that is physically large in diameter. 

If the loading coil is moved away from the base of 
the antenna, the antenna is divided into a base and top 
section, as depicted in Fig 10. The loading coil reactance 
required to resonate the antenna when the coil is away 
from the base is given by 


x 


Kuo (Cot hy) ~j Kyy (tam hy) (Eq 13) 


In mobile-antenna design and construction, the top 
section is usually a whip with a much smaller diameter 
than the base section. Because of this, it is necessary to 
compute separate values of K,, for the top and base sec~ 
tions. Ky, and K,,9 are the mean characteristic imped- 
ances of the base and top sections, respectively. 

Loading coil reactance curves for the 3.8-MHz 
antennas of Fig 11 have been calculated and plotted in 
Fig 12. These curves show the influence of the loading 
coil position on the reactance required for resonance. The 
curves in Fig 12 show that the required reactance 
decreases with longer antennas. The curves also reveal 
that the required loading coil reactance grows at an 
increasingly rapid rate after the coil passes the center of 
the antenna. Because the highest possible loading coil Q 


i a ‘it i } opening ye 


i 


rp 


duces a Q between 150 and 160 in the 3.8-MHz band. 

Higher Q values can be obtained by using larger 
diameter coils having a diameter-to-lengih ratio of two, 
by using larger diameter wire, by using more spacing 
between turns, and by using low-loss polystyrene sup- 
porting and enclosure materials. In theory, loading coil 
turns should not be shorted for tuning purposes because 
shorted turns somewhat degrade Q. Pruning to resonance 
should be done by removing turns from the coil 

In fairness, it should be pointed out that many prac- 
tical mobile antennas use large-diameter loading coils 
with shorted turns to achieve resonance. The popular 
“Texas Bug Catcher” coils come to mind here. Despite 
general proscriptions against shorting turns, these 
systems are often more efficient than antennas with small, 
relatively low-Q, fixed loading coils 


Radiation Efficiency 


The ratio of power radiated to power fed to an 
antenna determines the radiation efficiency. It is given 


— by: 
Pa 
° B= x 100% 
o F cidumurtvumet 70 ? (Eq 15) 
where 


Fig 12—Loading coil reactance required for resonance, 
plotted as a function of coil height above the antenna 
base. The resonant frequency is 3.9 MHz. 


factor is needed, and because optimum Q is attained when 
the loading coil diameter is twice the loading coil length, 
the coil would grow like a smoke ring above the center of 
the antenna, and would quickly reach an impractical 
It is for this reason that the highest loading coil pos! 
is limited to one foot from the top of the antenna in all 
computations, 


Loading Coil Resistance 


Loading coil resistance constitutes one of the losses 
that consumes power that could otherwise be radiated by 
the antenna, Heat loss in the loading coil is not of any 
benefit, so it should be minimized by using the highest 
possible loading coil Q. Loading coil loss resistance is a 
function of the coil Q and is given by 


(Eq 14) 


X; = loading coil reactance 
Q= coil figure of merit 


Inspection of Eq 14 reveals that, fora given value 
of inductive reactance, loss resistance will be lower for 
higher Q coils. Measurements made with a Q meter show 
that typical, commercially manufactured coil stock pro- 


E = radiation efficiency in percent 
Px, = power radiated 
P, = power fed to the antenna at the feed point 


In a short, coil-loaded mobile antenna, a large por- 
tion of the power fed to the antenna is dissipated in ground 
‘and coil resistances. A relatively insignificant amount of 
power is also dissipated in the antenna conductor resis- 
tance and in the leakage resistance of the base insulator. 
Because these last two losses are both very small and dif- 
ficult to estimate, they are here neglected in calculating 
radiation efficiency. 

Another loss worth noting is matching network loss. 
Because we are concerned only with power fed to the 
antenna in the determination of radiation efficiency, 
matching network loss is not considered in any of the 
equations. Suffice it to say that matching networks should 
be designed for minimum loss in order to maximize the 
transmitter power available at the antenna. 

‘The radiation efficiency equation may be rewritten 
‘and expanded as follows: 


Ry «100 
Re + (leoshy) Re 


E 


PR +l ate) 
where 


I= antenna base current in amperes 
ground loss resistance in © 
‘oil loss resistance in Q. 


Each term of Eq 16 represents the power dissipated 
in its associated resistance. All the current terms cancel, 
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simplifying this equation to 


Ry x 100 
E 


Ry + Re +Re (cos? hy) Caan, 


For base-loaded antennas the term cos*h, drops to 
unity and may be omitted. 


Ground Loss 


Eq 14 shows that the total resistive losses in the an- 
tenna system are: 


Rp =Rp +R +R, (cost hy) (Eq 18) 


where Ry is the total resistive loss. Ground loss resis 
tance can be determined by rearranging Eq 18 as follows: 
Rg =Rr~R~ Re cos? hy (Eq 19) 

Ry may be measured in a test antenna installation 
ona vehicle using an R-X noise bridge or an SWR ana- 
lyzer. You can then calculate Ry and Re. 

Ground loss is a function of vehicle size, placement 
of the antenna on the vehicle, and conductivity of the 
ground over which the vehicle is traveling. Only the first 
two variables can be feasibly controlled. Larger vehicles 
provide better ground planes than smaller ones. The 
vehicle ground plane is only partial, so the result is con. 
siderable RF current flow (and ground loss) in the ground 
around and under the vehicle. 

By raising the antenna base as high as possible on 
the vehicle, ground losses are decreased. This results from 
a decrease in antenna capacitance to ground, which 
increases the capacitive reactance to ground. This, in turn, 
reduces ground currents and ground losses. 

‘This effect has been verified by installing the same 
antenna at three different locations on two different 
vehicles, and by determining the ground loss from 
Eq 19. In the first test, the antenna was mounted 6 inches 
below the top of a large station wagon, just behind the 
left rear window. This placed the antenna base 4 feet 
2inches above the ground, and resulted in a measured 
ground loss resistance of 2.5 ©. The second test used the 
same antenna mounted on the left rear fender of a mid: 
sized sedan, just to the left of the trunk lid. In this test, 
the measured ground loss resistance was 4 Q. The third 
test used the same mid-sized car, but the antenna was 
mounted on the rear bumper. In this last test, the mea- 
sured ground loss resistance was 6 . 

‘The same antenna therefore sees three different 
ground loss resistances as a direct result of the antenna 
‘mounting location and size of the vehicle. It is important 
to note that the measured ground loss increases as the 
antenna base nears the ground. The importance of mini- 
mizing ground losses in mobile antenna installations 
cannot be overemphasized. 


Efficiency Curves 
With the equations defined previously, a computer 
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Fig 13—Radiation efficiency of 8-foot antennas at 
3.9 MHz, 
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Fig 14—Radiation efficiency of 11-foot antennas at 
3.9 MHz. 


The chart maps closely to the now famous triangle representation of 5G services 
made up of enhanced mobile broadband (MBB), low latency and mission critical 
‘communications and massive machine-type services (MTC). However, it adds two 
important axes: a dedicated eV2X axis for vehicular services and, significantly, a 
network operations axis 


The dedicated operations axis is important because it makes explicit that automa- 
tion is fundamental to 5G. To address new commercial opportunities, operators 
need the ability to create service-specific "network slices’ that extend end to end 
across the infrastructure. Automating set up and management of these "network 
slices," including configuration of the underlying IP network, is critical to the SG 
business case. 


These service dimensions incorporate many different performance requirements. 
Figure 2 shows IMT-2020 performance targets, developed by the ITU, for 5G. To the 
left, these are shown in comparison fo IMT Advanced (4G). To the right, perfor 
mance requirements are mapped to the three major use-case categories. 


Figure 2: IMT-2020 Performance Targets 
Relative to IMT Advanced (4G) Relative to Major Use Case Categories 
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Source: ITU Recommendation ITU-R M,2083-0, September 2015 


Probably the mos! influential factor on SG physical network deployment will be the 
lowJatency requirement. To deliver services over a wide-area network (WAN) with 
4 consistent 5-10ms rouncttrip ime is extremely challenging and will drive a new sys- 
tem architecture deployed on a distributed cloud infrastructure. 


A 5G-Ready Network Investment Strategy 


Operators now have a good idea of what 5G will look like in scope and a reasona- 

ble view into the initial deployments models. Development of normative standards 

{or 5G new radio (NR) and the next-generation core network (NG Core) is underway 
— ESS sss c==_] 
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Fig 15—Radiation efficiency of &foot antennas at 
7.225 MHz. 
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Fig 16—Radiation ef 
7.225 MHz. 


jency of 11-foot antennas at 


was used to calculate the radiation efficiency curves 
depicted in Figs 13 through 16. These curves were cal- 
culated for 3.8- and 7-MHz antennas of 8- and 11-foot 
lengths. Several values of loading coil Q were used, for 
both 2 and 10.0 of ground loss resistance. For the calcu- 
lations, the base section is 'Ys-inch diameter electrical 
EMT, which has an outside diameter of "/ss inch. The top 
section is fiberglass bicycle-whip material covered with 
Belden braid. These are readily available materials, which 
can be used by the average amateur to construct an inex- 
pensive but rugged antenna. 

Upon inspection, these radiation-efficiency curves 
reveal some significant information: 

1) Higher coil Q produces higher radiation efficiencies, 

2) longer antennas produce higher radiation efficiencies, 

3) higher frequencies produce higher radiation efficiencies, 

4) lower ground loss resistances produce higher radia- 
tion efficiencies 

5) higher ground loss resistances force the loading coil 
above the antenna center to reach a crest in the radia 
tion-efficiency curve, and 

6) higher coil Q sharpens the radiation-efficiency curves, 
resulting in the coil position being more critical for 
optimum radiation efficiency. 

Note that the radiation efficiency curves reach a peak 
and then begin to decline as the loading coil is raised 
farther up the antenna. This is because of the rapid 
increase in loading coil reactance required above the 
antenna center. Refer to Fig 12. The rapid increase in coil 
size required for resonance results in the coil loss resis- 
tance increasing much more rapidly than the radiation 
resistance. This results in decreased radiation efficiency. 
as shown in Fig 11 

A slight reverse curvature exists in the curves 
between the base-loaded position and the one-foot coil: 
height position. This is caused by a shift in the curve 
resulting from insertion of a base section of larger diam 
eter than the whip when the coil is above the base. 

‘The curves in Figs 13 through 16 were calculated 
with constant (but not equal) diameter base and whip sec- 
tions. Because of wind loading, it is not desirable to 
increase the diameter of the whip section. However, the 
base-section diameter can be increased within reason to 
further improve radiation efficiency. Fig 17 was caleu- 
lated for base-section diameters ranging from "/is inch 
to 3 inches. The curves reveal that a small increase in 
radiation efficiency results from larger diameter base sec- 
tions, 

‘The curves in Figs 13 through 16 show that radia 
tion efficiencies can be quite low in the 3.8-MHz band 
compared to the 7-MHz band. They are lower yet in the 
1.8-MHz band. To gain some perspective on what these 
low efficiencies mean in terms of signal strength, Fig 18 
was calculated using the following equation: 


100 
dB = log (Eq 20) 
ca iq 20) 
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Fig 17—Radiation efficiency plotted as a function of base 
section diameter. Frequency = 3.9 MHz, ground loss 
resistance = 2.0, and whip section = '/«inch diameter. 
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Fig 18—Mobile antenna signal loss as a function of 


radiation efficiency, compared to a quarter-wave 
vertical antenna over perfect ground. 
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where 


4B = signal loss in decibels 
E = efficiency in percent. 


‘The curve in Fig 18 reveals that an antenna having 
25% efficiency has a signal loss of 6 dB (approximately 
one S$ unit) below a quarter-wave vertical antenna over 
perfect ground. An antenna efficiency in the neighbor- 
hood of 6% will produce a signal strength on the order of 
two S units or about 12 dB below the same quarter-wave 
reference vertical. By careful optimization of mobile- 
antenna design, signal strengths from mobiles can be 
made fairly competitive with those from fixed stations 
using comparable power. And don’t forget: Moving your 
car near saltwater, with its high conductivity, can result 
in surprisingly strong signals from a mobile station! 


Impedance Matching 

‘The input impedance of short, high-Q coil-loaded 
antennas is quite low. For example, an 8-foot antenna 
optimized for 3.9 MHz with an unloaded coil Q of 300 
and a ground-loss resistance of 2. has a base input im- 
pedance of about 13 ©. This low impedance value causes 
a standing wave ratio of 4:1 on a $0-Q coaxial line at reso- 
nance. This high SWR is not compatible with the require- 
ments of solid-state transmitters. Also, the bandwidth of, 
shortened vertical antennas is very narrow. This severely 
limits the capability to maintain transmitter loading over 
even a small frequency range 

Impedance matching can be accomplished by means 
of L networks or impedance-matching transformers, but 
the narrow bandwidth limitation remains. A more elegant 
solution to the impedance matching and narrow band: 
width problem is to install an automatic tuner at the 
antenna base. Such a device matches the antenna and 
coaxial line automatically, and permits operation over a 
wide frequency range, 

The tools are now available to tailor a mobile 
antenna design to produce maximum radiation efficiency, 
Mathematical modeling with a personal computer reveals 
that loading coil Q factor and ground loss resistance 
greatly influence the optimum loading coil position in a 
short vertical antenna, It also shows that longer anten: 
nas, higher coil Q, and higher operating frequencies pro- 
duce higher radiation efficiencies. 

End effect has not been included in any of the equa- 
tions to assure that the loading coil will be slightly larger 
than necessary. Pruning the antenna to resonance should be 
done by removing coil turns, rather than by shorting turns 
or shortening the whip section excessively. Shortening the 
whip reduces radiation efficiency, by both shortening the 
antenna and moving the optimum coil position. Shorting 
turns in the loading coil degrades the Q of the coil 


Shortened Dipoles 


Mathematical modeling techniques can be applied 
to shortened dipoles by using zero ground loss resistance 


and by doubling the computed values of radiation resis- 
tance and feed-point impedance. Radiation efficiency, 
however, does not double. Rather, it remains unchanged, 
because a second loading coil is required in the other leg 
of the dipole. The addition of the second coil offsets the 
gain in efficiency that occurs when the feed-point 
impedance and radiation resistance are doubled. There is 
a gain in radiation efficiency over a vertical antenna 
worked against ground, though, because the dipole con- 
figuration allows ground loss resistance to be eliminated 
from the calculations. 


CONTINUOUSLY LOADED ANTENNAS 


‘The design of high-Q air core inductors for RF work 
is complicated by the number of parameters that must be 
optimized simultaneously. One of these factors affecting 
coil Q adversely is radiation from a discrete loading coil 
Therefore, the possibility of cutting down other losses 
while incorporating the coil radiation into that from the 
rest of the antenna system is an attractive one 

‘The general approach has been to use a coil made 
from heavy wire (#14 or larger), with length-to-diameter 
ratios as high as 21. British experimenters have reported 
good results with 8-foot overall lengths on the 1.8- and 
3.5-MHz bands. The idea of making the entire antenna 
out of one section of coil has also been tried with some 
success. This technique is referred to as linear loading 
Further information on linear-loaded antennas can be 
found in Chapter 6 

While going to extremes trying to find a perfect load- 
ing arrangement may not improve antenna performance 
very much, a poor system with lossy coils and high- 
resistance connections must be avoided if a reasonable 
signal is to be radiated. 


MATCHING TO THE TRANSMITTER 


Most modern transmitters require a 50-Q output 
load, and because the feed-point impedance of a mobile 
whip is quite low, a matching network is usually neces- 
sary. Although calculations are helpful in the initial 
design, considerable experimenting is often necessary in 
final tune-up. This is particularly true for the lower bands, 
where the antenna is electrically short compared with a 
quarter-wave whip. The reason is that the loading coil is 
required to tune out a very large capacitive reactance, and 
even small changes in component values result in large 
reactance variations. Since the feed-point resistance is 
low to begin with, the problem is even more aggravated. 

You can transform the low resistance of the whip to 
value suitable for a 50-0 system with an RF transformer 
or with a shunt-feed arrangement, such as an L network. 
The latter may only require a shunt coil or shunt capaci- 
tor at the base of the whip, since the net series capacitive 
or inductive reactance of the antenna and its loading coil 
may be used as part of the network. The following 
example illustrates the calculations involved. 


Assume that a center-loaded whip antenna, 8.5 feet 
in overall length, is to be used on 7.2 MHz. From Table 1 
earlier in this chapter, we see that the feed-point resis- 
tance of the antenna will be approximately 19 ©, and from 
Fig 5 that the capacitance of the whip, as seen at its base, 
is approximately 24 pF. Since the antenna is to be center 
loaded, the capacitance value of the section above the 
coil will be cut approximately in half, to 12 pF. From 
this, it may be calculated that a center-loading inductor 
of 40.7 iH is required to resonate the antenna, that is, to 
cancel out the capacitive reactance. (This figure agrees 
with the approximate value of 40 4H shown in Table 1 
‘The resulting feed-point impedance would then be 19 + 
j:0.0—a good match, if one happens to have a supply of 
19-0 coax.) 

Solution: The antenna can be matched to a 52-Q line 
such as RG-8 by tuning it either above or below reso- 


Fig 19—Admittance diagram of the RLC circuit 
consisting of the whip capacitance, radiation resistance 
and loading coll discussed in text. The horizontal axis 
represents conductance, and the vertical axis 
susceptance. The point Py is the input admittance with no 
whip loading inductance. Points P1 and P2 are described 
in the text. The conductance equals the reciprocal of the 
resistance, if no reactive components are present. For a 
series RX circuit, the conductance is given by 


R 
c- 

Rex? 
and the susceptance Is given by 


ae 
REx? 

Consequently, a parallel equivalent GB circuit of the 

series RX one can be found which makes computations 

easier. This is because conductances and susceptances 

‘add in parallel the same way resistances and reactances 

add in series. 
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nance and then canceling out the undesired component 
with an appropriate shunt element, capacitive or induc~ 
tive. The way in which the impedance is transformed up 
can be seen by plotting the admittance of the series RLC 
circuit made up of the loading coil, antenna capacitance, 
and feed-point resistance. Such a plot is shown in Fig 19 
for a constant feed-point resistance of 19 Q. There are 
two points of interest, Pl and P2, where the input con- 
ductance is 19.2 millisiemens, corresponding to 52 0. The 
undesired susceptance is shown as 1/X, and UX», 
which must be canceled with a shunt element of the 
opposite sign, but with the same magnitude. The value of 
the canceling shunt reactance, Xp, may be found from 
the formula: 


Ry Zo 
VR: (Zo -Ri) 


where Xp is the reactance in Q, Ry is the feed-point 
resistance, and Zy is the feed-line impedance. For Z, 
52. Qand Ry = 19 Q, X, = £39.5 Q. A coil or good qual- 
ity mica capacitor may be used as the shunt element. With 
the tune-up procedure described later, the value is not 
critical, and a fixed-value component may be used. 

To arrive at point Pl, the value of the center load- 
ing-coil inductance would be less than that required for 
resonance. The feed-point impedance would then appear 
capacitive, and an inductive shunt matching element 
would then be required. To arrive at point P2, the center 
loading coil should be more inductive than required for 
resonance, and the shunt element would need to be 
capacitive, 

‘The value of the center loading coil required for the 
shunt-matched and resonated condition may be deter- 


x, 


(Eq 21) 


w ° © 


Eee 


Fig 20—At A, a whip antenna that is resonated with a 
center loading coil. At B and C, the value of the loading 
coil has been altered slightly to make the feed-point 
impedance appear reactive, and a matching component is 
‘added in shunt to cancel the reactance. This provides an 
impedance transformation to match the Z, of the feed line. 
‘An equally acceptable procedure, rather than altering the 
loading coil inductance, is to adjust the length of the top 
section above the loading coil for the best match, as 
described in the tune-up section of the text. 
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mined from the equation: 
Xs 
* 2af (Eq 22) 


c 


where addition is performed if a capacitive shunt is to be 
used, or subtraction performed if the shunt is inductive, 
and where L is in wH, fis the frequency in MHz, C is the 
‘capacitance of the antenna section being matched in pF, 
and 


Xs = YR, (Zo Rs) 


For the example given, where Z, = 52.0, Ry = 
19 Q, f = 7.2 MHz, and C = 12 pF, X, is found to be 
25.0 Q. The required antenna loading inductance is ei- 
ther 40.2 1H or 41.3 wH, depending on the type of shunt, 
Various matching possibilities for this example are shown 
in Fig 20. At A, the antenna is shown as tuned to reso- 
nance with Ly , a 40.7 uH coil, but with no provisions 
included for matching the resulting 19-0. impedance to 
the 52- line. ALB, Ly, has been reduced to 40.2 HH to 
make the antenna appear net capacitive, and L yg, having 
a reactance of 39.5 Q, is added in shunt to cancel the 
capacitive reactance and transform the feed-point imped- 
ance to 50 Q. The arrangement at C is similar to that at B 
except that Ly, has been increased to 41.3 pH, and Cyy 
(a shunt capacitor having a negative reactance of 39.5 2) 
is added, which also results in a 52-O nonreactive termi- 
nation for the feed line, 

‘The values determined for the loading coil in the 
above example point out an important consideration con- 
cerning the matching of short antennas—relatively small 
‘changes in values of the loading components will have a 
greatly magnified effect on the matching requirements. A 
‘change of less than 3% in the loading coil inductance value 
necessitates a completely different matching network! 
Likewise, calculations show that a 3% change in antenna 
capacitance will give similar results, and the value of the 
precautions mentioned earlier becomes clear. The sensi- 
tivity of the circuit with regard to frequency variations is 
also quite critical, and an excursion around practically the 
entire circle in Fig 19 may represent only 600 kHz, cen- 
tered around 7.2 MHz, for the above example. This is why 
tuning up a mobile antenna can be very frustrating unless 
a systematic procedure is followed. 


(Bq 23) 


Tune-Up 

Assume that inductive shunt matching is to be used 
with the antenna in the previous example, Fig 20B, where 
39.5 Q is needed for L yg. This means that at 7.2 MHz, a 
coil of 0.87 H will be needed across the whip feed-point 
terminal to ground. With a 40-H loading coil in place. 
the adjustable whip section above the loading coil should 
be set for minimum height. Signals in the receiver will 
sound weak and the whip should be lengthened a bit at a 
time until signals start to peak. Turn the transmitter on 
and check the SWR at a few frequencies to find where a 


minimum occurs. If it is below the desired frequency, 
shorten the whip slightly and check again. It should be 
moved approximately "Vs inch at a time until the SWR is, 
minimum at the center of the desired range. If the fre- 
quency where the minimum SWR occurs is above the 
desired frequency, repeat the procedure above, but 
lengthen the whip only slightly. 

If a shunt capacitance is to be used, as in Fig 20C, 
a value of 560 pF would correspond to the required 
39.5 Qof reactance at 7.2 MHz. With a capacitive shunt, 
start with the whip in its longest position and shorten it, 
until signals peak up. 


Fig 21—A capacitance hat can be used to improve the 
performance of base- or center-loaded whips. A solid 
metal disc can be used in place of the skeleton disc 
shown here. 


TOP-LOADING CAPACITANCE 

Because the loss resistance varies with the inductance 
of the loading coil, the resistance can be reduced by 
removing turns from the coil. This must be compensated 
by adding capacitance to the portion of the mobile antenna 
that is above the loading coil (Fig 21). Capacitance hats, 
as they are called, can consist of a single stiff wire, two 
wires or more, ora disc made up of several wires like the 
spokes of a wheel. A solid metal disc could also be used, 
but is less practical for mobile work. The larger the 
capacitance hat (physically), the greater is the capacitance, 
‘The greater the capacitance, the less is the inductance 
required for resonance at a given frequency. 

‘Capacitance-hat loading is applicable in either base. 
loaded or center-loaded systems. Since more inductance 
is required for center-loaded whips to make them reso- 
nant at a given frequency, capacitance hats are particu: 
larly useful in improving their efficiency. 


TAPPED-COIL MATCHING NETWORK 
Some of the drawbacks of the L-network can be elimi- 
nated by the use of the tapped-coil arrangement shown in 
Fig 22. Tune-up still remains critical, however, although 
somewhat more straightforward than for an L-network, 
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ig 22—A mobile antenna using shunt-teed matching. 
Overall antenna resonance is determined by the combi- 
ration of Lt and L2. Antenna resonance is set by 
pruning the turns of L1, or adjusting the top section of 
the whip, while observing the field-strength meter or 
‘SWR indicator. Then adjust the tap on L2 for the lowest 
SWR. 
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Coil L2 can be inside the car body, at the base of the 
antenna, or at the base of the whip. As L2 helps determine 
the resonance of the antenna, LI should be tuned to reso- 
nance in the desired part of the band with L2 in the cir- 
cuit. The top section of the whip can be telescoped until a 
field-strength maximum is found. The tap on L2 is then 
adjusted for the lowest reflected power. Repeat these two 
adjustments until no further increase in field strength can 
be obtained; this point should coincide with the lowest 
SWR. The number of turns needed for L2 will have to be 
determined experimentally. 


THE “SCREWDRIVER” 
MOBILE ANTENNA 


Imagine QSYing from the bottom of 80 meters to 
the top of 10 meters, right from the driver's seat. With 
this antenna you will enjoy a very high Q antenna that 
hhas no taps or external adjustments, and that exhibits an 
SWR under 1.5:1 on all bands. Max Bloodworth, KO4TV, 
described this antenna in The ARRL Antenna 
Compendium, Vol 7. 

‘The Screwdriver type of antenna was the brainchild 
of Don Johnson, W6AAQ, who developed it after many 
years of experimenting with mobile antennas. Fig 23 is a 


ig 23—The completed Screwdriver antenna mounted on 
KO4TV's truck rear bumper. (Photo courtesy of Gary 
Pearce, KN4AQ.) 
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photo of the completed antenna mounted on KO4TV"s 
truck. 


THE LOADING COIL 


‘The general concept for the Screwdriver is that of a 
center-loaded antenna with an adjustable loading coil. This 
is an old idea; however, most previous mult-band antennas 
required multiple coil taps and an adjustable top whip 
section, as well as an impedance-matching unit atthe base. 

‘The problem of tapping a coil is well known. If you 
leave one end of the coil open, you have a miniature Tesla 
Coil, which can cause corona discharge and arcing. If you 
short the turns, the Q of the loading coil usually drops 
drastically. The Screwdriver is remarkable in that it does 
not have any coil taps and yet it can cover a wide range of 
frequencies with very high Q 

‘The secret is in the manner of adjusting the coil. It 
simply slides up or down into a metal tube (the base section) 
and makes contact with the top of the tube by means of 
“finger stock,” which is made of spring-like Beryllium 
Copper. The coil is pushed up or down by an ordinary 
cordless screwdriver: hence the name, Screwdriver. This 
tums a section of threaded rod and moves the coil form up 
or down. The section of coil above the finger stock is the 
active loading coil, and the part of the coil just below the 
finger stock simply “disappears” into the base tube and is 
totally outof the circuit. No taps, no loose ends— just high 
Q coil in the middle of two solid metal tubes. Although this 
antenna is available ready-made from several commercial 
sources, making one is well within the capabilities of any 
ham who is relatively handy with ordinary hand tools, and 
who has access to either a small lathe or a common I'/. 
inch pipe dic. 
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Fig 24—The base tube, 
with finger stock 
attached to the top. 


CONSTRUCTING YOUR 
SCREWDRIVER ANTENNA 

Construction begins by locating a 2-inch inside- 
diameter tube, about 3 to 3'/: feet long. See Fig 24. The 
author had used such diverse materials as: 
‘Aluminum irrigation pipe 
Schedule-20 copper tubing 
A stainless-steel hydraulic cylinder 
A section of aluminum from a 6-meter beam that was 
damaged by a tornado 
‘And even a brass bedpost salvaged from the local garbage 
‘dump. 

The brass bedpost looked especially good on his 
vehicle, which was Burgundy with gold trim. Whatever 
‘material you use forthe bottom tube, you can either leave it 
unfinished or painted to your taste. 
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Fig 25—The coil form, with a threaded insert inserted 
info the bottom PVC cap inside the coll form. 


‘The other essential item is a cordless screwdriver, minus 
its batteries and switch. You can often find one at yard sales 
or flea markets for a dollar or so, usually with dead batter 
since it is often just as cheap to buy another one new as itis 
to buy new batteries. So long as it will fit snugly inside the 
base tube, the brand name is immaterial. KO4TV has used 
Skil, Black & Decker, or even a Wal-Mart $8 special, all 
with equal success. The most difficult part of the job will be 
‘making the coil form and winding the loading coil, but with 
a little patience you should be able to do this satisfactorily. 

Bear in mind that it is nor a “Heathkit” type project, 
and it will require some innovation and ingenuity on your 
part. Next, obtain a 2-foot long piece of 1'/inch PVC pipe 
(not CPVC, which is vulnerable to ultraviolet rays from the 
sun). With either a lathe or a pipe die, thread approximately 
20 inches from one end, at 10 to 12 threads per inch (See 
Fig 25). If you use a pipe die, it helps to loosen the cutters 
slightly, to make the grooves shallower. 

When using a lathe, temporarily insert a piece of 
|-inch water pipe inside the coil form to hold it steady in 
the lathe. The grooves should be just deep enough to 
‘comfortably hold the wire in place when it is wound. The 
choice of coil wire is up to you. The author has used #16 or 
#18 tinned copper, bare copper, or best yet, 17-gauge 
aluminum electric fence wire. This is available from any 


Fig 26—Photo of the top of the loading coll. (Photo 
courtesy of Gary Pearce, KN4AQ) 
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farm supply store at a very reasonable 
cost. It will take about 65 to 70 feet of 

Begin by drilling a "/w-inch hole 
through the PVC pipe at the bottom end 
of the threaded portion. Slip the end of 
the wire through this hole and tie a knot 
in it to serve as a stop. You could also 
insert a nut and bolt through a loop in 
the wire. Then carefully wind the coil to 
within an inch of the end of the threaded 
portion. The preferred method of 
‘winding is to put a stick or pipe through 
the holes of the wire reel and hold it 
between your feet and the floor, to 
provide the necessary tension to allow 
tight winding. 

About an inch below the top of the 
coil, drill a'/w-inch hole and thread about 
6or8 inches of wire through it. This will 
be the top connection from the coil to 
the whip. The bottom of the coil has no 
electrical connection. 

‘The method of attaching the whip 
to the top of the coil form is up to you. I 
usually drill a Yh-inch hole through a 
H/-inch PVC pipe cap and place a “s 
x I/sinch SAE bolt through the hole, 
with a matching washer and nut on top. 
The bolt can be drilled and tapped for 
mounting the whip, which should be 
about 5 to 6 feet long. (It will be pruned 
for resonance later.) See Fig 26, a photo 
showing the top of the coil. 

A more elegant way of connecting 
the whip is to obtain a swivel or quick- 
disconnect antenna fitting from your 
nearest truck stop, These are widely 
available for use with CB antennas and 
are threaded ‘/-inch SAE. Do not attach 
the cap to the coil form until after the 
coil is inserted in the base tube 

Now that you have a coil form and 
base tube, the next step will be to plug 
the bottom of the PVC coil form with a 
Linch PVC pipe cap, which fits snugly 
inside the coil form, Drill a hole directly 
in the center of this cap, and install a 
'Yi-20 threaded insert, available at most 
hardware stores for about 25 or 30 cents. 
These are commonly used in wooden 
furniture to provide a thread for attaching 
bolts to wood. See Fig 27. 

It is imperative that you install this 
insert squarely. The best method is to 
serew a short bolt into it and chuck the 
bolt in a drill press, placing the pipe cap 
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Fig 27—The coll assembly and 
cordless screwdriver 
assembly. 
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Fig 28—The complete antenna 


assembly. 


squarely on the drill press table. Carefully turn the drill chuck 
by hand until the insert is properly seated, 


The Motor 


Now prepare the cordless drill by removing the dead 
batteries and the switch. Install a pair of | or 1.5-0, 10-W 
resistors in series with each motor lead. Connect a 0.1 iF 
50-V dise ceramic capacitor across the motor leads to 
suppress motor noise. 

Connect a pair of wires, about a foot long, to the other 
ends ofthe resistors. These will power the screwdriver from 
your car's 12-V system. Next, procure a 20-inch long piece 
Of 4-20 threaded rod (also called “all-thread”). Insert one 
end of this into the cordless screwdriver chuck, and drill a 
Yowinch or Y¥s=inch hole through both the chuck and the 
rod. Secure the rod in place with either a roll or cotter pin, 
and install a pair of '/-inch nuts on the rod near the 
serewdriver chuck. This will be the lower stop for the coil 
travel and will be adjusted later. 

‘Thread the rod into the threaded insert at the bottom. 
of the coil form, and install another pair of stop nuts on the 
topside of the rod. It will be easier to do this before attaching 
the bottom plug to the coil form. Again, these nuts will be 
adjusted later for proper coil travel. 

Place the bottom plug into the coil form, drill a couple 
of holes through the form and the plug and tap them for 
6-32 flat head bolts. Countersink the form so that the heads 
will be flush with the outside. Again, see Fig 27. 


Finger Stock 
Now, let’s go back to the base tube. You must install a 
circle of finger-stock strip on the top of the tube to make 
contact with the coil, as shown in Fig 24. This can either be 
soldered or riveted, depending on your choice of tube 
material. Next, insert the coil and screwdriver assembly 
through the bottom of the tube, making sure that the coil 
clears the finger stock without deforming or bending it 

‘The best method I have found for attaching the 
screwdriver to the bottom tube is to fit a piece of 1'/s-inch 
PVC pipe, about 8 or 10 inches long, over the handle of the 
screwdriver and attach it with a 
couple of flat-head 6-32 bolts. You 
may have to either grind some 
‘material off the handle or wrap it 
‘with some duct tape to make a snug 
fit inside the 1'/=inch PVC pipe 
which should slip snugly into the 
base tube. 

Place a matching 1'/2-inch 
PVC pipe cap on the bottom of the 
pipe, and secure it with a couple 
of 6-32 screws. Drill a '/1-inch 
hole through one side of the cap 
which will serve to pass the wires 
from the screwdriver motor. Drill 
a Yeinch hole directly in the 
center of this cap for the base 


‘Screw-driver inst 


‘coax connector. 


Fig 29—Base-mounting plate for 


truck. Note the quick-disconnect de 
‘motor con-nections and the SO-239 


mount. See Fig 28, which is a drawing of the completed 
antenna assembly. 


MOUNTING THE ANTENNA 


Atthis point you must determine exactly how you wish 
to mount the antenna on your vehicle. You could fasten it to 
standard mobile antenna mount, but do not use a spring! 1 
prefer to fasten the assembly to a thick metal plate about, 
6 x 18 inches in size. I mount this to the frame of the car, 
protruding about 4 or 5 inches from the lower car body, just 
behind the rear wheel. You could also fasten such a plate to 
the lower fender sheet metal with large sheet-metal screws. 
‘The SO-239 connector is mounted to this plate also, See 
Fig 29. 

‘An upper bracket, made from Plexiglas or similar 
insulating material, can be mounted from the trunk lip with, 
an L-angle and used to support the top of the lower tube. 
Sce Fig 30, With a Plexiglas bracket about 4-inches wide, a 
2-inch hole can be drilled in it to pass the tube. This will 
‘make a snug and rigid fit at the top. Under no circumstances, 
use a metal band around the tube, as this will form a shorted 
turn and drastically lower the antenna Q. 

With a little care, this type of mounting will leave no 
visible holes in the vehicle, which will likely enhance its 
trade-in value. If you mount the antenna on a pickup truck, 
it can be mounted directly on the rear safety bumper with a 
1¥/ inch pipe floor flange and matching adaptor on the 
bottom of the tube. 


After mounting the base, your next job is to connect 
the wires from the screwdriver to a DPDT, spring-retum, 
center-off switch, mounted in a convenient location in your 
car. See the schematic in Fig 31. Connect the coax from the 
radio to the base tube, with the center conductor going to 
the base tube and the shield connected to ground at the base 
of the antenna. 

If you like, you could install a simple base-matching 
network to give a perfect match on the lower bands. Even, 
with no matching unit, SWR is usually under 2:1 on all 


lation on KOATV's 
Fig 30—The support Plexiglas plate. 
(Photo courtesy of Gary Pearce, 

KN4AQ.) 
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ig 33—Alternative 
matching scheme 
using a single 
shunt matching 
coil. 
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bands. See Fig 32. One matching network consists of a 
couple of trimmer capacitors switched from the bottom of, 
the base tube to ground using a pair of small relays. For 
80 meters, approximately 800 pF is required, and for 
40 meters about 400 pF. No matching is required for 
30 meters or higher. 

An alternative matching method is to install a 15. 
turn coil made from #14 enamel wire, about '/2 inch 
diameter, from the base to ground. See Fig 33. In either 
case, adjust the whip length for proper resonance at both 
ends of the HF spectrum over the range of movement of 

cour coil. 
yor This antenna may have different matching 
requirements, depending on the vehicle type and mounting 
location, so you may need to do some experimentation to 
obtain optimum results. If it doesn’t work exactly right at 
first, be prepared to do a little experimenting. 


ACOIL COVER 


Most builders will want to provide a coil cover, both 
for protection and appearance. KOATV’s favorite cover 
is made from a plastic mailing tube, about 24 to 
30 inches long and about '/: inches in diameter. You 
can find these at an office supply store. They have a 
screw-on cap on one end, which can be mounted to the 
top of the loading coil. 


with the first specifications ~and the frst "compatible" pilot deployments - expected 
in mid 2018. although there is uncertainty about the details of the specifications 
under development, the Industry has already undertaken significant R&D work on 
SG candidate technologies, making itis possible for operators to pursue a SG-ready 
network strategy with a reasonable degree of confidence that they wil be able to 
rapidly deploy 5G, at scale, as the technology becomes commercially available. 


From an IP and core network perspective, five tiers of a SG-ready investment strat- 
egy are, from the ground up, as follows: 


|. Develop a distibuted data center footprint. The Central Office Re-architected 
as Data Center (CORD) model provides a good reference. The idea is for oper- 
alors fo develop physical assels located close to the edge and transform them 
into distributed data centers. The edge location is critical for low-latency 5G 
services and, as Mobile Edge Computing (MEC} shows, the edge-cloud is valu- 
able in many networking scenarios — i is not solely a SG investment. In time, the 
distributed data center will also come fo support Cloud RAN (C-RAN) and Vir 
tual RAN (V-RAN) hub sites and will host core network functions, such as distrib- 
uted user-plane nodes. 


2. Create an "P Services Fabric" for 5G with software-defined networking (SDN) 
control. Edge-cloud locations running 5G network functions and services willre- 
quire high-performance, secure connectivity. Investment in wide-orea SDN is 
already underway to create an "IP services fabric" thal connects centralized 
data centers, distributed cloud locations and cell sites. This IP services fabric 
provides routing, securily, service chaining, redundancy and orchestration. 
‘Again, this investment is, in many aspects, not unique to 5G, but common to 
high-performance networking at the cloud edge. 


3. Invest in cloud-based Evolved Packet Core (EPC) and NG Core. With a diistrib- 
uted cloud infrastructure, it fs lagical fo redesign core network functions to take 
advantage of this asset to meet the strict latency requirements of SG services 
and efficiently manage data traffic. Some aspects of NG Core are already rea- 
sonably well understood, (for example, control- and user- plane separation or 
*CUPS"), while others remain works in progress {for example, mobility and session 
management). In general, expect control-plane separation to apply across the 
5G architecture, from radio ta core. 


4. Use network slicing for a service-optimized core, Network slicing is on important 
bridge from a 4G core fo anew 5G core andis.a key component of a SG-ready 
network investment strategy. In this model, virtual network functions (VNFs) are 
created per service and data is routed via an optimized processing path across 
the network. By isolating services into virtual network slices, operators can offer 
better security, more efficient transport, optimized core network processing and 
appropriate service quality. A network slice created for an Internet of Things 
(loT] customer, for example, may support both 4G and 5G access networks. 


5. Automation and service orchestration. Automating network operations pro- 
vides the ability fo launch new services rapidly, to reach new market segments, 
fo evaluate success/fallure quickly, and then lo modify, scale and repeat. Sig- 
nificant progress is being made in applying service orchestration to 4G-Long 
Term Evolution (LTE) networks, especially where software-based core networks 
are deployed. Network sicing is a good example of the need for automation 
because there will be many more logical entities to commission, provision and 
manage. "Automated service orchestration’ is a good, tangible example of SG- 
ready functionality 
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Fig 34—Remote control by the rear-view mirror—tuning 
by the stripes! (Photo courtesy of Gary Pearce, KN4AQ,) 


You trim the bottom of the cover to the proper length 

to allow the coil to be fully retracted into the base tube while 

still clearing the top bracket. Other builders have used such 

diverse materials as: 

‘Several I-liter soft drink bottles cut off, swaged and glued 
together 

Sections of Schedule 20 PVC pipe with matching cap 

‘© Empty beef jerky tubes (usually available for the asking at 
convenience stores) 

‘* Wands from a shop vacuum cleaner, fited with the cap 
from an aerosol spray can, 

Just let your imagination run wild and you may be 
surprised at your own ingenuity. Whatever material you do 
use, paint it to match your vehicle. Just be sure to use non- 
metallic paint. 


TUNING BY THE STRIPES 


‘The author used different colored vinyl tapes to mark 
the tuning points for the amateur bands along the tuning 
coil. The lower edge of the supporting Plexiglas middle 
support acts as a pointer, which he can spot from his rear- 
view mirror. See Fig 34. This may be low-tech tuni 
‘method, but it works! 


THE PROOF IS INTHE PUDDING 

Now, you are ready to enjoy some real mobile com- 
munications on all bands, without even stopping the ve~ 
hicle to QSY. KO4TV's antenna has contacted over 100 
DX countries, from as far away as Tasmania and Japan 
from the East Coast. He enjoys regular contacts with Is- 
rae] and other stations in the Mid-East, running 100 W 
or less. 


A MOBILE J ANTENNA FOR 144 MHz 

‘The J antenna is a mechanically modified version of 
the Zepp (Zeppelin) antenna. It consists of a half-wave- 
length radiator fed by a quarter-wave matching stub. This 
antenna exhibits an omnidirectional pattern with little 
high-angle radiation, but does not require the ground 
plane that /-wave and ‘/-wave antennas do to work prop- 
erly. The material in this section was prepared by Domenic 
Mallozzi, NIDM, and Allan White, WIEYL 

Fig 38 shows two common configurations of the J 
antenna. Fig 35 shows the shorted-stub version that is 
usually fed with 200- to 600-0 open-wire line. Some have 
attempted to feed this antenna directly with coax with- 
‘out a balun, and this usually leads to less than optimum 
results. Among the problems with such a configuration 
are a lack of reproducibility and heavy coupling 
‘with nearby objects. To eliminate these problems, many 
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ig 35—Two configurations of the J antenna, 


Fig 36—The mount for the mobile J is made from 
stainless-steel angle stock and secured to the bumper 
with stainless-stee! hardware. Note the "inch pipe 
plug and a PL-259 (with a copper disc soldered in its 
tnthreaded end). These protect the mount and 
connector threads when the antenna is not in use. 
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Fig 37—The J antenna, ready for use. Note the bakelite 
insulator and the method of feed. Tie wraps are used to 
attach the balun to the mounting block and to hold the 
coax to the support pipe. Clamps made of flashing 
copper are used to connect the balun to the J antenna 
just above the insulating block. The ends of the balun 
should be weatherproofed. 


amateurs have used a 4:1 half-wave balun between the 
feed point and a coaxial feed line. This simple addition 
results in an antenna that can be easily reproduced and 
that does not interact so heavily with surrounding ob- 
jects. The bottom of the stub may be grounded (for me- 
chanical or other reasons) without impairing the 
performance of the antenna. 

‘The open-stub-fed J antenna shown in Fig 35B can 
be connected directly to low-impedance coax lines with 
good results. The lack of a movable balun (which al- 
lows some impedance adjustment) may make this an- 
tenna a bit more difficult to adjust for minimum SWR, 
however. 


The Length Factor 

Dr. John 8. Belrose, VE2CV, noted in The Cana- 
dian Amateur that the diameter of the radiating element 
is important to two characteristics of the antenna—its 
bandwidth and its physical length. (See Bibliography at 
the end of this chapter.) As the element diameter is 
increased, the usable bandwidth increases, while the 
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Fig 38—Details of the insulated mounting block. The 
‘material is bakelite. 


Frequency (Wz) 


Fig 39—Measured SWR of the mobile J antenna. 


physical length of the radiating element decreases with 
respect to the free-space half-wavelength. The increased, 
diameter makes the end effect more pronounced, and also 
slows the velocity of propagation on the element. These 
two effects are related to resonant antenna lengths by a 
factor, “k.” This factor is expressed as a decimal fraction, 
giving the equivalent velocity of propagation on the an- 
tenna wire as a function of the ratio of the element diam- 
ler to a wavelength. The k factor is discussed at length 
in Chapter 2. 
‘The length of the radiating element is given by 


5904 x k 
— (Eq 25) 


where 


= length in inches 
frequency in MHz 
k =k factor, 


The k factor can have a significant effect. For 
example, if you use a ‘fs-inch diameter piece of tubing 
for the radiator at 144 MHz, the k value is 0.907 (9.3% 
shorter than a free-space half wavelength). 

The J antenna gives excellent results for both 
mobile and portable work. The mobile described here is 
similar to an antenna described by W. B. Freely, K6HMS, 
in April 1977 OST. This design uses mechanical compo- 
nents that are easier to obtain. As necessary with all 
mobile antennas, significant attention has been paid to a 
strong, reliable, mechanical design. It has survived not 
only three New England winters, but also two summers 
of 370-mile weekend commutes. During this time, it has 
‘maintained consistent electrical performance with no no- 
ticeable deterioration, 

‘The mechanical mount to the bumper is a2 x 2-inch 
stainless stee! angle iron, 10 inches long. It is secured to 
the bumper with stainless steel hardware, as shown in 
Fig 36. A stainless steel '-inch pipe coupling is welded 
to the left side of the bracket, and an SO-239 connector 
is mounted at the right side of the bracket. The bracket is 
‘mounted to the bumper so a vertical pipe inserted in the 
coupling will allow the hatchback of the vehicle to be 
opened with the antenna installed, Fig 37. 

‘A *h-inch galvanized iron pipe supports the antenna 
so the radiating portion of the J is above the vehicle roof 
line. This pipe goes into a bakelite insulator block, vis- 
ible in Fig 37. The insulator block also holds the bottom 
of the stub. This block was first drilled and then split with 
a band saw, as shown in Fig 38. After splitting, the two 
portions are weatherproofed with varnish and rejoined 
with 10-32 stainless hardware. The corners of the insula- 
tor are cut to clear the L sections at the shorted end of the 
stub. 

The quarter-wave matching section is made of 
Yerinch type L copper tubing ("Vis inch ID, "Ms inch OD), 
The short at the bottom of the stub is made from two 
copper L-shaped sections and a short length of 's-inch 
tubing. Drill a '/-inch hole in the bottom of this piece of 
tubing to drain any water that may enter or condense in 
the stub, 

‘A Shu-inch diameter brass rod, 1'/s to 2 inches long, 
is partially threaded with a “fs x 24 thread to accept a 
Larsen whip connector. This rod is then sweated into one 
of the legs of the quarter-wave matching section. A 
40-inch whip is then inserted into the Larsen connector. 

The antenna is fed with 50-0 coaxial line and a 
coaxial 4:1 half-wave balun. This balun is described at 
the end of Chapter 26. As with any VHF antenna, use 


high-quality coax for the balun. Seal all open cable ends 
and the rear of the $O-239 connector on the mount with 
RTV sealant, 

Adjustment is not complicated. Set the whip so that 
its tip is 41 inches above the open end of the stub, and 
adjust the balun position for lowest SWR. Then adjust 
the height of the whip for the lowest SWR at the center 
frequency you desire. Fig 39 shows the measured SWR 
of the antenna after adjustments are completed. 


THE SUPER-J MARITIME ANTENNA 

‘This 144-MHz vertical antenna doesn’t have strin- 
gent grounding requirements and can be made from easy 
to find parts. The material in this section was prepared 
by Steve Cerwin, WASFRE, who developed the Super-3 
for use on his boat. 

Antennas for maritime use must overcome diffi- 
culties that other kinds of mobile antennas normally do 
not encounter. For instance, the transom of a boat is the 
logical place to mount an antenna. But the transoms of, 
many boats are composed mostly of fiberglass, and they 
ride some distance out of the water—from several inches 
to a few feet, depending on the size of the vessel. Be~ 
cause the next best thing to a ground plane (the water 
surface) is more than an appreciable fraction of a wave~ 
length away at 144 MHz, none of the popular gain-pro- 
ducing antenna designs requiring a counterpoise are 
suitable. Also, since a water surface does a good job of 
assuming the earth’s lowest mean elevation (at least on a 
‘calm day), anything that can be done to get the radiating 
part of the antenna up in the air is helpful. 

‘One answer is the venerable J-pole, with an extra 
in-phase half-wave section added on top—the Super-J 
antenna. The two vertical half waves fed in phase give 
outstanding omnidirectional performance for a portable 
antenna. Also, the J-pole feed arrangement provides the 
desired insensitivity to height above ground (or water) plus 
added overall antenna height. Best of all, a "/-wave CB 
whip provides enough material to build the whole driven 
element of the antenna, with a few inches to spare. The 
antenna has enough bandwidth to cover the entire 
144-MHz band, and affords a measure of lightning pro- 
tection by being a grounded design. 


Antenna Operation 

‘The antenna is represented schematically in Fig 40. 
The classic J-pole antenna is the lower portion shown 
between points A and C. The half-wave section between 
points B and C does most of the radiating. The added 
half-wave section of the Super-J version is shown 
between points C and E. The side-by-side quarter-wave 
elements between points A and B comprise the J feed 
arrangement. 

AL first glance, counterproductive currents in the J 
section between points A and B may seem a waste of 
element material, but it is through this arrangement that 
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Fig 40—Schematic representation of the Super-J 
maritime antenna. The radiating section is two half 
waves in phase. 


the antenna is able to perform well in the absence of a 
good ground. The two halves of the J feed arrangement, 
side by side, provide a loading mechanism regardless of, 
whether or not a ground plane is present, 

‘The radiation resistance of any antenna fluctuates 
as a function of height above ground, but the magnitude 
of this effect is small compared to the wildly changing 
impedance encountered when the distance from a ground 
plane element to its counterpoise is varied. Also, the 
J section adds '/: wavelength of antenna height, reduc~ 
ing the effect of ground height variations even further. 
Reducing ground-height sensitivity is particularly use- 
ful in maritime operation on those days when the water 
is rough 

The gain afforded by doubling the aperture of a 
J-pole with the extra half-wave section can be realized 
only if the added section is excited in phase with the 
half-wave element B-C. This is accomplished in the 
Super-J in a conventional manner, through the use of 
the quarter-wave phasing stub shown between C and D. 


Construction and Adjustment 

‘The completed Super-J is shown in Fig 41. Details 
of the individual parts are given in Fig 42. The driven 
element can be liberated from a quarter-wave CB whip 
antenna and cut to the dimensions shown. All other metal 
stock can be obtained from metal supply houses or 
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machine shops. Metal 
may even be scrounged 
for little or nothing as 
scraps or remnants, as 
were the parts for the an- 
tenna shown here. 

‘The center insulator 
and the two J stub spacers, 
are made of '/s-inch fiber- 
glass and stainless steel 
stock, and the end caps are 
bonded to the insulator 
sections with epoxy. If 
you don’t have access to a 
lathe to make the end caps, 
a simpler one-piece insula- 
tor design of wood or fiber- 
glass could be used 
However, keep in mind that 
good electrical connections. 
must be maintained at all 
joints, and strength is a 
‘consideration for the cen- 
ter insulator. 

The quarter-wave 
phasing stub is made of 
"Finch stainless steel tub- 
ing, Fig 43. The line com- 
prising this stub is bent in 
a semicircular arc to nar- 
row the vertical profile and. 
to keep the weight distri- 
bution balanced. This 
makes for an attractive ap- 
pearance and keeps the 
antenna from leaning to 
one side. 

The bottom shorting bar and base mounting plate 
are made of '/s-inch stainless steel plate, shown in 
Fig 44. The J stub is made of *he-inch stainless-steel 
rod stock. The RF connector may be mounted on the 
shorting bar as shown, and connected to the adjustable 
slider with a short section of coaxial cable. RTV sealant 
should be used at the cable ends to keep out moisture. 
The all-stainless construction looks nice and weathers 
well in maritime mobile applications. 

The antenna should work well over the whole 
144-MHz band if cut to the dimensions shown. The only 
tuning required is adjustment of the sliding feed point for 
minimum SWR in the center of the band segment you use 
most. Setting the slider 2" inch above the top of the 
shorting bar gave the best match for this antenna and may 
be used for a starting point. Four turns of coax made into 
coil at the feed point or a ferrite-sleeve balun act as a 
‘common-mode choke balun to ensure satisfactory perfor- 


Fig 41—Andy and the 
assembled Super-J 
antenna. 
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Fig 42—Details of parts used in the construction of the 144-MHz Super-J. Not to scale. 
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Fig 43—A close-up look at the '/- phasing section of 
the Super-J. The insulator fitting is made of stainless- 
steel end caps and fiberglass rod. 


Fig 44—The bottom 
shorting bar and base 
‘mounting plate assembly. 
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Fig 45—The Super-J 
in portable use at a 
field site. 


Performance 


Initial tests of the Super-J were performed in por. 
table use and were satisfactory, if not exciting. Fig 45 
shows the Super-] mounted on a wooden mast at a por. 
table site, Simplex communication with a station 40 
miles away with a 10-W mobile rig was full quieting 
both ways. Stations were worked through distant repeat. 
ers that were thought inaccessible from this location. 

Comparative tests between the Super-J and 
a commercial “Ys-wave antenna mounted on the car 
showed the Super-J to give superior performance, even 
when the Super-J was lowered to the same height as the 
car roof. The mast shown in Fig 45 was made from two 
8-foot lengths of 1 x 2-inch pine. (The two mast sec- 
tions and the Super-J can be easily transported in most 
vehicles.) 

‘The Super-J offers a gain of about 6 dB over a quar- 
ter-wave whip and around 3 dB over a “/s-wave antenna, 
Actual performance, especially under less-than-ideal or 
variable ground conditions, is substantially better than 
other vertical antennas operated under the same condi: 
tions. The freedom from ground-plane radials proves to 
be a real benefit in maritime mobile operation, espe~ 
cially for those passengers in the back of the boat with 
sensitive ribs! 


ATOP-LOADED 
144-MHz MOBILE 
ANTENNA 


Earlier in this chapter, the | 
merits of various loading coal 
schemes for shortened whip an- 
tennas were discussed. Quite 
naturally, one might be consid- 
ering HF mobile operation for 
the application of those tech- 
niques. But the principles may 
be applied at any frequency. 
Fig 46 shows a 144-MHz 
antenna that is both top and cen- 
ter loaded. This antenna is suit- 
able for both mobile and 
portable operation, being in- 
tended for use on a handheld 
transceiver. This antenna was 
devised by Don Johnson, 
W6AAQ, and Bruce Brown, 
WoTWW. 


Fig 46—This 144-MHz antenna i 
ses a combination of top and r= 
center loading. It offers low uA 
construction cost and improved . 
efficiency over continuously 

loaded rubber-ducky antennas. 


A combination of top and center loading offers im- 
proved efficiency over continuously loaded antennas 
such as the “stubby” pictured at the beginning of this 
chapter. This antenna also offers low construction cost, 
The only materials needed are a length of stiff wire and 
a scrap of circuit-board material, in addition to the ap- 
propriate connector. 


Construction 


‘The entire whip section with above-center loading 
coil is made of one continuous length of material. An 
18-inch length of brazing rod or #14 Copperweld wire is 
suitable. 

In the antenna pictured in Fig 46, the top loading 
disk was cut from a scrap of circuit-board material, but 
flashing copper or sheet brass stock could be used in- 
stead. Aluminum is not recommended. 

‘The dimensions of the antenna are given in Fig 47. 
First wind the center loading coil. Use a '/-inch bolt, 
wood dowel, or other cylindrical object for a coil form, 
Begin winding at a point 3 inches from one end of the 
wire, and wrap the wire tightly around the coil form. Wind 
5's turns, with just enough space between turns so they 
don’t touch. 

Remove the coil from the form. Next, determine the 
length necessary to insert the wire into the connector 
you'll be using. Cut the long end of the wire to this length 
plus 4 inches, measured from the center of the coil. Sol- 
der the wire to the center pin and assemble the connec 
tor. A tight-fitting sleeve made of Teflon or Plexiglas rod 
may be used to support and insulate the antenna wire in- 
side the shell. An alternative is to fill the shell with ep- 
oxy cement, and allow 
the cement to set while 
the wire is held cen- 
tered in the shell. 

‘The top loading 
disk may be circular, 
cut with a hole saw. A 
circular disk is not re- 
quired, however—it 
may be of any shape 
Just remember that 
with a larger disk, less 
coil inductance will be 
required, and vice 
versa. Drill a hole at 
the center of the di 


Fig 47—Dimensions 
for the top-loaded 

i 144-MHz antenna. 
See text regarding 
coil length. 


for mounting it to the wire. For a more rugged antenna, 
reinforce the hole with a brass eyelet. Solder the disk in 
place at the top of the antenna, and construction is com- 
pleted 


Tune-Up 

Adjustment consists of spreading the coil turns for 
the correct amount of inductance. Do this at the center 
frequency of the range you'll normally be using. Opti- 
mum inductance is determined with the aid of a field 
strength meter at a distance of 10 or 15 feet. 

‘Attach the antenna to a handheld transceiver oper- 
ating on low power, and take a field-strength reading. With 
the transmitter turned off, spread the coil turns slightly, 
and then take another reading. By experiment, spread or 
compress the coil turns for the maximum field-strength 
reading. Very little adjustment should be required. There 
is one precaution, however. You must keep your body, 
‘arms, legs, and head in the same relative position for each 
field-strength measurement. It is suggested thatthe trans- 
ceiver be placed on a nonmetal table and operated at arm’s 
length for these checks. 

Once the maximum field-strength reading is 
obtained, adjustments are completed. With this antenna 
in operation, you'll likely find it possible to access 
repeaters that are difficult to reach with other shortened 
antennas. W6AAQ reports that in distant areas his 
antenna even outperforms a ‘Vs-). vertical. 


VHF QUARTER-WAVELENGTH 
VERTICAL 

Ideally, a VHF vertical antenna should be installed 
over a perfectly flat reflector to assure uniform omni- 
directional radiation. This suggests that the center of the 
automobile roof is the best place to mount it for mobile 
use. Alternatively, the flat portion of the trunk deck can 
be used, but will result in a directional pattern because of 
car-body obstruction. 

Fig 48 illustrates how a Millen high-voltage connec- 
tor can be used as a roof mount for a VHF whip. The 
hole in the roof can be made over the dome light, thus 
providing accessibility through the upholstery. RG-59 and 
the s-wave matching section, L (Fig 48C), can be routed 
between the car roof and the ceiling upholstery and 
brought into the trunk compartment, or down to the dash- 
board of the car. Instead of a Millen connector, some 
operators install an SO-239 coax connector on the roof 
for mounting the whip. The method is similar to that 
shown in Fig 48 

It has been established that in general, "/i-A verti- 
cal antennas for mobile repeater work are not as effec- 
tive as %/-A verticals are. With a‘/s-2. antenna, more of 
the transmitted signal is directed at a low wave angle, 
toward the horizon, offering a gain of about 1 dB over 
the '/- vertical. However, in areas where the repeater 
is located nearby on a very high hill or a mountain top, 
the 4-2 antenna will usually offer more reliable per- 
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Fig 48—At A and B, an illustration of how a quarter- 
wavelength vertical antenna can be mounted on a car 
roof. The whip section should be soldered into the cap 
portion of the connector and then screwed into the 
base socket. This arrangement allows for the removal 
of the antenna when desired. Epoxy cement should be 
Used at the two mounting screws to prevent the entry 
of moisture through the screw holes. Diagram C is 
discussed in the text. 


formance than a ‘%s-A antenna. This is because there is 
more power in the lobe of the '/s-A vertical at higher 
angles. 


144-MHz 5/8-WAVELENGTH VERTICAL 


Perhaps the most popular antenna for 144-MHz FM 
mobile and fixed-station use is the ‘h-wavelength vert 
cal. As compared to a "/«-wavelength vertical, it has 1 dB 
of gain. 

This antenna is suitable for mobile or fixed-station 
use because itis small, omnidirectional. and can be used 
with radials ora solid-plane ground (such as a car body) 
fradials are used, they need be only '/« wavelength long. 


Construction 

‘The antenna shown here is made from low-cost ma- 
terials. Fig 49 shows the base coil and aluminum mount- 
ing plate. The coil form is a piece of low-loss solid rod, 
such as Plexiglas or phenolic. The dimensions for this 
and other parts of the antenna are given in Fig 50. A length 
of brazing rod is used as the whip section, 

‘The whip should be 47 inches long. However, braz. 
ing rod comes in standard 36-inch lengths, so if used, it 
is necessary to solder an 11-inch extension to the top of 
the whip. A piece of #10 copper wire will suffice. Al- 
ternatively, a stainless-steel rod can be purchased to 
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Fig 49—At top, a photograph of the “I-A vertical base 
section. The matching coil is affixed to an aluminum 
bracket that screws onto the inner lip of the car trunk. 
‘Above, the completed assembly. The coil has been 
‘wrapped with vinyl electrical tape to keep out dirt and 
moisture. 


make a 47-inch whip. Shops that sell CB antennas should 
have such rods for replacement purposes on base-loaded 
antennas. The limitation one can expect with brazing 
rod is the relative fragility of the material, especially 
when the threads are cut for screwing the rod into the 
base coil form. Excessive stress can cause the rod to 
break where it enters the form. The problem is compli- 
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ig 50—Structural details for the 2-meter ‘ie, antenna 
are provided at A. The mounting bracket is shown at B 
and the equivalent circuit is given at C. 


cated somewhat in this design because a spring is not 
used at the antenna mounting point. Builders of this an- 
tenna can find all kinds of solutions to the problems just 
outlined by changing the physical design and using dif- 
ferent materials when constructing the antenna. The 
main purpose of this description is to provide dimen- 
sions and tune-up information, 

‘The aluminum mounting bracket must be shaped to 
fit the car with which it will be used. The bracket can be 
used to effect a no-holes mount with respect to the exte- 
rior portion of the car body. The inner lip of the vehicle 
trunk (or hood) can be the point where the bracket is at- 
tached by means of no. 6 or no. 8 sheet-metal screws. 
‘The remainder of the bracket is bent so that when the 
trunk lid or car hood is raised and lowered, there is no 
contact between the bracket and the moving part. Details 
of the mounting unit are given in Fig SOB. A 14-gauge 
metal (or thicker) is recommended for rigidity. 

Wind 10'/: turns of #10 or #12 copper wire on the 
‘Jeinch diameter coil form. The tap on LI is placed 
approximately four turns below the whip end. A secure 
solder joint is imperative. 


Tune-Up 

After the antenna has been mounted on the vehicle. 
connect an SWR indicator in the 50-0 transmission line 
Key the 144-MHz transmitter and experiment with the 
coil tap placement. If the whip section is 47 inches long 
an SWR of 1:1 can be obtained when the tap is at the 
right location. As an alternative method of adjustment, 
place the tap at four turns from the top of L1, make the 
whip 50 inches long, and trim the whip length until an 
SWR of 1:1 occurs. Keep the antenna well away from 
other objects during tune-up, as they may detune the an- 
tenna and yield false adjustments for a match. 


A 5/8-WAVELENGTH 220-MHz 
MOBILE ANTENNA 


‘The antenna shown in Figs $1 and 52 was devel- 
oped to fill the gap between a homemade '/s-2 mobile 
antenna and a commercially made “Vs-2, model. While 
antennas can be made by modifying CB models, that 
presents the problem of cost in acquiring the original 
antenna. The major cost in this setup is the whip por- 
tion. This can be any tempered rod that will spring 
easily. 


Construction 

The base insulator portion is made of '/:-inch 
Plexiglas rod. A few minutes’ work on a lathe is suffi- 
cient to shape and drill the rod. (The innovative builder 
can use an electric drill and a file for the lathe work.) 
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Fig 51—The 220-MHz ‘/-3, mobile antenna. The coil 
turns are spaced over a distance of 1 inch, and the 
bottom end of the coil is soldered to the coax 
connector. 


The bottom '/: inch of the rod is turned down to a diam- 
eter of “inch. This portion will now fit into a PL-259 
UHF connector. A '/-inch diameter hole is drilled through 
the center of the rod. This hole will hold the wires that 
make the connections between the center conductor of, 
the connector and the coil tap. The connection between 
the whip and the top of the coil is also run through this 
opening. A stud is force-fitted into the top of the Plexiglas 
rod, This allows for removal of the whip from the insula- 
tor. 

‘The coil should be initially wound on a form slightly 
smaller than the base insulator. When the coil is trans- 
ferred to the Plexiglas rod, it will keep its shape and will 
not readily move. After the tap point has been determined, 
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Fig 52—Diagram of the 220-MHz mobile antenna. 


a longitudinal hole is drilled into the center of the rod. A 
#22 wire can then be inserted through the center of the 
insulator into the connector. This method is also used to 
attach the whip to the top of the coil. After the whip has 
been fully assembled, a coating of epoxy cement is ap- 
plied. This seals the entire assembly and provides some 
additional strength. During a full winter's use there was 
no sign of cracking or other mechanical failure. The ad- 
justment procedure is the same as for the 144-MHz ver- 
sion described previously. 


The 5G Core Network 


The new SG core network is now reasonably well understood: It will be "cloud-na- 
tive." it will make extensive use of netwark slicing, and i! will operate in concert with 
anew model-driven service orchestration layer. The industry can therefore start to 
develop NG Core products that can be adapted as standards emerge and solidify. 


From a practical perspective, for the initial deployment, operators can support SG 
radio access on a "5G-ready" EPC and then migrate fo a new NG Core over time. 
In both cases, the “services fabric” provides SDN-controlled connectivity and re- 
lated IP services, across a disibuted cloud infastructure. 


Virtualized & Cloud-Native Mobile Core 


Operators have made good progress on virtual EPC over the past couple of years. 
The largest networks now support more than 15 million subscribers (AT&T has discussed 
this publicly); some progressive operators have started to refresh their main EPC ne!- 
‘works using multivendor network functions virtualization (NFV} (e.g.. Docomo, Eisclat); 
and others (e.g. Vadafone} have deployed virtual core elements for loT services. 


Figure 3 shows two migration paths to a "cloud-native" §G core. The blue line shows 
a virtualized 4G core as a stepping stone fo a "SG-ready" core and then a full SG 
core. The grey line shows a more conservative option where the operator scales the 
classic EPC in the near-term and then makes bigger leap to 5G later. 


Figure 3: A Preliminary Cloud-Based 5G Architecture 
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Source: Heavy Reading 


There is debate about what exactly “cloud native” means, particularly in the context 
of stateful telecom network functions. Nevertheless, Heavy Reading's established 
view is that operators that deploy virtual EPC - even at small scale ~gain experience 
in how these systems work, how to operate them, and how to evolve them, and 
that in turn will give them a sustainable advantage in the longer-term transition to 
soflware-centric 5G mobile networks. 
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HF Antennas 


‘This material was contributed by Rudy Severns, NOLF. 
Many of the antenna ideas appearing earlier in this chapter 
can be applied to sailboats. However, the presence of the 
mast and the rigging, plus the prevalence of non-conduct- 
ing fiberglass hulls complicates the issue. There are many 
possibilities for antennas aboard sailboats. This includes both 
permanently installed antennas and antennas that can be 
hoisted for temporary use at anchor: 


L. Permanent 
Commercial or home-brew automobile-type verticals 
Backstay verticals and slopers 
Shunt feed of uninsulated rigging 


2. Temporary 
Sloping dipoles 
Inverted V's 
Yagis 
You should remember some basic facts of life on a 
sailboat: 


1) On most boats the spars, standing rigging and some 
running rigging will be conductors. Stainless steel 
wire is usually used for the rigging and aluminum 
for the spars. 

2) Topping lifts, running backstays and jackstays all 
may be made of conducting materials and may often 
change position while the boat is underway. This 
changes the configuration of the rigging and may 
affect radiation patterns and feed-point impedances. 

3) Shipboard antennas will always be close to the mast 
and rigging, in terms of electrical wavelength. Some 
antennas may in fact be part of the rigging, 

4) The feed-point impedance and radiation pattern can 
be strongly influenced by the presence of the rigging. 

5) Because of the close proximity, the rigging is an 
integral part of the antenna and should be viewed as 
such, 

6) The behavior of a given antenna will depend on the 
details of the rigging on a particular vessel. The per- 
formance of a given antenna can vary widely on dif- 
ferent boats, due to differences in dimensions and 
arrangement of the rigging. 

7) Even though you may be floating on a sea of salt 
water, grounding still requires careful attention! 


ANTENNA MODELING 

Because of the strong interaction between the rig- 
ging and the antenna, accurate prediction of radiation 
patterns and a reasonable guess at expected feed-point 
impedance requires that you model both the antenna and 
the rigging. Unless you do accurately model the system, 
considerable cut-and-try may be needed. This can be 
expensive when it has to be done in 1 x 19 stainless steel 
wire with $300 swaged insulator fittings! 

In fact, when your antenna is going to be part of 


For Sailboats 


standing rigging, it’s a very good idea to try your 
designs out at the dock. You could temporarily use 
Copperweld wire and inexpensive insulators in place of 
the stainless rigging wire and the expensive insulators. 
‘This approach can save a good deal of money and agg 
vation. A wide variety of modeling programs are avail- 
able and can be very helpful in designing a new antenna 
but they have to be used with some caution: 


1). The rigging will have many small intersection angles 
and radically different conductor diameters, this can 
cause problems for NEC and MININEC programs. 
You must usually taper the segment lengths near the 
junctions. This is done automatically in programs like 
ELNEC and EZNEC. 

3). It is usually necessary to use one wire size for the 
mast, spars and rigging. Some improvement in ac- 
curacy can be obtained by modeling the mast as a 
cage of 3 or 4 wires. 


‘The predicted radiation patterns will be quite good 
but the feed-point impedance predictions should be 
viewed as preliminary, Some final adjustment will usu- 
ally be required. Because of the wide variation between 
boats, even those of the same class, each new installation 
is unique and should be analyzed separately 


Transom Vertical 


Fig 53—An example of a 20-meter i/4 whip mounted on 
the transom. A local ground system must also be 
provided, as described in the section on grounding. 
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A SAFETY NOTE 


Ungrounded rigging endpoints near deck level can 
have high RF potentials on them when you transmit. For 
example, the shrouds on a fiberglass boat connect to 
chainplates that are bolted to the hull, but are not grounded. 
‘These can inflict painful RF burns on the unwary, even 
while operating at low power! As a general rule all rig- 
ging, spars and lifelines near deck level should be 
grounded. This also makes good sense for lightning pro- 
tection. For a backstay antenna with its feed point near 
deck level, a sleeve of heavy wall PVC pipe can be placed 
over the lower end of the stay as a protective shield. 


TRANSOM AND MASTHEAD MOUNTED 
VERTICALS 

A very common antenna for boats is a vertical, 

either a short mobile antenna or a full 2/4, placed on 

the transom, as shown in Fig 53. Note that in this ex- 


LA, 
a, Bearing 90.0 


) 


Fig 54—Typical radiation pattern for the 4/4 transom 
mounted whip in Fig 53. 
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‘ample the antenna is mounted off to one side—it could 
also be mounted in the center of the transom. The 
20-meter radiation pattern for this antenna as shown in 
Fig 54. Unlike a free standing vertical, this antenna 
doesn’t have an omnidirectional pattern. It is asymmetri- 
cal, with a front-to-back ratio of about 13 dB. Further, 
the angle for maximum gain is offset in the direction 
the antenna is placed on the transom. 

This is a very good example of the profound effect 
the rigging can have on any antenna used on board a sail- 
boat. Not only is the pattern affected but the feed-point 
impedance will be reduced from a nominal 36 Q to 25 to 
300. 

‘The directive gain can be useful—if you point the 
boat in the right direction! Usually, however, a more uni- 
form omnidirectional pattern is more desirable. It is tempt- 
ing to suggest putting the vertical at the masthead, perhaps 
using a 6-foot loaded automobile whip, with the mast and, 
rigging acting as a ground plane. Fig 55 shows such a 
system, Unfortunately, this usually doesn’t work very well 
because the overall height of the mast and antenna will 
very likely be > 5/8 2. This will result in high-angle lobes, 
as shown in Fig 56. Depending on the mast height, this 
idea may work reasonably well on 40 or 80 meters, but 


Fig 55—A whip mounted at the masthead. The feed line 
is fed back down the mast either inside or outside. The 
base of the mast and the rigging is assumed to be 
properly grounded. 
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Fig 56—Typical radiation pattern for a masthead- 
‘mounted vertical. The multiple vertical lobes are due 
to the fact the antenna is higher than 4/2. 


Fig 57—An example of a backstay vertical. A local 
ground point must be established on the transom next 
to the base of the backstay. 


you will still be faced with severe mechanical stress due 
to magnified motion at the masthead in rough sea, The 
masthead is usually reserved to VHF antennas, with their 
own radial ground plane. 


THE BACKSTAY VERTICAL 


A portion of the backstay can be insulated and used 
as a vertical as shown in Fig 57. The length of the insu- 
lated section will be 2/4 on the lowest band of interest. 
Typically, due to the loading effect of the rest of the 
rigging, the resonant length of the insulated section will 
be shorter than the classic 234/f (MHz) relation, al- 
though it can in some case actually be longer. Either 
modeling or trial adjustment can be used to determine 
the actual length needed. On a typical 35 to 40-foot sail- 
boat, the lowest band for 2/4 resonance will be 40 meters 
due to the limited length of the backstay. Examples of 
the radiation patterns on several bands for such an an- 
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Fig 58—Typical radiation patterns on 40 meters for the 
backstay vertical in Fig 57. 
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Fig 59—Typical radiation patterns on 20 meters for the 
backstay vertical in Fig 57. 


tenna are given in Figs $8 through 60. 

‘The pattern is again quite directional due to the pres- 
ence of the mast and rigging. On 15 meters, where the 
antenna is approximately ‘i 2, higher angle lobes appear. 
On 40 and 15 meters, the feed point is near a current 
‘maximum and is in the range of 30 to 50 Q. On 20 meters, 
however, the feed point is a very high impedance because 
the antenna is near 2/2 resonance. One way to get around 
this problem for multiband use is to make the antenna 
longer than 2/4 on the lowest band. If the lowest band is 
40 meters then on 20 meters the feed-point impedance 
will be much lower. This antenna is non-resonant on any 
of the bands but can be conveniently fed with a tuner 
because the feed-point impedances are within the range 
of commonly available commercial tuners. Tuners spe~ 
cifically intended for marine applications frequently can 
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60—Typical radiation patterns on 15 meters for the 
backstay vertical in Fig 57. 


accommodate very high input impedane: 
to be quite expensive. 

The sensitivity of the radiation pattern to small 
details of the mast and rigging is illustrated in Fig 61 
This is the same antenna as shown in Fig 57 with the 
exception that the forestay is assumed to be ungrounded, 
In this particular example, ungrounding the forestay dras~ 
tically increases the front-to-back ratio. With slightly dif- 
ferent dimensions, however, the pattern could have 
changed in other ways, 

High-quality insulators for rigging wire can be quite 
expensive and represent a potential weak point—if they 
fail the mast may come down. It is not absolutely neces- 
sary to use two insulators in a backstay vertical. As shown, 
in Fig 62, the upper insulator may be omitted. The radia 
tion patterns are shown in Figs 63 and 64. In this case 
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Fig 61—The effect of ungrounding the forestay on the 
radiation pattern. This is for 40-meter operation. 


the pattern is actually more symmetrical than it was with 
an upper insulator—but this may not hold true for other 
rigging dimensions. The feed point does not have to be 
at the bottom of the backstay. As indicated in Fig 62, the 
feed point can be moved up into the backstay to achieve 
a better match or a more desirable feed-point impedance 
variation with frequency. In that case, the center of the 
coaxial feed line is connected to the upper section and 
the shield to the lower section. The cable is then taped to 
the lower portion of the backstay 

If single-band operation is all you want, even the 
lower insulator can be omitted by using shunt feed. A 
gamma match would be quite effective for this purpose, 
as discussed in Chapter 6 when driving a grounded tower. 


Fig 62—Feeding the backstay without an insulator at 
the top. The feed point may be moved along the 
antenna to find a point with a better match on a 
particular band or to provide a better range of 
impedances for the tuner to match. The coaxial feed 
line is taped to the lower portion of the backstay. 

Again, a good local ground is needed at the base of the 
backstay. 


‘A 40-METER BACKSTAY HALF SLOPER 


‘A half-sloper antenna can be incorporated into the 
backstay, as shown in Fig 65. This will behave very much 
the same as the slopers described in Chapter 6. The 
advantage of this antenna for a sailboat installation is that 
you don’t need to create a good ground connection at the 
stern, as you would have to do for a transom-mounted 
vertical or the backstay vertical just described. This may 
be more convenient. The mast, shrouds and stays must 
still be grounded for the half-sloper but the arrangement 
is somewhat simpler, 


TEMPORARY ANTENNAS: 
Not everyone needs permanent antennas. A variety 
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Fig 63—Typical 40-meter radiation pattern in Fig 62. 


of temporary antennas can be arranged. A few of these 
are shown in Figs 66 through 68. Of all of these the rigid 
dipole (Fig 66) will provide the best operation and will 
have a pattern close to that expected from a freestanding 
dipole. The other two examples will be strongly affected 
by their close proximity to the rigging 


GROUNDING SYSTEMS 


‘You may be sitting in the middle of a thousand miles 
of saltwater. This is great for propagation but you will still 
have to connect to that ground if you want to use a vertical 
There are many possibilities, but the scheme shown in Fig 
69 is representative. First a bonding wire, or better yet a 
copper strap (it can be very thin!), is connected from bow- 
to-stern on each side, connecting the forestay, lifeline stan- 
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Fig 64—Typical 20-meter radiation pattern in Fig 62. 


chions, chainplates, bow and stern pulpits and the backstay, 
Other bonding wires are run from the bow, stern and 
cchainplates on both sides to a common connection at the 
base of the mast. The fore-and-aft bonding can be attached 
to the engine and to the keel bolts. The question arises: 
“What about electrolysis between the keel and propeller if 
you bond them together?” This has to be dealt with on a 
case-by-case basis. If your protective zines are depleting 
more rapidly after you install a bonding scheme, change it 
by disconnecting something, the engine-shaft-propeller, for 
example. 

Grounding will vary in every installation and has to 
be customized to each vessel. However, just as on shore, 
the better the ground system, the better the performance 
of the vertical! 
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67—One end of dipole can be attached to the main 
iyard and pulled up to the masthead. The bottom end 
of the dipole should be pulled out away from the 
rigging as much as possible to reduce the impact of 
the rigging on the impedance. 


Fig 65—A 40-meter halt-sloper fed at the masthead. 


HOISTED DIPOLE 
Pte with Dipole Toped on 
i 
contrat 
Une Contest 
Grace 
ig 68—The flag halyard can be used to hoist the 
Most center of an inverted V to the spreaders, or 
alternatively, the main halyard can be used to hoist the 
Fig 66—A dipole can be taped to a wood or bamboo center of the antenna to the masthead. Interaction 
pole and hoisted to the masthead with the main between the rigging and the antenna will be very 
halyard while at anchor. Itis possible to make pronounced and the length of the antenna will have to 


multiband dipole. be adjusted on a cut-and-try basis. 
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Antennas for Power Boats 


Powerboaters are not usually faced with the 
problems and opportunities created by the mast and rig- 
ging on a sailboat. A powerboat may have a small mast, 
but usually not on the same scale as a sailboat. Antennas 
for power boats have much more in common with auto- 
motive mobile operation, but with some important 
exceptions: 


1) In an automobile, the body is usually metal and it 

provides a groundplane or counterpoise for a whip 

‘antenna, Most modern powerboats, however, have 

fiberglass hulls. These are basically insulators, and 

‘will not work as counterpoises. (On the other hand, 

metal-hulled power boats can provide nearly ideal 

grounding!) 

A height restriction on automotive mobile whips is 

imposed by clearance limits on highway overpasses 

‘and also by the need to sustain wind speeds of up to 

80 miles per hour on the highway. 

3) In general, powerboats can have much taller anten. 
nas that can be lowered for the occasional low bridge. 

4) The motion on a powerboat, especially in rough seas, 
can be quite severe. This places additional mechani- 
cal strain on the antennas. 

5) Onboth powerboats and sailboats, operation in a salt- 
‘water marine environment is common. This means 
that a careful choice of materials must be made for 
the antennas to prevent corrosion and premature fail- 


The problem of a ground plane for vertical anten- 
nas can be handled in much the same manner as shown 
in Fig 69 for sailboats. Since there will most likely not 
be a large keel structure to connect to and provide a large 
surface area, additional copper foil can be added inside 
the hull to increase the counterpoise area. Because of the 
small area of the propeller, it may be better not to con- 
nect to the engine, but to rely instead on increasing the 
area of the counterpoise and operate it as a true counter- 
poise—that is, isolated from ground. Sometimes a num- 
ber of radial wires are used for a vertical, much like that 
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Fig 69—A typical sailboat grounding scheme. 
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for a ground-plane antenna. This is not a very good idea 
unless the “wires” are actually wide copper-foil strips 
that can lower the Q substantially. 

‘The problem is the high voltage present at the ends 
of normal ground-plane antenna radials. For a boat these 
radials are likely to be in close proximity to the cabin, 
which in turn contains both people and electronic equip- 
ment. The high potential at the ends of the radials is both 
a safety hazard and can result in RF coupling back into 
the equipment, including ham gear, navigational instru- 
ments and entertainment devices. The cook is not likely 
tobe happy if he or she gets an RF burn after touching the 
galley stove! Decoupling the counterpoise from the trans- 
mission line, as discussed in Chapter 6, can be very help- 
ful to keep RF out of other equipment. 

‘One way to avoid many of the problems associated 
with grounding is to use a rigid dipole antenna. On 
20 meters and higher, a rigid dipole made up from 
aluminum tubing, fiberglass poles or some combination 
of these, can be effective. As shown in Fig 70A the halves 
of the dipole can be slanted upward like rabbit ears to 
reduce the wingspan and increase the feed-point imped- 
ance for a better match to common coax lines. On the 
lower bands a pair of mobile whips can be used, as shown 
in Fig 70B. Home-brew coils could also be used 

For short-range communication, a relatively low 
dipole over saltwater can be effective. However, if long- 
range communication is needed, then a well-designed 
vertical, operating over seawater, will work much better. 
For these to work, of course, you must solve the ground 
problems associated with a vertical. 


” 


® 


Fig 70—At A, a rigid dipole made from aluminum 
tubing, fiberglass poles or a combination of these. 
‘ALB, a pair of mobile whips used as a dipole. 


It is not uncommon for large powerboats to have a 
two or three-element multiband Yagi installed on a short 
mast. While these can be effective, if they are not mounted 
high (> 4/2) they may be disappointing for longer-range 
communication, Over saltwater, vertical polarization is 
very effective for longer distances. A simpler, but well- 
designed, vertical system on a boat may outperform a low 
Yagi 

‘The combination of a good ground system and one 
of the high-quality, motor-tuned multiband mobile whips 
now available commercially can also be very effective. 
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Migrating 5G RAN From EPC to NG Core 


ASG-teady core strategy is determined, in part, by how the operator plans to intro- 
duce SG radio. There are two basic possibilities: operate SG RAN using an EPC or 
using @ new NG Core. In practice, operators with plans to launch 5G early are likely 
fo start with an EPC and migrate fo NG Core aver time, as shown in Figure 4 below. 


Figure 4: Migrating 5G RAN from EPC to NG Core 
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The diagram is taken from the most recent version of the 3GPP "Study on New 
Radio Access Technology’ (TR 38.801}, which willinform development of standards 
in Release 15. Several permutations of the architecture are under consideration; 
however, in simple terms, to the left, the new 5G base station (gNB) user-plane 
interface connects directly !o a 4G EPC, while the control-plane functions, such as 
tracking, paging, etc., are provided by an evolved 4G base station (eNB), which in 
turn also connects to the EPC. In this scenario, the EPC requires litle or no modifica 
tion, making this a fast and simple way te deploy 5G radio from a core perspective. 


Overtime, both 4 and 56 base stations can migrate to a new NG Core, which will 
provide both control- and user-plane functions. At this stage, NG Core becomes 
the primary core network for 4G and 5G access, as shown fo the right in the dio- 
fom. This is conceptually similar to how EPC supports 3G and 4G access networks. 


Note that in cases where 5G radio is deployed for fixed wireless access, there is no 
need for an LTE RAN to provide control-plane functions fo the 5G user device; 
slondard EPC is sufficient, although it would need to provide session management 
forthe 5G access. Some of the first 5G deployments are expected lo use this model 


Network Slicing: A Key Bridge to 5G 


Network slicing is one of the key bridges between the 4G and $G core. To support 
diverse service types, operators will use multiple core networks deployed as "network 
sices'on a common IP services infrastructure. The idea, shown in Figure §, is to create 
Virtual core network instances (or "sices’} dedicated to different services. Each slice 
can be optimized for the traffic profile and the commercial context of the associated 
service —for example, loT, public safety, mobile virtual network operator (MYNO}, con- 
nected cor, voice over WiFi or enterprise services. Network slices can be two dimen- 
sional in the sense that they can be both service- and customer-specific 
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Repeater 
Antenna Systems 


‘There is an old adage in Amateur Radio that goes, 

If your antenna did not fall down last winter, it 
wasn't big enough.” This adage might apply to antennas for 
MF and HF work, but at VHF things are a bit different, at 
least as far as antenna size is concerned. VHF 
antennas are smaller than their HF counterparts, but yet the 
theory is the same—a dipole is a dipole, and a Yagi is a 
Yagi, regardless of frequency. A 144-MHz Yagi may pass 
asa TV antenna, but most neighbors can easily detect a 
radio hobbyist if a 14-MHz Yagi looms over his property. 


Repeater antennas are discussed in this chapter. 
Because the fundamental operation of these antennas is 
no different than presented in earlier chapters, there is no 
need to delve into any exotic theory. Certain consider- 


ations must be made and certain precautions must be 
observed, however, since most repeater operations. 
teur and commercial—take place at VHF and UHF. 


Basic Concepts 

‘The antenna is a vital part of any repeater installa- 
tion. Because the function of a repeater is to extend the 
range of communications between mobile and portable 
stations, the repeater antenna should be installed in the 
best possible location to provide the desired coverage. 
This usually means getting the antenna as high above 
average terrain as possible. In some instances, a repeater 
may need to have coverage only in a limited area or 
direction. When this is the case, antenna installation 
requirements will be completely different, with certain 
limits being set on height, gain and power. 


Horizontal and Vertical Polarization 

Until the upsurge in FM repeater activity in the 
1970s, most antennas used in amateur VHF work were 
horizontally polarized. These days, very few repeater 
‘groups use horizontal polarization. (One of the major rea. 


sons for using horizontal polarization is to allow separate 
repeaters to share the same input and/or output frequen- 
cies with closer-than-normal geographical spacing.) The 
vast majority of VHF and UHF repeaters use vertically 
polarized antennas, and all the antennas discussed in this, 
chapter are of that type. 


‘Transmission Lines 

Repeaters provide the first venture into VHF and 
UHF work for many amateurs. The uninitiated may not 
be aware that the transmission lines used at VHF become 
very important because feed-line losses increase with fre~ 
que! 


‘The characteristics of feed lines commonly used at 
VHF are discussed in Chapter 24, Transmission Lines. 
Although information is provided there for small-diam- 
eter RG-58 and RG-59 coaxes, these should not be used 
except for very short feed lines (25 feet or less). These 
cables are very lossy at VHF. In addition, the losses can 
be much higher if fittings and connections are not care- 
fully installed. 

‘The differences in loss between solid-polyethylene 
dielectric types (RG-8 and RG-11) and those using foam 
polyethylene are significant at VHF and UHE. If you can, 
afford the line with the least loss, buy it. 

If you must bury coaxial cable, check with the cable 
manufacturer before doing so. Many popular varieties of 
coaxial cable should not be buried, since the dielectric 
in become contaminated from moisture and soil chemi- 
cals, Some coaxial cables are labeled as non-contaminat- 
ing. Such a label is the best way to be sure your cable can 
be buried without damage. 


Matching 
Losses are lowest in transmission lines that are 
matched to their characteristic impedances. If there is a 
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mismatch at the end of the line, the losses increase. The 
only way to reduce the SWR on a transmission line is by 
matching the line at the antenna. Changing the length of 
a transmission line does not reduce the SWR. The SWR 
plished by the impedance of the line and the 
impedance of the antenna, so matching must be done at 
the antenna end of the line. 

‘The importance of matching, so far as feed-line 


losses are concerned, is sometimes overstressed. But 
under some conditions, it is necessary to minimize feed- 
line losses related to SWR if repeater performance is to 
be consistent. It is important to keep in mind that most, 
VHF/UHF equipment is designed to operate into a 50-Q. 
oad. The output circuitry will not be loaded properly if 
connected to a mismatched line. This leads to a loss of 
power, and in some cases, damage to the transmitter. 


Repeater Antenna System Design 


Choosing a repeater or remote-base antenna system 
is as close as most amateurs come to designing a com- 
mercial-grade antenna system. The term system is used 
because most repeaters utilize not only an antenna and a 
transmission line, but also include duplexers, cavity fi 
ters, circulators or isolators in some configuration. 
Assembling the proper combination of these items in con- 
structing a reliable system is both an art and a science. In 
this section prepared by Domenic Mallozzi, NIDM, the 
functions of each component in a repeater antenna 
system and their successful integration are discussed. 
While every possible complication in constructing a 
repeater cannot be foreseen at the outset, this discussion 
should serve to steer you along the right lines in solving 
any problems encountered. 


COMPUTING THE COVERAGE AREA 
FOR A REPEATER 


Modern computer programs can show the coverage 
of a repeater using readily available topographic data from 
the Internet. In Chapter 3, The Effects of Ground, we 
described the MicroDEM program supplied on the CD- 
ROM accompanying this book. Dr Peter Guth, the 
author of MicroDEM, built into it the ability to generate 
terrain profiles that can be used with ARRL's HFTA (HF 
Terrain Assessment) program (also included on the CD- 
ROM), 

MicroDEM has a wide range of capabilities beyond 
simply making terrain profiles. It can do LOS (line of 
sight) computations, based on visual or radio-horizon 
considerations. Fig 1 shows a MicroDEM map for the 
area around Glastonbury, Connecticut. This is somewhat 
hilly terrain, and as a result the coverage for a repeater 
placed here on a 30-meter (100-foot) high tower would 
be somewhat spotty. Fig | shows a “Viewshed” on the 
map, in the form of the white terrain profile strokes in 5° 
increments around the tower. 

Fig 2 shows the LOS for an azimuth of 80°, from a 
30-meter high tower out to a distance of 8000 meters. The 
light-shaded areas on the profile are those that are illumi- 
nated directly by the antenna on the tower, while the dark 
portions of the profile are those that cannot be seen 
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cA 
Fig ‘—MicroDEM topographic map, showing the 
Coverage fr a repester placed on 30-meter high 
tower in Glastonbury CT. The white radial lines 
indicate the coverage In Increments of azimuth 
around the tower. The range cites are 1000 meters 
apart 


Fig 2—An “LOS" (line of sight) profile at an azimuth of 
‘80° from the tower in Fig 1. The light-gray portions of 
the terrain profile are visible from the top of the tower, 
while the dark portions are blocked by the terrain, 


directly from the tower. This profile assumes that the 
mobile station is 2 meters high—the height of a 6-foot 
high person with a handheld radio. 

The terrain at an 80° azimuth allows direct radio view 
from the top of the tower out to about 1.8 km. From here, 
the downslope prevents direct view until about 2.5 km, 


where the terrain is briefly visible again from several 
hundred meters, disappearing from radio view until about 
2.8 km, after which it becomes visible until about 3.6 
km. Note that other than putting the repeater antenna on 
higher tower, there is nothing that can be done to im- 
prove repeater coverage over this hilly terrain, although 
knife-edge diffraction off the hill tops will help fill in 
coverage gaps. 


‘The Repeater Antenna 

‘The most important part of the system is the antenna 
itself. As with any antenna, it must radiate and collect 
RF energy as efficiently as possible. Many repeaters use 
omnidirectional antennas, but this is not always the best 
choice. For example, suppose a group wishes to set up a 
repeater to cover towns A and B and the interconnecting 
state highway shown in Fig 3. The available repeater site 
is marked on the map. No coverage is required to the west 
or south, or over the ocean. If an omnidirectional antenna 
is used in this case, a significant amount of the radiated 
signal goes in undesired directions. By using an antenna 
with a cardioid pattern, as shown in Fig 1, the coverage 
is concentrated in the desired directions. The repeater will 
be more effective in these locations, and signals from low 


here are many situations where equal repeater 
is not desired in all directions from the 
‘One such situation is shown here, where 
the repeater is needed to cover only towns A and B 
and the interconnecting highway. An omnidirectional 
antenna would provide coverage in undesired 
directions, such as over the ocean. The broken line 
shows the radiation pattern of an antenna that is better 
sulted to this circumstance. 


power portables and mobiles will be more reliable. 

In many cases, antennas with special patterns are 
more expensive than omnidirectional models. This is an 
obvious consideration in designing a repeater antenna 
system, Over terrain where coverage may be difficult in 
some direction from the repeater site, it may be desirable 
to skew the antenna pattern in that direction. This can be 
accomplished by using a phased-vertical array or a com- 
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Fig 4—The “keyhole” horizontal radiation pattern at A 
is generated by the combination of phased Yagis and 
vertical elements shown at B. Such a pattern is useful 
in overcoming coverage blockages resulting from local 
terrain features. (Based on a design by Decibel 
Products, Inc.) 
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Fig 5—Vertical-beam downtilt is another form of 
radiation-pattern distortion useful for improving 
repeater coverage. This technique can be employed in 
situations where the repeater station is at a greater 
elevation than the desired coverage area, when a high- 
gain omnidirectional antenna is used. Pattern A shows 
the normal vertical-plane radiation pattern of a high- 
gain omnidirectional antenna with respect to the 
desired coverage area (the town). Pattern B shows the 
pattern tilted down, and the coverage improvement is 
evident. 


bination of a Yagi and a phased vertical to produce a “key- 
hole” pattern. See Fig 4. 

Repeaters are common on 440 MHz and above, and 
‘many groups invest in high-gain omnidirectional anten- 
nas. A consequence of getting high gain from an omnid 
rectional antenna is vertical beamwidth reduction. In most 
cases, these antennas are designed to radiate their peak 
gain at the horizon, resulting in optimum coverage when 
the antenna is located at a moderate height over normal 
terrain, Unfortunately, in cases where the antenna is 
located at a very high site (overlooking the coverage area) 
this may not be the most desirable pattern. The vertical 
pattern of the antenna can be tilted downward, however, 
to facilitate coverage of the desired area. This is called 
vertical-beam downtit. 

An example of such a situation is shown in Fig 5. 
The repeater site overlooks a town in a valley. A 450- 
MHz repeater is needed to serve low-power portable and 
mobile stations. Constraints on the repeater dictate the 
use of an antenna with a gain of 11 dBi. (An omnidirec- 
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Fig 6—Vertical-beam downtilt can be fac 


ited by inserting 52-M delay lines in series with the 75-A feed lines to 


the collinear elements of an omnidirectional antenna. The delay lines to each element are progressively longer so 
the phase shift between elements is uniform. Odd '/-A coaxial transformers are used in the main (75-Q) feed 
system to match the dipole impedances to the driving point. Tilting the vertical beam in this way often produces 
minor lobes in the vertical pattern that do not exist when the elements are fed in phase. 
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tional antenna with this gain has a vertical beamwidth of 
approximately 6°.) If the repeater antenna has its peak 
gain at the horizon, a major portion of the transmitted 

al and the best area from which to access the repeater 
exists above the town. By tilting the pattern down 3°, the 
peak radiation will occur in the town. 

Vertical-beam downtilt is generally produced by 
feeding the elements of a collinear vertical array slightly 
out of phase with each other. Lee Barrett, K7NM, showed 
such an array in Ham Radio magazine. (See the Bibliog- 
raphy at the end of this chapter.) Barrett gives the geom- 
etry and design of a four-pole array with progressive phase 
delay, and a computer program to model it. The technique 
is shown in Fig 6, with a free-space elevation plot show- 
ing downtilting in Fig 7. 

Commercial antennas are sometimes available (at 
extra cost) with built-in downtilt characteristics. Before 
ordering such a commercial antenna, make sure that you 
really require it—they generally are special-order items 
and are not returnable. 

‘There are disadvantages to improving coverage by 
means of vertical-beam downtilt, When compared to a 
standard collinear array, an antenna using vertical-beam 
downtilt will have somewhat greater extraneous lobes in 
the vertical pattern, resulting in reduced gain (usually less 
than 1 dB). Bandwidth is also slightly reduced. The 
reduction in gain, when combined with the downtilt char- 
acteristic, results in a reduction in total coverage area. 
These trade-offs, as well as the increased cost of a 
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Fig 7—Free-space elevation-plane patterns showing 
downtilting that results from progressive phase shifts 
for the feed currents for the dipole in Fig 6. 


commercial antenna with downtilt, must be compared to 
the improvement in total performance in a situation where 
vertical-beam downtilt is contemplated, 


‘Top Mounting and Side Mounting 


Amateur repeaters often share towers with commer- 
cial and public service users. In many of these cases, other 
antennas are at the top of the tower, so the amateur 
antenna must be side mounted. A consequence of this 
arrangement is that the free-space pattern of the repeater 
antenna is distorted by the tower. This effect is especially 
noticeable when an omnidirectional antenna is side 
mounted on a structure. 

The effects of supporting structures are most pro- 
nounced at close antenna spacings to the tower and with 
large support dimensions. The result is a measurable 
increase in gain in one direction and a partial null in the 
other direction (sometimes 15 dB deep). The shape of 
the supporting structure also influences pattern distor- 
tion. Many antenna manufacturers publish radiation pat- 
terns showing the effect of side mounting antennas in their 
catalogs. 

Side mounting is not always a disadvantage. In cases 
where more (or less) coverage is desired in one direc- 
tion, the supporting structure can be used to advantage. 
If pattern distortion is not acceptable, a solution is to 
‘mount antennas around the perimeter of the structure and 
feed them with the proper phasing to synthesize an 
omnidirectional pattern. Many manufacturers make 
antennas to accommodate such situations. 

The effects of different mounting locations and 
arrangements can be illustrated with an array of exposed 
dipoles, Fig 8. Such an array is a very versatile antenna 
because, with simple rearrangement of the elements, it 
can develop either an omnidirectional pattern or an off- 
set pattern. Drawing A of Fig 8 shows a basic collinear 
array of four vertical 14-2 elements. The vertical spacing 
between adjacent elements is 1 A. All elements are fed in 
phase. If this array is placed in the clear and supported 
by a nonconducting mast, the calculated radiation resis- 
tance of each dipole element is on the order of 63 . If 
the feed line is completely decoupled, the resulting azi- 
muth pattern is omnidirectional. The vertical-plane pat- 
tern is shown in Fig 9 

Fig 8B shows the same array in a side-mounting ar- 
rangement, at a spacing of 4 2 from a conducting mast. 
In this mounting arrangement, the mast takes on the role 
of a reflector, producing an F/B on the order of 
5.7 dB. The azimuth pattern is shown in Fig 10. The ver- 
tical pattern is not significantly different from that of 
Fig 9, except the four small minor lobes (two on either 
side of the vertical axis) tend to become distorted. They 
are not as “clean,” tending to merge into one minor lobe 
at some mast heights. This apparently is a function of 
currents in the supporting mast. The proximity of the mast 
also alters the feed-point impedance. For elements that 
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are resonant in the configuration of Fig 8A, the calcu- 
lated impedance in the arrangement of Fig 8B is in the 
order of 72 +) 10. 

If side mounting is the only possibility and an 
omnidirectional pattern is required, the arrangement of 
Fig 8C may be used. The calculated azimuth pattern takes 
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Fig 8—Various arrangements of exposed dipole 
elements. At A is the basic collinear array of four 
elements. B shows the same elements mounted on 
the side of a mast, and C shows the elements in a 
‘side-mounted arrangement around the mast for 
‘omnidirectional coverage. See text and Figs 9 through 
11 for radiation-pattern information. 


on a slight cloverleaf shape, but is within 1.5 dB of being 
circular. However, gain performance suffers, and the 
idealized vertical pattern of Fig 9 is not achieved. See 
Fig 11. Spacings other than '/1-A from the mast were not 
investigated. 

One very important consideration in side mounting 
fan antenna is mechanical integrity. As with all repeater 
components, reliability is of great importance. An antenna 
hanging by the feed line and banging against the tower 
provides far from optimum performance and reliability. 
Use a mount that is appropriately secured to the tower and 
the antenna. Also use good hardware, preferably stainless 
steel (or bronze). If your local hardware store does not 
wry stainless steel hardware, try a boating supplier. 


Fig 10—Calculated azimuth pattern of the 
mounted array of Fig 8B, assuming '/«- spacing from a 

inch mast. The calculated gain in the favored 
direction, away from the mast and through the 
elements, is 10.6 dBi. 


Fig 9—Calculated vertical-plane pattern of the array of 
Fig 8A, assuming a nonconducting mast support and 
‘complete decoupling of the feeder. In azimuth the array 
is omnidirectional. The calculated gain of the array is 
8.6 dBi at 0° elevation; the ~3 dB point is at 6.5% 
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Fig 11—Calculated vertical pattern of the array of 
Fig 8C, assuming */-A element spacing from a 4-1 
mast. The azimuth pattern is circular within 1.5 dB, 
and the calculated gain is 4.4 dBi. 


Be certain that the feed line is properly supported 
along its length. Long lengths of cable are subject to con- 
traction and expansion with temperature from season to 
season, so it is important that the cable not be so tight 
that contraction causes it to stress the connection at the 
antenna. This can cause the connection to become inter- 
mittent (and noisy) or, at worst, an open circuit. This is 
far from a pleasant situation if the antenna connection is 
300 feet up a tower, and it happens to be the middle of 
the winter! 


Effects of Other Conductors 

Foed-line proximity and tower-access ladders or 
cages also have an effect on the radiation patterns of side- 
‘mounted antennas. This subject was studied by Connolly 
and Blevins, and their findings are given in IEEE Con- 
ference Proceedings (see the Bibliography at the end of 
this chapter). Those considering mounting antennas on 
air-conditioning evaporators or maintenance penthouses 
fon commercial buildings should consult this article. It 
gives considerable information on the effects of these 
structures on both unidirectional and omnidirectional 
antennas. 

Metallic guy wires also affect antenna radiation pat- 
terns. Yang and Willis studied this and reported the 
results in IRE Transactions on Vehicular Communica- 
tions. As expected, the closer the antenna is to the guy 
wires, the greater the effect on the radiation patterns. If 
the antennas are near the point where the guy wires meet 
the tower, the effect of the guy wires can be minimized 
by breaking them up with insulators every 0.75 2 for 2.25 
210 302 


ISOLATION REQUIREMENTS IN 
REPEATER ANTENNA SYSTEMS. 


Because repeaters generally operate in full duplex 
(the transmitter and receiver operate simultaneously), the 
antenna system must act as a filter to keep the transmitter 
from blocking the receiver. The degree to which the trans- 
miter and receiver must be isolated is a complex prob- 
lem. Itis quite dependent on the equipment used and the 
difference in transmitter and receiver frequencies (off- 
set). Instead of going into great detail, a simplified 
example can be used for illustration, 

Consider the design of a 144-MHz. repeater with a 
(600-kHz offset. The transmitter has an RF output power 
of 10 watts, and the receiver has a squelch sensitivity of 
0.1 LV. This means there must be at least 1.9 X10" watts 
at the 52-Q receiver-antenna terminals to detect a signal. 
If both the transmitter and receiver were on the same fre- 
quency, the isolation (attenuation) required between the 
transmitter and receiver antenna jacks to keep the trans- 
miter from activating the receiver would be 


LO watts 


1.9%107 watts, 


Isolation =10log. 6748 


Obviously there is no need for this much attenua- 
tion, because the repeater does not transmit and receive 
on the same frequency. 

If the 10-watt transmitter has noise 600 kHz away 
from the carrier frequency that is 45 dB below the carrier 
power, that 45 dB can be subtracted from the isolation 
requirement. Similarly, if the receiver can detect a 0.1 
V on-frequency signal in the presence of a signal 600 kHz 
away that is 40 dB greater than 0.1 j1V, this 40 dB can also 
be subtracted from the isolation requirement. Therefore, 
the isolation requirement is 


167 dB — 45 dB ~ 40 dB = 82 dB 


Other factors enter into the isolation requirements 
as well. For example, if the transmitter power is increased 
by 108 (from 10 to 100 watts), this 10 dB must be added 
to the isolation requirement. Typical requirements for 
144- and 440-MHz repeaters are shown in Fig 12. 
Obtaining the required isolation is the first problem to 
be considered in constructing a repeater antenna system. 
There are three common ways to obtain this isolation: 


1) Physically separate the receiving and transmitting 
antennas so the combination of path loss for the spac~ 
ing and the antenna radiation patterns results in the 
required isolation, 

2) Use @ combination of separate antennas and high-Q 
filters to develop the required isolation, (The high-Q 
filters serve to reduce the physical distance required 
between antennas.) 

3) Use a combination filter and combiner system to 


‘enuation (4) 


37 3005 2 
Frequency Seprction (ie) 


Fig 12—Typical isolation requirements for repeater 
transmitters and receivers operating in the 132- 

4174 MHz band (Curve &), and the 400-512 MHz band 
(Curve B). Required isolation in dB is plotted against 
frequency separation in MHz. These curves were 
developed for a 100-W transmitter. For other power 
levels, the isolation requirements will differ by the 
change in decibels relative to 100 W. Isolation 
requirements will vary with receiver sensitivity. (The 
values plotted were calculated for transmitter-carrier 
and receiver-noise suppression necessary to prevent 
more than 1 dB degradation in receiver 12-dB SINAD 
sensitivity.) 
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allow the transmitter and receiver to share one antenna, 
Such a filter and combiner is called a duplexer. 


Repeaters operating on 28 and 50 MHz generally 
use separate antennas to obtain the required isolation. This 
is largely because duplexers in this frequency range are 
both large and very expensive. It is generally less expen- 
sive to buy two antennas and link the sites by a commit- 
ted phone line or an RF link than to purchase a duplexer. 
At 144 MHz and higher, duplexers are more commonly 
used. Duplexers are discussed in greater detail in a later, 
section 


Separate Antennas 
Receiver desens 


ain limiting caused by the pres- 
ence of a strong off-frequency signal) can be reduced, 
and often eliminated, by separation of the transmitting 
and receiving antennas. Obtaining the 55 to 90 dB of iso- 
lation required for a repeater antenna system requires 
separate antennas to be spaced a considerable distance 
apart (in wavelengths) 

Fig 13 shows the distances required to obtain spe- 
cific values of isolation for vertical dipoles having hor 
zontal separation (at A) and vertical separation (at B). 
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Fig 13—At A, the amount of attenuation (isolation) 
provided by horizontal separation of vertical dipole 
antennas. At B, isolation afforded by vertical 
‘separation of vertical dipoles. 
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The isolation gained by using separate antennas is sub- 
tracted from the total isolation requirement of the sys- 
tem. For example, if the transmitter and receiver antennas 
for a 450-MHz repeater are separated horizontally by 
400 feet, the total isolation requirement in the system is 
reduced by about 64 dB. 

Note from Fig 13B that a vertical separation of only 
about 25 feet also provides 64 dB of isolation. Vertical 
separation yields much more isolation than does horizon- 
tal separation. Vertical separation is also more practical 
than horizontal, since only a single support is required, 

An explanation of the significant difference between 
the two graphs is in order. The vertical spacing require- 
‘ment for 60 dB attenuation (isolation) at 150 MHZ is about 
43 feet. The horizontal spacing for the same isolation level 
is on the order of 700 fect. Fig 14 shows why this differ- 
ence exists. The radiation patterns of the antennas at A 
overlap; each antenna has gain in the direction of the other. 
The path loss between the antennas is given by 


4nd 
Path loss (4B) = 20 og —™ (Eq) 
where 

d = distance between antennas, 


wavelength, in the same units as d. 


‘The isolation between the antennas in Fig 14A is 
the path loss less the antenna gains. Conversely, the 
antennas at B share pattern nulls, so the isolation is the 
path loss added to the depth of these nulls. This signifi 
cantly reduces the spacing requirement for vertical sepa- 
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14—A relative representation of the isolation 
sdvantage afforded by separating antennas 
horizontally (A) and vertically (B) is shown. A great 
deal of isolation is provided by vertical separation, but 
horizontal separation requires two supports and much 
greater distance to be as effective. Separate-site 
repeaters (those with transmitter and receiver at 
different locations) benefit much more from horizontal 
separation than do single-site installations. 


ration, Because the depth of the pattern nulls is not infi- 
nite, some spacing is required. Combined horizontal and 
vertical spacing is much more difficult to quantify be- 
cause the results are dependent on both radiation patterns 
and the positions of the antennas relative to each other. 
Separate antennas have one major disadvantage: 
They create disparity in transmitter and receiver cover- 
age. For example, say a 50-MHz repeater is installed over 
average terrain with the transmitter and repeater sepa- 
rated by 2 miles. If both antennas had perfect omnidirec- 
tional coverage, the situation depicted in Fig 15 would 
exist. In this case, stations able to hear the repeater may 
not be able to access it, and vice versa. In practice, the 
situation can be considerably worse. This is especially 
true if the patterns of both antennas are not omnidirec- 
tional. If this disparity in coverage cannot be tolerated, 
the solution involves skewing the patterns of the anten- 
nas until their coverage areas are essentially the same. 


Cavity Resonators 

As just discussed, receiver desensing can be reduced 
by separating the transmitter and receiver antennas. But 
the amount of transmitted energy that reaches the receiver 
input must often be decreased even farther. Other nearby 
transmitters can cause desensing as well. A cavity reso- 
nator (cavity filter) can be helpful in solving these prob- 
lems. When properly designed and constructed, this type 
of resonator has very high Q. A commercially made cav- 
ity is shown in Fig 16. 

A cavity resonator placed in series with a transmis- 
sion line acts as a band-pass filter. For a resonator to 
operate in series, it must have input and output coupling 
loops (or probes). A cavity resonator can also be con- 
nected across (in parallel with) a transmission line. The 
cavity then acts as a band-reject (notch) filter, greatly 
attenuating energy at the frequency to which it is tuned. 
Only one coupling loop or probe is required for this 
‘method of filtering. This type of cavity could be used in 


ae 
BEEN 


LLL Receive Comage Bree 
AA \ = tenaitte Coverage Arse 


Fig 15—Coverage disparity is a major problem for 
separate-site repeater antennas. The transmitter and 
receiver coverage areas overlap, but are not entirely 
mutually inclusive. Solving this problem requires a 
great deal of experimentation, as many factors are 
involved. Among these factors are terrain features and 

istortion of the antenna radiation patterns from 
supports. 


the receiver line to “notch” the transmitter signal. Sev- 
eral cavities can be connected in series or parallel to 
increase the attenuation in a given configuration. The 
graphs of Fig 17 show the attenuation of a single cavity 
(A) and a pair of cavities (B). 

‘The only situation in which cavity filters would not 
help is the case where the off-frequency noise of the trans- 
mitter was right on the receiver frequency. With cavity 
resonators, an important point to remember is that addi- 
tion of a cavity across a transmission line may change 
the impedance of the system. This change can be com- 
pensated by adding tuning stubs along the transmission 
line. 


Duplexers 


‘The material in this section was prepared by 
Domenic Mallozzi, NIDM. Most amateur repeaters in the 
144-, 220- and 440-MHz bands use duplexers to obtain 
the necessary transmitter to receiver isolation. Duplexers 
have been commonly used in commercial repeaters for 
many years. The duplexer consists of two high-Q filters. 
One filter is used in the feed line from the transmitter to 
the antenna, and another between the antenna and the 
receiver. These filters must have low loss at the frequency 
to which they are tuned while having very high attenua- 
tion at the surrounding frequencies. To meet the high 
attenuation requirements at frequencies within as little 
as 0.4% of the frequency to which they are tuned, the 
filters usually take the form of cascaded transmission- 
line cavity filters. These are either band-pass filters, or 
band-pass filters with a rejection notch. (The rejection 
notch is tuned to the center frequency of the other filter.) 
The number of cascaded filter sections is determined by 
the frequency separation and the ultimate attenuation 
requirements. 


Fig 16—A coaxial cavity 
filter of the type used in 
many amateur and 
commercial repeater 
installations. Center- 
‘conductor length (and 
thus resonant frequency) 
is varied by adjustment 
of the knob (top). 
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Fig 17—Frequency response curves for a single cavity (A) and two cavities cascaded (B). Thes 


urves are for 


cavities with coupling loops, each having an insertion loss of 0.5 dB. (The total insertion loss is indicated in the 


body of each graph.) Select 
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ssertion loss) can be tolerated. 


Duplexers for the amateur bands represent a signifi 
cant technical challenge, because in most cases amateur 
repeaters operate with significantly less frequency sepa 
ration than their commercial counterparts. Information 
‘on home construction of duplexers is presented in a later 
section of this chapter. Many manufacturers market high: 
quality duplexers for the amateur frequencies. 
Duplexers consist of very high-Q cavities whose 
resonant frequencies are determined by mechanical com: 
ponents, in particular the tuning rod. Fig 18 shows the 
cutaway view of a typical duplexer cavity. The rod is usu: 
ally made of a material that has a limited thermal expan: 
sion coefficient (such as Invar). Detuning of the cavity 
by environmental changes introduces unwanted losses in 
the antenna system. An article by Arnold in Mobile 
Radio Technology considered the causes of drift in the 


18—Cutaway view of a typical cavity. Note the 
relative locations of the coupling loops to each other 
and to the center conductor of the cavity. A locknut is 
Used to prevent movement of the tuning rod after 
adjustment. 


Figure 5: Dedicated Packet Core Network Slices 


Source: Heavy Reading 


Virtualization enables 
multi-tenant and single- 
tenant private core 
networks 


"Slices" configured 

according to service 

type & traffic profile (« 
Multiple options to steer 

user traffic into a core 

network processing path 


Mechanisms in 36/4G 
include APN routing, 
MoCN, DECOR 


oT is an example of how operators can use “sicing” to support a SG-ready core 
strategy. Since many of the core network design parameters are similar between 
4G and 5G, investment in a software-based lol core network can be made with 
the expectation that the same core (with software updates) will also support loT 
services on SG in future. Moreover, because devices from both access types will 
connect to a common loT core, operators will be able to develop integrated 
4G/SG loT strategies that optimize investment and enable them to go to market 
with natrowband IoT services before SG specifications are released and radio 
equipment is deployed. 


SG will, naturally, bring more capabilities to network slicing. Most importantly, itis 
expected that the slice willrun end to end across the RAN, core and transport nel- 
work. Radio is typically deployed as a shared resource, which means that 5G slicing 
wil involve advanced self-organizing network (SON) capabilities and hierarchical, 
slice-aware scheduling on the air interface. On the network side, the operator can 
use SON fo reserve resources for the network sice on the IP services fabric. 


NG Core for 5G 


Anew core network offers important benefits, particularly for services with demand- 
ing performance requirements, and is an important part of the 5G architecture. The 
highevel view of the NG core network architecture, as it looks in September 2014, 
according to TR 23.799 (the Technical Report on the NextGen System Architecture} 
is shown in Figure 6. 


The chart shows the primary elements of the new 5G system architecture, including 
the device (UE), the radio access network (NG-RAN) and the core network that 
comprises the control-plane (NG-CP} and user-plane (NG-UP} functions. The sepa- 
ration of control and user planes is a direct extension of the "CUPS" concept being 
developed for advanced EPCs in 4G networks and is another example of how op- 
eratots can invest in 5G-ready core network designs in the near term. 
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cavity (see the Bibliography at the end of this chapter) 
These can be broken into four major categories. 


1) Ambient temperature variation (which leads to 
mechanical variations related to the thermal expan- 
sion coefficients of the materials used in the cavity). 

2) Humidity (dielectric constant) variation. 

3) Localized heating from the power dissipated in the 
cavity (resulting from its insertion loss). 

4) Mechanical variations resulting from other factors 
(vibration, etc). 


In addition, because of the high-Q nature of these 
cavities, the insertion loss of the duplexer increases when 
the signal is not at the peak of the filter response. This 
‘means, in practical terms, that less power is radiated for 
a given transmitter output power. Also, the drift in cavi- 
ties in the receiver line results in increased system noise 
figure, reducing the sensitivity of the repeater. 

As the frequency separation between the receiver and 
the transmitter decreases, the insertion loss of the duplexer 
reaches certain practical limits. At 144 MHz, the mini- 
mum insertion loss for 600 kHz. spacing is 1.5 dB per 
filter. 

Testing and using duplexers requires some special 
considerations (especially as frequency increases). 
Because duplexers are very high-Q devices, they are very 
ive to the termination impedances at their ports. A 
high SWR on any port is a serious problem, because the 
apparent insertion loss of the duplexer will increase, and 
the isolation may appear to decrease. Some have found 
that when duplexers are used at the limits of their isola- 
tion capabilities, a small change in antenna SWR 
enough to cause receiver desensitization. This occurs most 
often under ice-loading conditions on antennas with open- 
wire phasing sections, 

‘The choice of connectors in the duplexer system 
is important. BNC connectors are good for use below 
300 MHz. Above 300 MHz, their use is discouraged 
because even though many types of BNC connectors work 
well up to | GHz, older style standard BNC connectors 
are inadequate at UHF and above. Type N connectors 
should be used above 300 MHz. It is false economy to 
use marginal quality connectors. Some commercial us- 
ers have reported deteriorated isolation in commercial 
UHF repeaters when using such connectors. The loc: 
tion of a bad connector in a system is a complicated and 
frustrating process. Despite all these considerations, the 
duplexer is still the best method for obtaining isolation 
in the 144- to 925 MHz range. 


ADVANCED TECHNIQUES 

As the number of available antenna sites decreases 
and the cost of various peripheral items (such as coaxial 
cable) increases, amateur repeater groups are required to 
devise advanced techniques if repeaters are to remain 
effective. Some of the techniques discussed here have 


been applied in commercial services for many years, but 
until recently have not been economically justified for 
amateur use. 

One technique worth consideration is the use of 
cross-band couplers. To illustrate a situation where a 
cross-band coupler would be useful, consider the follow- 
ing example. A repeater group plans to install 144- and 
902-MHz repeaters on the same tower. The group intends 
to erect both antennas on a horizontal cross arm at the 
325-foot level. A 325-foot run of “/-inch Heliax costs 
approximately $2000. If both antennas are to be mounted 
at the top of the tower, the logical approach would 
require two separate feed lines. A better solution involves 
the use of a single feed line for both repeaters, along with 
‘a cross-band coupler at each end of the line 

‘The use of the cross-band coupler is shown in 
Fig 19. As the term implies, the coupler allows two sig- 
nals on different bands to share a common transmission 
line. Such couplers cost approximately $300 each. In our 
hypothetical example, this represents a saving of $1400 
over the cost of using separate feed lines. But, as with all 
compromises, there are disadvantages. Cross-band cou- 
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Fig 19—Block diagram of a system using cross-band 
couplers to allow the use of a single feed line for two 
repeaters. If the feeder to the antenna location is long 
(more than 200 feet or so), cross-band couplers may 
provide a significant saving over separate feed lines, 
especially at the higher amateur repeater frequencies. 
Cross-band couplers cannot be used with two 
repeaters on the same band. 
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plers have a loss of about 0.5 dB per unit. Therefore, the 
pair required represents a loss of 1.0 dB in each trans- 
mission path. If this loss can be tolerated, the cross-band 
coupler is a good solution. 

Cross-band couplers do not allow two repeaters on 
the same band to share a single antenna and feed line. As 
repeater sites and tower space become more scarce, it may 
be desirable to have two repeaters on the same band share 
the same antenna. The solution to this problem is the use 
of a transmitter multicoupler. The multicoupler is related 
to the duplexers discussed earlier. It is a cavity filter and 
combiner that allows multiple transmitters and receivers 
to share the same antenna. This is a common commercial 
practice. A block diagram of a multicoupler system is 
shown in Fig 20, 

The multicoupler, however, is a very expensive 
device, and has the disadvantage of even greater loss per 
transmission path than the standard duplexer. For 
example, a well-designed duplexer for 600 kHz spacing 
at 146 MHz has a loss per transmission path of approxi- 
mately 1.5 dB. A four-channel multicoupler (the require- 
ment for two repeaters) has an insertion loss per 
transmission path on the order of 2.5 dB or more. Another 
constraint of such a system is that the antenna must present 
a good match to the transmission line at all frequencies 
on which it will be used (both transmitting and receiv- 
ing). This becomes difficult for the system with two re- 
peaters operating at opposite ends of a band. 

If you elect to purchase a commercial base-station 
antenna that requires you to specify a frequency to which 
the antenna must be tuned, be sure to indicate to the manu- 
facturer the intended use of the antenna and the frequency 
extremes. In some cases, the only way the manufacturer 
can accommodate your request is to provide an antenna 
with some vertical-beam uptilt at one end of the band 
and some downtilt at the other end of the band. In the 
case of antennas with very high gain, this in itself may 
become a serious problem, Careful analysis of the situa- 
tion is necessary before assembling such a system. 


Diversity Techniques for Repeaters 

Mobile flutter, “dead spots” and similar problems 
are a real problem for the mobile operator. The popular- 
ity of hand-held transceivers using low power and 
mediocre antennas causes similar problems. A solution 
to these difficulties is the use of some form of diversity 
reception. Diversity reception works because signals do 
not fade at the same rate when received by antennas at 
different locations (space diversity) or of different pola 
izations (polarization diversity), 

Repeaters with large transmitter coverage areas 
often have difficulty “hearing” low power stations in 
peripheral areas or in dead spots. Space diversity is espe- 

ally useful in such a situation. Space diversity utilizes 
separate receivers at different locations that are linked to 
the repeater. The repeater uses a circuit called a voter 
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Fig 20—Block diagram of a system using a transmitter 
multicoupler to allow a single feed line and antenna to 
be used by two repeaters on one band. The antenna 
must be designed to operate at all frequencies that the 
repeaters utilize. More than two repeaters can be 
operated this way by using a multicoupler with the 
appropriate number of input ports. 


that determines which receiver has the best signal, and 
then selects the appropriate receiver from which to feed 
the repeater transmitter. This technique is helpful in 
urban areas where shadowing from large buildings and 
bridges causes problems. Space-diversity receiving, when 
properly executed, can give excellent results. But with 
the improvement come some disadvantages: added ini- 
tial cost, maintenance costs, and the possibility of failure 
created by the extra equipment required. If installed and 
maintained carefully, problems are generally minimal, 

A second improvement technique is the use of cir 
cularly polarized repeater antennas. This technique has 
been used in the FM broadcast field for many years, and 
has been considered for use in the mobile telephone ser- 
vice as well. Some experiments by amateurs have proved 
very promising, as discussed by Pasternak and Mortis (see 
the Bibliography at the end of this chapter). 

‘The improvement afforded by circular polarization 
is primarily a reduction in mobile flutter. The flutter on a 
mobile signal is caused by reflections from large build- 
ings (in urban settings) or other terrain features. These 
reflections cause measurable polarization shifts, some- 
times to the point where a vertically polarized signal at 
the transmitting site may appear to be primarily horizon- 
tally polarized after reflection, 

A similar situation results from multipath propaga- 
tion, where one or more reflected signals combine with 
the direct signal at the repeater, having varying effects 
on the signal. The multipath signal is subjected to large 
amplitude and phase variations at a relatively rapid rate. 


In both of the situations described here, circular 
polarization can offer considerable improvement. This is 
because circularly polarized antennas respond equally to 
all linearly polarized signals, regardless of the plane of, 
polarization. At this writing, there are no known sources 
of commercial circularly polarized omnidirectional 
antennas for the amateur bands. Pasternak and Morris 
describe a circularly polarized antenna made by modify- 
ing two commercial four-pole arrays. 


EFFECTIVE ISOTROPIC RADIATED POWER 
(EIRP) 

It is useful to know effective isotropic radiated power 
(EIRP) in calculating the coverage area of a repeater. The 
FCC formerly required EIRP to be entered in the log of, 
every amateur repeater station. Although logging EIRP 
is no longer required, itis still useful to have this infor- 
mation on hand for repeater-coordination purposes and 
so system performance can be monitored periodically. 

Calculation of EIRP is straightforward. The PEP 
output of the transmitter is simply multiplied by the gains 
and losses in the transmitting antenna system. (These 
gains and losses are best added or subtracted in decibels 
and then converted to a multiplying factor.) The follow- 
ing worksheet and example illustrates the calculations. 


Feed-line loss —— 8 
Duplexer loss —— B 
Isolator loss — @B 
Cross-band coupler loss = 2d 
Cavity filter loss —_—sr*#B 
Total losses (L) —— B 


G (aB) 


intenna gain (dBi) -L, 


where G = antenna system gain, (If antenna gain is speci- 
fied in dBd, add 2.14 dB to obtain the gain in dBi.) 

M= 19000 

where M = multiplying factor 

EIRP (watts) = transmitter output (PEP)xM_ 


Example 

A repeater transmitter has a power output of 50 W 
PEP (50-W FM transmitter). The transmission line has 
1.8 dB loss. The duplexer used has a loss of 1.5 dB, and 
a circulator on the transmitter port has a loss of 0.3 dB. 
There are no cavity filters or cross-band couplers in the 
system. Antenna gain is 5.6 dBi. 


Feed-line loss 1.8 4B 
Duplexer loss 15 4B 
Isolator loss 0.3 4B 
Cross-band coupler loss oaB 
Cavity filter loss oaB 
Total losses (L) 3.6 dB 


‘Antenna system gain in dB = G = antenna gain (dBi) -L 
G= 5.6 dBi~3.6 dB =2 4B 
Multiplying factor = M = 109/10 
M= 10210 = 1.585 
EIRP (watts) = transmitter output (PEP) x M 
EIRP = 50 W x 1.585 = 79.25 W 

If the antenna system is lossier than this example, 
G may be negative, resulting in a multiplying factor less 
than one. The result is an EIRP that is less than the tran: 
mitter output power. This situation can occur in prac- 
tice, but for obvious reasons is not desirable 
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Assembling a Repeater Antenna System 


This section will aid you in planning and assem- 
bling your repeater antenna system. The material was, 
prepared by Domenic Mallozzi, NIDM. Consult Chap- 
ter 23, Radio Wave Propagation, for information on 
propagation for the band of your interest, 

First, a repeater antenna selection checklist such as 
this will help you in evaluating the antenna system for 
your needs. 

Gain needed Bi 
Pattern required 


‘Omnidirectional 
Offset 
Cardioidal 

_______ Bidirectional 

_____ Special pattern 

(specify) 


Mounting ‘Top of tower 


ide of tower 


(Determine effects of tower on pattern. Is the 
result consistent with the pattern required?) 


Is downtilt required? Yes 


‘Type of RF connector 


___ Other (specify) 


Size (length) 
Weight 
Maximum cost 8 


‘Table 1 (see next page) has been compiled to pro- 
vide general information on commercial components 
available for repeater and remote-base antenna systems. 
‘The various components are listed in a matrix format by 
manufacturer, for equipment designed to operate in the 
various amateur bands. See Chapter 21, Antenna 
Products Suppliers, for further information for these com- 
ponents. Although every effort has been made to make 
this data complete, the ARRL is not responsible for 
omissions or errors. The listing of a product in Table 1 
does not constitute an endorsement by ARRL. Manufac- 
turers are urged to contact the editors with updating 
information. 

Even though almost any antenna can be used for a 
repeater, the companies indicated in the Antennas column 
in Table 1 are known to have produced heavy-duty anten- 
nas to commercial standards for repeater service. Many of 
these companies offer their antennas with special features 
for repeater service (such as vertical-beam downtilt). It is 
best to obtain catalogs of current products from the manu- 
facturers listed, both for general information and to deter- 
mine which special options are available on their products. 


A 144 MHz Duplexer 


Obtaining sufficient isolation between the transmit- 
ter and receiver of a repeater can be difficult. Many of 
the solutions to this problem compromise receiver sen: 
tivity or transmitter power output. Other solutions create 
an imbalance between receiver and transmitter coverage 
areas. When a duplexer is used, insertion loss is the com- 
promise. But a small amount of insertion loss is more 
than offset by the use of one antenna for both the trans- 
mitter and receiver. Using one antenna assures equal 
antenna patterns for both transmitting and receiving, and 
reduces cost, maintenance and mechanical complexity 
As mentioned earlier in this chapter, duplexers may 
be built in the home workshop. Bob Shriner, WAGUZO, 
presented a small, mechanically simple duplexer for low- 
power applications in April 1979 QST. Shriner's design 
is unique, as the duplexer cavities are constructed of ci 
cuit-board material. Low cost and simplicity are the 
result, but with a trade-off in performance. A silver-plated 
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version of Shriner's design has an insertion loss of 
approximately 5 dB at 146 MHz. The loss is greater if 
the copper is not plated, and increases as the inner walls 
of the cavities tarnish, 

This duplexer construction project by John Bilodeau, 
WIGAN, represents an effective duplexer. The information 
originally appeared in July 1972 QST. It is a time-proven 
project used by many repeater groups, and can be dupli- 
cated relatively easily. Its insertion loss is just 1.5 4B 

Fig 21 will help you visualize the requirements for 
a duplexer, which can be summed up as follows. The 
duplexer must attenuate the transmitter carrier to avoid 
overloading the receiver and thereby reducing its sensi- 
tivity. It must also attenuate any noise or spurious fre~ 
quencies from the transmitter on or near the receiver 
frequency. In addition, a duplexer must provide a proper 
impedance match between transmitter, antenna, and 


Table 1 


Product Matrix Showing Repeater Equipment and Manufacturer by Frequency Band 


Antennas 
Source 28 50 144 220 450 902 1296 
‘Austin sss Ss 8S 8 8 
Cewae CC C C C C 
Comet 
Cusheraft aC c, S 
Dec Prod CRC mn mca 
MA/COM 
RF Parts i CEES 
Sinclair  C C C 
TXIRK 
Wacom 

Isolators/Circulators 
Source 28 50 144220 450 902 
Celwave RCRICHRG, CEG) 
Dec Prod c ETS c 
Sinclair c CoG 
THIRK c coc cc 
Wacom CRCRCRNC elateh 


Transmitter Combiners 
144 220 450 902 


Duplexers 
144 220 450 902 


Cavity Filters 
144 220 450 902 


Gp 2G" 2G) GF ois SG: iNG. 
cmc a (e c 

c c 
c c c coc 
CRICRES e ES 


Cross-Band Couplers 
0-174 0-512 59-174 406-512 
450-512 800-960 806-960 806-960 


Coe s 
CaS 

coc c c c c 
Suniel © c 


Abbreviated names above are for the following manufacturers: Austin Antennas, Celwave RF Inc, Cushcratt Corp, 
Decibel Products Inc, RF Parts, Sinclair Radio Laboratories Inc, TX/RX Systems Inc and Wacom Inc. A 


‘manufacturer's contact list appears in Chapter 21 
Key to codes used: 

C = catalog (standard) item 

S = special-order item 


Note: Coaxial cable is not listed, because most manufacturers sell only to dealers. 


ig 21—Duplexers permit using one antenna for both 
transmitting and receiving in a repeater system. 
Section 1 prevents energy at the transmitter frequency 
from interfering with the receiver, while se 

Attenuates any eftrequency traremiter energy that 
at or near the receiver frequency. 


As shown in Fig 21, transmitter output on 
146.94 MHz going from point C to D should not be 
attenuated. However, the transmitter energy should be 
greatly attenuated between points B and A. Duplexer sec- 
tion 2 should attenuate any noise or signals that are on or 


near the receiver input frequency of 146.34 MHz. For 
good reception the noise and spurious signal level must 
be less than ~130 dBm (0 dBm = | milliwatt into 50 Q). 
‘Typical transmitter noise 600 kHz away from the carrier 
frequency is 80 dB below the transmitter power output. 
For 60 watts of output (+48 dBm), the noise level is 
32 dBm. The duplexer must make up the difference 
between ~32 dBm and -130 dBm, or 98 dB, 

The received signal must go from point B to A with 
a minimum of attenuation, Section | of the duplexer must 
also provide enough attenuation of the transmitter energy 
to prevent receiver overload. For an average receiver, the 
transmitter signal must be less than ~30 dBm to meet this 
requirement. The difference between the transmitter out- 
put of +48 dBm and the receiver overload point of 
30 dBm, 78 dB, must be made up by duplexer section 1 


THE CIRCUIT 


Fig 22 shows the completed 6-cavity duplexer, and 
Fig 23 shows the assembly of an individual cavity. A 
seh resonator was selected for this duplexer design. The 
length of the center conductor is adjusted by turning a 
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Fig 22—A six-cavity 
duplexer for use with 
a 144-MHz repeater. 
The cavities are 
fastened to a plywood 
base for mechanical 
stability. Short 
lengths of double- 
shielded cable are 
used for connections 
between individual 
cavities. An insertion 
loss of less than 1.5, 
B Is possible with 


threaded rod, which changes the resonant frequency of 
the cavity. Energy is coupled into and out of the tuned 
circuit by the coupling loops extending through the top 
plate. 

‘The cavity functions as a series resonant circuit 
When a reactance is connected across a series resonant 
circuit, an anti-resonant notch is produced, and the reso- 
nant frequency is shifted. Ifa capacitor is added, the notch 
appears below the resonant frequency. Adding inductance 
instead of capacitance makes the notch appear above the 
resonant frequency. The value of the added component 
determines the spacing between the notch and the reso- 
nant frequency of the cavity. 

Fig 24 shows the measured band-pass characteris 


this design. tics of the cavity with shunt elements. With the cavity 
tuned to 146.94 MHz and a shunt capacitor connected 
from input to output, a 146.34-MHz signal is attenuated 
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Fig 23—The assembly of an individual cavity. A Bud Minibox is mounted on the top plate with three screws. A 
clamping sleeve made of brass pipe is used to prevent crushing the box when the locknut is tightened on the 
tuning shaft. Note that the positions of both C1 and L1 are shown, but that three cavities will have C1 installed and 
three will have L1 in place. 
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Fig 24—Typical frequency response of a single cavity 
of the type used in the duplexer. The dotted line 
represents the passband characteristics of the cavity 
alone; the solid line for the cavity with a shunt 
‘capacitor connected between input and output. An 
inductance connected in the same manner will cause 
the rejection notch to be above the frequency to which 
the cavity is tuned. 


by 35 dB. If an inductance is placed across the cavity and 
the cavity is tuned to 146.34 MHz, the attenuation at 
146.94 MHz is 35 dB. Insertion loss in both cases is 
0.4 dB. Three cavities with shunt capacitors are tuned to 
146.94 MHz and connected together in cascade with short 
lengths of coaxial cable. The attenuation at 146.34 MHz, 
is more than 100 dB, and insertion loss at 146.94 MEZz is, 


LS dB. Response curves for a six-cavity duplexer are 
given in Fig 


Construction 


‘The schematic diagram for the duplexer is shown in 
Fig 26. Three parts for the duplexer must be machined: 
all others can be made with hand tools. A small lathe can 
be used to machine the brass top plate, the threaded tun: 
ing plunger bushing and the Teflon insulator bushing. The 
dimensions of these parts are given in Fig 27. 

‘Type DWV copper tubing is used for the outer con. 
ductor of the cavities. The wall thickness is 0.058 inch, 
with an outside diameter of 4'/ inches. You will need a 
tubing cutter large enough to handle this size (perhaps 
borrowed or rented). The wheel of the cutter should be 
tight and sharp. Make slow, careful cuts so the ends will 
be square. The outer conductor is 22'/: inches long. 

‘The inner conductor is made from type M copper 
tubing having an outside diameter of 1'/s inches. A 
6-inch length of I-inch OD brass tubing is used to make 
the tuning plunger. 

‘The tubing types mentioned above are designations 
used in the plumbing and steam-fitting industry. Other 
types may be used in the construction of a duplexer, but 
you should check the sizes carefully to assure that the 
parts will fit each other. A greater wall thickness will make 
the assembly heavier, and the expense will increase ac- 
cordingly. Soft solder is used throughout the assem- 
bly. Unless you have experience with silver solder, do 
not use it. Eutectic type 157 solder with paste or acid 


= 


Fig 25—Frequency response of the 
notch 146.94 MHz (the receiver leg). The remain 


ix-cavity duplexer. One set of three cavities is tuned to pass 146.34 MHz and 
1g set of three cavities is tuned to pass 146.94 MHz and notch 


146.34 MHz. This duplexer provides approximately 100 dB of isolation between the transmitter and receiver when 


properly tuned. 
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Fig 26—Diagram of the 
followed closely. Double si 


‘shapes of the coupling loops, L1, and the straps for connecting C1 should be observed. 


(C1—1.7-11 pF circuit-board mount, E. F. Johnson 189-5-5 or equi 


1. Set at 9s closed for initial 


ix-cavity duplexer. Coaxial cable lengths between cavities are critical and must be 
ided cable and high quality connectors should be used throughout. The sizes and 


alignment. 
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Fig 27—Dimensions for the three parts that require mac! 
making these parts. 
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ing. A small metal-working lathe should be used for 


flux makes very good joints. This type has a slightly 
higher melting temperature than ordinary tin-lead alloy, 
but has considerably greater strength, 

First solder the inner conductor to the top plate 
(Fig 28). The finger stock can then be soldered inside the 
lower end of the inner conductor, while temporarily held 
in place with a plug made of aluminum or stainless steel. 
While soldering, do not allow the flame from the torch to 
overheat the finger stock. The plunger bushing is soldered 
into the tuning plunger and a 20-inch length of threaded 
rod is soldered into the bushing. 

Cut six slots in the top of the outer conductor. They 
should be ‘Vs inch deep and equally spaced around the tub- 
ing. The bottom end of the 4-inch tubing is soldered to the 
square bottom plate. The bottom plates have holes in the 
corners so they can be fastened to a plywood base by means 
of wood screws. Because the center conductor has no sup- 
port at one end, the cavities must be mounted vertically. 

‘The size and position of the coupling loops are crit 
cal. Follow the given dimensions closely. Both loops 
should be '/r inch away from the center conductor on 
opposite sides. Connect a solder lug to the ground end of, 
the loop, then fasten the lug to the top plate with a screw. 
The free end of the loop is insulated by Teflon bushings 
where it passes through the top plate for connection to 
the BNC fittings. 

Before final assembly of the parts, clean them thor- 
oughly. Soap-filled steel wool pads and hot water work 
well for this. Be sure the finger stock makes firm conta 
with the tuning plunger. The top plate should fit snugly 
in the top of the outer conductor—a large hose clamp 
tightened around the outer conductor will keep the top 
plate in place. 


ADJUSTMENT 


After the cavities have been checked for band-pass 
characteristics and insertion loss, install the anti-resonant 
elements, Cl and LI. (See Fig 24.) It is preferable to use 
laboratory test equipment when tuning the duplexer. An 
option is to use a low-power transmitter with an RF probe 
and an electronic voltmeter. Both methods are shown in 
Fig 29. 

With the test equipment connected as shown in 
Fig 29A, adjust the signal generator frequency to the 
desired repeater input frequency. Connect a calibrated step 
attenuator between points X and Y. With no attenuation, 
adjust the HP-415 for 0 on the 20-dB scale. You can check 
the calibration of the 415 by switching in different 
amounts of attenuation and noting the meter reading. You 
may note a small error at either high or very low signal 
levels. 

Next, remove the step attenuator and replace it with 
a cavity that has the shunt inductor, LI, in place. Adjust, 
the tuning screw for maximum reading on the 415 meter. 
Remove the cavity and connect points X and Y. Set the 
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Fig 28—Two of the center conductor and top plate 
assemblies. In the assembly at the left, C1 is visible 
just below the tuning shaft, mounted by short straps 
made from sheet copper. The assembly on the right has 
L1 in place between the BNC connectors. The 
Miniboxes are fastened to the top plate by a single 
large nut in these units. Using screws through the 
Minibox into the top plate, as described in the text, is. 
preferred. 


Fig 29—The duplexer can be tuned by either of the two 
methods shown here, although the method depicted at 
Ais preferred. The signal generator should be 
‘modulated by a 1-kHz tone. If the setup shown at B is 
used, the transmitter should not be modulated, and 
should have a minimum of noise and spurious signals. 
The cavities to be aligned are inserted between X and 
Yin the setup at A, and between P and Q in B. 
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signal generator to the repeater output frequency and 
adjust the 415 for a 0 reading on the 20-dB scale. 

Reinsert the cavity between X and Y and adjust the 
cavity tuning for minimum reading on the 415. The notch, 
should be sharp and have a depth of at least 35 dB. It is, 
important to maintain the minimum reading on the meter 
while tightening the locknut on the tuning shaft. 

To check the insertion loss of the cavity, the output 
from the signal generator should be reduced, and the cali- 
bration of the 415 meter checked on the 50-dB expanded 
scale. Use a fixed 1-dB attenuator to make certain the 
error is less than 0.1 dB. Replace the attenuator with the 
cavity and read the loss. The insertion loss should be 
0.5 dB or less. The procedure is the same for tuning all, 
six cavities, except that the frequencies are reversed for 
those having the shunt capacitor installed. 


Adjustment with Minimum Equipment 
A transmitter with a minimum of spurious output is 
required. Most modern transmitters meet this requirement. 
The voltmeter in use should be capable of reading 
0.5 volt (or less), full scale. The RF probe used should be 
rated to 150 MHz or higher. Sections of RG-58 cable are 
used as attenuators, as shown in Fig 29B. The loss in these 
140-foot lengths is nearly 10 dB, and helps to isolate the 
transmitter in case of mismatch during tuning. 

Set the transmitter to the repeater input frequency and 
connect P and Q. Obtain a reading between 1 and 3 volts 
on the voltmeter. Insert a cavity with shunt capacitors in 
place between P and Q and adjust the cavity tuning for a 
minimum reading on the voltmeter. (This reading should 
be between 0.01 and 0.05 volt.) The rejection in dB can be 
calculated by 


dB = 20 log (VI/V2) 


‘This should be at least 35 dB. Check the insertion 
loss by putting the receiver on the repeater output fre- 
quency and noting the voltmeter reading with the cavity 
ut of the circuit. A 0.5-dB attenuator can be made from 
a T-foot length of RG-S8. This 7-foot cable can be used 
to check the calibration of the detector probe and the volt= 
meter. 

Cavities with shunt inductance can be tuned the same 
way, but with the frequencies reversed. If two or more 
cavities are tuned while connected together, transmitter 
noise can cause the rejection readings to be low. In other 
words, there will be less attenuation 


Results 

‘The duplexer is conservatively rated at 150 watts 
input, but if constructed carefully should be able to handle 
as much as 300 watts. Silver plating the interior surfaces, 
of the cavities is recommended if input power is to be 
greater than 150 watts. A duplexer of this type with 
silver-plated cavities has an insertion loss of less than 
1 dB, and a rejection of more than 100 dB. Unplated cavi- 
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assembled at least every two years. 
cleaned thoroughly, and then retuned, 


Miscellaneous Notes 


1) Double shielded cable and high quality connectors are 
required throughout the system, 

2) The SWR of the antenna should not exceed 1.2:1 for 
proper duplexer performance. 

3) Good shielding of the transmitter and receiver at the 
repeater is essential 

4) The antenna should have four or more wavelengths 
of vertical separation from the repeater. 

5) Conductors in the near field of the antenna should be 
well bonded and grounded to eliminate noise. 

6) The feed line should be electrically bonded and 
mechanically secured to the tower or mast. 

7) Feed lines and other antennas in the near field of the 
repeater antenna should be well bonded and as far 
from the repeater antenna as possible. 

8) Individual cavities can be used to improve the perfor- 
mance of separate antenna or separate site repeaters. 

9) Individual cavities can be used to help solve inter- 
modulation problems. 
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Is interesting to compare this new functional architecture with the existing EPC. 
Figure 7 maps the new NG Core elements to their equivalent in EPC. It shows signif- 
icant overlap between the EPC and NG Core and provides confidence that taday’s 
slate-ol-the-art EPC is reasonably close to the nexl-generation core in terms of func- 
tionality, albeit that the interfaces and protocols will change/evolve. 


Figure 7: Mapping NG Core & EPC Functions 
UDM (User data management) SPR 
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VHF and UHF 
Antenna Systems 


A good antenna system is one of the most valuable 
assets available to the VHF/UHF enthusiast. Com. 
pared to an antenna of lesser quality, an antenna that is, 
well designed, is built of good quality materials, and is, 
well maintained, will increase transmitting range, enhance 
reception of weak signals and reduce interference prob. 
ems. The work itself building antennas is by no means 


the least attractive part of the job. Even with high- 
antennas, experimentation is greatly simplified at VHF 
and UHF because the antennas are a physically mani 
able size. Setting up a home antenna range is within the 
‘means of most amateurs, and much can be learned about 
the nature and adjustment of antennas. No large invest- 
‘ment in test equipment is necessary. 


The Basics 


Selecting the best VHF or UHF antenna for a given 
installation involves much more than scanning gain fig- 
ures and prices in a manufacturer's catalog. There is no 
‘one “best” VHF or UHF antenna design for all purposes. 
‘The first step in choosing an antenna is figuring out what 
you want it to do. 


Gain 

At VHF and UHF, it is possible to build Yagi anten- 
nas with very high gain—15 to 20 dBi—on a physically 
manageable boom. Such antennas can be combined in 
arrays of two, four, six, eight or more antennas. These 
arrays are attractive for EME, tropospheric seatter or other 
weak-signal communications modes. 


Radi 

Antenna radiation can be made omnidirectional. 
bidirectional, practically unidirectional, or anything 
between these conditions. A VHF net operator may find 
an omnidirectional system almost a necessity, but it may 
be a poor choice otherwise. Noise pickup and other 
interference problems are greater with such omnidirec- 


jon Patterns 


tional antennas, and omnidirectional antennas having 
some gain are especially bad in these respects. Maximum 
gain and low radiation angle are usually prime interests 
of the weak-signal DX aspirant. A clean pattern, with low 
est possible pickup and radiation off the sides and back, 
may be important in high-activity areas, or where the noise 
level is high. 


Frequency Response 

‘The ability to work over an entire VHF band may be 
important in some types of work. Modern Yagis can achieve 
performance over a remarkably wide frequency range, pro- 
viding that the boom length is long enough and enough 
elements are used to populate the boom. Modern Yagi 
designs in fact are competitive with directly driven col- 
linear arrays of similar size and complexity. The primary 
performance parameters of gain, front-to-rear ratio and 
SWR can be optimized over all the VHF or UHF amateur 
bands readily, with the exception of the full 6meter band 
from 50.0 to 54.0 MHz, which is an 8% wide bandwidth. 
A Yagi can be easily designed to cover any 2.0 MHz por 
tion of the 6-meter band with superb performance. 
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Height Gain 

In general, higher is better in VHF and UHF antenna 
installations. Raising the antenna over nearby obstruc- 
tions may make dramatic improvements in coverage. 
Within reason, greater height is almost always worth its 
cost, but height gain (see Chapter 23, Radio Wave Propa- 
gation) must be balanced against increased transmission- 
line loss. This loss can be considerable, and it increases 
with frequency. The best available line may not be very 
‘good if the run is long in terms of wavelengths. Line loss 
considerations (see Chapter 24, Transmission Lines) are 
important in antenna planning. 


Physical Size 

‘A given antenna design for 432 MHz has the same 
gain as the same design for 144 MHz, but being only one- 
third as large intercepts only one-ninth as much energy 
in receiving. In other words, the antenna has less pickup 
efficiency at 432 MHz. To be equal in communication 
effectiveness, the 432-MHz array should be at least equal 
in size to the 144-MH antenna, which requires roughly 
three times as many elements. With all the extra difficul- 
ties involved in using the higher frequencies effectively, 
it is best to keep antennas as large as possible for these 
bands. 


DESIGN FACTORS 


With the objectives sorted out in a general way, 
decisions on specifies, such as polarization, type of trans- 
mission line, matching methods and mechanical design 
must be made. 


Polarization 


Whether to position antenna elements vertically or 
horizontally has been widely debated since early VHF 
pioneering days. Tests have shown little evidence about 
which polarization sense is most desirable. On long propa- 
gation paths there is no consistent advantage either way. 
Shorter paths tend to yield higher signal levels with hori- 
zontally polarized antennas over some kinds of terrain. 
Man-made noise, especially ignition interference, also 
tends to be lower with horizontal antennas. These factors 
make horizontal polarization somewhat more desirable 
for weak-signal communications. On the other hand, ver~ 
tically polarized antennas are much simpler to use in 
‘omnidirectional systems and in mobile work. 

Vertical polarization was widely used in early VHF 
work, but horizontal polarization gained favor when 
directional arrays started to become widely used. The 
major use of FM and repeaters, particularly in the VHF/ 
UHF bands, has tipped the balance in favor of vertical 
antennas in mobile and repeater use. Horizontal polar- 
ization predominates in other communication on SO MHz 
and higher frequencies. An additional loss of 20 dB or 
more can be expected when cross-polarized antennas are 
used. 
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TRANSMISSION LINES 


‘Transmission line principles are covered in detail in 
Chapter 24, Transmission Lines. Techniques that apply 
to VHF and UHF operation are dealt with in greater 
detail here. The principles of carrying RF from one loca- 
tion to another via a feed line are the same for all radio 
frequencies. As at HF, RF is carried principally via open 
wire lines and coaxial cables at VHF/UHF. Certain 
aspects of these lines characterize them as good or bad 
for use above 50 MHz. 

Properly built open-wire line can operate with very 
low loss in VHF and UHF installations. A total line loss 
under 2 dB per 100 feet at 432 MHz can easily be ob- 
tained. A line made of #12 wire, spaced ‘/s inch or more 
with Teflon spreaders and run essentially straight from 
antenna to station, can be better than anything but the most 
expensive coax. Such line can be home made or purchased 
at a fraction of the cost of coaxial cables, with compa- 
rable loss characteristics. Careful attention must be paid 
to efficient impedance matching if the benefits of this s 
tem are to be realized. A similar system for 144 MHz can 
easily provide a line loss under 1 dB. 

‘Small coax such as RG-58 or RG-59 should never 
be used in VHF work if the run is more than a few feet. 
Lines of '/s-inch diameter (RG-8 or RG-11) work fairly 
well at 50 MHz, and are acceptable for 144-MHz runs of, 
50 feet or less. These lines are somewhat better if they 
employ foam instead of ordinary PE dielectric material 
Aluminum-jacket hardline coaxial cables with large 
inner conductors and foam insulation are well worth their 
cost, and can sometimes be obtained for free from local 
Cable TV operators as “end runs"—pieces at the end of a 
roll. The most common CATV cable is '/2-inch OD 75-Q 
hardline, Matched-line loss for this cable is about 1.0 dB/ 
100 feet at 146 MHz and 2.0 dB/100 feet at 432 MHz. 
Less commonly available from CATV companies is the 
inch 750 hardline, sometimes with a black self-heal- 
ing hard plastic covering. This line has 0.8 dB of loss per 
100 feet at 146 MHz, and 1.6 dB loss per 100 feet at 
432 MHz. There will be small additional losses for either 
line if 75-to-50Q transformers are used at each end. 

Commercial connectors for hardline are expensive but 
provide reliable connections with full waterproofing, 
Enterprising amateurs have homebrewed low-cost connec- 
tors. If they are properly water proofed, connectors and 
hardline can last almost indefinitely. Hardline must not 
be bent too sharply, because it will kink. See Chapter 24, 
Transmission Lines, for details on hardline connectors. 

Beware of any “bargains” in coax for VHF or UHF 
use. Feed-line loss can be compensated to some extent 
by increasing transmitter power, but once lost, a weak 
signal can never be recovered in the receiver. Effects of 
‘weather on transmission lines should not be ignored. Well- 
constructed open-wire line works optimally in nearly any 
weather, and it stands up well. Twin-lead is almost use- 
less in heavy rain, wet snow or icing. The best grades of 


coax are completely impervious to weather—they can be 
run underground, fastened to metal towers without insu- 
lation and bent into any convenient position with no 
adverse effects on performance. 


WAVEGUIDES 


Above 2 GHz, coaxial cable is a losing proposition 
for communications work. Fortunately, at this frequency 
the wavelength is short enough to allow practical, effi- 
cient energy transfer by an entirely different means. A 
waveguide is a conducting tube through which energy is, 
transmitted in the form of electromagnetic waves. The 
tube is not considered as carrying a current in the same 
sense that the wires of a two-conductor line do, but rather 
as a boundary that confines the waves in the enclosed 
space. Skin effect prevents any electromagnetic effe 
from being evident outside the guide. The energy is 
injected at one end, either through capacitive or induc 
tive coupling or by radiation, and is removed from the 
other end in a like manner. Waveguide merely confines 
the energy of the fields, which are propagated through it 
to the receiving end by means of reflections against its 
inner walls, 

‘Analysis of waveguide operation is based on the 
assumption that the guide material is a perfect conductor 
of electricity. Typical distributions of electric and mag- 
netic fields in a rectangular guide are shown in Fig 1 
‘The intensity of the electric field is greatest (as indicated 
by closer spacing of the lines of force) at the center along 
the X dimension (Fig 1C), diminishing to zero at the end 
walls. The fields must diminish in this manner, because 
the existence of any electric field parallel to the walls at 
the surface would cause an infinite current to flow in a 
perfect conductor. Waveguides, of course, cannot carry 
RF in this fashion. 


Modes of Propagation 

Fig 1 represents the most basic distribution of the 
electric and magnetic fields in a waveguide. There are an 
infinite number of ways in which the fields can arrange 
themselves in a waveguide (for frequencies above the low 
cutoff frequency of the guide in use). Each of these field 
configurations is called a mode. 

‘The modes may be separated into two general 
groups. One group, designated TM (transverse magnetic), 
has the magnetic field entirely transverse to the direction 
of propagation, but has a component of the electric field 
in that direction. The other type, designated TE (trans 
verse electric) has the electric field entirely transverse, 
but has a component of magnetic field in the direction of 
propagation. TM waves are sometimes called E waves, 
and TE waves are sometimes called H waves, but the TM 
and TE designations are preferred. 

‘The mode of propagation is identified by the group 
letters followed by two subscript numerals. For example, 
‘TE yg, TMy,, ete. The number of possible modes increases 


with frequency for a given size of guide, and there is only 
one possible mode (called the dominant mode) for the 
lowest frequency that can be transmitted. The dominant 
mode is the one generally used in amateur work. 


Waveguide Dimensions 

In rectangular guide the critical dimension is X in 
Fig |. This dimension must be more than 'Ys 4 at the low- 
est frequency to be transmitted. In practice, the Y dimen- 
sion usually is made about equal to '/: X to avoid the 
possibility of operation in other than the dominant mode. 

Cross-sectional shapes other than a rectangle can be 
used, the most important being the circular pipe. Much 
the same considerations apply as in the rectangular case. 

Wavelength dimensions for rectangular and circular 
guides are given in Table 1, where X is the width of a 
rectangular guide and r is the radius of a circular guide. 
All figures apply to the dominant mode. 
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Fig 1—Field distribution in a rectangular waveguide. 
‘The TE10 mode of propagation is depicted. 
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Coupling to Waveguides 


Energy may be introduced into or extracted from a 
‘waveguide or resonator by means of either the electric or 
magnetic field. The energy transfer frequently is through 
‘a coaxial line. Two methods for coupling to coaxial line 
are shown in Fig 2. The probe shown at A is simply a 
short extension of the inner conductor of the coaxial line, 
oriented so that itis parallel to the electric lines of force. 
‘The loop shown at B is arranged so that it encloses some 
of the magnetic lines of force. The point at which maxi- 
mum coupling is obtained depends upon the mode of 
propagation in the guide or cavity. Coupling is maximum 
when the coupling device is in the most intense field. 

Coupling can be varied by turning the probe or loop 
through a 90° angle. When the probe is perpendicular to 
the electric lines the coupling is minimum. Similarly, 
when the plane of the loop is parallel to the magnetic 
lines the coupling is minimum, 

If a waveguide is left open at one end it will radiate 
energy. This radiation can be greatly enhanced by flaring 
the waveguide to form a pyramidal horn antenna. The 
horn acts as a transition between the confines of the 
‘waveguide and free space. To effect the proper imped- 
ance transformation the horn must be at least '/2 k on a. 
side. A horn of this dimension (cutoff) has a unidirec~ 
tional radiation pattern with a null toward the waveguide 
transition. The gain at the cutoff frequency is 3 dB, 
increasing 6 dB with each doubling of frequency. Horns 
are used extensively in microwave work, both as primary 
radiators and as feed elements for more elaborate focus- 
ing systems. Details for constructing 10-GHz horn 
antennas are given later in this chapter. 


Evolution of a Waveguide 

Suppose an open-wire line is used to carry RF 
energy from a generator to a load. If the line has any 
appreciable length it must be mechanically supported. The 
line must be well insulated from the supports if high losses 
are to be avoided. Because high-quality insulators are 
difficult to construct at microwave frequencies, the logi- 
cal alternative is to support the transmission line with 
"Yo stubs, shorted at the end opposite the feed line. The 
‘open end of such a stub presents an infinite impedance to 
the transmission line, provided the shorted stub is 
nonreactive. However, the shorting link has a finite length, 
and therefore some inductance. The effect of this indue- 
tance can be removed by making the RF current flow on 
the surface of a plate rather than a thin wire. Ifthe plate 
is large enough, it will prevent the magnetic lines of force 
from encircling the RF current. 

‘An infinite number of these '/s 2 stubs may be con- 
nected in parallel without affecting the standing waves 
of voltage and current. The transmission line may be sup- 
ported from the top as well as the bottom, and when an 
infinite number of supports are added, they form the walls 
of a waveguide at its cutoff frequency. Fig 3 illustrates 
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Table 1 
Waveguide Dimensions 
Rectangular Circular 
Cutoff wavelength 2x 3.4tr 
Longest wavelength transmitted 1.6X 3.2r 
with litle attenuation 
Shortest wavelength before next 1.1X 2.8r 


mode becomes possible 


) (8) 


Fig 2—Coupling coaxial line to waveguide and 
resonators. 


how a rectangular waveguide evolves from a two-wire 
parallel transmission line as described. This simplified 
analysis also shows why the cutoff dimension is Vs A. 
While the operation of waveguides is usually 
described in terms of fields, current does flow on the 
inside walls, ust as on the conductors ofa two-wire trans- 
mission line. At the waveguide cutoff frequency, the cur- 
rentis concentrated in the center ofthe walls, and disperses 
toward the floor and ceiling as the frequency increases. 


IMPEDANCE MATCHING 


Impedance matching is covered in detail in Chapter 
25, Coupling the Transmitter to the Line, and Chapter 
26, Coupling the Line to the Antenna, The theory is the 
same for frequencies above 50 MHz. Practical aspects 
are similar, but physical size can be a major factor in the 
choice of methods. Only the matching devices used in 
practical construction examples later in this chapter are 
discussed in detail here. This should not rule out consid- 
eration of other methods, however, and you should read 
the relevant portions of both Chapters 25 and 26. 


Universal Stub 

As its name universal stub implies, the double-ad- 
Jjustment stub of Fig 4A is useful for many matching pur- 
poses. The stub length is varied to resonate the system 
and the transmission-line attachment point is varied until 
the transmission line and stub impedances are equal. In 
practice this involves moving both the sliding short and 
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Fig 3—At its cutoff frequency a rectangular waveguide 
can be thought of as a parallel two-conductor 
transmission line supported from top and bottom by an 
infinite number of ‘ick stubs. 


the point of line connection for zero reflected power, as 
indicated on an SWR bridge connected in the line. 

The universal stub allows for tuning out any small 
reactance present in the driven part of the system. It per- 
mits matching the antenna to the line without knowledge 
of the actual impedances involved. The position of the 
short yielding the best match gives some indication of 
the amount of reactance present. With little or no reac- 
tive component to be tuned out, the stub must be approxi- 
mately '/:} from load toward the short. 

The stub should be made of stiff bare wire or rod, 
spaced no more than ‘/2» 4 apart. Preferably it should be 
mounted rigidly, on insulators. Once the position of the 
short is determined, the center of the short can be 
grounded, if desired, and the portion of the stub no longer 
needed can be removed. 

It is not necessary that the stub be connected directly 
to the driven element. It can be made part of an open- 
wire line as a device to match coaxial cable to the line. 
The stub can be connected to the lower end of a delta 
match or placed at the feed point of a phased array. 
Examples of these uses are given later. 


Delta Match 

Probably the most basic impedance matching device 
is the delta match, fanned ends of an open-wire line tapped 
onto a /s antenna at the point of the most-efficient power 
transfer. This is shown in Fig 4B. Both the side length 
and the points of connection either side of the center of 
the element must be adjusted for minimum reflected 
power on the line, but as with the universal stub, you 
needn't know the impedances. The delta match makes no 
provision for tuning out reactance, so the universal stub 
is often used as a termination for it 

At one time, the delta match was thought to be infe- 
rior for VHF applications because of its tendency to 
radiate if improperly adjusted. The delta has come back 
into favor now that accurate methods are available for 
measuring the effects of matching. It is very handy for 
phasing multiple-bay arrays with open-wire lines, and its 
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Fig 4—Matching methods commonly used at VHF. The 
universal stub, A, combines tuning and matching. The 
adjustable short on the stub and the points of 
connection of the transmission line are adjusted for 
minimum reflected power on the line. In the delta 
match, B and C, the line is fanned out and connected 
to the dipole at the point of optimum impedance match. 
Impedances need not be known in A, B or C. The 
gamma match, D, is for direct connection of coax. C1 
tunes out inductance in the arm. A folded dipole of 
uniform conductor size, E, steps up antenna 

pedance by a factor of four. Using a larger conductor 
in the unbroken portion of the folded dipole, F, gives 
higher orders of impedance transformation. 


dimensions in this use are not particularly critical. It 
should be checked out carefully in applications like that 
of Fig 4C, where no tuning device is used. 


Gamma and T Matches 

An application of the same principle allowing di- 
rect connection of coax is the gamma match, Fig 4D. 
Because the RF voltage at the center of a '/s A dipole is 
zero, the outer conductor of the coax is connected to the 
clement at this point. This may also be the junction with 
metallic or wooden boom. The inner conductor, carry- 
ing the RF current, is tapped out on the element at the 
matching point. Inductance of the arm is tuned out by 
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means of C1, resulting in electrical balance. Both the point 
of contact with the element and the setting of the capaci- 
tor are adjusted for zero reflected power, with a bridge 
connected in the coaxial line, 

‘The capacitance can be varied until the required 
value is found, and the variable capacitor replaced with a 
fixed unit of that value. C1 can be mounted in a water- 
proof box. The maximum required value should be about 
100 pF for 50 MHz and 35 to 50 pF for 144 MHz. 

‘The capacitor and arm can be combined in one 
coaxial assembly, with the arm connected to the driven 
clement by means of a sliding clamp and the inner end of, 
the arm sliding inside a sleeve connected to the center 
conductor of the coax. An assembly of this type can be 
constructed from concentric pieces of tubing, insulated 
by plastic or heat-shrink sleeving. RF voltage across the 
capacitor is low when the match is adjusted properly, so 
with a good dielectric, insulation presents no great prob- 
lem. The initial adjustment should be made with low 
power. A clean, permanent high-conductivity bond 
between arm and element is important, since the RF cur- 
rent is high at this point, 

Because it is inherently somewhat unbalanced, the 
gamma match can sometimes introduce pattern distortion, 
particularly on long-boom, highly directive Yagi arrays. 
‘The T-march, essentially two gamma matches in series 
creating a balanced feed system, has become popular for 
this reason, A coaxial balun like that shown in Fig § is 
used from the 200 ( balanced T-match to the unbalanced 
'50 coaxial line going to the transmitter. See the KIFO 
Yagi designs later in this chapter for details on practical 
use of a T-match. 


Folded Dipole 

‘The impedance of a '/: dipole broken at its center 
is about 70 2. If a single conductor of uniform size is 
folded to make a “fs i dipole as shown in Fig 4E, the 
impedance is stepped up four times. Such a folded dipole 
can be fed directly with 3002 line with no appreciable 


“ ® 


mismatch. If a 4:1 balun is used, the antenna can be fed 
with 750 coaxial cable. (See balun information presented 
below.) Higher step-up impedance transformation can be 
obtained if the unbroken portion is made larger in cross- 
section than the fed portion, as shown in Fig 4F. 


Hairpin Match 
‘The feed-point resistance of most multielement Yagi 
arrays is less than 50 Q. If the driven element is split and fed 
at the center, it may be shortened from its resonant length to 
add capacitive reactance at the feed point. Then, shunting 
the feed point with a wire loop resembling a hairpin causes 
a step-up of the feed-point resistance. The hairpin match is 
used together with a 4:1 coaxial balun in the 50 MHz. arrays 
described later in this chapter. See Chapter 26, Coupling 
the Line to the Antenna, for details on the hairpin match. 


BALUNS AND ANTENNA TUNERS 


Conversion from balanced loads to unbalanced lines 
(or vice versa) can be performed with electrical circuits, 
or their equivalents made of coaxial cable. A balun made 
from flexible coax is shown in Fig 5A. The looped por- 
tion is an electrical '/2 4. The physical length depends on 
the velocity factor of the line used, so it is important to 
check its resonant frequency as shown in Fig SB. The two 
ends are shorted, and the loop at one end is coupled to a 
dip meter coil. This type of balun gives an impedance step- 
up of 4:1 (typically 50 to 200 Q, or 75 to 300 ). 
Coaxial baluns that yield 1:1 impedance transfor- 
mations are shown in Fig 6. The coaxial sleeve, open at 
the top and connected to the outer conductor of the line 
at the lower end (A) is the preferred type. At B, a con: 
ductor of approximately the same size as the line is used 
with the outer conductor to form a '/ 2 stub, Another 
piece of coax, using only the outer conductor, will serve 
this purpose. Both baluns are intended to present an infi- 
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Fig 5—Conversion from unbalanced coax to a balanced 
load can be done with a YA, coaxial balun at A. 
Electrical length of the looped section should be 
checked with a dip meter, with the ends shorted, as at 
B The ish balun gives a 4:1 Impedance step-up. 
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Fig 6—The balun conversion function, with no 
impedance transformation, can be accomplished with 
‘Yes lines, open at the top and connected to the coax 
‘outer conductor at the bottom. The coaxial sleeve at A 
is preferred. 


nite impedance to any RF current that might otherwise 
flow on the outer conductor of the coax. 

‘The functions of the balun and the impedance trans- 
former can be handled by various tuned circuits. Such a 
device, commonly called an antenna tuner or a 
Transmatch, can provide a wide range of impedance trans- 
formations. Additional selectivity inherent in the antenna 
tuner can reduce RFI problems. 


THE YAGI AT VHF AND UHF 


Without doubt, the Yagi is king of home-station 
antennas these days. Today’s best designs are computer 
optimized. For years amateurs as well as professiona 
designed Yagi arrays experimentally. Now we have pow- 
erful (and inexpensive) personal computers and sophisti- 
cated software for antenna modeling. These have brought 
us antennas with improved performance, with little or no 
element pruning required. Chapter 11, HF Yagi Arrays, 
describes the parameters associated with Yagi-Uda arrays. 
Except for somewhat tighter dimensional tolerances 
needed at VHF and UHF, the properties that make a good 
Yagi at HF also are needed on the higher frequencies. 
See the end of this chapter for practical Yagi designs. 


STACKING YAGIS 


Where suitable provision can be made for support- 
ing them, two Yagis mounted one above the other and 
fed in phase can provide better performance than one long 
Yagi with the same theoretical or measured gain. The pair 
‘occupies a much smaller turning space for the same gain, 
and their wider elevation coverage can provide excellent 
results. The wide azimuthal coverage for a vertical stack 
often results in QSOs that might be missed with a single 
narrow-eam long-boom Yagi pointed in a different 
direction. On long ionospheric paths, a stacked pair 
‘eccasionally may show an apparent gain much greater 
than the measured 2 to 3 dB of stacking gain. (See also 
the extensive section on stacking Yagis in Chapter 11, 
HF Yagi Arrays.) 


Optimum vertical spacing for Yagis with boom longer 
than 1% or more is about 1 A (984/50.1 
19.64 feet), but this may be too much for many builders of 
50-MHz antennas to handle. Worthwhile results can be 
obtained with as little as "2 (10 feet), but i A (12 feet) is 
markedly better. The difference between 12 and 20 feet, 
however, may not be worth the added structural problems 
involved in the wider spacing, at least at 50 MHz. The closer 
spacings give lower measured gain, but the antenna patterns 
are cleaner in both azimuth and elevation than with 1 2.spac- 
ing. Extra gain with wider spacings is usually the objective 
on 144 MHz and higher-frequency bands, where the struc- 
tural problems are not as severe. 

Yagis can also be stacked in the same plane (col- 
linear elements) for sharper azimuthal directivity. A spac- 
ing of ‘fA between the ends of the inner elements yields 
the maximum gain within the main lobe of the array. 

If individual antennas of a stacked array are properly 
designed, they look like noninductive resistors to the phas- 
ing system that connects them. The impedances involved 
can thus be treated the same as resistances in parallel 

Three sets of stacked dipoles are shown in Fig 7 
Whether these are merely dipoles or the driven elements 
of Yagi arrays makes no difference for the purpose of 
these examples. Two 300 @ antennas at A are 1 A apart, 
resulting in a paralleled feed-point impedance of 150 © 
at the center. (Actually it is slightly less than 150 © 
because of coupling between bays, but this can be 
neglected for illustrative purposes.) This value remains 
the same regardless of the impedance of the phasing line. 
Thus, any convenient line can be used for phasing, as 
long as the electrical length of each line is the same. 

The velocity factor of the line must be taken into 
account as well. As with coax, this is subject to so much 
variation that it is important to make a resonance check 
oon the actual line used. The method for doing this is shown 
in Fig 5B. A '/2 4 line is resonant both open and shorted, 
but the shorted condition (both ends) is usually the more 
convenient test condition. 
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Fig 7—Three methods of feeding 
stacked VHF arrays. A and B are 
{for bays having 


all-coaxial matching and 
phasing system. If the lower 
section is also is. no trans- 
position of line connections 

is needed. 
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‘The impedance transforming property of a "/ line 
section can be used in combination matching and phas- 
ing lines, as shown in Fig 7B and C. At B, two bays spaced 
fA apart are phased and matched by a 400-0 line, act- 
ing as a double-Q section, so that a 300- main trans- 
mission line is matched to two 300-@ bays. The two 
halves of this phasing line could also be "%s-A or “s-A long, 
if such lengths serve a useful mechanical purpose. (An 
example is the stacking of two Yagis where the desirable 
spacing is more than '/s A.) 

‘A double-Q section of coaxial line is illustrated in 
Fig 7C. This is useful for feeding stacked bays that were 
designed for 50-Q feed. A spacing of %y 2 is useful for 
small Yagis, and this is the equivalent of a full electrical 
wavelength of solid-dielectric coax such as RG-11 

If one phasing line is electrically '/s 2 and "fs % on 
the other, the connection to one driven element should be 
reversed with respect to the other to keep the RF currents 
in the elements in phase—the gamma match is located 
‘on opposite sides of the driven elements in Fig 7C. If the 
number of Ys 4 lengths is the same on either side of the 
feed point, the two connections should be in the same 
position, and not reversed. Practically speaking however, 
you can ensure proper phasing by using exactly equal 
lengths of line from the same roll of coax. This ensures 
that the velocity factor for each line is identical 

One marked advantage of coaxial phasing lines is 
that they can be wrapped around the vertical support, 


taped or grounded to it, or arranged in any way that is 
mechanically convenient. The spacing between bays can 
be set at the most desirable value, and the phasing lines 
placed anywhere necessary 


Stacking Yagis for Different Frequencies 


In stacking horizontal Yagis one above the other on 
4 single rotating support, certain considerations apply 
‘when the bays are for different bands. As a very general 
rule of thumb, the minimum desirable spacing is half the 
boom length of the higher frequency Yagi 

For example, assume the stacked two-band array of 
Fig 8A is for 50 and 144 MHz. This vertical arrangement 
is commonly referred to as a Christmas tree, because it 
resembles one. The S0MHz Yagi has Selements on a 
12-foot boom. It tends to look like “ground” to the 
S-clement 144 MHz Yagi on a 12-foot boom directly 
above it. [The exact Yagi designs for the examples used 
in this section are located on the CD-ROM accompany 
ing this book. They may be evaluated as monoband Yagis 
using the YW (Yagi for Windows) program also supplied 
oon the CD-ROM. In each case the bottom Yagi in the stack 
(at the top of the tower) is assumed to be 20 feet high. 


SWR Change in a Multi-Frequency Stack 

Earlier editions of The ARRL Antenna Book stated 
that the feed-point impedance of the higher-frequency 
antenna would likely be affected the most by the proxim- 
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Fig 8—In stacking Yagi arrays one above the other, the 
minimum spacing between bays (S) should be about 
half the boom length of the smaller array. Wider 
spacing is desirable, in which case it should be %2. or 
some multiple thereof, at the frequency of the smalier 
array. At A, stack of 8-clement 2-meter Yagi on a 12- 
foot boom over a 5-element 6-meter Yagi, also on a 12- 
foot boom. At B, 5-element 2-meter beam on a 6-foot 
boom over a 3-element 6-meter beam on a 4-foot boom. 
AUC, a 14-element 70-cm beam on a 9-foot boom, 
‘mounted over a 8-element 2-meter beam on a 12-foot 
boom and a 7-element 6-meter beam on a 22-foot 
boom. 
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Key Capabilities of the Next-Gen System Architecture 


In addition to proposed architectures, the Technical Report provides guidance on 
the features and services NG Core should support. It identifies 19 key issues for the 
Next-Gen System Architecture, which can be grouped into four categories: 


‘Flexible Deployment: Including nelwork slicing, Userplane network selec- 
tion, network function granularity [e.g., decomposition of VNFs and service 
chains}, interworking and migration, a policy and charging framework. 


+ Flexible Access Support: Including variable core/access spils, a flexible 
authentication framework (with varying credentials according to device- 
type, use case and policy], suppor for relays and muli-hopping, imeroved 
network discovery and selection mecharisms 


+ Connectivity: Including session management, mobility management, a 
auaily-of-service (Qos) framework and service and session continuity (e.9.. 
across accesses) 


‘+ Adapting Existing Capabilities: Including network/service capability exp0- 
sure, multicast and broadcast, IP Multimedia Subsystem (IMS) suppor, off- 
network communications (e.g., ad hoc networks for public safety}. 


Implementation of these capabilities is tightly linked to both the design of the NG 
Core and the underlying IP service infrastructure. The 3GPP specifications do not 
reference connectivity services, but, in practice, there is a close relationship. 


A Distributed 5G Services Fabric 


he infrastructure onto which 5G will be deployed should support multiple, demand- 
ing use cases. This drives a need for a high-performance wide-area IP services fabric 
controlled (or “orchestrated’) by SDN. This IP services fabric should provide connec- 
tivity between many different distributed data centers in a meshed architecture 
that provides resifency and scalability, and should be programmable such that it 
can support dynamic, service-specific network slices. in effect, the IP services fabric 
makes distributed centers act in a unified manner ~e., behave as one integrated 
data center. The concept is shown in Figure 8. 


The design of the dishibuted IP services fabric is formed by the variety of use cases, the 
requirement for low latency and high availabilty, and the need fo scale efficiently 
In tandem, the mobile network architecture will evalve to a more distibuted model 
To meet 5G service requirements, NG Core will be deployed using the "CUPS' model, 
with User-plane nodes hosted at distributed data center locations, and contral- 
plane nodes at more centralized locations, interconnected by the IP services fabric. 


Service orchestration will generally be domain specific, with SDN-controlled IP ser- 
vices, cloud resource management, NFV lifecycle management and end-user ser- 
vice orchestration, all operating quasindependently in c layered architecture. Co- 
ordination between the layers will use “cross domain orchestration” to ensure a net- 
work slice contains all the networking components needed to deliver the service. 


Depending on how the architecture evolves, there will be a need fo support highly 
accurate, 1588v2-based timing (frequency and phase) within this IP services fabxic. 
Virtual RAN/Cloud RAN is an example on the network side that benefits from accurate 
network fiming. On the customer side, itis expected that some market segments, such 
1s the financial industry, will also require timing to be incorporated into network sices. 
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ity of the lower-frequency Yagi. Modern computer mod- 
cling programs reveal that while the feed-point SWR can 
indeed be affected, by far the greatest degradation is in 
the forward gain and rearward pattern of the higher-fre 
quency Yagi when the booms are closely spaced. In fac 

the SWR curve is usually not affected enough to make it 
a good diagnostic indicator of interaction between the 


Fig 9 shows an overlay of the SWR curves across 
the 2-meter band for four configurations: an 8-element 
2-meter Yagi by itself, and then over a 5-element 6-meter 
Yagi with spacings between the booms of 1, 2, 4 and 
6 feet. The SWR curves are similar—it would be diffi- 
cult to see any difference between these configurations 
using typical amateur SWR indicators for anything but 
the very closest (1-foot) spacing. For example, the SWR 
curve for the 2-foot spacing case is virtually indistinguish- 
able from that of the Yagi by itself, while the forward 
gain has dropped more than 0.6 dB because of interac- 
tions with the 6-meter Yagi below it. 


G 


in and Pattern Degradation Due to Stacking 

Fig 10 shows four overlaid rectangular plots of the 
azimuth response from 0° to 180° for the 8-element 
2-meter Yagi described above, spaced 1, 2, 4 and 6 feet 
over a 5-element 6-meter beam. The rectangular presen- 
tation gives more detail than a polar plot. The most closely 
spaced configuration (with I-foot spacing between the 
booms) shows the largest degradation in the forward gain, 
a drop of 1.7 dB. The worst-case front-to-rear ratio for 
the 6-foot spacing is 29.0 dB, while it is 36.4 dB for the 
1-foot spacing—actually better than the F/R for the 
8-clement 2-meter Yagi by itself. Performance change due 
to the nearby presence of other Yagis can be enormously 


complicated (and sometimes is non-intuitive as well) 

‘What happens when a different kind of 6-meter Yagi 
is mounted below the 8-element 2-meter Yagi? Fig 11 
compares the change in forward gain and the worst-case 
F/R performance as a function of spacing between the 
booms for two varieties of 6-meter Yagis: the S-element 
design on a 12-foot boom and a 7-element Yagi on a 
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Fig 10—Plots of the 8-element 2-meter Yagi's azimuth 
response from 0° to 180" for spacing distances from 1 
to 6 feat. The sidelobe at about 60° varies about 6 dB 
over the range of boom spacings, while the shape of 
worst-case F/R curve varies considerably due to 
interactions with the lower 6-meter beam. The gain for 
the 1-foot spacing is degraded by more than 3 dB 
‘compared to the 2-meter antenna by itself. 
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Fig 9—SWR curves for different boom spacing between 
‘&-element 2-meter Yagi on 12-foot boom, over @ 
5-element 6-meter Yagi on a 12-foot boom. For spacings 
greater than 1 foot between the booms, differences 
between the SWR curves are difficult to discern. 


Fig 11—Plot of 8-element 2-meter Yagi's gain and 
worst-case F/R as a function of distance over two 
types of 6-meter beams, one on a 12-foot boom and the 
other on a 22-foot boom. Beyond a spacing of about 5 
feet the performance is degraded a minimal amount. 
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foot boom. The spacing of “0 feet” represents the 
8-element 2-meter Yagi when it is used alone, with no 
other antenna nearby. This sets the reference expectations 
for gain and F/R. 

‘The most severe degradation occurs for the 1-foot 
spacing, as you might imagine, for both the 12 and 
22-foot boom lengths. Over the 5-element 6-meter Ys 
the 2-meter gain doesn’t recover to the reference level of 
the 8-element 2-meter beam by itself until the spacing is 
greater than 9 feet. However, the gain is within 0.25 dB 
of the reference level for spacings of 3 feet or more. 
Interestingly, the F/R is higher than that of the 2-meter 
antenna by itself for the 1, 2 and 5-foot spacings and for 
spacings greater than I feet. The 2-meter F/R in the pres- 
cence of the 12-foot S-element 6-meter Yagi remains above 
20 dB for spacings beyond | feet. 

Overall, the 2-meter beam performs reasonably well 
for spacings of 3 feet or more over the 5-element 6-meter 
Yagi. Put another way, the 2-meter beam’s performance 
is degraded only slightly for boom spacings greater than 
3 feet. A spacing of 3 feet is less than the old rule of 
thumb that the minimum spacing between booms be 
greater than one-half the boomlength of the higher-fre- 
quency Yagi, which in this case is 6 feet long. 

For the 7-clement 6-meter Yagi, the 2-meter gain re- 
covers to the reference level for spacings beyond 7 feet, but 
the FIR is degraded below the reference level for all spac- 
ings shown in Fig 11. If we use a gain reduction criterion of 
less than 0.25 dB and a 20-dB F/R level as the minimum 
acceptable level, then the spacing must be 5 feet or more 
over the larger 6-meter Yagi. Again, this is less than the rule 
‘of thumb that the minimum spacing between booms be greater 
than one-half the boomilength of the higher-frequency Yag 

Now, let's try a smaller setup of 2- and 6-meter Yagis 
stacked vertically in a Christmas-tree configuration to see 
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Fig 12— Plot of gain and worst-case F/R of a 5-olement 
2-meter Yagi on a 4-foot boom as a function of distance 
‘over a 3-0lement 6-meter beam on a 6-foot boom. 
Beyond a spacing of about 3 feet the performance is 
degraded a minimal amount. 
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if the rule of thumb for spacing the booms still holds 
Fig 12 shows the performance curves versus boom spa 

ing for a S-element 2-meter Yagi on a 4-foot boom stacked 
over a 3-element 6-meter Yagi on a 6-foot boom. Again, 
the I-foot spacing produces a substantial gain reduction 
of about 1.3 dB compared to the reference gain when the 
2-meter Yagi is used by itself. Beyond a boom spacing of 
3 feet the 2-meter gain drops less than 0.25 dB from the 
reference level of the 2-meter Yagi by itself and the F/R 
remains above about 20 dB. In this example, the simple 
rule of thumb that the minimum spacing between booms 
be greater than half the boom length (half of 4 feet) of 
the higher-frequency Yagi does not hold up. However, 
the same minimum spacing of 3 feet we found for the 
larger 2-meter Yagi remains true. Three feet spacing is 
almost 0.5 A between the booms at the higher frequency: 


Adding a 70-cm Ya 


Let’s get more ambitious and set up a larger VHF/ 
UHF Christmas tree, with a 14-element 70-cm Yagi on a 
9-foot boom at the top, mounted 5 feet over an 8-element 
2-meter Yagi on a 12-foot boom. At the bottom of the 
stack (at the top of the tower) is either the 5-element 
6-meter beam on a 12-foot boom, or a 7-element 6-meter 
beam on a 22-foot boom. See Fig 8C. As before, we will 
vary the spacing between the 70-cm Yagi and the 2-meter 
Yagi below it to assess the interactions that degrade the 
70-cm performance. 

Fig 13 compares the change in gain and F/R curves 
as a function of boom spacings between the 70-cm and 
2-meter Yagis for the two different 6-meter Yagis (with a 
fixed distance of $ feet between the 2-meter and 6-meter 
Yagis). In this example, the 70-cm Yagi was designed to 
be an intrinsic 50-@ feed, where the F/R has been com- 
promised to some extent. Still, the F/R is greater than 
20 dB when the 70-cm Yagi is used by itself. 

For spacings greater than 4 feet between the 70-cm 
and 2-meter booms, the 70-cm gain is equal to or even 
slightly greater than that of the 70-cm antenna by itself. 
The increase of gain indicates that the elevation pattern 
of the 70-cm antenna is slightly compressed by the pres- 
ence of the other Yagis below it. The F/R stays above at 
19.5 dB for spacings greater than or equal to 4 feet. This 
falls just below our desired lower limit of 20 dB, but it is 
highly doubtful that anyone would notice this 0.5-dB drop 
in actual operation. A spacing of 4 feet between booms 
falls under the rule of thumb that the minimum spacing 
be at least half the boomlength of the higher-frequency 
Yagi, which in this case is 9 feet. 

What should be obvious in this discussion is that 
you should model the exact configuration you plan to 
build to avoid unnecessary performance degradation, 


i to the Christmas Tree 


Stacking Same-Frequency Yagis 
This subject has been examined in some detail in 
Chapter 11, HF Yagi Arrays. The same basic principles 
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Fig 13—Performance of a 14-element 70-cm Yagi on a 
9foot boom, mounted a variable distance over an 8- 
element 2-meter Yagi on a 12-foot boom, which is 
mounted 5 feet above either a 5-element 6-meter Yagi 
on a 12-foot boom or a 7-element 6-meter Yagi on a 
22-foot boom. Beyond a spacing of about 4 feet, the 
performance of the 70-cm beam is degraded a minimal 
amount. 


hold at VHF and UHF as they do on HF. That is, the gain 
increases gradually with increasing spacing between the 
booms, and then falls off gradually past a certain spacing 
distance. 

‘AUHE, Chapter 11 emphasizes that you should avoid 
nulls in the antenna’s elevation response—so that you can 
cover all the angles needed for geographic areas of inter- 
est. At VHF/UHF, propagation is usually at low elevation 
angles for most propagation modes, and signals are often 
extremely weak. Thus, achieving maximum gain is the most 
common design objective for a VHF/UHF stack. Of se 
ondary importance is the cleanliness of the beam pattern, 
to discriminate against interference and noise sources. 

Six-meter Sporadic-E can sometimes occur at high 
elevation angles, especially if the E, cloud is overhead, 
or nearly overhead. Since Sporadic-E is exactly that, spo- 
radic, it’s not a good design practice to try to cover a 
wide range of elevation angles, as you must often do at 
HF to cover large geographic areas. On 6 meters, you 
can change to high-angle coverage when necessary. For 
example, you might switch to a separate Yagi mounted at 
alow height, or you might provide means to feed stacked 
antennas out-of-phase. Fig 14 shows an HFTA (HF Ter- 
rain Assessment) plot of two 5-element 6-meter Yagi 
fed either in-phase or out-of-phase to cover a much wider 
range of elevation angles than the in-phase stack alone. 

Fig 1A shows the change in gain for four 2-meter 
stacked designs, as a function of the spacing in wave- 
lengths between the booms. The 3-clement Yag 


Fig 14—HFTA comparison plots of the elevation 
responses for two S-element 6-meter Yagis mounted at 
42 and 30 feet above flat ground, when they are fed in- 
hase and out-of-phase. By switching the phasing 
{adding a halt-wavelength of coax to one of the 
antennas), the elevation angle can be controlled to 
enhance performance when a Sporadic-€ cloud is 
nearly overheat 


mounted on a 2-foot boom (occupying 0.28 2 of that 
boom). The 5-element Yagi is on a 4-foot boom (0.51 A 
of the boom), while the 8-element Yagi is on a 12-foot 
boom (1.72 2 of boom). The biggest antenna in the group 
has 16 elements, on a 27-foot boom (4.0 A of boom). This 
range of boom lengths pretty much covers the practical 
range of antennas used by hams. 

The stack of two 3-element Yagis peaks at 3.2 dB of 
additional gain over a single Yagi for 0.75 % spacing 
between the booms. Further increases in spacing see the 
gain change gradually drop off. Fig 15B shows the worst- 
case F/R of the four stacks, again as a function of boom 
length. The FIR of a single 3-element Yagi is just over 24 
4B, but in the presence of the second 3-element Yagi in the 
stack, the F/R of the pair oscillates between 15 to 26 dB, 
finally remaining consistently over the desired 20-dB level 
for spacings greater than about 1.7 A, where the gain has 
fallen about 0.6 dB from the peak possible gain. A boom 
spacing of 1.7 2 at 146 MHz is 11.5 feet. Thus you must 
compromise in choosing the boom spacing between achiev- 
ing maximum gain and the best patter. 

The increase in gain of the stack of two 5-element 
Yagis peaks at a spacing of about 1 2 (6.7 feet), where 
the F/R is an excellent 25 dB. Having more elements on 
a particular length of boom aids in holding a more con- 
sistent F/R in the presence of the second antenna. 

The gain increase for the bigger stack of 8-element 
Yagis peaks at a spacing of about 1.5 2 (10.1 feet), where 
the F/R is more than 27 dB. The 16-element Yagi's gain 
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Fig 15—Performance of two different 2-meter Yagis (5-elements on 4-foot boom and 8-elements on 12-foot boom) 
{fed in-phase, as a function of spacing between the booms. Note that the distance is measured in wavelengths. 


increase is 2.6 dB for a spacing of about 2.25 A 
(15.2 feet), where the F/R remains close to 25 dB. The 
stacking distance of 15.2 feet for an antenna with a 
27-foot long boom may be a real challenge physically, 
requiring a very sturdy rotating mast to withstand wind 
pressures without bending. 

‘These examples show that the exact spacing between 
booms is not overly critical, since the gain varies rela- 
tively slowly around the peak. Fig 15A shows that the 
boom spacing needed to achieve peak gain from a stack 
increases when higher-gain (longer-boom) individual 
antennas are used in that stack. It also shows that the 
increase in maximum gain from stacking decreases for 
ong-boom antennas. Fig 15B shows that beyond boom 
spacings of about I A, the F/R pattern holds well for Yagi 
designs with booms longer than about 0.5 2, which is 
about 4 feet at 146 MHz. 

The plots in Fig 15 are representative of typical mod- 
em Yagis. You could simply implement these designs as 
is, and you'll achieve good results. However, we recom- 
mend that you model any specific stack you design, just 
to make sure. Since the boom spacings are displayed in 
terms of wavelength, you can extend the results for 
2 meters to other bands, provided that you use properly 
scaled Yagi designs to the other bands too. 

You can even tweak the element dimensions and 
spacings of each Yagi used in a stack to optimize the 
rearward pattern for a particular stacking distance. This 
strategy can work out well at VHF/UHF, where stacks 
are often configured for best gain (and pattern) and are 
“hard-wired” with fixed lengths of feed lines permanently 
junctioned together. 

This is in contrast to the situation at HF (and even 
on 6 meters). The HF operator usually wants flexibility 
to select individual Yagis (or combinations of Yagis) from 
the stack, to match the array’s takeoff angle with iono- 
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spheric propagation conditions. See Chapter 11, HF Yagi 
Arrays. The designer of a flexible HF stack thus usually 
doesn’t try to redo the element lengths and spacings of 
the Yagis to optimize a particular stack, 


Stacking Stacks of Different-Frequency Yagis 

The investment in a tower is usually substantial, and 
‘most hams want to put as many antennas as possible on a 
tower, provided that interaction between the antennas c: 
be held to a reasonable level. Really ambitious weak 
signal VHF/UHF enthusiasts may want “stacked 
stacks”—sets of stacked Yagis that cover different bands. 
For example, a VHF contester might want a stack of two 
S-clement 2-meter Yagis mounted on the same rotating 
mast as a stack of two S-element 6-meter Yagis. Let's 
assume that the boom length of the 8-element 2-meter 
Yagis is 12 feet (1.78 2). We'll assume a boom length of 
12 feet (0.61 A) for the S-element 6-meter Yagis. 

From Fig 15, we find the stacking distance between 
the 8-element 2-meter beams for peak gain and good pat- 
tem is 1.5 2, or 10 feet, but adequate performance can be 
had fora boom spacing of 0.75 A, which is 5 feet on 2 meters. 

The boom spacing for two S-element 6-meter 
beams is I 2 for peak stacking gain, but a compromise of 
0.625 2, (12 feet) still yields an acceptable gain increase 
of 2 dB over a single Yagi. The overall height of the 
rotating mast sticking out of the top of the tower is thus 
set by the 0.625 A stacking distance on 6 meters, at 
12 feet. In-between the 6-meter Yagis at the bottom and 
top of the rotating mast we will mount the 2-meter Yagi 
stack. With only 12 feet available on the mast, the spacing 
for symmetric placement of the two 2-meter Yagis in-be- 
tween the 6-meter Yagis dictates a distance of only 4 feet 
between the 2-meter beams. This is less than optimal. 

‘The performance of the 2-meter stack in this “stack 
within a stack” is affected by the close spacing, but the 


interactions are not disastrous. The stacking gain is 
1,62 dB more than the gain for a single 8-element 2-meter 
Yagi and the F/R remains above 20 dB across the 2-meter 
band 

On 6 meters, the stacking gain for two 5-element 
6-meter Yagis spaced 12 fect apart is 2.2 dB more than the 
gain of a single Yagi, while the F/R pattern remains about 
20 dB over the weak-signal portion of the 6-meter band. As 
described in Chapter 11, HF Yagi Arrays, stacking gives more 
advantages than merely a gain increase, and 6-meter propa- 
gation does require coverage of a range of elevation angles 
because much of the time ionospheric modes are involved. 

Increasing the length of the rotating mast to 18 feet 
sticking out of the top of the tower will increase perfor- 
mance, particularly on 2 meters. The stacking gain on 
6 meters will increase to 2.3 dB while the F/R decreases 
to 18.5 dB, modest changes both. The 18-foot mast 
allows the 2-meter Yagis to be spaced 6 feet from each 
other and 6 feet away from both top and bottom 6-meter 
antennas. The stacking gain goes to 2.14 dB and the F/R 
approaches 27 dB in the weak-signal portion of the 
2-meter band. 

Whether the modest increase in stacking gain is 
worth the cost and mechanical complexity of stacking 
two 2-meter Yagis in-between a stack of 6-meter Yagis is, 
achoice left to the operator. Certainly the cost and weight 
of a rotating mast that is 20 feet long (18 feet out of the 
top of the tower and 2 feet down inside the tower), a mast, 
that must be sturdy enough to support the antennas in 
high winds without bending, should give pause to even 
the most enthusiastic 6-meter weak-signal operator. 


QUADS FOR VHF 


‘The quad antenna can be built with inexpensive 
materials, yet its performance is comparable to other 
arrays of its size. Adjustment for resonance and imped- 
‘ance matching can be accomplished readily. Quads can 
be stacked horizontally and vertically to provide high 
gain, without sharply limiting frequency response. Con- 
struction of quad antennas for VHF use is covered later 
in this chapter. 


Stacking Quads 

Quads can be mounted side by side or one above the 
other, or both, in the same general way as other beam 
antennas. Sets of driven elements can also be mounted in 
front of a screen reflector. The recommended spacing 
‘between adjacent element sides is ‘sb. Phasing and feed 
methods are similar to those employed with other anten- 
nas described in this chapter. 


Adding Quad Directors 

Parasitic elements ahead of the driven element work 
ina manner similar to those in a Yagi array. Closed loops, 
can be used for directors by making them 5% shorter than 
the driven element. Spacings are similar to those for con- 
ventional Yagis. In an experimental model the reflector 


was spaced 0.25 2 and the director 0.15 2. A square 
array using four 3element bays worked extremely well. 


VHF AND UHF QUAGIS 


At higher frequencies, especially 420 MHz and 
above, Yagi arrays using dipole-driven elements can be 
difficult to feed and match, unless special care is taken to 
keep the feed-point impedance relatively high by proper 
element spacing and tuning. The cubical quad described 
earlier overcomes the feed problems to some extent. When 
‘many parasitic elements are used, however, the loops are 
not nearly as convenient to assemble and tune as are 
straight cylindrical ones used in conventional Yagis. The 
Quagi, designed and popularized by Wayne Overbeck, 
NONB, is an antenna having a full-wave loop driven ele- 
ment and reflector, and Yagi type straight rod directors. 
Construction details and examples are given in the 
projects later in this chapter. 


COLLINEAR ANTENNAS 


‘The information given earlier in this chapter per- 
tains mainly to parasitic arrays, but the collinear array is 
worthy of consideration in VHF/UHF operations. This 
array tends to be tolerant of construction tolerances, mak- 
ing it easy to build and adjust for VHF applications. The 
use of many collinear driven elements was once popular 
in very large phased arrays, such as those required in 
moonbounce (EME) communications, but the advent of 
computer-optimized Yagis has changed this. 


Large Collinear Arrays 

Bidirectional curtain arrays of four, six, and eight 
half waves in phase are shown in Fig 16. Usually reflec- 
tor elements are added, normally at about 0.2 A behind 
cach driven clement, for more gain and a unidirectional 
pattern. Such parasitic elements are omitted from the 
sketch in the interest of clarity 

‘The feed-point impedance of two half waves in phase 
. typically 1000 © or more. When they are com- 
bined in parallel and parasitic elements are added, the 
feed impedance is low enough for direct connection to 
open wire line or twin-lead, connected at the points indi- 
cated by black dots. With coaxial line and a balun, itis 
suggested that the universal stu match, Fig 4A, be used 
atthe feed point. All elements should be mounted at their 
electrical centers, as indicated by open circles in Fig 16 
The framework can be metal or insulating material. The 
‘etal supporting structure is entirely behind the plane of 
the reflector elements. Sheet-metal clamps can be cut from 
scraps of aluminum for this kind of assembly. Collinear 
elements of this type should be mounted at their centers 
(where the RF voltage is zero), rather than at their ends, 
where the voltage is high and insulation losses and 
detuning can be harmful. 

Collinear arrays of 32, 48, 64 and even 128 elements 
can give outstanding performance. Any collinear array 
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should be fed at the center of the system, to ensure bal- 
anced current distribution. This is very important in large 
arrays, where sets of six or eight driven elements are 
treated as “sub arrays,” and are fed through a balanced 
harness. The sections of the harness are resonant lengths, 
usually of open wire line. The 48-element collinear array 
for 432 MHz in Fig 17 illustrates this principle. 


Fig 16—Element arrangements for &-, 12- and 16- 
element collinear arrays. Elements are ¥ A long and 
spaced % A. Parasitic reflectors, omitted here for 
clarity, are 5% longer and 0.2 i behind the driven 
elements. Feed points are indicated by black dots. 
Open circles show recommended support points. The 
elements can run through wood or metal booms, 

ithout insulation, if supported at their centers in this 

Insulators at the element ends (points of high RF 
voltage) detune and unbalance the system. 


A reflecting plane, which may be sheet metal, wire 
mesh, or even closely spaced elements of tubing or wire, 
can be used in place of parasitic reflectors. To be effec- 
tive, the plane reflector must extend on all sides to at least 
"4.2. beyond the area occupied by the driven elements. The 
plane reflector provides high F/B ratio, a clean pattern, 
and somewhat more gain than parasitic elements, but large 
physical size limits it to use above 420 MHz. An interest- 
ing space-saving possibility lies in using a single plane 
reflector with elements for two different bands mounted 
oon opposite sides. Reflector spacing from the driven ele- 
ment is not critical. About 0.2 is common, 


THE CORNER REFLECTOR 

When a single driven element is used, the reflector 
screen may be bent to form an angle, giving an improve. 
ment in the radiation pattern and gain. At 222 and 
420 MHz its size assumes practical proportions, and at 
902 MHz and higher, practical reflectors can approach 
ideal dimensions (very large in terms of wavelengths), 
resulting in more gain and sharper patterns. The corner 
reflector can be used at 144 MHz, though usually at much 
less than optimum size. For a given aperture, the corner 
reflector does not equal a parabola in gain, but itis simple 
to construct, broadbanded, and offers gains from about 9 
to 14 dBi, depending on the angle and size. This section 
was written by Paul M, Wilson, W4HHK. 

‘The comer angle can be 90, 60 or 45°, but the side 
length must be increased as the angle is narrowed. For a 
90° corner, the driven element spacing can be anything 
from 0.25 to 0.7 A, 0.35 to 0.75 A for 60°, and 0.5 to 
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Fig 17—Large collinear arrays should be fed as sets of no more than eight driven elements each, interconnected 


by phasing lines. This 48-clement array for 432 MHz (A) is treated as if 


were four 12-element collinear antennas. 


Reflector elements are omitted for clarity. The phasing harness is shown at B. Squares represent insulators. 
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Fig 18—Radiation resistance of the driven element in a 
comer reflector array for corner angles of 180° (fat 
sheet), 90:, 60° and 45" as a function of spacing D, as 
shown in Fig 19 


0.8 A for 45°. In each case the gain variation over the 
range of spacings given is about 1.5 dB. Because the spac 
ing is not very critical to gain, it may be varied for 
impedance-matching purposes. Closer spacings yield 
lower feed-point impedances, but a folded dipole radia 
tor could be used to raise this to a more convenient level 

Radiation resistance is shown as a function of spac 
ing in Fig 18. The maximum gain obtained with mini 
‘mum spacing is the primary mode (the one generally used 
at 144, 222 and 432 MHz. to maintain reasonable side 
lengths). A 90° comer, for example, should have a mini 
mum side length (S, Fig 19) equal to twice the dipole 
spacing, or 1 A long for 0.5-A spacing. A side length 
greater than 2 2 is ideal. Gain with a 60° or 90° comer 
reflector with I-A sides is about 10 dB. A 60° comer with 
2-A sides has about 13 dBi gain, and a 45° corner with 
3-A sides has about 14 dBi gain 

Reflector length (L., Fig 19) should be a minimum 
of 0.6 A. Less than that spacing causes radiation to 
increase to the sides and rear, and decreases gain. 

Spacing between reflector rods (G, Fig 19) should 
not exceed 0.06 2 for best results. A spacing of 0.06 2 
results in a rear lobe that is about 6% of the forward lobe 


ra] 


| 


Fig 19—Construction of a corner reflector array. The frame can be wood or metal. Reflector elements are stiff wire 


‘or tubing. Dimensions for several bands are given in Table 2. Reflector element spacing, G, is the m: 


jum that 


should be used for the frequency; closer spacings are optional. The hinge permits folding for portable use. 
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(down 12 dB). A small mesh screen or solid sheet is pref 
erable at the higher frequencies to obtain maximum effi- 
ciency and highest F/B ratio, and to simplify construction, 
‘A spacing of 0.06 at 1296 MHz, for example, requires 
mounting reflector rods about every '/ inch along the 
sides. Rods or spines may be used to reduce wind load 
ing. The support used for mounting the reflector rods may 
be of insulating or conductive material. Rods or mesh 
‘weave should be parallel to the radiator. 

‘A suggested arrangement for a corner reflector is 
shown in Fig 19. The frame may be made of wood or 
metal, with a hinge at the comer to facilitate portable work 
‘or assembly atop a tower. A hinged comer is also useful 
in experimenting with different angles. Table 2 gives the 
principal dimensions for corner reflector arrays for M44 
to 2300 MHz. The arrays for 144, 222 and 420 MHz have 
side lengths of twice to four times the driven element 
spacing. The 915 MHz corner reflectors use side lengths 
of three times the element spacing, 1296 MHz comers 


use side lengths of four times the spacing, and 2304 MHz 
comers employ side lengths of six times the spacing 
Reflector lengths of 2, 3, and 4 wavelengths are used on 
the 915, 1296 and 2304 MHz reflectors, respectively. A 
4x 6 A reflector closely approximates a sheet of infinite 
dimensions 

A comer reflector may be used for several bands, or 
for UHF television reception, as well as amateur UHF 
work. For operation on more than one frequency, side 
length and reflector length should be selected for the low- 
est frequency, and reflector spacing for the highest fre- 
quency. The type of driven element plays a part in 
determining bandwidth, as does the spacing to the cor- 
ner. A fat cylindrical element (small A/dia ratio) or trian- 
gular dipole (bow tie) gives more bandwidth than a thin 
driven element. Wider spacings between driven element 
and comer give greater bandwidths. A small increase in 
gain can be obtained for any comer reflector by mount- 
ing collinear elements in a reflector of sufficient size, but 


Radiation 
Resistance, 
a 
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Table 2 

Dimensions of Corner Reflector Arrays for VHF and UHF 
Side Dipole Reflector Reflector Corner 

Freq, Length to Vertex Length Spacing Angle, 

MHz Sin. Din. Lin. Gin, Vo 

144° 657% 4B TM 90 

1448040 48 4 90 

220" 4218 30 5 90 

222525 30 3 90 

222 10025 30 Screen 60 

420 «27 8M 164 De 90 

420 413% 16% Screen 60 

a5 20 Be 25% 0.85 90 

915 51 16% «= 25% = Screen 60 

O15 785% 25% =~ Screen 45 

1296 184% 27% Me 90 

1296 48 «11% = 27% ~~ Screen 60 

1296 72 «18% «= 27% =~ Screen 45 

2304 15% Die 20% 90 

2304 406% 20% Screen 60 

2304 «61 «10% = 20% += Screen 45 

“Side length and number of reflector elements somewhat below optimum—slight reduction in gain 

Notes: 

915 MHz 


Wavelength is 12.9 in. 
Side length S is 3 x D, dipole to vertex distance 
Reflector length L is 2.0 3. 

Reflector spacing G is 0.05 2 


1296 MHz 
Wavelength is 9.11 in. 

Side length S is 4 x D, dipole to vertex distance 
Reflector length L is 3.0 2. 


2304 MHz 
Wavelength is 5.12 in. 

Side length S is 6 x D, dipole to vertex distance 
Reflector length Lis 4.0 %. 

Reflector spacing G is 0.05 2 
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the simple feed of a dipole is lost if more than two ele- 
ments are used. 

A dipole radiator is usually employed with a corner 
reflector. This requires a balun between the coaxial line 
and the balanced feed-point impedance of the antenna, 
Baluns are easily constructed of coaxial line on the lower 
VHF bands, but become more difficult at the higher fre~ 
quencies. This problem may be overcome by using 
ground-plane corner reflector, which can be used for ver: 
tical polarization. A ground-plane corner with monopole 
driven element is shown in Fig 20. The corner reflector 
and a ‘fA radiator are mounted on the ground plane, per- 
mitting direct connection to a coaxial line if the proper 
spacing is used. The effective aperture is reduced, but at 
the higher frequencies, second- or third-mode radiator 
spacing and larger reflectors can be employed to obtain 
more gain and offset the loss in effective aperture. A 
Jantenna could be used to maintain the aperture area and, 
provide a match to a coaxial line. 

For vertical polarization work, four 90° corner 
reflectors built back-to-back (with common reflectors) 
could be used for scanning 360° of horizon with modest 
gain, Feed-line switching could be used to select the 
desired sector. 


TROUGH REFLECTORS 


To reduce the overall dimensions of a large corner 
reflector the vertex can be cut off and replaced with a 
plane reflector. Such an arrangement is known as a rrough 
reflector. See Fig 21. Performance similar to that of the 
large corner reflector can thereby be had, provided that 
the dimensions of $ and T as shown in Fig 21 do not 
exceed the limits indicated in the figure. This antenna 


provides performance very similar to the corner reflec- 
tor, and presents fewer mechanical problems because the 
plane center portion is relatively easy to mount on the 
mast. The sides are considerably shorter, as well 

‘The gain of both corner reflectors and trough reflec- 
tors may be increased by stacking two or more and 
arranging them to radiate in phase, or alternatively by 


a 


K A 
Angle Value of Stor Gain Value of T 
@ ~~ maximum gain 
0° 154 19.58 1h- 1.25% 
60° 1753 1831.00 
45° 20% 16319 


Fig 21—The trough reflector. This is a useful 
modification of the corner reflector. The vertex has 
been cut off and replaced by a simple plane section. 
The tabulated data shows the gain obtainable for 
greater values of S than those covered in Table 2, 
assuming that the reflector is of adequate size. 
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Fig 20—A ground-plane comer reflector antenna for vertical polarization, such as FM communications or packet 
radio. The dimension ¥2 in the front view refers to data in Table 2. 
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adding further collinear dipoles (fed in phase) within a 
wider reflector. Not more than two or three radiating units 
should be used, because the great virtue of the simple 
feeder arrangement would then be lost. 


HORN ANTENNAS FOR THE 
MICROWAVE BANDS 


Horn antennas were briefly introduced in the sec- 
tion on coupling energy into and out of waveguides. For 
amateur purposes, horns begin to show usable gain with 
practical dimensions in the 902 MHz band. 

It isn’t necessary to feed a horn with waveguide. If 
only two sides of a pyramidal horn are constructed, the 
antenna may be fed at the apex with a two-conductor 
transmission line. The impedance of this arrangement is 
‘on the order of 300 to 400 2. A 60° two-sided pyramidal 
horn with 18 inch sides is shown in Fig 22. This antenna 
has a theoretical gain of 15 dBi at 1296 MHz, although 
the feed system detailed in Fig 23 probably degrades this 
value somewhat. A '/s 2, 150-Q matching section made 
from two parallel lengths of twin-lead connects to a 
bazooka balun made from RG-58 cable and a brass tube. 
This matching system was assembled strictly for the pur- 
pose of demonstrating the two-sided horn in a 50-Q 
system. In a practical installation the horn would be fed 
with open-wire line and matched to 50 Q at the station 
equipment. 


Fig 22—An experimental two-sided pyramidal horn 
constructed in the ARRL laboratory. A pair of muffler 
clamps allows mounting the antenna on a mast. This, 
model has sheet-aluminum sides, although window 
screen would work as well. Temporary elements could 
be made from cardboard covered with aluminum foil. 
‘The horizontal spreaders are Plexiglas rod. Oriented as. 
shown here, the antenna radiates horizontally 
polarized waves. 
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PARABOLIC ANTENNAS 


When an antenna is located at the focus of a para- 
bolic reflector (dish), it is possible to obtain consider- 
able gain. Furthermore, the beamwidth of the radiated 
energy will be very narrow, provided all the energy from 
the driven element is directed toward the reflector. This 
section was written by Paul M. Wilson, W4HHK. 

Gain is a function of parabolic reflector diameter, 
surface accuracy and proper illumination of the reflector 
by the feed. Gain may be found from 


é 

0 

Getongs 22 
2x2) 


(Eq) 


where 
G = gain over an isotropic antenna, dBi (subtract 
2.15 dB for gain over a dipole) 
k = efficiency factor, usually about 55% 
D = dish diameter in feet 
2. = wavelength in feet, 


See Table 3 for parabolic antenna gain for the bands 
420 MHz through 10 GHz and diameters of 2 to 30 feet. 

A close approximation of beamwidth may be found 
from 


10 


a5 (Eq 2) 
where 
y = beamwidth in degrees at half-power points 
G dB down) 


D = dish diameter in feet 
i. = wavelength in feet, 


At 420 MHz and higher, the parabolic dish becomes 
a practical antenna. A simple, single feed point elimi- 
nates phasing harnesses and balun requirements. Gain is 
dependent on good surface accuracy, which is more dif- 
ficult to achieve with increasing frequency. Surface 


( Fig 23—Matching 

| system used to 

test the horn. 

: Better performance 
would be realized 

with open wire line. 

See text. 
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Distributed Data Centers 


To provide access network services, telecom operators have a physical footprint ~ 
in the form of central offices, base station controller sites and transport aggregation 
sites ~ that they can convert into distiibuted or micro data centers 


Depending on the service requirements, these data centers can be used to termi- 
nate access connections using virtualized edge functions and become the obvious 
place to host Iatency-sensitive content and applications. For centralized cloud pro- 
viders, this capability is harder to replicate unless they build out an extensive physi 
cal footprint or partner with an access provider, and, therefore, this strategy provides 
operators with a potentially important and sustainable competitive advantage. 


The "edge cloud" model will be critical to 5G and is the subject of detailed R&D 
across the industry. As an example, a preliminary architecture developed by the 
Superiuidily project (a European SG research project] is shown in Figure 9. Work on 
this particulor project, which is academic in focus but contains several industrial 
partners, is scheduled to finish by the end of 2017. 


‘As the name implies, the project aims to achieve superfiuidity in the network: the 
billy fo instantiate services on the fly, run them anywhere in the network (core, 
‘aggregation, edge) and shift them transparently to different locations. This is the 
essence of the "IP Services Fabric” for SG. In this new network, operations will also 
need to move from a “ted light, take aclion" model to an automated model 
where the orchestration and associated next-gen operations support system 
(08S) detect and fix problems with the IP and NFV layers, and re-optimize the net- 
work accordingly. 
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Table 3 
Gain, Parabolic Antennas* 
Dish Diameter (Feet) 


Frequency 24 6 10 15 
420 MHz 60 120 155 200 235 
902 125 185 22.0 265 30.0 
1215 15.0 21.0 245 290 325 
2300 205 265 300 345 380 
3300 240 30.0 335 375 41.5 
5650 285 345 380 425 46.0 
10 GHz 335 395 430 475 51.0 


*Gain over an isotropic antenna (subtract 2.1 dB for gain over a 


20 30 
26.0 29.8 
32.5 36.0 
35.0 385 
40.5 44.0 
435 47.5 
485 52.0 
53.5 57.0 


dipole antenna). Reflector efficiency of 55% assumed. 


Lown —al 


Fig 24—Details of the parabolic curve, Y? = 4SX. This 
‘curve is the locus of points that are equidistant trom a 
fixed point, the focus (F), and a fixed line (AB) that is 
called the directrix. Hence, FP = PC. The focus (F) is 
located at coordinates §,0. 


errors should not exceed '/s A in amateur work. At 
430 MHz ‘/s A is 3.4 inches, but at 10 GHz it is 
0.1476 inch! Mesh can be used for the reflector surface to 
reduce weight and wind loading, but hole size should be 
less than '/i A. At 430 MHz the use of 2-inch hole diam- 
ter poultry netting (chicken wire) is acceptable. Fine mesh 
‘aluminum screening works well as high as 10 GHz. 

‘A support form may be fashioned to provide the 
proper parabolic shape by plotting a curve (Fig 24) from 


as shown in the figure, 

Optimum illumination occurs when power at the 
reflector edge is 10 dB less than that at the center. A cir 
cular waveguide feed of correct diameter and length for 
the frequency and correct beamwidth for the dish focal 


length to diameter (f/D) ratio provides optimum illur 
nation at 902 MHz and higher. This, however, is imprac- 
tical at 432 MHz, where a dipole and plane reflector are 
often used. An f/D ratio between 0.4 and 0.6 is consid- 
cred ideal for maximum gain and simple feeds. 

‘The focal length of a dish may be found from 


(Eq 3) 


focal length 

D = diameter 

d= depth distance from plane at mouth of dish to 
vertex (see Fig 17) 


‘The units of focal length fare the same as those used 
to measure the depth and diameter. Table 4 gives the sub- 
tended angle at focus for dish f/D ratios from 0.2 to 1.0. 
A dish, for example, with a typical {/D of 0.4 requires a 
10-dB beamwidth of 130°. A circular waveguide feed with 
a diameter of approximately 0.7 2. provides nearly opti- 
‘mum illumination, but does not uniformly illuminate the 
reflector in both the magnetic (TM) and electric (TE) 
planes. Fig 25 shows data for plotting radiation patterns 
from circular guides. The waveguide feed aperture can 
be modified to change the beamwidth. 

One approach used successfully by some experiment- 
ersis the use of a disc at a short distance behind the aper- 
ture as shown in Fig 26. As the distance between the 
aperture and disc is changed, the TM plane patterns 
become alternately broader and narrower than with an 
unmodified aperture. A disc about 2 4 in diameter appears 
tobe as effective as a much larger one. Some experiment- 
ers have noted a 1 to 2 dB increase in dish gain with this 
modified feed. Rectangular waveguide feeds can also be 
used, but dish illamination is not as uniform as with round 
guide feeds. 

The circular feed can be made of copper, brass, 
aluminum or even tin in the form of a coffee or juice can, 
but the latter must be painted on the outside to prevent 
rust or corrosion. The circular feed must be within a 
proper size (diameter) range for the frequency being used. 
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This feed operates in the dominant circular waveguide 
mode known as the TE,, mode. The guide must be large 
enough to pass the TE,, mode with no attenuation, but 
smaller than the diameter that permits the next higher 
"TM; mode to propagate. To support the desirable TE), 
mode in circular waveguide, the cutoff frequency, Fe. is 
given by 


6917.26 


Fe (TE) = 
inches) 


(Eq 4) 


where 
Fe = cutoff frequency in MHz for TE,, mode 
d = waveguide inner diameter 


Circular waveguide will support the TM,, mode 
having a cutoff frequency 


9034.85 
‘inches 


Fo (TMo, (E45) 

‘The wavelength in a waveguide always exceeds the 
free-space wavelength and is called guide wavelength, 2 
Itis related to the cutoff frequency and operating frequency 
by the equation 


1802.85 


i (Eq 6) 
fa 

where 

‘guide wavelength, inches 

operating frequency, MHz 

fc = TE), waveguide cutoff frequency, MHz 


An inside diameter range of about 0.66 to 0.76 Lis 


fe aS 
N 
N. 
S 
a ~ 
N 
2 
i a 
Fig 25—This graph can be used in conjunction with Table 4 for selecting the proper diameter waveguide to 


illuminate a parabolic reflector. 
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Table 4 


{1D Versus Subtended Angle at Focus of a 
Parabolic Reflector Antenna 


Subtended Subtended 
11D Angle (Deg.) + /D Angle (Deg.) 
0.20 203 0.65 80 

0.25 181 0.70 © 75 

0.30 161 0.75 69 

0.35 145 0.80 64 

0.40 130 0.85 = 60 

0.45 117 090 | 57 

0.50 106 095 | 55 

055 97 4.00 52 

060 88 


‘Taken from graph “/D vs Subtended Angle at Focus," page 
170 af the 1968 Microwave Engingers’ Handbook and 
Buyers Guide. Graph courtesy of K. S. Kelleher, Aero Geo 
‘Astro Corp, Alexandria, Virginia, 


(Not Recomended for Small Bienes) 


2a De 
spacing Adjustable 


fe 
Apecture 
(See Test) 


cote 


Fig 26—Details of a circular wavegi 


suggested. The lower frequency limit (longer dimension) 
is dictated by proximity to the cutoff frequency. The 
higher frequency limit (shorter dimension) is dictated by 
higher order waves. See Table § for recommended in- 
side diameter dimensions for the 902- to 10,000-MHz 
amateur bands. 

‘The probe that excites the waveguide and makes the 
transition from coaxial cable to waveguide is ‘fe 4 long 
and spaced from the closed end of the guide by '/s guide 
wavelength. The length of the feed should be two to three 
guide wavelengths. The latter is preferred if a second 
probe is to be mounted for polarization change or for 
polaplexer work where duplex communication (simulta- 
neous transmission and reception) is possible because of 
the isolation between two properly located and oriented 
probes. The second probe for polarization switching or 
polaplexer work should be spaced */s guide wavelength 
from the closed end and mounted at right angles to the 
first probe. 

‘The feed aperture is located at the focal point of the 
dish and aimed at the center of the reflector. The feed 


Table 5 
Circular Waveguide Dish Feeds 
Inside Diameter 


Freq. Circular Waveguide 
(MHz) Range (in.) 

915 8.52-9.84 

1296, 6.02-6.94 

2304 3.39-3.91 

3400 2.29-2.65 

5800 4.34-1.55 

10,250 0.76-0.88 


‘mounts should permit adjustment of the aperture either 
side of the focal point and should present a minimum of 
blockage to the reflector. Correct distance to the dish 
center places the focal point about | inch inside the feed 
aperture. The use of a nonmetallic support minimizes 
blockage. PVC pipe, fiberglass and Plexiglas are com- 
monly used materials. A simple test by placing a mate- 
rial in a microwave oven reveals if it is satisfactory up to 
2450 MHz. PVC pipe has tested satisfactorily and 
appears to work well at 2300 MHz. A simple, clean look- 
ing mount for a 4-foot dish with 18 inches focal length, 
for example, can be made by mounting a length of 4-inch 
PVC pipe using a PVC flange at the center ofthe dish. At 
2304 MHz the circular feed is approximately 4 inches 
ID, making a snug fit with the PVC pipe. Precautions 
should be taken to keep rain and small birds from enter- 
ing the feed. 

Never look into the open end of a waveguide when 
power is applied, or stand directly in front of a dish while 
transmitting. Tests and adjustments in these areas should 
bbe done while receiving or at extremely low levels of trans- 
ritter power (Iess than 0.1 watt). The US Government has 
seta limit of 10 mWycm? averaged over a 6-minute period 
as the safe maximum. Other authorities believe even lower 
levels should be used. Destructive thermal heating of body 
tissue results from excessive exposure. This heating effect 
is especially dangerous to the eyes. The accepted safe level 
of 10 mWycm? is reached in the near field of a parabolic 
antenna ifthe level at 2D°/ is 0.242 mW/cm®. The equa- 
tion for power density at the far-field boundary is 


137.8P 


Power density mW/em? 


(a7) 


D 


where 
P = average power in kilowatts 
D = antenna diameter in feet 
2. = wavelength in feet 


New commercial dishes are expensive, but surplus 
ones can often be purchased at low cost. Some amateurs 
build theirs, while others modify UHF TV dishes or cir- 
cular metal snow sleds for the amateur bands. Fig 27 
shows a dish using the homemade feed just described. 
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26 mounted on a 4-ft dish. 


Fig 28—Aluminum framework for a 23-foot dish under 
construction by ZL1BJQ. 
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Fig 29—Detailed look at the hub assembly for the 
ZL1BJQ dish. Most of the structural members are 
made from ¥inch T section. 


Photos showing a highly ambitious dish project under 
construction by ZL1BJQ appear in Figs 28 and 29. Prac- 
tical details for constructing this type of antenna are given 

Chapter 19. Dick Knadle, K2RIW, described modern 
UHF antenna test procedures in February 1976 QST (see 
Bibliography). Also see Chapter 19. 


OMNIDIRECTIONAL ANTENNAS FOR 
VHF AND UHF 


Local work with mobile stations requires an anten- 
na with wide coverage capabilities. Most mobile work 
is on FM, and the polarization used with this mode is 
generally vertical. Some simple vertical systems are 
described below. Additional material on antennas of 
this type is presented in Chapter 16, Mobile and Mari- 
time Antennas. 


Ground-plane Antennas for 144, 222 and 
440 MHz 


For the FM operator living in the primary coverage ‘The 144-MHz model shown in Fig 30 uses a flat 
area of a repeater, the ease of construction and low cost piece of sheet aluminum, to which radials are connected 
of a ground-plane antenna make it an ideal choice. with machine screws. A 45° bend is made in each of the 
Three different types of construction are detailed in Figs radials. This bend can be made with an ordinary bench 
30 through 43: the choice of construction method depends _vise. An $0239 chassis connector is mounted at the cen 
upon the materials at hand and the desired style of ter of the aluminum plate with the threaded part of the 
antenna mounting. connector facing down. The vertical portion of the 


capt Auminum Sst = 


#4 Nectne Serene 


5/8° Hole 


4 
sa 


19" Lengine of 3/18" Aluminum 


Fig 30—These drawings illustrate the dimensions for the 144-MHz ground-plane antenna. The radials are bent 
down at a 45° angle. 


#4 Mochine Screws, 


1241/2" Long 2 Wee 


P16" aluminum Rod 


Fig 31—Dimensional information for the 222-MHz ground-plane antenna. Lengths for A, B, C and D are the total 
distances measured from the center of the SO-239 connector. The corners of the aluminum plate are bent down at 
45° angle rather than bending the aluminum rod as in the 144-MHz model. Either method is suitable for these 
antennas. 
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Frequency (MHz) & (Inches) 
18 195/16" 8" 
25 set 
a8 Bae besyan 


Fig 32—Simple ground-plane antenna for the 144-, 222- 
and 440-MHz bands. The vertical element and radials 
are */- or ‘/w-in, brass welding rod. Although "sein. rod 

preferred for the 144-MHz antenna, #10 or #12 
copper wire can also be used. 


antenna is made of #12 copper wire soldered directly to 
the center pin of the SO-239 connector. 

‘The 222-MHz version, Fig 31, uses a slightly dif- 
ferent technique for mounting and sloping the radials. In 
this case the corners of the aluminum plate are bent down 
‘at a 45° angle with respect to the remainder of the plate. 
‘The four radials are held to the plate with machine screws, 
lock washers and nuts. A mounting tab is included in the 
design of this antenna as part of the aluminum base. A 
compression type of hose clamp could be used to secure 
the antenna to a mast. As with the 144-MHz version, the 
vertical portion of the antenna is soldered directly to the 
0-239 connector. 

‘A very simple method of construction, shown in 
Figs 32 and 33, requires nothing more than an SO-239 
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Fig 33—A 440-MHz ground-plane constructed using 
only an $0-239 connector, no. 4-40 hardware and 
‘ein, brass welding rod. 


connector and some no. 4-40 hardware. A small loop 
formed at the inside end of each radial is used to attach 
the radial directly to the mounting holes of the coaxial 
connector. After the radial is fastened to the $O-239 with 
no. 4-40 hardware, a large soldering iron or propane torch 
is used to solder the radial and the mounting hardware to 
the coaxial connector. The radials are bent to a 45° angle 
and the vertical portion is soldered to the center pin to 
complete the antenna. The antenna can be mounted by 
passing the feed line through a mast of %4-inch ID plastic 
or aluminum tubing. A compression hose clamp can be 
used to secure the PL-259 connector, attached to the feed 
line, in the end of the mast. Dimensions for the 144-, 
222. and 440-MHz bands are given in Fig 32. 

If these antennas are to be mounted outside it is wise 
to apply a small amount of RTV sealant or similar mate- 
rial around the areas of the center pin of the connector to 
prevent the entry of water into the connector and coax 
line. 


The J-Pole Antenna 


‘The J-Pole is a half-wave antenna that is end-fed 
at its bottom. Since the radiator is longer than that of a 
Yeewave ground-plane antenna, the vertical lobe is com. 
pressed down toward the horizon and it has about 1.5 dB 
of gain compared to the ground-plane configuration. The 
stub-matching section used to transform the high imped: 
ance seen looking into a half-wave to 50 @ coax is shorted 


at the bottom, making the antenna look like the letter “J,” 
and giving the antenna its name. 

Rigid copper tubing, fittings and assorted hardware 
can be used to make a really rugged J-pole antenna for 
2 meters. When copper tubing is used, the entire assem- 
bly can be soldered together, ensuring electrical integ- 
rity, and making the whole antenna weatherproof. This 
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Fig 34—At A, exploded assembly diagram of all-copper 

J-Pole antenna. At B, detail of clamp assemblies. Both 

‘lamp assemblies are the same. 

tem Qty Part or Material Name 

11 Y%inch x 10 foot length of rigid copper 
tubing (enough for 2 antennas, 60 inches 

per antenna) 

Yeinch x 10 ft length of rigid copper tubing 

(enough for 6 antennas, 20 inches per 

antenna) 

Yeinch copper 


ipe clamps 
Yeinch copper pipe clamps 


%4 x Yeinch copper tee 
Yeinch copper end cap 
Yeinch copper end cap 


2 
2 
1 Yeinch copper elbow 
1 
1 
1 
1 


Ye x 1%inch copper nipple (Make from item 
2. See text) 


10 1 %x3 inch copper nipple (Make from 
item 1. See text) 

11 1 Your choice of coupling to mast fitting 
(% 1 inch NPT used at KD8JB) 

12 6 #8-32 x Yeinch brass machine screws 
(round, pan, or binder head) 

13 6 #8 brass flat washers 

14 6 #8-32 brass hex nuts 
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material came from an article by Michael Hood, KD8IB, 
in The ARRL Antenna Compendium,Vol. 4 

‘No special hardware or machined parts are used in this 
antenna, nor are insulating materials needed, since the an- 
tena is always at de ground. Best of all, even if the parts 
aren’t on sale, the antenna can be built for less than $15. If 
‘you only build one antenna, you'll have enough tubing left 
‘over to make most of a second antenna. 


Constru 


Copper and brass is used exclusively in this antenna, 
‘These metals get along together, so dissimilar metal cor- 
mn is eliminated. Both metals solder well, too. See 
ig 34. Cut the copper tubing to the lengths indicated. 
Item 9 is a I'/-inch nipple cut from the 20-inch length of 
"Yosinch tubing. This leaves 18% inches for the 's-match- 
ing stub. Item 10 is a 34-inch long nipple cut from the 
(60-inch length of */-inch tubing. The '/-wave element 
should measure 56'%-inches long. Remove burrs from the 
ends of the tubing after cutting, and clean the mating 
surfaces with sandpaper, steel wool, or emery cloth 

‘After cleaning, apply a very thin coat of flux to the 
mating elements and assemble the tubing, elbow, tee, end 
caps and stubs. Solder the assembled parts with a pro- 
pane torch and rosin-core solder. Wipe off excess solder 
with a damp cloth, being careful not to burn yourself. 
The copper tubing will hold heat for a long time after 
you've finished soldering. After soldering, set the assem- 
bly aside to cool. 

Flatten one each of the 's-inch and *s-inch pipe 
clamps. Drill a hole in the flattened clamp as shown in 
Fig 344. Assemble the clamps and cut off the excess metal 
from the flattened clamp using the unmodified clamp as 
‘template. Disassemble the clamps. 

‘Assemble the ':-inch clamp around the '/s-wave 
clement and secure with two of the screws, washers, and 
huts as shown in Fig 34B. Do the same with the ‘i-inch 
clamp around the ‘s-wave element. Set the clamps ini- 
tially to a spot about 4 inches above the bottom of the “I” 
‘on their respective elements. Tighten the clamps only fin- 
ger tight, since you'll need to move them when tuning. 


Tuning 
The J-Pole can be fed directly from 50-2 coax 
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through a choke balun (3 turns of the feed coax rolled 
into a coil about 8 inches in diameter and held together 
with electrical tape). Before tuning, mount the antenna 
vertically, about 5 to 10 feet from the ground. A short 
TV mast on a tripod works well for this purpose. When 
tuning VHF antennas, keep in mind that they are sensi- 
tive to nearby objects—such as your body. Attach the feed 
line to the clamps on the antenna, and make sure all the 
ruts and screws are at least finger tight. It really doesn’t 
matter to which element (4-wave element or stub) you 
attach the coaxial center lead. The author has done it both 
‘ways with no variation in performance. Tune the antenna 
by moving the two feed-point clamps equal distances a 
small amount each time until the SWR is minimum at the 
desired frequency. The SWR will be close to 1:1 


Final Assembly 

The final assembly of the antenna will determine its 
long-term survivability. Perform the following steps with 
care. After adjusting the clamps for minimum SWR, mark 
the clamp positions with a pencil and then remove the 
feed line and clamps. Apply a very thin coating of flux to 
the inside of the clamp and the corresponding surface of 
the antenna element where the clamp attaches. Install the 
clamps and tighten the clamp screws. 

Solder the feed line clamps where they are attached 
to the antenna elements. Now, apply a. small amount of 
solder around the screw heads and nuts where they con- 
tact the clamps. Don’t get solder on the screw threads! 
Clean away excess flux with a non-corrosive solvent. 
After final assembly and erecting/mounting the antenna 
in the desired location, attach the feed line and secure 
with the remaining washer and nut. Weather-seal this joint 
with RTV. Otherwise, you may find yourself repairing 
the feed line after a couple years. 


On-the-Air Performance 

Years ago, prior to building the first J-Pole antenna 
for this station, the author used a standard '-wave ground 
plane vertical antenna. While he had no problem work- 
ing Various repeaters around town witha '/-wave antenna, 
simplex operation left a lot to be desired. The J-Pole per- 
forms just as well as a Ringo Ranger, and significantly 
beter than the 's-wave ground-plane vertical 


Practical 6-Meter Yagis 


Boom length often proves to be the deciding factor 
when one selects a Yagi design. Table 6 shows three 
6-meter Yagis designed for convenient boom lengths (6, 
12 and 22 feet). The 3-element, 6-foot boom design has 
8.0 dBi gain in free space: the 12 foot boom, 5-element 
version has 10.1 dBi gain, and the 22-foot, 7 element Yagi 
has a gain of 11.3 dBi. All antennas exhibit better than 
22 dB front-to-rear ratio and cover 50 to $1 MHz with 
better than 1.7:1 SWR. 

Half-clement lengths and spacings are given in the 
table. Elements can be mounted to the boom as shown in, 
Fig 35. Two muffler clamps hold each aluminum plate to 
the boom, and two U bolts fasten each element to the plate, 


Fig 35—The element 
to boom clamp. U 
bolts are used to 
hold the element to 
the plate, and 2-in. 
galvanized muffler 
‘clamps hold the 
plates to the boom. 


which is 0.25 inches thick and 4 x 4 inches square. Stain- 
less steel is the best choice for hardware, however, gal- 
vanized hardware can be substituted. Automotive muffler 
clamps do not work well in this application, because they 
are not galvanized and quickly rust once exposed to the 
weather. Please note that the element lengths shown in 
Table 6 are half the overall element lengths. See page 
20-7 to 20-11 in Chapter 20 for practical details of tele- 
scoping aluminum elements. 

The driven element is mounted to the boom on a 
Bakelite or G-10 fiberglass plate of similar dimension to 
the other mounting plates. A 12-inch piece of Plexiglas 
rod is inserted into the driven element halves. The 
Plexiglas allows the use of a single clamp on each side of 
the clement and also seals the center of the elements 
against moisture. Self-tapping screws are used for elec- 
trical connection to the driven element. 

Refer to Fig 36 for driven-element and hairpin match 
details. A bracket made from a piece of aluminum is used 
to mount the three $0239 connectors to the driven ele- 
ment plate. A 4:1 transmission-line balun connects the 
two element halves, transforming the 200 Q resistance at 
the hairpin match to 50 Q at the center connector. Note 
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Fig 36—This shows how the driven element and feed system are attached to the boom. The phasing line is coiled 
‘and taped to the boom. The center of the hairpin loop may be connected to the boom electrically and mechanically 


if desired. 
Phasing-line lengths: 

For cable with 0.80 velocity factor ~ 7 ft, 10% in. 
For cable with 0.66 velocity factor ~ 6 ft, 5 in. 
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Table 6 
Optimized 6-Meter Yagi Designs 


Spacing Segt  Seg2 — Midband 
Between OD" OD" Gain 
Elements Length Length F/R 
inches inches inches 

306-06 

op. 0.750 0.625 

Ref. 0 36 23.500 7.9 dBi 

DE. 24 36 16.000 27.2. 4B 

Dir. 66. 36 15.500 

506-12 

oD 0.750 0.625 

Ref, 0 36 24.000 10.1 dBi 

DE 24 36 17.125 24.7 dB 

Dit 12 36 19.375 

Din2 44 36 18.250 

Din 58 36 15.375 


Spacing Seg!  Seg2_—-Midband 
Between OD" op" Gain 
Elements Length Length F/R 
inches inches inches 

706-22 

oD 0.750 0.625 

Ref. 0 36 25.000 11.3 dBi 

DE 27 36 17.250 29.948 

Dirt = 16 36 18.500 

Dir.2 51 36 15.375 

Dir.3 54 36 15.875 

Dig 53 36 16.500 

Dir.S 58 36 12.500 


“See pages 20-7 to 20-11 for telescoping aluminum 
tubing details. 


thatthe electrical length of the balun is 2/2, but the physi- 
cal length will be shorter due to the velocity factor of the 
particular coaxial cable used. The hairpin is connected 
directly across the element halves. The exact center of 
the hairpin is electrically neutral and should be fastened 
to the boom. This has the advantage of placing the driven 
element at de ground potential. 

‘The hairpin match requires no adjustment as such. 


However, you may have to change the length of the driven 
clement slightly to obtain the best match in your preferred 
portion of the band. Changing the driven-element length 
will not adversely affect antenna performance. Do not 
adjust the lengths or spacings of the other elements: 
they are optimized already. If you decide to use a gamma 
match, add 3 inches to each side of the driven element 
lengths given in the table for all antennas. 


High-Performance Yagis for 144, 222 and 
432 MHz 


This construction information is presented as an 
introduction to the three high-performance VHF/UHF 
Yagis that follow. All were designed and built by Steve 
Powlishen, KIFO. For years the design of long Yagi 
antennas seemed to be a mystical black art. The problem 
of simultaneously optimizing 20 or more element spac- 
ings and element lengths presented an almost unsolvable 
set of simultaneous equations. With the unprecedented 
increase in computer power and widespread availability 
of antenna analysis software, we are now able to quickly 
examine many Yagi designs and determine which 
approaches work and which designs to avoid. 

‘At l44 MHz and above, most operators desire Yagi 
antennas two or more wavelengths in length, This length 
(2d) is where most classical designs start to fall apart in 
terms of gain per boom length, bandwidth and pattern 
quality. Extensive computer and antenna range analysis 
hhas proven that the best possible design is a Yagi that has 
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both varying element spacings and varying element 
lengths. 

This design approach starts with closely spaced 
directors. The director spacings gradually increase until 
a constant spacing of about 0.4 2 is reached. Conversely, 
the director lengths start out longest with the first direc- 
tor and decrease in length in a decreasing rate of change 
until they are virtually constant in length. This method 
of construction results in a wide gain bandwidth. A band- 
width of 7% of the center frequency at the -1 dB for- 
ward-gain points is typical for these Yagis even when they 
are longer than 10 2. The log-taper design also 
reduces the rate of change in driven-element impedance 
vs frequency. This allows the use of simple dipole driven 
elements while still obtaining acceptable driven-clement 
SWR over a wide frequency range. Another benefit is 
that the resonant frequency of the Yagi changes very little 
as the boom length is increased 


Figure 9: A Preliminary Converged Cloud-Based 5G Architecture 
ACCESS NETWORK AGGREGATION NETWORK CORE NETWORK 


g ‘igi Lt 
: Deel +—C Internet 
Mult-cel ‘ Point-of- ‘ 
secetonste | [FF Tprecenceste 
i gE ' 
1 3 1 
ewan ' 5: U0 ' 
ae 22 
Tow delay ow Tier dey gh 
compute/soraeenacty compue/trage caacty 


Source: SuperFluidity. 


Central Office Re-architected as a Data Center (CORD) 


There are several industry and service provider initiatives to define the architecture 
for SDN-enabled distributed data centers. The Central Office Re-architected as a 
Data Center (CORD) initiative hosted by the Linux Foundation is one example of 
how operators cim to make better use of these assels. 


According to the CORDinitiative, AT&T alone operates 4,000 to 5,000 central offices, 
each serving 10,000 to 100,000 residential, enterprise and mabile customers. These 
central offices contain fragmented vendor hardware with multiple physical appl 
ances installed per site (AT&T said it hos 300+ unique appliances deployed in its cen- 
fral offices nationwide). The opportunity is to re-architect these central offices to 
support edge cloud inffastructure and deploy VNFs in place of appliances. 


Each CORD location will be connected using an SD-WAN, making it possible to 
load-balance content and NFV warkloads across the distriouted cloud using the 
same SupefFiuidity concepts discussed above. In the CORD case, the focus is on 
the ONOS controller, but in the sense that this s @ generic architecture, multiple SDN 
controller options are viable and attractive. Note that for /O-intensive workloads, 
the selection of an edge location should consider the physical transport resources 
available at the site. If would not make sense, for example, to deploy a 5G user- 
plone node for fixed wireless access in a central office that does not have a high 
bandwidth connection to the Intemet. 


In March 2016, the Linux Foundation announced the M-CORD initiative for mobile 


operators, backed by AT&T, Sk Telecom, Verizon, China Unicom and NIT Commu- 
nications. It highlighted three key aspects of the architecture, saying that it; 


HEAVY READING | SEPTEMBER 2016 | WHITEPAPER | DESIGNING 5G-READY MOBILE CORE NETWORKS " 


‘DING 


‘The driven-element impedance also changes mod- 
rately with boom length. The tapered approach creates 
‘a Yagi with a very clean radiation pattern. Typically, first 
side lobe levels of 17 dB in the E plane, ~15 dB in the 
H plane, and all other lobes at ~20 dB or more are pos: 
sible on designs from 2 2, to more than 14 2. 

The actual rate of change in element lengths is 
determined by the diameter of the elements (in wave- 
lengths). The spacings can be optimized for an individual 
boom length or chosen as a best compromise for most 
boom lengths, 

‘The gain of long Yagis has been the subject of much 
debate. Recent measurements and computer analysis by 
both amateurs and professionals indicates that given an 
optimum design, doubling a Yagi’s boom length will 
result in a maximum theoretical gain increase of about 
2.6 dB. In practice, the real gain increase may be less 
because of escalating resistive losses and the greater pos: 
sibility of construction error. Fig 37 shows the maximum 
possible gain per boom length expressed in decibels, ref- 
erenced to an isotropic radiator. The actual number of 
directors does not play an important part in determining 
the gain vs boom length as long as a reasonable number 
of directors are used. The use of more directors per boom 
length will normally give a wider gain bandwidth, how- 
ever, a point exists where too many directors will 
adversely affect all performance aspects. 


While short antennas (< 1.5 A) may show increased 
gain with the use of quad or loop elements, long Yagis, 
> 2.2) will not exhibit measurably greater forward gain 
or pattern integrity with loop-type elements. Similarly, 
oops used as driven elements and reflectors will not sig 
nificantly change the properties of a long log-taper Yagi. 
Multiple-dipole driven-element assemblies will also not 
result in any significant gain increase per given boom 
length when compared to single-dipole feeds. 

Once a long- Yagi director string is properly tuned, 
the reflector becomes relatively non critical. Reflector 
spacings between 0.15 2 and 0.2 2 are preferred. The 
spacing can be chosen for best pattern and driven ele- 
‘ment impedance. Multiple-reflector arrangements will not 
significantly increase the forward gain of a Yagi which 
has its directors properly optimized for forward gain, 
Many multiple-reflector schemes such as ti-reflectors 
and corner reflectors have the disadvantage of lowering 
the driven element impedance compared to a single opti- 
mum-length reflector. The plane or grid reflector, shown 
in Fig 38, may however reduce the intensity of unwanted 
rear lobes. This can be used to reduce noise pickup on 
EME or satellite arrays. This type of reflector will usu- 
ally increase the driven-element impedance compared to 
a single reflector. This sometimes makes driven-element 
‘matching easier. Keep in mind that even for EME, a plane 
reflector will add considerable wind load and weight for 
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Fig 37—This chart shows maxi 
designed long Yagi antennas. 
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Fig 38—Front and side views of @ 
plane-reflector antenna. 
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only a few tenths of a decibel of receive signal-to-noise 
improvement. 


Yagi Construction 


Normally, aluminum tubing or rod is used for Yagi 
elements. Hard-drawn enamel-covered copper wire can 
also be used on Yagis above 420 MHz. Resistive losses 
are inversely proportional to the square of the element 
diameter and the square root of its conductivity 

Element diameters of less than “fie inch or 4 mm. 
should not be used on any band. The size should be cho- 
sen for reasonable strength. Half-inch diameter is suit- 
able for 50 MHz, “ie to %/: inch for 144 MHz and "ie inch 
is recommended for the higher bands. Steel, including 
stainless steel and unprotected brass or copper wire, 
should not be used for elements. 

Boom material may be aluminum tubing, either 
square or round. High-strength aluminum alloys such as 
6061-T6 or 6063-T651 offer the best strength-to-weight 
advantages. Fiberglass poles have been used (where avail- 
able as surplus). Wood is a popular low-cost boom mate- 
rial. The wood should be well seasoned and free from 
knots. Clear pine, spruce and Douglas fir are often used. 
‘The wood should be well treated to avoid water absorp- 
tion and warping. 


Elements may be mounted insulated or uninsulated, 
above or through the boom, Mounting uninsulated ele- 
ments through a metal boom is the least desirable method 
unless the elements are welded in place. The Yagi ele- 
ments will oscillate, even in moderate winds. Over sev- 
eral years this element oscillation will work open the 
‘boom holes. This will allow the elements to move in the 
boom. This will create noise (in your receiver) when the 
wind blows, as the element contact changes. Eventually 
the element-to-boom junction will corrode (aluminum 
oxide is a good insulator). This loss of electrical contact 
between the boom and element will reduce the boom’s 
effect and change the resonant frequency of the Yagi. 

Noninsulated elements mounted above the boom 
will perform fine as long as a good mechanical connec- 
tion is made. Insulating blocks mounted above the boom 
will also work, but they require additional fabrication. 
‘One of the most popular construction methods is to mount 
the elements through the boom using insulating shoul- 
der washers. This method is lightweight and durable. Its 
main disadvantage is difficult disassembly, making this 
method of limited use for portable arrays. 

If a conductive boom is used, element lengths must 
be corrected for the mounting method used. The amount 
of correction is dependent upon the boom diameter in 
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Fig 39—Yagi element correction vs boom diameter. Curve A is for elements 
‘mounted through a round or square conductive boom, with the elements in 
mechanical contact with the boom. Curve B is for insulated elements 


‘mounted through a conductive boom, and for elements 
a conductive boom (elements make electrical contact wi 


‘mounted on top of, 
ith the boom). The 


patterns were corrected to computer simulations to determine Yagi tuning. 


The amount of element correction is not affected by eler 
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sment diameter. 


wavelengths. See Fig 39. Elements mounted through the 
boom and not insulated require the greatest correction, 
Mounting on top of the boom or through the boom on 
insulated shoulder washers requires about half of the 
through-the-boom correction. Insulated elements 
mounted at least one element diameter above the boom 
require no correction over the free-space length. 

‘The three following antennas have been optimized 
for typical boom lengths on each band, 


A HIGH-PERFORMANCE 432-MHz YAGI 


This 22-clement, 6.1-A, 432-MHz Yagi was origi- 
nally designed for use in a 12-Yagi EME array built by 
KIFO. A lengthy evaluation and development process 
preceded its construction. Many designs were considered 
and then analyzed on the computer. Next, test models 
were constructed and evaluated on a home-made antenna 
range. The resulting design is based on WIEJ's computer- 
optimized spacings. 

‘The attention paid to the design process has been 
worth the effort. The 22-clement Yagi not only has ex- 
ceptional forward gain (17.9 dBi), but has an unusually 
clean radiation pattern. The measured E-plane pattern is 


Table 7 
Specifications for 432-MHz Yagi Family 
F/B DE Beamwidth Stacking 


No. Boom — Gain ratio imped E/H EH 
of Ele. length(A) (dBi) (dB) (2) (°) (inches) 
18 34 15.67 21 23 30/82 53/49 
16 38 © 16.05 19 23, 55/51 
17 42 © 16.45 20 27 56/53 
18 46 «©6168 25 32, 58/55 
19 49 171 25 30 2608 «61/57 
20 53 174 21 24 25.5127 62/59 
21° 87 17.65 20 22 25/26.8 43/60 
22 61 179 22 25 24/26 5/62 
23° 65 «© 18.18 27 30 23.5125 67/64 
24 69 1835 29 29 29/24 9/66 
25 7.3 ©1855 23 25 © 22.5/23.5 71/68 
26 7.7 «©6188 22 22 20123 73/70 
27 81 = 19.0221 1.5/22.5 75/72 
28 85 © 19.20 25-25 24/22, 77/75 
29 89 «= 19.425 -2520.5/21.5 79/77 
30 93 19585 26 27 20/21 80/78 
31 97 197 24 25 196/205 81/79 
32 102 198 23 22 193/20 2/80 
33 106 9.9 23 23 1919.5 83/81 
34 11.0 20.05 25 22 ta.site.2 B4/a2 
35 11.4 «202 27 25 185/190 85/83 
36 118 203 27 26 183/188 B64 
87 122 «204 26 26 18.1/18.6 87/85 
38 127 205 25 25 te.gite4 88/86 
39 131 206 25 23 187/182 89/87 
40 135 208 26 21 175/18 90/88 


*Gain is approximate real gain based on gain measurements 
made on six different-length Yagis. 


shown in Fig 40. Note that a 1-dB-per-division axis is 
used to show pattern detail. A complete description of 
the design process and construction methods appears in 
December 1987 and January 1988 QST. 

Like other log-taper Yagi designs, this one can eas- 
ily be adapted to other boom lengths. Versions of this 
Yagi have been built by many amateurs. Boom lengths 
ranged between 5.3 4 (20 elements) and 12.2 2 (37 ele- 
ments). 

The size of the original Yagi (169 inches long, 
6.1 A) was chosen so the antenna could be built from 
small-diameter boom material (%s-inch and 1 inch round 
6061-T6 aluminum) and still survive high winds and ice 
loading. The 22-clement Yagi weighs about 3.5 pounds 
and has a wind load of approximately 0.8 square feet. 


and weight lets the tropo operator add a high-performance 
432-MHz array to an existing tower without sacrificing 
antennas on other bands, 


Table 7 lists the gain and stacking specifications for 
the various length Yagis. The basic Yagi dimensions are 
shown in Table 8. These are free-space element lengths 
for ‘he-inch-diameter elements. Boom corrections for the 
clement mounting method must be added in. The element- 
length correction column gives the length that must be 
added to keep the Yagi’s center frequency optimized for 
use at 432 MHz, This correction is required to use the 
same spacing pattern over a wide range of boom lengths. 
Although any length Yagi will work well, this design is, 
at its best when made with 18 elements or more (4.6 2). 
Element material of less than ‘/is-inch diameter is not 
recommended because resistive losses will reduce the gain 
by about 0.1 dB, and wet-weather performance will be 

Quarter-inch-diameter elements could be used if all 
elements are shortened by 3 mm. The clement lengths 
are intended for use with a slight chamfer (0.5 mm) cut 
into the element ends. The gain peak of the array is cen- 
tered at 437 MHz. This allows acceptable wet-weather 
performance, while reducing the gain at 432 MHz by only 
0.05 dB. 

‘The gain bandwidth of the 22-element Yagi is 
31 MHz (at the ~1 dB points). The SWR of the Yagi is less 
than L.4: I between 420 and 440 MHz. Fig 41 is a network 
analyzer plot of the driven-element SWR vs frequency. 
These numbers indicate just how wide the frequency re- 
sponse of a log-taper Yagi can be, even with a simple di- 
pole driven element. In fact, at one antenna gain contest, 
some ATV operators conducted gain vs frequency measure- 
‘ments from 420 to 440 MHz. The 22-element Yagi beat all 
entrants including those with so-called broadband feeds. 

‘To peak the Yagi for use on 435 MHz (for satellite 
use), you may want to shorten all the elements by 2 mm, 
To peak it for use on 438 MHz (for ATV applications), 
shorten all elements by 4 mm. If you want to use the Yagi 
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Table 8 
Free-Space Dimensions for 432-MHz Yagi Family 
“Element correction is the amount to shorten or lengthen 
all elements when building a Yagi of that length 

Element lengths are for %/-inch diameter material 


Ele. Element Element Element 
No. Position Length Correction” 

(mm from (mm) 

reflector) 
Ref 0 340 
DE 104 334 
1 146 315 
D2 224 306 
D3 332 299 
D4 466 295 
DS 622 291 
D6 798 289 
07 990 287 
D8 1196 285 
De 1414 283 
Dio — 1642 28 2 
Dit 1879 279 -2 
Dig 2122 278 2 
DIS 2373 277 2 
Did 2629 276 2 
DIS 2890 275 4 
Dis 3154 274 4 
DI7 (3422 273 4 
Dis 3693 272 0 
Dig «3967 271 0 
204242 270 0 
B21 4520 269 0 
D220 (4798 269 0 
23 «8079 268 0 
245360 268 4H 
25 5642 267 H 
026 8925 267 4H 
027 «6209 266 H 
286494 266 H 
29 «6779 265 42 
307064 265 42 
B31 7350 264 42 
D382 7636 264 42 
B33 7922 263 42 
348209 263 42 
D385 8496 262 42 
0368783 262 42 
37-9070 261 43 
389359 261 43 


on FM between 440 MHz and 450 MHz, shorten all the 
elements by 10 mm. This will provide 17.6 dBi gain at 
440 MHz, and 18.0 dBi gain at 450 MHz. The driven 
element may have to be adjusted if the element lengths 
are shortened, 

Although this Yagi design is relatively broadband, 
it is suggested that close attention be paid to copying the 
design exactly as built. Metric dimensions are used 
because they are convenient for a Yagi sized for 432 MHz. 
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Frecuoney (wie) 


Fig 41—SWR performance of the 22-element Yagi in dry 
weather. 


Fig 42—Element-mounting detail. Elements are 
‘mounted through the boom using plastic insulators. 
Stainless steel push-nut retaining rings hold the 
element in place. 


Element holes should be drilled within £2 mm. Element 
lengths should be kept within £0.5 mm. Elements can be 
accurately constructed if they are first rough cut with a 
hhack saw and then held in a vise and filed to the exact 
length, 

‘The larger the array, the more attention you should pay 
to making all Yagis identical, Elements are mounted on 
shoulder insulators and run through the boom (see 
Fig 42), The element retainers are stainless-steel push nuts. 
‘These are made by several companies, including Industrial 
Retaining Ring Co in Irvington, New Jersey, and AuVeco in 
Ft Mitchell, Kentucky. Local industrial hardware distribu- 
tors can usually order them for you. The element insulators 
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Fig 43—Several views of the driven NComactr 
element and T match. 28016 860 3mm 
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Fig 4—Details of the driven element and T match for the 22-element Ya 
Lengths are given in millimeters to allow precise duplication of the 
antenna. See text. 
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Fig 45—Boom-construction information for the 22-element Yagi Lengths are given in millimeters to allow precise 
duplication of the antenna. See text. 


VHF and UHF Antenna Systems 18-33 


ont Boom os 


Support rare om Sigg ere 
7 

SoREe te eee ee See Fig 46—Boom-construction 

2 Ge ss gs a Wa information for the 33-element Yagi. 
Lengths are given in millimeters to 

109mm [1434-0 S751 470mm ——f—1482 on allow precise duplication of the 
antenna. 
2932-0 


are not critical. Teflon or black polyethylene are prob- 
ably the best materials. The Yagi in the photographs is 
made with black Delryn insulators, available from C3i in 
Washington, DC. 

‘The driven element uses a UG-S8A/U connector 
mounted on a small bracket, The UGS8A/U should be 
the type with the press-in center pin. UG-S8s with center 
pins held in by “C” clips will usually leak water. Some 
connectors use steel retaining clips, which will rust and 
eave a conductive stripe across the insulator. The T-match 
wires are supported by the UT-141 balun, RG-303/U or 
RG-142/U Tefloninsulated cable could be used if UT-141 
cannot be obtained. Fig 43A and Fig 42B show details of 
the driven-element construction. Driven element dimen- 
sions are given in Fig 44. 

Dimensions for the 22-clement Yagi are listed in 
Table 9. Fig 45 details the Yagi’s boom layout. Element 
material can be either ‘is inch 6061-T6 aluminum rod or 
hard aluminum welding rod, 

A 24-foot-long, 10.6-, 33-clement Yagi wa 
built. The construction methods used were the same as 
the 22-element Yagi. Telescoping round boom sections 
of 1, 1'/, and 1'/s inches in diameter were used. A boom 
support is required to keep boom sag acceptable. At 
432 MHz, if boom sag is much more than two or three 
inches, H-plane pattern distortion will occur. Greater 
amounts of boom sag will reduce the gain of a Yagi 
Table 10 lists the proper dimensions for the antenna when 
built with the previously given boom diameters. The 
boom layout is shown in Fig 46, and the driven element 
is described in Fig 47. The 33-element Yagi exhibits 
the same clean pattern traits as the 22-element Yagi (see 
Fig 48). Measured gain of the 33-element Yagi is 
19.9 dBi at 432 MHz. A measured gain sweep of the 
33-element Yagi gave a -1 dB gain bandwidth of 14 MHz. 
with the -1 dB points at 424.5 MHz and 438.5 MHz. 


A HIGH-PERFORMANCE 144MHZ YAGI 


‘This 44MHz Yagi design uses the latest log-tapered 
element spacings and lengths. It offers near theoretical 


also 
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gain per boom length, an extremely clean pattern and wide 
bandwidth. The design is based upon the spacings used 
in a 4.5-A, 432-MHz computerdeveloped design by WIEJ. 
It is quite similar to the 432MHz Yagi described else- 
where in this chapter. Refer to that project for additional 
construction diagrams and photographs. 

Mathematical models do not always directly trans- 
late into real working examples. Although the computer 
design provided a good starting point, the author, Steve 
Powlishen, KIFO, built several test models before the 
final working Yagi was obtained. This hands-on tuning 
included changing the element-taper rate in order to 
obtain the flexibility that allows the Yagi to be built with 
different boom lengths. 

‘The design is suitable for use from 1.8 2 (10 elements) 
to 5.1 4 (19 elements). When elements are added to a Yagi, 
the center frequency, feed impedance and front-to-back 
ratio will range up and down, A modern tapered design 
will minimize this effect and allow the builder to select 
any desired boom length. This Yagi’s design capabilities 
per boom length are listed in Table 11. 

‘The gain of any Yagi built around this design will be 
within 0.1 to 0.2 dB of the maximum theoretical gain at 
the design frequency of 144.2 MHz. The design is 
intentionally peaked high in frequency (calculated gain 
peak is about 144.7 MHz). It has been found that by 
doing this, the SWR bandwidth and pattern at 144.0 to 
144.3 MHz will be better, the Yagi will be less affected 
by weather and its performance in arrays will be more 
predictable. This design starts to drop off in performance 
if built with fewer than 10 elements. At less than 2 2, 
more traditional designs perform well. 

‘Table 12 gives free-space element lengths for '/sinch- 
diameter elements. The use of metric notation allows for 
much easier dimensional changes during the design stage. 
Once you become familiar with the metric system, you'll 
probably find that construction is easier without the burden 
of cumbersome English fractional units. For "fs inch- 
diameter elements, lengthen all parasitic elements by 3 mm. 
If % inch diameter elements are used, shorten all of the 


Table 9 
Dimensions for the 22-Element 432-MHz Yagi 


Element Element — Element Boom 

Number Position Length Diam 
(mm trom (mm) (in) 
reflector) 

Ref 30 346 

DE 134 340 4 

Dt 176 321 

D2 254 311 718 

D3 362 305 

Ds 496 301 

DS 652 297 

Ds 828 295 

07 1020 293 

Ds 1226 291 

De 1484 289 

D10 1672 288 

Dt 1909 286 

D12 2152 285 1 

D13 2403 284 

Dia 2659 283 

DIS 2920 281 

D16 3184 280 

DI7 3452 279 718 

D18 3723 278 

D19 3997 277 

D20 4272 276 


directors and the reflector by 6 mm. The driven element 
will have to be adjusted for the individual Yagi if the 
12-clement design is not adhered to. 

For the 12-element Yagi, ‘Minch diameter elements 
were selected because smaller-diameter elements become 
rather flimsy at 2 meters. Other diameter elements can 
be used as described previously. The 2.5-2 boom was cho- 
sen because it has an excellent size and wind load vs gain 
‘and pattern trade-off. The size is also convenient; three 
6-foot-long pieces of aluminum tubing can be used with- 
‘out any waste. The relatively large-diameter boom sizes 
(1's and 1'/ inches) were chosen, as they provide an 
extremely rugged Yagi that does not require a boom sup- 
port. The 12-element 17-foot-long design has a calcu- 
lated wind survival of close to 120 mph! The absence of 
a boom support also makes vertical polarization possible. 


Table 10 
Dimensions for the 33-Element 432-MHz Yagi 


Element Element Element Boom 

Number Position Length Diam 
(mm from (mm) (in) 
reflector) 

REF 30 348 Fa 

DE 134 342 

D1 176 323 

D2 254 313 

D3 362 307 

D4 496 303 1 

Ds 652 299 

D6 828 297 

o7 1020 295 

ba 1226 293 

D9 1444 291 

10 1672 290 

1 1909 288 

12 2152 287 1h 

13 2403 286 

14 2659 285 

1S 2920 284 

16 3184 284 

17 3452 283 

18 3723 282 1% 

19 3997 281 

20 4272 280 

bat 4550 278 

022 4828 278 

023 5109 277 1h 

24 5390 277 

25 5672 276 

026 5956 275 

027 6239 274 

028 6524 274 1 

29 6809 273 

30 7094 273 

bat 7380 272 


Longer versions could be made by telescoping 
smaller-size boom sections into the last section. Some sort 
of boom support will be required on versions longer than 
2 feet. The elements are mounted on shoulder insulators 
and mounted through the boom. However, elements may 


Fig 47—Details of the driven 
‘element and T match for the 33- 


‘element Yagi. Lengths are given in 
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millimeters to allow precise 
duplication of the antenna. 
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Table 11 

Specifications for the 144-MHz Yagi Family 
Beamwidth 

No.of Boom — Gain DE Imped FB Ratio EH 

Ele. Length(a) (dBd) (2) 8) ) 

10 18 11427 7 39142 

1 22 120 38 19 36/40 

12 25 125 28 23 34/37 

13° 29 13.0 23 20 32/35 

14 32 184 27 18 31/33, 

15 36 138 35 20 30/32 

16 4.0 142 32 24 29/30 

17 44 145 25 23 28/29 

18 48 148 25 21 27/285, 

19 52 15.0 30 22 261275 


Table 12 
Free-Space Dimensions for the 


be mounted, insulated or uninsulated, above or through 
the boom, as long as appropriate element length correc- 
tions are made. Proper tuning can be verified by checking 
the depth of the nulls between the main lobe and first side 
lobes. The nulls should be 5 to 10 dB below the first side- 
lobe level at the primary operating frequency. The boom 
layout for the 12-element model is shown in Fig 49. The 
actual corrected element dimensions for the 12-element 
2.5-2 Yagi are shown in Table 13. 

‘The design may also be cut for use at 147 MHz. 
There is no need to change element spacings. The ele- 
ment lengths should be shortened by 17 mm for best 
operation between 146 and 148 MHz. Again, the driven 
clement will have to be adjusted as required, 

‘The driven-element size ('/2-inch diameter) was cho- 
sen to allow easy impedance matching. Any reasonably 
sized driven element could be used, as long as appropri- 
ate Iength and T-match adjustments are made. Different 
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Stacking 144-MHz Yagi Family 
EH Element diameter is ¥4 inch 
i) Element Element Element 
10.2195 No. Position (mm Length 
11.0/10.0 from reflector) 
11.7108 Ref. 0 1038 
128th DE 312 955 
12.820 PI 447 956 
19.2/124 D2 699 932 
18.7/13.2 D3 1050 916 
trans D4 1482 908 
qi DS 1986 897 
15.2144 06 2553 891 
07 3168 887 
08 3831 883 
De 4527 879 
Dio = 5259 875 
Dit 601s. 870 
Dig 6786 865 
Dis 7586 861 
Dig 8352 857 
DIS 144 853 
DIG = gad 849 
DI7 10744 845, 


driven-element dimensions are required if you change the 
boom length. The calculated natural driven-element 
impedance is given as a guideline. A balanced T-match 
‘was chosen because it’s easy to adjust for best SWR and 
provides a balanced radiation pattern. A 4:1 half-wave 
coaxial balun is used, although impedance-transforming 
quarter-wave sleeve baluns could also be used. The cal- 
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Fig 48—E-plane pattern for the 33- 
‘element Yagi. This pattern is drawn on 
a linear dB grid scale, rather than the 
standard ARRL log-periodic grid, to 
‘emphasize low sidelobes. 
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Fig 49—Boom layout for the 12-element 144-MHz Yagi. Lengths are given in 
millimeters to allow precise duplication. 
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Fig 50—Driven-element detail for the 12-element 144-MHz Yagi. Lengths are given in millimeters to allow 
duplication. 
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Table 13 

Dimensions for the 12-Element 2.5-). Yagi 

Element Element Element Boom 

Number Position Length Diam 
(mm trom (mm) (in) 
reflector) 

Rell 0 1088 

DE 312 955, 

oO 447 962 1% 

D2 699 938 

D3 1050 922 

D4 1482 912 

DS 1986 904 

D6 2553 898 1h 

07 3168 804 

08 3831 889 

Da 4527 885 1% 

D10 5259 esa LI 


1d E-plane pattern for the 12-element 


culated natural impedance will be useful in determining 
what impedance transformation will be required at the 
200- balanced feed point. Chapter 26, Coupling the Line 
to the Antenna, contains information on calculating 
folded-dipole and T-match driven-element parameters. A 
balanced feed is important for best operation on this 
antenna. Gamma matches can severely distort the pattern 
balance. Other useful driven-element arrangements are 
the Delta match and the folded dipole, if you're willing 
to sacrifice some flexibility. Fig 50 details the driven- 
element dimensions. 

A noninsulated driven element was chosen for 
mounting convenience. An insulated driven element may 
also be used. A grounded driven element may be less 
affected by static build-up. On the other hand, an insu- 
lated driven element allows the operator to easily check 
his feed lines for water or other contamination by the use 
of an ohmmeter from the shack. 
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Table 14 
Free-Space Dimensions for the 222-MHz Yagi 


Family 
Element diameter is %/ie-inch, 
Element Element Element 
No. Position Length 
(mm from (mm) 
reflector) 
Rell 0 676 
DE 204 647 
I 292 623, 
D2 450 608 
D3 668 504 
D4 938 597 
DS 1251 581 
06 1602 576 
07 1985 573 
D8 2305 569 
De 2829 565 
Dio 3283 562 
Dt 3755 558 
Di2 4243 556 
13 4745, 554 
Did 5259 553 
DIS 5783 552 
16 6315, 551 
D17 6853 550 
D18 7395 549 
Dig 7939 548 
20 8483 847 


Fig 51 shows computer-predicted E- and H-plane 
radiation patterns for the 12-element Yagi. The patterns 
are plotted on a I-dB-per-division linear scale instead of 
the usual ARRL polar-plot graph. This expanded scale 
plot is used to show greater pattern detail. The pattern 
for the 12-element Yagi is so clean that a plot done in the 
standard ARRL format would be almost featureless, 
except for the main lobe and first sidelobes. 

‘The excellent performance of the 12-element Yagi 
is demonstrated by the reception of Moon echoes from 
several of the larger 144MHz EME stations with only 
one 12-element Yagi. Four of the 12-element Yagis will 
make an excellent starter EME array, capable of working 
many EME QSOs while being relatively small in size. 
The advanced antenna builder can use the information in 
Table 11 to design a dream array of virtually any size. 


A HIGH-PERFORMANCE 222-MHz YAGI 


Modern tapered Yagi designs are easily applied to 
222 MHz. This design uses a spacing progression that is, 
in between the 12-element 144-MHz design, and the 
22-element 432-MHz design presented elsewhere in this 
chapter. The result is a design with maximum gain per 
boom length, a clean, symmetrical radiation pattern, and 
wide bandwidth. Although it was designed for weak- 
nal work (tropospheric scatter and EME), the design is 


+ Will use the same CORD principles of elastic commodity cloud and SDN to 
bring data center economies and cloud aglily ta the mobile edge. 


+ Will demonstrate integration of disaggregated/virtualized RAN, disaggre- 
gated/virtualized EPC and mobile edge services 


‘+ Will partner with the SDN controller groups to accelerate adoption af open 
source SDN and NFV solutions and realize the benefils of the cloud. 


Given the timing of the work, we expect M-CORD and similar initiatives to turn thelr 
focus toward "SG-ready’ core networks as the architecture, interfaces and proto- 
cols for NG Core become more clear. A common CORD and M-CORD implemen- 
tation, with the same architecture and foundational technologies, will create a 
goad foundation for fixed-mobile network convergence, enabling access agnostic 
services - an important objective of many operators pursuing 5G. 


Mapping Mobile Core to Distributed Cloud 


The NG Core for 5G and EPC for advanced 4G networks must be mapped to the 
distributed cloud architecture. One approach would be to simply deploy more 
packet gateways (and mability contrallers} at the edge of the network fo meet co- 
pacity and performance demands. 


The challenge with this is that today's centralized packet core deployments are 
characterized by complex integration with surrounding network functions, such as 
policy, charging, IMS, SG-LAN and routing services. By moving this model to the 
edge, the operator would, in effect, have fo “distribute complexity,” which is costly 
to deploy and, in particular, to manage. To meet 5G performance, scalability and 
‘automation requirements, a new architecture for packet core is needed that will 
make operation in the edge cloud infrastructure simpler and faster. 


There are many aspects to this new architecture. Part of the solution is CUPS, as i 
currently being developed for 4G-LTE core networks. This involves extracting the con- 
frotplane functions from the gateway to leave a simpler, user-plone node. The gate- 
way thus is “spi info $/PGW.U and S/PGW-C components that can that can scale 
independently, as shown in Figure 6 above. A key benefit of the architecture is that 
the control plane, and all the associated complex interactions, can be centralzed, 
while the user plane is distibuted across the IP services fabric ond scaled as required 
by the traffic load. This is shown in Figure 10. 


Depending on the scaling needs, the S/PGW-U functions deployed at the edge 
data center can be implemented in several different ways: on a router, on a while 
box switch (potentialy), on an existing PGW platform, as a virtualized function, or as 
par! of a vRouler. Vidualzed User-plane nodes con mote easly be placed at the 
ptimal location, as determined by the use case and ths flexibly isa strong argu- 
ment to deploy /PGW-U nodes as VNFs rather than as hardware functions 


The S/PGW-C components would similarly be deployed as virlualzed functions on 
a cloud platform, typically at a more centralized location. There may be an oppor- 
tunity to collapse MME, SGW-C, PGW-C functions and perhaps other 3GPP control- 
plane functions into some form of unified “mobility controller” node. This has the po- 
tential to simplify operations and this same model is being pursued for NG Core. 


In this architecture, vitualized SGi service LAN components can be placed where 
appropriate for the traffic coming fram the distributed user-plane nodes. For exam- 
ple, some $Gi functions could be on router-based compute blades, or on COTS x86 
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Table 15 
Specifications for the 222-MHz Yagi Family 
FB DE — Beamwiath Stacking 


No of Boom Gain Ratio Imped E/H eH 
Ele. Length(i) (dBd) (dB) (2) (*) (leet) 
12 24 128 22 23 3789 7.1/8.7 
18 28 128 19 28 3386 «7.8/7.2 
1434 182 20 34 3284 B.1/7.6 
15 35 186 24 30 3083 © 8.6/7.8 
16 39 140 23 23 2931 89/83 
17 43 1435 20 24 28/305 9.3/8.5 
18 46 «©6147 20 29 27/729 «(9.6/8.9 
19 50 150 22 33 2628 9.9/9.3 
20 54 153 24 29 25/7 —10.3/9.6 
21 58 = 15.55 23 24 -24.5/2685 10.598 
22 62 158 21 23 24/26 10.7/10.2 


suited to all modes of 222-MHz operation, such as packet 
radio, FM repeater operation and control links. 

‘The spacings were chosen as the best compromise 
for a 3.9-2 l6-clement Yagi. The 3.9-A design was cho- 
sen, like the 12-element 144-MHz design, because it fits 
perfectly on a boom made from three 6-foot-long alumi- 
num tubing sections. The design is quite extensible, and 
models from 12 elements (2.4 2) to 22 elements (6.2 i) 
can be built from the dimensions given in Table 14, Note 
that free-space lengths are given. They must be corrected 
for the element-mounting method. Specifications for vari- 
ous boom lengths are shown in Table 15. 


Construction 

Large-diameter (1'/s- and 1'/+inch diameter) boom 
construction is used, eliminating the need for boom sup- 
ports, The Yagi can also be used vertically polarized, 
Three-sixteenths-inch-diameter aluminum elements are 
used. The exact alloy is not critical; 6061-T6 was used, 
but hard aluminum welding rod is also suitable. Quarter- 
inch-diameter elements could also be used if all elements 


are shortened by 3 mm. Three-cighths-inch-diameter 
elements would require 10-mm shorter lengths. Elements 
smaller than "/cinch-diameter are not recommended. The 
elements are insulated and run through the boom. Plastic 
shoulder washers and stainless steel retainers are used to 
hold the elements in place. The various pieces needed to 
build the Yagi may be obtained from C3i in Washington, 
DC. Fig 52 details the boom layout for the 16-element 
Yagi. Table 16 gives the dimensions for the 16-element 
Yagi as built. The driven element is fed with a T match 
and a 4:1 balun, See Fig 53 for construction details. See 
the 432-MHz Yagi project elsewhere in this chapter for 
additional photographs and construction diagrams. 

The Yagi has a relatively broad gain and SWR curve, 
as is typical of a tapered design, making it usable over a 
wide frequency range. The example dimensions are 
intended for use at 222.0 to 222.5 MHz. The 16-clement 
Yagi is quite usable to more than 223 MHz. The best com- 
promise for covering the entire band is to shorten all para 
sitic elements by 4 mm. The driven element will have to 
be adjusted in length for best match. The position of the 
‘Tawire shorting straps may also have to be moved. 

The aluminum boom provides superior strength, is 
lightweight, and has a low wind-load cross section. Alumi- 
num is doubly attractive, as it will long outlast wood and 
fiberglass. Using state-of-the-art designs, itis unlikely that 
significant performance increases will be achieved in the 
next few years. Therefore, it’s in your best interest to build 
‘an antenna that will last many years. If suitable wood or 
fiberglass poles are readily available, they may be used with- 
‘out any performance degradation, at least when the wood is 
new and dry. Use the free-space element lengths given in 
Table 16 for insulated-boom construction, 

The pattern of the 16-clement Yagi is shown in 
54. Like the 144-MHz Yagi, a 1-dB-per-division plot 
is used to detail the pattern accurately. This 16-element 
design makes a good building block for EME or tropo 
DX arrays. Old-style narrow-band Yagis often perform 


Rear Boom Sectan| 

15/4" 00 8.009" wal 

106476 rune bing Go8tT8 round tubing 

18295 (72°) ong 829/m (72") ong 
No a-s2 seen / 

| eee) 


09 0038" wo 


Front doom Section 
7a" 0 0088" wo 
6064-18 round ting 
1829 mm (72° long 


Fig 52—Boom layout for the 16- 


element 222-MHz Yagi. Lengths 
are given in millimeters to allow 
precise duplication. 
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Table 16 
Dimensions for 16-Element 3.9-2 222-MHz Yagi 


Element Element — Element Boom 
Number Position Length Diam 
(mm trom (mm) (in) 
reflector) 

Rell 0 63 

DE 204 664 

D1 292 630 

D2 450 615 

D3 668 601 1% 
D4 938 504 

Ds 1251 588 

D6 1602 583 

o7 1985 580 

ba 2395 576 

D9 2829 872 1% 
10 3283 569 

11 3755 565 

12 4243 563 

13 4745 561 1% 
14 5259 560 


unpredictably when used in arrays. The theoretical 
3.0-dB stacking gain is rarely observed. The 16-element, 
Yagi (and other versions of the design) reliably provides 
stacking gains of nearly 3 dB. (The spacing dimensions 
listed in Table 15 show just over 2.9 dB stacking gain.) 
This has been found to be the best compromise between 
gain, pattern integrity and array size. Any phasing line 
losses will subtract from the possible stacking gain 
Mechanical misalignment will also degrade the perfor- 
mance of an array. 


© 


Fig 54—H- and E-plane patterns for the 16-element 
222-MHz Yagi at A. The driven-element T-match 
dimensions were chosen for the best SWR compromise 
between wet and dry weather conditions. The SWR vs 
frequency curve shown at B demonstrates the broad 
frequency response of the Yagi design. 


ty } 
2mm io die Balun o 
no. 10 Se Senet ee PET hace 


Bot, UTI or R6-308/U 


era) 


| bse 


Driven Element 


Fig 53—Driven-element detail for the 16-element 222-MHz Yagi. Lengths are given in millimeters to allow precise 


duplication. 
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A 144 MHz 2-Element Quad 


‘The asic 2-element quad array for 144 MHz is shown 
in Fig 58. The supporting frame is 1 x I-inch wood, of 
any kind suitable for outdoor use. Elements are #8 alumi- 
num wire. The driven element is | 4 (83 inches) long. and 
the reflector five percent longer (87 inches). Dimensions 
are not critical, as the quad is relatively broad in frequency 


Pete driven element is open atthe bottom, its ends 
fastened to a plastic block. The block is mounted at the 
bottom of the forward vertical support. The top portion 
of the element runs through the support and is held firmly 
by a screw running into the wood and then bearing on 
the aluminum wire. Feed is by means of 50-Q coax, 
connected to the driven-element loop. 

The reflector is a closed loop, its top and bottom 
portions running through the rear vertical support. It is 
held in position with screws at the top and bottom. The 
loop can be closed by fitting a length of tubing over the 
clement ends, or by hammering them flat and bolting them 
together as shown in the sketch, 

‘The elements in this model are not adjustable, though 
this can easily be done by the use of stubs. It would then 
be desirable to make the loops slightly smaller to com. 
pensate for the wire in the adjusting stubs. The driven 
clement stub would be trimmed for length and the point 
of connection for the coax would be adjustable for best 
match. The reflector stub can be adjusted for maximum 
gain or maximum F/B ratio, depending on the builder's 
requirements, 

In the model shown only the spacing is adjusted, 
and this is not particularly critical. If the wooden sup- 
ports are made as shown, the spacing between the ele- 
ments can be adjusted for best match, as indicated by an 
SWR meter connected in the coaxial line. The spacing 


2 ° 
rr on 2 


Fig 55—Mechanical details of a 2-element quad for 
144 MHz. The driven element, Lt, is one wavelength 
long; reflector L2 is 5% longer. With the transmission 
line connected as shown here, the resulting radiation 
is horizontally polarized. Sets of elements of this type 
‘can be stacked horizontally and vertically for high gain 
with broad frequency response. Recommended bay 
spacing is ‘ls & between adjacent element sides. The 
example shown may be fed directly with 50-0 coax. 


has litle effect on the gain (fom 0.15 to 0.25 i), so the 
variation in impedance with spacing can be used for 
matching. This also permits use of either 50- or 75-2 
coax for the transmission line. 


A Portable 144 MHz 4-Element Quad 


Element spacing for quad antennas found in the lit- 
erature ranges from 0.14 2 to 0.25 A. Factors such as the 
number of elements in the array and the parameters to be 
optimized (F/B ratio, forward gain, bandwidth, etc), 
determine the optimum element spacing within this range. 
The 4-element quad antenna described here was designed 
for portable use, so a compromise between these factors 
was chosen. This antenna, pictured in Fig 56, was 
designed and built by Philip D’ Agostino, WIKSC. 
Based on several experimentally determined correction 
factors related tothe frequency of operation and the wire size 
‘optimum design dimensions were found to be as follows. 


Reflector length (ft) = 12468 (Eq 8) 
985.5 
fone Ca?) 
9373 
Directors) = 410) 


Cutting the loops for 146 MHz provides satisfac- 
tory performance across the entire 144MHz band. 
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Fig 56—The 4-clement 144-MHz portable quad, 
‘assembled and ready for operation. Sections of 
clothes closet poles joined with pine strips make 
up the mast. (Photo by Adwin Rusczek, WIMPO) 


Materials 

‘The quad was designed for quick and easy assembly 
and disassembly, a illustrated in Fig 57. Wood (clear trim 
pine) was chosen as the principal building material because 
of its light weight, low cost, and ready availability. Pine is 
used for the boom and element supporting arms. Round 
‘wood clothes closet poles comprise the mast material. Strips 
connecting the mast sections are made of heavier pine trim. 
Elements are made of no, 8 aluminum wire. Plexiglas is 
used to support the feed point. Table 17 lists the hardware 
and other parts needed to duplicate the quad. 


Constru 


n 

‘The elements of the quad are assembled first. The 
mounting holes in the boom should be drilled to accom- 
modate I'/: inch no. 8 hardware. Measure and mark the 
locations where the holes are to be drilled in the element 
spreaders, Fig $8. Drill the holes in the spreaders just 
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Fig 57—The complete portable quad, broken down for 
travel. Visible in the foreground is the driven element. 
The pine box in the background is a carrying case for 
equipment and accessories. A hole in the lid accepts 
the mast, so the box doubles as a base for a short 
mast during portable operation. (W1MPO photo) 


Table 17 
Parts List for the 144 MHz 4-element Quad 
Boom: % x % x48-in. pine 
Driven element support (spreader) 
Vex x 21% in, pine 
Driven element feed point strut: Ye x % x 7% in. pine 
Reflector support (spreader): Y4 x % x 2214 in. pine 
Director supports (spreaders): 
Vex % x 20% in. pine, 2 req 
Mast brackets: % x 1% x 12 in. heavy pine trim, 4 reqd 
Boom to mast bracket: Ye x 1"/s x § in. pine 
Element wire: Aluminum ground wire 
(Radio Shack no. 15-035) 
Wire clamps: Vin. electrician's copper or zine plated 
steel clamps, 3 req'd 
Boom hardware: 
6 no. 8-32 x 1% in. stainless steel machine screws 
6 no. 8-32 stainless steel wing nuts 
12 no. 8 stainless steel washers 
Mast hardware: 
8 hex bolts, 14-20 x 3% in 
8 hex nuts, %-20 
16 flat washers 
Mast material: 191» in. x 6 ft wood clothes closet poles, 
3 req 
Feed point support plate: 372 x 2 in. Plexiglas sheet 
Wood preparation materials: 
Sandpaper, clear polyurethane, wax 
Feed line: 52-W RG-8 or RG-58 cable 
Feed line terminals: Solder lugs for no. 8 or larger 
hardware, 2 req'd 
Miscellaneous hardware: 
4 small machine screws, nuts, washers; 2 flat-head 
‘wood screws 


large enough to accept the #8 wire elements. It is impor- 
tant to drill all the holes straight so the elements line up 
when the antenna is assembled, 

Construction of the wire elements is easiest if the 
directors are made first. A handy jig for bending the ele- 
ments can be made from a piece of 2 x 3-inch wood cut to 
the side length of the directors. It is best to start with about 
82 inches of wire for each director. The excess can be cut 
off when the elements are completed. (The total length of 
each director is 77 inches.) Two bends should initially be 
made so the directors can be slipped into the spreaders 
before the remaining corners are bent. See Fig 59. 
Electrician's copper-wire clamps can be used to join the 
wires after the final bends are made, and they facilitate 
adjustment of element length. The reflector is made the 
same way as the directors, but the total length is 86 inches. 

‘The driven element, total length 81 inches, requires 
special attention, as the feed attachment point needs to 
be adequately supported. An extra hole is drilled in the 
driven element spreader to support the feed-point strut, 
as shown in Fig 60. A Plexiglas plate is used at the feed 
point to support the feed- point hardware and the feed 
line. The feed-point support strut should be epoxied to 
the spreader, and a wood screw used for extra mechani- 
cal strength. 

For vertical polarization, locate the feed point in the 
center of one side of the driven element, as shown in 
Fig 60. Although this arrangement places the spreader 
supports at voltage maxima points on the four loop con- 
ductors, D'Agostino reports no adverse effects during 
operation. However, if the antenna is to be left exposed 
to the weather, the builder may wish to modify the 
design to provide support for the loops at current maxima 
points, such as shown in Fig 60. (The element of Fig 60 
should be rotated 90° for horizontal polarization.) 

Orient the driven element spreader so that it mounts, 
properly on the boom when the antenna is assembled. 
Bend the driven element the same way as the reflector 


'58—Dimensions for the pine element spreaders for 
the 144-MHz 4-element quad. 


and directors, but do not Ieave any overlap at the feed 
point. The ends of the wires should be /sinch apart where 
they mount on the Plexiglas plate. Leave enough excess 
that small loops can be bent in the wire for attachment to 
the coaxial feed line with stainless steel hardware 

Drill the boom as shown in Fig 61. It is a good idea 
to use hardware with wing nuts to secure the element 
spreaders to the boom. After the boom is drilled, clean 
all the wood parts with denatured alcohol, sand them, and 
give them two coats of glossy polyurethane. After the 
polyurethane dries, wax all the wooden parts. 

‘The boom to mast attachment is made next. Square the 
ends ofa 6-foot section of clothes closet pole (a miter box is 
useful for this). Drill the center holes in both the boom 


Fig 59—Illustration showing how the aluminum 
element wires are bent. The adjustment clamp and its 
location are also shown. 
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Fig 60—Layout of the driven element of the 144-MHz 
‘quad. The leads of the coaxial cable should be stripped 
{to % in. and solder lugs attached for easy connection 
and disconnection. See text regarding impedance at 
loop support points. 
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Fig 61—Detail of the boom showing hole center 
locations and boom to mast connection points. 
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Fig 62—Boom to mast plate for the 144-MHz quad. 
The screw hole in the center of the plate should be 
countersunk so the wood screw attaching it to the 
mast does not interfere with the fit of the boom. 


Fig 63—Mast coupling connector details for the 
portable quad. The plates should be drilled two at a 
1e to ensure the holes line up. 


attachment piece and one end of the mast section (Fig 62), 
‘Make certain that the mast hole is smaller than the flat-head 
screw to be used to ensure a snug fit. Accurately drill the 
holes for attachment to the boom as shown in Fig 62. 

Countersink the hole for the flat-head screw to pro- 
vide a smooth surface for attachment to the boom. Apply 
epoxy cement to the surfaces and screw the boom attacl 
ment piece securely to the mast section, One 6 foot mast 
is used for attachment to the other mast sections. 

‘Two additional 6-foot mast sections are prepared 
next. This brings the total mast height to 18 feet. It is 
important to square the ends of each pole so the mast 
stands straight when assembled. Mast-section connectors 
are made of pine as shown in Fig 63. Using 3'/2 x inch 
hex bolts, washers, and nuts, sections may be attached as 
needed, for a total height of 6, 12 or 18 feet. Drill the 
holes in two connectors ata time. This ensures good align- 
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Fig 64—Typical SWR curve for the 144MHz portable 
‘quad. The large wire diameter and the quad design 
provide excellent bandwidth 


ment of the holes. A drill press is ideal for this job, but 
with care a hand drill can be used if necessary. 

Line up two mast sections end to end, being careful 
that they are perfectly straight. Use the predrilled con- 
nectors to maintain pole straightness, and drill through 
the poles, one at a time. If good alignment is maintained, 
a straight 18-foot mast section can be made. Label the 
connectors and poles immediately so they are always 
assembled in the same order. 

‘When assembling the antenna, install all the elements 
‘on the boom before attaching the feed line. Connect the coax. 
to the screw connections on the driven element support plate 
and run the cable along the strut to the boom. From there, 
the cable should be routed directly to the mast and down, 
Assemble the mast sections to the desired height. The 
antenna provides good performance, and has a reasonable 
SWR curve over the entire 144 MHz band (Fig 64). 


Building Quagi Antennas 


The Quagi antenna was designed by Wayne 
Overbeck, NONB. He first published information on this 
antenna in 1977 (see Bibliography). There are a few tricks 
to Quagi building, but nothing very difficult or compli- 
cated is involved. In fact, Overbeck mass produced as 
many as 16 in one day. Tables 18 and 19 give the dimen- 
sions for Quagis for various frequencies up to 446 MHz 

For the designs of Tables 18 and 19, the boom is wood 
or any other nonconductor (such as, fiberglass or Plexiglas). 
If a metal boom is used, a new design and new element 
lengths will be required. Many VHF antenna builders go 
wrong by failing to follow this rule: If the original uses a 
metal boom, use the same size and shape metal boom when 
you duplicate it, fit calls for a wood boom, use a noncon- 
ductor. Many amateurs dislike wood booms, but in a salt air 
environment they outlast aluminum (and surely cost less) 
‘Vamish the boom for added protection. 

‘The 144-MHz version is usually built on a 14 foot, 
1x3 inch boom, with the boom tapered to 1 inch at both 
ends. Clear pine is best because of its light weight, but 
construction grade Douglas fir works well. At 222 MHz 
the boom is under 10 feet long, and most builders use 1 x 
2 or (preferably) ‘/ x I'/ inch pine molding stock. At 
432 MHz, except for long-boom versions, the boom 
should be '/ inch thick or less. Most builders use strips 
of '/inch exterior plywood for 432 MHz. 

The quad elements are supported at the current 
maxima (the top and bottom, the latter beside the feed 
point) with Plexiglas or small strips of wood. See Fig 68. 
‘The quad elements are made of #12 copper wire, com- 
monly used in house wiring. Some builders may elect to 
use #10 wire on 144 MHz and #14 on 432 MHz, although 


this changes the resonant frequency slightly. Solder a type 
N connector (an $0-239 is often used at 144 MHz) at the 
midpoint of the driven clement bottom side, and close 
the reflector loop. 


Table 19 
432MHz, 15-Element, Long Boom Quagi 
Construction Data 


Element Lengths, Interelement Spacing, 


Inches Inches 
R28 R-DE? 
DE—26% DE-DI—5¥« 
DIm11%4 D1-D2—11 
D21—Nhe D2-D3—5'ls 
D3—11%6 D3-D4—8/. 
DE—1t% D4-D5—B%/. 
DS—11 4 DS-D6—8%/. 
DE—A1% D6-D7—12 
DI-11% D7-De—12 
Da—11% D8-D9—1t. 
DOA D9-D10—11'2 
DIO—A1% D10-D11—9%/se 
D111 D11-D12—12% 
DiI2—11 D12-D13—1-% 
DISA ie 


Boom: 1 x 2in. x 12-ft Douglas fir, tapered to “Is in. at 
both ends. 

Driven element: #12 TW copper wire loop in square 
Configuration, fed at bottom center with type N connector 
and 52-0) coax. 

Reflector: #12 TW copper wire loop, closed at bottom. 
Directors: '/ in. rod passing through boom. 


Table 18 
Dimensions, Eight-Element Quagi 
Element Frequency 
Lengths 144.5 MHz 147 MHz 222 MHz 446 MHz 
Reflector! 86%" 27%" 
Driven? 82" 2571" 
Directors 351)" 417 

to 35" in 11% in 

“Ye” steps 

Spacing 
R-DE 68" 
DE-D1 51 
D1-D2 10.7" 
2-D3 5.68" 
03-4 3.46" 
D4-D5, 8.46" 
D5-D6 26.1" 8.46" 
Stacking Distance Between Bays 

1" 10°10" 37" ee 


1 All #12 TW (electrical) wir, closed loops. 
2 All #12 TW wire loops, fed at bottom. 
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‘The directors are mounted through the boom. They 
can be made of almost any metal rod or wire of about 
Ye-inch diameter. Welding rod or aluminum clothesline 
wire works well if straight. (The designer uses "/+-inch 
stainless-steel rod obtained from an aircraft surplus store.) 

ATV type U bolt mounts the antenna on a mast. A 
single machine screw, washers and a nut are used to 
secure the spreaders to the boom so the antenna can be 
quickly “flattened” for travel. In permanent installations 
two screws are recommended. 


Construction Reminders 

Based on the experiences of Quagi builders, the fol- 
lowing hints are offered. First, remember that at 432 MHz 
even a ‘/-inch measurement error resulls in performance 
deterioration. Cut the loops and elements as carefully as 
possible. No precision tools are needed, but accuracy is nec- 


Fig 65—A close-up view of the feed method used on a 
432-MHz Quagi. This arrangement produces a low SWR 
and gain in excess of 13 dBi with a 4-ft 10-in. boom! 
‘The same basic arrangement is used on lower 
frequencies, but wood may be substituted for the 
Plexiglas spreaders. The boom is Yin. ext 

plywood, 


essary, Also make sure to get the elements in the right or- 
der. The longest director goes closest to the driven element. 

Finally, remember that a balanced antenna is being 
fed with an unbalanced line. Every balun the designer 
tried introduced more trouble in terms of losses than the 
feed imbalance caused. Some builders have tightly coiled 
several turns of the feed line near the feed point to limit 
line radiation. In any case, the feed line should be kept at 
right angles to the antenna. Run it from the driven ele- 
ment directly to the supporting mast and then up or down, 
perpendicularly for best results, 


QUAGIS FOR 1296 MHz 


The Quagi principle has recently been extended to 
the 1296-MHz band, where good performance is 
extremely difficult to obtain from homemade conventional 
Yagis. Fig 66 shows the construction and Table 20 gives 
the design information for antennas with 10, 15 and 25 
elements. 

‘At 1296 MHz, even slight variations in design or 
building materials can cause substantial changes in per- 
formance. The 1296 MHz antennas described here work 
every time—but only if the same materials are used and 
the antennas are built exactly as described. This is not to 
discourage experimentation, but if modifications to these 
1296-MHz. antenna designs are contemplated, consider 
building one antenna as described here, so a reference is 
available against which variations can be compared, 

The Quagis (and the cubical quad) are built on 
YJcinch thick Plexiglas booms. The driven element and 
reflector (and also the directors in the case of the cubical 
quad) are made of insulated #18 AWG solid copper bell 
wire, available at hardware and electrical supply stores. 
Other types and sizes of wire work equally well, but the 
dimensions vary with the wire diameter. Even removing 
the insulation usually necessitates changing the loop 
lengths. 

Quad loops are approximately square (Fig 67), 
although the shape is relatively uncritical. The element 
lengths, however, are critical. At 1296 MHz, variations 
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Fig 66—A view of the 
10-element version of 
the 1296-MHz Quagi. It 

mounted on a 30-in. 


3 x 3:in, square of 
< Plexiglas to support 
the driven element and 
~ | reflector. Note how the 
driven element is 
Al attached to a standard 
UG-290 BNC 
connector. The 
elements are held in 
place with silicone 
sealing compound. 


of "he inch alter the performance measurably, and a 
‘1 inch departure can cost several decibels of gain. The 
loop lengths given are gross lengths. Cut the wite o these 
lengths and then solder the two ends together. There is a 
‘j-inch overlap where the two ends of the reflector (and 
director) loops are joined, as shown in Fig 67. 

‘The driven element is the most important of all. The 
#18 wire loop is soldered to a standard UG-290 chassis- 
mount BNC connector as shown in the photographs. This 
exact type of connector must be used to ensure unifor- 


Table 20 
Dimensions, 1296-MHz Quagi Antennas 

Note: All lengths are gross lengths. See text and photos. 
for construction technique and recommended overlap at 
loop junctions. All loops are made of #18 AWG solid- 
covered copper bell wire. The Yagi type directors are 
‘hein. brass brazing rod. See text for a discussion of 
director taper. 

Feed: Direct with 52-0 coaxial cable to UG-290 connec- 
tor at driven element; run coax symmetrically to mast at 
rear of antenna, 

Boom: 1'/«in. thick Plexiglas, 30 in. long for 10-element 
{quad or Quagi and 48 in. long for 15-element Quagi; 84 
in. for 25-element Quagi 

10-Element Quagi for 1296 MHz 


Length, Interelement 
Element Inches Construction Element Spacing, In. 
Reflector 9.5625 Loop RDE 2.375 
Driven 9.25 Loop. DE-D1 20 
Director 1 391 Brass rod 1-23.67 
Director 2 388 Brass rod 2-31.96 
Director 3 386 Brass rod 3-4 2.92 

3.83 Brassrod D4-DS 2.92 

3.80 Brassrod D5-DB_ 2.92 

3.78 Brassrod D6-D7? 4.75 
Direstor7 375  Brassrod 7-83.94 
Director 8 3.72 Brass rod 


15-Element Quagi for 1296 MHz 
‘The first 10 elements are the same lengths as above, 
but the spacing from D6 to D7 is 4.0 in.; 07 to DB is also 
4.0 in, 


Director 9 3.70 D8-D9 3.75 
Director 10 3.67 D9-Di0 3.83 
Director 11 3.64 D10-D11 3.06 
Director 12 3.62 Di1-D12 4.125, 
Director 13 3.59 Di2D13 4.58 


25-Element Quagi for 1296 MHz 

‘The first 15 elements use the same element lengths and 
spacings as the 15-element model. The additional 
directors are evenly spaced at 3.0-in. intervals and taper 
in length successively by 0.02 in. per element. Thus, D23, 
is $.39 in 


mity in construction. Any substitution may alter the driven 
clement electrical length. One end of the 9'/ inch driven 
loop is pushed as far as it can go into the center pin, and 
is soldered in that position. The loop is then shaped and 
threaded through small holes drilled in the Plexiglas sup- 
port. Finally, the other end is fed into one of the four 
mounting holes on the BNC connector and soldered. In 
most cases, the best SWR is obtained if the end of the 
wire just passes through the hole so it is flush with the 
opposite side of the connector flange. 


Fig 67—These photos show the construction method 
Used for the 1296-MHz quad type parasitic elements. 
The two ends of the #18 bell wire are brought together 
with an overlap of "ein. and soldered. 
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Loop Yagis for 1296 MHz 


Described here are loop Yagis for the 1296-MHz 
band. The loop Yagi fits into the quad family of anten- 
nas, as each element is a closed loop with a length of 
approximately 1 2. Several versions are described, so the 
builder can choose the boom length and frequency cov- 
erage desired forthe task at hand. Mike Walters, G33VL, 
brought the original loop- Yagi design to the amateur com- 
munity in the 1970s. Since then, many versions have been 
developed with different loop and boom dimensions. Chip 
Angle, N6CA, developed the antennas shown here. 
Three sets of dimensions are given. Good perfor- 
mance can be expected if the dimensions are carefully 
followed. Check all dimensions before cutting or drilling 
anything. The 1296-MHz version is intended for weak- 
signal operation, while the 1270-MHz version is op 
mized for FM and mode L satellite work. The 1283-MHz 


antenna provides acceptable performance from 1280 to 
1300 MHz. 

‘These antennas have been built on 6- and 12-foot 
booms. Results of gain tests at VHF conferences and by 
individuals around the country show the gain of the 
6-foot model to be about 18 dBi, while the 12-foot ver- 
sion provides about 20.5 dBi. Swept measurements indi. 
cate that gain is about 2 dB down from maximum gain at 
430 MHz from the design frequency. The SWR, how 
ever, deteriorates within a few megahertz on the low side 
of the design center frequency. 


The Boom 


‘The dimensions given here apply only to a %-inch 
OD boom. If a different boom size is used, the dimen- 
sions must be scaled accordingly. Many hardware stores 
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Fig 68—Loop Yagi boom-to-mast plate details are given at A. At B, the mounting of the antenna to the mast is 
detailed. A boom support for long antennas is shown at C. The arrangement shown in D and E may be used to 


rear-mount antennas up to 6 or 7 ft long. 


18-48 Chapter 18 


servers deployed at the distributed site, while others could be in the central data 
center of clase to Intemet peering poinls. The selection of the site for the SGi func- 
tions is camied out by the central orchestration system, which steers traffic inte ser- 
vice chains on « per subscriber, application, bearer, device or combination basis, 


Figure 10: Distributed User-Plane at Edge Data Centers 
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Source: Affirmed Networks 


This model of discrete control- and user-plane functions is expected to be funda- 
mental to SG and the NG Core. In this sense, CUPS can be viewed as an important 
part of a 5SG-ready investment strategy, 


A 5G-Ready Core Is Now a Priority 


The industry now has a reasonable view of 5G service requirements, and progressive 
operators with aggressive deployment timelines are now working to prepare their 
networks for rapid deployment of SG when equipment is available. This is diving 
investment in the critical IP services network needed to connect the edge cloud 
locations that willrun 5G network functions, content and services 


On the mobile core side, development of cloud-native, service-orientated core net- 
works for advanced 4G and 5G networks is underway. Network slicing provides a 
conceptual bridge between 4G and 5G investment and facilitates a faster insertion 
of new services into the network. Similarly, CUPS provides a reference for NG Core 
and the new SG network architecture. With a 5G-ready technology strategy, oper 
ators can prepare for SG service launch in a way that optimizes their investment in 
next-generation IP and mabile core platforms over the next three years, 


HEAVY READING | SEPTEMBER 2016 | WHITEPAPER | DESIGNING 5G-READY MOBILE CORE NETWORKS 
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Fig 69—Boom drilling dimensions. These dimensions must be carefully followed and the same materials used it 
performance is to be optimum. Element spacings are the same for all directors after Dé—use as many as 


necessary to fill the boom. 
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Fig 70—Parasitic elements for the loop Yagi are made 


from aluminum sheet, the driven element from copper 
sheet. The dimensions given are for ¥é-in. wide by 
0.0325-in. thick elements only. Lengths specified are 
hole to hole distances; the holes are located ‘ein. from 
each element end. 


carry aluminum tubing in 6- and 8-foot lengths, and that 
tubing is suitable for a short Yagi. If'a 12-foot antenna is 
planned, find a piece of more rugged boom material, such 
as 6061-T6 grade aluminum. Do not use anodized tub- 
ing. The 12foot antenna must have additional boom sup- 
port to minimize boom sag. The 6 foot version can be 
rear mounted. For rear mounting, allow 4"/2 inches of 
boom behind the last reflector to eliminate SWR effects 
from the support 

‘The antenna is attached to the mast with a gusset 
plate. This plate mounts at the boom center. See Fig 68. 
Drill the plate mounting holes perpendicular to the ele. 
ment mounting holes (assuming the antenna polarization 
is to be horizontal) 

Elements are mounted to the boom 


th no. 4-40 


3/4°00 8000 
Te" wan 


machine screws, so a series of no. 33 (0.1 13inch) holes, 
must be drilled along the center of the boom to accom. 
modate this hardware. Fig 69 shows the element spac- 
ings for different parts of the band. Dimensions should 
be followed as closely as possible. 


Parasitic Elements 


‘The reflectors and directors are cut from 0.032-inch 
thick aluminum sheet and are '/: inch wide. Fig 70 indi- 
cates the lengths for the various elements. These lengths 
apply only to elements cut from the specified material, 
For best results, the element strips should be cut with a 
shear. If the edges are left sharp, birds won't sit on the 
elements, 

Drill the mounting holes as shown in Fig 70 after 
carefully marking their locations. After the holes are 
drilled, form each strap into a circle, This is easily done 
by wrapping the element around a round form. (A small 
juice can works well.) 

Mount the loops to the boom with no. 4-40 x I-inch 
machine screws, lock washers and nuts. See Fig 71. It is, 
best to use only stainless steel or plated-brass hardware. 
Although the initial cost is higher than for ordinary plated- 
steel hardware, stainless or brass hardware will not rust 
and need replacement after a few years. Unless the antenna 
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is painted, the hardware will definitely deteriorate. 


Driven Element 


‘The driven element is cut from 0.032-inch copper 
sheet and is /« inch wide. Drill three holes in the strap as 
detailed in Fig 69. Trim the ends as shown and form the 
strap into a loop similar to the other elements. This 
antenna is like a quad; if the loop is fed at the top or 
bottom, it is horizontally polarized. 

Driven clement mounting details are shown in Fig 
72. A mounting fixture is made from a '/-20 x 1'/ inch 
brass bolt. File the bolt head to a thickness of 'Vs inch. 
Bore a 0.144-inch (no. 27 drill) hole lengthwise through 
the center of the bolt. A piece of 0.141 inch semi-rigid 
Hardline (UT-141 or equivalent) mounts through this hole 
and is soldered to the driven loop feed point. The point at 
which the UT-141 passes through the copper loop and brass 
mounting fixture should be left unsoldered at this time to 
allow for matching adjustments when the antenna is com- 
pleted, although the range of adjustment is not very large. 

‘The UT-141 can be any convenient length. Attach 
the connector of your choice (preferably type N). Use a 
short piece of low-loss RG-8 size cable (or '/s-inch 
Hardline) for the run down the boom and mast to the main 
feed line. For best results, the main feed line should be 
the lowest loss 50-Q cable obtainable. Good “/s-inch 
Hardline has 1.5 dB of loss per 100 feet and virtually 
eliminates the need for remote mounting of the transmit 
converter or amplifier. 


Tuning the Driven Element 

If the antenna is built carefully to the dimensions 
given, the SWR should be close to 1:1. Just to be sure, 
‘check the SWR if you have access to test equipment. Be 
sure the signal source is clean, however, wattmeters 
respond to mnals and can give erroneous read- 
ings. If problems are encountered, recheck all dimensions. 
If they look good, a minor improvement may be realized 
by changing the shape of the driven element. Slight bend- 
ing of reflector 2 may also improve the SWR. When the 
desired match has been obtained, solder the point where 
the UT-141 jacket passes through the loop and brass bolt 


Tips for 1296-MHz Antenna Installations 
Construction practices that are common on lower fre- 
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Coon 520 


Fig 72—Driven-element details. See Fig 70 and the text 
{for additional information. 


quencies cannot be used on 1296 MHz. This is the most, 
important reason why all who venture to these frequen- 
cies are not equally successful. First, when a proven 
design is used, copy it exactly%don't change anything. 
This is especially true for antennas. 

Use the best feed line you can get. Here are some 
realistic measurements of common coaxial cables at 
1296 MHz (loss per 100 feet). 


RG-8, 213, 214: 11 dB 
Yain, foam/copper Hardline: 4 dB 
“fain. foam/copper Hardline: 1.5 dB 


Mount the antennas to keep feed line losses to an 
absolute minimum. Antenna height is less important than 
keeping the line losses low. Do nor allow the mast to pass 
through the elements, as is common on antennas for lower 
frequencies. Cut all U-bolts to the minimum length 
needed: '/ % at 1296 MHz is only a little over 2 inches. 
Avoid any unnecessary metal around the antenna. 


Trough Reflectors for 432 and 1296 MHz 


Dimensions are given in Fig 73 for 432- and 1296- 
MHz trough reflectors. The gain to be expected is 16 dBi 
and 15 dBi, respectively. A very convenient arrangement, 
especially for portable work, is to use a metal hinge at 
each angle of the reflector. This permits the reflector to 
be folded flat for transit. It also permits experiments to 
be carried out with different apex angles, 

‘Anhousing is required at the dipole center to prevent 
the entry of moisture and, in the case of the 432-MHz 
antenna, to support the dipole elements. The dipole may 
be moved in and out of the reflector to get either mini- 
mum SWR or, if this cannot be measured, maximum gain. 
If a two-stub tuner or other matching device is used, the 
dipole may be placed to give optimum gain and the ma 


ing device adjusted to give optimum match, In the case 
of the 1296-MHz antenna, the dipole length can be 
adjusted by means of the brass screws at the ends of the 
elements. Locking nuts are essential, 

The reflector should be made of sheet aluminum 
for 1296 MHz, but can be constructed of wire mesh (with 
twists parallel to the dipole) for 432 MHz. To increase 
the gain by 3 dB, a pair of these arrays can be stacked 
so the reflectors are barely separated (to prevent the for- 
mation of a slot radiator by the edges). The radiating 
dipoles must then be fed in phase, and suitable feeding 
and matching must be arranged. A two-stub tuner can 
be used for matching either a single- or double-reflector 
system, 
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Fig 73—Practical construction information for trough reflector antennas for 432 and 1296 MHz. 
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A Horn Antenna for 10 GHz 


‘The horn antenna is the easiest antenna for the 
beginner on 10 GHz to construct. It can be made out of 
readily available flat sheet brass. Because itis inherently 
a broadband structure, minor constructional errors can 
be tolerated. The one drawback is that horn antennas 
become physically cumbersome at gains over about 
25 dBi, but for most line-of-sight work this much gain is, 
rarely necessary. This antenna was designed by Bob 
Atkins, KAIGT, and appeared in OST for April and May, 
1987. 

Horn antennas are usually fed by waveguide. When 
operating in its normal frequency range. waveguide 
‘propagation isin the TE jy mode. This means thatthe elec- 
tric (E) field is across the short dimension of the guide 
and the magnetic (H) field is across the wide dimension 
‘This is the reason for the E-plane and H-plane terminol- 
‘ogy shown in Fig 74. 

There are many varieties of horn antennas. If the 
waveguide is flared out only in the H-plane, the horn is 
called an H-plane sectoral horn. Similarly, if the flare is 
only in the E-plane, an Eplane sectoral horn results. If 
the flare is in both planes, the antenna is called a pyrami- 
dal horn. 

For a horn of any given aperture, directivity (gain 
along the axis) is maximum when the field distribution 
across the aperture is uniform in magnitude and phase 
When the fields are not uniform, side lobes that reduce 
the directivity of the antenna are formed. To obtain a 
uniform distribution, the horn should be as long as pos- 
sible with minimum flare angle. From a practical point 
‘of view, however, the horn should be as short as possible, 
so there is an obvious conflict between performance and 

Fig 75 illustrates this problem. For a given flare 
angle and a given side length, there is a path-length dif- 
ference from the apex of the horn to the center of the 
aperture (L), and from the apex of the horn to the edge of 
the aperture (L'). This causes a phase difference in the 
field across the aperture, which in turn causes formation 
of side lobes, degrading directivity (gain along the axis) 
of the antenna. If L is large this difference is small, and 
the field is almost uniform. As L decreases however, the 
phase difference increases and directivity suffers. An 
‘optimum (shortest possible) horn is constructed so that 
this phase difference is the maximum allowable before 
side lobes become excessive and axial gain markedly 
decreases. 

‘The magnitude of this permissible phase difference 
is different for E-plane and H-plane horns. For the 
E-plane horn, the field intensity is quite constant across 
the aperture. For the H-plane horn, the field tapers to zer0 
atthe edge. Consequently, the phase difference at the edge 
of the aperture in the E-plane horn is more critical and 
should be held to less than 90° ('/:2). In an H-plane hora, 
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the allowable phase difference is 144° (0.4 2). IF the 
aperture of a pyramidal horn exceeds one wavelength in 
both planes, the Eplane and Hplane patterns are essen- 
tially independent and can be analyzed separately. 

‘The usual direction for orienting the waveguide feed 
is with the broad face horizontal, giving vertical polar- 
ization. If this is the case, the H-plane sectoral horn has 
a narrow horizontal beamwidth and a very wide vertical 
beamwidth. This is not a very useful beam pattern for 
‘most amateur applications. The E-plane sectoral horn has 
a narrow vertical beamwidth and a wide horizontal 
beamwidth. Such a radiation pattern could be useful in a 
beacon system where wide coverage is desired. 

‘The most useful form of the horn for general appli- 
cations is the optimum pyramidal horn. In this configura- 
tion the two beamwidths are almost the same. The E-plane 
(vertical) beamwidth is slightly less than the H-plane (hori- 
zontal), and also has greater side lobe intensity 


e-Pene 


Fig 74—10-GHz antennas are usually fed with 
waveguide. See text for a discussion of waveguide 
propagation characteristics. 


Fig 75—The path-length (phase) difference between 
the center and edge of a horn antenna is 8. 


Building the Antenna 

‘A 10-GHz pyramidal horn with 18.5 dBi gain is 
shown in Fig 76. The first design parameter is usually the 
required gain, or the maximum antenna size. These are of, 
course related, and the relationships can be approximated 
by the following: 


H.plane length (2) = 0.0654 X gain (Eq!) 
A= Heplane aperture (2) = 0.0443 x gain (E42) 
B=E-plane aperture (2) = 0.81 A (Eq3) 


where 
gain is expressed as a ratio; 20 dBi gain = 100 
L, A and B are dimensions shown in Fig 77. 


From these equations, the dimensions for a 20-dBi 
gain horn for 10.368 GHz. can be determined. One wave- 
length at 10.368 GHz is 1.138 inches. The length (L) of 
such a horn is 0.0654 x 100 = 6.54 A. At 10.368 GHz, 
this is 7.44 inches. The corresponding H-plane aperture 
(A) is 4.43 2 (6.04 inches), and the E-plane aperture (B), 
4.08 inches. 

‘The easiest way to make such a horn is to cut pieces 
from brass sheet stock and solder them together. Fig 77 
shows the dimensions of the triangular pieces for the sides 
and a square piece for the waveguide flange. (A standard 
commercial waveguide flange could also be used.) 
Because the E-plane and H-plane apertures are different, 
the horn opening is not square. Sheet thickness is unim- 
portant; 0.02 to 0.03 inch works well. Brass sheet is 
often available from hardware or hobby shops. 

Note that the triangular pieces are trimmed at the 
apex to fit the waveguide aperture (0.9 x 0.4 inch). This 
necessitates that the length, from base to apex, of the 
smaller triangle (side B) is shorter than that of the larger 
(side A), Note that the length, S, of the two different sides 
Of the horn must be the same if the horn is to fit together! 
For such a simple looking object, getting the parts to fit 
together properly requires careful fabrication. 

‘The dimensions of the sides can be calculated with 
simple geometry, but itis easier to draw out templates on 
fa sheet of cardboard first. The templates can be used to 
build a mock antenna to make sure everything fits together 
properly before cutting the sheet brass. 

First, mark out the larger triangle (side A) on card~ 
board. Determine at what point its width is 0.9 inch and 
draw a line parallel to the base as shown in Fig 77. Mea- 
sure the length of the side S; this is also the length of the 
sides of the smaller (side B) pieces 

Mark out the shape of the smaller pieces by first 
drawing a line of length B and then constructing a sec- 
‘ond line of length S. One end of line S is an end of line 
B, and the other is 0.2 inch above a line perpendicular to 
the center of line B as shown in Fig 76. (This procedure 
is much more easily followed than described.) These 
smaller pieces are made slightly oversize (shaded area in 
Fig 77) so you can construct the horn with solder seams 
‘on the outside of the horn during assembly. 


Fig 76—This pyramidal horn has 18.5 dBi gain at 
10 GHz. Construction details are given in the text. 
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Fig 77—Dimensions of the brass pieces used to make 
the 10-GHz horn antenna. Construction requires two of 
each of the triangular pieces (side A and side B). 
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Cut out two cardboard pieces for side A and two for 
side B and tape them together in the shape of the horn, 
The aperture at the waveguide end should measure 0.9 x 
0.4 inch and the aperture at the other end should measure 
5.04 x 4.08 inches. 

If these dimensions are correct, use the cardboard 
templates to mark out pieces of brass sheet. The brass 
sheet should be cut with a bench shear if one is available, 
because scissors type shears tend to bend the metal. Jig 
the pieces together and solder them on the outside of the 
seams. It is important to keep both solder and rosin from 
contaminating the inside of the horn; they can absorb RF 
and reduce gain at these frequencies, 

Assembly is shown in Fig 78. When the horn is com- 
pleted, it can be soldered to a standard waveguide flange, 
or one cut out of sheet metal as shown in Fig 77. The 
transition between the flange and the horn must be 
smooth. This antenna provides an excellent performance- 
to-cost ratio (about 20 dBi gain for about five dollars in 
parts) 


Fig 78—Assembly of the 
10-GHz horn antenna. 
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Periscope Antenna Systems 


One problem common to all who use microwaves is 
that of mounting an antenna at the maximum possible 
height while trying to minimize feed-line losses. The 
higher the frequency, the more severe this problem be- 
comes, as feeder losses increase with frequency. Because 
parabolic dish reflectors are most often used on the higher 
bands, there is also the difficulty of waterproofing feeds 
(particularly waveguide feeds). Inaccessibility of the dish 
is also a problem when changing bands. Unless the tower 
is climbed every time and the feed changed, there must be 
a feed for each band mounted on the dish. One way around 
these problems is to use a periscope antenna system (some~ 
times called a “flyswatter antenna”). 

‘The material in this section was prepared by Bob 
Atkins, KAIGT, and appeared in QST for January and 
February 1984. Fig 79 shows a schematic representation 
of a periscope antenna system. A plane reflector is 
mounted at the top of a rotating tower at an angle of 45°, 
This reflector can be elliptical with a major to minor axis 
ratio of 1.41, or rectangular. At the base of the tower is 
mounted a dish or other type of antenna such as a Yagi, 
pointing straight up. The advantage of such a system is 
that the feed antenna can be changed and worked on eas- 
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ily. Additionally, with a correct choice of reflector size, 
dish size, and dish to reflector spacing, feed losses can 
be made small, increasing the effective system gain. In 
fact, for some particular system configurations, the gain 
of the overall system can be greater than that of the feed 
antenna alone. 


Gain of a Periscope System 

Fig 80 shows the relationship between the effective 
gain of the antenna system and the distance between the 
reflector and feed antenna for an elliptical reflector. At 
first sight, itis not at all obvious how the antenna system 
can have a higher gain than the feed alone. The reason 
lies in the fact that, depending on the feed to reflector 
spacing, the reflector may be in the near field (Fresnel) 
region of the antenna, the far field (Fraunhoffer) region, 
or the transition region between the two. 

In the far field region, the gain is proportional to the 
reflector area and inversely proportional to the distance 
between the feed and reflector. In the near field region, 
seemingly strange things can happen, such as decreasing 
gain with decreasing feed to reflector separation. The 
reason for this gain decrease is that, although the reflec- 
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Fig 79—The basic periscope antenna. This design 
makes it easy to adjust the feed antenna, 


toris intercepting more of the energy radiated by the feed, 
it does not all contribute in phase at a distant point, and 
so the gain decreases. 

In practice, rectangular reflectors are more common 
than elliptical. A rectangular reflector with sides equal 
in length to the major and minor axes of the ellipse will, 
in fact, normally give a slight gain increase. In the far 
field region, the gain will be proportional to the area of 
the reflector. To use Fig 80 with a rectangular reflector, 
R? may be replaced by A / x, where A is the projected 
area of the reflector. The antenna pattern depends in a 
complicated way on the system parameters (spacing and 
size of the elements), but Table 21 gives an approxima. 
tion of what to expect. R is the radius of the projected 
circular area of the elliptical reflector (equal to the 
minor axis radius), and b is the length of the side of the 
projected square area of the rectangular reflector (equal 
to the length of the short side of the rectangle). 

For those wishing a rigorous mathematical analysis 
of this type of antenna system, several references are given 
in the Bibliography at the end of this chapter. 


Mechanical Considerations 

‘There are some problems with the physical constru 
tion of a periscope antenna system. Since the antenna gain 
of a microwave system is high and, hence, its beamwidth 
narrow, the reflector must be accurately aligned. If the 
reflector does not produce a beam that is horizontal, the 
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Fig 80—Gain of a periscope antenna using a plane elliptical reflector (after Jasik—see Bibliography). 


VHF and UHF Antenna Systems 18-55 


Table 21 
Radiation Patterns of Periscope Antenna Systems 
Elliptical Rectangular 
Reflector —_Retlector 
3-48 beamwidth, BONAR = 82. 
degrees 
6-08 beamwidth, 822R 6B Ab 
degrees 
First minimum, 73M2R S58. 
degrees from axis 
First maximum, 9542R 84 Ab 
degrees from axis 
Second minimum,  130/2R 116 Nb 
degrees from axis 
Second maximum, 156 N/2R 142 Ab 
degrees from axis 
Third minimum, 18502R 174 2b 


degrees from axis 


Fig 81—Commercial periscope antennas, such as this 
one, are often used for point-to-point communication. 


useful gain of the system will be reduced. From the 
‘geometry of the system, an angular misalignment of the 
reflector of X degrees in the vertical plane will result in an 
angular misalignment of 2X degrees in the vertical align- 
ment of the antenna system pattern, Thus, for a dish point- 
ing straight up (the usual case), the reflector must be at an 
angle of 45° to the vertical and should not fluctuate from 
factors such as wind loading. 

The reflector itself should be flat to better than '/so 
‘for the frequency in use. It may be made of mesh, pro- 
vided that the holes in the mesh are also less than “io Ain 
diameter. A second problem is getting the support mast 
to rotate about a truly vertical axis. If the mast is not 
vertical, the resulting beam will swing up and down from 
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the horizontal as the system is rotated, and the effective 
gain at the horizon will fluctuate. Despite these prob- 
Jems, amateurs have used periscope antennas success- 
fully on the bands through 10 GHz. Periscope antennas 
are used frequently in commercial service, though usu- 
ally for point-to-point transmission. Such a commercial 
system is shown in Fig 81. 

Circular polarization is not often used for terrestrial 
work, but iit is used with a periscope system there is an 
important point to remember. The circularity sense 
changes when the signal is reflected. Thus, for right hand 
circularity with a periscope antenna system, the feed 
arrangement on the ground should produce left hand cir- 
cularity. It should also be mentioned that it is possible 
(though more difficult for amateurs) to construct a peri- 
scope antenna system using a parabolically curved 
reflector. The antenna system can then be regarded as an 
offset fed parabola. More gain is available from such a 
system at the added complexity of constructing a para- 
bolically curved reflector, accurate to "wh. 
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Antenna 


Systems 


for Space 
Communications 


When we consider amateur space communications, 
we usually think about two basic modes: satellite and 
carth-moon-earth (EME—also referred to as moon 
bounce). At their essence, both modes communicate 
using one of the Earth’s satellites—our natural satellite 
(the Moon) or one of a variety of manmade satellites. 

‘There are two main differences between these satel: 
lites. The first is one of distance. The Moon is about 
250,000 miles from Earth, while man-made satellites can 
be as far as 36,000 miles away. This 7:1 difference in 
distance makes a huge difference in the signals that, 
arrive at the satellite, since transmission loss varies as 
the square of the distance. In other words, the signal 
arriving at the Moon is 20 dB weaker than that arriving at 
a -geo-synchronous satellite 25,000 miles high, due to 
distance alone. 

‘The second difference between the Moon and a man. 
made satellite is that the Moon is a passive reflector 
and not a very good one at that, since it has a craggy and 
rather irregular surface, at least when compared to a flat 
mirror-like surface that would make an ideal reflector. 
Signals scattered by the Moon's irregular surface are thus 
weaker than for better reflecting surfaces. By compari 
son, a man-made satellite is an active system, where the 
satellite receives the signal coming from Earth, amplifies 
it and then retransmits the signal (usually at a different 
frequency) using a high-gain antenna. Think of a satel: 
lite as an ideal reflector, with gain, 

‘The net result of these differences between a man. 
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made satellite and the Earth’s natural satellite is that 
moonbounce (EME) operation challenges the station 
builder considerably more than satellite operation, par- 
ticularly in the area of antennas. Successful EME requires 
high transmitting power, superb receiver sensitivity and. 
excellent operators capable of pulling weak signals out 
of the noise. This chapter will first explore antennas suit: 
able for satellite operations and then describe techniques 
needed for EME work. 


Common Ground 


There are areas of commonality between satellite 
and EME antenna requirements, of course. Both require 
consideration of the effects of polarization and elevation 
angle, along with the azimuth directions of transmitted 
and received signals. 

On the HF bands, signal polarization is generally of 
little concern, since the original polarization sense is lost. 
after the signal passes through the ionosphere. At HF, 
vertical antennas receive sky-wave signals emanating 
from horizontal antennas, and vice versa. It is not bene: 
ficial to provide a means of varying the polarization at 
HE. With satellite communications, however, because of 
polarization changes, a signal that would disappear into 
the noise on one antenna may be $9 on one that is not 
sensitive to polarization direction, Elevation angle is also 
important from the standpoint of tracking and avoiding 
indiscriminate ground reflections that may cause nulls in 
signal strength. 
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Antennas for Satel 


We have amateur satellites providing links from 
2 meters and up, and these provide opportunities to use 
antennas of many types—from the very simple to some 
pretty complex ones. This section was written by Dick 
Jansson, WD4FAB. It covers descriptions of a wide range 
of satellite antennas and points operators to source mate~ 
rial for construction of many of them, 


Antennas for LEO Satellites 


Antenna design and construction requirements for 
use with Amateur satellites vary from low-gain antenna 
for low-earth-orbit (LEO) satellites to higher-gain anten- 
nas for the high-altitude elliptical-orbit satellites. You can 
operate the FM LEO satellites with a basic dual-band 
VHF/UHF FM transceiver or even a good FM H-T, 
some amateurs have managed. Assuming that the trans- 
ably sensitive, you can even use a good 
intenna, Some amateurs manage to work 
the FM birds with H-Ts and a multi-element directional 
antenna such as the popular Arrow Antenna, Fig 1. Of 
course, this means they must aim their antennas at the 
satellites, even as they cross overhead, 

High-quality omnidirectional antennas for LEO ser- 
vice come in quite a number of forms and shapes. M? 
Enterprises has their EB-144 and EB-432 Eggbeater 
antennas, which have proven to be very useful and do not 
require any rotators for control. See Fig 2. The turnstile- 
over-reflector antenna has been around for a long time, as 
shown in Fig 3. Other operators have done well using low- 
gain Yagi antennas, such as those shown in Fig 4. 

For even better performance, at the modest cost of a 
single, simple TV antenna rotator, check out the fixed- 
elevation Texas Potato Masher antenna by KSOE, Fig 5. 
This antenna provides a dual-band solution for medium- 
gain directional antennas for LEO satellites. This is a con- 
siderable improvement over omnidirectional antennas and 
does not require an elevation rotator for good performance, 

There are still two LEO satellites that work on the 
10-meter band, RS-15 and the newly resurrected AO-7. 
Both have 10-meter downlinks in the range of 29.3 to 
29.5 MHz. Low-gain 10-meter antennas, such as dipoles 
or long-wire antennas, are used to receive these satellites, 


Antennas for High-Altitude Satellites 

‘The high-altitude, Phase-3 satellites, such as AO-10 
(and the late AO-13), have been around for quite a num- 
ber of years. The greater distances to the Phase-3 satel- 
lites mean that more transmitted power is needed to access, 
them and weaker signals are received on the ground. Suc- 
cessful stations usually require ground-station antenna 
with significant gain (12 dBi or more), such as a set of 
high-gain Yagi antennas. See Fig 6. Note the use of two 
Yagi antennas mounted on each boom to provide circu 
lar polarization, usually referred to as CP. 
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Fig 1—The hand-held “Arrow” gain antenna is popular 
for LEO FM operations. (Photo courtesy The AMSAT 
Journal, Sept/Oct 1998.) 


Fig 2—Eggbeater antennas are popular for base station 
LEO satellite operations. This EB-432 eggbeater 
antenna for 70 cm is small enough to put in an attic. 
‘Antenna gain pattern is helped with the radials placed 
below the antenns 
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Fig 3—The Turnstile Over Reflector antenna has served 
well for LEO satellite service for a number of years. 


Fig 4—Simple 
ground plane 
and Yagi 
itennas can 
be used for 
LEO satellite 
contacts. 


CIRCULAR POLARIZATION 


Linearly polarized antennas are horizontal or verti- 
cal in terms of the antenna’s position relative to the sur- 
face of the Earth, a reference that loses its meaning in 
space. The need to use circularly polarized (CP) anten- 
nas for space communications is well established. If 
spacecraft antennas used linear polarization, ground sta- 
tions would not be able to maintain polarization align- 
‘ment with the spacecraft because of changing orientations. 
‘The ideal antenna for random satellite polarizations is 
one with a circularly polarized radiation pattern. 

‘There are two commonly used methods for obtaining 
circular polarization. One is with crossed linear elements 
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Fig 5—Jerry Brown, KSOE, uses his Texas Potato 
Masher antennas to work LEO satellites. 


Fig 6—Dick Jansson, WD4FAB, used these 2-meter and 
70-cm crossed Yagi's in RHCP for AO-10 and AO-13 
operations. The satellite antennas are shown mounted 
above a 6-meter long-boom Yagi. 


such as dipoles or Yagis, as Fig 6 shows. The second popu- 
lar CP method uses a helical antenna, described below. 
Other methods also exist, such as with the omnidirectional 
quadrifilar helix, Fig 7, 

Polarization sense is a critical factor, especially in 
EME and satellite work. The IEEE standard uses the term 
“clockwise circular polarization” for a receding wave. 
Amateur technology follows the IEEE standard, calling 
clockwise polarization for a receding wave as right-hand, 
or HCP. Either clockwise or a counter-clockwise (LHCP) 
sense can be selected by reversing the phasing harness of 
a crossed-Yagi antenna, see Fig 8. The sense of a helical 
antenna is fixed, determined by its physical construction. 
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Fig 7—W3KH suggests that quadrifilar antennas can 
‘serve well for omnidirectional satellite-station antenna 
service. 


See Fig 9 for construction details. 

In working through a satellite with a circularly polar- 
ized antenna, it is often convenient to have the capability 
of switching polarization sense. This is because the sense 
of the received signal of some of the LEO satellites reverses 
when the satellite passes its nearest point to you. If the 
received signal has right-hand circular polarization as the 
satellite approaches, it may have left-hand circularity as 
the satellite recedes. There is a sense reversal in EME work, 
as well, because of a phase reversal of the signal as it is 
reflected from the surface of the moon. A signal transmi 
ted with right-hand circularity will be returned to the Earth 
with left-hand circularity. Similarly, the polarization is 
reversed as it is reflected from a dish antenna, so that for 
an overall RHCP performance, the feed antenna for the 
dish needs to be LHCP. 


Crossed Linear Antennas 

Dipoles radiate linearly polarized signals, and the 
polarization direction depends on the orientation of the 
antenna. It two dipoles are arranged for horizontal and 
vertical dipoles, and the two outputs are combined with 
the correct phase difference (90°), a circularly polarized 
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Fig 8—Evolution of the circularly polarized Yagi. The 
‘simplest form of crossed Yagi, A, is made to radiate 
circularly by feeding the two driven elements 90° out of 
phase. Antenna B has the driven elements fed in phase, 
but has the elements of one bay mounted ‘4 forward 
from those of the other. Antenna C offers elliptical 
(circular) polarization using separate booms. The 
‘elements in one set are perpendicular to those of the 
other and are '«. forward from those of the other. 


wave results. Because the electric fields are identical in 
magnitude, the power from the transmitter will be equally 
divided between the two fields. Another way of looking at 
this is to consider the power as being divided between the 
thwo antennas; hence the gain of each is decreased by 3 dB 
‘when taken alone in the plane of its orientation, 

‘A 90° phase shift must exist between the two anten- 
nas and the simplest way to obtain this shift is to use two 
feed lines to a coplanar pair of crossed-Yagi antennas. One 
feed-line section is '« 2 longer than the other, as shown in 
Fig 8A. These separate feed lines are then paralleled to a 
common transmission line to the transmitter or receiver. 
Therein lies one of the headaches of this system. Assum- 
ing negligible coupling between the crossed antennas, the 
impedance presented to the common transmission line by 
the parallel combination is one half that of either section 
alone. (This is not true when there is mutual coupling 
between the antennas, asin phased arrays.) A practical con- 
struction method for implementing a RHCP/LHCP copla- 
nar switched system is shown in Fig 10. 

‘Another example of a coplanar crossed-Yagi antenna 
is shown in Fig 11. With this phasing-line method, any 
mismatch at one antenna will be magnified by the extra 
"2 of transmission line. This upsets the current balance 
between the two antennas, resulting in a loss of polariza- 
tion circularity. Another factor to consider is the attenu- 
ation of the cables used in the hamess, along with the 
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Fig 9—Construction details of a co-planar crossed-Yagi antenna. 
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Fig 10—Co-planar crossed Yagi, circularly polarized 
antenna with switchable polarization phasing harness. 


connectors. Good low-loss coaxial line should be used 
‘Type-N or BNC connectors are preferable to the UHF 
variety. 

Another method to obtain circular polarization is to 
use equal-length feed lines and place one antenna ‘/s 2 
ahead of the other. This offset pair of Yagi-crossed anten- 
nas is shown in Fig 8B. The advantage of equal-length feed 
lines is that identical load impedances will be presented to 
the common feeder, as shown in Fig 12, which shows a 
fixed circularity sense feed. To obtain a switchable sense 
feed with the offset Yagi pair, you can use a connection 
like that of Fig 13, although you must compensate for the 
extra phase added by the relay and connectors. 

Fig 8C diagrams a popular method of mounting two 
separate off-the-shelf Yagis at right angles to each other. 
‘The two Yagis may be physically offset by '/s and fed in 
parallel, as shown in Fig 8C, or they may be mounted with 
no offset and fed 90° out of phase. Neither of these 
arrangements on two separate booms produces true circu: 
lar polarization. Instead, elliptical polarization results from 
such a system. Fig 14 is a photo of this type of mounting 
of Yagis on two booms for elliptical operation. 


Helical Antennas 

‘As mentioned, the second method to create a circu- 
larly polarized signal is by means of a helical antenna, 
‘The axial-mode helical antenna was introduced by Dr 
John Kraus, W8IK, in the 1940s. Fig 15 shows examples 
of S-band (2400-MHz), V-band (145-MHz), and U-band, 
(435-MHz) helical antennas, all constructed by WD4FAB 
for satellite service. 

This antenna has two characteristics that make it 
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Fig 11—This VHF crossed Yagi design by KH61J 
(Jan 1973 QS7) illustrates the co-planar, fixed- 
circularity Yagi. 


especially interesting and useful in many applications. 
First, the helix is circularly polarized. As discussed ear- 
lier, circular polarization is simply linear polarization that 
continually rotates as it travels through space. In the case 
of a helical antenna, this rotation is about the axis of the 
antenna. This can be pictured as the second hand of a 
watch moving at the same rate as the applied frequency, 
where the position of the second hand can be thought of 
as the instantaneous polarization of the signal. 

‘The second interesting property of the helical 
antenna is its predictable pattern, gain and impedance 
characteristics over a wide frequency range. This is one 
of the few antennas that has both broad bandwidth and 
high gain. The benefit of this property is that, when used 
for narrow-band applications, the helical antenna is very 
forgiving of mechanical inaccuracies. 

Probably the most common amateur use of the heli- 
cal antenna is in satellite communications, where the spin- 
ning of the satellite antenna system (relative to the earth) 
and the effects of Faraday rotation cause the polarization 
of the satellite signal to be unpredictable. Using a linearly 
polarized antenna in this situation results in deep fading, 
but with the helical antenna (which responds equally to 
linearly polarized signals), fading is essentially eliminated. 

‘This same characteristic makes helical antennas use- 
ful in polarization-diversity systems. The advantages of 
circular polarization have been demonstrated on VHF 
voice schedules over non-optical paths, in cases where 
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Fig 12—Offset crossed-Yagi circularly polarized 
antenna-phasing harness with fixed polarization. 


linearly polarized beams did not perform satisfactorily. 

‘Another use for the helical antenna is the transmis- 
sion of color ATV signals. Many beam antennas (when 
adjusted for maximum gain) have far less bandwidth than, 
the required 6 MHz, or have non-uniform gain over this 
frequency range. The result is significant distortion of 
the transmitted and received signals, affecting color 
reproduction and other features. This problem becomes 
more aggravated over non-optical paths. The helix 
exhibits maximum gain (within I dB) more than 20 MHz 
anywhere above 420 MHz. 

‘The helical antenna can be used to advantage with 
multimode rigs, especially above 420 MHz. Not only does 
the helix give high gain over an entire amateur band, but 
it also allows operation on FM, SSB and CW without the 
need for separate vertically and horizontally polarized 
antennas, 


Helical Antenna Basics 


‘The helical antenna is an unusual specimen in the 
antenna world, in that its physical configuration gives a 
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Fig 13—Oftset crossed-Yagi circularly polarized 
antenna-phasing harness with switchable polarization. 


Fig 14—An example of offset crossed-Yagi circularly 
polarized antennas with fixed polarization. This 
‘example is a pair of M? 23CM22EZA antennas, for 

L band (1269 MHz), mounted on an elevation boom. 
(WD4FAB photo.) 
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Fig 15—At top, a seven-turn LHCP helical antenna for 


‘S-band dish feed for AO-40 service. This helical 
antenna uses a cupped reflector and has a preamplifier 
‘mounted directly to the antenna feed point. At bottom, 
pair of helical antennas for AO-10 service on 2 meters 
‘and 70 cm. The 2-meter helical antenna is not small! 
(WD4FAB photos.) 


hint to its electrical performance. A helix looks like a large 
air-wound coil with one of its ends fed against a ground 
plane, as shown in Fig 16. The ground plane is a screen of 
0.8 A to 1.1 A diameter (or on a side for a square ground 
plane). The circumference (C,) of the coil form must be 
between 0.75 4 and 1.33 2 for the antenna to radiate in the 
axial mode. The coil should have at least three turns to 
radiate inthis mode. The ratio of the spacing between turns 
(in wavelengths), S, to C;, should be in the range of 0.2126 
to 0.2867. This ratio range results from the requirement 
that the pitch angle, ot, of the helix be between 12° and 
16°, where: 
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Fig 16—The basic helical antenna and design 
‘equations. 


‘These constraints result in a single main lobe along 
the axis ofthe coil. This is easly visualized from Fig ISA. 
‘The winding of the helix comes away from the cupped 
reflector with a counterclockwise winding direction for a 
LHCP. (The winding can also be a clockwise—this results 
in a RHCP polarization sense.) 

Ahelix with aC, of 12 has a wave propagating from 
one end of the coil (at the ground plane), corresponding 
to an instantaneous dipole “across” the helix. The elec- 
trical rotation of this dipole produces circularly polar- 
ized radiation. Because the wave is moving along the helix 
conductor at nearly the speed of light, the rotation of the 
electrical dipole is at a very high rate, and true circular 
polarization results 

The IEEE definition, in simple terms, is that when 
viewing the antenna from the feed-point end, a clockwise 
wind results in right-hand circular polarization (RHCP), 
and a counterclockwise wind results in left-hand circular 
polarization (LHCP). This is important, because when two 
stations use helical antennas over a nonreflective path, both 
must use antennas with the same polarization sense. If 
antennas of opposite sense are used, a signal loss of at least 
20 dB results from the cross polarization alone. 

‘As mentioned previously, circularly polarized anten- 
nas can be used in communications with any linearly 
polarized antenna (horizontal or vertical), because circu- 
larly polarized antennas respond equally to all linearly 
polarized signals. The gain of a helix is 3 dB less than the 
theoretical gain in this case, because the linearly polarized 
antenna does not respond to linear signal components that 
are orthogonally polarized relative to it. 

‘The response of a helix to all polarizations is indi- 
‘cated by a term called axial ratio also known as circular- 
ity. Axial ratio is the ratio of amplitude of the polarization 
that gives maximum response to the amplitude of the 
polarization that gives minimum response. An ideal circu- 
larly polarized antenna has an axial ratio of 1.0. A well- 
designed practical helix exhibits an axial ratio of 1.0 to 
1.1. The axial ratio of a helix is: 
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AR= (Eq2) 
2n 


where: 
AR = axial ratio 
n= the number of turns in the helix 


‘Axial ratio can be measured in two way's. The first is 
to excite the helix and use a linearly polarized antenna with, 
‘an amplitude detector to measure the axial ratio directly. 
This is done by rotating the linearly polarized antenna in a 
plane perpendicular to the axis of the helix and comparing 
the maximum and minimum amplitude values. The ratio 
of maximum to minimum is the axial ratio, 

‘The impedance of the helix is easily predicted. The 
terminal impedance of a helix is unbalanced, and is, 
defined by 
Z=140xC, (Eq 3) 
where Z is the impedance of the helix in ohms. 

‘The gain of a helical antenna is determined by its 
physical characteristics. Gain can be calculated from: 


Gain (dBi) =11.8 + 1010g(,?ns,) (Eq 4) 
In practice, helical antennas do not deliver the gain in 
eq 4 for antennas with turns count greater than about 
twelve. There will he more discussions inthis area when 
practical antennas are discussed 
‘The beamwidth ofthe helical antenna (in degrees) at 
the half poser points i 


32 
C, ai 


BW= (Eqs) 


‘The diameter of the helical antenna conductor should 
be between 0.006 2. and 0.05 2, but smaller diameters have 
been used successfully at 144 MHz. The previously noted 
diameter of the ground plane (0.8 2 to 1.1 4) should not be 
exceeded if you desire a clean radiation pattem. As the 
ground plane size is increased, the sidelobe levels also 
increase. Cupped ground planes have been used according 
to Kraus, as in Fig 15. (The ground plane need not be soli: 
it can be in the form of a spoked wheel or a frame covered 
with hardware cloth or sereen.) 


50-A Helix Feed 

Joe Cadwallader, K6ZMW, presented this feed 
method in June 1981 QS7. Terminate the helix in an N 
connector mounted on the ground screen at the periphery. 
of the helix. See Fig 17. Connect the helix conductor to 
the N connector as close to the ground screen as possible 
(Fig 18). Then adjust the first quarter turn of the helix to 
‘a close spacing from the reflector. 

This modification goes a long way toward curing a 
deficiency of the helix—the 140-0 nominal feed-point 
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17—End view and side view of peripherally fed 


Fig 18—Wrong and right ways to attach helix to a type 
N connector for 50-0 feed. 


impedance. The traditional 2/4 matching section has proved 
difficult to fabricate and maintain, But if the helix is fed at 
the periphery, the first quarter turn of the helix conductor 
(eaving the N connector) acts much like a transmission 
line—a single conductor over a perfectly conducting 
ground plane. The impedance of such a transmission line 


(Eq 6) 


line impedance in ohms 

h = height of the center of the conductor above the 
ground plane 

d= conductor diameter (in the same units as h). 


‘The impedance of the helix is 140 Q a turn or two 
away from the feed point. But as the helix conductor 
swoops down toward the feed connector (and the ground 
plane), h gets smaller, so the impedance decreases. The 
140-2 nominal impedance of the helix is transformed to 
a lower value. For any particular conductor diameter, an 
optimum height can be found that will produce a feed- 
point impedance equal to 50 Q. The height should be kept 
very small, and the diameter should be large. Apply power 
to the helix and measure the SWR at the operating fre- 
quency. Adjust the height for an optimum match. 
‘Typically, the conductor diameter may not be large 
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Fig 19—End view and side view of peripherally fed helix 
with metal strip added to improve transformer action. 


enough to yield a 50-0 match at practical (small) values 
of h. In this case, a strip of thin brass shim stock or flash- 
ing copper can be soldered to the first quarter turn of the 
helix conductor (Fig 19). This effectively increases the 
conductor diameter, which causes the impedance to 
decrease further yet. The edges of this strip can be slit 
every '/s inch or so, and the strip bent up or down (toward 
oraway from the ground plane) to tune the line for an op- 
timum match. 

This approach yields a perfect match to nearly any 
coax. The usually wide bandwidth of the helix (70% for 
less than 2:1 SWR) will be reduced slightly (to about 40%) 
for the same conditions. This reduction is not enough to 
be of any consequence for most amateur work. The 
improvements in performance, ease of assembly and 
adjustment are well worth the effort in making the helix 
more practical to build and tune. 


ANTENNAS FOR AO-40 OPERATIONS 
Antennas for successful operations on AO-40 come 
in many shapes and sizes. AO-40 has provided amateurs 
the opportunity to broadly experiment with antennas, 
Fig 20 shows the satellite antennas at WD4FAB. The 
Yagi antennas are used for the U- and L-band AO-40 
uplinks and the V-band AO-10 downlink, while the S-band 
dish antenna is for the AO-40 downlink. These satellite 
‘antennas are tower mounted at 63 feet (19 meters) to avoid, 
pointing into the many nearby trees and suffering from the 
resulting “green attenuation.” Of course, satellite antennas 
do not always need to be mounted high on a tower if dense 
foliage is not a problem. If satellite antennas are mounted 
lower down, feed-line length and losses can reduced, 
Another benefit, however, to tower mounting of sat- 
cllite antennas is that they can be used for terrestrial ham 
communications and contests. The fact that the antennas 
are set up for CP does not really degrade these other 
‘operating activities. 
Experience with AO-40 has clearly shown the advan- 
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Fig 20—Details of WD4FAB's tower cluster of satellite 
antennas including a home-brew elevation rotator. Top 
to bottom: M? 436-CP30, a CP U-band antenna; two ME 
23CM22EZA antennas in a CP array for L band; 
“FABStar” dish antenna with helix feed for $ band; M? 
2M-CP22, a CP V-band antenna (only partially shown.) 
To left of dish antenna is a NEMA4 equipment box with 
‘an internal 40-W L-band amplifier, and also hosts 
externally mounted preamplifiers. (WD4FAB photo) 


tages of using RHCP antennas for both the uplink and 
downlink communications. The antennas shown in Fig 20 
are a single-boom RHCP Yagi antenna for U band, a pair 
of closely spaced Yagi antennas phased for RHCP for 
L band (see Fig 14), and a helix-fed dish antenna for 
S band. The antenna gain requirements for U band can eas- 
ily be met with the gain of a 30-clement crossed Yagi, 
Antennas of this size have boom lengths of 4 to 4/2 wave- 
lengths. The enterprising constructor can build a Yagi 
antenna from one of several references, however most of, 
us prefer to purchase well-tested antennas from commer- 
cial sources as M? or Hy-Gain. In the past, KLM (now out, 
of business) had offered a 40-element CP Yagi for U-band 
satellite service, and many of these are still in satisfactory 
use today. 

U-band uplink requirements for AO-40 have clearly 
demonstrated the need for gain less than 16 to 17 dBic 
RHCP, with an RF power of less than 50 W PEP at the 
antenna (= 2,500 W-PEP EIRP with a RHCP antenna) 
depending upon the squint angle. (The squint angle is, 
the angle at which the main axis of the satellite is pointed 
away from your antenna on the ground. Ifthe squint angle 
is less than half of the half-power beamwidth, the ground 
station will be within the spacecraft antenna’s nominal 
beam width.) 

A gain of 16 to 17 dBic RHCP can be obtained from 
2 30-element crossed Yagi, AO-13 type antenna, and is 
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Fig 21—Domenico, |8CVS, has this cluster of satellite 
antennas for AO-40. Left to right: array of 4 
23-element Yagi horizontally polarized for L bar 
1.2-meter dish with 3-turn helix feed for S band; 
15turn RHCP helical antenna for U band; 60-cm dish 
for X band. All microwave preamplifiers and power 
amplifiers are homebrew and are mounted on this 
antenna cluster. (/8CVS photo.) 


good news, considering that the satellite may be over 
{60,000 km (37,000 miles) from your station. Success on 
the U-band uplinks to AO-40 is easier than those for L band, 
‘at wider squint angles more than 20°. At squint angles less 
than 10°, U-band uplink operation can even be done with, 
1-5 W power outputs to a RHCP antenna (= 200 W-PEP 
EIRP with RHCP). These lower levels mean that smaller 
antennas can be used. In practice, these uplinks will pro- 
duce downlink signals that are 10 to 15 dB above the noise 
floor, or S7 signals over an $3 noise floor. The beacon will 
give a downlink $9 signal for these same conditions. 
WD4FAB's experience with the AO-40 L-band 
uplink has demonstrated that 40 W-PEP delivered to an, 
antenna with a gain of = 19dBic (3,000 W-PEP EIRP with, 
RHCP) is needed for operations at the highest altitudes of 
AO-40 and with squint angles < 15°. This is the pretty com- 
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Energy harvesting power for the Internet of Things 
Energy harvesting wreloss technology easly Interconnects thousands of individual devices in a system, opening up 
Unlimited processing and monitoring applications cr 


Lnfrt Gia Mit, EnOeea,Obehting (Mini), Gamay 
owrsor20"3 


Energy is everywhere within reach; ijust needs to be 
harvested. This is the principle of energy harvesting 
Today, energy harvesting wireless solutons are 
already well established inthe commercial bulging 
Automation sector. But the technology is just gating 
Started. Now application fields for balteryess, 
‘wireless communication wil be found to furber 
‘enhance the wold around us, 


Based on energy harvesting wireless technology, a 
‘wide range of energy-autonomous applications are 
‘currently available for connected bullings that use 
mation, igh, or tamperaturediflerences as their 
‘energy source such as balterylass switches; 
Inteligent window handles; temperature, moisture, 


and light sensors: presence detectors, heating 7 
valves; and smari home systams. However, building 

Automation is by no means where energy harvesting 

‘wrelass ends 

Multipe interconnections, a 


1 
Everybody's talking about the Internat of Things (loT). But how should billons of communicating davices be powered? The ' 
answer is by energy harvesting, and the reason is simple: Liberating sensors from external power, making them energy- i 
autonomous. opens up unlimited processing and monitoring applications whera cables or batteries represent an “ 
insurmountable hurdle. These features maka energy harvesting wireless technology the Ideal communication standard to t 
easly and lab inlercannect thousands of individual deviees in a system, as well as network them with other wireless 
protocols. a 

1 


Today, energy harvesting wireless technology is widespread, providing M2M 
EERE solutions inte bulaing automation sector and bridging the contol of ight, _ 
Cem | HVAC, and otha folds of bulding lactnology to smart buiaings, smart metering, 

‘and eneray management systems. This is he staring point to actuate further 
applications tha lead tothe [oT in the long term. The following four categories 
Show what this could look ike 


Monitoring and controt 


‘Wireless and batteryless technology significantly eases energy monitoring and 
antral in buildings with litle intervention into the existing systems. The wireless 
‘devices are highly flexible to lastal so thal individual components, wall switches, 
Sensors, and relay receivers can be easily networked to form an ilaligent 
system without complex cabling. In addition, dispensing with batteries eliminates 
the burden of maintaining the davices’ energy supply in a regula ime period, 
‘which can be up to each year. 


‘An example for such a flexible automation system is HVAC contra, Here, a thermostat, VAV (variable alr volume}, or fan coil 
Controller receives information related to occupancy, temperature, humidty, window position, or CO, trom the respective 
batlaryless sensors and controls the opening and closing of valve actuators for radiators, or dampers for VAV systems. At the 
same lime, the controller sends status information toa central building aulomation system, and receives control messages 
ffom the BAS. This enables the building to be monitored from a central location thal ean be remote from the building ise and 
bullding-wide settings, such as holiday shutdown, to be implemented. Enormous progress is also belng made on the product 
side, leveraging advaricemants in energy harvesting. Sa powered radiator valves generate energy from the difference in. 
temperature betwen the hol water and the surrounding air. This energy pawers the communication with a controller or BAS 
system, and tums the valve sell Without cables or bateres, these wireless daviees are especialy easy To install, and they 
require no maintenance. 


In further optimized systems, central equipment such as bollers or ac handling units are integrated into the wireless: 
communication system, enabling scalable HVAG generation, visible and controlabie over the Internet on a PC, tablet, oF 


hitps:twww csemag.comnomelsingle-ariclolenergy-harvesting-power for-the-internal-of things/8e849599956201d39e7ec tcbabofSect tml “4 


pact L-band antenna arrangement with two 22-element 
antennas in a RHCP array shown in Fig 14 and 20. Other 
operators have experience that using a 1.2-meter L-band 
dish antenna and 40 W of RF power (6,100 W-PEP EIRP 
with RHCP) can also provide a superb uplink for squint 
angles even up to 25°. A dish antenna can have a practical 
gain of about 21 to 22 dBic. These uplinks will provide 


Fig 22—Wilfred Carey, ZS6JT, constructed this cluster 
of satellite and EME antennas. Left to right: 2 x 
23-element offset feed Yagi for U band; 1.64-meter dish 
with 2'/-turn helix feed for S band; 2 x 11-element 
coplanar feed Yagi for V band. (ZS6JT photo.) 


Fig 23—Robert Suding, WOLMD, modified this 4-foot 
dish antenna with a patch feed for S band and an Az-El 
mount. (WOLMD photo.) 
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the user a downlink that is 10 to 18 dB above the transpon- 
der noise floor. In more practical terms, this is an $7 to 8 
signal over a $3 transponder noise floor, a very comfort- 
able armehair copy. 

Using the L-band uplink for AO-40, instead of the 
U-band uplink, allows the use of Yagi antennas that more 
manageable, since their size for a given gain is only one 
third of those for U-band. With L band there is a nar- 
rower difference between using a dish antenna and a Yagi, 
since a 21- to 22-dBic dish antenna would be only about 
1.2 meters (4 feet) in diameter. However, some of us may 
not have such “real estate” available on our towers and, 
may seek a lower wind-loading solution offered by Yagis. 
Long-boom rod-element Yagi, or loop-Yagi antennas are 
‘commercially offered by M? and DEM, although this band, 
is about the highest for practical Yagis. The example 
shown in Fig 20 is a pair of rod-element Yagi antennas 
from M? in a CP arrangement with a gain of 18 to 19 dBic, 

Other amateurs have successful AO-40 operation with, 
different arrangements. Fig 21 shows ISCVS's 4 x. 
23-element linear array for a 1270 MHz, a 1.2-meter solid, 
dish for 2400 MHz, a 15-turn helical antenna for 435 MHz, 
and a 60-cm dish for 10,451 MHz. This arrangement clearly 
shows the advantage and accessibility of having a roof- 
mounted antenna, 

Fig 22 shows ZS6JT’s setup, with a 1.64-meter 
home-built mesh dish for 2400 MHz and two home-built 
crossed Yagi antennas, one for 435 MHz. and the other 
for 145 MHz. Note that in these examples, the antennas 
permit terrestrial communication as well as satellite ser- 
vice. Two of these stations have also maintained the 
capability to operate the LEO satellites with U- and V- 
and antennas. 

‘A number of amateurs have taken advantage of the 
availability of surplus C-band TVRO dishes, since most 
users of satellite television have moved up to the more 


Fig 24—WOLMD graduated to this 8-foot dish with patch 
feed for S band for AO-40. On the left is a helical 
antenna for L band and on the right is a 2 x 9-element 
offset-feed Yagi for U band. A home-brew Az-El mount 
is provided. (WOLMD photo.) 
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operations, with a triband patch feed for U, L, and 
S bands on an Az-El mount. (WOLMD photo.) 


Fig 26—WOLMD found the ultimate in this 14-foot dish 
for AO-40, with a triband patch feed and Az-El mount. 
(WOLMD photo.) 
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convenient K band using 0.5-meter dishes. Some examples 
of these dish conversions for satellite communications are 
shown in Fig 23, a WOLMD 4-foot dish with patch feed. 
and Az-El mount. Fig 24 shows a WOLMD 8-foot dish with, 
patch feed, Az-El mount, a U-band Yagi, and an L-band 
helical antenna. 

Fig 25 is a WOLMD 10-foot dish with tri-band patch 
feed and Az-El mount; and Fig 26 is also a WOLMD. 


with S-band patch feed. This dish uses the original 
polar-mounting system and offsets the patch feed to 
‘compensate for AO-40's deviation from the Clarke belt. 
(K6LG photo.) 


Fig 28—KSGNA's “circularized” mesh modification of 
an MMDS dish antenna with a helix-CP feed and DEP 
preamp. The dish modification reduces the spillover 

loss by making the antenna fully circular. (K5OE photo.) 


14-foot dish with tri-band patch feed and Az-El mount- 
ing. Other operators, like K6LG, have been able to use 
TVRO dishes, Fig 27, with multiband patch feeds and 
still use, within limits, their polar-mounting system, as 
will be explained later. 

‘Other hams have taken advantage of other surplus 
dish situations. Fig 28 shows modified MMDS dishes, 
by KSGNA, and Fig 29, by KSOE, both using helix feeds. 
Fig 30 shows a 75-cm high modified PrimeStar offset feed 


dish, by WD4FAB, using a longer helical feed antenna 


Fig 29—Mesh modification of an MMDS dish antenna by 
Jerry Brown, KSOE, with a helix-CP feed and DEM 
preamplifier mounted directly to the helix feed point. 
(K50E photo.) 


Fig 30—PrimeStar 
offset-fed dish with 

WD4FAB's helix-feed 
antenna. NONSV was 


30 pleased with the 
‘modification that he 
Tenamed the dish 
“PABStar” and made 
anew label! (NONSV 
photo.) 
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because of the higher f/D ratio of this dish configuration. 
This dish provides 5 dB of Sun noise, which is good per- 
formance. These efforts have rewarded their users with 
superb service on AO-40, Many have experimented with 
different feed and mounting systems. These experiments, 
will be further illustrated. 

One very popular spun-aluminum dish antenna seen 
in use on AO-40 has been the G3RUH-ONOUG 60-cm 
unit with its S-band patch feed, Fig 31. A kit, complete 
with a CP-patch feed is available from SSB-USA and has 
‘again of 21 dBic. It provides a 2.5-dB Sun noise signal. 
Surplus dishes have not been the only source for anten- 
nas for AO-40 operations, since some ingenious opera- 
tors have even turned to the use of cardboard boxes. See 
Figs 32 to 35, 


Fig 31—G3RUH's 60-cm spun-aluminum dish with CP- 
patch feed is available as a kit. This antenna has been 
popular with many AO-40 operators all over the world. 


Fig 32—A complete satellite station with the tracking 
laptop, FT-847 transceiver, and both downlink and. 
uplink ‘cardboard-box antennas. 
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Parabolic Reflector Antennas 


‘The satellite S-band downlinks have become very 

popular for a variety of reasons: 

© Good performance with physically small downlink 
antennas 


ty of good-quality downconverters 
¥y of preamps at reasonable prices. 


A number of people advocate S-band operation, 
including Bill McCaa, KORZ, who led the team that 
designed and built the AO-13 S-band transponder and 


Fig 33—The completed high rerlonann corner- 

reflector uplink antenna for U band. Note how the box 

‘corners hold the reflectors and dipole feed in place. The 
tion to 20°—this gives. 


rear legs set the antenna ele 
good coverage at the design latitude but will need 
modification for other stations. 


Fig 34—Front view of the downlink pyramidal horn 
‘showing how it is mounted in the support carton. 
Notice the coax probe at the back of the horn. 
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James Miller, G3RUH, who operates one of the AO-40 
command stations. Ed Krome, K9EK, and James Miller 
have published a number of articles detailing construe- 
tion of preamps, downconverters and antennas for S band. 
‘Some access AO-40's S-band downlink using com- 
pact S-band helical antennas. See Fig 36. With the demis 
of AO-40's $1 transmitter and its high-gain downlink 
‘antenna, enthusiasts have had to employ high-gain para- 
bolic-dish antennas to use AO-40's $2 downlink, with its 


lower-gain helical antenna. 
WOLMD notes that like a bulb in a flashlight, the 


Fig 35—Side view of the downlink pyramidal horn 
showing the elevation control supports and how the 
downconverter is attached to the horn. The 

downconverter is pulled forward by the tape to align 
the probe wire parallel to the rear surface of the horn. 


Fig 36—WD4FAB's example of a 16-turn S-band helical 
antenna for AO-40. This is about the maximum length 
of any practical helix. Note the SSB UEK2000 down- 
converter mounted behind the reflector of the antenna. 
(WD4FAB photo.) 


parabolic reflector or dish antenna must have a feed source 
looking into the surface of the dish. Some dishes are 
designed so that the feed source is mounted directly in front, 
of the dish. This is referred to as a center-fed dish. Other 
dishes are designed so that the feed source is off to one 
side, referred to as an off-center-fed dish, or just offset- 
fed dish, as shown in Fig 30. The offset-fed dish may be 
considered a side section of a center-fed dish. The center- 
fed dish experiences some signal degradation due to block- 
age of the feed system, but this is usually an insignificantly 
small amount. The offset-fed dish is initially more diffi- 
cult to aim, since the direction of reception is not the cen- 
ter axis, as it is for center-fed dishes. 

‘The basic design precepts of parabolic-dish antennas 
are covered in more detail in the EME Antenna section of, 
this chapter. Dish antenna properties specific to satellite 
‘operations are covered here. The dish’s parabola can be 
designed so the focus point is closer to the surface of the 
dish, referred to a short-focal-length dish, or further away 
from the dish’s surface, referred to as a long-focal-length 
dish. To determine the exact focal length, measure the 
diameter of the dish and the depth of the dish. 


(Eq7) 


‘The focal length divided by the diameter of the dish 
gives the focal ratio, commonly shown as f/D. Center-fed 
dishes usually have short-focal ratios in the range of 
{1D = 0.3 to 0.45. Offset-fed dishes usually have longer 
focal lengths, with f/D =0.45 to 0.80. If you attach two 
small mirrors to the outer front surface of a dish and then 
point the dish at the Sun, you can easily find the focus 
point of the dish. Put the reflector of the patch or helix 
feed just beyond this point of focus. 

‘An alternate method for finding a dish’s focal length 
is suggested by WIGHZ (ex-NIBWT), who provides a 
computer program called HDL_ANT, available at 
www.wlghz.org/I0g/10g_home.htm. The method liter- 
ally measures a solid-surface dish by the dimensions of 
the bowl of water that it will form when properly 
positioned. (See: www.qsL.net/nl bwt/chapS.pdf.) 
WD4FAB used this method on the dish of Fig 30, care- 
fully leveling the bowl, plugging bolt holes, and filing it 
with water to measure the data needed by the WIGHZ 
Web-site calculation 

While many of us enjoy building our own antennas, 
surplus-market availability of these small dish antennas 
makes their construction unproductive. Many AO-80 
‘operators have followed the practices of AO-13 operators 
using a surplus MMDS linear-screen parabolic reflector 
antenna, Figs 28 and 29. These grid-dish antennas are 
often called barbeque dishes. KSOE and KSGNA have 
shown how to greatly improve these linearly polarized 
reflectors by adapting them for the CP service desired for 
AO-40. Simple methods can be used to circularize a linear 
dish and to further add to its gain using simple methods to 


Antenna Systems for Space Communications 


Fig 37—Prototype 1, 
KGEIAL, using (Land $) patch-teed 
antenna for AO-40. See text. This kit dish is covered 
with “inch mesh. (KG6IAL photo.) 


increase the dish area and feed efficiency. 

Another approach is the construction of a kit-type di 
antenna, just becoming available in 1.2-meter and 1.8-meter 
diameters. This ingenious design by KG6IAL is available 
from his Web site www.teksharp.comy. Fig 37 shows the 
prototype of the 1.2-meter dish with an f/D of 0.30. The 
1.2-meter dish is fed with a dual-band patch feed for L and 
Sands. The 1.8-meter dish is designed for up to three bands 
using a tri-band patch feed for the U, L and S bands. This 
ish will permit U-band operation. A Central States VHF 
Society measurement on a similar sized dish (by WOLMD) 
with a patch feed showed a gain of about 17.1 dBic (actual 
‘measurement was 12.0 dBd linearly fed). This performance 
along with a small V-band (145 MHz) Yagi would permit 
a very modest satellite antenna assembly for all of the 
VHF/UHF LEO satellites, as well as AO-40. 

‘The ingenuity of the design of the KGGIAL antenna 
is that it is constructed of robust, '/s-inch-thick alumi- 
‘num sheet that is numerically machined for the parabolic 
shape of the ribs. The backsides of the ribs are stiffened 
by a bent flange edge. The panel mesh is attached by using 
small tie-wraps or small aluminum wire through the mesh 
and holes provided along the parabolic edge. KG6IAL 
used 's-inch mesh in the prototype antenna to reduce wind 
loading. A single formed conduit post is provided in the 
kit for mounting the patch-feed assembly. The post ex- 
tends rearward to permit the attachment of a counter- 
weight, if needed. 

AO-40 has also provided some additional challenges 
to the ham operator. Besides its well-known S-band down- 
link, AO-40 also has a K-band downlink in the range of 
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24.05 GHz. This quite low-powered transmitter has pro- 
vided a substantial challenge to some operators, such as 
NUJEZ, K5OE, WSLUA, G3WDG and others. NUEZ 
documented his work in QST while KSOE shows his 
K-band work on his Web site and in the Proceedings of 
the AMSAT Space Symposium. See Fig 38. 


Parabolic Dish Antenna Construction 


In the USA large numbers of dishes can be obtained 
either free or at ow cost. But in some parts of the world, 
dishes are not so plentiful, so hams make their own. 
Fig 39 shows G3RUH’s S-band dish antenna, There are 
three parts to the dish antenna—the parabolic reflector, the 
boom and the feed. There are as many ways to construct 
this as there are constructors. You need not slavishly rep- 
licate every nuance of the design. The only critical dimen- 
sions occur in the feed system. After construction, you will 
have a 60-em diameter S-band RHCP dish antenna with a 
gain of about 20 dBi and a 3-dB beamwidth of 18°, Coupled, 
with the proper downconverter, performance will be more 
than adequate for S-band downlink. 

‘The parabolic reflector used for the original antenna 
was intended to be a lampshade. Several of these alumi- 
num reflectors were located in department-store surplus. 
‘The dish is 585 mm in diameter and 110 mm deep, corre- 
sponding to an f/D ratio of 585/1 10/16 = 0.33 and a focal 
length of 0.33 x 585 = 194 mm. The f/D of 0.33 is a bit 
too concave for a simple feed to give optimal performance 
but the price was right, and the under-illumination keeps 
‘ground noise pickup to a minimum. The reflector already 
had a 40-mm hole in the center with three 4-mm holes 
around it in a 25-mm radius circle. 
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‘The boom passes through the center of the reflector 
‘and is made from 12.7-mm square aluminum tube. The 
boom must be long enough to mount to the rotator boom, 
‘on the backside of the dish. The part of the boom extend- 
ing through to the front of the dish must be long enough 


~ an ae ode by 


\ 


Fig 39—Detail of 60-cm S-band dish antenna with feed. 


Fig 38—KSOE found this, 
K-band dish on the Web 
and has set it up for the 
‘AO-40 K-band downlink. 
(K50E photo.) 


to mount the feed at the focus. If you choose to mount 
the downconverter or a preamp near the feed, some addi- 
tional length will be necessary. Carefully check the 
requirements for your particular setup. 

A 34mm thick piece of aluminum, 65 mm in diam- 
eter, supports the boom at the center of the reflector. Once 
the center mounting plate is installed, the center boom is 
attached using four small angle brackets—two on each side 
of the reflector. See Fig 39 for details of reflector and boom 
assembly. 

A small helix is used for the S-band antenna feed. 
‘The reflector for the helix is made from a 125-mm square 
piece of 1.6-mm thick aluminum. The center of the reflec~ 
tor has a 13-mm hole to accommodate the square center 
boom described above. The type-N connector is mounted 
to the reflector about 21.25 mm from the middle. This dis 
tance from the middle is, of course, the radius of a helie: 
antenna for S-band. Mount the N connector with spacers 
so that the back of the connector is flush with the reflector 
surface. The helix feed assembly is shown in Fig 40. 

Copper wire, or tubing, about 3.2 mm in diameter is, 
used to form the helix. Wind four turns around a 40-mm 
diameter form. The turns are wound counterclockwise. This 
is because the polarization sense is reversed from RHCP 
when reflected from the dish surface. The wire helix will 
spring out slightly when winding is complete. 

‘Once the helix is wound, carefully stretch it so that 
the turns are spaced 28 mm (£1 mm). Make sure the fin- 
ished spacing of the turns is nice and even. Cut off the first 
half turn. Carefully bend the first quarter turn about 10° so 
it will be parallel to the reflector surface once the helix is 
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Fig 40—Details of helix feed for S-band dish antennas. 
The type-N connector is fixed with three screws and is. 
‘mounted on a 1.6-mm spacer to bring the PTFE molding 
flush with the reflector. An easier mounting can be 
using a smaller TNC connector. Reflectors should be 95 
to 100 mm in diameter. 
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attached to the N connector. This quarter turn will form 
part of the matching section. 

Cut a strip of brass, 0.2 mm thick and 6 mm wide, 
and match the curvature of the first quarter turn of the 
helix. using a paper pattern. Be careful to get this pattern 
and subsequent brass cutting done exactly right. Using a 
large soldering iron and working on a heatproof surface, 
solder the brass strip tothe firsts turn of the helix. Unless 
you are experienced at this type of soldering, getting the 
Strip attached just right will require some practice. If it 
doesn't turn out right, just dismantle, wipe clean and try 

"After tack soldering the end of the helix to the type- 
N connector, the first turn, with its brass strip in place, 
should be 1.2 mm above the reflector at its start (atthe N 
connector) and 3.0 mm at its end. Be sure to line up the 
helix so its axis is perpendicular to the reflector. Cut off 
‘any extra turns to make the finished helix have 2'/ turns 
total. Once you are satisfied, apply a generous amount of 
solder at the point the helix attaches to the N connector. 
Remember this is all that supports the helix. 

Once the feed assembly is completed, pass the boom 
through the middle hole and complete the mounting by 
‘any suitable method. The middle of the helix should be 
at the geometric focus of the dish. In the figures shown 
here, the feed is connected directly to the downconverter 
and then the downconverter is attached to the boom. You 
may require a slightly different configuration depending 
fon whether you are attaching a downconverter, preamp 
or just a cable with connector. Angle brackets may be 
used to secure the feed to the boom in a manner similar 
to the boom-to-reflector mounting. Be sure to use some 
method of waterproofing if needed for your preamp and/ 
or downconverter. 


Dish Feeds 


WOLMD describes in www.ultimatecharger.com/ 
that feeding a dish has two major factors that determine 
the efficiency. Like a flashlight bulb, the feed source should, 
evenly illuminate the entire dish, and none of the feed 
energy should spillover outside the dish’s reflecting sur- 
face. No feed system is perfect in illuminating a dish, 
Losses affect the gain from either under-illuminating or 
over-illuminating the dish (spillover losses). Typical dish 
efficiency is 50%. That's 3 dB of lost gain. A great feed 
system for one dish can be a real lemon on another. A patch 
feed system is very wide angle, but a helix feed system is 
narrow angle. 

WOLMD has experimented with helical feeds for low 
f/D antennas (“deep” dishes) shown in Fig 41. A short- 
focal-ratio center-fed dish requires a wide-angle feed sys- 
tem to fully illuminate the dish, making the CP patch the 
preferred feed system. When used with an offset-fed dish, a 
patch-type feed system will result in a considerable spillover, 
or over-illumination loss, with an increased sensitivity to 
off-axis QRM, due to the higher {/D of this dish. Offset-fed, 
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Fig 41—WOLMD's dual helix-dish feed for U and S 
bands. This early experimental feed was found to be 
wanting and he then turned to patch feeds for dishes. 
(WOLMD photo) 


dishes do much better when fed with a helix antenna. 

‘Ahelix feed is simplicity personified. Mount a type 
N connector on a flat reflector plate and solder a couple of 
turns wire to the inner terminal. Designs are anywhere from 
2 to 6 turns. The two-turn helices are used for very short- 
focal-length dishes in the f/D = 0.3 region, and the 6-turn 
helices are used with longer-focal-length (f/D ~ 0.6) dishes, 
typically offset-fed dishes. Since AO-40 is right circular 
and the dish reflection will reverse the polarity. the helix 
should be wound left circular, looking forward from the 
connector. Helix feeds work poorly on the short-focal- 
length dishes but really perform well on the longer-focal- 
length offset-fed dishes. KSOE shows us the helix feed for 
his modified MMDS dish in Fig 42. This design employs 
the cupped reflector of W8IK. 


|A Helix Feed for an Offset-Dish Antenna 


This section describes WD4FAB’s surplus PrimeStar 
offset-fed dish antenna with a 7-turn helical feed antenna, 
shown in Fig 30. This S-band antenna can receive Sun noise 
5B above sky noise. (Don’t try to receive Sun noise with 
the antenna looking near the horizon, since terrestrial noise 
will be greater than 5 dB, at least in a big-city environ- 
ment.) WD4FAB received the dish from NONSV, who 
renamed the finished product the “FABStan.” 

‘The dish’s reflector is a bit out of the ordinary, with 
the shape of a horizontal ellipse. Its still a single parabo- 
Joid, illuminated with an unusual feed horn. At2401 MHz 
(S band) we can choose to under-illuminate the sides of 
the dish while properly feeding the central section, or over- 
illuminate the center while properly feeding the sides, 
WD4FAB chose to under-illuminate. The WIGHZ water- 
bow! measurements showed this to be a dish with a focal 
point of 500.6 mm and requiring a feed for an f/D = 0.79, 
‘The total illumination angle of the feed is 69.8° in the ver- 
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Fig 42—-KSOE's helix feed for his MMDS S-band dish 
antenna. (K5OE photo.) 


tical direction and a feed horn with a 3-4B beamwidth of 
40.3°. At 50% efficiency this antenna was calculated to 
provide a gain of 21.9 dBi. A 7-turn helical feed antenna 
‘was estimated to provide the needed characteristics for this 
dish and is shown in Fig 43, 

‘The helix is basically constructed as described for 
the G3RUH parabolic dish above. A matching section for 
the first A/4 turn of the helix is spaced from the reflector 
at 2mm at the start and 8 mm at the end of that fractional 
turn, Modifications of the G3RUH design include the 
addition of a cup reflector, a design feature used by the 
originator ofthe helical antenna, John Kraus, W8IK. For 
the reflector, a 2-mm thick circular plate is cut for a 
94:mm (0.75 4) diameter with a thin aluminum sheet metal 
cup, formed with a depth of 47 mm. Employment of the 
cup enhances the performance of the reflector for a dish 
feed, as shown by KSOE. (See the KSOE material on the 
CD-ROM accompanying this book.) 

‘The important information for this 7-turn helical 
antenna is: 
© Boom: 12.7-mm square tube or “C” channel. 
© Element: Yscinch diameter copper wire or tubing. 


Close wind the element on a circular 1.50-inch tube 
or rod; the finished winding is 40 mm in diameter and 
spaced to a helical angle of 12.3°, or 28 mm spacing, 
These dimensions work out for an element circumference 
of 1.0 A about the center of the wire. 

When WD4FAB tackled this antenna, he felt that the 
small number of helical element supports used by G3RUH 
would be inadequate, in view of the real-life bird traffic 
on the antennas at his QTH. He chose to use PTFE 
(Teflon) support posts every '/2 turn. This closer spacing 
of posts permitted a careful control of the helix-winding 
diameter and spacing and also made the antenna very 


Fig 43—Seven-turn LHCP helix feed for an offset dish, 
long fD, antenna, with DEM preamp. (WD4FAB photo.) 


Fig 44—Mounting details of seven-turn helix and 
preamp. (WD4FAB photo.) 


robust. He set up a fixture on the drill press to uniformly 
predrill the holes for the element spacers and boom. 
‘Attachment of the reflector is through three very small, 
‘aluminum angle brackets on the element side of the boom. 

‘Mounting of the helix to the dish requires modifica- 
tion of the dish’s receiver-mounting boom. Fig 44 shows 
these modifications using a machined mount. NM2A con- 
structed one of these antennas and showed that a machine 
shop is not needed for this construction. He made a “Z” 
shaped mount from aluminum-angle plate and then used a 
spacer from a block of acrylic sheet. The key here is to get, 
the dish focal point at the 1.5-turn point of the feed 
antenna, which is also at about the lip of the reflector cup. 

‘The WIGHZ data for this focal point is 500.6 mm. 
from the bottom edge of the dish and 744.4 mm from the 
top edge. A two-string measurement of this point can 
confirm the focal point, as shown by Wade in his writ- 
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Fig 45—Rain cover for preamp using a two-liter soft- 
drink bottle with aluminum foil tape for protection from 
‘sun damage. (WD4FAB photo.) 


ings. When mounting this feed antenna the constructor 
‘must be cautious to aim the feed at the beam-center of, 
the dish, and not the geometric center, as the original 
microwave horn antenna was constructed. Taking the 
illumination angle information noted above, the helical 
feed antenna should be aimed 5.5° down from the geo- 
metric center of the dish 

As illustrated in Fig 44, a DEM preamp was directly 
‘mounted to the feed helix, using a TNC female connector 
on the helix, chosen for this case, since N connectors are 
quite large for this antenna. A male chassis connector 
should be mounted on the preamp so that the preamp can 
be directly connected to the antenna without any adaptors, 
This photo also illustrates how the reflector cup walls were 
riveted to the reflector plate. 

Exposed connectors must be protected from rain- 
water. Commonly materials such as messy Vinyl Mastic 
Pads (3M 2200) or Hand Moldable Plastic (Coax Seal) are 
used. Since this isa tight location for such mastic applica- 
tions, a rain cover was made instead from a 2-liter soft- 
drink bottle, Fig 45. Properly cutting off the top of the 
bottle allows it to be slid over the helix reflector cup and 
secured with a large hose clamp. You must provide UV 
protection for the plastic bottle and that was done with a 
‘wrapping of aluminum foil pressure-sensitive adhesive 
tape. 

‘There are many methods for mounting this dish 
‘antenna to your elevation boom. You must give consider- 
ation to the placement of the dish to reduce the wind load- 
ing and off-balance to the rotator system. In WD4FAB's, 
FABStar installation, the off-balance issue was not a major 
factor, as the dish was placed near the center of the 
elevation boom, between the pillow-block bearing sup- 
ports, Since there is already a sizeable aluminum plate 
for these bearings, the dish was located to “cover” part 
of that plate, so as to not add measurably to the existing 
‘wind-loading area of the overall assembly. 
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A mounting bracket provided with the stock dish 
‘clamps to the end of a standard 2-inch pipe stanchion 
(actual measure: 2.38 inches in diameter). This bracket 
was turned around on the dish and clamped to the leg of, 
a welded-pipe Tee assembly. See Fig 46. Pipe-reducing 
fittings were machined and fitted in the Tee-top bar, which 
was sawn in half for clamping over the 1'/: inch pipe used 
for the elevation boom. Bolts were installed through 
drilled holes and used to clamp this assembly. 


Patch Feeds for Dish Antennas 

Patch feeds are almost as simple as helix feeds. A 
patch is typically an N connector on a flat reflector plate 
with a tuned flat-metal plate soldered to the inner termi- 
nal. Sometimes the flat plate is square; sometimes it is 
rectangular; sometimes it is round. It could have two feed 
points, 90° out of phase for circular polarization, as used 
in the construction of the AO-40 U-band antennas. Some 
patches are rectangular with clipped corners to create a 
circular radiation pattern, 

‘On 2401 MHz, the plate is 57 mm square and spaced 
3 mm away from the reflector. The point of attachment is 
about halfway between the center and the edge. A round 
patch for 2401 MHz is about 66 mm in diameter. These 
patches work well on the shorter focal length center-fed 


Fig 46—Welded pipefitting mount bracket for FABStar 
dish antenna. (WD4FAB photo.) 
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MMDS and TVRO dishes. G3RUH made a CP patch feed 
for these short {/D dishes, shown in Fig 31 and Fig 47, 
Robert, WOLMD, has done a considerable amount 
of experimenting with patch feeds for his dish antennas. 
‘One tri-band feed is shown in Fig 48. These are circular 
patches that have CP properties through the arrangement 
of the feed point and a small piston-variable capacitor 
that is offset from the feed point. Fig 49 shows some of 
the many patches that Robert has created for his trials 


‘A No-Tune Dual-Band Feed for Mode L/S 


Jerry, KSOE, notes that the AO-40 transponder has 
‘two uplink receivers active most of the time for CW/SSB 
activity. Most operators use U band at 435 MHz (70 cm). 
Also available, however, are two L-band (23-cm) recei 
cers: LI at 1269 MHz and L2 at 1268 MHz. The reasons 
for going to L band can be varied, but there is no arguing 
the benefits in reduced antenna size and AGC suppression. 
‘The types of L-band antennas are varied as well. Many use 
helices. Others use beams and arrays of beams. Still 
others use dishes, small and large. 

KSOE recently acquired an old UHF TV dish measur- 
ing 1.2 meters in diameter. He wanted to use it both to re- 
ceive on S band at 2401 MHz (13cm) and to transmit on the 
uplink on L band. He covered it with aluminum mesh and, 
built a dual-helix feed for it, but was unhappy with the L- 
band performance. It seems the concentric helices interacted, 
with each other substantially. Having had good success with, 
patch feeds on S band, he designed, built and installed a 
dual-patch feed on a 1.5-meter solid dish for 
Field Day 2002. This arrangement worked superbly on 
uplink (with 25 W), but was embarrassingly deaf on receive. 
This second dual-band feed failure led him to experiment 
for months with different configurations, leading ultimately 
to the design presented here. The project goals were: 


© Good performance on both S-band receive and L- 
band uplink. 

* An easy-to-produce model using common hardware 
‘and simple hand tools. 


Patches are better than helices as dish feeds. This 
revelation came to KSOE while doing investigation and 


Fig 47—Details of 
CP-patch feed for short 
{11D dish antennas by 
G3RUH and ONGUG. 
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smartphone, 
Performing tasks 


‘Alarm systems are a second feld that batlaryless wireless 
technology is opening up, due to is specie features. Here, the 
reliablityrequiremants are much more siiagent than those 
Fequired for lighting controls. A systom failure not only means a 
‘malfunction bul also can cause much more sefious consequences 
for other systems that depend upon tha equipment being 
monitored, It's a fact that more malunetions are caused by battery 
failures than by the electronics, especially in large systams. Energy 
harvesting overcomes this issue. 


“Mu ST ae 


There are aroady various batteryless wireless water dotactors cA 
avaiable that use minlaluraed solar calls or motion energy 

Converters to power wireless signals that report water leaks in 

areas such as water supply networks in spacious industrial 

facies In the AFRISO universal modula, for example, the 

EnOcean wireless signal immediately sends the leakage information to a gateway controller ar directly to a valve, causing the 
main water pipeline or the affected supply live to be shut of. A nalifcation Is sent to the user's smariphone or smartpad at the 
ame time fo inform the user about the ineident. In addon, the water valve can be opened and closed, independent of 
leakage notifications, by GSM connection via sinariphone dr smartpad 


Embedded processing 


A major requirement of today's and the future energy supply is the Smart Grid, i's intended to network centralized and 
‘decentralized anaray suppliers, including private homes producing electricly by photovoltaic installations, to an intoligant 
system that provides anergy oily when needed, updating In real tm. This requires continuous dataflow and processing from 
all involved parties, which means fram millons of information points 


‘Akkoy component is smart metering systems. To work rallably and cost-aficienty. interoperability between the meters is 
supplied by dfferent manufacturers; this is why smart metering calls for standardized technologies. Consequently, the 
members of the EnOcean Alliance have definad a specific device communication protocol, the Automated Meter Reading 
(AMR) profile for bateryiess wiraless devices. Smart melar systems based on this open protocol ara already avallable from a 
hhumber of manufacturers. For example, Elako mater componenis ead and transmit the curent electric, water, and gas 
Consumplion, including accumulated melee igutes, by means of energy harvesting Wireless technology located ata vately of 
Poin inside a building. BSC software monitors and displays the current meter readings and compares them against default 
Values. This makes al relevant data avaiable for systems processing for intligent energy management on demand, 


Bridge to the cloud 


Via similar gateways, the standard-basod energy 


harvesting technology can also communicate with 
Ethomet, WiFi, GSMIUMTSICOMA, and other 
etworks for intagration in cloud services. Here, all, 
data collected by battaryess wireless sensors is 
tencrypied and transmitted to a cloud service over the 
Intemet. The gateways connected to a control and 
visualization software by TCP/IP that can be used to 
onto all relay recaivars and sensors bicrectionally. 
Some manufacturers have developed a cloud 
solution that offers energy management as a service, 
Therafore, faclty managers, buiding owners, and 
businesses can manitar Important inventory, 
‘equipment, assats, and energy-related information 
from anywhere at any time, va the coud. Crical 
building-related data is aulomatially pushed to the 
cloud, freeing aunars and managers fram the aften- 
Challenging eoardinalion and expense of hosting on- 
Sila servers, 


One of the major advantages of such a cloud-based 2 2g r 
gale a senate si —@ 42R*™ 


completely precommissioned from the manufacturer “smart Meter ‘Securiy Safety 


and ongoing device commissioning Is expertly done 


{on behalf ofthe clant and pushed out fram the cloud. 
‘The users are granted unlimited access to thelr remote, dedicated vitual server with thele own IP address, accessible from a 
desktop or smartphone — the perfect precondition for & deeply connected word ofan Io. 


‘The energy harvesting market is growing and mutilies on a year-by-year basis. Forecasts show that ths trend will continue, 
especialy as the next generation of energy harvesting wireless solutions is just around the commer to pave the way to tha, 
Intemet of Things. 


Laurent GiakMiniat is CEO of energy harvesting wireless solution provider EnOcean and previously spent 20 yoars with Texas 


Instruments (7), where he hold several management posilions including General Manager for Low Power RF Products 
(LPRE) 


Related News: 
& Energy harvesting for Internet of things - 02.07.2014 01:48 
i Consumar market wil drive industrial Internet of things for manufacturing - 06.08.2014 11:43, 
How the intacnet of Things wil affect cansuling engineers - 02.01.2014 11:35, 
Bh IP-alttho-way is the way to go -28.07.2018 01:28 
B Integration: Lighting and HVAC systems - 16.04.2013 01:30 


hitps:twww csemag.comnomelsingle-ariclelenergy-harvesting-power for the-internal-f-things/8e849599956201d39e7ec tcbabof9ect tml 
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experimenting with helix antennas. In the middle of this, 
investigative foray, he saw the radiation pattern for the 
G3RUH patch feed published on James Miller's web site, 
When he modeled that pattern and input it into the 
WIGHZ feed pattern program, it produced an amazing 
72% efficiency. The best helix he ever modeled has about 
60% efficiency. I8CVS recently ran his own antenna range 
tests of a design similar to the G3RUH patch and pro- 
duced a similarly impressive pattern. 

‘Then KSOE came across the truncated corners 
square patch design popularized by K3TZ. This AO-40 
design here is attributed to 7NIJVW, IF6BCC and 
IGIIIK. There are references in the literature going back 
‘over a decade for this now-common commercial design. 
‘The first model KSOE built outperformed his best helix- 
in-cup design by a full S unit (delta over the noise) on his 
FT-100 portable setup. Compared to a helix, the patch 
simply has better illumination efficiency with less 
spillover from side lobes. 

Patch theory is beyond the scope of this article, but 
‘can be summarized as building a shape that resonates at the 
desired frequency, compensated in size by the capacitive 
inductance between itself and the reflector. A patch can be 
practically any shape since it basically acts like a parallel- 
plate transmission line. Current in the patch flows from the 
feed point to the outer edge(s), where all the radiation 
‘occurs. The reputed, but often disputed, circularity of the 
truncated corner patch is accomplished by effectively 
designing two antennas into the patch element (of two dif- 
ferent diagonal lengths) and feeding them 90° out of phase. 

For K5OE’s 1.2-meter dish, shown in Fig 50, com- 
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Fig 49—Some of the many experimental CP-patch-feed 
antennas by WOLMD. (WOLMD photo.) 


Fig 50—The 1.2-meter dish with dual-band patch feed 
installed. (KSOE photo; courtesy of The AMSAT 
Journal.) 


putations predicted 21-dBi gain on L band and almost 27 
Bi on S band, with an assumed 50% efficiency: 


ona) 


where 
‘1 = efficiency 
2. = wavelength in meters 
‘A= aperture of the dish in meters = x 1° 
dish radius in meters = diameter/2 in meters 
0.6 meters 


(Eq 8) 


At 1269 MHz, A= 300/1269 = 0.236 meters: 
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At 2401.5 MHz, 2 = 300/2401.5 = 0.125 meters: 


4x3.14 
0.12: 


Where does the feed get mounted? The focal point is 
where the parabolic shape of the dish concentrates the 
reflected signal. In KSOE's case the antenna was placed 
flat on the garage floor to measure the depth: 
F=D*/ 16d (Eq) 


where 
D = diameter of the dish in inches 


depth of the dish in inches 
48° / (16 x 7.25) = 19.8 inches (50.5 em) 


f 


This is just one example of countless combinations 
of hardware and patch designs. Inherent in this design, 
however, are five key design and construction features 
developed from building and empirical testing of a num- 
ber of patch feeds. 


1. The specified dimensions are critical for no-tune opera- 
tion. Fig 51 shows the dimensions necessary to build 
the dual-feed patch, (KSOE recommends you reproduce 
this sketch accurately on graph paper. When you cut 
your patches you can lay them on the paper template 
for checking.) Repeat: These dimensions are critical 
Even a 0.5-mm error will throw your resonance off con- 
siderably—patches are not broadband, 


Fig 51—Dual-band patch feed dimensions, in 
millimeters. (KOE diagram; courtesy of The 
AMSAT Journal.) 
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2. The reflector must be rigid. Spacing between the 
driven element (patch) and the reflector affects the 
resonant frequency. KSOE found 0.025-inch alumi- 
‘num sheet and 26-gauge copper sheet acceptable for 
a single S-band patch feed, but too flimsy for an 
L-band reflector. Use more rigid material or provide 
additional stiffening for the L-band reflector, as 
shown in Figs 52, 53 and 54. 

3. The patches must be electrically isolated from each 
other. A metallic center support works for a single 
patch but creates harmonic-coupling problems when 
patches are stacked for multiband use. The use of 
nylon machine screws and nuts helps solve the vexing 
problem of the S-band patch coupling to the 
L-band patch. 

4, The “straight corners” of the truncated corner patch 
must be kept clear of any nearby metal. This includes 
the edges of the feed support or cup, if used. See Fig 
34. 

5. Feeding the patches at 90° to each other minimizes the 
electromagnetic interaction between the two antenna 
fields. 


of the L-band antenna. You must significantly reduce the 
potentially destructive effect from the 1269-MHZ signal's, 
second harmonic. Severe desense of your receive signal 
could occur and potentially even overload and damage the 
first active device in your system. Sensitive preamps and 
downconverters without a pre-RF-amplifier filter will need, 
‘an external filter. KSOE has used a G3WDG stub filter rated, 
‘at 100-dB rejection with good success ahead of his preamp. 
His current setup, however, uses a AIDC-3731AA 
downconverter with its internal combline filter providing 
adequate filtering. Using the downconverter directly at the 


Fig 52—Assembly of the L band reflector. (K5OE photo; 
courtesy of The AMSAT Journal 


Fig 53—The support, L-band reflector and patch. (K50E 
photo; courtesy of The AMSAT Journal.) 


Fig 54—The completed dual-band patch feed. 
(K50E photo; courtesy of The AMSAT Journal.) 


feed point has a noise figure (NF) of 1.0 dB, compared to 
the cumulative NF of 1.6 dB using a filter and a preamp. 
Construction of the feed begins with selection of 
material for both the electrical parts (the antennas) and the 
mechanical parts (the support structure). The L-band 
antenna is constructed using a 6 x 6-inch double-sided cir- 
cuit board for the reflector and a piece of 26-gauge copper 
sheet for the driven element (patch). A flanged female type- 
N connector is used for the feed connection. The S-band 
antenna is constructed of two pieces of 26-gauge copper 
sheeting and the feed connection is made with a short piece 
of UT-141 (0.141-inch copper-clad semirigid coax) termi- 
nated in a male SMA fitting. Fig 52 illustrates the assem- 
bly of the L-band reflector with the nylon-center support 
bolt, the L-band N-connector, and the S-band semirigid 
‘coax terminated onto an SMA-to-N adapter through the 
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circuit board, 

‘The support structure began life as a paint can, mea- 
suring 155 mm in diameter. It was cut down to a 15-mm, 
depth. Cut a hole in the middle of the bottom of the can 
‘and trim the PC board to fit inside the can bottom. Use 
stainless-steel ‘Js-inch 4-40 bolts, washers and nuts to 
secure the PC board to the can bottom. A 1'/:-inch 
6-32 nylon bolt is secured through the center of the PC 
board with two nylon nuts to provide the 6-mm spacing 
for the L-band patch. Fig 53 shows the L-band patch in 
position and ready to be soldered to the N-connector. Note 
the hole through the L-band patch allowing the S-band 
UT-141 coax to pass (without making contact). 

‘The remainder of the antenna is then assembled in 
order: First the L-band patch is secured with two nylon, 
nuts and soldered to the N-connector. Then the S-band 
reflector is secured with one nylon nut to provide 3-mm, 
spacing, and the UT-141 coax shield is soldered to the 
‘S-band reflector. Finally, the S-band patch is secured with, 
a single nylon nut (3-mm spacing) and soldered to the cen- 
ter conductor of the UT-141 coax. To summarize the over- 
all order of assembly: L-band reflector, two nylon nuts, 
L-band patch, two nylon nuts, S-band reflector, one nylon, 
‘nut, S-band patch, and one nylon nut. 

‘An electrical check with an ohmmeter of the com- 
pleted feed should show the two reflectors connected, with, 
the patches isolated from the reflectors and from each other. 
Fig 54 shows the completed feed. Note how the sides of 
the support are cut out to avoid proximity to the L-band, 
patch and how the L-band and S-band patches are at 90° to 
each other. Fig 55 shows the back of the feed, complete 
with an angle support for the downconverter. The flanged 
\N-connector is for the L-band coax and the male-N adapter 
is secured from the other side of the feed with the SMA 
fitting on the UT-141 coax. 

For those who are tempted to tune the patch, KSOE. 
recommends doing it with the feed installed on the an- 
tenna—since the dish surface affects the feed-point im- 
pedance slightly. The feed-point impedance, and thus the 
resonant frequency, can be changed quite a bit by 
adjustment of the spacing of just the straight corners. 
‘There is no need to change the spacing at the center or the 
feed—just a slight up or down bending of the straight cor- 
ners will change the tuning. Do this carefully: a little bit, 
‘goes a long way. This patch design is very repeatable and, 
will work adequately (an SWR below 1.5:1) with no 
adjustments. 

‘The antenna performs to the calculated predictions 
above. On receive, this antenna is 4§ units better than 
KSOE’s 45-cm dish and 3S units above his 65-cm dish 
(both other dishes have similar patch feeds and the same 
downconverter). It also clearly outperforms his previous 
<dual-helix arrangement on the 1.2-meter dish, but he was 
unable to do a side-by-side comparison. 

On transmit, it does equally well, with a decent 
nal into the satellite with only 10 W measured at the 
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Fig 55—Rear of the completed feed. (K5OE photo; 


antenna. The L band is noticeably improved over the helix 
predecessor. At low squint angles KOE finds the 
L-band uplink to be about 1 $ unit weaker than his U- 
band uplink. He later added a small plastic hat to extend 
‘over the top of the patches to keep the rain and bird drop- 
pings off —both detune the patches when built up between 
the patch and the reflector. 

‘Though simple and effective, this is merely one way 
to construct a dual feed. Cookie-tin lids also make excel- 
lent supports. Tin snips are a good investment and much 
‘easier to use than a hacksaw. Use flat file to remove burrs 
from the edges of the patches. Use stainless-steel hard- 
ware, most notably ‘-inch 4-40 machine bolts and nuts 
for the antenna hardware and '/-inch 6-32 for the support- 
structure connections to the support arms (/s-inch alumi- 
num tubing). The copper sheet is much easier to solder to 
than aluminum. Once completed, the feed received a few 
coats of white enamel paint to protect the copper and to 
minimize the visual reflections. 

This is not the only dual-band antenna on AO-40. 
There are many varied, innovative designs available, 
including G6LVB's simple and effective 1.2-meter home- 
brew stressed chicken wire dish with a dual-G3RUH helix 
feed. G3WDG has a 3-meter dish with L/S-band helices 
and a K-band (1.3-em) feed horn, and WOLMD has devel- 
‘oped some popular dual- and tri-band “round” patch feeds. 
(See the Notes and References, as well as the CD-ROM 
bundled with this book.) 
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Fig 56—The 
portable 435-MHz 
helix assembled 


and ready for 
operation. (WOCY 
photo.) 


For additional information on constructing anten- 
nas, feeds and equipment techniques for use at micro- 
wave frequencies, see The ARRL UHF/Microwave 
Experimenter's Manual and The ARRL UHF/Microwave 
Projects Manual. Both of these books have a wealth of 
information for the experimenter. 


PORTABLE HELIX FOR 435 MHZ 


Helical antennas for 435 MHz are excellent uplinks 
for U-band satellite communications. The true circular 
polarization afforded by the helix minimizes signal spin 
‘fading that is so predominant in these applications. The 
antenna shown in Fig 56 fills the need for an effective por- 
table uplink antenna for OSCAR operation. Speedy assem- 
bly and disassembly and light weight are among the 
benefits of this array. This antenna was designed by Jim 
‘McKim, WOCY. 

As mentioned previously, the helix is about the most 
tolerant of any antenna in terms of dimensions. The 
dimensions given here should be followed as closely as 
possible, however. Most of the materials specified are avail- 
able in any well supplied do-it-yourself hardware or build- 
ing supply store. The materials required to construct the 
portable helix are listed in Table 1 

The portable helix consists of eight turns of "s-inch 
soft-copper tubing spaced around a I-inch fiberglass tube 
or maple dowel rod 4 feet, 7 inches long. Surplus alumi- 
‘num jacket Hardline can be used instead of the copper tub- 
ing if necessary. The turns of the helix are supported by 
inch lengths of '/-inch maple dowel mounted through 
the I-inch rod in the center of the antenna. Fig 57A shows 
the overall dimensions of the antenna. Each of these sup- 
port dowels has a V-shaped notch in the end to locate the 
tubing, as shown in Fig 57B. 

The rod in the center of the antenna terminates at 
the feed-point end in a 4-foot piece of 1-inch ID galva- 


Table 1 
Parts List for the Portable 435-MHz Helix 


Qty tem 
1 Type N female chassis mount connector 


18 feet ‘ein. soft copper tubing 

4 feet t-inch ID galvanized stee! pipe 

1 5 feet x 1-inch fiberglass tube or maple dowel 

14 S:inch pieces of '/«inch maple dowel (6 feet 
total) 

1 ‘Yeinch aluminum plate, 10 inches diameter 

3 2x %/«inch steel angle brackets 

1 30 x 30-inch (round or square) aluminum 


‘screen or hardware cloth 


Beet ‘sx "ls x sinch aluminum channel stock or 
‘old TV antenna element stock 

3 Small scraps of Teflon or polystyrene rod 
(spacers for first halt turn of helix) 

1 ie x'5 x Srinch aluminum plate (boom-to-mast 
plate) 

4 1¥zinch U bolts (boom-to-mast mounting) 

Steet #22 bare copper wire (helix turns to maple 


spacers) 
‘Assorted hardware for mounting connector, aluminum 
plate and screen, etc, 


nized steel pipe. The pipe serves as a counterweight for 
the heavier end of the antenna. The -inch rod material 
inside the helix must be nonconductive. Near the point 
‘where the nonconductive rod and the steel pipe are joined 
piece of aluminum screen or hardware cloth is used as 
a reflector screen. 

If you have trouble locating the “/-inch soft copper 
tubing, try a refrigeration supply house. The perforated 


aluminum screening can be cut easily with tin snips. This 
material is usually supplied in 30 x 30-inch sheets, mak- 
ing this size convenient for a reflector screen. Galvanized 
‘/-inch hardware cloth or copper screen could also be used 
for the screen, but aluminum is easier to work with and is, 
lighter. 

‘A ‘feinch-thick aluminum sheet is used as the sup 
port plate for the helix and the reflector screen. Surplus 
rack panels provide a good source of this material. Fig 58 
shows the layout of this plate 

Fig 59 shows how aluminum channel stock is used 
to support the reflector screen. (Aluminum tubing also 
works well for this. Discarded TV antennas provide plenty 
of this material if the channel stock is not available.) The 
screen is mounted on the bottom of the 10-inch aluminum 
center plate. The center plate, reflector screen and channel 
stock are connected together with plated hardware or pop 
rivets. This support structure is very sturdy. Fiberglass 
tubing is the best choice for the center rod materi 
although maple dowel can be used 

Mount the type-N connector on the bottom of the cen- 
ter plate with appropriate hardware. The center pin should 
be exposed enough to allow a flattened end of the copper 
tubing to be soldered to it. Tin the end of the tubing alter 
itis flattened so that no moisture can enter it. Ifthe helix 
is to be removable from the ground-plane screen, do not 
solder the copper tubing to the connector. Instead, prepare 
a small block of brass, drilled and tapped at one side for a 
6-32 screw. Drill another hole in the brass block to accept 
the center pin of the type-N connector, and solder this con- 
nection. Now the connection to the copper tubing helix 
can be made in the field with a 6-32 screw instead of with 
‘a soldering iron. 
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Fig 57—At A, the layout of the portable 435-MHz helix is shown. Spacing between the first 5-inch 


jinding-support 


dowel and the ground plane is 's inch; all other dowels are spaced 3 inches apart. At B, the detail of notching the 


winding-support dowels to accept the tubing is shown. As indicated, drill a 


of small wire to hold the tubing in place. 
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Fig 58—The ground plane and feed-point support 
assembly are shown. The circular piece is a 10-inch 
diameter, “-inch thick piece of aluminum sheet. (A 
square plate may be used instead.) Three 2 x */-inch 
angle brackets are bolted through this plate to the 
backside of the reflector screen to support the screen 
on the pipe. The type-N female chassis connector is 
‘mounted in the plate 4 inches from the 1-inch diameter 
center hole. 


Refer to Fig 57A. Drill the fiberglass or maple rod 
at the positions indicated to accept the S-inch lengths of 
“-inch dowel. (If maple doweling is used, the wood must 
be weatherproofed as described below before drilling.) 
Drill a '/-inch hole near the notch of each 5-inch dowel 
to accept a piece of #22 bare copper wire. (The wire is, 
used to keep the copper tubing in place in the notch.) 
Sand the ends of the 5-inch dowels so the glue will adhere 
properly, and epoxy them into the main support rod. 

Begin winding the tubing in a clockwise direction 
from the reflector screen end, First drill a hole in the flat- 
tened end of the tubing to fit over the center pin of the 
type-N connector. Solder it to the connector, or put the 
screw into the brass block described earlier. Carefully pro- 
ceed to bend the tubing in a circular winding from one 
support to the next, 

See the earlier section entitled “50-0 Helix Feed” 
and Figs 19 and 20 to see how the first half-turn of the 
helix tubing must be positioned close above the reflector 
assembly. Fig 9B shows also an excellent example by 
KEK on matching his U-band helical antenna to a 52-0 
feed line. It is important to maintain this spacing, since 
extra capacitance between the tubing and ground is, 
required for impedance-matching purposes. 

Insert a piece of #22 copper wire in the hole in each 
support as you go. Twist the wire around the tubing and 
the support dowel. Solder the wire to the tubing and to 
itself to keep the tubing in the notches. Continue in this 
‘way until all eight turns have been wound. After winding 
the helix, pinch the far end of the tubing together and 
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Fig 59—At top, the method of reinforcing the reflector 
‘screen with aluminum channel stock is shown. In this 
version of the antenna, the three angle brackets of Fig 
'58 have been replaced with a surplus aluminum flange 
assembly. (WOCY photo.) At bottom, this helix view 
shows the details of a ‘/-turn matching transformer, as 
discussed in the text. (K9EK photo.) 


solder it closed. 


Weatherproofing the Wood 

A word about preparing the maple doweling is in 
order. Wood parts must be protected from the weather to 
ensure long service life. A good way to protect wood is 
to boil it in paraffin for about half an hour. Any holes to 
be drilled in the wooden parts should be drilled after the 
paraffin is applied, since epoxy does not adhere well to 
wood after it has been coated with paraffin. The small 
dowels can be boiled in a saucepan. Caution must be 
exercised here—the wood can be scorched if the paraffin 
is too hot. Paraffin is sold for canning purposes at most 
grocery stores. Wood parts can also be protected with 
three or four coats of spar varnish. Each coat must be 
allowed to dry fully before another coat is applied. 

The fiberglass tube or wood dowel must fit snugly 


with the steel pipe. The dowel can be sanded or turned, 
down to the appropriate diameter on a lathe. If fiberglass 
is used, it can be coupled to the pipe with a piece of wood, 
dowel that fits snugly inside the pipe and the tubing. Epoxy 
the dowel splice into the pipe for a permanent connection. 

Drill two holes through the pipe and dowel and bolt 
them together. The pipe provides a solid mount to the boom, 
of the rotator, as well as most of the weight needed to coun- 
terbalance the antenna. More weight can be added to the 
pipe if the assembly is “front-heavy.” (Cut off some of the 
pipe if the balance is off in the other direction.) 

The helix has a nominal impedance of about 105 
in this configuration, By varying the spacing of the first 
half turn of tubing, a good match to 52-Q coax should be 
obtainable. When the spacing has been established for the 
first half turn to provide a good match, add pieces of poly- 
styrene or Teflon rod stock between the tubing and the 
reflector assembly to maintain the spacing. These can be 
held in place on the reflector assembly with silicone seal- 
ant. Be sure to seal the type-N connector with the same 
material. 


Exposed Antenna Relays and Preamplifiers 


For stations using crossed Yagi antennas for CP 
operation, one feature that has been quite helpful for com- 
‘municating through most of the LEO satellites, has been 
the ability to switch polarization from RHCP to LHCP. In, 
some satellite operation this switchable CP ability has been, 
essential. Operation through AO-40 has not shown a great 
need for such CP agility, since if the satellite is seriously 
off-pointed the signals are not particularly useable. When, 
AO-40’s squint angle is less than 25° the need for LHCP 
hhas not been observed. For those using helical antennas or 
helical-fed dish antennas, we just would not have the choice 
to switch CP unless an entirely new antenna is added to 
the cluster for that purpose. Not many of us have the luxury 
of that kind of space available on our towers, 

For stations with switchable-circularity Yagi anten- 
nas, experience with exposed circularity switching relays 
and preamplifiers mounted on antennas have shown that 
they are prone to failure caused by an elusive mechanism 
known as diurnal pumping. Often these relays are cov- 
ered with a plastic case, and the seam between the case 
and PC board is sealed with a silicone sealant. Preamps 
may also have a gasket seal for the cover, while the con- 
rectors can easily leak air. None of these methods create a 
true hermetic seal and as a result the day/night tempera- 
ture swings pump air and moisture in and out of the relay 
or preamp case. Under the right conditions of temperature 
and moisture content, moisture from the air will condense 
inside the case when the outside air cools down. Condensed, 
water builds up inside the case, promoting extensive 
corrosion and unwanted electrical conduction, seriously 
degrading component performance in a short time. 

A solution for those antennas with “sealed” plastic 
relays, such as the KLM CX series: you can avoid prob- 
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Fig 60—KLM 2M-22C antenna CP switching relay with 
relocated balun. The protective cover is needed for rain 
protection, be sure to use a polystyrene kitchen box, 
‘see text. (WD4FAB photo.) 


Fig 61—A NEMA4 box is used to shelter the L- 
electronics and power supply. The box flanges are 
convenient for mounting preamplifiers. The box is 
shown inverted since it is on a tlt-over tower. (WD4FAB 
photo.) 


lems by making the modifications shown in Fig 60. Relo- 
cate the 4:1 balun as shown and place a clear polystyrene 
plastic refrigerator container over the relay. Notch the con- 
tainer edges for the driven element and the boom so the 
container will sit down over the relay, sheltering it from 
the elements, Bond the container in place with a few dabs 
of RTV adhesive sealant. Position the antenna in an 
orientation, so neither set of elements is parallel to the 
ground, The switcher board should now be canted at an 
angle, and one side of the relay case should be lower 
than the other. An example for the protective cover for an 
S-band preamp can be seen in the discussion on feeds for 
parabolic antennas. 

For both the relay and preamp cases, carefully drill a 
3/32-inch hole through the low side of the case to provide 
the needed vent. The added cover keeps rainwater off the 
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relay and preamp, and the holes will prevent any buildup 
of condensation inside the relay case. Relays and pream- 
plifiers so treated have remained clean and operational over 
periods of years without problems. 

Another example for the protection of remotely, tower- 
‘mounted equipment is shown in Fig 50, illustrating the equip- 
ment box and mast-mounted preamplifiers at the top of 
WD4FAB's tower. The commercial NEMA4-rated equip- 
ment box, detailed in Fig 61 (shown inverted), is used to 
protect the 23-cm power amplifier and its power supply, as 
well as a multitude of electrical connections. This steel box 
is very weather resistant, with an exceptionally good epoxy 
finish, but itis not sealed and so it will not trap moisture to 
be condensed with temperature changes. Be sure to use @ 
box with at least a NEMA3 rating for rainwater and dust 
protection. The NEMA4 rating is just a litle better protec~ 
tion than the NEMA3 rating. Using a well-rated equipment 
box is very well worth the expense of the box. As you can 
see, the box also provides some pretty good flanges to mount 
the mast-mounted preamplifiers for three bands. This box 
isan elegant solution for the simple need of rain shelter for 
your equipment. See Fig 62. 


Elevation Control 


Satellite antennas need to have elevation control to 
point up to the sky. This is the “EI” part of Az-El control 
of satellite antennas. Generally, elevation booms for CP 
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Fig 62—Protection for tower-mounted equipment need 
not be elaborate. Be sure to dress the cables as shown 
‘so that water drips off the cable jacket before it 
reaches the enclosure. One hazard for such open- 
bottom enclosures is that of animals liking the cable 
insulation as a delicacy. Flying insects also like to build 
their houses in these enclosures. 
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satellite antennas need to be non-conducting so that the 
boom does not affect the radiation pattern of the antenna. 
In the example shown next, the elevation boom center sec~ 
tion is apiece of extra-heavy-wall I'/-inch pipe (for greater 
strength) coupled with a tubular fiberglass-epoxy boom 
extension on the 70-cm end and a home-brew long exten- 
sion on the 2-meter end. This uses large PVC pipe rein- 
forced with four braces of Phillystran non-metallic guy 
cable. (PVC pipe is notoriously flexible, but the Phillystran, 
cables make a quite stiff and strong boom of the PVC pipe.) 
For smaller installations, a continuous piece of fiberglass 
epoxy boom can be placed directly through the elevation, 
rotator. 

Elevation boom motion needs to be powered, and 
one solution by WD4FAB, shown in Fig 63, uses a sur- 
plus jackscrew drive mechanism. I8CVS has also built 
his own robust elevation mechanism. See Fig 64. Note in 
each of these applications the methods used to provide 
bearings for the elevation mechanism. In WD4FAB's c 
the elevation axis is a piece of heavy-duty 1'/=-inch pipe, 


Fig 63—WD4FAB's homebrew elevation rotator drive 
using a surplus-store drive screw mechanism. Note 
also the large journal bearing supporting the elevation 
axis pipe shaft. (WD4EAB photo.) 


(%heinch OD) and large 2 inch journal bearings are 
used for the motion. ISCVS uses a very large hinge to 
allow his motion. 

Robust commercial solutions for Az-El rotators have 
given operators good service over the years. See Fig 65, 
Manufacturers such as Yaesu and M? are among these 
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Fig 64—I8CVS's homebrew elevation mechanism 
using a very large, industrial hinge as the pivot 
and a jackscrew drive. (I8CVS photo.) 


suppliers. One operator, VESFP, found a solution for his 
Az-El needs by using two low-cost, lightweight TV rota- 
tors, See Fig 6B. 


CONVERTED C-BAND TVRO DISHES 

In working with larger, converted C-band TVRO 
dishes for AO-40, some operators have used only the polar 
mount with its jack-screw mechanism. See Fig 66. This 
dish is called Big Ugly Dish or just “BUD” by their users. 
Only using the polar mount mechanism limits the oper: 
tor in the range of motion, as previously discussed. 
WOLMD provides for a greater degree of articulation of 
these dishes through several mechanisms. One of these is, 
‘a sector-gear elevation drive, shown in Fig 67. 

For the azimuth motion of our satellite antennas, most 
use motorized rotator drives, mainly the commercial 
sources previously mentioned. Most antennas are tower- 
mounted, allowing the placement of the rotator inside the 
tower. For the large wind loads of satellite antennas, these 
‘commercial rotators become rather expensive. 

High loads are also prominent with the use of BUD 


Fig 65—At left, Yaesu Az-El antenna-rotator mounting system is shown. Note that antenna loads must be more 
carefully balanced on this rotator than in the previously shown systems. At right, VESFP has a solution for his Az-El 
rotators by bolting two of them together in his “An Inexpensive Az-El Rotator System", QST, December 1998. 
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Fig 66—A TVRO dish-drive system is shown on its polar 
‘mount, using a protected drive-screw mechanism. 
(WOLMD photo.) 


‘Az-El mount and a sector-gear drive for the elevation. 
(WOLMD photo.) 


again engineered some very 
robust mechanisms using combinations of motorcycle- 
chain drives, V-belt drives and gear-head motors, as seen 
in Fig 68. An overall view of one of his BUD antennas is, 
shown in Fig 69, showing the Az drive with an El drive 
that uses a jackscrew mechanism, 

Operators through the years have employed many 
methods for the control of their antenna positions, rang- 
ing from true arm-strong manual positioning, to manual 
operation of the powered antenna azimuth and elevation 
rotators, to fully automated computer control of the rota 
tors. While computer control of the rotators is not essen- 
tial, life is greatly assisted with their use. For many years, 
one of the keystone control units for rotators has been, 
the Kansas City Tracker (KCT) board installed in your 
computer. Most satellite-tracking programs can connect to 
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Fig 68—WOLMD constructed a very robust and low-cost 
‘Az drive mechanism. (WOLMD photo.) 


the KCT with ease. One difficulty with the KCT unit is 
that they are 8-it digital units, providing positioning pre- 
cision of 0.35° in elevation and 1.41° in azimuth. For the 
larger dishes, with their narrow beamwidth, these values 
of precision are unacceptable. There are other options to 
replace the KCT unit 

‘A recent trend for amateur antenna control has been 
evolving inthe form of a standalone controller that trans- 
lates computer antenna-position information into control- 
Jer commands with an understanding of antenna-position 
limits. These boxes, represented by the EasyTrak unit, 
Fig 70, from the Tucson Amateur Packet Radio (TAPR) 
group, have made this capability readily available for many 
amateurs. This unit is a 10-bit encoder, providing preci- 
sions of 0.09° in elevation and 0.35° in azimuth. The com- 
puter can also control the operation of your station 
transceiver through the radio interface provided in 
EasyTrak; you will not need any other radio interface 

Other position readout and control options are avail- 
able, For many years ham operators have employed syn- 
chros, or selsyns, for their position readouts, These are 


ecnl 


The Basic Soldering Guide 
learn to solder successfully! 


Alan Winstanley 


is shown, using a jackscrew elevation drive. (WOLMD 
photo.) 


Fig 70—The EasyTrak automated antenna rotator and 
radio controller by TAPR. (WD4FAB photo.) 


specialized transformers, using principles developed over 
sixty years ago and employed in such devices as surplus 
“radio compass” steering systems for aircraft, While the 
position readout of these devices can be quite precise, in 
general they only provide a visual position indication, 
‘one that is not easily adapted to computer control. I8CVS 
employs such a system at his station and his elevation 
synchro can be seen in Fig 64, using a weighted arm on 
the synchro to provide a constant reference to the Earth's 
gravity vector. 

‘The more up-to-date, computer-friendly position read- 
‘out methods used these days are usually based on prec 
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Fig 71—WOLMD has experimented with highly precise 
‘optical encoders for his antenna position systems. See 
text. (WOLMD photo.) 


sion potentiometers or digital code wheels. Fig 71 shows 
such a digital code-wheel system employed by WOLMD. 
He notes that such systems, while providing a very high 
precision of angular position, they are not absolute sys- 
tems and that once calibrated, they must be continually 
powered so they do not lose their calibration. Precision 
potentiometers, on the other hand, provide an absolute 
position reference, but with a precision that is limited to 
the quality of the potentiometer, typically 0.5% (0.45° in 
El and 1.80° in Az) to 1.0%. So the choices have their 
individual limits, unless a lot of money is spent for very 
precise commercial systems. 
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This section was updated by David Hallidy, K2DH. 
‘As mentioned earlier, the tremendous path loss incurred 
over an EME circuit places stringent requirements on Earth- 
station performance. Low-noise receiving equipment, max 
‘mum available power and high-gain antenna arrays are 
required for successful EME operation. Although itis pos- 
sible to copy some of the better-equipped stations with a 
Jow-gain antenna, it is unlikely that such an antenna can 
provide reliable two-way communications. Antenna gain 
Of at least 20 dBi is required for reasonable EME success. 
Generally speaking, more antenna gain yields the most 
noticeable improvement in station performance, since the 
increased gain improves both the received and transmitted 
signals. 
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EME Communications 
VHF/UHF EME ANTENNAS 


Several types of antennas for 2 meters and 70 em are 
popular among EME enthusiasts. Perhaps the most popu- 
lar antenna for 144-MHz work is an array of either 4 or 8 
long-boom (14 to 15 dBi gain) Yagis. The 4-Yagi array 
provides approximately 20 dB gain, and an 8-Yagi array 
gives an approximate 3 dB increase over the 4-antenna 
array. Fig 72 shows the computed response at a 30° tilt 
above the horizon for a stack of four 14-element 2-meter 
Yagis, each with a boomlength of 3.1 2 (22 fee). 

‘At432 MHz, EME enthusiasts often use 8 or 16 long- 
boom Yagis in an array. Such Yagis are commercially avail- 
able or they can be constructed from readily available 
materials. Chapter 18, VHF and UHF Antenna Systems, 


has details on some popular Yagi designs. 

‘The main disadvantage of Yagi arrays is that the 
polarization plane of the individual Yagis cannot be con- 
veniently changed. One way around this is to use cross- 
polarized Yagis and a relay switching system to select the 
desired polarization, as described in the previous section. 
This represents a considerable increase in system complex 
ity to select the desired polarization. Some amateurs have 
gone so far as to build complicated mechanical systems to 
allow constant polarization adjustment of all the Yagis in 
‘large array. Fig 73 shows the KIFO 70-cm EME 16-Yagi 
array with full polarization control, described in The ARRL 
Antenna Compendium, Vol 3. This 432-MHz EME array 
uses open-wire phasing lines to minimize feed-line losses. 
Fig 74 shows the computed response for this array, which 
employs rugged but lightweight 14-element Yagis on 
3.1 2.(7.1 foot) booms. Feed-line losses are not explicitly 
accounted for in the EZNEC Professional computer model. 
but are estimated to be less than 0.25 dB. 

Polarization shift of EME signals at 144 MHz is fairly 
rapid, and the added complexity ofa relay-controlled cross 
polarized antenna system or a mechanical polarization 
adjustment scheme is probably not worth the effort. At 
432. MHz, however, where the polarization shifts at a much 
slower rate, an adjustable polarization system does offer a 
definite advantage over a fixed one. 

‘The Yagi antenna system used by Ed Stallman, 
NSBLZ, is shown in Fig 78, His system employs twelve 
144-MHz long-boom 17-element Yagi antennas. The mon. 
ster 48-Yagi 2-meter array of Gerald Williamson, KSGW 
is shown in Fig 76, and the huge 48-Yagi 70-em EME 
array of Frank Potts, NCI, is shown in Fig 77. 

Although not as popular as Yagis, Quagi antennas 
(made from both quad and Yagi elements) are sometimes 
used for EME work. Slightly more gain per unit boom 
length is possible as compared to the conventional Yagi 


at the expense of some robustness. Additional informa. 
tion on the Quagi is presented in Chapter 18, VHF and 
UHF Antenna Systems. 

The collinear array is an older type of antenna for 
EME work. A 40-clement collinear array has approximately 


Fig 73—K1FO's variable polarization 16 x 14-element 
(8.6.3 boom lengths) 432-MHz EME array shown at 2° 
elevation and vertical polarization. (See The ARAL 
‘Antenna Compendium, Vol 3.) 


Fig 72—EZNEC Pro elevation pattern for four 14- 
‘element 2-meter Yagis (3.6-1 boom lengths) at an 
‘elevation angle of 30° above the horizon. The computed 
system gain is 21.5 dBi, suitable for 2-meter EME. Thi 
assumes that the phasing system is made of open-wire 
transmission lines so that feed-line losses can be kept 
below 0.25 dB. 
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Fig 74—Computed elevation response for K1FO 16-Yagi 
432-MHz array shown in Fig 73. (The EZNEC Pro model 
required 2464 segments!) With assumed phasing 
harness feed-line losses of 0.25 dB, the overall gain 
exceeds 27.5 dBi. 


19-33 


the same frontal area as an array of four Yagis, but pro- 
duces approximately | to 2 4B less gain. One attraction to 
a collinear array is that the depth dimension is consider- 
ably less than the long-boom Yagis. An 80-clement col- 
linear is marginal for EME communications, providing 
approximately 19 dB gain. As with Yagi and Quagi anten- 
nas, the collinear cannot be adjusted easily for polarity 
changes. From a construction standpoint, there is little 
difference in complexity and material costs between the 
collinear and Yagi arrays. 


DISH ANTENNAS FOR EME 


On 2 meters the minimum antenna gain for reliable 


Fig 75—The EME array used at NSBLZ consists of 
twelve long-boom 144-MHz Yagis. The tractor, lower left, 
really puts this array into perspective! (Photo courtesy 
NSBLZ.) 


Fig 76—KSGW's huge 48-Yagi 2-meter EME array. 
(Photo courtesy K5GW.) 
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EME communications is about 20 dBi. While a few ama- 
teurs have had access to parabolic dishes large enough for 
EME work at 144 and 222 MHz, at those frequencies an 
array of four long Yagis is equal in gain to a dish 24 feet in 
diameter! To achieve truly high-gain performance from a, 
dish on 2 meters would require a reflector diameter of 
nearly 96 feet (providing 32 dBi gain). Such undertakings 
are generally beyond amateur means, so there has been little 
‘work done with dishes at low frequencies, except for the 
‘occasional expedition to one of the large radio telescopes 
that have accommodated amateur EME work. 


Microwave Parabolic Dish Antennas 

‘The major problems associated with parabolic dish 
‘antennas are mechanical ones. A dish of about 16 feet in 
diameter is the minimum size required for successful EME 
‘operation on 432 MHz, With wind and ice loading, struc- 
tures of this size place a real strain on the mounting and 
positioning system. Extremely rugged mounts are required, 
for large dish antennas, especially when used in windy 
locations. Fig 78 shows the impressive 7-meter diameter 


Fig 77—NC1I's magnificent 48-Yagi 70-cm EME array. 
(Photo courtesy NC1l.) 


dish built by David Wardley, ZL1BIQ. 

Several aspects of parabolic dish antennas make the 
extra mechanical problems worth the trouble, however. For 
‘example, the dish antennas inherently broadband, and may 
be used on several different amateur bands by simply 
‘changing the feed. An antenna that is suitable for 432 MHz, 
work will most likely be usable on several of the higher 
amateur bands too. Increased gain is available as the fre- 
‘quency of operation is increased. 

Another advantage of a dish isthe flexibility of the feed 
system. The polarization of the feed, and therefore the polar- 
ization of the antenna, can be changed with litle difficulty. It 
is arclatively easy matter to devise a system to rotate the feed 
remotely from the shack to change polarization. Because 
polarization changes can account for as much as 30 dB of, 
signal attenuation, the rotatable feed can make the dif- 
ference between consistent communications and no commu- 
nications at all. Further information on Parabolic Antennas 
‘can be found in Chapter 18, VHF and UHF Antenna Systems, 
as well as in the section below. 


A 12-FOOT STRESSED HOMEBREW 
PARABOLIC DISH 


Very few antennas evoke as much interest among UHF 
amateurs as the parabolic dish, and for good reason. First 
the parabola and its cousins—Cassegrain, hog horn and 
Gregorian—are probably the ultimate in high-gain anten- 
nas. One of the highest-gain antennas in the world (148 dB) 
is a parabola. This is the 200-inch Mt. Palomar telescope, 
(The very short wavelength of light rays causes such a high 
gain to be realizable.) 

Second, the efficiency of the parabola does not change 
as size increases. With Yagis and collinear arrays, the losses 
in the phasing harness increase as the array size increases. 
‘The corresponding component of the parabola is lossless, 
air between the feed horn and the reflecting surface. If there 
are a few surface errors, the efficiency of the system stays 
constant regardless of antenna size. This project was pre- 
sented by Richard Knadle, K2RIW, in August 1972 QST. 


Fig 78—ZL1BJQ's homemade 7-meter (23-foo!) 
parabolic dish, just prior to adding "/=inch wire 
mesh. (Photo courtesy ZL1BJQ.) 
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‘Some amateurs reject parabolic antennas because of 
the belief that they are all heavy, hard-to-construct, have 
large wind-loading surfaces and require precise surface 
accuracy. However, with modern construction techniques, 
a prudent choice of materials and an understanding of 
accuracy requirements, these disadvantages can be largely 
‘overcome. A parabola may be constructed with a 0.6 f/D. 
(focal length/diameter) ratio, producing a rather flat dish, 
‘which makes it easy to surface and allows the use of recent, 
advances in high-efficiency feed horns. This results in 
greater gain for a given dish size over conventional 
designs, 

‘Such an antenna is shown in Fig 79. This parabolic 
dish is lightweight, portable, easy to build, and can be used, 
for 432 and 1296-MHz mountain topping, as well as on 
2304, 3456 and $760 MHz. Disassembled. it fits into the 
trunk of a car, and can be assembled in 45 minutes, 

‘The usually heavy structure that supports the sur- 
face of most parabolic dish antennas has been replaced 
in this design by aluminum spokes bent into a near para- 
bolic shape by string. These strings serve the triple fune- 
tion of guying the focal point, bending the spokes and 
reducing the error at the dish perimeter (as well as at the 
center) to nearly zero. By contrast, in conventional 
designs, the dish perimeter (which has a greater surface 
area than the center) is farthest from the supporting cen- 
ter hub. For these reasons, it often has the greatest error. 
This error becomes more severe when the wind blows. 

Here, each of the spokes is basically a cantilevered 
beam with end loading. The equations of beam bending 


satellite signals near 2280 MHz. A preamplifier is shown 
taped below the feed horn. The dish was designed by 
K2RIW, standing at the right. From QST, August 1972. 
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predict a near-perfect parabolic curve for extremely small 
deflections. Unfortunately the deflections in this dish are 
not that small and the loading is not perpendicular. For 
these reasons, mathematical prediction of the resultant 
curve is quite difficult. A much better solution is to me: 
sure the surface error with a template and make the nec 
essary correction by bending each of the spokes to fit, 
‘This procedure is discussed later. 

‘The uncorrected surface is accurate enough for 432 
and 1296-MHz. use. Trophies taken by this parabola in 
antenna-gain contests were won using a completely natu- 
ral surface with no error correction. By placing the trans- 
mission line inside the central pipe that supports the feed 
horn, the area of the shadows or blockages on the reflector 
surface is much smaller than in other feeding and support- 
ing systems, thus increasing gain. For 1296 MHz, a back- 
fire feed horn may be constructed to take full advantage of, 
this feature, At 432 MHz, a dipole and reflector assembly 
produces 1.5 dB additional gain over a corner-reflector feed 
system. Because the preamplifier is located right at the horn 
on 2300 MHz, a conventional feed horn may be used. 


Construction 

‘Table 2 is a list of materials required for construe- 
tion, Care must be exercised when drilling holes in the 
‘connecting center plates so assembly problems will not be 
experienced later. See Fig 80. A notch in each plate allows 
them to be assembled in the same relative positions. The 
two plates should be clamped together and drilled at the 


Fig 80—Center plate details. Two center plates are 
bolted together to hold the spokes in place. 
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same time. Each of the 18¥%:-inch diameter aluminum 
spokes has two no, 28 holes drilled at the base to accept 
no, 6-32 machine screws that go through the center plates. 
‘The 6-foot long spokes are cut from standard 12-foot 
lengths of tubing. A fixture built from a block of alumi- 
num assures that the holes are drilled in exactly the same 
position in each spoke. The front and back center plates 
constitute an I-beam type of structure that gives the dish 
center considerable rigidity 

‘A side view of the complete antenna is shown in 
Fig 81, Aluminum alloy (6061-T6) is used for the spokes. 
while 2024-T3 aluminum alloy sheet, /sinch thick, is used 
for the center plates. (Aluminum has approximately three 
times the strength-to-weight ratio of wood, and aluminum 
cannot warp or become water logged.) The end of each of 
the 18 spokes has an eyebolt facing the dish focal point 
which serves a dual purpose: 


1) To accept the #9 galvanized fence wire that is routed 
through the screw eyes to define the dish perimeter, 
and 

2) To facilitate rapid assembly by accepting the $ hooks 
which are tied to the end of each of the lengths of 
130-pound test Dacron fishing string. 


‘The string bends the spokes into a parabolic curve; 
the dish may be adapted for many focal lengths by tight- 
ening or slackening the strings. Dacron was chosen 
because it has the same chemical formula as Mylar. This, 
is a low-stretch material that keeps the dish from chang- 
ing shape. The galvanized perimeter wire has a S-inch 
overlap area that is bound together with baling wire after 
the spokes have been hooked to the strings. 

‘The aluminum window screening is bent over the 
perimeter wire to hold it in place on the back of the spokes. 
Originally, there was concern that the surface perturba- 
tions (the spokes) in front of the screening might decrease 
the gain. The total spoke area is so small, however, that 


Table 2 

Materials List for the 12-Foot Stressed Parabolic 

Dish 

41) Aluminum tubing, 12 ft x ‘/s in. OD x 0.049-in. wall 
6061-T6 alloy, 9 required to make 18 spokes. 


2) Octagonal mounting plates 12 x 12 x ‘Ve in., 2024-73, 
alloy, 2 required. 


3) 1%/ in. 1D pipe flange with setscrews, 
4) 1'/sin, « 8 ft TV mast tubing, 2 required. 
5) Aluminum window screening, 4 « 50 t. 

6) 130-pound test Dacron trolling line. 

7) 98 ft #9 galvanized fence wire (perimeter). 


8) Two hose clamps, 1'/zin.; two U bolts; ‘/s x 14 in. 
Bakelite rod or dowel; water-pipe grounding clamp; 
18 eye bolts; 18 S hooks. 


SAU Batsite 


\ 


Fig 81—Side view of the stressed parabolic dish. 


this fear proved unfounded 
Placing the aluminum screening in front of the 
spokes requires the use of 200 pieces of baling wire to 
hold the screening in place. This would increase the 
assembly time by at least an hour. For contest and 
‘mountaintop operation (when the screening is on the back 
of the spokes) no fastening technique is required other 
than bending the screen to overlap the wire perimeter. 


The Parabolic Surface 


A 4-foot wide roll of aluminum screening 50 feet long 
is cut into appropriate lengths and laid parallel, with a 
3.inch overlap between the top of the unbent spokes and 
hhub assembly. The overlap seams are sewn together on one 
halfof the dish using heavy Dacron thread and a sailmaker's 
curved needle. Every seam is sewn twice; once on each edge 
of the overlapped area. The seams on the other half are left 
‘open to accommodate the increased overlap that occurs when 
the spokes are bent into a parabola, The perimeter of the 
screening is then trimmed. Notches are cut in the 3-inch 
overlap to accept the screw eyes and S hooks. 

The first time the dish is assembled, the screening 
strips are anchored to the inside surface of the dish and the 
seams sewn in this position, It is easier to fabricate the 
surface by placing the screen on the back of the dish frame 
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with the structure inverted. The spokes are sufficiently 
strong to support the complete weight of the dish when 
the perimeter is resting on the ground. 

‘The 4-foot wide strips of aluminum screening con- 
form to the compound bend of the parabolic shape very 
casily. Ifthe seams are placed parallel to the E-field polar- 
ization of the feed horn, minimum feedthrough will occur. 
This feedthrough, even if the seams are placed perpendicu- 
lar to the E field, is so small that it is negligible. Some 
constructors may be tempted to cut the screening into pie- 
shaped sections. This procedure will increase the seam area 
and construction time considerably. The dish surface 
‘appears most pleasing from the front when the screening 
perimeter is slipped between the spokes and the perimeter 
wire, and is then folded back over the perimeter wire. In 
disassembly, the screening is removed in one piece, folded, 
in half, and rolled 


‘The Horn and Support Structure 

‘The feed hor is supported by 1'/-inch aluminum 
television mast. The Hardline that is inserted into this tub- 
ing is connected first to the front of the feed horn, which 
then slides back into the tubing for support. A setscrew 
assures that no further movement of the feed horn occurs. 
During antenna-gain competition the setscrew is omit- 
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Fig 82—Backfire type 1296-MHz feed horn, linear polarization only. The small ca 
the large can is a 50-pound shortening container (obtained from a restaurant, Gold Crisp bi 


‘inch OD extends from UG-23 connector to dipole. C 


‘a Quaker State oil container; 
i). Brass tubing, 


xr conductor and dielectric are obtained from */-inch 


‘Alumatoam coaxial cable. The dipole is made from 3/32-inch copper rod. The septum and 30° section are made from 
galvanized sheet metal. Styrofoam is used to hold the septum in position. The primary gain is 12.2 dBi. 


ted, allowing the '/z-inch semirigid CATV transmission 
line to move in or out while adjusting the focal length for 
maximum gain. The TV mast is held firmly at the center 
plates by two setscrews in the pipe flange that is mounted 
on the rear plate. At 2300 MHz, the dish is focused for 
best gain by loosening these setscrews on the pipe flange 
and sliding the dish along the TV mast tubing. (The dish 
is moved instead of the feed horn.) 

‘The fishing strings are held in place by attaching 
them to a hose clamp that is permanently connected to 
the TV tubing. A piece of rubber sheet under the hose 
clamp prevents slippage and keeps the hose clamp from 
cutting the fishing string. A second hose clamp is mounted 
below the first as extra protection against slippage. 

‘The high-efficiency 1296-MHz dual mode feed horn, 
detailed in Fig 82, weighs 5°/s pounds. This weight causes 
some bending of the mast tubing, but this is corrected by 
a 'Je-inch diameter bakelite support, as shown in Fig 81. 
‘This support is mounted to a pipe grounding clamp with 
a no, 8-32 screw inserted in the end of the rod. The 
bakelite rod and grounding clamp are mounted midway 
between the hose clamp and the center plates on the mast, 
A double run of fishing string slipped over the notched 
upper end of the bakelite rod counteracts bending, 

‘The success of high-efficiency parabolic antennas 
is primarily determined by feed horn effectiveness. The 
multiple diameter of this feed horn may seem unusual, 
This patented dual-mode feed, designed by Dick Turrin, 
W2IMU, achieves efficiency by launching two different 
kinds of waveguide modes simultaneously. This causes 
the dish illumination to be more constant than conven- 
tional designs. 

Mlumination drops off rapidly at the perimeter, reduc 
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ing spillover. The feed backlobes are reduced by at least 
35 dB because the current at the feed perimeter is almost 
‘zero; the phase center of the feed system stays constant across, 
the angles of the dish reflector. The larger diameter section 
is a phase corrector and should not be changed in length. In 
theory, almost no increase in dish efficiency can be achieved 
‘without increasing the feed size in a way that would increase 
complexity, as well as blockage, 

‘The feed is optimized for a 0.6 1/D dish. The dimen- 
sions of the feeds are slightly modified from the original 
design in order to accommodate the cans. Either feed type 
can be constructed for other frequencies by changing the 
scale of all dimensions. 


Multiband Use 
Many amateurs construct multiband antenna arrays 
by putting two dishes back to back on the same tower. 
This is cost inefficient. The parabolic reflector is a com. 
pletely frequency independent surface, and studies have 
shown that a 0.6 f/D surface can be steered seven 
beamwidths by moving the feed horn from side to side 
before the gain diminishes by I dB. Therefore, the best, 
dual-band antenna can be built by mounting separate horns 
side by side. At worst, the antenna may have to be moved 
a few degrees (usually less than a beamwidth) when switch- 
ing between horns, and the unused horn increases the 
shadow area only slightly. In fact, the same surface can 
function simultaneously on multiple frequencies, making 
crossband duplex operation possible with the same dish 


Order of Assembly 


1) A single spoke is held upright behind the rear center 
plate with the screw eye facing forward. Two no. 6: 


32 machine screws are pushed through the holes in 
the rear center plate, through the two holes of the 
spoke, and into the corresponding holes of the front 
center plate. Lock washers and nuts are placed on the 
machine screws and hand tightened, 

2) The remaining spokes are placed between the machine 
screw holes. Make sure that each screw eye faces for- 
‘ward. Machine screws, lock washers and nuts are used 
to mount all 18 spokes. 

3) The no. 6-32 nuts are tightened using a nut driver. 

4) The mast tubing is attached to the spoke assembly, 
positioned properly, and locked down with the set- 
screws on the pipe flange at the rear center plate. The 
S hooks of the 18 Dacron strings are attached to the 
screw eyes of the spokes. 

5) The ends of two pieces of fishing string (which go 
‘over the bakelite rod support) are tied to a screw eye 
at the forward center plate. 

6) The dish is laid on the ground in an upright position, 
and #9 galvanized wire is threaded through the eye- 
bolts. The overlapping ends are lashed together with 
baling wire. 

7) The dish is placed on the ground in an inverted posi- 
tion with the focus downward, The screening is placed 
‘on the back of the dish and the screening perimeter is 
fastened as previously described 

8) The extension mast tubing (with counterweight) is 
connected to the center plate with U bolts. 

9) The dish is mounted on a support and the transmis- 
sion line is routed through the tubing and attached to 
the horn, 


Parabola Gain Versus Errors 


How accurate must a parabolic surface be? This is a 
frequently asked question. According to the Rayleigh limit 
for telescopes, little gain increase is realized by making 
the mirror accuracy greater than : "x 2 peak error. John 
Ruze of the MIT Lincoln Laboratory, among others, has 
derived an equation for parabolic antennas and built mod- 
cls to verify it. The tests show that the tolerance loss can 
be predicted within a fraction of a decibel, and less than 
1 4B of gain is sacrificed with a surface error of #'/s. 
(A ‘fais 34 inches at 432 MHz, 1.1 inches at 1296 MHz 
and 0.64 inch at 2300 MHz.) 

Some confusion about requirements of greater than 
York accuracy may be the result of technical literature 
describing highly accurate surfaces. Low sidelobe levels are 
the primary interest in such designs. Forward gain is a much 
greater concer than low sidelobe levels in amateur work; 
therefore, these stringent requirements do not apply. 

‘When a template is held up against a surface, positive 
and negative () peak errors can be measured. The graphs 
of dish accuracy requirements are frequently plotted in 
terms of RMS error, which is a mathematically derived 
function much smaller than + peak error (typically '/) 
‘These small RMS accuracy requirements have discouraged 
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many constructors who confuse them with + peak errors. 

Fig 83 may be used to predict the resultant gain of 
various dish sizes with typical errors. There are a couple 
of surprises, as shown in Fig 84. As the frequency is 
increased for a given dish, the gain increases 6 dB per 
‘octave until the tolerance errors become significant. Gain 
deterioration then increases rapidly. Maximum gain is 
realized at the frequency where the tolerance loss is 
4.3 dB. Notice that at 2304 MHz, a 24-foot dish with 
inch peak errors has the same gain as a 6-foot dish with 
El-inch peak errors. This is quite startling, when it is 
realized that a 24-Foot dish has 16 times the area of a 
6-foot dish. Each time the diameter or frequency is doubled 
orhalved, the gain changes by 6 dB. Each time all the errors 
are halved, the frequency of maximum gain is doubled. 
With this information, the gain of other dish sizes with 
other tolerances can be predicted 

‘These curves are adequate for predicti 
ing a high-efficiency feed horn is used (as described ear- 
lier), which realizes 60% aperture efficiency. At frequencies 
below 1296 MHz where the horn is large and causes con- 
siderable blockage, the curves are somewhat optimistic. A 
properly built dipole and splasher feed will have about 
1.5 4B less gain when used with a 0.6 f/D dish than the 
dual-mode feed system described, 

‘The worst kind of surface distortion is where the sur- 
face curve inthe radial direction isnot parabolic but gradu- 
ally departs in a smooth manner from a perfect parabola. 
The decrease in gain can be severe, because a large area is 
involved. Ifthe surface is checked with a template, and if 
reasonable construction techniques are employed, devia- 
tions are controlled and the curves represent an upper limit 
to the gain that can be realized 

Ifa 24-foot dish with #2-inch peak errors is being 
used with 432 and 1296-MHz multiple feed horns, the con- 
structor might be discouraged from trying a 2300-MHz feed 
because there is 15 dB of gain degradation. The dish will 
still have 29 dBi of gain on 2300 MHz, however, making it 
worthy of consideration. 

The near-field range of this 12-foot stressed dish 
(actually 12 feet 3 inches) is 703 feet at 2300 MHz. By 
using the sun as a noise source and observing receiver 
noise power, it was found that the antenna had two main 
lobes about 4° apart. The template showed a surface error 
(insufficient spoke bending at "/s radius), and a correc- 
tion was made. A recheck showed one main lobe, and the 
solar noise was almost 3 dB stronger. 


Other Surfacing Materials 

The choice of surface materials is a compromise 
between RF reflecting properties and wind loading. Alumi- 
num screening, with its very fine mesh (and weight of 
4.3 pounds per 100 square feet) is useful beyond 10 GHz, 
because of its very close spacing. This screening is easy to 
roll up and is therefore ideal for a portable dish. This close 
spacing causes the screen to be a 34% filled aperture, bring- 
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Fig 83—Gain deterioration versus reflector error. By Richard Knadle, K2RIW. 


ing the wind force at 60 mph to more than 400 pounds on 
this 12-foot dish. Those considering permanent installa- 
tion of this dish should investigate other surfacing materi 
als. 


Hexagonal I-inch poultry netting (chicken wire), 
which is an 8% filled aperture, is nearly ideal for 432-MHz 
operation. It weighs 10 pounds per 100 square feet, and 
exhibits omly 81 pounds of force with 60 mph winds. Mea- 
surement on a large piece reveals 6 dB of feedthrough at 
1296 MHz, however. Therefore, on 1296 MHz, one fourth 
of the power will feed through the surface material. This 
will cause a loss of only 1.3 dB of forward gain. Since the 
low-wind loading material will provide a 30-dBi gain 
potential, itis still a very good tradeoff 

Poultry netting is very poor material for 2300 MHz 
and above, because the hole dimensions approach '/:}. As 
‘with all surfacing materials, minimum feedthrough occurs 
when the E-field polarization is parallel to the longest 
dimension of the surfacing holes. 

Hardware cloth with '/-inch mesh weighs 20 pounds 
per 100 square feet and has a wind loading characteristic 
of 162 pounds with 60 mph winds. The filled aperture is 
16%, and this material is useful to 2300 MHz. 

‘A rather interesting material worthy of investigation 
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is “/-inch reinforced plastic. It weighs only 4 pounds per 

100 square feet. The plastic melts with many universal 

solvents such as lacquer thinner. If a careful plastic-melt: 

ing job is done, what remains is the ¥/-inch spaced alumi 
num wires with a small blob of plastic at each junction to 
hold the matrix together. 

‘There are some general considerations to be made 
in selecting surface materials: 

1) Joints of screening do not have to make electrical con- 
tact. The horizontal wires reflect the horizontal wave. 
Skew polarizations are merely a combination of hori 
zontal and vertical components which are thus 
reflected by the corresponding wires of the screening. 
To a horizontally polarized wave, the spacing and 
diameter of only the horizontal wires determine the 
reflection coefficient (see Fig 85). Many amateurs have 
the mistaken impression that screening materials that 
do not make electrical contact at their junctions are 
poor reflectors. 

2) By measuring wire diameter and spacings between the 
wires, a calculation of percentage of aperture that is 
filled can be made. This will be one of the major 
determining factors of wind pressure when the sur- 
facing material is dry. 
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Fig 84—Parabolic-antenna gain versus size, frequency and surface errors. All curves assume 60% aperture 
efficiency and 10-dB power taper. Graph by K2RIW for ham bands, using display technique of J. Ruze, British IEE. 
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Fig 85—Surfacing material quality. 


A Parabolic Template 

At and above 2300 MHz (where high surface accu: 
racy is required), a parabolic template should be con- 
structed to measure surface errors. A simple template may 
be constructed (see Fig 86) by taking a 12-foot 3-inch 
length of 4-foot wide tar paper and drawing a parabolic 
shape on it with chalk. The points for the parabolic shape 
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are calculated at 6-inch intervals and these points are con: 
nected with a smooth curve. For those who wish to use 
the template with the surface material installed, the tem: 
plate should be cut along the chalk line and stiffened by 
cardboard or a wood lattice frame. Surface error mea. 
surements should take place with all spokes installed and 
deflected by the fishing lines, as some bending of the 
center plates does take place. Fig 87 shows the 12-foot, 
stressed dish built by Franco Marcelo, N2UO. 


Vari 

All the possibilities of the stressed parabolic antenna 
have not been explored. For instance, a set of fishing lines 
or guy wires can be set up behind the dish for error cor- 
rection, as long as this does not cause permanent bend: 
ing of the aluminum spokes. This technique also protects 
the dish against wind loading from the rear. An extended 
piece of TV mast is an ideal place to hang a counter- 
weight and attach the rear guys. This strengthens the struc- 
ture considerably. 


EME USING SURPLUS TVRO DISH 
ANTENNAS 


Since the 1990s, there has been a significant change 


ions 
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Fig 86—Parabolic template for 12-4oot, 3-inch dish. 


in the systems people use to watch satellite TV broadcasts, 
Formerly, C-band satellite receivers were used, along with 
parabolic dish antennas in the 3- to 5-meter diameter range, 
Now, Ku-band (12-GHz) receivers are the norm, with their 
associated small (usually 18-inch) dish antennas. This has 
provided a large body of surplus C-band dishes, which can 
be used for EME—certainly on the bands at 33 cm and 
above, and for the larger dishes (5 meters), even at 70 cm, 
‘Many times, these dishes and their mounts can be had for 
the asking, so they truly become an inexpensive way to 
build a multi-band EME antenna. 

This updated article, first presented by David Hallidy, 
K2DH (ex-KD5RO) in the ARRL UHF/Microwave 
Projects Manual, describes the use of a 3-meter (10-foot) 
‘TVRO antenna in such an application. (Also sce earlier in 
this chapter the section describing converted C-Band 
TVRO Dishes for satellite work.) 


Background 

Calculations show that a 3-meter dish will have about 
30 dBi gain at 1296 MHz. With a state-of-the-art LNA 
(Low-Noise Amplifier or preamp) at the feed, an effi- 
cient feed horn illuminating the dish surface, and 200 W 
at 1296 MHz, lunar echoes should be easily detected and 
many stations can be worked. The biggest challenges to 
such a system are assembling the dish to its mount and 
steering it to track the Moon. As much as possible, the 
KISS (“Keep It Simple, Stupid”) principle was used to 
accomplish this task. 

In 1987, WASTNY, KDSRO, KASIPD, and W7CNK 
proved that such an EME system could work, even as high 
as 3.4 and 5.7 GHz, to provide the first EME contacts on 
those bands. An additional advantage to this (or any) small 


19-42 Chapter 19 


Fig 87—N2UO's homemade 12-foot stressed dish. 
(Photo courtesy N2UO.) 


dish is its ability to be mounted to a trailer and taken out, 
‘on EME expeditions. It can also be easily disassembled, 
and stored, if necessary. 

‘As can be seen from Fig 8, the entire setup is very 
simple, using a standard amateur tower as the main sup- 
port for the dish, 


Azimuth Drive 

In azimuth, direct drive of the main rotating shaft was 
selected, and a small prop-pitch motor was used. These 
motors, while not as plentiful as they were some years ago, 
still turn up with some regularity at flea markets for very 
little money. The beauty of the prop-pitch motor is that it 
tums slowly, is reversible, provides very high torque, and. 
requires no braking system (the gear reduction, on the order 
of 4000:1, provides the necessary braking). Prop-pitch 
motors are de motors, and were designed to vary the pitch 
of propeller blades at start-up, take-off and landing of older 
large airplanes. Thus, they can be run at different speeds 
merely by varying the de voltage to the motor, and can be 
reversed by reversing the polarity of the de voltage. By 
mounting a thrust bearing of the appropriate size at the top 
of the tower, and mounting the motor directly below it at 
the end of the rotating shaft that turns the antenna, a simple 
direct-drive system can be constructed. 

‘The de power supply and control relays are located 
in a weatherproof box on the side of the tower, next to the 
motor. This system requires only 9 V de at about 5A to 
adequately start, turn and stop the prop-pitch motor, and, 
this voltage turns the antenna through 360° of rotation in, 
about 2'/ minutes. Azimuth position sensing is also a 
simple task. See Fig 89. A linear multi-turn potentiometer 
is driven by the rotating shaft, using a simple friction drive. 


A strip of rubber is attached to the rotating shaft and a 
wheel is connected to the shaft of the pot. The pot is then 
mounted so that it presses against the rubber strip, and as 
the shaft turns so does the pot. If a ten-turn pot is used, 
and the system is aligned such that the pot is at the center 
of its rotation when the antenna is pointed approximately 
south, the pot will not rotate past the end at either extreme 
of the antenna’s rotation (CW/CCW north), and absolute 
alignment is a simple task of calibrating the change in 
resistance (change in voltage, when the pot is fed from a 
‘constant voltage source) with degrees of rotation (see the 
discussion on Position Readout for details). 


Elevation Drive 


‘The elevation drive is also very simple. Most (nearly 
all) TVRO setups have a means of moving the dish across 
the sky to align it with various satellites. To do this, most 
‘companies use a device called a Linear Actuator. This is a 
dde motor to which is attached a long lead screw that pulls 
(or pushes) the outer shell of the actuator in or out to make 
it longer or shorter. The movable end of the actuator is 


Fig 88—View of K2DH’s (ex-KDSRO) complete TVRO 
antenna installation. (K2DH photo.) 
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attached to the dish and the motor end is fixed to the mount. 
The dish rests on pivots, which allow it to move as the 
actuator extends/retracts. To convert this type of mount 
(called a Polar Mount) to an Az/E] mount is usually very 
simple. 


ig 90 shows how this can be done. Simply breaking 
the welds that held the mount in a polar fashion allows the 
mount to be turned on its side and used to pivot the dish 
vertically with the linear actuator. Another feature of lin- 
cear actuators is that they also have some means of feeding 
their relative position to the satellite receiver. This is usu- 
ally just a multi-turn potentiometer geared to the lead 
screw. All we have to do is connect this pot to a readout 
system, and we can calibrate the lift of the actuator in 
degrees. We thus have a simple means of rotating the dish 
‘and elevating it—but how do we know that it’s pointed at 
the Moon? 


Position Readout 
Readout of the position of the antenna, in both azi- 


muth and elevation is also a relatively simple task. On the 


Fig 89—Azimuth rotation systems, showing prop-pitch 
‘motor and position sensor. 


19-43 


surplus market there are available Digital Volt Meters 
(DVMs) using LED or LCD displays that can do this job 
nicely, and that have more precision than is probably nec- 
essary for a dish (or Yagi array) of small size. As men: 
tioned earlier, a multi-turn potentiometer on the 
clevation-drive mechanism can be used to readout eleva: 
tion, and the same technique can be used for azimuth read. 
‘out—a potentiometer coupled to the main rotating shaft 
that turns the antenna, 

‘When using a pot for readout, the most important thing 
to know is how many degrees of antenna position change 
occur (in Az or El) for each turn of the pot. This then can 
be used to calibrate a voltmeter to read volts directly as 
Fig 90—Elevation system, showing modified TVRO degrees—for example, 3.60 V could correspond to 360° 
mount. azimuth (Clockwise North), and 9.0 V could correspond, 


ie 


Fig 91—Schematic 
diagram of the dish 
control system. The 
Datel DM-LX3 is a 
digital meter, used to 
indicate azimuth and 5 
elevation angles. 


L 
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to 90° elevation (straight up). 

A resistance bridge circuit is best used in this appli- 
cation, since it is less sensitive to changes in the supply 
voltage. The only thing to be careful about is that the DVM 
must have both the positive (high) and negative (low) 
inputs isolated from ground (assuming the power supply 
used to power the DVM is grounded). You could also use a 
pair of small, cheap Digital Multi-Meters (DMMs), which, 
can sometimes be found for under $10, Because they are 
battery powered, the isolation issue just discussed is elimi- 
nated. 

Please see Fig 91 for a complete schematic of the 
azimuth, elevation and readout electronics for this, 
antenna-drive system, Also note that while this discus- 
sion is geared towards the use of a small dish, the same 
positioning and readout systems could be used in a Yagi 
array for 2 meters or 70 cm. 

Now that we know where the dish is pointed, how 
do we know where the Moon is? There are several soft- 
ware programs available to the Amateur for tracking 
celestial bodies such as the Moon, the Sun, certain stars 
(usable as noise sources), and even Amateur Satellites. 
Programs by W9IP, VK3UM, FIEHN and others can be 
obtained very reasonably and these work well to provide 
highly accurate position information for tracking. 


Feeding the Surplus TVRO Dish 

Anarea that needs particular attention when attempt- 
ing EME with a small dish is an efficient feed system. An 
efficient feed system can be a real challenge with TVRO 
dishes, because many are “deep”—that is, their 
7D (focal length to Diameter ratio) is small 

‘The satellite TV industry used deep dishes because 
they tend to be quieter, picking up less Earth noise due to 
spillover effects. A deep dish has a short focal length, 
and therefore, the feed is relatively close to the surface 
of the dish. To properly illuminate the reflector out to its 
edges, a feed horn of relatively wide beamwidth must be 
used. The feeds designed several years ago by Barry 
Malowanchuk, VE4MA, are intended for use with just 
such dishes, and have the advantage of being adjustable 
to optimize their pattern to the dish in use. 

‘The feed that was used with this dish was modeled 
after VE4MA’s 1296-MHz feed, and a version was even 
scaled for use at 2304 MHz that worked as well as the 
original. See Fig 92 and also sce the Notes and Refer- 
ences section at the end of this chapter. (Also see the ear- 
lier section in the satellite portion of this chapter 
describing patch feeds for small dishes.) 


SHF EME CHALLENGES 
‘The challenges met when successfully building a 
station for EME at 900 MHz to 5.7 GHz only become 
more significant on the SHF bands at 10 GHz and above. 
Absolute attention to detail is the primary requirement, 
and this extends to every aspect of the EME antenna sys- 
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Fig 92—View of feed, showing cotfee-can feed horn and 
hybrid coupler. 


tem, The dish surface is probably the most difficult prob- 
lem to solve. As was discussed earlier in this chapter, the 
shape and accuracy of the reflector contribute directly to 
the overall gain of the antenna. 

But where slight errors in construction can be toler- 
ated at the lower frequencies, the same cannot be said at 
millimetric wavelengths. Those who have attempted EME 
‘on 10 and 24 GHz have discovered that the weight of the 
dish reflector itself will distort its shape enough to lower, 
the gain to the point where echoes are degraded. Stiffen- 
ing structures at the back of such dishes are often found 
necessary. Fig 93 illustrates the back struts added by Al 
Ward, WSLUA, to strengthen his dish 

Pointing accuracy is also paramount—a 16-foot dish 
‘at 10 GHz has a beamwidth about equal to the diameter 
of the Moon—0.5°. This means that the echo degradation, 
due to the Moon's movement away from where the dish is, 
pointed is almost immediate, and autotracking systems 
become more of a necessity than a luxury. At these fre- 
quencies, most amateurs actually peak their antennas on 
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Fig 93—Strengthening struts WSLUA added to the back 
of his dish to hold down distortion. (Photo courtesy 
W5LUA.) 


Moon Noise—the black-body Radiation from the Moon 
that becomes the dominant source of noise in space. 
Atthese frequencies, the elevation of the Moon above 
the horizon also plays a role in the ability to communi- 
cate, since tropospheric absorption due to water vapor is 
greatest at low elevation angles (the signal must pass 
through a greater portion of the troposphere than when the 
Moon is highly elevated). It is beyond the abilities of most 
Amateurs to construct their own dishes for these frequen- 
cies, so surplus dishes for Ku-band satellite TV (typically 
3 meters in diameter) are usually employed, as have high- 
performance dishes designed for millimetric radar and 
point-to-point communications at 23 and 38 GHz. 
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Antenna 


Materials 


and Accessories 


This chapter contains information on materials 
amateurs use to construct antennas—what types of material 
to look for ina particular application, tips on working with 
and using various materials. Chapter 21 contains 
information on where to purchase these materials. 
Basically, antennas for MF, HE, VHF and the lower 
UHF range consist simply of one or more conductors that 
radiate (or receive) electromagnetic waves. However, an 
antenna system must also include some means to support 
those conductors and maintain their relative positions. 
the boom for a Yagi antenna and the halyards for a wire 


dipole, for example. In this chapter we'll look at materials, 
for those applications, too. Structural supports such as 
towers, masts, poles, etc. are discussed in Chapter 22. 

There are two main types of material used for antenna 
conductors, wire and tubing. Wire antennas are generally 
simple and therefore easier to construct, although some 
arrays of wire elements can become rather complex. When, 
tubing is required, aluminum tubing is used most often 
because of its light weight, Aluminum tubing is discussed 
in a subsequent section of this chapter. 


Wire Antennas 


Although wire antennas are relatively simple, they can 
constitute a potential hazard unless properly constructed. 
‘Antennas should never be run under or over public utility 
(telephone or power) lines. Several amateurs have lost their 
lives by failing to observe this precaution. 

The National Electric Code” of the National Fire 
Protection Association contains a section on amateur stations, 
in which a number of recommendations are made concern- 
ing minimum size of antenna wire and the manner of 
bringing the transmission line into the station. Chapter 1 
contains more information about this code. The code in itself 
does not have the force of law, but itis frequently made a 
part of local building regulations, which are enforceable. 
‘The provisions of the code may also be written into, or 
referred to, in fire and liability insurance documents, 

‘The RF resistance of copper wire increases as the size 
of the wire decreases. However, in most types of antennas 
that are commonly constructed of wire (even quite small 
wire), the radiation resistance will be much higher than 
the RF resistance, and the efficiency of the antenna will 
still be adequate, Wire sizes as small as #30, or even 


smaller, have been used quite successfully in the 
construction of “invisible” antennas in areas where more 
conventional antennas cannot be erected. In most cases, 
the selection of wire for an antenna will be based primarily 
on the physical properties of the wire, since the suspension 
of wire from elevated supports places a strain on the wire. 


WIRE TYPES 


Wire having an enamel coating is preferable to bare 
wire, since the coating resists oxidation and corrosion, 
Several types of wire having this type of coating are 
available, depending on the strength needed. “Soft-drawn” 
or annealed copper wire is easiest to handle; unfortunately, 
it stretches considerably under stress. Soft-drawn wire 
should be avoided, except for applications where the wire 
will be under little or no tension, or where some change in 
length can be tolerated. (For example, the length of a 
horizontal antenna fed at the center with open-wire line is, 
not critical, although a change in length may require some 
readjustment of coupling to the transmitter.) 
‘Hard-drawn” copper wire or copper-clad steel wire 
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(also known as Copperweld™) is harder to handle, beca 
it has a tendency to spiral when itis unrolled. These types 
of wire are ideal for applications where significant stretch 
‘cannot be tolerated. Care should be exercised in using this, 
wire to make sure that kinks do not develop—the wire will 
have a far greater tendency to break at a kink. After the 
coil has been unwound, suspend the wire a few feet above 
ground for a day or two before using it. The wire should 
not be recoiled before itis installed, 

Several factors influence the choice of wire type and 


size. Most important to consider are the length of the 
unsupported span, the amount of sag that can be tolerated, 
the stability of the supports under wind pressure, and 
whether or not an unsupported transmission line is to be 
suspended from the span. Table 1 shows the wire diam, 
current-carrying capacity and resistance of various sizes 
of copper wire. Table 2 shows the maximum rated working 
tensions of hard-drawn and copper-clad steel wire of 
various sizes. These two tables can be used to select the 
appropriate wire size for an antenna. 


Table 1 
Copper-Wire Table 
Turns 

Wire per Feet 
Size Dia Linear per 
AWG in Dia Inch = Pound 
(88S) Mls! inmm — Enamel Bare 
1 2993 7.348 — 3.947 
2 2576 = 6.544 — 4.977 
3 2294 8.827 6.276 
4 2043 8.189 7.914 
5 181904621 — 9.980 
6 1620 4.415 12.58 
7 1443 3.685 — 15.87 
8 1285 3.264 7.6 20.01 
9 1144 2.906 86 25.23 
10 101.9 258896 31.82 
"1 90.7 2305 10.7 «= 40.12 
12 80.8 2.053 120 50.59 
13 72.0 1828 © 13.5 = 63.80 
14 64.1 1628 © 15.0 «80.44 
18 87.1 1450 16.8 = 101.4 
16 50.8 291189 127.9 
17 45.3 4150 21.2 161.3 
18 40.3 1024 28.6 = 203.4 
19 35.9 0912 264 © 256.5 
20 32.0 0812 294 © 323.4 
21 28.5 0.723 33.1 407.8 
22 25.3 0644 = «87.0 514.2 
23 22.6 0573 «4130 648.4 
24 20.1 0511 46.3 BI77 
25 179 0.455 S17 1031 
26 15.9 0.405 58.0 1300 
27 14.2 0361 64.9 1639 
28 126 0321 727 «©2067 
29 13 0.286 © 81.6 = 2607 
30 10.0 0.255 905 3287 
31 89 0.227 101 4145 
32 8.0 0202113, 8227 
33 7 0180 127 6591 
34 63 0160 143, 8310 
35 56 0.143158 10480 
36 5.0 0.127 175 19210 
37 45 0113 198 16660 
38 4.0 o101 224 21010 
39 35 0.090 © 248 26500 
40 31 0.080 © 282 33410 


4A mil ig 0.001 ineh, 
2Max wire temp of 212° F and max ambient temp of 195° F. 


Ohms — Cont.-duty 
current? 
Single Wire 


in Open Air 


per 
1000 ft 
25°C 
0.1264 
0.1593 
0.2009 
0.2533 
0.3195 
0.4028 
0.5080 
0.6405 
0.8077 
1.018 
1.284 
1.619 
2.042 
2.575 
3.247 
4.094 
5.163 
6.510 
8.210 
10.35 
13.05, 
16.48 
20.76 
28.17 
33.00 
41.62 
52.48 
66.17 
83.44 
105.2 
132.7 
167.3 
211.0 
266.0 
335 
423 
533, 
673 
848 
1070 
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Table 2 
Stressed Antenna Wire 


‘American Recommended Tension’ (pounds) 
Wire Gauge Copper-clad — Hard-drawn 
ste? copper 
4 495 214 
6 310 130 
8 195 84 
10 120 52 
12 75 82 
14 50 20 
16 31 13 
18 19 8 
20 12 5 


Weight (pounds per 1000 feet) 


Copper-clad — Hlard-drawn 
ste? copper 
115.8 126.0 
72.9 795 
45.5 50.0 
28.8 314 
te i938 
114 124 
7 73 
45 49 
28 34 


‘Approximately one-tenth the breaking load. Might be increased 50% if end supports are firm and there is no danger of 


iee loading 
2copperweld,™ 40% copper. 


Wire Tension 

If the tension on a wire can be adjusted to a known 
value, the expected sag of the wire (Fig 1) may be determined 
before installation using Table 2 and the nomograph of 
Fig 2. Even though there may be no convenient method to 
determine the tension in pounds, calculation of the expected 
sag for practicable working tensions is often desirable. If 
the calculated sag is greater than allowable it may be reduced 
by any one or a combination of the following: 


1) Providing additional supports, thereby decreasing the 
span 

2) Increasing the tension in the wire if less than 
recommended 

3) Decreasing the size of the wire 


Instructions for Using the Nomograph 

1) From Table 2, find the weight (pounds/1000 feet) for 
the particular wire size and material to be used. 

2) Draw a line from the value obtained above, plotted on 
the weight axis, to the desired span (feet) on the span 


Fig 1—The half span and sag of a long-wire antenna. 


axis, Fig 2. Note in Fig 1 that the span is one half the 
distance between the supports. 

3) Choose an operating tension level (in pounds) 
consistent with the values presented in Table 2 
(preferably less than the recommended wire tension), 

4) Draw a line from the tension value chosen (plotted on 
the tension axis) through the point where the work axis 
crosses the original line constructed in step 2, and 
continue this new line to the sag axis, 

5) Read the sag in feet on the sag axis, 


Example: 
Weight 
Span = 210 feet 


Tension = 50 pounds 
Answer: Sag = 4.7 feet 


11 pounds/1000 feet 


‘These calculations do not take into account the weight of 
4 feed line supported by the antenna wire, 


Wire Splicing 

Wire antennas should preferably be made with 
unbroken lengths of wire. In instances where this is not 
feasible, wire sections should be spliced as shown in 
Fig 3. The enamel insulation should be removed for a 
distance of about 6 inches from the end of each section by 
scraping with a knife or rubbing with sandpaper until the 
copper underneath is bright. The turns of wire should be 
brought up tight around the standing part of the wire by 
twisting with broad-nose pliers. 

‘The crevices formed by the wire should be completely 
filled with rosin-core solder. An ordinary soldering iron or 
‘gun may not provide sufficient heat to melt solder outdoors 
4 propane torch is desirable. The joint should be heated 
sufficiently so the solder flows freely into the joint when the 
source of heat is removed momentarily. After the joint has 
cooled completely, it should be wiped clean with acloth, and 
then sprayed generously with acrylic to prevent corrosion. 
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Fig 2—Nomograph for determining wire sag. (John 
Elengo, Jr, KIAFR) 


ANTENNA INSULATION 


To prevent loss of RF power, the antenna should be 
well insulated from ground, unless of course it is a shunt- 
fed system. This is particularly important at the outer end 
or ends of wire antennas, since these points are always at a 
comparatively high RF potential. If an antenna is to be 
installed indoors (in an attic, for instance) the antenna may 
be suspended directly from the wood rafters without 
additional insulation, if the wood is permanently dry. Much 
greater care should be given to the selection of proper 
insulators when the antenna is located outside where it is 
exposed to wet weather. 


Insulator Leakage 

Antenna insulators should be made of material that 
will not absorb moisture. The best insulators for antenna 
use are made of glass or glazed porcelain. Depending on 
the type of material, plastic insulators may be suitable. The 
length of an insulator relative to its surface area is indicative 
of its comparative insulating ability. A long thin insulator 
will have less leakage than a short thick insulator. Some 
antenna insulators are deeply ribbed to increase the surface 
leakage path without increasing the physical length of the 
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Fig 3—Correct method of splicing antenna wire. Solder 
should be flowed into the wraps after the connection is 
completed. After cooling, the joint should be sprayed 
with acrylic to prevent oxidation and corrosion. 


insulator. Shorter insulators can be used at low-potential 
points, such as at the center of a dipole. If such an antenna 
is to be fed with open-wire line and used on several bands, 
however, the center insulator should be the same as those 
used at the ends, because high RF potential may exist across 
the center insulator on some bands. 


Insulator Stress 

As with the antenna wire, the insulator must have 
sufficient physical strength to support the stress of the 
antenna without danger of breakage. Long elastic bands or 
lengths of nylon fishing line provide long leakage paths 
and make satisfactory insulators within their limits to resist 
mechanical strain. They are often used in antennas of the 
“invisible” type mentioned earlier. 

For low-power work with short antennas not subject 
to appreciable stress, almost any small glass or glazed- 
porcelain insulator will do. Homemade insulators of Lucite 
rod or sheet will also be satisfactory. More care is required 
in the selection of insulators for longer spans and higher 
transmitter power. 

For a given material, the breaking tension of an insulator 
will be proportional to its cross-sectional area. It should be 
remembered, however, that the wire hole at the end of the 
insulator decreases the effective cross-sectional area. For this 
reason, insulators designed to carry heavy strains are fitted 
with heavy metal end caps, the eyes being formed in the 
metal cap, rather than in the insulating material itself. The 
following stress ratings of antenna insulators are typical: 


“isin, square by 4 in. long—400 Ib 

1 in. diameter by 7 or 12 in. long—800 Ib 

1'/ in. diameter by 8, 12 or 20 in. long, with special metal 
end caps—5000 Ib 


‘These are rated breaking tensions. The actual working 
tensions should be limited to not more than 25% of the 
breaking rating 

‘The antenna wire should be attached to the insulators 
as shown in Fig 4. Care should be taken to avoid sharp 
angular bends in the wire when it is looped through the 
insulator eye. The loop should be generous enough in size 
that it will not bind the end of the insulator tightly. If the 


length of the antenna is critical, the length should be 
measured to the outward end of the loop, where it passes 
through the eye of the insulator. The soldering should be 
done as described earlier for the wire splice. 


Strain Insulators 


Strain insulators have their holes at right angles, since 
they are designed to be connected as shown in Fig $. It can, 
be seen that this arrangement places the insulating material 
under compression, rather than tension. An insulator 
connected this way can withstand much greater stress. 
Furthermore, the wire will not collapse if the insulator 
breaks, since the two wire loops are inter-locked. Because 
the wire is wrapped around the insulator, however, the 
leakage path is reduced drastically, and the capacitance 
between the wire loops provides an additional leakage path, 
For this reason, the use of the strain insulator is usually 
confined to such applications as breaking up resonances 
in guy wires, where high levels of stress prevail, and where 
the RF insulation is of less importance. Such insulators 
might be suitable for use at low-potential points on an 


antenna, such as at the center of a dipole. These insulators 
may also be fastened in the conventional manner if the wire 
will not be under sufficient tension to break out the eyes. 


Insulators for Ribbon-Line Antennas 

Fig 6A shows the sketch of an insulator designed to 
be used at the ends of a folded dipole or a multiple dipole 
made of ribbon line. It should be made approximately as 
shown, out of Lucite or bakelite material about '/« inch 
thick. The advantage of this arrangement is that the strain 
of the antenna is shared by the conductors and the plastic 
webbing of the ribbon, which adds considerable strength. 
After soldering, the screw should be sprayed with acrylic. 

Fig 6B shows a similar arrangement for suspending 
one dipole from another in a stagger-tuned dipole system. 
Ifbetter insulation is desired, these insulators can be wired 
to a conventional insulator. 


PULLEYS AND HALYARDS 


Pulleys and halyards commonly used to raise and 
lower a wire antenna must also be capable of taking the 
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4—When fastening antenna wire to an insulator, do 
‘not make the wire loop too snug. After the connection 

is complete, flow solder into the turns. Then when the 

joint has cooled completely, spray it with acrylic. 


Fig 5—Conventional manner of fastening wire to a 
strain insulator. This method decreases the leakage 
path and increases capacitance, as discussed in the 
Text. 
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Fig 6—At A, an insulator for the ends of folded dipoles, or multiple dipoles made of 300-ohm ribbon. At B, a method 
‘of suspending one ribbon dipole from another in a multiband dipole system. 
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same strain as the antenna wire and insulators. 
Unfortunately, little specific information on the stress 
ratings of most pulley’ is available, Several types of pulleys 
are readily available at almost any hardware store. Among 
these are small galvanized pulleys designed for awnings 
and several styles and sizes of clothesline pulleys. Heavier 
and stronger pulleys are those used in marine work. The 
factors that determine how much stress a pulley will handle 
include the diameter of the shaft, how securely the shaft is 
fitted into the sheath and the size and material of the frame. 

Another important factor to be considered in the 
selection of a pulley is its ability to resist corrosion, 
Galvanized awning pulleys are probably the most 
susceptible to corrosion, While the frame or sheath usually 
stands up well, these pulleys usually fail at the shaft. The 
shaft rusts out, allowing the grooved wheel to break away 
under tension. 

Most good-quality clothesline pulleys are made of 
alloys which do not corrode readily. Since they are designed 
to carry at least 50 feet of line loaded with wet clothing in 
stiff winds, they should be adequate for normal spans of 
100 to 150 feet between stable supports. One type of 
clothesline pulley has a 4-inch diameter plastic wheel with 
a M-inch shaft running in bronze bearings. The sheath is 
made of cast or forged corrosion-proof alloy. Some look- 
alike low-cost pulleys of this type have an aluminum shaft 
with no bearings. For antenna work, these cheap pulleys 


Table 3 


Approximate Safe Working Tension for Various 
Halyard Materials 


Dia Tension, 
Material In. lb 
Manila hemp rope on 120 
a 270 
"e 530 
he 800 
Polypropylene rope a 270 
Ye 530 
Ye 840 
Nylon rope a 300 
oh 660 
Ys 1140 
7x11 galvanized ee 30 
sash cord Ye 125 
he 250 
on 450 
High-strength stranded ‘/s 400 
galvanized steel guy hie 700 
wire MA 1200 
Rayon-filled plastic he 60 t0 70 


clothesline 
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are of little long-term value. 

Marine pulleys have good weather-resisting qualities, 
since they are usually made of bronze, but they are 
comparatively expensive and are not designed to carry 
heavy loads. For extremely long spans, the wood-sheathed 
pulleys used in “block and tackle” devices and for sail 
hoisting should work well 


Halyards 


‘Table 3 shows the recommended maximum tensions 
for various sizes and types of line and rope suitable for 
hoisting halyards. Probably the best type for general 
amateur use for spans up to 150 or 200 feet is 4-inch nylon 
rope. Nylon is somewhat more expensive than ordinary 
rope of the same size, but it weathers much better. Nylon 
also has a certain amount of elasticity to accommodate 
gusts of wind, and is particularly recommended for 
antennas using trees as supports. A disadvantage of new 
nylon rope is that it stretches by a significant percentage. 
After an installation with new rope, it will be necessary to 
repeatedly take up the slack created by stretching. This 
process will continue over a period of several weeks, at 
which time most of the stretching will have taken place. 
Even a year after installation, however, some slack may 
still arise from stretching, 

Most types of synthetic rope are slippery, and some 
types of knots ordinarily used for rope will not hold well 
Fig 7 shows a knot that should hold well, even in nylon 
rope or plastic line, 

For exceptionally long spans, stranded galvanized 
steel sash cord makes a suitable support. Cable advertised 
as “wire rope” usually does not weather well. A boat winch, 
sold at marinas and at Sears, is a great convenience in 
antenna hoisting (and usually a necessity with metal 
halyards). 


“ 


© 


Fig 7—This is one type of knot that will hold with 
‘smooth rope, such as nylon. Shown at A, the knot for 
splicing two ends. B shows the use of a similar knot in 
forming a loop, as might be needed for attaching an 
insulator to a halyard. Knot A is first formed loosely 10 
or 12 in. from the end of the rope; then the end is 
passed through the eye of the insulator and knot A. 
Knot B is then formed and both knots pulled tight. 
(Richard Carruthers, K7HDB) 


Antennas of Aluminum Tubing 


Aluminum is a malleable, ductile metal with a mass 
density of 2.70 grams per cubic centimeter. The density of 
aluminum is approximately 35% that of iron and 30% that 
of copper. Aluminum can be polished to a high brightness, 
and it will retain this polish in dry air. In the presence of 
moisture, aluminum forms an oxide coating (Al,0,) that 
protects the metal from further corrosion. Direct contact 
with certain metals, however (especially ferrous metals 
such as iron or steel), in an outdoor environment can bring 
about galvanic corrosion of aluminum and its alloys. Some 
protective coating should be applied to any point of con- 
tact between two dissimilar metals. Much of this informa- 
tion about aluminum and aluminum tubing was prepared 
by Ralph Shaw, KSCAV. 

Aluminum is non-toxic; it is used in cooking utensils 
and to hold and cover “TV dinners” and other frozen foods, 
so itis certainly safe to work with. The ease with which it, 
can be drilled or sawed makes it a pleasure to work with. 
Aluminum products lend themselves to many and varied 
applications. 

Aluminum alloys can be used to build amateur 
antennas, as well as for towers and supports. Light weight 
and high conductivity make aluminum ideal for these 
applications. Alloying lowers the conductivity ratings, but 
the tensile strength can be increased by alloying aluminum 
with one or more metals such as manganese, silicon, 
copper, magnesium or zinc. Cold rolling can be employed 
to further increase the strength. 

A four-digit system is used to identify aluminum 
alloys, such as 6061. Aluminum alloys starting with a 6 
contain di-magnesium silicide (Mg2Si). The second digit, 
indicates modifications of the original alloy or impurity 
limits. The last two digits designate different aluminum 
alloys within the category indicated by the first digit. 

In the 6000 series, the 6061 and 6063 alloys are a 
commonly used for antenna applications. Both types have 
good resistance to corrosion and medium strength. A 
further designation like T-6 denotes thermal treatment (heat 
tempering). More information on the available aluminum 
alloys can be found in Table 4. 


SELECTING ALUMINUM TUBING 


‘Table § shows the standard sizes of aluminum tubing 
that are stocked by most aluminum suppliers or distributors 
in the United States and Canada. Note that all tubing comes 
in 12-foot lengths (local hardware stores sometimes stock 
6- and 8-foot lengths) and larger-diameter sizes may be 
available in lengths up to 24 feet. Note also that any 
diameter tubing will fit snugly into the next larger size, 
if the larger size has a 0.058-inch wall thickness. For 
example, ‘Ys-inch tubing has an outside diameter of 0.625 
inch. This will fit into Y/s-inch tubing with a 0.058-inch 
wall, which has an inside diameter of 0.634 inch. 


Table 4 
Aluminum Numbers for Amateur Use 
Common Alloy Numbers 


Type Characteristic 

2024 Good formabiliy, high strength 

5052 Excellent surface finish, excellent corrosion 
resistance, normally not heat treatable for 
high strength 

6061 Good machinabilty, good weldability 

6063 Good machinabilty, good weldability 

7075 Good formabiliy, high strength 
Common Tempers 

Type Characteristics 

To Special soft condition 

13 Hard 

16 Hardest, possibly brittle 

TXXX Three digit tempers—usually specialized 
high strength heat treatments, similar to T6 
General Uses 

Type Uses 

2024-T3 Chassis boxes, antennas, anything that will 
be bent or 

7075-13 Flexed repeatedly 

6061-T6 Tubing and pipe; angle channel and bar 
stock 

6063-832 Tubing and pipe; angle channel and bar 
stock 


A clearance of 0,009 inch is just right for a slip fit or for 
slotting the tubing and then using hose clamps. Always 
get the next larger size and specify a 0.058-inch wall to 
obtain the 0.009-inch clearance. 

A little figuring with Table 5 will give you all the 
information you need to build a beam, including what the 
antenna will weigh. The 6061-T6 type of aluminum has a 
relatively high strength and has good workability. It is, 
highly resistant to corrosion and will bend without taking 
asain, 


SOURCES FOR ALUMINUM 


Aluminum can be purchased new, and suppliers are 
listed in Chapter 21. But don’t overlook the local metal 
serap yard. The price varies, but between 35 and 60 cents 
per pound is typical for scrap aluminum, Some aluminum, 
items to look for include aluminum vaulting poles, tent 
poles, tubing and fittings from scrapped citizen’s band 
antennas, and aluminum angle stock. The scrap yard may 
even have a section or two of triangular aluminum tower. 

Aluminum vaulting poles are 12 or 14 feet long and 
range in diameter from I'/z to 1% inches. These poles 
are suitable for the center-clement sections of large 
14-MHz beams or as booms for smaller antennas. Tent 
poles range in length from 24 to 4 feet. The tent poles are 
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Table 5 
Aluminum Tubing Sizes 
6061-T6 (61S-T6) Round Aluminum Tube In 12-Foot Lengths 


Wall Thickness Approximate Weight 


Tubing 1D, Pounds Pounds 
Diameter inches Stubs Ga. Inches Per Foot Per Length 
Yi in. 0.035 (#20) 0.117 0.019 0.228 
0.049 (#18) 0.089 0.025 0.330 
‘isin, 0.035 (#20) 0.180 0.027 0.324 
0.049 (#18) 0.152 0.036 0.432 
0.058 (#17) 0.134 0.041 0.492 
She in. 0.035 (#20) 0.242 0.036 0.432 
0.049 (#18) 0.214 0.047 0.564 
0.058 (#17) 0.196 0.055 0.660 
Yin. 0.035 (#20) 0.905 0.043 0.516 
0.049 (#18) 0.277 0.060 0.720 
0.058 (#17) 0.259 0.068 0.816 
0.085 (#16) 0.245 0.074 0.888 
Yhein. 0.035 (#20) 0.987 0.051 0.612 
0.049 (#18) 0.339 0.070 0.840 
0.065 (#16) 0.307 0.089 1.068 
‘ein, 0.028 (#22) 0.444 0.049 0.588 
0.035 (#20) 0.430 0.058 0.708 
0.049 (#18) 0.402 0.082 0.984 
0.058 (#17) 0.384 0.095 1.040 
0.085 (#18) 0.370 0.107 1.284 
“ein. 0.028 (#22) 0.589 0.081 0.732 
0.035 (#20) 0.555 0.075 0.900 
0.049 (#18) 0.527 0.106 1.272 
0.058 (#17) 0.509 0.121 1.452 
0.085 (#168) 0.495 0.137 1.644 
Yin. 0,035. (#20) 0.680 0.091 1.092 
0.049 (#18) 0.652 0.125 11500 
0.058 (#17) 0.634 0.148 1.776 
0.085 (#16) 0.620 0.160 1.920 
0.083 (#14) 0.584 0.204 2.448 
ein. 0.035 (#20) 0.805 0.108 1.308 
0.049 (#18) 0.777 0.151 1.810 
0.058 (#17) 0.758 0.175 2.100 
0.085 (#18) 0.745 0.199 2.399 
tin. 0.035 (#20) 0.930 0.123 1.476 
0.049 (#18) 0.902 0.170 2.040 
0.058 (#17) 0.884 0.202 2.424 
0.085 (#18) 0.870 0.220 2.640 


Wall Thickness Approximate Weight 


Tubing ID, Pounds Pounds 
Diameter Inches Stubs Ga. Inches Per Foot Per Length 
0.083 (#14) 0.834 0.281 3.372 
tein, 0.035 (#20) 1.055 0.139 1.668 
0.058 (#17) 1.008 0.228 2.736 
tein, 0.085 (#20) 1.180 0.155 1.860 
0.049 (#18) 1.152 0.210 2.520 
0.058 (#17) 1.134 0.256 3.072 
0.085 (#16) 1.120 0.284 3.408 
0.083 (#14) 11084 0.357 4.284 
1% in. 0.035 (#20) 1.305 0.173 2.076 
0.058 (#17) 1.259 0.282 3.384 
tin. 0.035 (#20) 1.430 0.180 2.160 
0.049 (#18) 1.402 0.260 3.120 
0.058 (#17) 1.384 0.308 3.708 
0.085 (#168) 1.370 0.344 4.128 
0.083 (#14) 1.334 0.434 5.208 
"0.125 ‘ein. 1.250 0.630 7.416 
*0.250 ‘win. 1.000 1.150 14.832 
tein, 0.035 (#20) 1.555 0.206 2.472 
0.058 (#17) 1.508 0.336 4.032 
1% in. 0.058 (#17) 1.634 0.963 4.356 
0.083 (#14) 1.584 0.510 6.120 
Vein, 0.058 (#17) 1.759 0.989 4.668 
Zin, 0.049 (#18) 1.902 0.350 4.200 
0.065 (#16) 11870 0.450 5.400 
0.083 (#14) 1.834 0.580 7.080 
*0.125 ‘ein. 1.750 0.870 9.960 
*0.250 ‘win. 1.500 1.620 19.920, 
2Yein. 0.049 (#18) 2.152 0.398 4.776 
0.065 (#168) 2.120 0.520 6.240 
0.083 (#14) 2.084 0.660 7.920 
2iein. 0.065 (#16) 2.970 0.587 7.044 
0.083 (#14) 2.334 0.740 8.880 
"0.125 ‘ein, 2250 1.100 12.720, 
*0.250 ‘win. 2.000 2.080 25.440 
Bin, 0.065 (#16) 2.870 0.710 8.520 
*0.125 ‘ein. 2.700 1.330 18.600, 
*0.250 in. 2500 2540 31.200, 


“These sizes are extruded, All other sizes are drawn tubes. 


usually tapered; they can be split on the larger end and 
then mated with the smaller end of another pole of the same 
diameter. A small stainless-steel hose clamp (sometimes 
also available at scrap yards!) can be used to fasten the 
poles at this junction. A 14- or 21-MHz element can be 
constructed from several tent poles in this fashion. If a 
longer continuous piece of tubing is available, it can be 
used for the center section to decrease the number of 
junctions and clamps. 

Other aluminum scrap is sometimes available, such 
as US Army aluminum mast sections designated AB-85/ 
GRA-4 (J&H Smith Mfg). These are 3 foot sections with 
a I%/ inch diameter. The ends are swaged so they can be 
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assembled one into another. These are ideal for making a 
portable mast for a 144-MHz beam or for Field Day 
applications. 


CONSTRUCTION WITH ALUMINUM 
TUBING 

Most antennas built for frequencies of 14 MHz and 
above are made to be rotated. Constructing a rotatable 
antenna requires materials that are strong. lightweight and, 
easy to obtain, The materials required to build a suitable 
antenna will vary, depending on many factors. Perhaps the 
‘most important factor that determines the type of hardware 
needed is the weather conditions normally encountered. 


High winds usually don’t cause as much damage to an 
antenna as does ice, especially ice along with high winds. 
Aluminum element and boom sizes should be selected 
so the various sections of tubing will telescope to provide 
the necessary total length. 

‘The boom size for a rotatable Yagi or quad should be 
selected to provide stability to the entire system. The best 
diameter for the boom depends on several factors; most 
important are the element weight, number of elements and 
overall length. Tubing of 1-N4-inch diameter can easily 
support three-element 28-MHz arrays and perhaps a two- 
clement 21-MHz system. A 2-inch diameter boom will be 
adequate for larger 28-MHz antennas or for harsh weather 
conditions, and for antennas up to three elements on 
14 MHz or four elements on 21 MHz. It is not 
recommended that 2-inch diameter booms be made any 
longer than 24 feet unless additional support is given to 
reduce both vertical and horizontal bending forces. 
Suitable rein-forcement for a long 2-inch boom can consist 
Of a truss or a truss and lateral support, as shown in Fig 8. 

‘A boom length of 24 feet is about the point where a 
3-inch diameter begins to be very worthwhile. This 
dimension provides a considerable improvement in overall 
mechanical stability as well as increased clamping surface 
area for element hardware. Clamping surface area is, 
extremely important if heavy icing is common and rotation, 
of elements around the boom is to be avoided. Pinning an 
element to the boom with a large bolt helps in this regard. 
On smaller diameter booms, however, the elements 
sometimes work loose and tend to elongate the pinning 
holes in both the element and the boom. After some time 
the elements shift their positions slightly (sometimes from 
day to day!) and give a rather ragged appearance to the 
system, even though this doesn’t generally harm the 


Fig 8—A long boom needs both vertical and horizontal 
support. The cross bar mounted above the boom can 
support a double truss to help keep the antenna in 
position. 


electrical performance. 

‘A 3-inch diameter boom with a wall thickness of 
(0.065 inch is satisfactory for antennas up to about a five- 
clement, 14-MHz array that is spaced on a 40-foot long 
boom. A truss is recommended for any boom longer than 
24 feet 

‘There is no RF voltage at the center of a parasitic 
element, so no insulation is required in mounting elements 
that are centered on the boom (riven elements excepted). 
‘This is true whether the boom is metal oF a nonconducting 
material. Metal booms have a small “shortening effect” on 
elements that run through them. With materials sizes 
commonly employed, this is not more than one percent of 
the element length, and may not be noticeable in many 


applications. Its just perceptible with '/:-inch tubing booms 
used on 432 MHz, for example. Design-formula lengths can 
be used as given, if the matching is adjusted in the frequency 
range one expects to use. The center frequency of an all- 
metal array will tend to be 0.5 to I percent higher than a 
similar system built of wooden supporting members. 


Element Assembly 
‘While the maximum safe length of an antenna element 
depends to some extent on its diameter, the only laws that 
specify the minimum diameter of an element are the laws 
of nature, That is, the element must be rugged enough to 
survive whatever Weather conditions it will encounter. 

Fig 9 shows tapered Yagi element designs that will 
survive winds in excess of 80 mi/h. With a '/«-inch thick- 
ness of radial ice, these designs will withstand winds up 
to approximately 60 mih. (Ice increases the wind area but 
does not increase the strength of the element.) More rugged 
designs are shown in Fig 10. With no ice loading, these 
elements will survive in 120-mi/h winds, and in winds 
exceeding 85 mifh with '/sinch of radial ice. If you lose an 
antenna made with elements like these, you'll have plenty 
of company among your neighbors with commercially 
made antennas! 

Figs 9 and 10 show only half elements. When the 
element is assembled, the largest size tubing for each 
element should be double the length shown in the drawing, 
with its center being the point of attachment to the boom. 
‘These designs are somewhat conservative, in that they are 
self-resonant slightly below the frequency indicated for 
‘each design. Telescoping the outside end sections to shorter 
lengths for resonance will increase the survival wind 
speeds. Conversely, lengthening the outside end sections 
will reduce the survival wind speeds. [See Bibliography 
listing for David Leeson (W6NL, ex-W6QHS) at the end 
of this chapter.] 

I shows several methods of fastening antenna 
element sections together. The slot and hose clamp 
method shown in Fig 114 is probably the best for joints 
where adjustments are required. Generally, one adjustable 
joint per element half is sufficient to tune the antenna 
Stainless-steel hose clamps (beware—some “stainless 
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Fig 9—Half-element designs for Yagi antennas. The 
other side of the element is identical, and the center 
section should be a single piece twice as long as the 
length shown here for the largest diameter section. Use 
0.058-in.-wall aluminum tubing throughout. Broken 
lines indicate double tubing thickness, where one tube 
is inserted into another. The overlap insertion depth 

10 a tube two sizes larger, where shown, should be at 
least two inches. Maximum survival wind speeds 
without ice are shown adjacent to each design; values 
enclosed in parentheses are survival speeds for ¥ inch 
of radial ice. 


: seproe Fig 10—A more rugged 
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Fig 11—Methods of connecting telescoping tubing 


‘sections to build beam elements. See text for a 
discussion of each method. 


steel” models do not have a stainless screw and will rust) 
are recommended for longest antenna life. Table 6 shows 
available hose-clamp sizes. 

Figs 11B, 11C and 11D show possible fastening 
methods for joints that do not require adjustment. At B, 
machine screws and nuts hold the elements in place. AtC, 
sheet metal screws are used. At D, rivets secure the tubing 
If the antenna is to be assembled permanently, rivets are 
the best choice. Once in place, they are permanent. They 
will never work free, regardless of vibration or wind. If 
aluminum rivets with aluminum mandrels are used, they 
will never rust. In addition, there is no danger of dissimilar- 
metal corrosion with aluminum rivets and aluminum 
antenna elements. If the antenna is to be disassembled and 
moved periodically, either B or C will work. If machine 
screws are used, however, take all possible precautions to 
keep the nuts from vibrating free. Use lock washers, lock 
nuts and flexible sealant such as silicone bathtub sealant 
to keep the hardware in place. 

Very strong elements can be made by using a double 
thickness of tubing, made by telescoping one size inside 
another for the total length. This is usually done at the 
center of an element where more element strength is 
desired at at the boom support point, as in the 14-MHz 
element in Fig 10. Other materials can be used as well, 
such as wood dowels, fiberglass rods, and so forth. 

In each case where a smaller diameter length of 
tubing is telescoped inside a larger diameter one, it's a 
good idea to coat the inside of the joint with Penetrox or 
a similar substance to ensure a good electrical bond. 
Antenna elements have a tendency to vibrate when they 
are mounted on a tower, and one way to dampen the 
vibrations is by running a piece of clothesline rope through 
the length of the element. Cap or tape the end of the element 
to secure the clothesline. If mechanical requirements 
dictate (a U-bolt going through the center of the element, 


Table 6 
Hose-Clamp Diameters 
Clamp Diameter (In.) 


Size No. Min Max 
06 he le 
08 "he 1 
10 Ye 1% 
12 he VW 
16 oh We 
20 he 14 
24 te 2 
28 1% 2M 
32 te Bie 
36 V2 
40 ae 8 
44 De Bs 
48 2 Bila 
52 Be Bs 
56 Bu 4 
64 Ye AM 
72 4 5 
80 42 Me 
88 Be 
96 Sie Bs 
104 be 7 


for instance), the clothesline may be cut into two pieces. 

‘Antennas for $0 MHz. need not have elements larger 
than ‘/:-inch diameter, although up to | inch is used 
‘occasionally. At 144 and 220 MHz the elements are usually 
‘h to ‘fs inch in diameter. For 420 MHz, elements as small 
as ‘he inch diameter work well, if made of stiff rod. 
Aluminum welding rod of %2 to "Vs inch diameter is fine 
for 420-MHz arrays, and '/s inch or larger is good for the 
220-MHz band. Aluminum rod or hard-drawn wire works 
well at 144 MHz, 

‘Tubing sizes recommended in the paragraph above 
are usable with most formula dimensions for VHF/UHF 
antennas. Larger diameters broaden the frequency 
response: smaller ones sharpen it. Much smaller diameters 
than those recommended will require longer elements, 
especially in $0-MHz arrays. 


Element Taper and Electrical Length 

‘The builder should be aware of one important aspect 
of telescoping or tapered elements. When the element 
diameters are tapered, as shown in Figs 9 and 10, the 
electrical length is not the same as it would be for a 
cylindrical clement of the same total length. Length 
corrections for tapered elements are discussed in Chapter 2. 
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Other Materials for Antenna Construction 


‘Wood is very useful in antenna work. It is available 
in a great variety of shapes and sizes. Rug poles of wood. 
‘or bamboo make fine booms. Bamboo is quite satisfactory 
for spreaders in quad antennas, 

Round wood stock (doweling) is found in many 
hardware stores in sizes suitable for small arrays. Wood is 
‘good for the framework of multibay arrays for the higher 
bands, as it keeps down the amount of metal in the active 
area of the array. Square or rectangular boom and frame 
materials can be cut to order in most lumber yards if they 
are not available from the racks in suitable sizes. 

Wood used for antenna construction should be well 
seasoned and free of knots or damage. Available materials 
vary, depending on local sources. Your lumber dealer can 
help you better than anyone else in choosing suitable 
materials. Joining wood members at right angles can be 
done with gusset plates, as shown in Fig 12. These can be 
made of thin outdoor-grade plywood or Masonite. Round 
materials can be handled in ways similar to those used with 
metal components, with U clamps and with other hardware. 

In the carly days of Amateur Radio, hardwood was 
used as insulating material for antennas, such as at the 
center and ends of dipoles, or for the center insulator of 
a driven element made of tubing. Wood dowels cut to 
length were the most common source. To drive out 
moisture and prevent the subsequent absorption of 
moisture into the wood, it was treated before use by 
boiling it in paraffin. Of course today’s technology has 
produced superior materials for insulators in terms of both 
strength and insulating qualities. However, the technique 
is worth consideration in an emergency situation or if 
low cost is a prime requirement. “Baking” the wood in 
an oven for a short period at 200° F should drive out any 
moisture. Then treatment as described in the next 
paragraph should prevent moisture absorption. The use 
of wood insulators should be avoided at high-voltage 
points if high power is being used, 

‘All wood used in outdoor installations should be 
protected from the weather with varnish or paint. A good 
‘grade of marine spar varnish or polyurethane varnish will 
offer protection for years in mild climates, and one or 
more seasons in harsh climates. Epoxy-based paints also 
offer good protection. 


Plastics 

Plastic tubing and rods of various sizes are available 
from many building-supplies stores. The uses for the 
available plastic materials are limited only by your 
imagination. Some amateurs have built beam antennas 
for VHF using wire elements run inside thin PVC 
plumbing pipe. The pipe gives the elements a certain 
amount of physical strength. Other hams have built 
temporary antennas by wrapping plastic pipe with 
aluminum foil or other conductive material. Plastic 
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Fig 12—Wood members can be joined at right angles 
using gusset plates. 


Fig 13—Plastic plumbing parts can be used as antenna 
center and end insulators. 


plumbing pipe fittings can also be used to enclose baluns 
and as the center insulator or end insulators of a dipole, 
as shown in Fig 13. Plastic or Teflon rod can be used as 
the core of a loading coil for a mobile antenna (Fig 14) 
but the material for this use should be selected carefully. 
Some plastics become quite warm in the presence of a 
strong RF field, and the loading-coil core might melt or 
catch fire! 


Fiberglass 

Fiberglass poles are the preferred material for 
spreaders for quad antennas. They are lightweight, they 
withstand harsh weather well, and their insulating 
qualities are excellent. One disadvantage of fiberglass 
poles is that they may be crushed rather easily. Fracturing 
occurs at the point where the pole is crushed, causing it 
to lose its strength. A crushed pole is next to worthless. 
Some amateurs have repaired crushed poles with 
fiberglass cloth and epoxy, but the original strength is 


Fig 14—A mot 
polystyrene rod. 


antenna loading coll wound on a 


nearly impossible to regain. 

Fiberglass poles can also be used to construct other 
types of antennas. Examples are helically wound Yagi 
elements or verticals, where a wire is wound around the 
pole. 


CONCLUSION 


The antenna should be put together with good 


quality hardware. Stainless stee! is best for long life. Rust 
will quickly attack plated steel hardware, making nuts 
difficult, if not impossible, to remove. If stainless-steel 
‘muffler clamps and hose clamps are not available, the next 
best thing is to have them plated. If you can’t have them 
plated, at least paint them with a good zine-chromate 
primer and a finish coat or two. 

Galvanized steel generally has a longer life than 
plated steel, but this depends on the thickness of the 
galvanizing coat. Even so, in harsh climates rust will 
usually develop on galvanized fittings in a few years. For 
the ultimate in long-term protection, galvanized steel 
should be further protected with zinc-chromate primer and 
then paint or enamel before exposing it to the weather. 

Good quality hardware is expensive initially, but if 
you do it right the first time, you won't have to take the 
antenna down in a few years and replace the hardware. 
When the time does come to repair or modify the antenna, 
nothing is more frustrating than fighting rusty hardware 
at the top of the tower. 

Basically any conductive material can be used as the 
radiating element of an antenna. Almost any insulating 
‘material can be used as an antenna insulator. The materials 
used for antenna construction are limited mainly by 
physical considerations (required strength and resistance 
to outdoor exposure) and by the availability of materials. 
Don’t be afraid to experiment with radiating materials and 
insulators. 
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Antenna Products 
Suppliers 


Antenna Manufacturers Products 


Finding parts can be the most difficult aspect of an 
antenna project. Suppliers of aluminum exist in most 
‘major metropolitan areas. They can be found in the Yel- 
low Pages of the phone book. Some careful searching of 
the Yellow Pages may also reveal sources of other mate- 
rials and accessories. If you live away from a metropoli- 
tan area, try using telephone books for the nearest la 

‘metropolitan area: they may be available in the reference 


section of your local library 
Many dealers and distributors will ship their prod. 
ucts by freight or by mail. Tables 1 through 7 list several 
es of antenna products and some suppliets of 
them, Company names have been abbreviated where nec 
‘essary, Table 8 is an address list arranged alphabetically 
by company name, 
Product lines chan 


1 offen; we recom 


1d that you 


Table 1 
VHF/UHE/Microwave Antenna Suppliers 
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request current catalogs from those manufacturers Who only and are subject to change without notice 
interest you. In addition, all indications of sales policies ‘Antenna products fr repeaters ae listed separately, 
and prices for catalogs are given for general information in Chapter 17 
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HF Antenna Suppliers 
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arr] Tae 
‘Antenna Pats Towors, Masts and Accessories 
‘omer 
ae 
a Tia RaW 
Champion Radio 
bce! = Create Design 
me ? eno 
ear oe Glen Marin Engineering 
ee 3 rs 
aT a ryan (Fe) 
ee i =o Nita fore 
cad Ce ca Paaioshack fasts on) 
keel Z| Rohn 
= 7 a a a Rotating Tower Systems 
Liowskanel = i = ‘Tashjian Towers Corporation 
— ae me 
aes I oo 
a : | iets Manutactring 
i ea z te tea 
oe : inding and Satey Eqlpment 
Ghampbr Rado Proasce 
ow 
Sora Towers 
Table # EE Secign 
Suppliers of Quad Antenna Parts ty-Gan (MF) 


Company 
Cubex Co,, Ine 


Material Size 
14s in, x 19 fy; 1% in. « 19 feast 
spiders, boom-to-mast mounts. 


RadioShack 
‘The Rotor Doctor 
Yaesu 


Lightning Bok Custom-made fberlass spreaders Stacking Frames 
any length (Unoss otherise noted these frames 
MaxGain Quad spreaders; fergass insulators. nor uses BaD 
Systems, inc. or in quads. These stacking kits are 
for VHF or UME antennas nly) 
cai 
Cusherat 
Down East 
tx 
Spectrum Intemational 
Combiners, Power Dividers and 
Phasing Harnesses 
Byers 
ca 
Down East 
Spectrum Intemational 
Tanna 
Table 6 
Transmission Lines 
Source Coax] Harano] adder Ur] 
Belden Ze 
Zable XePoris Ze Z 
Inernational Wire & Gable |v 
Namal Zz 
‘The Radio Works wane Z 
wise Z 
Wann Z 
The Wireman Zz Z 
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Table 7 


‘Transmission Line Instruments and Accessories 


Matching Networks 


Fiters—TVI (Low Pass & High Pass) Switches (Remote, Coax) 


Ameriton k-Com Ameriton 
Barker & Williamson MFJ MPa 
Cubex Lightning Arrosters ‘SWR and Wattmeters 
ICOM (mobile & fixed) ‘Alpha Delta Autok 
Kenwood ‘Amerition Bird 
MPa Comet Coaxial Dynamics 
Nye Cusheratt MF 
sec Hy-Gain (MF) Nye 
Ten-Tec Polyphaser Palomar 
Texas Radio (mobile only) Radioware RF Parts 
Vectronics Rohn foxas Radio 
XMatch The Wireman aa 
Ferrite Cores and Rods Zero Surge Inc 
‘Amidon ‘Switches (Manual, Coax) 
Palomar ‘Alpha Delta 
The Wireman Barker & Willlamson 
MPS 
Table 8 


‘Suppliers Addresses 


We have made every effort to ensure that this lst is complete and accurate as of mid 2003. The ARAL takes no 
esponsibility for errors or omissions. Similarly, a listing here does not represent an endorsement of a manufacturer 
fF products by the ARAL. Refer to the product reviews In QST for descriptions of particular products that interest you, 
‘To the best of our knowledge the suppliers listed are willing to sell products to amateurs by mail unless indicated 

J otherwise. This listing wil be updated with each edition of The Antenna Book and The ARAL Handbook in the 

+ TISFIND manufacturer database, Check ads in QST and ther Amateur Rado publatons for any changes to this 

information, Suppliers who wish to be listed or update thelr information are urged to contact the editors. 


Aavanged Composites 
Bes "S00 we 

Salt Lake Gay. UT 64101 
01-47-1200 

foc aprabrtae7 
\nfo@advancedeomposites.com 


Advanced Speciates 
oan na areae 

usa’ 

‘al go-926-0408 
Emall-advanspee@aol.com 
‘ntp!aavenceaspecWeeyellow 


‘AEA DWv. Tempo Research 
Carperatan 

12 Lbery Way 

Vite, Ch 96088 
Yootaerver? 

fax 760598 4098 

mall tompa@inetword com 
‘web wow aea-wieless.com 


arr 
132 Boulevard Davehinat 
F'51109 fem, France 

433 298 070 O47 

fax san oo 028 654 

‘imal Aninnes-wanadoo.r 
‘web ww com 
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‘Aexander Aeroplane Co 
Po'éoc toa 
Gein, GA 3006 
So088 2049, 404-229-2020 


‘an Broadband Company 
(Zap Checker) 

Ge Bren Steet, 

Redwood Ci, CA 94062 

usr’ 

ol e9e-969-9627 (orders) 
es0.60-0807 

Fax: 680-000-9708 

Email ASCom@prodgynet 
‘np alenbrosdband com 


‘Alpha Dota Communications 
PO Bax 620 

Manchester Kv 40962 

600 96-2000, 

fax oe o0e-4419 


‘uma Tawar Co, Ine 
PO Box 2806-AL 

‘ero Beach, FL 22961-2806 
yresey- 943 

fac Fra or a0 

mall ate @alumatower.com 
‘rab www alumstonersom 
Index nimi 


‘Amateur Electronic Supoly 
710 W Good Hope Ra 
Miwaukaa, Wi 5228 

Soe Sseca411 

‘ae www. aesham.com) 


Amentron Division Array Solutions 

Ne Witow Road ‘SsoGioriaha 

Stake, MS 39759 Sunnyvale, 175182 

SoeSaebert (lech) usa 

fox 602 220685" Yel 972-200-8810 

ermal Fax: 972-200-401 

Smertzon@amerivon com 

este ern co Inipslwwarraycolutions com 
ASA Antenna Sales 

‘Amidon Associates, ne Pobocsuet 

TOE, anger Avenue, Unt B Myre Beaen, SC 20572 

Santa Ana CA 82708 Store a6at 

‘00-890 1289; 714-547-440 

fox ree? 43 Assovated Rado 

‘ermal sales@amidon Communcations 

inauetwe.com S012 Conger 

‘eb nm amidon Overand Park, KS 66204 

Inavetve om Stse1-so00; 800-497-1457 
fac o¥9-648 2000. 

Antennaco ine mall assoeraadhts net 

102 Army Road ‘rob wiv sssocatedradio.com 

PO dor 18) 

Mitora, NH 03058-0218, ‘Austr Amatou aso Supply 

threrasies 2870 Gammeron Rose 

for oa 74047 us, 17872 
ooaba-2604, 512-454-2004 

‘Allen Tlagom Group fax 512-454-3060 

‘Antenna Spovasis Noble 

Bivslon Austin Antenna, Ltt 

30800 Bruce Indust Parkway TOWan st 

Cleveland, OH 441309995.” Gorse NH 03830 

pes Soehae esse 

440-249-8400 fax 603-095-1756 


fax 440 3408404 


a 
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Autek Research 
Poon Tees 

Wesley Chapel, FL sasea 
brosaeaies 


Nalbox@autekresearch com 


Barker & Wilamson Co 
00 Chace Ra 

Cocoa, FL 32906 
Serae ses 

fax 321-690-2548 
Eustsve@bwantennas.com 
‘web wow bwatennas com 


Barry Electonics Corp 
540 Broadway 

ow York, NY 10012 
braa9s-7000 

fac eae 7001 


Belden Wie & Cable 
PO Box 1980, 
lenmond IN 47974 
Sr7aae S287 

fax 317-989-6257 
wwe vow belden com 


Bencher Ine. 
B51 Norn Cental Avenue 
Wood Bale 6019" 
Baoase 183 
fax ga0-298-1186 

‘mall bencher@bencher-com 
\weD won bencher com 


Bila! Company 
{87 Manchester Dr 

Florissant, GO 81816 

& fraser sso 


a Electronics Corporation 
£20908 Aurora Ra 

Solon, OH 188 

boeoas see 

ermal sales@bi 

(Web wn ardlectrone com 


‘Bran Beeziey, KESTI 
3582 Linda Viet Dr 
San Marcos, GA $2059 
Bia dueaaee 

mall xSSt@n2.net 


Buighaat Amateur Cente, Ie 
Proton street SW 

PO Box 73 

Watertown, $0 $7201 
booaaraber 

B05-888.7314 (Service) 
0s.s86-c914 (raxbock 
produc vo) 

Ficeos-soe case 

mall burghart@daknet com 
‘web woe bughara 


uttexnut Electonics Co 
See Bencher ine 


Byers Chass Kis 
5120 Harmony Grove Road 
Dover PA TTa1S, 
Piveheaaer 

(pgp EST Me aa-4p San 
Er Baaa0t (at ns) 


Fo f 


‘ineeting, 60000-7200 
1005282340 (orders ony) 
'347-202009 (Tech, info) 
fon e4r-s20 304d 


mall cxp@eablexperts.com 
‘web wie cablexperts. com’ 


CALAY Labs ne 
1808 w. Gran rosa, St. 196 
Tueson, AZ ESTAS 

USK. 

at's0.624-1300 

366.815 0400 (orders only) 
Fax: 5206241911 

Email inio@ear-ev.com 


Ccargwali Condenser Corp 
{0 at Monta Fm 

Undue WY 1197 
sre-957-7200, 

fax 16957-7209 

‘aoe www. cardweleondensarcom 


cats 
Formerty ynoun as: Rotor Decor 
F358 Sh 108 

Pambervile, OF 43450 

aaae0 ase 

fac 4109507748 

‘al mallo-calg@rotordoo.cs 
web wn sotodoe-com 


-comm 
Sirs tah NW. 

‘Seatia, WA 82107 

beak Paar, eo0-426-e528 
fax 206 7e4-081 


ca 
ab1 K Steet NW Sute 900, 
Washington Do 20008 

(s00) 224-5137 

fax (208) 362-8481 

eal into@caiusa com 
‘rab wncBusa.com” 
Corpaver him 


‘Centurion International 
POBox aoa, 

Cineoin NE 8601-2646 
0e-t67-4494 

fax 00 248-9005 


‘Champlon Rac Products 
Sox sf 

Wioodivile, WA 98072 
preter 
206.800.4188 Call Phone 
fax sonese 447 

rp charpiontadlo@a0lcom 
‘rab wie champlonrace com 


(Coaxial Dynamics 
18240 Ingustnal Parka 
Glevelang, One 4418-008 
‘0-262 9498, 

fox 26267-3142 

nal ed sales@coaxalcom 
‘rab new.coasal com 

om ames. nim 


Comet North Ameria no. 
‘$81 Wards Comer Road 

Site 80 

Gincinnal, Ohio, 45140 
Ste-as1-S000, 

fax 12831-7089 
‘nfo@ComerNornAmericacom 


Comet Antenna 
Scenes 


Comm-Pute 
F54e State Street 
Midvale, UT 84047 
Bon Gi-o0 

fox 801-567-9404 
‘ermal boowoad@xmission com 
‘ren wa comm-put. com 


Communication Headquarters le 
‘Seaz Oleander Drve 

Warmington, NO 26403 

10 Pata 

1800-888:0073 (orders) 

fax 810-452 309 forders) 

‘Wee wnww-cnglnc com! 


CCommunicatons Data Corp 
051 Main St 

St Joseph, Ml 49085 
poa-ges sade 

fox tan aes 0409 

‘ermal maifo;dad@gimnet 


Comtalea Industries Ine 
S57 ithe Ra 

Glendale Heights, 60139 
‘bog sat da05: 768-7790-9804 
fox 708-7989799, 


ym Create 


stapan 


) 
fax caa (338) 6508 
‘ermal emal@edcorpcom 


Cube co, 
Soe Hisecus St, #9 
‘lipteFLssase 
Ser-rae. 20. 

fox SolTab 201 

‘ermal CubexCo@eolcom 


Ccusherat Core 
448 Perimeter fa, 
Manchester, NH 09108 
bo0-637-7077 

‘Smal sales@cusherat com 
‘re wo.cusheratcom! 


‘et 379-471-0750 
Web nn. daveswebshop.com 


Davie RF Co 
See Redloware (strbute) 
PO Bor 720 

Earls, MA 01743 
Sye-s7i 1358 

ove 300-1738 


1300-328-4773 (Orders only) 
for aye son ada 


‘ermal davisrne@aolcom 
‘rab ww-davsRcom 


Diamond Antennas 
See RF Parts 


Down East Microwave 
Saeco 

Frenchtown, NU 08625 

‘08 996-2584 

{os aoe ane702 
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’ suaony 280m 


Dresser Hochrequenztechnk 
eux 

Wiener Strasse 1496 
W590 Stoberg 

Gemany 


DX Engine 
Posain 
Peninsula, Oh 44264 
Usk’ 

Fax: 990-657-2168 

Email 
Giengineering@sxenginering com 
‘np: ww dxenginearing com’ 


DCO - Elacronic Distributors 
Company 

S25 Ma Sree 

Vienna. VA 22180 
yonasesios 

fax 708986911 

femal wed wield com! 
Index tm 


EUR-AM Antennas 
Po box 225 

Moutentoro, NH 02254-0225 
boearesns 

fax 6004765119 

all nto@eur-amcom 
‘web wrw.auram com 


£2 Hang, nc 
‘69 Tower br. 

Codec 

Caurel mo 20728 

jet Siogaeorre 

ex: 202-260-9787 
Intpitwnewezhang com 


Fludmaton Incorporated 
{4198 20rd Placa Se 
icsaquan, WA 98027 
142546 9200, 800-685-8700 
fee dae aersbat 

‘email sales@steppe.com 
‘web wo topo com 


Fytecrat 
PO Bac s141 
‘Sim Valley. CA 93098, 
aop-sea aire 


Fores 12 
POBox 1249 


Paso Rebes, CA 9347 
0-248 1988. 
805-227-1880 (Tech) 
fax os 227-64 

i 


‘malo fxee!26@lightnk com 
‘eb force 2ine com 


Gem Quad Products Lis 
Pobox 201 

Bolssevain, MB ROK OED 
aneaa 

Souseestes 

fax 2005346402 

email 

‘alto gemquad@escape.ca 
‘we ww-escape.cal~gemquad! 
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GLASstoms 
Pobox 435 

(acd Ml, TX 75195 
Soosoraias 

bo0-sea-2e4t 

fax 244-981-2605 

web wae texasbugeatchar com 


(rove Enterprises lc. 
POBox ae 

Brasstown, NC 28902 
B00-458'81 55 (overs) 
Toeas7-a200 (B88) 

fax 7048372216 

ermal nada@grove.net 
‘web wow gove-ent. com! 


Phoenls, AZ 5015 
web winthamradio com 
Goo.tie-irag Mia Antic 
b00-444-9476 Mountain 
00-44-0067 New England 
Boo-eds-ae7s Northeast 
Soo-t4s-702? Soutnesst 
bo0-854-c046 West 


‘The Har Staton 
225 Nerh Futon Avenue 

Po Box aso2 

Evans, IN 47719-0522 
500-720-4375 (errs) 
braaa202s% (Teen) 
812-420-0080 (Serve) 

fax ate-422-4258 

Erni saes@hamstaion som 


sees 


Hamwate de 


US:Dlfon RF Systems 
Enalldilonelamtacnine net 


Helohts Tomer Systems 

1528 Gul Beach Hwy 

Pensacola, FL 32507 

bsass-1210, 

fax 360-458-4955 
-malinfo@heightsiowers.com 

‘seb wa elghtstowerscom 


He Antennas 
21088 Cleo Vita Way 
‘idomar, CA 92595 
boo.sreasee 

fax o0b-3¢8-2091 

smal sales@hgantennas.com 
‘web wine higantonnas con 


Hoh Sierra Antennas 
Boxaaee 

Nevada City, CA 95959 
Basaran 

fax 520.279-7561 
mallheathaneantennas.com 
‘web wavw heentennas.com 


Huser Antennas 
oe Nsw Tones Antenna Corp 
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tHy-Gain aso ane MEY) 
‘SMotonusis Bort nowe 
‘Stark, us 38759 


‘00:647-1800 (Sales) 
02-90-2988 (Tech) 
fox soz ane sont 


web wiry. gain.com’ 


{100M America, ne 
2380 116 Ave, NE, ute 
Bellevue, wa 9800 


‘alre00 72-4266 
Fens 425 450-1509 
‘Vieb vv lcomamerica.com 


Industial Communsatons 
neers (CE 

weap Sohons 

$50 Gira fa 

‘Sonne 1X 75182 

972.203 3608, 00429-2666, 

{ecore20seei1 

{ermal wo0b@araysolsions com 

\teb wn iceradoproducts con! 


{Equipment Lid 
Poors 

(Oak Lawn, 160454 
‘on-aa2 9608 

foe 7oe-a26 1691 
‘web wor licom! 


International Reco 
13620 Tyee Road 

Umpqua, OF $748 
‘saeaso’s628 GAN 1PM POT, 
nese 

fax 501-459-5692 

na nvaa@rosenet net 
web weg cominvad 


Kenwood USA Corporation 
1975 Johns Creek Court, 
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Where mentioned, the U.K. mains voltage supply is 230V a.c. and you should 
amend ratings for your local conditions. 


Antenna 
Supports 


A prime consideration in the selection of a support 
for an antenna is that of structural safety. Building regu- 
lations in many localities require that a permit be obtained 
in advance of the erection of certain structures, often in- 
cluding antenna poles or towers. In general, localities 
having such requirements also have building safety codes 
that must be observed. Such regulations may govern the 
method and materials used in construction of, for ex- 
ample, a self-supporting tower. Checking with your local 
government building department before putting up a tower 
may save a good deal of difficulty later, because a tower 
would have to be taken down or modified if not approved 
by the building inspector on safety grounds. 

Municipalities have the right and duty to enforce any 
reasonable regulations having to do with the safety of 
life or property. The courts generally have recognized, 
however, that municipal authority does not extend to 
aesthetic questions. The fact that someone may object to 
the mere presence of a pole, tower or other antenna struc- 
ture because in his opinion it detracts from the beauty of 
the neighborhood is not grounds for refusing to issue a 
permit for a safe structure to be erected. Since the intro: 
duction of PRB-1 (federal preemption of unnecessarily 
restrictive antenna ordinances), this principle has been 
borne out in many courts. Permission for erecting ama- 
teur towers is more easily obtained than in the recent past 
because of this legislation, 

Even where local regulations do not exist or are not 
enforced, the amateur should be careful to select a loca: 
tion and a type of support that contribute as much safety 
as possible to the installation. If collapse occurs, the 
chances of personal injury or property damage should be 
minimized by careful choice of design and erection meth: 
ods. A single injury can be far more costly than the price 


of a more rugged support, in terms of both monetary loss 
and damage to the public respect for amateur radio. 

This chapter has been reviewed and rewritten by Kurt 
Andress, KTNV. 


TREES AS ANTENNA SUPPORTS 
From the beginning of Amateur Radio, trees have been 
used widely for supporting wire antennas. Trees cost noth- 


Fig 1—A method of counter weighting to minimize 
antenna movement and avoid its breaking from tree 
‘movement in the wind. The antenna may be lowered 
without climbing the tree by removing the counter- 
weight and tying additional rope at the bottom end of 
the halyard. Excess rope may be left at the counter- 
weight for this purpose, as the knot at the lower end of 
the halyard will not pass through the pulley. 
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ing to use, and often provide a means of supporting a wire 
antenna at considerable height. As antenna supports, trees 
are unstable in the presence of wind, except in the case of 
very large trees used to support antennas well down from 

the top branches. As a result, tree-supported antennas must 
be constructed much more sturdily than is necessary with 

stable supports. Even with rugged construction, it is, 

unlikely that an antenna suspended from a tree, or between 
trees, will stand up indefinitely. Occasional repair or 

replacement usually must be expected. 

‘There are two general methods of securing a pulley 
to a tree. If the tree can he climbed safely to the desired 
level, a pulley can be attached to the trunk of the tree, as 
shown in Fig 1. To clear the branches of the tree, the 
antenna end of the halyard can be tied temporarily to the 
tue at the pulley level. Then the remainder of the hal- 
yard is coiled up, and the coil thrown out horizontally 
from this level, in the direction in which the antenna runs. 
It may help to have the antenna end of the halyard 
weighted, 

After attaching the antenna to the halyard, the other 
end is untied from the tree, passed through the pulley, and 
brought to ground along the tree trunk in as straight a line 
as possible. The halyard need only be long enough to reach 
the ground after the antenna has been hauled up. (Addi- 
tional rope can be tied to the halyard when it becomes nec- 
essary to lower the antenna.) 

‘The other method consists of passing a line over the 
tree from ground level, and using this line to haul a pul- 
ley up into the tree and hold it there. Several ingenious 
methods have been used to accomplish this. The simplest 
method employs a weighted pilot line, such as fishing 
line or mason’s chalk line. By grasping the line about 
two feet from the weight, the weight is swung back and 
forth, pendulum style, and then heaved with an under- 
hand motion in the direction of the treetop. 

Several trials may be necessary to determine the 
optimum size of the weight for the line selected, the dis- 
tance between the weight and the hand before throwing, 
and the point in the arc of the swing where the line 
released. The weight, however, must be sufficiently large 
to carry the pilot line back to ground after passing over 
the tree. Flipping the end of the line up and down so as to 
put a traveling wave on the line often helps to induce the 
‘weight to drop down if the weight is marginal. The higher 
the tree, the lighter the weight and the pilot line must be. 
A glove should be worn on the throwing hand, because a 
line running swiftly through the bare hand can cause a 
severe burn, 

If there is a clear line of sight between ground and a 
particularly desirable crotch in the tree, it may eventu- 
ally be possible to hit the crotch after a sufficient number 
of tries. Otherwise, itis best to try to heave the pilot line 
completely over the tree, as close to the centerline of the 
tee as possible. If it is necessary to retrieve the line and 
start over again, the line should be drawn back very 
slowly; otherwise the swinging weight may wrap the line 
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around a small limb, making retrieval impossible, 

Stretching the line out straight on the ground before 
throwing may help to keep the line from snarling, but it 
places extra drag on the line, and the line may snag on 
obstructions overhanging the line when it is thrown. 
Another method is to make a stationary reel by driving 
eight nails, arranged in a circle, through a 1-inch board. 
‘After winding the line around the circle formed by the 
nails, the line should reel off readily when the weighted 
cend of the line is thrown. The board should be tilted at 
approximately right angles to the path of the throw. 

Other devices that have been used successfully to pass 
a pilot line over a tree are a bow and arrow with heavy 
thread tied to the arrow, and a short casting rod and spin- 
ning reel used by fishermen. The Wrist Rocket slingshot, 
‘made from surgical rubber tubing and a metal frame has 
proved highly effective as an antenna-launching device. 
Still another method that has been used where sufficient 
space is available is flying a kite to sufficient altitude 
walking around the tree until the kite string lines up with 
the center of the tree, and paying out string until the kite 
falls to the earth. This method can be used to pass a line 
over a patch of woods between two higher supports, which 
may be impossible using any other method. 

The pilot line can be used to pull successively heavier 
lines over the tree until one of adequate size to take the 
strain of the antenna has been reached. This line is then 
used to haul a pulley up into the tree after the antenna, 
halyard has been threaded through the pulley. The line 
that holds the pulley must be capable of withstanding 
considerable chafing where it passes through the crotch, 
and at points where lower branches may rub against the 
standing part. For this reason, it may be advisable to use 
galvanized sash cord or stranded guy wire for raising the 
pulley. 

Larger lines or cables require special attention when 
they must be spliced to smaller lines. A splice that mini- 
mizes the chances of coming undone when coaxed 
through the tree crotch must be used. One type of splice 
is shown in Fig 2. 


Win Long End of 
“ine Close” 


Form Loop Then Ta Ende 
wr ena ot \ ot ene together 


Fig 2—In connecting the halyard to the pilot line, a 
large knot that might snag in the crotch of a tree 
should be avoided, as shown. 


\ 
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Fig 3—A weighted line thrown over the antenna can be 
used to pull the antenna to one side of overhanging 
obstructions, such as tree branches, as the antenna is 
pulled up. When the obstruction has been cleared, the 
line can be removed by releasing one end. 


‘The crotch in which the line first comes to rest may 
not be sufficiently strong to stand up under the tension of 
the antenna. If, however, the line has been passed over 
(or close to) the center line of the tree, it will usually 
break through the lighter crotches and come to rest in a 
stronger one lower in the tree. 

Needless to say, any of the suggested methods should 
be used with due respect to persons or property in the 
immediate vicinity. A child’s sponge-rubber ball (base- 
ball size) makes a safe weight for heaving a heavy thread 
line or fishing line. 

If the antenna wire snags in the lower branches of 
the tree when the wire is pulled up, or if other trees inter- 
fere with raising the antenna, a weighted line thrown over 
the antenna and slid to the appropriate point is often help- 
ful in pulling the antenna wire to one side to clear the 
interference as the antenna is being raised. This is shown 
in Fig 3. 


Wind Compensation 

‘The movement of an antenna suspended between sup. 
ports that are not stable in the wind can be reduced by the 
use of heavy springs, such as screen-door springs under 
tension, or by a counterweight at the end of one halyard 
This is shown in Fig 1. The weight, which may be made 
up of junkyard metal, window sash weights, or a galva- 
nized pail filled with sand or stone, should be adjusted 
experimentally for best results under existing conditions. 
Fig4 shows a convenient way of fastening the counter- 
weight to the halyard. It eliminates the necessity for unty- 
ing a knot in the halyard, which may have hardened under 
tension and exposure to the weather. 


Fig 4—The cleat eliminates the need to untie a knot 
that may be weather hardened. 


TREES AS SUPPORTS FOR VERTICAL 
WIRE ANTENNAS 


Trees can often be used to support vertical as well 
as horizontal antennas. If the wee is tall and has over- 
hanging branches, the scheme of Fig 5 may be used. The 
top end of the antenna is secured to a halyard passed over 
the limb, brought back to ground level, and fastened to 
the trunk of the tree. 


Fig 5—Counterweight for a vertics 
from an overhanging tree branch. 


antenna suspended 
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MAST MATERIALS 


Where suitable trees are not available, or a more 
stable support is desired, light-duty guyed masts are suit- 
able for wire antennas of reasonable span length. At one 
time, most amateur masts were constructed of lumber, 
but the TV industry has brought out metal masts that are 
inexpensive and much more durable than wood. How- 
ever, there are some applications where wood is neces~ 
sary or desirable. 


A Ladder Mast 


A temporary antenna support is sometimes needed 
for an antenna system for antenna testing, site selection, 
emergency exercises or Field Day. Ordinary aluminum 
extension ladders are ideal candidates for this service. 
They are strong, light, extendable, weatherproof and eas 
ily transported. Additionally, they are readily available 
and can be returned to normal use once the project is con- 
cluded. A ladder tower will support a lightweight triband 
beam and rotator. 

With patience and ingenuity one person can erect 
this assembly. One of the biggest problems is holding the 
base down while “walking” the ladder to a vertical posi~ 
tion, The ladder can be guyed with ' 
lene rope. Rope guys are arranged in the s 
with three at each level. If help is available, the ladder 
can be walked up in its retracted position and extended 
after the antenna and rotator are attached. The lightweight 
pulley system on most extension ladders is not strong 
enough to lift the ladder extension. This mechanism must 
be replaced (or augmented) with a heavy-duty pulley and 
rope. Make sure when attaching the guy ropes that they 
do not foul the operation of the sliding upper section of 
the ladder. 

‘There is one hazard in this system that must be 
avoided: Do not climb or stand on the ladder when it is, 
being extended—even as much as one rung. Never stand 
oon the ladder and attempt to raise or lower the upper sec 
tion, Do all the extending and retracting with the heavy- 
duty rope and pulley! 

If the ladder is to be raised by one person, use the 
following guidelines. First, make sure the rung-latching 
mechanism operates properly before beginning. The base 
must be hinged so that it does not slip along the ground 
during erection. The guy ropes should be tied and posi- 
tioned in such a way that they serve as safety constraints, 
in the event that control of the assembly is lost. Have 
available a device (such as another ladder) for support- 
ing the ladder during rest periods. (See Fig 6.) 

After the ladder is erect and the lower section guys 
tied and tightened, raise the upper portion one rung at a 
time. Do not raise the upper section higher than it is 
designed to go; safety is far more important than a few 
extra feet of height. 

For a temporary installation, finding suitable guy 
anchors can be an exercise in creativity. Fence posts, trees, 
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Fig 6—Walking the ladder up to its vertical position. 
Keith, VEZAQU, supports the mast with a second ladder 
while Chris, VE2FRJ, checks the ropes. (Photo by Keith 
Baker, VE2XL.) 


and heavy pipes are all possibilities. If nothing of suffi- 
cient strength is available, anchor posts or pipes can be 
driven into the soil. Sandy soil is the most difficult to work 
with because it does a very poor job of holding anchors. A 
discarded car axle can be driven into the ground as an 
anchor, as its mass and strength are substantial. A chain 
and car-bumper jack can be used to remove the axle when 
the operation is done. 

Above all else, keep the tower and antenna away 
from power lines. Make sure that nothing can touch the 
lines if the assembly falls. Disassemble by reversing the 
process. Ladder towers are handy for “quickie” antenna 
supports, but as with any improvisation of support mate- 
rials, care must be taken to ensure safe construction, 


The A-Frame Mast 


A light and relatively inexpensive mast is shown in 
Fig 7. In lengths up to 40 feet itis very easy to erect and 
‘will stand the pull of ordinary wire antenna systems. The 
lumber used is 22-inch straight-grained pine (which 
‘many lumber yards know as hemlock) or even fir stock. 
‘The uprights can be as long as 22 feet each (for a mast 
slightly over 40 feet high) and the eross pieces are cut to 
fit. Four pieces of 2 x 2 lumber, each 22 feet long, pro- 
vvides more than enough. The only other materials required 
are five “Jninch carriage bolts 5'/s inches long, a few 
spikes, about 300 feet of stranded or solid galvanized wire 
for guying, enough glazed porcelain compression (“eg”) 
insulators to break up the guys into sections, and the usual 
pulley and halyard rope. I the strain insulators are put in 
every 20 feet, approximately 15 of them will be enough. 
‘After selecting and purchasing the lumber—which 
should be straight-grained and knot-free—sawhorses or 
boxes should be set up and the mast assembled as shown 


in Fig 8. At this stage itis wise to give the mast a coat of 
primer and a coat of outside white latex paint. 

After the coat of paint is dry, attach the guys and rig 
the pulley for the antenna halyard. The pulley anchor 
should be at the point where the top stays are attached so 
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Fig 7—The A-frame mast is lightweight and easily 
constructed and erected. 
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Fig 8—Method of assembling the A-frame mast on 
sawhorses. 


the backstay will assume the greater part of the load ten- 
sion, It is better to use wire wrapped around the mast 
with a small through-bolt to prevent sliding down than to 
use eyebolts. 

If the mast is to stand on the ground, a couple of 
stakes should be driven to keep the bottom from slipping. 
‘At this point the mast may be “walked up” by a helper. If 
itis to go ona roof, first stand it up against the side of the 
building and then hoist it, from the roof, keeping it verti- 
cal. The whole assembly is light enough for two men to 
perform the complete operation—lifting the mast, carry- 
ing it to its permanent berth, and fastening the guys with. 
the mast vertical. It is entirely practical to put up such a 
mast on a flat area of roof that would be too small to 
erect a regular tower installation, one that had to be raised 
vertically on the same spot. 


TV Mast Material 


TV mast is available in 5- and 10-foot lengths, 
I'/cinches diameter, in both steel and aluminum. These 
sections are crimped at one end to permit sections to be 
joined together. A form that is usually more convenient 
is the telescoping mast available from many electronic 
supply houses. The masts may be obtained with three, 
four or five 10-foot sections, and come complete with 
‘guying rings and a means of locking the sections in place 
afier they have been extended. These masts are inherently 
more suitable for guyed mast installations than the non- 
telescoping type because the diameters of the sections 
increase toward the bottom of the mast. For instance, the 
top section of a 50-foot mast is 1'/ inches diameter, and 
the bottom section is 2'/: inches diameter. 

Guy rings are provided at 10-foot intervals, but guys 
‘may not be required at every point. Guying is essential at 
the top and at least one other place near the center of the 
mast. If the mast has any tendency to whip in the wind, 
or to bow under the load of a horizontal wire antenna, 
additional guys should be added at the appropriate points. 


MAST GUYING 


Three guy wires in each set are usually adequate for 
‘a mast, These should be spaced equally round the mast. 
‘The required number of sets of guys depends on the height 
of the mast, its natural sturdiness (or stiffness), and the 
required antenna tension. A 30-foot-high mast usually 
requires two sets of guys, and a 50-foot mast needs at 
least three sets. One guy of the top set should be anchored 
toa point directly opposing the force exerted by the wire 
antenna, The other two guys of the same set should be 
spaced 120° with respect to the first, as shown in the 
inset in Fig 7. 

Generally, the top guys should be anchored at dis- 
tances from the base of the mast at least 60% of the mast 
height. The distance of the guy anchors from the mast 
determines the guy loads and the vertical load compress- 
ing the mast. At a 60% distance, the load on the guy wire 
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opposite the wire antenna is approximately twice the 
antenna tension. The compression in the mast will be 1.66 
times the antenna tension, With the anchors out 80% of 
the mast height, the guy tension will be 1.6 times larger 
than the antenna load and the mast compression will be 
1.25 times larger. 

Whenever possible, the largest available anchor spac~ 
ing should be used. The additional compression on the 
‘mast, due to closer anchor spacing, increases the tendency 
of the mast to buckle. Buckling occurs when the com- 
pression on the unsupported spans between guys become 
too great for the unsupported length. The section then 
bows out laterally and will usually fold over, collapsing 
the mast. Additional sets of guys reduce the tendency for 
the mast to buckle under the compression by decreasing 
the unsupported span lengths and stabilizing the mast 
keeping it in a straight line. 

A natural phenomenon, called vortex shedding, can 
‘occur when the wind passes over the sections of a guyed 
mast. For every section size, shape, and length, there is a 
wind speed that can cause the sections to oscillate 
mechanically. When all the sections of an antenna sup- 
port mast are close to the same size and length, it is pos- 
sible for all of the mast sections to vibrate simultaneously 
between the guys. To reduce the potential for this, you 
can place the guys at locations along the mast that will 
result in different span lengths. This creates different me- 
chanical resonant frequencies for each span, eliminating 
the possibility of all sections oscillating at the same time. 

When determining the guy locations along the mast 
to treat this problem, you also need to consider the mast. 
buckling requirements. Since the compression in the mast 
is greatest in the bottom span, and the least in the top 
span, the guys should be placed to make the bottom span, 
the shortest and the top span the longest. A general guide 
for determining the different span lengths is to make the 
unguyed lengths change by 10 to 20%. 

Example: For a 30-foot high mast with three guy 
sets, the equal-guy locations would be every 10 feet. We 
can make the center span, 10 feet long, and then make 
the lower span 15% shorter and the top span 15% longer. 
While this is not an exact technical method to determine 
the best solution, the approach will create different 
mechanical resonant frequencies for the spans, with the 
span lengths approximately adjusted for the varying buck- 
ling requirements. 

You can eliminate electrical resonance from con- 
ductive guy materials that might cause distortion of the 
antenna radiation pattern by breaking each guy into non- 
resonant lengths using strain insulators (see Figs 9 and 
10). This subject is covered in detail later in this chapter. 


Guy Material 


When used within their safe load ratings, you may 
use any of the halyard materials listed in Chapter 20 for 


the mast guys. Nonmetallic materials have the advantage 
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Fig 9—Simple lever for twisting solid guy wires when 
atiaching strain insulators. 


omen, 
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Fig 10—Stranded guy wire should be attached to strain 
insulators by means of standard cable clamps made to 
fit the size of wire used. 


that there is no need to break them up into sections to 
avoid unwanted resonant interactions. All of these mate- 
rials are subject to stretching, however, which causes 
‘mechanical problems in permanent installations. At rated 
working loads, dry manila rope stretches about 5%, while 
nylon rope stretches about 20%. Usually, after a period 
of wind load and wet/dry cycles, the lines will become 
fairly stable and require less frequent adjustment. 

Solid galvanized steel wire is also widely used for 
guying. This wire has approximately twice the load rat- 
ings of similar sizes of copper-clad wire, but it is more 
susceptible to corrosion, Stranded galvanized wire sold 
for guying TV masts is also suitable for light-duty appli- 
cations, but is also susceptible to corrosion. It is prudent 
to inspect the guys every six months for signs of deterio- 
ration or damage. 


Guy Anchors 

Figs 11 and 12 show two different kinds of guy 
anchors. In Fig 11, one or more pipes are driven into the 
ground at right angles to the guy wire. If a single pipe 
proves to be inadequate, another pipe can be added in 
tandem, as shown, and connected with a galvanized stee! 
cable. Heavy-gauge galvanized pipe is preferred for 
corrosion resistance. Steel fence posts may be used in 
the same manner. Fig 12 shows a dead-man type of 
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ig 11—Driven guy anchors. One pipe is usually 
sufficient for a small mast. For added strength, a 
second pipe may be added, as shown. 


Fig 12—Buried dead-man guy anchor (see text). 


anchor. The buried anchor may consist of one or more 
pipes 5 or 6 feet long, or scrap automobile parts, such as 
bumpers or wheels. The anchors should be buried 3 or 
4 feet in the ground. The cable connecting the dead-man 
to the guys should be galvanized wire rope, like EHS guy 
cable. You should coat the buried part of the cable with 


roofing tar, and thoroughly dry it prior to burial to en- 


hance resistance to corrosion, 

Also available are some heavy auger-type anchors, 
that screw into the earth. These anchors are usually 
heavier than required for guying a mast, although they 
may be more convenient to install. You should conduct 
annual inspections of the anchors by digging several 
inches below grade around the anchor to inspect for 


‘Trees and buildings may also be used as guy anchors 


if they are located appropriately. Care should be exer- 


cised, however, to make sure that the tree is of adequate 


size and that any fastening to a building can be made suf- 


ficiently secure 


Guy Tension 

Many troubles encountered in mast guying are a 
result of pulling the guy wires too tight. Guy-wire ten- 
sion should never be more than necessary to correct for 


obvious bowing or movement under wind pressure. 
Approximately 10% to 15% of the working load is suffi- 
cient. In most cases, the tension needed does not require 
the use of turnbuckles, with the possible exception of the 
guy opposite a wire antenna. If any great difficulty is 
experienced in eliminating bowing from the mast, the guy 
tension should be reduced or additional sets of guys are 
required. The mast should be checked periodically, espe~ 
cially after large wind events, to ensure the guys and 
anchors have not stretched or moved, allowing the mast, 
to get away from the required straight alignment. 


ERECTING A MAST OR OTHER 
SUPPORT 


Masts less than 30 feet high usually can be simply 
walked up after blocking the bottom end securely. Block- 
ing must be done so that the base can neither slip along 
the ground nor upend when the mast is raised. An assis- 
tant should be stationed at each guy wire, and may help 
by pulling the proper guy wire as the mast nears the ver- 
tical position. Halyards can be used in the same manner. 

As the mast is raised, it may be helpful to follow the 
underside of the mast with a scissors rest (Fig 13), should 
a pause in the hoisting become necessary. The rest may 
also be used to assist in the raising if an assistant mans 
cach leg. 


AS the mast nears the vertical position, those hold 
ing the guy wires should be ready to temporarily fasten 
the guys to prevent the mast from falling. The guys can 
then be adjusted until the mast is perfectly straight. 

For masts over 30 feet long, a gin pole of some form 
may be required, as shown in Fig 13. Several turns of 
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Fig 13—Pulling on a gin line fastened slightly above 
center point of the mast and on the halyards can assist. 
in erecting a tall mast. The tensions should be just. 
enough to keep the mast in as straight a line as 
possible. The “scissors” may be used to push on the 
lnder side and to serve as a rest if a pause in raising 
becomes necessary. 
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rope are wound around a point on the mast above center. 
‘The ends of the rope are then brought together and passed 
over a tree limb. The rope should be pulled as the mast is, 
walked up to keep the mast from bending at the center. If 
a tree is not available, a post, such as a2 x 4, temporarily 
erected and guyed, can be used. After the mast has been 
erected, the assisting rope can be removed by walking 


one end around the mast (inside the guy wires) 

Telephone poles and towers are much sturdier sup- 
ports. Such supports may require no guying, but they are 
not often used solely for the support of wire antennas 
because of their relatively high cost. For antenna heights 
in excess of 50 feet, however, they are usually a most prac- 
tical form of support. 


Tower And Antenna Selection and Installation 


‘The selection of a tower, its height, and the type of 
antennas and rotator is probably one of the more com- 
plex issues faced by station builders. All aspects of the 
tower, antenna, and rotator system are interrelated, and 
you should consider the overall system before making 
any decisions regarding specific system components. 

Perhaps the most important consideration for many 
amateurs is the effect of the antenna system on the sur- 
rounding environment. If plenty of space is available for 
a tower installation and if there is little chance of causing 
esthetic distress on the part of family members or the 
neighbors, the amateur is indeed fortunate. Often, the 
primary considerations are purely financial. For most, 
however, the size of the property, the effect of the system 
on others, local ordinances, and the proximity of power 
lines and poles influence the selection of the tower/ 
antenna system considerably. 

‘The amateur must consider the practical limitations 
for installation. Some points for consideration are given 
below: 


1) A tower should not be installed in a position where it 
could fall onto a neighbor's property. 

2) The antenna must be located in such a position that it 
cannot possibly tangle with power lines, either dur- 
ing normal operation or if the structure should fall, 

3) Sufficient yard space must be available to position a 
guyed tower properly. The guy anchors should be 
between 60% and 80% of the tower height in distance 
from the base of the tower on level ground—sloping 
terrain may require larger areas. 

4) Provisions must be made to keep children from climb- 
ing the support. (Poultry netting around the tower base 
will serve this need.) 

5) Local ordinances should be checked to determine if 
any legal restrictions affect the proposed installation, 


Other important considerations are (1) the total dol- 
lar amount to be invested, (2) the size and weight of the 
antenna desired, (3) the climate, and (4) the ability of the 
owner to climb a fixed tower. 

Most tower manufacturers provide catalogues or data 
packages that represent engineered tower configurations. 
These are provided as a convenience for users to help 
determine the most suitable tower configurations. The 
‘most commonly used design specifications for towers are 
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EIA (Electronic Industries Assoc.) RS-222 and UBC (Uni- 
form Building Code). These specifications define how the 
tower, antenna, and guy loads are determined and applied 
to the system, and establish general design criteria for 
the analysis of the tower. Local authorities often require 
the review and approval of the installation by a state 
licensed Professional Engineer (P-E.) to obtain building 
permits. All local authorities in the United States do not 
subscribe to the same design standards, so often the manu- 
facturers’ general-purpose engineering is not applicable. 
One of the first things you need to determine in the 
tower selection process is the type of specification 
required by the local authorities, if any. Then, you must 
determine the Basic Wind Speed appropriate for the site. 
‘The Basic Wind Speed used in most specifications is the 
average wind speed for one mile of wind passi 
the structure. It will be a lower value than the peak read- 
ings from an anemometer (wind gauge) installed at the 
site. For example, a Basic Wind Speed of 70 mph could 
have a maximum value of 80 mph and a minimum of 
60 mph, equally distributed during the passage of the mile 
of wind. Basic wind speeds can be found in tables or maps 
contained in the appropriate specifications. Often, the 
basic wind speed used for the location may be obtained 
from the local permit authority. Check out the Web site 
at www.championradio.com, which contains EIA basic 
wind speed tables for every county in the USA. UBC 
speeds are available at almost every local library. 
Antenna manufacturers also provide antenna data to 
assist in the selection process. Unfortunately, antenna 
mechanical designs do not always follow the same 
design standards used for towers. Proper antenna selec- 
tion often means that you must determine the antenna 
surface areas yourself to avoid overloading the tower. 
‘More discussion about this follows later in this chapter. 
Itis often very helpful to the novice tower installer 
to visit other local amateurs who have installed towers. 
Look over their hardware and ask questions. If possible, 
have a few local experienced amateurs look over your 
plans—before you commit yourself. They may be able to 
offer a great deal of help. If someone in your area is plan- 
ning to install a tower and antenna system, be sure to 
offer your assistance. There is no substitute for experi- 
ence when it comes to tower work, and your experience 
there may prove invaluable to you later. 


THETOWER 


‘Towers for supporting antennas come in a variety of 
different types. Each type has its own set of benefits and. 
limitations, or conditions and requirements. Often, you 
can choose a particular tower type by considering issues, 
other than pure mechanical performance. Understanding 
how each type of tower functions, and what its respective 
requirements are, are the first steps in making the best 
tower selection for your own situation, 


Guyed Towers 


‘The most common variety of tower is the guyed 
tower made of identical stacked sections, supported by 
guy cables attached to ground anchors placed symmetri- 
cally around the tower. These towers are the most eco- 
nomical, in terms of feet per dollar investment, and are 
more efficient for carrying antenna loads than non-guyed 
towers 

‘The guys resist the lateral loads on the system created 
by the wind. Since the guys slope down to the ground, 
horizontal loads due to the wind result in vertical loads 
applied to the tower at each tower/guy connection. The 
tower becomes a compression member, trying to resist 
the column compression generated by the guy reactions. 
A tower in compression can buckle, so the distance 
between guy connections along the tower is important, 


‘Tower Bases for Guyed Towers 


Another important phenomenon in a guyed tower is 
stretching of the guy cables. All guys stretch under load 
and when the wind blows the elongated guys allow the 
tower to lean over somewhat. If the tower base is buried 
in the concrete footing—as is commonly done in ama- 
teur installations—the bending stress at the tower base 
can become a significant factor. Towers that have been 
installed with tapered pier-pin bases much more freely 
absorb tower leaning, and they are far less sensitive to 
guy-elongation problems 

‘The tapered pier-pin tower installation is not with- 
out some drawbacks. These installations often require 
torque-arm guy brackets or six-guy torque-arm assem- 
blies to control tower rotation due to antenna torque. They 
also require temporary guys when they are being installed 
to hold the base steady until the permanent guys are 
mounted. Some climbers also don’t like the flexing when 
they start to climb these types of towers, 

On the positive side, pier-pin base towers have all 
structural members above the concrete footing, eliminat- 
ing concerns about hidden corrosion that can occur with 
buried towers. Most decisions regarding the type of base 
installation are made according to the preference of the 
tower builder/maintainer. While either type of base con- 
figuration can be successfully used, you would be wise 
to do the stress calculations (or have a professional engi- 
neer do them) to ensure safety, particularly when large 
antenna loads are contemplated and particularly if guys 


that can easily stretch are used, such as Phillystran guys 

The configuration shown in Fig 144 is taken from 
an older (1983) Unarco-Rohn catalog. This configura- 
tion has the top set of guys placed at the top of the tower 
with the lower set halfway up the tower. This configura- 


tion is best for most amateur installations, which usually 
have the antennas mounted on a rotatable mast extending 
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Fig 14—The proper method of installation of a guyed 
tower. At A, the method recommended for most amateur 
installations. At B, the method shown in later Rohn 
catalogs. This places considerable strain on the top 
section of the tower when large antennas are mounted 
on the tower. 
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out the top of the tower—thereby placing the maximum. 
lateral loads when the wind blows at the top of the tower 
(and the bottom of the rotating mast) 

‘The configuration shown in Fig L4B is from a newer 
(1998) Rohn catalog. It has 5 feet of unsupported tower 
extending above the top guy set. The lower guy set is 
approximately halfway between the top guys and the base. 
The newer configurations are tailored for commercial 
users who populate the top region of the tower with fixed 
arrays and/or dishes. The installation in Fig 14B cannot 
safely withstand the same amount of horizontal top load 
as can the configuration shown in Fig 4A, simply because 
the guys start farther down from the top of the tower. 

An overhead view of a guyed tower is given in 
Fig 14C. Common practice is to use equal angular spac 
ings of 120° between guy wires. If you must deviate from 
this spacing, the engineering staff of the tower manufac~ 
turer or a civil engineer should be contacted for advice. 

Amateurs should understand that most catalogs show 
generic examples of tower configurations that work within 
the cited design specifications. They are by no means the 
only solution for any specific tower/antenna configura- 
tion. You can usually substantially change the load capa- 
bility of any given tower by varying the size and number 
of guys. Station builders are encouraged to utilize the 
services of professional engineers to get the most out of 
their guyed towers. Those interested in more generic 
information about guyed tower behavior can find it at 
www.freeyellow.com/members3/yagistress/ 


Unguyed Towers 


Another commonly used type of tower is not nor- 
mally guyed—these are usually referred to as freestand- 
ing or self-supporting towers. Unguyed towers come in 
three different styles. 

One style is comprised of stacked lengths of identi- 
cal tower sections, just like those used for guyed towers. 
The only difference is that no guys are used. Manufactur- 
ers provide the recommended configurations and allow- 
able loads for this type of installation in their catalogs. 
Unguyed towers are vastly less capable of supporting 
antenna loads than their guyed counterparts, but have great 
utility for light-duty applications—when configured within 
their capabilities. 

‘The second style utilizes different tower section sizes, 
varying from large sections at the base and tapering down, 
to smaller sections at the top. This style is more much more 
efficient for freestanding applications, because the tower 
is sized for the varying bending loads along the tower 
length, and is shown in Fig 15, 

‘The third style of unguyed towers is commonly 
called a crank-up tower. It is a freestanding tower with 
telescoping sections that can be extended or retracted with 
a winch, cable, and pulley mechanism. This allows the 
tower to be raised and lowered for maintenance and 
antenna work. It is usually necessary to retract such tow- 
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Fig 15—Typical 
freestanding 
(unguyed) tower. 
‘Arrows indicate the 
directions of the 
forces acting upon 
the structure. See 
text for discussion. 
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cers for moderate to heavy winds. Some consider this a 
disadvantage because they can’t operate their antennas 
at full height when it is windy. Two different forms of the 
crank-up style, freestanding tower are shown in Fig 16. 

Fig 16A shows the tubular version; Fig 16B shows the 
triangular space-frame version, 

‘Some crank-up towers are used with guys and are 
only retracted for maintenance and antenna work. These 
towers are specially designed with locking mechanisms 
between the tower sections to carry the vertical compres- 
sion created by the guys. Do not use guys with normal 
crank-up towers (those that have no locking devices 
between sections)! The increased tower compression will 
be carried by the hoisting cable, which will eventually 
cause it to fail 

Never climb a crank-up tower unless it is properly 
nested, with all load removed from the hoisting cable 
For general antenna work, this can be accomplished by 
completely retracting it until the cable becomes loose. 
When servicing the rotator, the tower must be left par- 
tially extended. In this case every tower section must be 


Fig 16—Two examples of 
crank-up towers. 
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blocked with heavy timber or thick-wall tubes, installed 
through the tower bracing, until all sections are resting on 
the blocks and the hoisting cable becomes slack. Safely 
installing the blocks in an extended crank-up tower can be 
challenging. The object is to get all the blocks installed 
without a climber having to scale the unblocked tower, risk 
ing loss of limbs should the hoisting cable fail. An exten- 
sion ladder, capable of reaching the required block 
elevations is the safest approach. If the necessary equip- 
‘ment or expertise is not available, the tower can be 
retracted, antennas removed, and leaned over, with the base 
tilt-over assembly, before extending it to access the rota- 
tor. Failure to properly block the tower before climbing 
can result in serious injury should the cable slip or break! 

All freestanding towers share some unique charac- 
teristics. Each must support antenna and tower loads only 
by virtue of the bending strength of the tower sections 
and the tower footing connection to earth, Because of the 
large overturning moment at the tower base, freestand- 
ing towers require larger concrete footings than guyed 
towers. They are usually more expensive for the same 
load capability compared to guyed towers, simply because 
they require larger heavier tower sections and a larger 
footing to get the job done. The telescoping mechanisms 
in crank-up tower require more maintenance too. 


Fig 17—Fold-over or tilting base. There are several 
different kinds of hinged sections permitting different 
types of installation. Great care should be exercised 
when raising or lowering a tilting tower. 


Freestanding towers are quite popular, and are often 
the best solutions for sites with limited space and ascetic 
concerns. When cranked down, a telescoping tower can 
‘maintain a low-profile system, out of sight of the neigh- 
bors and family. 


Ti 

‘Some towers have another convenience feature—a 
hinged section that permits the owner to fold over all or a 
portion of the tower. The primary benefit is in allowing 
antenna work to be done close to ground level, without 
the necessity of removing the antenna and lowering it for 
service. Fig 17 shows a hinged base used with stacked, 
‘guyed tower sections. The hinged section can be designed 
for portions of the tower above the base. These are usu- 
ally referred to as guyed tilt-over towers, where a con- 
ventional guyed tower can be tilted over for installing 
and servicing antennas. Many crank-up towers come with 
optional tilt-over base fixtures that are equipped with a 
winch and cable system for tilting the fully nested tower 
from horizontal to vertical positions. 

Misuse of hinged sections during tower erection is a 
dangerously common practice among radio amateurs. 
Unfortunately, these episodes can end in accidents. If you 
do not have a good grasp of the fundamentals of physics. 
it might be wise to avoid hinged towers or to consult an 
expert if there are any questions about safely installing 
and using such a tower. Itis often far easier (and safer) to 
erect a regular guyed tower or self-supporting tower with 
«gin pole and climbing belt than it is to try to walk up an 
unwieldy hinged tower. 


-Over Towers 
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‘The AB-577 Military Surplus Tower 

Another light duty tower has found acceptance among, 
many amateurs. Available from assorted military surplus 
dealers is the AB-577 system. This was designed to be a 
portable, rapid deployment antenna support for field com- 
‘munications. tis a guyed mast that goes up somewhat like 
a crank-up. The system consists of several short sections of 
aluminum tubing, with special end connections for joining 


Fig 18—Installation of surplus AB-577 
tower with tribander at 45 feet at K7NV. 
(Photo by Kurt Andress, K7NV) 


them. These can be erected from the base fixture, which has 
‘acrank-up type winch-driven elevator platform. The tubing 
sections are installed in the base fixture and connected to 
the section above it with an over-center locking Marmon- 
style clamp. Then, the elevator platform is raised with the 
‘winch and the new tube is locked in place, high on the base 
fixture. Then the elevator is lowered to accept the next sec~ 
tion. While the tower is extended, the supporting guys are 
adjusted via the unique snubber assemblies at the anchor 
connection. One person can erect this system, even in windy 
conditions, when special care is given to keeping the guys 
properly adjusted during each extension. 

‘The standard AB-577 system, with 3 sets of guys, 
will support a modest triband Yagi at 45 feet. Fig 184 
shows an installation with a Hy-Gain TH7DX at 45 feet. 


TOWER BASES. 


‘Tower manufacturers can provide customers with de- 
tailed plans for properly constructing tower bases. Fig 19 
is an example of one such plan. This plan calls for a hole 
that is 34 x 34 x 6 feet. Steel reinforcement bars are 
lashed together and placed in the hole. The bars are posi- 
tioned so that they will be completely embedded in the 
concrete, yet will not contact any metallic object in the 
base itself. This is done to minimize the possibility of a 
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Fig 19—Plans for installing concrete base for Wilson 
‘ST-778 tower. Although the instructions and dimen- 
‘sions vary from tower to tower, this is representative of 
the type of concrete base specified by most manufac- 
turers. 


direct discharge path for lightning through the base. 
Should such a lightning discharge occur, the concrete base 
could be damaged. 

Providing suitable paths for the discharge of light- 
ning energy safely for towers is a complex subject. Several 
companies offer products and guidance. The basic 
requirements for providing controlled discharge paths for 
lightning-induced current is to supply a low-impedance 
grid of conductors from the tower and feed lines to a field 
of interconnected ground rods around the base of the 
tower. Generally, the tower, station, and electrical ser- 
vice grounds need to be connected to prevent damaging 
potential differences from developing between the vari- 
‘ous components in the system. 

‘A strong wooden form is constructed around the top 
of the hole. The hole and the wooden form are filled with 
concrete so that the resultant block will be 4 inches above 
grade. The anchor bolts are embedded in the concrete, 
and aligned with the plywood template, before it hard- 
ens. The template serves to align the anchor bolts to prop- 
rly mate with the tower itself. Once the concrete has 
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Fig 20—Another example of a concrete base (Tri-Ex 
LM-470). 


cured, the tower base is installed on the anchor bolts and 
the base connection is adjusted to bring the tower into 
vertical alignment. 

For a tower that bolts to a flat base plate mounted to 
the footing bolts (as shown in Fig 19), you can bolt the 
first tower section on the base plate to ensure that the 
base is level and properly aligned. Use temporary guys 
to hold things exactly vertical while the concrete cures. 
(The use of such temporary guys also works well when 
you place the first tower section in the base hole and 
plumb it vertically before pouring in the concrete.) Manu- 
facturers can provide specific, detailed instructions for 
the proper mounting procedure. Fig 20 shows a slightly 
different design for a tower base. 

‘The one assumption so far is that normal soil is pre- 
dominant in the area in which the tower is to be installed 
Normal soil is a mixture of clay, loam, sand and small 
rocks. More conservative design parameters for the tower 
base should be adopted (usually, using more concrete) if 
the soil is sandy, swampy or extremely rocky. If there are 
any doubts about the soil, the local agricultural exten- 
sion office can usually provide specific technical infor- 
mation about the soil in a given area. When this 
information is in hand, contact the engineering depart- 
ment of the tower manufacturer or a civil engineer for 
specific recommendations with regard to compensating 
for any special soil characteristics. 


TOWER INSTALLATION 
‘The installation of a tower is not difficult when the 


proper techniques are used. A guyed tower, in particular, 
is not hard to erect, because each of the individual sec~ 


tions is relatively lightweight and can be handled with 
only a few helpers and some good quality rope. 


The Gin Pole and Tips on Tower Building 


An essential piece of hardware for working on towers 
isa gin pole. This section came from the ARRL book Simple 
‘and Fun Antennas for Hams. The dictionary describes a gin 
pole as “a device for moving heavy objects.” See Fig 21, 
which shows a drawing of the Rohn “Erection Fixture” 
EF2545. This gin pole was designed to work with the nomi- 
nal 10-foot long sections of Rohn 25 or 45 towers. 

We're going to assume in the following discussion 
that you are installing Rohn 45, which weighs about 
70 pounds. This is a lot of weight, and you must refrain 
from adding to that during installation. That means, for 
example, that you do not attempt to lift a 10-Foot section 
with the guy wires attached! Neither should you attempt, 
to lift the top section with the rotator and rotor shelf in- 
stalled. The gin pole (and your ground crew) will not ap- 
preciate all that strain, 

The main working part of the gin pole is the pulley 


Fig 21—Drawing of Rohn “Erection Fixture” EF2545, 
also known commonly as a“gin pole.” 
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mounted at the top of the 12-foot long heavy-wall alumi- 
num tubing. This pulley has a rope going down to the 
‘ground crew through the center of the aluminum tube. At 
the base of the tower, the pull rope should be run through 
a snatch block attached to the tower just above ground 
level. This block allows the pull rope to be pulled out 
horizontally away from the tower base. That helps pro- 
tect ground crew should a tool be dropped by the people 
on the tower. 

An adjustable, sliding clamp towards the bottom of, 
the aluminum tubing is clamped to the tower using a 
swinging L-bracket-type clamp with two clamping bolts 
These have T-bar handles that can be tightened by hand. 
In fact, this gin pole can be moved and deployed without 
any tools. The clamp is positioned on the top of the tower 
section onto which the next tower section is to be installed, 
Once clamped to the top of the tower, you would loosen 
the T-bar handle that tightens the clamp against the slid- 
ing aluminum tube and slide the tubing up to its maxi- 
mum extent. 

In practice, the following steps are taken as each 
10-foot section of tower is installed, one-by-one. We're 
assuming here that the gin pole starts out on the ground, 
with at least one person belted in at the top of the tower, 
We're also assuming that the pull rope has been threaded 
through the aluminum tube and the top pulley, with a knot 
tied to prevent it from falling back down the tube. 


1. The clamp holding the aluminum tubing is loosened 
so that the pulley on the tube can be lowered to where 
it is just above the bottom clamp. Then the T-bar 
handle for the tube clamp is tightened. 

2. The climber lowers a tag rope for the ground crew to 
tie to the gin-pole pull rope. (This tag rope has been 
looped through a temporary pulley clipped to the top 
of the tower. Itis also used to pull up tools and other 
materials.) The ground crew then pulls the gin pole 
up to the climber, using the tag line rope. Friction of 
the rope against the top of the pulley-head assembly 
will prevent the gin-pole assembly from slipping 
down. [Note that some climbers prefer to “walk” the 
gin-pole up the tower rather than having it pulled up 
from the ground below. They free up their hands for 
climbing and temporarily holding the gin pole by us- 
ing their belt lanyard looped around the tower as they 
climb.) 

3. Once the gin-pole head reaches the top of the tower, 
the climber clamps the gin pole clamp securely to the 
top of the tower. 

4. The T-bar handle for the tube clamp is loosened, and 
the aluminum tube is extended to its maximum height, 
as shown in Fig 21. Make sure you have tied the free 
end of the rope coming through the top pulley tempo- 
rarily to the top of the tower, or else you'll have to 
lower the gin pole and go through this step again. 

5. The free end of the pulley rope is then dropped to the 
ground, ofien using a weight such as a medium Cres- 
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cent wrench or perhaps a hammer to keep the rope 
from waving about as it dangles down the tower, tan- 
¢gling with every imaginable thing as it proceeds down- 
wards. It’s amazing how even a tiny breeze can make 
an unweighted rope dance like that. 

6. The ground crew then ties the free end of the rope 
‘above the balance point of the tower. For Rohn 25 or 
45 there are eight horizontal cross braces per section, 
‘You want the crew to tie the rope to the fifth horizon- 
tal brace from the bottom. Please remember that you 
‘want the bottoms of the tower sections’ legs to be 
pointed downwards, not flipped over, when the bot- 
tom of these legs approach you at the top of the tower 
section the climber is standing on. 

7. Once the bottom of the rising tower section is just 
above the top of the legs of the bottom tower section, 
the climber guides the tower down onto the top of the 
three legs, while calling out to the ground crew in- 
structions about slowly lowering the new section down 
onto the legs. See Fig 22, which shows the climber 
guiding the new section of 
Rohn HBX tower onto the 
previous section’s legs. 
This process is consider- 
ably easier to accomplish 
if each section of tower 
hhas been put together on 
the ground to make sure 
that the legs fit together 
easily. There's nothing 
more frustrating that try- 
ing to manually force-fit 
tower sections together at 
the top of a tower. 

It seems that freight 
companies don’t always 
handle heavy tower sec- 
tions very gently and legs 
easily get bent out of 
alignment. A careful in- 


staller numbers tower sec- 
tions in the order they've 
been test-fitted together on 
the ground, marking them 
with a laundry marker pen. 
You should also spray a 
small amount of WD-40 
up inside mating tower 
legs after test-assembling 
them to help prevent gall- 
ing and to ease fitting sec- 
tions together. [Don’t do 
this to excess—WD-40 is, 
slippery and messy when it runs out of the bottom of 
tower legs.] 

Another caution: Make sure before you start install- 
ing any tower that the correct ends of the bottom 


Fig 22—Climber is 
guiding the new 
section onto the top of 
the existing one. The 
gin pole attached to 
the left leg is bearing 
the weight, as the 
climber gives verbal 
instructions to the 
ground crew pulling on 
the gin-pole rope. 
(Photo courtesy Mike 
‘Hammer, N2VR.) 


‘male” rather than “female,” are pointed 
upwards. A prominent amateur (who will go unnamed) 
had to have Rohn make and send him a special “gen- 
der-bender” flange to turn females into males, since 
he had installed the base upside-down in the concrete 
base. You don’t want to do that. 

8. Once the new tower section has been guided down onto 
the male ends, the six pinning bolts are inserted and 
tightened with nuts. Note that Rohn uses two differ- 
cent sized bolts, with the larger diameter one on the 
bottom, 

9. If this section of tower is one where guy wires are to 
be placed, they can be brought up using the gin pole 
rope and positioned on the tower. The maximum spac- 
ing for Rohn 25 is 30 feet between guy-wire sets, and 
40 feet for Rohn 45. Thirty feet of unguyed Rohn 25 
tower is wobbly, though safe. Many installers prefer 
to come down off the tower when setting guy-wire 
tension, since they do not like to be on a wobbly tower 
when the ground crew is moving around yanking on 
guy wires. Many also greatly prefer working on Rohn 
45 tower, which is substantially more secure feeling 
and easier to stand on, with its legs 18 inches apart 
while Rohn 25 legs are only 12 inches apart. 

10. Finally, you reposition the gin pole for the next sec- 
tion of tower. The T-bar at the clamp is loosened, the 
tube is dropped down to the level of the clamp, and 
the climber walks the gin pole up to the top of the 
section just installed and clamps it there, ready to pull 
up the next tower section. 


Tower Safety 

One of the most important aspects of any tower 
installation project is the safety of all persons involved 
See Chapter | for details on important safety issues. The 
use of hard hats is highly recommended for all assistants 
helping from the ground. Helpers should always stand 
clear of the tower base to prevent being hit by a dropped 
tool or hardware. Each person working on the tower must 


use a good climber’s safety belt 

When climbing the tower, if more than one person 
is involved, one should climb into position before the 
other begins climbing. The same procedure is required 
for climbing down a tower after the job is completed. The 
purpose is to have the non-climbing person stand still so 
a not to drop any tools or objects on the climbing per- 
son, or unintentionally obstruct his movements. When two 
persons are working on top of a tower, only one should 
change position (unbelt and move) at a time. 

For most installations, a good-quality '/2-inch diam- 
eter Manila hemp rope can adequately handle the 
workload for the hoisting tasks. The rope must be 
periodically inspected to assure that no tearing or chaf- 
ing has developed, and if the rope should get wet from 
should be hung out to dry at the first opportunity. 
‘The knots used for connecting hoisting lines and hard- 
ware are critical to executing any safe installation, and 
special attention should be given to this detail for any 
work party. 

Here is an important point regarding safety—the 
person who climbs the tower should be in charge of what 
happens with the ground crew. Not only does the person, 
on the tower have a better overall view of the situation 
below, but also any confusion on the ground can result in 
serious injury to the climber. 


GUY WIRES 


In typical guyed tower installations, guy wires may 
experience loads in excess of 1000 pounds. Since the guys 
are the primary means of carrying the horizontal wind 
loads, great care should be taken in their selection and 
installation. 

Guys come in a variety of materials and construc- 
tions. Normally, the tower manufacturer or professional 
engineer will specify the size and type of cable to be used. 
‘The most common type of cable used for tower guying is 
the EHS (Extra High Strength) galvanized steel cable. 
‘The EHS cables are very stiff and are the highest strength 


Table 1 
Guy Cable Comparisons 
Cable ‘Nominal Dia. Breaking 
Inches Strength 
Lbs 
fe" 17 EHS. 0.188 3990 
Yl 1 7 EHS 0.250 6700 
HPTG6700 0.220 6700 
HPTGB000 0.290 +8000, 
She" 1x7 EHS. 0313 11200 
HPTG11200 0.320 11200 
je Fiberglass Rod = 0.375 13000 


Weight Elongation Elongation 

Lbs/100" Inches/100" 
73 77 0.56% 
124 3a 0.32% 
34 13.20 1.10% 
35 890 0.74% 
205 244 0.20% 
55 545 0.45% 
97 543 0.45% 


EHS stee! cable information is taken from ASTM A 475-89, the industry standard specification for steel wire rope. 
The HPTG listings are for Phillystran aramid cables, and are based on the manufacturers’ data sheets. The elonga- 
tion (stretch) values are for 100 feet of cable with a 3000-pound load 
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cables in the wire rope family. Other steel cables are made 
to be more flexible for running around pulleys. While 
these are easier to work with when assembling, they are 
not as strong as the EHS type, and should be avoided for 
tower guying. Non-conductive guys, such as Phillystran 
or pultruded fiberglass rod have become popular for elimi- 
nating resonant interaction with antennas. 

‘Do not attempt to use cheaper cables that don’t meet 
or exceed the criteria for those specified for your instal- 
lation. Using the wrong cable, or failing to install the cable 
properly can have disastrous results! Table 1 shows data 
for several cables commonly used for tower guying. It is, 
important to note that the minimum breaking strength of 
the various cables are independent of their elongation 
(stretch) under load. 


Guy Cable Installation 

Figs 23 and 24 show methods for tensioning and 
safety wiring guy-wire turnbuckles, Fig 25 shows the tra- 
ditional method for fixing the end of a steel guy wire. A 
thimble is used to prevent the wire from breaking because 
of a sharp bend at the point of intersection. Conventional 
wisdom strongly recommends the use of thimbles that 
are at least one wire size larger than the cable to provide 
a more gentle wire bend radius. Three cable clamps fol- 
low to hold the wire securely. Be sure to follow the note 
in Fig 25 for which part of the clip bears against the live 
(loaded) cable. Asa final backup measure, the individual 
strands of the free end are unraveled and wrapped around 
the guy wire. It is a lot of work, but it is necessary to 
ensure a safe and permanent connection. 

Fig 26 shows the use of a device that replaces the 
clamps and twisted strands of wire. These devices are 
known as dead ends, preformed guy grips, ot Big Grips 
and are commonly used on electrical power poles. They 
are far more convenient to use than are clamps, and are 
the recommended method for terminating Phillystran and 


Fig 23—Proper tension can be placed on the guy wires 
with the aid of a block-and-tackle system. (Photo by 
KIWA) 
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the turnbuckles remain in place after they are tight- 
ened. This procedure is an absolute requirement in 
guyed tower systems. (Photo by N4QX) 
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Fig 25—Traditional method for securing the end of a 
guy wire. 


Fig 26—Alternative method for attaching guy wires 
using dead ends. The dead end on the right is com- 
pletely assembled (the end of the guy wire extends 
beyond the grip for illustrative purposes). On the left, 
‘one side of the dead end is partially attached to the 
‘guy wire. In front, a thimble is used where a sharp 
bend might cause the guy wire or dead end to break. 


fiberglass-rod guys. When using the guy grips, it is 
imperative that the recommended end sleeves are installed 
over the free end of the grip to prevent ice and falling 
hardware from sliding down the guy and unraveling the 
grip connection to the guy. The guy wires must be cut to 
the proper length. The dead end of each wire is installed 
into the object to which the guy wire is being attached 
(use a thimble, if needed to eliminate sharp cable bends). 
One side of the dead end is then wrapped around the guy 
wire, The other side of the dead end follows. Using dead 
ends saves time and trouble, more than making up for 
their slightly higher cost. 

When using the non-conductive guy materials, itis 
highly recommended that a 25-foot length of EHS steel 
cable be used at the bottom for connection to the anchor. 
This serves a valuable purpose. The steel cable is more 
resistant to damage from ground activity and brush fires, 
and it is the preferred material for measuring cable pre- 
tension with commonly available devices. 

Fig 27 shows two different methods for attaching guy 
wires to towers. At Fig 27A, the guy wire is simply looped 
around the tower leg and terminated in the usual manner. 
At Fig 27B, a guy bracket, with torque arms has been 


added. Even if the torque arms are not required, it is pre~ 


ferred to use the guy bracket to distribute the load from 
the tower/guy connection to all three tower legs, instead 
of just one. The torque bracket is more effective resisting 
torsional loads on the tower than the simpler installation. 
Rohn offers another guy attachment bracket, called a 
Torque Arm Assembly, that allows six guys to be connected 
between the bracket and anchors. This is by far the best 
method of stabilizing a tower against high torque loads, 
and is recommended for installations with large antennas. 

‘There are two types of commonly used guy anchors. 
Fig 28A depicts an earth screw. These are usually 4 to 


6 feet long. The screw blade at the bottom typically mea 


sures 6 to 8 inches diameter. Fig 28B illustrates two people 
installing the anchor. The shaft is tilted so that it will be in 
line with the mean angle of all the guys connecting to the 
anchor. Earth screws are suitable for use in normal soil 
‘where permitted by local building codes. Information about 
screw anchors is available from the manufacturers of these 
devices. Information from a supplier specializing in this 
type of anchor can be found at www.abehance.com, 

‘The alternative to earth screws is the concrete block 
anchor. Fig 28C shows the installation of this type of 


anchor; itis suitable for any soil condition, with the pos- 


sible exception of a bed of lava rock or coral. Consult the 
instructions from the manufacturer, or your tower 
designer, for the precise anchor configuration. 
‘Turnbuckles and associated hardware are used to 
attach guy wires to anchors and to provide a convenient 
‘method for adjusting tension. Fig 29A shows a turnbuckle 
with a single guy wire attached to the eye of the anchor. 
Turbuckles are usually fitted with either two eyes, or 
one eye and one jaw. The eyes are the oval ends, while 
the jaws are U-shaped with a bolt through each tip. 


Fig 27—Two methods of attaching guy wires to tower. 
‘See text for discussion. 


y | 
| 


Fig 28—Two standard types of guy 
screw shown at A is easy to install and widely available, 
‘but may not be suitable for use in certain soils. The 
concrete anchor is more difficult to install properly, but 
it is suitable for use with a wide variety of soil condi- 
tions and will satisty most building code requirements. 
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Fig 29—Variety of means available for attaching guy 
wires and turnbuckles to anchors. 


Fig 29B shows two turbuckles attached to the eye of an 
anchor. The procedure for installation is to remove the 
bolt from the jaw, pass the jaw over the eye of the anchor 
and reinstall the bolt through the jaw, through the eye of 
the anchor and through the other side of the jaw. 

Iftwo or more guy wires are attached to one anchor, 
equalizer plates should be installed (Fig 29C). In addi- 
tion to providing a convenient point to attach the turn- 
buckles, the plates pivot slightly to equalize the various 
guy loads and produce a single load applied to the 
anchor. Once the installation is complete, a safety wire 
should be passed through the turnbuckles in a figure-eight 
fashion to prevent the turnbuckles from turning and get- 
ting out of adjustment (Fig 29D). 

‘All guyed towers require the guys to be installed with 
‘certain amount of pre-tension. The tower manufacturer 
or designer specifies the required pre-tension values, 
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which are usually 10% of the cable breaking strength 
Pre-tension is necessary to eliminate looseness in the cable 
caused by the spiral wire construction and to eliminate 
excessive dynamic guy and tower motion under wind 
loading. The recommended method for adjusting the guys 
is to use a cable tension-measuring device such as the 
popular Loos Guy Wire Tensioner. The guy is gripped with 
a special clamp, such as the Klein Cable Grip, which is 
connected to the anchor below the eye (or equalizer plate) 
with a block and tackle arrangement (Fig 23) or a 
ratcheting come-along. Then the turnbuckle is adjusted 
to take up the load, the cable grip is released and the final 
‘guy tension is adjusted and checked, 

When you adjust the guys at each level, you should 
check the tower for vertical alignment and straightness, 
This is often done with a transit from two ground points, 
located 90° from each other. 


Resonance in Guy Wires 


If guy wires are resonant at or near the operating 
frequency, they can receive and reradiate RF energy. By 

behaving as parasitic elements, the guy wires may alter 
and thereby distort the radiation pattern of a nearby 

antenna, For low frequencies where a dipole or other simple 
antenna is used, this is generally of little or no consequence. 

But at the higher frequencies where a unidirectional 

antenna is installed, itis desirable to avoid pattern distor- 
tion if at all possible. The symptoms of re-radiating guy 

wires are usually a lower front to back ratio and a lower 
front to side ratio than the antenna is capable of produe- 
ing. The gain of the antenna and the feed-point impedance 
will usually not be significantly affected, although some- 
times changes in SWR can be noted as the antenna is 

rotated. (Of course other conductors in the vicinity of the 
antenna can also produce these same symptoms.) 

‘The amount of re-radiation from a guy wire depends 
on two factors—its resonant frequency, and the degree 
of coupling to the antenna. Resonant guy wires near the 
antenna will have a greater effect on performance than 
those that are farther away. Therefore, the upper portion 
of the top level of guy wires should warrant the most 
attention with horizontally polarized arrays. The lower 
guy wires are usually closer to horizontal than the top 
level, but by virtue of their increased distance from the 
antenna, are not coupled as tightly to the antenna. 

To avoid resonance, the guys should be broken up 
by means of egg or strain insulators. Fig 30 shows wire 
lengths that fall within 10% of A resonance (or a multi- 
ple of '/) for all the HF amateur bands. Unfortunately, 
no single length greater than about 14 feet avoids reso- 
nance in all bands. If you operate just a few bands, you 
can locate greater lengths from Fig 30 that will avoid reso- 
nance. For example, if you operate only the 14-, 21- and 
24-MHz bands, guy wire lengths of 27 feet or 51 feet 
‘would be suitable, along with any length less than 16 feet. 
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Fig 30—The black bars indi 


"fe ungrounded guy wire lengths to avoid for the eight HF amateur bands. This chart 


is based on resonance within 10% of any frequency in the band. Grounded wires will exhibit resonance at odd 


multiples of a quarter wavelength. (By Jerry Hall, K1TD.) 


THE RIGHT TOWER FOR YOUR 
ANTENNA 


Most manufacturers rate their towers in terms of the 
‘maximum allowable antenna load that can safely be carried 
at a specific wind speed. Ensuring that the specific anten- 
rnas you plan to install meet the tower's design criteria, 
however, may not always be a straightforward task. 

For most towers, the manufacturer assumes that the 
allowable antenna load is a horizontal force applied at 
the top of the tower. The allowable load represents a 
defined amount of exposed antenna area, at a specified 
wind velocity. Most tower manufacturers rate the load in 
terms of Flat Projected Area (FPA). This is simply the 
equivalent area of a flat rectangular surface at right angles 
to the wind. The FPA is not related to the actual shape of 
the antenna itself, only its rectangular projected area 
‘Some manufacturers provide separate FPAs for antennas 
‘made from cylindrical sections and those made from rect. 
angular sections. 

In the realm of antenna manufacturers, however, 
you may encounter another wind load rating called the 
Effective Projected Area (EPA). This attempts to take 
into account the actual shape of antenna elements. The 
problem is that there is no agreed-upon standard for the 
conversion from EPA to load numbers. Different manu- 
facturers may use different conversion factors. 

‘Since most tower manufacturers have provided FPA 


figures for their towers—allowing us in effect to ignore 
design-specification details—it would be easiest for us 
to work only with FPA values for our antennas. This would 
be fine, if indeed we had good FPA figures for the spe- 
cific antennas we plan to use! Unfortunately, FPAs are 
rarely specified for commercially built amateur antennas. 
Instead, most antenna manufacturers provide effective 
areas in their specification sheets. You may need to con. 
tact the antenna manufacturer directly for the FPA antenna 
area or for the antenna dimensions so that you can do 
your own FPA calculations. 


Determining Antenna Areas 

The method for determining the flat projected area 
ofan antenna is quite simple. We'll use a Yagi antenna as 
an example. There are two worst-case areas that should 
be considered here. The first is the FPA of all the ele 
‘ments when the wind blows in the direction along the 
boom; that is, at right angles to the elements. The second 
FPA for a Yagi is when the wind is at right angles to the 
‘boom. One of these two orientations produces the worst 
case exposed antenna area—all other wind angles present 
lower exposed areas. The idea is to take the highest of 
the FPAs for these two wind directions and call that the 
FPA of the antenna structure. See Fig 31. 

The element FPA is calculated by multiplying each 
element's dimension of length by its diameter and then 
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ig 31—Description of how loads are developed on a 
Yagi. At A, Fr is the resultant force from the wind load 
‘on a generalized member. Fd is the load acting down- 
wind (drag) that creates the load on the tower. Fc is the 
lateral component of the wind load. The term A is the 
flat projected area (FPA), which is the broadside area 
normal to the wind. The term P is the wind pressure. At 
B, Ae is the total element area, while Ab is the total 
boom area. All the loads due to the wind act normal to 
the antenna sections—the force on element #1 (Fet) 
acts along the axis of the boom, for example. AtC, a 
plot of the effective FPA as a function of the azimuthal 

\d direction for a Yagi, ignoring drag coefficients. The 
gi in this example has 9.0 square feet of element FPA 
and 6.0 square feet of boom FPA. The worst-case FPAS 
‘occur with the beam pointed in the wind and with the 
boom broadside to the wind. To determine the actual 
tower loading, the actual drag coefficients and wind 
pressures must be used. 


summing the FPAs for all elements. The boom’s FPA is com- 
puted by multiplying the boom’s length by its diameter. 
‘The reason for considering two potential peak-load 
orientations becomes clear when different frequency 
antennas are stacked on a mast or tower. Some antennas, 
produce peak loads when the elements are broadside to 
the wind. This is typical of low-frequency Yagis, where 
the elements are long lengths of aluminum tubing. On 
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the other hand, the boom can dominate the surface area 
computations in higher-frequency Yagis. 

The fundamentals responsible for the need to 
examine both potential FPAs for Yagis relates to how wind 
flows over a structure and develops loads. Called The 
Cross-Flow Principle, this was introduced to the com- 
munications industry by Dick Weber, KSIU, in 1993. The 
principle is based on the fact that the loads created by 
wind flowing across an antenna member only produce 
forces that are normal to (or perpendicular to) the major 
axis of the member. The resultant and component load 
calculations for this method are shown in Fig 31. 

For a Yagi, this means that wind forces on the ele- 
‘ments act in-line with the boom, while forces on the boom 
act in-line with the elements. Fig 31B shows a force dia- 
gram for a typical Yagi. Fig 31C shows the FPA for a 
‘Yagi rotated through 90° of azimuth. 


Antenna Placement on the MastTower 


Another important consideration is where the 
antenna(s) will be placed on the tower. As mentioned 
before, most generic tower specifications assume that the 
entire antenna load is applied at the top of the tower. Most 
amateur installations have a tubular mast extending above 
the tower top, turned by a rotator mounted down inside 
the tower. Multiple Yagi antennas are often placed on the 
mast above the tower top, and you must make sure that 
both the tower and the mast can withstand the wind forces 
on the antennas. 

For freestanding towers, you can determine how a 
proposed antenna configuration compares to the tower 
‘manufacturer's rating by using an Equivalent Moment 
method. The method computes the bending moment gen- 
crated at the base of the tower by wind loads on the tower's 
rated antenna area located right at the top of the tower 
and compares that to the case when the antenna is mounted 
(on a mast sticking out of the top of the tower. 

The exact value of wind pressure is not important, 
so long as it is the same for both comparisons. The wind 
load on the tower itself can be ignored because it is the 
same in both comparisons and the drag coefficients for 
the antennas can also be ignored if all calculations are 
performed using flat projected antenna areas, as we've 
recommended previously. 

Keep in mind that this approach does not calculate 
actual loads and moments relevant to any specific tower 
design standard, but it does allow equivalent comparisons 
when the wind pressure is constant and all the antenna 
areas are of the same type. An example is in order. 

Fig 32A shows a generic tower configuration, with 
‘a concentrated antenna load at the top of the tower. We'll 
assume that the tower manufacturer rates this tower at 
20 square feet of flat projected antenna area. Fig 32B 
shows a typical amateur installation with a rotating mast 
and an antenna mounted 7 feet above the top of the tower. 
‘To make the calculations easy, we select a wind pressure 
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Fig 32—At A, a 70-foot tower rated for 20 square feet of 
antenna load at the top. At B, the same tower with a 2- 
inch OD x 20-foot long mast, with an antenna mounted 
7 feet above the top of the tower. Both configurations 
produce the same tower load. 


oy 
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of 1 pound per square foot (1 psf). This makes the tower 
base moment calculation for Fig 32A: 


Antenna load = 20 feet? x | psf = 20 pounds 
Base moment = 70 feet x 20 pounds = 
1400 foot-pounds. 


‘This is the target value for the comparison. An 
equivalent configuration would produce the same base 
‘moment. For the configuration in Fig 32B, we assume a 
tubular 2-inch diameter mast that is 20 feet long, mounted 
5 feet down inside the tower. Note that the lattice struc~ 
ture of the tower allows the wind to “see” the whole length 


Of the mast and that we can consider the force distributed 
along the mast as being a single force concentrated at the 
mast’s center. The flat projected area of the mast by 
itself, without the antenna, is: 


‘Mast area = 20 feet x 2 inches / 12 inches/foot = 
3.33 square feet 


The center of the mast is located at a height of 
75 feet. Using the same I-psf-wind load, the base bend- 
jing moment due to the mast alone is: 


Base moment (due to mast) = 3.33 feet” x 1 psf x 

75 feet = 249.75 foot-pounds 

Including the mast in the configuration reduces the 
allowable antenna load. The remaining target base 
‘moment left for the antenna is found by subtracting the 
‘moment due to the mast from the original target value: 


400 - 249.75 foot-pounds 


New base target moment 
150.25 foot-pounds. 


The antenna in Fig 32B is located at a height of 
77 feet. To obtain the allowable antenna area at this eleva 
tion we divide the new base target moment by the antenna 
height, yielding an allowable antenna load of: 


1150.25 foot-pounds / 77 feet = 14.94 pounds. 


Since we chose a wind load of | psf, the allowable 
antenna FPA has been reduced to 14.94 square feet from 
20 square feet. If the projected area of the antenna we 
are planning to mount in the new configuration is less 
than or equal to this value, we have satisfied the require- 
ments of the original design. You can use this equiva 
lent-moment method to evaluate different configurations, 
even ones involving multiple antennas on the mast or situ- 
ations with additional antennas placed along the tower 
below the tower top. 

For guyed towers, the analyses become much more 
rigorous to solve. Because the guys and their behaviors 
are such a significant portion of the tower support mecha- 
nism, these designs can become very sensitive to antenna 
load placements. A general rule of thumb for guyed towers 
is never to exceed the original tower-top load rating, 
regardless of distributed loads along its length. Once you 
redistribute the antenna load placements along a guyed 
tower, you should do a fresh analysis, just to be sure. 

‘You can run evaluations using the above method for 
antennas placed on the mast above a guyed tower top. 
‘The use of the Equivalent-Moment method for antennas 
‘mounted below the top of a guyed tower, however, can 
become quite suspect, since many generic tower designs 
have their intermediate guys sized for zero antenna loads 
lower down the tower. The proper approach in this case 
is to have a qualified mechanical engineer check the con- 
figuration, to see if guy placement and strength is 
adequate for the additional antennas down the tower. 

‘Mounting the mast and antenna as shown in Fig 32B 
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increases tower loads in the region of the mast. You should 
investigate these loads to ensure that the tower bracing in 
that area is sufficient. Now we will consider the problem 
of bending the rotating mast. 


Mast Strength 

When you mount antennas on a mast above the tower 
top, you should examine the bending loads on the mast 
to ensure that it will be strong enough. This section 
explains how to perform mast stress calculations for a 
single sustained wind speed. This procedure does not 
include height, exposure and gust-response factors found 
in most tower design standards. 

Here are some fundamental formulas and values used 
to calculate the bending stress in a mast mounted in the 
top of a tower. The basic formula for wind pressure is: 


P=.00256 V* €q1) 
where 
P is the wind pressure is in pounds per square foot 
sf) 


\V = Wind speed in miles per hour (mph) 


‘This assumes an air density for standard tempera- 


ture and atmospheric pressure at sea level. The wind speed 
is not the Basic Wind Speed discussed in other sections 
of this chapter. It is simply a steady state (static) wind 
velocity 


‘The formula for calculating the force created by the 
wind on a structure is: 


F=PxAxCy (E42) 


P = the wind pressure from Eq (1) 
the flat projected area of the structure (square 
feet) 
Ca = drag coefficient for the shape of the structure's 
‘members. 


‘The commonly accepted drag coefficient for long 
cylindrical members like the tubing used for the mast and 
antenna is 1.20. The coefficient for a flat plate is 2.0. 

‘The formula used to find the bending stress in a 
simple beam like our mast is: 


Mxe 
T 


(3) 


where 


= the stress in pounds per square inch (psi) 

M= bending moment at the base of the mast (inch- 
pounds) 

‘© = of the mast outside diameter (inches) 

I= moment of inertia of the mast section (inches' 


In this equation you must make sure that all values 
are in the same units. To arrive at the mast stress in pounds 
per square inch (psi), the other values need to be in inches 
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and pounds also. The equation used to find the moment, 
of inertia for the round tubing mast section is: 


(R414) 


44) 


where 
I= Moment of Inertia of the section (inches) 
R = Radius of tube outside diameter (inches) 
= Radius of tube inside diameter (inches) 


This value describes the distribution of material 
about the mast centroid, which determines how it behaves 
under load. The equation used to compute the bending 
‘moment at the base of the mast (where it is supported by 
the tower) is: 


M= (Fy x Lp + (Fa xLyo) (Eq5) 


where 
FF, = wind force from the mast (pounds) 
LIS Distance from tower top to center of mast 
inches) 
F, = Wind force from the antenna (pounds) 
Ly = Distance from tower top to antenna 
‘tachment (inches) 


Lycis the distance to the center of the portion of the 
‘mast extending above the tower top. Additional antennas 
can be added to this formula by including their F x L. In 
the installation shown in Fig 32B, a wind speed of 
90 mph, and a mast that is 2 inches OD, with a 0.250- 
inch wall thickness, the steps for calculating the mast 
stress are: 


1. Calculate the wind pressure for 90 mph, from Eq 1 
P = 00256 V? = 00256 x (90)? = 20.736 psf 


2. Determine the flat projected area of the mast. The por- 
tion of the mast above the tower is 15 feet long and 
hhas an outside diameter of 2 inches, which is 2/12 
feet. 


Mast FPA, Axy = 15 feet x (2 inches / 12 inches/feet) = 
2.50 square feet. 


3. Calculate the wind load on the mast, from Eq 2: 


Mast Force, Fy =P x Ax Cg = 
20.736 psf x 2.50 feet? x 1.20 = 


4, Calculate the wind load on the antenna: From Eq 2 


2.21 pounds 


‘Antenna Force, F, 
14.94 feet? x 1.20 = 371.76 pounds 


5. Caleulate the mast Bending Moment, from Eq 5: 


M=(Fyx Ly) +(FaxLa) 
= (62.21 pounds x 90 inches) + (371.76 pounds x 
84 inches) = 36827 inch-pounds 


where Ly, = 7.5 feet x 12 inches/foot = 90 inches and Ly 
= 7.0 feet x 12 inches/foot = 84 inches. 


6, Calculate the mast Moment of Inertia, from Eq 4: 


4 


711.0% -0.154) =0.53609inches* 


where, for a 2.0-inch OD and 0.250-inch wall thickness 
tube, Oand r= 0.75. 


1=2(R*-r 
a 


7. Calculate the mast Bending Stress, from Eq 3: 
Mxe _ 36827 inch-pounds 1.0 inches 


0.5369 


=68592 psi 


If the yield strength of the mast material is greater 
than the calculated bending stress, the mast is considered 
safe for this configuration and wind speed. If the calcu- 
lated stress is higher than the mast yield strength, a stron- 
ger alloy, or a larger mast, or one with a thicker wall is 
required, 

‘There are many different materials and manufactur- 
ing processes for tubing that may be used for a mast. Yield 
strengths range from 25,000 psi to nearly 100,000 psi. 
Knowing the minimum yield strength of the material used 
for a mast is an important part of determining if it will be 
safe, Using unknown materials renders efforts from the 
preceding calculations useless! 

When evaluating a mast with multiple antennas 
attached to it, special care should be given to finding the 
worst-case condition (wind direction) for the system. 
What may appear to be the worst load case, by virtue of 
the combined flat projected antenna areas, may not always 
be the exposure that creates the largest mast bending 
‘moment. Masts with multiple stacked antennas should 
always be examined to find the exposure that produces 
the largest mast bending moment. The antenna flat pro- 
jected areas at 0° and 90° azimuths are particularly use- 
ful for this evaluation. 


ANTENNA INSTALLATION 

All antenna installations are different in some 
respects. Therefore, thorough planning is the most impor- 
tant first step in installing any antenna. Before anyone 
climbs the tower, the whole process should be discussed 
to be sure each crewmember understands what is to be 
done, And remember that the person on the tower is in 
charge! Coordinate beforchand what signals and commands 
are used: “Up” or “Up Slowly” for raising something from 
the ground; “Down” or “Down Slowly” for the opposite. 

“Watch Out!” or ‘Watch Out Below!” works for 
dropped hardware or tools to alert the ground crew below: 
Remember, once someone is on the tower, no one should 
be allowed to stand near the base of the tower! 

Consider what tools and parts must be assembled 
and what items must be taken up the tower, and plan 
alternative actions for possible trouble spots. Extra trips 
up and down the tower can be avoided by careful plan- 
ning. 

If done properly, the actual work of getting the 
antenna into position can be executed quite easily with 


only one person at the top of the tower. The ground crew 
should do all the heavy work and leave the person on the 
tower free to guide the antenna into position. Because 
the ground crew does all the lifting, a large pulley, pref- 
erably on a gin pole placed at the top of the tower, is 
essential. Local radio clubs often have gin poles avail- 
able for use by their members. Stores that sell tower 
‘materials frequently rent gin poles as well 

A gin pole should be placed along the side of the 
tower so the pulley is no more than 2 feet above the top 
of the tower (or the point at which the antenna is to be 
placed). Normally this height is sufficient to allow the 
antenna to be positioned easily. An important reason that 
the pulley is placed at this level is that there can be con- 
siderable strain on the gin pole when the antenna is pulled 
away from the tower to maneuver past guy wires. 

Sometime the mast to which the antenna will be 
‘mounted is used asa place to hang the pulley. You should 
take care that you don’t end up bending the mast by plac- 
ing the pulley too high on the mast. It may be necessary 
to back-guy the mast on the opposite side of the tower 
from which the antenna is raised. 

The rope (halyard) through the pulley must be some- 
‘what longer than twice the tower height so that the ground 
crew can raise the antenna from ground level. The rope 
should be 44 or ‘/s inch diameter for both strength and 
ease of handling. Smaller diameter rope is less easily 
‘manipulated; it has a tendency to jump out of the pulley 
track and foul pulley operation 

The first person to climb the tower should carry an 
end of the halyard so that the gin pole can be lifted and 
secured to the tower. Those climbing the tower must have 
safety belts. Belts provide safety and convenience; itis 
simply impossible to work effectively while hanging onto 
the tower with one hand 

Once positioned. the gin pole and pulley allow parts, 

and tools to be sent up the tower. A useful trick for send- 
ing up small items like bolts and pliers is for a ground 
crew member to slide them through the rope strands where 
they are held by the rope for the trip to the top of the 
tower. Items that might be dislodged by contact with the 
tower should either be taped or tied to the halyard. 
Ever present is the hazard of falling tools or hardware. It 
is foolish to stand near a tower when someone is working 
above. Ground crew member should wear hard-hats as 
extra insurance. 


Raising the Antenna Alongside the Tower 

A technique that can save much effort in raising the 
antenna is outlined here. First the halyard is passed through 
the gin-pole pulley or the pulley mounted to the mast, and 
the leading end of the rope is returned to the ground crew, 
where it is tied to the antenna, The assembled antenna 
should be placed in a clear area of the yard (or the roof) so 
the boom points toward the tower. The halyard is then 
passed under the front elements of the beam to a position 
past the midpoint of the antenna, where it is securely tied 
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to the boom (Fig 334), 

Note that once the antenna is installed, the tower 
worker must be able to reach and untie the halyard from 
the boom; the rope must be tied less than an arm's length 
along the boom from the mounting point. If necessary, a 
large loop may be placed around the first element located 
beyond the midpoint of the boom, with the knot tied near 
the center of the antenna. The rope may then be untied 
easily after completion of the installation. The halyard 
should be tied temporarily to the boom at the front of the 
antenna by means of a short piece of light rope or twine. 

While the antenna is being raised, the ground crew 
does all the pulling. As soon as the front of the antenna, 
reaches the top of the mast, the person atop the tower 
unties the light rope and prevents the front of the antenna 
from falling, as the ground crew continues to lift the 


antenna (Fig 33B). When the center of the antenna is even 
with the top of the tower, the tower worker puts one bolt 
through the mast and the antenna-mounting bracket on 
the boom. The single bolt acts as a pivot point and the 
‘ground crew continues to lift the back of the antenna with 
the halyard (Fig 33C). After the antenna is horizontal 

the tower worker secures the rest of the mounting bolts 
and unties the halyard. By using this technique, the tower 
worker performs no heavy lifting. 


Avoiding Guy Wires 

Although the same basic methods of installing a Yagi 
apply to any tower, guyed towers pose a special problem 
‘Steps must be taken to avoid snagging the antenna on the 
guy wires. With proper precautions, however, even large 
antennas can be pulled to the top of a tower, even if the 
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Fig 33—Raising a Yagi 
toward the tower. The halya 


"tena alongside the tower. At A the Yagi 
is passed under the elements, then is secured to the boom beyond the midpoint. B 


placed in a clear area, with the boom pointing 


shows the antenna approaching the top of the mast. The person on the tower guides it after the lifting rope has 


been untied from the front of the antenna. At C the antenna i 
The tower worker inserts the pivot bolt and secures it. Note: 


pulled into a horizontal position by the ground crew. 
‘short piece of rope is tied around the halyard and 


the boom at the front of the antenna to stabilize the beam as it is being raised. The tower worker removes it when 


the boom reaches him at the top of the tower. 
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Fig 34—Building a Yagi partway down the tower. At A, 
the boom is lashed temporarily to the tower and. 
elements are added, starting at the bottom. At B, the 
temporary rope securing the boom to the tower is 
removed and the boom is rotated 90° so that the 
elements are vertical. At C, the boom is rotated another 

19 through” guy wires if necessary, until the 
elements are parallel with the ground, whereupon the 
boom is secured to the tower. 


‘mast is guyed at several levels, 

‘Sometimes one of the top guys can provide a track 
to support the antenna as it is pulled upward. Insulators 
in the guys, however, may obstruct the movement of the 
antenna. A better track made with rope is an alternative. 
One end of the rope is secured outside the guy anchors. 
‘The other end is passed over the top of the tower and 
back down to an anchor near the first anchor. So arranged, 
the rope forms a narrow V-track strung outside the guy 
wires. Once the V-track is secured, the antenna may 
simply be pulled up, resting on the track 

Another method is to tie a rope to the back of the 
antenna (but within reach of the center). The ground crews 
then pull the antenna out away from the guys as the 
antenna is raised. With this method, some crewmembers 
are pulling up the antenna to raise it while others are pull- 
ing down and out to keep the beam clear of the guys. 
Obviously, the opposing crews must act in coordination, 
to avoid damaging the antenna. The beam is especially 
vulnerable when it begins to tip into the horizontal posi 


Antenna Supports 22-25 


tion. If the crew continues to pull out and down against 
the antenna, the boom can be broken. Another problem 
with this approach is that the antenna may rotate on the 
axis of the boom as it is raised. To prevent such rotation, 
long lengths of twine may be tied to outer elements, one 
piece on each side of the boom. Ground personnel may 
then use these fag lines to stabilize the antenna. Where 
this is done, provisions must be made for untying the 
twine once the antenna is in place. 

A third method is to tie the halyard to the center of 
the antenna. A crewmember, wearing a safety belt, walks 
the antenna up the tower as the crew on the ground raises 
it Because the halyard is tied at the balance point, the 
tower worker can rotate the elements around the guys. A 
tag line can be tied to the bottom end of the boom so that, 
a ground worker can help move the antenna around the 
guys. The tag line must be removed while the antenna is, 
still vertical. 

A fourth method is to build the antenna on the tower 
and then swing it into position. (See also the section 
below on the PVC Mount.) Building the Yagi on the tower 
works particularly well for Yagis mounted partway up 


the tower, as you might do in a stacked array. The tech- 


nique works best when the vertical spacing between the 
guys is greater than the length of the Yagi boom, 

Fig 34 illustrates the steps involved. A pull rope 
through a gin-pole or tower-mounted pulley is secured to 
the boom at the final balance point and the ground crew 
raises the boom in a vertical position up the tower. A tie 
rope is used to temporarily secure the upper end of the 
boom to keep it stable while the boom is being raised. 
‘The tower person removes the tie-rope once the boom is, 
raised to the right level and has been temporarily secured 
to the tower. 

‘The elements are then brought up one at a time and 
mounted to the boom. It helps if you have a 2- or 3-foot, 
long spotting mast temporarily attached to the boom to 
form a 90° frame of reference. This allows the ground 
crew to spot from below so that the elements are all lined 
up in the same plane. After all the elements are mounted 
and aligned properly, the temporary rope securing the 
boom to the tower is released, suspending the antenna on 
the pull rope. The tower person then rotates the boom 
90° so that the elements are vertical. Next the elements 
are rotated 90° into the tower so that they are parallel to 
the ground. The ground crew then moves the boom up or 
down using the pull rope to the final point where it is 
mounted to the tower. 

A modification of this technique also works for 
building a medium-sized Yagi on the top of the tower. 
This technique will work if the length of the gin pole at 
‘maximum safe extension is long enough. See Fig 35. 

As usual, the gin-pole pull rope is attached to the 
balance point of the boom and the boom is pulled up the 
tower in the vertical position, using a rope to temporarily 
tie the pull rope to the top end of the boom for stability 
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Fig 35—Building a Yagi at the top of the tower. The 
length of the gin pole must be longer than ‘/: the boom 
so that the boom can be hoisted upwards to the place 
where itis mounted to the mast. Usually the boom is 
Initially lashed to the tower slanted slightly trom 
vertical so that the top element ends up behind the gin 
pole. The elements are mounted at the bottom end of 
the boom first to provide stability. Then the element at 
the top of the boom is mounted and the boom is moved 
upwards using the gin-pole hoist rope so that the next- 
to-top element may be mounted, again behind the gin 
pole. This process Is repeated until all elements are 
‘mounted (Save possibly the middle element it it can be 
reached easily from the tower once the beam has been 
‘mounted to the mast). Then the boom is tilted to the 
final position, weaving the elements to clear guy wires 
itnecessary. 


‘The boom is temporarily secured to the tower with rope 
in the vertical position so that the top end is just higher 
than the top of the tower. In order to clear the gin pole 
when the elements are mounted and the boom is raised 
higher to mount the next element, you must tilt the boom 
slightly so that the element mounted to the top end of the 
boom will be behind the mast. This is very important! 
The elements are first mounted to the bottom side 
of the boom to provide weight down below for stability 
‘Then the top-most element is mounted to the boom. The 
tower person removes the temporary rope securing the 
boom to the tower and the ground crew uses the pull rope 


to move the mast vertically upwards to the point where 
the next element from the top can be mounted. Once all 
the elements are mounted and aligned in the same plane 
(with perhaps the center element closest to the mast-to- 
boom bracket left on the ground until later), the tempo- 
rary securing rope is removed. The boom is now swung 
so that the elements can be maneuvered to clear the top 
guy wires. Once the elements are horizontal the boom is, 
secured to the mast and the center element is mounted. 


Using aTram 

Another method to get a large Yagi to the top of the 
tower safely is a rram. A tram supports the antenna under 
the tram wire, using a pulley riding on the tram wire. The 
antenna can thus move more freely—without the friction 
it would have riding on top of a track rope, as described 
previously. This puts considerably less strain on the tram 
wire itself and on the mast to which itis tied on the tower. 
Some installers prefer to use a wire-rope tramline for its, 
reduced sag. 

‘The tram method uses an easily constructed fixture 
mounted to the boom of the Yagi to stabilize it from 
rotating away from the desired attitude as the antenna is, 
raised. A guy-wire cable or heavy rope is fixed to the 
mast about two feet above the point where the antenna 
will mount to the mast. A come-along is often used at the 
ground end to tension the tram wire properly. It is often, 
necessary to back-guy the mast to make sure it doesn’t 
get bent, since the horizontal forces acting on the mast 
can be considerable in any tram (or track) operation. (Note 
that the tram technique works well for side-mounted 
antennas also, where back-guying is not necessary if you 
are reasonably close to a guy set, as is usually the case.) 

Fig 36 is a photograph of a tram fixture built by Kurt 
Andress, K7NV. This consists of a pulley riding on top 
of the tramline. This pulley is attached using a caribiner 
or shackle to two equal-length wires connected to the 
boom to make an inverted-V shaped sling. The two sling 
wires are secured to the boom using angle irons and muf- 
fler clamps so that the antenna is perfectly balanced in 
the horizontal plane. Balance is very important to make 
sure the antenna rises properly on the tram without hav- 
ing the boom rotate downward on one end or the other. 

‘The hoisting 
rope running 
through the tower- 
mounted gin-pole 
pulley (and used by 
the ground crew to 
pull the antenna up 
to the tower on the 
tram line) is at- 
tached to a 2-foot 
piece of angle iron. 
This is attached to 
the boom with a 


Fig 36—Photo of the tram 
system used by Kurt Andress, 
KINV. (Photo by K7NV) 


muffler clamp. Note that the angle iron is rotated slightly 
from horizontal so that the plane of the elements is tilted 
upwards—this allows the elements to clear the guy wires 
a the antenna is raised. (While the antenna is close to 
the ground, the angle iron is adjusted so that the elements 
remain horizontal. Once they are clear of the ground, the 
angle iron is readjusted to align the elements in the proper 
direction to clear the guy wires on the tower.) The force 
of the pull rope along the angle iron also stabilizes the 
antenna from yawing from side-to-side, Note in Fig 36 
that the angle iron is mounted just off-center from where 
the boom-to-mast plate will be attached so that it clears 
the mast as the antenna nears the top of the tower. Fig 37 
diagrams how the tram and hoisting line are rigged to the 
‘mast. 

‘The tower person directs the activity of the ground 
crew below and guides the antenna to the mast. Once the 
end of the pull rope reaches the mast, the tower man ties 
the boom temporarily to the mast so that he can undo the 
pull rope from the tram-fixture angle iron and retie it 
around the boom. Then the antenna can be raised to the 
point where it can be mounted to the mast. 

This technique has been employed to raise Yagis with 
booms as long as 42 feet at the N6RO contest station on 
towers as high as 130 feet. As with the track, the tram 
system requires a good deal of open real estate. While it 
sounds complicated to set up, you can raise some rather 
large antennas in less than an hour, once you get the hang 
of the operation. 


THE PVRC MOUNT 


The methods described above for hoisting antennas 
are sometimes not satisfactory for really large, heavy 
arrays. The best way to handle large Yagis is to assemble 
them on top of the tower. One way to do this easily is by 
using the PVRC Mount. Many members of the Potomac 
‘Valley Radio Club have successfully used this method to 
install large antennas. Simple and ingenious, the idea 
involves offsetting the boom from the mast to permit the 
boom to tilt 360° and rotate axially 360°. This permits 
the entire length of the boom to be brought alongside the 
tower, allowing the elements to be attached one by one. 
(Italso allows any part of the antenna to be brought along- 
side the tower for antenna maintenance.) 

See Figs 38 through 42. The mount itself consists 
of a short length of pipe of the same diameter as the rota: 
ting mast (or greater), a steel plate, eight U bolts and four 
pinning bolts. The steel plate is the larger, horizontal one 
shown in Fig 38. Four U bolts attach the plate to the rotat- 
ing mast, and four attach the horizontal pipe to the plate 
The horizontal pipe provides the offset between the 
antenna boom and the tower, The antenna boom-to-mast 
plate is mounted at the outer end of the short pipe. Four 
bolts are used to ensure that the antenna ends up parallel 
to the ground, two pinning each plate to the short pipe. 
When the mast plate pinning bolts are removed and the 
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Fig 37—At A, bird's 
tower. At B, side view of 
hold the Yagi on the tramline. 


four U bolts loosened, the short pipe and boom plate can 
be rotated through 360°, allowing either half of the boom 
to come alongside the tower. 

First assemble the antenna on the ground, Carefully 
‘mark all critical dimensions, and then remove the antenna 
clements from the boom. Once the rotator and mast have 
been installed on the tower, a gin pole is used to bring the 
‘mast plate and short pipe to the top of the tower. There, the 
top crew unpins the horizontal pipe and tilts the antenna 
boom plate to place it in the vertical plane. The boom is 
attached to the boom plate at the final balance point of the 
assembled antenna. It is important that the boom be rotated 
axially so the bottom side of the boom is closest to the tower. 
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‘eye view of tram system used to bring large Yagi antennas from the ground to the top of the. 
Ging used for tramline and hoisting line, along with the sling and tram fixture used to 


This will allow the boom to be tilted without the elements, 
striking the tower. 

During installation it may be necessary to loosen one 
‘guy wire temporarily to allow for tilting of the boom. As 
a safety precaution, a temporary guy should be attached 
to the same leg of the tower just low enough so the 
assembled antenna will clear it, 

The elements are assembled on the boom, starting 
with those closest to the center of the boom, working out 
alternately to the farthest director and reflector. This pro- 
cedure must be followed. If all the elements are put first 
fon one half of the boom, it will be dangerous (if not 
impossible) to put on the remaining elements. By start- 


Fig 38—The PVRC mount, boom plate, mast and rotator 
ready to go. The mast and rotator are installed on the 
tower first. 


be = 4 
Fig 39—Close-up of the PVRC mount. The long pipe 
(horizontal in this photo) is the rotating mast. The U 
bolts in the vertical plate at the left are ready to accept 
the antenna boom. The heads of two locking pins 
(bolts) are visible at the midline of the boom plate. The 
other two pins help secure the horizontal pipe to the 
large steel mast plate. (The head of the bolt nearest the 
camera blends in with the right hand leg of the U bolt 
behind it.) 


ing at the middle and working outward, the balance point 
of the partly assembled antenna will never be so far 
removed from the tower that tilting of the boom becomes 
impossible. 

When the last element is attached, the boom is 
brought parallel to the ground, the horizontal pipe is, 


Fig 40—Working at the 70-foot level. A gin pole makes 
pulling up and mounting the boom to the boom plate a 
safe and easy procedure. 


pinned to the mast plate, and the mast plate U bolts tight- 
ened. At this point, all the antenna elements will be posi- 
tioned vertically. Next, loosen the U bolts that hold the 
boom and rotate the boom axially 90°, bringing the ele- 
ments parallel to the ground. Tighten the boom bolts and. 
double check all the hardware. 

Many long-boom Yagis employ a truss to prevent 
boom sag. With the PVRC mount, the truss must be 
attached to a pipe that is independent of the rotating mast. 
A short length of pipe is attached to the boom as close as 
possible to the balance point. The truss then moves with 
the boom whenever the boom is tilted or twisted. 

‘A precaution: Unless you have a really strong rota- 
tor, you should consider using this mount mainly for 
‘assembling the antenna on the tower. The offset between 
the boom and the mast with this assembly can generate 
high torque loads on the rotator. Mounting the boom as, 
close as possible to the mast will minimize the torque 
‘when the antenna is pointed into the wind, 
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Fig 41—Mounting the last element prior to po: 
the boom in a horizontal plane. 


Fig 42—The U bolts securing the short pipe to the mast 
plate are loosened and the boom is turned to a horizon- 


tal position. This puts the elements in a vertical plane. 
Then the pipe U bolts are tightened and pinning bolts 
secured. The boom U bolts are then loosened and the 
boom turned axially 90°. 
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THE TOWER ALTERNATIVE 


A cost saving alternative to the ground-mounted 
tower is the roof-mounted tripod. Units suitable for small 
HF or VHF antennas are commercially available. Perhaps 
the biggest problem with a tripod is determining how to 
fasten it securely to the roof. 

(One method of mounting a tripod on a roof is to nail 
2X 6 boards to the undersides of the rafters. Bolts can be 
extended from the leg mounts through the roof and the 
2x 6s. To avoid exerting too much pressure on the area 
of the roof between rafters, place another set of 2x 6s on 
top of the roof (a mirror image of the ones in the attic) 
Installation details are shown in Figs 43 through 46. 

The 2 x 6s are cut 4 inches longer than the outside 
distance between two rafters. Bolts are cut from a length 
of cinch: threaded rod. Nails are used to hold the boards 
in place during installation, and roofing tar is used to seal 
the area to prevent leaks. 

Find a location on the roof that will allow the 
antenna to turn without obstruction from such things as 
trees, TV antennas and chimneys. Determine the rafter 
locations. (Chimneys and vent pipes make good refer- 
ence points.) Now the tower is set in place atop three 2x 
6s. A plumb line run from the top center of the tower can 
bbe used to center it on the peak of the roof. Holes for the 
‘mounting bolts can now be drilled through the roof. 

Before proceeding, the bottom of the 2 x 6s and the 
area of the roof under them should be given a coat of roof- 
ing tar. Leave about '/s inch of clear area around the holes 
to ensure easy passage of the bolts. Put the tower back in 
place and insert the bolts and tighten them. Apply’ tar to 
the bottom ofthe legs and the wooden supports, including 
the bolts. For added security the tripod can be guyed. Guys 
should be anchored to the frame of the house 

Ia rotator is to be mounted above the tripod, pres- 
sure will be applied to the bearings. Wind load on the 
antenna will be translated into a “pinching” of one side 
of the bearings. Make sure that the rotator is capable of 
handling this additional stress. 


ROTATOR SYSTEMS 

There are not that many choices when it comes to 
antenna rotators for the amateur antenna system. Making 
the correct decision as to how much capacity the rotator 
must have is very important to ensure trouble-free opera- 
tion, Manufacturers generally provide an antenna surface- 
area rating to help the purchase choose a suitable rotator. 
‘The maximum antenna area is linked to the rotator's 
torque capability. 

‘Some rotator manufacturers provide additional 
information to help you select the right size of rotator for 
the antennas you plan to use. Hy-Gain provides an Effec 
tive Moment value. Yaesu calls theirs a K-Factor. Both of 
these ratings are torque values in foot-pounds. You can 
compute the effective moment of your antenna by multi- 
plying the antenna turning radius by its weight. So long 


Fig 43—This tripod tower supports a rotary beam 
antenna. In addition to saving yard space, a root- 
mounted tower can be more economical than a ground- 
mounted tower. A ground lead fastened to the lower 
part of the frame is for lightning protection. The rotator 
control cable and the coaxial line are dressed along two 
of the legs. (Photo courtesy of Jane Wolfert.) 


two 2 x 6s on the under 


2x6 


Fig 44—This cutaway view illustrates how the tripod 
tower is secured to the roof rafters. The leg to be 
secured to the crosspiece is placed on the outside of the 
roof. Another cross member is fastened to the underside 
of the rafters. Bolts, inserted through the roof and the 
two cross pieces, hold the inner cross member in pl 
because of pressure applied. The inner crosspiece can 
bbe nailed to the rafter for added strength. 


Fig 45—Three lengths of 2 x 6 wood mounted on the 
outside of the roof and reinforced under the root by 
three identical lengths provide a durable means for 
anchoring the tripod. A thick coat of rooting tar guards 
against weathering and leaks. 


Fig 46—The strengthened anchoring for the tripod. Bolts are placed through 


fe of the root and through the 2 x 6 on the top of 


the roof, as shown in Fig 43. 
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as the effective moment rating of the rotator is greater 
than or equal to the antenna value, the rotator can be 
expected to provide a useful service life. 

‘There are basically four grades of rotators available 
to the amateur. The lightest-duty rotator is the type typi- 
cally used to turn TV antennas. Without much difficulty, 
these rotators will handle a small 3-clement tribander 
array (14, 21 and 28 MHz) or a single 21- or 28-MHz 
monoband three-element antenna. The important consid- 
eration with a TV rotator is that it lacks braking or hold- 
ing capability. High winds turn the rotator motor via the 
gear train in a reverse fashion. Broken gears sometimes 
result. 

‘The next grade up from the TV class of rotator usu- 
ally includes a braking arrangement, whereby the antenna 
is held in place when power is not applied to the rotator. 
Generally speaking, the brake prevents gear damage on 
windy days. If adequate precautions are taken, this group 
of rotators is capable of holding and turning stacked 
monoband arrays, or up to a five-element 14-MHz sys- 
tem. The next step up in rotator strength is more expen- 
sive. This class of rotator will turn just about anything 
the most demanding amateur might want to install. 

A description of antenna rotators would not be com- 
plete without the mention of the prop pitch class. The 
prop pitch rotator system consists of a surplus aircraft 
propeller blade pitch motor coupled to an indicator sys- 
tem and a power supply. There are mechanical problems 
of installation, however, resulting mostly from the size 
and weight of these motors. It has been said that a prop 
pitch rotator system, properly installed, is capable of turn 
ing a house. Perhaps in the same class as the prop pitch 
motor (but with somewhat less capability) is the electric 
motor of the type used for opening garage doors. These 
have been used successfully in turning large arrays. 

Proper installation of the antenna rotator can pro- 
vide many years of trouble-free service; sloppy installa- 
tion can cause problems such as a burned out motor, 
slippage, binding and casting breakage. Most rotators are 
capable of accepting mast sizes of different diameters, 
and suitable precautions must be taken to shim an under- 
sized mast to ensure dead-center rotation. It is very 
desirable to mount the rotator inside and as far below the 
top of the tower as possible. The mast absorbs the torsion 
developed by the antenna during high winds, as well as 
during starting and stopping. 

‘Some amateurs have used a long mast from the top 
to the base of the tower. Rotator installation and service 
can be accomplished at ground level. A mast length of 
10 feet or more between the rotator and the antenna will 
add greatly to the longevity of the entire system by 
allowing the mast to act as a torsion shock absorber. 
Another benefit of mounting the rotator 10 feet or more 
below the antenna is that any misalignment among the 
rotator, mast and the top of the tower is less significant. 
A tube at the top of the tower (a sleeve bearing) through. 
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Fig 47—Rotator loop for UHF Yagi array. The feed coax 
is bundled with a control cable for the polarization 
relay. The coax/control-cable loop is taped to the 
rotating mast and to the top of the tower with vinyl 
electric tape to allow the array to be rotated. 


which the mast protrudes almost completely eliminates 
any lateral forces on the rotator casing. All the rotator 
must do is support the downward weight of the antenna 
system and turn the array. 

While the normal weight of the antenna and the mast 
is usually not more than a couple of hundred pounds, even 
with a large system, one can ease this strain on the rota- 
tor by installing a thrust bearing at the top of the tower. 
‘The bearing is then the component that holds the weight 
of the antenna system, and the rotator need perform only 
the rotating task. 

Don’t forget to provide a loop of coax to allow your 
beam to rotate properly. Make sure you position the rota- 
tor loop so that it doesn’t snag on anything. Fig 47 shows 
a rotator loop for an elliptically polarized UHF Yagi 
array. Note that the coax loop is taped to the rotating mast 
above the top of the tower and to the tower itself. 


Indicator Alignment 

A problem often encountered in amateur installa- 
tions is that of misalignment between the direction indi- 
cator in the rotator control box and the heading of the 
antenna, With a light duty rotator, this happens frequently 
when the wind blows the antenna to a different heading. 
With no brake, the force of the wind can move the gear 
train and motor of the rotator, while the indicator remains 
fixed. Such rotator systems have a mechanical stop to 
prevent continuous rotation during operation, and provi- 
sion is usually included to realign the indicator against 
the mechanical stop from inside the shack. During 
installation, the antenna must be oriented correctly for 
the mechanical stop position, which is usually north, 

In larger rotator systems with an adequate brake, 
indicator misalignment is caused by mechanical slippage 
in the antenna boom-to-mast hardware. Many texts sug- 
gest that the boom be pinned to the mast with a heavy- 
duty bolt and the rotator be similarly pinned to the mast. 
There is a trade-off here. If there is sufficient wind to 
cause slippage in the couplings without pins, with pins 
the wind could break a rotator casting. The slippage will 
act as a clutch release, which may prevent serious dam- 
age to the rotator. On the other hand, the amateur might 
not like to climb the tower and realign the system after 
each heavy windstorm. 
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Radio 


Wave 


Propagation 


Because radio communication is carried on by means 
of electromagnetic waves traveling through the Earth's 
atmosphere, itis important to understand the nature of these 
‘waves and their behavior in the propagation medium. Most 
antennas will radiate the power applied to them efficiently, 
but no antenna can do all things equally well, under all cit- 
cumstances. Whether you design and build your own anten- 
nas, or buy them and have them put up by a professional, 


The Nature of 


You probably have some familiarity with the concept 
of electric and magnetic fields. A radio wave is a combina- 
tion of both, with the energy divided equally between them. 
Ifthe wave could originate at a point source in free space, it 
‘would spread out in an ever-growing sphere, with the source 
at the center. No antenna can be designed to do this, but the 
theoretical isotropic antenna is useful in explaining and mea- 
suring the performance of practical antennas we can build. 
Its, in fact, the basis for any discussion or evaluation of 
antenna performance. 

Our theoretical spheres of radiated energy would 
expand very rapidly at the same speed as the propagation 
of light, approximately 186,000 miles or 300,000,000 
meters per second. These values are close enough for 
practical purposes, and are used elsewhere in this book. 
If one wishes to be more precise, light propagates in a 
vacuum at the speed of 299.7925 meters per microsec- 
ond, and slightly slower in air. 

‘The path of a ray traced from its source to any point 
on a spherical surface is considered to be a straight line—a 
radius of the sphere. An observer on the surface of the sphere 
‘would think of it as being flat, just as the Earth seems flat to 
us. A radio wave far enough from its source to appear flat is 
called a plane wave. From here on, we will be discussing 
primarily plane waves. 


you'll need propagation know-how for best results, both dur- 
ing the planning stages and while operating your station, 
For station planning, this chapter contains detailed new 
information on elevation angles from transmitting locations 
throughout the world to important areas throughout the 
world. With this information in hand, you can design your 
own antenna installation for optimum capabilities possible 
within your budget. See the CD-ROM in back of this book. 


Radio Waves 


It helps to understand the radiation of electromagnetic 
energy if we visualize a plane wave as being made up of 
electric and magnetic forces, as shown in Fig 1. The nature 
of wave propagation is such that the electric and magnetic 
lines of force are always perpendicular. The plane contain- 
ing the sets of crossed lines represents the wave front. The 
direction of travel is always perpendicular to the wave front; 
forward or backward is determined by the relative direc 
tions of the electric and magnetic forces. 

‘The speed of travel of a wave through anything but a 
vacuum is always less than 300,000,000 meters per second. 
How much less depends on the medium. If it is air, the 
reduction in propagation speed can be ignored in most dis- 
cussions of propagation at frequencies below 30 MHz. In 
the VHF range and higher, temperature and moisture con- 
tent of the medium have increasing effects on the commu- 
nication range, as will be discussed later. In solid insulating 
materials the speed is considerably less. In distilled water 
(a good insulator) the speed is '/» that in free space. In good 
conductors the speed is so low that the opposing fields set 
up by the wave front occupy practically the same space as 
the wave itself, and thus cancel it out. This is the reason for 
“skin effect” in conductors at high frequencies, making metal 
enclosures good shields for electrical circuits working at 
radio frequencies. 
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Fig 1—Representation of the magnetic and electric, 
fields of a vertically polarized plane wave traveling 
along the ground. The arrows indicate instantaneous 
directions of the fields for a wave traveling 
perpendicularly out of the page toward the reader. 
Reversal of the direction of one set of lines reverses 
the direction of travel. There is no change in direction 
when both sets are reversed. Such a dual reversal 
‘occurs in fact once each half cycle. 


Phase and Wavelength 


Because the velocity of wave propagation is so great, 
we tend to ignore it. Only '/ of a second is needed for a 
radio wave to travel around the world—but in working with 
antennas the time factor is extremely important. The wave 
concept evolved because an alternating current flowing in a 
wire (antenna) sets up moving electric and magnetic fields. 
We can hardly discuss antenna theory or performance at all, 
without involving travel time, consciously or otherwise. 
Waves used in radio communication may have frequen- 
cies from about 10,000 to several billion Hz. Suppose the 
frequency is 30 MHz. One cycle, or period, is completed in 
130,000,000 second. The wave is traveling at 300,000,000 
meters per second, so it will move only 10 meters during the 
time that the current is going through one complete period of 
alternation. The electromagnetic field 10 meters away from 
the antenna is caused by the current that was flowing one 
period earlier in time. The field 20 meters away is caused by 
the current that was flowing two periods earlier, and so on. 
Ifeach period of the current is simply a repetition of the 
one before it, the currents at corresponding instants in each 
period will be identical. The fields caused by those currents, 
will also be identical. As the fields move outward from the 
antenna they become more thinly spread over larger and larger 
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surfaces. Their amplitudes decrease with distance from the 
antenna but they do not lose thei identity with respect to the 
instant ofthe period at which they were generated. They are 
and they remain, in phase. In the example above, at intervals 
of 10 meters measured outward from the antenna, the phase of 
the waves at any given instant is identical. 

From this information we can define both wave front 
and wavelength. Consider the wave front as an imaginary 
surface. On every part of this surface, the wave is in the 
same phase. The wavelength is the distance between two 
‘wave fronts having the same phase at any given instant. This 
distance must be measured perpendicular to the wave fronts 
along the line that represents the direction of travel. The 
abbreviation for wavelength is the Greek letter lambda, 2, 
Which is used throughout this book. 

‘The wavelength will be in the same length units as the 
velocity when the frequency is expressed in the same time 
units asthe velocity. For waves traveling in free space (and 
near enough for waves traveling through air) the wavelength 


299.7925 
FM 

‘There will be few pages in this book where phase. 
wavelength and frequency do not come into the discussion, 
It is essential to have a clear understanding of their meaning 
in order to understand the design, installation, adjustment 
or use of antennas, matching systems or transmission lines 
in detail. In essence, phase means time. When something 
goes through periodic variations, as an altemating current 
does, corresponding instants in succeeding periods are in 
Phase. 

‘The points A, B and C in Fig 2 are all in phase. They 
are corresponding instants in the current flow, at 1-2 inter- 
vals. This is a conventional view of a sine-wave alternating 
current, with time progressing to the right. It also represents, 
a snapshot of the intensity of the traveling fields, if distance 
is substituted for time in the horizontal axis. The distance 
between A and B or between B and C is one wavelength. 
‘The field-intensity distribution follows the sine curve, in both 
amplitude and polarity, corresponding exactly to the time 
variations in the current that produced the fields. Remem- 
ber that this is an instantaneous picture—the wave moves 
outward, much as a wave created by arock thrown into water 
does. 


(Eq 1) 


Polarization 

A wave like that in Fig 1 is said to be polarized in the 
direction of the electric lines of force. The polarization here 
is vertical, because the electric lines are perpendicular to 
the surface of the Earth. It is one of the laws of electro- 
‘magnetics that electric lines touching the surface of a per- 
fect conductor must do so perpendicularly, or else they would. 
have to generate infinite currents in the conductor, an obvi- 
us impossibility. Most ground is a rather good conductor 
at frequencies below about 10 MHz, so waves at these 


Fig 2—The instantaneous amplitude of both fields 
(electric and magnetic) varies sinusoidally with time as 
shown in this graph. Since the fields travel at constant 
velocity, the graph also represents the instantaneous 
distribution of field intensity along the wave path. The 
distance between two points of equal phase such as 
‘A-B and B-C is the length of the wave. 


frequencies, traveling close to good ground, are mainly ver- 
tically polarized. Over partially conducting ground there may 
be a forward tilt to the wave front; the tilt in the electric 
lines of force increases as the energy loss in the ground 
becomes greater. 

Waves traveling in contact with the surface of the Earth, 
called surface waves, are of litle practical use in amateur 
communication. This is because as the frequency is raised, 
the distance over which they will travel without excessive 
energy loss becomes smaller and smaller. The surface wave 
is most useful at low frequencies and through the standard 
AM broadcast band. The surface wave will be covered late. 
‘At high frequencies a wave reaching a receiving antenna 
has had little contact with the ground, and its polarization is, 
not necessarily vertical 

Ifthe electric lines of force are horizontal, the wave is, 
said to be horizontally polarized. Horizontally and verti- 
cally polarized waves may be classified generally under 
linear polarization. Linear polarization can be anything 
between horizontal and vertical. In free space, “horizontal” 
and “vertical” have no meaning, since the reference of the 
seemingly horizontal surface of the Earth has been lost. 

In many cases the polarization of waves is not fixed, 
but rotates continually, somewhat at random. When this, 
‘occurs the wave is said to be elliptically polarized. A gradual 
shift in polarization in a medium is known as Faraday rota- 
tion. For space communication, citcular polarization is com- 
monly used to overcome the effects of Faraday rotation. A 
circularly polarized wave rotates its polarization through 
360° as it travels a distance of one wavelength in the propa- 
gation medium. The direction of rotation as viewed from 
the transmitting antenna defines the direction of circular- 
ity—right-hand (clockwise) or left-hand (counterclockwise). 
Linear and circular polarization may be considered as spe- 
cial cases of elliptical polarization. 


Field Intensity 


‘The energy from a propagated wave decreases with 
distance from the source. This decrease in strength is caused 
by the spreading of the wave energy over ever-larger spheres 
as the distance from the source increases, 

‘A measurement of the strength of the wave at a di 
tance from the transmitting antenna is its field intensity, 
which is synonymous with field strength. The strength of a 
wave is measured as the voltage between two points lying 
on an electric line of force in the plane of the wave front. 
‘The standard of measure for field intensity is the voltage 
developed in a wire that is 1 meter long, expressed as volts 
per meter. (If the wire were 2 meters long, the voltage 
developed would be divided by two to determine the field 
strength in volts per meter.) 

‘The voltage in a wave is usually low, so the measure- 
‘ment is made in millivolts or microvolts per meter. The volt- 
age goes through time variations like those of the current 
that caused the wave. It is measured like any other ac volt- 
age—in terms of the effective value or, sometimes, the peak 
value. Its fortunate that in amateur work it is not necessary 
to measure actual field strength, as the equipment required 
is elaborate. We need to know only if an adjustment has 
been beneficial, so relative measurements are satisfactory. 
‘These can be made easily with home-built equipment. 


Wave Attenuation 

In free space, the field intensity of the wave varies 
inversely with the distance from the source, once you are in 
the radiating far field of the antenna. Ifthe field strength at 
| mile from the source is 100 millivolts per meter, it will be 
50 millivolts per meter at 2 miles, and so on. The relation- 
ship between field intensity and power density is similar to 
that for voltage and power in ordinary circuits. They are 
related by the impedance of free space, which is approxi- 
mately 377 Q. A field intensity of 1 volt per meter is there- 
fore equivalent to a power density of 


L(volumy 


(Eq2) 


ship between voltage and power, 
the power density therefore varies with the square root of 
the field intensity, or inversely with the square of the dis- 
tance. IF the power density at | mile is 4 mW per square 
meter, then at a distance of 2 miles it will be 1 mW per 
square meter. 

It is important to remember this so-called spreading 
loss when antenna performance is being considered. Gain 
‘can come only from narrowing the radiation pattern of an 
antenna, which concentrates the radiated energy in the 
desired direction. There is no “antenna magic” by which 
the total energy radiated can be increased. 

In practice, attenuation of the wave energy may be 
much greater than the inverse-distance law would indicate. 
‘The wave does not travel in a vacuum, and the receiving 
antenna seldom is situated so there is a clear line of sight. 
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‘The Earth is spherical and the waves do not penetrate it 
surface appreciably, so communication beyond visual dis- 
tances must be by some means that will bend the waves 
around the curvature of the Earth. These means involve 
additional energy losses that increase the path attenuation 
with distance, above that for the theoretical spreading loss 


Bending of Radio Waves 


Radio waves and light waves are both propagated as 
electromagnetic energy. Their major difference is in wave- 
length, since radio-reflecting surfaces are usually much 
smaller in terms of wavelength than those for light. In mate- 
rial of a given electrical conductivity, long waves penetrate 
deeper than short ones, and so require a thicker mass for 
good reflection. Thin metal however is a good reflector of 
even long-wavelength radio waves. With poorer conductors, 
such as the Earth’s crust, long waves may penetrate quite a 
few feet below the surface. 

Reflection occurs at any boundary between materials 
of differing dielectric constant, Familiar examples with light 
are reflections from water surfaces and window panes. Both 
water and glass are transparent for light, but their dielectric 
constants are very different from that of ait. Light waves, 
being very short, seem to bounce off both surfaces. Radio 
waves, being much longer, are practically unaffected by 
glass, but their behavior upon encountering water may vary, 
depending on the purity of that medium, Distilled water is a 
g00d insulator; salt water is a relatively good conductor. 

Depending on their wavelength (and thus their fre- 
quency), radio waves may be reflected by buildings, trees, 
vehicles, the ground, water, ionized layers in the upper 
atmosphere, or at boundaries between air masses having di 
ferent temperatures and moisture content. Ionospherie and 
atmospheric conditions are important in practically all 
communication beyond purely local ranges. 

Refraction is the bending of a ray as it passes from one 
‘medium to another at an angle. The appearance of bending 
of a straight stick, where it enters water at an angle, is an 
example of light refraction known to us all. The degree of 
bending of radio waves at boundaries between air masses 
increases with the radio frequency. There is slight atmo- 
spheric bending in our HF bands. It becomes noticeable 
at 28 MHz, more so at 50 MHz, and it is much more of a 
factor in the higher VHF range and in UHF and microwave 
propagation. 

Diffraction of light over a solid wall prevents total dark- 
ness on the far side from the light source. This is caused 
largely by the spreading of waves around the top of the wall, 
due to the interference of one part of the beam with another. 
The dielectric constant of the surface of the obstruction may 
affect what happens to our radio waves when they encoun- 
ter terrestrial obstructions—but the radio shadow area is, 
never totally dark. See Chapter 3, The Effects of Ground, 
for more information on diffraction, 

‘The three terms, reflection, refraction and diffraction, 
were in use long before the radio age began. Radio propa- 
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gation is nearly always a mix of these phenomena, and it 
‘may not be easy to identify or separate them while they are 
happening when we are on the air. This book tends to rely 
on the words bending and scattering in its discussions, with 
appropriate modifiers as needed. The important thing 10 
remember is that any alteration of the path taken by energy 
as itis radiated from an antenna is almost certain to affect, 
on-the-air results—which is why this chapter on propaga- 
tion is included in an antenna book. 


GROUND WAVES 


As we have already seen, radio waves are affected in 
many ways by the media through which they travel. This 
has led to some confusion of terms in earlier literature con- 
‘cerning wave propagation. Waves travel close to the ground 
in several ways, some of which involve relatively little con- 
tact with the ground itself. The term ground wave has had 
several meanings in antenna literature, but it has come to be 
applied to any wave that stays close to the Earth, reaching 
the receiving point without leaving the Earth's lower atmo- 
sphere. This distinguishes the ground wave froma sky wave, 
which utilizes the ionosphere for propagation between the 
transmitting and receiving antennas. 

‘The ground wave could be traveling in actual contact 
with the ground, as in Fig 1, where it is called the surface 
wave. Or it could travel directly between the transmitting 
and receiving antennas, when they are high enough so they 
‘can “see” each other—this is commonly called the direct 
wave. The ground wave also travels between the transmit- 
ting and receiving antennas by reflections or diffractions 
off intervening terrain between them. The ground: influenced 
‘wave may interact with the direct wave to create a vector- 
summed resultant at the receiver antenna. 

In the generic term ground wave, we also will include 
ones that are made to follow the Earth's curvature by bend- 
ing in the Earth’s lower atmosphere, or troposphere, us 
ally no more than a few miles above the ground, Often called 
tropospheric bending, this propagation mode is a major 
factor in amateur communications above 50 MHz. 


THE SURFACE WAVE 


‘The surface wave travels in contact with the Earth's 
surface. It can provide coverage up to about 100 miles in 
the standard AM broadcast band during the daytime, but 
attenuation is high. As can be seen from Fig 3, the attenua- 
tion increases with frequency. The surface wave is of little 
value in amateur communication, except possibly at 
1.8 MHz. Vertically polarized antennas must be used, which 
tends to limit amateur surface-wave communication to where 
large vertical systems can be erected. 


THE SPACE WAVE 


Propagation between two antennas situated within line 
of sight of each other is shown in Fig 4. Energy traveling 
directly between the antennas is attenuated to about the same 
degree asin free space. Unless the antennas are very high or 
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Fig 3—Typical HF ground-wave range as a function of 
frequency. 


Fig 4—The ray traveling directly from the transmitting 
antenna to the receiving antenna combines with a ray 
reflected from the ground to form the space wave. For 
a horizontally polarized signal a reflection as shown 
here reverses the phase of the ground-reflected ray. 


quite close together, an appreciable portion of the energy is, 
reflected from the ground. This reflected wave combines 
with direct radiation to affect the actual signal received, 

In most communication between two stations on the 
ground, the angle at which the wave strikes the ground will 
be small. For a horizontally polarized signal, such a reflee- 
tion reverses the phase of the wave. Ifthe distances traveled 
by both parts of the wave were the same, the two parts would 
arrive out of phase, and would therefore cancel each other. 
‘The ground-reflected ray in Fig 4 must travel a little further, 
so the phase difference between the two depends on the 
lengths of the paths, measured in wavelengths. The wave- 
length in use is important in determining the useful signal 
strength in this type of communication. 

Ifthe difference in path length is 3 meters, the phase 
difference with 160-meter waves would be only 360° x 
3/160 = 6.8°. This is a negligible difference from the 180° 
shift caused by the reflection, so the effective signal strength 
over the path would still be very small because of cancella- 
tion of the two waves. But with 6-meter radio waves the 
phase length would be 360° x 3/6 = 180°. With the addi- 


tional 180° shift on reflection, the two rays would add. Thus, 
the space wave is a negligible factor at low frequencies, but 
it can be increasingly useful as the frequency is raised. Itis, 
a dominant factor in local amateur communication at 
50 MHz and higher. 

Interaction between the direct and reflected waves is 
the principle cause of mobile flutter observed in local VHF 
communication between fixed and mobile stations. The flut- 
ter effect decreases once the stations are separated enough 
so that the reflected ray becomes inconsequential. The 
reflected energy can also confuse the results of field-strength 
‘measurements during tests on VHF antennas. 

As with most propagation explanations, the space-wave 
picture presented here is simplified, and practical consider- 
ations dictate modifications. There is always some energy 
loss when the wave is reflected from the ground. Further, 
the phase of the ground-reflected wave is not shifted 
exactly 180°, so the waves never cancel completely. At UHF, 
ground-reflection losses can be greatly reduced or elimi- 
nated by using highly directive antennas. By confining the 
antenna pattern to something approaching a flashlight beam, 
nearly all the energy is in the direct wave. The resulting 
energy loss is low enough that microwave relays, for 
example, can operate with moderate power levels over hun- 
dreds or even thousands of miles. Thus we see that, while 
the space wave is inconsequential below about 20 MHz, it 
can be a prime asset in the VHF realm and higher. 


VHF/UHF PROPAGATION BEYOND LINE 
OF SIGHT 


From Fig 4 it appears that use of the space wave 
depends on direct line of sight between the antennas of the 
communicating stations. This is not literally tue, although 
that belief was common in the early days of amateur com- 
‘munication on frequencies above 30 MHz. When equipment 
became available that operated more efficiently and after 
antenna techniques were improved, it soon became clear 
that VHF waves were actually being bent or scattered in 
several ways, permitting reliable communication beyond 
visual distances between the two stations. This was found 
true even with low power and simple antennas. The average 
‘communication range can be approximated by assuming the 
‘waves travel in straight lines, but with the Earth's radius 
increased by one-third. The distance to the radio horizon is, 
then given as, 


Dates = 1415 \Hrece 


(43) 


Dyu =4.124 YHoncicrs (Eq 4) 


where H is the height of the transmitting antenna, as shown 
in Fig 5. The formula assumes that the Earth is smooth out 
to the horizon, so any obstructions along the path must be 
taken into consideration. For an elevated receiving 
antenna the communication distance is equal to D + D1, 
that is, the sum of the distances to the horizon of both 
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Fig 5—The distance D to the horizon from an antenna 
of height H is given by equations in the text. The 
maximum line-of-sight distance between two elevated 
antennas is equal to the sum of their distances to the 
horizon as indicated here. 


antennas. Radio horizon distances are given in graphic form 
in Fig 6, Two stations on a flat plain, one with its antenna 
60 feet above ground and the other 40 feet, could be up to 
about 20 miles apart for strong-signal line-of-sight commu. 
nication (11 +9 mi). The terrain is almost never completely 
flat, however, and variations along the way may add to or 
subtract from the distance for reliable communication. 
Remember that energy is absorbed, reflected or scattered in 
‘many ways in nearly all communication situations. The for- 
mula or the chart will be a good guide for estimating the 
potential radius of coverage for a VHF FM repeater, assum: 
ing the users are mobile or portable with simple, omnidi- 
rectional antennas. Coverage with optimum home-station 
equipment, high-gain directional arrays, and SSB or CW is 
quite a different matter. A much more detailed method for 
estimating coverage on frequencies above 50 MHz is given 
later in this chapter. 

For maximum use of the ordinary space wave it is 
important to have the antenna as high as possible above 
nearby buildings, trees, wires and surrounding terrain. A 
hill that rises above the rest of the countryside is a good. 
location for an amateur station of any kind, and particularly 
so for extensive coverage on the frequencies above 50 MHz. 
The highest point on such an eminence is not necessarily 
the best location for the antenna. In the example shown in 
Fig 7, the hilltop would be a good site in all directions. But 
if maximum performance to the right is the objective, a point 
just below the crest might do better. This would involve a 
trade-off with reduced coverage in the opposite direction. 
Conversely, an antenna situated on the left side, lower down 
the hill, might do well o the left, but almost certainly would. 
be inferior in performance to the right. 

Selection of a home site for its radio potential is a com- 
plex business, at best. A VHF enthusiast dreams of the high- 
est hill. The DX-minded HF ham may be more attracted by a 
dry spot near a salt marsh. A wide saltwater horizon, espe. 
cially from a high cliff, just smells of DX. In shopping for 
hham radio real estate, a mobile or portable rig for the fre. 
quencies you're most interested in can provide useful clues. 


ANTENNA POLARIZATION 
If effective communication over long distances were 
the only consideration, we might be concerned mainly with 
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Fig 6—Distance to the horizon from an antenna of 

given height. The solid curve includes the effect of 

atmospheric retraction. The optical line-of-sight 
istance is given by the broken curve. 


Fig 7—Propagation conditions are generally best when 
the antenna is located slightly below the top of a 

‘on the side facing the distant station. Communi 
is poor when there is a sharp rise immec 

of the antenna in the 


radiation of energy at the lowest possible angle above the 
horizon. However, being engaged in a residential avocation 
often imposes practical restrictions on our antenna projects. 
Asan example, our 1.8 and 3.5-MHz bands are used prima- 
rily for short-distance communication because they serve 
that purpose with antennas that are not difficult or expen 
sive to put up. Out to a few hundred miles, simple wire 
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antennas for these bands do well, even though their radia 
tion is mostly at high angles above the horizon. Vertical sys- 
tems might be better for long-distance use, but they require 
extensive ground systems for good performance. 

Horizontal antennas that radiate well at low angles are 
‘most easily erected for 7 MHz. and higher frequencies—hori- 
zontal wires and arrays are almost standard practice for work 
on 7 through 29.7 MHz. Vertical antennas, such as a single 
omnidirectional antenna of multiband design, are also used 
in this frequency range. An antenna of this type may be a 
good solution to the space problem for a city dweller on a 
small lot, or even for the resident of an apartment building. 

High-gain antennas are almost always used at 50 MHz 
and higher frequencies, and most of them are horizontal 
The principal exception is mobile communication with 
FM through repeaters, discussed in Chapter 17, Repeater 
Antenna Systems. The height question is answered easily 
for VHF enthusiasts—the higher the better. 

‘The theoretical and practical effects of height above 
ground at HF are treated in detail in Chapter 3, The Effects, 
of Ground, Note that itis the height in wavelengths that is, 
important—a good reason to think in the metric system, 
rather than in feet and inches. 

In working locally on any amateur frequency band, 
best results will be obtained with the same polarization at 
both stations, except on rare occasions when polarization 
shift is caused by terrain obstructions or reflections from 
buildings. Where such a shift is observed, mostly above 100 
‘MHz or so, horizontal polarization tends to work better than 
vertical. This condition is found primarily on short paths, 
so it is not too important. Polarization shift may occur on 
long paths where tropospheric bending is a factor, but here 
the effect tends to be random. Long-distance communica 
tion by way of the ionosphere produces random polariza- 
tion effects, so polarization matching is of little or no 
importance. This is fortunate for the HF mobile enthus 
‘who will find that even his short, inductively loaded whips 
‘work very well at all distances other than local 

Because it responds to all plane polarizations equally, 
circular polarization may pay off on circuits where the 
arriving polarization is random, but it exacts a 3-dB penalty 
‘when used with a single-plane polarization of any kind. Ci 
cular systems find greatest use in work with orbiting satel- 
lites. It should be remembered that “horizontal” and 
“vertical” are meaningless terms in space, where the plane- 
Earth reference is lost 


Polarization Factors Above 50 MHz 
In most VHF communication over short distances, the 
polarization of the space wave tends to remain constant. 
Polarization discrimination is high, usually in excess of 
20 dB, so the same polarization should be used at both ends, 
of the circuit. Horizontal, vertical and circular polarization 
all have certain advantages above 50 MHz, so there has never 
been complete standardization on any one of them. 
Horizontal systems are popular, in part because they 
tend to reject man-made noise, much of which is vertically 


polarized. There is some evidence that vertical polarization 
shifts to horizontal in hilly terrain, more readily than hori- 
zontal shifts to vertical. With large arrays, horizontal sys 
tems may be easier to erect, and they tend to give higher 
signal strengths over irregular terrain, if any difference is 
observed. 

Practically all work with VHF mobiles is now handled 
with vertical systems. For use in a VHF repeater system, 
the vertical antenna can be designed to have gain without 
losing the desired omnidirectional quality. In the mobile sta- 
tion a small vertical whip has obvious aesthetic advantages. 
Often a telescoping whip used for broadcast reception can 
be pressed into service for the 144-MHz FM rig. A car-top 
mount is preferable, but the broadcast whip is a practical 
‘compromise. Tests with at least one experimental repeater 
have shown that horizontal polarization can give a slightly 
larger service area, but mechanical advantages of vertical 
systems have made them the almost unanimous choice in 
VHF FM communication. Except for the repeater field, hori- 
zontal is the standard VHF system almost everywhere. 

In communication over the Earth-Moon-Earth (EME) 
route the polarization picture is blurred, as might be expected 
with such a diverse medium. If the moon were a flat target 
we could expect a 180° phase shift from the moon reflec- 
tion process. But it is not flat. This plus the moon's libra- 
tion (its slow oscillation, as viewed from the Earth), and the 
fact that waves must travel both ways through the Earth's, 
entire atmosphere and magnetic field, provide other vari- 
ables that confuse the phase and polarization issue. Build- 
ing a huge array that will track the moon, and give gains in 
excess of 20 dB, is enough of a task that most EME enthu- 
siasts tend to take their chances with phase and polarization 
problems. Where rotation of the element plane has been tried 
it has helped to stabilize signal levels, but it is not widely 
‘employed 


PROPAGATION OF VHF WAVES 


‘The wave energy of VHF stations does not simply dis- 
appear once it reaches the radio horizon. Its scattered, but 
it can be heard to some degree for hundreds of miles, well 
beyond line-of-sight range. Everything on Earth, and in the 
regions of space up to at least 100 miles, is a potential for- 
ward-scattering agent. 

Tropospherie scatter is always with us. Its effects are 
often hidden, masked by more effective propagation modes 
on the lower frequencies. But beginning in the VHF range, 
scatter from the lower atmosphere extends the reliable range 
markedly if we make use of it. Called troposcatter, this is 
what produces that nearly flat portion of the curves that will 
be described later (in the section where you can compute 
reliable VHF coverage range). With a decent station, you 
‘can consistently make troposcatter contacts out to 300 miles 
out on the VHF and even UH bands, especially if you don't 
mind weak signals and something less than 99% reliability 
As long ago as the early 1950s, VHF enthusiasts found that, 
VHF contests could be won with high power, big antennas 
and a good ear for signals deep in the noise. They still can, 
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Ionospheric scatter works much the same as the 
tropo version, except that the scattering medium is higher 
up, mainly the E region of the ionosphere but with some 
help from the D and F layers too. Ionospheric scatter is, 
useful mainly above the MUF, so its useful frequency 
range depends on geography, time of day, season, and 
the state of the Sun. With near maximum legal power, 
good antennas and quiet locations, ionospheric scatter can 
fill in the skip zone with marginally readable signals scat- 
tered from ionized trails of meteors, small areas of ran- 
dom ionization, cosmic dust, satellites and whatever may 
come into the antenna patterns at $0 to 150 miles or so 
above the Earth. It’s mostly an E-layer business, so it 
works all E-layer distances. Good antennas and keen ears 
help. 

Transequatorial propagation (TE) was an amateur 
50-MHz discovery in the years 1946-1947. Amateurs of all 
continents observed it almost simultaneously on three sepa- 
rate north-south paths. These amateurs tried to communi- 
cate at SO MHz, even though the predicted MUF was around 
40 MHz for the favorable daylight hours. The first success 
came at night, when the MUF was thought to be even lower. 
A remarkable research program inaugurated by amateurs in 
Europe, Cyprus, Zimbabwe and South Africa eventually pro- 
vided technically sound theories to explain the then- 
unknown mode. 

It has been known for years that the MUF is higher 
and less seasonally variable on transequatorial circuits, but 
the full extent of the difference was not learned until ama- 
tour work brought it to light. As will be explained in a later 


section in more detail, the ionosphere over equatorial 
regions is higher, thicker and more dense than elsewhere. 
Because of its more constant exposure to solar radiation, 
the equatorial belt has high nighttime-MUF possibilities. 
‘TE can often work marginally at 144 MHz, and even at 
432 MHz on occasion. The potential MUF varies with solar 
activity, but not to the extent that conventional F-layer propa- 
gation does. It is a late-in-the-day mode, taking over about 
when normal F-layer propagation goes out. 

‘The TE range is usually within about 4000 km (2500 
miles) either side of the geomagnetic equator. The Earth's 
‘magnetic axis is tilted with respect to the geographical axis, 
so the TE belt appears as a curving band on conventional 
flat maps of the world. See Fig 8. As a result, TE has a 
different latitude coverage in the Americas from that from 
Europe to Africa. The TE belt just reaches into the southern 
continental US. Stations in Puerto Rico, Mexico and even 
the northern parts of South America encounter the mode 
more often than those in favorable US areas. It is no acci- 
dent that TE was discovered as a result of 50-MHz work in 
Mexico City and Buenos Aires. 

‘Within its optimum regions of the world, the TE mode 
extends the usefulness of the 50-MHz band far beyond that 
of conventional F-layer propagation, since the practical TE 
MUF runs around 1.5 times that of normal F,. Both its sea- 
sonal and diurnal characteristics are extensions of what is 
considered normal for 50-MHz propagation. In that part of 
the Americas south of about 20° North latitude, the exist- 
ence of TE affects the whole character of band usage, espe- 
cially in years of high solar activity. 


Fig 8—Transequatorial spread-F propagation 


kes place between stations equidistant across the geomagnetic 


equator. Distances up to 8000 km (5000 miles) are possible on 28 through 432 MHz. Note that the geomagnetic 
equator is considerably south of the geographic equator in the Western Hemisphere. (Figure courtesy of The ARRL 


Handbook.) 
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Weather Effects on VHF/UHF Tropospheric 
Propagation 

Changes in the dielectric constant of the medium can 
affect propagation. Varied weather patterns over most of the 
Earth's surface can give rise to boundaries between air 
masses of very different temperature and humidity charac- 
teristics. These boundaries can be anything from local 
irculation patterns of continental propor- 


Under stable weather conditions, large air masses 
can retain their characteristics for hours or even days at a 
time. See Fig 9. Stratified warm dry air over cool moist 
air, flowing slowly across the Great Lakes region to the 
Allantic Seaboard, can provide the medium for east-west 
communication on 144 MHz and higher amateur frequen- 
cies over as much as 1200 miles. More common, how- 
ever, are communication distances of 400 to 600 miles 
under such conditions. 

A similar inversion along the Atlantic Seaboard as a 
result of a tropical storm air-circulation pattern may bring 
VHF and UHF openings extending from the Maritime Prov- 
inces of Canada to the Carolinas. Propagation across the 
Gulf of Mexico, sometimes with very high signal levels, 
enlivens the VHF scene in coastal areas from Florida to 
Texas. The California coast, from below the San Francisco 
Bay Area to Mexico, is blessed with a similar propagation 
aid during the warmer months. Tropical storms moving west, 
across the Pacific below the Hawaiian Islands, may provide 
a transpacific long-distance VHF medium, Amateurs first 
exploited this on 144, 220 and 432 MHz, in 1957. It has 
been used fairly often in the summer months since, although 
not yearly. 

‘The examples of long-haul work cited above may 
occur infrequently, but lesser extensions of the minimum 
operating range are available almost daily. Under minimum, 
conditions there may be little more than increased signal 
strength over paths that are workable at any time. 

‘There is a diurnal effect in temperate climates. At 
sunrise the air aloft is warmed more rapidly than that near 
the Earth's surface, and as the Sun goes lower late in the 
day the upper air is kept warm, while the ground cools. In 
fair, calm weather such sunrise and sunset temperature 
inversions can improve signal strength over paths beyond 
line of sight as much as 20 dB over levels prevailing during 
the hours of high sun. The diurnal inversion may also 
extend the operating range for a given strength by some 20 
to 50%. If you would be happy with a new VHF antenna, 
try it first around sunrise! 

‘There are other short-range effects of local atmospheric 
and topographical conditions. Known as subsidence, the flow 
of cool air down into the bottom of a valley, leaving warm 
air aloft, is a familiar summer-evening pleasure. The daily 
inshore-offshore wind shift along a seacoast in summer sets, 
up daily inversions that make coastal areas highly favored 
as VHF sites. Ask any jealous 144-MHz operator who lives 
‘more than a few miles inland. 


‘Tropospheric effects can show up at any time, in any 
season, Late spring and early fall are the most favored peri- 
ods, although a winter warming trend can produce strong 
and stable inversions that work VHF magic almost equal 1o 
that of the more familiar spring and fall events. 
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Fig 9—Upper air conditions that produce extended- 
range communication on the VHF bands. At the top is. 
shown the US Standard Atmosphere temperature 
curve. The humidity curve (dotted) is what would result 
if the relative humiity were 70%, trom ground level to 
12,000 feet elevation. Ther 

under this standard condit 
a sounding that is typical of marked refraction of VHF 
‘waves. Figures in parentheses are the “mixing ratio" 
—grams of water vapor per kilogram of dry air. Note 
the sharp break in both curves at about 3500 feet. 
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Regions where the climate is influenced by large 
bodies of water enjoy the greatest degree of tropospheric 
bending. Hot, dry desert areas see litte of it, at least in the 
forms described above, 


Tropospheric Ducting 


‘Tropospheric propagation of VHF and UHF waves can 
influence signal levels at all distances from purely local to 
something beyond 4000 km (2500 miles). The outer limits 
are not well known. At the risk of over simplification, we 
will divide the modes into two classes—extended local and 
long distance. This concept must be modified depending on 
the frequency under consideration, but in the VHF range 
the extended-local effect gives way to a form of propaga- 
tion much like that of microwaves in a waveguide, called 
ducting. The transition distance is ordinarily somewhere 
around 200 miles. The difference lies in whether the atmo- 
spheric condition producing the bending is localized or 
continental in scope. Remember, we're concerned here with 
frequencies in the VHF range, and perhaps up to 500 MHz. 
At 10 GHz, for example, the scale is much smaller. 

In VHF propagation beyond a few hundred miles, more 
than one weather front is probably involved, but the wave is, 
propagated between the inversion layers and ground, in the 
‘main, On long paths over the ocean (two notable examples 
are California to Hawaii and Ascension Island to Brazil), 
propagation is likely to be between two atmospheric layers. 
On such circuits the communicating station antennas must 
be in the duct, or capable of propagating strongly into it, 
Here again, we see thatthe positions and radiation angles of 
the antennas are important. As with microwaves in a 
‘waveguide, the low-frequency limit for the duct is critical 
In long-distance ducting it is also very variable. Airborne 
equipment has shown that duct capability exists well down 
into the HF region in the stable atmosphere west of Ascen- 
sion Island. Some contacts between Hawaii and Southern 
California on 50 MHz are believed to have been by way of 
tropospheric ducts. Probably all contact over these paths on 
144 MHz and higher bands is because of duct propagation, 

Amateurs have played a major part in the discovery 
and eventual explanation of tropospheric propagation. In 
recent years they have shown that, contrary to beliefs widely 
held in earlier times, long-distance communication using 
tropospheric modes is possible to some degree on all ama- 
tour frequencies from 50 to at least 10,000 MH. 


RELIABLE VHF COVERAGE 


In the preceding sections we discussed means by which 
amateur bands above 50 MHz may be used intermittently 
for communication far beyond the visual horizon, In 
emphasizing distance we should not neglect a prime asset 
of the VHF band: reliable communication over relatively 
short distances. The VHF region is far less subject to dis- 
ruption of local communication than are frequencies below 
30 MHz, Since much amateur communication is essentially 
local in nature, our VHF assignments can carry a great load, 
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and such use of the VHF bands helps solve interference prob- 
lems on lower frequencies, 

Because of age-old ideas, misconceptions about the cov- 
‘erage obtainable in our VHF bands persist. This reflects the 
thoughts that VHF waves travel only in straight lines, except 
when the DX modes described above happen to be present, 
However, let us survey the picture inthe ight of modem wave- 
propagation knowledge and see what the bands above 50 MHz. 
are good for on a day-to-day basis, ignoring the anomalies 
that may result in extensions of normal coverage. 

It's possible to predict with fair accuracy how far you 
should be able to work consistently on any VHF or UHF 
band, provided a few simple facts are known. The factors 
affecting operating range can be reduced to graph form, as 
described in this section, The information was originally 
published in November 1961 QST by D. W. Bray, K2LMG 
(see the Bibliography at the end of this chapter). 

‘To estimate your station's capabilities, two basic num- 
bers must be determined: station gain and path loss. Station 
gain is made up of seven factors: receiver sen: trans- 
mitted power, receiving antenna gain, receiving antenna 
height gain, transmitting antenna gain, transmitting antenna 
height gain and required signal-to-noise ratio. This looks 
‘complicated but it really boils down to an easily made evalu- 
ation of receiver, transmitter, and antenna performance. The 
other number, path loss, is readily determined from the 
nomogram, Fig 10. This gives path loss over smooth Earth, 
for 99% reliability. 

For 50 MHz, lay a straightedge from the distance 
between stations (left side) to the appropriate distance at 
the right side. For 1296 MHz, use the full scale, right cen- 
ter. For 144, 222 and 432, use the dot in the circle, square or 
triangle, respectively. Example: At 300 miles the path loss 
for 144 MHz is 214 dB, 

To be meaningful, the losses determined from this 
nomograph are necessarily greater than simple free-space 
path losses. As described in an earlier section, communica 
tion beyond line-of-sight distances involves propagation 
‘modes that increase the path attenuation with distance. 


VHF/UHF Station Gain 
‘The largest of the eight factors involved in station 
design is receiver sensitivity. This is obtainable from 
ig 11, if you know the approximate receiver noise figure 
and transmission-line loss. If you can’t measure noise fig- 
ure, assume 3 dB for 50 MHz, 5 for 144 or 222, 8 for 432 
and 10 for 1296 MHz, if you know your equipment is work- 
ing moderately well. These noise figures are well on the 
conservative side for moder solid-state receivers. 

Line loss can be taken from information in Chapter 24 
for the line in use, if the antenna system is fed properly. Lay 
a straightedge between the appropriate points at either side 
of Fig 11, to find effective receiver sensitivity in decibels, 
below 1 watt (dBW). Use the narrowest bandwidth that is 
practical for the emission intended, with the receiver you 
will be using. For CW, an average value for effective work 
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the capabilities of stations 
‘on amateur bands from 50 to 
1300 MHz. Either the path loss 
for a given distance or vice 
versa may be found if one of 
the two factors is known. 


is about 500 Hz, Phone bandwidth can be taken from the 
receiver instruction manual, but it usually falls between 2.1 
to 2.7 kHz. 

‘Antenna gain is next in importance. Gains of amateur 
antennas are often exaggerated. For well-designed Yagis the 
in (over isotropic) run close to 10 times the boom length 
in wavelengths. (Example: A 24-foot Yagi on 144 MHz 
is 3.6 wavelengths long: 3.6 x 10 = 36, and 10 logy 36 = 
15.5 dBi in free space.) Add 3 dB for stacking, where used 
properly. Add 4 dB more for ground reflection gain. This 
varies in amateur work, but averages out near this figure. 

We have one more plus factor—antenna height gain, 
obtained from Fig 12. Note that this is greatest for short 
distances. The left edge of the horizontal center scale is for 
0 to 10 miles, the right edge for 100 to 500 miles. Height 
gain for 10 to 30 feet is assumed to be zero. For 50 feet the 
height gain is 4 dB at 10 miles, 3 dB at 50 miles, and 2 dB 
at 100 miles. At 80 feet the height gains are roughly 8, 6 
and 4 dB for these distances. Beyond 100 miles the height 
gain is nearly uniform for a given height, regardless of 
distance. 

Transmitter power output must be stated in decibels 
above 1 watt. IF you have 500 W output, add 10 log (50/1), 


or 27 dB, to your station gain. The transmission-line loss 
must be subtracted from the station gain. So must the 
required signal-to-noise ratio, The information is based on 
CW work, so the additional signal needed for other modes 
must be subtracted. Use a figure of 3 dB for SSB. Fading 
losses must be accounted for also. It has been shown that 
for distances beyond 100 miles, the signal will vary plus or 
minus about 7 dB from the average level, so 7 dB must be 
subtracted from the station gain for high reliability. For dis- 
tances under 100 miles, fading diminishes almost linearly 
with distance. For 50 miles, use ~3.5 dB for fading. 


What It All Means 

Add all the plus and minus factors to get the station gain, 
Use the final value to find the distance over which you can 
expect to work reliably from the nomogram, Fig 10. Or work 
it the other way around: Find the path loss for the distance 
you want to cover from the nomogram and then figure out 
‘what station changes will be needed to overcome it 

‘The significance of all this becomes more obvious when 
wwe see path loss plotted against frequency for the various 
bands, as in Fig 13. At the left this is done for 50% reliabil- 
ity. At the right is the same information for 99% reliability 
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Fig 11—Nomogram for finding effective receiver sensitivity. 


For near-perfect reliability, a path loss of 195 dB (easily 
encountered at 50 or 144 MHz) is involved in 100-mile com- 
munication. But look at the 50% reliability curve: The same 
path Joss takes us out to well over 250 miles. Few amateurs, 
demand near-perfect reliability. By choosing our times, and 
by accepting the necessity for some repeats or occasional 
loss of signal, we can maintain communication out to dis- 
tances far beyond those usually covered by VHF stations. 
Working out a few typical amateur VHF station setups 
with these curves will show why an understanding of these 
factors is important to any user of the VHF spectrum. Note 
that path loss rises very steeply in the first 100 miles or so. 
This is no news to VHF operators; locals are very strong, but 
stations 50 or 75 miles away are much weaker. What hap- 
pens beyond 100 miles is not so well known to many of us. 
From the curves of Fig 13, we see that path loss levels, 
off markedly at what is the approximate limit of working 
range for average VHF stations using wideband modulation 
‘modes. Work out the station gain for a 50-W station with an 
average receiver and antenna, and you'll find that it comes 
out around 180 dB. This means you'd have about a 100-mile 
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working radius in average terrain, for good but not perfect, 
reliability. Another 10 dB may extend the range to as much 
as 250 miles. Just changing from AM phone to SSB and CW 
makes a major improvement in daily coverage on the VHF 
bands, 

A bigger antenna, a higher one if your present beam is, 
not at least 50 feet up, an increase in power to 500 W from 
50 W, an improvement in receiver noise figure if itis pres 
ently poor—any of these things can make a big improve- 
‘ment in reliable coverage. Achieve all of them, and you will 
have very likely tripled your sphere of influence, thanks to 
that hump in the path-loss curves. This goes a long way 
toward explaining why using a 10-W packaged station with 
a smmall antenna, fun though it may be, does not begin 10 
show what the VHF bands are really good for. 


Terrain at VHF/UHF 

‘The coverage figures derived from the above proce- 
dure are for average terrain, What of stations in mountain- 
us country? Although an open horizon is generally desirable 
for the VHF station site, mountain country should not be 
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ig 13—Path loss versus distance for amateur frequencies above 50 MHz. At A are curves for 50% of the time; at B, 


for 99%. The curves at A are more representative of Amateur Radio requirements. 


considered hopeless. Help for the valley dweller often lies 
in the optical phenomenon known as knife-edge diffraction. 
A flashlight beam pointed at the edge of a partition does not 
cut off sharply at the partition edge, but is diffracted around 
it, partially illuminating the shadow area. A similar effect, 
is observed with VHF waves passing over ridges; there is, 
a shadow effect, but not a complete blackout. If the signal 
is strong where it strikes the mountain range, it will be 
heard well in the bottom of a valley on the far side. (See 
Chapter 3, The Effects of Ground, for a more thorough dis- 
cussion of the theory of diffraction.) 


This is familiar to all users of VHF communications 
equipment who operate in hilly terrain. Where only one ridge 
lies in the way, signals on the far side may be almost as 
good as on the near side. Under ideal conditions (a very 
high and sharp-edged obstruction near the midpoint of a 
long-enough path so that signals would be weak over aver- 
age terrain), knife-edge diffraction may yield signals even 
stronger than would be possible with an open path. 

‘The obstruction must project into the radiation patterns 
of the antennas used, Often mountains that look formidable 
to the viewer are not high enough to have an appreciable 
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effect, one way or the other. Since the normal radiation pat- 
tern from a VHF array is several degrees above the horizon- 
tal, mountains that are less than about three degrees above 
the horizon, as seen from the antenna, are missed by the 
radiation from the array. Moving the mountains out of the 
way would have substantially no effect on VHF signal 
strength in such cases 

Rolling terrain, where obstructions are not sharp enough. 
to produce knife-edge diffraction, still does not 
exhibit a complete shadow effect. There is no complete bar- 
rier to VHF propagation—only attenuation, which varies 
‘widely as the result of many factors. Thus, even valley loca- 
tions are usable for VHF communication. Good antenna sys- 
tems, preferably as high as possible, the best available 
equipment, and above all, the willingness and ability to work 
with weak signals may make outstanding VHF work possible, 
even in sites that show litle promise by casual inspection, 


AURORAL PROPAGATION 


‘The Earth has a magnetosphere or magnetic field sur- 
rounding it. NASA scientists have described the magneto- 
sphere as a sort of protective “bubble” around the Earth that 
shields us from the solar wind. Under normal circumstances, 
there are lots of electrons and protons moving in our mag- 
netosphere, traveling along magnetic lines of force that trap 
them and keep them in place, neither bombarding the earth 
nor escaping into outer space. 

Sudden bursts of activity on the Sun are sometimes 
accompanied by the ejection of charged particles, often from 
so-called Coronal Mass Ejections (CME) because they origi- 
nate from the Sun’s outer coronal region. These charged 
particles can interact with the magnetosphere, compressing 
and distorting it. Ifthe orientation of the magnetic field con- 
tained in a large blast of solar wind or in a CME is aligned 
opposite to that of the Earth's magnetic field, the magnetic 
bubble can partially collapse and the particles normally 
trapped there can be deposited into the Earth's atmosphere 
along magnetic lines near the North or South poles. This, 
produces a visible or radio aurora, An aurora is visible if 
the time of entry is after dark. 

‘The visible aurora is, in effect, fluorescence at E-layer 
height—a curtain of ions capable of refracting radio waves, 
in the frequency range above about 20 MHz. D-region 
absorption increases on lower frequencies during auroras. 
‘The exact frequency ranges depend on many factors: time, 
season, position with relation to the Earth's auroral regions, 
and the level of solar activity at the time, to name a few. 

‘The auroral effect on VHF waves is another amateur 
discovery, this one dating back to the 1930s. The discovery 
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‘came coincidentally with improved transmitting and receiv- 
ing techniques then. The returning signal is diffused in fre- 
‘quency by the diversity of the auroral curtain as a refracting 
(scattering) medium. The result is a modulation of a CW 
signal, from just a slight burbling sound to what is best 
described as a “keyed roar.” Before SSB took over in VHF 
work, voice was all but useless for auroral paths. A side- 
band signal suffers, too, but its narrower bandwidth helps to 
retain some degree of understandability. Distortion induced 
by a given set of auroral conditions increases with the fre- 
‘quency in use. S0-MHz signals are much more intelligible 
than those on 144 MHz on the same path at the same time. 
On 144 MHz, CW is almost mandatory for effective auroral 
‘communication, 

‘The number of auroras that can be expected per year 
varies with the geomagnetic latitude. Drawn with respect to 
the Earth's magnetic poles instead of the geographical ones, 
these latitude lines in the US tilt upward to the northwest. 
For example, Portland, Oregon, is 2° farther north (geo- 
graphic latitude) than Portland, Maine. The Maine city's 
geomagnetic latitude line crosses the Canadian border 
before it gets as far west as its Oregon namesake. In terms 
of auroras intense enough to produce VHF propagation 
results, Portland, Maine, is likely to see about 10 times as 
many per year. Oregon's auroral prospects are more like 
those of southern New Jersey or central Pennsylvania, 

‘The antenna requirements for auroral work are mixed. 
High gain helps, but the area of the aurora yielding the best 
returns sometimes varies rapidly, so sharp directivity can be 
a disadvantage. So could a very low radiation angle, or a 
beam pattern very sharp in the vertical plane. Experience 
indicates that few amateur antennas are sharp enough in 
either plane to present a real handicap. The beam heading 
for maximum signal can change, however, so a bit of scan- 
ning in azimuth may turn up some interesting results. A very 
large array, such as is commonly used for moonbounce (with 
azimuth-elevation control), should be worthwhile. 

‘The incidence of auroras, their average intensity, and 
their geographical distribution as to visual sightings and 
VHF propagation effects all vary to some extent with solar 
activity. There is some indication that the peak period 
for auroras lags the sunspot-cycle peak by a year or two. 
Like sporadic E, an unusual auroral opening can come at 
any season. There is a marked diurnal swing in the num- 
ber of auroras. Favored times are late afternoon and early 
evening, late evening through early morning, and early 
afternoon, in about that order. Major auroras often start 
in early afternoon and carry through to early morning 
the next 


HF Sky-Wave Propagation 


As described earlier, the term ground wave is com- 
monly applied to propagation that is confined to the Earth’s 
lower atmosphere. Now we will use the term sky wave to 
describe modes of propagation that use the Earth's iono- 
sphere. First, however, we must examine how the Earth’s 
ionosphere is affected by the Sun. 


THE ROLE OF THE SUN 

Everything that happens in radio propagation, as with 
all life on Earth, is the result of radiation from the Sun. The 
variable nature of radio propagation here on Earth reflects 
the ever-changing intensity of ultraviolet and X-ray radia- 
tion, the primary ionizing agents in solar energy. Every day, 
solar nuclear reactions are turning hydrogen into helium, 
releasing an unimaginable blast of energy into space in the 
process. The total power radiated by the Sun is estimated 
at 4 x 10% kW—that is, the number four followed by 23 
zeroes. At its surface, the Sun creates about 60 megawatts 
per square meter. That is a very potent transmitter! 


The Solar Wind 


‘The Sun is constantly ejecting material from its sur- 
face in all directions into space, making up the so-called 
solar wind. Under relatively quiet solar conditions the solar 
wind blows around 200 miles per second—675,000 miles 
per hour—taking away about two million tons of solar 
‘material each second from the Sun, You needn't worry: 
the Sun is not going to shrivel up anytime soon. It's big 
enough that it will take many billions of years before that 
happens. 

A 675,000 mile/hour wind sounds like a pretty stiff 
breeze, doesn’t it? Lucky for us, the density of the material 
in the solar wind is very small by the time it has been spread 
out into interplanetary space. Scientists calculate thatthe den- 
sity of the particles in the solar wind is less than that of the 
best vacuum they've ever achieved on Earth. Despite the low 
density of the material in the solar wind, the effect on the 
Earth, especially its magnetic field, is very significant. 

Before the advent of sophisticated satellite sensors, the 
Earth's magnetic field was considered to be fairly simple, 
modeled as if the Earth were a large bar magnet. The axis of 
this hypothetical bar magnet is oriented about 11° away from 
the geographic north-south pole. We now know that the 
solar wind alters the shape of the Earth’s magnetic field sig- 
nificantly, compressing it on the side facing the Sun and 
elongating it on the other side—in the same manner as the 
tail of a comet is stretched out radially in its orientation 
from the Sun. In fact, the solar wind is also responsible for 
the shape of a comet's tail 

Partly because of the very nature of the nuclear reac- 
tions going on at the Sun itself, but also because of varia- 
tions in the speed and direction of the solar wind, the 
interactions between the Sun and our Earth are incredibly 
complex. Even scientists who have studied the subject for 


years do not completely understand everything that happens 
‘on the Sun. Later in this chapter, we'll investigate the 
‘effects of the solar wind when conditions on the Sun are not 
“quiet.” As far as amateur HF skywave propagation is con- 
cemed, the results of disturbed conditions on the Sun are 
not generally beneficial. 


Sunspots 


‘The most readily observed characteristic of the Sun, 
other than its blinding brilliance, is its tendency to have gra 
ish black blemishes, seemingly at random times and at 
random places, on its fiery surface. (See Fig 14.) There are 
written records of naked-eye sightings of sunspots in the 
Orient back to more than 2000 years ago. As faras is known, 
the first indication that sunspots were recognized as part of 
the Sun was the result of observations by Galileo in the early 
1600s, not long after he developed one of the first practical 
telescopes. 

Galileo also developed the projection method for 
observing the Sun safely, but probably not before he had suf- 
fered severe eye damage by trying to look at the Sun di- 


Fig 14—Much more than sunspots can be seen when 
the sun is viewed through selective optical filters. This 
photo was taken through a hydrogen-alpha filter that 
asses a narrow light segment at 6562 angstroms. The 
bright patches are active areas around and often 
between sunspots. Dark irregular lines are filaments of 
activity having no central core. Faint magnetic field 
lines are visible around a large sunspot group near the 
disc center. (Photo courtesy of Sacramento Peak 
Observatory, Sunspot, New Mexico). 
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rectly. (He was blind in his last years.) His drawings of sun- 
spots, indicating their variable nature and position, are the 
earliest such record known to have been made. His, 
reward for this brilliant work was immediate condemnation 
by church authorities of the time, which probably set back 
progress in learning more about the Sun for generations. 

‘The systematic study of solar activity began about 
1750, so a fairly reliable record of sunspot numbers goes 
back that far. (There are some gaps in the early data.) The 
record shows clearly that the Sun is always in a state of 
change. It never looks exactly the same from one day to the 
next. The most obvious daily change is the movement of 
visible activity centers (sunspots or groups thereof) across 
the solar disc, from east to west, at a constant rate. This, 
movement was soon found to be the result ofthe rotation of 
the Sun, at a rate of approximately four weeks for a com- 
plete round. The average is about 27.5 days, the Sun's syn- 
‘dic rotation speed, viewed from the perspective of the Earth, 
which is also moving around the Sun in the same direction 
as the Sun's rotation. 


Sunspot Numbers 

Since the earliest days of systematic observation, our 
traditional measure of solar activity has been based on a 
count of sunspots. In these hundreds of years we have learned 
that the average number of spots goes up and down in cycles 
very roughly approximating a sine wave. In 1848, a method 
‘was introduced for the daily measurement of sunspot num- 
bers. That method, which is still used today, was devised by 
the Swiss astronomer Johann Rudolph Wolf. The observer 
counts the total number of spots visible on the face of the 
Sun and the number of groups into which they are clus- 
tered, because neither quantity alone provides a satisfac- 
tory measure of sunspot activity. The observer's sunspot 
number for that day is computed by multiplying the number 
of groups he sees by 10, and then adding to this value the 
number of individual spots. Where possible, sunspot data 
collected prior to 1848 have been converted to this system. 

‘As can readily be understood, results from one observer 
to another can vary greatly, since measurement depends on 
the capability of the equipment in use and on the stability of 
the Earth's atmosphere atthe time of observation, as well as 
on the experience of the observer. A number of observato- 
ries around the world cooperate in measuring solar activity. 
‘A weighted average of the data is used to determine the 
International Sunspot Number or ISN for each day. (Ama~ 
teur astronomers can approximate the determination of ISN 
values by multiplying their values by a correction factor 
determined empirically.) 

‘A major step forward was made with the development of 
various methods for observing narrow portions of the Sun’s 
spectrum. Narrowband light filters that can be used with any 
good telescope perform a visual function very similar to the 
aural function of a sharp filter added to a communications 
receiver. This enables the observer to see the actual area of 
the Sun doing the radiating of the ionizing energy, in addition 
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to the sunspots, which are more a by-product than a cause. 
‘The photo of Fig 14 was made through such a filter. Studies of, 
the ionosphere with instrumented probes, and later with satel- 
lites, manned and unmanned, have added greatly to our know!- 
edge of the effects of the Sun on radio communication, 

Daily sunspot counts are recorded, and monthly and 
yearly averages determined. The averages are used to see 
trends and observe patterns. Sunspot records were formerly 
kept in Zurich, Switzerland, and the values were known as 
Zurich Sunspot Numbers. They were also known as Wolf 
sunspot numbers. The official international sunspot num- 
bers are now compiled at the Sunspot Index Data Center in 
Bruxelles, Belgium. 

‘The yearly means (averages) of sunspot numbers from 
1700 through 2002 are plotted in Fig 15. The cyclic nature 
of solar activity becomes readily apparent from this graph. 
‘The duration of the cycles varies from 9.0 to 12.7 years, but 
averages approximately 11.1 years, usually referred to as 
the I-year solar cycle. The first complete cycle to be 
observed systematically began in 1755, and is numbered 
Cycle 1. Solar cycle numbers thereafter are consecutive. 
Cyele 23 began in October, 1996. 


The “Quiet” Sun 

For more than 60 years it has been well known that 
radio propagation phenomena vary with the number and size 
of sunspots, and also with the position of sunspots on the 
surface of the Sun. There are daily and seasonal variations 
in the Earth's ionized layers resulting from changes in 
the amount of ultraviolet light received from the Sun. The 
L-year sunspot cycle affects propagation conditions because 
there is a direct correlation between sunspot activity and 
ionization. 


= 


Fig 15—Yearly means of smoothed sunspot numbers 
from data for 1700 through 2002. This plot clearly 
shows that sunspot activity takes place in cycles of 
approximately 11 years duration. There is also a longer- 
term periodicity in this plot, the Gleissberg 88-year 
cycle. Cycle 1, the first complete cycle to be examined 
by systematic observation, began in 1755. 


Activity on the surface of the Sun is changing continu- 
ally. In this section we want to describe the activity of the 
so-called quiet Sun, meaning those times when the Sun is, 
not doing anything more spectacular than acting like a “nor- 
mal” thermonuclear ball of flaming gases. The Sun and its, 
effects on Earthly propagation can be described in statistical 
terms—that's what the 1-year solar cycle does. You may 
experience vastly different conditions on any particular day 
compared to what a long-term average would suggest. 

Ananalogy may be in order here. Have you ever gazed 
into a relatively calm campfire and been surprised when 
suddenly a flaming ember or a large spark was ejected in 
your direction? The Sun can also do unexpected and some- 
times very dramatic things. Disturbances of propagation 
conditions here on Earth are caused by disturbed conditions, 
oon the Sun, More on this later. 

Individual sunspots may vary in size and appearance, 
or even disappear totally, within a single day. In general, 
larger active areas persist through several rotations of the 
Sun, Some active areas have been identified over periods 
up to about a year. Because of these continual changes in 
solar activity, there are continual changes in the state of the 
Earth’s ionosphere and resulting changes in propagation con- 
ditions. A short-term burst of solar activity may trigger un- 
usual propagation conditions here on Earth lasting for less, 
than an hour, 


Smoothed Sunspot Numbers (SSN) 

Sunspot data are averaged or smoothed to remove the 
effects of short-term changes. The sunspot values used most 
often for correlating propagation conditions are Smoothed 
Sunspot Numbers (SSN), often called 12-month running 
average values. Data for 13 consecutive months are required 
to determine a smoothed sunspot number. 

Long-time users have found that the upper HF bands 
are reliably open for propagation only when the average 
number of sunspots is above certain minimum levels. For 
example, between mid 1988 to mid 1992 during Cycle 22, 
the SSN stayed higher than 100. The 10-meter band was 
open then almost all day, every day, to some part ofthe world. 
However, by mid 1996, few if any sunspots showed up on 
the Sun and the 10-meter band consequently was rarely open. 
Even 15 meters, normally a workhorse DX band when solar 
activity is high, was closed most ofthe time during the low 
point in Cycle 22. So far as propagation on the upper HF 
bands is concerned, the higher the sunspot number, the bet- 
ter the conditions. 

Each smoothed number is an average of 13 monthly 
‘means, centered on the month of concern. The Ist and 13th 
‘months are given a weight of 0.5. A monthly mean is sim- 
ply the sum of the daily ISN values for a calendar month, 
divided by the number of days in that month, We would 
commonly call this value a monthly average. 

This may all sound very complicated, but an example 
should clarify the procedure. Suppose we wished to caleu- 
late the smoothed sunspot number for June 1986. We would 


require monthly mean values for six months prior and six 
months after this month, or from December 1985 through 
December 1986. The monthly mean ISN values for these 
months are 


Dec 85 173 Jul 86 18 
Jan 86 2.5 Aug 8674 
Feb 86 23.2 Sep 86 38 
Mar 86 15.1 Oct 86354 
Apr 86 18.5 Nov 86 15.2 
May 86 13.7 Dec 86 68 
Jun 860 Ld 


First we find the sum of the values, but using only one- 
half the amounts indicated for the first and 13th months in 
the listing. This value is 166.05. Then we determine the 
smoothed value by dividing the sum by 12: 166.05/12 = 
13.8. (Values beyond the first decimal place are not war- 
ranted.) Thus, 13.8 is the smoothed sunspot number for June 
1986, From this example, you can see that the smoothed 
sunspot number for a particular month cannot be determined, 
until six months afterwards, 

Generally the plots we see of sunspot numbers are 
averaged data. As already mentioned, smoothed numbers, 
make it easier to observe trends and see patterns, but some- 
times this data can be misleading. The plots tend to imply 
that solar activity varies smoothly, indicating, for example, 
that at the onset of a new cycle the activity just gradually 
increases. But this is definitely not so! On any one day. sig- 
nificant changes in solar activity can take place within hours, 
‘causing sudden band openings at frequencies well above 
the MUF values predicted from smoothed sunspot number 
curves. The durations of such openings may be brief, or 
they may recur for several days running, depending on the 
nature of the solar activity. 


Solar Flux 

Since the late 1940s an additional method of deter- 
mining solar activity has been put to use—the measurement 
of solar radio flux. The quiet Sun emits radio energy across 
a broad frequency spectrum, with a slowly varying inten- 
sity. Solar flux is a measure of energy received per unit time, 
per unit area, per unit frequency interval. These radio fluxes, 
which originate from atmospheric layers high in the Sun's, 
‘chromosphere and low in its corona, change gradually from 
day to day, in response to the activity causing sunspots. Thus, 
there is a degree of correlation between solar flux values 
and sunspot numbers. 

‘One solar flux unit equals 102 joules per second per 
square meter per hertz. Solar flux values are measured daily 
at 2800 MHz (10.7 cm) at The Dominion Radio Astrophysi- 
cal Observatory, Penticton, British Columbia, where daily 
data have been collected since 1991. (Prior to June 1991. 
the Algonquin Radio Observatory, Ontario, made the mea- 
surements.) Measurements are also made at other observa- 
tories around the world, at several frequencies. With some 
variation, the daily measured flux values increase with 
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increasing frequency of measurement, to at least 15.4 GHz. 
The daily 2800 MHz Penticton value is sent to Boulder, 
Colorado, where it is incorporated into WWYV propagation 
bulletins (see later section). Daily solar flux information can 
be of some value in determining current propagation condi- 
tions, as sunspot numbers on a given day do not relate 
directly to maximum usable frequency. Solar flux values, 
are much more reliable for this purpose, when itis averaged 
over time, as will be discussed later in the section on com- 
puter-prediction programs, 


Correlating Sunspot Numbers and Solar Flux 
Values 

Based on historical data, an exact mathematical rela- 
tionship does not exist to correlate sunspot data and solar 
flux values. Comparing daily values yields almost no corre- 
lation. Comparing monthly mean values (often called 
‘monthly averages) produces a degree of correlation, but the 
spread in data is still significant. This is indicated in Fig 16, 
a scatter diagram plot of monthly mean sunspot numbers 
versus the monthly means of solar flux values adjusted to 
one astronomical unit. (This adjustment applies a correc- 
tion for differences in distance between the Sun and the Earth 
at different times of the year.) 

A closer correlation exists when smoothed (12-month 
running average) sunspot numbers are compared with 
smoothed (12-month running average) solar flux values 
adjusted to one astronomical unit. A scatter diagram for 
smoothed data appears in Fig 17. Note how the plot points 
establish a better defined pattem in Fig 17. The correlation 
is still no better than a few percent, for records indicate a 
given smoothed sunspot number does not always correspond 
with the same smoothed solar flux value, and vice versa. 


Fig 16—Scatter diagram or X-¥ plot of monthly mean 
sunspot numbers and monthly mean 2800MHz solar 
{lux values. Data values are from February 1947 
through February 1987. Each “+” mark represents the 
intersection of data for a given month. If the 
correlation between sunspot number and flux values 
‘were consistent, all the marks would align to form a 
smooth curve. 
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ble 1 illustrates some of the inconsistencies that exist in 
the historical data, Smoothed or 12-month running average 
values are shown, 

Even though there is no precise mathematical relation- 
ship between sunspot numbers and solar flux values, it is 
helpful to have some way to convert from one to the other. 
‘The primary reason is that sunspot numbers are valuable as 
a long-term link with the past, but the great usefulness of 
solar flux values are their immediacy, and their direct bear- 
ing on our field of interest. (Remember, a smoothed sun- 
spot number will not be calculated until six months after the 
fact.) 

‘The following mathematical approximation has been 
derived to convert a smoothed sunspot number to a solar 
flux value 


100 120 19 160 180 200 


Fig 17—Scatter diagram of smoothed, or 12-month 
running averages, sunspot numbers versus 2800MHz 
solar flux values. The correlation of smoothed values is. 
better than for monthly means, shown in Fig 16. 


Table 1 
Selected Historical Data Showing Inconsistent 
Correlation Between Sunspot Number and Solar 
Flux 


‘Month Smoothed Smoothed 

Sunspot Number Solar Flux 
Value 
May 1953 174 75.6 
Sept 1965 174 788 
Jul 1985 174 74.7 
Jun 1969 108.1 151.4 
‘Jul 1989) 105.9 1514 
Dec 1982 94.6 151.4 
Aug 1948 1414 180.5 
Oct 1959 1414 192.3, 
Apr 1979 1411 180.4 
‘Aug 1981 1414 203.3 


F = 63.75 + 0.7285 + 0.00089" (Eq 5) 
where 

F = solar flux number 

= smoothed sunspot number 

A graphic representation of this equation is given in 
Fig 18, Use this chart to make conversions graphically, rather 
than by calculations, With the graph, solar flux and sunspot 
number conversions can be made either way. The equation 
has been found to yield errors as great as 10% when histori- 
cal data was examined. (Look at the August 1981 data in 
Table 1.) Therefore, conversions should be rounded to the 
nearest whole number, as additional decimal places are 
unwarranted, To make conversions from flux to sunspot 
number, the following approximation may be used. 


3.52 ¥85.12 + F - 408.99 (Eq 6) 


THE IONOSPHERE 


‘There will be inevitable “gray areas” in our discussion 
of the Earth’s atmosphere and the changes wrought in it by 
the Sun and by associated changes in the Earth's magnetic 
field. This is not a story that can be told in neat equations, or 
values carried out to a satisfying number of decimal places. 
‘The story must be told, and understood—with its well-known, 
limitations—if we are to put up good antennas and make 
them serve us well. 

‘Thus far in this chapter we have been concerned with 
what might be called our “above-ground living space” 
that portion of the total atmosphere wherein we ean survive 
without artificial breathing aids, or up to about 6 km 


Fig 18—Chart for conversions between smoothed 
International Sunspot Numbers and smoothed 
2800MHz solar flux. This curve is based on the 
‘mathematical approximation given in the text. 


(4 miles). The boundary area is a broad one, but life (and 
radio propagation) undergo basic changes beyond this zone. 
‘Somewhat farther out, but till technically within the Earth's 
atmosphere, the role of the Sun in the wave-propagation 
picture is a dominant one. 

This is the ionosphere—a region where the air pres- 
sure is so low that free electrons and ions can move about 
for some time without getting close enough to recombine 
into neutral atoms. A radio wave entering this rarefied 
atmosphere, a region of relatively many free electrons, is 
affected in the same way as in entering a medium of differ- 
ent dielectric constant—its direction of travel is altered, 

Ultraviolet (UV) radiation from the Sun is the primary 
cause of ionization in the outer regions of the atmosphere, 
the ones most important for HF propagation. However, there 
are other forms of solar radiation as well, including both 
hard and soft x-rays, gamma rays and extreme ultraviolet 
(EUY). The radiated energy breaks up, or photoionizes, 
atoms and molecules of atmospheric gases into electrons 
and positively charged ions. The degree of ionization does 
not increase uniformly with distance from the Earth's sur- 
face, Instead there are relatively dense regions (layers) of 
ionization, each quite thick and more or less parallel to the 
Earth’s surface, at fairly well-defined intervals outward from 
about 40 to 300 km (25 to 200 miles). These distinct layers 
are formed due to complex photochemical reactions of the 
various types of solar radiation with oxygen, ozone, nitro- 
gen and nitrous oxide in the rarefied upper atmosphere. 

Ionization is not constant within each layer, but tapers 
off gradually on either side of the maximum at the center of 
the layer. The total ionizing energy from the Sun reaching a 
given point, at a given time, is never constant, so the height 
and intensity of the ionization in the various regions will 
also vary. Thus, the practical effect on long 
‘munication is an almost continuous variation in signal level 
related to the time of day, the season of the year, the dis- 
tance between the Earth and the Sun, and both short-term 
and long-term variations in solar activity. It would seem from 
all this that only the very wise or the very foolish would 
attempt to predict radio propagation conditions, but itis now 
possible to do so with a fair chance of success. Itis possible 
to plan antenna designs, particularly the choosing of an- 
tenna heights, to exploit known propagation characteristics, 


lonospheric Layer Characteri 
‘The lowest known ionized region, called the D layer 
(or the D region), lies between 60 and 92 km (37 to 57 miles) 
above the Earth, In this relatively low and dense part of the 
atmosphere, atoms broken up into ions by sunlight recom- 
bine quickly, so the ionization level is directly related to 
sunlight. It begins at sunrise, peaks at local noon and disap- 
pears at sundown. When electrons in this dense medium are 
set in motion by a passing wave, collisions between par- 
ticles are so frequent that a major portion of their energy 
may be used up as heat, as the electrons and disassociated 
ions recombine. 


ics 
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‘The probability of collisions depends on the distance 
an electron travels under the influence of the wave—in other 
words, on the wavelength. Thus, our 1.8- and 3.5-MHz 
bands, having the longest wavelengths, suffer the highest 
daytime absorption loss as they travel through the D layer, 
particularly for waves that enter the medium at the lowest 
angles. At times of high solar activity (peak years of the 
solar cycle) even waves entering the D layer vertically suf- 
fer almost total energy absorption around midday, making 
these bands almost useless for communication over appre- 
ciable distances during the hours of high sun. They “go dead” 
quickly in the morning, but come alive again the same way 
in late afternoon. The diurnal (daytime) D-layer effect is, 
less at 7 MHz (though still marked), slight at 14 MHz and 
inconsequential on higher amateur frequencies. 

‘The D region is ineffective in bending HF waves back 
to Earth, so its role in long-distance communication by 
amateurs is largely a negative one. It is the principal reason 
why our frequencies up through the 7-MHz band are useful 
mainly for short-distance communication during the high- 
sun hours. 

‘The lowest portion of the ionosphere useful for long- 
distance communication by amateurs is the E layer (also 
known as the E region) about 100 to 115 km (620 71 miles) 
above the Earth. In the E layer, at intermediate atmospheric 
density, ionization varies with the Sun angle above the hori- 
zon, but solar ultraviolet radiation is not the sole ionizing 
agent. Solar X-rays and meteors entering this portion of the 
Earth's atmosphere also play a part. Ionization increases 
rapidly after sunrise, reaches maximum around noon local 
time, and drops off quickly after sundown. The minimum is, 
after midnight, local time. As with the D layer, the E layer 
absorbs wave energy in the lower-frequency amateur bands 
when the Sun angle is high, around mid-day. The other var- 
ied effects of E-region ionization will be discussed later. 

Most of our long-distance communication capability 
stems from the tenuous outer reaches of the Earth's atmo- 
sphere known as the F layer. At heights above 100 miles, 
ions and electrons recombine more slowly, so the observ- 
able effects of the Sun develop more slowly. Also, the 
region holds its ability to reflect wave energy back to Earth 
well into the night. The maximum usable frequency (MUF) 
for F-layer propagation on east-west paths thus peaks just 
after noon at the midpoint, and the minimum occurs after 
midnight, We'll examine the subject of MUF in more detail 
later. 


Judging what the F layer is doing is by no means that 
simple, however. The layer height may be from 160 to more 
than 500 km (100 to over 310 miles), depending on the sea- 
son of the year, the latitudes, the time of day and, most 
capricious of all, what the Sun has been doing in the last few 
‘minutes and in perhaps the last three day’ before the attempt 
is made. The MUF between Eastern US and Europe, for 
example, has been anything from 7 to 70 MHz, depending 
on the conditions mentioned above, plus the point in the long- 
term solar-activity cycle at which the check is made, 
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During a summer day the F layer may split into two 
layers. The lower and weaker F; layer, about 160 km (100 
miles) up, has only a minor role, acting more like the E than 
the F, layer. At night the F, region disappears and the Fy 
region height drops somewhat. 

Propagation information tailored to amateur needs is, 
transmitted in all information bulletin periods by the ARRL. 
Headquarters station, WLAW. Finally, solar and geomag- 
netic field data, transmitted hourly and updated eight times 
daily, are given in brief bulletins carried by the US Time 
Standard stations, WWV and WWVH, and also on Internet, 
Web sites. But more on these services later. 


Bending in the Ionosphere 

‘The degree of bending of a wave path in an ionized 
layer depends on the density of the ionization and the length 
of the wave (inversely related to its frequency). The bend- 
ing at any given frequency or wavelength will increase with 
increased ionization density and will bend away from the 
region of most-intense ionization. For a given ionization 
density, bending increases with wavelength (that is, it 
decreases with frequency), 

‘Two extremes are thus possible. Ifthe intensity of the 
ionization is sufficient and the frequency is low enough, even 
a wave entering the layer perpendicularly will be reflected 
back to Earth, Conversely, if the frequency is high enough or 
the ionization decreases to a low-enough density, a condition 
is reached where the wave angle is not affected enough by 
the ionosphere to cause a useful portion of the wave 
‘energy to return to the Earth. The frequency at which this 
alled the vertical-incidence critical frequency. Each 
region in the ionosphere has a critical frequency associated 
with it, and this critical frequency will change depending on 
the date, time and state of the 11-year solar cycle. 

Fig 19 shows a simplified graph of the electron den- 
sity (in electrons per cubic meter) versus height in the iono- 
sphere (in km) for a particular set of daytime and nighttime 
conditions. Free electrons are what return the signals you 
launch into the ionosphere back down to the Earth at some 
distance from your transmitter—The more free electrons in 
the ionosphere, the better propagation will be, particularly 
at higher frequencies. 

Electron-density profiles are extremely complicated 
and vary greatly from one location to the next, depending 
on a bewildering variety of factors. Of course, this sheer 
variability makes it all the more interesting and challenging 
for hams to work each other on ionospheric HF paths! 

The following discussion about sounding the iono- 
sphere provides some background information about the 
scientific instruments used to decipher the highly intricate 
mechanisms behind ionospheric HF propagation, 


SOUNDING THE IONOSPHERE 


For many years scientists have sounded the ionosphere 
to determine its communication potential at various eleva- 
tion angles and frequencies. The word “sound” stems from 
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Fig 19—Typical electron densities for nighttime and 
daytime conditions in the various ionospheric regions. 


aan old idea—one that has nothing to do with the audio waves, 
that we can hear as “sounds.” Long ago, sailors sounded the 
depths beneath their boats by dropping weighted ropes, cali- 
brated in fathoms, into the water. In a similar fashion, the 
instrument used to probe the height of the ionosphere is, 
called an ionosonde, or ionospheric sounder. It measures 
distances to various layers by launching a calibrated elec- 
tronic signal directly up into the ionosphere. 

Radar uses the same techniques as ionospheric sound- 
ing to detect targets such as airplanes. An ionosonde sends 
precisely timed pulses into the ionosphere over a range of 
MF and HF frequencies. The time of reception of an echo 
reflected from a region in the ionosphere is compared to the 
time of transmission. The time difference is multiplied by 
the speed of light to give the apparent distance that the wave 
has traveled from the transmitter to the ionosphere and back 
to the receiver. (It is an apparent or virtual distance because 
the speed of a wave slows very slightly in the ionosphere, 
just as the speed of propagation through any medium other 
than a vacuum slows down because of that medium.) 

Another type of ionosonde sweeps the frequency of 
transmission, from low to high. This is called an “FM-CW,” 
or more colorfully, a “chirp” sounder. Since a received echo 
takes time to travel from the transmitter up to the reflection 
point and then back again to the receiver, the echo will be at 
lower frequency than the still- moving frequency of the trans- 
mitter. The frequency difference is an indication ofthe height 
of the echo’s reflection off the various ionospheric layers, 


Vertical-Incidence Sounders 
Most ionosondes are vertical-incidence sounders, 
bouncing their signals perpendicularly off the various ion- 
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Fig 20—Very simplified ionogram from a vertical- 
incidence sounder. The lowest trace is for the E region; 
the middle for the F, and the upper trace for the F, 
region. 


ized regions above it by launching signals straight up into 
the ionosphere. The ionosonde frequency is swept upwards 
until echos from the various ionospheric layers disappear, 
‘meaning that the critical frequencies for those layers have 
been exceeded, causing the waves to disappear into space. 

Fig 20 shows a highly simplified ionogram for a typi- 
eal vertical-incidence sounder. The echos at the lowest height 
at the left-hand side of the plot show that the E region is, 
about 100 km high. The F; region shown in the middle of 
the plot varies from about 200 to 330 km in this example, 
and the F, region ranges from just under 400 km to almost 
6600 km in height. You can see that the F, and F> ionospheric 
regions take a “U” shape, indicating that the electron den- 
sity varies throughout the layer. In this example, the peak in 
electron density is at a virtual height of the F; region of 
about 390 km, the lowest point in the F, curve. 

Scientists can derive a lot of information from a verti- 
cal-incidence ionogram, including the critical frequencies 
for each region, where raising the frequency any higher 
causes the signals to disappear into space. In Fig 20, the 
E-region critical frequency (abbreviated f,E) is about 
4. MHz. The F; region critical frequency (abbreviated fF) 
is 4.8 MHz. The F2-region critical frequency (abbreviated 
{,F) is this simplified diagram is 6.8 MHz. 

‘The observant reader may well be wondering what the 
subscripted “o” in the abbreviations f,E, f,F, and fF mean, 
‘The abbreviation “o” means “ordinary.” When an electro- 
‘magnetic wave is launched into the ionosphere, the Earth's 
‘magnetic field splits the wave into two independent waves— 
the “ordinary” (0) and the “extraordinary” (x) components. 
‘The ordinary wave reaches the same height inthe ionosphere 
whether the Earth's magnetic field is present or not, and 
hence is called “ordinary.” The extraordinary wave, how- 
‘ever, is greatly affected by the presence of the Earth's mag. 
netic field, in a very complex fashion. 

Fig 21 shows an example of an actual ionogram from 
the vertical Lowell Digisonde at Millstone Hill in Massa- 
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Fig 21—Actual vertical-incidence ionogram from the 
Lowell Digisonde, owned and operated at Millstone Hill 
in Massachusetts by MIT. The ordinary (0) and 
‘extraordinary (x) traces are shown for heights greater 
than about 300 km. At the upper left are listed the 
computer-determined ionospheric parameters, such as 
foe of 9.24 MHz and fF, at 4.66 MHz. 


cchusetts, owned and operated by the Massachusetts Insti- 
tute of Technology. This ionogram was made on June 18, 
2000, and shows the conditions during a period of very high 
solar activity. The black-and-white rendition in Fig 21 of 
the actual color ionogram unfortunately loses some infor- 
mation. However, you can still see that a real ionogram is a 
lot more complicated looking than the simple simulated one 
in Fig 20. 

‘The effects of noise and interference from other sta- 
tions are shown by the many speckled dots appearing in the 
ionogram. The critical frequencies for various ionospheric 
layers are listed numerically at the left-hand side of the plot 
and the signal amplitudes are color-coded by the color bars 
atthe right-hand side of the plot. The x-axis is the frequency. 
ranging from 1 to 11 MHz, 

Compared to the simplified ionogram in Fig 20, 
Fig 21 shows another trace that appears on the plot from about 
5.3 to 9.8 MHz, a trace shifted to the right of the darker ordi- 
nary trace. This second trace is the extraordinary (x) wave men- 
tioned above. Since the x and o waves are created by the Earth's, 
magnetic field, the difference in the ordinary and 
extraordinary traces is about '2 the gyro frequency, the fre- 
{quency at which an electron will spiral down a particular mag- 
netic field line. The electron gyro frequency is different at 
various places around the Earth, being related to the Earth's 
complicated and changing magnetic field. The extraordinary 
trace always has a higher critical frequency than the ordinary 
trace on a vertical-incidence ionogram, and itis considerably 
‘weaker than the ordinary trace, especially at frequencies be- 
low about 4 MHz because of heavy absorption, 


23-22 Chapter 23, 


ulation of the fF, contours for 25 
November 1998, for an SSN of 85 and a quiet planetary 
A, index of 5. Note the two regions of high fF» values 
off the upper and lower west coast of Africa: These are 
the “equatorial anomalies,” regions of high electronic 
density in the F, region that often allow chordal-hop 
north-south propagation. See also Fig 8. (PropLab Pro 
simulation, courtesy of Solar Terrestrial Dispatch.) 


The Big Picture Overhead 

‘There are about 150 vertical-incidence ionosondes 
around the world. Ionosondes are located on land, even on a 
number of islands. There are gaps in sounder coverage, how- 
ever, mainly over large expanses of open ocean. The com- 
pilation of all available vertical-incidence data from the 
‘worldwide network of ionospheric sounders results in glo- 
bal f,F: maps, such as the map shown in Fig 22, a simula 
tion from the highly sophisticated PropLab Pro computer 
pe This simulation is for 1300 UTC, several hous after 
East Coast sunrise on Nov 25, 1998, with a high level of 
solar activity of 85 and a planetary A, index of 5, indicating 
calm geomagnetic conditions. The contours of f,F2 peak 
over the ocean off the west coast of Africa at 38 MHz. Over 
the southern part of Africa, f,F, peaks at 33 MHz. 

‘These two “humps” in fF form what is known as the 
“equatorial anomaly” and are caused by upwelling “foun- 
tains” of high electron concentration located in daylight 
areas about #20” from the Earth's magnetic dip equator. The 
equatorial anomaly is important in transequatorial propaga- 
tion. Those LU stations in Argentina that you can hear on 
28 MHz from the US in the late afternoon, even during low 
portions of the solar cycle when other stations to the south 
are not coming through, are benefiting from transequatorial 
propagation, sometimes called “chordal hop” propagation, 
because signals going through this area remain in the iono- 
sphere without lossy intermediate hops to the ground. 

From records of fF» profiles, the underlying electron 
densities along a path can be computed. And from the elec 
tron density profiles computerized “ray tracing” may be done 


throughout the ionosphere to determine how a wave propa- 
gates from a transmitter to a particular receiver location, 
PropLab Pro can do complex ray tracings that explicitly 
include the effect of the Earth's magnetic field, even taking 
into effect ionospheric stormy conditions. 


Oblique-Angle lonospheric Sounding 


A more elaborate form of ionospheric sounder is the 
oblique ionosonde. Unlike a vertical-incidence ionospheric 
sounder, which sends its signals directly overhead, an 
oblique sounder transmits its pulses obliquely through the 
ionosphere, recording echos at a receiver located some dis 
tance from the transmitter. The transmitter and distant 
receiver are precisely coordinated in GPS-derived time in 
modern oblique sounders, 

Interpretation of ionograms produced by oblique sound- 
ers is considerably more difficult than for vertically incident 
ones. An oblique ionosonde purposely transmits over a con- 
tinuous range of elevation angles simultaneously and hence 
cannot give explicit information about each elevation angle 
it launches. Fig 23 shows a typical HF oblique-sounder 
ionogram for the path from Hawaii to California in March of 
1973, during a period of medium-level sunspot activity. The 
y-axis is calibrated in time delay, in milliseconds. Longer 
distances involve longer time delays between the start of a 
transmitted pulse and the reception of the echo. The x-axis, 
in this ionogram is the frequency, just like a vertical-inci- 
dence ionogram. Note that the frequency range for this plot 
extends to 32 MHz, while vertical-incidence ionograms usu- 
ally don’t sweep higher than about 12 MHz. 

Six possible modes are shown in this ionogram: IF, 
2F:, 3F), 4F, and SF2, These involve multiple modes of 
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propagation (commonly called hops) between the ionosphere 
and reflections from the Earth. For example, at an operating 
frequency of 14 MHz, there are three modes open during 
the mid-morning: 2F, 3F, and 4F3. We'll discuss multiple 
hops later in more detail 

‘The lowest mode, IF in Fig 23, employs a single F2 
hop to cover the 3900-km long path from Hawaii to Califor- 
nia, but it is only open on 28-MHz. (Note that 3900 km is 
close to the maximum possible single-hop length for the Fa 
region, We'll look at this in more detail later too.) In gen- 
eral, each mode that involves more than a single hop is 
weaker than a single hop. For example, you can see that the 
received SF; echo is weak and broken up because of the 
accumulation of losses at each ground-level reflection in its 
five hops, with absorption in the ionosphere all along its 
‘complicated path to the receiver. 

‘The trace labeled “FOT” is the frequency of optimum 
traffic, considered the most reliable frequency for commu- 
nications on this particular circuit and date/time. In this, 
example, the FOT would be near the 21-MHz amateur band, 

Another interesting point in Fig 23 is labeled “High 
Angle Ray.” This refers to the Pedersen ray. Before we go 
into more details about the Pedersen high-angle wave, we 
need to examine how launch angles affect the way waves 
are propagated through the ionosphere. 

Fig 24 shows a highly simplified situation, with a single 
ionospheric layer and a smooth Earth. This illustrates sev- 
eral important facts about antenna design for long-distance 
communication. In Fig 24, Wave #1 is launched at the low- 
est elevation angle (that is, most nearly horizontal to the 
horizon). Wave #1 manages to travel from the transmitter to 
the receiving location at point C in a single hop. 

‘Wave #2 is launched at a higher elevation angle than 
Wave #1, and penetrates further into the ionospheric layer 
before it is refracted enough to return to Earth. The ground 
distance covered from the transmitter to point B is less for 


Fig 23—HF oblique-sounder ionogram. This is a typical 
chirpsounder measurement on a 250 


March at a medium level of solar a 
modes (hops) are shown. The “FOT” is the frequency of 
optimum traffic, considered most reliable for this path! 
time. 


Fig 24—Very simplified smooth-Earthiionosphere 
diagram showing how the ground range from 
transmitter to receiver can vary as the elevation angle 
is gradually raised. The Pedersen wave, launched 
relatively high angie, has the same ground range 
the low-angle wave #1, but is weaker because it travels 
for a long distance in the ionosphere. 
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‘Wave #2 than for lower-angle Wave #1. Wave #3 is launched 
ata still-higher elevation angle. Like Wave #2 before it, Wave 
#3 penetrates further into the ionosphere and covers less 
ground downrange than #2. 

Now, we see something very interesting happening for 
Wave #4, whose launch elevation angle is still higher than 
#3. Wave #4 penetrates even higher into the ionosphere than 
#3, reaching the highest level of ionization in our theoreti- 
cal ionospheric layer, where itis finally refracted sufficiently 
to bend down to Earth, Wave #4 manages to arrive at the 
same point B as Wave #2, which was launched at a much 
ower elevation angle. 

In other words, in the sequence from #1 to #3 we have 
been continually increasing the elevation launch angle and 
the ground range covered from the transmitter to the return 
of the signal back to Earth has been continually decreasing. 
However, starting with Wave #4, the ground range starts t0 
increase with increased elevation angle. A further increase in 
the elevation angle causes Wave #5 to travel for an even longer 
distance through the ionosphere, exiting finally at point C, 
the same ground distance as lowest-angle Wave #1 

Finally, increasing the elevation angle even further 
results in Wave #6 being lost to outer space because the 
ionization in the layer is insufficient to bend the wave back 
to Earth. In other words, Wave #6 has exceeded the critical 
‘angle for this hypothetical ionospheric layer and this fre- 
quency of operation, 

Both Waves #4 and #5 in Fig 24 are called “high-angle” 
or Pedersen waves. Because Wave #5 has traveled a greater 
distance through the ionosphere, it is always weaker than 
Wave #1, the one launched at the lowest elevation angle. 
Pedersen waves are usually not very stable, since small 
changes in elevation angle can result in large changes in the 
ground range that these high-angle waves cover. 


SKIP DISTANCE 


Fig 24 shows that we can communicate with the point 
on the Earth labeled “A” (where Wave #3 arrives), but not 
any closer to our transmitter site. When the critical angle is, 
Jess than 90° (that is, directly overhead) there will always be 
4 region around the transmitting site where an ionospheri- 
cally propagated signal cannot be heard, or is heard weakly. 
This area lies between the outer limit of the ground-wave 
range and the inner edge of energy return from the ionosphere. 
It is called the skip zone, and the distance between the origi- 
nating site and the beginning ofthe ionospheric return is called 
the skip distance. This terminology should not to be con- 
fused with ham jargon such as “the skip is in.” referring to 
the fact that a band is open for sky-wave propagation, 

‘The signal may often be heard to some extent within 
the skip zone, through various forms of scattering (discussed 
in detail later), but it will ordinarily be marginal in strength. 
‘When the skip distance is short, both ground-wave and sky- 
wave signals may be received near the transmitter. In such 
instances the sky wave frequently is stronger than the ground 
wave, even as close as a few miles from the transmitter. The 
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ionosphere is an efficient communication medium under 
favorable conditions. Comparatively, the ground wave is not. 

If the radio wave leaves the Earth at a radiation angle 
of zero degrees, just at the horizon, the maximum distance 
that may be reached under usual ionospheric conditions in 
the F> region is about 4000 km (2500 miles). 


MULTI-HOP PROPAGATION 


‘As mentioned previously in the discussion about Fig 24, 
the Earth itself can act asa reflector for radio waves, resulting 
‘a multiple hops. Thus, a radio signal can be reflected from the 
reception point on the Earth back into the ionosphere, reach- 
ing the Earth a second time at a still more-distant point. This, 
effect is illustrated in Fig 25, where a single ionospheric layer 
is depicted, although this time we show both the layer and the 
Earth beneath it as curved rather than flat. The wave identi- 
fied as “Critical Angle” travels from the transmitter via the 
ionosphere to point A. in the center ofthe drawing, where itis, 
reflected upwards and travels through the ionosphere to point 
B, at the right. This shows a two-hop signal, 

As in the simplified case in Fig 24, the distance at which 
‘a ray eventually reaches the Earth depends on the launch 
elevation angle at which it left the transmitting antenna, You 
have some control ofthe launch angle by adjusting the height 
of the antennas you use, as described in Chapter 3, The 
Effects of Ground, 

‘The information in Fig 25is greatly simplified. On actual 
‘communication paths the picture is complicated by many fac- 
tors. One is that the transmitted energy spreads over a consid 
‘erable area after it leaves the antenna. Even with an antenna 
array having the sharpest practical beam pattern, there is what 
might be described as a cone of radiation centered on the 
wave lines (rays) shown in the drawing. The reflection/ 
refraction in the ionosphere is also highly variable, and is the 
cause of considerable spreading and scattering. 


Fig 25—Behavior of waves encountering a simple 
curved ionospheric layer over a curved Earth. Rays 
entering the ionized region at angles above the critical 

igle are not bent enough to be returned to Earth, and 
are lost to space. Waves entering at angles below the 
critical angle reach the Earth at increasingly greater 
distances as the launch angle approaches the 
horizontal. The maximum distance that may normally 
bbe covered in a single hop is 4000 km. Greater 
distances are covered with multiple hops. 


Under some conditions it is possible for as many as 
four or five signal hops to occur over a radio path, as illus- 
trated by the oblique ionogram in Fig 23. But no more than 
two or three hops is the norm. In this way, HF communica 
tion can be conducted over thousands of miles. 

An important point should be recognized with regard 
to signal hopping. A significant loss of signal occurs with 
each hop. The D and E layers of the ionosphere absorb 
energy from signals as they pass through, and the ionosphere 
tends to scatter the radio energy in various directions, rather 
than confining it in a tight bundle. The roughness of the 
Earth’s surface also scatters the energy at a reflection point. 

Assuming that both waves do reach point B in Fig 25, 
the low-angle wave will contain more energy at point B. 
This wave passes through the lower layers just twice, com- 
pared to the higher-angle route, which must pass through 
these layers four times, plus encountering an Earth reflec 
tion, Measurements indicate that although there can be great 
variation in the relative strengths of the two signals—the 
‘one-hop signal will generally be from 7 to 10 dB stronger. 
‘The nature of the terrain at the mid-path reflection point for 
the two-hop wave, the angle at which the wave is reflected 
from the Earth, and the condition of the ionosphere in the 
vicinity ofall the refraction points are the primary factors in 
determining the signal-strength ratio. 

‘The loss per hop becomes significant at greater distances. 
It is because of these losses that no more than four or five 
propagation hops are useful; the received signal becomes too 
weak to be usable over more hops. Although modes other 
than signal hopping also account for the propagation of radio 
‘waves over thousands of miles, backscatter studies of actual 
radio propagation have displayed signals with as many as five 
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Fig 26—Modified VOAAREA plot for 21.2 MHz from San 
Francisco to the rest of the US, annotated with signal 
levels in S units, as well as signal contours in dBW (dB 
below a watt). Antennas are assumed to be 3-element 
Yagis at 55 feet above flat ground; the transmitter power 
is 1500 W; the month is November with SSN = 50, a 
moderate level of solar activity, at 22 UTC. The most 
‘obvious feature is the large “skip zone" centered on the 
transmitter in San Francisco, extending almost a‘/s of 
the distance across the US. 


hops. So the hopping mode is arguably the most prevalent 
method for long-distance communication. 

Fig 26 shows another way of looking at propagation— 
a geographic area look. Fig 26 shows 15-meter signal lev- 
cls across the US as they propagate from a transmitting 
station in San Francisco. This simulation of propagation con- 
ditions is for the month of November, with a medium level 
of solar activity (SSN = 50) at 22 UTC. Fig 26 was created 
using the VOAAREA software program, part of the VOACAP 
software suite. Transmitter power is assumed to be 1500 W. 
with 3-element Yagis, 55 feet high, at the transmitter and at 
‘each receiving location, 

From the transmitter out to about 50 miles, signals are 
‘moderate, at about S5 on an $ meter. Beyond that coverage 
area to almost '/ of the way across the country (to Colorado), 
there is a large and distinctive skip zone, where only very 
weak signals return to Earth (SI or less). Beyond Colorado, 
signals rapidly build up to $9+10 dB across the middle of the 
US, falling to $9 and then to S7 in the vicinity of Chicago, 
Illinois. Beyond Chicago, the signals drop to $5 in a swath 
from Michigan and part of Ohio down to Alabama. All along 
the US East Coast, signals come back strong at $9. 

‘The reason why the signals in Fig 26 drop down to SS 
in the Midwest is that the necessary elevation angles to cover 
this region in a single F2 hop are extremely low even at a 
moderate level of solar activity. To achieve launch angles as 
low as 1° requires either very high antenna heights or a 
high mountaintop location. Beyond the Midwest, out to the 
US East Coast, two F2 hops are required, with higher 
elevation angles and hence greater antenna gain for 
‘moderate antenna heights. 


Non-Hopping Propagation Modes 

Present propagation theory holds that for communica- 
tion distances of many thousands of kilometers, signals do 
not always hop in relatively short increments from iono- 
sphere-to-Earth-to-ionosphere and so forth along the entire 
path, Instead, the wave is thought to propagate inside the 
ionosphere throughout some portion ofthe path length, tend 
ing to be ducted in the ionized layer. 

‘As was shown in Fig 24, the high-angle Pedersen ray 
can also penetrate an ionospheric layer farther than lower- 
angle rays. In the less-densely ionized upper edge of the 
layer, the amount of refraction is less, nearly equaling the 
curvature of the layer itself as it encircles the Earth. 

Non-hopping theory of long-istance propagation is fur- 
ther supported by studies of travel times for signals that go 
completely around the world. The time required is signifi- 
cantly less than would be necessary to hop between the Earth 
and the ionosphere 10 or more times while circling the Earth. 

Propagation between two points thousands of kilo- 
‘meters apart may in fact consist of a combination of ducting 
and hopping. It may involve combinations of refractions 
from the E layer and the F layer. Despite all the complex 
factors involved, most long-distance propagation can be seen 
to follow certain general rules. Thus, much commercial and 
military point-to-point communication over long distances 
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employs antennas designed to make maximum use of known, 
radiation angles and layer heights, even on paths where 
multihop propagation is assumed, 

In amateur work, however, we usually try for the low- 
est practical radiation angle, hoping to keep reflection losses, 
toa minimum. Years of amateur experience have shown this, 
to be a decided advantage under all usual conditions. 

‘The geometry of propagation by means of the F) layer 
limits our maximum distance along the Earth's surface to 
about 4000 km (2500 miles) for a single hop. For higher 
radiation angles, this same distance may require two or more 
hops (with higher reflection loss). And fewer hops are bet- 
ter, in most cases. If you have a nearby neighbor who con- 
sistently outperforms you on the longer paths, a radiation 
angle difference in his favor is probably the reason, 


MAXIMUM USABLE FREQUENCY 


‘The vertical-incidence critical frequency is the maxi- 
‘mum usable frequency for local sky-wave high-angle com- 
munication. It is also useful in the selection of optimum 
‘working frequencies and the determination of the maximum, 
usable frequency for distant points at a given time. The 
abbreviation “MUF” for maximum usable frequency will 
be used hereafter. 

In geographic middle latitudes, the vertical-incident 
critical frequency ranges between about | and 4 MHz for 
the E layer, and between 2 and 13 MHz for the F layer. The 
lowest figures are for nighttime conditions in the lowest years, 
of the solar cycle. The highest are for the daytime hours in 
the years of high solar activity. These are average figures. 
Critical frequencies have reached as high as 20 MHz briefly 
during exceptionally high solar activity in the middle lati- 
tudes. As was pointed out earlier in Fig 22, f, F, levels, 
approaching 40 MHz are possible at low latitudes. 

While vertical-incidence critical frequencies are inter- 
esting from a scientific point of view, hams are far more 
concerned about how we can exploit propagation conditions 
to communicate, preferably at long distances. The MUF for 
2 4000-km (2500 miles) distance is about 3.5 times the ver~ 
tical-incidence critical f, F frequency existing at the path 
midpoint. For one-hop signals, if a uniform ionosphere is, 
assumed, the MUF decreases with shorter distances along 
the path. This is true because the higher-frequency waves 
must be launched at higher elevation angles for shorter 
ranges, and at these launch angles they are not bent sufi- 
ciently to reach the Earth. Thus, a lower frequency (where 
‘more bending occurs) must be used. 

Precisely speaking, a maximum usable frequency or 
MUF is defined for communication between two specific 
points on the Earth's surface, for the conditions existing at 
the time, including the minimum elevation angle that the sta 
tion can launch at the frequency in use. (This practical form 
of MUF is sometimes called the operational MUF). At the 
same time and for the same conditions, the MUF from either 
of these two points to a third point may be different. 
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Table 2 
Time and Frequency Stations Useful for 
Propagation Monitoring 


Call Frequency (MHz) Location 


WWV 25, 5, 10, 15, 20 Ft Collins, Colorado 

WWVH Same as WWV but no 20 Kekaha, Kauai, 
Hawaii 

CHU 3.330, 7.335, 14.670 Ottawa, Ontario, 
Canada 


RID 5.004, 10.004, 15.004 Irkutsk, USSR* 


RWM 4.996, 9.996, 14.996 Novosibirsk, USSR 
VNG 25, 5, 8.634, 12.984, 16 Lyndhurst, Australia 
BPM 5, 5.43,9.981, 10,18 Xiang, China 

BSF 15 Taoyuan, Taiwan 
WY 25, 5,8, 10, 15 Tokyo, Japan 

LOL 5, 10, 15 Buenos Aires, 


Argentina 
“The call, taken from an international table, may not be 
the one used during actual transmission. Locations and 
frequencies appear to be accurate as provided. 


‘Therefore, the MUF cannot be expressed broadly as a 
single frequency, even for any given location at a particular 
time. The ionosphere is never uniform, and in fact ata given 
time and for a fixed distance, the MUF changes significantly 
with changes in compass direction for almost any point on 
the Earth. Under usual conditions, the MUF will always be 
highest in the direction toward the Sun—to the east in the 
‘morning, to the south at noon (from northern latitudes), and 
to the west in the afternoon and evening. 

For the strongest signals at the greatest distance, espe- 
cially where the limited power levels of the Amateur Radio 
Service are concerned, it is important to work fairly near 
the MUF. It is at these frequencies where signals suffer the 
least loss. The MUFs can be estimated with sufficient accu- 
racy by using the prediction charts that appear on the ARRL. 
Web site (www-arrl.org/qst/propeharts/) or by using a 
‘computer prediction program. The CD-ROM bundled in the 
back of this book contains detailed and summary tables for 
more than 175 transmitting locations around the world. (See 
section on “What HF Bands Are Open—Where and When?” 
later in this chapter.) 

MUFS can also be observed, with the use of a continu- 
ous coverage communications receiver. Frequencies up to the 
MUB5 are in round-the-clock use today. When you “run out 
of signals” while tuning upward in frequency from your 
favorite ham band, you have a pretty good clue as to which 
band is going to work well, right then. Of course, it helps to 
know the direction to the transmitters whose signals you are 
hearing. Shortwave broadcasters know what frequencies 10 
use, and you can hear them anywhere, if conditions are good. 
‘Time-and- frequency stations are also excellent indicators, 
since they operate around the clock. See Table 2. WWV is 
also reliable source of propagation data, hourly, as discussed 
in more detail later inthis chapter. 


Introduction 


The first and most important aspect of assembling any electronic project is that of 
soldering, which is a delicate and precise skill that can be mastered with experience. 
Sometimes called “soft soldering”, there’s no shortcut to acquiring the necessary expertise, 
and producing a consistently satisfactory solder joint takes a little practice. However, like 
riding a bicycle, soldering is an art which once learnt is never forgotten, and the purpose 
of this new and updated guide is to explain the techniques of soldering and desoldering for 
beginners, which I hope will set the hobbyist or trainee technician firmly on the road to. 
successful electronic assembly or repairs in the future. 


Soldering is the least “aggressive” way of joining non-ferrous metals together, and 
is used universally in electronics, air conditioning and refrigeration circuits, household 
plumbing and more besides — applications where the precise joining together of 
components at fairly moderate temperatures is needed. Further up the scale, brazing 
involves using higher temperatures to melt brazing rods onto larger metal parts, perhaps to 
repair a metal chair, lawnmower or to fabricate metal components or jewellery into 
intricate shapes. Lastly, welding is a very aggressive way of fabrication using welding 
rods or wire; steel girders, oil rigs and ships are all welded together, or robotic spot- 
welding is used for the mass production of, say, washing machines or car bodyshells using 
sheet steel to make strong rigid assemblies. 


Due to the lower temperatures used and the need to make consistently good 
electrically conductive and mechanically sound joints with precision, soldering is used to 
connect components together when manufacturing electronic circuits. Small components 
would quickly be destroyed by brazing or welding, although tiny spot-welding joints do 
appear in electronics, perhaps to weld a metal tag onto a button battery. 


This guide therefore deals with the soldering techniques used in electronics at 
hobbyist or trainee educational level. It explains what to look for before buying a 
soldering iron, describes ways of making various solder joints on circuit boards and other 
electronic components, and also how to desolder — removing solder in order to repair a 
circuit board or replace an electronic component. 

You'll also find more details of other aspects of soldering, including an outline of 


typical solder types and fluxes. In short, everything you need to get started in electronics 
soldering is here, so let’s get started! 


‘The value of working near the MUF is two-fold. 
Under undisturbed conditions, the absorption loss decreases, 
proportional to the square of a change in frequency. For 
example, the absorption loss is four times higher at 14 MHz. 
than it is at 28 MHz. Perhaps more important, the hop dis- 
tance is considerably greater as the MUF is approached. A 
transcontinental contact is thus much more likely to be made 
on a single hop on 28 MHz than on 14 MHz, so the higher 
frequency will give the stronger signal most of the time. 
‘The strong-signal reputation of the 28-MHz band is founded 
on this fact. 


LOWEST USABLE FREQUENCY 


‘There is also a lower limit to the range of frequencies 
that provide useful communication between two given points, 
by way of the ionosphere. Lowest usable frequency is 
abbreviated LUF. If it were possible to start near the MUF 
and work gradually lower in frequency, the signal would 
decrease in strength and eventually would disappear into 
the ever-present “background noise.” This happens because 
signal absorption increases proportional to the square of the 
lowering of the frequency. The frequency nearest the point 
where reception became unusable would be the LUF. It is, 
not likely that you would want to work at the LUF, although 
reception could be improved if the station could increase 
power by a considerable amount, or if larger antennas could 
be used at both ends of the path. 

For example, when solar activity is very high at the 
peak of a solar cycle, the LUF often rises higher than 
14 MHz on the morning Eastern US-to-Europe path on 
20 meters. Just before sunrise in the US, the 20-meter band 
will be first to open to Europe, followed shortly by 15 meters, 
and then 10 meters as the Sun rises further. By mid-morn- 
ing, however, when 10 and 15 meters are both wide open, 
20 meters will become very marginal to Europe, even when 
both sides are running maximum legal power levels. By 
contrast, stations on 10 meters can be worked readily with a 
transmitter power of only 1 or 2 watts, indicating the wide 
range between the LUF and the MUF. 

Frequently, the window between the LUF and the MUF 
for two fixed points is very narrow, and there may be no ama- 
tour frequencies available inside the window. On occasion 
the LUF may be higher than the MUF between two points. 
This means that, for the highest possible frequency that will 
propagate through the ionosphere for that path, the absorp- 
tion is so great as to make even that frequency unusable. Under 
these conditions itis impossible to establish amateur sky-wave 
communication between those two points, no matter what 
frequency is used. (It would normally be possible, however, 
to communicate between either point and other points on some 
frequency under the existing conditions.) Conditions when 
amateur sky-wave communication is impossible between two 
fixed points occur commonly for long distances where the 
total path is in darkness, and for very great distances in the 
daytime during periods of low solar activity. 

Fig 27 shows a typical propagation prediction from 
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Fig 27—Propagation prediction chart for East Coast of 
US to Europe. This appeared in December 1894 QST, 
where an average 2800-MHz (10.7-cm) solar flux of 83 
‘was assumed for the mid-December to mid-January 
period. On 10% of these days, the highest frequency 
propagated was predicted at least as high as the 
Uuppermost curve (the Highest Possible Frequency, or 
HPF, approximately 21 Miz), and for 50% of the days 
as high as the middle curve, the MUF. The broken lines 
show the Lowest Usable Frequency (LUF) for a 1500-W 
CW transmitter. 


the ARRLWeb members-only site (www.arrLorg/qst! 
propcharts/, previously from the “How's DX” column in 
QS7). In this instance, the MUF and the LUF lines are blurred 
together at about 10 UTC, meaning that the statistical like- 
lihood of any amateur frequency being open for that par- 
ticular path at that particular time was not very good. Later 
on, after about 11 UTC, the gap between the MUF and LUF 
increased, indicating that the higher bands would be open 
oon that path, 


DISTURBED IONOSPHERIC 
CONDITIONS 


So far, we have discussed the Earth's ionosphere when 
conditions at the Sun are undisturbed. There are three gen- 
‘ral types of major disturbances on the Sun that can affect 
radio propagation here on the Earth, On the air, you may 
hear people grousing about Solar Flares, Coronal Holes ot 
Sudden Disappearing Filaments, especially when propaga- 
tion conditions are not good. Each of these disturbances 
‘causes both electromagnetic radiation and ejection of mate- 
rial from the Sun, 


Solar Flares 

Solar flares are cataclysmic eruptions that suddenly 
release huge amounts of energy, including sustained, high- 
‘energy bursts of radiation from VLF to X-ray frequencies 
and vast amounts of solar material. Most solar flares occur 
around the peak of the 1-year solar cycle. 

‘The first Earthly indication of a huge flare is often a 
visible brightness near a sunspot group, along with increases 
in UV, X-ray radiation and VHF radio noise. If the geom- 
etry between the Sun and Earth is right, intense X-ray 
radiation takes eight minutes, traveling the 93 million miles 
to Earth at the speed of light. The sudden increase in X-ray 
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energy can immediately increase RF absorption in the Earth's, 
lowest ionospheric layers, causing a phenomenon known as 
a Sudden lonospherie Disturbance (SID), 

An SID affects all HF communications on the sunlit 
side of the Earth. Signals in the 2 to 30-MHz range may 
disappear entirely, and even most background noise may 
cease in extreme cases. When you experience a big SID, 
your first inclination may be to look outside to see if your 
antenna fell down! SIDs may last up to an hour before iono- 
spheric conditions temporarily return to normal 

Between 45 minutes and 2 hours after an SID begins, 
particles from the mass eruption on the Sun may begin to 
arrive. These high-energy particles are mainly protons and 
they can penetrate the ionosphere at the Earth's magnetic 
poles, where intense ionization can occur, with attendant 
absorption of HF signals propagating through the polar 
regions. This is called a Polar Cap Absorption (PCA) event 
and it may last for several days. A PCA results in spectacu- 
lar auroral displays at high latitudes. 


Coronal Holes 

As described earlier in the section dealing with auroral 
propagation at VHF, a second major solar disturbance is a so- 
called “coronal hole” in the Sun's outer layer (the corona). 
‘Temperatures in the corona can be more than four million °C 
over an active sunspot region but more typically are about two 
million °C. A coronal hole is an area of somewhat lower tem- 
perature, Solar-terrestrial scientists have a number of compet 
ing theories about how coronal holes are formed. 

Matter ejected through this “hole” takes the form of a 
plasma, 2 highly ionized gas made up of electrons, protons 
and neutral particles, traveling at speeds up to 1,000 km per 
second (2 million miles per hour). The plasma becomes part 
of the solar wind and can affect the Earth's magnetic field, 
but only if the Sun-Earth geometry is right. A plasma has a 
very interesting and somewhat bizarre ability. It can lock-in 
the orientation of the magnetic field where it originates and 
carry it outwards into space. However, unless the locked-in 
‘magnetic field orientation is aligned properly with the Earth's, 
magnetic field, even a large plasma mass may not severely 
disrupt our magnetosphere, and thence our ionosphere. 

Presently, we don’t have the ability to predict very long, 
in advance when the Sun might erupt in a disturbance that 
results in Earthly propagation problems. The SOHO satel- 
lite can help determine whether a mass ejection is heading 
towards Earth, and the ACE satellite about 1 million miles 
away from Earth can give about an hour's warning whether 
the imbedded magnetic field in a mass ejection from the 
‘Sun might impact the Earth's magnetosphere, causing propa- 
gation problems for hams. 

Statistically, coronal holes tend to occur most often, 
during the declining phase of the 1-year solar cycle and 
they can last for a number of solar rotations. This means 
that a coronal hole can be a “recurring coronal hole,” dis- 
rupting communications for several days about the same time 
each month for as long as a year, or even more. 
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Sudden Disappearing Filaments 


A sudden disappearing filament (SDF) is the third 
‘major category of solar disturbance that can affect propaga- 
tion, SDFs take their names from the manner in which they 
suddenly arch upward from the Sun's surface, spewing huge 
amounts of matter as plasma out into space in the solar 
wind. They tend to occur mostly during the rising phase of 
the 1-year solar cycle, 


IONOSPHERIC STORMS 


‘When the conditions are right, a flare, coronal hole or 
an SDF can launch a plasma cloud into the solar wind, 
resulting in an ionospheric storm here on Earth. Unlike a 
hurricane or a winter Nor’easter storm in New England, an 
ionospheric storm is not something we can see with our eyes 
or feel on our skins. We can’t easily measure things occur- 
ring in the ionosphere some 200 miles overhead. However, 
we can see the indirect effects of an ionospheric storm on 
‘magnetic instruments located on the Earth's surface, because 
disturbances in the ionosphere are closely related to the 
Earth's magnetic field. The term Geomagnetic Storm “Geo” 
‘means “Earth” in Greek) is used almost synonymously with 
ionospheric storm, 

During a ionospheric storm, we may experience 
extraordinary radio noise and interference, especially at HF. 
You may hear solar radio emissions as increases of noise at 
VHE. A geomagnetic storm generally adds noise and weak- 
cens or disrupts ionospheric propagation for several days, 
‘Transpolar signals at 14 MHz or higher may be particularly 
weak, with a peculiar hollow sound or flutter—even more 
than normal for transpolar signals, 

Depending on the severity of the disturbance to the 
Earth’s geomagnetic field and the consequent disturbance 
of the ionosphere, propagation may be disrupted completely 
or it might be at least degraded for a period of time that 
ranges from a day to three or four days before returning 10 
normal propagation conditions. 

‘What can we do about the solar disturbances and 
related disturbed ionospheric propagation on Earth? The 
truth is that we are powerless faced with the truly awe- 
some forces of solar disturbances like flares, coronal holes 
or sudden disappearing filaments. Perhaps there is some 
comfort, however, in understanding what has happened to 
‘cause our HF bands to be so poor. And as a definite con- 
solation, conditions on the VHF bands are often excep- 
tionally good just when HF propagation is remarkably poor 
{due to solar disturbances. VHF operators enthusiastically 
look forward to conditions when they can engage in auroral 
‘communications—exactly the kind of conditions that have 
HF operators scratching their heads, wondering where the 
ionosphere went. 


ELEVATION ANGLES FOR HF 
COMMUNICATION 


It was shown in connection with Fig 25 that the di 
tance at which a ray returns to Earth depends on the eleva- 
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Fig 28—Distance plotted against wave angle (one-hop 
transmission) for the nominal range of heights for the 
E and F2 layers, and for the Ft layer. 


tion angle at which it left the Earth (also known by other 
names: takeoff, launch or wave angle). Chapter 3, The 
Effects of Ground, in this book deals with the effects of 
local terrain, describing how the elevation angle of a hori- 
zontally polarized antenna is determined mainly by its height, 
above the ground. 

Although it is not shown specifically in Fig 25, propa- 
gation distance also depends on the layer height at the time, 
as well as the elevation angle. As you can probably imag- 
ine, the layer height is a very complex function of the state 
of the ionosphere and the Earth's geomagnetic field. There 
isa large difference in the distance covered in a single hop, 
depending on the height of the E or the F layer. The maxi- 
‘mum single-hop distance by the E layer is about 2000 km. 
(1250 miles) or about half the maximum distance via the Fy 
layer. Practical communicating distances for single-hop E 
or F layer work at various wave angles are shown in graphic 
form in Fig 28. 

Actual communication experience usually does not fit 
the simple patterns shown in Fig 25. Propagation by means 
of the ionosphere is an enormously complicated business 
(which makes it all the more intriguing and challenging to 
radio amateurs, of course), even when the Sun is not in a 
disturbed state. Until the appearance of sophisticated com- 
puter models of the ionosphere, there was little definitive 
information available to guide the radio amateur in the 


design of his antenna systems for optimal performance over 
all portions of the 1-year solar cycle. Elevation angle 
information that had appeared for many years in The ARRL. 
Antenna Book was measured for only one transmitting path, 
during the lowest portion of Solar Cycle 17 in 1934. 


‘The [ONCAP Computer Propagation Model 

Since the 1960s several agencies of the US govern- 
ment have been working on a detailed computer program 
that models the complex workings of the ionosphere. The 
program has been dubbed JONCAP, short for “lonospheric 
Communications Analysis and Prediction Program.” 
JONCAP was originally written for a mainframe computer, 
bat later versions have been rewritten to allow them to be 
run by high-performance personal computers. IONCAP 
incorporates a detailed database covering almost three com- 
plete solarcycles. The program allows the operator to specify 
a wide range of parameters, including detailed antenna 
‘models for multiple frequency ranges, noise models tailored 
to specific local environments (from low-noise rural to noisy 
residential QTHs), minimum elevation angles suitable for a 
particular location and antenna system, different months and 
UTC times, maximum levels of multipath distortion, and 
finally solar activity levels, to name the most significant of 
a bewildering array of options. 

While JONCAP has a well-justified reputation for 
being very unfriendly to use, due to its mainframe, non- 
interactive background, itis also the one ionospheric model 
most highly regarded for its accuracy and flexibility, both 
by amateurs and professionals alike. Itis the program used 
for many years to produce the long-term MUF charts for- 
rmerly included in the “How's DX” monthly column of OST 
and now available on the Members Only ARRLWeb page. 

IONCAP is not well suited for short-term forecasts of 
propagation conditions based on the latest solar indices 
received from WWV. It is an excellent tool, however, for 
long-range, detailed planning of antenna systems and short- 
wave transmitter installations, such as that for the Voice of 
America, or for radio amateurs. See the section later in this 
chapter describing other computer programs that can be used 
for short-term, interactive propagation predictions. 


IONCAP/VOACAP Parameters 

‘The clevation-angle statistical information contained 
in this section was compiled from thousands of VOACAP 
runs (an improved version of IONCAP developed by scien- 
tists from VOA, the Voice of America). These runs were 
done for a number of different transmitting locations 
throughout the world to important DX locations throughout 
the world, 

Some assumptions were needed for setting VOACAP 
parameters. The transmitting and receiving sites were all 
assumed to be located on flat ground, with “average” ground, 
conductivity and dielectric constant. Each site was assumed 
to have a clear shot to the horizon, with a minimum eleva- 
tion angle less than or equal to 1°. Electrical noise at each 
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Table 3 
Boston, Massachusetts, to All of Europe 


Elev 80m 40m 30m 20m 17m 
1 41 96 46 17 21 
2 08 23 72 14 28 
3 03 07 43 31 24 
4 05 41 87 116 122 
5 46 48 75 127 143 
6 71 89 55 92 96 
7 a5 69 72 46 79 
8 51 70 54 32 59 
9 33 56 32 31 21 
10 10 40 «79 «663 Bt 
"1 19 38 97 102 72 
12 56 34 48 85 69 
13 11.0 30 24 41 59 
14 76 48 20 27 38 
16 53 79 20 15 24 
16 28 64 38 29 15 
17 50 34 45 31 10 
18 42 20 31 31 20 
19 87 14 14 23 13 
20 66 14 120 181A 
21 44 14 05 08 O07 
22 23 24 10 14 06 
23 13°18 «4001 03 Ot 
24 06 10 08 05 04 
25 03 08 08 of 04 
26 00 05 07 02 O41 
27 ot 01 of 02 O41 
28 00 03 of 02 00 
29 or 00 02 09 00 
30 00 01 00 09 00 
ai 00 00 00 09 00 
32 00 00 of 09 00 
33 ot 00 00 00 00 
34 00 00 00 09 00 
35 00 00 00 00 00 


00 00 «0.0 


Percentage of time a particular frequency band is open on this specific propagation path. 


Percentage of Time 40 Meters Open, Ato: Below Each Elevation Angle 


To 


Total Paroentage 
susesssses 


Elvaton Angle, Degrees 
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ng location was also assumed to be very low. 

‘Transmitting and receiving antennas for the 3.5 to 
30-MHz frequency range were specified to be isotropic-type 
antennas, but with +6 dBi gain, representing a good ama- 
teur antenna on each frequency band. These theoretical 
antennas radiate uniformly from the horizon, up to 90° 
directly overhead. With response patterns like this, these 
are obviously not real-world antennas. They do, however, 
allow the computer program to explore all possible modes 
and elevation angles. 


Looking at the Elevation-Angle Statistical Data 


‘Table 3 shows detailed statistical elevation informa- 


Fig 29—The cumulative distribution function showing the 
total percentage of time that 40 meters is open, at or below 
‘each elevation angle, from Boston to the world. For example, 
50% of the time the band is open to Europe from Boston, itis 
at 10° or less. The angles for DX work are indeed low. 
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30—The cumulative distribution function showing 
the total percentage of time that 80 meters is open, at 
or below each elevation angle, from Boston to the 
world. For example, 50% of the time the band is open 
to Europe from Boston, itis at 13° or less. 


tion for the path from Boston, Massachusetts, near ARRL 
HQ in Newington, Connecticut, to all of Europe. The data 
incorporated into Table 3 shows the percentage of time ver- 
sus elevation angle for all HF bands from 80 meters to 
10 meters, over all portions of the [1-year solar cycle. The 
CD-ROM accompanying this book contains more tables 
such as this for more than 150 transmitting sites around the 
world. These tables are used by the HFTA program (and 
carlier YT program) and can also be imported into many 
programs, such as word processors or spreadsheets. Six 
important areas throughout the world are covered, one per 
table: all of Europe (from London, England, to Kiev, 
Ukraine), the Far East (centered on Japan), South America 
(Paraguay), Oceania (Melbourne, Australia), Southern 
Africa (Zambia) and South Asia (New Delhi, India). 

‘You may be surprised to see in Table 3 that angles lower 
than 10° dominate the possible range of incoming angles 
for this moderate-distance path from New England to 
Europe. In fact, 1.7% of all the times when the 20-meter 
band is open to Europe, the takeoff angle is as low as 1°. 
You should recognize that very few real-world 20-meter 
antennas achieve much gain at such an extremely low 
angle—unless they just happen to be mounted about 
400 feet high over flat ground or else are located on the top 
of a tall, steep mountain. 

‘The situation is even more dramatic on 40 and 
80 meters. Fig 29 shows the “cumulative distribution fune- 
tion” of the total percentage of time (derived from Table 3) 
‘when 40 meters is open from Boston to the rest of the world, 
plotted against the elevation angle. For example, into Eu- 
rope from Boston, 50% of the time when the band is open, it 
is at 10° or less. Into Japan from Boston, the statistics are 
even more revealing: 50% of the time when the band is open, 


Fig 31—Overlay of signals and elevation 
together with hop-mode information. This is for one 
month, October, at one level of solar activity, SSN=70, 
for the path from Newington, CT, to London, England. 
‘The mode of propagation does not closely follow the 
elevation angle. From 15 to 19 UTC the mode is 3F2 
hops, and the elevation angle is approximately 12°. The 
‘same elevation angle Is required from 23 to 03 UTC, 
but here the mode is 2F2 hops. 


gles, 


the angle is 6° or less, and 90% of the time the angle is 13° 
or less! 

Fig 30 shows the same sort of information for 80 meters 
from Boston to the world, For 50% of the time from Boston 
to Europe the elevation angle is 13° or less; at the 90% level 
the angle is 20° or less. For the path to Japan on 80 meters 
from Boston, 50% of the time the angle is 8° or less; at the 
90% level, the angle is 13° or less. Now, to achieve peak 
in on 80 meters at an elevation angle of 8° over flat land, 
‘a horizontally polarized antenna must be 500 feet high. You 
in begin to see why verticals can do very well on long- 
nce contacts on 80 meters, even when they are mounted 
over poorly conducting, rocky ground. Clearly, low angles 
are very important for successful DXing. 


The lonosphere Controls Propagation 
You should always remember that it is the ionosphere 
that controls the elevation angles, nor the transmitting 
antenna. The elevation response of a particular antenna only 
determines how strong or weak a signal is, at whatever angle 
(or angles) the ionosphere is supporting at that particular 
instant, for that propagation path and for that frequency. 

If only one propagation mode is possible at a particu- 
lar time, and if the elevation angle for that one mode hap- 
pens to be 5°, then your antenna will have to work 
satisfactorily at that very low angle or else you won't be 
able to communicate. For example, if your low dipole has 
in of 10 dBi at 5°, compared to your friend’s Yagi on a 


‘mountain top with +10 dBi gain at 5°, then you will be down 
204B compared to his signal. It's not that the elevation angle 


is somehow oo low—the real problem here is that you don’t 
hhave enough gain at that particular angle where the iono- 
sphere is supporting propagation. Many “flatlanders” can 
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vividly recall the times when their mountain-top friends 
could easily work DX stations, while they couldn't even 
hear a whisper. 


Looking at the Data—Further Cautions 


A single propagation mode is quite common at the 
opening and the closing of daytime bands like 20, 15 or 
10 meters, when the elevation angle is often lower (but not 
always) than when the band is wide open. The lower- 
frequency bands tend to support multiple propagation modes 
simultaneously. For example, Fig 31 plots the signal strength 
(in dBLV) and the elevation angle for the dominant mode 
(with the strongest signal) over a 24-hour period from 
Newington to London in October, for a medium-level SSN 
=70. The morning opening at 10 UTC starts out with a two- 
hop 2; mode (labeled 2F) at an elevation angle of 6°. By 
11 UTC the mode has changed to a three-hop 3F (labeled 
3F) ata 12° elevation angle. The band starts to close down, 
with weaker signals after about 23 UTC. Note that this path 
actually supports both 2F, and 3F, modes most of the time. 
Either mode may be stronger than the other, depending on 
the particular time of day. 

It is tempting to think that two-hop signals always 
occur at lower elevation launch angles, while three-hop sig- 
nals require higher elevation angles. In reality, the detailed 
workings of the ionosphere are enormously complicated. 
From 22 UTC to 03 UTC, the elevation angles are higher 
than 11° for 2F, hops. During much of the morning and 
carly afternoon in Newington (from 11 to 13 UTC, and from 
15 to 19 UTC), the angles are also higher than 11°. How- 
ever, 3F; hops are involved during these periods of time. 
The number of hops is not directly related to the elevation 
angles needed—changing layer heights account for this. 
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Fig 32—October 20-meter signals and elevation angles 
for the full range of solar activity, from W1 to England. 
The elevation angle does not closely follow the level of 
solar activity. What is important in designing a station 
capable of covering all levels of solar activity is to 
have flexibility in antenna elevation pattern response 
—to cover a wide range of possible angles. 
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Note that starting around 15 UTC, the mid-moming. 
|-meter “slump” (down some 10 dB from peak signal level) 
is caused by higher levels of mainly E-layer absorption when 
the Sun is high overhead. This condition favors higher 
elevation angles, since signals launched at lower angles must. 
travel for a longer time through the lossy lower layer. 

How does the situation change with different levels of 
solar activity” Fig 32 overlays predicted signals and eleva- 
tion angles for three levels of solar activity in October, again 
for the Newington-London path. Fig 32 shows the mid- 
morning slump dramatically when the solar activity is at 
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Fig 33—10-meter graph of the percentage of all 
‘openings versus elevation angles, together with 
‘overlay of elevation patterns over flat ground for three 
10-meter antenna systems. Stacked antennas have 
wider “footprints” in elevation angle coverage for this, 
‘example from New England to Europe. 
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Fig 34—15-meter graph of the percentage of all 
‘openings versus elevation angles, together with overlay 
of elevation patterns over flat ground for two 15-meter 
itenna systems. Like 10 meters, 15-meter stacked 
antennas have wider footprints in elevation angle 
‘coverage for this example from New England to Europe. 
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Fig 35—20-meter graph of the percentage of all 
‘openings from New England to Europe versus elevation 
angles, together with overlay of elevation patterns over 
flat ground for three 20-meter antenna systems. 
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Fig 36—40-meter graph of the percentage of all 
openings from New England to Europe versus 
elevation angles, together with overlays of elevation 
patterns over flat ground for a 100-foot high dipole and 
a large 4-element Yagi at 160 feet. Achieving gain at 
very low elevation angles requires very high heights 
above ground. 


a very high level, represented by SSN = 160. At 15 UTC, 
the signal level drops 35 dB from peak level, and the ele~ 
vation angle rises all the way to 24°. By the way, as a 
percentage of all possible openings, the 24° angle occurs 
only rarely, 0.5% of the time. It barely shows up as a blip 
in Table 3, Elevation angles are nor closely related to the 
level of solar activity. 

IONCAPNVOACAP demonstrates that elevation angles do 
not follow neat, easily identified patterns, even over a 
24-hour period—much less over all portions ofthe solar cycle. 
Merely looking at the percentage of all openings versus, 
elevation angle, as shown in Table 3, does not tell the whole 


Fig 37—80-meter graph of the percentage of all 
‘openings from New England to Europe versus elevation 
angles, together with overlay of elevation patterns over 
flat ground for dipoles at two different heights. The 200- 
foot-high dipole clearly covers the necessary elevation 
gles better than does the 100-foot-high dipole, 

although a Four Square vertical array located over 
saltwater is even better for all angles needed. 


story. although itis probably the most statistically valid approach 
to station design, and possibly the most emotionally satisfying 
approach too. Neither is the whole story revealed by looking 
only at a snapshot of elevation angles versus time for one par- 
ticular month, or for one solar activity level. 

‘What is important to recognize is that the most effec- 
tive antenna system will be one that can cover the full range 
of elevation angles, over the whole spectrum of solar activ- 
ity, even if the actual angle in use at any one moment in 
time may not be easy to determine. For this particular path, 
from New England to all of Europe, an ideal antenna would 
have equal response over the full range of angles from 1° 10 
28°. Unfortunately, real-world antennas have a tough time 
covering such a wide range of elevation angles equally well. 


Antenna Elevation Patterns 

Figs 33 through 37 show overlays of the same sort of 
elevation angle information listed in Table 3, together with 
the elevation response patterns for typical antennas for the 
HF amateur bands 80, 40, 20, 15 and 10 meters. For 
example, Fig 34 shows an overlay for 20 meters, with three 
different types of 20-meter antennas. These are a 4-element 
Yagi at 90 feet, a 4-element Yagi at 120 feet and a large 
stack of four 4-element Yagis located at 120, 90, 60 and 
30 feet. Each antenna is assumed to be mounted over flat 
ground, Placement on a hill with a long slope in the diree- 
tion of interest would lower the required elevation angle by 
the amount of the hill’s slope. For example, if a 10° launch 
angle is desired, and the antenna is placed on a hill with a 
slope of ~5°, the antenna itself should be designed for a 
height that would optimize the response at 15° over flat 
ground—one wavelength high. 
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In Fig 35, the large stack of four 20-meter Yagis over 
flat ground comes closest to being ideal, but even this 
array will not work well for that very small percentage of 
time when the angle needed is higher than about 20°, Some 
hams might conclude that the tiny percentage of time when 
the angles are very high doesn’t justify an antenna tailored 
for that response. However, when that new DX country pops 
up on a band, or when a rare multiplier shows up in a con- 
test, doesn't t always seem that the desired signal only comes. 
in at some angle your antenna doesn’t cover well? What do 
you do then, if your only antenna happens to be a large stack? 

‘The answer to this, perhaps unique, high-angle prob- 
lem lies in switching to using only the top antenna in the 
stack. In this example, the second elevation lobe of the 
120-foot high antenna would cover the angles from 20° to 
30° well, much better than the stack does. Note that the top 
antenna by itself would not be ideal for all conditions. It is 
simply too high much of the time when the elevation angles, 
are higher than about 12°, The experience of many ama- 
teurs on the US East Coast with high 20-meter antennas 
bears this out—they find that 60 to 90-foot high antennas 
are far more consistent performers into Europe. 


ONE-WAY PROPAGATION 


On occasion a signal may be started on the way back 
toward the Earth by reflection from the F region, only to come 
down onto the top of the E region and be reflected back up 
again. This set of conditions is one possible explanation for 
the often-reported phenomenon called one-way skip. The 
reverse path may not necessarily have the same multilayer 
characteristic. The effect is more often a difference in the 
signal strengths, rather than a complete lack of signal in one 
direction, and many times there may be local noises that mask 
signals at one end of the path, It is important to remember 
these sorts of possibilities when a long-distance test with a 
new antenna system yields apparently conflicting results 
Even many tests, on paths of different lengths and headings, 
‘may provide data that are difficult to understand. Communi- 
cation by way of the ionosphere is not always a source of 
consistent answers to antenna questions. 

Fig 37 shows the 80-meter path from New England to 
Europe with three different antennas. A really high dipole 
at a height of 200 feet above flat ground would certainly be 
aan impressive antenna. But it would still be overshadowed 
dramatically by a Four-Square vertical array, at least at the 
low elevation angles needed often on this path. This is predi- 
cated on the Four Square being located over salt water, which 
provides a virtually perfect RF ground. At an elevation angle 
of 7°, the Four Square has 7 dB more gain than the 200-foot 
high dipole, 


SHORT OR LONG PATH? 


Propagation between any two points on the Earth's 
surface is usually by the shortest direct route—the great- 
circle path found by stretching a string tightly between the 
two points on a globe. If an elastic band going completely 
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around the globe in a straight line is substituted for the string, 
it will show another great-circle path, going “the long way 
around.” The long path may serve for communication over 
the desired circuit when conditions are favorable along the 
longer route. There may be times when communication is 
possible over the long path but not possible at all over the 
short path. Especially if there is knowledge of this potential 
at both ends of the circuit, long-path communication may 
work very well. Cooperation is almost essential, because 
both the aiming of directional antennas and the timing of 
the attempts must be right for any worthwhile result. The 
IONCAP/VOACAP computations in the preceding tables 
were made for short-path azimuths only. 

Sunlight is a required element in long-haul communi- 
cation via the F layer above about 10 MHz. This fact tends 
to define long-path timing and antenna aiming. Both are 
essentially the reverse of the “normal” for a given circuit, 


We know also that salt-water paths work better than over- 
land ones. This can be significant in long-path work. 
We 


in better understand several aspects of long-path 
propagation if you become accustomed to thinking of the 
Earth as a ball. This is easy if you use a globe frequently. A 


Fig 38—KSZI's computer-generated azimuthal- 
‘equidistant projection centered on Newington, 
Connecticut. (See Bibliography for ordering 
information.) Land masses and information showing 
long paths to Perth and Tokyo have been added. Notice 
‘that the paths in both cases lie almost entirely over 
water, rather than over land masses. 


flat map of the world, of the azimuthal-equidistant projec- 
tion type, is a useful substitute. The ARRL World Map is 
one, centered on Wichita, Kansas. A similar world map 
prepared by K5ZI and centered on Newington, Connecti- 
cut, is shown in Fig 38. These help to clarify paths involv- 
ing those areas of the world. 


Long-Path Examples 


There are numerous Iong-path routes well known to 
DX-minded amateurs. Two long paths that work frequently 
and well when 28 MHz is open from the northeastern US 
are New England to Perth, Western Australia, and New 
England to Tokyo. Although they represent different beam 
headings and distances, they share some favorable condi- 
tions. By the long path, Perth is close to halfway around the 
‘world; Tokyo is about three-quarters of the way. On 28 MHz, 
both areas come through in the early daylight hours, East- 
em Time, but not necessarily on the same days. Both paths 
are at their best around the equinoxes. (The sunlight is more 
uniformly distributed over transequatorial paths at these 
times.) Probably the factor that most favors both is the 
nature of the first part of the trip at the US end. To work 
Perth by way of long path, northeastern US antennas are 
‘aimed southeast, out over salt water for thousands of miles — 
the best low-loss start a signal could have. It is salt water 
essentially all the way, and the distance 
is not too much greater than the “short” 

‘The long path to Japan is more toward the south, but 
still with no major land mass at the early reflection points. It 
is much longer, however, than that to Western Australia. 
Japanese signals are more limited in number on the long 
path than on the short, and signals on the average somewhat 
‘weaker, probably because of the greater distance. 

(On the short path, an amateur in the Perth area is look- 
ing at the worst conditions—away from the ocean, and out 
across the huge land mass of North America, unlikely to 
provide strong ground reflections. The short paths to both 
Japan and Western Australia, from most of the eastern half 
of North America, are hardly favorable. The first hop comes 
down in various western areas likely to be desert or moun- 
tains, or both, and not favored as reflection points. 

‘A word of caution: Don’t count on the long-path s 
always coming in on the same beam heading. There can be 
notable differences in the line of propagation via the ionosphere 
(on even relativel 
tions on long path, especially on circuits close to halfway around 
the world. Remember, for a point exactly halfway around, all 
directions of the compass represent great-circle paths. 


FADING 


‘When all the variable factors in long-distance HF com- 
‘munication are taken in account, itis not surprising that sig- 
nals vary in strength during almost every contact beyond 
the local range, In VHF communication we can also 
encounter some fading at distances greater than just to the 
visible horizon, These are mainly the result of changes in 


the temperature and moisture content of the air in the first 
few thousand feet above the ground, 

‘On paths covered by HF ionospheric modes, the causes 
of fading are very complex—constantly changing layer 
height and density, random polarization shift, portions of 
the signal arriving out of phase, and so on. The energy 
arriving at the receiving antenna has components that have 
been acted upon differently by the ionosphere. Often the 
fading is very different for small changes in frequency. With 
a signal of a wideband nature, such as high-quality FM, or 
‘even double-sideband AM, the sidebands may have differ- 
cent fading rates from each other, or from the cartier. This, 
‘causes severe distortion, resulting in what is termed selec 
tive fading. The effects are greatly reduced (but still present 
to some extent) when single-sideband (SSB) is used. Some 
immunity from fading during reception (but not to the dis- 
tortion induced by selective fading) can be had by using 
two or more receivers on separate antennas, preferably with 
different polarizations, and combining the receiver outputs, 
in what is known as a diversity receiving system, 


OTHER PROPAGATION MODES 


In propagation literature there is a tendency to treat the 
various propagation modes as if they were separate and dis- 
tinct phenomena. This they may be at times, but often there is 
a shifting from one to another, or a mixture of two or more 
kinds of propagation affecting communication at one time. In 
the upper part of the usual frequency range for F-region work, 
for example, there may be enough tropospheric bending at one 
cend (or both ends) to have an appreciable effect on the usable 
path length, There is the frequent combination of E and 
F-region propagation in long-distance work. And in the case 
of the E region, there are various causes of ionization that have 
very different effects on communication. Finally, there are 
‘weak-signal variations of both tropospheric and ionospheric 
‘modes, lumped under the term “scatter.” We look at these phe- 
‘nomena separately here, but in practice we have to deal with 
them in combination, more often than not. 


Sporadic E (E,) 

First, note that this is E-subscript-s, a usefully deserip- 
tive term, wrongly written “Es” so often that it is some- 
times called “ease,” which is certainly not descriptive. 
Sporadic E is ionization at E-layer height, but of different 
origin and communication potential from the E layer that 
affects mainly our lower amateur frequencies. 

‘The formative mechanism for sporadic E is believed 
to be wind shear. This explains ambient ionization being 
distributed and compressed into a ledge of high density, 
without the need for production of extra ionization, Neutral 
winds of high velocity, flowing in opposite directions at 
slightly different altitudes, produce shears. In the presence 
of the Earth's magnetic field, the ions are collected at a par- 
ticular altitude, forming a thin, overdense layer. Data from 
rockets entering E, regions confirm the electron density, 
wind velocities and height parameters 
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‘The ionization is formed in clouds of high density, last- 
ing only a few hours at a time and distributed randomly. 
‘They vary in density and, in the middle latitudes in the North- 
em Hemisphere, move rapidly from southeast to northwest. 
Although E, can develop at any time, itis most prevalent in 
the Northern Hemisphere between May and August, with a 
minor season about half as long beginning in December (the 
summer and winter solstices). The seasons and distribution 
in the Southern Hemisphere are not so well known. Austra- 
lia and New Zealand seem to have conditions much like 
those in the US, but with the length of the seasons reversed, 
of course. Much of what is known about E, came as the 
result of amateur pioneering in the VHF range. 

Correlation of E, openings with observed natural phe- 
‘nomena, including sunspot activity, is not readily apparent, 
although there is a meteorological tie-in with high-altitude 
winds. There is also a form of E,, mainly in the northem 
part of the north temperate zone, that is associated with 
auroral phenomena, 

At the peak of the long E, season, most commonly in 
late June and early July, ionization becomes extremely dense 
and widespread. This extends the usable range from the more 
common “single-hop” maximum of about 1400 miles to 
“double-hop” distances, mostly 1400 to 2500 miles. With 
50-MHz techniques and interest improving in recent years, 
it has been shown that distances considerably beyond 
2500 miles can be covered. There is also an E, “link-up 
possibility with other modes, believed to be involved in some 
50-MHz work between antipodal points, or even long-path 
communication beyond 12,500 miles. 

When E, is particularly strong and widespread, even 
the HF bands can suddenly go short skip producing excep- 
tionally strong signals from distances that would normally 
be in the no-signal “skip zone.” Editor NOBV distinctly 
remembers a spectacular 20-meter E, opening in Septem- 
ber 1994, during the “Hiram Percy Maxim/125” anniver- 
sary celebration, when he was living in New Hampshire. 
Signals on 20 meters were 30 to 40 dB over $9 from all 
along the Eastern Seaboard, from W2 to W4, One exasper- 
ated W3 complained that he had been calling in the huge 
pileup for 20 minutes. NOBV glanced at the $ meter and 
saw that the W3 was 20 dB over $9, normally a very strong, 
20-meter SSB signal, but not when almost everybody else 
‘was 40 dB over $9! 

Such short-skip conditions caused by Sporadic E are 
‘more common on 10 meters than they are on 15 or 20 meters. 
‘They can result in excellent transAtlantic 10-meter open- 
ings during the summer months—when 10 meters is not 
normally open for F ionospheric propagation. 

‘The MUF for E, is not known precisely. It was long 
thought to be around 100 MHz, but in the last 25 years or so 
there have been thousands of 144-MHz. contacts during the 
summer E, season. Presumably, the possibility also exists 
at 222 MHz. The skip distance at 144 MHz does average 
much longer than at 50 MHz, and the openings are usually 
brief and extremely variable. 
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Fig 39—Schematic of a simple backscatter path. 
Stations A and B are too close to make contact via 
normal F-layer ionospheric refraction. Signals 
scattered back from a distant point on the Earth's 
surface (S), often the ocean, may be accessible to both 
‘A and B to create a backscatter circuit. (Courtesy of 
The ARAL Handbook) 


‘The terms “single” and “double” hop may not be 
accurate technically, since it is likely that cloud-to-cloud 
paths are involved. There may also be “no-hop” E,. At times 
the very high ionization density produces critical frequen- 
cies up to the 50-MHz region, with no skip distance at all. It 
is often said that the E, mode is a great equalizer. With the 
reflecting region practically overhead, even a simple dipole 
lose to the ground may do as well over a few hundred miles, 
as a large stacked antenna array designed for low-angle 
radiation. I's a great mode for low power and simple anten- 
nas on 28 and SO MHz, 


HF Scatter Modes 


‘The term “skip zone” (where no signals are heard) 
should not be taken too literally. Two stations communicat- 
ing over a single ionospheric hop can be heard to some 
degree by other stations at almost any point along the way, 
unless the two are running low power and using simple 
antennas, Some of the wave energy is scattered in all direc- 
tions, including back to the starting point and farther. 
Backscatter functions like a sort of HF ionospheric 
radar. Fig 39 shows a schematic for a simple backscatter, 
path, The signal launched from point A travels through the 
ionosphere back to earth at Point S, the scattering point. 
Here, the rough terrain of the land scatters signals in many 
directions, one of which propagates a weak signal back 
through the ionosphere to land at point B. Point B would 
normally be in the no-signal skip zone between A and S. 
Because backscatter signals arrive from multiple directions, 
through various paths through the ionosphere, they have a 
characteristic “hollow” sound, much like you get when you 
talk into a paper tube with its many internal reflections. 
Because backscatter involves mainly scattering from 
the Earth at the point where the strong ionospherically 
propagated signal comes down, itis a part of HF over-the- 
horizon radar techniques. (The infamous 1970s-era “wood- 
pecker” was an over-the-horizon HF radar.) Amateurs using 
sounding techniques have shown that you can tell to what 
part of the world a band is usable (single-hop F) by probing 


the backscatter with a directive antenna and high transmit- 
ter power, even when the Earth contact point is open ocean. 
In fact, that’s where the mode is at its best, because ocean 
‘waves can be efficient backscatter reflectors. 

Backscatter is very useful on 28 MHz, particularly 
when that band seems dead simply because nobody is 
active in the right places. The mode keeps the 10-meter band 
lively in the low years of the solar cycle, thanks to the never- 
say-die attitude of some users. The mode is also an invalu- 
able tool of 50-MHz DX aspirants, in the high years of the 
sunspot cycle, for the same reasons. On a high-MUF momn- 
ing, hundreds of 6-meter beams may zero in on a hot spot 
somewhere in the Caribbean or South Atlantic, where there 
is no land, let alone other 6-meter stations—keeping in 
contact while they wait for the band to open toa place where 
there is somebody. 

Sidescatter is similar to backscatter, except the ground 
scatter zone is off the direct line between participants. A 
typical example, often observed during the lowest years of 
the solar cycle, is communication on 28 MHz between the 
eastern US (and adjacent areas of Canada) and much of the 
European continent. Often, this may start as “backscatter 
chatter” between Europeans whose antennas are tured 
toward the Azores. Then suddenly the North Americans join 
the fun, perhaps for only a few minutes, but sometimes much 
longer, with beams also pointed toward the Azores. Dura- 
tion of the game can be extended, at times, by careful reori- 
entation of antennas at both ends, as with backscatter. The 
secret, of course, is to keep hitting the highest-MUF area of 
the ionosphere and the most favorable ground-reflection 
points. 

‘The favorable route is usually, but not always, south 
of the great-circle heading (for stations in the Northern 
Hemisphere). There can also be sidescatter from the auroral 
regions. Sidescatter signals are stronger than backscatter sig- 
nals using the same general area of ground scattering. 

Sidescatter signals have been observed frequently on the 
14-MHz band, and can take place on any band where there is a 
large window between the MUF and the LUF. For sidescatter 
communications to occur, the thing to look for is a common 
area to which the band is open from both ends of the path (the 
Azores, in the above example), when there is no direct-path 
opening. It helps if the common area is in the open ocean, 
where there is less scattering loss than over land, 


GRAY-LINE PROPAGATION 


‘The gray line, sometimes called the twilight zone, is a 
band around the Earth between the Sunlit portion and dark- 
ness. Astronomers call this the terminator. The terminator 
isa somewhat diffused region because the Earth's atmo- 


Fig 40—The gray line or terminator is a transition region 
between daylight and darkness. One side of the Earth is 
coming into sunrise, and the other is just past sunset. 


sphere tends to seater the ight into the darkness. Fig 40 
illustrates the gray ie. Notice that on one side ofthe Eat, 
the gray line coming into daylight (unis), and on the 
othe side itis coming into darknes (suns, 

Propagation along the gray lie is very efficient, par 
tcualy onthe lower bands, especially on 80 160 meters, 
so greater distances ean be covered than might be expected 
fovhe frequency in use. One major reson fortis that 
the D layer, which absorbs HF signals, disappears rapidly 
om the sunset side ofthe gray line and has at yet ult up 

‘The gay line rans generally north and south, but var 
ies as much a 23° ether side of the nothsouth line This 
Variation is eused by the tilt ofthe Earth's axis lative to 
its orbital plane around the Sun. The gray line wll be 
tracily north and south tthe equinoxes March 21 and Sep- 
tember 21). On the first day of Northern Hemisphere sum- 
met, ue 31 ii ited to the maximum of 23" one way 
and on December 21 the ist day of winter itis ited 25 
the other way 

“oan observer onthe Earth, the direction ofthe termi 
nator salvays at right angles tothe direction a the Sun st 
Strike or sunset. Is important io ate tha, excep a the 
eauinoes, the graylinedretion willbe diferent at sun 
tse from hat at sunset. This means you ean work diferent 
tres of the world inthe evening than you worked inte 

isn't necessary tobe located inside the wight zone 
in onder to take advantage of gray-ine propagation. The 
effects cane used advantage before sunrise and after stn- 
Se Thisisbecause the Sun “se cari and St" ater on 
th ionosphere layers tan it des onthe Eat below 
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What HF Bands Are Open—Where and When? 


‘The CD-ROM included at the back of this book 
includes summary and detailed propagation predictions for 
‘more than 150 transmitting locations around the world. This, 
propagation data was calculated using CapMAN, an 
upgraded variety of the mainframe propagation program 
IONCAP. The predictions were done for default antennas 
and powers that are representative of a “big-gun” station, 
Of course, not everyone has a big-gun station in his/her back- 
yard, but this represents what the ultimate possibilities are, 
Statistically speaking. After all, ifthe bands aren't open for 
the big guns, they are unlikely to be open for the “litle pis- 
tls” too. 

Let's see how propagation is affected if the smoothed 
sunspot number is 0 (corresponding to a smoothed solar flux 
of about 65), which is classified as a “Very Low” level of 
solar activity. And we'll examine the situation for a sunspot 
number of 100 (a smoothed solar flux of 150), which is typi- 
cal of a “Very High” portion of the solar cycle. 


Five-Band Summary Predictions 
Tables 4 and § are Summary tables showing the pre- 


dicted signal levels (in § units) from Boston, Massachu- 
setts, to the rest of the world for the month of January. The 
Boston transmitting site is representative of the entire New 
England area of the USA. The target geographic receiving 
regions for the major HF bands from 80 through 10 meters 
are tabulated versus UTC (Universal Coordinated Time) 
in hours. Table 4 represents a Very Low level of solar ac- 
tivity, while Table 5 is for a Very High level of solar activ~ 
ity 

Each transmitting location is organized by six levels, 
of solar activity over the whole 11-year solar cycle: 


VL (Very Low: SSN between 0 t0 20) 
LO (Low: SSN between 20 to 40) 

ME (Medium: SSN between 40 to 60) 

HI (High: SSN between 60 to 100) 

‘© VH (Very High: SSN between 100 to 150) 
‘© UH (Ultra High: SSN greater than 150) 


‘The receiving geographic regions for each frequency 
band are abbreviated: 


Table 4 


Printout of summary propagation table for Boston to the rest of the world, for a Very Low level of solar 


activity in the month of January. The abbreviations for 
FE = Far East, SA = South America, AF = 


frica, AS = south Asia, OC = 


the target geographic areas are: EU = Europe, 
}ceania, and NA = North America. 
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Table 5 


Printout of summary propagation table for Boston to the rest of the world, for a Very High level of solar 


activity in the month of January. 


San WO (Roatan), for $00 = Vary High, ge An s-nkta. by NERY, A 
© EU Allof Europe Both Tables 4 and 5 represent snapshots of predicted 
© FE The Far East, centered on Japan signal levels to generalized receiving locations—that is, they 
© SA South America, centered on Paraguay are computed for a particular month, from a particular trans~ 
© AF Alllof Aftica, centered on Zambia mitting location, and for a particular level of solar activity 
© AS South Asia, centered on India ‘These tables provide summary information that is particu- 
* OC Oceania, centered on Sydney, Australia larly valuable for someone planning for an operating event 
© NA North America, all across the USA such as a DXpedition or a contest. 


sation files show the highest predicted sig- 
nal strength (in S-units) throughout the generalized receiv 
ing area, for a 1500-W transmitter and rather good antennas, 
‘on both sides of the circuit. The standard antennas are: 


‘© 100-foot high inverted-V dipoles for 80 and 40 meters 
‘© 3-clement Yagi at 100 feet for 20 meters 
‘element Yagi at 60 feet for 15 and 10 meters. 


For example, Summary Table 4 shows that in January 
during a period of Very Low solar activity, 15 meters is open 
to somewhere in Europe from Boston for only 4 hours, from 
13 to 16 UTC, with a peak signal level between $4 and S7. 
Now look at Table 5, where 15 meters is predicted to be 
‘open to Europe during a period of Very High solar activity 
for 7 hours, from 12 to 18 UTC, with peak signals ranging 
from $9 to S94. 


‘What happens if you don’t have a big-gun station with 
high antennas or the 1500-W power assumed in the analy- 
ses above? You can discount the S-Meter readings to 
reflect a smaller station: 


‘© Subtract 2 $ units for a dipole instead of a Yagi at same 
height on 20/15/10 meters. 

Subtract 3 S units for a dipole at 50 feet instead of a Yagi 
at 100 feet on 20 meters. 

Subtract I$ unit for a dipole at 50 feet rather than a 
dipole at 100 feet on 40/80 meters. 

‘© Subtract 3 $ units for 100 W rather than 1500 W. 

‘© Subtract 6 S units for 5 W (QRP) rather than 1500 W. 


For example, Table 4 predicts an S7 signal into Boston 


from Europe on 15 meters at 14 UTC. If'a European station 
is using a dipole at 50 feet, with 100 W of power, what 
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Expected signal levels using 1500 W and 3-clenent Yagis at 100 feet at each station 


Fig 41—The 20-meter page from Detailed propagation-prediction for the month of January, during Very High solar 
conditions, from Boston to 40 CQ Zones throughout the world. There are similar pages for each monthiSSN level 
for 160, 80, 40, 20, 15 and 10 meters. These Detailed tables are very useful for planning DX work. 


‘would this do to the predicted signal level in Boston? You 
‘would compute: $7 ~2 S units (for a dipole instead of Yagi) 

3S units (100 W rather than 1500 W) = an S2 signal in 
Boston, A QRP station with a 4-element 15-meter Yagi at 
60 feet would yield: $7 ~6 $ units = an SI signal in Boston, 


More Detailed Predictions 

Lot's now look at table in Fig 41, which is the Detailed 
20-meter page for the same conditions in Table 5: January 
at a Very High level of solar activity from Boston to the 
world. There are six such pages per month/SSN level, 
covering 160, 80, 40, 20, 15 and 10 meters. 

Ina Detailed prediction table, the world is divided into 
the 40 CQ Zones, with a particular sample location in each 
zone. For example, Zone 14 in Western Europe is repre- 
sented by a location in London, England (cal sign G), while 
Zone 25 is represented by a location in Tokyo, Japan (call 
sign JAL). Note that Zones with large ham populations are 
highlighted with dark shadowing for easy identification. For 
example, Zones 3, 4 and 5 cover the USA, while Zones 14, 
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15 and 16 cover the majority of Europe. Zone 25 covers the 
big ham population in Japan, 

Let's revisit the example above for computing the sig- 
nal strength for a station in London, but this time on 
20 meters. Again, we'll assume that the G station has a 
dipole at 50 feet and 100 W of transmitter power. At 
14UTC in Zone 14, the table in Fig 40 predicts a very healthy 
signal for the reference big-gun station, at S94. This is a 
signal at least S9 + 10 dB. Here, we're going to round off 
the plus 10 dB to 2 S units, giving a fictional 11 S units to 
start, We discount this for the smaller station: S11 ~ 3 S. 
units (for a dipole at 50 feet instead of a 3-clement Yagi at 
100 feet) ~ 3 S units (100 W rather than 1500 W) 
signal in Boston. This is a respectable signal and will prob- 
ably get through, in the absence of stronger signals calling 
the Boston station at the same time, of course. 

Here's another example of how to use the Detailed 
propagation-prediction tables. Let's say that at 1230 UTC 
in January you work a VU2 station in New Delhi on 
15 meters from Boston, where the local time is 7:30 AM. 


You need a 20-meter contact also for the 5-Band DXCC 
award, so you quickly check the table in Fig 40 for Zone 22 
(VU) and find that the predicted signal strength is $9. Your 
new VU2 friend is willing to jump to 20 meters and so you 
QSY to make the contact. 

But perhaps you are late leaving for work and so 
you ask your new VU2 friend to make a schedule with 
you later that evening. Again, you consult the Detailed 
prediction table for 20 meters and find that signals are 
predicted to be S8 or stronger from 20 to 23 UTC, drop- 
ping to $7 at 00 UTC. You quickly ask your new friend 
whether he minds waking up at 4:30 AM his time to make 
a schedule with you at 2300 UTC, because New Delhi is 
5¥4 hours ahead of UTC. You determined this using the 
program GeoClock, which is included with the software 
‘on the CD-ROM in the back of this book and which you 
run in the background on Windows. Luckily, he’s a very 
gracious fellow and agrees to meet you on a specific fre- 
quency at that time. 

‘The Detailed propagation-prediction tables give you 
all the information needed to plan your operations to maxi- 
mize your enjoyment chasing DX. You can use these tables 
to plan a 48-hour contest next month, or next year—or you 
can use them to plan a schedule with your ham cousin on 
the West Coast on Saturday afternoon, 


THE PROPAGATION BIG PICTURE 


A newcomer to the HF bands could easily be over- 
‘whelmed with the sheer amount of data available in the Sum- 
mary (and particularly the Detailed) prediction tables on 
the CD-ROM included with this book. So here's a long- 
term, “big-picture” view of HF propagation that might help 
answer some common questions. For example, what month 
really is the best for working DX around the clock? Or what 
level of solar activity is necessary to provide an opening 
between your QTH and somewhere in the South Pacific? 

Table 6 is a table showing the number of hours in a 
day during each month when each major HF band is open 
to the same receiving areas shown in Tables 4 and 5. The 
listing is for New England, for three levels of solar activity 
Very Low, Medium and Very High. The number of hours 
are separated in Table 6 by slashes. (Versions of Table 6 for 
other areas around the US are on the CD-ROM that accom- 
panies this book in Fig6Tab.PDF ) 

Let’s examine the conditions for New England 
to Europe on 15 meters for October. The entry shows 
“T/LLV7," meaning that for a Very Low level of solar activ- 
ity, 15 meters is open for 7 hours; for a Medium level, itis 
open for 11 hours and for a Very High level of solar activity 
it is open for 17 hours a day. 

Even for a Very Low level of solar activity, the month 
with the most hours available per day from Boston to some- 
where in Europe is October, with 7 hours, followed by the 
next largest month of March, with 6 hours. For a Very High 
level of solar activity, however, the 15-meter band is open 
to Europe for 18 hours in April, followed by 17 hours avail- 


ability in September and October. Arguably, the CQ World 
Wide Contest Committee picked the very best month for 
higher-frequency propagation when they chose October for 
the Phone portion of that contest. 

You can easily see that even at a Very High level of 
solar activity, the summer months are not very good to work 
DX, particularly on east-west paths. For example, the 
10-meter band is very rarely open from New England to 
Europe after the month of April, even when solar activity is 
at the highest levels possible. Things pick up after Septem- 
ber, even for a Medium level of solar activity. Again, 
October looks like the most fruitful month in terms of the 
number ofhours 10 meters is open to Europe under all levels 
of solar conditions. 

‘Ten meters is open more regularly on north-south paths, 
such as from New England to South America or to southern 
Africa. It is open as much as 10 hours a day during March 
and October to deep South America, and 7 hours a day in 
October to Africa—even during the lowest parts of the 
solar cycle. (Together with the sporadic-E propagation that 
10 meters enjoys during the summer, this band can often be 
alot of fun even during the sunspot doldrums. You just have 
to be operating on the band, rather than avoiding it because 
you know the sunspots are “spotty!") 

Now, look at the 20-meter band in Table 6. From 
New England, twenty is open to somewhere in South 
America for 24 hours a day, no matter the level of solar 
activity. Note that Table 6 doesn’t predict the level of 
signals available; it just shows that the band is open with 
signal strength greater than O on the $ meter. Look back 
at Summary Table 4 for the predicted signal strengths in 
January at a Very Low level of solar activity. There, you 
‘can see that the signal strength from New England into 
deep South America is always $8 or greater for a big gun 
station. A lot of the time during the night the band sounds 
dead, simply because everyone is either asleep or operat- 
ing on a lower frequency. 

For the 40-meter band in Table 6, during the month of 
January the band is open to Europe for 24 hours a day, what- 
ever the level of solar activity is. Look now at Table 4, and 
you'll see that the predicted level for Very Low solar ac- 
tivity varies from $4 to $9. Local QRM or QRN would 
probably disrupt communications on 40 meters in Eu- 
rope for stateside signals weaker than pethaps $3 or S4. 
Even though you might well be able to hear Europeans 
from New England during the day, they probably won't 
hear you because of local conditions, including local $9+ 
European stations and atmospheric noise from nearby 
thunderstorms. New England stations with big antennas 
‘can often hear Europeans on 40 meters as early as 
time, but must wait until the late afternoon before the 
Europeans can hear them above their local noise and 
QRM. 

Let's say that you want to boost your country total 
on 80 meters by concentrating on stations in the South 
Pacific. The best months would be from November to 
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Table 6 


The number of hours per day when a particular band is open to the target geographic areas in Table 4, 
as related to the level of solar activity (Very Low, Medium and Very High). This table is customized for 
Boston to the rest of the world. Some paths are open 24 hours a day, plus or minus QRM and local QRN, 
no matter what the level of solar activity is. See CD-ROM for other transmitting locations. 


MA (Boston) 


Hours Open to Each Region for Very-Low/Medium/Very-High SsNe 


80 Meters 
Month Europe Far 
Jan 17/37/16 5/ 
Feb 17/16/15 3/ 
Mar 15/15/14 3/ 
apr 13/13/12 1/ 
May 32/11/10 0/ 
gun 10/ 9/8 Of 
gat 11/11/ 9 o/ 
Aug 13/11/11 0/ 
Sep 14/13/11 2/ 
oct 15/15/13 3/ 
Nev 17/17/15 4 
Dec 19/18/17 7/ 


AT/AT/16 16/16/35, 
iAe/i6 15/15/14 
16/16/25 15/13/13 
16/16/24 13/23/13 
36/15/24 12/31/10 
1aaas1a 11/10/20 
as/aa/ua 13/21/21 
6/16/24 13/32/12, 
ai/i6/ia 13/23/32 
anise 14/34/33 
A/AT/16 16/15/24 
18/18/17 16/16/16 


40 Meters 
Month Europe Far East So. Aner. Africa 
Jan 24/24/24 15/26/25 24/24/21. 21/20/19 
Feb 24/24/21 13/11/11 24/23/20 20/19/18 
Maz 23/22/19 10/ 9/ 7 24/21/18 19/17/17 
apr 21/19/18 8/ 6/ 4 22/20/18 17/16/15 
May 19/17/17 5/ 47 3 22/18/17 17/26/34 
gun 17/35/13 4/ 2/2 22/38/16 16/15/14 
Bal 18/16/15 5/ 4/2 24/38/17 17/25/24 
Aug 19/17/16 7/ 5/ 4 24/19/18 18/16/15 
Sep 22/21/17 9/ 8/ 5 23/20/18 18/17/16 
oct 24/23/20 12/11/ 8 24/23/19 20/18/17 
Nov 24/24/22, 14/13/12 24/24/20 21/19/18 
Dec 24/24/24 18/19/22 24/24/21 23/21/19 


February in terms of the number of hours per day when 
the 80-meter band is open to Oceania, You can see by 
reading across the line for each month that the level of 
solar activity is not hugely important on 80 meters to 
any location. Common experience (backed by the statis- 
tical information in Table 6) is that the 80-meter band is, 
open only marginally longer when sunspots are low. 
This is true toa greater extent on 40 meters. Thus you 
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es 
os ay 4 
afar 
3/ 3/2 
paves 
say o 
rast 
3/ 2/4 
afar 
5/ 
aa 4 
aay 97 7 


aijai/ia 
19/19/17 
wns 
16/11/ 8 
9/ 8/5 
Ws 
ars 
au/o/ 6 
nanny 7 
inene 
21/20/17 
24/23/22 


au/i0/ 9 
10/ 9/9 
9/87 
of af 7 
6 6 
6 5/5 
6s 
W416 
9/8 8 
97 9/7 
anos 9 
Feyteets 
19/18/15, 
16/15/14 
33/33/13 
33/33/12 
a2/aa/i0 
aupio/ 9 
a2/aa/0 
a3/az/aa 
33/33/32 
36/33/33 
ani 
nse 


24/24/24 
24/24/24 
24/24/24 
24/24/24 
24/24/24 
24/24/24 
24/24/24 
24/24/24 
24/24/24 
24/24/24 
24/24/24 
24/24/24 


24/24/24 
24/24/24 
24/24/24 
24/24/24 
24/24/24 
24/24/24 
24/24/24 
24/24/24 
24/24/24 
24/24/24 
24/24/24 
24/24/24 


may hear the generalization that the low bands tend to be 


better during periods of low solar a 


ity, while the upper 


HF bands (above 10 MHz) tend to be better when the sun is 


‘Table 6 can give you a good handle on what months are 
the most productive for DXing and contesting. It should be 
no surprise to most veteran operators that the fall and winter 


‘months are the best times to work DX. 


20 Meters. 


Month Europe Far East So. Aner. Africa 
Jan 13/16/22 18/22/22 24/24/24 20/21/21, 
Feb 12/18/23 13/21/24 24/24/24 22/22/24 
Mar 15/18/24 17/20/24 24/24/24 22/24/24 
Bor 15/20/24 19/22/24 24/24/24 21/24/24 
May 19/23/24 22/24/24 24/24/24 23/24/24 
gan 22/24/24 24/24/24 24/24/24 24/21 
Bal 19/24/24 24/24/24 24/24/24 21/24/24 
Aug 15/20/24 20/24/24 24/24/24 20/24/24 
Sep 16/19/24 11/21/24 24/24/24 21/24/24 
Oct 15/21/24 16/20/24 24/24/24 22/24/24 
Mov 14/20/23 14/22/24 24/24/24 20/24/24 
Dec 11/17/24 13/22/24 24/24/24 17/23/24 
Month Europe Far East So. Aner. Africa 
gan 4/ 6/7 2/ 9/13 12/18/16 9/13/13 
Feb 4/7/12, 4/10/14 13/18/23 11/13/16 
Mar 6/ 9/14 2/13/15 14/21/24 13/17/22 
Bor 0/10/18 3/13/18 15/23/24 15/18/24 
May 1/13/16 6/10/19 17/20/24 14/18/24 
gan 0/ 2/16 0/ 9/15 16/21/24 14/18/24 
Bal 0/ 2/16 0/ 5/18 15/19/24 12/18/24 
Aug 0/ 2/14 0/ 8/17 14/18/22 13/16/22 
Sep 1/10/17 6/13/17 14/16/24 13/17/22 
oct 7/11/27 10/23/17 2/16/22 12/15/22 
Mov 5/8/14 8/11/14 12/16/22 12/14/17 
Dec 3/ 6/ 9 2/10/13 12/15/23 8/13/15 
20 met 

Month Europe Far East So. Aner. Africa 
Jan 0/ 3/4 Of 1/8 6/11/13. Of 7/10 
Feb 0/ 2/7 Of 2/10 8/12/14 0/ 9/13 
Mar 0/ 0/ 8 0/1/10 10/14/20 3/21/14 
Ber 0/ 0/ 8 0/ Of 8 7/14/21 0/12/17 
May 0/ 0/0 0/ Of 1. 7/12/20. 3/0/17 
gan 0/ 0/0 Of 0/ 0 7/21/18 Of 3/37 
Bal 0/ 0/ 0 0/ 0/ 0 -2/ 9/19 of 2/18 
Bug 0/ 0/ 0 0/ 0/ 0 2/10/17 o/ 3/16 
Sep 0/ 0/ 8 Of 1/10 7/13/18 o/11/16 
oct 0/ 5/9 Of 2/12 a0/a2/18 7/12/14 
Mov 0/ 4/8 0/ 3/11 9/12/18 5/10/13 
Dec 0/ 3/6 0/ 1/8 8/11/13 1/ 8/32 


Do- 


Very reliable methods of determining the MUF for any 
given radio path have been developed over the last 50 years. 
AAs discussed previously, these methods are all based on the 
smoothed sunspot number (SSN) as the measure of solar 
activity. It is for this reason that smoothed sunspot numbers 
hold so much meaning for radio amateurs and 
others concerned with radio-wave propagation—they are the 
link to past (and future) propagation conditions. 

Early on, the prediction of propagation conditions 
required tedious work with numerous graphs, along with 
charts of frequency contours overlaid, or overprinted, on 
world maps. The basic materials were available from an 
agency of the US government. Monthly publications pro- 


38/20/22 18/23/22 24/24/24 
35/21/24 18/23/24 24/24/24 
46/21/24 16/24/24 24/24/24 
19/22/24 18/24/24 24/24/24 
23/24/24 21/24/24 24/24/24 

24/24/24 24/24/2 
24/24/24 23/24/24 24/24/24 
20/24/24 19/24/24 24/24/24 
36/21/24 17/24/24 24/24/24 
19/22/24 17/24/24 24/24/24 
37/21/24 19/23/24 24/24/24 
32/22/24 16/24/24 24/24/24 
3/ 4/7 9/12/13 24/15/16 
3/7/13, 8/13/15 22/16/19 
3/11/17 10/34/17 15/16/23 
9/15/19 11/15/21 16/16/21 
43/17/18 10/16/19. 20/19/24 
3/15/18 10/12/20 24/22/22 
o/i2/is 4/12/20 24/22/21 
0/12/27 6/10/19 22/19/21 
9/14/27 9/34/17 16/16/22 
qnapat 12/33/15 18/15/22 
3/ 1/16 10/13/15 20/16/21 
2/ apie 9/12/14 24/25/18 
07 1/3 o/ 3/11. 23/24/24 
07 3/5 0/ 7/13 24/24/24 
0/ of 8 0/ 7/13 23/24/24 
0/ 0/13 o/ 5/11 18/24/24 
0/ 1/12 of 2/11 17/20/22 
07 0/ 0 of of 2. 21/19/23 
0/ Of 7 0/ of 6 16/16/24 
0/ 0/10 of of 8 17/17/24 
07 0/10 of 2/ 9 19/24/2 
07 5/9 Of 8/12 24/24/24 
07 3/ 6 4/10/12 24/24/24 
07 as 4 2/7/12 23/23/24 


it-Yourself Propagation Prediction 


vided the frequency-contour data a few months in advance. 
Only rarely did amateurs try their hand at predicting propa- 
gation conditions using these hard-to-use methods. 
‘Today's powerful PCs have given the amateur won- 
derful tools to make quick-and-easy HF propagation pre- 
dictions, whether for a contest or a DXpedition. The 
summary and detailed prediction tables described earlier in 
this chapter were generated using CAPMan, a modernized 
version of the mainframe JONCAP program, on a PC. 
While tremendously useful to setting up schedules and 
for planning strategy for contests, both the Summary and 
Detailed prediction tables located on the CD-ROM accom: 
panying this book show signal strength. They do not show 
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Table 7 


Features and Attributes of Propagation Prediction Programs 


ASAPS —CAPMan VOACAP 
v4 Windows 
User Friendliness Good Good Good 
Operating System Windows DOS — Windows 
Uses k or A index No Yes No 
User library of QTHs: Yes Yes Yes 
Bearings, distances Yes Yes Yes 
MUF calculation Yes Yes Yes 
LUF calculation Yes Yes Yes 
Wave angle calculation Yes Yes._—«—“Yes 
Vary minimum wave angle Yes Yes Yes 
Path regions and hops Yes. Yes Yes 
Multipath effects, Yes Yes Yes 
Path probability Yes Yes Yes 
Signal strengths Yes Yes Yes 
SIN ratios Yes Yes Yes 
Long-path calculation Yes Yes Yes 
Antenna selection Yes Yes Yes 
Vary antenna height Yes Yes_—Yes 
Vary ground characteristics Yes Yes Yes 
Vary transmit power Yes Yes Yes 
Graphic displays Yes Yes Yes 
UT-day graphs Yes Yes Yes 
‘Area Mapping No Yes Yes 
Documentation Yes Yes On-line 
Price class $2754 $89 treet 


Price classes are for late 2003 and subject to change. 
{Available on the World Wide Web: elbert.its.bldrdoc.govih.html 
Available on the World Wide Web at: www.qsl.net wGelprop! 

+ Shipping and handling extra. 


ACE-HF — W6ELProp WinCAP —PropLab 
Vv.270 Wizard 2 Pro 
Excellent Good Good Poor 
Windows Windows Windows DOS 
No Yes Yes Yes 
Yes-RX Yes Yes No 
Yes Yes Yes Yes 
Yes Yes Yes Yes 
Yes No Yes Yes 
Yes Yes Yes Yes 
Yes Yes Yes Yes 
Yes Yes Yes Yes 
Yes No Yes Yes 
Yes Yes Yes Yes 
Yes Yes Yes Yes 
Yes No Yes Yes 
Yes Yes Yes Yes 
Yes Indirectly Isotropic. Yes 
Yes Indirectly No Yes 
Yes No No No 
Yes Indirectly Yes Yes 
Yes Yes Yes 20/30 
Yes Yes Yes Yes 
Yes Yes No Yes 
Yes Yes Yes Yes 
$99 frees $29.95+ —-$150tt 


+ tAvallabie on the World Wide Web: www.spacew.comiwwwiproplab.htmt 


other information that is also in the underlying databases 
used to generate them. They don't, for example, show the 
dominant elevation angles and neither do they show reli- 
ability statistics. You may want to run propagation-predic- 
tion software yourself to get into the really “nitty-gritty 
details, 

‘Modern programs are designed for quick-and-casy pre- 
dictions of propagation parameters. See Table 7 for a list- 
ing of a number of popular programs. The basic input 
information required is the smoothed sunspot number (SSN) 
or smoothed solar flux, the date (month and day), and the 
latitudes and longitudes at the two ends of the radio path. 
‘The latitude and longitude, of course, are used to determine 
the great-circle radio path. Most commercial programs tai- 
lored for ham use allow you to specify locations by the call 
sign. The date is used to determine the latitude of the Sun, 
and this, with the sunspot number, is used to determine the 
properties of the ionosphere at critical points on the path. 

Of course, just because a computer program predict 
that a band will be open on a particular path, it doesn’t 
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follow that the Sun and the ionosphere will always cooper- 
ate! A sudden solar flare can result in a major geomagnetic 
storm, taking out HF communication anywhere from hours 
to days. There is still at, as well as a lot of science, in pre- 
dicting propagation. In times of quiet geomagnetic activity 
however, the prediction programs are good at forecasting 


Obtaining Sunspot Number/Solar Flux Data 
Alter you have chosen and then set up a computer pro- 
gram for evaluation of a particular path, you will still need 
the sunspot number or solar flux level for the period in ques- 
tion. A caution must be stated here—for best accuracy and 
consistency, use the average of solar flux values taken from 
actual observations, perhaps from WWV/WWVH, over the 
previous three or four days. Many amateur packet systems 
archive WWV flux numbers (plus planetary k, and A, indi- 
ces). Solar flux numbers can vary dramatically from day to 
‘day, but the Earth’s ionosphere is relatively slow to respond 
to instantaneous changes in solar radiation. This caveat also 


sunapat Nemoer 


Fig 42—Smoothed sunspot number, with predictions, 
from 1940 to 2040. This was extrapolated based on 
data from 1840 to 1983. Cycle 22 actually peaked in 
Nov 1989, at a monthly smoothed sunspot number of 
158. Propagation on the higher frequencies throughout 
the peak of Cycle 22 was good to excellent, since the 
‘monthly smoothed sunspot number stayed at 100 or 
above from July 1988 through May 1992. (Courtesy of 
‘Naval Ocean Systems Center, San Diego.) 


holds for sunspot numbers derived, using Fig 18, from 
WWVAVWYH solar flux numbers. 

Fig 42 shows a graph produced in the early 1980s of 
smoothed sunspot numbers for Solar Cycles 17 through 21, 
with predictions for Cycles 22 through 26. The graph cov- 
crs a period of 100 years, from 1940 to 2040, and may be 
used for making long-term or historical calculations. Just 
remember that the graph shows smoothed numbers. The 
solar activity at any given time can be significantly lower or 
significantly higher than the graph indicates. In fact, Cycle 
22 peaked at the end of 1989, as predicted, but with a 
‘monthly smoothed sunspot level of 158, quite a bit higher 
than predicted. Cycle 23 peaked in early 2002 at a level of 
about 115, a considerably higher level than the predicted 
value. 


WWV PROPAGATION DATA 


For the most current data on what the Sun is doing, 
National Institute of Standards and Technology stations 
WWV and WWVH broadcast information on solar activity 
at 18 and 45 minutes past each hour, respectively. These 
propagation bulletins give the solar flux, geomagnetic 
AcIndex, Boulder K-Index, and a brief statement of solar 
and geomagnetic activity in the past and coming 24-hour 
periods, in that order. The solar flux and A-Index are 
changed daily with the 2118 UT bulletin, the rest every three 
hours—0018, 0318, 0618 UT and so on, On the Web, up- 
to-date WWV information can be found at: ftp:// 
ftp sel.noaa.gov/pub/latest/wwv.txt or on the NOAA Web 
page www.see.noaa.gov/. 

‘Some other useful Web sites are: dx.qsL.net/propaga- 
tion/, www.dsle.com/solar, hfradio.org/propagation. 
html. The Solar Terrestrial Dispatch page contains a wealth 
of propagation-related information: www.spacew.conv. You 


fective Sunspot Number (SSN, 


Fig 43—Effective Sunspot Number (SSN,) produced 
by NWRA. Note large drop in effective SSN due to a 
geomagnetic storm commencing Oct 1, 2002. 
(Courtesy of Northwest Research Associates.) 


may also access propagation information on your local 
PacketCluster. Use the command SH/WWV/n, where 1 is, 
the number of spots you wish to see (five is the default). 
Another excellent method for obtaining an “equivalent 
sunspot number” (SSN,) is to go to the Space Weather site of 
Northwest Research Services: www.nwra-az,com/spawx/ 
ssne24,html. NWRA compares real-time ionospheric 
sounder data around the world with predictions using 
various levels of SSN looking for the best match. They thus, 
“back into” the actual effective sunspot number, 
Fig 43 is a typical NWRA graph, which covers the week 
ending 6 October 2002. Note the sudden decrease in SSN, 
after a geomagnetic storm depressed SSN, by more than 0%. 


The A-Index 

‘The WWV/WWVH A-Index is a daily figure for the 
state of activity of the Earth's magnetic field. It is updated 
with the 2118/2145 UT bulletin. The A-Index tells you 
mainly how yesterday was, but it is very revealing when 
charted regularly, because geomagnetic disturbances nearly 
always recur at four-week intervals 


The K-Index 


‘The K-Index (new every three hours) reflects Boulder 
readings of the Earth's geomagnetic field in the hours just 
preceding the bulletin data changes. It is the nearest thing to 
current data on radio propagation available. With new data 
every three hours, K-Index trend is important. Rising is bad 
news; falling is good, especially related to propagation on 
paths involving latitudes above 30° north. Because this is a 
Boulder, Colorado, reading of geomagnetic activity, it may 
not correlate closely with conditions in other areas. 
‘The K-Index is also a timely clue to aurora possibi 
Values of 4, and rising, warn that conditions associated with 
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Fig 44—Plot of the estimated planetary k index, 


Kp, for 
the last four days. (Courtesy NOAA/SEC.) 


auroras and degraded HF propagation are present in the Boul- 
der area at the time of the bulletin’s preparation, A NOAA 
Web site that carries up-to-date planetary K, data is: 
www.sel.noaa.gov/ftpmenu/plots/2003_plots/kp.html 
Fig 44 is a graph from this Web site for four days starting 
27 April 2003 to 30 April 2003. This was a period of signifi- 
cant geomagnetic activity, indicated by K, indices of 5 and 4. 
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First steps 


The principle behind soldering sounds quite simple: the idea is to join components 
together to form an electrical connection, by using a mixture of lead and tin solder or 
alternatively “lead-free” solder (an alloy of tin and copper), which is melted onto the joint 
using a soldering iron. If you have never picked up a soldering iron before, then this guide 
will show you everything to help you start soldering with confidence. I also hope that the 
guidance will help those working in other areas — computer technicians or audio 
enthusiasts, for example, who may be faced with electronic repairs or modifications using 
a soldering iron for the first time. 


If you’re an electronics hobbyist or trainee, before embarking on any form of 
ambitious electronic project, it is recommended that you practice your soldering technique 
on some brand new components using clean strip board (or protoboard) or a printed 
circuit board, and select a simple and straightforward constructional design as a starting 
point. Become acquainted and comfortable with your chosen soldering iron, which likely 
to become as familiar to you as a favourite pen. Learn how to balance it and handle it with 
precision. Try soldering an assortment of resistors, capacitors, diodes, transistors and 
integrated circuits with it, and then try your hand at desoldering — removing the solder 
again to make a repair or modification. 


Areally good place to start learning is by building a simple electronics kit, such as a 
Velleman kit that contains a good quality printed circuit board. You'll learn some of the 
basic skills of successful soldering this way, and it'll be a great confidence booster too. 


Did you know? In the USA and elsewhere, the letter L in “solder” is silent and they 
say “soda” or “sodder” — but here in Britain we do pronounce the L and we say “sole-der”. 
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Antenna and 
Transmission-Line 
Measurements 


The principal quantities measured on transmission 
lines are line current or voltage, and standing-wave ratio 
(SWR). You make measurements of current or voltage to 
determine the power input to the line. SWR measurements, 
are useful in connection with the design of coupling cir- 
cuits and the adjustment of the match between the antenna, 
and transmission line, as well as in the adjustment of these 
matching circuits 

For most practical purposes a relative measurement 
is sufficient. An uncalibrated indicator that shows when 
the largest possible amount of power is being put into the 
line is just as useful, in most cases, as an instrument that 
measures the power accurately. It is seldom necessary to 
know the actual number of watts going into the line unless 
the overall efficiency of the system is being investigated. 
‘An instrument that shows when the SWR is close to 1:1 
is all you need for most impedance-matching adjustments, 
‘Accurate measurement of SWR is necessary only in stud: 
ies of antenna characteristics such as bandwidth, or for 
the design of some types of matching systems, such as 
stub mateh, 

Quantitative measurements of reasonable accuracy 
demand good design and careful construction in the mea- 
suring instruments. They also require intelligent use of 
the equipment, including a knowledge not only of its limi- 
tations but also of stray effects that often lead to false 
results. Until you know the complete conditions of the 
‘measurements, a certain amount of skepticism regarding 
‘numerical data resulting from amateur measurements with, 
simple equipment is justified. On the other hand, purely 
qualitative or relative measurements are easy to make and 
are reliable for the purposes mentioned above 

LINE CURRENT AND VOLTAGE 

A current or voltage indicator that can be used with 
coaxial line is a useful piece of equipment. It need not be 
elaborate or expensive. Its principal function is to show 
when the maximum power is being taken from the trans- 


mitter; for any given set of line conditions (length, SWR, 
ete). This will occur when you adjust the transmitter cou. 
pling for maximum current or voltage into the transmis. 
sion line. Although the final-amplifier plate or collector 
current meter is frequently used for this purpose, itis not 
always a reliable indicator. In many cases, particularly 
with a screen-grid tube in the final stage, minimum loaded, 
plate current does not occur simultaneously with maxi- 
‘mum power output. 
RF VOLTMETER 
her 


You can put t ‘manium diode in conjunc 


Fig 1—RF voltmeter for coaxial line. 

C1, C2—0.005- or 0.01-yF cerami 

D1—Germanium diode, 1N34A. 

Jt, J2—Coaxial fittings, chassis-mounting type. 

Mi—0-1 milliammeter (more sensitive meter may be 
used if desired; see text). 

F1—6.8 kO, composition, 1 W for each 100 W of RF 
power. 

R2—680 Q, '/s or 1 W composition. 

R3—10 kQ, */2 W (see text) 
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tion with a low-range milliammeter and a few resistors to 
form an RE voltmeter suitable for connecting across the 
two conductors of a coaxial line, as shown in Fig 1. It 
consists of a voltage divider, RI-R2, having a total resis- 
tance about 100 times the Z, of the line (so the power 
consumed will be negligible) with a diode rectifier and 
milliammeter connected across part of the divider to read 
relative RF voltage. The purpose of R3 is to make the meter 
readings directly proportional to the applied voltage, as 
nearly as possible, by swamping the resistance of D1, since 
the diode resistance will vary with the amplitude of the 
current through the diode. 

‘You may construct the voltmeter in small metal box, 
indicated by the dashed line in the drawing, and fitted with 
coax receptacles. RI and R2 should be carbon-composi 
tion resistors. The power rating for RI should be 1 W for 
each 100 W of carrier power in the matched line; separate 
1- or 2-W resistors should be used to make up the total 
power rating required, to the total resistance as given. Any 
type of resistor can be used for R3; the total resistance 
should be such that about 10 V de will be developed across 
it at full scale. For example, a 0-1 milliammeter would 
require 10 kO, a 0-500 microammeter would take 20 kQ, 
and so on. For comparative measurements only, R3 may 
be a variable resistor so the sensitivity can be adjusted for 
various power levels. 

In constructing such a voltmeter, you should exer- 
cise care to prevent inductive coupling between RI and 
the loop formed by R2, DI and Cl, and between the same 
loop and the line conductors in the assembly. With the 
lower end of RI disconnected from R2 and grounded to 
the enclosure, but without changing its position with 
respect to the loop, there should be no meter indication 
‘when full power is going through the line. 

If more than one resistor is used for RI, the units 
should be arranged end-to-end with very short leads. RI 
and R2 should be kept '/s inch or more from metal sur- 
faces parallel to the body of the resistor. If you observe 
these precautions the voltmeter will give consistent read~ 
ings at frequencies up to 30 MHz. Stray capacitance and 
stray coupling limit the accuracy at higher frequencies 
but do not affect the utility of the instrument for com- 
parative measurements, 


Calibration 

‘You may calibrate the meter for RF voltage by com- 
parison with a standard such as an RF ammeter. This 
requires that the line be well matched so the impedance 
at the point of measurement is equal to the actual Z, of 
the line. Since in that case P = PZ, the power can be 
calculated from the current. Then E=/PZ, . By making 
current and voltage measurements at 2 number of differ- 
ent power levels, you can obtain enough points to draw a 
calibration curve for your particular setup. 
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Fig 2—A convenient method of mounting an RF 
‘ammeter for use in a coaxial line. This is a metal-case 
instrument mounted on a thin bakelite panel. The cutout 
in the metal clears the edge of the meter by about ‘/s 
inch. 


RF AMMETERS 


Although they are not as widely available as they 
used to be if you can find one on the surplus market or at 
a hamfest, an RF ammeter is a good way to gauge output 
power. You can mount an RF ammeter in any convenient 
location atthe input end of the transmission line, the prin- 
cipal precaution being that the capacitance to ground, 
chassis, and nearby conductors should be low. A bakelite- 
cease instrument can be mounted on a metal panel with- 
‘out introducing enough shunt capacitance to ground to 
cause serious error up to 30 MHz. When installing a 
metal-case instrument on a metal panel, you should mount 
it on a separate sheet of insulating material so that there 
is “h inch or more separation between the edge of the 
cease and the metal 

‘A 2-inch instrument can be mounted in a 2x 4.x 
4-inch metal box, as shown in Fig 2. This is a convenient 
arrangement for use with coaxial line. Installed this way, 
‘8 good quality RF ammeter will measure current with an 
accuracy that is entirely adequate for calculating power 
in the line. As discussed above in connection with cali- 
brating RF voltmeters, the line must be closely matched 
by its load so the actual impedance is resistive and equal 
to Zp. The scales of such instruments are cramped at the 
low end, however, which limits the range of power that 
ccan be measured by a single meter. The useful current 
range is about 3 to 1, corresponding to a power range of 
about 9 t0 1 


SWR Measurements 


On parallel-conductor lines it is possible to measure 
the standing-wave ratio by moving a current (or voltage) 
indicator along the line, noting the maximum and mini- 
‘mum values of current (or voltage) and then computing 
the SWR from these measured values. This cannot be done 
with coaxial line since it is not possible to make mea 
surements of this type inside the cable. The technique is, 
in fact, seldom used with open lines because itis not only 
inconvenient but sometimes impossible to reach all parts 
of the line conductors. Also, the method is subject to con- 
siderable error from antenna currents flowing on the line, 

Present-day SWR measurements made by amateurs 
practically always use some form of directional coupler 
or RF-bridge circuit. The indicator circuits themselves 
are fundamentally simple, but they require considerable 
care in construction to ensure accurate measurements. The 
requirements for indicators used only for the adjustment 
of impedance-matching circuits, rather than actual SWR 
‘measurement, are not so stringent, and you can easily 
make an instrument for this purpose. 


BRIDGE CIRCUITS 

‘Two commonly used bridge circuits are shown in 
Fig 3. The bridges consist essentially of two voltage 
dividers in parallel, with a voltmeter connected between 
the junctions of each pair of arms, as the individual ele- 
‘ments are called. When the equations shown to the right 
of each circuit are satisfied there is no potential difference 
between the two junctions, and the voltmeter indicates zero 
voltage. The bridge is then said to be in balance. 

Taking Fig 3A as an illustration, if RI = R2, half the 
applied voltage, E, will appear across each resistor. Then 
if R = Rx, /E will appear across each of these resistors 
and the voltmeter reading will be zero. Remember that a 
‘matched transmission line has essentially a purely resis- 
tive input impedance. Suppose that the input terminals of 
such a line are substituted for Ry. Then if Rg is a resistor 
equal to the Zo of the line, the bridge will be balanced, 

Ifthe line is not perfectly matched, its input imped- 
ance will not equal Z; and hence will not equal Rg, since 
you chose the latter to be equal to Zp. There will then be 
a difference in potential between points X and Y, and the 
voltmeter will show a reading. Such a bridge therefore 
can be used to show the presence of standing waves on 
the line, because the line input impedance will be equal 
to Zo only when there are no standing waves. 

Considering the nature of the incident and reflected 
components of voltage that make up the actual voltage at 
the input terminals of the line, as discussed in Chapter 
24, it should be clear that when Rs = Zp, the bridge is 
always in balance for the incident component. Thus the 
voltmeter does not respond to the incident component at 
any time but reads only the reflected component (assum- 
ing that R2 is very small compared with the voltmeter 


w 
® & e 
ce RS RRS 


Fig 3—Bridge circuits suitable for SWR measurement. 
At A, Wheatstone type using resistance arms. At B, 
‘capacitance-resistance bridge ("Micromatch”). 
Conditions for balance are independent of frequency 
in both types. 


impedance). The incident component can be measured 
across either RI or R2, if they are equal resistances. The 
standing-wave ratio is then 


EL+E2 
EPED 


SWR 


(Eq) 


where El is the incident voltage and E2 is the reflected 
voltage. It is often simpler to normalize the voltages by 
expressing E2 as a fraction of El, in which case the for- 
mula becomes 


ik 
swr=2* 2 

k (Eq?) 
where k = EYEL 


‘The operation of the circuit in Fig 3B is essentially 
the same, although this circuit has arms containing reac- 
tance as well as resistance. 

It isnot necessary that Rl = R2 in Fig 3A; the bridge 
can be balanced, in theory, with any ratio of these two 
resistances provided Rg is changed accordingly. In prac- 
tice, however, the accuracy is highest when the two are 
equal; this circuit is most commonly used. 

A number of types of bridge circuits appear in Fig 4, 
many of which have been used in amateur products or 
amateur construction projects. All except that at G can 
have the generator and load at a common potential. At G, 
the generator and detector are at a common potential. You 
may interchange the positions of the detector and trans- 
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Fig 4—Various types of SWR indicator circuits and commonly known names of bridge circuits or devices in that 
they have been used. Detectors (D) are usually semiconductor diodes with meters, isolated with RF chokes and 
‘capacitors. However, the detector may be a radio receiver. In each circuit, Z represents the load being measured, 
(This information provided by David Geiser, WAZANU) 
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miter (or generator) in the bridge, and this may be 
advantageous in some applications. 

‘The bridges shown at D, E, F and H may have one 
terminal of the generator, detector and load common, 
Bridges at A, B, E, F, G and H have constant sensitivity 
over a wide frequency range. Bridges at B, C, D and H 
may be designed to show no discontinuity (impedance 


lump) with a matched line, as shown in the drawing 
Discontinuities with A, E and F may be small. 

Bridges are usually most sensitive when the detector 
bridges the midpoint of the generator voltage, as in G or H, 
or in B when each resistor equals the load impedance. Sen- 
sitivity also increases when the currents in each leg are 
equal. 


Resistance Bridge 


The basic bridge configuration shown in Fig 3B may 
be home constructed and is reasonably accurate for SWR 
‘measurement. A practical circuit for such a bridge is given 
in Fig 5 and a representative layout is shown in Fig 6. Prop- 
erly built, a bridge of this design can be used for measure- 
ment of SWRs up to about 15:1 with good accuracy. 
You should observe these important construction 
points 
1) Keep leads in the RF circuit short, to reduce stray 
inductance 
2) Mount resistors two or three times their body diam- 
eter away from metal parts, to reduce stray capaci- 
tance. 
3) Place the RF components so there is as little inductive 
and capacitive coupling as possible between the bridge 


Fig 5—Resistance bridge for SWR measurement. 

Capacitors are disc ceramic. Resistors are '/=-watt 

‘composition except as noted below. 

D1, D2—Germanium diode, high back resistance type 
(1N34A, 1N270, etc). 

J1, J2—Coaxial connectors, chassis-mounting type. 

Mi—0-100 de microammeter. 

Rt, R2—47 Q, ‘JW composition (see text). 

R3—See text. 

R4—50-kQ volume control. 

R,—Resistance equal to line Zo ("s or 1 W composition). 

‘Si—SPDT toggle. 


In the instrument shown in Fig 6, the input and line 
connectors, J] and J2, are mounted fairly close together 
so the standard resistor, Rs, can be supported with short 
leads directly between the center terminals of the con- 
nectors. R2 is mounted at right angles to Rs, and a shield 
partition is used between these two components and the 
others. 

‘The two 47-kQ resistors, RS and R6 in Fig 5, are 
voltmeter multipliers for the 0-100 microammeter used 
as an indicator. This is sufficient resistance to make the 
voltmeter linear (that is, the meter reading is directly pro- 
portional to the RF voltage) and no voltage calibration 
curve is needed. D1 is the rectifier for the reflected volt- 


Fig 6—A 2x 4 4-inch aluminum box is used to house 
this SWR bridge, which uses the circuit of Fig 5. The 
variable resistor, R4, is mounted on the side. The bridge 
‘components are mounted on one side plate of the box 
land a subchassis formed from a piece of aluminum. The 
input connector is at the top in this view. R, is connec- 
ted directly between the two center posts of the connec- 
tors. R2 is visible behind it and perpendicular to it. One 
terminal of D1 projects through a hole in the chassis so 
e lead can be connected to J2. R1 is mounted ver 
cally to the left of the chassis in this view, with D2 
‘connected between the junction of R1-R2 and a tie point. 
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age and D2 is for the incident voltage. Because of manu- 
facturing variations in resistors and diodes, the readings 
may differ slightly with two multipliers of the same nomi- 
nal resistance value, so a correction resistor, R3, is 
included in the circuit. You should select its value so that 
the meter reading is the same with SI in either position, 
when RF is applied to the bridge with the line connection 
open. In the instrument shown, a value of 1000 Q was 
required in series with the multiplier for reflected volt- 
age; in other cases different values probably would be 
needed and R3 might have to be put in series with the 
multiplier for the incident voltage. You can determine this 
by experiment. 

‘The value used for RI and R2 is not critical, but you 
should match the two resistors within 1% or 2% if pos- 
sible, Keep the resistance of Rg as close as possible to 
the actual Zo of the line you use (generally 50 or 75 2), 
Select the resistor by actual measurement with an accu- 
rate resistance bridge, if you have one available. 

R4 is for adjusting the incident-voltage reading to 
full scale in the measurement procedure described below. 
Its use is not essential, but it offers a convenient alterna 
tive to exact adjustment of the RF input voltage. 


Testing 

Measure RI, R2 and Re with a reliable digital ohm- 
meter or resistance bridge after completing the wiring. This 
will ensure that their values have not changed from the 
heat of soldering. Disconnect one side of the microammeter 
and leave the input and output terminals of the unit open 
during such measurements to avoid stray shunt paths 
through the rectifiers. 

Check the two voltmeter circuits as described above, 
applying enough RF (about 10 V) to the input terminals 
to give a full-scale reading with the line terminals open, 
If necessary, try different values for R3 until the reading 
is the same with $1 in either position, 

With J2 open, adjust the RF input voltage and R4 
for full-scale reading with S1 in the incident-voltage 
position. Then switch $1 to the reflected-voltage posi- 
tion. The reading should remain at full scale. Next, short- 
circuit 12 by touching a screwdriver between the center 
terminal and the frame of the connector to make a low- 
inductance short. Switch S1 to the incident-voltage posi- 
tion and readjust R4 for full scale, if necessary. Then 
throw S1 to the reflected-voltage position, keeping J2 
shorted, and the reading should be full scale as before. If 
the readings differ, RI and R2 are not the same value, or 
there is stray coupling between the arms of the bridge. 
‘You must read the reflected voltage at full scale with J2 
either open or shorted, when the incident voltage is set to 
full scale in each case, to make accurate SWR measure 
ments, 

‘The circuit should pass these tests at all frequencies 
at which itis to be used. Itis sufficient to test at the low- 
est and highest frequencies, usually 1.8 or 3.5 and 28 or 
50 MHz. If RI and R2 are poorly matched but the bridge 
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construction is otherwise good, discrepancies in the read- 
ings will be substantially the same at all frequencies. A 
difference in behavior at the low and high ends of the 
frequency range can be attributed to stray coupling 
between bridge arms, or stray inductance or capacitance 
in the arms. 

To check the bridge for balance, apply RF and adjust 
R4 for full scale with J2 open. Then connect a resistor 
identical with Rg (the resistance should match within 1% 
or 2%) to the line terminals, using the shortest possible 
leads. It is convenient to mount the test resistor inside a 
cable connector (PL-259), a method of mounting that also 
minimizes lead inductance. When you connect the test 
resistor the reflected-voltage reading should drop to zero. 
‘The incident voltage should be reset to full scale by means 
of R4, if necessary. The reflected reading should be zero 
at any frequency in the range to be used. If a good null is 
obtained at low frequencies but some residual current 
shows at the high end, the trouble may be the inductance 
of the test resistor leads, although it may also be caused 
by stray coupling between the arms of the bridge itself. 

If there is a constant low (but not zero) reading at 
all frequencies the problem is poor matching of the resis- 
tance values. Both effects can be present simultaneously. 
You should make sure you obtain a good null at all fre- 
quencies before using your bridge. 


Bridge Operation 

‘You must limit the RF power input to a bridge of 
this type to a few watts at most, because of the power- 
dissipation ratings of the resistors. If the transmitter has 
no provision for reducing power output to a very low 
value—less than 5 W—a simple power-absorber circuit 
can be made up, as shown in Fig 7. Lamp DSI tends to 
maintain constant current through the resistor over a fairly 


Fig 7—Power-absorber circuit for use with resistance- 
type SWR bridges when the transmitter has no special 
provisions for power reduction. For RF powers up to 

50 W, DS1 is a 117-V 40-W incandescent lamp and DS2 
is not used. For higher powers, use sufficient addi 
tional lamp capacity at DS2 to load the transmitter to 
about normal output; for example, for 250 W output DS2 
‘may consist of two 100-W lamps in parallel. R1 is made 
from three 1-W 68-0 resistors connected in parallel. P1 
and P2 are cable-mounting coaxial connectors. Leads 
in the circuit formed by the lamps and Rt should be 
kept short, but convenient lengths of cable may be 
used between this assembly and the connectors. 


wide power range, so the voltage drop across the resistor 
also tends to be constant. This voltage is applied to the 
bridge, and with the constants given is in the right range 
for resistance-type bridges. 

To make a measurement, connect the unknown load 
to J2 and apply sufficient RF voltage to II to give a full- 
scale incident-voltage reading. Use R4 to set the indica- 
tor to exactly full scale. Then throw SI to the reflected 
voltage position and note the meter reading. The SWR is 
then found by using these readings in Eq 1 

For example, if the full-scale calibration of the de 
instrument is 100 WA and the reading with $2 in the 
reflected-voltage position is 40 tA, the SWR is 


100440 _ 140 
100. 


SWR. 


2.33:1 


Instead of calculating the SWR value, you could use 
the voltage curve in Fig 8. In this example the ratio of, 
reflected to forward voltage is 40/100 = 0.4, and from 
Fig 8 the SWR value is about 2.3:1 

You may calibrate the meter scale in any arbitrary 
units, so long as the scale has equal divisions. It is the 
ratios of the voltages, and not the actual values, that 
determine the SWR. 
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Fig 8—Chart for finding voltage standing-wave ratio 
when the ratio of reflected-to-forward voltage or 
reflected-to-forward power is known. 


AVOIDING ERRORS IN SWR MEASUREMENTS. 


‘The principal causes of inaccuracies within the 
bridge are differences in the resistances of RI and R2, 
stray inductance and capacitance in the bridge arms, and 
stray coupling between arms. If the checkout procedure 
described above is followed carefully, the bridge in Fig 5 
should be amply accurate for practical use. The accuracy 
is highest for low standing-wave ratios because of the 
nature of the SWR calculation; at high ratios the divisor 
in the equation above represents the difference between 
two nearly equal quantities, so a small error in voltage 
measurement may mean a considerable difference in the 
calculated SWR. 

The standard resistor Ry, must equal the actual Z, of 
the line. The actual Z of a sample of line may differ by a 
few percent from the nominal figure because of manufac 
turing variations, but this has to be tolerated. In the 50- to 
75.0 range. the RF resistance of a composition resistor of 
"Je or 1-W rating is essentially identical with its de resis- 
tance. 


Common-Mode Currents 


‘As explained in Chapter 26, there are two ways in 
which unwanted common-mode (sometimes called 
antenna) currents can flow on the outside of a coaxial 
line—currents radiated onto the line because of its spa 
tial relationship to the antenna and currents that result 
from the direct connection between the coax outer con- 
ductor and (usually) one side of the antenna. The radi- 
ated current usually will not be troublesome if the bridge 
and the transmitter (or other source of RF power for 
‘operating the bridge) are shielded so that any RF cur- 
rents flowing on the outside of the line cannot find their 
way into the bridge. This point can be checked by insert 
ing an additional section of line ("/s to '/s electrical wave- 
length preferably) of the same Zy. The SWR indicated by 
the bridge should not change except for a slight decrease 
because of the additional line loss. If there is a marked 
change, you may need better shielding. 

Parallel-type currents caused by the connection to 
the antenna without using a common-mode choke balun 
will change the SWR with variations in line length, even 
though the bridge and transmitter are well-shielded and 
the shielding is maintained throughout the system by the 
use of coaxial fittings. Often, merely moving the trans- 
mission line around will cause the indicated SWR to 
change. This is hecause the outside of the coax becomes 
part of the antenna system—being connected to the 
‘antenna at the feed point. The outside shield of the line 
thus constitutes a load, along with the desired load repre- 
sented by the antenna itself. The SWR on the line then is, 
determined by the composite load of the antenna and the 
outside of the coax. Since changing the line length (or 
position) changes one component of this composite load, 
the SWR changes too. 

‘The remedy for such a situation is to use a good balun 
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or to detune the outside of the line by proper choice of, 
length. Note that this is not a measurement error, since 
‘what the instrument reads is the actual SWR on the line, 
However, it is an undesirable condition since the line is 
usually operating at a higher SWR than it should—and 
would if the parallel-type current on the outside of the 
coax were eliminated. 


Spurious Frequencies 

Off-frequency components in the RF voltage applied 
to the bridge may cause considerable error. The principal 
components of this type are harmonics and low-frequency 
subharmonics that may be fed through the final stage of 
the transmitter driving the bridge. The antenna is almost 
always a fairly selective circuit, and even though the sys- 
tem may be operating with a very low SWR at the desired 
frequency, itis almost always mismatched at harmonic and 
subharmonic frequencies. If such spurious frequencies are 
applied to the bridge in appreciable amplitude, the SWR 
indication will be very much in error. In particular, it may 
not be possible to obtain a null on the bridge with any set 
of adjustments of the matching circuit. The only remedy 
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Fig 9—Methods of determining ‘+ and ‘/=- line lengths. 
ACA, “le open-circuited line; at B, "lA shorted and 
‘eA open-circuited line. 
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is to filter out the unwanted components by increasing the 
selectivity of the circuits between the transmitter final 
amplifier and the bridge 


MEASURING LINE LENGTH 


‘The following material is taken from information in 
September 1985 OST by Charlie Michaels, W7XC (see 
Bibliography), 

There is a popular myth that one may prepare an 
‘open quarter-wave line by connecting a loop of wire to 
‘one end and trimming the line to resonance (as indicated 
bby a dip meter). This actually yields a line with eapaci- 
tive reactance equal tothe inductive reactance of the loop: 
a d-inch wire loop yields a line 82.8° line at 18 MHz: a 

inch loop yields an 86 line. As the loop size is reduced, 
line length approaches—but never equals—90", 

‘To make a quarter-wave open line, parallel connect 
‘coil and capacitor that resonate at the required frequency 
(see Fig 9A). After adjusting the network to resonance, 
do not make further network adjustments. Open the con- 
nection between the coil and capacitor and series con- 
nect the line to the pair. Start with a line somewhat longer 
than required, and trim it until the circuit again resonates, 
at the desired frequency. For a shorted quarter-wave line 
for an open half-wave line, connect the line in parallel 
with the coil and capacitor (see Fig 9B), 

Another method to accurately measure a coaxial 
transmission line length uses one of the popular “SWR 
analyzers.” portable hand-held instruments with a tun- 
able low-power signal generator and an SWR bridge 
While an SWR analyzer cannot compute the very high 
values of SWR at the input of a shorted quarter-wave line 
at the fundamental frequency, most include another read- 
‘out showing the magnitude of the impedance. This is very 
hhandy for finding a low-impedance dip, rather than a high- 
impedance peak 

tthe operating frequency, a shorted quarter-wave line 
results in a high-impedance open-circuit atthe input to that 
line. At twice the frequency, where the line is now one-half 
‘wave long electrically, the instrument shows a low-imped- 
ance short-circuit. However, when you are pruning a line to 
length by cutting off short pieces at the end, it is inconve- 
nient to have to installa short before measuring the response. 
Itis far easier to look for the dip in impedance when a quar- 
ter-wave line is terminated in an open circuit. 

‘Again, the strategy is to start with a line physically 
alittle longer than a quarter-wave length. A good rule of 
thumb is to cut the line 5% longer to take into account 
the variability in the velocity factor ofa typical coax cable. 
‘Compute this using: 

Length (feet) = 0.25 x 1.05 x VE x 984/Freq = VF/Freq 
where 

Freq is in MHz 

VF is the velocity factor in % 

Plug the coax connector installed at one end of the 
line into the SWR analyzer and find the frequency for the 


Soldering iron choices 


Search any electronics catalogue or website and you'll see a bewildering array of 
soldering equipment on sale, including irons, controllers, work stations and desoldering 
equipment too. A large range of soldering irons is readily obtainable - which one is 
suitable for you depends on your budget and how serious your interest in electronics is, 
but there’s something for every pocket distributed by a variety of retail, industrial and 
mail-order outlets. 


‘The Antex range of soldering equipment has been very popular with industry, 
education and the electronics hobbyist for 60 years; I grew up with an Antex iron and a 
trusty 15W Antex iron was an everyday part of my hobby electronics all the way through 
the 1980's. An industrial user or a more dedicated hobbyist — with a bigger budget! — will 
be interested in a soldering station instead and again Antex offers a range of British-made 
products for industry or home use. 


Avery basic mains electric soldering iron can cost from under £5 (USS 8), but I find 
that these very cheap irons, as sold on auction websites, are pretty crude and imprecise. 
They are best suited for simple electrical repairs and DIY rather than precision electronics 
or printed circuit boards discussed here. They tend to be bulky and uncomfortable for 
extended use, and they may not have suitable “bits” or tips of various sizes to suit different 
tasks. 


init 


™ This classic Antex XS25 “pencil style” 25W mains-powered soldering iron has 
exchangeable tips or “bits” and is great for general hobbyist or educational use. Stands 
are also available to store them safely in between use. 


A quality pencil-style electric soldering iron such as the Antex XS25 (photo) will be 
approximately £20 (USS18 tax free) - though it’s possible to spend into three figures on a 


impedance dip. Prune the line by snipping off short pieces 
at the end. Once you've pruned the line to the desired fre- 
quency, connect the short at the end of the line and re- 
check for a short circuit at wice the fundamental frequency. 
Seal the shorted end of the coax and you're done. 


REFLECTOMETERS 

Low-cost reflectometers that do not have a guaran- 
teed wattmeter calibration are not ordinarily reliable for 
accurate numerical measurement of standing-wave ratio. 
They are, however, very useful as aids in the adjustment 
of matching networks, since the objective in such adjust- 
‘ment is to reduce the reflected voltage or power to zero. 
Relatively inexpensive devices can be used for this, since 
only good bridge balance is required, not actual calibra- 


tion of SWR. Bridges of this type are usually frequency- 
sensitive that is, the meter response increase with increas- 
ing frequency for the same applied voltage. When 
matching and line monitoring, rather than SWR measure- 
ment, is the principal use of the device, this is not a seri- 
ous handicap. 

Various simple reflectometers, useful for matching 
and monitoring, have been described from time to time 
in QST and in The ARRL Handbook. Because most of 
these are frequency sensitive, it is difficult to calibrate 
them accurately for power measurement, but their low 
cost and suitability for use at moderate power levels, com- 
bined with the ability to show accurately when a match- 
ing circuit has been properly adjusted, make them a 
worthwhile addition to the amateur station 


The Tandem Match—An Accurate 


Directional 


Most SWR meters are not very accurate at low power 
levels because the detector diodes do not respond to low 
voltage in a linear fashion. This design uses a compen- 
sating circuit to cancel diode nonlinearity. It also pro- 
vides peak detection for SSB operation and direct SWR 
readout that does not vary with power level. The follow- 
ing information is condensed from an article by John 
Grebenkemper, KI6WX, in January 1987 QST. 
DESIGN PRINCIPLES 

Directional wattmeters for Amateur Radio use con- 
sist of three basic elements: a directional coupler, a 
detector and a signal-processing and display circuit. A 
directional coupler samples forward and reflected-power 
components on a transmission line. An ideal directional 
coupler would provide signals proportional to the for- 
ward and reflected voltages (independent of frequency), 
which could then be used to measure forward and re- 
flected power over a wide frequency range. The best con- 
temporary designs work over two decades of frequency. 

The detector circuit provides a de output voltage 
proportional to the ac input voltage. Most directional watt- 


Table 1 

Performance Specifications for the Tandem Match 

Power range: 1.5 to 1500 W 

Frequency range: 1.8 to 54 MHz 

Power accuracy: Better than + 10% (+ 0.4 dB) 

‘SWR accuracy: Better than + 5% 

Minimum SWR: Less than 1.08:1 

Power display: Linear, suitable for use with either analog 
or digital meters 

Calibration: Requires only an accurate voltmeter 


Wattmeter 


meters use a single germanium diode as the detector 
element. A germanium, rather than silicon, diode is used 
to minimize diode nonlinearity at low power levels. Diode 
non-linearity still causes SWR measurement errors unless 
it is compensated ahead of the display circuit. Most 
directional wattmeters do not work well at low power lev- 
els because of diode nonlinearity. 

‘The signal-processing and display circuits compute 
and display the SWR. There are a number of ways to per- 
form this function. Meters that display only the forward 
and reflected power require the operator to compute the 
SWR manually. Many instruments require that the 
‘operator adjust the meter to a reference level while mea- 
suring forward power, then switch to measure reflected 
power on a special scale that indicates SWR. Meters that 
directly compute the SWR using analog signal-process- 
ing circuits have been described by Fayman, Perras, 


Fig 10—The Tandem Match uses a pair of meters to 
display net forward power and true SWR. 
‘simultaneously. 


Antenna and Transmission-Line Measurements 27-9 


° 
lo 
nance = 10 
ares 
° 
° 
o tt 
DETECTOR } “ioe, LD 


Fig 11—Block diagram of the Tandem Match. 


Leenerts and Bailey (see the Bibliography at the end of 
this chapter), 

The next section takes a brief look at several popu- 
lar circuits that accomplish the functions above and com- 
pares them to the circuits used in the Tandem Match. The 
design specifications of the Tandem Match are shown in 
‘Table 1, and a block diagram is shown in Fig 11. 


CIRCUIT DESCRIPTION 


A directional coupler consists of an input port, an out 
put port and a coupled port. The device takes a portion of, 
the power flowing from the input port to the output port 
and directs it to the coupled port, but none of the power 
flowing from the output port to the input port is directed to 
the coupled port. 

There are several terms that define the performance 
of a directional coupler 

1) Insertion oss is the amount of power that is lost 
as the signal flows from the input port to the output port, 
Insertion loss should be minimized so the coupler doesn’t 
dissipate a significant amount of the transmitted power. 

2) Coupling factor is the amount of power (or volt- 
age) that appears at the coupled port relative to the amount 
of power (or voltage) transferred from the input port to 
the output port. The “flatness” (with frequency) of the 
coupling factor determines how accurately the directional 
‘wattmeter can determine forward and reflected power over 
a range of frequencies. 
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3) Isolation is the amount of power (or voltage) that 
‘appears at the coupled port relative to the amount of power 
(or voltage) transferred from the output port to the input 
port. 

4) Directivity is the isolation less the coupling fac- 
tor. Directivity dictates the minimum measurable SWR. 
A directional coupler with 20 dB of directivity measures 
a 1:1 SWR as 1.22:1, but one with 30 dB measures a 1:1 
SWR as 1.07:1 

‘The directional coupler most commonly used in ama- 
tour radio was first described in 1959 by Bruene in OST 
(see Bibliography). The coupling factor was fairly flat 
(£1dB), and the directivity was about 20 dB for a Bruene 
coupler measured from 3 to 30 MHz. Both factors limit 
the accuracy of the Bruene coupler for measuring low 
values of power and SWR. It is a simple directional cou- 
pler, however, and it works well over a wide frequency 
range if great precision is not required. 

‘The coupler used in the Tandem Match (see Fig 12) 
consists of a pair of toroidal transformers connected in 
tandem. The configuration was patented by Carl G. 
Sontheimer and Raymond E. Fredrick (US Patent no. 
3,426,298, issued February 4, 1969). It has been described 
by Perras, Spaulding (see Bibliography) and others. With 
coupling factors of 20 dB or greater, this coupler is suit- 
able for sampling both forward and reflected power. 

‘The configuration used in the Tandem Match works 
well over the frequency range of 1.8 to 54 MHz, with a 
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nominal coupling factor of 30 dB. Over this range, inser- 
tion loss is less than 0.1 dB. The coupling factor is flat to 
within + 0.1 dB from 1.8 to 30 MHz, and increases to 
only 40.3 dB at $0 MHz. Directivity exceeds 35 dB from 
1.8 to 30 MHz and exceeds 26 dB at 50 MHz. 

‘The low-frequency limit of this directional coupler 
is determined by the inductance of the transformer sec. 
ondary windings. The inductive reactance should be 
greater than 150 © (three times the line characteristic im. 
pedance) to reduce insertion loss. The high-frequency limit 
of this directional coupler is determined by the length of 
the transformer windings. When the winding length ap: 
proaches a significant fraction of a wavelength, coupler 
performance deteriorates. 


Fig 13—Simplified diagram of the detector circuit used 
in the Tandem Match. The output voltage, V, is 
approximately equal to the input voltage. D1 and D2 
must be a matched pair (see text). The op amp should 
have a low offset voltage (less than 1 mV), alow 
leakage current (less than 1 nA), and be stable over 
time and temperature. The resistor and capacitor in the 
feedback path assure that the op amp will be stabl 
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sd diagram of the Tandem Match directional coupler. At A, a schematic of the two transformer 


ALB, 


‘The coupler described here may overheat at 1500 
W on 160 meters (because of the high circulating current 
in the secondary of T2). The problem could be corrected 
by using a larger core or one with greater permeability 
A larger core would require longer windings; that option 
would decrease the high-frequency limit, 
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Fig 14—Simplified diagrams of the log circuit at A and 
the antilog circuit at B. 
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Fig 15—Schematic diagram for the Tandi 
For other parts sources, see Table 3. See Fig 17 for construction of 50-G loads at J1 and J2. 


D1, D2—Matched pair 1N5711, or equivalent. 4J1, J2-S0-239 connector. 
3, D4—Matched pair 1N5711, or equivalent. V3) J4—Open-circuit jack. 

D6, D7—1N34A. Mi, M2—50 HA panel meter, RS 270-1751. 
DB:D14—1NO14, Q1, 03, G4—2N2222 or equiv. 


FB—Ferrite bead, Amidon FB-73-101 or 


qui. Q2—2N2907 or equiv. 
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US-U7—CA3146 quad transistor array. 

3, kQ, 10-turn, cermet Trimpot. U8—LM334 adjustable current source. 

U1-U3—TLC27L4 or TLC27M4 quad op amp U9-U10—LM336 2.5-V reference diode. See text. 
(Texas Instruments). 

U4—TLC27L2 or TLC27M2 dual op amp. 
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Detector Circuits 

Most amateur directional wattmeters use a germa- 
nium diode detector to minimize the forward voltage drop. 
Detector voltage drop is still significant, however, and 
an uncompensated diode detector does not respond to 
small signals in a linear fashion. Many directional watt- 
meters compensate for diode nonlinearity by adjusting 
the meter scale. 

The effect of underestimating detected power wors- 
ens at low power levels. Under these conditions, the ratio 
of the forward power to the reflected power is overesti- 
‘mated because the reflected power is always less than the 
forward power. This results in an instrument that underes- 
timates SWR, particularly as power is reduced. A direc- 
tional wattmeter can be checked for this effect by 
‘measuring SWR at several power levels: the SWR should 
be independent of power level. 

The Tandem Match uses a feedback circuit to com- 
pensate for diode nonlinearity. A simplified diagram of 
the compensated detector is shown in Fig 13. When used 
with the 30-dB directional coupler, the output voltage of 
this circuit tracks the square root of power over a range 
from 10 mW to 1.5 kW. The compensated diode detector 
tracks the peak input voltage down to 30 mY, while an 
‘uncompensated germanium-diode detector shows signifi- 
cant errors at peak inputs of 1 V and less. More informa- 
tion about compensated detectors appears in 
Grebenkemper's QEX article, “Calibrating Diode Detec- 
tors” (see Bibliography). 

The compensation circuit uses the voltage across a 
feedback diode, D2, to compensate for the voltage drop 
across the detector diode, DI. (The diodes must be a 
‘matched pai.) The average current through D1 is deter- 
‘mined by the detector diode load resistor, RI. The peak 
current through this diode is several times larger than the 
average current; therefore, the current through D2-must be 
several times larger than the average current through D1 
to compensate adequately for the peal voltage drop across 
D1. This is accomplished by making the feedback-diode 
load resistor, R2, several times smaller than RI. The volt- 
age at the output of the compensated detector approximates 
the peak RF voltage at the input. For Schottky barrier 
diodes and a 1 MQ detector-diode load resistor, a 5:1 ratio 
of RI to R2 is nearly optimal 


Signal-Processing and Display Circuits 

The signal-processing circuitry calculates and dis- 
plays transmission-line power and SWR. When measur- 
ing forward power, most directional wattmeters displa 
the actual forward power present in the transmission line, 
which is the sum of forward and reflected power if'a match 
exists at the input end of the line. Transmission-line for- 
ward power is very close to the net forward power (the 
actual power delivered to the line) so long as the SWR is 
low. As the SWR increases, however, forward power 
becomes an increasingly poor measure of the power 
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delivered to the load. At an SWR of 3:1, a forward power 
reading of 100 W implies that only 75 W is delivered to 
the load (the reflected power is 25 W), assuming the trans- 
mission-line loss is zero, 

‘The Tandem Match differs from most wattmeters in 
that it displays the net forward power, rather than the 
sum of forward and reflected power. This is the quantity 
that must be optimized to result in maximum radiated 
power (and which concerns the FCC), 

‘The Tandem Match directly computes and displays 
the transmission-line SWR on a linear scale. As the dis- 
played SWR is not affected by changes in transmitter 
power, a matching network can be simply adjusted to 
minimize SWR. Transmatch adjustment requires only a 
few watts 

‘The heart of the Tandem Match signal-proces 
cuit is the analog logarithm and antilogarithm circuitry 
shown in Fig 14. The circuit is based on the fact that col- 
lector current in a silicon transistor is proportional to the 
exponential (antilog) of its base-emitter voltage over a 
range of collector currents from a few nanoamperes to a 
few milliamperes when the collector-base voltage is zero 
(see Gibbons and Horn reference in the Bibliography). 
Variations of this circuit are used in the squaring circuits, 
to convert voltage to power and in the divider circuit used 
to compute the SWR. With good op amps, this circuit will 
‘work well for input voltages from less than 100 mV to 
‘greater than 10 V. 

(For the Tandem Match, “good” op amps are quad- 
packaged, low-power-consumption, unity-gain-stable 
parts with input bias less than 1 nA and offset voltage 
less than 5 mV. Op amps that consume more power than 
those shown may require changes to the power supply.) 


CONSTRUCTION 

‘The schematic diagram for the Tandem Match is 
shown in Fig 15 (see pages 14 and 15). The circuit is 
designed to operate from batteries and draw very little 
power. Much of the circuitry is of high impedance, so 
take care to isolate it from RF fields. House it in a metal 
case. Most problems in the prototype were caused by stray 
RF in the op-amp circuitry. 


Dires 


ional Coupler 

The directional coupler is constructed in its own 
small (2/43 2% 24-inch) aluminum box (see Fig 16). 
‘Two pairs of S0-239 connectors are mounted on opposite 
sides of the box. A piece of PC board is run diagonally 
across the box to improve coupler directivity. The pieces 
of RG-8X coaxial cable pass through holes in the PC 
board, 

(Note: Some brands of “mini 8” cable have extremely 
low breakdown voltage ratings and are unsuitable to carry 
even 100 W when the SWR exceeds 1:1. See the subse- 
quent section, “High-Power Operation,” for details of a 
coupler made with RG-8 cable.) 

Begin by constructing TI and T2, which are identi- 


ees 


Fig 16—Construction details for the directional couple! 


Fig 17—The parallel load resistors mounted on an 
‘80-239 connector. Four 200-0, 2%, ‘/=W resistors are 
mounted in parallel to provide a 50-0 detector load. 


cal except for their end connections. Refer to Fig 16. The 
primary for each transformer is the center conductor of a 
length of RG-8X coaxial cable. Cut two cable lengths 
sufficient for mounting as shown in the figure. Strip the 
cable jacket, braid and dielectric as shown. The cable 
braid is used as a Faraday shield between the transformer 
windings, so it is only grounded at one end. Important— 
connect the braid only at one end or the directional-cou. 
pler circuit will not work properly! Wind two transformer 
secondaries, each 31 turns of #24 enameled wire on an 
Amidon T50-3 or equivalent powdered-iron core. 

Slip each core over one of the prepared cable pieces 
(including both the shield and the outer insulation). Mount 
and connect the transformers as shown in Fig 16, with the 
wire running through separate holes in the copper-clad PC 
board. The directional coupler can be mounted separately 
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Fig 18—Diode matching test setup. 


from the rest of the circuitry if desired. If so, use two 
coaxial cables to carry the forward and reflected-power 
signals from the directional coupler to the detector inputs. 
Be aware, however that any losses in the cables will affect 
power readings. 

This directional coupler has not been used at power 
levels in excess of 100 W. For more information about 
using the Tandem Match at high power levels, see the 
section, “High-Power Operation.” 


Detector and Signal-Processing Circuits 

‘The detector and signal-processing circuits were 
constructed on a perforated, copper-clad circuit board. 
‘These circuits use two separate grounds—it is extremely 
important that the grounds be isolated as shown in the 
circuit diagram. Failure to do so may result in faulty cit- 
cuit operation. Separate grounds prevent RF currents on 
the cable braid from affecting the op-amp circuitry. 

The directional coupler requires good 50-2 loads. 
‘They are constructed on the back of female UHF chassis 
connectors where the cables from the directional coupler 
center the wattmeter housing. Each load consists of four 
200-0 resistors connected from the center conductor of 
the UHF connector to the four holes on the mounting 
flange, as shown in Fig 17. The detector diode is then run 
from the center conductor of the connector to the 
100-pF and 1000-pF bypass capacitors, which are mounted 
next to the connector. The response of this load and 
detector combination measures flat to beyond 500 MHz. 

Schottky-barrier diodes (type INS7I1) were used in 
this design because they were readily available. Any RF- 
detector diode with a low forward voltage drop (less than 
300 mV) and reverse break-down voltage greater than 
30 V could be used. (Germanium diodes could be used in 
this circuit, but performance will suffer. If germanium di- 
odes are used, reduce the resistance values for the detector- 
diode and feedback-diode load resistors by a factor of 10.) 

‘The detector diodes must be matched. This can be 
done with de, using the circuit shown in Fig 18. Use a 
high-impedance voltmeter (10 MQ or greater). For this, 
project, diodes are matched when their forward voltage 
drops are equal (within a few millivolts). Diodes from 
the same batch will probably be sufficiently matched. 
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Table 2 
Range-Switch Resistor Values 


Full-Scale Range Resistor 
Power Level (1% Precision) 
7) (ka) 
1 2.32 
2 3.24 
3 4.02 
5 5.23 
10 7.68 
15 9.53 
20 11.0 
25 127 
30 14.0 
50 18.7 
100 28.7 
150 37.4 
200 46.4 
250 549 
300 63.4 
500 100.0 
4000 237.0 
1500 649.0 
2000 Open 


‘The rest ofthe circuit layout is not critical, but keep 
the lead lengths of the 0.001 and 0.01-pF bypass capaci- 
tors short. The capacitors provide additional bypassing 
for the op-amp circuitry. D6 and D7 form a voltage dou- 
biler to detect the presence of a carrier. When the forward 
power exceeds 1.5 W, Q3 switches on and stays on until 
about 10 seconds after the cartier drops. (A connection 
from TP7 to TP9 forces the unit on, even with no carrier 
present.) The regulated references of +2.5 V and -2.5 V 
generated by the LM334 and two LM336s are critical 
Zener-diode substitutes would significantly degrade per- 
formance. 

The four op amps in UL compensate for the 
nonlinearity of the detector diodes. D1-D2 and D3-D4 
are the matched diode pairs discussed above. A RANGE 
switch selects the meter range. (A six-position switch was 
used here because it was handy.) The resistor values for 
the RANGE switch are shown in Table 2. Full-scale input 
power gives an output at UIC or UID of 7.07 V. The 
forward and reflected-power detectors are zeroed with 
RI and R2. 

The forward and reflected-detector voltages are 
squared by U2, US and U6 so that the output voltages 
are proportional to forward and reflected power. The gain 
constants are adjusted using R3 and R4 so that an input 
of 7.07 V to the squaring circuit gives an output of 5 V. 
‘The difference between these two voltages is used by USB 
to yield an output that is proportional to the power deliv- 
cred to the transmission line. This voltage is peak detected 


27-16 Chapter 27 


(by an RC circuit connected to the OPERATE position of 
the MODE switch) to hold and indicate the maximum 
power during CW or SSB transmissions. SWR is com- 
puted from the forward and reflected voltages by U3, U4 
and U7. When no carrier is present, Q4 forces the SWR 
reading to be zero (that is, when the forward power is 
less than 2% of the full-scale setting of the RANGE switch). 
‘The SWR computation circuit gain is adjusted by RS. The 
‘output is peak detected in the OPERATE mode to steady 
the SWR reading during CW or SSB transmissions. 

‘Transistor arrays (US, U6 and U7) are used for the 
log and antilog circuits to guarantee that the transistors, 
will be well matched. Discrete transistors may be used, 
but accuracy may suffer. A three-position toggle switch 
selects the three operating modes. In the OPERATE mode, 
the power and SWR outputs are peak detected and held 
for a few seconds to allow meter reading during actual 
transmissions. In the TUNE mode, the meters display in- 
stantaneous output power and SWR. 

A digital voltmeter is used to obtain more precise 
readings than are possible with analog meters. The out- 
put power range is 0 to 5 V (0 V = 0 W and $ V = full 
scale). SWR output varies from | V (SWR = 1:1) to 5 V 
(SWR = 5:1). Voltages above 5 V are unreliable because 
of voltage limiting in some of the op amp circuits, 


Calibration 
‘The directional wattmeter can be calibrated with an 

accurate voltmeter. All calibration is done with de volt- 

‘ages. The directional-coupler and detector circuits are 

inherently accurate if correctly built. To calibrate the 

‘wattmeter, use the following procedure: 

1) Set the MODE switch to TUNE and the RANGE switch to 
100 W or less. 

2) Jumper TP7 to TPS. This turns the unit on. 

3) Jumper TPI to TP2. Adjust RI for 0 V at TP3. 

4) Jumper TP4 to TPS. Adjust R2 for 0 V at TP6. 

5) Adjust RI for 7.07 V at TP3. 

6) Adjust R3 for 5.00 V at TP9, or a full-scale reading 

on ML. 

7) Adjust R2 for 7.07 V at TP6. 

8) Adjust R4 for 0 V at TP9, or a zero reading on ML 

9) Adjust R2 for 4.71 V at TP6. 

10) Adjust RS for 5.00 V at TPO, or a full-scale read- 
ing on M2, 

11) Set the RANGE switch to its most sensitive scale. 

12) Remove the jumpers from TPI to TP2 and TP4 to 
TPs, 

13) Adjust RI for 0 V at TP3, 

14) Adjust R2 for 0 V at TP6. 

15) Remove the jumper from TP7 to TPS. 

This completes the calibration procedure. This pro- 
cedure has been found to equal calibration with expen- 
sive laboratory equipment. The directional wattmeter 
should now be ready for use. 


ACCURACY 

Performance of the Tandem Match has been com- 
pared to other well-known directional couplers and labo- 
ratory test equipment, and it equals any amateur 
directional wattmeter tested. Power measurement accu- 
racy compares well to a Hewlett-Packard HP-436A power 
meter. The HP meter has a specified measurement error 
of less than + 0.05 dB. The Tandem Match tracked the 
HP436A within +0.5 dB from 10 mW to 100 W, and 
within + 0.1 dB from 1 W to 100 W. The unit was not 
tested above 100 W because a transmitter with a higher 
power rating was not available. 

'SWR performance was equally good when compared 
to the SWR calculated from measurements made with 
the HP436A and a calibrated directional coupler. The 
‘Tandem Match tracked the calculated SWR within # 5% 
for SWR values from 1:1 to 5:1. SWR measurements were 
made at 8 W and 100 W. 


OPERATION 

Connect the Tandem Match in the 50-Q line between 
the transmitter and the antenna matching network (or 
antenna if no matching network is used). Set the RANGE 
switch to a range greater than the transmitter output rat- 
ing and the MODE switch to TUNE. When the transmitter 
is keyed, the Tandem Match automatically switches on 
and indicates both power delivered to the antenna and 
‘SWR on the transmission line. When no carrier is present, 
the OUTPUT POWER and SWR meters indicate zero, 

‘The OPERATE mode includes RC circuitry to momen- 
tarily hold the peak-power and SWR readings during CW 
or SSB transmissions. The peak detectors are not ideal, 
so there could be about 10% variation from the actual 
power peaks and the SWR reading. The SWR x10 mode 
increases the maximum readable SWR to 50:1. This range 
should be sufficient to cover any SWR value that occurs 
in amateur use. (A 50-foot open stub of RG-8 yields a 
measured SWR of only 43:1, or less, at 2.4 MHz because 
of cable loss. Higher frequencies and longer cables exhibit 
a lesser maximum SWR.) 

It is easy to use the Tandem Match to adjust an 
antenna matching network: Adjust the transmitter for 
‘minimum output power (at least 1.5 W). With the carrier 
on and the MODE switch set to TUNE or SWR x10, adjust 
the matching network for minimum SWR. Once the mini 
mum SWR is obtained, set the transmitter to the proper 
operating mode and output power. Place the Tandem 
Match in the OPERATE mode. 


DESIGN VARIATIONS 
There are several ways in which this design could 
be enhanced. The most important is to add UHF capabil- 
ity. This would require a new directional-coupler design 
for the band of interest. (The existing detector circuit 
should work to at least 500 MHz.) 
Those who desire a low-power directional wattmeter 
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can build a directional coupler with a 20-dB coupling fac- 
tor by decreasing the transformer turns ratio to 10:1. That 
version should be capable of measuring output power 
from 1 mW to about 150 W (and it should switch on at 
about 150 mW). 

‘This change should also increase the maximum. 
operating frequency to about 150 MHz (by virtue of the 
shorter transformer windings). If you desire 1.8-MHz 
operation, it may be necessary to change the toroidal core 
material for sufficient reactance (low insertion loss). 

‘The Tandem Match circuit can accommodate coaxial 
cable with a characteristic impedance other than 50.Q. 
The detector terminating resistors, transformer second- 
aries and range resistors must change to match the new 
design impedance, 

‘The detector circuitry can be used (without the 
directional coupler) to measure low-level RF power in 
50- circuits. RF is fed directly to the forward detector 
UI, Fig 15), and power is read from the output power 
meter. The detector is quite linear from 10 UW to 1.5 W. 


HIGH-POWER OPERATION 

‘This material was condensed from information by 
Frank Van Zant, KLTIBA, in July 1989 QST. In April 
1988, Zack Lau, WIVT, described a directional-coupler 
circuit (based on the same principle as Grebenkemper’s 
circuit) for a QRP transceiver (see the Bibliography at 
the end of this chapter). The main advantage of Lau's 
circuit is a very low parts count. 

Grebenkemper used complex log-antilog amplifiers 
to provide good measurement accuracy. This application 
gets away from complex circuitry, but retains reasonable 
measurement accuracy over the 1 to 1500-W range. It 
also forfeits the SWR-computation feature. Lau's cou- 
pler uses ferrite toroids. It works well at low power lev- 
els, but the ferrite toroids heat excessively with high 
power, causing erratic meter readings and the potential 
for burned parts. 


The Revised Design 

Powdered-iron toroids are used for the transformers 
in this version of Lau’s basic circuit. The number of turns 
fon the secondaries was increased to compensate for the 
lower permeability of powdered iron. 

‘Two meters display reflected and forward power (see 
Fig 19). The germanium detector diodes (D1 and D: 
1N34) provide fairly accurate meter readings, particularly 
if the meter is calibrated (using R3, R4 and RS) to place 
the normal transmitter output at mid scale. If the wind- 
ing sense of the transformers is reversed, the meters are 
transposed (the forward-power meter becomes the re 
flected-power meter, and vice versa). 


Construction 

Fig 20 shows the physical layout of the coupler. The 
pickup unit is mounted in a 34x 3¥/:x 4-inch box. The 
meters, PC-mount potentiometers and HIGH/LOW power 
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Fig 19—Schematic diagram of the high-power directional coup! 
istors. C1 and C2 have 500-V ratings. The secondary windings of T1 and T2 each 
‘on T-68-2 powdere 


RI and R2 are 47 or 51-0, ‘iW 
consist of 40 turns of #26 to #30 enameled wi 


D1 and D2 are germanium diodes (1N34 or equiv). 


ron toroid cor 


It the coupler is built into an 


existing antenna tuner, the primary of T1 can be part of the tuner coaxial output line. The remotely located meters 
(M1 and M2) are connected to the coupler box at J1 and J2 via P1 and P2. 


switch are mounted in a separate box or a compartment 
in an antenna tuner. Parts for this project are available 
from the suppliers listed in Table 3, 

The primary windings of TI and T2 are constructed 
much as Grebenkemper described, but use RG-8 with its 
jacket removed so that the core and secondary winding may 
fit over the cable. The braid is wrapped with fiberglass tape 
to insulate it from the secondary winding. An excellent al: 
ternative to fiberglass tape—with even higher RF voltage- 
breakdown characteristics—is ordinary plumber’s Teflon 
pipe tape, available at most hardware stores. 

The transformer secondaries are wound on T-68-2 
powdered-iron toroid cores. They are 40 turns of #26 to 
#30 enameled wire spread evenly around each core. By 
using #26 to #30 wire on the cores, the cores slip over the 
tape-wrapped RG-8 lines. With #26 wire on the toroids, a 
single layer of tape (slightly more with Teflon tape) over 
the braid provides an extremely snug fit for the core. Use 
care when fitting the cores onto the RG-8 assemblies. 

After the toroids are mounted on the RG-8 sections, 
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Fig 20—Directional-coupler construction details. 
Grommets or feedthrough insulators can be used to 
route the secondary winding of T1 and 72 through the 
PC board shield. A’3 '/:x 3 ‘/2 4-inch box serves as the 
enclosure. 


soldering iron “station” if you’re really serious about the subject! Don’t be tempted to 
over-spend on an elaborate workstation though, unless you are really very serious about 
becoming involved in electronics. You will usually obtain perfectly satisfactory results 
using a fairly modest “pencil” iron model, and you can upgrade to something more 
sophisticated should your needs change in the future. 


™ For enthusiasts or industry, this Antex 660TC soldering station has a separate 
mains-powered control unit and a matching low-voltage soldering iron rated at 24 Volts, 
50 Watts so it’s suited to a wider range of tasks than a lower powered one. 


When choosing your soldering iron, certain factors to bear in mind include: 


Voltage: for the British market, “mains” electric irons run directly from the mains at 
230V acc. or will be set for other voltages (110V a.c.) depending on the country, However, 
low voltage types (¢.g. 12V or 24V) usually form part of a “soldering station” for use 
with a matching controller made by the same manufacturer. Some low-voltage irons run 
off batteries (e.g. a car battery or Ni-cads) but these are uncommon. 


Wattage: this is an extremely important factor to think about when choosing your 
iron. Typically, irons for general electronics work may have a power rating of between 15- 
25 watts or so, which is fine for most electronic assembly tasks, printed circuit boards and 
inter-wiring. It's important to note that a higher wattage does not mean that the iron runs 
hotter - it simply means that there is more power “in reserve” for coping with larger joints. 
The maximum electric iron wattage generally available is about 100W, which is OK for 
DIY electrical repairs but is far too high for general electronics or circuit board use. 


Ahigher wattage iron offers you more flexibility for tackling a wider range of tasks. 
Ithas a better “recovery rate” which makes it more “unstoppable” when it comes to 


Table 3 
Parts Sources 

(Also see Chapter 21) 
Components 
TLe-series 

and CA3146 ICs, 


Source 
Newark Electronics 

4801 N Ravenswood St 
Chicago, IL 60640 
773-784-5100 

Digi-Key Corporation 

701 Brooks Ave S 

PO Box 677 

Thiet River Falls, MN 56701 
800-344-4539 

‘Amidon Associates 

240 & 250 Briggs Ave 
Costa Mesa, CA 92626 
714-850-4660 


L334, L336, 
1% resistors, 
trimmer potentiometers 


Toroid cores, 
Fiberglass tape 


Meters Fair Radio Sales 
PO Box 1105 
Lima, OH 45804 
419-227-6573 
Toroid cores Palomar Engineers 


PO Box 462222 
Escondido, CA 92046 
760-747-3343, 

‘Surplus Sales of Nebraska 
1502 Jones St 

‘Omaha, NE 68102 
402-346-4750 


0-150/1500-W-scale 
meters, A&M model no. 
255-138, 1N5711 diodes 


coat the assembly with General Cement Corp Polysty- 
rene Q Dope, or use a spot or two of RTV sealant to hold 
the windings in place and fix the transformers on the 
RG-8 primary windings. 


An Inexpensive VHF 


Precision in-line metering devices capable of read- 
ing forward and reflected power over a wide range of 
frequencies are very useful in amateur VHF and UHF 
‘work, but their rather high cost puts them out of the reach 
of many VHF enthusiasts. The device shown in Figs 14 
through 16 is an inexpensive adaptation of their basic 
principles. It can be made for the cost of a meter, a few 
small parts, and bits of copper pipe and fittings that can 
be found in the plumbing stocks at many hardware stores, 


Construction 


The sampler consists of a short section of handmade 
coaxial line, in this instance, of 50 Q impedance, with a 
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‘Mount a PC-board shield in the center of the box, 
between TI and T2, to minimize coupling between the 
transformers. Suspend TI between the SO-239 connec- 
tors and T2 between two standoff insulators. The detec- 
tor circuits (C1, C2, D1, D2, RI and R2) are mounted 
inside the coupler box as shown, 


Calibration, Tune Up and Operation 

‘The coupler has excellent directivity. Calibrate the 
meters for various power levels with an RF ammeter and 
2 50-{2 dummy load. Calculate FR for each power level, 
‘and mark the meter faces accordingly. Use R3, R4 and 
RS to adjust the meter readings within the ranges. Di- 
ode nonlinearities are thus taken into account, and 
Grebenkemper’s signal-processing circuits are not 
needed for relatively accurate power readings. Start the 
tune-up process using about 10 W, adjust the antenna 
tuner for minimum reflected power, and increase power 
while adjusting the tuner to minimize reflected power. 

This circuit has been built into several antenna tun- 
ers with good success. The instrument works well at 
1.5-KW output on 1.8 MHz. It also works well from 3.5, 
to 30 MHz with 1.2 and 1.5-kW output 

‘The antenna is easily tuned for a 1:1 SWR using 
the null indication provided. Amplifier settings for a 
matched antenna, as indicated with the wattmeter, 
closely agreed with those for a 50- dummy load. 
Checks with a Palomar noise bridge and a Heath An- 
tenna Scope also verified these findings. This circuit 
should handle more than 1.5 kW, as long as the SWR 
oon the feed line through the wattmeter is kept at or near 
1:1. (On one occasion high power was applied while 
the antenna tuner was not coupled to a load. Naturally 
the SWR was extremely high, and the output transformer 
secondary winding opened like a fuse. This resulted from 
the excessively high voltage across the secondary. The 
damage was easily and quickly repaired.) 


Directional Coupler 


reversible probe coupled to it. A small pickup loop built 
into the probe is terminated with a resistor at one end and 
a diode at the other. The resistor matches the impedance 
of the loop, not the impedance of the line section. En- 
ergy picked up by the loop is rectified by the diode, and 
the resultant current is fed to a meter equipped with a 
calibration control. 

The principal metal parts of the device are a brass 
plumbing T, a pipe cap, short pieces of Ys-inch ID and 
“yscinch OD copper pipe, and two coaxial fittings. Other 
available tubing combinations for 50-Q line may be us- 
able. The ratio of outer conductor ID to inner conductor 
‘OD should be 2.4/1. For a sampler to be used with other 
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Fig 21—Circuit diagram for the line 

‘sampler 

(C1—500-pF feedthrough capacitor, 
‘solder-in type. 

(©2—1000-pF fe 
‘threaded type. 

Di—Germanium diode 1N34, 1N6O, 
1N270, 1N295, or similar. 

J1, J2—Coaxial connector, type N 
(UG-58A). 

L1—Pickup loop, copper strap 1-incl 
Tong » ve ” 
‘shape with flat portion 
ong. 

M1—0-100 WA meter. 

Ri—Composition resistor, 82 to 
100 Q. See text. 

R3—50-kA composition control, 


{through capacitor, 


impedances of transmission line, see Chapter 24 for suit- 
able ratios of conductor sizes. The photographs and 
Fig 21 show construction details. 

Soldering of the large parts can be done with a 
300-wait iron or a small torch. A neat job can be done if 
the inside of the T and the outside of the pipe are tinned 
before assembling. When the pieces are reheated and 
pushed together, a good mechanical and electrical bond 
will result, Ifa torch is used, go easy with the heat, as an 
overheated and discolored fitting will not accept solder 
well 

Coaxial connectors with Teflon or other heat-resis- 
tant insulation are recommended. Type N, with split-ring 
retainers for the center conductors, are preferred. Pry the 
split-ring washers out with a knife point or small screw- 
driver. Don’t lose them, as they'll be needed in the final 
assembly. 

The inner conductor is prepared by making eight 
radial cuts in one end, using a coping saw with a fine- 
toothed blade, to a depth of ' inch. The fingers so made 
are then bent together, forming a tapered end, as shown 
in Figs 22 and 23. Solder the center pin of a coaxial fit- 
ting into this, again being careful not to overheat the work, 
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linear tap 


Fig 22—Major components of the line sampler. The 
brass T and two end sections are at the upper left in 
this picture. A completed probe assembly is at the 
ht. The N connectors have their cent 
removed. The pins are shown with on 

left end of the inner conductor and the other lying in 
the right foreground. 


In preparation for soldering the body of the coax 
connector to the copper pipe, it is convenient to use a 
similar fitting clamped into a vise as a holding fixture. 
Rest the T assembly on top, held in place by its own 
weight. Use the partially prepared center conductor to 
assure that the coax connector is concentric with the outer 
conductor. After being sure that the ends of the pipe are 
cut exactly perpendicular to the axis, apply heat to the 
coax fitting, using just enough so a smooth fillet of sol- 
der can be formed where the flange and pipe meet. 

Before completing the center conductor, check its 
length. It should clear the inner surface of the connector 
by the thickness of the split ring on the center pin. File to 
length: if necessary, slot as with the other end, and solder 
the center pin in place. The fitting can now be soldered 
onto the pipe, to complete the 50-@ line section. 

‘The probe assembly is made from a 1'/: inch length 
of the copper pipe, with a pipe cap on the top to support 
the upper feedthrough capacitor, C2. The coupling loop 
is mounted by means of small Teflon standoffs on a cop- 
per disc, cut to fit inside the pipe. The disc has four small 
tabs around the edge for soldering inside the pipe. The 
diode, D1, is connected between one end of the loop and 
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Fig 23—Cross-section view of the line sampl 


‘The pickup loop is supported by two Teflon standoff insulators. 


The probe body is secured in place with one of more locking screws through holes in the brass T. 


2 500-pF feedthrough capacitor, C1, soldered into the dise, 
‘The terminating resistor, R1, is connected between the 
other end of the loop and ground, as directly as possible. 

When the disc assembly is completed, insert it into 
the pipe, apply heat to the outside, and solder the tabs in 
place by melting solder into the assembly at the tabs. The 
position of the loop with respect to the end of the pipe 
will determine the sensitivity of a given probe. For power 
levels up to 200 watts the loop should extend beyond the 
face of the pipe about ‘/:: inch. For use at higher power 
levels the loop should protrude only “Ys: inch. For opera- 
tion with very low power levels the best probe position 
can be determined by experiment. 

The decoupling resistor, R2, and feedthrough capaci- 
tor, C2, can be connected, and the pipe cap put in place. 
The threaded portion of the capacitor extends through 
the cap. Put a solder lug over it before tightening its nut 
in place. Fasten the cap with two small screws that go 
into threaded holes in the pipe. 


Calibration 

‘The sampler is very useful for many jobs even if it 
is not accurately calibrated, although it is desirable to 
calibrate it against a wattmeter of known accuracy. A good 
50-0 VHF dummy load is required. 

‘The first step is to adjust the inductance of the loop, 
or the value of the terminating resistor, for lowest reflected 
power reading. The loop is the easier to change. Filing it 
to reduce its width will increase its impedance. Increas- 
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ing the cross-section of the loop will lower the imped- 
ance, and this can be done by coating it with solder. When 
the reflected power reading is reduced as far as possible, 
reverse the probe and calibrate for forward power by 
increasing the transmitter power output in steps and mak- 
ing a graph of the meter readings obtained. Use the cali- 
bration control, R3, to set the maximum reading, 


Variations 


Rather than to use one sampler for monitoring both 
forward and reflected power by repeatedly reversing the 


Fig 24—Two versions of the line sampler. The single 
unit described in detail here is in the foreground. Two 
sections in a single assembly provide for monitoring 
forward and reflected power without probe reversal. 


probe, it is better to make two assemblies by mounting 
two T fittings end-to-end, using one for forward and one 
for reflected power. The meter can be switched between 
the probes, or two meters can be used. 

‘The sampler described was calibrated at 146 MHz. 
as it was intended for repeater use. On higher bands the 
meter reading will be higher for a given power level, and 
it will be lower for lower frequency bands. Calibration 
for two or three adjacent bands can be achieved by mak- 
ing the probe depth adjustable, with stops or marks to aid 
in resetting for a given band. Of course more probes can 
be made, with each probe calibrated for a given band, as 
is done in some of the commercially available units. 

Other sizes of pipe and fittings can be used by mak- 


ing use of information given in Chapter 24 to select 
conductor sizes required for the desired impedances. 
(Since it is occasionally possible to pick up good bar- 
gains in 75-Q line, a sampler for this impedance might 
be desirable.) 

‘Type-N fittings were used because of their constant 
impedance and their ease of assembly. Most have the split- 
ring retainer, which is simple to use in this application, 
Some have a crimping method, as do apparently all BNC 
connectors. If a fitting must be used and cannot be taken 
apart, drill a hole large enough to clear a soldering-iron 
tip in the copper-pipe outer conductor. A hole of up to 
"finch diameter will have very little effect on the opera- 
tion of the sampler. 


A Calorimeter For VHF And UHF 
Power Measurements 


A quart of water in a Styrofoam ice bucket, a roll of 
small coaxial cable and a thermometer are all the neces- 
sary ingredients for an accurate RF wattmeter. Its cali 
bration is independent of frequency. The wattmeter works 
on the calorimeter principle: A given amount of RF energ 
is equivalent to an amount of heat, which can be deter: 
mined by measuring the temperature rise of a known 
quantity of thermally insulated material. This principle 
is used in many of the more accurate high-power watt: 
meters. This procedure was developed by James Bowen, 
WAAZRP, and was first described in December 1975 QST. 

‘The roll of coaxial cable serves as a dummy load to 
convert the RF power into heat. RG-174 cable was cho- 
sen for use as the dummy load in this calorimeter because 
of its high loss factor, small size, and low cost. It is a 
standard 50-Q cable of approximately 0.11 inch diam. 
eter. A prepackaged roll marked as 60 feet long, but mea~ 
sured to be 68 feet, was purchased at a local electronics 
store. A plot of measured RG-174 loss factor as a func- 
tion of frequency is shown in Fig 25. 

Inuse, the end of the cable not connected to the trans- 
mitter is left open-circuited. Thus, at 50 MHz, the 
reflected wave returning to the transmitter (after making 
a round trip of 136 feet through the cable) is 6.7 dB x 
1.36 =9.11 dB below the forward wave. A reflected wave 
9.11 dB down represents an SWR to the transmitter of 
2.08:1. While this value seems larger than would be 
desired, keep in mind that most 50-MHz transmitters can 
be tuned to match into an SWR of this magnitude effi 
ciently. To assure accurate results, merely tune the trans- 
milter for maximum power into the load before making 
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Lowe Fact (8/009) 


Frequency he) 


Fig 25—Loss factor of RG-174 coax used in the 
calorime' 


Table 4 


Calculated Input SWR for 68 Feet of Unterminated 
RG-174 Cable 


Freq. (MHz) SWR 
50 2.08 
144 1.35 
220 1.20 
432 1.08 
1296 1.003 
2304 1.0003 


the measurement. At higher frequencies the cable loss 
increases so the SWR goes down. Table 4 presents the 
calculated input SWR values at several frequencies for 
68 feet of RG-174, At 1000 MHz. and above, the SWR 
caused by the cable connector will undoubtedly exceed 
the very low cable SWR listed for these frequencies. 

In operation, the cable is submerged in a quart of 
water and dissipated heat energy flows from the cable into 
the water, raising the water temperature. See Fig 26. The 

libration of the wattmeter is based on the physical fact, 
that one calorie of heat energy will raise one gram of liq 
uid water 1° Celsius. Since one quart of water contains 
946.3 grams, the transmitter must deliver 946.3 calories 
of heat energy to the water to raise its temperature 1° C, 
One calorie of energy is equivalent to 4.186 joules and a 
joule is equal to 1 W for | second. Thus, the heat capaci: 
tance of | quart of water expressed in joules is 
946.3 x 4.186 = 3961 joules/° C. 

The heat capacitance of the cable is small with re- 
spect to that of the water, but nevertheless its effect should 
be included for best accuracy. The heat capacitance of, 
the cable was determined in the manner described below, 
‘The 68-foot roll of RG-174 cable was raised to a uniform 
temperature of 100° C by immersing it in a pan of boil- 
ing water for several minutes. A quart of tap water was 
poured into the Styrofoam ice bucket and its temperature 


Fig 26—The calorimeter ready for use. The roll of 
coaxial cable is immersed in one quart of water in the 
left-hand compartment of the Styrofoam container. Also 
shown is the thermometer, which doubles as a stirring 
rod. 
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was measured at 28.7° C. the cable was then transferred 
quickly from the boiling water to the water in the ice 
bucket. After the water temperature in the ice bucket had 
ceased to rise, it measured 33.0° C. Since the total heat 
gained by the quart of water was equal to the total heat 
lost from the cable, we can write the following equation: 


(AT warer)(Cwarer) = ~ATcante)(Ccaie) 
where 
AT are = the change in water temperature 


Cwarer = the water heat capacitance 

Acapue = the change in cable temperature 

Ccanie = the cable heat capacitance 

Substituting and solving: 

(33.0 ~ 28.7)(3961) = ~ (33.0 ~ 100)(Ceagte) 

‘Thus, the total heat capacitance of the water and 
cable in the calorimeter is 3961 + 254 = 4215 joules! C. 
Since 1° F = 5/9° C, the total heat capacitance can also be 
expressed as 4215 x 5/9 = 2342 joules!” F, 


Materials and Construction 

‘The quart of water and cable must be thermally 
insulated to assure that no heat is gained from or lost to 
the surroundings. A Styrofoam container is ideal for this, 
purpose since Styrofoam has a very low thermal conduc- 
tivity and a very low thermal capacitance. A local variety 
store was the source of a small Styrofoam cold chest with 
compartments for carrying sandwiches and drink cans. 
‘The rectangular compartment for sandwiches was found 
to be just the right size for holding the quart of water and 

‘The thermometer can be either a Celsius or Fahren- 
heit type, but try to choose one that has divisions for each 
degree spaced wide enough so that the temperature can 
be estimated readily to one-tenth degree. Photographic 
supply stores carry darkroom thermometers, which are 
ideal for this purpose. In general, glass bulb thermom- 
eters are more accurate than mechanical dial-pointer 
types. 

‘The RF connector on the end of the cable should be 
‘a constant-impedance type. A BNC type connector espe- 
cially designed for use on 0.11-inch diameter cable was 
located through surplus channels. If you cannot locate 
one of these, wrap plastic electrical tape around the cable 
near its end until the diameter of the tape wrap is the 
same as that of RG-58. Then connect a standard BNC 
connector for RG-58 in the normal fashion. Carefully seal 
the opposite open end of the cable with plastic tape or 
silicone caulking compound so no water can leak into 
the cable at this point. 


Procedure for Use 


Pour 1 quart of water (4 measuring cups) into the 
Styrofoam container. As long as the water temperature is, 
not very hot or very cold, it is unnecessary to cover the 
top of the Styrofoam container during measurements. 
Since the transmitter will eventually heat the water sev- 
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eral degrees, water initially a few degrees cooler than air 
temperature is ideal because the average water tempera 
ture will very nearly equal the air temperature and heat 
transfer to the air will be minimized 

Connect the RG-174 dummy load to the transmitter 
through the shortest possible length of lower loss cable 
such as RG-8. Tape the connectors and adapter at the 
RG-8 to RG-174 joint carefully with plastic tape to pre~ 
vent water from leaking into the connectors and cable at 
this point. Roll the RG-174 into a loose coil and submerge 
it in the water. Do not bind the turns of the coil together in 
any way, as the water must be able to freely circulate 
among the coaxial cable turns. All the RG-174 cable must 
be submerged in the water to ensure sufficient cooling, 
‘Also submerge part of the taped connector attached to the 
RG-174 as an added precaution, 

Upon completing the above steps, quickly tune up 
the transmitter for maximum power output into the load, 
Cease transmitting and stir the water slowly for a minute 
or so until its temperature has stabilized. Then measure 
the water temperature as precisely as possible. After the 
initial temperature has been determined, begin the test 
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Fig 27—Nomogram for finding transmitter power output 
for the calorimet 
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transmission, measuring the total number of seconds of 
key-down time accurately. Stir the water slowly with the 
thermometer and continue transmitting until there is a 
significant rise in the water temperature, say 5° to 10° 
‘The test may be broken up into a series of short periods, 
as long as you keep track of the total key-down time. 
When the test is completed, continue to stir the water 
slowly and monitor its temperature. When the tempera 
ture ceases to rise, note the final indication as precisely 
as possible. 

‘To compute the transmitter power output, multiply 
the calorimeter heat capacitance (4215 for C or 2342 
for F) by the difference in initial and final water tem- 
perature. Then divide by the total number of seconds of 
key-down time, The resultant is the transmitter power in 
watts. A nomogram that can also be used to find trans- 
mitter power output is given in Fig 27. With a straight 
line, connect the total number of key-down seconds in 
the time column to the number of degrees change (F or 
C) in the temperature rise column, and read off the trans- 
mitter power output at the point where the straight line 
crosses the power-output column. 


Power Limitation 


‘The maximum power handling capability of the calo- 
rimeter is limited by the following. At very high powers 
the dielectric material in the coaxial line will melt because 
of excessive heating or the cable will arc over from 
excessive voltage. As the transmitter frequency gets 
higher, the excessive-heating problem is accentuated, as 
more of the power is dissipated in the first several feet of 
cable. For instance, at 1296 MHz, approximately 10% of 
the transmitting power is dissipated in the first foot of 
cable. Overheating can be prevented when working with 
high power by using a low duty cycle to reduce the aver- 
age dissipated power. Use a series of short transmissions, 
such as two seconds on, ten seconds off. Keep count of 
the total key-down time for power calculation purposes. 
If the cable arcs over, use a larger-diameter cable, such 
as RG-S8, in place of the RG-174. The cable should be 
long enough to assure that the reflected wave will be down 
10 dB or more at the input. It may be necessary to use 
more than one quart of water in order to submerge all the 
cable conveniently. If so, be sure to calculate the new 
value of heat capacitance for the larger quantity of water. 
Also you should measure the new coaxial cable heat 
capacitance using the method previously described. 


A Noise Bridge For 1.8 Through 30 MHz 


‘The noise bridge, sometimes referred to as an antenna 
(RX) noise bridge, is an instrument for measuring the im- 
pedance of an antenna or other electrical circuits. The unit 


shown here in Fig 28, designed for use in the 1.8 through 
30-MHz range, provides adequate accuracy for most 
measurements, Battery operation and small physical size 
make this unit ideal for remote-location use. Tone modula 
tion is applied to the wide-band noise generator as an aid 
for obtaining a null indication. A detector, such as the 
station receiver, is required for operation. 

The noise bridge consists of two parts—the noise 
generator and the bridge circuitry. See Fig 29. A 6.8-V 


Fig 28—Exterior and interior views of the noise bridge. 


The unit is finished in red enamel. Press-on lettering is 
used for the calibration marks. Note that the 
potentiometer must be isolated from ground. 
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Fig 29—Schematic diagram of the noise bridge. Use “ls W composition resistors. Capacitors ar 


units unless indicated otherwis« 
list are for text and parts-placement ref 
BT1—9-V battery, NEDA 1604A or equiv. 
C1—15- to 150-pF variable 

€2—20-pF mica. 

C3—47-pF mica, 
(C4—82-pF mica. 

J1, J2—Coaxial connector 
R1—Linear, 250 Q, AB type. Use a good grade of resistor. 
1, S2—Toggle, SPST. 
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miniature ceramic 


‘Component designations indicated in the schematic but not called out in the parts 


Each winding is three 
‘One turn is equal to the 
wire passing once through both holes in the core. The 
primary winding starts on one side of the transform 
and the secondary and tertiary windings start on the 
‘opposite side. 

NESS or equiv. 


turns of #30 enameled wi 
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Zener diode serves as the noise source. UI generates an 
approximate 50% duty cycle, 1000-Hz square wave sig. 
nal which is applied to the cathode of the Zener diode, 
‘The 1000-Hz modulation appears on the noise signal and 
provides a useful null detection enhancement effect. The 
broadband-noise signal is amplified by QU, Q2 and asso- 
ciated components to a level that produces an approxi: 
mate S9 signal in the receiver. Slightly more noise is 
available at the lower end of the frequency range, as no 
frequency compensation is applied to the amplifier. 
Roughly 20 mA of current is drawn from the 9-V bat- 
tery, thus ensuring long battery life—providing the power 


| 


Fig 30—Etching pattern for the noise bridge PC board, at 
actual size. Black represents copper. This is the patte 
for the bottom side of the board. The top side of the 
board is a complete ground plane with a small amount 
of copper removed from around the component holes. 
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Fig 31—Parts-placement guide for the noise bridge as 
viewed from the component or top side of the board. 
‘Mounting holes are located in two corners of the board, 
as shown. 
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is switched off after use! 

‘The bridge portion of the circuit consists of TI, Cl 
(C2 and RI. T1 is a tifilar wound transformer with one of 
the windings used to couple noise energy into the bridge 
circuit. The remaining two windings are arranged so that 
each one is in an arm of the bridge. CI and RI complete 
‘one arm and the UNKNOWN circuit, along with C2, com- 
prise the remainder of the bridge. The terminal labeled 
RCVR is for connection to the detector. 

‘The reactance range of a noise bridge is dependent 
on several factors, including operating frequency, value 
of the series capacitor (C3 or C3 plus C4 in Fig 29) and 
the range of the variable capacitor (C1 in Fig 29). The 
RANGE switch selects reactance measurements weighted 
toward either capacitance or inductance by placing C4 in 
parallel with C3. The zero-reactance point occurs when 
Cis either nearly fully meshed or fully unmeshed. The 
RANGE switch nearly doubles the resolution of the 
reactance readings. 


CONSTRUCTION 


‘The noise bridge is contained in a homemade alu- 
minum enclosure that measures 5 x 2'/sx 3'/: inches. 
Many of the circuit components are mounted on a circuit 
board that is fastened to the rear wall of the cabinet. The 
circuit-board layout is such that the lead lengths to the 
board from the bridge and coaxial connectors are at a 
minimum. An etching pattern and a parts-placement guide 
for the circuit board are shown in Figs 30 and 31 

Care must be taken when mounting the potentiom- 
eter, RI. For accurate readings the potentiometer must 
be well insulated from ground. In the unit shown this was 
accomplished by mounting the control on a piece of 
plexiglass, which in turn was fastened to the chassis with 
a piece of aluminum angle stock 

‘Additionally, a '/s-inch control-shaft coupling and a 
length of phenolic rod were used to further isolate the 
control from ground where the shaft passes through the 
front panel. A high-quality potentiometer is required if 
‘good measurement results are to be obtained. 

‘There is no such problem when mounting the vai 
able capacitor because the rotor is grounded. Use a high- 
quality capacitor; do not try to save money on that 
component. Two RF connectors on the rear panel are con: 
nected to a detector (receiver) and to the UNKNOWN cir~ 
cuit, Do not use plastic-insulated phono connectors (they 
might influence bridge accuracy at higher frequencies). 
Use miniature coaxial cable (RG-174) between the RCVR 
connector and circuit board. Attach one end of C3 to the 
circuit board and the other directly to the UNKNOWN cir- 
cuit connector. 


Bridge Compensation 

Stray capacitance and inductance in the bridge cir- 
cuit can affect impedance readings. If a very accurate 
is required, use the following steps to counter the 
of stray reactance. Because the physical location 
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Fig 32—Construction details of the resistive loads used 
to check and calibrate the noise bridge. Each of the 
loads is constructed inside a coaxial connector that 
‘matches those on the bridge. (Views shown are cross- 
sections of PL-259 bodies; the sleeves are not shown.) 
Leads should be kept as short as possible to minimi 
parasitic inductance. A is a 0-Q load; B depicts a 50- 
load; C is a 180-0 load; D shows a variable-resistance 
load used to determine the loss in a coaxial cable. 


of the board, connectors and controls in the cabinet 
determine where compensation is needed, there is no pro- 
vision for the compensation components on the printed 
circuit board. 

Good calibration loads are necessary to check the 
accuracy of the noise bridge. Four are needed here: a 
0-0 (short-circuit) load, a 50-2 load, a 180-0 load, and 
a variable-resistance load. The short-circuit and fixed- 
resistance loads are used to check the accuracy of the 
noise bridge: the variable-resistance load is used when 
‘measuring coaxial-cable loss. 

Construction details of the loads are shown in 
Fig 32. Each load is constructed inside a connector. When 
building the loads, keep leads as short as possible to mini- 
mize parasitic effects. The resistors must be noninduc- 
tive (not wirewound), 

Quarter-watt, carbon-composition resistors should 
work fine. The potentiometer in the variable-resistance 
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load is a miniature PC-mount unit with a maximum 
resistance of 100 Q or less. The potentiometer wiper and 
‘one of the end leads are connected to the center pin of 
the connector; the other lead is connected to ground. 


Stray Capacitance 

Stray capacitance on the variable-resistor side of the 
bridge tends to be higher than that on the unknown side. 
This is so because the parasitic capacitance in the vari- 
able resistor, R1, is comparatively high. 

The effect of parasitic capacitance is most easily 
detected using the 180-Q load. Measure and record the 
actual resistance of the load, R,. Connect the load to the 
UNKNOWN connector, place $2 in the X,, position, tune 
the receiver to 1.8 MHz, and null the bridge. (See the 
section, “Finding the Null” for tips.) Use an ohmmeter 
across RI to measure its de resistance. The magnitude of, 
the stray capacitance can be calculated by 


c,-03| | 


where 

R, = load resistance (as measured) 

RI = resistance of the variable resistor 

C3 = series capacitance. 

You can compensate for Cp by placing a variable 
capacitor, Cc, in the side of the bridge with lesser stray 
capacitance. If RI is greater than Ry, stray capacitance is 
greater on the variable resistor side of the bridge: Place 
Ce between point U (on the circuit board) and ground. If 
RI is less than Ry, stray capacitance is greater on the 
unknown side: Place Ce between point B and ground. If 
the required compensating capacitance is only a few 
picofarads, you can use a gimmick capacitor (made by 
twisting two short pieces of insulated, solid wire together) 
for Cc. A gimmick capacitor is adjusted by trimming its 
length. 


(Eq4) 


Stray Inductance 

Parasitic inductance, if present, should be only a few 
tens of nanohenries. This represents a few ohms of induc- 
tive reactance at 30 MHz. The effect is best observed by 
reading the reactance of the 0-Q test load at 1.8 and 
30 MHz; the indicated reactance should be the same at 
both frequencies. 

If the reactance reading decreases as frequency is, 
increased, parasitic inductance is greater in the known 
arm, and compensating inductance is needed between 
point U and C3. Ifthe reactance increases with frequency, 
the unknown-arm inductance is greater, and compensat- 
ing inductance should be placed between point B and RI 

‘Compensate for stray inductance by placing a single- 
turn coil, made from a 1 to 2-inch length of solid wire, in 
the appropriate arm of the bridge. Adjust the size of this 
coil until the reactance reading remains constant from 
1.8 to 30 MHz. 
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Calibration 


Good calibration accuracy is necessary for accurate 
noise-bridge measurements. Calibration of the resistance 
scale is straightforward. To do this, tune the receiver to a 
frequency near 10 MHz. Attach the 0-Q load to the 
UNKNOWN connector and null the bridge. This is the zero- 
resistance point; mark it on the front-panel resistance 
scale, The rest of the resistance range is calibrated by 
adjusting R1, measuring RI with an accurate ohmmeter, 
calculating the increase from the zero point and marking 
the increase on the front panel, 

Most bridges have the reactance scale marked in 
capacitance because capacitance does not vary with fre- 
quency. Unfortunately, that requires calibrat 
non-trivial calculations to arrive at the load reactance, 
‘An alternative method is to mark the reactance scale in 
‘ohms at a reference frequency of 10 MHz. This method 
calibrates the bridge near the center of its range and dis- 
plays reactance directly, but it requires a simple calcula- 
tion to scale the reactance reading for frequencies other 
than 10 MHz, The scaling equation is: 


Xai) = Xal) 4 5) 
sie 

f= trequesicy in Miz 

Koga = clases af Ue lala ot WML 

Kegs seictaa oF is unk vad a 

-A Usted place coaslal ciblb even ets 
tance source. (The reactance of a shorted, low-loss coaxial 
cable is dependent only onthe cable length, the measure- 
treo! teepcacd end te cable cheritessr\apedance) 
Radio Shack RG-BM is wed bere because i is veadly 
available, has relatively low los and has an almost purely 
sesigive ehurcterinte ingle, 

Perper ie calibration cable fll 


1) Cut a length of coaxial cable that is slightly longer 
than '/: 4 at 10 MHz (about 20 feet for RG-8M). 
Attach a suitable connector to one end of the cable: 
leave the other end open-circuited. 

2) Connect the 0-@ load to the noise bridge UNKNOWN 
connector and set the receiver frequency to 10 MHz. 
Adjust the noise bridge for a null. Do not adjust the 
reactance control after the null is found. 

3) Connect the calibration cable to the bridge UNKNOWN 
terminal. Null the bridge by adjusting only the vari- 
able resistor and the receiver frequency. The receiver 
frequency should be less than 10 MHz; if it is above 
10 MH, the cable is too short, and you need to pre~ 
pare a longer one. 

4) Gradually cut short lengths from the end of the 
coaxial cable until you obtain a null at 10 MHz by 
adjusting only the resistance control. Then connect 
the cable center and shield conductors at the open 
end with a short length of braid. Verify that the bridge 
nulls with zero reactance at 20 MHz. 
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5) The reactance of the coaxial cable (normalized to 
10 MHz) can be calculated from: 


ae 
xia) (2e8) 18 


Table 5 
Noise Bridge Calibration Data: Coaxial-Cable 
Method 

This data is for Radio Shack RG-8M cable (Ry =52.5 2) 
cut to exactly '/ 4 at 10 MHz; the reactances and capaci- 
tances shown correspond to this frequency. 


Reactance Capacitance 
x; f(z) X,—fMHlz). (pF) (MHz) 
jo 3318 10 19378 «© 109.798, 
20 4484 «20 18722 «209.812 
30 5262 20 18048 30 © 9.440 
40 5838 «4017368 «= 409.280 
50 6286 6-80 16701 © 509.130 
60 6647 60 16062 60 8.990 
7 6943-70 15471 «708.859, 
80 7191 80 14936 «© 808.735 
90 7404 90 14462 90 8.618 
100 7/586 -100 14.044 © 100.508 
107747 110 13.682 «110 8.403 
120 7aee 120 13369 © 120 = a.a04 
130 8009 130 13.097 © 130« «8.209 
140 8.119 140 12861 140.119 
150 8217 150 12.684 

160 8.308 160 12.473 

170 8387-170 12313 

4a 8460 180 12.172 

1908527 190 12.045 

200 8.588 200 11.932 Meiz) 
210 8645-210 11.831 to219 
220 8697-220 11.739 10.459 
230 8.745 230 11.655 10.721 
240 8791 240 111579 14.9010 
250 8832-250 11/510 11328 
260 8.872 260 11.446 14.679 
270 8.908 270 11.387 12.064 
280 8.942 141333 12.484 
290 8.975 114.283 12.935, 
300 9.005 14.236 13.407 
350 9.133 1104s 13.887 
400 9.242 10.905, 14.387 
450 9.311 10.798 14801 
500 9.375 10.713 18211 


heavier-duty work, because it won’t be drained of its heat so quickly. So check the power 
ratings carefully, and anything between 15-40W is fine for general electronics soldering. 


Temperature Control - the simplest and cheapest types don’t have any form of 
temperature “regulation”. Simply plug them into the mains and switch them on! Thermal 
regulation is “designed in” (by physics, not electronics!). Sometimes they are described as 
“thermally balanced” as they have some degree of temperature “matching” — in other 
words, they warm up as quickly as they lose heat during use, so in a primitive way they 
maintain roughly a constant temperature. This type of iron is perfectly acceptable for 
hobby or less demanding professional use. It’s essential to use the manufacturer’ 
specified tips (see later) to maintain proper temperature matching, otherwise the iron may 
not heat up enough — or it may overshoot in temperature. 


These unregulated irons form an ideal general-purpose iron for most users, and they 
cope reasonably well with printed circuit board soldering and general interwiring. 
However, most of these “miniature” types of iron will be of little use when attempting to 
solder large joints (e.g. very large terminals or very thick copper wires) because the 
components being soldered will draw or “sink” heat away from the tip of the iron, cooling 
it down too much and preventing solder from flowing properly. That’s when a higher 
wattage iron is needed. 


A proper temperature-controlled iron will be quite a lot more expensive - retailing 
at say £40 (US$ 60) or more - and will have some form of built-in thermostatic control, to 
ensure that the temperature of the “bit” (the tip of the iron) is maintained at a fixed level 
within reasonable limits, This is desirable during frequent use, since it helps to ensure that 
the temperature will be relatively stable regardless of the workload. Some irons have a 
bimetallic strip thermostat built into the handle which gives an audible “click” in use, and 
some may include an adjustable screwdriver control within the handle as well. Others may 
have electronic controls built in. 


With the prepared cable and calibration values on 
hand, proceed to calibrate the reactance scale. Tune the 
receiver to the appropriate frequency for the desired 
reactance (given in Table 5, or found using Eq 6). Adjust 
the resistance and reactance controls to null the bridge 
Mark the reactance reading on the front panel. Repeat 
this process until all desired reactance values have been 
‘marked. The resistance values needed to null the bridge 
during this calibration procedure may be significant (more 
than 100 ©) at the higher reactances. 

This calibration method is much more accurate than 
using fixed capacitors across the UNKNOWN connector. 
Also, you can calibrate a noise bridge in less than an hour 
using this method. 


Finding the Null 

In use, a receiver is attached to the RCVR connec 
tor and some load of unknown value is connected to the 
UNKNOWN terminal, The receiver allows us to hear the 
noise present across the bridge arms at the frequency of 
the receiver passband. The strength of the noise signal 
depends on the strength of the noise-bridge battery. the 
receiver bandwidth/sensitivity and the impedance differ- 
ence between the known and unknown bridge arms. The 
noise is stronger and the null more obvious with wide 
receiver passbands. Set the receiver to the widest band- 
width AM mode available. 

‘The noise-bridge output is heard as a 1000-Hz tone. 
‘When the impedances of the known and unknown bridge 
arms are equal, the voltage across the receiver is mini- 
mized; this is a null. In use, the null may be difficult to 
find because it appears only when both bridge controls 
approach the values needed to balance the bridge. 

To find the null, set C1 to mid-scale, sweep RI 
slowly through its range and listen for a reduction in noise 
(it’s also helpful to watch the $ meter). If no reduction is 
heard, set RI to mid-range and sweep Cl. If there is still 
no reduction, begin at one end of the C1 range and sweep 
RI. Increment C1 about 10% and sweep RI with each 
increment until some noise reduction appears. Once noise 
reduction begins, adjust C1 and RI alternately for mini- 
‘mum signal, 


MEASURING COAXIAL-CABLE PARAMETERS 
WITH A NOISE BRIDGE 

Coaxial cables have a number of properties that affect 

the transmission of signals through them. Generally, radio 

amateurs are concerned with cable attenuation and char- 

acteristic impedance. If you plan to use a noise bridge or 

'SWR analyzer to make antenna-impedance measurements, 

however, you need to accurately determine not just cable 

impedance and attenuation, but also electrical length. For- 

tunately, all of these parameters are easy to measure with 
an accurate noise bridge or SWR analyzer. 


Cable Electrical Length 
With a noise bridge and a general-coverage receiver, 
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‘you can easily locate frequencies at which the line in ques- 
tion is a multiple of 's 2, because a shorted '/ line has 
2 0-02 impedance (neglecting line loss). By locating two 
adjacent null frequencies, you can solve for the length of 
line in terms of '/s 4 at one of the frequencies and calcu- 
late the line length (overall accuracy is limited by bridge 
accuracy and line loss, which broadens the nulls). As an 
interim variable, you can express cable length as the fre- 
quency at which a cable is 1 2 long. This length will be 
represented by f 2. Follow these steps to determine f 2 
for a coaxial cable. 


1) Tune the receiver to the frequency range of interest. 
Attach the short-circuit load to the noise bridge 
UNKNOWN connector and null the bridge. 

2) Disconnect the far end of the coaxial cable from its, 
load (the antenna) and connect it to the 0- test load, 
Connect the near end of the cable to the bridge 
UNKNOWN connector. 

3) Adjust the receiver frequency and the noise-bridge 
resistance control for a null. Do not change the noise 
bridge reactance-control setting during this proce- 
dure. Note the frequency at which the null is found; 
call this frequency f,. The noise-bridge resistance at 
the null should be relatively small (less than 20 ©), 

4) Tune the receiver upward in frequency until the next 
null is found. Adjust the resistance control, if neces- 
sary, to improve the null, but do not adjust the reac- 
tance control. Note the frequency at which this second 
null is found; this is f n+2 

5). Solve Eq7 forn and the electrical length of the cable. 


(Eq?) 
it, 
foo (Eq 8) 
where 
n= cable electrical length in quarter waves, at fy 
f,= frequency at which the cable is 12 
= cable electrical length, inh 
For example, consider a 74-foot length of Columbia 
1188 foam-dielectric cable (velocity factor = 0.78) to be 


used on the 10-meter band. Based on the manufacturer's 
specification, the cable is 2.796 2. at 29 MHz. Nulls were 
found at 24.412 (f,) and 29.353 (f, 42) MHz. Eq 7 yields 
1n=9.88, which produces 9.883 MHz from Eq 8 and 2.934 
| for Eq 9. If the manufacturer's specification is correct, 
the measured length is off by less than 5%, which is very 
reasonable. Ideally, n would yield an integer. The differ- 
ence between n and the closest integer indicates that there 

This procedure also works for lines with an open 
circuit as the termination (n will be close to an odd num- 
ber). End effects from the PL-259 increase the effective 
length of the coaxial cable; however, this decreases the 
calculated f, 
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Cable Characteristic Impedance 

The characteristic impedance of the coaxial cable is 
found by measuring its input impedance at two frequen- 
cies separated by "sf, This must be done when the cable 
is terminated in a resistive load 

Characteristic impedance changes slowly as a function 
of frequency, so this measurement must be done near the fre- 
quency of interest. The measurement procedure is as follows. 

1) Place the 50-Q load on the far end of the coaxial cable 
and connect the near end to the UNKNOWN connector 
of the noise bridge. (Measurement error is minimized 
when the load resistance is close to the characteristic 
impedance of the cable. This is the reason for using 
the 50-0 load.) 

2) Tune the receiver approximately '/s f below the fre- 
quency of interest. Adjust the bridge resistance and 
reactance controls to obtain a null, and note their read- 
ings as Ry, and X,,. Remember, the reactance reading 
‘must be Scaled to the measurement frequency. 

3) Increase the receiver frequency by exactly '/s fA. Null 
the bridge again, and note the readings as Ry and Xex 

4) Caleulate the characteristic impedance of the coaxial 
cable using Eqs 10 through 15. A scientific calculator 
is helpful for this. 


(E49) 
R=Ry Fa -XaxXe 410) 
XeRyXXp +XaxRea (eat) 
Z={RXe (Eq 12) 
hey 
Ro= Von tan ecg 
1 (X 
in| an {3)) eae 
Zy=Rot Ky (Eq 15) 


Let's continue with the example used earlier for cable 
length. The measurements are: 

£1 = 29.000 ~ (9.883 / 8) = 27.765 MHz 

4. 

22 Q x (10/ 27.765) = -7.90 

27.165 + (9.883/4 ) = 30.236 MHz. 

00 

24 Q x (10/ 30.236) = -7.9 0 


Z = 3264.28 
Ry = 56.58. 
Xp =-7.96.2 
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Cable Attenuation 

Cable loss can be measured once the cable electri- 
cal length and characteristic resistance are known. The 
measurement must be made at a frequency where the 
cable presents no reactance. Reactance is zero when the 
cable electrical length is an integer multiple of /4. You 
can easily meet that condition by making the measure- 
ment frequency an integer multiple of /: A. Loss at other 
frequencies can be interpolated with reasonable accur- 
acy. This procedure employs a resistor-substitution 
method that provides much greater accuracy than 
achieved by directly reading the resistance from the m 
bridge scale. 


1) Determine the approximate frequency at which you 
‘want to make the loss measurement by using 


Afo 
i. (Bq 16A) 
Round n to the nearest integer, then 
fe 
a (Eq 16B) 


2) If mis odd, leave the far end of the cable open; if n is, 
even, connect the 0-G2 load to the far end of the cable. 
‘Attach the near end of the cable to the UNKNOWN 
connector on the noise bridge. 

3). Set the noise bridge to zero reactance and the receiver 
to fl. Fine tune the receiver frequency and the noise- 
bridge resistance to find the null 

4) Disconnect the cable from the UNKNOWN terminal, 
and connect the variable-resistance calibration load 
in its place. Without changing the resistance setting 
on the bridge, adjust the load resistor and the bridge 
reactance to obtain a null 

5) Remove the variable-resistance load from the bridge 
UNKNOWN terminal and measure the load re 
tance using an ohmmeter that’s accurate at low 
resistance levels. Refer to this resistance as R, 

6) Calculate the cable loss in decibels using 


ar= 8.69 Bi 


(Eq 17) 


To continue this example, Eq 16A gives n = 11.74, 
so measure the attenuation at n = 12. From Eq 16B, f1 = 
29.649 MHz. The input resistance of the cable measures 
12.1 Q with 0-@ load on the far end of the cable; this 
corresponds to a loss of 1.86 4B. 


USING A BRIDGE TO MEASURE THE 
IMPEDANCE OF AN ANTENNA 

‘The impedance at the end of a transmission line can 
be easily measured using a noise bridge or SWR ana- 
lyzer. In many cases, however, you really want to mea 
sure the impedance of an antenna—that is, the impedance 
of the load at the far end of the line. There are several 
ways to handle this 


1) Measurements can be made with the bridge at the 
antenna, This is usually not practical because the 
antenna must be in its final position for the measure 
‘ment to be accurate. Even if it can be done, making 
such a measurement is certainly not very convenient 

2) Measurements can be made at the source end of a 
coaxial cable—if the cable length is an exact integer 
multiple of '/: 2. This effectively restricts measure- 
ments to a single frequency. 

3) Measurements can be made at the source end of a 
coaxial cable and corrected using a Smith Chart as 
shown in Chapter 28. This graphic method can re 
sult in reasonable estimates of antenna impedance 
as long as the SWR is not too high and the cable is, 
not to0 lossy. However, it doesn't compensate for the 
complex impedance characteristics of real-world co- 
axial cables. Also, compensation for cable loss can 
be tricky to apply. These problems, too, can lead to 
significant errors 

4) Last, measurements can be corrected using the trans- 


use these measurements in the transmission-line equa- 
tion to determine the actual antenna impedance at each 
frequency 

‘Table 6 and Fig 33 give an example of such a calcu- 
lation, The antenna used for this example is a 10-meter 
inverted V about 30 feet above the ground. The arms of 
the antenna are separated by a 120° angle. Each arm is, 
exactly 8 feet long, and the antenna is made of #14 wire. 
‘The feed line is the 74-foot length of Columbia 1188 char- 
acterized earlier. 

See Fig 33A. From this plot of impedance measure- 
ments, itis very difficult to determine anything about the 
antenna. Resistance and reactance vary substantially 
over this frequency range, and the antenna appears to be 
resonant at 27.7, 29.0 and 29.8 MHz. 

‘The plot in Fig 33B shows the true antenna imped- 


mission-line equation. The TLW program included 2a A 
on the CD-ROM in the back of this book, can do these a ‘ 2 
complicated computations for you. This is the best fo 8 2 
method for calculating antenna impedances from hey 
measured parameters, but it requires that you mea» ms 
charact % N a ote 
sure the feed-line characteristics beforchand—mea- 2 ; + _ 
surements for which you need access to both ends of 5 Lies 
the feed line. . x 
The procedure for determining antenna impedance biz 
is to first measure the electrical length, characteristic 
impedance, and attenuation ofthe coaxial cable connected ‘ie 
to the antenna, After making these measurements, con- r = = 
rect the antenna tothe coaxial cable and measure the input nae Peper ery 
impedance of the cable at a number of frequencies. Then alma 
Table 6 a 
Impedance Data for Inverted-V Antenna : A 
Freq R, X,@10MHz X, RX * a hese 
(Miz) (2) @ @ @ @) ? oe eee 
270 4485 35k 85 i }- 
272 60 95 349 26-56 xe => 
274 7588S 310-3081 3 
276 90 40 14.5, 32 42 * * 
278 90 = -20 720 85 34 a 
280 75-58 207 38 24 
282 65-65 230 40 19 
284 56-52 83 44 12 +09 " 
286 50 40 14.0 44 6 w ist Frequency (Mz) ig be 
288 48 © -20 69 47 4 as 3 
290 50 ° oo 82 8 
22 55 (20 68 57 15 Fig 38-Impedance plot ofan invert. antenna cut for 
pana? sea” en Gos bay can iz. At A, a plot of resistances and reactances, 
measured using the noise bridge, at the end of a 
226 78 20 68 75 26 —_Fetoot length ef Columbia 1168 coaxial cable. At B, the 
298 85 0 0 78 30 actual antenna-impedance plot (found using the 
300 90 © -50 167 89 33 _transmission-line equation to remove the effects of the 
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ance. This plot has been corrected for the effects of the 
cable using the transmission-line equation. The true 
antenna resistance and reactance both increase smoothly 
with frequency. The antenna is resonant at 28.8 MHz, with 
a radiation resistance at resonance of 47.Q. This is nor- 
mal for an inverted V. 

‘When doing the conversions, be careful not to make 
measurement errors. Such errors introduce more errors into 


the corrected data. This problem is most significant when 
the transmission line is near an odd multiple ofa /s and the 
line SWR and/or attenuation is high. Measurement errors are 
probably present if small changes in the input impedance or 
transmission-line characteristics appear as large changes in 
antenna impedance. If this effect is present, it can be mini- 
mized by making the measurements with a transmission line 
that is approximately an integer multiple of 


A Practical Time-Domain Reflectometer 


A time-domain reflectometer (TDR) is a simple but 
powerful tool used to evaluate transmission lines. When 
used with an oscilloscope, a TDR displays impedance 
“bumps” (open and short circuits, kinks and so on) in 
transmission lines. Commercially produced TDRs cost 
from hundreds to thousands of dollars each, but you can 
add the TDR described here to your shack for much less, 
This material is based on a OST article by Tom King, 
KDSHM (see Bibliography), and supplemented with in- 
formation from the references. 


How a TDR Works 


A simple TDR consists of a square-wave generator 
and an oscilloscope. See Fig 34. The generator sends a 
train of de pulses down a transmission line, and the 
oscilloscope lets you observe the incident and reflected 
waves from the pulses (when the scope is synchronized 
to the pulses), 

A little analysis of the scope display tells the nature 
and location of any impedance changes along the line, 
‘The nature of an impedance disturbance is identified by 
comparing its pattern to those in Fig 35. The patterns are 
based on the fact that the reflected wave from a distur- 
bance is determined by the incident-wave magnitude and 
the reflection coefficient of the disturbance. (The patterns 
shown neglect losses; actual patterns may vary somewhat 
from those shown.) 

The location of a disturbance is calculated with a 
simple proportional method: The round-trip time (to the 
disturbance) can be read from the oscilloscope screen 
(graticule). Thus, you need only read the time, multiply 
it by the velocity of the radio wave (the speed of light 
adjusted by the velocity factor of the transmission line) 
and divide by two. The distance to a disturbance is given 
by: 


983.6% VExt 
2 
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(Eq 18) 


Fig 34—The time-domain reflectometer shown here is, 
attached to a small portable oscilloscope. 


where 
= line length in feet 
VF = velocity factor of the transmission line (from 
0 10) 
= time delay in microseconds (tis) 


The Circuit 

‘The time-domain reflectometer circuit in Fig 36 con- 
sists of a CMOS 555 timer configured as an astable 
multivibrator, followed by an MPS3646 transistor acting 
as a [5-ns-risetime buffer. The timer provides a 71-kHz 
square wave. This is applied to the 50-Q transmission 
line under test (connected at 12). The oscilloscope is con- 
nected to the circuit at J1 


Construct 


n 


‘An etching pattern for the TDR is shown in Fig 37. 
Fig 38 is the part-placement diagram. The TDR is 
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Fig 35—Characteristic TDR patterns for various I 
time, t, which is read from the oscilloscope (s 


loads only—p < 0 when R < Zoi p < 0 when R > Z)). Values for reactive loads cannot be calculated simply. 


designed for a 4 x 3 x I-inch enclosure (including the 
batteries). SI, JI and J2 are right-angle-mounted compo: 
nents. Two aspects of construction are critical. First use 
only an MPS3646 for Ql. This type was chosen for its 
good performance in this circuit. IT you substitute another 
transistor, the circuit may not perform properly. 

Second, for the TDR to provide accurate measure- 
‘ments, the cable connected to J1 (between the TDR and 
the oscilloscope) must not introduce impedance mis- 
matches in the circuit. Do not make this cable from ordi 
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nary coaxial cable. Oscilloscope-probe cable is the best 
thing to use for this connection 

(It took the author about a week and several phone 
calls to determine that scope-probe cable isn’t “plain old 
coax.” Probe cable has special characteristics that pre- 
vent undesired ringing and other problems.) 

Mount a binding post at J1 and connect a scope probe 
to the binding post when testing cables with the TDR. RS 
‘and C2 form a compensation network—much like the net- 
works in oscilloscope probes—to adjust for effects of 
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Except es indicated, decimal 
wolues of copesitance ore 
in mieratoreds (uF); others 
are in picoferads (9); 

= 1,000, = 1,000, 


Fig 36—Schematic diagram of the tim: 
tm 


domain reflectometer. All resistors are "JW, 5% tolerance. U1 is a CMOS 555 
Circuit current drain is 10 to 25 mA. When building the TDR, observe the construction cautions discussed in 


the text. C2 is available from Mouser Elecironics, part no. ME242-8050. Right-angle BNC connectors for use at J1 
and J2 can be obtained from Newark Electronics, part no. 89N1578. S1 can be obtained from All Electronics, part no. 


NISW-1. An SPST toggle switch can also be used at $1. 


oO. 


Fig 37—Full-size PC-board etching pattern for the TDR. 
Black areas represent unetched copper foil. 


the probe wire. 
‘The TDR is designed to operate from de between 

3 and 9 V. Two C cells (in series—3 V) supply operating 
voltage in this version. The circuit draws only 10 to 
25 mA, so the cells should last a long time (about 
200 hours of operation). UI can function with supply volt: 

as low as 2.25 to 2.5, 

If you want to use the TDR in transmission-line sys- 
tems with characteristic impedances other than 50 Q, 
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Fig 38—Part-placement diagram for the TDR. Parts are 
mounted on the nonfoil side of the board; the shaded 

area represents an X-ray view of the copper pattern. Be 
‘sure to observe the polarity markings of C3, C4 and C5. 


change the value of Ry, to match the system impedance 
as closely as possible. 


Calibrating and Using the TDR 

Just about any scope with a bandwidth of at least 
10 MHz should work fine with the TDR, but for tests in 
short-length cables, a 50-MHz scope provides for much 
more accurate measurements. To calibrate the TDR, ter- 
minate CABLE UNDER TEST connector, 2, with a 51-Q 


Fig 39—TDR calibration trace as shown on an 
oscilloscope. Adjust C2 (See Figs 36 and 38) for 
‘maximum deflection and sharpest waveform corners 
during calibration. See text. 


Fig 40—Open-circuited test cable. The scope is set for 
0.01 ms per division. See text for interpretation of the 
waveform. 


resistor. Connect the scope vertical input to JI. Turn on 
the TDR, and adjust the scope timebase so that one square- 
wave cycle from the TDR fills as much of the scope dis- 
play as possible (without uncalibrating the timebase). The 
waveform should resemble Fig 39. Adjust C2 to obtain 
‘maximum amplitude and sharpest corners on the observed 
waveform. That's all there is to the calibration process! 

To use the TDR, connect the cable under test to J2, 
and connect the scope vertical input to JI. If the wave- 
form you observe is different from the one you observed 
during calibration, there are impedance variations in the 
load you're testing. See Fig 40, showing an unterminated 
test cable connected to the TDR. The beginning of the 
cable is shown at point A. (AB represents the TDR out 
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Fig 41—TDR display of the impedance character 
of the 142-foot Hardline run to the 432-MHz antenna at 
KDSHM. The scope is set for 0.05 ms per division. See 
text for discussion. 


put-pulse rise time.) 

‘Segment AC shows the portion of the transmission 
line that has a 50-Q impedance. Between points C and D, 
there is a mismatch in the line. Because the scope trace is, 
higher than the 50-2 trace, the impedance of this part of 
the line is higher than 50 Q—in this case, an open circuit, 

To determine the length of this cable, read the length 
of time over which the 50-Q trace is displayed. The scope 
is set for 0.01 ys per division, so the time delay for the 
50-0 section is (0.01 ps x 4.6 divisions) = 0.046 ps. The 
manufacturer's specified velocity factor (VF) of the cable 
is 0.8. Eq 1 tells us that the 50-Q section of the cable is 


983.6 0.8 x 0.046 ys 


8.1 feet 


‘The TDR provides reasonable agreement with the 
actual cable length—in this case, the cable is really 
16.5 feet long. (Variations in TDR-derived calculations 
‘and actual cable lengths can occur as a result of cable VFs 
that can vary considerably from published values. Many 
cables vary as much as 10% from the specified values.) 

‘A second example is shown in Fig 41, where a length 
of %~/sinch Hardline is being tested. The line feeds a 
432-MHz vertical antenna at the top of a tower. Fig 41 
shows that the 50-0 line section has a delay of (6.6 div 
sions x 0.05 jis) = 0.33 1s. Because the trace is straight 
and level at the 50- level, the line is in good shape. The 
trailing edge at the right-hand end shows where the an- 
tenna is connected to the feed line. 

To determine the actual length of the line, use the 
same procedure as before: Using the published VF for 
the Hardline (0.88) in Eq I, the line length is 


983.6 0.88%0.33 ys 
2 


= 142.8 feet 
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Again, the TDR-derived measurement is in close 
agreement with the actual cable length (142 feet) 


Final Notes 

‘The time-domain reflectometer described here is not 
frequency specific; its measurements are not made at the 
frequency at which a system is designed to be used, 
Because of this, the TDR cannot be used to verify the 
impedance of an antenna, nor can it be used to measure 
cable loss at a specific frequency. Just the same, in two 
years of use, it has never failed to help locate a transmis- 
Sion-line problem. The vast majority of transmission-line 
problems result from improper cable installation or con- 
nector weathering. 


ions 

Certain limitations are characteristic of TDRs 
because the signal used to test the line differs from the 
system operating frequency and because an oscilloscope 
is a broadband device. In the instrument described here, 
‘measurements are made with a 71-kHz square wave. That 
‘wave contains components at 71 kHz. and odd harmonics 
thereof, with the majority of the energy coming from the 
lower frequencies. The leading edge of the trace indi- 
cates that the response drops quickly above 6 MHz. (The 
leading edge in Fig 40 is 0.042 us, corresponding to a 
period of 0.168 us and a frequency of 5.95 MHz.) The 
result is de pulses of approximately 71s duration. The 


scope display combines the circuit responses to all of 
those frequencies. Hence, it may be difficult to interpret 
any disturbance which is narrowband in nature (affect- 
ing only a small range of frequencies, and thus a small 
portion of the total power), or for which the travel time 
plus pattern duration exceeds 7 is. The 432-MHz verti- 
cal antenna in Fig 41 illustrates a display error resulting 
from narrow-band response. 

‘The antenna shows as a major impedance distur- 
bance because it is mismatched at the low frequencies 
that dominate the TDR display, yet it is matched at 
432 MHz. For an event that exceeds the observation win- 
dow, consider a I-1F capacitor across a 50-Q line. You 
would see only part of the pattern shown in Fig 35C 
because the time constant (I x 10x 50 = 50 ms) is much 
larger than the 7-1s window. 

In addition, TDRs are unsuitable for measurements 
where there are major impedance changes inside the line 
section to be tested. Such major changes mask reflec- 
tions from additional changes farther down the line. 

Because of these limitations, TDRs are best suited 
for spotting faults in de-continuous systems that main- 
tain a constant impedance from the generator to the load. 
Happily, most amateur stations would be ideal subjects 
for TDR analysis, which can conveniently check antenna 
cables and connectors for short and open-circuit con- 
ditions and locate the position of such faults with fair 
accuracy. 


Ground Parameters for Antenna Analysis 


This section is taken from an article in The ARRL 
Antenna Compendium, Vol 5 by R. P. Haviland, W4MB. 
In the past, amateurs paid very little attention to the char- 
acteristics of the earth (ground) associated with their 
antennas. There are two reasons for this. First, these char- 
acteristics are not easy to measure—even with the best 
equipment, extreme care is needed. Second, almost all 
hams have to put up with what they have—there are very 
few who can afford to move because their location has 
poor ground conditions! Further, the ground is not a domi- 
nant factor in the most popular antennas—a tri-band Yagi 
at 40 feet or higher, or a 2-meter vertical at roof height, 
for example. 

Even so, there has been a desire and even a need for 
ground data and for ways to use it. It is very important 
for vertically polarized antennas. Ground data is useful 
for antennas mounted at low heights generally, and for 
such specialized ones as Beverages. The performance of, 
such antennas change a lot as the ground changes. 


Importance of Ground Conditions 

To see why ground conditions can be important, let 
us look at some values. For a frequency of 10 MHz, CCIR 
Recommendation 368, gives the distance at which the sig- 
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nal is calculated to drop 10 dB below its free-space level, 


Conductivity Distance for 10 dB Drop 
(mSfmeter) (km) 
5000 100 
30 15 
3 03 


‘The high-conductivity condition is for sea-water. 
Inter-island work in the Caribbean on 40 and 80 meters 
is easy, whereas 40-meter ground-wave contact is diffi- 
cult for much of the USA, because of much lower ground 
conductivity. On the other hand, the Beverage works be- 
cause of poor ground conductivity. 

Fig 42 shows a typical set of expected propagation 
curves for a range of frequencies. This data is also from 
CCIR Recommendation 368 for relatively poor ground, 
with a dielectric constant of 4 and a conductivity of 
3 mS/m (one milliSiemens/meter is 0.001 mho/meter). 
The same data is available in the Radio Propagation 
Handbook. There are equivalent FCC curves, found in 
the book Reference Data for Radio Engineers, but only 
the ones near 160 meters are useful. In Florida the author 
has difficulty hearing stations across town on ground 


eoeoeoeoeeCOC- ahr wave, an indication of the poor soil conditions—reflected 
100, sky-wave signals are often stronger. 


‘Securing Ground Data 
‘There are only two basic ways to approach this mat- 


0 svooinl Fe yee 
§ ter of ground data. One is to use generic ground data typi 
3 cal to the area, The second is to make measurements, 
30 which haven't really gotten easier, For most amateurs, 
A the best approach seems to be a combination of these 
a use some simple measurements, and then use the generic 


data to make a better estimate, Because of equipment costs 

‘and measurement difficulties, none of these will be highly 
t oT ts _ =x accurate for most hams. But they will be much better than 

oes tometer simply taking some condition preset into an analysis pro- 

gram. Having a good set of values to plug into an analy- 

Fig 42—Variation of field strength with distance. Typical _sis can help you evaluate the true worth of a new antenna 

field strengths for several frequencies are shown. This project. 

is from CIR data for fairly poor soil, with dielectric 

constant of 4 and conductivity of 3 mSim. The curves Generic Data 

err ae ee aha Guan dna teas miree In connection with its licensing procedure for broad- 


those for sea water are much closer to the free-space 
line. cast stations, the FCC has published generic data for the 


‘assumed 1s be 600 mlsemens po meter 


Fig 43—Estimated effective ground conductivity in the United States. FCC map prepared for the Broadcast Service, 
showing typical conductivity for continental USA. Values are for the band 500 to 1500 KHz. Values are for flat, open 
spaces and often will not hold for other types of commonly found terrain, such as seashores, river beds, etc. 
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entire country. This is reproduced in Fig 43, 
the 
States, 


chart showing 
stimated effective ground conductivity in the United 

A range of 30:1 is shown, from I to 30 mS/m. An 
equivalent chart for Canada has been prepared, originally 
by DOT, now DOC. 

Of course, some judgment is needed when trying to 
use this data for your location. Broadcast stations are 
likely to be in open areas, so the data should not be 
sumed to apply to the center city. And a low site near the 
sea is likely to have better conductivity than the generic 
chart for, say, the coast of Oregon. Other than such fac~ 
tors, this chart gives a good first value, and a useful cross- 
check if some other method is used, 

Still another FCC-induced data source is the license 
application of your local broadcast station. This includes 
calculated and measured coverage data. This may include 
specific ground data, or comparison of the coverage 
curves with the CCIR or FCC data to give the estimated 
ground conductivity. Another set of curves for ground 
conditions are those prepared by SRI. These give the con- 
ductivity and dielectric constant versus frequency for typi- 
cal terrain conditions. These are reproduced as Fig 44 
and Fig 48. By inspecting your own site, you may select 
the curve most appropriate to your terrain. The curves 
are based on measurements at a number of sites across 
the USA, and are averages of the measured values. 


Fig 44—Typical terrain conductivities versus frequency 
for 5 types of soils. This was measured by SRI. Units 
are mSim. Conductivity of seawater is usually taken as 
5000 mSim. Conductivity of fresh water depends on the 
impurities present, and may be very low. To extrapolat 
conductivity values (for 500 to 1500 KHz) shown in 
Fig 43 for a particular geographic area to a different 
frequency, move from the conductivity at the left edge 
of Fig 44 to the desired frequency. For example, in 
rocky New Hampshire, with a conductivity of 1 mSim at 
BC frequencies, the effective conductivity at 14 MHz 
would be approximately 4 mSim. 
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Figs 46 through 48 are data derived from these mea- 
surements. Fig 46 gives the ground-dissipation factor. Sea 
water has low loss (a high dissipation factor), while soil in 
the desert or in the city is very lossy, with a low dissipa- 
tion factor. Fig 47 gives the skin depth, the distance for 
the signal to decease to 63% of its value at the surface. 
Penetration is low in high-conductivity areas and deep in 
low-conductivity soil. Finally, Fig 48 shows the wavelength 
in the earth, For example, at 10 meters (30 MHz), the wave- 
length in sea water is less than 0.3 meters. Even in the 
desert, the wavelength has been reduced to about 6 meters 
at this frequency. This is one reason why buried antennas 
have peculiar properties. Lacking other data, itis suggested 
that the values of Figs 44 and 45 be used in computer 
antenna modeling programs. 


Measuring Ground Conditions 

W2FNQ developed a simple technique to measure 
low-frequency earth conductivity, which has been used 
bby W2EML The test setup is drawn in Fig 49, and uses a 
very old technique of 4-terminal resistivity measurements 
For probes of “/e-inch diameter, spaced 18 inches and 
pene-trating 12 inches into the earth, the conductivity is 


C=21- VV) mSim (Eq 19) 


‘The voltages are conveniently measured by a digital 
voltmeter, to an accuracy of about 2%. In soil suitable 
for farming, the probes can be copper or aluminum. The 
strength of iron or copperweld may be needed in hard 
soils. A piece of 2x4 or 4 x 4 with guide holes drilled 
through it will help maintain proper spacing and vertical 
alignment of the probes. Use care when measuring—there 
is a shock hazard. An isolating transformer with a 24-V 
secondary instead of 115 V will reduce the danger. 
Ground conditions vary quite widely over even small 


lve Dette Constant 


Fig 45—Typical terrain relative dielectric constant for 
the 5 soil types of Fig 44, plus sea water. The dashed 
curve shows the highest measured values repo! 

and usually indicates mineralization. 


™ An Antex 660TC soldering station with matching iron and bench stand. 


More expensive still, soldering stations cost from £70 (US$ 115) upwards (the iron 
may be sold separately, so you can pick the type you prefer), and consist of a complete 
bench-top control unit into which a special low-voltage soldering iron is plugged. Some 
versions might have a built-in digital temperature readout, and a control knob to vary the 
setting. The temperature could be boosted for soldering larger joints, for example, or for 
using higher melting-point solders (e.g. lead-free or silver solder). These are designed for 
the discerning user, or for continuous production line or professional use. A thermocouple 
will be built into the tip or shaft, which monitors temperature. 


The best soldering stations have irons which are well balanced, with comfort-grip 
handles which remain cool all day, and silicone-based cables which are burn proof. Antex 
produces a range of irons with silicone cables specially for education use, to help avoid 
accidents caused by careless use by students. 


Anti-static protection: if you need to solder a lot of static-sensitive parts (e.g. 
CMOS chips or MOSFET transistors), more advanced and expensive soldering iron 
stations use static-dissipative materials in their construction to avoid static charges 
accumulating on the iron itself, which could otherwise damage or “zap” some 
semiconductors. Such irons are listed as “ESD safe” (clectro-static discharge proof). The 
cheapest irons are not classed as ESD-safe but they still perform well enough in most 
hobby or educational applications provided you take the usual anti-static precautions when 
handling these components. The iron would need to be well earthed (grounded) in these 
circumstances, to carry away any static. 


Wavsergb in Sil 


Fig 46—Typical values of dissipation factor. The soll 
behaves as a leaky dielectric. These curves showing the 

issipation factor versus frequency for 
‘of soils and for sea water. The dissipation 
factor is inversely related to soil conductivity. Among 
other things, a high dissipation factor indicates that a 
signal penetrating the soil or water will decrease in 
strength rapidly with depth 


47—Typical values of skin depth. The skin depth is 
the depth at which a signal will have decreased to 1/e of 
its value at the surface (to about 30%). The effective 
height above ground is essentially the same as the 
physical height for sea water, but may be much greater 
for the desert. For practical antennas, this may increase 
Iow-angle radiation, but at the same time will Increase 
ground losses. 
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Fig 48—Typical values of wavelength in soil. Because 
of its dielectric constant, the wavelength in soils and 
water will be shorter than that for a wave traveling in 
air. This can be important, since in a Method of Moment 
the accuracy is affected by the number of analysis 
‘segments per wavelength. Depending on the program 
being used, adjust the number of segments for 
antennas wholly or partly in the earth, for ground rods, 
and for antennas very close to earth 


Polarized 


Fig 49—Low-frequency conductivity measurement 
‘system. A 60-Hz measuring system devised by W2FNQ 

id used by W2FMI. The basic system is widely used in 
‘geophysics. Use care to be certain that the plug 
‘connection is correct. A better system would use a 
lower voltage and an isolation transformer. Measure the 
value of V; with no power applied—there may be stray 
ground currents present, especially if there is a power 
station or an 
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areas. It is best to make a number of measurements around 
the area of the antenna, and average the measured values. 

While this measurement gives only the low-fre~ 
quency conductivity, it can be used to select curves in 
Fig 44 to give an estimate of the conductivity for the com- 
mon ham bands. Assume that the 60 Hz. value is valid at 
2 MHz, and find the correct value on the left axis. Move 
parallel to the curves on the figure to develop the esti- 
mated curve for other soil conditions. 

‘A small additional refinement is possible. If the 
dielectric constant from Fig 45 is plotted against the con- 
ductivity from Fig 44 for a given frequency, a scatter plot 
develops, showing a trend to higher dielectric constant 
as conductivity increases. At 14 MHz, the relation is: 


(o00/C (Eq 20) 


= {il 

where k is the dielectric constant and C is the mea 
sured conductivity. Using these values in MININEC or 
NEC calculations should give better estimates than coun- 
trywide average values. 


Direct Measurement of Ground Properties 

For really good values, both the conductivity and 
dielectric constant should be measured at the operating 
frequency. One way of doing this is the two-probe tech- 
nique described in George Hagn’s article (see Bibliogra- 
phy). This was the technique used to secure the data for 
Figs 4 through 48. The principle is sketched in Fig 50. 
In essence, the two probes form a short, open-circuited, 
two-wire transmission line. As shown by the equations 
for such lines, the input impedance is a function of the 
conductivity and dielectric constant of the medium. A 
single measurement is difficult to calculate, since the end 
effect of the two probes must be determined, a complex 
task if they are pointed for easy driving. The calculation 
is greatly simplified if a set of measurements is made 
with several sets of probes that vary in length by a fixed 
ratio, since the measured difference is largely due to the 
increased two-wire length, with some change due to the 
change in soil moisture with depth. 

The impedance to be measured is high because of 
the short line length, so impedance bridges are not really 
suitable. An RF vector impedance meter, such as the 
HP-4193A, is probably the best instrument to use, with a 
RF susceptance bridge, such as the GR-821A, next best 
With care, a Q-meter can be substituted. Because of the 
rarity of these instruments among amateurs, this method 
‘of measurement is not explored further here. 


Indirect Measurement 

Since the terminal impedance and resonant fre~ 
quency of an antenna change as the antenna approaches 
earth, measurement of an antenna at one or more heights 
permits an analysis of the ground characteristics. The 
technique is to calculate the antenna drive impedance for 
an assumed ground condition, and compare this with 
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Fig 50—High-frequency conductivity/di 

‘System for measuring ground 
conditions at frequencies up to about 100 MHz, devised 
by SRI and used to obtain the data in Figs 44 through 
48. Basically, this is a section of transmission line with 
soil as the dielectric. Requires measurement of high 
impedances to good accuracy. 


measured values. If not the same, another set of ground 
conditions is assumed, and the process is repeated. It is 
best to have a plan to guide the assumptions. 

In connection with his studies of transmission lines, 
Walt Maxwell, W2DU, made such measurements on 20, 
40 and 80 meters. Some of the data was included in his 
book Reflections. The following example is based on his 
80-meter data. Data came from his Table 20-1, for a 66- 
foot, 2-inch dipole of #14 wire at 40 feet above ground. 
His table gives an antenna impedance of 72.59 + j 1.38. 
at 7.15 MHz. 

Table 7 shows calculated antenna impedances for 
‘ground conductivities of three different ground conduc- 
tivities: 10, 1 and 0.1 mS/m, and for dielectric constants 
of 3, 15 and 80. The nearest value to the measured drive 
impedance is for a conductivity of 0.1 mS/m and a dielec- 
tric constant of 3. Figs 44 and 45 indicate that these are 
typical of flat desert and city land. The effect on antenna 
performance is shown in Fig $1. The maximum lobe gain 
for soil typical of a city is over 2 dB lower than that for 
the high-conductivity, high-dielectric constant value. Note 
that the maximum lobe occurs for a radiation angle that is 
directly overhead 


Table 7 
Calculated values of drive resistance, in ohms, for an 
conductivity and dielectric constant. 


Conductivity Dielectric Constant 


(mSim) 3 15 50 
10 89.78-j12.12  88.53-j 10.69 88.38 - 7.59 
1 80.05-j 17.54 83.72-j 10.23 87.33 -j6.98 
01 —-76.44-j15.69 83.18-/9.85 97.30 ~/6.46 


40 meter dipole at 40 feet elevation versus 


‘The value measured by W2DU was 72.59 ~ j 1.28 2, and compares closest to the poor soil condition of dielectric, 


constant of 3 and conductivity of 0.1 mS/m, 


ute ing 8.27 


Fig 51—Plot showing computed elevation patterns for 
40-foot high, 40-meter dipole for two different ground 
conditions: poor ground, with dielectric constant of 

3 and conductivity of 0.1 mSim, and good ground, with 
dielectric constant of 50 and conductivity of 10 mS/m. 
Note that for a low horizontal antenna, high-angle 
radiation is most affected by poor ground, with low- 
angle radiation least affected by ground characteristics. 


‘The ground at the W2DU QTH is a suburban Florida 
lot, covered with low, native vegetation. The ground is 
very sandy (a fossil sand dune), and is some 60-70 feet 
above sea-level. Measurements were made near the end 
of the Florida dry season. The water table is estimated to 
be 20 to 30 feet below the surface. Thus the calculated 
and measured values are reasonably consistent. 

In principle, a further analysis, using values around 
0.1 m$/m conductivity and 3 for dielectric constant, will 
give a better ground parameter estimate. However, the 
results should be taken with a grain of salt, because the 
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opportunities for error in the computer modeling must 
be considered. The antenna should have no sag, and its 
length and height should be accurate. The measurement 
must be with accurate equipment, free from strays, such 
as current on the outer conductor of the coax. The feed- 
point gap effect must be estimated. Further, the ground 
itself under the antenna must be flat and have constant 
characteristics for modeling to be completely accurate. 

Finally, the feed-line length and velocity constant 
of the transmission line must be accurately measured for 
transfer of the measured values at the feeding end of the 
transmission line to the antenna itself. Because of all the 
possibilities for error, most attempts at precision should 
be based on measured values at two or three frequencies, 
and preferably at two or three heights. Orienting the 
antenna to right angles for another set of measurements 
may be useful. Obviously, this can involve a lot of detailed 
work. 

‘The author was not been able to find any guidelines 
for the best height or frequency. The data in the book 
Exact Image Method for Impedance Computation of 
Antennas Above the Ground suggests that a height of 0.3 
will give good sensitivity to ground conditions. Very low 
heights may give confusing results, since several combi- 
nations of ground parameters can give nearly the same 
drive impedance. Both this data and experience suggest 
that sensitivity to ground for heights above 0.75 A is small 
or negligible. 

If an overall conclusion about ground characteristics is 
needed, we can just restate from the first paragraph—it is 
not greatly important for the most common horizontally po- 
larized antenna installations. But it’s worth taking a look when 
you need to depart from typical situations, or when the per- 
formance of a vertically polarized antenna is contemplated. 
‘Then the techniques outlined here can be helpful 
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A Switchable RF Attenuator 


A switchable RF attenuator is helpful for making 
antenna-gain comparisons or for plotting antenna radia- 
tion patterns. You may switch attenuation in or out of the 
line leading to the receiver to obtain an initial reference 
reading on a signal strength meter. Some form of attenu- 
ator is also helpful for locating hidden transmitters, where 
the real trick is pinpointing the signal source from within 
a few hundred feet. At such a close distance, strong sig- 
nals may overload the front end of the receiver, making it 
impossible to obtain any indication of a bearing. 

The attenuator of Figs 52 and 53 is designed for low 
power levels, not exceeding '/« watt. If for some reason 
the attenuator will be connected to a transceiver, a means 
of bypassing the unit during transmit periods must be 
devised, An attenuator of this type is commonly called a 
step attenuator, because any amount of attenuation from 
0 4B to the maximum available (81 dB for this particular 
instrument) may be obtained in steps of 1 dB. As each 
switch is successively thrown from the OUT to the IN 


position, the attenuation sections add in cascade to yield 
the total of the attenuator steps switched in. The maxi- 
mum attenuation of any single section is limited to 20 4B 
because leak-through would probably degrade the accu- 
racy of higher values. The tolerance of resistor values 
also becomes more significant regarding accuracy at 
higher attenuation values, 

‘A good quality commercially made attenuator will 
cost upwards from $150, but for less than $25 in parts 
and a few hours of work, you can build an attenuator at 
home. It will be suitable for frequencies up to 450 MHz. 
Double-sided pe board is used for the enclosure. The ver- 
sion of the attenuator shown in Fig $2 has identification 
lettering etched into the top surface (or front panel) of 
the unit. This adds a nice touch and is a permanent means 
of labeling. OF course rub-on transfers or Dymo tape 
labels could be used as well. 

Female BNC single-hole, chassis-mount connectors 
are used at each end of the enclosure. These connectors 


* 


: deus 


Fig 52—A construction method for a step attenuator. Doub! 
identification), is cut to the desired si 
sturdy. St 


ided circuit-board material, unetched (except for panel 


‘and soldered in place. Flashing copper may also be used, although it is not as 
iding partitions between sections are necessary to reduce signal leakage. Brass nuts soldered at each of 
the four corners allow machine screws to secure the bottom cover. The practical limit for total attenuat 


nis 80 oF 


90 dB, as signal leakage around the outside of the attenuator will defeat attempts to obtain much greater amounts. 


material. A 
The att 


wuator is bilateral; th 


4J1, J2—Female BNC connectors, Radio Shack 278-105 
or equiv. 
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is drilled through each partition wall to rout 
is, the input and output ends may be rever 


‘S1-S8, incl.—DPDT slide switches, standard size. (Avoid 
‘subminiature or toggle switches.) Stackpole 
'8-5022CD03-0 switches are used here. 


provide a means of easily connecting and disconnecting 
the attenuator. 


Construction 


After all the box parts are cut to size and the neces- 
sary holes made, scribe light lines to locate the inner par- 
titions, Carefully tack-solder all partitions in position. A 
25-W pencil type of iron should provide sufficient heat, 
Dress any pe board parts that do not fit squarely. Once 
everything is in proper position, run a solder bead all the 
way around the joints. Caution! Do not use excessive 
amounts of solder, as the switches must later be fit flat 
inside the sections. Complete the top, sides, ends and 
partitions. Dress the outside of the box to suit your taste, 
For instance, you might wish to bevel the box edges. Buff 
the copper with steel wool, add lettering, and finish 
off the work with a coat of clear lacquer or polyurethane 
varnish, 

Using a little lacquer thinner, soak the switches to 
remove the grease that was added during their manufac 
ture. When they dry, spray the inside of the switches 
lightly with aTV tuner cleaner/lubricant. Use a sharp drill 
bit (about */1 inch will do), and countersink the mount- 
ing holes on the actuator side of the switch mounting 
plate. This ensures that the switches will fit flush against 
the top plate. At one end of each switch, bend the two 
lugs over and solder them together. Cut off the upper 
halves of the remaining switch lugs. (A close look at 
Fig 52 will help clarify these steps.) 

Solder the series-arm resistors between the appro- 


priate switch lugs. Keep the lead lengths as short as pos- 
sible and do not overheat the resistors. Now solder the 
switches in place to the top section of the enclosure by 
flowing solder through the mounting holes and onto the 
circuit-board material. Be certain that you place the 
switches in their proper positions; correlate the resistor 
values with the degree of attenuation. Otherwise, you may 
‘wind up with the 1-dB step at the wrong end of the box 
how embarrassing! 

Once the switches are installed, thread a piece of 
#18 bare copper wire through the center lugs of all the 
switches, passing it through the holes in the partitions. 
Solder the wire at each switch terminal. Cut the wire 
between the poles of each individual switch, leaving the 
wire connecting one switch pole to that of the neighbor- 
ing one on the other side of the partition, as shown in 
Fig 52. At each of the two end switch terminals, leave a 
wire length of approximately '/ inch. Install the BNC 
connectors and solder the wire pieces to the connector 
center conductors. 

‘Now install the shunt-arm resistors of each section. 
Use short lead lengths. Do not use excessive amounts of 
heat when soldering. Solder a no. 4-40 brass nut at each 
inside comer of the enclosure. Recess the nuts approxi- 
mately “tench from the bottom edge of the box to allow 
sufficient room for the bottom panel to fit flush. Secure 
the bottom panel with four no. 4-40, '/-inch machine 
screws and the project is completed. Remember to use 
caution, always, when your test setup provides the possi- 
bility of transmitting power into the attenuator. 


A Portable Field Strength Meter 


Few amateur stations, fixed or mobile, are without 
need of a field-strength meter. An instrument of this type 
serves many useful purposes during antenna experiments 
and adjustments. When work is to be done from many 
wavelengths away, a simple wavemeter lacks the neces- 
sary sensitivity, Further, such a device has a serious fault 
because its linearity leaves much to be desired. The 
information in this section is based on a January 1973 
OST anicle by Lew McCoy, WIICP. 

‘The field-strength meter described here takes care 
of these problems. Additionally, it is small, measuring 
only 4x 5X8 inches. The power supply consists of two 
9-volt batteries. Sensitivity can be set for practically any 
amount desired. However, from a usefulness standpoint, 
the circuit should not be too sensitive or it will respond 
to unwanted signals. This unit also has excellent linear- 
ity with regard to field strength. (The field strength of a 
received signal varies inversely with the distance from 
the source, all other things being equal.) The frequency 
range includes all amateur bands from 3.5 through 
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Fig 54—The linear field strength meter. The control at 
the upper left is for C1 and the one to the right for C2. 
At the lower left is the band switch, and to its right the 
‘sensitivity switch. The zero-set control for M1 is located 
directly below the meter. 
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Fig 55—Inside view of the field-strength At the 
upper right is C1 and to the left, C2. The dark leads from 
the circuit board to the front panel are the shielded 
leads described in the text. 


148 MHz, with band-switched circuits, thus avoiding the 
use of plug-in inductors. All in all, it is a quite useful 
instrument. 

‘The unit is pictured in Figs 54 and $5, and the sche- 
matic diagram is shown in Fig 56. A type 741 op-amp IC 
is the heart of the unit. The antenna is connected to 31, 
‘and a tuned circuit is used ahead of a diode detector. The 
rectified signal is coupled as de and amplified in the op 
amp. Sensitivity of the op amp is controlled by inserting 
resistors R3 through R6 in the circuit by means of $2. 

With the circuit shown, and in its most sensitive set- 
ting, M1 will detect a signal from the antenna on the order 
of 100 LV. Linearity is poor for approximately the first 
'/s of the meter range, but then is almost straight-line from 
there to full-scale deflection. The reason for the poor 
linearity at the start of the readings is because of non- 
linearity of the diodes at the point of first conduction. 
However, if gain measurements are being made this is of 
no real importance, as accurate gain measurements can 
tbe made in the linear portion of the readings. 
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Resistance are in ohms; 


Fig 56—Circuit diagram of the lin: 


C1 — 140 pF variable. 
C2 — 15-pF variable 
D1, D2 — 1N914 oF equi 
L1— 34 turns #24 enam. wire wound on an Amidon 
68-2 core, tapped 4 turns from ground end. 

L2— 12 turns #24 enam. wire wound on T-68-2 core. 
U3 — 2 turns #24 enam. 

L4—1 turn #26 enam. wire wound at ground end of LS. 
L5 — 12 turns #26 enam. wire wound on T-25-12 core. 


Id strength m 
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re wound at ground end of L2. 


« oF ‘/=W composition types. 


L6 — 1 turn #26 enam. wire wound at ground end of L7. 

7 —1 turn #18 enam. wire wound on 7-25-12 core. 

M1 — 50 or 100 uA de. 

2 — 10-kO control, linear taper. 

‘$1 — Rotary switch, 3 poles, 5 positions, 3 sections. 

‘82 — Rotary switch, 1 pole, 4 positions. 

‘83 — DPST toggle. 

U1 — Type 741 op amp. Pin numbers shown are for a 
1ucpin package 


The 741 op amp requires both a positive and a nega- 
tive voltage source. This is obtained by connecting two 
9-volt batteries in series and grounding the center. One 
other feature of the instrument is that it can be used 
remotely by connecting an external meter at J2. This is 
handy if you want to adjust an antenna and observe the 
results without having to leave the antenna site. 

LI is the 3.5/7 MHz coil and is tuned by C1. The 
coil is wound on a toroid form. For 14, 21 or 28 MHz, L2 
is switched in parallel with LI to cover the three bands, 
LS and C2 cover approximately 40 to 60 MHz, and L7 
and C2 from 130 MHz to approximately 180 MHz. The 
two VHF coils are also wound on toroid forms. 


Construction Notes 

‘The majority of the components may be mounted on 
an etched circuit board. A shielded lead should be used 
between pin 4 of the IC and $2. The same is true for the 
leads from R3 through R6 to the switch. Otherwise, para- 
sitic oscillations may occur in the IC because of its very 
high gain. 

In order for the unit to cover the 144-MHz band, L6 and 
L7 should be mounted directly across the appro- 
priate terminals of $1, rather than on a circuit board. The extra 
lead length adds too much stray capacitance to the circuit. It 
isn’t necessary to use toroid forms for the 50- and 144-MHz 
coils. They were used in the version described here simply 
because they were available, You may substitute air-wound 
coils of the appropriate inductance. 


Calibration 

The field strength meter can be used as is for a rela- 
tive-reading device. A linear indicator scale will serve 
admirably. However, it will be a much more useful 
instrument for antenna work if it is calibrated in deci- 
bels, enabling the user to check relative gain and front- 
to-back ratios. If you have access to a calibrated signal 
generator, connect it to the field-strength meter and use 
different signal levels fed to the device to make a cali- 
bration chart. Convert signal-generator voltage ratios to 
decibels by using the equation, 


dB = 20 log (VI/V2) 
where 


(421) 


VI/V2 is the ratio of the two voltages 
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log is the common logarithm (base 10) 


Let's assume that M1 is calibrated evenly from 0 to 
10. Next, assume we set the signal generator to provide a 
reading of | on M1, and that the generator is feeding a 
100-,1V signal into the instrument. Now we increase the 
‘generator output to 200 LV, giving us a voltage ratio of, 
2:1, Also let's assume M1 reads 5 with the 200-[V input. 
From the equation above, we find that the voltage ratio 
of 2 equals 6.02 dB between 1 and 5 on the meter scale. 
MI can be calibrated more accurately between 1 and 5 
on its scale by adjusting the generator and figuring the 
ratio. For example, a ratio of 126 HV to 100 UV is 1.26, 
corresponding to 2.0 dB. By using this method, all of the 
settings of $2 can be calibrated. In the instrument shown, 
here, the most sensitive setting of $2 with R3, | MQ, pro- 
vides a range of approximately 6 dB for MI. Keep in mind 
that the meter scale for each setting of $1 must be cali- 
brated similarly for each band. The degree of coupling 
of the tuned circuits for the different bands will vary, so 
each band must be calibrated separately. 

Another method for calibrating the instrument is 
using a transmitter and measuring its output power with 
‘an RF wattmeter. In this case we are dealing with power 
rather than voltage ratios, so this equation applies: 
4B = 10 log (P1/P2) (Eq 22) 
where PI/P2 is the power ratio. 

With most transmitters the power output can be var- 
ied, so calibration of the test instrument is rather easy. 
Attach a pickup antenna to the field-strength meter (a 
short wire a foot or so long will do) and position the 
device in the transmitter antenna field. Let's assume we 
set the transmitter output for 10 W and get a reading on 
ML. We note the reading and then increase the output to 
20 W, a power ratio of 2. Note the reading on MI and 
then use Eq 2. A power ratio of 2 is 3.01 dB. By using 
this method the instrument can be calibrated on all bands 
and ranges. 

With the tuned circuits and coupling links specified 
in Fig 56, this instrument has an average range on the 
various bands of 6 dB for the two most sensitive posi- 
tions of $2, and 15 dB and 30 dB for the next two suc- 
cessive ranges. The 30-dB scale is handy for making 
front-to-back antenna measurements without having to 
switch 82. 
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An RF Current Probe 


‘The RF current probe of Figs $7 through $9 oper- 
ates on the magnetic component of the electromagnetic 
field, rather than the electric field. Since the two fields 
are precisely related, as discussed in Chapter 23, the rela 
tive field strength measurements are completely equi 
lent. The use of the magnetic field offers certain 
advantages, however. The instrument may be made more 
compact for the same sensitivity, but its principal advan- 
tage is that it may be used near a conductor to measure 
the current flow without cutting the conductor. 

In the average amateur location there may be sub- 
stantial currents flowing in guy wires, masts and towers, 
coaxial-cable braids, gutters and leaders, water and gas 
pipes, and perhaps even drainage pipes. Current may be 


flowing in telephone and power lines as well. All of these 
RF currents may have an influence on antenna patterns 
‘or can be of significance in the case of RFI 

‘The circuit diagram of the current probe appears in 
Fig 58, and construction is shown in the photo, Fig 59. 
‘The winding data given here apply only to a ferrite rod 
of the particular dimensions and material specified. 
Almost any microammeter can be used, but it is usually 
convenient to use a rather sensitive meter and provide a 
series resistor to swamp out nonlinearity arising from 
diode conduction characteristics. A control is also used 
to adjust instrument sensitivity as required during opera- 
tion, The tuning capacitor may be almost anything that 
will cover the desired range. 


Fig 57—The RF current probe. The 
sensitivity control is mounted at 
‘the top of the instrument, with the 
tuning and band switches on the 
lower portion of the front panel 
Frequency calibration of the tuning 
control was not considered 
necessary for the intended use of 
this particular instrument, but 
marks identifying the various 
‘amateur bands would be helpful. If 
the unit is provided with a 
calibrated dial, it can also be used 
‘as an absorption wavemeter. 


Fig 58—Schematic diagram of the RF current 

probe. Resistances aro in ohms; k = 1000. 

Capacitances are in picofarads; fixed capacitors 

are silver mica. Be sure to ground the rotor of 

C1, rather than the stator, to avoid hand 

capacitance. L1, L2 and L3 are each close-wound 

with #22 enameled wire on a single fer 

inch long and ‘is inch diameter, with 

(Amidon R61-50-400). Windings are spaced 

approximately "/. inch apart. 

(C1—Air variable, 6-140 pF; Hammarlund HF140 
oF equiv. 

D1—Germanium diode; 1N34A, 1N270 or equiv. 

L1—1.6-5 MHz; 30 turns, tapped at 3 turns from 
grounded end. 

L2—5-20 MHz; 8 turns, tapped at 2 turns from 
grounded end. 

L3—17-39 MHz; 2 turns, tapped at 1 turn, 

M1—Any microammeter may be used. The one 
pictured is a Micronta meter, RadioShack no. 
270-1751. 

Ri—Linear taper. 

RFC1—1 mH; Miller no. 4642 or equi 
not critical. 

‘S1—Ceramic rotary switch, 1 section, 2 poles, 
2 to 6 positions; Centralab PA2002 or PA2003 
or equiv. 


Value is 


27-46 Chapter 27 


Fig 59—The current probe just before final assembly. 
Note that all parts except the ferrite rod are mounted on 
a single half of the 3 x4 x 5-inch Minibox (Bud 
CU-2105B or equiv.). Rubber grommets are fitted in 
holes at the ends of the slot to accept the rod during 
assembly of the enclosure. Leads in the RF section 
should be kept as short as possible, although those 
from the rod windings must necessarily be left 
somewhat long to facilitate final assembly. 


As shown in the photos, the circuit is constructed in a 
metal box. This enclosure shields the detector circuit from 
the electric field of the radio wave. A slot must be cut with 
‘a hacksaw across the back of the box, and a thin file may 
be used to smooth the cut. This slot is necessary to prevent 
the box from acting as a shorted turn, 


Using the Probe 

In measuring the current in a conductor, the ferrite 
rod should be kept at right angles to the conductor, and 
‘at a constant distance from it. In its upright or vertical 
position, this instrument is oriented for taking measure- 
ments in vertical conductors. It must be laid horizontal 
to measure current in horizontal conductors, 

‘Numerous uses for the instrument are suggested in 
‘an earlier paragraph. In addition, the probe is an ideal 
instrument for checking the current distribution in antenna 
elements. It is also useful for measuring RF ground cur- 
rents in radial systems. A buried radial may be located 
easily by sweeping the ground. Current division at june- 
tions may be investigated. Hor spots usually indicate areas 
where additional radials would be effective. 

Stray currents in conductors not intended to be part 
of the antenna system may often be eliminated by bond- 
ing or by changing the physical lengths involved. Guy 
wires and other unwanted parasitic elements will often 
give a tilt to the plane of polarization and can make a 
marked difference in front-to-back ratios. When the fer- 
rite rod is oriented parallel to the electric field lines, there 
will be a sharp null reading that may be used to locate 
the plane of polarization quite accurately. When using 
the meter, remember that the magnetic field is at right 
angles to the electric field. 

‘You may also use the current probe as a relative sig- 
nal strength meter. When making measurements on a ver 
tical antenna, locate the meter at least two wavelengths 
away, with the rod in a horizontal position. For horizon- 
tal antennas, hold the instrument at approximately the 
same height as the antenna, with the rod vertical 


Antenna Measurements 


Of all the measurements made in Amateur Radio sys 
tems, perhaps the most difficult and least understood are 
various measurements of antennas. For example, itis rela- 
tively easy to measure the frequency and CW power out- 
put of a transmitter, the response of a filter, or the gain of, 
an amplifier. These are all what might be called bench 
‘measurements because, when performed properly, all the 
factors that influence the accuracy and success of the mea 
surement are under control. In making antenna measure- 
‘ments, however, the “bench” is probably your backyard. 
In other words, the environment surrounding the antenna 
can affect the results of the measurement. 

Control of the environment is not at all as simple as 
it was for the bench measurement, because now the work 
area may be rather spacious. This section describes an- 
tenna measurement techniques that are closely allied to 
those used in an antenna measuring event or contest. With 
these procedures you can make measurements success- 
fully and with meaningful results. These techniques 
should provide a better understanding of the measure- 
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ment problems, resulting in a more accurate and less dif 
ficult task. The information in this section was provided 
by Dick Turrin, W2IMU, and was originally published 
in November 1974 QST. 


‘SOME BASIC IDEAS 
‘An antenna is simply a transducer or coupler 
between a suitable feed line and the environment sur- 
rounding it. In addition to the efficient transfer of power 
from feed line to environment, an antenna at VHF or UHF 
is most frequently required to concentrate the radiated 
power into a particular region of the environment. 

To be consistent while comparing different antennas, 
you must standardize the environment surrounding the 
lantenna. Ideally, you want to make measurements with the 
measured antenna so far removed from any objects caus- 
ing environmental effects that itis literally in outer spaco— 
a very impractical situation. The purpose of the 
measurement techniques is therefore to simulate, under 
practical conditions, a controlled environment. At VHF 
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and UHF, and with practical-size antennas, the environ- 
‘ment can be controlled so that successful and accurate 
‘measurements can be made in a reasonable amount of, 
space. 

The electrical characteristics of an antenna that are 
most desirable to obtain by direct measurement are: (1) 
in (relative to an isotropic source, which by definition 
gain of unity); (2) space-radiation pattern; (3) feed- 


hi 
point impedance (mismatch) and (4) polarization. 


Polarization 

In general the polarization can be assumed from the 
geometry of the radiating elements. That is to say, if the 
antenna consists of a number of linear elements (straight 
lengths of rod or wire that are resonant and connected to 
the feed point) the polarization of the electric field will 
be linear and polarized parallel to the elements. If the 
elements are not consistently parallel with each other, then 
the polarization cannot easily be assumed. The follow- 
ing techniques are directed to antennas having polariza- 
tion that is essentially linear (in one plane), although the 
method can be extended to include all forms of elliptic 
(or mixed) polarization. 


Feed-Point Mismatch 


The feed-point mismatch, although affected to some 
degree by the immediate environment of the antenna, does 
not affect the gain or radiation characteristics of an antenna. 
If the immediate environment of the antenna does not af- 
fect the feed-point impedance, then any mismatch intrin- 
sic to the antenna tuning reflects a portion of the incident 
power back to the source. In a receiving antenna this 
reflected power is reradiated back into the environment, 
and can be lost entirely. 

Ina transmitting antenna, the reflected power trav- 
cls back down the feed line to the transmitter, where it 
changes the load impedance presented to that transmit- 
ter. The amplifier output controls are customarily altered 
during the normal tuning procedure to obtain maximum 
power transfer to the antenna. You can still use a mis- 
‘matched antenna to its full gain potential, provided the 
mismatch is not so severe as to cause heating losses in 
the system, especially the feed line and matching devices, 
(See also the discussion of additional loss caused by SWR 
in Chapter 24.) 

Similarly, a mismatched receiving antenna may be 
‘matched into the receiver front end for maximum power 
transfer. In any case you should clearly keep in mind that 
the feed-point mismatch does not affect the radiation char- 
acteristics of an antenna. It can only affect the system 
efficiency when heating losses are considered 

Why then do we include feed-point mismatch as part 
of the antenna characteristics? The reason is that for effi- 
cient system performance, most antennas are resonant 
transducers and present a reasonable match over a rela- 
tively narrow frequency range. It is therefore desirable 
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to design an antenna, whether it be a simple dipole or an 
array of Yagis, such that the final single feed-point im- 
pedance is essentially resistive and matched to the feed 
line. Furthermore, in order to make accurate, absolute gain 
measurements, it is vital that the antenna under test accept 
all the power from a matched-source generator, or that 
the reflected power caused by the mismatch be measured 
and a suitable error correction for heating losses be 
included in the gain calculations. Heating losses may be 
determined from information contained in Chapter 24. 
While on the subject of feed-point impedance, men- 
tion should be made of the use of baluns in antennas. A 
balun is simply a device that permits a lossless transition 
between a balanced system feed line or antenna and an 
unbalanced feed line or system. If the feed point of an 
antenna is symmetric, such as with a dipole, and it is 
desired to feed this antenna with an unbalanced feed line 
such as coax, you should provide a balun between the line 
and the feed point. Without the balun, current will be al- 
lowed to flow on the outside of the coax. The current on 
the outside of the feed line will cause radiation, and thus 
the feed line will become part of the antenna radiation 
system, In the case of beam antennas, where it is desired 
to concentrate the radiated energy is a specific direction, 
this extra radiation from the feed line will be detrimental, 
causing distortion of the expected antenna pattern. See 
Chapter 26 for additional details on this problem. 


ANTENNA TEST SITE SET-UP AND 
EVALUATION 

Since an antenna is a reciprocal device, measure- 
ments of gain and radiation patterns can be made with 
the test antenna used either as a transmitting or as a 
receiving antenna. In general and for practical reasons, 
the test antenna is used in the receiving mode, and the 
source or transmitting antenna is located at a specified 
fixed remote site and unattended. In other words the 
source antenna, energized by a suitable transmitter, is sim- 
ply required to illuminate or flood the receiving site in a 
controlled and constant manner. 

‘As mentioned earlier, antenna measurements ideally 
should be made under free-space conditions. A further 
restriction is that the illumination from the source antenna 
be a plane wave over the effective aperture (capture area) 
of the test antenna, A plane wave by definition is one in 
which the magnitude and phase of the fields are uniform, 
and in the test-antenna situation, uniform over the effec- 
tive area plane of the test antenna. Since it is the nature 
of all radiation to expand in a spherical manner at great 
distance from the source, it would seem to be most desir- 
able to locate the source antenna as far from the test site 
as possible. However, since for practical reasons the test 
site and source location will have to be near the earth and 
not in outer space, the environment must include the 
effects of the ground surface and other obstacles in the 
vicinity of both antennas. These effects almost always 


“* Just part of the range of spare tips or “bits” produced by Antex for their 
soldering irons, Use only tips intended for a particular iron, to avoid thermal matching 
problems. 


Tips or Bits: it’s often useful to have a small selection of manufacturer’s bits 
(soldering iron tips) available with different diameters or shapes, which can be changed 
depending on the type of work in hand. You will probably find that you become 
accustomed to, and work best with, one particular shape of tip for the majority of your 
work. Usually, tips are iron-coated or plated to preserve their life and to maintain good tip 
“hygiene”. Be sure only to use tips that are specifically designed for your iron, otherwise 
thermal problems may arise. I show separately some typical tips, courtesy of Antex. 


dictate that the test range (spacing between source and 
test antennas) be as short as possible consistent with main- 
taining a nearly error-free plane wave illuminating the 
test aperture. 

A nearly error-free plane wave can be specified as 
one in which the phase and amplitude, from center to edge 
of the illuminating field over the test aperture, do not 
deviate by more than about 30° and I decibel, respec~ 
tively. These conditions will result in a gain-measurement 
error of no more than a few percent less than the true 
gain, Based on the 30° phase error alone, it can be shown 
that the minimum range distance is approximately 


Sain =25— (Eq 23) 
where D is the largest aperture dimension and A is the 
free-space wavelength in the same units as D. The phase 
error over the aperture D for this condition is "us wave- 
length, 

Since aperture size and gain are related by 


Gain = Ae 


z (Eq 24) 


where A, is the effective aperture area, the dimension D 
may be obtained for simple aperture configurations. For 
a square aperture 


ae 
that results in a minimum range distance for a square 
aperture of 


D. 


(Eq 25) 


(Eq 26) 


and for a circular aperture of 


2 


(Eq 27) 


For apertures with a physical area that is not well 
defined or is much larger in one dimension that in other 
directions, such as a long thin array for maximum direc~ 
tivity in one plane, it is advisable to use the maximum 
estimate of D from either the expected gain or physical 
aperture dimensions. 

Up to this point in the range development, only the 
conditions for minimum range length, S,,j,, have been 
established, as though the ground surface were not 
present. This minimum S is therefore a necessary condi- 
tion even under free-space environment. The presence of 
the ground further complicates the range selection, not 
in the determination of § but in the exact location of the 
source and test antennas above the earth. 

It is always advisable to select a range whose inter- 
vening terrain is essentially flat, clear of obstructions, and 
of uniform surface conditions, such as all grass or all pave- 
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receiving equipment may arrive after being ret 
from the surface of the ground, as well as by the direct 
path. The two waves may tend to cancel each other, oF 
may reinforce one another, depending on their phase 
relationship at the receiving point. 


ment. The extent of the range is determined by the illumi- 
nation of the source antenna, usually a Yagi, whose gain 
is no greater than the highest gain antenna to be measured. 
For gain measurements the range consists essentially of 
the region in the beam of the test antenna. For radiation- 
pattern measurements, the range is considerably larger and 
consists of all that area illuminated by the source antenna, 
especially around and behind the test site. Ideally you 
should choose a site where the test-antenna location is near 
the center of a large open area and the source antenna is 
located near the edge where most of the obstacles (trees, 
poles, fences, etc.) lie 

‘The primary effect of the range surface is that some 
of the energy from the source antenna will be reflected 
into the test antenna, while other energy will arrive on a 
direct line-of-sight path. This is illustrated in Fig 60. The 
use of a flat, uniform ground surface assures that there 
will be essentially a mirror reflection, even though the 
reflected energy may be slightly weakened (absorbed) by 
the surface material (ground). In order to perform an 
analysis you should realize that horizontally polarized 
waves undergo a 180° phase reversal upon reflection from 
the earth. The resulting illumination amplitude at any 
point in the test aperture is the vector sum of the electric 
fields arriving from the two directions, the direct path 
‘and the reflected path. 

If a perfect mirror reflection is assumed from the 
ground (it is nearly that for practical ground conditions 
at VHF/UHF) and the source antenna is isotropic, radiat- 
ing equally in all directions, then a simple geometric 
analysis of the two path lengths will show that at various 
point in the vertical plane at the test-antenna site the waves 
will combine in different phase relationships. At some 
points the arriving waves will be in phase, and at other 
points they will be 180° out of phase. Since the field 
amplitudes are nearly equal, the resulting phase change 
caused by path length difference will produce an ampli- 
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Fig 61—The vertical profile, or plot of signal strength 
versus test-antenna height, for a fixed height of the 
signal source above ground and at a fixed distance. 
‘See text for definitions of symbols. 


tude variation in the vertical test site direction similar to 
a standing wave, as shown in Fig 61, 

The simplified formula relating the location of h2 
for maximum and minimum values of the two-path sum- 
‘mation in terms of hl and $ is 


aS 
noandn? (Eq 28) 
with n= 0, 2,4... for minimums and n= 1,3, 5, .. for 


‘maximums, and § is much larger than either hl or h2. 

The significance of this simple ground reflection for- 
‘mula is that it permits you to determine the approximate 
location of the source antenna to achieve a nearly plane- 
wave amplitude distribution in the vertical direction over 
a particular test aperture size. It should be clear from 
examination of the height formula that as hl is decreased, 
the vertical distribution pattern of signal at the test site, 
h2, expands. Also note that the signal level for h2 equal 
to zero is always zero on the ground regardless of the 
height of hl 

The objective in using the height formula then is, 
given an effective antenna aperture to be illuminated from 
which a minimum $ (range length) is determined and a 
suitable range site chosen, to find a value for hl (source 
antenna height). The required value is such that the first 
‘maximum of vertical distribution at the test site, h2, is at 
practical distance above the ground, and at the same time 
the signal amplitude over the aperture in the vertical 
direction does not vary more than about 1 dB. This last 
condition is not sacred but is closely related to the par- 
ticular antenna under test. 

In practice these formulas are useful only to initial- 
ize the range setup. A final check of the vertical distribu- 
tion at the test site must be made by direct measurement, 
‘This measurement should be conducted with a small low- 
gain but unidirectional probe antenna such as a corner 
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reflector or 2-element Yagi that you move along a verti- 
cal line over the intended aperture site. Care should be 
exercised to minimize the effects of local environment 
around the probe antenna and that the beam of the probe 
be directed at the source antenna at all times for maxi- 
mum signal. A simple dipole is undesirable as a probe 
antenna because it is susceptible to local environmental 
effects 

‘The most practical way to instrument the vertical dis 
tribution measurement is to construct some kind of verti- 
cal track, preferably of wood, with a sliding carriage or 
platform that may be used to support and move the probe 
antenna. Its assumed of course that a stable source trans- 
mitter and calibrated receiver or detector are available so 
variations of the order of 'Ys dB can be clearly distin- 
guished, 

Once you conduct these initial range measurements 
successfully, the range is now ready to accommodate any 
aperture size less in vertical extent than the largest for 
‘hich Syn and the vertical field distribution were selected. 
Place the test antenna with the center of its aperture at the 
height h2 where maximum signal was found. Til the test 
antenna tilted so that its main beam is pointed in the 
direction of the source antenna. The final tilt is found by 
observing the receiver output for maximum signal. This 
last process must be done empirically since the apparent 
location of the source is somewhere between the actual 
source and its image, below the ground 

‘An example will illustrate the procedure. Assume 
that we wish to measure a 7-foot diameter parabolic 
reflector antenna at 1296 MHz (2. = 0.75 foot). The mini- 
mum range distance, Sip, can be readily computed from 
the formula for a circular aperture. 


, 


Now a suitable site is selected based on the qualitative 
discussion given before. 

Next determine the source height, hl. The proce- 
dure is to choose a height hl such that the first minimum 
above ground (n = 2 in formula) is at least two or three 
times the aperture size, or about 20 feet. 


AS _, 0.75 131 
Thr 420 


2.5 feet 


Place the source antenna at this height and probe the ver- 
tical distribution over the 7-foot aperture location, which 
will be about 10 feet off the ground. 


Plot the measured profile of vertical signal level versus 
height. From this plot, empirically determine whether the 
7-foot aperture can be fitted in this profile such that the 
1-4B variation is not exceeded. If the variation exceeds 
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Fig 62—Sample plot of a measured vertical profile. 


1 dB over the 7-foot aperture, the source antenna should 
be lowered and h2 raised. Small changes in hl can quickly 
alter the distribution at the test site. Fig 62 illustrates the 
points of the previous discussion. 

‘The same set-up procedure applies for either ho1 
zontal or vertical linear polarization. However, it 
advisable to check by direct measurement at the site for 
each polarization to be sure that the vertical distribution 
is satisfactory. Distribution probing in the horizontal plane 
is unnecessary as little or no variation in amplitude should 


be found, since the reflection geometry is constant 
Because of this, antennas with apertures that are long and 
thin, such as a stacked collinear vertical, should be mea- 
sured with the long dimension parallel to the ground, 

‘A particularly difficult range problem occurs in mea- 
surements of antennas that have depth as well as cross- 
sectional aperture area. Long end-fire antennas such as 
long Yagis, thombics, V-beams, or arrays of these anten- 
nas, radiate as volumetric arrays and it is therefore even 
more essential that the illuminating field from the source 
‘antenna be reasonably uniform in depth as well as plane 
‘wave in cross section. For measuring these types of an- 
tennas itis advisable to make several vertical profile mea- 
surements that cover the depth of the array. A qualitative 
check on the integrity of the illumination for long end- 
fire antennas can be made by moving the array or antenna 
axially (forward and backward) and noting the change in 
received signal level. Ifthe signal level varies less than 1 
or 2 dB for an axial movement of several wavelengths then 
the field can be considered satisfactory for most demands 
‘on accuracy. Large variations indicate that the illuminat- 
ing field is badly distorted over the array depth and subse- 
quent measurements are questionable. It is interesting to 
note in connection with gain measurements that any illu- 
minating field distortion will always result in measure- 
ments that are lower than true values. 


ABSOLUTE GAIN MEASUREMENT 


Having established a suitable range, the measure- 


Fig 63—Standard-gain 
antenna. When 


7.7 dB over a dipol 
radiator, plus or minus 
0.25 dB. In this model, 
constructed for 432 MHz, 
the elements are */-inch 
diameter tubing. The 
phasing and support 
lines are of ‘/i-inch 
diameter tubing or rod. 
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‘ment of gain relative to an isotropic (point source) radia- 
tor is almost always accomplished by direct comparison 
with a calibrated standard-gain antenna. That is, the sig- 
nal level with the test antenna in its optimum location is 
noted. Then you remove the test antenna and place the 
standard-gain antenna with its aperture at the center of 
location where the test antenna was located. Measure the 
difference in signal level between the standard and the 
test antennas and add to or subtract from the gain of the 
standard-gain antenna to obtain the absolute gain of the 
test antenna. Here, absolute means with respect to a point 
source with a gain of unity, by definition. The reason for 
using this reference rather than a dipole, for instance, is 
that it is more useful and convenient for system engineer- 
ing. We assume that both standard and test antennas have 
been carefully matched to the appropriate impedance and 
an accurately calibrated and matched detecting device is 
being used 

‘A standard-gain antenna may be any type of unidi- 
rectional, preferably planar-aperture, antenna, which ha 
been calibrated either by direct measurement or in spe- 
cial cases by accurate construction according to computed 
dimensions. A standard-gain antenna has been suggested 
by Richard F. H. Yang (see Bibliography). Shown in 
Fig 63, it consists of two in-phase dipoles '/: 4 apart and 
backed up with a ground plane 1% square. 

In Yang’s original design, the stub at the center is a 
balun formed by cutting two longitudinal slots of “Vs-inch 
width, diametrically opposite, on a '/s-A section of “Vs 
inch rigid 50-Q coax. An alternative method of feeding 
is to feed RG-8 or RG-213 coax through slotted "%-inch 
copper tubing. Be sure to leave the outer jacket on the 
coax to insulate it from the copper-tubing balun section. 
When constructed accurately to scale for the frequency 
of interest, this type of standard will have an absolute 
gain of 9.85 dBi (7.7 dBd gain over a dipole in free space) 
with an accuracy of + 0.25 dB. 


RADIATION-PATTERN MEASUREMENTS 

Of all antenna measurements, the radiation pattern 
is the most demanding in measurement and the most di 
ficult to interpret. Any antenna radiates to some degree 
in all directions into the space surrounding it. Therefore, 
the radiation pattern of an antenna is a three-dimensional 
representation of the magnitude, phase and polarization, 
In general, and in practical cases for Amateur Radio com- 
munications, the polarization is well defined and only the 
magnitude of radiation is important. 

Furthermore, in many of these cases the radiation in 
one particular plane is of primary interest, usually the 
plane corresponding to that of the Earth's surface, regard- 
less of polarization, Because of the nature of the range 
selup, measurement of radiation pattern can be success 
fully made only in a plane nearly parallel to the earth's 
surface. With beam antennas it is advisable and usually 
sufficient to take two radiation pattern measurements, one 
in the polarization plane and one at right angles to the 
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plane of polarization. These radiation patterns are referred 
to in antenna literature as the principal E-plane and H- 
plane patterns, respectively. E-plane means parallel to the 
electric field that is the polarization plane and H-plane 
means parallel to the magnetic field in free space. The 
electric field and magnetic field are always perpendicu- 
lar to each other in a plane wave as it propagates through 
space 

‘When the antenna is located over real earth, the terms 
Azimuth and elevation planes are commonly used, since 
the frame of reference is the Earth itself, rather than the 
electric and magnetic fields in free space. For a horizon- 
tally polarized antenna such as a Yagi mounted with its 
elements parallel to the ground, the azimuth plane is the 
E-plane and the elevation plane is the H-plane. 

‘The technique to obtain these patterns is simple in 
procedure but requires more equipment and patience than 
does making a gain measurement. First, a suitable mount 
is required that can be rotated in the azimuth plane (hori- 
zontal) with some degree of accuracy in terms of azimuth- 
angle positioning. Second, a signal-level indicator 
calibrated over at least a 20-dB dynamic range with a 
readout resolution of at least 2 dB is required. A dynamic 
range of up to about 40 dB would be desirable but does 
not add greatly to the measurement significance. 

With this much equipment, the procedure is to locate 
first the area of maximum radiation from the beam antenna 
by carefully adjusting the azimuth and elevation position- 
ing. These settings are then arbitrarily assigned an azimuth 
angle of zero degrees and a signal level of zero decibels. 
Next, without changing the elevation setting (tlt of the 
rotating axis), the antenna is carefully rotated in azimuth 
in small steps that permit signal-level readout of 2 or 3 dB 
per step. These points of signal level corresponding with 
‘an azimuth angle are recorded and plotted on polar coor- 
dinate paper. A sample of the results is shown on ARRL 
coordinate paper in Fig 64. 

(On the sample radiation pattern the measured points 
are marked with an X and a continuous Tine is drawn in, 
since the pattern is a continuous curve. Radiation pat- 
ters should preferably be plotted on a logarithmic radial 
scale, rather than a voltage or power scale. The reason is 
that the log scale approximates the response of the ear to 
signals in the audio range. Also many receivers have AGC 
systems that are somewhat logarithmic in response: there 
fore the log scale is more representative of actual system 
operation, 

Having completed a set of radiation-pattern measur. 
ments, one is prompted to ask, “Of what use are they’ 
‘The primary answer is as a diagnostic tool to determine 
if the antenna is functioning as it was intended to. A sec- 
‘ond answer is to know how the antenna will discriminate 
against interfering signals from various directions 

Consider now the diagnostic use of the radiation pat- 
terns. Ifthe radiation beam is well defined, then there is 
‘an approximate formula relating the antenna gain to the 
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plot of a measured radiation pattern, 
;cribed in the text. The plot is on 


provides space for recording significant data and 
Femarks. 


measured half-power beamwidth of the E- and H-plane 
radiation patterns. The half-power beamwidth is indicated 
on the polar plot where the radiation level falls to 3 dB 
below the main beam 0-dB reference on either side. The 
formula is 


41,253, 
8rbu 


where 8; and 64 are the half-power beamwidths in 
degrees of the E- and H-plane patterns, respectively. This 
equation assumes a lossless antenna system, where any 
side-lobes are well suppressed. 

To illustrate the use of this equation, 
wwe have a Yagi antenna with a boom length of two wave- 
lengths. From known relations (described in Chapter 11) 
the expected free-space gain of a Yagi with a boom length 
of 2 A is about 13 dBi; its gain, G, equals 20. Using the 
above relationship, the product of ®g x Oy = 2062 square 
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assume that 
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degrees. Since a Yagi produces a nearly symmetric beam 
shape in cross section, 8; = $4 = 45°. Now if the mea 
sured values of Og and oy are much larger than 45°, then 
the gain will be much lower than the expected 13 dBi. 

‘As another example, suppose that the same antenna 
(a 2-wavelength-boom Yagi) gives a measured gain of 
9 dBi but the radiation pattern half power beamwidths 
‘are approximately 45°. This situation indicates that 
although the radiation patterns seem to be correct, the 
low gain shows inefficiency somewhere in the antenna, 
such as lossy materials or poor connections, 

Large broadside collinear antennas can be checked 
for excessive phasing-line losses by comparing the gain 
computed from the radiation patterns with the direct- 
measured gain. It seems paradoxical, but it is indeed pos- 
sible to build a large array with a very narrow beamwidth 
indicating high gain, but actually having very low gain 
because of losses in the feed distribution system, 

In general, and for most VHF/UHF Amateur Radio 
communications, gain is the primary attribute of an 
antenna. However, radiation in other directions than the 
main beam, called sidelobe radiation, should be examined 
by measurement of radiation patterns for effects such as 
nonsymmetry on either side of the main beam or excessive 
magnitude of sidelobes. (Any sidelobe that is less than 
10 dB below the main beam reference level of 0 dB should 
be considered excessive.) These effects are usually attrib- 
table to incorrect phasing of the radiating elements or 
radiation from other parts of the antenna that was not 
intended, such as the support structure or feed line. 

‘The interpretation of radiation patterns is intimately 
related to the particular type of antenna under measure- 
ment. Reference data should be consulted for the antenna 
type of interest, to verify that the measured results are in 
‘agreement with expected results, 

‘To summarize the use of pattern measurements, if a 
beam antenna is first checked for gain (the easier mea- 
surement to make) and it is as expected, then pattern mea 
surements may be academic. However, if the gain is lower 
than expected it is advisable to make pattern measurements 
to help determine the possible causes for low gain. 

Regarding radiation pattern measurements, remem- 
ber that the results measured under proper range facilities 
will not necessarily be the same as observed for the same 
antenna at a home-station installation. The reasons may 
be obvious now in view of the preceding information on 
the range setup, ground reflections, and the vertical-field 
distribution profiles. For long paths over rough terrain 
where many large obstacles may exist, the effects of ground 
reflection tend to become diffused, although they still can 
cause unexpected results. For these reasons it is usually 
‘unjust to compare VHF/UHF antennas over long paths. 
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Vector Network Analyzers 


The process of building and properly tuning a phased 
array often involves making a number of different 
‘measurements to achieve a desired level of performance, as 
‘was pointed out in Chapter 8, Multiclement Arrays. This 
section was written by Rudy Severns, N6LF. 

After erecting an array we would like to measure the 
resonant frequency of each element, the self-impedances of 
each element and the mutual impedances between the 
elements. We will also want to know these impedances over 
the whole operating band to help design a feed network. 
When building the feed network, we may need to check the 
values and Qs of the network elements and we will want to 
determine the electrical lengths of transmission lines. 

Final tuning of the array requires that the relative 
current amplitudes and phases in each element be measured 
and adjusted, if necessary. We also will want to determine 
the SWR at the feed point. Doing al ofthis even moderately 
‘well can require quite a bit of equipment, some of which is 
heavy and requires ac line power. This can be a nuisance in 
the field, especially if the weather is not cooperating. 

Professionals make these measurements by employing 
a vector network analyzer (VNA) oF the somewhat simpler, 
reflection-transmission test set. These instruments can make 
all the necessary measurements quickly and with great 
accuracy. However, in the past VNAs have been very 
expensive, out of reach for general amateur use. But thanks 
to modern digital technology VINAS that work with a laptop 
computer are now becoming available at prices an amateur 
‘might consider. t's even possible to homebrew a VNA! with 
performance that approaches a professional instrument. 
Considering the cost of even a simple array, investment in a 
NA makes sense, 

VNAs are based on reflection and transmission 
‘measurements, To use a VNA itis very helpful to have abasic 
understanding of Scattering Parameters (S-parameters) 
“Microwave engineers have long used these because they have 
to work with circuits that are large in terms of wavelength, 
‘where measurements of forward and reflected power are easy. 

HP arrays are also large in terms of wavelength. The 
techniques for measuring forward and reverse powers work 
‘well even at 160 meters. For example, even though the array 
elements may be 100 feet apart, you can place your 
instruments in a central location and run cables out to each 
element. The effect of the cables from the VNA to the 
clements can be absorbed in the initial calibration procedure 
so the measurements read out at the VNA are effectively 
those at each element. In other words, the measurement 
reference points can be placed electrically atthe base of the 
element, regardless of the physical location of the 
instrumentation and the interconnecting cables. 

In acompleted array with its feed network, the network 
ccan be excited by the VNA at the feed point and the relative 
current amplitudes and phases at each element can be 
‘measured over a frequency band, Then, adjustments can be 
made as needed. When the final values for the current 
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amplitudes and phases are known, these values can be put 
back into an array model in a program like EZNEC to 
determine the pattern of the array across the whole frequency 
band. 


S-PARAMETERS. 


In Chapter 24, Transmission Lines, the reflection 
coefficient rho (p) is defined as the ratio of the reflected 
voltage (V,) to the incident voltage (V}): 


y (Eq 30) 


If we know the load impedance (Z,,) and the 
transmission line impedance (Zo) we ean calculate p from: 


(Eq 31) 


Keep in mind that p is a complex number (a vector), 
which we represent by either amplitude and phase ({ZI, @) 
or by real and imaginary parts (R +X). The two repre- 
sentations are equivalent. From p we can then calculate 
SWR. That's very handy, but here we want to do something 
different. If we have an instrument that measures p and we 
know Zo then we can determine Z,, from: 


(Eq 32) 


‘Measuring p is one of the things that VNAs do very 
well. With a VNA, the measurement can be made at one 
end of a long transmission line with the load at the other 
end. The effect of the line can be calibrated out, as mentioned 
above, so that we are in effect measuring right at the load 


Fig 65—A 2-element array, where h is the element height 


This approach can be used directly to measure the 
impedance and resonant frequency of a single element. By 
‘open and short circuiting elements in an array we can 
determine the mutual as well as self impedances for, and 
between, all the elements. We can also use this approach to 
‘measure component values, inductor Qs, etc. 

This is an example of a one-port measurement; that is, 
a load at the end of a transmission line. However, a multi- 
element array actually behaves as a multi-port network, so 
to get the most out of a VNA, you need to generalize the 
above procedure. This is where $-parameters come into play. 
To illustrate the principles we will use a simple 2-element 
array like that shown in Fig 68. 

To design a feed network to drive this array we need to 
know the input impedance of each element (Z, and Z,) as a 
function of the drive currents (I, and I). The input 
impedances will depend on the self impedance of each 
clement, the coupling between them (the mutual impedance) 
and the drive currents in each element. To manage this 
problem we can represent a 2-element array as a two-port 
network, as shown in Fig 66. And we can relate the port 
voltages, currents and impedances with Eq 33: 


Zh +Zrrls 
ail +Zzaly 


(Eq 33) 


Normally we know I, and I from the design of the 
array, but we need to determine the resulting element 
impedances. That's the challenge. Fortunately, an array is a 
linear network, so Z; = Zy), Which means we need only 
determine three variables: the self impedances Z,, and Z» 
and the mutual impedance, Z», 

Once we know Zjy, Z,2, Zaz and are given I, and Ip, 
‘we can determine the feed-point impedances at each element 


(Eq 34) 


This is the conventional approach. However, there are 
some problems here. We have to be able to accurately 
measure either voltages and currents or impedances in 
‘multiple elements that may be separated by large fractions 
of a wavelength. In addition, accurate measurements of, 


Fig 66—Two-port representation of currents and voltages 
in the element array in Fig 65. 
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Computer 


Fig 67—Test setup to measure a 2-element array using a 
NA. 


current, voltage and impedance become increasingly more 
difficult as we go up in frequency. 

Ie turns out that we can get the information more easily 
by measuring incident and reflected voltages at the ports 
and from those measurements determine the feed-point 
impedances. A VNA is an instrument for measuring these 
voltages. It turns out to be easier to measure the ratios of 
two voltages rather than their absolute values. 

‘The measurement setup using a VNA for a 2-element 
array is shown in Fig 67. VNAs usually have at least two 
RF connections: the transmit port (TT) and the receive port 
(8). Professional units may have more RF connections. The 
T output provides an signal from a 50-2 source and the R 
port is a detector with a 50-0 input impedance. Basically 
we have a transmitter and a receiver. The transmit port uses 
directional coupler to provide measurements of the forward 
‘and reflected signals at that output. The receive port measures 
the signal transmitted through the network. Transmission 
lines usually have Z, = 50. and may be of any length 
required by the size of the array. 
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Using incident and reflected voltages, the two-port 
network representation is now changed, as shown in 
Fig 68, where: 

Vj, = incident voltage at port 1 

V,, = reflected voltage at port 1 

V2, = incident voltage at port 2 

Vo, = reflected voltage at port 2 

In a manner analogous to Eq 33, we can write an 
expression in terms of the incident and reflected voltages: 


by =Sy1a, + Spa 


Eq 35 
by = Sait, +Spoa9 Cae 


(Eq 36) 


see is i ab iy th ht 
reflected volages atthe two pots dividedby JZ, Because 
thsi liner network, Sa = Si 

What ae the quantities? These are called the $- 
parameter, which are dined by 


(Eq37) 


Note that the Sj parameters are all ratios of reflected 
and incident voltages, and they are usually complex numbers. 
The condition that ay is the same as saying that port 
iis terminated in a load equal to Zy and the network is excited 
at port 1. This means there is no reflection from the load on 
port 2, which makes V3, = 0. Similarly, if we terminate port | 
‘with Zo and excite port 2, then V,, = 0 = ay 


Ve Vx 


Fig 68—Two-port network with incident and reflected waves. 
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If we compare Eq 30 to the frst line of Eq 37 we see 
that S,, = py, the reflection coefficient at port 1. We can 
now restate Eq 32 in terms of Sy) 


(Eq 38) 


‘where Z is the impedance looking into port | with port 2 
terminated in Zy. In the case where port 2 does not ex- 
ist—that is, you are measuring a single element (for ex- 
ample, measuring element 1 with element 2 
‘open-circuited) or a component, then Z is simply the self 
impedance (Z,, in Eq 33). Since S,, is a standard mea- 
surement for VNAs you can calculate Z using Eq 38. In 
many cases the VNA software will do this calculation For 
‘you automatically. You can also measure element 2 with 
element 1 open and determine Zp. 

So) represents the ratio of the signal coming out of 
port 2 (Vo, to the input signal on port! (V;,) and is another 
standard VNA measurement. S, is a measurement of the 
signal transmission between the ports through the network, 
‘or in the case of an array, the signal transmission due to the 
coupling between the elements. Again, port 2 is terminated 
inZy 

‘A full-feature VNA will measure all the S,, parameters 
fat once, but most of the lower-cost units of interest to 
amateurs are what we call reflection-transmission test sets. 
‘What this means is that they only measure $,, and S). To 
‘obtain Sp» and Sy we have to interchange the test cables at 
the array elements (see Fig 67) and run the measurements 
again, Normally the software will accommodate this as a 
second entry and we end up with the full et ofS, parameters. 

If we do run a full set of S,, parameters then we can 
transform these to Z, (Eq 33) using the following 
expressions, assuming that Sj = S,>: 


(Eq 39) 


‘The example to this point has been for a 2-element 
array. The S-parameters can be determined for an array 
with any number of elements, In an n-port S-parameter 
‘measurement, all ports are terminated in Z, at the same time. 
Measurements are made between one set of ports at a time 
‘and repeated until all pairs of ports are measured. 


ARRAY MEASUREMENT EXAMPLE 


‘A good way to illustrate the use of a VNA for array 
measurements is to work through an example with a real 
array. Fig 69 is a picture of a 2-element 20-meter phased 


array built by Mark Perrin, N7MQ. 

Each element is 2/4 (self resonant at 14.150 MHz) and 
spaced 24 (17 feet 5 inches). Inthe ideal case, both elements, 
would have the same current amplitude with a 90° phase 
difference. This gives the cardioid pattern shown in Chapter 8, 
Multiclement Arrays. There are many schemes for correctly 
feeding such an array. The one used inthis example uses two 
different 75-0. transmission lines (one 2/4 and the other 1/2 
electrically), as described by Roy Lewallen, W7EL23 

‘The first task isto resonate the elements individually 
With the VINA set to measure S, phase, we will get a graph 
like that shown in Fig 70. 

‘At the 1/4 resonant frequency (f,) we will see a sharp 
phase transition as we go from —180° to +180", This is 
typical of any series resonant circuit. The length of each 
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Fig 70—S,, phase plot for an individual element. 
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clement is adjusted until the desired f, is achieved. This is a 
very sensitive measurement. You can see the shift in f, due 
to the wind blowing, the length of the element changing as 
it heats up in the sun or any interactions between the feed 
line and the antenna as you move the feed line around. In 
fact this is very good point in the process to make sure 
everything is mechanically stable and free of unexpected 
couplings. Usually you will find it necessary place choke 
bbaluns on each element to reduce stray coupling. 

‘The next step isto determine the self (Z, and Za3) and 
mutual (Z,3) impedances from which the actual driving point 
impedances present when the array is excited can be 
determined. See Chapter 8, Multielement Arrays. There are 
two ways to go. 

First, we can simply use the VNA as an impedance 
bridge—ie, make two $,, measurements at one element, frst 
with the other element open (Z, or Zyy) and then with it 
shorted (Z. or Z,). We can convert the $} measurements to 
impedances using Eq 38. The value for Zp can be obtained 
from Eq 40: 


Zyq~AV2 (21-21) 
22 = [22 (%2-Z2) 


‘The second approach is to do a full two-port S- 
parameter measurement (S;, S21, S12 and Sax) and derive 
the impedances using Eq 38. Both approaches will work 
bbut the second approach has the advantage that the 
ambiguity in Eq 40 is eliminated. 

For this example, the impedance values from the 
measurements at 14.150 MHz, turn out to be: 


(Eq 40) 


Zyy =514+/ 0.35 
Zyy =50.3+ j 0.299 
Zz =15.06-j19.26 


(Eq 41) 


With these values we can now determine the feed-point 
impedances from: 


(Eq 42) 


‘Note that ~j represents the 90° phase shift between the 
currents. Substituting the values from Eq 4 into Eq 42: 


32.09 j14.7 
696+ j15.32 


(Eq 43) 


With these impedances in hand we can now design the 
feed network. In this particular example however, we have 
decided to use the A/4 and 4/2 cables as described by 
Lewallen® and accept the results. So we now proceed to 
ccut and trim the two cables to length, 
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Fig 71—Current phase and amplitude ratio test setup. 


Again, there are two ways to go, First we can determine 
the frequency at which each cable is 2/4 long. At this point 
the input impedance of the cable will be equivalent to a 
series-resonant circuit and we can simply measure the phase 
of S, as we did earlier for f, and get a plot like that shown 
in Fig 70. In this example the 2/4 resonant frequencies of 
the two cables are 7.075 MHz and 14.150 MHz 

The second approach would be to measure S>, for each 
cable at 14.150 MHz. The phase shift in $5, tells you how 
long the cable is, in degrees, ata given frequency. Because 
there is a small variation in cable characteristics with 
frequency (dispersion) this approach is slightly more 
accurate since it is done at the desired operating frequency: 
But this is not very large effect at HE 

This brings us down to the final measurements, which 
are to check that the relative current amplitudes and phases 
between the two elements are correct. We can then determine 
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Fig 72—Measured element current ratio over the 20-meter 
band. 
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Fig 73—Measured relative current phase shift over the 
20-meter band. 


the feed-point SWR. The phase and amplitude ratios are 
made using the S$,» capability of the VNA and the test setup 
shown in Fig 71. 

‘The VNA transmit port is connected to the normal feed 
point. A current sensor (see Chapter 8, Multielement Arrays, 
for a discussion of current sensors) is inserted at the base of 
element | and the output of the sensor is returned to the 
detector or receive port of the VNA. A calibration run is 
then made to normalize this path. That makes it the reference. 

Next, the current sensor is shifted to element 2. The 
‘amplitude and phase plots for Sp obtained at this point will 
be the desired relative phase shift and amplitude ratio 
between the currents in the array when driven at the normal 
feed point. Figs 72 and 73 show the behavior of the example 
array over the 20-meter band. Note that the amplitude ratio 
has been converted from dB. We can now use these values 
in a EZNEC model of the array to determine the actual 
radiation patter. 

Obviously the W7EL feed scheme is not perfect, but it 
has a definite advantage of simplicity. If better performance 
is desired we can use the values of Z,’ and Z,’ determined 
earlier to design and fabricate a new feed network and then 
proceed to evaluate its performance in the same way. 

‘The final measurement is to connect the transmit port 
of the VNA to the feed point and measure S,. From this we 
can calculate the SWR: 


(Eq 44) 


In this example, the return loss, |S] is about -19 dB. 
‘over the entire 20-meter band. This corresponds to SWI 
1.25:1 


Notes 

‘Paul Kiciak, N2PK, http:/in2pk.com. 

*Roy Lewallen, W7EL, QST, Aug 
Correspondence, pp 42-43, 

S0rr and Cowan, Vertical Antennas, Radio Amateur Call Book, 
1986, pp 148-150, 
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~ Useful accessories from Antex including solder, tips and tip cleaner, desoldering 
braid and a heatshunt. 


Spare parts: it’s always reassuring to know that spares are available in the future if 
required, so if the element blows, you don’t need to replace the entire iron. This is 
especially the case with expensive irons. Check some websites or mail-order catalogues to 
see whether spare parts are listed. One drawback is that you may need another soldering 
iron when exchanging a broken heating element! 


“ Gascat 40 gas-powered soldering iron kit by Antex, with spare tips and cleaning 
sponge. 

Gas or electric? So far I’ve discussed electric soldering irons, but gas-powered 
soldering irons are sold which use butane propellant rather than mains electricity to 
operate. They have a flint lighter or (better still) a built-in piezo for ignition, and have a 
catalytic element which, once warmed up, continues to glow hot when gas passes over 
them, They tend to be big and bulky compared to electric pencil irons. 
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Smith Chart 
Calculations 


‘The Smith Chart is a sophisticated graphic tool for 
solving transmission line problems. One of the simpler 
applications is to determine the feed-point impedance of 
an antenna, based on an impedance measurement at the 
input of a random length of transmission line. By using 
the Smith Chart, the impedance measurement can be made 
with the antenna in place atop a tower or mast, and there 
is no need to cut the line to an exact multiple of half wave- 
lengths. The Smith Chart may be used for other purposes, 
too, such as the design of impedance-matching networks. 
These matching networks can take on any of several 
forms, such as L and pi networks, a stub matching sys- 
tem, a series-section match, and more. With a knowledge 
of the Smith Chart, the amateur can eliminate much “cut 
and try” work. 

‘Named after its inventor, Phillip H. Smith, the Smith 
Chart was originally described in Electronics for January 
1939. Smith Charts may be obtained at most university 
book stores. Smith Charts are also available from ARRL 
HQ. (See the caption for Fig 3.) 

Ivis stated in Chapter 24 that the input impedance, or 
the impedance seen when “looking into” a length of line, 
is dependent upon the SWR, the length of the line, and 
the Zy of the line. The SWR, in turn, is dependent upon 
the load which terminates the line. There are complex 
mathematical relationships which may be used to calcu- 
late the various values of impedances, voltages, currents, 
‘and SWR values that exist in the operation of a particular 
transmission line. These equations can be solved with a 
personal computer and suitable software, or the para- 
meters may be determined with the Smith Chart. Even if 
computer is used, a fundamental knowledge of the Smith 
Chart will promote a better understanding of the prob- 
lem being solved. And such an understanding might lead 
to a quicker or simpler solution than otherwise. If the 
terminating impedance is known, itis a simple matter to 
determine the input impedance of the line for any length 
by means of the chart. Conversely, as indicated above, 
with a given line length and a known (or measured) input 
impedance, the load impedance may be determined by 
means of the chart—a convenient method of remotely 


determining an antenna impedance, for example. 

Although its appearance may at first seem somewhat 
formidable, the Smith Chart is really nothing more than 
a specialized type of graph. Consider it as having curved, 
rather than rectangular, coordinate lines. The coordinate 
system consists simply of two families of circles—the 
resistance family, and the reactance family. The resistance 
circles, Fig 1, are centered on the resistance axis (the only 
straight line on the chart), and are tangent to the outer 
circle at the right of the chart, Each circle is assigned a 
value of resistance, which is indicated at the point where 
the circle crosses the resistance axis. All points along any 
one circle have the same resistance value, 

‘The values assigned to these circles vary from zero at 
the left of the chart to infinity at the right, and actually rep. 
resent a ratio with respect to the impedance value assigned 
to the center point of the chart, indicated 1.0. This center 
point is called prime center. If prime center is assigned a 
value of 100 ©, then 200 @ resistance is represented by the 
2.0 circle, 50 by the 0.5 circle, 20 O by the 0.2 circle, and 
so on. If, instead, a value of 50 is assigned to prime center, 


Fig 1—Resistance circles of the Smith Chart coordinate 


system. 


‘Smith Chart Calculations 28-1 


_|| 


the 2.0 circle now represents 100 Q, the 0.5 circle 25 Q, and 
the 0.2 circle 10 Q. In each ease, it may be seen that the 
value on the chart is determined by dividing the actual r= 
sistance by the number assigned to prime center. This pro- 
‘cess is called normalizing. 
Conversely, values from the chart are converted back 
to actual resistance values by multiplying the chart value 
times the value assigned to prime center. This Feature pe 
js the use of the Smith Chart for any impedance val- 
ues, and therefore with any type of uniform transmissio 
line, whatever its impedance may be. As mentioned above, 
specialized versions of the Smith Chart may be obtained 
With a value of 50 2 at prime center. These are intended 
for use with 50-2 lines. 
jer the reactance circles, Fig 2, which 
appear as curved lines on the chart because only segments 
‘of the complete circles are drawn, These circles are tan 
gent to the resistance axis. which itself is a member of 
the reactance family (with a radius of infinity). The 
ters are displaced to the top or bottom on a line tangent 
to the right of the chart. The large outer circle boundin 
the coordinate portion of the chart is the reactance axis. 
Buch reactance circle segment is assigned a value of 
reactance, indicated near the point where the circle touches 
the reactance axis. All points along any one segment have 
the same reactance value. As with the resistance circles, the 
values assigned to each reactance circle are normalized with 
respect to the value assigned to prime center. Values to the 
top ofthe resistance axis are positive (inductive), and those 
to the 
bottom of the resistance axis are negative (capacitive), 
‘When the resistance family and the reactance fam- 
ily of circles are combined, the coordinate system of the 
Smith Chart results, as shown in Fig 3. Complex imped- 
tances (R + 7X) ean be plotted on this coordinate system. 


Now cor 


Fig 2—Reactance circles (segments) of the Smith Chart 
‘coordinate system. 
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IMPEDANCE PLOTTING 


Suppose we have an impedance consisting of SOQ 
resistance and 100 02 inductive reactance (Z.= 50 + j 100). 
If we assign a value of 100 Q to prime center, we nor- 
malize the above impedance by dividing each component 
Of the impedance by 100. The normalized impedance is 
then 50/100 + j (100/100) = 0.5 +j 1.0. This impedance 
is plotted on the Smith Chart atthe intersection of the 0.5, 
resistance circle and the +1.0 reactance circle, as indi- 
cated in Fig 3. Caleulations may now be made rom this 
plotted value. 

‘Now say that instead of assigning 100 Q to prime 
center, we assign a value of 50.0. With this assis 
the 50+ 100.0 impedance is ploted atthe 
the 50/50 = LO resistance circle, and the 100/51 
tive reactance circle. This value, + j2, is also 
Fig 3. But now we have riro points plotted in Fig 3 to rep- 
resent the same impedance value, 50 +} 100 Q. How ean 
this be? 

‘These examples show that the same impedance may 
be plotted at different points on the chart, depending upon 
the value assigned to prime center. But two plotted points 
‘cannot represent the same impedance at the same time! It 
is customary When solving transmission-line problems 
to assign to prime center a value equal to the characteris- 
tie impedance, oF Zp, of the line being used. This value 
should always be recorded at the start of calculations, to 
avoid possible confusion later. (In using the specialized 
charts with the value of $0 at prime center, itis, of course, 
not necessary to normalize impedances when working 
With 50-0 line. The resistance and reactance values may 
be read directly from the chart coordinate system.) 

Prime center is a point of special significance. As 


ersection of 


‘coordinate system of the Smith 
Chart. For simplicity, only a few divisions are shown 
{or the resistance and reactance values. Various type 
‘of Smith Chart forms are available trom ARAL HQ. Al 
the time of this writing, five 82 x 11 inch Smith Chart 
forms are available for $2. 
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just mentioned, is is customary when solving problems 
lo assign the Zy value of the line to this point on the 
‘chart —50 Q for a 50-Q line, for example. What this 

weans is thatthe center point of the chart now represents 
50 + 0 ohms-a pure resistance equal to the characteris 
tie impedance of the line. I this were a load on the line, 
We recognize from transmission-line theory that it repre 
sents a perfect match, with no reflected power and with a 
1.0 10. SWR. Thus, prime center also represents the 1.0 
SWR circle (with a radius of zer0). SWR circles are also 
‘discussed in a later section. 


‘Short and Open Circuits 

(On the subject of plotting impedances, two special 
‘cases deserve consideration. These are short circuits and 
‘open circuits. A tue short cixeuit has zero resistance and 
zero reactance, or 0 + j 0). This impedance is plotted at 
the left of the chart, at the intersection of the resistance 
and the reactance axes. By contrast, an open circuit has 
infinite resistance, and therefore is plotted atthe right of 
the chart, atthe intersection of the resistance and reac~ 
tance axes. These two special cases are sometimes used 
in matching stubs, deseribed later. 


‘Standing-Wave-Ratio Circles 
Members ofa third family of circles, which 
are not printed on the ehart but which are added 
during the process of solving problems, are 
standing-wave-ratio or SWR circles. See Fig 4, 
‘This family is centered on prime center, and ap- 
pears as concentric cigcles inside the reactance 
axis. During calculations, one or more of these 
circles may be added with a drawing compass. 
Each circle represents a value of SWR, with 
‘every point on a given circle representing the 
same SWR. The SWR value for a given eitele 
may be determined directly from the chart coor- 
dinate system, by reading the resistance value 
Where the SWR citcle erosses the resistance axis 
to the right of prime center, (The reading where 
the circle crosses the resistance axis to the left 
jeates the inverse ratio.) 
Consider the situation where a load mis- 
watch in a length of line causes a 3-t0-1 SWR 
ratio to exist. If we temporarily disregard line 
losses, we may state that the SWR remains con- 
stant throughout the entire length of this li 
‘This i represented on the Smith Chart by draw- 
ing a 3:1 constant SWR circle (a circle with a 


the length of the line involved, 

‘This brings into use the wavelength scales, which 
‘appear in Fig 5 near the perimeter of the Smith Chart 
‘These seales are calibrated in terms of portions of un elec 
trical wavelength along a transmission line. Both scales 
start from 0 atthe left of the chart. One scale, running 


radius of 3 on the resistance axis) asin Fig 5. 
‘he design ofthe cht ssc hat any imped. RARE eta bee 
ance encountered anywhere along the lengthof et} > da a a a en on uf 
Uhismismatched line wil fall the SWR eicle. jr Miwa i 


‘The impedances may be read from the coordi- 
nate system merely by the progressing around 


the SWR circle by an amount corresponding to 


Fig 5—Example discussed in text, 
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‘counterclockwise, starts at the generator or input end of 
the line and progresses toward the load. The other scale 
starts at the load and proceeds towaed the generator in a 
clockwise direction. The complete circle around the edge 
‘of the chart represents '/ A. Progressing once around the 
perimeter of these scales corresponds to progressing along 
‘transmission line for 's A. Because impedances repeat 
themselves every /: A along a piece of line, the chart may 
be used for any length of line by disregarding or sub- 
tracting from the line's total length an integral, of whole 
‘number, of half wavelengths. 

‘Also shown in Fig 5 is a means of tansfeering the 
radius of the SWR circle tothe external scales ofthe chart, 
by drawing lines tangent tothe cele. Another simple way 
to oblain information from these external seales isto trans- 
fer the radius of the SWR circle to the external seale with 
a drawing compass. Place the point of a drawing compass 
atthe center of 0 line, and inscribe a short ate weross the 
appropriate scale. It will be noted that when this is done 
in Fig 5, the external STANDING: WAVE VOLTAGE RATIO scale 
indicates the SWR to be 3.0 at A)—our condition for ini 
tially drawing the eizele on the chart (and the same as the 
SWR reading on the resistance axis) 


SOLVING PROBLEMS WITH THE 
‘SMITH CHART 


‘Suppose we have a transmission line with 
a characteristic impedance of 50 Q and an elec- 
tical length of 0.3 A. Also, suppose we termi 
nate this line with an impedance having a 
resistive component of 25 Q and an inductive 
reactance of 25.0 (Z = 25 +25). What is the 
input impedance to the line? 
‘The characteristic impedance ofthe line is 
50 Q, so we begin by assigning this value to 
prime center. Because the line is not terminated 
in its characteristic impedance, we know that 
standing waves will exist on the line, and that, 
therefore, the input impedance to the line will 
not be exactly $0.0. We proceed as follows. First, 
normalize the load impedance by dividing both 
the resistive and reactive components by 50 (Zy 
Of the line being used). The normalized imped- 
nce in this case is 0.5 + 0.5. This is plotted on 
the chart at the intersection of the 0.5 resistance 
and the +0.5 reactance circles, as in Fig 6. Then 
‘draw a constant SWR circle passing through this 
point. Transfer the radius of this citcle to the 
‘external scales with the drawing compass. From 
the external STANDING-WAVE VOLTAGE-RATIO 
scale, it may be seen (at A) thatthe volta 
‘of 2.62 exists for this radius, indicating that our 
line is operating with an SWR of 2.62 o 1. This 
figure is converted to decibels in the adjacent 


voltage minimum along the line is 8.4 dB. (This is math- 
cematically equivalent to 20 times the log of the SWR 
value.) 

Next, with a straightedge, draw a radial lin 
prime center through the plotted point to intersect the 
wavelengths scale, At this intersection, point C in Fig 6, 
read a value from the wavelengths seale. Because we are 
starting from the load, we use the TOWARD GENERATOR or 
‘outermost calibration, and read 0.088 d. 

‘To obtain the line input impedance, we merely find 
the point on the SWR circle that is 0.3 A towaed the gen= 
erator from the plotted load impedance. This is accom- 
plished by adding 0.3 (the length of the line in 
wavelengths) tothe reference or starting point, 0.088; 0.3 
+ 0.088 = 0.388. Locate 0.388 on the TOWARD GENERA. 
TOR scale (at D). Draw a second radial line from this point 
to prime center. The intersection of the new radial line 
With the SWR circle represents the normalized line input 
impedance, inthis case 0.6 — j 0.66. 

‘To find the unnormalized line impedance, multiply 
by 50, the value assigned to prime center. The resulting 
value is 30 — j 33, or 30 Q resistance and 33 2 capacitive 
reactance, This is the impedance that a transmitter must 
match if such a system were a combination of 


from 


scale, where 8.4 dB may be read (at B), indicat- 
ing thatthe ratio of the voltage maximum to the 
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Fig 6—Example discussed in text. 
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and transmission line, This is also the impedance that 
Would be measured on an impedance bridge if the mea- 
surement Were taken atthe line input. 

Inaddition to the line input impedance and the SWR, 
the chart reveals several other operating characteristics 
Of the above system of line and loud, if a closer look is 
desired. For example, the voltage reflection coefficient, 
both magnitude and phase angle, for this particular load 
is given, The phase angle is read under the radial line 
‘drawn through the plot ofthe load impedance, where the 
line intersects the ANGLE OF REFLECTION COEFFICIENT 
scale. This scale is not included in Fig 6, but will be found 
‘on the Smith Chart just inside the wavelengths seales. 
this example, the reading is 116.6 degrees. This indicates 
the angle by which the reflected voltage wave leads the 
incident wave at the load. It will be noted that angles on 
the bottom half, or eapacitive-reactance half, of the chart 
are negative angles, a “negative” lead indicating that the 
reflected voltage wave actually lags the incident wave. 

‘The magnitude of the voltage-reflection-coefficient 

way be read from the external REFLECTION COEFFICIENT 
VOLTAGE seale, and is seen to be approximately 0.45 (at 
E) for this example. This means that 45 percent of the 
incident voltage is reflected. Adjacent to this seale on the 
POWER calibration, it is noted (at F) thatthe power reflec 
tion coetficient is 0.20, indicating that 20 per- 
‘cent of the incident power is reflected. (The 
amount of reflected power is proportional to 
the square of the reflected voltage.) 


ADMITTANCE COORDINATES 


Quite often it is desirable to convert 
impedance information to admittance data— 
‘conductance and susceptance. Working with 
admittances greatly simplifies determining the 
resultant when to complex imped 
‘connected in parallel, as in stub matching. The 
‘conductance values may be added directly, as 
may be the susceptance values, to arrive at 
the overall admittance forthe parallel combi- 
nation. This admittance may then be con- 
verted back to impedance data, if desired. 

(On the Smith Chart, the necessary con- 
version may be made very simply. The equiva- 
lent admittance of a plotted impedance value 
lies diametrically opposite the impedance 
point on the chart. In other words, an imped- 
ance plot and its corresponding admittance 
plot will lie on a straight line that passes 
Uhrough prime center, and each point will be 
the same distance from prime center (on the 
same SWR circle). In the above example. 
Where the normalized line input impedance 
is 0.6 — 0.66, the equivalent admittance lies 
atthe intersection of the SWR circle and the 


point D though prime center, Although not shown in Fig 
6, the normalized admittance value may be rend as 0.76 + 
0.84 if the line staring at D is extended. 

king impedance-admittance conversions, remem- 
ber that capacitance is considered to be a positive 
susceptance and inductance a negative susceptance. This 
‘corresponds to the sale identification printed on the chart, 
‘The admittance in siemens is determined by dividing the 
normalized values by the Zp of the line. For this example 
the admittance is 0.76/50 + j 0.84/50 = 0.0152 + j 0.0168 
siemen, OF course admittance coordinates may be con- 
verted to impedance coordinates just as easily—by 
locating the point on the Smith Chart that is diametsi- 
cally opposite that representing the admittance coordi- 
nates, on the same SWR cite. 


DETERMINING ANTENNA IMPEDANCES, 


‘To determine an antenna impedance from the Smith 
Chant, the procedure is similar to the previous example. 
‘The electrical length of the feed line must be known and 
the impedance value atthe input end of the line must be 
determined through measurement, such as with an 
impedance-measuring oF a good quality noise bridge. In 
this case, the antenna is connected to the far end of the 
line and becomes the load for the line. Whether the 


extension of the straight line passing from 


a 


Fig 7—Example discussed in text. 
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ntenna is intended purely for transmission of energy, or 
purely for reception makes no difference; the antenna is 
Still the terminating or load impedance on the Hine as fur 
as these measurements are concerned. The input or ge 

‘erator end of the line is that end connected to the device 
for measurement of the impedance. In this type of prob- 
Jem, the measured impedance is plotted on the chart, and 
the TOWARD LOAD wavelengths seale is used in conjunc 
tion with the electrical line length to determine the actual 

ntenna impedance. 

For example, assume we have a measured input 
impedance toa 50- line of 70 —j 25 0. The line is 2.35 2 
Jong, and is terminated in an antenna. What isthe antenna 
feed impedance? Normalize the input impedance with 
respect to 50 02, which comes out 14 —j 0.5, and plot thi 
value on the chart. See Fig 7. Draw a constant SWR citcle 
through the point, and transfer the radius to the external 
seales. The SWR of 1.7 may be read from the VOLTAGE 
RATIO seale (at A). Now draw a radial Hine from prime een 
ter through this plotted point to the wavelengths scale, and 
read a reference value (at B). For this ease the value is 
(0.195, on the TOWARD LoD scale. Remember, we are start- 
ing at the generator end of the transmission line 

‘To locate the load impedance on the SWR ciccle, 
add the Tine length, 2.35 A, to the reference value fror 
the wavelengths scale: 2.35 + 0.195 = 2.545. Locate the 
new value on the TOWARD LOAD scale. But because the 
calibrations extend only from 0 to 0.5, we must fist sub- 
tract a number of half wavelengths from this value and 
use only the remaining value. In this situation, the larg- 
fest integral number of half wavelengths that can be sub- 
tracted with a positive result i 5, or 2.5 A. Thus, 2.545 — 
2.5 = 0.045. Locate the 0.045 value on the TOWARD LOAD 
seale (at C). Draw a radial line from this value to prime 
center. Now, the coordinates at the intersection of the 
second radial line and the SWR circle represent the load 
impedance. To read this value closely, some interpola 
tion between the printed coordinate lines must be made, 
and the value of 0.62 — j 0.19 is read. Multiplying by 50, 
We ger the actual load ot antenna impedance as 31 —/ 9.5, 
Q, or 31 O resistance with 9.5 Q capacitive reactance 

Problems may be entered on the chart in yet another 
manner. Suppose we have a length of 30-0 line feeding a 
base-loaded resonant vertical ground-plane antenna which 
is shorter than ' A. Further, suppose we have an SWR 
‘monitor inthe line, and that it indicates an SWR of 1.7 10 
1. The line is known to be 0.95 2 long. We want to know 

ina impedances. 
the information available, we have no imped- 
ances to enter into the char. We may, however, draw a circle 
representing the 1.7 SWR. We also know, from the defini 
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tion of reson 


nce, thatthe antenna presents a purely resis- 
tive load to the line, that is, no eactive component. Thus, 
the antenna impedance must lie on the resistance axis. If 
We were to draw such an SWR circle and observe the chart 
with only the eirele drawn, we would see 1Wo points which 
satisfy the resonance requirement for the load. These points 
are 0.59 + Oand 1.7 + j 0. Multiplying by 50, we see that 
these values represent 29.5 and 85 2 resistance. This may 
sound familiar, because, as was discussed in Chapter 24, 

line is terminated in a pure resistance, the SWR in 
the line equals ZZ of Zo/Zp, where Zy=load resistance 
and Zo=line impedance. 

If we consider antenna fundamentals described in 
Chapter 2, we know that the theoretical impedance of 
"Yeh ground-plane antenna s approximately 36.2. We there 
fore ean quite logically diseard the 85-0 impedance igure 
in favor of the 29.5-0 value. This is then taken asthe load 
impedance value for the Smith Chart calculations. To find 
the line input impedance, we subtract 0.5 2. from the line 
length, 0.95, and find 0.45 2 on the TOWARD GENERATOR 
scale. (The wavelength-seale starting point in this ease is 
0.) The line input impedance is found to be 0.63 ~ j0.20, or 
315-j109. 


DETERMINATION OF LINE LENGTH 


In the example problems given so far in this chap- 
ter, the line length has conveniently been stated in wave- 
lengths. The electrical length of a piece of line depends 

is physical length, the radio frequency under 

and the velocity of propagation inthe line. 
npedance-measurement bridge is capable of quite 
reliable readings at high SWR values, the line length 
may be determined through line inputimpedance mea- 
surements with short- or open-circuit line terminations 
Information on the procedure is given later in this, 
chapter. A mote direct method is to measure the physi- 
cal length of the line and caleulate its electrical length 
from 


Lr 
ORAVF 


&q) 


where 
‘number of electrical wavelengths in the line 
line length in feet 
frequency, MHz 

velocity oF propagation factor ofthe line 


‘The velocity factor may be obtained from transmis- 
sion-line data tables in Chapter 24. 
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Fig 9—Example of Smith Chart calculations taking line losses 


Into account. 
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Fig 8—This spiral is the actual “SWR 
circle” when line losses are taken into 
‘account. It is based on calculations for 
‘+t longth of RG-174 coax feeding a 
resonant 28-MHz 300-0 antenna (50-2 
‘coax, velocity factor = 66%, attenuation = 
6.2 dB per 100 ft). The SWA at the load is 
6:1, while itis 3.6:1 at the line input. When 
solving problems involving attenuation, 
two constant SWR circles are drawn 
Instead of a spiral, one for the line input 
‘SWR and one for the load SWR. 


LINE-LOSS CONSIDERATIONS 
WITH THE SMITH CHART 
‘The example Smith Chatt problems pre- 
sented in the previous section ignored attenu- 
ation, oF Hine losses. Quite frequently i 


calculations: any difference 
ined are often imperceptible 
However, when the Tine losses become appre- 
ciable, such as for high-Ioss lines, long lines 
or at VHF and UHF, loss considerations may 
‘become significant in making Smith Chart cal- 
culations, This involves only one simple step. 
in addition to the procedures previously 
presented, 

Because of Tine losses, as discussed in 
Chapter 24 the SWR does not remain constant 
throughout the length of the line. As a result, 
there is a decrease in SWR as one progresses 
‘away from the load. To truly present ths situa- 
tion on the Smith Chart, instead of drawing a 
constant SWR circle, it would e necessary 10 
draw a spiral inward and clockwise from the 
load impedance toward the generator, as shown 
in Fig 8. The rate at which the curve spirals 
toward prime center is related to the attenua- 
tion in the line. Rather than drawing spiral 
curves, a simpler method is used in solving line- 
loss problems, by means of the external seale 
TRANSMISSION LOSS 1-DB STEPS. This scale may. 
be seen in Fig 9. Because this is only a relative 
seale, the decibel steps are not numbered 

If we start at the left end of this external 
scale and proceed in the direction indicated 
TOWARD GENERATOR, the frst dB step is seen, 
to occur at a radius from center cortespond- 
ing to an SWR of about 9 (at A); the second 
AB step falls at an SWR of about 4.5 (at B), 
the thied at 3.0 (at C), and so forth, until the 
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15th dB step falls at an SWR of about 1.05 to 1. This 

yeans that a line terminated in a short or open circuit 
(infinite SWR), and having an attenuation of 15 dB, would 
‘exhibit an SWR of only 1.05 at its input. It will be noted 
that the dB steps near the right end of the scale are very 
close together, and a line attenuation of 1 or 2 4B in this 
area will have only slight effect on the SWR. But near 
the left end of the seale, corresponding to high SWR val- 
ues, a 1 or 2dB loss has considerable effect on the SWR. 


Using a Second SWR Circle 

In solving a problem using line-loss information, it 
is necessary only to modify the radius of the SWR eitcle 
by an amount indicated on the TRANSMISSION:LOSS 1:D8 
STEPS scale, This is accomplished by drawing a second 
SWR circle, either smaller or larger than the first, 
depending on whether you are working toward the load 
‘oF toward the generator. 

For example, assume that we have a 50-0 line that 
is 0.282 2 long, with 1-dB inherent attenuation, The line 
input impedance is measured as 60 + j 35 ©. We desire to 
know the SWR at the input and at the load, and the Toad 
impedance. As before, we normalize the 60 + j 35-Q 
impedance, plot it on the chart, and draw a constant SWR 
citcle and a radial line through the point. In this ease, the 
normalized impedance is 1.2 j 0.7. From Fig 9. the SW 
at the line to be 1.9 (at D), and the radial 
first sub- 
tract 0.500, and locate 0.110 (at F); then draw a radial 
line from this point to prime center. 

To accoun 

SWR circle to the external 1-bB STEPS scale. This radius 
‘erosses the external scale at G, the fifth decibel mark fro 
the left, Since the ine loss was given as 1 dB, we strike a 
new radius (at HD), one “tiek mark” to the left (toward 
Toad) on the same scale. (This will be the fourth decibel 
tick matk from the left of the seale.) Now transfer this 
new radius back to the main chart, and scribe a new SWR 
citcle ofthis radius, This new radius represents the SWR 
at the load, and is read as 2.3 on the external VOLTAGE 
RATIO scale. AC the intersection of the new circle and the 
Toad radial line, we read 0.65 — j 0.6. This is the normal- 
ized load impedance. Multiplying by 50, we obtain the 
actual load impedance as 32.5 — j 30 Q. The SWR in this, 
problem was seen to increase from 1.9 atthe line input to 
2.3 (at Dat the load, with the 1-dB line loss taken into 
‘consideration 

Inthe example above, values were chosen to fall con 
veniently on of Very near the “tick marks” on the [-dB 
scale. Actually, it is a simple matter to interpolate 
between these marks when making a radius correction 
When this is necessary, the relative distance between 
marks for each decibel step should be maintained while 
‘counting off the proper number of steps. 

‘Adjacent to the 1-DR STEPS scale lies a LOSS COEFFI 
CHENT scale, This scale provides a factor by which the 


for line losses, transfer the radius of the 
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matched-line loss in decibels should be multiplied to 
‘account forthe inereased losses in the line when standing 
waves are present. These added losses do not affect the 
SWR or impedance calculations: they are merely the 
‘additional dielecttie copper losses of the line caused by 
the fact that the line conducts more average voltage in the 
presence of standing waves. For the above example, rom 
Fig 9, the loss coefficient at the input end is seen to be 
1.21 (at J), and 1.39 (at K) atthe load. AS a good approxi- 
mation, the loss coefficient may be averaged over the length 
of line under consideration; inthis case, the average is 1-3. 
‘This means that the total losses in the line are 1.3 times 
the matehed loss of the Hine (1 dB), oF 1.3 dB. This is the 
same result that may be obtained from procedures given in 
Chapter 24 for this data 


‘Smith Chart Procedure Summary 
‘To summatize briefly, any caleulations made on the 

‘Smith Chart are performed in four basic steps, although 

rot necessarily in the order listed. 

1) Normalize and plot a line input (or load) impedance, 
and construct a constant SWR circle. 

2) Apply the line length to the wavelengths scales. 

3) Determine attenuation or loss, if required, by me 
‘of a second SWR citce. 

4) Read normalized load (or input) impedance, and con- 
vert to impedance in ohms, 

‘The Smith Chast may be used for many types of 
problems other than those presented as examples here. 
‘The transformer action of a length of line—to transform 
a high impedance (with perhaps high reactance) 10 a 
purely resistive impedance of low value—was not men- 
tioned. This is known as “tuning the line,” for which the 
chart is very helpful, eliminating the need for “cut and 
ry” procedures. The chart may also be used to calculate 
lengths for shorted or open matching stubs in a system, 
described later in this chapter. In fact, in any application 
Where a transmission Line is not perfectly matched, the 
‘Smith Chart can be of value. 


ATTENUATION AND Z. FROM IMPED- 
ANCE MEASUREMENTS: 


If an impedance bridge is available to make aceu- 
‘ate measurements inthe presence of very high SWR val- 
ues, the attenuation, characteristic impedance and velocity 
factor of any random length of coaxial transmission line 
‘ean be determined. This section was written by Jerry Hall 
KITD. 

Homemade impedance bridges and noise bridges 
will seldom offer the degree of accuracy required to use 
this technique, but sometimes laboratory bridges can be 
found as industrial surplus at a reasonable price. It may 
also be possible for an amateur to borrow a laboratory 
type of bridge for the purpose of making some weekend 
measurements. Making these determinations is not diffi- 
cult, but the procedure is not commonly known among 
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Field service engineers use gas-powered irons for working on repairs where there 
may be no power available, or where a joint is tricky to reach with a normal electric iron, 
so they are really for occasional “on the spot” use, rather than for mainstream construction 
or assembly work. I use one when I just need to do a quick repair and can’t be bothered 
getting the electric soldering iron going! 


Gas irons can have higher power equivalents than electric ones (eg 125 watts or 
more) but some gas-powered irons are nothing more than miniaturised blowtorches, which 
may or may not be useful for occasional heavier duty soldering. In the author’s experience 
they can be difficult to use in confined areas, Extreme care is needed at all times to ensure 
hot gas emitted from the iron 
wiring. Gas irons can have useful accessories to convert them into e.g. a hot knife for 
sealing nylon rope, or a hot-air blower for use with heatshrink tubing. Almost every 
electronics constructor uses an electric-powered iron though. 


A solder gun is a pistol-shaped iron, typically running at 100W or more, and is 
completely unsuitable for soldering modern electronic components: they’re too hot, heavy 
and unwieldy for micro-electronics use, nor are they designed for that. Plumbing or DIY, 
maybe..! 


“A heat resistant soldering iron stand with cleaning sponge. (Antex) 


Soldering irons are best used along with a heat-resistant bench stand, where the 
hot iron can be safely stored in between use (photo). It is extremely important that a hot 
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amateurs. One equation treating complex numbers is used, 

but the math can be handled with a calculator supporting 

sig functions. Full details are given in the paragraphs 
that Follow 

For each frequency of interest, wo measurements, 

are required to determine the Tine impedance. Just one 

weasurement is used to determine the line attenuation and 

velocity factor. AS an example, assume we have a 100- 

foot length of unidentified line with foamed dielectric, 

and wish to know its characteristics. We make our mea 
surements at 7.15 MHz. The procedure is as follows. 

1) Terminate the line in an open circuit. The best “open 
circuit” is one that minimizes the capacitance between 
the center conductor and the shield. I the cable has a 
PL-259 connector, unserew the shell and slide it back 
ddown the coax for a few inches. Ifthe jacket and insu- 
Iation have been removed from the end, fold the braid 
back along the outside of the line, away from the cen 
ter conductor. 

2) Measure and record the impedance atthe input end of 
the line. If the bridge measures admittance, convert 
the measured values to resistance and reactance. Label 
the values as Rac + j Xo For our example, assume we 
measure 85 + j179 Q. (Ifthe reactance term is capaci- 
tive, record it as negative.) 

3) Now terminate the line in a short circuit. Fa con- 
rector exists at the far end of the line, a simple 
short isa mating con 
‘of heavy wire soldered between the cen 
the body. Ifthe coax has no connector, removing 
the jacket and center insulation from a half inch or 
so at the end will allow you to tightly ewist the 
braid around the center conductor. A small clamp 
or alligator clip around the outer braid atthe twist 
will keep it ight 

4) Again measure and record the impedance at the 
input end of the line. This time label the values 
as Ry, +) X. Assume the measuted value now is 
48-j 1120 

‘This completes the measurements. Now we reach 
for the caleulator 

"As amateuss we normally assume that the char- 
acteristic impedance of a line is purely resistive, 
but it can (and does) have a small capacitive reae- 
tance component. Thus, the Zy of a line actually 

‘consists of Ry + j Xq, The basic equation for ealeu- 

lating the characteristic impedance is 


Uy = fla ¥ Ee (E42) 


where 


= Rye + Xe 
Ry tie 


Zo = RoRucXecXuc}tj(RaXutRuXoe) (Eq) 


‘The expression under the radical sign in Eq 3 is in 
the form of R + j X. By substituting the values from our 
example into Eq 3, the R term becomes 85 x 4.8 ~ 179 x 
(11.2) = 2412.8, and the X term becomes 85 x (-11.2) + 
48 x 179 = -92.8, So far, we have determined that 


Zo = 28128 jRS 


‘The quantity under the radical sign isin rectangular 
form, Extracting the square root of a complex term is 
handled easily if iis in polar form, a veetor value and its 
dangle. The vector value is simply the square root of the 
suum of the squares, which in this ease is 


2412.87492.8" = 2414.58 

The tangent of the vector angle we are seeking is 
the value ofthe reactance term divided by the value of 
the resistance term. For out example this is arctan -92.8/ 


2412.8 = arctan 0.03846. The angle is thus found to be 
=2.20°, From all ofthis we have determined that 
y= (LIE 


1 the square root is now simply a mater of finding 


Fig 10—Determining the line loss and velocity factor with 
the Smith Chart from input measurements taken with 
derived, ‘open-circuit and short-circuit terminations. 


From Eq 2 the follow 


equation may be 
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the square root ofthe vector value, and taking half the angle 
(The angle is treated mathematically as an exponent.) 

(Our result for this example is Zy = 49.1211". The 
small negative angle may be ignored, and we now know 
that we have coax with a nominal S0-€ impedance. 
(Departures of as much as 6 to 8% from the nominal value 
are not uncommon.) If the negative angle is large, or if 
the angle is positive, you should recheck your calcula 
tions and perhaps even recheck the original measure 

ents. You can get an idea of the validity of the 
weasurements by normalizing the measured values to the 
calculated impedance and plotting them on a Smith Chart 
as shown in Fig 10 for this example. Ideally, the two points 
should be diametrically opposite, but in practice they will 
be not quite 180° apart and not quite the same distance 
from prime center. Careful measurements will yield plot- 
ted points that are close to ideal. Significant departures 
from the ideal indicates sloppy measurements, or perhaps 
tan impedance bridge that is not up tothe task. 


Determining Line Attenuation 

‘The short circuit measurement may be used to 
determine the line attenuation, This reading is more reli- 
table than the open circuit measurement because a good 
shott circuit is a short, while a good open circuit is hard 
to find. (It is impossible to escape some amount of 
‘capacitance between conductors with an “open” circuit 
tnd that capacitance presents a path for current to flow at 
the RF measurement frequency.) 

Use the Smith Chart and the 1-8 STEPS 
‘external scale to find line attenuation. Fis 
rmalize the short cir 
the calculated Zp, and plot this point on 
‘chart. See Fig 10. For our example, the nor- 

alized impedance is 4,8/49.1 ~j 11.2 / 49.1 

‘or 0.098 ~ j 0.228. After plotting the point, 
transfer the radius to the L-DB STEPS scale, Th 
is shown at A of Fig 10. 

Remember from discussions earlier in this 
‘chapter that the impedance for plotting a short 
cireuit is 0+ 0, at the left edge of the chart on 
the resistance axis, On the |-DB STEPS scale this 


points labeled B. Consider that during our measurement, 
the short circuit was the load at the end of the line. Imag- 
‘spiral curve progressing from 0 + j0 clockwise and 
inward to our plotted measurement point. The wavelength 
scale, at B, indicates this line length is 0.464 A. By rear- 
the terms of Eq I given early inthis chapter, we 

the velocity factor. 


jon for ealeulati 


(Eq 4) 


VE = velocity factor 
L= line length, feet 

frequency, MHz 
N= number of electrical wavelengths in the line 


Inserting the example values into Eq 4 yields VF 
100 x 7.15/(984 x 0.464) = 1.566, or 156.6%. OF course, 
this value is an impossible number—the velocity factor in 
ceoax cannot be greater than 100%. But remember, the 
‘Smith Chart can be used for lengths greater than 's 2. There 
fore, that 0.464 value could rightly be 0.964, 1.464, 1.964, 
and so on. When using 0.964 2, Eq 4 yields a 
velocity factor of 0.753, or 75.3%. Trying successively 
‘greater values forthe wavelength results in Velocity factors 
‘of 49.6 and 37.0%. Because the cable we measured had 
foamed dielectric, 75.3% is the probable velocity factor. 
‘This corresponds to an electrical length of 0.964 2. There 

od from the measurements and 


is also atthe left edge. The total attenuation in 
the Tine is represented by the number of dB 
steps from the left edge to the radius mark 
We have just transferred. For this example its 
0.8 dB. Some estimation may be required in 
interpolating between the 1-dB step 1 


Determining Velocity Factor 

The velocity factor is determined by 
using the TOWARD GENERATOR wavelength seale 
‘of the Smith Chart. With a straightedge, draw 
‘line from prime center through the point rep- 


resenting the short-circuit reading, until it 
tersects the wavelengths seale, In Fig 10 th 
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Fig 11—Smith Chart determination of input impedances for short- 
and open-circulted line sections, disregarding line losses. 
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calculations that our unmarked coax has a nominal 50-0 
impedance, an attenuation of 0.8 dB per hundred feet at 
7.15 MHz, and a velocity factor of 75.34. 
tis difficult to use this procedure with short lengths 
‘of coax, just afew feet. The reason is that the SWR at the 
line input is too high to permit accurate measurements 
With most impedance bridges. In the example above, the 
SWR at the line input is approximately 12:1 
‘The procedure described above may also be used 
ing the characteristics of balanced lines. 
impedance bridges are generally unbalanced 


Fig 12—The method of stub matching a mismatched 
load on coaxial lines. 


devices, and the procedure for measuring a balanced 
impedance accurately with an unbalanced bridge is com- 
plicated, 

LINES AS CIRCUIT ELEMENTS 


Inform 


jon is presented in Chapter 24 on the use of 

sections as circuit elements. For 
example, i is possible to substitute transmission lines of 
the proper length and termination for coils or capacitors 
in ordinary circuits, While there is seldom a practical need 
for that application, lines are frequently used in 
systems in place of lumped components to tune oF reso- 
nate elements. Probably the most common use of such a 
line isin the haigpin match, where a short section of stiff 
‘open-wire line acts as a lumped inductor. 

‘The equivalent “lumped” value for any “inductor” 
‘or “capacitor” may be determined with the aid ofthe Smith 
Chart. Line losses may be taken into account if desired, 
‘as explained earlier. See Fig 11, Remember that the 
top half of the Smith Chart coordinate system is used 
for impedances containing inductive reactances, and the 
bottom half for capacitive reactances. For example, a sec- 
tion of 600-0 Tine "Ju-h long (0.1875 4) and shortcie- 
‘euited at the far end is represented by 1, drawn around a 
portion ofthe perimeter of the chart. The “load” isa short- 
Circuit, + 700, and the TOWARD GENERATOR Wavelengths 
scale is used for marking off the line length. At A in 

Fig 1] may be read the normalized imped- 

‘ance as seen looking into the length of lis 
0+ j 24. The reactance is therefore indue- 
tive, equal to 600 x 2.4 = 1440 Q. The same 
line when open-circuited (termination imped- 
ance = e, the point at the right of the chart) 
is represented by 2 in Fig 11, AUB the nor- 
malized line-input impedance may be read 
as 0 ~ j 0.41; the reactance in this case is 
‘capacitive, 600 x 0.41 = 246 . (Line losses 
are disregarded in these examples.) From 
Fig 11 itis easy to visualize that if f1 were 
to be extended by 's A, the total length rep- 
resented by (3, the line-input impedance 
Would be identical to that obtained in the ease 
represented by /2 alone. In the case of (2, 
the line is open-circuited at the far end, but 
in the case of /3 the line is terminated in a 
short. The added section of line for #3 pro- 
Vides the “transformer action” for which the 
Yck line is noted, 

“The equivalent inductance and capacitance 
as determined above ean be found by substi- 
luting these values in the equations relating 
inductance and capacitance to reaeta 
by using the various charts a 
‘available, The frequency eorrespor 


transmission 


caleulators 
ling to the 


Fig 13—Smith Chart method of determining the dimensions for lis 


stub matching. 


length in degrees must be used, of course 
In this example, ifthe frequency is 14 MHz 
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the equivalent inductance and capacitance in the two cases 
are 164 4H and 46.2 pF. respectively. Note that wher 
the line length is 45° (0.125 2), the reactance in either 
‘case is numerically equal to the characteristic impedance 
‘of the line. In using the Smith Chart it should be kept 
‘mind thatthe electrical length of a line section depends 
‘on the Frequency and velocity of propagation, as well as 
‘on the actual physical length, 

‘Atlengths of line that are exact multiples of Ys 2, such 
lines have the properties of resonant circuits. At lengths 
here the input reactance passes through zero atthe eft of 
the Smith Chart, the line acts as a series-resonant ciecuit 
At lengths for which the reactances theoretically pass from 
“positive” to “negative” infinity at the right of the Smith 
(Chart, the line simulates a parullel-resonant cireuit, 


Designing Stub Matches with 
the Smith Chart 

‘The design of stub matches is covered in detail in 
Chapter 26, Equations are presented there to calculate 
the electrical lengths of the main line and the stub, based 
‘on a purely resistive load and on the stub being the same 
lype of line as the main line. The Smith Chart may also 
be used to determine these lengths, without the require 

ents that the load be purely resistive and that the line 
Iypes be identical 

Fig 12 shows the stub matching arrangement i 
coaxial line. AS an example, suppose that the load is a 
antenna, a close-spaced array fed with a 52-02 line. Fur 
ther suppose that the SWR has been measured as 3.1:1 
From this information, a constant SWR circle may be 
‘drawn on the Smith Chat, Its radius i such that it inter- 
seets the right portion of the resistance axis at the SWR 
value, 3.1, as shown at point B in Fig 13. 

‘Since the stub of Fig 12is connected in parallel with 
the transmission line, determining the design of the 
matching arrangement is simplified if Smith Chart val- 
ues are dealt with as admittances, rather than imped 
(An admittance is simply the reeiprocal ofthe associated 
impedance. Plotted on the Smith Chart, the two associ 
ated points are on the same SWR citcle, but diametsi- 
cally opposite each other.) Using admittances leaves less 
‘chance for errors in making calculations, by eliminating 
the need for making series-equivalent to parallel-equiva- 
lent circuit conversions and back, or else for usis 
plicated equations for determining the resultant value of 
two complex impedances connected in parallel 

‘A complex impedance, Z, is equal to R + j X, as 
described in Chapter 24. The equivalent admittance, Y. is 
‘equal to G ~ jB, where G isthe conductive component and 
B the susceptance. (Inductance is taken as negative 
susceptance, and capacitance as positive.) Conductance and 
susceptance values are plotted and handled on the Smith 
‘Chart in the same manner as resistance and reactance. 

“Assuming that the elose-spaced array of our example 
has been resonated at the operating frequency, it will 
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present a purely resistive termination for the load end of 
the 52-0 line, From information in Chapter 24, tis known 
that the impedance of the antenna equals Z/SWR = 52/ 
3.1 = 16.8 Q. (We can logically discard the possibility 
that the antenna impedance is SWR x Zo, or 0.06 .) If 
this 16.8-@ value were to be plotted as an impedance on 
the Smith Chart, it would first be normalized (16.8/52 = 
0.32) and then plotted as 0.32 + j0. Although not neces- 
saty for the solution of this example, this value is plotted 
‘at point A in Fig 13. What is necessary is a plot of the 
‘admittance for the antenna as a load. This is the recipro- 
cal of the impedance: 1/16.8 Q equals 0.060 siemen. To 
pilot this point itis fist normalized by multiplying the 
‘conductance and susceptance values by the Zo ofthe line. 
Thus, (0.060 + j 0) x 52 = 3.1 + 0. This admittance 
value is shown plotted at point B in Fig 13. It may be 
seen that points A and B are diametrically opposite each 
‘other on the chart. Actually, for the solution of this 
‘example, it wasn’t necessary to compute the values for 
either point A or point B as in the above paragraph, for 
they were both determined from the known SWR value 
(of 3.1. As may be seen in Fig 13, the points are located 
‘on the constant SWR citcle which was already drawn, at 
the two places where it intersects the resistance axis, The 
plotted value for point A, 0.32, is simply the reciprocal 
Of the value for point B, 3.1. However, an understanding 
of the relationship between impedance and admittance is 
‘easier to gain with simple examples such as this. 

In stub matehing, the stub is to be connected at a 
point in the line where the conductive component equals 
the Zp of the line, Point B represents the admittance of 
the load, which is the antenna. Various admittances will 
bbe encountered along the Tine, when moving 
tion indicated by the TOWARD GENERATOR wavele 
seale, but all admittance plots must fall on the constant 
SWR circle. Moving clockwise around the SWR circle 
from point B, itis seen that the line input conductance 
will be 1.0 (normalized Zp of the line) at point C, 0.082 
toward the transmitter from the antenna. Thus, the stub 
should be connected at this location on the line 

‘The normalized admittance at point C, the point rep- 
resenting the location of the stub, is 1 — j 1.2 siemens, 
having an inductive susceptance component. A capaci- 
tive suseeptance having a normalized value of + j 1.2 
siemens is required across the line at the point of stub 
connection, to cancel the inductance. This capacitance is 
to be obtained from the stub section itself; the problem 
now is to determine its type of termination (open or 
shorted), and how long the stub should be. This is done 
by first plotting the susceptance required for cancella- 
tion, 0+ j 1.2, on the chart (point D in Fig 13). This point 
represents the input admittance as seen looking into the 
stub. The “load” or termination for the stub section is 
found by moving in the TOWARD LOAD direction around 
the chart, and will appear at the closest point on the 
resistance/eonduetance axis, either atthe lef or the right 
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ofthe chart. Moving counterclockwise from point D, this 
is located at E, atthe left of the chart, 0.139 2 away. From 
this we know the required stub length. The “load” at the 
far end of the stub, as represented on the Smith Chart, 
has a normalized admittance of 0+ 0 siemen, which is 
‘equivalent to an open circuit 

‘When the stub, having an input admittance of O + 
j 1.2 siemens, is connected in parallel with the line at a 
point 0.082 2 from the load, where the line input adi 
tance is 1.0 —j 1.2. the resultant admittance is the sum of 


the individual admittances. The conductance components 
are added directly, as are the susceptance components. In 
this ease, 1.0 j 12+ j1.2= L040 siemen. Thus, the 
line from the point of stub connection to the transmitter 
will be terminated in a load which offers a perfect match, 
When determining the physical line lengths for stub match 
ing, it is important to remember that the velocity factor 
forthe type of li 


MATCHING WITH LUMPED CONSTANTS 


i was pointed out earlier tha the purpose of a match- 
ing stub is to cancel the reactive component of line 
impedance at the point of connection. In other words. the 
stub is simply a reactance of the proper kind and value 
shunted across the line. It does not matter what physical 
shape this reactance takes. It can be a section of tr 


ist be considered. 


ssion line or a “lumped” inductance or capacitance, 
desired, Inthe above example with the Smith Chast solu- 
tion, a capacitive reactance was required. A capacitor 
having the same value of reactance can be used just as 
Well. There are cases where, from an installation stand- 
point, it may be considerably more conveni 
nect a capacitor in place of a stub, This is particularly 
true when open-wire feeders are used. If a variable 
capacitor is used, it becomes possible to adjust the 
‘capacitance to the exact value required, 

‘The proper value of reactance may be determin 
from Smith Chart information, In the previous example, 
the required susceptance, normalized, was +) 1.2 siemens. 
‘This is converted into actual siemens by dividing by the 
line Zg: 12/52 = 0.023 siemen, capacitance. The required 
‘capacitive reactance is the reciprocal of this later value, 
10.023 = 43.5 ©. If the frequency is 14.2 MHz, for in- 
stance, 43.5 Q corresponds to a capacitance of 258 pF. A 
325-pF variable capacitor connected across the 
2. from the antenna terminals would provide 
justment range. The RMS voltage across the capacitor is 


to con 


Es \PxZ, 
For 500 W, for example, E = the square root of S00 


x 52 = 161 V. The peak voltage is 1.41 times the RMS 
value, or 227 . 


The Series-Section Transformer 


‘The series-seetion transformer is described in Chap- 
equations are given there for its design. The 
wsformer can be designed graphically with the aid of a 
ith Chart. This information is based on a OST article 
by Frank A. Regier, ODSCG. Using the Smith Chart to 
design a series-section match requires the use ofthe chart 
its less Familia off-center mode. This mode is described 

in the next two paragraphs, 

Fig 14 shows the Smith Chart used in its familiar 
‘centered mode, with all impedances normalized to that 
of the transmission line, in this ease 75 Q, and all con 
stant SWR circles concentric with the normalized value ¢ 
= 1 at the chart center. An actual impedance is recovered 
by multiplying a chart reading by the normalizing 
impedance of 75 Q. If the actual (unnormalized) imped- 
ances represented by a constant SWR circle in Fig 14 are 
instead divided by a normalizing impedance of 300 Q. a 
different picture results. A Smith Chart shows all pos- 
sible impedances, and so a closed path such as a constant 
SWR circle in Fig 14 must again be represented by a 
‘closed path. In fact, it can be shown that the path remains 
‘circle, but that the constant SWR circles are no longer 
‘concentric, Fig 15 shows the circles that result when the 


impedances along a mismatched 75-Q line are normal- 
ized by dividing by 300 © instead of 75. The constant 
'SWR circles still surround the point corresponding to the 
characteristic impedance of the line (r= 0.25) but are no 
longer concentric with it. Note that the normalized 
impedances read from corresponding points on Figs 14 
and 15 are different but that the actual, unnormalized 
impedances are exactly the same. 


‘An Example 
[Now turn to the example shown in Fig 16. A com- 
plex load of Z;, = 600 + j 900 is to be fed with 
300-0 line, and a 75-0 series section is tobe used. These 
characteristic impedances agree with those used in Fig 
15, and thus Fig 15 can be used to find the impedance 
Variation along the 75-Q series section. In particular, the 
constant SWR circle Which passes through the Fig 15 
chart center, SWR = 4 in this case, passes through all the 
impedances (normalized to 300 Q) which the 75-0 series 
section is able to match to the 300-02 main line. The length 
1 of 300-0 line has the job of transforming the load 
impedance to some impedance on this matching circle 
Fig 17 shows the whole process more clearly, with all 
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Fig 14—Constant SWR cltcles for SWR = 2,3, 4 and 5, 
showing impedance variation along 75-2 line, normalized to 
75.0. The actual impedance is obtained by multiplying the 
‘chart reading by 75 0. 


Fig 15—Paths of constant SWR for SWR = 2,3, 4 and 5, 
showing Impedance variation along 75-0 line, normalized to 
300 2. Normalized impedances differ from those in Fig 14, 
but actual impedances 


In Fig 14. Paths remain circles but are no longer concentric. 
One, the matching circle, SWR = 4 in this case, passes 
‘through the chart center and is thus the locus of all 
Impedances which can be matched to a 300-0. line. 
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Fig 16—Example for solution by Smith Chart. All 
Impedances are normalized to 300 0. 


npedances normalized to 300 ©. Here the normal- 
ized load impedance Z,, = 2+ 3 is shown at R, and 
the matching circle appears centered on the resistance 
axis and passing through the points #= [and 
(75/300)?= 0.0625. A constant SWR circle is drawn 
from R to an intersection with the matching cicle at 
Qor Q' and the corresponding length 1 (or *1’) ean 
be read directly from the Sa 

distance around the matching circle represents the 
iching line, from either Q' to P or 
Qto P. Because inthis example the distance QP 
is the shorter of the two for the matching section, we 
‘choose the length £1 as shown, By using values from 
the TOWARD GENERATOR scale, this length is found as 
0,045 ~ 0.213, and adding 0.5 to obtain a postive = 
sult yields a value of 0.332 A. 

Although the imped: from Q to Pis 
shown in 8 be determined 
directly from this chart. This is because the match- 
ing circle is not concentric with the chart center, so 
the wavelength seales do not apply to this circle. This 
problem is overcome by forming Fig 18, which is 
the same as Fig 17 except that all normalized imped- 
ances have been divided by n = 0.25, resulting in a 
Smith Chart normalized to 75 0 instead of 300. The 
‘matching circle and the chart center are now concen 
lic, and the series-section length /2, the distance 
between Q and P, can be taken directly from the chart 
By again using the TOWARD GENERATOR scale, this 
length is found as 0.250 0.148 = 0.102 A 

In fact it is not necessary to construct the 
‘entire impedance locus shown in Fig 18. Itis sufli- 
cient to plot Zg/n (Zg is read from Fig 17) and 
Z,Jn= Wn, connect them by a circular are centered 
‘on the chart center, and to determine the are length 
2 from the Smith Chatt. 


Procedure Summary 
‘The steps necessary to design a series-section 
transformer by means of the Smith Chart can now 
be listed: 
1) Normalize all impedances by dividing by the 
characteristic impedance of the main lin 
2) On a Smith Chart, plot the normalized load impe- 
dance Z;, at R and construct the matching circle 


_|| 


ing to the two intersections of the constant SWR ns ne. rapadanen. locus arrays taxne  clocates: ceeetion 
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values of the square-root radical in the equation cele to the chart center at P. Length ¢1 can be determined 

e natching circle completely, in which case no so- 
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Appendix 


This appendix contains a glossary of terms, a list of common abbreviations, length conversion information (feet and inches), 


metric equivalents and antenna-gain-reference data. 


Glossary of Terms 


This glossary provides a handy list of terms that are used frequently in Amateur Radio conversation and literature 
about antennas. With each item is a brief definition of the term. Most terms given here are discussed more thoroughly in the 


text of this book, and may be located by using the index. 


Actual ground—The point within the earth’s surface where 
effective ground conductivity exists. The depth for this, 
point varies with frequency and the condition of the soil 

Antenna—An electtical conductor or array of conductors that 
radiates signal energy (transmitting) or collects signal 
energy (receiving). 

Antenna tuner—A device containing variable reactances (and 
pethaps a balun). It is connected between the transmitter 
and the feed point of an antenna system, and adjusted to 
“tune” or resonate the system to the operating frequency. 


Aperture, ffective—An area enclosing an antenna, on which 
it is convenient to make calculations of field strength and 
antenna gain, Sometimes referred to as the “capture area. 

‘Apex—The feed-point region of a V type of antenna. 

Apex angle—The included angle between the wires of a V, an 
inverted-V dipole, and similar antennas, or the included 
angle between the two imaginary lines touching the 
clement tips of a log periodic array 

Balanced line—A symmetrical two-conductor feed line that 
thas uniform voltage and current distribution along its 
length, 

Balun—A device for feeding a balanced load with an 
‘unbalanced line, or vice versa. May be a form of choke, or 
4 transformer that provides a specific impedance transfor- 
‘mation (including 1:1). Often used in antenna systems 10 
interface a coaxial transmission line to the feed point of a 
balanced antenna, such as a dipole, 

Base loading —A lumped reactance that is inserted at the 
base (ground end) of a vertical antenna to resonate the 
antenna, 

Bazooka—A transmission-line balancer. It is a quarter-wave 
‘conductive sleeve (tubing or flexible shielding) placed at 
the feed point of a center-fed element and grounded to the 
shield braid of the coaxial feed line at the end of the sleeve 
farthest from the feed point, It permits the use of unbal- 
anced feed line with balanced feed antennas. 


Beamvidth—Related to directive antennas. The width, in 
degrees, of the major lobe between the two directions at 
‘which the relative radiated power is equal to one half its 
value at the peak of the lobe (half power = ~3 dB). 

‘Bera match—A form of hairpin match. The two conductors 
straddle the boom of the antenna being matched, and the 
closed end of the matching-section conductors is strapped 
to the boom, 

Bridge—A circuit with two or more ports that is used in 
‘measurements of impedance, resistance or standing waves 
in an antenna system, When the bridge is adjusted for a 
balanced condition, the unknown factor can be deter 
‘ined by reading its value on a calibrated scale or meter, 

Capacitance hat—A conductor of large surface area that is 
‘connected at the high-impedance end of an antenna to 
effectively increase the electrical length. It is sometimes 
‘mounted directly above a loading coil to reduce the 
required inductance for establishing resonance. It usually 
takes the form of a series of wheel spokes or a solid 
circular dise. Sometimes referred to as a “top hat 


Capture area—See aperture 

Center fed—Transmission-line connection at the electrical 
ccenter of an antenna radiator. 

Center loading —A scheme for inserting inductive reactance 
(coil) at or near the center of an antenna element for the 
purpose of lowering its resonant frequency. Used with 
elements that are less than Ys wavelength at the operating 
frequency. 

Coax—See coaxial cable. 

Coaxial cable—Any of the coaxial transmission lines that 
hhave the outer shield (solid or braided) on the same axis as 
the inner or center conductor, The insulating material can 
be air, helium or solid-dielectric compounds. 

Collinear array—A linear array of radiating elements 
(usually dipoles) with their axes arranged in a straight 
line, Popular at VHF and above 
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‘Conductor—A metal body such as tubing, rod or wire that 
permits current to travel continuously along its length, 

Counterpoise—A wite or group of wites mounted close to 
‘ground, but insulated from ground, to form a low- 
‘impedance, high-capacitance path to ground. Used at MF 
and HF to provide an RF ground for an antenna. Also see 
‘ground plane. 

Current loop—A point of current maxima (antipode) on an 
antenna, 

‘Current node—A point of current minima on an antenna, 

Decibel—A logarithmic power ratio, abbreviated dB. May 
also represent a voltage or current ratio if the voltages or 
currents are measured across (or through) identical 
impedances. Suffixes to the abbreviation indicate refer 
ences: dBi, isotropic radiator; dBic, isotropic radiator 
circular; dBm, milliwatt; dBW, watt 

Delta loop—A full-wave loop shaped like a triangle or delta, 


Delta match—Center-feed technique used with radiators that 
are not split at the center. The feed line is fanned near the 
radiator center and connected to the radiator symmetti- 
cally. The fanned area is delta shaped. 

Dielectries—Various insulating materials used in antenna 
systems, such as found in insulators and transmission 
lines. 

Dipole—An antenna that is split atthe exact center for 
connection to a feed line, usually a half wavelength long 
Also called a “doublet.” 

Direct ray—Teansmitted signal energy that artives at the 
receiving antenna directly rather than being reflected by 
any object or medium, 

Directivity—The property of an antenna that concentrates the 
radiated energy to form one or more major lobes. 

Director—A conductor placed in front of a driven element to 
‘cause directivity, Frequently used singly or in multiples 
‘with Yagi or cubical-quad beam antennas. 

Doublet—See dipole. 

Driven array—An artay of antenna elements which are all 
driven or excited by means of a transmission line, usually 
10 achieve directivity. 

Driven element—A radiator element of an antenna system to 
‘which the transmission line is connected. 

‘Dummy load—Synonymous with dummy antenna. A 
nonradiating substitute for an antenna. 

E layer—The ionospheric layer nearest earth from which 
radio signals can be reflected to a distant point, generally 
a maximum of 2000 km (1250 mi. 

E plane—Related to a linearly polarized antenna, the plane 
containing the electric field vector of the antenna and its 
direction of maximum radiation, For terrestrial antenna, 
systems, the direction of the E plane is also taken as the 
polarization of the antenna. The E plane is at right angles 
to the H plane. 
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Efficiency —The ratio of useful output power to input power, 
determined in antenna systems by losses in the system, 
including in nearby object. 

EIRP—Btiective isotopic radiated power. The power 
radiated by an antenna in its favored direction, taking the 
gain of the antenna into account as referenced to isotropic. 

Elements—The conductive parts of an antenna system that 
determine the antenna characteristics. For example, the 
reflector, driven element and directors of a Yagi antenna, 

End effect—A condition caused by capacitance at the ends of 
‘an antenna element, Insulators and related support wires 
contribute to this capacitance and lower the resonant, 
frequency of the antenna. The effect increases with 
conductor diameter and must be considered when cutting 
‘an antenna element to length, 

End fed—An end-fed antenna is one to which power is 
applied at one end, rather than at some point between the 
ends, 

F layer—The ionospheric layer that lies above the E layer. 
Radio waves can be refracted from it to provide 
communications distances of several thousand miles 
by means of single- or double-hop skip. 

Feed line—See feeders. 

Feeders—Transmission lines of assorted types that are used 
to route RF power from a transmitter to an antenna, or 
from an antenna to a receiver. 

Field strength—The intensity of a radio wave as measured at 
‘point some distance from the antenna. This measurement 
is usually made in microvolts per meter. 

Front to back—The ratio of the radiated power off the 
front and back of a directive antenna. For example, 

a dipole would have a ratio of 1, which is equivalent 10 
048. 

Front to rear—Worst-case rearward lobe in the 180°-wide 
sector behind an antenna’s main lobe, in dB. 

Front to side—The ratio of radiated power between the major 
lobe and that 90° off the front of a directive antenna, 


Gain —The increase in effective radiated power in the desired 

direction of the major lobe. 

Gamma match—A matching system used with driven antenna 
elements to effect a match between the transmission line 
and the feed point of the antenna. It consists of a series 
capacitor and an arm that is mounted close to the driven 
clement and in parallel with it near the feed point. 

Ground plane—A system of conductors placed beneath an 
elevated antenna to serve as an earth ground, Also see 
counterpoise. 

Ground sereen—A wite mesh counterpoise. 

Ground wave—Radio waves that travel along the eath’s 
surface. 

H plane—Related to a linearly polarized antenna, The plane 
containing the magnetic field vector of an antenna and its 
direction of maximum radiation. The H plane is at right 
angles to the E plane. 


soldering iron is safely “parked” ready for action, and a bench stand is really a necessity. 
Soldering stations usually have such a feature, otherwise a separate soldering iron stand is 
essential, ideally one that’s supplied with a tip-cleaning sponge. You can make your own 
cleaning sponges using cellulose sponge only. 


% A benchtop fume extractor fan for hobbyist use. A replaceable carbon filter helps 
remove particles and air is vented out the back. 


Other equipment worth considering includes the use of fume extractors, which are 
compulsory in the industrial workplace. Solder fumes and flux smoke are not known to be 
toxic but they can cause irritation, A basic fume extractor (photo) consists of a small 
bench-top fan which draw fumes and irritating smoke away from the operator’s face and 
filters out some of the smoke particles, before exhausting the air back out through the fan. 
The carbon-impregnated foam filters are replaceable. Such devices are quite effective and 
users soon find them indispensable, even though they can be a bit noisy at close range. 


Professional fume extraction systems draw the smoke and fumes directly from the 
work area via a clip-on tube fitted to the soldering iron, then vent the fumes away through 
a large filter pump. It is definitely worth considering a small bench top unit for regular 
hobby or occasional professional use, as having decent ventilation can only be a good 
thing. 


HAAT—Height above average terrain, A term used mainly in 
‘connection with repeater antennas in determining cover- 

Hairpin match—A U-shaped conductor that is connected to 
the two inner ends of a split dipole for the purpose 
of creating an impedance match to a balanced feeder. 

Harmonic antenna—An antenna that will operate on its 
fundamental frequency and the harmonics of the funda- 
‘mental frequency for which itis designed. An end-fed 
half-wave antenna is one example. 

Helical—A helically wound antenna, one that consists of a 
spiral conductor. If it has a very large winding length to 
diameter ratio it provides broadside radiation. If the 
length-to-diameter ratio is small, it will operate in the 
axial mode and radiate off the end opposite the feed 
point. The polarization will be circular for the axial 
‘mode, with left or right circularity, depending on 
whether the helix is wound clockwise or counter 
clockwise. 


Helical hairpin—"Haispin” match with a lumped 
inductor, rather than parallel-conductor line. 

Image antenna—The imaginary counterpart of an actual 
antenna, It is assumed for mathematical purposes to be 
located below the earth's surface beneath the antenna, and 
is considered symmetrical with the antenna above ground, 

Impedance—The ohmic value of an antenna feed point, 
‘matching section or transmission line. An impedance may 
contain a reactance as well as a resistance 
component, 

Inverted V—A misnomer, as the antenna being referenced 
does not have the characteristics of a V antenna, See 
inverted-V dipole. 

Inverted-V dipole—A half-wavelength dipole erected in the 
form of an upside-down V, with the feed point atthe apex. 
Its radiation pattern is similar to that of a horizontal 
dipole. 

Isotropic—An imaginary or hypothetical point-source 
antenna that radiates equal power in all directions. Itis 
used as a reference for the directive characteristics of 
actual antennas. 


Lambda—Greek symbol (2) used to represent a 
‘wavelength with reference to electrical dimensions 
in antenna work. 

Line loss—The power lost in a transmission line, usually 
expressed in decibels. 

Line of sight—Transmission path of a wave that travels, 
directly from the ansmitting antenna to the receiving 
antenna, 

Lit 


jre—Stranded wire with individual strands 
insulated; small wire provides a large surface area 
{for current flow, so losses are reduced for the wire size 

Load—The electrical entity to which power is delivered. The 
antenna system is a load for the transmitter, 

Loading —The process of a transterting power from its source 
toa load. The effect a load has on a power source. 


Lobe—A defined field of energy that radiates from a directive 
antenna, 

Log periodic antenna—A broadband directive antenna that 
hhas a structural format causing its impedance and radia- 
tion characteristics to repeat periodically as the logarithm 
of frequency. 

Long wire—A wite antenna that is one wavelength 
‘or greater in electrical length. When two or more wave- 
lengths long it provides gain and a multilobe radiation 
pattern. When terminated at one end it becomes essen- 
tially unidirectional off that end, 

Marconi antenna—A shunt-ted monopole operated against 
ground or a radial system. In modern jargon, the term. 
refers loosely to any type of vertical antenna. 

Matching —The process of effecting an impedance match 
between two electrical circuits of unlike impedance. One 
example is matching a transmission Line to the feed point 
of an antenna, Maximum power transfer to the load 
(antenna system) will occur when a matched condition 
exists 


Monopole—Literally, one pole, such as a vertical radiator 
‘operated against the earth or a counterpoise. 

Nichrome wire—An alloy of nickel and chromium; not a 
good conductor; resistance wire. Used in the heating 
elements of electrical appliances; also as conductors in 
twansmission lines or circuits where attenuation is desired. 

Null—A condition during which an electrical unit is at a 
‘minimum, A null in an antenna radiation pattern is a point 
in the 360-degree pattern where a minima in field intensity 
is observed. An impedance bridge is said to be “pulled” 
‘when it has been brought into balance, with a null in the 
current flowing through the bridge arm, 

Octave—A musical term. As related to RE, frequencies 
hhaving a 2:1 harmonic relationship. 

Open-wire line—A type of transmission line that resembles a 
ladder, sometimes called “ladder line.” Consists of 
parallel, symmetsical wires with insulating spacers at 
regular intervals to maintain the line spacing. The 
dielectric is principally air, making ita low-loss type of, 
line. 

Parabolic reflector—An antenna reflector that is a portion of. 
«a parabolic revolution or curve. Used mainly at UHF and 
higher to obtain high gain and a relatively narrow 
beamwidth when excited by one of a variety of driven 
elements placed in the plane of and perpendicular to the 
axis of the parabola, 

Parasitic array—A directive antenna that has a driven 
element and at least one independent director or reflector, 
‘or a combination of both. The directors and reflectors are 
‘not connected to the feed line. Except for VHF and UHF 
arrays with long booms (electrically), more than one 
reflector is seldom used. A Yagi antenna is one example of, 
a parasitic array. 
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Phasing lines—Sections of transmission line that are used 
to ensure the correct phase relationship between the 
clements of a driven array, or between bays of an array 
of antennas. Also used to effect impedance transforma- 
tions while maintaining the desired phase. 

Polarization—The sense of the wave radiated by an 
antenna, This can be horizontal, vertical, elliptical or 
circular (left or right hand circularity), depending on 
the design and application, (See H plane.) 

Q section—Term used in reference to transmission-line 

‘matching transformers and phasing lines. 


‘Quad—A parasitic array using rectangular or diamond 
shaped full-wave wire loop elements, Often called the 
cubical quad.” Another version uses delta-shaped 
elements, and is called a delta loop beam, 

Radiation pattern —The radiation characteristics of an 
antenna as a function of space coordinates. Normally, the 
pattern is measured in the far-field region and is 
represented graphically 

Radiation resistance —The ratio of the power radiated by an 
antenna to the square of the RMS antenna current, referred 
to a specific point and assuming no losses. The effective 
resistance at the antenna feed point. 

Radiator—A discrete conductor that radiates RF energy in an 
antenna system. 

Random wire—A random length of wire used as an antenna 
and fed at one end by means of an antenna tuner. Seldom 
‘operates as a resonant antenna unless the length happens 
to be correct. 

Reflected ray—A radio wave that is reflected from the earth, 
ionosphere or a man-made medium, such as a passive 
reflector. 

Reflector—A parasitic antenna element of a metal assembly 
that is located behind the driven element to enhance 
forward directivity. Hillsides and large man-made 
structures such as buildings and towers may act as 
reflectors 

Refraction—Process by which a radio wave is bent and 
returned to earth from an ionospheric layer or other 
‘medium after striking the medium, 

Resonator—In antenna terminology, a loading assembly 
consisting of a coil and a short radiator section, Used to 
lower the resonant frequency of an antenna, usually a 
vertical or a mobile whip. 

Rhombic—A chomboid or diamond-shaped antenna consist- 
ing of sides (legs) that are each one or more wavelengths 
long. The antenna is usually erected parallel to the ground. 
‘A thombic antenna is bidirectional unless terminated by a 
resistance, which makes it unidirectional. The greater the 
electrical leg length, the greater the gain, assuming the tilt 
angle is optimized. 
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‘Shunt feed—K method of feeding an antenna driven element 
With a parallel conductor mounted adjacent to a low- 
impedance point on the radiator. Frequently used with 
‘grounded quarter-wave vertical antennas to provide an 
impedance match to the feeder. Series feed is used when 
the base of the vertical i insulated from ground. 

‘Stacking —The process of placing similar directive antennas atop 
oor beside one another, forming a “stacked array.” Stacking 
provides more gain or directivity than a single antenna, 

‘Stub—A section of transmission line used to tune an antenna, 
‘element to resonance or to aid in obtaining an impedance 
match. 

SWR—Standing-wave ratio on a transmission line in an 
antenna system. More correctly, VSWR, or voltage 
standing-wave ratio. The ratio of the forward to reflected 
voltage on the line, and not a power ratio. A VSWR of 1:1 
‘occurs when all parts of the antenna system are matched 
correctly to one another. 

T match—Method for matching a transmission-line to an 
‘unbroken driven element. Attached at the electrical center 
of the driven element in a T-shaped manner. In effect itis 
‘a double gamma match, 

Tilt angle—Half the angle included between the wires at the 
sides of a rhombie antenna. 

Top hat—See capacitance hat. 

Top loading —Adgdition of a reactance (usually a 
‘capacitance hat) at the end of an antenna element opposite 
the feed point to increase the electrical 
length of the radiator, 

Transmatch—An antenna tuner. 

Trap—Parallel L-C network inserted in an antenna element to 
provide multiband operation with a single conductor. 

Unipole—See monopole. 

Velocity factor—The ratio of the velocity of radio wave 
‘propagation in a dielectric medium to that in free space, 
When cutting a transmission line to a specific electrical 
length, the velocity factor of the particular line must be 
taken into account. 

VSWR—Voltage standing-wave ratio, See SWR. 

Wave—A disturbance or variation that is a function of time or 
space, or both, transferring energy progressively from 
point to point. radio wave, for example. 

Wave angle—The angle above the horizon of a radio wave as 
itis launched from or received by an antenna. Also called 
elevation angle. 

Wave front—A surface that isa locus of all the points 
‘having the same phase at a given instant in time 

Yagi—A directive, gain type of antenna that utilizes a number 
Of parasitic directors and a reflector. Named after one of 
the two Japanese inventors (Yagi and Uda). 

Zepp antenna—A balf-wave wire antenna that operates on its 
fundamental and harmonics. It is fed at one end by means 
of open-wire feeders. The name evolved from its popular~ 
ity as an antenna on Zeppelins. In modern jargon the term 
refers loosely to any horizontal antenna, 
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Abbreviations and acronyms that are commonly used throughout this book are defined in the list below. Periods are not part 
of an abbreviation unless the abbreviation otherwise forms a common English word. When appropriate, abbreviations as 


shown are used in either singular or plural construction. 


oA 
A—ampere 

‘ac—alternating current 

AF—audio frequency 

AFSK—audio frequency-shift keying 
AGC—automatie gain control 
AM—amplitude modulation 
ANT—antenna 

ARRL—American Radio Relay League 
ATV—amateur television 
AWG—American wire gauge 
‘az-el—azimuth-elevation 


BCI—broadcast interference 
BW—bandwidth 


-C 
cow—counterclockwise 
cm—centimeter 


coax—coaxial cable 
(CT—center tap 
ew—clockwise 
CW—continuous wave 


-D- 
D—diode 

dB—decibel 

dBd—decibels referenced to a dipole 
dBi—decibels referenced to isotropic 
dBic—decibels referenced to isotropic, circular 
dBm—decibels referenced to one milliwatt 
dBW—decibels referenced to one watt 
de—direct current 

deg—degree 

DF—direction finding 

dia—diameter 

DPDT—double pole, double throw 
DPST—double pole, single throw 
DVM—digital voltmeter 

DX—long distance communication 


E—ionospheric layer, electric field 
ed.—edition 

Ed.—editor 

EIRP—effective isotropic radiated power 
ELF—extremely low frequency 
EMC—electromagnetic compatibility 
EME—earth-moon-carth 


EMF—electromotive force 
ERP—effective radiated power 
Eg—ionospheric layer (sporadic E) 


Fe 
frequency 

F—ionospheric layer, farad 

F/B—front to back (ratio) 
F/R—worst-case front to rear (ratio) 
FM—frequency modulation 
FOT—frequency of optimum transmission 
fi—foot or feet (unit of length) 
F,—ionospheric layer 

F,—ionospheric layer 


-G- 
GDO~grid- or gate-dip oscillator 
GHz—gigahertz 

GND—ground 


“He 
H—magnetic field, henry 
HAAT—height above average terrain 
HF—high frequency (3-30 MHz) 
Hz—hertz (unit of frequency) 


I—current 
11D—inside diameter 

IEEE—Institute of Electrical and Electronic Engineers 
in,—inch 

IRE—Institute of Radio Engineers (now IEEE) 


j-vector notation 


kHz—kilohertz 
km—kilometer 


kW_kilowatt 
kW-kilohm 
Le 


L—inductance 
Ib—pound (unit of mass) 

LF—low frequency (30-300 kHz) 
LHCP—left-hand circular polarization 
In—natural logarithm 

Jog—common logarithm 

LP—log periodic 

LPDA—log periodic dipole array 
LPVA—log periodic V array 
LUF—lowest usable frequency 
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-M 
‘m—meter (unit of length) 
m/s—meters per second 
mA—niilliampere 

‘MF—medium frequency (0.3-3 MHz) 
‘mH—niillihenry 

MHz—megahertz 

mile 


‘mm—millimeter 
‘ms—millisecond 
‘m$—niillisiemen 
MS—meteor scatter 


MUF—maximum usable frequency 
‘mW-—milliwatt 

MW-—megohm 

Ne 


NC—no connection, normally closed 
NiCd—nickel cadmium 

‘NIST—National Institute of Standards and Technology 
NO—normally open 

‘no.—number 


-0- 
OD—outside diameter 


Pe 
p—page (bibliography reference) 
P-P—peak to peak 

PC—printed circuit 

PEP—peak envelope power 
pF—picofarad 

pot—potentiometer 

pp—pages (bibliography reference) 
Proc—Proceedings 


R—resistance, resistor 
RF—radio frequency 

RFC—radio frequency choke 
RFI—radio frequency interference 
RHCP—right-hand circular polarization 
RLC—resistance-inductance-capacitance 
1/min—revolutions per minute 
RMS—root mean square 
1/s—revolutions per second 
RSGB—Radio Society of Great Britain 
RX—receiver 
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SINR—signal-to-noise ratio 
SASE—self-addressed stamped envelope 
‘SINAD—signal-to-noise and distortion, 
SPDT—single pole, double throw 
‘SPST—single pole, single throw 
‘SWR—standing wave ratio 
sync—synchronous 


7 
tpi—turns per inch 
TR—transmit-receive 
TVI—television interference 
TX—transmitter 


-U: 
UHF—ultra-high frequency (300-3000 MHz) 
US—United States 

UTC—Universal Time, Coordinated 


-v- 
Volt 

VF—velocity factor 

VHF—very-high frequency (30-300 MHz) 
VLF—very-low frequency (3-30 kHz) 
Vol—volume (bibliography reference) 
VOM—volt-ohm meter 

VSWR—voltage standing-wave ratio 
VTVM—vacuum-tube voltmeter 


WPM—words per minute 
WRC—World Radio Conference 
WVDC—working voltage, direct current 


xX: 
X—reactance 
XCVR—transceiver 
XFMR—transformer 
XMTR—transmitter 


A 


Z—impedance 


-Other symbols and Greek letters- 


wavelength 


‘Aidia—wavelength to diameter (ratio) 
—permeability 

HE —microfarad 

H—microhenry 

hV—microvolt 

Q—ohm 


Length Conversions 


Throughout this book, equations may be found for 
determining the design length and spacing of antenna ele- 
ments. For convenience, the equations are written to yield a 
result in feet. (The answer may be converted to meters sim- 
ply by multiplying the result by 0.3048.) If the result in feet 
isnot an integral number, however, itis necessary to make a 
conversion from a decimal fraction of a foot to inches and 
fractions before the physical distance can be determined with 
‘a conventional tape measure, Table 1 may be used for this, 
conversion, showing inches and fractions for increments of 
0.01 foot. The table deals with only the fractional portion of 
a foot. The integral number of feet remains the same. 

For example, say a calculation yields a result of 
11.63 feet, and we wish to convert this to a Iength we can 
find on a tape measure. For the moment, consider only the 
fractional part of the number, 0.63 foot. In Table 1 locate 
the line with “0.6” appearing in the left column, (This is the 
‘7th line down in the body of the table.) Then while staying 
oon that line, move over to the column headed “0.03.” Note 
here that the sum of the column and line heads, 0.6 + 0.03, 
equals the value of 0.63 that we want to convert. In the body 
of the table for this column and line we read the equivalent 
fraction for 0.63 foot, 7*/s inches. To that value, add the 
number of whole feet from the value being converted, 11 in 
this case. The total length equivalent of 11.63 feet is thus, 
11 feet 7° inches. 

Similarly, Table 2 may be used to make the conversion 
from inches and fractions to decimal fractions of a foot. 
This table is convenient for using measured distances in 


equations. For example, say we wish to convert a length of 
19 feet 7°/ inches to a decimal fraction. Considering only 
the fractional part of this value, 7% inches, locate the deci- 
mal value on the line identified as “7-” and in the column 
headed “/." where we read 0.646. This decimal value is 
equivalent to 7+ Ys = 7° inches. To this value add the 
whole number of feet from the value being converted for 
the final result, 19 inthis case. In this way, 19 feet7Vs inches 
converts to 19 + 0,686 = 19.646 feet. 


Table 2 
Conversion, Inches and Fractions to Decimal Feet 


Fractional Increments 
0% 4 te th teh Th 


0- 0.000 0.010 0.021 0.031 0.042 0.052 0.063 0.073 
1 0.083 0.094 0.104 0.115 0.125 0.135 0.146 0.156 
2 0.167 0.177 0.188 0.198 0.208 0.219 0.229 0.240 
3 0.250 0.260 0.271 0.281 0.292 0.302 0.313 0.323, 
4 0.333 0.344 0.354 0.385 0.375 0.385 0.396 0.406 
5 0.417 0.427 0.438 0.448 0.458 0.469 0.479 0.490 
6 0,500 0.510 0.521 0.531 0.542 0.552 0.563 0.573 
7- 0.583 0.594 0.604 0.615 0.625 0.635 0.646 0.656 
8 0.667 0.677 0.688 0.698 0.708 0.719 0.729 0.740 
9 0.750 0.760 0.771 0.781 0.792 0.802 0.813 0.823, 
10- 0,833 0.844 0.854 0.865 0.875 0.885 0.896 0.906 


11-0.917 0.927 0.938 0.948 0.958 0.969 0.979 0.990, 


Table 1 
Conversion, Decimal Feet to Inches (Nearest 16th) 


Decimal Increments 


0.00 0.01 0.02 0.03 0.04 0.05 
0.0 00 Oe Om Ove 0% 
01 Whe the he he 18h 
02 2s Dike 2h 3.0 
03 Be he 4he She 
04 4%e  45he Sthe Bie Sie 
05 60 Bie Bi Bus Bie 
06 Phe The The Tha 7h 
0.7 Bis Bis Ble Bh 9.0 
08 Be Whe 10's 10% 
0.9 10%e 10%he 11%h6 1k 11% 


0.06 0.07 0.08 0.09 
Oe Oe Oe the 
10 Bthe— Bhe a 
Bie Bk ee 
he Mh he Ah 
Sis Se Ste Sle 
Ble Behe The 
The Bilhe Be Na 
We Oke Ne 
10% 10% 10%8  10"he 
Me 115 11% 11" 
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Metric Equivalents 


‘Throughout this book, distances and dimensions are usually expressed 
in English units—the mile, the foot, and the inch. Conversions to metric 
units may be made by using the following equations: 

km = mi x 1.609 

m= ft (') x 0.3048 

mm = in. (") x 25.4 


An inch is "2 of a foot. Tables in the previous section provide informa- 
tion for accurately converting inches and fractions to decimal feet, and vice 
versa, without the need for a calculator. 


Gain Reference 


‘Throughout this book, gain is referenced to an isotropic radiator (dBi) 
oF to an isotropic radiator with circular polarization (dBic). 
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MFJ TUNERS 


MFJ Intellituner™ Automatic Tuners 


secTBg ME-9930 Itliiner™ 
avtomatialy = uta fast. 

Its a comprehensive automatic 
antenna tuning center complete 
with SWR/Wattmeter, antenna 
Switch for two antennas and 4:1 
[current balua for balanced lines 

IMFJ"s exclusive JneliTumer™ 
Adaptive Search and Instant 
Recall algorithms give you ura 
fast automatic tuning with over 
20,000 Firtualntenna™® Memes. 

You get a highly eflicient L- 
network, 6-1600 ohm matching 
fat 300 Watts SSB/CW of exinae 
wide 6-3200 Ohm matching at 
150 Watts SSBICW, L8-30 Mllz 
coverage, Cross-Needle and digi- 
tal meters, audio SWR met 

emote contol port 

‘radio interface, heavy-duty 16 


operate on 


amp 1000V relays 
“The MFI-9938 

automatically canes 

for minimum SWR and 

bers your frequency and tuner 

Selings. The next ie you 


antenna, these tuner settings are 


Soe i 
32% Hx9D". Use 12 


that Frequency and 


195 instantly restored and 
youre realy to operate 
Jn milliseconds! 10W 

'5 VDCIL 

‘of 110 VAC with MEJ- 

1316, $21.95. Radio in 

cables, remote control available. 

See wwewmfjenterprises.com 


FJ 


automatic Punter] 


MEL994B 


5938 but handles $3HQS 


00 Watts SSB 
‘CW, matches 12-800 Ohms. 


Like MFJ- 


10,000 memories. Does nat have 
LC display antenna sith, 
1 current balun, audio SWR 
neterecdback.1OWS2.199D in 
No Mater What™ Warranty 
Every MEI tuner is protected 
by ME's famous one yeur No 
‘Matter What™ lined warranty. 
\Werwil epi or pace your MES 
tuner (at ur opon for a ill yer 


erface 


More hams use MFJ tuners than all other tuners in the world! 
MFJ-969 300W Roller Inductor Tuner MF J-974HB Balanced Line Tuner 


MFJ-9982 2500 Watt Tuner 


Carrier MPPS9E 

“The MFI-9982 ContiousCarier™ a 

antenna tuner handles 2500 Watts *699" 

Continuous carrier output on all modes 

all HF bands into most unbalanced an 

Seven 160 Meters. 6-postion antenna 8 

‘eore balun, I-SkW dummy load, true peat 

average SWR/Waltmeter, 13 /.Wx7Hx6 D" 
MF4J-989D Legal Limit Tuner 

Ponts : MELD 


369°" 


legal init 
tuner gives you better efficiency, lower loss- 
{Sand a net me peak reading meter. Easily 
als ul 1500 Watts SSBLCW, 1830 Ml, 
including MARS/WARC bands. Six position 
antenna switch, dummy load. New $00 pF ait 
Nariabl capacitors New improved AirCone™ 
Roller Inductor. New high voltage current 
balun. New crane knob. 12°. WxSH1T 
MFJ-962D compact kW Tuner 
— MELD 


2279 


A few 
e dollars 


{KW tuner for an amp tater. Handles 1 

KW PEP SSB amplifier input power (S00W 
utp), Idea for Amerion’s AL-SIIM! 
dirCore™ roller inductor, gar-driven turns 
‘ounter, pkiavg lighted Cros-Newdle 

SW Witimeter, antenna switch, balun, Lexan 
front, L8-30MHa. 10"WsF18107.D in 


Superb 
AirCore™ Roller 
Inductor tuning. $ 
Covers 6 Meters OM 
thru 160 Meters! 
300 Watts PEP SSB, Active tue 
peak reading lighted Cross- 
Needle SWR Wattmeter, ORM 
Five PreTune™, antenna switch, dummy 
Toad, 41 batun, Lexan front panel 
TO".Wa3/l189"/D inches, 
MFJ-949E deluxe 300 Watt Tuner 
‘More hams use 
MFI-949s than any 
‘ther antenna tuner 
fn the world? 
Handles 300 Watts. Full 18 10 30, 
MHz coverage, custom inductor 
switeh, 1000 Volt tuning eapaci- 
lors, fll size peak/average lighted Cross- 
Needle SWR/ Wattmeter 8 position antes 
switch, dummy load, ORM-Free PreTioe 
Scratch proof Lexan front pan 
TO".Ws3H147D inches. 
MFJ-948, $139.98. Economy version of MEI. 
‘9498, less dummy load, Lexan front panel 
MFJ-944E super value Tun 
The most form 
Handles 300 Wats 
PEP, covers 1.8-30 


MEL, 


\Wattmeter, § postion antenna 
switch, 4:1 balun, 1000 volt capacitors, 
Lexan front panel. Sleck 10!/.Ws24/Hx7D" 
MFJ-945E HF/6M mobile Tun« 
Extends your 

mobile antenna 
bandwidth s0 you 

don’t have to stop, 

120 outside and adjust your 


pan 


449% 


fntenna. Tiny SWx21IX6D in, 


Lighted Cross-Needle SWRWattmeter. 


199° 


MAE 


Mite ined Cros-Neodle Swe MERI 


‘The MELOT4HB irue 

fully balanced antenna 

tuner tunes any balanced 

Tines. Matches 12-2000 

Ohms. Covers 18-54 

Milz contimiously 

including all WARC 

bands. 300 Watts S$B/150 

Watts CW. Lighted Cross- 

Needle SWR/Wattmeter.7”5Wx6HX8D in. 
"MEI-976, $499.95. 1500 Watt fll bal- 

danced anna tuner. 1-30 M2 
MF4J-974 portable/ORP Tuner 
‘Tunes coax, balanced 

random wire 18-30 [Pay 

Miz, Cross-Nesdle Meter 

SWR, 30/300 of 6 Watt QRP 

ranges. Matches popular MFI 

transecivers. 6WX6"1HX2"/D in 
‘MF4J-902 Tiny Travel Tuner 

Tiny 4) WICH", pry 002 

full 150 Watts, 80-10 qe 

Meters, has tuner 

bypass switch, for coaxrandom wite 
MEI-S04H, $139.95, Same but adds 

Cross-ncedle SWR/Watimeter and 4:1 balun 

for balanced lines. 7/4W32"/2 2D 


MEI-97) 
409" 


e all bands anywhere 
with MFD's reversible L-net- 
Work. Turns random wire into 
powerful transiting antenna 
118-30 MHz. 200 Watts PEP. 
‘Tiny 2WsSHxAD inches. 


nfjenterpris 
‘or call toll-free 800-647-1800 


TYR No Marr What™ waramy=30 day money 
ack guarantce (ess sh) on orders dre from MED 


ME 
MILE ad 6 Meters. 300 Wats PEP. MF "tech Help: (663) 334-0839 


20, $6.98, mobile mount 
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MFJ-259B Antenna Analyzer 


argh you aconpltepieurcofyour, — siwoth SBZQP T.8-170 MHz plus 
Desh ncnformance 18m 170 Stic : 415-470 MHz 


Stiper easy-to-use = makes tuning your drive tuning 
anita ie and aay. Read anna ‘MFI-99B, $88.0. Antenna Analyzer 
SWR, complex impedance, return loss, Accessory Package for Attin-one handheld M1-269 


fellection coefficient, Determine velocity fanenna test lab ts 8373995 
factor, coax cable loss in dB, length of | 

coax and distance toa show or open in feet, filled eareying ease, 
Read inductance inulfand capacitance in ME66 dip meter 

pP at RF frequencies. Large easy-to-read adapters, MFI-1312D 

{wo line LCD sereen and sie-b TIOVAC adapter and on cable xea 

meters clearly display your te hr mst ct Capac 
Bultin frequency counter, NiCad charger NiMI MEI SuperCell™ limce, Resonant Frequency, Bandwidth, 
circuit, batery saver, low batery warning batteries, Save 87? Q, Velocity Factor, entation, more! 


MFJ Weather-Proof Antenna Feedthrough Panel 


Bring three coax-fed HF/VHF/UHF antennas, balanced line, random wire and ad a into your 
hamshack without drilling through walls... New!_ 11-102 $5 9°5 
MB's Weatherproof Antenna and insulates agains all weather conditions. 
Feedthrough Panel mounis in yout win- Gives years of trouble-free service. 
dow sll Lets you feed tree coaxed “Dx 11x48 
Sntennas, bated line, random wite and Insidfoutsde sisifes ste plates bond all 
round without drilling through walls. coax shies to ground. Siainfes see round 
Simply place in window sil and close pest brings ouside ground conection sie 
vvindow. One cut customizes it Tor any. 8 Teflon S0-239 Coax connectors, ceramic 


[window up to 48 inches. Use hor ‘balanced line/randomwire feedthru insulators. a= 
ly or vertically. High-quality pre 


fated wood with excellent 18 inch thick 

insulating properties fs pained with 

heavy coat of white outdoor enamel pan 

Edges sealed by weather sipping. Seals inles Stel Bonding Plate 
Current Balun/Genter SS isolator 


wp, Insulator pois MBI-9IS RF Isolator Converts 
rue LI Current (sq 95 prevents unwanted RF from unbalanced 
24” dist Iual 29 Fincling on the ouside of coax line 
na curents MB your coax shield into your transceiver, balanced lad- 
ek Improves al dipoles! leas up RL Eliminates painfal RF der tansmission line 
doublets! Reduces coun feed ites" on your fig or microphone. Giant 2core 4:1 balun 
lin radon, feld patter distortion, TVL Keeps your tansceiver and vebicle wound with Teflon” wiee. 3/27 inche 
REL, RF hot spots. $0-239. 18-30 MHlz, displays and settings from locking up SS Heavy duty ceramic feed-through insu 
TLSKW. Stainless steel hardware. Direct Plugs between coax and transceiver. 5x2 lators. 1500 Watt full egal 
wire connection to antenna. S42 inches. inches. 18-30 MHz, 1.5 kW Ground post, mounting boes 


Antenna Switches ggiiy 6-Band Rotatable mini-Dipole_ MFJ Field Strength Meters 
MEE-1702C 2 poston aenna ” 
coax switch, Exclusive light naps, 


Re gers ares ee 
ning arrestor and center pos. $3 OS $239°° ae pendent dipole, 1-500 MU 
EW PER. T LW CW. Loss be pee emor, MFJSOOR, $2495, wags 
low .2 dB. 50 dB isolation @ Aner ra ime MFJ-801, $24.95. Monopole 

Hoa 30 as tention ‘foot rotatable dipole has tiny 7-foot turning 2 


2 a Field strength meter, 1" meter 
MEU-I704. Like MEL-V702C yest fou houses, apartments ahd Condos : 

but has 4 positions: iad. | SP AOS ai neh by TY rolsor Clamp-On RF Ammeter 
eh 10s no Wimp! Good directivity reduces MEy8s4__ Clamp-On RF 
to 30 Mila; 15:1, 30-650 Mltz, $O-239. i 


(QRtM/acie at ts you focus your signal $4. Qg25 wuncier saps 
All Band G5RV Antennas is the direction that you want ~ so you can 109 ‘er cables up 
ooibiivewuhuner tog work some rea inch diameter. Measure RF cur 
OQ inci ski tress Marconi Operate 40,20, 15, 10, 6,2 meters. Run 
fot SIN Use = Mascon F300 Wants SSBICW on al IF bands! 
cored Leiee Mingchoa9, Ham radio's mot versal rotatable eave 
Sir, PIB ST58 Tate” polars automatic hand switching, Mi 2/WAS!1NI 2 inches 
see 22 GSR Ie O10, Uses highly elicintend-loading with is 
$ BQ siciers with tunes 1.5 kW. etre length always radiating. Free MFJ Catalog 


No lossy traps! Has separate, efficient ang Nearest Dealer... 500-647-1800 


en-loading Teflon™ coils on fiberglass 
333 Foot fiberglass Mast fyi5.0 snd capacitance hats for each HE Talpe/7wwwumifjenlerprises com 


Milas 38 foot super strong fiber. band 62 Meters are length poles. + Yeu No Mae hat waranty +30 dy money 
$7 sass lescoping mast collaps- ” Buil-soast- super strong solid back guarantee (less sf) on orders iret fom MEY 


es 103.8 feet, weighs 3.3 Ibs, _ fiberglass eenter insulator, 6063 T-6 MFJ ENTERPRISES, INC. 
Huge, strong 1’ inch bottom section, Flexes aieraft strength aluminum tubing. 300 Industrial Pk Rd, Starkville 


to resist breaking. Resists UV. Put up ill Assembles in an afternoon. Jos 39750 PHL: (662 
se inverted Vee dipolelvertcal antenna in. MEJ-1775W, $239.95, WARC band “Tech Help: (662) 
minutes and get ll'size performance! version for 12, 17,30, 60 Meters only. FAX:(662)823-6851 s4230¢st. 
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Self-supporting — no guys required . 
radiation, omnidirectional . 


switching .... Aircraft quality aluminum tubing . 


Recessed SO-239 connector . 


‘compression clamps is used for radiators. 

‘Includes all stainless steel hardware. 
Recessed $0-239 prevents moisture damage. 

Hysgain verticals go up easily with Just 
‘hand tools and their cost ix surprisingly Tow 

Two year limited warranty 

AV-ISHT, $949.95, (10,12,15.20,40,80 M, 

160, 17 Meters optional) 53f. 114 Is 

Standing 33 fet tll, the famous 
HyTower isthe world's best performing 
call The AV-ISHT features automatic b 
Selection achieved through a unigue stub 
decoupling system which effectively isolates 
‘tious sections of the antenna s0 that an ele 
trical 1/4 wavelength (oe odd multiple ofa 14 
wavelength) exists on all nds. Approximate- 
Iy 250 kite bandwidth at 21 VSWR on $0 
Meters. The addition of base loading coil 
(LC-1600, $109.95), provides exceptional 
160 Meter performance. MI-17, $89.98, Add- 
‘on 17 Meter kt. 24 foot tower i all rugged. 
Hotaip galvanized steel and ll hi 
iridited for comosion resistance. 

‘ve hinged base for easy tusing 

AV-I4AVQ, $169.98, (10,15,20.40 Meters) 
18 11, 9 bs. The ly-Gain AV-I4AVQ uses 
the same trap design as the famous Hy-Gain 
‘Thunderbird beams. Three separate ai diclee- 
tse Tly-0 traps with oversize cols give superb 
stability and 14 wave resonance on all bands 
Roof mount with Hy-Gain AV-14RMQ ht, $8995, 

AV-I2AVQ, $124.98. (10, 15, 20 Meters). 
13M. 9 bs, AV-I2AVO also uses Th 
bird Bean design air dcletee traps for 
extremely Hy-Q performance. This is the way 
to go for inexpensive t-band performance in 
limited space, Roof mount will AV-14RMQ kit 
$89.95, 

AV-IBVS, $99.95, (10,12,15,17,20,30,40,80 
Meters). 18 ft, 4 Ibs. High gusty constuction 
and low cost make the AV-ISVS an exceptional 
‘alue, Easily tuned to any band by adjuating 
Teed point atthe base loating coil. Roo! 
rout with Hy-Gain AV-1SRMQ kit, $89.98. 

DX-88, $369.95, (10, 12, 15,1720,30,40,80 
Meters, 160 Meters optional). 25 1 18 Ibs. 

‘All bands ae eavily tuned with the DX-88's 
exclusive adjustable capacitors. $0 and 40, 
Meters ean even be tuted from the ground 
without having to lower the antenna. Super 
heavy-duty construction, DX-88 OPTIONS: 
160 Meter add-on kt, KIT-160-88, $199.95. 

ound Radial System, GRE, $99.95. Root 
Rash System, RRK-88, $99.95 

DX-TTA, $449.95. (10, 12, 15, 17,20, 30, 
40 Meters). 29 1,25 Ibs. 

[No ground radials required! Oft-centerfed 
\Windotn has 35% greater bandwidth than 
competitive verticals. Heavy-duty tltable 
bases Each band independently tunable 


Che 
Classics 


AIl hy-gain multi-band vertical 
antennas are entirely self sup- 
porting ~ no guys required. 

They offer remarkable DX per- 
formance with their extremely 
‘ow angle of radiation and omni 
directional pattern, 

‘Al handle 1500 Wats PEP SSB, 
shave low SIR, automatic band- 
‘switching (except AV-18VS) and 
include a 12-inch heavy duty mast 
‘support racket (except AV-ISHT). 

Heavy duty, slotted, tapered 
‘waged, aireraft quality aluminum 
‘tubing with full circumference 


[av-raav}- stasis aso WPEP| Tet eM 
AVABAVO| S184095 [TS 206 [TSODWPEP| “1 fe SDM Tas 
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huy-gain. HF VERTICALS 


Remarkable DX performance — low angle 
« Handles 1500 Watts... Low SWR ... Automatic band 


. » Stainless steel hardware 
«+ Two year limited Jsegnes 


PATRIOT 


Hy-Gain’s new PATRIOT UE Yetcls are the best 
ult beat performing end best prced ruliband 
Neral avaiable today, For exciting DX make ll 
ise of your sunspot cycle with the PATRIOT fw 17 
Mire mgt ina 
ae No ground or radials needed 
Effective counterpoise 
replaces radials and round 
vdutomaic banding 
Single coax cable fed, Each 
ban vidal abl. Ex 
ride VSWR bandh, End ed 
ith broadband matching un 
‘Sieek and towsprofte 
Low Ss twa ou 
ar Sina hen roqured for 
Imcuning. Mounts ely on 
ccs, robG and patos 
"Ful eg mt 
anal 300 Wat ey dove 
Bual-to-ast 
igh wind survval of $0 mph 
round matching unt made 
ftom al Tetons 
Oy sirraft qatty alumina 
og ailese sect hardware 
iygele warranty 
Two yee lini warranty. 
att eplacement pertain sock. 
A640, 539995, 610,12, 
1sayang0 Meters), 353 
ts 178 ibs. The Av-o40 uses 
svar wave stubs on 6, 10,12 
and'17 mets and ete end 
feuding co snd eapacty hate on 
5.20830 an 40 meters ~ no 
caps ‘Resonaors are pase a 
patel notin series End Toad 
fag ofthe lower 1 bands 
ils cen operation wih 
manageable anna bight 


AV-620, $299.95, 
\6,10,12,15,17,20 Meters). 22.5 
I, 10.5 tbs. The AV-620 eov- 
ough 20 
eters with no taps, no cols, no radials yielding an 
uncompromised signal across all ands. 


and Nearest Dealer... 800-973-6572 
Call your dealer for your best price! 


|Antennas, Rotators & Towers 

S08 industria Patk Rend, Starke, MS 39739 CSA 
“olliree Customer Sales Hotline: 800-973-6872 
His os 355.9358 "FAX: 662328-0851 

/www.hy-gain.com 


“4 A soldering accessory toolkit by OK Industries, including probes, scrapers and 
wire brush 


A variety of specialist hand tools are available that assist with soldering, and a good 
supplier’s catalogue will offer a range of small brushes, scrapers and cleaning tools in a 
handy kit, together with the usual types of wire cutters, pliers and so forth, which are 
necessary for handling components and tidying up as required, Some specialist service 
aids (aerosols etc.) are also described later. 


Now let’s look at how to use soldering irons properly, and later on we will describe 
the techniques for putting things right when a joint somehow goes wrong — and don’t 
worry, even the experts get it wrong sometimes! 


Antennas built-to-last . . 


FAMOUS Heavy Duty hy-gain BALUNS 
BN-86, $79.98. ‘BY-40008, $109.95 
Broadband 50 Ohm Broadband 50 Ohm 
ferrite balun, Yagi current bal is 
Useable fiom 3 10 potted to seal out 
30Milz, Rec- foisue. Rated at 4000, 
‘ommended forall ‘Watts for inreased 
HE Yagi antennas. power handling eaabiliies. 1 19 
Ie provides improved Trontiorback §Mitz, SO-339 connector B 
ratio. Comes with lamp to boll 0 4000D, $109.98. dipoles. B 
‘boom, $O-239 connector 40008; $119.95, °N" connector 


hy-gain Center Dipole Insulators 


329.98. x) 


etter Insulator 
for mulband 
dipole antenna 


EA, Arrowpoint Anchor 
S65, Pas, SUIS. Up 92000 
ch tbs. pllcut resistance to 


"pe high-power, high-vokage end 
insulator for Mult-band doublet 
antenna Set of 2. 


cue antennas, towers, Use 
fone per guy wice. DRS, 
S20.98, Drive Rod, 


Ne 


Glazed Ground _hy-gain Rotator 
Ceramic Rod orig WAM 
Insulator Durable four ers spe gos 
2 E26 foot by me 
$Q56 cer inch ME 
78¢ 4°09 ga So. En 
copper years. Hi 
Eat ay [bond sel cach un 
strong will Bferound rod. Sharp jichtning staie, RFI Bell 
ot break, are B@point makes it design gives total weather 


feasy to insert into 
Jeround. Bleed off 
saticiRFI 
Prevent RF hot 
spots. Use sever 
alto form a good 
RF ground, 


protection. 15 sg. winds 
Toad, 5-see. brake delay, 
'5000 in-Ib steel wedge 
brake, ring gear handles 
100,000 PSI, dual 98 
ball beating race, 30°F 
‘operation. Max mast 2)" 


eve nde fl 
egal power 
Molded ides 
give exter long path 
Soprevent high volt: 
tgp beakdonn 


IIC-200,57995, Boom fo Mast Clamp 
[Heavy duiy 174" OD thick aluminum die casted 
smo clap ened ay ca 
TBR Cong Soha Monobander and tbe beams 
fru 2" boom, The BMC299 allows mast 
end pas the op ofthe camp. Ths feature allows 
saelag of several ates on ote mast. Clamp ts adjustable for mat sizes, 
fiom 124 1024" OD. Thevh-over fee puri ensy asaya the le 
cs a sips maitenance of the acta Wal 
uc Rit cones complete vat stants sel burda 
Element Insulators toss cet sls as ade othe 


AIMS 


19% 
hy-gain Custom Precision Antenna Hardware 


. Use hy-gain parts! 
hy-gain Aluminum Tubing 
60631982 sun, dawn shminam bing sold 2 ye. 
Santa oc le on end OBS gp 9 se) 
‘ibng satel lepine ote 
tram AoE OD to Sings OO. See te bing re 
soln Une yg Snes Sel hs lame cea 


7 in Stainless Ste Hose Clamps = 


|—hy-gain Telescopic Aluminum Mast 


ATM-65, $1998, Pictured left 1-sction mu-purpose aluminum 
telescopic pole can be used as a vertical antenna ora a mast Great 
for portable, temporary use and permanent use ~ traveling, camp 
ing. ete Inciudes one sizeof each sited tube listed above and ten 
Hose clamps. 68 fully extended, 6 collapsed without clamps. 
Guying required if mast is extended beyond 30 fect. Top setion is 
(625° OD. Bottom section i 2 inches OD x 120 wall. 


eto make it stackable. Slide one end info 
nother tubing for longer poles. Secure with standard host 
‘lamp. Stong. 2°OD x.-120" wal. Good for base setions 
‘ot vertal antennas, Standard length, longer sections 
{020 avaiable: Add S083 each ad oot 6 lengths 
ship by UPS, longer units must ship UPS oveyszetuck. 
hy-gain Base Mount Assembly Kit—>| 
877200, $02.95. New! Complete ATMOS bise aon 
)92 bly kit with base mounting plate, insulators, hardware. 


fi F2OOOT GW, $4498 each. Unique tubing has one cna sited ahd 
one ends 


Element to Boom Clamps 
J tn engl sey 


‘hy-gain Vertical Antenna Hardware 


Al 
la 


Igcqain TiE-series TF Beam Trap Caps cj SSPE Thick PIE PSST 


‘hy-Gain Tower Bases 


ses. Spel tot model 
"Shipp by tk el for qt 


ree hy-gain 
and Nearest Dealer 
Call your dealer for your best 


huy-qain. 


Specially designed 
fe hyegain cra 
up towers, Complete 
‘th base hinge and 
foundation welded 


Stabe asic sadn eer amar roe [were Antennas, Rotators & Towers 
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(CABLE PERTS, INC.) 


“Connecting You to the World., 


Connector: N, PL269, TNC & 7/16, Burial: Yes, UV Resistant: Yes. 
Shialds.2 (100% bonded foll 190% TC Braic) VP 87%, Allonuation 3.948 @ 2 GHz at toot 
Usage 450 MHz and Higher. 


L259 CONNECTORS EACH END MALE CONNECTORS EACH END 

Price 

$168.95 
$139.95 
$108.95 
$ 77.95 
$ 66.49 
$55.49 


PLZSQ(UHF) TON” MALE CONNECTOR, Or CREATE YOUR OWN 
SOOCNt00.....100 $187.95 CUSTOM LENGTH ON-LINE. 


ANDREW ® Cinta CNT 400 


ae ee raat 


Connoctr N, PL2S9, TNC, SMA, BNC & GMA, Sui: Yos. UV Resistant: Ys, 
Shits, 2 (100% bonded fol +00 TC Bat) VP 83%, Atenuaton 6.0d8 @ 2 GHz at 100k 
Uae 250 ue and Higher 
P1259 CONNECTORS EACH END N MALE CONNECTORS EACH END 
Price 
sabae 
$65.95 
od 
$7749 Or CREATE YOUR OWN 
$11.95 ‘CUSTOM LENGTH ON-LINE. 


Connector: N, PL259, TNC, SMA, BNC & QMA, Burial: Yos, UV Resistant: Yos. 
Shields: 2 (100% bonded foll +80% TC Braid) VP 84%, Attenuation &.048 @ 150 MHz at 100 


Usage 1 MHz and Higher 
L259 CONNECTORS EACH END 


Price Or CREATE YOUR OWN 
$1475 CUSTOM LENGTH ON-LINE. 
“$12.98 


Prices subject fo change without notice or obligation. 


What makes us better than the competition? 
= Quality products at competitive prices. 
™ Prompt service and customer attention. 
= State-of-the-art cable assembly manufacturing facility. 
= Stringent quality control to ensure top-quality finished products. 
=A large inventory of raw materials. 
= Short lead times on custom cable assemblies. 
™ Experienced engineering and knowledgeable sales staff ay 
™ Centrally located in the Chicago area. All assemblies are tested to 
ensure optimum performance. 
Many more cables listed on-line a 
wwww.cablexperts.com \ 
or call: 800-828-3340 BLE X-PERTS, INC.) 


Connecting You to the World... __/ 
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www.cq73.com 


High Sierra Antennis 


Explore All of HF with Your 
Sidekick Antenna 


Motor Driven Remotely Tunes 75 to 6 Meters 
160 Meters with an 8 Foot Whip & Six Shooter Capacity Hat 
1.5: or Less Typical SWR 

Rated at 200 Watts 

Includes 3 Foot Stainless Black Whip & Standard Controller 
Can Be Used Just About Anywhere! 

No Hazardous Beryllium 

Weighs Less Than 3 Pounds 

EZ-Tune Controllers Available 

See Our Website www.cq73.com for Package Deals 


HF Transceiver Speaker 


h 


HF Antenna Tripod Deluxe 


+ 


HF Antenna 
Stake Hole Mount 


& 


HF Antenna 
‘Magnet Mount 


— 


High Sierra Antennds 


530-273-3415 www.cq73.com 
See Our New Website with Lots of HF Products 
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HF, WX, AM, FM, TV 
Solar, Battery, AC 
Crank Powered 
Radio 


(TINGE WAM EW 
introducing the. ANTENNAS mith™! 


T1900 Antenna Impedance Analyzer 


2 Sec Sweeps, Sweep Memories, 1 Hz steps, 
Manual & Computer Control w/software, USB, low 
power. Rugged Extruded Aluminum Housing - 
Take it up the tower! 


@ Full Color TFT LCD Graphic Display 
Visible in Full Sunlight 

@ 0.2 -55 MHz 

m= SWR 

@ Impedance (Z) 

@ Reactance (r+jx) 

@ Reflection coefficient (p, 6) 
@ Smith Chart 


Rev. 2 
Now Shipping! 


Check Your Antennas and Transmisson Lines 
Once you use the 12-900 - 
‘you'll never want to use any other! 


and... our new line-up 


® HamLinkBT-Lite™ Bluetooth Rig Control 
‘Coming soon for your radio! 


@ HamLinkBT™ Bluetooth 
Wireless Remote Control Head 


Data & Rig Control: 


@ HamLinkUSB™ Rig Control Plus 
TTL serial interface with PTT 


m U232™ RS-232-to-USB Adapter 
Universal Conversion Module 


replaces PCB-mount DB-9 & DB-25 Coming soon for Kenwood, Icom & Yaesu! 
1 PK-232/USB Multimode Data Controller ‘ 
(upgrades available) Noise & QRM Control: 


@ PK-96/USB TNC ™@ DSP-599zx Audio Signal Processor 


(upgrades available) ™@ = ANC-4 Antenna Noise Canceller 
From the Timewave Fountain of Youth - Upgrades for many of our DSP & PK products. Call Us Now! 
Timewave Technology Inc 


www.timewave.com 1025 Selby Ave., Suite 101 651-489-5080 
sales@timewave.com St. Paul, MN 55104 USA Fax 651-489-5066 


*ANDREWS *AMERITRON * CUSHCRAFT + VECTRONICS + 


* WEST MOUNTAIN RADIO PRODUCTS 


HEIL * 


WBOW, INC. 
800-626-0834 


816-364-2692 + Fax 816-364-2619 
P.O. Box 8547, St. Joseph, MO 64508 


WWW.WBSW.COM 
E-mail WB2W@WBAW.COM 


“Tower Insulators for Rohn 256 


GAP + DIAMOND = SPI-RO * HUSTLER 


BX Tower 
& Accessories 


Ginpole for Rohn. 
25-55 and round 
leg towers up to 
2"0.D. Shown 
here with opti 
base pulley. 
‘Also ginpoles for 
BX type Towers. 


al 


Nifty! Reference Guides 
Free Shipping in Continental U.S. 
ARRL Books, Cd’s, & Study Guides 
[25% off if you mention ARRL Antenna Handbook Ad! 


98.00. 


ROHN/Radian 
Tower 
& Accessories \ 


25G/45G/55G $99/199/259 


RF Connectors 


TURBO TUNER $239.00 


TarheelAntennas 


+ MFJ * COMET 


* N301744q * NOULOSI * N3SYV1° NIVD-AH . YANNLOYENL » SVNNSLNV TASHUVL * 


Mode! 100 
10:80 mis. ~ Get the quality that only CNC machined blueprinted components 
ee, in either aircraft aluminum or stainless steel can offer: 
ANTENNA SPECIFICATIOD 
Little Tarheel Il ¢ 3.5 Mhz-54.0 MHz * 200 watts PEP * 1-1/3" coil 
16" base * 32° whip * 1.9 Ibs * 48" @ S4.0 MHz * 54" @ 3.5 MHz 
Model 75 "Stubby" * 3.7 Mhz - 34.0 MHz * 400 watts PEP * 2" coil 
16" base * 6! whip * 5.5 Ibs * 7'6" @ S4 MHz * 8! @ 3.5 MHz 
Model 100 * 3.4 Mz - 30.0 * 15 Kw PEP * 2" coil *3' base * 6" whip 
B lbs * 94 tall @ 30.0 MHz © 12'tall @ 3.5 MHz 
“Model 200 * 3.4 Mhz - 28.0 MHlz* 1.5 Kw PEP * 2" coil *4' base 
6' whip * 1014" tall @ 28.0 MHz* 12'tall @ 3.5 MHz 
Model 75 
‘Gane Model 300 * 1.8 Mhz - 30.0 MHz * 400 watts PEP * 2" coil * 3 base 
30 6' whip * 8.5 Ibs * 9'4" tall @ 30.0 MHz 11" tall @ 1.8 MHz 
hil Model 400 1.8 Miz -28.0 Miz * 400 watts PEP #2" coil * 4" base 
Mode! 200, Coane 6'whip * 9 Ibs * 10'4" fall @ 28.0 MHz * 12'tall @ 1.8 MHz 
or on - 
= 
All Prices Subject to Change without Notice a 
TE SYSTEMS AMPS + LDG + ROHN + BX TOWERS GINPOLES* 
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BUDDIPOLE 


Lu 
—! 
O 
Qo. 
a) 
(a) 
— 
a 


The Buddipole™ Portable Dipole fits in your travel bag and assembles 
in minutes. The Buddipole is more than an antenna, it’s a versatile 
system for launching your signal. Optimized for transmit power and 
proven for DX work, the Buddipole is the secret weapon used by HF 
portable operators all over the world. 


>Multi-band design works 9bands~40 > Lightweight, rugged components Call or write for 
meters thru 2 meters with one set of free brochure! 


erty > Optional Rotating Arm Kit allows 


users to instantly change antenna 


> Rated from ORP to 250 watts PEP. configurations 

>Madular Design create dozensof >Used by the US. Military Special 
different antennas with Forces and Emergency Services, 
interchangeable parts Groups throughout the world 


www.buddipole.com 


> Rotatatable/Directional 


AB-10 Special Advertising Section 


QE THE PERFECT ANTENNA 


i 


For almost 7 decades GAP has stated there is no perfect antenna, No singular antenna can do 
‘options. Within this fami 
re looking for a simple gen antenna with capture 
the Voyager DX is worth you you Seek the most po 


[coverage with a VSWR under 2:1 across the entre band* 


That is why we designed a fami 


F antennas that uliize the patented] 
are a problem, take a look at the 
antenna with great 40m and 8m] 


The GAP Technology eliminates traps, electromechanical devices and coils, which can increase loss and decrease relabilly. Simplicity in design, results in a very user friendly 


assembly process. Slide one tube over another unti the big he ines up with the litle and insert a screw. A GAP is pretuned, will handle 1500 watts PEP and provides instantaneous| 


CHALLENGER DX 

2m, 6m, 10m, 12m, 
30m, 40m, & Om 15m, 20m, 40m, & 80m 

25'tall 25 Ibs 21 Ibs 

Mounts on 1-1/4" OD Drop in ground mount 

mast supplied. 

No radials required. 3 counterpoises 
required 25' long. 


“VSWR under 2:1 on. “VSWR under 2:1.0n 
80m 100 KHz 80m 130 KHz 


ES : 

QUICK TILT ecearecdi! ACCESSORIES 
LADDER MOUNT FOR ALL 
le tad 


(772) 571-9922 


Visit us at: 
‘STAINLESS STEEL & ALUMINUM CONSTRUCTION 
gapantenna.com 


Supllied with 
ground mount. 

3 counterpoises 
required 57° long. 


“VSWR under 2:1 0n 
160m 90 KHz 


EAGLE DX 
10m, 12m, 15m, 17m, 
20m & 40m 

21'tall 19 Ibs 


Mounts on 1-4/4" OD. 
mast 


No radials required. 


led to 
300 watts 


insure your antenna or support mast 
fagainst the elements with a Guy Kit 


STAINLESS STEEL & ALUMINUM CLAMP 


3/32” UV Protected Bleck Double Braided Polyester Rope 


AB-14 


ing Section 


Your Powerpole Headquarters 
More Powerpole Stuff Than Anybody 


A huge variety of ready-made cables 
with Anderson Powerpoles for ICOM 
(including the new IC-7000), Kenwood 
(including the TS-480), Yaesu, Alinco, 
and most other HF, mobile, and handheld 
rigs. Power supply cables for almost any 
source — home, mobile, or portable. 


Of course, we also stock a 
ful selection of our fa- 
ing plates, crimpers, and wire. mous PaneRelief™ coax 


See us at Hamfests from Maine to, feedthrough panels, and 
Maryland, or visit our Web Site |___TuneRite™ tuning 


modules for ICOM, Yaesu, 
for all of your Powerpole needs ‘and Kenwood, 


Accessories including panel mounts, mount- 


Quicksilver Radio Products + Meriden, Conn. 


www.qsradio.com 


EQUIPMENTLTD. | \ 


AEF IL A 


Coll: 708-337-8172 
4421 West 87th Street, Hometown, IL 60456 


"708-423-1691 
www.w9iix.com 


1000s of Component Parts 
— No Minimum Order — 
— Shortwave — Ham Gear — Scanners — 
— AM/FM Radios — Antennas — Coax — 
— Accessories — Books — Computer Cables — 


Visa/ MC/AMEX/ Discover 


Dave's Hobby Shop 


600 Main Street, Van Buren, Arkansas 
479-471-0750 


www.daveswebshop.com 


Antennas to Build— 
Ideas to 
Experiment With 


Hang ‘em high or hang ‘em low, 
wires are the best antennas to 
Use to get on the air simply and 
inexpensively. Experience the 
satisfaction of building your own 
wire antennas. 


Now you can enjoy a collection 
of the best antenna articles from 
RRL publications. Inside these 
books, you'll find more than just 

creative ideas. Each is filled with 
innovative designs that work! 


* Dipoles 
= Loops 

® Collinears 

= Wire Beams 

1 Vertically Polarized 
= Multiband Antennas 
and more. 


- 2Volumes! — 


Vol 1: ARRL's Wire 
Antenna Classics 
ARRL Order No. 7075 


Vol 2: More Wire 
Antenna Classics 
ARRL Order No. 7709 
Available from ARRL 
and dealers everywhere! 


ARRL winter aanie’ 


295 Main Street 


Newington, CT 06111-1494 USA sss 
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PowerMaster 
Watt/VSWR Meter 

™ Sets the leading edge for all watt/vswr 

meters to follow 

= Unheard of accuracy for the price 

= Fast Bright reading meter 

= Application software included 

= Upgradeable via Internet 


$430 


AIM 4170 
Antenna Analyzer 
= Most advanced vector impedance 
analyzer at a fraction of the cost 
= Accurate and easy to use 
= Application software included 
® Lab instrument quality 
= Upgradeable via Internet 


$400 


OptiBeam Antennas 
German Engineering means High Performance 
and Reliability 


Optibeam 3 element 80 Yagi 


Prosistel 
Rotators 
Strongest Rotators 
on the Market 
Prosistel 

PST 71 DC 


(083.904 


| AS-AYL-4 
| NEW 4 Direction K9AY Loop Antenna 
Hear What You've Been Missing on the Low Bands 
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Quality Radio Equipment Since 1942 


AMATEUR TRANSCEIVERS 


Universal Radio is your authorized dealer forall major amateur adlo equipment lines 
including: Alinco, Icom, Kenwood and Yaesu. 


\Whether your budget is #0, 500 or 45000, Universal can recommend a shortwave receiver 
{to meet your needs. Universal is the only North American authorized dealer for ail major 
shortwave lines including: Elad, Icom, Yaesu, Japan Radio Company, Ten-Teo, Grund, 
‘et6n, Sony, Sangean, Palstar, RFspace and Kaito. 


WIDEBAND RECEIVERS 


Universal Radio caries a broad selection of wideband and scanner receivers. Alinco, 
‘AOR, lom, Yaesu and Uniden models are offered at competitive prices. Portable and 
tabletop models are avaiable 


ANTENNAS AND ACCESSORIES BOOKS 
Your antenna is just as important as your radio. | Whether your interest is amateur, 
Universal cartes antennas for every need, space | shortwave or collecting; Universal 
Fequirement and budget. Please vist our website or | has the very best selection of radio 
Fequest our catalog to learn more about antennas. | books and study materials 


USED EQUIPMENT 

Universal caries an extensive selection of used ama: 

teur and shortwave equipment. All tems have been 

tested by our service department and carry a 60 day 

warranty unless stated otherwise. Request our 

‘monthly printed used ist or vist our website: 
‘www.universal-radio.com 


@ VISIT OUR WEBSITE 

‘Guaranteed lowest prices on the web? Not always. 

But we do guarantee that you wil find the Universal 

website tobe the most informative. 
www.universal-radio.com 


@ VISIT OUR SHOWROOM 
‘Showroom Hous 

Mona, 1000-520 

Tharssay 1000 7:00, 

Saturday 1000 - 3:00 


FREE 112 PAGE 
CATALOG 
Our informative print catalog 
covers everything for the 
amateur, shortwave and 
scanner enthusiast. All 
items are also viewabie at: 


Universal Radio, Inc. 
6830 Americana Pkwy. 
Reynoldsburg, OH 43068 
> 800 431-3939 Orders 


Universal \ > 614 866-4267 intormation 
| > 614 866-2339 Fax 


radio/iNC. | > cxouniversat-racio.com 
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7 Esiablished in 1942 

¥ We ship worldwide. 

7 Visa, Master and 
Discover cards. 

1 Used equipment ist 
available. 

¥ Reluens subject to 
154 restocking fee 


The ARRL 
Antenna 
Compendium 
Volume 7 


Hooray for antennas! This is the 
geventh in tne very popular ARRL 
Antenna Compendium series, 
Inside, you'll find articles covering 
a very wide range of antenna- 
related topics: 


= 30, 40, 80 and 160-Meter 
Antennas 


= Measurements and 
Computations 


‘= Mobile Antennas 
= Multiband Antennas 
= Practical Tips 


= Propagation and Ground 
Effects 


= Quad Antennas 
= Special Antennas 
= Stealth Antennas 


= Tuners and Transmission 
Lines 


* Vertical Antennas 
= VHF/UHF Antennas 
= Wire Antennas 
= Yagi Antennas 


‘And, this volume includes even 
more articles on low-band anten- 
nas and operating, and great 
esigns for operating on the road- 
from cars, vans or motor homes. 
[ARRL Order No. 8608 

Only $24.95° 


peng US rune $120 errant 


ARRL suareun ranio 


How to solder 


This guide will show you step by step how to solder successfully and plenty of 
photographs are provided to help explain the techniques needed.As you read through the 
guide I'll explain all the stages in more detail, but let’s look at the basics first. 


First of all, successfull soldering requires that the items being soldered together are 
held with as little movement as possible. So it’s best to secure the work as needed, so that 
your accuracy isn’t affected should the workpiece move accidentally. 


In the case of a printed circuit board, various holding frames are useful especially 
when densely populated boards are being soldered: the idea is to insert all the parts on one 
side (a process called “stuffing the board”), hold them in place with a suitable pad to 
prevent them falling out again, turn the board over and then snip off the wires with cutters 
before soldering the joints. The frame saves an awful lot of turning the board over and 
back again, especially with large boards: all the soldering can be performed in one pass. 


~ The ever-popular “Helping Hands” (lefi) helps 
during soldering. 


A modellers vice (right) holds parts firmly. A vacuum base fixes it onto smooth surfaces, 


Only the more serious constructor will purchase a holding frame, and hobbyists can 
retain parts in place by improvising in a variety of ways — the ever popular “Helping 
Hands” stands cost a few pounds and is widely sold. They have adjustable crocodile clips 
to grip parts, and maybe a magnifying glass or soldering iron stand as well. The cast iron 
base provides stability. Other parts could be held firm in a modeller’s small vice, for 
example, 


CQOMeT 

OMS 

Base Antennas 
/WI-FI/802.11B/LAN/HSMM_ 


Dan Dankert NBPEQ 
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“One person can forties raiso tho antonna aright when noone can spot and take it down 
Or contact NCG Company. 1275 N. Grove Street, Anaheim, CA 92806 
714-630-4541 « 800-962-2611 + FAX 714-630-7024 « waww.natcommgroup.com 


‘easy min-DXpeton to campground a anice topical fan! In short. th Comet CHA.2508 is 
sinple to assomtie, painless fo elevate ands easy on the eyes, whl athe sae timo goting 


"Yul even be abl to work some DX while yeu a it” 
Fora complete catalog, calor visit your local dealer. 


e 


*yeon mates 80 meters witout te requirement ofan arena ture and ground ads. 
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| ME #8 before daybreak. This antenna is aso a great choice fr potable operations, such as quick and 
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Life) 5 
COME L. 


Alphabet soup got you confused? 


There’s only one letter you need . .. it’s the G. 
We're the name you've known and trusted for over 56 years! 
Our name stands for... 
Quality 
Integrity 
Enduring Strength 


Choose the original Rohn G Series. 
Because everyone knows "G" comes before all the rest! 


Products 


6718 W, Plank Road ~ Peoria, IL 61604 
Ph, 309-697-4400 ~ Fax 309-697-5612 
‘wwwradiancorp.com 


Division of Radian Communication Services, Ine, 


ARRULs Yagi Antenna Classics Yagi 
—Yag!s, Quads, Loops, and other Beam Antennas Antenna 
Contents: Classics 


 Monobanders: Beams for your favorite band ap hte Ld od 
= Multibanders: Beams that cover two or more bands redo 
HF, VHF and UHF Beams: From 80 meters to 2304 MHz 


= Computer Modeling: Optimize your beam’s performance 
* Towers, Masts and Guys: Your beam needs solid support 
= The “WOW” Factor: Can you believe this? 
ee [ARRL Order No. 8187 
ARRL Wiis or 
ROP ECT a ans sees ya stoping $7 US (eins $12.0 Ieratns 
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“Being the Original has its advantages.” 


UNADILLA 


ANTENNA MANUFACTURING COMPANY 
VHF - UHF - HF Applications 
Special Models for Beams, Dipoles and Line Isolation 
Manufacturing Baluns and Accessories for over 40 years 
Ham - Commercial - Industrial - Government - Military 


rosoxsrs.av 
srogtek uAie10 F 
piamsreois art wewrw.unadilla.com 
No Antenna Hang your 
No Ham Radio! next wire antenna with the 
ing f C 
prelieeeke enr EZ HANG KIT! 


PE Here's ho 
B ratgating the ticket 
ANTENNA pee 
ZONING  [easeoas 
CRORE cnc perms fr your 
eee MEME aionna system Dorn 
ol caught inthe crazy 
Sul regulations 
Everything you and 
Your atorney need to 
Xow oobialn a permit 
foryour antenna 


Comes with everything you need: 
support system = The original EZ Hang 


gag ening «The EZ Winder 
+A spare set of Bands and 
six weights and clips 


th this informati 


cy 
ul EZ HANG 
Antenna Zoning for the Radio Amateur Code AB 
ARRL Order No. 8217 2217 Princess Anne St., Suite 105-6 
Only $49.95" Fredericksburg, VA 22401 » Phone: 540-286-0176 
Siete sadn cs elebura, VA 20} = Phone: 286 
ARRL Wiis www.ezhang.com 


Special Adverti 
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High-Performance 


Remote Automatic Antenna Tuners 


Places the Tuner Circuitry at the Antenna Feedpoint for 
Maximum Efficiency! 


1.8 to 30 MHz Balanced 
T-Network Antenna Tuners: 
= AT-S02 — 200W SSB/CW i 
2x85 Memories. $699.95 
= AT-515 — 1.5kW SSB/CW 
85 Memories $1,699.95 JW 
= 


Desktop Control Unit with LCD; Weather-Protected 
Remote Tuner Unit (to IP65/66 standards), 


www.hamware.de = ‘o 

Int’: Klaus Bemmerer ® service@hamware.de 
Tel: +49 4371 869145 

US: Dillon RF Systems # dillonel@mtaonl 


To 


Backyard Antennas 


Simple techniques for building 
high performance antennas 


* Ended and Center-fed Antennas 
Rotary Beams = Loops. 

ning Units = VHF/UHF Antennas 
= Antenna and Mast Construction 

= Transmission Lines 

+ Estimating and Measuring the Performance of 
your Antenna 


Dentin wae Backyard Antennas 
AIRRL suareui'naoio RRL Order No. RBYA 


Sune wnnvaraconesner "Only $34.95° 


‘Shoes rouse ar Se (US) hepa $9US (cue) $1400 nestonal AB 2007 


ADVANCED SPECIALTIES INC. 


New Jersey's Communications Store 


S... “tie” ite 
a=" BALINED onset 


Authorized Dealer Busi Band 


ALINCO * LARSEN * COMET * MALDOL * MFJ * UNIDEN 
LDG * ANLI * RANGER * YAESU * TRAM * PROCOMM * PYRAMID 


AMATEUR RADIO - SCANNERS ~ BOOKS 
ANTENNAS - MOUNTS - FILTERS 


F357 


ACCESSORIES & MORE Fraoon 
He Oak Se TOC (65W 2M Mobile: 
Uniden Closed Sunday & Monday FT9Q0R 
BODSHET —orderstauoten ‘-a00-o2e-onam TOMS 2M 
Dasara (eon-vir-2067 
SER 114 essen strech Lodi, NY 07648 


2 Big Online Catalog at 
SS ZF wwwadvancedspecialties.net [Bl 


Simple and Fun 
Antennas 
for Hams 


Lots and lots of real 
world, practical antennas 
you can 
BUILD YOURSELF! 


Contents: 
= Your First VHF Antenna 
= Your First HF Antenna 


= Facts About Transmission 
Lines 


= Antenna Masts and Supports 
HF Verticals 


= More Simple and Fun 
Antennas for VHF and UHF 


= More HF Dipoles 


= Dual-Band VHF/UHF 
Antennas 


"An HE Vertical That Needs 
No Radials—Try the HVD 
"= Yet More HF Dipoles 
"More Facts About Feed Lines 
"A Potpourri of Antenna Ideas 
"VHF Beam Antennas 
= Towers 
= HF Beam Antennas 
' Getting the Most Out of 
Your Antenna 
Simple and Fun Antennas 
for Hams 
ARRL Order No. 8624 
Only $22.95" 
gene $8 US round $1.00 ematona 
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Vertical 
Antennas are 
Everywhere 


On cell phones, broadcast towers, 
portable radios and vehicles. And 
for good reason! Here are the best 
articles on vertical antennas from 
QST and ARRL publications. 


= Theory and Modeling 
= VHF and UHF 

* Directional Arrays 

= Radials 


* Single-Band and Multi-Band 
HF Vertical Antennas 


"Ground Systems 
= Portable Antennas 
= Phased Vertical Arrays 
and more. 


The Sky's the Limit! 


VERTICAL 
ANTENNA 
CLASSICS 


Vertical Antenna Classics 
ARRL Order No. 5218 
Only $12" 


More Vertical Antenna Classics 
‘Second Edition 

ARRL Order No. 9795 

Only $17.95" 

-hgpng $7 US (ound $120 nernatona 
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K@XG Systems 


Antenna Rotation 
Equipment 


| Orbital Ring 
| Rotor 


| Unit shown is the 45/559 
Orbital Ring rotor with 
MonstiR Yagi installed. 


Models available for any 
size tower (including cell 
towers) For any size boom, 
or tower boom. 
1117 Highland Park Dr., Bettendorf, IA 52722 
email: kOxg@k0xg.com 
(563) 340-5111 


Visit our Web Site at: 


www.K@XG.com 


A picture is worth a thousand words. 


withthe 


ANTENNA MODEL’ 


wire antenna analysis program for Windows® you get true 30 far field pattems that are far 
more informative than Conventional 20 pattems or wire-frame psoudo-30 patterns. 

Now you can have all the advantages of the MININEC code and Sommerfeld-Norton 
ground too, down to 0.02 wavelengths above ground. No spilt load, spit source, or equiva 
Tent monotaper element approximations are needed. Enjoy superior graphing and 20 far 
field plot comparison capability 

Describe the antenna to the program in an easy-to-use spreadsheet syle format, and then 
with one mouse-cick the program shows you the antenna pattem, front to back rato, front 
to rear rato, input impedance, efficiency, SWR, and more. 

An optional Symbols window with formula evaluation capability can do your calculations for 
fyou. A Match Wizard designe Gamma, T, or Halpin matches for Yagi antennas. A Clamp 
Wizard calculates the equivalent diameter of Yagi element ciamps. Yagi Optimization finds 
Yagi dimensions that saisy performance objectives you specify. Major antenna properties 
[can be graphed as a function of frequency. 

There is no builtin segment limit. Your models can be as large and complicated as your 
system permits 

[ANTENNA MODEL is only $80. This includes a Wab site download and a permanent backup 
[copy on CD-ROM. Visit our Web site for more information about ANTENNA MODEL. 


Teri Software 
P.0. Box 277 
Lincoln, Tx 78948 
www.antennamodel.com 


‘e-mail sales@antennamodel.com 
phone 979-542-7952 
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D Cl 


AVTEMOBREC UIP MENT 
SHO MECHINGUES Or 
DXciiamani on lo), 
30nd 40 Maia 


by John Devoldere, oun ae 


° 
Thoroughly updated with entirely S 
new material on low-band antennas 
and high-gain transmitting arrays. 
Includes new insights and new 
design techniques for receiving 
antennas and vertical arrays. 
“John is one of the most recognizable figures on the DX scene. 
He has spent more than 1,500 hours rewriting and updating 
ONAUN’s Low-Band DXing, known far and wide as the 
‘low-bander’s bible."—R. Dean Straw, N6BY, Editor ‘ARRL Order No. 9140—$39.95" 
shoping $9 US (round) $1¢ Iterator 
CD-ROM included! This edition is bundled with the fully searchable 
and complete book on CD-ROM for Wintiows® and Macintosh® systems. 
(Also contains addtional ONAUN software and over 2000 qualiy pictures.) 


is required 
(CIVA, and Canada 
sand product avalailty are 
subject to change without notice. 


relate aseaton or (fy 8H0P DIRECT o cl fora deat nor you 
ARRL tiatzuz nani onoen ou eee 886/277-5289 (US) 
Ohne WWW.ARRL.ORG/SHOP 


Basic Radio 


Understanding the 
Key Building Biocks 


Finally — an introduction to radio 
FOR EVERYONE! — what it does 
and how it does it 


Basic Radio reveals the key 
building blocks of radio: receivers, 
transmitters, antennas, and 
propagation. Includes simple, 
build-it yourself projects to turn 
theory into practice. 


BASIC 


ELECTRONICS 


Basic Electronics 


‘The foundations taught in this book 
will prepare you for more advanced 
concepts in electronics. The text is 
written in an easy-to-understand 
style that nontechnical readers will 
enjoy. You don't have to be an 
engineer or a math whiz to enjoy 
the thrill of experimenting with 
electronics circuits! 


Basic Radio 
ARRL Order No. 9558 
Only $29.95" 


Understanding Basic Electronics 
ARRL Order No. 3983, 

Only $29.95" 

siping $9 US (reun $14.0 trator 
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HYBRID-QUAD ANTENNA 


om 
M@-248R tonne 


MINI m 
HF BEAM 


MQ-1 Four-Band Antenna 
6,10,15,20 Meters, Two element 
MQ-24SR Four-Band Antenna 
6,10,15,20 Meters, Enhanced reflector 
MQ-34SR Four-Band Antenna 
6,10,15,20 Meters, Three element, E/Ref. 
MQ-26 Six-Band Antenna 
6,10,12,15,17,20 Meters, Two element 
MQ-26SR Six-Band Antenna 
6,10,12,15,17,20 Meters, Enhanced Refl. 
MQ-36SR Six-Band Antenna 
6,10,12,15,17,20 Meters,Three element.E/R 


eo 
Tram 


|, Communications 
121 Devon St. Strattora, 
ON Canada NSA 2zZ28 


Tel. & Fax (519) 271-5928 
www3.sympatico.ca/igmce 


ARRLs VHF/UHF Antenna Classics 
Build portable, mobile, and fixed 
antenna designs 


Ground planes, J-poles, 
mobile antennas, Yagis, and 
more. Build a better antenna 
for your hand-held radio. 
Construct a 2-meter Yagi that 
will rival similar commercial 
antennas. Build a dual-band 
vertical for 146 and 445-MHz. 
The results will be rewarding! 
Includes projects gathered 
from the pages of QST. 


ARRL Order No. 9078 


Only $14.95" 
“shipping $7 US (groundy$12.00 Intemational 


ARRL tuareur nos 


Special Advertising Section AB-24 


MORE DEALS THAN YOU CAN SHAKE A STICK AT! e| 


oe] 
+ Great Gear ono 
+ Great Deals rogue heey 
+ Great Service F} Design ofers 2 fg. 
+ Free UPS S/H!* TOWERS epeienied 


“Omari orders shipped Savings Ce Big Cs Taras! 


‘within the contiguous USA, tena loads up to 22 


square feet. Models 
range from 40-85 feet 
Jn height and come 
with a hand wineh and 
house bracket. Option 
alselfsupporting bases 
are also avaiable. 


3 TOWEREXPERTS 
We Ain't Braggin’ 
But weve helped so 

—_ many Hams order US 


KENWOOD 


“Towers over the years 
KENWOOD TS-2000X BUTTERNUT HF-5B m2 KT-34M2 prigenend 
Huge Band Coverage, All Lightweight five band beam, Four element, short boom the US Tower experts 
Mode HF/6m/2m/70cm/23cm, small enough totum with aTV _trband beam slong on perfor- 7} lease callforhelp se 
‘AutoTuner,CW Memory Keyer, _rotator—perfectfor portable or mance! Rugged, with all stain lecting the perfect US 


Dual RX, Dual DSP, Builtin limited space operation or for less hardware. Broad gain,high LL. Tower for your OTH! 
1200/9600 bpsTNC,and More! deed restricted stations. F/B,lat match. Balun supplied, 
CALLFORYOURBESTPRICE!  CALLFORMOREBUTTERNUT! CALL FOR M2 ANTENNAS! 


eyed 
CUSHCRAFT A3S 
KENWOOD TS-480SAT Three element triband beam 


U 
: and support up to 12 
sq.ft of antenna load, 
MobilePerformance, llMode with optional 30/40m kit. Com- y ‘CALL FOR MORE INFO! 
HF/6m, Auto Tuner, Separate pact yet rugged design with all 
Front Control Panel, 16-Bit DSP, _stainlesssteel hardware Perfect. ANTENNA ROTATORS B-26 SERIES 
CTCSSEncode/Decode, More! forlimited space application. Hygai ‘Medium Duty Aluminum 
1 
: 


ers 
B-18 SERIES 
Light Duty Aluminum 
Self Supporting Towers. 
Five models range from 
30-50 feet in height, 


CALL FOR YOUR BEST PRICE! CALLFORMORECUSHCRAFT! yoni 
Hygai 
hygain Hygai 
Hygai 


Self Supporting Towers. 
Thirteen models range 
from 30-90 feet and 
support up 0345 sq.ft 
‘of antenna wind load, 

‘CALL FOR MORE INFO! 


Hygai 


B-30 SERIES 
He ‘Aluminum 
KENWOOD TM-D700A _—_Three element triband beam Saf Supporting Towers 
Mobile 2m/70cm FM XCVR designed for broadband per- Nineteen models range 
‘With TNC Separate Front Con- formance. Rugged construc from 40-100 feet, and 
‘rol Panel, CTCSS Encode/De- tion and all stainless steel hard support upto 345 sq.ft 
code, 200 Memoris,and Moret areforlong term reliability, of antenna wind load. 

CALL FOR YOUR BEST PRICE! CALL FOR MORE HYGAIN!  ROTORCABLEINSTOCK.CALL! CALL FOR MORE INF 


HYGAIN TH-3MK4 


TEXAS TOWERS (800) 272-3467 


1108 Summit Avenue, #4 Plano, TX 75074 Proudly Serving Ham Operators Since 1978! 
Hours: M-F 9AM-5PM CentralTime  wmastERCARD Visit OurWebsite for More Great Deal 
Email: sales@texastowers.com VISA + DISCOVER http://www.texastowers.com 
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A 
‘Acframe mast 
AcIndex: 
AAGGL: 
AAGZM: 
AAT: 
AB-S77 military tower: 
Absorber circuit, power: 27-6 
‘Accuracy tests 4-ASEE 
‘Acute-angle junction: 48 
‘Adcock 
‘Antenna 14-56 
Pattern: 14.6 
Adcock, F. 
‘Adding parasitic director to LPDA: 
‘Additional loss due to SWR: 
‘Addresses of suppliers: 
‘Adjustable L-network feed system: 
Adler, Dick, K3CXZ: 
‘Admittance: 
AILH: 
ALTKK: 
Algorithm for ray tracing 
‘Aluminum tubing: 
AM broadcast stations: 


‘American National Standards Institute: 1-198f 
American Physical Society: 119 
Amumeters, RF: 27-2 
‘Amplitude: 


Reflected signals: 
Andress, Kurt, KTNV: 
Angle: 
‘Azimuth: 
Critical: 
Elevation: 
‘Near overhead: 
Zenith: 
Annealed copper wire: 
ANSI RF exposure guidelines: 
Antenna Model: 
‘Antenna Modeling course: 


‘Antenna tuner: 2-2, 4-6, 4-23, 7-3, 7-5, 7-7, 26-11 

‘Antennas: 
‘Addresses of suppliers: 21-4F 
Analysis by computer: 4 1iF 
‘Antenna terms, definitions of 8.287 
A0-40: 19-98f 
‘Apartment antennas: 4-24fF 
Aperture: 27-48 
Base loading 16-1 


Antennas: 


Broadband: 
Building on the tower: 
Capacitance: 

Center loading: 

Center-fe: 

Clothesline: 

Co-planar crossed Yagi: 

Coaxial sleeve: 

Construction details and practical 


considerations: 431 
Continuously loaded: 16-13ff, 6-29 
Crossed linear: 19-4ff 
Directive: 2 
Directivity and gain: 26 
Effect 142 
Electrical loading: 16-1 
EME: 19-328 
End effect: 431 
End-fed: 7-246 
Essential characteris 21 
Flattop: 73 
Folded monopole: 6-19 
Folded, efficiency: 8-1 
for repeaters: I-A 
GSRV & antenna tuner: 5 
GSRV multiband: Sit 
Ground plane 2-17, 48If, 6-188f, 7-16 
Half-sloper: 6-44 
Half-square: 6-241F 
Height: 217 
Helical: 19.3, 19-Stt 
High horizontal: 6-10 
Horizontal: 6-10 
Image: 3-11 
Indoor: 

Installation: 

Inverted L: 

Inverted V: 

Invisible: 

Isolation, for repeaters: 

Isotropic: 

K-factor: 


LC-matching networks: 
Limited space: 

Long-wire and traveling-wave: 
Losses: 

Low frequency: 

Magnetic core: 

Manufacturers product list: 


_|| 


‘Antennas: 
Matching network: 
Matching network design: 
Materials and accessories: 
Mobile: 

Mobile & marine: 

‘Mobile, transient protection: 
Modeling programs: 
Multi-dipole: 

Multiband: 

‘Near resonance: 
Off-center-fed dipole: 
Omnidirectional, VHF and UHF: 
Open-Sleeve: 

Other characteristics: 
Parabolic reflector 

Pattern measurements: 
Pattern planes: 
Polarization: 

Portable 2-element 6-meter quad: 
Portable 3-element portable 6-meter Yagi 
Practical aspects: 

PVRC mount: 

Q 

Quad arrays: 

Quadrifilar: 

Raising alongside the tower: 
Range setup: 

Re-radiation: 

Receiving: 

Receiving wave antennas 
Reciprocity: 

Repeater systems design: 
Resonant rhombic: 
Rotators: 

Satellite: 

Selection criteria: 
Separate, for repeaters: 
Short antennas 

Simple wire: 

Site planning: 

Slopers: 

Space communications: 
Support: 

System: 

System compromises: 
Terminated rhombic: 

Texas potato masher: 
Textbooks: 

‘Top and side mounting: 
Trap: 

Turnstile over reflector: 
Vertical: 

W3DZZ: 

Windom: 

with parallel-tuned circuits 
Zip-cord: 


& 
@- 


932 
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20-1fF 
16-1ff 
16-1ff 

“15 


19-148F 
27 
28 
27-48 
IS-1UF 
15-138 
4-198 
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A0-10: 19-2, 19-7 
AO-13: 19-2 
A0-40: 19-7, 19-10, 19-12, 19-14, 19-24, 19.29 
AO. 
Aperture, antenna: 
Appendix A: 8-12, 8-56 
Appendix B: 8-17, 8-19, 8-37 
Arm-strong manual positioning: 19:30 
Army loop: 5-10 
Array Solutions: 11-42 
Arrayfeed] program: 8-18Kf, 8-238F 
Arrays: 
Adjusting feed systems: 8.32ff 
Baluns: 8-21 
Bi-square: 8-486 
Bidirectional: 2 
Binomial current grading: 8.43 
Bobtail curtain: 8-446 
Broadside: 8-2, 8-5, 83787 
Bruce: 8-456f 


Close-spaced driven: 
Collincar 2 elements: 
Common phased-array feed systems: 
Current distribution: 

Design examples: 
Directional switching: 
Driven: 

Driven combinations: 
End-fie: 

Feeding, shunt components: 
Forward gain: 

Four-Square: 

Four-Square, L-network feed: 
Four-Square, simplest feed: 
Ground losses: 

L-network feed system: 
Large, feed systems: 

Lazy-H. 

Loss resistance & patter: 
Measuring currents: 

Mutual coupling 

Other broadside: 

Parallel broadside: 

Parasitic: 

Pattern null degradation: 
Phased: 

Phased arrays, feeding: 
Phased horizontal 

Phased, element feed-point impedance: 
Phased, feeding: 

Phased, patterns vs spacing: 
Phased, techniques: 

Phasing arrows 

Practical aspects: 

Quad: 

Receiving: 

Recommended feed methods: 


lelping Hands” uses crocodile clips to grip parts during soldering. Or just 
place parts flat on the bench. 


When soldering parts onto an ordinary circuit board, components’ wires can simply 
be bent to the correct pitch (distance apart) to fit through the board, insert the part flush 
down against the board’s surface, splay the wires a little so that the component grips the 
board under spring tension, and then solder it, This technique is universally used in 
manual through-hole soldering, which is explained in full later. 


In the author’s view - opinions vary — it’s generally better to snip off the surplus 
wires leads first, to make the joint and neighbouring joints more accessible and also to 
reduce the mechanical shock transmitted to the p.c.b. copper foil. However, in the case of 
diodes and transistors the author tends to leave the snipping until after the joint has been 
made, since the excess wire will help to “sink” heat away from the heat-sensitive 
semiconductor junction. 


A special clip-on heatsink is available which also helps stop excess heat from 
reaching temperature-sensitive semiconductors like these. I’ve always managed without 
one but beginners might find them reassuring. Integrated circuits can either be soldered 
directly into place if you are confident enough, or better, use a dual-in-line socket to 
prevent heat damage. The chip can then be swapped out at a later date if needed. 


Parts which become hot in operation (e.g. some power resistors), should be raised 
above the board slightly to allow air to circulate. Some components, especially large 
electrolytic capacitors, may require a mounting clip to be screwed down to the board first, 
otherwise the part may eventually break off due to vibration. It’s a good idea to bolt such 
components firmly into place before soldering their terminals, in order not to strain the 
soldered joints or the components when fasteners are tightened. 


By securing the workpiece as much as possible to prevent movement, you have a 


|| 


Arrays 
Shunt- or gamma-fed feeding: 
‘Simplest feed system: 

Sterba: 
Unidirectional 
Walk: 
3-element binomial broadside: 
4-element driven: 
4-element rectangular array: 
4-element, feeding 
8-element driven: 
120 deg. fed, 60 deg. spaced 
ARRL log coordinate system: 
‘Arrow antenna: 
ASTM A 475-89: 
‘Asymmetrical routing of dipole feed line: 
Atchley, Dana, WICF: 
‘Atkins, Bob, KAIGT: 
‘Attenuation: 
From impedance measurements 
Line, in Smith Chart calculations: 
Attenuator pad, switchable: 
‘Aurora: 
‘Autek Research RF-1, VAL 
‘Automatic tuner: 
‘Average gain tes 
AxEL 
‘Axel mount: 
& angle: 
e drive: 
pattern: 


Backscatter: 
Balanced electrostatically: 
Balanced feeder: 
Balloons demonstration: 
Baluns: 
‘And off-center-fed dipole: 
Arrays: 
Choke: 
Coax line: 
Common-mode choke: 
Common-mode current: 
Current: 
Guanella: 
Impedance step-up: 
Impedance step-up/step-down: 
Input of tuner: 
Voltage 
W2DU: 
Bamboo spreaders: 
Bandwidth: 
Bar clamp (carpenter's clamp): 


“7, = 


2:8, 2415.4 


I-11, 16-24, 26. 


22-15 
26-1917 
6-47 

18-52, 18-54 


4-14, 4-166 
19.281F 
19-11, 19- 
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Barkley, H. B. 
Barrett, Lee, K7NM: 
Base loading 
Base spring: 
BASIC: 
Basic wind speed: 
Beamwidth: 
Definition of: 
Versus gain: 
Bedspring antenna: 
Bell labs 
Belrose, Dr. John S., VE2CV: 
Belts, safety 
Bending of radio waves: 
Bending stress: 
Bent dipoles: 
Beta match: 
Beverage: 
Characteristic impedance: 
Characteristic impedance, 2-wire: 
Cross-fire feed system: 
Feed-point transformers: 
In echelon: 
Optimum length: 
Practical considerations: 
Signal-to-noise ratio: 
‘Two-wire: 
Beverage, Harold, W2BML: 
Bi-square: 
Bidirectional: 
Big grips: 
Big ugly dish (BUD): 
Bilodeau, John, WIGAN: 
BIP/BOP: 
Bloodworth, Max, KOTV: 
Bloom, Alan, NIAL: 
BNC connectors: 
Bobtail curtain: 
Bohrer, Paul, W9DUU; 
Boom length: 
Bowl-shaped SWR curve: 
Boyer, Joseph M., W6UYH: 
Braskamp, Leon, AAGGL: 
Breakall, Jim, WA3FET: 
Breed, Gury, K9AY: 
Brewster angle: 
Bridge: 
Circuits: 
Noise, for HF: 
Resistance type: 
Sensitivity: 
Broadhand: 
Antenna matching: 
Bifilar transformer: 
Matching transformers 
Broadcast approach, feeds: 


7-20 
175 
16-1, 16-46f 
lel 


13-22 
13-19, 13.20 
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3-10, 8-37ff, S-41ff 
16-5, 16-26 


Broadside arrays: 
Brown, Bruce, W6TWW 
Brown, Fred, WOHPH: 
Brown, Jerry, KSOE: 
Brown, Lewis and Epstein: 
Bruce array: 
Brute force feeding: 
Buchanan, Chester, W3DZZ: 
Building: 
Department: 
Regulations: 
Safety codes: 
Bumper-mounted HF mobile antenna: 
Bunny hunting: 
Buried radials: 
Buried-radial ground system: 


c 


C-band TVRO dish: 
Cable Ties, black: 


Cage: 
Dipole: 2-4, 9.38f 
Vertical: 621 

Calorimeter, for power measurements: 27-2068 

Capacitance: 

Hat 4-14, 6-23, 16-4, 16-15 


Short verticals 
Capacitive stubs: 

Capacitive top loading: 

Capacitor, coax: 

Capacitors, lines as: 

CapMan: 

Capon, Robert, WA3ULH: 
Cardboard box antenna: 

Cardiac pacemakers and RF safety: 


Cardioid pattern: 14-2, 14-11, LEAS 


Carey, Wilfred, ZS6IT: 19-1 
Carolina Windom: 7-6, 7-9 
Cartesian coordinates: 44iF 
Casual antenna evaluation: 427 
Cataract formation: 17 
Caustic problem: 3-25 
Cavity: 

Filters: 17-9ff 

Resonators: 17-96 
Cebik, LB, WARNL: 4:3, 10-1, 11-46 
Center: 

Feed: 

Insulator: 

Loading: 16-1, 


Prime (Smith Chart): 
Center-fed dipole: 

Central States VHF Society: 
Cerwin, Steve, WASFRF: 
Cessna, Clair, K6LG: 
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24-4, 28-4 


Characteristic impedance (also see Zy) 
Chebyshev matching: 

Chicken-wire screen 

Chirp sounder: 

Choke balun: 

Choosing a transmission line: 
Christman, Al, K3LC (ex-KB8D: 
Christmas tree: 

Christmas tree stacks 

Circadian rhythms: 


Circles: 
Resistance (Smith Chart) 28-1 
SWR (Smith Chart) 28-3 

Cireuits, short and open, as line terminations 28-3 

Cireular polarization (CP): 19.2Ff, 23.6 

Cireular waveguide dish feeds: 18-198r 

Cireularize 19-15 

Circularizing tau: 10-7, 10-8 

Clamps, hose: 20-9 

Climber's safety belt: 

Climbing tips: 


Closely spaced wires: 
Clothing, towers 
Cloud warming 
Co-planar crossed Yagi: 
Coaxial: 

Sleeve antenna: 

Switch: 
Coaxial cable: 

Braid and water: 

Direct burial: 
Coaxial-resonator match: 
Code, National Electrical 18, 
Coefficient: 

Horizontal reflection: 

Vertical reflection: 
Coffee can 2304-MHz feed: 
Coil, loading: 
Coiled-coax balun: 
Collinear: 

Arrays: 

Elements: 

Extended double Zepp: 

Gain and directivity 

Vertical 

2 elements: 

3 and 4 elements: 
Combinations of long wires: 
Combined balun and matching stub: 
Commercial implementations, NEC-2. 
Common logarithm: 


837K, 


Common-mode: 
Choke balun: 6-33, 26-216 
Currents: 8-21, 12-7 
Effects with directional antennas: 26-206f 
‘Transmission-line currents: 26-1768 
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Compact vertical dipole (CVD). 
Comparing antennas on fading signals: 
Comparisons: 

Between top and base loading: 
Quad vs Yagi 
Compass needle: 
Complementary RLC network: 
Conductance: 
Conduction current: 
Conduetivity 
Map: 
Soil: 
Conductivity, soi: 
Measurement of: 
Conductors 
Copper clad ste! 
Copper wire data table: 
Fat: 
Losses 
Tension and sag on wires 
Wire types 
Cone of radiation: 
Conservation of energy 
Continental US: 
Continuous 
Loaded antennas: 
Loaded verticals (helical) 
Loading: 

& Controlled environments 
Convergence test 
Cookie-can lid 


Cookie-sheet & picture-frame-glass capacitor: 


Coordinate scales, radiation patterns: 
Coordinate shortcuts, EZNEC: 
Copper wire, data table: 
Copper-clad steel conductors: 
Copperweld: 
Comer reflector: 

Design table: 
Corona: 
Coronal holes: 
Counterpoise: 

Elevated: 
Counterweighting: 
Coupled-resonator: 

Bandwidth: 

Complexity 

Equations: 

Frequency independence: 

30/17/12-meter dipole: 
Coupled-resonator dipole; 
Couplers: 

Cross band: 

Directional, VHF: 

Hybrid: 
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24.6 
20-28F 
20-1 
23-24 
8 
Eee 


16-138F 
6-378 
6-29 
1-208f 
4-156 
19-24 
‘S-16if 
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Coupling: 
‘Coupling the line to the antenna: 26-16 
Coupling the transmitter to the line: 25-1ff 
Loops: 17-16 
Mutual: 4-14, 84, 8-13, 11-33 

Covenants: 4-19 

Coverage, repeaters: 17-268 

Cox, Roger, WBODGF: 10-3 


cp: 
CP patch: 

Crank-up tower: 

Create 714X-3 triband Yagi 
Critical: 

Angle; 

Frequency, vertical incider 
Cross-fire feed system: 
Cross-flow principle: 
Crossed double bazooka: 
Crossed linear antennas: 


Cumulative distribution function: 


Cupped reflector, S-band! 
Current 
Balun 
Balun model: 
‘Common-mode, on lines: 
‘Conduction: 
Displacement: 
Distribution: 


Distribution on open sleeve antennas: 


Feed-point vs element: 
Induced in conductors 


Induced, amplitude and phase: 


Loop: 
Measurement 
Measuring phased arrays: 
Parallel: 

Parasitic conductor: 
Probe: 

RF current penetration: 
RF measurement probes: 
Source: 

Total: 

‘Transmission lines: 
Zone: 

Current forcing: 

cvD: 
80-meter: 


D 

D'Agostino, Philip, WIKSC: 
D-layer (region): 

D-Ring: 

Daytime band: 

Ba: 


B-ITMF, 8-19, 8-26, 8: 


6-15, 26-226F 
26.22 
27-1 

if 
3.34f, 6-17 
BLL S14 
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Bi. 
Dead-man anchor: 
Decibel 
Decouple antenna from feed line: 
Deed restrictions 
Delay lines: 
Delta matet: 
DeMaw, Doug, WIFB 
DeMaw, Jean, WICKK: 
Depth of rf current penetration 
Detuning sleeve balun: 
Dielectric constant Sf, 
Dielectric, losses 
Diffraction 3 
Diffraction model 
Incident-shadow boundary 
Refection-shadow boundary: 
Shadow boundaries: 
Wedge: 
Digital elevation model (DEM) 
Dipole: 
Arrays, log periodic 
Bent: 
Cage 
Center-fe! 
Coupled-resonator: 
Coupled-resonator 30/17/12-meter: 
Flatt: 
&- Folded: 
Folded, matching: 
GSRV multiband: 
Haliwave center-fed 
Horizontal 
Inverted-V. 
Multiwire: 
Otf-center fed (OCF) 
Off-center-loaded dipoles: 
Orientation: 
Paralleled 
Stagger tuned 
Trap: 
Trap, 3.5 to 28 MHz, 5 bands 
Trap, $0, 40, 20, 15 and 10-meter: 
Trap, $0, 40, 20, 17 and 12 meters: 
‘Twin-lead fold 
Vertical half-wave 
WSNX trap 
135-foot, 80 to 10-meter: 
Direct matching to the antenna 
Direct ray 
Direct wave: 
Direction finding antennas: 
Directional coupler: 
VHF. 
Directional switching, arrays 
Directive antenna: 
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7-7, 9-4, 


8412, 12m 


22-648 
29 
6-19 
419 
174 


18-5, 26-797 
6-43, 6-47, 14-9, 14-11 


26-251F 


If, 3-20, 4-1, 4-11 


24.6 
24ff, 


3-24 
3-30F 


10-1ff 


6-108 
18-6 
7-Sif, 26-1 
2-3, 6-108 
6-108 

4-7, 6-11 
on 

23, 7-8 
6-398F 
4.28 
7-1 
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Directivity: 

And gain: 

And radiation pattern 

Antenna: 

RDF: 

Director: 

Retrograde: 
Disastrous nulls: 
Discone: 

HE, for construction: 

Patterns: 

Dish: 

Barbeque: 

Center-fed: 

Circularize: 

Deep: 

EME antennas: 

Feeds: 

Focal point: 

Focal ratio (4/D) 

Gain vs errors: 

K-band: 

Long focal length: 

MMDS, S-band: 

Off-conter fed: 

Offset-fed: 


Parabolic 12-foot stressed: 


Patch feed: 


Patch, no-tune dual-band: 


Patch, round feed: 
Patch, tru 
Short focal length: 
60-cm S-band: 

Displacement current: 


Distributed material loads: 


Diurnal pumping: 
Diversity: 
Effect: 
Receiving system: 
Space: 


Techniques, repeaters 
urself propagation prediction: 


Do: 
Dorr, John, KIAR: 
Double bazooka: 


Double-ducky direction finder: 


Downtit, vertical beam: 
Drag coefficient: 
Dream station: 

Drip (loop): 

Driven arrays 


Driven element impedance: 


Drooping dipole: 
Ducting: 

Dummy element 
Dump power: 


ed corners: 
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4-28 
2-10 
26 
26 
ML 
6-13, Melt 


19.348F 
19-176 


17-4 
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Duplexers: 17-98 
‘Adjustment: 17-1988 
144 MHz, for construction: 17-14 


E and H fields: 
E-field: 
Ground loss: 
Intensity: 
Losses: 
E-layer (region): 
E-plane pattern: 
Earth screw: 
Earth-moon-earth (EME): 19-1 
EasyTrak: 
EB-144: 
EB-432: 
Echelon, Beverage antennas 
Eckols, Ansyl, YVSDLT: 
Effective: 
Electrical height: 
Ground resistance: 


Height: 
Projected area (EPA): 

Effects 
of ground: 3.F 
of ground in far field: 3-11 
of irregular terrain in the far field: 3-21F 


of other conductors 
Efficiency: 

‘Antenna matching network: 

‘Antenna traps: 

Radiation: 

Radiation, short verticals: 
EFFLEN.FOR program: 
Eggbeater antenna: 

EIA RS.222: 

8-clement driven arrays: 
EIRP: 17-13 
Electric field: 
Electrical loading: 
Electrician's knot 
Electromagnetic: 


Pulse protection: Lift 
Radiation hazards; 11Tff 
Waves: 2 

Electron density profiles: 

Electronic: 


‘Antenna rotation: 
Beam forming: 
Electrostatic shield: 


Elements: 
Assembly: 20.9 
Collinear: 8-2 
Currents: Bld 


Elements: 
Driven: -2 
Parallel: -2 
Parasitic: 2 
Self impedance: 19 
‘Tapered: 4-176 
Telescoping aluminum tubing: 11-28 

Elengo, John, Jr, KIAFR: 20-3 

Elevated: 

‘Counterpoise: 6-46 
Ground-plane antennas: 6-23fF 
Radials: 6-16, 6-20 

Elevation: 

Angle: 2-8, 2-15, 3-124F, 4-1, 19-1 
Angle statistical data: 6-1, 23-308f 
Angles for HF communications: 23-286f 


Another way of looking at: 
Control: 
Drive: 
Footprint: 
Moderate distances on 40 meters: 
Moderate distances on 75/80 meters: 
Pattern: 2-10, 11-3, 
Peak statistical: 
Wide footprint: 
ELF (60 Hz) electromagnetic fields: 
Eliminating common-mode effects—the balun: 
Elliptical: 
Elliptical polarization: 
ELNEC: 
EME: 
Dish: 
EMP protection: Lilt 
Empiricism: 4.27 
End: 
Effect 
Fed Zepp: 
Load: 
Loading: 
End-fire 
Arrays: 
2-element: 
Unidirectional: 
3-element: 
4-clement collinear: 
Entrance panel: 
Epidemiological studies: 
Equalizer plate: 
Equations: 
Antenna test range setup: 
Broadband matching network efficiency: 
Broadband matching network loss: 
Calculating long-wire length: 
Calorimeter calibration: 
Capacitance, short verticals: 
Capacity hat: 


431ff, 16-6 
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Equations: 
Coaxial cable 
Decibels: 
Depth of RF current penetration: 37 
Dipole with end effect 431 
Distance to a disturbance, time domain 

reflectometry 
EIRP calculation: 
Ferrite-rod antenna design: 
Frequency for measuring cable losses: 
Gain: 
Gain & beamwidth 
Horizontal reflection coefficient 
Horn antenna design: 
Impedance, characteristic, open-sleeve 
elements: T18 
Impedance, characteristic, transmission lines: .. 27-30 
Isolation requirement, repeater antennas: 17-1 
Lenetwork: 25-7 
L-network matching: 
Length, line, electrical: 
Loading inductance, short verticals: 
Loop ac resistance: 
Loop antennas, design: 
Loop antennas, effective height: 
Loop antennas, voltage: 
Loop distributed capacitance: 
Loop inductance: 
Loop Q: 
Loop radiation efficiency: 
Loop radiation resistance: 
Loop sensitivity: 
Loopstick antenna design: 
Loss,path: 
Losses, line: 27-30 
Noise bridge compensation and calibration: .... 27-2717 
Off-center loading coils: 6-41 
Open sleeve elements, characteristic 
impedance: 
PBA: 
Pi-network: 
Quarter-wave matching transformer: 
Quarter-wave sloper: 
Quarter-wave vertical 
Radiation resistance, short vertical: 16-3, 
Reflection coefficient 
Return loss in dB and SWR: 
S-parameters: 
Series equivalent of unlike parallel reactances: 
SWR: 
‘Transient clamping voltage: 
‘Transmission line equation: 
‘Transmitting loops, design: 
Velocity factor, line: 
Velocity of propagation: 
Vertical reflection coetficient: 
Wavelength: 
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Equations: 
Zyy line, from impedance measurements: 
1-1 loop circumference: 

Equatorial anomaly: 

Equivalent: 

Circuit, resonant antenna: 
Loading for Yagis: 
Moment method: 

Erecting a mast: 

Eskenazi, Danny, K7SS: 

Euclid: 

Evaluate property 

Extended double Zep: 


Modified: 
Extraordinary wave: 23-21,2322 
Extreme ultraviolet (EUV): 2-19 
EZNEC: 3-22, 4.2, 7-24, 9-2, 
10-3, 11-28, 11-40, 12-4, 16-31 
Example, nulls: 8-56 
Example, phasing-line feed: 8-56ff 
EZNEC M Pro: 
EZNEC-ARRL: ..3-22, 8-10, 8-12ff, 8-L6ff, 8. 
EZNECH: 


F layer (region): 
FIB. 
1D: 
FIR. 
FI layer: 
F2 layer: 
FABStar: 
Fading: 
Frequency selective: 
Spin: 
Fall arrest safety harness: 
Fano, RM 
Far field: 
Elevation pattern: 
Faraday rotation: 
Farmer, Ed, AA6ZM: 
Fat conductors: 
Connected to skinny wires: 
Elements: 
FCC: 
Regulations: 
RF-exposure regulations: 
Federal preemption (PRB-1), antennas: 
Feed line: 


Radiation: 
Feed methods: 
Antenna impedance mismatching: 9-56 
Center: 73 
Delay lines: 14 
Direct: 72 
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Feed methods: 


Dish: 19-1788 
Dual-helix: 19-18 
End: 7-28, 7-268 
Feeding multiband non-resonant antenna: 26.2 
Feeding 1 multiband resonant antenna: 26-2 
Feeding a single-band antenna: 26-11F 
Helix: 19-1788 
Parallel fed dipoles: TE 
Patch: 19-17, 19-208 


Patch, no-tune dual-band: 
Phased arrays 
Quagis: 
Stacked Yagis: 
Feed point 
Impedance: 
Resistance: 
vs element current: 
Feeder (also see Lines): 
Fenwick, Richard, KSRR: 
Ferrite rod antennas: 
Ferrte-core: 
Balun: 
Loops: 
Fiberglass 
for antenna construction: 
Poles: 
Spreaders 
& Field Day: 
Field intensity 
Field strength: 
Measurement of: 
Meter: 
RF power density 
Fields: 
Reactive near: 
Reinforcement & cancellation: 
Figure of merit: 
Filters, cavity type: 
Finding capacitance hat size: 
Finger stock: 
Fire extinguisher: 
Fire hazards 
Fire-escape antenna: 
Fisher, Reed, W2CQH: 
Flagpole: 
Antenna: 
Bracket: 
Flashlight analogy 
Flat earth: 
Ground models: 
Reflections: 
Flat lines: 
Flat projected area (FPA) 
Flattop dipole: 
Fletcher, Rick, KGOIAL: 
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Floating point number: 
Focal point, dish: 
Focal ratio (f/D): 
foE: 
foF1 
foF2: 
Folded dipole: 
Folded monopole antenna: 6-19 
Force 12 C3: 
Forcing currents: 
Ford, Jim, NOIF: 
Formula Translation (Fortran) 
Forward stagger: 
FOT: 
Four Square: 
Four Square switching: 
Four-element driven arrays: 
Four-way mobile DF system: 
Four-wire lines: 
Fox hunting: 

DF twin ‘tena: 


Fractional wavelength 25 
Frame antenna: 143 
Frame loops 14.988 
Francisco, Al, KINHY: 4-24 
Fraunhofer: 27 


Free space: 
Freely, W. B., KGHMS: 
Freestanding tower: 
Frequencies, spurious, and RF measurements: 
Frequency. 
Critical 
E-region critical 
F-region critical 
Gyro: 
Optimum traffic (FOT); 
Range: 
Scaling: 
Spot 
Fresh water: 
Fresnel: 
Integral: 
Front-to-back ratio: 


Front-to-rear ratio: 
Frost line: 

Full duplex: 

Full-wave resonant frequency: 


G-line: 
G3RUH: 19-13, 19-14, 19-16, 19-18, 19-20, 
G3VIL: 

G3awDG: 19-16, 19. 
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GSRV: 
Dipole: 
Inverted V: 
Lobes: 

Losses in coax: 
Multiband: 
GOLVB: 
GOXN: 


Gain: 2-6, 


‘and feed point mismatch: 
‘Array dimensions: 
‘Average gain test: 
Long wire antennas: 
‘Measurement 
Pattern degradation due to stacking: 
Relative to single element: 
Versus beamwidth: 
Versus front-to-rear ratio, Yagi array: 
Versus height: 
Versus mutual impedance: 
Galvanized steel 
Gamma match: 
Gamma-match capacitor: 
Geiser, David, WA2ANU: 
Generators, emergency power: 
Gentle slope: 
Geomagnetic storm: 
Geometric optics: 
os Geometric theory of diffraction (GTD): 
Geometry, wires 
Gilbert, Ed, K2SQ: 
Gillette, RF, WOPE: 
Gin pole: 
GNEC: 
Going around the horn: 
Gold, Dr Robert E, WBOKIZ: 
Goniometer: 
GPS receiver: 
Graphs: 
Origin: 
Polar: 
RF currents: 
SWR: 
3D Wire-frame: 
Gray-line propagation: 
Greenburg, A.. W2LH: 
Grimaldi: 
Ground 
Array losses: 
Buried radials: 
Cities: 
Conductivity: 
Dielectric constant 
Effect in far field: 
Effects, multielement arrays: 
Electrical: 
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9-13, 18-5, 


14-18, 14-24, 14 


6-31, 6-32, 11 
BAF, 8-12, 18-1 


1-128 
3.26 


3-11 
84 
Lair 
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Ground: 
Fresh water: 37 
Loops: 1-10 
Loss: 16-9, 16-108 
Lossy. 

Parameters, measuring: 
Perfect 

Plane: 

Practical suggestions: 
Reflected ray: 
Reflection factor: 
Reflections: 
Resistance: 

Return loss; 

RF alternative: 

Salt water: 

Screen: 

Strap: 

Water pipe: 

Wave: 

Wave range: 23-5 

Ground-plane antennas: ..3-2, 4-81f, 6-18If, 6-18ff, 7-16 
for 144, 222 and 440 MHz: 18-23fF 

Group of dipoles: 

Grover, F. W. 

Guanella balun: 

Gusset plates: 

Guth, Dr Peter: 

Guy wires: 
Anchors: 
Avoiding, during installation: 
Earth screw: 
EHS: 
Elongation: 
Equalizer plate: 
Guy bracket: 
Klein cable grip: 
Loos guy wire tensioner: 
Material 
Phillystran: 
Preformed guy grips: 
Resonance: 
Snubber assemblies: 
Tension: 
Thimbles: 22-16 
‘Torque arm assembly 
Tower: 
‘Track, for raising antennas: 
‘Turnbuckles: 

Gyro frequency 


H field: 33 
Intensity: 3.6, 4-18, 
Losses: 3-7 
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H-Adeock: Helis: 
Heplane pattern: For Sailboats: 16-318 
Hairpin match: Yagi arrays: Lf 
Half elements: L-LL HFTA (HF Terrain Assessment):3-26ff, 4-1, 4-19, 6-1, L- 
Half sloper: 30, 11-44, 11-45, 17-2, 23-31 
Half-power points: 1 and canyons 3.30 
Half-square antenna: PDF: 3-30, 3-32 
Changing the shape: High accuracy ground: 41 
Feed-point impedance: High: 
Patterns with frequency. Efficiency: 


Frequency asymptotic solution: 
Impedance point: 

Pass T-network 

Power ARRL antenna tuner: 


Voltage feed: 
Half-wave (full) sloper: 
Half-waye resonance: 

Half-wave vertical dipole, feeding: 


Hall, Jerry, KITD: 6-40, 10-22, 1 Q circuit 
Hallidy, David, K2DH: Hill-ahead: 
Halyards: Hill-valley: 


Safe working tension: History of antenna modeling: 
Hansen, Markus, VETCA: Homemade dipole center insulators: 
Hard hat: Hooke: 

Hard-drawn copper wire: 20-1 Hop, extra: 

Hart, Ted, WSQUR: Hopengarten, Fred, KIVR: 


Hat, capacitance: Hops 
Haviland, Bob, W4MB: Horizonal 
Hazards: Polarization: 
Electrical shock Polarized antennas: 
Health: Reflection coefficient: 
RF awareness guidelines: Yagi model: 
&- RF radiation: Horn antennas: 18-134, 18-18, 18-524F 
¥ HIB, Missionary radio station: Feed 19-376 
HDL.ANT program: for 10 GH 
Healy, Rus, K2UA (ex-NI2L) Pyramidal: 
Heat loss: Sectoral 
Height: Hose clamps, data table: 
Effective electrical Hutchinson, Chuck, K8CH: 
Gain: Huygens 
Vertical antennas HYD (Halfwave Vertical Dipole): 
Helical antenna: Feeding: 
‘Axial ratio Hybrid coupler: 8-10, 8-16 
Basics: 
Beamwidth: 
Broad bandwidth: t 
Diameter: Iscvs: |. 19-28, 19-29, 19-31 
Gain: IEEE standard 
Impedance: Teniting grass: 
Polarization diversity Image antenna 
S-banc! Impedance 
Satellite: Antenna: 
50-W feed Antenna, measuring 
Helically wound ‘Antenna, versus element coupling, 
Radiator: 16-1 Feed:-point: 
Verticals: 637 Input: 
Helix Load: 
CP feeds 19-12 Measurement: 
Feed! 19-17% Mutual 
Feed for offset-dish 19-18fF Plotting (Smith Chart: 
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Impedance: Tonosphere: 
Self: 2.2 Sounding: 
Source: 4:7 Storms: 
Importance of low angles for low-band DXing: .... 6-Iif _Transequatorial seatter (TE) 
Improved: Irregular local terrain: 


Crossed-double bazooka: 
Current distribution: 
Telerana: 

In phase: 

Incident power: 

Indoor stealth loop: 

Induced current: 

Induced voltage: 

Induction field: 


Irrigation tubing: 
Isaacs, John, W6PZV: 
Isbell, D. E. 

Isolate antenna from feed line: 
Isolation, repeater antennas: 
Isotropic antenna: 

Ives, Dick, W7ISV: 


J 


Inductors: 
Lines as: J-Pole, 144 MHz antenna: 

Installation: Jackscrew drive: 
Antennas: Jammers of repeaters, finding: 
Clotheslines: Jansson, Dick, WD4FAB) 

Insulators: IF6BCC: 
Center: IGUIK: 
for antennas: Johns, Robert, W3IIP: 15-4, 15.9 
for ribbon-line antennas: Johnson, Don, W6AAQ: 16-16, 16-26 
Polystyrene sheet Jones, Bill, KD7S: SS 


Strain type: 
Stress on: 
Inter-penetration: 


Interference: K-band downlink 19-15¢F 
& Interferometer: K factor: 
Interlaced elements: K-Index 
Inemational sunspot number (ISN) KORZ: 
Inverse-distance law: KIAFR: 
Inverse-fed ground plane: KIAR 
Inversion: KIEA: 
Inverted-L antennas: o-dltt — KIFO: 18-284, 19-33 
Single elevated radial: 6-42 KIFO 144 MHz Yagi. 12 elements: 18.34fF 
Inverted-V dipole: 47, 6-L1ff, 7-31f KIO 222 MHz Yagi, 16 elements: 18.38 
Invisible long wire: 4-25 KIFO 432 MHz Yagi, 22 elements: 18-31fF 
IONCAP: KIKI 
Tonization KITD. 6-40, 10-22, 1 
Tonogram: KIVR 11-27, 11-37, L1-a0Kr 
Tonosonde: KIWA 6-48 
Oblique angle: 23.23 KODE 19.43, 
Tonosphere: 19-1, 23-19fF — KORIW: 19.35, 19-40 
Backscatter: K2sQ: 
Bending in the: 23.201 — K3LC: 
Controls propagation: 2331 K30QF 
Delayer: 23-191 K3TZ: 
Disturbed conditions 23.271 — K4ERO: 
E-region: KsEWG: 
Flayer: KSGNA: 
F-region KGW: 
Hop: KSIU: 
Layer characteristics KSOE: 
Scatter: 19-16, 19-18, 19-20, 19-22 
Sidescatter: KSRR: 11.27 
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much higher chance of producing good-quality reliable solder joints. 
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KSZI 34 
K6HMS: 16-23 
K6LG: 19-12, 19-13, 
K6SE: 6-21 


KOAY: 7-22, 15-17 
K9EK: 19-26 
KAIGT: 18-52, 18-54 
KASFSB: 
KASIPD: 


Kandonian, Armig G. 
Kansas City Tracker (KCT): 
KBBI 

KDSRO: 

KDTS: 

Keller, J.B. 

Keyhole pattern: 

KG6IAL: 

KHOU 

Kite 

Klein cable grip: 

Knadle, Dick, K2RIW: 
Knife-edge diffraction: 
Knob and tube: 

Knots, for halyards: 


KOATV: 
Kouyoumjian, R. G. and Pathak, P. H. 

Kraus, John, W8IK: 4-1, 8-51, 19-5, 19-18, 
Krome, Ed, K9EK: 19-14 


Krupp, Daniel A., WSNWF: 
KT-34XA tribander: 


L 


L-network: 
Adjustable feed system: 
Feed system: 

LC ratio: 

Ladder mast: 

Ladder-line: 

Feeder: 

Lincar-loaded dipole: 
Lahlum, Robye, WIMK: 
Lambda: 

Lambert, Edgar, WA4LVB: 

Laplace loads: - 

Lattin, William J., W4JRW: TH 

Law of reflection: 3-24 

Lawrence Livermore National Laboratories: 4.2 

Lawson, Jim, W2PV: 1d 


Lazy-H: 8.48 
LC-matching networks, antenna: 9.9 
Lead weight: 119 
Leakage flux: 57 
Leeson corrections: 417 
Leeson, Dave, W6NL (ex-W6QHS): 2-16, 4-17, 
11-27, 26-10 
Leggio, Joe, WB2HOL: 14-32 
Length-to-wire-diameter ratio: 46 
LEO satellite: 19-2, 19-3, 19-15 
Leslie, Sam, W4PK: 95 
Lewallen, Roy, W7EL: 4-2, 4-3, 8-10, 8-16, 
8-23, 8-31, 27-57 
LHCP. 19.3, 19-19 
Libration: 23-7 
Light-duty guyed mast; 22.3 
Lightning: 
Arrester: 1-9ff, 4.348 
Grounds: 4.35 
Protection: Leff, 4-348f 
Linear: 
Coordinate systems: 
Loading: 
Polarization: 
Line: 


as circuit elements: 
Characteristic impedance: 
Common-mode currents on: 
Coupling to antennas: 
Flattener: 
for repeaters: 
G-line: 
Impedance transformation with: 28-134 
Isolator: 11 
Length, electrical, determining:......27-7, 27-29, 28-6 
Loss: 
Losses: 
Matched-line losses: 
Measurement, coaxial cable parameters 
Measurement, electrical length: 
of force: 
Printer: 
Radiation from: 
Reactance & circuit Q: 
Sampler, VHF: 
Single-wire: 
Smith Chart calculations: 
‘Transient protection: 
Velocity factor, from impedance 
‘measurements: 
Zp, from impedance measurements: 
Load: 
Coil: 
Coil design: 
Coil resistance: 
Distributed material: 
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Load: Loop antennas: 

Laplace One wavelength: 
Mathematical: Pattern comparisons: 
SWR: Pattern distortion: 
Up into itself Pattern nulls: 

Loading: Patterns: 
End: Practical transmitting loops: 
Top: Qot 

Lobe: Shielded: 
Higher angle: Skywire: 
Low sidelobe: Small 
Major: Small, transmitting: 
Minor: Stealth 
Second: ‘Transmitting, construction and tune-up: 
Worst-case: ‘Trombone variable capacitor: 

Log periodic antennas: 10-Mff Tuned: 
Log-cell Yagi 10-1, 10-10% Tuning: 

Logarithm, common: 9 Tuning capacitor: 

Logarithmic ‘Typical construction: 
Coordinate system: 12 Untuned: 

Long boom, support 20-9 Vertical: 

Long path 23-341 vs phased arrays 

Long-distance communication: Voltage: 

Long-wire and traveling-wave antennas: Yagis, for 1296 MHz: 18-488 
Calculating length: Loopstick: 5-6ff, 14-3, 
Combinations: for 3.5 MHz: 14148 
Directivity Loos guy wire tensioner: 

Diversity effect: Lord Rayleigh: 
os Feeding: LOS (line of sight): 
Feeding the V beam: Loss: 
Gain: Additional loss due to SWR: 


Gain vs wire length and Smith Chart calculations: 


Other V combinations: and SWR: 
Parallel wires: Antenna broadband matching network: 
Resonant rhombic: E-field: 

Terminated Earth: 

Tilted wires: Ground: 

V-beam: Heat: 


Loop antennas: 
and environment: 


In loop antennas: 
In trap antennas: 


and propagation effects: Line: 
Antenna effect Measuring: 
Aperiodic arrays: Near-field earth: 
Arrays of Path: 
Balance: Radiation from transmission line: 24-1 
Cookie-shect variable capacitor: Resistance: 3-4fF, 9-2 
Current: Resistive: 211, 810 
Design data tables: Retum (4B), and SWR: 7-20 
Distributed capacitance: Spillover: 19-176 
Electrostatically shielded: ‘Transmission: 19-1 
Half wave: Loudspeaker: 21 
Horizontal: Low: 
Inductive loading Earth orbit (LEO) 
Large: Frequency antennas: 
Loopstick: Frequency fields: 
Losses in: Impedance point: 
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Low: 


Power link-coupled antenna tuner: .... 25-134f, 25-134 


Q circuit: 
Lowest usable frequency (LUF): 
LPCAD30: 

LPDAs: 

‘Adding parasitic director: 

Alpha: 

Basic design considerations: 

Behavior: 

Circularizing tau: 

Design and computers 

Design procedure: 

Equalizing upper-frequency response: 

Feeding and constructing: 

Log-cell Yagis: 

Optimal sigma 

Performance weakness: 

Phase line: 

Relative current magnitude: 

Sigma: 

Special correction: 

Special design considerations: 

Tau: 

Wire LPDA for 3.5 or 7 MHz: 

S-band LPDA: 


‘Maer, Claude, WOIC: 
Magic bullet 
Magnetic field: 
Health hazards 
60 Hz, near equipment and appliances: 
Main lobe: 
Mainframe: 
‘Major lobes: 
Mallete, Malcolm C., WA9BVS: 
‘Mallozzi, Domenic, NIDM: 
Malowanchuk, Barry, VEAMA: 
Manufacturers, antenna products 
Maps: 
Site planning: 
Soil conductivities for continental USA: 
Marconi 
Maritime antennas: 
Marmon-style clamp: 
Massachusetts Institute of Technology: 
Mast (also see Towers): 
Centroid: 
Guying: 
Stout: 
Strength: 
Masthead: 
Matched: 
Lines: 
sline loss: 
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Matching: 
Circuit 
Deliberate network mismatching: 
Delta match: 
Double adjustment stub: 
Gamma: 
Gamma match: 
GAMMA program: 
Hairpin match: 
Impedance, short verticals: 
Matching stubs: 
Network loss: 
of folded dipoles: 
Optimum network matching: 
Series section: 
Stub match: 
the line to the transmitter: 
to the transmitter, short verticals: 
Unit, Carolina Windom: 
Universal stub: 
with inductive coupling: 
with Jumped constants: 
Mathematical loads; 
Maximum: 
Forward gain: 
Line-of-sight distance: 
Permissible exposure (MPE): 
Usable frequency (MUF): 
Maxwell, James: 
Maxwell, M. Walter, W2DU: 
McCaa, Bill, KORZ: 
MeCoy, Lew, WIICP: 
McKim, Jim, WOCY: 
Measurements: 
and spurious frequencies: 
Antenna and transmission lines; 
Current and voltage: 
‘Current probe, RF: 
Feed-line electrical length: 
Field strength: 
Gain, antennas: 
General information, antennas: 
Impedance, antennas: 
Line length, electrical: 
Noise bridge, for HF: 
Radiation pattern, antennas: 
Range testing, antennas; 
Soil conductivity: 
SWR: 
SWR, errors 
‘Transmission line parameters: 
Wattmeter, calorimeter type: 
Wattmeter, RF directional in-line: 
Mechanical strength: 
Medium: 
Metal fence: 
Metal-oxide varistor (MOV): 


ren 
16-126F 
26-126f 
9-8 
18-6 
9-61 
28-134f 
28-11ff 
25-1 
16-136 
71 
18-5 
25.36 
28-126 
415 


613 
23.6 

LASff, 4-18 
23-20, 23-266 
3.24 

22, 27-40 


27-1 
8.3341, 27-476F 


2 Ff 


8-36ff, 27-84, 27-29 
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Method of moments: 
MEI-259B: 
Michaels, Charles, W7XC: 
MicroDEM: 

Microphone: 

MicroSmith: 

Miller, James, G3RUH: 
Millstone Hill: 
Minimum SWR: 
MININEC: 


Ground 
Minor lobes: 
Mirror: 
‘Mismatched lines: 
Deliberate: 
Results of 
Missionary radio station, HCIB: 
Mitchell, Bob, NSRM: 
MMDS dish: 
Mobile and maritime antennas: 
Mobile antennas: 
Base loading 
Center loading 
Continuously loaded: 
Equivalent circuit 


41 
9.2 
3-12, 27.8 


19-12, 19-13, 19-18 


16-1ff 


16-1 
16-1 
16-1387 
16-24 


Fluter: 5 
Mobile J antenna for 144 MHz: 16-2148 
4 Optimum desige: 165i 
$ Top-loaded 144-MHz mobile 16.26, 16-26 
VHF quarter-wavelength vertical 16.27, 16-27 
S/8-wavelength 220-MHz mobile antenna:..... 16-286 
144-MHz 5/8-wavelength vertical 16-281 
Modeling: 
Environment, frequency 412 
Environment, ground: 411 
History 4-1F 
Interactions: 4-208f 
Limitations: 41768 
Loads: 4-1atf 
Programs 3.23, 4108 
Tools 4-19 


Modifying Hy-Gain Yagis: 
Moment of inertia: 
Antennas, stacking of; 
‘Yagi performance optimization: 
2-element quad model: 
Monopole: 
Vertical: 
Vertical efficiency 
Moon: 
Moonbounce: 
‘Moore, Clarence, W9LZX: 
‘Mountain tops: 
‘Moxon rectangle beams 
‘Moxon, Les, GOXN: 
MUF: 
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63 
11-46 

631, 11-46 
23.20, 23-26fF 


Multi 
Hop propagation: 
Dipole antennas: 
Port network: 


Multiband antennas; T-lét 
Ground systems: 3-10 
Harmonic radiation from: 734 
Random-length wires: 

Yagis: 
Multicouplers, transmitter: 17-12 
Multielement arrays: Slt 


Multiple quarter-wave sections: 
Multiturn loops: 
Mutual coupling: 
and loss: 
Arrays: 
HETA 
Mutual impedance: 
and gain 


‘Trough reflector: 


NOBV/I 6-9, 11-381, 

NOIF: 

NOLF: 6-13, 6-24, 7-22, 16-31, 27-5 
Extended Double Zepp: 

NONB: 18-13, 

NRO! 


N7MQ: 
jonal Academy of Sciences: 
ional Cancer Institute: 
jonal Electrical Code: 
tural disasters: 
Natural low-frequency EM fields: 
NCI 
NCRP: 
Near vertical incidence skywave (NVIS): 
Near-field: 
Earth loss: 
Near-overhead angles: 
Nearby communications 
Nearly resonant: 
NEC 


NEC-2: 
NEC: 
NEC-BSC: 

NEC4.I: 

NEC-Win Plus: 
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NEC-Win Pro: 
NEC/Wives 
Negative feed-point resistance: 
Nelson, R. A., WBOIKN: 
NEMAS: 
‘Newfoundland: 
Nighttime band: 
NMDA: 
NNOF: 
NOALOX: 
Noise bridge. for HF: 
Non reciprocal: 
Norton source: 
Nalls: 
‘Array 
Disastrous: 
Mislocated: 
NVIS: 
‘Antenna height: 
Choosing the right frequency: 
Geographic coverage: 
Low antennas and powerline noise: 
Strategy: 
‘Summary: 


O'Dell, Pete, KBIN: 
Oblique angle sounding: 
OCF dipoles: 
Even harmonics 
(Odd harmonies: 
ODsCG: 
Oerstad: 
OET Bulletin 65: 
Off-center-loaded dipoles: 
Offset crossed Yagi 
Ohio State University: 
Ohm's law: 
Omega match: 
Omnidirectional 
ONAUF: 
ONAUN: 
ON4UN’s Low-Band DXing: 
ONSUG: 
One: 
Element Yagi 
Port measurement. 
Way propagation: 
Way skip: 
Open circuit, line termination: 
Open sleeve antennas: 
‘Antenna mode: 
Bandwidth: 
Current distribution on: 
Gain: 
Impedance: 
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6-398f, 7-81 
19-7 


7-18 


Open sleeve antennas: 
Monopole: 
Patterns: 
Practical construction: 
‘Transmission-line mode: 
Open-wire lines: 
Operator skill: 


Optimized: 
10-meter Yagis: 11-126F 
12-meter Yagis: 1-14 
15-meter Yagis: 1-176 
1T-meter Yagis: 11-196 


20-meter Yagis: 
30-meter Yagis: 
40-meter Yagis: 
Optimizing over local terrain: 
Optimum ground-system configurations: 
Optimum traffic frequency: 
Ordinary wave: 


Origin: 
Other antenna characteristics: 2-156f 
Over-illuminating, dish: 19-176 
Overbeck. Wayne, NONB: 18-13, 18-45 
Overblown claims: 4d 
Overlay plots: 412 


Pad, switchable attenuator: 
Painter, J. R., WABBP: 


Parabolas: 18-18fF 
Dish: 19-15 
EME: 19.34F 
Feed methods: 18-18fF 
Mluminating: 18-138 

Paraffin, applying to wood: 20-12 

Parallel: 

Equivalent circuit: 24-12 

‘Conductor lines: 26-1 

‘Tuned: 2 

‘Tuned circuits, at antenna terminals: 9-68 
Parallel-wire transmission lines: 4:17 

Arrays: 8-6, LL-Iff 

Conductors: 4.29 

Effects 

Element: 

Passive reflector, moon: 

Patch: 
cP: 

Feeds: 

Round feed: 

S-band: 

‘Truncated comers: 19. 
Path loss: 17-8, 23-10,2313, 
Pattern: 18-1 

Bidirectional: 


Dipoles at different frequencies: 
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Pattern: 
Distortion, arrays: 
Distortion, dipole: 
E-plane: 

Elevation: 

Factor: 
Ground-reflection: 
H-plane: 
Half-power points: 
‘Measurement of: 
Planes; 

Shape: 
Unidirectional: 
Worksheets for: 

PBA: 
and earth quality 
and Salt water: 

Pedersen wave: 

Penetrox 

Perfect 
Conducting ground: 
Earth: 

Ground: 
‘Transmission line: 

Periscope antennas: 

Gain: 
Patterns: 

Perrin, Mark, N7MQ: 

Phase: 
and wavelength: 
Definition of: 
Reflected signals: 
Relationships: 

Shift: 

Phased arrays: 

‘Adjusting feed systems: 
Baluns; 

Bi-square: 

Bidirectional: 

Binomial current grading: 
Bobiail curtain 

Broadside: 

Bruce: 

Collinear 2 element: 
Common feed systems: 
Current distribution: 
Design examples: 
Directional switching: 
Driven: 

Driven combinations: 
Element feed-point impedances: 
End-fire 

Feeding: 

Feeding, shunt components: 
Forward gain: 

Four Square: 

Four Square, L-network feed: 
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5. 8-50F 
8-10, 8-140F 


Phased arrays: 
Four Square, simplest feed: 
L-network feed system: 

Large, feed systems: 

Lazy-H 

Loss resistance & patter: 
Measuring currents: 

Mutual coupling 

Other broadside: 

Parallel broadside: 

Pattern null degradation: 
Phasing arrows 

Practical aspects: 

RDF: 

Receiving. 

Recommended feed methods: 
Shunt or gamma-fed feeding: 
Simplest feed system: 

Sterba: 

Techniques: 

Unidirectional: 

Verticals: 

WsiK: 

3-element binomial broadside: 
4-element rectangular array: 
4-element, feeding: 

120 deg. fed, 60 deg. spaced: 8.308 

Phasing lines: 

Phelps. Ted, W8TP: 

Phi 

Photoionizes: 

Physical Design of Yagi Antennas: 

Pi-network: 

Pietraszewski, David, K1WA: 

PL-259: 

Assembly: 

Plane: 
Diagrams: 
Wave: 

Plasencia, Richard, WORPV: 

Plastics, for antenna construction: 

PlastiDip: 

Plot: 

Polar: 11-33 
Rectangular: 11-33 

Plumber's delight: 26-10 

Point source, HFTA: 331 

Polar coordinates: 2-10, 2-15 

Polarization: 2-8, 2-13, 3-11, 11-2, 19-1, 23-24F 
Antennas: 
Circular: 
Considerations: 
Diversity: 
Elliptical: 

EME: 

Horizontal: 
‘Over flat ground: 
Polarized: 
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Polarization: Propagation; 
Linear: Ducting: 
Reflection coefficients: Fading: 
Sense Geographic area: 
Switching sense: Gray line: 
‘Through ionosphere: Ground wave: 
Verical: Ground-wave range: 
Antennas: Long path: 
Polarized: Maximum line-of-sight distance: 
Pole, gin: Multi-hop: 
Pole-vault arm spreaders: One-way: 
Polygons: Prediction programs: 
Polyphaser Corp: Radio wave propagation: 
Portable: Reflection: 
Antennas: Refraction: 
Dipole for 80 to 2 meters: Scatter modes: 
2-clement 6-meter quad: IS-I1f Sky wave: 23-4, 23-158 
3-element portable 6-meter Yagi: 15-138 Space wave: 23-46 


Position readout: 
Potts, Frank, NCI 


What HF bands are open”: 23-386f 
Proplab Pro program: 2 


Power: Protection: 
Density: L-22ff, 210 Against electromagnetic pulse: Lair 
Effective isotropic radiated: 17-13 Against lightning: Lit 
Gain: 81 Circuitry 25-1 
Generators, emergency 1-12 Coaxial-tine: 113, 1-13 ff 
Loss, traps: 7-14ff ‘Transient, devices for: LE, 1 


Ratio: 2-9 Transient, for feed lines 
RF, absorber circuit 27-6 Proximity effect 
Supplies. transient protection 1-12 Pseudo-Brewster angle: 
a Powerboats PTFE: 
Antennas 16-38if Ptolemy 
Counterpoise: Palle 
Povwlishen, Steve, KIFO: PVC pipe 
Practical 6-meter Yagis: PVRC mount 
Practical aspects, array design Pyramidal horn: 
PRB-1 (federal preemption) 
Prime center; 28-1, 28-2 
Probe, for RF current measurement: 833.2746 = @ 
Proceedings of the AMSAT Space Symposium:.... 19-16. Q factor, antenna traps: 7.10 
Programs: QTH for DXing 321 
AAT Quad antennas: 418, 12-16F 
GAMMA Arrays: 1D 
HETA (HE Terrain Assessment) at low height: 123, 
HETA PDF: Constructing: 12-4fF 
LPCADi: Diamond or square: 125 
MOBILE: Loop Yagis, for 1296 MHz. 
TL: 2 26-13 Making it sturdy 
WinsSmith: Monobsnd 2-clement 
YO (Yagi Optimizer Multiband 
YP (Yagi Terrain analyzer Stacking 
YW (Yagi for Windows) Swiss: 
Prop-piteh rotator: VHF: 
Propagation: vs Yas 
Auroral: 2-element, §-foot boom pentaband 
Bending 23-4 S-element, 26-foot boom triband: 
Beyond line-of-sight, VHF: 144 MHz, 2 element: 
Diffraction: 144 MH, 4 element portable: 18-41 fF 
Dovit-yourself prediction 23-434 — Quadrifilar antenna: 194 
949 
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Quagis: 
Construction: 18-461F 
Design tables: 18-4541, 18-458 
Feed method 18-47 
VHF and UF: 18-13 
1296 MHz; 10, 15 or 25 elements: 18-47 


Quarter-wave 
Half-sloper: 
‘Transformers: 

Quartering lobes: 

Quiet sun: 


R 

Radar: 

Radials: 
Close to ground: 
Elevated: 
Quarter-wave, proximity to ground: 
Resonating the antenna: 
Wire systems: 
Wires 

Radiated: 

Radiating far field: 


Radiating near field: 2-7, 2-8 
Radiation: 
Efficiency: S-LIFf, 16-2, 16-9 


Feed line & directive array: 
Harmonic, from multiband antennas: 
Hazards: 

Nonionizing: 

Pattern: 

Pattern, coordinate scales 

Pattern, dipoles at different frequencies: 
Pattern, of corner reflector: 
Resistance: 2-2, 3-2, 81. 8-10, 

Radio waves 
Bending: 

Horizon: 

Nature of: 

Path loss: 

Propagation: 
Rain seepage: 
Rain-gutter antenna: 


RDF antennas: 


ARDF (Amateur Radio direction finding): Ltt 
by triangulation: 41 
Calibration and use: 14-8fF 
Electronic antenna rotation: 14-7 
Ferrite rod: 143 
Ferrite-core: 14-11 
Four-way mobile DF system: 14.248F 
Fox-hunting DF twin ‘tena: 14-208F 
Interferometer: 14-18 
Loop antennas: 14-2 
Loopstick for 3.5 MHz: 14-158 
Multiturn loops: 14-2 
Phased arrays: 14-4 ft 
Sensing: 14-2 
Shielded frame: 14-108F 
Shielded loop: 14-2 
Shielded loop with sensing antenna for 

28 MHz: 14.136 
Snoop Loop for close-range HF RDF: 14-136F 
TDOA: 14-18 
Wullenweber: 14-7 
144-MHz cardioid-pattern RDF antenna: 14-16ff 

Re-radiation: 4-21 

Reactance circles (Smith Chart) 28-2 

Reactive: 

Fields: 
Near field: 


Real-world terrain and stacks: 
Rear quartering lobes: 
Receiving antenna: 

Arrays: 

Wave antennas: 
Reciprocity 
Recommended feed methods: 
Recreational vehicles (RV) 
Reduction in propagation specd: 
Reflected: 

Power: 

Ray: 

Waves: 
Reflection: 

Coefficient 

Factor: 
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Random length wire: 
Range: 

of elevation angles needed: 

of frequencies: 

Test site for antenna measurements: 
Rauch, Tom, W8IL 
Ray: 

Reflected: 

Technique: 

Tracing: 
RDF antennas: 

Adcock: 
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3-11F 
3.24 
3-24Ef, 23-1, 23-22 
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Reflectometers: 
Time domain: 
Reflector: 
Corner: 
‘Cupped S-band: 
Parasitic: 
Retrograde: 
Trough: 
Refraction: 
Regier, Frank, ODSCG: 
Regulatory restrictions: 
Relative values: 


27-98 
27-326f 
613 
18-L4fr 
19-7 
ret 
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Relay: 
‘Antenna & preamplifier: 
Remote switching: 

Repeater antennas: 

Cardioid: 

Downtilt, vertical beam: 
Isolation: 

Matching: 
Omnidirectional: 
Polarization: 

‘Top and side mounting: 

Repeaters: 

Coverage: 
Diversity techniques: 
Duplexers: 
Equipment manufacturers 
Isolation: 
System assembly: 
‘Transmission lines: 
144 MHz. duplexer: 
Resistance: 
Bridge: 
Circles (Smith Chart 
Effective ground: 
Feed point. versus element coupling: 
Ground system, arrays 
Loss: 
Loss, mutual coupling & gain: 
Radiation: 
RF loss: 
‘Swamping: 
Virtual: 
Resonance: 
Full-wave: 
Half-wave: 
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in guy wires: 
Resonant 

‘Antennas: 

Breaker: 

Rhombic antenna: 
Resonators, cavity type: 
Return loss (dB), and SWR: 
Return path: 

RF: 

ANSI exposure guidelines: 

Athermal effets: 

‘Awareness guidelines: 

Chokes: 

Current probe: 

Decoupling: 

Feedback: 

Ground, alternative: 

in the shack: 

Loss resistance: 

Rectification: 

Safe exposure levels: 

‘Thermal effects: 
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17-288 
17-1288 
17-94F, 17-98 
17-15 

17 

17-14 

17-1 

17-148 


RFI 
RHCP: 
Rhodes, Peter D., KAEWG: 
Rhombic: 
Front-to-back ratio: 
Methods of feed: 
Multiwire: 
Resonant: 
Terminated: 
‘Terminated, multiband design: 
‘Terminated, tilt angle: 
Termination: 
Richard, Louis, ON4UF: 
RingRotor: 
Roadway illumination standards; 
Rohn: 
Role of the Sun: 
Rope 
Rotators: 
Heavy duty: 
‘Transient protection: 
RS-15: 
Rubber duck: 
Rusgrove, Jay, WIVD: 
Russell, Thomas, N4KG: 


S-hand dish feed: 
S- parameters: 


D-ring: 
Electrical: 
Fall arrest: 
Gloves: 
Hard hats: 
Knots: 
Passers-by: 
RF burns: 
RF radiation hazards: 
Safety belt: 
Slingshot: 
Structural 
Switch box: 
Working on towers: 
Sag, in antenna wires 
Sailboats: 
Antenna modeling: 
Flag halyard: 
Grounding systems: 
HF antennas: 
Patterns, backsay vertical: 
Patterns, masthead vertical 
Patterns, transom vertical 
Rigging: 
‘Temporary antennas: 
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13-11 
13-12 


16-31ff 

16-37 
16-36ff 
16-31ff 


16-356 
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Sailboats: 
‘Transom and masthead mounted verticals... 16-326F 
40-meter backstay half sloper: 16-35 

Saltwater: 3-17, 3-20, 6-16, 6-50, 7-7 


‘Swamp on a hill: 

Sampler, line, VHF: 

Satellites: 
Geo-synchronous: 
High-altiude: 
Phase-3: 

SCALE program: 

Scaling 
Boom diameter: 
Element diameters: 
Element lengths: 
Element spacings 


Frequency 
Scatter modes: 
Scattering 

Parameters: 
Schedule, taper, for antenna elements: 20-9, 20-10 
Schelkunoff 4-17 
Schmidt, Kevin, W9CF: 8-16 
Schulz, Walter, K30QF: 6-31 
Schuster, Jack, W1WEF: 16-1 
Scissors rest: 22-7 
Screwdriver: 

Coil cover: 16-20 

Loading coil: 16-16fF 

Mobile antenna: 16-16fF 
Seawater: 3-17, 3-20, 6-16, 6-50, 7-7 
‘Second lobe: 3-22 
‘Segments: 

Density: 


Length-to-wire-diameter ratio: 
‘Mutually coupled: 
Source: 
Selective fading: 2 
Self impedance: 2-2, 84, 11-9 
Selsyn: 19-30 
Sensing antennas: 5-8, 1436 
Sensitivity, bridge measurements: 
Series: 
Equivalent circuit 
Resonant circuit: 
Section transformers; 
Severns, Rudy, NOLF: 


26-5if, 28-134F 
6-13, 6-24, 7-22, 16-31, 27-54 


Seviek, Jerry, W2FME 36, 7-16, 8-11 
Seybold, Mack, W2RYI 7-27 
Shield, anti-climbing, for towers: Loi 
Shielded: 
Frame loops 14-1087 
Loop: 


Loop with sensing antenna for 28 MHz: 
Parallel lines: 
Shock, electrical, and ground systems: 
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Short: 
Antennas: 6-208 
Circuit, line termination: 28-2 
Fat wires: 

Path: 
Range communication: 

Shortened: 

Dipoles: 6-301 
Radial 6-668 

Shorty forty: 6-41ff 

Shriner, Bob, WAQUZO: 17-14 

Shunt 


‘Components, array feeding: 
Feed, installing: 
Sidelobes: 
Quartering: 
Sideseatter: 
Signal-to-interference ratio: 
Signal-to-noise ratio: 
Silicone sealant 
Simple and Fun Antennas for Hams: 
Simple: 


Broadband dipole for 80 meters: 9-16, 9-17 
Broadband matching techniques: 9-36T 
‘Twin-lead antenna for HF portable 

operation: 15-1, 15-2 
Wire antennas: T-ltt 

Simplest feed system: 8-18if, 8-25 

Simulations of reality 3.26ff 

Site map: 4-19 

Skeleton dise: 631 

Skin depth: 3.17 

Skin effect 

Skip: 

Distance: 
Zone: 

Sky wave: 

Sleeve, open: 

Slide switch: 

Sling: 

Slingshot: 

Slopers: 

Antennas: 6-44r 
Front-to-back ratio: 6-49 
7-MHz. sloper system: 6-486f 


Sloping the radials of a ground plane: 
SMA: 
Smith chart 


Designing series-section transformers: 28-134f 
Designing stub matches: 28-11ff 
Off-center mode: 28-14 
Procedure summary: 28-8 

Smith, George, W4AEO! 10-17 

Smith, Phillip H. 28-1 

Smoothed sunspot numbers (SSN): 23-17Kf 

Snell's law: 3.24 
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Snyder dipole: 
80-239: 
Sobel, Jack, WOSVM: 
Soft-drawn copper wire: 
Solar: 
Flares: 
Flux: 
Wind: 
Solid radiation pattern: 
Sommerfeld: 
‘Sommerfeld-Norton: 
Sound waves: 
Sounder: 
Chirp: 
Vertical incidence: 
Ionospherie: 
Source: 
Current: 
Impedances: 
Segment: 
Sensitivity to placement: 
Specification: 
Split: 
Voltage: 
Space: 
Communications: 
Diversity 
Wave: 
Spare me the nulls: 
Specific absorption rate (SAR): 
Specific monoband Yagi design: 
Spiders, quad: 
Spillover loss: 
Spin fading: 
Spinning ree: 
Splattering: 
Splicing: 
Split source: 
Sporadic E: 
Spot frequency 
Spotting mast 
Spreading loss: 
Spreadsheet: 
‘Squint angle: 
SSN: 
Stacking: 
and azimuthal diversity 
and fading: 
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and wide elevation footprint 
Disimilar Yagis: 

Distances between Yagis: 
Distances for multiband Yagis: 
Main antenna: 

Minimum stacking distance: 
Monoband antennas: 
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45F 
413 
43 
4B 
414, 4-22 


19-18 
11-38, 17-12 
23-44F 
11-32 
1-I8tf 
rent 
12-7 
19-1788 


1-37F 
11-29 
11-38 
11-298F 


Stacking: 
Multiplier antenna: 
Quads: 

Stacks of stacks: 


Yagis at different frequencies: 


Yagis at same frequencies: 18-108F 
10-meter example 11-308 
15-meter example: 11-31 
20-meter example: LL-3Iff 

Stackmatch: 142 

Stacks: 

Boom length & spacing: 
Christmas tree: 

Distance and Lobes at HF: 
Spacing: 


Switching out Yagis: 

Vertical spacing not critical: 
Stagger tuned: 

Dipoles: 

Radials: 
Stallman, Ed, NSBLZ: 
Standing 

Wave antennas: 

Waves: 

Wave ratio (SWR): 
Stanford, John, NNOF: 
Stanley, John, K4ERO: 
Statistical entities: 
Statistics, elevation angle: 
Stepped diameter correction: 
Sterba curtain: 
Stork, Rudy, KASFSB: 
Straw, R, Dean, NOBV: 
Structural safety: 
Stubby antenna: 


3-21, 11-37, 


Stubs: 

Capacitive: 

Filer: 

Harmonics: 3 

Matching: 28-11iF 

fon coax lines: 26-14 
Subsidence: 23.9 
Sudden disappearing filaments: 23-28 
Suding, Robert, WOLMD. 19-11 
‘Summer solstice: 6-6 
Sun noise: 19-13 
Sunspots: 23-15, 23-16 
Super-J Maritime Antenna: 16-234 
Suppliers: 

Addresses: 

HF antennas: 

Quad parts: 

Towers 
Supports: 

Belt hooks: 1s 
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Supports: 
for antennas: 
for open-wire line: 
Ladder mast: 
Trees for verticals: 
Truss: 
Surface acoustic wave (SAW): 
Surface wave: 
‘Surge impedance: 
Susceptance: 
‘Swinging link: 
SWR: 
‘Along a line 
and line losses: 
and the transmission line 
Bowl-shaped curve: 
Change with common-mode current: 
Ciretes (Smith Chart): 
Load: 
Measurement: 
Measurement, errors 
Return loss (dB), and SWR: 
‘Symmetry, RDF: 
Synchros: 
System approach: 


T 
& ‘T-match 
e Trnetwork: 
high pass: 
Tag lines: 
Tandem-Match, in-line directional RF 
wwattmeter: 
High-power operation: 
‘Tape measure beam for RDFing: 
‘Taper, in antenna elements: 
and electrical length: 
Tapered: 
Element, spacing 
Lines: 
Pier-pin base: 
Tapped-coil matching network: 
TAPR: 
TDR (Time Domain Reflectometer} 
Teflon: 
‘Telephone pole: 
Telerana 
Telerana, improving the 
Telescoping aluminum tubing: 
‘Tennis ball shock absorber: 
Tension, on antenna wires: 
Terleski, Jay 
Terminated 
Long-Wwire antennas: 
Rhombic antenna: 
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27-98 
27-1788 

14.328F 

2-16, 4-17Hf, 20-9 
20-11 


1-10 
26.6 
9 
16-1517 
19-30 

1-42 

19-18 

22-8 
10-1788 
10-21 

2416, 417K 
16-1 


‘Terminations on lines: 


Short and open circuits: 28-3 
Terminator: 23.37 
Terrain: 


Data from the Internet: 
Optimizing over local: 
Profile: 

Test site, antenna: 

‘Texas potato masher antenna: 

Textbooks, Chap 2: 


THODXX: 11-37, 11-41 
THTDX: 3-31, 11-32, 11-37, 11-39, 11-45 
The AMSAT Journat: 19-2, 19-21 
The ARRL Antenna Compendium series: OL 
‘The ARRL Antenna Compendium, Vol 1 16-5 
‘The ARRL Antenna Compendium, Vol 2:..8-18, 9-13, 9-15 


‘The ARRL Antenna Compendium, Vol 3: 
‘The ARRL Antenna Compendium, Vol 4: 


‘The ARRL Antenna Compendium, Vol 5: 
6-34, 7. 
RRL Antenna Compendium, Vol 6. 
‘The ARRL Antenna Compendium, Vol 7: 
The ARRL Handbook, 2006 Ed. 
‘The ARRL UHF/Microwave Experimenter's 
Manual: 19.24 
The ARRL UHF/Microwave Projects 
Manual: 
‘The Pounder: 
‘The Snoop Loop for close-range HF RDF: 
Theta: 
‘Thevenin source: 
‘Thin-wire approximation: 
‘Three-dimensional: 
Time and frequency stations: 
Time domain reflectometry: 
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‘Time-Difference-of-Arrival (TDOA): 14-18 
TLW (Transmission Line for 

Windows: 8-24, 11-44, 25-7 
Tolles, H. F, W7ITB: 26-10 
Top (elevated) counterpoise: 645 
Top hat 5 

Construction: 6-37 

Multiwire: 6-30 
‘Top loading: 35, 3-6, 6-18 
‘Top-loaded 144-MHz mobile antenna: 3. 16-26 
‘Top-loading capacitance: 16-14 
‘Topography: 3.29 
‘Torque arm assembly 22-17,2209 
Total current: 31 
Towers: 

and lightning: 22-12 

Antenna installation: 22.236f 

Antenna placement 22-208f 


Antenna selection and installation: 
Anti-climbing shield: 


|| = 


& 
@- 


i 


Towers: 

Bases: 

Building antennas on the tower: 

‘Canvas bucket 

Climbing equipment: 

Climbing tips: 

Clothing: 

Crank-up: 

Fold-over: 

Freestanding: 

Ground captain: 

Guyed: 

Hard hats: 

Installation: 

Installing antennas on: 

Notebook: 

PVRC mount: 

Raising antennas alongside: 

Rest periods 

Rohn: 

Roof-mounted tripod: 

Rope and pulley 

Safety belt: 

Suppliers: 

‘Tapered pier-pin base: 

Tie-strings: 

Tilt-over: 

‘Tram, sling: 

‘Tram, using a 

Unguyed: 

Wet tower: 

Working on: 

‘Tram, using a 
‘Transducers: 
‘Transformers: 

Quarter wave: 

Series section: 
‘Transition function: 
‘Transmatch: 
‘Transmission line: 

Airinsulated coaxial 

Air-insulated lines: 

as circuit elements 

Cable capacitance: 

Characteristic impedance 

Characteristics, table: 

Coaxial cables: 

Coaxial fittings: 

Construction: 

Equation: 

Flexible lines: 

Half-wavelength line: 

Highly reactive loads: 

Impedance transformer: 

Input impedance: 

Installation: 


22-9, 22-12ff 


22.258 


‘Transmission line: 
Installing: 
Line voltages and currents: 
Losses: 
Losses and deterioration: 
Matched lines: 
Matched-line attenuat 
Matched-line losses: 
Mismatched lines: 
Nonresistive terminations: 
Open-wire lines: 
Parallel-conductor lines: 
Practical: 
Quarter-wavelength line 
Reflection coefficient: 
Running the feed line: 
Simple lightning arrester: 
Single-wire: 
Standing-wave ratio: 
Support for open-wire line: 
Surge impedance: 
Terminated: 
Testing 
‘Tuned feeders: 
Twisted: 
‘Two-wire lines: 
Velocity of propagation: 


mn, chart 


Voltage & current 
Voltage and power ratings: 


Waveguides: 


Window line: 
Zo: 
Zip-cord 
Transmission loss: 
‘Transmission-line resonators (TLR) 
as part of antenna: 
as part of feed line: 
‘Transformer: 
‘Transmitter chassis 
‘Transom 
‘Transom and masthead mounted verticals: 
‘Transponder noise floor: 
‘Transportable antennas: 
‘Trap Antennas: 
Dipole, 3.5 to 28 MHz, 5 bands: 
Dipole, 80, 40, 17 and 12 meters: 
Dipole, 80, 40, 20, 15 and 10 meters: 
‘Trapped dipole: 
‘Trapped tribanders: 
21 and 28 MHz. vertical: 
‘Traps: 
Coax cable: 
Coax capacitor: 
Coaxial: 
Construction: 


4307 
24-11ff 
24-6ff, 25-1 


24-18 


15.2, 15-3 
19-1 
9-10fr 
9-136 
9-16ft 
9-1 Lt 
16-23 
16-324 
19-11 


11-26ff 
7-11 

414 

TAL 

TAT 
TLE, 7-13 
TLL, TATE 
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Traps: 
Doorknob capacitor: 
Electrical loading 
Fundamentals: 

Impedance equation: 
LC ratio: 

Losses: 

Losses & power rating: 
‘Non-resonant: 

Parallel resonant: 
Power loss: 

Power rating 

PVC pipe: 

RTV sealant 

‘Tree-mounted HF ground-plane: 

‘Trees, as antenna supports: 
Vertical antennas: 

‘Triband Yagi: 

‘Tropospheric: 

Bending: 

Ducting: 
Propagation of VHF: 
Scatter: 

Trough reflector: 

‘Trough reflectors: 
for 432 and 1296 MHz: 

True north: 

‘Tubing, aluminum: 

Alloy numbers: 
Construction with: 
Data table: 
Sources for: 
Telescoping: 

‘Tucson Amateur Packet Radio (TAPR): 

‘Tuned feeders: 

‘TUNER.SUM: 

Tuners: 

Antenna: 

Balanced: 

Circuit balance 

Circuit Q: 

Harmonic attenuation: 
High-power ARRL antenna tuner: 
L-network: 

Low-power link-coupled: 
Measurement of line input current: 
Pi-network 

Series and parallel coupling: 
Tnetwork: 

‘Variable coupling: 

with inductive coupling: 

‘Tumnstile over reflector antenna: 

TV antenna: 

‘TV mast material: 

‘TVaype standoff insulators: 
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23-4, 23-76 


‘TVRO: 
C-band: 
Converted C-band: 
EME, surplus: 
Feeding: 
Modified elevation mount: 
‘Twilight zone: 
‘Twin-lead folded dipole: 
‘Type-N connectors: 


u 
U-Adcock: 
UBC (Uniform Building Code) 
UBF Quagis 
UHF-VHF antenna systems: 
UL 1499 
Ultraviolet (UV): 
Umbrella shape loading: 
Unbalanced coax feeding a balanced dipole: 
Uncontrolled environments 
Under-illuminating (dish 
Underwriters Laboratories: 
Undisturbed ionospheric conditions 
Uneven local terrain: 
Uniform theory of diffraction (UTD) 
Unmatched system: 
Unterminated long-wire antennas 
US Geological Survey 
US Naval Academy: 
USGS map 
Using capacitive end hats: 
UT-141 coax: 
UID: 
Uv: 

Protection: 

Radiation: 


v 


\V-Beam antenna: 
Feeding: 
Other combinations: 
Vacuum-tube amplifiers: 
Vaisala Lightning Explorer: 
Variable coupling: 
Varney, Louis, GSRV: 
VEICV: 
VEAMA: 
VETCA: 
VETCA 2-clement portable HF triband Yagis: 
Vector Network Analyzer (VNA): 
Velocity factor: 
of line, from impedance measurements: 
Velocity of propagation: 


14.6 
22-8 
18-456f 
18-1ff 


19-176 
12 


13-1, 13-66F 
13.9 

13.8, 13.9 
25-1 


10-21, 15-11 


15-156 
27-Satf 
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Vertical antennas: 
Buried radials 
Buried-radial ground system: 
Continuously loaded verticals: 
Counterpoises 
Elevated radials 
Equivalent loading: 
Examples: 
Examples of short verticals: 
Far-field ground reflections 
Feed-point impedance and ground system: 
Flagpoles: 
Folded monopole: 
Ground conductivity 
Ground dielectric constant: 
Ground plane: 
Ground systems for vertical monopoles: 
Half-wave dipole: 
Half-wave vertical dipole (HYD): 
Irvigation tubing: 
Less-than-ideal ground systems 
Monopoles: 
Multiband: 
Omega match: 
Reflection coefficient: 
Roadway illumination standards: 
Shor: 
Shortening the radials: 

&- Shunt-fed: 

° Shunt-fed gamma: 

Sloping the radials of « ground plane: 
Standoff insulators: 
Top loading: 


Trap: TAME, 


Tree mounted: 
Umbrella shape loading: 
1.8-3.5 MHz using existing tower: 
6-Foot high 7-MHz. antenna: 
Vertical incidence critical frequency: 
Vertical incidence sounder: 
Vertical monopole: 
Vertical monopole, efficiency: 


TLE 


VHF: 
Quads 18-13, 1841iF 
Quagis: 18-13, 1845iF 
Quarter-wavelength vertical: 16-27 

VHF/UHF: 

‘Antenna systems: 18-18 


Antenna-height gain, nomograph: 
Capabilities, nomograph: 
Effective receiver sensitivity, nomograph: 
Reliable coverage: 
Station gain: 
Terrain: 

View antenna window (EZNEC): 

Viewshed: 
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23-108 


48 


331, 17-2 


Vinyl electrical tape: 
Virtual resistance: 


VNA: 


Array example: 
Multi-port network: 


VOAAREA: 
VOACAP: 6-5, 6-6, 11-36, 2 
Parameters: 
Voltage: 
Balun 
Clamping, protection: 
Induced: 
Loop: 
Ratio: 
Reflection coefficient: 28-4 
RE, measurement: 27-1 
Source: 414 
‘Transmission lines: 24-15 
Voltmeter, RF: 271 
Vortex shedding: 22-6 
w 
W-shaped SWR curve: 97 
wocy: 19-24, 19-26 
WOLMD. 19-12, 19-15, 19-18, 
19-20, 19-21, 19-24, 19-29, 19.31 
WORPY: 5:16 
WoSVM 6-41 
WIAW: 23. 
WICF: 6-47 
WIEYI 16-21 
WIFB 6-43, 6-47 
WIGAN: 17-14 
WIGHZ (ex-NIBWT): 19-15, 19-18, 19-19, 19-21 
wilcr: 5-10 
WIKSC: 18-41 
WIMK: 8-20 
WIVD: ISL 
WIWEF: |. 16-2 
W2BML: 13-16 
W2DU; 27-40 
W2DU balun: 26-24 
W2FMI: 6-36, 7-16 
WwoPV: 1-1, 11-8 
W3DZZ: 7-10, 7-12 
W3ilP: 15-4, 15.9 
W3KH. 19-4 
W4AEO: 10-17 
WABBP: 10-25 
W4HHK: 18-13, 18-14 
WAIRW: TL 
W4MB: 27-36 
WARNL: 10-1, 11-46 
WSLUA: 19-16, 19-45 
WSQUR: 5-10, 5-12 
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WSRTQ (now K6SE): 
WOAAQ: 

WOHPH: 

WONL: 

WONL (ex-W6QHS): 
Woowo: 
WeTWW: 
WOUYH: 

WICNK: 

WEL: 

WTITB: 

WIXC: 

W8GZz: 

WSIL 

W8IK: 

WSIK array: 
WSNWE: 

WENX: 

WSNX trap dipoles: 
WSTP: 

WOCF: 

WODUU: 
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WA3EET: 
WA3ULH: 
WAAIVE: 
WASERE: 
WASTNY: 
WAQBVS: 
Walters, Mike, G3VL: 
Ward, Al, WSLUA: 
Wardley, David, ZL1BIQ: 
Water pipe: 
Wattmeters: 
‘A directional in-line RF: 
Calorimeter type, for VHF and UHF: 
Wave: 
Angle: 
Attenuation: 
Extraordinary 
Front: 
Ordinary 
Theory. 
Waveguides: 
Coupling to: 
Dimensions: 
Evolution of: 
‘Modes of propagation in: 
Wavelength: 
Wavelength-to- 
WBODGF: 
WBOIKN: 
WBOKIZ: 


& 
@- 


958 


i 


8-10, 8-16, 8-23, 8-31, 2 


4-17, 11-27, 2¢ 


3-12, 


B51, 19-5, 19-18 
6-13, 8-51ff 

7-26 

TLL, 7-13 
TAME 


WD4FAB: 
19: 

Weatherprooling, wood: 

Weber, Dick, K5IU: 

White, Allan, WIEYE 

Why tribanders? 

Wilkie, Jim, WY4R: 

Wilkinson divider: 

Williamson, Gerald, KSGW: 

Wilson, Paul M., W4HHK: 

Wilson, Robert, ALTKK: 

Wind compensation: 

Wind loading: 

Windom 

Antenna: 

Carolina: 

Carolina, matching unit: 
Windom, Loren G, W8GZ: 
Window 450-Q ladder line: 
Winter solstice: 

Wire: 

Antenna, splicing: 

as antenna conductors: 

Closely spaced: 

Coordinate shortcuts: 

Copper clad steel: 

Copper, data table: 

Crossing: 

Fat wires connected to ski 

Geometry: 

Grid: 

Loss: 

Mesh: 

Radial systems: 

Random length: 


Short fat and acute-angle junction: 


Straight: 
Stressed, data table: 
Tension and sag 
Types of: 


Wire LPDA for 3.5 or 7 MHz: 
Wiring, electrical, and safety: 


Witt, Frank, AIH: 
Wolf, Johann Rudolph: 
Wolff, Ken, KIEA: 
Wood: 
for antenna construction: 
Weatherproofing: 
Worst-case front-to-rear: 


Worst-case front-to-rear ratio: 


Wright, Joe, WAUEB: 
Wullenweber antenna: 
WWV/WWVH: 
WXOB: 


WXOB Approach to stack matching and feeding: 
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1-99, 19-10, 19-2, 19-3, 
5, 19-14, 19-18, 19-19, 19.27 
19-26 


8-10, 8-16 
19-33 
18-14, 18. 


10-116 
1-86 
9-1, 9-6, 9-9 
23-16 
IL 


IL 
1426 
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Yagi: 
Bandwidth: 
Co-planar crossed: 
Comparisons, 3-element designs. 


Comparisons, 5-element designs. 
Comparisons, 6-element designs. 
‘Comparisons, 8-element designs: 
Construction with aluminum tubing: 
Drive impedance and SWR: 
Element tuning: 

PIR: 

ER ratio: 

Feeding: 

Gain: 


Gain & pattern degradation due to stacking 
IL-6ff, 11-10 


Gain and boom length 
Gain versus FR rato 
Horizontal model 
Input impedancs 
Interlaced elements 
Loop. for 1296 ME 
Mechanical strength 
Modifying H.-Gain Yass 
Monstad performance optiaizaoa 
Multiband 
Multiband stuck spacing 
Offset crossed 
@- Optimized 10-meter Yass 

Optimized 12-meter Yass 
Optimized 15:meter Yass: 
Optimized I7-meter Yapis: 
Optimized 20-meter Yapis: 
Optimized 30-meter Yaps: 
Optimized 40-meter Yaps: 
(pein design arametes 
(Optimam designs and element spacing 
Patterns 
Performance optimization 
Performance parameters 
Specific designs 
Stacked Yagi 
Stacking 
Stacking diferent Hoquencis 
Siscing same frequencies 
Stacking stacks of different equencis 
Stacking, feed method 
Trapped tribanders 
‘Two elements: 
VEE and UH: 
element designs 
Someter: 
15 m Yass 

Yogi vs qual 

Yagi-Uda 

YagiMax 
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2-16, L116 
1st 
19-5 
11-6 
11-6 
11-6, 11-8 
11-6, 11-9 
11-10 
Laff 
119 
ILS 
1126 
1-5 
11-26 
18.9 


11-26 
49 
11-4ft 
11-26 
18-486f 
12 
11-25 


11-126 
1-14et 
1-18ff 
11-198 


18-108F 
18-126F 


Yankee Clipper Contest Club: 
Yield strength 

YO (Yagi Optimizer: 

YP (Yagi Terrain analyzer) 
YVSDLT: 

YW (Yagi for Windows): 


z 
Zy of lines: 
From impedance measurements: 
Zenith angle: 
Zopp. end-fed: 
Zepp. extended double: 
Zeppelin: 
Zine-chromate primer: 
Zip-cord antennas: 


ZLIBIQ: 18-22, 19.35 
Zone current 35, 3-8 
ZS6IT: 19-11 
Zurich sunspot numbers: 23-16 
1-800-MAPS-USA: 3.20 


1.8 MHz antennas, receiving loop: 
1,8-3.5 MHz vertical using existing tower: 
1.8-MHz antennas using towers’ 
1.8-MHz inverted-L: 
2element broadside/end-fire switching: 
2-element quad: 
2element Yagis: 
2-element, 8-foot boom pentaband quad: 
2M-22C: 
2M-CP22: 
3-clement binomial broadside array: 
3.5 MHz. antennas, horizontal loop: 
3.5 to 28 MHz trap dipole, 5 bands: 
3.5 to 30 MHz small transmitting loops: 
3D analysis: 
4-element arrays, feeding: 
4-element rectangular array: 
4belement rectangular switching: 
S-band LPDA: 
S-element, 26-foot boom triband quad: 
5/8-wavelength 220-MHz mobile antenna: 
6-Foot high 7-MHz. vertical antenna 
7 MHz antennas: 

Horizontal loop: 


Vertical loop: 

7-MHz sloper system: 
TNUVW: 19-21 
10 GHz. pyramidal horn: 18-524 
14.14.35 MHz Log-Yag: 10-256 
20/15/10-meter triband 2-element Yagi 15-156 
21 and 28 MHZ. trap vertical: 7-17 
)3CM22EZA: 19-7 
30/17/12-meter triband 2-clement Yagi 15-176 
40-meter backstay half sloper: 16-358 
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40-meter wire Yagi: 15-19ff 222 MHz antennas 
80, 40, 17 and 12-meter trap dipole: 7-12ff —— Ground-plane: 18.2341 
80, 40, 20, 15 and 10-meter trap dipole: T-lIff —— Quagi, 15 elements: 18-45ff 
80-meter dipole with TLR transformer: 9-17 Yagi, 16 elements: 18-388f 
80-meter DX special: 9-13ff 432 MHz antennas: 
120 deg. fed, 60 deg. spaced array: 8-30ff — Ground-plane: 18.236f 
135-foot, 80 to 10-meter dipole: 7-38 Quagi, 15 elements: 
144 MHz antennas: Quagi, 8 elements: 
Cardioid-pattern RDF antenna: 14-16ff ‘Trough reflector: 18 
Ground-plane: 18-23ff Yagi, 22 elements: 18-31ff 
Quad, 2 elements 18-41 436-CP30: 19-10 
Quad, 4 element portable: 18-41ff 1296 MHz antennas: 
Quagi, 15 elements: 18-45% —— Quagi, 10 elements: 18-46ff 
Yagi, 12 elements: 18-34ff — Quagi, 15 elements: 18-46ff 
5/8-wavelength vertical: 16-28ff © Quagi, 25 elements: 18-47ff 
144 MHz duplexer: ar 
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Next steps 


Let’s get to grips with actual soldering techniques in more detail. The soldering of 
electronics components utilises lead/ tin or lead-free solder and the process is compatible 
with many non-ferrous metals. You can solder copper, lead, brass, gold plate, silver, 
nickel, tin and tin plate, zinc and more besides but some metals such as nichrome, 
galvanised or stainless steel require a highly specialist “flux” (see later) to solder them and 
aren’t discussed here. Some materials such as beryllium, chromium, magnesium and 
titanium are non-solderable in any case, according to solder manufacturers Multicore. 


In electronics we’re mainly concerned with soldering parts or wires onto printed 
circuit boards or terminals that are usually already “tinned” with solder or plated, ready for 
soldering with flux-cored solder. The key factors affecting the quality of a solder joint are: 


© Cleanliness — dirt or impurities drastically hinder good solder coverage. 
© Temperature — the right level to enable the solder to flow freely! 

© Time—apply heat for just the right amount of time! 

* Adequate solder coverage — enough to form a good joint without 


touching neighbouring areas. 


A little effort spent now in soldering the perfect joint may save you — or somebody 
else —a considerable amount of time in troubleshooting a defective joint in the future. 
Let’s discuss the basic principles outlined above in more depth. 
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Please use this form to give us your comments on this book and what you'd lke to see in future editions, or e-mail us at 
pubstdbk@arrl.org (publications feedback). If you use e-mail, please include your name, call, e-mall address and the 


book 


litle, edition and printing in the body of your message. Also indicate whether or not you are an ARRL member. 


Where did you purchase this book? 


From ARAL directly C1 From an ARRL dealer 


Is there a dealer who carries ARRL publications within: 
U5 miles 015 miles 1130 miles of your location? 


License class 


Novice OH Technician Technician with code 


Extra 


Not sure. 


OGeneral Advanced O Amateur 


Name 


Daytime Phone (  ) 
Address 


City, State/Province, ZIP/Postal Code 


ARRL member? 0 Yes 0 No 


Call Sign 


Age 


E-mail 


It licensed, how long? 


Other hobbies 


Occupation 
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Introduction to the CD-ROM Edition 
The ARRL Antenna Book, 21st Edition 


“In recent years it has been borne home on us most forcibly that there is greater room for 
increased performance through superior antenna systems than in any other part of the 


equipment. 


from the Foreword 10 the First Edition 


Much has changed since 1939, including the pos- 
sible ways of delivering information—this CD-ROM is 
evidence of that! One thing that hasn't changed is that 
antennas and antenna systems are still the make-or- 
break component of any amateur station, We are 
pleased to bring you this 21st edition of The ARRL 
Antenna Book on CD-ROM. The CD-ROM book 
contains all of the text, drawings and photos contained 
in the printed 21st edition, And exclusive to the CD- 
ROM are over 70,000 pages of propagation tables that 
can help you determine what HF propagation to expect 
throughout the world, throughout the year and 
throughout the sunspot cycle. 


Make sure you try out the software included for the 
PC, Follow the instructions for installation of the 
software and data files, 

Using this CD-ROM. 


This CD-ROM is viewed using Adobe's Reader 
software, Version 7.0 of the software is included on the 
CD-ROM. The book and the companion files include 
hyperlinks. These links will appear in blue or green 
text. Clicking on the text of a hyperlink will cause 
Reader to display another, related part of the book. 
(See the Reader Help documentation for information 
on configuring this feature.) 


The version of Acrobat Reader used with this CD- 
ROM includes Acrobat Search capability, which allows 
rapid full-text search of the entire book. This functions 
as an instant index for every chapter and word in the 
book. We strongly recommend that you take a few 
minutes to view the on-line documentation available 
from Acrobat Reader's Help menu. 


Note: Adobe Reader version 6.0 ot higher is re- 
quired to use the search index included on this CD- 
ROM. Older versions of Acrobat Reader will not work 
with the search index, but are otherwise functional 
Again, Adobe Reader 7.0 is included on the CD-ROM, 
if you need to install this version 

Installing Adobe Acrobat Reader 


‘You may not have Acrobat Reader installed on your 
computer or you may have an older version installed. 
Installing Adabe Acrobat Reader Ver7 is optional 
during the main Setup installation, and you can do it 
later, after installing the Antenna Book software too, 


‘To install Acrobat Reader for Windows: 
Select Run from the Windows Start menu. 

1, Type or Browse to d:\AdbeRdr709_en_US.exe 
(where d: is the drive letter of your CD-ROM 
drive: if the CD-ROM is a different drive on 
your system, use the appropriate letter) and 
press Enter. 

2. Follow the instructions that appear on your 


‘To install Acrobat Reader for the Macintosh: 
1, From the top-level folder of the CD, double 
click on the file 
“Adobe_Reader_MAC_708.dmg" to open up 
the disk image. Then double click the Adobe 
Reader Installer icon to launch the installer. 
AB21 Intro to CD.DOC HE:RDS 37/2007 8:14 
AM. Page 3 
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Boston, MA 
Albany, NY 

NYC, NY 
Washington, DG 
Montgomery, AL 
Miami, FL 
Atlanta, GA 
Louisville, KY 
Raleigh, NC 
Memphis, TN 
Little Rock, AR 
Houston, TX 
New Orleans, LA 
Jackson, MS 
Albuquerque, NM 
‘Oklahoma City, OK 
Dallas, TX 

Los Angeles, CA 
San Francisco, CA 
Phoenix, AZ 
Boise, 1D 

Helena, MT 

Las Vegas, NV 
Portland, OR 
Salt Lake City, UT 
Seattle, WA 
Cheyenne, WY 
Detroit, MI 
Cincinnati, OH 
Charleston, WV 
Chicago, IL 
Indianapolis, IN 
Milwaukee, WI 
Denver, CO 
Bismarck, ND 
Kansas City, MO 
Middle of US, KS 
St. Louis, MO 
‘Omaha, NE 
Pierre, SD 
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Other, North America 


6Y Kingston, Jamaica 
8P Bridgetown, Barbados 
HP Panama City, Panama 
KL7 Anchorage, Alaska 
KP2 Virgin Islands 

TI San Jose, Costa Rica 
V3 Belmopan, Belize 
VE1 Halifax, Nova Scotia 
VE2 Montreal, Quebec 
VES Toronto, Ontario 

VE4 Winnipeg, Manitoba 
VE5 Regina, Saskatchewan 
VE6 Edmonton, Alberta 
VE7 Vancouver, BC 

VEB Yellowknife, NWT 
VO1 St. John's, NFL 

vp2 Anguilla 

VP5 Turks & Caicos 

XE1 Mexico City, Mexico 
Europe 

CT Lisbon, Portugal 

DL Bonn, Germany 

EA — Madrid, Spain 

El Dublin, iretand 

ER Kishinev, Moldava 

F Paris, France 

G London, England 

| Rome, Italy 

JW Svalbard 

OH — Helsinki, Finland 

OK — Prague, Czech Republic 
ON — Brussels, Belgium 
OZ Copenhagen, Denmark 
SV Athens, Greece 

TF Reykjavik, Iceland 
UA3 Moscow, Russia 

UAB Rostov, Russia 

UR Kiev, Ukraine 

YO Bucharest, Romania 
YU Belgrade, Yugoslavia 


South America 


cE 
cP 


Santiago, Chile 
La Paz, Bolivia 

Cayenne, French Guiana 
Quito, Ecuador 
Galapagos Islands 
Bogota, Columbia 
Buenos Aires, Argentina 
Lima, Peru 

Aruba 

Rio de Janeiro, Brazil 
Fernanda de Noronha 
Caracas, Venezuela 
Aves Island 

Asuncion, Paraguay 


Spratly stands 
Ho Chi Minh City, Vietnam 
Baku, Azerbaijan 
Columbo, Sri Lanka 
Jerusalem, Israel 
Katmandu, Nepal 
Dubai, UAE 
Karachi, Pakistan 
Beijing, China 
Shanghai, China 
Lhasa, China 
Bangkok, Thailand 
Riyadh, Saudi Arabia 
Tokyo, Japan 
Osaka, Japan 
Sapporo, Japan 
Ulan Bator, Mongolia 
Ankara, Turkey 
Perm, Russia 
Khabarovsk, Russia 
Alma-Ata, Kazakh 
Hong Kong 

New Delhi, india 
‘Andaman Islands 
Rangoon, Myanmar 


Cleanliness and “Tinning” the bit 


** A clean and shiny soldering tip or “bit” is essential for each and every solder 
joint you make. 


Firstly, and without exception, all parts - including the soldering iron’s tip itself - 
must be clean and free from contamination. Fact is, solder just will not “take” to dirty 
parts! Old components or copper board can be impossible to solder because of oxidation 
that builds up on the surface of the leads. This repels the molten solder and will soon 
become evident because the solder will “bead” into shiny globules looking like mercury, 
going everywhere except where you need it. Dirt and contamination are the enemies of a 
good quality soldered joint! 


When all the conditions are right for soldering, materials are said to be “wettable” 
and will accept molten solder, which should flow readily over their surfaces. Hence, it’s 
really necessary to ensure that parts are free from grease, oxidation and other 
contaminants, Note that in any case, some incompatible materials or surface finishes just 
cannot be soldered using ordinary lead-free solder, no matter how hard you try — e.g. 
aluminium parts would require special aluminium solder and fluxes (see later) to be used. 
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Oceania Africa C9 Maputo, Mozambique 
3D2 Fiji Islands 3B9 Rodrigues CN — Casablanca, Morraco 
DU — Manila, Philippines 3C Bata, Equatorial Guinea CT3 Madeira Islands 

FO Tahiti 3Vv Tunis, Tunisia D2 Luanda, Angola. 

H4 — Honiara, Solomon Islands 5N —_Lagos, Nigeria EA8 Canary Islands 

JD1 Ogasawara Island 5R Antananarivo, Madagascar. ‘IG9  Lampedusa, Italy 

KHO Saipan, Mariana Islands © SU —_Niamey, Niger Republic J2 Djibouti 

KH5K Kingman Reef 5Z Nairobi, Kenya ST — Khartoum, Sudan 

KH6 Honolulu, Hawaii 6W Dakar, Senegal su Cairo, Egypt 

KH8 = American Samoa 7a Lolongwe, Malawi VQ9 Chagos, Diego Garcia 
vw Kwajalein, Marshall Islands 7X Algiers, Algeria xT Burkina Faso 

VK2 Sydney, Australia od Lusaka, Zambia ZS1 Capetown, So. Africa 
VK6 Perth, Australia ‘sl Freetown, Sierra Leone ZS6 Johannesburg, So. Africa 
VK8 = Darwin, Australia 9x Kigali, Rwanda 
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YB Jakarta, Indonesia 
ZL1— Aukland, New Zealand 
2L3 Christchurch, New Zealand 


‘These PDF files contain propagation prediction 
tables valid from the transmitting site indicated in the 
filename to seven generalized receiving locations 
throughout the world in the Summary Tables and for the 
40 CQ Zones in the Detailed Tables. The user selects a 
single transmitting site closest to his/her location. You 
can access this data by opening Adobe Acrobat Reader 
and selecting Prop Index.pdf. Or you can operate from 
the main table of contents in the left pane of the open- 
ing window, 
Each transmitting location is organized by five lev- 
els of solar activity over the whole 1-year solar cycle: 
VL (Very Low: SSN between 0 to 20) 
LO (Low: SSN between 20 to 40) 
ME (Medium: SSN between 40 to 60) 
HI (High: SSN between 60 to 100) 
VH (Very High: SSN between 100 to 150) 
UH (Ultra High: SSN greater than 150) 
‘The seven generalized locations throughout the 
world for the Summary Tables are: 


EU = Europe (all of Europe) 
FE = Far East (centered on Tokyo, Japan) 
SA = South America (centered on Asuncion, 

Paraguay) 

AF = Africa (centered on Lusaka, Zambia) 
AS = southern Asia (centered on New Delhi, In- 
dia) 
OC = Oceania (centered on Sydney, Australia) 
NA = North America (all of USA), 

Both types of propagation files show the highest 
predicted signal strength (in S-units) throughout the gen- 
eralized receiving area, for a 1500-W transmitter and 
rather good antennas on both sides of the circuit. The 
standard antennas are 100-foot high inverted-V dipoles 
for 80 and 40 meters, a 3-element Yagi at 100 feet for 20 


meters, and a 4-element Yagi at 60 feet for 15 and 10 
meters. Discount the $-Meter readings in the tables to 
represent a smaller station: 
Subtract 2 § units for a dipole instead of a Yagi 
Subtract 3 $ units for a dipole at 50 feet instead of 
a Yagi at 100 feet 
Subtract |S unit for a dipole at 50 feet rather than 
a dipole at 100 feet 
Subtract 3 $ units for 100 W rather than 1500 W. 
Subtract 6 $ units for 5 W rather than 1500 W. 

Shown below is an image of a Summary Table print- 
out from Boston to the rest of the world, for Very High 
solar activity in January. This table could be used, for 
example, to help plan which bands to operate when on a 
DXpedition to some exotic location, 

‘The Detailed Table printout from Boston to the rest 
of the world on 20 meters for January from Boston dur- 
ing a Very High level of the solar cycle is shown on the 
following page. It shows the predicted signal strength 
in each of the 40 CQ Zones around the world. Note that 
long-path openings are predicted by an asterisk ap- 
pended to the end of the predicted signal strength. 

Also located on the CD-ROM in the \Propagation 
subdirectory is the Fig6Tab.pdf file described in Chap- 
ter 3 of the printed book. This set of tables shows the 
hours open to each of 10 regions throughout the USA 
for Very-Low/Medium/Very-High levels of SSN. 

Enjoy the software, We would appreciate any feed- 
back or bug reports you might have 
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R. Dean Straw, NOBV 
Editor, The ARRL Antenna Book 
email: néby@arrl.org 


a 

= 

3 

F 

= 

5 Ww tt 5 te - te 6 6 tH FB 46 TBH tS -rLe- i 

Z w 6 > 6H a T} 

a 61 +5 46 - t5 46 Ce Pes HEPES Se = ee 2 
A Bete tse 66H BM HS STE L 6 +777 -- i 
& M68 - 646 oti te be tes G ese] = = in : 
iad 7” PEO Cb e Ss Se a sss fost 7 a 
g ov 466 6H 6H ghost 6777 te a * 
5 " ee Se ee ee ee « 

ia a $46 6H 5H HEL Bee HE et 

3 a 61 6 646 5H6 46 6 ETH 6 9 HET o> # 

2 Hy econ e te eames SR kGH oD HEC USES GHGUR Ee © 

s 6 gr7-- ee Tote fete TH 9 - 6H 8 6H EF HR LL 

3 & Belen Ore ees ee ei o> et P46 5 - 6 HG BE 8 6 HG 8 em Lew 

Ez oS oe . t= to 6 LHe Bhs LH HH EG Hh 8 te te ~ te OL 

& a cigs + + ‘ 65 6 ot 8 ee ee) 

Ss s Biotic ee Se He ten eee SS +6 6 6+ G - 6 Ltt 946 46 8 4646 - 46 

3 a ef betes Be 8 ew - 6 RHE CHE He L - tet - 6 OF 

5 

2 ue a reer an Cte eee ee 

E yo we Sars S.G7e Cave SVEN ERG IER enol Gwinan are dem) Sts 

Fa te Ean ee EcoGRe GROTON dh eG bak eee 

e i Hos sos Hoon ds Guetnee Gecumon Goo on 1 z 
Fy Sa Who SY a¥ YE 24 OWI 00 SY EV YS.25.0H WIO0 SY AV WE MEQ HOD EV AY WERE QT WOO SUA WS ad oH 000 

3 7] Sant a ° 3 c. a 4 5 sy 

a "THAV “AON AG “SHU A-S UL SHES “YSIH Aa = NSS 10J “(uoysog) VIV “uee 

a 

& 

z z 

we o 


_ 
5) 


ry 
2 
5 
2 WOTIEIS YORS YE ISAT OOT WF SHEA WWHUMTS-£ PYE M GOST Sut sTereT Teubrs peqoodey 
<- aun 

= €2 22 1 02 6 OT tT oT Gt BE ET ZZ TT OT 6o @ Lo 90 Go Ho G0 zo TO 00 ouoz 
= +6 46 46 46 6 6 6 6 6 6 6 BoE - = = Fb FS b F L + +6 oF = 1a 
£ pe Cee ec amir ee ee, re SS 
= te ee 6 8 8 eee FT DT lb ek te Ee cen ose 
A rage ant ae Sa ee re ee a re) 
Zz +6 46 6 46 6 @ LF BF - = = - € - = = 8 6 6 E GS 46 46 9 =7 
g prune meer aane any any aay aa Se Se Se a a) 
a co ete © € 8 8 8 8 ee 7 hE ee 8 ee IAS 
eB L6G 6 46 46 46 6 6 6 8 6 6 HH 6 - - - =~ - =~ = =~ = = €€ =NO z 
5 ce tes 8 eee FG ae ee ke ee et ce mom 2 
3 Fe ee ee eS E 
5 wee tT EP 8 ee Thee EE cre 3 
& ae 66 eG hE BH HE Pte ee ER lt eae a 
; wee ee 6 ek ee Cee a a Oe 5 
¢ iat ae ee ee er 2 ee 
Sz Tat - se s Le 6 6 6 See - - 2 -- 2 9 6 CR =H 
aA > = 2 a ee a See STAT, 
Sa a ee Se Se Or eh 
pes Fa a SS 
aF 268 se 2 22z)e 666 6 3 - ~~~ Sede eo ee Om 
= 66 6 6 6 6 6 6 & & 6 Fe FE - ~- =~ 2 8 BE HF 6 6 TR =m 
an ae ee ae ge Se 
Aan Se ae a a a SD 
23 Pe ee ee ee 
“ae ys es ee -- 36662 --- treet s-- te. =m 
Bes ar a ec a 2 en ee i 27) 
2 SSG eGE SFE 665 es 2 eee ES Ep =r 
g Sain irisiceis Wishici eins iiclissnsce- mc ue meme eo ae ve =a 
= wo 6 8 FT + } ESF 8 8 8 8 He He He 6 He oe ve ve EE aT 
& wie oe tb tT > tT 2 8 6 8 8 Fe ee oe ve 
z wwe 6 8 TT te hk eC 
S Wetec ek 8 eo ee oe eT ek eee 
£ SE 46 56 46 56 6 6 6 HE He OE 6 He 6 46 8 48 oe 86 
oe +6 46 +6 46 +6 46 +6 6 +6 +6 46 +6 +6 6 8 6 +6 46 +6 +6 
z wo ee 6 6 8 Ce ee ee ee ee 
a +6 +6 +6 46 6 6 6 6 +6 6 46 +6 B 6 6 16 +6 46 +6 46 
3 PRES he ie Mee ake ake eee, Mee eee aN eet ee ee Det ee ee tee oat Pet 4 g 
2 dese) else se 4s) selec cel cc =r ze) a fa as 
a ei jedlie ile Guise Wicihic nse clit Gl =micinreinbe Uke Mains Sacae 
py eo 6 we ve ve ee ee we 8 FE 2 Ee Lk 
2 Wie sete se 6 ee 2 ee Se ee eee 
A €2 22 2 02 GF Gt MT ST Gt HE ET ZTE OF 60 0 Lo 90 60 10 

“TAI ‘AON Ag ‘sr -§ UT SBIg “YBTH AA = NGS 10y ‘(uoysog) VIN “UKE +s. OZ 


_ 
5) 


_|| 


CE TTT || 


1 


Basic Principles of Radiofrequency 
Identification 


CONTENTS 
1.1 Basics of RFID, ik 
1.2. Passive versus Active RFID Systems. 5 
1.3 Functional Classification of RFID Transponders... 6 
1.4 Applications and Frequency Selection 7 


Although the widespread use of radiofrequency identification (RFID) is 
recent, the technology itself is several years old. RFID was first developed 
during World War Il in order to distinguish between friend and enemy 
aircraft, Several years later, thanks to the technological advances in micro- 
electronics, wireless communications, and computer networks, RFID has 
come of age. It has now become a technology that is mature enough to be 
mass-marketed at competitive cost and become a critical player in the global 
market. This chapter introduces the reader to the different parts that make 
up a RFID system and provides an overview of the different concepts that 
will be described in depth in the upcoming chapters. 


1.1 Basics of RFID 


‘The basic function of an RFID system is to automatically retrieve the infor- 
mation that has been previously inserted into specific integrated circuits, as 
seen in Figure LI, RFID systems were first developed in automatic identifi- 
cation laboratories as a natural evolution of the different technologies they 
use. Different automatic identification systems use different methods to 
transmit the identifying information. For example, bar code technology uses 
light as the transmission media, while RFID systems use radio waves. In 
this context, the two main elements of RFID systems are the devices used to 
carry this information and the equipment used to automatically capture or 
retrieve the information. 

The devices that store and carry the information are called transponders or 
fags and are shown in Figure 1.2. Although the industry commonly refers 
to them as tags mainly due to their physical shape and the fact that they are 
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Object X 
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ee Object 
Automatic 


Kdentification Information| Object 1 
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Information 2 


Object 2 
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FIGURE 1.1 
Information transfer in an automatic identification system. 


FIGURE 1.2 
Several types of transponders used in RFID systems, 
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mostly used to tag pallets or cases of goods, the name transponder reflects 
better the function of these devices. 

The device that is used to capture and transfer information is commonly 
called a reader, because in earlier RFID systems they were only able to read 
the information sent by the transponders. However, with the development 
of new functions and applications of RFID systems, the name interrogator 
reflects better the function of this subsystem. Therefore, this book will use 
the names transponder and interrogator when referring to these elements. 

‘Transponders must have the circuitry needed to harvest power from the 
electromagnetic fields generated by the interrogator, the necessary memory 
elements, as well as the different control circuits. The simplest transponders 
contain only read-only memory (ROM), while more sophisticated transpon- 
ders also include random access memory (RAM) and nonvolatile program- 
mable read-only memory (PROM) or electrically erasable programmable 
read-only memory (EEPROM). ROM usually contains the identification string 
for the transponder and instructions for its operating system. RAM is nor- 
mally used for temporary data storage when the transponder communicates 
with the interrogator. PROM or EEPROM js normally used to incorporate 
additional functionality depending on the application. The memory capacity 
of transponders ranges from a single bit to several kilobits. Single-bit tran- 
sponders are typically used in retail electronic surveillance in which there 
are only two possible states: article paid and article not paid. Memory sizes of 
up to 128 bits are enough to store the individual transponder identification 
number with several check bits. Memories up to 512 bits are normally user 
programmable, in which in addition to the individual identification num- 
ber the memory can hold additional information required by its application, 
Higher capacity memories can be seen as carriers for the transport of data 
files. They are also used in applications in which there are several sensors 
attached to the transponder. 

Interrogators have vastly different complexity levels depending on the 
type of transponders they support as well as their specific purpose. In any 
case, they all must provide the basic functionality to communicate with the 
transponders, first by energizing them and second by establishing a com- 
munications link. The complexity of the communications link can also vary 
considerably depending on the desired reliability. The reliability of the com- 
munications link between transponder and interrogator can be enhanced 
by adding parity checks, error detection, and error detection and correction, 
However, the use of these schemes will result in a lower transmission rate. 
Figure 1.3 showsa picture of a basic interrogator in which it is possible to see 
the coiled antenna and some of the electronic circuits. 

RFID systems contain more elements in addition to the transponder and 
interrogator. First, the communication between transponder and interroga- 
tor is not possible—or becomes extremely deficient—without the appropri- 
ate radiant elements that will transfer the information between these two 
subsystems in the form of electromagnetic energy. Both transponder and 
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FIGURE 1.3 
Basic RFID interrogator operating in the low-frequency (LF) range. 


interrogator need to use the appropriate antennas to transfer information, 
As will be discussed in Chapter 2, the antenna dimensions in commercially 
available transponders and interrogators are much shorter than their ideal 
dimensions. This results in seriously limiting the transfer of energy between 
interrogators and transponders. 

In addition to the transponders, the interrogators, and their antennas, the 
RFID system requires a host computer connected to the interrogator. This host 
computer provides a certain level of intelligence and acts like the interface 
between the RFID system and the ultimate application. Therefore, the inter- 
rogator must have the means to at least perform basic communication func- 
tions with the interrogator. A large number of today’s applications require 
more than one interrogator running on a network rather than the single, 
stand-alone interrogator that was typical of earlier systems. Finally, an edge 
server is normally used between the host computer and the network in which 
the application is running. 

Inaddition to these elements (shown in Figure 1.4), most of them hardware 
based, a typical RFID system contains several software elements. The firm- 
‘ware is the software that runs inside the interrogator in order to provide it 
with its basic functions. Some interrogators may also run one or more soft- 
ware applications that enhance the versatility of the interrogator. The name 
middleware encompasses the software applications that run in the background 
of the system, typically after the host computer. Finally, most applications 
require the use of one or several databases used to link the stored message 
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FIGURE 14 
Basic structure ofan RFID system. 


sent by the transponder with more detailed information that can identify the 
transponder and provide additional information. 


1.2 Passive versus Active RFID Systems 


Passive RFID systems are those systems that use passive transponders. 
Passive transponders do not have an internal power source. They harvest the 
energy needed by their internal circuits from the electromagnetic field gen- 
erated by the interrogator. For this reason, they have a short range, limited 
toa few feet and often, more realistically, to a few inches. Because they don't 
have an internal source of energy, the user does not need to worry about the 
status of the battery. Furthermore, their manufacturing and production costs 
are very low. The RFID transponders and systems described in this book are 
all passive. 

Active RFID systems, on the other hand, use active transponders. Active 
transponders have an internal power source, typically a battery that allows 
broadcasting the signal to the interrogator. Because of notbeing limited to the 
power harvested by the antenna, they have an extended read range, typically 
several hundred feet. However, the inclusion of the power source increases 
their cost in two ways: the cost of the battery itself as well as the maintenance 
costs required to check the status of the internal power source and replace 
it when it has reached an unacceptably low level. The cost of an active tran- 
sponder is approximately 100 times higher than the cost of a passive tran- 
sponder. Active transponders typically operate in the ultra-high-frequency 
(UH) and microwave ranges. A new type of active RFID transponder is 
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linked to the use of RFID-enabled cell phones that can emulate an active tag, 
In this case, the problem of battery maintenance is solved as the user keeps 
the cell phone charged as part of its regular maintenance. 

A third type of transponder is called semipassive or battery-assisted tran- 
sponder. These transponders also include a battery, but contrary to active 
transponders, the battery is not used to generate the power to transmit the 
signal to the interrogator. Instead, the battery is used to support secondary 
functions like the data logging from different types of sensors. These tran- 
sponders also harvest the energy from the electromagnetic field generated 
by the interrogator to power its internal circuits other than the sensing and 
data-logging parts. 


1.3 Functional Classification of RFID Transponders 


‘A functional classification of RFID transponders is based on their electronic 
product code (EPC) class. EPC is the application of one specific type of RFID 
technology within the consumer packaged goods industry. Within thisclassifi- 
cation, RFID transponders are divided into different classes and generations: 


Generation 1, Class 0: Passive tags with read-only functionality. These 
are also called write one, read many (WORM) transponders. These 
transponders are programmed at the factory with their unique iden- 
tification number. The user is not able to change it or include addi- 
tional information. 

Generation 1, Class 0+: These are also WORM transponders. They differ 
from Generation 1, Class 0 transponders in that it is the user who 
programs them. After they have been programmed by the user, no 
further programming or changing of data is allowed. 

Generation 1, Class 1: These transponders were similar to Generation 1, 
Class 0 or 0+ transponders, but could be read by interrogators from 
other companies. Gen 1, Class 1 transponders have evolved into the 
different transponders from Generation 2. 

Whereas Generation 1 transponders employ proprietary data struc- 
tures and can be read only by interrogators manufactured by the 
same vendor, Generation 2 transponders are vendor neutral in their 
specifications. This means that as they have developed (following 
agreed upon standards), they can be read with interrogators from 
multiple vendors. These transponders provide additional features, 
for example the elimination of duplicate reads within the read 
range. They are also more reliable than Generation 1 transponders 
and support faster read rates. The user of Generation 2 transponders 
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4 The two tags on this switched potentiometer have blackened with age and 
oxidation. They must be cleaned before they can be soldered... 


In the case of old components that have been stored a long time, where the leads 
have blackened and oxidised, use a small hand-held file or perhaps fine emery cloth to 
reveal fresh metal underneath. Stripboard and copper printed circuit board will generally 
oxidise after a few months, especially where it has tarnished due to fingerprints, so the 
copper strips could be cleaned using e.g. an abrasive rubber block made for the purpose. 
Also available is a fibre-glass filament brush (photo), which is used propelling-pencil-like 
to remove contamination. They’re OK for general cleaning but best avoided on fine 
surfaces (e.g, gold plated switch contacts). These produce tiny particles which can irritate 
the skin, so avoid accidental contact with any debris. 


XA glass-fibre filament brush like this is useful for cleaning oxidised parts. 
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can access specific parts of their memory as these are rewritable 
transponders 

Generation 2, Class 1: These transponders are WORM transponders. They 
are also programmed at the factory, but they can be read with equip- 
‘ment from different vendors, support the higher read rates, and have 
more noise immunity than the Generation I transponders. 

Generation 2, Class 2: These transponders are rewritable transponders. 
‘They can be written several times by the user using equipment dif- 
ferent from the vendor's equipment. 

Generation 2, Class 3: These transponders are the semipassive or battery- 
assisted transponders. 

Generation 2, Class 4: This refers to active transponders 

Generation 2, Class 5: These transponders are essentially interrogators 
‘Transponders that follow Generation 2, Class 5 must be able to power 
other transponders. 


1.4 Applications and Frequency Selection 


RFID systems come in different flavors from the point of view of the fre- 
quency they use. Selecting the most adequate frequency is a function of 
two variables: the technological developments of systems at the different 
operating frequencies—directly related to the cost of systems—as well as 
the properties of electromagnetic waves at those different frequencies. 

The initial users of RFID systems found systems operating in the low- 
frequency (LF) range followed a few years later by systems operating in the 
high-frequency (HF) range. Therefore, their selection of systems was lim- 
ited to these two broad frequency ranges even if those were not the most 
adequate for their specific applications. Recent years have seen an increase 
in the number of available RFID systems operating in the UHF range as well 
as a reduction of their economic cost. It is possible to expect a similar trend 
in upcoming years for RFID systems operating in the microwave range to 
become more available and more affordable. This will help the final users to 
make decisions on what type of RFID systems to deploy based on technical 
reasons rather than based on the availability and cost of these systems. 

Table 1.1 presents a broad view of the frequency spectrum used by RFID 
systems as well as the most common frequencies for each band. It is nec- 
essary to note that Table 1.1 is not exhaustive because it is possible to find 
systems, within each frequency band, operating at other frequencies. 

The LF band has been used by RFID systems for several years. This fact, 
together with the less stringent requirements of the electronics operating 
in this frequency range, has made these systems very cost-effective. Their 
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TABLE 1.1 


Commonly Used Frequency Band for RFID Systems 


“Typical Frequencies 


Frequency Band Frequency Range __Used in RFID Systems 
Low Frequency (LF) 1WOKH2—S00KH2 —125KHz 

1342 kia 
High Frequency (HF) 10MHz—15MHz 1356 MHz 
Ultra High Frequency 400 MHz—950 MHz 865 MHz Europe 

(WHE) 915 MHz United States 

Microwaves (aW) 24GH2-68GH2 — 245GHe 

30GHe 


major drawback is that due to the low frequency of the carrier, these sys- 
tems can only communicate at low frequency rates. The main advantage of 
LF RFID systems is that electromagnetic waves operating in the LF range 
are the least affected by the presence of metals due to the penetration 
depth of these frequencies. This makes them ideal to be used in applica- 
tions in which the transponders are surrounded by large metallic masses. 
Furthermore, LF waves can travel through water with minimal attenuation 
compared to waves of higher frequencies. This property makes them the 
frequency range of choice for the identification of animals due to their high 
water content. Most of these applications are based on implanting these tran- 
sponders in livestock and pets. Figure 1.5 shows a picture of two different 
transponders that operate in the LF range in which it is possible to see the 
multiple loops used by these transponders 

RFID systems operating in the HF range can support higher read rates 
than LF systems. Although signals in the HF range are more affected by 
metal and have more attenuation when traveling through water, the tran- 
sponders used for HF systems can be manufactured at a lower cost than 
the transponders operating in the LF range. This is due to the fact that the 
antennas for HF transponders can be made smaller, as shown in the two 
transponders seen in Figure 16. The need for less conductive material to 
construct the antennas results in a lower cost. Finally, the global uniformity 
across the world in the frequency of 13.56 MHz makes HF systems able to 
operate in any country. 

While HF REID systems operate at the single frequency of 13.56 MHz, 
UHF RFID systems can operate at different frequencies in the UHF band. 
Moreover, different countries have established different frequency ranges 
for their UHF RFID operation, making the compatibility between systems 
more difficult. For example, in North America the assigned band is from 902 
MHz to 928 MHz, while in Europe it is from 860 MHz to 868 MHz and in 
Japan is from 950 MHz to 956 MHz. Other countries and regions have other 
different allocated frequency ranges. Despite this challenge and due to the 
developments in microelectronics that allowed the decrease in cost for these 
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FIGURE 1.5 
Low-frequency (LF) RFID transponders requice antennas of several hundred feet of coiled 


FIGURE 1.6 
High-frequency (HF) RFID transponders can use shorter, smaller antennas. 
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systems, UHF systems have established themselves as a viable alternative to 
the existing LF and HF systems. One of the main advantages of UHF RFID 
systems is that their higher carrier frequency allows for a much faster read 
rate of the transponder information, thus allowing the transmission of higher 
amounts of data. The communication between transponder and interrogator 
used in UHF systems is by electrical field instead of the magnetic coupling 
used by LF and HF systems. The antennas required by UHF systems can 
also be smaller than the antennas used for LF and HF systems, resulting in 
higher efficiency. These last two factors contribute to extended read ranges 
for UHF RFID systems, However, UHE systems also present several draw- 
backs compared to HF and LF systems. The antennas for transponders oper- 
ating in the UHE range have very different physical dimensions depending 
on the parameters that the manufacturer wants to optimize in a given tran- 
sponder. Figures L7 and 8 show examples of several UHF transponders in 
which it is possible to notice these differences. 

UHF systems do not work well around metals as these reflect their elec- 
tromagnetic waves. In addition, water absorbs UHF waves, making them 
unusable for animal implantation. Furthermore, the extended read range of 
UHF transponders may become a drawback for those applications that want 
to keep the read of transponders confined to a certain area 

Although 2.45 GHz is within the UHF range (UHF extends from 300 MHz 
to 3 GHz), the RFID systems operating in the frequency range extending 
from 2.45 GHz to 58 GHz are commonly called microwave RFID systems. In 
this frequency range, the propagation is limited to line of sight. Microwave 
signals are also attenuated by water and reflected by metallic objects. The 
cost of interrogators and transponders used in the microwave range is higher 


FIGURE 17 
Ultra-high-frequency (UHE) RFID transponder, 
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Several types of antennas used by ultra-high-frequency (UHEF) RFID transponders. 


FIGURE La 


than forany other type of system. On the positive side, itis possible to achieve 
very high read rates, and with the help from spread spectrum techniques, it 
is possible to achieve very high reliability rates and noise immunity. The 
higher end of the range, from 5.5 GHz to 68 GHy, is still currently under 
research and development. 
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‘The purpose of the antenna in the transponder of an RFID system is mul- 
tiple: first, it has to collect power from the electromagnetic field generated by 
the interrogator. In addition, the antenna must transfer the collected power 
to its load that is the chip in the transponder in order to turn iton. Finally, the 
antenna must radiate the data signals generated by the chip back to the inter- 
rogator. The antenna should be optimized to minimize energy losses dur- 
ing this process by choosing the type and dimensions of the antenna suited 
for a specific application and matching its impedance to the impedance of 
the load. Because these requirements may lead to contradictory solutions, the 
designer of the system must evaluate them carefully when considering the 
possible solutions. 

This chapter explores the design and performance considerations for 
antennas in transponders. It starts by presenting a basic review of antenna 
theory with special emphasis on the differences used for systems in the 
low-frequency (LF) and high-frequency (HF) ranges compared to the anten- 
nas used for ultra-high-frequency (UHF) systems. The chapter continues 
by describing the types of antennas found in commercial transponders. 
‘This is followed by considering the requirements for antenna tuning and 
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antenna matching. The following section describes the different methods for 
attaching the antenna to the chip on the transponder. The chapter finishes 
with a review of other antenna factors that affect their performance. 


2.1 Review of Basic Antenna Theory for RFID Transponders 


2.1.1 Antennas for RFID Transponders Operating 
in the LH and HF Regions 


Electrical current flowing through a conductor generates electromagnetic 
fields. From the point of view of the concepts described in this chapter, it is 
possible to distinguish two field regions. The first region is called the far-field 
region. In this region, the generated fields are radiated fields, meaning that the 
‘energy propagates through the space with an energy density proportional to 
the inverse of the distance. The second area is called the near-field region. In 
thisarea, radiated fields are not prevalent. Instead, attenuating fields, in which 
the strength of the field decreases with 1/r', are dominant. Furthermore, the 
power in this region is reactive. 

Given these two regions, it seems obvious that antennas for RFID transpon- 
ders should be designed to operate in the far-field region. However, the boundar- 
ies between far-field and near-field regions depend on the relationship between 
the physical dimensions of the antenna and the wavelength of the propagat- 
ing signal. In particular, the dimensions of the antenna should be comparable 
to the wavelength of the signal in order to achieve optimal performance. The 
wavelength of signals operating in the LF region is around 2.4 km (1.5 miles) 
while the wavelength for signals operating in the HF region is 24 m (78 feet) 
‘Therefore, at these frequencies it would not be practical to build antennas with 
dimensions similar to the wavelength of their signals. Any antennas that can 
be built in a practical manner for RFID transponders operating in the LF or HF 
ranges will be electrically small and therefore highly inefficient. In contrast, 
RFID signals operating in the UHF region have a wavelength of approximately 
30cm. Although this dimension is still very large for building practical anten- 
nas, the following sections will explore how they can be modified to obtain 
antennas for UHF transponders that will operate in the far-field region. 

RFID transponders operating in the LF or HE frequencies cannot use 
dipole antennas because of the mismatch in dimensions. An alternative solu- 
tion to this problem is to use a small-loop antenna instead of a dipole. While 
the near fields radiated by a dipole are mainly electrical fields, the near field 
from a loop antenna is a magnetic field. A small-loop antenna is a closed 
loop with a maximum dimension that is less than about a tenth of the wave- 
length of the signal. It can be shown that the small-loop antenna is the dual 
equivalent of an ideal dipole, thus making it suitable for antennas incorpo- 
rated in transponders operating at LF or HF frequencies. 
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Let’s consider a conductor of infinite length carrying a magnitude of cur- 
rent of I amps. The magnetic field (Bg) measured at a distance of r meters 
from the conductor can be found using Ampere's law as 


1 
Bt Weber fm 2.1) 
BE (Weber / mi) ca) 


where jis the permeability of free space (4. 107 H/m), 

However, a conductor of infinite length is not realistic. Its practical imple- 
mentation is based on building a loop antenna by bending the original, finite 
wire, which carries a current of amps in a circle with a radius of a meters. In 
practice, the wire is bent in such a way that produces a total of N turns as this 
allows using a longer wire with a relatively small diameter. In this situation, 
the value of the magnetic field in the z-coordinate direction (B,) for a point 
located at a distance of r meters from the plane of the coil and located along 
the axis of the coil, as shown in Figure 2.1, can be found as 


ny INa? 


tet Na (Weber / mi 2.2) 
Tee rape (Weber /m*) @2) 


where a is the radius of the loop in meters. 
Assuming that the distance at which the field is measured, r, is much larger 
than the radius of the coil ( >> a), equation (2.2) can be simplified as follows: 


FIGURE 21 
“Magnetic feld produced by loop antenna 
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As shown by equation (2.3), the magnetic field created by the small-loop 
antenna is dependent on 1/r°. This causes a strong decrease of field intensity 
as one moves away from the location of the coil antenna, and will seriously 
limit the read range of transponders using this type of antenna. However, 
even with this limitation, the small-coil antenna is more desirable than an 
electrically small dipole. 

The antenna in the RFID transponder has to be both a receiving antenna 
and a transmitting antenna. It has to collect enough energy from the 
electromagnetic field generated by the interrogator to be able to power its 
integrated circuit, and it also has to transmit the data signal generated by the 
chip back to the interrogator. The reciprocity theorem indicates that the receiv- 
ing and transmitting patterns for a given antenna are identical, and therefore 
the same antenna can be used for either task 

‘The voltage induced in a coil consisting of N loops immersed in a time- 
variant magnetic field can be calculated using Faraday’s law as 


ay 
o 4) 
with ¥ being the magnetic flux. 
‘The magnetic flux, in turn, can be calculated as 
ve foe as @5) 


where 
B = the magnitude of the time-variant magnetic field 

= the surface area of the coil 

= the inner product operator 


Equation (2.5) indicates that the magnetic flux, and consequently the volt- 
age induced in the coil, is dependent on the relative orientation between the 
coil and the magnetic field. This has some important implications at the time 
of using interrogators and transponders. Assuming that the magnetic field 
B was generated by the interrogator using another loop antenna, the maxi 

mum received voltage will occur when both coils are placed parallel to each 
other. Because the voltage generated in the coil that will be used to power the 
chip in the transponder is proportional to the intensity of the magnetic field 
(8), this voltage will also be dependent on (1/r'). This is important because 
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** The glass-fibre brush works like a propelling pencil and produces irritating dust. 


™ Cleaning oxidised tags with a glass fibre brush to make them nice and shiny, 
ready for soldering 


Afterwards, a wipe with a rag soaked in cleaning solvent will remove most grease 
marks and fingerprints. After preparing the surfaces, avoid touching any parts as far as 
possible. 


Another side effect of trying to solder contaminated or incompatible materials is the 
tendency to apply more heat and “force the solder to take”. As the materials aren’t 
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it limits the maximum distance between the interrogator and transponder 
coils that will produce the threshold voltage necessary to power the chip on 
the transponder. 

Although the previous equations describe the full underlying relationships 
between the variables involved in this process, it is more desirable from a 
practical point of view to study how these equations evolve in specific cases. 
‘Assuming that the coil is specifically tuned to the frequency of the time- 
variant magnetic field, the induced voltage in the coil is as follows: 


Vy =2n fN SQB, cosB ry 


the induced voltage in the coil 
(f= the frequency of the time-variant magnetic field 

B,,= the intensity of the field 

N = the number of loops in the coil 


the quality factor of the coil antenna 
the area of the coil 
the angle between the plane of the coil and the direction of the field 


Keeping in mind that the magnetic field generated by the coil in the interro- 
gator is perpendicular to its plane, and that equation (2.6) will be maximized 
when p = 0, the induced voltage will be maximized when the interrogator 
and transponder coils are placed parallel to each other. Once again, the limit- 
ing factor in equation (2.6) comes from the intensity of the magnetic field (B,) 
decreasing with the cube of the distance between coils (1/r') 


2.1.2 Inductance of Coil Antennas Operating in the LF and HF Regions 


Because, as shown in equation (2.6), the induced voltage is proportional to 
the quality factor (Q factor) of the coil antenna, it is desirable to increase the 
Q factor as much as possible. This can be achieved by carefully choosing the 
value of the inductance of the antenna. This section discusses the values of 
inductance found in typical antennas operating in the LF and HF regions. 
‘Typical RFID systems use inductance values for antennas in transponders 
of few mH, while antennas for the interrogators have typical values between 
10 and 100 times lower. It is necessary to keep in mind that the calculation of 
inductance values presented here can only be considered as approximated 
values. These calculations do not take into consideration the finite value of 
the conductivity of the wire that results in Ohmic losses, and, more impor- 
tantly, they do not take into account the distributed stray capacitances that 
appear in the coil. A more detailed and comprehensive analysis and calcula- 
tions of inductance values in antennas are beyond the scope of this book, but 
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they can be found in any book on electromagnetism. If the designer requires 
an accurate value of inductance, the best option is to measure it with a com- 
plex impedance meter. This instrument is also able to measure the Q factor 
of the antenna, providing good characterization of the antenna, 

The inductance of the coil shown in Figure 2.2, made with a single layer of 
‘wire and with m turns and a core of air, is approximately: 


faa 


a7 
18d + 401 (aH) en) 


where 
d= the diameter of the coil in inches 


n= the number of turns 
1 = the length of the coil in inches 


Equation (2.7) shows the square relationship between inductance and 
‘number of turns; if the number of turns is doubled, the resulting inductance 
is quadrupled. 


Example 2.1: 


Calculate the number of turns required to achieve an inductance of 10 4H by 
winding a piece of wire over an air core with a diameter of 1 inch, The length of 
the resulting coil must be equal to 1.25 inches. 

Solution: 

In this situation, = 


25 inches, and d = 1.0 inches. Therefore, we can write 


(1.0) 
18-1.0+40-1.25 


Solving for n gives n = 26.07 turns. Given the limitations of the approxima 
for equation (2.7) plus the stray capacitance issues mentioned earlier, a good stat 
ing point would be to choose 26 turns. In this case, the value of inductance that 
‘we would measure in practice is likely to differ from 10 pH. The designer would 
have to adjust the number of turns after measuring the actual value of inductance. 
‘Arecommended procedure is to start by choosing a larger number of turns and 
therefore a larger number of inductance, and proceed by removing turns until the 
coil achieved the required inductance. 


Although this type of structure to create the antenna for an RFID system 
is not the most commonly used, it is nevertheless employed in some applica- 
tions, especially in those that required a hermetically sealed transponder. 
Figure 23 shows an RFID transponder operating in the LF frequency in 
Which it is possible to see the coil antenna and its windings. 
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FIGURE 2.2 
Single-layer,at-core coll 


Antena coll 


Support circuits 


FIGURE 2.3 
Detail of coil antenna in a commercial radiofrequency identification (RFID) transponder for 
the low-frequency (LF) range. 


‘The practical problem associated with the use of this type of antenna is 
the three-dimensional space that it requires. Such antennas are not practi- 
cal for applications that require a flat transponder, such as a credit card, 
and they are limited to applications that can support the tubular shape, 
for example in animal implantation. For this reason, the majority of tran- 
sponders in the LF and HF frequency regions use antennas formed on 
a single plane, using several layers of conductor to achieve the desired 
inductance. Figure 2.4 shows this configuration for a multilayer circular 
coil with n turns. 
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FIGURE 2.4 
‘Multilayer, circular-col, Nturn antenna, 


The inductance of this coil is 


O30 i? 
ea aaa 3) 28) 
faroneioe HD a] 
where 

‘t= the radius of the coil in em 


n= the number of turns 


b= the winding thickness of the coil in cm 
n= the winding height in em 


This configuration allows building coils with the required amount of 
inductance with minimal thickness, therefore minimizing the transponder's 
footprint. A variation of this antenna that results in an even thinner antenna 
is the spiral wound coil with a single layer shown in Figure 25. 

‘The inductance of a single-layer spiral antenna is 


0.3937. 
Sa+lib 


(uH) @9) 
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FIGURE 25 
Single-layer,spiral-col antenna. 


where 


a= the average radius of the coil in em (a= oS ) 


b=ro-riincm 
n= the number of turns in the spiral 


This structure results in a thinner antenna, although the number of turns 
in the antenna is limited to the number of turns that is possible to pack in a 
single layer. This limits the inductance of the antenna as this value depends 
on the square of the number of turns. Other forms of planar coil antennas 
are the multilayer square-loop coil antenna with m turns and the multilayer 
rectangular-loop coil antenna, also with n turns, shown in Figure 26. 

‘The inductance for the planar multilayer square loop coil antenna with 1 
turns, shown in Figure 2.6(a), is 


1 = 0,008.01" [2stoe( jp} +0225 +0726] (Hy 210) 


where 
n= the number of turns 
a= the distance from the center of the coil to the side in em 
n= the thickness of the winding in cm 
b= the width of the winding in cm 
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FIGURE 2.6 
(@) Multilayer, square-coil antenna. (b) Multilayer, ectangular-coil antenna, 
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‘The inductance for the planar multilayer rectangularloop antenna with n 
turns, shown in Figure 2.6(b), is 


0.0276 n?(x+y+2h) 
H en) 
7908 (eye2h)=ob+ToR Ml) 


where 
x and y= the dimensions of the coil in em 


n= the thickness of the ct 
b 


n= the number of turns 


in cm 


the width of the winding in em 


Itis necessary to state once again that these equations, used to calculate the 
inductance of various coilsare only approximationsand need tobe taken with 
some care. In particular, equation (2.11) is valid only when the dimensions 
and y of the coil are quite different. For example, if the two dimensions of 
the coil in equation 2.11 (x and y) were identical, thus resulting in a square 
coil, the inductance values calculated by equations (2.10) and (2.11) will be 
different. These equations are provided as a starting point for the designer 
of antennas for RFID transponders. 

Some antennas in transponders are configured as planar rectangular spi- 
ral structures, as shown in Figure 27. Figure 28 shows an example of a com- 
mercial transponder using this type of antenna. 

There is not a full and closed equation to calculate the inductance of this 
type of antenna. However, its inductance can be calculated as the sum of 
the selfinductances for all the straight segments minus the sum of the 
mutual inductances existing in the arrangement. The mutual inductance is 


FIGURE 27 
Single-layer, ectangulae planar spiral antenna. 
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FIGURE 2.8 
Commercial transponder using a planar, rectangular-spiral antenna, 


the inductance that results from the magnetic fields produced by adjacent 
conductors. This mutual inductance will be positive when the direction of 
the current in the conductors is the same, and it will be negative when it is 
opposite. 


2.1.3. Antennas for RFID Transponders Operating in the UHF Region 


When the transponder is operating in the UHF region, the wavelength 
of the electromagnetic radiation is now comparable to the dimensions of 
the antenna. Because the antenna is no longer electrically small, a dipole 
can now be used. A short dipole is defined as a dipole whose length does 
not exceed one-fiftieth of the wavelength of the current signal. A short 
dipole, as depicted in Figure 29, produces an electric field that in near- 
field conditions has both radial and zenithal components, as given by 
equation (2.12): 


@12) 
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FIGURE 29 
Electric field produced by a short dipole, 


where 


k= the wavenumber (s a =) 
re 


no = the intrinsic impedance of free space (n= * 


= the distance for the center of the dipole at which the field is measured. 
@ =the zenith angle at which the field is measured 


Assuming that the far-field approximation is valid (r >> 2), the radial 
component of the electrical field can be neglected, and therefore equation 
(2.12) becomes 


ital pg, 
£,=L¢ kn, sind (2.13) 
a= EE kn) @.13) 


‘The short dipole, however, does not radiate effectively because it has very 
small radiation resistance, normally below 1 0, making it unsuitable for a 
good impedance match. Therefore, other dipole alternatives are preferred 
when possible, such as the half-wave dipole. The halfiwave dipole, depicted 
in Figure 2.10, receives its name because its length equals half of the wave- 
length of the current signal traveling through the antenna 

half-wave dipole also produces an electric field only in the zenith com- 
ponent that can be described by equation (2.14) 
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FIGURE 2.10 
Electric field produced by a half-wave dipole. 
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One of the main advantages of the half-wave dipole is that its radiation 
resistance, around 73 1, is much larger than the radiation resistance of the 
short dipole. This makes the half wave dipole better suited to match the 
impedance presented by its load, the integrated circuit in the transponder. 

‘The wavelength for the typical UHF RFID frequency of 915 MHZ is approxi- 
mately 33 cm. Therefore, the length of a half-wave dipole is 16.5 em. This value is 
valid only for free space; for an antenna mounted on an inlay, the actual value of 
itshalf wavelength decreases.as the dielectric constant of the substrate increases, 
Although this distance is achievable, it presents some drawbacks, First of all, 
16.5 cm may still be too large for some applications that require or would benefit 
from smaller transponders. More importantly, the power transfer characteris- 
tics for this antenna are very small and therefore require substantial matching 
approaches. Antenna matching is described in further detail in Section 2.2. 

The space required by the antenna can be shortened while keeping the 
length of the conductors to the required 16.5 cm, for example by bending or 
even folding the wires that make up the dipole, as shown in Figure 2.11. This 
process can be repeated several times, bending the wires of the antenna in 
different directions as shown in Figure 2.12, which results in the structure 
known as the meandered dipole. 


© 2011 by Taylor and Francis Group, LLC 


wettable the molten solder won’t flow where you want it to flow. This can do more harm 
than good, because it may be impossible to burn off any contaminants anyway, and the 
component or the printed circuit board may be overheated and damaged in the process. 
Semiconductors may be harmed by applying excessive heat for more than a few seconds, 
and extreme heat applied to printed circuit board tracks can cause irreparable damage, 
because the tracks will be lifted away from the substrate especially on a delicate or badly 
designed board. You can avoid trouble by ensuring the surfaces to be soldered are clean 
and wettable to begin with. 
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FIGURE 2.11 
2s for reducing the sizeof ultra-high frequency (UHF) antennas. (a) Original half-wave 
dipole. (b) Bent dipole.) Folded dipole. 


® 
FIGURE 2.12 


Examples of meandered dipole antennas. (a) Meandered dipole ina single direction 
(6) Meandered dipole in two directions 
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FIGURE 212 (Continued) 
Examples of meandered dipole antennas. (a) Meandered dipole ina single direction 
(6) Meandered dipole in two directions 


FIGURE 2.13 
Detail of the inner loop used in some UHF antennas, 


However, bending the dipole degrades the electrical characteristics of the 
antenna: the current lines flowing in opposite directions through adjacent 
paths have a canceling effect that in turn increases the radiation resistance of 
the antenna. Because this effect depends on the distance between the paths, 
the canceling effect becomes stronger when the antenna has multiple bends 
closely packed. In practice, the total length of a bent or meandered dipole is 
longer than the straight half-wave wavelength, although the total size of the 
antenna will be smaller. 

Some antennas operating at the UHF range also incorporate a low DC 
resistance path closer to the center of the antenna known as the inner loop. 
This inner loop, shown in Figure 2.13, presents a series of advantages that 
makes its use common in this type of antenna. 
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First, the inner loop presents a low DC resistance that helps reduce the 
potential of damage to the integrated circuit due to high-voltage electro- 
static discharges that may occur in the antenna or its vicinity. Second, the 
inductance of the inner loop can be used in conjunction with the input 
capacitance of the integrated circuit to form a resonance circuit that will 
couple with the magnetic near field, producing enough voltage to power 
the integrated circuit. Near-field communications for UHF RFID systems, 
although not very common yet, are growing rapidly. Third, the inner 
loop can be used like a transformer to help match the impedance of the 
integrated circuit to the antenna. Finally, the impedance of the antenna 
can be lowered or increased by changing the width of the trace in the 
inner loop. 


2.2 Antenna Tuning for RFID Transponders 


Antenna tuning for RFID transponders operating at LF or HF frequen- 
cies attempts to make the antenna resonant at the frequency of transmis- 
sion, thus maximizing the current or the voltage in the system. Because 
the antenna has a marked inductive component, resonance is achieved by 
placing a capacitor of the adequate value in series or in parallel with the 
antenna. 

When the capacitor is placed in series with the antenna, the resulting 
series resonant circuit has an impedance minimum at the resonance fre- 
quency and therefore maximizes the current being delivered to its load. 
This type of configuration is typical for interrogators and will be studied 
in Chapter 4. When the capacitor is placed in parallel with the antenna, the 
result is a parallel circuit that exhibits an impedance maximum at the reso- 
nant frequency and therefore maximizes the voltage across its terminals. 
This is the typical configuration for transponders. The tuning capacitor 
in RFID transponders can be created over the same substrate as shown in 
Figure 2.14 

‘The resonant circuit can therefore be modeled as a parallel circuit, similar 
to the one shown in Figure 2.15, in which L represents the inductance of the 
antenna, C represents the capacitance of the capacitor that must be added, R 
represents the resistance of the load that is the integrated circuit that must be 
powered, and the value r represents the resistance of the coil. Because nor- 
mally r<< R, the value r will be ignored in the calculations needed to find the 
value of required capacitance. However, the resistance r of the inductor con- 
tributes to degrading the overall performance of the antenna. These effects 
will be studied in the last section of this chapter. 

‘The complex impedance presented by the circuit shown in Figure 2.15, 
neglecting the Ohmic losses , is 
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FIGURE 2.18 
Tuning capacitor in the antenna of a high-frequency (HF) transponder. 


FIGURE 215 
Parallel resonant model used to analyze antenna resonance. Leantenna inductance. C: external 
tuning capacitor. R: load (chip to energize) - Ohmic loses inthe antenna 
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where «= 2nf. 
‘The resonant frequency for the parallel circuit is the frequency that creates 
the maximum for Z(ja). This frequency is 
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(2.16) 
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From equation (2.15), it can be seen that at the resonant frequency, the 
impedance of the parallel circuit is real and equal to the value of the resis- 
tance of the load. This is the maximum value for the impedance 


Example 2.2: 


‘Consider the value of inductance for the antenna in Example 2.1 (10 pH}. Calculate 
the value of parallel capacitance required to make the antenna resonant at the 
typical RFID frequencies of (a) 125 kHz for LF systems and (b) 13.56 MHz for HF 


systems 
Solution: 
Solving for Cin equation 2.16) yields 
1 
Le fy 


Therefore, the values of capacitance requited for resonance are as follows: 
Chryiue= 162 nF 

and 

Cyrsonute= 13.7 pF 


‘The same calculations for resonant frequency can be applied to the devices 
that communicate data by tuning and detuning the antenna. This can be 
accomplished by using, for example, two capacitors or two inductors in the 
parallel RCL circuit. In order to detune the antenna, the controlling device 
can, for example, shorten one of the capacitors or inductors, resulting in a 
new resonant frequency. This, in turn, results in a minimal transfer of energy 
back to the interrogator. 

‘The devices MCRF355 and MCRE360 from Microchip Technologies oper- 
ate following this principle. Figure 2.16 shows one of the configurations used. 
Here, the antenna will be tuned when both inductors are active and will be 
detuned when the device shortens the inductor L. 

Using equation (2.13), the resonant frequency when the antenna is tuned 
18 finet = 1/2 JL; C , with L; being the total inductance between point A 
and ground, When the device detunes the antenna by shortening inductor 
Ly the new resonant frequency becomes fissuni = 1/2 YL; C . Because Lr > 
L, (Ly=L,+ L,+2k JL, , with k being the coupling coefficient between the 
COIS), fe <facane 

‘The difference between the tuned and detuned frequencies must be cho- 
sen to maximize the Modulation Index and the read range. If itis necessary 
to choose the tuned and detuned frequencies such a8 fines <fasuneu this can 
be achieved by using the configuration shown in Figure 2.17. 

The operation is similar as shown before. Here, funeq = 1/2" yLC; , with 
y= CiC/ C,+C. The device detunes the circuit by shortening the capacitor 
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FIGURE 2.16 
Tuned and detuned circuit using two inductors and one capacitor. This configuration results 
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FIGURE 2.17 
Tuned and detuned circuit using two capacitors and one inductor. This configuration results 
1 ft” Fant 


Cy, resulting in the following detuned frequency: fuscunea = 1/2" YEG, 
Because C; < C,, this results in fnaa < finan 

Equation (2.15) can also be used to calculate the bandwidth of the system 
defined as its -3 dB cutoff. This is 


pee 
IER 


(Hz) 17) 


An important parameter in a resonant circuitis its quality factor (Q), which 
compares the energy stored in the circuit with the energy that it dissipates 
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(218) 


Equation (2.17) can be rewritten taking into account the values of compo- 
nents in the resonant circuit by combining equations (2.16) and (2.17) 


=r fe 
Q=R IF 219) 


Equation (2.6), found earlier, was used to calculate the voltage induced in 
the coil. Substituting equation (2.19) into equation (2.6) yields 


Vo=2nfNSQHjcosB = 2x fN SRT Bycosp (2.20) 


‘This equation indicates that the voltage induced in the antenna transpon- 
der is inversely proportional to the square root of its inductance, and propor- 
tional to both the number of tums in the coil and its surface. 


2.3 Antenna Matching for RFID Transponders 


‘The purpose of matching an antenna to its load is to ensure that the antenna 
transfers the maximum amount of power to its load. In an RFID transponder, 
the load of the antenna is the integrated circuit that will be powered by the 
energy supplied by the antenna. Antenna matching is generally based on 
altering the complex impedance presented by the antenna at its operating 
frequency, by modifying its physical dimensions, inserting a reactive com- 
ponent, or a combination of both 

Consider a simple circuit, as shown in Figure 2.18. The power transferred 
by the voltage source V, to the load resistance Ry, is, 


ve (2.21) 


‘The goal of power matching is to find a relationship between Rand R, that 
will maximize the power transferred to the load. In mathematical terms, this 
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FIGURE 2.18 
‘Simplified model for power transfer calculations, 


is equivalent to finding the relationship between R, and the rest of the circuit 
elements that will make the first derivative of equation (2.21) zero. That is, 


aP,_ (R+R,)-2R, (RFR) yy, 
dR, (RL+R)* 


0 2R=R, 222) 


Ina transponder, the voltage source models the voltage induced in the 
antenna, and the load models the integrated circuit that must be powered. 
‘These are not purely resistive elements such as those depicted in Figure 2.18, 
but they have resistance and reactance. Therefore, a more accurate model for 
this situation is shown in Figure 2.19. 

Equation (2.23) shows the power transferred to the load that is the real part 
of the impedance of the integrated circuit: 


" 2.23) 


There are now two conditions that must be met in order to transfer the 
maximum amount of power between the source (voltage generated by the 
antenna) and the load (integrated circuit to be powered). These are 


[R=Row 


lx 


Equation (2.24) can now be understood by saying that the amount of power 
transferred from the antenna to the integrated circuit will be maximum when 
their impedances are conjugate. This is an advantageous condition for RFID 
systems as the impedance of the antenna has an inductive behavior and the 


(2.28) 
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FIGURE 2.19 
“Model for power transfer calculations in an RFID transponder. 


input impedance of the integrated circuit presents a capacitive behavior. The 
model shown in Figure 2.19 can be further refined as the model shown in 
Figure 2.20. 

It is necessary to point out that the series impedance model used in 
Figure 2.20 is not the most common way to represent the input impedance of 
an integrated circuit or any other electronic device. Generally, input imped- 
ance is expressed using a parallel model with the input resistance and the 
input capacitance. However, to preserve the parallelism used in Figures 2.18 
and 2.19, it is more convenient to express it using the series model. Given 
the values of parallel resistance and capacitance, it is possible to find their 
equivalent series values using equation (2.25): 


(2.25) 


Example 2.3: 


‘The specifications for the chip MCRF200 from Microchip used in RFID transpon- 
ders indicate a parallel capacitance of 2 pF. Assuming a parallel resistance of 3 kO, 
find the equivalent series model at the frequency of 915 MHz. 


Solution 
Equation (2.25) gives the following values of the equivalent series model 

R, = 2.6 © and C, = 1.96 pF. In general, the values of series and parallel 
capacitance will be approximately the same. However, the values of the series 
and parallel resistances are very different for each model. 
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Rant X ant i = 
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FIGURE 2.20 
‘Series model for the transponder antenna and chip to be energized. 


Itisalso interesting to calculate the gain or attenuation between the voltage 
delivered to the integrated circuit and the voltage generated by the antenna 
in the optimal case of maximum power transfer. Using the model shown in 
Figure 2.16, the voltage across the integrated circuit produced by the antenna 
can be calculated as follows 


1 


2.26) 
ma RC, 8) 


Vie 


Example 2.4: 


Using the values given in Example 2.3, calculate the voltage gain or attenuation at 
the input of the integrated citcuit at the frequency of 915 MHz, 


Solution: 
Using equation (2.26), Vj / Vig is equal to 34. This means that the voltage at the 
input of the integrated circuit in the transponder at the resonance frequency will 
bbe 34 times larger than the voltage generated by the antenna, In practice, this 
number will be lower because equation (2.26) has not considered factors such as 
the effect of the Q factor and other losses in the system. Typical voltage gains in 
practice are around 10 to 15. ln any case, this represents an important benefit for 
the designer of the RFID system. 


It is necessary to consider that, in practice, there will be some mismatch 
between the impedance of the integrated circuit and the impedance of the 
antenna as these will not be perfect conjugates. This mismatch will produce 
losses in the power being delivered to the integrated circuit, resulting in 
decreasing the sensitivity and read range for the transponder. This factor 
becomes more important for UHF antennas designed for global operations 
that have a frequency bandwidth of 860 MHz to 960 MHz rather than those 
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Getting Ready 


As already explained, cleanliness in soldering is a major factor in obtaining 
successful results, A soldering iron stand usually has a sponge that is dampened — it wants 
to be quite damp but not running wet, so squeeze out any excess. 


4 Dampen the sponge but dont soak it unduly. Note the hole, which gives an edge 
to wipe tip with. 
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designed for operation at a single frequency. In this case, the usual design 
approach is to place the matched frequency at the geometrical mean of the 
two frequency ends, resulting in 908 MHz. This will result, however, in mis- 
match losses at frequencies close to 860 MHz and frequencies close to 960 
MHz. 


2.4 Antennas in Commercial RFID Transponders 


Coil antennas are used in the different type of encapsulated glass tran- 
sponders, similar to Figure 2.21, operating in the LF region manufactured 
by Texas Instruments. Glass transponders are hermetically sealed, mak- 
ing them waterproof and therefore suitable to be immersed in water and 
other fluids. 

‘These transponders are marketed toward access control, vehicle identifica- 
tion, container tracking, asset management, animal identification, and waste 
management applications, as described by the literature provided by their 
manufacturer. Texas Instruments has different versions of these transpon- 
ders depending on the size of the memory in the chip and its ability to be 
rewritten by the user. The transponders are also available in different sizes, 
in particular lengths of 12mm, 23mm, and 32 mm. Figure 2.22 shows the dif- 
ferent sizes of these glass transponders that operate at the central frequency 
of 134.2 kHz, corresponding to the LF range. Other operational characteris~ 
tics of these glass transponders are listed in Table 2.1 


FIGURE 2.21 
(Glass transponder used for RFID applications in the LF range, 
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FIGURE 2.22 
“Three commercial glass transponders of different sizes used for application in the LE range. 


TABLE 2.1 


Operational Characteristics of Glass Transponders 


‘Main Operational Parameters Glass Transponders Texas Instruments LF Region 


Modulation TSK SIKH and WIRE 

‘Transmission Principle Half Duplex 

Read Range Less than 100/em 

Maximum Operating Temperature Range 25°C to + 85°C 

Read Time Less than 70 ms 

(Case material Glass 

Protection ‘Hermetic seal 

Weight 08 grams 

Memory on board 4 different options depending on specific part 
‘number 


Other transponders operating in the LF region use planar coil antennas 
similar to those shown in Figure 2.23. The dimensions of the larger tran- 
sponder are 25 mm for the outer ring and 20 mm for the inner ring, while the 
dimensions for the smaller antenna are 1d mm for the outer ring and 9 mm 
for the inner ring. 

‘These antennas consist of a length of conductor wire coiled multiple times 
in order to create the desired inductance. The manufacturer specifies their 
use for the same general type of applications as the glass transponders, with 
the advantage of being much thinner. 

‘Antennas for transponders operating in the HF frequency (13.56 MHz) are 
normally planar antennas, having a structure similar to the planar anten- 
nas used in the LF region. However, because HF antennas require a lower 
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FIGURE 2.23 
Commercial planar coll antennas 


inductance, the number of turns for these antennas is much lower, normally 
less than 10 turns. Planar antennas for RFID transponders operating in the 
HF region are also manufactured in different sizes and thicknesses depend- 
ing on the intended application. Figure 2.8 showed a picture of an HF tran- 
sponder manufactured by Texas Instruments under the name of Tag-it™ 
This type of transponder is marketed toward product authentication, library 
applications, supply chain management, asset management, and ticketing 
or stored value applications. The antennas are built over a polyethylene- 
terephthalate (PET) substrate giving a maximum thickness of 0.085 mm for 
the antenna area and 0.355 mm for the chip area. Figure 2.24 shows three 
antennas from this same family. The larger rectangular antenna has maxi- 
mum dimensions of 75 mm x 45 mm and consists of seven turns; the small 
rectangular antenna has a maximum dimension of 39 mm x 22 mm and has 
six turns; the square antenna has maximum dimensions of 45 mm x 45mm 
and contains nine turns. 

‘The number and type of different antennas for transponders operating in 
the UHF region are higher as each commercial product has been optimized 
with an application in mind in terms of the different antenna parameters or 
the type of substrate better suited for a specific purpose. Figures 2.25, 2.26, 
and 2.27 show three examples of the diverse UHF transponders manufac- 
tured by Alien Technology. 

Figure 2.25 shows the Alien ALIN-9640 Squiggle® Inlay from Alien 
‘Technology. This is a general-purpose transponder used for packages that 
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FIGURE 2.24 
Diverse planar rectangular antennas used in commercial HF transponders. 


FIGURE 2.25 
Commercial UHEF transponder based on a meandered dipole and using capacitive tip loading. 


include metal or water. The largest length dimension of this antenna is 98 
mm, and the largest width of the overall antenna is 8 mm. This antenna 
exhibits a radiation pattern similar to a half-wave dipole. This antenna is 
based on a half-wave dipole that has been made shorter by bending the 
wires and adding shunt and series inductors to create the adequate resonant 
frequency for the integrated circuit that will be powered by the antenna. The 
large conductive areas located at each end of the antenna serve as capacitors 
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used to increase the antenna capacitance. This technique is known as capaci- 
tive tip loading. Since the magnitude of capacitive reactance decreases as the 
capacitance increases, a tip-loaded dipole exhibits a more inductive behav- 
ior than a dipole of the same length without the additional capacitance at its 
ends. 

Figure 2.26 shows the Alien ALN-9534 2x2 Inlay from Alien Technology. 
This antenna exhibits a more omnidirectional radiation pattern and is mar- 
keted toward item-level tagging applications such as apparel or baggage. The 
maximum dimensions of this antenna are 46 mm x 40 mm. This type of 
antenna, in which the conductors are thicker than the previously studied 
Wire antennas, presents the advantage of having higher capacitance and lower 
inductance than the wire antennas, therefore making it easier to match to the 
characteristics of its integrated circuits. Furthermore, these antennas made 
with thicker conductors exhibit a wider bandwidth than the wire antennas. 

Figure 2.27 shows the Alien ALN-9554 M Inlay from Alien Technology. 
This antenna exhibits a better omnidirectional radiation pattern and is mar- 
keted toward tagging plastic totes, pallets, and other reusable assets. The 
maximum dimensions of this antenna are 98 mun x 38-mum. This type of 
antenna presents the higher bandwidth for the same reasons described ear- 
lier, When using conductive inks to create the antenna, the additional ink 
required to create them results in a cost increase for this type of antenna 

Figure 2.28 shows an example of a meandered dipole antenna with an 
inner loop for use in the UHF range manufactured by RSIID technologies. 


FIGURE 2.26 
Commercial UHF transponder using a more omnidirectional antenna. 
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FIGURE 2.27 
Commercial UF transponder haying a higher bandwidth response 


R645 


FIGURE 2.28 
fandered dipole antenna for UF applications 


‘The maximum dimensions of this antenna are 67 mm x 13.5 mm, thus 
making it suitable for applications with limited available space. Figure 2.28 
isjust one example of the different configurations available for meandered 
dipoles. 


shows a dual dipole transponder. These transponders have 
two dipole antennas to make them more insensitive to the orientation of the 
transponder in reference to the interrogator. The potential drawback of this 
approach is the additional space required by the transponder that may not 
be suitable for all products. Furthermore, the front end of the integrated cir- 
cuit that will be powered by the antenna increases in complexity as it needs 
to respond to two different antennas. However, for longer range applications 
in which the position of the object can change, this type of antenna presents 
a clear advantage. 
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FIGURE 2.29 
Dual dipole antenna for UH transponders, 


While the majority of transponders operating in the UHF range are pow- 
ered by far-field electromagnetic radiation, in some cases the relatively 
large area that they require may be larger than the available surface in the 
transponder. The solution in this case is to use UHF antennas that oper- 
ate in the near-field region, accepting the drawbacks associated with this 
mode of operation. These antennas operate based on the same inductive cou- 
pling principles used by LF and HF antennas. However, it is possible to add 
shunt and series inductors or capacitive tip loads to create what are known 
as hybrid antermas. These hybrid antennas, examples of which are shown 
in Figures 2.30 and 2.31, are able to operate in the near and far fields even 
though the performance in the far-field region is degraded compared to the 
performance of a typical dipole antenna. 


2.5 The Connection between the Chip and the 
Antenna in RFID Transponders 


Accritical step in the manufacture of RFID transpondersis the connectionbetween 
the antenna and the integrated circuit in the transponder. There are main meth- 
ods of doing this connection: chip-on-board and direct die attachment. 
Chip-on-board (COB) is an assembly technology for semiconductors in 
which the electronic chip is directly mounted on and connected to its final 
board instead of undergoing the traditional packaging process for integrated 
circuits. This process reduces space requirements and cost, and also increases 
the performance of the system due to the decrease in connection lengths 
and increase in reliability. This approach is normally used for wire-wound 
antennas. During the COB process, the capacitor used to create resonance is 
also packaged in the device. The device is then covered in epoxy in such a 


© 2011 by Taylor and Francis Group, LLC 


4 RFID Design Fundamentals and Applications 


FIGURE 2.30 
Hybrid UHE antenna able to communicate in near fied and fa il, 


FIGURE 2.31 
Hybrid UHE antenna with tip loading, 


way that only the two cables to connect to the antenna emerge from the pack- 
age, as shown in Figure 2.2. The majority of COB packages are used in cards 
that need to meet the requirements for standard thickness of these cards at 
0.76 mm. With this requirement, the typical thickness of COB packages is 
about 0.41 mm. Although the COB package is designed to protect the internal 
silicon device during the card lamination process, itis necessary to be care- 
ful to prevent mechanical cracks on the device as a result of the mechanical 
pressures and hot temperatures. 

Direct die attachment can be achieved using two techniques: wire bond- 
ing or flip-chip. Flip-chip is a technology for interconnecting semiconductor 
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FIGURE 2.32 
‘Connection ofthe antenna wires tothe chip in the transponder, 


devices by creating conductive bumps in the pads of the chip. In order to 
connect the chip, this has to be flipped so the bond pads are in contact with 
the matching pads in the circuit. In the wire-bonding technology, the chip is 
mounted upright and wires are used to connect the chip to the circuit, In the 
case of RFID transponders, the bumps or wires are connected to the antenna, 
thus being an ideal method to use for printed, etched, or stamped antennas. 
In this case, the resonance capacitor can also be etched on the substrate of 
the transponder, and therefore this technology does not require binding it 
with the chip as COB does. Figure 2.33 shows an example of this type of 
connection. 

‘The choice between printing, etching, or stamping the antenna is a trade- 
off between cost and performance. The Q factor of the antenna, which as 
discussed earlier has a strong effect on the read range for the transponder, 
is inversely proportional to the resistance of the antenna, With this in mind, 
it is desirable to use an etched antenna instead of a printed antenna made 
of conductive material. The etching process is also less expensive than the 
printing process. For large antennas, however, etching and stamping waste 
too much unwanted material. In this case, a printed antenna becomes a more 
desirable solution. Figure 2.34 shows the general structure of the chip-to- 
antenna connection, independently of the specific technique being used. The 
antenna is connected between one of the terminals in the die and its ground 
connection (GND). 

This connection creates a problem due to the crossing of the connection 
to the antenna with the ground ring around the die, creating a parasitic 
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FIGURE 2.33 
Direct connection between the chip and the antenna in the transponder: 


Integrated circuit die Ground 


ring 


Antenna 


FIGURE 2.34 
Strategy for reducing the stray capacitance when connecting the chip to the antenna in an 
REID transponder 
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“ An Antex soldering iron tip. It simply slides onto the iron’: heating element. Only 
the extreme end is wettable and will accept solder: the tip should be kept nice and shiny. 


Soldering iron bits are typically iron-plated to resist wear, then chrome-plated to 
prevent molten solder being deposited on them, with the extreme tip being “wettable” to 
work with molten solder. Before using the iron to make a joint, the hot tip must be 
“tinned” with a few millimetres of solder: you should always flood a brand new tip with 
plenty of solder to tin it immediately, when using it for the first time. 


4 Tinning the tip ready for use: apply a few millimetres of solder to the hot tip. 


Wipe off excess solder using a damp sponge and it’s ready to use. That’s why 
sponges have a hole or well in them — the edge acts as a wiper and the hole catches excess 
solder. 


A usefiul tip: after tinning the bit, just before using the iron it helps to re-apply a 
small amount of solder to a clean tip, to improve the thermal contact between the tip and 
the joint. The molten solder fills the void between the materials and the iron tip, to help 
transfer heat better so that the solder flows more quickly and easily. 
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capacitance. Depending on the technology being used to make this connec- 
tion, the parasitic capacitance can have a value of up to 20 fF, influencing 
the resonant frequency for the antenna. To limit this effect, the ground ring 
around the die is narrowed in the vicinity of the pad for the antenna connec- 
tion, thus reducing the parasitic capacitance. 


2.6 Additional Factors That Affect the Performance 
of Antennas in RFID Transponders 


As discussed in the preceding sections, the quality factor of an antenna is 
influenced by its Ohmic losses. For the coil antennas used for transponders 
operating in the LF region, these Ohmic losses come from the wire used to 
build the coil. The resistance in DC of a conductor of length |, with a uniform 
cross-section §, is 


Roc (2.27) 


elt 
35 


where 6 is the conductivity of the material 

Because of the need to manufacture the antenna as small as possible, 
designers opt for choosing the narrowest possible diameter, resulting in 
shown by equation (2.27). More important, 
however, for the design of antennas is their losses in AC. The density of 
AC current through a wire is not constant through its surface, but the cur- 
rent tends to flow through the outer section of the wire, thus decreasing its 
effective area. This is known as the skin effect. Similarly, the skin depth for a 
conductor is defined as the value of its depth at which the current density 
falls to 37% of the current density along the surface. As shown in equation 
(2.28), fora given material, its skin depth is dependent on the frequency of 
the AC current: 


1 


2.28 
wae? 2.28) 


8 


where 
= the skin depth 
t= the permeability of the material 
= the conductivity of the material 
f= the frequency of the AC current through the material 
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Example 2.5: 


Calculate the skin depth for copper wire at (a) 125 kHz and (b) at 13.56 MHz 


Solution: 
Copper has a relative permeability of 1, so its total permeability is p= 4 = 107 
Him. Its conductivity is equal to ¢ = 5.8 107 mhalm. Therefore, equation (2.28) 
‘can be rewritten for copper as 


0.066 


‘aro 


A. The skin depth of copper at 125 kHz is equal to 0.186 mm. This means that 
the current density of a point located 0.186 mm away from the surface of 
the conductor is only 37% of the current density on the surface. 

B. The skin depth of copper at 13.56 MHz is equal to 0.018 mm. At this fee- 
quency, the skin depth is about one-tenth of the skin depth at 125 kHz. 
Therefore, at 135 MHz the majority of the current is flowing through the 
surface of the conductor. 


The total resistance of a wire to AC current (R,,) is a combination of its 
DC resistance (Rp) and its skin depth (6): 


Ra= Roo xe 2.29, 


where a is the radius of the wire. 
For etched coil antennas, commonly found in planar transponders, the 
AC resistance is given by equation (2.30) 
1 
wns 


Re 2.30) 


where 
w= the width 


{= the thickness of the conductor on the substrate 


Etching is a wasteful process as metal is removed from the substrate in 
order to create the antenna. Although some of the materials may be recycled, 
etching also requires large amounts of chemicals and energy to use in the 
process. To respond to this concern, newer processes based on conductive 
inks or copper deposits have been developed, especially for antennas operat- 
ing in the UHF frequency range. Because of the higher conductivity of copper 
compared to silver-based conductive inks, antennas made with deposited 
copper can be substantially thinner than those made with conductive inks. 
In general, both materials can be effectively used to create antennas, 
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‘The two main components of a transponder are its internal circuits and its 
antenna. The antenna, studied in Chapter 2, is used to collect energy from 
the electromagnetic fields in which the transponder is embeded as well as 
to transmit the information back to the interrogator. The integrated circuit, 
also known as the chip or device, is the key component in the transponder, 
and for this reason this chapter uses the names transponder, chip, and device 
interchangeably. The integrated circuits have the ability to store information 
to be transmitted to the interrogator, execute a series of commands, and, in 
some cases, store new information sent by a remote station. 

‘This chapter describes the fundamental blocks that make up the transpon- 
der. Because there are a large number of transponders in the market, each 
‘one with its own specific differences, this chapter focuses on the functional 
blocks common to them using commercial transponders to illustrate these 
concepts. Therefore, the devices used in the examples should not be seen as 
an exhaustive list of transponders but just as examples used to illustrate spe- 
cific concepts and ideas. This chapter starts by describing the analog front 
end commonly encountered in these devices. The analog front end contains 
the radiofrequency section that is necessary to match the electrical proper- 
ties of the device to the electrical properties of the antenna as well as the 
circuits used for harvesting and managing the power necessary to turn on 
the device. This section is followed by the description of the main encoding 
and modulation methods commonly used by transponders. This is followed 
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Block diagram of a generic RFID transponder highlighting its main functional components. 


by the description of the different memory structures to store data and con- 
figuration parameters as well as the codes used to ensure the integrity of the 
digital data. The next section briefly describes the methods for programming 
the transponder by either a contact programmer or a contactless program- 
mer. The last two sections in this chapter present a summary of the electrical 
and mechanical specifications found in commercial transponders as well as 
a description of their most common assembly methods. 

Figure 3.1 depicts the block diagram of a basic and generic RFID transpon- 
der showing its main functional blocks. It is important to note that not all 
the blocks shown in the figure will be always present in any transponder 
depending on its use, intended application, and cost. 


3.1 The Analog Front End 
3.1.1 Radiofrequency Stage 


When the transponder is immersed in an electromagnetic field of the 
appropriate frequency, a radiofrequency voltage appears across the antenna 
terminals. The task of the frontend stage is to rectify that radiofrequency volt- 
age and convert it into a continuous voltage (DC) with a value high enough to 
power the rest of the circuits inside the device. Different transponders have 
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different requirements regarding the minimum voltage required to become 
operational depending on their internal structure and fabrication technology. 

‘The first step in the energy conversion process between the electromagnetic 
field and the DC voltage is the resonant circuit tuned to the frequency of the 
field. The different possible configurations for the external resonant circuit 
described in Section 2.2 are now studied, taking into account the structures used. 
in commercial transponders. Figure 32 shows the possible alternatives for the 
external resonant circuit using two commercial devices: the MCRF355 and the 
MCRF&50, both from Microchip Technology and both operating at 13.56 MHz. 

Some devices incorporate one or two capacitors inside their integrated 
circuit, eliminating the need for using an external capacitor and therefore 
reducing the size required for the overall transponder inlay. Figure 3.3 shows 
the resonant circuit using commercial devices that incorporate one or two 
capacitors in their internal circuitry. 

‘The devices MCRF360, MCRF451, and MCRF455 from Microchip Technology 
have a single internal capacitor with values of 100 pF, 95 pE, and 50 pF, respec- 
tively. The device MCRF422, also from Microchip Technology, has two inter- 
nal capacitors of 50.6 pF and 654 pF. All these devices operate at 13.56 MHz. 


MCRFIS5/450 


Ly= ty +by+by with by =kYGTy (021) and Ly > La 


L MCRFIS5/450, 


FIGURE 3.2 
Alternatives for the external resonant circuit found in commercial transponders, These tran- 
sponders require a capacitor in the inlay to create the resonant circuit. The inductor in the 
creuits models the antenna, 
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FIGURE 3.3 
Alternatives for the external resonant citcuit for devices that incorporate the resonance capaci- 
torin the die ofthe integrated circuit-(@) Structure witha single internal capacitr.() Structure 
with to internal capacitors 


‘The path between one of the antenna connection nodes and ground, shown in 
Figures 3.2 and 33, is shortened according to a control signal. The path is short- 
ened using a transistor, called a modulation transistor, that exhibits a low ON 
resistance, normally below 5 and a very high OFF resistance of several M2, 
In this situation, the transponder exhibits two different resonant frequencies. 

‘The resulting resonance frequency when the modulation transistor is OFF 
is chosen to be equal to the frequency of the electromagnetic field emitted by 
the interrogator. As shown in Figure 3.4, because of the resonance condition, 
the energy of the field is transmitted through the front end to the device, 
resulting in the radiofrequency voltage at the input of the device being 
maximal. This situation is called sntcloaking. When the modulation transis- 
tor is turned ON, it shortens one of the inductors or capacitors, resulting 
in a resonant frequency for the circuit different from the frequency of the 
electromagnetic field. When it shortens one of the two inductors connected 
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FIGURE 3.4 
Cloaking and uncloaking modes produced by the control transistor in the transponderand the 
different resonant frequencies generated. a) Uncloaked. (b) Cloaked. 


in series, the resulting resonant frequency is higher than the frequency of 
the field; when it shortens one of the two capacitors connected in series, the 
resulting resonant frequency is lower. In any case, the frequency of the cir- 
cuit and the frequency of the field are different, and therefore most of the 
energy of the electromagnetic field is rejected by the filter, resulting in the 
voltage generated at the input of the device being minimal, ideally zero. This 
situation is called cloaking. The same cloaking-uncloaking approach is used 
by the transponder to transmit data to the interrogator. Using this approach, 
the digital signal controls the modulation transistor. 


Example 3.1: 

CCaleulate the values of the exteenal inductors needed to use in a transponder 
based on the MCRF451 device. 

Solution: 


‘The MCRFA51 has an internal capacitance of 95 pF and operates at a frequency 
of 13.56 MHz. Using the equations shown in Figure 3.3, the total inductance 
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necessary is Ly = 1.45 pH. With this inductance, the circuit resonates at 13.56 
MHz, and therefore the energy from the electromagnetic field is passed to the 
device. The L, = 1.45 4H of external inductance will be split between L, and L;. 

The value of 1, can be calculated using the equations from Figure 3.3 now 
for the case of detuned frequency. The detuned frequency should be between 3 
‘MHz and 6 MHz away from the tuned frequency. For the structure used by the 
MCRFA51 device, the detuned frequency will be higher than the tuned frequency. 
Using for example a frequency shift of 4 MHz, the detuned frequency becomes 
17.56 MHz, resulting in a value of L, equal to 864 nH. Assuming intially a value 
for the coupling coefficient between L, and L, equal to zero (k = 0), the required 
value for L; is 586.nH. It can be observed that L, > L, as its required. In a more 
realistic situation, the value af the coupling coefficient will be between 0 and I, 
resulting ina lower value for Ls 


3.1.2 Power Management 


In order to be operative, the transponder needs to convert the radiofrequency 
voltage detected by the antenna into a DC voltage. The voltage required to 
bias the internal components in the transponder is higher than the voltage 
detected by the antenna. Therefore, the transponder requires the use of volt- 
age multipliers to reach the values necessary by the biasing voltage. 

‘A voltage multiplier is a circuit that converts a lower AC voltage into a 
higher DC voltage. Figure 3.5 shows the basic structure of a simple voltage 
multiplier called a voltage doubler. 

Assuming initially ideal diodes for simplicity, diode D1 is forward biased 
during the phase of negative input voltage, while diode D2 is reverse biased 
and therefore capacitor C2 is disconnected from the rest of the circuit. In this 
stage, capacitor C1 charges toa DC voltage ideally equal to the amplitude of the 
AC signal. Afterward, during the phase of positive input voltage, the biasing 
of the diodes reverses: D2 is forward biased, and D1 becomes reverse biased. 
This causes capacitor C2 to be directly connected to the input of the AC sig- 
nal. Taking into consideration the voltage at which capacitor Cl was originally 
charged, the DC voltage at capacitor C2 will be equal to twice the amplitude of 


FIGURE.5 
Structure of a single-stage basic voltage multiplier, Vay models the voltage generated by the 
tlectramagnetic ld in which the transponder is immerse. 
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the input voltage. Considering now the minimum ON voltage for real diodes, 
the voltage at the output of the structure shown in Figure 3.3 is, 


Vou 2(Vp~ Vou) co) 


where 
Va = the output DC voltage, 
Vp = the peak voltage detected at the antenna terminals 
Voy = the minimum direct voltage across the diode to turn it on 


Figure 3.6 shows the intermediate signals observed at the different nodes 
in the voltage doubler structure. The voltage supply models the radiofre- 
quency signal detected at the terminals of the antenna in the transpon- 
der. The graph of the output voltages shows how the output capacitor is 
being charged until it reaches the steady-state level predicted by equation 
G1). Once the transient disappears, the output voltage stabilizes and will 
remain at that level as long as the transponder is immersed in that electro- 
magnetic field. 

In practical RFID systems, because the RF voltage detected at the antenna 
terminalsis relatively small, the voltage doublerstructure shown in Figure3.5 
does not produce a high enough voltage to power the integrated circuit in the 
transponder. This situation can be resolved by connecting additional voltage 
doublers. The resulting structure is known as a Dickson charge pump, result- 
ing in an output DC voltage equal to 


FIGURE 3.6 
Signals observed at diverse points in the single-stage voltage multiplier.) Input signal. (b) 
Intermediate signal consisting ofthe input signal plus a DC component equal tots peak value 
(©) Output signal. After the transient disappears, the output signal is a DC signal with a value 
equal to the double ofthe peak amplitude ofthe input signal. 
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N(V,—Vos) () 


where N is the number of basic voltage doubler cells 

Figure 37 shows a three-stage Dickson charge pump. Its output voltage is 
equal to six times the peak voltage for the input minus the turn-on voltage 
for the diodes. Figure 3.8 shows the intermediate signals observed at several 
nodes in this structure. The sensitivity of the different graphs in volts per 
division has been kept the same to better observe how at each intermediate 
node, the AC signal has an additional offset equal to its peak value. The final 
DC output voltage is predicted by equation (@.2) 

There is, however, a practical limit to the number of stages that is reason- 
able to consider for use in a practical application. As the number of stages 
increases, the number of required diodes increases by a factor of 2, and 
therefore the power dissipated by the charge pump also increases in the 
same ratio, decreasing the overall efficiency of the circuit. The efficiency of 
the charge pump is given by equation (3.3) 


¥ 
be - 
war Vas¥2NVoy o) 
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where N is the number of stages in the charge pump. 


Voltage doubler 


Voltage doubler 
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FIGURE37 
Dickson charge pump structure used to increase the DC voltage extracted from the radiofre- 
quency signal generated by the electromagnetic field in which the transponder is immersed 
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™ A tinned tip should look like this, ready to make the next joint. 


It’s sometimes better to tin larger parts as well before making the joint itself, but this 
is not generally necessary with p.c.b. work. Small tinlets of special paste are available 
onto which you dab a hot iron - the product cleans and tins the iron ready for use. It’s 
useful in extreme cases where the bit has some stubborn contamination, 


I find special Tip Tinner &Cleaner products to be very useful: gently abrasive in 
action, they help to clean dirty bits and keep them in good condition. Use them for 
removing stubborn contaminants, but don’t overdo it. 
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FIGURE 3.8 
Signals observed at different points in the Dickson charge pump. After each stage, the overall 
signal increases its DC component until it only contains a DC component at the ouput of the 
last stage 


Equation (3.3) shows that the efficiency of the charge pump will increase 
by using diodes with a lower turn-on voltage. To this extent, several types 
of devices have been used and several more types are being currently inves- 
tigated. The most common approach is to use Schottky diodes due to their 
electrical characteristics that make them extremely attractive for this pur- 
pose. However, using Schottky diodes increases the complexity of manufac- 
turing the transponder, thus resulting in a higher cost. For this reason, the 
use of ultra-low-power complementary metal oxide semiconductor (CMOS) 
diodes appears to be an attractive alternative as they can be manufactured 
with the rest of the transponder and therefore they will not increase the cost 
of manufacturing the transponder. 


3.2 Signals in the Transponder 
3.2.1 Signal Encoding 


‘The digital signals in the transponder are encoded using one or more of these 
common encoding schemes that are represented in Figure 39. 
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FIGURE 3.9 
‘Common signal-encoding techniques. (a) Nonreturn-to-zer0 (NRZ): 1 represented by a high 
logic level; 0 represented by alow logiclevel.(b Differential biphase: I represented by a change 
in level atthe stat ofthe clock period; 0 represented by no change in level atthe start of the 
clock period. There is always change of level at the middle ofthe lock period. (e) Manchester 
1 represented by a high-to-lovr transition atthe middle of the clock period; O represented by 3 
lov-to-high transition a the middle ofthe clock period. 


‘These encoding techniques are as follows: 


RZ (nonreturn to zero): There is no data encoding done. The 1's and 
(O's are clocked from the data array directly to the output transistor 
that will close or open the switch in the analog front end, as was 
shown in Figure 3.4. Although extremely simple, this encoding tech- 
nique presents problems if the data to transmit have long strings of 
Ys or O's because these may be misunderstood as the presence of a 
DC voltage in the line. 

Differential biphase: Multiple encoding approaches using this method. 
This method embeds clocking information with the data and 
will help to synchronize the interrogator to the bit stream. In this 
approach, a level change occurs at the middle of every bit clock 
period. 1 is represented by a change in level at the start of the clock. 
(iis represented by no change in level at the start of the clock. 

‘Manchester code (biphase level, biphase_L, or split phase): This is a vari- 
ation of the previous encoding method. There is not always a transi- 
tion at the clock edge, but there is always a transition in the middle 
of the clock cycle, thus allowing one to extract the clock signal from 
the data signal. In Manchester code, a 1 is represented by a high 
to low level change in the middle of the clock. A 0 is represented 
by a low to high level change at the start of the clock. This type of 
encoding is used in the MCRF355/360 and the MCRFA5X family of 
transponders manufactured by Microchip Technology. 
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Example 3.2: 


‘Assume that we are using a biphase-L format (Manchester for encoding the digital 
data at a frequency of 70 kHiz. The data bit 0 is sent by frst detuning (cloaking) 
the device during 7 ps and then tuning (uncloaking) the device for an additional 
7 ys. The data bit 1 is sent by uncloaking the device and then cloaking it for the 
‘same time periods, 


3.2.2 Modulation and Demodulation 


‘Modulation refers to changing one or more parameters in the carrier radio- 
frequency signal as a method to transmit the encoded signal. In practice, 
only one of the parameters (amplitude, frequency, or phase) of the radiofre- 
quency is usually changed when transmitting simple digital data, 

When the amplitude of the carrier changes depending on the encoded sig- 
nal, the resulting modulated signal is called amplitude shift keying, or ASK. 
In this case, a high voltage in the envelope of the radiofrequency signal sig- 
nifies a logic level 1, while a low voltage in the envelope signifies a logic 
level 0, following the appropriate signal-encoding method being used. ASK 
modulation is also known as direct modulation in RFID systems. ASK modu- 
lation offers the possibility of high data rates due to the simplicity of the 
process. The spectrum of the ASK signal is relatively narrow as it contains 
only energy at the frequency of the carrier signal and at each of the two 
sidebands. One sideband is located at the frequency of the carrier minus the 
frequency of the modulating signal, and the other sideband is located at the 
frequency of the carrier plus the frequency of the modulating signal. The 
bandwidth efficiency of a binary-modulated ASK signal is 1 bit/second/Hz. 
The detection of the ASK signal can be done using a coherent detector or 
a noncoherent detector. Noncoherent detection increases the simplicity of 
the overall system, although it reduces the ability to differentiate between 
the desired signal and noise. The immunity to noise can be increased by 
using a coherent detector, although the immunity to noise is overall lower 
than using an FSK or PSK modulation process. The bit error probability for 
noncoherent ASK modulation, assuming an additive white Gaussian noise 
limited channel, is 


Plax = 05¢7% + 05erfe( JET 


64) 


where 
P = the bit error probability 
E,/Np= the average bit power 
erfe(x) = the complementary error function for the argument x 
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Similarly, the bit error probability for coherent ASK modulation is 


Plasx = O.5erfe( JE, 72No) (35) 


Figure 3.10 shows the bit error probability values obtained using equations 
G4) and (5) for different values of energy transmitted. From this graph it 
is possible to observe the decrease in bit error rates for coherent ASK mod- 
ulation, which is especially significant when increasing the energy per bit 
transmitted, 

When the encoding signal changes the amplitude of the carrier being trans- 
mitted, the resulting modulated signal is called frequency shift keying, or FSK. 
When the modulating signal is binary, FSK results in using two different 
frequencies for transmitting the digital data. The most common approach 
to FSK in RFID systems is called Fc/8/10: this means that a 0/is transmitted 
as an amplitude modulated clock cycle with a period corresponding to the 
carrier frequency divided by 8, and a1 uses a period that corresponds to the 
carrier frequency divided by 10. Figure 3.11 shows the time representation 
for this FSK modulation. 

The logic level 0 is transmitted by sending a total of eight cycles of the 
RF signal; the first four cycles have a higher amplitude than the last four 
cycles. The logic level 1 is transmitted by sending a total of ten RF cycles, 
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FIGURE 3.10 
Error probability (Ps) for coherent and noncoherent ASK modulation as a function of the 
energy received (Eb/No). 
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FIGURE 31 

Structure ofthe FSK-modalated signal. The symbol 1 is represented by sending 10 RF ele, 
while the symbol 0 is represented by sending § RF cycles The message ent im the figure 
‘wort 


with the first five cycles having a higher amplitude than the last five cycles. 
‘The change in amplitude between the first and second halves of the cycles 
allows one to count the number of cycles between transitions and therefore 
to differentiate between logic levels. In other words, the 1 and 0 are differen- 
tiated by looking at the number of periods between transitions. 

Other FSK approaches used by other transponders are Fc/10/8, Fc/5/8, 
and Fc/8/5, Table 3.1 lists the relation between the encoding signal and the 
data transmitted. 

‘The bandwidth required by the FSK signal is dependent on the existence 
‘or not of phase changes when changing frequencies. Obviously, in those 
FSK modulation approaches that exhibit abrupt phase changes, there will be 
more spectral components at higher frequencies, thus increasing the band- 
width. The bandwidth efficiency of a binary-modulated FSK signal depends 
‘on how the modulation process has been performed, but it approaches 2 
bits/second/Hz. Similarly to ASK modulation, FSK signals can be recovered 
using noncoherent detectors or coherent detectors, with a coherent detec- 
tor providing stronger noise immunity. The calculation of the bit error rate 
for FSK signals depends on the separation between the frequencies used to 
transmit the FSK signal. The optimal frequency selection occurs when these 
frequencies are a multiple of the frequency of the encoding signal. These are 
called orthogonal frequencies. 

‘The bit error probability for noncoherent FSK modulation, assuming an 
additive white Gaussian noise limited channel, is 


Plece = (O.5¢7™ 6) 
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TABLE 3.1 
Different FSK Modulation Approaches 
Logic Level “0” Logic Level 
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FIGURE 3.12 
Error probability (Ps) for noncoherent FSK and coherent PSK as a function of the energy 
received (Eb/No). 


‘The bit error probability for coherent FSK modulation is 


Phase = OSerfe( JE TIN 


) en 


Comparing equations (3.5) and (3.7) shows that if the two frequencies that 
make the FSK signal are chosen to be orthogonal, then the bit error rates for 
coherent ASK and coherent FSK signals are essentially the same. Figure 3.12 
shows the probability of bit error as predicted by equations (3.3) and (3.4) for 
different values of energy per bit. This figure shows that the difference in 
performance between noncoherent detection and coherent detection for FSK 
signals is lower than for ASK signals. This has resulted in the widespread 
use of noncoherent FSK modulation due to its simplicity. 
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Example 3.3: 


‘Calculate the bit error rate for coherent and noncoherent ASK and FSK demodulation 
{or the following signal-to-noise ratios (E,/N,): a) 5 dB, (b) 10 dB, and (c) 15 aB. 
Solution: 

‘The bit error rates for each type of demodulation are given by equations (3.4) to 
(8.7). The frst step is to express the signal-to-noise rato in linear units. This results 
inthe following values: 

S dB DEYN, 


16 (linear units) 
10.0 linear units) 
31.6 (linear units) 


10d SEJN, 


Bit error rates for noncoherent ASK demodulation are predicted by equation (3.4), 
resulting in the following: 
With E/N, = 3.16 (5 dB): P, = 0.264 (approximately 1 error every 4 bits 


transmitted) 

With E/N, = 10.0 (10 dB}: P, = 0.042 (approximately 1 error every 24 bits 
transmitted) 

With E/N, = 31.6 (15 dB): P, = 0.185 10> (approximately 1 error every 5400 


bits transmitted) 


Bit error rates for coherent ASK demodulation are predicted by equation (3.5), 
resulting in the following: 
With E/N, = 3.16 (5 dB): P, = 0.037 (approximately 1 error every 30 bits 
transmitted) 
With E/N, = 10.0 (10 4B: P, 
transmitted) 
With E/N, = 31.6 (15 dB}: P, = 9.47 10-"(approximately 1 error every 100 mil- 
lion bits transmitted) 


78 10-(approximately 1 ertor every 1300 bits 


Bit error rates for noncoherent FSK demodulation are predicted by equation (3.6), 
resulting in the following: 
With E/N, = 3.16 (5 dBi: P, 
transmitted) 
With E/N,= 10.0 (10 dB): P, 
transmitted) 
With E/N, = 31.6 (15 dB): P, 
lion bits transmitted) 


103 (approximately 1 error every 10 bits 


37 10° (approximately 1 error every 300 bits 


£87 10-* approximately 1 error every 14.5 mil- 


Bit error rates for coherent FSK demodulation are predicted by equation (3.7), 
resulting in the following: 


With E/N, = 3.16 (5 dB): P, = 0.037 (approximately 1 error every 30 bits 
transmitted) 

With E/N, = 10.0 (10 dB): P, = 0.78 10 (approximately 1 ertor every 1300 bits 
transmitted) 

With E/N, = 31.6 (15 dB): P, = 9.47 10-*(approximately 1 error every 100 mil- 


lion bits transmitted) 
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‘These results show that the performance of coherent demodulation has a much 
better performance than noncoherent demodulation. Even for relatively noisy sig- 
nals, coherent ASK shows a much lower bit ertor rate than when the demodulation 
is performed noncaherently. Therefore, it seems obvious to choose a coherent 
‘demodulation scheme when using ASK. While coherent FSK demodulation also. 
shows a lower bit error rate than noncoherent FSK demodulation, the difference is 
not as strong as in the ASK case. For this reason, a noncoherent FSK demodulation 
may be preferred as it will reduce the complexity of the system without exces- 
sively degrading its performance. 


When the encoding signal changes the phase of the carrier, the resulting 
modulated signal is called phase shift keying (PSK), as shown in Figure 3.13, 
PSK is basically the same approach as FSK with the difference being that 
only one frequency is used. The information is encoded here in the change of 
phase between clock cycles. PSK also allows for different approaches on this 
encoding. Because the receiver is only looking for changes of phase, itis pos~ 
sible to transmit information in a smaller number of radiofrequency cycles, 
resulting in using faster data transfer rates compared to FSK. 

Some devices like the MCRF200 and the MCRF250, both from Microchip 
‘Technology, support two PSK modulation modes called PSK_1 and PSK_2. 
In PSK_1, the phase of the RF signal changes when the encoding data 
change. This means that, for example, the phase of the RF signal will 
change when the encoding signal changes from 1 to 0 or from 0 to 1. In 


PSK-Modulated Signal 


Detected change 


FIGURE 3.413 
A generic PSK-modulated signal The figure shows that the PSK signal requires less RF cycles 
to transmit the digital data 


2011 by Taylor and Francis Group, LLC 


Transponders 65 


FIGURE 3.14 
Two variations of PSK modulation. In PSK_1, the phase ofthe carrier changes every time there 
is a change in the symbol transmitted. In PSK_2, the phase of the carrier changes every time 
the symbol transmitted is 1 


PSK_2, the phase of the RF signal changes every time the encoding data 
have the logic level 1. For example, the phase will change when the encod- 
ing data change from 0 to 1 or from 1 to 1, but it will not change when the 
encoding data move from 1 to 0 or from 0 to 0. Figure 3.14 depicts these two 
PSK modulation approaches. 

A third PSK modulation mode available in some other devices—for exam- 
ple, the T5557 from Atmel—is based on a phase change on the rising edge 
of the encoding signal. 

The spectral occupancy of the PSK signal is identical to the ASK signal 
assuming that there are no phase changes abruptly occurring at the symbol 
boundaries. However, in contrast to ASK and FSK, the detection of PSK sig- 
nals requires a coherent demodulator. The bit error rate for PSK signals is 


Plpge = O.erfe( ETN) os) 


When comparing the different modulation methods and assuming equal 
average energy per symbol transmitted, the different PSK modulation 
approaches present the strongest immunity against noise. Coherent FSK 
modulation with orthogonal symbols or coherent ASK modulation is the next 
best approach followed by the noncoherent FSK modulation. Noncoherent 
ASK modulation exhibits the poorest performance. For example, a bit error 
rate of 10° requires a value of Eb/No slightly above 10 dB for a PSK sig- 
nal, but it will require a value of Eb/No of about 18 dB for a noncoherent 
ASK signal. Similarly, an energy Eb/No of 10 dB will result in a bit error 
rate of 1.5 10in using PSK, but the bit error rate will increase up to 1.5 102 
when using noncoherent ASK. This represents moving from 15 errors 
every 100,000 bits transmitted (PSK) to 1.5 errors every 100 bits transmitted 
(noncoherent ASK). 
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3.3 The Logic System 


3.3.1 Data Memory 


‘The memory of RFID transponders is divided into data memory and con- 
figuration memory. Data memory stores the information that will be trans- 
mitted back to the interrogator. Configuration memory stores data regarding 
the configuration parameters for the transponder. Memory varies in size, 
rewriting capabilities, structure, and characteristics similar to those found 
in memory used in other products. The size of the memory ranges from 1 bit 
to 64 kbits or even larger, with the most common values being around a few 
hundred bits. One of the most important differences between transponders 
is whether the data stored in their memory can be rewritten by the user. This 
gives rise to the distinction between read-only transponders and read/write 
transponders. Because memory types, sizes, and structures can greatly dif- 
fer between different transponders, the following examples are not intended 
to be viewed as a comprehensive guide, but to highlight some of the most 
commonly used approaches to memory in transponders. 

‘The device MCRF200 from Microchip Technology contains a memory of 
‘40 bits; 128 bits are data bits, and the remaining 12 bits are used for the con- 
figuration register. This is a one-time programmable (OTP) device that oper- 
ates as a read-only device once it is programmed. The data memory can be 
programmed by the user using a contactless programmer or can be directly 
programmed by the factory at the time of production. The configuration reg- 
ister can only be programmed at the time of production. The manufacturer 
specifies memory data retention better than 200 years. 

Figure 3.15 shows the block diagram of this device. The EEPROM memory 
is addressed by the column and row decoders at the clock rate. The output 
from the memory array is a bit stream that is directly fed into the modula- 
tion control and modulation circuit in order to be transmitted back to the 
interrogator. Figure 3.16 shows the description of the different bits for the 
configuration register in this memory. 

CBI2 is the bit that allows programming the device. Once CBI2 is set 
to 1, the device cannot be programmed or erased. Because the MCRF200 
does not support anticollision, bit CBI1 is always 0. However, for the 
device MCRF250 that is similar to the MCRF200 with the only exception 
that MCRF250 supports anticollision, its bit CBI is always set to 1. CBIO 
is used to establish the transmission rate when PSK modulation has been 
selected. Bits CB9 and CBS establish the modulation for the encoded data 
using the modulation types shown in Section 3.2.2. Bits CB7 and CB6 deter- 
mine how the data are encoded, as described in Section 3.2.1. Bit CBS is 
always set to 0. Bits CB4, CB3, and CB2 are used to set the baud rate at 
which data are transferred. The default timing (CB4 = CB3 = CB2 = 0) is 
MOD128, meaning that the transmission rate is set at 128 RF cycles for bit. 
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4 Tip Tinner and Cleaner is a usefuul aid to maintaining a soldering iron bit ... 


- : | 


A Just press the hot iron onto the solid paste and scrub it around a little. The tip 
will be cleaned, tinned, and made ready for use. 


The move to lead-free solders (see next chapter) has had some effect on the life of 
soldering iron bits, with increased wear and corrosion noted due to the higher 
temperatures and the fluxes found in tin-based solders. You can therefore expect bits to 
wear out over time. Once the iron-plating is damaged due to oxidation or erosion, the bit is 
fast approaching its end of life, Never use an abrasive or file to sand down a tip: the iron- 
coating will be damaged and the iron’s core exposed, so the tip will soon be made useless 
due to erosion. 


Having prepared the soldering iron tip ready for use, in the next chapter solder and 
fluxes are discussed. 
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FIGURE 3.415 


Structure ofthe circuitry for memory reading, writing, and control 


Because the MCRF250/251 device operates in the LF range, assuming a 
carrier frequency of 128 kHz, this setting will result in a transmission rate 
of 1 kHz. Conversely, the fastest transmission rate is MODI6, which will 
result in a transmission rate of 8 KHz. It is also important to keep in mind 
that MOD128 is the data rate used when programming the device. Finally, 
CBI is used to specify the size of the data memory of 128 bits or 96 bits 
depending upon the needs of the user. 


Example 3.4: 
“The configuration register for a MCRF 200 device is set to $08D. Describe the 
settings for the device. 


Solution: 
‘The binary values for the configuration register are shown as follows: 


cen cen CBI0 CB9 CBS CB7 Che CBS Chl CBs CB2 CBI 


oo 0 o 1 0 0 oO dd od 


CBI2 = 0. The device has not been programmed yet. 
CBIT = 0. MCRF200 does not support anticolision; therefore, CBI is set to 0. 
CBIO = 0. Rate of PSK modulation is equal to half ofthe carrier feequency. 
€B9 = 0 and CBS = 1. The modulation chosen is PSK_1. This means that the 

phase of the modulation signal changes at the change of the encoded data, 
(€B7 = CBG = 0, Data encoded using nonreturn to zero level (NRZ_L) 

No special meaning because CBS is always set to 0. 

1; CB3 = 1; CB2 = 0. Baud rate is MOD32, resulting in a 4 kHz baud rate. 
Memory size is 128 bits 
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Example 3.5: 


State the configuration register for a transponder based on the MCRF250 device 
‘with the following parameters: 

Blank (not programmed device) 

‘Modulation: PSK_1 

PSK rate: Frequency half of the carrer frequency 

Data encoding: NRZ_L 

Baud rate: MOD 32 

Memory size: 128 bits 


Solution: 
‘The MCRF250 is a device similar to the MCRF200, with the only difference being 
that it supports anticllision, Therefore, the configuration bit CBI1 will be set to 1. 
‘The test of the configuration bits have the same meaning as the MCRF200, The 
values of the configuration bits in this case are as follows: 


cen cen CHO CB9 CBs CBT CBs CBS CBA CBs C2 CH 
o 1 o o 1 o9 o oO dd od 


‘Therefore, the hexadecimal value stored in the configuration register is $480. 


The devices MCRF355 and MCRF360, also manufactured by Microchip 
‘Technology, operate at the HF frequency of 13.56 MHz. They both have a 
total of 154 bits of memory that must be programmed using a contact pro- 
grammer. This makes them act as read-only devices when they are used in 
the field but gives them the flexibility to be reprogrammed by the user when 
necessary. The data retention specified by the manufacturer is also better 
than 200 years 

‘The family of devices MCRF450/451/452/455 also operates in the HF fre- 
quency range at 13.56 MHz. As was discussed in Chapter 2, the different 
devices in this family use internal or external capacitors to modulate 
the radiofrequency signal. In discussing their internal memory structure, the 
concepts described for the device MCRF450 are also valid for the rest of 
the devices in this family. All of these devices have their memory organized 
in two areas: main memory and stored cyclic redundancy check (SCRC) 
memory. SCRC memory is used in the operation of the cyclic redundancy 
code necessary for the operation of the anticollision algorithm, as all of 
these devices support anticollision. The explanation of the CRC procedure 
is shown in Section 3.32 

‘The main memory of the MCRF450 and similar devices contains a total 
of 1024 bits and is structured in 32 blocks, each one with 32 bits. The SCRC 
memory is organized in 32 blocks, each one with 16 bits. Figure 3.17 shows 
the structure of the user memory in these devices. 

The first three blocks (B0-B2) of the main memory are used to set up the 
operation of the device in a manner similar to a configuration register, while 
the remaining 29 blocks (B3-B31) are for user data. All the blocks of the main 
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FIGURE 3.17 
Structure ofthe user memory for the MCRF 450 family of transponders. 
memory with the exception of Block 1, which contains the ID or serial num- 
ber of the transponder, can be individually rewritten block by block by a con- 
tactless programmer. Block 1 is programmed at the factory and is protected 
against being rewritten. The main memory is read or written in blocks of 32 
bits, with the exception of bits 30 and 31 in Block 0 that can be selected indi- 
vidually. Blocks 3 to 5 constitute the fast read field (FRF) that is used by the 
interrogator in the transmission of commands to the transponder. 

Block 0 is split into 21 bits of general memory available to the user and 
11 bits containing operational parameters for the transponder. These opera- 
tional bits, shown in Figure 3.17, are as follows: 


FR (Bit 31). When FR = 0, the transponder will respond to the fst read 
‘bypass (FRB) command but will not respond to the fast read request 
(FRR) command from the interrogator. When FR = 1, the previous 
situation is reversed. These interrogator commands are further 
explained and described in Chapter 6, 

TF (Bit 30). TF = 0 sets the transponder in interrogator talks first (ITF) 
mode. This means that it will wait for an FRR command. TF = 1 
sets the transponder in tag talks first (TTF) mode if FR = 1. In this 
case, the transponder will send a fast read response without waiting 
for an FRR 

TFT (Bits 29-28). These two bits set the value for the parameter TCMAX 
when the transponder is in TTF mode. TCMAX is the number of 
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TABLE 3.2 
Configurations for TET Bits 
itz TeMAX 
a 0 T 
o 1 2 
1 o 4 
1 1 Continuows 
for DF Bits 
Bitz Bae _-TCMAX 
a v Sis 
o 1 “48 Bits 
1 0 64 Bits 
1 1 96 Bits 


fast read responses that the transponder can send after an FRR com- 
‘mand, as shown in Table 3.2. For example, TCMAX = 2 means that 
the transponder can send its response twice for acknowledgment. 
If TCMAX is set to continuous mode, the transponder will send its 
response approximately every 80 ms until it receives the correct 
response from the interrogator. This is the default mode. 

DE (Bits 27-26). These two bits set the length of the data transmitted 
by the transponder according to Table 3.3. The default data length 
is 32 bits 

MT (Bits 25-24), These two bits are hardwired and cannot be changed 
by the user. At the current state of production, these two bits 
are both set to 0. The remaining values are reserved for future 
applications. 

TM (Bits 23-22-21), These three bits set up the total memory size. These 
three bits are also hardwired. Currently, there are only two possibili- 
ties allowed: 000 and 001. The code 000 describes a transponder with 
512 bits of memory, while the code 001 describes a transponder with 
amemory size of 1 Kbit. 


Block 1 contains a unique 32-bit identification number for the transponder. 
This identification word is serialized by the manufacturer. 

Block 2 contains the bits that set each block in write-protect mode. Each bit 
corresponds to its 32-bit block. For example, bit 5 will set Block 5 as writable 
or write-protected. When the write-protect bit is set to 1, the block is writ- 
able; when the bit is set to 0, the block is write-protected. It is important to 
note that once a block is write-protected, it cannot be changed back to being 
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writable, The transponders are shipped to the user with all the write-protect 
bits to I with the exception of bit 1. This means that Block 1, which contains 
the unique ID for the transponder, cannot be changed by the user. Bits 31 and 
30 in Block 0 (bits FR and TF) are not write-protectable, thus allowing the 
user to change how the transponder is operating. Finally, itis also important 
to note that Block 2 can also be set to be write-protected, 

Blocks 3 to 5 contain data bits for the fast response. The size of the fast 
response was set by bits 27 and 26 (bits DF) in Block 0. 

‘The SCRC memory section is organized into 32 blocks, each one with 16 
bits as shown in Figure 3.18, The blocks contain the CRC code for the cor- 
responding memory block sent back to the interrogator in order to check for 
anticollision, 

(One of the family of transponders operating at 13.56 MHz manufactured 
by Atmel® has an internal user memory ranging from 1 kbit to 64 kbits 
with the distinct feature that this memory is encrypted, thus providing 
an additional layer of protection. The CryptoRF EEPROM family offers 
user memory of 1 kbit, 2 kbits, 4 kbits, 8 kbits, 16 kbits, 32 kbits, and 64 
kbits. In addition to the user memory, all these devices have a configura- 
tion memory of 2 kbits. This configuration memory is used to store eight 
sets of passwords for reading and writing, four crypto key sets, security 
access registers for each user zone and password, and key registers for each 
zone. The transponders in this family also support anticollision. Figure 3.19 
shows the block diagram for these types of devices. As shown in the figure, 
while the analog front end is similar to that of any transponder, it differs 
in the existence of authentication and password verification prior to the 
device sending data 
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Stored CRC Block 0 


Stored CRC Block 1 


Stored CRC Block 3t 


FIGURE 3.18 
‘Structure ofthe stored CRC memory used in the MCRE 450 family of transponders 


© 2011 by Taylor and Francis Group, LLC 


Transponders B 


Antenna 
i rhe 
| Hl User 
+ [Power | Control ae, 
1 ne ! 
on Authentication 
Hl encryption and 
| | cetlfication 
| | Rand 
Error acer | |remncea 
Let Tleenton| | mene verti 
Lt lees] | Sue 
flag nto 
lj Ancalision 
icuRE 349 
Transponder with enerypted memory shoving the ational compenents needed for this 
proce. 


In the transponders with user memory size of 64 kbits, 32 kbits, or 16 Kbits, 
the EEPROM user memory is divided into 16 user zones. Figure 3.20 shows 
the memory map for the 64 kbit memory transponder. As seen in the figure, 
each user zone is configured for storing 512 bytes (40% bits), giving a total 
user memory of 64 kbits. For the 32 kbit transponder, its memory is also 
divided into 16 user zones, each one of 256 bytes (2048 bits); for the 16 kbit 
memory, the size of each user zone is 128 bytes (1024 bits). 

The transponder from the same family with a memory of 8 kbits has a 
similar structure, although the memory is divided into eight different user 
zones. Each zone can store 128 bytes (1024 bits). The memory for the tran- 
sponders with 4 kbits, 2 kbits, and 1 kbit of user memory are all divided into 
four user zones. For the 4 kbit memory, each user zone stores 128 bytes (1024 
bits); for the 2 kbit memory, each user zone stores 64 bytes (512 bits); and for 
the 1 kbit memory, each user zones stores 32 bytes (256 bits). 

Inalll cases, the access to the user zones is only possible after having some 
security requirements are met. These are defined by the user during the 
setup of the device. The initial state for the transponders in this family is to 
have all the security features disabled. The user must set up the level of pro- 
tection by configuring the security requirements for the transponder. These 
security requirements are stored in the configuration memory. 

All the transponders in the CryptoRF family have a configuration mem- 
ory of 2048 bits. This memory stores passwords, keys, codes, and security 


(© 2011 by Taylor and Francis Group, LLC 


™ RFID Design Fundamentals and Applications 


aa ee ‘Tota ef 12 byes (1096 bits) in Zone 0 

deer “Tota of 52 byes (1086 bi) in Zonet 

ares Toa of 52 byes (4096 bitin Zone 15 
FIGURE 3.20 
Memory map divided into 16 user zones, each one containing 4096 bits for a total of 65,536 bits 
(oa kbits, 


definitions for each one of the user zones. The access rights to the configura- 
tion memory are defined in the control logic and cannot be altered by the 
user, The transponder can be programmed so each zone uses a different set 
of passwords. This is especially useful in the case of different users accessing 
the transponder. In addition, the transponders include three fuses that must 
be blown during the setup process. The fuses lock some of the portions of 
the configuration memory. 

Atmel” also manufactures families of transponders that operate in 
the LF range, as well as in the UHF range. For example, the transponder 
ATASSSS can operate between 100 kHz and 200 kHz, while the ATAS590 
operates in the UHF range from 860 MHz to 960 MHz. Both devices con- 
tain an internal EEPROM divided into a user memory of 1024 bits and a 
system memory of 320 bits. The user memory is organized in pages of 128 
bits, and each page in blocks of 32 bits. Each one of the blocks must be 
programmed separately. Pages are protected against overwriting by the 
use of a lock bit that, as shown in Figure 3.21, is the most significant bit of 
each block. 

‘The system memory in the ATA5590 transponder contains a page with the 
identification information for the transponder (Tag_ID page), a page with 

xystem-level information available to the user, and two blocks with system- 
level information for the manufacturer of the transponder. 
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3.3.2 Cyclic Redundancy Check for Error Detection 


‘The cyclic redundancy check is the most used method for ensuring the integ- 
rity of the digital signalsin some RFID transponders. In particular, CRC is used 
as a method of error detection in the digital stream transmitted and received 
the transponders that support CRC. Itis important to note that although the 
CRC algorithms detect the existence of errors, they do not make corrections. 
‘The CRC method is based on appending additional information to the 
message being transmitted. This additional information is mathematically 
related to the message and therefore is redundant. At the receiving end, 
the receiver checks this additional information to verify that it agrees with 
the message being transmitted. This allows the receiver to determine with 
a certain degree of probability the existence of an error in the transmis- 
sion. However, this method implies that not all errors are subject to detec- 
tion. Simply stated, the CRC method is implemented by dividing the entire 
numeric binary value of the message by a constant. This constant is called 
a generator polynomial. The reminder in the division is then appended to 
the message. The polynomial that is used for the division is chosen from a 
family of polynomials with certain mathematic properties whose study is 
beyond the scope of this book. The transponders from Atmel and Microchip 
both use a polynomial known as the CRC-CCITT16, although their specific 
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implementation is somewhat different. This polynomial is also used in other 
digital transmissions such as CDMA and Bluetooth, among others. The CRC- 
CCITT16 polynomial is, 


CRC-CCITT-16: x64 x24 35+ x0 


Reading the polynomial from most significant bit (MSB) to least significant 
bit (LSB) (normal representation) results in a value of 1021 hexadecimals. We 
must take into consideration that CRC polynomials have always had their 
MSB equal to 1, and for this reason it is not considered in the calculation of 
their values. Reading the polynomial from LSB to MSB (reverse representa- 
tion) results in the value of 8048 hexadecimals. Microchip Technology uses 
reverse representation, while Atmel” uses normal representation. 

CRC can be hardware-implemented using shift registers and exclusive-OR 
(XOR) gates in the feedback process shown in Figure 3.22. The encoder shown 
in Figure 3.22 consists of 16 shift registers and the exclusive-OR gates. The ini- 
tial value loaded into the shift registers is $FFF in the Microchip Technology 
approach and $000 for the Atmel approach. The encoder performs the exclu- 
sive-OR function and shifts the registers until the last bit of the data stream 
is entered. At that point, the CRC value of the data set is equal to the values 
in the shift registers. When the transponder transmits data, the calculated 
CRC value is attached to the data. 

The receiver performs an identical process and verifies that the CRC code 
generated by the receiver is equal to the CRC code appended to the message. 
‘The advantage of the CRC method is that the current state of one of the shift 
registers is a result of considerable past history, as it has to go through a 
lengthy process. Therefore, it is unlikely that a burst of errors will produce 
a CRC code equal to the one generated in the absence of errors. In fact, the 
CRC-CCIT6 code is able to detect all error bursts of 16 bits or less as well as 
99.9% of error bursts of more than 16 bits. 
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FIGURE 3.22 
‘Structure ofa generic CRC encoder using the CRC-CCITT16 polynomial 
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Different manufacturers may also follow different approaches as to whether 
they append the CRC value with its LSB or MSB first. The specification docu- 
ments for the transponders describe how the CRC value is attached to the data. 
‘The previous section described the structure of memory in some specific tran- 
sponders. For example, the user memory for the MCRFI50 family of transpon- 
ders from Microchip Technology is divided into 32 blocks. When the interrogator 
tries to write data into any of these blocks, before doing any processing, the tran- 
sponders check the CRC. If the CRC data are correct, the transponder proceeds 
with storing the data and the CRC in memory. Then, the transponder immedi- 
ately transmits back the data and stored CRC to the interrogator for verification, 
Ifthe CRC received by the transponder is incorrect, the transponder ignores the 
received message and waits for the next command with a valid CRC. 


3.4 Transponder Programming 


‘The programming of the transponders can be done by the manufacturer at 
the time of production or by the end user. Programming the transponders means 
to store a unique identification number in its memory, as well as to set up the 
configuration parameters for the communication between the transponder 
and the interrogator and additional parameters such as password protection, 
‘Transponders can be programmed using contact or noncontact methods. 

‘The MCRF200/250 family of transponders manufactured by Microchip 
‘Technology is an example of a contactless programmable device. Because 
the MCRF200/250 family is made up of one-time programmable devices, the 
device can only be programmed when it is blank from the manufacturing 
process. Programming this device requires a specific sequence of radiofre- 
quency signals applied following this sequence: 


Initial, power-up RF signal (125 kHz for the MCRF200/250 family) last- 
ing between 80 ps and 180 ps. 

Absence of RF field lasting between 50 1s and 100 ps. 

A continuous FSK signal that serves as a verify signal, lasting 131 ms. 
This signal is required for the transponder to be energized in order 
to output all the data contained in its 128 bits of memory. Because the 
device is blank at the time of programming, the output data are all 1 

Programming data: After completing the verify mode, the device 
enters the programming mode. The device is programmed starting 
with bit 1 and finishing with bit 128. The symbol 1 is programmed 
by sending a low-power RF signal with an amplitude similar to the 
one used for the initial power-up. The symbol 0 is programmed by 
sending a high-power RF signal with an amplitude approximately 
equal to 2.2 times the amplitude used for the symbol 1 
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Device response: After the 128 bits have been programmed, the device 
responds by transmitting the programmed data 


‘The MCRF355/360 family of transponders, also from Microchip Technology, 
has 154 bits of memory that can be programmed by using a contact pro- 
grammer. Also, the memory in this family of devices can be reprogrammed. 
Figure 3.23 shows the pin diagram for this device. 

Note that Pin 3 (Ant. A) and Pin 6 (Ant. B) are used to connect the external 
capacitors and inductors, as was shown in Figures 2.16 and 2.17, while Pin 5 
(Vss) serves a ground. In order to program these devices, Pins 3, 6, and 5 are 
connected to ground, Pin 8 (Vad) is connected to the positive voltage source, 
Pin 2 (CLK) is connected to the clock, and Pin 1 (Vprg) is connected to the 
signal that will be programmed in the transponder. 

Some specific codes are used to carry out specific functions in the memory 
of the device. For example, because this device is reprogrammable, when the 
user wants to write new data into memory, the existing data must be erased 
first. This is done by sending the code 0111010100 through the VPRG pin, as 
shown in Figure 3.24 

Similarly, to start the programming sequence, the user must transmit the 
code 0111010010, followed by the data bits to store in memory. In total, there 
will be a total of 166 bits sent to the device: the first 12 bits are the command 
to program, and the remaining 154 bits are the data to be stored in memory. 
Finally, the data stored in memory can be read by transmitting the code 
OLLIO10110 to the device. After this code has been transmitted, the device 
will output the data stored in its memory. 
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FIGURE 3.23 
ins for the MCRFSS5/360 transponders. 
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FIGURE 3.24 
(Code sent to erase existing data in memory using a cantact programmer. 


3.5 Summary of Electrical Specifications 
for RFID Transponders 


‘The manner in which manufacturers specify the performance of their tran- 
sponders varies greatly, not only among different manufacturers but also for 
devices from the same manufacturer. Tables 3.4 to 3:7 attempt to show the 
‘most important performance specifications from different manufacturers of 
RFID transponders. Table 3.4 does not pretend to be an exhaustive list of 
available devices, but just aims to show specific examples of device perfor- 
mance. The values of the parameters found in Tables 3.4 to 37 should be seen 
as somewhat typical performance values. 

Table 3.4 shows the performance characteristics of three RFID transpon- 
ders manufactured by Microchip Technology. The device MCRF200 is listed 
as a 125 kHz microlD" Passive RFID Device; the MCRF250 is exactly similar 
to the MCRF200 but incorporates anticollision; the MCRF355/360 family of 
devicesis listed as 13.56 MHz Passive RFID Devices with Anti-Collision Feature; 
and the devices in the MCRF450 family are listed as 13.56 MHz Read/Write 
Passive RFID Devices. 

Table 3.5 shows the electrical performance characteristics for four tran- 
sponders manufactured by Atmel®. The ATAS567 device is listed as a 
‘Multifunctional 330-Bit Read/Write RF Identification IC; the ATA5570 i listed as 
a Multifunctional 330-Bit Read/Write RF Sensor Identification IC; the ATA 5558 
is listed as a I kbit R/W IDID® with Deterministic Anticollision; and the T5557 is 
listed as a Multifunctional 330-Bit Read/Write RF Identification IC. 

Table 3.6 shows the performance parameters of two additional transpon- 
ders from Atmel”, The device TK5530 is listed as a read-only transponder, while 
the TKS551 is listed as a standards read/rite ID transponder with anticollision. 
‘The difference between these transponders and those evaluated earlier is 
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TABLE 3.4 


‘Summary of Electrical Parameters for Several RFID Transponders Manufactured 
by Microchip Technology 


Parameter MCRE 200250 MCRFSs0/360 _ MCRF 4S0/451/452/i55 
‘Operating Frequency To Kitz to400 Kia 135M 2 Mia to 35 ila 
Dynamic coil current Sona 
Operating current Sua THA apa 
Maximum current Soma 40m 40mA 
through antenna pads 
Current leakage 10nd 
Turn-on voltage 10 Vp between 
antenna pads 
2 Voc 
Reading voltage 2av 28V 
Testing voltage av 
Programming voltage Vuc28V 
Vel2V 
Coil voltage while 4Vpp 4Vpp 
reading 
Coil clamp voltage 32 Vpp 
Programming time 26sec (or all 128bit Sms fora bit 
array) block) 
Sleep time 50 ms to 200) 
Modulation resistance <40 <50 
Internal capacitance 2pF 100 pF 95 pF (MCRFASI) 
340 pF (MRE 452) 
50 pF (MCRF 455) 
Data retention 200 years 200 years 200 years 
Maximum storage CIN —-65°Cto 65°C to 415°C 
temperature 50°C 
Maximum ambient 40°C 10 4125°C 40°C to +125°C 
temperature 
Maximum dissipated 50 mW 
power 


7 Tank spaces in the table indicate that the manufacturer di not provide information for that 
specific parameter. 


that the ones shown below incorporate the coil for the antenna within the 
transponder. Moreover, the operating characteristics are given as strength of 
magnetic field instead of voltage or current. 

Table 37 summarizes the most important characteristics of several tran- 
sponders manufactured by Texas Instruments under their Tag-it™ commer- 
cial name. The manufactured has also chosen to specify their reading and 
writing thresholds as field intensity. 
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TABLE 3.5 
‘Summary of Electrical Parameters for Several RFID Transponders Manufactured 
by Atmel® 
Parameter ATASS67 ‘ATASS70___ATASSS@ "T5557 
‘Operating frequency 100 KFi2—150 100 iz 150 To kHiz 250 100 kHz 150, 
ile kale kHz ke 
Supply current read 4 uA 4A THA 4a 
‘mode 
Supply current 4opa ona, 4ona 
programming, 
Maximum DC 20mA 20mA 20mA 20mA 
Maximum AC 20mA 20mA 20mA 20mA 
current 
voltagenormal — 3.6V av av 
‘mode 
Coil voltage >6v >10V >6v >6v 
Read / Write 
Coil voltage >8V >6v >8v 
Programming, 
Clamp voltage wv-3Bv WV-23V 0 7V-16VI7V-23V 
Internal capacitance 78 pF 340 pF 78pF 78pF 
Startup time <Lmsee <3msee <3 msec <Smsee 
Programming cycles 100,00D<ycles100,000cycles100,000.ycles 100,000 cycles 
Data Retention 50 years 50 years 50 years 50 years 
Maximumstorage 40°C to +150°C 40°C 10 «150°C 40°C to +150°C 40°C to 
temperature 150°C 
Maximum operating -40°Cto 485°C -25Cto +105C 40°C to HBC -40°Cto 
temperature 85 
Maximum dissipated 100 mW 100mw 100mW 100mW 
power 


3.6 Mechanical Considerations and Transponder Assembly 


‘The integrated circuits or chips in which the transponders are based are 
available in different packages. While commercial transponders use the 
chip-on-board (COB) technique described in Chapter 2, this package is not 
adequate for the development of prototypes. For this reason, most of the 
transponders are also available in the more common plastic dual-in-line 
packages (PDIPs) or small outline plastic packages (SOICS). 

For example, some of the transponders described in this chapter, such as 
the MCRF200/250, the MCRF355/360, and the family of MCRF450 transpon- 
ders, all manufactured by Microchip Technology, are available in these three 
packages (COB, SOIC, and PDIP). In their SOIC or PDIPs, these are available 
in eight pins; four of the pins are for testing purposes, two of the pins are for 
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TABLE 3.6 

‘Summary of Electrical Parameters for Several RFID Transponders Manufactured 

by Atmel” 

Parameter TSO TKS 

Resonance frequency Tia Wiz 1292 10K IGOR 

Inductance 395 mH 38mH 

Quality factor B 1B 

Mas field strength before 2A/m 4am 

‘modulation 

Field strength operation 30 A/m (40°C) 30 A/m (40°C) ~17 A/m 
‘A/mm (285°C) (85°C) 

Field strength programming mode S0A/m 

Modulation Range 40V@Q0A/m)-80V 40 @0A/m)-80V C00 
(00 Am) ‘A/m) 

Programming time 16 ms per block 

Data retention 10 years 

Programming cycles 100,000 cycles 

Absolute maximum field strength 1000 A/m. 1000 A/m 

Maximum storage temperature ——_-40°C to +1255 40°C t0 125°C 

Maximum operating temperature 40°C to 485°C 40°C 10 485°C 


connecting the transponder antenna, and the two remaining pins are not- 
connect pins. The devices ATAS570 and ATA5567/5558 from Atmel” are also 
available in COB packages and PDIPs, also using eight pins. The ATAS570 
uses four not-connect pins, two pins for connecting the antenna, one pin for 
ground, and one pin for connecting the output of an external sensor. Because 
the ATA5S67 and ATASS58 do not use an external sensor, their pinout is 
much simpler using six not-connect pins and two pins for connecting the 
external antenna. The dimensions of the COB version for all these transpon- 
ders are 8 mm x 5 mm with a thickness of 0.4 mm. This extremely reduced 
size makes it ideal for incorporating the transponder and its antenna into 
the inlay. Transponders, especially in their COB form, are extremely sensi- 
tive to issues such as electrostatic discharge and their exposure to ultraviolet 
light that may result in erasing the contents in their memory cells. However, 
the use of X-rays for die inspection does not harm the device or erase their 
memory cell contents. 

The process for assembling the whole transponder varies depending on 
the frequency range at which it will operate as well as the specifications 
for the final product. For transponders operating in the LF region, the 
assembly process starts by preparing the die and the capacitor and testing 
the functionality of the combined die-capacitor element. This is followed 
with preparing the antenna coil used in this frequency range and creating 
the inlay formed by the coil and the COB. After the inlay has successfully 
passed the test, the finished transponder is processed depending on the 
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desired final product, such as card lamination and plastic molding. The 
last step in this process is a final functional test 

‘Transponders operating in the HF region can be assembled using three dif- 
ferent methods. The first method, which results in the transponder with the 
COB, is based on the same assembly process as described earlier for LF tran- 
sponders. A second method results in creating the transponder with direct 
wire bonding to the antenna that can be etched, printed, or stamped. This 
assembly method starts by preparing the die; preparing the antenna on the 
substrate etched, printed, or stamped; and then making the inlay by direct 
wire bonding to the antenna. After the inlay test, the finished transponder is 
created by using card lamination, plastic molding, or another method. The 
last step is a final functional test. The third method creates a transponder 
witha flip-chip process using a bumped die. The process starts by die bump- 
ing for flip-chip assembly, preparing the antenna on the substrate by etching, 
printing, or stamping it. The inlay is then created using the flip-chip process 
to attach the antenna to the die. This is also followed by the inlay test, and 
the finishing of the transponder by lamination or plastic molding. As always, 
the last step is a final functional test 
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‘This chapter describes the principles of design for interrogator antennas. 
‘The basic theory that describes the behavior of the antennas used in inter- 
rogators is the same that was used to describe the behavior of antennas 
used in transponders. However, in the case of antennas for interroga- 
tors, the size of the antenna is much less critical: because the interrogator 
has less size restrictions, the antenna can have larger dimensions. This 
results in an increased antenna performance. Furthermore, antennas for 
interrogators can be created with thicker conductors that can substation 
higher currents, resulting in stronger electromagnetic fields. The chapter 
starts by describing the basic principles used in the design of antennas 
for interrogators operating in the high-frequency (HF) and low-frequency 
(LF) bands. It continues by describing auxiliary elements such as tuning 
indicators, multiplexers, and preamplifiers used with those antennas in 
order to improve the overall performance of the system. The next section 
describes the basic principles used in the design of antennas in interroga- 
tors operating in the ultra-high-frequency (UHF) band. The last section in 
this chapter shows different examples of commercially available antennas 
for interrogators. 
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4.1 Antennas for HF and LF Interrogators 


4.1.1 Design of Antennas for HF and LF Interrogators 


Antennas for interrogators operating in the HF and LF ranges are designed 
for parameters such as maximum read distance for transponders, transpon- 
der read rate, as well as regulations such as the maximum field allowed in 
some specific conditions. The majority of antennas used in HF and LF inter- 
rogators are variations of the coil antenna that generates a magnetic field. 
‘These antennas are typically called portal antennas because due to their physi- 
cal dimensions and geometry, they can be placed in portals. A small number 
of antennas for HF and LF interrogators are based on a small dipole that gen- 
crates an electric field. These antennas are normally called stick antennas. 

In general, the distance at which a transponder can be read increases with 
the size of the antenna. However, this size cannot increase arbitrarily. This is 
due to the practical limitations in using an antenna of a large size and also to the 
limitations due to regulatory issues. Examples of these factors are the decrease 
in the signal-to-noise ratio as the size of the antenna increases; the potential for 
‘exceeding the regulatory limits of field strength; the need for shielding nearby 
electronic equipment to avoid unwanted interaction with the generated field; 
the increase in the area of null zones in which the generated field is zero; and 
the increase in the inductance of the antenna to a point that makes matching the 
antenna to the reader extremely difficult, if not impossible, 

Interrogators working in the HF range expect an antenna tuned at the fre- 
quency of 13.56 MHz, with an input impedance of 50 0 and a loaded quality 
factor (Q factor) of less than 20. Similarly, interrogators operating in the LF 
range expect an antenna tuned to the appropriate LF frequency, an input 
impedance of 50 0, and a loaded Q factor of less than 20. In both cases, for 
best performance, the match of the interrogator with the antenna should 
have a voltage standing toave ratio (VSWR) lower than 1.2. 

‘The VSWR is a measure of how much of the energy sent through a trans- 
mission line is reflected back to the transmitter instead of being transferred 
to the antenna in order to be converted to the electromagnetic field. Standing 
waves occur as a result of the existence of incident and reflected waves. The 
ratio of reflected voltage to incident voltage is called the reflection coefficient 
and is denoted by the symbol I: Mathematically, the reflection coefficient is 


cy) 


where 
T= the reflection coefficient 


he reflected voltage 
the incident voltage 
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The reflection coefficient can also be expressed in terms of the impedance 
of the transmission line and the impedance of the load as 


42) 


2 +2, 


where Z, = the impedance of the load and Z, 
of the transmission line, 

Equation (4.2) shows that when the transmission line is terminated with a 
load with an impedance equal to its characteristic impedance, the reflection 
coefficient is zero. This means that all the energy present in the line has been 
transferred to the load. When the line is terminated with either an open cir- 
cuit or a short circuit, the absolute value of the reflection coefficient is equal 
to 1. This indicates that none of the energy present in the line has been trans- 
ferred to the load, but is being reflected back to the transmitter. For any other 
terminations, including complex impedance values, the value of the reflec- 
tion coefficient is, in absolute value, between 0 and 1. This indicates that a 
portion of the energy present in the line has been transferred to the load and 
some other portion of the energy remains in the line 

‘The VSWR is defined as the ratio of the maximum voltage in the line (E,,.) 
compared to the minimum voltage in the line (Ey) 


the characteristic impedance 


E, 


a a3) 


VSWR = 


‘The VSWR can also be defined as a function of the reflection coefficient (I); 


14|C| 


= (4) 
VSWR= Tor 4a) 


Equation (4.4) shows that in the case of maximum reflection due to the 
transmission line terminated in an open or a short circuit, which results in 
| T | = 1, the value of the VSWR is infinity. Conversely, when the line is 
terminated with its characteristic impedance that results in | T | = 0, the 
value of VSWR is equal to zero. 


Example 4.1: 


‘The designer of a RFID system specifies a match between an interrogator and the 
antenna, resulting in a VSWR better than 1.2 using a 50 0 coaxial cable as the 
transmission line. Calculate the maximum reflection coefficient and the allowed 
range of antenna impedance, assuming itis perfectly resistive. 
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Solution: 

‘The relationship between VSWR and the reflection coefficient is given by equa- 
tion (4.4). Algebraic manipulation of this equation yields | T | = 0.1. This is the 
maximum value allowed for the reflection coefficient. 

The relationship between the reflection coefficient and the impedance of the load 
is given by equation (4.2). When solving for the value of Z, using this equation, itis 
necessary to consider the two signs associated with the previous result of |T | = 0.1 
as the impedance of the load can exceed or be below the impedance of the line. 

T =O. results in Z, = 61 01, while T = -0.1 results in Z, = 41 0. Therefore, 
an antenna impedance ranging from 41 2 to 61 0 will result in a VSWR better 
than 1.2. 

Note than the range of allowed load impedances is not symmetric referred to 
the impedance of the line (Z,}. There is more tolerance for values above Z, than 
for values below Z,, 


A transmission line that is not perfectly matched (ie, a VSWR value higher 
than 1) reduces the amount of power from the interrogator that reaches the 
antenna. More importantly, however, is the fact that a fraction of the power 
that remains in the transmission line can break down the dielectric of the 
line or increase its temperature due to the power dissipated. Therefore, it is 
critical to achieve the best possible matching. 

Antenna analyzers are a very versatile and useful tool at the time of design- 
ing antennas and matching them to their transmission lines. Figure 4.1 
shows an image of a low-cost antenna analyzer. The configuration of this 
analyzer is done through software, and the results are displayed and stored 
in a personal computer. 


AMATO 


FIGURE 4.1 
Antenna analyzer from Array Solutions. The control of the unit and the display of results are 
done by software. 


(© 2011 by Taylor and Francis Group, LLC 


Solder and Fluxes 


In recent years there’s been a move towards using more environmentally-friendly 
materials in electronic products. EU legislation such as Restriction of the Use of Certain 
Hazardous Substances in Electrical and Electronic Equipment (RoHS) aims to reduce 
toxic heavy metals being sent to landfill. (Look for the RoHS symbol on equipment to 
indicate compliance.) Due to RoHS compliance, the electronics industry had to change the 
type of solder it uses in electronic production. 


4 Electronics solder is supplied in reels or handy dispensers like this. 


Solder comes in various forms including solid bars or pellets for melting in small 
electric ‘solder pots’ used for treating the ends of wires with solder. Traditional general- 
purpose electronics-grade solder is in wire form — starting with so-called “60/40” which 
contains 60% tin (symbol Sn) and 40% lead (symbol Pb) and is sold in handy dispensers 
or reels. Although tin-lead solder is now banned in industry, there’s nothing to stop the 
hobbyist from using it but best practice is to use lead-free solder in our work: my advice is 
to try both, and see which you prefer to work with, “40/60” tin-lead produces lower 
quality results but is slightly cheaper and perfectly acceptable in hobby circles. 


Various diameters of solder wire are marketed. In the UK they’re sold in Standard 
Width Gauge (SWG) sizes, typically as 18SWG (1.2mm) or 22SWG (0.7mm), The latter 
is fine for almost all hand-soldering of printed circuit boards or general electronics, For 
larger solder joints (e.g. larger switch or motor terminals), 18SWG solder would be better 
as more solder can be dispensed more quickly. 

Lead-free solder is universally available and contains typically 99.7% pure tin and 


0.3% copper (symbol Cu). It needs a higher melting point which makes it slightly more 
difficult to work with, but standard soldering irons will cope with it well. Antex lead-free 
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This unit shown in Figure 4.1 allows the measurement of the com- 
plex impedance of a transmission line or an antenna, the measurement 
of reflection coefficient, insertion losses, and other parameters of inter- 
est. The front panel only contains an ON/OFF switch, two lightemitting 
diodes (LEDs) that indicate whether the unit is energized and whether 
the unit is running a test, and a single Bayonet Neill-Concelman (BNC) 
connector. The back panel contains the power supply connection and a 
DB9 connector for a serial cable from the control computer to configure 
the instrument and transmit the results. The user can select the range of 
frequencies for the sweep-starting frequency, ending frequency, and step- 
or central frequency and bandwidth. This unit can also act as a fixed radio 
frequency source by generating a user-selected single frequency signal 
‘The output values are shown graphically on the screen as conventional 
graphs (parameter versus frequency) or Smith charts. The data can also 
be stored as a text file for further processing. The graph can display one 
or more of the following parameters: impedance magnitude, impedance 
phase, reflection coefficient, return loss, stationary wave ratio, series load 
Circuit, or parallel load circuit. Figure 4.2 shows an example of the output 
showing the magnitude and phase of a transmission line between 25 MHz 
and 40 MHz. 

Figure 4.2 depicts the magnitude and phase of the impedance measured 
by the antenna analyzer for a transmission line with an electrical length 


FIGURE 4.2 
Frequency behavior of a transmission line terminated with a short circuit for frequencies 
around a quarter wavelength, This display shows the magnitude and the phase ofthe imped 
ance at the near end. 
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equal to one-quarter of the wavelength, terminated in a short circuit. Due to 
the impedance transformations at this specific electrical length, the theoreti- 
cal value of the transformed impedance seen at the near end of the line is 
infinity. In practice, the losses of the line make the impedance have a large, 
yet finite, value. The output also displays other values described earlier in 
this section, such as the reflection coefficient and the VSWR, among others. 
Similar results could also be obtained using other commercially available 
antenna analyzers. 

When designing the antenna, it is also necessary to take into consider- 
ation the write range of transponders that is about 70% of their read range. 
This is due to the higher amount of power needed to rewrite a transponder 
compared with just reading it. The orientation of the antenna with respect 
to the transponder is also a factor in determining the maximum read range 
in a given application. As shown in Figure 4.3, the field generated by the 
coil antenna does not have the same strength in all the spatial directions, 
but instead it has regions of maximum values alternating with regions of 
minimal strength. 

An additional parameter that may limit the maximum read range of a sys- 
temisthe presence of metal objectsin the vicinity of the antenna. Metal objects 
close to the antenna have the effect of detuning it, and therefore it loses its 
efficiency at the desired frequency. As the size of the antenna increases, the 
minimum required separation distance between the antenna and the metal 
objects also increases. For antennas operating in the HF frequency range, the 
minimum distance between antenna and metal has to be greater than 10 cm. 


Zone of minimal Zone of maximal 
field strength, field strength 


FIGURE 4.3 
The radiation diagram for the loop antenna in the interrogator shows areas of maximum and 
sinimum field strengeh, 
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Even at 30 cm of separation, there is a considerable decrease in the reading 
range. When the distance between antenna and metal object reaches 50 cm, 
there is no measurable difference. Similarly, the presence of other antennas 
in the vicinity also affects the overall performance of the system. 

Antennas can be built using any conductive material. However, they are 
normally built using copper or aluminum. The type of material used for the 
antenna and the dimensions of the tube or strip lines depend on the desired 
mechanical parameters of the antenna as well as the maximum inductance 
that must be matched to the interrogator. In addition to the conductors, the 
matching process requires the use of capacitors and resistors. These must be 
rated for the high voltages that may arise in resonant antennas as well as for 
the power that they must dissipate. Typical power values for these resistors 
range from 2 W to 50 W. 

‘The dimensions of the antenna have an effect on the read distance between 
interrogators and transponders. The strength of the magnetic field for an 
electrically small-loop antenna is 


45) 


with @ being the radius of the loop and r being the radial distance from the 
center of the loop. To study the effects of the antenna radius, the rest of the 
parameters in equation (4.5) can be considered constant. Assuming that all 
antennas have the same amount of current and also the same number of 
turns, the only parameter that changes is the radius of the loop. Figure 44 
depicts the values of magnetic fields for coils with three different radii (0.2 
m, 04 m, and 0.8 m). Because the graph is only intended to highlight the 
dependence of the field with the distance from the center of the coil, it uses 
arbitrary units for the strength of the field depicted in the vertical axis. 

It is interesting to note that, although larger coils produce stronger fields, 
this only happens after a certain distance threshold has been reached. In 
particular, for read distances closer to the antenna, the stronger fields are 
produced by the coils with the smallest radius. Antennas with smaller 
radii produce stronger fields in the vicinity of the antenna, but these fields 
decrease faster for longer distances. Therefore, the design of the antenna 
must consider the range of distances between transponders and the inter- 
rogator when selecting the size of the loop. 

‘The resonant frequency of an antenna ((, orf.) is 


i 
Eig (S 
(46) 
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IGURE 44 
Strength of the magnetic field asa function of the distance from the coil for loop antennas of 
different diameters, 


An antenna will reach its resonant frequency when its inductive impedance 
is equal to its capacitive impedance. The loop antenna has an inherently induc- 
tive behavior. Therefore, itneeds an external capacitor to provide the capacitive 
impedance required for resonance. The value of this external capacitor can be 
calculated using equation (4.6). It is important to note that the capacitance and 
inductance of the antenna are inversely related. A problem may arise if the 
inductance of the antenna increases to a point that may make it difficult to use 
a capacitor of suitable value. For example, a loop antenna with an inductance 
of 5 pH operating in the HF range requires a matching capacitor of 27 pF. For 
these small capacitance values, the parasitic capacitances that have not been 
taken into account when modeling the antenna may contribute significantly to 
the overall capacitance and therefore modify its resonant frequency. Its then 
important for antennas to be designed with lower inductive values. This may 
require one to use, for example, low-resistance conductive tube instead of wire 
at the expense of increasing its physical dimensions. 

‘The inductance of the antenna made with copper tube, shown in Figure 4.5, 
can be estimated as 


ut) 0008 n(o70r2) 037] 


where 
L = the estimated value of inductance 


d = the diameter of the tube in cm 


(© 2011 by Taylor and Francis Group, LLC 


Antennas for Interrogators 93 


‘em 


FIGURE 4.5 
Basic structure of loop antenna made with copper tube. 


= the length of the side of the antenna from center to center (as shown 
in Figure 4.5) 


Example 4.2: 


An interrogator operating at HF uses a loop antenna made of capper tube with a 
diameter of 2 cm, with a rectangular shape of 60 cm x 60 cm. Estimate the value 
‘of the inductance for the antenna, Estimate also the value of the capacitor required 
to tune the antenna for resonance, 


Solution: 


Using equation (4.7) with d= 2 and a = 59 yields L = 1.6 pH. This value of induc 
tance can now be used in equation (4.6) to calculate the estimated value of capaci- 
tance. The estimated value of capacitance is 86 pF. 


‘The previous equations provide an estimated value of antenna inductance. 
After the antenna has been built, its inductance must be measured in order 
to choose the correct value for the tuning capacitor. This can be done with 
an impedance analyzer that allows the selection of the measurement fre~ 
quency. However, impedance analyzers are expensive and may not be avail- 
able in most cases. In this case, a low-cost LCR (inductance [L], capacitance 
[C], and resistance [R)) meter that operates at the frequency of 1 kHz can 
give a reasonable approximation of the antenna inductance. The antenna 
analyzer shown in Figure 4.1 is another low-cost alternative for measuring 
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the inductance of the antenna and the resonant frequency of the antenna- 
capacitor system, 

‘The last parameter that needs to be calculated and measured when design- 
ing the antenna is its Q factor. The Q factor is a measure the frequency selec- 
tivity of an antenna. The Q factor is related to the range of frequencies above 
and below its resonant frequency that the antenna will be able to transmit or 
receive with losses below 3 dB. The Q factor can be estimated as 


— 48) 


where Q is the quality factor of the antenna, f, is its resonant frequency, and 
BW 2a is the bandwidth of the antenna at 3dB of attenuation. 

A high Q factor indicates an antenna that is very narrow in frequency, 
that is, highly selective. This may be good in order to reject interfering sig- 
nals that otherwise would be detected by the antenna. However, the RFID 
signal has a certain bandwidth, If the antenna is too selective, it may distort 
the components of the transmitted signal that fall outside the selectivity of 
the antenna, as shown in Figure 4.6. A good experimental compromise is to 
choose a Q factor of around 20. 

If the Q factor of the system made of the antenna and capacitor is higher 
than 2, it needs to be brought down by using a dampening resistor in par- 
allel with the antenna in order to widen its bandwidth. This technique is 
shown in Figure 47, 

The introduction of the dampening resistor produces Ohmic losses in 
the system, lowering the Q factor. The Q factor is related to the parallel 
resistance as, 


Qe a9) 


An additional problem arises when using equation (49) in order to select 
the value of the parallel dampening resistor: the value R,,,, in the equation 
is the combination of the external dampening resistor (Ry,,,) in parallel with 
the resistance of the antenna at the frequency of interest (R,,,). The measure- 
ment of the resistance of the antenna at the operating frequency is difficult 
and requires the use of expensive instrumentation. However, the Q factor 
for an antenna is relatively easy to measure experimentally with an antenna 
analyzer or using a radiofrequency signal generator and a spectrum ana- 
lyzer. Therefore, the resistance of the antenna R,,,at the operating frequency 
can be calculated indirectly by measuring the Q factor of the antenna with- 
outan external dampening resistor. Once this value has been found, itis now 
possible to calculate the required value of the total parallel resistance R.., 
to achieve the desired value of Q. Because R,., is the parallel of R,y, and the 


(© 2011 by Taylor and Francis Group, LLC 


Antennas for Interrogators 95 


Q too high 


FIGURE 4.6 
(Q actor of an antenna and its relationship withthe antenna performance. (a) Avery low qual- 
ity factor (Q factor) does not provide adequate selectivity (b) A very high Q factor may reject 
‘components of the transmitted signal 
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FIGURE 4.7 
Dampening resistor connected in parallel withthe antenna. Ths is used to lower the Q factor 
tothe desired value. 


‘external dampening resistor Rz.ny it is now possible to estimate the value of 
this external resistor. Example 4.3 illustrates this procedure. 
Example 4.3: 
‘Consider the antenna for the RFID system from Example 4.2. Estimate the value 
‘of the external dampening resistor necessary for the system to achieve a Q factor 


(of 20. The initial measurement of the Q factor for the antenna-capacitor system 
resulted in a value of 55, 
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Solution: 
Using equation (4.9) with a Q factor of 35, an inductance value for the antenna 
of 1.6 pH, and a frequency of 13.56 MHz results in a resistance equal to 7.5 k0. 
Because the Q factor of 35 was measured without the use of extemal resistors, the 
value of resistance obtained is the resistance of the antenna: Ri = 7.5 kQ. 

Now, we must calculate the value of the total parallel resistance needed to 
reduce the Q factor to the desired value of Q. We use again equation (4.9) with 
the same operational parameters as before, with the exception that the new value 
for Q results in a resistance equal t0 Ry, = 2.7 KO. 

Considering that the total value of the resistance found above is equal to the 
resistance of the antenna in parallel with the dampening resistor (R,.y = Ruy // 
Rug) itis now possible to calculate the value of the external dampening resistor. 
This results in Rupp = 4.2 KO. Because this is not a standard resistor value, the 
designer should use the next standard value, which is 4.3 kQ. 

Therefore, the addition of 4.3 kO results in lowering the Q factor from its initial 
value of 55 to the desired value of 20. Because the value of inductance used for this 
calculation could be an estimated value, the design process involves measuring. 
the Q factor with the external dampening resistor of 4.3 kO and adjusting its value 
if necessary to reach a Q factor of 20. Finally, itis also necessary to keep in mind 
that this external dampening resistor must he sized ta dissipate the power transmit- 
ted by the interrogator. 


4.1.2 Antenna Matching 


Matching the impedance of the antenna to the impedance of the transmis- 
sion line (normally a coaxial cable of 50 ) ensures that all the power from 
the interrogator is transferred to the antenna, and there is no power reflected 
in the line. In practice, a VSWR of 1.2 or lower is acceptable as the majority 
of the power is transmitted to the antenna. From the several approaches to 
match an antenna to its transmission line, the most widely used matching 
methods for interrogator antennas in RFID systems are gamma matching, 
‘Tmatching, transformer matching, and capacitance matching. 

Gamma matching is a technique based on connecting the two conductors 
of the coaxial cable that make up the transmission line to the two points in 
the antenna that exhibit a resistive impedance equal to 50 0. The shield of 
the coaxial cable is normally connected to the point in the antenna that is 
opposite to the gap used to connect the resonance capacitor and the dampen- 
ing resistor. The central connector of the coaxial cable is then connected, by 
means of an additional conductor, to the appropriate point in the antenna as 
shown in Figure 4.8, 

In practice, the point at which the central conductor of the coaxial cable is 
connected (point A) must be determined by experimentation. The designer 
of the system connects an antenna analyzer at the far end of the coaxial 
cable and moves point A until the antenna analyzer reads a VSWR value 
‘equal to 1. This indicates that the impedance of the antenna between point 
‘A and the connection of the central conductor is equal to 50 2. The value 
of the capacitor used to tune the antenna to the resonance frequency was 
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FIGURE 4.8 
‘Connections for gamma matching, 


determined using an approximation for the value of the antenna induc- 
tance. Therefore, a variable capacitor is initially used in order to tune the 
antenna to its resonant frequency. Once the correct value of capacitance 
has been determined, it is then possible to substitute the bulkier variable 
capacitor with a fixed capacitor. 

‘Tmatching is similar to gamma matching with the difference being that 
in T-matching, both the internal and external conductors of the coaxial cable 
are tapped to two points in the antenna, as shown in Figure 49. Itisbased on 
the fact that two points of the antenna, equidistant from the center, exhibit a 
purely resistive impedance. 

‘The two tapping points are located symmetrically with respect to the gap 
used for connecting the tuning capacitor and the dampening resistor. The 
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matching. 


two tapping points are found by using an antenna analyzer until the VSWR 
value is equal to 1. Higher values of the Q factor results in the two matching, 
points being closer together. 

‘Transformer matching has the advantage that it electrically isolates the 
antenna from the interrogator, thus breaking the Ohmic continuity between 
these two parts of the system. This is useful when the RFID system isaffected 
by noise as it breaks any ground loop that may exist. Figure 4.10 shows the 
electric diagram of transformer matching. It is important to note that the 
matching occurs at the gap in the antenna that is used to connect the reso- 
nance capacitor and the damping resistor instead of their opposite point, as 
it happens with gamma and T-matching, 

Transformer matching requires the design of two elements: the matching 
transformer and a balum (balanced-unbalanced) transformer. The design 
of the matching transformer requires one to size the number of turns of the 
primary (N) that is connected to the transmission line and the secondary (M) 
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solder (Sn 99.25 / Cu 0.75) is a good compromise at 0.8mm diameter and is sold in small 
dispensers. 


Other solders are produced for specialist work, including aluminium solder (Alu- 
Sol®) and another solder variant used by professionals is Multicore “Smart” wire which 
contains a small amount of pure silver (symbol Ag). It produces very clean results and is, 
often associated with SMD (surface mount devices), though some engineers also use it for 
routine p.c.b. work for producing the best possible finish by hand. As “Smart” wire 
contains lead it is not RoHS compliant. 


An interesting variant is Eutectic solder, which is 63/37 Tin/Lead. It goes instantly 
from solid to liquid when melted and is particularly good for hand-soldering. An almost 
equivalent lead-free product would be Stannol Flowtin TC or TSC solder. 
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FIGURE 4.10 
Transformer matching, Notice how the matching point isthe same point at which the capacitor 
and resistor are connected, 


that is connected to the antenna. The ratio of turns can be found using the 
following 


NY _ Rw 
(3) Qn fly ba 


where (N/M) is the primary to secondary ratio of turns, Z, is the impedance 
of the transmission line, R,,, is the paraliel resistance of the antenna and the 
dampening resistor, and L is the inductance of the antenna 


Example 4.4: 


Using the values from the previous examples inthis chapter, calculate the number 
‘of turns for the primary and secondary of the matching transformer. Assume a 
characteristic impedance of 50 ©. 


Solution: 


Using equation (4.10) with R, 
‘of turns is equal to 2.7. Using 


= 2.7 kA, L= 1.6 pH, and f= 13.56 MHz, the ratio 
for example, M= 3 results in N = 8 windings. 


‘The balum transformer is used to connect unbalanced transmission lines 
such as a coaxial cable to balanced antennas such as the loop antenna 
Although they can be connected directly, as with the gamma matching, 
the common mode currents that appear in the antenna and line due to 
the unbalance may cause excessive noise and disturb the circuits. In this 
case, the connection of a balum transformer between line and transformer 
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FIGURE 4.11 
A balum is used to connect unbalanced transmission lines to balanced antennas, 


solves these problems. The structure of a balum transformer is shown in 
Figure 4.11 

Both the matching transformer and the balum transformer are normally 
made with a toroid ferrite core. The balum transformer can be tested by con- 
necting a 50 0 load to the balanced side and measuring the VSWR through 
a coaxial cable connected to the unbalanced side. The VSWR should be 
close to 1.0, 

Capacitance matching attempts to match the antenna and its transmission 
line by adding to external capacitors between the resonance capacitor and 
the dampening resistor, as shown in Figure 4.12. 

Because of the stray capacitances inherent to the system, itis very difficult to 
predict the adequate values for the two matching capacitors, which requires 
extensive experimentation. Furthermore, for larger antennas, the values of 
the two matching capacitors tend to be very small, making the matching 
process very sensitive to stray capacitances. In Figure 4.12, the series combi- 
nation of C, and C, must be equal to the capacitance value required to tune 
the antenna at the correct frequency. 

‘The value of the matching capacitor C,, can be estimated as 


G 


Con, fe 
hig tc (ay 


where C is the total capacitance required for tuning the antenna, R,,, is the 
equivalent value of the AC resistance of the antenna in parallel with the 
damping resistor, and R,,, is the desired matching impedance, typically 
50 0. The value of C, can be calculated through the series capacitance of 
Cand C, 
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FIGURE 4.12 
(Capacitance matching. 


Example 4.5: 


The antenna used in Example 4.4 must be matched to a 50 0. transmission line 
using capacitance matching, Calculate the values of the two matching capacitors 
required, 
Solution: 
The required tuning capacitor has a value of 86 pF, and the parallel resistance has 
a value of 2.7 kO. The required value for Rw is 50 0. Using equation (4.11) yields 


a value of C, = 632 pF. The equivalent series capacitance is 86 pF. allowing one to 
calculate the value af C, equal to 99 pF. 
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FIGURE 4.13 
Balanced capacitance matching. 


Some antennas require a matched capacitance so the capacitance seen by 
both conductors of the coaxial cable is the same. This can be achieved by 
using the structure shown in Figure 4.13. In this structure, the value of C, is, 
doubled and added to each side of C, 


Example 4.6: 


Using the results of Example 4.5, calculate the capacitor values required for bal- 
anced matched capacitance. 
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Soluti 


From Example 4.5: C, = 99 pF and C, = 632 pF. To achieve balanced capacitance, 
Cy, = Cu = 198 pF. C, remains at the same value of 632 pF. 


4.1.3 Multiple Antenna Systems 


Itis not uncommon for several antennas to be located in close proximity. This 
may be due to different interrogators being close to each other or for multiple 
antennas to be connected to a single interrogator. When designed correctly, 
the mutual coupling between the antennas can enhance the performance of 
the overall system. However, a careless positioning of the multiple antennas 
may result in their mutual coupling, severely degrading their performance. 
When several single-antenna interrogators coexist in close vicinity to each 
other, itis necessary to minimize their interaction with each other. The cou- 
pling between these antennas depends on the distance between them as well 
as their relative angles. Although the radiation pattern of a single antenna is 
well known and easy to predict, this radiation pattern becomes distorted due 
to the coupling, The best approach for locating the optimal placement of two 
or more antennas is by using an antenna analyzer in order to find the mini- 
mum of radiation by measuring the voltage generated in the nearby antenna, 
A technique sometimes used to enhance the radiation pattern of the 
antenna in a single interrogator is to place another matched but unconnected 
antenna, opposite to the antenna connected to the interrogator. This con- 
nected antenna is a driven antenna, while the unconnected antenna is a reflec- 
tive antenna. The combination of both antennas directs the energy from the 
driven antenna to anarrower area. Once again, an antenna analyzer should be 
used in order to determine the best arrangement between the two antennas. 
Instead of leaving the second antenna unconnected, making it a reflective 
antenna, itis also possible to drive it with the signal from the interrogator by 
means of a splitter. In this case, the output of the interrogator is connected 
to the input of the splitter, and each output from the splitter is connected to 
a matched antenna. Splitters also offer the possibility to have the two output 
signals in-phase or out-of-phase. Splitters introduce losses, but when the 
two signals are connected in-phase, the reading distance between interro- 
gator and transponders increases more than the reading distance with just 
fone antenna without the losses from the splitter. The increase in the read- 
ing distance is at the cost of reducing the radiation pattern in the directions 
perpendicular to the arrangement of antennas. Therefore, this technique is 
only useful when the transponders are located only in known areas. When 
the signals fed to the two antennas are out-of phase, the radiation pattern 
changes significantly, resulting in a pattern opposed to when the two signals 
are in phase. This gives the designer of the system the ability to configure the 
radiation pattern depending on the needs of the system. 
Other techniques based on systems with multiple antennas are directed 
toward specific applications. In one of them, two identical antennas located 
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in a crossed arrangement are connected to the output of a splitter but use 
different lengths of transmission line. In particular, if the different between 
lengthsisa quarter ofa wavelength, the two fields are shifted in 90°. This pro- 
duces a field that changes the direction of its maximum, giving the appear- 
ance of a rotating field. Some other commercial antennas have an additional 
input that allows connecting an out-of-phase signal from a complementary 
antenna in order to maximize field strength in a single direction. 


4.2 Auxiliary Elements for LF and HF Interrogator Antennas 
4.2.1 Antenna-Tuning Indicators 


‘Tuning indicators are used to facilitate the process of antenna tuning with- 
out the need to use antenna analyzers or other instrumentation. They present 
the advantage of being a self-contained system that has been optimized for 
specific interrogators and antennas. On the other hand, because of their spe- 
cific nature, they can only be used with a limited number of antennas. 

For example, Texas Instruments manufactures the RI-ACC-ATI2 antenna- 
tuning indicator used to help tune their LF antennas. The tuning indicator 
is connected to the interrogator and indicates to the user if the inductance or 
capacitance in the interrogator needs to be increased or decreased until the 
optimal value has been achieved. Some interrogators have a tuning capaci- 
tor, while some others have a tuning inductance that can be adjusted for 
optimal performance. 


4.2.2 Antenna Multiplexers 


Antenna multiplexers are used to connect multiple antennas to a single inter- 
rogator. This can be done to take advantage of the multiple coupling between 
antennas or when it is necessary to read data from multiple interrogators 
located at distant points not covered by a single antenna. The majority of 
multiplexers in the market work with two, four, or eight antennas. The mul- 
tiplexer is connected between the radiofrequency output of the interrogator 
and the antennas, as shown in Figure 4.14 

Itis not necessary for all the antennas connected to the multiplexer to have 
the same inductance. This presents the advantage of being able to choose the 
antenna most adequate for a specific application without having to physi- 
cally connect and disconnect them from the interrogator. However, because 
most multiplexers do not include a tuning feature, each antenna must be 
tuned to the appropriate resonance frequency with their own individual 
tuning method described in Sections 22 and 2.3. 

Antenna multiplexers are normally created by the manufacturers of 
interrogators, although there are some third-party companies that also 
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FIGURE 4.14 


Multiplexer for connecting multiple antennas toa single interrogator. 


manufacture them. For example, Skyetek manufactures multiplexers for 
the HF frequency range that can control four or eight antennas, having 
insertion losses lower than 0.7 dB and isolation between adjacent channels 
better than 45 dB. 


4.2.3. Preamplifiers 


Increasing the reading distance between interrogators and transponders 
requires a double approach. First, the electromagnetic field transmitted by 
the interrogator has to increase in order to generate enough power to turn on 
the distant transponders. This is relatively easy to do and is mainly limited 
by standards and regulations on maximum power and maximum allowed 
field strength. Second, reading distant transponders requires the interro- 
gator to detect signals closer to the noise level. The increase in the detec- 
tion sensitivity can be achieved with the use of preamplifiers, as shown in 
Figure 4.15, 

‘The factor that limits the read range in RFIDis ultimately the inherent noise 
that accompanies the signal received by the interrogator. A correctly designed 
preamplifier is able to increase the level of the signal without degrading the 
signal-to-noise ratio. The design of the main preamplifier is normally based 
ona low pass filter in order to reject the frequency generated by the field and 
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Preamplifier for extending reading distance 


allow the transmission of data. This stage is followed by an AC amplifier 
that increases the signal levels to the point that can be easily understood by 
the interrogator. The design of the preamplifier must consider the trade-offs 
between increasing the reading distance and the settling time required by 
the system. This means that the interrogator will be optimized for reading 
distance or for settling time, but cannot be optimized for both parameters. 

Even when using preamplifiers, it is necessary to minimize the other 
potential sources of noise in the system. These can be the use of bad con- 
nectors between the interrogator and the antenna, improper installation of 
the transmission line between interrogator and antenna, an antenna that is 
not tuned correctly, the existence of interfering signals from nearby elec- 
tronic equipment, and noise emanating from the power supply lines, among 
others. The designer of the RFID system should ensure that all these sources 
are minimized or at least known, and their values measured, 


4.3 Antennas for UHF Interrogators 
4.3.1 Design of Antennas for UHF Interrogators 


Given the wavelength of signals in the UHF range, it is possible to design 
antennas for interrogators that operate in the far-field region as interroga- 
tors do not have the same space limitations of transponders. The resulting 
radiation pattern of two dipoles located at a short distance from each other 
can be easily modified by carefully arranging the distance between them as 
well as the phase shift of the signals that they radiate. A further modifica- 
tion of the radiation pattern comes from placing a large metal surface at a 
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specific distance from the two dipoles. The metal surface acts like a shield that 
effectively removes half of the radiation pattern. Furthermore, ifthe distance 
between the antennas and the metal shield is one-fourth of the signal wave- 
length, the phase shift due to the distance between antenna and shield, com- 
bined with the phase shift created by the reflection in the metal shield, places 
the reflected signals in phase with the signals originated by the antenna. This, 
in turn, has the effect of doubling the power transmitted in the area away 
from the metal shield, as shown in Figure 4.16. It is necessary to remember 
that the increase of power in that specific direction comes at the expense of 
having no power in the area behind the metal shield, also known as a passive 
reflector. This structure is commonly used in patch or flat antennas. 

‘An additional advantage of working in the far-field region is the pos- 
sibility to take advantage of polarization. Polarized signals have their 
clectric fields oscillating ina known and constant direction in space. This 
way, the signal recovered by the receiving antenna has a marked depen- 
dence on the geometrical relationship between the direction of the electric 
field and the direction of the antenna. Therefore, the energy recovered 
by the antenna in the interrogator ranges from a maximal value to zero 
depending on the relative orientation between the antennas in the inter- 
rogator and transponder. Using polarized signals allows discriminating 
between transponders. When the discrimination between transponders is 
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FIGURE 4.16 
“Metal shield increases effective radiated power in one specific direction 
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FIGURE 4.7 
(@) Basic structure ofa patch antenna. (b) Parallel equivalent circuit for a patch antenna 


not required, the use of dual dipole antennas in the transponders ensures 
that the interrogator will receive an adequate amount of energy. 

‘The design of an antenna for the UHF RFID band represents an increased 
engineering challenge compared to designing it for the HF or LF bands 
because of the higher bandwidth needed for signals in the UHF band. It also 
becomes more difficult to maximize the performance of the antenna over 
the wider frequency range allocated for RFID systems in the UHF band. For 
this reason, while most of the HF and LF antennas follow the same basic 
design, engineers have developed several approaches to the design of UHF 
antennas for interrogators based on different performance parameters. This 
is especially critical for handheld applications in which the limited size of 
the antenna degrades its performance. 

The patch antenna shown in Figure 4.17(a) is one of the most commonly 
used antennas for UHF interrogators. In its basic form, it consists of a metal 
patch of approximately one-half of a wavelength long and mounted over a 
ground plane. Figure 4.17(b) shows its equivalent electrical model. 

‘Typical values for the equivalent circuit shown in Figure 4.17(b) are around 
150 0 for the radiation resistance of the antenna, between 9 and 10 pF for 
its capacitance, and from 2 to 4 nH for its inductance. The matching of the 
transmission line with a 50 0 characteristic impedance to the relative high 
radiation resistance of the antenna is done by changing the location at which 
the transmission line feeds into the metal patch away from its center. The 
bandwidth of the patch antenna is a function of its dimensions and the sepa- 
ration between the metal patch and the ground plane. The type of dielectric 
used between the planes is also important, as dielectrics other than air will 
increase its equivalent capacitance. 
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The low-down on fluxes 


When melting solder with a soldering iron, oxides of metal are produced as a result 
of the high temperatures involved. Unfortunately, these oxides contaminate the metal 
surfaces being soldered, which interferes with the flow of molten metal and the production 
ofa good quality solder joint. 


All electronics-grade solder wire therefore contains an additive called “flux” which 
helps the molten solder to flow more easily over the joint. It does this by scrubbing away 
the oxides which arise naturally during heating, and it will often be seen as a pungent 
brown fluid bubbling away on the joint, accompanied by some fumes. 


Those coming into electronics from other industries should note that flux is 
already contained within “cored” electronics solder and on no account should any 
acidic flux be applied separately before using the soldering iron, Plumbers, for example, 
apply flux paste to copper pipes before soldering them, but electronics-grade solder wire 
already contains a flux and extra flux is almost never needed. Electronics is no place for 
acid fluxes! 


* A close-up of electronics-grade multi-cored solder. Five cores of rosin flux can be 
seen running through it. 


For almost all electronic hand assembly, solder wire containing “Rosin flux” is used. 
Cores of flux run through the solder wire like letters running through seaside candy, and 
they prevent the hot area from being contaminated by oxides, otherwise solder would 
never flow properly and the result would be an incomplete and unreliable joint. 


Antennas for Interrogators 109 


‘The patch antenna, by its very own design of using a ground reference as 
part of the antenna, is an unbalanced antenna. Because unbalanced antennas 
do not operate well when they are close to dielectric materials, and the human 
body can be essentially considered asa dielectric material at UHF frequencies, 
patchantennasare not the best choice for handheld interrogators. Furthermore, 
the size and weight limitations required by mobile and handheld interrogators 
further limit the use of patch antennas in these applications. A better solution 
for handheld and mobile interrogators are balanced antennas, that is, anten- 
nas with symmetric and opposed currents as shown in Figure 4.18, 

‘When the antenna is fed using an unbalanced transmission line, such as a 
coaxial cable, itis necessary to use a balum transformer to match the unbal- 
anced line to the balanced antenna. The basic theory behind this balum is 
the same as was described for HF and LF antennas. Although the structure 
shown in Figure 4.18 is technically feasible, an additional problem may arise 
due to the size required by half of a wavelength, especially for handheld 
interrogators. At the frequency of 915 MHz, the length of half of a wave- 
Jength is equal to 16 cm. While this is a very reasonable distance for a station- 
ary antenna, it may be excessively large for applications involving handheld 
readers, In this case, itis possible to bend the dipoles in a similar way as is 
done for the antennas in transponders, as shown in Figure 4.19. 

‘The reduction in size for the bent dipoles comes at the expense of degrad- 
ing the electrical specifications of the antenna. In particular, its radiation 
resistance decreases and therefore the bandwidth of the bent dipole struc- 
ture also decreases compared to the bandwidth of the regular dipole. 

A different type of antenna used in UHF interrogators (either stationary or 
mobile) isbased on the Yagi-Uda antenna. This structure, shown in Figure 4.20, 
consists of a driven element and two or more parasitic elements: one reflector 
and one or more directors. The parasitic elements direct the majority of the 
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FIGURE 4.18 
Balanced haléswavelength antenna. 
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FIGURE 4.19 
Bent dipole for a UHF interrogator antenna. 
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FIGURE 4.20 
Yagi-Uda antenna, 


energy radiated by the antenna toward the director. Therefore, this structure 
helps to minimize the interaction of the radiated field with a person who may 
be holding an antenna for handheld interrogators. Moreover, because this 
is a balanced antenna, this interaction between the energy radiated by the 
antenna and that radiated by the human body is further minimized 

Inits original form, however, Yagi-Uda antennas can still be considered too 
large to use with handheld interrogators. In this case, it is possible to bend 
the dipole and longer elements, as described above. The existence of the para- 
sitic elements will provide additional gain compared to the single dipole. 
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4.3.2. Transmission Lines and Connectors for UHF Interrogators 


Contrary to LF and HF systems, the coaxial cables and connectors typically 
used in UHF RFID systems have the potential to extremely degrade the sig- 
nal they transmit. The main reason for this problem is the skin depth. Skin 
depth describes the effect that the current flowing through a conductor flows 
through a portion of its inner surface. Equation (4.12) shows that the skin 
depth (6) is inversely proportional to the frequency of the signal: 


T 
mus, (412) 


where 8 is the skin depth, 4: the magnetic permeability of the conductor, 
its conductivity, and f the frequency of the current flowing through the 
conductor. 

Therefore, an increase in the signal frequency results in a smaller portion 
of the conductor being used to transmit the signal. For a typical conductor 
made of copper, the skin depth for an LF signal is 0.2 mm, the skin depth for 
an HE signal is 55 yum, and for a UHF signal it is 2 um. Consider a copper 
conductor with a radius of 0.2 mm. At LF frequencies and below, the current 
will flow through all the conductor area. When the frequency increases to 
13.56 MHz, only the first 55 jim are actually available as a path for the cur- 
rent. The effective area has been reduced to a half of the area available for 
an LF signal. Because the conductivity of the conductor depends on its area, 
the conductivity of this conductor at HF is about half of its conductivity at 
LF. The situation changes more dramatically at UHF frequencies, as the skin 
depth of 2 im means that current can flow only through the outer 1 percent 
of the conductor. With this, the conductivity of the copper wire for UHF sig- 
nals has been reduced in a factor of 62 compared to the conductivity at LE. 
This strong decrease in conductivity introduces considerable losses that may 
render the system unusable. Figure 4.1 further illustrates this situation. 


Areaat LF=A 


FIGURE 4.21 
‘Skin effect at (a) low frequency (LP), (b) high frequency (HE), and (e) ultra-high frequency 
(UHP), Current flows through the shaded areas. 
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With these considerations, the layout of the transmission line used to con- 
nect the UHF interrogator to its antenna becomes critical. The most effective 
approach to improving the performance of the system is to minimize the 
length of transmission line between the output of the interrogator and its 
antenna. It can also be possible to use transmission lines with larger diam- 
eter wires; however, the slight increase in effective area does not compen- 
sate for the additional cost of these lines or their increased rigidity. Itis also 
important to choose a coaxial cable that has a continuous outer conductor 
instead of a multistrand ribbon for its shield. 

‘The use of adequate connectors is also critical for RFID systems working 
in the UHF band. The BNC connectors that are commonly used in the LF 
and HF bands could be used without significant performance degradation in 
UHF applications. However, other types of connectors, specifically designed 
for higher frequencies, produce more reliable results. TNC connectors were 
conceived as a threaded version of the BNC connectors, being suitable for 
use up to 10 GHz. Type-N connectors are commonly used in high-frequency 
applications as they are suitable to carry signals up to 10 GHz and even 18 
GHz with their recent enhancements. They are also mechanically robust 
and well suited for outdoor use. Figure 4.22 shows a male type-N connector, 
while Figure 4.23 shows a female type-N connector. 

Because type-N connectors are available in 50 1 and 75 0 versions and 
the connectors are typically not labeled, it is very easy to confuse them, 
originating an impedance mismatch. Furthermore, the dimensions of their 
inner conductors are slightly different, so mismatching the connectors may 


FIGURE 4.22 
Male type-N connector, 
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FIGURE 4.23 
Female type N-connector. 


FIGURE 4.24 
“Male and female subminiature version A (SMA) connectors 


also damage them physically. Subminiature version A (SMA) connectors, 
shown in Figure 4.24, are perhaps the most widely used microwave con- 
nector and are becoming more used in RFID systems. SMA connectors can 
transfer signals up to 18 GHz and have a 50 0 impedance. The main prob- 
Jem using this type of connector is that they have not been designed to be 
connected and disconnected constantly, like for example a BNC connector. 
Even with the best of care, they cannot exceed a few hundred connections 
and disconnections. 
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4.4 Commercial Antennas for RFID Interrogators 


4.4.1 Antennas for RFID Interrogators 


Antennas for interrogators are available from the same manufacturers that 
make transponders and interrogators, as well as third-party vendors that 
build interrogator antennas for specific applications. Some manufactur- 
cers offer systems in which the antenna and the interrogator are integrated 
together, as is the case with handheld RFID systems. 

‘Texas Instruments manufacturestwo typesofantennas forthe LFband under 
the generic name of Series 2000. These antennas are divided into gate antennas 
and stick antennas. Table 4.1 shows the specifications of these antennas. 

As shown on Table 4.1, gate antennas mainly differ in their size. Designers 
of RFID systems choose the size of the antennas based on the required appli- 
cation, depending on the area that they have to cover. The stick antennas 
SOIC and $02C are identical, with the only difference being the length of 
their coaxial cable: 1 meter for SOIC and 3 meters for S02C. Choosing between 
gate antennas and stick antennas is also application dependent. In general, 
gate antennas offer a larger read zone and more read distance, while stick 
antennas offer a more focused zone. Therefore, if for example it is necessary 
to distinguish between different transponders, stick antennas will be more 
useful due to their more defined radiation field. 

Some manufacturers have designed HF antennas that are shaped in a 
particular way for a specific application. For example, Unified Transponder 
Concepts, Inc, produces several antennas specific for laundry systems. One 
of them is shaped like a garment portal to be used with standard garment 
racks for clothes with an embedded RFID transponder. Another example 
from the same manufacturer is an antenna in the shape of a chute, used 
for the detection and control of deposited items tagged with the appropriate 
transponders. In addition, they also manufacture the more traditional panel 
and handheld antennas. The power levels accepted by these antennas ranges 
from 1 W to4 W, and they all exhibit a resistance of 50 00 at 13.56 MHz 


TABLE 4.1 
Specifications for Some ‘Texas Instruments Series 2000 Antennas Operating, 
in the LF Band (1342 kH2) 
Model Inductance Dimensions Weight 
GieAntennas GE 27 aH OF mxO2m 7a5 grams 
Gee 02mx02m 45 grams 
COE 26 pH L1mx052m 2500 grams 
StickAntennas SOIC 27H gtdmx2mm(B) 4 grams 
SC 7H dmx 2mmO) 185 grams 
POZA GBH 0.13mx 213mm (Q) 105 grams 
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TABLE 4.2 
Specifications for UHF Antennas Manufactured by NetHome 
Dimensions (mm) Gain Polarization Connector 
NEoUOSPP Bx BORD Dai Right/Leithand SMA 
NE-900-MPP 120x120%25 OdBi_ Circular SMA 
NE-900-CP 200%200%25 6 dBi_— Right /Lefthad SMA 
NE-S0O-FP 36026025 6dBi Circular TNC 
TABLE 4.3 


Specifications for MTI Wireless Edge Antennas Operating in the 400 MHz Range 


Frequency Dimensions 


Model (M2) (am) Gain Polarization Connector 
MTsQ018 430-00 xA05x25_3SdBV Circular Naype Female 
MTIS2016 430-437 370x370%30 dBi Circular LH Netype Female 
MTISI33 430-40 305x305%25  3dBi Linear Natype Female 
MTIs2011 405-450 370x370x40SdBi__Linear Natype Female 
TABLE 4.4 


Specifications for MTI Wireless Edge Antennas Operating in the 865 MHz 
10870 MHz Range 


Model Dimensions (mm) Gain Polarization Connector 

Niziame2 0x 190x0 Tai Circular Lor RH Neype Female 
MI2i2010 19019030 —«7.5dBi_—CircularLHor RH N-type Female 
Mi2i2033540x 470x220 S5dBi_—CircularLHorRH N-type Female 
MI2i203¢ © 685x626x220 ©“ S5dBiCircularLHorRH N-type Female 
MI2i2027 26026030 —«S5dBi_CircularLHorRH N-type Female 
MI2i2014 —305%305%25«S5dBiCircularLHorRH N-type Female 
MI2i2017 —371x371x40 ——«10dBi_—CrcularLHorRH N-type Female 
MI243017 68032040 1dBi_—_CircularLHorRH__N-type Female 


‘There is a larger number of independent manufacturers for antennas oper- 
ating in the UHF range. For example, the Korean manufacturer NetHom 
offers flat, patch antennas that operate in the 902 MHz to 928 MHz range and 
have an input impedance of 50 11, as shown in Table 4.2. 

Another manufacturer, MTI Wireless Edge Ltd, offersa vast array of stand- 
alone antennas for a wide number of frequencies and applications. Table 4.3 
shows specifications for their line of antennas in 400 MHz UHF RFID range. 
All the antennas shown in Table 4.3 have a maximum input power of 6 W 
and an input impedance of 50 0, 

‘The same manufacturer also offers antennas that operate in the 865 MHz 
to 870 MHz frequency range, have an input impedance of 50, and have a 
maximum allowable power of 6 W. Table 4.4 shows the rest of the specifica- 
tions for these antennas. 
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TABLE 4.3 
Specifications for MTI Wireless Edge Antennas Operating in the 24 GHz Range 
Model Dimensions (mum) Gain Polarization Connector 

Misia 10x 190x30———“Tadi) _Cirsular Lor RH Netype Female 
MIBH034 —305x305%15 155dBiCircularLHor RH N-type Female 
MIB5014 371x371 x40 19dbi Circular LHor RH N-type Female 


Te +o 


FIGURE 4.25 
‘Schematic forthe tuning board in the Series 2000 Reader from Texas Instruments. 


Itis also possible to purchase antennas similar to those shown in Table 4.4 
dual polarized, that is, being both righthand (RH) and left hand (LH) cir- 
cularly polarized. In this case, the antennas have two N-type female con- 
nectors, one for each polarization. Other models for antennas in the same 
frequency range of 865-870 MHz. are available for linear polarization. In 
addition, this manufacturer also offers antennas for the 902-928 MHz and 
1950-956 MHz frequency ranges with dimensions and gains similar to those 
shown in Table 44 for either single or dual polarization. 

Table 45 shows the specifications for a sample of antennas from MTI 
Wireless Edge Ltd. operating in the 2.4 GHz to 2.5 GHz frequency band and 
having an input impedance of 50 0. 

Once again, antennas with similar dimensions and gains for the 2.4 GHz 
range are also available for single- and dual-linear polarizations. 


4.4.2 Tuning Boards for Interrogator Antennas 


‘Tuning boards are the circuits that are used to provide the high resonance 
needed to increase the strength of the field generated by the antennas 
in the system. Tuning boards can be found as stand-alone systems or as 
part of the interrogators. This subsection describes the Antenna Tuning 
Board that is part of the 2000 Series Reader System manufactured by Texas 
Instruments as an example of this type of circuits. As shown in Figure 4.25, 
the tuning board consists of a series of capacitors that are connected in 
parallel with the inductance of the antenna by means of several switches 
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TABLE 4.6 


Resulting Capacitance for Different 
Configurations of Switches in Tuning Board 


Switeh 

ow SON 
sw2 
ws 
sws 
ws 
sw7 
sws 
wo ro ON 
swio 10 
swit 5 


(SWI-SW11) in the same board, thus allowing one to match a wide range of 
antenna inductances. 

Table 4.6 shows the capacitive effect of each one of the switches in the tun- 
ing module. It can be seen that the lowest capacitance occurs when only SWI1 
is closed, resulting in a total capacitance of 5 nF. The highest capacitance that 
can be achieved with the board is equal to 139 nF, which occurs when SW1, 
‘SW3, SW4, SW7, SW9, and SW10 are closed. 

The initial, coarse tuning adjustment is done with the capacitors, while 
the fine tuning due to the steps in the overall capacitance is done with the 
tuning coil located at the end of the tuning board. This process is repeated 
while monitoring the strength of the field generated by the antenna until it 
reaches a maximum. 
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Flux dispensers and Colophony 


Flux dispenser pens are sold that allows special liquid flux to be applied separately 
onto a work area. These might be handy for difficult or challenging jobs to help solder to 
flow better: adding more flux this way won’t do any harm and may help a solder joint to 
be made more quickly and reliably. In my hobby electronics, there’s hardly ever been a 
time when I felt the need to apply extra flux but it’s useful for some very tricky or 
demanding jobs. 


* For more demanding work, a flux dispenser pen allows additional flux to be 
applied 
For example I’ve used specialist Chemtronics flux dispenser pens on tricky, extra- 
large solder joints involving very thick wires for lead-acid battery connections where I 
really struggled to make the solder flow properly. You might also use them in micr. 
electronic surface-mount work. The extra flux can only help, but for the rest of the time 
rosin-flux core solder wire contains sufficient flux and that’s all that you'll need. 
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Interrogators have two basic functions: to generate and transmit the radio- 
frequency signal used to energize the transponders and to receive and 
decode the backscattered signal generated by the transponders. In addi- 
tion, some interrogators may also transmit specific commands to the tran- 
sponders. The interrogator also handles the bidirectional communication 
with a host computer used to process the information from the transpon- 
ders and to issue commands to the interrogator. Figure 5.1 shows a basic 
block diagram of a generic interrogator with its basic constituent blocks. 

If the transponder is able to accept commands from the interrogator, the 
radiofrequency signal generated by the interrogator has to be further modu- 
lated with the specific code; otherwise, the interrogator will only transmit 
the radiofrequency carrier. In either case, the radiofrequency signal is then 
amplified to specific power levels and passed through the tuning circuits 
before reaching the antenna. The antenna is also used to detect the back- 
scatter signal generated by the transponder, which, after being filtered, is 
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FIGURE 5.1 
Basic block diagram of a generic interrogator 


then amplified and demodulated if necessary. The resulting signal is then 
sent to a microcontroller that will transmit it to the host computer using the 
appropriate communications protocol. The microcontroller also manages the 
timing for the interrogator to act as a transmitter or a receiver. 

This chapter starts describing the transmitter and receiver sections in 
an interrogator. It continues by studying the most commonly used digital 
modulations in RFID systems. Afterwards, the chapter disc 
related to extending the read range between transponder and interrogator 
as well as the requirements for interrogator synchronization when two or 
more interrogators coexist within the same general area. The last section in 
this chapter provides a description of the structure in different commercial 
interrogators. 


5.1 Transmitter and Receiver 


‘The basic structure of the transmitter section in the RFID interrogator con- 
tains an oscillator operating at the frequency of interest, a voltage or power 
amplifier, and the tuning circuits to match the impedance of the transmitter 
to the characteristics of the antenna. In addition to providing the radiofre- 
quency signal to energize the transponders, some interrogators also transmit 
commands to the transponder. They can also be able to write new data into 


(© 2011 by Taylor and Francis Group, LLC 


Interrogators 1 


the transponder’s memory. Transmitters in a RFID system must generate an 
accurate radiofrequency signal while minimizing the spurious radiation that 
they produce. Spurious nidiation, common to all transmitters, is the amount 
of energy that falls outside the desired transmission band. In addition, they 
have to be as efficient as possible in order to reduce the amount of energy dis- 
sipated as heat. Excessive heat can severely reduce the life span of electronic 
components and must be reduced to acceptable levels. 

For read-only transponders, the interrogator continuously transmits the 
radiofrequency signal and receives the response from the transponders. This 
mode of operation is known as tag talks first. When read/write transponders 
are being used, the interrogator must send commands for reading or writing 
them. For example, in the devices used by Microchip Technology, the inter- 
rogator uses amplitude modulation to transmit commands to the transpon- 
ders, The communication starts by the interrogator sending specially timed 
gap pulses called fast read request (FRR) and fast read bypass (FRB). These gaps 
that are periods of time without electromagnetic field, are 175 is wide, hav- 
ing a 100% modulation depth. The FRR or FRB pulses contain five of these 
gaps within 1.575 ms, as shown in Figure 5.2. 

For RFID systems using magnetic coupling, one of the easiest approaches 
to drive the resonant circuit connected to the antenna is by using a D-drive 
circuit. Although either a full-bridge or a half-bridge will work correctly, 
most of the circuits use the half-bridge structure as itis less costly and easier 
to implement. Figure 53 shows a basic schematic for the half-bridge drive. 

With a digital signal driving the circuit, the voltage at the node Vs is a 
square signal with voltages between Ves and Vpp. Depending on the reso- 
nant quality factor (Q factor), the voltage across the antenna can reach a few 
hundred volts peak to peak. This is important to note at the time of selecting 
the electronic components used. An additional advantage of this structure is 
that although the driving digital signal hasa very rich harmonic component, 


[75us 175 ps pus) 1755) 
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FIGURE 5.2 
Fast road request (FRR) and fast read bypass (FRB) pulses. 
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the signal across the antenna consists mostly of the fundamental component 
due to the filtering effect and the high Q factor value at the antenna. There 
are several devices commercially available that integrate the inverter and the 
two metal oxide semiconductors (MOSs) or metal oxide semiconductor field 
effect transistors (MOSFETS) in a single package. In addition to being able to 
operate at the high voltages generated, the capacitors used must have very 
low tolerance values due to the requirements for an elevated Q factor. 

The typical rise and fall times for the signals using the circuit shown in 
Figure 5.3 range between 120 ps and 200 ps. This limits the data transmission 
rate that can be achieved. A modification of the circuit to increase transmis- 
sion rates by reducing rise and fall times needs to accelerate the turn-on or 
turn-off response of the driver. This can be achieved by using the modified 
driver cireuit shown in Figure 5.4. 
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FIGURE 5.3 
Halt-bridge structure used to drive the resonant circuit, 
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FIGURE 5.4 
Modified bridge for increased transmission rates. 
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‘The idea behind this circuit is to decrease the start-up time by starting the 
driver in full-bridge mode until the voltage has reached the desired value, 
at which point it can be switched back to half-bridge mode. Because the 
driver is started by driving the two half-bridges 180° out of phase, it effec- 
tively operates like doubling the input source voltage. With this structure, 
the circuit can respond up to three times faster. It is also necessary to keep 
in mind that the voltage across the capacitor will also increase and therefore 
the capacitor must be rated for that higher voltage. In order to reduce the 
electromagnetic interference generated by the circuit, the Triac is typically 
fired at zero. 

‘The basic structure of the receiver in the RFID interrogator also contains 
a detector, typically an envelope detector, a signal amplifier, filters, and 
the appropriate pulse-shaping circuits. These circuits convert the distorted 
received signal at the output of the filters into pulses. These pulses are, in 
turn, connected to the input of a microcontroller that will send the appropri- 
ate data to the middleware or host computers for further processing. 

Selectivity and sensitivity are key parameters for any radiofrequency receiver. 
Selectivity is defined as the extent to which a receiver can differentiate between 
the desired signal and unwanted signals present in its bandwidth. Sensitivity is 
defined as the minimum input signal that produces the minimal required out- 
put to be interpreted as information. Other important characteristics for receiv- 
ersare their dynamic range, cross-modulation, and intermodulation distortion, 
Dynamic range refers to the range of signal levels simultaneously applied to the 
input for which the receiver will operate correctly. Cross-modulation and inter- 
‘modulation distortion originate as a result of the nonlinear effects in the receiver 
that cause it to create new, undesired components. 

For RFID systems with magnetic coupling, the transponder communi- 
cates with the interrogator by changing the value of the magnetic field. The 
transponder is magnetically coupled to the front end of the receiver in the 
interrogator. In this structure, changes in the magnetic field become voltage 
changes at the antenna in the interrogator. Figure 5.5 shows a basic block 
diagram following this approach. The peak detector extracts the envelope 
of the signal being transmitted. The peak detector is followed by a filter to 
remove the DC component of the envelope. A further low-pass filter removes 
the radiofrequency component, leaving only the envelope of the modulated 
signal. The output of the comparator is a digital signal with the information 
from the transmitted signal. 

The peak detector must operate with the relative high voltages that may 
appear at the input of the tuning circuit. Moreover, it should not become 
a load to the tuning circuit either. Other requirements for the peak detec- 
tor are to reduce the ripple in the carrier as much as possible, maintain the 
modulation of the signal, and possess low setting times, among others. It is 
not possible to optimize all these parameters simultaneously, thus requiring 
the designer of the system to find an acceptable compromise depending on 
its overall requirements, 
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FIGURES.5 
Basic structure forthe detector in the RFID interrogator. 


Example 5.1: 


Discuss possible solutions for reducing ripple in the caiet. 


Solution: 
‘The ripple in the cartier can be reduced by increasing the value of the capacitor 
used in the peak detector. However, increasing the value of the capacitor will 
degrade the settling time for the detector, and will increase its loading effects. A 
possible solution would be to use an active peak detector. However, given the 
range of voltages expected at the input of the detector, the cost of the detector 
‘would significantly increase. 


The voltage at node V, increases quickly when the input voltage increases 
due to the low impedance of the diode in forward mode. When the input volt- 
age decreases, the voltage at node V, decreases extremely slowly due to the very 
high impedance presented by the diode in reverse conduction. This situation 
could be solved to some extent by placing a resistor in parallel with capacitor C, 
to help discharge it. However, this resistor has to be large enough for the peak 
detector to avoid loading the input circuits. A value of 10 Mis typically used. 

‘The goal for the decoupling stage is to reject the high DC voltages present 
in the signal without excessive loading the front end. This stage should also 
have a fast dynamic response and stabilize quickly after detecting energy. 
‘The time constant of this stage is equal to the product of the resistance by 
capacitance C,. The component values can be calculated by considering the 
delay time in establishing the communication after detecting the presence 
of radiofrequency energy as well as the minimum allowable voltage after 
the settling time. The cutoff frequency of the resulting high-pass filter has a 
strong effect in distorting and attenuating the digital signal that contains the 
information. With these conflicting requirements for the time constant, the 


(© 2011 by Taylor and Francis Group, LLC 


Interrogators 125 


simple RC circuit is not appropriate for removing the DC component of the 
received signal. Instead, it is necessary to use a circuit with either a nonlinear 
ora controllable time constant, as shown in Figure 56. 

The diodes start conducting when the voltage across the resistor is above 
(Vggp + Vox) oF below ~ (Vggp + Vox) This results in lowering the effective 
resistance seen by the circuit, and therefore it lowers its time constant. An 
additional benefit from using the diodes is that they protect the low-pass 
filter against positive or negative voltage spikes. The additional resistor Ry is 
controlled by the switch. The switch is closed during transient periods and 
opened when data are being received by the circuit. 

‘The low-pass filter stage is best implemented using an operational amplifier 
configured as an inverting amplifier, as shown in Figure 5.7. This structure 
not only allows controlling the gain in the pass band, but also minimizes its 
output impedance. 

The cutoff frequency depends on the values of R, and C,. This frequency 
should be chosen at least two decades above the cutoff frequency from the DC 
blocker. It is also necessary to limit the gain of the filter to avoid the satura- 
tion of the operational amplifier. For some systems, the simple filter shown in 
Figure 57 may not provide enough attenuation at the desired frequencies. If 
this is the case, it can be substituted by a more complex filter. The three most 
common active filter topologies are Chebyshev, Butterworth, and Bessel fil- 
ters. Chebyshev filters have the steepest transition between the pass and stop 
band, although they have ripple in the pass band. Butterworth filters have 
the flattest pass band, but their transition is not as steep as Chebyshev filters 
Bessel filters have linear phase response with a smooth transition between 
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(Circuit for implementing a nonlinear time constant. 
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FIGURE 5.7 
Low-pass filter stage 


pass band and stop band. When selecting one of these filter structures, it is 
necessary to consider not only their frequency response but also their tran- 
sient response. For example, although Chebyshev filters have the best fre~ 
quency response due to the fast transition between pass and stop bands, this 
results in an underdamped transient response with overshoot and ringing, 
Therefore, it has a very long settling time. Although Butterworth filters have 
a better transient response, they still exhibit some overshoot. The Bessel fil- 
ter, although it has the worst frequency response, exhibits the best and fast- 
est transient response and therefore is a very attractive candidate for this 
type of application, 

‘The final stage is a comparator with some degree of hysteresis. The level of 
hysteresis is chosen to provide the required immunity against noise. The out- 
putof the comparator should bea digital signal that can be directly connected 
to the input of a microcontroller for further processing and transmission. 


5.2 Modulator and Demodulator 
5.2.1 Amplitude-Shift Keying (ASK) Modulation 


Amplitude-shift keying (ASK) is the most basic form of modulation for di 
tal signals. In ASK, data are represented as variations in the amplitude of 
the radiofrequency carrier. In binary ASK, there are only two symbols to 
be transmitted: the symbol 1 is normally represented by the full amplitude 
of the carrier, while the symbol 0 is represented by the minimal amplitude 
of the carrier. In this case, these two different symbols are represented by a 
single bit. In general, for M-ary ASK symbols, » bits are used to represent M 
symbols as 


M=2" 6a) 
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FIGURE 5.8 
Detector in the receiver section of a commercial interrogator, 


A Mary ASK system requires distinguishing between M different ampli- 
tude levels for the radiofrequency carrier. While M-ary systems increase the 
transmission rate because each symbol encodes different bits, the amplitude 
levels of the different symbols become closer to each other, making the 
system more susceptible to transmission errors. Therefore, there is a trade- 
off between the transmission rate and acceptable transmission errors. 

‘The ASK signal is demodulated by detecting the envelope of the carrier, 
normally using a half-wave rectifier. This detects the peak amplitude of 
the signal generated by the transponder and feeds it into an RC circuit that 
charges and discharges accordingly. The time constant of the RC circuit must 
be chosen with these two considerations: (1) it must be small enough so the 
voltage across the capacitor diminishes fast enough in order to keep with the 
changes in the envelope of the signal, and (2) it must be high enough to avoid 
excessive ripple in the detected signal. After the envelope has been detected, 
the resulting signal is passed through a low-pass filter and a signal-shaping 
circuit and finally fed into a microcontroller. Figure 5.8 shows the schematic 
of the detector in the receiver section of a commercially available interroga- 
tor working in the LF range at 125 kHz. 

‘The capacitor C, provides the resonance for the inductance of the antenna. 
An additional advantage of this structure is that because C, is grounded, the 
carrier finds a path to ground. The diode and C, form the half-wave rectifier 
for which the resistor R, provides a discharging path. The time constant of 
this circuit is approximately 850 pis. The signal is further low-pass and high- 
pass filtered before entering the comparator for processing, 


5.2.2 Frequency-Shift Keying (FSK) Modulation 


Frequency-shiftkeying (FSK) isa form of modulation in which the digital signal 
tobe transmitted changes the frequency of the carrier within a predetermined 
set of available frequencies. The most basic case, in which only two instanta- 
neous frequencies can be transmitted, is called binary FSK QFSK). For more 
complex systems, and in order to increase the bit transmission rate, the number 
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of possible instantaneous carrier frequencies is higher, normally a power of 2. 
This situation is called M-ary FSK, where M represents the total number of dif- 
ferent possible instantaneous frequencies, as shown in equation (5). 

Binary FSK transmits two different frequencies f, and f, to representa logic 
0 ora logic 1 following an established protocol. The transmission of 2FSK can 
be easily accomplished by having two oscillators operating at frequencies fy 
and f, followed by a switch that selects one or the other based on the digital 
input. Although this is a simple procedure, it results in discontinuities of 
the carrier frequency at the time of switching, thus resulting in a greater 
prominence of high-frequency components that implies the need for a much 
wider bandwidth transmission. 2FSK can also be generated using the VCO 
approach as is done for analog signals. Because the digital modulating sig- 
nal will never have a zero rise or settling time, this digital modulation is in 
fact an analog modulation with a very short transition time. In this case, 
the carrier has a continuous and smooth transition, therefore guaranteeing 
phase continuity and requiring a narrower spectrum for transmission. This 
method is known as continuous-frequency shift keying (CPSK) and can also 
be readily applied for multilevel modulation systems. 

FSK signals can be detected by nomcoherent detection or coherent detection. 
Noncoherent detection is based on simultaneously injecting the 2FSK signal 
into two band-pass filters, each one tuned to the transmitted frequencies, fy 
orf,,as shown in Figure 59, In this case, the output of each filter is connected 
to an envelope detector and their outputs are combined to reconstruct the 
baseband modulating signal 

An alternative method for noncoherent FSK detection is based on injecting 
the FSK signal to the input of a phase-locked loop (PLL). The output of the 
internal voltage-controlled oscillator (VCO) will switch between frequencies 
following the signal at the output of the PLL, thus locking on to the incom- 
ing FSK signal so that the output changes between the logic levels of 0 and 1, 
depending on the frequency of the incoming signal. 

Figure 5.10 shows the basis for coherent detection of FSK signals. This 
approach requires the generation of two carriers with the same exact fre~ 
quencies and phases as those used by the transmitter. In this case, only one 
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Noncoherent frequency-shift keying (FSK) demodulator. 
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 Colophony or rosin flux is available in small tinlets if you want to prepare your 
own liquid flux. 


One thing that many seasoned electronics enthusiasts will recognise is the distinctive 
smell of rosin flux: its intense woody pine smell is not unpleasant, and flux fumes 
themselves are not known to be harmful but solder smoke can be an irritant, especially if 
you suffer from asthma or other respiratory conditions. (I dealt with solder fume extraction 
earlier when soldering irons were outlined.) 


Rosin flux is also known as Colophony. It’s an amber resin that’s glassy and brittle 
like sugar candy, distilled from the resins of conifers (mainly pine trees) and it’s worth 
knowing about. For electronics use, Colophony is available in individual tinlets of solid 
resin (e.g. Kolophonium in 20g tins by Donau Elektronik GmbH, sold by Westfalia or 
Conrad). 


As an aside, the resins of various trees are used in incense burners: placing a few 
fragments on a charcoal burner produces intense delicious fragrances of pine, frankincense 
or forest but you still wouldn’t want to inhale the smoke or fumes directly. 


Solids of Colophony can be dissolved to make a semi-liquid flux, for dipping or 
applying manually prior to soldering. To make your own rosin flux from solids of 
Colophony, chip off some fragments and crush them into a small tinfoil dish, then apply 
some isoproponal alcohol (start with 2 parts solvent to 1 part Colophony) and let it 
dissolve over about 20-30 minutes or more. 
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FIGURE 5.10 
Coherent PSK demodulator. 


of the filter outputs contains a signal at any given time. Therefore, after the 
addition of the two paths, the transmitting signal is recovered. 

The coherent detection of FSK-modulated signals requires a more complex 
receiver than the noncoherent detection of the same signal, althoughit decreases 
the rate of errors for the transmission. Consequently, the designer of the system 
must consider the trade-offs between bit error rates and system complexity. 


5.2.3 Phase-Shift Keying (PSK) Modulation 


Phase-shift keying (PSK) modulation is one of the most effective methods to 
transmit digital signals. In PSK, the information is contained in the instan- 
taneous phase of the modulated carrier. Usually, this phase is imposed and 
measured with respect to a known and selected phase of the carrier. For 
2PSK, in which the modulating signal has two levels, the phase states are 0° 
and 180°. In M-ary modulation systems, the phase associated to each trans- 
mitted symbol is distributed equidistantly from each other around the 360° 
circle. When M = 4 (71 = 2 bits), the resulting modulation is called quadriphase 
phase-shift keying (QPSK). QPSK, in which the phases are separated by 90°, is 
a common modulation used in communication systems. 

Figure 5.11 shows a simplified version of one of the methods to generate 
a. 2PSK signal. After the radiofrequency carrier is shifter by 180°, the result- 
ing signal as well as the original signal are fed at the input of a 2-to-1 selec- 
tor. This selector is driven by the digital signal. The output of the selector is 
either signal (a) or signal (b), depending on the value of the digital signal that 
controls the output of the selector. 

PSK signals always require coherent demodulation, and therefore the PSK 
detector needs to know perfectly the phase of the unmodulated carrier. This 
requirement can be problematic as any phase error of the locally generated 
cartier reduces the effective voltage at the output of the detector in cos(), 
thus degrading the signal-to-noise ratio. A solution to this problem is by the 
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demodulator itself deriving a phase coherent reference to use in the demodu- 
lation process, as shown in Figure 5.12. 

‘The output of the squaring circuit contains information at DC as well as 
at a double of the radiofrequency carrier. The band-pass filter eliminates the 
DC component. The frequency divider divides the frequency of the resulting 
signal by two and shifts its phase. The resulting signal is then multiplied by 
the original 2PSK signal that, after being filtered, will result in a DC signal 
with amplitude either positive or negative, thus shifted in 180” 

Figure 5.13 shows the generation process for QPSK signals. The digital- 
modulating signal v,,(t) is connected to a 2-bit serial to parallel converter, so 
the resulting signals 0,(t) and v,(t) change at half the rate of v(t. This has the 
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‘QPSK demodulation, 


advantage of reducing the required transmission bandwidth as is the case 
of M-ary modulations. The output QPSK signal contains two components at 
the same frequency but shifted in 90°, and therefore there is no interference 
between them as they are in quadrature. That is, all the spectral components 
of the first term are 90° out of phase with those of the second term, making 
them independent from each other. 
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‘The detection of the QPSK signal, as shown in Figure 5.14, follows an 
inverse process. The intermediate output signals V(t) and Va(t) contain 
energy at DC as well as a frequency double the radiofrequency signal. This 
last component is eliminated by the low-pass filter, resulting in two separate 
streams of digital data. There are combined into a single data stream by the 
parallel-to-digital converter, thus recovering the original digital-modulating 
signal. QPSK modulation allows for sending information at twice the speed 
of 2PSK using the same bandwidth without compromising the performance 
of the system from the point of view of error rates. 

Figure 815 shows a basic diagram of a 2PSK demodulator used in a com- 
mercial RFID interrogator operating in the LF range at 125 kHz. Capacitor C, 
provides the capacitance for resonance with the inductance of the antenna, 
‘The two diodes are used for detecting the envelope of the signal; each diode 
is on during half of the cycle. The 1 Mf resistor is used to discharge the volt- 
age store in capacitor C, used for the envelope detection. The envelope signal 
is fed into a series of active filters and pulse-shaping circuits not shown in 
Figure 5.15. The output of the last pulse-shaping circuit is a square wave at a 
frequency that is half of the radiofrequency carrier signal. This signal exhibits 
a 180° phase shifts according to the digital data sent by the transponders. This 
signal isnow used as the clock for a D-type flip-flop. The input to the flip-flop 
is a signal at the same frequency derived from the transmitting signal. As 
the phase of the detected signal V,,, changes, the output of the flip-flop also 
changes, thus recovering the digital information sent by the transponder. 

One of the major problems with the design shown previously is that the 
phase of the returned signal can be, in certain conditions, unpredictable. 
For example, if the transitions of the incoming signal and the reference 
signal occur at the same time, the output of the flip-flop becomes unpre- 
dictable. This situation can be avoided with additional circuitry that inten- 
tionally shifts the phase between the signals to 90°, making it ideal for PSK 
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FIGURE 5.13 
208K demodulator in a commercial interrogator. 
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5.3 Long-Range Considerations 


When evaluating the read range of transponders, it is necessary to under- 
stand that long-range operation may not always be a desirable condition. For 
‘example, in an environment where several interrogators communicate with 
their own transponders, it is necessary to ensure that a specific interrogator 
reads data from only the transponders that it has been assigned. Data from a 
distant transponder would then be treated like an interfering signal. 

If long range is truly needed, it can be achieved by one or more of the fol- 
lowing design considerations: 


Increasing the transmitter output power. This can be achieved by design- 
ing the power amplifiers in the transmitter section in the interroga- 
tor with higher gain. Alternatively, when it is not possible to modify 
the interior of the interrogator, itis then possible to use an external 
preamplifier. In any case, it is necessary to comply with the limits 
set by the appropriate regulatory agencies on limits of power for 
different frequency range. Also, some regulatory agencies may also 
limit the ability of a user to modify a system that has already been 
approved and certified by the regulatory agency. This comes from 
the fact that the modification of the gain in the amplifiers can have 
effects on the frequency stability, spectral purity, and other charac- 
teristics of the transmitted signal that are specified by the regula- 
tory agencies. 


Modifying the size of the antenna. As described in Chapter 4, the size 
of the antenna and its quality factor (Q factor) affect the charac- 
teristics of the signal being transmitted and therefore the range at 
which transponders receive enough energy to activate their internal 
circuits. A correctly sized antenna becomes critical for long-range 
applications. 


Optimizing the sensitivity of the receiver. Merely increasing the power 
in the transmitter section may not have a significant effect in the 
read range of the system if the signals generated by the transpon- 
der cannot be detected by the receiver. Therefore, interrogators to 
be used for long-range applications must have front-end amplifiers 
with high enough sensitivity that will allow them to detect the sig- 
nals from the transponders at the longest distance from the inter- 
rogator that has been specified. In addition to the optimal design of 
the receiver, the sensitivity of the interrogator can be increased by 
reducing the amount of noise and interference added to the desired 
signal. This can be achieved by appropriate shielding of the front- 
end components, by placing the interrogator away from electrically 
noisy sources and using pass-band filters. 
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5.4 Interrogator Synchronization 


‘Synchronization is used to prevent interference between the interrogators 
in applications that have multiple interrogators operating in the same area 
‘Synchronization is based on preventing interference by coordinating their 
transmission and reception windows. Synchronization is only required 
when the different interrogators are located physically close to each other. 
Therefore, when working with multiple interrogators, it is critical to deter- 
mine if synchronization is required. However, the distance between interro- 
gators alone is not sufficient to determine the need for synchronization. The 
clectrical path between interrogators is affected by the presence of metallic 
structures such as buildings, the existence of conveyors, the layout of nearby 
power or data cables, and even the existence of reinforcing metal bars in 
concrete floors. Assuming only radiated signals, Texas Instruments has pub- 
lished some guidelines for the maximum distances that require synchroni- 
zation for interrogators using some of their antennas as shown in Table 5.1 
It is important to note that Table 5.1 assumes the two interrogators are using 
the same antenna type. 

Table 5.1 shows that antennas with larger dimensions require more separa- 
tion. Because this table assumes only radiated signals, in more realistic situa- 
tions, this distance can be highly reduced due to the additional paths available 
to the different radiofrequency signals. This table can also be used as a start- 
ing point when working with interrogators using different antennas. 

The next step, after determining that synchronization between inter- 
rogators is needed, is to decide on the method used to synchronize them. 
Although the following are the synchronization methods available to some 
of the Texas Instruments interrogators, the same methods are used by inter- 
rogators from other manufacturers. 


5.4.1 No Synchronization at the Interrogator Level 


This method can only be used with a single reader or in the case of syn- 
chronization by software. It represents the fastest method for receiving 


TABLE 5.1 


Separation between Interrogators After Which Synchronization Is No 
Longer Necessary Assuming Only Radiated Signals 


Minimum Separation 


Antenna Type Antenna Dimensions Distance 
SOR-C (Glick antennay C= 2mm l= TSmeten 
Go2-E (gate antenna) 200 mm x 200 mm 32 meters 
OLE (gate antenna) 715 mmx 170 mm 55 meters 
COLE (gate antenna) 2018 mm x518 mm 105 meters 
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information from the transponders. If all the interrogators are connected to 
the same network, the coordination can be carried out by the host computer 
issuing commands to read transponders simultaneously and buffering the 
results, or issuing different commands to different interrogators in turn. In 
any case, the coordination is done by the host computer rather than by the 
interrogators. 


5.4.2 Wireless Synchronization 


In wireless synchronization, when a specific interrogator detects increased 
energy at the frequency of the carrier, it assumes that this energy has been 
generated by another interrogator. This makes it stop itself before starting its 
own cycle. Obviously, this method only works when the background noise 
is low for the type of antenna being used. Larger antennas, which are more 
sensitive, present a clear disadvantage in this situation. When the environ- 
mental conditions change and there are additional reflections of signals in 
the immediate electrical environment, this approach is not valid either. 

The receiver in each individual interrogator is adjusted in order to deter- 
mine the level of background noise in the absence of signals from other inter- 
rogators. This determines the level after which the interrogator assumes that 
another interrogator is transmitting and therefore waits for a predetermined 
amount of time before starting its own cycle. This situation is illustrated in 
two situations depicted in Figure 5.16. 

Figure 5.16(a) shows a time diagram involving wireless synchronization 
when the interrogator has not detected the presence of other signals. The 
interrogator starts by transmitting the radiofrequency signal for 50 ms that 
is used to energize the transponder. After the transponder is energized and 
recognizes the end of the radiofrequency energy burst, it starts transmit- 
ting its data for 20 ms. Once the transponder has finished sending its data, 
the interrogator waits for another 20 ms before starting the whole process 
again. This additional period is build asa precaution to avoid corrupting the 
data from other transponders to other interrogators. Because the interroga- 
tor does not detect any signals during this last 20 ms period, the whole cycle 
takes 90 ms. 

In Figure 5.16(b), however, after the transponder has completed sending 
its information to the interrogator, the interrogator detects the presence of 
radiofrequency energy, and therefore responds by waiting 70 ms before 
starting its new cycle. This additional period gives enough time for the sec- 
ond interrogator to finish its own cycle. After the 140 ms have elapsed, the 
first interrogator starts its own cycle regardless of the presence of radiofre- 
quency energy. This is done in order to prevent the interrogators always giv- 
ing priority to other interrogators and therefore not being able to read their 
own transponders. 

Wireless synchronization has the advantages that it does not need wires 
to interconnect the interrogators and all the interrogators are autonomous 
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FIGURE 5.16 
Wireless synchronization: (a) no other interrogators detected, and (b) delayed cycle due to 
other interrogators detected 


as there is not a master unit. It is very useful when handheld units have to 
coexist with fixed interrogators for these reasons. Wireless synchronization, 
however, is not adequate when large antennas are used in noisy environ- 
ments because these large antennas are too sensitive to the background noise 
levels. Also, it cannot be used when the environmental conditions change, 
for example when vehicles enter or leave the read area as it changes the back- 
ground energy. Finally, it cannot be used when other interrogators write data 
to the transponders. 
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FIGURES.17 
‘Structure ofthe control modules in interrogators using wired synchronization. 


‘The approach in wired synchronization is the sameas for wireless synchroni- 
zation with the only difference being that it uses wires to detect the presence 
of other interrogators instead of detecting radiofrequency energy. Therefore, 
the cycle for a single interrogator lasts 90 ms or 140 ms.as described for wire- 
less synchronization. This presents the advantage of being able to operate 
regardless of the environmental noise level, using a single twisted pair cable. 
This approach does not need a master unit. The main problem with wired 
synchronization is that if the power for a single interrogator fails, the bus 
fails and therefore the whole system fails. It is also not suitable for read/ 
write transponders. Figure 5.17 shows the standard connection for the con- 
trol modules of the interrogators using wired synchronization using the fol- 
lowing nomenclature: 


SYNC RX#: Noninverted data input 
SYNC RX-: Inverted data input 
SYNC TX+: Noninverted data output 
SYNC TX-: Inverted data output 
GND: Signal ground 


5.4.4 Combined Wired-Wireless Synchronization 


Using this approach, interrogators synchronized using a hard wire con- 
nection are also detecting the amount of radiofrequency energy to decide if 
another interrogator is already operational. This method resolves the indi 
vidual disadvantages of each single approach. 


5.4.5 Master-Slave Synchronization 


In this approach, which is probably the most commonly used method of syn- 
chronization, one of the interrogators is configured as the master while the 
rest of the interrogators are configured as its slaves. Master-slave synchroni- 
zation can be carried out using three variants: 
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‘Master-slave without acknowledgment. This method is the fastest 
approach for reading transponders as it assumes that all the inter- 
rogators are part of the same synchronization bus. This requires 
the interrogators to have a synchronization bus that connects all 
the readers, using for example a single twisted pair as shown in 
Figure 5.18, 

Once the master has finished a complete read cycle, it transmits a 
synchronization pulse in the bus. Any slave that has finished its 
‘own cycle is waiting for this pulse in order to start a new cycle, as 
shown in Figure 519, 

This approach presents the advantage of needing only a single 
twisted pair. It also has the fastest read rate and can be used when 
transponders are rewritten by interrogators. Itis necessary, however, 
to keep in mind that if the master fails, the rest of the units stop 
working. Also, if a slave reads a transponder and the master does 
not, the slave may miss the next pulse as it is busy processing the 
information from its transponder. 

‘Master-slave with acknowledgment. In this approach, the master has to 
‘wait until all the slaves have completed their cycles before starting a 
new master cycle. This requires using four wires: two for the pulse 
from the master and two for the information from the slaves to the 
‘master, as shown in Figure 5.20 


All the interrogators are running free while buffering the data via 
a point of data connection. A slave will not respond to a command 
from the host computer unless it has received the pulse from the 
master. This method presents the advantage that all the interroga- 
tors wait for the slowest to be complete and all the units are able to 
write to the transponders. This happens at the price of using a twin 
twisted pair instead of a single. 

‘Master-slave triggered synchronization. This is similar to the previous 
approach, although in this case, the pulse is generated by an external 
device instead of an interrogator in the chain. All the interrogators 
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‘Structure ofthe cantrol modules in interrogators using master-slave synchronization without 
acknowledgment. 
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FIGURE 5.19 
Master-slave synchronization without acknowledgment. 
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Structure of the control modules in interrogators using master-slave synchronization with 
acknowledgment 


are configured as slaves with the external master issuing the syn- 
chronization pulses at suitable intervals. This is required for interro- 
gators that must read and write to multipage transponders in which 
different interrogators require different window times. In this case, 
the master has total control over the coordination of the devices in 
the chain, However, the master must be a more complex system and 
requires additional intelligence. 


5.4.6 Carrier Phase Synchronization 


‘This method is used when several antennas are located close together with 
the possibility that the field generated by each one of them may interact 
with the others. Because of the different transmission phases at each inter- 
rogator, the interaction may result in destructive interference. To avoid this 
effect, all the interrogators must be operated from the same carrier signal. 
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5.5 Structure of Commercially Available Interrogators 


Interrogators for RFID systems take different approaches depending on 
the specific needs of their intended application: from large and complex 
systems to single-chip interrogators. The following pages describe these 
different approaches through examples from commercial interrogators. 
It is necessary to view them just as specific examples as the number of 
available systems is higher, each one of them using a different approach. 
However, these examples provide valuable information about the structure 
of interrogators. 


1 Interrogators for LF RFID Systems 


‘The Series Reader 2000 from Texas Instruments is an example of a complex 
interrogator for an RFID system operating in the low-frequency range. Its 
main component is the $251B reader. This interrogator has a communica- 
tions interface as RS232, RS422, or RS485; eight general-purpose input/out- 
put lines; two open collector outputs; one synchronization bus; one carrier 
phase synchronization bus; as well as a power connector and an antenna 
connector. Table 52 shows the electric specifications of the eight general- 
purpose input/output (1/0) lines in this unit. 

This interrogator supports two different communication protocols: the 
ASCII protocol or Texas Instruments’ own TIRIS protocol. The ASCII proto- 
col that is used to send commands to the interrogator can only be used with 
the RS232 or RS422 interface. The TIRIS bus protocol is a binary protocol 
between a host computer and one or more interrogators. 

The interrogator has two main modules: the control module and the radio- 
{frequency module. The control module contains all the electronics needed for 
the communication between the interrogator and the host computer in order 
to control the radiofrequency module. It also has circuits used to optimize 
the performance of the antenna by correctly tuning the module. The radio- 
frequency module handles all the analog functions needed to generate the 


TABLE 5.2 
Electrical Specifications of $251B Reader (Texas Instruments) 
Parameter Minimum Maximum 
‘General Purpose 170 Voltage 
Low Level z ogy 
High Level 35V 525V 
‘General Purpose I/O Current 
Low Level 25mA 
High Level 16ma, 
General Purpose I/O 1 to 4 Total output current 10ma, 
General Purpose 1/05 to 8 Total output current toma 
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signal that energizes the transponders, send commands to the transponders, 
and detect their responses. These two modules will be studied in deeper 
detail in Sections 55.11 and 5.5.1.2. 

The synchronization bus operates in differential mode with a maximum 
data rate of 10 Mbits/s and allows for a maximum cable length of 1200 m. It 
can handle up to 32 different drives or receivers on the line. The outputs of 
the bus are protected against short circuits with a current limit of 150 mA 
to ground and 250 mA to the power supply. In addition, this unit contains 
three banks of dual in-line package (DIP) switches that allow for configura- 
tion changes. One of the banks is for setting up the control module, another 
bank for the settings of the communications protocol, and the third one for 
synchronization settings. 


5.5.1.1 Radiofrequency Modules 


‘The functions of the radiofrequency modules in the RFID system are to trans- 
miit the radiofrequency signal to the transponder via the antenna, to receive 
and demodulate the response of the transponder, and to write information 
to the transponder. Figure 5.21 shows a simplified block diagram of a generic 
radiofrequency unit in an interrogator. 

For the modules that are part of the Series 2000 Reader manufactured by 
‘Texas Instruments, itis possible to distinguish the following submodules: 


Power supply. This submodule provides the necessary voltage to power 
the rest ofthe electronics in the radiofrequency module. The majority 
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‘Simplified block diagram forthe radiofrequency unit, 
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of modules contain two voltage regulators, one to power the logic 
circuits and the other to power the rest of the module. 

‘The manufacturer stresses not using a switching power supply, as 
at their typical frequency of operation their harmonics will create 
strong interfering signals. 

‘Transmitter. The radiofrequency signal is generated by a crystal oscilla 
tor operating at the RFID frequency of 134.2 kHz. This signal is then 
fed into the pulse width modulator for which the user can select 
the width ratio between 3% and 50%. It is necessary to consider that 
decreasing this ratio also decreases the energy of the transmitted 
signal, thus providing a method to control the power transmitted by 
the interrogator. 

Antenna circuit. The purpose of this submodule, shown in Figure 5.22, 
is to match the impedance of the transmitter to the impedance of 
the antenna in order to maximize the radiated power as well as its 
Q factor. 

‘The circuit consists of the inductance of the antenna in series with 
an adjustable inductance for fine tuning as well as the capacitive 
part formed by the capacitors C,, Cy, Cy Cy, and Cyn The switch is 
used to connect or disconnect C, for coarse tuning, itis necessary to 
connect several capacitors in series because of the high voltages that 
can be developed across the antenna terminals during resonance. 
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FIGURE 5.22 
Antenna-tuning circuit 
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‘The capacitive resonator is driven by the pulse-width modulation 
(PWM) signal from the transmitter by two MOSFET power transis- 
tors through the inductor Lous 

Receiver. The receiver in this module demodulates the FSK signals 
generated by the transponders, with a low symbol specified by 
a frequency of 134.2 kHz and a high symbol by a frequency of 
123.2 kHz. The module can operate with a single antenna used 
for transmission and reception or with specific transmission and 
reception antennas. The path for the received signal depending 
on the type of antenna used is selected by the multiplexer at the 
front end. 


‘Table 5.3 describes the different pins and its connections for the standard 
radiofrequency module in the Series 2000 Reader from Texas Instruments. 
Modules from other manufacturers have similar connections. 

‘The most important electrical characteristics for these pins and connectors 
are shown in Table 5.4 

‘As shown in Table 54, the radiofrequency module incorporates a signal 
strength detector whose output is the RXSS- pin. This allows adjusting the 
threshold level for the detection of radiofrequency energy required by wire- 
less synchronization. The adjustment is done by means of a potentiometer 
on the board. Different types of antennas require different threshold levels 
even if they operate in the same environment. 


TABLE 5.3 
Pins and Connectors in Standard Radiofrequency Module 

Signal Name ‘Connection Description 

GD N Ground logic circuits 

1XCE IN Transmitter contro input fr activation 
vst 1N Supply voltage 

XDI our Receiver data signal output 

RXSA IN/OUT Adjustment for receiver threshold level 
RXCK our (Clock output receiver 

NDP IN Ground power stage 

RXAQ IN Select signal for multiplexer 

NDP IN Ground power stage 

RDIP our Test pin for receiver 

vse IN Supply voltage power stage 

RSIP our Test pin for ceiver 

vsr IN Supply voltage power stage 

RXSS- our Signal steength output in receiver 

vb IN/OUT Internally regulated voltage 

RCW our Test pin for receiver 
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TABLE 5.4 
‘Summary of Electrical Characteristics Radiofrequency Module 

Parameter Min Typ Max Unit 
internal megulated voltage ET rr 
Supply current receive mode 90 mA 
Supply current transmit mode no mA 
Low level input voltage at IXCT- and RXAO a 8 v 
High level input voltage at TXCT- and RXAO 24 50 v 
Low level output voltage at RXDT and RXCK os v 
High level output voltage at RXDT and RXCK 40 v 
Low level output voltage at RXSS- os v 
Cable length for connection to contsol module ey 20 m 
Number of slave modules that can be driven 1 5 

Inductance af antenna tuning coil 1330 “7 nH 
Total antenna resonator capacitor 46 a 4 nF 


This radiofrequency module, as well as most of the modules available in 
the market, can be used with the transmit-receive antenna or with special 
receive-only antennas. The type of antenna to be used is selected by a multi- 
plexer in the receiver section. 


5.5.1.2 Control Module 


‘The control modules provide the functionality needed for the radiofre- 
quency module to communicate with the rest of the devices. They control 
the Transmit and Receive commands from the radiofrequency modules 
according to the commands sent by the host computer. They also process the 
information from the transponders received by the radiofrequency modules, 
decode them, check their validity, and convert the signals to the protocol 
used for communication with the host computer. The control modules used 
in conjunction with the radiofrequency modules described in the previ- 
ous section are available using the RS232C, RS422, or RS422/485 interfaces 
depending on the needs of the user. These control modules also handle the 
different synchronization methods described in Section 54 that need to be 
followed when more than a single interrogator is being used. 

During the charge time, the control module activates the transmitter in the 
radiofrequency module. As long as this is active, the antenna resonates at the 
oscillator frequency and generates a radiofrequency field around its vicinity. 
‘This field charges the capacitor incorporated in the transponders energizing 
them. The typical length of the charge time is 50 ms. During this time, the 
receiver is disabled and cannot read any data. The charge time is followed by 
the read time, as shown in Figure 5.23. This time typically lasts 20 ms, during 
Which the transponder sends the information back to the interrogator. 
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FIGURE 5.23 
(Charge and read times, 


lll the data formats consist of 128 bits. After being received by the radio- 
frequency module, they are checked by the control module. The different 
types of transponders supported by these interrogators are differentiated 
from each other by using different Start, Stop, and End bytes. The data struc 
ture for these transponders is shown in Figure 5.24. It is important to note 
that the first bit being transmitted is the least significant bit (LSB) and the last 
bit is the most significant bit (MSB). 

‘The data structure for read-only transponders is shown in Figure 5.24(a). 
‘The data format starts with 16 pre-bits that are all set at zero, followed by the 
start byte ($7E). The next 64 bits are the identification data bits programmed 
into the transponder at the time of manufacturing; they cannot be changed 
by the user. The next 16 bits comprise the data protection bits (BCC). The fol- 
lowing byte is the stop byte, which has the same structure as the start byte 
(67E), Afterward, the transponder sends 16 end bits, all of them set to zero, 
During the last bit, the transponder discharges its capacitor, therefore deen- 
ergizing its internal circuits. 

Figure 5.24(b) shows the data structure for read /write transponders. Italso 
starts with the 16 pre-bits set at zero followed by the start byte that in this 
case is set at SFE. This tells the interrogator that the data come from a read/ 
write transponder. The next 80 bits are the data bits that can be programmed 
by the user. The manufacturer recommends splitting these bits into 64 bits of 
data identification transmitted first and 16 bits for data protection bits (block 
check character, or BCC). The stop byte that is transmitted next has the same 
value as the start byte (SFE). The final 16 bits reflect the 16 LSBs of the read 
data that must be checked for validity by the control module. Once again, 
the last of these 16 bits makes the transponder discharge its capacitor and 
deenergize its internal circuits. 

The data structure for the multipage read /write transponder is shown in 
Figure 5.24(0). The data start again with the 16 pre-bits set at zero, followed by 
the start byte with a value of $7E. This start byte is the same as for read-only 
transponders, meaning that the distinction between these two structures will 
be possible after the reception of the read address and read address frame 


(© 2011 by Taylor and Francis Group, LLC 


46 RFID Design Fundamentals and Applications 


Leg Pete "Sa Dine Date "ep! tad gy 
® 
(Vd 
ee im ence "Bop Mei 
o 
use sliees "3G MSB 
© 
FIGURE 5.24 


Data structure for several transponders: (2) read-only transponders, (b) read/write transpon- 
ders, and (c) multipage read /write transponders. 


BCC. The start byte is followed by 80 data bits that can be programmed by 
the user. The manufacturer also recommends splitting them into the first 64 
data identification bits and 16 bits for protection data (BCC), The next 8 bits 
make up the read address byte; this contains a status field (2 bits), which is 
transmitted first, and a page field (6 bits). The 2 bits that make up the status 
field inform the control module about the function that the transponder has 
‘executed and the type of page that has been received. The final 16 bits make 
up the read frame BCC. One bit after having sent the first 128 bits, the tran- 
sponder discharges the capacitor and deenergizes its internal circuits. 

The function of the 16 pre-bits is to give enough time to the radiofrequency 
module to recover from the overload that it may have experienced during 
the 50 ms in which the transmitter has generated the radiofrequency signal 
This is especially important because the transponders may start transmit- 
ting data immediately after having been energized. This period is known as 
the waiting time, lasting less than 1 ms. 

After this time has elapsed, itis necessary to detect the first low-to-high tran- 
sition for the start byte. After successful detection, the radiofrequency module 
synchronizes its clock and its data. The control module must also ensure that 
it receives all the high bits in the start byte. Otherwise, ifa low bit is received, 
the process tops and the control module goes back to waiting for the detection 
of the low-to-high transitions. Ifthe start byte has been successfully detected, 
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the control module receives the next 80 bits and starts the generation of the 
cyclic redundancy check (CRC) to ensure the validity of the data. The last step 
in the decoding process is to determine whether the transponder that gener- 
ated the data stream was a read-only transponder or a multipage read/write 
transponder as they both use the same start byte. This is done by checking the 
content of the CRC generator at the end of the process. If this value is equal 
to $0000, this indicates that a multipage read /write transponder originated 
the data, Otherwise, it indicates that it came from a read-only transponder. 
Figure 5.25 shows an overview of this sequence for the control module. 
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FIGURE 5.25 
‘Control module sequence. 
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‘The control module is also used to control the flow for writing to the tran- 
sponder. Writing to the transponder is used to transfer commands, addresses, 
and data to the transponder. Before writing to the transponder, this must be 
‘energized. Therefore, writing to the transponder occurs after the transmitter 
has sent the 50 ms radiofrequency pulse to energize the circuits in the tran- 
sponder. The actual process of writing is done by switching the transmitter 
off and on. To write a high bit, the transmitter is inactive during 1 ms fol- 
lowed by being active during I ms. To write a low bit, the transmitter is inac- 
tive during 0.3 ms followed by being active during 1.7 ms. The total time for 
writing a single bit is 2.0 ms. 

To program the write data into the transponder’s memory, the transmitter 
must be active for at least 15 ms immediately after the previously described 
write function has been executed. This is known as the programming time. 
Having the transmitter on for this time enables it to energize the circuits in 
the transponder. The write data format is shown in Figure 5.26. 

All the data bits are transmitted to the transponder with the LSB first. The 
8-bit write keyword (§BB) and the 8-bit write password (SEB) are sent to the 
transponder to initiate the transmission of the 80-bit data. The manufacturer 
recommends splitting the 80-bit data into 64-bit identification data transmit- 
ted first followed by 16 protection data bits (BCC). The write data format is 
terminated by a 16-bit write frame that must be set to $0300. After write frame, 
the transmitter will be active for 15 ms to allow the transponder to program 
the received data into its memory. The actual programming will only take 
place if the write keyword and write password bytes are received, the write 
data have the correct number of bits, and the radiofrequency field generated 
by the transmitter is high enough to produce the voltage required to pro- 
gram the transponder’s memory. This voltage exceeds the voltage required 
to read the memory. Once after the programming time has elapsed, the tran- 
sponder responds by sending the data that it has stored into its memory. This 
data follow the 128-bit format described previously in this section. If the read 
data received are structurally valid, they must be compared against the write 
data that were sent to the transponder to ensure that the correct data were 
written into the transponder. If the structure or the contents of the read data 
are not valid, the process must be repeated, 

‘The last main function for the control module is to handle the synchroniza- 
tion tasks between different interrogators. For this to occur, asynchronization 


FIGURE 5.26 
Format for writing data, 
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The resulting flux can be very sticky so handle with care and do not spill. 


In this form it can be applied directly with a brush or dropper to areas prior to 
soldering. In an open dish, after a day or two the solvent will mostly have evaporated to 
leave an extremely sticky resin that should be handled carefully: it’s no co-incidence that 
Colophony is also used in adhesives and varnishes, and different grades of Colophony 
resins are used to treat violin or double-bass bows to add friction to bow hairs! Try 
experimenting with different ratios of solvent and making some up and storing it in an old 
nail varnish bottle with brush, or generally do what works for you. 


Unused Colophony crystals can be reformed into their storage tinlet by warming 
carefully with a hot air gun, but don’t overdo it. You can also use flux cleaners or PCB 
solvent cleaners if you want to remove traces of excess rosin flux after soldering: these are 
left behind as a brown deposit and are otherwise harmless. 


The subject of using your soldering iron to raise the temperature of the materials is 
discussed next. 
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‘Synchronization sequence. 


time must exist before the transmitter in the interrogator generates the radio- 
frequency signal to energize the transponders, as shown in Figure 5.27. 

The synchronization allows the different interrogators in the overall 
system to detect each other and delay the activation of their own transmitters 
until other interrogators have finished their read functions. For this reason, 
the synchronization times vary depending on the number of interrogators 
in the application as well as the relative order of one interrogator in refer- 
ence to the others in its vicinity. 


5.5.2 Interrogators for HF RFID Systems 


‘The Series Reader 6000 from Texas Instruments is an example of an RFID 
interrogator that operatesiin the HF range. The structure of the system is simi- 
Jar to the 2000 Series Reader described in the previous section. The Midrange 
Reader Module in this system provides the communication between tran- 
sponder and interrogator. Output power levels can be adjusted between 100 
mW and 1000 mW by means of a potentiometer placed on the radiofrequency 
module of the interrogator. The communication from the interrogator to the 
transponder is by ASK modulation, normally at 20%. The communication 
from the transponder to the interrogator is done by FSK modulation. 

‘The TRF7960/1 also from Texas Instruments comprises multistandard 
fully integrated circuits containing the analog front end and the data- 
framing system. Their internal receiver enables them to modulate ASK 
and PSK, and it also includes automatic gain control and selectable band- 
width. In addition, the receiver includes a framing system allowing one 
to perform CRC checks, parity checks, or both. The output data are then 
sent to a microcontroller. The output of the transmitter only needs to be 
connected to the same impedance-matching circuit used for reception. 
Figure 5.28 shows the basic structure of the RFID system using this inte- 
grated circuit. 

‘The receiver has two inputs that must be connected to an external filter 
‘The external filter also converts the PSK modulation from the transponder 
into an amplitude-modulated signal. The two receiver inputs are multi- 
plexed to two receiver channels: a main receiver and an auxiliary receiver. 
‘The main receiver contains a radiofrequency detection stage, a gain, a fil- 
ter with automatic gain control, a digitizing stage, and an indicator for the 
strength of the received signal. The auxiliary receiver has a similar structure, 
although it is mainly used to measure the strength of the received signal. 
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Structure ofan interrogator using the TRE7960/1 circuits 


‘This is done by measuring the voltage of the demodulated signal and latch- 
ing at its peak value 

The digital part of the receiver contains the bit decoders for the vari- 
ous protocols that supports the framing logic. The bit decoders convert 
the decoded signal into a bit stream. It has been specifically designed for 
maximum error tolerance, thus allowing the correct decoding of signals 
that have been partially corrupted due to noise or interference. The fram- 
ing section packages the received bits into bytes, removing the control 
bytes sent by the transponder. This results in raw data that are sent to the 
microcontroller. 

‘The transmitter contains the radiofrequency oscillator at 13.56 MHz, the 
processing circuits, and the radiofrequency power stage. The power levels 
available are 20 dBm (100 mW) or 23 dBm (200 mW) when the circuit is pow- 
ered with 5V. When it is powered with 3 V, the available power levels are 15 
dBm (3 mW) or 18 dBm (70 mW). The digital portion of the transmitter is 
very similar to that of the receiver as these circuits frame the command sig- 
nals originated by the microcontroller. 


5.5.3 Single-Chip Interrogators 


In contrast to the complex systems described earlier, some interrogators have 
minimal components, normally an integrated circuit containing the trans- 
mitter and receiver and circuitry to communicate with a microcontroller or 

“The core ofthe Series 6000 Reader from Texas Instruments is the RER6C- 
(001 Integrated Circuit manufactured by the same company. This chip, whose 
block diagram is depicted in Figure 5.29, is a transceiver that provides the 
transmit and receive functions necessary for communication with transceiv- 
ers operating at that frequency range. 
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‘Simplified structure of the RER6C integrated circuit, 


This transceiver integrated circuit communicates with its remote control- 
Jer, normally a microprocessor, by a simple three-wire serial link. The com- 
munication between the transceiver and the transponders is generated by 
the microprocessor that sends the commands directly to the transceiver. The 
transceiver, in turn, applies the necessary carrier modulation and generates 
the radiofrequency signal. 

‘The U2270B integrated circuit manufactured by Atmel® is another example 
of a single chip that serves as an interrogator. As shown in Figure 5:30, the 
U2270B incorporates an on-board power supply, an oscillator, tuning cir- 
cuits, and other signal-processing circuits to produce an output that can be 
read by a microcontroller, 

This specific chip has been designed to operate in the low-frequency 
range. It can be configured to work with different ranges of voltages for 
power supplies (from 5 V to 16 V). The low-pass filter in the receiver is a 
fourth-order Butterworth designed to remove the remaining energy of the 
carrier signal and other high frequencies after the demodulation process. 
The cutoff frequency can be selected by the user depending on the type of 
communication between the chip and the transponder that is being used 
‘The possible choices are a Manchester code or biphase modulation typically 
at 5 kbaud 
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Simplified structure of the U2270B integrated circuit, 
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FIGURE 5.31 
Simplified structure of the U32S0M integrated circuit 
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One of the main applications of this chip is as an electronic immobilizer 
for the automotive industry in order to reduce auto theft. The interrogator 
and the associated microcontroller are located inside the vehicle, while the 
transponder with its unique identifier code is carried by the lawful owner 
or user in the vehicle. Unless the interrogator receives a valid code from a 
transponder, the microcontroller keeps the electronic ignition of the vehicle 
disabled. An additional benefit of this approach is that because the power to 
the transponder is supplied by the interrogator through the electromagnetic 
field it generates, the user of the vehicle does not need to worry about carry- 
ing fresh batteries like in traditional wireless fobs. 

Atmel” also manufactures another chip, the U3280M shown in Figure 5.31, 
which, although marketed as a transponder interface for microcontrollers, 
functions as an interrogator. The chip can supply the energy required to 
power an external microcontroller and can also accept an external battery. 
‘The distribution of power is controlled by a power management circuit that 
either operates in automatic mode or is controlled by the microcontroller. 
‘The communication of this device with its microcontroller is carried out fol- 
lowing a serial format. Modulation is carried out by changing the magnetic 
field generated by the antenna by varying its load. For example, a high logic 
level results in an increase of current through the antenna while the voltage 
becomes damped. The low logic level is generated by a decrease of current 
through the antenna that results in an increase in its voltage. 
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Interrogators communicate with the host computers in order to transmit 
commands to the transponders and collect their information. This chapter 
explores some of the protocols used for linking interrogators with the host 
computers using as examples the different protocols employed by some 
interrogators manufactured by Texas Instruments. These examples show 
the basic communication processes between interrogators and their host 
computers as a stepping-stone to understand the control of interrogators 
from other manufacturers. The chapter starts by describing the TIRIS Bus 
Protocol, developed by Texas Instruments. It continues by studying how the 
ASCII protocol is used in some commercial interrogators. The next section 
explains the protocol used in some LF interrogators manufactured by Texas 
Instruments. The chapter ends by describing the communication protocols 
used in interrogators operating in the HE range. 


6.1 TIRIS Bus Protocol: Texas Instruments 


The TIRIS Bus Protocol is a proprietary protocol developed by Texas 
Instruments for communications between its interrogators or between 
interrogators and a host. This is a half-duplex byte-count protocol. It allows 
efficient communication between a single master and multiple slaves. The 
protocol allows communication with a single slave unit on a RS232 line and 
up to 31 slaves on a RS422 or RS485 line or using parallel links. 

All the data transfers using the TIRIS protocol are initiated by the host; 
the slave units only send data upon request from the host unit, therefore 
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eliminating the possibility of data collision on the bus. Furthermore, the 
protocol uses positive acknowledgment with the slave units indicating the 
reception of a message from the master. All the messages have the same for- 
‘mat independently of the direction they travel. Table 6.1 shows the structure 
of an N-byte message using this protocol, 

‘Command-message-codes describe the action that the master requires 
from the slave. Its most significant bit (MSB; Bit 7) is the queued-response flag, 
while the following seven bits contain the command code. When the queued~ 
response flag is set to 1, it indicates to the destination unit that it should 
acknowledge and execute the command but its response should be queued 
until requested by the master. This is normally used with commands that 
have a delayed response in order to avoid suspension of the line activity. 
‘When the flag is set to zero, the response is immediate following the execu- 
tion of the command. 


TABLE 6.1 
‘TIRIS Bus Protocol Format 

Byte Content 

a San Marke 

1 Destination Address? 
2 Source Address" 

3 Message Code! 

4 Data length 

5 Data field (1) 

6 Data field 2) 

Ned Data field (N) 

Nes MSB for CRC-fetd (1) 
N+6 


Naz 


"The start mark signifies the beginning of a message and is repre 
sented by $01. This corresponds to the ASCII character Start-of- 
Heading 

The second byte, destination addres, indicates the address of the 
luni to which the message is directed. The binary value of this 
byte corresponds tothe ID ofthe destination address. The ID for 
the different units ranges from $00 to SFE, although the maxi- 
‘mum number of units in a specific application is limited by the 
physical limitations ofthe link. Broadcast messages are indicated 
by using a destination address of SFE 

«The source address isthe third byte in the message format. It indi 
cates the ID of the unit sending the message. 

© The fourth byteis the message cove byte. This byte is used to define 
the content of the message. When the message is from the master 
to the slave this byte isa command-message-code. When the mes: 
sageis from slave to master, this byte isa sponse-message-cade 
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‘The response-message-code describes the acknowledgment that the slave 
unit has received the command. The four MSBs in the code are flags, while 
the four remaining least significant bits (LSBs) are the response code. The 
different flags are as follows: 


‘The MSB (Bit 7) is the error-flag. When it is set to 1, it indicates that the 
slave has detected an error in the transmission or in the contents of 
the command. The error code is indicated in the last four bits. 

Bit 6 is the busy-flag. When it is set to 1, it indicates that the slave is tem- 
porarily unable to accept commands. 

Bit 5 is the data-aonilable-flag. When it is set to 1, it indicates to the 
master that there is at least one message in the output queue in 
the slave. In order to read this message, the master must send the 
appropriate command, 

Bit 4 is the broadcast-received-flag. When it is set to 1, it indicates that a 
broadcast message, issued previously, has been received correctly. 
‘The response to the broadcast command is placed in the queue. The 
master can read the response by issuing the appropriate commands 
at which point the flag is reset to 0. 

Bits 5-8 in the Response-Message-Code byte indicate the type of 
response. Their meaning varies depending on the state of the Error- 
Flag bit as shown in Table 6.2 


Bit 5 in the TIRIS protocol is the data length byte. This byte shows the num- 
ber of bytes that follow as data field. If the command or response does not 
require any data, this value will be zero, 

The following N bytes in the TIRIS protocol make up the data field, with N 
being the value specified in the previous byte (Data Length byte). The con- 
tent of this field depends on the message being sent. 

The two bytes after the Data-Field bytes are CRCyfeld bytes. These bytes 
contain the Cyclic Redundancy Check values to ensure the integrity of the 
message. The TIRIS Bus protocol supports two methods of generating the 
CRC field. The first method is the Reverse CRC-CCITT algorithm that was 
described in Section 3.32. The second method supported by this protocol 
is called Longitudinal Redundancy Check (LRC). This is based on XORing 
each character with the previous value and storing the result in the LSB byte 
fin the CRC-Field. The MSB byte of the CRC-Field is generated by storing the 
1's complement of the LSB byte. Using this method, if the MSB and LSB are 
ANDed together, the result should be zero. Consequently, any value differ- 
ent from zero indicates an error in the received message. This method is not 
as secure as the Reverse CRC method but itis faster. 

The final byte is the end mark byte that indicates the end of the message. 
‘This is represented by $04 that corresponds to the ASC Il character end of 
transmission, 
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TABLE 6.2 
Response Codes 
ErronFlag=0 ErrorFlag=1 
Bit Process Response Error Response 
0 Command — Anon-queued Transmission Slave received a message 
‘Complete command received and Etror with its ID but found 
‘executed correctly ‘error on data 
1 Accepted A queued response (Command Message received 
‘command received Invalid ‘correctly but command 
‘correctly. Response will ‘code is not valid for 
bbe placed on the queue this slave 
2 Queue Nomessage in the Error Data field Data field length wrong. 
Empty queue length, ‘Command not executed 
3 Nothing to No information to Error-Parometer Invalid parameter. 
Resend resend available ‘Command not executed 


Note: The following N bytes make up the data fel, with N being the value specified inthe previ- 
‘ous byte (data length byte). The content ofthis field depends on the message boing sent. 


Using a two-wire, half-duplex circuit is not possible to execute flow con- 
trol. Therefore, all the units in the bus must be able to receive and buffer the 
maximum length of the message at the operating speed for the line. When a 
unit is unable to handle correctly the incoming data, it cannot send an error 
message until the original message has ended. At that point, it can transmit 
the appropriate error message. 

‘The data flow for the commands that do not require queuing from the 
slaves is always controlled by the master. The first steps for the master unit 
are to enable the transmitter, send the command message, and disable the 
transmitter. The slave unit, which is always monitoring the line, receives the 
incoming message and checks for the correct destination address. Ifthe des- 
tination address is incorrect, it ignores the message and returns to monitor- 
ing the line. Because in this case the slave does not give any response to the 
master, the master will resend the command. 

If the destination address is correct, the slave unit checks for errors in 
the message. If it detects errors, it sends an error response to the master, 
disables its transmitter, and returns to monitoring the line. Upon reception 
of the error response, the master unit processes the error code and resends 
the original command. If no errors are detected, the slave unit processes the 
command, sends the appropriate response message, disables the transmitter, 
and returns to monitoring the line. Upon reception of the response message, 
the master processes it and proceeds to transmitting the next command. 

Broadcast messages transmitted by the master are not acknowledged in 
the normal way. After the master has sent the broadcast command, the slave 
checks for errors in the received message. If it detects errors, it ignores the 
message, sets the error flag, and returns to monitoring the line. If it does not 
detect errors, itsets the broadcast-received flag, processes the command, and 
places the response in its queue. The master accesses the special status bit in 
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the response-code field in the slave's response to evaluate the correct recep- 
tion of the previous message. 


Example 6. 


Describe the operations taken by a master unit that wants to initiate an operation 
‘on all slaves simultaneously. 

Solution: 

‘The master unit sends a command with a destination 1D of $FF. The master unit 
then waits the expected operation time and proceeds to poll each individual 
slave. The master is looking for the broadcast-received-lag that verifies the cor- 
rect reception of the command. The absence ofthis flag in a slave unit triggers the 
master to broadcast the command again. 


Queued messages use a slightly different format from the format used 
by broadcast or immediate commands. The Nth data field byte contains a 
sequence number, given by the master, that is used to have a reference when, 
the queued messages are requested from the slave units. The slave unit indi- 
cates that a command requiring a queued response has been received and 
is being processed by sending a response message to the master with the 
accepted flag set. This response is not transmitted directly by the slave unit, 
but itis placed on its queue for the master unit to access it when ready. 

When interrogators are asked to queue a response, these responses are 
placed in a 30-position circular buffer. The buffer has two pointers: store- 
next-message and read-next-message. Because of the circular structure of the 
buffer, it is not necessary to delete responses as they are overwritten when 
the pointer is incremented. 


6.2 ASCII Protocol for TIRIS Interrogators: Texas Instruments 


‘Some of the interrogators from Texas Instruments accept commands using a 
simple ASCII protocol. This ASCII protocol can only be used with a RS232 
or RS422 communications line. Once the interrogator reinitializes, the first 
character to be transmitted is $02 (Start of Text, or STX), followed by $0D 
(Carriage Return) and $0A (Line Feed) through the serial interface. Any char- 
acters that may have been transmitted before the STX character are treated as 
random characters generated by the start-up process and therefore discarded. 

Using this protocol, the interrogator can operate on four different modes: 
‘execute, normal, line, and gate. In execute mode, the interrogator triggers 
a single command, while in the other modes the read function is continu- 
ously triggered. The interrogators are also able to distinguish between three 
types of transponders: read-only, read/write, and multipage. The serial 
‘communications protocol from the interrogator to the host computer is 
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introduced as a single character that describes the type of interrogator that 
originated the message: R (read-only), W (read/write), or M (multipage). 

After receiving data from a transponder, the interrogator performs a data 
check. The result of this data check is one of the following: identification 
received correctly, identification invalid, or no identification detected. After receiv- 
ing a correct identification, the interrogator proceeds to send the information 
through the bus. This is done by placing the identification string in a buffer 
that is accessed, read, and cleared by the host computer. The TIRIS protocol 
can distinguish between two groups of transponder identification: animal 
code numbers and industrial (nonanimal) code numbers. 


6.3 Series 2000 Micro-Reader System: Texas Instruments 


‘The Series 2000 RFID interrogators operate in the LF range. Table 6.3 describes 
the structure of an N-byte message sent from the host computer to the inter- 
rogator in these systems. 

‘The following set of bytes are the data field bytes, These bytes only exist if 
required by the command field. 


TABLE 6.3 
Series 2000 Host-to-Interrogator Message Format 

Byte Content 

7 Sant Maris 

1 Message length? 

2 (Command Field (1) 

3 (Command Field (2}~not always present 
4 Data field (1) 

5 Data field 2) 

Nea Data field (N) 

Net Bee 


Note: [the second command field isnotused, the length of the mes. 
sageisN + bytes Inaddition, messages are limited toa total 
of 41 bytes 
The frst byte isthe start mark that indicates the start of a message, 
Te second byte is the message length byte that indicates the length, 
inbytes, ofthe command and data fields that follow. 
Te third and fourth bytes (when the second command field byte 
exists) are the commana il bytes. These bytes define the made of 
‘operation forthe interrogator and determine the operation thatthe 
interrogator must carry out on the transponder. Depending on the 
type of command, the information in the data fields may or may 
rnotbe transmitted t the transponder. The meaning ofthe different 
bits fr the command feld (1) is described in Table 64 
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TABLE 6.4 
‘Command Field (I) Bit Description 
it Description Value ‘Operation 
Tand 1 Operation Mode 0 __Porform single command 
01 Read in continuous Normal Mode 
10 Read in continuous Line Mode 
11 Send interrogator software version 
2 FBCC Calculation Dort errogator calculates FECC 
3 Power burst | ort furation determined in data field 
4 Power burst pause ort juration determined in data field 
5 Power burst I Dorl 1 =duration determined in data field 
6 Data orl I= determined in data field 
7 Command Expansion Field or 1 ‘ommand Field 2) is used 
TABLE 6.5, 
‘Command Field @) Bit Description 
ie Description Value ‘Operation 
7 Spec wate ming Tort 1 = Must be determined in data Bel 
1 Wireless synchronization or 11 = Wireless synchronization being used. 
2 Database consistency Dorl —1= Interrogator calculates DECC. 
check (DBCC) calculation 
3t07 _ Reserved orl Reserved, 


The following set of bytes are the data field bytes. These bytes only exist if 
required by the command field. 

The last byte in the message is the block check character (BCC) byte. This is a 
one-byte value that results from XORing each one of the bytes in the preced- 
ing message with the exception of the start mark byte. 

‘As shown in Table 64, the existence of command field 2) is set by bit 7 of 
‘command field (1). Table 6.5 shows the meaning of the bits in command field 
@ when itis present in the message. 


Example 6.2: 


Calculate the BCC for a message containing the following hex bytes: 04 23 38. 


Solution: 
BCC is calculated by XORing the bytes of the message. Start by frst XORing 04 
and 23) 

04 0000 0100 

23 0010 0011 

XOR 0010 0111 


‘The resulting value (0010 0111) is now XORed with 38: 
Previous XOR 0010 0111 
38 011 1000 
XOR ooo! 1111 

Therefore, the resulting BCC is $1F 
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‘The following three examples illustrate the structure of messages between 
the host computer and the interrogator for a variety of different commands 


and applications 


Example 6.3: 


‘The following isthe structure of a message transmitted from the host computer to 
the interrogator in commanding the interrogator to read a read-only transponder: 


Byte Code Content Description 
7s Sar Nari Tan Nae 

1 $02 Length Two bytes follow (excludes BCC) 

2 $08 Command Field (1) Perform single command ~ Power bust 

3 $82 DataField (1) Powerburst for 50 ms to energize transponder 
4s Bee BCC over previous bytes excluding Start Mark 
Example 6.4: 


‘The following isthe structure of an 


message transmitted from the host computer to 


the interrogator in commanding the interrogator to write the following data in a 


read/write transponder. 


000A FE 32 6H 
MsB LsB 

Byte Code Content Description 

7 Sor Stan Mark Sart Mark 

1 SH Length 17 bytes follow (excludes BCC) 

2 SEB Command Field (1) _ Perform single command, no FBCC 
caleulations, send power burst to energize 
transponder for reading and writing, Data 
‘command on following field 

3 $05 Command Field (2) _Use wireless synchronization 

4 S32 Data Field (1) Power burst to energize transponder for 
reading (50 ms) 

5 SOF Data Field (2) Power burst to energize transponder for 
writing (15 ms) 

6 $0C__ ata Field (3) 12 data bytes follow 

7 §BB__ Data Field (4) Write Keyword 

8 SEB Data Field (5) Write Password 

9 SOL Data Field (6) LSB of data to write 

10 $00_Data Field (7) Data to write 

1 $00 Data Field (8) Data to write 

12 $66 Data Field (8) Data to write 

13 $32. DataField (10) Data towrite 

14 SFE DataField (11) Data towrite 
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Byte Code Content Description 
15 50A Data Field (12) Datato wate 

16 $0) Data Field (13) MSBof data to write 

17 $00. Data Field (14) Write frame 

18 $03 Data Field (15) Writ frame 

sc _Bec CC over previous bytes excluding Start Mark 
Example 6.5: 


‘The following is the structure of a message transmitted from the host computer 
to the interrogator in commanding the interrogator to read page 2 of a multipage 


transponder. 


Byte Code ‘Content Description 

030 — Siar Nark San Mark 

1 $4 Length. Four bytes follow (excludes BCC) 

2 $48. Command Field (1) _ Perform single command — Power burst with 
data 

3 $82 Data Field (1) Power burst fr 50 ms to energize transponder 

4 $01 Data Field @) (One data fold follows 

5 $08 Data Field @) Write address specifying general read of page? 

6 7 Bee BCC over previous bytes excluding Start Mark 


‘The structure of the messages sent from the interrogator to the host com- 


puter is described in Table 6.6. 


The bytes following BCC are the data field bytes. 


TABLE 6.6 
Series 2000 Interrogator-to-Host Message Format 
ive Content 

7 Sar Man 

1 Message length 

2 Status 

2 Data field (1) LSB byte 

4 Data field 2) 

Naz Data field (N) MSB byte 
Nas Be 


The fst byte is the Sart mark that indicates the start oF a 


message 


The second byte is the message Jongh byte that indicates the 


length in bytes, ofthe command and data fields that fall 


© ‘The third byte is the sttus byte, This provides feedback 
about the preceding mad or programming operation 


according to Table 67. 
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TABLE 6.7 
Description of Bits inthe Status Byte 
Bit Value Operation 
Tan Read Only transponder 
01 Read/Write transponder 
10 Multipage transponder 
11 Other transponder 
2 Gort 1 =Startbyte was successfully detected 
3 Oort DBCC was successfully performed 
4 Oort DBCC was successfully performed 
5 Oort 1 =Software version for interrogator follows 
7 Reserved 
TABLE 6.8 
Description of Data Field Bytes 


‘Number of Bytes 


Type of Response __ in Data Field Description 
Read Only 5 Tentifcation data, LSB first 

Read/Write 8 Identification data, LSB fist 

Maltipage 9 [Identification data, LSB frst and Read Address 
Other 4 Complete transponder protocol without pre-bits 

“assuming a successful start byte was detected 

No Read o [No data fields, no start byte. Status is S03 
Software version 1 Software version. For example $12 means 


software version 12 


The last byte in the message is the BCC byte. This is a one-byte value that 


results from XORing each one of the bytes 


‘exception of the start mark byte. 


in the preceding m 


age with the 


The length and meaning of the data field bytes are shown in Table 6.8. 


Example 6.6: 


‘The following is the structure of a message transmitted from the interrogator to the 


host computer after a successful read 


read-only transponder. 


Byte Code Content Description 
a Sor Siar Mark Sant Mark 

1 $09 Length Nine bytes follow (excludes BCC) 

2 SOC Status Valid RO, Start byte detected, DBCC is correct 
3 $6 Data Field (1) |dentifcation data (LSB) 

4 $58 Data Field (2) dentification data 
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Byte Code Content Description 
5 HC Data Field @) Identification data 

6 $00 Data Field (4) Identification data 

7 $00 Data Field (5) Identification data 

8 $00 Data Field (6) Identification data 

° $00 Data Field (7) Identification data 

10 $00 Data Field (8) Identification data (MSB) 


n $78 BCC over previous bytes excluding Start Mark 


Example 6.7: 


‘The following is the structure of a message transmitted from the interrogator to the 
host computer after an unsuccessful read attempt. 


Byte Code Content Description 
a Bo San Mark Siw hork 
1 $01 Length _Onebyte follows (exces BCC) 
2 $03 Status Other no Startbyte detected, DBCC isnot coreet 
3 sm Bec BCC over previous bytes exluding Start Mark 
Example 6. 


The following is the structure of a message transmitted from the interroga- 
tor to the host computer after successfully programming page 2 of a multipage 


transponder, 

Byte Code Content Description 

a S01 Start Mark Start Mark 

1 SOA Length Ten bytes follow (excludes BCC) 

2 SIE Status ‘Valid Multipaage, Start byte detected, DBCC is 

3 $47 DataField (1) Identification data (LSB) 

4 C6 Data Field (2) Identification data 

5 $2D Data Field @) Identification data 

6 500 DataField (4) Identification data 

7 500 DataField (5) Identification data 

8 500 DataField (6) Identification data 

° 500 DataField (7) Identification data 

10 $00.-—_Data Field (8) Identification data (MSB) 

0 509 _DataField (9) Read address specifying successful programming, 
‘of page? 

2 sec BCC over previous bytes excluding Start Mark 
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6.4 High-Frequency Interrogators: Texas Instruments 


6.4.1 TIRIS Protocol for Series 6000 Reader System Interrogators 


‘The Series 6000 Reader System interrogators are RFID interrogators operat- 
ing in the HF band, manufactured by Texas Instruments. These interrogators 
use a RS232 line to communicate with the host computer. The data packet 
from the host to the interrogator is known as the request, while the data from 
the interrogator to the host are known as the response. All communication 
sequences are initiated by the host that is the primary station. Using this 
protocol, the host waits for the response before continuing, thus assuring 
that the host does not have to handle large sequences of open requests. This 
isa binary, byte-count-oriented protocol in which the data length is passed 
asa parameter in the message. 

‘Table 69 shows the structure of the messages used by these interrogators 
for the request message (host to interrogator) 

‘The contents of byte 5 (command flags) are used to control the actions of 
the interrogator. The meanings of the different bits in this byte are shown in 
Table 6.10. 

The BCC, used to ensure the integrity of the message, is a 16-bit code cal- 
culated on all the bytes of the packet including the start mark. The BCC con- 
tains two parts: its least significant byte is a longitudinal redundancy check 
(LCR) calculated by performing a cumulative XOR operation on all the bytes 
of the packet. The most significant byte in the BCC is the one’s complement 
of the LCR. 

‘The structure of the message sent from the interrogator to the host 
(response) is shown in Table 6.11. Most of these bytes are similar to the bytes 
in the request message 

‘The data field in response messages is limited to a maximum of 23 bytes. The 
contents ofbyte 5 (command flags) are used to report on the actions of the inter- 
rogator. The meanings of the different bits in this byte are shown in Table 6.12. 

The different error codes that the interrogator transmits to the host 
computer when bit 4 of the command flag byte is set to 1 are described in 
Table 6:13. 

The contents of byte 5 (command flags) are used to control the actions of 
the interrogator. The meanings of the different bits in this byte are the same 
as for the request message shown in Table 6.10. 


Reader System Interrogators 


‘This protocol defines the communications between the Tag-it™ Series 6000 
Reader System Interrogators and the host computer. It handles the commu- 
nication between the host and the interrogator, and carries out the requests 
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TABLE 6.9 
Series 6000 Host-to-Interrogator Message Format 

Byte Content 

0 StartofFrame 


1 Message length? - LSB 
2 Message length - MSB. 
3 Node address*- LSB 
4 Node address -MSB 


5 ‘Command flags! 
6 (Command 
7 Data! 
5 Data 
Data 
Nes Data 
Nw Bec: 
Nes Bec 


"The frst byte isthe start mark that indicates the start of a 
message. This byte is equal to $01 

' The second and third bytes ae the message length bytes that 
indicate the length ofthe whole packet, including the start 
mat, 

«© Bytes 3 and 4 constitute the noe aldes. Is value is $0000, 

© Byte isthe command fagsbyte.Itcontros the actions taken 
by the interrogator. The value ofthis byte is dependent on 
the command being transmitted, 

Byte Gis the command byte. It specifies the actions that must 
be taken by the interrogator. The value of this byte is depen: 
dent on the command being transmitted. 

The following N bytes are the date bytes. These contain the 
parameters and the data for the command, 

© The last two bytes are the BCC bytes used to ensure the 
Integrity of the preceding message. BCC is performed on 
the previous bytes, inchuding the start mark. 


TABLE 6.10 
Bit Functionality in Command Flag Byte (Request) 


aie Description 
0 Reserved for fatare use 

1 Reserved for future use 

2 Reserved for future use 

3 Reserved for future use 

4 1=Command ta be performed only on transponders with 
an address that matches the data section of the message 
Reserved for future use 

Reserved for future use 

Reserved for future use 
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TABLE 6.11 
Series 6000 Interrogator-to-Host Message Format 
Byte Content 
a Sart of Frame 
Message length - LSB 
“Message length - MSB 
Node address - LSB 
Node address - MSB 


Command 
Data 
Data 
Data 

Ns Data 

Nw Bec 

Nes Bec 


1 
3 
4 
5 (Command flags 
6 
7 
5 


TABLE 6.12 


Bit Functionality in Command Flag Byte (Response) 


uit Description 
a Reserved for future use 
1 Reserved for future use 
2 Reserved for future use 
3 Reserved for future use 
4 Error flag. 1 = command was unsuccessful. Data section 
‘of response packet contains the code of the error 
5 Reserved for future use 
6 Reserved for future use 


Reserved for future use 


TABLE 6.13 
Error Codes 

Code Description 

or Transponder not found 

S02 Command not supported 

$03 Packet BCC invalid 

sot Packet lags invalid for command 

05 General write failure 

$06 ‘Write failure because of locked blocks 
S07 Transponder does not support command 
SOF Undefined error 
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Temperature flow 


This aspect takes a bit more understanding, but with practice you’ll soon understand 
how temperature flows within a workpiece being soldered and how you have to harness it 
properly. After ensuring all parts are clean and the soldering iron is ready to go, the next 
step to successful soldering requires that the temperature of all the parts is raised to 
roughly the same level, before solder can be applied. 


Imagine the most basic task of soldering a simple resistor onto a printed circuit 
board: the copper p.c.b. and the resistor lead should both be heated fogether so that the 
solder will flow readily over the joint. Later I’ll show the precise stages step by step. 


A beginner will often mistakenly just heat one part of the joint (e.g. a resistor’s wire 
protruding through a printed circuit board) and hope that the resultant “blob” of solder will 
be enough to tack everything together. That’s completely wrong, because the remaining 
metal in the joint is cold when molten solder is flooded on to it. The joint will be weak, 
incomplete or unreliable. Flux will not have flowed properly either, so the joint could be 
contaminated internally. 


Another beginner's mistake is to use a soldering iron to carry blobs of molten solder 
over to the joint, as if to daub solder over it. The secret of success is to control the iron 
accurately and apply the hot tip onto the workpiece so that it’s in contact with all the 
parts. Within a fraction of a second, heat will conduct from the iron and raise the 
temperature of the entire joint, after which solder can be melted over it. Remove the iron 
and let the joint cool naturally. It takes some practice with your chosen soldering iron tip 
to obtain the best heating action, making sure the tip is clean and tinned properly to begin 
with. 
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for commands as well as their responses. Additionally, the protocol man- 
ages some aspects of the functionality of the reader and enhances the func- 
tionality of basic transponders by requesting the execution of compounded 
commands. This protocol is intended for point-to-point, half-duplex commu- 
nications in which the host is the primary station. In some situations, how- 
ever, the host may receive responses without sending a request first. This is 
a binary, byte-countoriented protocol in which the data length is passed as 
a parameter in the message. Similar to the TIRIS protocol, the message from 
the host to the interrogator is called a request, while the message from the 
interrogator to the host is called a response. 

‘The communication between host and interrogator is performed using a 
frame structure. The frame structure is essentially the same for requests and 
responses with the exception of the flag as they have different meanings. 
Requests use control flags, while responses use status flags. In this protocol, 
the length of the message data is limited to 4091 bytes. Table 6.14 describes 
the structure of the request and response frames. 

In pass-through-service mode, the interrogator passes the information that 
it has received from the host to the transponder immediately without doing 
any other action. When the interrogator receives a response from the tran- 
sponder, it also passes it directly to the host without further action. If the 
interrogator does not receive a response from the transponder in a specified 
period of time, it sends a message to the host with the error flag set and the 


TABLE 6.14 
Structure of Request and Response Frames 
Description 

Byte Request Fi Response Frame 

7 Tart Code Beart Code 

2 Data Length Data Length 

3 Data Length Data Length 

4 Service Cadet Service Code 

5 Control Flag Status Flag 

6 Message Data Message Data 
Message Data Message Data 

Na Message Data Message Data 

Nes Bee Bec 

Nw Bee Bee 


[The first byte contains the star! cade This is the start frame 
delimiter using the value SDS, 

The next block isthe two data lengte bytes that specify the 
‘number of data bytes that follow that block. The minimum 
length is 4 bytes (the service code, control flag, and two BCC 
bytes), while the maximum length is limited to 4095 bytes. 

«The serie eae indicates the type of command that is being 
sent, as shown in Table 6.15. 
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TABLE 6.15 
Service Codes 

Code Description 
Sor Pas thro 

$02 Single Se 

08 ‘Compound Service 


sos Ancillary Service 


appropriate error code. Using pass-through service, the host directly con- 
trols the transponder. 

In single-service mode, after receiving a request from the host, the inter- 
rogator analyzes and verifies it before formatting and sending a single com- 
mand to the transponder. Also, when the interrogator receives a response 
from the transponder, it analyzes it, verifies it, formats it, and sends a unique 
response to the host. 

‘The compound-service mode is used by the host to instruct the interrogator 
to perform specific actions on transponders using the transponder protocol 
The difference between these actions and the actions from a single-service 
request is that in compound service, the interrogator performs complex 
operations involving multiple commands before returning a response to the 
host computer. After receiving a compound-service request, the interrogator 
also analyzes and verifies it before sending the appropriate commands to the 
transponder. The interrogator also analyzes and verifies all the responses 
received from the transponder before sending a single response to the host. 
‘This response, however, may consist of more than one frame depending on 
its size. Compound service increases the performance of the system because, 
for example, it takes less time to send a single command to read four blocks 
of memory and transmit the information to the host, rather than issuing four 
different reading commands while transmitting the intermediate informa- 
tion to the host after each one has been performed. 

Ancillary-service mode is used to instruct the interrogator to perform certain 
actions that do not involve communication with the transponder. Examples 
of such actions are interrogator reset, read interrogator version, and perform 
interrogator diagnostics. They are also used to upload new software versions 
in the interrogator or to set up new communication parameters. 

‘Table 6.16 lists the available service codes with the exception of the pass- 
through-service codes as they are defined by the transponder protocol. The 
different transponder protocols are described in Chapter 7. The different 
commands are described in further detail in the next sections of this chapter. 
‘Table 6.16 can also be used to understand the type of commands available for 
each service code. 

For control flags, four of the bits in byte 5 are used to specify instructions 
to the interrogator or they carry information about the message, as shown in 
Table 6:17. 
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TABLE 6.16 


‘Commands Available for Different Service Codes 


Service Code 


Command Command Cade Single Compound Ancillary 
Tag Version 35 BIE 

Read Block siz siz 

Read Multiblack 02 soz $08 

Read Block SID SFE 303 

Read Multiblack SID srD 303 

Write Block 0s S02 

Write and Lock Block S07 S02 

Write Multiblock $06 soz 03 

Lack Block 508 soz 

Lock Multiblock 09 soz 03 

Repeat Last Request sor S08 
Send Last Request soz sot 
Stop Continuous sot sot 
Start Synch. 05 sot 
Reader Reset $10 sot 
Reader Version sn sot 
Reader Diagnostic siz sot 
Read Reader Sotup 313 sot 
Start Flash Loader $16 sot 
Factory Lock Block sD soz 

Write SID Code SHE sez 

Factory Programming Off SF soz 


‘The next byte, byte 5, is the control flags byte. This byte has a different 
meaning depending on the direction of the message. For Request Frames 
(host-to-interrogator), byte Sis called the control flag byte. For response frames 
(interrogator-to-host), byte 5 is called the status flag byte. 

For status flags, four of the bits in byte 5 are used to provide information 
about the result of the request, as shown in Table 6.18 

Bit 0 (exception flag) indicates whether the request was successfully routed 
to the interrogator. When bit 0 is reset to 0, it indicates that no exception 
occurred and the request was completed satisfactorily. When bit 0 is set to 
|, it indicates that an exception occurred. In this case, the error code that 
describes the exception can be found in the first byte of the message. These 
errors are shown in Table 6.19. 

Bit 1 (more flag) informs the interrogator whether more data follow (bit 1 = 1) 
Bit 2 (emulation flag) informs the interrogator whether the transponder 
completed the request using a compound command to emulate a complex 
command (bit 2 = 1), Bit 3 (auto-repeat flag) informs the interrogator where 
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TABLE 6.17 
Bits for Control Flags 

Code Description 
Tas Reserved 

¥ More Flag 

2 Emulation Flag 
x ‘Auto Repeat Flag 
” BCC Flag. 

5107 Reserved 


© When bit 1 (more lag) is set to 1, itindicates tothe interrogator that 
it should expect more frames until the host sends a frame in which 
bit 1is reset to 0. When bit is reset to 0, iindlicates to the interroga- 
tor that there ae no more data associated with the request either ina 
single message or at the end of a series of messages. 
Bit 2 (emulation flag) indicates the interrogator if itis allowed to 
emulate a complex request by sending multiple single requests. This 
results in substituting a complex command with a compound com- 
‘mand, When bit 2s set to I, this means tha ifthe command cannot 
be performed using the current transponder version, the interroga- 
tor will attempt to use a compound command, When bit 2s reset to 
0, the substitution isnot allowed. 
< Bit 3 (auto-repeat flag) specifies whether or not the interrogator 
should automatically repeat the execution ofthe request, When Bit 3 
fs set to 1, auto-repeat ison. In this ase, the interrogator will execute 
the request, send the response it has received from the transponder 
back to the interrogator, wait for a specified amount of time, and 
send the request again, This process is repeated until it receives 
Another instruction with bit 3 reset to 0 
4 Bits the BCC flag, It specifies the type of block code check used to 
ensure the integrity of the message. When bit 4is rest to 0, the mes- 
sage uses CRC-CCIT, while when bit 4is set to 1, the message uses 
ERC. Although LRC is simpler to implement and requites less pro- 
cessing time than CRC, it does not offer as much protection as CRC. 


TABLE 6.18 
Bits for Status Flags 

Code Description 
Cr) Exception Flag 

1 More Flag 

2 Emulation Flag 

3 Auto Repeat Flag 

4 BCC Flag, 

5t07 Reserved 
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TABLE 6.19 
Error Messages Associated to Exception Flag 
Code Description 
S00 Reserved 
sol Request data corrupted and not executed 
soz Application not supported 
03 Data format error and request aborted 
soe Continuous mode not available for this request 
$05 Reserved 
$06 Reserved 
S07 Reserved 
08 Reserved 
509 Reserved 
SOA Reserved 
0B Reserved 
soc Reserved 
SoD Reserved 
SOE Reserved 
SOF Undefined error and request aborted 
TABLE 6.20 
Structure of $i 
Length 
Sbytee 
byte Command 
byte Format 
byte Synch 
4088 bytes Message Data 
2bytes Frame 


the transponder performed the request once (bit3 = 0) or continuously (bit 
3 = 1). Bit 4 (BCC flag) specifies the method used to generate the BCC byte: 
CRC (bit 4 = 0) or LRC (bit 4 = 0). 

The next byte or set of bytes are the message data bytes that carry the actual 
message. The actual format of the message depends on the type of com- 
mand that was specified in the service code byte. In pass-through-service 
messages, the interrogator is transparent to the request from the host to the 
transponder. The communication from the host to the transponder uses the 
transponder protocol. Because this is a bit-oriented protocol, it may be neces- 
sary to add the necessary bits to the message to ensure that the whole frame 
falls within a byte-oriented protocol. These are called pad bits. The structure 
for single-service messages is shown in Table 6.20. 


(© 2011 by Taylor and Francis Group, LLC 


174 REID Design Fundamentals and Applications 


TABLE 6.21 
Format Byte for a Request Message 
ie Name Description 
TUS) Reserved 
1 Code Extension 0) =No extension code 
1 = Code extension used 
2 Addressing Not addressed 
‘Addressed. Adulress contained in first 4 bytes of data field 
3 Format Fixed format 
Variable format 
4 Transmitter furn transmitter off after executing command 
contral 1 = Leave transmitter on 
5 Reserved 
6 Reserved 


7(MSB) Reserved 


TABLE 6.22 
Format Byte for a Response Message 
it Name Description 
TS) Error Noeror 


Error occurred. Status code is first byte of data field after 
any address information 


1 Code Novextension code 
Extension ‘ode extension used 
2 Addressing 0-=Notaddressed 
\lcresied, Adress contained in first 4 bytes of data fleld 
3 Format ined format 
friable format 
4 Reserved 
5 Reserved 
6 Reserved 
7(MSB) Reserved 


‘The structure for single-service messages is shown in Table 6.20. 

‘The format byte contains information about the format and status of the 
message. The contents are different depending on whether the message is a 
request or a response. Table 6.21 shows the description of the format byte for 
a request message, while Table 6.22 shows the description of the format byte 
for a response message. 

Table 623<hows thomeaning oftheaynchroniaation codesfox both raquéet 
and response messages. 

The structure for compound messages is shown in Table 6.24 

Tables 6.25 and 6.26 show the structure of the format byte for request mes- 
sages and response messages, respectively. 
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TABLE 6.23 
Synch Byte for a Request or for a Response Message 
ait Name Description 
T2__ Syrchronization type josynchronization 
faster Slave synchronization (Master) 
aster Slave synchronization (Slave) 
ascaded synchronization 
3 Action on “No Transponder” 0 = All responses sent to host 
1 ="No transponder” responses not sent to host 
4 Altemate Operation during. I valid data responses sent to host 
continuous mode 11 = Identical responses sent to host only once 
5 Reserved 
6 Reserved 
Reserved 
TABLE 6.24 
Structure of Compound Messages 
Length Description 
Sbytes Frame 
byte Command 
byte Format 
byte Synch 
54088 bytes Message Data 
2bytes Frame 


TABLE 6.25 
Format Byte for a Request Compound Message 
ait Name Description 
TSB) Reserved 
1 Reserved 
1 = Addressed. Address contained in frst 4 bytes 
of data field 
3 Format 0 = Fixed format 
Variable format 
4 Transmitter 0= Turn transmitter off after executing command 
control 1= Leave transmitter on 
5 Reserved 
6 Reserved 
7(MSB) Reserved 
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TABLE 6.26 
Format Byte for a Response Compound Message 
uit ‘Name Description 
T1S5) Bor T= Ne error 


1 = Error occurred. Status cade is first byte 
of data field after any address information 


1 Reserved 
a Addressing ()=Not addressed 
1=Addressed, Address contained in fist 
“bytes of data field 
3 Format (= Fixed format 
1= Vatiable format 
Reserved 
Reserved 
Reserved 
B) Reserved 
TABLE 6.27 
Structure of Ancillary Messages 
Length Description 
Shytee Frame 
byte Command 
54090 bytes Message Data 
2bytes Frame 


Note: Because this type of command does not involve com 
‘munication with the transponder, it does not require 
the format or syne bytes present in the other types of 
messages. The last two bytes contain the BCC code of 
tither CRC of LRC. This is performed aver all the pre- 
‘ding data with the exception of the startoF-frame 
byte. 


The description of the synchronization bit is the same as for single mes- 
sages that was shown in Table 6.23. The structure of ancillary messages is 
shown in Table 6.27, 

‘The method of flow control demands for each request to receive a response. 
‘The flags in the response message indicate the presence of an error or other 
exceptions. Aftera certain time without receiving a response, the request can 
time out. The control is done by the host thatacts as the primary station. Data 
lengths are variable for each message, although the maximum data length in 
a single message is 4091 bytes. 
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This chapter describes the communication methods used to transfer infor- 
mation from the interrogator to the transponder and from the transponder 
to the interrogator. The communication from interrogator to transponder 
is usually known as the forward communications link. This consists mostly 
of commands sent from the host computer to the transponder via the 
interrogator. It also contains the data to be written for those transponders 
whose memories can be rewritten. The communication from transponder 
to interrogator is known as the return link or the backscattered communi- 
cation. This consists mostly of the transmission of the data stored in the 
transponder’s memory. 

While there are several standards that specify the critical elements of the 
communications protocol, the implementation of these standards especially 
varies not only among different manufacturers but also among different 
products from the same manufacturers. Therefore, this chapter does not pre- 
tend to be a comprehensive collection of all the air communication methods 
employed by RFID systems. Instead, this chapter explores the most common 
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approaches to the communication between these elements of the RFID sys- 
tem using specific systems as general examples. This should give the read- 
ers the basic information while preparing them to search for more specific 
details if they so require. 

This chapter starts by describing the different air communication proto- 
cols followed by the study of the elements that make up the forward and 
the return communications link. It continues by talking about the different 
modes of operation available to transponders. The last section in this chapter 
describes the different arbitration methods and the anticollision procedures 
that allow effective communication when there is more than a single tran- 
sponder in the radiofrequency field. 


7.1 Communication Protocols 


7.1.1 Communication Protocols for Systems 
Operating in the LF and HF Ranges 


‘The T5557 is a transponder with a 30-bit memory manufactured by Atmel" 
that operates in the low-frequency range and is similar to other transpon- 
ders from different families of manufacturers. The communication between 
transponder and interrogators starts with the chip in the transponder being 
initialized after it has reached its threshold voltage. Afterward, the chip 
will be ready or will experience an additional delay of 67 ms depending on 
the status of one of its configuration bits. In read mode, the data from the 
memory are transmitted serially by modulating the load across the antenna 
terminals, starting with bit 1 from block 1. This process continues until 
the last bit from the specified number of blocks has been transmitted. The 
number of blocks to be read is defined by one of the bits in the transmitted 
command. 

‘The transmission from the transponder to the interrogator uses amplitude- 
shift keying (ASK) modulation by switching a load connected to the antenna 
terminals on and off. Figure 7:1 shows the waveform across the load for dif- 
ferent types of coding, 

‘The transponder has the ability to insert a special pattern in order to syn- 
chronize the interrogator before transmitting the first block. This pattern 
consists of four bit periods in which the modulation is turned off and on, as 
shown in Figure 72. 

Inorder to write data to the transponders, the interrogator uses on-off key- 
ing, It interrupts on and off the electromagnetic field generated as shown in 
Figure 73. The time between the gaps is used to encode the data to be trans- 
mitted: 24 periods of the RF field for a 0 and 54 periods of the RF field for a 1 
‘The process finishes after the transponder has detected that there is no gap 
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Set a typical temperature of 330-350 °C (626-662 °F) or more, if you have a 
soldering station. 


The melting point of traditional tin-lead solders is about 190°C (374°F) but lead-free 
tin-based solders require higher temperatures, having melting points of typically 201-227 
°C. As Antex reminds us, the melting point is nor the temperature of the soldering iron 
tip: instead you should set a temperature that ensures the solder melts instantly onto the 
tip. Fixed-temperature soldering irons have no adjustability but they'll cope just fine with 
either type of solder, A soldering station usually has a variable control that gives more 
control in different circumstances. In practice the iron tip temperature should be set for 
typically 330-350 °C (626-662 °F) or maybe a little more if using lead-free solder. 
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for more than 64 periods. The initial gap triggers the communication from 
the interrogator to the transponder. This initial gap can be accepted at any 
time after the system has been initialized. 

After the initial gap, the transponder expects to receive a valid command 
sequence. A standard write command needs the operation code, the lock 
bit, the 32 bits that make up the data, and the 3-bit address. Writing to a 
protected transponder requires the additional 32-bit password that is placed 
between the operation code and the data address bits. The password bits are 
‘compared bit by bit with the contents of the password stored in memory. If 
the bits do not match, the transponder returns to read mode, The complete 
writing process is shown in Figure 74. 

After all the information has been correctly received, the transponder can 
be programmed, There is, however, a delay of one clock period between the 
‘end of the writing sequence and the start of the programming. The typi- 
cal programming time is 5.6 ms, including the reading for data verification. 
Figure 75 displays the voltage measured across the antenna after program- 
ming a memory block. 

For the Tag-it™ family of transponders manufactured by Texas Instruments, 
the communication between interrogator and transponder is done by ampli- 
tude modulation of the carrier. This allows the interrogator to generate 
‘enough energy to power the chips on board the transponders while sirmul- 
taneously sending data. The encoding for the logic symbols 1 and 0 is done 


y Read Write Read 
| | | 
Poe ETE EE ptock | Black | 
r EE Block [Block | programming | 
Sur opcode ot 
= 
FIGURE 74 
Writing sequence. 
Programming and Data. Read Programmed 
wee | Verification i MemoryBlock POR! Read 
FIGURE 7.5 


Voltage across antenna terminals after programming a block 
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by pulse width modulation: 1 is encoded as a power burst lasting 150 ps, 
while 0 is encoded by power bursts lasting 100 ns. Data are framed between 
a start-of frame (SOF) signal and end-of-frame (EOF) signal. SOF consists of 
50 ps burst followed by a standard duration pulse, terminating with a 150 
ns pulse. The EOF signal consists of a 50 ps burst followed by a standard 
duration pulse, terminating with a 100 ps pulse 

‘The communication between the transponder and the interrogator uses the 
modulation of the antenna as it tunes and detunes the signal to generate the 
backscattered information. The signals being transmitted are encoded using 
a Manchester code, taking advantage of the clock frequency being embed- 
ded in the transmitted signal. With the load modulation, a Manchester high 
level is represented by a frequency of 423.75 kHz, while a Manchester low 
level is represented by a frequency of 484.29 kHz 


7.1.2 Communication Protocols for Systems Operating in the UHF Range 


‘Transponders operating in the UHF range manufactured by Atmel” are 
based on the interrogator talks first (ITF) approach to establish communica- 
tion with the interrogator. The communication always starts with a forward 
message, that is, a message from the interrogator to the transponder. After 
receiving this initial message, the transponder responds by backscattering a 
message to the interrogator. This is known as the return link. This backscatter 
communication is done using a binary phase-shift keying (2PSK) modula- 
tion based on changing the imaginary part of the input impedance in the 
transponder as a function of the message between sent. 

‘The communication is based on a system of frames, as shown in Figure 76. 
‘The first frame is the header frame that is used to adjust the timing. The 
second frame is the data frame that is used to transport the data. The length 
of this frame depends on the command sent and the addressing mechanism 
being used. The last frame is the end-of-transmission (EOT) frame that marks 
the end of the transmission. Once the transmission has finished, the interro- 
gator enters into listening mode after having received another header frame. 

While the interrogator is transmitting data, the transponder remains in 
listening mode. During the transmission of the interrogator header frame, 
it is possible for the transponder to operate in full duplex. It transmits data 
back to the interrogator in a loop until the EOF frame is sent. 
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‘The communication between transponder and interrogator must be reli- 
able even in the noisy environments in which these systems normally oper- 
ate. To improve the reliability of the communication link, the interrogator 
transmits periodic clock ticks to the transponders, ensuring reliability 
because it helps to block other radiofrequency sources. In addition, the 
link between transponder and interrogator operates synchronously, and 
because the interrogator controls the speed and modulation ticks, the result- 
ing transmission has a higher signal-to-noise ratio than an asynchronous 
communication. 

The general structure of the frames is different between the forward or 
return link as well as the type of commands that it carries. All the frames 
start with a header frame. The data frame in the forward link depends on 
the type of command carried, as shown in Figure 77, which shows frames 
for different types of commands. Data frames contain the command and its 
cyclic redundancy check (CRC), data-setting parameters, address informa- 
tion, and data for programming. For example, short commands consist of 
6 bits and its 2-bit CRC, while long commands consist at least of the com- 
mand fame, the CRC, and the parameter field. In the transmission of a long 
command, these frames are followed by a CRC frame of 16 bits. The trans- 
mission ends with an end-of transmission frame that is made of two EOF 
symbols. 

Figure 78 shows the general structure for the return link frames. The 
‘communication link starts with a header frame that is used to obtain ref- 
erence symbols, adjust modulation, and set the timing for the EOF char- 
acters. This is followed by a data frame, a CRC frame 16 bits long, and an 
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cend-of-transmission frame. The data frame can have a length of 8 or 16 bits 
depending on the type of data carried. The silent frame shown in Figure 78 
is only used during programming. During the silent frame period, the inter- 
rogator only transmits a continuous wave. The length of this period depends 
on the strength of the electromagnetic field. 

The general structure of the communications flow for these transponders 
is shown in Figure 79. The transponder is continuously waiting for a notch 
indicating the presence of the external field. After it has been received, it will 
check for a valid header frame that indicates the beginning of a transmis- 
sion. After the header frame has been received correctly, the transponder 
performs several additional verifications while transmitting the different 
parts of the message, including checking for the anticollision requests. The 
process ends after receiving the EOF data 
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7.2 The Communications Link 


7.2.1 Elements of the Communications Link 


Because the transponder is powered by the electromagnetic field generated by 
the interrogator, it must measure the strength of this field continuously. If the 
strength of the field decreases in such a way that causes the voltage after the 
rectifier to be lower than a certain threshold, the circuits in the transponder 
activate an internal reset. For voltages higher than this threshold, the oscillator 
and the rest of the circuits in the transponder circuit are enabled. Figure 710 
shows the time events between the different signals involved after the tran- 
sponder is turned on for some transponders manufactured by Atmel” 

‘The duration of the power on reset (POR) period depends on how fast the 
signal ramps up. This in turn depends on the strength of the electromag- 
netic field. After the POR has executed, there is an additional waiting period 
called the band gap that is needed for stabilization of the rest of the internal 
Circuits before the signal to enable the oscillator switches its state. Finally, 
there isa delay of 64 clock cycles (approximately 160 ns) before the oscillator 
in the transponder achieves operational status. 
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FIGURE 710 
‘Chronogram of signals during power up. 
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When the electromagnetic field decreases, the voltage after the internal recti- 
fier also decreases. Once it reaches a certain threshold level, the oscillator stops. 
This results in lowering the current required by the circuit that in turn results in 
the voltage supply decreasing with a lower slope as shown in Figure 7.11. Finally, 
if the voltage decreases below another threshold, the circuit executes a reset 
The difference between the two voltage levels allows for taking into account 
variations in the strength of the field without having to execute a reset. 

‘The communication between transponder and interrogator normally hap- 
pens in a noisy environment. Therefore, the designers of the system must 
ensure bit error rates as low as possible. This is achieved by using a com- 
bination of several techniques including generating notches in the system 
clock, making the return link synchronous to notch signals generated by the 
interrogator, using different coding techniques, and using CRC to protect 
the integrity of the data. CRCs for commands are 2 bits long, while CRCs for 
data are 16 bits long. Figure 712 shows the concept of notch timing, which 
results from generating notches at periodic intervals in the signal generated. 
For a typical value of signal level between 450 mV and 600 mY, T, lasts 4 ps 
and Tyg lasts 2 ps. 

Other techniques include using pulse interval encoding to define the symbols 
Zand 0, whose timing and timing differences are controlled by the interroga- 
tor as an additional element to increase the robustness of the link. The fact 
that the return link is synchronous to the interrogator allows it to close the 
communication as soon as it detects a transmission error, 

‘The communication from the interrogator to the transponder is known 
as the forward link, while the communication from the transponder back to 
the interrogator is known as the return link. The forward link carries the dif- 
ferent type of commands to the transponder, while the return link carries 
the data from the transponder to the interrogator. These data will only be 
available for those commands that require the return of data. Because the 
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FIGURE 712 
Notch timing chranogram. 


handover mechanism from the forward to the return link happens synchro- 
nously, there is no need to wait for a cycle between them. Once the forward 
Jink sends its last frame that consists of an end-of-transmission message, the 
transponder is ready to transmit its return link header. 

Texas Instruments RFID systems operating at low frequency use a fre- 
quency of 134.2 kHz to encode a low bit and a frequency of 123.2 kHz to 
encode a high bit. Because each bit uses 16 radiofrequency cycles to trans- 
mit, the duration of a low bit is different from the duration of a high bit. 
‘The low bit needs 1199 us to transmit, while a high bit needs 129.2 ps. 
‘The interrogator sends information to the transponder to transfer com- 
mands, addresses, or data. The writing process is always initiated by turn- 
ing the radiofrequency transmitter on for a period of time of up to 50 ms. 
Afterward, the interrogator starts sending the bits that make up the com- 
mand and associated data. Write bits last 2 ms. The differentiation between 
high and low bits is based on the duty cycle for each one of these bits. As 
shown in Figure 7.13, a high bit has a duty cycle approximately equal to 
50%, while the low bit has a duty cycle approximately equal to 20%. The 
program phase consists of a continuous radiofrequency field for the dura- 
tion of this period. 


7.2.2 Forward Link 


‘The forward header in most Atmel” transponders has four symbols, asshown 
in Figure 714. This header is accepted by the transponder if the length of the 
symbols check and EOF is larger than the length of the symbol 0. 

Figure 715 shows that the information being transmitted is encoded in 
the timing between pulses. After the frame has been accepted and the 
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interrogator transmits data, the transponder measures the time between two 
pulses or notch signals. This is used by the transponder to decide whether 
the received symbol is a 0 or a 1 by comparing its length with the length of 
the symbols 0° and EOF’, as shown in Figure 715, 

This figure shows that a symbol will be interpreted as a 0 if its timing 

is shorter than the time that was sent in the Header for the symbol 0°. A 

symbol will be interpreted as a 1 if the time used by that symbol is longer 
than for the symbol 0” but shorter than the time used in the header for the 
symbol EOF’. Finally, EOF will be interpreted for a symbol that lasts longer 
than the EOF symbol. This approach increases the reliability of the link 
as the transponder does not have to measure absolute but relative time 
intervals. 

‘The communication from the interrogator to the transponder for the 
Series 2000 Texas Instruments RFID systems is based on transmitting bursts 
of energy of specific duration at specific intervals. For example, the com- 
mands used to read read-only or read/write transponders consist of an ini- 
tial power burst lasting 50 ms followed by a period of 20 ms in which the 
radiofrequency field is turned off. In fact, all these transponders use the 50 
ms power burst as the initial identifier for an upcoming command in addi- 
tion to providing the energy to power the transponder. The following are 
some examples of formats for the different commands supported by these 
transponders. Figure 7.16 shows the protocol to transmit the command used 
to program a rewritable transponder. 

‘The command starts with the 50 ms power burst followed by the specific 
command keyword and the password if necessary. These are followed by 
the 80 data bits used by this family of transponders and the 16 bits that 
make up the write frame. The last information being sent is the PBI, after 
which the transponder will read the new data stored in its memory to be 
verified by the interrogator. Figures 717 and 7.18 show the communication 
protocols for the commands lock page (of multipage transponders) and selec- 
tive read page (of multipage transponders), respectively. 
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FIGURE 716 
rotacol used to transmit a command to program a rewritable transponder. 
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The next diagram shows what would happen if you applied a hot soldering iron to 
an imaginary metal block. In step (1) heat travels out of the iron into the cold metal block, 
which starts to warm up starting at the edges. Gradually (2), the whole metal block’s 
temperature rises until the middle of the block finally rises in temperature as well. In effect 
heat is now travelling back “towards” the iron tip, until finally (3) the whole block is at 
the same temperature as the iron. At this point solder could now be applied. 
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Protocol for the selective read page command, 


7.2.3 Return Link 


The return link in the majority of Atmel transponders uses synchronous 
communication and angular modulation (binary PSK) in order to increase 
the signal-to-noise ratio and reduce the bit error rates because the return 
signals have extremely low power values. The synchronicity occurs as the 
transponder transmits its signal between two notches from the signal gener- 
ated by the interrogator. 

‘The return link starts with the return link header that is used to provide 
the timing information for the signal similar to the forward link header. 
Figure 719 shows the structure of the return link header for different types 
of coding styles used for the communication. In any case, the return link 
header always contains four symbols. The function and structure of each one 
of these symbols are shown in Table 71 

The return link header waits for a notch in the radiofrequency field gener- 
ated by the interrogator before starting the generation of the reference tim- 
ing, The data in the return link can be encoded using any of these coding 
techniques: bit stream (raw data), notch-locked non-return-to-zero-inverted 
(NRZ encoding, soft-locked NRZI, FMO, and 3phasel. The EOT frame con- 
tains two EOF symbols, 
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FIGURE 719 

‘Structure ofthe return link header for different coding styles 

TABLE 7.1 

Function of the Symbols in the Return Link Header 

Symbol Function ‘Additional Comments 

i ‘Main fining and power Used by Interrogator to affect transmission 
management rate of return link 

a Timing Reference Used for anticolision control 

a Same timing as symbol 4 When using NIRZ, modulation is on 

” Timing reference for EOF detection 


Figure 720 shows the transmission protocol used by the transponder to 
send information back to the interrogator as its response to a Read Data 
command for Texas Instruments transponders using their TIRIS protocol. 
All parts of this message are transmitted, with the least significant bit (LSB) 
being the first bit transmitted. 
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Prebits Stare Data BCC Stop End 


FIGURE 7.20 
Transponder data sent back to the interrogator 


Ibits _ 8 bits 4 bits I6bits bits _ 16bits 
Prebits Start 1D Data Data Read FCC 
BCC addr 
FIGURE 7.21 


Return link for a multipage transponder. 


After transmitting the pre-bits and eight bits that specify the startsequence, 
the transponder sends the 80 bits stored in its memory. The 64 first bits are 
the data bits, while the following 16 bits are the block check code (BCC) used 
to ensure the integrity of the data. These are followed by the stop and end 
bits. In order to be ready for a new activation, the transponder finishes the 
process by discharging its internal capacitor at the end of the transmission. 
‘The same protocol is used for rewritable transponders. Figure 7.21 shows the 
return link when accessing a multipage transponder. 

In this case, following the BCC data, the transponder transmits the 
read address. This consists of a 2-bit status field that provides informa- 
tion about the function that that transponder has executed and a 6-bit 
page field that provides information about the page that was affected by 
the execution. The data format ends with reading the frame block check 
character (FBC) 


7.3 Transponder Operating Modes 
7.3.1 Transponders Operating in the LF and HF Bands 


After the transponders are initialized, they can enter into two differ- 
cent states, interrogator talks first (ITF) or public mode or electronic surveil- 
lance, depending on the status of their operating mode flags. In ITF mode, 
the data stream received through modulation from the interrogator 
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undergoes different verifications. If they all result in a valid status, the 
transponder is synchronized with the data stream. At that point, the tran- 
sponder is ready for communication. This communication always starts 
with a forward message, which is a message from the interrogator to the 
transponder. This communication method is used in multitransponder 
applications due to its anticollision capabilities. In this mode of operation, 
the transponder can be in any of the following states: power down, ready, 
selected, or quiet. 

When the transponder is not able to harvest enough energy from the sur- 
rounding electromagnetic field to energize its internal chip, it enters power 
down state. The transponder can also enter the ready state after having 
received a reset command. The transponder enters the selected mode after 
having received an explicit command with its own serial number from the 
interrogator. It is possible to set several transponders into the ready state 
by sending a specific command containing a matching partial identification 
number. It is necessary to set a transponder into the selected mode before 
being able to access it. The quit state is entered after a selected state after the 
interrogator selects another transponder or receives a specific command to 
enter this state. 

Public mode communications start with the SOF pattern, which is followed 
by continuously streaming the data from the user memory. As shown in 
Figure 7.22, the first bit being sent is bit 31 from data block 0. When the tran- 
sponder reaches its final data block, it starts transmitting data block 0 again. 
This process terminates when the electromagnetic field that energizes the 
transponder is turned off or when the transponder receives the appropriate 
command from the interrogator. 

Electronic surveillance mode is a particular operating mode in which the 
transponders are attached to specific retail articles. By programming all bits 
in block 0 of the user memory to 0, the transponder is set to an unpaid state 
After the article has been purchased, the cash register sets the bits of block 
0 to 1, thus entering the paid state. Additional security can be achieved by 
protecting the bits of block 0 with a write password. Ifa transponder in the 
unpaid state enters the electromagnetic field generated by the interrogator 
located at the doors of the store, it will modulate the field. Consequently, the 
presence of a transponder marked in the unpaid state will be detected by the 
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FIGURE 7.22 
Initial sequence forthe public mode. 
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FIGURE 7.25 

Signals from the transponder in electronic surveillance mode: a) article unpaid, and (b) article 
paid, 


interrogator, triggering the appropriate alarms, Conversely, a transponder 
marked as being in the paid state will not alter the electromagnetic field and 
will be transparent to the interrogator. Figure 7.23 shows the signals for these 
two cases, 

Figure 724 shows the relationships between the different states for the 
transponders depending on their operational mode. 


7.3.2 Transponders Operating in the UHF Bands 


‘The possible states for the transponders manufactured by Atmel” operating 
in the UHF band are RF Field OFE, RF Field ON, Start, Mute, Observe, Ready, 
Active, and Isolated. These states and the paths between them are shown in 
Figure 725 and discussed here. 


+ The initial state is the RF Field Off state. Here, the transponder is 
not able to operate because there is no external radiofrequency 
field for which it can draw power. The transponder is able to store 
some configuration information for about 8 seconds after the field 
has ceased. After this time, the contents of these registers become 
undefined. 

+ When the transponder enters a region with an existing radiofre- 
quency field whose magnitude allows the transponder to power 
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Power ON 
(Public mode or EAS) 


FIGURE 7.28 
Different transponder states 


FIGURE 7.25 
‘Operational states for UHF transponders. 
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its internal circuitry, this generates a power on reset. This is the RF 
Field On state. After the POR has occurred, the internal oscillator in 
the transponder is switched on. It is important to note that for this 
process to occur, the frequency of the external radiofrequency field 
must match the resonant frequency of the transponder’s antenna 
and associated circuitry. Once this process has finished, the tran- 
sponder moves into the Start state. 

+ In the Start state, the transponder refreshes the contents of the status 
registers and reads their configuration from its memory, enabling 
or disabling its trigger function. After this process, the transponder 
is able to detect the modulation ticks that signify information being 
sent from the interrogator. From this state, the transponder can move 
to the Mute state or to the Observe state 

* Inthe Mute state, the transponder cannot respond to operations such 
as programming, arbitration, or backscattering data. The transpon- 
der leaves the Mute state after some of its internal configuration reg- 
isters have been modified 

* The Observe state allows the transponder to become synchronous 
with the interrogator for performing operations such as program- 
ming. To become synchronous the transponder checks that the 
forward header received from the interrogator is valid, that the com- 
mand received is within the list of known commands, and that its 
CRC is also valid. If all these checks are passed successfully, the 
transponder moves to the Ready state. 

* During the Ready state, the transponder receives the parameters 
associated with the type of commands sent by the interrogator. If 
any of the parameters are false, the transponder enters the Mute 
state. Otherwise, the transponder enters the Active state. 

* In the Active state, the transponder is able to execute the command 
sent by the interrogator after receiving and checking the rest of the 
forward frame. If there are any errors in the information sent after 
the header frame, the transponder moves into an Isolated state or 
‘Mute state depending on the type of errors received. If the informa- 
tion sent in the forward frame is correct, the transponder executes 
the command. Once the transponder has finished the execution it 
moves back into the Ready state. Figure 726 shows with more detail 
the processes that occur during the Active state. 


* The first step in this process is to verify the length of the received 
stream. If this is correct, the transponder checks for the validity of 
the position of the end-of-transmission frame. Depending on the 
result of this check, the transponder knows if the anticollision pro- 
cedure has been activated in order to select that specific transpon- 
deer. If this is the case, the transponder will enter the appropriate 
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FIGURE 7.26 
Processes during the ative state of transponders 


anticollision and arbitration procedures. The transponder can also 
enter into receiving wakeup commands or other types of commands 
sent by the interrogator. 


+ In the Lsolated state, the transponder is isolated and waits for either a 
POR or reset command to leave this state. 


7.4 Arbitration for Transponders 


7.4.1 Principles of Arbitr 


jn 


When there is more than one transponder immersed in the electromagnetic 
field generated by an interrogator, it is necessary to develop and establish a 
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procedure to select a single transponder or a specific group of transponders 
for carrying out specific functions. Alternatively, it can also be necessary 
to isolate a specific transponder or a group of transponders so they do not 
disturb communications. In some applications it may also be interesting to 
know whether there are transponders in the field or not. All these functions 
require the use of arbitration procedures. The two main types of arbitration 
procedures are deterministic arbitration procedures and time-slot based proce- 
dures, also known as aloha procedures. 

Deterministic procedures are based on a tree-zoalking function in which the 
interrogator acting as the control node uses the individual IDs of transpon- 
ders to select one or a group of them. The interrogator starts by polling all 
the transponders in the field. If there is more than one, their responses will 
collide and the interrogator will not receive the message. Therefore, in the 
next step, the interrogator polls only a specific subgroup of transponders 
based on their IDs. If the responses also collide, the interrogator reduces the 
population by polling only a specific subgroup from the previous subgroup. 
‘This process is repeated until the interrogator receives a response from a 
single transponder. 

Aloha procedures are controlled by slot commands. After the transpon- 
ders are turned on, they calculate random values for as long as they are pow- 
‘ered. Once the transponder has received a slot command, it creates a random 
number from its generator, which points to a slot number in the chip. After 
receiving a start command, the transponders transmit their information to 
the reader during the first slop. If the random number matches the first slot 
number, it calculates a new one during this slot. When the random num- 
ber matches the slot number controlled by the interrogator, that transponder 
becomes active. This allows the transponder to communicate with the inter- 
rogator. If the numbers do not match, the transponder enters a mute state and 
therefore doesnot respond to any commands. When the transponder receives 
anew slot command, it calculates if it is supposed to be active or mute. 


7.4.2 Principles of Anticollision 


‘The aim of anticollision procedures is to detect and identify the transpon- 
ders that are present within the range of the electromagnetic field gener- 
ated by the interrogator. While the implementation of specific anticollision 
procedures may vary between manufacturer and models, the principles of 
anticollision are common to all of them. For transponders manufactured by 
‘Atmel®, the communication with a single transponder or a group of tran- 
sponders is controlled by the interrogator. The arbitration is initiated by the 
interrogator issuing a command for the transponders to transmit their iden- 
tification numbers. The command can be tailored to the transponders that 
the interrogator expects to be in its area of influence. Ifthe interrogator does 
not know anything about the transponders that are expected to be, the com- 
mand is general and the detection encompasses all transponders. Otherwise, 
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the command can use parameters such as a partial transponder identifica- 
tion number that will cause only transponders with partially matching IDs 
to respond to the command. 

After the interrogator receives responses from the transponders, itscans their 
1D number from the most significant to the least significant bits. Each time slot 
corresponds to a specific bit position in the ID number. Because all transpon- 
ders respond simultaneously with their modulated signal, their responses will 
be superimposed on one another. Therefore, because of the modulation being 
used, a damped signal overwrites a nondamped signal. With this, a logical 1 
prevails over a logical 0. Consequently, the transponders with these ID num- 
bers are removed from the process. When the interrogator detects a logical 1, 
it responds by broadcasting a gap in the radiofrequency field. The detection of 
a logical 0 does not originate any response from the interrogator. The gap in 
the field that is created as a response to the logical (/is monitored by the tran- 
sponders in the field and deduces, by comparing their ID number to the gap 
that was just broadcasted, if that specific transponder should continue in the 
current anticollision loop or eliminate itself from it. The transponders that are 
eliminated are muted and return to the ready state, in which they will remain 
until the interrogator initiates a new anticollision loop. 

‘The transponders that have not been eliminated remain in the current loop 
as long as the final bit of the identification number has not been reached yet, 
and the process repeats itself. By the time the last bit has been interrogated, 
there will be a single transponder active as all the other transponders will 
have been eliminated through the previous steps. At this point, the interroga- 
tor is able to identify the associated ID for that specific transponder, and the 
transponder enters into the Selected state. Now, the transponder can estab- 
lish direct communication with the interrogator and can be read or written, 
The transponder remains in the Selected state until the interrogator starts a 
new anticollision loop. 

‘The MCRF450 family of transponders manufactured by Microchip 
Technology also supports anticollision. Their algorithm is based on time 
division multiplexing the transponder responses in which each transponder 
is only allowed to communicate with the interrogator during its time slot. 
This algorithm contains four control loops: Detection, Processing, Sleeping, 
and Reactivation. 

‘The control of these loops is done by five commands as well as the tran- 
sponder internal flag bits. The commands that control the anticollision loops 
are as follows: 


* Fast read request (FRR). With an internal flag set, the transponder will 
respond only to an FRR command. An FFR command consists of 
five timed gap pulses, as shown in Figure 7.27, in which the period of 
the gap contains specific information. There are a total of nine pos- 
sible pulse positions allowed in this protocol 
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* How metal in the joint actually “sinks” heat away from the tip to begin with. 
Then heat moves back towards the tip until the solder 8 melting point is finally reached. 


You'll notice this effect as a time delay when soldering any joint. The “working 
area” of the iron’s tip gets cooled to begin with, because the metal in the rest of the joint is 
sinking heat away from where it’s most wanted. Only after the whole joint has risen in 
temperature can solder be melted onto it. 
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FIGURE 7.27 
Structure ofa fast read request (FRR). 


+ Fast read bypass (FRB). This command is used in the reactivation loop. 
Upon reception of this command, the transponder responds with a 
block of data. The structure of this command is similar to the FRR 
command, with the difference being in the period of the gaps. 

+ Matching code I (MC1), This command is used with the transponder 
and does not require any further processing. The command con- 
sists of time calibration pulses and pulse position modulation (PPM) 
signals. Upon the reception of this command, a transponder in the 
detection loops enters the sleeping loop. 

+ Matching code 2 (MC2). When a transponder in the detection loop 
receives this command, it enters the processing loop. The structure 
of this command is similar to that of MC! 


+ End process (EP). This command causes a transponder in the process- 
ing loop to exit it and enter the sleeping loop. 


‘Transponders can enter the detection loop by waiting for an FFR command 
or by transmitting a fast read (FR) response without waiting for a command, 
‘The first operation mode is called interrogator talks first (ITF), while the second 
operation mode is called tag talks first (TTF). The read and write operations 
are carried out during the processing loop. Only transponders with a special 
flag set in this loop respond to write or read operations. The sleeping loop is 
used to keep all processed devices in a silent condition in which they do not 
respond to external commands. The reactivation loop is used as an interme- 
diate step by the interrogator to set transponders into different loops depend 
ing on the command that is transmitted to transponders in this loop. 


7.4.3 Deterministic Anticollision Procedures 


Deterministic anticollision procedures are based on the transponder backscat- 
tering the information to the interrogator only if the result ofa compare condition 
is true. The compare condition is set up by the interrogator while broadcasting 
a specific command. Deterministic anticollision procedures are also called tree- 
based procedures. The interrogator sends a series of queries, each one with a 
prefix that is part of the transponder’s ID code. Only those transponders with 
matching IDs respond to the interrogator’s query. If there is more than one tran- 
sponder with matching partial IDs, these transponders respond at the same time 
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Frequently Asked Questions 


1. How to you make your schematics? 
| hand draw my schematics using the Paint Program that ships with all Micrasoft Windows(tm) operating systems. 


| strive to make schematics as clear and as small in file size as possible. The Windows Clipboard is used extensively to copy and paste the 
desired components from previous schematics to new schematics — very few new components are ever drawn; rather they are recycled from 
schematic to schematic. My system allows me to paste color 2-D labels and small photographic bitmaps into schematics. 


‘The raw 24-bit bitmap drawings are compressed to 16-bit png files. Prior to May 17, 2010, bitmaps were compressed as 8-bit gif files. An 
example dratted circuit using the Windows 7 Paint program follows. 
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Atleast 25 people have sent or recommended software for making schematics. Thank you for this kind gesture, but | prefer my current method 
and after 15 years — make schematics quickly. 


2. How come you don’t supply parts lists? Other people do. 


‘The answer is simple; lack of time. It takes considerable time and effort to put up a new web page and also to maintain a large web site. | save 
time by leaving the parts list up to the builder. In addition, this site is about experimentation and using what parts you have on hand. 


3. Why didn’t you answer my email? 


| answer all legitimate emails as soon as possible. Our POPS server gets an average of 2016 spam emails per month (December 2013 data), 
however, our software removes 99.27% of these and | never see them. Occasionally, legitimate emails are fitered in error and | apologize. Ive 
received as many as 83 legitimate emails in a single day so can get behind. Please keep emailing — when readers stop emailing, Ill know the 
site has fallen totally obsolete [it may already be obsolete] and delete it 


(Our mail server software logs and analyzes the network information of all spammers and may automatically fit andior block their addresses or 
even their entire ISPs at the router level. Analysis indicates that 90% of our SPAM comes from just 3 countries and if you happen to live in one 
of these countries, the fitering will be especially sensitive, 


‘This sounds dagmatic and unfriendly, however, until you've set up a domain and must handle ++ spam emails, endure and then develop rauter 
control software and other strategies to handle DDoS attacks and so forth, your completely naive about the ‘dark side’ of running a homebrew 
web server. Massive amounts of bandwidth might be otherwise wasted by allowing unwanted server use unless we actively counter these 
activities to keep the site running well for legitimate hobbyists. Not to mention all the wasted time. Further: 


‘The 3 host web servers, the power, the server software, the security apps, the internet bandwidth etc.are owned or purchased by my family, and 
1s you know, nothing is free. Despite many offers by companies to place ads on my pages, I've kept the site advertisment free and running 
ops.net costs us a few thousand dollars each year. We ask you to please respect our site for the sake of the experimenters who visit. 


Pops.net server rack in our warehouse. 


‘While | appreciate that some people might want to email invite me onto their social networks, | do not have time to participate. All email traffic 
from or invalving social networks see this page for a lst is deleted automatically by our POPS server control software, 


| never buy or sell parts via email, nor exchange hyperlinks. Never. | do give free parts to those in nieed though. 


All email with the info domain is blocked. 


“The number of people selling kits has jumped up by ~4 dB¥ in the past 5 years. Increasingly, builders who need help with kits were emailing me 
for support. | rarely build kts and my knowledge regarding kit building is nearly 0. Please contact your kit seller for help. 


You may wish to enquire with the kit seller about their online support polices and prompiness prior to purchase. Additionally you might try the 
“support” email address provided and see if and how promptly they reply. Most of the popular kit sellers (ADE, Kits and Parts, etc.) provide 
excellent support to their customers. Like anything else online; buyer beware. 


‘4, How come you didn't link to my web site - linked to yours? 
‘Abig thanks to the folks who link to this web site! The QRP/SWL HomeBuilder site focus is content, not web links. Making a lot of links means 


spending time testing for and tracking dawn dead links - the so called "link rat’. Time spent on the web site is time away fram the electronics work 
bench. In addition, itis not logistically possible to reciprocate in kind, as hundreds of web sites and blogs have linked ths site 


5. [see the word “popcorn” used a lot on this site- what's this all about? 


Popcorn connotes the essential theme of the web site; simple, frugal, without fuss and over use of technical jargon, or complex math and 
engineering techniques. The QRP/SWL HomeBuilder web site is referred to as the popcom site by many. The site targets hobbyists. The 
emphasis is fun. The hope is that it will attract new people to electronic design, measurement and experimentation. Hopefully, this site stimulates, 
interest in QRP homebrew electronics. 


‘Soon after | began building electronic circuits, my teachers and the popular electronic-related media of the day pushed me towards etched, 
printed circuit boards. | complied and this kiled my passion for electronics. For me, habitually stuffing circuit boards lacks creativity and freedom. 


Later, | discovered people were building guitar and bass amps using point to point wiring techniques with terminal strips and partial circuit 
boards. | became interested in building and repairing guitar amps and this passion continues today. In 1992, the discovery of 2 QST articles, 
changed everything for me (complete reference provided): The Ualy Weekender: parts 1 and 2 by Roger Hayward, KA7EXM and Wes Hayward, 
W7ZO}; published in QST for August 1981 and June 1992. This was my first exposure to Ualy Construction and it was immediately adopted as 
the defacto standard bread boarding method in my electronics work shop. In faimess, etched circuit boards are a great tool, but not essential for 
the experimenter. 

‘After working with Ugly Construction over time, considerable progress was made in understanding RF circuits and one output was the launch of 
this web site in 1998, 


Currently, litle has changed, | continue to prefer scratch-homebrew rather than ki-homebrew electronics. My interest in Short Wave radio and 
analog electronics has grown considerably. For me, electronic circuits hold a certain mystique which arouses my curiosity to learn, enjoy and 
share. As a lay person, this web site has faciltated meeting some awesome people through email from all continents and it has been a privilege 
to learn from them, my mentors, book and web authors and often enough; from my mistakes. 


5. What do you mean by a 5K1 or 3K3 resistor value? 


For £24 or 5% tolerance resistors SK1 
watt unless otherwise specified 


4K, 3K3 


{3K and so on. For E96 or 1% resistors 31.6K is writen as 31.6K. All resistors are 1/4 


6. How do you measure audio amp output power? 


Please see Figure 4 on this web page. Any amp when cranked, outputs much greater power than when itis providing a clean sine wave. The 
quoted power for any audio power amp on this web site is the maximum average power itwill give before the pure sine wave becomes distorted, 


7. Inoticed anew web page appears and then it is edited for 1-2 weeks. When is the web page completed? 


‘When anew web page is added, ittakes a week or so to find and change some of the grammar and spelling errors. Sometimes new ideas or 
feedback will cause me to further edit a web page at any point in time. This whole web site is a work in progress. The last date any given web 
page was edited is posted on the bottom of the web page. 


8. Do you buy or sell stuff? 


No and no. | receive numerous emails from people asking me to sell them stuff. | do nat sell anything -no parts, books, coftee cups, ball caps, 
tee-shirts, ad space — nothing. | da not buy paris in commercial-quantity volumes and have no need to make contracts for obtaining any 
electronic components. Every week, Asian companies email to ask about buying their parts — please note, my answer is always the same: no 
thank you. 


9. Questions and concerns about printing and printability 


Each year, a few readers email fo complain how poorly the web pages print, This is true and | apologize. 
‘Some people prefer pdf files for easy printing. | have resisted going to paf format for 3 main reasons: 


1L The web site audience is international and many are using web translators. PDF files are 8-bit graphic image files and do not translate. 
2. More and more readers are using mobile computer devices and paf files are a pain for them. 
3. We should all print less often to save resources 


‘As an experimenter, | disike crammed, small-size schematics and feel they should be drawn for maximum clarity. Therefore, my schematics 
tend to have a lot of white space and color contrast. | ty to make them no wider than 700 pixels, although sometimes it's impossible to do this. 
BBig schematics are not printer friendly. The only practical solution is ta click on and open them in a separate browser window for easier sizing 
and printing, 


| also feature big photos which burn up a lot of printer paper. Project photos are important to me; they provide a more intimate glimpse into the 
bench work and promote the real purpose of the site — building stuf. 


‘A potential printing solution for Microsoft Explorer 8 users: 


10. I have noticed in your CMOS logic photographs, you don't always ground unused input gates. Isn't this bad? 


Proper CMOS logic practice mandates the grounding of all unused input gates. In prototypes and experiments, | don't always do this as 1 
generally want to re-use the IC in other experiments. This is a cost saving measure. When you build a lot of stuff, itcan get expensive and 
recycling parts makes sense. In keeper circuits or critical prototypes, unused input gates are directly soldered to the copper clad board. This also 
anchors the IC very well 


111. What is the proper URL of the home page? 
bhttp:llwerw.qrp.pops.net 
“The following pre-2006 URL was decommissioned August 6, 2010: http:/www.qrp.pops.netidefault him 


112. What are the QRPHB Design Centers and Professor Ivanenko character about? 


‘This web site is about design and not just providing circuits to copy; I'm hopeful that the QRPHB Design Center concept initiated in 2011 will 
invigorate the site. Design Centers are the presentation of simple, but useful algorithms for amateur builders to advance their skils on the bench, 


Professor Vasily Ivanenko (), a fcttious retired Russian physics professor wants to share his knowledge and give back to society. He signifies 
each Design Center. Professor Ivanenka was drawn for me by Rod Adams in 1996 using the Paint program that ships with Windows (the same 
app I make my schematics with). Rod did all of the other original bitmap art for this website including the coll guy and! junk box pictures. This, 
character was inspired by one of my favorite photographers: Irving Penn — this photograph, which is all aver the web. 


‘Anew character; Dr. Natasha Petravna appeared in late Summer 2012. 


‘The professors are just a good bit of fun — add intrigue, characters on wham to focus and a means of identifying Design Centers. Electronics 
with just math and physics bores us all. Adding splash, color, clear photographs and characters such as the coil guy or the Professors boosts the 
site's appeal and provides a creative outlet for me. 


13. Why did you kill your blog? 


Time mostly. My blog wasted yours and my time. | carefully analyzed my personal yield from blogs in 2012 to 2013 —for the most par, blogs 
just entertain + share trivia, oF rehash someone elses idea(s), or ‘innocently attract you in hope to sell stuff — and sometimes, just full the 
author's need for attention. | don't seek, nor have time for entertainment or spectacle within my RF hobby and | certainly dont wish to waste your 
time, Each to his own, | suppose. 


My analysis showed that unfortunately, blogs rarely boosted my understanding of electronic design or measurement practices. My ardent focus is 
to learn + improve and then pay some of this knowledge forward on a web site. Of course, everything in context — many exceptional people 
blog. For example, Dave ATE, or Jason, NT7S. 


Most of the RF design and measurement people | follow keep old fashion web sites and provide generous email support. Design and 
measurement web sites, plus reputable and/or peer-reviewed industry and hobbist books, journals and multimedia work best for me. 


Further, great elmers don’ just publicly hang-out on blogs, of web server groups, or publish Utube videos — some just check their emails and 
when asked — give wonderful support without fanfare, Hats off to these humble folks. Thank you! 


114, What oscilloscope should | buy? 


Yikes —a tough question | get nearly every month, Please do your research. My best answer is buy the best ‘scope yau can afford. Are you a 
casual experimenter, or sit in your lab a lot? I prefer DSO's , however, made due with a old boat- anchor CRT for my first 10 years. The Rigol 
11052/1152 seem popular entry-level choices due to their cost versus performance ratio. On the ather hand, view this video to see how much 

Rigol DSO technology has changed. 


owned and sold my 1052 to a builder in Michigan —a worthy choice like many other ‘scopes. IMHO, the FFT and math functions on the 1052 
and 1152 suffer due to low memory depth and clock jitter. 


Even if you only work at HF, a bandwidth 5X higher than your main frequencies of interest works better for showing harmonics. Again, | advise 
people to simply buy the best ‘scope they can afford since it wil form the heart of your test bench, 


15. 'm a beginner — what toroids should ! buy? 


Opinions will vary, but here's what | recommend. Buy any quantity you wish, but sometimes minimum quantities apply and shipping to some 
countries costs dearly, so tend to order enough parts to last me for awhile 


A basic HF toroid starter Kit might Took Tike: 
quantity Part# type 


10-25 FT37243 ferrite 
10-25 750-6 powdered iron 


Above that, perhaps add these toroids. 


10-25 768-6 powdered iron 
10-25 737-2 powdered iron 
10-25 150-2 dered iron 
40-25 FTSO-61 ferrite 


That's about it -- These will build most things RF on a HF beginner bench 


WOLWOMALIN 99 |. 


Oct 5, 2014 ~- The end of QRPHB? Expect the Qrp site to go down each day for 1-4 hours. As | wrote before, we're losing an average of 10% 
of the outgoing packets and this peaks as high as 40% when many people are accessing the site, See an example graph below. 


A Soldering a small p.c.b. joint 


With experience, you’ll get a feel for how long it takes before you can apply solder. 
‘The more metal that is present in the joint, the longer period that heat must be applied for. 
Asmall p.c.b. joint takes well under one second to complete. A large metal terminal could 
take quite a few seconds or more to heat up. As I explained earlier, higher power (wattage) 
irons cope better with larger workpieces because they recover more quickly and are more 
“unstoppable”, making it easier for them to heat larger workpieces without cooling down 
so much, 


If you apply solder too early, it won’t melt properly and the result will be a grey, 
crystalline joint caused by the solder’s melting point temperature not being reached and 
the flux not having flowed properly. Semiconductors must be soldered as rapidly as 
possible as they are heat-sensitive, but they’re a lot more robust than they used to be. 
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(On Oct 2, 1 of our ISP's techs came and tested our WAN "i's better than most” he said. Hopefully they can do something to boost the 
performance on their side. Wave bought out all the local competition and we're stuck with them (this is happening everywhere]. Click for 1 of the 
many links writing about the emerging intemet cable company monopoly. 


You'd think that in 2014 we could properly hast a web site ike we've done since 1998? To boot, Stuart is paying for a high bandwidth business 
account and getting less than 196 of the promised bandwidth. We chatted today and will wait patiently for Wave to improve our outflow - but only 
for so lang, 


If Wave can't or won't boost performance, | am leaning towards taking this web site down as opposed to moving it~ i's been a good run. QRPHB 
creates a lot of work and I could get way more done without the web site hassles. So, 2014 might be itfor me. If so, thanks for coming here all 
these years and best of luck with your experiments! 


~~ Sep. 19 ~- Wave Broadband, our Intemet provider suffered major problems recently and | shut the site down for 4 days rather than have it 
limp along pathetically. Well the Wave saga continues: the site loads slowly and pictures are missing etc, 


(Our email server remains working even wien the main site is down. You can always email me ifthe site is not working for you ~ or it you have 
comment or question. 


Vistor volume rose this Summer so we added a better router that provides bit by bit data performance collection and new features to help 
throughput. At minimum user bandwidth, a unique visitor hits the site every ~0.7 minutes. Ill start formal bench experiments on October 3 ~~ to 
kick off the sites’ 16th season. 


Activity by Hour of Day 


Vistors 


8 9 10 1 12 1314 15 16 17 18 13 20 21 2 2 
Hour 


August 31, 2014— Kit to upgrade my HP frequency counter to 3 GHz added as Section § on Caitlyn 310 — UME Beainnings, 


August 18, 2014— QRP-POS Data on the Sundry Webb Paue, Look at the end of Section 8: Popcom AF Amps For Receivers — Reprise. This 
new, all-discrete AF stage will go into the Funster Line receiver and ranks as 1 of my best in terms of power and headroom, 


August 12, 2014— Funster Line: a QRP 40M band CW trans-receiver added to HF Embarcadero web page as Menu item 4, Click here for 
Funster. Only the transmitter is presented for now. 


‘June 18, 2014 — | tweaked the page now called About...on the top level menu. Also, on this web page, | added a new essay for 2014 just 
lnder the essay for 2010. I'm off the bench until Fall, but hope to add a little content on rainy days or such. Im about 2 years behind in 


presenting some of my experiments, 


May 22 and 26, 2014 — New Supplemental Web Page for VHF-FM launched. This page and another supplement will house some new 
receivers over time. The new supplement is inked on the original VHF-FM web page in section number 4 


May §, 2014 — Section 7; NE612 Mixer Diddy added to VHF Veronica 
April 14, 2014 — Completion of Return Loss Bridge Experiments { added Bridge #4 J on Caitlyn 310. 
April 7, 2014 — Return loss and VCO experiments added to Caitlyn 310. 


March 7, 2014 — Section 3 added to VHF-EM. A DC Converter for VCOs. March 25 QRP-POSDATA for March 2014 Poor Hams Scalar 
Network Analyzer (PHSNA) added to Section 1 of Sundty. 


February 14, 2014 — Caitlyn 310 — New repository web page for my venture into UHF. Click. Surprisingly, the site averages ~ 3000 unique 
visitors every 24 hours. Click for the Feb 25 tally 


January 15, 2014 — The FAQ was atten missed and therefore moved to the top level menu + editted/augmented, 
January 4, 2014— A follow-on version of the K3NHI QEX power meter added to RE Workbench 5 as section 6. 


December 15, 2013 — | added Section 3 to HE Embarcadero. VXO and VCXO Notes. | significantly updated the VEO.2011 web page on Dec 
17, 2013. 


November 7, 2013 — Section 6 added to VHE — Véroniaue. 1 photo added to the end of the Ugly Construction page. Severe Fall weather 


conditions took dawn the server for ~1 hour today, 


November 1, 2013 — | added Section 2 to HE Embarcadero. A vestigal set of notes regarding my attempts to update the Popcorn Superhet 


October 31, 2013 — Section 5 added to VHF — Véronique. 


October 27, 2013 — 


Hi 


-M reformatted and Section 2 added. | imagine this page will disinterest many, 


October 18, 2013 — 3 rarely accessed web pages removed from drop down menu, but not deleted from the server. New QRP-Posdata added, 
to HE-Raabaa (near the end). Section 3 edited and Section 4 added to VHE— Véronique 


October 11, 2013 — Build Season 15 begins [I bench experiment Oct to May. | added HE Embarcadero to hold all my HF and pethaps AF 
experiments this season. I'l also add content to VHF FM, VHF — Véronique and RF Workbench 6 over the next 12 months, Thanks. 


‘September 9, 2013 — Blog deleted. 


August 8, 2013 — Section 2 of RE Workbench 6 added. Measuring PA collector V and | to calculate elficiency. On August 16 —| added a new 
essay on the Ualy Construction page called Is Ugly Construction Less Reproducible than Manhattan? 


June 25, 2013 — | started RE Workbench 6, It will take 1 year to complete 
April 14, 2013 — | added Section 3: 50. MMIC Bench Amplifer to the VHE 2013 Veronica web page. 
March 31, 2013 — | started anew content page called Pin Outs 


March 25, 2013 — Section 9: an essay about the 1981 Progressive Receiver, plus the final section — 10: Miscellaneous Pictures and Figures 
added to Sundry 2012-13 


March 18, 2013 — Section 8, Popcorn AF Amplifier for Receivers — Reprise added to Sundry 2012-13 
March 10, 2013 — | added a new VHF content page for 2013: VHF-201 - Veronica 

February 16, 2012 — | added Section 7 ~A Joumey Above HF ~ to the Sundry Experiments 2012-13 web page. 
February 14, 2012 — | added Section 6 ~ Non-Mechanical tambic Paddle to the Sundry 2012-13 web page 
February 1, 2013 — A seperate QRP—POSDATA added to RE Workhench 4. Now QRP— POSDATA 1, 2 and 3 
December 15, 2012 — | added Section 4 to Sundry Experiments 2012 - 2013 . A PLL circuit from EMRED. 


January 5, 2013 — | added Section 5 to Sundry Experiments 2012 -2013 . A simple AF feedback amp. An essay concerning L-C meters was 
also added on RF Workbench 5. Section 5. 


December 22, 2012 — | deleted the web page Tuning VFOs with a PN Junction since some of the experiments were poor quality and 
performed back in 1998 when I was more ignorant than now. I've leamed much since then and my new VCOs from the past 1-2 years reflect this 
knowledge. The Selected QRP Reading list and Cascode 7 Receiver web pages were also wiped. 

December 15, 2012 — | added Section 4 to Sundry Experiments 2012 -2013 . A PLL circuit from EMRFD. 

December 3, 2012 — | added Section 3 to Sundry Experiments 2012 - 2013 . Interview with Jason from Etherkit 


November 13, 2012 — QRP — Posdata added to the VHF to the Max web page. Section 8: Z-Comm VCO. 


November 1, 2012 — Sundry Experiments 2012 - 2013 web page added. 
QRP — PosData added to Section 2 of Power Meter Calibrators on RF Workbench 5 and updated again on Nov 22, 2012. 


October 16, 2012 — VHE FM web page added. Already, ithas spawned a first supplemental web page 


Sept 24, 2012 — QRP — Posdata added to the end of the HE Ragbaa web page. | added a bypass and decouple network for HF to lower VHF. 
‘August 17,2012 — QRP — Posdata #2 added to bottom of the Receiver Band.oass Filters web page, 


August 6, 2012 — Section 5: Some Experiments with RF Bypass Capacitors added to the HE Ragbaa web page. Also anew QRP — 
Posdata added to the bottom of the Crystal Parameter Checker web page. 


‘August 1, 2012 — QRP — Posdata added to the Recsiver Band-nass Eilers web page. 


July 12, 2012 — | added a corrected schematic on the Wee Willy page: Wayne. MOWAY — 14 MHz PA under August 25, 2011. Also, added a 
new essay on Microphonics in DC Receivers. See Section 4 on the HE Ragbaa Page 


‘June 23, 2012 — RF Workbench 5 added. Click here, 


May 31, 2012 — Galina discovered that | neglected to publish the proper version of the Hobby and Fun 2011 page and corrected my errar. A 
fine-tuneable Wien Bridge Oscillator idea fram Ken Kuhn now appears at the page bottom. 


April 21, 2012 — | heavily edited RF Workbench 1 and 2. 


April 13, 2012 — Web site purge. | removed RF Filters, VFO 1998, QRP Workshop Ideas, Miscellaneous Schematics and Photos, Base-biased 
‘VFO, Funster Transceiver, Miscellaneous Circuits and Ideas 2005 and Crystal Oscillator Offsets. Reason: substandard, 


April 6, 2012 — 50 Miz Receiver Pre-amp and Filter added to VHF to the Max web page Section 4 
March 26, 2012 — HE Raabaa web page added to top-level menu. Non-VHF experiment repository for 2012. 

March 19, 2012 — VHF to the Max web page added to top-level menu. 50 MHz VCO experiments added to this page in Section 3, 
March 14, 2012 — EMRED review edited 


February 29, 2012 — Minor edits to the Audio Transistor Input Impedance Experiments web page. Also, | updated the calculation of the comman 
temiter amplifier base input resistance using the better formula: Rin = (B+4)*(re + RE’) [while ignoring REB). This is my favorite web page on the 
site, 


February 26, 2012 — QRP— Posdata added to the bottom of the 2nd NDB web page 


February 17, 2012 — | introduced a new miscellaneous VHF page: VHF to the Max — ll slowly add stuff over 2012. Majar editing dane to the 
Broadband Transformer web page, 


February 4, 2012 — RF Workbench 1 and 2 significantly edited. 2 new photos added. 


January 28, 2012 — QRP — Posdata added to Crystal Parameter Checker web page and to QRP Modules 2011 under 7 MHz VCO 
Experiments on this web pane. | re-wrote the temperature compensation section of the VEO-2011 web page and added 3 photographs. 


January 3, 2012 — Web site change: | update web essays with an "epilogue section”. in 2012 and on, they will be called QRP — Posdata 
(Spanish for post-script or epilogue). Posdata #2 added to the RE Workbench 4 web page. 


December 17, 2011 — The Butler Did It! - First VHF Experiments 2011 web page added. A 50 MHz frequency doubler added Dec 26, 2011. 


Nov 12, 2011 — Our server went down for 16 hours. Both AC power and cable Internet to the warehouse failed after a rain storm and wind gusts 
knocked down some trees that severed the hydro and cable wires. Expect more weather-related down time as Winter approaches. 


Oct 15, 2011 — VFO-2011 added 
Oct 2, 2011 — RF Workbench Page 4 added. On Oct 17, 2011 | added an epilogue. 


Sept 20, 2011 — Double Stacked Toroid VFO 2008 web page pulled off, It was substandard and some of the material will e-emerge on a VFO 
2011 page this Winter. 


Sept 19, 2011 — | updated the SWL essay since itwas 6 years old and much has changed with respect to Intemet radio. Over time | have 
received ++ emails expressing different views. | am more a SWL than a Ham and offer just 1 opinion and live by a "each to his own” mantra. 
Context is everything - this is a radio electronic experimenters site that recognizes SWL'ers are important members of the radio community. 
Click. Wee Willy web page updated again! 


Sept 12, 2011 — Design Center concerning popcom receiver band-pass fters added, Click 
‘Aug 26, 2011.— Minor update atthe end ot Wee Willy DSB transceiver. New Junk Box Blog format. Change is good. 
uly 30, 2011 — New web page ORP Modules listed on the main menu. Currently under construction 

March 31, 2011 — 2 photos added to the Ualy Construction web page 

March 19, 2011 — New content; Hobby and Eun 2011. slowly add more stuff over the year. 

Feb 12, 2011 — New content, Miscellaneous RF Experiments 2011 

Dee 29, 2010 — New content, RF Workbench Page 3 

Dec 12, 2010 — Final additions to the the 2010 Hobbvist Pane added — these concem matching FETS, BJTS and diodes. 
Nov 10, 2010 — Some editing and 2 photos added to RE Workbench page 2 


Oct 9, 2010 — This October marks the 12th season of experiments for the site. | have 4 partially completed web pages on the go — pure 
craziness. | decided to finish them 1 at a time and then add them sequentially. Today, a new web page was added and is 1 of 2 supplements to 
a future main QRP audio page: Audio Transistor Input impedance Experiments, The first new “permanent” content since March 2010. 


Oct 7, 2010 —The Junk box page lay out was simplified: Accommodating the various madetn Web devices plus screen resolutions proved 
difficult with the old html cade. Although less impressive, the new format updates quickly and looks the same on every computer. 


‘Aug 15, 2010 — The cable supplying the Internet connection failed. The site went down for 25 hours. Expect more shut downs over the next 
couple of days as we resolve any remaining problems. 


‘August 6, 2010 — I decommissioned the historic home page URL hito:/iwww.aro.pops.netefauit him. This page was a html hard-coded 
parallel version of the the correct home page URL htip:/www.arp.pops.net. It was just too much work to continue to update the old (pre-2006) 
home page in addition to the proper hame page. 


June 28, 2010 — Web subtitle change : Amateur Radio Electronic Design to shorten the name and reflect the site's main purpose, 


Effective May 17, 2010 — Schematics now use the 16-bit png format. | have abandoned the 8-bit gif format 


May and June 2010: The pops.net net control crew rest up for the next big wind storm, The servers last power for many hours on May 4 and 
June 12 due to bad weather. Severe storms arising from the Pacific Ocean threaten our AC power lines each Spring, 


March 2010 


Wide Range L-C Oscillator added to Hobbyist 2010 page. Link March 7 
JavaScript Applet K added to the QRP Tools page March 11 
RF Workbench Page 2 added. Link March 15 


February 2010 


JavaScript Applet J added to the QRP Tools page Feb 6 
Editing of the Low Noise Crystal Oscillator web page Feb 22 
RF Workbench Page 1 added. Link Feb 18 


January 2010 


Experiment #6 added to the Hobbyist naue Jan 2 
‘New content Low Noise Crystal Oscillator Jan 10 

2 photos added to the bottom of the ly Construction web page. Jan 12 

‘photo added to the Broadband Transformers page Jan 12 

‘New content Hobbyist Page 2010 Jan 13 

New content: Supplement to JavaScrint Applet G which is located on the QRP Tools page Jan 11. 

Additions to the Low Noise Crystal Osc page: the DSO versus CRO essay, plus 5 MHz crystal oscillator added Jan 31 
JavaScript Applets H and | added to the ORP Tools web oage Jan 31 


December 2009 


Ithas been brought to my attention that the email replies | am sending are not compatible with some of the latest email software such as 
‘Thunderbird ete. The reason was that | was using a homebrew email program written over 10 years ago. Itis now obsolete. A new email platform 
is now in place along with a completely new email address. Consult the email web page for more information. Dec 30 

Experiment #5 added to the Hobbyist naue FAQ updated and edited. Dec 30 

Experiment #4 added to the Hobbyist pane Dec 26 

Experiment #3 added to the Hobbyist naae Dee 23, 

What does the output of a diode ring mixer look like in your oscilascope? This has become a FAQ. The question is answered in a contribution 
by Wes, W721. Big thanks to Wes for this content. Dee 22 

11am very pleased to present the Mike, KL7R Memorial Receiver Experiments. Click here Dec 19 

‘New bulleted lst format added to this page to improve readability Dec 19 

‘A minor addition was added to the bottom of the Ualy Construction web page. Flux pen photo and text. Dec 19 

Minor updates to the VEO 2008 "Stacked Toroids" web page under Epilogue - December 19, 2008 

Update to JavaScript applet item E: Calculate Cut off Frequency for an RC Low Pass Filter. Now has a capacitor range from 0.1 nF to 
1800 nF. ORP tools page. Dec 19 

Editing plus a photo added to the broadband transformer page. This page was improved to support an upcoming project. Dec 17 


Dratting errors on this schematic corrected (fuse position+ negative rail LED polarity). From this web page. Thanks to Paul, KOEET and Tom 


for the good eyes and their emails. Dec 16 
\VFO Experiments 2009 updated again; 3 images added. Supplemental web paue added and updated Dec 13 
‘New JavaScript applet added to QRP Tools page; Item F: dBm calculator. Dec 12 
Nov 22-27, 2008 
| Hertz Precision Time Base added to the Hobbyist Page. 
VEO Experiments 2009 added 
‘The top level menu item “Java Tools” was renamed QRP Tools. This menu provides a link to my Webmaster's page and some basic 


JavaScript applets. Some new material will appear on the Junk Box page during this time. 


Nov 20, 2009 


Finally; Fall-Winter experiments begin. A small update on the VFO 2008 web page under A 3.5 MHz VEO for Diode Ring Mixers was added. 
The RE Preamp page was updated with some content that was first presented on the Junk Box web page. | have received a lot of email about, 
these amps and decided to permanently add them to the site, 
‘The W7ZO! file linked on this page is now in paf format. 


Nov 1, 2009 


‘The Ugly Construction web page was augmented and re-written. 2 new photos were added. This term actually came from Wes and Roger 
Hayward. 
‘Anew Electronic Hobbyist page was added to the drop down 2009 menu. 


ct 25, 2009 


‘Some small updates to the Junk Box page were made. | don't ever think | have been so excited about upcoming Fall and Winter experiments as 
there are a number of cool, new ideas in my notebook. Extra work and travelling have kept me off the bench, but this will cease in mid 
November. After that, i's back to the work bench. The Fall-Winter experiments will include some HAM, SWL, general electronics and tube quitar 
‘amp experiments. Thanks for your feedback and ideas! 


ct 19, 2009 


RSS feed. Click on the orange RSS icon above to establish a feed. | will only show 1 item: the latest addition of major new content to the site, 
‘Additions to the Junk Box page will occasionally be counted as “new content" and will be included on the feed. 


Can anyone guess what brand of beer is in the tool box ? Yes... its 
ct 12, 2009 


Fall weather has come to Westem North Americal Thanks to Cor, PASCOR for debugging the JavaScript code on this page. Apps number D 
and E now work in Firefox. Rediscover the fun and leaming of scratch homebrew electronics! 


vt £ ER 
{E BU}LDER / 


RF — Test and Measurement 


About My Web Site 


Welcome Friends! 
Introduction 


Welcome to the QRP and SWL Homebuilder 
‘web site. | write about my experiments with 
relatively simple and primitive electronic 
circuits. 


Avoiding excessive algebra and obscure parts, 
emphasize and show fundamental bench, 
practices 


‘Through real experiments | examine topics to 
challenge and intrigue amateur designers — 
providing examples and describing ways to 
plan, problem solve, breadboard and measure 
‘your circuits. 


‘As amateur experimenters we ought to 
advance in our hobby; not just perform 
cookbook electronics. Designing and improving 
‘your circuits requires considerable knowledge 
and effort. Fortunately, others selflessly share 
their ideas to teach us. 


In time, you may recognize your electronics 
‘workbench as your greatest teacher. Bench experiments involve us thinking about and measuring our circuits so we know what's happening 
instead of relying too much on folklore, guessing and copying others. Designing andor simulating circuits with software can enhance your 
learning but does not obviate the need to spend time in the trenches with meters, wires and solder. 


People alten learn skills by modeling others. We need sound examples of how other builders work and think to inform our own designs — 
inspired, creative and active learning driven by experience and reflection. 


‘At some level, our bench experiences are stories of growth and realization sparked by going and doing. For example, why did the designer 
choose a particular resistor value? You ty different resistor values while measuring the results and increase your knowledge. Collecting 
schematics, kit building or just thinking do not provide as intimate a leaming experience as soldering your ideas on a bare copper board. Talking, 
tweeting or day dreaming about design is not the same as doing i 


Russian novelist Fyodor Dostoyevsky describes the contrast between real life and passivism; “love in action is a harsh and dreadful thing 
compared to love in dreams", The Brothers Karamazov, BoaTsa Kapamasost1. Dare to dream, but better yet, dare to innovate —to design and 
build your awn circuits. You may start by just modifying a favorite circuit or scaling a stage to another frequency. We need more innovators and 
less imitators to grow and sustain our great hobby. 


Electronic design produces more than a completed circuit. On the bench, even joy is experiential ~ a moment of discovery (or several discrete 
moments) yields more pleasure than stuffing a circuit board or operating a plece of gear. Creativity trumps process every time! 


| hope this site demonstrates my passion for building basic, "popcorn" circuits and sharing ideas. Please remember | am just a lay person 
experimenter and not an electrical engineer. 


Regards, Tadd, VE7BPO 


Essay for 2010 


Building or buying test equipment and acquiring a good reference library are important to your experiments. Spurred by the realization that sound 
bench measurement practices are at the heart of good design, test equipment receives greater focus in 2010 and on, 


Axeference library is vital to our electronic experiments; good examples lead to better experiments. Poor circuits are everywhere and some 
builders can‘ tell a good design fram a bad one. Minimalism and simplicity aren't excuses for sloppy design when your goal is to learn. Collecting 
and sharing well designed circuits helps us avoid wasting time and experiencing frustration. Circuits with attributes like well defined input or 
output impedances, low noise or harmonic distortion are desirable to fuel experimentation. Look for better quality circuit examples in 2010 and 


‘The Intemet is changing how we read and write. The prevalence of small portable web devices such as iPhones, ever increasing numbers of 
web sites and blogs, and the use of search engines create fierce competition among sites. Madern sites attract your attention with varied visual, 
aural and textural media and unfortunately, hype and pseudo-journalism. Narrative writing is more skimmed than read. Brie is in — bullets, 
subiitles, lists and graphies replace long lines of narrative prose which no one seems to have time for anymore. 


Have you noticed the changes on this website? New content stil contains lots of narrative writing, but assumes an active voice, with emphasis 
on brevity, clarity and speaking directly to you, the reader. Sharing mostly obsolete, analog 1970's-style circuits, QRP/SWL HomeBuilder attracts 
atiny, niche audience. | believe the success of this website depends on providing good and diverse content — not Tags, RS feeds, adopting net- 
speak, or self promotion. You be the judge. 


Essay for 2014 


‘The Internet of Everything? 
Bucking the trend, my contribution to amateur RF homebrew remains informational and not social. Why? 


‘Social media information represents a Pandora’s Box of good science and opinion, mediocre thought, or trash potentially created andior 
disseminated by anyone who's connected. We accept that much of our social media content doesn't come from the best or brightest — some 
people are just plain interesting, or express themselves vigorously, seem like-minded, of touch our hearts. 


‘Some builders, like me, seek objectivity and not just “likes” and “follows” based on sentiment and spectacle. While a few radio builders may 
prefer to join hands and sing Kumbaya, or pat themselves and others on the back simply because their breadboard actually works, a tiling of us 
care more about how and why our circuits work. We like measures and measurement tools and follow science, experiments and the works of 
those who shine brightly. 


‘What's wrong with plain information, unfettered discovery, experimental rigor, objectivity and rational, kind thought? 


Its not that these characteristics don't attribute social web clients — they do, but the negative impacts of social media worry me a litle. A brief list 
of concerns: loss of privacy, the threat of wasting time while really just isolating ourselves from our real friends + family. The numbing exposure 
to the Intemet of Ads and Spam. Stil too, bubbling up lke purulent sores come the charlatans, the misinformation peddlers, the opinion 
spammers, and those who anonymously leave stinging sarcasm, or outright hatred { hostile online comments that attack people, or divert a 
healthy flow of ideas J 


Running a low-tech web site with nearly 0 commercials suits me better. 
‘SEO — Search Engine Optimization 


Ive read that Google analyses your web site content, the number and quality of the sites that link to your pages, their search engine clicks and 
so forth. In part, Google seems to rank a site based on how relevant and authoritative they believe itis. Some people specifically employ SEO 
techniques to gather in more trafic. 

‘To my surprise, each year, tens of thousands come to ths site via search engines like Google. | don’t think my material seems too relevant or 
authoritative. I've made no effort at SEO, so | conclude that you, my readers have more to do with the site's success than anything I've ever 
done, 


‘Thank you. 


Hope invigorates 


Invigorated by the excellent work either emailed to me by experimenters such as Michel F6FEO, or Dick, NSHAY; or posted on blogs or 
‘Community sites ike Yaho, | fee! hopeful about the future of our hobby in 2014. The PHSNA Yahoo group leaders, the recent work of Jason, 
NT7S, Steve VE7SL and many others show that amateur design experiments stil have a pulse + respirations. 

‘The aforementioned get my vote for their MOF like behavior: a strong blend of creativity, tradition and quality 


Looking Ahead — Future Site Content 


Most of my new receiver work invalves quadrature and in-phase mixers fed with (2) local ascillators; 1 output shifted 90 degrees fram the other 
essentially, EMRFD Chapter 9. Even my Funster {a personal, lowbrow trans-recelver | drag onto hill and dale ] now contains phasing receiver 
circuitry to reduce the opposite sideband by 20 dB along with further low-pass firing. ! hope to add some Funster content to HF Embarcadero 
in Winter 2014. Like many of you, the 1 resource I lack the most is time. 

‘While I'm thrilled with the notion of a receiver appliance that contains just an antenna, LNA, ADC and some sort of “wonderfall” display or 
speaker, Im stil smitten by analog design with hardware. Stil the I-Q mixer will fer a nice transition into SDR should | ever wish to spend my 
free time writing C# and riot melting solder. 


‘Asks how, why Rehash old topics without 
& what next? re-engineering or analysis, 
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Best to you! 


Miscellaneous 


My special thanks to Wes Hayward, W7ZOl for his generous support and elmering over many years. 
EMRED 


All permanant content circuits were built and tested. Schematics are drafted as carefully as possible. Please accept that bench and/or drafting 
errors may occur. No liability arising from the application, use, or misuse of these projects that results in direct or indirect damage or loss is, 
assumed, 


the main reference of my site 


Full price is paid for all parts used and no monies are or were received for promoting any products or companies on this web site. Any ads, 
hyperlinks or mention of commercial products or companies is out of courtesy only 


“Until you build and measure it, you don't know what you don't know"; 
Rick Campbell, KK7B; VHF Open Sources — Design of Low Power High-Stability Low Phase Noise Single Frequency VHF Sources with High 
Spectral Purity; 2008 


Information Regarding the Compression of Schematics 


| see many electronics web authors compressing black and white schematics as jpg files. This results in distortion of the schematic. Schematics 
are best compressed using the 8-bit, lossless LZW algorithm which means converting the file toa png, gif, or even pdf format. The fles sizes will 
typically be smaller than .jpg compression, have no distortion and can be edited easily. 


“* A clip-on Antex heat shunt fitted to a transistor leg, helps prevent thermal 
damage due to overheating when soldering it in place. Less essential these days, but 
beginners find them re-assuring. 


Until they have gained some practice, novices sometimes buy a small clip-on heat- 
shunt (photo) which resembles a pair of aluminium tweezers. In the example of, say, a 
transistor, the shunt is attached to one of the leads near to the transistor’s body. Any excess 
heat then diverts up the heat shunt instead of into the transistor junction, thereby avoiding 
the risk of thermal damage. Applying far too much heat may destroy the part or damage 
the p.c.b. foil which may lift away from the board. 


In due course constructors learns to judge how much solder should be applied to any 
particular joint, An ideal p.c.b. joint is very slightly concave in shape. If not enough solder 
is used, the result may be an incomplete joint which may cause an intermittent fault later 
on. An excess of solder — shaped like a ball bearing - is an unnecessary waste and in 
extreme cases may cause short circuits, especially on densely-populated boards. There is 
no need to add more solder “for luck”, Professionally-produced p.c.b.s have a green 
solder resist coating which helps to ensure that solder does not stray onto adjacent pads. 
As a finishing touch, I usually spray the solder-side of a circuitboard with aerosol spray 
lacquer afterwards. It keeps the solder joints nice and shiny and helps prevent corrosion. 


Some components can create hazards during a soldering operation: 


Coin cells and button batteries are commonly used as power, clock or memory 
backups. If heated excessively they can explode without warning due to the build-up of 
internal pressure. Spot-welders are used in industry to connect tags to them, but if you 
need to solder wires to such a cell then it should be done as quickly as possible. 


Some memory back-up capacitors or electrolytic capacitors remain energised for 
a while even when the circuit is powered down. Molten solder is a perfect electrical 


aio Society of Canada 


io Amateurs of Canada, please 


ei The hand drawn image bitmaps on this web site (logo etc.) are by Rod Adams. All website photographs were taken by VE7BPO except as 
indicated. 


| QRPHB Design Center 


Java Script 
Applets 


1. Click for the old QRP HomeBuilder Graphics page. Click for my Pin Outs page. Click for my Homepage 


2. Some simple tools written in JavaScript for the QRP/SWL HomeBuilder: 
Minimal input error checking 


A. Calculate DC Voltage Divider Bias 


Voltage 
R1 
Bias voltage 
R2 
Enter Voltage: Enter RL Enter R2: Bias voltage = 


B. Calculate Inductive Reactance 


Enter Inductance in uH! Enter Freq in MHz: XL (ohms) = 


C. Calculate DC Current for a Current Mirror 


RC 


vcc 


Enter VCC: Enter RC in ohms: Current (mA) = 


D. Calculate # of Turns To Obtain a Desired Inductance on a Ferrite Torroid 


Enter Inductance in millihenries: Select Core: FT37-43 Tums = 
‘The AL for this ferrite core is = 


E. Calculate Cut off Frequency for an RC Low Pass Filter 


Enter resistor value in ohms: Select capacitor values in uF: 0.01 3. dB down frequency (Hertz) = 


F. Calculate Power in dBm and mW from Peak to Peak Voltage 


Enter measured peak-to-peak voltage into a 50 ohm load: dBm, mW 


Application Note: This web site follows the EMRFD standard for dm power measurement. dBm = the power delivered into a 50 
‘Ohm resistive load which is temporarily substituted at that point in the signal chain. 


G. Calculate Lm and Cm For a Crystal using the G3UUR Method 


ae 
Ey 


t+ 


Enter frequency in MHz written on crystal (series resonant frequency): 


Enter measured frequency in MHz with switch open’ Enter measured frequency in MHz with switch thrown: 


Enter crystal capacitance in pF: Enter open switch circuit capacitance in pF: 


cm = femto Farads, Lm = Henries 


‘Supplemental web page for this applet: Crystal filter measurement and adjustment Link 


H. Calculate Decibel Power Gain or Loss from 2 Peak-peak Voltages 


voltage 1 voltage 2 


39 


+150 4 
50K 


-6dB 


Enter voltage 1: Enter voltage 2 dB gain or loss = 


1. Calculate Decibel Power Gain or Loss from Input and Output power 


Enter input power in watts: Enter output power in watts dB gain or loss = 


J. Calculate dBm and mW from RMS Voltage (50 ohms) 


NT 


Enter RMS voltage dam mW 


K. Calculate Return Loss and VSWR (50 Ohms Detector) 


Enter the detector signal in pk-pk volts when the unknown port is terminated in an open circuit: 


signal in pk-pk volts when the unknown port is terminated in the unknown impedance: 


Retum loss = dB, VSWR=1: 


Measurements per Figure 7.41 EMRFD. Schematic here 


L. Calculate Power from the DC Output of an AD8307 Meter 


1, Linear calibration steps: 


Enter measured DVM voltage at -10 dBm: Enter measured DVM voltage at -20 dBm 
2. Calculate power in dBm from DVM voltage: 


Enter measured DVM voltage: Power = 


Enter the detector 


M. L-C-C Tee Network 
+ oc 
Ri cL 7 R2 


Enter frequency in MHz: 


Enter R1 in Q: Enter R2 in Q: RI must be < R2, but the network is bi-directional 


Enter Q: Perhaps start with 2-5 


C1= pF, C2= pF, L= uH 


N. Parallel Resistor Values (2-4 resistors) 


R1 $R2 $R3 SRA 


Enter Ri: Enter R2 Enter R3: Enter Ra: 


R= ohms 


O. LCR -- a Reactance Calculator tn beta -- do not use ! 


Mode: LctoReactance Inductance: uH —_Enter frequency in MHz 


‘This page last updated: September 21, 2013 


RF — Test and Measurement 


Introduct 


Short wave radio listening was a childhood passion and | enjoy 
being an SW just as much today and log at least 800 hours of 
‘SWL per year. There seems to be many web pages devoted to 
construction of radio equipment for the amateur radio 
experimenter but relatively few for the shortwave radio devotee. | 
decided to expand this web site to include projects for the SWL 
Homebuilder in 2005. 


My favorite bands are 49 meters (5.9 - 6.2 MHz) at night-time and 
19 meters (15.1-15.8 MHz) during the daylight hours. | also listen 
to medium wave DX around 1400 - 1600 KHz. 


‘Why Listen to Analog Short Wave Radio? 


Is analog short wave radio dead? | think not 
No doubt, short wave radio has passed its prime and is slowly dying, however, is stil fun and/or relevant to some. 


World band radio: Almost 1/2 of the world's population lives on $2.00 USD or less per day. The Internet (the main altemative to shortwave 
radio) poses a luxury to many poor people living in lower-income countries — experienced travelers or those who support people in developing 
Countries wil understand this statement. In some countries now, ranking in the middle class just means you have a full-time job. In addition, 
‘oppressive governmental regimes may limit foreign media and Internet access: LW, MW and SW radio can break through obstacles such as 
natural or man-made disasters, borders, poverty and censorship, 


For SWL hobbyists, analog shortwave radio entertains, informs and best of all, provides opportunities to analyze propagation and experiment 
with real radio topics including static, solar flares, QRN, antennas, grounding, baluns, coax, and wire. SWLing poses an adventure —it's, 
Unpredictable, challenging and increasingly difficult as stations decrease and QRN increases. I've bult many antennas and even some noise 
cancelling circuits just to pull in a few Dx stations. The sport of SWL lies in making DX contacts: a theme shared with Ham radi. 


‘What About internet Radio? 


Radio by definition is the transmission and reception of electromagnetic waves of radio frequency: but perhaps blue-tooth or Wi-Fi reception 
from a hot spot qualifies as radia in the madern era? Just as peanuts aren't nuts, Internet server or webcasted radio is nat RF broadcasted radio. 
| think Internet radio is great, but fundamentally a very different medium from that enjoyed by SWL fans 


Internet radio involves a radio player decoding a stream of compressed bits fed from a Intemet acl station or virtual receiver. In some cases, the 
‘material originates from a real radio station that also broadcasts an AM or FM signal. For example, you can tune FM station Rooskie Radio 
"Pyccxoe Pago” in much of Slavik Europe or play them on a computer device anywhere you can get an Intemet connection. 


For lovers of foreign content, listening to Internet radio makes sense; providing convenience, a good signal when bandwidth is high and 24 hour 
per day listening on 1 IP address. Internet radio offers a much cheaper way for content providers to beam their news and music services around 
the globe — we've seen numerous large broadcast radio services such as the BBC World Service reduce or drop analog SW and add Internet 
radio, satelite and digital SW transmissions for their customers. 


‘The exciting growth of independent and niche Internet radio stations increases personal freedom of choice and provides opportunities for unique 


interest providers and consumers to find each. Media streaming companies and manufacturers of Internet radio players and their worldwide 
distributors benefit to, 


‘This technology is a far ery from tuning the SW bands with a homebrew or commercial radio frequency receiver and a length of wire slung in a 
tree. Pethaps, the greatest advantages of Internet radio are that you don't have to get up early, of stay up late to pull in some rare Dx, nor do 
you need any radio skills or special equipment — perfect for the majority of listeners. But we're SWL radio hobbyists: people who listen for both 
content and because we love radio propagation and gear. 


‘There is nothing wrong with Internet radio, or any of the modern data streaming techniques however, SWL aficionados driven by skil, the thrill of 
Dx and love of their experimental hobby share a special bond that Internet radio doesn't give them. 


Assembling a station The most important component 
in your radio shack is your antenna. Don't hesitate to 
safely experiment with the many antenna designs 
available on the world wide web. Your sure to find a 
commercial unit ar home brew antenna design that suits 
your real estate and budget. 


ee | 


Your next task isto find a receiver. Itis difficult to 
recommend any one receiver because there are so many 
excellent commercial receivers to choase from. If you are 
thinking about purchasing a used receiver, you might 
consider checking eBay to find a receiver orto learn the 
going price for used gear. The uitimate SWL experience 
in my opinion is to build and operate a receiver on at 
least 1 band, 


Favorite SWL and SWL-related Web Sites 


Wikipedia-Shortwave Bands A good description of the bands 
and their general propagation. 


Canada's SWL-DXer website ¥ Hard core Canadian web site 
dedicated to SWL. Thanks gentlemen! 


http:/www.bobsamerica.com/swi 
httpyhwww.dxing. info! 


Doua's Shortwave Radio Page 


AABV's SWL Links 


‘Method for soldering a PL-259 to RG-213 or RG-B 


PSK31L 


Sent Band Noles 
[eon =i 
Ing theory and slowing down for everyone else on the ai jut now days i would be doing real well to 
lget 5 wpm.. hihi love psk ..started working it last sep and its a great mode to rag chew with... i also work 
lsstv and ssb.. so i have a lat of modes to pick from.. and dont need cw any more... good luck with the 
ripple play. i dont try for those things...i am just a rag chewer at heart and thats abt all i do ron. and send 
90 you have a nice day and bye for now.. enjoy that warm wx. 


47% JR LN: 


‘There are a number of ‘about this relatively new HAM mode. All that you minimally need is a receiver dialed in at 14.070 USB (or another 


conductor and in some cases the component’s contacts could be shorted during the 
soldering (or desoldering) operation. If molten solder shorts it out then the arcing may 
cause globules of solder to be spattered outwards without warning, potentially risking 
eyesight damage. 


Always ensure that powered components are electrically inert and discharged before 
soldering. Cells, batteries and battery packs should not be accidentally shorted during the 
soldering process, to avoid arcing and solder spatter. Note that electrolytic capacitors can 
also explode after a while if reverse-connected, so observe polarity closely. 


Let’s now consider the practical stages of soldering components and wires 
successfully. 


PSKS1 frequency), a microphone hooked to your computer sound card and some free software. The software (DigiPan 2.0) is availabe at 
how digipan ned 

| use a USB interfaced microphone and place itabout 2 cm trom my receiver speaker. f HAMS are operating: you should hear some warbles and see 
‘Some waterfalls on your screen. Click on one ofthe waterals fo begin receiving the text. knew nothing about this mode, but was up and running in 
45 minutes, 


Additional Short Wave and Medium Wave Receiver Photos 
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Amateur and Short Wave Radio Electronics Experimenter's Web Site 


FET for narrow band preamps. His published 


‘work is replete with examples of them an just 


RF Preamps 
WI1FB 6M RF Preamp 
Discussior 
Here is a schematic sent to me by WIFB many 6M WIFB Preamp: 
‘years ago. Itis very similar to a 6M two-stage eienine 
eighties. Doug really favored the grounded gate 
Input Be a 


about every band. | built that amp and remember 
getting about 10 dB gain, which is all that | 
‘wanted for the 6M direct conversion receiver 
using a diode ring detector that | was building. 
“The great feature of the amp is that it combines a 
band pass fier and preamp in one. | lost the 
original schematic that Doug sent me but was 
delighted to see that | made a bitmapped drawing 
of it on a floppy disk that was recently re 
discovered when we were moving an old desk. 
The shield shown in the schematic was a small 
piece of grounded double sided PC board in 
which, I made a small chamfered hole in to pass 
the lead going to the T2 tap. The shield, along 


Laas 


0.01 ur 


He 


i 


0.04 uF 


Q1 MPF102, J310,U310 


71 Main = 11 ums # 24AWG ona T37-6 oF T37-10 
Ant winding 1turn , 01 source winding 3 turns. 
12 Main = 11 turns #24AWG on a 137-6 oF 137-10 


Drain tap is 3 turns from variable cap end of main winding 


Output winding is one turn 


with very short component leads will help 
‘minimize parasitic oscillations. The 72 tap is 3 


turns down from the end of the T2 main winding that connects to the variable capacitor. Doug specified T37-10 cores for the inductors, but | 


substituted 737-6 cores and used the same number of windings as specified for the T37-10 core inductors. It worked fine, 


VE7GC Popcorn RF Preamp 


Discussior 
Here is an easy RF preamp by Dick Pattinson, VE7GC. It 
uses a single tuned circuit at the front end and can connect 
directly to @ mixer or product detector in a simple receiver 
project. Note how Dick provided adjustable RF gain control 
for this circuit in his Wee Willy project on this website. If you 
can nat find Tak Lee green 10.7 MHz IF coils, probably any 
other brand of 10.7 MHz slug tuned IF transformer would 
‘work. The Mouser catalog number is 421F123 - It your 10.7 
MHz IF coil has a built in capacitor at the base , remove it. A 
fixed inductor may also be wound using a powdered iron 
toroid core and then all or a portion of the C1 capacity would 
bbe made variable. The input impedance is 50 ohms and the 
output impedance is low due to the Q2 emitter follower stage. 


A Low Noise, High Dynamic Range 
Broadband RF Amp 


VE7GC RF PREAMP 


i VCC 12.valts 


100 


aK7 


T4 10.7 MHzIF coll (TAK LEE or equivalent ) 
C4 400 pF for 7 BMHiz , 300-400 pF for 3.7 MHz 


Qt MPF102 


2 2N3904 or 2N22220 


Discussion 
This schematic is a version of a circuit developed and patented by 
David Norton and Allen Podell in June 1974. This variation was 
described by Joe Reisert, W1JR in the now defunct Ham Radio 
Magazine. The Norton design uses transformer coupling to achieve 
"noiseless negative feedback" and is really outstanding, 

‘A great article utilizing and augmenting on this technique receivers is 
by Jacob Makhinson, NENWP in QST magazine for Feb 1993 with "A 
High Dynamic Range MF/HF Receiver Front End’. Makhinson 
arranged 2 in push-pull to obtain excellent results. Obtain a back 
issue of QST for closer study. Note that the fore mentioned Feb QST 
article has the coil phasing wrong and the correct phasing can be 
seen at this web site fram QST for July 1996, There is also 
information about Norton feedback RF amplifiers in EMFRD. 


If you are building a contest-grade receiver and need a good RF 
preamp andlor post mixer amplifier, the Norton type is quite suitable. 
‘An amp built using a 2NS109 can have a noise figure in the 2.5 - 348 
range. | have also built them with 2N3866, MRF517, MRF581 and a 
2N5179 although the last transistor would be a somewhat poorer 
choice. This schematic with a 2N5109 is good from 1.8 to 150 MHz 
with @ 1.2:1 VSWR or less according to Joe Reisert.| have even put 
one in a friends CB radio and he was delighted 


Winding and Construction Hints 
‘Making the Norton amps requires some planning to keep all 
component leads as short as possible. The transistor leads and any 
connecting components should be trimmed as shart as practical to 
promote stability. Sketch the component layout on a piece of paper 
and modify it until you are satisfied you have designed a good layout 
The ferrite beads on the transistor collector aid in stability and should 
be used to preserve the noise figure by squashing any oscillations 


uF 


82: 


jh Dyna 


Range RF Amp 


FS input 


@1 245109 or MRFSS1 
Balun Core 6H45-2402 
Ferrite Bead FB43.101 
50. ohms Z In and Out 


Four Practical Transformer Ratios Balun Core winding info 
de on M a ——— 


should they develop. The 22 UH choke can be the litle epoxy coated units that are color coded and look somewhat lke resistors. Do not use @ 


choke less than 22 ul, 


Before winding, the builder must first decide haw much gain is needed from the amp. For an RF preamp, the stage should have gain equal to or 
greater than the passive stages alter it. Also there will be losses in the transformer, so the theoretical gain of the Norton amp maybe 1 dB off and 


vill need to be factored in. For the purposes of discussion, a 9.5 dB amp is desired , so N= 5 and M 


The first step is to mark one side of the 


core with a dab of liquid paper, paint or a small piece of tape. This will allow you to keep track of the transformer later. To mark, hold the core so 


that both channels are parallel to the floor, one on top of the other. Apply your dab of paint to the top ofthe core and use the marked top to 
denote the A windings. 1a, Ma and Na vil all start from the top channel inthe balun core. Using 32 AWG wire for all three windings, start with 
winding 1 and wind the single turn from point 1a to 1b. Cutoff the leads so they are shorter than 5 centimeters (2 inches). Next, wind Ma to Mb 
three complete turns through the binocular core and trim the leads if needed, Tie a small knot inthe wire at both ends. This wil clearly mark this 
M winding, Both windings should look lke the diagram under the schematic, 1a to tb are on the let ofthe balun core and winding Ma to Mb are 
on the right sie ofthe core. Mb has a distinguishing knot atthe tip of both wire ends. Ma starts from the top of the core which you have marked 
with a dab of paint or something. Finally, wind Na to Nb five complete turns through the core inthe same direction as the previous winding M. 
Sip wires Na and Mb (Mb has the knot), twist together and solder. Scrape the enamel off the leads very gently with a sharp hobbyist knife 


Insert the transformer in your circuit and cut the leads to their proper length and then solder away. It maybe preferable to pre-strip the leads on. 
winding 1 as itis hard to strip the enamel off a fine wire that has only one turn and it may accidentally pullout ofthe core. If it does, just re-insert 
itinto the balun core on the correct side. Once you have soldered Na and Mb you can always identity the windings later because you have 
marked the top of the balun core which denotes the A windings. Try and make your windings gently tight as i here is too much slack you may 
have difficulty geting the last few windings thru the core channels. A 14 dB gain amp maybe impossible to wind with 32 AWG wire, t may best 
to use 34 AWG for that amplifier. | have never built one for greater than 12 dB. The transformers are a bit tedious to wind, however persevere 
and the results will be well worth it For HF, you can substitute 0.1 UF caps for the 0.01 caps shawn if you lke. 


Toroidal Inductor Norton Amp Experiments 


Discussio 
‘The amp shown inthe schematic tothe ight uses aterite | Figure 4 & 


toroid forthe tansformer and has ~20 dB gain. Winding 
{tum of wie over the cold end as shown inthe 
schematic is tricky. Try to keep this link as short as 100 
possible, A fete bead ora 22.51 of resistor on the ‘ 

transistor collector is desirable. You can try increasing the : 
turns (£215 et to experimentally obtain more gain rom -_ 
this amp, The trod version isa valid option fr builders 

who do not have balun (inocu) core ferrites in ther ina 

junk box. Toroidal inductors are certainly easier to wind 

then binocular core versions. 


1n 2007, | bu several Norton “noseless feedback" RF 
amps using £150.43 and FTS7-43 fre toroid. These 
tee cistanng ard I ecommend sng tha poked 
The input and eutputZ is 60 ohms. The overall BIT 
topology la rfiiscat of common hase ae. ave 
soma bes formation concering this amp on tls wea 
page. They ave straight forward fo bul, The lgpest ~10¢Bgan 
Pwoblem isthe phasing of he single tum ink Get wrong 14.2mA 

tao your ap an tm a an ost 


470 uH | 


DC voltage in purple 


Qt = 2N5109 or NTE 123 ete 

Tt = Secondary: 18 turns with atap a4 
turns from the cold end. 
Primary: | link over cold end 

Tt: use FT50-43 or FT37-43 ferrite 


6 Mz 
RE 6 
100 100 
1008, 
~4qB gain 


oe Ti = 15tFT60-43 Ferrite, tap @ 4t | Output 


‘Shown above is the Figure 1 amp above (labeled Figure 2) with a 50 ohm -10 dB pad on the input and output, so gain is low. | used these pads 
to evaluate the amp in a number of experiments. | never got around to writing up these experiments on the web site and likely never will, wish 1 
had more time as my notebooks are full of unpublished experiments that would be great content for this web site. 


Figure 3 


6 iz 
RE 5 
100 100 

“1008 
10.7 dB gi 


Tt = 26t FT60-61 Ferrite, tap @ St Output 


The amp above (labeled Figure 3) is a hot one; 10.7 dB gain even with 10 dB of attenuation. You can leave off the input pad and decrease the 
output pad to -6dB if you want or require a wide band, low noise RF amp with lots of guts. Most builders use binocular ferrite cores for the 
Inductor, but torroids work fine for many applications 


TI 
+ 


VETBPO i 4 8 4 353 7 0 


‘Shown above is a photograph of 1 of the experiments from 2007. The one turn lik fram the Norton amplifiers just above is shown phased 
correctly and then phased incorrectly. Note the oscillation in the "badly wired! amp at 14.86 MHz. I routinely check all of my noiseless RF amps 
using the oscilloscope. Occasionally, | will put a shunt coil and cap (Irom input to ground) on the input to “exaggerate” any oscillations. This has 
proven to be a useful technique for testing ifthe phasing of the one turn link was done correctly 


RF preamp for the 40 Meter band with 3 tuned filters 


soenms 
RE 5pF 
in 47pE = 


is 


220 pE ” , 
CV 6SpF LL CV 100pF 


Li= 24uH=23t T50-6 
iM T1 = 28t T50-6; tap 5 from gnd 


T2= 24:4 turns on a T50-6 


i CV=8-70 pF trimmer cap 
t's ~ around 7dB gain 
803 prequeney! M42 920 Freq sdiv stop /-03 are 


‘An experimenter's 40 Meter band front end for CW. This has a double-tuned fer and a low gain, lower noise RF amp. Great circuit for isolation 
of a product detector or mixer in a popcorn receiver. 


‘A photograph of the above 40 meter band front end, double-tuned fier plus tuned commen gate RF amplifier. Input and output Z is 50 ohms. 
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QRP HomeBuilder Software 


Disclaimer: 


‘THE QRP HOMEBUILDER SOFTWARE OFFERED HEREIN ("THE SOFTWARE") DOES NOT COME WITH ANY WARRANTY, EXPRESS OR 
IMPLIED. IF YOU MAKE USE OF THE SOFTWARE, PLEASE BE AWARE THAT YOU DO SO AT YOUR OWN RISK. NEITHER THE 
AUTHORS OF THE SOFTWARE AT JENNA DESIGN NOR ANY OTHER PARTY WILL ACCEPT RESPONSIBILITY FOR ANY OCURRING 
OR UNFORESEEN CONSEQUENCES OR DAMAGES THAT ARISE AS A RESULT OF THE USE OR MISUSE OF THE SOFTWARE. 


Technical Info and Distribution 

‘The QRP HomeBullder applications are written in C++ for speed and compactness. Apps will specified as GUI (graphical user interface ) or 32- 
bit console based ( DOS look ). Anyone may display or distibute these applications via website or diskette providing that they do not charge for 
the program(s). | know longer have a C++ compiler and no future work on these applications is anticipated. 


QRP - RELATED APPLICATIONS FOR DOWNLOADING 


CoilBuilder_99 


CCoilBuilder_99 is a powdered iron inductor winding application. Enter desired inductance, select core size and mix and press the Calculate button 
to determine the correct number of windings for your inductor. Data is also given showing, core colar, permeability, frequency range, AL value 
and maximum number of tums versus wire guage for the chosen core size. Encompasses 12 different core sizes and 8 different mixes of 
powdered iron. Calculated results can be stored on a disk file or printed out. 


Style: GUI, File size: 90K, zipped, 44K. 
Bug Fixes: Some missing AL values for # 7 material added April 24/99, K6WHP's superior version is linked below. 


Current Version is: 4 / 24 1999 
Download the CB99.2ip file 


PI Filter Designer 


PI Filter Designer is a simple 3 element 50 ohm input and output impedance pi fiter designing application. This program allows the user to design 
simple lowpass fiters by selecting from a variety of standard capacitor values either empirically or to suit what you have on hand. The filter 3.dB 
cutoff frequency and required L1 inductance are automatically calculated and displayed. In addition, the user may select an additional capacitor 
value to put in parallel with both caps C1 and C2. In this app XL = XC = 50 ohms impedance. No ather impedances can be calculated with this 
program. 


Style: GUI, File size: 47K, zipped, 22K. re 


Current Version is: 1/14/1999 
Download the pifiterzip file ay | yee 


CapCoder 


CapCoder gives the capacitance in microfarads, nanofarads and picofarads and tolerance of any capacitor cade entered into its input section, 
Example : 104J. This app uses numeric spin-buttons and a cambo box so that no typing is required for data entry. 


Style: GUI, File size: 48K, zipped, 22K. 
Bug Fixes : A nanofarad conversion error was corrected July 2, 1999. 


Current Version is: 07 / 02 / 1999 
Download the capcoder zip file 


Resistor Coder 


Resistor Coder gives the resistance in ohms of any resistor color code entered inta its input section. Four or five band resistors can be 
accommodated by this program. This app uses drop-down combo boxes so that no typing is required for data entry. Results may be saved to a 
disk file a directly printed, 


Style: GUI, File size: 58K, zipped, 27K. 


Current Version is: 1/16 / 1999 
Download the resistor coder zip file 


Ferrite 


Ferrite is used to calculate the number of turns required on toraidal ferite cores to achieve the desired milihenry-value inductance. 15 different 
ferrite toroids are included in this application, This program wil calculate the winding data for an inductance range of 0.001 to 27 milihenries. 


Style: Console, File size: 64K, zipped, 31K. 
Bug Fixes: Thanks to PASCKR for the bug report fixed Jan 19/99. 


Current Version is: 1/19 / 1999 
Download the ferrite zip fle 


Universal Diplexer 


Universal Diplexer calculates the inductance and capacitance values for a Bridge-Tee diplexer based 
Upon a chosen supethet receiver intermediate frequency. The diplexer is the Joe Reisert, W1IR 
popularized design discussed under Diplexer Topics on this web site. The user inputs an IF and 
presses the Calculate button to have the capacitor and inductor values given in pF and ul 
respectively. The diplexer schematic is included in the application. Note that the this is for the Q = 1 
version of the Bridge-Tee Diplexer. 


Style: GUI, File size: 49K, zipped, 22K. 


Current Version is: 1/19 / 1999 
Download the diplexer.zip file 


HF Dipole 


‘A very basic program for calculating the length of each leg of a 1/2 wave wire dipole antenna, Program good for 1 - 500 MHz, although intended 
for MF - HF useage. This app does nothing more than the standard 468/freq (MHz) type calculations. It was written for DOS many years ago and 
ported to Windows. The output shows the 1/2 wavelength and 1/4 wavelength design wire length in feet and meters. This app is probably of no 
help to experienced antenna designers 


Style: GUI, File size: 46K, zipped, 22K. 
Update : Minor improvements made Feb 9, 1999 


Current Version is: 2/9 / 1999 
Download the ht_dipole.zip file 


Resonator 


‘This application calculates the inductor and capacitor values for the tank circuit of a simple bipolar transistor RF 
amp. The basic schematic is shown above. Enter the center frequency plus the inductive/capacitive reactance you 
desire and press the Calculate button to calculate the necessary inductance and capacitance for Land C 


respectively. 
Style: GUI, File size: 50K, zipped, 21K. 
Current Version is: 1/23 / 1999 
Download the resonator zip file 

NPN DC-BIAS 


‘This application calculates the various voltages and 
currents of a simple voltage divider bias NPN bipolar 


transistor amp. The following is calculated: IB, IC, IE, VE, 


VB, VC, VCE and detection of Saturation or Cutoff. The 
User can alter the VCC, VBE, transistor beta and any of 
four resistor values R1, R2, RC and RE by picking the 
transistor value from a standard-value resistar table or 
‘manually entering the value. The schematic ilustrates 
some of the voltage measuring points on the transistor 
schematic. This app isin final BETA. 


Style: GUI, File size: 73K, zipped, 32K. 


Current Version is: 16 / 04 / 1999 
Download the nbias zip 
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Popcorn Direct Conver: 


Discussion: 


Note: ityou click on a schematic, a larger 
version will appear in a new web browser 
window. 


Shown to the rights the schematic to a low 
cost popcom ditectcarwerson receiver nisin 
frame, To complete the receiver, a front end 
band pass fiter and a VEO with an output 
power of 7 dims requted. Tis is ndeet a 
frugal project using cheep tensions, nic | BES 
low pass fitr and an LMZB6N for output 

power to a pai of low dmpedance 
headphores. The builder also has a choice of 
Sdplowers and an optional ruta crc. This 
receiver is easly bul using Ugly Constuction 
and can be bul in 3-4 hours with abit of ick 


Product Detector and Diplexers 


Popcorn DC Receiver Main Frame 


‘wm 


Fame = juc]ne Laake 


isis Ss0.016uF 
pau " 
4 t+ 
i eee 
4b wvoaen | 


ap ed 


Pot 
aon th a ‘ 
AFAmp - I Pa A" phones 


a ye Te Jo 


‘AF Preamp 1.08 2us00 22720 ets 
[elector 50 ohm Diode Rig eer 


rn ty 10, 1988 


“The 50 ohm diode ring product detector can 
be commercial units such as the Mini-Circuits SBL1 or 
‘TUF-1 or homebrewed 50 ohm impedance units. Five 
simple "diplexers" are shown in the lower "Adjuncts 
schematic for you to choose from. The one you choose will 
depend on available parts, cost and your requirements in a 
popcom receiver such as this. These diplexers are mostly 
of the low pass fier variety and provide a -50 ohm 
termination to the diode ring mixer and some matching to 
preserve the product detector dynamic range. I realize that 
except for (A) and (D) these audio frequency fiters are not 
truly diplexers and will not provide DC to daylight matching. 
“The intent of this web site is not high performance-high cost 


design and please do not confuse itas such. Note that 
electrolytic capacitors that bypass to ground such as the 1 
UF caps must be non-polarized or bipolar for best results 


‘The (A) diplexer is by W7ZOl and is described on the 
Diplexer Web Page on this site 


“The (B) and (D) diplexers are my designs and the (D) 
diplexer is the (B) diplexer with out the high pass 
component. 


“The (B) diplexer shown has a 3000 hertz 2 pole high pass/2 
pole low pass design. This 2nd order fiter provides 
reasonable overall matching Capacitors are standard-value, 
non-polar electrolytic types, 


‘The (C) diplexer is a very basic, but very practical choice for 
this receiver. 
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“The (E) diplexer is one that | used in one of my first OC receivers and the 47 milhenry inductor is @ standard value unit sold by Mouser 


Electronics and others. 


‘Another diplexer choice for this receiver might be the unit described by Rick Campbell, KK7B in his Binaural I-Q receiver project published in the 


March 1999 issue of QST. 


Update May 15, 2008 


‘There was confusion regarding the 2.7 to 47 mH inductors mentioned on this web page. | originally wound just the 2.7 mH inductor on a ferrite, 
but not the others. This is not a great idea as losses are high. For millhenries-value inductors, commercial parts should be purchased. A good 


brand to consider might be Epcos. Sorry for causing confusion, 


10 milliHenry inductor 


* Not wound at home 


AF Preamps 


‘The AF preamp section follows that of the Ugly Weekender Receiver designed by Wes Hayward, W7ZOl. | tried many other configurations 


land came to the conclusion that these two simple but elegant stages give a winning combination of low noise, good gain, low parts count, 
low hum and good AM broadcast band rejection. The Ql transistor decouples the receiver preamp very well and no hum was detected in 
the headphones providing a well ftered DC power supply was used. The Q2 grounded base amp provides a low impedance termination of 
the product detector and diplexer stages. Q2 and Q3 are direct coupled and provide lots of gain to drive the succeeding low pass fiter 
without it adding a huge abundance of noise to the signal. The bypass capacitor (0.022 uF ) is essential to bypass any broadcast AM 
detected in the Q1 stage to ground. Other values of capacitors maybe tried, but do not omit this critical par. 


Low Pass Filter 
| cannot handle listening to a DC receiver on a crowded band without some low pass fitering. The high pitch heteradynes effect my 
concentration and give me a headache. Nevertheless, itis neat to temporarily listen to an unfiltered DC receiver; to hear the pure and 
wonderful signals possible by beating RF directly into audio. | prefer low pass to band pass filters at audio and have used many 
combinations of active fiters using discrete components and op-amps, as well as passive designs using AF inductors to build wave fiers. 
This receiver uses none of these devices, however they could be easily substituted for the iter shown. Connected to Q3 is a simple, cheap 
RC low pass filter based upon the design criteria given on the Discrete Component RC Audio Filters web page on this web site. The cutatt 
values you calculate will be ballpark and values of 0.047 uF for CW and 0.015 uF for SSB were chosen, but other values could just as 
easily been used and please do not hesitate to experiment with the caps andlor the resistors to suit the parts you have on hand. For the 
capacitors in the low pass fiers, avoid using ceramic disk type caps if you want the best possible performance. Polyester, polypropylene, 
polystyrene or polyester film type are all suitable, however, ceramic caps will work if you are really going junk boxllow cost. 


| attempted to make a wave file to demonstrate the low pass fier. | came right off the headphone jack into the input of the of my 16-bit PC 
sound card via @ step up audio transformer and the results were a litle disappointing. Sixty-cycle hum and distortion of loud stations were 
‘added by the sound card. The sound file is big (636 KB ) and is a digital recording of me tuning through a 30 meter pile-up using the lowest 
‘sample rate and frequency possible on my computer. The low sample rate/frequency also degraded the sound somewhat as well, but | 
decided to put iton the page, war's and all. The DX station was a VK2 and sure did cause a lot of excitement an 30 meters that night 
‘around sunset on the left coast. Actually the wave file demonstrates how good the receiver sensitivity and AM radio immunity is. In addition, 
the low receiver background noise is also very apparent undemeath the constant 60 cycle hum. The 60 cycle hum and clipping af loud CW 
signals is not heard in the headphones and is a soundcard manifestation. Perhaps the best method would be to come of Q4 and go right 
into the sound card with a smaller line-in signal voltage. Download the popdc wave file 


AF Driver and Final Amp 
Connected to the input and output of the Q4 stage are small value capacitors to provide some high pass fitering forthe receiver amplifier 
chain, Some emitter degeneration is used on Q4 to provide a better termination of the preceding RC low pass filer. The receiver amplifier 
cchain has a lot of gain and when the 10K pot is turned to minimal resistance ( cranked ), the LM3B6N can be driven into distortion. You 
may want to limit the maximum gain with a series resistor connected to the 10K pot after building and testing this receiver. 


The final AF amp is the perennial LM386N, a low cost, easy to use AF amp. Turn it upside down and solder pins 2 and 4 right to your 
‘copper ground plane to anchor this part. It can easily be configured to drive a small speaker. 


‘An optional mute circuit is shown in the "Adjuncts” schematic and is labeled (F). This circuit is a simple transistor switch which grounds the 
‘output from Q4 and mutes the receiver audio. This circuit switches rapidly and there are no annoying pops or clicks to be heard in the 
headphones when itis switched. Apply the VCC to the diode as shown to mute the receiver during transmit if the receiver is used in 
conjunction with a transmitter. Q5 in the mute circuit can be a 2N3904 or 2N2222a or substitute 


In addition, a suggested side tone input to the LMSA6N is shown. | have started to use simple one section RC filters on the output of my 
side tone oscillators to smooth the waveform into a more pleasing audio tone. 


Conclusion: 
‘This popcorn receiver can be made very inexpensively and has good sensitivity and a reasonable noise level and selectivity. | tested this 
main frame on 20 and 40 meters and really enjoyed it. This receiver main frame could be combined with an inexpensive VFO using tuning 
diodes to keep cost down and the popcorn factor up. Although it does not use tuning diodes, a 40 Meter band VFO schematic has been 
placed an the VFO page. 


Here is a YouTube Link using the receiver with a different front end fiter and VEO. This is not my radio or video. 


A bilog post from Peter AK6L -~ its good to see builders moving beyond kits. 
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RF — Test and Measurement 


40 Meter Popcorn Superhet Receiver 


Discussion: 


Note: ityou click on a schematic, a larger 
version will appear in a new web browser 
window. 


To the right is the schematic for a no-trils, 
relatively low-cost CW superhet receiver with a 
‘4,00 MHz Intermediate frequency. There is na 
AGC or RF gain control, however this receiver 
has good large signal handling capability. This 
receiver uses just 6 bipolar transistors and an 
op amp for reasonable volume into 
headphones. Much of the ideas/design of the 
various stages must be credited to Wes 
Hayward as | borrowed heavily from his 
previous work and through ideas obtained by 
discussion. If one were to hamebrew the diode 
ring mixers, indeed this would be a very low 
cost receiver giving reasonable performance 
which outperforms any NE6O2 based superhet, 
receivers that | have buit or listened to. Below 
the main schematic is a diplexer diagram that 
allows the builder to choose from one of twa 


RF and AF diplexers used to terminate the 3 Yee manic 
diode ing mixers 2 Son sn 


Band pass Filter and RF Preamp 
From the 50 ohm receiver antenna jack, first off 
isa double-tuned band pass fiter which was 
designed by Rick Campbell, KK7B and works 
very well. The trimmer caps can be the 5 -20 
PF units sold by Digh-key and Mouser. The 
fixed-value caps in my prototype were 
inexpensive monolithic ceramic capacitors 
purchased from Digi-key. Rick used an NPO 
Ceramic for the 10 pF coupling cap plus silver 
mica type for the 100 pF caps in his original 
design. For possible lower insertion loss, the 
probable best/cheapest way would be to use 
all NPO ceramics for the fixed value caps in 
this filter. 


‘The RF amp is my favorite popcorn RF amp ; a 


eee oerayes yea = 
to be quite suitable and does not require the - 10, st st ‘l Se, a A 
iL 
Since Fi 
‘Mixer cy 


6dB pi attenuator that follows the feedback W709 Ir tf 
tp as shown inthe schema The eedback a ae 
ont i 20a 


m8 
amps 50 ot input impedance property 
terminates he bandpass fier The 6 8 ae DLexERs 
anenuator pad folowing te amp t helps 

provide 850 ohm input impedance forthe 
mixer and o reduce stage gan which ais in 
preserving he signal a noise rato of he 
Tecenver ta buder wars ate more 
senstvy, hep atenuaton pad could be es 
reduced 0-2 dB however this may eflec the genio] my | 
receiver dynamic range. The transformer Tis 

‘one of 2 broadband transmission line ee 

transformers in ths receiver. ransom the 
200 atm collector impedance to 50 ots or 
the succeeding tage 


ey Mee 


Mixer and Diplexer 
‘4.50 ohm diode ring mixer (7a8m) such as the Mini Circuits SBL-1 or TUF-1 or homebrew are all suitable. Following the mixer is an RF diplexer 
of your choice. The more complex Brifge-Tee ( Q = 1 )diplexer (A) isan excellent design, however maybe overkill in a popcom supethet such as 
this. For the (A) diplexer, to get the necessary 800 pF for the capacitors, simply parallel a 470 with a 330 pF or a 120 pF with a 680 pf capacitor. 
‘The inductors at 2.0 uH are wound on powsdered:-ion torroids. You can use # 26 AWG wire and itrequires 22 tums on a T37-2 core or 20 turns 
on a T50-2 core. In addition, you can use a #6 material torroid to wind the inductors. This diplexer is described elsewhere on this web site 


‘The simpler (B) diplexer uses a ~3 times the IF frequency that I have seen this basic design in many textbooks and articles and provides 
reasonable matching with a 50 ohm inductive and capacitive reactance. The cutoff frequency chasen was 11.78 MHz as this allows the use of a 
standard value capacitor (270pF ). To wind the 0.68 uH inductor use 13 tums on a T37-2 torroid or 12 turns on a TS0-2 powdered iron toroid 
core. You can easily use 24 - 26 AWG wire for the inductor. 


IF Preamp , Crystal Filter and IF Amplifier 
Except for the inductors, the IF preamp and IF amp are identical and both warrant a small clip-on heat sink as they draw reasonable current. The 
standing current maybe increased or reduced by changing the 47 and 75 ohm resistors connected to the Q2 and Q3 emitter respectively. 

Factors such as available power supply current versus dynamic range requirements may come into play. One may want to stand more current in 
the IF preamp and less current in the IF amp. For example, the 75 ohm resistor on the Q3 emitter could be increased considerably andlor the 5.6 
‘ohm degeneration resistor could be increased as wellitless stage current draw is wanted. The 2N3866 transistor is usually a cheaper way to go 
for these amps than the 2N5109, but the choice is up to you as you may have something available in your junk box. The 200 ohm -6d8 pad 
following the IF preamp should not be omitted as it helps prevents the stage from seeing reactance's created ahead by the crystal fiter. The four 
diodes form a 1308 limiter to protect the crystal iter should a catastrophicaly large signal be present in the receiver's front end, They maybe 
omitted. A -3dB 50 ohm resistive pad terminates the IF amp and helps establish a 50 ohm input impedance for the product detector ahead. 

‘here for more on the IF preamp. 


ick 


This receiver has a narrow IF Cohn Crystal fiter. Bandwidth is ~ 405 hertz, which unfortunately makes tuning quite sharp however this fier is 
very nice for crowded band conditions. The IF filter crystals should be closely matched in frequency to prevent unwanted ripple in the pass band. 
Generally, you have to buy 10 and then if you have a frequency counter, use the receiver BFO stage to test your crystals for matching. Pick the 
closest 4 crystals and use them in your fiter. It does not matter if the crystals have series or 20 pF load capacitance, but it does matter that they 
fre matched in frequency within 40 hertz of one another or better for this receiver. For my prototype receiver, | purchased ten 20 pF load 
capacitance 4 MHz crystals and luckily found 4 that matched each other within 9 hertz! For those builders who do not have a frequency counter, 
some QRP parts retailers sell matched sets of crystals. Its important to note that the BFO should be set on the high side of the IF frequency as 
simple crystal ladder filters have a steeper upper passband than lower pass band, 


“The crystal fiter is terminated by the 4:1 transmission line transformer and then 50 ohm impedance of the IF amplifier. The -2dB pad following the 
IF feedback amplifier helps to terminate the crystal filter by helping ensure @ 50 chm IF amp input impedance and should not be omitted, Place a 
7 and a 220 ohm resistor in series to get the required 295 ohm resistance on each leg of the pi attenuator. 


Many may balk at just one stage of IF amplification, but since there is no AGC and this is a CW receiver, it works well. A feedback amp is once 
again used to provide correct input and output impedances for stages connected to the IF amp. Following the IF amp is another attenuator set 
for -24B and then a 50 ohm diode ring mixer. 


Soldering Step by Step 


Earlier I explained the individual factors that affect the quality of a solder joint. 
These are: 


© Cleanliness — dirt or impurities drastically hinder good solder coverage. 
© Temperature — the right level to enable the solder to flow freely! 

© Time—apply heat for just the right amount of time! 

© Adequate solder coverage — enough to form a good joint without 


touching neighbouring areas. 


These rules apply whether soldering a p.c.b. or performing other tasks such as 
interwiring (hooking everything together with connecting wire). 


We'll now summarise the stages of making a typical solder joint — soldering 
components onto a printed circuit board (through-hole soldering). Most people insert 
components into the circuit board and simply splay the wires out to hold them in place 
under spring tension. I find it best to snip excess wire leads off at this stage, to improve 
accessibility. 


© Allparts must be bright, clean and free from dirt and grease. 

© Try to secure the work firmly to stop parts moving around. 

© “Tin” the soldering iron tip with a small amount of solder. Do this 
immediately, with new tips being used for the first time. 

© Wipe the tip of the hot soldering iron on a damp cellulose sponge to 
remove excess solder or contamination. 

© Many people then add a tiny amount of fresh solder to the cleansed tip just 
before using it. 

© Heat all parts of the joint with the iron typically for under a second or so, 
until it’s heated throughout. 

© While heating, then apply sufficient rosin-core solder to form an 
adequately-covered joint. 

© Itonly takes a second or two at most, to solder the average p.c.b. joint this 
way. 

© Donot move parts until the solder has cooled. 

© Remove and return the iron safely to its stand. 


This special photo sequence illustrates these stages. It’s best to start with the 
smallest, fiddliest parts first when soldering a blank p.c.b., because that’s when you’ve got 
the most access on the board. Accessibility will be reduced as more components are 
added, so we'll start with a simple wire link on a professionally designed p.c.b. 


Product Detector, AF Diplexer and Audio Amplifiers 
“The mixeridetector can be SBL-1 or TUF-1 types or homebrew if you want to reduce costs further as the mixers are the single most expensive 
‘components in this receiver. 


‘Again a choice of diplexers is required. The (C) AF diplexer is very simplistic but very practical i ou are trying to keep costs low. The (0) 
diplexer is designed by W701 and is from the Diplexer Web Page on this ste. 


Following the diplexer, a grounded base audio amp provides a 50 ohm termination to the product detector. AF gain and some AF filtering are 
provided by Q5 and Q6 which together attenuate frequencies less than 72 hertz and greater than 638 hertz. This amplifier pair are described on 
the discrete AF fiters web page on this web site. Keep your leads short on all the AF transistors. 


“The final AF amp is the perennial LM3B6N, a low cast, easy to use AF amp. Turn it upside dawn and solder pins 2 and 4 right to your copper 
{ground plane to anchor this part. There are a number of low-noise alternatives to the LM386 available which are generally more expensive but 
‘would be quite suitable. Discrete component AF amps can also be used, but a popcorn part such as the LM386N maybe cheaper and easier. 


VFO and BFO 


VEO schematic 
BEO schematic 


Alternate version of this receiver 


Construction Ideas 

‘When constructing any project, build in small modules and test each one separately. For instance, the AF amp should be built fist and then 
tested by injecting a very low-level audio frequency tone into that stage and listening for output in your headphones. Every QRP workbench 
should have a simple AF tone oscillator from a schematic similar to the ones used for keying side tones in CW transmitters. The encased 
oscillator should have to @ 100K or so potentiometer connected to the output to vary the output signal amplitude. Generally use maximum 
resistance on the 100K pot to start with and reduce this resistance slowly as the in-test amplified oscillator output could be very loud. After 
testing the AF amp, build the 3rd AF preamp stage including the 10K panel mounted pot so you can vary the gain going into the AF amp. Now 
inject the AF oscillator output into the input on the pot and vary the 10K pot to ensure that the stage you built is working. It should be a lot louder 
now and should go up and dawn in volume with the 10K pot. Finally build the remaining preamp stage and once again test the circuit with your 
AF oscillator. The output into the phones should be painfully loud now when cranked up! The next stage to build would be the BFO. If you do not 
have a scope, peak the tuned circuit by watching the S meter on a radio receiver located nearby. Ensure that you put a load on the output 
winding of the BFO such as 47 ohm resistor to ground. A small piece of wire can be used as an antenna ifthe BFO signal is too weak to activate 
the S meter on your receiver. Once peaked, you can now use the BFO to match your IF crystals. To use the BFO to match your crystals, use a 
small wire to bypass or disconnect the 60 pF variable capacitor that is used to connect the crystal to ground. In other words, the bottom lead of 
the crystal is connected to ground with a shor piece of wire. This makes testing your crystals a litle more scientific as the variable capacitor 
cannot influence the crystal frequency during testing. You can also use the BFO in conjunction with a scope or voltage probe to test the various 
RF amps in the receiver. | do this all the time with my scope. Proceed with this build a stage, test a stage method and you should be rewarded 
with @ functional end product. 


KKARF's version of the 40 Meter Band Popcorn Superhet 

Marty, KK4RF emailed me and described his version of the popcom superhet from this web page and contributed some great info and photos of 
his receiver. Of note is Marty's use of Radio Shack IC boards for mounting the components for each stage other than the VFO citcuit. This is yet. 
another variation from ugly construction that | have also used which works extremely well. Marty built the VFO using pure ugly construction and I 
was glad to hear that he is enjoying good frequency stability even with the lid off the VFO enclosure. 


He built the receiver into an old Heathkit HW-12 single-bander case from the 1960's and itis a very attractive receiver to say the least. He found 
an old National Velvet Vernier Drive at the Virginia Beach Hamfest this year and used it to tune the VFO. Don't you love Hamfests! For the BFO 
he used an BFO circuit with a 4 mHz crystal from a different receiver project (a project that never quite worked.) He built a small power supply 
and located it along with the BFO under the chassis. 


|like Marty's generous use of ground plane and neat stage layout. He reports good selectivity with his IF fter and apparently built four superhets 
that did not work before building this popcorn version. This is more a testimony to Marty's perservance to home building than to this receiver 
design in my opinion. | won't tell you how many rig failures | have personally incurred, as it would take a long time! Many thanks to Marty, KKARF 
for the feedback and great pictures. 
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Broadband Transformers plus Diode Ring Mixers 


Discussion 


‘There are 2 basic types of broadband —— Gomnaer vee 
wansiormers used in mest QRP work 4: 4/Breadband Transformers guar vec 
— conventional and transmission line 

style. Bath types may be wound on 
ferrite toroids, pot cores or rods, 
however, | only discuss the toroidal 
transformers we employ to give a 4:1 
impedance transformation, 


Grounsor vec, 


imetore® ohimadance Low inpodance 


use these transmission line 1a— cround or vee 


transformers on many projects on the 
QRP / SWL HomeBullder web sit. 
For MF and HF uses, a ferrite core 
permeability of 850-800 is generally High mpetince Fra7.ta 

required and the FT37-43 ferrite core 

proves suitable. Shown above are 3 

equivalent schematics of the 4:1 transmission line transformer. Youtl probably find that the center drawing easiest to conceptualize, however, 
with closer examination, all 3 schematics are the same and transform signals from unbalanced 50 0 impedance up to 200 © unbalanced 
impedance or visa-versa. 


[— Low impeance 


Lowimpetance pie 


“The high impedance is 200 Q and the low impedance is 50 Qin all cases. Itis important to know that these transformers are symmetrical and the 
points labeled Ground or VCC can be switched with the point labeled High Impedance. Click an the schematic to enlarge it 


Winding the 4:1 Transformers 
Wire Twisting 


‘Transmission line transformers are wound with bifilar (2 wires — generally twisted together). Winding these transformers is very easy. All you 
heed are twa ~18 cm (7 inch) pieces of #28 AWG enamel coated wire and an FT37-43 ferite toroidal core. 


A:shop vise, a ruler, plus a brace and bit hand dril may aid your construction —1 bought my brace and bit dill at a garage sale for 2 dollars. You 
need to twist the 2 pieces af wire together to get ~3-4 twists per em (8-10 twists per inch) in the wire. To do this, loosely twist the wires at one 
tend and place these twisted ends in a bench vise. Next, place the free wire ends together in your brace and bit drill chuck (no drill bit) and 
tighten up the chuck so that the wires are held securely. 


Try to keep wire length and tension equal. Start turning your dil to twist the wires together and every once and a while measure how many 
twists per em with a ruler. When you get to 3-4 twists per em (8-10 twists per inch) you're done and then may trim the excess leads with a wire 
cutter in preparation for final winding and soldering. 


At VHF, | often use just 3 oF 4 total tums on an FT23~43 toroid with a piece of wire just a few cm long. | place the 2 wires in the vise and twist, 
them using a pair of pliers held parallel to the wire. 


‘Transmission line transformers will alsa work ifthe wires are untwisted, 3-4 twists per cm only serves as a non-critical guide, Never wind your 


simple 4:1 transformers with bare wire. 
ei) | 
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A brace and bit hand dril plus a vise provides a good way to twist your wires. 


Final Wiring and Soldering 
Leaving a 2.5 em (1 inch) lead, wind ten complete loaps through the toroidal core leaving a small gap between the start and finish leads, 


Untwist the leads a litle so that you have 4 separate wires. One set of these wires wires will be called winding #1 and the other winding #2. You 
need to identify them and further break them into 1a, 1b and 2a and 2b. Generally | regard the the top two windings as (A) and the the bottom 
two wires (B), however, use whatever system works best for you. Stip off the enamel atthe tips of all four leads and then get your ohmmeter of 
better yet, a beeping continuity teste. 


Start on one of the top (A) wires by connecting the ohmmeter or continuity beeper to it and then touch one of the bottom wires and then the other 
bottom wire. Whatever bottom wire (B) shows continuity with your top wire should be marked along with the source top (A) wire with paint, liquid 
paper, tape, or whatever you like 


| prefer to wind 2 different colored wires if possible 


Designate the marked wire pair winding number 1. You may also want to test for a short circuit — there should be no connection between wire 
set 1 and wire set 2 at all. So now you have 2 wires sets, winding set 1 is marked and winding set 2 is unmarked. The top two wires are 
arbitrarily labeled A and the bottom two wires are labeled B . Refer to the schematic above for clarification. Connect 1b to 2a and twist them 
together and then solder. Your done! 


Its really easy to make these things don't you think?. 


‘Atrio of bifilar transformers wound on FT37-43 ferrite toroids. 2 colors af wire reduces errors and speeds up construction. Consider making up 5 


at atime, s0 you have them on hand and do not have to interrupt your experiments. 


Homebuilding Diode Ring Mixers 


Discussion: 
Easy to make, homebuilt diode ring mixers give a low-cost alternative to 
commercial diode ring mixers. A double-balanced diode ring mixer has 2 
unbalanced to balanced transformers and a diode ring. The impedances 
at the three ports is 50 Q. The transformers are wound with #28 AWG 
enamel coated wire on a FT37-43 ferrite toroidal core using atiflar (3 
wire) technique, 


‘The wire twisting and winding technique is done as described above for 
the bifilar transformers. The connections 2b and 3a are twisted together 
and soldered. Again you will have to develop a technique to help you 
distinguish the wires from 1 another. Click on the schematic to enlarge 


Diode Ring Mixer 


AecxtFoutr 


‘A.sample of the enamel coated copper wire collection | wind inductors and transformers with. In stock are wire gauges from 18 to 34. Like 
everything else, this collection started small and grew over time. Be vigilant for bargains and when you find a good price, purchase a whole 
bunch as it does not go bad. The Belden wire (orange spool ends) is over 40 years old and the enamel insulation remains perfect. 


Diode Matching for Mixers 


Discussion 
For optimal results Schottky or Hot-Carrier diodes should be used. However, common diodes such 
as the 1N914, 1N4148 or 1N4454 are all quite suitable and are much cheaper. The four ring 
diodes should be matched to help mixer balance and thus carrier suppression. At MF and HF the 
‘most cfitical matching required is the forward voltage drop across the diode and this is easily 
performed with a sensitive voltmeter. 


‘Set your voltmeter on the 2 volt scale to give you 3 decimal places for matching the voltage drops. 
“Try and find 4 diodes close to one another. In addition, best results maybe obtained itll the 
diodes are the same type (ie. all 1N4148) and if they are all from the same manufacturer. Look 
above for easy schematic to match your diodes with a voltmeter. Give the diode under test at least 
20 seconds to warm up and stabilize before taking your voltage measurement. 


DIODE MATCHER 
9-12 volts 
(regulated) 
10K 


Measure voltage 
here 
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RF — Test and Measurement 


jiplexers Topics 


Introduct 


n 


My original web page on diplexers was rather incomplete and received some criticism from electronic engineers albeit the focus of this web site is 
“popcorn” designs. Wes Hayward, W7ZO! provided me some excellent schematics, analysis and simulations for diplexers which terminate doubly 
balanced mixers and these are presented below. Alter this section, the WIJR Bridge-Tee RF Diplexer from the original QRP HomeBuilder 
diplexer web page is presented along with new commentary and simulations by W7ZOl, 


‘The final section presents a practical diplexer for terminating a product detector. All graphical images labeled as Figures 1-24 are copyright and 
property of W7ZO1 and may not be presented elsewhere. Updated September 23, 2000, 


W7ZO1 Diplexer Notes 
‘The usual amplifier is a two-port circuit. That is it has an input port consisting of two terminals and an output consisting of two more. One 
terminal (ground) can be shared between the ports. Many fiters are also two-port networks, including most of the ladders networks we use so 
often, Many other networks have three or even more ports. A common example is a mixer, which has three ports. Another example of a three 
pport network is a diplexer. This linear network is usually designed around two port filters where one end of two different fiters are paralleled to 
form an input port. This is illustrated as Figure 1. The purpose of a diplexer is usually to force a frequency constant impedance to occur at the 
input port, even though we usually only use ane of the two output ports for signals. The simplest form of diplexer uses a pair of 1 element filters, 
alow pass and a high pass. This is shown in Figure 2. 
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equations give the Land C that provide a perfect match. The angular frequency is 


‘1 called the ctoss-over. A familiar example is the cross over used in audio systems. 
Figure 1 ‘The network that splits signals is a diplexer. Here is an example where both outputs 
are used. Another form af diplexer is the band pass/band-stop combination, This is 


shown in Figure 3: 


Let's now consider further some examples, some that work and some that don't 
‘work as well. First, let's look at an audio diplexer that follows a product detector 
in DC receiver. The load of interest is the frst audio stage, which has a 50 
(Ohm input resistance. The diplexer offered is Figure 4. Note that this is nat the 
combination of filters. It ust looks like a low pass with an extra resistor, The 
response of this cicuit is shown in Figure 5. The transmitted signal never gets 


Up to the desired 1 volt in the low pass passband while the impedance match, 
represented by reflection coefficient, never gets down to the desired zero. The 
response is just that of a lossy low pass fiter. 


In 2012; Click on many of the diplexer images to see the original sized 


Figure 3 at 
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‘The normal fiter circuit without the extra resistor is Figure 6. The corresponding output response is shown in Figure 7. Note that the transmitted 
signal is now up at 1 while the reflection is down to zero, both within the passband. Transmission goes to zero while reflection is 1 in the 
stopband, 
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Now let's use the low pass and put a high pass with itto try to form a diplexer. This is shown in Figure 8 where we now have just guessed at 
component values. The response, shown in Figure 9, has high pass and low pass outputs that we might expect. The match is good at the 
frequency extremes, but is only so-so in the transition band. 
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Let's now look at a carefully designed pair of two element fiers. The circuit is Figure 10 an is a final example. The corresponding response is 
Figure 11. Itis hard to see, for the response merges in with the baseline. However, the reflection is zero and itis zero everywhere. This fter was 
designed for a 1 kHz crossover, soit can be scaled to other frequencies with ease. 
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Figure 12 is another final audio example. This circuit is very similar to the one used in the past by Roy Lewallen, W7EL, although the inductor 
‘was smaller at 100 uH in his Optimized rig. The response of this diplexer is shown in Figure 13. This is not perfect, but itis probably quite a good 
performer in typical receiver situations. 
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Finally, here's a higher frequency example. Sth order low pass and high pass fiers are combined. The filters have a cross over at about 150 
MHz. Note that there is a slight reflection in the transition band. This is probably just the result of our having rounded some values in the design 
process. Figures 14 and 15. An outstanding reference on this is Nic Hamilton, G4TXG, "Improving Direct Conversion Receiver Design,” Radio 


A typical professional blank p.c.b. — silk-screen printing shows what goes where. 
The underside has been treated with a green solder resist coating, and the solder pads are 
ready-tinned to help with soldering. 


Fed 


Preparing a wire link for soldering — cut off some tinned copper wire and bend 
the ends to fit the p.c.b. correctly. Round-nose pliers (shown) are perfect for this, but 
ordinary electronics or “radio” pliers will do. 


‘Communications, April 1991. 
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Figure 14 


Bridge-Tee RF Diplexer 
This is an excellent bandstop/bandpass diplexer popularized by Joe Reisert W1IR. MW tl 
“This easy to build diplexer has a low parts count and is easily built using Ugly 

Construction. Resistors Ri and R2 present a 50 ohm impedance to the mixer output 
and a 50 ohm impedance to the input of the post mixer amplifier. The IF frequency is 


RI R2 Post 
passed through the diplexer while out of passband RF is given a low impedance path axe MIXER, 
to ground. The capacitance for C1 is generally built up by substituting the nearest IFAM 
standard value capacitor or by placing 2 or more capacitors in parallel with each other Sie 1 ie 6 

to achieve the desired value. The same procedure is then repeated for the C2 


capacitance. For more strenuous purposes, a portion of C1 and C2 or the inductors L1 

and L2 can be variable and adjusted on the bench. The inductors can easily wound on 

powdered-iron toroid cores. | have used T50:2 of TS0-6 type toroids with good results. 

‘The Q of the inductors is 1 

Itis possible to design a more generalized form of this diplexer with a higher loaded Q in the resonators. The diplexer shown and used in the 
program has a Q of 1. This was used by WLR in his VHF/UHF World Column in the now defunct HAM Radio Magazine for March and 
November 1984. It was also more recently used by Jacob Makhinson, NGNWP in his A High-Dynamic Range MF/HF Receiver Front End in QST 
for February 1993. The actual formulae for this diplexer is far more complex than the simplified formula shown below or used in the program, but 
both provide a very good approximation for the Q = 1 version as used by WIR and NENWP. If you wanted Q=10, the series tuned circuit would 
Use L that is 10 times as high with C to resonate. The parallel tuned circuit would then use C that was 10 times higher with L to resonate. 
‘A-supplemental web page with some hard-core mathematics for this diplexer can be found on the Diplexer Supplemental Page. 


Simplified Formulae (Q = 1): 
RL and R2 ate always 51 ohm resistors. 

Inductors L1 and L2 > 50 (6.283 * frequency in Megahert2) 
Capacitors C1 and C2 > 1/ (6.283 *50 * frequency in Hertz) 


Example 1: For a 9 Mhz IF , L1 and L2 = 0.88 microhenrys and C1 and C2 = 350 picofarads 
Example 2: For a 4.92 MHz IF , L1 and L2 = 1.62 microhenries and C1 and C2 = 647 picofarads 


| wrote a simple program to do the math for the 


‘version. Download the Bridge-Tee RF Diplexer Diplexer Program 


‘Comments and analysis by W7ZO1 


“This is a double ended version of the frst order bandpass/bandstop design presented earlier. But i's a good one, within the constraints of what it 
can do. The frst isthe simulation schematic for the diplexer, which is better termed a Bridge-Tee Diplexer. (There are bridge Tee filters and 
attenuators too.) That figure is entitled Figure 16, 


Bridge-Tee Diplexer 


Figure 16 


‘The response for this circuit is shown in Figure 17. This is extremely good. The through response is very flat owing to the low Q of the series 
tuned circuit. But even better is the match. itis very good. Indeed, it would have been perfect except for slight roundoff errors that occurred as 


‘we designed the networks. 
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‘This kind of thing works fine if you really have a perfect match following the diplexer. But what if you don't. There are some places where they do 
not do the job that some folks think they will do. For example, a diplexer WILL NOT cause the impedance to be flat tits followed by a fiter. The 
diplexer must still be property terminated at both output ports. In Todd's usual applications, he is worried about providing a good mixer 
termination for a product detector. The audio amp that he uses will usually have a common base frst stage and that will present a good 
‘wideband load to the diplexer, so he is okay. But other folks have placed a diplexer after a switching mode mixer that then drives a narrow filter. 
‘The diplexer then does litle good. To illustrate this situation, I designed a “crystal ike” two pole LC bandpass fiter with a 50 kHz bandwidth. This 
represents the general case where we try to put a diplexer between a mixer and a fier. The fiter response by itself is shown in Figure 18. The 


schematic forthe diplexer and following fier is in Figure 19. 


The response for the combination is in Figure 20. Here we see a 
passband response that is fine; i's just the repeat of the fiter 
response we already saw. However, the input impedance looking 
into the diplexer, the impedance that would be seen by a mixer, is 
terrible. The return loss is 0 dB at all frequencies except where we 
{get within the passband of the fiter, 
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Pra ip PopcomR 
Practical Diplexer 


Building a diplexer to follow a product detector is not a cheap endeavor. 
‘Audio inductors and capacitors such as metalized polyester film types are 
rat common in many builder’ junk boxes. | relly ike the design shown in ene 
Figure 10 and wished to use itbecause it uses just 2 inductors and im 
capacitors which isin keeping withthe popcorn nature ofthis website. The 

main difcuty is thatthe inductors and capacitors are not standard value 2.2uF 22uF 
types and series connecting components to achieve the desired values 

would add to both the cost and size ofthe finished product. 


Obviously, it wil not ikely match from DC to daylight. That is not the 4 | 10 mH 
intention of this simple design or this web site in general. | asked Wes to 

place just 2 standard value capacitors and inductors in the Figure 10 a 
diplexer design and see what happens. 


Here was his response to my request 
OK, here are some "practical values.” Note that things don't really change 
that much. We start with 11.x mH and 2.25 uF. Change the inductor to 10, 
mH and get Figure 21. Then change the cap to 2.2 uF and see almost no change in Figure 22. 


10 mk, 2.250F 
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But now move into the world of even greater reality and acknowledge that many of the inductors we use at audio are very low Q. Change Qu of 
Lto 10 at 1 kHz, so | put 6.3 Ohms in series with each L to get Figure 23. And do the same thing, but with a dB scale, for Figure 24. Note that 
‘we can see the difficulties, but things are stil pretty good. We see some loss (about 1 dB) inthe low pass path and less than perfect match. But 
the match is stil very good. 20 dB is about 1.1:1 vswr, much better than 99.9% of the hams can really measure. (A 10 dB match is about 2:1.) 
Hope this is what you were after...Wes 


Itwas and | will use this "practical diplexer in my next popcorn DC receiver project. Note that the practical diplexer input and output impedance 
is 50 ohms and the 2.2 uF caps should not be polarized capacitors such as regular electrolytic types which have a positive and negative polarity 
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Many thanks to Wes Hayward, W7ZOl for his work on this page. 
‘A version of this web page in Russian Cyril 


Ugly Construction 


Discussion 


We enjoy many ways to build electronic circuits. For 
example, you might breadboard on a perforated circuit 
board, an etched PC board, a sheet of copper clad board, 
cr even a piece of copper wire. In the hay day of tube 
electronics, builders used terminal strips and point-to-point 
wiring within the project chassis. | mostly breadboard using 
Ualy Construction. 


Ualy Construction, “dead bug", or "ground-plane 
construction” invalves building circuits on top of a double or 
single-sided copper clad board (copper side up for single- 
sided board). The copper ground-plane provides a low 
Impedance ground and mechanically supports the parts 
soldered to it. Component leads requiring grounding are 
soldered directly to the copper surface, while the 
Lngrounded leads of these parts anchor any ungrounded 
parts connected to them. Isolated sections called stand-offs 
hold other ungrounded or remotely located parts. 


Example stand-ofs include high value resistors (10 


Mp enemies 
COPPER CLAD BOARD 


Compties with 


Megohm or greater), terminal strips, or small copper islands glued onto or cut into the copper ground-plane. Parts such as transistors, IC's or 
commercial diode ring mixers are generally fipped upside down and anchored by their grounded lead(s). Metal encased parts such as crystals 
can be grounded by a short wire or directly soldered upside down to the copper board, 


DC voltage wires, or decoupling resistors may be supported by soldering 1 lead of a bypass capacitor to the ground plane while the other lead 
holds the DC voltage carrying part up off the capper board a short distance. | mostly use grounded caps for stand-offs and nat 10M resistors 


Shown above — a 10 Megohm, half-watt, stand-off resistor anchors the "hat" inductor terminal plus supports the ungrounded trimmer capacitor 
terminal. The coil's 24 gauge wire provides additional mechanical stability. The signal loss from adding the 10M resistor was about 0.1 volts peak 
to peak in 1 experiment. 


Ugly Construction allows the experimenter total control over the design of a project and in my opinion, its greatest strength is speed. Ugly 
Construction yields rapid and flexible bread boarding — very appealing for prodigious home builders. 


The Origin of the Term "Ugly Construction" 


Roger Hayward, KA7EXM and Wes Hayward, W7ZOl coined the term "Ugly Construction” while writing the "Ugly Weekender” published in the 
‘August 1981 issue of QST. | asked Wes about this in 2009. The term was a takeoff from the 1958 book entitled The Ugly American by Wiliam 
Lederer and Eugene Burdick. 


‘A big part of the learning of the QST article was Ugly Construction! The term and the bread boarding technique emphasized the fact that there is 
‘no correlation between the “prettiness” of a construction project and the way it works. According to Wes, the goal had a couple of corallaries. 
"First, people like myself who do NOT have the knack for doing pretty projects can stil bulld successful radios. Second, is that we all eed to 
look at our projects after the fact to discover what itis that really makes them work well. In the case of the Ugly Weekender, the thing that makes 
itflyis that there is a wonderful ground plane with that PC board material". 


Indeed, this transceiver functions very well; especially after you temperature compensate the VFO. Wes also built versions for the 30 and 80 
meter bands. | have versions on 15, 40 and 80 meters. The transmitter portion is a rue QRP classic; both as a Ham radio transmitter and 
because it promoted "ugly" ground-plane or dead bug bread boarding techniques to the scratch homebrew community 


Classic Ugly Construction 


‘This term emerged in Spring 2010 and describes the archetype popularized by Rager and Wes Hayward. All ungrounded leads not anchored to 
other parts are attached to the capper ground-plane via high ohm resistors — no glued pads or islands cut in the copper board, 


In-situ comparisons of a 10 megohm resistor versus islands cut into the ground plane and glued-on Manhattan-style pads demonstrated that the 
resistor had the lowest capacitance; around 1 pF versus 4 pF or greater for the pads or islands. Click for a high resolution transmitter chain built 


with 100% Classic Ugly Construction. 


for a crystal oscillator. 


‘Above — Classic Ugly Construction using a high ohm stand-off resistor. The top of the 10 megohm resistor is the VCC connection point. It feeds 
2.150 ohm / 47 uF decoupling network connected to a transistor callectar resistor. Bypass capacitors also serve as stand-offs and | prefer thick 
lead (100 volt or greater) caps for stand-off duty. 


‘Above —The original Ugly Weekender. Photograph used by permission of Roger, KA7EXM, 


‘Abave — The original Ugly Weekender. Now this is Classic Ugly Construction. Please refrain from building this transceiver and adding modern 
notions such as a PIC microcontroller keyer — that's just wrong! 


Photograph used by permission of Roger, KATEXM. 
Ugly Construction Variants 


‘The most popular Ugly Construction variant is called Manhattan style. Manhattan or "paddy board” construction uses small square or round pads 
cut or stamped from PC board that are glued copper side up onto a large copper clad board also placed copper side up. The small pads or 

lands" serve to anchor ungrounded components. Components soldered to the pads such as transistors or ICs are generally not positioned 
Upside down like in Classic Ugly Construction. Many Manhattan style builders use IC sockets as well. These hobbyists sometimes build beautiful 
looking layouts — Manhattan is a wondertul bread boarding technique. Google for more information. The best Manhattan construction and copper 
board chassis bashing I've seen comes from Dave, AATEE. Click for a blog describing his version of the WBR regenerative receiver. Linked with 
the permission of Dave, AATEE. 


‘Another interesting variant is used by Dick Pattinson, VE7GC. The circuit board is placed copper side up and holes are drilled and countersunk 
so that the holes are isolated from the ground plane. Ungraunded components are connected underneath the main board through the 
countersunk holes. There are many such variations. Each Ugly Construction variant has advantages and disadvantages. 


On this website, stand-offs are created by cutting a few lines into the copper board with a small, motorized habbyist cutting tool; with high 
megohm value resistors, and occasionally by a small Manhattan style pad or 2. Manhattan pads are great for supporting components needing 
solid anchoring such as a trimmer capacitor or potentiometer. 


Classic Ugly Construction dominates circuits breadboarded after May 2010. 


‘The motor tool may also be used to grind off the copper undemeath where VFO toroidal inductors wil lie, so that the inductor Q is not effected by 
the being glued onto a copper surface. In audio projects, | may also grind off the copper around the capper board mounting bolts so that they are 
isolated from the chassis and do not provide multiple graunds and create the potential for ground loops. 


Is Ugly Construction Less Reprodu 


le than Manhattan? 


"ve received well aver 1000 emails about Ugly Construction since launching the site in 1998. Some feel that circuits made with Manhattan pads 
fare more reproducible than Classic Ugly Construction builds, This might be true, but to my knowledge nobody has performed a comparison trial 


‘The important question is why would this happen? I've read/heard opinions that the stray L and C from the long component leads associated 
with Ugly Construction might wreck circuit reproducibility, but respecttully disagree from DC to HF. In microwave breadboards, we fabricate 
lumped element inductors and capacitors (le. precisely dimensioned Manhattan pads) right into the PC board — Manhattan pads glued all 
around a breadboard may potentially exhibit much more stray L and C than a few component leads in an Ugly build. Also, wise Ugly builders 
keep their lead lengths short where it counts: for example, RF bypass + ground and at the inpu¥output of a BJT or FET that offers gain into UHF. 


| conjecture human error probably inflicts more problems for Ugly Construction builders — Manhattan building, with its slower pace might trigger 
less mistakes by newbies. Stil, oo, Manhattan builders tend to make prettier, squared and aligned circuits and it's easier to spot trouble — plus 
they look nicer in photographs and some builders carefully document and photograph their builds for others to admire and strictly copy. I've see 
Manhattan build photos where every resistor tolerance band pointed in the same direction — wow! | think it might be difficult to put such a ‘work 
of art’ into an RF-tight metal box for much-sought isolation 


Further, in Ugly Construction — upside down parts might wreak havoc on the “spatially challenged” builder. Who knows? I'm comforted knowing 
that kit sellers who provide a screened printed circuit board with explicit instructions, stil must provide major email support to mitigate build 
errors. To err in an ugly fashion és human? 


‘Whatever variant of construction you choose, it's sure to be a winner! 


Further Discussion 
Wire 


Non-stranded (solid core) copper wire such as the 22 AWG 3-color package sold by Radio Shack seems a good choice for hook up wire. With 
nnon-stranded wire, you do not have to worry about litle stay wire hairs causing shorts and its easier to wrap around components leads. | use 
red for wires that carry positive voltage, green for grounding and black for wires that carry AC signals short distances. In addition, RG-174 or 
shielded wire is used to carry AC signals for distances greater than 10 cm, and for connecting stages requiring 50 ohm input or output 
impedances such as diode ring mixers or low-pass fiters. 


pera 


Hook Up Wire 


Your Health 
Please consider the following safety comments: 


For regular soldering, ensure ventilation of your room — flux fumes can be harmful. pen your shop window and/or use a small fan to improve 
fresh air intake; 


Whenever possible, perform high wattage soldering outdoors; 


“” Wires are prodded through the holes in the board, then turn it upside down to 
view the solder side. You can then “spring” or splay the ends apart slightly, so they are 
held in place while you solder them. 


™ Wipe the hot soldering iron on the damp sponge to clean the tip. Do this 
periodically when contamination, flux deposits etc, build up on the iron to keep the tip 
nice and shiny. Tip Tinner & Cleaner helps too. 


When grinding paths on copper clad boards, wear a small particulate respirator, gloves, plus ear and eye protection and most importantly; do 
it outside for yours and your family’s health; 
Wash your hands after soldering and handling freshly cut, fberglass dust laden copper clad boards, 


Soldering trons 


For soldering copper clad boards together, AC grounds on tube guitar amp chassis and performing antenna work, | currently use a Weller SP 
80L (80 watt) soldering iron. Its heavy and unwieldy, so you have to be very careful when its plugged in. These high wattage soldering irons 
produce lots of smoke, 


‘Shown above is an 80 watt “heat torch’. My main soldering irons are typically in the 30-25 watt range. Consider keeping at least 1 back up 
soldering iron, as you never knaw when a soldering iron is going to burn up. My current 35 watt iran is shown below. These Weller irons have a 
built in lamp which lights when they are plugged in; a very nice feature. | also keep a small stack af new soldering iran tips. 


Copper Clad Board 
‘Some builders ask about sources for copper clad board. | personally use boards made by MG Chemicals as they have dealers in my city and are 


reasonably priced and good quality. Try the search words copper clad board plus your country name in your favorite web search engine. A 
few links folow, but as | have only used boards sold locally, I cant comment about the anline companies. 


MG Chemicals Worldwide distributer index 


Electronic Goldmine Online store 
Circuit Specialists Online store 


‘Shown below is a schematic and the Ugly Constructed version of it. 


@ 12vDC 


4N4148| 


1N4148 


The second half of 1458 is set 
up as a voltage follower 
Fabulous tone and sine wave 


270 Hertz 


Above. The schematic of an adapted sine wave audio frequency oscillator taken with permission from EMBED , Figure 12.4. EMRFD is the main 
reference for this web site, The original schematic author was Wes, W7ZO1 


‘Above. | built this circuit from start to scope in about 25 minutes. This was a scrap, pre-used board with a positive voltage path and a 
potentiometer holder already on it When miniaturization is not your goal, construction is much easier and faster. I re-use parts and boards to 
save money. You may remove entire stages fram 1 board and solder them onto another. 


‘Above. Note how the 10K output potentiometer holder is soldered to the main copper clad board. The grounded 10K resistor is used to anchor 
the 22K resistors connected to IC pins 2 and 3 and can be seen in the foreground. 


Shown above is another project. Entre contol panels can be bu from copper clad board for prototype circuits. In this board are numerous cut 
paths, 7 potentiometers, 3 jacks and a switch. Do not build an LC VFO over double sided copper clad board; lest it become "a capacitor” and 
affect your frequency stability 


Shown above is a CD40138 D Flip-Flop soldered "dead bug" style. Pins 4, 6,7, 8 and 10 are grounded to the copper surface; well anchoring this 
part. Using proper static precautions, | have never had a CMOS device failure using Ugly Construction and also save the price of an IC socket 


‘Above —a method to anchor op-amps using a split (negative and positive) power supply. Pins 4 and 8 are soldered to the copper board via a 10 
megohm resistor. A 0.1 uF ceramic bypass capacitor is also connected to these pins. The resistor leads were left a litle long to allow easy 
connection of the power supply wires. | write each pin's polarity on the board to avoid wiring mistakes. 


‘Shown above is another use for copper clad board; heat sinks. In this case, 2 scraps are epoxy glued to 2N3904 and 2N3906 transistors. 


‘Atlus pen like this one from MG chemicals is a handy item for the QRP workshop. They are great for applying liquid flux to allow easy and 
precise soldering of SMT components. Also sometimes when adding components to ground in already built up circut boards, it can be difficult 0 


‘get your soldering iron down at a low angle for proper heat transfer. Some flux can help solder a part to the copper ground plane in these 
situations. 


‘Shown above are the basic tools used to cut copper clad board. A felt pen marker, small square and a set of straight aviation shears. If you 
press one end of the copper board into the side of your bench and keep pressure on the handle of the aviation shears with your thigh, itis 
possible to make long, straight cuts. The board will lex and move out of the way as you cut. Your leg provides the force to advance the aviation 
shears, 


“The motorized grinding/cutting tool used to carve out small pathways in copper clad board, 
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VE7GC Wee Willy 75 Meter DSB Transceiver Project 


Introduct 


n 


| meet a lot of interesting amateur radio enthusiasts online and on the air. Among them is Dick Pattinson, VE7GC who was first licensed in 1934. 
‘When Dick isn't sailing he builds and operates his homebrew QRP gear to hams around the west coast of Canada and the U.S. 


Presented is a double sideband transceiver that Dick calls "Wee Willy’. This rig has a low parts count and is easily built using non-etched PC 
board techniques. Dick even makes his awn radio case using copper clad PC board for the front and back panels and cardboard for the rest of 
the case. The set itself is in a case 1 1/4 by 2 1/4 by 5 1/2 inches. There is a separate container which holds a 6 volt rechargeable battery and 
speaker. The speaker/battery case is about 2 1/2 inches cubed and is not shown. 


“The circuits are built in three sections on the circuit board, namely TX, RX, and VFO. An electret condenser microphone is on front panel along 
with T/R switch, volume and frequency adjust. The back panel has the antenna jack, power input cord and the speaker jack. The battery pack 
has a 100 UF capacitor to across the power leads for additional fitering and is shown in the VEO schematic 


“The text that follows is clipboard pastings from email that Dick sent me with some additional comments and expansions by me. Dick's project 
exemplifies practicality and innovation and with that is a major contribution for the QRPHE site 


Construction Methods 
Dick's electronic construction method is quite fascinating and represents yet anather derivation of ugly construction. The electronic wiring is dane 
on single sided PC board, copper side up. Small holes are drilled through the PC board material to allow component leads to pass through them. 
‘Then the holes carrying active leads are chamfered (countersunk ) with a larger dil bit which is not run all the way through the PC board. This 
leaves an ground-insulated side to the hole and prevents a component lead short circuit. The copper being topside allows both convenient and 
short component grounding. The Wee Willy parts layout is extremely neat and compact. Dick, presumably through practice has great skill with 
this technique and I plan to try itin the futur. 


“The project case is constructed from 1/16th inch cardboard which is cut and bent to fit the electronic PC board. Once cut, the outer surface and 
ledges at the front are covered with tissue paper or Kleenex (tm) type tissues soaked in white glue. The applied tissue paper and glue is allowed 
to dry and then additional coats are added to build up a body. Alternately, the cardboard case can be coated with lots of glue and the covering 
‘material imbedded in the glue. The air bubbles are pressed out and extra glue is added where necessary. When enough material has been 
added to cover up and strengthen the case joints and the glue is perfectly dry, the case is painted with Rust Coat Enamel available at hardware 
stores. The end result is a glossy, durable finish which looks very sharp. 


‘Transmitter 
‘This transmitter uses an electret condenser microphone ( Dick used an Archer 270-90 ). The mic is built right into the front panel of the chassis 
and this of course guarantees short mic leads. A741 op amp is used as a speech amplifier which in tun drives the balanced modulator a 
SSignetics NE602 doubly balanced mixer. The input and output impedance of the NE6O2 mixer is araund 1500 ohms. 


“To adjust the transmitter, set the bias control on the VN4O stage to ground and tweak L1 to resonance using an RF prabe or scope on the VN1O 
input. The input signal must be audio, spoken into the front panel microphone to get the DSB. Once 1 is tuned, connect a 50 ohm load to the 
antenna with some sort of RF indicator (such as a RF power meter) and advance the bias control to give a watt or so output. Then speaking into 
the microphone should result in a DSB signal suitable for communicating on QRP! No audio input should result in no RF output. The supplied 
voltage should be kept at 6 volts, remembering that NE6O2’s cannot stand voltage greater than 9 volts. With suitable voltage control such as a 
6.8 volt zener diode on these chips, one could use higher input voltage with a corresponding RF output. 


‘There is another way of setting the bias on the VN4O. After aligning L2, with a ammeter in the six volt supply ine, advance the bias control until 


It ofien helps to dab a tiny amount of solder wire onto the tip, to improve heat 
transfer: 


“Then apply the soldering iron to heat both the solder “pad” and the wire end at 
the same time (say <I second). Apply a few millimetres only, of solder. Then remove the 
soldering iron immediately and allow the joint to cool down by itself. The green solder- 
resist coating ensures solder doesn ' flow onto neighbouring pads. 


the input current increases about 10 mA (with no modulation). If you do not have an FT37-77 ferite core, substitute 10 bifilar turns on a FT37-43 
ferrite core for the T1 transformer 


Wee Willy Transmitter 
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Receiver 


“The receiver is a direct conversion type with a manual RF gain control in the form of a SK potentiometer. Listening to a weak signal on the 
desired frequency the RF stage and the mixer core (T1 and T2 ) adjustments are made until you hear the loudest possible signal, keeping the 
input test signal as low as possible. When the receiver is connected to a doublet antenna there is no lack of incoming signal, which can be 
controlled by the front panel RF gain contro. 


‘The antenna and 6 volt supply is switched manually from TX to RX mode and back by a front panel mounted switch. If you can not find Tak Lee 
green 10.7 MHz IF coils, probably any other brand of 10.7 MHz slug tuned IF transformer would work. The Mouser catalog number 421F123, 
‘would work well and in another 80 meter project | used it with a 470 pF capacitor instead of the 330 pF cap shown. | would start with Dick's 330, 
pf cap and ifit will not tune to resonance sharply, slightly increase the cap value up to see if a bit more capacity is required to resonate it on the 
desired 75 Meter frequency. Note that the secondary coil on the L1 transformer in the transmitter schematic is unused. It your 10.7 MHz IF coil 
has a built in capacitor at the base, remove it 


During receive, the standby drain current at 6.0 valts was 24 mA and on loud signals it rose to 100 mA. If this is too much, probably the easiest 
thing to do would be to put in a series resistor from positive to the LM386 to limit the drain current. To get output on the speaker itis a matter of 
how loud you want it for the drain you draw. If earphone only reception is okay, then the drain could be reduced considerably. 


Wee Willy Receiver 
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Dick's diagram indicate that this VFO was based upon a design presented in SPRAT for summer 1995. The main inductor Li is wound with #32 
AWG wire on a 1/4 inch slug-tuned coil former. This coil would have an XL somewhere between 250 - 310 ohms, so if you cannot find a coil 
former as described , you could easily wind one on a powdered iron toroid and make a portion of the C1 capacity variable for adjustment. A 
suggested alternate inductor is 53 turns of #26 AWG on a TS8-6 core powdered iron core. 


Dick suggests checking an old television to find suitable coil formers such as the one he used. It would probably be best to distribute the 120 pF 
C1 capacity among 3-4 capacitors to enhance stability. These caps should be NPO ceramic for best results with frequency stabilty 


Dick's oscillator uses the slug tuned care to put VFO frequency close in frequency to where you want to operate and the variable resistor tuner 
fon the front panel allows adjustment around the incoming signal to get the correct pitch. The desired band-edge is easily set by adjusting the slug 
hile listening to the VEO frequency as audio on another receiver that has a frequency readout or directly with a frequency counter. 


The L2 150 uH RF choke can be a simple epoxy unit which resembles a resistor. The D1 variable capacitance diode is a BB104 which has ~ 35 
F capacitance on each side, These are available at Dan's Small Parts and Kits whose URL is in the Links section of the site info web page. 
Experimentation with other tuning diodes could produce a practical alternative to the specified D1 part 
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Operating Wee Willy 
Dick sent me Willy in the mail and the first available moment | fired the litle rig up and spanned the VFO which tuned from ~ 3721 to 3738 KHz. | 
then proceeded to tune 3729, the frequency of BCEN, our SSB provincial public service net and on my first break was able to check in with one 
call sign repeat to the net control station. The band conditions were noisy and most signals were SB or lower, however Wee Will's 1.5 watts 
P.EP. were able to check me in with my folded Marconi antenna. | later changed the L1 slug and worked some stations higher up the band. My 
audio reports were favorible and no one knew I was running DSB. This is a fun radio and itlooks cute to boot! 


‘When transmitting, | had to be careful to keep my hand away from the VFO compartment to prevent pulling the VFO frequency with the 
capacitance change from my hand. The VFO has reasonable long term frequency stability and copying CW stations with the receiver was 
possible without frequent tuning readjustments, 


“The following are some digital photos of Wee Wily taken by VE7ZAC. 
Move your mouse over the images for a larger version. 


From left to right the electret mic, TX/RX switch, RF gain control and VFO tuning control. The number 375 is Dick's 
project identification number. He has given me many schematics of his projects and each has a unique number and 
case color. For the non-Canadians, the large coin on top of Willy is aur "Loonie" a 1 dollar coin. The large 2 calor coin 
in front of the rig is our "Toonie" a 2 dollar coin. 


The hole on the left ofthis rear panel shot is for adjusting the L1_slug for the VFO. From 
Wherever on the band the VFO is set a front panel tuning range of about 17 KHz was 
possible, Also shown are the speaker jack , BNC antenna connection and DC power 
leads. 


‘Wee Will with the caver off 


‘These top view shots clearly shows the 3 distinct compartments. From left to right the TX , 
RX and VFO sections. The VFO has a PC board seperator for shielding. Dick's 
construction method is well illustrated with this photo. The IC's are in sockets. The 3 
\VN10s have a small tab on the top. There are no heat sinks on the VNJO finals and they 
do require any for a 6 volt supply voltage. The rear panel jacks and VFO inductor are all 
‘mounted in PC board material 


Here is a bottom shot showing the connecting wiring through the chamfered PC board 
holes. Many thanks to Dick Pattinson, VE7GC for allowing me to present one of his 
projects 


Wee Wee Willy by NM8T 


NM8T Builds Wee Wee Willy 
Steve White, NMBT emailed me a few weeks ago that he was building Wee Willy and was not getting the expected output power. | forwarded his 
email to Dick and they problem solved the issue. It turns out that the VIOKM's were the culprit 


Here are their final wo emails: 


Steve: | think you have found a solution to your problem. | did not know that VNLO's are different. bought mine in 1994 from a radio parts 
supplier and they are marked VNI0KM F324A1. Have fun with your new rig and let us know how you are doing with it. 73, Dick 


Dick, | have completed my litle rig and have had a blast with itso far. My first CQ yielded me 3 contacts in Pittsburg, Pa. My fiend across town 
gave me a 20 over S9 report. The three hams in Pa, were astounded that | had only 1.5 watt PEP. | had to use 12 volts and used small 5 volt 
regulators to feed the NE602's. This works very well. | even used a litle homebrew tuner with itand got my swr flat. | am going to take the litle 
rig to Dayton Hamvention next year. | go every year and take a litle project each year to show everyone. | hope itis ok to call my litle rig Wee 
‘Wee Willy, since itis a litle smaller than your version. | want to thank you for your help in getting this rig completed and also thank Todd for his 
help in getting me in contact with you. Your litle rig is very neat and right up my alley for a QRP rig. | look forward to working you someday on 
QRP. I'm 47yrs. old on the 24th of this month. | have a whole room full af QRP rigs such as HW-7, HW-8, HW-9, Argonaut 509, 515, Powermite 
PM-3a. Have built a Cascade, LCK, Spider, MXM, Keyers, Tuners, and all kind of other projects. | love QRP and hope to build many more soon. 
‘The Wee Willy is one of my favorite rigs. Here are some pictures for you and Todd, Thanks and Hpe CU Agn. 73's NMBT (No more 8 Tracks) 
Steve White - Fayettevile, WV 


‘My special thanks to Steve White and Dick Pattinson, 


Countless builders have constructed the Wee Willy on several bands. Here are 2 more examples. Paul, KE7HR Linki and Link 2. The finals 
even made it into the the BITX17 transceiver. Allan Yates published some good work on the final amp, 


lve also tweaked Dick's design, but decided to leave his litle rig and this web page alone out of respect to him. Its always easier to improve 
rather than actually design something. i never better the experiences | had operating and documenting his transceiver. 


Update February 15, 2011 


lost touch with Dick and decided to call him on Feb 10, 2011. He's 95 years old and no longer building. Sadly, his wife Christina died 2 years 
ago. She was a beautiful person and a gifted painter. Dick remains astonished that Wee Will - Project 375 ORP Radiophone has been built by 
at least 50 people (that | know about) world wide, the subject of blogs and the basis/inspiration for numerous radio projects. | met Dick on 80 
meters and my wife and | once visited his residence and spent 2 glorious, days on Saltspring Island with he and his wife. 


Dick sent me the radio and documentation on Aug 13, 1998. He was hardcore builder and a professional electronics technician who, for a time, 
flew his float plane to service equipment in the Gulf Islands of British Columbia. Dick keeps many binders full of his carefully numbered and well 
documented projects. He gave me a few sheets for my reference library as a git. Dick's work inspired me early on and | cherish the time | had 
‘Wee Willy in my radio shack - blown away by DSB, QRP and such a novel litle radio. 


Dick asked me to send his greetings to all QRP Homebuilders everywhere 


More Updates 
‘Aug 25, 2011, 


Hi. Been viewing your web site for a while, lot of great information for builders. | thought i would let you know that | bul the "Wee Willy’, it works 
treat, so good that I decided to try building one for 20m. | built the 20m version with a 14.318 crystal instead of a VFO ideal for my local net, also 
changed the PA circuit using IRF510 giving me 2.SW output, the transistor can run SW, but itdoes get rather hot, | must say that the quality of 
the transmitted audio is amazing, everyone comments how good its and some do not believe itis home-brewi!! | have put a few CQ calls out 
with a simple dipole and made contacts into Belgium, Netherlands, Finland and Saudi Arabia. Many thanks again for putting the Wee Willy on 
your website, ithas operied my eyes to how well you get get out with QRP power. 


Regards Wayne. MOWAY. Click for Wayne's fabulous Wee Willy bread board. 
Sept 19, 2011 

Wayne, MOWAY wrote again, 

| built another Wee Wily and putit into a box, but with a few extra bits: 

‘Anew VFO was added that runs 14.190 ~ 14.350 MHz (an 11 MHz crystal oscillator + a 3.2 MHz VFO + a band-pass fiter) I got the power up to 
4W, however the audio was a litle over powered from the extra RF, so | had to reduce the audio gain and added an antenna switching circuit, 
after | burnt out my receive circuit with the 4W output. 


Here's Wayne's PA (from the NE6O2 on ** updated July 12, 2012 **) 


for a photo of his latest incarnation. Thanks again! 
ct 19, 2011 


Mark, WA4JAT built a0 cost” Wee Willy from 100% junk box parts including a CB radio transistor for the final. Click and click. Mark tunes the 
‘VFO using an air variable capacitor mounted in the former Heath Kit signal tracer project chassis. The cable running out of the front is the 
‘microphone coax with an electret mic at the end. Employing large size VEO, Rx and Tx boards facilitate easy future modifications. Awesome 
‘work Mark! 
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RF — Test and Measurement 


JFET BIASING TUTORIAL BY W7ZOI 


This tutorial is copyright © 2000-2001 by Wes Hayward, W7ZOl. 


JFET Biasing and an Amplifier Design WIZOL, 30Dec00. 


Junction Field Effect Transistors (JFBTs) are generally no 
more difficult to bias than a bipolar transistor. In many 
ways they behave essentially like a classic triode vacuum 
tube. The current flowing between FET drain and source is 
controlled by the gate-to-source voltage, Vg. (This ig the 
voltage you would measure with a voltmeter connected 
between the gate and the source.) 


The HiGWH schematic defines the paraneters we use to 
describe the DC behavior of a JFET. The 100 Ohm resistor 
is added to preserve UNF stability during measurements. 

The gate voltage, v, is then varied while measuring drain 
current, The results are then plotted, as shown in Fig. 1 
The FET is characterized by the simple quadratic equation 
below the schematic with the two FET related parameters of 
Ipss and Vp. Ipgg ig the drain current when the gate is 
short circuited to the source. The pinchoff voltage, Vy is 
Ves when the drain current is essentially zero. The example 
in Fig. 1 has Ings=20 mA and Vp=-4 volts. source and drain 
current are identical in the JET. 
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Tgsg = 20 mA Vy = -4 volts Figure 1 


Basic behavior of an N-Channel depletion mode JFET. 
‘The numbers shown basically illustrate the ideas. 


The experimenter wishing to use a JFET in a circuit will 
most often use the method called "self biasing" where a 
resistor is placed in the source lead. The gate is 
grounded. The FET current also flows in the resistor. The 
current generates a voltage drop that elevates the source 
voltage above that of the gate, which is the same as 
biasing the gate negative with respect to the source. This 
establishes a drain current less than Ines. 


Drain voltage is not critical so long as it is a few volts 
greater than the source. 


The resistor value for a desired bias is calculated with 
Equation 1 if Ipgs and Vp are known. But these parameters 
are rarely well specified. For example, the popular 7310 
is characterized only by ranges: Ipgg is 24 to 60 mA and Vp 
is -2 te -6.5 volts. 


Ipsg and Vp are easily measured for a specific FET with the 
circuit shown in Bgl. the circuit is built with a 
variety of source resistor values and the source voltage is 
then measured for each with a high impedance voltmeter. 

The pinchoff voltage will then be the negative of the 
source voltage when Rs ic a large value such as 100K. 
Grounding the source through a current meter generates a 
direct reading of Tyss. This brief measurement will provide 
enough data to allow biasing. 
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Figure 2 


Circuit used to determine FET DC parameters. 


This experiment was performed with a junk box 2N5454, 
producing the parameters Ipgg=11 mA and Vj=-2.8 volts. The 
Current equation from Fig. 1 is plotted in FEg—/S with 
these parameters. Additional points were measured 
producing points close to the curve. 
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Figure 3 v 


Data and smooth curve for a 2NS454 we measured. 
‘This FET has a pinch off of -2.8 volts and a IDSS of 11 mA. 


This exercise SHOULD be done with virtually every FET that 
the experimenter uses. It ig not enough to obtain data for 
a given FET type, although if a group of parts are 
available from one manufacturing batch, moderate uniformity 
might be expected. 


We mentioned the J310 earlier with an Ipsg spread from 24 to 
60 mA. That 2.5:1 span range is one of the better of 
commonly available parts. The historically popular MPF-102 
has a 10:1 spread in Ipgg (2 to 20 mA) with Vp extending from 
-0.5 to -7.5 volts! Clearly, this part should be used only 
with extreme care. It's a good RF part, but one MPF-102 
may not resemble the next 


Assume the FET we summarized in Fig. 3 was to be used in an 
awplifier and that we wished to bias the FET for 5 mA. The 
5 mA point can be picked on the graph and matches Vor of 
approximately -0.9 volt. 0.9 volt drop from 5 mA matches a 
resistor of 100 Ohms. Application of By. 1 produces 182 
Ohms. Crosshairs indicating the 5 mA point are included in 
Fig. 3. 


Once a FET has been biased, it can be used in a 
stall-signal amplifier, The significant gain parameter is 
the transconductance, given by Bq. 2. Transconductance is 
the drain signal current flowing for each volt of signal 
applied to the gate, Note that gy depends upon the bias 
current. The gy value given in data sheets corresponds to 
operation at Tass. 


Igss = O11 Vp 2-28 Vag = -09 
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Figuie 4 


Data used to produce transconductance for the FET used in our sample amplifier. 


Evaluation of gy from Eq. 2 for our 5 mA bies produces the 
data in Fig. 4. 


Consider the amplifier shown in Figy We will use this 
as an output buffer for an oscillator. Assume that we have 
tapped signal from the oscillator tank where a voltage of 
1 volt peak-to-peak is available. when this is applied to 
the FET gate, a current of 5.33 mA pk-pk will flow. The 
transformer uses a 15 turn drain winding and a 3 turn 
output link on a FT37-43 ferrite toroid. This turns ratio 
transforms the 50 Ohm load to appear as 1250 Ohms in the 
drain line. A current of 5.3 mA pk-pk flowing here 
produces a voltage of 6.25 V pk-pk, The no-signal drain 
voltage will be about 11 volts, so positive and negative 3 
volt excursions will not cause voltage limiting. The 
current will vary from the 5 mA DC value down to nearly 3 
mA (still well above zero) and up to nearly 8 mA, still 
below Tas. The signal at the 50 Ohm load is reduced by the 
transformer to 1.33 V pk-pk. This is about +6 dpm, enough 
power to drive a diode ring mixer. ‘This simple circuit is 
a low noise, efficient, and very useful amplifier 
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Figure 5 


Common source amplifier biased for § mA drain current. 


Pigurel6 shows a FET amplifier that uses "long tail” 
biasing. A negative power supply is now used, forcing the 

biasing resistor to behave like a constant current source. 

Thic method can accommodate a wide range of FETs of a given 
type if the bias ig set up for Ia<Iac-min. 


As... but ordinary electronics “side cutters” are fine for trimming or snipping 
wires. 
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Figure 6 


‘Amplifier with “long tai” biasing. This amplifier is biased for S mA and is identical in performance to that of Figure 5, but does not require the 
careful device characterization 
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EMRFD Review 


Experimental Methods in RF Design 


First published by the ARRL in 2003, EMRFD serves as the main QRP/SWL 
Homebuilder site reference. 


‘Written by Wes Hayward, W7ZOI, Rick Campbell, KK7B and Bob Larkin, 
W7PUA, EMRFD is the follow-on to the 1977 ARRL publication, Solid State 
Design For The Radio Amateur (SSD). 


‘A treasure trove of narrative and tabled information, schematics, references 
‘and photographs adorn this lengthy (512 page) book that comes with a data 
CCD filled with software and key reference papers. With the included CD, 
EMRFD is about twice the size of the original SSD. 


‘Wes and crew emphasize fundamental radio equipment design and bench 
testing rather than providing the usual catalog of circuits to just casually copy 
and not carefully examine. 


Since we amateur builders own varied skills, abilties and test equipment, 
some sections may intimidate readers, while others may inspire and drive 
‘your bench practices to a higher level of competence and joy. The heart of 
RF design lies in measurement and reason: EMRFD emphasizes this and in 
doing so alienates some readers, 


For same, homebrew radio electronics and kit building are synonymous — 
plenty of kits are sold to builders who chase to build someone else's design, 
rather than capture their own ideas on a scrap of copper board, or at least, to 
‘modify their equipment to suit their needs. EMRFD may appeal to builders 
‘who enjoy learning about RF design, or want more innovative and creative 
bench experiences — 1 stage at a time, 


‘Although stressing that build and measure = a proven way to improve in this 
hobby, Wes and team share ather pearis including bread boarding techniques, parts lay out, hot parts and pitfalls to avoid. 


‘The first chapter is simply called Getting Started. On page 8, Wes shares his frst simple receiver design — this page starts your breadboarding 
in haste! EMRFD features information and designs forall levels of experimenters, although basic electronics knowledge and some experience 
are needed to get the most out ofits content, 


Replete with sidebar examples about measuring or calculating data for common circuits, EMRFD also offers general purpose stages including 
Universal monoband superhet receiver front end or AF chain instead of less versatile, single- application circuits. The design information feels, 
vibrant and flexible and some of the material is original, or presented in a way that adds to the existing amateur radio knowledge base. For 
example, new front-end mute circuits, or the cascode JFET mixer and RF amplifier. 


‘Wes also shares some new ideas for RF and IF amplifiers ranging from simple to state-of-the-art. This book has something for everyone —I 
prefer to describe EMRFD's influence an our hobby in simple action verbs such as: improve, innovate, inspire, explore and transform. 


Software: 


‘The Microsoft Windows programs run on everything up to and 
including Windows 7. While a few programs are new, others 
represent updates of the historic W7ZO! Ladpac applications. 
Upon mastery of the Ladpac program suite, youll genierate the 
needed stages to boost your designs. 


For example you can design complex double or triple tuned band- 
pass filters for your projects without any math — the software 
tives you the series capacitor values so you need not worry about 
potting links on your inductors to match input or output 
impedances. 


EMIRFD = the must have reference book for your homebrew 
‘workshop. 


ARRL EMRED web link 


Link to the W7Z01 errata page for EMRED 
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RF — Test and Measurement 


Tapped Capacitor Impedance Transformation in LC Bandpass Filters 


copyright © Wes Hayward, W7ZOl, April 30, 2003. 


We often use a pair of capacitors to match impedances at the termination ends of LC bandpass fiters. The 
circuit consists of a shunt capacitor at the termination followed by a series capacitor connecting to the high Z 
end of a parallel tuned circuit. Some readers have asked about how the capacitors are picked. Although there 
is considerable flexibiliy in some of the choices, its not empirical as some have guessed. A simplified double 
tuned circuit design sequence is presented in the sidebar on page 3.14 of EMRFD and this is the beginning af 
the analysis used in the programs DTC.exe and TTC.exe contained on the EMRFD CD. I'll not go into too 
‘much detail here, for it's in EMRFD, beginning on page 3.8, and in chapter 3 of IRFD. Here is what happens 
in the programs: 


Bandpass filter design begins with an almost arbitrary choice of inductor. We pick 9 uH for a7 MHz double 
tuned bandpass fit that we will use to illustrate the ideas. This L resonates at 7 MHz with 172.3 pF. 


‘A bandwidth and center frequency are picked for the fter. This establishes a fiter Q. The Q of an 
end section is then determined by the desired fier shape (Butterworth, etc)Let's say we want to do a 
7 MHz center frequency Butterworth fier with BW=0.2 MHz. Filter Q is then 35=7/0.2. QE will then 
be 35x(root(2))= 49.5. The QE value in the sidebar (p3.14) includes the effect of finite inductor Q. 
‘Assume a lossless inductor for this example. 


‘So what does this mean? It means that the end tuned circuit, when not coupled to the rest of the 
fit, needs to be set up to have a Q of 49.5. This is experimentally significant. (ref: QST, Dec, 
1991). The reactance at 7 MHz of our 3 uH inductor is X=131.9 Ohms, so we need to load each end 
with a resistance R=QX=6.53K-Ohm, 


‘What this means is that we would realize our double tuned bandpass fiter with center frequency of 7 
MHz and bandwidth of 200 kHz if we terminated a simple double tuned circuit in 6.5K at each end. 


‘The fiter is shown below where we have used additional equations (EMRFD p 3.14) to calculate the coupling and tuning capacitors. 


3u 


“This is a useable fiter design, for it will generate the desired shape and 
bandwidth. But, itis not very practical; it does not ft in our low impedance 
world. 


“The fiter can be redesigned. One classic, but usually impractical solution is to 
scale the fiter to lower impedance levels. For example, if we dropped L from 
3.UH to 23 nH, we could directly load our fier with 50 Ohms and get the 
required end section Q. But this is not at all practical First, it's difficult 
build inductors with L this small and stil have reasonable Q at 7 MHz. 
‘Second, the parasitic inductance of the rather large (high C) capacitors that 
‘we would attach to this inductor would begin to compare to 23 nH. A better 
re-design would use transformation circuits, schemes that will let us use a 50 


(Ohm termination (or whatever we need) and make itfunction as a 6.5K 
resistance when seen by the inductor. 


One such scheme is a transformer. This could be realized with ferrite cores or with links inductors wound on the existing 3 microHenry parts. But 
link coupling with design precision is a challenge of i's own. Conventional two and three element transforming networks (L, pi, Tee) are also 


suitable, 


“The simplest transforming circuit uses a series capacitor. Let's do some analysis to see how this works: 


‘We have arbitrarily picked a 10 pF capacitor to illustrate the idea. At 7 MHz, the reactance of a 10 pF capacitor 
is 2274 Ohms. Hence, the complex impedance of the 50 Ohm resistance and the series capacitor is Z=50- 50 
2274. The impedance transformation behavior of this circuit is studied by transforming the series impedance to 
1Z. So Y=1(50-j2274). The result is Y=(G+)B)=9.67E-6 + j4.4E-4. OF 


a parallel admittance. Recall that 
special importance is the resistive real part of the admittance. 


‘The 10 pF series capacitor in our example makes the 50 Ohm resistor 
look like a 103 K-Ohm resistor in parallel with a capacitor that is nearly 10 
pF. The general case causes a RO value resistor to look like a value of Rp 
with a series capacitor with reactance given by 


‘This equation is #3.1-5 from IRFD where itis derived, 


103K 9.995 
DF 


Cur original example fiter needed a parallel resistance, Rp, of 6.5K- 
(Ohms, which is produced by a series capacitor with a reactance of 568, 
(Ohms. This is a capacitor of 40 pF. Another version of our double tuned 
bandpass fiter is then 


Notice that the tuning capacitors, the elements across the inductor, have 
dropped as C is added at the ends. 


‘A.capacitor in series 
with a resistance 
produces higher 
equivalent resistance. 
Consider a parallel 
combination. Here we 
pick a value of 200 pF 
as the parallel C and 
calculate the 
admittance. This is then R 

converted to an 

impedance with Z=U7Y 

and the individual components are evaluated. This result is shown to the right, 


‘The parallel capacitor transforms the 50 Ohms to behave like a lower value 
In this case, we obtain about 42 Ohms in series with a 1236 pF capacitor. 


A series ja 
capacitor 
transforms a 
termination to 
“Took tke" a 
higher resistance 
while @ parallel 
capacitor 
“transforms to" a 
lower R. Clearly, 
the combination 
of the two can 
generate about 
any result we 
need, realizing 
that they will Eq. BB 
also produce 

reactance that 
must be absorbed into the existing tuned circuits. The mathematics (now symbolic and not ust number manipulation) is messy, but not ficult. A 
resistive termination RO (50 Ohms or whatever) is paralleled by a capacitor Cp. The admittance is calculated and is converted to an impedance. 
‘The impedance of a series capacitor, Cs, is then added. The result is converted back to an admittance. The resistive real partis extracted and 
inverted to yield Rp. This expression is then solved to yield a design equation: 


Rote? 


“This is the equation used in the programs. A related expression provides the equivalent capacitance, needed to calculate the tuning capacitor for 
each resonator. 


If we use the program with the center frequency and 


practical, for they allow existing junk box parts to be used. 
‘The topology has litle other utility, offering virtually the 
same response as afiter using only series capacitors for 
loading, 


Useful link shared by Tim, KE7VYD on Feb 4, 2014. Click 
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More Active Antenna Experiments 


Introduction 


Experimental Broadband Cascode JFET VPA 


Many builders emailed me requesting a simple, 


have presented elsewhere on this web site. 100 

Design is 1 method | considered. fools od 
Whip 
_ 


| built the version shown in Figure 1 almost 2 years 
‘ago. This VPA. although more powerful, overloaded 
the front end of my test receiver with multiple RE 
signals. Clearly some tuning on the input was 


41N4148 x2 
a1, G2 MPF102 
‘The Tuned Whip T1 30t primary, 3t secondary on a FT50-43 core 
Previous experimentation confirmed that itis easyto | Figure 1 Feb 2008 ByYEVEPO 


tune a short whip antenna by connecting ito the hat 


end of an L C (inductor and capacitor) tank circuit. 
The high impedance whip antenna was "matched" to a JFET RF amplifier by placing a high value (1 megohm or greater) on the JFET gate to 
ground. Although this method is practical, | desired a network to transform the output impedance of the tuned whip tank tank circuit to @ known 
impedance. | do not possess the knowledge or mathematical skill o design such a network and asked Wes Hayward if he might consider doing 
this for me. My desired parameters for the network were 10.0 MHz, a 50 ohm output impedance and a 4 foot (122 cm) whip. Please refer to Wes! 
calculations and schematic in Figure 2 below. This math is dificu, however, a practical design for experimentation is provided 


Antenna Network. The antenna is a sort whip at 10 MHz We assume a length of 4 with a 
diameter of 0.25 inch. EZnec modeled this as 7.58 pF in parallel with 3.3 MegOhm. We 
assumed a perfect, ideal ground for a vertical with 48 antenna segments 


asa? geal? 
Cea? z250 
beac? = Wu 


F210 F isin MHz, 


For given values of C1, C2, 2,4, R, L, 
‘Qu, we wish te calculate the value for V 
needed for tuning to the desired 
frequency (10 MHz) and the overall 
network O. 


o = 210m 


“whiptane gif 


Dobe p +22 eee tatcy ct 41 


‘ ; 
oorz 
Z st Cy =439x 10 


‘The incuctor rescnates at fwith Cnet, obtained with the usual resonance condition 


‘We rust now subtract the C of the whip plus that from the load ta get 
the variable needed to tune 


Cy Cag C2-A Note: If CV is negative, we must reduce L or C1 to get a postive 
value 


a 
Cy = 3.95 « 10) 


‘The net resistance across the inductor is the parallel combination of RZ, R(antenma), and the R 
related to Qu, Rp=Qual. 


tr svage f 1 3 
ete — alt x 10 
ne atat ger Rama Fw 
The net Gis given a5 Ques Bnet 
jure 2 oF By W701 Feb 27, 2005 


‘Common Gate Amplifier Version 


[built the cicuit shown in Figure 3 and Figure 4 and tested it on a medium grade SWL receiver (Realistic DX 300), rather than an expensive 
‘Amateur Radio receiver. | required this active antenna for experimenting with a 10 MHz WWV superheterodyne receiver | am designing. For 
practical analysis, VE7TW and I did listening tests with a commercially made 4 foot telescopic whip antenna that is fitted to a standard PL-259 
connector (Figure 5) and his deluxe muti-band commercial SWL antenna up a 25 foot tower. 


The Figure 3 VPA was very quiet 
and pulled in WWV much better 


10 MHz Tuned Whip Active Antenna 
than the plain 4 foot whip of 

Figure 5, however, received 
station signal strength was quite 
weak when compared to the 
outside antenna, Our conclusion : 
‘was that considering the mal —— 
significant losses of the 4 foot 

hip antenna it was connected to, 
the common gate RF amp does uu 
not ely have enough vattage | 


Th 50ohmeZ 


gain to please most builders, This 

amp di present a low impedance 

to the whip network and no I REC + 

spurious oscillation were CV 470pF (Q2| 39 pF cv 

measured on the bench. Do not and 

omit the 22 ohm or similar value 

resistor in the drain of the FET. It 12ama@avots 10 

is used to to push the UHF 

parastc oscillation tendency into 

bd deopebarirr dag L1=3 uH = 23t T68-2 or 35t T50-2 powdered iron torroid 

oe ste casts L2=3 uH = 26t 750-2 with tap 6 turns from cold end 
CV= 10-40 pF trimmer capacitor 

‘The 150 ohm source resistor can RFC =47 -22 uH 

be increased in value andlor 1 of Q1=Q2=2 

the JFETs removed if you wish to Figure 3 

reduce the current draw on a 9 

volt battery. It might be better to 

substitute 1 better JFET such as the 1310 rather than use the ‘popcorn’ MPF102 as shown. This VPA may be practical fr a receiver that has an 

existing broadband RF preamplifier. The tap on L2 was found experimentaly and the output impedance is probably higher than 50 ohms, but is 

likely reasonable low impedance match to most receiver front ends, A broadband transformer for L2 might also be a good choice 


crawn Mr 4,205 VETEPO 


 JFET types such as MPF102 or J310 


Figure 4 above: For the whip network, itis critical that you use a inductor that has an unloaded Q of 200 or abave. Practically speaking, this 
‘means you cannot use a fixed value inductor such as an epoxy coated or molded RF choke. Use a powdered iron torroid instead. In my test VPA 
designs, for L1, | used a T68-2 core wound with (the green) 22 gauge enamel coated wire to get as high an unloaded Q as possible. If you use 
the T50-2 core, use 24 gauge wire if possible. Higher Q = lower lasses. 


Figure 5 above: This is a4 foot whip antenna factory connected to a PL-259 that came with the Realistic DX300. It presents a very high 
Impedance to the test receiver front end and probably wasnt a good choice to compare the VPA designs to 


Cascode JFET Amplifier Version 


Itwas decided to use a cascode JFET amplifier to obtain more power gain. The whip network was changed to try to match the 10K input of the 
JFET amplifier shown in Figure 6. The whip network capacitor values (150 and 33 pF) were calculated to the best of my abiity. This amplifier 
was tested in the same manner as the Figure 3 design. It worked very well. The WWV signal that morning was not very strong and could not 
even be heard with the plain 4 foot whip. The signal strength of the tuned whip was just below that of the outside antenna. The outside antenna 


was much quieter however and had less fading. The tuned whip ar 
strength of the environmental noise sources in the house. The RF 


;ntenna was quite noisy in comparison. The high gain RF amp brought up the 
gain of the receiver was reduced to compensate for the added noise. 


‘Another problem was noted with this and other tuned drain versions of the cascode JFET amplifier, instability 


Recently, | connected a tuned drain version of the Figure 1. VPA to a receiver that contained a tuned input stage and was able to measure 


oscillations in the VPA with my scope. The FET drain tank and the 


tuned input amp seemed to be interacting, 


Aswamping” resistor was placed 


across the VPA drain tank circuit. 1 40 MHz Tuned Whip Active Antenna 


had to use a resistor value of less 
than 1200 ohms to eliminate this 
instabilty. This greatly reduced the 
gain and selectivity advantage of a 
tuned output and | realized that 9vpc 
output tuning may be impractical for 

many reasons. Some SWL builders 
Use regenerative receivers and such 
a problem would be disastrous. | sent 
the Figure 6 schematic to Wes 
Hayward and he suggested using a 
broad or wide band amplifier as 
shown in Figure 8. 


L2 6D ohme output 


Hi Z output 


01 


4 oot whip 
Instability can also occur in 
broadband output versions and a — 
swaping resistors all necemsary a 
but is used mostly to force an output u || HeEBE lod 
impedance so that a transformer can i ay 
be designed | 5$93pF es 7 
cv al 


All of the cascode JFET amplifiers 
shown have fixed bias on Q2. 
Variable gain is possible by changing 


11 mA current 


the bias voltage on Q2 with a voltage rr] 
divider and/or modifying the amplifier 

Circuit to give a greater range of bias 
controlled voltage gain. Please refer 


ce 


3 UH = 23t T68-2 or 25t TE0-2 powdered iron toroid 
L2 = 3 uH = 23t T50-2 with a tap 6 turns from the cold end 
10 -40 pF trimmer capacitor 

to EMRED page 6.17 for information Q1= G2 = MPF102 nFET 


regarding this. A switchable resistor 7 
attenuator might also be practical for Figure 6 
some builders. 


March 8, 2005 by VETEPO 


Figure 6 above: The tuned whip network is connected to a 
cascode JFET amplifier. A dual gate MOSFET would also be a 
great choice. Ihave many on hand, but chose the cascode JFET 
topology because many builders no longer have access to these 
devices or prefer not to use the more available surface mount 
types. They are also more expensive, 


Figure 7 to the right: Detail of the tapped L2 inductor should you 
decide to experiment with a tuned drain version or need one for 
‘another project. Wind your coil and leave an extra long loop for 
‘your wite tap. Cut the tapped loop at the midpoint and use a small 
piece of folded ~150 grit sandpaper to remove the enamel from 
each of the 2 wires. Twist the now bare wires together and lightly 
solder them. Cut the end wires to the required length and use the 
sandpaper to remove the enamel. A method to strip enamel aff 
wire is a frequently asked question for me and sandpaper works 


4 The ideal solder joint should be smooth and slightly concave, quite shiny, not dull 
or crystalline-looking nor ball-bearing shaped. 


Try to get consistent results in your soldering, but don’t worry too much about the 
lack of uniformity — this is soldering by hand afier all, not by precision machinery, and 
some slight variation is OK provided the solder coverage is good and the soldering is 
generally clean and effective. You'll improve with practice, that’s for sure! 


“A large i.c. socket can be added next... 


well, 


Broadband Output Version 


Figure 8: The broadband version W7ZOl suggested to try building 
| modified the output transformer in the Figure 6 project and tested 
itwith Tom, VETTW. We really liked it. By adjusting the network 
‘immer capacitor, was also able to tune the 30 meter Amateur 
radio band as well. For 30 meter band use, | peaked the tank 
circuit at 10.125 MHz by listening to receiver noise with a home 
brew direct conversion receiver and was suitably impressed 


“This isthe active antenna design | wil use for my future projects 
where strong voltage gain is required, if your receiver has a higher 
impedance such as 500 ohms, you might try using a couple more 
links on the output transformer secondary winding, 


‘Tuning a Whip To Other Frequencies 


‘The ability to 
calculate the 
network values 4 foot whig 

{or diferent al 


WTZOI March 6, 2005 


frequencies may c1 

prove difcut tor | | we 

those who lack ea 

software andor I, 

math skils. To cv eee 
that end, table 
fol which 
has some radio Figure 9 
frequency bands 

and some 


suggested starting values for the Figure 9 parameters. Please note these are calculated and are suggested starting points based upon my limited 
Understanding of radia electronics. Experimentation is the best method to find what component values will work for you. 


Emails regarding the component values used in actual experiments is greatly welcomed. 


‘The R value is the input impedance of your RF amplifier. In the case of the cascode JFET amp, itis the Ql gate resistor. 


Note that the actual circuit CV value is typically much lower than the suggested (calculated) CV value from the chart. CV is used to resonate the 
tank, CV is dependent on several factors including the capacitance of the whip antenna, your RF amplifier input capacitance , your circuit layout, 
component lead lengths and variations in the powdered iron core and C1 and C2 capacitors values. Expect that your whip antenna will exhibit 
between @ and 15 pF of capacitance. You need to subtract this trom the suggested (calculated) CV value from the Figure 10 table. 


‘Wes, W7ZOI told me that the whip antenna capacitance will remain constant as you change frequency providing you are below 1/4 wavelength 
for a given frequency. Here is a good web site applet to calculate wire or whip 1/4 or 1/2 wave lengths per frequency: 
hitp:/imww.esanetwork,com/antennagenericfreglencale, him 


‘The actual circuit CV might include a trimmer capacitor plus a parallel fixed value capacitor. 


How to find the correct trimmer capacitor for any tuned circuit you wish to resonate 
| suggest you chose a circuit CV value by placing a variable trimmer capacitor in your circuit that when set to minimum will be below half or more 
than the calculated CV value. Then peak the whip tank circuit using a test oscillator and scope or RF probe or by just using receiver noise. Now 
temporarily add a 5-10 pF capacitor in parallel with trimmer capacitor. Just barely solder itin place or even just hold it in place without touching 
the leads. Ifthe output increases, you were under the correct circuit CV value. Add more capacitance and check again. Repeat until you are 
satisfied with your chosen circuit CV value, 


tater adding the inal S-10 pF capacitor, the output 
restore the sgt tenn yu had belre you sae he Tuned Whip Suggested Starting Values 
‘enicoriey Conaclcn, W Else feldig, he saved settle [Band [Freq (MHz) [CV (oF) [C1 (oF) [C2 (oF) L (ut) [R (ohms) 
down, you now have too much capacitance and can remove TEN SS RE 
the temporary capacitor. OM {3.2-8.4 165. H160_ 10. 12.6 Jake 
rsm_[3.9-40 a (Cc CT 
‘Yoi Ust might albo have too much capacitance. You might lam [4.765.000 ea [ar p> na __[auer 
try a smaller variable cap or reduce the value of any fixed lam rto7.e0 580 he 5.1 0K 
capacitors in parallel with your trimmer to make sure your bim 2-68 Fa nao 2 ho 
minimum capacitance is not too high to properly resonate the bem (ietaa bear he Shoe 
input tarie cea 2am [13.57-13.87 [24 oo fay ili 
The point is you need to be able to tell ityou have too litle or fig [16.1168 _fs2 a? 2K 
too much capacitance for CV and by going under and over HM |17.48-17.9 [38 133 27 1.6 [10k 
you can tell if you are truly resonating the tank when you 3M _[21.45-21.85 [19 [27 139 15 [OK 
adjust the trimmer capacitor. Experimentation wil tll you Him [56261 fae teat —*(K 
Hom |26.965-27.41 [22 18 [39 it OK 
‘Another option is to putin a tront panel adjusted variable Some Amalie GRP Frequancies: 
capacitor. Front pane! switchable inductors might also allow bow Bae hes fy fore 
other bands to be tuned with 1 tuned vip network low ba be ah Tne 
Moving your body as you adjust the trimmer capacitor can faom_{14.06 fe a2 fig fib 
change the tuning, so please keep this in mind. 7M [18.069 [36 [33 7 fis rok 
hem [2.06 bo brag hs froK 
Figure 10 above. Picking an inductor value forthe whip HEM bt.06 bye ps8 ok 
network can be tricky and sometimes trial and error is HEM b1.06 sb to. bak 
required. This table may be used to find starting values for ‘aM [2a Ca ae a ears 
the Figure 9 network. Below 41 meters, | suggest trying a HOR be.oe bats es be ok 
lowered RF amp input impedance as shown to alow practical 
component values. Most of these calculations have nat been | Figure 10 
tested. 


| think an indoor active antenna for 74 meters or below might just be a noise generator. 
| chose a frequency mid band for any given SWL band an the chart, The bandwidth of the input network is wide enough so this should be 


suitable to cover a good portion of the band, 


Building An Active Antenna 


To build this active antenna, chose the input tank network values from the Figure 10 chart or from your own calculations and then use them in the 
Figure 6 circuit. The Ql source resistor can practically be from 100 to 390 ohms depending on how lang you need your 9 volt battery to last. 
Increasing this resistor value will reduce the amplifier power gain. Try different values and see for yourself! 


Some Practical Examples: 40 and 41 Meter Band 


‘An active antenna that would provide coverage of the entire 40 meter Amateur Radio and 41 meter Shortwave band was designed. A varactor 
diode was used as the tuning element. The tuning voltage to the varactor was controlled by a 10K potentiometer which also had an integral 
switch. The finished VPA is showm in Figures 11 and 12. 


Figure 12 


Figure 11 


Figure 13 below: A hotter JFET, the J310 was used in this VPA. In the test receiver, | was able to peak a signal from ~ 6.90 to 7.60 MHz. Tuning 
is very sharp but peaking Is easily performed by turning the potentiometer gently back and forth while listening to receiver noise or a station. It 
might have been better to use a smaller value zener diode as when the 9 volt battery fades below 7.5 VDC, the zener diode will not conduct and, 
the voltage regulation will fall. Having said that, this “hotter” VPA is intended for use with an external power supply as current draw at 9 and 12 
volts is 19 mA and 28.9 mA respectively 


ried using this VPA as the 
antenna for the Cascade 7 
receiver shown elsewhere on 
this web site. When the VPA 
‘was peaked at the receiver 
tuning frequency, loud 
oscillations occurred. The 
receiver and the VPA were 
about 1 meter apart. | had to 
turn on the -10 dB attenuator 
and detune the VPA for the 
cscillaions to stop. Maving my 
hand near the whip antenna 
varied the oscillations. The 
high gain, tuned circuits of the 
Cascade 7 receiver are not a 
good choice for an active 
antenna, 


Future receivers projects will 
have a integral VPA and 
Clearly the front end of these 
receivers will have to be 
designed carefully. A low cost 
Grundig receiver was also 
overloaded with this VPA. 


‘This VPA worked well with 
ther receivers which did nat 
have a tuned, high gain 
preamp. 


Figure 14: From the chart, the 
MV209 exhibits about 44 pF 
(guessing) when 0 volts are 


L4= 5.1 uH = 30t#22 ona 
768-2 01 32t #24 on a T50.2 


T1 = 12t primary : 2t 


D1=7.5 volt zener diode 
D2 = MV209 varactor 
Q1 = Q2= J310 nJFET 


ode 


secondary on FT37-43 


4 foot whip 


40 - 41 Meter Band Active Antenna 


470 D1 
40K 
17 veal 
bil . 
output 


Figure 13 


applied to it. 


Mar 12,2005 VETBPO 


‘The VPA was built and tested before the tuning diode components 
were added. A 7.039 MHz crystal oscillator with a piece of wire for 
an antenna was used as an RF source. The T2 secondary was 
Conriected to ground via a 47 ohm load resistor. 


‘A.47 pF fixed capacitor was lightly soldered in parallel with L1 and 
the voltage was measured with an oscilloscope. A 10 pF capacitor 
was then carefully held across L1 and the voltage increased by 0.25 
volts. A 22 pF capacitor was then tried and the voltage decreased 
‘much below that of just the 47 pF capacitor. The nearest standard 
value | had on hand above 47 pF was 56 pF. The 47 pF capacitor 
was removed and replaced with the 56 pF one. | tied holding a 5 pF 
capacitor in parallel with the 56 pF and the measured voltage 
decreased. | had experimentally determined that to resonate L1 at 
7.039 MHz | needed between 47 and 56 pF for the CV value. This 
range should be close enough to resonate the tank at 7,0 MHz as, 
well 


I then chose a varactor diode. The MV209 would be perfect for my 
project based upon the Figure 14 chart. | anticipated that | might 


MV209 DIoDE capaciTance 
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2 
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have to place a small trimmer capacitor in parallel with the varactor 


to resonate the tank at the my lowest design frequency which was 7.0 MHz. As itturned out, in addition to the varactor capacitance, the voltage 
control circuit added additional capacitance and | actually needed 0.20 volts (measured between the 10K pot and the 220K resistor) to resonate 
the whip at 7.039 MHz. This was perfect; | did not need a trimmer capacitor! At 0 volts to the varactor diode, my whip resonated ~ 6.90 MHz. 


5 MHz WWV Cascode Bipolar Amplifier 


{wanted to bilid @ non-T version as shout 5 MHz Cascode Bipolar Active Antenna 


in Figure 15, The tuned whip tank was originally 
resonated with a 5-40 pF trimmer capacitor. 1 
(meoldared this termes capone an 02 = 213904 

measured itwith ammeter; twas 27 pF.A27 pF | |L1= 10 uH = 42t#26 AWG on 
thee Vales captor Wns plied ial a T68-2 powdered FE torroid 
tested, The circuit was resonant at a 

‘This was close enough for me and also the 3 erie 2b 28, RISERS) 

high Q fixed value capacitors provided a very 
narrow 6 dB bandwidth along with the inductor. 
‘The output impedance value ofthe tuned whip 
is around 200 ohms to match the Q1 bipolar Current ~ 19 mA 

sine Input inedarea GUD bandwidth 140 KHz 


Listening tests indicated that this circuit 
probably had too much gain at 5 MHz. It might 


be favorable to lower the Qt emitter current to 4 foot whip 
7 mAor so by raising the Ql emitter resistor or 

decreasing the Ql bias voltage. Also, a series 

feedback, degenerative resistor on the QL 

emitter might be considered. This active 


reference aerial for signal strength, however, 4 
predictably was much noisier. 


antenna was comparable to the outdoor | 


Final Comments 27 pF 180 pF 
ound that using lower Q trimmer and fixed 


value capactors undesirably increased the 
tuned whip bandwidth presumably by lowering Figure 45 ee eines March 19,2005 VETBRO 
the resonant circuit Q. The inductor unloaded Q 


was the dominant factor however. The worst 
case scenario was a tuned whip built wit junk-quality parts which had a -6 dB bandwidth of ~390 KHz. 


{also learned that you should expect high gain amplifiers to oscillate and specifically design to reduce or suppress this tendency. 


“The 2005 Active Antenna experiments were fun and provided many learning opportunities. An active antenna is a perfect weekend project. There 
is no substitute to learning by building and testing electronic circuits with your own hands, 


My sincere thanks to all ofthe friends who helped me with these experiments, 


Experiments by Other Builders 
‘What follows are some VPA experiments by others that were sent to me by email. | seek your feedback and photographs to help improve this 
‘web site and also to gain motivation to add mare new content, 


Joe, KSLY 
Hi, Todd 


‘Attached are some photos of a voltage probe ampifier that | built using ideas from your 
excellent website. | use a TenTec 1254 receiver in the car and listen to some shortwave 
broadeasts during the daily commute to and from work. The antenna is a 4foot whip that 
screws into the trunk-lip mount shown, The amplifier is held to the battom of the trunk lid 
by a magnet and has survived for several weeks without falling off 


“The amplifier is tuned by a varicap diode and covers approx. 9-14 MHz. The tuning 
voltage comes from a potentiometer that | added to the frant panel of the receiver. 


| decided to use the 2N3904 cascode amplifier because | liked the idea of using the 
‘most common transistor possible. The LC-tuned input is nice because the antenna whip is held at chassis ground potential, which should help 
prevent damage to the amp caused by static buildup. 


‘The TenTec 1254 Receiver, hitp:/radio.tentec,comikits/Receiver 


‘Above left: Inside Joe's trunk lid SWL Active antenna. Great ugly construction in a sturdy Hammond chassis. 
‘Above right: Joe's remotely tuned SWL active (or voltage probe) antenna amp and whip holder. Thanks Joe! 
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Fun with LEDs 


Introduction 


go (sequentially left-right-leftright-etc). Many more LED schematics can be found on the World Wide Web via a Google search. LED 
projects are great fun for both HAM's and SWAL's alike. They are also a lot of fun for children to experiment with. Currently, | am. 
experimenting with PIC microcontrollers to perform LED "wicks" 


‘This summer | bult several LED projects including sequential LED chasers (sequentially lft to right) and also “Nte-Rider’ style which 2 


{also built several very bright LED flashlights which run on a single 1.5 volt battery. For ultra-bright LED flashlight schematics, check out Dick 
Cappel's excellent and very informative web site. He has a number of LED driver circuits and other great schematics and theory. To wind the 
Inductor for these LED flashlights, had good success using an FT-37-43 ferrite torroid core. | used at least 40 turns of wire which is generally 
center tapped. 


LED Chasers 
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‘Above. This isthe schematic for a very basic 10 LED chaser | built. | prefer my “chasers” to run slower than most and chose a 10 UF capacitor 
for C1. The 10K pot can reduce the flash speed from not moving to whatever minimum time constant is possible with the C1 value you choose. 
Don't bother with ultra-bright LEDs for these "chaser" projects as cheaper, lower milicandela (med) LEDS work fine. I favor blue and green 
LEDS. The 4017 decade counter is a fabulous part and can be driven to flash a row of LEDs with a 555 timer chip or a discrete BJT multivibrator 


Update Feb 25, 2011: Many “experts” have emailed, or flamed me on web forums to say this circuit can't possibly work. | really hope these 
unhappy men cultivate enough humilty to study and understand the 555 and more importantly; to teap some of the happiness and joy that 
comes from being positive and helpful to others. Since 2005, greater than 300 builders have emailed to say this simple circuit works and they 
want to lear more about electronics, 


My intent was to have the least number of parts to tlash some LEDs. Some new builders become overwhelmed when the parts count is high —1 
once shared this fear and relate. Youll see a number of ctferent bias circus for the 5S5. Many builders run the reset pin; Pin 4 high (connected 
to the 8 volt battery) and as a rule, this is a god thing to do, but i's not necessary forthe circuit to work. Pin 7 is an open callector output to 
{ground — its primary purpose is to discharge the capacitor. 


Its important for the DC voltage in the pot wiper to not become too clase to the + 9 volt rail or VCC (This happens when when the pot is rotated 
so that maximal DC voltage appears on pin 7), as pin 7 would draw excessive curtent. In my original schematic | left out a series resistor from 
VCC to the pot to eliminate this problem. After some thought, | added a 2K resistor on Feb 25, 2011, although this limits the rate somewhat. | run 
the pot on my circuit about mid-range and it hasn't been re-adjusted (or turned otf) since 2008. 


Also, the rotated pot wiper shouldn't get within a couple of hundred ohms of the capacitor as that too would cause excessive current spikes into 
pin 7. Generally, | prefer not to have much current on the wiper of a pot or, atleast, try to Keep the current small. Often, you can use a potto set 
the desired timer speed and then remove, measure and substitute 2 standard value fixed resistors. A better way is to use math and calculate the 
resistor values, but this involves math and some people want nothing to do with equations. 


‘This circuit is meant to provide a minimalist working circuit, but doesn't provide a great example of 585 design. Happily, for those wanting to learn 
more, countless great 555 tutorials may be found on the web. One of my 555 favorite sites is that managed by fellow Canadian Rob Paisley. 
Increasingly, | am exchanging electranics-related emails with model railroad enthusiasts across the globe and many of them know of Rob's, 
wonderful web site. 


Matthew Ritchie built and posted a nice version of the LED Chaser on YouTube. A reader sent inthis breadboard photo. 


By far, the coolest device incorporating the LED chaser lies within a sculpture called Cyanic by Seattle-area artist Alle Click for his web site. 
CCyanic may be found on the New Sculpture Build section on his web site, You have to start the Quick Time video manually with a mouse click. 1 
love Allets work and his lastest light sculpture exemplifies how the Internet can unite creative people with a positive attitude, 


‘A.10 LED sequential flasher in a blue Hammond chassis. The 
schematic is shown above. 


‘An RC oscillator designed for a 3 volt LED chaser. It 
oscillates quite slowly so the LED chaser it triggers will 3 Volt Astable Multivibrator 
not be overly distracting. Some RC oscillator design 

details are discussed later. This oscillator triggered a 3vbc 
4017 decade counter instead of the 855 timer chip shown 

in the “Simple 10 LED Chaser" schematic. There are 
many links describing the theory ofthe 2 transistor 
astable muitivibrator on the World Wide Web. | also have 
some information on this web page. 


3.3 uF 
[ai] a2! 


2N3904 2N3904 


23.0805 by VETBPO 


Above . Thisis a tiny 3 volt chaser which uses an LED 
bar instead of discrete LEDs. It draws 3.8 mA peak 
current on pulses. It uses the optimized BJT astable mutivibrator 
shown directly above which fires at 120 cycles per minute 
(slowly). The 3 volt battery pack is hidden behind it and should last 
several months. Soldering the LED bar was not an easy task. The 
plastic Hammond case measures 2.46 by 1.38 inches (6.25 by 3.5, 
em), 


‘A-schematic to allow the 4017 decade counter to sequentially 
flash 6 LEDS lett-right-left-ight-etc. Connect your favorite square 
Tsing Vario 


wave oscillator to pin 14. | built 4 ofthe 
land LED colors. You might 
consider using lower DC voltages 
and if so, may adjust the 1 
current limiting resistor by using 
ohms law. The 10 small signal 
diodes may be any appropriate 
type including the 1N914 or 
:1N4148. None of my 4 projects 
exceeded 6 mA peak current draw, 
so battery life is excellent. | 
increased the 1K resistor to 1KS in 
my 4th project as | found the LED's 
that | used too bright. 


“The prototype "nite-rider" project 
with messy wiring. The holes for 
the LEDs were bored with a hand 
dil and it shows! The discrete 
transistor mulivibrator can be 
seen behind the 4017 IC. 


“Nite-Rider” 6 LED FLASHER USING 4017 IC 
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Go along the rows of pins and solder them one at a time, See how simple it is! 
Heat both the solder pad and pin with the iron, and dab on a little solder wire to ensure 
full coverage. Ensure the socket is flush against the board. 


+4 As hardly any metal is involved each pin should take well under a second to 
solder at most, 


project chassis | built. After campletion, this one was given to the san of VE7KPB. When driling in a plastic chassis, | learned itis best to use a 
dil press set to a lower speed. 


‘Sequentially Off LED Pulser 
“This circuit uses a series of transistors with an RC pair to pulse a string of LEDs. 


‘This the favorite LED experiment | 
performed this summer. This flasher 
Circuit is different in that it turns off 
alternate LEDs for about 1 second 
in sequence. When you connect this 
circuit to the 9 volt battery, all of the 
transistors are usually placed in 
saturation and therefore all the 
LEDs are on. Closing the switch on 
the base terminal of Q1 for a 
‘moment initiates the correct pulse 
sequence. The pulse initiates in QL 
which turns off the LED connected 
to the Q1 collector for about 1 


Sequentially Off LED Flasher 


second. When Q1. turns back on 


\ 
1 
22 uF 22 uF 


(goes into saturation), Q2 tums off 
‘When Q2 turns back on then Q3 
turns off and so on, The circuit is a 
closed loop and many more stages 
may be added. 


You can experiment wit cferent 
base resistor and coupling capacitor Qt=az 
values 1 vary the speed of the LED 

string oro create a sense of 


Q3 = 2N3904 etc. 


24.0905 VE7BPO 


randomness by varying each 
‘ransistor’s RC stage separately. This is a fun circuit! 


Youtube link, (not mine). 


‘The prototype 3 transistor version. | just used a piece of wire to 
ground the Q1 base terminal and establish the correct pulse 


sequence after powering itup. For the LEDs, transistors, resistors 


land capacitors you can use whatever appropriate parts that you 
happen to have on hand. Current draw is less than 10 mA with a 
fresh 9 volt battery. Decrease the 1KS current limiting resistor to 

11K or so if you want brighter LEDs at the expense of more current 


draw. Do not operate this circuit above 9 volts unless you connect 


diodes from the transistor emitters to ground to prevent emitter- 
base breakdown. 


t 


LED Land 2 are on and LED 3s off at this mament in time. 


‘Above and below photographs. This low current version has 9 LEDs connected in a chain and is powered by 3 volts. The 10th LED (extreme 
right hand side) isa flashing LED which is directly connected tothe 3 vot supply and also uses a 1K current limiting resistor. Total peak current 
draw is only ~ 7 mA, yet itis stil bright enough to see at night-time. The power supply is 2 D-cell batteries connected in series and then to the 
circuit by soldering wires directly onto the bateries with a 100 wait soldering ron. 


NoNot counting the 10th flashing LED, 5 of the 9 LEDs are on at 
any given moment. A sequential flash effect is noted (the state of 
each LED flip-flops and shifts over 1 position each flash). If you 
build this project with an even number of LEDs, the sequential 
effect is not seen. Half of the LEDS (spaced every other LED) are 
fon and the other half are off at any moment. The same LEDs are 
litor unit each pulse, Thus the effect is more lke a typical 
‘mulivibrator LED flasher. This variable, even versus odd number 
of stages property makes the circuit quite versatie. 


Conclusion 


| hope that you have some fun experimenting with these and other 
circuits. 
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SWL Receiving Antenna Experiments 


Introduct 


n 


| have a lotta learn about SWL antennas. What follows are some 
brief experiments | performed in late October 2005. | have been 
experimenting with a half wavelength end-fed wire for use as a 
portable 40M band HAM transceiver (receive and transmit) 
antenna, This wire antenna is 67 feet long. End fed wires are very 
popular with those who pack a small portable transceiver when 
backpacking and camping. No feed line is required and the far 
tend of the wire can be strung up using objects such as nearby 
trees or collapsible, portable poles. An elaborate ground system is, 
not required. The retum for the RF energy to ground might be 
{grounding rod(s), short or long radial(s), or even just capacitively 
coupling to the local environment (including the operator!). Simple 
tuners are easily built to transform the high (thousands of ohms) 
wire impedance to the 50 ohms or so required by the transmitter, 


| wanted to know if | could use this antenna as a tunable receive 
antenna for the the 30 and 31 Meter bands in addition to a tunable 
transmitreceiver antenna for my HAM radio work on 40 Meters. 
‘What | verified is that tuning a multiband receive only antenna 
is not very practical. When you tune a receive antenna you 
increase received noise and desired signals proportionally and 


therefore do not improve the signal to noise ratio in a meaningful way. Sometimes until you perform same experimentation, you don't really 


believe even good advice. 


To the right: A computer simulation of a 40 Meter band end-fed Wire 
performed by W7ZOl on W7EL's EZnec program. The simulation was for 10.1 
and 7.0 MHz with a 22 and 12 gauge wire. One 33 ft radial was used from the 
base of the 23.7 ft piece up 0.3 feet from the ground in this simulation. Z is 
impedance. Z and j are complex numbers used to represent the multi- 
dimensional quantities of the AC analysis of this antenna. In actual fact, jis an 
imaginary number. | suggest you might just ignore j unless your are well 
informed about impedance arithmetic. 


Antenna Matching 


‘A tuner can help match the impedance of the wire antenna and feed line (i 
Used) to the input impedance of the receiver at a given frequency. This will 
result in more received signal and noise voltage to the receiver's input. HAM 
radio enthusiasts use antenna tuners to transform the impedance between the 
radio and the antenna tuner to 50 ohms to allow maximal output power fram 
their transmitter. Non- amateur radio operators, can not use transmitters 10 


‘Simulated with 


EZnec 4.0 
from W7EL a.tet 
#12 or #22 
Wire Used 
y-0.3 £t 
1 ft Bound 


End Fed Half Wave antenna for 
Portable Use wzoi, 24 oct 05 


2(7)=5204 + 5 35 with #12 wire 
2(7)-G97A + 5 1299 with #22 wine 

2(10.1)=148.3 + 4 168 with #12 wire 
2(10.1)=146 + j 186.6 with #22 wire 


match their antennas. This leaves either using receiver noise, S-Meter or an 
antenna analyzer such as the MFI259. I just used my ears and S-meter. All of 
the tuners presented work as transmitter tuners as well. Any network used for transmitter work must be able to handle the output power of the 
transmitter final amplifier. 


‘The Wire Antenna Experiments 


| tried 3 different antenna tuners to see if! could tune an 18 gauge wire on 40-41 and 30-31 meters, My wire went from my computer room in the 
basement out a hole in the wall and sloped at ~ 50 degrees up to a rope tied to a tree in my backyard. The tp of the antenna is about 50 feet (15 
meters) high. A 10 gauge insulated ground wire also passes from the computer room outside under the back lawn. Itis "earthed" to two, 2 meter 
copper grounding rods hammered into the ground. No direct connection to the hause ground system and the outside antenna grounding system 

should be made as this may result in increased receiver noise. 


Antenna Tuner 1 


The schematic on the left below, is very popular with HAMS who use itto to tune monoband end-fed wires. Its very simple and works 
reasonably well, Although the capacitor was able to resonate the 35 tus inductor, the T1 tums ratio was wrong and reducing itto 28:3 was 
required to get the maximum receiver signal in my experiments on the 40 and 41 meter bands. The alternative was to shorten or lengthen the 
wire antenna which is not very practical as it meant repeatedly climbing a tree. 


Antenna Tuner 1 Improved Antenna Tuner 1 
24.10.05 VE7BPO x 
67 tet Ke ima 
" wire See 
50 ohms $ ME AZ 10-180 pF 
Ti = 4 uH = 28t primary on a T68-7 


torroid with a 3 turn link fon ie 


‘Above right: An improved version of the Antenna Tuner 1 schematic from W7ZOl. This tuner has 2 user “tweaking” adjustments much like most 
modern commercial antenna tuners (which typically also have a band changing adjustment). 
| did not build this version, 


In addition, this tuner would not tune the 67 foot wire on the 30 or 31. meters band. This was no surprise. When | turned the variable capacitor, 
noticed some change in received signal, but not much. The signal strength was very poor and | could not hear much of anything, 


Below. Two built up views of the Antenna Tuner 1 schematic. | soldered the antenna wire to the circuit in the isolated area connecting the 
Inductor and capacitor. The outside antenna ground wire was soldered to the large copper ground plane. 


Antenna Tuner 2 


“This was the next tuner I built. Antenna tuner 2 
tuned very sharply on the 40 and 41 Meter 
bands. Itis designed to match a high impedance 
antenna, soit could not match the medium 
impedance (~150 ohms) wire to the 30 and 31 
meter bands very well at all. Since ~ 150 ohms is 
fairly close to my receivers 50 ohim input 
impedance, | just connected the wire antenna 
directly to my receiver. The received noise and 
signals were then much stronger than those with 
the Antenna Tuner 2 network in the circuit on 30: 
31 meters. 


Antenna Tuner 2 


16-450 pF 


a ae: Ju 


22-450 pF 


L1=4uH =27¢ T68-2 


or 29 T50-2 


Above: Two constructed views of the Antenna Tuner 2 schematic. The variable capacitors were bought at a HAM festival in 1992 for 2 dollars 
each, 


Antenna Tuner 3 


“The next antenna tuner topology tried was the familiar L network. Circuit A is Antenna Tuner 3 
configured in a shunt L (inductor to ground) and series C (capacitor) and is a 
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tuners, MFJ sells an excellent version as the model MFJ-16010. A photograph 
of this tuner is shown below right. The above lett photograph was taken by 23.40.05 VETEPO 
DSSCKP who also sells a random wire antenna tuner at: 
hitp:/user.chollian.net/~cyberline/ckptuner. him 


‘Trewnitter Zorotd to11 INOUCTANCE CAPACITANCE 


aa 


FJ ANTENNA TUNER 


‘Above, MF3 web publishes their manual including the Schematic forthe MFJ-16010 random wire antenna tuner. The inductor is actualy wound 
on 3 stacked (probably fete) cores which are tapped. The taps are connected to a front panel mounted 12 poston switch. Ths allows coverage 
from 2-30 MHz, As a simple experiment, | red stacking 2 and then 3 FT-50-61 ferrite cores and was able to get a wind range of inductances 
from the 6 taps | made on my test inductor. 


Numerous examples of the L network antenna tuner can be found on the web and in print including the 2006 A.R.R.L. handbook. | decided to try 
the high pass L network topology to experiment with. 


| built part A of the Antenna Tuner 3 schematic with shunt L and series C. 
On the 40-41 meter bands | tried 3 cltferent inductors; 4 UH, 2.1 uH and 1.3 
UH. I tuned the network to get the greatest receive noise and S meter 
reading and measured the variable capacitor value. At 7.30 MHz, the 
capacitance values were 86 pF. 141 pF and 182 pF respectively. Although 
non-critical, | settled on a 2.6 UH inductor (23 turns on a 50-2 powdered 
iron toroid) so I could use a junk-box 10-150 pF variable capacitor to 
resonate it Later | decided just a trimmer capacitor might do. You need 
around 125 pF at 7.30 MHz to tune the network with a 2.6 uH inductor (to 
give you a ballpark C value to start with). 


30-31 and 40-41 Meter Receive Antenna Tuner 
1 


rte 


[C1= 10-70 pF trimmer 
= i= 2.6uH = 23 750-2] 


‘Schematic tothe right: A very small receiver tuner that allowed the L network to be switched in and out of the antenna path was constructed. The 
LL network is tuned on 40-41 meters via a small trimmer cap on top of the double pole, double throw switch. A small plastic alignment screw 
driver is used for signal peaking. An air variable capacitor would be much easier to tune as you move up and down these bands. 


Below left: Front view. Technically, the switch label should indicate 40M and bypass as the bypassed antenna could be used on any band. 


Below right: Rear view The trimmer cap can be seen on top of the switch. 


Below left: Side view, the antenna wire is held via an alligator clip. This allows me to unclip and ground the antenna when itis notin use. The 
antenna ground wire is soldered to the copper ground plane. 


Below right: A T6-8 core wound with with 24 gauge wire. | used larger powered iran torroids to wind my inductors, however, they can also be 
‘wound on ferrite cores or be air-wound. The core size, wire gauge and type of inductor used can affect the selectivity and insertion loss of the 
tuner network, however for practical receiving purposes itis not a major concern. 


Conclusion 


‘The final experiment allow me to easily switch between a matched and direct 67 foot wire antenna on 40 and 41 meters. | performed several 
listening tests and generally agree with those who say receive antenna tuners atfer litle to no improvement in signal readability. The only 
advantages | can think of for matching a receive antenna to a reasonably quiet and sensitive receiver are: 


‘There may be some improvement in the receiver front end fiter function as these fters are designed to have a specific input impedance. 
Certain balanced mixers may function better with the correct impedance on their RF port 
“The tuner itself (depending on design) may marginally improve the front end selectivity of the receiver it is connected to. 


| do lke the noise roar and louder signals with the matched antenna on 40 and 41 meters, although this is totally subjective. | think the reason for 
this is that as a HAM radio operator who always matches the antenna for any band | am on, | am used to louder signals and noise levels. | also 
spent most of my first 10 years of HAM radio operation on 80 and 160 meters which are relatively noisy bands and have been conditioned so 
that noise is “normal”. 


On 30-31 meters the bypassed antenna worked quite well and the L network can be switched in as an attenuator. Perhaps you might build up 
tuner and try for yourselt! 


Although they are simple, low cost and easy to put up, itis likely unwise to use an end-fed wire without coaxial feed line as a receiving antenna, 
“The ground wire is part of the antenna system and easily picks up household generated noise which will present to your receivers input. The time 
honored and easiest methods to reduce receiver noise are to get your antenna away fom the house and other noise sources, use buried coaxial 
cable feed line to the house and directly earth ground the shield of the feed line with stakes. Antennal feed line "link coupling” by a transformer 
may also reduce noise (especially ifthe antenna system is balanced) and this topic begs further study. 


‘Suggested Links 
‘There are some fabulous web sites on the topic of SWL antennas and reducing receiver noise. | suggest these 5, Try a Google search for more. 


bto:www dina infofequigment 
ht /ww hard-core-cx.comMnordiedxlaniennayteedifeedt hunt 
bit: wwn aah cometha html 

hitp:twww nye netdarunber! 


‘As usual, | learned a great deal from the process of experimenting. | look forward to spring when some more antenna experiments can be 
performed. 


“* Continue until the i.c. socket is soldered. 


Once the smallest parts are soldered into place, you can continue to solder the 
remaining components. It’s easiest to handle the smallest so-called “discrete” parts first 
while you still have plenty of room on the board, I usually solder resistors and capacitors 
next. The principle of soldering them is just the same as a simple wire link: insert them 
from above till they are flush on the board, then splay their wires a little to hold them in 
place, and preferably snip off at least some of the wire to give you more access. 


“* Continue by inserting “discrete” components from above, splay their wires out 
"y 1p splay 


\Y ; Fipscapofunes | 
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Experiments with JFET Biasing 


“The most common way of biasing a Junction Field Effect Transistor (2FET) is with a source resistor. This method, shown in Fig 1 below, has the 
advantage of offering negative feedback to stabilize the bias conditions. This is the same thing that happens when a bipolar transistor uses an 
emitter resistor. Sel bias can be used as a method to evaluate a JFET to determine the critical parameters that describe it: Idss and Vp. These 
are discussed in Chapter 2 of Experimental Methods in RF Design and many other places. 


‘The method used in our experiment is to set up the FET of interest 
in atest fixture with a power supply, bypass capacitor, resistors in 
the drain and gate to suppress parasitic oscillations, and a handful 
of extra resistors, R-test, that can be paralleled with an existing 
100K source resistor. A digital volt meter (DVM) is the basis for the 
measurements. We begin by using the DVM to measure the 
resistance of our test resistors, for the values will be used in 
calculations. The DVM is then attached to the FET source to 
measure the DC voltage. The first value we measure is with no 
attached R-test. The measured value will be very close to the FET 
pinchotf voltage. 


V-dd=+10 


‘The measurements we wil perform infer drain current as a function 
of gate to source voltage. The physics of the FET support the 
‘model that there is no gate current so long as the gate is not 
forward biased with regard to the source. Hence, the drain current 
equals that in the source. We will measure the source current by 
‘measuring the voltage drop across the source resistor. The gate is 
at ground potential, for there is no gate current, so the gate to 
source voltage is just the negative of the source to ground valtage. 


‘The resistors that | pulled from my stock for some measurements 
were marked as 22, 39, 68, 100, 150, 200, 510, 680, 1K, 2K, 3.3K, Figure 1 
6.8K, and 10K Ohm, The measured values are shown in attached 

figures. A systematic pattern was noticed with all of the measured 
resistances under the marked value, suggesting an error in the 
calibration of my DVM, a Fluke Model 73. All esistors were 29 
carbon fim 0.25 Wat. However, when | measured a 499 Ohm, 1% metal fim resistor, itcame up exactly at 500 Ohms. The diferences between 
the measured values and those marked on the part were small enough that | neglected the details and Used measured values for calculations. 


“The first FET | examined was a 2NS454, a common JFET that | had in my junk box. The source voltage was 3.26 with nothing but the 100K for 
source bias. | started my measurements with the largest resistor, 10K. The voltage dropped to 2.90 and was stable. | merely held the resistor in 
place rather than soldering it. The resistor was kept in place long enough to get a stable reading that | could record in my lab notebook. All 
results were of the same character until I got to the 300 Ohm resistor. At that point | started to notice a slight heating effect. The source voltage 
was 1.523, but slowly dropped to 1.518 volts. This behavior continued through the lower value resistors. The 22 Ohms produced 264 mV on the 
source that then dropped to 256 mv. 


Later | examined a J310 JFET. This is a much larger area part than the 2NS454 with an Idss that is about three times larger. With the 22 Ohms 
inthe test fixture, V-source went to 701 mV, but settled at 652 mV. The drain current was then 32 mA. With a 10 volt power supply, there was 
nearly 200 mW dissipated in the FET. This is within ratings, but high enough to produce heating. Operation at higher voltages and at Idss would 
further tax the part. One must take care when doing these measurements to be sure that the source voltage is observed quickly. 


‘Attached are the MathCad documents that | used to examine the data. A spread sheet such as Excel could be used, but | prefer the graphics of 
MathCad. The second page for the 2N5454 shows a graph for the observed data as well as a calculated one. The two FET parameters for the 
2NS454 were varied to obtain a good correspondence between the two. The part had Idss=15 mA with Vp=-3.5 volts. This is similar to the 
popular MPF-102, but close to the high Idss extreme for that part. 


‘The data presented for the J310 is more abbreviated with only two points shown. | picked the 22 Ohm and 1K source resistors. This stil 
produced data that is very close to that obtained with many more data points. 


My intial analysis suggested that we could characterize the FET by measuring the source voltage with 100K in place to approximately determine 
‘Vp, and to then short circuit the source through the mA scale on the DVM to obtain Idss. This is a reasonable start. However, the pinchot will 
usually be a few percent more negative (for an N-channel depletion mode part). The long leads in the source also make me feel uncomfortable 
with regard to parasitic oscillations. 


‘After the DC measurements were done, | thought it wise to look at the potential for oscillation. The 3310 was in the test circuit at this time. The 
TO-92 J310s are parts that are well known for their propensity for oscillation, so | guessed that it would not be difficult to coax this one into such 
a mode. But this was not what | found. | eliminated the 100 Ohm drain resistor, but moved the FET close to the 0.1 uF bypass. This bypass is not 
a very good one for VHF and upward. No oscillation was seen. | then eliminated the gate resistor, replacing it with the normal gate lead. Still no 
oscillation. | eventually added a gate inductor and a parallel tuned circuit in the source. The source bias resistor had a RF choke in series with it 
| finally saw a robust VHF oscillation, but nothing else up through 1.5 GHz. 


Experiments with JFET Biasing, after correspondence with VE7BPO on 14Feb06. (See earlier 
Mathcad file "“Jfet_hiast_ve7bpo.med) Measurements on 2N5454. 
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Letpinchoffbe uy=-35 and Iggg = 15 
us 3729.0 


Try various values for pinchoff and Iss to get.a reasonable match, 
Blue is measured data while red shows calculated behavior. 
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Experimental Note: During the measurements, I noticed a definite thermal change 
dss when dissipation was high. This occurred at higher currents, with low source bias 
resistors. The Vg values | used in my data were the first ones recorded with the DVM. 
The most extreme case was with the 22 Ohm source R. The source V started at 254 mV 
and went down to 256 mV. The effect was more dramatic with a larger part. a J310. 
That part, when operated with a 22 Ohm R, started with 701 mV and dropped to 652 mV. 


Experiments wit 
Mathcad file 


h JFET Biasing, after correspondence with VE7BPO on 14Feb06. (See earlier 
Het bias 18feb06.mcd) Measurements on J310, 
Here we examine a minimal data set of just two points. 


Jex for measurements and calculations. 


Measured Rx values. 
1 


Ren T Vsn=measured source voltages. 
cae 
(eam) 
nm) ame(*) 
R values paralleled PP | o5¢ 477 197} Ye, 0- Voy 
with 100K 


Use Mathcad 


“vectorize” 
te (0 operator. 
— 
"| 97 Vey 
Tay = — 1000 
Ren ta, < (7 
3.006 


Let pinchoffbe up = ~4 


Try various values for 


choff and Idss to get a reasonable match. 
Blue Is data while red shows calculated behavior. 
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Fe, 


18 Feb, 2006 by W7Z01 


Many thanks to Wes, W7ZOl for this contribution. 
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10 MHz WWV Receiver Experiments 


New feature: Click on a schematic to load it into a separate browser page for printing 


Introduction 


For nearly a year, | have been trying to develop a tuned radio frequency (TRF) 10 MHz, WWV, AM receiver. My intial RF stages were common 
emitter or common source stages with tuned input and output. Despite careful layout, parasitic oscilations plagued these designs and they were 
discarded. Later, | discovered that only tuning the input of RF stages reduced this tendency towards instability and stil provided reasonable 


selectivity. Different detectors were also tried and evaluated, 


A simple receiver that sounds great and is fun to build and 
experiment with follows. My special thanks to Wes, W7ZOl for 
performing many of the simulations and providing suggestions 
hich kept me going. 


WWV Audio Files from Sept 26, 2006 
WWv File 1 


Wwy File 2 


Wwy File 3 


‘The audio was digitally recorded using an electret condenser 
microphone held 3 cm away from the receiver speaker. The files 
‘were compressed using the WMA format. 


Receiver Front End 


WWYV Receiver Front End 


12 volts 
22K 100 100 


Q1= G2 = dual gate MOSFET 40673 or ECG 222 
s L1= 44 uH = 27 turns T-68-2 using 22 AWG wire. 
CF Tap 2 turns from ground 
Gils 3)8 CV1 = 10-40 pF trimmer cap 
= L2=L4=12 turns ona FT37-43 Ferrite core 


L3 = 3.0 uH = 25 turns # 26 AWG on a T50-2 core 
CV2 = 10 - 70 pF trimmer capacitor 


‘Oct 1, 2006 VE7BPO 


‘Above schematic. The receiver front end has just 1 single-pole fier. For even greater selectivity (but greater insertion loss), consider moving the 
LL1tap to 1 tum from ground. My receiver was connected to a 80 meter dipole via an antenna tuner. The antenna tuner provided additional 
selectivily. No local broadcast band (BCB) signals were heard when the chassis lid was tightened on. You may require additional RF high pass or 
band pass filtering in your location, 


‘The RF gain control is very basic and only the first 1/3 of the 10K pot is used to go from minimal to maximal gain. Modifications to allow more 
precise variation in RF gain for dual gate MOSFETs or cascode JFETS are shown in EMRFD. The method shown works fine. For the most part, 
keep it set to minimal gain. Using higher gain than necessary, increases receiver noise and may overdrive the detector. 


TRE receivers require careful layout. A piece of wire greater than 2-3 om between the stages may be enough to plague your receiver with local 
BCB interference depending on your layout and chassis integrity. For interstage connections that had greater than a 2 cm gap, shielded 50 ohm 
cable was used to prevent BCB interference. 

Dual gate MOSFETs provide adequate gain and low noise. you might consider cascoding 2 JFETS for each RF stage if you cannot obtain them. 
titleernatively, bipolar feedback amplifiers may be used and examples are provided later on this web page. 


xTal Filter and RF Amplifier 


XTAL FILTER AND RF AMPLIFIER 


100 
12volts @—~~—_F a 


-3 dB Bandwidth 6 KHz 


Detector 


Y1 Y2 Y3 

C1 c4 

wo +1 HHH 
one ae 

ne 


c2 C3 


C1 =C2=C3=C4=20 pF 


\VE7PO 
Sept 2006 


L1=12tFT 37-43 Ferrite toroid 


‘Schematic: The Q2 output impedance is 2000 ohims to match the input impedance of the Cohn crystal filter. This fiter was designed by Wes, 
W7ZOl. Matched, computer grade, 10 MHz crystals were used. Choose 10 MHz crystals that are marked for a 20 pF or 32 pF load capacitance 
it possible. Using a 10 MHz crystal oscillator, find 3 that are closest to one another in frequency. 


You may substitute 2K? resistors instead of the specified 2 with a slight penalty in pass band shape. 


underneath to secure them in place, then snip and solder the joints exactly as before. Some 
parts like this blue electrolytic capacitor are polarity sensitive (note the — sign), and must 
be inserted the right way round. Same is true of every semiconductor. 


4 This row of % watt resistors was next. I like to show the colour codes all the same 
way round, with gold or silver (tolerance bands) on the right for consistency. 


E Pr alle 


4 This transistor was next. Solder it quickly to avoid damage, and observe polarity 
correctly, so it is the right way round on the p.c.b. The heatshunt is optional. 


Click to Review Circuit 


Lead f= 2000.0 
sil ser 0.00 
eap eer 1980, 
cap pat 1962 
sil ser 0.00 
cap pat 1962 
sil ser 0.00 
cap ser 1960 
i ser 0.00 

98 Source 

89 Inductor 0 


lca Parmeter 
itn Freq tf aon 
101. 


N(index) NewValue 
1 fo 


Enter new value and Click 


start [0000 


Ss “Documents ard Satin Dnenty Doe 


Place Cursor Cursor Data ===2=9: [700 fe fogs 48 si1= [aso a 
Drag a bax on arephte Zoom Zoomto Diginl Smeep| Save S21 ex Ret ¥ PlotS11_[~ Plot Referenc 
Reset Cursor 


‘Above graphic. A simulation of the receiver crystal filter using GPLA, a program written by Wes, W7ZOI that comes with EMRED. EMRFD is the 
major reference for this web site and | recommend that you add this book and companion software to your home library. The pass band is not 
symmetrical. It is mistuned for the lower pass band frequencies and would serve better as an upper sideband fer. Nevertheless, it works 
reasonably well and is simple to build and tolerant to component variation and match. At certain times, a very strong shortwave station at 9.985 
MHz can be heard along with WW. This usually occurs in the early evening when the WWV signal is not that strong at my location. For most of 
the day and night, whether WWV is present or not, very litle interference has been detected. 


Bypassing the crystal fiter is an interesting experiment. As many as 5 stations were heard simultaneously and these varied as time passed. | 
heard Radio Vatican, Radio Habana and many other broadcasts during 1 evening. At one point | heard a station at 9.75 MHZ, WWV and a 
strong CW carrier at 10 110 MHz! 


Click to Review Circuit 
2 sit = $21 Ret. 


0 Lead # = 20000 
1 all ser 0.00 

2 cap ser 1960 
3 cap pat 1862 
4 tl e0t 0.00 

5 cap par 1862 


B atl ser 0.00 
7 cap set 1960 


8 ib se O00 
98 Source R= 200010 


939 Inductor = 100.0, 


Ciystal Parameters: = 
100. Freq.= 10.0000 
101. Lm= 0.0200 


N(index)  NewValue 
1 0 


L-4 Enter new value and Click 


equeney HF? (20000 reg yuiy stop [00000 JENDocuments and Setings Owned Doo 


Place Cursor 


Cursor Data 00 fre saa fe ‘aB S11 | dB 


ag AbOK on GraBh ts Zoo% Zoomto Original Sween| Save $21 asRef. | { Plot $1], { Plot Referenc 
‘elue Tune Mode = 


up | Down) NA fs a ae Reset Cursor | 


‘Above graphic, This is a sweep that goes fram 200 kHz below to 200 kHz above 10 MHz to show the stop band response of ths fiter. This filter 
has a pretty decent response considering the low cost and effort invalved, 


VK4FUQ AM Detector 


12vDc 

e 

IM 
Ol & aap 
IM n 
Sensitivity 
th |} 1000 wet ae 
inpat z= re pau 5K6 ss = 
2000-3: 1 T 
ohms 
ABODE 120 pF 27K 220 pF 


D1 = Silicon Small Signal Schottky Diode; NTE 112, 1NS711, 
$K3089 etc. 
QU = Q2=MPF102 2JFET 


Oct 4, 2006 by VE7BPO. 


‘Above schematic. This detector is fabulous. It was designed by Felix Scerri, VKAFUQ. He has a web page explaining his high fidelity detectors at 
the Eliot Sound Products (ESP) site: hito:1/sound westhost.comlarticles/am-radio.him 


‘The ESP web site is a personal favorite. Rod Elliot has one of the best do-it-yourself electronic web sites available. The main URL for his site is 
hitp://sound,westhost convindex2,htm| 


‘My sincere thanks to Rod and Felix for permission to present Felix’s detector on this web page. 


His improved AM detector has 3 positive advantages; it has high bandwidth, low distortion and incredible (and variable) sensitivity. | cannot get 
‘aver how nice this detector sounds compared to others | have bult and analyzed during weak and strong signal testing. The variable bias, 
control allows the listener to adjust the bias to maintain detected audio fidelity even when the RF signal is weak. 


‘This detector uses a UHF mixer diode often found in older television sets. Increasing the diode bias from O volts towards maximum causes three 
things to happen: 


Increased sensitivity 
Increased audio high frequency response. 
Slight increase in receiver noise. 


‘When the WWV RF signal is weak, turning the bias off may result in the detected WWWV signal disappearing. Increasing the bias will bring WWV 
back in. | generally run the bias control pot about 1/2 way and of course, higher as WWY fades out. | like the fidelity that the bias adds even 
when the WWV signal is strong. Note how the WWV audio quality continues to be high in fidelity as WWV fades out in this sound file 


Felix called for a 1 mH radio frequency choke. The largest | 
had in stock was a 1000 uH choke. | had to decouple itas, 
shown to prevent oscillations from occurring in my receiver. 
For the 1 UF and 2.2 uF capacitors, | used polyester film types 
which sounded better than electrolytic capacitors 


Oct 13, 2006: Note. The 1000 pf input cap to the detector 
‘was omitted in error in the original schematic whi 
now correct. 


To the right: The detector board. On the left is an op amp 
preamp stage that was later disconnected as it was nat 
needed. Note the copper is removed where the chassis 
‘mounting nut contacts the copper board. Both audio boards 
‘were isolated from chassis ground and star grounded to a 
single point. The speaker negative terminal was also directly 
Connected to this point. There is no hum 


Audio Amplifier 


@ 12vDC 


10K 
100 
10K 4100 uF 
Pa 
5s 
55325 > 
4KT_6|_ 
12K 
3 4KT 
s 
g 
Lt 4K7 


from EMRED 


NE6632 low noise, dual op amp 
by KK7B 


Sept 23, 2008 VE7BPO 


‘Above schematic. Rick, KK7B designed this low noise audio amplifier. Itis from EMRFD. This superb AF amp greatly compliments the VK4FUQ 
detector. This is the best speaker audio amp under 1 watt | have ever used. Distortion is very low as lang as itis not aver-driven. | increased 

some capacitor values compared to the original schematic. Please refer to EMRFD for details on this stage. The chassis of this receiver greatly 
Increases the law frequency response. On the 1 second pulses of WWWV, the receiver "knocks" like a metronome. This does not occur when the 


chassis lid is ff 


WW web sit st All the often 
subtle pulses and tones transmitted at various times during the 
hour can be heard with this receiver. 


‘To the right: A bread board of the AF amp. This is the audio amp | 
shall use in future projects which contain a speaker. Kudos to 
KK7B. 


Below 3 images: Different views of the TRF recelver. On the front from let to right are the bias "sensitivity" control, volume control with integral 
power switch and blue LED "power on" indicator. 


(On the rear from left to right are the 12 VDC input jack, an unused switch (was an -10 dB attenuator at 1 point) the RF gain control and a coaxial 
50239 connection 


Further Experiments 


‘What follows are some of the ideas and circuits tried over the past year. 


‘Schematic to the right: A 10 MHz, 
double tuned RF band pass filter that 
may be used ahead of the receiver. 
Insertion loss is ~ 3 dB and this fiter 
Uses a5 pF coupling capacitor which 
are not too difficult to find. Filters with 
bandwidths of 150 - 180 KHz were 
also tested, 


To the right: A GPLA simulation of 
the popcom DTC shown above. 
titlehough a litle mistuned, itis 
reasonable for a fiter that uses 
common junk box values and has 
low insertion loss. 


L-Match AM Detector 


Double Tuned Filter & 
34 MHz 3 dB bandwidth 


47 pF ‘47 pF 
3 all , 


an wile he rT 


I 5 220 pf 
400pF C1 Li 12 C2 100pF 


L4 =L2=4.2uH = 17 turns T37-2 powdered Fe core 
C1 =C2= 15-50 pf trimmer capacitor 


23 Sept 2006 


L-Match and AM Detector 


12 VDC 
° 
IM 
01 
100 
4 tal. 
50 ohms IM 
impedance J 3ooe wt 
Li 
ee poh. ead 
tf >t 1 
pra (220: 27K (220 pF 
Poy oF P 
uH = 32 turns T50-2 Powder Fe torroid 
CV =15- 55 pF trimmer cap 
D1 = Silicon Small Signal Schottky Diode; NTE 112, 1NS711, 


SK3089 ete. ‘i 
QL =Q2=MPF102 nJFET 


‘Sept 2006 by VETBPO 


Above schematic. The VK4FUQ detector can also be used to follow a 50 ohm output impedance stage by using an L-match as shown. The L 
match tunes very sharply. | peaked the L-match with the bias at 0 volts, 


‘The input impedance of the detector is related to 
the DC current flowing in the diode. This is 
established by the adjustable bias current or 
"sensitivity control”. The input resistance will be 
26il, where | is the current in mA, 


For example, if the current in the diode is 10, 
rmicroamps (0.01 mA) the input Z is 2600 Ohms, | 
have found that any input Z value from 2000 to 
5100 ohms worked well with this detector. 


Image to the right: A photograph of the L-match 
connected to a -6d8 50 ohm pad which 
terminated the 50 ohm feedback amplifier that 
drove the L-match. 


Feedback amplifiers 


50 ohms input/output Z Feedback Amplifiers 
220 
4 a 3 -6dB 
a whe 36 
t 
1503 150 
A 
3k3 = 
A Q2 4 
680 
39 220 39 
QT= Q2=2N3904 
Ti=T2= 12 bifilar turns FT37-43 Sept 2006 by VE7BPO 


Above schematic. Feedback amplifiers may be used as RF amplifiers for a TRF receiver. This stage followed the crystal fiter in one version of 
my TRF receiver. Stability was excellent. This feedback amplifier was designed by Wes, W7ZOl. It has ~ 20 dB gain and draws a litle over § mA, 
current. 


‘Above graphic. 2 feedback amplifiers are shawn on this breadboard. The double tuned ft (DTC) shown earlier is also built on this board. In this 
version, the crystal fiter was omitted and replaced with the DTC. 


File Abcut FEA 


Transistor Parameters OCBaajim —PLMHE [00 Abin CeaIBSKETEFTS 


n= 


F, MH2/5 1 
faa Ba Net tdeat | 
Change 
R-feedback 
| me 
= 
= = Gain (dB)- 
= 20.88€ 
R- 
je 
Source R } 
Zin [64ST f7EO8inputretunose= IF eee: ee 
Zeout = |20.120 aff AT-E26 ‘Dutpui Retun Loss = | 16-012 B 


‘Above graphic. Using software that ships with EMRFD, W7ZO! designed the feedback amplifier used in this version of the receiver. 


NPN Bias 
File About Bias 


220.00 


(base) = 0.049 Eo 
“ 3469 Volts 
fi 


AV= {65 


emitter) = 4.9552 mA, [Col Dis = 45.4150 mw 


i(upply) = 7.5142 mA, 


‘Above graphic. The feedback amplifier bias resistor values were also calculated using software written by W7ZOl and included with EMRED. 


™ Unusually, this toggle switch fitted directly onto the board as well which saved wiring it 
up. Neat idea! 


10 MHz Crystal Bandpass RF Filter 


primary 3 turns over secondary at grounded end 
2 turns FT37 - 43 

(0-70 pF variable trimmer capacitor (need ~ 60 pf) 

Q1 = Q2 = MPF102 nJFET or equivalent 

2= C3= C4 = 20 pF 


Sept 30, 2006 by VE7BPO 


Above schematic. This circuit has the crystal filter matched to 50 ohms input and output stages using JFETs. The JFETs also setve to provide a 
litle more gain, Careful layout is required to reduce BCB interference for all stages in a TRF receiver. 


Popcorn Crystal Filter 


eo 
t2vots 

10 Mhz 

6 KHz BW 

477 Zin and Zout 20K 


2.3 uH 
50 ohms Wm OOO 
ev ed: ” 


‘ 33 pF 
98 pF ° 


Sept 2006 VE7BPO. 


Above schematic. This isthe original crystal iter that | designed. The input and output impedance is 477 ohms. The input was matched to the 
preceding 50 ohm stage using an L-network. A emitter follower is used to match the output to the 50 ohm stage which followed. Later, the emitter 
follower was replaced with the source follower (with a 470 ohm gate resistor) that is shawn in the schematic directly above. The source follower 


had greater immunity to BCB interference and provided a better termination for this fier. This papcom fer worked wel, titehough occasionally 
there was another station in addition to WWY, in the pass band. This also happened with the fiter used in the final version of this receiver. 
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Cystal Parameters: 
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‘Above graphic, Here are GPLA simulations of the popcorn fit with and with out 33 pF series end capacitors which serve to tune the filter. The 
brown tracing illustrates that it is better to include a series 33 pF cap at each end of the "popcorn" crystal fiter. | did not use ths fiter because 
the dual gate MOSFET RF amps used in the final version, have better gain driving or following the 2000 ohm fiter designed by W7ZOI. 


GPLA is a "must-have" program. You can “tune” filters with diferent or asymmetric inputloutput impedances. 


vec 


100 


10.0 MHz Test Oscillator 


2N3904 x2 


& 


Oct 7, 2006 
VE7BPO 


75 


‘Above schematic, This 10.0 MHz crystal oscillator has a- 10 dB 
‘amps and align the fiters used in these experiments. 


1003 60 ohms 


50 chm pad on the output and was used to match the crystal, test the RF 


‘Above graphic. A breadboard of the test oscillator shown above. 


‘Above graphic, Some of the bread boards developed during experimentation, My final receiver layout (and potentiometer positioning) is nat 
optimal, however this is @ prototype and | had no idea what the finished version would look like, 


Common Base RF Amplifier Experiment 


12.10 @ 


180 128 


T1 


3.68 mA IE 


Q1 = Q2= 2N3904 
T1 = 22 turns FT-37-43 ferrite core 


L2 = 22 turns FT-37-43 ferrite core; 2 turns secondary 
CV = 10-40 pF trimmer capacitor 


L1 = 25 turns # 24 AWG on T-50-2 powdered Fe core; 3 tum secondary 


Dec 20,2008 VE7BPO 


‘Above schematic. This is one RF amp that was built for this receiver. The turns ratios on L1 is too drastic to afford much gain. 


‘Above graphic. | have been told many times that my breadboards are very ugly looking. This breadboard of the schematic directly above, shows 
that occasionally, | can build a nice looking circuit! 


Conclusion 


‘The highlights of these experiments were VK4FUQ's detector and KK7B's AF amplifier. 

‘When constructing such a receiver, build backwards. Install the speaker and then build and test the AF amp. Test it by touching your finger to the 
input and listening for noise or BCB radio. Turn the 10K pot and verify that the noise increases or decreases appropriately. Perhaps test it using 
an AF oscillator. 


Ifitworks, you get immediate positive feedback and motivation to continue. Ifit does not work, you only have 1 stage to trouble shoot. 


Next, build the detector. To test it, connect a piece of wire about 25 cm long between the RFC and the anode of the diode. You should then hear 
local BCB radio. Slowly turn the bias potentiometer from 0 to fully on. Notice how increasing the bias may bring in 2 or mare stations compared to 
when itwas at 0. Also notice how it changes the tone and sensitivity of the detector. Try shortening the "test antenna’ and observing how 
sensitive this detector is with the bias increased, 


fall went well, you now have an AM radio! 


Next add in the Q3 RF amp and again test it using a short piece of wire. Then continue on until you artive at the antenna connection for your 


Best regards, VE7BPO 


Amateur and Short Wave Radio Electronics Experimenter's Web Site 


‘ing Antenna 


Introduct 


n 


IMy first shortwave antenna was a simple end-fed wire which 
started at my bedroom window and extended out horizontally to a 
tree which was 25 feet away from our house. The antenna feed 
line was a short piece of wire that connected to the near end of 
the antenna and entered the house through a small hole | made in — 
my wooden window sill, This feed line was directly connected to 
my receiver's high impedance antenna input. My station ground: 
was long piece of wire that was connected to a copper pipe 
located in the bathroom next door. While this antenna brought in 
the world” to my bedroom, it was extremely noisy. Directly 
connecting your antenna feed line and house ground system to 
your receiver are not good RFI reduction practices. This web page 
will explore some experiments in trying to minimize the Radio 
Frequency Interference (RFI) arising from my local environment. 


a 


Indoor RFI sources are usually plentiul. Electrical appliances such 
as washing machines, televisions, DVD players, computers and = 

electrical wiring may all emit RFI which your antenna, or directly i 

connected house ground system may pick up and feed to your wy 

receiver. Certain indoor devices may be really strong RFI sources 

and will have to be eliminated or decoupled. Outside of your 

house are also potential sources of RFI. These may include such 

things as power transformers, electric fence and garage door openers. RFI location and reduction is out of scope for this web page, however a 
{good place to lean more is the ARRL RFI book (aut-of-print: search an Amazon). To find RFI sources in your hame and neighborhood, ty using 
a battery powered AM radio. At my QTH, | located a noisy VCR inside the house my Grundig S350. We rarely use this VCR and now just leave it 
Unplugged until we actually need to operate it. | tuned the receiver to an empty frequency and found this VCR by trial and error. Please note 
this web page is concerned with feeding a shortwave listening antenna and does not describe providing protection against lightning. 
For web sites which covers lightening plus RF ground please refer to this offering from WAJI or eHam.net 

Protect your home and family from lightening !! 


‘Outdoor MF and HF Antenna 


‘The schematic to the left summarizes the outdoor 
\VETBPO MF and HF receiving antenna system for 
summer 2007. Although modest for a big city ot, this 
antenna seems to pull in the DX and is relatively free of 
RFI, This antenna was just a case of "putting as much 
wire in the sky as possible” and the dimensions are 
indicated for interest sake only. The 27 meter long 
horizontal section is supported between 2 trees at a 
height of about 14 meters high. The weight of the 


VE7BPO SWL Antenna 


6m 


21m 


Earthed stakes 
ra 


Tt = 30 primary and 10 secondary turns on a F1114-43 


and the earth-grounding system were undertaken. 


vertical element wie plus slack in the horizontal wire 
droop itto about 13 meters high in the center. The 
vertical section is Soldered to the horizontal wire 6 
meters from the nearest anchoring tree and runs straight 
down to the antenna feed paint which is about 1 meter 
off the ground. The feed point isa piece of copper-clad 
PC board (with isolated sections created with a hobbyist 
motor too!) and is bolted to a long copper pipe which 
serves asthe frst station earth-grounding stake. A 
transformer (11) configured as a UNUN (unbalanced-to- 
unbalanced) is used to interface the antenna with 50 
‘ohm coax that runs through the house and into the radio 
shack. Some rudimentary experiments with the UNUN. 


“The methods 1 used to potentially lower unwanted RFI to my antenna system are as follows: 


“The receiver and power supply are independently connected to a single, central ground point (ground buss) in the radio shack 
6-10 gauge wire is used for my ground system (not including the radials which are bare 12 gauge wire). 
‘The ground wire connecting to my first earth stake to the station ground buss is just outside the shack windaw and is short as possible to provide 


a low impedance and low inductance path for MF and HF frequencies. 


‘There is a second ground stake located 1 meter from the primary ground stake (I will add 2-4 more in time). 
| have a large piece of stee! buried underneath the sol tied in to my system as well as 3 bare copper radials. The radials are 3- 7 meters in 


length. 
New RGSB/U coax was used as the feed line. 


All wire splices in the grounding system are soldered and taped up. | used conductive grease (to prevent oxidation at the wire-stake interface) 


‘on any clamps connected to ground stakes. My ground stakes are ~ 2 meters long, 
“The earth grounding area soil is moist and peat-laden and is watered regularly 
| plan to maintain this ground system every 2 years. 


4:1 UNUN 
My antenna is almost an end-fed wire with both a vertical and horizontal section. | do 
not have the gear to measure the impedance versus frequency in the MF and HF 
bands. | do know that on some bands it may present an impedance of several 
thousand ohms and a transformer can smoath out the variation in impedance versus 
frequency so my receiver sees a relatively low impedance on most bands. The 
transformer also serves to help reduce RFI from my antenna system by eliminating 
unwanted common mode currents flowing on the outside of the coax braid 
Grounding the antenna via the UNUN will also prevent static electricity from building 
up on the antenna. My first UNUN had a 4:1 impedance ratio. Itis shown to the right. 
‘The antenna connects to point A. The ground stake connects to point B. Point © 
Conriects to the inner wire of the coax and point D is connected to the braid and also 
the grounding stake. | used 24 AWG wire and A FT114-43 ferrite core. You can 
Clearly see there are 20 primary windings and 10 secondary windings loosely 
coupled. | chase the FTL14-43 core because | had it on hand and the 24 gauge wire 
provides good mechanical support for the coll. could have used an FTS0-43 ferrite 
torroid as well with a smaller wire gauge. You can also use a bifilar transmission line 
type transformer. | was very happy with this UNUN and however it did not have as. 
‘much signal strength as | expected on the 160 meter amateur band and below. 


9:1. UNUN 


Next tried a 9:1 impedance ratio UNUN. This an extremely popular impedance transformation 
ratio for end-fed or random wire SWL antennas. | wound 30 primary and 10 secondary turns 
on a FT114-43 ferrite toroid. The connection points are identical to those described in the 
above 4:1 UNUN. Remember that the impedance transformation rato is the square of the 
actual turns ratio on your transformer; thus my 3:1 tums rato is a 9:1 impedance ratio. 
Electrical engineers commonly use a rule when winding broadband transformers such as these. 
“The inductive reactance (XL) of the smaller winding must be at least 4 times the load 
impedance at the lowest frequency that the transformer "looks" into, So for 50 ohm coax, the 
XL should be at least 200 ohms at 500 KHz which is the lowest frequency | intend to receive. 
‘The formula for XL is XL = 6.28 X FX L. Frequency (F) is in Hertz and Lis the inductance in 
Henries, 


‘At 500 KHz my inductor has an XL of 189 ohms which is almost perfect. | should have used 11 
tums which is an XL of 229 ohms and strictly observes the 4X rule. Therefore my UNUN ideally 
should have used 33:11 turns on the FT114-43 torrold. If you use a FTS0-43 torroid, use the 
same 33:11 turns ratio; this will provide 198 ohms XL at 500 KHz. For practical purposes, my 
30:10 UNUN should work fine as | rarely tune frequencies less than 1000 KHz. | found this 
UNUN to have strang signals all the way down to MF and decided to use a 9:1 impedance 
ratio for my antenna system. Many experimenters and a few commercial UNUNs recommend 
the 9:1 impedance ratio for multiband end-fed or random wire antennas. Eventually | will 
encase it in a water and UV proof enclosure. 


Conclusion 


‘My experiments while constructing a reasonable quality MF and HF receiving antenna 
confirmed that using a UNUN, coax and a good RF ground system can reduce 
common mode RFI in my receivers 

| also tried temporarily connecting my ground system to a copper water pipe located 
in my shack while listening to WWV at 5 MHz and immediately the noise level rose 2 
‘S-units on my receiver. 

This pipe was clearly not grounded in my house where there is a mixture of plastic 
and copper water pipes. Additionally, my antenna wire and feed point is away from 
the house in a quiet area according to listening tests using a Grundig S350. 


Itis relatively easy to construct a UNUN on your bench using a ferrite torrid. Many 
builders have emailed me to say they do not feel comfortable winding torroids, 
Torroids are easy to use and by winding a couple and experiencing some success, 
your confidence working with them will surely improve. if you lve in a part of the world 
where you can not easily obtain a suitable ferrite core, just email me and | may send 
you an FT50-43, You can also choase a ferrite with a different core permeability 
‘Some builders use number 75 material. | used the FT114-43 because | get all my 
torroids from WEDIZ and just use what he has in stock for my projects. if you really do 
‘not want to construct a UNUN, commercial products are available on the web on sites 


such as http-/www.arraysolutions.con/Products/baluns. him, 


| wish you good luck with your own antenna experiments and please be safe! 


‘Some SWL Antenna Related Links 


LB. Cebik, WARNL was a respected antenna 


Build a Shortwave Antent overview of home brew 


rt. There is great information on his web pages 


and antennas by NaUJW 


™ As there is comparatively more metal to heat up, it'll take longer to solder the switch 
terminals, and you'll need more solder as well. Thicker gauge solder is useful at such 
times, Allow say 2-3 seconds to solder each terminal. 


Don’t forget to clean the soldering iron tip on its damp sponge every now and then, 
to ensure the bit is kept clean and shiny. Later on I’ll show you how to correct any 
problems by desoldering using various techniques. Next, we'll move on from printed 
circuit board “through-hole” soldering and look at how to handle wires and leads. 


Amateur and Short Wave Radio Electronics Experimenter's Web Site 


JY 


MF and HF Receive Antenna Splitter 


Introduction 


‘As a radio experimenter, | have numerous MF and 
HF receivers fo listen to but usually only 1 main 
‘outdoor antenna. Typically, this means that oniy my 
main radio receiver is connected to the outdoor 
antenna and my other receivers must use small 
indoor antennas with or without RF preamplifiers. 1 
‘wanted to to permanently connect my main radio 
shack receiver and the receiver in the room directly 
above the shack to my main MF and HF antenna at 
the same time. The solution was to build a simple 
antenna splitter which allows the 2 radio receivers 
to connect to the single coaxial antenna feed line 
while preserving the correct impedance at all 
Connection points, This project is based upon the 
spliter presented in EMRED labeled Figure 3.81. 


Each receiver and the antenna feed line have a 50 
ohm characteristic impedance. This in-phase 
splitter is passive and has a loss of just aver 3 dB. 
Itis designed to operate from 500 KHz up to 30 
Miz, 


Please do not transmit through this device. 


Project Schematic 


aileninien| 


‘The schematic to the left ilustrates the entire splitter 
network from the antenna input to the input of the 2 
receivers. T1 and T2 are broadband ferrite transformers. 
with enough inductive reactance to tune down to the 
bottom of the broadcast band. It you only require a 
spliter for HF, then wind T2 with 10 total tums and a tap 
at 7 tums from the grounded end and T2 with just 10, 
bifilar windings. | used FT50-43 cores to allow the use of 


MF- HF Receive Antenna Splitter & 


Antenna 12 I 
ae S) coax 
50 
ohms thicker gauge wire which provides reasonable 
securement ofthe coils without extemal anchors, and 
a because bigger inductors are easier to photograph. The 
FT37-43 ferte core would also be a good choice, 
oe especially if miniaturization isa design goal. 
S) coax _)— 
50 
chms 
Ti =14 turns FT50-43 ferrite torroid. Tap at 10 turns from| 


grounded end for 25 ohm point 
12 = 11 bifilar turns FT50-43 ferrite torroid 


Circuit Building Detai 


“The antenna splitter breadboard is shown to the right. | used 3 
colors of 22 gauge enamel covered wire to make my inductors. 

‘72 is the actual splitter network coil and is the lower transformer 
in the photograph. The 100 ohm resistor serves to isolate the 2 
ports connected to the receivers and absorbs impedance 
‘mismatches which may present when one terminal is not properly 
terminated. Note that the characteristic impedance at the input of 
this 3 port network is only 25 ohms. You can choose to ignore this 
or use an additional network such as a broadband transformer or 
fan L- match between your antenna coax and the splitter to match 
this 25 ohm impedance. 


| chose to use T1 which is an autotransformer with a tap at 
approximately the 25 ohm point. The splitter network worked well 
during my tests. Having only 1 receiver versus 2 receivers 

connected made no difference to the signal strength due to the excellent output por isolation, 


Note that Wes, W7ZOlI uses this 3 port network network several times in EMRFD. One example is the Lichen transceiver while another is the 6M 
supethet receiver presented in Chapter 6. Consult EMRFD for further discussion of this and other multiple port networks. 


72 is a biflar transformer. The 2 wires were twisted together by securing one end of the 2 wires in a vise and the other end of these 2 wires in 
the chuck of a brace and bit (manual) hand drill | twisted the hand afill until | had 8 twists per inch on the 2 wires . | used 2 color wire for ease of 
construction, however, itis almost as easy to tell the windings from one another by using an ohm meter or audible continuity teste. 


Chassis 


“To the right is the completed project showing the SO-239 
connectors which are wired to the antenna splitter output ports. A. 
chassis from an old project was recycled for this new project. The 
large bolts seen in some of the of the photos were used to fill in 
holes which had been drilled for the old project. This was dane ta 
provide improved RF shielding. The bolts also increased the 
‘weight of the chassis and help keep it from tipping over. Although 
it does not look as attractive as if| had used a brand new project 
chassis, considerable cost savings were realized. These litle 
Hammond project boxes are getting very expensive. Also the 


spliter is kept an the back of my main radio desk where itis out of 
sight anyway. 


Update August 10, 2008 - Contribution by 
Dave, G4AON 
“This orignal network was designed for use in the MF to HF spectrum. Limiting this network isthe input matching transformer T1 which 


negatively effects the T2 output pot isolation; especially at 41 meters and higher. Testing by Dave, G4AON confirmed this. Dave designed, built 
and tested a triflar wound, UNUN input matching transformer which provides a much flatter response for T2 por isolation from 0.1 to 52 MHz. 


To the left you can see the G4AON input circuit for T2. In keeping 
with a design optimized for higher frequencies, less total turns are 
used on the transformers, His tfilar wound input transformer version 
" Tr is going to generate an impedance of (16/24)°2 x 50 = 22 Ohms at 
* rmid-band. My variation will generate (LO/L4)'2 * 50 = 25.5 ohms at 
rmid-band. Using his version of Tas apposed to my simple auto- 
ito transformer, Dave was able to provide better isolation of the output 
ports than the original design across a wider range of frequencies. 


Tr Stuns tite] [T2_ Sturn ite] 
FT50-83 core FTS0-83 core 


In the two popular, commercially sold RF splitters we have 

examined, the company did not even bother to match the input to the 

72 transformer and some builders have writen me to say they just 

ae omitted T1 and for their typical SWL listening this worked out fine for, 
= them. Increasing isolation across a wider frequency band and also 


‘matching the T2 input are issues that you the builder will have to 
consider. Certainly the lossy and often non-predictable #43 ferrite material is factor which might affect yaur transformer performance. While a 
triflar transformer is a litle more difficult build for a novice as compared to an auto-transformer, this improved design might work very well at your 
QTH. Testing like Dave did is certainly the way to go and | greatly appreciate his contribution. 


‘To the right are Dave's excellent bench measurements. He used a 
Marconi 2018 signal generator, a Racal 9301 RF milivoltmeter and a Bird 
load on the ather port. Kudos to Dave for performing this experiment and, 
contributing to the receive antenna splitter knowledge base. 


Dave's web site 


Conclusion 


Itis really awesome to be able to connect 2 receivers to the same outdoor antenna. 
‘The 3 port network and cabling to the additional receiver does not seem to increase 
receive noise levels from RFI in the house. Most likely this is due to the fact | am 
using shielded coax, a shielded project box and have a good RF ground system. 


This is a simple project you can build in one evening 
| hope you receive some good DX! 73 es CUL, VE7BPO 


Here is a link from F6AOJ 


Additional Photos 


Medium Frequency TRF Receiver 


Introduction 


This series of experiments was initiated in 2008, 
stalled, and was finally completed 16 months later with 
the inspiration provided by work regarding zero power 
receivers web-published by Wes, W7ZOl in late 
‘summer 2007, 


Described is a complete receiver, built and presented 
backwards from the audio stage to the antenna. The 
design goals were to build a Tuned Radio Frequency 
broadcast band receiver with one RF amplifier, a high 
performance detector and a simple, headphone-level 
audio stage. 


Receiver Block Diagram 


whip antenna 


Front end 
Filter 


RF Amplifier Detector 


‘The receiver block diagram is shown to the left. The 
antenna is a ~ 1 meter long whip purchased from Radio 
Shack in the USA. A single cascade bipolar junction 
transistor amplifier boosts the RF voltage and drives an 
envelope detector which is terminated by a JFET source 
follower. The source follower connects to a 10K volume 
potentiometer which contrals the AF signal voltage into a 
headphone-level audio amplifier. Like most of the 
projects on this site, the intention is to present some 
Circuits and ideas for experimentation. This receiver is 
designed for local broadcast band AM radio reception, 
however, the various circuits could be used in or ttleered 
for DX receivers as well 

‘A Supplemental Page can be found here 


Audio Stage 


The AF amplifier is a superb design by Rick, KK7B and 
is featured in many projects in EMRED. This audio 
amplifier uses one 5532 op amp and has low noise and 
high gain. The 220 pF feedback capacitors can be 
increased to boost the low frequency tesponse. | have 
built 6 or 7 versions of this stage and have used 
feedback capacitors up to 560 pF for this purpose. In 
the audio path, polyester film capacitors were used to 
tty to improve the audio quality. Additionally, the value 
of the 15 uF capacitor connected to pin 2 is flexible. The 
uiescent current draw of this stage at 12.2 VDC is 12. 
3mA. Some builders may have to increase the 100 uF 
fiter capacitor on the main 12.2 volt line to overcome 
‘motorboat oscillation. None occurred in my breadboard 
version. | suggest using this audio stage instead of the 
[LM386 or discrete component final audio amplifiers in 
all projects which call for a headphone-level audio 
power amplifier on this web site 


100K 
im 


1 
220 pF 


Nov 3, 2007 by VETBPO 


Close up of the KK7B audio amplifier breadboard from the 10K potentiometer to headphone jack 


Cascode BJT RF Amplifier and High Performance Detector 


& RF Amp and Detector 


12K 0.3v 
22K 0.54v 
47K 11v 
100K 2.1 


400 ee | 
aly 
01 
D4 470 DF ay 
ue 470K 
[D2| 2.2 uF 1Q3} 
27K |veias| 2 d 
2.2.uF 
| arly Lt 
tT Ri sam I 
mic 2K7 
220 - 470 pF 
270 pF Ls A 
Q1= 02 = 2Na804 


Q3 = 310 

D1= D2 = Germanium diode 

T1530 primary and 12 CT 
secondary on FT50-43 


Chasen RI = 100K 


Nov2, 2007 by VE7BPO 


Above is the combined RF amplifier, 


Cascode BJT RF Amplifier 


detector and JFET source follower schematic 


‘To the lett is a simplified RF amp diagram taken from the schematic above 
indicating the measured DC voltages for reference purposes. 


‘T1, the output transformer was wound on an FT-50-43 ferrite toroid. An 
FT37-43 would also be suitable. Number 28 gauge enamel coated magnet 
wire was used for the 30 turn primary and 26 gauge wire was wound over 
top to make the secondary 12 tum, center-tapped winding. The 26 gauge 
‘wire was used for the secondary winding because it provided good 
anchoring of the transformer by the center tapped ground connection 


You may consider substituting a 22 to 100 ohm resistor forthe ferrite bead 
(on Q1. It suppresses VHF oscillations. 


Detector 


‘To the right is a photograph of the 
detector from the Qt transformer 
through to the JFET source 
follower. Schottky/hot carrier 
diodes or germanium diodes such 
as the INQ4A with a low forward 
voltage drop are strongly 
recommended. | have found there 
to be significant variation in 


DC Voltages 


sensitivity between different types 
of these diodes. The 2 germanium 


diodes I used were matched as 
described on this web page. A number of detectors were built and tested for this receiver, however, the 
design shown had the best aucio quality when compared to the others. The virtues of this detector 
include low noise, high bandwidth, high sensitivity and low distortion. although a litle complex, this is a 
detector worthy of consideration in your AM receiver projects. The center-tapped Q2 transformer 
secondary and the 2 diades provide full wave detection. This serves to reduce distortion somewhat and 
cancel even-order harmonics in the carrier signal. Yau may eliminate one of the diodes and convert the 
Q2 transformer secondary to a conventional, single link. 


‘A 470K ohm resistor and Ri form a voltage divider that sets the detector bias voltage (V Bias). Some 
measured R1 values and corresponding bias voltages are shown in the schematic. I chose an R1 value 
(of 100K for my final version. You may have to increase or decrease the RI value to suit your local 
detector sensitivity requirements. You could also substitute a bias potentiometer for front panel 
adjustment ofthe receiver sensitivity. In this detector, changing the value also changed the detectar 
frequency response. | built a separate voltage divider with roughly the same V bias consisting of a 68K 
and a 15K resistor and swapped itfor the 470K and 100K pair. Interestingly, the 470 K and 100K pair had better low frequency response and 
slightly higher sensitivity than the 68K and 15K voltage divider. 

Diode detectors are best driven with a high impedance source and followed by a high impedance load. Q3, a simple JFET source follower 
provides a high impedance load. You might want to substitute a popcorn” MPF102 for the high Idss J310 indicated in the schematic as a J310 is 
not really required here. f you substitute a MPF102, please increase the source resistor from 2K7 to 4K7 ohms. 


Front-end Band Pass Filter and Antenna 


In late summer 2007, Wes, W7ZOI conducted 
experiments with zero power receivers (crystal sets and 
such). He wound some inductors using ferrites with an 
Unloaded Q of aver 270 at MF! Please check aut Wes’ 
web site, His work with high Q ferrite inductors illustrates 
the importance of quantitative measurement and also 
provided the following revelation; we really do not have 
to resort to large, air core, Litz wire calls to build high: 
performance inductors at MF! The early prototype front 
tend for this project was built using FTSO-61 ferrite cares, 
however after Wes emailed me his work on zero power 


and putitup on the web. 


‘The schematic on the right is the final band pass fiter 
Used for the front end. | initially tried using just L3 for 
the front end, but | was unable to just tune a single 
station. In my city, there are 2 powerful AM radio 
stations at 630 and 1150 KHz. With a single inductor, | 
could peak one of the stations, but the other could be 
heard in the background. Thus, the double-tuned band 
pass filter presented was designed and built. Now only 
‘one station can be detected with this circuit and tuning 
|s sharp. Most builders would use a dual-ganged 
variable tuning capacitor, however, | elected to use 2 
separate variable capacitors. Considerable flexibility 
with this circuit is possible. You wil have to experiment 
to best determine your local sensitivity versus selectivity 
needs and to suit the variable capacitors you have 
available. Large AM receiver capacitors are getting hard 
to find. | obtained the 2 variable capacitors shown in the 
photographs below from 2 old receivers found in a 
‘second hand store, One of the receivers was a Marconi 
tube radio that was in poor condition. | paid $5.00 for 
both radios and harvested the 2 beautiful variable 
capacitors as well as some other parts such as knobs, 
‘switches and terminal strips. Never pass up on an old, 
derelict radio as a potential variable capacitor source! 


receivers, | had to get some FT-114-61 ferrites for the 
front end of this receiver. The next day, | emailed Mark 
‘Laurain from Amidon Associates Ine and ordered some FT-114-61 ferrite toroids. The arrival of these ferrites prompted me to finish this project 


L1= 12-28 ul 


VETEPO 


Front-end Bandpass Filter 


‘Ameter & 
whip (eq 


t0270pF cap 


IL’ 


7” 
Na 


LB tap chosen 


L 


S4t# 24 AWG on a FT-11461 ferrite core, 
tap 26t (A) from grounded end 

L2=5 UH = 9t# 22 AWG on a FT-50-61 core 

L3 = 54t # 24 AWG ona FT-11461 ferrite core, 
tap 30 (B), 20 (C) and 10 (D) from ground 

C1 and C2 = large AM radio variable caps 


‘Shown above are 2 photographs of the band pass fiter breadboards. The 2 variable capacitors had a variation of ~ 24 to 500 pF. There is 
considerable interplay between the 2 capacitors. For my QTH, itwas better to peak C2 first and afterward to peak C1. Consider that L1 and L2 
have a hot end and a grounded end. The antenna is connected to the the hot end of L1. Predictably, when substituting the L1 center tap as the 
antenna connection, the selectivity of the L1-C1 tank is increased and the sensitivity or received signal strength is reduced. This also occurs 
when testing the various tap points on L3 to feed the RF ampliier-detector stages. In the final circuit, | settled on Point C, 20 turns from ground. 
Using Point D, reduces sensitivity and increased selectivity. The opposite is true when using Point B. You the builder, have to determine which 
‘U1 and L3 connection points to use based on your own experiments and local factors. You may also change the receiver sensitivity by making 
changes such as increasing or decreasing the 270 pF coupling capacitor value, the emitter degeneration on Q2, or the detector bias. 


Band pass Filter Analysis 


Itis impractical to sweep BCE band fiter using variable capacitors, so some analysis using GPLA, a program that ships with EMRFD was used 
to plot and better understand the double-tuned band pass filter response. A worst case inductor unloaded Q of 200 was used, but| imagine that 
the actual Q of L1 and L3 is much higher. For the source impedance, 100K ohm was used conjecturing that a short whip antenna at 1150 KHz 
would have a very high input impedance and not load down the Li inductor. In reality, itis likely the antenna input impedance might be closer to 
1. Megohim, however, | am using the worst case scenario. Ifthe fiter performs better than simulated - all is great! Higher source and load 
limpedances and higher unloaded Q inductors would decrease the bandwidth ofthis fter which is desirable. 

Note that | am concerned that L2 at § uH may may avercouple the 2 tank circuits. | did not see a double humped response on GPLA analysis, 
however, experimentation with L2 may be in order for the more astute homebuilder. You might consider lowering the L2 value to 3 or 4 uH and 
performing same testing, The load impedance for L3 was rather arbitrarily chosen. Considering that various taps on L3 may be used, the XC of 
the 270 pF coupling capacitor and the input impedance of the RF amplifier, | just chose 47K as the L3 load impedance. Below are 2 screen 
captures of GPLA plots. The top graph is the double tuned band pass fiter and below itis the single tuned band pass fiter consisting just of L3 
and C3. 

These graphs lead to 2 main conclusions: 


1 The final band pass fiter design appears to be reasonably sound. 
2. We can understand why | could not tune in a single radio station with just L3 and C3 as the band pass fier; the fiter skits are not very steep 
land the second unwanted station was also amplified and detected. 
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Varactor Tuned Front-end Filter 


‘On November 11, 2007, | decided to investigate whether oF 
not variable capacitance or varactor diodes could effectively 
replace the air variable capacitors in the band pass fter. In 
my parts cabinet were several MVAM 109 which is an 
‘obsolete but still readily available part. Another varactor, 
‘especially designed for tuning AM receivers is the 1SV149. 
‘This varactor is manufactured from Toshiba and is also 
appropriate, 


‘While not comparable to the Q of 300 or greater of a good 
‘quality air variable capacitor, varactors are smaller, cheaper 
land can be easily ganged together so that only 1 
potentiometer is required to tune the front-end fiter. To the 
Tight isa photo of the varactor tuned front-end fiter 
breadboard, 
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To the left is the schematic of the varactor tuned front-end 


‘band pass fiter. The air variable capacitors were unsoldered 
from the original fiter breadboard and a small board drilled 
and fitted with two 250K potentiometers was soldered to it. 


Varactor Controlled Bandpass 


13 was also modified to have taps at 10 and 15 tums from 
ground. | conjectured that since the varactr diodes have 
less Q than their ar variable cousin, it would be wise to tap 
20 4 moter 20 down on L3 to try and increase the selectviy ofthe L3 tank 
whip circuit nthe end, | used the tap at 0 tums from ground for 
my receiver as signa strength was still acceptably strong, 
L_ | You may choose to use the tap at 25 or some other point to 
FE | suityour local selectviy/sensivty requirements. 


hd 42,23 VDC 


| was able to tune in single stations as | previously did with 
the air variable capacitors. Tuning is “touchy”, Ten-turn pots 
Would be a better choice, however, are not very frugal for 
such a project. You get used to tuning with conventional 
potentiometers after a few minutes of so. | measured the 
reverse voltages required to tune the 2 main local AM radio 


\errO Tuning | 630 KHz A=03 r stations and they are tabled in the schematic. The L1 tank 

voltages | 1150 KHz A requires sightly more capacitance to resonate than the L3 
ee tank. Thus takes a itl less applied reverse vollage 1o the 

= = , - varactor pai resonating the Li tank compared tothe 
L4= 228 uH = 54t FT-114-61 ferrite toroid \aractor pair resonating the L3 tank .A side view photograph 
L2= 5 uH = 9t FT-50-61 ferrite torroid of the varactor breadboard is shown directly below. The 

L3= same as L1 with tap 15t (B) and 10t (C) from ground component leads have been kept long so that | can recycle 

R41 = R2 = 260K potentiometer parts from experimental project to project as possible. This 
D1= D2 = D3 =D4= MVAM-109 varactor diode helps contain costs. Shorter lea! lengths and proper layout 


should be pursued in any final projects you build 


Single Varactor Tuned Front-end Filter 


Tuning with a single potentiometer ganged to both varactors is 
easy to do after leaming from the experiment above. All that is 
required is a method to compensate forthe differences in 
capacitance between the the 2 LC tanks. | placed a high-Q 
(Q=300) variable trimmer capacitor in parallel with L1. By 
listening to the receive signal strength and tuning in one radio 
station using the potentiometer, | was able to peak CV for the 
strongest signal. | did this for both 650 and 1150 KHz and, 
actually unsoldered CV and measured its value with a 
capacitance meter. The CV value was ~ 6 pF for both 
frequencies. | decided to replace CV with a fixed 5 pF silver 
mica capacitor and let it there in my final fier version. Your 
results will probably be different. | suggest just leaving CV 


Single Pot Varactor-Tuned BP Filter 


e 


VETEPO 11/1107 


400K ‘whip 400K 
‘and using this trimmer cap to peak the signal ance you have 
tuned a desired radio station with the main turing ny ¥ 
potentiometer. An alternative to using CV is to vary L1. You D4 iB nS 
could ty compressing the rumber of Li windings to allow { 
tracking of the 2.LC tank circuits, 
@ Py] z Fu 
For the varactors | used back-to-back VVC diodes as to 
‘opposed to justa single varactor to resonate each tank. This (2 270pr 
was done in an effort preserve the highest varactor Q cap 
possible. The RF voltage ofthe AM RF signal may be high 
enough fo forward bias a single varactor during a portion of L41= 228 uH 
the AC signal and degrade Q. This does not happen when L2 = 5 uH= St FT-50-61 ferrite torroid 
bees bech evs a ue, Atom al Nalgene L3 = same as L1 with tap 15t (B) and 10t (C) from ground 
sere tng Secon es twree” | [EVE27 10 pF winmer cop 
drawback of back-to-back diodes is your tuning range is Di. = D2 = D3= D4'= MVAM~109 varactor diode 
reduced because you now have 2 capacitors in series, 
Experimentation may be required to achieve the BCE band- 
spread that you deste. You can add another pair of varactors in parallel or add some parallel xed capacitance or even change the L1 and L3 
inductance values for example 
‘This receiver tunes ricely and sounds fabulous. Last evening | was able to tune in diferent AM stations, however, other than the local 2 rag stations, 
the others were quite faint, Ths isnot bad considering this receiver has only 1. RF amp and a 1 meter long antenna, Ths band pass fiter could be 


adapted as a pre-selector for AM radio reception. To match 50 ohms, lower Li and L3 tap points could be chosen ar a few links of wire may be wound 
‘around the inductors, 


In the photograph below, you can see the 5 pF capacitor soldered in parallel with the MVAM-109 pair associated with L1. The antenna also connects to 
the ungrounded end of the 5 pF capacitor. Below in the last photograph; since only one potentiometer is used for tuning, a large knob was screwed on 
to the pot contral shaft to make tuning a lite easier. The solder-laden 220 ahm resistor is the connection point for the regulated 12.2 VDC. The 220 
‘ohm resistor on the left has been cut from the 12.2 VDC connection point so 0 voltage goes to the left potentiometer. 


Final Thoughts 


| emailed Wes, W7ZO1 and asked him why itis better to inductively couple a tuned circuit which use air variable tuning capacitors. Wes wrote his 
answer in the form of a complete web article entitled Coupling Methods in the Double Tuned Circuit. Big thanks Wes! From his summary, when the 
inductors used to resonate each tuned circuit are constant, and inductive coupling is used, the coupling of the resonators will remain constant as the 
variable capacitors are tuned across the band. Please download and study his web article for itnot only discusses coupling in the double tuned circuit, 
but provides some insight into using his LadBulld and GPLA software from EMRFD. 
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Junk Box NDB Low Pass Filter 
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‘With winter approaching, many HAM and SWL hobbyists find 
intrigue in tuning in NDB or Non-Directional Beacons. Although 
the tunable NDB band depend on your location, in Canada it 
may be found in a band ranging from about 190 to 535 KHz. 
Canadian beacons either have just a carrier (no offset)or are 
tuned using the USB with about a 400 Hertz offset, however, 
different offset frequencies and certainly LSB are used when 
receiving DX from other countries. 


Less than 10 Km away from my QTH is a 10 KW AM radio station 
at 1150 KHz. On my test receiver, the S-meter reads off the scale 
(© 60 dB over S-8) when tuned to this frequency. This local radio 
Station causes spurious, second-order intermodulation products 
(Girect mixing) that all but wipes out some weaker NDB stations 
that | am tying to tune in. Certainly, having a 500 Hertz crystal IF 
fiter is useful, but attenuating this local QRM is also desirable and 
is the topic of this web page. Many general caverage receivers 
offer limited or in some cases no fitering of the NDB band, 
however an outboard fiter is an easy project to build in one 
afternoon, 


Update Oct 11, 2010: Here is a link to a version of this project built by Robert, KSTD 


Project Schematic 


To the left is the project schematic. It seems odd to build 
alow pass fiter to reduce BCB interference (as usually a 
high pass fier is required for this purpose at HF) 
however for NDB, an aggressive low pass fter is 
required. For simplicity sake, a 7 element Chebychev low 
pass fiter was chasen. Since itis easy to wind 
reasonably high-Q inductors for 10 uH and greater 
Inductance using number 61 material on a ferrite torroid, 
the FTSO-61 core was chosen for all of the inductors. 
Number 22 gauge wire was used for the coils to keep 
the unloaded Q as high as possible. The FT37-61 ferrite 
is also suitable, but will have less Q and require smaller 
gauge wire. Use 19 tums instead of 17 for the 20.2 uH, 
and 21 turns instead of 19 for the 24.1 uH coil. Do not 
Use number 43 material ferrite cores. 


533 KHz Low Pass Filter 


20.2uH 24.1uH 20.2 uH 
tums 19 tums 17 turns 


arm rm am, 


4700 pF 10 000 pF 4700 pF 
472 103 472 


Allinductors wound on FTS0-61 ferrite torroids 


& 


‘Components 
| do not stock RF capacitors greater than 2200 pF, so junk 
box ceramic capacitors were used to build this fier. infact, 
this design specifically uses more common, standard value 
Capacitors to reduce cost and to nat have to order in parts. 
Certainly, the astute builder could use higher quality 
capacitors or even large powdered iran torraids instead of 
the ferrite cores for inductors if higher performance is 
desired. Try to use high Q capacitors if you can find or are 
purchasing them. Poly or silver mica caps would be great 
choices. You can substitute a 5000 pF capacitor for the 4700 
PF called for in the schematic. 

“To the right is a photograph of the components | used in the 
project breadboard, 


Breadboard 


‘To the left is the completed project. 
Ugly construction as always, was 
sed. The inductors were spaced at 
least 2.5 em (1 inch) apart at right 
angles to ty to minimize unwanted 
coupling. 
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‘Above is the plot ofthe filter during simulation with GPLA. The simulation calculated an attenuation of ~46dB at 1150 KHz. At 1000 KHz the 
signal was 40 dB down, at 800 KHz itwas ~24 dB down and at 630 KHz, the attenuation was only ~5.7 dB! Clearly this fier is not suitable ifthe 
offending BCB interference is from a station significantly less than 0.8 MHz. For my situation, ths filter is acceptable. A 5 element Chebychev 
fiter was also designed and plotted but was discarded as there was only 32 dB attenuation at 1150 KHz 

Since | wanted to tune as high as 535 KHz, the 533 KHz cutoff frequency was chosen. Additional work to help those with strong BCB 
interference at the lower BCE will be attempted in the future and presented on another web page. 


Receiver Testing and Comments 


Interwiring - get hooked up! 


With practice, through-hole soldering of p.c.b.s will become second nature. There’s 
no substitute for tackling some soldering jobs though, particularly trying a simple kit 
based on a quality p.c.b. which will boost your confidence enormously. 


Most electronic devices need connecting up to external components such as battery 
packs, speakers, l.e.d.s or switches. Usually, multi-stranded connecting wire is used to 
connect circuit boards and external parts together. Unlike single solid-core wire, multi- 
stranded wire is flexible and vibration-resistant. Hobbyists mainly use 7/0.2mm wire (7 
strands, each 0.2mm diameter) for low-voltage hook-ups although much Chinese 
equipment uses much thinner wires than this, So let’s look at some aspects of soldering 
this type of wire. 


Ina separate photo sequence I show how a potentiometer (a panel-mounted variable 
resistor) and a light-emitting diode (I.e.d.) are connected using multi-stranded wire. The 
same principles of soldering apply to most other components including panel-mounted 
switches, loudspeakers, buzzers, audio sockets and more. 


Components usually have terminals or “tags” to which wires can be soldered. Start 
by ensuring the component's tags are clean: otherwise solder will not wet properly and the 
joint will be impossible to solder, so all contamination must be removed. This is especially 
true of parts that have been in storage a long time. The connections often oxidise or 
blacken, so clean the solder tags with e.g, an abrasive glass-fibre brush, or a needle file or 
abrasive paper. Using a glass fibre brush was shown earlier in “Cleanliness and Tinning 
the Bit”. 


Click on the picture to the left to hear the beacon YWB at 389 KH2 with a 500 crystal hertz IF 
fier engaged on a borrowed Icom R-75 receiver. W7ZOI did some measurements on his, 
R7S receiver S-meter using a signal generator and step attenuator. From S9 on up to 60 
over, the steps were very accurate. However, below S9, correlation was poor. The but in 
attenuator is -20 dB when engaged. On my test receiver, I did some A/B testing with the fiter 
in or out. For 1150 KHz (without the low pass fiter) | had to engage the receiver's attenuator 
1s without it, the S-meter reads off scale. With the attenuator engaged, the S-meter reads 50 
dB over S-9 when tuned to 1150 KHz, 


With the fiter connected between the receiver and the feed line, (and the attenuator engaged) the S-meter read S-9.This is a drop of about 50 
dB at 1150 KHz which means that this fier pretty much works as designed. | love the Icom R75 receiver; itis good value with its many features 
in a compact package. Further testing was undertaken on other frequencies 


‘When listening to WWY; At 2.5 MHz, without the filer, the S-meter read S-9. With the filer inline, | could nat hear WWV or see any S-meter 
reading. AtS MHz without the fiter, the S-meter read was at 20 dB over S-9. With the fiter inline, I could stil hear WWV very faintly, but the S- 
meter did not register. There was litle noticeable attenuation at less than 700 KHz when using ths fier, 


Additional Photos and information 


‘Shown above is the completed project in a Hammond die-cast case with SO-239 connectors at each end, 


“new 


‘Shown above a photo of the Skookum beacon SX. It is on 389 KHz, This NDB is located in Skookumechuck BC, Canada 


Links 


My friend and fellow NDB enthusiast, Ken, VE7KPB has a posting on his web site showing some of the beacons he has logged from his QTH. 
Consider trying some of these frequencies from your own QTH to get used to finding beacons, Note you must temporarily allow pop ups to see his 


excellent log. 
We recommend this non-directional beacon search and log utility program called WWSU from VESGOP it must be registered and is a wonderful 


low cost tool 
| was near beacon L in Balti, Moldova (Barri, Mangoaa) in 2006. Below is a snippet from the VE3GOP program showing beacon Land also some 


nearby beacons. (Fl usyuaio pycomth sau). Npmaercrayia Bac aoporue apyassl 


Coverage radius from B-299 kHz (km) 160 Update 


TAS 391 kiz IASI, Romania ( 7725 kn) 

sce 396 kz SUCHAVA, Romania ("7621 km) 

HO 406 kHz ¥MOHYLIV PODILSKYI; Ukraine ( 7650 km) 
ID 473 kllz CHISINAU. Moldova’ ( 7828 ka) 

RG 473 kz CHISINAU, Moldova ( 7820 kn) 

N 509 kHz CHERNIVISI, Ukraine ( 7558 km) 

R 503 kiz CHERNIVISI, Ukraine ( 7563 km) 


Marin Francis has an excellent NDB web site including the tree program called NDB WEBLOG for a number of platforms 


‘Some beacons may be located using this NavAld web site 


Clint, KA7OET has an informative web site regarding NDB listening including using digital computer processing to dig out weak signals. This is also a 
‘great overview site for newcomers to NDB. 


Conclusion 


‘To the right is the outcome when | connect my 
frequency counter directly to my antenna coax cable 
feed line. 1150 KHz is my nemesis frequency! 
Happily ican be tamed witha litle fitering to allow 
NDB listening and logging. 


Ta the right is the outcome with my SWL antenna 
coaxial fead line connected directly to the scope. The 
scope was an the 0.5 volts per cm scale, so the peak 
to peak voltage is 0.2 volts. In just about any high- 
‘gain audio amplifier | build, i! touch my finger to the 
input, | can hear AM 1150 loud and clear -no 
wonder! 


Good luck with your own NDB adventures! 


HEMEBUALDER 
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More NDB Information and Circuits 


Introduction 


Latest Update: December 3, 2012 


This web page holds a collection of NDB-related ideas, 
experiences and hopefully will include some feedback from 
{fellow NDB enthusiasts. 


| devoted a new notebook to this topic and hopefully with 
inspiration from band listening and communicatingllearning 
from others, | wil fil itover time. New content will be added 
to the bottom af the existing material as QRP-Postadata 


Improved NDB Chebyshev Low Pass Filter 


‘A popcorn or “junk box" low pass fiter was designed 
and presented on this web page. After discussion with 
\VETTW and testing a Realistic DX-300 and other 
receivers, itbecame apparent that even more 
attenuation of a strong local BCB station at 1150 KHz 
‘was desirable. in addition, there are other moderately 
‘strong AM radio stations fram 630 to 800 KHz 
(especially at night time) which maybe causing mixer 
intermodulation distortion products. A fault ofthe junk 
box low pass fiter is poor attenuation below 800 KHz 
‘and a better design was a prudent goal. Bullding on the 
learning obtained from the junk box fiter experiments, 
‘an improved 7 element Chebyshev low pass filter was 
designed and is presented directly below. The 3 dB cut 
off of ths filter is calculated to be 526 KHz. This is the 
fiter that I now use for my home radio station. At my 


nemesis frequency of 1150 KHz (where a powerful local 
radio station broadcasts), the attenuation is calculated 
to be 68 dB. It takes careful layout and a conductive 
chassis to realize this level of attenuation, but the effort 
is worth it. In very strong AM BCB locations, you might 
consider placing 2 such fiers in series between your 


antenna and receiver i required. 


NDB Low Pass Filter. - 3 dB Attenuation @ 526 KHz 


20uH = 36uH_-—36uH = 20H 
‘7turns 23turns 23tums 47 turns 


8300 pF 10000 pF 8300 pF 8300 pF= 6800 + 1500 


fe i 
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dB t 
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T -6dB ~545KHz |—] 
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i -60 dB ~ 1027 KHz 
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\ 
‘ottom : 
mn 
tat [007 rjequeney: He [1000 


Freq. div stop [150 & 
All inductors wound on FT50-61 torroids 


“The schematic and simulation af the improved NDB low pass fiter is shawn above. 


Non-directional Beacon Identification 
Itis interesting to visit nearby beacons. In the photograph = 
to the right is XC which broadcasts at 242 KHz, 


| have learned that itis very important to confirm the NDB 
stations your hear via a database or list. What you hear 
fon the air should match the databasellst for both call 
sign and frequency, else suspect that you may have 
copied it incorrectly. RNA. the definitive signal list for 
North and Central America plus Hawaii may be found 
here, 


Three Questions 
Steve Ratzlaff, AATU is an experienced NDB Dxer and has been listening to beacons since the mid-1980's, 
| asked him the following 3 questions: 


1L. LF beacons do little more than send their station identification in Morse code, are mostly low power and generally might be perceived by some 
people as boring and low tech. Yet, on the World Wide Web, one finds numerous web sites, software, projects and commercial equipment all 
passionately dedicated to NDB listening. What's allthis fuss about listening to beacons? 


Steve: I's a hobby that requires quite abit of skill and technical accomplishment to get the most from the equipment. Most folks have AC noise 
to deal with, which can be particularly bad at LF. Finding an antenna that works at LF and that can be used at your own location can be a major 
task; finding a radio that has decent LF sensitivity, or an LF converter to use with an existing radio~all these must be detile with just to begin 
hearing anything at LF. find itto be quite a challenge. If it were easy to receive LF beacons then | probably would have lost interest years ago! 
Its tue that in recent years several software programs have become available that allow finding beacons somewhat easier--one simply looks for 
them on the computer screen and decodes the dots and dashes of the beacon being received. This is quite popular among beginners and 
veterans alike. But the traditional method of aurally listening for the morse code idents of beacons is probably used more often, though many 
are combining both aural and software techniques now. 


2. Lets say | live in a small city ot or even an apartment. | have modest equipment and/or not a huge amount of cash to spend on gear for NDB 
listening, From the antenna through to the headphones, what are same basic recommendations you might give to a newcomer wanting to get 
started in NDB listening? 


Steve: The radio must have decent sensitivity at LF, of else an LF converter must be used. Due to high local AC noise, any type of LF antenna 
used indoors will be a poor substitute to one that can be placed outdoors. A few portable radios cover the LF NDB frequency range that will work 
for hearing local beacons, though the radio may need to be used outside to get away from AC noise. The discontinued Sony 2010 was the 
standard for portable radios for reasonable LF performance. Newer radios like the Degen DE1103 have been found to work reasonably well at 
LF and can be bought for well under $100 by mail order from eBay sellers; or the more expensive Kaito 1103 version, which has a warranty, can 
be obtained from several distributors like Universal Shortwave. The much more expensive semi-portable Eton E1 works well at LF, but is more in 


the price range of a tabletop radio. The Icom R75 is currently the best bargain in a tabletop radio that has very good LF sensitivity as well as 1 
Hz tuning, which is an asset ifa narrow external audio fiteris used. Im not too optimistic about what someone living in an apartment or high rise 
building might do to successtully receive LF beacons indoors. Often the AC noise level is too high to be able to use an indoor antenna. But some 
have been able to use loop antennas indoors for the stronger signals. An example of a top of the line commercial loop would be the Wellbraok 
‘ALA1S30 or LFL1O10. Unlike at shortwave frequencies, where simply tossing a wire out the window to a nearby tree or other support, or even 
running the wire around the room inside, will usually work faitly well, at LF a wire less than several hundred feet generally doesn't perform very 
‘well. Itcan be argued that an active whip antenna makes a very good LF antenna, and doesnt take up much room, but it must be used outdoors. 
‘And ifthere are strong AMBCB signals, then the active antenna, either loop or whip, must have very good overload resistance otherwise it can 
generate distortion of its own from the strong BCB signals. 


‘3, What kind of distances are considered DX for NDB? 


Steve: NDB DX is pretty much a relative thing. One just starting out might be thrilled to hear a beacon from the next town, or from the other side 
of his own state or province. As one improves his listening setup and gains experience, then usually DX goals also expand to try to hear 
beacons farther and farther away. NDB DXing generally is not a competitive hobby, unlike amateur radio with its various competitive "contests", 
Each person's listening setup, local noise level, etc. is usually very different from someone else's, even someone in the same town or general 
area. One person might lve in the suburbs and have a lower noise level than his friend wha lives right in town and has a much higher noise 
level. One might have room to put an antenna in a quiet spot; the other might be limited to much less. People who live near an ocean generally 
have a much better chance at hearing something exotic offshore than folks living far inland. Folks living in the central or eastern part of North 
‘America have many more beacons available to be heard than folks in western North America. But there are always a few beacons that are much 
stronger than most, and can be heard fram long distances of 1000 miles or more, pretty much anywhere in North America at night. One example 
‘would be 208 GLS in Galveston, Texas, which runs around 2000 watts, has a large antenna, and is generally readily heard anywhere in North 
‘America at night~that beacon might be 1500 miles or more away, and might be considered real DX. However anather 25 watt beacon from the 
same general area in Texas might be hard to hear anly several hundred miles from that beacon, So "DX" is pretty much a relative term. Ndblist, 
an international email list devoted to beacons, is open to anyone with an interest in beacons~members post their loggings there. What might be 
local beacon to someone might be DX to sameone in a diferent part of the country. all levels of experience are welcome, 


‘Thanks Steve. 


NDB High Pass Filter 


‘Abhigh pass fiter using standard value capacitors was 
designed using GPLA. although, such a filter would not 
help AC line noise and RFI generated in the house, | 
suspected my antenna was picking up local noise from 
below the NDB band. This fiter was mounted inside a 
die-cast Hammond box with a SO-239 at each end. | 
used 22 gauge enamel cavered wire for the inductors. 
‘A photo of the fiter is shown to the right. 

For the 0.01 uF caps, | used junk box ceramic 
capacitors with a 20% tolerance, however, | did 
measure a bunch and found 2 within 5% tolerance for 
my fter bread board, 


To the left isthe filter schematic. This is an N= 7 Chebyshev 
high pass fiter with a 3.dB cut off of 157 KHz. This cutoff 
frequency allowed the use of common, standard value 
capacitors and also even tums numbers to reach the desired 
inductance for the inductors when wound with FT50-61 ferrite 


157 KHz High Pass Filter for NDB 


O22uF 01uF .01uF 022 uF 


33uH 27uH = 33uH 
22turns = 20 turns 22 turns & 


VETBPO 
All inductors wound on FTS0-61 ferrite torraids 


$21 = sit = 


Use 5% tolerance, high Q caps such as polystyrene or NPO 
ceramic and not junk box bypass-grade ceramic capacitors 
4s possible. | used trashy ceramic caps for the 0.01 uF parts, 
due to lack of better parts at the time of building and testing, 


cilek to Review circuit | 


157 KHz High Pass 
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‘Above is the fier GPLA simulation. In particular, have harsh noise from about 110 KHz on down. At 78 KHz, where this fier has a calculated 
attenuation of ~ 56 dB, | made an audio file of the band noise. This isin AM made with the fiter out for a few Seconds and then in line. With the high 
pass filter inline, there is pronounced attenuation of the noise and my local 10 KW BCB station at 1150 KHz suddenly appears. Prior to this itwas 
hidden by the harsh noise. At frequencies less than ~200 KHz (without my low pass fiter) | can hear this BCB station intermittently as | tune around. | 
suspect that the R75 fitering down at 200 KHz and down is insufficient to stop this monster station. 


‘At my QTH, using a high pass fiter reduces some of the noise on the NDB band. At my location, a high pass plus a low pass fer in cascade between 


my antenna and my receiver results in less QRN and easier weak signal copying. 


Long Wave Broadcast Radio Filter 


| eared about LW Broadcast radio from Steve 
Ratziaff. In particular, paguo pocenii "Rah-deo 
RaSEE" (make sure you roll the R!) can 
occasionally be heard on the west coast and 
broadcasts at night-time using 500-1000 KW. 
power. The frequencies he recommended to try 
were 153, 180, 189, and perhaps 171, 234 and 
279 KHz. | have terrible problems with a local 
BCB radio station at 1150 KHZ that causes 
intermodulation distortion and/or blow-by 
detection at and below 200 KHz in addition to a 
terrible noise source at 78-120 KHz. Therefore, | 
built another cascade low pass/high pass filter 
and placed it in the same chassis as my regular 
NDB low pass/high pass combination filter for 
use when tuning LWBC and perhaps for when 
listening to frequencies less than 200 KHz. 


322 KHz Low Pass 


ilter 
a 


VETBPO 
30uH = 53uH = §3uH = 30H 
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Ta 
50 me o ohms 


15000 pf 17700 pF 15000 pf 


Allinductors wound on a FT-50-61 ferrite toroid 


‘Above is. the schematic of the 322 KHz low pass fier. In the photograph above, you can see a 50 ohm pad at the input that was used oniy during 
testing. Ths fiter offers a calculated attenuation of ~ 98 dB to my 1150 KHz interfering station. In realty itis not possible to achieve this level of 
attenuation, however, there is no detectable 1150 KHz signal interference with the fier inline which makes me happy. Click here to listen to the 
‘dramatic difference with regard to interference this fiter makes at my QTH with my receiver tuned to 199 KHz. The receiver is set for wide band AM 
detection; frst without the LWBC fiter and then with the fiter switched in. When the fiter is switched in, the BCB interference disappears and a 
‘Canadian NDB (UAB @ 200 KHz can faintly be heard along with our cat meowing in the background. Its not possible to listen to LF without 
aggressive low passihigh pass fitering at my QTH, 


“ How not to strip insulation off wire: some of the cores have also been cut — avoid 
doing this! 


™ Gripping a wire end in a “Helping Hand” croc clip can help with soldering. 


After stripping a short length of insulation from the connecting wire, there are two 
ways to solder it to a component’s solder tag. The first way is to “tin” the stripped wire 
end to solidify it - just heat it with the iron and melt a little solder on it, and let it cool. 
Poke the wire end through the solder tag, apply the hot iron to both parts and solder them 
together using a few millimetres of solder. 


Although the assembly doesn’t hold itself together so well during soldering 
(consider a Helping Hands jig if needed) this is quicker and easier to make and also easy 
to desolder again, and is perfectly adequate for most joints of this kind. The majority of 
commercial wire joints seem to be made this way. 
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‘Above is the GPLA simulation of the LWBC low pass fier. 


129 KHz High Pass Filter 
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12700 pF = 1000+ 2700 


‘Above is the schematic of the 129 KHz LWBC high pass fiter. In either of the 2 fiters, capacitor values can be obtained using 1 or 2 standard value 
capacitors in parallel. The cutotf frequencies of both fiters were chosen to allow using practical component values, 
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‘Above is the GPLA simulation of the LWBC high pass fiter. The high pass fter might not be needed at your QTH. My LWBC fiter has the low pass 
filter before the high pass fiter. Le. they are in series or cascaded. 


Dual NDB and LWBC Filters 


For use in my radio shack, | built LWBC and NDB fiters inside 1 chassis with separate inputs and outputs. Some photos of this project are shown 
directly above and below. The NDB fiter is the 526 KHz low pass filter in series with the 157 KHz high pass filter. The LWBC fiter is the 322 KHz low 
ppass fiterin series with the 129 KHz high pass fiter. High Q caps were used and the inductors were wound with either 22 or 24 gauge wire to obtain a 
relatively high unloaded Q. The large Hammond project case allowed reasonable spacing of the inductors and a nice lang input to output layout. 


Beacon XJ @326 KHz 


Above is NDB XJ in Fort St. John, BC. Photo by VE7KPB in August 2008, 


QRP — Posdata: NDB Low-pass Filter with Trap 
‘An email from Rick, NU7Z spawned this 2012 addition 


Depending on their design, typical NDB low-pass filters provide less than 20 dB attenuation at 620 - 630 KHz, and if you hear a strang 


station on this frequency — good luck! 


Rick sought a filter with a trap at ~ 620 KHz — after mulling around, we encountered design problems with a trap frequency so close to 
the low-pass cut-off frequency and later asked Wes, W7ZOI If he might help design our filter. 


NDB Low-pass Filter with 620 KHz Trap 
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‘Above — A 7th order, 0.1 dB ripple Chebyshev low-pass filter with a 550 KHz cut-off filter evolved to include 1 trap, and then 2 traps 
at 620 KHz. 


We learned that in simple situations, you may modify the elements of a low-pass filter so that the usual inductor is replaced by a parallel 
trap. See Wes’ work in EMRFD Chapter 3; in particular, Figure 3.10. 


Wes wrote he's employed this technique successfully before — for example, to add harmonic suppression to a simple output network for 
a QRP transmitter, although he hadn't added traps to higher order filters lke the 1 we wanted for a file containing the math 
contributed by Wes, W7ZOl 
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Above — The SPICE analysis of the 3 color-coded filters above. This design excludes the impact of finite L and C and the unloaded Q 
that could significantly affect function since the trap frequency is close to the low-pass cutoff frequency. These factors usually worsen the 
insertion loss near cutoff, but since we're using this filer in a noisy RF environment, filter misperformance should be tolerable. 


In the future, Wes recommended designing an elliptical low-pass filter with software such as that distributed by AADE. 


Above — A version of the filter built by Rick, NU7Z using epoxy-coated inductors for the L's. The insertion loss with these inductors = ~ 5 
dB, although he runs a 40 dB receive preamp and can accommodate such losses. 


Despite employing a loop receiving antenna, he could not listen around 500 KHz due to a loud, local broadcast station at 630 KHz, 
Inserting this filter reduced this 680 KHz signal from 40 dB aver S-9 down to S-1 on his receiver S-meter. 


Fantastic! Big thanks (Gonswoe cnaci6o) to Wes, W7ZOl. 
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440 Hertz Peaked Low Pass Audio Filter Experiments 


Introduction 


‘At audio frequencies, low pass ftring can go a lang way 
to improving CW and beacon reception. Ithas a been a 
long time since | built one and therefore decided to 
experiment with some designs using the 5532 op amp. 
EMRED has a great section on RC active audio fters 
starting at Chapter 3.5 and this is where | began. After 
‘some experimentation, | remembered a peaked low pass 
{ier designed and published by Wes, W7ZOI in the 
1970's, This fiter became very popular in Russia after 
publication in a 1971 Russian Amateur Radio Journal. | 
‘asked Wes ifhee might design another low pass fiter 
peaked for 440 Hertz, which is my favorite CW beat note 
frequency. This fiter is intended for use as an out board 
headphone jack device for the Icom R75 or ather receiver. 


Base Project Schematic 
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Tunable RC Active Peaked Low Pasa Filter 
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‘Above is the fiter designed by Wes, W7ZOl. It has two 1K pots you can tweak; a subtle frequency control and a Q adjustment. Its theoretically 
possible to adjust the Q too strongly as to cause oscillation, although this did not happen with my bread board. 


‘Schematic and Circuit Building Details 


440 Hz Peaked Low Pass Headphone Amplifier 
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‘Abave is the final fiter design. My prototype fiter had 2 variable pots and | disconnected and measured them after discovering my favorite setting 


and then constructed the version shawn above using fixed-value resistors instead of the potentiometers. If you ike to tweak knabs, you might 

leave 1 or both of the pots in. The 0.68 uF cap can be raised as high as 4.7 uF if you have poly caps this large in capacitance value. although, it 
seems wasteful, | did not use one half of the second 5532 op amp. Feel free to add another pole of low pass fitering or something else to utilize 
this stage if you like. Pin 3 of the unused, second op amp 1/2 is connected to the 10K/10K voltage divider bias with a wire as indicated in the text. 


‘This fter sounds the best when the R75 volume control is minimally tured on as I suspect some of the wide band noise heard is from the ICOM 
AF chain. More importantly, Ifthe R75 audio gain contro is turned too high, the fiter will be averdriven and sound distorted This is especially rue 
when using the 2.4 KHz wide SSB fiter on the R75. The 10 ohm fiter input resistor attenuates the receiver output and makes it more difficult to 
overdrive the audio filter. The 500 He fiter at the 9 MHz Receiver IF has quite a bt of of loss and with this fiter switched in, itis dificult to 
overdrive the audio filter. For best results, an audio fier should be placed just after the frst AF preamp stage, however, using the headphone 
jack is the only option available for adding AF fitering in most commercial receivers | have used. 

“The second op amp stage is used to increase the headphone volume and the 47K feedback resistor can be adjusted to suit your needs. Itis 
really important to experiment with the component values which will match your receiver and the IF fiters and antenna you have. For example the 
input shunt resistor may be increased from 10 to 18-22 ohms if you always use a narrow IF fier during CW and beacon listening or received 
signals are low in volume. This is an experimenter's circuit, not a finished project. Overall, this citcuit has low output volume and is really gentle 
fn the ears in terms of noise and amplitude, 


Project Breadboard and Samples 
‘Shown to the right is a side photo of the experimental 
project. The big yellow Mallory polyester caps were 
Used as I did not have any other desirable AF fitering 
caps in my parts stock. The day after, | built this fier, 
‘my parts order (including a big selection of polyester 
film audio caps) from Digi-Key arrived, however this is 
Murphy's law. These Mallorys are good quality 
ccapacitors- just a litle large! 


Low pass fters can really help reduce noise during 
reception. Two example autio files follow. These were 
heard in the NDB band using a 2.4 KHz SSB IF fie. 
290 YYE 

312 UNT 

‘The occasional scratchy noises are me moving as | 
held the headphones around the microphone. 


4 Apply a hot iron and solder, in order to “tin” the wire ends, This makes th 
a solid. 


em into 


*A Then feed the tinned wire through the hole in the solder tag. Crop the wire with 


cutters if needed... 


Above is the iter photographed from above. The 3 blue LEDs are used to light the lower row of buttons on the R75 as itis difficult to see them 
with @ low level of light in the radio shack. No hum is heard with this fiter. When you build AF amps or fiers with the 8532, after soldering pin 4 
to the copper ground plane, start out by connecting the components associated with pins 6 and 7 and then 1 and 2. 1 suggest this as placing 
components between adjacent pins is often the mast difficult part of building when using ugly construction with op amps. 

Ifby accident you make an unintentional solder bridge between 2 adjacent pins on an op amp, simply heat the 2 bridged pins up and gently drive 
a small screw driver between the pins. This should remove your unwanted solder bridge. The 5532 op amp is quiet and relatively inexpensive. In 
EMRFD, there are countless examples of how one can use them in a variety of applications. 


Additional Information and Photographs 


‘Above is a photo of the audio filter in action on the NDB band. The blue LED reflection can be seen on the receiver. For serious NDB and CW 
pile up work, narrow band pass audio fiters are generally required. This simple audio fier experiment might be useful as a spring board for your 
own AF fiter experiments and to learn the fiter requirements of your own particular receiver. 


Above is the fiter photographed from the rear. The DC power cord has a built in RFI fiter. For homebuilt projects, DC power cords can be obtain 
by cutting the power cord off ald unwanted or broken "Wall wart” pawer supplies. This provides you with a nice cord with a built-in plug. | collect, 
old AC "wall wart" transformers for this purpose. This fiter is powered by the main 12 volt DC supply on my radio bench. 


Cascode Hyb 


Introduction 


‘This was my favorite project of 2007. When I web 
published the original TRF WWV receiver for 10 MHz 
in 2006, there were many complaints that | used hard- 
to-find dual-gate MOSFETs and also that the AF stage 
lacked the popcom factor that this web site has 
become strongly associated with. In this experimental 
project, these 2.concems are addressed. 


‘The cascode JFET and BJT amplifier stage used in 
this receiver is based upon the amplifer described in 
the Hybrid Cascode IF Amplifier article which was 
published in QST for December 2007 and designed by 
W7ZOl and WATMLH. This amplifier topology has 
many advantages including high gain + low noise, that 
itcan function well at DC voltages less than 12 VDC 
‘and that the noise figure does not degrade when the 
BIT bias (and stage gain) is lowered during AGC 
action. Please read the QST article and also refer to 
the W7ZO1 web site for more details on the IF amplifier 
and the cascade hybrid topology. 


Receiver Block Diagram 


‘Dutdoor MF/HF 
Antenna 


Front end RFAmpifier CrystalFilter RF Amplifier 
Filter (@ stages) 


Loudspeaker 


|-Based WWV Receiver for 5 MHz 


‘Audio 
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“The receiver block diagram is shown above. To hear digitally recorded examples of this receiver, click here , here or here. No attempt was made 


to make these files sound better than they really are- there is signal fading, room noise etc. A electret microphone was placed near the loud 
speaker to record these audio samples. Note ! am now compressing audia files in the mp3 format to allow listening by those wha use Linux as 
their operating system. A supplemental web page to this main web page is linked here 


Receiver Front End: Band Pass Filter and First RF Amplifier 


5 MHZ Front end “This receiver is meant to interface with a standard 50 
chm feed line. Testing was performed using my ME/HE 
antenna, 

| built 3 Separate bread boards ofthis receiver and tried 
‘varying the number of RF amps, using diferent detectors 
(@s well as diferent detector folaers) and eventually 
built and tested this basic receiver design for 5, 6 and 10 
MHz, With respect to using the cascode hybrid amp (and 
probably any other amplifier type) in a TRF receiver, | 
teamed 3 things: 


12.2 VDC 


1. Do not operate the RF amps at maximum gain. | built 
some very powerful amps with a Q2 source resistor of 
47 ohms and aver 6 volts bias on Q4. While powerful, 
this amp broke into oscillation and also consumed much 
current (nearly 20 ma), 


0 
ohms 400 pF 


gue 


330100 CV 56 
PF pF pF 


2. Keep the RF stages at least 2-3 cm apart to reduce 
the chance of parasitic oscillations. 


83. Keep the input band pass fiter at least 2.cm from the 
QUQ2 amp or you might encounter some unwanted 

L1 = L2 = 32 turns # 26 AWG on a T50-2 torroid oecllatons, 

CV=10 -70 pF trimmer capacitor 


@ T1= 14 turns on aFT37- 43 ferrite 
01 = 2N3904 For the frontend band pass fier, a reasonably narrow 


veraro | g2=310 neolth was dake whan aveeplog any Snr 
fesigns using a signal generator and oscilloscope, a 
double humped response was noted. These filter 


“coupling: 


capacitor was then decreased to 5 pF. To obtain the 
required 5 pF, two 10 pF capacitors were placed in series 
as shown in the photograph directly to the right. 


| struggled with this fiter design because one end is 
terminated in the gate resistance of Q2 of the hybrid 
cascode ampitier and was not the standard 50 ohm 
impedance termination. My early fiter designs suffered 
severe insertion loss or poor selectivity. | asked Wes, 
'W7ZOl, for some instruction on solving my fiter problems. 
earned that this fiter topology is referred to asa singly 
terminated, double tuned band pass fiter. Wes designed 
the front end band pass fiter for the 5 MHz receiver for us 
all to lear from and for this | am very grateful to him, 
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Above. A GPLA simulation of the singly terminated, double tuned fiter designed by W7ZOl. A double tuned circuit is mandatory ahead of the 
WWV receiver as local BCB and other RF energy will be amplified by the first RF amp and may distort the WWV signal in the crystal fiter or even 
might blow-by the erystal fter and be detected and heard in the speaker. 


Directly above is close up photograph ofthe input fiter bread board. Fier tuning was done by ear (and screwdriver) Simply tune the timmer 
capacitors forthe loudest audible WWV pulses in the speaker and you are set. you cant locate a 20K gate resistor for Q2, a22K resistor will 
work okay. 


Crystal Filter and Second RF Amplifier Stage 


Im the schematic to the right isthe crystal fter and 
second RF amplifer. The input impedance of the 
crystal fter is established by the 1K shunt resistor 
across the output transformer on QJ. The output 
impedance of the crystal fiter is set by the 1K gate 
resistor of Q4. A fiterinputloutput Z of 1000 ohms 
gave the best overall shape and bandwidth during my 
testing 


Developing this fier was difficult. My first batch of junk 
box crystals had a low motional inductance and with 
the fiter | built | could hear stations ~400 KHz below 
andlor above the filter center frequency in addition to 
WWV. After giving up in frustration for nearly 2 
months, a batch of 10 crystals were ordered from Digi- 
Key. These were microprocessor crystals; ones with 
18 pF load capacitance in a HC49/U holder. The new 
fiter was tweaked and tested and now provides single 
signal reception of WWV. Your awn results may vary 
according to your crystal parameters. The Digi-Key 
part number is provided for reference purposes only. 


Xtal Filter and Second RF Amp 
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: 47 
Y4-Y5=5 MHz Xtals (Digi-Key 535-9025-ND) 
T2= 14 turns on an FT- 37- 43 ferrite torroid G 
03 = 2N3904 
Q4 = J310 VETaPO 


drafting error corrected Dec 30, 2007- the Q3 output cap 


To the lett is a clase up photograph of the S MHz 
crystal filter. The crystals were tuned upside dawn and 
the outer cases were directly soldered to the copper 
‘ground plane as you can easily see in the crystal to the: 
left of the others. The rest of the crystals as well as one 
of the 47 pF tuning capacitors were soldered on the 
other side and solder points are hidden from view. The 
crystals were positioned to keep the output af Ql away 
from the input of Q4. Stage lay out is very important 
in TRF receivers. | found stage layout to be far more 
important than keeping lead lengths short from my 
‘experimentation. 
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Directly above is the GPLA simulation of my crystal fiter. The 5 MHz point is not centered exactly in the middle of the pass band, but a 
reasonable AM fiter was built nonetheless. Crystal parameters, especially motional inductance and capacitance can make or break your iter. 
Motional inductance and capacitance describe the L and C values that make up the crystals electrical LC madel. Very large inductive and 
capacitive reactance values at the specified operating frequency give the crystal its extraordinarily high "quality factor” or °Q”. For example, tf the 
‘motional Lis too low, your fiter may not work as expected; providing single signal reception of WWV. The Lm was 0.02 and the Cp was 5 in the 
crystals which | used for my fiter. In general, low Q crystals will give poor results. Oppositely, crystals with very high Q may give a lower then 
expected bandwidth and this may reduce AM receive fidelity. Experimentation is necessary. 


‘Third RF Amplifier Stage and Detector 


To the left is schematic of the final RF stage and the 
envelope detector. This RF stage has variable gain by 
means of a front-panel mounted 10K potentiometer 
which is used to vary the bias on QS. The input Z of this 
stage is 100 K and is set by the Q6 gate resistor. The 
output of Q5 is AC coupled to a detector designed by 
‘Wes, W7ZOl. | performed considerable experimentation 
with basic diode detectors as well as detector source 
followers; some of which I sent to Wes for his, 
consideration. He designed and emailed me back this 
simple, good sounding detector design which uses the 
gate voltage of Q7 to bias the germanium diode. Other 
types of diodes such as as hot carrier diodes wil likely 
not have the output voltage of the Germanium type. 
Germanium diodes, when biased, had more noise and 
high frequency response in addition to higher output 
‘when compared to others | tried during my experiments, 
Diode detector guru, Felic, VK4FUQ advised me of an 
excellent diode he is now using called the BATS. The 
audio samples of a local AM radio station using this 
diode and his other hi-filab equipment that he sent me 
are beyond fantastic, 


3rd RF Amp + Detector 
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“The photograph on the right is a close up of the 
enveloped detector designed by W7ZOI. The 
germanium diode was purchased from The Source in 
Canada (Radio Shack in the USA). The blue, partially 
hidden shunt capacitor is a multi-layer ceramic 560 pF 
cap. The other capacitors are metalized, polyester film 
types. Ensure correct diode polarity 


Audio Stage 


To the left is the schematic of the audio stage. The very 
‘popcorn’ LM386 AF chip is used to please the audience 
‘who complained about my AF stages nat having enough 
opcom factor. A 4K7 resistor was inserted between 
pins 1 and 8 to reduce the gain somewhat. Thus, the 
LM386 is still being operated in the high gain mode but 
‘won't hurt your ears with loud noise and distortion, The 
4470 pF cap on pin 3 may be changed or eliminated. Itis 
a simple low pass filter. 
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(Some connections were made via alligator clips such 
asthe speaker wires). When the AF amp worked as 
expected, the main board was removed from the 
receiver chassis and the net stage was built. Up next 
were the detector and source follower. After bread 
boarding these, again the main board was laid in the 
chassis, wired, tested and then removed when all was 
functioning well. To test the detector | touched my finger 
to the input and heard local BCE radio. Following this, 
RF Amp #3 was added to the main board and again the 
main board was temporarily wired up and tested by 
touching the input of Q6 with my finger and observing 
that a local broadcast radio station increasedidecreased 
in amplitude when the RF gain control was tured up 
and down. DC voltages were also measured and 
considered from project start to finish. 

‘Actually, all you need to do is connect a band pass fiter 
such as this to Q6 and the components after and you 
will have a nice TRF BCB AM radio, Each successive 
stage was built and tested, so when the receiver was 
finished, | already knew that itworked. | cannot 
emphasize enough how important itis to build your 


‘A secondary, audio output connects to a front panel 
mounted RCA phono jack. This allows me to use my lab 
grade (KK7B AF amp) and tutn the audio off on the 
normal recelver AF amp. 


“The photograph to the right is a close up of the LM3a6- 
based audio stage. This is where I started. Alter driling 
the chassis, wiring the speaker, installing the chassis 
potentiometers, making the main power buss and LED 
indicator, the AF stage was built on the main board, The 


receiver backwards and test each stage as you go. There is strong temptation to start at the antenna connection and work until you get to the 


speaker, but please consider doing the opposite. 


‘The bare copper wire in the photograph is the positive connection point for the speaker wire. It was trimmed somewhat during final assembly to 


reduce the possiblity of it shorting, 


Miscellaneous Photographs 


| 4 adda 


~ ... and apply the iron to heat the joint. As there's quite a lot of metal to heat, 
allow several seconds to heat it up and then simply solder the wire and solder tag 
together with a dab of solder wire. 


* The result is a perfectly satisfactory solder joint. 


‘The second way is to loop the untinned wire through the tag a few turns and then 
solder it. This secures the wire during soldering, but it’s messier to desolder if things go 
wrong (see later): 


“The photograph above shows some of the detail ofthe receiver main board from the right hand side which contains the detector, source follower 
and audio amp stages from right to let. 


‘The photograph above shows a top view of the main chassis and also the chassis cover with the speaker bolted on and wired up. 


“This wider angle photograph shows the main board from the left side. From left to right in the nearground are the SO-239 antenna connector, LC 
band pass fiter and first RF amplifier. 


“The photograph above shows the speaker attached to the Hammond chassis top. Holes were died in the chassis id with a drill press to allow 
the sound to pass through. 


‘The photograph above shows the reverse view of the receiver chassis, 
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RF — Test and Measurement 


Complementary-Symmetry Amp! 


Introduction 


‘This page provides information concerning the biasing of Class-AB, 
complementary-symmetry audio amplifiers. These schematics should be 
considered theoretical, as design considerations such as thermal 
stability, negative feedback and component power ratings are mini 
or excluded for sake of clarity. 


ized 


‘The basie 2 transistor complementary-symmetry amplifier may be used as a 
simple low power AF amp or as a building block for a high powered stage such 
as a 50 watt guitar amplifier. It is important to understand how to properly bias 
your AF power amps to reduce distortion and to promote easy troubleshooting 
‘when problems arise. This web page describes the hows and whys of biasing 
ina progressive manner with minimal math, 


Discussion 


A 


Figure 1 review of the common collector amplifier (which is more commonly 
called the emitter follower) is a good place to start. We may refer to the 
complementary-symmetry transistor pair as complementary emitter 
followers since they are an NPN and PNP emitter follower connected 
in series. An emitter follower amp is shown in Figure 1. Its properties 


include: 


Luk 


tsp 


fier Biasing Basics 


input on the base - output on the emitter 
¥ high input impedance and low output impedance 
¥ avoltage gain of 1 

'¥ good current and power gain 


Road In an appropriate configuration, these qualities are perfect for driving a 

low impedance load such as an 8 ohm speaker with large output 
currents that are not provided by our typical transistor or op amp 
voltage amplifier stages. In many cases, we bias the emitter follower 
with a voltage divider network comprised of 2 identical value resistors, 
In Figure 1, the voltage divider consists of a series pair of 10k 


resistors and thus VBias = 6 volts. These 10K bias resistors will be used throughout this web page as the circuits evolve. 


In Figure 2 is a pair of complementary emitter followers which have their 


Figure 2 


bases biased with our now familiar series connected 10K bias network for a 
\VBias of 6 volts. When the power is tured on, output capacitor C2 charges 
through the NPN transistor untl it reaches about 6 volts (theoretical value 
used to keep things simple). When the voltage at point V Emitter reaches 6 
volts, he NPN transistor goes into cutoff because VBias voltage now 
equals the V emitter voltage. Recall that the NPN transistor base must be 


Pr 


1 
positive with respect tothe emitter for current to flow. Both the NPN and the haat 
PNP transistor are incutofl. Ths isthe amplitrs quiescent state ‘npn 
(assuming no signa is appled tothe input vi C1) and is called Class 8 
bias. 
Figure 3 42ND 
luF 


10K 


In Figure 3, a positive going signal is applied to the input capacitor. The NPN transistor becomes forward biased and turns ON. Current flows 
through the NPN transistor and charges capacitor C2 to a higher potential, The PNP transistor stays in cut off. The NPN transistor is an emitter 
follower connected to the speaker. 


12 VDC 


Figure 4 
In Figure 4 a negative going signal the (negative all cyce sapped 
to the input. Q3 tums ON and discharges the ouput capactr through 
the speaker as showin red. The PNP wansisty isan emit flower 
connected ote speaker. 


“Thus the NPN and the PNP transistor conduct on alternate half cycles 
which causes AC current to flow through the speaker. The 
complementary emitter followers are sald to be in push-pull operation 


Luk 


Blue= crossover distortion 


‘The circuit of Figure 2 has a significant problem; output signal distortion. Silicon transistors such as the 2N3904 and 2N3906 will not conduct 
Unt! their bases are forward biased by somewhere around 0.7 volts. For the NPN transistor, this means that it will not conduct until the input 
signal has gone positive by about 0.7 volts. Oppositely, the PNP transistor will remain in cut off until the input signal goes negative by 
approximately 0.7 volts. As a result, there is a dead zone during the point in time when one transistor cuts OFF and the other turns ON. Shown 
above is anormal sinusoidal AC waveform in red and another with the distorted waveform of Figure 2 in red and blue. This distortion is called 


crossover distortion because it occurs at the zero crossing point of the AC waveform. This introduces odd-order harmonics into the output signal 
‘Such is the drawback of the Class & amplifier. 


p 


ny 
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‘The above photograph shows crossover distortion in an under-biased power amp. 


Figure 5 


Figure 5 shows the principle technique used to reduce crossover distortion; 
both transistors are (slightly) forward biased almost to conduction in their 
‘quiescent state. As a result, any amplitude of positive or negative going 
signal will bias the appropriate transistor into conduction. An easy way to 
achieve this biasing is by adding 1 resistor to our 10K voltage divider 
network. In Figure 5 is a circuit | buit, measured and listened to, R3, a 2K2 
‘ohm resistor was placed in between R1 and R2, our usual 10K bias 
resistors. As a result both transistors are forward biased. 

‘That is: the base of the PNP transistor is negative with respect to its emitter 
and the the base of the NPN transistor is positive with respect to its emitter. 
‘As arule of thumb, you need to drop at least 1 volt acrass R3. I chose a 
2K2 resistor and it worked fine in my particular amp. The Figure 5 biasing 
topology is rarely used as it puts a series resistance on the PNP input 
among ather problems; however, it exemplifies the basic principles of 
biasing our complimentary pair. With the forward bias on the transistor pair 


‘we now are in Class AB. The output capacitar serves to block the quiescent DC current from flowing through the speaker. 


Figure 6 
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the transistors get hot, 


Figure 7 
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Figure 6 illustrates an improved biasing method over that of Figure 5 
by using a pair of silicon diodes. You see this circuit used a lot by 
hobbyists. The voltage divider consists of 2 resistors and the 2 diodes. 
‘The 2 series connected diades are connected in parallel to the NPN 
and PNP transistor base-emitter junctions which serves to keep the 
transistors turned on slightly. The net effect of the diode pair is the 
‘same as RG in Figure 5. The voltage drop per diode was measured at 
0.87 volts. The AC resistance of these 2 forward biased diodes is non- 
significant. There is major problem with the diadelresistor vakage 
divider; no way to adjust the diodes forward voltage drop. If each 
diode's forward threshold voltage is unequal o the base-emitter 
junction voltage of each transistor, either not enough forward bias is 
‘applied, or the 2 transistors may be tumed on too much reducing 
efficiency and possibly cause excessive heating. Additionally, the pair 
of diodes lack the ability to provide temperature compensation when 


Figure 7 shows the best way to bias our complimentary pair. Our familiar 
10K-10K voltage divider is kept, but a transistor Q3 with its own biasing 
resistors R3 and Ré are added. You might think of R3 and R4 as a voltage 
divider within a voltage divider. Q3 is referred to as an amplified diode or DC 
level shitter. it atten receives local thermal feedback from the power follower 
‘output transistors. This usually involves mounting Q3 on the same heat sink 
4s the finals. if the output transistors heat up, so does Q3 and this results in 
‘aa smaller voltage drop across Q3 which translates into less forward bias to 
QL. and Q2. Within limits, Q3 with its own base-emitter junction provides 
variable forward bias for the output transistors, 


‘Shown above is the breadboard of the Figure 6 circuit built on scrap of copper clad board. Transistors were 2N3904 and 2N3906 types, diodes 
‘were 1N4148. The capacitor and resistor to the right were a low pass filer (10 ohm and 0.1 uF) to stabilize the output. The unseen speaker was 
connected to the red and green wires. 


Figure 8 
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In practice, either R3 or RA is often replaced with a trimmer potentiometer of a trimmer potentiometer is used instead of R3 and R4 and 
sometimes R3 and R4 are not of equal value. Shown above in Figure 8 are 3 variable bias topologies for Q3 that | have used. In some cases 
‘you will notice that the builder places a fixed value resistor or even a diode in series with the potentiometer in circuits like A or B. Using a 
potentiometer allows precise adjustment of the quiescent bias current and the ablity to dial in the lowest crossover distortion passible. You can 
Set the bias current using any combination of an oscilloscope and signal generator, a voltmeter, an ammeter or possibly try do itby ear when 
listening for and remaving crossover distortion at low volume levels. The procedure | have read to adjust the bias by listening is as follows: Allow 
some low level signal through the amp so you can just hear it in the speaker. Turn the potentiometer from 1 extreme to another until crossover 
distortion is heard. Move the pot in the opposite direction until the crossover distortion disappears. 

From my limited experience; in some amplifiers under 2 watts or so, you may not hear much of an audible change in crossover distortion when 
adjusting the bias control potentiometer, so the listening method is not useful in certain cases. It is worth mentioning, that crossover distortion 
sounds awful and you can usually hear it in amplifiers that are under biased 


Many builders just have a multimeter. In this case, measure the voltage drop across Q3 (the amplfied diode) and ensure that isa least 1.1 vols 
and then slowly adjust the bias up or down from that point. Utimately, you may have fo just make the final bias setting by deciding what voltage 
drop across Q3 andlor what complementary pair quiescent current you want to establish. Itis really not that dificult. Whatever method you use, 


always re-check the Q3 voltage drop and amplifier bias current with no input signal to inform yourself of what is happening. 
Tam uncertain of the best method to measure the amplifier quiescent current, however | normally measure it using an ammeter connected in 
series with the emitter of the NPN transistor of the complementary pai. 


‘Shown to the right and below are more images of what crossover distortion 
can look like in an under-biased power follower stage. The right output 
‘waveform also contains a litte harmonic distortion, however that's a 
Separate issue. | listened to this amp when connected to a speaker and 
‘music audio source; the audio had a noticeable "grungy" distorted sound, 
‘As mentioned, crossover distortion sounds terrible. The bias to the power 
followers (a complimentary pair of two 2N3906 and two 2N3904 transistors 
set up as Darlington emitter followers) was increased and the crossover 
distortion disappeared. A post bias adjustment audio listening test 
confirmed that the crassover distortion was gone. 


Click for a Russian language mp3 audio file. Vladimir (Volodya), a fellow builder in Ukraine, wanted an A - B comparison of Class AB versus 
Class B (cross-over distortion). In this audio fle, | tweak a potentiometer biasing a pair of power followers to give contrast between the 2 
amplifier classes, Under biased AF amps sound terrible in any language! The audio source was a cassette player. The speaker output was 
recorded, digitized and stuffed into the mp3 fie. 


‘Shown above is a bread board of a complete amplifier utilzing a 10K pot to vary the bias on the amplified diode (see Figure & c). With a 12.22 
volt power supply, turning the potentiometer from one extreme to the other varied the current draw of the amplifier fram about 0 to 95 mA. The 
average quiescent current draw of a properly biased single complimentary pair was somewhere between 5 and 10 mA in my bread boards. 


Figure 9 


forward 
biased. 


You may see a capacitor inserted between the output transistor bases as shown in Figure 9A and 9B. | have seen capacitor values from 4.7 UF 
to 100 uF used and the value is not critical, however, from my experiments, | have learned itis mandatory. This capacitor serves to keep the bias 
voltage constant as the AC signal swings up and dawn. Some engineers refer to the amplified diode an NPN shifter bias amplifier or a level 
shifter. Its function is to charge up the capacitor between the bases of the power follower NPN and PNP pair to a voltage difference that 
establishes the quiescent current. 


In 9C, R1 has been replaced with a PNP transistor which is usually forward biased by another transistor. You may observe any number of 
variations of the basic biasing circuit presented in Figures 6 and 7, including 3 or more small signal diodes, 2 amplified diodes, current sources, 
feedback loops and more. although the techniques vary, the authors are siil just biasing the complementary emitter followers to achieve low 
crossover distortion, stability and/or thermal tracking 


*” The centre wire (potentiometer wiper terminal) has been w 
secure it before soldering. 


* Solder the joint in just the same way — heat it up and dab on some solder wire. 
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Shown above in Figure 10 are 2 amplifiers using a spit power supply. The spit power supply offers increased headroom due to a greater AC 
voltage swing as well as increases the available RMS output power without using super high AC power transformer secondary voltages. In 
addition, the spt supply works well wth op amps and if desired, enables you to reduce the number of coupling capacitors by allowing direct 
coupling ofthe preamp and speaker tothe power ampifier. Coupling capacitors alter frequency response and perhaps may present phase shift 
issues. In some cases, we as builders use coupling capacitors to provide effects such as high pass fiering, however in Hi-Fi amps, enhanced 
tow frequency response is usually desired; which necessitates the use of high value coupling caps in single power supply amplfirs. In split 
supply amps, the choice of using a coupling capacitor or nots available to you. In the Figure 10 a and b circuits above, the speaker is directly 
coupled to the complementary emiter flowers output. Note that the voltage at this point is O or neatly 0 volts. For any given power supply 
voltage you chose (spit or not), please ensure the ampifier components can handle the current and subsequent heat when a signal voltage is 
applied. This topic is out of scope. Build and measure...build and measure 


‘Shown above is a breadboard of the Figure 10b circuit. Additional experiments using even higher voltages were also performed, hence the 
moderate power TIP transistors were utlized. | burnt up four 2N3904/6 transistors performing many experiments with biasing over 3 nights. 
‘Some of the outputs of these experiments will be presented in future projects. 


Figure ll @— 
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‘Shown above in Figure 11 is a complimentary emitter follower pair directly coupled to an op amp. The amplified diode and its biasing network is, 
inside the op amp feedback loop. There are examples of this circuit in EMRFD and also on this web site. In single supply powered op amps, itis 
possible to omit R1. An example of this may be found in Figure 12.30 in EMRFD. Using a low noise op amp such as the NE5S32 to drive your 
power followers can give outstanding results, 


Figure 12 


‘Shown above in Figure 12 is another theoretical power amp which illustrates the building block aspects of the simple stage we have been 
discussing. Q4 and QS are cascaded with Q1 and Q2 to build up the current (Darlington emitter followers). Such an amp could have several 
‘waits of output power depending on the supply voltage. The emitter resistors on Q4 and Q5 are alten 0.47 to 1 ohm power resistors. 


References 


EMRED Although Rick Campbell and Bob Larsen contributed chapters and circuits, the principal author is Wes Hayward. It amazes me that any 
human being could know so much about electronics and is so wiling to share his knowledge. Respect, 


Henderson, John. Electronic Devices Published in 1991 by Prentice Hall 
Oleksy, Jerome E. Practical Solid-state Circuit Design Published 1974 by Howard W. Sams and Co.,Ine 


Slone, Randy G. Understanding Electricity and Electronics Published 1996 by TAB Books-McGraw Hill 


Amateur and Short Wave Radio Electronics Experimenter's Web Site 


Low Power Audio Amp Experiments 


Introduction 


“This web page contains some experiments on simple, low 
power, speaker output audio amplifiers. Presented are 
Ideas, some measurements and examples of audio 
amplifiers which will likely sound better than the IC audio 
chips commonly seen in many receiver projects. This web 
page is a follow-on to this one and is a completely new 
area of experimentation for me. Audio amps were built 
using both split and positive power supplies. in all cases 
the complimentary power followers were driven by an op- 
‘amp. | tried building some power amps using discrete 
transistor dlfferential amplifier stages with current sources 
as the driver, but the noise performance and simplicity of 
the NESS32 or NESS34 op-amp was superior. 


Split or Bi-polar Power Supply Audio 
Amplifiers 


Figure L . 
5 Split Power Supply 
f ia 100uF 35 
juse E/35v 
; . rt 7SL15 @+15v 
120 + z 
VAC @ 2200uF \ 
35v 3 a7 aK 
0 ov 
kd = 1K 
Wal-wart 22000E = : 
ic : . 
79.15 <T 9-15 
100uE/35v 
anao04 
corrected Dec 16, 2009 


In order to build up some split power supply amplifiers, a basic power supply was constructed and the schematic is shawn in Figure 1 above. | 


found it was essential to regulate the voltage ar hum would appear on the output. Choose a standard value fuse that is rated somewhere just 
above the maximum current you measure. | used 2 different AC output power transformers which were in the 18-24 volt, 375 mA to 1 amp 
range. The LEDS are strongly suggested. They inform you when there is power applied and their relative brightness wil also often fall when 
higher current is being drawn on one side or the other. This alerted me to an accidental solder bridge to ground on more than 1 occasion. 


oJ 


‘The split power supply is shown in the photograph to the left. The 
retro Bakelite fuse holder is trom an old tube audio amplifier. you 
are wondering why the copper clad board is so large, the power 
‘supply is part of a future project. Some builders would use even 
‘greater value filter capacitors than those shown. Heat sinks on the 


voltage regulators are required for supplying DC to higher power 
amplifiers. 
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Rod Elliot Headphone Amp 
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“The first amp | built is shown in the Figure 2 schematic above. This amplifier was designed by Rod Elliot and is used with his permission. Rod's 
ESP web site is a vitual treasury of audio design information. If you are into understanding audio design, visiting his web site is strongly 
recommended. Rod sells printed circuit boards for all of his circuits if you prefer this building method . Note | have made some minor 
‘modifications to some part values. although primarily designed as a low distortion, high power, headphone amplifier. it drives an 8 ohm speaker 
very well. | was able to drive this amplifier as high as 0.68 watts average power with a pure sine wave output during analysis. Power 
measurement is discussed in the next section. Note that on this web page, | quote the entire stage quiescent current. Since the op-amp and the 


2 (or more) power followers are a "package", itis a lot easier to just measure the current at the power supply lead(s) of the stage than unsolder 
and lft up a transistor lead. In this case, with no input single, the stage current was about 9.5 mA. I did check and about half the current is going 
to the op-amp with the other half to the transistor pair. This is a wonderful sounding amplifier and Rod has an entire web page devoted to it, so | 
will not comment further. 


‘There are a variety of suitable transistor pairs for audio power amplifiers depending on the power output you are choosing. | stock just a few; 
'BD139-140, TIP 41C-42C, NTE 128-129. The higher beta 23904-3906 or 24401-4403 pairs worked well in the low power, single power 
supply amplifiers shown on this web page. | also performed same higher output power experiments which required the TIP and BD transistors 
and these are not shown, 


Above photograph. A breadboard of the Rod Eliot headphone amplifier. This early version had a temporary output capacitor. When first testing a. 
new circuit that has a direct speaker output, it ight be @ good idea to temporarily use an output capacitor until you measure your voltages and 
current and feel your transistor temperatures. This will save your speaker if you made a big mistake and/or blow up the transistors when you first 
power it up. 


Amplified Diode Biased Audio Amp 
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Above in Figure 3 is a split power supply audio amp using an “amplified diode” to control the bias. The bias transistor was wedged between one 
of the output transistors and a piece of copper clad board to allow thermal tracking. The 10K bias control resistor was a trimmer type suspended 
over the copper clad board in most of my bread boards. Usually, you just need to set and forget about this resistor after intial set up. | adjusted 
the bias by watching in my oscilloscope with a low level, 1 KHz sine wave connected to the input. ! measured the various voltages and stage 
current at quiescent and have indicated these values in red for learning purposes. The bias current range was 7.2 to 154 mA when turning the 
110K trimmer pot from 1 extreme to the other. The maximal clean output average power of this amp was 0.78 watts. | used press on heat sinks for 
the NTE128-129 pair and they ran quite warm to touch. These TO39 type packaged transistors are somewhat difficult to heat sink compared to 
the TIPIBD transistor packages where you can just bolt on a heat sink of any size that is required. Please remember that the metal tab on the TIP 
and BD transistors is connected to the collector terminal. 


In the above photograph is my first bread board of the Figure 3 amplifier. This particular version had TIP transistors, a 4 ohm speaker and an 470 
UF output capacitor. Note the full size 10K bias control potentiometer on the left hand side, This was purely a experimenter’s bread board, but it 
sounded amazing when listening to music through it. 


Harmonic Distortion and Measuring Output Power 


In Figure 4 is the formula used to calculate the average power ofthe circuits on this 


Average Power Formula | seb page. For example if you measure 6 vols peak to peak on the oscilloscope, (@ 
‘its peak woke) ane your resistive ad is 8 ohms, te average power is 560 
Applies to acontinuous sinusoidal tone | mliwatts. At any point in an AC waveform there is power and itmay be reported using 
into a purely resistive load a variety of ways. Was it clean? distorted a peak value? an RMS value? - often itis, 
uncear, 
2 To be clear, | th 
be cea, measured the peak voage on a pure, undistorted sine wave into an 8 
pe — Peek Voltege cn reise, Stated power vues are the mean sine wave power called wit the 


formula shown. See this somewhat controversial link for details. You may not agree 
with my methodology, however, itallows you to compare the circuits on this web page. 
It you really must know the peak power, multiply the stated average sine wave power 
by 2. will leave the power measurement and calculation debate up to scholars; as @ 
lay-person, I need something simple. 

‘The bench voltage measurement was as follows: The amplifier was connected to a 1. 
KHz pure sine wave generator and the 10K volume control pot was advanced just until 
any sign of distortion of the amplifier output sine wave appeared. Voltage 
measurement was taken at the point just before distortion accurred. 


2 x Lead Resistance 


Figure 4 


Itis difficult to photograph a sine wave without a tripod. Motion, 
the angle, ight reflection and jpeg graphic compression all wreck 
the perfect sine wave. In the Figure 4 graphic above is a typical 1 
Hz output waveform fram my power amplifiers (squeaky clean) 
at the amplifiers maximum average power level 


To the right is a photograph of my AF signal generator. This is an 
old, tube device but the output sine wave is beautiful. | did not 
perform spectrum analysis with a computer audio sound card 
program and will leave this up to audiophiles. These audio amps 
sound great; especially when compared to the IC audio power 
‘amps that many of us tend to use in our receivers. 


S$ ohm Dummy Loads 


B 


In the above photograph is A, an 8 x1 chm resistor load and B, an 8 ohm load made from parallel 1/2 watt 10 and 39 ohm resistors. in dummy 
load A, | used 5 two watt metal film resistors plus 3 half watt resistors. In the future, | will obtain 3 more 2 watt resistors and replace the 1/2 wat 
resistors for a 16 watt rating. For a quick resistive load, B is the way to go for most of the circuits on this web page... You can make a 4 ohm load 
{rom parallel 4.7 and 27 ohm resistors. In truth, a single resistor or any combination of resistors adding up to the desired load R value will work, 


Figure 5 


In Figure 5 above are some scope waveforms ranging from mildly distorted to full-on diy. 


Power Amplifier Concerns 


‘Although the amplifiers on this page are 0.15-0.8 watts or so, they can consume relatively large current compared to the usual voltage amplifier 
Circuits we build. Some potentially helpful tips to help keep away ground loops, oscillations and thermal run away are suggested as follows: 


Connect your negative speaker terminal directly to the AF power amp (do not use a common ground for the negative speaker terminal). 
‘¥ Use big power supply line bypass capacitors (no 10 uF caps here) 

¥ Keep your aucio ampitier copper clad board separate from the rest of your circuit boards and star ground itt your main power supply ground 
point 

‘¥ Use heat sinks on your final transistors and voltage regulator(s) when you go for bigger power 

‘¥ Watch your layout - keep the output away from the input etc. 

-¥ Watch your emitter resistor power ratings in “higher wattage” amplifiers. Buming resistors stink. 


‘Single Power Supply Audio Power Amps 


Since mast 12 volt power supplies are actualy closer to 14 volts; these experiments were performed with a typical radio bench DC pawer supply 
at 13.69 volts. Figure 6, 7a and 7b represent evolving experiments aimed at obtaining greater output power. 


Figure 6 13.69v 
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‘Shown above in Figure 6 is the fundamental design using one op-amp and 2 power followers. It is shown in an AC output power measurement 
configuration. The bias current range was about 5 to 100 mA when turning the 10K trimmer bias control pot from one extreme to the other. 
Maximal sine wave average output power was only 141 mW. Nevertheless, it might be loud enough for some receiver applications. 

| connected this amplifier to a VCC of 5 volts. The maximal sine wave average output power was then 220 mW. In all of the single supply audio 
‘amps presented , increasing the VCC increased the maximal power output. Driving these amplifiers beyond a pure sine wave output power 
resulted in predictable harmonic distortion plus the re-emergence of crassover distortion in the output. This was an incredible learning; how could 
there be crossover distortion re-emerging in a amp that was properly biased to begin with? Increasing the bias current to the maximum level did 
Not remove this crossover distortion. After emailing this question to Rick, KK7B and Wes, W7ZOI, and reading their replies, my best guess was 
that at some power level, the 5532 op-amp can not provide enough curtent to propery drive the complementary symmetry pair. The AC current 
in the output transistors may be limited by the base drive of the op-amp and they were no longer forward biased at the crossover point. 


Much electronic equipment is connected or inter-wired this way and soldering 
everything together is a key stage in assembling any electronic project. I’ll explain some 
refinements you can try, later. 


is the Figure 6 amp driven past the point where the sine wave is pure. Note the crossover dist n the sine 
fe. The base drive cutrent for the power follower pair all comes from the op-amp. At this point there is likely not enough base drive to keep 
the base emitter junctions forward biased. 


In the above photograph | blacked out the room and photographed the same scope wavelorm as above while shaking the camera from side to 
side. This adds some horizontal spreading of the signal and provided more information about what was happening as compared to 2 


clear oscilloscope trace. 
should menton tha hs cossover distortion ip acuedin al of he Figure 206 amps when hey were diven past the point where a pure 
sine wave was seen. Itis clear that maximal available power from a simple audio amplifier like this (one NESS32 op-amp plus 2 power 
followers) is constrained and thus its application is limited. Greater output power is possible using a split supply per Figures 2 and 3, however, a 
typical radio project has a 12 volt, single power supply. These basic amplifiers with a single power supply, may be very appropriate for projects 
such as a compact radio receivers of a code practice oscilator project, but not for applications where you require louder audio. 
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‘Shown above in Figure 7a is an easy method to get more output power from the Figure 6 amplifier; add another set of complimentary pair 
current amplifiers. | found 33-28 ohms to be a good emitter resistor value during my experiments. Many hi-fiamp builders will use greater emitter 
resistor values, however, a design goal was to get more output power from our 12 volt supply. Series emitter resistors are used to improve 
linearity and operating-point stability. | kept the final power follower pair emitter resistor values at 1 ohm to get maximal output power. An output 
110 ohm + 0.1 UF low pass filter was Used to help prevent oscillations in view of the low emitter resistor values on the finals, 


Biasing 


“The top 10K bias resistor was lowered to 6KB to facilitate “more linear” setting of the output transistor bias with the 10K trimmer potentiometer. It 
did not help much. Setting the bias is very delicate procedure and you must turn the screw driver very slowiy. In my bread board, the optimal 
stage bias current was 22.3 mA but anything around 20 mA should be fine. Ifyou do not have an ascillascope, after ensuring that there is no 
input signal, connect an ammeter in series with the positive power supply lead. Turn the bias potentiometer with with the screwdriver until you get 
clase to 22 mA. If you only have a voltmeter, the rule of thumb of 1.1 seems to work... Measure the voltage acrass the final 2N3904-2N3906 
bases and ensure the difference is at least 1.1 volts while adjusting the 10K trimmer pot. Personally | do my biasing with an oscilloscope at at 
least 2 different frequencies on the signal generator, however the for mentioned methods will work okay. This is a popcorn stage and a popca 
‘web site after alll 


For the lowest potential noise, consider using metal film type resistors in your audio amps and “polysomething” capacitors wherever AC signal is 
coupled to another component or ground, excluding the output capacitar. 


Figure 7b 13.69¥ 
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heat sink 


Compound pair final transistors :2N3904/ 2N3906 


Further experiments to increase output power were frustrating. Finally @ compound or Sziklai pair was trialed and increased the average power to 
over 400 mW as shown in Figure 7b . | used a small plece of copper clad board on the finals for a heat sink, although they realy didn't get that 
‘warm. Ideally, the amplified diode shauld also be glued onto one of the heat sink boards for thermal tracking. This amplifier is now in a chassis, 
as a bench reference audio amp for receiver testing 


In the above photograph is the Figure 7b prototype. | am using a new miniature potentiometer for my experiments that | bought from Digi-Key. 
‘The base has 2 leads which can be soldered right an the copper clad board for easy anchoring and removal after testing, 


‘Another view of the bread board on which the Figure 6, 7a and 7b experiments were conducted. 


KK7B Headroom Boosting Emitter Capa 


We first learned about using large value emitter caps in 
audio amp complimentary pairs from EMRED. 
Experimentation revealed that these capacitors do 2 things: 
11. Can increase the amplifier sine wave headroom and 2. 


‘Add some low pass fitering. | learned from Rick, KK7B, that 
he designed his EMRED amp to achieve low output power, 
low distortion and lower DC current drain. He desired a 
clean output audio amplifier for his R2 series of receivers 
without needing a lot of quiescent current or heat sinks on 
the 2N3904-2N3906 pair. The caps were added to make the 
amplifier think ithad much lower emitter resistors at AC than 
the 22 ohm resistors he used in the EMRFD projects. When 
Rick made measurements and simulations of the amplifier, i 
was very stable, had low distortion and provided a very nice 
clean sound at all signal levels, from very weak signals in a 
{ew miliwatts of noise, to music driving the speaker. The 
result is outstanding and Rick's design was the catalyst for 
‘my own interest in audio amplifier experimentation 

| performed experiments with these capacitors and found 
that they increased my amplifier power and head room in 


some cases, and that the boost is indirectly proportional to the emitter resistor value. With 1 chm output transistor emitter resistors the boost is 
generally not that significant. With 4.7 chm or greater emitter resistors, they can make a big difference and you might consider traling them for 
more power and headroom as appropriate. They can also add a nice, warm sound to your audio amp. Refer to EMRED for numerous examples 


of this technique. 


Popcorn Audio Amplifier 


‘What follows is @ popcom or "poor man’s" audio power amp 
using the 2N3904-2N3906 pair. To meet true popcam 
criteria, all ofthe capacitors used in my breadboard were 
electrolytic and you can substitute different values from your 
‘own junk box. It would be better to use "polysomething” 
capacitors for the NESS32 pin 5 and 6 signal capacitors if 
yyou have them. | normally use a1 UF to 4.7 uF poly-type 
capacitor in series with the 4K7 resistor on pin 6. The 270 
PF feedback capacitor could be omitted or substituted with a 
higher or lower value to suit whatever high frequency roll off 
you desir. 

‘The transistor glue-on heat sinks seen in the 1 bread board 
photograph are completely unnecessary. This BIT pair were 
Used in other higher power experiments as well. The 22 uF 
capacitor between the transistor bases is essential from my 
experimentation. Without this capacitor, the amplifier 
headroom decreases and crossover distortion accurs. You 
can use the other half of the 5532 for a preamplifier or use a 
NE5S34 instead. A741 op-amp would be a horrible 
substitution. The NE5S32 performance is breathtaking 
considering its low cost. 181 mW is surprisingly loud. All 
resistors are quarter watt rated. What a fun litle amplifier! 
“The schematic is Figure 8, 


Figure 8 


12.22v 
10K 10K 
+ 
100 uP 
aes 2N3904 
6.79%) 4 
19 
z + 6.15] 
G2sy] ~~ 22 uk 
+330uF 
1N4145 ae = 
x2 = | 
2K2 2N3906 e 
ze) 
Average power= 197 ml with 100K 
a 13.8vporex supply — 181 mW average Power 


Stage quiescent current 7.23 mA 270 pF Qitiescent mensurementsin red 


missing 


‘The bread board of the Figure & popcorn amplifier using transistors without heat sinks. 
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Lried putting a current source on the Figure @ bias and it made no difference to the amplifier characteristics according to my simple oscilloscope, 
listening and DC analysis, 


(One of the full wave rectifier, voltage regulator and fiter bread boards used in these experiments. | went as high as 24 VCC on some single 
supply amps I tested and was getting over 5 watts average output power 


Amateur and Short Wave Radio Electronics experimenter! 's Web Site 


Two Bravo Receiver Experiments 


Introduction 


‘An experimental direct conversion receiver is presented, 
‘This 1990's style receiver was built to refamiliarize with 
DC receivers and try out a few new ideas. Design-on-the- 
bench bread boarding was used exclusively and was a 
pleasant way to both learn and pass time. Feedback has 
been received stating that that certain stages of previous 
receiver experiments were either too basic or too complex 
and thus a particular receiver was not built. This web site 
is as much a cookbook as anything. Kiudge together 
whatever receiver stages you want; no project is meant to 
be set in stone. This receiver has a high popcom factor 
with MPF102 and 2N3904s as the main semiconductors. 


Variable Frequency Oscillator 


Wire joints 

Soldering isn’t always the best solution to some problems, for reasons that I explain 
in the next section called Fatigue and Breakage. However you can solder wires together to 
join them simply and cheaply, and next I show a classic wire joint of this kind, sometimes 
called a Western Union joint. 


4 Soldering a Western Union wire joint. 


Strip the ends from each wire using wire strippers, and try not to cut any of the 
stranded cores or this will create a weakness. (Stray strands of wire can also be a hazard.) 
Then twist the wires securely together several times, ideally four or five. Apply a 
soldering iron to the exposed joint and dab on some solder until it flows fully over the 
joint, then remove the iron and allow the joint to cool. 


The wire’s plastic insulation may shrink back a little due to the heat, but try not to 
overheat it excessively. If you have the resources you can finish off by insulating the joint 
with some heatshrink tubing (slide it over a wire before you make the solder joint!). 
Otherwise use ordinary PVC tubing or insulation tape if you have any. 


A solder tag can be soldered easily enough, and it’s probably best to feed a stripped 
wire end through the tag and twist it over several times before soldering it, so it’s held 
together when soldering. 


Figure 1 
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‘The first stage built was the VFO shown above in Figure 1. The oscillator portion is based upon Figure 4.15 from EMRFD. The VFO resonator 
tank is isolated from the JFET by tapping down as shown, This is an outstanding VFO topology. See this web page for a few more details and a 
coil tap calculator. | favor high L to C ratios in my RF tanks, although this does not affect the VFO function. The tapped inductor inthis oscillator 
allows you to use a high RF voltage (low C + high L) while sil keeping the FET gate AC voltage at a reasonable level. The buffer amp was 
designed for high output power and supplies nearly 5 volts peak to peak to the praduct detector local oscillator port. You can vary the output 
voltage by increasing or decreasing the 15 pF coupling capacitor for use in ather projects. 

To peak the L2 tank trimmer capacitor, use a scope, RF voltmeter, or temporarily connect a 10K (or greater value) resistor load to ground via a 
10-47 pF output capacitor and adjust this capacitor while listening with a nearby CW receiver. (Use a short piece of wire as an antenna) 
‘Additionally, you could also peak this trimmer cap while listening to a CW signal with the completed 2 Bravo receiver. It takes around 100 pF to 
resonate the L2 tank at 7.040 MHz in case you are wondering, 


Since air variable capacitors were used for tuning and to set the band edge, Q is high and frequency stabilty is excellent. My 1 hour frequency 
drift was 50 Hertz uncovered. The high RF energy in the tank circuit results in low noise. The L1 taps also allow the use of a 5 pF gate coupling 
Capacitor rather than the hard to locate 3.3 pF cap used in many example VEO schematics. With diferent bufferiamps as required, this is now 
‘my number 1 VFO topology and itis nothing short of stellar. Note that the 100 uH RFC can be wound with 15 turns on an FT37-43 ferrite torrid, 
or replaced with a fixed value choke. 


In the above photograph is the VFO bread board. | used 26 gauge wire for the inductor and took my time to make sure the wire was laying flat 
on the T68-6 torroidal core. You can pull the wire tighter if you wash your hands before winding 


Band pass Filter and Product Detector 
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Please refer to Figure 2. The second stage constructed was the double tuned band pass fier. You will need about 50-54 pF to resonate L1. and 
Tl at 7.040 MHz. The C1 and C2 values chasen are thus perfect for tuning the 40 Meter CW band. | peaked my particular front end fiter at a 
center frequency of 7.025 MHz using a 50 ohm output impedance RF generator and then did some fine tuning with an antenna connected after 
the receiver was constructed. You may also just tune C1 and C2 for maximum signal strength when listening to band noise and QSOs. Fitter 
bandwidth is sufficient to cover the whole CW sub-band. No AM broadcast band radio was heard during several nights of testing, 


“The product detector is single balanced for improved port isolation and BCB rejection. Lay out your circuit to ty to achieve symmetry. The 
schematic calls for 1310s. | built the first prototype with MPF102 that were matched for Idss. To find two with the same Idss, | had to measure 
16 transistors! This is too painful, and | recommend just using a pair of J310s. The words “matched” and "MPF102" should not be used in the 
‘same sentence! Ideally, your J310s should be matched, however, the process should not take as long as for MPF102 JFETS. The choice is 
yours to make. T1 is alitle tricky to wind, however, your best effort should be good enough. 

‘Some builders will be unhappy with using a audio transformer (T2), however, they are stil in catalogs and online stores, or can be harvested 
from an old transistor radio, CB radio modulation transformers are also a possible source, A higher impedance audio transformer, will likely give 
leven mote conversion gain. Without the 51 ohm drain resistors, oscillations occurred in my bread board. 


‘Abave. A temporary SK1 (5.1K) resistor was soldered across the second tank for testing when the front end fiter was designed on my wark 
bench. 
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Figure 3 


All BJTs 2N3904 


Ugly Weekender AF Chain by W7ZOI; publishedin QST for June 1992 


‘Ta match the low impedance winding of the audio transformer, a common base amp topology was chosen. | decided to use a favorite circuit; the 


‘audio chain from the first amateur band receiver that | ever built The Ugly Weekender. The final common emitter feedback amplifier from the 
original schematic was omitted as the 3 stages above provided enough voltage gain. The Figure 3 amplifier is worth studying. Is difficult to DC 
couple audio amplifier stages and not end up with your second and/or third stage in saturation. This example of good design by W7ZO! illustrates, 
how to do it. The third stage, a common emitter amp is a level shifter and drops the DC voltage back down, although this stage is AC coupled to 
the volume potentiometer. For lower noise, you could AC couple the first common base amp to a 5532 op-amp, although, this would reduce the 
popcom factor a bit. Do not expect ear blasting voltage gain from this humble circuit. provides reasonable drive to the power amp stage. 

‘The 0.82 and 0.68 uF capacitors shunt any detected RF energy to ground and also provide some low pass filtering. The original schematic 
called for 0.1 uF capacitors and which values work the best is yours to decide. Polyester film type capacitors were used in the bread board. 


Photographed above is the Figure 3 bread board. You can also see the VFO butfer/amp and the audio transformer. | ted several AF 
preampifiers, but preferred Figure 3 to all others, 


Audio Power Ampl 
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Figure 4 provided 3 nights of experimentation. The base circuit for this amplifier was Figure 1.17 from EMRFD. To increase power gain and 
reduce harmonic distortion, Darlington configured emitter follower pairs were employed. This worked, except the power followers were under 
biased and had serious crossover distortion. To remedy this, the amplified diode (level shifter) bias was increased until a sine wave was seen on 
the oscilloscope. This was achieved by replacing the 10K resistor (Ré in the orginal schematic) with a 4K7 ohm resistor. The next task was to try 
to increase the voltage gain. Rg in EMRFD Figure 1.17 called for a 3K3 resistor. Rg was dropped to 1K; this worked. The degenerative feedback 
fn the common emitter amplifier of EMRFD Fig 1.17 was also dropped somewhat. Next some bootstrapping feedback was AC coupled to the 
collector of the main common emitter amplifier. Each of the 2 collector resistor values was changed around and the outcome was recorded 
Ultimately the 100 chm plus 1K ohm resistor series pair was chosen and provided a boost of 0.85 volts peak-to-peak clean voltage gain to the 
output waveform. The power follower emitter degeneration resistors were also decreased from 22 to 3.9 ohms. The result is a low distortion 
ower amp with about 150 mW of clean average power output. This receiver is not super loud, but itis reasonably loud and the audio is bell 

Clear. If you use this amplifier stage in other projects that have a higher gain pre-amplifier, | recommend keeping Rg at 3K3 ohms as this 
ampitier wall likely exhibit lower distortion characteristics. 


‘Shown above is the Figure 4 bread board. A 10 ohm resistor was used to decouple this stage. Without the resistor, audio oscillations at around 
850 Hz manifested when the volume was greater than about half way up. The voltage drop across the 10 ohm resistor is trivial. You may have to 
increase this resistor value if you experience instabilly. Expect all amplifiers to oscillate and decouple them accordingly. The 390 pF feedback 
capacitor is required. The Figure 4 amplifier exhibits greater gain as frequency increases and in a direct conversion fiter with no low pass 
fitering, this would be very harsh indeed. Feel free to experiment with the value of this feedback capacitor. Kudos to W7ZOI for the EMRFD 
Figure 1.17 schematic which serves as a great specimen to inform and challenge us experimenters. The original common emitter amplifier (QL in 
EMRFD Figure 1.17) bias current is perfect and although | tried increasing and decreasing it | returned to the originally specified bias resistor 
values. 
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Figure 5 depicts the product detector with a high impedance output. From my experiments at least, itwas better to use the low Z call for 
improved product detector balance and aucio voltage gain 


Figure 6 


Figure 6: A high impedance input audio stage. The frst stage is a hybrid cascode. The second stage is common emitter, common base cascode. 
Care was taken with transistor biasing to try to optimize distortion characteristics. Certainly, | am a total novice with such amplifiers and more 
time on the bench and also with computer simulation is required to better understand these amplifiers. At any rate, the schematics with DC 
voltages are posted for others to study and hopefully improve, 
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225 mW average sine wave power Adapted from EMRFD Figure 1.17 


| have 3 adapted versions of the EMRFD Figure 1.17 amplifier in my note book. This is my favorite and has the greatest clean maximum average 
power output ofall of the 3 versions. This power amplifier somewhat lacks sufficient voltage gain for the 2 Bravo receiver (with its relatively low 
gain audio preamplifier) and thus Figure 4 was chosen as the more suitable power amplifier. You could lower the 3K3 resistor to increase the 


voltage gain. This circuit begs experimentation, 


‘A-couple of low pass RC audio fters were tried but later abandoned, One fiter with its 1 uF AC coupling capacitors is shown in the photo abave. 
Itis quite an experience to hear an unfitered direct conversion receiver. | lave the purty. This is okay for an experimental or casual receiver, but 
not for a contest rig. Low pass fitering is defintely required in that context, 


Atte 


‘A different angle photo of the VFO bread board. My "build most of the project on 1 copper clad board" construction technique is not really 
suitable for “a keeper’ receiver. VFOs should ideally be in a shielded box. Proper construction techniques and grounding ideas for DC receivers 
can be found in EMRFD, so they are not covered on this web page. 
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Ider tag is soldered by wrapping a stripped wire end through the hole 
round again, to secure it. 


A Apply plenty of heat and solder for a few seconds. 


and 


ICOM IC-7200 Listening Tests and Observations 


Introduction 


In Spring 2009, | evaluated and photographed the ICOM 
1C-7200 transceiver. For this web page, only its receiver 
was evaluated for HAM and SWL purposes by using my 
eyes and ears. For technical evaluation, please click on 
these assessments written by Adam, VA7OJ/AB40) or 
Peter, G3SJX . Additionally, eHam.net has a review web 
ppage to consult and the ARRL publication, OST for June 
2009 has a review. With my modest camera and lighting 
equipment, it was difficult to well photograph this very dark 
colored transceiver indoors. 


Like ICOM radio equipment and am therefore biased in my 
review. Please consider trying this and any other radio out 
before you purchase it. Qur needs, expectations and 
budgets tend to be uniquely different. Like others, | would 
rather own the new ICOM IC-7600, Yaesu FT2000D or 
Elecraft K3, however, my budget does not allow this 


Itappears that the target audience for this transceiver is as 
follows: portable or field/emergency communication usage 
and/or itis oriented towards entry level HAMS or pethaps 
those wishing a modem DSP-fitered back up rig. My review 
is froma SWLIHAM perspective. 


om | @ 


General Thoughts 


‘Although modern and stylish, this radio is very easy to use. The owners manual is well written with clear examples of how to perform the various 
setting changes. After reading the manual and and trying the radio buttons and knobs out, | pretty much mastered receive operation on my first 
night. The LCD display is small, however is reasonably adequate considering that this whole radio is compact. | believe some operators will have 
difficulty with this diminutive display. The S-meter isa litle difficult to see. You can push a front panel button which announces the S-Meter 
reading, set frequency and mode in English or Japanese language if you can't quite see the display at an odd viewing angle. 


“The VFO knob has adjustable resolution and works well, however, it lacks that silky smoath/weighted feeling of many other radios including the 
7S receiver. The ICOM engineers had there work cut out for them; include all the modern interference fighting features; place them in a small 
chassis; make it easy to use and come in on budget. They did it! This radio is ful of useful interference management tools. One example is the 
(OP) manual notch fiter; it works superbly. There is no FM mode. | imagine by dropping FM mode capability , the designers were able to use 
the specified 6 KHz roofing fier at the second IF which has the potential to improve dynamic range at close-in signal spacing for some modes, 
‘When | started in Amateur Radio many years ago, roofing fiters were never mentioned, but have become a huge marketing lever and seemingly 
a topic of much confusion 


DSP IF Filtering 


‘The DSP IF ftering works very well. Does it function better than more traditional crystal IF fitering? Yes and no. itis a question of compromise 
for me. The greatest DSP attribute is that there are no expensive crystal fiers to purchase. Additionally, you can customize the desired IF filter, 
bandwidth (wide, medium and natrow) for each mode and also set a "hard" versus “soft fter shape. The soft shape equates less ringing and 
potentially less listener fatigue than the hard setting. | have never liked listening to CW signals through stiff, 6-8 pole 250-500 Hz crystal fiters on 
any receiver, so for me, adjustable DSP IF fitering is preferable. DSP IF fitering is nat perfect as authors like Rab Sherwood, NCOB have 
‘resented, however, ICOM have a pretty good DSP platform out now and | am pretty sure their latest technology from the IC-7600/PRO 3 on 
down have also been used in this receiver. AVter all, you can always try to find an old Drake and order some crystal fiters for it, or spend 
significantly more cash on a high-end transceiver if you need better performance, 


‘Shown to the the left is afew front panel controls and the 
front fring speaker. This speaker is reasonably nice 
sounding. There seems to be less harmonic distortion and 
audia gain than the R75 receiver. The radio front panel 
controls are well thought out and seemed intuitive to use 
after reading the manual and/or just trying them out. The 
various hardware components such as potentiometers, 
rotary switches, microphone jack, PL-259 jack etc seem 
‘otto be of the highest quality. When you compare such 
‘components to that used in thelr older designs, there is 


evidence af modem cast containment. | have seen many 
reviews describing this transceiver as rugged. Certainly 
the diecast frame is solid, and | hope the forementioned 
hardware is as well. There is only one antenna 
connection. | believe that any radio offering the 6 meter 
bband should offer two $0239 antenna connections, 
however, this likely would have crowded the back panel 
layout and increased cost for the RF infout switching, 


‘The VFO knob (shown to the right) looks and feels a lite 
cheap. Functionally, however, the knob spins very well 


tasks was to input various the frequencies | use for both amateur and 
short wave listening into the (201 maximum) memory slots. This was 
very easy to do and each memory channel also stores the mode and 
fiter setting. 


AM Reception(R75 versus 1C-7200 ) 


“The IC-7200 is a good short wave receiver. With a high quality 
external speaker connected, pleasant and warm sounding AM audio 
may be heard; however itis not Hi-Fi, That is; the IC-7200 is not an 
audiophile AM receiver. There is no synchronous AM detection and 
no 15 KHz wide IF fiter for example. For AM reception, the user may 
choose from an 8000 to 800 Hz IF bandwidth in the 3 switchable fier 
settings. During testing, | set my wide filter setting to 8000 Hz, my 
medium setting to 6000 Hz and my narrow setting to 3000 Hz for AM 
reception. Of course these bandwidths can be further adjusted at any 
time. Local MW broadeast radio sounded great with an 8000 Hz IF 
bandwidth during testing, The various AM reception appropriate 
interference controls such as pass band tuning (PBT), automatic 
notch fter (ANF) and digital noise reduction are all configurable or 
adjustable and | found the ANF and digital noise reduction helpful 
when listening on the crowded 49 meter band during a rain storm, 

| performed A/B comparisons with the IC-7200 and the R75 
simultaneously hooked to the For AM reception, they are comparable with the R75 having marginally better sounding (more Hi-Fi) 
audio. | had the R75 IF fiter bandwidth set at 15 KHz and the IC-7200 IF bandwidth set at 8 KHz (both at their maximum IF bandwidth). 


CWISSB Reception (R75 versus IC-7200 ) 


In CW mode, both were set to have a S00 Hertz IF bandwidth.(The R75 had the FL-100 model S00 Hertz crystal filter in its 9 MHz IF slot). The 
1C-7200 was quieter, clearer and less overloaded by adjacent stations during pile ups. There were occasionally weak signals | was able to copy 
fn the IC-7200 that I could nat even hear on the R75 due to noise. The IC-7200 is a joy to use on CW; really fantastic. 

(On SSB, I found both receivers fairly comparable, but the IC-7200 was better for pulling weak signals out of the noise as the noise floor was a 
litle quieter and the audio a litle more crisp. My wife also agreed with me in her "independent tests" of the CW and SSB reception. | am certain 
to catch flak because my subjective comments are based upon listening tests and not measurements. Itis interesting to note that in almost every 
aspect of aur lives, preferences are made using 1 or more of our 5 senses. From listening, observing and also reading the reviews of others, it 
seems ICOM has a hit with the IC-7200. 


Mouse over the images below left to view a full size photograph 


‘The IC-7200 in the sun 
Rear view of the transceiver. 
just next to the right top panel screw. 


Reverse angle top view. The military look is attractive. 


a 
aN Top angle view. There are ventilation holes at the top right hand side. You can just see the ventilation screen 


The IC-7200 and R75 side by side. 


‘Another photograph of the 2 radias from the front angle for comparison. The LCD display size difference is quite 
‘obvious in this shot. 


The receivers at a right angle. The IC-7200 is a glad update, although, | would likely not upgrade from the R75 
to the IC-7200 just for receiving purposes. If| was considering choosing the IC-718 (transceiver version of the 
R75), the IC-7200 is worth the extra money. Itis also an excellent transceiver consideration for an entry-level 
rig, for back up purposes. ar for the budget-minded operator. 


Conclusion 
‘The IC-7200 is a serious choice for amateurs seeking a good, madem HF plus 6 Meter transceiver. Itis more 


than adequate as an SWL receiver if you are an amateur radio operator plus SW listener like myself. Please try 
tone out for yourself if you are considering this transceiver. 
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Amateur Radio Electronic Design 


Electronic Hobbyist Circuits 


This page will house a collection of brief hobbyist experiments. 


1. Pseudo-Random Number Generator 


“This circuit describes a simple, 6-bit random number pseudo-generator used to study binary counters and in particular, shift registers. Some very 
basic background information about binary counters and shift registers is provided. In reality there are dazens of different shift register topologies 
available and it can get quite complex. If you wish to find a good logic tutorial website, | strongly recommend Ken Bigelow’s site as ithas 
interactive diagrams. Flip-flops are also covered well on wikipedia and many other web sites. 


Binary Counter: The circuit most often used as a counter is called a binary fip-flop. The basic flip-flop can be viewed as a toggle switch having 
either an ON or OFF position. This is the binary state 1 (HIGH) or 0 (LOW). Like the toggle switch, the binary flip-flop has 2 binary states 1 or 0. A 
binary flip lop counter counts in a sequence such as 0, 1, 0,1 etc. A straight binary counter can be built by using 1 or more flip-flops connected 
in a manner that the binary number stored in these flipiops will represent the total number of trigger pulses received at the counter input. 


Ring Counter: A ring counter has 2 or more flip-flops cascaded so that the output from ane fip-flop becomes the input of the next fip-lop. The 
flip-flops are connected so that all of their outputs are at the binary state Q except for one flip-lop. By pulsing the input of the ring counter, it will 
sequentially change the binary state of the succeeding flip-flop fram binary 0 to binary 1. The flip-flop that contains the binary 1 indicates the 
Count of this binary counter. The maximum number of pulses that can be counted by N flip-flops is N pulses. 


Shift Register: A serial entry shift register is similar to a ring counter, except that the output flip-flop is not connected to the input flip-flop. Like 
the ring counter, the flip-flops are cascaded so that the autput from ane flip-flop becomes the input of the next flip-flop. All the set trigger and 
reset trigger inputs are tied together to form what is called a shift bus. Clock pulses are applied to the shift bus to cause the stored binary 
information to shift from left to right; one bit position per each received clock pulse. In Figure 2, this serial input/output + parallel output register 
has its Sth and 6th bits exclusive ORed to the serial input to form a pseudo-randam sequencer, which is called a pseudo-random number 
generator by some. 


‘The CMOS logic ICs used were one 4070 XOR (Exclusive OR) and three CD40138 D flip-flops. Junk box LEDS were used ta observe the binary 
state of the clock and each of the 6 bits of the shift register. 


‘Figure 1 pvec ‘670 OR 


Clock 


output 


"dead bug" 


Since only one XOR gate is needed for the shift register, the remaining gates were configured to make the clock. These gates are essentially 
wired up as inverters to form an astable muttvibrator with a frequency of about 0.45 Hertz or 27 pulses per minute. Shown above in Figure 1 is 
the clock schematic and the pin 1. marking for all ofthe digital ICs on this web page. The output LED is riot mandatory, but will instantly tell you 
‘whether or not your clock is working. | built this whole circuit using Ugly Construction with the ICs flipped upside down in a "dead bug” fashion 
You can increase the clock speed by decreasing the 100K resistor or the capacitor values. F Hertz = 1/ (2.2*R*C) with R in ohms and C in 
farads. The slow clock speed was chosen to better observe the digital output of the shift register. 
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In Figure 2 is the shift register. Each 4013 was wired up as 2 cascaded fip-laps and connected to the clock. Power was applied and then a test 
lead was used to bring pin 5 ofthe first flip-flop HIGH (connected to 12 valts for 1-2 seconds) . Both flip-lap state monitor LEDS turned ON in 
sequence with subsequent clock pulses. Afterwards, pin 5 was set LOW (shorted to ground with a test lead for a couple of seconds) and each 
LED turned OFF in sequence with subsequent clock pulses. The remaining two 4013s were wired up and tested the the same way and then 
finally the last XOR gate was wired up. 

To avoid error, frequent pin counting and a systematic approach is recommended. For example, for each 4013, | soldered the ground pins, wired 
the pin 14 VDD, connected the clock to pins 3 and 11, then wired up the pin 1 and pin 13 LEDs. Systematic construction techniques are 
something that you the experimenter can develop and perfect over time. This approach saves time and grief. On some projects, when you have 
alot of pins wired up, tracing and repairing an early mistake can be difficult, 


‘Shown above is a bread board of the entire pseudo-random number generator. | just builtin on a scrap of board and did not lay it out so the 
LEDs were in a row, as | am not going to keep this project. The clock state monitor is the green colored LED. There are 63 possible states or 
combinations of the 6 bits (111000, 100110, 100101, 000101, 000001 etc.) State 000000 is disallowed and will hang up the shift register. If your 
clock LED is flashing and no shift register LEDs are li, then "reset" by momentarily setting pin 5 of the first fip-lop HIGH (momentarily apply 12 
volts). Long lve the reset switch! 

Pseudo-random numbers are now mostly generated by computer microprocessors controlled by software and have applications in cryptography, 
electronic music, security and many other applications. This "hardware" pseudo-random number generator experiment was really cool and if you 
‘want to randomly flash some LEDs, this could be the project to use! 

Iyou are new to digital electronics; (like me) Welcome! Starting small wth projects ike this one will hopefully lead to increased confidence and 
problem solving skill for even bigger projects. You can also build the shift registers with J-K flip‘lops, but itis more difficult and 4013s or other 
series D fip-flops are cheap as Bopus (borscht), 


6 stage 


8 stage 


, om. | 


‘Shown above in Figute 3 is how to hook up the XOR gate(s) for 4, 6 and 8 stage pseudo-random number generators. The 6 stage shift-register 


( 


Is of course, Figure 2 above and is presented for reference purposes. The 8 stage version = 1 byte. 


2. One Hertz Precision Time Base 


Digital clocks are very interesting. in the past 6 months, 10 -15 


isa 1 Hertz clock built from twa 4000 series CMOS Logic ICs. 


RC clocks have been constructed and tested. RC oscillators in the KHz to Hertz 
range are surprisingly frequency stable. For many projects, a plain RC clock is adequate, however, lke in radio design, a crystal controled time 
reference is sometimes required. Two examples of projects requiring precision clocks are time of day clocks and frequency counters. Presented, 


Here is a great 4000 series tutorial with pin outs and mare. 


One Hertz Clock 
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‘Shown above in Figute 4 is the complete schematic with an output LED for testing. in the past, the MMS369 17 Stage Oscillator/Divider was 
popular for hobbyist precision time bases, however, ithas gone obsolete. The 4060 ripple counter is a good “modern” replacement, although a 
different crystal is required. A 32768 Hertz crystal was used and is divided 16384 times to provide a 2 Hz output. The 4060 then drives a 4013 D 
Flip-lop configured as a divide by 2 to provide a 1 Hz output frequency. Key parts references may be found on the Webmaster's page. 


‘Shown above isthe frequency and output waveform when a frequency counter and oscilloscope are (respectively) connected to pin 9 of the 4060 
in Figure 4. The 6.5-50 pF trimmer pot is used for calibration. Originally, | used a trimmer cap instead of the fixed 15 pF capacitor shown 
between the 330K resistor and the crystal. After adjusting this trimmer capacitor for the best looking waveform, | removed the trimmer cap and 


measured itt 13 pF. | substituted the nearest standard value | had in my parts collection; 15 pF. It was interesting to measure the 4013 output, 
frequency at 1 Hz, 


‘A.close up photo of the 4060 ascillatordivider breadboard, The 10M resistor used was a 1/2 walt rated R as | have dozens of these in my parts 


collection. You can see the tiny cylindrical crystal just above and left of the orange Murata trimmer capacitor. It is oriented horizontally. This is a 
Useful time base for the QRP workshop. 


3. 10000 and 5000 Hz Multivibrator Clock 


Itis fun to occasionally build cicuits using discrete semiconductors rather than with ICs. A 5000 He digital clock was needed for an experiment. It 


‘4 The completed solder tag 


‘The next sequence show how the same basic principles of soldering wires are used 
to connect up a device such as a panel-mounting l.e.d.. A series resistor can be wrapped 
around and soldered directly to one of the 1.e.d. solid wires, and then two multi-stranded 
connecting leads are soldered to the L.e.d. and resistor. It's best to use heatshrink tubing or 
PVC sleeve to insulate the solder joints and prevent short circuits afterwards. 


™ PVC sleeving or heatshrink is needed to prevent short circuits. 


was decided to use mulivibrators for the basic oscillator and a divide by 2. 
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8) Astable multivibrator ‘All BJTs 2N3004 


Figure 5 is the entire circuit. The tuning range of the astable multivbrator was about 7060-10650 Hz. The SK pot was slowly adjusted until 10000 
Hz was measured in a frequency counter. Following testing of the astable multivibrator, the fp flop was built and examined. Astable mulivibrator 
function has been discussed previously on this web site 


Please refer to the bistable mulvibrator. Its a one input circuit set up for toggle or flip-top operation. Negative edge pulses applied between the 
two 0.001 capacitors will cause the binary state of Qi and Q2 to change to the opposite state. The multvibrator circuit is made up of Ql, Q2 and 
the 47K and 1K base and collector resistors respectively. The other components D1, D2, the RS resistors and CS capacitors comprise a steering 
Circuit to generate the proper response to the negative edge pulses. When a negative input pulse arrives, itis guided to the base terminal of the 
(ON transistor, but prevented from reaching the base terminal of the OFF transistor. 


In order to study this circuit at DC, | temporarily exchanged the 0.001 timing capacitors in the astable multvibrator with some 22 uF electrolytic 
caps to siow it down. Referring back to the bistable multvibrator, let us assume that Q1 is OFF and Q2 is ON. The collector voltage of Q1 is high 
(cut off, The collector voltage of Q2 is low (saturation). The Q1 collector is connected to the cathode of D1 by the 100K RS resistor. The cathode 
of D1 is reverse biased by the high Qi collector voltage and also because its anode is held close to 0 volts by the 47K resistor connected to the 
collector terminal of Q2. Itwould take a very strong negative input pulse to forward bias D1 enough to reach the Qt base terminal. The Q2 
collector voltage is nearly 0 volts and therefore the D2 cathode has litle to no reverse bias voltage via its RS. Thus, any small amplitude 
negative input pulse will cause D2 to become forward biased, reach the base of Q2 and drive Q2 OFF. Once Q2 switches off, in tum Qa is, 
taggled ON and its collector voltage goes low. The large reverse bias on D1 disappears. However, Q2 is now OFF and D2 will naw be strongly 
reverse biased which will steer the next negative input pulse to the base of Ql. This is the basis ofthe circuits negative edge fliptlop operation. 


In another experiment, | changed the .001 COG capacitors of the astable multvibrator to 470 pF. This gave a usable range of 22988 to 14832 
Hertz (11484-7416 Hz at the Qi and Q2 output) . Looking at the output of the flip-top in the oscilloscope: at the higher frequency range, the flip 
flop could not keep up and failed to divide by 2. | found experimentally that the time constant of each of the CS and RS components seemed to 
be the problem, When the CS capacitors were also decreased to 470 pF, the flip-flop worked properly 

‘As you increase the flip-flop operation frequency, speed up bypass capacitors might also be required across the 47K base resistors of Qu and 
(2. A suggested starting value to try is 220 pF. Some builders also bypass the resistors in the RS steering circuit at higher frequencies, 
however, this is getting a litte crazy. Itis really important to look at the output waveform in the oscilloscope to ensure reasonable performance. 


‘Shown above is the Figure 5 breadboard prototype. 


Figure 6 J 


5 KHz output waveform of Q2 


4. One KHz Digital and Analog Oscillator 


A.1 KH oscillator with 5 volt digital outputs 180 degrees apart and an analog output was sought. The frequency had to be near to, but not 
exactly 1000 Hertz. A major question to answer was how much low pass fitering is needed to remove the odd harmonics from digital circuits? 
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Figure 7 shows the complete schematic. NAND gates from a 74ACOO were wired as inverters and with the 13.5 K resistance and a 0.022 uF 
polyester capacitor, the frequency was 2002 Hertz. To improve the digital waveform and get the desired 2 outputs, a D flip-flop was used. The 
output frequency was 1001 Hertz. The digital part was completed! 

For the analog filtering, active low-pass fiters were tried, and in total 4 poles with a 1 KHz cuff off worked reasonably well. The fiter uses the 
5532 op-amp with common vales capacitors and resistors. Poly'something” caps were utilized. 


In Figure 8 is the output waveform of the low pass fiter stages. A pretty nice sine wave was achieved and this oscillator could see duty for 
testing audio amplifiers. The scope was photographed at an angle to avoid the camera reflection and this distorts the sine waves a litle. 
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Figure 9 depicts an experiment with the op-amp biasing, If the op-amp is run at § volts VCC, the bias requirement is 1/2 VCC or 2.5 volts. The 
DC voltage at the output of the D flip-flop was 2.55 volts. The 2K2 resistor was connected directly to this output and this eliminated the VCCI2, 
resistor bias network and a coupling capacitor. 


Figure 10 y 


Figure 10 shows the output waveform of Figure 9. The AC waveform has harmonic distortion and thus the Figure 9 circuit will not be kept nor 
utilized. 


‘The Figure 7 breadboard. A 0.39 coupling capacitor (not 1 uF) was used between the D flip-lop and §532a in this particular version 
Unfortunately, no 0.047 uF caps were available for the low-pass fiters and therefore a 0.039 plus a 0.0082 were placed in parallel for each of 
the .047 uF caps. 


5. One KHz Low Distortion Signal Generator 


Aithough | own a variable frequency wein bridge oscillator, it has been been set to 1 KHz for 2-3 years and is large and temperamental. It was 
decided to make a low distortion sine wave oscillator for just this one frequency. The circuit willbe placed in a box along with another signal 
generator 


‘There are a number of ways to build signal generators using op amps. Countless example circuits may be found on the World Wide Web and 
some of them are really fantastic. Chose whichever method works best for you. Some might find my circuit to be overkil, but to each his own. 
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Figure 11 shows the entire circuit. The Wein bridge oscilator is from EMRFD and was designed by Wes, W7ZOI. 


‘A0.22 uF capacitor was chosen for the tuned circuits. Using resistors from my parts collection, 1018 Hz was the clasest | could get to 1 KHz. 
‘This is the 6KB + 820 ohms resistors labeled "tuning Rs. Other values were tried. For example, a single 6KB gave 1142 Hz and a single 8K2 
gave 939 Hz. 


‘When the circuit was first built, | used a 10K on the VCC/2 bias point to pin 2 and a 22K feedback R from pin 1 back to pin 2. The sine wave had 
mild distortion. By experimentation, itwas learned that the resistance from the VCCI2 bias point to pin 2 significantly affected the waveform 
purty. The 2K2+15K plus the Ri + R2 resistance values shown were determined by using a potentiometers rather than fixed resistors. Care was 
taken to adjust the feedback resistance from pin 1 back to pin 2 to keep away any overdrive distortion. | do not understand this, but even 
changing the 820 ohm R2 to §70 ohms, altered the sine wave purity 


‘The best looking sine wave came when the resistance from the VCC/2 bias point to pin 2 was the same as the tuning resistance: 6K plus 820, 
ohms. Later, the pin 110 pin 2 feedback resistance was chosen for an unclipped; waveform with a reasonable output voltage using a 
potentiometer. The potentiometer was removed and measured at 17.1K, thus the 15K + 2K2 were soldered in. It was also discovered that by 
increasing RS from 56K or 100K to 150K slightly improved the waveform. 


“The Figure 7 low-pass fter was connected to the main oscilator as shown. The final ap-amp stage was used as a buffer between the low-pass 
filter and the gain control. 4 is used to set whatever output impedance you choose. Practically speaking, itcould be any value between 47 and 
620 ohms. Many AF oscillators have an output impedance of 600 ohms and 620 is the nearest E24 standard value. For my project, a 100 ohm 


4 was chosen, Output peak to peak voltage is 0.0 to 4.84v continuously. 


Figure 12 


Here is the raw output of the basic Wien bridge oscillator. It is hard to phatagraph well, but itis stellar to say the least 
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‘The Figure 11 breadboard mounted in a plastic Hammond chassis. The voltage regulator seen to the left of the bottom polyester cap is a 7812. 
‘This project has its own regulated power supply. Other view of Fig 11. Two 10 Megohm standoff resistors were used to help support all the 
resistors soldered to pins 1, 2 and 3 of the main oscillator. 


01g HERTZ 


‘A front view photo of the AF oscillator. A separate 7 plus 14 MHz oscillator circuit and controls will be placed on the right hand side of this box. 
‘The orange power ON indicator LED was epoxy glued into the chassis hole. Putting circuits in cabinets is one of the most expensive aspects at 
homebrew construction. One must be ever vigilant for bargain chassis boxes and hardware to keep costs down. Techniques such as gluing in 
the LED rather than purchasing a separate holder and recycling knobs and switches are also practiced far cost containment. 


Figure 13 


The output of Figure 11 is shown in Figure 13. This is the best sine wave seen ever on my scope. | looked at it closely and there is na change in 
line thickness or symmetry anywhere, It inverts with no change on the scope. Testing audio amplifiers will now be much more fun. 


6. _LM386 Power Experiments 


“The LM386 is an IC audio amp that has been used in thousands of hobbyist projects over the past 2 decades. By adding a capacitor +/- a 
resistor between pins 1 and 8, this device's intemal gain can be changed from x20 to up to x200. 
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Test circuit schematic in Figure 14. 


‘The experiment breadboard is shown above. A very standard configuration. The amplifier drove an 8 ohm, 1 watt resistive load. 


Over the years, | have noticed some kit sellers and project authors claiming that their LM386 based AF stages gave 1 or occasionally even 2 
‘watts of output power into an 8 ohm speaker. This was confirmed on the bench. This device will output 1 watt into 8 ohms at 1018 Hertz with litle 
problem. However, this is clearly 1 watt of square wave distortion, 


‘The quiescent current of the LM386 was around 7 mA. The signal generator gain was increased until the first signs of distortion appeared. The 
gain was then backed off a litle so a pure sine wave was observed in the oscillascope. The current was ~ 155 mA and the measured power was, 
289 mW. Please refer to Figure 15 for the 289 mW sine wave. This was the clean signal pawer of the LM386 on my bench. The output 
waveforms at 563 mW and 1 watt are also shown. Extreme harmonic distortion occurred above 300 mW. This device will draw 240 mA or more 
‘when driven and clipping hard. It's not my intention to malign the LM386. Itis a useful part, albeit a litle dated. Its AF gain capability versus size 
is something to behold. Many builders have moved to the TDA7052 audio amplifier IC, or ike myself, build their own low noise audio power 


amps. 


“A commercial l.e.d.— the series resistor can be made out in the sleeving. 


Wires can also be soldered directly to printed circuit boards by stripping and tinning 
the ends, provided they fit through the holes in the p.c.b. It’s a very common and cheap 
way of hooking up a board using “flying leads” and you'll see this all the time in 
consumer electronic equipment. For convenience so-called “solder pins” can be used, onto 
which flying leads may be soldered from the component-side instead. 


~ A set of Le.d.s connecting wires, stripped, tinned and ready to be soldered to the 
pcb. 


‘The 12.24 volt DC supply and the 1018 Hz AF audio oscillator used in these experiments. 
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RF — Test and Measurement 


Time Domain Output from a Diode Ring Mixer 
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Figure 1, Some available experimental modules. 


‘Some folks wonder about the output that they should 
see on their oscilloscope when looking at the output from 
diode ring mixer. There is no set, pat answer. The 
output 

can change dramatically as levels, frequencies, and 
even terminations are changed. This complication is 
iustrated here with a few screen shots, taken with a 
Rigol DS1052E 50 MHz bandwidth digital storage 
oscilloscope. The experiments started with the following 
pile of modules. Your collection will probably differ. 


Figure 2. The inside of the module containing a Mini-Circults SBL-1 diode ring mixer. This is a standard part that is essentially generic. 


The first experiment was to set up a pair of 10 MHz signal sources. One was fram a homebrew generator, shown below. 


Figure 3 


Figure 3. The 10 MHz signal from a homebrew signal source. The 1.54 valt peak to peak signal is applied to a 50. Ohm terminator at the 
oscilloscope. The delivered power is then +7.7 dBm. 


This signal was fitered with a 14 MHz low pass circuit. This caused the amplitude to drop by 0.2 dB. The source was then attached to the LO 
(local oscillator) port of the SBL-1 mixer. 


Figure 4 


Figure 4. The IF output from the mixer when there is nothing attached to the RF port. Note the scope sensitivity of 2 mVidiv 


Next, we attached a 50 Ohm terminator to the R mixer port. 


Figure 5 


Figure 5. The IF output with LO drive, but without an R signal. But the R port is now terminated. This waveform, when compared with Fig 4 
shows just how sensitive the mixer can be to termination 


In the next experiment, a -20 dBm signal was applied to the R port. The frequency was very close to the 10 MHz LO that is still present. 


Fig 6. There are two dominant sig 


20 MHz. These two outputs, a sum and difference frequency, are expected from any mixer. 


A filter can isolate the two daminar 
the oscilloscope. A 6 dB pad is be 


Figure 7. The output of about 100 


Figure 6 


als from the mixer. One is a low frequency at 100 kHz. But this is accompanied by a high frequency of about 


nt outputs. This is shown below where @ 500 kHz low pass fiter is inserted inthe line between the mixer and 
ween the mixer and the fiter, for direct insertion would upset the termination of the mixer. 


Figure 7 


kHz after a low pass filter is inserted in the mixer output 


The next experiments emulate a SSB transmitter. We start with @ signal at 11.08 MHz with strength -20 dBm. (This is a common IF used in 


homebrew SSB transceivers such 
The LO signal is low pass fitered 
shown below. 


as the BITX-20.) This is applied to the mixer R port. The L port is driven with a +7 dBm signal at 3.19 MHz. 
to attenuate harmonics, a measure that is probably not necessary, but the filters were there. The IF output is 


Figure 8 


Figure 8. Time domain output of a SBL-1 set up as the “transmit” mixer in a SSB rig. This is far from the “perfect sine wave" that some folks tell 
Us we should observe. This waveform contains many different frequency components. The counter output should not be interpreted to have any 
‘meaning. (I should have turned it of) 


The signal of Fig 8 can also be viewed with a spectrum analyzer. This is shawn below. This measurement was taken with the August 1998 QST 
‘Spectrum Analyzer and not the FFT routine in the DSO. The Rigol scope has a nice display for an analyzer. 


Figure 9 


Figure 9. Spectrum of the signal shown in Fig 8. The largest signal on screen is that at the left, which isthe spectrum analyzer zero spur. This is 
a spurious output that is typical of most SA systems. The desired signal at 11.06+3.19=14.25 MHz is just to the right of center. But the image is 
also present at the different frequency of 7.87 MHz at about 3 major divisions from the left edge. 


Alas, | did't find @.14 MHz bandpass fier in the junk box. Such a fer would have allowed selection of the dominant 14 MHz component while 
attenuating al the rest of the junk shown, The many other signals are the result of harmonic mixing. That is, we observe IF outputs at Nx FLO 
‘+hMx FRF where N and Mare integers. Some of these spurious outputs can be quite strong with diode ring mixers. They are best avoided with 
high frequency LO signals. n this case, a LO at 14.25+11.06=25.31 MHz would produce a much cleaner output spectrum. tis much easier to 
tbtain LO stability with an oscillator built at 3.19 MHz. 


Bottom Line 


Itis not reasonable to have a well defined, predictable time domain (i., normal oscilloscope) output from a mixer. The exact results 
depend upon too many variables. A spectrum analyzer can be used to gamer much more information. 


Tm 


H@MEByy {LDER 


RF — Test and Measurement 


Low Noise Crystal Os‘ 


Introduction 


‘Some experiments were conducted to build a law noise crystal oscillator with 50 ohm 
output at 7 and 14 MHz for the test bench, 


‘Some readers might wonder why build such an oscillator? Although a variable RF 
signal generator is an important bench too, itis also nice to have a fixed frequency 
signal source on your favorite HAM band. This RF source can be connected to other 
50 ohm modules such as band-pass fers, diode ring mixers or feedback amplifiers to 
conduct experiments at a whim. The project goal was a low noise oscillator with 2 
‘outputs so it could drive a divide by 2 flip-flop for 40 meter band digital mixer work, or 
fundamental frequency use on the 20 and 40 meter bands. 


Presented are same experiments carried out to realize this goal. Only same af the 


better experiments and circuits are shown. An additional circuit was added Jan 31, 
2010, 


First Steps 


Figure 1 


To transistor 
BD base 


“17 dBm 


7.040 


82K MHz 


390 pF 
J | [6s aem| 
43uH 
20¢ T50-2 | Kp 10-265 pF a Be 
Chme 
220 pF 


‘The 7.040 MHz crystal used is an AT cut, HCS-U holder part made locally by West Crystal. | reviewed the information conceming crystal 
oscillators in Chapter 4.5 of EMRFD and then started melting solder. The oscillator output was extracted as described in EMRFD Figure 4.24. 
The output is low distortion, low impedance and low gain. Like in most experiments, | built it, measured the DC voltages and then looked at the 
AC voltages in the oscilloscope 


In order to measure the output, a 51 ohm load was transformer coupled as shown in Figure 1a. | am uncertain if this was a good method for 
power measurement, however, it allowed comparison of the experimental circuits. As shown, the output with a 9 volt regulated power supply is 
low; «17 dBm. Stil, circuit ike EMRFD Figure 4.24 can be used with a vatiety of crystal frequencies and has great utility 


Figure 2 


Signal from BJT emitter Signal from between cap and crystal 


Figure 2 shows two output waveforms taken from my crystal oscillator. When a signal is taken from the emitter of the main oscillator transistor 
(what we typically do) harmonic distortion occurs as shown in the above left. Actually, the distorted waveform photo above left looks better than 
most do, Typically, they look like this. Many builders wil ust place a low pass fiter on such an oscillatr's output and be very satisfied with the 
harmonic content in their signal. Certainly this is a good, common and practical way to go. However, for some builders, the experimenter's 
journey is what counts. That is, the fun and learning occurs during designing/building/testing and not just operating home built gear. 


‘When the output is taken from between the shunt capacitor and the crystal per Figure 1A, a much cleaner sine wave is available. The photo 
‘above right tells this story. The focus of all of the experiments on this web page is boosting this lower distortion, lawer phase noise signal into 
something useful. To increase the base oscillator output voltage, the VCC was raised to 12 VDC and the BJT emitter circuit was tuned per 
Figure 1C. Resident on my work bench are a few potentiometers and a 10-254 pF air variable capacitor with short attached leads. These parts 
are inserted into test circuits to allow tweaking of R or C as desired. Once the desired tweaking is performed, the potentiometer or variable 
capacitor is removed and measured. The closest fixed value R or C is then substituted as appropriate. In this experiment, the highest output 
voltage occurred when the variable capacitor measured 181.7 pF. Thus in my version, 33 pF and 150 pF capacitors were placed in parallel and 
are shown later in Figure 3, 


“The Figure 1A output transformer circuit was again used and the power output was 6.8 dBm, Being tuned to 1 crystal frequency is the biggest 
drawback of the 1¢ circuit. Tuning a crystal oscillator as described earlier is easy to do however. 


‘The next task was to design and build a buffer/amplifer. To match the low impedance of the Figure 1C crystal oscillator, a common base amp 
‘was built. The circuit was morphed over time, however, the intial design is shown as Figure 1B. It was interesting to note that a series resistor 
(RX) is required to keep the waveform pure. Any RX value less than 470 ohms compromised the sine wave purity. The 560 ohm R shown was 
perfect, however, as expected, attenuated the oscillator signal. In order to get a decent output voltage, the common base amp had to be run at 5 
MA or greater current and ultimately collector tuning was added to ty and realize an output voltage greater than 4 dBm. 


“Through experimentation | learned that adjusting Fig 18's tuning, emiter current and RX value all could distor the output ofthe main oscillator at 
certain values or settings. Running high current also invites parasitic oscillations and soon it was realized that common base was perhaps not the 
best choice (at least for me) as another separate ampitier stage would be required to get a decent output voltage with or without an attenuator 
pad. After irying @ number of diferent buffer-ampiifiers including a 50 ohm feedback amp, | chose a favorite circuit which | know has excelent 
gain plus back to font isolation and would not distor the oscillator waveform: a lightly coupled JFET amp. 


7 MHz Circuit 


™ Solder the two “flying leads” to the copper pads in the usual way. 
Hopefully the holes are big enough for the wires! 


™ Connecting an 1.e.d. to a circuit board with flying leads. 


Wires can also be attached to the underside (solder-side) of circuit boards, tacking 
them onto existing solder joints by re-melting them and absorbing the tinned wire end into 
it (“reflow soldering” — see later). This is a cheap and cheerful, semi-reliable way of 
rigging wires to a circuit board, and it’s used all the time in imported consumer 
electronics. 
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In Figure 3 is the complete schematic of the 7 MHz portion of the low distortion crystal oscillator. The output was 0.52 dBm. A 6 dB 50 ohm pad 
ensures a well-buffered 50 chm termination. This aids in calculating gain or lass in circuits it dives. You could easily decrease this to a -3 or -4 
dB pad, This reflects the wisdom handed dawn by our mentors who encourage building RF stages in 50 ohm impedance blocks. A Q2 source 
bypass capacitor was not placed as itincreased harmonic distortion in the output signal. The output is fitered with a simple pi fiter. The 100 pF 
coupling capacitor connect this circuit to Figure 6; the 14 MHz circuit. 


2 was wound and measured. It is desirable (but nat absolutely necessary) to perform measurement on powdered iron toroids to compensate for 


variations in wire spacing and toroid permeability. | used a T44-6 core; use whatever appropriate powdered iron toroid you want. 
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N(index) NewValue 


ag 225 


Freq./eiv stop [100 (C’\Tedds\ORPHE\GRPHB zeal 2009-20 


Place Curso:| Cursor Data [iis fie — $21= (ai? a8. S11 [ono a 


Diag aKGKON GraSHTSZOGH Zoomto Original Sweep| Save $21 asRef. | |v PlotS11 [~ Plot Referenc 
Velue Tune Mode: 


up | Down | NR- | %-[5 | Valuef Reset Cursor 


AGPLA analysis of the Pi low-pass fiter is shown in Figure 4. The basic circuit was designed with PI Filter Designer on this page and tweaked 
in GPLA. You may wish to omit this fiter or perhaps, design a better one yourset. 


‘The 7 MHz output waveform on the Tektronix (left) and the Rigal oscilloscopes. On the Tek scope, the output power was 0.50 dBm and on the 
Rigol scope it was 0.52 dBm. The Rigol is an amazing oscilloscope, but only has 256 horizontal lines of resolution, therefore cannot replicate the 
stellar and beautiful waveform tracings of the ancient Tek scope. In reality, probably, no other modem scope can. | have received many positive 
comments about the old Tektronix oscilloscope waveforms. Itis important to mention, that Rigol waveform viewing is not bad, just very different. 
‘The visual display is incredibly accurate and its triggering options, bandwidth, sampling rate and waveform display tools are fantastic. 
ganractvect | 


During these experiments, the 40 year old (plus) Tektronix scope was distorting frequencies greater than 10 MHz and breaking into oscillations. 
‘After 3 major repairs in 2009, the scope replaced with a Rigol DS1052E. Signal viewing will certainly diferent; that is for sure. The decision to 
move from a cathode ray oscilloscope (CRO) to a digital storage scope (DSO) was not taken lightly. 


DSO versus CRO - some comments from the workbench 


Choosing a CRO versus a DSO is an individualized process. It is your decision alone. Questions to ask yourself may include: What are my 
needs? What is my budget? Do | have weight andlor space constraints? Carefully weigh the advantages and disadvantages of each, 


Proponents of CROs state that these scopes cannot generate artifacts, nor distort the signal. This of course is true as long as the scope 
bandwidth is adequate, Further, some people feel that aliasing or artifact generated in DSOs due to undersampling (taking too few samples of a 
waveform) is unacceptable. They may even feel that DSOs are not precision measurement instruments as a result. Limited horizontal screen 
resolution in DSOs is also a bugaboo for some experimenters and provides further evidence of DSO infetiarity in the minds of these folks. These 
concerns are indeed valid; however, black and white thinking isa litle out of fashion in a world more containing shades-of-gray. 


‘The DSO takes a series of samples and stores them in memory. When sufficient samples are present, they are assembled and displayed. The 
sampling rate of a DSO is variable and depends on the time base setting used. Madem DSOs, lke the Rigol, Tektronix Oscilloscopes and 
Agilent Oscilloscopes have better sampling rates and larger memories than their predecessors and hence aliasing is less of a problem than 
before; although in some measurement situations, undersampling can occur. One must always well consider and interpret whatever you are 
‘measuring and if you use a DSO, always keep undersampling in mind. When first using a DSO, you are on the bottom of a leaming curve, 
however, with attentiveness and practice, one can learn to look for and possibly mitigate undersampling should it occur. In certain cases, a CRO 
will be superior to a DSO. In my discussions with others about Rigol sianal viewing , only 1 significant “aliasing” problem has been noted by a 
builder when he tested a balanced modulator. The display did not give the expected result (was not filed in as expected) and a CRO was pulled 
ut and the problem was verified. The builder knew there was a problem and could understand why it occurred. This builder also wrote that this 
‘was not so much a problem, as a realty of using a DSO. 


‘Some techniques | have gleaned from the Internet about detecting aliasing may include the following: 


Vary the time base over several ranges. Events occurring near the time base should be reproducible and if they are not, undersampling might 
be occuring. 
‘As possible, use a single sweep and dot display. The ‘dots’ will Indicate just where the scope took each sample. Ifthe dots are far apart 


relative to the waveform timing, aliasing is a possibilty 
‘Some techniques to minimize aliasing: 


(Choose linear interpolation when using math functions. 
Use bandwidth limiting in low level measurements (The Rigol seems to automatically use B/W limiting in these situations). 


Use trace averaging for low level measurements as possible. 


“The Rigol weighs 50 times less than my old scope and fits on a small shelf in my small workspace. As a hobbyist, it meets my needs and budget 
plus has some very coo! features. Undersampling is considered and in some cases, such as low level measurement, an analog scope might be a 
better choice. Happily, a CRO is available to me if! really stress out over it. Signal viewing was taken for granted with my old scope. In some 
ways, this DSO has prompted me to dig deeper; to become more vigilant and thoughtful about signal measurement and display. If you have a 
spectrum analyzer, and use a DSO for signal viewing, the abiliy to perform slow sweeps while maintaining a perfect display is quite enjoyable, 
‘Again, please decide the CRO versus DSO issue for yourself (or maybe get a hybrid). The DSO is not a perfect solution to every signal viewing 
situation, but their constraints are quite livable considering their numerous modern features. 


DSO's: "They are not your father’s oscilloscope"; that is certain! 


“The Figure 3 breadboard. AWG 24 to 26 gauge wire was used in the various inductors and transformers to better secure or anchor these parts, 


14 MHz Circuit 
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Figure 6 is the final schematic for the 14 MHz circuit as developed on the workbench. Your design might look very different than mine. In the first 
version of this circuit, there were only 2 JFET amplifiers and the resultant output vakage was too low (even without a 50 ohm attenuation pad). 

To compensate, | ran the source current of the JFETs above 15 mA, placed a source bypass capacitor on Q4 and also used a 1000 pF capacitor 
to couple the input to Figure 2. Some fairly bad harmonic distortion was measured at the output and it seemed crazy to run so much current. 
‘Therefore itwas decided to run a third JFET amplifier and use only modest current in the trio of JFET amplifiers. 


Cvitunes very sharply and required some care when peaking the output voltage. 


Figure 7 
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Figure 7 is a screen capture of the 14 MHz circuit output measured using a sensitive 50 ohm terminated oscilloscope. This was with no low-pass 
fitering. The output is distorted. Presumably this happened in the diode frequency doubler. This is not a low-distortion oscillator. 


15.3 MHz Low-pass Filter 
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AN=7 Chebyshev low-pass filter was inserted in Figure 6 at point LP. | checked with a spectrum analyzer and the 2nd harmonic was down 38 
dB, There were no other measurable harmonics after that. 


Figure 7b is a screen capture of the 14 MHz circuit output after the low-pass filter and final attenuator pad. Vpp on this graphic = peak to peak 
voltage = 1.13 volts. The output power is 6.04 dBm, of 3.19 mW . The Q4 and Q5 source resistors and the output attenuator pads are 2 areas of 
the circuit where you might easily change the output power. In the end, the circu labeled Figure 6 was chasen. Your output voltage will probably 
vary, but can be easily adjusted as described. 


A Figure 8 B 
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Figure 8 are Rigol digital screen captures. Figure 8A is a measurement taken from the anode at point DX from Figure 6. Figure 8B is a 
measurement taken at the cathode of DX and shows distortion caused by the diodes, reduced AC voltage and of course, frequency doubling. 


‘The 7 and 14 MHz circuits bread boarded and mounted in a chassis. The 7.039 MHz and 14.079 MHz outputs are connected to BNC jacks via 
RG-174 cable. The 15.3 MHz Chebyshev low-pass filter and -4 dB attenuator pads are on a raised Ugly Construction board. Some VCC. 
decoupling parts are also on the bottom RF board. 


“The 7 and14 MHz crystal oscillator board mounted in a project chassis along with a1 KHz low noise oscillator This photo was a prototype version 
that did riot have a Chebyshev low-pass fier after the 14 MHz stage. 
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Front view of the .001, 7 & 14 MHz oscillator. It is really fun to build your own test equipment. 


Transformer Notes and Conclusion 


A photo of TS from Figure 6. Some builders have emailed and stated they do not like to wind inductors! transformers. | always ask them why? 
Often these builders were concered with litle details such as wire gauge and spacing, choosing the core size and which magnetic material to 
use. The Radio Amateur literature is replete with great tutorials on winding coils using toroids. Truly; the more toroids you wind, the easier it gets 
Here are some simple points for beginners: 

Powdered iron toroids are generally for tuned circuits. Le, A capacitor and the inductor are tuned to a center frequency. Powdered irons 
containing the #2 and #6 material tend to tune sharply and have fairly high Q 

Ferrites toroids are generally for use in broadband of wideband (untuned) applications. #43 material is relatively low Q and lossy as compared 
to the number #2 and #6 powdered iron toroids 

\Wind your inductors with enamel coated magnet wire. Popular gauges include 28, 26 and 24, but this is quite variable. 
Minimally, you could get by with just #43 ferrite and #6 powdered iron toroid. For example, FT37-43 ferrites and TS0-6 plus T68-6 powdered 
iron toroids could build a ot of inductorsitransformers. In the photo above, | used #24 AWG wire for the 18 turns and #22 AWG wire for the 3- 


turn link. The 3 turn link is grounded on one end and well anchors the transformer. Thicker wire was chosen because Ugly Construction was 
Used and the partis really anchored with the #22 AWG wire. 


Conclusion 
Ittook quite a lot of experimentation to reach the project goal. The experience was pleasant and compating the old and new oscilloscopes was 


‘an added bonus. Perhaps, the circuits ate overly complicated, however, they are critical signal generators for my workbench. Well designed 
signal generators have extensive RF-proot shielding to allow serious attenuation. These will have to do. 


Addition - Jan 31,2010 5 MHz JFET Low Noise Oscillator 


Tidying up 

I'll leave it to readers to decide whether they should cut off excess wire before or 
after soldering. After the soldering is complete, I prefer to tidy up the joint by snipping 
any excess wire from the joint using a pair of “end cutters” shown earlier. These expensive 


hand tools have specially angled blades that snip the joint neatly down to the top of the 
solder joint. Ordinary side cutters will do fine. 


It’s worth taking time out to inspect the work closely, looking for any missing solder 
joints, whiskers of solder or swarf shorting out any solder pads, and all such potential 
problem areas should be dealt with prior to testing the board. Faultfinding goes beyond the 
scope of this guide, but it’s true to say that almost always, any problems noticed after 
powering up the circuit are due to soldering faults or wrong components being used. 
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Another experimental low noise oscilator was built for 5 MHz. The desired output power was -5 dBm. The schematic and peak-peak output 
voltages and powers are shown in Figure 9. The 68 pF capacitor in series with the crystal was found experimentally by using a variable capacitor 
land measuring the output voltage and observing the scope waveform. When these appeared to be optimal, the tmmer capacitor was removed 
and measured at 67.17 pF. This circuit can easily be adjusted to give higher output power such as 7 dBm. To increase power, you may consider 
increasing the VCC to 12 volts, add a 0.1 UF source bypass capacitor in parallel with the 270 Ohm resistor of Q2 and/or adjust the pad 
aitenuation. There are other circuit alterations to increase power, but the aforementioned are a good start 


Itis important to measure your output voltages with a 50 ohm load connected to the device. Standard value resistors were used which throw off 
the value somewhat, but the actual attenuation of the pad is very close to the 6 dB attenuation expected. The math can be done with software 
such as Applets H and | on the QRP tools web page. 


‘The breadboard of Figure 9 is shown above. The - 5 dBm output was required for some upcoming experiments and to study log and power 
measurements. The black BNC appliance is a 50 ohm load. These are very handy, but not a necessity. In most cases, a simple 51 ohm resistor 
to ground is the load, 


Figure 10 


A screen capture from Figure 9 signal viewing maneuvers, 


Figure LL 


“The output waveform looks good - even on a DSO! 


Spectrum Analysis 
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“The output of the Figure 9 oscillator was further attenuated -19 dB for analysis in a spectrum analyzer. The -19 dB was chosen as this 50 ohm 
pad uses near standard resistor values and would well ensure a very safe signal level for the spectrum analyzer. The pad is shown in the Figure 
114 schematic. The second harmonic (2F) is down about 20 dB from the fundamental. Each horizontal division is 5 MHz and each vertical division 


is 10 dB. Compared to other more conventional oscillators that were checked in the spectrum analyzer, this ascilator has low harmonic content, 
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‘ANS or 5 element Chebyshev low-pass fiter was placed after the Figure 9 oscillator and connected to the spectrum analyzer to see what 
happens. The 3 dB down frequency of this low-pass fiter was 6.53 MHz. The second harmonic is now ~42 dB down. There are no measureable 
harmonics after 2F. Itis really cool to "see" what a fier does to a signal 
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The schematic of the -19 dB attenuator pad and the low-pass fier is shown. To measure the output, the 10X probe was disconnected. The 
circuit was connected to the oscilloscope via 50 ohm coaxial cable and the scope input was terminated with 2 paralleled 100 ohm resistors. The 
50 ohm scope termination technique will be discussed in a future web page addition. The RMS voltage values were inputted into Applet J on the 
ORP Tools page to calculate the output power. The RMS output was 0.131 volts which calculated to an output power of -24.6 dBm. 
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RF — Test and Measurement 


Crystal Parameter Checker 


Introduction 


‘This web page is a supplement to JavaScript Applet G on this web page. This software does the math using a simpifed version ofthe method to 
determine motional inductance and capacitance developed by David, GSUUR. This is a very basic tutorial meant as an introductory guide for 


ave builders 


‘Shown inthe photo above is 1 of my crystal parameter checkers. The schematic may be found in many places including EMRE Figure 3.35 
(See Errata) and on this pd! by Niek, WASEDU. A power indicator LED has been added, but the cul isthe standard design n this breadboard, 
the crystal being measured is tack soldered i. 


Many builders just copy other builders LF. fter schematics, however, your crystal titers will perform beter if your design is based upon the exact 
parameters of the crystals you have. For the simple design or optimization of a crystal iter, itis necessary to measure crystal parallel 
capacitance plus take other measurements ta calculate motional inductance and capacitance. Determining your crystal parameters isnot dificult 
ifyou have a capactance meter, a frequency counter and some math skils. Iti easiest 1 use a program to ctunch the math; hence | wrote a 
‘slupid-simple JavaScript applet 


Designing fiers is another story; it takes knowledge, practice and good software for this. Fite dasign theory has been extensively covered by 
Anatoly Zverev, Wes Hayward and others, The work af Nick, WASBDU is also grealy appreciated. His presentations and references are 
‘excellent for those keen on learning more about fiter design 


‘A four crystal 5.00 MH SSB LF. titer was desived. 20 crystals were on hand — they were from the same batch. The crystals were al placed in 
the above oscilator and thal frequency was measured. The 4 crystals closest matching in frequency were set aside. The crystal parameters of 
these 4 were then determined. Typically these values are averaged and this average is used to design or tweak the fer using software. 


1, Measure Capacitance 
“The procedure for determining the parameters of 3 crystal is described. 


“The fist steps to measure the crystal capacitance (called parallel capacitance) using a capacitance meter. 


Measuring the crystal parallel capacitance 


Parallel capacitance ofthe above 5.0 MHz crystal nan AADE LC mater 


Next, measure the capacitance ofthe open switch plus the 33 pF fiued value cap wied in-situ. This will ge you the total ckeuitcapactance of 
the open switch, the 33 pF flxed value capacitor, and any stray capacitance tram your crystal holder, wives, etc. The switch sel plus stray witing 
willbe afew pF so the total should be around 36 to 40 pF or so. in my test oscillator, the result= 41.19 pF as shawn. On my other crystal 
checker with a better site, ts 36.9 pF. 


In the calculation of crystal Lm and Cm, the paralal capacitance and the such cult capacitance will be summed, 


2. Measure Frequencies 


‘A crystal is putin the oscillator wih the swatch open. Record the frequency. Your counter must have resolution down to 1 Hert. Alter recording 
this value, throw the switch and measure and record this frequency. You now have all the measured values required to calculate motional 
parameters and adjust or design a fier. Motonal parameters are calculated in Apalet G. 
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FUNCTION 


Frequency measured with the switch apen = 4.999274 MH 


wie, COUNTER 


TIME BASE FUNCTION 


Frequency measured wath the switch thrown, 
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3. Do Math by Hand or with Software 


G. Calculate Lm and Cm For a Crystal using the G3UUR Method 


Enter frequency in MHz written on crystal (nominal frequency’ [5.0 


74] Enter measured frequency in MHz wrt switch thrown 4.996317 | 


Enter measured frequency in MHz with switch open 


Enter crystal capacitance in pF: 


85 Entor opon switch circuit capacitance in pF: [41 19 


Calculate Mel Parameters ] Cm = 17.55 femto Farads , Lm = 0.0878 Henries 


‘The applet G calculation of the crystal parameters using the above measured values 


4, Example Filter Adjustment 


‘tis assumed that most bulders will use software to design or tweak thal crystal filers. The anly 2 pragrams Wed (to date) include AADE Fiter 
DDesian and the Ladpac software collection that supplements EMRFD. | am more familar vith the Ladpac programs wntten by Wes, W7ZOI. Only 


these programs are demonstrated. Please read the instructional fle Ladpac2008 Manual pd to understand these programs. The Ladac 
software bundle includes GPLA, 


‘The purpose of tis tutorial is not to teach crystal titer design, but to describe arelatvely simple method to tweak an existing design using your 
‘measured crystal parallel capacitance and is calculated motional inductance. 


“The frst step isto digtaly format your fiter into a fie that can be analyzed in GPLA. tn my opinion, the easiest way to do this is to use the laddar 
circuit editor ladbuildo2.exe or better yet, its update -adbuild08.exe. The made! fiter flows: 


5.0 MHz Lower Sideband Filter 
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‘The model 5 MHz SSB fiter 
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Clear any existing components and enter the termination R, C-pay and Lm values. Qx is set at 100000 


Reflow technique 


Another technique often used is “reflow” soldering. This is used to “tack” devices or 
wires together, especially if very small, sensitive or fiddly parts are involved. There might 
be no room to make a “proper” sturdy joint, or it might just not be necessary to have any 
mechanical strength in the joint, especially if tiny parts are used. 


As an example, imagine a small temperature sensor (I used a transistor) for use ina 
thermometer project. It could be quite tricky to solder flying leads onto the sensor’s 
leadouts, so a good approach is to tin both the flying leads and the sensor’s leads, and then 
simply touch them together and re-melt the solder with the iron. There’s no need to add 
any more solder, because the solder that’s already there will re-melt and the joint will be 
made, Sometimes this is called a butt joint. 


The leads of this sensor (transistor) have been tinned, ready for flying leads to be 
tacked onto them with a reflow method. A Helping Hands jig might help! 


Bull your fter within the editor. Save your work. Stat up GPLA and load your newly saved fiter. 
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‘Set a sweep and x axis increment (-7000, 1000 and 7000 in this example). Push the Plot button 


Lets say you wanted fo use ths fiter design and have determined the average parameters of the 5.00 MHz crystals in your parts collection. Lets 
assume that for your erystals, C:par = 3.1 pF, and Lm = 0.098H. Input these values in GPLA. 


Ble Abou Sra 
Click to Review Circuit 


Look what happened tothe crystal it's bandwidth. Our ~ 246 bandwidth is now somewhere around 1464 Hertz. This simple experiment 
iustrates how important itis © use the parameters of your crystals to obtain a desired titer response, 


Experiment with the various functions in GPLA to learn how ta use it. Set whatever reasonable sweep you want. This program fs best learned by 


using it repeated, 


Click to Review Circuit 
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Inthe above screen capture, the above iter was tweaked to “re-establish” a 208 bandwidth of -2.172 KHe. All adustment was performed 
ently in GPLA by swapping capacitor values and abservng the resultant waveform. When you get an overall pleasing bandwidth plus shape, 
but there is tao much ripple at the top, generally you must inerease the terminating R values, This isthe brute-fore, manual way to tune fiers. 
For this method, you need not understand terminology such as as series resistance, MESH, K or Q values, Butterworth response, or Chebyshev 


ath 0. a8 ot rpple. 


‘Addmitedly, at fst, his method can be quite time consuming and tedious, however, with practice, you may be able to tweak a fiter in only afew 
‘minutes. Clearly, the more you dig info understanding cxystal iter design, the better your titers can be, however, getting overly complex can 
scare off builders who are new to this habby. Note these titers use standard value capacitors and resistors; perfect fer popeorn LF. ers 
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‘The orginal 5 MHz Model fter vith updated C and R values using Lm = 0.098 and C-par = 3.1 


Click to Review Circuit 
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GPLA zoom ofthe Y axis showing the fst 20 dB of attenuation. 


5. The Model 5 MHz SSB filter Design 
‘Although this page Is not about crystal iter design, an example follows for reference purposes. 


For designing fers, the application xlad08.exe isa good choice. The following 2 screen captures show the raw design process and GPLA 
analysis of the model 5 MHz Lower Sidebiand titer shown earlier with C-par = 4.65 pF and Lm = 0578, There are some great articles in print and 
‘on the Web to study you want to learn about titer design. The Ladpac software from EMRFD is excellent. My special hanks to Wes, W7ZO1 for 
answering my questions about his software, From this information, | was able to make this web page. 


F XLADO®: Crystal acer Filter Design 
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[Save design to default file. | Exit 


cand q calculations 


© Chebyshev © Buterworth © Mir-Loss (Cohn) 


6. Conclusion 


“This web page presents a brief method ta calculate crystal motional parameters and as required, ta adjust crystal iter ects to function 
‘optimally. This approach ike my Java-serpt applet are simplistic to avoid the fer factor associated with crystal ladder design. 


Listening tests are also valuable for assessing crystal iter function, Is the bandwidth as you expected” Does the tte ring excessively? Does it 
sound tinny? Inthe recent past, the crystal titers in 2 kt recelverstransceivers were tweaked asa favor o trends. Pease note, | have otal 
respect fr people who sell ks and appreciate the contribution they make to our hab. 


‘The crystals ofthese Cohn ype fiters were removed and analyzed and the bandwidth was not as specified. In 1 case the fiter shape looked 
lemnble i GPLA. Cleay, the kt sellers provided crystals which had markedly dtferent parameters ram those used by he axginal cut 
designer. The LF. iter capacitors were replaced with appropriate values and the R values were adjusted via either resistors andor transformer 


ratios and the improved titers sounded pleasant. 


tis a eal weat to listen to a receiver with a well designed crystal titer — sadly, | doit enjoy this experience that often 


Gaueciantooas \ 


In my opinion, the best sounding CW erystal iter design is the Gaussian to 6 d8. Some operators would never use such a fiter Ina conte 
‘rade receiver as the fier skits ave not steep enough for them, There ave teks to make the stop hand batter (mote Ike a Chebyshev respanse, 
but without the ringing), however, this topic is out of scope. 


| sincerely ask for your feedback on the G. JavaScriot Applet. Does it work correctly? How could itbe improved? Can you contibute beter 
code? Thanks and 73, 


QRP — Posdata for January 2012 — More on Crystal Ladder Design 


Important o both superheteredyne receivers and singe sideband transmitters, rystal ladder fiter design tes juxtaposed as bath a favorite and 
feared RF design top. Newer buldlers may lack math skils, andor become paralyzed by the terminology — or lack the ambition to learn or 
apply good bench practices. Even a cursory Internet search returns many fabulous files to read —winessing a crystal ladder titer design article 
explosion. 


‘The difcuity characterizing and building fers has progressively decined since the advent ofthe frst handheld computers — improvements in 
personal computers and filer design software allows astute builders to pursue even complex xia filer response shapes in 2012. 


|n QST for July 1987. Wes, W7ZO! wrote Designing and Building Simple Crystal Filters. Ths arcle promoted Cohn or Min-oss fiters and its 
intent was ta wanscend the math and measurement associated with xa ladder fiers ofthe day and allow bulders to just frequency match some 
crystals, and then go experiment. 


In my estimation, this arcle proved revolutionary — soon after, bullers around the globe, Elecrat, and other kit companies embraced this 
techniqueltopology and the res is history. (! cal tthe paper that launched a thousand kis). If youre a new builder and feel overutelmed by the 
‘material on o¢ referenced by this web page, please consider fist obtaining tis article, 


Learning about crystal ladder titer design Is time well spent 
1 2011/2012 | explored the works of 3 builders who share thelr work via the web andlor journals. 
Horst Steder, DISEV and Jack Hardcastle, G31 


‘The Steder and Hardeastle works emphasize that We need to measure/calculate crystal Land C parameters, plus the coupling and tuning 
capacitances (not just frequency). Through emails with Horst, DIGEV, ! learned many things, but 3 stand out: 

4 Its better to design a good fiter than fhe a bad one. 

2. Careful measurement of your crystal parameters plus software design and simulation = the best chance for geting your desired performance. 
83. Deriving motional parameters rom a 3 d8 bandwidth measurement remains a great way to characterize multiple xtals. In my opinion, the 
G3UUR method is the easiest way fo charactenze a small batch of xls 


‘Some of the ealostrelerences to modem crystal adder design Ive found were waltten by Jack Hardcastle and published in RadCom and QS 
= ater contemed this by reading Work by Wes, W7ZOl and others. Hardcaste's and Haywards work proved foundational forthe experimenters 
that folowed including David Gordon-Smith, Chis Trask, Jim Kortge and many others. 

‘Steder and Hardeastle's combined experience assessing andlor documenting crystal ladder design spans decades. 

Their QEX ancle Crystal Ladder Filters for All may be legally downloaded ftom the ARAL website bere. 


Program download URL: bt www artLoralaexfies (select 2010, "11x09_Steder Hardcastle 2") 


‘The QEX article describes Steder's Microsoft Windows™ program, methods to derive motional parameters, plus cites many important 
references. The main program calculates practical lower sideband crystal ladder fiters based on the exact aquatians published by M. Dishal in 
41985, Hardcastle translormed these equations into a computer useable form in 1983 and Steder incorporated these equations info a modern, 
easy-to-use and interactive applet vath nice graphing and table displays. 


For simplicity, the program assumes lossless crystals, however, the calculated values can easly be transferred into another simulation program 
such as GPLA to add or refine parameters such as los resistance. 


‘The main "Disha!" application calculates fiers with Butterworth, Chebychev and constant-k (Cohn) properties and the so-called “QER" iter type 
by G3UUR (a low ripple version of the Cohn ter). Further, sub-programs in the top-level menu calculate xtal parameters (by both the G3UUR. 
and 3 dB method), plus LC impedance matching and ladder termination networks. An extensive help fle well explains the program. 


Jacopo Giangrandli — Introduction to Crystal Ladder Filters 
Link: uta Jaw giangrand electronieserystalite stalin tum! 


Jacopo (Jack) uses a transmission measurement fo infer the motional parameters — inserting a series eapacitance and measuring the series 
resonant frequency shit was also described in 1998 by Rall-Dieter Mergner, DJ9F.. 


His web atictefapplications provides what is likely needed by most builders — simple titer synthesis wile avoiding expensive test gear. Hi 
fiters plots!igures are spectrum analyzer measurements that | realy lke. Although his program can generate aymmetical ters that some 
bullders might not be used to, the frequency domain plots indicate proper function. 

Giangrana’s fiter design programs appear to he based on Jack Hardeastle's work and possibly content published in a paper by Patrick Magni, 
FFGHYE and Bernard Borcard, F3BE in Radia REF for Apri 1990. 


' encaurage you to ty al the methods and applicatons mentioned ta discaver what works best for you. Dontlose hear, fr characterizing 
crystals with a vector network analyzer is also a tme-consuming endeavor and simple often = best on the QRP Workbench. 


QRP — Posdata for August 2012 — Measuring Crystal Q 


Prior o July 26, 2022, | could not measure Xtal Q. Why? | tried to measure crystal Q with the shunt-series tuned method (essentially the crystal 
acts as a tap and a step atanuator i used to calculate the insertion loss the xtal exhibits when centered in the notch) but fled because | could 
ot precisely set the requency with my homebrew L-C oscilato. 


‘You realy need a DDS or a SiS70 based signal generator and preferably a spectrum analyzer to exact the measurement with the “ap method” 
‘The DDS is critical, while the SA only preferable —a power meter, of &'50 ohm terminated ‘scope can work asthe detector if low-pass fier is 
placed jst after the xa 


(on duly 26, 2012 Wes, W7ZO! developed a simpliiad method and wrote a pa the called Simplified Measurement of Crystal Q alter feedback 
from mysel and John Larkin about Q measurement dificulies without a dgital-based signal generator. Unfortunately ths pl ie is na longer 
ofeed for dowmload by W7ZOl. His method works well and tm glad that as of now, | can completely characterize any crystal | ov. 


| present an experiment showing how | measured the Q of a 10 Mite crystal applying the new method developed by Wes, W720. 


‘The cystal Is evaluated as a N= low-pass filer resonated by a shunt capacitor at each end, | stuck vith Wes’ suggestion to try 1000 pF at 9 ta 
410 MHz. For lower frequency xtals he recommended tying larger value shunt capacitors. Just experiment wih the shunt capacitance — i you 
Use tao high a C fora given crystal, your xa low-pass titer bandwieth might get to narrow to measure with an L-C based signal generator. 


‘The folowing diagrams employ 2 programs from the Ladpac software that ship with EMBED. 


Measure the Insertion Loss of a Crystal Filter i 


50.9 detector 
50.9 coax i Signal 
10.48 
with BNC pat canara 
connectors 
oO 
Hh ie 
Tune $6 to get the highest 
aS pk pk voltage in the ‘scape 
50Qcom 
10cB ign 
Through pad NARRBNC Generator 
Connector connectors 


rf 
orl dd =I 2 


50.2 Remove xal and insert through 
connector atte same Freq as above 


‘Above — Measurement of crystal itr insertion loss. n Part A, | carefully tuned my signal generator to get the highest peak-peak voltage In my 
50 0 terminated osciloscope. | recorded this AC voltage as V Fil. In Part B, | removed the crystal ter board and replaced itwith a BNC clad RF 
thvough-cannector. | recorded this AC volage a V Cal 


| discuss this standard method to measure the insertion loss oF gain of a device under test in RF Workbench 2. 


Even with the simpitied method, yout need a signal generator wth good tuning resolution. My generator is shown on VEO 2011 as the 2.8-10.5 
Mz Signal Generator. Ths s my version of the EMRFD Figure 7-27 generator. 


Insertion Loss 
IL = 20 LOG (VCAL/ V FIL) 


Veal = 464 mV pk-pk; Vfl= 267 mV pk-pk 
IL = 20 log (1.7378) = 4. 8 dB 


‘Above — The formula for insertion lass using peakpeak voltages. With my 10.0 MHz crystal, V Cal = 4654 mV plpk and V Fil= 267 mV pk-pk 
The insertion lass of my crystal = 4.8 dB. 


(y= neg Old Equation, p 3.19. 


Cqr= 2(Cg+ Co} Updated Equation 


1.0 MHz Xtal 
CO = 4.87 pF Measure CO 
CS = open ewiteh + cap = 37.4 pF 
C, $= Openswitch F = 9.998710 MHz Calculate Lm 
Rees ‘Thrown switch F = 9.996104 MHz 
donment |. iecoorse 


Nominal Costt Values (qua falcata) 
Fahl Tico mH = (corr 


Be froo0000 Epes ar 


Ladbuildos 


‘Above — Fitst | measured CO (C-par) and then wih the G3UUR mathod, calculated the mational inductance al my xtal, Finally, | entered all the 
heeded variables into LadbuldO® to make a titer to analyee in GPLA 


Se 


(Click to List Circuit 


1 Load = 500 

‘esp par 1H0C0n00 

2 xl ser 00000 

8 cap vat toon0000 
tip ser 0000 

‘ Souece hl = 500 

{88 Induter - 2500 


CystalPsranetore 


Click to load new value 
Save as Default. Exit 


E i conte TAG valle 


“Mouse Frequency (982.0921 at Fmouse = 71975 


‘Above — With GPLA, | adjusted the value for Qx up or dovin unt my cenvered $23 value indicated ~4.8 dB (the insertion loss of my crystal 
‘determined earlier). My erystal Q = Qx = 108266. 


‘Above — 10 MHz Crystal fiter breadboard, 


‘Above —A sweop of the 10 MHz Crystal fier used to 


4 The three flying leads stripped, tinned and ready to be reflow-soldered onto the 
device. 


4 To reflow solder them, simply hold the two leads together while re-melting the 
solder with the iron. 


57 volts peak-peak 


2.03 watts peak power 


Average sine wave power 


= 505 mW 


Figure 1 shows the test set up. This is a good part with an input impedance of 150kQ. The gain is internally fixed at 34 dB. The average clean 
power was 508 mW. The test input frequency was 1018 Hertz 


The breadboard of Figure 1 is shown above. 


2. Wide Range L- C Oscillator 


9MHZzL-C Oscillator 


A7tFT37-43 
120 0H 


CV= 2-10 pF air variable trimmer cap 7 
L1= 6.1 uH = 36 turns on a T68-6 


‘Shown above is a single frequency version of a VFO topology which allows a wide frequency range when additional switched inductors andior 
capacitors plus a tuning variable capacitor are used. One good usage example would be a to use such a VFO to drive a bridge to make a wide 
range antenna analyzer. Ql is essentially a common gate amplifier. The source is driven and the output is taken off the drain. This FET exhibits 
no signal phase shift. Q2 is a source follower that is AC coupled through that 22 pF capacitor The 18 ohm resistor is used to kill UHF parasitic 
oscillations. The Q2 follower also has no phase shift. Connecting the output of 2 back to stage Q1 gives zero phase shift. The L-C tank will 
select the frequency where 0 phase shift is obtained. The tank will show phases other than 0 away from its resonance. 


Q3 is an AC-coupled source follower to further buffer the VFO fram its load. The RFC can be anything from your junk box, although it should 
likely be low Q. The low-pass decoupling fiter on the the 12 volt supply path can also be anything reasonable. | wound mine using 17 turns on 
an FT37- 43 ferrite toroid. Its purpose is to keep RF from traveling down the 12 volts DC voltage wire to other parts of your circu. 


‘Any component connected to the L:C tank (at the Q1 drain, or the cold end of L1) can affect VFO tuning and drift. Temperature compensation 
will be necessary to achieve perfect stability. l use NPO and COG caps interchangeably. In the design shown, stability was good and the output 
had low measured distortion. This VFO will pretty much oscillate with any reasonable L and C values in the tank circuit. | found frequency 
stabilty was a litle better with a higher L to C ratio. This is a great experimenter’s circuit One version built oscillated at 150 MHz. 


‘The breadboard of the above schematic. Pull the wire on your #6 powdered iron toroids tight to prevent air gaps between the toroid and the wire, 
Number 26 gauge wire was used on L1 as shown. High Q tank parts will gamer the best result. 


LC Switching 
Ideas coc: 


1M 


E 150 


‘Some potential switching ideas are presented above. The builder is in total control of the tuning range and must calibrate the L and C values 
according to needs and the parts on hand. Qutput power will vary according to the L-C ratios and some designs include automatic signal 
amplitude leveling andior RF gain controls. 


3._FET Matching 


| find matching high IDSS FETS like the J310 to be a pain. | generally matched them for IDSS and occasionally for IDSS and VP. Observations 
that when the IDSS of 2 or more FETs match, their pinch-off vatage (VP) also matches, led me to nat measure VP. In addition, the variability of 
\VP measurements causes me distress. Click here for a tutorial i you don’ understand the terms IDSS and VP. 


FET ID: 


P Instrument 
12.22v 


‘Above —The device I use to measure IDSS and VP. From Ken Kuhn's web site. 


Conceptually IDSS and VP arent difficult to understand — measuring them is another story. With the above device, fst IDSS is measured; the 
final drain voltage potentiometer selting is left and then | measure VP. While measuring IDSS in high IDSS FETs, heating can occur and you 
may actually see current start to drop as you increase the drain voltage (negative temperature coefficient). On J310 specification sheets, the 
manufacturers state they pulse the current during measurement to prevent heating. While performing IDSS measurements, | am fearful of 
destraying the FET | am trying to characterize! Measuring VP is also problematic. 


| have tried 3 methods to quantity VP: 


‘Adjust the 0 -6 volt supply until | think the current goes to 0. Serial measurements 1 day apart can vary by a variation of as much as 0.5 volts; 
its quite subjective, 


‘Adjust the 0 -6 volt supply and measure the gate voltage that produces a drain current somewhere between 0.1 and 1 percent of IDSS and 
declare that to be VP. 

‘Adjust the 0 -6 volt supply so the ammeter reads %4 IDSS and multiply this voltage by - 2.0. Reter to Ken Kub's site for details. Although 
reasonably accurate, the second order math is only a rough approximation — the real math is impossible to do by hand as it involves fractional 
exponents and these exponents and other factors vary as a function of the physical JFET geometry. 


‘Above — The breadboard of the device | use to measure IDSS and VP. There is no actual switch, | either ground the green wire to the copper 


board, or tack solder it to the 0 - 6 volt potentiometer wiper. 10 megohim resistors plus the pot ground wire anchor each pot to the copper clad 
board. 


‘AIL3 methods to quantify VP frustrate me. There must be a way to match 3310s or other FETS without characterizing them. I frequently 
collaborate with readers to problem solve and learn, A potential solution contributed by a supportive reader follows: 


12.22v 


regulated 9-12 VDC 


22 uF 
1KO ab 1Ko 
rc 1 
1—_©— 
Vv 


100 > [92] 31M 


‘Above — A bridge is used to match a pair of JFETS. I's often best to match devices in a circuit that closely resembles the one that you intend to 
use them in. The differential output of each drain is measured by placing a DVM lead on each drain and recording the voltage. Generally, | stick a 
FET in the Q2 slot and put FETs from my parts bin in the Qt slat to match it. The results of 5 different FET pairs are tabled above. A match <= 

50 mV is probably acceptable and in 1 case, | found a match of 3 mV! You can match 1 FET with many using this device. 


Note the poor match when an MPF102 and a 1310 were tested. 1% tolerance resistors are recommended for the bridge. 


t vec 


500 
— 750 (1%) — 


t _@ 4 
Vv 


M$ [Qi] 3—499 0%) —$ [Q2] 
100 


A 


‘Above — A set and forget precision bridge using trimmers to establish a perfect DC match on both halves. If you don't have 19% parts, the 
trimmer resistors offer a solution. You can place a trimmer at either the drain or source end as shown and just use 5% resistors. Calibrate each 
half ofthe bridge with your chm meter. I cover bridges on this web page if you need more information an them, 


‘Above — A differential FET matcher breadboard. This version had a 9.1M gate resistor on Q1 by accident, although it made no difference to the 
experiment, as no DC gate current flows. 


4. BJT and Diode Matching 


BJT Matcher 


10K 


a 


Above — Differential BFT matcher. Differential voltage matching works for bipolar junction transistors and diades also. PN junctions are thermally 
sensitive — let them stabilize before testing. | measured 6 2N3904 transistors and the tabled results remind us why this transistor isn't the best 
choice for matched BIT circuits. 


4 Repeat for the other leads, They just need insulating with sleeving, then job done! 


Depicted next is a typical “tag strip”, an insulated panel with metal solder tags used 
for making sundry connections. (Entire TVs and radios used to be hand-built with them, in 


‘Above — The breadboard of the differential transistor matcher. Any reasonable resistor values will work fine, but don't run the current too high — 
my circuit has a nominal emitter current af 2.25 mA. 


Differential Diode Matcher Be 


p1_| _p2_ [millivolts 

A anaiaa| anaiae | 24 
1naiaa| anaias | 4.2 
1N4143| 1na148 |_6.6 


2K0 Vv 2KO anai4s| anaoo7 | 18.4 
ae 1 1N4148|Schottky| 315. 
anaias| Ge [169 

D1) D2 | 1na143| inauas | 6.8 


inaias[ inaias | 4.9 


Measurements with each diode current @ 77.3 yA 


‘Above — The differential diode matcher. The 10K pot allows you to vary the current to suit your needs. The ammeter reads double the diode 
current. Considering only 1 diode; the current ranges from 0.01 to 5.82 mA. You can drop the 1% metal film 2KO resistors down as low as 470 
ohms or so it you need serious current. Tabled are some measurements performed with the 10K pot dialed to give 0.636v (77.3 UA per diode). 
“This provided excellent sensitivity. Measurement was performed on my DVMs 200 mV scale. Builders might experiment with diode current to 
assess measurement sensitivity and linearity or even to match the diodes across a range of current values. 


Clear glass passivated diodes can be affected by light — photons will pass through the glass and knock electrons thraugh the barrier. Ensure 
each D.U.T is exposed to the same amount af ambient light. Some microwave detector diodes can be damaged with as litle as 1 mA of cutrent. 
Replace the 2KO resistors with 10-15K resistors, or lower VCC to prevent damage 


‘Above — Breadboard of the differential diode matcher. The 2KO resistors are suspended by a vertically mounted 10M stand-off resistor. 


5. Bipolar Junction Transistor Beta Tester 


Bipolar Transistor Beta Tester 


Output to DVM 
1K0 300 mv = Beta 
of 300 ete 


22-22uF 


non-polarized 


vo 100 @ V 


collector 
Set pot for 
=) 100 mV on — 
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ty 


* Suen e 
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Above — Disappointed with the transistor beta testers in our common, low-cost digital multimeters, we did the logical thing; designed and built 
‘ur own, This collaborative project was more an experiment with BITS than anything else. I's about as simple a beta measurement device as 
you can make and still get good results. Preventing damage to our parts inventory underpins this design — the 100 0 emitter resistor plus ~ 10, 
‘microamps of base bias keeps the IC low to help avoid smoke since mast new small signal transistors have a beta of 100-400. 


Ensure the correct polarity for PNP versus NPN transistors. The voltage divider targets 5 volts using a standard ~12 volt supply; I just used 
‘whatever resistors were handy and ended up with the 6K8 — 3K3 pair. VCC should be regulated. Perform the measurements with a single 
‘multimeter allowing time for stabilization. 


‘To use: Set the potentiometer so that the voltage drop across the 10K resistor is 100 mV. Then move your DMM leads to the 100 0 resistor and 
‘measure the beta. This device measures beta, the static gain at DC. 


Measuring beta is a bit inexact since beta is affected by so many variables as follows: 
Beta tends to be low at low operating currents and rises and plateaus for medium currents and then falls at higher currents, 
Beta tends to increase with temperature. 


Beta is affected by the voltage between the collector and emitter ~ this is a weak effect except when the voltage is very small. 
‘The beta can vary as the battery depletes in DMM beta testers, 


‘Above — Breadboard of the QRP beta tester. We hope you have as much fun with this circuit as we did, 


‘Above — Testing a 2N2222a. We found measuring transistors to be very instructive; comparing our results to specification sheets, handling the 
different B.Ts, gaining experience — all part of the exciting world of bench electronics. Such circuits, although simple, are great for both learning 
and design. 


6. FET Tester - VGS Measurement Tool 


FE geste: 


470 


eq ee 1 


68 volt zener 
VDS- 5.6v 


Above — A FET VGS Tester. The final collaborative output from late December 2010: a device to examine VGS. A zener diode value from 6 -7.5 
volts or so should work okay. VDS should be greater than the nominal VP for greatest accuracy. The VDS using 7.5 volt zener diode was 4.85 
volts, The range of VGS on my breadboard was roughly 6 to -6 VDC without the 470K range limiting resistor; i's up to you if you want to limit the 
VGS range. 


Using the mV scale on your DVM, potentiometer adjust the current until the meter just reads 0. Then move your leads to the VGS test points to 
read the pinch-off voltage. 


‘The 0 current point will only ever be close. The interesting issue with the O point as defined is itntever goes to true zero — just zero enough — 
that point may be hidden if your meter scale truncates lower current measurements to zero, If you're able to repeatedly get consistent VP. 
‘measurements with whatever method your using, then its likely accurate. 


We thought about measuring gate leakage current across the 10K gate resistor, but accurate measurement is impossible with this device. The 
gaate leakage current is going to be in the low nanoampere region at the very highest unless the JFET is bad. The expected voltage across the 
110K resistor would be a few 10s of microvolts. A better way to measure gate leakage is to use the 10M resistance of a DVM instead of this, 
resistor. The DVM then acts as a current meter by measuring the voltage across the 10M resistance. A reading of 200 mV would mean a current 
of 20 nA, 


‘Above — Front view of the FET tester with a “chicken head” knob on the potentiometer. 


Above — Measuring 2.1310 with the FET tester prototype breadboard. 
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Above — Instead of a zener diode, low impedance VCCI2 spliters are shown as A and B; the zener diode is easier. 


the early-mid 20" Century!) The principles of soldering are exactly the same, but more 
time is needed when applying the soldering iron because more metal is present, which 
needs more heat. You’ll need more solder for bigger joints like these, so larger diameter 
solder makes a quicker job of it. Consider adding more flux (see earlier) to see if it helps. 


A Wrap wires through the terminals and arrange everything neatly, then solder as 
normal. 


4 Don t be afraid to apply more heat with larger assemblies like these: they contain 
more metal than, say, an ordinary p.c.b so allow more time for the solder to flow over 


‘Above — Reverse view. | didn't bother with the 470K VGS range limiting resistor in my breadboacd. 
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RF — Test and Measurement 


RF Workbench Page 1 


‘The first installment of a multi-part series exploring basic 50 0 RE circuit 
measurement, This web series borraws heavily from the work of Wes, 
wrzol, 


RF Workbench 1 shows a way to measure AC signals and quantity power. 
As circuit builders, knowing the power gain or lass in dB of stages like 
fiters or amplifiers; or the absolute power in dBm of our RF signal sources 
dominates our bench work. 


Ignite your bench measurement — Better measurement fidelity inspires 
confidence, creativity and fun! 


Calculate Power Gain from your Oscilloscope 
Peak-Peak Voltage 


‘An oscilloscope peak-to-peak voltage provides a popular way to determine power gain ar absolute power. 


peak to peak 4.1 cm) 


voltage 


8 MHz VFO. 


To calculate the power of a sinusoidal waveform, you measure its 
AC voltage. Assuming your 'scope is calibrated, the first step is to 
measure the amount of vertical deflection on the screen, 


In the figure shown lett, the vertical deflection = 4.1 em. Multiply 
this measurement by the voltsiom setting of your Scope. Lets 
‘assume your scope was set to 0.1 volts/em. Thus the result = 0.41 
volts. One final multiplication is required; you must multiply the 
resultant voltage by the attenuation ratio of the prabe. In most 
cases, a 10X probe is used. Therefore, the measured peak-to- 
peak voltage is 0.41 x 10 = 4.1 volts, DSOs output numeric voltage 
readings in addition to that shown — a nice feature. 


This signal exhibits a major problem; its distorted. To calculate the 
power from peak-to-peak voltage, you require a sine wave. To 
obtain a sine wave, this distorted signal must be low-pass fitered. 
Let's examine this topic with some real experiments, 


‘Signal Viewing versus Power Experiments 


Measuring ‘scope signals takes some skillto get accurate, 
reproducible results, Consider the following signals taken from an 


Distorted Signal Low-pass Filtered Signal 


Power= 2.38 dBm 10X Probe Power = 2.30 dBm 


Examine the distorted signal on the left and compare itto same signal after low-pass filtering. | calculated the power in dBm from the peak-peak 
voltages (Vp) shown as 832 mV and 824 mV: left to right respectively. 


Only the sinusoidal power proves accurate, Ill discuss the formulla to assess power soon, 


Distorted Signal Low-pass Filtered Signal 


or 


n_Uretal=, Fre Aner 


Power=L75dBm 50 ohm Terminated Scope Power = 156 dBm 


The same 8 MHz VFO examined with a 50 0 ter 
cases shown, the vertical scale = 0.2 volsicm. 


minated oscilloscope; a superb measurement technique that offers greater sensitivity. In all 4 


To better compare the distorted and fitered signals, | attenuated the output of the VFO to allow safe examination with a spectrum analyzer. A 
spectrum analyzer graphs the power (in dBm) of all measured frequencies on its Y axis against a user defined frequency range on the X axis. 


8 MHz VFO with Harmonic Distortion 


(o})[ MHz 


Spectral analysis of the distorted 8 MHz signal. The second harmonic (16 MHz) is about 22 dB down from the fundamental, The signal is rich in, 
harmonics that causes error in the calculation of the output power. Each vertical square is 10 dB, Each horizontal square = 20 MHz. The 
harmonics go 2x furidamental, 3x fundamental, 4x fundamental and so on. 


8 MHz VFO after Low-pass Filtering 


fo}, 8 MHz 


Spectral analysis of the & MHz VFO alter passing through an N = § Chebyshev low-pass filter. The second harmonic now lles about 40 dB down 
{rom the 8 MHz cartier (-40 dB) and the 3rd harmonic is almost down in the noise. Each horizontal square = 10 MHz. 


‘The breadboard of the 8 MHz oscillator oscillator from the above experiments. The output drove a BJT amp biased to give distortion and a 50.0 
output. | adjusted the frequency with the high Q air-variable trimmer capacitor seen to the lef 

Low-pass Filter 

‘Some builders wonder why | only employ sine wave signal generators on this web site. To calculate power, they require no low-pass fitering — 
now you know whiy If you're calculating power from a distorted signal, a stiff low pass fiter helps ensure measurement fidelity. All of my signal 
Sources feature a 2nd harmonic response of at least -30 dBc, but -50 dBc is typical. To filter receiver tront ends, signal generators, of mixer 
‘outputs, | keep several 7 element low-pass filter bench modules on hand that cover several 3 dB cut-off frequencies between 3 and 60 MHz. 
‘Although, any old low-pass fiters might work fine, Wes, W7ZOI suggests an N= § Chebyshev with 0.2 dB of ripple at about 1.2x the signal 


frequency as a starting point for designing a test-bench low-pass filter. f you don't know how to design low-pass fiers choose a pre-designed 
fiter from a fiter table. For the experiments above, | selected a fiter from an ARRL Handbook. See the schematic below: 


£CO =8 .83 MHz 
509 8SuH 142uH 65uH p99 


oR, 


470 pF 470 pF 


Calculating Power (dBm and mW) from Peak-to-Peak Voltage 


To calculate the power from peak-peak voltage, the load impedance (Z) must be known. In RF design, the standardized impedance value = 50 
9. For CATV and video, 75 Qs common, and in audio and telecommunication design, a 600 0 impedance dominates. Although we can 
technically employ any Z, this web site conforms to the 50.0 RF impedance standard, 


‘The SI unit of power is the watt. In radio, we might see the term dB used, however, dB is a decibel comparison between 2 signals and not an 
absolute value like the watt. On the bench, dBm serves as the most common and useful term —dBmis the measured power ratio in decibels 


referenced to 1 miliwatt. 


dBm represents an absolute power — so useful because both large and small signals are quantified with 1 number. Some important bullets 


follow: 


amw 


~2miW; so doubling the power from 0 dm equals a 3 dB increase in power 
Increasing the power from 0 dim to 10 dBm boosts power by 10 dB. The power is now 10X baseline or 10 mW 
20 dBm = 100 mw 

-27 dBm means that the output has ~500 times less power than 1 miliwatt. -27 dBm = 0.002 mW or 2 microwatts 


Hopefully over time, you'll ingrain the cancept of logarithmic power gain or loss (in dB) and power referenced to 1 mW (in dBm). This is bread 


and butter radio design information you must know. 


50 0 Measurement Virtues 


You build a VFO, measure itwith your ‘scope; calculate the output power into a 49.9 0 resistor and then record this power in dBm. Let's say it's 6 


dBm. VFO output pawer = 6 dBm. 


Next, you place a 6 dB attenuator pad on the VFO output. VFO output power now = 0 dBm, 


Finally you connect a 10 dB gain RF amplifer to your VFO. Your VFO output now 
‘we measure down at -30 dBm and so forth, 


000063 .0002 


100. 


00063 0020 


0063 20 


pkpk 63 


RMS 


00002 
1.9 


10 dBm. What a beautiful system ! 


itreally gets fun when, 


Jarret bi ni 
TA VAMA AMAA MAAALAAA! al a 1 
eiBm $048 S048 409-304 <2 


100487 908m -8048m 184Bm 048m 


n tient bit 
teh ree richer 


11038 
sui 


208m 


f revareerd ren avery eevevevery Foveveveny Fern Ty 
t i r i t 


ocr 


Mi prerteren ren 
t T 


pM 10pm tp 0d. Lon Lowy Jone Lc 


50 ohms impedance 


ton 190m 


‘The chart above really helps you visualize the relationships of mW, AC voltages and dBm 


1.416 Volts pk-pk = 5.01 mW 
5.01mW=7 dBm 


In order to get from peak-to-peak voltage to power, math is required, | show the formula above. You may elect to skip the math and calculate 
dBm or mW from peak-to-peak voltage with software. A number of programs are available; | wrote 1 here as Applet F. 


Google 10 log (42) (Search ] 


Web Show options 


© 10 109/42) = 16.2324929 


More about calevlator 


It you lack a scientific calculator, Google has math functions. Shown above = a logarithm calculation 
In Search of 50 Ohms 
How do | establish a 50 © output impedance in my RF amplifier? | get this question often, 


From my experience, in simple amplifiers lacking negative feedback, a 50 Q output impedance must be created by inserting a resistor 
somewhere in the circuit that forces a 50 9 output impedance. 


For example, we might use a 50 0 collector resistor in a BST ampltier (ora 50 0 drain resistor in a FET ampli), or place a fixed resistor in 
parallel with the collectoridain transformer and use a secondary winding to establish the 50 O output impedance. Sometimes well place a series 
resistor (say from 22 to 51 ohms) onthe output of an emitter or source follower to bring the low output impedance up to 50 0. These form basic 
explanations and usage examples may be found on many schematics on the QRP / SWL website 


We experimenters also employ negative feedback with or without output transformers to establish a 50 0 input and/or output Z and | show many 
examples on ths site. 


“The following diagram explores 1 method to get a 50 9 output impedance in a simple amplifier. It doesnt matter ifthe transistor is a JFET or a 
BIT, the principle is the same. This diagram and tutorial are simplistic and meant to help navice builders learn to design their own amplifier 
stages. You may connect any resistor value across the output of a transformer to calculate power, however, this web site only considers 50 
ohms. 


Broadband Amplifer with 50 Ohms Output 


100 


How to determine # turns for smallest link: 


‘The smallest wind 
51 XL = 50 ohms 
4x50 ohms = 200 ohms 


pein ad For FT37- 43 ferrite toroi 
3.5 MHz 


5.0 MHz 


ng should have 4X the XL 


220 


1800 / 50 = 36 or 36:1Z ratio 


Square root of 36 = 6 & 


‘Therefore the turns ratio is 6: 1 


‘The above diagram describes a broadband (untuned) amplifier. | employed a FT37-43 ferrite toroid: a common part. Other ferrite toroids may be 
substituted, however the table depicting the minimum number of turns won't apply. 


Consider the BJT amp shown. The transformer primary winding is shunted with a parallel 1800 0 resistor. The 1KB resistor “forces” a 1KB ohm 
collector output resistance in the primary winding 


To transform the 1800 © primary impedance to 50 ohms; use a 3 turn secondary link. Calculate the primary to secondary tums ratio as follows: 


11800 ohms divided by 50 ohms = 36. The impedance ratio = 36:1 
“The tums ratio is the square root of the impedance ratio; thus the turns rato is 6:1. The primary winding must have 6X the number of turns of the 
secondary winding. In the 3rd RF Workbench web page, youll see that the above explanation pertains to the "ideal transformer”, 
concept is useful — especially to the target audience of this website 


New builders might ask —why not wind 6 tums for the primary winding and 1 turn for the secondary winding? We avoid this because the smaller 
or secondary winding should have have a minimum inductive reactance (XL) of 4X the impedance itis connected to. Thus for a 50 ohm circuit, 
the minimum XL = 200 © at the design frequency. 


‘This design rule serves only as a rough guide. We employ the minimum 4X rule because employing an XL less than 4X may create unwanted 
signal losses and affect the smaller winding's impedance. The table to the right of the amplifier shows the minimum numbers of secondary turns, 
for a few common frequencies with the FT37-43 ferrite toroid 


‘Thus for our 7 MHz amplifier, we need at least 3 secondary turns and multiply this number by the turns ratio to give a 18:3 tums ratio. You might 
also choose 24:4 


For ferrites other than the FT37-43, calculate the minimum number of turns with the XI 
AL toroid data, or measure L with an inductance meter. 


2 pi* FL formula and detemine L from the tuins versus 


For AC measurement a 50 0 purely resistive load should be temporarily connected between the output link and ground. This might be a 51 ohm 
resistor, a 49.9 ohm 196 metal film resistor, 2 parallel 100 ohm resistors, or some other "50 0" load. We measure peak-to-peak voltage across 


the load and then calculate the power in dBm or mW. After measurement, the temporary 50 0 load is removed and the circuit connected to the 
succeeding stage. 


SL and 49.9 O resistors, 


‘We measure the peak-peak voltage across this 50 ohm resistor with a 10X ‘scope probe; or alternately may connect the device output to a 50.0 
terminated scope to measure peak-peak voltage to calculate power. 


| normally measure in a 50. measurement environment and temporarily solder a BNC connector onto my breadboard and connect this port to a 
50.0 terminated scope with coax. After testing and voltage measurement, | femove the RF connector and then build and test the next stage. 


Case Study 
oe 001 

30.0 Miz 

31d overtone! 
QL=2N3904 Q2=J310 
LL= 13t T25-6 
TL = 13t primary : 3t secondary T25-6 
CV =2.5-10 pF trimmer cap 


Pretend that you breadboarded the above circuit entitled "Case Study". This is a SO MHz crystal oscillator and buffer. The crystal fundamental 
frequency = 16.7 MHz, but the Li tank is tuned to its 3rd overtone; 50.0 MHz. You measure and record the peak-to-peak voltages at the points 
labeled A, B and C 


Case Study Peak-peak \ oltages 


‘The peak-to-peak voltages are shawn as Vpp. The vertical scale (volts/cm) is shown on the bottom of each figure. 


Examine Point A. The AC voltage = 12.1 volts peak-peak. Compare this to the peak-peak voltage at Point B. Note the difference. Some builders 
emailed me after they measured similar dtferences on the primary and secondary transformer windings of their circuits with a 10X probe. These 
builders felt something must be wrong. All normal; you can expect the peak to peak voltage to roughly decrease (or increase) by the transformer 
turns ratio, 


‘The 12.1 volts peak-peak decreased by a factor of 4.3 (13 /3 tums ratio) which is 2.8 volts peak-peak. In our case, the measured secondary 
peak-peak voltage was 3.08 volts — in the ballpark. Please remember this serves as a coarse guide only. Ithelps you to kriow what to 
reasonably expect during signal viewing, 


Peak-to-peak voltage changing in accordance with the transformer turns ratio represents a simplistic explanation describing the "ideal 
transformer’. To understand real world transformer function, you must contemplate factors such as Ohm's law for AC, conservation of energy 
(this is what causes the voltage to drop while preserving power) and basic transformer behavior. These principles are explained in publications 
such as The ARRL Handbook for Radio Communications, or the RSGB Radio Communication Handbook. An ald high school physics text book 
might prove a better reference. 


Here are the case questions: 


1. Calculate the power in dBm at point B 
2. Calculate the power in dBm at point C 
‘3.What is the attenuation in dB of the 50 ohms attenuation pad? 


4, What is the output power in mW of this stage? 


Click on this link for the answers and to see the actual resistor values of the attenuator pad. 


Finally, placing a 10X probe at Point A will de-tune the L-C tank circuit somewhat and thus alter the AC voltage. In real-world building; to tune 
92, tweak the variable capacitor (CV) with yaur 10X probe connected to Point C. 


everything properly. 


“The breadboard of the 50 MHz oscillator prototype. 


Oscilloscope Probing 


10x Oscilloscope Probe 
Please refer to EMRFD Chapter 7 for great information about measuring power in RF circuits. The 10x oscilloscope probe is one of the most 
important measurement tools to have on your bench. There are countless web articles concerning the 10X probe, so I don't have much to add. 
‘Take care of your 10X probe: don't solder components you've clipped your probe to; avoid setting heavy objects on the cable; store it carefully 
and inspect it frequently 


‘When do you use a 10X probe ? Measure with a 10X probe for in-situ (‘in place", or "in circuit") voltage measurement and in situations where 
‘you can afford a 10X reduction in sensitivity. in low level measurements such as millvot level measurements, the reduced sensitivity of a 10X 
probe may reduce or disallow accurate measurement. Additionally, the 20 pF or so capacitance of a 10X probe can detune resonant circuits; 


especially at VHF on up. 


Close up of the Rigal ascillascope probe 10X and 1X switch 
50 ohm Terminated Oscilloscope 


ALRE, we generally work with (oF try to work with) circuits with 50 Q impedances. If possible consider performing your measurements in a purely 
50 ahm environment. 


‘That is — instead of using @ 10X probe, shunt the oscilloscope input port to ground through a S0 Q resistor and connect your test circuit to the 
‘scope with 50 ohm impedance coaxial cable. On my'scopes, | have Channel 1 set up far the 10X probe work and Channel 2 set up for a 50 
ohm environment. 


| asked Wes about the benefits of performing measurement in a 50 Q environment. | learned the main advantage of a 50 chm approach is a well 
defined port impedance. The second virtue; a 10X greater voltage sensitivity — the increased sensitivity for low level measurement amazes me. 
In some cases, small signals that | couldn't accurately measure with a 10X probe, gave an excellent scope tracing with more consistent voltage 
readings in 2 50 0 environment. 


You also may enjoy improved signal viewing. For example, in a few cases | have observed harmonic distortion with a 50 ohm terminated scope 
Unseen with a 10X probe | confirmed this distortion with a spectrum analyzer. 


It you have never performed measurement in a 50 Q environment, consider trying it out — you'l enjoy it You may buy commercial 50 0 feed- 
through devices that connect to your oscilloscope input, or homebrew your own, but try to Keep the 50 ohm termination as close to the 
oscilascope input as possible. 


Device 
under test 


50.0 500 


50 


Establishing a 50 0 impedance measuring environment. The oscilloscope input is terminated with a 50 Q resistance and connected to a device 
with a 50 © output impedance via 50 0 coaxial cable, 


“Try not to routinely connect a feed-through attenuator pad to your feedthrough 50 0 ‘scope terminator — error may arise. 


My very frst homebrew 50.0 scope terminator module with 2 female connectors. | connected this module to my oscilloscope input via a 
commerical 9 cm long 80 A coaxial cable with a male connector on each end. 


‘Two parallel 100 ohm resistors formed the 50 0 load. Ideally, the 50 Q shunt resistor should be right at the 'scope's female BNC jack — so this, 
homebrew module shown fell short as a stalwart 50 0 terminator. Inspired to move to a 50 Q environment and lacking a male BNC connector, it 
did the job until my commercial version came by mail. You might find ascillascope feedthrough terminators for sale at Ham festivals, 

‘An ideal homebrew solution — place a male and female BNC connector in a small metal box very close together to allow a very short 
interconnecting wire. The box would hang off of the oscilloscope. Better still are commercial, shielded 50 0 feed through terminators which thread 
Tight onto the oscilloscope’ female BNC input jack. 


Above — a commercial 50 0 feed-through BNC terminator on my oscilloscope input 


‘Above — Measuring in a.50 Q environment. Bliss! A moGn0 sto, 


RF Current Sampler 
Figure 1 


502 502 


‘RFin & ® RF out 
DT 3 


10t RF Current 
Sample 


502 


All ports are terminated in 50 Ohms 


RF sample port will present as 0.5 Ohms 


in series with the RF signal path 


Figure 1 shows a basic circuit to sample RF current from a power stage such as a QRP transmitter. Many experimenters lack 50 0 step 
attenuators rated to handle transmitter-level power. One basic solution is to sample the RF current of the pawer amplifier using a wideband step- 


down transformer. Terminate the RF current sample port with a 50 0 impedance device. This may include a spectrum analyzer, power meter, 
receiver with an attenuator, or a 50 9 terminated oscilloscope, 

‘A.usage example = examining a transmitte's spectral purty with a spectrum analyzer. The output power at the sample port will drop by 20-22 
dB. A 50.0 impedance step attenuator can be used to further reduce this power level to whatever you want. For this chore, a typical 
experimenter’s 1-2 watt step attenuator works, since it never "sees" the higher wattage transmitter power. 


For example, a 5 watt amplifier 20 dB down is 0.05 watts or 50 mW at the RF current sampler port. 50 mW = 17 dBm. To examine this signal 
with a spectrum analyzer you may wish to decrease the power down to -27 dBm. The following chart shows the basic process, 


RF power at sample port assuming 20 dB attenuation: 
RF power = 50 mW = 4.48 V pk-pk = 17 dBm 


RF power = 5 watts = 44.72 V pk-pk = 37 dBm 


Say we want -27 dBm power for examination ina 
Spectrum Analyzer 


Desired RF power = .002 mW = 28 mV pk-pk = -27 dB 
Therefore we must further attenuate the signal 44 dB 


With the RF sampler, you can do all of the attenuation 
(64 dB) with a common, low-power step attenuator. 


‘AHammond chassis shields the RF current sampler used on my bench. 


Transmitter Spectrum Analysis 
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Analyzer 


The above graphic illustrates 2 methods to examine the output of a transmitter in a spectrum analyzer. Method B is described above. The 
dummy load must handle the transmitter output power, however a § or 10 watt dummy load is easy to make. Method A requires a step: 
attenuator which can handle the transmitter output power. The low evel power meter promotes the need to quantify the output power before you 
connect anything to the output of the attenuator. This is also true for Method B, 


Always measure the output power at the RF sample port with your oscilloscope or low-level power meter before hooking up any 
expensive low-level measurement device such as a spectrum analyzer! octopoxio! 


Miscellaneous Photos 


Feed-through 
terminator 
DC to 1GHz 
500/1W 
Made in China 


AE EMMA, 9 


UNE TERMINATOR 50.01% 


Above —a 50 0 BNC terminator. These are essential QRP work bench items and may be found on eBay for cheap. 


for a photograph of 4 of my BNC RF port terminators: 27, 50, 75 and 100 ohms from left to right —useful to calibrate and test RF circuitry. 
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RF — Test and Measurement 


RF Workbench Page 2 


Welcome to part 2 of a web series exploring basic RF measurement and 
bench practices. This installment builds on the information from the RE 
Workbench Page 1. 


| share introductory and practical content on attenuation, the return loss 
bridge, insertion loss or gain and spectrum analyzers. Consult EMRED and 
Use your favorite web search engine for more information. 


The Attenuator Network 


Like onions in your kitchen, the importance of attenuators can't be 
overstated. On the bench, attenuator pads go in nearly every test circuit to 
deliver correct power and/or help match port impedances, 


Think of attenuators as passive networks that intentionally insert power loss between 2 components independent of frequency. For example: you 
might follow a 50 © signal source with an attenuator to decrease its power, increase its retutn loss, andlor buffer it rom downstream impedance 
changes. 


Most attenuator networks have fixed input and output impedances. 
‘The input and output impedances may be the same, or dfferent. 

‘Attenuation may be fixed of variable. Most often, we use simple, fixed resistive pads that function as voltage dividers. 
Express attenuation in dB, 

‘Attenuators increase return loss and reduce VSWR. 

‘Attenuators may function as butters to isolate stages, 


All attenuators on this web site feature 50 9 input and output por. 
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‘The desired response of an attenuator network. Practically speaking, device construction techniques including shielding will limit how high in 
frequency your attenuator will properly operate, 


im g908 2008 


‘A pair of commercial 50 © inputloutput impedance step attenuators fram the past. Occasionally, youll find them for sale at Ham festivals or 
estate sales. Most work well for HF and pethaps even VHF work depending on their design and condition. Visually examine and test the 
attenuator before use. 


How to Design and Build Attenuator Networks 


‘To design attenuators with a 50 0 input and output impedance, | recommend viewing a table. Click for a table, 


‘After choosing the degree of precision; solder up 2 or 3 resistors and you're done, Nearest value 5% tolerance resistors offer reasonable 
precision for our popcorn circuits, but combining 1% and 5% tolerance resistors works too, 


Choose low inductance resistor such as carbon film types and strive for short lead lengths. Well consider resistor power dissipation —for 
example, an 8 dB attenuator pad will dissipate 84% of the RF passed through it. | have seen attenuator pads that were exposed to high power 
land some or all of the resistors were burnt and tumed to charcoal. Clearly the operator did not regard the power rating of the attenuator 
resistors. Refer to EMRFD Section 7.4 for practical information concerning attenuator design and power dissipation. 


“Three of the attenuator pads from my bench attenuator drawer. When using Ugly Construction or its variants, you can solder in, change, or 
remove attenuator pads at a whim. A small stock of these pads speeds up yaur work flow. 


‘A.10 dB attenuator pad from my collection. This box uses two 100 0 (5%) resistors and a 68 ohm (196) resistor for the 96.2 and 71.2 ohm 


resistances called for. | used the 1% tolerance part because all my 68 Q resistors are metal film 196 tolerance 1/4 watt types, Pethaps, Ill pursue 
a closer match to the calculated resistor values 1 day, but this module works okay. You may also stick 2 seperate attenuators in the litle 
Hammond box shown, 


Two commercial BNC feed-through (in-line) attenuators. | use these every day and prefer them over homebrew R networks since they don't 
require a coaxial cable. | own many: two 6 dB, two 10 dB, one 3 dB and a 20 dB: all were purchased on eBay. 
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6 dB ATTENUATOR 


Two commercial SMA in-line attenuators for my VHF and UHF experiments: 6 and 15 dB. Click for a marker table with 4 data points derived from 
sweeping these 2 filters, 


Step Attenuators 


A tep attenuator belongs on every serious RF workbench. They allow in-situ attenuation adjustment with a degree of precision as low as 1 dB. 
Step attenuators are nothing more than switched calibrated resistances and the switches can be SPDT, relays, rotary or digitally-controlled 
types. The quality and price of commercial attenuators varies widely. Experimenter concems include the minimum attenuator insertion loss, 
power rating, return loss, noise from switch contacts and noise from the resistors themselves. 


‘A homebrew step attenuator makes a great weekend project and almost every radio handbook contains 1. Web linked projects plus commercial 
kits may be found online — use your favorite search engine to find them. 


‘Some homebuilders prefer 1% metal fim resistors to keep resistor noise down. Stick your step attenuators in a metal, RF-proaf box and insert 
quality interfaces such as BNC, N or SMA connectors. Your needs, budget and parts collection determine the outcome when you home build 


Serebriakova Attenuator - Cepe6pakoea atrenioatop (50 Om) 


Serebriakova Attenuator 


cts) 


500 


e 


‘You may omit the capacitors at HF 
Her Kowaercatoper na < 30 MIy 


‘The Serebriakova; a simple, variable attenuator well suited for QRP homebuilding. Filled with gratitude to its Russian designer's family, I share 
this contribution with my readers. This attenuator network makes signals smaller of larger in a 50 ohm environment via a potentiometer. My 
analysis indicates acceptable performance considering its simplicity. The input match is clase to 50 © across the range of the potentiometer. The 
‘output match across the potentiometer range is mediocre. Click here for a DC match analysis from Wes, W7ZOI. As shown, you wouldn't place 
this device on your main bench signal generator output as the output impedance diverges widely during amplitude adjustment. 


‘Aid fixed attenuator pads onthe input and/or output t improve matching into SO ohms. This circuit could serve in mutiple applications including 
an RF gain control on a receiver front end, for bench measurement (when adapted) and fora low-level transmitter gain contrl. The Serebriakeva 
attenuator may function up to 500 MHz in carefully constructed, shielded box. The input and output capacitors may be omited below 30 MHz 
“The attenuation varies a minimum of 20 dB when turing the potentiometer from CCW to CW. Click fora build by he yi 
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‘A variant of the Serebriakova attenuator is shown above. Input and output matching are enhanced by fixed attenuator pads. The input match into 
50 ohms is fine. After testing, | learned that the fixed 4 dB output attenuator pad is likely too low to ensure a wide range output match into 50 
ohms. A 6 or 10 dB output pad is preferable, however, if this is your only variable attenuator, the device would then only be usable for very low- 
level work. You can decide what value of input or output pads to use. 


Anew, clean and small size 500 chm pot works best. Store your potentiometer collection in sealed plastic bags to keep out workshop and house 
dust 


Serebriakova Attenuator RL and VSWR @ 14 MHz 


Setting Input -4dB Input -10 dB ‘Output 
Go| 27.94; 1:1.08 | 30.648; 1:1.06 | 9.648; 4: 2.00 
ET) 17.08 ap; 4 :1.30 10.5 dB; 4: 1.85 
S| 25.408; 4:12.19 21.2 dB; 1: 1.19 


Shown above are retum loss (RL) and VSWR measurements performed on the adapted Serebriakova attenuator shown above. Clearly the input 
match is better than the output match. The output match did not significantly change when the attenuation switch was moved from 4 to 10 dB 
attenuation or back. 


Based upon these values, it might be a better campromise to put a $to 4 dB pad on the input and a 10 dB attenuator pad on the output to 
ensure an output RL of at least 20 dB. Some might argue that the output RL should be higher. Perhaps, but the match is pretty good for such a 
simple citcuit. Let's puttin perspective; a commercial signal generator that sells on the Internet for $450.00 U.S dollars was measured by a 
builder | know in the UK and he found a best case RL of 10 dBi! Jim later sold it and built a homebrew signal generator with a 35 dB return loss 
at all frequencies. 


Fixed attenuator pads provide a good remedy for mismatched ports and I discuss why and how in the next section. 


‘The shielded, adapted, Serebriakova attenuator. When home building your personal version, strive to make the AC connections as short as 
possible, The abave device has nearly 23 dB of variable attenuation at 14 MHz. If you can't build, find, nor afford a precision step attenuator for 
‘your QRP workbench, this device may work okay for you. 


Impedance Matching, Return Loss and VSWR 


‘We radio folks build, buy and apply lots of gear with a stated nominal 50.0 input or output impedance. In truth, a pure 50 © impedance occurs 
rarely and components in an RF system are frequently mismatched, Almost every Ham radio operator matches their antenna impedance to their 
{eed line + radio to maximize transmitter output power — but radio and antenna system matching is often the only case where these Hams match 
theie gear. 


In contrast, we experimenters, tirelessly match our 50 ohm RF system components — this work flow avails our modus operandi on the bench. 
‘And 50, we builders match the input andlor output ports of all aur RF stages: signal generators, fiers, splitters, antennas and so on. You can 
easily measure the impedance match of your RF components with a basic device based upon a Wheatstone bridge; the return loss bridge. First, 
let's discuss matching a litle more: 


On the RF Workbench, we talk about return loss, reflection coefficient and VSWR to quantity impedance matching. | only consider return loss 
‘and VSWR on this web site. 


‘When 2 system components are impedance matched, maximal power transfers from 1 device to the other. Ifthe impedances are ditferent, RF 
power is reflected back to the signal source. This reduces the amount of power delivered to the load. Transmitted and reflected waves moving 
along a transmission line superimpose and cause standing or stationary waves. The greater the impedance mismatch between the 2 
components, the larger the amplitude of the standing waves. Mathematical formulas compute how much power is last due to mismatch. Consider 
reading a great tutorial on SWR, Return Loss, and Reflection Coefficient linked here by Wenzel Associates. 


Return Loss 


Retum Loss = the difference between the outgoing incident power and the reflected power as a result of the mismatch between the the signal 
Source and its load. Return loss is expressed in dB as a positive number on this web page. The higher the return loss, the better the impedance 
match. An ideal prefect match would have a RL of infinity; that is, no power is reflected ack to the signal source and all of the incident power is, 
delivered to the load. If circuit has no load (open circuit), the RL is 0 dB — all of the power is reflected back to the signal source. 


2048. We 


Other terms quantifying return loss are SL1 and S22, however S11/S22 are the negative of return loss: RL = 20 dB or S11/S22 
say S11 as S —one —one and S22 as S — two — two. | discuss these S-numbers, or Scattering Parameters elsewhere. 


VSWR 


Voltage standing wave ratio is another measure of how well the components in an RF network are impedance matched. Increasing the return 
loss lowers the VSWR and vice-versa. Most amateur radio enthusiasts are familiar with VSWR and often refer to itas "match’ or "SWR’. RL and 
‘VSWR can be derived mathematically from one other. VSWR = [10"(RL/20) + 1] / [10°(RL/20) - 1). Note X * Y means X raised to the power of 
Y therefore 23 = 22x; 


1.07 VSWR 


‘Thus @ RL of 10 dB = 1: 1.92 VSWR and 20 dB = 1:1.2 VSWR and 30 dB 


In EMRFD, Wes presents a return loss bridge as Figure 7.41. This circuit, shown below is easy to build and use. 


Return Loss Bridge 


RF Input 
500 we 
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oo IIE 
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“The 60 0 impedance detector may include a spectrum analyzer, power meter, receiver with an attenuator, or a 50 0 terminated oscilloscope. On 
my bench, a 50 ohm terminated scope is favored. 


Let's measure the return loss of @ 27 0 resistor to learn how. The procedure with a 50 0 terminated ‘scope follows: 


Connect @ 50 0 output impedance signal generator to the bridge RF input port with 50 ohm coax; 
Connect a 50 ohm terminated oscillascope to the detector port via 50 ohm coaxial cable; 
Record the peak-to-peak (open circuit) voltage with no load on the end of a short coax cable connected to the unknown Impedance port; 
Record the peak-to-peak voltage with "unknown" coaxial cable terminated with the 27 0 resistor 
Calculate the power difference in dBm between these 2 peak-to-peak voltages. 
Return loss = the difference in dB between these 2 values calculated by hand or with software. Please refer to the RF Workbench Page 1 for 
information how to calculate power. | wrote a JavaScript Applet that take these 2 peak-to-peak voltages and calculates RL and VSWR: its 
labeled K on this web page. 


Before measuring the unknown RL of a circuit, we usually connect a 50 0 terminator to the unknown impedance port and calculate the best 
possible return loss: we refer to this value as bridge directivity — the best passible match for that return loss bridge at that test frequency. | keep 
‘a permanent 50 0 terminator + a barrel connector on my bench for this purpase. 


Click for a photo of the gear | use for all RL measurement. Best viewed at full resolution 


Lets run through the procedure to measure the return loss of a 27 O resistor again, but with added photographs and ‘scope captures. | tested at 
14.070 MHz 


Above —Welll measure the retum lass of this device; a 27 0 resistor soldered on a BNC connector. We call this a resistive terminator and | 
keep a small collection of 27 - 100 © terminators on-hand for calibration purposes. 


Agilent 
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‘Shown abve — The peak-peak voltage with a 14.07 MHz oscillator connected to the RF port; a 50 terminated scope connected to the 
detector port; and a 20 cm — unterminated — 50 9 cable connected to the unknown impedance port. The open circuit measurement. 


Above — Next, I connected the 27 © terminator to the unknown impedance coaxial cable with a thraugh-connector interface. 


Pk-Pk(2): 


Frac 


‘Shown above — The peak-peak voltage with a 14.07 MHz oscillator connected to the RF port; a 50 0 terminated scope connected to the 
detector port; and a 27 0 resistive terminator across the end of the unknown impedance cable. The reflected signal from a 27 Q resistor. 


K. Calculate Return Loss and VSWR (50 Ohms Detector) 


http://www.qrp.pops.net/qrp-java-calculator.htm 


Enter the detector signal in pl-pk volts when the unknown por is terminated in an open circuit: [135 


Enter the detector signal in pk-pk volts when the unknown port is terminated in the uaknown impedance: [35.8 


Retum loss = 11.53dB, VSWR=1:1.72 


‘Shown above — Calculating the return loss and VSWR of the 27 © resistor with my JavaScript Applet K. mV versus volts peak-peak does not 
matter since we calculate a ratio of power. 


Use the return loss measurement procedure depicted above to measure the return loss of any device you choose. If your D.U.T. has 2 ports, 
terminate the unmeasured port in 50 Q. | show further RL measurment examples on RF Workbench 3, 


| measured the return loss of some commercial gear in my shack and yard and will share 2 examples: 1) An expensive commercial transceiver | 
borrowed had an input port return loss of 15 dB (a 1.4:1 VSWR) The return loss of 15 dB indicates that the reflected wave power is 15 dB lower 
in power than the incident wave. 2) With a borrowed commercial bridge, my tuner-matched antenna revealed a return loss of ~60 dB. 


ARL bridge from my bench built with 51 0 5% tolerance resistors. | show a better RL bridge and some other experiments on RF Workbench 3. 
Return Loss and the Attenuator Network (How Do Attenuator Pads Improve Component Matching?) 


‘We routinely employ attenuator pads to increase retum loss in a 50 0 RF environment. For example, let's say you testing a signal generator 
land measure a return loss of 6 dB. If you place a 10 dB attenuator pad ater the signal generator, the return loss increases to 26 dB. If we used 
26 dB pad instead, the return loss would now = 18 dB. In both cases the retum loss is increased by 2x the attenuator pad value. The doubling 
of retum loss occurs because both the incident wave and reflected signals pass through the attenuator pad — that's how attenuator pads 


Improve matching, 
‘Attenuator pads reduce power, but that is why somebody invented the RF amplifier. 


‘What is the minimally acceptable retum loss for a device such as a signal generator? No single answer exists. The minimum return loss depends 
fn the context: are you making precision circuits or just tuning an antenna? 


Precision Circui 


For amateur experimenter bench circuits, aim for a return loss of at least 20 dB. This often means adding an attenuator pad to the parts of your 
signal generator, amplifier, or other device to get a minimum 20 dB return loss. For an electronic engineer, the minimal return loss is probably 
higher; maybe 30 dB or so. | have read conflicting opinions about this and for some people — me included — design overkill is normal 


Antenna tuning: 


‘When tuning an antenna for full transmitter output power, the minimal return loss is around 14 dB (a VSWR of 1:1.5). f you measure an antenna, 
system return loss of 14 dB or better, the match is fine. Many Hams will protest a 1:1.5 VSWR and ardently chase a 1:1 VSWR on every 
frequency with their antenna tuner. 


A Method to Measure Insertion Loss or Gain 


Often, we want to measute the gain of an amplifier or the insertion loss of a fier, or attenuator pad. | show how to do this with a 60.0 
terminated scope: 


50 Qeoax 
with BNC 
connectors 

6-10 dB 
a DUT YE Hh aa IY Ha SG 
500 B: ro rh A 


1. Peak signal generator or tweak 
filter tuning capacitors for 
maximum signal in oscilloscope 


2. Record AC voltage in scope 


3. Remove Device Under Test and 
replace with ENC barrel connector 


4, Record AC voltage in scope 


“The circuit starts with a signal generator set to the frequency of interest. | show an attenuator pad in this diagram to stress that the signal 
‘generator output port must have a return loss >= 20 dB. 


Connect the input of the 50 © Device Under Test to the generator output via 50.0 coax 
Connect the 50 © output of the D.U-T. to your 50 0 terminated oscilloscope 
Turn on the signal generator and if needed, peak the signal; In the case of a low-pass filter, the signal generator frequency control is tweaked 


to give a maximum pk-pk voltage in your ‘scope. When evaluating a band-pass fiter, tweak the fiter trimmer capacitors fr the maximum signal 


Fatigue & Breakage 


Earlier I explained how multi-stranded hookup wire is flexible, which also makes it 
vibration proof — that’s why a car’s electrics are full of multi-stranded wiring, and test 
equipment probes use ultra-flexible multi-stranded wire for the same reason. Solid-core 
wire can be bent and will stay in shape (called “plate wiring”) but if it’s repeatedly bent or 
vibrated then it may eventually break somewhere due to fatigue. 


The same is true of wires that have been soldered or tinned. No longer is the wire 
100% multi-cored and flexible — instead it’s been turned into a single core wire at the point 
where it’s been soldered. This is potentially a weak spot and could eventually fracture due 
to fatigue, if subjected to continued vibration (e.g. in a car engine bay or in motorised 
equipment). 


Ina lot of equipment problems can be avoided by adding strain reliefs of some sort, 
to stop the wire being flexed where it’s been soldered, Heatshrink tubing, or a dab of hot- 
melt glue, are ways of taking the pressure off the joint and ensuring soldered wires won't 
snap off due to vibration. 


One of the reasons that higher-quality equipment and cars etc. use crimp terminals 
and connectors is that crimped (as opposed to soldered) connections retain all the 
flexibility of multi-core stranded wire from end to end, avoiding problems of wires 
breaking off. A ferrule is a very neat way of tidying wire ends and preventing stray 
strands of wire doing damage. Ferrules can be used to connect wires into screw terminal 
blocks etc. Simply clamp the terminal block down onto it and the screw will grip the 
ferrule. 


+ Instead of soldering them, wires can be terminated with ferrules prior to fitting to 
e.g. screw terminal blocks. This makes them vibration-proof and also avoids any problem 
of stray wires poking out. 


at the desired center frequency. Signal peaking ensures that losses caused by the fiters are not caused by the filter mistuning, orn the case of 
the low-pass fiter, to allow for cutoff frequency deviation caused by component value variations. It may be necessary to increase the signal 
generator amplitude to view a good quality signal in your ‘scope. 

Record the peak-to-peak voltage. 

Remove the DUT and replace it with a BNC through-connector and record this peak-to-peak voltage. 

Calculate the power in dBm of the 2 recorded voltages — their cference equals the insertion loss or gain in dB. | wrote a JavaScript Applet 
to do this. Click and scroll to H 
This awesome measurement technique controls the input and output impedance and uses the same coaxial cables with and without the D.U.T. 
for accuracy. Some builders might choose to terminate the D.U.T. with a 50 0 resistor and measure with a 10X scope. The capacitance of the 


probe may alter measurement in some cases. As always, choose your measurement technique based upon whatever gear you own and how 
exacting your standards are. 


insertion Loss of an N = 5 Chebyshev Low-pass Filter 


Filter -5.14 dBm Wo Filter -4.94 dBm 


Insertion loss = 0.2 dB 


Spectrum Analyzers - Comments from the Workbench 


Electronics professionals ruminate that spectrum analyzers are uncommon because experimenters perceive them as esoteric and difficult. My 
own opinion difers. Spectrum analyzers are relatively uncommon because of one reason - cost. | have watched prices on sites like eBay with 
amazement. The ads go something lke this: 1.5 GHz spectrum analyzer for sale. Built in 1982. Ships in 2 pieces weighing over 22 kilograms. 
Minimum bid $1850.00, And...sorry, | lve in Florida, U.S.A. and in all likelihood, shipping these 2 heavy pieces is going to cast you a fortune. In 
the attached ad photos you can see lots of wear and tear, plus some screen burn-in on the display... Guaranteed to turn on however! 


Perhaps | exaggerate or even lampoon the perceived value of old boat anchor spectrum analyzers, but | have bought and sold cars for less 
money. Be prepared - spectrum analyzers are not cheap. They are however, very cool and open the door into a truly fascinating world. 
Frequency domain circuit measurement (spectrum analysis) addicts and intrigues. Homebuilding a spectrum analyzer is a serious option, but 
requires advanced building skills. Click and click for the W7ZOUK7TAU project. 


In recent times, the Rigol DSA-815 spectrum analyzer with tracking generator proved a game-changer to the bloated price of heavy, old and 
tired gear. Click for a Rigol datasheet. Signalhound also sells spectrum analyzers and tracking generators . A tracking generators plus spectrum 
analyzer allows you to sweep your device under test over a range of frequencies. 


Prior to using a spectrum analyzer, | casually considered shielding stages or placing critical pieces in RF-proof boxes. Quickly | learned that RF 
in our home and community can and does get into your projects. p> 


tn en A Fa “ 


“The center frequency of the display 


-150 MHz. The signal spikes appeared and disappeared after 4-9 seconds or so — after a litle detective 
‘work with my scanner, | leamed they were local police and ambulance FM radio conversations. | noticed this interference when | took the lid off a 


RRF-tight band-pass filter — these signals arose in a 28 MHz superhet receiver ! While low in amplitude, experiences like this inform us to watch 
for lurking RFI 


ound numerous sources of RF in our home with a spectrum analyzer —the clothes washing machine during its spin cycle proved to be the 
worse RFI generator. RF-tight shielding with SMA, or BNC connectors and DC feed-through capacitors and aggressively decoupling and 
bypassing DC lines eliminated many of RFI problems during my experiments, | now better appreciate these anti-RFI techniques. 


‘Spectrum Analyzer Calibrator 


Spectrum Analyzer Calibration Oscillator 
17509 
12, @—_y cen 


1K 


51 
ark. a Ke 


10K 


‘Aharmonic rich, spectrum analyzer calibrator designed by Wes, W7ZOl and displayed with his permission. Adjust the 10K potentiometer to 
provide the output power needed to calibrate your spectrum analyzer. | set mine to -27 dBm. Be careful when connecting signal generators to 
your spectrum analyzer, since a higher than rated input power may destroy the mixer/front-end of your spectrum analyzer and cast you dearly 


5 MHz Low-pass Filter 


RMS voltage 
609 12uH 25uH tzan [> 


paca se FT] 


28 AWG wire on T37-2|  50¢2 terminated 
A2ull-171 25 ult-25t scope 


[used this fter to set the -27 dBm power needed to calibrate my spectrum analyzer. 


Breadboard af the S MHz spectrum analyzer calibrator. 


roe 
is 


tet 


{tuse a "50 ohm’ termination when measuring with a 50 © impedance spectrum analyzer 


Spectrua Analyzer 


St © 
t =a 6 


'No resistor is required, as the the input impedance of the SA is 50 O. 


Miscellaneous Photos and Notes 
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Amateur Radio Electronic Design 


Audio Transistor Input Impedance Experiments 


Introduct 


n 


|Lexamined audio transistor amplifier input impedance during Spring — 
‘Summer 2010 and generated enough content for a web page. 


On this web page, | explore determining AF amplifier input impedance 
by using network theory and calculation, plus direct measurement with 
instruments containing a Wheatstone bridge. This content emphasizes 
leaming through performing bench experiments and | hope it sparks 
‘your own experiments and research into impedance measurement test 
equipment and theory. 


Many RF circuits require termination with stages containing a well 
defined input impedance. Consider, for example, amplifiers that follow 
LC low-pass fiters, diode ring mixers or crystal fiters — a kriown 
impedance (usually 50 ohms) must terminate these stages to optimize 
return loss. A special case is the diode ring product detector; which 
‘must be followed by a SO ohm input impedance audio amplifier. How do 
‘we design or assess a small-signal audio ampitier that has a 50 ohm 
input impedance? This question spawned every experiment on this web 
page — the content grew and evalved along with my understanding of 
this topic. 


‘Audio transistor input impedance may be calculated with equations or 
software, however, doing the math or using or affording these programs 
might be problematic for some amateur builders. Additionally, 
component variances such as transistor Beta and different power 
supply voltages can causes significant differences between the 
theoretical and the actual input impedance realized. Further, amplifiers, 
such as a feedback pair that involve combinations af series or shunt 
feedback can be difficult to analyze accurately using equations during 
small or large signal analysis. it may be easier for experimenters to just 
‘measure and tweak amplifier components on the bench — the focus of 
this web page! 


‘As an rank amateur, | have much to learn, and by no means am an 
expert in electronic design. If you see an error on this web site 
disagree with my analysis, or have suggestions for improvement, 
please email them —| am an amateur hobbyist, who eams no money 
from this site, and who relies on the assistance of others to keep the 
content as accurate and vibrant as possible, 


‘The topics: 


FBR art 1: Some basic transistor network theory and how to calculate input 2 


BD Pant 2: 50 ohm input impedance Wheatstone bridge measurement 

I Part 3: Measuring unknown impedances 

HB Pant 4: Miscellaneous circuits, scans and photographs. 

Notes: 

‘Small signal analysis refers to modeling or examining an amplifier at a single operating point (ts bias point) and applying linear equations which 


assess the amplifier with no signal applied. In small signal analysis, we assume that the signal is so small that transistor gain, capacitance and 
other factors are static. 


Part 


: Some Basic Transistor Network Theory and How to Calculate Input Z 


‘Some basic network theory plus methods to calculate the input impedance of common emitter and common base audio amplifiers. 


‘Three basic small-signal transistor parameters include beta, emitter resistance Re, and bulk resistance REB. 


Beta is the term used to designate the current gain of a common emitter circuit — its the ratio of collector (output) current to base (input) 
current. 

‘Small-signal emitter resistance; Re = 26 / IE ,or, 26 divided by the emitter current in millamperes. For example, an emitter bias current of 
0.52 mA gives a small-signal emitter resistance of 50 ohms, of visa versa . Re is the resistance seen looking into the emitter whether the stage 
input isthe transistor base or emitter terminal. Re is the dynamic resistance of the input junction due to carrier action. 

EB represents the bulk resistance of the semiconductor not arising from contact resistance; in other words, i's the DC resistance of the base 
and emitter leads plus the pn junction. Typically REB = 2 to 6 ohms and is often ignored (your choice) when the current is law — say, for 
example, < § mA for a typical common-emiter voltage amplifier. In large power transistors or for switching operations, the typical REB value may 
vary. REB, in part, limits the maximal gain of a transistor. 

‘The constant 26 used when calculating the dynamic resistance of a forward-biased PN junction is derived via calculus. Professor Kuhn's 
‘website link containing the math, 

‘There is also a base spreading resistance generally known as 'rbb’ that, in effect exists laterally across the transistor. A simple model puts rbb at 


about 109 ohms in series with the base and i's one of the causes of finite transistor frequency response. While interesting, rbb isn't discussed 
further. 


Faults & Desoldering techniques 


By putting into practice the guidelines in my Basic Soldering Guide practice, there’s 
no reason at all why you should not obtain perfect results and eliminate any potential 
problems. Hopefully the information gives you plenty of guidance to tackle various 
soldering projects with confidence, There’s no substitute for getting some hands-on 
experience though, so I'd repeat the advice to try assembling a simple high quality 
electronic kit or two, such as those produced by Velleman and see how you get on. 
Powering up your first project successfully is a great thrill as every electronics hobbyist 
knows. 


“* Popular desoldering products, a pump and various widths of desolder braid. 


Let’s now look at reversing the soldering procedure — what to do if things go wrong, 
or maybe you have to repair a circuit by replacing a faulty component. 


A solder joint which is badly made is likely to be electrically “noisy”, unreliable and 
will probably worsen over time. Expansion and contraction of the joint due to heating and 
cooling can also throw up intermittent problems later down the line. The joint may look 
OK but underneath it may have a poor electrical connection, or could work initially and 
then cause the equipment to fail at a later date! These intermittent problems can be 
maddening to fix. TV repair technicians have an uncanny ability to go straight to a faulty 
solder joint because they see the same problem all the time, especially on equipment that 
has a “reputation”. 


Collector 
Terminal 


Base 
Terminal 


Emitter 


Terminal 


Any unbypassed 
emitter resistance 


‘Above — the small-signal equivalent network of any transistor. re = 26/IE. Also, re + REB + any unbypassed external resistor may be termed the 
Transresistance, a DC ohmic value representing the total resistance of the emitter. The collector resistance RC is high because of its reverse 
bias. Collector resistance Is not considered when calculating input impedance of simple AF transistor stages. 


Calcul 


19 the input resistance of a common base stage 


Calculating the input impedance of a common base amplifier is easy. Input impedance = 26/ emitter current (IE). You can either bench measure 
or calculate the emitter current using DC analysis. Click for the formula to calculate emitter current . A complete example follows: 


Common Base Amp- CalculateZin 
12v ve = — 77 _ a2 voite = 2.16 wolte 
LooK + 22K 
out | VE=2.16 - 0.7 volts = 1.46 volts 
1 
a TE =1.45 volts _ sag ua 
(ae 1K 
= 26 (ignoring REB) 
+ TE 
IE 
7in= 26 = 17.81 ons 
If you breadboard the circuit, 1.46 mA 
directly measure IE 


‘Above — An example common base amplifier and its input impedance calculation. In this example, emitter current is calculated using DC 
analysis. On the bench, i's better to un-ground the 2K emitter resistor and connect your ammeter between this resistor and ground to directly 
measure IE. REB was ignored and 


Consider the 50 ohm input Z common base amplifier we often use after a diode ring product detector plus diplexer: 


Common Base Amplifier 


150 
12.24 @-——4 

47 uF — 
2N3904 poet 


Return loss = 32.1 dB 


‘Above — A common base amplifier built for a direct conversion receiver in Spring 2010. This amplifier is shown in test setup for bench analysis 


—with a DC decoupling network and an AC coupled 4K7 resistive load, The emitter current established using 5% tolerance resistors was 0.51 
mA. Therefore, the calculated input Z is 26/0.51 = 51 ohms. The retum loss of this amplifier as measured with the active 50 ohm Wheatstone 
bridge device described later on this web page was a spectacular 32.1 dB! If a different power supply voltage or biasinglemitter resistors were 
Used, the IE would change and along with IE, the input impedance and return loss, 


This amp illustrates that testing and tweaking AF amplifiers on the bench will garner the best results. If just copy someone else's design; 
pethaps with a diferent DC voltage, or decoupling network and don’ adjust the emitter current by tweaking the base biasing or emitter resistor 
resistors, the input impedance could differ significantly. Whenever you build a common base amplifier, measure its DC current and as riecessary, 
tweak resistors to get the current needed for a perfect impedance match. Its good practice to measure all the DC voltages and emitter current 
‘on any amplifier you build — you will learn what is normal, what to expect and perhaps detect errors or parts failure(s). 


Performing return loss measurement is also a fantastic way to ensure good matching to the 50 ohm impedance diode ring product detector that 
feeds this amplifier. 


Calculating the input resistance of a common emitter stage 
Calculating the input impedance of a common emitter amplifier is also straight forward, but not as easy as the common base amplfer. 


In the common base amplifier, the emitter isthe input element, therefore the input signal resistance is 26 / IE + REB. Often we ignore REB. If 
current of the common base amplifier is for example, 2 mA or so, then the 2-6 ohms of REB may be significant as 26 / 2 mA = 13 ohms. REB 
may be a factor because 2-6 ohms is a significant percentage of the total input resistance. 


For a common emitter amplifier, the input resistance looking into the base is Beta (26/IE + REB + RE ). Again REB is often ignored. We need 
to include any transistor DC biasing resistors which are also seen by the input signal as it moves through the transistor base. An example 
follows: 


= Common Emitter Amp— Calculate Zin 


+ | yout 


R13 R2 Re +re+Rep 
+ AC equivalent xtransistor Beta +1 


‘Above — An example common emitter amplifier re-drawn to illustrate how the input resistances combine to provide the AC input impedance. In 
this case, the 270 ohm emitter resistor RE is un-bypassed. R1, R2 and the components RE, re and REB are in parallel as the DC supply acts as 
a short to ground for the AC input signal. The components RE, re and REB (if used) must be multiplied by the transistor Beta value (+ 1) since 
the resistance looking into the base is Beta times that looking into the emitter 


‘Therefore: Rit 


B+1)*((e + REB + RE). Normally we ignore REB so practically speaking Rin = (B+1)"(re + RE’) 


Common Emitter Amp — Calculate Zin bia cae 


KT 


v: Berg * Wevolts = 3.84 volts 
R2= aosigg * 12 volt: 3.84 vole: 


VRE = 3.84 - 0.7 volts = 3,14 volts 


3.14 volts 
279 onms 


11.6 ma 


Calculate the base resistance 8 | ignore FEB ] 
Rp=(Beta+1) * (26 +Reg +RE) 

TE 
Rb = 101 (2.24 + 270) = 27496.24chms 


1 
gin = 

i ra 

ee ae 

Rl RQ Rb 

£ 

Zin = ——________ = 2.86K 

1 1 1 

= Ba PS 


‘Above — The math for the common emiter circuit shown direcly above using DC analysis to calculate the current. On the bench, we just 
measure the emitter current (no need to calculate i). We assume IE = IC for a common emitter amplifier. REB = O (when ignored). Ifthe 270 ohm 
resistor RE was bypassed with an electralytc capacitor, the 270 ohm resistance would also = 0; and then Rb = Beta + 1 * (26/E). 


Conclusion 


This theory explains how to calculate input impedance in 2 basic transistor AF amplifiers. Consult an electronics text for further explanation. 
‘Although the arithmetic is simple, quite frankly, its a litle boring. Let's go to the bench and have some fun. | was quite naive about measuring AF 
‘amplifier input impedance; however, my experiments yielded some knowledge and a strong appreciation for the Wheatstone bridge network. 
Onward, 


Part 


: 50 ohm Input Impedance Wheatstone Bridge Measurement 


‘Testing fora NULL or measuring the return loss of AF amplifiers with a 50 ohm input impedance. 


Refer to the diagram on the right. Redrawn in a way more 
familar to builders, the Wheatstone bridge network Is just a 
pair of voltage dividers in parallel. We measure the difference 
in AC voltage between the ports labeled ut 1 and Out 2. The 
bridge is said to be balanced and produce NULL or 0 output 
when Out Land Out 2 are equal in voltage. Another 
description — when in perfect balance, the signal loss due to 
mismatch between the output ports is infinite. However, i this, 
balance is disturbed by a mismatch between ports Out 1 and 
ut 2, an AC voltage appears and the return loss decreases in 
proportion to the mismatch (within limits and providing your 


instrument can measure accurately). 


Lets focus on some practical bench applications in the new 
millennia: On your bench, you might employ a Wheatstone 
bridge network to measure return loss (or VSWR) orto simply 
to detect a NULL indicating a close impedance match between 
2:stages. Specific examples include tuning your feed line and, 
antenna, checking the match between a signal generator and a 
fier, or measuring an audio amplifier input impedance. In my 
estimation, the Wheatstone bridge lies among the mast. 
important test circuits in the amateur designer's arsenal 

‘worthy of study and experimentation 


Nheatstone Bridge Balanced Network 


HEEB The input signal can be AC or DC, but all discussion is confined to an AC signal source 


HER £06 (1%) metal fm resistors were used in all Wheatstone bridges 


HEBBEN bridges were tested at 1 kHz 


BEBBIM ensure you do not overtirive your bridge; lest distortion occur! When a bridge is overdriven, you might cancel the fundamental frequency 


‘when balancing the bridge, but not the harmonics! Therefore, parasitic harmonics appear in the output that skew the the NULL or return loss 


values, | learned low pass filtering the amplified bridge output is really important. 


FEB ny distortion inthe bridge output means you must reduce your input signal drive level; however, this may reduce the accuracy of the RL 


measurements, There is no free lunch! You generally want just enough input signal to accurately measure the signal with the bridge at NULL. 


Signal in 


x LB | 


RL R4 


R2 


10-turn pot 


Signal in 


Wheatstone 


Bridge 


Comments from the Workbench 


‘Above — an evolution of the 4 resistor bridge into a device to measure impedance and capacitance. In its classic form, each bridge leg is a 
resistor voltage divider with a detector connected acrass ports A and B. If ports A and B have equal voltages and Ri = R2, then R3 and R4 must 
also be equal; the bridge lies balanced or in a NULL state. f you remove R4 and measure an unknown resistance, the bridge will return to 
balance after adjusting pot R2 to equal the unknown resistance. In most cases, R2 is calibrated and the impedance is read directly off the 
potentiometer dial. Bridges can be arranged to measure unknown capacitance, inductance , frequency and other parameters by using precision 
11% fixed components, calibrating the 10 tur pot to indicate the desired parameter, oF for deriving the unknown value via equations. 


Builders of fore used bridges to quantity many values on the bench, Although we have better ways to measure inductance and capacitance 
today, the Wheatstone bridge is still the king when it comes to simple measurement of network impedances; for example, QRP antenna tuners. 
‘Some builders use an LED to indicate bridge imbalance, 


Building a passive instrument to measure the return loss of a 50 ohm input Z audio preamplifier. 


'Non-radio folks don't generally understand this —to properly terminate a diode ring mixer, 50.0 impedance stages are needed. The inspiration 
driving all the experiments on this web page was to design a 50 ohm input impedance common emitter audio preamplifier to follow a diode ring 
mixer. | could have just used the familar common-base amplifier popularized by Roy, W7EL, but of course, wouldn't lear anything. Somehow, | 
became drawn in by curiosity and generated enough content to fil a whole web page. 


| decided to try and build some return loss bridges and test them by using known, fixed.-value resistors as the unknown impedance. My first 
bridge, was an AF version of this RF retum loss bridge using a junk box 600 ohm, 1:1 audio isolation transformer. It didn't work until | rearranged 
itas shown in the schematic below. 


Audio Frequency Return Loss Bridge 


Unknown 
Impedance| 


50.9 Detector 


r ‘ 10019:100 42TMO030-RC (Mouser) 
Ti = 1:1 Audio Transformer 15091500 107D-ND (Digi-Key ) 


‘Above — A simple return loss bridge using an AF transformer and 50 chm detector. Suitable detectors are described here in the section 
covering return loss bridges —I used a 50 chm terminated scope. Using 20 log (peak-peak voltage) to crunch the 50 0 AC voltage into dB, the 
bridge was measured at open circuit, plus with various fixed §96 tolerance resistors terminating the Unknawn Z port. Using a junk box 600 chm. 


4: AF transformer, my results initially seemed good, but upon analysis were fraught with error. Note the suggested transformers in the 
schematic. 


Above —The very first AF return loss bridge built. Anchored to the ground plane with resistors, the transformer was a 600 ohm junk box special. 
‘Although | was able to achieve a deep NULL using a 49.9 ohm resistor, the return loss was 86 dB; not possible. Additionally, ther fixed resistors 
‘gave return lass values more than 4-5 dB away from the proper value. Likely, my junk box transformer lacked sufficient inductance for 1 KHz. For 
testing your bridge, use a formula to inform you of what RL value to expect for a given fixed resistor. 


Calculate the RL of a re: 


(Resistor value - 50) 


(50 + Resistor value) 


RL = -20 log (absolute value of Vv) 


510 ohm resistor: 


v= (510 - 50) / (50 + 510) 
RL = -20 log | 0.82 | 
RE = 1.72 dB 


Above —The formula to calculate the expected return loss for a fixed resistor placed in the Unknown impedance port on a Wheatstone bridge. 
Click for a table of Return Loss values for some non 50 ohm resistors, Your RL values, will rarely be exact, but should be close to the predicted 
value. A well functioning bridge should yield a return lass of > 40 dB using a 81 to 47 ohm resistor as the Unknown Impedance. 


Above — A second bridge was buit after obtaining a 100 0 : 100 © AF transformer from Mouser Electronics. Ths transformer was ideal (each 
coil has ~ 1H in inductancel). Bench testing indicated good function. My results are tabled below: 

‘Measurement of RL B 
ResistorQ |Return Loss (4B) 


‘Above — A table of the above 50 ohm Wheatstone bridge return loss measurements. These results are acceptable. The NULL with a 49.9 ohm 
resistor was incredibly sharp and gamered a RL of 56.73 dB. My AF source was a low noise 1 KHz, 50 ohm output impedance signal generator. 


lou do not need return loss, and only require @ NULL to indicate a match, a common 600 ahm transformer may work okay for you, 


Building an active instrument to measure the return loss of a 50 ohm input Z audio preamplifier. 


‘The results of my early experiments with a passive bridge were encouraging. Noting that most builders would have difficulty obtaining a 100 
1100 © AF transformer, a version using op-amps was sought. My first 3 designs did not work properly and | became discouraged. Some guidance 
from Wes, W7ZOl allowed me to problem solve and experience success. 


100 uF Ate VEC? & 
+ @ VCC=12.2v 
47K 
ieee 77 ATK 
047 
AF S990 $e 
500 
a 4990 highZ buffer py 
2 2KO 7 
4990 > ; , oo] i low pass filter |° 
047 utp > £CO-1005 Hz 
2.6K 
Foyer Q=53 
m0 100K vec/2 
differential amp 
= vec/2 ; 
R1 = R3 (matched)} Audio Frequency 
R2 = R4 (matched)| f 
Gain = R2/R1 Return Loss Bridge 


‘Above — Schematic of my active Wheatstone bridge, amplifier and low-pass fier for measuring the Return Loss of SO ohm input impedance AF 
amplifiers. | built 3 copies of the above device; best results occurred when careful layout and planning were employed. Optimal performance 
occurred when encased in a metal box. 


“The bridge was built from 1% metal film resistors. 0.047 polyester film capacitors lightly couple the bridge to high impedance op-amp butters 
labeled Ula + Ub. My experiments informed me that to minimize loading on the bridge is important. The LM3S8 is an excellent op-amp choice, 
bout almost any other op-amp could be employed successfully. U2a is the differential amplifier and matching Ri + R8 and R2 + RA with 196 
tolerance resistors is critical; 5% resistors did not work well. The gain is non-critical — feel free to choose reasonable resistor ratios based upon 
the resistors you have in stock. The differential amp promotes the unfortunate side etfect of amplifying both the desired AF source plus any 
common mode signals. Although common mode suppression is an important consideration when designing instrumentation amps, fortunately, 
performance is fine. A amplifier topology using a differential amp across the bridge was trialed, but functioned identically to the simpler cifferential 
‘amp shawn, Consult a textbook for more information on Instrumentation amps. Much information was gleaned from Professor Ken Kuhn's web, 
site. 


“The output is low-pass fitered by a single stage Sallen-Key low-pass fiter with a peak frequency of 1 kHz and a Q of 5. This fiter gain at Sat 1 
kHz is 0.328 at 2 kHz and 0.123 at 3 kHz. Thus, the second harmonic is reduced by a factor of (5/0.28) = 15.2 and the third harmonic is 
reduced by a factor of 40.6. Do not omit a low pass filter. | chose a 1 KHz cutoff, ut experimentation indicated a low-pass cut-off frequency as 
high as 10 KHz may work okay if you plan to use the bridge at frequencies other than 1 KHz. 


Power supply decoupling proved important, When less DC low-pass firing (less than the 150 Q plus the 100 uF capacitors shown) was 
employed, some low frequency audio noise appeared in the output. 


* These dry or grey/ gray joints were caused by dirty parts, poor heating and 
inadequate solder coverage 


A solder joint that’s poorly formed is called a “dry joint” or “cold joint” or a “grey/ 
gray” joint. Usually it results from inadequate heating, dirt or grease preventing the solder 
from melting onto the parts properly, and is often noticeable because the solder tends not 
to wet the surface properly. Instead it forms beads or globules. Alternatively, if it seems to 
take a very long time for the solder to wet the joint, that’s another sign of contamination 
and that the joint may be a dry one, or the material is incompatible anyway. A matt, 
crystalline appearance instead of a shiny joint points to inadequate heating: the solder 
cooled down far too quickly and didn’t flow properly. 


Whether you want to replace a faulty component or fix a dry or poor-quality solder 
joint, it’s usually necessary to remove the troublesome solder and then re-solder it afresh. 
Naturally, there are tools and techniques that make the job easy. It’s very bad practice to 
simply re-melt the joint and then lash out with the board, whiplash style, hoping that the 
molten solder will be flicked off the board. 


The usual way of removing solder from a joint is to use a desoldering pump. These 
work like a small spring-loaded bicycle pump, only in reverse! A plunger is pressed down 
until it locks into position. It’s released by pressing a button which sucks air back through 
a pointed nozzle, carrying any molten solder with it, It may take one or two attempts to 
clean up a joint this way, but a small desoldering pump is an invaluable tool especially for 
p.c.b. work and they are widely available now. 


| measured using a X1 oscilloscope probe on the output of U2b. 


‘Above — A breadboard of the active Wheatstone bridge schematic located above. When tested with fixed value resistors, the RL @ 49.9 ohms 
was 55.4 dB and close to predicted value with other test resistors, This instrument will be put in a metal case and become a permanent part of 
my test equipment arsenal 


Part 3: Measuring Unknown Impedances 


Building an instrument to measure the input impedance of an audio preamplifier using a NULL. 


‘Above — One of several Wheatstone bridge circuits built in the Spring-Summer of 2010. In these bridges, the potentiometer was calibrated and 
the panel labeled using fixed resistances for calibration. One big challenge is range or resolution; dependent on the bridge resistor values and 
what impedance you are trying to measure. Greatest accuracy is associated with 5 or 10 tum potentiometers, but these are expensive. Often, 
Used standard, near taper pots to save money during my experiments. Over 7 different bridges were built and tested. To save time, | didnt 
photograph many of my projects from the summer. 
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‘Abave — A complete 1 KHz signal generator, low-pass fiter and bridge circuit which became the prototype for mast of my experiments in this 
section. Click for a high resolution photo of 1 of the breadboards during construction. 


‘The 1 KHz signal generator is a digital oscillator built wth 2 gates from a 4093, This excellent ascillator uses a single R + C network for tuning 
and requires a voltage regulator for frequency stability. The output signal is attenuated 3.6 dB and low-pass filtered by 4 poles of active fitering, 
‘A.10K pot controls the drive into the bridge circuit. The bridge outputs are labeled A and B and require buffering, amplification and low-pass 
fitering similar to the active bridge shown earlier. These functions and some comments on the bridge resistors came later. 


Above — The oscilloscope waveform from the digital 1 KHz oscillator. Digital clocks fascinate me and this was an untried design. Initially a CMOS, 


555 timer was considered, however, | own many 4000 series NAND Schmit triggers and pressed 1 into service. Another good choice might be 
the 74HC132. The first NAND gate (inverter) contributes 180 degrees of phase shift, while the RC low-pass filter tank circuit digitally shits the 


AC the ather 180 degrees. Output noise is fitered by both the low-pass filter and the input Schmitt trigger dead band or hysteresis. The result is 
a fairly crisp square wave that may rival the SSS. 


Above — The output of the 1 KHz low-pass fiter. A sine wave is desirable, but not critical; suppression of energy in the range of 5-10 KHz, 
Informed the fiter design goal. At 8000 Hz, the attenuation is > 80 dB. All good. 


—\ to Vec/2 & 


@ VCC=122v 
eae 
47K * 


8 

highZbutfer py ane in 

2 2x0 [3 b a 

S : mT he é 
I 2.3K = 
vec) 
differential amp 
Wheatstone bridge 


R1 = R3 (matched) 
R2 = R4 (matched) 
Gain = R2/R1 


Buffer, amplifier 


2. 4B ripple Chebychev 
and filter low-pass filter 
1 KHz FCo 


‘Above — The butfer, differential amplifier and low-pass fiter employed during this series of experiments. Function js identical to the similar stage 
described earlier. 


Time 200 .0us 


Above — The output of amplified and fitered Wheatstone bridge at open circuit (no resistance at the Unknown Impedance port) 
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Above — the output of the amplified and fitered Wheatstone bridge at NULL (potentiometer setting balanced to match the resistance at the 
Unknown Impedance port. Below 2 mV, accuracy is lost. 


Rx=Rv*(Rs/Rp) | 


oscillator 


Rs=R Scale (100, 1K, 10K, 100K, 1Mete.) 

Rx= unknown impedance 

Rp=R parallel (nominally = Ro) 

Rv =variable resistor to balance circuit 


‘Above — The math behind the bridge. | found when R Variable (Rv) was the same resistance as the fixed resistor R parallel (Rp), reasonable 


resolution was possible. "Reasonable resolution” means your pot has a good range of rotation as you go from the lowest to highest measureable 
impedance. Generally, Rv has to be less than the maximal impedance you are trying to measure. 


R Scale (Rs) can be switched in decades via a panel mount switch to cover a wide range of resistance with good resolution, or just be 1 or 2 
values. Its your design call, 


Poor Man’‘s Wheatstone Bridge 


oscillator 


| Uses normal 5000 


linear taper pot 


510 1K 


Potentiometer settings in my experiment calibrated with resistors 


‘Above — My poor man’s impedance measurement device that uses a common 500 ohm linear taper pot as the balancing resistor. In arder to get 
{good pot resolution, the desired range is switched. This bridge measures impedances at the Unknown Port from about 27 ohms up to 1K with 
decent resolution. The blue circles depict how | calibrated the frant panel of my device using 2 colors. This device had an average return loss of 
32.5 dB when a NULL was obtained. 


Measuring resistors to calibrate a bridge is quite diferent from real-world measurement af reactive AF amplfier loads — if the unknown 
resistance has a large inductive or capacitive reactance, obtaining good bridge balance might prove difficult. Your bridge can only null the in- 
pphase signal, An extension to the standard bridge involves adding a series or shunt capacitance (depending on the phase of the reactance) to 
the A or B port. This may allow you to null the reactive part and also provide the reactive impedance value as well. An autstanding reference may 
be located with your favorite search engine: Look for the manual far the General Radio GR1650 Impedance Bridge. | found a copy and the 
download was very slow, but worth it. This manual may be the greatest reference every published on the Wheatstone bridge and 
comprehensively cavers tuning out the reactance of complex impedances amid a myriad of ather topics 


tte 5.3 mA. 


Calculate Input z 


1 


Input Z= | —_——__________ 
1/10K + 1/4K7 + (( Beta+1)*(26/5.8)) 


Assuming a Beta of 100 : Zin = 397 0 
Assuming a Beta of 200 : Z in = 703.0 


Zin Measured with above bridge = 595 9 


‘Above — The poor man's bridge measurement of a test AF amplifier on my bench. The reactive component of the amplifier input impedance was 
minimized using a 0.039 uF capacitor found experimentally. Of particular interest, isthe difference between the calculated input Z and the actual 
input Z measured with the bridge. 


The Beta of the 2N3904's in my collection ranges from about 100 to 225. Calculations with 2 different Beta values are shown (RE is well 
bypassed with a 470 uF capacitor, so, re = (Beta * 26/5.8 mA). The measured input Z was 595 ohms. | confirmed this by removing the 0.039uF 
tuning capacitor, plus connecting a fixed 595 ohm resistance to the Unknown Impedance port. | then turned the potentiometer fully clackwise 
and adjusted it for a NULL. When the bridge was nulled, the potentiometer knob pointed at the same mark as when the amplifier was connected 
to this Unknown Impedance port. 


200 mV scale 20 mV scale 
Open Circuit NULL of balanced with 
Complex Z .039 uF cap 


Above —The oscilloscope output waveform of the amplifier circuit shown above: open circuit, with the potentiometer balanced as well as 
possible and finaly, the potentiometer balanced with the addition of a 0.039 uF capacitor attached to Port B. Although, ! was able to get a NULL 


‘without the capactitor by just tweaking the potentiometer, slightly better precision was obtained after adding the 0.039 UF balancing capacitor. 


Part 4: Miscellaneous Circuits, Scans and Photographs 


‘Above — More accurate resuits will be obtained with a calibrated 10 turn potentiometer to balance your bridge. A local store sold me this, 
precision 10-turn, 10K pot for about 11 dollars (still expensive for me). They normally sell for twice this price in Canada. 


Measure Input Impedance of AF Voltage Amp 


FAILED 


EXPERIMENT: 
33 uF Do not build 


* low ESR capacitors 


100K 
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AF 
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‘Above — My first input impedance measurement device that didnt work, It turns out my experiments were performed incorrectly, however, I'm 
glad because this fallure spurred me to investigate bridge networks. The series resistance method is worth understanding and happily, Jet, 
ADEMX described the correct procedure in a private email received December 2010. | quote him below: 


“The series resistance method for input impedance should start with the variable resistor disconnected from the node to be measured, The open 
circuit voltage at the end of that resistor is measured (the resistor value doesnt affect the open circuit voltage since there's no current into an 
open circuit) 


Next the free end of the variable resistor is then connected to the input node and the resistor is finaly adjusted for halt the open circuit voltage at 
the same end of the resistor, at the input node being measured. What happens is the variable resistor and the node input impedance form a 
voltage divider, with equal arms or branches. 


“The value of the resistor when measured out of the circuits the same as the input impedance at the measured input nade. This scheme has 
some assumptions: the driving amplifier has negligible output impedance compared to the measured impedance, and the input impedance is 
purely resistive, with no reactance or V-I phase shit. 


“The phase shift condition may be checked by taking these 3 voltage measurements: across each branch of the divider separately, and also the 
driving source voltage (across bath branches in series.) The sum of the separate branch voltages should match the source voltage when there is 
lite phase shit. 


“This 3 voltage scheme is used in some antenna analyzers in order to measure phase shift. For checking for the resistive condition, its not 
important the 3 voltage method has a sign ambiguity which needs an additional step to resolve. Your description seemed to suggest starting with 
zero Series resistance, but you see that is not the same as the procedure above. The applied voltage needs to be small enough that the amplifier 
remains operating in its linear range during the measurement” 


“Thanks for this info Jett! 


™~ A hobby desoldering pump primed for use 


Desoldering pumps often have a heatproof P.T-F.E. nozzle which may need 
replacing occasionally. Each time the button is pressed, a plunger clears the nozzle but 
sometimes solder particles and swarf will be ejected in the process; when you prime the 
pump, point the nozzle into a small pot or old aerosol top to catch any debris, Remove the 
spout and clean out the pump from time to time. 


“* Suck up molten solder using a desoldering pump 


With very stubborn joints where the last traces of molten solder just can’t be shifted, 


TYPE 1650-A 


IMPEDANCE BRIDGE 


Form 1650-0100. 
Joly, 1962 


3.48 MB 


GENERAL RADIO COMPANY 
WEST CONCORD, MASSACHUSETTS, USA 


Above — A modified scan of General Radio's Uber awesome manual for the Type 1650-A Impedance Bridge, 
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RF — Test and Measurement 


RF Workbench Page 3 


‘This web page is the third installment of a 6 part series that explores basic 
measurement af RF circuits. 


Part 3, further examines Retumn Loss Bridges from a bench-practice 
viewpoint. 


| borrow heavily from the work of Wes, W7ZOI per correspondence, direct 
contributions and from EMRED, 


| cus on measuring low-level, HF circuits with a return loss bridge — 
topics such as using the bridge for antenna matching are omitted and 
readily found on the web. This web page contains minimal text and just 
relies on simple diagrams and photographs to transfer ideas and 
knowledge. Information regarding wideband bridge network function may 
be found elsewhere on this and other web sites and in EMRFD. 


More on Return Loss 


Gear 


Equipping for a 50 © measurement environment in 2010 greatly impraved my design capacity. The 50 © terminated oscilloscope makes a 
sensitive and accurate detector for return loss measurement. Discussion about using a 50 © oscilascope termination is on the RE Workbench 1 


web page, 


502 50.2 


to detector 


502 


Above left — The RLB and measurement set up from EMRFD. Occasionally, you may see bridges using a different balun transformer witing as 
shown to the right ofthis figure. 


Above — All the needed parts to home build a return loss bridge. For some, the parts investment might seem substantial, but what hobby isn't 
expensive? If you consider the cost of commercially manufactured bridges, a homebrew solution seems a bargain. Recycled parts and a home 
built chassis are inviting cost-containment techniques. See the web site af Jim, KBIQY for an example of ahomebrew RLB chassis. Jim, a 
Manhattan style construction wizard, builds the nicest looking gear —he puts me to shame. 


‘Above — A completed bridge. | used 196 tolerance 49.1 ohm resistors and an FTS0-43 ferrite toroid for the bifilar wound transformer, Inductance 
= 38.4 uM. Many builders use the FT37-43 ferrite core. | prefer using 2 colors of enamel coated wire to avoid confusion when building stuff with 


transmission line style transformers and all | had in 2 colors was 24 gauge wire The bigger size ferrite toroid better accommodates the 24 gauge 
wire, plus photographs better. 


Bridge directivity of the above RLB was 90 dB at 7 MHz, 34 dB at 14 MHz, 35.6 dB at 21 MHz, 42.1 dB at 50 MHz and 43.4 dB at 100 MHz. 


I you build circuit with a return loss close to 30 dB, i's a good day. 


RETURN-LOSS BRIDGE ¥ 


| 
fom " 


Measurement Technique 


‘Above — The completed RF-tight bridge. Don't forget to label your network ports. 


Measurement of an Amplifier Input Return Loss 


Amplifier 
INPUT Port 


50 ohm 
Termination 
Signal 
Generator | tun 
Return Loss | ["%" 
f Bridge 
@ a 
5 hpet” 
Pad and LPF 
if needed 
a Oscilloscope 
50 Ohm ——— 
Termination 
Measurement Procedure: "RE" 


1. Terminate X port in an open 
circuit and note level. e.g. ,250 
mv pp at scope 


2. Attached a 50 Ohm load at X var 

just to check the bridge. e.g., Unknown Z 
how see 5 mV pp. 

3. Bridge directivity is "Det" 
20teg (250/5)-34 dB. This is the 7G) 


best you can measure. Better spetedtont 
numbers are meaningless. 


4. Remove the 50 Ohm load. 
Attached the amplifier input and 
note level. e.g. 18 mv pp. 


5. Amp Input RL is 20Log (250/18) 
23 dB. 


2aDect9 
wack 


‘Abave — Measure the retum loss input of an amplifier. Youll need at least one 50 ohm BNC feed-through terminator on your bench to test 
amplifiers with wired-in BNC connectors (such as on this amp); else just solder a 47, 49.9 or 51 ohm resistor from the amplifier output to ground. 
‘The BNC connectors allow you to quickly and solderlessly interface components such as fiters, attenuators, oscilascopes or 50 Q signal 
generators. 


Atypical amp measurement workflow may go something like this: Measure gain using a signal generator and the 50 ohm terminated scope; add 
the bridge and measure input return lass; finally, flip the amplifier around and measure output return lass. All 3 functions can be performed in 2 


—S minutes including time to drink coffee + perform calculations by computer or with a HP scientific calculator. 
Measurement of an Amplifier Output Return Loss 


Amplifier 
Outpit Port 


50 Ohm 
Termination 


Signal 


Generator 
bones Return Loss | ["X" 


| 
@ so 4 Bridge ~| 
r 


pet 
Pad and LPF 
Af needed 
ee. Oscilloscope 
50 Ohm 
Termination 
Measurement Procedure: "RE" 


1. Terminate X port in an open 
circuit and note level. e.g. ,250 
mV pp at scope. 


2. Attached a 50 Ohm load at X ict 

just to check the bridge Unknown Z 
now see 5 mV pp. 

3. Bridge directivity is "Det" 
20L0g(250/5)=34 dB. This is the T° 


best you can measure. Better 
numbers are meaningless. 


"Detector" 


4. Remove the 50 Ohn load. 
Attached the amplifier output aimee 
and note level. e.g. 32 mV pp. oe 


5. Amp Output RL is 20L0g(250/32) 
18 dB. 


Above — Measure the retum loss output of an amplifier. The above 2 procedural diagrams provided by Wes, W7ZOl. Many thanks to Wes. 
‘These figures are copyrighted © by Wes Hayward, 2010. 


Your signal generator should have a retum loss of at least 20 dB for greatest accuracy —all of my bench test generators have at least 30 dB of 
return loss. If you have a signal generator with a low impedance output and place a 10 dB attenuation pad on the output, youtl have at least 20 
dB of return loss. 


In the above figures, Wes gives an open circuit retum loss of 250 mV; | set my signal generator output so the open return loss is somewhere 
between 170 and 250 mY; this allows you to accurately measure a really good 50 ohm return lass at >= 5 mV of so. Some people may have 
trouble going any lower than 5 mV due to scope accuracy. This is just something to consider. 


Bench Exploration 


For me at least, a special case of return loss measurement exists: measuring the return loss of a local oscillator. Since the oscillator under test 
‘must be on during measurement, it's emitting a signal at the same frequency as the bridge signal generator and interferes with measurement. If 
some 50 ohm attenuation is added to reduce the local ascillator under test output signal amplitude, this increases the return loss of the local 
oscillator under test. This is normally a good thing, however, we seek the raw output return loss or output impedance of the local oscillator under 
test. 


Measuring the Output Z of an Oscillator 


500 


g 


500 
Bae i 


49.9 


TI = trifilar winding on a powdered iron toroi 
XL=50 0@ the test frequency 
For example, 1.14 uH at 7.0 MHz (wind on a T50-2) 


Above — An initial experiment that a builder from Michigan, USA and | frst used to measure the output impedance ot a local oscillator consistent 
with the breadth and scope of this web site. We wanted something simple and wished to avoid building a vector network analyzer or performing 
Ugly algebra. | built a simple crystal ascilator for 7.0 MHz using an output transformer wound to give a low impedance output. The circuit was 
measured and calculated using the instrument above and the formula and procedure below. 


‘The calculated output Z was 33.2 ohms. | build a standard value resistor 6 dB attenuator pad from this table. After fiting the pad, | re-measured 
and re-calculated the output impedance at 46.8 ohms. This seemed okay. | built a couple of oscillators for other frequencies and the output 
impedances were hundreds of ohms! — disappointing. Stil, we were on the bench in a solution-focused mode and needed to try something else. 


Formula 


Outl + Out2 
LO output Z= x50 
Outi - Out2 


‘Make Outl the larger pk-pk voltage 


(Outl and Out2 are connected to 50 ohm 
terminated scopeinputs, or 1 of them is 
connected to a.50 ohm terminated scope 
‘output, while the other is terminated with a 
50 ohm resistor. 


‘Above — The formula for calculating the output impedance with the experimental local oscillator output Z device. 


‘Above — Breadboard of the experimental L.O. output impedance bridge with a 50 ohm feed-thraugh terminator on the Output 1 port. It failed to 
‘work as expected. Skilful adult problem solving goes something like this: 


it sometimes helps to actually add more solder and then desolder the whole lot again with 
a pump. 


Identity the problem. 
Brainstorm to generate some potential solutions. 

Try out one af your ideas. 

If that doesnt work, try another idea. 

If none of your ideas work, wait a while, or ask an expert. 


‘Well, we ran out of ideas and decided to ask experts for some more ideas; Professor Kuhn and Wes, W7ZOL 


Vl share their key messages. First, accurately measuring the output impedance of an RF oscillator can be difficult — measuring the return loss of 
a butfer amplifier is much easier. For this, some builders run the bridge signal generator on a slightly different frequency than the oscillator under 
test while using a spectrum analyzer as the 50 ohm RLB detector. 


‘Another way is to short circuit the tank on the oscillator and measure the buffer output in the normal way —a popcorn solution indeed! 


We tried calculating oscillator output impedance using diferent equations and 1 example is shown below. Faling to account for inductive andlor 
capacitive reactance plus resistance inthe output circuit (including the tansformes, plus upseting the circuit during AC voltage measurement 
adds uncertainty fo calculations — measurement seems more reliable. 


13.324 MHz Oscillator Calculating Output Impedance 


Re open circuit V 


Vioad 


‘Above — One method of calculating output impedance. Running the output at open-circuit likely effects the oscillator by changing its load despite 
having the JFET butler. Some builders use this equation for calculating the output impedance in their audio amplifiers. This amplifier should 
have @ 50 ohm output impedance based upon the transformer turns ratio and the 1KB resistor across transformer: 1800:50 ohms = a 36:1 
impedance ratio and a 6:1 turns ratio, 


Measure Return Loss of Oscillator Buffer 


see graph 


Sv Reg 


001 001 
coe COG 


7310) 


1S=6.15 mA 


= 13.324 MHz oscillator with shorted tank 
- Adding 2 10 dB pad to the 12:3t version gave 
a return loss of 27.5 dB 


‘Above —A simple 13.3 MHz L-C oscillator was built and evaluated. After shorting the tank coil, retum loss versus turns ratio was measured and 
tabled as shawn, To my surprise, | observed the best match with a 4:1 turns ratio. This suggested that the transformer, wound on a ferrite FT37- 
43 toroid was exhibiting high resistance and far from the "ideal transformer’. The inductance of my 12 turn transformer was 38.3 UH. 


“The initial secondary winding had 6 turns and then was reduced sequentially by 1 tur. After removing each tum, the 1/2 cm of increased wire 
length was cut off and the enamel scraped off of the new wire ending to ensure a short connection to the output jack. During measurement, 
unless the secondary transformer wires were kept tidy, a ~40 MHz oscillation occurred when the 1K8 resistor was disconnected. The 1K8 resistor 
prevented such oscillations and improved the return loss by 1-4 dB at the various tutns ratios. Testing frequency was 14 MHz, 


Measure Return Loss of Oscillator Buffer 


14.0 MHZ, 
RETURN F 
5v Reg| X | amose 


Turns Ratio|Return Loss| 
24:7 7.4.3 
24:6 10.0 dB 
24:5 18.8 dB 
24:4 20.3 dB 
24:3 9.3 dB 
24:2 42 dB 


Above — The same circuit with a lower-loss, FTSO-61 ferrite transformer. | could have used a FT37-61, but prefer the 50-61. as the bigger core 

allows the use of heavier wire which provides some robustness when performing intensive experiments. The inductance of 24 tuins on a FTSO- 
61 measured 36.2 UH. Although lower permeability ferrite toroids require more windings, this transformer is closer to the “ideal transformer” than 
that wound on a FT37-43 ferrite core — a 6:1 tums ratio gave the best return lass; the output Z is pretty close to 50 ohms. 


“The information gamered during these tests proved enlightening and reinforces why bench measurement provides the greatest way to learn 
‘about and optimize your circuits. | hope this simple web page on return loss measurement fuels your own experiments — the most important 
experiments will be those you do on your bench. 


Miscellaneous Figures and Photos 


cal ate Output Z of an Oscillator 


‘Measure the open cizcuit output amplitude of the oscillator and then 
add a load so that the loaded voltage dropped to something in the 
range of 50to 75 percent of the open cizcuit voltage. Then use 
veltage divider theory to calculate the source resistance of the 
‘oscillator. 


Vunloaded + Bload 
Vioaded= =—<———— 
Roscillator + Rioad 
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RF — Test and Measurement 


Miscellaneous RF Topics 2011 


Introduct 


n 


My basic goal for Fall and Winter 2010 was to fearlessly advance my RF 
design ability — pushing just beyond my comfort zone to impose the 


psychological stress that promotes focused learning. You may have 
experienced this in University or when working against a deadline. ramming MCL C 008 
uring the midnight oi, or locked room brainstorming exempt his 


sonrach ADE -1 
e 


‘These circuits feature carefully measured input and output impedances 
(nominal impedance = 50 0 ), plus voltage gain and DC current. 


“This we site spauns email wih builders worldwide, Our interactions are 
varied; geting help, giving help —or ust chat, On occasion, | design, bul 
andor test circuits to help strugging builders. After spending considerable € & 
time, | email them my werk hoping iwi help. ten enough, never receive 

any acknowledgement rm these readers — dd the crcut work rc they 

Spprecate | spent 1-2 hours researching thei concer. This i actualy 


normal —we must constantly strive to overcome our innate, self-centered 
nature; lest it dominate our behavior. ace HopManbite. 


To that point, | wish to gratefully acknowledge the people who support me in this hobby: Wes, Ken, Scott, Peter, Tom and the many others 
‘whose email advice and published and private work informs and inspires me. 


Topics: 


1. Transmit Mixer Experiments 
2. Bipolar Transistor Feedback Amplifier Experiments 
3. 3FET Common Gate Transistor Amplifier Experiments 


Navigation and Preamble: 


‘This web page grew into a large monster — and includes a supplemental web page with numbered topics reterenced in the text. | apologize for 
the navigation dificultes this web page poses. Equal time was spent experimenting with the circuit designs and circuit photography. | strive to 
provide a variety of bitmap and photographic image styles on this web site. 


1. Transmit Mixer Experiments 


Since Ive never experimented with transmit mixers, | didn't appreciate how much time goes into their design. Consider, for example, the LO 
system from the project entitled A Monoband SSB/CW Transceiver in Chapter 6 of EMRFD. The mega low (about -20 dBm) output from a diode 
ring mixing a VFO and crystal oscillator is triple tuned band-pass fitered and then amplified to +8 dm. Continuing on, the transmitter chain 
features more mixing, band-pass filtering and voltage amplification by a feedback amplifier chain boosting the signal to around 300 mW. The 
circuits needed to mix, fiter and amplify this RF chain would challenge most amateur designers — me included. 


Contrast this with a typical first transmitter built by a new builder. Likely your first scratch homebrew transmitter consisted of a crystal oscillator, a 
keyed Class A bufteramplifier and perhaps a Class C final amplifier. No mixer was needed for we obtained a crystal cut on the frequency af 


choice, Our focus was power— getting 0.25 to 1 watt into our antenna system! A good example was the Tuna Tin 2 transmitter by the late Doug 
DeMaw, WIFB that only used 2 stages. Although Doug wrote his 1976 article for Hams to build a transmitter from parts found at home, kitted 
versions are sold today, 


Retuming to transmit mixers — as amateur designers, we likely need to start on a small portion of the transmit chain and then after developing 
some competency, slowly extend our experiments all the way to the antenna port. In Fall 2010, | just examined some basic transmit mixing to 
get a feel for what's involved and what to expect. Mixing signals is a complex affair encompassing topics such as intercept point, conversion gain 
or loss, image noise suppression, noise figure, spurious/intermodulation products and port isolation. To keep things simple, only mixer port 
isolation and reducing spuriaus mixer products were examined, 


Before beginning, | express the following concern: We experimenters, as stewards of the airwaves, must build exemplary transmitters with very 
low spurious outputs. | follow the example of Wes, W7ZOl and others — my transmit chains have spurious frequencies at least 50-60 dB down 
from the carrier (dBc). As aweb author and radio amateur, | never want to directly or indirectly contribute to RFI and hope you agree, 


Why Use a Transmit Mixer? 


I you plan to design a superheteradyne based transceiver, you'l probably need to use a transmit mixer. Also mixing 2 frequencies permits using 
cheap microprocessors ctystals to target a desired transmit frequency; separate crystal oscillators drive the RF and LO ports of the mixer. For 
added flexibility, the LO can be converted to a VFO once you have the basic design working well 


| purchased a bag of low cost crystals. By mixing 2 appropriate crystals, output on a Ham band is possible. For example, crystals at 2.048 + 
5.0688 MHz = 7.117 MHz; 4.194 + 11.228 MH2 = 7.094 MHz; and 3.932 + 11.046 MHz = 7.114 MHz. | frequently operate QRP on 40 Meters in 
the USA Novice band, so 7.114, ot 7.117 MHz is okay. This helps CW operators avoid all the RTTY and QRM down in the traditional 40M band, 
QRP frequency window, 


Some Mixer Bullets 


Mixers have 3 conventionally named ports; RF, LO (local oscillator) and IF (output) 
‘The diode ring mixers presented are Level 7 mixers. Maximal LO power is 7 dBm 
Many builders limit the maximum RF power into a Level 7 diode ring transmit mixer RF port to between 0 to -3 dBm. 
‘The term isolation refers to the amount of LO power that leaks into the RF or the IF ports. 
Low-pass fitering the LO can significantly reduce harmonic products in a mixer 
‘The top of the spectrum analyzer screen (always the top, and never the bottom) is called the reference level. That is the power atthe top. It 
‘you have a signal generator wit the output adjusted to be -27 dBim and pass this signal into the spectrum analyzer and adjust the attenuation in 


the analyzer to put that signal at the top of the screen, you then the reference level s-27 dBm. (Pertains to examining a mixer output in a SA) 
Choosing a Mixer 


‘A number of mixers were considered; passive, active, unbalanced, single-balanced and finally, double-balanced. The diade ring mixer is an 
obvious good choice commensurate with my goals of reducing spurs, LO feed through and achieving high port-o-port isolation. In future web 
pages, other mixers may be presented, however this page is focused on the diode ring mixer. Click for a file with a few scanned pages: 
Concerning mixers from my “ideas only” notebook from ~2002. | awn aver 30 notebooks now. 


‘Abave — ADE-1 diode ring mixers. We're using these now as they're cheaper than the SBL-1, TUFF-1 etc, hole-though versions. Although SMT 
parts, they can be flipped over and wired “normally” wit a litle effort, steady hands and good vision. Mini-Circuts will sell them in small 
quantities to Hams; email them and enquire. | feel the diode ring mixer has been misunderstood by some amateur builders — lore and 
misperceptions that the 7 dBm LO port drive, the need for 50 ohm port terminations, a ~ 5 dB insertion loss and cost make them undesirable. 
‘Their excellent performance and design challenges are reasons why we use them; “the journey — not the destination” stu. 


In receiver applications, some builders and kit sellers seem more focused on features such low-battery indicators, digital displays, miniaturization 


and cost containment than basic receiver performance. Certainly keeping cost down down deserves consideration, however, good mixer 
performance is king. You'll have to decide what's affordable and important and build accordingly. 


Mixing of Low Level Crystal Oscillators - DRM 
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‘Above — My very fist transmit mixer experiment. My hope was to build a transmit mixer possessing low spurious output to alleviate the need for 
stif, post mixer band-pass fitering such as a triple tuned band-pass fier. Thus, low-level, low distortion output was taken from between each 


crystal oscillators’ shunt capacitor and crystal. The desired output frequency is ~7.114 MHz to build a transmitter for the 40 Meter Ham band, 


“The mixer output to 50 MHz looked lke this in a Spectrum Analyzer, The daminant frequencies are the sum and the difference: 11.046 + 3.932 
MHz = 14.98 MHz; 11.046 - 3.932 MHz = 7.114 MHz. The frequencies realized are slighily different since the oscilator output is shifted by 
crystal variances and from circuit capacitance. 


In the experiments that follow, | built some circuits to filter andlor amplify the output of the above mixer circuit. 


Common Base Post Mixer Amplifier 2 
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‘Above —The first post mixer amp; a common base input amplifier that’s AC coupled to a common drain FET amp. | hoped that 2 tuned L-C tank 
Circuits could substitute for a passive double or triple-tuned band-pass fiter, plus provide some gain. 


‘A broad-band, common base input amp was chosen to property terminate the diode ring mixer and alleviate the need for a diplexer. A ~50 0 
input impedance is established by a 47 0 series resistor since the 2N3904s input impedance is quite low due to the moderately high emitter 
current employed to boost gain and IMD performance. 


‘This amplifier failed to reduce spurious output 50 dB down or greater — my design goal. Here are its scope and spectrum analyzer outputs; 
please observe that the unwanted 14.98 MHz signal is only 32 dB down from the desire IF of 7.114 MHz. An RC network consisting of a shunt 10, 
‘ohm resistor + an 18 pF cap provides additional low-pass fitering above 20 MHz. | attribute this simple fiter to Dr. Ulrich Rohde as | have seen it 
in some of his post mixer, common base RF amplifier designs. Click for a brief supplement regarding his low-pass network (#2 RC Low-pass 
‘Network on the Supplemental Page) 


“The amp design shown above was actually an improved version of this prototype. In the prototype amp, the mixer power at 14.98 MHz was only 
23 dB down from the desired intermediate frequency of 7.114 MHz. You car't expect a single L-C tank to well fiter a mixer output. Unfortunately, 
the 1K2 -12K resistor providing DC bias for the emitter follower lowers the Q of the common-base collector tank circuit. 12K is better than 12 in 
this regard. Poor performance sparked the design of the second common base amp shown above, 


|luse ferrite beads and 51 0 resistors interchangeably on the collector/drains of amplifiers to snuff out UHF oscillations. According to my 
experiments, the resistors may work better. | purchased the ferrite beads from Diz. After the common base amplifies shown abave, | decided to 
try a tuned input + output common gate JFET amp. 


Desolder Braid 


An alternative to a pump is to use desoldering braid which arrives in small 
dispenser reels. It’s a flux-impregnated fine copper braid which is applied to the molten 
joint, and the solder is then drawn up into the wick by capillary action. It’s remarkably 
effective and for certain tasks, it can be more thorough than a pump. I recommend that a 
small reel is bought (start with 1.5mm width) for the toolbox, to tackle larger or difficult 
joints which would take several attempts with a pump. 


4 Desolder braid is also handy and can sometimes be more effective than a 
desolder pump. It comes in various widths to suit the scale of work being tackled. 


To use desolder braid, press the end of the braid down onto the joint using the tip of 
an iron, and let the solder melt underneath: the braid will then absorb the solder. The braid 
becomes hot so beware of burns, Once the solder’s solidified on the braid, cut it off and 
discard. 


JFET Post Mixer Amp 
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‘Above — A JFET common gate amp with tuned input and output built about 3 years ago. For spectrum analysis. | padded the amplifier output to 
provide a -28 dBm 7.116 MHz sianal. The vertical resolution on the SA is the standard 10 dBidivision. As shown, the 14.98 MHz signal is ~ 39 
{dB down; an improvement over the amplifiers shown previously. This narrow-band amplifier requires a diplexer. | wanted better filtering than that 
offered by amplified circuits with 2 tuned L-C circuits, so | halted this experiment and decided to try a triple tuned band-pass fiter. 


“This JFET circuit experimentation spawned over 8 weeks of experiments conceming common-gate RF amps — same of them appear later. 


Triple Tuned Band-pass Filter 
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‘Above — A triple tuned band-pass filter designed with software from EMRED called TTC-08. Click for the breadboard photo. The diode ring was 
connected to the fiter input via a 6 dB attenuator pad using short leads. Click for analysis in GPLA. All inductors are 3.0 uH — 23 or 24 turns on 


2 T50-2 powdered iron toroid. | measured all the inductors and obtain the exact desired inductance by expanding or squishing the wire tums, ori 
necessary, adding (this means rewinding the enti coil) ar removing a turn. If you lack an inductance meter, just winding the formula calculated 
number of turns will be close enough for most applications —1 only got a good L- C meter in 2009 and somehow managed, 


|easned that the ultimate way to peak a triple tuned fiter is by tweaking the tuning capacitors while i's connected to a spectrum analyzer — 
what a thrill 


‘Abave — While alittle tedious to build and align, the triple tuned fiter worked magnificently; the strangest spur is 54-55 dB down and the 14.98 
MHz signal is gone. Insertion loss = 2.5 dB. This experiment provided a benchmark of what great post mixer fitering looks like. Post mixer 
filtering is an important topic worth studying further: 


‘Why do we need filtering on a 


ixer output? 


Let's examine mixer ports more closely. A port is just a pair of wires where signals are applied or removed. There are 2 kinds of mixer outputs: 1) 
the sum plus difference frequencies; 2) spurs. 


Further, 2 kinds of spurs occur: One type is straight feed through where 1 signal from the 2 input ports makes it out to a 3rd port. Examples 
Include LO feed through to the RF port, or LO feed through to the IF port. 


‘The other type of spur is a mixing product such as a harmonic. 
In general, the mixer output frequencies are numerically described by an equation: 


IF (output) = NxL+-MxR 
Nand Mare both integers, 1, 2, 3, ...... L= local oscillator frequency, R = radio frequency 


‘A mixer is said to be balanced when you duplicate some of its functions and then combine them — usually with transformers. Consider, for 
example, the single diode mixer — they work, but the output contains ++ feed through and spurs. A mixer with 2 diodes or 2 FETs etc. can be 
much easier to use because the transformer combines the signals in a way that cancels some of the spurs and feed through. The double- 
balanced diode ring mixer uses four diodes and 2 transformers — producing even less feed through and harmonic output, 

In a double-balanced diode ring mixer, the LO and RF ports are balanced and all ports of the mixer are isolated from each other, The double- 
balanced mixer greatly reduces, but dees not stop all LO feed through at the RF and IF ports. A wideband match at 50 ohms is required to 
maintain mixer balance; hence you will often see attenuator pads on the LO, RF and especialy the IF ports 


Lets focus on the IF port. Attenuator pads absorb any reflected mixer products and signals coming back into the IF port, thus increasing the 


match to the IF part. You may have noticed some builders use a diplexer on the IF port. The diplexer presents a wideband match to all IF port, 
frequencies — passing the desired sum or difference frequency and absorbing the unwanted mixer products reflected back into the IF port by 
subsequent stages 


Since the IF output contains the sum and difference of the LO + RF, LO feed though, and other spurious energy, band-pass fitering is required 
to launder the IF signal into something useful. Following a transmit mixer, we fer with an LC band-pass fiter — after a receive mixer, crystal 
band-pass fiters dominate. If you chaose an unbalanced mixer or single-balanced mixer, fitering becomes more difficult than with a double 
balanced mixer. Unbalanced mixers are usually reserved for situations where high performance is being sacrificed for cost containment and/or 
‘want of low parts count. There is no free lunch — you either alleviate as many mixer praducts as you can at a low-level with good practices, or 
have to deal with them down your signal chain while sacrificing optimal mixer performance, 


Double balanced mixers are sensitive to non-resistive IF port terminations. When improperly terminated, the 2 transmission-line transformers 
‘work poorly — any reflected power generates high voltage across the diodes and degrades mixer performance. According to Dr. Ulrich Rohde, 
Some proper ways to terminate the mixer include using a diplexer followed by a wideband 50 0 feedback amp, of a common-gate JFET amplifier. 
(Reference 1) 


Improved Local and RF Oscillators 


In the earlier experiment, | really should have the run the LO port at 7 dBm. In order to improve my experiments, new crystal oscillators were 
designed with emphasis on correct LO output power and low harmonic energy. 


Low Noise 3.93 MHz Crystal Oscillator 
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Above —The new LO; a 3.93 MHz erystal oscillator with stiff low-pass fitering. Admittedly, this 7 element Chebychev low-pass filter is overkill, 
however, | wanted to examine filtering and learn how much is required. On the bench — do whatever you like; even chasing crazy personal goals 
can be instructive and help you relate to information from texts and articles, or satisfy a whim. | can read something 100 times, but may nat 
Understand itwell until | actually do it. 


‘Above —The LO breadboard in close-up using a long focal length lens. Click for a wide angle photograph. The unsoldered end of the 100 0 
resistor in the close up photograph is where I connected the VCC. 


Above — Spectrum analysis of the well-fitered 3.93 MHz LO. Not surprising, no harmonic energy is seen, 
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‘Above — The redesigned RF port oscillator. Clearly, the 7 element Chebychev low-pass filter isn’t needed, so an N = 5 version was tried. 
{or the spectrum analysis — again no harmonic energy was seen. In both the RF and LO signal generators, | tried to get as close to 7 dBm 
output power as possible, 


To operate this oscillator at the desired RF port signal level; for example, between O and -10 dim, you might just attenuate the output with a 
fixed pad or step attenuator. My conclusions echo the work of athers experimenters; lowering the RF port down from 7 dBim to as low as - 10, 
dBm, lowered the amplitude of the spurious mixer products seen in the spectrum analyzer. Click for a sample. Refer to the QST Technical 
Correspondence citation in the references section for more information, 


‘Above —The 2 re-designed oscillators wired up and connected to an SBL-1 mixer. | actually connected the attenuator pads after the low- 
pass fters as explained later. 


‘Two different crystal oscillators were then built: 
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‘Above — Two different crystal oscillators targeting ~ 7.034 MHz were built. Click for the breadboard choto. You can see the crystal frequencies 
in this photograph. The RF port oscillator power was set to -3.39 dBm by choosing a low value JFET source resistor and attaching a 10 dB 
attenuator pad. Relatively low harmonic distortion prompted the exclusion of a low-pass filter on the RF oscillator. The LO output power was ~ 7 
dem, 
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‘Above — The final experiment; placing a double tuned band-pass fiter after the TUFF-1 diode ring mixer with the 2 latest crystal oscillators 
attached . This filter was in my junk box and | peaked it for the 7.034 MHz IF with a spectrum analyzer. The strongest spur was 42 dB down fram 
the carrier — falling well short ofthe triple tuned band-pass fiter presented before. 


Clearly from all these experiments, a strong case for placing a triple tuned band-pass filter ater a transmit mixer exists. If you use an unbalanced 
or single-balance mixer, a double balanced mixer might sufficiently nat block feed through and spurious RF to keep your signal chain tidy. | enjoy 
studying the transmit chains of others to see how they fered spurious and feed through RF. At the end of the day, as long as the output carrier 
Spurs are low enough to meet your country's regulatory requirements, you're okay. Designing for low spurious emissions is an exciting challenge 
one you'l miss if you dont ty your hand with RF design. 


‘A realization emerged following these experiments — | couldn't measure the return loss of the local oscillators! It technically could be done, but 
Not by me. After 2 weeks of struggling, | engaged an American colleague with whom | occasionally build experimental circuits. After making some 
progress, we became stalled again. This time | asked Professor Ken Kuhn and Wes, W7ZOl for some ideas. Eventually a method to measure 
the RL of local ascilators came together along with enough material for another web page — RF Workbench 3. 


‘When you do experiments, knowledge evolves as you go — for me, | lear mostly from making mistakes. | often think | should repeat most of my 
experiments over before presenting them, but this would consume too much time. However, footnotes can serve to steer readers for minor 
issues. If! had to re-build the crystal oscillators from Part 1, Id build each crystal oscillator with a separate JFET buffer — then the return loss of 
the oscillator buffers could be measured as shown on RF Workbench 3 (with a shorted oscillator tank). Also, the pi attenuator pads on the crystal 
oscillators should follow the low-pass fiters to garner the best output return loss. The good news is past experiments inform future experiments. 


2. Bipolar Transistor Feedback Amplifier Experiments 


ove making signals bigger — especially while preserving fidelity. It would be nice to become a reasonably competent amplifier designer — 
hopefully by studying sound schematics, applying software, building circuits and measuring evermore parameters this might occur. The 
‘mathematical equations of RF ampifier design seem quite daunting; they/re the fodder of electrical engineers with their Hewlett Packard 
Scientific calculators, SPICE software and GHz F-t transistors. With most things technical, as you try to advance, more questions than answers 
cross your mind; however, somehow this is normal and may actually signal progress. 


‘Abundant amplifier references exis; for example, EMROF Chapter 2: Feedback Amplifiers. Ths is essential reading and | wont repeat this 
information. Rather, I'l just share some ideas developed or reinforced on my bench. In the past, Ive preferred amplifiers with narrow-band (tuned 
circuits) in an attempt to reduce distortion and maximize gain. Now after ctcally examining these tuned amps with scope and spectrum 
analyzer, | better appreciate the significant invinsic feedback of RF transistors (the tendency to oscillate) and broadband designs are sought. 
Often youl spend more time taming a tuned amplifier than building one 


‘This section focuses on return loss, bias techniques and achieving linear amplification — for example; finding ways to apply negative feedback, 


‘match the input, or how to set the collector voltage. All my experiments and thoughts about RF amplifiers are from an amateur designers’ 
perspective and | welcome your feedback. The first amplifier shown is a classic W7ZOl topology that | call the "Beaverton Special”. 
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‘Above — A classic feedback amplifier popularized by Wes, W7ZOl in books like Solid State Design for the Radio Amateur and EMRED. My 
respect for this humble design increased after building and testing 4 different versions to get a feel for amps with both shunt and series, 
feedback. Of the 4 built, this particular version became my favorite — providing excellent input and output matching without crazy high emitter 
current. Employing a low noise / igh Ft 2N3866 transistor is icing on the cake —an attempt to maximize impedance matching and performance 
using this standard, fits most transistors bias/feedback circuit. The humble 2N3904 also worked welln this slot. You don't need the ferrite 
collector bead with a 2N3904, 


Other good experiments include trying diferent transistors andr increasing the emitter current while being careful not to exceed the BIT's, 
current rating (plus add heat sinking as required). You might also try the stage at different frequencies or perhaps sweep itto see at what 
frequency the gain starts to fall of. 


Of the 4 BJT feedback amps shown in part 2, only this amp has a true broad-band input and output. What bothers me about broad-band linear 
amplifiers is that when you chain up 2 or more of them, signal fidelity generally degrades as it passes through each successive amp stage. 
Solutions include mopping things up with some low-pass fitering after the last stage, leaving it alone, or tuning the amplifiers (Le. not using 
broadband stages), 


“The biggest caveat for feedback amps are variations in input and output impedance caused by source and load mismatches. For example, a 75 
resistor was connected to the output of the FBA above. The input retum loss degraded to 16.8 dB. Further, the same 75 Q load was removed 
and then connected to the input during output return lass measurement— this degraded the output RL to 23.4 dB. Clearly load mismatches 
Upset return loss more than source mismatching. A 50 © attenuation pad should likely follow a feedback amp in situations where high input 
retumn loss are desired; for example, ater a diode ring mixer. 


Noticing a variation of the classis feedback topology in EMRFD Figure 6.140, | asked Wes, W7ZOl about it It tums out there's another way to 
“skin the shunt feedback cat”. The above RF amp uses a series connection of 2 feedback resistors (1KS and 1KS with a bypass cap across one 
KS). The result is a resistance at DC of 3K, but a resistarice at RF of just 1K5. You could also use a 3K resistor directly from collector to base 
that is paralleled by a series connection of 2 1KS resistor plus a 0.1 uF capacitor. That network has the same impedance as my amp shown 
above. That is; the resistance would be 3K at DC, but 1KS at RF. 


‘This explanation fueled the next experiment — transistor amplifiers have 2 operating conditions; 1 at DC, the other at AC. Like a carpenter 
framing a house, you begin design by setting the DC bias —no small design task since bias concems more than just establishing the base 
voltage and emitter current. For example, biasing may effect voltage gain, maximum signal handling capabilty, noise figure, impedance 
matching, class of operation, the operating point (sometimes called quiescent point or q-point) feedback and temperature stability. Biasing 
provides much to think about, however, a practical way to explore any topic is to chunk itinto small, understandable pieces that become a 
stepping stone to advancement. Let's focus on biasing for temperature stabilty, The next amp uses the wrap-around PNP bias — an awesome 
technique. 
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Above —A7 MHz FBA using PNP wrap-around biasing. | learned about wrap-around biasing trom Wes, W7ZOl and share a simple way for 
new builders to also learn this technique as the #1 Design Center on the sunolemental web page. Click for a prototype breadboard photograph. 
‘This amplifier employs heavy shunt feedback fram collectar to base, Degenerative (series) feedback from the 2 parallel 10 ohm resistors also 
enhances temperature stabilty 

Expanded bias circuit temperature stability discussion follows amplifier number 4, 


‘The wrap-around or feedback bias scheme is good because i's self stabilizing. The diode in the PNP bias network further ensures that the PNP 
bias remains constant with temperature changes. It really should be to glued to the NPN transistor (or its heat sink) to allaw tracking of the NPN's 


* Desolder braid can also be used to remove excess solder, e.g. two i.c. pins 
shorted together. 
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* Press some desolder braid over the joint, then melt it with an iron to draw molten 
solder up the braid. 


temperature variations. This bias circuit doesn't load the NPN base input impedance. Another great virtue is that the emitter of the amplifying 
transistor can be directly connected to ground allowing better performance at VHF and UHF. 


Noise from the PNP will be amplified by the NPN, so the low-pass network formed by the 0.1 uF capacitor and 4K7 resistor is essential. In some 
related circuits, you may see an RF choke used instead of a resistor. 


‘The actual 2NS109 input impedance is probably around 40 ohms — easy matching with an L-match network. 


‘Amplifiers with an L-match tuned input shouldn' follow a diode ring mixer unless preceded with a diplexer since the narrow-band L-match tunes 
only 1 frequency. L-match networks can make an impedance bigger or smaller depending how they/te oriented and also provide some low or 
high-pass fitering depending on the configuration. | design my L-networks on the bench using experience plus trial and error —a better way is to 
Use software. I recommend the program called ZmatO8.exe that is included on the CD that accompanies EMRFD. The software will get you close, 
however, bench tweaking is requited since you're often matching a complex impedance, comprised in part, of stray reactance. 


Setting up an L-Network for an Input Match 
A suggested bench method for optimizing input Return Loss (RL) using an L-Match network. 


Your task is find the “perfect” L and C values to get a RL of 20 dB or higher. Start by soldering in an inductor calculated from Zmat08.exe or 
according to your wisdom. Set up the amplifier for input return loss measurement. The first chore isto find the nominal target capacitance that 
provides the best match at the design frequency. | use a big range, air variable capacitor for this — with the input circuit connected to a return 
loss bridge, connect up and tune the big variable capacitor to give the greatest RL. Remove the variable capacitor, measure it, and then solder in 
‘an equivalent timmer capacitor, and as required, fixed capacitor(s) so you can tune at least 25 pF above and below the target capacitance. 
Often, the target C will be close to whatever the software recommends. In amplifier 2, my C values are the 180 pF + a 10-70 pF timmer. 


Next, determine the optimal inductor. On my bench, | keep a variety of pre-wound #6; and #2 material powdered-iron toroid inductors and 
choose one close to the calculated or a self-chosen L value. | start with an inductor wound with 4-5 more turns than needed. After soldering itin, 
the RL is checked. Remove 1 or 2 turns, tweak the trimmer capacitor and again check the RL. If alter removing 1 or 2 turns, the RL is going up, 
you've determined there was enough inductance to get the best RL. (Ifthe RL goes down, you probably didn't start with enough L to get the best 
possible RL). 


You can also also squeeze together or spread apart the toroid windings to vary inductance — the maximal inductance variation varies due to 
factors including wire gauge and total tus. Compressing the windings with thumb and forefinger increases the inductance and widening the 
gaps between windings reduces inductance on a toroid. 


‘Assuming the RL increased after removing 1 or 2 tums, remove another turn, tweak the trimmer capacitor and check the return loss, and so on. 
Repeat until your retum loss starts to decrease. Then add back a turn or 2 to find the absolute best match. This procedure allows you to find the 
‘optimum inductance in-situ. Once, you've figured out the best inductance, cut the inductor leads short, solder itin, tweak the trimmer capacitor, 
and then consider further tweaking the coil by expanding or squishing the windings on the toroid while looking at the RL in a bridge detector. 


In summary, to get the best possible RL — design a prospective L-match with software, and then bench test to determine the optimal in-situ L 
and C by using values above and below the calculated L and C values while observing the results in a return loss bridge. This method seems 
tedious, but emphasizes that repeated bench practice and patience pays off. You can always just use the calculated L-network values andior 
develop your own method to set them up. 


Consider mitigating the stray inductance caused by the long lead that occurs after removing wire turns by cutting the lead and scraping off the 
enamel insulation every couple of turns or so. This is a gamble — If you cut the lead and need to add back a turn, you'll have to rewind the coil 
from scratch, or add in and solder another tum (messy). I'm often able to get a L-network RL of 22-26 dB using my method and feel i's worth the 
the time and effor. 


‘When bench tweaking the Land C values, your actually looking at the peak-to-peak AC voltage with the amp input connected to the unknown 
port of the RL bridge. Tune for the lowest, stable peak-to-peak voltage. Test it against the open circuit peak-to-peak voltage to calculate the RL. 
SSince the open circuit doesn't change, you know the return loss is improving when the peak-to-peak voltage of the amplifier under testis going 
down. |store the open circuit voltage in my scientific calculator and calculate the RL from time to time as 'm tweaking the L and C values. After 
awhile, the whole procedure becomes automatic and quick. Once you ‘re done and everything's tidy, measure the open circuit and connected 
amp peak-to-peak voltages and calculate RL a final time. This is your reportable return loss. 


You can scale matching networks from other builder's schematics by calculating the XL and XL and then applying these reactances to your 
desired frequency. Bench tweaking is stil required. | also hope the person whom I'm copying didnt make a bench or drafting error. Be discerning 
about whatever your find on the Intemet "Misinformation Highway” — this site included. Although I'm no philosopher, | know at least 3 things 
about people. They: 1. are often biased; 2. can lie; and 3. can make errors. 


‘Above —Some toroids and the air variable capacitor | sometimes use to coarsely bench tune L-C circuits to determine the "ballpark tuning 
capacitance, This capacitor features built-in reduction drive and varies from 15pF to 428 pF. When using an external capacitor connected to your 
Circuit with short copper wires, expect some signal distortion and watch out for hand and body caused capacitance vatiations. The connecting 
wires also have reactance which won't be there when you swap in a small trimmer cap plus any fixed value capacitors. 


Next up is a common emitter amp using “noiseless” feedback - this means the AC feedback is achieved with transformers instead of "noisy" 
resistors. 
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‘Above — Schematic of a 7 MHz collector-emitter "Grifths” feedback amp. | ran substantial emitter current through this NPN. RC = 116.5 ohms 
—| paralleled 2 resistors for RC because | lack resistors between 100 and 150 ohms. The basic design is by Bruce Griffiths, who has a great 
web site. | thought I put up big schematics! 


“The input L-network was designed on the bench and provides a good input match peaked at 7.040 MHz — this pumped up the gain 3-4 dB. In 
my amp, 750-2 powdered iron toroid inductor forms the L-match coil. Matching for the best possible input return loss is touchy and best done 
on the bench. For example, ifthe 6 UH inductor is decreased to 5.8 UH, the match could fall by 2-4 dB. With patience and careful tweaking return 
losses approaching 29 dB are possible, but likely too time consuming for most builders. The procedure as described earlier is pragmatic: connect, 
@ RL bridge to the input and adjust the Land C values until the lowest return loss is discovered. Even squishing or expanding the toroidal 
Inductor windings can squeeze out a final dB or so of input matching. 


Output matching proved interesting. Although | tried, the best output RL | could muster was 14.5 dB. Lowering the 10 © degeneration resistor or 
increasing the cutrent could increase the output return loss. An output attenuator pad might be considered —a 3 -6 dB pad would increase the 
‘output RL to over 20 dB. 


‘All 3 output transformer windings were wound on a FT37-43 with care to keep the phasing correct. Amplifier gain is not dependent on collector 
current. For example, substituting an Ra of 180 ohms (clipping out the 330 0 resistor) yielded a gain of 19.5 dB, an emitter current of ~ 20 mA 
and an output return loss of 12.6 dB, while the input match changed very litle. 


‘The oscillation shutter 22 0 collector resistor was 15 ohms in another version, however, parasitic oscillations were discovered at ~175 MHz and 
snuffed out by raising this resistor from 15 to 22 ohms. | sometimes go as high as 51 0: especially in FET circuits 


‘Above — The breadboard of the noiseless collector-emitter 7 MHz feedback amp. Click for a photo of another version. The hat "madern” 
replacement for the 2N5109 is this SMT part. | also like the BEG135 T/R BUT. 


“The final FBA experiments befow use a standard voltage divider bias, tweaked for temperature compensation. The AC feedback is base to 
emitter —a rarely used topology in North America; although I'm not sure why. 


Base-Emitter FB. DE Bias Using a 2N2222a 


12.2v 12.01v 8.45v 


| 14t FT37-43 


TE=20.1 mA 
Transistortemp24.6C REE = 150 


‘Above — The DC bias resistor values for a 2N2222a with a DC Beta or hFE of 150 and a emitter current of 20.1 mA. Almast every text author 
‘writes about voltage divider bias temperature stability, but some builders get bogged down in the details. Since the bipolar junction transistor is a 
voltage controlled device (see section 4 QRP-POSDATA for an explanation), you must set up some DC voltages —| cteated a design center 


presenting an easy approach to design reasonably temperature stable BIT amps. See #5 Design Center on the supplemental web page. After 
gelting the bias, the AC parts were added, and the completed schematic is shown below. 


Emitter FBA 
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03 | 
10 % optional for 
low Ft BJTs 
‘Above —A base-emitter feedback amp built Dec 21, 2010. | read about base-emitter feedback in Dr. Rohde's book (Reference 1). He had some 
discussion, a small signal model and lots of dificult math, but no circuit examples. After searching on the web | found 1 example in the HBR- 


2000 transceiver; a project designed and built my respected Canadian colleague Marcus, VE7CA. Click for his web site. | decided to build my 
‘own design using a L-match to tune the input to 50 Q. 


“The above amp was built around around a 2N2222a, The 39 ohm resistor is not really required with the 2N2222a. For high Ft transistors like the: 
2N3866, 2N5109 or microwave transistors, ferrite bead(s) or the resistor are not an option. Low F-t transistors like the 2N2222a or 2N3904 don't 
need the UHF oscillation snuffer resistor since they lack real gain at these frequencies. With the design center, you should be able to bias your 
‘own amp according to the emitter current you want — choose a BJT, measure or choose its hFE and then choose IE. 


Missing from this web page is how to choase an operating point + discussion about DC load lines and related topics. | may tackle these topics on 
a future web page. Im not sure anyone cares about this anymore, 


‘The most difficult part was the output transformer. Lacking a base to collector connection, the collector impedance runs quite high and finding a 
good match into 50 © proved impossible — even with a shunt resistor across the primary coil. | saw a strategy in Marcus’ amp; AC couple the 
collector to ground via a S10 resistor. | did this. From then on, itwas just tial and error to identify the optimum turns rato for the collector 
transformer. An interesting experiment might be to figure out the turns ratio using a lower loss output transformer such as a FT-37-61, 


“The tums ratio of the various collector and drain transformers on most of these amplifier designs were determined by placing the amp in an 
output RL measurement setup and adding ar removing secondary tums to get the highest possible RL. See the procedures for RL measurement 
fon the RF Workbench pages. 


‘Above — The breadboard of the first version of the base-emitter FBA. 


3. JFET Common Gate (CG)Transistor Amplifier Experiments 


“These experiments focus on setting up a desired input return loss and getting a reasonable output return loss in the CG amplifier. My expectation 
of an easy set of experiments proved wrong — assumptions never substitute for actually building and measuring, 


like motorcycles. The difference between riding a motorbike versus diving a car parallels learning on the bench versus learning by just 
simulating or calculating component "ideal" values on paper or computer. In the car you're isolated from wind, smells, temperature changes and 
subtle road traction and camber differences that you fully sense on the motorcycle. Bench experiments prove equally visceral and experiential — 
the sensory input from learning as you build and test circuits imprints deeply in your mind. 


7 MHZ 


FET Line. 


mp 1ifier 


Input RL= 20. 


40 turniink 


‘Above — A7 MHz JFET “linear” amplifier built only for testing ideas — do nor build. it went through several incarnations and prompted many 
experiments. The input return loss was deliberately set to 20.8 dB, although | set a RL from 10.0 - 28.6 dB during my experiments. Bypassing the 
FET source resistor increases gain, but of course changes input RL. 


“The output transformer represents a terrible design, but shows the length | went to to try an obtain a decent output return loss. Working with this 
circuit, led me to abandon tuning the output transformer in situations where a high return loss was desired since the low value resistors required 
kill the tank Q significantly. 


‘Above — Breadboard of 1 version of the prototype low-level JFET “linear” amplifiers for 7 MHz. Click Click . Cxis tuned with a variable cap and 
nearest standard value substituted; in my case 46 pF was the measured value of the variable cap at point Cx. 


Setting Input Impedance 


Setting Input 
Return Loss 


‘Above — The procedure used to set a desired CG amplifier input Return Loss. Numeraus factors influence the input impedance and | discuss 
them in #4 Some Factors Affecting Common-Gate Amplifier Input Impedance on the supplemental web page. | keep some tapped inductors 
(on my workbench such as this FTS0-43 or these ETS0-61 core inductors. To find the best retum loss using such a coil, you can change tap 
points, remove windings and even wind more tums and solder the 1 end of your new windings to 1 end of the existing wire. Some builders amit 
inductor taps and manipulate the input retum loss other ways as described in the supplemental article 


Normally we set the input match after establishing the output match since the output impedance dramatically affects the input impedance. 


Further, you might notice that the tap point may vary between different JFETS, Most of my "real world” coils have at least 2 tap points and | 
choose the tap that gives the best return loss. More often than not, | bias for 14 - 18 mA and leave off the source bypass capacitor, it's your call. 


“The input return loss that gives the lowest noise figure is often chasen by engineers, 


1666666660666 


™ Remove the braid immediately and dont drag “whiskers” of molten solder 
around. The excess solder is absorbed by the braid, which is snipped off ready for the next 
job. 


Be aware that you can damage a printed circuit board accidentally when removing 
the desolder braid if it’s not removed quickly enough. The solder will soon solidify, which 
effectively solders the braid to the printed circuit board! A careless tug may yank copper 
tracks or pads away from the board, stuck to the braid. You can also drag solder 
“whiskers” onto neighbouring pads unless the braid is removed cleanly. Why not practice 
using desolder braid with an old circuit board? 


Whichever desoldering method you use, care is needed to ensure that the boards and 
parts are not damaged by excessive heat. It’s not that difficult to apply so much heat when 
desoldering that the adhesive holding the copper foil tracks on the p.c.b. eventually fails, 
causing the copper track to lift away — everyone’s worst nightmare. 


Input RL (d8)| Output RL (dB) 
26.6 14.7 
203 14.3 
179 14.4 


‘Above — An experimental 7 MHz common gate amp designed to terminate a diode ring mixer. The best thing about using 2 JFETS is that you 
don't have to determine the tap point in the decoupling inductor (12 turns on a FT37-43 in this amplifier) | put up to 4 in parallel during my 
various experiments. It's faster to match just 2 JFETS, so 2 were favored. 


‘The output RL wasn't great at ~ 14 dB, however is probably normal or better than most published amateur projects. | set the output match by 
adding a shunt 1K8 resistor across the primary winding and then finding the tums ratio to give the best output retum loss. Without the resistor, 
the best output RL will be ~5 dB or worse. The resistor reduces power. 


|eamned that putting JFETS in parallel in a common gate amplifier reduced the output return loss in circuits using an output transformer ike in 
the schematic above; this is unfortunate. 


| wanted an output RL of 20 dB or greater — this is no small request; over a week was spent investigating transformer behavior and! finding ways 
to imprave output retum loss when you really want to, 


‘Above — The breadboard of the above 7 MHz CG amplifier. 


Output Impedance Experiments 


For some reason, | assumed that when using an arithmetically correct tins ratio, the output transformer will end up at 50 Qs. For example, if 
wish to transform 450 ohms to 50 ohms, 'd use a 9:1 impedance ratio (3:1 tums ratio) and get 50 ohms. Sadly, itisn’ this simple — impedance 
transformation is complicated and whole books have been written about i. Illshare some of my experiments that might inform yours. 


turns ratios and return foss. 


“The first task was to built a simple ig to evaluate primary and secondary coup 


1K8 


Return Loss of FT37-43 transformer | Return Loss of FT37-61 transformer 
Frequency | 7MHz | 14MHz [Frequency | 7MHz 14 MHz 
(Open ci 2adp | 2448 |Opencircuit| 0.5 dB) 0.9 dB) 
Shunt ike | 16.7d8 | 17.548 _[Shunt 1K8 6.4 dB 11.8 dB 


Transformer Return Loss Tool 


‘Above — The simple tool built to evaluate the return lass of a transformer out-of-circuit. In this case, | examined the 24t: St transformer of the 7 
MHz CG amplifier shown eatlier. The table shows the best possible return loss when the 1K8 resistor is across the primary coil. Additional 
experiments were completed and follow below. 


FT37-61 


Return Loss = 16.7 dB @ 14 MHz 


1200 : 50 ohms = 24Z ratio = 4.9 turns ratio 
24 turns / 4.9=5 turns 


‘Above — An experiment to see if changing the shunt resistor can improve return loss; yes it can. The shunt resistor was a 4K7 potentiometer — 
Using the potentiometer, I was able to determine the optimal resistance needed to increase the return loss @ 14 MHz of the FT37-61 ferrite- 
base 24t : St transformer. The pot was removed, measured and replaced with the nearest standard value; a 1K? resistor. The best possible RL 


‘was 16.7 dB using a 1K2 shunt resistor. At 7 MHz, the FT37-61 didn't work well. Five tutns on a FT37-61 based transformer doesnt have 
enough inductive reactance to get a good return loss. 


‘Above — The transformer testing jig. | omitted the switch shown in the schematic above and just soldered the shunt resistor across the primary 
winding, 


e! 200 ONE. 
500 10t 20t 
je St son je 10t som 
bg 200 | ° 200 a 
10 BET : ¢ 
7 MHz: 29.8 dB MHz : 19.7 dB 7 MHz : 22.2 dB 
14 MHz: 29.5 dB 14 MHz: 18.7 dB 14 MHz 16.9 dB 


e] 450 Return Loss with 
some FT37-43 
la? transformers 
EY) 
. 
10TET 
7 MHz: 26.7 dB 
14 MHz : 22.6 dB 


‘Abave — Some of the outcomes using the transformer jig pictured above, While | basically understood that transformer efficiency tends to fall as 


the turns ratio increases, | never thought this would also happen with return loss. By no means do these crude experiments constitute science, 
but the following themes emerged: 


11. The better coupling of transmission line transformers (bifilar, tiflar etc.) ranslates into improved RL over conventionally wound transformers 

2. Limiting the turns ratio to 3:1 or less generally improved the return loss. As the tums ratio moves above 3:1, the best possible return loss tends to 
decrease, 

3. The smaller ot secondary winding should have 4-10 times the inductive reactance of the impedance it's connected to. For a 50 ohms impedance 
this means a minimal XL of 200 - 500 ohms. | noticed a weak trend towards better return lass with higher XLs. This means that to use a FT37-61 
at 7 Miz, the secondary winding should be 9 -14 tums or so, 


Re arrears 
4:1 Z ratio 
7 MHz :8.9 dB RL 
14MHz:143 dB RL oy 
. 
820 
* . 
baby 16:1 Z ratio 
o ° ales 
10 BFT FT37-43| sin 
16:1 Z ratio . 
7 MHz: 27.7 dB RL 10 QFT FT37-43 
14MHz: 20.6 dB RL 


‘Above — Further transformer experiments. For a 4:1 impedance transformation at 7 and 14 MHz, a FT37-43 ferrite toroid gave a better out-of- 
circuit RL than the FT37-61 The comparison transformer with a FT37-43 ferrite core was shown earlier. i's possible to transform a big 
impedance such as 16:1 by cascading 2 bifilar transformers, or by using a quadhiflar transformer. | didn't build the quadniflar transmission line 
transformer, but show itfor completeness sake. 


Of course, once you connect the transformers to a real circuit, things will change — stil its great to be able to examine transformer retumn loss in 
a controlled environment. 


7 MHz CG Amp & 


12.22v 


10 BFT FT37-43 


500 


FT37-43 


Above —a common gate amplifier experiment using 2 cascaded 4:1 Z transmission line transformers. Data with and without the 820 Q resistor 
shows that while the resistor gives a great output RL; it eats a lot of power. In cases where I've seen cascaded transmission line transformers 
used, the resistor was omitted. The Ugly Weekender transmitter by Wes, W7ZOI provides a good example, 


In many cases, its prudent to sacrifice gain for return loss, however, when you see a builder (like the former me), put a 32:3 tums ratio on a 5 
MHz amplifier output transformer and label the secondary windings "60 ©, we'll know better. 
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‘Above — An evolution of the amplifier above to get the best possible output RL. | omitted the 820 ohm resistor and matched the output with an 
LLenetwork. The return loss on the output of the second transmission line transformer (measured before the L-match was added) was 3.4 dB. 


“The L-maich values were roughly determined by using this chart (you can also do the math). According to the chart an (output) RL of 2.4 dB, is 
either 10 ohms of ~250 ohms or so. Ten ohms is unlikely, so | designed my L-match to match 250 to 50 ohms. This provided some starting 
values for the Land C parts and the rest was done on the bench using trial and error with an RL bridge. At the time, this was the highest output 
RL I'd ever achieved. 


RF engineers use math to calculate impedance (they always da). 1 sent the schematic to Wes, W7ZOI for his analysis and summarize his return 
email comments as follows: At 7 MHz, the XL of the 2.22uH inductor is 97.6 Q, therefore the impedance looking into that with 50 Ohms as the 
load is 50+97.6. A complex inversion of this value gives a complex admittance that has a real part: 0.0041. Flipping that gives 240 Q. The 
equivalent reactance is inductive with a value that wauld be tuned by a 184 pF capacitor; a bit more than you have there —so there is some 
reactance presented by the center tap of the second transformer. Neglecting these details, the L net generates about 240 Ohms. The two 
transformers then kick the Z up by 16 to 3856 Ohms. 


| was pleased that my simple chart gave a value close to his calculation. Test it out — the chart may wark okay for you, 


‘The input match is over 20 dB and reasonable. More time could have been spent on the input autotransformer by tapping and such to increase 
the input RL, however, time is the 1 resource we all seem to lack. 


“The final amplifier experiments employ an L-match to set output return loss. When reading electrical engineering books youll often see all sorts 
of matching networks on both the input and output of FETs and BJT amplifiers. The networks look simple, but in practice, aren't. They tune 
sharply, have a low bandwidth and in the case of the CG amp, harbor a big problem — tuning the output for the best output return loss, 
dramatically affects the input return loss and potentially, your return loss measurement by the reactance affecting the RF signal in your bridge. 


‘When tuning the output, you're actually changing 2 complex impedances — this is not trivial 


‘Aiso if you're off by a few pF or tens of ul in your network C and L values respectively, you can wreak havoc with the measurements. At this 
point, | don't possess all the skills needed to tune both the output and the input network to a RL of 20 dB or greater; especially with a broadband 
input. 


cI 12.22v 


Input Return Loss = 20.4 dB 
Output Return Loss =29 dB: 
Gain = 14. 6 dB 


(Tested ‘at 7.040 MHz | 


‘Above — A common gate amp employing a high-pass L-network to match the output. Miraculously after 2 hours of tweaking, | abtained a good 
Input and output match; however this amp isn't reproducible. The inductor was wound on a T68-2 using 28 gauge wire — always a pain. Through 
trial and error, | learned that the output impedance of the drain was around 11800 ohms. Starting with 18.4 uH on theT68-2, | removed 2-3 turns. 
at a time until a reasonably low retum loss was obtained: then | removed 1 turn at a time. | went too far and had to add back turn. | clipped the 
excess lead every second tum which made it tedious, but exacting. It seems that the L value is very critical ~ it would be nice to use a variable 
inductor to figure these things out. Compressing and expanding the windings also provided a simple way to vary inductance. 


In several ather circuits, the best possible input return loss was only 14 dB. Mistuning also caused oscillations to occur in one 14 MHz amp with 
fan output network inductor of 7.4 ul. | also ted a 14 MHz amp with an L-match on both the input and output, however, was unable to match 
both the input and output due to the interplay between them. 


5002 


‘Abave — Here are 3 possible L-network configurations for tuning a CG amplifier output. They can be used in other circuits and are worth 
studying. The L-match with 2 variable capacitors generally requires lower inductance than the others. 


Above — A breadboard of 1 of the high-pass tuned CG amps. The gate lead on this transistor is too long — the inductance will ikely cause UHF 


oscillations. 2 ferrite beads were placed on the drain to mitigate these, but a better construction technique is recommended and shown below. 


‘Above — the preferred way to ground the gate with the JFET on its side. The hole-through version of the U310 JFET has a metal case that is 
connected to the gate that makes it deal for grounded gate amplifiers. Same suppliers only sell SMT versions of the U310 now. 


4. QRP — Posdata for January 2013: Transistor Bias Model 
This discussion concerns setting up the DC bias point for linear BIT operation. 


Earlier | stated that a bipolar transistor is a voltage controlled device. A few readers thought I made a typo: something | frequently do, but not in 
this case, since | purposely made that statement. In realty, the argument could go either way since collector—emitter current is controlled by the 
base-emitter current (~a current controlled device) and by the base-emitter voltage (~a voltage controlled device). 


Stated using the correct physical model, a transistor is a current controlled current source. With extemal circuitry we can manipulate this 
physical model into a voltage controlled current source, or a voltage controlled valtage source, or even a current controlled voltage source. 
‘Whether you model the transistor with current or voltage, the math tells the truth when properly examined, 


Please view the following two 2N3904 SPICE models generated by Wes, W7ZOl for me many years ago when | began to learn small signal 
analysis using impedance and hybrid parameters, plus set out to lear ways to establish DC bias and temperature stability in BJTs. 


4 Typical copper track damage (centre) caused by overheating during soldering or 
desoldering. The track has lifted off, but you can try repairing it by adding extra wiring or 
SuperGlue it if the track isnt broken. 

If this should ever happen, remove the iron immediately and permit the area to cool 
(a freezer aerosol is valuable at such times). If you’re lucky, you can maybe repair the 
lifted track using a droplet or two of Super Glue, or add “jumper wires” to bypass the 


damage. 


4 A Freezer aerosol can give rapid cooling where excess heat has been applied 
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Above — the Y axis shows how changing base-emitter voltage or current changes the VBE. We tend to assume a VBE of 0.7, however, the 
math shows the truth. Whether we plot voltage or current for the Y axis data, the graph slope remains similar. The greater the applied DC volage 
placed on the base-emitter port, the more current wil low. 
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‘Above — Logarithimic base current plotted against VBE. If we want this current to increase, we need to put more DC voltage on the BE junction, 
On the bench, we may easily measure base voltage to confirm our calculations — measuring base current proves more dificult. Whether Im 
setting up amplifer bias with voltage dividers, a curtent source, or even biasing itwith a downstream AGC voltage, | prefer to think in terms of 
voltage control — although | get that V and | truly just coexist. 


Current or voltage madeling — its your choice and the math will quide you. Look for these equations on the Web, or in second hand bookstores. 
Fve got 8 or 9 transistor theary books naw and they're really timeless. 


5. Miscellaneous Figures and Photographs 


Shunt Feedback 
Decreases input Z 
Affects current gain, 


Series Feedback 
Increases input Z 
Affects voltage gain 
emitter degeneration 
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RF — Test and Measurement 


Hobby and Fun 2011 


Introduction 


Hobbies are supposed to be for recreation. Electranies shouldbe fun, nat stressful —heavy math, big parts counts and complexity are more 
likely ta seave aviay experimenters than recrut them. This page avoids the measurement focus af my latest suff and simply promates fun and 
discovery. 

‘You might be interested to know that my simple experimentsprojects garner the most emails. Many wrote "Tn eadiscovering electronics", oF,“ 
\wanta simple and tun hobby". Hobby and fun are my goals too, 


Simple Regenerative Receiver Experiments 


‘Above —2 air variable capacitors and a copper clad board screwed onto a piece of wood for my bench musing. Regenerative receivers delight 
‘and amaze — some builders take them very seriously. | respect this, but to me; they should be as simple as possible. | wanted a2 stage "genny™ 
‘receiver for this page and present 2 diferent receivers; 1 is my design, the olhars is a JFET variant of a favorite W7ZO1 circuit. Quoting Wes, 
\W7Z01“feedtack your imagination”. 


‘Some builders place a simple common gate or a common base RF preamp on the input to boost gain and reduce antenna radiation of the RF 
‘oscilator, wile others place an RF gain control on the input — usually a potentiometer; to prevent overloading the RF stage. | wont prescribe 
hat to do —that's up to you. There are countless example of regenerative receivers on the web and you can many spend hours viewing them, 
‘Some ofthe mast intriguing are those bul by Russian speaking experimenters. Example link. 


My circuit ideas are meant as fodder for your avn experiments 


Frequency :5339 kHz 
Station : 52EX, Chinese military 
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Above — An experimental, ulra-simple “CW recaver. At 5339 KHz I hear strong Morse code each night. Its suggested to be from China, but 
Fim unsure. Connected to my 1/4 wave 40M band vertical -a simple matching network and trimmer tuning capacitor were ited tothe input 
Here's some aula. ike the beat note of this receiver -ithas no regeneration control and is fixed for CW. Minimalist circuits are fun — some 
hardcore regen builders might freak ou; na valtage regulator (here's a version with that + a T68-S inductor), na regeneration contol (here's & 
vorsion with tha), a relatively low Q coll etc wanted to try my hand at design and nat just copy someone else's receiver 


| call tthe Stupid Simple receiver and although itemits crisp, warm audo, some bench work is required to get the cortect bias and appropriate 
“amount of postive RF feedback —an experimenter’ circuit that explores DC bias and AC feedback. The sot of thing a father can build with his 
son. We need more ckcuts fiting this roti 
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‘Above — The Stupid—Simple experimental receiver set up for ~6 -7 MHz. 2011 marks the Soth anniversary of Radio Habana Cuba. We tune 
HC at 6010 KHz, and as long as fve been listening to SW radio, Ive tuned this station. Here are 3 sound bytes trom around 6 MHz recarded 
‘tom 2:30-2:40 GMT on Feb 28, 2011, including an old repeated episode of DXers Unlimited by Amie Coro which had faded out by the time | 
located and tuned on my aula recadder, Audiol Audio? Ausio 2. The aud stage in these recording was a discrete Yansistor AF amp | 
designed, however, an LM386 was chosen forthe final amp fo keep the parts count and dificuity down. 1 gota litle too cose tothe receiver a 
couple of ies during the recording and made the open cicuit breadboard squeal 


‘Amnie Coro talked about a regenerodyne” receiver in Sound Byte Audio3. Very cool. Here's link. Now this is radiot 


Above — The Stupid-Simple regenerative receiver breadboard for 6 MH2. You can see the T68-6— the red secondary windings ave wound in 
the same direction as the 22 urns of primary | started with 9 turns and unwound a link and tested sequentially unt | had the right amount of 
feedback for AM. | ust used normal hook up wire forthe secondary winding. The white colored cable goes tothe audlo amp. This isa prototype 
‘experimental layout — a regenerative receiver should have short connections around the tank circuit and be in metal box for best results 

‘On some stations, my litle 1 RF + 1 AF stage recelver sounded better than my superheterodyne receivers. The 2N3904 is just barely tuned on 
=I determined that a base bias of 0.66-0.68v provided maximal sensitvity. The 150 ohm emir resistor can be a 500 ohm pot and used to fine 
‘une the regeneration. 150 ohms gave the best compromise gain and feedback + current fr the 2N3904. 


‘Audio Amplifier 
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‘Above —1 chose an LM86-N for my AF power amplfer. The LM396 exhibits less peak signal distortion when run in the fsv-power (X20) gain 
‘mode and a higher VCC such as 12 volts. My receiver used the schematic denoted 8 —a 10K and 0.033 to 0.047 uF RC network is used to 
‘reduce the amplifier high frequency response. Cick for a sound byte of me tuning around 6 MHz witha 10K + 0.047 uF RC network between 
pins 1 and 5. Figure Bis my favorte way to use the LM386 and comes right off the National Semiconductor LM386 data sheet. Look for this data, 
‘sheet vith your lavorte search engin. 


Because | have a big antenna, Figure B provides adequate volume fo a speaker. Connecting pins 1 and 8 via a 10 uF capacitor bypasses some 
‘emitter resistance and gives X200 gain. A resistor in series withthe capacitor pin 1 and 8 wll reduce the gain. Figure A shows a gain = 50 
Configuration. Youll have to choose the LM36 set gain to sul your particular fegenerative receiver, however, the greater the gain seting, the 
‘greater the chance of distortion, unwanted noise and audio feedback, 


| generally buld my audio power amps around op amps or discrete Wansistors, but the LM396 exalts this web page's theme. Distortion in all these 
‘small power amplifiers is dependent on input signal amplitude as much as anything ase. 


‘LM286 Motorboaters 


Expect AF feedback motorboatng Via your DC powerlines as you increase the AF gain pot in many LM386 cieuls. this happens, try better 
‘bypass and decoupling on the LM386 power ine: 100 to 470 uF shunt bypass on the DC line + a 10-22 series decoupling resistor, plus 100 - 
470 uF shunt bypass on pin 6. Ck for 1 example. ypicaly 470 uF bypass is requted if you suffer 6O hertz hum. You may model your simple 
RR iter vith application E on the javascript applet page to see the 3 dB cutoff frequency of your particular DC line low-pass iter. 


‘Stupid—simple Notes 


“The SiupidSimple circu really needs the adjustable 20K regeneration conto if you wish to tune beth AM and CW. The numberof turns on the 
feedback winding varies with factors including transistor beta, how you wind the primary and secondary windings (grea affects the coupling 
‘between the primary and secondary windings) and whether you want AM, or CW reception — or both. Experiment with the number of turns to 
figure i out 


‘You can ty "matching” the tank circuit to your antenna by decreasing the 470 pF cap to as low as 68 pF. This wil affect the tuning capacitor 
‘ange. Foran ai variable tuning capacitor, use anything you can find. Consider connecting fied parallel andlor series capactiors to reach or init 
the desired capacitance. Many goad examples are published on the web. 


‘Some builders flat the tuning capacitor across the inductor so the cap is ungrounded. The stator (bod) ofthe capacitor shauld be connected to 
the circuit ground to help minimize the effects of hand capacitance. A grounded metal case further helps 
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Stupid - Simple T 


‘Above — My popeom regenerative design "The Stupid-Simple” set up for broadcast band radio at 1250 KHz 


‘A teader trom Brazil enquired about puting the Simple Stupid on MW. | had some time for a couple of experiments but only wanted 2 frequency 
— 1180 KHz, the local 10 KW sports radio station. Using 28 gauge vite, ! wound 54 tums (about 230 uH) on aA FT-114-61. Most builders won't 
have this toroid, however ferrite rods ftom AM radios are plentiful and a great substitute 

“This design relaxed the regeneration to improve audio quality (no whining or hissing). The bias and feedback logp were wound fr the best 
‘sounding audio. For example, at the bias shown, i you increased the 19 tum ink to 21 tun, the bass response Increases; decreasing to 17 
‘ums reduces the bass response. 


‘As a result of lowered postive feedback, the selectivity is down, however, a variable capacitor is needed to peak the station. Alter peak tuning, | 
‘emoved and measured the ar variable cap at ~ 200 pF and then substituted a 220 pF fixed capacitor to simplty things. 


For audio, |used a bench AF power amp into a speaker. i sounds nice for 1 transistor. Aucio sample 


during soldering. Also used in circuit faultfinding to identify overheating parts. 


You now know everything you need to know about making the ideal solder joint, 
and desoldering it in case you need to make a repair. Just to remind you, a Quick 
Summary guide follows. 


‘Above — The breadboard of the channel receiver for my workshop - use itto keep track of the Canadian Football League 
antenna was along piece of outside vire. Red hook-up wie forms the 19 tun feedback winding, 


istics. My test 


For ies with multiple AM stations (AM stations are dying out in Canada), youll have to add more regeneration and probably mave to a better 
design. This radio's simple, but not extraordinary. 


1uF 
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The ugly Tuesda 


‘Above — Another regenerative design that tuned AM, SSB and CW from 5-11 MHz with diferent toroid colls wound on a T50-6. t's based on a 
favorite design by Wes, W7ZOI. | suggest lapping LL at 10 - 2596 ofthe total number of tums. The Seconda link forthe antenna connection 
‘depends an the impedance of the antenna, but 5-209 ofthe total number of Li primary tums wacked well at my QTH. Please experiment with 
the secondary link to determine the optimal coupling to your antenna. My L1 indictance ranged trom 1.5 to 5.6 uH. You may have to add a fixed 
‘capacitor in parallel with your ar vaviable capacitor when using law inductance cols such as 2.5 ub. 


“The 51 ohm resisior suppresses UHF parasitic oscillations. The AF transformer isa transistor radio output (1000 8 ohm) junk box special and 
‘serves as an RF choke, | tied various AF lansformers harvested from old transistor radios in this slot and they all worked fine. Nathing's really 
cial on this receiver — that's why like it Truly junk box radio. 


Simple Active Antenna Experiments 


Active Anten 


100K 


100K 15¢ 6137-43 


Hfoctwhio —_oo1 


670H 
T50-6 
center tap 4 
14-200 pF 
Bi 1S=8-123 mA 
ME 51pF 
5 MHz 117 pF 


Above — A valtage probe 0: actve antenna using a telescopie whip. i's been awhile since | bulk ane in keeping with a minimalistic crcut theme. 
|astad this VPA from 5 to 14 MHz. The center tap onthe col alows the peaking at ~20 MHz and higher. The L value is non-real; choose a 
‘value that will work with your tuning variable capacitor or varactor. The L -C values can be roughly determined from a chat tke this, or just do 
the math (XL= XC atthe desivad frequency). Account for stray inductance. I you wish to perform return loss measurements on this cteut, you'll 
hhave to shor the 6.7 UH inductor as the whip antenna can tune in RF from the RF signal generator used forthe return loss bridge, 


‘without the 2K load, the ercuit wil oscillate. | thought about some ways to match the output ranslormer to a regenerative receiver tank circuit. 
“The 100 uH drain choke could be replaced by a (bla) 2:1 wansmission line transformer ar two. Transformer experiments this Winter clealy 
usteated the superior coupling af wansmission line wansfermers and mandates using them aver conventional vansformers whenever possible, 


Using a conventional tansformer with a shunt resistor across the transformer would also work, but the resistor reduces gai. | bult and tested 
this output circuit with an 8:1 ansformation using two 2:1 transmission line varslormers. The output impedance atthe JFET drain is somewhere 
‘around 4300-4500 obs at 7-14 MHz. The tansfotmed output impedance Is somewhere around 250-320 ohms at 7-14 MHz. Connecting the 
‘VPA output toa tap inthe regenerative man tuning inductor might work — bing careful otto load dav the regenerative tank cl 
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Above — The VPA breadboard on my latest notebook. The 100K pot sets the stage gain. While simple, tworks okay. 


‘Above —the VPA built March 12, 2011 (he 14-200 pF alr variable cap is nat shown). Ittook about 45 minutes ta design, bull and test. The 
1K load used for testing is the biue resistor tothe extreme ight 


Low-pass Filter for 21 MHz 


15m 


120pF 270pE 270pF 120 pF 


Insertion loss at 21.060 MHz =0.31 dB 


‘Above —A 7 element Chebyshev low-pass fter for the 15 Meters Ham band (ICa = 25.03 MHz to allow the use of standard value capacitors). A 
‘builder requested a band-pass filter design for his 15M band receiver. In axder to accurately test my design, | decided to make a permanent, low 
pass iter module to folow my signal generator. 15 Meters is a favorite Ham band, som certain to use iin the tature. 
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‘Above — A GPLA plot ofthe fter. The frequency cut-off at -2,-20 and -40 d8 are shown. Per 
hand and love a serious low-pass titer. Click forthe bread board photo. 


ps this iter iseverkl, but had all he parts on 


Fine-Tuneable 1 KHz Wein Bridge Oscillator 


In 2010, | wanted a fine-tuneable Wien bridge aseilator to dive a noteh titer in an AF distortion analyzer. Ken Kuhn dew me up a.schematic an 
his coffee break and emailed itthe same morning. 


Jaly 6, 2010 / lowpass iter 
wien bridge oscillator 


1N4148 2 


10.0K 


969-1025 Hertz 
& fora present 


OPAZI34 


| applied anti-parallel diodes Instead ofthe classic incandescent bulb for amplitude stabalization in the feedback loop; probably a mistake leading 
{a higher cistortion. Kens fine-tuning cvcut works perfectly, matched the TKS + 2KO + 0.22 UF components on each titer hal. 1% parts goin 
this ereui. 
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‘A version for 905 Hertz built with crazy expensive op-amps. I chose 905 Hz to match my notch ite frequency. 


My breadboard 


QRP Modules 2011 


Introduction 


As experimenters, we rebuild core circuits overtime. | decided to 
increase my collection of stack modular circuits to avoid re- 
inventing the wheel. This web page serves as a module repository 
for the website, 


Since our needs differ, 've shared these circuits more for interest 
sake and really not as schematics to copy. All modules were 
carefully built and tested, 


{great virtue of the metal encased module is strong shielding. RE 


modules use a SO chm port impedance and BNC connectors. 
RCA jacks interface the AF modules. 


40 Meter Band-pass Filter 


7 MHz Band-pass Filter 


5 pE 
47 pF 47 pF 


— oT t t al iA 
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CV=2-20 pF BW = 237 KHz 


IL=24 dB 


& S11=-27dB 


‘Above — A 40 Meter Ham band double-tuned band-pass fier. | designed this circuit using 2 programs that came with EMRFD and describe the 
ppracess on this web page. The 2.4 uH measured coils were wound using #22 AWG wire on 68-6 powdered iran toroids and all fixed caps were 
ceramic COG type. I centered my fiter at 7.040 MHz. You should be able to peak it anywhere on the 40 Meter CW sub-band by tweaking the 
variable capacitors, 


| peaked the trimmer capacitor while looking at the peak-to-peak voltage on a 50 ohm terminated oscilloscope. The fiter input was connected to 
7.040 MHz signal generator with a 30 dB retum loss, low harmonics (-55 dBc) and 50 ohm cables. 
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Above — A simulation of my filter design in in GPLAOS. The calculated IL was 1.68 dB, | measured the IL at 2.1 dB The calculated return loss or 
S11 was 37.2 dB; | measured 27 dB. A good fiter. 


Above — the 40 meter double tuned band-pass fiter breadboard with temporary BNC connectors and series caps. Since this fter will serve as 
‘my main front-end fiter for all future 40M band receiver bench design, | blinged out and put in big toroids and high Q, air-variable trimmer 
Capacitors. While | could have just use a single 150 pF tank capacitor and a wide range trimmer cap such as common, ceramic 10-70 pF, the 
small range, high Q timmer capacitors offer better performance and fine tuning, 


Click for a spectrum analyzer +tracking generator sweep where the center frequency = 7.040 MHz. Graticules: Horizontal = 1 MHz per division, 
‘Vertical = 10 dB per division. You can see why ittunes so sharply. 


‘After testing the bread-board, | removed the temporary BNC connectors and series caps, | stuck it in a Hammond box and wired in permanent, 
short leaded 47 pF capacitors. Final testing in the sealed box varied minimally from the open bread board. This board looks especially ugly 
because itheld a previous fiter and contained lots of remnant solder. 


Broadband Feedback Amp 


Beaverton Special 


Return Loss in dB 
Freq_| Input _| Output 


rey 
iad Tie [ans] 30 
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Above — A "Beaverton Special" feedback amp with analysis. As experimenters, we often need a go-to, broadband 50 ohms input and output RF 
amplifier. This is it 


Populatized by Wes, W7ZOl and Doug DeMaw, WIFB, this amp has stood the test of time and fits perfectly into the 50 ohm module concept. A 
bevy of transistors were tried — a 2N4401, 2NS179, 2N3904, 2N3866 or 2N5109 all worked fine. For the greatest return loss and signal handling 
possible, current aver 21 mAis required and thus a 2N3904 isn't the best choice. Collector current = heat, so heat sink the BJT as appropriate. 


| ound that a 2N2222a biased with over 22 mA emitter current gave a stellar output return loss and low distortion. Within reason, for different 


transistors, keep the bias and feedback resistors constant and change the emitter resistor (100 ohms in my amp) to set the current you want or 
need 


Many builders follow this amp with an attenuator pad to preserve the input retum loss. 


Diode Ring Mixer 


Diode Ring Mixer 


Lo 


Diode Ring 


TUF-1 
bottom up 


‘Above — A Minicircuits TUF-1 diode ring mixer was used in standard configuration. 7 dBm LO drive. 


‘Above —The DRM module, its hard ta photograph inside a solder laden chassis. Connections are shart. 


Popcorn Audio Frequency Power Amplifiers 


| Popcorn Receiwer Audio-Amp 
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‘Above — Popcorn receiver audio power amp. | wanted a simple audio stage for testing popcom receivers (to follow a high output impedance 
preamp device). Completing this module means never having to build such an amp again. The voltage gain is provided by BJTs to keep the 
noise down, but the popcorn factor up. The preamp impressed me with its strong signal handling capacity via feedback and careful biasing. The 
NPN is center biased so that when its intentionally distorted during testing, the positive and negative halves of the AC waveform distort equally — 
it provides a nice, big, AC voltage swing. An LM386 in X20 gain mode with some bass boosting comprises a reasonable power amp section. The 
110K resistor on the output discharges the 470 uF cap when no speaker is connected to avoid a loud pop. The 4K7 series input R can be 

lowered, or omitted for more sensitivity 


‘Some builders might employ the LM386 in a higher gain mode at the expense of fidelity, or just wire up a TDA7OS2. | think in popcotn circuits, 
‘what really matters is that you understand what you're doing and try to design rather than just copy the "usual circuits” 


POPCORN RECEIVER AF AMP 


‘Above —The popcom AF amp in a clear blue chassis. Phono jacks provided a connection for the input and output — they ‘re inexpensive and 
readily available. The DC supply is connected to uninsulated banana jacks on the rear; i's well decoupled (resistor) + bypassed (capacitor) to 
help stop parasitic AF feedback. This amp is pretty quiet, considering its junk box legacy. 


‘Above — The project with the top caver removed. The board is secured by the ground wires connecting ito the pot, jacks and DC voltage posts. 
“The input is on the right. 


like a relatively simple, lower gain AF amp on the bench for receiver development. You can use such an amp to decide on how much overall 
AF gain is needed, how you'l distribute it, and not have to deal with unwanted AF feedback 


e 
470- ag 


12.20v 
1000 uF ai ae @ 
—=— 1K2 
Be BDI 
@ 1/2 VCC! = 
1N4u48 
BIAS 19 
10K 


Volume 


Clean power = 
Quiescent draw= 28mA 
Gain = 15.3 dB 


‘Above — 1 wait popcorn audio power amplifier. Bult around the BD139/140 complimentary pair - | achieved a clean | KHz sine wave at 1.1 
‘Watts power after testing + tweaking my prototype design. | chase the familar series diode pair to bias the power followers into Class AJB; an 
amplified diode (transistor level shitter) might be a better choice. 


Bootstrapping the 2N3904 voltage amp pumps up the clean signal power capacity. The 2N3906 establishes the bias for the 2N3904 and the 

BD139-140 pair. Set the 10K bias pot so that the DC voltage at TP? is 1/2 of the VCC. During testing, the AC voltage was centered perfectly 

between the DC rails and when pushed into clipping, the positive and negative AC waveform distorted nearly equally. Quiescent current = 28 mA 
not meant for a field-portable receiver. 


Click for a photo of my breadboard. Copper clad board serves as heat sinks for the power followers. The BD139 and BD140 make great 
complimentary transistors for audio frequency power amplifiers. With an Ft of 190 MHz, the BD139 can work okay as a driver or even the final in 
modest power QRP transmitters. 


‘Above —1 watt Audio PA (reverse view). 


Pop DC2 — Popcorn Direct Conversion Receiver Main Frame 


‘These citcults update the Popcorn DC receiver from 1998 and includes all components from the product detector through to the speaker, minus 
the VEO and band-pass fier. 
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Popcorn Direct Conversion Receiver Main Prame 


‘Above — The mixer and first audio preamplifier The 0.22 uF to 0.47UF cap connecting Q2's collector to the low-pass fiter network exerts a high 
pass response to remove low frequency noise and potentially any hum. | heard no hum, although a 470 uF fiter capacitor on Q1 helps ensure 
that. Increase the 100 uF fier capacitor fering Q2 if you hear hum or motor boating. The diode ring mixer exhibits AF that’s hard to beat — very 


dynamic, vibrant and lively. lenjayed the low micraphonics with the double balance + a return lass of aver 25 dB on all of 3 ofits ports. Allemate 
photo. 


lve read negative comments about my use of “those big fiter capacitors” — 1 thing radiophiles can learn from audiophiles is that to adequately 
decouple and bypass means we need to stop fooling around with the usual 22 - 47 uF capacitors and really bypass. Viewing well designed AF 
amplifiers informs us so; these designers really fiter their amplifiers from the DC supply. You can always increase the decoupling resistor value 


to allow use of a smaller capacitor value, however, we only have a single power supply at around 12 VDC, and | dislike giving up too much of it 
for DC fitering purposes. Do what ever amuses you. 


Click for some analysis of the preamp. The MPSA18 went obsolete in 2011, so | chose the low-noise 2NSO89 for Q1 and Q2. 


“The Popcorn DC2 receiver keeps the format of the earlier version; discrete transistors forall but the power amp and R-C low-pass fitering. The 
fier stil allows you to listen to SSB, as there aren't many poles and the cutoff is nearly 900 Hertz —itjust removes the ice-pick in the ear often, 
heard in unfitered DC receivers. Yau can change the capacitor values for a diferent cutoff frequency. Applet E performs this function 


‘Second Preamplifier Stage with TDA7082 final 


Quick Summary Guide 


To round off the Basic Soldering Guide, let’s summarise how to make the perfect 
solder joint. 


. Ensure materials to be soldered are compatible with tin/ lead or lead-free 
solder. 


© Allparts must be clean and free from dirt and contaminants. 
* Try to secure the workpiece firmly during soldering. 


© Brand new soldering iron tips must be flooded with solder immediately, 
the first time they are used. 


© Wipe the tip of the hot soldering iron on a damp cellulose sponge at 
frequent intervals. Then “tin” the iron tip by applying a small amount of 
solder. 


. Aim to heat all parts of the joint with the iron for under a second or so, to 
bring them up to the same temperature. 


* Continue heating and apply sufficient rosin-core tin/ lead or lead-free 
solder to form a complete joint. 


© Itonly takes a second at most, to solder the average p.c.b. joint. It should 
be smooth and shiny, and through-hole joints should be slightly convex in 
shape. 


. Remove the iron and return it safely to its stand. 
. Do not move parts until the solder has cooled. 


© Tin the soldering iron tip and clean it well, when switching it off, ready for 
next time. 


© Consider using e.g. electronics flux dispenser pens or Colophony (rosin) to 
help with difficult joints. 


Sometimes solder joints don’t go quite to plan, and sooner or later everyone is faced 
with the need to problem-solve or troubleshoot, so a simple Troubleshooting Guide 
follows next. 
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‘Above —The 2nd pre-amp and AF power amp. Experimenting with a number of audio stages, | decided on this cascode common emitter / 
common base amp biased to provide temperature stability, high gain, low distortion + proper termination of the low-pass fier. (The input Return 
Loss = 19 dB in my 820 ohm bridge set up). Increase the 100 UF filter capacitor on Q3 up to as high as 470 UF if you hear motor boating (low 
frequency thumping). This stage is prone to feedback since it's directly connected to the power amp. Photoaranh 


The simple and effective TDA bridged amp has a fixed gain of 40, so this receiver isn't crazy loud, however, it sounds okay. The bypass capacitor 
on Pin 2 fiters hash noise and can remave some of the high frequency din from off frequency stations, Experiment to find the best value for your 
ears; even 0.015 uF might be your preference. | chose a 0.047 uF for my final version, 


‘The 2 uF coupling caps between the power amp and Q3 can be lowered or raised to suit your parts collection. All the audio path coupling or 
bypass capacitors were "polysomething" types in my bread boards. 


“This is a base station receiver since the quiescent current draw listening to noise = 37 mA. 


For low parts count or beginner's receivers, IC audio power amps make sense: 1 chip and you're done. Consider, for example, the TDA7052 — 
bridged amplifiers supply reasonable power and headroom in an 8 pin DIP package. A good, but imperfect part. Depending on your goals and 
abilities, the limitations of the 7052's fixed 40 dB gain andlor the inability to drive grounded loads or insert additional feedback networks may 
constrain your designs. 


‘Sound Bytes on 40 Meters: 


| recorded these sound bytes prior to adding a 0.047 uF bypass capacitor to pin 2 of the 7052 chip and increasing the coupling cap on Q2 from 
0.22 to 0.47 uF. 


For a control — An ICOM superheterodyne receiver with digital IF fitering set to wide (2.2 KHz) was recorded immediately after recording the 
Pop DC2 receiver (although | pressed the middle (900 Hz) and narrow (600 Hz) iter selection briefly, but they made the noise worse), The 
antenna is a 1/4 wave vertical in a city ot with noisy conditions. | don't believe in artificially making my stuff sound better than real, and present 
warts-and-all audio files. | compressed these files heavily so you!l hear the noise phase shifting a lite. Normally with this antenna, a “quiet” QRN 
level is S9; itdeesnt bother me, Icom, 


Pop DC2 —| was tuning through a pile up to hear how the receiver copes with all the signals (Twice as many with a DC receiver!) 
Pop DC2 — More QRN, QSB and pile ups, 
SSB - After this, | changed the .22 coupling cap between Q2 and the R-C fer .47 UF to add a litle more bottom end. 


‘Above — Speaker terminal (an RCA jack isolated from ground on the TDA70S2 version). Volume pot at right. 


‘Second Preamplifier Stage with LM386 final 


4 ft + 
bel 10 
g a 
i a 
7 I, 
3 
8 
PY |* 100 uF 
2 
= Al 470 uF 
2 
I, Par 1000 uF 
10K ri 
L386 
, op = $10 
2 a. 
4 Volume L 1“ 
c) 10uF 
z 
3 
3 22uF Q3 = Q4= 2N3904 
a 
2 22 
2 LM386 Version 


‘Above — The 2nd preamp and final with an LM3&6 set for just under a gain of 50. Click for a Canadian SSB sound byte. 


Alternate Final Amp Stage that connects to the Q3 volume potentiometer 


To DC Supply for Q3-Q4 t— 
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Maxim Ozerov Version 
Maken OzepoB 


‘Abave — A reader called Maxim Ozerov requested a discrete semiconductor version of the power amp after | posted the 7052 versian on my 
biog. Placing 2 voltage amps inside the negative feedback ioop proved challenging, since I'm no expert and learn on the bench. The gain = ~42 
and the maximum pure sine wave power before clipping begins to occur = ~625 mW. This amp is louder and sounds warmer than the 7052 


2N3904s work fine for Q5 and Q6, but | found that the 2N4401 had a consistently higher DC beta and this helps ensure the bias and collector 
resistors shown will provide the widest possible, pure AC signal swing, 


This amp replaces the earlier IC power amps (connects to 10K volume pot after Q2, however a 2.2 uF coupling cap is required after the volume 
potentiometer). If you need more voltage gain, increase the value of the 12K negative feedback resistor. Above 75K, the gain will approach 50 
and greatly increase the possibilty of distortion. 


My dummy load for development and testing = three 1/2 watt resistors in parallel: 75, 82 and 10 ohms. 


Certainly you can craft better - louder - quieter audio stages with low noise op-amps, however, my readers write that they enjay building up 
discrete transistor designs, and for popcom receivers; | do too, 


Sound bytes from November 1, 2011 


AO Meters - QRN is lower tonight. Some audio from a lineout tape deck (no tone controls nor equalization). | have only 2 cassette tapes, This one 
is Russian language from 1983 - the 1 strong accented syllable generates good peaks for AF listening tests. Audio recorded from an 8 ohm, 18 
em (7 inch) speaker mounted in a wooden frame with no back. Speaker choice and cabinets are critical and often overlooked; again we may look 
to audiophiles for guidance 


Click for some 50 ohm AF preamplifier experiments cut from this page. 


7 MHz VCO Experiments 


‘As RF designers and builders, we rely on signal generators for nearly every experiment. | sought a reliable 7 MHz voltage controlled oscillator 


‘and built 1 after some effort. ll describe and critique a VCO | rapidly designed for a reader and then present a better VCO with some design 
ideas, 


7 MHz VCO Experiments: A rapidly developed Popcorn 7 MHz VCO 
‘Areader needed a 7 MHz VCO in a hunyy (3 hours); he only had 1 MVANL09 varactor and wanted to cover the bottom 60 KHz of the 40 Meter 


Ham band using a linear taper 10K potentiometer for tuning. He planned to use a dual-gate MOSFET cascode buffer (good choice), so | didn't 
have to bother with a butfer. 
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acveis, Os” oe | 1506 air trimmer 
#28 AWG 
100K 
Freq (MHz) 7.000 7.066 
DC volts 0.45 ry 
Total current = 8.48 mA ACvolts | 3.44 pk-pk| 4.0 pk-pk 


‘Above —The VCO with a 100K resistor as the temporary buffer. Hell use a 100K resistor on G1 of the 2-gate MOSFET buffer. With a Q of 150, 
at 1 MHz; high noise level and a hyper-abrupt capacitance-versus-vollage curve designed for tuning AM radios, the MVAMIOS varactor ranks 
poorly. The C of my MVAM09 with no reverse DC voltage was 725 pF. 


Sil, this VCO tuned in a linear fashion, showed a nice sinusoidal output and proved frequency stable. | wanted the AC voltage at the varactor 
anode at under 1 volt pk-pk (itwas 752 mV) to help reduce forward conduction during the positive AC voltage swing. | was bad and ran the 
tuning DC voltage from 0 to 0.45 volts which greatly increases the potential for forward conduction in a varactor. To mitigate this somewhat, an 
82 pF couples the varactor to the tank and drops the AC voltage and reactance seen by the varactor. 


In VCOs on the web and print, youll often see builders connect their varactor to a high Z, and high AC voltage point in the VFO tank; whoa! 


AHF, if varactor is forward biased by the positive half of the AC signal, varactor leakage current and voltage-source loading increases 
momentarily and lowers Q + broadens tuning. Further, serious harmonic energy and phase noise might be generated as the varactor is biased 
positive and negative altemately. You can sometimes see distortion in your scope during experiments with extreme AC voltage swings across the 
vvaractor. The varactor coupling capacitor should be as low as possible 


Balanced varactor tuning (anode to anode) provides another way to reduce AC signal effects at the cost of reduced maximum capacitance since 
the 2 varactors are in series. With back-to-back varactors, as the AC signal swings, the varactors are driven into high and low capacitance 
alternately, but the net capacitance remains constant. Thus applied reverse DC voltage sets the varactor capacitance rather than AC signal 
amplitude. 


“The reader for whom | made this impromptu circuit can lower the AC tank voltage by decreasing the VCC or increasing the 680 ohm source 
resistor after instaling the buffer and tweaking things for a 7 dBm output voltage. This topology suffers from an amplitude versus frequency issue 
—at 7.0 Mhz, the output = 3.44 volts pk-pk and at 7.066 MHz the output rises to 4.0 volts pk-pk. 


‘Stuck with an MVAM09 constraint and 3 hours to desigr/build a VCO, | share this circuit as a raw experiment; not an example of good design, 
because itis not. | took the signal off the gate to derive the best sine wave; this requires a lightly coupled, high impedance buffer with strong 
reverse isolation to prevent the pulling of the VCO trequency by downstream changes. 


‘Allower L + higher C in the tank, and/or a higher Q varactor could turn this VCO into something reasonable. Popcorn versus high performance? 
You choose! 

7 MHz VCO Experiments: A Suitable 7 MHz VCO 
PART 1: Introduction 
During my Fall 2011 VCO experiments | studied books including EMRFD and built versions of EMRFD Figures 4.33 and 4.24. Figure 4.33 is a 
common-base Colpit's Oscillator using a hyperabrupt varactor. On Q1, the 33 ohm resistor in series with the 0.1 uF cap “de-Q" the 23804 to 


reduce UHF oscillations. Wes also employs current limiting with a 1K5 emitter resistor. 


‘The temperature drift compensation circuit involving a temperature sensitive reference diode + op-amp fascinated me — astute temperature 
compensation design. | built and tested the whole circuit; the VCO has some amplitude versus frequency and phase noise issues, but it's okay 
for general use and great for varied environments. After tackling Figure 4,33, | built and tested the JFET Colpits ascillator in Figure 4.34 and 
share my experiences developing this VCO with an alternate butter. 

These circuits are not cookie-cutter / carbon-copy: they show raw design ideas from the bench. 


PART 2: The Voltage Controlled Oscillator 
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Above —A JFET Colpitts VCO picked alter after trying 5 different topologies. This VCO is my version of EMRFD Figure 4.24; originally designed 
by Wes, W7ZO1 


‘This JFET Colpitts oscillator exhibits a flat output versus frequency, low noise, scales easily to other frequencies and accomodates a wide 
variety of varactors. For example, you may scale it to other frequencies by changing the Land tweaking the "Colpit's capacitors" up or down as 
needed. 


employed a small air variable trimmer capacitor to set the lower band edge and this meant experimenting with the inductor to find 1 that allowed 
me to set the band edge with such a small trimmer capacitor. | built 2 versions; in 1 the required L= 6.09 ul and in the other, L= 6.4 uH.Itwould 


bbe much easier to use a trimmer cap with a larger capacitance range as it makes chosing the inductor less exacting, 


With the trimmer shown set to half its range, | started with a 6.6 uH coil and remove 1 tur at a time until the output in a counter was close to 
7.00 MHz. After permanently fixing the inductor, | tweaked the trimmer cap so the lower band edge was 7.000 MHz with the chassis lid on. 


To further drop phase noise, you could reduce the 33 pF coupling cap, add another pair of anti-parallel varactors, run a higher C to L ratio, or 


pethaps decrease the source resistor to increase the current limiting. Also low resistance, high Q, SMT varactors would help lower phase noise 
SOD parts are tiny, but test your hand steadiness and vision 


Tuning Range 


Tine 50. 


DC @ Point A = 3.0 volts DC @ Point A = 12.21 volts 


‘Above — When tuning from the minimum frequency and tuning voltage (7.0 MHz / 3.0 VDC) to the maximum tuning voltage and frequency (7.103 
MHz / 12.21 VDC) the signal amplitude only changes 0.04 volts peak-peak. 


| kept a minimum of 3.0 VDC on the varactors at the minumum frequency to provide reasonably linear tuning, Keep the applied reverse voltage 
away from 0, and improve temperature stability, All were bench determined and are not factors yau can generalize to all VCO circuits. Change 
the minimum DC voltage on your VCO control by adjusting the resistor on the grounded end of the pot; 3K3 in my case. 


Click for a moderate resolution photograph of the VCO and butfer prior to adding the temperature compensation parts. 


PART 3: The Butfer/Amplifer 
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‘Above — The Q1-Q2 hybrid-cascode amp gives strong reverse isolation (nearly 70 dB) and front panel gain control. You could also employ a 
dual gate MOSFET or JFET cascode with either fixed bias, front panel control, o a trimmer resistor to adjust the bias on Q2 


| enjoyed designing the Q3 final amp amp and matching its input impedance to the output Z of Q2. One way to establish a fixed + known output 
impedance in order to to get a strong return loss without tuned circuits/networks is to feedback some signal from the collector to the base. The 
difficulty lies in finding how much negative feedback to apply, while stil DC biasing the amplifier for good temperature stability. | set up a crude 
experiment to determine the Scattering Parameter $22. The goal is to set up a good Q3 output return loss using feedback + matching the Q3 
input impedance by tweaking the inductor resistor across L1 and adjusting Qa's emitter degeneration, 


The return loss in my first prototype without any attenuator pad = 29 dB; some of this was pure luck. 


‘Above — Q2 and Q8 with 3 variable orange colored resistors in-situ and a Retum-Loss bridge connected to the output. The potentiometers are 
tweaked while watching the detected output in an oscillocope. Adjust all the pots for the lowest peak-peak voltage and then carefully remove 
each pot and measure its resistance with an ohm meter. Replace all 3 pots with the nearest equivalent standard value resistor. Then measure 
and calculate the retum loss (negative of S22). Watch the Q3 emitter resistance — too litle R might bring distortion. 


12.22v 


Li = 14t FT37-43, 
T1 = 10 BFT FT37-43 
Qi = 1310 

Q2 = 2N3904 


7 MHz VCO Buffer Q3 = 2N4401 


Above — A seperate butter built wth 100% different parts that required different AC feedback plus shunt resistor across L1. The parts in this 
Circuit weren't as hot as Version A, and the maximum output voltage was only 1.8 volts pk-pk. In order to get the AC output voltage to just above 
2 volts, | had to tweak the resistor labelled R. 


To keep the heat and current down in the final amp, | decided to keep the maximum clean output to 2 volts peak-peak (= 10 mW = 10 dBm) 
with an emitter current of ~ 12 mA. If you want higher clean output than 10 dBm, you'll have to run more Q3 emitter current and maybe choose a 
different BIT, plus apply a heat sink. 


‘When cranked to maximum DC voltage, the Q2 gain pot allows a peak output AC voltage of ~2.2 volts pk-pk into 50 ohms and distortion is, 
evident. At or below 2 volts pk-pk all is well — il use this VCO mostly fram 0 to 7 dBm. 


Since the circuits uses 2 BITS and a JFET and many 5% tolerance resistors , the Q3 output will vary according to your parts. Tweak the resistor 
labelled to provide a maximum AC signal just over 2 volts peak-peak into 50 ohms. This translates to around 3.85.5 volts DC bias for Q2 with 
‘your gain pot cranked fully clockwise. 


Return loss variations. You probably noticed the return loss in Version B = 23 dB, while Version A = 29 dB. 


\Version B originally had the 1KB shunt resistor across L1 and the 10K + 0.1 uF AC feedback arm just ike version A and | measured a return loss 
of 22 dB. | stuck in 2 tweaking potentiometers (did not bother tweaking the the emitter series feedback element). After pot tweaking, the best 
return loss | could obtain with 5% tolerance resistors was 23 dB and this probably represents what the average builder will obtain, An S22 of - 22 
to -23 dB works fine for the QRP work bench. 


I you dont plan to do any potentiometer tweaking, | recommend building circuit A since it has a litle more gain due to the slightly higher shunt 
resistor, and also | built 3 versions of Version A with an S22 of -22 dB or higher. 


PART 4: Temperature Compensation 
Before temperature compensation, my VCO slowiy drifted down in frequency and was unusable. 


If you look through the Ham Radio VFO/VCO literature, you will see that many builders use polystyrene caps as the Colpit’s capacitors, andlor 
in parallel with other NPO/COG tuning capacitors. Negative temperature compensation caps like an N750, or the polystyrene types temperature 
compensated the oscillator. Negative temperature co-efficient caps are hard to obtain for many builders; especially in small quantities, however, 
they are worth their weight in gold, 


Diode Compensation 
Stabilize your VCO as much as passible with compensating capacitors and by following prudent temperature stability techniques before adding 
diode compensation. See the VEO 2011 web page and EMRFD. Temperature compensation is best performed in a homebrew oven (see 


EMRFD) and normally takes an incredible amount of time and patience. 


“Temperature compensating diodes are far from static —a diodes temperature co-efficient is dynamic and may vary with current and also 
Unfortunately, with temperature and even while tuning your VCO | 
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‘Abave — Simplistic diade temperature compensensation schemes. 


‘The late, great, Doug DeMaw advocated sticking a 2N3904 or 2N2222a (wired as a diode) between the control potentiometer and the varactor 
decoupling network since the forward biased P-N junction exhibits a negative temperature co-efficient and should stop the decrease in 
frequency. It can help, however, as you tune and swing the control DC voltage from minimum to maximum the forward bias on the diode 
increases and the diode temperature coefficient decreases. 


t've never had success using a transistor in this way; the BJT caused the VCO frequency to increase in an erratic manner that varied along with 
the DC control voltage. When watching drift in a frequency counter set to sample every second ar so, a stable design will slowly change 
frequency in 1 or occasionally 2 Hertz increments — some people call this "linear dri’. you see your VCO dropping dawn frequency in 10-20 
Hertz jumps per second, you'll have a bad time temperature compensating, 


experimented with the above 3 designs that keep a constant current on the diode. Figures A and B work. | tried both and confirmed that a given 
diode compensated slightly differently when in circuit A or B. This gives you a bt of a tweaking room for your chosen compensation diode. | tried 
Figure C, butithad too much negative temperature coefficient and sent the VCO drifting upward about 1-2 Hertz each second. 


| settled on circuit A and then tried some diodes: the intial best was a grubby old Germanium from my junk box. The best choice turned out to be 
a Schottky barrier rectifier (INSB18). | connected the VCO to a receiver and could listen to CW QSOs without groaning. My VCO now drifted up 
in linear, 1 Hertz hops at about 105 Hz per hour. It took a long time to tack solder in and wait 10 or 15 minutes for each diode to stablize before | 
finally setied on the 1N5818. 


“The better solution is to choose @ suitable diode and vary its current to tweak the temperature compensation, Wes did this in EMRFD Figure 
433, 


‘Advanced designs may use a reference voltage + a temperature dependent voltage that is applied to op-amps in a proportional way to 
temperature compensate the DC control voltage. Then, too, some builders ovenize their VCO container to maintain a very stable environmental 
temperature 
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‘Above — A simple and elegant diode compensation scheme proposed by Ken Kuhn. Basically, itlets you tweak the degree of compensation to 
‘what is really needed rather than accept what you get from a diode. Adding more diodes will increase the effect — but the 1.2 K resistor should 
be increased accordinaly to roughly match the overall voltage drap of the diodes. Hopefully there is a point on the 1K potentiometer where 


temperature compensation can be very good at a tuning point of interest. The diodes should be located to thermally match the rest of the 
oscillator circuitry. 


Set the band edge after finding the sweet spot on the 1K potentiometer since it will affect the tuning frequency. This experimental circuit cannot 
be casually copied and ittook a while to converge to the desired operating point on the 1K potentiometer. Generally you start with the 1K pot 
towards the 1.2 K resistor and then adjust for the best stability after warm-up. Then repeat and adjust as necessary over time. 


Temperature compensating an oscillator lke this is a challenge as all parts have some temperature dit and ittakes a lot af measurements (and 
often, some dumb luck) to determine the overall compensation curve that is needed. 


>My 1 hour drift up in frequency is now ~ 60 Hertz per hour at various tuning frequencies across the tuning range. | stuck with the 1N5818 diode, 
and probably should have tried other diodes and also changed the 1K? resistor to observe any effects, however, | have spent an inordinate 
‘amount of time on this citcuit and leave itto others, or future bench work to improve. See QRP — Posdata below. 


‘Above — Version C of the VCO. When | built the frst versions, | drilled a hole to accomodate a third potentiometer, but filled it with a LED holder 
that was temperature sealed with epoxy glue. The 1K pot just fit into my chassis. 


QRP— Posdata for January 2012 


In late 2011, | shopped on eBay to build up a small quantity of 10 -270 pF polystyrene, plus some 56 pF N750 ceramic temperature 
compensation capacitors. After 2 simple, but time-consuming experiments, | temperature stablized my 7 MHz VCO frequency drift to under 10 Hz 
per hour in the relatively constant temperature of our basement. 


| did't fee! like re-doing the whole resonator circuit and thus focused on the tank to FET coupling capacitor. Placing a N70 capacitor in parallel 
with a fixed NPOICOG cap to make 100 pF resulted in over-compensation and no amount of tweaking on the “adjustable diode” circuit worked. A, 
‘ew hours late, | swapped in a 100 pF polystyrene capacitor and alter further hours of waiting and tweaking, | nailed the frequency stability 
sought. 


‘An oven provides the best way to temperature compensate, however, whether you choose the oven method, or the bench method lke I did, great 
patience is required to see ita change to your TC circuitry Works or nat. 


12.22 @ 


‘Above — Final version of the 7 MHz VCO. | changed the 100 pF capacitor coupling the JFET to the resonator circuitry from COG to polystyrene 
and slowly tweaked the 1K temperature compensation pot to find the point of convergence. 


‘Above — The ~1 hour drift after a 30 minute warmup period for the 7 MHz VCO. Love this. 


‘Above — My new temperature compensation capacitor parts drawer. Il keep an eye out for further bargain temperature compensation parts on 
eBay and at Ham Radio festivals, 


Fearless Leader and Hero Xpa6pbii Boab u repo 


Above — Professor Vasily Ivanenko (), fearless leader (Tb! MO/TEPOM) 


hero because he's humble, fallible, well-intentioned and moral. Professor Ivanenko lives for learning — fame is filer —hollow and 
distracting. His current ego lags his voltage by 90 degrees. Is he part inductor / part human? 


Miscellaneous Photos and circuits 


‘Abave — 3 types of adapters, A BNC male to SMA female, a BNC male to PL-259, and a BNC female to SO-239 allow the RF madules ta be 
connected to a variety of equipment. 


Troubleshooting Guide 


This troubleshooting guide may help fix common problems encountered with troublesome 
solder joint 


‘SYMPTOMS: LIKELY CAUSES REMEDY 


“Treat contaminated parts with 
ase o contaminants present: abrasive cleaners etc. as required to 
expose base metal 


Solder won't “tke” (wet) and won't flow 
properly over the joint 

forms beads oF “ball bea 
Flowing propey 


ten solder 
instead of 


“Material may not be suitable for soldering with 
standard leadtn o lead-free solder, eg ehromium. | Some metals can’t be soldered with 
clectronics-grade solder, 


Joint has been moved before being allowed to cool | Desolder and remake, 
Solder doesn't melt or flow very well — the } naturally oF: 
joint is erystalline or grainy-looking - g 


brary joint Y Apply heat for a longer period, or 
Joint was not heated adequately. To large a joint - | use a higher power soldering ion, or 
two much metal present ~and/ or the soldering iron | check the temperature setting and 
temperature or power rating ae too low raise it if possible 


Solder joint forms a “spike” and applying the 


7 , Probably overheated, burning away the ux. The 


iron, when removed, would cause the solder to stand 
up ina spike. 


tis usually best to desolder and 
remake the joint freshly again 


Excessive use of heat has damaged the adhesive, 

Provided the track hasn't broken, it may be You ean sometimes repair it with 

repairable Super Glue, or reswire the board 
with jumper wires. 


‘The copper foil of my pic. has lifted of the 
circuit board! 


Itcan be removed with PCB cleaners 
Brown vamish-like deposits a These are the remains of rosin flux and are nothing to | or some solvents, if you want to tidy 
after | finish soldering worry about up the board and inspect your work 
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RF — Test and Measurement 


Double Tuned Receiver Band-pass Filter Design Center 


This we page is for builders who own EMRED. Assisted by 4 of the Ladpae programs from the EMRFD compact disk, and the information 
Presented in EMRFD Chapter 3, | share some experiments bulding popcorn receiver band-pass titers. Prior to diving into this material, please 
ead the help file LadpacZ008 Manual.pdf and a fle on the EMRFD compact disk called The Double Tuned Circuit: An Experimentr’ tutorial by 
‘wes, W720 


Preface 


Derived from experiments, my web content reflects the efforts ofa lay-person, hobby-level designer —1 make mistakes. | say this not to make 
‘excuses of avoid accountability, but to share the wuth. My hope i that my experiments inform yours and we all improve overtime. | correct 
reported mistakes and rely an your eyes to see them. 


‘Aruous and requifing good math skis, iter design is out of reach for many builders. Software changes this and learning to apply computer 
programs in rea-word situations is part of our hobby. This web page shares some bench experiences, plus my thoughts about using some 
programs writen by Wes, W7Z01. | present suggestions and examples based more on empiricism and trom reading about band-pass titer 
design than selentiie methodology. 


Fram email ragarding my VFO and RF Workbench pages, | have become avare that Ive lead many builders to think that a perfect sine wave 
and a high return loss are “must have” bench outcomes, This is false. A clean sine wave proves uselul fr accurate measurement, buts nota de 
rigueur bench outcome. A desire for high return loss reflects my own personal obsession; in simple QRP rigs, this may represent aly. Please 
don't overestimate the importance of return loss from my bias; decide for yours 


Part 1: Experiments with 2 coupled L-C tanks. 


Goal: A 15 Meter band band-pass fiter with an insertion loss < 4d and a retum loss >= 20 dB 


Software: Ladbuild08 and GPLAGE, 


‘The simplest band-pass filer fs an L-C tank. To get a dacent stop band we generally couple 2 of 3 tanks together with series capacitors), ther 
fier topologies were ignored. In Part 2, | ust connected up a couple at tanks on the bench without the use of software, Some attempts at 
impedance matching via tanstormer inks were also trialed, 


coupling cap 
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insertion loss fess than 3 dB with step skis, but these 
| filters only had a xeturn loss of 10 - 12 dB! Figure 1 


‘Above —| bull a5 component fiter forthe hase experiment. Inductors = 7 tums of #22 AWG on a T6H-6; tapped at 2 tums from ground. The 
inductors tums were expanded or compressed until L= 300 nH. Tuning capacitors = large 15 to 300 pF air variable capactors. Coupling 
capacitors waled = 2 pF, 3.3 pF. 5 pF, and 7-5 pF. 


‘Alter soldering in a coupling capacitor, each tank (also called resonator) was tuned to resonance by looking at the peak-peak output voltage in a 
50 ohm terminated ascilascope, After tuning, | measured insertion and return loss and then swept each fitr with a wacking generator + 


spectrum analyzer. Qn the bench | determined that the greatest return loss occurred with 2 transformer taps trom ground; the result — a dismal 
30-12 a8. 


‘What effect does changing the coupling capacitor have? 


2 pF coupling capacitor 


‘Above — A spectrum analyzer + tacking generator swaep ofthe filer response with a2 pF coupling capacitor between the inductors. Graticules 

"MHz per horizontal vision and 10 d8 per vertical division. ick on this 200m to bette see the -3 dB bandwidth. The sweep revealed a 
sharp peak response with steep sks and a 3 d8 dawn BW of ~220 KHe or So. Some ofthe noise arose Irom the big alr variable caps 
connected to each tank with short hook up wites, plus no shielding 


9.3 pF coupling capacitor 


‘Above — The SA + TG sweep with a 3.3 pF coupling capacitor. The peak isnt as sharp, but stl loks good. AS shown, increasing the coupling 
capacitor value increases the 3 d8 iter bandwidth with al ther components equal 


5 pF coupling capacitor 


‘Above —With a'5 pF coupling capacitor, a double humped response appeared. The bandwidth further increases. 


}\ 


‘Above — A zoom of the double humped fiter response employing a 7.5 pF coupling capacitor. Imagine the diicuty tuning this band-pass titer in 


receiver by listening to band noise. Tuning in ether peak skews the fter bandvadth. Additionally, the 308 bandwidth now = ~ 1.6 MHz — Nota 
‘900d fitert 


‘Optimizing Return Loss 
Despite trying | could not obtain a beter return loss than 10-12 dB by changing the tap point on the 7 turn inductors. In part this was due to 


lmited potential autotransformer ratios on a 7 turn col. | emailed Wes, W7ZO1 and he sent is ie. | earned that adding a series capacitor to 
each end wil une the fter to 50 ohms impedance. What capacitor value should we use? 


“The answer can be found purely experimentaly, or wth Ladbulld0s to make a digital fie of your fiter and GPLADB to analyze it 
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Above — | "bul up" my Figure 2 iter in Ladbulldos with a 3.3 pF coupling capacitor. nally | quessed atthe values forthe series end 
‘capacitors and knew my tuning capacitor were ~ 165 pF because | removed and measured them trom the peaked titer from Figure 1 and added 
afew pF for stay capacitance. Any ofthese values can be changed in GPLA, so educated guessing is okay. 


For size 50 to 68 toroidal inductors, many builders choose a Qu value from 200 - 250 wath # 6 material. Qu affects insertion loss and to some: 
‘extent, retum los. Click fora tutorial ftom Wes, W7ZOI ste and consult EMREFD for more information. 


In otder for GPLAOS to display an S11 plot (etim loss) a return lass bridge (RLB) must be added as shown. Also check the Plot S12 check box 
in GPLAa8. 
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‘Above — The GPLA 08 fiter simulation ofthe fiter “bul” with Ladbuildod above. 


About oti 


Click to Review Circuit 


‘Above —tn this fiter simulation, | tweaked the end capactors (parts #2 and #7) fram 22 to 28 pF and watched the retum loss (S41) imorove by 
7.34 d8 — i wanted, you can optimize the end capacitor values to Improve the match nto 50 ohms. To re-establish the center frequency, sight 
retuning of parallel capacitors #3 and is requited when changing the series end capacitors; although | specifically didn't change them for this, 
example. 


Increasing the 2 end capacitors to increase S11 renders an option ony; you don’ have to go forthe best S11 in your ites, Increasing the series 
lend capacitors to bump up return loss tends to increase the 3 8 bandvadtn and reduce insertion lass. 


15M Band-pass Filte: 
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Qu = 250 CV=5-50pF 
FC = 21.060 MHz 


BW=531 KHz 
1L=36d8 
$11 =-24dB 


‘Above —| buit and measured the fter with 22 pF end capacitors since these are common, standard values. n another experiment, a1 pF cap 
‘was soldered in parallel with each series capacitor and the return loss increased by about 4 dB, lek fora bench photo of an alternate version of 
the above titer. Clearly. GPLADE simulation fumishes us popcorn builders with a stating point to make top-notch band-pass titers. 


‘Blick for another simulation of a fiter employing a2 pF coupling capacitor, wth the end capacitors tweaked forthe best S11. S-21 is just the 
‘negative of the return iss. | would certainly use this flter inthe front end of a popcom direct conversion receiver 


‘An easier way to design your band-pass fiters involves using DTCOS to design a raw filer and GPLAOH to substitute In standard value capacitors 
and tweak your titer. That's part 2. The material presented in this section supports the discussion in Pat 2 and 3, 


Part 2: Band-pass Filter Design using DTCO8 
Prior to using these Ladpac programs, some numbered design points and a preamble fol 


More than anything else, our pats collection dictates what iter parameters we choose and end up with For example, you want titers wth a 
low bandwidth such as 150 KHz and under, youll requie inductors and capacitors that provide really high, or you might suffer tram punishing 
insertion loss, 


‘The following are general starting points only — your needs, parts and abiliies dive your ter design. Example variances include: low 
noise ampli follows a fiter, a higher insertion loss might be okay, a high retum loss isnot always required for alow noise figure; especially in 
apcom receivers, Also, i's a viable choice to tade off insertion loss for steep skits In some fers 


1. A easonable 3 dB bandwidth = 100 to 500 KH, but this depends on the purpose of the fier. 
Numerous considerations challange us. Will this be a whole band (CW + SSB) fter, of a CW only titer? As a CW op who uses simple 
equipment, ! tend to design moderate bandwidth (200-300 KHz) CW-only titers. If you need CW + SSB, then a bandwidth of 360 KHz or greater 
might suit you. I's really up to you 


Other factors affecting bandwidth choice include whether the fter hives a supetheterodyne ora direct conversion receiver. In superteterodyne 
receivers, your intermediate trequency infarms your flter bandwidth cholce. Consider the following 2 diagrams: 


Above — Using DTCOB and GPLADS, | designed an example ter forthe front end of a 14 MHz superheterodyne receiver with an 11 MZ IF 
BW = 242 KHz. CF = 14.060 MH a frequency some QRP operators favor 


Click to Review Circuit 


CF = 14,060 MHz 


Teac Assessing Image Frequency Attenuation 
Image = 11-3=8 MHz 


‘Above — Assessing fiter attenuation atthe image frequency using GPLAOS. To keep the arithmetic simple, | employed a frequency of 14 MM2 
for the mage frequency calculation. As shovn, the simulated attenuation of my 8 MHz image frequency is B8.42 dB. Since | personaly target an 
image frequency suppression of 60-70 dB; at 88 dB, if} wanted, | could increase the bandwidth of this fer for broader coverage and reduced 
insertion loss. 


How much image frequency rejection is needed for superheterodyne receivers? I'm uncertain, for | have seen competent authors choose 
between 50 and 100 dB. | ee! a good target = 60 - 70 dB, and 50 a Is the bare minimum, To realize image attenuation above 60 UB, shieking 
is usually required 


“Three or move L-C tank band-pass fiters may be required when your image frequency is close to the IF frequency. Choose both your 
intermediate frequency and your bandwidth wisely. 


2. Alter selecting your bandwidth, weak the inductance and only itnecessary, make minor adjustments to your Set 3 dB bandwidth to give 
‘standard, or near-standard value coupling capacitors that you own. Obviously, you can place fheed capacitors in series ar paral, or even couple 
‘your resonators with a variable capacitor 


‘3. favor size 50 1 80 powdered iron toroids with number 2,6, or 10 materia fora reasonably high Qu. 
4. aim for an insertion loss of of 3-4 dB; especially above the 40 Meter band: consider the variances discussed earlier 
5. ai fora return loss of atleast 20 a8; consider the variances discussed earlier 


6. Ifyou can, measure your bread boarded fiter bandwidth to confim or Improve the GLPA simulation. Insertion and return loss are easily 
‘measured — see EMRFD and the RF Workbench web pages on tis ste for methods. 


| provide no graphic tutorial of DTCOB; however, some work flow suggestions follow: 


pen up DTCOB, chaase your center frequency, Qu, inductance and bandwidth and then press the Calculate button, Adjust the L until you get 
lose to a standard value coupling capacitor from your pats bin. I required, you may also tweak the bandwidth value to get the needed coupling 
capacitor. I's wise fo change the L before BW since changes in inductance don't cause too many complications within mits 


[Name and save your filter to a specific file system directory or folder; or simply save itas the default fle 


‘Open GPLADE and load your recently saved fitr file, Press the Plot button and then the Click to Review Circuit button, In some cases, you wil 
have fo type the CF inthe Cursor Data text box and press Plot to set the cursar at yout center frequency. 


Change the coupling capacioy(s) to standard value using the Enter New Value data entry controls. 


‘Adjust the series end coupling capacitors ta standard values. and if S11 isan issue for you, weak them up and dawn while observing S12. Re- 
establish your center trequency by tweaking the parallel tank tuning capacitors and then re-plot 0 ensure the CFis lined up with the centr af the 
plot 


In Par, | provide 3 iter design examples. Your own fer designs wil be the most important examples to study. 


Part 3: Band-pass Filter Examples 


Example 1: An 80 Meter Band Filter 


‘Above — Breadboard photograph ofthe 80M iter. This example fiter may hit home for you —| lke listening to CW at and below the 3560 KHz 
{QRP calling frequency, however, another local Ham likes to talk on 75 meters SSB at or above 3790 KHz. This situation calls for a narrow band- 
pass fier. With my filer, the attenuation at 3790 KHz = ~ 24 dB had | ula wide bandwidth fier, for example, 250 KHe BW; the attenuation at 
3790 KHz, would only be ~4 dB. Perhaps a 3 resonator ilar with even steeper skits would be better? 


Hl show the design process from start to test. 
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Fle About DTC--08. 
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(altered screen capture) 


‘Above — The basle DTCOH data entry fields were populated. | chose a 200 KH2 banduwicth and tied diferent L values unl Cm = 10 pF, since 1 
have a whole drawer of 10 pF capacitors. | beleved my Inductor Q would be atleast 225 and wound 25 tums of #22 AWG on a T68-2 toroid and 
expanded or contracted the windings unt measueed 2970 nanahervies. In reality, we should measure the inductor Q and in future | Wl, 
however, my sense is that few builders do, 


Click to Review Circuit 
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‘Above — atter saving my fter, | opened itup in GPLADE as above. | replaced #4 witha standard 10.0 pF value, and stated tweaking the end 
caps; parts #1 and #7 to gain a better SLI per my obsession with return loss. Retuning #3 and #7 re-establishes the eente frequency and allows 
the $21 and S11 values o be interpreted. | setled on this iter and headed forthe bench, 


80 Meter Band Filter & 


10 pF 


82 pE 
4 1 aie 
[Esra] ET 
cv 6330 pF 


FC = 3.560 MHz 
BW= 124 KHz 


IL= 2.69 dB 
$11=-24.1 dB 


‘Above — Schematic and analysis of the breadboard. Click for another photograph. In realty, | bench determined the exact capacitance needed 
to tune each tank at 3.56 MHz with 2 large air variable capacitors that | removed and measured after peaking the fter. For each tank, | ry to gat 
just below this value with fixed value capacitors and add a small (25 - 22 pF, or so) alr variable timmer capacitor for peaking 


You need to test with capacitance under and over that requited to ensure you properly tuned each L-C tank to resonance. Your parts collection, 
stray capacitance, mistakes or inductance variations in the torolds necessitate custom tuning of your tanks an the bench. | give eapactance 
‘values that should work, but i's up to you to ensure resonance of each tank. | find nairow BW fiters require a steady hand to tune, 


‘Alter peaking the tank in your ascilascape, record the peak-to-peak voltage. Remove the fter and connect your signal generator to your scope 
‘wih an RF barrel connector and again record the peak to peak vollage. The diference between the 2is your insertion loss. You can calculate IL 
with Applet H on this page. Next, perform return loss measurements. If you can, determine the tue 3 dB bandwidth of your fiter by sweeping it 
with SA plus a generator. My flter3 48 BW = 124 KHz. 


Example 2: 20 Meter Band Superhetorodyne Receiver Filter 


{A fctious bulder wants a superheterodyne receiver that covers 14.0 14.350. His IF = 2 MH2. The lacal ascilator = 12 MHz. The Image 
frequency = (12-2) = 10 MHz. He centers his fiter at 14.020 MH. In this simulation-only example, we'l go from 1 resonator 3 


‘Above —A single resonator with series matching capacitors "bul up" in Ladbulldos. 


‘Above — The GPLAO plat of the single tank titer. The bandwidth = 47 KH2. inereasing the end capactors to 22 pF to ty to inrease retum 
loss increases the 3 dB bandwidth as shown here, so we better sick with the original desig, 
In GPLA simulations with a perfectly centered titer, $21 = the nserton loss and S11 is negative ofthe return lass. 
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‘Above — Assessing image frequency attenuation in GPLADA; this sucks —enly 26.2 d8 down. We need to add a tank 
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‘Above — The GPLAOS plot of the double tuned fiter. | set #4 to 2 pF and #1 and #7 to 18 pF (nearest standard values). #3 and #5 were sightly 
tweaked to center the fiter The simulated IL is only up 1.24 dB fom the single resonator version. You are probably wondering why | didnt 
‘design the iter for a CF = 14.020 MHz in DTCO8 above to keep consistency. | probably should have, but wanted to ilustrate the versatty at 
GPLAQE to center fiers “onthe fy" 
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‘Above — Assessment of the 10 MHz image —now its 69.2 dB down. Although this fiter wil work well for his particular receiver specications, 
this fastious bullder wants even greater image attenuation and decides to add a tid resonator 
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‘Save As Default 


‘Above — Building up a fter in TTCO8, | chose an L of 1100 nl ta give a Cm close to a standard value 


Click to Roviow Cucult 


‘Above — The GPLA plot of the 3 tank titer. | performed no parts tweaking — it's up ta you from here on in, The simulated IL remains quite 
reasonable, 


gy 


Click to load new value 


is Mie fe Were 06d \GRPHENOAPHB 
Place Cursor D ite 1030? fa00 


‘Above — The GPLAOS assessment ofthe 10 MHz image frequency. Now 100 dB down! 


‘Above — The 1 tank and 3 tank fters superimposed to show the skirt action, The 3 dB bandwidth isthe same! 


Example 3: A20 Meter Band-pass Filter for a Builder from Argentina 


‘Above — An Argentinean builder emailed that he wanted a band-pass filter optimized for 14.070-14.095 MHz RTTY but also usable for the CW 
sub-hand and lower SSB frequencies. He wanted a center frequency In the RRTY sub-band and I chose 14.079 MHz. Tuning this iter to a 
center frequency as low as 7.030 MHz for CW should be possible with the variable capacitor value shown, but as mentioned, you really need to 


dd this carefuly on your bench. | employed TAO-10 toroids and serunched ar expanded the 16 turns of #22 AWG wire unt thay measured 
exactly 1000 nH, 


‘The best return loss will only occur when your titer is pertecty tuned tothe test frequency, so tune caretuly 


2pF 
20 pF 20 pF 
son tp ae +! son 
a: _ itt 
cv 
~16t T8010 


Inductor Qu = 250 
FC = 14.079 MHz 


CV=5-25 pF BW= 315 KHz & 
IL =3.04dB 


Retum Loss = 26.8 dB 


‘Above — The schematic + bench analysis for the 20 Meter band double tuned band-pass fier. My tiginal design called for 22 pF serles end 
capacitors ta get a decent retum los. After building and measuring the circu, the resuits were disappointing: inserion loss = 3.7 dB and a 
relutn loss = 17 dB. | wanted a betar S11 and IL, so! decreased the end capacitors to 20 pF and savored the measured data shown in the 
schematle 


‘Simulating this tweaked design in GPLAO® unveiled a lower etum loss than the original design simulation with 22 pF end capacitors; exactly 
‘opposite to my bench observations. 


Bench work reveals the truth —The fiter you get is dependent on factors such as parts types + tolerances, sray reactance, layout, test gear and 
any bench ettars, For example, | dont know the Qu of my 2 UH inductors, but suspect thatthe Qu is greater than the 250 speciied. Also my 
intended - 3 48 bandwidth was 350 KHz, yel my fiter = 315 KHz; in par, because | lowered the series end capacitors, but also due to other fore 
mentioned factors 


Mary popcorn builders cant easily measure tek flter bandwidth. Does it really matte? Probably nol, however, the big realization for me is that 
Unless you measure, you won't actually know your data lke insertion loss, retutn loss, or bandwdth — simulations are great, but dont oblterate 
the nead for bench testing as possible, 


Consider this; vith the SPICE program you can design a cteut with a 2N3904 and run 400 ma of current through it— the Wansistor won't smoke 
{bit Project outcomes depend on understanding and employing best practices, experience and measurement an the bench. Finding best 
Practices proves difcultin a day and time when general scientific iteracy, the number of expert mentors and interest in analog electrons are 
all waning, 


Click fr another photo ofthe fiter. On my actual fier, | used high Q, air variable trimmer caps that only had a capacitance variation of 15 pF oF 
0, | soldered in fixed capacitors to get cose tothe capacitance needed to tune each tank. f possibe, | think its better use smaller value immer 
caps because they permit finer tuning. The air variable timmer offers high Q plus you can see when the capacitor i uly meshed (maximum C) 
This signals that you need to add more fixed eapactance to that tank for peaking. 


Conclusion 

‘To repeat; our pats collection dictates our band-pass iter outcomes. Size 50 to 68 #6 material toroids will work fine for most HF frequencies 
above 2 MHz, Don't stress out toa much your insertion of return lass isa litle higher than you wanted: in all ikelnood your fier will work fine 
and youl be glad you didnt just copy some else's design and reb yourself of the design experience. 


|/am hopeful this web page wlinspire a few builders to experiment with band-pass fiters for their receivers and other applications. My sincere 
thanks to Wes, W720! for his guidance wth titer design 
QRP — Posdata for August 2012 — NE612 Mixer Band-pass Filters 


| designed some band-pass fiers for NE612 based trantends with LadBuild and GPLA and show my 75 Meter band fier design figures below. 
Fm nota fan of employing an NE612 as a receiver mixer since it easly overloads and spews harmonics when mixing strong input signals. The 1K 


‘RF gain pot found in many receivers, or the more conventional switchable attenuator pad prove essential when receiving ‘booming’ signals wit 
‘a NEGO2INEGL2 mixer in your front-end, 


Sil or feld-portable tranceiversitecelvers, the NEG12 mixer keeps the current and radio size down nicely 


‘Ble About GPLA 
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‘Abave — My titer centered at 3.69 MHz. | set the 3 dB bandwidth higher than my usual 200-300 KHz sa could tune a good chunk of the 80 
75M band without losing too much sigh 


‘To establish some stating L and C values, | bulla classic form flter in DT.COS witha $0 0 input and output impedance centered at 3.69 MHz 
Alter some tweaking, | seed on L = 4700 nH, Ce = 148 pF, coupling capacitor Cm = 27 pF and about 220 pF (Ct) to resonate each tank. 


Next | changed the termination £10 1500 Q in DTCO8 to simulate the right half ofthe fiter matched inta the 2KS input impedance of an NESI2 
“This gave mie some Ct and Ce values to slat with. started Ladbulld 08 and bullt up a schematic, 


Ina seperate experi 


ni, | determined thatthe resonator Qu of a 3.7 MHz L-C tank with an L of 4700 nH wound on a T50-2 core, was ~250. 


Band Pass Filter for 75M 
CF =3.69 MHZ BW=~ 364 KHZ 
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‘Above — The completed schematic. My fter exhibits an attenuation of -70 48 atthe top ofthe AM radio broadcast band (2500 KH2) providing | 
shield icin an RF-tght box. [took the 47.6.0 input Z from the 2K pot and my 50.0 antenna in parallel. An input Z of 50 0 would work just as well 
in simulation and an-bench 


In Part A, {show a possible way to resonate each tank with 1 fixed C and a timmer capacitor. in Part B, | omited this deta and just show the 
calculated C needed for resonance as a variable capactance, 


“To make this fiter with GPLA, | tweaked the capacitor values to neavest standard value parts and tuned the fiter with the GPLA Tune Patt Value 
conols while laoking atthe wavelorm and my 3 d8 bandwidth. {lave tweaking values in GPLA and over the years have designed several 
hundred RF fers for readers. 

“The rubber his the road on the bench however! You can get an E.E. degree without melting Solder in this day and time — but only bench 
‘measurenvents tell the tut, 


Please tune each tank carefully Ike mentioned earlier... For example, say a tank needs 190 pF for resonance, but you dont know this. You 
solder in a 100 pF cap and a 5-50 pF enclosed ceramic vimmer capacitor into the L-C tank. While watching the 'scope this tank wil "peak" since 
the tank vil exhibit its highest peak-peak voltage when the trimmer cap is set to 50 pF and fal off as you decrease the C ofthe trimmer. You 
‘might think you peaked the tank, however you're actually under by 30 pF! 


While leaving the tdmmer set to maximum C (peak-neak voltage) in this theortical example, if you tack solder in another 10 pF cap your scope 
wil show an even greater pk-pk voltage. you remove this 10 pF cap and then place ina 27 pF cap, the pk-pk voltage will go even higher 
since you're almost atthe target 180 pF. Ifyou removed the 27 pF cap and tack soldered in a 47 pF cap, the pk-pk voltage inthe ‘scope will go 
down since your now at 197 pF. Thus yau know that resonance is somewhere between 177 and 297 pF 


Cf course you could decrease the immer cap C and sti use the 47 pF cap, however, my description isnt a prescription to follow, just some 
things to think about. Sometimes | remove a trimmer cap and measure itto ensure the cap is not sot to maximum C; that would tll me | need to 
‘add more fixed capacitors) tothe tank. Air variable immer caps give visual indication since maximum C occurs with maximum mesh. 
Unfontunately they are rare and expensive, 


(On my bench | keep a pair of small 12 10 400 pF air variable caps and temporal solder them into my tanks. After peaking, | ramove and 
‘measure them — then | have a good idea of what capacitance Is needed to resonate the tank at my tes frequency. 


Its allan experiment 


Click for another low lass, well matched example: CF = 5.17 MHz, 3 dB BW = 196 KHz. SO ohm version. NE612 fal version 


QRP — Posdata for August 2012 — More NE612 Receive Mixer Band-pass Filter Experiments 


era ona 


Figure 1 


'b Balanced Input (For Attonuation 
‘of Second ier Prochcts) 


2 Single Ended Tuned Input 


Above — NEG1? input cieults. The NEG12 datasheet specifies a 3 pF input capactance + a 1KS input resistance. 


you laok around the Web, many builders just tun a single tank for band-pass fltering. While okay for novelty-grade tgs, the poor titer 
stopband may unleash some uly problems inthe mixer and on down the receiver chain, 
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Above — A double tuned eicult with the L-C tanks namad 1 and 2 and a series capacitor to match Tank 2to the NE622. 


Mast builders match Tank 1 into its 50 Q soutce with a capacitor divider, or a matching transformer. For Tank 2, some enthusiasts just connect 
the Tank 2 cal directly to pin 1 as shown in Figure 2a. Without the matching Sevies capacitor, unfarunate side effects may arse 


‘Above — The low-pass skirt of a double-tuned iter may atenuate higher frequencies poorly when no series capacitor (ar other network) 


‘matches Tank 2 to the NES12 input | perfectly matched Tank 2 to its SO Q source just Connected Tank 2 to a 1500 0 resistive load inthis 
simulation. | wonder how bad things get in the real world when a complex impedance is involved? 
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‘Above — 1 designad a titer for a 20 Meter band CW receiver centered at 14.030 M2 with DTC and GPLA, The design 3 d8 bandwidth = 245, 
KHz. NE6I2 filter design was discussed in QRP — Posdata 1 


| then breadboarded the flter with T68-6 inductors, but comman tower Qu ceramic trimmer capacitors. 


Possible Hazards and simple First Aid 


It’s extremely rare that soldering iron operators receive any burns or other injuries 
from the use of hot soldering irons. Soldering is perfectly safe provided that common 
sense precautions are taken during the soldering operation. Here are some of them: 


© Components are very hot after soldering, so let them cool before handling 
them to avoid skin burns. 


* Beware of splashes of molten solder caused by careless handling of a hot 
soldering iron. 


© Beware of energised components (capacitors, batteries etc.) being shorted 
by molten solder and ejecting solder splashes due to arcing. 


© Always park a hot iron safely on a stand in between use — never hang it 
vertically next to the bench. 


© Keep a hot soldering iron away from its mains cable (silicone cables 
reduce the risk of accidental damage). 


© Beware of wire offcuts flying off (danger to eyesight) when sniping wires 
to length before or after soldering. 


© Avoid inhalation of solder and flux fumes as this can irritate the 
respiratory tracts, especially in sensitive cases (e.g. asthma). 


Should you receive a more serious skin burn which requires attention, then: 


* Cool the affected area immediately. Use plenty of cooler running water — 
but avoid ice cubes etc. as they can cause nerve damage after a time or inhibit 
the flow of blood to the affected area. 


* Remove any objects which may be constrictive, before any swelling starts 
(rings, watches, bracelets). 

© Donot prick blisters nor apply ointments, salves or lotions at this stage. 

© Local pain relief for small burns can be obtained by spraying Burneze 


aerosol onto unbroken skin. 
. Seek medical attention for more serious burns. 


Eyesight problems are exceptionally rare, e.g. pieces of wire offcuts or solder 
splashes lodging in the eye area, and should be treated by a qualified first-aider or A&E. 
The best you can do is bathe the affected area with e.g. a first-aid eyewash bottle or fresh 
water, Then seek professional medical help straight away. 
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‘Above — The DTCIGPLA titer design with Tank 2 evolved to provide single-ended input forthe NESL2, 


| wanted to test 2 questions: 


1. Does the 0.1 uF coupling cap connected to the cold end af Tank 2 and Pin 2 change the bandwidth or fier skit shape? 
2. Wil the 3.3 pF cap really match the NE6127 


| expect that worlwide, the NES12 input impedance may vary slighty from part to part; diferent breadboards wil exhibit diferent reactances and 
that although the datasheet species 1500 0, we may be dealing with a complex impedance that varies withthe aforementioned factors plus 
Perhaps, input frequency. 1 simply want a good fiter wth clean skits. 
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‘Above — Experiment #1. 1 compared spectrum analysis of circuit A with B. 1 buit and measured A and then cut away some copper to isolate 
the copper board grounding the Tank B parts. This “island” was AC coupled tothe rest of the ground plane with a short leaded 0.1 uF ceramic 
capacitor. 


| saw no significant diference between Circuit A and & —itappears the 0.1 uF capacitor does not affect the fter parameters to any extent. 


‘To simulate a NEG12, | soldered a 1KS 0 5% resistor across Tank 2. Tank 2 was transformer coupled tothe 60 0 Z requited for spectrum, 
analysis. A 20 dB pad ensured a strong retum loss and a safe input amplitude forthe SA. 


‘Above — Spectrum analysis of Figure 2A or B. | saw fla topping of the waveform — almost double humping witha higher than wanted 3 4B 
bandwidth; this bothered me. Fixing this problem was Experiment #2 


‘Above — A zoom af the poor coupling of Figure 2A or 8. From my experience building flters, | suspected a termination resistance mismatch in 
“Tank 2; exactly what | was tying ta avoid! 
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‘Above — | swapped a timmer capacitor fr the sevies 3.3 pF fixed cap in Tank 2. Then I reconnected the circuit inta my test setup. 


Above — A photo of my TG + SA measurement after tweaking the newly added timmer capacitor and peaking each tank. | shited the SA 
screen center over so the acing could be seen without al the hash marks in the center. Wondertul, 


‘Above — A 200m of the now matched Tank 2. Due tothe bench-allered Tank 2 match, my low-Q variable capacitors and ether factors, the 3 dE 
bandwidth now is just over 300 KHz 


'm not sure these experiments ratlact what actually happens with a NEG22 input band-pass fiter, however, | plan to match my secand tank wth 
fa series timer eapactor in future NEGO2INEGL2 work. | also want ta explre balanced input 
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RF — Test and Measurement 


RF Workbench Page 4 


‘The 4th instalment of a QRPISWL HomeBuilder series exploring basic RF 
measurement 


Part 4 describes a method to calculate reverse isolation in the 50. 
environment after converting measured peak-to-peak AC voltages to 
dBm. | tested 2 common amps at ~7 MHz to shaw the concepts and 
calculations 


In this series, | gratefully borrow from the work of Wes, W7ZOI per 
correspondence, direct contributions and from EMRED. 


Tools Needed 


1.50 0 terminated scope (or a spectrum analyzer) and a 80 0 signal generator 
2. 50 0 RF cables with RF connectors (such as short cables with female BNC connectors) 

3. 6 dB 50 0 attenuator pad; plus an adjustable attenuator if you use a fixed output signal generator. 
4, BNC through-respanse cannector(s) 


Procedure 
1. Measure the amplifier forward power gain. This is S21 
2. Measure amplifier reverse power gain. This is S12. Like S11, express S12 as a negative value. 


3, Reverse isolation using dB values = $21 - S12. 


Step 1 : Measure the forward power gain 
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Figure 1 shows how to measure forward gain in a 50 Q environment —1. Convert the measured AC voltage to dBm, 2. Disconnect the amplifier, 
insert a through-respanse connector and convert this measured AC voltage to dm. The difference between the 2 values = S21. Applet H will da 
these calculations from the peak-peak voltages. The attenuation pad following the signal generator in Figures 1 and 2 signi that the signal 
{generators have a 50 ohm output impedance and is optional 


Choose a signal generator level that ensures the output of your amplifier is linear while providing a good signal to noise ratio for measurement. 
‘With an oscilloscope, | generally test amplifiers with an input power of between O and -11 dBm; although choose whatever level that works for 
‘you consistent with linear amplification. 


‘After measuring the forward gain of your amp, a good way to test for linearity is to add a fixed 6 dB pad between your signal generator and your 
amplifier to drop the applied signal by half. (A 6B pad drops the peak-peak voltage by 1/2. A 3 dB pad drops the power in dBm by 1/2 J. The 
power gain should be equal or neatly equal to the measured dB value obtained before you added the 6 dB pad. If they vary significantly, you are 
likely driving the amp too hard and causing some non-linear output products. S21 = complex linear gain. 
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Figure 2 shows how to measure reverse gain in a 50 Q environment —1. Convert the measured AC voltage to dBm, 2. Disconnect the amplifier, 
insert a through-response connector and convert this measured AC voltage to dim, The difference = S12. Ensure that you emplay the same 
drive level used to measure the forward gain. 


Measuring reverse gain may be tough. When the amplifier under test requires a low drive level andlor has strong reverse isolation, you may not 
have enough signal to accurately measure with your oscilloscope. The tool of choice for low reverse voltage measurment is a spectrum analyzer 
(SA) —a narrow band SA may be required to distinguish the weak signal from random noise with low signal voltages. 


‘Summary 
A practical bench work flow goes something like: 


‘Measure the through-response peak-peak voltage. 
Measure and record the peak-peak AC voltage while driving the amplifier input port (forward gain set-up). 

Reverse the amp so you're driving the output port and then measure the peak-peak AC voltage (reverse gain set-up). 
Calculate $21 and S12. 

Calculate reverse isolation 


Example 


Feedback amplifier 


In the first example, | measure the reverse isolation of a Beaverton Special feedback amp. The schematic is shown below. Tested with a 7.039, 
MHz signal generator possessing a retur loss of 30 dB. 
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‘50 ohm Voltage Measurements: 


RISOL 


‘Above — AC voltage with a through-response connector in-situ: 188 mV pk-pk 


Above — AC voltage with forward gain set-up: 1.07 V pk-pk 


Above — AC voltage with reverse gain set-up: 5.28 mV pk-pk. 


S21 = 15,1 dB. $12 = -31 dB, | tested my driven amp's linearity by adding a scrap, standard value 6 dB pad in between the signal generator 
and the amplifier —the S21 was 15.2 dB with the pad and 15.1 dB without the added 6 dB pad. It’ linear. 


Reverse Isolation Calculation 


S21 - s12 
15.1 dB - -31.03 ap 
46.13 dB 
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Stage current — 4.28 mA 


‘Above —A common base amp employing L- networks for a strong return loss in and out at 7.039 MHz. S11 and $22 = the negative of return 
loss. 


‘Through connector voltage = 192 mV peak-peak 
821 = (1.88 vols peak-peak AC voltage) = 19.82 4B. 
12 = (1.68 mV peak-peak AC voltage) = -41.16 dB. 
Reverse isolation at 7.039 MHz = (S21 - S12) = 61.42 dB 


| confirmed the linearity of my S21 using the aforementioned 6 dB attenuator pad —| couldn't increase my signal generator output level above 
the indicated -10.35 dBm, since gain compression emerged in the common base amplifier (reduced AC voltage was measured). 


My reverse AC voltage was under 2 mV; about the threshold were my oscilloscope waveform becomes rather ugly and sits in the noise. Clearly, 
the limitations of measuring reverse isolation with an oscilloscope must be factored. Stil, you got to love 60 dB + of reverse isolation in a 
popcom circu. 


local professional EE told me if you can measure it with a 'scope, you don't have spectacular reverse isolation - no doubt, a spectrum analyzer 


pumps up the measurement quality in cicuits with high reverse isolation, but more amateur designers have ‘scopes than spectrum analyzers, so 
just do your best. 


Involving Scattering Parameters as possible on your workbench can only lead to circuit improvement. You can't better your outcomes if you can't 
cor don't measure them — applying and more importantly, understanding test equipment is just 1. component of our hobby. A hobby unto itself 
test equipment activity complements amateur radio design. | have met test equipment facused builders who make radio gear just as an excuse 
to apply their test gear! 


Improved bench practices are the corollary of striving to leamn more about measurement techniques and increasing our collection of 
measurement devices. 


QRP — Posdata 1: Hycas Amplifier 


ove the hybrid cascode (hycas) as a general purpose RF amplifier. What's not to love about a using a common source FET followed by a 
common base bipolar amp? | attempted to measure the reverse isolation of a version just using an oscilloscope. 


Hycas Amp Reverse Isola 


12.22 VDC 


Tested at 14.078 MHz 


‘ll Ete) 
Fi $22 = -32 dB @& 
2N3004 
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Reverse Isolation > 64 dB 
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‘Above — A hycas amp set up for high return loss on both ends at 14,078 MHz. Too much current may cause gain compression and harmonic 
distortion, so please test your hycas amps for both. | tested using a signal generator with a 30 dB return loss driving 50 Q terminated 
oscilloscope. Since the hycas amp contain a high impedance input JFET and a common base amp, the reverse isolation should be reasonably 
high, or at least as good as a common base amplifier. 


My testing failed — The reverse isolation was too high to measure with an oscilascope. Using proper bench techniques (inear amplification + 
honest scope reporting), | determined the highest reverse isolation | could measure = 64 dB. In fact, injecting a whopping signal of 1.08 volts 
peak-peak into the hycas output port only gave an S12 of 1.84 mV —whoal 


‘The problem is such a strong signal (1.08 volts peak-peak) at the input port results in severe limiting and distortion; so valid reverse isolation 
‘measurement isn't possible. Even a 350 mV peak-peak signal may give some gain compression during S21 measurement depending on your 
matching. Thus, | can only accurately say that the reverse isolation of my hycas amp is greater than 64 dB. 


‘Strong reverse isolation is 1 reason | favor hycas amps as VFO butfers. They make pretty good LF. amps also. 


‘The hycas IF amp system by Wes, W7ZOl and Jeff, WA7MLH offers amazing performance and features an excellent JFET bias scheme. | built 
{Lin 2008 — amazing design 


QRP — Posdata 2: Doesn't S12 = Reverse Isolation? 


Many web sites, books and people report that reverse isolation = S12, yet above, | depart from this argument. In truth, | think reverse isolation 
equals $12, but reverse isolation may also equal S22 - S12, 


Het you decide what to do, but explain why | enjoy the latter. 
S12 is a negative value. 


| prefer to turn that negative value into a positive 1 — RF Workbench 4 concerns measuring and applying amplifiers with the goal of high reverse 
isolation and not just measuring S12. 


‘The main purpose to quantity amplifer reverse isolation is to strive to improve reverse isolation and an amplifier is but 1 component in our 50. 
block. | believe in a creative, systems approach; open minded and positive (pun intended) 


“The whole RF Workbench series attempts to present 50 © bench measurements in a vibrant way devoid of excessive + boring engineer-style 
content that could blank the eyes of the budding Hams/SWLs designers that visit my site. | imagine this web site bores more advanced RF 
designers to fears. 

(Our goal isto obtain high reverse isolation while applying a 60 0 systems approach. 

Break away from strict + “stodgy” math-driven methods to fuel creative thought and experimentation 

| posit that an appropriate igure of merit in a well designed isolation amplifier isthe difference between S21 and $12; and therefore, the term 
reverse isolation can be more than just S12, 

Ham/SWL component-level experimentation by commoners like me is stewly dying and being replaced by a new generation of skiled, code 
‘writing experimenters, Although, some builders just copy other people's code and then apply itto kitted hardware. Reverse isolation impacts both 


our analog and digital designs. 
Please consider this example: 


''m switching a level 7 diode ring mixer with 12 MHz and per normal, create lots of intemal harmonic energy. With my spectrum analyzer 
connected to the mixer RF port | measure my 12 MHz LO signal at 50 dB below a +7 dBm signal, or -43 dm. That's a 50 over S9 signal —very 
high amplitude in context! 


| require strong LO isolation in my circuit and thus stick in @ 50 Q input/output amplifier. | measure this amp: S21 = 15 dB and S12 = -31 dB. 


So, the signal at the amplifier input is -43 dim plus -31. dB = -74 dBm. But, alas, -74 dBm isn't good enough me — | want to use that amplifier to 
elicit greater isolation. However, I don't want any gain in my system, so | insert a 15 dB attenuator pad alter the amplifier. For this pad, both S12 
and S21 = -15 dB. For my amp, the net cascade is S21 = 0 and S12 = -46 dB. 

Since S21 = 0, the block has 0 impact on the signal amplitude applied to the mixer, but the signal at the input of my isolation amplifier is -43 dm 
plus - 46 dB, or -89 dm. This isolation | like —italso illustrates a systems approach that gets you thinking about measurement in your own 50 
A blocks. 


“The figure of merit for making a good isolation amplifier is naw the difference between S21 and S412. If you want, go ahead and just use S12 for 
reverse isolation, but youl probably measure S21 plus S12 anyway and that's what this web page is about! Onward 


QRP — Posdata 3 
Comments From the Workbench 


'm no amateur electonics expert —Id like to be one, but this is a tough field; RF and AF design is quite scientific, under-resourced and a bit 
overwhelming. How do we experimenters advance and stay motivated? Reading works by professionals like Chris Trask, N7ZWY, Bob Larkin, 
WTPUA, Doug Self, Rod Eliot and athers may highlight our lack of knowledge and scientific methodology — a realization which can distress 
and demotivate us lay-designers. To a degree, this is iational thinking; personal growth is always about hard work, problem solving and 
overcoming barriers. 


Unlike the white belted Karate student, who studies and practices under the guidance of a master to attain black belt skill level, most amateur 
designers, excluding electrical engineering students, can't access good teachers. As a lay-person, with few face-to-face mentors (nobody in 


Canada), | try to learn by experimenting and incorporating whatever knowledge, advice or schematics | can find. Fortunately, some Electrical 
Engineers give me advice by email and in turn fm able to share this information via experiments on QRP / SWL HomeBuilder. 


Cur dusty, analog hobby fades palpably —the number of analog electronics gurus dwindles each decade and madern electronics embraces 
miniature circuitry often invalving digital ICs controled by lines of code. 


Current electronics hobbyist magazines rightfully facus on topics that are contemporary or important to their advertisers; for example, promating 
mixed-signal ICs, DSP, microcontrollers and the kits they describe and then sell for income. Nuts and Volts is 1 example. Both analog RF and 
AF design increasingly lies in the hands of a small group of specialists, enthusiasts and students. 


Yet, we persevere. Sharing our knowledge, circuits, experiences and references on the Internet helps sustain our small global community. That's 
the site purpose— sharing the (warts and all) experiments + basic information of a lay-person. 


‘The Emitter Choke in Common Base RF Amps 


“This web page covers reverse isolation — a really important topic. 2 principle amplifiers we employ for strang reverse isolation are the common 
base BJT and common gate JFET alone or in cascode with ather amplifier topologies. 


‘Some comments regarding using a radio frequency chake in the cammon base amplifier fallow. 


Case 1 


& 100 


RL | 


vec 


‘Above — Case 1: Emitter resistor only. 


‘Apart from providing DC bias along with R1 and R2, emitter resistor RE plays another important role. Despending on its value, a portion of the 
input AC signal may pass through RE to ground instead of going through the transistor — degrading signal amplitude and noise figure. To 
‘minimize this, the resistor value should be many times (~10X or more) than the input impedance of the ample. 


‘Although we might bias a common base amp to give an input Z of 50 Q, often we'll choose a much lower input Z to get higher voltage gain. Input 
Z = 26/le where le = mA; soif you bias for 5 mA, you are looking at an input Z of ~5 Ohms. In that case, a low value bias resistor such as 100 
Q.wontt shunt much of the input signal to ground, nor wil it kely contribute much noise. 


For most comman base RF amps, a correctly chosen emitter resistor is all that's needed to decouple the AC signal and using an emitter choke 
proves hard to justify. However, i's important to understand how to apply an emitter choke since the basic principle also extends to the common 
gate JFET amplifer and other circuits. 


Case 2 
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‘Above — Case 2: Emitter resistor plus a choke. 


“The choke's main purpose is to block or choke RF from passing to ground. The ideal choke would present infinite 
impedance to AC signals, plus 0 resistance to DC voltage. In realty, “ideal” = fantasy electronics and you can simply estimate a choke's, 
inductive reactance using the classic formula (XL =2"PI * Freq * L) 


Using 2 coil (and not just a resistor) is generally better for decoupling — although haw much better might be debatable. If the inductive reactance 
(XL) of the col is significantly higher than the input impedance of the transistor, then all of the input signal power goes to the transistor. 


By convention, a minimum choke XL should be at least 3 times the input resistance, however, the self-resonant frequency of the coil must be 
significantly higher than the applied frequency. Thus, an ideal range of inductive reactance exists, and too litle or too much can degrade 
performance. Many builders target an XL around 10 times higher than the transistor input impedance at the lowest operating frequency. 


Example: For a common base amp biased for an input Z of $0 ohms, the minimum inductive reactance (XL) for the choke = 500 ohms. To 
calculate the inductance af an emitter choke for this amp at 50 MHz, we re-arrange the formula to solve for L, 


L=xL/2¢ PTE 
minimum = 1.59 uk 


Winding the choke on a ferrite core, or possibly a bead for VHF often means less tuins, less winding capacitance and a higher self-resonant 
frequency. 


vec 


Above — Case 3: Bypassed emitter resistor plus choke. 

“The primary purpose of the capacitor across RE isto filter resistor noise — but that is only an issue well belaw the frequency of interest and it 
should not be relevant at high frequencies where the choke reactance is significant. There may be some useful effect i the sel-resonant 
frequency of the capacitor Cxis above the frequency of interest. 


You can only use bypass capacitor Cx when a choke is implemented, 


A0.1 uF may be useless at high frequency. In error, ve used this value previously on the site; after 14 years of experimenting, Ive leamed a lot 
from my design mistakes. 


‘The case of the common gate JFET amplifier 


“This discussion also informs common gate JFET amplifer design. The JFET source requires signal decoupling similar to the emitter of the bipolar 
transistor discussed above. 
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‘Above — Case 4: A choke plus source resistor will commonly be the "go to” design. Things get a bit more complicated with some, but not all 
JFET circuits — engineers often match the JFET input for a low noise figure rather than just the "correct" input impedance. 


‘A good example follows: We might place a common gate JFET amp after a diode ring mixer because of the wideband load it presents to the 
mixer's RF port. The best noise match may occur with a hypothetical input Z of ~70 Q (this argument represents an advanced topic). 


‘After measuring the JFET pinchoff voltage and Idss, you would likely find that a source bias resistor of ~100 Ohms would be needed. This R 
value is 50 close to the JFET input Z that signal losses to ground would occur — demanding a choke for signal amplitude preservation, plus 
Impedance and noise figure contra 
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RF — Test and Measurement 


VFO - 2011 


Building VFOs in 2011 might seem an irrelevant exercise given the mave to and 
evolution of digital signal generators laden with bells and whistles ike memories and 
audio of video frequency displays. 


A successful L-C VFO requires skill, patience and some good parts to pull off —else, a 
“drift monster may result. Despite their limitations, i's possible to build L-C VFOs with 
low frequency drift, distortion and phase noise; our typical VFO performance markers. 
L-C VFOs don't require programming skills or equipment to encode a microprocessor — 
‘making them a good choice for people who dont build or can't afford kt oscillators. Most 
of all, they kindle creativity, problem solving and pride when your oscillator actually 
‘works as planned. Junk box radio; my passion. 


‘This material reflects lots of empiricism; not pure science. It's really your VEO design 
odyssey; a chance to think creatively and critically to sort out what works and what's 
folly 

Countless web pages discuss VFO design and | encourage you to search for and read 
them. Wes’ EMRFD oscilator and temperature compensation notes = essential reading. 
Only your first 25 VFOs will prove difficult — it gets easier after that 


1. Frequency Stability Notes 
2. Vackar VFO Experiments 
3. HF Signal Generator 

4, Miscellaneous Bits 


1. Frequency Stability Notes 


Building an oscillator that stays on frequency purports aur greatest challenge and goal in L-C VFO design. Since drifting VFOs pose a source of 
frustration, | cover some topics that may help your VFO stay on frequency — do they help? 


‘What is good drift parameter? 


''m uncertain, for after warm-up, Ive measured kits that drifted 50-150 Hertz per hour, built L-C VFOs that drifted under 20 Hz per hour and 
every once and a while, build a drift monster VFO that sweeps upward at 2-8 hertz per minute! Likely under 20 Hertz per hour after warm uy 
fa gold standard to compare against. You should be able to listen to a 10-20 minute QSO with no re-tuning, however, this assumes the 
transmitting stations are locked on frequency. 


1. Unloaded Q and Frequency Stability 


“The number 1 reason to employ high resonator Q in oscillators is to obtain fow phase noise. Secondly, the very steep phase slope through high Q 
resonance minimizes the effect of amplifier phase shifts caused by temperature changes and this in turn, minimizes any amplifier-induced 
frequency instability. 


Long term frequency stability is chiefly dependent on the temperature, environmental and age stablity of the resonator components regardless of 


o 


|often see designs featuring high Q inductors wound on powdered iron toroids complimented with trashy, low Q variable andlor fixed capacitors, 
I you design for a high Q tank to minimize phase noise, consider using a high Q coil plus appropriately temperature stable, high Q capacitors, 


2. Temperature Stable Inductors 


Knowing that 'm venturing into a topic of great debate and lore, the inductor is 1/2 of the VFO resonator and thus a major source of temperature 
drift in L-C VFOs. Since MF and some HF VFO designs may preclude using the inherently more temperature stable air wound inductor, 
powdered iron toroids dominate our evermore compact designs. Many builders choose #6 material, although the lower temperature coetficient of 
#7 material theoretically should be bettet — however, my experiments have failed to measure a significant difference between these 2. 


‘Some builders prefer size 68 inductors, for the bigger core is less affected by heating than smaller size toroids. My experience suggests that 
providing the VFO amplifier current is kept low, both size 50 and 68 are both suitable and the inductance needed should inform the core size. 


| used to think that heavier gauge wire created greater frequency stability than smaller gauge wire until Wes, W7ZOI, woke me up. As itturns 
out, smaller gauge wire is often better for thermal stability because smaller gauge wire lies closer against the toroid core. Winding stifer, heavier 
gauge wire creates more air gaps than smaller gauge wire and air gaps expand and contract during temperature changes. Smaller gauge wire 
will have a reduced Q, but it won't be as significantly lower as you might guess. As possible, | prefer tightly wound number 28 wire. 26 gauge 
wire tends to be my maximum size wire for VFO coils, however | suggest you make yaur own conclusions. 


Wash your hands before winding and use both hands to actively move both the toroid and wire for tight turns. Take your time, ensure steady 
wire pressure and avoid kinking your wire. Taps increase the likelihood for air gaps — mitigate this by stripping the 2 tap forming wires as close 
to the toroid as possible and twist them into 1 wire right dawn tightly to the toroid edge to reduce any air gap. 


‘The thermal stability characteristics of wire can be mitigated somewhat by annealing the wire with temperature cycling or by dunking itin boling 
water. Roy, WTEL first reported annealing coils in 1980 and this has been confirmed during experiments by builders using temperature controlled 
‘ovens. | don't boil my colls any more. 


3. Double Stacked Toroids 


| noticed a new trend in VEO design is to stack 2 powdered iron toroid inductors. This allows the builder to double the inductance per number of 
‘windings over a single toroidal inductor. In an L-C VFO, the goal of these builders possibly is to reduce heating effects, increase unloaded Q, or 
pethaps to reduce core magnet flux density. For me the goal is far simpler, | just want to make compact, large L value inductors for 3 MHz and 
less. 


— 


‘Above — A T68-6 hamburger. The two T68-6 cores were epoxy glued together and compressed lightly ina vice for several hours. One of the 
initial tests | performed was to see if boiling the stacked coil affected the epoxy glue. The glue was not effected by annealing wire on a stacked 
coil with § or even 10 minutes of baling in water. AS mentioned, | stopped boiling my VFO inductors as tightly winding them with 25 gauge wire 
seems to work well 


| hold concer that stacked toroids may create more wire-air gaps when compared to a single toroid and stay with 1 toraid as possible. In 
compact antenna tuners and other non VFO projects, this isn't an issue. 


4, VFO Tank Capacitors 


We choose VFO tank capacitors to avoid temperature change caused frequency drift, or to counter drift during our temperature compensation 
process, 


Many authors have published guidelines for long term temperature stability. It's important to consider these guidelines, but also try whatever 
‘works. | believe the following arguments are accurate based upon my experiments: 


1, Mutiple NPO or COG (0 temperature-compensation) tank caps: Mast builders minimally use 4 or more COG or NPO capacitors to reduce 
heating effects and to average out temperature coefficient variations. 


2. No VFO tank capacitors from online surplus parts stores; buy new stack from known and reputable manufacturers. Grab bags and musty, ald 
surplus parts can obviate good design. 


3. Trimmer and tuning caps need to be temperature stable. Air variable capacitors = my favorite, as possible. 
4, Varactor, or diode tuning generally = more drift and a greater need for temperature compensation. 


5, Employ shor, sti capacitor leads. | use 100 val or higher voltage COG tank caps as they tend to have thicker leads that stay put — perfect 
for Ugly, Manhattan, or Chuck Adam's MUPPET construction, 


5. Temperature Compensation 


‘The goal of temperature compensation is to cancel the tendency of the VEO to drift in 1 direction — easier said than done + very time 
consuming. A web search for VFO temperature compensation will yield many good write-ups. | feel i's parly ar, partly luck and partly science. 
Your net VFO temperature coetficient can be affected by so many variables, so no 1 recipe will ensure a low drift VFO. Experiment, allow a lot of 
time to assess your changes and be patient — you'l figure it out 


The simplest way to test for drift involves watching a frequency counter, but if you dont have one, you might use a commercial frequency stable 
(synthesized) receiver set in the SSB/CW mode. | use both. Experienced builders often employ an oven to test their temperature compensation 
at different, controled temperatures. Wes, W7ZO1 employs a styrofoam cooler housing a light bull heat source controlled by a Variac. See 
EMRFD for more details and a photograph, 


In 2011, | decided to build up a supply of temperature compensation capacitors and keep them in their own parts bin. 


‘Above — "Tempco caps”. A parts drawer containing polvsiyrene capacitors from 10 to 270 pF plus some 56 pF ceramic N70 capacitors for 
negative temperature compensation. | purchased these capacitors on eBay. 


For capacitors other than NPQ (which use 0 instead of a ppm value), the temperature coefficient = P for positive and N for negative, followed by a 
3edigit value specifying ppr/"C. For example, N220 is - 200 ppmi*C. and P00 is +100 ppmi"C. 


| use NPO and COG ceramic capacitors interchangeably for both tuning and RF bypassing the VFO tank resonator, For COGINPO temperature 
compensation bypass, | normally aply 0.01 or 0.001 pF caps, however, the more expensive 0.1 uF COG ceramic capacitors are sil soldi you 
need COGINPO bypass <= 7 MHz 


I your VFO is rifting upward you might insert or more positive coetficient capacitor(s). It your VFO drifts downward, then try using negative 
coetfcient value(s). Sometimes just 1 capacitor will do the job. 


Since I don't stock any positive coefficient capacitors for positive coefficient compensation, | might try a adding a silver mica capacitor. *Caution* 
silver mica capacitors are extremely non- predictable and can't be universally recommended in temperature compensation schemes. You might 
also try swapping out 1 or more of your main tank NPO or COG capacitors in case they are bad; sometimes it gets frustrating. | provide some 
temperature compensation examples on the QRP Modules 2011 web page in the 7 MHz VCO section 


olsalas 


‘Above —56 pF N750 ceramic capacitors rated at 1KV 


6. Mechanical Rigidity 
Movement of your VFO tank parts may lead to frequency instability. For example, 


1, Well secure your single-sided only copper board, | use at least 4 number @ bolts — 4-40 hardware is too light. Boards can warp aver time if 
not lashed down properly. Aggressively bolt down any variable capacitors. No tank parts should move, 


2. Anchor your inductor so it cannot budge: nylon bolts, zap-straps, glue - whatever. 
3. Consider placing the VFO in a strong chassis with rubber feet, 


4, Buss wires should be made from thicker gauge, well anchored wire. 
7. Miscellaneous Points 


1 Regulate the VFO amplifier DC voltage and wideband fier it. Voltage regulators require RF and often AF bypass to attenuate any noise or 
Fipple riding on the DC. 


‘A decoupling resistor with a bypass cap on either side will widen your DC supply fitering bandwidth and deserves strong consideration. A poatly tered 
‘DC supply can easly ansmit the VFO tank energy to other stages along your DC lines and also may allow noise on the DC supply to modulate your VEO. 
and increase phase noise. 


2. You should have the butter + a load resistor connected to your VFO when testing. Do your temperature stability work after the buffer is 
built and the VFO is in its case. 


3,Stick your VFOs in an air tight, RF tight case to minimize air temperature changes and RF leakage respectively. Sometimes a VFO will dit 
once in a case because any radiated butfer amplifier heat wil warm up the inside of the chassis. This usually levels off after warm up. 


‘4, Modem voltage regulators may significantly reduce noise compared to a zener diode regulator. Specific low noise and low temperature 
coetfcient voltage regulators are available, but maybe overkill for you. Whatever you use — iter it well — 
“The Micrel MIC5209-5.0BS in SOT223 sits in a couple of my reference oscillators, 


5. JFET Gate clamping diodes may increase phase noise, but not prohibitively so in most popcorn designs, 


6. When winding toroid inductors, wind 2 extra turns. When finished, unwind the first 2 turns since they are usually loosely wound and prime 
culprits for air gaps. 


Useful resources 


Details of the Antex range of soldering equipment, solder tips and spare parts can be 
obtained from www.antex.co.uk. UK and international distributors are also listed on the 
Antex (Electronics) web site. 


If you're interested in hobby electronics then why not try EPE Magazine, the No. 1 
UK magazine for hobby electronics enthusiasts, students, trainees and technicians around 
the world. You can buy a printed edition from newsstands, download a PDF version (for 
Windows) or try a tablet/ smartphone version from Pocketmags. More details at 
www.epemag.com 


You can learn more about the writer at his website http:/www.alanwinstanley.com/ 
Some mail order suppliers of soldering equipment and electronic parts include: 

© ESR Electronic Components Ltd. (soldering equipment, Velleman kits) 

* — Bowood Electronics (Antex irons and spares, electronic parts) 

© Rapid Electronics (components, tools, equipment) 


* Cricklewood Electronics (CCTV, Antex soldering irons and spares, 
components) 


© Maplin Electronics (UK electronics retailer and mail order) 
* Farnell Electronic Components (major UK industrial supplier) 
* RS (UK electronics industrial supplier) 

© Brewsters Ltd (soldering equipment mail order specialists) 

© Velleman UK (electronic kits) 

© Quasar Electronics (Velleman kit mail order retailers) 

*  Kemo Kits (Germany, trade only) 

© Hobbytronics (UK hobby mail order supplier) 


* Multicore Solders (now a Henkel brand) 


These links were correct at the time of going to press, July 2013. 


7. Since magnet wire comes off small spools, wire has a natural curve or radius — ensure you wind your calls according to the natural curve of 
the wire, 


8. The need to secure powdered iron windings with dope, wax, goop, etc. is over-emphasized and usually unnecessary, 


2. Vackar VFO Experiments 


‘Some builders proclaim the Vackar as the "king of VFOs". | built a couple and became impressed by the low distortion and less than 5 Hertz per 
hour long-term drift achieved in my 2 designs. Inspired by work from lulan, YO3DAC entitled Very Low Phase Noise Vackar VEO for HE 
Transceivers (link and reference used by permission of luian), | cratted my version from his rites and schematic. 
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‘Above — Schematic of the Vackar VFO employing a BD139 —a large area transistor, to reduce 1/f noise. lulian shared many design peasis in 
his paper and I won't repeat them. I ran Qi with 0.4 mA emitter current to reduce heating and flicker noise. Is dificult to measure ficker noise, 
0 no objective comments can be made. 

| limited the tuning range to 34 KHz since the tuning capacitor lacked reduction gear and | was born with fumble fingers. As a CW operator - you'l 
find me down at the bottom of the band away from the RRTY anyhow. Increasing the 5 pF cap coupling the tuning capacitor to the tank increases 
the tuning range as expected, 

Temperature compensating my VFO with the 5 pF silver mica capacitor proved a gamble since SM caps are unpredictable and often best 


avoided. In my VFO, it worked perfectly, however. This circuit is dificult to replicate and not recommended for new builders. Temperature 
compensation provided the sublime frequency stabilty. 


7 MHZ Vackar VFO 12.22v 


5082 


‘Above —The final amp and measured output data. Measuring the 2nd harmonic 36 dB down without any tuned circuit or low-pass fiter rocked. 1 
ran nearly 22 mA of emitter current to bump up the return loss and spectral purity. A 2NS109 or 2N3866 would likely do a better job with less 
current. Total current = the entire VFO current. I glued a drilled copper penny on the 2N2222 to dissipate heat 


‘A photo of my version of a Vackar VEO. My design goals included low phase noise, low distortion, a return lass aver 20 dB, good reverse 
isolation and ~7 dBm output power. | believe all VFOs are experimental; you build to suit whatever tuning capacitor or varactors you have, plus, 
design around constraints such as total current, tuning range and other personal criteria. 


Unlike harmonic distortion, oscillator phase noise, being close to the oscillation frequency, cannot be removed by filtering nor limiting — you must 
design for low phase noise. Modem digital VFOs are well harmonically fitered, and any phase noise depends on the DDS clock employed, so 
check the DDS specifications carefully if you go the DDS VFO route. 


Hilbe the first to state Im no expert wth VFOs, however, likely the only way to become expert isto build many and learn from your mistakes. 


‘Above — A 7 MHz Vackar VFO with the lid off 
Sound Test? 


‘Although this technique raises the ire of some builders, | test my VFOs in a nearby receiver. The VFO output was terminated with a 51. ohm 
resistor that was also attached to my frequency counter via alligator clips and wire. | tuned a nearby CW superheteradyne receiver to 7.00 MHz 
with the audio beat note centered in its 600 hertz wide LF. fiter and waiched the counter plus listened to the receiver. 


Click for a1 minute 32 second audio file of the result (it stayed perfectly on frequency for ~5 hours of testing before I got a bad headache from 
listening to it and shut it off). You can intially hear a station in the back ground despite only having a 45 cm piece of wire as the receiver antenna, 
‘The VFO slowly drifts down to 6999996 Hz and then slowly back up to 7000000 Hz. You can hear the signal amplitude decrease as the VFO 
drifts down, So itdoesnt stay perfectly on frequency, but slowly cycles up and down a few hertz. This VEO is my lab temperature stabilty 
benchmark for an L-C VFO. 


A badly driting VEO will move out of the test receiver LF. pass band and sound like Theremin as it does. Testing in a receiver; places the VFO 
inthe exact circumstance itwill be used — beating RF to mix to another frequency; in this case, base band audio. 


‘The temperature stability and compensation of any VEO schematic are rarely reproducible since there are just too many variables. Try your best 
to get the drit out of your VFO using low temperature coefficient capacitors (NPO/COG) and then after that, temperature compensate, Even 
today, | occasionally build a drift monster VFO and become frustrated. VFO design is not forthe faint of heart and it's no wonder that many 
builders make a VXO, or cave in and build or buy a DDS signal generator. 


3. HF Signal Generator 


‘Above —| built a general purpose ~2.8 to 10:8 MHz signal generator (SG) for my lab in 2011. The first VFO topology tested was the Vackar. In 
‘my version, while employing a 100K ohm resistor as the buffer, the VEO only tuned from about 4 to 8 MHz and suffered from extreme amplitude 
variation as | changed the frequency across its range. Far sweeping fiters or measuring Q, a signal leveling circuit would be needed as normally 
‘we like our SG output to be flat across its frequency range. | later changed to a Hartley VEO because of is latter output and the wider available 
frequency range with any given resonator. 


This initial Vackar VFO experiment wasn't a total waste as | learned a way to accurately sweep a Device Under Test with an unlevel amplitude 
‘SG. Measure the peak-peak voltages of the DUT with a signal generator and an oscilloscope in the same manner we measure insertion loss or 
gain in a 50 ohm system: Measure the peak-to-peak voltage with the DUT inline; disconnect the DUT, insert a barrel connector and then re~ 


‘The dBm difference between the 2 becomes the dB value to plot for that frequency. To a sweep a fer, say for example, a band-pass fiter, find 
the center frequency and then sweep below and above that CF while plotting the dB versus frequency. 

“This “in and thorough” measurement described takes time, but resolves any frequency versus amplitude issues and can be used to test signal 
generators. We tend to ignore things like cable loss versus frequency and scope or spectrum analyzer ripple. 


Silt wil be easier to just use a Hartley VFO where our sweeps are assumed to be level due to the flatness of the amplitude versus frequency 
for small excursions such as 3 dB band-pass fiter sweeps. Do not expect amplitude flatness over wide excursions however — this requires 
additional circuitry. 


To reduce noise and boost fidelity, this SG runs modest current and was not designed for battery use. 


s 


Low Freq: C=370 pF @ 12220 
High Freq: C= 20 pF 12.22 ss v 10K 
G2 =] 
Bottom up 10K. —r 
40673 ae 
001 
1 c a 
220pF 150pF 5pF o21 pated 
coe COG 6 ot Kay 
de = tf S| Bross 
T OF 1M 
A4t| 
1N1148 
it] 
Bt 
51 


‘Above — My Hartley VFO is morphed into a double-gate MOSFET VFO; this was a mistake and I make lots of them. 


‘When venturing out, it's often best to confirm a proven design is working before morphing it to something untried. Shown above let is the Hartley 
oscillator from EMRFD Chapter 7 sans butfer. Fixed “tuning” capacitors; either 20 pF (not shown) or 370 pF (150 pF + 220 pF) represent the 


intended high and low frequency swing of my air variable tuning capacitors. 


| wanted a variable amplitude VFO and thus replaced the JFET with a double-gate MOSFET using a simple variable voltage divider to control 
gate 2. | showed this to Wes, W7ZOl and he informed me that the flicker noise of MOSFETs precludes their use in oscillators. | have always 


‘wondered why I've never seen MOSFET VFOs in any radio literature. 


Above — My project chassis fitted with hardware. | employed 2 air variable tuning capacitors — the fine tuning capacitor ranges 13.6 to 27.5 pF. 


features builtin 6:1 reduction gear and was purchased from Doug DeMaw many years ago. | secured the main copper board with 6 number 8 
bolts. Rubber feet provide a stable, shock resistant base for the sheet metal box. 


Final Build 


Q 
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Above — Oscillator + buffer schematics of the latest version of my signal generator. | spent 1 evening playing with VFO designs and settled on 
the simple Hartley from EMRFD, Figure 7.27. The 3 tum link provided lower distortion than coupling the oscillator to its bulfer by the JFET source 
or gate. 


Regulated 12.2 VDC powers the oscillator, avoiding the typical 5-9 VDC voltage regulator we normally use. A 22 to 470 uF cap should be 
employed to fit any voltage regulator noise from our DC supply. Mine has a 470 UF capacitor. 


‘Lhour drift ies under 40 Hertz when averaged from 15 different frequency points between minimum and maximum. The Q2/Q3, Q4 and Q5 
transformer inductances were optimized to allow good signal and/or matching performance in the ~ 2.5 to 10.8 MHz frequency range. 


‘A hybrid cascode (hycas) buffer with variable base bias on Q2 forms the amplitude contro for both the high impedance and low impedance 
outputs. The 510 ohm gate resistance on Q4 terminates the hycas amplifier and sets up a known output impedance to drive the 50 ohm 
feedback amp. | measured a greater than 22 dB return loss on the output of the 19:6 turn transformer from 4 to 14 MHz — indicating it drives the 
feedback amp reasonably well 
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‘Above — The 50 ohm impedance feedback amp. Running 25.1 mA curtent allowed a clean sine wave output up to 2.12 volts-peak to peak into a 
50.0 terminated oscilloscope, plus an output return loss of over 30 dB across the SG tuning range. 3 tabled output return loss measurements, 
are shown; including an out-of-range 14 MHz measurement. 


“Two series resistors made up the 37 ohm “resistor” depicted in the 6 dB pad, although a 39 0 resistor would work fine, 


At low output amplitudes, | typically stick an external 6, 10 or 20 dB attenuator on the output since the hycas amp can distort the signal a litle 
when the gain control is set to a really low bias voltage on Q2. Then | fine tune the output power with the gain control 
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‘Above — A "lid off" front panel photograph. Click or click for other photos. 'm naw using miniature pots with a shaft diameter ot 3.18mm. The 
potentiometer shalt lacks a knob and I'll purchase some on my next parts order. 
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‘Above — The completed signal generator. 


Above — Signal generator output at 3.5 MHz. 


| appreciate that the VFO tank would be difficult to replicate since the 2 air variable capacitors are unique, however this is true of most VFOs. 
‘Wes wrote some great notes in EMRFD Chapter 7 regarding copying signal generators and the versatility of the Hartley VFO. | hope this project 
furnishes some ideas that spawn you to build something better than | did. (I've received aver 360 related emails since posting this page in 2011 


and many readers have built really great VFOs — Way To Go !) 
QRP —PosData for December 17, 2013 


| slightly boosted the tuning range from 2.8 to 10.8 MHz by dropping the 5 pF resonator capacitor to 3.3 pF in October 2013. The schematics now 
reflect this changes plus clarify 1-2 stumbling blocks readers had. For example: my use of a 100K gain pot plus a 150K maximum voltage limiting 
for the Q2 bias. My build stil has these, however, | altered the schematic to show a common 10K gain pot, plus a fixed 10 to 15K resistor used 
to limit the Q2 bias to between 5 and 6 VDC maximum, 


In realty, any reasonable pot and resistor will do since they function as simple voltage dividers. With a 12 volt supply, we don't want to drive the 
(Q2 bias with more than ~ 5 to 6 VDC since this will just distor the AC signal as the hycas stage saturates. Measuring with a voltmeter, solder 
either a 10K, 12K, or 15K resistor to limit the maximum Q2 bias with the 10K potentiometer turned fully clockwise. 
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Above — Alternate way to couple the Hartley oscillator to the hycas buffer. Ground the JFET gate with a shunt resistor and lightly AC couple the 
JFET gate to the Hartley secondary coil with a series capacitor. You choose the capacitor value to limit the signal amplitude as needed. Our 
main goals are to lightly couple the Hartley tank to its buffer and avoid averdriving the hycas stage. Numerous examples of this "Alternate Take" 
circuit may be found on the QRP / SWL HomeBuilder web site 


4. Miscellaneous Bits 


Abave — Scope traces of an unbuffered Hartley oscillator with @ X10 scope probe across a S1 ohm resistor across the 3 turn link. The 
Unbuffered Hartley sine wave isn't harmonic free, but cleans up when properly buffered with a higher impedance amplifier. Figure A = the lowest 
frequency (2.7 MHz) — the distortion increased with frequency (Figure B was measured at 10.5 MH2). Figure C illustrates how slightly stronger 
output coupling with a 6 tur link trashes the output waveform — the strategy of using 2-3 links aver the center of the main inductor works wel 


Figure D is the 6 link coupled Figure C oscillator with the gate clamping diode removed; yikes! | spent 4 hours studying what different current, 
voltages, coupling and so forth do to the Harley oscillator. | recommend the Hartley topology because i's simple, always starts and versatile, 
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‘Above — In my various signal generator experiments, | zap strapped the toroid to a small piece of thick copper board that was later soldered to 
the main board, The L seems robustly secured, 


‘Above — A stacked toroid from the deleted VFO-2008 web page. | incorporated some of the information from the VEO-2008 page into this web 
page 
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‘Above — In order of preference, 3 ways to couple a Harley oscillator to its buffer. From now on, I'l couple with a 1-3 tum link since it gave a 
lower distortion signal than with source or gate coupling. This figure omits the gate clamping diode seen earlier— tapping the inductor as shown 
keepings the FET gate AC voltage at a reasonable level when not using a gate clamping diode. Some builders leave off the gate clamp diode 
that clips positive signal peaks for lower phase noise, The diode acts as an AGC and offers benefit. Reverse biasing this diode was suggested 
by Dr. Ulrich Rohde: see — Key Components of Modern Receiver Design - Part 2: Dr. Ulrich Rohde, KA2WEU , QST for June 1994 


‘A formula to use for the inductor taps: Divide the total turns by 1.45 to get the frst tap and by 7.25 to get the second tap (near ground link) 


Enjoy your VFO experiments. 
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RF — Test and Measurement 


The Butler Did It 


- First VHF Experiments 2011 


Venturing into VHF, | felt like a beginner with no experience or confidence — however, the 
excitement and allure of new parts and circuits kept me going, 


After performing a literature review, talking to some colleagues and renovating my QRP work 
bench, my first tasks involved buying some VHF parts + exploring the Butler crystal oscillator. 
Specifically, Ill cover my experiences with the common base version of the Butler oscillator. 


Like HF, the VHF knowledge base contains ever-present lore. Consider the Butler oscillator — 
have read arguments stating that the emitter follower version of the Butler oscillator is vastly 
superior to the common base version because the latter is prone to UHF and other spurs, These 
‘comments seem to have originated from a good book entitled Crystal Oscillator Circuits. 

Revised Edition by Robert J. Matthys published in 1992 by the Krieger Publishing Company, 


While examining the schematics of professionaliworld class gear using a Butler, the common base 
version clearly dominates. Spectrum analysis and other measurements indicate that when common 
UNF oscillation management techniques are applied, common base Butler crystal oscillators work 
well 


Suppressing UHF oscillations with ferrite beads (and small value resistors), feedback, neutralization, limiting gain, etcetera are routine practices 
{or us experimenters applying active devices that have strong gain into UHF on up. This is vanilla, or matter-of-fact construction for us; no 
worries. While fun and often convenient, lore ulimately stiles our progress. 


Increasingly, 'm adopting the philosophy of Bob, K3NHK; "TMITK" — to measure is to know. Consider, too, you have to know what to measure 
land possess the required gear. 


MPSHal. 


¢E, 2NS109/2N3866 and NE46134. The PNP pai 


For JFETS, the J310 in TO-92 and SMT will remain my workhorse FET part along with a couple of other low noise JFETS and 2-gate MOSFETs. 
ALVHE, the noise figure in a receiver chain is established by the first amplifier so a low noise preamp ranks important. 


‘A collection of 100 volt NPO capacitors ranging ftom 4 pF to 22 pF were added along with some chip and SMT caps as low as 0.5 pF. You might 
Ree felis Ueareet CS WAI ae phe nca  che SCIEN TS on oes HE ate ae te nat lle 
1. Experiments with a Butler Oscillator with a 23.3 MHz Fundamental Crystal 


Fundamental Frequency 


Long ago, | pulled a crystal marked 70,0000 MHz from a Drake Transmitter. | keep a fundamental oscillator based upon EMRFD Figure 4.23 on 
hand and verifed the fundamental frrequency at 23.3 MHz. 
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‘Above — A Buller oscillator arranged for output at the fundamental crystal frequency. While commonly arranged as an overtone oscillator, the 
Buller is a good oscilator for any application. Consider, for example, EMRFD Figure 7.32. Wes applied the Buller at a 14 MHz fundamental 
because he wanted the lowest phase noise and IMD prone signal source possible. Tellingly, his buffer circuitry also conforms to this high 
standard. 


My intial waveform looked distorted and prompted a solution. My experience yields that the L value needs to be adjusted for the best looking 
‘waveform in the Butler circuit. The inductor wire, wrapped around a T30-6 toroid was either scrunched to increase the inductance, or expanded 
to decrease the L while re-peaking the trimmer cap. Eventually, with patience, a beautiful sine wave emerged on my’scope. | removed and. 
measured the L with an ADE inductance meter. Consider all of my reported inductance values as nominal — gentle expansion or contraction of 
the inductor colls might be required to get an agreeable sine wave. 


Click for the oscillocope tracing at 23.3 MHz. 


‘The Butler at Overtone Frequencies 


Butler Template 
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Above — A template (of sorts) for calculating Butler capacitor and call values. The concept, rather than the absolute value matters most. | 
‘examined some well-designed Butler oscillators from professional equipment and determined their average XL and XC values. From the 
reactances shown, calculate the L and C values for the overtone frequency of interest with the 2 formulas in orange boxes. Remember these XL 


(or XC values just serve as starting values for experiments. 
For example : At $0 MHz with an XL of 108 : L= 108 @ / (6.28 * 50000000 Hz) = 0.000000344 H or 344 ni. 


Fine tuning of the capacitor and inductor values might be required since factors including buffer input resistance +/- reactances, the overtone 
frequency andlor your breadboard layout may affect your Butler oscilator function, 


In the experiments from the 3rd to Sth overtone frequency, the L = an air inductor wound with 21 ta 22 AWG wire on a bolt. 


‘Third Overtone Frequency 
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‘Above — The Butler oscillator now arranged for output atthe third avertone.. Click and click for the ‘scope outputs at the third crystal overtone. 
“The first scape tracing was slightly mistuned. Once again, the inductor had to be gently squished or contracted to abtain a pristine sine wave. 


Fifth Overtone Frequency 


Butler Oscillator at 5*® Overtone 
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‘Above — The Butler oscillator at the 23.3 Mhz crystals Sth overtone. Here's the ‘scope tracing and an Ugly 
Construction photograph. The output = 7 dBm — very cool. 


‘Some authors directly connect the attenuated output to the Local Oscillator port of a diode ring mixer. The signal is adjusted to the desired 7 
‘dBm power by tweaking the 50 © pad attenuation, andlor the NPN's current. A good example = Single-Conversion Microwave SSB/CW. 


Transceivers by Rick Campbell in QST for May, 1993, 


“The circuit above was measured with a 50 0 terminated oscilloscope however, | also tested it with a 10X probe attached to termination resistors 
from 51 to 1 Meg chms. When changing the 51 chm termination resistor to a higher value such as as 47K, a previously working Butler may stop 


cscillating. The buffer input impedance and capacitance greatly affected the oscillator in my experiments. 


When | wired up a Bulle, 1 of 3 things happened: it did nat oscillate, it gave a distorted output waveform, or it wowed me with a nice sine wave, 


Tuning the L-C tank is critical + finicky and may test your patience, 


‘Adding an Inductor Across the Crystal 


Photography 

All photographs were taken by the author using Sony Alpha DSLRs and 50mm 
macro lens with extension tubes, and a Sony macro flash. High-resolution versions of 
these and more technical photos are available for commercial or educational royalty-free 
use. Please contact me with any enquiries. 
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‘Above —The Sth overtone Butler with an inductor in parallel with the exystal 


Above — My 116.8 MHz oscillator breadboard with an inductor wound on a T50-6 with wide spacing to allow 
sscrunching and expanding of the windings across the crystal. | roughly determined my L should be ~ 400 nH and wound this on a # 6 toroid 
While observing the output in my scope, | scrunched and then expanded its windings and adjusted the trimmer capacitor. The goal was to find a 
clean signal that snuffed out immediately when the trimmer cap was tuned off resonance. After finding the optimal L, | later removed and 
measured the coil. There is very litle "wiggle room" — the oscillator tunes up and then dies very sharply as you tweak the trimmer cap. No 
sidebands were observed. 


“The inductor across the crystal is optional — some suggest it might only be needed above - 70 MHz. 
‘At frequencies above ~70 MHz, the parallel capacitance of the xtal (C par) approaches the internal series 
resistance of the xtal and this provides an alternate path around the crystal forthe signal and may short- 
circuit the crystal. The parallel inductor resonates with the crystals parallel capacitance and tunes it out, 
0 the crystal remains unbypassed, 

‘Our teacher, Wes, W7ZO! published a document covering the Butler parallel crystal Inductor here, 


Simply put — the inductor allows clean tuning and output. That is, when you tune the trimmer to one side or another, the 
‘oscillator just dies and doesn't produce the sidebands that are shown in Wes’ web article. 


Since many of us choose computer, or other surplus crystals, a high C par + low Q crystal might give you tuning 
‘woes depending on your avertone frequency. In this case, adding the L to your circuit may improve tuning and ward off any unwanted 
sidebands, 


‘ith my particular crystal the parallel inductor is not needed, however, | can report that even slight mistuning 
just snuted out my oscillator with the added inductor. 


‘Seventh and Ninth Overtone Frequency 
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Above — | decided to take the Butler up to the 7th and 9th overtones. The 1 pF coupling capacitor proved the 
most critical part; for example, if raised it to 5 pF, the oscillator would not tune above the Sth overtone. | 
‘wound the inductors on bolts and then compressed or stretched the links to get the perfect inductance. At these 
frequencies, stray inductance becomes quite significant and my coils were 4 to 1.5 turns less than indicated on 


‘a spreadsheet call inductance calculator. Click for the seventh avertone ‘scope shot. Cilck far the ninth OT ‘scope 
tracing, 


|'m confident that if my ‘scope bandwidth was higher, | could have resonated the 11th overtone. 


2. Butler Oscillator-based 50 MHz Signal Generator 


Lacking a 6 Meter band signal generator, | decided to build a 1 frequency device employing a Butler oscillator. Some may laugh at a 1 frequency 
signal generator — I wont since Illuse itto design and align amplifers, fers, a new 6 Meter band VCO and measure scattering parameters. 
Besides, you can double, triple, VXO or mix single frequency generators with another variable oscilator — this web site has roots in humble, 


simple test equipment. 
In my bag, | found a crystal labelled 50.0000 MHz and measured its fundamental at 16.67 MHz in a simple Colpitt's oscillator — perfect . Design 


{goals included variable amplitude, strong reverse isolation + reasonable shielding and return loss. Since, | lack another 6 Meter band signal 
{generator | could not measure return loss, hawever, choosing proven circuits + a terminal attenuator pad will help, 


Above — Butler ascilator + hycas buffer. The 22 pF cap in the Butler was originally 15 pF, but when tested with various coils, oscillations praved 
litle sluggish, so the 22 pF was substituted. | experimented with the cal, but ran out of time, so | wound a few tums of wire on a TS0-10 toroid 
land soldered itin. After some careful manipulation of the windings, a glorious sine wave arose. | removed the L, measured it at 343 nH and then 
re-soldered it in place. An air coil or ather size 6 or 10 powdered iron inductor should work fine. 


Click for a moderate resolution photograph of the entire project. 
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Above — The final amplifier and low-pass fier. The maximum output of the Q2/Q3 amp is hot and can overdrive the 2N5109, therefore a4 dB. 


pad was added. This pad also improves the input return loss of the 2N5109. An alternate technique might be to further reduce the maximal DC 
bias voltage into the Q3 base and remove the 4 dB pad. 


Click forthe minimum and maximum output voltage waveforms from my ‘scope 


Att 


Peak Right 


Min Search 


Peak Peak 


Cont Peak 


Search Para 


Span = 
BW sw 2 


Above — Spectrum analysis with the generator output at -10 dBm. | placed Marker # 2 on the 2nd harmonic peak (100 MHz) and measured the 
power. The low-pass fiter only attenuates the 2nd harmonic by ~ 25 dB, however, with the nice sine wave from the Butler, the 2nd harmonic 
measured -66.51 dBm = -$6.51 dBc. 

“The 37.8 resistance indicated in the pad = 2 resistors in series. Many just use a 37 or 39 OR 


| ook forward to advancing my VHF skills with this litle signal generator. 


3. Doubler for the 50 MHz Signal Generator 


50 MHz Doubler Experiment 


12.22v © 


CV - 2.8 -10 pF trimmer cap 
Ti = 5 trifilar turns FT37-43 
Li = 4 turns on a#8 bolt; tap @ 1/2t 


‘Above — An experimental frequency doubler for the Butler Oscillator-based 50 MHz Signal Generator shown above. 


After trying a few circuits | settled on a simple full-wave doubler featuring matched 11N4148 diodes driven by a JFET amplifier. Chapter 3 of Solid 
State Design for the Radio Amateur by Hayward and DeMaw for the ARRL = my key reference. Matched diodes (and a lite luck), may suppress 
the 50 MHz signal up to 60 dB so only a single-tuned circuit fllows the diodes. 


“The first JFET amp drives the diodes to imprave harmonics + utput voltage — an L-C-C Tee network matches the 2K7 9 input to the 50 MHz 
signal generator output. | designed this matching network on the bench with the 2 diodes disconnected to avoid distortion during signal 
measurements. Using a 10X probe, | peaked the capactors for the greatest signal amplitude after finding the optimal L by educated trial and 
error. The inductor wound on a 737-6 was scrunched a litle to further peak the L-C-C network. 


| wound L1 with bare copper 26 AWG wire on a #8 bolt with coarse threads. To make enough space to solder on the 1/2 turn tap, | stretched the 
last turn with the other 3 turns stil on the bolt to prevent stretching these coils. Click for a 'scope tracing at Point A. My 10X scope probe has ~ 
15 pF capacitance and this affected the tuning — you can see some harmonics in the signal. With the 10X probe at Point B, | was nearly able to 
turn the circuit to 100.0 mHz, but stil the 10:1 prabe upsets the circuit somewhat, 


‘This LC tank tunes sharply and best with a non-conductive screw driver. I final tuned the L1 tank when the hycas amp was completed and 
‘connected to a 50 0 terminated ‘scope — eliminating the earlier tuning problems caused by the 10X probe. It seems that VHF requires more 
thought and care than HF when tuning resonators (tanks). 


Point C is the maximum output (10.34 dBm) into a 50 ohm terminated ‘scope. The 100.0 MHz signal is okay, but some builders might want to 
‘add low-pass filtering +/- an attenuator pad; or perhaps drive another feedback amp? 
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RF — Test and Measurement 


VHF to the Max — Miscellaneous 2012 Experiments 


‘As a VHE newcomer, | need to make lots of circuits, measurements, 
‘mistakes and maybe —| might advance. My literature review revealed a big 
‘gap between popular, Torun’, novelty-grade projects and the blinged-out 
Circuits such as ultra low-noise LNA's featuring GaAs, MESFET, and 
HEMT devices. Where do we find the middle ground projects? Likely on 
‘our own RF work benches. 


Numerous questions arose — Will Ugly Constuction work? Do | have the 
‘ight test gear? Am | measuring the proper things? What about noise 
figure? Alla bit overwhelming — but even improbable discoveries began as 
‘imple questions and observations. We solve far more aiffiult problems. 
‘each day. 


1m leagning that whether your a beginner, or a master, bench fundamentals 
rank supreme. Want 1o avoid osclations in your high fT BJT VHE amplifier? 
Work towards high reverse isolation, strong S11 and $22, careful layout and. 
‘employ techniques that suppress instability — nothing earth shattering huh? 
thm told that acquiring the needed skill takes time and practice. 


In early Winter 2011-2012, | built some VHF signal generators, amplfiers and a lots of junk. This web page documents a few of these 
‘experiments. 


‘Section 2. 
‘Section 2: 
‘Section 2: 
‘Section 4: 
‘Section 5: 


Early MAX2606 VCO experiments 
‘A 2-band signal generator based upon the MAX2606 VCO 
50 MHz VCO 

50 MHz Receiver Pre-amp and Filter 

RP —POSDATA: Z-Communications VCO Experiments 


Section 1. Early MAX2606 Experiments 


‘Above —My fist of many MAX2606 VCO Experimental breadboards. 


Maxim makes a serias of cool SOT23-6 VCOs ranging from 4 ta 650 MH2. Wanting a VCO to cover from 100 to 106 MHz, 1 just had to try this 
chip. The datasheet provided all the online information | could find; save for afew homebrew, flea-powered FM transmiter projects that proved 
‘unhelpful 


‘Ate soldering the IC on a breakout (prototype) board using about 20X magnification, the proto-board was dropped onto a copper clad board with 
‘some af the copper ground away. 


Max2606 VCO Experiments oe 


‘on a 5/8 inch bolt (15.9 mm) 
L2=L3 = 411nH 


‘Above — My first MAX2606 VCO experiment. A coil ying on the workbench was soldered in as Li. | stretched ita litle to set the lower band 
‘edge. Going from CCW to CW on the 100K tuning pot, | measured from 86.3 — 106.3 MHz. Il write about L1 a litle later, for making a good 
‘output network consumed my inal experiments, 


The Maxim datasheet shows a simple output network consisting of 2 pull-up resistors with a maximum R of 1K. All he online FM transmitter 
designs | saw used 1K pullup resistors and made no attempt at matching ar even employing inductors in place of the resistors. | applied two 860, 
‘ohm pull-up resistors in place of L2 and L3 and the output looked distorted and low in amplitude. Click for a $0 0 terminated ‘scope tracing and 
ick for a tracing with a 10X probe connected to a 10K load resistor Unacceptable for even us scratch-builder RF experimenter. 


‘Wanting to match the output into @ 50 © load with high-pass L-network instead of just resistors, | calculated that an L of 250 to 800 nl, plus a 
‘capacitor from 2 to 10 pF might work, however, as a VHE newbie, my hopes weren't high. | went fora single-ended output and not knowing what 
to do, terminated the unused port with an AC-coupled 49.9 0 resistor. 


‘Choosing a 100 MHz test frequency (where | own a doubled 50 MHz xl oscillator), | removed L1 to snuff the oscillator and measured an output 
retum loss of ~ 17 dB with L2 = L3 = 298 nH and the variable cap set to 7.3 pF (| remaved itand measured i. Ittook about 1 hour of tying 
sitferent L values to get his return los. | also learned thatthe L value and to C ratio of L2 and its series capacitor greatly affects the purty ot 
the output waveform. 


Like all Lnetworks, the L and C must be correct 10 obtain a strong, clean output. Since Cs variable, | wied various inductor values and further 
fine-tuned them by scrunching ar expanding the L2 windings. Compress or expand the L2 windings + trim the variable capacitor to peak the L- 
‘network at your desired frequency. 


From my experiments, the L3 inductance should be close to L2 forthe best output voltage and symmetry, however, don't bother scrunching oF 
‘expanding L3 because this wont greatly affect the output signal as long as the L3 inductance is close to L2 


Glick or lick for some ‘scope captures of poorly matched output L-netwarks —low gain andlor distortion appeared with mistuning. 


{Gick for the output where L2 = L3 = 298 nH. had the tuning set to 100.6 MHz for this screen capture, however, you can see the nice waveform 
‘and strong peak-peak voltage when compared to the pull-up resistor only versions. 


‘The problem with a high Q L- network = low bandwidth, { wound L2 and L3 on T37-10 powdered iron toroids and later tied T37-6 toroids. The 
higher Q of the number 10 material seemed to translate into higher output voltage, but narrower bandwidth over the number 6 material toroidal 
inductors. Altemate breadboard. When tuning the MAX2606, signal amplitude changes with tuning frequency and a single L-network peaked 
‘somewhere near the middle of the tuning range further worsens this amplitude issue. 


‘The unbuffered VCO waveform distorts somewhat as you move farther away from the peak L-network frequency. After tral and error, | settled in 
‘a compromise of L2 = L3 = 411 nH, This gave the best overal signal purity + amplitude from about 98 to 106 MHz with a set peak at ~ 102 
MHz. Tuning below 98 MHz tended to really distort the waveform. Click for the unbuffered minimum and maximum frequency ‘scope tracings. 


Placing an attenuator pad plus a buffer amp after the VCO dramatically reduced this distortion in my experiments, assuming the L-network 
‘components are correct and tuned. 
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‘Above —A wal buter first connected to output of the VCO schematic above. Two series connected 2 transmission line transformers dropped 
the output impedance down for examination in my 60 0 terminated scope — unfortunately the output return loss was poor (less than 10 0), 
Unlike the common base stage in a hybrid cascode amp, varying the bias to adjust gain worked poorly and lower applied bias caused distortion. | 
found itpreferable to just foc the bias to get the greatest voltage gain + lowest harmonic distortion. 


This buffer was discarded since the return loss was too low for my needs. 
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‘Above — MAX2606 VCO into a hybrid cascode butter at ~ 100 MHz. | also tried a buffer with a cascode of PNS179 transistors, however, the 
input Z ofthe buffer changed when adjusting the gain potentiometer and wrecked the input matching, s0| stuck withthe hycas buffer shown 


above, 


Land L2 = ~ 265 nH wound on 37-10 toroids. To peak the L-match at ~102 MHz, | orginally placed a 100 pF in parallel with a 10 - 70 pF 
‘timmer cap for C out. After tuning, | eemoved, then measured these 2 caps to discover that C out = ~150 pF; so| just substituted a 150 pF 
‘capacitor. The L1 windings were expanded a itle to re-peak the output network — expanding the calls raises fCo, while compressing the 
windings lowers the cut-off frequency. | dant recommend omiting a immer capacitor unless your confident with your measurements 


Glick for the maximum power 'seope tracing ofthe hycas amp with the L-match peaked at 102.2 MHz (3.44 dbM) 


‘Once again, | terminated the secondary output of the MAX2606 with an load resistance equal to the main output with an approximately equivalent 
fixed. value capactor —Im not sure if its needed, but it works okay and | stuck with it 


Up at~ 144 MHz 
‘Click for another experiment with the fore mentioned MAX2606 into the hycas buffer shown above at ~ 144 MHz. | peaked the L-match for 142.2 
MHz and the output power = a surprising 7 dBm. The output is a clean sine wave from 135 to 169 MHz, although the signal amplitude varies 
Widely. | also peaked itat ~144 MHz. | wound L1 - L3 with #21 AWG an a #20 bolt. Photo 1 Photo 2 


Let's build something useful with the MAX2606 based upon the experiments thus far. 


Section 2. A 2-band 


nal Generator Based Upon the MAX2606 VCO 


‘Above — My dual VCO based on the MAX2606. This general-purpose signal generator wil start my VHF circuit development in these 2 
‘requency bands, The importance of awning good signal generators can't he overstated — while not engineer grade, this box features a clean 
sine wave, strong output return loss and 1 KHz or better tuning resolution. 


The center ON-OFF-ON toggle switch only turns on 1 oscillator at a time, The top 2 (ten-tumn) tuning potentiometers lack knobs (II get some 
Jater) and the black knobs below them are attached to unused potentiometers. niall, | planned to employ front panel gain control and dried 
holes and fitted 10K pots in the chassis — | later decided to control the output power with outboard variable attenuatars and skipped front panel 
‘power control for simplicity sake. Click fora side view ofthe unfinished project. lick for an early photo of the VCO A breadboard —| attached a 
shield to the capper clad board to help isolate the 2 VCOs, 


| chase the frequency band A (128.5 - 172 MHz) ta include the Ham 2 meter band + local commerciallservice VHF segment and band B (98.919 
~ 109.06 MHz) to capture the FM broadcast band above 98 MHz, 
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‘Above — The VCO schematic A. An L-match peaks the output at 144 MHz into 50 Q. The beauty of this circuit = simplicity just 2 active devices 
‘ive low distortion and a strong output return loss (S22) on the 2 Meter Ham band. 
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‘Above — The output amplifier for VCO "A". Clic for a schematic with some analysis at 144 MHz (the frequency I'l use the most). | spent a lt of 
time trying to develop a 50 0 output 2 voltage amp up at ~ 144 MHz. My attempts to employ shunt and series feedback gave generally poor 
results — stray reactances plague the standard FBA designs that work great under ~70 MH2. 


Since the MAX2606 has an output L-Match, getting a high output return was my only goal — grounding the PNS179 emitter, employing a 4:1 
tansmissian line transformer and biasing for -25 mA emitter curtent did the tick. A 4 dB pad on the NPN input further establishes a strong S22 
(output return loss), 


‘As possible, | attach additional 50 0 outboard attenuators on my signal generators, hawever, the S22 on the stack generator should be okay 
‘across the VCO range due to the two 4 dB pads. 


| measured the $11 on a prototype NPN amplifier by using the MAX2606 VCO shown to drive a MMIC with a 16 dB 0 0 attenuator pad on the 
‘output and connecting it to the RF port of my return loss bridge. Thus, the actual VCO helped me design the final ampifier which buffers itin my 
final build. | kept the PNS179 and all other leads short as possible. 


‘The output power looks lke a sine wave when tuned from CCW ta CW: With the 20-turn tuning potentiometer set to CCW [138.5 MHZ], the 
‘output power ranges from -1,9 dim; hits a peak af O dBm at 144 MHz and then gradually drops ta -11.2 dBm at CW [172.1 MH2}. 


| moved away from the hycas buffer amp to simply my design and increase reproducibly. A MMIC might also work well, however the high 
‘current drain, potential for instabiliy and biasing considerations intraduce new problems — a simple wrap around PNP-biased NPN ampltier 
‘works okay. Sometimes the best soluton = the simplest. 


Band B: 98.919- 109.06 MHz 


VHF Signal Generator B & 


ua 
Am 


337 nH 
nominal 


eel. ae “ 98.9- 109 MHZ 


Sa ee Peaked at 103 MHz 


720-10 oF T30-6 toroids 


VCO == 


‘Above — The VCO schematic B. An L-match peaks the output at 103 Mhz, although compressing or expanding L2 and tweaking the 2-10 pF 


‘capacitor can peak the L-network anywhere inthe tuning range. | limited the tuning range by adding a 4K7 R to the tuning pot to enable better 
matching and fine tuning, 


Inall cases L1 = an air inductor wound on a coarsely threaded bolt using 20 or 21 quage enamel-coated magnet wire for mechanical stability. | 
set the lower band edge of the VCO by setting the tuning pot to CCW and compressing or expanding the L1 inductor to get the frequency shown. 


For L1, | found that excessively lang leads can create unwanted oscillations and my coils are just a few mm above the copper board, Some 
‘builders properly mount their cols in a upright “smokestack” fashion andlor well away from the nearby metalic chassis or copper PCE 10 
minimize Q losses + inductance changes. My cols lie well away from the metal chassis walls. 
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‘Above — The VCO B butter/ampitier schematic. A clean sine wave appears across the entre tuning range — output return loss tuning from 
minimum to maximum was > 21 dB before | added the 3 48 pad. 
Click fora photo of the completed, partially labelled project during the final tune up with all the boards batted in, 


Section 3. 50 MHz VCO 
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‘Above — Block diagram of the $0 MHz VCO | designed and but in February-March 2012. Click fora photo. 


Design Sources 


7 MHz VCO: EMRFD 

43 MHz Xtal Oscilator: Various circuits, W7ZOI web site, Rick, KK7B projects 
Feedback Amps: EMRFD book and software (flba08.exe) 

Triple-tuned Band-pass FL i EMRFD software (TTC08.exe) 

60 MHz Low-pass FL: 1991 ARRL Handbook (from table) 


‘Above — Like most of you. 'm just an amateur designer who relies on others for example circuits, design procedures and inspiration. These 
Cited references plus hard work drove my experiments, This project succeeds the Miscellaneous RF Experiments web page fram 2011 —QRP 
SWL HomeBuilder evolves as! do, 
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TUNES 7.0- 7.250 MHZ 


‘Above — 7 MHz Colpitis VCO schematic 


This VCO tunes ~7.00 to 7.250 MHz, although a wider tuning range occurs if you allow the tuning diodes to drap to 0 VDC with the SK tuning pot 
‘ranked CCW. A 470 ohm resistor keeps about 1 VDC on the varactors atthe lowest tuning frequencylapplied reverse DC voltage. 


‘Above — A macro photograph af the six BBS25 varactors soldered an the VCO breadboard. With 0 applied reverse DC valtage, their total © 
43.5 pF. | left room for up to 4 more diodes, but didn't need them. 


Macro photography provides an excellent way ta inspect SMT parts — apart from all the fiberglass dust on the board, no shorts of other 
problems arose when soldering. Next to pF-value chip capacitors, these SMD varactors proved the most dificult surface-mount parts Ive 
breadboarded to-date. Using clear tape, | tape my SMT parts to the PC board when soldering. With tape, you can stil make tiny device 
placement adjustments with a pick ar tweezers and yet the device holds steady enough to solder. | recently abtained a micrascope for SMT 
work, although did need it for these diodes. 


Striving for lower phase noise meant properly applying high Q tank parts — | soldered in 3 pairs of high-grade 88535 varactors and arranged 
‘them anti-parallel to avoid forward conduction + even harmonics. | also limited the AC valtage swing they “see” by connecting them ta the L with 
‘422 pF capacitor. Tight windings of #28 gauge magnet wire on a TS0-6 toroid formed the inductor. 4 number 8 bots anchor the 7 MHz VCO 
‘board to the chassis and prevent board warp + movement, 


‘Above —a view of the square blue 1K temperature compensation (tempco) trimmer potentiometer. 


To ald temperature compensation, | included 3 polystyrene capacitors in the base VCO — the tempco circuitry represents about 16 hours of 
work fram December 2011. Click ar click for photos af the bread board befare the tempco parts were soldered on — the temporatty BNC 
‘connector lies in the background was removed after testing 


Conclusion 


Ireally hope the Basic Soldering Guide will give you the confidence to try your 
hand at electronic soldering. It’s really a lot easier than it sounds, and armed with the 
guide’s advice and photographs, the next thing to do is invest in a decent-quality soldering 
iron such as the excellent range manufactured by Antex that will serve you well for years 
to come. 


Soldering an electronics kit together such as the professional designs produced by 
Velleman is a great way of testing out your new skills. Start with a small, simple kit 
costing a few pounds to gain confidence and experience, and avoid the temptation to 
tackle something too complex until you're ready to extend yourself further. 


Feedback is welcomed by email to alan@epemag.demon.co.uk 


You can learn more about me at www.alanwinstanley,com or read my column in 
EPE Magazine. 


Good luck with your soldering! 


Alan Winstanley 


Text and Photographs © Copyright © Alan Winstanley 1997-2013 


With care and patience my id-on 1 hour temperature drift = ~10 Hz. My temperature compensation strategy worked because | took the time to 
measure and then determine haw to cancel temperature dit in this 1 circuit — your results will vary and experimentation remains the key to 
‘temperature compensating VCOs and VFOs, 


See EMRFD, and the VFO-2011 + QRP Modules 2011 web pages for more tempo information, 
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‘Above — 7 MHz VCO buffer/ampiifer. | adjusted the 10K trimmer pot on the hycas buffer for exactly 0 dBm dive. Even before adding the 6 dB 
attenuator pad, the output return loss = 23.8 dB @ 7.0 MHz 


(Originally, | wanted a VCO output of 7 dem and applied -18 mA emitter current inthe final amp to preserve signal fidelity and eliminate the need 
{or a low-pass fier. This buffer works great up to an output power of -10 dBm: above 10 dBm oso, distortion accurs and youll need to add a 
low-pass fier. 

‘Adjust the hycas trimmer pot for whatever output power you seek, but you'e ever using this buffer for 7 10 dBm output power, drop the 6 dB 
attenuator pad 10 3.48. This drops the drive level to maintain low harmonic distortion (2nd harmonic down > 35 dBc). 


43 MHz Butler Xtal Oscillator [6.4 dm output power] 


‘Above — Some Butler crystal oscillator parts prior to the build, Since this Butler wil go inside a box containing a VCO and some high gain 
amplifiers, would be foolish to not stick it in an RF-tight box. On the Hammond chassis above, youll notice a feedthrough capacitor forthe 12, 
\VDC and an gold colored SMA connector for the output. 


Since the required L= over 400 nly, | opted for a toroidal inductor wound on a'730-10 instead of the ar col shown in the photo. 


‘Above — 43 MHz Butler overtone oscilatar schematic, The highest pawer | could muster 


4 dm (close enough to 7 dB), 


This Butler looks good on FFT..Click, Click or click for 3 ‘scope captures. Despite trying to milk maximal pawer, the 2nd harmonic is over 40 de 
‘down. Click for a snap shot ofthe completed oscilator. 


‘Above — The original Butler oscillator before adding the pi low-pass fter. The bolt (s 
‘chassis to hold this sub-chassis in place. Click fora bigger photograph. 


at top right) wil also pass through the outer VCO 


Post-Mixer Amplifer and Triple-Tuned Filter 
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‘Above — Schematic ofthe diode ring mixer, Q1 feedback amp and the wiple-tuned fier, | used a MCL SBL-1 mixer. LA -L3 were wound on 
‘T30-10 toroid. | Bought my #10 and some #12 toroids tram the great folks at Debra Eleciranics. 


‘The 6 dB pad helps absorb signal reflections from the iter caused from stray reactance plus capacitance variations caused by coupling the 2 
tanks with only 0.5 pF (2 series 1 pF capacitors with a +/-0.25 pF tolerance!) 


Preliminary filter alignment: Peak your fiter however you want — but here's how | peaked my fiter with a crystal controlled 60.0 MHz signal 
‘generator connected via a temporary BNC connactor tack soldered anto the copper board and wired ta the Ql input. Terminate the fiter with a 
~80 0 resistor, or a temporary BNC connector plugged with a 50 0 resistive terminator. 


‘Connect the signal generator to Ql and peak C1, C2 and C3 (in that order) using @ 10X ‘scape probe. i's better measure with your probe at 
Point C2 when tuning C1 since this reduces mistuning caused by probe capacitance —measure at point C3 when tuning C2 etc. 


Then peak C3, Cx and Cy with the probe touching the terminating $0 0 resistor. t easier to perform the fst tune-up with a 10X probe going 
‘sequentialy from C1 fo C3 since these peaking capacitors tune pin sharp. 


‘Alter the preliminary tune-up, if possible, connect a temporary BNC connector tothe output and re-peak all the caps with a 50 Q terminated 
‘scope; this boosts sensitivity and eliminates ‘scope probe capacitance. 


Perform pentultimate 50.0 Mhz alignment after you add the post-fiter amp, low-pass fier and the 3 dB pad. Capacitor Cy ciically sets the 
‘output retum loss of O2 and when properly matched, establishes a 50 termination forthe tiple tuned band.nass fer. 


You can also match Cx by connecting a return loss bridge to the input of Q1 and terminating the RF chain with a 60 0 resistor, although tuning 
‘Cx only changes the input S11 litle. In 1 experiment, | replaced Cx with 6 pF and itworked okay. 


| wonder how | ever managed before making a retum loss bridge: the workhorse of the QRP workbench. 
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Peak Cy in the band-pass filter for 
the best match with your return loss bridge 


‘Above — Schematic depicting how to tune up Cy. 


Tuning Cy matches the band-pass fiter output to the Q2 input impedance —it's fascinating to examine the interdependence of these 50.0. 
stages. After setting Cy, | connected the 50 MHz signal generator to the Qt input and a 50 Q terminated ‘scope to the output and re-peaked Cx, 
(C1, C2 and C3 —finally| tweaked Cy 1 last time with the whole stage in a return loss measurement set-up. 


8g 


aggaggag 
Egpteee 


‘Above — A GPLA simulation ofthe triple-tuned band-pass fiter. CF = 60.125 MHz. | substituted 6 pF (the nominal value) for the 2 series end 
‘capacitors in my simulation. ornasHo! 


Post-filter Feedback Amplifer, Low-pass Filter and Pad. 
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‘Above — Q2, the post fiter feedback amp (FBA), an 


‘Chebyshev low-pass fter plus a 3 dB pad. 
For Q2, | copied 2 to deliver a strong input and output retuin loss. In many circuits employing cascaded FAs, you increase emitter curent in 
‘each successive FBA to reduce distortion, however, increasing emitter current affects both the input and ouput impedance and may trash your 
amplifiers $11 and $22. 


| spent days studying, simulating + bench testing diferent amplifier designs in the Q2 slot —1 generated enough materia for another web page 
‘and plan to show this work in an update to my Popcorn superhat receiver some day. 


It's possible to overdrive Q2 depending on your amplifr power and stage matching. Iso, you might consider placing a 3-4 48 pad after the 
band-pass fiter. Some might opt for a 7 element low-pass iter; experiment — as always. 


Low.-pass iter inductors = tums on T30-10 torolds, though #6 materia troids, or ar colts will work fine. 
‘Outputs 


‘After boting down the boards, wiring the DC and RF and confirming it worked, | finalized alignment. Using a frequency counter, | tuned the VCO 
10 50.125 MH2 (the half-way point) and peaked C1, C2, C3 for the maximum peak-peak voltage into my 50 © terminated 'scopa, 


‘Glick for the output at 50.125 M2 — 10.09 dBm. | normally hang an outboard 50 © attenuator on the output of my signal generators and keep 3 
4B, 6 dB, 10 dB and 20 dB BNC-connected pads handy. With a 3 dB pad, the output power = 6.84 dim — perfect for switching Level 7 diode 
fing mixers. Click for the ‘scope shot with a 3 dB pad applied. 

(Glick or click for an FFT of the output signal. The second harmonic is > $0 dB down. What fun! 


The *vestigi 


RF gain control shown on the chassis remains unused; wastage. 


Miscellaneous Photos and Figures 


Post-mixer Amp and Band-pass Filter 


Feb 27, 2012 


12.22v 


+ RFC = 5 turns FT23-43 (~4.2 uH) 


C1 = C2 = C3 = 12- 60 pF trimmer cap 
Li = L2 = L3 = 280 nH (730-10 toroid) 


Above —A failed experimental JFET post-mixer amp with tuned output driving a double-tuned fer. 


{Glick for a GPLA simulation ofthe double-tuned fiter. The common gate JFET amp provides a great way to terminate a diode ring and obviates: 
the need for a diplexer network. Click for a breadboard photo of the ahove stage. 


‘The amplifier input match @ 80 MHz is only ~ 13 dB, however, we're not interested in a narrow band match — the tuned output network makes: 
strong input matching at $0 MHz impossible (for me atleast) without adivonal L and C (narrow band components that we dont want). tried a 
{ew tapped inductor schemes, however, at VHF, adding turns added significant capacitance and things got ugly fast 


‘The common gate JFET ampiter goof-up shattered my expectations. The 4X7 inputloutput impedance drove instability through unwanted 
‘coupling between the inductors. lleamed my lesson: at or above 50 MHz, stick to 50 0 stages for stabil. 


Section 4. 50 MHz Receiver Pre-amp and Filter 


Ee} 


50 MHz Band-pass Stage 


‘Above — A 0 MHz receiver front end fier with embedded common gate ampli. 


Inspired by the General Purpose Monoband Recelver Front End from Figure 6,69 in EMRFD, | applied inductive and capacitive reactance 
modeling, OTCOS, Ladbuildo8 and GPLAGS from the EMRED ladpac series and built a 50 MHz equivalent, 


‘Connect an antenna to the input and a $0 0 impedance moser to the output 


| tested the stage at 60.0 MHz and wound my inductors an T30-10 torolds, athough #6 material cores would work okay. You'l find all the 
‘measurement techniques in my RF Workbench series 1-4 available though the top-level menu, 
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‘Above —GPLA simulation of the peaked low-pass fiter “bul in Ladbuild08, 


Wes often employs a peaked low-pass fter and after studying his work, | can see why —way better attenuation than a simple 3 element low- 
ppass fiter. The FM broadcast band runs from about 87.5 to 108 MHz and in Russia, they call t"YKB" (Ynetpakopotise worms) or uitra- 
Shortwave, At 87.5 MH2, attenuation = 25 dB; prety good for such a simple fiter. At 144 M2, filter attenuation rises to ~ 40 dB, 


‘This peaked low-pass fiter acts as a preselector for the JFET amp that follows it. Please read the text deseniing Figure 6.69 in EMRED for 
‘some great notes by Wes. 


In the simulation above, a $0.0 MHz peak response occurred with C1 at 23.3 pF, while in my real cicult, the capacitor was set to ~ 18 pF. Stray 
Land C + the input 2 of the 3FET amp caused this variance, but assuredly, GPLA gets you close, 


‘To peak the low-pass fter, | connected a retum loss bridge to the input port and tweaked C1 forthe lowest possible peak-peak voltage (tuned 
{or the the best retum loss which = 16.8 dB in my circu). You may also compress or expand the 540 nH inductor to aid tweaking 


SSince commen gate amplifies often exhibit a lower noise figure with a sight mismatch, an $11 of 16.8 dB. works fine 1 wish I had the gear to 
‘et the input match for the lowest possible noise figure — perhaps 1 day | wil 


adder Analysts, 2008 
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Above — A GPLA simulation of the 50 MHz double tuned band-pass fiter “built” in DTCO8, The band 
the tuning of C4. 


<8 MHz and varies sightly with 


| peaked both C2 and C3 with a 50 © signal generator and a 50 © terminated scope connected to the input and output ports respectively. 


Next, | connected my return loss bridge to the output and tweaked C3 and Cé for the lowest peak-peak voltage —the best return loss — and 
since you tweak 2 capacitors, a strong output return loss delights you 


Finally, | measured the peak-peak volage withthe amp in-line, and after removed the amp and reconnected the $0 0 cables with a through 
‘connector. Inpuiting the 2 pk-pk voltages into Applet H on the Design Center web page gave a gain or S21 of 10.1 dB. | repeated all ofthe steps 
‘above a couple more times to ensure | had set C2, C3 and CA perfectly 


| ound tuning the resonators difcult due to the sharp tuning and wide capacitance range of C1-C3. Assuming your tanks are peaked, the best 
_ampitier gain correlated to the highest input and output port return loss. Have | stressed the importance of a return loss bridge enough? 


10.1 d8 gain should be enough gain fr listening to terestrial 6 Meter band signals with my § element Yagi antenna, 


Play fair and support writers who share their skills and 
expertise 


Preparing a resource like this takes months and is based on four decades of 
practical experience which I gladly share with readers. It costs a small fortune in time, 
experience, IT and photographic equipment to put an ebook like this together, and the 
Royalties that you pay to buy the book puts food directly on my table. You paid for your 
copy (thank you!) so if you see any unauthorised versions of my work anywhere in 
circulation, I'd really appreciate being told about it. Thank you! A.R.W. 
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‘Above — A photo of my protoype SO MHz pre-amp breadboard. in my “keeper” version, Il swap in a U310 JFET and bias itfor ~15 mA. 


Section 5. QRP — POSDATA: Z-Communications VCO Experiment 


Looking on eBay, sellers list numerous VCOs, although most are surface mount and go well above VHF. My favorite VCO comes from Mini- 
Circuits Labs: the POS series. Click for an example: the POS-75. These “plug-in” VCOs come in same package as the SBL-1 mixer and are 
‘ely obsolete, but stl for sale. if youte building a frequency synthesizer with low phase noise requirements, MCL VCOs seem hard to beat. You 
can sill order them from MCL, but the high product and shipping casts might alarm you. 


te looked for cheaper alternatives and the Z-Comm VCO raises 1 passibiliy. Last year, | purchased a. device for § dollars including 
shipping. Some experiments follow: 


‘Above — My fist breadboard. Lacking the MINI-16 receptable, ike with MCL POS VCOs: | tumed it upside down and to 
my ground plane. if! were to keep this circuit | wound solder al 4 sides to the copper clad board, plus run some copper de-soldering brade from 
the bottom to the ground plane, or even cut a square hole and flush mounted the VCO on is back. 


‘While mounting it upside down deviates fram the recommendations found an the Z-Comm mounting datasheet, | figured that for VHF atleast, it 
might work okay. We desire law inductance grounding, but creativity might allow dead bug construction techniques to work. 
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‘Above — My complete VCO. The Z-comm VCOs require atleast a 10 dB pad on the output 1o keep port return loss high. Without a pad, you 
might see something like this plus boost the phase noise. In my circuit, | applied a resistor L-network with ~ 14.9 dB loss to pad the output and 
provide a match into a common base amp with an input impedance of ~ 6.8 0. 


‘The 2-stage buffer isthe brainchild of Bob, K3NHI and | Jove it. This buffer features a common base stage driving a emitter fllower yielding high 
‘andwicth and great reverse isolation. Normally, at VHE, the buffer is folowed by more such staga(s), oa MMIC. The 220 nH inductor wound an 
30-12 toroid improves the high frequency response of the common base amplifer — experiment with ths Lto suit whatever VCO yau wish to 
buffer. The gain of the 2 amp butter is typically around 9 dB and the return lass atthe input and output ports ies under 11 dB, so apply 
attenuator pads to boost $11/S22 as required 


Glick for the scope tracing at 0.5 VDC tuning voltage. Click for the 4.5 VDC tuning voltage ‘scape tracing. The harmonic distortion atthe lowest 
‘uning voltage = — -19 dBc and decreases to -28 dB at the highest tuning voltage; better than specified. Notice that pawer decreases as 
frequency increases. All the commercial VCOS | tested do this. A higher fT amp lke the PNS179 or other BJT might be a better choice to offset 


the power change versus frequency contribution ofthe butfer/amp. 
For a sweep circuit, wauld mix this VCO with another law level, single frequency VCO with its current cantalled by a downstream leveling circut 
10 derive a flat amplitude over the range of the VCO. | plan to try the Z- Comm V1S0SO15 in such an arrangement to make a 70 - 150 MHz VCO 
for sweeping 


Please refer to the datasheet for the pin out on the Z-Comm VCO: I chose the pinout shown in the schematic to make an efficient drawing. The 
‘wo 10 0 resistors in the bufferfamp snub UHF oscillations first measured by Bob and confirmed by me. Ferrite beads might work as alternates, 


Section 6. Miscellaneous Photos 
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RF — Test and Measurement 


HF Ragbag 


I's easier to present short topics on catch-all web pages — HF Ragbag shows some 2012 non-VHF experiments in no particular arder. | also 
‘share thoughts on circuit building and writing: we can think and work better. 


1. Comments from the Workbench - The Need for Clarity 


‘On Building 


In 2012, | boosted my circuit and writing quality to improve your experence: a genuine, return-to-basics approach in amateur, component-level 
electronic design. As possible, RF circuits will feature 50 Q input and output ports — totally adopting a 50 O environment — for Im convinced this 
is the best way to go. The 50 0 building and measuring standard offers much: an easy-to interface modular approach; 10 dB improved sensitivity 
‘over a 10X ‘scope probe and if wanted, measurement with commercial or homebrew test equipment such as a spectrum analyzer, network 
analyzer or RF power mete. 


Like many, | started out by collecting and copying circuits with litle emphasis on true understanding. | wanted a completed circuit — quickly as 
possible — failing to develop my design skills. Without design skils honed by studying and properly measuring our circuits, we bide in hit-and- 
miss electronics —a frustrating repetition of trial and error, over and over again. We ought to adopt the attitude and thinking of engineers while 
keeping our design work —including the math —fun. However, embracing scratch-homebrew electronics with the averall goal of trying to 
understand each stage takes effort. "There is no substitute for hard work" wrote Thomas A, Edison. Scratch homebrew involves reading, 
simulating, collecting parts, mastering new techniques and building or buying test equipment, 


This is more than knack, an abused noun that offen means *hack’. Our key tasks: to measure, analyze and understand the circuits we copy or 


create takes patience and practice. Dissecting circuits to understand their function means to hypothesize and reflect — to apply science on 


paper, with software, and finally, through careful bench experiments. Often we lack the math skills or test equipment to fully investigate some 
aspects of our circuits, but try our best: measure what we can measure, seek help and grow. | hope this site shows our habby can be less about 
making stuff and more about the rewards of actual design: an authentic, personal journey to get better at something you love. 


Ive never been much of a kit builder its too much like Max Klein's Paint by Number for my tastes. But kits dominate HF QRP homebrew and 
may offer a cost effective way to make gear; especially test gear. Stuffing parts in a printed circuit board won't teach you much about design, but 
might get your feet wet. Some people remain perfectly happy building kits or madly copying circuits —all the power to you! Do whatever you 
want. One day you might awaken, but don't worry; | wont try to goad, ar convince you. 


My favorite builders include people over 50 who sulfer the often crippling symptoms of ‘appliance apathy’ — an epiphany reminds them why they 
first got into radio: homebrew experiences. Maybe a crystal radio set, ar a simple superhet receiver they breadboarded long ago. Then they come 
back ful circle; ike @ loop antenna. Oh-boy —"Bob" rediscovered his radio roots and needs to unleash his creativity and passion to learn and 
improve. | write for people like Bob. Heck; | am Bob. 


‘on Writing 


‘Youll notice improved narrative writing too: | prefer to read and write crisp statements in short sentences and paragraphs. Brief, yet descriptive 
text accompanied by ample white space, clear headings and bulleted lists invites you to read on. Plain language writing — simple, clear, witing 
that is easy to read and understand — signals a refreshing move away from the turgid, word-flled claptrap | learned in grade school. Making 
your prose easier to read requires greater effort writing and re-writing. My ist.to..fourth drafts always suck. 


Passive verbs, or nouns and adjectives that function as verbs with no clear subject confuses readers and boosts wordiness: | employ active 
verbs to invigorate my writing — active verbs connote me or some else performing an activity you can visualize or feel. Actions that may inspire, 
persuade, or even vex you! Ours’ is an emotional hobby. 


RF electronics cantains rich amounts of jargon. Of course, we must learn some jargon to communicate our ideas as hobbyists, but writing jargon 
to impress, or to place yourself abave others lacks humility and alienates people. Do you know anyane who likes being talked down to? The fist 
step towards becoming humble is to admit you're not humble and then work an it— and tm working an it 


Although | enjoy writing about electronic experiments, Im not sure i's worthwhile — Does anyone actually design circuits anymore? Well, back 
to my 1970's-style analog experiments. 


2. Magnitude Only Scattering-Parameters 


2 Port Scattering Matrix — 
Magnitude only S- parameters 


vec 


$11 - Excite Port 1 and assess the reflection at Port 1 (Negative of return loss) 
$12- Excite Port 2 and assess the response at Port 1 (Reverse gain) 
$21 - Excite Port 1 and assess the response at Port 2 (Forward gain) 
S22 - Excite Port 2 and assess the reflection at Port 2 (Negative of return loss) 


Above — A simple model describing the S-parameters displayed on QRP / SWL HomeBuilder in a Class A ampli with 50 © ports 
‘S-Parameters 
Any device with 2 connectors may be modelled at AC for a specified frequency with just 4 scattering parameters: forward gain, reverse gain + 
input and output impedance (match or VSWR), 

S:parameters address voltage ratios: comparing the amplitude of different signals at the 2 ports. For example, S21 is the magnitude of 
{forward gain and equals the ratio of output voltage to input voltage. 

S-parameters are vectors; a mathematical quantity that may be visualized as an arrow anchored at 1 end that pivots around its base, The 
length of the afrow represents magnitude while the angle it makes with another vector or its base line decribes its phase in degrees. In addition to 
phase and magnitude, S-parameters allow analysis of gain, sta 


lity, complex impedance (resistance + reactance), admittance and other vector 
‘quantities. 

Measure S-patameters with all ports terminated in a 50 O impedance. 
‘Some of us worry only about the gain, lasses or “match” in aur 50 0 circuits and could care less how the signal phase changes as it passes 
through our amplifiers or attenuators. | express only S-parameter magnitude in logarithmic form (dB) and take this Uber simplified approach 


because builders can easily measure S11, S12, S21 and S22 on a 50 0 test bench with a small staple of bench accessories + a 50 0 'scope or 
detector. 


Topics like matrix theory, vector math, the "jay" operator, converting S-parameters into other matrices, Smith charts etc. may turn off the average 
amateur designer. You advanced readers, may raise your 2 port network skills by visiting better web sites + reading books, simulating with 
SPICE, or better yet, measuring your port parameters with a vector network analyzer. 


3. More on Feedback Amplifiers (FBA) 


Many builders (myself included) copy feedback amps rather than design their own. By tweaking the emitter current, shunt and series feedback 
while measuring S11 and S22, plus simulating with a program called FBAO8.exe, Ive leamed is possible to design good feedback amps FBAOS 


is 1 of the Ladpac programs that ships with EMRFD. 


| wanted a FBA with ~35 mA emitter current for improved IMD and low distartian on strong signals, Such an amp might follow a diade ring mixer 
in a receiver LF. chain. 
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‘Above — My7 MHz FBA set up. Wes, W7ZOI suggested using 5 nH as the default emitter inductance and 10 nH for the default collector to base 
inductance in FBAO8. These represent stray inductances in your circuit breadboard. Emitter inductance affects the input impedance more. 


Zin = input impedance. Zout = output impedance. 
Explore this program to lear how changing the emitter resistor, feedback resistor and emitter current affect the input and output return loss. 


‘Adjusting the transformer N and load values only affect the calculations for Zin because this app wasn't really designed to crunch output 


transformer Z ratios for Zout manipulation. The default output Z = 200 @ and thus for the N parameter with a 50 Q RL, RL is multiplied by N°2 to 
set the amplifer load impedance 


From FBAO0S simulations: with an emitter current of 35 mA, my series feedback = 6.2 0 and shunt feedbact 


500.0, 
| chose a simple voltage divider bias network to set up the ~35 ma and ensure reasonable temperature stability. 
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Above — Choosing the emitter and nearest standard value bias network resistors to set up ~ 35 mA emitter current with a program. Actual 
biasing requires you to set up the correct emitter current + establish reasonable temperature stablity, 


Click and scroll to #5 for some basic transistor biasing notes. While this supplement shows a simple method for stable bias networks, it probably 
understates that Beta bias stability is a function of the ratio of RB to RE, where RB = the 2 base resistors in parallel. The lower the ratio the 
better, but then more input power is lost in those resistors. A higher ratio reduces stability but wastes less input power — another trade off we 
must negotiate! See Ken Kuhn's web site for thorough, expert-level information on voltage divider biasing your BJT amplifiers. 


use NPN DC BIAS, a program | wrote, however, Wes included 1 in the Ladpac software called Biasnpn08.exe thats also good. Determine the 
\VC for the program by first multiplying the value of your decoupling resistor by the emitter current in Amperes to learn the voltage drop across the 
R. Then, subtract that voltage drap from your power supply voltage: 12.22V - (,0371 A X 22 ohms) = 11.4 VDC. 


‘Our software allows you to pick approximate base and emitter resistor values to set up a desired current in your amplifier breadboard, but you 
‘must sill choose reasonable values for temperature stability. Tweak them as needed, or chaose some other bias method such as a current 
‘source. Let's mave to the bench. 
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Above — My7 MHz FBA with some measured S-parameters. On the bench, | Jowered the 6.2 0 series resistor to 4.7 0 because the voltage 
divider bias network also affected Z in. | tied 3.3, 4.7 and 5.7 Q.resistors for series feedback and settled on 4.7 Q since an S11 of -36.6 dB wins, 
the prize! 


“The S22 of -19.2 dB bettered the value predicted by FBA and seems quite acceptable considering we normally follow a FBA with a 6 dB pad that 
raises the output return loss another 12 dB. FBAO8 gets you close, however, only bench experiments will realize the amplifer you want, and 
‘sometimes, a decent S11 and/or $22 may elude you. 


‘Above — A photo of the 35 mA feedback amp built on scrap of copper clad board, 


Parallel Transistor Feedback Amp 


12.21 


2N5109 


Above — A feedback amp with two 2N5109 transistors wired in parallel. Click for a photograph of this prototype. | lacked 6.8 Q resistors and 
placed 1 0 + 5.6 to make the needed R for a strong SLL. 


Originally, | built FBA #2 with a 4:1 Z transmission line transformer, but measurements of S22 disppointed me. Later, a L wound with & turns 
‘around an FT37-43 ferrite toroid drove an S22 of 24 dB, but S11 was only 185 dB. 


With the amp set up to measure return loss on the input por, | placed a 500 Q potentiometer in series with a 100 0 resistor between the collector 
‘and base terminals and tweaked the pot to obtain the lowest peak-peak voltage in my scope (lowest return loss). After, | removed the pot and 
measured its resistance at 572 Q. Finally, | soldered in a S60 0 resistor and re-checked S11. Perfect. With my goal of at least 20 dB for S11 and 
822 obtained, | powered down my bench and took some phatas, 


Wes, W7ZOl displayed parallel transistor FBAs in EMRFD and other works and recently | noticed Lyle, KK7P employed a parallel NE46134 FBA 
‘as a post-mixer amplifer in the Elecraft Ka, 


Wes wired 2 parallel 2N3904s to avoid using an expensive medium power BIT like the 2NS109. Doing so splits the heat between 2 devices, but 
does not deliver better IMD performance beyond what is offered by increasing the emitter current. n a typical FBA bias setup, you may measure 
‘as much as 10 volts between the collector and emitter terminals and with a supply of 12 VDC + a standing current of 20 mA, the collector 
dissipation = ~200 mW. This is about maximum for a TO-92 device likes a 2N3904, but only half of maximal dissipation for 2 in parallel 


Then, too, the K3 applies 2 parallel medium power BITS get power dissipation with an SMT transistor. For strong IMD performance, Lyle and 
‘crew are throwing 80 mA or so into the pair — hard to do with SMT parts, so they overcome heat and power dissipation issues with 2 devices. 
Cool (literally) 


Heat sink BJTs when you crank up the emitter current 
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S21 = 10.5 dB 


S11 = 24dB L, & 


$22 = 26.1dB 


Above — An attempted 2N3904-based parallel feedback amp. Each BJT draws ~21 mA emitter current. Without the 6 dB output pad, the output 
retum loss = 14 d8 — | failed to realize both a strong (raw) S11 and S22. 


“The power gain including the 6 dB pad = 10.5 dB. I'l discard this design since it's substandard — without failures, victory may taste bland. 


For bench designers, making a parallel FBA where bath the raw S11. and S21 are > 20 dB is difficult and bench failures may either frusturate you, 
for enhance your resolve to succeed. With success, great satisfaction arises and I'm addicted to that feeling 


‘An FBA bench triumph means you managed to establish the perfect combination of series + shunt feedback, emitter current and the correct 


‘output transformer ratio for that transistor plus its biasing circuitry —no small task. 


‘A well matched amplifier = a thing of beauty! The fetching trio of high S11, S22 and $21 rewards your efforts and boosts your confidence to 
‘experiment further. And so it goes. 


Sadly, only a fraction of hobbyists create and evaluate their own circuits. 


4. Microphonics in Direct Conversion Receivers 


Lo 


cal oscillator or VFO. DC Receiver 


direct conversion receiver. 


Micraphonics are induced electrical responses that atise from a mechanical vibration on the DC receiver chassis or circuitry. The audio amp, 
acting ike a transducer, makes a clicking, or popping noise when you do things like tap the chassis, or unplug components — the disturbance 
throws out a burst of DC voltage that's amplited by the AF chain and pops the speaker. 


We may read or hear inexperienced builders tell us to expect microphonics in our DC receivers — de trop folklore stikes again! As a student of 
EMRFD and those wise designers who live in and around Beaverton, Oregon, | share some of their best ips to decrease micraphonics in your 
DC receiver projects. " Keep Your LO From Radiating to the Outside World and Keep Unwanted RF fram the Outside World Getting Into Your 
Receiver” seems the appropos ttle forthe bulleted notes that follow: 


Read EMRED pages 8.7 to 8.11 and then build or apply the presented examples. Wisdom is experiential; it comes by doing, not just reading. 
I's no accident that Chapter 8 author Rick, KK7B mentions microphonics and hum in the same section. Ive never read more thorough notes 
regarding DC receiver nuances anywhere; for example, did you consider that an ungrounded air variable capacitor shaft poking outside the LO 
box will radiate LO signal per Figure 8.18 ?| didnt in my early days. 


Stick your LO in a RF-tight enclosure with RF-grade connectors and coax to patch the AC signal to the product detector. Bypass RF with 
feedthrough capacitors on any DC voltage lines that pass through the LO chassis wall. Many enthusiasts have only operated kitted or homebrew 
DC receivers where the LO and receiver guts lie on the same circuit board — this ensures micraphonics. Wes and Roger built the historic Ualy 
Weekender VFO, transmitter and receiver in seperate boxes — resulting in low microphonics and no pulling of the VEO when keying the 
transmitter. Nothing in that 2 part QST series was done by accident. Read these articles to "go to school 


Recipracally important; keep unwanted outside world RF fram getting inside your DC receiver! Apply resistors plus capacitors, or inductors 
plus capacitors to decouple and bypass RF fram moving along an your DC valtage lines, key line, microphone cables etc, 


Keep product detector port-to-port isolation high. Typically, we employ double balanced mixers to obtain high port-to-port isolation. | cover 
mixer balance on this page . For diode ring mixers, measure the return loss of the circuits that you connect to the product detector LO, RF and 
AF ports — | alm for 20 dB or greater return lass on my LO output, RF output and AF amp input circuits to help preserve the product detector 
balance and keep port isolation as high as possible. Along with 60 0 amplifers, attach attenuator pads, AF diplexers, of whatever to help 
increase port return loss as required, 


LO-RE port isolation: Consider @ common gate amp with an output matching network to get a high output return loss (S22). The common 
‘gate amp provides strong reverse isolation without adding much noise. 


Avoid end-fed wire antennas where there is a strong antenna field right next to your radio. 


| favor sturdy chassis/cabinets with rubber feet. Homebrew copper clad board or die-cast aluminum cabinets may work best as joints and 
‘screwed connections won't corrade. This is a weak recommendation. 


Double the LO frequency or apply a heterodyne VFO. Often microphonics arise in the VFO tank. EMRED cover this wel. Ifthe VFO operates 
at a significantly different frequency than any of the signals reaching the balanced mixer, leaked LO won't cause as much havac as when a LO 
tank is tuned to the mixer RF port frequency. 


Despite proper techniques, RF can exit via the antenna port and make its back into our rig through power supply cables (often modulated by 
‘our house AC electricity). In some cases, we require special power supply decoupling to decrease hum and microphanics. We might need to add 
‘a common mode choke (+/- capacitors) for common mode noise suppression in addition to the usual differential mode choke(s) and capacitors, 
In my main shack power supply, I run a common-mode choke plus | soldered a 0.01 uF capacitor across each bridge rectifier diode to bypass 
RF. 


‘Some radio operators just run battery power supplies. 


‘Above — Feedthrough capacitors. | prefer hole mount aver solder mount parts, however, quality feedthrough capacitors of any kind tend to be 
expensive, As a hobbyist, !m constantly searching for bargains and when | find 1, Ill purchase a bunch to meet my current and future needs. 


Hezt—yus | 
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Above — Some double balanced mixers from my collection: ADE-1, NE602, TUF-1, TUF-2, SBL-1 and a SRA-173H; a MiniCircuit Lab's Level 
17 diode sing mixer. 


You owe itto yourself to listen to a DC receiver designed and built to reduce microphonics — music to our ears. 


5. Some Experiments with RF Bypass Capacitors 


Introduction 

Bypass implies a low impedance path to ground for RF at 1 or more frequencies. Alter reading EMRFD pages 2.28 - 2.31, | decided to explore 
this subject for the first time. My bench measurements from Spring 2012 punctuated how litle | knew about RF bypass and | share these notes 
‘as something for me and others to build on. 


In these experiments, 1 


1. observed the self resonant frequency of MuRata RPE Series, 50v, 5% capacitors with X7R temp compensation 
at 0.1, 0.01 and 0.001 pF. 


2. examined a wire short, plus 1 and then 2 Johanson Dielectric 0.01HF, S0v, X7R, size 1206 chip capacitors 
3. tested a 0.1 uF RF cap plus a parallel 22 UF electralytic capacitor to look at parallel resonance side effects. 


4. attempted to reduce the Q of some parallel capacitors to reduce unwanted high impedance peaks. 


aw ET 
ESR C ESL 


‘Above — The frequency dependent components of a capacitor are shown in this capacitor equivalent circuit schematic; essentially an RLC 
network. Engineers use mathematical formulae to describe the components of a capacitor along with reactance and with this math, you might 
derive an unknown variable from available data so it's worth diving into on your own. 


ESR or equivalent series resistance = the sum of all of a capacitors’ resistive components. Expressed in ohms, ESR acts like a resistor in series, 
with the capacitor. Normally we desire capacitors with an ESR as low as possible. Consider reading the capacitor datasheets for those your 
‘stock and/or searching for information regarding low ESR capacitors on the Internet. 


ESL refers to the equivalent series inductance; the sum of all the capacitor’ inductive components. This includes lead length in hole-through 


parts 


Ina given capacitor, the series resonant frequency isthe frequency where the inductive reactance from the ESL = the capacitive reactance, but 
since the 2 reactances are 180 degrees opposite in phase, they cancel to drop the impedance to 0 and the capacitor acts lke a resistor at its 
ESR. 


“The series inductance of a capacitor may be determined using a network analyzer and unfortunately this in unattainable by most average 
builders. When designing RF bypass with network analysis, we strive for alow impedance over a wide frequency range, although small ripples 
typically occur. 


ESR 


Frequency 


‘Above — A plat of equivalent series inductance. ESR tends to increase with frequency. 


Methods 


50 ©) Test Set-up 


© 


Tracking Generator 


‘Spectrum Analyzer 
co C41 


‘Above — My test set up. | performed all analysis with a tracking generator plus spectrum analyzer. The 50 Q system used short coax patch 
cables fitted with BNC connectors with 20 dB attenuator pads before and after the capacitors under test. The capacitors shown as CO and C1 
were soldered on a copper board with short leads and BNC connectors. C1 is omitted when evaluating only 1 capacitor. 


‘You may also perform capacitor self resonant frequency testing with a vector network analyzer, a signal generator plus a 50 0 terminated scope, 
co with @ sweep generator ramp-driving the oscilloscope X input while simultaneously driving a VCO with logarithmic output to the Y oscilloscope 
input. SPICE simulations may also yield insight. 


Above — The -27 dBm reference with a thraugh-connector between my 2 coax patch cables (CO + C1 board removed). 
To save time | shot these SA photos handheld and prefer a slower shutter to capture a nice CRT tracing, so some of the photos show a litle 
hand jitter. 


‘Single Shunt Capacitors 


Above — CO = 0.1 HF. | view the capacitor ike a trap. At almost 5.8 MHz lies the peak attenuation, or lawest impedance —this is CO's sel 
resonant frequency. The peak bypass frequency lies ~ 60 dB down. At 20 MHz, the attenuation is only ~ 30 a8, 


‘Above — Another shot of the 0.1 UF bypass cap with a 200 MHz span. At 50 MHz, the reference signal lies only ~ 17 dB down, At 100 MHz, the 
attenuation is only ~ 11 dB — this hardly qualifies as "bypass" much above the self resonant frequency. Above the self resonant frequency, 
capacitor's XL affects impedance more than the ESR and XC of the capacitor. 


Above — C0 = 0.01 pF. The peak bypass frequency (capacitor self resonant frequency) is centered at 17.5 MHz and is ~ 50 dB down; not as 
deep as with the 0.1 pf cap. At 50 MHz, the attenuation is ~ 21 dB. 


‘Above — C0 = 0.001. The response is peaked at 62 MHz with an attenuation of ~42 dB. At 100 MHz, the signal is 17 dB down. Again, the peak 
attenuation looks diminished compared to that of the 0.1 uF and the O.01¥F caps. 


Capacitors in Parallel 


Now I placed 2 caps in parallel (CO + C1) as same builders do to try and gamer a wider attenuation bandwith, 


100 MHz 


AUF + CL = 0.1 uF. The peak attenuation = 60 dB at 8 MHz; up 2 MHz fram that of the single 0.1 pf capacitor. At 100 MHz, 
~ 19 dB — better than a single 0.1 uF but stil low. 


Above — co 


pF + C1 = 0.01 uF. Yikes! With the 2 different cap values, we get an unfortunate high impedance blip peaking at 13 MHz. 
Each capacitor exerts its self resonant frequency, but in between these self resonant frequencies, lies a disaster. 

‘When placed in parallel, the inductance of 1 capacitor resonates with the capacitance of the other to form a parallel resonance — leading to a 
high impedance — that blocks RF bypass and peaks at a specific frequency. 


But wait. Things can get worse: 


Project Book 


Learn to Solder 
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Above — CO = 0.1 uF + C1 = 0.001 HF, The wide value variance between these 2 capacitors creates a huge, high impedance spike where the 
attenuation is only about 6 dB at 40 MHz. Catastrophic bypass indeed. xaractpocba. 


AT mm Length of Copper Wire 


Above — A 7 mm piece of 26 gauge copper wire was shorted to ground instead of CO. This wire measured at ~7 nH of inductance and | saw 
that attenuation decreases with frequency from 62 dB at 8 MHz to ~33 dB at 20 MHz. Even a shart piece of wire doesn't exhibit a flat, wideband 
bypass. 


‘Above — This spectrum analysis shows three 7 mm wires shunted to ground — not much different than 1 wire. 


0.01 pF Chip Capacitor(s) 


Above — The magnified copper board that | tested one or two 0.01 j1F chip capacitors. You can see 1 capacitor soldered in. 


Above — CO = 0,01 uF SMT cap. The SMT parts exhibited a peak attenuation of 45 dB at ~37 MHz. The attenuation dip lacks the sharp peak of 
the hole-through 0.01 uF cap shown eariler and exhibits a somewhat wider bandwidth. The self resonant frequency of the chip capacitor is 5 MHz 
higher than the particular hole-through capacitor | measured. Click fora side by side photo. 


50 MHz 


Above — CO = 0.01 pF + C1 = 0.01 pF. The SMT paris exhibited a peak attenuation of 45 dB at ~37 MHz; 
similar to the single 0.01 41F chip cap, but with a few more dB attenuation between 10 and 20 MHz. 


0.1 pF Ceramic + a 2.2 uF Electrolytic Capacitor 


Above — CO = 0.1 pF and C1 = 2.2 UF. The low Q 2.2 HF Cl electrolytic cap did not create the a parallel resonance with CO. Shaky photo — 
sorry. |also tested a 10 and 22 ylF cap in parallel with CO and saw no disturbance caused by a parallel resonance between a big AF capacitor 
‘and CO (an RF value cap) with my RF spectrum analyzer. 


‘Some additional experiments applying a low Q AF capacitor plus a ceramic RF capacitor for wideband bypass yielded some interesting results 
land Illpresent these in a future project. 


Capacitors in Parallel with a Series Resistor to Lower Q 


In previous experiments, placing 2 RF capacitors in parallel led to the formation af a peaked high impedance blip between the low impedance 
peaks set by the self-resonant frequency of the 2 capacitors. If multiple capacitors are soldered in parallel, the series inductance of each 
‘capacitor will resonate with the capacitance of the next smaller C value 


‘One solution is to put a resistance in series with all but 1 of the parallel capacitors so that the Q of resonance formed by this capacitors series 
inductance and the capacitance of the next smaller capacitor is low. If capacitors exhibited 0 inductance then putting capacitors in parallel would 
be fine, however, since capacitors exhibit inductance, a parallel resonant frequency may occur with capacitors in parallel 


| ound applying a series resistance to lower Q may flatten the impedance versus frequency response of the bypass network, but didnt decrease 
the impedance at any 1 frequency. Optimal bypassing or achieving the lowest impedance aver a wide frequency range presents a complex topic 
that might even challenge some engineers. 


Decreased Q Bypass 


Above — A method to exact wideband bypass. 


‘Above — My first try with CO = 0.1 uF, RO = 39 0 and C1 = 0.01 pF. | arbitraily placed the 39 resistor in the RO slot and saw that the high 
impedance peak seen earlier disappeared. This gave me the confidence to try 3 capacitors. | had no idea what R value to use and really just 
wanted to see what happens. 


Above —The spectrograph with CO = 0.1 UF, RO = 10K, C1 = 0.01 uF, R1= 47K and C3 = 0.001 HF. 


100 MHz 


10k, C1 = 0.01 pF, R1= 47K and C3 = 0.001 HF. Again, no high impedance peak response; the self resonant 
frequency is close to that measured with a single 0.001 uF earlier, however, the peak bypass frequency moved from to 57 MHz from 62 MHz. 
‘Changing the resistor values moved the self-resonant frequency and the peak attenuation value a litle, but fell kilometers shart of setting a 
wide band bypass. My approach lacks any real science and | need to step it up. 


| hope to learn what capacitor values and types, plus R values to apply. This sounds like a job for simulation as well as further an-bench 
‘experiments? After wrting this material, | leamed that Ken Kuhn wrote an Excel spreadsheet to examine the net impedance of up to 3 capacitors 
in parallel Click to download. 


400 MHz 


‘Above — Just as a gag, | removed RO from capacitor CO in 1 circuit and then hooked up the board. The high impedance peak re-emerged. 
‘A.Commerical Example 


ound a wideband MMIC employing (R1.+ C1. and C2 ) as part of a bypass strategy. Cick for the datasheet excerpt. Note the size of the SMD 
capacitors; 0803 —tiny caps! My experiments showed some high gain MMICs require careful low inductance grounding and correct part choices 
‘or crippling oscillations and other bypass issues might arise. 


My Learnings 


When we think bypass, we really should think frequency dependent attenuation, The bypass cap is actually a network where impedance versus 
frequency varies significantly. At its self resonant frequency, a capacitor will exhibit the lowest possible impedance making a single capacitor a 
relatively narrow-band bypass device. Intuitively, we might want to choose a capacitor with a series resonant frequency at the frequency we wish 
to bypass, however, ifwe require a wideband bypass, the need to evaluate our bypass capacitor(s) increases. 


In short, above the series resonant frequency of a capacitor, its bypass is basicaly useless and we should likely ensure that the selfresonant 
Jrequency of the particular capacitor we're using is above the highest frequency to be bypassed. 


Bypassing with 2 or more unmatched RF caps will lead to an attenuation gap with peak(s) determined by the parallel resonance of these 
capacitors. Going above a 10:1 capacitor ratio, for example, greater than a 0.1 and a 0.01 wf, may cause a severe gap in attenuation at the 
parallel resonant frequency generated by the 2 capacitors, 


Mine and work from more reputable authors clearly shows we should avoid applying parallel RF bypass capacitors of diferent values unless we 
apply a Q-reducing resistor tothe capacitors) in parallel witha given RF bypass capacitor. Please read EMRFD page 2.3 for more information 
‘and watch out for abundant folklore concerning RF bypass. 


‘The need for measurement and analysis challenges us; in some cases, you may realize good attenuation in the radio band of interest, while 
poorly bypassing the frequencies above it and compromise an otherwise good design. 


Capacitor lead length may affect self-resonance at RF. 
Future Work 


It would be awesome to learn more about getting a wide-band bypass. | want to order some low or ultra-low ESR caps and measure them. My 
Murata RPE Series caps specify low inductance; low is relative — how low is low? Should we apply chip capacitors for bypass in our critical 
circuits such as low noise VHF amps or MMICs?. Am fussing about nothing? Lots of questions that folklore just won't answer. 


Per EMRFD page 2.3, bypass is only half the equation —we need to decouple + bypass to fiter RF fram moving along our DC lines and so 
forth 


6. Some Experiments with Chokes plus Decouple and Bypass Filters 


Introduction 


SRI 


self resonant frequency; XL = inductive reactance; XC = capacitive reactance. L= inductor; C= capacitor; R = resistor. 


Like the capacitor, inductors are networks with R, Land C and possess a SRF. R, Land C may vary with factors including the number of 
windings, frequency, or whether the L is wound on a ferromagnetic material, or air wound, 


Considering R, L and C: 


at frequencies below the SRF, XL dominates; 
at frequencies above the SRF XC dominates; 
at the SRF, the magnitude of XL and XC are equal but 180 degrees out of phase leaving resistance to dominate. 


| encourage you to learn more by visting the fabulous web site af David, G3YNH. 


e 


-27 dBm 
reference to 1 GHz 


Above — Reference signal at -27 dBm. | used the exact test methad shawn in Section 5. 


For those unaware, the spectrum analyzer screen is divided into 10 by 10 graticules. Each vertical division represent a 10 dB change; read down 
{rom the reference -27 dBm to measure the attenuation of the reference signal in dB. Horizontal divisions represent frequency; start at 0 on the 
left hand side and increment as specified on each figure. 


‘AFew Inductors 


502 502 
_—_ 


19.9 uH epoxy 
coated choke 


H = 20 MHz/division 


Above — A 19.9 uH epoxy coated choke that exhibits a primary SRF at 18 MHz and a second, smaller SRF at ~128 MHz. This wretched 
me grief at 63 MHz. After measurement, | tossed itn the garbage can, 


Logave 


486 uH epoxy 
coated choke 


H = 10 MHz/div 


Above — A large, junk box choke with an SRFat about 10 MHz, 


500 500 
sie 
870 uH epoxy 


coated choke 


H=1MHz/div 


Above — | rarely use these big chokes: 870 pH with a SRF at about 2 MHz. 


10t FT37-43 


5 MHz/div 


Above — A comman L on our benches — 10 tums of #26 AWG on a FT37-43 ferrite toroid. 


| couldn't measure the SRF with any span on my spectrum analyzer. | expect that a parasitic capacitance lies in parallel with the inductance, but 
the #43 material, with its low Q and high losses blankets the usual deep notch we see when the L exhibits a higher Qu. 


10 Turns on a FT37- 43 with a Bypass Capacitor Shunting Each End 


Learn to 
Solder 


Brian Jepson, Tyler Mosko- 
wite, and Gregory Hayes 


O'REILLY* 


Beling + Cambridge + Farnham + Koln » Sebastopol + Tokyo 


10t FT37-43 
H = 10 MHz/div 


‘Above — Look at the big difference after adding shunt capacitors to a 10 turn FT37-43! Even at 100 MH? the attenuation lies nearly 50 dB down, 
Now | understand why Wes says decouple plus bypass when fitering our DC lines and so forth. 


Lot FT37-43 


H = 50 MHz/div 


Above — The 10 turn FT37-43 coil with 0.1. UF shunt caps measured out to 500 MHz. Pardon the camera shake; | took all the phatos hand held 
to save time, 


‘A Resistor with a Bypass Capacitor Shunting Each End 


H = 10 MHz/div 


‘Above — The 0.1 uF bypassed 51 0 resistor out to 200 MHz | often use a 51.0 decoupling resistor with appropriate capacitor values in active 
circuits that draw from 20 - 18 mA. 


502 
100 ohm 


papi 


qe ig 


H= 5 MHz/div 


Above — The "bench standard" 
around 55 dB down. 


pat ae 


H = 2 MHz/div 


‘Above — The 100 © R with the shunt capacitors decreased to 0.01pF. At 6 MHz, we're about 50 dB dawn. From 10 to 20 MHz, the attenuation is 
about as high as | can measure. 
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H=5 MHz/div 


Above — 100 OR plus 0.001 pF capacitors out to 100 MHz. In my particular circuit, the attenuation at 50 MHz equals that of the 100 R + 0.01 
LF C low-pass filter shawn directly above. 


1000hm 502 


Above — A 100 OR plus a single 0.001 uF capacitor. I you leave off 1 capacitor, a serious notch appears at ~ 68 MHz. If you fp the fiter 
around so the bypass cap is on the right hand side, the tracing appears the same. This problem occurred with all the fiters tested in all 
experiments. As possible, solder a suitable bypass capacitor on both sides of the R or L. 


| encourage you to experiment with the SRF of coils and wideband decouple + bypass fters on your ov. 


QRP Posdata for Oct 2013 — SRF of some common bypass capacitors 


+ Self resonant frequencies of sone common 
bypass capacitors covering ~ 6.6 to 220 Miz 


Notch Freq 
# Use table to inform bypass cap versus frequency 
choices 
[22.68 MHz 
SaeMHZE} 500 60Q Tested as shown to left in calibrated 
poe O—9—@ es Basing dectrment grees 
cables and connectors 


]222.91 MHz * The decpest notch [-64.32 dBm] occurred with the 0.1 uF 
cap and decreased progressively with capacitance 


* Caps tested = muRate APE series menolithic ceramic with 
F COG tenp compensation. Different brands, types, ete. of 
caps may change results significantly 


* Leads short as possible with the SMA 
connectors soldered right on the ground plane 


Above — A reference table showing the self resonant frequency of several comon value bypass capacitors in my parts collection. For example, it 


1'm making a 21 MHz circuit, the best bypass capacitor choice from the table abave = 0.01 pF. If passible, sweep the capacitors in your own 
collection to determine their SRF; or whether theyre even suitable, 
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Above — As possible, stick 2 of your bypass cap values in a pi fter network with a series decoupling Lor R to derive wideband fitration. For 
‘example, to fiter your DC power lines. 
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‘Above — A 300 MHz sweep of a pifiter[ 220 pF + 1.2 4H + 220 pF] for the DC supply line of a 150 MHz oscillator. The SRF peak lies at 76.69 
Miz, but this fiter works okay out to about 200 MHz. | placed a marker at 144 MHz and could use this fier for the 2M band as wel. 
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Above — The network described above, except | replaced the 1.2 wH L with a size 0805 10 Q resistor {220 pF + 10R + 220 pF] and swept to 
500 MHz. | set Marker 1.07 150 MH; the frequency of the oscillator | wanted to DC powerline fiter. The resistor gives a bit more fiter bandwidth 
‘around 150 MHz. A 51 or 100 0 resistor wil further increase the bandwidth while decreasing the attenuation depth somewhat. Although resistors 
incur a DC voltage drop, they avoid the potential of an unwanted SRF in your fiter arising from a renegade inductor—and so, a resistor may 
pose a better choice for pi fitering DC lines and so forth. I's your call. 


‘At HF and lower VHF, Ive found a hole-through capacitor may sometimes fiter better than a "garden variety" SMT counterpart. Click for a 
araphic that shows this. Presumably, the SMT cap exhibited a lower Q than the equivalent hole-though part. At some frequency above 200 MHz, 
the lead inductance of the hole-through capactor may cause the opposite effect. 


Further, on the VHF — Véronique web page, Section 6: | swept 3 capacitors including an ultra-high Q SMT part. 


RF — Test and Measurement 


RF Workbench Page 5 


Welcome to part of a web series exploring basic RF measurement and 
bench practices. This installment builds on the information from RF 
Workbench Paris 1 - 4 


In REWB #5 | share a hodge-podge of thoughts and circuits concerning 
power measurement on the beginner-level RF workbench. Consult EMRED 
for more support. Big thanks to my mentors: Wes, W7ZOl, Bob, K3NHI and 
John, KSIRK for their support as | advance to the basics. 


Power Measurement Empowers You 


Before embracing the 50 © RF environment, | misjudged the need to 
‘quantify small signal power —now | get that we measure lots of low-level 
signals on the 50 9 RF workbench. Whether you're driving a mixer RF port with -20 dim to reduce spurs, or tweaking an amplifer-under-test to 
‘exact the best S21, low-level RF power measurement is fundamental to fruitful RF design, 


‘Lway to measure low-level RF power includes building a log linear RF power meter (PM) based on the Analog Devices AD8307. The basic 
Circuit | show posits that mast of you measure from MF to HF and don't need a PM that reads flat into UHF and further; a simple, 2 chip circuit 
might even prompt you to actually build a barebones PM for your QRP workbench, 


‘Search for and download the Analog Devices AD8307 Revision D datasheet — i's defintely worth a read, Kudos to the design team that brought 
us a truly milestone device for low-cost power measurement. 


‘Analog Devices offers whole family of log-amps at different frequency ranges — for example, the AD8311 Log Amp/Detector covers from ~100 
MHz to 2500 MHz, A sister product, the AD8302 2.7 GHz RF | IF Gain Phase Detector looks amazing. 


1. A Barebones RF Power Meter 


‘Lacks the usual input frequency compensation network needed to keep power measurement flat over several hundred MHz —since most 
input compensate by attenuating HF, this simple version offers stronger sensitivity at HF than usual 

Good from MF up to about 100 MHz 

4.5v B+ to eliminate power supply decoupling issues and to give greater battery ite than a 9v battery, 

Minimum input power about -70 dBm. Maximum input power +15 dBm. Requires a metal box. 
Big thanks to Wes, W7ZO! far leting me present his simple RF power meter. | found numerous AD8307-based RF power meter designs in 
periodicals and on the web and the writers devised simple to elaborate input compensation networks to establish a flat response out to 500 MHz 
— invalving parts such as nl-level inductors, chip resistors and capacitors. This PM goes the opposite direction; a plain circuit for you builders 
who measure under 100 MHz; particularly at HE. 
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‘SP/AW SZ 


SP/AW OZ 


designed by W7Z0I ? 


‘Above — the complete Barebones PM schematic. Presented with the permission of Wes, W7ZOl 


‘AD8307 Input Pin 8: Some Graphs and Notes: 


06/07/2012 file: 060712_8307 Overlays of PM and crude PM performance over ~ 1 
to 100 MHz at-20 nominal. Display 5 2 dBvGrid, 10 MHz Grid 

“Magenta = crude PM board, blue = BK PM. Crude assy has no input compensation 
net. Evident is tha ~ 1B rolloff as in AD data sheet at 100 MHz. Source is BK 100 
MHz sweeper - believed to be "flat" as when compared with Wavetek gen. 


Hebb b-f- RE} bbb 


Above —The lack of input compensation might raise a few eyebrows! A sweep of the Barebones PM by Bab, K3NHI shows a reasonably flat 
response out to 100 MHz that's comparible to some of the 0-100 MHz range of wider sweeps in the published compensated circuits I've read. 


AD8307 Power Meter Calibration 


Response, dB 


Frequency,MHz —(w7zoi, 12June12) 


Above — A different Barebones PM plot from Wes, W7ZOI that goes out 500 MHz. For HF work, this power meter proves adequate for QRP 
HomeBuilders. By all means, add some input compensation if you want to — good circuit examples abound. For example, EMRFD Figure 7.13, 
‘or Bob Kopsk's — An Advanced VHF Wattmeter referenced in Section 5. 


‘ADB307 specifications allow a typical +/- 0.3 dBm "ripple" in the input to output transfer characteristic. Bob, K3NHI verified this ripple in his lab. 


‘Therefore; depending on the position of a signal in the transfer curve, a move between 2 different power levels may yield as much as 0.6 db peak 
difference error. Figure & of the Rev D datasheet shows this. Figure 24 plus associated text tells why this occurs: the transfer characteristic is @ 
‘chunk or segmented realization of a log transfer characteristic. Its really good — just not perfect. 


If you consider the cost of thermal sensor power meters from Agilent, Techtronix, or even the Mini-Circuits PWR-6GHS, the AD8307 seems a 
bargain. 


Measuring Ula Pin 1 With a Panel Meter 


‘The first output at Pin 1 drives nearly any junkbox DC panel meter you might own The schematic specifies a 0-200 UA mavement, however a 1. 
mA meter movement also works by tweaking R1 and R2 to establish the correct current. In the circuit shown the R= 13.6K. This R establishes 
the current required to drive the 200 UA meter Wes used in his design —nothing more. A wide variety of panel meters work because the drive 
‘current comes from an op-amp. Dont order an expensive panel meter just because you want to employ a 100 or 200 uA model — choose your 
meter because it affords good needle movernent and resolution to allow accurate power measurement, 


‘Although elementary for some, the following diagram shows you how to measure the maximum current for your meter: 100 UA, 200 uA, ete. 


+ 


Example calculation with V Battery=4.53v 
V Meter =0.24v and R Pot =22.5KQ 


Current at Maximum Deflection 
Formula: (V Battery - V Meter) / R Pot 


or 191 pA 


1. Adjust 25K pot to get a full 
needle deflection. 
2. Measure the pot resistance 
with your DVM & Pot 
3. Measure the voltage 
across the meter Meter 


‘Above — In my shoebox sat 4 different panel meters. | measured 1 meter and show the math above —a 191 pA meter. 


‘Above — An antique 1A panel meter driven with 1 mA to achieve full deflection. 


Meter resolution presents the biggest problem for junkbox panel meters and if you look around the web, you! see some great examples how 
builders calibrated and/or marked the scale on their ADB307 circuit panel meters. 
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‘Above — Panel meter markings on my friend Peter's power meter. 


| personally like my panel meters to read about 7596 of full deflection at 7 dim, but it's really your choice. Adjust RA andlor R2 up or down to 
sive the desired amount of meter deflection for whatever panel meter you own. 


You may apply Ohim's law to figure out the maximum in-situ current for any panel meter. In the schematic the total Ris 13.6K, 50 when you apply 
+10 dBm applied to the power meter input, the current in the panel meter will be 2.Ov /13.6K = 147 uA. The maximum 200 uA will occur with a 
Pin 1 voltage of 2.72v. The op-amp won't go all the way to the positive rail, but Ifit did go all the way to 4.5v, you would hurl 331 uA into the 
panel meter. This exceeds the meter's uppermost scale, but likely won't destroy it. 


‘The 4.7 uF cap can be any small uF capacitor value and low-pass fiters the DC to smooth out the meter movement. | used a 10 uF in my 
breadboard, 


| normally view the panel meter to tune resonant circuits and observe trends; but not to precisely measure power — it's often more accurate to 
‘quantity power readings at Port B since this eliminates panel meter resolution issues. 


How to Measure Power at Port B 


We measure the DC voltage at port B and use equations or graphs to translate this voltage into an actual power reading after reference 
calibration, Ula and Ub are unity-gain voltage followers to butler the ADE3O7 output. UB features a SK potentiometer in series with a 10K 


‘shunt resistor to form a voltage divider that changes the 25 mV/dB AD8307 output to 20 dB/mV. Tweak the SK pot to calibrate to get as close to 
20 dB/mV as possible, although since the LM3S8 buffers just pass on the DC voltage changes of the AD8307, the pot does not technically alter 
log linearity 


Wes published some essential notes on his web site. On page 8, you find his formula to convert a measured DC voltage into dBm. | wrote a 
program that incorporates his formula: Applet Lon my Design Center web page; except that it takes calibration power at -10 dBm and -20 dBm. 


Lets run through 1 exemple: 


L. Calculate Power from the DC Output of an AD8307 Meter 


httpi//www.qrp.pops.net/qrp-java-calculator:htm 


1. Linear calibration steps: 


Enter measured DVM vokage at -10 dBm: 160 Enter measured DVM vokage at -20 dBm: 1.40 


2. Calculate power in dBm from DVM voltage: 


Enter measured DVM vokage: 1.54 (Calculate) Power =7 


Above — A screen capture of JavaScript Applet L. | calibrated my instrument by connecting a 10.0 MHz sine wave calibrator to the 50 Q input 
port af my PM, At-10 dim input power, my Port B reading was 1.6 VDC; at -20 dBm, | measured 1.4v at Port B. These 2 paints establish the 
log linearity per Wes notes. After this calibration, | measured the output power of a 4 MHz sine wave VFO that | designed to run at 7 dBm output 
power to drive the LO port of a diade ring mixer. Port B read 1.94 volts and when | entered this into Applet L and pushed <<Calculate>>, the 
‘VFO output power was indeed 7 dBm. More on this later. 


‘Above — My prototype RF tight breadboard of the Barebones PM. | ran my trademark’ die case box, BNC RF input and Port B connectors, a 


common ground lug and feedthrough capacitors for the B+ and panel meter connections. | placed a BNC to RCA adaptor on Port B to allow the 


insertion of a standard-type positive DVM probe. black alligator clip terminates the distal end of the negative probe on all my DVMs. | just clip 
itonto the ground lug. 


Above — A view of my breadboard showing my 100 uA panel meter and the 4.5v battery pack. | raised R2 in the original schematic up to 8K2 to 
set my preferred needle movement in this 100 UA panel meter. A meter with linear markings might be better? 


‘Some Further ADB307 Notes 


After power up, you'll notice @ DC output voltage around 0.22v or so with no input signal; this arises from wideband noise caused by resistors and, 


ampltiers in the AD8307— all normal 


It possible, verify a 25 mY per dB power change with a manual sweep using a sine wave signal generator on the input and a DVM to ADE307 Pin 
4. Ifyou don't have the test gear to perform this function check, no problem. 


‘The ADE3O7 input resistance = 1100, so we must place a resistor in parallel wth the input to establish $0 Q, Many builders just shunt a short- 
leaded 51.0 resistor from input to ground like Wes did, however, you might also see builders place a 196 tolerance 53.2 Q R in that slot to derive 
an input Z of 43.9 0. | did this in another "blinged-out’, frequency compensated ADE3O7 meter | built for future UHF circuit experiments. 


\With 20 andior 40 dB taps, attenuator pads and some 50 Q cables, a Barebones ADB3O7 PM can measure everything HF you might build or buy 
for your QRP workbench. | posit that a simple ADB307 power meter may form the heart of a basic, first QRP workbench. Lacking a oscilloscope 
When | started in radio electronics, | measured RF with a germanium diode RF probe and a DVM — | would have enjayed a simple log power 
meter plus a basic calibrator, however, the ADB307 did not exist back then. 


PROTOADVANTAGE 
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‘Above — Some builders lament because an AD8307 (in DIP) costs around $10.00. | bid for and bought the AR version chip shown above for 
$4.42 USD. The above green Proto Advantage breakout board cost $1.00. To compare; some people spend $5.00 for a boutique catfee in 
Canada — it's all good 


‘The SMD packaged ADS307AR may offer better performance above 100 MHz with its lower lead inductance. 
QRP — PosData for Dec 3, 2013 

Realize your bench acumen — adapt and build some test equipment to suit your needs. Steve, VK2SJA crafted a version of the ADB3O7 PM. 
Click for his beautiful box featuring a 1mA meter movement. Aided by the Tonne software "Meter" program and the AD8307 datasheet, his ranks 
among the best Ive seen. Kudos Steve. 


2. Power Meter Calibrators 


1. CMOS Clock Oscillator RF Calibrator @ -10 dBm 


Bob, KNHI designed a 10.0 MHz reference oscillator for -10 dBm that might help equip the beginner bench. This CMOS signal source does not 


need an AC power reference to calibrate it — just a DVM to make a DC measurement and your good to gol 


In addition to calibrating an ADE3O7-based PM, you might use this -10 dBm reference to calibrate other gear including homebrew sine wave 
signal generators; that's what Il do later. 


Above —The recommended CMOS clock oscillator far the CMOS RF calibrator. Digi-Key part # CTX772-ND. Data sheet 
It you substitute another CMOS clock, it must swing nearly rail-to-rail for accuracy. Bob intended this calibrator for thase who lack the bench 
instruments needed to precisely calibrate RF devices since only a DVM is needed for calibration. This generator also offers a range of calibrated 
harmonics as Bob described in his January-February QEX article A Simple RE Power Calibrator — great when you want to examine a spectrum 
analyzer over a limited span. 


CMOS RF Calibrator 


‘Above — My version of the K3NHI CMOS signal source (presented with the permission of Bob, K3NHI). The 52.3 0 resistor is a standard 1% 
part and | bought 5 for all my AD8307 projects and this litle signal generator. In my first version, the tmmer resistor was 500 and worked 
‘okay, but the 200 © trimmer improved calibration. | ordered 10 Bourns 200 © and 10 Bourns 500 © trimmers on eBay for a few dollars and after 
studying Bob's published work and applying his influences to my own, | now love to precisely calibrate or bias circuits with a 200 or 500 
trimmer R as appropriate, 
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Ifrequired, you may substitute a 49.9 to 51 Q resistor for the 52.3 0 specified. 


Per Bob's QEX 2010 Tech Notes and his emails specifically about calibrating the AD8307 with a CMOS square wave: Modern AD8307 chips are 
better calibrated with a -10 dBM square wave. To test log linearity after CMOS signal generator calibration, apply a sine wave signal generator to 
your power meter and adjust its output to get the same power meter DC output voltage as with the CMOS generator. Then insert attenuator pads 
‘on the now calibrated sine wave generator to assess the mVIdB change with diferent power levels. 


Bob's original CMOS calibrator outputted - 20 dBm, however, he updated it to output -10 dEim in 2010 as reported in his QEX 2010 Tech Notes. 


Some readers have asked why calibrate the ADB307 at 10 MHz? Calibrate at whatever frequency you want, or more than one. However, at 10 
MbHz, the AD8307 exhibits its best log performance compared to other frequencies. Click or click for datasheet graphs. 


‘Above — The DVM calibration port reading (2 volt scale) from my CMOS clock calibrator after calibration. That was easy! 
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Abave — The calibrated CMOS clock RF calibrator in my 50 0 terminated scope. 
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Above — The breadboard of my version af the K3HNI CMOS -10 dBm RF calibrator. For best results, stick it in a shielded box. When correctly 
calibrated, it outputs -10 dBm on an ADE3O7 PM, -14 dBm on a spectrum analyzer and -13 dBm on a conventional, thermal-sensor power meter, 


cmos. 
Calibrator 
-10 dBm 


‘Above — The procedure for calibrating an ADB307 PM with the -10 dBm square wave CMOS signal source. 


‘Above — When | connected the calibrated CMOS clock RF calibrator to my build of the Barebones PM, | measured 1.60v with my DVM the 10 
‘dBm reference voltage. Since the log-linear power changes 20 mVIdB; for my calibration reference voltage: 1.40v = -20 dBm, 1.20v = -20 
dBm, 2.0v = 10 dBm etc, 


Remember that the Barebones PM runs on a battery pack and over time the B+ will change. Each time | measure power with the meter | first 
calibrate itto establish the -10 dBm reference voltage. 


Here's a simple formula that only works for 20 mV/dB @ my particular 1.60v calibration voltage, but gives you the general idea: 


Power in dBm 


0 x (V-1.8) 
Soil measure 1.94v: 50 x (194 -1.8) = 7 dBm. 
2. Sine Wave Oscillator for Calibration @ -10 dBm and -20 dBm. 


You may also calibrate your ADS307 PM with a calibrated sine wave signal generator. Advanced builders who own the gear needed to measure 
RF power tend to use a sine wave for calibration 


I's easy to calibrate the AD8307 with a sine wave signal source. Normally we calibrate our sine wave signal generators with instruments such as 
8 50 O terminated ‘scope, a spectrum analyzer, a calibrated power meter, or a 49.9 to 51. terminating resistor plus a 10X probe etc. but if you 
lack these instruments, your stuck. 


No problem. You may calibrate any appropriate sine wave oscillator at 10 dBm with your Barebones PM and the CMOS RF Calibrator shown 
‘earlier. Let's examine the procedure: 


AD8307 Calibration 2 
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Calibrate the AD8307 PM with the CMOS square wave reference and record the DC voltage at the output of Port B. Connect up your sine wave 
{generator and adjust its output until you get the same Port B DC voltage as the reference CMOS RF signal generator — your sine wave oscillator 
should now be calibrated to -10 dBm, 


e 


A 
500 


2nd harmonic 
-39 dBc 


2.7-10 pF 


Sine Wave Calibrator 
-10dBm 


Above —| designed this simple 10.0 MHz sine wave calibrator to evaluate Bob's CMOS square wave RF calibrator and serve as an example 
sine wave reference oscillator. When running a regulated VCC of at least 12v and the tank is perfectly tuned, low distortion arises. | measured 
the second harmonic @ 39 dBc down. The L with 33 tuins = 4.43 ul. 


‘The inital tuning procedure goes like ths: 


1. Terminate the output with a 50 0 resistor terminator, or a 50 0 terminated ‘scope, or your ADB307 PM. 

2. Connect an ammeter between the VCC nade and the regulated power supply. 

3. Adjust the emitter trimmer R so that the circuit draws around 2.7 mA — then disconnect the ammeter leads 

4. Adjust the trimmer cap for the highest pk-pk voltage (and/or or best looking waveform) in the 'scope, or highest 
power in the AD8307 PM. Nominal total C to resonate my particular circuit was ~ 45 pF. 


It not already done, connect the tuned-up sine wave signal source to a ADE307 PM. Adjust the trimmer potentiometer so the Port B DC voltage 
= the reference voltage measured during your CMOS RF generator power meter calibration. Your sine wave signal source is now calibrated to 
10 dm, 


‘Above —The breadboard of my 10 MHz sine wave signal source. | included the optional switched 10 dB attenuator shown on the schematic 
inset. In the end | decided to just stick a removable 10 dB pad like this 6 dB pad in-line for my -20 dsm measurement. 


‘Above — Craft accurate attenuator pads with parallel + series resistors and some creative energy. Lacking the proper 1% parts, | hand selected 
some 5% resistors among the values shown to the right and built a pad that precisely gave a 10 dB power drop at 50 O. 


[Now let's check the calibration of ths litle sinusoidal RF generator. 


#4320 


‘Above — When connected to the Barebones PM, | calibrated the output power of the sine wave generator by tweaking the trimmer pot to give an 
‘output of 1.60V; the same Port B voltage yielded by the CMOS RF calibrator. 
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Abo 0 mv pk-pk = -10 dBm. Wow, thanks for 
this Bob! 


The Port B vol a 10 dB attenuator pad was connected to the calibrated -10 dB 
dBm. Notice the 20 mVidB power drop —right on ation 


Refer to the section titled <How to Measure Power at Port B> Recall Wes’ calculation needed 2 points to set the log linearity. I chase -10 dm 
‘and -20 dBm instead of 0 dBm and -10 dBm so the CMOS RF calibrator could be used to calibrate any sine wave signal generators on hand, 


‘The -10 dBm calibration reference power serves as 1 of the calibration points in Applet L while we derive the other by adding a 10 dB attenuator 
pad to a sine wave signal source output port. Don't connect an attenuator pad to the CMOS square wave calibrator — error in the AD8307 
arises. Why? Analog Devices mysteriously changed the AD8307 at some point after 2004 and altered its crest factor — this disallows us 
performing log linearity calibration with a square wave. 


‘Above — A 20 dB pad connected to the -10 dBm sine wave signal source yielded 1.22v at Port B in the Barebones PM. See the power 
calculation with Applet L below: 


Inttp://www.qrp.pops.net/qrp-java-calculator. htm 
1. Linear calibration steps: 


Enter measured DVM voltage at -10 dBm: 160 Enter measured DVM voltage at -20 dBm 1.40 


2. Calculate power in dBm from DVM voltage: 


Enter measured DVM voltage 1.22 Calculate |) Power = -29 


‘Above —The calculation of the output power with a 20 dB attenuator pad on the sine wave signal source output. We're off by 1 dB since it 
should have calculated a power of -20 dBm. Could this be error caused by my attenuator circuit, or non-linearity by the ADB307 PM, or a bit of 
both? We have to live with such problems. Stl, the Barebones power meter seems quite impressive for a simple circuit that | scratch built and 
calibrated in about 25 minutes, 
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‘Above —The Barebones PM DC output voltage with a 30 dB attenuator pad on the output of my -10 dBm, 10 MHz sine wave signal generator: 
Measured power = -39,5 dBm. Again; a very good — but not perfect power meter. 


A Barebones power meter allows builders with modest equipment to measure power, gain/loss, and with a return loss bridge, return loss at HF. 
Wish | owned this litle gem back when | started out. 


Richard, "Dick", NAHAY, posted some great notes on his blog. | recommend following his blog since he really digs deep and likes math — thanks 
Dick! 


Best! 


3. A Basic RF Workbench 


Since January 2012, a handful of readers asked what I consider a good basic RF work bench. Again, 'm just an amateur hobbyist, so my opinion 
might show my ignorance, 

A stand-alone 50 MHz oscilloscope with atleast one 10X prabe. More bandwidth f you plan to work above 50 MHz 

{tno oscilocope, an AD8307-based power meter The madem version of the diode RF probe. 

3-4 500 coaxial cables with BNC connectors; a 50 0 scope feedthrough terminator, 1-2 50.0 BNC port terminators, a though-connector 
and some BNC connectors to solder onto temporary circuit boards or mount in a chassis. 

A homebrew return loss bridge. 

3, 6, 10 and 20 dB BNC connector equipped attenuator pads, ora step attenuator. 


‘Signal generator(s) that caver mast of HF; +/- VHF signal generators described in the next section, 
AADE LIC Meter IIB. Click 


12 volt regulated power supply good for at least 1 amp, 
Digital multimeter. | use 2 and keep 1 set up for current measurement only. 
Frequency counter: homebrew or commercial, | ran a 40 year old, avenized, accurate HP counter until 2012. 


With these devices, as possible, you can work in a modular, 50 Q environment and measure gain or loss in dB, return loss in dB and absolute 


power in dBm. Starting small and expanding your bench around 50 0 input and output impedance devices will provide a lifetime of challenge and 
‘excitement in RF design. 


Later, the big toys can follow: spectrum analyzers, VNAs, commercial signal generators and other lab quality stuf 


Equipping an RF bench presents quite a financial burden. | started small and slowly added pieces over time. Many pieces such as my LIC Meter 
IB were gifts for holidays or my birthday. Other pieces were old, inexpensive equipment that | restored and calibrated. 


‘Above — RF tools of the trade. We'te RF experimenters! As scratch homebrew builders, gear like BNC, SMA and through-connectors, 50. 
terminators and inline attenuators lie scattered on aur benches; aur fodder. Alternate photo. 


4. VHF Signal Generators 


Having only started at VHF in November 2011, my knowledge suffers, however, a search for accessible, affordable, good quality VHF signal 
‘generators disheartened me, Ten year old or newer signal generators covering the VHF band work up to several GHz and cast a small fortune, 


Lamenting old timers often recommend the vaccum tube HP-608 series that covered ~10-480 MHz. These heavy, glowing beasts sometimes 
‘come up in estate sales or an eBay for $200-400. 


‘Then, too, the HP8640 series seems attractive, however, they are ful of decaying parts. Ken Kuhn and others restore old HP gear as a hobby 
land this direction certainly gives us a valid option. 


Ive investigated 1 or 2 new, low-cost, commercial signal generators that work into VHF, but they failed to excite me; especialy after | 
downloaded the schematics and sat in disbelief over their poor design. 


‘Some minimum commercial signal requitements might include stable, linear tuning, a metal chassis, 50 O output with a return loss greater than 
20 dB and low harmonic distortion at all frequencies. Like the rest of our lives, our budget usually determines what we buy. 


| decided to build my own VHF signal generators and document them on this web site. 've learned that hame building signal generators between 
'50 and 200 MHz requires skill and care, but can be done. 


What about digital clocks? 
At VHF, DDS spurs get extreme as you get closer to the maximum clock frequency 


‘The Si570 looks intriguing, however, sil quires an MCU + components, | haven't read any lab quality evaluations of the SiS70 as part of a 
lengineer-grade VHF-UHF signal generator and if you know better, please email me. 


5. L-C Meters 
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I you search for opinions about which LIC meter to get, youll find an abundance of super write-ups including those that cover measuring with 
Kelvin probes, SMD tweezers; or statements suggesting that if you really need maximum accuracy, purchase a VNA. | encourage you to 
research this yourself and find the best LIC meter for your bench, Here are my 2 cents worth of opinion and please remember — I'm often wrong. 


|luse an AADE LIC IIB meter to test inductors and capacitors for HF and even some VHF work. Yes, the ADE LIC IIB doesn't measure large- 
value electrolytic caps and so forth, however, considering the cost versus performance — i's accurate enough for the popcorn RF workbench. 


‘The AADE LIC meter uses the method described by William Carver, W7AAZ in an article called The LC Tester published in Communications 
Quarterly, Winter 2003 . EMRFD page 7.12 briefly examines Bills circuit and shows his original oscillator along with an extended range Colpitts 
oscillator designed by Wes. For brevity sake, just discuss inductance measurement with Carver-style meters. With care, an inductance 
resolution of 5 - 20 nH might be realized with such a device. 


We normally don't consider that our inductor is actually a network with L, a parallel C and losses that might be modelled as R in series withthe L, 
‘or aR in parallel with the C depending on our model. The inductor also exhibits a self-resonant frequency and for our design purposes, we 
usually ignore all these details and just consider ita "pure L". My LIC meter’s oscillator runs from a few tens to a few hundred KHz and generally 
lies below the self-resonant frequency of the inductors | measure with it. ve learned by sweeping/analyzing my completed fiers, that as long as 
{you avoid the coils SRF, the low frequency Carver-style meter proves a stalwart inductance meter for most HF and some VHF applications. 


Often, we popcorn builders want to make a fiter, an oscillator, ora pi, or L match and we apply software or tables to calculate the L and C values 
needed to resonate our fiter tanks) or matching networks, or to synthesize a low-pass fier. These math-driven programsitables assume the 
pure “pixie dust" L described eariler — disregarding the stray C and R. So getting all worked up about whether our coil is 4.50 or 4.59 
microHenries seems moot. 


Further, we man-handle our inductors (changing the inductance somewhat] into a breadboard laden with 5% (or greater tolerance) capacitors, 
‘copper board pads/paths that exhibit C, active devices and so forth. Then, 100, we connect these resonators, or filters to other blocks with 
‘sometimes reactive ports, plus or minus shielding. Despite all these variables, miraculously, we make the iter with our “measured” L work! 


‘As we move up in frequency, the effects of stray L effect magnify and at some point our fiter networks may behave poorly 


For band-pass filters with Carver-style device measured inductors, we need only adjust each trimmer capacitor to get the highest possible peak- 
peak voltage, or RF power with our fiter between a signal generator and a 50 @ terminated scope, power meter respectively, or whatever. After 
‘sweeping these peaked fters, rarely do | need to compress/expand, or add or remove windings to tweak the L get the desired fiter response 
‘when the fiter input and output ports are well matched. 


In the case of single frequency matching networks like the L-match, we might need to tweak up or down the L to derive strong port matching. In 
all cases, our software and the LIC meter can get us into the ballpark, but in-situ bench measurement with other instruments will garner the home 
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6. Bob, K3NHI — RF Power Meter Follow-on 


aa 


Bob built a follow-on detector and power meter to his 2002 QEX power meter [Reference 3 in Section 7}. Bob gave me the green light to share 
his creation on my site. Thanks awfully Bob! 


Click for the schematic in pat format. Per typical K3NHI fashion, it's laden with trimmer pots allowing precise calibration — Bob's stuff contains 
loads of tweaks and wiggles! The new PM offers more flexibility + features including bigger battery supplies that won't quickly die when you fal 
to turn it off, He also included a means to measure battery voltage on the analog meter. Click for a photo showing the batteries. Low noise, high- 
‘speed, rail to rail, CMOS op-amps for IC and IC3, allow you to capture PEP during sideband transmitter measurement with appropriate 
attenuation, 


‘The T5922 op-amp might be hard to find in DIP since that package went absolete, however, its available in SMD. If you can't get any TS922, 
likely other modern, high speed, rail to rail, CMOS op-amps will work fine — consult datasheets to ensure you meet or beat the TS922's 
performance for IC and IC3. Some of the latest design op-amps offer truly sublime specifications and evoke jay in our breadboards. 


Bob critically isolated the entire RF sub assembly outlined in green on the schematic with metal shielding and feed through capacitors forthe 
BB¢ and DC output. This helps ensure stable and accurate AC voltage measurement. Click or click or click for more of Bob's photographs. 
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RF — Test and Measurement 


VHF FM 


Yes -| could purchase a FM radiovin-an IC for $2.00 and be done in 35 minutes, but what would | learn? 


Repository for FM superhet receiver experiments conducted from 2012 to 2014, 


1, 10.7 MHz IF Filter Experiments 
2. A Basic Colpitts VCO 

3, DC-DC Converter for VCOs 

4, Supplemental Page #1 - it's time to make some receivers, 
5. Miscellaneous Photos or Figures 


1. 10.7 MHz IF Filter Experiments 
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‘As a FM receiver design newbie, | read about and experimented with some 10.7 MHz IF fiters to learn common practices, what's available and 
which measurements might help me to reach my goals. Over time, Ive collected a variety of crystal and ceramic filters far hopeful future work. 
Click for 2 exotic examples. IF filters might be purchased at Ham festivals, surplus electronic parts stored and/or online. Prior to paying for a 


fier, 've found it useful to politely request a sweep of the fier, or, beter yet, perform this task myself. To sweep a fiter in your lab, youll need a 
tool such as a spectrum analyzer with tracking generator, a NA, or same other analogidigital sweep system, 


homebrew some crystal fiters for narrow band FM in future installments —| ordered some 20 MHz xtals. 


‘Sometimes a fiter in your junkbox will state the IF and perhaps the 3 or 6 dB bandwidth, but not the inpu¥output port termination impedance. 
How do we determine this impedance? I've learned we can figure this out by testing differerent termination resistors with this simple test jig 


Termination impedance - 50 
* Epply nearest standard value resister 


* Example - 500 0 termination R : use 470 2 resisr 


‘Above — A simple crystal or ceramic IF fiter sweeping jig. Since the series resistors attenuate the signal, lasses occur; but the shape should 

look clean with minimal ripple. Normally, we builders will also place (or switch in) 50 0 attenuator pads on both the signal source and detector 
within our sweep system to butfer impedance mismatch. Comparisons of this simple jig with more precise and complicated matching methods 
suggest that for many fiter sweeps, it might work fine. 


Above — My test jig with a Murata ceramic fiter soldered in-situ. Keep the resistors close to the board. I've pretty much moved to SMA 
connectors in my lab: they're cheaper than BNC, plus we can buy a wide variety of quality 50 Q patch cables donning various connectors for law 
cost. For example, a 30 cm cable with a male BNC and SMA connector on either end. 


Above — A poor termination may result in improper bandwidth and ripple —easy to spot in this trace. Click for a trace from a ‘gone bad 
instrumentation crystal fiter: 10.7 MHz @ 30 KHz with 2200 Q Z in/out. Not really usable with ~ 10 dB ripple. 


Above — Older 280 KHz Murata 10.7 MHz IF fiers purchased long ago. Low cost = their main attraction, although they too will suffer total 
obsolescence and a price increase 


| bought some newer, lower insertion loss ceramic fiters in the following bandwidths: 280 KHz, 230 KHz, 150 KHz, 25 KHz and 20 KHz. Check 
their datasheet — most Murata ceramic filters require a 330 0 termination (preferably resistive) and | keep a fiter sweeper jig with 270 0 
resistors as a regular bench tool, 280 KHz was a popular WBFM fiter bandwidth in many older high-end FM receivers including my 1980's T-85 
Yamaha receiver; my benchmark FM receiver. 


Many of us hopeful FM builders, smitten by madem digital gear, fall to recognize the fantastic design achievements made by FM receiver 
engineers back in the day. All those air-variable, ganged band-pass preamp stages, low noise amplifers and often incredibly complicated and 
great sounding FM multiplex circuits just blow me away. Pethaps I'm a hopeless analog nostalgic? My T-85 sports 5 ceramic fiters [280 KHz and 
230 KHz BIW Muratas] and the narrow fiters are listener switchable for narrow band Dx. 


‘Ways to Match These Filters with Amplifers 
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Above —A common gate JFET amplifer drives a 330 0 ceramic fiter. | placed 2 resistors in parallel to get the needed shunt R of 1320; my 2 
resistors measured 1316 0. The bifilar transmission line transformer provides the 330 © Z to drive the fiter. Details of the JFET amp come in a 
later schematic, but the input return loss at 10.7 MHz = 23 dB. | swept this circuit and it looked similar to the tracing wit the same ceramic filter 
in my 270 0 fiter sweeping jig. This particular filter exhibited 6.4 dB of insertion loss. 


2N3904 


2N3904 


6.13 mA 


10.7 MHz 


Above — 2 versions of a BJT amp with a 330 0 input and output impedance. If you read schematics of good FM receivers, often the designers 
drive the fiter with a 330 © collector resistor. Click for an example. By keeping the bias and degeneration resistors low and the current 
moderate, an amplifer with 230 0 input Z is easy to design [although the input Z will vary with Beta, 


| elt surprised that version A exhibited a voltage gain of 11.7 despite those low bias and collector resistors. You can stick after on either side 
fas shown, Murata recommends a buffer amp between cascaded ceramic fiters and youll see this often in FM receiver schematics from the 
1980s or so. Resistors provide wideband termination. Version B is the same amp with a litle more degeneration to lower the gain and serves as 
‘design example. Ive got the procedure documented here under ‘Calculating the input resistance of a common emitter stage’. 
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‘Above — An IF block using the designs shown earlier. | terminated this stage with a 270 © resistor and af course removed the mixer and 


diplexer. 2 sweeps lie below. I'm tempted to tune the JFET drain and couple the transformer with a few links as needed to get a 4:1 impedance 


ratio. Anyhow — food for thought. 
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2 filters in Series 


‘Above — A sweep of the IF block shown above left sans the mixer + diplexer (avo 280 KHz ceramic fiters). On the right lies the trace of the 


Single filter 


common gate amp driving a single 280 KH filter with its output terminated with a 270 resistor. The advantages of 2 cascaded fers seems 


apparent, although the slight downward dimple at the center frequency might represent some capacitive loading at the output of the common 


gate amplifier. 


{built a number of other amplifers and swept all of them Click ar click for 2 early examples that use active devices instead of series matching 


resistors on the output. In these circuits, R Term was changed and then the circuit was sweeped. The tracings looked good. 
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Above —| built Brian, K6ST's nJFET IF amp. He used itto offset the losses associated with 2 ceramic fters. Click for Brian's fabulous website. 


| placed 150 KHz 3dB BW fiters before and after a J310 and swept — my citcuit exhibited a 2 dB net loss which seems quite reasonable, 


The 330 input resistor is a loaditermination on the input fiter and will dissipate some energy and lower the AC input voltage to the gate compared 
to the usual high Z input resistors we apply in our JFET common source amps 


from open circuit to full termination would incur a 6 dB voltage 
drop. Stil for simplicity versus performance, Brian's circuit looks hard to beat, 
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‘Above — 2 ceramic fiters in series. | added a small trimmer between the pair in hopes to mitigate any fter skirt distress or ripple. Click for a 
tracing with and without the trimmer capacitor. You might experiment with the fiter coupling and the fiter block termination impedances to better 
their skirts and passband The losses of the above filter block may reach 12-14 dB. 


Ityou dontt have a sweep system, I was able to crudely 


the amplifers + filters with my 10.7 MHz signal generator and a DSO. 
Resistance Bridge 
Iyou go with a BJT IF amplifer, its possible to measure the input impedance with a bridge and tweak the emitter current and/or degeneration 


resistor to get very close to a 330 © Zin. | keep a drawer with through-hole resistors rated between 1 and 10 Q for tweaking my emitter resistor 
values to change series feedback in my common emitter amps. 


| first designed a simple 330 © bridge for measurement with my DVM. It worked, but the null lacked the depth and resolution we need. Later | 
improved the sensitivity by adding another coil and changing to a'scope or SA detector, but after building EMRFD Figure 7.36, | abandoned my 
bridge. Figure 7.36 just blew me away. The null of a 330 resistor was only a few 10s of micravolts during calibration 


| placed a small 500 0 pot in parallel with a 120 0 resistor for the variable resistance. After some basic testing, | calibrated it with a 330 0 


resistor; adjusting the pot for the deepest null and just lett it there for testing my 330 0 IF amps @ 10.7 Mz. 


| plan to make Figure 7.36 for VHF and maybe UHF with chip caps plus a small screwdriver adjustable trimmer pot [to get the lowest possible L] 
calibrate itand make ita part of my test bench arsenal, After getting a null, we measure the pot’ resistance with an ohm meter to leam the 
impedance at the ? port 


Considering that our predecessors measured just about everything RF with a bridge, this litle circuit suddenly become relevant. A series Land C 
“add-on circuit shown as Figure 7.38 may be placed in series with the ? port and device under test to deepen the null in the face of reactance. 
Bridge circuits form the very essence of RF measurement. Yes Bobby, we can measure impedance without a VNA. 


2. A Basic Colpitts VCO 


‘Abave — My completed Colpitts VCO. | installed the unlabelled, left-sided pot in case a potentiometer is required for future AFC circuitry 
changes. I's not hooked up. 


| reviewed some 1970's FM receiver schematics to leamn that before PLL-locked VCOs dominated, often Colpitts VCOs were locked onto a 
strong frequency with Automatic Frequency Contral (AFC), Local oscillators tanks often employed a inductor plus an air variable capacitor that 
tuned from =77 to 119 MHz with a varactor for AFC. All the tuning and front-end filter air variable capacitors were ganged together and I'm sure 
alignment took some skil 


‘Some VCOs tuned with varactor(s) instead of an air variable cap — this is what I wish to do. Varactor tuned VCOs usually suffer more thermal 
dit than air variable capacitor versions. 


AFC compensates for VCO thermal drift by a seperate varactor with its control voltage line DC coupled to the FM detector through an R-C law- 
pass ft. Any difference between the VCO frequency and the desired FM frequency produces a proportional DC voltage. The DC control 
voltage changes the oscillator to the desired frequency by re-tuning the AFC varactor within this feedback loop, albeit over a limited range. AFC is 
Unsuitable for weak signal DXing, since it may pull the receiver onto a strong adjacent signal. Many 1970's FM receivers supplied an AFC defeat 
switch, 


| remember 1 old FM receiver in my parent's home that stayed lacked on 1 frequency for years thanks to AFC. 


Welcome 


Welcome to MAKE's Getting Started with Soldering Kit, and congratulations 
on taking a big step into the world of DIY electronics. Once you get the hang 
of soldering, you can put together some of the many great kits that are avail- 
able, fix electronics that are broken. and build inventions of your own. With 
this kit, you'll earn how to: 

+ Prepare and clean your soldering iron 

+ Assemble electronic circuits from kits 

+ Transfer circuit designs from a solderless breadboard to a prototyping 

PCB 
+ Correct soldering mistakes you've made 


Basic Tools 


‘There's a lot of great stuff in the box, and before you start using it, here's @ 
tour of what you'l find in there. Figure O-1 shows the soldering tools you'll 
be using most of the time. 
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‘Above —The schematic of my version of a JFET Colpitts VCO (with AFC) that lacks the standard gate to source feedback capacitor; the intrinsic 
capacitance fram the 3310 gate to source provides the feedback needed for ascillatio.The 8.2 pF bypass cap was determined on the bench — 
too litle, or 00 much C decreases output voltage, or snus out the oscillator. 


| just couldn’ bring myself to make a VCO with a BJT, since on my bench at least, they suffer more thermal drift than JFET-based oscillators. | 
built wth a mixture of SMT and hole-through capacitors and resistors. The anti-parallel arranged hyperabrupt varactors were found on eBay. 
Click for a rear photo of the project chassis. The gold colored jack is an SMA connector. 


| bench designed this VCO and it took many hours to find the correct amount of L and C for the resonator to give a low distortion, sine wave 
output across the ~21 MHz tuning range. This meant soldering in and removing these tank components frequently. Click for the lowest frequency 
output. Click for the highest. 


In the example local oscillators | reviewed, the engineers made no attempt to level off the signal that normally increases in AC voltage as you 
increase frequency. | also ignored levelling. Presumably the designers didn't worry with leveling the oscillator output in their supethet receiver as. 
long as the output voltage sufficiently drave the mixer into complete switching. Leveling would add cost and complexity. This isn'ta lab grade RF 
signal generator — that’s for sure. 


‘At present, the AFC varactor pair is disconnected since | won't know how strongly to couple it with Cx until | have a working detector. Also I will 
need to experiment to determine the best R-C time constant for the low-pass filter; likely the 2.2 uF capacitor will need an increase in value. 


With the 3K9 0 resistor under the SK tuning pot, | Keep at least 5 VDC on the tuning varactors or the VCO would stop running as I tured the pot 
towards CCW. The coil = about 3 turns of 16 gauge wire on a SIB inch bolt. (Despite Canada going metric in ~1975, they stil sell nuts and bolts 
in inches at our hardware stores). The stif wire prevents the inductor from turning into a "micraphanic” spring when the VCO is bumped. Click for 
a photo. The nominal L = ~ 125 nH, although | bent and manipulated the coll so it sat attached to the copper clad board with no tension and then 
squished or expanded the tums to establish my lower band edge. 


In many FM receivers, either a single or balanced dual-gate MOSFET mixer was driven by a high impedance buffer/amplifer. If mix with a 2- 
gate MOSFET, Ill insert a common gate JFET amplifier on the IF strip to boost the LO output impedance and AC voltage, 


‘The feedthrough capacitors are 0.0047 pF - they were on sale so | bought them. To prevent a parasitic high impedance when placed in parallel 
with my standard 0.001 uF bypass caps, | placed a series 10 0 resistor. 


| enjoyed this crazy design; trying to replicate a relic, but popular local oscillator idea from decades ago. Let's hope | did itjustice. Pethaps future 
\VHE stuff on the FM and even 2 meter band will involve an Si570 and PIC, Arduino or other microcontroller? This simple VCO will do for now. My 
greatest passion lies in designing and building the front end. 
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‘Abave — A well-buffered, bench-module, high-side VFO | sometimes use for broadcast FM band mixing into a 10.7 MHz IF, The output at 98.5 
MHz = -5,35 dBm, perfect for switching Gilbert cell mixers with a litle padding or amplitude tweaking. Click for the output of the Colpitts only with 
18 10X prabe @ 120 MHz. With care, you can see the second harmonic in the 'scope tracing — click for the SA tracing that shows the 2nd 
harmonic 27.5 dB down from the carrer. Click for a'scope tracing with my MMIC bench module amplifier from VHF Veronica connected; the amp 
exerts some low-pass filtering that cleans up the signal somewhat. 


3. DC-DC Converter for VCOs 


nti! now, | ran a maximum reverse DC voltage of ~12 volts in my varactars. For wider VCO or L-C fiter tuning, builders may chose 28 volt 
vvaractors such as the BB535 or BB149A and boost the 12v supply up to 28v with a DC-DC converter. Some build inductorless converters pulsed 
from 555 timers, or use CMOS voltage converters like the CL7662, or Si7661 to make a doubler. As an RF constructor, | like working with coils 
and built the following circuit: 


Above — Bench module: 28y DC to DC converter. While containing no tuning contral pot, my build places the zener diode regulator control 


potentiometer on the frant panel to allow fast-tweaking af the output voltage from ~21-30 VDC depending on the load. Click for the breadboard 
photo. 
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From circuit design of Matjaz, S53MV 
Presented by permission of Andy fom UKW-Serlcnte/VHF-Communications 


‘Above — My regulated 28v converter for varactor tuning adapted from a design by Matja2, SS3MV. | pulled this circuit from his amazing 2-part 

article with circuits that span from 11 GHz RF to DC. See the reference articles below. | fitered heavily and at switch-on, my circuit draws ~ 50 
mA, but then drops to ~ 11 mA after the capacitors charge. The 10K set VDC] trimmer pot allows you to cial in your desired output voltage and 
thus this converter may work over a wide range of OC power supply voltages. 


“The tuning contral(s) might be a single potentiometer, or even seperate pots for tuning 2 different VCOs. In the above schematic, | show 1 
possible tuning scheme: a 10K coarse tuning in series with a 500 0 fine tuning potentiometer. R keeps some minimal reverse DC on the 
vvaractor(s) and is optional. Again, my bench module DC converter omits any tuning controls —these are built into the circuit containing the 
vvaractor diode(s). 


‘The oscillator frequency varies slightly with the set output voltage. Click for a screen capture at ~32 VAC with a 10X probe placed on the PNP 
emitter. In another test, with no load, | watched the coi's magnetic field collapse and ring in this cool ‘scope capture. This is why | love deep 
memory DSOs so much 


VHF 


COMMUNICATIONS 


TV Satelite Receive System Part 1 = Low Noise 11 Ghz Down Converter 
— issue 4/86 


TV Satelite Receive System, Part 2 : Indoor Unit — 


hitp://wvew.vhfcomm.co.uki P > 


issue 1/87 


Above — Andy, GBATD who owns VHE Communications magazine granted me permission to show the DC converter circuit. His magazine 
archives provide a treasure trove of useful circuits from VHF to Microwave and i's clear Andy passionately spent lots of time publishing the 
magazine until 2013, plus scanning and organizing the archived material 

‘Although VHF, UHF and microwave focused, much of the concepts and learning can also enrich your HF exploits. 


VHE VCO 12.22v 


45.4 - 57.7 MEz 
2.02 min tuning vokage 


‘Abave — A "quicky’ VCO thrown together ta test the DC-converter. Click and click for the output with the tuning pot set to fully CCW and then 


CW. The 680 R keeps about 2 volts on the varactors with the tuning pot set to CCW. 


Inthe reference articles cited above, you'llind 2 HF-VHF Hartley VFO designs that tune over a 20 MHz span thanks to 28 volt varactors and 
careful design. In yet another UHF circuit, a 1 octave tuning span is realized with the author's specially designed VCO. Truly hardcore design 
from a great teacher — | crave exposure to the work of such authors. 


Above — A photo of my "quicky” VHF VCO. 73! 


4. Supplemental Web Page #1 


Click forthe first supplemental web page 


5. Miscellaneous Photos or Figures 
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RF — Test and Measurement 


Sundry Experiments 2012 - 2013 


This page shows some of my better nan-VHF 
experiments for 2012-2013, 


Although VHF and UHF excite me greatly, Its 
always fun to build at HE, or even AF. 


‘Section 1: | explain why you might see 
‘sweeps that laok tke oscilascope tracings an 
(QRPHB: they're devices swept with equipment 
designed by Bob, K3NHI. Bob's work simply 
‘amazes me — full-on, creative precocity 


‘Section 2: An LM1875 AF power amplifer 
test. 


Section 3: Three Questions with Jason, 
NT7S. 


Section 4: EMRFD Experiments —A 1-on-1 
‘Tracking or Offset Phase-locked Loop. 


‘Section §: Boot-strapped Popcom AF 
Feedback Pair 


Section 6: Non-Mechanical lambic Padole 
Section 7: Journey Above HF. 

‘Section 8: Popcorn AF Amplfiar — Reprise 

Section 9: The Progressive Receiver by John, KBIRK and Wes, W7ZO1 


‘Section 10: Miscellaneous Pictures and Figures 


1. Analog Sweep System 


Today, advanced experimenters might build a network analyzerisweeper incorporating a microcontroller, a DDS, or Si570 based frequency 
synthesizer, plus the needed analog RF circuitry. | went another direction: the Bob Kopski, K3NHI sweep system — all analog, no lines of cade 
land probably 4X the bench work. | show some photos, traces and text in hope it might inspire you to pursue your own sweep system — clgital- 
bbased ar otherwise, 


K3NHI Sweeper System 


Timing 


module Trigger oF Ramp to X ingot oF BSD 
Ramp veltege ‘scope 
al babes (DSO ideal) 
‘AD8307 
Power 
RF module DUT Meter wanes 
7 ee Hee 2 8 


‘This module is specific to the task 
at hand. One box is 0 to 100 Miz 
for LC filters. Another is narrow 
in the few Miz area for crystal 
Titers: 


‘Above —The K3NHI Sweep System macro diagram drawn by Wes. The resultant trace looks like the output of a tracking generator plus 
spectrum analyzer. What | like most is that 'm measuring with my tough’ ‘scope and need not worry about input power and so forth Ike we do 
with expensive RF test gear. | simply lave measuring signals with my oscilloscope. Testing circuits with Bob's sweep system compels me to 
treasure companent-level analog design and renews my passion afresh. 


‘Above —3 components of my K3NHI sweep system. Click for a higher resolution photo. To date, Ive made the Usiity Sweep Generator (time 
tbase) on the bottom, a 1-118 MHz VCO with clean and level output fop left, an AD8307 pawer meter optimized for sweeps top right and a crystal 
fiter VCO shown later 


Building Bob's Utility Sweep Generator proved dificult. Although technically just a ramp generator, this 1 is calibrated, provides high isolation 
between the X and Y channels and will sweep anything. The power supply has & different regulated DC voltages including ~ - 3V. 1 may use it as, 
the time base for a spectrum analyzer project 1 day. 

Bob gave me permission to post the schematios: One Two Three 1C1-5 is an LM324 op-amp. Doc 1 Doo 2 


Email me for some build nates. 


Figure 0-1, Basic soldering tools 


Deluxe soldering iron 
(Top left) This soldering station includes a variable temperature con- 
troller, a cleaning sponge, soldering Iron, and a ringed holder. 

Crosscut pliers 
(Left) You'lluse these to trim away excess leads after you solder com: 
ponents in place. 

Solder tube 
(Bottom) This s enough solder to get you started and keep you busy 
over many projects. 

Helping hands 
(Right) For those times when youneeda thirdorfourth hand, the helping 
hands let you hold items steady while you solder. 


Advanced Tools 
Most of the time, you'llonly need the basic tools toget things done. But when 
youneed toreplace your soldering rontip, correcta mistake yournade while 


soldering, or need a tool to help keep components fram overheating, you'll 
reed the items shown in Figure 0-2. 


vi Welcome 


Glick, click, or lick for photos of the 1-118 MHz VCO. Click for the schematics. One Two. 


| show a bare-bones ADB307-based Power Meter (PM) on the RE Workbench § web page, however, to augment the PM for sweeping, | added 
Input compensation, plus some tweaks from Bob's QEX articles: Bob Kopski, KANMI — An Advanced VHE Wattmeter, QEX, May/June 200? and 
‘Bob Kopski, KANHI — A Simple Enhancement for the Advanced VHE Wattmeter, OEX, Sept/Oct 2003, 


| strongly recommend you build Bob's power meter (referenced above) if youre contemplating a power meter build, 


15 pF 
RF 10 nH 101 
$0 gr] 
sl 


aP/AW SZ 


9P/AW OT 


AD8307 PM 
for Sweeps 


‘Above —My AD8207-based power meter. Click for a photo of an early version lacking the evel shifter. The level shifter, or DC offset control 
allows precise Y axis contralto enable a resolution up to 1mV/dB when set up properly in the DSO. With this resolution, i's passible to see fiter 


‘ripple. 


Sf Sa e « 
NG \  /B 


with the (later) added DC offset control. Using the offset contrat 
potentiometer, Im able to e e ith various 


Above — A sweep of the abave 7 MHz band-pass fter. At the time ! was stil leaming system calibration and remember feeling blissful that | 


made such a coal sweep system. 


/ 4, 


henaammieyy 


Above — A sweep of the 7 MHz band-pass fier with a tracking generator plus spectrum analyzer for comparison. The span differed from that 
used with the KANHI sweep system, however, Im sure Ill get better with the KINHI system overtime. 


‘Above — My build of the K8NHI Hartley VCO for sweeping crystal fiters. | ordered a 4 mm tuning knob for the 10-tum "Manual Tune” 
potentiometer used to help center the sweep in my scope. This 10-turn pot, a DIP switch with C's and a secondary L, plus two MV209 varactors 
allow narrow resolution sweeps (< § Hz nominal) within a ~2.5 - 18 MHz range. 


| monitor the sweep frequency on a counter via the VCO moniter port and all the tweaks on this VCO and the Utlty Sweep Generator allow easy 
fier centering, Cick fora breadboard ofthe VCO wit the ist buffer and a temporary BNC connector for testing. ick forthe whole project. The 
secondary wideband buffer provides strong signal fidelity, reverse isolation and output return loss (2.3 dB) —it draws 61 mA. Clckfor the VCO 
schematic courtesy of Bob, K3NHI. ick fora side-by-side ofa xtalfiter as measured with Bob's sweep system plus an N2PK VNA. 


‘Above —I made and then swept a simple ~500 Hertz wide 4.9152 MHz Cohn or Min-Loss filter using 4 crystals, 


‘So now, if you see sweeps on the site that look lke oscilloscope tracings, youll understand how they were created. Ive leammed so much from 
Bob's work and his mentorship last Spring. John, KBIRK coached me also, 


QRP-POSDATA for October 2013 
3 builders incorporated Bob's sweep system ciculty into projects including a receiver, a spectrum analyzer and the following buld of the Utility 
‘Sweep Generator (USG) by Jay: Jay bult some PC boards to simplify the wiring challenge this USG presents. Click Click 2 Click 3. Great 
‘stuff — thanks for sharing, 


QRP-POSDATA for March 2014 — Poor Hams Scalar Network Analyzer (PHSNA) — 


‘Above — The PHSNA built by Mikey, WBBICN, 


Jerry WSJH, along with Jim, NBIB and Nick, WASBDU developed this low-cost sweeper lab toolkit 


‘The Poor Hams Scalar Network Analyzer consists of an Arduino UNO R3, plus an ADSBS0, or AD9BS1 DDS, a W7ZOIW7PUA Power Meter and 
‘a MS Windows OS based computer. Builders can scan and plat L-C fiters, crystal ters, RF amplifiers and such — much ke Bob's sweep 
system — or an HF tracking generator + spectrum analyzer. The PHSNA also measures crystal parameters with lite fuss. Connect a return lass 
bridge to easily sweep return loss measures ofthe input or output ports of fiters, amplifiers, antennas and more. The total cost to build the 
PHSNA is approximately $50-60 USD. 


Mikey graciously sent me some photographs of his PHSNA build, Complete system in his lab with the chassis lids removed for these photos. 
‘Monitor photo showing menu choices. Power meter. Mikey's ja to examine crystals with a 12.5 0 termination. Once you own a calibrated sweep 
system, youll wonder how you ever managed without 1 


‘Thanks again to Mikey for the photos. | buit and tested the retum loss bridge using the PCB from the PHSNA Yahoo group. Click for a 613 KB 
pf ile of my buld. Nick, WASBDU web site 


Hats off to Jerry and crew for this open-system project! A Yahoo group called PHSNA serves as the communications hub and houses superb, 
detailed documentation. You need to join Yahoo to access this group. Then search for PHINSA and while your at it, also sign onto the EMRFD 
group. 


2. LM1875 Audio Power Amplifier 


| ested the LM875 AF power ampifer because its specifications look great: 20 watts into a 40 or 80 load on #25V 
supplies and a TO-220 package for easy heat sinking. Of course, for this web site, | tested it with a typical radio experimenter bench power 
‘supply; a single-supply at ~ 12 VDC. 


‘This is probably not a great part for Ugly Construction and | attempted to retumn the load ground, the output Zobel RC fiter network, feedback 
‘oop and input grounds to a central grounding point through separate paths cut paths into my copper board. A better breadboard method might 
Include the so called "star grounding”. 


| saw RE oscilations an the ‘scape and removed them by soldering a 0.001)F bypass capacitor across the input. A 470 pF bypass capacitor did 
‘not work well enough. The datasheet describes specific causes and cures for RF oscilations and I've leamed they must be heeded. | once found 


similar problems with an LM380, 


10nF 
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aan With a 12.2v Single Supply 
+ 
=" 10 pr Average Clean Power = 856 mW 


Quiescent current = 14.5 mA 


‘Above — The LM875 in the suggested datasheet, single-supply set up. This amplifer reminds me of setting up an op-amp. Unike the LM380, 
within mits, you may choose the gain to suit your needs. As shown the gain = 25.6 dB. Dropping the feedback R to 100K dropped the gain down 
0 20.5 dB. For clean output power capacity; itblows away the LM380. 


‘Above —My frst LM1875 test breadboard. After the photo, | moved the 0.1 yF RF bypass cap right onto lead 5 — we should carefully RE 
‘bypass device power supply leads, but | got sloppy. 


sox 20224, MY51360373: Thu Nov 01 03:44-502012 


40005 2000! Buto 


‘Above — At the maximum power before visible sine wave distortion appears; 856 mW. | listened to this amp wile connected to a fne-level tape 
player and an 8 0 speaker load: very nice. | want to ty itwith a spit +/-15 VDC supply and a star grounded breadboard since a 120 single 
‘supply limits the output power so much. Stil, at 12 volts single-supply, this IC yielded the highest clean, average output power of any AF Power 
chip Ive tested: a worthy consideration for a high-grade receiver 


sox 20224, MY51360373: Thu Nov 01 03:45:01 2012 
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‘Above —'Scope tracing; | advanced the 10K volume pat to drive the amp into clipping 


3. Interview — Three Questions with Jason, NT7S from Etherkit 

|oliow 2 English language amateur radio blogs — 1 is Ripples in the Ether by Jason, NT7S 

Possessing a modern flare, Jason, the blogger, gently but resolutely challenges some of the cliquish, dogmatic thought and behavior that 
tarnishes amateur radio, oF just blogs about fun stuf. He writes well — creating an emotional dialog that stimulates thought and reflection. We 


{get a sense that he cares about our radio hobby and wants itto grow and improve. 


Jason, the man behind Etherkt, champions a modem, open-soufce vision that | ind both positive and refreshing 


1 Tell me about your decision to embrace the open source software philosophy for your hardware in a time where proprietary code, 
‘copyrights and patents still hold strong. How do Ham Radio equipment sellers benefit from code sharing? 


| believe that the open sharing of knowledge has always been ane of the comerstones of our amateur radio community, going back to its earliest 
days. So the open sourcelopen hardware ethos has always resonated with me in regard to our hobby. | started Etherkit with the intention of 
providing a small bit of income to my family and as a way to promote the idea of open hardware within the ham radio community at lage. | have 
no illusions of becoming the next Elecraft, bt | hope that | can build up a stable of affordable and fully-open ham radio kits that wil be 

"hackable” and extensible for the motivated experimenter. | do this by providing the full source code for my microcontroller firmware, all of the 
PCB design files, Creative Commons licensed documentation, and programming ports for my products. Ive already seen some neat examples of 


customers extending my fist product (the OpenBeacon MEPT kit) by doing things such as adding in WWVB time discipline and pairing it up with 
‘a Raspberry Pifor cheap automation. | hope that others will take my code or my circuits and re-purpose them in their own work, even ifthey don't 
‘buy my products 


| am not an open source zealot and do not begrudge the large majority of vendors who choose to keep their intellectual property closed. 
However, most of what us smaller companies do is not on the cutting edge of radio. We leverage the knowledge and works of those who came 
bbefore us. Perhaps if| created something wholly-new that would be patent worthy, | would consider keeping itclosed, but that's not the kind of 
products that 'm able to develop as a one-man operation. We do not copy the designs of others, but we do take concepts that are for the most 
part well-tested and come with new ways to implement them. Because of that, its my personal opinion that | have a duty to keep my designs 
open. 


In the open hardware world at-large, there isa discussion about whether open source hurts your own business prospects. There are still some 
debatable points in that discussion, but | think ithas been shown that ifyau look at the entire balance, open hardware is a good thing for smaller 
‘companies. One ofthe largest concems is that under most open source licenses, a competitor can just clone your hardware and undercut your 
sales. That is a genuine concern, but | think that products such as Arduino have shown that if you make a quality product, most folks will 
recognize that quality and stick with the original 


ven if others buy a clone of your hardware, in all kelihood, that may be strengthening your brand identity (as long as that vendor isnt stealing 
your name). Another concern is that a customer can just copy your product for themselves. To that, | say good!. Because of the work and costs 
involved (economy of scale), it's going to be time and/or money consuming to make that copy. It's probably cheaper and faster to just buy the kit 
‘The reason you copy itfor personal use is because you love working with the technology. Which is exactly what | want fo encourage. You may 
Jose a small bit f sales, but | think itgives you mare name recognition in the end, 


2. What's it lke being a vendor at Dayton? 


‘To be clear, | wasnt a vendor at Hamvention in 2012 (hopefully wil be there by 2014), but | was a vendor at Four Days In May at the Fairborn 
Holiday Inn. It was a wonderful experience to get to sitwith the big names in the QRP world, selling my wares. | got the opportunity to meet tons 
ff QRPers and build up some goad relationships. Online sales are wondertul for the ultra-small operations such as myself, ut nothing beats 
actually meeting your customers face-to-face, especially when you are at the world's most well-known QRP convention. 


3. In industry, SMT parts are normal and hole-thru might better be called “hold-over"; what's your view on kitting products with SMT 
parts? 


We've seen some SMT kits within the QRP world, but they sil are more of an oddity than anything else. | understand the concesns that people 
hhave with SMT assembly, but think that there is stl alot of trepidation that builders neednt have. It's my opinion that SMT construction with 
"larger" components such 1206 or 0805 is well within the capabilites of the average kit builder. | also believe that once you are comfortable with 
‘SMT construction, itis probably faster and more efficient than through-hole construction. 


(OpenBeacon is a through-hole product, but | have had a QRP CW rig in development for the last two years that is a SMT design. In beta testing, 
Ive found that one of the biggest challenges in kiting is that | have to clearly dently each and every component. With a thraugh-hole ki, you 
can just throw all of the resistors oral ofthe capacitors together because they are clearly marked. Not so with SMT. You have to have a system 
to keep each value separated from the others and marked with a value. SMT resistors and semiconductors have a laser-etched value, but its 
nearly impossible to see by naked-eye, and SMT capacitors generally have no markings at all. 


‘So | have had to compartmentalize each stip of components of the same value cut from a reel, and mark them witha sticker. That is pretty 
costly and time-consuming. 'm hoping to find ways to streamline this process so that | can release SMT kits without the large time investment 
that it currently takes, 


4, EMRFD Experiments — A 1-on-1 Tracking Phase-locked Loop 


| built the 1-0n-2, or offset phase-locked loop circuitry described on EMRFD page 4.22 and share these schematics in faith youll create your 
‘own. Rich with wisdom and reason, this section lies among the best topics from EMRFD. Please read Wes' notes since | won't repeat his 
narrative — only supply a few ideas and measurements. In the article closer, Wes suggests some modern pars to raise performance and | 
applied all of them with the exception of the 14 MHz VCO. 


Rather than bulling the main VCO with divide by N citcuity to allow multiband use, | copied the original 14 MHz oscilator verbatim. Why? Wel, 
| wanted to test this VCO: a design that wisely doesnt expose the varactor to high impedance or signal amplitude and thus avoids forward- 
biasing the single tuning diade. Ive discussed this before on the ORP Modules 2011 web page under 7 MHz VCO Experiments. Also, | really 
Just wanted to leam about PLL circuitry. The Figure 1 macro schematic below illustrates tis project. 


In my circuit, a frequency stable 14 MHz VCO = the goal; the rest ofthe ctcuitry supports this. 


yw 


Figure 0-2, Advanced soldering tools 


Heat sink 

(Left) Clip this to sensitive components to help dissipate heat, 
Desoldering wick 

(Bottom left) Use this to wick away excess molten solder. 
Desolder pump 


(Center left) This pump will suck up molten solder when you have a lot 
of solder to remove. 


Soldering tools 


(Center right) The scrapers, brush, and slotted probe come in handy 
When you need to move solder around or precisely position a 
‘component. 


Replacement tips 


(Right) Tips don’t last forever. When you've worn out your tip, use one 
of these as a replacement, 
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‘Above — The 1.5 MHz VEO. In his modem writing, Wes calls this the MTO, or Manually Tuned Oscillator in the context of a tracking PLL. | 
‘Wound the Lwith # 20 AWG wire an a T50-6 tora, 


‘My MTO exhibits a low tuning range (only 1.50 to 1.52 MHz) since | built in a box with a small at-variable capacitor that swung only 24 pF and 1 
ran the *Colptts capacitors" at 2610 pF to keep phase noise low. This box normally holds a VHF oscillator and | just removed the main board and 
‘swapped in a 1.5 MHz equipped copper board. | won't keep this PLL and thus sticking the 15 MHz MTO in an existing oscillator chassis with a 
‘grounded tuning shaft and feedthrough capacitor helped save money and time. 


‘Above —The built 1.5 MHz MTO. With temperature compensation from 6 stif-leaded, 600 VDC, 470 pF polystyrene capacitors, my frequency 
iit measured between 3 and 4 hertz per hour upward at room temperature. Properly designed + built + temperature compensated L-C 
oscilators at 1.5 to 3.5 MHz may exhibit stellar temperature stability. See the VFO - 2011 web page for some tips. 


‘Since this VFO was sublimely frequency stable, | didnt possess the guts to change up the L-C ratio to gamer a wader tuning range from the small 
air-variable tuning capacitor. A 100 pF. or greater delta-F air-variable tuning capacitor would stretch the VFO (MTO) tuning range nicely. 


‘Above —| designed this buffer last year and i's my new favorite. Clic forthe original. A 10 pF COG/NPO capacitor lightly couples the MTO 
‘output to the high impedance of Q1, an emitter follower. Further, a common base amp pravides gain and essential reverse isolation. You may 
just Q2 gain by changing the degenerative feedback offered by the 22 0 resistor and 0.1 pF capacitor. For example, decreasing the R to 18. 
‘may provide 7 dBm output far a diode ring mixer. 


MTO output power = 6.71 dBm. 


| transformed the 470 Q collector resistor impedance to 50 Q with a transmission line transformer. Even though part of the PLL circuitry involves 
logic gates, or is at DC; as possible, my circuits employ a 50 Q input or output impedance to allow measurement with my 80 Q modules andor 
instruments, plus transmission via $0 © cables. 


13.98 - 14.3 MHz VCO by W7ZOI 
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‘Above — The 13.98 to 14. MHz VCO by Wes, W7ZOI (Figure 4.43 in EMRFD). The connector in series with the 1K varactor resistor was an 
RCA type. Output power = 1.62 dBm, | employed a 3 - 20 pF air variable for the immer. 


12.5 MHz Clock Oscillator 


fCo = 123 MHz 


SH® wapoe- 


‘Above — In the original circuit, Wes built his 12.5 MHz crystal oscillator with a single 2N3904. Lacking a 12.5 MH2 erystal, | bult my xtal oscillator 


from an old, unkbox 12.5 MH clock oscillator. resistor L- matching network drove a lw-pass filter to sorub off harmonics, Click forthe clean 
output ‘scope tracing at 211 mv pk-pkin my fist version. Later, some tweaks gave a final posver of -2.6 dim (208 mV pk:pk). Many authors 
‘witch their NE612 mixers with a peak-peak votage of ~200-300 mV. An AC-coupled 61.0 resistor on the NE6A2 pin 6 properly terminates the 
oscillator to establish the desired drive power and fitring 


‘Above — Oscillator breadboards: 14 MHz VCO (left) and the 12.5 MHz clock oscillator (right). 


‘Above — Click to view the power splitter, mixer low-pass fiter and amplifier schematic. Click for an FFT of the clean 1.5 MHz output sine wave. 
At this point, the 14 MHz VCO has no DC voltage connected to its frequency compensation varactor. As shown, the mixer products are seriously 
attenuated by the simple, low-pass fiter + keeping the mixer RF port signal amplitude low. The power split provides the input for the mixer and 
also the main output for the 14 MHz VCO. The main VCO output requires 50 © bufferlamplfer(s) to drive a receiver mixer, transmitter chain, of 
whatever. 


| inserted the 12 d8 attenuator pad to keep my mixer RF port signal low to drop the mixer products amplitude down; further losses accur in the 
transformer. You can change this pad to whatever is tequired.| belong to the camp of builders who drive ther transmit mixers with low-level RF 
signals to avoid messy outputs at the IF port. 


Click for a breadboard photo of my inital bench tests with the mixer board. A 50 0 resistive terminator shunts the main VCO output port during 
this testing, | temporary insert BNC connectors along my development breadboards to measure output signals with my 60 0 terminated ‘scope, 
spectrum analyzer, or power meters and rarely measure RF circutts with a 10X probe. 
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‘Above — Phase-trequency detector and loop fiter schematic. 51 0 resistors terminate each 1.5 MHz input and drive two 2N3904 switches per 
EMRED Figure 4.41. The loop fiter design from EMRFD works as described, hawever, if you make a loop fer fora different circuit, casual 
copying goes out the window. Engineers design ther lop fters according to factors including the crossover frequency, VCO gain, the N-<lvision 


forthe loop, etcetera with software. Some people and companies offer such software on the Web. 


My loop fiter 0.01 uF cap was a 1% polyester capacitor, although Wes specs a 10% tolerance in EMRFD. No cheapo ceramic bypass caps here 


please. 


‘Above — Phase-trequency detector and loop fiter breadboard. Cis for a phato of the scattered, ugly, working boards on my workbench. Many 
prototypes look like this on our benches, hawever, sometimes, they work perfectly until we stick them in a box! Do you relate? Each oscillator 
‘belongs in its awn metal box with strong bypass and decoupling networks (feedthrough caps reign supreme here) since the 3 ascillators might 
decide to party together and create havoc. 
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‘Above —My VCO frequency with the 1.5 MHz MTO set at full mesh. Since my MTO only tuned from 1.50 to 1.52 MHz, my VCO only tuned from 


114.00 to 14.020 MHz, but that's easily fixed as Ive stated. Im very happy — itlocked perfectly and my 14 MHz VCO stayed on frequency at the 
exact previously measured frequency dift af the 1.5 MHz MTO. When I connected the 14 MHz VCO to my counter without the PLL circuitry, it 
dditted wily- nly 


Conclusion 


‘The sense of awe and joy arising from locking a VCO on frequency wan't be understood by many. The concepts and circuitry offers many 
possibilities. Ifthe MTO and VCO exhibit low phase noise, short-term oscillator stablity may be fantastic. 


‘The 14 MHz VCO could be a 56 MHz VCO with sequential division by fip-lops to provide output at 28, 14 and 7 MHz withthe 14 MHz portion 
doing to the offset mixer. In EMRFD, Figure 4.44, Wes offers 14 and 7 MHz output by dividing the 14 MHz signal from the main power divider 
‘output port. The 7 MHz band is low-pass fitered to remove harmonic energy. 


Wes extended this circuit by dividing the MTO by a hardware programmable frequency divider so thatthe difference from the mixer and low-pass 
fiter is 170 kHz nominal. He uses this ‘Almost Synthesizer on the ait for his QRP adventures. 


While most builders will sensibly jump from an L-C VFO to a kit containing a programmed microcontraller plus a DDS or Si879, its also fun to 
play with hardware to learn and ingrain synthesizer concepts + gain bench wisdom. 


QRP — PosData for April 17, 2013, 
For a good read on the offset PLL, consider studying Wes’ book Introduction to Radio Frequency Design, ARRL, 1994, page 320 and on, 


This book is now out of print. Wes ported the PLL active loop iter design program he wrote for IRFD from DOS to Windows in April 2013. Click 
‘and scrll for it. Thanks for this Wes! 


5. Boot-strapped Popcorn AF Feedback Pair 


AF (Preamp 


ws Te @ 122v 


I 100 pF 


Gain = 26.9 dB 
Up to 7.04v pk-pk sine 
wave @ the output 


100 pF 
FA 
100 pF 
1K 
RL>= 1K 
22K 
Total = 5.21 mA Ql= Q2 = Q3 = 2N3904 


‘Above — | designed this AF stage for a bulder from Indonesia; a popcorn AF shunt feedback amp based on the work of Douglass Self. Despite 
only drawing ~ § mA, this amp stayed clean until the output voltage exceeded 7.04 volts peak-peak on my test bench. Boot-strapping increases 
gain and lowers distortion in Ql. 


2 buffers the Q1 voltage amp from external loading and increases gain.The Q3 current source boosts the load-handling capacity of the Q2 
emitter follower. The input R can be raised to reduce sensitivity. The 1K output R could be a 5-10 K volume pat 


6. Non-Mechanical lambic Paddle 


‘Above — The very ugly development proto-board of my half-dane non-mechanical lambic paddle. At some point Il build the other half (the dah 
paddle switch) and press itinto service. You might also use this circuit as a non-mechanical straight key. 


Non Mechanical Iambic Paddle 
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7.2 mA test circuit 


‘Above —The schematic for 1 of the paddle circuits. | compared the ON resistance of the BIT switch with the enhancement mode FET and the 
'2N7000 won: only the FET could key the continuity tester on my DVM. 


‘You may extend this circuit with a 2N3906 switch for paddle-switched 9 volts (or whatever VCC you want). In the bottom right, | connected the 
PNP collector to an LED and flashed itfor fun. The 0.01 uF capacitor on the switch drain or collector bypasses any RF to ground. With higher 
power RF, you may have to place a similar bypass cap in parallel with the shunt 10K resistor on the 2N3904/2N7000 base and gate respectively. 


Project 1: Learn to Solder Skill Badge 


Our Learn to Salder Skill Badge Kit (the 20L1 model is shown in Figure 0-3) 
hasbeen used to teach thousands of people of allageshow tosolder at Maker 
Faires across the country. It's a simple, fun way to learn how to solder and 
also how to teach athers to solder. After you build the one included in the 
box. you can order more from makershed.cam and teach athers how ta 
solder. 


Figure 0-3. Learn to Solder Skill Badge, 2011 model 


Blinking or Color Change LED 
(Top left) This is an LED (Light-Emitting Diode) with a twist. Normal 
LEDs give offa single color. and keep shining as long as you give them 
power. Also, normal LEDs require a specific voltage to operate: don't 
five itenough power, it won't light at all; give it even a litle too much, 
and you could burn itout, 
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‘Above — A 'scope shot of the ~ 43 KHz oscillator generated inthe first 4093 Schmit tigger NAND gate. 
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‘Above — Here's the disturbed oscilator output just after the paddle is touched: this stops the signal at pin and 6 of gate 2 and kils the AC 
‘output at pin 4, The DC voltage acrass the 0.001 uF cap discharges through the 1 megahm resistor pushing pin 10 HIGH to turn on the 2N7000 
(or the 23904). Normally, pin 10 is LOW since the rectifed output ofthe undisturbed ~43 KHz oscillator goes to both pin 8 and 9. 


‘fun circuit for a Saturday afternoon, 
7. A Journey Above HF 


This project began as a 14 MHz low-noise amplifier build, but ended up with me learning more about SMT breadboard techniques and 
suppressing spurs. A short explorataryidescriptive account of my bench journey plus some photos folow. 


‘Above — I'm slowly adding SMA connectors and pieces. Since modem consumer digital network engineers use them, they/re abundant and 
often rated fram DC ta 18 GHz; mare bandwidth than 1 ever need. 


{im also bulling with evermore SMT components and just love it. Through-hole (| prefer to say hole-through) stuff continues to disappear like 
lemonade on a hot August aftemoon. 


‘Above — The schematic of my version of Victor 424ME's feedback amp (FBA) as tested at 14 MHz: he emailed me a paper and provided some 
‘online support. Click for another version from December 2012. Typical noiseless FBAs suffer from poor reverse isolation, however, Victor runs 
the collector to base feedback through an asymmetrical 3 dB power combiner/spitr that boosts port isolation, defines the gain, plus sets the 
input and output impedance. 


Strong vitues of the asymmetrical power splitter — fuly utilized in this design include a very low loss on the input side (the J tur side) and a 
‘much higher oss ont the feedback side that allows the feedback to defines the input impedance on one side while exerting a negligible impact on 
noise figure and dynamic range on the other side. Victor measured a noise igure of 1.5 dB using a MRFS86 BJT. Thanks to Victor for the 
Information and design, 


For strong IMD properties, | ran 60.6 mA total stage current into a gorgeous, low-noise, NE46124 NPN transistor with a fT of §.5 GHz. Using 
\VHF-UHF techniques, | buit wth mostly SMT parts an 2-sided board using copper wire vias to connect the 2 copper surfaces. | discussed the 
\wrap-around bias technique in 2011 as number 1 


‘Above — My prototype breadboard with dremel cut islands for soldering the size 1206 or 0805 SMT parts, plus a few hole-through items. 
‘Carving an island for the SOTB9 transistor package proved difficult, but even I (a challenged dremelist) did it 


Woe to Oscillations: Like misplaced car keys, oscillations may remain hidden unless you search for them. Often, the only cfference between a 
proper oscillator and a regular amplifier is we want the former to oscillate. To check for instability, we might use our high bandwidth scope, or a 
spectrum analyzer, but many will have to find spurious RF with basic, DC - HF bandwidth test equipment. in any case, just do your best. To 
some extent, unwanted oscilations are the elephant inthe roam that few talk about. Well is okay to think, tak and feel some emotions about 
them. 


‘Sure enough, when | connected a 14 MHz signal to the amp's input and a 50 © terminated ‘scope to the output to measure gain, my sine wave 
hhad 2 oF 3 others on top of it. n the 4Z4ME amp, the PNP bias transistor can be a source of AF to HF oscillations. 


Victor wrote: "The citcuit has a low frequency amplifying loop that goes through both transistors. The PNP transistor does not invert the signal (t 
Js a common base ampitier) and the RF transistor inverts so iis a loop with 180 degrees phase shift (negative feedback). The various 
decoupling and RF coupling capacitars in this loop add phase shift on this low frequency loop. Ifthe accumulated phase shift adds to an 
‘additional 180 degrees and gain is larger than 1 you have oscillations. The simplest way to solve it is to make one of the capacitors very large so 
‘twill add only 90 degrees phase shift but itwill drop the gain atthe higher frequencies where the other capactors star to add phase shift to be 
less than 1 so there are no conditions for low frequency ascillations. This technique is called "Dominant Pole”. That's the reason that | suggested 
tw connect a very large capacitor to the PNP transistor” 


ound my oscillations disappeared with a 0.1 UF collector bypass cap on the PNP (Cx on my schematic). The 0.1 uF cap on the PNP collector 
\was critical - a 0.22 uF falled to work, as did @ 001 yF ~- but a 0.1 uF held it stable. In another 2N2222a-based 424ME amp with 0.01 uF input 
‘and output caps, it took a 10 uF capacitor on the PNP collector to snuff out some ~766 Hz oscilatons. 

We don't use a wrap-around PNP bias with our RF oscillators — thats asking for rouble. 

| aso measured oscilations at ~ 372 MHz with my spectrum analyzer. A collector 10 0 R kiled these UF oscilations and after that | saw no 
‘Spurs from 001 to 1 GHz. (1 should have made the dremel cut right close to the NPN collector forthe 10 Q resistor. | hoped there were no 
oscillations above 1 GHz because | can't measure them, 

Finding oscillations: 


Many builders lack a spectrum analyzer, let alone 1 that goes up into UMF bandwiath. 1 share a few tips Ive learned on the bench that don't 
require expensive test gear: 


‘A 10X scape probe on the drain or collector of an amp may sometimes reveal oscillations up to the maximum ‘scope bandwidth — set your 
‘scope vertical scale for high sensitivity. This provides direct measurment of oscillations 


Indirect methods to infer unwanted oscillations also lie in our armatorium. | learned this trick from Wes: Place the circuit under test in your normal 
{gain measurement set up with an oscilloscope. Then vary the DC power supply voltage slowly and smoothly — your measured ‘scope voltage 
changes should also track slowly and smoothly. You may see an AC voltage jump as the amplifier goes into and out of oscillation with the DC 
power supply tweaking. After finding this oscillation caused AC voltage spike, you work to remedy itwith a variety of means such as better 
bypassing, changing bias valtages, shielding and locating breadboard errors. 


‘Sometimes ifyou put your finger near the active part while watching the bias voltage or current you may see the bias jump around ifoseilations 
are present. 


‘My final indirect oscillation busting technique: if you measure the speciied/expected gain and return loss on the input/output por, this may signal 
your device is stable — I've noticed this with MMICs where | saw oscillations an my SA, stabilized them and anly then, measured the expected 
‘S21, S11 and S22, 


‘Sometimes, eliminating a hot part proves the best fix! In 2012, a new builder wrote to say that he soldered in a Mini-Crcuits DC - 6GHz MMIC; 
the ERA-2SM in SOT-86 as a buffer for his 3.5 MHz VFO. Anyhow, inthe photo were long leads plus no decoupling resistors etc. It sounds tke 
the circuit behaved hyperreactvely and vibrated in spasm. The cure was to eliminate the microwave part and putin a hycas amp built wath a 
3810 + a2N3904 —we encounter risk when plying the latest, hottest, super-high fT amplifiers sold on eBay with casual abandon, 


Practice makes perfect. ityou believe learning is experiential and build to learn, youll learn to build. 


Finally, as an amateur, | struggled to choose a SMT ferrite bead and after reviewing many datasheets and application notes | ordered a size 
(0808, 800 mA part wth 120 ohms Z at 100 MHz and its peak impedance at 340 MHz. Ill let you know how that works out 


RF Bypass on our DC lines: As possible, we ought to provide a broadband RF bypass to provide a low impedance to RF from low frequency up 
{fo the maximum frequency wherever our FET, BJT, MMIC, etc. operates. For example, you can'tjust swap a higher gain BFS98 (1 GHz) for a 
40673 (VHF) dual-gate MOSFET and expect the same stablity and bypass requirements can you? At the very least, | bypass G2 of the BF99 
With a size 0805 0.01 or 001 uF SMT capacitor and the dain with RF bypass good for 1 GHz. 


Wideband RF bypass may solve oscillation issues too, 


| tried to apply a broadband bypass in my breadboard, although it gets extremely dificult to think about bypassing RF at > 1. GHz for the QRP 
homebuilder. Our hobby should include reflection and proper intention at the very least. 


‘Above — A photo of the bottom of my breadboard showing the vias. | made mistakes: we should try o keep the via holes as close as possible 


to all bypass caps, my 10 0 collector snubber resistor, collector port, or whatever we need to put at RF ground. The vias connect circuit areas to 
the large area, low impedance ground plane to minimize inductance. We shauld also try to place bypass capacitors as physically close to the 
pins of whatever we're bypassing 


Feb 12, 2013 
H = 2 MHz/div 
4Z4ME amp 


‘Above — ATG + SA sweep of the gain of my 424ME NE46134 FBA from ~1 to 20.6 MHz. Each vertical quare denotes 10 d8. Each horizontal 
‘square = the value specified in the photo. In this case; 2 MHz per division. Maximum gain was ~16 dB. 


Feb 12, 2013 
H = 20 MHz/div 
4Z4ME amp 


‘Above — A sweep from 1 to 200 MH2, This would also make a good 6 meter band amplifer or 2227, 


Feb 12, 2013 
H = 50 MHz/div 
4Z4ME amp 


‘Above —A sweep from ~ 1 10 500 MHz. 


[01/13/12 file: 4Z4ME-04 FBA ports behavior. 
HO dB & 10 mHz/ ond, 


Magenta = source reference. Red = bridge output with, open load port 
Blue = bridge output with 50 ohm termination. 


--Green = bridge output @ emp ourput 
(opposing ports terminated.) 


‘Above — Bob K3NHI made and swept a 2N5109 version of the 424ME amp biased for ~47 mA emitter current. Here he swept return loss atthe 
‘amp's input and output from about 1 to 100 MH2. The output return loss of my build was down, however, | didnt own many SMT resistors 
bbetween 33 and 68 0. For example, i the output impedance at the collector is 10 0, then the series resistor should be 40 (39) 0 


Ive found that in my FBAS, changing the current and also the transistor type (2NS109 , 2N2222a etc.) also affects the input and output return 
loss. At HF, its possible to measure RL with a simple bridge, so optimization is possible, 
eamed a fot by building just 1 amplifer and discussing my findings by email with friends. Hopefully the next version | make will show improved 


understanding and ski 


8. Popcorn AF Amplifier for Receivers — Reprise 


Ive worked on a popcom audio power amplifier (PA) since 2008 and offer my latest experiments. There's only so much you can do with a single. 
supply 12 volt AF power amp, but | enjoy improving my circuit. 


My power measurement technique is shown as Figure 4 here. To enhance versatity, the folowing PA's may be coupled to whatever preampliter 
you choose. In all cases, | drave the power amp stage with a S522 ap-amp voltage amplifer. The power followers were biased with a 2N3904 
amplified diode (also called NPN shifter bias ampifier, or DC level shifter) rather than just a pair of series diodes, since this allows you to dial in 
Just the right amount of bias as you watch the AC signal in your ‘scope. | wrote a tutorial that explains how to bias complimentary symmetry 
power followers in 2008: Click forthe ink 


884 mW clean power 
aay: Quiescent I - 55 mA 


Gain 


‘Above — Figure 1: A popcorn AF power amplifer in full bench test mode. Measure the AC with a 10X ‘scope probe across the 8 0 resistor and 
the DC voltage and current with a multimeter. A distorian analyzer proves useful, but not essential for popcorn circuit. | also istened to each 
amplifer connected to aline-level cassette player and an 8 0, 15 cm speaker. A 4 Q speaker doubles the maximal clean power, but | don't own 
any and stuck to 8 0. 


Containing no negative feedback, the power amplifer stage runs from the red-colored designator points A to F. You can AC or DC couple point F 
to your preamplier stage as required to apply negative feedback 

‘As mentioned, you can use the 5832 preamp shown with any reasonable gain (ie. change the 12K resist) or opt to replace it with your awn 
design. A low output impedance amplifer best drives the power stage, 
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‘Above — The output of Figure 1 in my ‘scope driven to the maximal pk-pk voltage just before distortion begins to appear. Obviously this task is 
‘somewhat subjective, however, allows comparison of the amps you build on your bench. 


This LED is different in both respects: ithas three elements (red, green, 
‘and blue) that are under the control of a small integrated circuit (IC) 
‘embedded within the LED. The IC causes the elements to change color 
inarepeatingpattern, Because the ICcontrols the voltage that t delivers 
to the individual color elements, it's more tolerant of variations in the 
voltage you give it. For example, even though red LED color elements 
typically operate at around 2 volts, you're able to use a 3 volt battery 
with the pin, 

‘The 2012 model uses two self-blinking LEDs instead of one self-color 
changing RGB LED. 

R120 battery 
(Lower left) This “coin cell” battery supplies power to the pin. 

Printed Circuit Board (PCB) 

(Center) The 2011 Learn to Solder Skill Badge features a friendly robot. 
The 2012 model will also have a robot, every bit as friendly. 

Pin and clutch 
(Top right) This is what holds the pin to your clothing. 

Battery holder 
This keeps the battery on the PCB. 
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‘Above — A 'scope screen capture with the 22 uF level-shifter filter capacitor trom Figure 1 removed. Look what happened the maximum clean 
signal fell rom 7.52v pk-pk to 2.22v pk-pk. That capacitor is essential to get the maximal possible headroom, 


865 mW clean power * 
47K | 47K Quiescent I — 160 ma 


— 48 2 
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‘Above — Figure 2s Figure 1 with the op-amp DC coupled to the level-shiter. | tested the circuit with and without the 4K? resistor connecting 
the base of the 213904 to the DC supply: it didn't boost the ampiifer headroom, nor reduced crossover distortion, so | removed that R. 
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‘Above — The Figure 2 ampliter ‘scape tracing, At maximum power, crossover distartion appeared and Ive seen this before. Likely, there is nat 
‘enough base drive to keep the power followers forward biased. By adjusting the level shifter, | almost removed the crossover distortion, but 
never eliminated it. This drove the quiescent current up to 160 mA. Yikes! 


-766W Popcorn AF Power Amp 


12.18v 


Quiescent current 
71.5 mA 


‘Above — A variation of Figure 2 employing diodes instead of an NPN level-shifter. To kil he cross-over distortion, | lowered the 4K7 resistor by 
‘a magnitude of 10. This gave a maximum clean power of 768 mW with a quiescent current of nearly 72 mA. Head room and quiescent current 
are inferior to the Figure 1 circuit 
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‘Above — The Figure 3 scope tracing, Click fora ‘scope tracing with the signal generator amplitude increased slighty to push this amp into 
clipping 


970 mW clean power 
12,19v Quiescent I - 48.6 mA 


‘Above — Back to an AC coupled power ampiier ike Figure 1. | added a set of intermediate followers built with a 2N4401/2N4403 pair. The 
Clean output power naw lies at 970 mW with a quiescent current under 50 mA. Adjusting the trimmer potentiometer on the level shifter even a 
tiny amount may change the quiescent current dramatically. 


ound a bias of 1.37 across the 8D139/140 pair removed all trace of cross-over distortion at maximum clean signal power. Just nveak the 10K 
{simmer potentiometer while looking at your ‘scope and decide what bias you prefer. | lower the bias until crossover distortion appears and slovwiy 
‘weak itto find the sweet spot. Then measure the DC voltage across the power follower base terminals, plus the total stage quiescent current 
With the signal generator switched off. You might have to repeat this procedure a few times, since trimmer pot adjustment is quite sensitive. 


Jerry, WSJH made a PC board. Click for font photo, Click for rear photo. 
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Above — The Figure 4 'scope tracing 
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‘Above — The Figure § breadboard. | built all the AF power amps on this board. Signal caps <= to 1 uF were polyester flm, while | employed 10, 
(22 uF tantalum caps for the level shifters. Electrolytic caps work fine; especially fr the evel shifter capacitors. The green power indicator LED 
drew 10 mA and | subtracted this from the quiescent current measurements 


Depending an the AF gain of your receiver, you might wish to add the familar Zobel fiter; a 10 © R in sevies with 0.1 UF C fram the positive end 
of the output capacitor to ground, or more AF bypassing/ decoupling to the circuitry 


‘No component values were critical — imbuing the spirt of hamebrew radio, substitute parts and measure outcomes. 


QRP — PosData for August 18, 2014 


rhudia Power rbmplifier 


100 pF 


1E5 


SMD-PNP i 


1.5W clean output wids 1222 VDC and 122 mA current | 
Quiescent current = 34 mA5 mA from FEA | 

Deive PA stages with alow impedaces 

R= ite 47 to dinit distortion as acded 


‘Above — | built a 100% disorete version of Figure 4 power amplifer with a 2N4401/2N4408 feedback voltage amp that drives the PA stage with a 
ow impedance. Without a low impedance drive, he PA [all the components right ofthe 1 yF capacitor where you see PA ] the headroom of the 
PA section falls down. Thus an op-amp or emitter follower drive works great 


| moved to SMD power transistors: the NXP BCXS6 + BCXS3. These give a litle more output than the BD139/140, and take much less board 
oom. | ran na heat sink other than & mm by 4 mm PC board traces forthe collectors. A better choice might be the related BCPS6 + BCPS3 pair 
in $OT223 since the bigger package of this version better sinks heat. 


| determined the optimum emitter resistor for the 2N4401/2N4403 followers = 120 0 [not 68 © as shown in Figure 4), This drops the the PA 
{Quiescent current in haif and yields the same performance. if you build Figure 4, change to 120.0. 


| meant Figure 4 and the QRP POS-Data amp as easy-to-make power amplifiers with a tie gain. You will have to add voltage gain in some AF 
projects. For Figure 4, i's easy to change up the 12K resistor, or apply the other haf of the 5532. Decouple and bypass better if you get motor 
‘boating or hum. 73 de VE7BPO 


9. The Progressive Receiver by Wes, W7ZOI and John, K5IRK 


When introduced in QST for Navember 1981, the Progressive Communications Receiver (PR) by Wes, W7ZOl and Jahn, KSIRK set a dynamic 
range benchmark for dual-conversion homebrew receivers: 94 dB in CW mode. 21 years later, few other home-built radios have ever reached 
this benchmark. 


‘The PR is a single conversion superheterodyne 80m receiver; or perhaps it's a direct conversion receiver with an extra mixer ahead of the 
product detector? It's both and that's the point. Further, Wes and John added other bands with anather mixer, plus a crystal oscilator, RF fiter 
‘+/-an RF amp for each band. 


‘Youll see the PR listed as A High-Performance Communication Receiver in ARRL Handbooks from the early 90s or so. ARR staffers built and 
enjoyed the PR in ther test lab for many years. 


‘After purchasing the 1991 ARRL Handbook and reading about this project, | slowly adopted and entrenched the PR's progressive (modulat) 
approach. When | built and web published my 2 TRE WWV receivers with crystal IF fters, a couple of people wrote that | ‘grossly over- 
designed” them, however, other, more astute builders placed a mixer on the front end and turned their TRF into a multi-band superhet like | later 
did. These builders understood how progressive circuit building works — all PR inspired 


| hope my introduction renews your interest in the PR. Wes and John’s article is thorough and complete —I can't add to it, however 
thoughts along with those from Wes and John all these decades later. 


share my 


‘The IF Stage gain comes from 2 dual gate MOSFET amplifiers. The final MOSFET amp drives a BT diferential pair providing 9 MHz RF to the 
product detector at 50 0 and signal for the AGC circuit. Wes recalls using a 3N211 in the original MOSFET slots since Doug DeMaw owned a 
pile of them and contributed some, In some areas, the 40873 was the dominant 2-gate MOSFET soldered by radio hame builders back in the 
day. 


‘An evolved version of the PR intermediate Frequency stage appeared in EMRED as Figure 6,50. Wes replaced the now hard-to-find and 
expensive leaded dual-gate dual gate MOSFET with a cascode of 1340s. | bult this stage and it performed well with my 12.2 VDC power supply. 


Jeff, WA7MLH built the general purpose IF system and noticed ifthe power supply dropped below 12 VDC, the gain control and maximum gain 
fell off and he wrote to Wes about his findings. Wes later confirmed dysfunction with a lower DC supply. | asked him to recollect this time: 


Frankly | don't remember if went immediately to computer simulations ori | bult a single stage. | think | bul, Anyway, Jeff was correct, 
depending upon the FETS that were used. Then | got to plowing into the details ofthe cascode, this time with SPICE. | was using PSPICE for 
‘some simulations, but was in the process of switching over to LT-SPICE. That makes no difference, for | used the same models in both, 


‘Anyway, playing with a single stage showed that the mechanism for gain reduction was that when the voltage on the upper gate was reduced, it 
did nothing tothe upper stage, but it compressed the supply on the lower FET. So far as signal goes, the upper part was nothing more than a 
‘common gate stage that passed whatever signal current was there in the drain of the lower parton into the source of the upper part. 


But these were depletion mode FETs, the normal thing for most of the JFETS we use. As such, you have to get the gate down pretty low to get 
the source voltage low enaugh ta be effective in reducing the gain ofthat lower FET. That's when itbecame clear that one could use other paris, 
in the upper slot. An enhancement mode FET such as a MOSFET would work well. And just a common bipolar would do the jab nicely too..." 
Wes, W7ZOI per an email - January 2013. 


In QST for 2007, a refined version of the EMRED Figure 6.50 IF stage appeared with a hybrid cascode ampliier instead of the cascode JFETS, 
{and the 2 original dual gate MOSFETs of the PR). Further, Wes added a third ampitier to widen gain contral. The lybrid cascade stage has 
since gone in 100s of receivers across the globe; ensuring the PR legacy lives on as the modernized hycas version. 


oder, KA7EXM sold kits of the hycas amp for years, however, these kits sold out. PC boards may sill be available via his web site. Roger 
received permission to publish the OST hycas article online: 


Project 2: 555 Timer Blinky 


‘The 555 timer blinky is a simple circuit that makes two LEDs flash in an al- 
ternating pattern. When one is on, the other is off. Figure 0-4 shows the 
components for this project, and Figure 0-5 shows the finished project. This 
isa slightly more challenging project than the skill badge. 


Figure 0-4. 555 blinky parts 


LEDs 
(Left) Unlike the LEDs used in the skill badge, these are your normal, run 
of the mill LEDs. 

Protoboard 
(Center) Look back at the skill badge PCB. Notice how it was custom 
designed for a single purpose, Now look at this protaboard PCB: it's gat 
alot of different holes in convenient locations. You can bulld many kinds 
of simple electronics projects on a board lke this. 

555 Timer 
(Top left) The 555 timer is a special type of integrated circuit that can 
turn electrical current on and off in a repeating pattern. It's just what 
you need to blink an LED. 

Capacitor 
(Top right) To customize the 555 timer, you need to connect certain 
components to it.The value (capacitance or resistance) of the compo 
nent determines how quickly the 555 turns things on and off, 


x Welcome 


‘Above — The now sold out hycas IF System kit once offered by Roger, KA7EXM 


‘To underscore my love ofthe original PR IF amp. | bult a version using SMT dual gate MOSFETs in 2013 and feel the SMT version might be 
perfect for builders who prefer to manually control IF gain in most situations, but want AGC contrel naw and then. Versions built with the BF998 
MOSFET may suffer parasitic ocilations at UH and so meticulous attention to decoupling and bypassing out to UHF and in same cases double 
sided copper board may be required to prevent unwanted ringing at UHF. 


Ifyou build the entire PR with the BF998, the VEO output runs about 10 dBm and requires attenuation. Again, please consider UHF oscillation 
precautions. 


Wes and others have built both leaded and all-SMT versions of the hycas amplifer. 
John, KSIRK Recalls 
| wanted John’s recollection of the PR design and build and received the folowing narrative in late March 2013: 


[One night in late 1979 | had telephoned Wes to chat about QRP and building rigs. During the conversation he told me he had a project and 
related QST article in mind and asked me it| wanted to participate. He was in the process of writing a book (\RFD) and didnt have much free 
time, so he needed some help. I old him yes. A few weeks late | received the first schematics and began to gather pars, 


Recall that the project started as direct conversion receiver. But itthen progressed (hence the title ofthe article) to a superhet. | choose to build 
‘my superet wit a SSB fiter as | had already built Wes’ CW Competition Grade RX from SSD. During the next year he sent me schematics and 
a few crtical parts thru snail mail. (The Internet and e-mail would come later.) | would build the circuits and report the results back to him. AS | 
recall, we only had about three phone conversations throughout the whole project. 


‘The design was an iterative process. For example, the IF circuitry began with a single 40673, but grew to include two stages. Wes bread boarded 
this in a mono band version of the receiver at his end, An early audio derived AGC system was replaced by the IF derived circuit that appears in 
the anicle. The VFO was also designed twice, as were the Front end Filters and the BFO. Mare is said below about the design procedure, 


| designed the circuit board layouts. The traces on my boards were drawn by hand and etched at home. | sent hand drawn sketches of each of 
the boards to Doug DeMaw Circuit Boards Specialists (CBS) then created the commercial boards for those folks who wanted boards. | recall 
that we sent out layouts to any readers for a SASE. All of my boards were designed and buit on double sided PC material wth the exception of 
the VFO board and the Audio Fiter boards. This can be seen in the photos. The boards eventually sold by CBS were single sided. All layouts 
and functionality were confirmed prior to publication, 


‘The traditional design process for a homebrew ham receiver in 1980 started with schematic sketches based upon the intuition and experience of 
the designer. The total circuit would then be buit. Measurements were merely things that were done afterward, something to characterize the 
result. The PR was different. Individual stages were designed, buit, and measured. Negative feedback was used in the critical amplifiers to 
{quarantee that the gains were high enough for reasonable noise figure, but low enough to preserve input intercept. 


COnly after the individual stages were operational, were they assembled to form a working receiver. Some stages were further modified during 
system assembly and evaluation. We had no computers available for circuit simulation, although the gain distribution was optimized with a hand 
calculator. The goal was not just a receiver that sounded good, but a box with good two tone dynamic range. 


‘once my receiver was completed, | sent itto Wes for MDS and DR measurements. A goal was to compare these measurements with those 
already done in Oregon. Roger (KA7EXM) took many (if not all) of the photos. Wes then forwarded the receiver to ARRL. They retumed itto me 
When they were finished. Wes refined the article during the final months af the project before itwas finally published. | received copies of his 
drafts, and then offered my feedback. 


We had hoped that a “few” experimenters would enjay building the receiver, but had no idea that it would be as successful as itwas. We 
eventually learned why this occurred: First, the receiver held up well when itwas measured at ARRL Headquarters, exceeding the performance 
(of most ofthe appliances being evaluated at the time. This prompted some League staff members to buld the receiver for their own use. This, in 
tum, prompted them to include itin the Handbook for several years, 


‘My original receiver plays as well today as it id in the beginning. The electralytic caps on the audio board have been replaced, for they were 
‘beginning to go south on me, but that's the only change. | da have a second version that is used for experiments.” 


‘Some PR photos taken by John in March 2013 


"YoU will notice a couple of things diferent in these photos than in the photos in the aticle. First, tacked on to the Front Panel 365 pF variable 
cap is a mica trimmer cap...this is of no significance as | was just messing with lowering the BW upper and lower frequencies to see what 
difference it would make... None is the answer.” John, KIRK. 


“uli the above photo you wil see the addition of the 30 meter band to the RX with the diagonal front end fiter board and the Xtal Oscillator 
tached to the BFO Box’s wal that was added some years after the article was published..." John, KSIRK. 


High-pass plus Peaked Low-pass Filter 


Ityou know me, you know | love the peaked low-pass fter both at RF and AF. This adoration came from studying the PR and other work 
published and shared privately © me by Wes. A good reference = The Peaked Lowpass: A Look at the ulraspherical fiter by Wes for Ham 
Radio, June 1984. 


While the high-pass + peaked low-pass fiter placed ahead of the second mixer in the PR would ikely go in a modern W7ZOI design, its 
‘narrow-band LC filtration generates a roofing action when the receiver uses converters for bands other than 80 meters. The result is that much af 
the DR obtained in the single conversion version is retained in the dual conversion receivers. 
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‘Above — A GPLA simulation ofthe front end high-pass/peaked low-pass fier centered for 3.8 MHz by tweaking capacitor #10 in the software. 
(Glick for another simulated fiter that covers 3-4 MHz. Look at the sublime low and highpass skit action with a 3 dB bandwidth of 73 KHz. Love 
this! 


(Click for a screen shot of an entice 40 Meter band version shown with the low-pass fit section centered at 7.003 MHz. | also made 1 for WWV 
110 MHz — by scaling the original version's XL and XC and tweaking with GPLA, you may build 1 for any HF band, 


‘AF Amplifier 
‘The post product detector AF chain sounds great. Many of us later replaced the Q5 mute switch with something quieter, however, even today — 
this AF block holds its own against mast discrete component headphane-level circuits. | particularly love the crisp fidelity of the Class A feedback 
ppair Q3 and Q4. Today, | would substitute a BD139 for Q4 

Wrap up 


| could go on, but this web page is already too long. Studying + building stages from the PR; a receiver designed more than 3 decades ago, 
‘might raise your game today. Go team! 


10. Miscellaneous Pictures and Figures 


‘Above — | built a prototype 200 MHz oscillator with traling low-pass fiter before making the 210 MHz version placed in the 1-118 MHz VFO for 
the K3NHI sweep system. (Section 1). The secondary coil floats and may be postioned between any of the 4 primary links to change coupling 
and thus output power 
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Above — The schematic of my 200 MHz local oscilatr. Click for another version | designed that tuned from ~125-208 MHz, 
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‘Above — In the K3NHI 1-118 MHZ VCO lies a fabulous leveling circuit that invalves a CMOS rail-to-rail op-amp controling a BJT level shiter. 
‘To understand the bias of this BT, | made a breadboard (A) and then a simple model (B) and developed the equation shown that involves 3 bias 
resistors. Bias or Vo is determined by superposition. VCC and VCC2 may be equal or not. VCC2 comes from the op-amp. | also learned it's a 
{900d thing to surround myself with smart people, 
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‘Above — John, KSIRQ designed and swept a 10 crystal SSB fiter with an insertion loss of 1.2 dB in the K3NHI sweeper that | ust had to shaw 
Yu. Click for his build up in Ladbuild0@ and then GPLAOB from the EMRFD CD. Bob's xtal sweeper from Section 1 and Wes' sofware arm us 
‘experimenters with solid tools. Nothing can replace measurement and reason. 
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Repository for VHF experiments conducted in 2013 and 2014. 


1. Ferrite beads 
2. BFSI7A transistor 
3, 50 2MMIC Bench Amplifer 

4, Breadboarding Double-Sided Copper Boards 
5, Simple Preamp Fiter 

6. VHF Band-pass Fiter Experiments 

7. NEBL2 Mixer Diddy 

8, Miscellaneous Photographs 


1. Ferrite Beads 


| toiled to choose an SMT ferrite bead for my junk box. Selecting suitable chip beads not only troubles us, but even some engineers Ive read — 
which to choose? Chip beads act as high frequency resistors that present a low impedance to DC plus our desired RF signal while impeding and 
dissipating UHF through resistive losses caused by minute heating of the ferrite material from eddy currents. SMT beads are typically rated by 
their maximum current, resistance at DC, and the impedance they present at 100 MHz. 


Since a ferite bead's impedance is essentially resistive to parasitic UF oscillations, | remembered that the madel for a bead is actually an 
Inductor paralleled by a resistor. It's the "resistor" we're after, for that's the extra load that tends to stabilize the amplifier. From past success in 
‘UNF supression with low-value (10-51 Q) resistors, | chose my SMT bead to have a relatively low Z at 100 MHz. Consider, too, that many chip 
bbeads sold today serve as RF! suppressors for high speed digital lines where the Z at 100 MHz and maximum current lie well above my 
requirements. 


| ound a chip bead that appealed to me on eBay and bought 50: size 0805; 800 mA; with a Z at 100 MHz af 120 0. 


Chip Bead 


re 


Horizontal resolution 
= 50 MHz/di 


Laird Technology size 0805 ferrite EMI bead 
Max current 800 mA; 259 @ 25 MHz; 1209 @ 100 MHz; 
170 0 @ 500 MHz: 114.0 @ 1 GHz; peak impedance 170 0 at 340 MHz 


Above —A sweep of my bead from 1-500 MHz. Sadly, | did not perfectly center the sweep at 250 MHz, but the peak impedance occurred close 
to the specified 340 MHz, 


Chip Bead 
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Hookup/Jumper Wire 
(Top right) You'll need this to connect one thing to another. 

Resistors 
(@ottom) Resistors serve two purposes here: two are used to make sure 
the LEDs don't get too much current; the other two work with the ca- 
pacitor to contral the behavior of the 585 timer. 

Battery Box 
(Right) This holds 3 AAA balteries 


Figure 0-6. Finished 555 blinky 


Contact Us 
Maker Shed is here Monday to Friday, 7:30 AM to 5:00 PM Pacific Time 


Email: help@makershed.com 
Phone: 800-889-8969 or 707-827-7019 


Answers to our most commonly asked questions: http://www.makershed 
com/help.asp 


Got a kit or product you think we should sell? Send a nate to 
kitst@makezine.com, 


Want to carry MAKE books or kits in your store? Senda nate to 
resellers @makershed.com. 


‘Above — | swept my Laird techlogies chip bead out to 1. GHz. Ukimately, Il have to verify its function with in-situ experiments. For example, 
hhefore and after chip bead analysis of a low noise amplifier that's oscillating at UHF. 


FB43-101, 
{you sweep the floor under my QRP work bench, youl ind 2N3904s, 310s and a few FB-43-101s in the dust pan. In our hobby, FB~43-1015 
‘are common as fleas on a dog; many builders like to stick them on the drain, collector, or base/gate lead{s) of an active part to squash UHE 


‘oscillations. 've never seen a datasheet for this part and decided to sweep 1 for reference purposes. 


2 sweeps of the FB-43-101 fallow: 


FB-43-101, 
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‘Above — A 1-500 MHz sweep of the FB-43-101 slide-on bead, This tracing shows very subtle attenuation that peaks between 400 and 450 
‘MHz. Probably this minimal attenuation at UHF provides the reason we often need to put 2 on the drain ar collector of our amplifiers? 
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‘Abave —A 1.- 1000 MHz sweep of the FB-43-101, 


2. BFS17A Transistor 


| sought a surface mount NPN transistor to supplant my leaded transistors such as the PNS179, BF199 or MPSHi0. Serving as a general 
purpose transistors biased for ~§ to 20 mA collector current — they' work as buffers + oscilators + as the BJT for hybrid-cascode amplifiers bull 
with a SMT 1310 on the bottom, 


‘My requirements were SOT-23 (3 well seperated leads allow easily carved islands in a copper board with a dremel tool an IT that's not tao high 
tw help reduce higher UHF oscillations; and a noise figure < 3. Other factors included price and availabilty. We enjay many choices with such 
citer, but | setled on the BFS17A. Click for the data sheet . In summary, its a 2.8 GHz part with a NF of 25 dB at 800 MHz. 
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‘AAbave — My test schematic; a simple feedback amp with capacitors oriented to 50 MHz and above. A limited selection of SMT resistors 
constrained my experients, but the results seem okay. | stove for the best possible input and output return loss at SO MHz. | wanted a emitter 
current of ~ 12 mA and got 13 mA with the bias resistors on-hand. 


‘Above — A 200 MHz wide sweep of my breadboard with tracking generator + spectrum analyzer. Please view the various 2-port measurements 


at 50 MHZ in the lower half. Despite some input and output port mismatching, a gain of 19,2 dB was measured at 50 MHz. 


| wound my output transformer within a BN43-2402 binocular ferite, but ardered some #61 material equivalents for assessment at VHF. 


‘Above — My magnified breadboard looking messy after many parts substitutions from experiments to find the best possible S11 and $22.1 
removed the shiny RF connectors prior to photographiy since they often create blown highiights. Alternate image. Despite a limited RF bypass 
before and after the 100 Q decoupling resistor + crude bread boarding, ! measured no parasitic oscillations from 0.001 to 1. GHz — likely due to 
the heavy shunt feedback. | liked this transistor, found it easy to breadboard and ordered 100. You!l see the BESI7A in my experiments 
hereafter. 


By all means, order whatever transistor you want. Past emailers wrote to say they enjay reading haw other experimenters think about and 
assess thelr parts such as RF beads or transistors. 


‘Surface Mount Part Soldering 


‘Above — Solder wick. On my SMT workbench, wick proves the most important tool period. A piece of desoldering wick can transform a monster 
mistake into a perfect circuit in under 2 seconds. 


Ive read many accounts of how builders anchor the parts they'e soldering. We need to keep the SMT part flat on the board to avoid mechanical 
tension and poor solder joints —a system is required. For size 0805 and 1206 parts, | often just use my index finger fingemail to hold the part in 
place while | solder 1 lead with my other hand. After a few seconds of cooling, | solder the other lead and then usually touch up the first joint. For 
tricky formats ike SOT-23, or SOT-143, | usually tape down the part while ensuring even pressure on all leads and just solder 1 lead. After 
cooling, | remave the tape and easily solder the ather leads. Again, the intial lead may require some retouching, 


SMT Size 


Above — A 5X magnified roll of 50 BFS17A in SOT-23. Compact or what? 


‘Above — BFS17A in SOT-23 


3. 50 Q MMIC Bench Amplifer 


‘To boost low-level signals during experiments, every 50 workbench needs a utlty RF amp module. With strong wideband gain + RF port return 
Joss (S11 and $22), MMICs make a good choice. Since | own 15 pieces, | bult an amp around the MCL MAR-3, a modest gain + noise figure, 2 
GHz plastic part in the Micro-X package. We enjoy a bevy of MMICS to choose from and as they increase in fT and gain, so does the need for 
solid, low inductance grounding techniques. 


‘Above —The completed amplifer module in a Hammond box with an RCA jack for the DC voltage. 
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‘Above — Schematic with a table showing gain versus frequency. | built all SMT (size 0805 mastly) except for short leaded 1 nF input and output 
‘coupling capacitors. | applied sturdy wideband DC fitering since | cant risk RF flowing on my DC lines during bench experiments. | measured no 
‘oscillations from 100 KHz to 1.5 GHz, 


| chose a 1.2 pH SMT choke in an attempt to boost gain from ~66 to 150 MHz. Many builders leave off the choke, but some RF wil ow through 
the 220 bias resistor 0 ground and thus, to get maximum gain, a high impedance RFC might help. Recall this RFC should exert an inductive 
reactance of at least 500 © (>= 10 X the load impedance) at the lowest amplifer aperating frequency; in my case this occurs at ~65 MH2. A 
better choice for the REC might be 1.6 WH which exerts ~ 500 Q at 50 MHz, but | just own size OB05 1.0 and 1.2 yH chip inductor. 


‘My particular amp delivers ~10 to 12 dB gain from about § to 180 MHz. Since the coupling capacitor value determines the low frequency 
response, if you want a MMIC amp for mostly HF, try reducing your input coupling caps from 0.001 to 0.01 HF or so. You mighty increase the 
RFC to say 10 pH as well — that's why we dont just build kts; design to suit your needs. 


‘The 220 O bias resistor should really be 200 0 for a VCC of 12.2v, however, | had to substitute the 220 0 R due to a low selection of SMT parts. 
This dropped the current and also my gain at 100 MH2 = 0.4 dB less than that specified in the MAR-3 datasheet — no big deal 


| built the bread board on 2-sided FR4 copper clad board. | soldered thin copper foil around all edges to adjoin the tap and bottom copper 
surfaces. Around each MMIC ground lead, | dilled 4 via holes and soldered copper wire from top to bottom. 2 vias were positioned near every 
bypass capacitor and all along the input and output paths. 23 total via wires. 
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‘Above — Tracking generator plus spectrum analyzer sweep out to 200 MH2. Click for a sweep from 1 to 10 MHz showing a rapid fall off below § 
MHz. This litie amp will serve me well for most HF and especially my VHF experiments. A UHF amplifier module is planned and all knowledge 
‘gained from VHF circuit building will lv forward. 
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‘Above — Part of a strip of MCL MAR-3 amplifiers. 


Feedback Amps (FBAs) 


MMICs ike the MAR. use a Darlington feedback pair. Stil too, we shouldn't write-off discrete campanent FBAs wielding transformers + shunt 
and series feedback at VHF. These amps; staples of countless W7ZOl and W1FB projects since the 1970s; evolved commercially into GaAs 
FBAs but on a tiny wafer by companies like TriQuint Semiconductor. 


In broadband amplifiers, negative feedback permits a wideband (Nat) gain response, reduces input and output VSWR (S21 and $22) and controls 
performance changes from S-parameter and ather variations from transistor to transistor. In 2013, | needed an amp chain with >=25 dB gain at 
1144-165 MHz [-150 MHz mostly] for low level stu: -25 to -10 dBm input power. Inspired by Wes’ 144 MHz CWIDSB transmitter FBA chain 
(SSD -- Chapter 8 -- Figure 20 in Solid Stage Design for the Radio Amateur; ARRL. published in 1988 and our of prin); | cascaded 3 PNS179 
BUTS as FBAS: 
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‘Above — My 150 MH2 (design frequency) FBA module. Since the fT of the PNS179 = 900 to 2000 MHz @ a 100 MHz test frequency, gain 
drops steadily as we move up above 100 MHz. Centered at 150 MHz, my upper 3 dB drop off point was 175.9 MHz — thus this amp warks okay 
from 144-165 MHz where | need it. 


| built and tweaked each stage to derive the best S11 and S22 . Clik for a snapshot taken of my test of Q1 with a BNC connector tached to 
both ports —I did this for each stage. i's a trade off since it you boost the emitter degeneration R, the S11 will improve but the gain decreases. 
‘Typical stage S11 = -18.5 dB and S22 = -17 dB. | progressively bumped up the current in each stage to reduce gain compression. | get ~12-13 
«dBm power out ofthe whole ampliter before compressianidistortion occurs. 


‘Securing the best S11 and S22 for each stages might seem silly, but invoked learning, The S11 and $22 of the total amplifer counts the most. 
‘An interesting thing happened to S22 — with a RF connector soldered right on the board without the pad, S22 = -23.8 dB. When | added the 4 dB 
ppad and stuck itn the box and then ran a ~ Smm copper wire to cannect an SMA output jack, the S22 decreased to -16.3 dB! At 150 MH2— 
lite citfers from 7 Miz, 


Placing the 4 dB pad between stage 2 and 3 will stabilize + enhance S22, gives a 4 dB higher 1 dB compression point and output intercept, 
Which may make a FBA chain more useful for experiments ike transmit driver applications. | can report | measured no oscilations aut to 1.5 GHz 
and this amp works okay for my intended purpose with gain of 26.6 dB at 150 MHz, 


| employed 220 pF caps because the plus the self resonant frequency of my 220 pF Murata caps = 154.6 MHz. Therefore, gain at lower HF is 
low. 


Above — FBA breadboard photograph. 


QRP — Posdata for October 27, 2013 

| irst learned radio electronics fram SSD, EMRFD and the ARRL Handbook and stil remember the jay when my copy of SSD arrived in 1990, 
Feedback amplifiers liter this book — and for good reason — they offer stable 50 © blacks for building up our RF signal, Wes' 144 MHz CW/DSB 
transmitter sill ntigues me and inspired the circuit shown above. 


| asked Wes if he kept that 2M transmitter, and ifso, could he snap a couple af photos for me? Wes opened itup to see that the VXO and the 
frequency multiplier chain were missing. Click Click Click . Thanks to Wes, W7ZO1 for the photos, 


4. Breadboarding Double-Sided Copper Boards 


‘Seeking a low inductance AC ground for same of my VHF and UHF FR-4 prototype breadboards, | join the top and bottam copper surfaces with 
solder wick along its 4 edges and copper wire vias in the main board area, 


‘Above —A bench staple, solder wick, joins the 4 edges in true Uy fashion. Many prefer copper foil for this task, but i's nat cheap, nar readily 
available prompting a pragmatic approach. | take a hammer and pound the solder wick [0.125 inch minimum] so t becomes wider and thinner, 


‘Above — Take a piece of wick and tack itin 2-4 places along the top surface of the copper board. The center solder shown above looks perfect 
— too much solder will ow into the wick and make a dificult bend job around the board edge. Tack just enough wick so you have enough left 
‘90 aver the exge and to solder an other side of the copper board, 


‘Above — With hand and/or pliers manipulate the wick around the other side to completely bridge the top to bottom. Finally, liberally solder the 
Wick on both surfaces, mave to the next board edge and repeat. Click for a rather messy UHF board with copper wick on 2 edges and numerous 
vias around a prescaler chip, some input + DC lines and a switch, 


‘Above HF, mast don't make pretty prototype boards to admire — rather, builders stive for good AC grounding and generally stick their board in a 
‘metal box Tor shielding and this hides the breadboard, No one's ever told me | make pretty circuits for any frequency and I'm okay with it 


‘Onto wire vias: 


‘Above — Your drill chuck will need to accommodate small bits such as those shown above (3/64 inches = 1.2 mm). | keep these and others that 
vary trom 0.5 mm to 1.2 mm for making via holes. 


‘Above — Magnified via wire soldered at the top side. | found making a hole close to the same size of the via wire will hald the wire in place for 
rapid soldering. This wite is normally clipped flush at this point. Click for a photo of my flush cutters. 


‘Above —The board shown above was flipped over to solder the bottom copper surface. | ty to dril and solder in all vias prior to soldering active 
devices, since the board heat may damage some parts. 


5. Simple Preamp Filter 


Some RF firing should proceed aur receiver low noise amplifer (LNA) input — but what? Low-pass, high-pass, band-pass, 2 poles, many 
ppoles? Factors informing this decision might include our receive frequencies, QRM, selection of IF and thus our image stripping requirements, 
flus maximum tolerable signal loss before the LNA. We might not want image rejection from this fiter since the post LNA fier can tackle this 
function, 


| examined an input fiter presented by Joe Reisert, W1JR in the November 1986 Ham Radio. Joe wrote a fantastic column called VHFIUHE 
World and his context was a high dynamic range 2M receive converter to a 28 MH2 IF. 


{im uncertain how to classify ths fiter:itlooks lke a standard pi low-pass fiter except the input and output series capacitors exert a high-pass 
skirt. Joe built his fiter for 144 MHz. After "bullding” Joe's fiter in Ladbuild08 | tweaked the iter in GPLA [software from EMRFD] to center it at 
‘ur local NOAA weather channel: 162.55 MHz, Click for the GPLA plot. 
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‘Above — Input fter schematic with values shown to center this rather symmetrical fiter at 162.55 MHz. The half power (3 dB down) bandwith 
18 MHz. You can easily scale itto other ather frequencies — by tweaking the trimmer caps and perhaps squishing or expanding the inductor 
links some, this fier will tune widely including the 2 Meter Ham band. The IL blew me away (better than calculated) — the resonator Q was high 
due to the air wound L and Q >= 700 trimmer caps along with good port matching, 


(Click to view a larger photo of the breadboard. | wound the coil on a 3/8 inch diameter bolt ut then spread the turns to get the L and length | 
‘wanted. Built on double-sided copper clad board, a few copper wire vias connect top to bottom. | joined the LC circuit to its ports with leaded 5 
DF ceramic caps. 
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‘Above — Tracking generator plus spectrum analyzer sweep. Under sweep set up, | minutely squished or expanded the L and tweaked the caps 
to peak the fiter at 162.55 MHz while obtaining the lowest insertion lass. Further, | had to tweak the tmmer capacitors to center the fter with 
the Hammond lid on since putting the lid on changed the center frequency slightly. A TG equipped spectrum analyzer proves the ulimate bench 
tool for VHF and UHF in my humble opinion. 


‘Above — Zero calibration of my ADE LIC IIB meter. By sweeping numeraus LC circuits after measuring the L with this tool, 've leamed it's 
reasonably accurate with low inductance coils. | zero the meter por to each measurement and zero calibrate with the alligator clips butted 
end-to-end while gripping a small piece of copper wire. Try to keep the same relative alligator clip position during coil measurement. 'm 
‘uncertain ifthis is protocol, but it seems to work for me. 


‘Thanks to Joe, WLIR for this circult and the opportunity to learn more about component-level VHF design and construction. 


6. VHF Band-pass Filter Experiments 
its Notes 
1. All fiters designed withthe EMRFD ladpac programs DTC0®, of TTCO8 and then tweaked in GPLA 


2. Seeking a band-pass fier far my experiments with the local NOAA weather channel at 162.55 MHz, | designed, built and tested 3fiters. With 
10.7 MHz IF superet receiver, the image frequency = 141.15 MHz 


3, My VHF sweep system = a tracking generator plus a spectrum analyzer. 
Filter 1 


‘To avoid the need for proper electromagnetic/electrastatic shielding, | kept my HF experimenter hat on and built my ist fiter with powdered iron 
toroids (720-12) knowing | would pay a Qu penalty that may wreck fter insertion loss, bandwidth and port matching. | hoped that the passive 
electromagnetic shielding offered by toroidal inductors would reduce resonator coupling 


| 162.55 MHz Triple Tuned 
Band-pass Filter 


500 SSnH 30.38 pF 0.5 pF 1646 pF 0.5 pF 20.30prF NH 500 
rurrtyr etre 
ite tt 
T Yi If of i 


insertion loss =5224B | 


r 
' 
|__3.6B bandwidth = 6.89 MHz | 


‘Above — Mixed-mode tiple-tuned fiter schematic. Click for the GPLA simulation. When we want to go up in frequency plus desire a narrow 
‘bandwidth, we face 2 options: reduce our inductance and/or coupling capacitors). This taxes our parts collection and breadboard skils since 
‘capacitors less than 1 pF are relatively uncommon and require SMD breadboard techniques. | adjusted my design bandwidth and inductance in 
‘TTCOB.exe to allow the 0.5 pF capacitors plopped in my parts bin to work. For a change of pace, | chose a mixed-mode fiter topology. 


| strive to place a single high Q variable capacitor in my band-pass fiter tanks, however, my Q 
stuck a leaded ceramic capactor in parallel with each trimmer. 


(00 SMD trimmers only ranged 3.3 to 10 pF so! 


(Comman SMD capacitors exhibitIow to medium Q and | try to avoid them in my at HF band-pass filers: often Ill ust solder a short leaded 
though-hole caps instead, | also applied this lagic to my VHE fier, however, this might prave foolish at VHF since the selfresonant frequency of 
a given leaded cap is lower than that of an equivalent SMD cap and capacitor XL becomes more significant as we move up in frequency. 


(Click fora pa fie showing a simple experiment with 3 capacitors. lI ccasionally use ultra-high Q SMD caps in my future experiments based 
‘upon these results. 


‘Above — My TTC breadboard, Clic for a larger photo. Click for a bench sweep to view a feculent skit peak in the fiter spectogram. Some 
resonator coupling occurred despite spacing and placing the inductors at right angles. This circuit possessed 6 tweaks: the 3 trimmers and the 3 
‘Ls —| just kept tweaking them until | got the best shape and lowest IL. That's 21 gauge wire on the toroids. My image frequency = 47.28 dB 
down. Since the sweep yielded such a wide discrepancy from my GPLA simulation, | discarded this fiter and moved on to design #2 


Filter 2 


‘Attempting to obtain a resonator Qu of at least 200-400, | moved to air core inductors wound with bare 22 gauge copper wire plus air-variable 
‘capacitors. Double-tuned classic topology. Without stout shielding, ir wound inductors will couple and trash the stopband, 


‘Above — Copper and brass sheets | bought for making fiter boxes after Wes recommended using metal sheets or strips for shielding fiters. In 
‘North America, builders can purchase a sheet metal hand brake plus a rotary cutter/shear for under $100 and make all sorts of boxes for radio 
gear. Illequip my QRP workshop with such equipment over the next year. This was my first experience man-handling sheet metal or strips. 
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‘Above — Schematic diagram of Fier #2 with tabled IL and half-power bandwidth. Click to view a macro photograph of the fiter.| soldered the 
bbrass box onto a double sided capper-clad FR4 bread board laden with some copper wire vias to enhance the ground plane. The 0.2 wF coupling 


cap = an ATC microwave cap. 


(Glick and click for the sweeps. Notice the splendid skirt symmetry at the fier top and also the fantastic peak attenuation in the low-pass skirt 


(-81 dB from the fiter peak to the lowest point inthe low-pass filer ski). I never seen deeper attenuation on my bench before: quite gratifying 
My double-tuned fiter had essentially matched the 3 dB BW of triple-tuned fiter #1 with less insertion loss, 


‘Not all appeared perfect however; attenuation of frequencies above the passband looked so-so and | was unable to get a lower 3 dB bandwidth 
bby manipulating Land C in each tank. 


‘Above — My first ever brass box soldered on a 2-sided copper clad board: Fier #2. Lacking proper tools and also the knack for making 
beautiful chassis ke Dave, AA7EE does, | just did my best. My only concern was getting tank isolation. | chiseled out a small cut in the center 
‘brass divider just high enough to clear the SMD 0.2 pF chip capacitor and center copper strip. Overlaps allowed soldering of brass walls After 
‘weaking the L and C parts, | placed a brass lid on top during sweeps. Okay, onto fier # 3: 


Filter 3 


When coupling caps fall helow 1 pF, some builders place their resonators in close proximity to couple the tanks, however, these usually involves 
slug-tuned powdered iron or ferte inductors with a generally low Q. The coil consists of cup core and a threaded center core which combine to 
‘ive a magnetic shield, A tin plated copper can surrounds the core for electrostatic shielding. | think after these experiments — placing each 
resonator in its own sealed box seems a better option. 


| noticed anather approach in The Double Tuned Circuit: An Experimenter's Tutorial in QST for December 1991 by Wes, W7ZOI. Wes driled a 
hole in the tank compartment divider and passed a wire soldered to 1 tank through the hole and positioned it near the variable capacitor of the 
other resonator. We change coupling by adjusting this wire. 


‘The wire may be thought of a “tweakable" capacitor, however, the key point is we need to couple energy from 1 resonator to the next; whether by 
wire, capacitor or inductor, proper resonator coupling wil give the required skirt shape within the the mits imposed by Q and the matching to the 
50 0 ports. When establishing a fier passband, the end Q and resonator coupling pretty much dictate the outcome, 


Filter #2 involved more mechanics than electronics. | made a U shaped box from a small sheet of copper. 


‘Above — My copper box drilled for the 2 alt-variable tuning capacitors. | built the walls, op and divider from thinner gauge brass strips. Rosin 
flux aids soldering your metal sheets together — | soldered mine with a Weller 80 Watt iron and began with the center divider. Click for a side 
shot after completion 


Double-Tuned Filter 
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‘Above — My fiter schematic with some tabled data, Clic for atop off photograph where you can easily see the black wire probe. To change 
‘coupling, you change the wire length and/or its distance from the second tank capacitor. | really enjayed maving the wire and watching the 
outcome on the screen, Per usual, | tweaked the coupling, Ls and end caps to derive many 3 dB bandwidths. In 1 arrangement with a 3 dB 
‘bandwidth of 3.57 MHz, the insertion loss was only 1.87 dB — | had evidently found a perfect ratio + combination of L and C yielding a low IL. 


Hilincrease the coll wire gauge in future experiments to lower solenoid resistance and try to gamer even more Qu. 


‘This isthe best fter Ive ever built. After peaking the tanks to 162.55 MHz, resonator adjustments weren't really needed. By moving the wire 
probe | saw that BW and IL change inversely. While tweaking the series caps and moving the prabe,itfel like déja vu from my experiences 
simulating these exact changes in GPLA over many years — except now they were alive and kicking. With some inductor manipulation (or as 


‘needed, changing the inductors) this flter can be centered from ~140 to well aver 200 MHz. A high-octane, dramatic and versatile iter indeed. 
(Click for a sweep where | maved the wire very clase to the neighboring tank capactor and over coupled the filter 

(Glick fora screen shot of another sweep. 

Conclusion 


With new awareness that resonator coupling and other issues may also occur in HF band-pass fiers, making these 3fiters surely boosted my 
future band-pass fiter construction standards at any frequency. Over the years, builders have emailed me sweeps of HE band-pass fiters 
(usually VNA sweeps) with also sorts of extra resonances +/- poor insertion lass. Since Im just an amateur, often nimrod RF enthusiast, | won't 
pretend | possess all the knowledge to critique their fiter woes. 


However, photos of their HF fiters usually look messy and rushed: opposite to our needs — eschewing important factors like symmetrical 
layouts, inductor spacing, a first-rate ground plane, larger gauge + well spaced wire wound on big as possible toroid cores Vikes, | better stop 
‘now lest I venture into fier folklore. 


‘Today, designing a fiter with software is merely half the battle — construction poses the harder task. Unsurprisingly, measurement and 
‘experimental methods will elevate your outcomes. 


Fier analysis with a sweep system is the ultimate, however | built and then tested many band-pass fiters with a frequency counter, a signal 
(generator, a'scope and a return loss bridge during the fist 12 years of my RF life 


‘Assuming you have a fter that peaks and isnt overcoupled: to measure the 3 dB bandwidth, ist peak the fier to resonance for the highest 
ppeak-peak voltage in your ‘scope. Here's the rest of the procedure: 


1. Multiply the peak-peak voltage of your centered fiter by 0.707 and record this value, 


2 Decrease the frequency of your RF generator unt the scope shows the.707 value and record itas 


3. Increase the RF generator frequency above the peak until you once again get 0.707 of your peak-peak 
measured voltage. Record this as Frequency High. 


4. 3B bandwidth = Frequency High -Frequency Low 
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‘You may also wish to measure the insertion and return loss as described in EMRFD, Radio Saclety Handbooks, or the RF Workbench series on 
this web site 


Whether you run supethet, low IF, SDR, of Zero IF (DC) receivers, or need to fiter a transmit chain, well made band-pass fiters just might boost 
your project performance. VHF poses addtional challenges but offers great learning opportunites. 


QRP — Posdata for Nov 12, 2013 
A. Notes for Filter #2 


Victor, 424ME wrote to explain why the attenuation above the passband in Fitter #2 looked mediocre. Fiter tapolagy and component values 
yielded the poor high-pass attenuation and not unwanted coupling as | orginally shared. 


Vitor wrote: "The prablem is that all the couplings are of one nature, inthis case capacitive. 
[At very low frequencies the inductors short the signal to ground while the capacitors impedance gets higher so itis clear thatthe output signal 
goes to zero, 


Athigh frequencies the inductors may be regarded as disconnected because their impedance get very high, hawever although the capacitors 
Impedance get lower , you have them both at the series arms and at the parallel arms, so the signal gets to be attenuated by their impedance 
ratio and not get shorted to ground, 


This can be shown in analytic calculation, or easier by simulation, See the attached file (LTSpice simulation). You can see that the fiter (similar 
to your fie) gets closer to a finite attenuation at high frequencies, getting closer to the attenuation ofa similar circuit with the inductors removed. 


‘You can get better high frequency results by trading the center 0.2pF capacitor coupling to an inductive coupling. Remove the coupling capacitor 
land insert a wire through the center shield, ground its ends clase to the main inductor. Shape the wie to a small loop near the grounded end of 
‘each of the resonator inductors to get small inductive coupling, and you get again a good BPF but with better high frequency attenuation. Instead 
‘of loops you can connect the coupling wire ata tap at the bottom of the main resonator inductors, close to the ground 


1/Getting the 
Workspace Ready 


Before youcan start soldering, youneed toget your iron ready. Thisinvalves 
a few steps. First, you'll have to attach the tip to the soldering iron. Then, 
you'll need to prepare the station: make sure your sponge is moistened, set 
the temperature, and “tin” the tip by applying some solder tot. 


At the end of this chapter, your soldering iron will be assembled, clean, and 
hot enough to begin soldering. 


Solder contains harmful chemicals. Wash your hands after soldering as well 
as after handling solder or the solder station sponge. Though it may be 
tempting to snack while you're working, keep any food or drink away from 
your soldering area, 


135-45 pF 


| 


Above — Fallowing Victor's suggestion, | inductively coupled the Fille #2 resonators with a wire looped near the grounded end of each tank 
Inductor. Please view the schematic above. High-pass attenuation above the passband impraved significantly. Click for a sweep out to ~ S11 
‘MHz that shows the peak high-pass attenuation much closer to the low-pass skirt peak reponse. 


‘At 2X center frequency (225.1 MHz) the high-pass skirt peak attenuation closed within 14 dB of the low-pass peak attenuation compared to the 
original Fiter #2 response where the delta was araund 30 dB. Further improvement occurs as we move above ~400 MHz. Big thanks to Victor for 
his support. 


B. Sheet Metal Safety 


‘A cut finger while working sheet metal prompted the following remarks: Jagged edges from cut sheet metal (especially brass stock it seems) may 
Jead to deep cuts. Filing a burred edge with the metal clamped in a vice between some thicker metal stock with its raspy edge barely showing wil 
reduce the "knife edge effect’. When driing, clamp the metal piece to your bench on a wooden backing board . Ifyou jam your hand drillin an 
unclamped piece of metal it could spin and really gore you. Safety first. 


7. NE612 Mixer Diddy 


‘The Signetics NE612 and ik enjoys wide use by the amateur radio community in navelty-grade Ham band receivers, or in somewhat better 
receivers laden with abounding front end fiters + stout, switchable RF attenuators. Do you think of the NE612 as an ersatz receiver mixer? Some 
only consider them for the transmit mixer slot. Read this link why. 


Output: 15:50 ohms 


‘Above — My base schematic. | applied differential input to cancel 2nd order mixer products and balanced output to obtain maximum conversion 
gain. Click for the breadboard. Powdered iron toroids, Q = 1500 trimmers and a fixed C on the output formed the resonators. | chose a 10.7 MHz 
IF to drive low-cost ceramic fiters in futher (unshown) experiments. Normally, we dont bother tuning the input since our bandpass fiter should 
launder the input signal sufficient, 
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‘Above — My thrown together’ 60.7 MHz local oscilatr. A wire on the common base buffer amp input avoids the series R and C usually required 
and | moved the wire probe to set the output power between 180 and 250 mV peak-peak into a 1K resistor load. 


Input power iF RF to RF Gain 
25dem | -243dem | -68.71dam | -47.09 dam | -68.14dem | 10.748 
“20am | -19.89.dem | -63.68dam | -47.01 dam | -58.29 dam | 10.11 dB 
—dem | -174idem | -0.07d8m | -46.90 cam | -s0.00 dem | 75908 
=20dem | -16.21dBm | -55.62d8m | -46.65 dam | -45.05 dBm | 37948 

‘0.dam 13.27 dom | -55.64.d3m | 45.99 dam | 53.28 dom | -13.27 dB 


‘Above —A table showing the mixer input, IF, RF, LO, 2xRF [the worst spur ] power readings, plus calculated conversion gain. This table echos 


the datasheet + work by others — input power 


.25 dBm dives this mixer into compression. The NES12 runs low current plus low voltage 


across the output transistors — thus the maximum autput power is limited to somewhere between +2 dim to +5 dem fram my experiments. 


Even with -35 d8m input power, | measured a conversion gain much lower than the typical 14-18 dB enjoyed by others who applied differential 


‘output at ~ 50 MHz, Turns out, | goofed — each output transistor contains a KS © resistor, so when wired differertaly, the output 


to the bench! 
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‘Above — SA of the mixer output with 0 dBm RF input. Something we would never do in real-life, but | wanted to see the spurs with such a drive: 
the spurious output actually looks great! The NE602, NE612, MC1496 and S042? [all Gilbert cell mixers] output cleanly; especially when 
compared to diode-based mixers. 


NEGC12 Conversion Gain Experiment 
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cucpur s#:50 mas | Conversion Gain = 15.04.48 | 


‘Above — My mixer with output Z corrected at 3K O. Wow, a conversion gain of 15.94 dB with -30 dBm drive. All gaod naw. Click for the IF 
‘measurement on my SA. The LO had drifted up to 60.8 in this experiment, however, | eft it and peaked the output resonator for maximum 
‘smoke. | also extracted another 0.5 to 0.8 dB gain by tweaking the LO drive. in my breadboard, a drive of 224 mV pk-pk gave the highest 

‘conversion gain, 


Hereafter, Il drive my NE612 transmit mixers with between -26 to -20 dim on the RF port with differential input and output. 


8. Miscellaneous Photographs 


‘Above — Hair or lint in my SMT macro photo 


‘Above — Instrument grade N-male to SMA female 


‘Above — Instrument grade N-male to SMA female; gorgeous machine work. 


RF — Test and Measurement 


RF Workbench Page 6 — QRP Transmitters 


RE Workbench 6 explores some questions regarding basic 
transmitter power ampltr (PA) design. Since { write for both Ham 
and non-Ham readers, | feel badly that RF Workbench 6 excludes 
pure radia listeners; please consider geting your amateur radio 
licence to join the fun, 


For Class A, AB and C transmiters in curent source operation, 
radio builders knew most everyting presented on this web page 
back in the 1980's —humbled and guileless, 1ve but a skosh of 
‘new ideas to further elevate this topic. Sometimes | feel bound in 

a creative staightjacket because puzzling design questions 
paralyze my understanding and progress. This web page explores 
few tansmitter questions bom on my QRP work bench and | 
hope yout elate and go design your avin high-octane 

transmitters. As always, | hope to share insightful + actionable 

info for the DIY seratch builder; albeit from a lay-person perspective. 


| borrow heavily from the work of Wes, W7Z01 per correspondence, direct contributions, from EMRED and the references listed in Section 5. My 
sincere thanks to Wes fr his support and inspiration, 


Preface 


‘You require an amateur radio operator licence to operate aradlo transmitter and its up to you ta know and ensute your transmitter spurious 
emissions meet or beat the regulations in your county. 

‘Although | measure my circuits with calibrated equipment, expect your measured voltage and current to difer rom mine. Why? Variables may 
Include your DC power supply voltage and current rating, dummy load resistance, stray Land C, cables and wire effects, bench errors, parasitic 
oscilauons, temperature etfects and parts tolerances. 


| unabashedly declare my ove for experiential learning: to bull and measure, discover and develop — and best of all, to tune, tweak, and 
transform my RF power amps to unleash the "smoke" and power we all crave. 


Contents 
Section 1: 21.06 MHz Bipolar Transistor Transmitter in Class C: Dig out your old transistors and explore some Class C topics. 


Section 2: PA Measurement with Examples: Measure collector V and | 


tions 3, 4: Incomplete and coming in 2013-14. ll past any addins on the QRP Log - Thanks 
‘Section 5: {illist all the references for this web page 


Section 6: Photographs and Miscellany. tm fold atleast 2 (now 4) people enjoy my photos. 


Section 1: 21.06 MHz Bipolar Transistor Transmitter in Class C 


Despite all the buz2 about PA efficiency and the trend towards mote efficient switched-mode power amplifiers, my email inbox fits with content 
regarding those Class & to C power amps. Consider too, most Hams, including QRP buffs, power ther rigs with an AC connected DC supply that 
‘makes battery life moot. Perhaps our lave of PAS in current source operation harkens from our historic tube days: do we simply enjoy making 
heat and wasting power? Like me, you might just love making and measuring bipolar transistor crcuits. 


A Class C power ampli excled by a crystal asclatr offers both new and reawakening homebrewers the chance to make a simple but 
relatively powerful, 1 frequency transmitter with only 2-4 RF stages. Keying a Class-C PA embodies the Ham glory days: put some RF into the 


‘ky with basic, analog circuitry 
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‘Above — The block diagram for all the experiments in Section 1. Each stage involving transistors was built and tested from lft to right before 
‘making the next stage. 


crystal Oscillator, Keying Switch and Hycas Butfer Ampliter 


‘As more a listener than a taker, | wanted a low-evel crystal oscillator to keep my key up current draw low. In the class C pawer amplifers based 
fn the above block diagram, | measured only 7.5 mA. key up and several hundred mA key down. | also wanted my back wave to be > 40 d8 
when | eventually converted the PA to Class AB during another set of experiments. 


Design Question 1: What backwave should | stive for? 


‘Backwave = the dB diference in output power between Key up and down. Opinions differ and context may party explain wy. you'e working 
DX, backsave is less important than when your working nearby ops on 80 meters. From asking respected authors, experiments and operating, 
fee! 40 d should be the minimal backwave to stve for. Operating Class C, your finals) are turned off during key up and a >= 40 di backwave 
proves an easy goal 


pees 1K 


ZHI 90°1Z 


output a 


- = i 10x 5.04 ma Figure i 


Above lett — The 21.09 MHz crystal oscillator. Click for the output voltage ito 10K Q. Click for the FFT. Seeking ow distortion and output paver, 
| placed variable capacitors in the feedback and source slots and also played withthe $60 Q source resistor. While watching in my ‘scape and 
‘weaking , I chase the the lavest distortion signal under 1 Vpp. The variable capacitors were removed, measured and replaced with nearest 
standard 536 parts. The 10K load of Figure 1 corresponds tothe gate resistor ofthe hycas amplifer input 


‘Above — Without the 290 pF capacitor, the crystal ascilator vibrated at 21.058 MHz. 


‘Above — The crystal oscilator measured frequency after experimentally adding a 390 pF cap. Should | have wed a 470 pF capacitor and 
attemped to get 21.0600 MHz? 

My oscillator Iooks unconventional and in some cases you might want 1 with higher output voltage. Check EMRFD and the other W7Z01 
references in Section § for xal asellator design ideas, 


1: Attach the Tip 


Locate the soldering iran (make sure it's unplugged and cool), a soldering 
iron tip, and the tip nut that holds the tip in place. Insert the tip into the 
soldering iran as shown in Figure 1-1, and push it in as far as it will go It will 
not require much force to insert it 


je WARNING: Make sure the soldering iron is unplug- 
ged and cool 


Figure 1-1. Inserting the tip into the tube 


2: Secure the Tip 


Slide the tip nutover the tip. and screwit in place. Youcanusepliersto tighten 
it (see Figure 1-2). Be careful not to overtighten it, since you will eventually 
need toreplace it when the tip gets worn fromallthe projects you'llbemaking 
with it 


2 Leaun to Solder 


use oppropriate PNP 
TIP42A 


12.1 VDC @ 


To driver 


Figure 2 


A 
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maximum gain 


‘Above — Figure 2, the hybrid cascode buffer. r've never tuned, nor keyed a hybrid cascode amp before and it works wll Slick for the 


‘oseiloscope output Sick for the FFT measured with along wire grounded 10X probe. | applied a junkbox TIP42A switch lying on my ben 
| keyed a number of unshown high curent stages during my experiments. Only about 1036 of my experiments ever make it onto the QRPI 


HB web site, For the PNP switch, just use whatever can handle the measured curtent with key down: 2N3904, 2N4403, 2N2907, BD1A0, 


atc. 
‘Yes dear reader, measure everyting. 


‘The Driver Amplifer 


ch since 
1S WL. 


‘Above —A 80139 feedback amp breadboard. Click for the schematic. Wanting an output power of atleast 22 dBm to drive my final, | bult 3 
varieties with both the 80139 and a 2N3866. Normally, for receiver amples, | focus on a strong input and output return loss and work hard to 
‘maintain linearity —but mostly keep the emitter current under 50 mA, At 21.06 M2, the biggest clean signa | could musta with such a 


broadband feedback amp was +16 to +18 dim —well short of my goal Click for a DSO screen shot ofthe 41.3 mA amp at 6.42 Vpp or ~20.13 
«dom power, quite distorted, 


| needed to ty something else and saw the Figure 3 amplifier in some of Wes' work; wielding bold emiter current to boost signal handling and 


Figure 3 & 


22 10.1v 


12.190 


Notas: 
Beta varied fom 83-160 on random 
samples fom at least 3 afferent 
‘companies. Emitter current can vary 
fiom device to device and with diferent 
heat sinks 


Above — The W7ZO1 designed feedback amp used for a diver in all Section 1 power amp experiments. Lave it Many builders feel tempted 10 
abandon series and/or shunt feedback and just "go for gain’. My experiments suggest this approach often leads to instability within the driver 
cercuit and possibly on down the RF chain. We should strive for linearty and stably; 2 big reasons we apply feedback. Flt with a driver lacking 
feedback if you dare 


Bick for the maximum output power attained by turing my hycas bias pot fully clockwise: 7.77 Vpp, or 21.79 dBm. You can see distortion, but 
Since this stage wil drive a Class-C wansistor PA (.e, itil switch “a diode” on and aff and generate clipping), | decided It wil work fine. A VHF- 
LUHF transistor such asthe 213866 or 2NS109 may yield as much as 3-4 dim more power, however, youll see more clipping at higher driver 
levels. | stuck with the 80139 and tried several places from at least 3 cfferent manufacturers (The BD139 was made by at least 10 companies at 
_Lpolnt. A Philips version purchased in 2008 yielded the 21.8 dBm, so bolted itta a home bullt copper clad heat sink and soldered it ia place. 


Calculating Transistor Output Power Ot the Bench 


Design Question 2: How do | mathematical estimate my Class A amplifier output power? 


P(t) = V(t) x1 (t) 
Where 


P.()= instantaneous power in Watts 
‘V(t)= the voltage drop across the BJT 
the current through the BJT 


8.5 volts x 0.0886 Amps 
Ascume welll got 25% or 188 mW output 


410 log (188) = 22. 74 dBm Figure 4 


a 


Calculate Output Power from VCE and IE 


‘Above — Estimating output power from my Figure 3 amplifer.| measured a static DC Beta of 125 as shown in Section § on his page. Then | 
calculated VCE (the voltage across the wansistor) and emitter current with my program NPN-DC Bias. Wes wrote a similar and likely better 
program called Biasnpn08.exe thats included on the EMRFD compact disk 

‘You may also measure your VCE and IE dec and improve the above calculation with measurements, | da this frequent. 


Class A amps exhibit about 25% efficiency and also imagine that Figure @ will bear some galn compression 


‘My measured power = 21.8 dim —itamazes me how close a non-bench calculation using OC analysis ean get to a AC bench measurement 
‘The Figure 4 procedure is apparently a bread and butter RF design to 


‘The Power Amplifer Input 
Design Question 3: How do | maich my driver output to the Class-C power amp input to maximize power? 


‘This question provided a few nights of reading and experiments; time well spent. We have 2 main ways to match our diver output to the PA 
Input: broadband or tuned. Fitst, lets explore the problem theoretically 


generator 


‘Above —A simple model sent by Wes: driving an ampfer with a power source. AS amateur designers, simple models help us understand 
complex concepts 


‘A pure voltage source doesn't really exist. We don't apply a voltage to the base of the PA: rather, we apply a power source (our signal generator) 

‘a signal voltage followed by a series impedance thats usually just a source resistance for aload. The power source + source impedance 
{ogether source the load that includes the load capacitance represented as an input cap in Figure 5. You may wish to read about Thévenin's 
theorem and its dual, Norton's thearam to learn more about linear network analysis. 


‘The load presents an impedance where the power is delivered and either dissipated i its resistance, or reflected back to the source when the 
Joad cantains a reactance . At our PA input, this capaciive load reflects some ofthe signal back and induces a pole that corresponds to a 
‘capacitor time constant 


if you consider our power source, its source resistance, the PA input capacitance and just omit the effects of Q yout see that the the voltage 
across the capacitor decreases as frequency increases. If you insert a 2:1 tuns rato transformer after the diver, youl drop the AC voltage by 2 
and its resistance by 4. For the same capacitance, the 3 dB cutot frequency of this single pole iter increases. Also, the lower output impedance 
‘drops the driver ampliier votage gain and may boost stably. 


In short, we need a low driver source impedance since the Class C bipolar amplifier base-emitter junction has Jos of eapacitance To get current 
flowing into the PA base, we drop our diver output Source impedance down ow. 


{thought — couldn't we just neutralize this capactance with an inductive output impedance? Thus our PA diver stage would dive aresisive 
load and everything would be "ducky’. | consulted Wes, plus viewed some math and ctcuity 


You cant effectively neutralize a bipolar transistor amplifier, since the capacitance isnt constant and behaves more lke ke a varactor diode 
rather than the C shown in Figure 5.. Even when forward biased, diode capacitance depends on the instantaneous voltage that appears across 
the diode. In contrast, ‘FETs prove less troublesome and thus i's possible to achieve some neutralization wth a FET amplifier. Please view the 
power stage from EMRFD Figure 11.14. Check out the push-pull pair of IRFS11s. CS and C6, at 22 pF each, are neutralizing capacitors. 


In some cases, the capacitive reactance may be absorbed as part of a resonant circuit an the PA input. For example, a low-pass fiter might soak 
‘up some of the C 


In all eases, our goals drive in some power and svitch the PA transistor solidly on and off (technically approaching class & but defintely 
class C because conduction willbe less than 180 degrees) —a low output impedance can drive that input eapactance. 


‘Driving final’) with a very low output Z rings tre even if your diving the atest (super-costly) ulra-tow loss, high breakdown voltage, slcon GaN 
FETS to output >100 Watts at 1296 MHz in Class D,E, For Inverse Class F. Just get it dane! 


PA Input}  .ccaend cose. 


‘Above — Figure 6 shows 2 basic methods to dive the PA with alow impedance: single frequency network oF broadband step-down transformer. 
Hldiscuss both methods in detal later. Let's mave away from theory and lighten things up for a couple of minutes. 


| ae 


‘Above —A short 10X probe ground lead boosts Tx measurement accuracy: n particular, for FFT analysis with your DSO. You can read or see 
Why by searching the web for text and/or videos concerning oscilascope probes. 


‘Above —The long gone 251969 works great. Beware of counterfeits however. 


‘polar transistor selection roubles us since most ofthe ‘old standbys! went obsolete way back when. 've been collecting dusty. old QRP driver 
and PA transistors for decades and my bag includes BD129, MJEIB1, 2SC2509, 25C1969, 25C2165, NTE123, 23053, 2N4037 and 2N221A, 
For VHF, apart trom the 2NSLOG/2NG866 standards, "ve kept a few MRFSO7, 2SC1971 and 2N3563, 


\VHE/UHF transistors exhibit temendous gain at lower HF, but they might oscilate without due care, 
‘Some rules Ive gleaned: The fT of a BUT should be atleast 3-5 times the operating frequency; the VCEO should be atleast double the VEC 
(more is better); don't exceed the maximum heat dissipation, nor maximum current. In shor, read the datasheet. | wont cover heat sinking, nor 
{gain compensation for mult-band amplifers on this web page; for i's been dane by far beter authors, 

‘Lots make a basic Class C power ampltier based upon the RF blocks presented thus far, 


Class CPA with Broadband Input and L-C-C Tuned Output 


12.1 * 12.4 / 2(4)= 
96.63 dBm = 4494.4 mW 


| RLoad= vec? / 2Po 
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12.1v La er 
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‘Above — Input matched PA via a broadband transformer (a biflar wound transmission line transformer with 4:1 Z ato). A great example ofthis 
design includes the Figure 2 of Ugly Weekender transmiter by Wes. The 50 0 output Z of the river is transformed to 12.5 Q.to drive the PA 
Input. While a conventional ink-coupled transformer works okay, the closer coupling of a twisted wie transmission line transformer often affords 
better impedance transform and lower losses. You might experiment with a 8:1 Z transformer instead ofthe 4:1 shown. Click for a highly 
compressed photo of 1 of the full breadboards, 


‘The 23 0 resistor helps lower gain and stabilze the amp. | ran 23 fo 100 0 applying experimental methods. Read more about the PA base 
resistor and coll XL requirements in the text following Design Question 6. 
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‘Above — The ‘scope output from Figure 7. 42.4 Vp 


36,53 dm = 4.49 Watts 


L-C-€ Output Matching Network 


3 discussion points arse from Figure 7: 2] the output matching network. [2] the collector choke + decoupling cicuity, and [3] the low-pass 
‘iter. MI discuss choosing a collect choke and decoupling in Section 2. We design out low-pass firs wit tables ar software; | used an ald 
'ARRL Radio Amateurs Handbook and then tweaked itin GPLA to get standard value capacitors. Click for a GPLA simulation of my fite. The L 
C-C network also provides some low-pass fering 


‘To calculate the collector output resistance, we use the formula R(laad) = Vee"2! (24Pout) as shown in Figure 7 for & Watts. For 1.5 Watts at 12 
VOC - R(load) = 12 * 12 / 2(5) = 48 Ono output matching network is required; making 2.5 watts a popular wansmtter power for new 
builders eager to learn about Class C. 


Design Question 4: How do | make an L-C-C matching network? 


Let's stick with 4W power and make an L-C-C Tee network for a1 to 50 0 transfor. | prefer the L-C-C network over the L-network because 
you get 2 capacitors to tweak and | find it much easier to match a wide range of impedances compared to the L-network. Since we may pinch, oF 
‘expand the inductor windings, ia reality, the L-C-C ges you 2.5 possible tweaks, 


Normally | wind the L on a number 6 powdered iron to‘oid with 26-28 gauge magnet wire in size T25, 30, T37. oF TSO. 26 gauge wire allows for 
{good coll squishing and expansion with thumb and forefinger. For design eycle capacitors, ! mosly solder in those horrible, low Q, orange, green, 
fr ted muRata trimmer caps such as the T2037500F169800. Aiough rare, ceramic-mica trimmers work well 


M. L-C-C Tee Network 
bupltwen.qep.pops.nevarp-java-caleulator htm 


L c2 


50 RI must be < B2, but the network is Biclrectional 


Enter Q: [162] IfC1 or C2=NaN or Infinity. uy increasing Q 


Calculate LCC Values | C1 =123.71 pF, C2 =273.78pF, L =0.22 oH 


‘Above —To caleulae L, C1 and C2 we may employ software to obtain starting Land C values. | recommend Wes' ZMATOS.exe, a Ladpac 
program that ships on the EMRFD CD. 1 wrote my own java-scrit applet with less prompting and error checking and put in on the Design Center 
web page as M. Note | used 18 @as the load resistance in my calculations. 


During actual bench assessment af your network, output your PA to a S0 © dummy load rated fr that power and preferably measure the peak to 
ppeak voltage with a short grounded 10x probe. 


For Figure 7, | wound and tack soldered in a measured L of about 230 nH and placed a 100 pF cap plus 6-50 pF timmer for C1 and a 220 pF + 
22 pF cap + 6-50 pF timmar cap for C2. The tuning procedure goes lke this: 


“Tune the capacitors for maxmum power. Try squishing the L, then re-tweak Ci and C2 and see what happens. Did the Vpp go up ot dawn? We 
want it to go up, so ifthe Vpp went up you needed more L, and perhaps stil need more. f you squish the coil again (or remove it, add 1-2 turns 
and then replace it) and the Vpp goes down, you increased the L tg0 much and need to go back down. f the aiginal Vp goes up when you 
‘expand the cols, you had too much L and need to do the opposite procedure just described. Re-tweak C1 and C2 after every inductance 
change and calculate the power in dBm andlor watts on your bench, 


‘Through tal and error youl find the optimal Lf nothing works, suspect a bench error, or device falure. Occasionally, | add too much, oF too 
litle theed Cin parallel with the timmer cap. Another time, my transistor was tied. 


(Once you've extracted the maximum power, remove the cap(s) that make up C1 and measure them. Da the same for C2.1 replace CL and C2, 
With the nearest equivalent standard value capacitr or (parallel capacitors) and then tepeat the tuning procedure to fin the optimal L for these 2 
‘new capacitrs, Normally, after optimizing the Vipp ll remave and measure L to confirm my L-C-C network design. You can use te Lust 
temoved of make a tdler version to permanently solder i, 


‘Once you solder inthe “keeper” L, youll need to expand or compress the links a tad to peak your Vpp once again. Although it sounds ike a 
chore, I ove measuring a higher Vop with each successful manipulation of the L-C-C network; i's quite a tush actualy, 


tn the end, my optimal measured values were: L = 247 nl, C1 = 132.5 pF and C2 = 282 pF. in my final, | substiuted C1 
1 as shown in Fique 7. Although | designed for 4W, | squeezed aut 4.490 with my L-C-C network. 


20 pF and C2 = 270 


Design Question 4: How do | choose my L-C-C matching network Q? 
‘The easy answer is the degree of impedance transformation sets the minimum Q and thus choosing the best Q becomes the central question. 


“The theory regarding loaded versus unloaded Q + network losses and such may bog dawn many, butin context, a lower Q leads to a more 
cient network with less loss. Low Q values also means we tweak larger value capacitors thal minimize the effects of stay capacitance. In the 
callector output network of Figure 7, he Q of 1.62 gave more power than an earlier Q = 5 network. Further, during design | sometimes slightly 
adjust the Q in software so | get closer to standard value caps for C1 and C2. 


Dont be afraid to remove C2 and just make an L-network. Again, just experiment on your bench to gain confidence. 


| vied making this cuit with a 8D139 in the PA slot and managed to squeeze a mere 3.4 Walls power al 12.1 VOC. Others, such as Wes and 
Jason, NT7S delivered more power into 50 0 at and even ahove 21 MHz with a BD139 PA. 


Factors such as transistor specifications, frequency, VCC, and driver power may affect the output power. In the end, the 2SC1969, a final | 
hharvested from an old Cobra CB more than 20 years ago delighted me. | constantly scrounge for old driver and PA transistors in my travels. 
Sadly, many old CB radios given to me over ie suffered trom tied finals 

‘You might ty checking eBay, but watch out for fakes. 


‘The BD139 grew to notoriety because i's widely available, cheap and generally does the job at or below ~28 MHz, depending on what output 
ower your seek. | ound wide vaviation in Beta (or RFE) and fT in the random batch | tested, Also remember were hiting them with ats of 
curtent and they heat up and specs change. At 7 Mz, the BD139 works great. The BD129 reminds me of the MPF102 JFET; you never know 
What your going to get. The best Ive tested were Fairchild BD139s and woefully, they all gone. 


Class C Power Amp with Broadband Input and L-C-C Tuned Output 


Let's make a PA with an L-C-C Tee network tuned input: Figure & 
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R=51: 49.8 Volts pk-pk = 37.92 dBm = 6200.1 mW 
R= 33: 45.7 Volts pk-pk = 37.18 dBm = 5221.3 mW | 


Above — Figure 8. The Figute 7 PA with a tuned input network smashed my world with 6.2W power. Click for the EET showing the second 
harmanie down atleast 5S dB | later confirmed this with spectrum analysis. 


Design Question §: Haw do I choose my PA input impedance? 
PA Input impedance 


CCaleulating the input Z ofa transistor with 100's of mA emiter challenges us.The familar calculations lke Zin = (Beta +1) x26 fe (mA) don't 
work out perfectly since our transistor is hot and Beta changes, and in my case Im way up in fT. | asked Wes and he suggested | assume an 
Input Z of 3.0 (with about 200 pF of parallel C). Thus , | chose a 60:2 0 tansform ta design my L-C-C network 


From my experiments, bench tweaking an L-network, ar L-C-C network will accommodate anything even close to 2.0 input impedance —3 0 
‘seems quite actonable, Tune your L-C-C network in the manner described for the PA output match, Since your wansforming 50 Oto 3.2, the 
‘minimum Q wil ise. 


Design Question 6: How do I choose my PA input choke and resistor when fed with an L-C-C network? 


‘The RFC serves as a DC return path forthe PA base just lke in the transformer in the wideband version. We normally apply a rule that the 
‘minimum inductive reactance of a choke should be 10x the impedance it's connected to, so tha's 30 0 XL 

‘Since F = 21.06 MHz, the minimum choke value will be 30 0 21.06 MHz x 6.28) = 227 nl. In order to keep the SRF up and for ease, | ran a 
Single tum of 26 gauge wire through a BN61-2402 binacular core and measured 245 nH, Good enough, The # 61 mix wil exhibit some Q. Likely 
#43 material wll work fine to0, 


“The resistor labelled R serves to ceduce the Q of my particular RFC, lowers gain and boosts stably. With R = 33-51 0, the amp held stable, 
‘ut i tied to increase R above 61 O spasm erupted. The resistor affected output power as shown in Figure 8. Again the resistor should 
‘minimally be about 10X the input Z or so. | ied an F of 10 0 and the output power dropped down toa litle under 3W as more of my driver 
‘output just flowed through the resistor to ground, 


‘To conclude, | executed the time honored tradition of choosing parts and circuits to extract power trom a crystal oscilator-crven analog RF 
amplfer chain, Much ofthis information extends to linear operation (Class A, AB) and general RF design, Have fun designing your ow 
‘wansmitters and as always, apply experimental methods! 


Section 2: PA Measurement with Examples 


{In this section, | posted some PA measurement ideas + experiments and comments about PA collector chokes. 
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‘My maximum power = 26.84 d8m = 483.025 mw 
2nd harmonic = ~48 dBc at 26.84 dBm 


‘Above —To boost my signal generator output for driving any experimental PA up to about ~20W output, ! bul a high-curent, sine wave driver. 
‘excite this ampifer with my variable gain homebrew HF signal generator — inthe version shown above, a 7 MHz low-pass fiter is soldered on 
the amplifier breadboard. stick this amp in a metal bex sans fiter and then apply the corect bench module low-pass titer via a BNC connector. 
Click fora photo of 3 of my HF low-pass iter bench modules. 


‘Normally the low-pass filter output s pad attenuated to buffer and reduce the output valage since it's rate I need up to 483 mW drive on the 
‘QRP workbench, 


‘Above —A photo of the PA diver amplier breadboard 


Figure 1-2. Making sure the tip stays put 


WARNING: Over time, the tip nut might become 
loose. Let the iron cool dawn before you tighten it 
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‘The ratio of RF output power to DC 
collector power. 


P Collector = VCC * I (amperes) 


‘Above —A method to simultaneously measure collector V and | to calculate DC collector power. Two DVMs boost measurement fidelily since 
the current measuring ammeter’ internal resistance will drop the DC supply ~ 0.2 to 0.5 volts depending on the device and current. Colector 
ciency = RF output power / (V1) 

‘This method provides a great excuse to purchase another multimeter. 


‘Measure VCC where shown since the decoupling and bypass fiters lp prevent the AC signal from affecting the DC measurement. We only 
{ouch our 10X ‘scope probe on the collector. Exert due care and wear eye protection in case you blow up the wansistor and create shrapnel 


vec 


Pa | 


connect driver from 
PA input match, add R 
and measure power 


= a temporary 49.9 to 
51.0 resistor with the PA 
input matching network 
disconnected 


‘Above — Power Added Efficiency considers the base drive power in addition to the DC: collector power. The formula = RF output power / (OC 
Power + RF drive power). Although uncommon, measuring drive power helps you to assess and compare both input matching and PA efficiency 
metres 


‘At the very least — Ike knowing my PA dive power and so employ driver amplifiers with 50 0 output impedance to allow this power 
‘measurement. | often permanently solder a 49.9 of 51 9 resistor ta the breadboard ground plane and temporarily connect this R ; plus 
disconnect the input matching circuit to measure diver power when Ive finished tweaking my collector to antenna port etcuty. 


Bate and Collector 
Voltage Measurement 


I 


‘Above — Oscillocope measurements of the base and collector voltages. Most of us enjoy simultaneously running 2 channels on our ‘scopes 
‘with a good quality OSO, FFT analysis ofthe collector waveform may yield insight, however, this knowledge might also confound us since 
interpreting aur measures is fully hal af te task 


J often struggle to propery interpret measures. Some builders biog about or email me that they enjoy an innate it at understanding electronic 
Circuitry —I dont. | guess | lack the knack? Far some of us, problems and complications block progress, but more often than not, we eventually 
108s the fnish tne 


Above — 1.5 Watt, Class C breadboard used forthe experiments 
‘examine some of the measurement techniques aforementioned, 


at follow. | changed the collector choke (RFC) and applied various fters to 
fora bigger photo, 


‘The Collector Choke 


Above —A Class C ampliler with its collector AC coupled to a 80 0 resistor load. No fit. 


‘Above — Base and collector waveforms. The unfitered collector waveform (top) rich in even and odd harmonics ~resembles a square wave. The 
‘maximum collector Voltage occurs whan the current is 0 and in concert, the maximum collector eurent flows where colactar voltage 
(0. As the BIT shuts of, the collector circuit kicks and rings so that the DC collector volage may rise as high as twice VCC. 


10 d per dh 
20 MHz per dh 


Above — An FFT ofthe unfltered collector showing F1,F2, F3, F4, FS, ett, Distortion city! 
‘The Collector Choke 


ve read web pages suggesting we might boost PA etficiency by decreasing the collector choke inductance. While thats possible, in realty, i's 
‘at that simple. Experiments invalving factors like collector load resistance, angle of conduction, RFC inductancelQ, matching networks, base 
drive configuration and output titration are ripe with complicated math and theory that | struggle to understand — entice books and research 
papers explore these topics as author(s) configure ther PA inta Class D, E, etc, to boost efficiency. The published design work and PA devices 
fut today are tly breath taking 


We should likely thik ofthe 847, callector current + voltage, the RFC, base drive and output networks as a system of parts that interact — 
changing 1 part might change collector current, impedance, efficiency. harmonics, etcetera. As such, the experiments that follow do not construe 
science; only some experiments by a neophyte to ponder and build on 


‘The ideal RFC passes only DC —Le. exhibits infinite impedance to AC, buta short circuit to DC. The primary purpose of the choke isto block 
ur high-power, distorted AC signal from flowing on our DC powerlines. Some authors suggest that the minimum inductance for the inductor 
‘should be 5-10X the collector resistance and Il leave that up to you. At HE, | wind my RFCs on #43 or #61 material ferrites while keeping the 
‘urns number low as | remember thatthe coil wil exhibit a self resonant frequency that mght cause problems iit les near a frequency | need to 
‘iter 


15 Watt Amp with Three Different Collector Chokes 


‘The 1.5 Watt obviates the need for a matching network since the colector load resistance = 48 Qwith a VCC of 12v. | rebelled and ran 13.5 V 
supply fora calculated 60.8 O collector load R. | probably should have this matched this collector load to 50 @ at 13.5v, but wanted a “real world 
amp without a matching network. At the very least, these ampifiers ilustrate the PA measurement techniques shown above. | wound the RFC on 
common FT37-43, 


In all eases, | adjusted the base drive so thatthe sine wave PA output read ~24.5 Vpp while measuring collector V and 1.1 made DSO measures 
ofthe the base and collector voltage and colector FFTS, although forgot to save some of them as sereen captures. 


3 eee . 


VEC Freras a 7.04 MHz | 
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13.5v* 0.219A = 2956.5 mW 
Vpp = 24.5 = 31.76 dBm = 1500.625 mW| 
1500.63 / 2956.5 = 50.8 % efficiency 


‘Above — The collector choke = 4,82 pl or an XL of ~ 200 0 @ 7.040 MHz. My measurements indicate an efficiency of 50.89%. With a choke XL 
ff only ~ 200 ©, some of my collector AC might be flawing fo ground through the bypass caps and thal kil efficiency. Clck for an FET of the 
callector. This ceult required more base drive than the other 2. 


YOO reas "7.04 MHz 


FTs7-43 


FCo 7.36 MHz 
| 9.8 pH 


aa 


1opF - 10pF 1-1 


1038 nH 1700 aH 1038 aH 


ss cian a ae a 
L. 2. dd 


500 
22 
StL, [at 
+2204. | 39 270 pF 680 pF 680 pF 270pF 
4dB J 


Faraz 6 BD139 


+ 
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24.6 Vpp = 31.8 dBm = 1512.9 mW | 
512.9 / 2450 = 61.8% efficiency | 


‘Above — The collector choke = 9.8 uH = an XL of ~ 434 Q. Efficiency now 61.894, Base and collector tacing, Collector FFT. 
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13.45y * 0.156A = 2.098W 
24.5Vpp = 31.76 dBm=1500.625 mw 
LSW /2.098W = 71.5% efficiency 


‘Above — The collector choke = 20.5 pH = an XL of ~ 951 0. 71.596 elficiency. Base + collector. Collector FET. Sine wave EET. To date, 71.5%6 
's the best Class C efficiency Ive measured, 


All inductors maasurad and wound on #6 material 
‘Top caps were hand picked and measured 
‘Smaller fort bottom cap = the calculated value 
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5 Diplexer for FCO of 7 MHz 
Caps 5 and 10% standard value 


739.7n 


Low-pass 
509 


685 pF 


‘Above —A PA terminated in a N= § diplexer for 7 MHz. Click forthe EET ofthe cole 


1. The collector wavetorm looks teling — resembling the 


'50 0 resistor terminated version shown eatler. Unshown; | lowered the signal generator to 6.99 MHZ and drove itto a sinusoidal 1826 mW to 
‘obiain a true 50 O collector load resistance plus get the greatest low-pass output signal and efficiency (2496) . Although diplexers wil 50 0 


terminate the callector at all frequencies, they dant affcd high caletoreficiency. 


Rogues Gallery 


5\V trying to enhance 
eficiency by turing an output 
Lot Pi netnork 


Above — Some SW CW amplifier collector waveforms as | tied to boost efficiency by manipulating a matching network to dive up the ringing: all 
failures. These seemingly simple Class C PA‘ aren't so simple ater al. though failures —I felt tilled by these experiments and vow ta get 


better a it 


2At of 22 gauge ona 
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‘Above —To observe a renegade series resonant frequency. | wound a choke for a 21 MHz amplifer on a T68-2 powdered iton toroid: a casual 
24 uns of wire. Sweeping it shows 2 SRFS at roughly 115 and 350 MHz. 2 SRFS jarred me, 
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‘Above —1 placed a couple of caps on the cold side ike we normally do for our PA chokes. Likely | should have used a 0.01 UF cap instead of 
the 0.1 UF shown for 21 MHz, bu the result would be the same: 2 SRFS remain and poor wideband bypass arises. We leary need to consider 
‘SRF in our chokes and how itmight affect our PA function and OC line fiterng, 


Conclusion to PA Measurement 
\with an oscilloscope and 2 DVMs you can easily explore boosting your Class CPA eticiency. ve Seen precious litle info on this topic in the 


amateur RF experimenter iteratue, 1 reputable reference = a section in EMRED called A Look at Some High Efficiency Amplifers. For now, 
temporze. Likely you'l advance faster than me, since Im more a feceiver guy and don't devote enough ime to study transmitter design. 


‘The math and concepts of efficient PA design within Class C -E flummax me. Mast have just switched to diving FETS with a square wave built 
up trom paral inverters (high-speed lagie gates inthe now ebsolete 74AC series) — but hopefully our experiments tweaking BITS in Class C 
will carry us forward into other Tx mades. 


‘Measuring colectar power with 2 DVM while watching the sine wave eutput in your ‘scope gives you increible feedback: you can even 
jbserve thermal runaway. After purposely advancing the base drive fo “heat up" a BJT. | saw the Vap progressively drop inthe ‘scope, the OC 
voltmeter drop somewhat and then the DC cutrent meter ‘take off: 400, 500, 890, 1200 mA and suddenly, poof, the BIT was on fie, exploded 
land flung 2 leads into te ait. Normally, they just smoke and stink up your lab. | put a picture of a couple of blown BD139s inthe photo section 
bbolow. Expect to bum up some BTS during experiments and please work safely. 


Section 4: Class E Amplifier 


‘This section unposted. 


Section 5: References 

1 Solid State Design for the Radio Amateur by Wes Hayward, W7201 and Doug DeMaw WIFE, American Radio Relay League 1986, 
2. An Updated Universal QRP Transmitter by Wes Hayward, W7ZOl. American Radio Relay League: QST for April 2006, 

3. Class & Amplifiers Part 1: Class E Basics. Dan Tayloe, N7VE / Ozarkcon Class E Presentation, 1994, Search for online 


4. The Handiman's Guide to MOSFET “Switched Mode” Ampliiers by Paul Harden, NASN Part 1 Introduction to Class C.D,E and F. First 
Published inthe journal "QRPp". Pauls Site 


Section 6: Miscellaneous Figures and Photos 


3: Wet the Soldering Station Sponge 


You'll need to perform this step (and the remaining ones in this chapter) at 
the beginning of each soldering session. 

‘As you use the soldering iron, you're going to be wiping the tip alot, so you 
need to keep the solder station sponge moist. Pour alittle clean, fresh water 
on the sponge as shown in Figure 1-3. Don't soak it, but make sure it's com- 
pletely moistened, 


NOTE: If your water has a high mineral content, use 
distilled water for wetting the sponge. 


Figure 1-3. Wetting the sponge 


4: Set the Station's Temperature 


Plug your soldering iron in, and set the heat setting to the mark shown in 
Figure 1-4 (pointing at the 3 o'clock position on the dial). Give the iron a 
couple minutes to warm up, 


4 Leaun to Solder 
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RF — Test and Measurement 


HF - Embarcadero 


RRespostory web page for HF experiments performed in Fall 2013 and Winter 2014 


IMD Oscitator Quest, 
‘Almost Popeom Superhet — an oder, variant and Inmate HF projct added for sake of interest 
XO — VCXO Notes 

Funster Line —A Simple 40M Band QRP Trans-teceivr. 

Miscellaneous Photos and Figures 


1. IMD Oscillator Quest 


‘To measure IMD and calculate 1P3 in receivers and components, we need 2 oscilators that typically tie 20 KH apart, although some apply other 
frequency spacings. We join these oscilatrs with a 6 ui (or 3 dB) hybrid combiner and ttn flow the combiner with an RF attenuator and/or 
‘ow-pass titer before connecting to a DUT and detector. | sought an oscilaor possessing low phase noise, low distortion, strong tum loss + 
high reverse isolation and documented my experiments to fuel your own. Nested half-way within the HF band, 14 MHz is a popular IMD 
‘scilator frequency choice. | chase 14.0 tHe and 14.020 Mi for classic 20 KHe spacing 


‘Wes, W720! wall covers intercept measurements in EMRE and in part, popularized receiver DR measurements with his QST article entited 
Defining and Measuring Receiver Dynairic Range in OST for uy 1075, Ck forthe article header only. Atte publishing his article, receiver DR, 


{esting by the major Ham wansceWver manufacturers became standard 


Ityou avn 2 crystals spaced 20 KHe apart, you're set. A Butler osciator setup fr vibration atthe xtal fundamental frequency works Wel, See 
EEMRFD Figure 732 fora great example — A Butler caretuly biased to stand reasonable current for low phase noise witha low impedance in the 
CCalpits tank. Wes placed & 100 Q resistor on the nk between base terminals of the diferential pai. The low impedance and the bias leveling 
provides currant imiing and prevents the ascllaor BT trom going into saturation. 
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-19.76 dBm to 0.77 dBm Current 16.51 mA @ fill throtte 


0.2 mA through the QI emitter 


‘Above —A fundamental requency Bur with hybrid-cascode (hycas) butler bul for 14.0 MH some years ago. Rather than tuning the 
Cscilator tank with the usual low-< trimmer eapactr, | designed fora fixed C of ~100 pF and thumb and finger tuned the tank o preserve the 
a 


‘Alternately, a standard Colpit’s crystal osclator with the crystal connected to ground via a shunt capacitor of >= 200 pF provides a grt way to 
{et a low phase noise, ow distortion osclatr. Take the oscilaor output rom the junction ofthe xtal and shunt capacitor and ensure you lighly 
load this nee. See EMRFD Figure 4.24 or my Low Noise Crystal Oscillator web page for examples. 


[A problem arose. cou find 2 crystals 20 KHz apar, so running 2 fundamental Butler or Copits oscillators for IMD measurement seemed out 
ff reach, A web search yiekied 1 solution: pul he wal oscilatore fo a desired spacing around 14 MH ard crystal iter the output to drop phase 


My next experiments minored the work of Christian, DLONL on this web site. It appears he based his design on that of Swan, KIGQP who 
authored & Precision Two-Tone RF Generator for IMD Measurements for QEX for April 2095, Stuart used crystals cut 20 KHe apart to make 2 
Colpitsoscilators running maderate current wth ouput fitering by 1xal iter tuned 1 the oselator requency to reduce phase noise, 


In his project, Cristian, DLONL wired up two 14.318 MHz microprocessor fiers in a super VXO topology to cleverly move the stals Sor 20 KHz 
apart. He also output tered his 2oscilators with a tal ier. 


12.20 


As shown this oscillator = 14.009 MHz 


10K 


2na904 


“Te ; 
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General Idea: 


1. Use a super VXO with added L and/or C on 2 differont oscillators to pull thom 20KHz apart 
2. Apply an external xtal filter to lower phase noise 


‘Above —1 of my rudimentary experiments involving a super VXO plus output al fier. Nota great design n this experiment, the 2 crystals 
‘were connected fo ground via’aS pF capacitor ye 24.009 MHz | learned that xa equency and xtal parameters determined the avalable 
frequency spread and aut fier unetion 


‘Alter thought and the above bench wotk, and also because I needto make ascilatos for IMD measurements at $0-100 Mi, | decided ta go 
th an LC oscilator. They work fine for IMD measures with proper design and construction. For example, the signal generator shown in EMRFD 
Fri 727 sports a phase noise approaching -140 dBcihiz @ a 10 kz spacing: geting awful close tothe cherished vintage HP-86408 signal 
generator. 


‘with LC oscilators, teamed that a metal enclosure with a feedthrough capactr forthe DC ine proved important Strong reverse isolation also 
ranks Very important. A casein point flows: 


RIGOL 


Status] get uous 


ta0e2e 2011040 


Markort_14 


Marker 
14.023708 MHz 
“141,73 dBm 


Min Search 


antor Frag, 
Rew Suu HE 


‘Above —A close-in spectrum analysis of 3 af my 4,02 MH2 LC oscillators. Span = 250 KH; REW = 300 He and my video bandwidth = 30 He 
to “cut the grass”. You can see a spur about 92 KHe right of center, a signal tam my SA or environment is geting back into my VCO and low. 
level modulating i Ykes! Another RFtght LC oscilatr witha common-base isolation amp showed no such spur. 


Close in spectrum analysis may allow you to measure phase noise wth your spectrum analyzer, however the wide-range, fist ocilator of 


Rigol pectum analyzer operates in the range of 2-4 GHe and is varactor tuned: a such, th best phase noise we can measure with k= 88 
aoHs @ 10 KHz spacing, 


15.2 mA total current 


‘Above —1 of my experiments: a Hatey wih common-base buffer amp right ou of EMRFD Figure 7.27 sans the final amp. | male 2 vers 


‘witha tuned buffer amp and another wih a wideband output (see orange inset). The output power of the tuned amp and wideband amp = -6.7 
Bm and -12.7 ein respectively 


‘You may want toad a final amplfer — Ive gota couple of ampifer modules i need to get 0 dm ar above. Prior to tweaking the ld-on 
frequency to 14.02 Miz, | measured the 2nd harmon at $5 -dBC inthe tuned output version— yay! Bulking wath solid temperature dit 
techniques, the frequency deiftin my counter went ust afew hertz up aver time. The Figure 7.27 escilator remains a go-to cut for us bulkders. 


14.02 MHz LO with Hycas Buffer 
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‘Above — A Colpts with hycas buffer lowing variable power output. During measurement of IMD, the 2 osciltators need to exert the same 
‘amplitude, so only 1 needs to have variable ouput power. A wideband bench generator plus a frequency ascilator Ske this might be al you 
need. 


‘Above —A photo of the completed Colpits LC osclatr. Running @ phono jack forthe DC input was a mistake. A feedthrough capactor = the 
best choice The epaxy glued ar wound coil and air immer cap pus the regular temperature stabity techniques and a 100 pF polystyrene 


capacitor yielded a temperature dit under 40 Hertz per hour 5 bolts anchor the copper ca board 


| connected the 5 pF coupling cap tothe lowest turn on the air col Mounting an ai ol (solenoid) in smokestack fashion aver a copper board 
‘robably unsets its Qu, butt worked okay. 
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‘Above — Our old rend the Return Loss Bridge is also knowm as a 6d hybrid combiner and 1 serves double-duy on your QRP workbench as 
‘an isolator and a raturn loss bridge 


Phase Noise and Commercial Signal Generators 


“The worst of today’s ham transcevers transit a CW cartier with ise that is down by 217 eBe/M @ 20 kHe spacing. This is bad enough that 
you had a Ham aperaing ths nig 0.8 km away you would hear this noise, even with a perfect recewer. n atypical osidaor, the phase noise @® 
100 kz spacing lies ~20 dB lower than @ 10 kHz out to noise flor thats around -140 dBmiHz or better. The Elecraft KS impresses us with 
phase noise at -138 dBciltz @ 10 KH [Sherwood 


\We ether build, orton’ oF buy aur signal generators. Second hand commercial products range fram good old HP/Aglent gear ar LC boxes once 
used by TVIFM receiver repairman. The TV service equipment covers ~200 KH to 150 Mz and tends to be inaccurate with a imied ouput 
amplitude range, while the vintage HP sul tenis heavy, decaying and craves your bench, 


Most of hobbyists can ford nor justly spending $8-18k on boxes that go down to -127 dm amplitude and -146 dBc phase nolse at 1 GHe @ 
20H offset [Agient NSIEIE MXG X-Series RF Analog Signal Generator, These generators fealure companents lke a VIG oscilator phase 
locked to an avenized crystal reference, Professional, high-end gear. 


‘Another choice = the Arbirary/Function Generator or ARB that sell fra fraction ofthe costo the aforementioned boxes. A few friends own 
them, in particular, products made by Rigel and GW Instek. These DDS generators range in frequency and price: higher pice generally = better 
phase noise 

Far example, the popular Rigo! DG1022A phase noise =-108 dlcitz @ 40 KHe offset and the DG4I62 = <-115 dBcIMs @ 10 KHz offsat nat 
{cod Often ARB wl feature a host of modulation functions, sweeps, ftequency counters and the 2 ouput channel models may offer UO outputs 
and the ably o perlorm 2-tane IMD tests, Search around the T Equipment website to read some equipment datasheets 


My question to 2 informed EE —Is the phase noise of a-115 dBclHiz ARB good enough to reliably measure IMD? Their answer: yes, ityou 
hhave ahigh end, modern spectrum analyzer wih a minimum REW of 100 Hz, deft analyzer ski and understand the measurement. Often us 
hobbyists have to make due wth whatever test equipment we can bull or by. 


You might ust bul a low nose oseitator witha crystal at 1.0 YAHe and provide the ther tne wth your bench signal generator or some ether 
combination of 2 devices. This f test equipment junkie fodder —band-o-bother's stuf, Thanks for reading. 
2. Almost Popcorn Superhet 


| published this rogue web page wih hope you might nd itinterestng. thouses notes and photos for an incomplete update to my 1998 Popcomn 
7 MHz, CW, superhet receiver 


(ck forthe Almost Superhet web page 


‘Sick for he Almost Superhet Supplement page 


3. VXO — VCXO Notes 


\VXOs and VCXOs provide a. useful main or rlerence oscilla for HF and when multiplied, in VHF-UHF designs. ignorant af such ccs, 1 
‘executed some crude experiments to discover how they work and fnd ways to improve my designs. Increasingly clrical on my bench, tm losing 


‘patience withthe ratio mystique — although the limits of my lab equipment, brain power and bench skits humble and tumble me into deeper 
Understanding why educated people might submit to electronics faklor# and go in bn ath, 


im nat sure my bench work accomplished much, but | can add 1 tactoid tothe RF enthusiast VXO knowledge base, then fee! happy. m 
oficial adopting System D: the slang term that originated in the French-speaking Afican continent and Canbbean Plate. in Dawn and Out in 
Paris and Landon, George Onvel called these System D practiioners“débrouilads”— low-level kitchen help, who achieve culinary success in 
the worst af ercumstances. Television hera MacGyver practiced System. 


‘System D in the context af the QRP Homebuilder describes an effective, practical and resourceful bulder who skitfuly adapts to any situation 
land gets it dane. System D buiders don just kludge together crap — these science-nformed débroullards innovate and shine. Sounds hopeful 
doesnt? 


Nearly all my bench adventures begin with a web search and the kay word VCXO yielded mary esplndida fles + presentations by people and 
Companies who passionately share ther knowlege and experienes. Thanks to all 


Experiments 


Ie started wth an email from Paol — what's the S12 ofthe source follower in his 14 MHz VXO buffer ampifier? | bult for 10 MMe and tested & 
since | et kro 


12.2 


10 MHZ 
SOURCE FOLLOWER 


“ae 


the c. 


¥ 


‘Above — Device Under Test. Paol copied a source follower he ound on a web ste (complete with an Uber kitsch 1 mH choke on the source). 
‘weaked the current and replaced thal bg, old MF choke wth a tapped FTS7-43 giving an output return loss of ~ 13.5 dB. although mediocre, 
‘ts probably better than the match provided by the series resistor we typical sick between the JFET source and its 500 Jad. Further, fr my 
$512 measurement, | maiched the input with a L-C-C newark fo geta strong etum loss @ 27 dB. Measured vith a spectrum analyzer, S12 = -32 
8; paltry reverse isolaion. The matching networks incurred some losses but raised measurement ideliy 


32.48 —not great, but okay i folowed by another amp. Fora dade ing mixer, | might couple io a common base amp, or eliminate the source 
fallower altogether and replace wth a hyeas bull amp. Paal drove @ NEG22 transmit mixer with his VXO + a source folower and it worked 
‘okay inhi bare-bones TX. He AC-coupled a 51 0 resistor fo ground an pin 6 ofthe NEG12 that well terminated the LP fier. riigued, | then 
Ilped him with his VXO. 


Figure 1-4. Setting the temperature 


WARNING: The iron will get very hot, and certainly 
hot enough to burn you. Don't touch the tip and 
don’t touch the tip to anything ather than solder or 
components you are soldering together. 


Getting the Workspace Resdy 


b ysto 14.34 UKE LP Fite 
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¢ 0K 
2 150pF = -330pF_ 150 pF. 
t 2 126 mA 
§ 
a 
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10 uF > Ai): Li =79)H1 
Tt = 10t FT37-43 with a tap 
| atfrom ground a=» 58 
Tune Min Mar 
Frequency | 13.953 MHz | 14.005 Miz 
‘Amplitude | 245 mV | 233 mv Total curert = 12.96 ms 


‘Above —My fst VXO experiment with varators Instead ofan air variable cap that technically creates a voltage-contoled crystal oselator 
(VCXO), The tabled values ware measured with Li wound on a FTSO-64 fre trod 


aol had varactors but no ai-variable capacitors. Both of us onned some Q = 200, DKVSL6 silicon varactor diodes that wih a reverse 
voltage of 2 10 vols give anice turing range of 18 1 140 pF for asingle diode. We cheated and ran the reverse DC voltage rom D to 122 
volts, though ater increased the 22 0 to limi the peak tuning voltage to 10v. Paol also puta fixed resistor onthe cold end of his 10K turing 
0t19 keep a minimum 2 VDC on the varactors: | did't bother, since my "ths is ony atest breadboard val be dismantled and junked, 


‘Above —DKVESi6 


‘Above — VCXO breadboard, Paol and | each made a VCXO and he with 14.060 MHz crystals. Lacking these, just used 2 junk box 14 MIRE 
crystals with a measured Qu of ~80K. The tapped FT37-43 gave an output return loss ol ~ 15 dB thus providing a reasonable match into a 
simple 50 Qlw-pass fier. Cick fora sweep showing the 2nd harmonic suppression 
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70 UF caps onthe 12 volt supply: orginally soldered a soltary 22 uF ap eap close ta the 8 
from a regulated OC supply. More on fitering noise tater. 
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‘Above —My VCXO spectrogram showed 2 big spurs-300 KHz dav and 100 KH up from canter frequency (CF). exchanged the varactors 
wth an elegant, Q >= 1000 air variable, plus changed toa higher Q inductor, but could not get i a these spikes. | assumed these spurs came 
from the crystal, or the BJT. Then, too, might they aise from my spectrum analyzer? 
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‘Above —Spectogram of the VCXO with 12 MHz crystals. I wanted to by other 4 MHz cxystals, but didnt own any. My nearest value crystals 
‘Were 12 MHz jobs wth a Qu of 220K. Eh vaia! No spurs — yay! L's talk about noise: 
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‘Above — Schematic for sideband nalse dlscussion 


‘system D design poses areal challenge with repect to noise. Measuring noise proves an advanced! technique beyond the scope ofthis popcorn 
RF wab ste, We cart measure noise With our specttum analyzer since the osciltr inthe analyzer usually exhists mare noise than the VAO we 


(On page 4.12 of EMRFD version 1 is a small photo of 2 spectograms hat show a clean crystal ace contrasted with a really ba oscar trace, 
Bafled, because | could not replicate this experiment, | emmaled Wes and asked him how he oid i Wes wrote we'e able to see the noise in 
those traces because his SA featured a multiple pole, wideband iter with steep skits that allows Us to ste the baseline noise close-in tothe 
‘amit. n contrast, mast modem SA feature synchronausly tuned resanator ype, oF gta fiers that produce a nartow peak with skits that 
spread way out. The noise gets swept under the skits. 


By all means, avanced builders may apply notch titer techniques to measure astilalr sideband noise down low, however, a consideration for 
‘others might be to apply techniques proven to reduce noise and spurs —and just bull the best ascilatr possible plus measure what you can 


Some basic techniques ta make a low-noise VCXO are well described elsewhere and may include: high Q resonator, high Q varactrs (ith 
tow series resistance, low power supply noise [cluding varactr tuning voltage, alow flicker noise ampifer, avo averdrivng the crystal and ty 
to Swing the highest AC voltage inthe tank wrthout reaching saturation andlor causing reverse breakdown in the varactors). Even the rao of the 
Colitis capacitors can affect phase noise, but without a methed to measure phase nose, this gets esoteric. Some ofthese techniques also 
apply to VXOs. 


Power Supply Noise 


0b, KINHI and others have measured significant noise ftom the LM17 of elated voltage regulators thal we amateurs typically use. Power 
‘supply noise can FM our resonator and boost escilator sideband noise. We may filer power supply noise wih large value capacitors plus/minus 
series decoupling. See the work af Let, SMSBSZ on this web page under the heating "The +12V sunpy is carey decouped ke Hv” In 
addition, Charles Wenzel, published his web pane. 


| emplayed bath techniques in my discussion schematic above. | went with te pi filer shown above 2000 uF ~39R - 1000 pF atthe vaage 
‘np. A inductor might be used instead ofthe Rif the voltage crop is too high fr you. The Wenzel circu tasciates me, The series resistor (22 
‘Din my version) samples the cutent that flows into the oscillator. A voltage is then developed thats applied o the amplifer to generate a 
voltage that is out of phase with the noise current 


\witn good DC noise fitering | could measure smal improvements in sideband noise in my SA despite any able to measure down to 88 


ddBMertz at 20 KHe ofeet. In contrast, you rarely ever se even electra eapacter inthe VXO schematics featured on mary Ham rata 
builder tes 


‘Another ticks to avoid a regulator altogether. Since my OC supply already has a volage regulator set to 122 placing a second 5 to 8 volt 
‘regulator ater it might just add another noise source. 


‘Overdriving the Crystal 


"need the advice of Konstantinos, SV3ORA. He found that gently devng his crystal generated less noise and spurs compared to overving the 
‘sta, Thus | acusted my emiter resistor fo about 1 mA current. For the schemate above, aypical emir resistor stating value = 2KB, Just, 
‘measure your emitter current 


| employed lage area slower BUT, the 80139 to hopefully drop Ticker noise. Expensive, super high Q crystals (Q = SOOK to 2 milion) may be 
liven with up to several mA of curent, however, I's likely not sa forthe computer-gracexals we typically Use. | cant measure the outcome of 
these interventions, but System D thinking might just preva 


Varactors 


\Varactrs tend to be low Q and ther Q deteriorates as we go up in frequency. Ive seen very low phase noise VCXOs employing varactrs, 
however, these were engineering marvels. Sil, as a VHFer and hopetul UHF enthusiast, his is the direction | wsh to go. We ideally need to 
keep some reverse DC voltage on the varacors at all imes ard nat goto O — tis aso limits tuning range in our simple 12v supply radios. Read 
your datasheet. Ai variable capacitors (a VXO) might be a better soluton for your application 


How Does a VXO work? 


‘Above — The erystal equivalent electrical circuit has 2 arms: The impedance ofthe motional arm Zm es in parallel wih Zo, the impedance 
resulting trom the parallel capactance CO (armed by the 2 crystal leads) We measure andlor calculate these parameters when designing out 
‘ystal filers, In the above schematic | added the external Land C used ta mave the erystl's series resonant equency around in out VXO, 
\VCXO, or Super VXO circuits 


1 10K 
20 Me a 12.2v 
10K Ane 
Low 2 

d ss 

40K ol 

Sean [t= 24am | 
[te.soeers he} QNs006 =| Cmin- 627 pF | 
teres | € Max — 110.4 pF | 


(mans an Nae | 
[mac 19 989.00 | 


‘Above —I made some simple experiments ta explain why we place both a Land C in series with the eystal an haw it changes the crystal 


‘equency in our oseitatr, From these experiments, some theory rom EMRFD and wisdom from Ken Kun, | made the following simple 
‘canclusions: 

locrically a crystal looks tke a larg inductance in series witha small capacitance and in paral with CO. An extemal inductor adds tothe 
crystals series inductance and lowers the resonant frequency. 

‘The esternal variable capacitor ads in series withthe crystal intemal cactance to lower the net capactance and aise the tesanant 
frequency. 

‘The purpose of aiding an extemal incictoris so that we can tune both lower and higher than the natural crystal quency. In caras,f we 
‘only apply an inductor, the oscilator frequency would always be lower and iwe just apply a capacitor, the ascilatr frequency would aways be 
igen 

Since the extemal inductance has much lower Q than the effective internal inductance, itads to noise and signal losses. The same goes for 
the external. 

‘As we raise the inductance ever higher to boost the delta F, at some point, the parallel C of the crystal resonates with this Yoo high” Land the 
seties resonant frequency has nathing tod with the series resonance ofthe crystal This the normally subime frequency stability of 
crysta-based osciatr. 


ofthe VXOIVEXO Inductor 


| experimented to learn that the Q ofthat L doesnt need to be that high io allow the frequency fo be moved up or down by an air variable cap oF 


For example, it wound a cal on a T68-2 and shunt witha resistor no less than 2KB —it worked fine (sometimes the frequency shit would 
‘even improve 2-3 KHe fora given L). A #64 ferrite trod wound inductor also worked well and requires much lass tums allowing thicker wie for 
‘mechanical stably. Also, the lower numberof turns helps avoid signifeant SRFs. Temperature stably remains a question withthe tis and all 
terns, 


'An FTS7-43 ot FTS0-43 fete inductor worked poorly | measured high signal loses plus the maximum frequency swing dropped when 
‘compared ta the same Inductance value wound an @T-68-2, or FT-S0-61. Avo! #43 fetes in any resonator crcl unless youre purposely 
building a noisy asclator for learing purposes. 


Some guys use those litte malded chokes with aQ of ~ 50 forthe Land they also work well Predictably, as! lowered the Q ofthe external L, or 
‘went from an air variable C toa varactor, signal losses increased resuling in lower signal output ampitude 


Decreasing resonator Q increases phase noise. Fora popcorn rat, I'm not sure the change in phase noise would be a deal breaker in some 
homebrew projects, but as possible, thnk its wise 1 employ high Q resonator components: crystal, inductor and the variable capacitance. Thus 
Mind my VXOIVCXO inductors on powdered ron toroids hereafter. 

Since a quarts crystal resonator is dren by the piezoelectric etfect, fundamental plus overtane frequency mades (25! 7/14) may be derived. | 


Lunbypassed the collector and placed a collector choke on itto examine the ouput wih my'scope. The waveform rung with many harmonies. Lats 
toleam 


Go débrouitards! 


4. Funster Line — A Simple 40M Band QRP Trans-receiver 


(Cok forthe Funser transmitter notes. 


5. Miscellaneous Photographs and Figures 


[Above — My protalype Calpits LC clair with only a 10K resistor as the load, 


‘Above —HiQ glass encased crystals. Click for another photo, 
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‘Apt 2014: New player onthe scene — Bar Bar Kity — chit science offeer and QC consultant 


‘Api 2014: Other new pet: Munchkin, Clear-spaken and diet —pet me, or feed me...and oh yah, Q2 is oscilating 


5: Wipe the Iron's Tip 


Wipe the tip on the sponge as shown in Figure 1-5, being sure ta turn the iron 
afew times as you wipe it, so you wipeall of its surfaces. It will makea sizzling 
sound as the water in the sponge comes into contact with the tip. The figure 
shows a sponge that's been used afew times. Notice thellttle blobs of solder 
that have come off the tip over time. A clean tip is critical to successful sol- 
dering, Even a small layer of oxidized material ar ather crud will limit the 
amount of heat that's transferred to the camponent yau're soldering, Wipe 
the tip often, and keep the tip clean. 


Figure 1-5. Wiping the tip clean 


6: Tin the Iron’s Tip 


Before you begin soldering components, you should putathin layer of solder 
oon the tip as shown in Figure 1-6. This will have two effects: burning off any 
crud that shouldn't be there, but also providing 2 thin layer of liquid solder. 
This layer makes for avery effective heat transfer between the soldering iron 
and whatever you're soldering. Give the tip one more quick wipe on the iron 
and place the soldering iron into the holder until you need it 


8 Losin to Solder 
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RF — Test and Measurement 


Caitlyn 310 — UHF Beginnings 


Respository web page for beginner UHF experiments in 2014-2015. 


References 
Transistors, RFCs, Capacitors and a 50 0 Detector 
Return Loss Bridge Experiments 

VCO Experiments 

Frequency Counter Kit 


1. References 


‘After a modest quest, | found an excellent microwave primer called Microwaves Made Simple, Principles and Applications by W. Stephen 
Cheung and Fred H. Levien. Published in 1985, the authors briliartly teach the basics in plain language (no small task). My copy was printed in 
December 2013 by Artech House who print single copies of many classic texts on demand. Click for a photo of my book. 


‘The ARRL published 2 UHF compendium books entitled: The ARRL UHE / Microwave Experimenters Manual [1990] and The ARRL UHE/ 
Microwave Projects Manual (1994). While out of print, used copies seem prevalent and might serve as good resources for builders who hunger 
for cicuits and Ham-related UHF circuit building information. Click and click for photos, 


Instrument companies provide continuing education and materials to educate & support their customers. With luck youtl find helpful free 
application notes and other tools. Two recent RF library additions include an Aailent CD containing all their cutrent application notes and 
webcasts | my image is truncated and the CD includes applying SA's, ‘scopes and signal generators), and this old Spectrum Analyzer 
Fundamentals booklet by Tek. 


2. Transistors, RFCs, Capacitors and a 50 © Detector 


| want to grasp circuits from 300 to 1296 MHz. This meant acquiring some UHF parts, making some bench tools and buying a 50 Q detector to 
‘sweep and/or measure power in my UHF stages. Click for a snapshot of some of my parts cabinets. 


Bus 


employ the BERSGA, 25C3356, and 2SC3583 as my mainstay NPN bipolars; at least to start with. Numerous transistors will work — price, 
availabilty, NF and shipping costs informed my choice. I'd also fee! happy with MRF901, BFR92 and BFR96 NPNs and i's always fun reading 
datasheets. My PNP choice = BET93 by NXP. Later on, Illadd in discrete GaASFET and other non-BJT species. Only 2 MMICs lie in the parts 
cabinet: MAR-3 and MGA-61563, 


Radio Frequency Chokes (RFC) 


‘Although, Ill also wind, or perhaps ply carefully dimensioned copper board traces to make RF chokes, | built up a stock of lower Q chip inductors 
in size 0805 and 0603. These include 82 nH, 33 nH, 68 nH, 220 nH, 330 nH, 470 nH and a few other values. For RFCs we need to consider L, 
tolerance, SRF, Q,, maximum current and temperature stability — i's probably better to only buy clearly specified pasts so you can study their 
datasheet to glean this information. Ive swept neatly all my RFCs and recorded their SRF. 


‘Choosing RFCs — SRF (series resonant frequency) 


An RF choke exerts its greatest impedance at its SRF and in the case of a first-order RFC such as a single inductor, we should aim the SRF at or 
near the frequency we wish to attenuate the mast. Consider a choke in the emitter lead of a BJT Colpitts oscillator with a frequency range from 
375 to 400 MHz: The choke's ideal SRF should lie somewhere above 400 MHz. As possible, the SRF of a first-order RFC should exceed the 
‘operating frequency of the device its choking, 


0 times the 


In higher-order fiter applications such as a C-L or C-L-C (pi filter) applications, engineers tend to target the choke's SRF to 
‘operating frequency. Challenges such as limited inductor choices, needing to match stages, or coping with stray reactances will arise, however, 
as amateur UHFers, we just try our best to fit an REC. 


UHF Capacitors, 


| swept numerous size 0805 + some 0603 and 1206 capacitors in a microstrip line jg to determine their SRF, Math formulas enable us to 
calculate and plot attentuation, Q and ESR at self-tesonance if we wish. Click for 1 example. Although we rarely apply capacitors at their SRF in 
practical circuits, considering Q, ESR and attenuation gets us thinking that capacitor SRF is a dynamic value that may vary widely with part size, 
‘capacitance and datasheet specified Q. 


For instance, i you take a size 1206 capacitor, measure its SRF and then replace it wth a same-value size 0805 capacitor, the SRF of these two 
‘caps might vary by as much as 200 MHz or mare, Size does matter! Even the same value capactor by a different manufacturer may be a SRF 
{game changer. Bob, K3NHI tells it corectly: to measure is to know. 


Datasheet specified capacitor Q is usually measured at a low frequency like 1 MHz. Since Q decreases as frequency increases, a capacitor that 
‘specs a Q of 2500 at 1 MHz may only sport a Q of 87 at its SRF way up at 512 MHz. During sweeps, | measured a deeper attenuation notch and 
often a higher SRF for "very high Q” caps when compared to the common, low-medium Q, popcotn caps sold as mystery parts by online stores 
‘or auctions. 'm now hypervigilent about finding very high Q SMD capacitors for sale at a low price. 


| wrote the SRF ofall my SMD caps in my notebook and use this data to inform my capacitor choice for RF bypass and tuning. Click for a phato 
of 3 UHF parts drawers. Ive pretty much gone to size OB05 caps to try and gamer a higher SRF at VHF and UHF. Stil, too, we might have to 
solder down 0603 parts up above 1. GHz. Yikes! 


Did you notice that when you drop a 0805 part on the floor, you never ever find itagain? Even a little cough can expunge a size 0603 part from 
your QRP workbench. 


50 0 Detector 


From 0.5 - 200 MHz, my 50 0 terminated input DSO forms the heart of my test bench. An analog, or digital storage oscillocope with a bandwidth 
>= 1 GHz, plus a suitable wideband probe costs dearly and for many, won't be an option. UHF bandwidth, thermistor-based 50 O power meters 
are also expensive and lack signal viewing. 


‘Thus, a spectrum analyzer seems the best choice for the amateur UHF enthusiast. A spectrum analyzer with a built-in tracking generator adds 
serious value — giving us a MF-UHF sweep system with profound ulilty. One popular, madern TG + SA choice is the Rigol DSA-81S. I'm 
fortunate to have access to gear that measures up to 3 GHz. 


3. Return Loss Bridge Experiments (RLB) 


Id be lost without a return loss bridge at UHF. Directivity marks the touchstone of a return loss bridge — and up at UHF grabbing a minimum 20, 
{dB directivity may pose quite a challenge. Experiments to find a bridge with good directivity from 250 to 1750 MHz follow: 


‘Above — A macto photo of RLB#1: 1 of the 3 "string of pearls" type return loss bridge built this Winter. | tried different numbers, sizes and mixes 
of ferrites. This particular bridge had 3 and then 2 FT37-61 toroids as shown, althaugh I did not shorten the RG-174 coax when reducing to 2 
toroids. The 61 mix gave poor directivity and was abandoned 


Return Loss Bridge 1 


OO00000 
QOO8a00 


O00000 


Cable — RG-174 


or FB43-2401, or FT37-43 | 


Resistors — 1% size 0805 
100 © in parallel 


Ferrites — #43 toroids [FT2343, | 


Above — Return loss bridge #1: the "string of pearls" variant. Several web sites feature great "string of pearls” RLB experiments for you to review 
‘and many place enough ferrite to extend from HF to UHF. | swept each of my builds in a Rigol tracking generator + spectrum analyzer with 4 
frequency markers set. | made an open-circuit sweep [nothing on the unknown impedance port] followed by a sweep with a Mini-Circuits Labs 
DC - 18 GHz, 50 0 load threaded on the unknown Z port. The difference between the open-circuit and 50 © measurement = the directivity at that 
frequency. 
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Marker Trace 
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Above — The sweep of my best "string of pearls’ bridge fram 250 MHz to 1.75 GHz showing the directivity at 4 frequency points. Click for the 
‘open circuit sweep. | felt encouraged by this sweep with five FB43-2401 beads aver each piece of coax cut just long enough to fit the beads. | 
built on 2-sided FR4 copper clad board with at least 6 via wires connecting the 2 copper surfaces. 


Unknown 
Load 


509 
T ‘J. Detector 


Above — Schematic of RLB #2: the bridge topology featured in EMRED. T1 = 5 bifllar windings of 32 gauge wire wound on a tiny ferite toroid 
boasting a strong AL. | pulled this ferrite from a blown up mixer removed from an old 1.5 GHz spectrum analyzer. | started with 5 toroids, but 
‘during winding, got spastic and dropped 2 of them on the floor and concluded that the SMD part gnome who lurks beneath my bench swallowed 


them up, since | couldn't find them after an intensive search. 


‘Above — Magnified return loss bridge #2 breadboard. Serious UHF enthusiast Paul Wade, W1GH2 found that the smaller your breadboard, the 
better the UHF directivity in his bridge experiments: My findings suppor his. In RLB #2, | went with plain, size 1206, 5% resistor. | just ordered 
‘some size 0603 49.9 0 196 resistors for future experiments in my quest fo make my ultimate UHF RLB, 
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Above — The sweep of RLB #2 from 250 MHz to 1.75 GHz showing the directivity at 4 frequency points. Above ~800 MHz, directivity falls right 
off, so this bridge won't cut it for a serious UMF bench. | tried reducing T1 to 3 bifilar windings but this worsened the directivity. Click for a 
different sweep of RLB # 2 from 50 MHz to 1.5 GHz. Directivity = 27.5 dB at 50 MHz, so this bridge would work great for VHF. | imagine that 
SMD 49.9.0.1% resistors might boost directivity a litle 


Of course, we're always impressed by the work of Kostas , SV3ORA. 


Return Loss Bridge 3 


‘Some experiments with the 3-bead RLB fram Sam Wetterln folow: 


WA?TZY 


1ove — My build of the Wetterin 3-bead return the only 1 left over from a 2c 
Hams whose call iched on the PCB. Wes: 

plus an 18 05% 5. My 48.9.0 for the ferite 
description. l used 24 g 2 board. | chose 
permanently solder a 49.9 
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(eg) Center Freq 750.00 MHe ‘Span 1.8000 GHz 
“RW 3.000 KH <vBW _30004H2 swt 168568 
Marker Table 
Marker Trace Type xAxis amp Direetivity 
1 1 Frequency +90,000000 MHz 457208 2597 d8 
» 1 Frequency 00.0000 We 2849.06 190248 
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” 1 Frequency 1 sooe0000 GHz 352808 135408 


‘Above — 50 ohim load termination sweep with calculated directivity. Click for the 50 0 sweep where the span = 200 MHz. was disappointed with 


the UHF directivity in my build 


WA?TZY 


Above —The 3-bead RLB with added series trimmer capacitors on the load and reference ports. SMT trimmer caps = Voltronics JR300 5.5-30 


F with a Q of 1500. | tried both shunt and series caps to ty and boost UHF directivity 
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Above — Open circuit sweep of the 3-bead bridge with series capacitors on the load and reference ports 


Figure 1-6. Tinning the soldering iron tip 


NOTE: Asmall puff of smoke will appearas therosin 
fluxinthe center of the solder is activated. Therasin 
serves two purposes: to clean the soldering iran 
(and the joint that you are soldering) and to help the 
solder flow freely. Avoid inhaling this smoke, 


Go Make Your Learn to Solder Skill Badge 


With your workstation al set up, you're ready to try your hand at soldering 
‘The Learn to Solder Skill Badge (“Project I: Learn to Solder Skill 

Badge” on page vil)is a great place to start. It's so simple, we think you can 
even try itbefore you read any more, But before you try the second project 
(Project 2: 555 Timer Blinky" on page x), youshauld definitely give the rest 
of this guide a read, 


Gotting te Workspace Ready 7 
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‘Above — 50 0 load sweep. By carefully tweaking the 2 trimmer caps, | set the deepest NULL at ~ 850 MHz; although i's not as deep as | want. 


Low end directivity was compromised. 


Return Loss Bridge 4 


Since my bench experiments with the "string of pear 


closer to my goal: A bridge for 300 MHz to 2 GHz with decent directivity 


(SOP) return loss bridge showed promise, | kept going and eventually built a version 
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Above — My SOP build diagram of Bridge #4 | cut traces in 2-sided FR-4 Cu board to make the needed micrastripline paths.The two 49.9 0.1% 
bridge resistors = size 0603, however, my reference port 49.9 O, 196 resistor was size 1208. The braid of the coax goes to the unknown 


impedance port and the center core to the reference port. Six FB-43-2402 binocular cores just passed the diameter of the RG-178 coax and 
binocular ferrites boosted balance compared to seperate beads in my experiments. 


Rather than run coax through the remaining hole in the ferrite string, | just used a 24 gauge piece of Cu wire for balun symmetry. | eft the green 
insulation on the wire to help keep itn place during soldering — 1 used the same wire spool to make the via wires, 


‘Above — Breadboard photograph. Click for a larger photo. | soldered some thin brass sheet metal to electrically join the ground planes of the 2 
carved boards | represents the normal RF-tight metal chassis we apply J.The brass sheet boosted directivity 8 dB by improving balun function. 


‘Comments by a prominent figure in our hobby ...."and the thing is ‘ugly o the core’. Way to go. 
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Above — Open circuit sweep with a 2 GHz span and center frequency of 1 GHz. 
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Above — Sweep with a 50 O load threaded on the unknown impedance port and 4 markers showing directivity at those 4 frequencies. Yay — 
this is much better! | wanted at least 30 dB directivity at 1296 MHz and got it. 
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Above — Open circuit sweep with a 500 MHz span and center frequency of 250 MHz. | set 2 of the markers to evaluate the directivity at HF. 
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‘Above — 500 MHz sweep of Bridge #4 with a §0 load on the unkniown impedance port. The directivity at HF surprised me. Although better 
suited for VHF-UHF, this bridge will work okay from 5 MHz to ~1.5 Ghz. 


4. VCO Experiments 


‘Ask experimenters about homebrew RF oscillators and you might hear about a pleasing paradox — vexing and satisfying in the same breath! At 
UHF we usually make a VCO and keep it an frequency by phase/frequency locking to a xtal oscillator reference. | sought some wideband, free 
running VCOS in hopes Id inch up the learning curve. 


| 49 -91.4 MHz VCO : 
10 nH 
5 Ni dias 
1aF 
ar 
47 
+| lar 
7 e 
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| eis ge Al ei cet in Wee 
| Indoor Unit —- Issue 1/87 VHF Communications |: 


‘Above — My first attempt at a VCO circuit described by Matjaz, SS3MV in a 2-part article published in VHF Communications magazine. The 
‘original circuit contained a tunable RF fiter, mixer, buffer amplifer + more and | recommend you purchase the 2 articles for your own analysis. 
‘Shown with permission from Andy Barter of VHE Communications magazine, | ordered all issues from the 1980s which came on this DVD. 


With 2av varactors, this VCO will tune 1 octave minimum. 


To bench investigate this stunning common emitter Colpits variant, | frst bul it at VHF using through-hole parts with a standard 12 volt tuning 
voltage that tuned from 49 to 91.4 MHz. The output came from 1 link around the 463 nH inductor terminated in a 1K resistor at the hot end + 
‘ground at the cold end to allow 10X probe measurement with my DSO. 


Maljaz, SS3MV describes his circuit function here. A variable C on the base in combination with the input capacitance of 2 operates as a tuned 
impedance matching network and preserves a steep phase slope (which means you have higher Q) —a requirement for low phase noise. In 
essence, the inductor with a varactor at each end forms an adjustable pi-network to provide correct phase shift tracking, 


The LED serv: 
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through the diode. 
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Moise 4: 
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current through 
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‘Above —| built the low-noise, temperature-stable, PNP current source using though-hole parts. R provides a convenient way to vary collector 


current, although changing the PNP base bias also works. 
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\oi=: | 
| Based on a design of Matjaz, SSM presented in TV Satellite Receive System Fart 21 
| tndoce Unit — Teste 1/87 VHF Communications i 


‘Above — My UHF VCO schematic. Click for the breadboard photo. A wire positioned near L1 provided the output into my spectrum analyzer. 
Click for a sweep with the reverse DC voltage set at Qv. Click for the a sweep with the tuning at 28v to establish the lowest possible varactor 
‘capacitance. Markers indicate the carrier frequency. As shown, a common emitter VCO exhibits rich harmonic energy and viewing the second 
harmonic at 2 GHz felt really cool in the 28v sweep. Not to worry — the tracking generator in the Rigol TG + SA units also exhibit strong 
harmonics and work fine for sweeping 


Click for @ pdf file showing how | laid out my board. | cut traces on the top of 2-sided FR4 board and connected any grounded points on top to 
the bottom ground plane with a 24 gauge copper via wire. A 28 DC-DC Converter to supply the varactors lies on VHF-FM. 


| varied L and even tried a 3 mm by & mm copper sheet metal inductor but this failed to oscillate. In the end, a single wire with ~10 nH inductance 
Worked to give me the tuning span shown. L1's distance above the ground plane was determined by tuning the VCO for the smoothest transistion 
across its range. This circuit begs further experiments including Q2 current, L1 and the 470 pF fixed feedback capacitor. 


5. Frequency Counter Kit 


A sensitive UHF bandwidth frequency counter makes an important tool for the UHF homebrew experimenter. With a search engine, you'l find 
‘commercial and kit counters for sale along with DIY projects for builders handy with microcontrollers. 


It you already own a decent counter, then a crude prescaler tool employing an IC like the MC12079 might work okay if you can tolerate or 
manage modulus division by 64, 128, or 256. The MC12079 requires an RF signal between -17 dBm to +3 dBm to count properly, so many 
builders place ampliier(s) along with anti-parallel clamping diodes before the digital IC. The Motorola datasheet shows a basic circuit to build of 


‘Above — My first UHF counter experiment involved the Motorola MC12079 and 12080 prescalers. Eventually | made a proper double-sided 
‘copper board device with anti-parallel diodes, a MMIC, the MC12079 and some 74AC series logic — it worked okay for casual use. The 2 big 
drawbacks were MC12079 self-oscillation with O applied input signal and having ta remember to multiply measures by my set prescaler division 
integer. | sought a long-term solution 


‘Solution Appears 


In 2012 | bought a second-hand, calibrated HP 521314 with the optional AG High Stability Timebase from an EE for ¥ the going price at the 
time. 225 MHz bandwidth poses its only limitation; iteven came with the original spiral bound manual 


‘This summer, Shahriar from TheSignalPath com reviewed a Chinese kitto take the HP 53131A to 3 GHz with a clone of the original HP OPT30 
‘Channel 2 ki. Based on his quantitative review and warm thoughts of using my sturdy HP counter at UHF, | got 1. Mine sold on eBay for $87 
‘Canadian including shipping. Click for TheSignalPath.com video. Click for larger photo of the kit| bought. 


FREQUENCY COUNTER 
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Above — My HP counter with the kitinstalled as Channel 2, 


‘Above —Top of the circuit board. Ant-parallel diodes, 4 MMICS, passives and then even more anti-parallel diodes go before the prescaler chip, 


‘Above — Close up of SMD circuitry. 


‘Above — Rear view of the cicuit board showing stiching vias that jain the tap ground plane to the bottom ground plane along the signal path. My 
tests showed that it works okay to 3.1 GHz, Click for a picture of the installed board, I'm very happy with my HP counter’s boosted bandwidth, 


RF — Test and Measurement 


Funster Line — Transmitter 


Menu Item 4 on the HF Embarcadero web page. Click here to go back. 


“The receiver will go on its own page and hopefully Ill complete and write it up this Fall 


1. Transmitter 
2, References 


Introduction 


| began the Funster transceiver line in 1995 and show the 2014 version [now back to a CW trans-receiver on the 40M band]. Judging by reader 
feedback, plus analog scratch-homebrew threads in social networks, email lists and print, many of us feel a nostalgic pull towards old-school 
radio. Me too, 


Now at version 8 — Funster shares my joy in making a simple, old-style radio with all discrete parts. In some ways, this radia set is a twisted 
version of Wes and Roger's Ugly Weekender fram QST for August 1981. 


1. Transmitter 


‘Summary 


Variable power: 128 to 3312 mW @ 13.6 VDC. Switchable 7.04 MHz xtal oscillator or external VFO input port. Solid state transmit/receive [T/R] 
circuit with PIN diode. Extemal continuous and switched 12 VDC power jacks. Single-ended BJT Class C power ampitier with 6796 efficiency. 


Note: | state 12 VDC in my DC circuits, however, this nominal value might better be termed 12 -13.6 VDC. 
Key up power current draw @ 13.6 VDC = 17 mA. Key down current @ SW RF power with 13.6 VDC = 420 mA. 
De Circuitry 


I's fun to march off the signal path and focus on DC circuitry — switching, regulating and fitering the DC voltage feeding our RF or AF stages 
with finesse. Trans-receivers contain DC, RF, AF and external patch cords that benefit from mindful DC line filtering + selective high-isolation 
‘amps in the signal path to prevent RF flowing where i's unwanted. You'll see heaps of decoupling with RF + AF bypass and a few strong 


reverse-isolation amplifers in this radio set. 
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‘Abave — The DC circuit board. Click for the breadboard photo. A reader sent me 2 IRF9830 power MOSFETS: avoiding the voltage drop of the 
Usual single rectifier diode, | employed 1 as a reverse polarity protector. Another reader sent me a long strip of 24401 BJTs, so | ran them 


instead of the equally good 2N3904. Thanks for the parts guys! 


A simple series voltage regulator with a zener diode reference supplies DC to the crystal oscillator and its buffer. The base-emitter voltage drop 
of the 24401 emitter follower lays in series with the load, so load current changes alter the regulator output voltage. Vout = Vzener - VBE = so 


the regulated voltage is roughly 9 VOC. 


Oscillator Circuitry 
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Above — Oscillator circuitry. | soldered my oscillator circuitry on the DC control board. Click for the breadboard. Click for a close-up of the old 
NorCal crystal supplied by NT7S — thanks Jason! To equilibrate to the xtal oscillator AC output voltage, the VEO input port should run about 
5.65 dBm. | might stick a 6 dB attenuator pad on the front panel switch and use a 7 MHz VFO with 0 dBm autput power. 


Keyed Voltage Amps 
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‘Above — The 2 keyed voltage amplifers. Click for a breadboard photograph. | set the value of the RF gain pot series resistors by placing a 100K 
pot before and after the 10K gain pot and tweaked them back and forth ta find close to 3W maximum and 125 mW minimum RF power with the 
gain pot set @ CW and CCW respectively. The 100K pots were removed, measured and nearest standard value resistors substituted: 100K and 
18K. 

By carefully choosing the 75 0 emitter resistor, the 2N5109 feedback amp output remains a sine wave at the drive levels needed for a PA output 
at 3 Watts. At 3 Watts PA output, the feedback amp output voltage = 5.91 volts pk-pk (19.4 dBm]. The emitter current shown will cleanly drive & 
PA for more power if desired. Boost it as needed 


Power Transistor and TIR Switching 


Above — Final testing the PA and T/R circuitry before installing itinto the Hammond chassis. Click for a bigger photo of my test setup, 


Three temporary RF connectors were soldered on this board for bench measurement. | connected the (SMA) receiver port to Channel 1 af my 50 
terminated 'scope to measure the RF not getting shunted to ground by the PIN diode. The SMA cable/connector to the far left is a temporary 
cable connected to the keyed voltage amp board output in the Tx chassis — thus | tested the PA stage with its own xtal oscilator anid RF 
amplifers. The right-sided BNC RF port connects the PA low-pass filter to a LOW, 50 © dummy load via a 22 cm 50 0 patch cable. 


Further, I measured collector voltage + collector current with 2 DVMs and also PA output power in my oscillacope (DSO) Channel 2 with a 10x 
probe employing a tiny ground lead. 
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Above —PA and TIR circuitry schematic. Click for another breadboard photograph taken before the 2N4401 switch was added. Although we 
might run @ BD139 or other cheap BJT for the final, | chose my favorite HF classic, the 2SC1969. This transistor will survive a high VSWR, 
however a 43 volt - 500 mW zener diade further protects it from such. 


In 1 version with a 4:4 Z collector matching network and no zener diode, | measured 6.25W RF power after tweaking the 100K and 18K RF gain 
limiting resistors in the preceeding hycas voltage amp to drive the PA harder. At ~2W maximum power in my final experiment, the 25C1969 
barely warms up. 


Collector Matching 


‘After a number of experiments, | leamed that from tens of mW up to ~ 3.3 Watts RF power, we may omit collector matching and still get 
reasonable efficiency if you run a collector choke >= 15 yH. Thus, | made the maximum power ~ close to 3W — easy peasy. 


‘Ask QRP enthusiasts what QRP is all about and they might extol the thrill of exacting the most kilometers per Watt —in keeping with that spirit, | 
love tuning down my Tx power and the Funster front panel RF gain control makes ita breeze 


‘The PA circuit is standard fodder. | wound the 24.6 pH and 18.6 pH RECs on FB43-2401 ferrites [a single hole bead that looks like a fat FT37 
43], An FT37-43 or FT50-43 makes a great substitute, 


PA Measures 


2/How to Solder 


With your soldering iron prepped, you're ready to begin soldering, This 
chapter has many helpful tips and techniques for soldering effectively 
safely, and neatly. 


Working with Solder 


Solder is made of metal with a core that contains flux, which cleans the con- 
nection as you solder. When the metal melts, the flux begins to flow onto the 
joint. Some solder lead-based, but the solder in this kit is lead-free, To melt 
solder, heat it with the soldering iron as shown in Figure 2-1 


Figure 2-1. Melting some solder 


‘Try melting some solder, but be careful not to drip it on yourself or anything 
other than a work surface. You can try pushing tiny balls of solder around an 
‘your work surface to see how it flows. If you have some bare hookup wire or 
similar metal, try heating it up by holding the soldering iron to it (don’t hold 
the wire while you're heating it). Touch a piece of solder to the wire, but 
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‘Above — Spectrum analysis of the Tx output. The 10 MHz clock signal fram my spectrum analyzer lays between the fundamental and 2nd 
harmonic. The 2nd harmonic = -53.85 dBc @ 3W power output. 
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‘Above —PA collector waveform at SW output measured with my DSO's 10X probe, 
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‘Above — Set your meters on stun! OC measures to calculate PA efficiency [See RF Workbench 6]: DC power = 13.58V x 0.3314 = 4.49W. RF 
power = SW. Efficiency = RF power / DC power = 3W / 4.49W = 66.8%. 


‘IR Discussion for Single Band Transceivers 


Previous Funsters ran a simple QSK T/R circuit developed by Wes, W7ZO1 in the early 1980s: a series X = 500 Q resonator with anti-parallel 
diodes between the L and C. The series capacitor presents 500 Q reactance to the 50 © transmit line so that only a small portion of the 
transmitter power flows to ground via the diades and even less reaches the receiver input. In shor, the 500 © capacitive reactance + clamping 
action of the anti-parallel diodes protect the receiver front end, 


For 1 band, this simple circuit sizzles. Two potential concerns: 


~6-9 dB loss of the receive signal making it better for lower HF, although Ive seen builders add a receive preamp and use this T/R system on 
12 and 10 meters. Since both band noise and signals get attenuated simultaneously, Ive rarely had readability issues on 160-30 meters in my 
popcom transceivers. 

‘The anti-parallel diodes may cause IMD. The intercept for the 500 Ohm series reactances with shunt diodes is around #6 or +7 dBm. This, 
might exert problems in a high performance receiver front end, but poses @ non-issue with typical NE612 front ends. Many builders, including 
Wes, reduce IMD potential with 2 or 3 series diodes on each leg. Another solution includes running a PIN diode as the shunt element. That's 
what | di 


Agilent 


‘equsiion 
2006Sa/ 


hanna Chana 


Moszuremente Meanwemant: 
Pat) PRP 


7.04 MHzinto detector mum Same signal ino ant-parlel dodes 
509 , 7 509 500 502 


Above — The DSO tracing of an experiment showing the before and after effect of 2 anti-parallel diodes. The voltage acrass aasilicon diode 
varies with the current going through it. Silicon diodes don't conduct much current until the voltage across them reaches a threshold [ typically 
~06 to 0.7 vals}. 


In situ, the forward threshold voltage of each diode limits the circuit voltage by clipping off AC voltage above its threshold. Clamping refers to the 
limiting of voltage in 2 directions using anti-parallel pair(s) of clipping diodes. For example, if a negative-going AC dips more than 1 diode drop 
below ground, the let hand diode will begin to conduct and clip off any voltage above its threshold. This, of course, describes the ideal diode” 
in real life, factors like switching speed, current-handling and temperature are all in play. 
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Above — 2 possible TIR schemes. Figure A shows the classic W7ZOITIR system with 2 diodes per leg. See EMRFD Fig 2.112, for an example 
with 3 diodes per leg. For 1 band, it's often our go-to circuit 


Figure B shows a scheme well suited for VHF on up: Bath PIN diodes get forward biased during transmit made, however, a 1/4 wave 
transmission line lays between the series and shunt PIN diode. 1/4 wave transmission lines exert magic [actually i's pure physics that may be 
verified with a Smith chart], When the shunt PIN diode gets biased on and grounds the receiver port end of the transmission line, the other end 
looks like an open circuit and thus power flows to the antenna port and not into the forward biased shunt PIN diode to ground. | hope to apply 
this system in future VHF and UHF projects and sadly, i's impracticable at HF. 


Funster Version 8 T/R 


AAs it happens, | seek experience with PIN diodes and therefore shunted a PIN diode instead of running anti-parallel diodes in the classic W7ZO1 
TIR scheme. This meant adding a transistor switch to quickly bias on the PIN diode @ key down and run a litle hang time @ key up. 


Please refer to the PA-T/R schematic. During key down, keyed 12 volts saturates the 2N4401 switch and 11 ma current biases on the PIN diode. 
At key up, the BJT switch's base voltage is held on by the 10K plus series 0.33 UF capacitor just long enough to allow the stored energy in the 
large PA collector choke to collapse — protecting the receiver. 


Feel free to experiment with the timing capacitor value. Previously, Wes, W7ZOl suggested connecting the TIR receiver port to a 50 Q teminated 
‘scope for general measurement and also for clocking up RC time constants in DC switching circuits. With a 2 channel ‘scope you can monitor 
the receiver port switch function in 1 channel while watching the PA collector AC voltage in the other. Now that's experimenting! Click for a 
sample from my QRP workbench. 


| chose an XC / XL of 400 0 for the series L-C network. The 9.1 4H coil shouldn't be wound on a 43 material ferrite [the Qu is just too low): a 
bigger powdered iron toroid like size 68, or even a 61 ferrite material toroid works okay from my experiments [Q's as high as 162 were measured 
on a FTS0-61 @ 1 MHz in 2013}. Although this coll tunes coarsely, try tweaking the 9.1 pH inductor with thumb and forefinger during actual 
signal testing in a receiver. 


| wound the 125 yH choke connected to the pin diode cathode on a 77 material ferrite toroid to get it dane with just a few tums and avoid a self 
resonant frequency close to 7 MHz 


: Agilent 


Acquistion 


Above — 50 0 terminated DSO measurement of the receiver port @ SW transmitter power. Theoretically all power should shunt to ground 
through the PIN diode, however, the diode exhibits a litle resistance and the series L-C circuit contains reactance, so isolation is never perfect. 


Receiver port output low-pass filtered into 50 ohm ‘scape. Tx power= 3W 


Abave — A low-pass filtered measure of the receiver port while in transmit mode. The beauty of a 50.0 measurement environment shines: | 
placed a 7.36 MHz-bench module low-pass fiter between the receive port and my DSO to quantity the leaked power to the receiver port as 
114.17 dim when the transmitter delivers 3W. Safe for my receiver. 


My sincere thanks to those who offered advice and feedback during the build ofthis transmitter 


Funster in the field 


Above — Rear view of the Funster Tx. 


2. References 
TIR References 


Perfecting a QSK System. QEX for Mar/Apr 2006. Markus, VETCA. Click for pd. 
Electronic Switching and How it Works, QST for September 1984. Doug, WIFE 
7 Miz receiver -- discussion begins on page 215 ~ On page 214 in Fig 1 see the 33 pF input cap plus receiver protecting anti-parallel diodes. 
‘Also view the 555 timer and other T/R control crcuity in Figure 2 on page 215, 
This receiver realizes the first-ever printed version of the W7ZOI T/R system described earlier. Solid State Design for the Radio Amateur. 
ARRL, 1986 (out of print] by Wes, W721 and Doug WIFB. 
‘Transmit - Receive Antenna Switching. EMRED. First published by the ARRL in 2003, Page 6.68 
‘Schematic for the 30-W, 7 MHz power amplifier. Figure 2.112 (page 2-42] EMRFD. Design by Wes, W7ZO1 
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RF — Test and Measurement 


VHF FM — Supplement 1 


This page supplements VHE EM 


1. 10.7 MHz IF Strip - with example broadcast band FM receiver 
2. NOAA Receiver Experiments @ 162.55 MHz 


1. 10.7 MHz IF Strip 


1'm inexperienced with making FM receivers and lack confidence. | began with a utility module to allow basic assessment of the circuit gain 
required for different detectors, ceramic filter bandwicths, and more so —to get something working to boost my confidence. 


‘The FM receiver 10.7 MHz IF standard began soon after World War 2 and 10.7 MHz stil makes sense for the primitive radio builder — surplus IF 
fiters stil seer available in a variety of bandwidths. Although vexxing, if we sulfer from receiver images at 10.7 MHz, we can always fiter the 
input better, or jump up the IF and make a crystal iter for say 20 MHz. Above 20 MHz good, inexpensive, fundamental-made crystals get hard 
to find, 


| chose a diode ring mixer; again. After trying other mixers such as balanced FETs, or an NEG12,, | kept coming back to the diode ring. Partly Im 
biased and partly is from from measures like this one. Although the oscillators weren't perfectly set for a 10-7 MHz IF, the LO and RF signals 
are both > 40 dB down from the desired IF — love this. 


Since | designed a 50 Q bench module, the IF output contains a source follower to drive the IF port. In an actual “keeper” receiver, you probably 
‘wouldn't bother since you might just directly drive the detector, ar perhaps another 330 0 inpuvoutput IF amp before the detector. 


Although | humbly build simpleiprimitive circuits, my design goal is never for a low parts count — each part serves its purpase. A low parts count 
ideology plus minimalism exploits the frugal and primitive homebrew nature of aur brother hobbyists, however, often gets out af hand. Same 
builders just cite a low parts count design goal to rationalize a poor design. Worse yet, inexperienced minimalists often exclude vital parts such as 
DC supply decoupling and bypassing, temperature stablizing bias networks, or adequate band-pass filtering. To each his awn. Please discern all 
you see or read in homebrew radio; we're builders, not lemmings, 
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‘Above — Click on the IF strip schematic to view it. Most all the stages were discussed on VHF-FM. My net module gain = 10.1 d8. The 2 
ceramic IF fiters = 230 KHz Muratas with a measured average loss of 6.15 dB each, 


‘Above —The boxed up circuit contains 3 SMA jacks. Click for a photo of the completed breadboard. 


‘Above — A close up of the mixer, diplexer and JFET amp, although the SBL-1 mixer is disconnected. This board contains a temporary BNC jack 
10 allow testing of the non-mixer parts such as JFET gain, diplexer lass, return loss, to confirm the tuning cap choice and also to look for any 


UHF oscillations eminating from the FET, a UHF part. Click to zoom in an the common gate amplifer with its gate lead soldered as close to the 
Plastic case as possible. 


Detector 


I tried to homebrew my first IF amp +1- limiter and detectors , but felt unhappy with their performance, failures, circuit complexity andlor noise 
issues. Click click or click for 3 raw, miserable design examples from Winter 2014. Discouraged: alter 2 months of lamenting, | opted for an IC 
detector subsystem. 3 relic part choices might include the CA30B9, SAGO4A or LA1150. 


In my case, the CA3089 suited me best and offers a lot: a double-balanced quadrature FM detector with limiter + IF ampifiers; squelch, AFC, 
‘AGC, AF preamp and the potential for high-fidelity FM reception. All that's required is an outboard detector resonator — easy to build with a 
powered iron toroid plus a fixed + trimmer cap. 


Price + shipping varies widely, but last year, | got S shipped to me fram Europe for $7.25 USD and these will make 5 receivers —not bad at all. 
What hobby isn't expensive? 


I've even read that some builders used the CA3089 for an S-meter amplifer, although its logarithmic compliance is far from stellar. You'll need to 
download the CA3089 datasheet. 


Lets build a receiver: 


choose a point that's an inch or so fram where the soldering iron is touching, 
How close do you have to get to the soldering iron tip before it melts? 


Keeping the Circuit Board from Moving 


When you're soldering, you've got alot to juggle: the soldering iron, the sol: 
der. and the twa things you are connecting to each other. The helping hands 
let you place the items yau're soldering in a stable position. Use the clips to 
hold the item in place as shown in Figure 2-2. But once you start inserting 
itemsinto the board, youneed some way to keep them from moving. "Placing 
‘a Component in the Board’ on page II shows you how to do that. 


Figure 2-2. Holding @ PCB in the helping hands 


Tinning Solder Pads 


You'll sometimes came across things that need a layer of solder to wark 
right. For example, on the Learn to Solder Skill Badge, you need to puta 
bump af solder in place to give the battery a snug fit. With solder pads that 
are this big, you need to heat the pad with the iron really well the pad is so 
large that it's going to take longer to heat. It's best if yau melt the solder by 
pushing it onto the pad rather than pushing it directly against the iron. This 
makes sure that the solder flows thoroughly over the pad. Ifthe solder 
doesn't melt, try tinning the tip again first. 
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Above —The block diagram. The antenna = 1 meter piece of wire soldered to a SMA jack that was threaded into a brass sheet to fashion a 


‘crude ground plane. No LNA er input band-pass 


fitering was employed. 
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‘Above — The temperature compensated, free running VFO. Normally we should run a VCO-PLL, digital contraption, or a VFO/VCO with ALC 


feedback, but this thing worked fine to learn on. 


Detector Assembly 
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‘Above —The detector assembly. To match to the 50 Q IF strip port, | employed a common base amp with a 330 Q collector resistor driving a 
final 230 KHz wide “tail end or mop up’ filter. In many designs you could simply drap this amp as the gain isnt really needed. On the other hand, 
the CA3089 contains a limiter and it wont hurt at al 


‘To make the detector coll, a small square island was carved on the copper clad board. The island was bisected so that pin 9 soldered to 1/2 the 
island and pin 10 to the other half. The 3K9 R, 56 pF C and a small, high Q SMT trimmer capacitor bridged the 2 islands. Finally, a 2.23 pH, T50- 
6 toroidal inductor was soldered across the 2 islands. 


Tune a station and peak the trimmer cap for the most crisp sounding audio — its set and forget. When driven with enough signal for full quieting, 
the CA3089 delivers very low distortion — the FM receiver in my truck sounds worse. 


‘An RFC provides a DC shart across pin 8 to 9 and keep ~5.5 VDC bias on the pin 9 transistor base. The minimum inductance should be 10x the 
detector coll | wound my REC with 6 tums on a BN43-2402 [35 pH ] , but any old #43 ferrite wound choke >= 22 4H should work. For my 
chokes, | prefer a low # of tums on a binacular core to avoid any SRF issues. 


Since the CA3089 contains a powerful audo preamplifer, only an AF power amplifer with low gain is required. | opted with the old LM386, but in 
future, better, "keeper rigs” Ill add an op-amp tone control stack driving a pair of power followers for good measure. 
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‘Above — Final audio power amp: an LM386 set for a voltage gain ot 20 with some low-pass fitering and stout OC tne fitering, 
Glick for @ photo of the detector and LM386 assembly. Click for a better view of the outboard resonator and nearby REC. 

Outcomes 

‘After connecting the VFO, antenna, IF strip, detector assemby, speaker and powering them up, loud FM radio blared through the loudspeaker. | 
tuned every local FM station with full quieting and felt surprised that despite no band-pass fitering, plus no RF preamp, itworked and sounded 


Further experiments showed that inserting as much as 15 dB attenuation between the IF stip and the detector assembly stil kept full quieting on 
all the stronger stations. In some cities with multiple, stiong FM stations, input band-pass fiters will be needed. I'll cover that in a later 
installment. 


| connected this VEO to the IF strip and tuned in my local NOAA weather station at 162.55 MHz. Click for a photo of the VFO built on a piece of 
bent copper sheet metal 


Future experiments may include changing ceramic iter bandwidth, trying diferent mixers, applying varactor-tuned input band-pass fiers for 
strong FM environments and for FM Dxing. Finally, I'l design a low-noise preamp with a common gate JFET andlor a dual-gate MOSFET. 
Utimately, | hope to make a dedicated NOAA weather receiver, a broadcast FM Dx receiver and then some narrow band FM jobs for 2M or 6M. 
‘The future looks good. 


Audio sample one ; a few local stations mostly recorded before | added the negative feedback on the LM386] 
Audio sample two: a weak signal [our provincial Highway Report] that doesnt reach full quieting. 


Thanks. 


2. NOAA Receiver Experiments @ 162.55 MHz 


| document some raw experiments and hopefully 1 day will make a good receiver for my local NOAA FM broadcast, 
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‘Above —| built a VFO for 173.25 MHz with fine tuning for my local, NOAA weather report receiver @ 162.55 MHz. The fine tuning 2- 6 pF 


variable capacitor in series with an ATX 0.5 pF chip cap resolves 10's of kilohertz to permit tuning narrow band signals, You'll especially need 
fine resolution tuning when applying ceramic IF fiters <= 150 KHz. 


‘Above —The 2 VFO air variable tuning capacitors. Click forthe circuit breadboard with a tuned, common emitter buffer, that I'd rather not show [ 
because it sucks J. Iran the VFO into a bench module to boost the power up between 5 and 10 dBm in my experiments. 


Since @ VHF, my VFO went on 2-sided FR4 board with several wire vias joining the 2 surfaces. We normally avoid double sided boards for 
\VFOs since doing so makes a low Q, potentially moisture absorbant, undefined temperature coefficient "capacitor" that may worsen temperature 


drift. For bench learning and in particular, FM reception, temperature stablity tested adequate and | can listen for hours without retuning, 


‘Above — The entire receiver with a cascode mixer from EMRFD. In experimenter’s mode; | tried out many ideas. For example: different 
bandwidth IF fitets settled on 230 KHz }, 1 versus 2 ceramic fiters, or eliminating the 2N3904 amp [ 2 better drove the CA3089 J. One salient 
learning —IF fiters may possess a wide Variation in center frequency and thus it you have a sweeper, matching them might be useful In this 
receiver topology, you don't need to match 230 KHz or 280 KHz ceramic fiters; the mismatch became noticeable with a <= 150 KHz 3B fier 
bandwidth. 


| boasted the VFO signal with a common base amp —| varied the pawer into this LO amplifier by applying different strength attenuator pads. 
Between 15 to 2 Vpp on the mixer gate gave a reasonable compromise of conversion gain, noise and easy-to-get VFO power. From EMRFD, 
maximum conversion gain occurs when driven with 5 Vp. 


This unbalanced mixer worked fine, however, without a metal case, | heard a ttle hum from my DC supply and noises trom household appliances 
‘such as the clothes washer and fridge. This receiver suffered from micraphonics as well. The AF amp was a LM386 set for gain = 50. 


‘A simple LC resonator tuned the mixer RF input and proved essential. | tried different ways to couple a 25 cm long wire antenna such as tapping 
the coil and an L- network, however, my main antenna peeve was severe hand capacitance effects. Although this receiver does not require a 
preamp for RF gain, the isolation seems needed. if you put your hand near the telescopic whip antenna of my Realistic Pro 2020 scanner, no 
noise or RF disturbance arises, 


From studying scanner and FM receiver schematics, most rigs contain a dual-gate MOSFET preamp for a low noise figure and high input 
isolation. These MOSFET amplifiers feature input and output tuning, although with slug-tuned inductor cans and the oh-so-typical varactors, the 
resonator Q runs low. 
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‘Above — | quickly buit a tuned-output common base amp to study front end isolation. | removed the existing resonator and connected this to the 
FET mixer gate, It eliminated antenna hand capacitance effects. Click for a sound byte of the receiver with this preamplifier and a 20 cm wire 
antenna attached to its input. [ 206 KB download |. | reckon some of my receiver problems arose from the mess of unshielded boards, modules 


and wire on my bench, 
‘Tuned Input with a 2-Gate MOSFET [162.55 MHz] 


‘A dual gate MOSFET preamp concluded this day's experiments. Tests of a simple input network follow: 


Input Assessment 1 
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‘Above — Input Assessment 1. To examine the input without any output network effects, | loaded the BF998 drain with a 51 Q resistor and 
matched the input parallel resonator for the greatest input retumn loss [-S21] by tweaking the series SMD trimmer capacitor. After setting the best 
input retum loss [ 24 dB J, | swept this amp. 


‘The XL of the 96 nH air wound coll = 98 © and the XL and XC of this tank may be scaled to other frequencies by keeping the reactance values 
shawn ar choasing your own. For example; a coll for SO MHz where XL = 98 O = ~312 nH. | discussed and swept the ferrite bead soldered on 
the FET drain in Section 1 of the VHF Veronica web page. 
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‘A sweep of the Input Assessment 1 amplifer. Although easy peasy to adjust, series matching the resonator to its input load results in a 


Above 
slipshad right-hand [low-pass] skirt. Click for a screen shat showing the amp's 3 dB bandwidth. 


Input Assessment 2 
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‘Above — Input Assessment 2. After measuring a poor low-pass skit in Input Assessment # 1, | opted for the conventional tapped transformer to 
steepen the low-pass skirt response versus frequency. My sweeps did show a better low-pass skirt shape . Finally, | built a “real” amp and 


soldered in a broadband output network, tweaked the bias scheme + limited the VDD with a series 150 Q resistor. A higher value input resanator 
‘immer cap is required for this amplifier versus that in Input Assessment # 1 


& Final Preamp 
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‘Above —The final 162.55 MHz preamp schematic + some measures. Click for a breadboard photo. Click for the gain measurement with a 7G & 
SA. | measured the same S21 [ within 0.3 dB ] using my VHF signal generator plus my 50 Q input DSO. | didn't push too hard with the gate bias 
‘or VDD, since neither maximal gain nor parasitic oscillations were sought. Click for a zoom of the filter peak response. Click for a wider sweep to 
see the right-hand skirt response. 


Built on 2-sided FR4 with short cut paths to fit mostly size 0805 SMD parts, | placed via wires on every ground point and detected O unwanted 
‘oscillations from HF to 3 GHz, 


‘A bare copper wire coil allows us to set the input impedance tap point anywhere along the wire — unlike the integer only tap points provided by 
magnetic toroid-based transformers. in LNA design, many builders set the input tap pont for the lowest NF with the amp in noise figure test 
mode. Anather vanila flavored option isto set the tap withthe amplifier input connected to return loss bridge while adjusting the tap point for 
the best input return loss — that's what | did. My S11 = - 16.9 dB with my final tap around 1.2 turns of the total 7 links on my 96 nH col 


‘The output transformer presents a poor match to 50 Q with a S22 of just -12 dB. | plan to puta 4 dB pad after itfor my NOAA receiver, so it 
‘okay. Some might chase a better output return loss and also perhaps tune the output for better band-pass fitration, 


Your FM receiver preamp might need better input fitration, however, ita simple design works, then simple rules! Have fun with your own 
experiments. 


Start with a little blob as shown in Figure 2-3, and spread it around evenly. 
When you've got the desired thickness, fist pull the solder away, then pull 
the soldering iron away. Doing it in this order will avoid leaving chunks of 
solder behind. 


Figure 2-3. Laying dawn some solder 


Placing a Component in the Board 


You don't want components falling out of the board while you're soldering. 
In fact, you'l often insert a component with the board upside down (see 
Figure 2-4), then flip the board over when you put it in the helping hands. So 
the components have plenty of opportunity to fall out. To keep the compo. 
nent in place, bend the leads out as shown in Figure 2-5 

In some cases, you may need to quickly tack 3 component in place to keep 
it from moving. See "Stabilizing and Straightening Campo- 

nents” on page 14, 

Don't try to place every component at once. Start with low-profile (shorter) 
‘components, solder them in one at a time, and move on to higher-profile 
components, 
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RF — Test and Measurement 


Pin Outs 


Mini-Circuits Labs SBL-1 and TUF-1 diode ring mixers 


amore later 


MCL SBL-1 


‘Above — Normal set-up: Ground ~ Pins 2, 5, 6 and 7. LO~- Pin 8, IF ~ Pins 3 and 4, RF ~ Pin 1 


MCL TUF-1 


Above — RF--Pin 1, IF ~ Pin 2, Ground ~ Pin 3, LO--Pin 4. 
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Amateur Radio Electronic Design 


KL7R Memorial Receiver Experiments 


Introduction 


‘This web page is a memorial to Mike Caughran, KL7R, who died 
suddenly in January 2007. Mike was a passionate experimenter who 
was embraced by the hamebrew radia electronics community. He was 
best knawn as the co-creator of and sidekick to Bill Meara, MOHBR on 
the podcast Solder Smoke. Mike was a hardcore science and 
technology bulf. His knowledge of general science and curiosity about 
‘minimalist RF designs was amazing. | worked Mike on 40 and 80 
meter CW and later by voice on €QSO. Mike was the frst person to 
refer to this web site as the "popcomn site". He held an interest in 
digital circuits. in tribute to Mike, a series of receiver experiments 
which includes some digital circuits are presented. Mike Caughran will 
be remembered as a remarkable, kind and passionate homebuilder. 


Navigation 


‘There are 3 linked web pages associated with this KL7R tribute webs 
page. 


1. Mike's personal web page His ovm web page memorializes him best 


2. Supplemental web page Addtional schematics and photos which 
supplement this main web page 


3. VFO web page Describes the VFO used for these experiments 


My special thanks to Wes, W7ZOI for his coaching and suggestions to improve many of the circuits on this web page. This web page 
borrows heavily from his designs as presented in EMRED. 


Receiver Description 


Frequency 
VFO doubler 


‘Shown above is the receiver block diagram. The KL7R memorial receiver depicted on this web page is the final output of many hours af 
experimentation. Mast of the circuits or circuit ideas originated in EMRFD. 

From our conversations, Mike was always challenging himself; experimenting, testing and pushing his knowledge threshold. The joy of discovery 
motivated him. Fired by his spirit of inquiry, | explored methods to build a receiver containing at least 1 digital circuit. On many days, | 
accomplished nathing, The circuits did not work and litle to no pragress was made. These were the dificult dry spells all experimenters must 
endure. Design and circuit failures can be very disheartening. | also wasted a lot of parts. However, | kept going and slowly successes occurred 
and my confidence rose. The end result was a litle more knowledge and a cool, popcorn, direct conversion receiver which I hope will provide 
ideas and inspiration for your own experiments. 


Double Tuned Band-pass Filter 


|Figure 4 40 Meter Band-pass Filter & 
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a oa | er 
300pF 47pF cv cv 47pF 390 pF 


CV =6.0-50 pF trimmer cap 
Li 3.4. uH = 29 t #24 AWG on a T5046 toroid 
Input and output impedance = 50 ohms 

-3. dB bandwidth = 220 MHz 

Insertion loss = 23 dB 


Figure 1 shows the front end band-pass filer. If you can't obtain a 3.3 pF coupling capacitor, try this other 7 MHz band-pass fier cicuit or 
perhaps just design your own, See the Webmaster's page for information concerning many af the parts used on this web page. 


Shown above is a photograph ofthe Figure 1 breadboard. The inductors were spaced apart at right angles to reduce unwanted coupling. The 
copper clad board L-C tank divider is not necessary. The 51 ohm load resistor seen to the right was removed atte testing 
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‘Shown above is a GLPA simulation of the Figure 1 band-pass fiter. Xopowo, 


Product Detector Experiments 
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‘Shown above in Figure 2 is the BJT driver, D flip-lap and the CMOS switch product detector. The 14 MHz VFO connects to Q1 via a 0.1 UF 
coupling capacitor that is shown on the VEO schematic. A dual FET bus switch (CBT3306) serves as the product detector. The on-resistance of 
this switch is only around 3 ohms! if you are ambitious, you might try using a 14 pin SOIC switch such as the QUAD FET SN74CBTS1250R with 
2 pairs of the 4 switches wired in parallel. | tried 3 different CMOS switches in the U2 slot. The other switches were the MAX4065CPD and a 
74HC4053 (wired up appropriately using their datasheets). The insertion loss and performance of these 2 switches was disappointing. My bench 
standard for comparison was a 7 dBm diode ring mixer. Numerous experiments were performed. For example, | tried running the 4066 at 12 
volts VCC to minimize its on-resistance and had to modify most of Figure 2 as well. Being new to digital, blending 5 volt and 12 volt logic IC 
required great effort to get it working properly. These experiments consumed the better part of 2 days. My conclusion was that if you are going to 
0 to the trouble of make a CMOS switch work, you might as well use a part that has a low on-resistance. Hence, | have since abandoned using 
DIP IC CMOS switches (4053, 4052, 4066 etc.) as mixers and product detectors. They may sill be a good choice in your own context. 


‘The CBT3306 is outstanding and very similar to the diode ring mixer with respect to insertion loss and audio quality as a product detector. There 
are some other good CMOS switches you might try. | chose the CBT3206 because it was SOIC (the largest of the common SMT topologies), 
costs only 77 cents (Canadian dollars) and only has 8 pins to deal wth. Pragmatism on the workbench is alvays good! 


SMT versus VE7BPO 


‘The dificulty with using the CBT3306 was that | had to learn about and equip for SMT. | ordered the switches and after their arrival, hesitated to 
do anything with them for 5 days. | managed to borrow a magnifier and bought a SOIC prototype board and some flux. Sill, seemed to be 
paralyzed with fear about soldering U2. | was stuck. For inspiration, | went back to Mike's web site and found this web page. Here Mike was 
‘working with a 18 pin SOIC chip and | was worried about a mere & pin IC! Part of the problem was my relatively poor eyesight. | leamed this 
can be managed with a magnifying visor. | bought mine here, but only after U2 was soldered in. The borrowed table magnifier was okay, but 
constrained arm movement and reduced lighting. The visor seems to be a better choice, 


‘Shown above is the CBT3306 soldered an my prototype board. | put flux on the board traces and then tinned them, Following that, | lined up U2s 
leads on the traces and began soldering. The bottom pins (pins 1-4) did not go well, but they were soldered all the same. Following that, the 
soldering of pins 5-8 went very well, I was very happy; the SMT monster had been tamed! It was learned from Wes, W7ZOI that many builders 
Use Surfboards for SOIC applications. | wll get some for future SMT IC work. Using SMT parts in your Ugly Construction allows you to use parts 
which are unavailable otherwise. Increasingly, good old DIP ICs are disappearing from catalogs and some new parts are appearing as SMT only. 
Itmakes sense to jump in and use SMT parts when itis advantageous for spec reasons, or if miniaturization is required. 


‘With some effort, the Figure 2 circuit could be morphed into Colin, G3SBI's H-mode mixer format. Not on this web site though! If you Google 
mode mixer" , many good websites will be returned. 


‘The product detector's baseband audio output is at the 47 uF capacitor which connects to Q1 of Figure 3. A simple 51 chm, low pass network is 
Used to terminate U2. This is from W7EL's An Optimized ORP Transceiver from QST for Aug 1980. | have some more information regarding AF 
termination circuits on this web page. Yau may wish to increase the 170 uH inductor value somewhat to get more low pass filtering. The product 
detector circuit is the number one potential source af hum and noise in this receiver. Take the time to plan your layout to minimize wire length 
land crossing and provide some physical symmetry. Decouple well 


Figure 2-4. Inserting an LED 


Figure 2-5. Bending out the leads 


12 Learnto Solder 


‘Shown above is the product detector. At this point, | had not decide how to terminate U2 and had soldered a shunt 0.1 uF cap and 51. ohm 
resistor to the switch output. U2 is dwarfed by the FT37-43 toroid; a part we normaly think of as small in size, 


Pin 1 


Figure 3. Photographs of the FET bus switches | have in my collection and the pin-out for the 14 pin CBT3125, 
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‘Shown in Figure 4 is the audio preamp and first low pass fier. Direct conversion receivers are all about audio. High performance DC receivers, 
have become more common since Rick, KK7B unleashed his Ri on the world in 1992. High performance receivers are out of Scope for this 
popcom website, hawever, this design is welcome, The entire audio chain uses low-cost 5532 op amps, cheap BITS, plus fairly common resistor 
and capacitor values. Poly'something” capacitors were used for all audio AC coupling and shunting capacitors of 4.7 uF or less. 


For hum immunity, the familiar BJT capactive multiplier popularized by Roy, W7EL was used at Q2. Using a high-end spectrum analyzer, Wes, 
W7ZOI demonstrated that this circuit can ascilate. He detected oscillations at UHF. Thus, Wes recommended using a 100 ohm snubber resistor 
fn the Q2 collector to alleviate these parasitic oscilations. Additionally, 2 diodes were added in parallel to the 100K base resistor. This provides 

an instant-on feature for the audio preamp, as normally there is a time-constant delay when you switch on the receiver. | ike this feature, but itis 
purely optional 


Q1is a common base amp biased for 0.54 mA. Therefore, the input impedance is 26/0.54 or about 48 ohms. The 6KB + 2K2 collector resistors 
‘were paralleled so that the quiescent collector voltage was close to 6.1 volts. You could also substitute a single 9K: resistor, although this is an 
uncommon value. This voltage provides the approximate VCC/2 bias needed for Ula and Ub. Connecting the Qi collector directly to the pin 3 
‘op-amp input allows the exclusion of a coupling capacitor and the usual VCC/2 resistor network used to bias the 5832 op-amp froma single 
power supply. | borrowed this trom EMRFD. 


‘The gain of U1 is set by the resistor labeled Rg!. If after testing, the AF gain is too high (for example if this AF stage was used in a 
supetheterodyne receiver), simply lower this resistor value. | chose a 22K ohm resistor to allow enaugh gain for weak signal listening. On louder 
Stations, you will need to lawer the volume control to prevent distortion in the stages that follow as overall, there is a lot of gain in this AF chain. 
‘Adjust the Rgl value to suit your needs. If you use a switch such as a 4052 for U2, or your receive antenna is small, you may want to increase 
this resistor a litle for more gain. This is an experimenter's receiver after all. The 0.0022 uF capacitor in the op-amp feedback loop provides a 
single pole of low pass firing. Iran this capacitor as high as 0.0082 uF. This gave a theoretical 3 dB cutoff frequency of ~ 880 Hz, but the 
receiver lost its sizzle, Experimentally, lleamed that using a 0.0022 uF feedback capacitor on both ULA and U2A draped some of the high 
frequency noise while preserving some sparkle in the received audio, 


‘The audio preamp chain is concluded with a 750 Hz low-pass fier. Resistor values were kept low to minimize noise. All the active low pass 
fiters are low Q, Sallen-Key designs with a Butterworth response. They are stable, easily scalable and brain-dead simple. These filters are 
fatigueless due to their gentle cut off slope. | actually had a 0.30 uF capacitar in my parts collection, although it was a 600 volt rated part from my 
tube amp parts bag. You could use two 0.15 uF capacitor in parallel or just substitute a 0.33 UF capacitor. If you cant find a 500 ohm volume 
control potentiometer, swap in whatever you have, but try to keep the resistance low. 
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In Figure 5, the remaining preamplifier stage and low-pass filters are shown. Rg2 was chosen for the same reason as Ral in Figure 4, Please 
experiment with these values. The low pass filter stages are scaled up by a factor of 10 as resistance values are less critical at this point in the 
audio chain. You could use the same resistor and capacitor values used in the first low-pass fiter or use the Figure 5 values for all of the low- 
pass fits. Very often, our parts collections dictate how we experimenters design and build circuits. 
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Figure 6 is the power amplifier schematic. Apart from field portable transceivers where headphones are used to save battery power, | exclusively 
listen to my receivers via a loudspeaker. This safely allows the exclusion of AGC circuits. You may have noticed that AGC circuits have not been 
presented on this web site. | rarely use them. The extensive VCC decoupling in Figure 6 is needed in this high gain AF chain. The 1 ohm emitter 
resistors in the finals invite instability, but were tamed with the 10 ohm / 0.1. uF low pass ft. My original design called for 2.2 ohm emitter 
resistors, but none were available. This final amplifier is moderately loud and very quiet. When it was first built (the AF chain was built 
backwards), you could not tell it was on when no signal was applied. With no antenna connected to this receiver and the volume on ful, there is 
only a litle noise. This is a good way to test a receiver AF chain for noise. Speaker choice is also important. Speakers of a greater power rating 
and size sound better; especially when mounted in a wooden cabinet. 


Biasing power amps has been discussed extensively on this web site. Ensure you measure and record your quiescent DC voltages as shown in 
Figure 6. f you hear cross aver distortion or the quiescent voltage between the bases of the paralleled final transistors is less than 1.25 volts, ry 
decreasing the 6KA resistor to SK6 ohms, 


‘The final preamp breadboard is shown above. You can tell by all the grunge and the solder marks, that many different configurations were 
trialed. Despite looking haggard, the AF chain is quiet and does not hum nor detect broadcast radio. 


‘Shown above is an early breadboard of Figure 6. In this version, the volume control was at the input and a voltage divider network was wired to 
pin 5 to provide VCCI? bias. Testing with an aucio signal generator, a tape player and other sources were performed. Later, the biasing resistors 
land the potentiometer were removed and the Figure 5 stage was added to the copper clad board and tested 


Final Thoughts 


We are remembered best by those whom we affect. Certainly Mike's unique perspective and enthusiasm inspired me to dig deeper into this, 
hobby. | asked Bill, MOHBR, for a quate to conclude this web page. Bill wrote this: "Just last week somebody was asking me for background info 
fon Mike's DSB modification of the Heath HW-8...| think itis a real tribute to Mike that years after his passing, hams around the world are stil 
talking about him fondly, stil visiting his web site, stil following his lead on homebrew radio projects. Certainly among the 3,000 + listeners of the 
SolderSmoke podcast, Mike is present in spirit every time a soldering iron is heated up.” Thank you Bil 


My heartfelt regards to Mike's family. 
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Supplement to the VFO 2009 Web Page 


‘This web page is a supplement to the VEO 2009 Web Page 


Figure 10 Bipolar Transistor Notes 
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“This circuit is from EMRFD and is an analog to digital interface for the VFO. | did not understand the circuit, so | asked Wes, W7ZOl to explain 
his design criteria and the basic circuit function. This transistor circuit is a driver. The purpose of this transistor driver is to positive edge trigger a 
D flip-flop. The paramount criterion was that the transistor collector has a quiescent bias voltage that fell between the minimal acceptable lagic 
high and logic low DC voltages on the 74HC74 clock input. See this chart for details about this topic. The correct DC collector valtage is set via 
feedback from a voltage divider (inthis case, a 10K and 4K7 resistor). The collector DC voltage (shown above in Figure 1A) was 2.36 and lies 
perfectly between the logic low and high state of the 74HC device that it drives. 


‘This transistor circuit is also a high gain amplifier, however, its primary function is a driver. Refer to figure 1B. When connected to the VFO 
output, the base voltage drops to 0.30 volts. This is an average DC voltage because it fluctuates as the AC waveform swings up and down. More 
or less AC drive on the input will change this DC voltage. 

‘When connected to the VEO output, the collector voltage dropped to 0.71 VDC. Again, ths is just an average, as when the AC swings positive, 
the the collector voltage will drop down to saturation (where collector voltage is less than base voltage) and then increase towards the positive 
supply. It does not have to go into cutoff ust to 3.2 volts or so. It also does not have to go into saturation; just to below the 1.3 volts or so. Thus, 
the transistor remains between cutoff and saturation when appropriately driven with a sine wave, 


Our VFO serves as the clack and data on the D flip-flop inputs are only transferred to the flip-lop’s outputs on the positive edge of a clock pulse. 
Positive edge triggering means that the output only responds to the input changes when the clock signal transitions from logic low to logic high. 
‘What a fantastic litle circuit! You can find additional information and same practical examples in EMRFD. My special thanks to Wes, W7ZOl for 


helping me to better understand his design. 


Positive Edge Triggering 


Leading or Trailing or 


positive edge negative edge 


“The triggering of a positive edge triggered flp flop is better understood viewing a graphic ike above, The instant the waveform goes positive, the 
flip flop is triggered. tis easy to understand why a square wave is desirable for clean triggering, 


Knowing Which Way a Component Goes 
In 


Some components don't care which way you put them in: resistors, some 
capacitors (such as the one that comes with this kit), and many other com- 
ponents fll into that category. On the other hand, LEDs are polarized: elec- 
trical current will only flow through them in one direction. So if you put your 
LEDin backwards, itwor't light upatall. Youcan determine an LED'spolarity 
ina couple of ways: First, the longer of the two leads is the positive (+). and 
the shorter is negative (-. 

Second, look closely at the bottom of the LED and examine the ring that 
bulges out around it. There isa flattened part of that ring that indicates the 
side of the LED that's negative (-). Youcan see this flattened side on the right 
inFigure 2-6, 

With ICs, this also matters. Every pin has a specific function, and there will 
be one or mare pins for positive (+) and one or more pins for negative (-. 


Figure 2-6. Polarity LEDs have it 
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RF — Test and Measurement 


Radio Amateurs of Canada Support Page 


‘Commentary for Canadian Radio Amateurs 


A significant number of licensed Canadian amateur radio operators do not support their national amateur radio society: Radio Amateurs of 
Canada Typically support is by membership, but may also include volunteering time to perform the various functions required to run a large, non~ 
profit organization. it has been demonstrated repeatedly, that a small percentage of people are doing most of the work in modem volunteer 
organizations. 


‘Some thoughts concerning volunteerism 


Volunteerism is down in many sectors including service clubs, meal delivery programs, church groups. volunteer firefighters radio clubs, etc. etc. 
“The population is aging and our current volunteers are retiring; Younger folks have so many distractions and things they can do today. We now 
live in a world with 200 plus TV channels! The spirit of volunteerism seems to be decreasing in the western world, 

“There is some evidence that people who donate their cash to charities also tend to participate in graups, associations and organizations. Is this 
a characteristic or trait? 

People volunteer for causes they believe in. What do people believe in now? Is our culture too self-absorbed, individualistic and focused on our 
‘own personal agendas and pleasure? 

Economics. Are young to middle aged people less able to volunteer and contribute because they are spending more of their time working? 


RAC Membership 


It you havent, please consider joining the RAC. | joined out of respect to the many RAC volunteers who have devated their personal ime and continue to 
tall to keep amateur radio viable in Canada. We cannot take our cutrently allocated radio frequency bands for granted. There are groups who for profi, want 
to apply technologies which wil consume or interfere withthe radio frequency bands we enjoy. Canadian amateur radio needs a strong, united voice to 
survive into the future. 

‘Apathy and lack of awareness may significantly decrease the rights and prvlegas we enjoy as radio amateurs today. The least we can do is support our 
rational amateur radio society. It would be even better if more of us contributed by volunteering our personal time towards our wonderful ragio hobby and 
serving the RAC. 


The RAC Journal The Canadian Amateur is an excellent resource. Sept-Oct 2009 marked the frst ever antenna issue 


(Old QRPHB Web site graphics... 
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RF — Test and Measurement 


Info on the Popcorn Superhet RF Amp 


Discussion 


[have received a lot of emails regarding this RF amp from the popcom superhet receiver. 
‘This amp was designed using a calculator and as itturs out, my input and output 
impedance was off by several ohms from the target 50 ohms input Z and 200 ohms output 
Z. Taday we have computer programs to calculate the resistor values, so crunching the 
math is not a factor any more. This RF amp is preceded by a 50 chm diplexer and followed 
by a 200 ohm pad, so it actually matches the preceding and following stages very well 
considering that itis clearly depicted to be a popcorn receiver. If| had to redesign this amp 
in 2008, | would use software to design a CE amp using "noiseless" Norton feedback, Sill 
this was a good sounding receiver at the time. 

Probably the weakest section af this receiver is the audio preamp from Q§ on through to the 
LM386. I would likely never use these noisy stages in 2008-9. Instead I would use low 
noise op amps. This web site like my ovim abilities has grown over time. In the following 
section, | have paraphrased some writing from Wes, W7ZOI concerning the Q2 RF amp, 


‘An Analysis by W7ZOI 


“The input impedance of a common emitter bipolar transistor amplifier is related to the 
standing current, the emitter degeneration resistance, the transistor beta, the F-t, and the 
operating frequency. Most of those details can be well modeled with the hybrid pi model. If 
‘you put quite a bit of emitter degeneration in such an amplifier, the gain drops while the 
input impedance increases. However, itis much less dependent upon beta and frequency. 
“The emitter degeneration is one form of negative feedback. But now we introduce a second 


Heat Sink 


560 av 


IF Preamp 


150 


600" 


-6iB Pad 
(200 ohm) 


form of negative feedback by applying some of the collector voltage to a resistor that generates a current that is fed back to the base. 
“This feedback tends to reduce gain just as does emitter degeneration. But it also tends to reduce input impedance. By playing a careful 
balancing act, you can design an amplifier that has a 50 Ohm input and output impedance with a reasonable amount of gain. This particular 


circuit has a gain of 21.7 dB at 10 MHz and an input return loss of 14 dB. The output retum lass is even better at 18.6 dB. Z-in is 39-414 while 2- 


ut is 172-)34, 


“These are calculated values using that hybrid pi model. I have devoted a few pages to a discussion of this feedback amplifier topology in the 
ARRL 2003 book, Experimental Methods in RE Design. This was co-authored by KK7B and W7PUA. You can get the book online from the 
ARRL. The book includes computer programs that will handle the design chores. One deals with bias issues while another does the RF design 


and analysis. 


‘The RF amplifier under discussion may be found on this web page 


im 
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3 MHz VFO for 40M Popcorn Superhet Receivers 


Discussion 


‘This VEO was first popularized by 
Roy Lewallen, W7EL and has been 
sed in countless homebrew and 
commercially sold QRP rigs. For the 
40 meter ugly super hets, you have a 
choice of a VFO frequency of 3 MHz 
or 11 MHz and | chase the former for 
this website. For L1, you can use the 
“T8-6 as shown or redesign your 
own inductor using a T50:6 core. The 
“TB8-6 core allows the builder to wind 
the coil using # 24 AWG wire for 
enhanced Q and stability. The main 
tuning capacitor, C1 that was used 
had a built in reduction drive and at 


3 MHz VFO 


i o1 C2 4 ANgta 


J310, MPF102 


‘went from 4 19 pF. Ifyou use a 92,03 2NI904 


tuning capacitor with a greater 


44 turns 68-5, Tap at 11 turns from grounded end 


a0 


+ 138v0C 


To Mixer 


drawn 02/02/04 


capacitance swing, you may have to 


Connect it to the top of L1 via a small-value NPO capacitor to reduce the tuning frequency range. This can be done using math or by just plain 
experimentation. C2 is a small ceramic air-variable trimmer from my junk box used to set the lower band edge of the VFO. It can be omitted if the 
User wants to go frugal and experimentally set the lowest frequency of the VFO using small-value ceramic NPO caps. Air variable caps for C1 
and C2 are mandatory for minimal drift VFO operation. C3 actually refers to 4 NPO ceramic caps which were used to place the VFO on the 
correct frequency. Four caps were used to minimize heating and thus drift in the VEO. For the protatype VFO which tunes something ~ 3.00 to 
3.67 MHz , | used the mentioned air-variable, four NPO ceramic caps (20pF,100pF,SpF,100pF) and C2 the trimmer cap that went fram 2- 50 pF, 
‘These values should be used only as a quide for prospective builders as there are many variables at play. Following a 10 minute warm up 
petiad, the VFO frequency stability is excellent. Again, keeps all component leads as short as possible. T1 is a broadband transformer waund by 
Using 20 turns of # 26 AWG over a FT37-43 toroid core and then distributing 5 secondary turns spaced evenly ever the primary windings. Da nat 
omit the 33 ohm load resistor. The 2.7 to 3.0 pF coupling cap should also be of the NPO ceramic type. Q1 can be the J310 (my favorite) 


2N4416 , MPF102 or other correct substitutes 


‘This VFO should be in a separate sealed, shielded box from the rest of the receiver 


VFO Stability Hints 


Numerous tips for enhancing VFO stability have been generated from Wes Hayward, W7ZOl, Ray Lewallen, W7EL, Doug DeMaw, WIFB and 


others. Here are a few summarized: 


Use air wound or powdered-iron toroidal inductors made from number 6 material 
Use the heaviest gauge of wire possible to wind your inductor. 

‘Anneal the inductor by boiling itn water for around 5 minutes after winding. 

Use ugly construction above a SINGLE-SIDED copper side up ground plane. 


Capacitors in the L-C circuit should be NPO ceramic type. 
Use air variable capacitors for tuning that have double bearings and no backlash. 

‘The VFO should be operated at a lower regulated voltage. 

Do not use cheap low-Q trimmer caps. 

Completely encase the VFO to prevent RF leakage and to minimize environmental temperature changes. 


Stabilizing and Straightening 
Components 


ICs present a unique problem, They dan'thave long enough leads for you to 
bend out effectively, which means they are more likely to slip and slide while 
you're soldering them. So do the best you can with that (see Figure 2-7). but 
flip the board back over after you solder the first joint. In most cases, you'll 
find that the IC has shifted. But since you only have one joint soldered, you 
can easily move the IC into the position you want. Once you've done this, flip, 
the board over and solder the remaining connections, 


Figure 2-7. Tacking down an IC 
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4 MHz BFO for 40M Popcorn Superhet Receivers 


Discussion 4MHz BFO 


‘Shown @2 stage BF for use withthe Ugly 40 
meter superhets with a 400 MHz IF. This is a 
design by W7ZOI which | have used from 35 t0 9 
Iz by any changing the crystal an the G2 
output cal and capacitor values to su he 
frequency of cholce. The output col is 59 primary 
and 12 secondary windings on a T88-2toroid core 
You will need in the order of 79 pF to resonate this 
coil, thus a 68 pF plus a 5-20 pF variable works 4.00 MHz. 
well you do not have a T80-2 core, aTS0-2 Crystal a7 5-200 
could be used with 30 AWG wire which i abit 

cificult so you could opt for an XL of 200 ohms 
which would be 40 primary and 8 secondary tums 
on a T50.2 coe. You would need ~200 pF to 
resonate such acol and the BEO would have IZ 
reduced output power, but would still work okay. If Q1,02 2N3904 

‘you design your own tank, you probably should D1 9.1 volt 490 mW Zener Diode 

raise Ais eases papas LA 10.8, XL = 408 ohms T68.2 Torold 594 Primary 121 secondary 
ouput stage at 4 Miz. Use a Si tums ratio for 

primary to secondary windings. 


IFA soetctr 


i 
3 Element Low Pass Filter 


u 
FromBFO  ____To Detector 


tM 
at yee 


‘wouldn't hurt to follow the Popcorn Superhet BFO with a low pass filter. A simple pi-type 3 element fier is suitable. Since | had a couple of 470 
PF caps left over, | made a low pass fiter using a 6.8 MHz cutoff frequency with 1.17 uH inductor. A 1.17 UH inductor using a 737-2 core 
Fequires 17 turns while on a T50-2 core requires 15 turns. Caps were inexpensive monolithic ceramics from Digi-Key. The fiter is shown below, 
L1= 1.17uH , C1 and C2 = 470 pF. If you want, you may use other cutoff Irequencies to suit any junk box caps you have on hand and use an 
XLIXC of 50 ohms, 


Construction 

Keep component leads as short as possible to promote stability. Do not omit the zener diode D1. | thought of using a small ferrite bead on the 
base of Q2 and will ry it on the next version of this BFO that | make. The BFO, if unstable can break into all sorts of weird AF sound effects that 
are very annoying. The BFO should ideally be in a shielded box, but many amateurs have good results by just placing the BFO strategically in 
the receiver chassis. When winding Li, make sure you wind the secondary coil so that the secondary’s grounded end is on the cold side of the 


primary coil that connects to the 100 ohm resistor and positive voltage. | just pick one end of the primary coil and close wind the secondary coil 
{rom this point in the same direction for the correct number of windings. Then the starting point of the secondary can be grounded and the other, 
tend connected to the detector or a low pass fier. After building the coil, temporarily place a 51 ohm resistor from the secondary output lead to 
ground. Then you can test and peak the tuning of the output tank into a load. Leave the resistor in place forall your testing work such as crystal 
matching or RF stage testing until you are ready to connect itto the product detector. The 60 pF variable cap connected between the crystal and 
{ground is used to set the beat frequency of the BFO. Adjust itto get a good sounding beat note when listening to a station. You will notice that 
the beat frequency can be tuned roughly by just listening to 40 meter band noise in the headphones and then tweaked on an active QSO. 
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Uglier Sister Superhet Receiver 


het that | built a few years ago. While | was happy with this receiver, it has been discontinued from the main 
PHB website. | have had a couple requests for this schematic, so | have created this archival web page. 
tin the IF preamp and main IF amplifiers, which is not really necessary, particularly in the case of the post- 
9 the emitter resistor values is easy to do in these amps if you do wish to lower the current. There also 
in the AF preamp stages, which is something that | offen use in better quality receivers that | build now. 


VFO and BFO 


VEO schematic 
BEO schematic 


Construction Information 


plexer and construction information, 


The Norton RF preamp is discussed on the RF Preamp web page. 


Return to the ORP HomeBuilder Homepaas 
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Diplexer Supplemental Page 


More Information on the Bridge-Tee Diplexer 


Introduction 


No web page on the QRPHB web site has furnished more email and controversy than the Diplexer Web page. This page has received much 
‘work to improve its content and accuracy and the email received has been greatly appreciated. Presented is the detailed math and some 
information regarding the Bridge-Tee Diplexer by Helmut Strickner, VK4STR and Wes Hayward, W7ZOL 


VKaSTR 
‘The T-bridge diplexer math calculation (also known as the W1JR diplexer) 
“The formulae presented and used in the program for the Bridge-T Diplexer uses a Q of 1. Using a Q = 1 resonator is not optimal because we 


don't want a "broad peaking response" of the series LC resonator in the T-bridge diplexer. Our goal should be to only let the desired IF frequency 
pass and attenuate all other frequencies as much as possible by properly terminating them into 50 Ohms in the diplexer. 


‘The optimal Q for HF frequencies is around 10, less for higher frequencies. The higher Q of the series resonator effectively increases the 
attenuation of undesired harmonic frequency components trom the mixer IF-port, and the reflected products from the crystal back to the IF-port. 
‘The IM performance (IP3) of the receiver is improved. 


‘The possible improvement in IP3 depends mainly on the following stages. The post-mixer amplifier following the diplexer has to handle huge 
impedance variations at the input of the crystal iter. Crystals do not absorb but reflect any products they cannot handle. These products are 
then reflected back to the IF-port of the mixer deteriorating the IM performance. 


A low Q diplexer lets these reflections trom the crystal pass unhindered and most mixers will react with degraded intermodulation performance. It 
is also important to nate that a good termination insensitive post-mixer amplifier should follow the diplexer. 


“The best results for a high intercept (IP3) receiver can be obtained by choosing: 


High level mixer 
T-bridge diplexer with optimised Q (Q=10 for HF) 

‘Termination insensitive post-mixer amplifier (see NGNWP - QEX July 
1995) 


| believe that the intermodulation performance of many receivers can 
be improved by some simple measures like a properly designed 
diplexer. The T-bridge diplexer from WIR is the best one around, go 
for it 


Abrriet example of the calculation for a 10.7MHEz diplexer follows in 
Figure 1. The value of K should be 10 for short wave and 2 to 4 for 
\VHF (2 meter band). K is the ratio of Lto C. 


| hope that you can use this example to calculate the values for other 
diplexer frequencies. 


‘To fully understand the basis of this calculation please refer to 
Meinke/Grundiach: "Taschenbuch der Hachfrequenztechnik’, Springer- 


KZ 10-50 
@, | 2-314107-10 
=7.44.10°° 75 pH 


4 . 
oFL, (2314-107 -10°)°7.44.10% 
= 237-10" = 30pf 


Lg = 0y-2? = 287-107-502 = 
= 742-10" = 74 nH 


Verlag Berlin/Heidelberg. Page 127. 


w7zol Figure 1 97.10% 23nF aH 
‘Attached are some outputs from Mathcad, Version 7.0. The “proper” Beleat VKASTR 


equations are derived, along with some other results. Feel free to put 
these on the web, although this is mathematics rather than the usual 
“formulas” and there might not be any interest in such stuft 


{As it tums out, the formula that Todd presented in completely accurate for the case of Q=1. That is, both the series and parallel tuned circuits 
have inductors and capacitors with reactance of 50 Ohms. Evaluation then shows that S11=0 for all frequency, while S21 peaks broadly at the 
resonant frequency. If you pick a higher Q, the inductor in the series tuned circuit increases by Q and the capacitor in the parallel one increases 
by Q. Resonance is maintained in both. Again, you then get a perfect match at all frequencies and a S21 peak at resonance. But | don't know if 
this is what Joe had in his original work. 
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voltage is set 
rust know E 
analysis 


‘which simplifies to V= 


E= 2p 


a=¥) 0-8) 
g 


iin= 


which simplifies to Z in = 


Figure 2 
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—__sp 
CRERV-848D) 


Shawn is a general bridge T type network with series 


and parallel impedance P. We wish to 


find the input impedance seen by the generator. But to 
do this, we need to know the ingut current. The input 


al 1, so Zin=1/lin, To calculate this, we 
and'V. These are obtained with a nodal 


‘We write the naval ecuation at & 


We solve this for E: 


‘We now equate the two expressions 
for E to each other and solve that for v. 


‘We now take one of the 
expressions for E anc put V in t ta 
ottain a complet2 solution. 


chore is ta evaluate the input impedance, 


Zin. We get this by calculeting the input current. 
The input vatage is set at 1, 90 Zin 


Tis, 


But to get a meaningful expression, we 
must sub V and E into this. When we 
do 0, we get 


This ie naw a useful result, We can, far example, lat 
GQrpsR's3Ps423R), — §,P, and Rbe resistor values. We can then design 
Grpraahipscgap)® DiidgeT attenuators, But let's continue with the 
GRP+3R’+PS+28R) analysis. Let's ask the question "What are the 
Conditions that will provide an input impecance of F?’ 
We merely set the Zin expression equal to R, and 
then solve that equation for S a1 P. We will salve for 
P 


a Hey. that's a cool result, and its even rather 
ReReolv,P +E. simple. This is an enpression for Pin terms of 
Grpsan’sPs+298) SS. Ife use it for attenuators, it says that our 
pad is matched with these conditiors. We can 
Combine these racults with the equation for Vto 
get the attenuation. A couple of interesting 
matched pads are shown 


Lin= 


GrpyRsapss2sR) 


100 50 


Al 50 50 50 50 Figure 3 


The expression iorVwas (RP +R*4PS) But the conditions for a match were 


a 
GaeaRs3pss238) So, we pt this infor P 


; 

r b2.28| 

PEPER PS) substitute Fe >A Bt 

Gas ssPsy258) 5 Peer asi) 
: 


Greemers) 


aR So the two pads have voltage outputs of 0.5 and 0.333 


which cimplfies ta V = 
(R+8) andthe resulting attenuations are 6 and 9.54 dB. 


But enough about the attenustors. Let's get back to the original question, that of the diplexer. 
The circuit of interest is one where the series network is a series tuned cicuit while the paralel 
one is a parallel tuned circuit. But we want to know the conditions that will generate a perfect 
match. With such a circuit, itis clear that @ match will exist at resonance so long as bath 
circuts are resonant at the same frequency. The impedance ofthe series tuned circuit goes to 
zet0 while that of the parallel TC becomes infinite (neglecting lass.) 


‘We wite the susceptence (imaginary pat of admittance) directly fr the parallel tuned circuit 
as 
BFC ,-—!— But the reactance is the recipricol ofthis, 
OL, 


se les, 


Gi & _Buteatlier analysis showed us that this reactance was 
wLo-1] 


related ta the series reactance 


[eao-1] Sp (o-) 
2G 


This is a particulatly simple, yet useful result 


4) Pick a crossover frequency f, Hz. Then, 2m 
2) Pick a series inductorL, Use ane with a reactance af around 60 Ohms if you want a very 
broad response. Make it larger for narrower bandwidth. 


3) Resonate the series Lwith a cap, C= 1 
oL 
é 


ez 


5) Resonate that cap with a parallel inductor L. 


4) Pick a parallel cap 


Figure 4 
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Astable Multivibrator Projects 


Discussion: 


‘Astable or free-running multivibrators have been used in home-built amateur radio equipment for many years. The basic circuit is a two stage 
‘amplifier with AC-coupled feedback from output to input. One transistor stage is on (conducting current ) while the other is off (not conducting 
current ) until the stages switch conducting states repeatedly at a specific frequency. The oscillation frequency is set by the resistor and capacitor 
values connected to the base terminal of each stage. This RC network determines how long the transistor stays in the off position. 


Presented are two projects which utilize astable multvibrators built using the ubiquitous 2N3904 BJT. The first project is a code practice audio: 
frequency oscillator while the second is a simple , no-flls electronic keyer for keying a transmitter. Either circuit would be a great first project to 
lea how to build circuits using Ugly Construction. 


Code Practice Oscillator 


Astable Multivibrator Code Practice Oscillator 


a5 
47uF 
1na14a1Na148 HY, 
490 { 
Alltransistors 2N3904 
Seen an NS: All caps in microfarads Phones 


‘Above is the schematic for a simple Morse code practice oscillator. This circuit was originally built with 2N3904 transistors, however many 
different NPN transistors could be substituted as required. 


Tracing the circuit from lett to right first brings us to the multvibrator circuit which is compased of Q1 and Q2. The oscillation frequency of the 
‘mulivibrator is ~ 700 hertz and is set by the RC network formed by the 100K resistor and the 0.01 uF capacitor connected to each transistor 
base terminal. The approximate time off for each transistor is given by the following formula: 


[Time oft = 


.7*R*C Jwith R in ohms and C in farads. 


Safely Soldering Sensitive Components 


You need to avoid applying too much heat to a component, or you might 
damage it. One way to help avoid this is to clamp the heatsink to the com- 
ponentas shown in Figure 2-8. This willdraw heat away from the component, 
protecting it somewhat. 


Figure 2-8. Keeping heat away from the component 


HowrtoSolder 15 


tmaybe more practical to leave the resistance value fixed and vary the capacitor value to obtain a desired oscillation frequency. Rearranging the 
above formula allows this 


[Total Time Off = 1/ Frequency ] with Total Time Off being the total number of seconds that both transistors are off and Frequency is, 
in hertz, 


Once the total time off is known, you must divide that answer by 2 as each transistor is off half of the total time off in this symmetrical circuit. 
‘Then you simply solve for the capacitor value: 


[Time Half = Total Time Off /2] 
[Capacitor = Time Half / (0.7 * R )] with Capacitor answer in farads. 


Lets run the numbers to solve for the capacitor values in the schematic: 
R= 100K, desired frequency = 700 hertz. 

Total Time Off = 1/ F > 1/700 = 0.00143 seconds, 

Time Half = Total Time Off / 2—-> 0.00143 / 2 = 0.00071 seconds. 
Capacitor = Time Half / (0.7 * R) ---> 0.00074 / (0.7 * 100000 


(0.000001 farads = 0.01 microtarads. 


For 600 hertz, the capacitors would be 0.012 uF and for 400 hertz, 0.018 uF. 


‘As you can see itis maybe necessary to adjust the base resistor value to achieve a specific oscillation frequency. The rule of thumb is that the 
base resistor should be ~ten times the value of the collector resistor assuming the base-bias resistor is connected to VCC as shown, 


“The output of the muitivibrator is buffered by the high input impedance of an emitter follower Q3. This serves to prevent the oscillation frequency 
from changing when the output load is changed. The AF stage connected to the emitter-follower is a standard high gain common-emitter amp 
that has been used in many of the projects on this web site. As the multvibrator is buffered by 2 amplifier stages, good frequency stability is 
realized and frequency changes are negligible when turing the volume control pot. The final stage is a common-collector amplifier which can 
drive low impedance headphones with reasonable volume, 


Code Practice Oscillator Project Notes 
‘The voltage / time output waveform of the astable multvibrator is largely a square wave which some people find harsh. Many users prefer 
listening to a sine wave although that is beyond the scope of this web page. The multivibrator shown has real advantages in that, itis bth 
dependable and tolerant with respect to parts substitutions. Keying the oscillator as shown practically guarantees that the multivibrator will start 
running each time you hit the key. 


\VCC can be 9 to 13.8 volts DC and the larger the voltage the greater the volume in the Woe 
headphones. The B+ decoupling circuit at the top left can be omitted for battery Figure 4 

‘operation or if you prefer not to bother with it. The basic multvibrator and emitter- 
follower circuit can be used in a transceiver as a sidetone for monitoring keying. A, 
sefies resistor from the emitter-follower maybe necessary to attenuate/match the 
sidetone to the transceiver's AF amp. 


It you desire speaker level output, the Q5 common-collector final can be omitted and 
the circuit shown below used. This circuit uses the LM3B6N and provides up to ~ 0.5 


watts into an & ohm speaker. Connect the Figure 1 circuit as shown to the 10 UF 10 Bohm 


coupling capacitor connected tothe ealector of Q4. Do not connect the 10 ohm halt 10K Speaker 
‘watt resistor to the decoupled VCC shown in the schematic. The power supply to the Pot 
LIMS26N AF amp should be drecy connected tothe VCC, not ie the common umoon 


collector AF stage shown in the schematic to the right. 


Simple Electronic Keyer 


‘A simple keyer suitable for a popcorn QRP transmitter can be built around an astable mutivibrator and an example of such is shown above. The 
basic design of this keyer is from notes, however the original author of the circuit is unknown. The notes were written in 1973. | modernized the 
circuit, added a variable speed control and designed an additional output driver stage. 


Keyer Operation 
Keying this circuit generates either 
dits and spaces or dahs and spaces. 
‘When the keyer is idle, Q1 is on and 
Q2 and Q3 are switched off. When 
the user sends code, Q1 turns off 
and Q2 and Q3 switch on and in 


Astable Multivibrator Morse Code Keyer 


vee 


Relay Driver VCC 
turn key any device appropriately ne 

connected to the collector af Q3. The 
offtime of Q1 sets the on-time of Q2 
and Q3. The off-ime of Q2 and Q3 
is set by the 22K Q2 base resistor. 
“This off-time is the set time of the 
spaces and is constant, 


142 


pa 


“The 6BK resistor on the base of QL 
is about three times the resistance of 
the 22K base resistor on Q2 and 
consequently dahs are ~ three times 
the length in duration than dis. 
Spaces and dits are of the same 
length of ime because when 
sending dlts, the 68K base resistor is 
paralleled with the 33K resistor and 
effectively the resistance is ~22K 
‘ohms. Ifthe optional relay driver 
transistor Q4 is used instead of Q3, All diodes 1N4148 drawn dan 25998 
the theory is the same, just substitute 


Circuit to be 
‘grounded 


a 03 5.04 


(Q4 wherever you see Q3. 


Keyer Speed 
‘The keyer speed is very sensitive to the power supply voltage and any keyer speeds mentioned are ball-park values. Your results may vary 
depending on your VCC and component tolerances. Ifthe 25K speed control pot is turned to minimum resistance, the actual power supply 
voltage willbe present on both the paddle common and the top end of the 68K base resistor. This willbe the maximum speed for the keyer. In 
fact, the speed control pot could be omitted if you want to economize and the keyer will un at the maximum speed as determined by C1 and C2. 
Iyou do not want the speed control feature, connect the paddle common and the 68K resistor to the VCC supply. Another alternative is to build 
a two speed keyer by using a switch to switch in or out a fixed resistor to vaty the voltage instead of using a potentiometer. A trimmer resistor 
may also be used for “id-off speed adjustments, 


Varying the base-bias voltage with a pot changes the charging rate on capacitors C1. and C2. Although, | experienced no problems be careful 
with some resistances/VCCs as the circuit may be unable to provide enough current to saturate the transistors when the base-bias voltage is at 
its minimum setting (pot set to maximum resistance). Smaller pots such as 10K can also be used with a more limited ability to reduce the keyer 
speed below the maximum rate 


To set the maximum rate for the keyer, itis necessary to vary the value of C1 and C2. For this circuit to function correctly, C1 must equal C2. An 
experiment was conducted with the 25K pot removed and the paddle common and the supply end of the 68K resistor connected to the main B+ 
terminal. VCC was measured at 13.8 volts. C1 = C2. The words per minute were counted for four lfferent standard capacitance values and the 
results were as follows: 


22uF = 27 WPM 
33 uF = 23 WPM 


For this project, | settled with the 3.3 uF value, although personally, | use a 2.2 uF capacitor for C1 and C2. Sending speed can be reduced with 
the speed control pot or by increasing the time interval between characters and words. With 3.3 uf caps far C1 and C2, turning the 25K speed 
control pot to maximum resistance dropped the sending rate dawn to 12 words per minute. It you needed to slow down below 12 WPM, an 
amateur could send code using the Farnsworth method as mentioned above. At any rate this circuit allows you to determine the maximum speed 
rate by choosing the C1 and C2 capacitance value to suit your needs. 


Q3, Q4 Output Stages 


‘Two different output stages maybe used with this keyer and they will be referred to as the Q3 or Q4 stage-The Q3 stage is a simple transistor 
switch which will ground any component(s) connected to its collector when turned an during code sending. A variety of transistors maybe used 
here and care must be taken to ensure that you do not exceed the maximum dissipation of a given BJT. 


“The Q4 stage is a relay driver. The 12 volt relay used during bench testing was a Radio Shack reed relay that | had in my parts collection. 
Specifications were SPST 1A @ 125 VAC , 1050 ohms DC coil resistance, paft number 275-233. My VCC was 13.8 volts so a 1K2 current 
limiting resistor was placed between the relay and supply voltage. The relay has suffered no harm despite significant torture but be careful when 
you are using a VCC greater than 12 volts. This resistance may be dropped down to 470 ohms or omitted if you are using lower voltages. Any 
relay with a DC coil resistance of 500 to 3000 ohms should work in this circuit. 


| have never used this keyer with the Q4 relay driver for QRP operation as | prefer solid-state switching. The Q3 stage in turn can be connected 
to trigger a PNP transistor switch to supply DC voltage to a keyed transmitter driver andlor to pull a VFO to its offset frequency. A great example 
of PNP transistor switches can be found in The Ugly Weekender article by KA7EXM and W7ZOl. This article is referenced in the recommended 
reading list on this web site. Another bonus of the Q3 stage is that itdraws less current than the Q4 stage. 


Sending Code 
Ifyou ate used to a deluxe iambic keyer, this keyer will take some getting used to. The dahs in particular can be problematic as they do not self- 
complete lke they do on my station homebrew TTL iambic keyer. After some practice, however most people should be able to send some good 
morse code with it despite the lack of iambic luxury. 


Miscellaneous 


‘When you power up this keyer, itsends a lt. In one version of this keyer, used in a 40M transceiver, | had a 10K pot for the speed control with a 
built-in switch on the 10K pot to turn the keyer on or off during station setup. 


“The diades D1 - D4 can be any common switching diode such as the 1N914, Ql to Q4 can be any NPN transistor with a Beta greater than 50 
such as the 2N3904 or 2N2222. In the test keyer, all BJT's were 2N3904, 


For fun, | connected the multvibrator code practice oscillator to the keyer and gave the keyer a workout. They both work great together and are 
very complimentary. Have fun with astable multivibrators ! 


Update Oct 2007: 
Giovanni, IW7EHC has posted a area! web page on ths schematic including PCB layout fles in FidoCAD format 


Check out his excellent italian and English language web site 


Amateur and Short Wave Radio Electronics Experimenter's Web Site 


Supplemental Page for the 10 MHz WWV TRF receiver 


| have received a tremendous amount of feedback regarding the 10 MHz WWV TRF receiver. Many builders have constructed their own versions 
and have improved it. This captures the spirit of the QRP/SWL Homebuilder web site; take an idea and evolve it into something better on the 


bench. 


| will post some of the feedback as well as provide additional comments and images regarding the 10 MHz WWV project on this supplemental 
‘web page. Please continue to provide project feedback and help me to imprave the QRP/SWL HomeBuilder web site. 


Testy, KSHP 
HiTodd, 


| have just finished (few days ago) your design for the 
10 MHz WWV Receiver. | reduced you schematic 
diagrams to CitCad schematics, drug out the rat-net, 
positioned and connected everything, and etched the 
boards. include a photo of the 4 finished boards. 
“They are very roomy for extra tinkering. Except for two 
solder bridges on two very big pads on the tweeker 
Capacitors in the front end, itall worked perfect first 
ty. Hmmm, | cannot say that for all my projects in the 
past. After repairing the two shorts to ground of the RF 
path, the front end then tuned and worked perfectly 
also, 


| have not taken the project out to the Lab (bam) and 
put it on my Motorola Service monitor, but the input to 
the fiter board is roughly 500 uV. It can easily hear 
WW at this level with a decent antenna connected ta 
the fiter input when WWV is fairly strong at my 
location, Not bad, considering the mismatch at that 
location, 


Have you or someone else tinkered with an 
AGCIAVC circuit? At one time I had a nice 
Circuit using an National chip (don't remember 
the number) which is no longer available that 
was easy to build and easy to retrofit into 
something, Itwas an AVC which they called an 
audio AGC. 


‘When | built out the boards | placed proper 
credit to you and the other developers 
mentioned on the boards. Should you want my 
‘work product i's free for the asking. Il be glad 
to send itto you. CirCad in ver 4 isa fairly 


Above. Etched Audio amplifier PC board from KSHP. 


complete PCB cad program and its free too. 
“There is a version 5, but | have not tried it out 
yet. 


My sincere congratulation for producing and 

error free web article. That is a heck of a more 

than you can say about many other projects in 

the past. Most of those in the past had errors a 

plenty, and some just did not flat work as. 

described. Someone just thought they would as; 
. itturned out. Thanks for the fine article and Il check your site over for more 

= interesting thing to build or learn from. Best wishes and good luck. 


Abave, Audio amplifier PC board overlay for parts placement from KSHP. 


“Luse the CirCAD to produce the artwork, then take the laser printer output and 
bbond the plastic toner onto the PCB. Works good most of the time. Sure easier 
than trying to do photo etch, and silk screening is pretty expensive. The bottom 
‘copper is viewed as you would look down onto the top of a circuit board, 
through to the copper side. The side you are seeing is bonded to the copper 
surface. Print one out, hold itup to a light source looking through non printed 
side and it becomes apparent.” 


Terry designed and buit printed circuit boards. His photographs, etching and 
overlay files are all bundled together in convenient zipped files which can be 
downloaded below. 
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‘Above. A layout of the 4 completed boards by KSHP. 


Above. Schematics diagrams of 10 MHz crystal fiters 
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‘Above. Schematics diagrams by Wes, W7ZOl. 
‘A schematic representation of the 10 MHz xtal is shown 
along with the "popcorn’ 10 MHz xtalfiter | designed. 
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‘Above. A simulation of an L network depicted in the L-Match and AM 
Detector schematic for those interested in driving this detector with a SO ohm output impedance. 


IN f\ fh BN pHespohiom 


Amateur and Short Wave Radio Electronics Experimenter's Web Site 


MF TRF Receiver Supplemental Page 


Click here to go to the main project web page This supplemental page is under construction 


5532 Op amp Pin Out, 
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2 
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2 

6 3 
a 
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{A Version of the Receiver Using Just L1 and C1 as the band pass filter, 
You can see a red LED and current limiting resistor in the photos. This is a power an indicator. The telescopic whip antenna can be seen in the 


lower photo. 


Soldering a Component in Place 


Wipe the soldering iron on the sponge and hold it soit's touching both the 
solder pad and the lead that protrudes through. Avoid using the soldering 
iron to melt the solder. Instead, heat up both the lead and the pad so that the 
solder melts when you touch it to them. 


‘This must all be done quickly: within a second of touching the iron tothe joint, 
push a small amount of solder into the joint, and let it flow around the joint 
as shown. Give ita second to flow, take the solder away, then walt a second, 
and take the iron away. With practice, you should be able to do all of this in. 
three to four seconds per joint. Figure 2-9 shaws how you'd solder the pin 
to the skill badge. Figure 2-10 shows an LED being soldered 


Ifyou hold the iron to the component too lang, you run the risk of damaging 
either the component or the solder trace an the PCB. 


Figure 2-9. Soldering a pin 


16 Lesrnto Solder 


Early Versions of the Project Front End 


In section A of the schematic below, a dual-ganged 265 pF air variable capacitor was used for tuning. CV, a small compensating capacitor may be 
required to adjust for the capacitive differences of the 2 L-C tanks in the front end fier. It may have to be placed on the L1 side of the fier (opposite to 
‘what is shown). A JFET source follower was used for Q1 but discarded because stage gain was insufficient with a short whip antenna. 


Inthe version depicted as section B, two 12-110 pF air variable capacitors were used along with switchable 270 pF capacitors to provide 2 ranges of 
tuning. Although this worked, the switching mechanism was found to degrade selectivity somewhat. The JFET was reconfigured as a common source 
RF amp. This amp caused some distortion of the RF signal on stronger stations unless the gate resistor was lowered to 47K or less. Ulimately a 
cascode BJT RF amp was chosen for the project. A phatograph of the section A breadboard is shown below the schematic. 


Broadcast Radio Band Front End 
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365 pF 
Afoot dual 
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tale 


Oct 46, 2008 by VETBPO 


~5 uH = 9 turns #22 AWG ona FT50-61 ferrite core 
CV = small value trimmer capacitor for tracl -4.5-20 pF 
CV1 =CV2 = 12-110 pF air variable capacitor 

Q1 = nJFET; MPF102 or J310 


‘The inspirational detector schematic used for motivation to develop the full wave detector 


\Varactor Tuned Front-end Band pass Filter 


Above photo. The 2 potentiometer varactor controlled band pass filter. 
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Amateur and Short Wave Radio Electronics Experimenter's Web Site 


Supplemental to the Cascode Hybrid 5 MHz WWV Receiver 


DC Voltages of the Cascode Hybrid Amp 
On the right is the basic hybrid cascode amplifier 51 t17 
schematic. Note that the Q1 voltage divider bias has two 12.2 

10K resistors as compared to the 12K and 10k 

combination used in the final project. slightly lower QL 
bias voltage was ultimately chosen along with a 150 
‘ohm Q2 source resistor to enhance stability. Early bread 


boards ofthis amplifier used a 47-100 ohms Q2 source 01 ontout 
resistor along with the slightly higher Q1 bias, but ~11mA 
sulle tom paraseosllatons inen| 2 


“The DC voltages are rounded to 4 decimal point. These draw 


are ball park values for reterence purposes. The typical 
stage current draw was around 11 mA. RA sets the 
output impedance and is optional. R2 sets the input input 
impedance. This amp is very versatile in that it can be 

used to match a wide variety of input and output 
impedances. 


DC Voltages in Black 


‘The main 5 MHz WWV receiver web page which this 
web page supplements is here. 

Click here fora recording of 5 MHz WWV made with the 
Icom R-75 receiver using the 6 KHz AM fiter and the stock speaker. You may wish to compare itto the recorded 5 MHz WWV receiver project 
auto files linked here, here. and here, 


10 MHz Components 


For those who wish to experimentally develop a 10 MHz 
version, | have included some potential band pass and 
crystal fer schematics you may wish to consider. In 
addition, my preliminary experiments indicated that 
another RF ampitier stage might be necessary for 10 
MHz WWV. During development of these band pass and 
crystal fers, 10 MHz WWV reception was very poor 
and due to lack of time and the poor conditions, further 
experimentation was abandoned 

To the left is a 10 MHz band pass filter schematic with a 
-3dB bandwidth of around 100 KHz, 


10 MHz Front end Band Pass Filter 
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The GPLA simulation of the 10 MHz front end band pass fiter. Tuning is very sharp with this fiter. 


To the left is a crystal fiter design for 10 MHz. The 
realized bandwidth of these simple min-loss crystal ters 
is dependent on your crystal parameters. 


10 MHz Crystal Filter 


3dB BW ~6 KHz & 


VETEFO 
All crystal filter caps are pF 


Hyphae 


2 
Y1-5= 10 MHz 


A photograph of the experimental 10 MHz crystal filter is 
shown to the right. Leads were kept long so that parts 
could be reused in future experiments, 
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‘Above. The GPLA simulation of the 10 MHz crystal fiter. 


6 MHz Components 


Since itis easy to find 6 MHz crystals and Radio 
Habana Cuba is on 6.0 MHz, band pass and crystal 
fiters were designed for reference purposes. To the 
right isthe front end, band pass fiter schematic 


To the left is a potential crystal fiter for 6 MHz AM 
reception, The bandwidth is ~ 5 KHz which is starting to 
get too narrow for some listeners, however, your crystal 
parameters will determine your fiter's actual bandwidth, 


6 MHz Crystal Filter 
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6 MHz Front end Band Pass Filter 
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The GPLA simulation of the crystal fiter using the parameters fram the 6.0 MHz crystals | had in my parts collection. 


VE7BPO Envelope Detector 


AM Detector 
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Diode : Germanium Diode 
JFET : MPF102 


Miscellaneous Photos and Circuits 


To the lett is the schematic of another detector 
experimentally developed for the 5 MHz WWV receiver. The 
‘germanium diode has incredible sensitivity when biased, 
although noise tends to increase with applied DC voltage. 
This basic design also worked well with a hot carrier diodes, 
although had less sensitivity. V bias can be changed by 
adjusting the 220K, 47K and 100 K resistor values. Note 
diode polarity. 


‘Above, A work bench version of the basic receiver bread board builtin distinct stages fram the antenna input to the speaker. 


‘Above, A breadboard of the KK78 audio stage which is preferred to the LM386 stage used in the § MHz WWV receiver. The LM386 does take up less 
room and certainly increases the popcorn factor. 


Figure 2-10. Soldering an LED 


How ta Solde 


‘A work bench photo of the first version of the W7ZOI detector buit in October 2007 is shown above, 
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RF — Test and Measurement 


Greetings! | enter the QRPHB / SWL HomeBuilder site here and linked a few of 
my favorite tools, part suppliers and URLs | like and wish to remember. This 
page might feel intransigent. 


In the following section called Graphics, | show the odd newer schematic ot 
pphoto unpublished as permanent site content. A schematic might just represent 
‘my mistaken nation or whimsy: a sense of what's caught my fancy —not that 
‘my opinion is better than anyone elses. 


Quick Navigator 


Graphics 


Auto Pes 


108 , 


My gorgeous new PCE multimeter justin time for Season 16 experiments starting October 3. Click for another photo. Click for the PCE website 
—test equipment galore, 
RF Transistor Data Spreadsheets 


FET 
BT 


Test Equipment 


Test equipment 
USA Bigol Dealer T Equipment 


Online Tools and Publications 


Standard resistor and cap values 


‘Smith Chart information 


Good inducivelcapacitive reactance calculator other tots avaiable 
Resistive pad attenuator calculator 

Ohm's Law 1 pager 

\VHE Communications website UKW-Berichte/VHF-Communications 


‘The Signal Path EE video blog They seview and show the DSA1030A SA + TG 


DUBUS Technical magazine for 50 MHz and above 


Favorite Experimenters 


Esteemed ORP homebrew mentor - Wes Haywards, W7ZO! web site 
 tulian, YOUDAC:VASIUL Comprehensive design information and amazing circuits web site 


‘W Markus Hansen, VE7CA A venerable Room 19 Radio School graduate. He has authored for QST. See his receiver featured in QST for 


March 2008, 
‘¥ Blog of fellow VE7-land experimenter Steve, VE7SL. Look for a link to Steve's web site on his blog 
Professor Ken Kuhn's web site. Perhaps start on his site map. A treasure trove of useful information 


Ripples in the Ether An always interesting blog from our friend Jason who runs Etherkit 


etherkit 


SVSORA's Site Friend Konstantinos from Greece. Design info galore. Check out his microwave links 


EM Tuner Site Vintage FM Tuner Information 


Paul, KE7HR aver website 
Matjaz, SS3MV Microwave and RF. My favorite microwave designer. See this page for some inspiration 
Paul Wade, W1GHZ authors my favorite QST column Microwavelengths His site 

Jacques, VEZAZX web site Retired EE with great ideas 

Michigan QRP Club Publish The § Waiter Quarterly 


Website of Michel, F6FEO from France. FFEO project pages: click and click 


Roland, a retired EE who lives in France keeps this wonderful test equipment page 
JF1OZL Mega site that fist inspired me years ago. He once wrote me a letter - great guy 
Brian, K6STI 88-108 MHz web 

Leif, SMSBSZ_ Amazing work 

KATOEI Microwave Page web site 


Memorial Museum of the Leningrad Siege, St. Petersourg, Russia 
TocyaapcreesHuih myseit oBoporsl m Gnokaghi JTeHnerpana 


VETBPO photos 2006 
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RF — Test and Measurement 


RF Workbench Page 1 - Case Study Answers 


“This web page supplements RE Workbench Page 1 
Answers: 

1. Calculate the power in dBm at point B = 13.75 dm 
2. Calculate the power in dBm at point C = 10 dm 


3. What is the attenuation in dB of the 50 ohms attenuator pad? = -3.75 dB 


‘4, What is the output power in mW of this stage? = 10 mw 


Case Study 


CV 34-2204 1 


-4aB 
30K 


The design contained a "theoretical" - 4 dB, 50 0 attenuator pad using standard value resistor substiutlons 


Trimming Your Leads 


‘After you solder a component in place, you need to tidy things up. Grab the 
cutters from your kit, and trim the leads as close to the solder joint as pos- 
sible (see Figure 2-11 and Figure 2-12), Don’tcutintothe solder joint; the idea 
is to trim the excess wire lead. 


When you clip, the wire lead will fly away from the clippers very fast, and 
Could injure someone. The best way to keep this from happening is to use 
one or two fingers to hold the lead you're clipping. With one finger. you can 
put enough pressure on it to keep it fram flying away. 


Figure 2-11. Trimming leads on the 555 blinky 
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RF — Test and Measurement 


50 Ohms Attenuator Pads 


‘This web page supplements RF Workbench Page 2 


Table For Pi and T- type pads 


[ Attenuation | T-Type 
R R 
series parallel 
2.9 433.3 
57 215.2 
a6 141.9 
113 104.8 
4 82.2 
16.6 66.9 
19.1 55.8 
US im sa7s 
23.8 40.6 
26 35.1 
29.9 26.3 
33.4 20.8 
34.9 18.4 
36.3 16.3 
38.8 © 12.8 
39.9 9 114 
40.9 10.1 
44 6.3 
44.7 5.6 


Pi-Type 


e 502 RR series. 502 


¢R parallel> 


T-Type 


Rseries R series 


509 o~ ion 502 


Rparallel 


ssoyenua}y 


To build attenuator networks, we normally chaase use nearest standard resistor values, or parallel/serles 2 or more resistors fram our resistor 
collection to approximate the tabled R. If you're building with 596 parts, consider measuring a few resistors with an ohmmeter to find the best 
match to the tabeled R. 


Resistors in the 8 dB T-type or the 4, 14 and 19 dB Pi-type networks are close to 5% standard resistor values. 
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RF — Test and Measurement 


Expected Return Loss Table (50 ohm bridge) 


This web page is a supplement to Transistor input Impedance Experiments 


Expected Return Loss in a 50 ohm Bridge 
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RF — Test and Measurement 


Miscellaneous RF Topics 2011 Supplement 


Introduction 
“This web page supplements the Miscellaneous RF Topics 2011 web page. 


Design Center - Wrap Around Bias 


QRPHB Design Center 


Wrap-around DC Bias 


PNP Wrap-around Bias for an NPN RF Amp 


“There are entire books writen on RF power amps. | don’t pretend to be an expert and offer a simple approach to help mave novice builders up 
the learning curve. Big thanks to Wes, W7ZOI for the theory and explanation for EMRED Figure 2.16; the wrap-around PNP bias of an NPN. 
transistor with grounded emitter. This bias circuit is fantastic and helps prevent you from burning up too many expensive medium power 
transistors such as the 2N3866 or 2NS109 during experiments and operation. From our emails, the following experiments were performed and 
information gleaned. 


Since the NPN emitter terminal is grounded or near to ground on my web page examples, the current can really run high — Dont forget to use 
heat sinks and appropriately rated resistors on the NPN circuit when you really go far power. 


Wrap Around PNP Bias 


-———@ «+ vec 


Ra | AV 
+—ve 
1K RL 
V Ref —+ | REC 
2K $R2 
2N3866| 
IE 
Desired IE | 1E (mA) | VC (volts) | Vref (volts) | Ra (9) 
19.0 19.83 8.62 8.15 180 
42.0 43.54 8.31 8.15 €2 
105.0 [10850 | 8.22 8.15 33.3, 


‘Above — The schematic and data table from some biasing experiments. The normal decoupling parts were removed to isolate the biasing 
circuty. All voltage and current values were measured. Another photo. A folded piece of paper's under the wire connecting the NPN emitter to 
the copper clad board. Ths is how | measure emitter curent. The paper acts as an insulator and allows you to press hard withthe ammeter 
probe to ensure good contact. After current measurement, the paper was discarded and the emitter soldered to the copper ground plane 


Biasing Procedure 
Step 1: Choose a Target VC 

Using collector resistor Ra, we want to drop about 2/3 of the pawer supply voltage across the NPN transistor. For a 12 volt supply ar VCC, ths is 
8 volts VC. The formula is Target voltage = VCC x 0.66. Why choose 2/3 VCC instead af % VCC like we do for Class A audio amplifiers? In 


audio amps We just use a resistor as the load and the collector voltage can‘ go above the power supply unless we insert some reactances in the 
Circuit. In simple AF voltage amps, the half VCC supply allows the greatest undistorted, peak-to-peak AC signal swing, 


In RE power amps, a transformer or RFC lies on the collector terminal, so the instantaneous collector voltage (sum of the supply voltage plus the 
peak AC voltage) can go well above the supply voltage. if you have 8 volts on the collector, VC can easily rise to 16 volts or so on signal peaks, 
Its often prudent to choose a VC claser to VCC than the classic ¥2 VCC of audio amplifiers. 


Hereafter, Target VC is referred to as VRet 
Step 2: Choose Ri and R2 to bias the PNP @ VRet 


Choose the PNP biasing transistors Ri and R2 so that the PNP bias = VRef. The formula follows: 


| wrote a Java Applet that does the math Applet A ; ust plug in a VCC and play with the resistor values until you get your target VRef with the 


resistors from your parts collection. Try to get a bias as close as possible to the targeted VRet, but don't stress out over it 
Step 3: Choose Ra to give (VRef + 0.6) 

Ra= VCC ~ (VRet + 0.6) desired current in amperes. Use or make up Ra with nearest standard resistor value(s) with an appropriate power 
rating. na PNP, the emitter terminalis 0.6 VDC higher than the base, so need to we add that to VRet. The desired current is any reasonable 
current that you want to set up; for example 25 mA or 75 ma 

Example Calculation 

| wanted a emitter current of 105 mA trom the Figure 1 ciuit. VCC = 12.24, Let's run through the steps. 

Step 1: Choose a Target VC 

‘Target voltage = 12.24v x 0.66 = 8.1 VDC -> Now called VRet 

Step 2: Choose Ri and R2 to bias the PNP at VRef 


| just plugged some resistor values into Java Applet A. R21 is normally lower than R2. 


A. Calculate DC Voltage Divider Bias 
Voltage 
Rt Image 
Bias voltage 
R2 
Enter Voltage: 12.24 Enter R1: 1000 Enter R2: 2000 Calculate | Bias voltage = 8.16 


‘Above — A practical bias network. | have lots of 1 and 2K resistors. 8.16 vis close to my target VRet 
Step 3: Choose Ra to give (VRef + 0.6) 


12.24v ~ (B.16v + 0.6v) / 0.105 A desired = 33.1 ohms. | put three 100 ohm ¥4 watt resistors in parallel for Ra. Click for lateral view photo 
showing the 3 resistors. 


“The exact measurements of this example and 2 other (19 and 42 mA) are tabled in Figure 1. | used an 82 ohm 1/2 watt resistor for Ra in the 42 
mA version. The bench values closely approximate the calculated values, This circuit is quite instructive. In a real circuit (Figure 2) we add in the 
decoupling parts. Ra performs double duty as the decoupling resistor as well as the current regulator resistor. 


+— vec 
12.24V 


Ra 
+— Vc 831V 


1K 
V Ref —> 
B1IBV 2K 3R2 LJ }-4 RF out 
1 
ca 
= 4351mA 


‘Above — A working version of the desired 42 mA medium power amp from Figure 1. Refer to EMRFD Chapter 2 for further information. 
How does the PNP wrap-around bias loop work? 


Using the sample conditions from Figure 2: VC = 8.16v calculated, Desired IE = 42 mA and VCC = 12.24v 
‘The main decouplingicurrent limiting resistor Ra is established at 12.24v ~ (8.16v + 0.6v) / 0.042 mA= 82.9 Ohms. 


'No matter what, the PNP VRef = 8.16 vols. All of the desired conditions are established and the current is flowing in the NPN. Let's change 
these conditions and see what happens. 


First, instead of 42 mA, assume that the NPN current drops to something less. Hence, there will not be as 

much of a drop actoss Ra. This will cause VC to increase. This is the voltage on the PNP emitter. When this voltage increases, there is more 
voltage between the base and the emitter of the PNP, which will make it draw more current. That current comes out of the PNP collector runs to 
the base of the NPN. This causes the NPN to draw more current (beta times) which increases its collector current and causes the collector 
voltage to drop because of the IxR drop in Ra. It drops until it reaches the 8.16 volt level 


Let's naw assume the opposite. The NPN draw too much current, more than the desired 42 mA. This means that there is toa much x R drop in 
Ra and VC goes below 8.16 volts. This tends to turn the PNP off, The PNP collector current drops, so the NPN base current also drops, causing 
the NPN collector current to drop. This causes VC to again increase to reach 8.16 volts. Is this cool or what? 


3. Transistor Power Dissipation in the 2N3904 


Power Dissipation vs 
Ambient Temperature 
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‘Above — Power Dissipation versus Temperature for the 2N3904 in 3 packages. 


For example, VC (the voltage across the transistor) = 10 volts and the emitter current = 20 mA 


Pp 


xE =.020 amps x 10 volts = 200 mW 
Power dissipation in the emitter resistor 


Paix 


(020 amps x the measured emitter voltage 


orP=1xIxR 


For example, emitter current = 20 mA with a 5 ohm emitter resistor, P =.020 amps x.020 amps x5 ohms = 2 mW 


‘We assume IE = ICin the above examples. At 200 mW collector dissipation, the 2N3904 temperature temperature climbs to about 65 C. A metal 
can transistor such as 2N2222 has more surface area and better heat dissipation. A heat sink also improves heat dissipation. Temperature 
dissipation charts are referenced to ambient temperature which may be dependent on the air circulation around the transistor. f you plan on 
running 200 mW or so collector dissipation with a 2N3904, glue on a heat sink. A pinch of the finger and thumb, or a infrared thetmometer are 
the most common popcorn ways to test for the need for more heat sinking, or a part with better power dissipation. 


‘Figure 2-12. Trimming leads on the Learn to Solder Skill Badge 


HowrtoSolder 19 


‘Above — | leamed this from a Russian builder. 100 heat sinks for a dollar. Typically, a small blob of epoxy with the transistor positioned to the 


lower edge of the penny works best. | used to0 much epoxy and didnt wait for itto completely dry before taking this photograph — the penny slid 
down. 


Some Factors Affecti 


Commo! 


ate Ampl 


ut Impedance 


‘A question atises: with all the devices and topologies available, why build a common-gate JFET RF amp in 2011 and on? For the 1310 JFET at 
least: they're cheap, the input impedance is close to 50 ohms and wideband, the amp demonstrates good stablity, signal handling capability and 
linear performance — all without running mega-current. Mie Hpaswres. Many authors state the common-gate noise figure is inferior to that 
obtainable with the common-source topology, but for the popcorn builder, the common-gate noise figure is probably reasonable. 


a 12.220 


| Figure al | iA 


12.22v 


100K 
IS changes with 


DC gate volta, jas voltage 
g eT 4 Gate DCbias voltags 


Above —A JFET gate biasing experiment. Here | applied 0-7 volts DC to the gate of a common-gate FET amp. The results proved interesting 
see the graph below. The drain was tuned with a fixed 47 pF cap and manually "scrunch tuned” by pinching the T50-2 toroid with fingers and 
thumb, The input REC serves to decouple the DC from the AC signal and the tap is used to improve the input impedance match. 


45.00 7 


Gain (a3) 
Input RL (48) 
—1s (ma) 
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‘Above in Figure 2—A graph of the DC gate voltage versus gain, input return loss and source current from Figure 1. 


Increasing the DC gate voltage increases the source current as shown in the graph — ranging from 9.8 to 38.6 mA. From a DC gate voltage of 0 
to about 4 volts, amplifier gain changes very litle. Technically, the gain of this amplifier should increase along with drain current, however, the 
input resistance simultaneously goes down, creating greater voltage division loss at the input plus reduced return loss trom impedance 
mismatch. This tends to cancel the increased gain as the plot shows. 


“The AC signal current injected into the FET comes out of the drain with power gain because that same current is now flowing into a higher 
Impedance. The gain is dependent on the ratio of the impedance at the drain to that at the source. Click for a SPICE plot of DC gate voltage 
‘versus source current for 0 - § vals from Wes, W7ZOl. 


From experiments, | learned that at least 6 things effect input return loss: the source resistor value, stacking or paralleling JFETS, the gate DC 
voltage(all which change cutrent andlor transconductance), whether or not you bypass the source resistor, negative feedback and also the tap on 
the input REC. Like other amps, the impedance of the device before and after the JFET amp can also change the input match, but those are 
external and normal considerations. 


‘Above — Breadboard of the DC gate bias experiments of Figure. Properly biased JFETS act ike a current source where drain current is 
conitlled by the gate-source DC voltage. The input impedance of the common gate amp isthe reciprocal ofthe transconductance. Ken Kuhn 
posted some great JFET design notes in the yellow JFET section on his web site. EMRFD provides another essential reference for RF JFET 
design. 


Noise Figure and the Common Gate Amplifier 


Noise figure is important in low-level RE amplifiers such as a preamp or post-mixer amp because noise generated by these amplifiers contributes 
to the overall noise figure of a receiver. The input impedance an amp like the common-gate is considered an active impedance. Often, with 
active impedances, obtaining the maximum power transfer and lowest noise figure don't occur simultaneously. That is, the optimum input 
impedance match for gain is not the optimum input match for low noise performance. With pure resistances, the best noise figure possible is 3 
dB; however, when using an active impedance, i's possible to achieve a noise figure less than 3 dB by applying negative feedback or other 
techniques to manipulate the JFET active input impedance and lower its voltage noise. 


Astellar example by Bill, W7AAZI employs DC gate bias, noiseless negative feedback and paralleled JFETS to achieve a noise figure in the 1.2- 
15 dB range. This mind-boggling circuit is described in EMRFD as Figure 6.94. | wanted to explore this topic: can amateur builders design 
‘common-gate amplifiers for a lower noise figure? The answer is perhaps, however, unfortunately, there is no cookie-cutter approach. 


Low noise amplifier design impases an advanced topic and many builders lack the math skills andlor test equipment to design and generate 
results. Each design must be approached on a case-by-case basis, although similar fundamentals apply to all cases — using active impedance 
manipulation techniques and paralleling up JFETS while paying attention to all the resistances in a circuit — even loss resistance in the 
inductors. | eared from Professor Ken Kuhn that when amplifiers are paralleled the output signal power adds linearly, whereas the intemal 
noise adds statistically (square root of the sum of the squares) and thus noise figure improves. In short, paralleling JFETs reduces valtage noise, 


but only to @ point, as input capacitance also increases which can degrade high frequency performance and noise figure. Ideally, the JFETS 
paralleled should be matched for IDSS and VP. 


Further, all devices have a voltage noise specifications (in volts per root Hz) and a current noise specifications (in amperes per root Hz). The 
source impedance that produces the lowest noise is the ratio of the two — derived from Ohm's law. The input impedance of the device may be 
higher or lower; thus the optimum source impedance for low noise is not necessarily the optimum source impedance for maximum power 
transfer. I's unlikely that these two impedances differ widely, however, only careful bench measurements or closely copying proven designs will 
ensure the desired results, 


5. Design Center - Temperature Stable Voltage Divider Bias 


QRPHB Design Center 


Temperature Stable 
Voltage Divider Bias 


vec 
Simple steps for a temperature stable amplifier 
1 Bs /hFE 
2, VE aah Ri RC 
3. VB=VE+VBE ve 
4. RE=VE/IE @ vB 
5. ID=1B*:0 (Disdivider current) VE 
6. Re=VB/D Re 


7. Ri = (WCC — VB) / ID 


Above — A simple way to design a temperature stable BJT voltage divider bias. Assumes that IC = IE. You specify IE 


| sought to develop a simple way for builders to design a temperature stable BJT amp using voltage divider bias. It wasn't so easy. Here is the 
full math from Ken Kuhn. As shown, itgets complicated and over-the-head of the target readers of this web site 


My simple approach makes assumptions, and certainly an astute builder could improve my algorithm - | developed other formulae, however 
settled on this one because it well fis the scope of the QRP/SWL HB web site, Mast engineers design their bias networks in SPICE and | 
recommend this 


To choose a Beta or hFE, you can measure the Beta or use the transistor datasheet Beta near to the emilter current you intend to apply. Many 
builders debate this and even go as far to state that spec sheet Beta values are useless. This may be tue, but you have to decide on some 
approach. Ultimately, you will build the amplifier and can tweak 1 or more of the bias resistor values to set your bias voltage (emitter current) 
Click for a snippet from a 2N3904 datasheet showing hFE at a range of currents, 


Biasing BITS is a great example of building to suit your design requirements. The average reader likely operates their radios at room temperature 
where a minimum temperature stabilty factor is needed. On the other hand, you may operate field portable, or use a crammed chassis where 
transistors heat threatens stability. As always, your design cholces must fit your needs, parts and abilities. 

‘The above 7-step method forms a simple QRPHB Design Center method to achieve a reasonable temperature stabilly factor at normal 


operating temperatures. | considered 2 factors: VBE and Beta (hFE) changes. 
VBE 


We normally attribute the voltage difference from base to emitter (VBE) as 0.7 volts for silicon transistors. VBE changes inversely with 
temperature and at AF to HF, we mitigate VBE creep by applying an emitter resistor to increase the emitter voltage VE. The emitter resistor 
provides a feedback loop so as collector current starts to increase due to a rise in temperature, the voltage drop across RE also starts to 
increase. This voltage tends to reverse bias the base-emitter junction. The net effect is decreased collector current, 


How do | choose an emitter resistor value for VBE bias stabilty asked the litle grasshopper (novice)? 


“The VE value should typically be about 10 to 25% of VCC. VE recommendations really vary from author to author — some say VE should be at 
least 5X VBE while other authors suggest 2-4 volts as the minimum acceptable VE value for bias stablity in typical AF-HF amplifiers. | use 1.5 * 
‘VBE (0.7) = a VE of 1.05 volts, but i's up to you. Since you know IE for your transistor, calculate the resistor RE to provide the target VE using 
oi’ law: RE = VENE. 


ALVHF on up, emitters are typically directly connected to ground since that path must have as near zero inductance as possible. In these amps, 
the bias is derived by a feedback circuit that controls the base current to stablize the collector current at a specific level. Inductance in the 
emitter lead causes significant loss of gain at higher frequencies and also upsets the input impedance to the base. Similar effects occur in JFETS 
and even vacuum tubes. 10s of nH of inductance at 144 MHz represents a reactance of 10s of ahms. At UHF on up this becomes very serious, 
— that's why construction methods are so critical for these builders. 


In conclusion; to influence VBE stability against temperature changes and to some extent leakage current, at AF- HF, apply series feedback to a 
raise emitter voltage (VE). Accounting for variations arising from 5% tolerance parts, | chose a minimal VE of 1.05 volts (equation 2 of 7 in my 
"Simple Steps...” algorithm), 


‘A tradeoff challenges us — increasing the emitter resistance, increases AC degeneration, lowers AC signal gain and raises the transistor input 
impedance. Bypassing all or part of the emitter resistance offsets these problems. 


Beta 


Beta variation arising from temperature changes must be mitigated. | briefly discuss the factors that change Beta inthe bullets under the #5 
Bipolar Junction Transistor Beta Tester on this page. 


To design "beta independent amplifiers’, the builder alters the resistance ratio RBJRE. Decreasing this ratio 
Improves the Beta stability while decreasing the amplifier current gain. The ratio can be confusing, so the Design Center equations 5, 6 and 7 just 
make the current in the divider 10X the base current. I's simple — you're done. Feel free to choose whatever ratio you think is best. Good values 
for the RB/RE ratio lie in the 12 -20 range, 


Design Example 
[nFE = 100, IC =10 mA (0.014), VCC = 11.22v, VBE = 0.7] 


Tused a 100 ohm low-pass resistor; so VCC 


2.220 - (0.01 A * 100 ohms) = 11.220 


1, IB =IE/hFE =.00014 

2. VE=15* VBE =1.05v 

3. VB=VE+VBE=175v 

4. RE = VE/IE = 105 ohms (Use 82 — 100) 

5. ID =IB*10-=0.001A 

6. R2=VB/ID = 1750 ohms (use IK8) 

7. Ri =(VCC -VB)/ID = 9470 ohms (Use 10K) 


‘Above — A design example employing my "Simple steps for a temp stable amp" bias algorithm. My VCC = 12.22 volts, but, as always | 
decoupled and bypassed the VCC — in this case, | applied a 100 ohm /0.1 uF network. At 10 mA emitter current, the voltage drop across the 
100 © resistor results in a VCC of 11.22 volts. 


Big thanks to Wes, W7ZOI and Professor Ken Kuhn for helping me with my math problems and to better understand biasing concepts. 


‘Atriend made a Design Center soread sheet for MS Excel. In this application you enter the desired IC rather than IE. 
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50 Ohm Common Emitter Audio Preamp Experiments 


Introduction 


“This page supplements the Pop DC2 Receiver Experiments from this web page. 


12.22v 11.69v 


3K93.75v 
Gain = 18.04B 
Stage current = 7.22 mA 
AF Input Return Loss = 28.7 dB 
eae nate Q1= Q2=2N3904 


Above — A 50 ohm audio preamp to follow a diode ring product detector. 


Many seek an altemative to the common base AF preamp that typically folows a diode ring product detector. Winter experiments yielded some 
possible ideas. The simplest is shown above. 


Using al different parts, | built and measured another version to ensure reproducibility of the input return loss while just using standard 5% 
resistor values. The second amp proved similar: 18.4 dB gain, 7.27 mA stage current (3 8 mA is consumed by the emitter follower), a return loss 
of 27.6 dB and a nice sine wave output. A 2K2 resistor AC coupled to the emitter follower provided a load. Note in the photo, | used 1% resistors 


in some slots, but the values were standard 5% and not unusual values like 15.4 K etc... The 3K9 feedback R is the mast critical value — 
5% part 


About 1/4 of my resistor collection are 1% metal fim, as | dont lke stocking both 59% and 1% tolerances of the same R value. | envision this amp 
driving a 5532 amplifieriow-pass fiter built with 5% resistors with the op-amp output connected to a 1-1OK volume control potentiometer. 


‘The amp above is pure popcom flu, yet represents over 8 hours of reading, calculations and bench discovery. In another version, | soldered in 
low noise transistors (MPSA1B for example) and 1% metal film resistors to ty and drop the noise figure. Yet another stage had Ql collector 
bootstrapping (3 layers of feedback). Im not sure what Il do with these experiments, however, at least 1of these wil end up on the module page 
as the update to the popcom DC receiver mainframe. 


Glenn, VE7DNL built a landmark common emitter preamp with parallel 2N4401s, shunt feedback and some 1% bias resistors. | built a version of 
his pre-amp without the diplexer. The input return loss in my version was only 5 dB — likely the diplexer network helps establish the input match. 
Itappears Glenn's goal was low NF and the best match and noise figure don't always correlate. | matched Q2 and Q3 as well as | could since 
only 6 were available. An Hie of 220- 240 is not uncommon for the 2N4401 — a good part. 


Here's a SPICE plot of the amp performed by Wes, W7ZOl. The two plots are S21 and S11. S21 is the forward gain in dB. S11 is the input 
reflection coefficient, which is just the negative of the return loss. At 1 kHz, the calculated gain = just under 42 dB and the input match = ~17 dB 
return loss. 


To improve return foss in my breadboard, | need to tweek Q2 and Q3 bias (lower the 6.04K resistor), plus add some emitter degeneration. 
Emitter degeneration (series feedback) would worsen the noise figure. The 100 uF emitter caps offer some series feedback and capacitor values 
like 1000 UF are needed if-true” AF bypass is wanted, 


12.22v 


Feb 12,2011 


7B 


or greater MPSA18 
3.55v 


1K 


Return Loss= 28 dB 
Gain = 17.8 dB 


Above — Alternate experimental 50 ohm audio preamp to follow a diode ring product detector. The high impedance output enables small value 
‘output coupling capacitors for pseudo high-pass fitering. | simply added a collector resistor plus a decoupling network to Q2. The low noise 
MPSA18 BJT is a favorite and predictable part. The 2N3904, 2N4401 and others should work fine. 


Don't even think about using an input capacitor ess than 100 uF at 50 ohms — youll trash the input Return Loss, | measured the highest Return 


Loss with @ 470 uF coupling capacitor, but the 100 uF cap shown worked almost as well 


{im currently decreasing the (Q2) 1K emiter resistor with hopes of squeezing outa litle more gain while tying to preserve strong signal handing 
capacity. 've found that heavy feedback is your trend, 


MPSA18 


27 


10.9 mA stage current 


Above — Another version; trying to increase stage gain. The Q2 collector resistor dramatically affects clean signal handling — lowest distortion 


occurred with a 367 ohm collector resistance. | substituted a 390 ohm collector R. This dropped the gain a litle, but increasing distortion over 
gain is never my goal 


During experiments, dropping the the Q2 emitter resistor below 470 ohms made the other biasing resistors more critical, decreased return loss 
and invited distortion. The best return loss occurred when critically biasing with 1% resistors — Im avoiding that! 


Return loss = 26.3 dB 
Gain= 18.9 dB 
Stage current = 15.9 mA 


Qi =Q2 = 2N3904 


20t FT37-43 
170uH 


Feb 26, 2011 (348K 1% R) 


‘Above — Another popcom part experiment from February. A low-pass network terminates a diode ring mixer and drives a 50 ohm input 
feedback pair arranged so the Q2 collector DC voltage is approximately 1/2 VCC — this provides the DC bias for a 5532 op-amp low-pass fter 
arranged in the Sallen-Key topology. 


‘The Q2 collector voltage removes the need for a separate single supply op-amp bias network and an AC coupling cap. | did't try this circuit in a 
receiver; arranging the feedback network and testing the possibilty of such a design drove this experiment. A perfect 1/2 VCC Q2 collector 
voltage might be obtained with a standard 1% value 806 ohm R. | lack this part. 


Going From Solderless Breadboard to 
PCB 


‘The beauty of pratoboard is that it mirrors the layout of a solderless bread: 
board, which is used for prototyping electronic circuits. Once you have your 
project laid aut and working on a breadboard, you can easily transfer it to 
the protoboard. As with a solderless breadboard, the protoboard has rows 
and columns that are tied together. The layout is slightly different, though. 
Where the breadboard has two rails (one for positive, one for negative) on 
both the top and bottoms shown in Figure 2-13, the protoboard that comes 
with this kit has its rails in the center of the board. 


Figure 2-14 shows the project from Figure 2-13, but laid out on a protoboard 
Instead of the solderless breadboard. 


Teese coeee veces 


Made with (9 Fritzing.org 
Figure 2-13, The 855 blinky project on a breadboard 


NOTE: The breadboard diagram in Figure 2-13 was 
made with Fritzing, an open-source initiative to 
support designers, artists, researchers and hobby- 
ists to work creatively with interactive electronics, 
For more information, see http://fritzing.org/. 
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RF — Test and Measurement 


Almost Popcorn Superhet 


1. Receiver Concept and Macro Diagram 


Nat done. 


Maybe a fight-of-fancy that never crosses the finish line? This page seems to repeatedly find the back burner, a good intention that never sees 
completion. Sadly this is normal for some of us builders —how many incomplete projects adorn your home and workshop? Sil, this web page 
might fuel your own experiments. 

For years, I've attempted to update my Popcorn Superhet from 1998 but always seem to lose interest from numerous distractions such as VHF 
land UHF experiments and other non-radio stuff. So here itis so far — raw and unrefined: more experiments fram my analog-centric workbench. 
To clarify —| love the new digital radio stuff, but that's well covered on the net by numerous code writers and those bleeding edge, frontier 
pioneer types. | prefer a 50 @ lab with all the visceral enjoyment and learning it has to offer. To each his own, 


‘This web page remains unlisted on the main top level menu — and for goad reason. 


Click for some supplemental fab notes. 


2. N= 4, Gaussian-to-6 dB Crystal Ladder Filter 


| frequency matched four 11.0592 crystals, characterized them and took an average of those crystal parameters plus some data from Zverev and 
inputted this into xiad08.exe, a program that ships with EMRFD. 


File About XLAD 
Fellow nections in numetic order: 


Gu Froona OO. faas 


F MH2I""-0552 | Notional L, Hem [1 


4. Enter or edt cystal parameters and click: 1. Characterize Crystal 


Filter Seneiwidth, Hz, = [1c00 Number of Crystels in Fiter(20 mex) =[4 
2. Entei B and N and click: 2. SetB and N 


2A(Oplionall To generale|: and avalie, cick: 2A. Generate Butterworth, Chebyshev. or Cohn k and 
ql= (06 qn= fi23e 
3. Enter of EdtE Rd Nomalzed OValievandcick: 3. Set ql and gn Min End Fesistance = 103-4 


End R =|200 4 EnterorEdtEndA andoick 4. Match Ends Gameae| 


Wiefrai2 | K28Joszas | k24Josz3 — k#Sfoo00 — kSSfo.0010 C1pF CNof 
ké7Jocoro  k78Joco10 —-#89faooT0 k40 fone 68.85 13417 


5. Enter or Edilthe Normalized ccupling coefficients and dick: 5. Calculate Coupling Caps 
6. Ect Coupling and End Caps, if desited, and Tune Fite: 


‘Shunt Coupling Capacitors, pF 2h. lune Aack Etec Mesh. | 
14472 


Bag 
39803 

‘o00 
joo 


99999.00 ‘oo 
Eo ooo 
tg o.oo 
195 78 a0 
‘000 ‘000 
xlad08, 5 Nov 08d, w?z0i Fe Tuning Cop, ASRS TeoStes a whe when uaéna ToT 


Save design to default file. Exit 


Above — Xlad08.exe screen shot. 


393.2 pF 154 pF 195.8 pF 
ee He He + 
° 
502 502 
¢|| 69.6pF 144.7 pF 227.2 pF 338.3 pF 134.2 pF ||* 
11 BFT 11 BFT 
FT37-43 FT37-43 


Above —The xlad fiter expressed as a schematic. Click for a GPLA plot ofthe filter. 


| built and hand tuned this crystal fier with my analog sweep system. Click for a photo of the optimized fter breadboard —| used 1 or 2 parallel 
capacitors to tune each capacitance to derive the best possible skirt shape. Click for a sweep of this optimized fiter in my ‘scope. 2 bifilar 
transmission line transformers provided the required 200 0 port termination in my 50 Q sweep system. 


| sought a crystal fter based on the xlad08 calculated values using only 1 nearest standard value in each capacitor slot, 


‘Transitional fiters like the G-to-6 dB, are generally tolerant of part substitutions and thus | sought a fiter with only 1 nearest 59 standard-value 
capacitor in every slot instead of 2 sticking 2 close in value parallel caps to make up the needed capacitance as needed. 


390 pF 150 pF 180 pF 
eH HoH eH H+ 
2002 Ki Ki 2002 
5-79 pF 150 pF 220 pF 330 pF 56 pF 5-79 pF 
a 
20092 jee 
56pF 150 pF 220 pF 330 pF 68 pF 


* Tused ths filter 


IF = 11.0592 MHz, Im = 0.01, Qu = 70K, CO = 4.86 pF, BW = 1KHz 
2 0.6, QN 1.2348, R 200 ohms, K1-2 = 1.4513, K2-3 = 
0.9245, K3-4 0.6213 
=, Eee iz 1 -Ttea-6 
N=4 Gaussian-te-6 dB 


‘Above —The 2-step transition to a 1 capacitor, nearest standard value in each capacitor slot. In the top diagram, | placed a timmer cap on each 
end to allow fiter tweaking while looking at the swept fiter in my'scope. I've leamed that adjusting the parallel cap nearest to each porta simple 
way to tweak a G-10-6 dB fier. After setting the best looking skirt, | removed and measured the end parallel capacitance and substituted the 
nearest standard fixed capacitor. Manipulating the capacitors values will change fiter bandwidth and return loss. 


You might compare the lower fiter to the xlad calculated values to see how tolerant the circuit is. 


Single standard-value capacitor 
G-to-6 dB crystal ladder filter 
4, V = 10 dB/division, 


‘Above — A sweep of the single value capacitor version that's used in the Almost Popcomn receiver. While the 1 KHz filer skirt isnt perfect, its 
reasonable. Click for the test bench breadboard. This particular fiter measured 1/2 power bandwidth = 1227 KHz and the insertion lass was ~3.5 
dB, 


3. IF Amplifier 


12.21v @ « ° 
= .022 10 
te 100 5.6pF | 100 
5.6pF 022 ae 
a x 
3 1 wan aml i nyu 
2. 10 1 yar 
5 L, 
L J 10K 3¢ ° ° 
FT37-43 
f12t_ 500 
3K3 3 at 
2k2 3 ox2 | L 2K23 akg Output RL 
= 21.8dB 
° 
xtal | 2009 os ng aml 
FL 3S on a gl 27 
No oT] 
Input RL Ea Lez ra ou Lay ey 
= 285 dB oy oy 
= = 
18-12 pF 18-12 pF ' 3K3 10K la [ -01 
Maximum gain = 43.3 dB 
1N4148 


Gain variation = 30.6 dB 
Max current = 9.7 mA 


Almost Popcorn IF Amp 


‘Above — Version 2 of a popcorn IF ampiifer idea with BF99Bs, IF = 11.0572 MHz. 
| have no use for AGC in my personal receivers since | listen through a speaker and alvays ride the RF gain control with my finger. Since the 
BF998 has gain into UHF, wideband decoupling + bypass SMT R-C networks fter each MOSFET in case of oscillations. Click and click for 
pphotos. This circuit will operate fine with just 0.022 uF bypass caps. 


‘Annetwork matches the 200 © xtal filter output impedance to the 3K3 input Z of the IF amp cascade. The L-C-C network has become a favorite 
matching weapon —2 tweaks is often better than the 1 offered by a garden variety L-network. The product detector that follows this stage is a 
Level 7 diode ring mixer soldered onto the audio preamp board. This receiver will feature some modish circuits aimed at low noise + high fidelity 
but stil stay “almost popcom”. Anyhow, that’s my hope. 


‘Above — A breadboard of the Popcorn IF amp sans the input network. | tested this stage using an oscillator with a 3K3 output impedance and 
liked what | saw. Click for a reverse angle view. Alter this build, | ordered some SMT versions of the 1N4148 diode. The BNC connector was only 
soldered on the board for testing purposes. 


11.0572 MHz Ney 


5 " 
Return loss 
of 2002 
11 BFT a resistor = 33.4 dB 
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Figure 1 


‘Above — Setting up to measure the return loss of the 200 Q input Z of my popcorn IF amp. 1 difference between scratch homebrew and kit 
building is all the measurements you need to make to optimize your scratch receiver. A joie de vivre stems from our descriptivelexploratory 
analysis before and after making our breadboard. We just learn from mistakes and move forward to improve both our knowledge and gear. 


| chose a 200 0 input impedance for a reason — it's easy to apply a standard 60 0 return loss bridge via a 4:1 transmission line transformer to 
establish the correct input impedance for the single frequency matching network. 


From the set-up shown above, | found that with a 200 0 resistor, my return loss at 11.057 MHz = 33.4 dB. This signals the very best we can 
achieve with our network: directivity. Click for a photo of the above experiment breadboarded on a scap of copper clad board, 
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‘Above — The schematic of my 200 to 3k3 0 matching network. | designed it wth zmatO8.exe, a program by Wes that I first used as a console 
app since the days of DOS. Zmat08 program comes with EMRFD. Click for a screen shot of from Zmat08, 
‘The calculated values from Zmat08 only consider a pure resistance and not a complex impedance, so on-bench adjustments of 


the design Land 
C values are normally required and fun to do. Variable trimmer caps make tweaking the C easy. 
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‘Above — The final— measured schematic — While watching the peak to peak voltage on my 50 © terminated scope, L and both capacitors were 
tweaked until | found the highest return loss. L is tweaked by scrunching or expanding turns, or adding/temoving tuins as needed: in this case, | 
added a tun and expanded the windings slightly. With the L-C-C match, a return loss greater than 25 dB may arise plying good bench practices 
—mine measured a lovely 29.2 dB. | removed and measured the inductor plus 2 capacitors to get the values shown black in Figure 3. 


‘Above — A breadboard of the Figure 3 network before | experimented to find the best L (and shortened its leads). 


‘After | making and tweaking the Figure 3 network, | took the call along with 2 cheaper trimmer caps and added them to my IF ampliter 
breadboard. While measuring the return loss of the IF strip input, | had to expand a couple of links on the inductor, but after tweaking the L and 


the 2 trimmer caps, | measured a 28.5 dB retum loss. This ensures my crystal fiter will see close to a 200 Q termination at the IF input. | love well 
‘matched stages! 


Further, I made a L network and then a L-C-C network to match the output port, however, UHF oscillations erupted. | then went back to a simple 
broadband transformer and measured a RL of 21.8 dB with a 12:3 tums ratio. Done, 


4. Mixer and Post-Mixer Amplifer 


C1 and C2 
286.8 pF 


U1 and L2 
0.72uH 


Calculate 


About 


Enter Frequencyin MHz 11 Exi 


‘Above —I tested the W1IR (Joe Reise) bridged-tee diplexer against another design used by Ten-Tek. Ill show the outcomes on the Almost 
Popcom receiver page some day, but the WIJR better full its purpose; termination from DC to daylight atthe mixer IF port. I calculated the L 
and C values for a 11.0592 MHz IF with my Universal Diplexer application from many moons ago. 


.ac dec 500 .1meg 100meg 


Above — SPICE provides a great way to assess a diplexer since you can plot both S21 and S11 against frequency. 


cf rm 


Above — A fantastic match! Thanks Joe for the design and to Wes, W7ZO1 for his help with diplexers and the SPICE plots through many years 
ited experiments, Since web publishing the at least 500 diplexer-related emails have come in. Human translated versions of 
b page exist in at least 3 languages. 


2 MHz/div WIR Diplexer 


‘Above — Tracking generator plus spectrum analysis sweep. SPICE does a better of examining the high-pass side. 


Figure 2-14, The 555 blinky project on a proteboard 
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‘i 47 ‘S11 =-209 dB 


‘Above —A look at the diode ring mixer, diplexer and post-mixer amp from the latest version of my Almost Popcomn Receiver. | tested the 
diplexer and RF amp with pad as one unit (see the S-values). 


Itdid not make sense to use a transmission line transformer to get 50 © on the amp collector and then use another transformer to build it back 
Up to the needed 200 0 impedance for the crystal fiter, so | just employed a single choke driving a 200 0 Z attenuator pad. 

SS parameters are 50 0 values, thus S22 = the 200 0 transformed into 50 Q. Alter terminating the stages 200 Q output with a 4:1 Z transmission 
line transformer, | tested it ike any other 50 0 circuit andmeasured S22 as -0.6 dB — my xtalfiter input Z is well established, 


Even with the 6 d® (200 0) attenuator pad and losses from the diplexer, the stage gain from point A = 15.5 dB. Click for to view a bigger picture 
of the breadboard. Losses from a diode ring mixer are typically 5-7 dB. 


‘Abave — Mixer and diplexer assembly. The RMS-SLH takes 10 dBm LO drive. 


5. Product Detector and Post Product Detector AF Amplifer 


| kept the diode ring for a product detector: an SBL-1 driven with a xtal oscillator (BFO), 


12.21 


4K7 


S11 = -24.1 dB 
3K9 3.56v T Gain = 17.3 dB 


01 = (02 = 03 = 2NS0R9 3.54 mA Total 1 = 7.41 mA 


‘Above — My post-product detector amplifer: a common emitter/ emitter follower pair arranged for a 50 Q input impedance with shunt and series 
feedback. Getting the biggest, clean sine wave in and out posed my only goal — the 3.54 mA current source on the follower helps that cause. 
‘The input Z tested quite insensitive to output load variations and the (S11) retun loss = 24.1 dB. 
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Q1=02=03 = 2N5089 pis 


‘Above — The "Full Monty product detector to AF preamp". A MCL SBL-1 diode ring mixer drives the 50 Q input Z feedback pair and finally a 
15532 op-amp with adjustable gain. The 25K gain trimmer pot allows the builder to accommodate factors such as whether the stage is a DC 
receiver, or an RF-AF block for a superheteradyne receiver like in this radio. set the gain as low as possible and hope to build up my AC 
voltage with active, gain producing low-pass filer op-amp stages. 


The output t pin 7 is directly coupled to an op-amp AF filter. With software we can easily design a myriad of audio fiers: band-pass, low-pass, 
high-pass, all-pass ete. | only run low-pass fiters in this slot and even here we must decide whether to make our reponse Gaussian to 6 dB (or 
12 dB), Bessel, Butterworth, or a Chebyshev with some degree of ripple. 'm testing out a few designs with an eye towards simplicity and 10% 
parts, 


Spurred on by curiosity, with my ears as the main evaluation tool; I currently have a 5532 paper design to deliver 20 dB gain with a 500 Hz pass~ 
band, Gaussian to 12 dB low-pass response. Click for schematic, | chase a 500 Hz cut off frequency since the skirt shape by definition is subtle 
and the Q low. This trick should better roll off the AF above 1 KHz a lite faster without the ugly group delay associated with steeper filters 
employing more poles. We shall see! 


‘Above — The compact breadboard of Figure 2. 


Audio fiters and AF power amp are incomplete, 
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RF — Test and Measurement 


Almost Popcorn Superhet — Supplemental Lab Notes 


“These lab notes supplement the Almost Popcom Superhet Receiver Web page which has remained incomplete for greater than 10 years. 'm 
sorry for the rough writing and procrastination. 


N= 3 Gaussian-to-6 dB Crystal Ladder Filter 


| spent a pleasant Saturday afternoon designing, building and testing Gaussian-to-6 dB crystal fiters. | inputted some xtal parameters + 
constants from Zverev into Xlad08.exe from EMRFD. Here's the N = 3 version 


TE. Bu rom OF fas 


1. Enter ot edt crystal parameters and cick: 1. Characterize Crystal 
Filter Bandwidth, Hz = i000 Number of Crystals in Filter (20 max) =[3 
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Exit 


Above — A screen capture from Xlad. This app allows skilled builders to depart from the typical Cohn (Min-Loss) filter and tune fiter poles to 
derive beautiful skirt shapes and low insertion loss if wanted. I'm not a great crystal filter designer, but I've seen work from friends who have a 
knack for it: imagine making a N=8 to 10 crystal CW iter with just ~1 dB insertion loss like these builders! Click for the GPLA simulation. 


N = 3 Gaussian to 6 dB 


293.3 pF 182.7 pF 
ald 
2009 i 2009 


49.8pF 144.1pF = 323.3pF 175.6 pF 


F = 11.0592 MHz, C-par = 4.86 pF, Lm = 0.01 
Qu = 70K, Q1 = 0.4691, QN = 1.731, R = 2009 
K1-2= 1.4574, K2-3 = 0.6496, BW = 1 KHz 


Above — Gaussian-to-6 dB xtal filer schematic where N = 3, 
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‘Above — Circuit to allow evaluation of the fiter in my 50 © sweep system. Transmission transformers provide the needed 200 © fiter termination. 
[inserted 4 trimmer caps to permit tweaking of the filter under test to establish the very best fiter shape, With trimmer capacitor adjustment, | was 
able to trash the fiter or peak it well. Click for 3 diferent swept bandwidths: Sweep-1 Sweep-2 Sweep-3. 


‘After peaking, | removed all the caps and measured them as shown in red font. Il replicate these values with nearest standard-value fixed 
capacitors, The trimmer caps nearest to the ports proved more sensistive compared to the 2 middle trimmers capacitors during tuning. 


‘This might be the coolest thing I've ever done on my test bench, 


‘Above — My N = 3 filter breadboard, | left the capacitor leads long for re-use. | consume huge numbers of parts and recycle as possible to keep 
costs down, 


Mixer and Post Mixer Amplifer Development 


‘Abave — Ugly breadboard shot with my ancient 105 mm lens for a change. I's a Beaverton Special feedback amp (FBA) biased for ~40 mA. For 
‘my post-mixer amp. If you need a stout RF amp, this one will do in a storm 
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$22 = -35.2 dB 
iw 
A 
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‘Above — The Beaverton Special feedback amp biased for ~40 mA with a 50 0 output Z. The FBA with no 5 dB pad: S11 -18.5 dB; S12 -34.6 4B; 


S21 22.1 dB and S22 -31.8 dB. | love this FBA for its simplicity and well defined port impedance. My IF = 11.0592 MHz, Click for a discarded (but 
coal) photo, 


To drive the 200 input Z of my xta fiter | later converted the output to 200 O by changing the collector transformer and pad. 


Frequency Synthesizers and Logic 


ve spent a great deal of time reading about & playing with same HC series lagic | bought in 2011-2012. | even purchased a few 74AC74, aD 
flip-flop you can clock up to 160 MHz or so. Most of my reading concemed frequency synthesizers: PLLs, dividers, prescalers, etc. Since most 
modern devices run a clock at GHz frequencies, the evolution of frequency synthesis technology from around the mid 1970's to now makes for a 
fascinating read. 


Soldering Jumper Wire 


Jumper wire can be treated a lot ike other components (see "Placing 2 
Component in the Board” on page 11): make sure there's enough bare wire 
poking through so you can bend it outward enough to hold it in place. The 
notched probe included with ths kit can be helpful with placing jumper wire 
in the right place (see Figure 2-15), 


Figure 2-15. Placing the jumper wire 


Bridging Joints with Solder 


Whenyou're working with the protabaard, yau willsometimes need tobridge 
Joints that are clase to each other. This is preferable to using jumper wire 
since your board remains unclutteredon the tap. Itdoesn'talways look great 
on the bottom, though, because you end up with a lot of solder in some 
places. Figure 2-16 shows the start of a bridge: feeding the solder into the 
gap between solder jaints, Figure 2-17 shows a bridge being formed. 
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‘Above — Using a CMOS 10 MHz clock oscillator, | tested out a positive edge-triggered programmable frequency divider designed by Wes, 
'W7ZO1 in 2011. It works perfectly. 


Frequency (KHz) 
0 
3333. 
2500 
2000 
1666 
1429 
1250 
1111 
1000 
909 
833 
769 
714 
666 
625 
588.2 


Programming Pin Sequence on 74HC193: 9, 10, 1, 15, 


Above —A test of all 16 combinations of the 4 programming switches with the 10,000 KHz input. | show the measured output frequency in KHz 
and the integer generated by dividing the output F into 10,000 KHz. You may leave pin 9 HIGH and just run itas a divide by 10 to 17 counter with 
3 panel mounted programming switches — that's what | hope to do. 


‘While working at Tektronixs, Wes designed the frequency synthesizer for the 492 Spectrum Analyzer, a portable SA that went to 21 GHz or so. 
His experiences informed the design of this simple, low-cost, edge-triggered divider. 


Here, Wes applies the 74HC193 as a down counter where a number is loaded and then it count downs until zero is reached. The number gets 
boosted by 2— 1 comes fram the 74HC74 D flip-flop, while the other arises from the phasing of the signals. The 74HC74 makes the overall 
output coherent with is clack and avoids the flicker nolse that otherwise might be generated in the long divider chain of the ripple counter. 


“The standard binary to decimal conversion is altered inthis circuit. 


‘Above —My ugly breadboard, Instead of switches, | relied on bench jumpers to set a pin LOW. 


Check out the standard binary switch combinations on this cool website: Math Is Fun. | also enjoyed their hexidecimal drum machine tool - Click 
‘Actually, the whole web site looks great and | will recommend itto our friends with children and maybe even a few radio enthusiasts. 
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‘Above — An Almost Synthesizer based upon the design currently in use at W7ZOl, 


| picked the MTO, xtal oscillator and VCO frequencies and will design the loop fier once | get the parts and 
a few small die-cast boxes on hand, The MTO division integer is low and quiet — plus this scheme enhances MTO frequency stability and 
spectral purity. A 4-bit ripple counter + flip flop perform the division where N= 10 - 16. | might go higher with N , but don't want to get too greedy. 
For CW, 'm generally in the bottom 20 KHz of the band anyway. 


“The MTO tunes about a 13-14 KHz range and the N gives 6 different tuning ranges (with some overlap) to span a total range of ~118 KHz. The 
4-bit WORD is changed by 3 chassis-mount toggle switches and give a PLL reference of ~~175 to 280 Kz. 


‘This almost synthesis seems a litle crude in a ime when people use microcontrollers to input a WORD into a chip with with the simple turn of 
rotary controller, however this set-up fosters learning, huge fun, and when the oscillators plus loop fiter are well designed; low phase noise and 
reciprocal mixing 


‘The Crystal Filter 


Above —A GPLA sweep of my 4 crystal fiter where C parallel = 4.86 pF, Lm = 01 H, IF = 11.0572 MHz, BW = 1 KHz and R term = 200 ohms, 
‘This Gaussian to 6 dB fiter design was chosen for speaker audio that sounds full + dynamic without the hollow ringing so often heard in 
homebrew receivers. | fiter in my brain and first learned to copy CW across a room while listening to a speaker. 


My code mentor Doug, could make cotfee, walk around the room, talk to us and stil 100% copy CW at 40 WPM. He taught us the ear to brain 


bandwidth is ~ 100 Hz when copying weak signal CW through a sideband crystal iter. To this day, | prefer listening through wider CW fiers with 
brain band-pass fitering, 


Amateur and Short Wave Radio Electronics Experimenter's Web Site 


KL7R Memorial Supplemental Page 


‘This web page ea supplement tothe KTLR Memodl Recsiver Experiments Web Page 
Audio Preamplifier Focus 


‘Shown above sa SPICE build of an earer prototype ofthe audio preamp chain which was uimately used inthis receiver. This SPICE work 
was performed by Wes, W7ZOl, Note that a ths prt, | had 100K plus 390 pF feedback n Ui and a 75K plus 470 pF feedback resistors the 
‘nam amples (really massive gai}. spent 4-5 days trying ferent audio stages before seting on the cuss shown, 


Sanki7e memorial nx sim OZraW 


12008. 


h1o4a 


ova. 


soup. 


uae 


7046 


nap. 


5048: 


ane 


anae- 


owe 


W048. 
00H2 


Shawn above i the vokage versus frequency plot fram a SPICE run of he schematic shawn above, The get 
low pass firs can be seen. Cenainly Chebychey fies with 1-2 dB of ripple would have provide steeper fitering, but the 


ope (decibels per octave) of he 


‘od resistor values and be les easly modified or reproduced by popcorn bulers. The V(uSoit) shows a reasonable low pass response forthe 


AF preamp, 


Audio Power Amp 
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shows a stand-alone version ofthe auto power amp. enty 12 ofthe 532 i used, connect pn 3 and 2 ofthe unused op-amp 


Output 


‘Shown above isthe analogy between an SPDT CMOS switch and a single-ended, de product detector. n both cases (A and 8), the LO 
‘causes 1 ode swich) to condi, while the others OF. Then, onthe other al yee, the aber diode (wich) conducts. you wiht 
‘actualy using the product cetectormixer epic as"A* go with Figur S08 in EMR whieh has the LO apped tate transformer primary. 
's shown, A" has poor LO to RF isolation, butt helps model the CMOS SPOT aralog switch function. Functon and perioenance are 
‘completly ferent apc... The on-rsistance ofthe 405% is much higher and thus prfomance is at identeal 
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‘The CD40S3BC isa tle 2channel multiplexer having three separate dgtalconal inputs: , 8, and C, and an inhibit 
input, Each contel input selects one ofa pai of channels which are connected in a sngle-pole double throw confguraton, A high on resistance 
makes the 4058 a compromise pat for RF mixing. it might be perfectly okay for your design. 


BIT tuputs can serve ae outputs and view verae 

A auiten ae closed only vken che control pin aa HIGH 
Serco Ull resietanes varies vith VDD, device, ete. 
Max switching freq is = 10 Mts, Check datasheet, 


‘The 4066 is more easily understood when drawn ina semi-schematic. The onresistance ofthis MAXIM version is better than the usual HCA066, 
‘About 45 ohms wth a VCC af 12 ors, 
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Failed Experiment - DO NOT BUILD CEOS TEST “Tee 


‘8.4066 experiment that was atta! fare tisbots humbling and useful show your falures and not just the good fit. This ecuithad hum, 
noise and iow output. The input ranstormer was a ilar type, which was really cool 


“The breadboar ofthe 468 Concept schematic shown above 
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‘Figure 2-17. Forming a bridge across the gap 
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My workbench curing some final experiments for his project. 
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K7LR MEMORIAL RECEIVER VFOs 


‘This web page is a supplement to the K7LR Memorial Receiver Experiments Web Pane 


14 MHz VFO Circuit 
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"Tunes 7.000 - 7.068 MHz 


L1=6.1 wH= 36t on a T6S-6 toroid. Tap at 28 and 5 turns. (used 26 AWG) 
Q1= 2- Qs = F310 
100 wH RFC that I used was wound as follows: 35t on a FT50-61 ferrite toroid & 


TL=10 trifilar turns on a PT37-43 12 = 2 wH = 22t ona T50.5; tap @5t 
CV = 6.0-50 pF trimmer capacitor 
RX= 470 oluns 


Figure 1 is the 14 MHz VFO used to switch (clock) the CMOS switch product detector. The tuning range can be easily changed by adjusting 
capacitor CX. As shown, the the tuning capacitor has a frequency range of about 68 Hz. If you decrease CX to 47 pF. the tuning range increases 


to around 99 Hz. Increasing CX to 100 pF gave about a 40 Hz tuning range. When you use a larger tuning range, fine tuning can become 
aificut. A geared reduction dal is one possible solution. For simplicity, | prefer to just keep the tuning range low as reasonably possible and use 
big knob on the main tuning variable capacitor. Even the 68 Hertz tuning range shown can prove dificult for fine tuning. AS experimenters, we 
are continually problem solving. Choose the tuning range andor methods which suit your personal needs. 


‘The base 7 MHz oscilator is doubled since a D flip lop is used to clock the CMOS switch product detector. This oscillator has low harmonic 
content and this is important for suppressing the 7 MHz fundamental frequency and its harmonics inthe frequency doubler. Some astute builders 
may even match the two diodes used in the doubler. Diode matching is discussed on this page. CV tunes very sharply and the output at Q3 is a 
clean sine wave. This in tun provides a well balanced square wave at each output ofthe D fiplop. The Q3 output vollage was measured at 
(0.46 dBm (0.6 volts peak to peak into 50 ofims) 


Choosing Capacitor Values 


‘There are a number of ways to determine the capacitor values required to tune your VFO L-C tank circuit. itis pretty much essential to have a 
frequency counter and nice perhaps, to own a capacitance meter. Main tuning capacitors are typically harvested from an old radio or from the 
junk box. It tuning range could be anywhere from 30 to 300 pF. or more. To limit the tuning range of this variable capacitor, normally you paralle!, 
a fixed.value capacitor and then series connect itto the top of L1 with a small, fixed-value capacitor. | performed this task entirely by trial an error 
Using a frequency counter connected tothe collector of Q2. Some fixed value NPO of COG capacitors plus a small timmer capacitor are also 
Fequited for tuning and to set the lower band edge respectively. Finding the right combination of capacitor values is painstaking, but with practic, 
gets easier. Once you have the basic capacitor values sorted out and your tuning range set, frequency stably experiments are then performed. 
‘This is knawn as VFO temperature compensation. Some times temperature compensation can be achieved by finding the right combination of 
INPO and COG capacitors. Additionally some negative or positive temperature coefficient capacitors may have to be soldered in and tested. Your 
final capacitor leads should be short as practically possible to reduce stray lead capacitance and for mechanical rigidity. Temperature 
Compensation is discussed on this web page. 


A7 MHz VFO Circuit for Diode Ring Product Detectors 


og 


1St primary 3t secondary FT 37-43 


Ifyou want to build a simpler version of the K7LR memorial receiver, a diade ring mixer may be substituted forthe digital switch. The VFO 
requites modification as it wil be run at 7 MHz. A different buffer is used and the Q2 to Q3 ftequency doubler circuit is excluded. The diode ring 
product detector version is very nice. You could use a Mini-circuits TUE-1 , SBL-1 or alternate, or perhaps homebrew your own, 


In Figure 2 is a VFO buffer configured to drive a 50 ohms input impedance, 7 dBm level, diode ring mixer. Change Rx to change the output 
voltage. With RX at 470 ohms, the output was somewhere around § dBm, This is useable for many situations. f you want exactly 7 dm, the AC 
peak to peak voltage with a 51 chm load resistor connected to the 3 turn link should be 1.43 volts Adjust RX to achieve this volage in your 
oscilloscope. 


20t FT37-43 
170 uH 


note capacitor 
polarity 


‘Note that it you build a diode ring product detector receiver version using the simple W7EL low pass termination network, the polaly ofthe 47 
UF electrolytic capacitor will need to be changed as shown. 


Key goals of this website include providing ideas, basic support and encouragement. | am delighted when builders make their own stu and not 
copy my circuits. This is why we homebrew; to create, explore and share. Mike, K7LR did all ofthese very well 
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Photography Links 


Nikkor 50mm lenses 
HENRI CARTIER-BRESSON - shot a lat with 50mm - video to watch ever and over 
“The genius of photography ~ BCA series about the history af photography 


hitp:www. treestylephoto.biz 


Radio and Electronics Cookbook 
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Relieving Strain on Cables 


Ifyou have something heavy dangling off your board, such as a battery box, 
it's very likely that the solder joints will come undone. If you pass the wires 
through the large holes on the board before soldering them down (Fig- 

ure 2-18), you can add some strain relief (Figure 2-19) that will help prevent 
this from happening. If you have a small drill, yau can also drill out a couple 
of holes close to where you are going to solder the connection, and loop the 
wire through there. This will be even more rugged than using the largerhales, 


Figure 2-18, Soldering the battery holder wires 
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Preface 


Although we are surrounded by sophisticated computerised gadgets these 
days, there is still a fascination in putting together a few resistors, capacitors 
and the odd transistor to make a simple electronic circuit. It is really 
surprising how a handful of components can perform a useful function, and 
the satisfaction of having built it yourself is incalcuable. 


‘This book aims to provide a wide variety of radio and electronic projects, 
from something that will take a few minutes to a more ambitious weekend's 
worth. Various construction techniques are described, the simplest requiring 
no more than a small screwdriver, the most complex involving printed 
circuit boards. 


Originally published by the Radio Society of Great Britain, the projects were 
all chosen to be useful and straightforward, with the emphasis on 
practicality. In most cases the workings of the circuit are described, and the 
projects are backed up by small tutorials on the components and concepts 
employed. In the 21st century it may seem strange that few of the published 
circuits use integrated circuits (chips). This is intentional as it is much easier 
to understand how the circuit works when using discrete components. 


Anyone buying the Radio and Electronics Cookbook will find that it will 
lead to hours of enjoyment, some very useful and entertaining gadgets, and 
increased knowledge of how and why electronics circuits work, and a great 
sense of satisfaction. Beware, electronic construction is addictive! 


WARNING: This book contains construction details of transmitters. 
It is illegal to operate a transmitter without the appropriate licence. 
Information on how to obtain an Amateur Radio Licence can be 
obtained from the Radiocommunications Agency, tel. 020 7211 
0160. 
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1 A medium-wave receiver 


Figure 1 Terminal strip ~ 
position of components 


Introduction 


Let us start off with something that is really quite simple and yet is capable 
of producing a sense of real satisfaction when complete — a real medium- 
‘wave (MW) radio receiver! It proves that receivers can be simple and, at the 
‘same time, be useful and enjoyable to make. To minimise the confusion to 
absolute beginners, no circuit diagram is given, only the constructional 
details. The circuits will come later, when you have become accustomed to 
the building process. In the true amateur spirit of ingenuity and 
inventiveness, the circuit is built on a terminal strip, the coil is wound on 
let roll tube (as amateur MW coils have been for 100 years!), and the 
receiver is mounted on a piece of wood. 


Putting it together 


Start by mounting the components on the terminal strip as shown in Figure 
1, carefully checking the position and value of each one. The three 
capacitors are all the same, and so present no problem. They (and the 
resistors) may be connected either way round, unlike the two semi- 
conductors (see later). The resistors are coded by means of coloured bands. 
You can refer to Chapter 7 if you have difficulty remembering the colours 
and their values. 
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Figure 2 The layout of the 
parts on the wooden base 


1. Brown, Black, Yellow 100.000 ohms (R1, RS, R6) 
2. Green, Blue, Brown 560 ohms (R2) 
3. Red, Violet, Brown 270 ohms (R3) 
4. Brown, Black, Orange 10000 ohms (Ra) 


The integrated circuit (the ZN414Z) and the transistor (the BC184) must be 
connected correctly. Check Figure 1 carefully before fitting each device. 


Now wind the coil. Most tubes are about 42mm diameter and 110mm 
long. Don’t worry if your tube is slightly different; it shouldn’t matter. Make 
two holes, about 3mm apart, about 40mm from one end, as shown in 
Figure 2. Loop your enamelled wire into one hole and out of the other, and 
draw about 100mm through; loop this 100mm through again, thus 
anchoring the wire firmly. Now wind on 80 turns, keeping the wire tight 
and the turns close together but not overlapping. After your 80th turn, 
make another two holes and anchor the wire in the same way as before. 
Again, leave about 100mm free after anchoring. Using another piece of 
enamelled wire (with 100mm ends as before), loop one end through the 
same two holes which contain the end anchor of the last winding, wind two 
turns and anchor the end of this short winding using another pair of holes. 
Figure 2 shows the layout. 
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With some glass paper, remove the enamel from the ends of both pieces 
of wire which go through the same holes (i.e. the bottom of the large coil 
and the top of the small coil), then twist these bare ends together. 
Remove the enamel from the remaining ends of the coil. The coil is now 
finished! 


‘The baseboard can be any piece of wood about 150 mm square. Fix the coil 
near the back edge using drawing pins and connect the wires from the coils 
to the terminal strip as shown in Figure 2. Using short pieces of PVC- 
insulated wire (and with assistance if you have never soldered before), 
solder one piece across the two outer tags of the variable capacitor, shown 
by the dotted line in Figure 2, and then two longer pieces to the centre tag 
and one outside tag. Connect these to the terminal strip. ‘Then solder two 
more insulated wires on to the jack socket (into which you will plug your 
crystal earpiece), the other ends going to the terminal strip. The last two 
wires (one must be red) need to be soldered on to the battery box, their 
other ends going to the terminal strip also. Make sure the red wire goes to 
the positive terminal on the battery, and is connected to terminal 9. The 
‘other connection to the battery goes to terminal 10. 


Attach the terminal strip to the baseboard with small screws or double-sided 
sticky tape. The other parts can be mounted the same way. 


Listening is done ideally with the recommended crystal earpiece. Don’t be 
tempted to use your Walkman earpieces; they are not the same and will 
not perform anything like as well. The receiver should work without an 
extra aerial, but one can be attached to terminal 1 if necessary. A long 
piece of wire mounted as high as possible is ideal. ‘The Audio-frequency 
Amplifier project will enable you to use a loudspeaker with your receiver, 
using the signal from the jack socket. No circuit modifications will be 
needed! 


Parts list 


Resistors: all 0.25 watt, 5% tolerance 
RI,RS,R6 10 kilohms (kQ) 


R2 560 ohms 

R3 270 ohms 

RA 10 kilohms (kQ) 
Capacitors 


C1, C2, C3100 nanofarads (nF) 
500 picofarads (pF) 


Semiconductors 
ZN414Z, BC184 
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‘Additional items 
‘2-way 2 A terminal strip 
22 metres of 28 SWG enamelled copper wire 
‘A few short pieces of coloured PVC-insulated wire 
Crystal earpiece 
3.5 mm jack socket 
1.5V AA-size battery and box 
“Toilet roll tube 
Double-sided sticky tape or selection of screws 


Tools required 


Small screwdriver, soldering iron. 


2 An audio-frequency 
amplifier 


The components 


Before you start, you should check that you have all the components to 
hand. A list and some helpful hints are given below. 


Figure 2-19. Strain relief 


Getting the Perfect Solder Joint 


It's not hard to get a great solder joint, but it’s also easy to be sloppy. Here 
are some pictures of good and bad joints to help you out, 


Figure 2-20 
Here's a good solder joint on the positive (+) pad: solder surrounds the 
joint andimakes alittle peak, This ointhad just therightamountof solder 
and just the right amount of heat. 

Figure 2-21 
The joint on the negative (-) pads sloppy. The solder didn't flow around 
the joint, and some of itis spread out across the lead. You can try to fix 
itby holding the iron to the joint for a couple seconds: the solder should 
flow down the lead and onto the joint. 

Figure 2-22 
The joint on the positive (+) pad has too much solder, and it’s balled up, 
You canuse the desoldering wick or solder sucker toremove the excess. 
After you do that, hold the iron to the joint for a couple seconds to get 
the solder to flow around it. 

Figure 2-23 
Here are two joints for comparison: one good, one blobby. 
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Figure 1 The toil pattern of 


the PCB 
track side 


looking from the 
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PCB. The plain side is the component side and the soldered side is the 
track side. Figure 1 shows the track side full size. Make the PCB from the 
pattern given in Figure 1. Otherwise, build the circuit on a matrix 
board. 

Three resistors. Locate the gold or silver band around the resistor, and 
turn the resistor until this band is to the right. There are three coloured 
bands at the left-hand end of the resistor. Find the resistor whose colours 
are YELLOW, VIOLET, RED, and look at the resistor colour code chart 
which you will find in Chapter 7. From this, you will see that YELLOW 
indicates the value 4, VIOLET the value 7, and RED the value 2. The 
first two colours represent real numbers, and the last value is the number 
of zeros (noughts) which go after the two numbers. So, the value is 47 
with two zeros, i.e. 4700 ohms. In this way, the resistor coloured 
BROWN, GREY, BROWN has a value of 180 ohms, and the last one, 
BROWN, RED, GREEN, has a value of 1 200000 ohms. The ohm (often 
written as the Greek letter omega ((2)) is the unit of resistance. If you do 
not yet feel confident in identifying resistors by their colours, use the 
Resistor Colour Codes given in Chapter 7. 

Four capacitors. The two small ‘beads’ are tantalum capacitors and will be 
marked 4.7 uF or 47, witha ‘s’ above one lead. A tubular capacitor with 
wires coming from each end should be marked 220 wF, with one end 
marked ‘+’ or ‘~. This is called an axial capacitor because the wires lie on 
the axis of the cylinder. Thisis in contrastto the final capacitor, where both 
wires emerge from the same end. This is a radial capacitor, and will be 
marked 47,4F. Again, one lead will be marked “+” or ‘~”. Capacitors 
marked like this are said to be polarised, and its vital that these are placed 
on the PCB the right way round, so take notice of those signs! 

Two diodes. These are tiny glass cylinders with a band around one end, 
and may be marked 1N4148; this is their type number. Like polarised 
capacitors, they must be put on the PCB the correct way round! 
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Figure 2 Positions of the 
components on the printed 
circuit board (PCB) 


5. Three transistors. One should be a BCS48 (or a BC182), the other two 
should be BCSS8 (or BC212). 

One volume control with internal switch. 

One loudspeaker. This is quite fragile ~ don’t let anything press against 
the cone. 

8. One PP3 battery clip with red and black leads. 


Putting it together 


Lay the PCB on a flat, clean surface with the track side downwards, It is 
always useful to compare the layout with the circuit diagram, given here in 
Figure 3. Although you can’t see it, the D-i-Y Radio sign should be at the 
top. Compare the hole positions with those shown in Figure 2. Bend the 
resistor wires at right angles to their bodies so that they fit cleanly into the 
holes in the PCB. Push each resistor towards the board so that it lies flat on 
the board. Then supporting each one, turn the board over and splay out the 
Wires just enough to prevent the resistor falling out. Then, solder each wire 
to its pad on the PCB, and cut off the excess wire. When you have more 
confidence, you can cut of the excess wire before soldering; it often makes 
a tidier joint. 


Figure 3 The amplifier’ 
circuit diagram 


Figure 4 Connections to 
switch on back of VR1 
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Now fit the four capacitors. Each must be connected the right way round, 
so look at each component, match it up with the diagram of Figure 2, bend 
its wires carefully and repeat the soldering process you performed with the 
resistors, making sure that the components are close to the board and not up 
on stilts! Fit the two diodes the correct way round, and solder then as 
quickly as you can ~ they don’t like to be fried! 


Mount the transistors about Smm above the PCB. Make sure the correct 
transistors are in the correct places, and that the flats on the bodies match 
up with those shown in Figure 2. 


Mount the volume control so that the spindle comes out from the front of 
the board. Use a piece of red insulated wire to the pad marked + on the PCB, 
and a black piece to the pad marked -, and solder these to the tags on the 
back of the control, as shown in Figure 4. Connect the two leads from the 
battery clip to the other tags on the switch; Figure 4 will help you. Finally, 
use two pieces of insulated wire about 100mm long, twisted together, to 
connect the loudspeaker to the PCB. 


PS Battery Clip 


Radio and Electronics Cookbook 


Box clever! 


If you wish to put the amplifier into a box, there is no problem; almost any 
box that is big enough will do. All that is needed is one hole big enough to 
accept the bush of the volume control; the PCB will be supported by the 
volume control. The prototype was not fitted into a box, but mounted on an 
‘odd piece of aluminium, bent into an L-shape and screwed on to a wooden 
base. The loudspeaker was mounted on the aluminium panel by two small 
pieces of aluminium with 3mm holes drilled in them, which acted as clips 
around the edge of the speaker. Drill a few holes in the panel in the position 
of the speaker to let the sound get out! 


Your input signal can be connected to the amplifier with two short pieces of 
wire, but if the connection needs to be long, use screened cable, with the 
braid connected as shown in Figure 2. 


If you decide to use a different loudspeaker, make sure that its impedance 
(the resistance value marked on the back of the magnet) is at least 35 ohms. 
Anything lower may damage TR2 and TR3, and will certainly run down 
your battery very quickly. You will be surprised at the uses you can find for 
this little amplifier! 


Parts list 


Resistors: all 0.25 watt, 5% tolerance 


RL 180 ohms (22) 

R2 4.7 kilohms (k®) 

R3 1.2 megohms (M2) 

VRI 25 kilohms (KO) log with DPST switch 
Capacitors: all rated at 25V minimum 

C1, C2 4.7 microfarads (WF) 

G3 47 microfarads (uF) 

c4 220 microfarads (1F) 


Semiconductors 
TRI,TR3— BCS48npn 
‘TR2 BCSS8 pnp 
D1, D2 IN4148 


Additional items 
PCB 
Speaker >35 ohms 
PP3 battery clip and battery 


‘A medium-wave receiver using a ferrite-rod aerial 


3 A medium-wave receiver 
using a ferrite-rod aerial 


Figure 1 Circuit and block 
diagrams of the radio 


Description 

‘The whole circuit is built on a 50mm by 50mm printed circuit board (PCB) 
designed to fit on the inside of the lid of a plastic box, and is stuck there 
using sticky pads, the shaft of the variable capacitor going through a hole in 
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Figure 2a The PCB, solder side 
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Figure 2b The PCB, component side 


the lid, Only two pairs of leads are soldered to the board ~ one pair goes to 
the 1.5 V battery in its holder, and the other to the earphone socket. Figures 
2a and 2b show the printed circuit and the component layout double size for 
clarity. You are not obliged to build the circuit on a PCB. 


Building it 

1. Check and identify components. Tick the parts lis. 

2. Carefully unwind the wire. Use paper to make an insulating tube (called 
a ‘former’) around the centre of the ferrite rod and secure it with 
Sellotape. Now, close-wind all the wire (leave no gaps between adjacent 
turns) around the paper former. Secure the winding with more 
Sellotape, leaving 50 mm of wire free at each end for connection to the 
circuit. See Figure 3a. 

3. Solder in VC1. 

4. Solder in the integrated circuit holder. There is a notch in one end of the 
holder; this should face VCI. Solder also the wire link and the 
capacitors. Be careful to avoid solder ‘bridges’ between adjacent tracks 
on the PCB. 
Solder the battery leads. ‘These must be connected properly ~ the red 
battery lead to the + (positive) area and the black lead to the ~ 
(negative) area. 

6. Strip bare 1cm of insulation from the ends of two wires. Solder them 
between the PCB and the headphone socket (see Figure 3b). Use the end 
tabs on the socket. Using another pair of insulated wires connect the 
ON/OFF switch to the PCB tabs shown in Figure 2b. 


Figure 3 Details of coil and 
hheadphone socket 
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7. Fix the clastic band. This goes through the holes at the top of the PCB, 
with the ferrite rod being slipped through the two end loops. (Note: 
although the coating on the copper wire is designed to melt away 
during soldering, it is quite common for difficulty to be experienced in 
obtaining a good soldered joint; to be on the safe side, remove the 
coating before soldering (with a small piece of sandpaper).) 
place the wire ends of the coil through the PCB just above VC 
solder on the track side. 

8. Fit ICI into its holder. This should be done carefully, making sure that 
all the pins are located above their respective clips before applying any 
pressure! Make sure also that the notch on the IC (as shown in Figure 
2b) matches the notch in the holder, and faces VC1. 

9. Put battery in its holder. Listen for some noise in the headphones as 
VC is rotated. Make sure the headphone plug is fully inserted into its 
socket. 

10. Fix the working board to the lid. Use the sticky pads and apply gentle 
pressure. Fit the tuning knob, the ON/OFF switch and the earphone 
socket. 

11. Test again. If all is still working, fit the lid screws and admire your 
completed radio! 
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Parts li 
Capacitors 
C1, C2 0.01 microfarad (uF) 
C3, C4 0.1 microfarad (uF) 
vcr 500 picofarads (pF) 
Semiconductor 
Ich ZNAIGE 


Additional items 
Plastic box (recommended size 76 x 64 x 50mm internal) 
8-pin DIL socket for ICL 
Printed circuit board 
Tuning knob for VC1 
Wire link for PCB 
2m of 30SWG copper wire, self-fluxing 
Piece of paper 25x 50mm, to make the coil former 
Ferrite rod 70mm long by 10mm diameter, approximately 
Battery, AA size 1.5, with holder and attached wires 
Miniature earphone socket (3.5mm stereo jack) 

ON/OFF switch (push-button SPST latched or slide switch) 

4 off 100mm insulated connecting wires, for jack socket and. 
ONIOFF switch 

Pair Walkman-type earphones 

Elastic band, to attach ferrite rod to PCB 

4 off sticky pads for securing PCB to box lid 


Kits 


Ready-made PCBs may be available from Alan J. Weight, GOKRU, 
Hewett School, Cecil Road, Norwich NRI 2PL. 


A simple electronic organ 


Introduction 


This project has nothing to do with radio but, let's admit it, any electrons 
project is good experience! Why not build this little organ — it will keep the 
‘children amused at least! It uses the popular NE5SS integrated circuit, 
‘hich contains a circuit which will periodically switch the voltage on the 
‘output pin between the supply voltage and zero, Just how frequently this 
‘switching occurs depends upon the components external to the integrated 
circuit. If this switching occurs several hundred or thousand times a second, 
the change in voltage produced will generate a musical note when 
connected to a small loudspeaker. The circuit is shown in Figure 1. 


A simple electronic organ 


Figure 1 Circuit diagram 


Putting it together 


(a) Using a PCB. The job is very simple. The placement of components on 
the unsoldered side of the board is shown in Figure 2 and the design on 
the copper track is illustrated in Figure 3. Put each component, in turn, 
on the board, making sure that it lies flat on the board with its tags oF 
wires going cleanly through the holes provided for it; then, solder the 
wires to the board, cropping them before or after the soldering, 


Figure 2 Position of components on the printed circuit board (PCB) 
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Figure 3 The connections 


depending on your preference. If you choose to use a holder for your 
integrated circuit (highly recommended if your soldering is less than 
perfect), make sure that the end with a notch in it faces R1 and R2, as 
shown in Figure 2. Solder the two leads to the speaker to the tabs 
marked S (either way round), having looped them through the two holes 
to the right of the tabs in Figure 2. Looping them through the holes acts, 
as a strain relief, ensuring that the soldered joints are not subjected to 
palling and bending as you move the wires about. Do the same with the 
battery leads, the red lead going to the + tab and the negative lead to the 
= tab (which also has one speaker lead already attached to it). Figure 4 
shows this in detail. Treat the loudspeaker with care ~ the cone is quite 
fragile and must not be touched. 
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Figure 4 Battery plug and 
loudspeaker connections 
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Figure 2-20. A good solder joint 
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Figure 2-21. A messy solder joint 
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(b) Without a PCB. This is more difficult, and you may need to enlist 
some help. Using some matrix board (such as Veroboard) is probably 
the best way of replacing the PCB. You could arrange your circuit in 
exactly the same way as in the PCB in Figure 3, using wires to replace 
the copper track. 


A simple ‘keyboard’ 


‘The keyboard is a row of solder pins along the rear edge of the PCB, one 
for each note covering the range shown in Figure 2. A flying lead with a 
small spade on it is provided to touch any of the pins in turn, producing 
any one of ten different notes. 


Testing 


Check first that each component is in the correct place. When inserting 
the NESSS chip, first make sure that the end carrying the notch lies over 
the end of the holder with the notch; then, make sure each pin of the 
chip lies directly above the hole into which it fits, before pressing 
gently to insert the chip into the socket. Make sure the battery connec- 
tions are correct, and insert the battery into the clip. Nothing should 
happen, except for a click from the loudspeaker; touching the spade on 
any of the pins should produce a coarse note from the speaker. If nothing 
happens, check everything again; don’t assume that wires go where you 
think they go! 


After you get the first note, all the others should work, too, but they will 
sound off-tune at first. The organ needs tuning up by adjusting the 10 
preset variable resistors P1 to P10. The approximate frequency to which 
each note should be tuned is given in Figure 2; if you can beg, borrow or 
steal a frequency counter, setting up is easy. If you have a piano, the 
organ can be tuned by comparison of the notes with those on the piano. 
‘The frequencies are given in Hertz (abbreviation Hz), and represent the 
number of times the IC switches on and off every second. If the sound 
coming from the loudspeaker is too loud or very distorted, then try 
putting an 3300 resistor (colour code orange, orange, brown) in series 
with the loudspeaker. This is done by taking the resistor and cutting its 
leads to about Smm; then, disconnect one speaker lead from the tab on 
the PCB (it doesn’t matter which). Solder one end of the resistor to the 
vacated speaker tab, and the free speaker lead to the other end of the 
resistor. This will limit the volume of sound from the speaker, and 
lengthen the life of your battery. If it is still too loud, try a resistor of a 
larger value, or use a smaller resistor to make it louder. 
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Parts list 


Resistors: all 0.25 watt, 5% tolerance 


RI 
R2 
Pi-ps 
P6, P7 
Ps. 

P9, P10 

Capacitor 
cL 


2.7 kilohms (k) 
1 Megohm (MQ) 

Preset resistor 100 kilohms (k®2) 
Preset resistor 50 kilohms (k®Q) 
Preset resistor 25 kilohms (kQ) 
Preset resistor 10 kilohms (k®) 


100 nanofarads (nF) or 0.1 microfarad (uF) 


Integrated circuit 


NESSS timer chip 


Additional items 


s 


Loudspeaker >60 ohms (Maplin) 
1 off battery clip (for PP3 battery) 

1 off spade terminal 

12 off solder pins *Veropins’ 

3 off 10cm lengths of hook-up’ wire 


(This article is based on projects originally designed by Radio 
Scouting, Netherlands.) 


Experiments with the NESSS timer 


5 Experiments with the 
NE555 timer 


Figure 1 The circuit country of origin. ete) 
diagram 
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Figure 2 Veroboatd layout. 
I you can read a circuit 
diagram, the project can be 
‘built using other methods 
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Construction 


‘The simplest way to mount the components is on a piece of matrix board 
(Veroboard), available from any of the good suppliers. The prototype of this 
circuit used the type of board with copper strips along the underside; these 
strips are used like the copper tracks on a PCB, to join components together. 
Firstly, cut the four strips between the positions of the pins of the IC socket, 
as shown in Figure 2. You can buy a tool for this purpose, but a small twist 
drill (about 3mm diameter) is just as good. Turn it between your fingers ~ 
if you use a drill you will end up with holes right through the board! Then 
solder in the IC socket (with the notch in the position shown), followed by 
the four links made with single-conductor insulated wire. Put in each 
component as shown, ensuring that Cl (an electrolytic or polarised 
capacitor) is connected correctly. When all the components have been 
soldered in, take the 555 chip and lay it on its socket, with its own notch 
lying above that of the holder. Then, making sure that each pin lies directly 
above its corresponding socket, press down gently on the chip, with the 
board supported on a flat surface. 


Testing 


Connect the circuit to a battery or small power supply, ensuring that the 
positive and negative leads are the right way round. Always use red and 
black leads here, then you are less likely to get it wrong! Switch on. Nothing 


Positive test 
fas 


Negative 
tent lead 


Teccnet pone (ES, FS. G5 an M5) Tiegatre lead to 


a the eleven copper stip Be 
(ean stripmust nave terse holes) 
Note ihat copper strips C.D and I are not used 


‘ipocee Supply 
indicates inwlates wire links 


Experiments with the NESSS timer 


should happen until you short together the two test leads, when there 
should be a note from the loudspeaker. If this doesn’t happen, switch off, 
disconnect the circuit and check your wiring and soldering. Is it exactly like 
Figure 2? Are the soldered joints round and shiny? If any are dull, then 
‘sweat’ them briefly with a hot soldering iron until the solder runs, remove 
the iron, and check that they are as shiny as the rest. Check that there are 
no solder ‘bridges’ between adjacent tracks by holding your board up to a 
strong light. Then, reconnect, switch on and touch the test leads together. 
All should now work! 


Uses of your circuit 


1. Asa Morse practice oscillator. Simply connect the two test leads to your 
key and, each time the key is pressed, you should hear a note from the 
speaker. The frequency of the note may be altered by putting a resistor in 
series with the key. To do this, remove one test lead from the key and 
select a resistor; connect one end of the resistor to the free test lead and 
the other to the empty terminal on your key. Selecting the value of 
resistor that you need will be a useful experiment in itself. 

2. Asa continuity tester. You can check fuses and lamp bulbs by connecting 
them across your test leads. If the speaker remains silent, the fuse or bulb 
has blown. 

3. To indicate changes of resistance. Hold the ends of the test leads in each 
hand; you should hear a low note, because of the high resistance of your 
body. Squeeze the ends harder, and the frequency of the note should rise, 
because you are now making better contact. Repeat this with damp 
hands and the frequencies will be higher stil 

4, Asa thermometer. Connect the test leads to a thermistor (a device whose 
resistance changes with temperature) and warm it with a hair-dryer, or 
even in your hands, and you will hear the pitch changing with the 
temperature of the thermistor. A suitable ‘bead’ thermistor is available 
from Maplin (order code FX21). 

5. Asa diode tester. Use any diode, and connect the negative test lead to the 
end of the diode marked with the ring. This is the cathode of the diode. 
The other end, the anode, should be connected to the positive test lead, 
and a note should be heard from the speaker. This does not necessarily 
mean that the diode is working ~ yet. Reverse the connections and 
nothing should be heard. If this is the case, the diode is working. 

6. Asa light meter. Use a photoconductive cell (a device whose resistance 
changes with light intensity) connected between the test leads. A note 
should be heard. Shading the device with your hand will increase its 
resistance and the note should decrease in frequency. A suitable device is 
the ORP12 cell from Maplin (order code HB10). 


‘There are many more applications. Do not connect the test leads to other 
circuits that are switched on. Your circuit, or the circuit you are connecting 
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it to could be damaged. Think of a passive device or circuit (ie, one not 
requiring a power supply or battery) where changes of resistance occur, and 
you have found another application! 


Parts list 
Resistors: all 0.25 watt carbon film types 
RL 4.7 kilohms (kQ) — yellow, violet, red 
R2 39 kilohms (kQ) ~ orange, white, orange 
R3_—_330 ohms (1) ~ orange, orange, brown 
Capacitors 
cl 100 microfarads (uF) 25V radial electrolytic 
ce 22 nanofarads (nF) or 0.022 microfarad (F) polyester 


type with 10mm lead spacing 


Integrated circuit 
ICL —-NESSS 


Additional items 
Miniature loudspeaker (preferably 35, 40 or 800hm) 
&-pin DIL socket for IC1 
0.1 inch Veroboard (‘stripboard’), size 11 strips by 13 holes 
PVC-covered stranded wire for test leads, loudspeaker and battery 

connections 

PVC-covered solid wire for links on the board 
A power source of between 6 V and 14 V, such as a 9 V battery (PP3) 


Component sources 


Cirkit 
‘Tandy ~ many high street shops 


{A simple metronome 
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The circuit 


‘Three components determine the speed at which the circuit oscillates ~ the 
speaker (LS), the resistors (VR1 + R1) and the capacitor (C1). VR1 is a 
variable resistor, so that the speed at which the oscillator operates can be 
varied. Compared with the component values of the Morse Buzzer (which 
operated at around 800Hz}, these components now give an oscillation 
frequency of around 1.25 Hz, which is far too low to be heard as a note. 
‘What we do hear, however, is a series of clicks, as the voltage across the 
speaker changes quickly from 0 to 9V and back again. 


igure 1 The metronome 
circuit is rather like the 
Morse oscillator 


a 
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wires are pushed through 
hholes in the circuit board, 
and joined together 
underneath 


‘Variation of speed could be achieved by varying resistance or capacitance. 
However, as you may already know, variable capacitors have values in the 
picofarad range, not the tens of microfarads used here, so it is very simple 
to employ a variable resistor (potentiometer) to control the oscillator. You 
could use a multi-way switch to switch in one of several capacitors, as well 
as having the variable resistor, but this was found to be an unnecessary 
complication. This design operates between about 100 clicks per minute 
and 200 clicks per minute. 


Making the prototype 


A single piece of plain matrix board (no copper strips) measuring about 
40 x 40mm is sufficient to hold all the components except the potenti- 
‘ometer and switch (see later). ‘The case can be plastic or aluminium, and 
‘one measuring 65 x 100 x 50mm is about right. Make sure there are 
holes in the case beside the speaker cone to let the sound out, and larger 
holes for the potentiometer and switch. If a potentiometer is used with a 
combined ON/OFF switch, then the extra hole for the switch is not 
necessary! It is advisable to construct the circuit before putting it in the 


{A simple metronome 


box, so that it can be tested to ensure that everything is working. If itis, 
then you can exercise your ingenuity in mounting the speaker, battery 
and board inside the box. A final test can be made before starting the 
calibration process. 


Calibration 


‘There is no ‘easy’ way to do this. The frequencies involved are too low to be 
measured with the average frequency counter, so you will need to resort to 
using a stopwatch and counting the number of clicks per minute. 


Resistors: 0.25 watt, 5% tolerance 
RI 10 kilohms (k®) 
VR1—_ 47 kilohms (k0) linear potentiometer 


Capacitor 
cr 33 microfarads (uF) electrolytic 
‘Transistors, 
TRI 2N3053 npn 
TR2 —2N2905 pnp 
Additional items 
st SPST ON/OFF switch 
Ls 3ohms (2) loudspeaker 


Knob with pointer for VR1 
PP3 battery and connector 
Aluminium case, 65 x 100 x 50mm 
‘Matrix board (plain), 40 x 40mm 
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7 What is a resistor? 


Resistors 


|f there wasn’t such a thing as resistance, the subject of electronics wouldn’t 
exist; only infinite currents would flow and voltages wouldn't exist either! 
‘We need to reduce the flow of current if we are to make current do 
something useful for us. Components that resist the flow of current are 
called resistors, and they are said to have a resistance which is measured in 
‘ohms (02), named after Georg Ohm, who formulated the law (also named 
after him) by which the voltage and current through a conductor are related. 
His law gave rise to the formula everyone remembers: 


Vv 
Te-, 
R 
where Lis the current flowing, measured in amps, 

Vis the voltage across the conductor, and 

R is the resistance of the conductor, measured in ohms. 


From this equation, you can see that, for a constant value of voltage, V, if 
the resistance goes up, the current will go down, and vice versa. The circuit 
symbols for resistors are shown in Figure 1. You will find the upper symbol 
in older magazines; it is still preferred by many engineers. The lower symbol 
is the prevalent standard symbol. 


Resistors are made in several ways, the cheapest using carbon; another type 
is usually made from a ceramic cylinder (used only as a support) on which 


Figure 2-22. A blobby solder joint 


Figure 2-23. Comparing twa joints 
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Figure 1 Circuit symbols for 


resistors L = 


is placed a very thin film of metal ~ the thinner the film, the greater the 
resistance. All resistors are coated with a thin film of insulation, for the 
same reason we discussed earlier. 


The colour code 


Each resistor has coloured bands on it which enable us to see what value of 
resistance it has. There are normally three (but sometimes four) at one end, 
and a single one at the other (see Figure 2). The colours indicate figures, 
according to the list below. 


Colour Value Colour Value 
Black 0 Green 5 
Brown 1 Blue 6 
Red 2 Violet 7 
Orange 3 Grey 8 
Yellow 4 White 9 
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Figure 2 Some examples of 
resistor colour codes; top 
4700.0 (4.7kQ) and bottom 
1000 


26 


Yellow 
No2 
Violet 


not _t | Lica 


Using the colour codes is easy, once you see the logic behind it. Hold the 
resistor so that the single band is towards the right. The three colours on the 
left are read in the normal order from left to right. The first two bands 
always indicate numbers; the third band gives the number of zeros to add to 
the right of these two numbers. So, looking at the top resistor in Figure 2, 
yellow, violet, red means 4, 7, and two zeros, giving 4700 ohms! Looking at 
the lower resistor, brown, black, brown means 1, 0, and one zero, giving 
100 ohms. 


Remembering the order of the colours may be difficult at first. The colours 
from red to violet are the colours of the rainbow, in order, so if you know 
those, you're almost there! Around those colours are black and brown 
below the red, and grey and white above the violet, which you can imagine 
as getting brighter from black to white (well, almost!). It won't be long 
before you don’t need to remember them at all. 


‘The isolated band on the right-hand side is not part of the resistor’s value; 
it indicates its tolerance, i.e. how close it might be to the indicated value. A 
brown band indicates #1%, a red band =2%, a gold band 25% and a silver 
band +10%. For example, a resistor marked as being 100 ohms with a =5% 
tolerance will have an actual value somewhere between 95 ohms and 
105 ohms. 
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Sensing things 


Light waves are invisible, but our eyes can detect the effect they have on 
different materials because the waves produce an effect on the retina of the 
‘human eye which the brain can interpret. We cannot see heat waves either, 
but we can feel the effect they have on our skin. Gamma rays and X-rays are 
also invisible, but their detrimental effects on human tissue are well known. 
cis not surprising, then, that we cannot see radio waves. We cannot sense 
them, either, until we produce a device upon which they have an effect. That 
device is a radio receiver; itis able to process certain characteristics of radio 
waves, and make these characteristics audible by generating sound waves 
from the loudspeaker or headphones. Other characteristics of the same 
‘waves may be turned into light as a TV picture on a cathode-ray tube, or as 
a fax image on a sheet of paper. 


Visible waves 


Let's start our description with some waves that we can actually see! When 
a small stone is thrown into a pond, we see circular water waves radiating 
from the point where the stone fell into the water, as Figure 1 shows. (Notice 
that we use the word radiating, even with water waves; it is not a radio 
term, but one which describes any motion where the radius of a circle is 
increasing. In this case, it is the radius of the circular waves which is 
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Figure 1 The waves move 
out from the point where 
the stone landed 


Figure 2 A water wave, 
viewed in cross-section 
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increasing.) If you were to watch the water waves down at the water level, 
perpendicular to the direction in which they are travelling, you would see 
something like the illustration in Figure 2. 


‘The horizontal line represents the water level before the wave started, and 
the vertical line represents the direction in which the water is displaced at 
any instant. 


All waves are described in the same way 


‘Freezing’ the motion of the water in this way allows us to define two very 
important characteristics of a wave, characteristics which we talk about 
every day ~ wavelength and amplitude. The wavelength of a wave is simply 
the distance (measured in metres) from any point on one wave to the same 
point on the adjacent wave. Look at the diagram and you will see what is 
meant by ‘the same point on the adjacent wave’. The amplitude of a wave 


wavelength 


Wavelength 
‘Amplitude 


Or000 x:20 


Waves ~ Part 1 


is always measured from the centre (undisturbed) position of a wave to the 
peak (or the trough) of the wave. Both these positions are shown, the arrow 
indicating that the measurement is taken from the centre to the peak or 
trough. The amplitude of a wave is defined as the maximum displacement 
of the wave from the centre position ~ the direction (up or down) of that 
displacement does not matter. Waves of greater amplitude carry more 
energy with them. 
If we now “unfreeze” the wave, we will see it travel from left to right (or right 
to left, depending on where we are looking). The speed at which it moves is 
called its velocity, and is measured in metres per second. 
Another useful word is propagate; it means travel. We talk about radio 
waves propagating from a transmitter to a receiver. This velocity of 
propagation (for electromagnetic waves) is very fast indeed - they will cover 
300 million metres in one second. This is virtually incomprehensible, so 
think of a radio wave travelling around the earth — it can travel 7% times 
round the earth in one second! We use the symbol c for the velocity of radio 
waves (which is the same as the velocity of light, of course — all 
electromagnetic waves travel at this speed through air and space). 
‘The last thing we need to know about the wave is its frequency. Imagine a 
cork floating on the water in the path of the wave; it will bob up and down. 
If we were able to count the number of times it went through its highest 
position in one second, then that number would be its frequency. Any 
periodic motion like this is said to go through one cycle each time one 
complete wave passes a point (in this case, our cork). We are thus counting 
the number of cycles per second of the cork’s motion. The unit of frequency 
is thus ‘cycles per second’; this unit is now named after Hertz, a radio 
pioneer, and is abbreviated to Hz. 
Our description of the wave is now quite simple ~ we need only four 
quantities: 
(a) Frequency symbol f — unit, hertz (Hz) 
(b) Wavelength symbol A (Greek letter lambda, pronounced ‘lamb-da’) ~ 
unit, metre (m) 
(c) Amplitude symbol a ~ unit depends on application 
(d) Velocity symbol c ~ unit, metres per second (m/s or ms") 


The basic formula 

Whatever may happen to a wave while it travels through different media 
(vacuum, air, brick, wood, etc.), one thing and only one thing remains 
constant — its frequency. Its wavelength, amplitude and velocity may 
change, but its frequency never does. Three of the four characteristics 
already identified are connected by the simple relationship 


c= fxn 
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Remember that c is constant if the wave travels in air or in a vacuum. This 
means that waves having higher frequencies (f large) must have smaller 
wavelengths (\ small) and vice versa. You can imagine frequency and 
wavelengths being on opposite ends of a see-saw! 


Divisions of units 


Because the frequencies of radio waves are so high (despite them having the 
lowest frequencies in the electromagnetic spectrum!) we have a problem 
with writing them down. Do you write in your log book that you have just 
heard a station on 14 100 000 Hz? Of course not, you write it as 14.1 MHz, 
knowing that the prefix mega (M) means ‘one million’. The prefixes which 
you need to know (when applied to frequency) are: 


kHz kilohertz meaning 1000 Hz 
MHz megahertz meaning 1 000 000Hz 
GHz gigahertz meaning 1 000 000 000 Hi. 


Notice that the ‘k’ in kilohertz is a lower case letter. It is incorrect to write 
itas an upper case letter. ‘K’ is a computer-related prefix meaning not 1 000 
but 1024! 


When we come on to discuss heat and light waves, we will use wavelengths 
rather than frequencies, because of the see-saw effect ~ as the frequencies get 
larger and larger, the wavelengths get smaller, and hence are numbers which 
are more manageable, both to talk about and to write down! 


Bands 


Gamma rays, X-rays, ultra-violet waves, light waves, infra-red waves are all 
part of the electromagnetic spectrum, but we divide them up because they 
have different properties. This is why we divide up our radio frequencies 
into different bands. The radio waves of top-band signals (around 2 MHz) 
have completely different properties compared with those in the 20 metre 
band, so we are dividing up the radio spectrum in the same way ~ by 
Property. 


A beat-frequency oscillator 


9 A beat-frequency oscillator 


Construction 


Built on a small piece of matrix board about 80 x 50 mm, the circuit can be 
fitted inside a small plastic box. For once, we don’t want to screen the 
circuit to prevent it interfering with other equipment; we want it to interact 


Figure 1 Circuit diagram of 
the BFO 
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=---=Wwiting onthe 
Underside of the board 


Figure 2. Matrix board layout shown from the component side. Adjust IFT1 carefully for the best results 
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with our receiver! This is why we use a plastic box. Maplin Electronic 
Components supply a suitable box, complete with the matrix board to fit 
inside (order code YU46). 


Look at Figure 2 carefully before you start to build the circuit, so that you 
can position the components correctly. Firstly, inspect the intermediate 
frequency (IF) transformer, IFT1, and remove its metal screening can very 
carefully. Again, this is to allow some signal to escape from our circuit and 
enter our radio. Having done this, solder the components, using the matrix 
board as a support. Underneath the board, the components are linked by 
single-conductor, insulated wire. Take particular care with the polarity of 
the electrolytic capacitor, C3, and the connections to the transistor, TR1 (see 
Figure 1), 


‘The variable resistor, VRI, has a switch mounted behind the control itself, 
and the insulated leads to it from the battery should be about 10cm long. 
Connect these before fitting VR1 into the case, so that the BFO can be 
calibrated (adjusted) correctly. 


Calibration 


After a final check that all the components have been fitted and soldered 
correctly, connect the battery, switch on, and hold the transistor between 
‘your fingers, to check that it is not getting hot. Place the circuit close to your 


A beat-frequency oscillator 


receiver, and set RV1 to mid-position. Tune your receiver to find an amateur 
SSB transmission; the frequencies listed below will help you in knowing 
where to look. It may sound very strange, but don’t worry. Slowly turn the 
core of IFT1 with a small, non-metallic screwdriver or with the correct 
‘trimming tool’. The core into which the blade fits is very fragile, so attempt 
this process with care. When the speech sounds as natural as you can get it, 
leave the core at this position, and use RVI to make the speech sound 
natural. 


Using the BFO 


For best results, you may have to move the BFO nearer or further away 
from your radio. At the lower end of most bands (for instance just above 
7.000 MHz or 14.000 MHz) you should be able to resolve Morse code 
(CW) signals. If you find that the BFO signal is alittle weak, solder a 15 cm 
length of insulated wire to pin 2 of IFT1, and place it alongside your radio. 
‘This should improve signal intelligibility. When you are happy with the 
performance, switch off, drill a 10.5mm hole in the box and fit RV1, 
followed by the matrix board assembly. Screw the base to the box, fit the 
knob, and the BFO is complete! 


Where to listen 


Band Frequer 
15m 21,000-21.450 
17m 18.068-18.168 
20m 14,000-14.350 
30m 10.100-10.150 
40m 7.000-7.100 
80m 3.500-3.800 
Parts list 
Resistors: all 0.25 watt, 5% tolerance 
RL 27 kilohms (k®) 
R2 4.7 kilohms (kQ) 
R3 1 kilohm (kQ) 
R4 2.2 kilohms (kQ) 


VR1 4.7 kilohms (Kk), linear, with DPST switch 
Capacitors 

100 nanofarads (nF) or 0.1 microfarad (uF), ceramic 
47 nanofarads (nF) or 0.047 microfarad (uF), ceramic 
10 microfarads (uF), 25 V radial, electrolytic 
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Additional items 
TRI 2N2222A npn 
FTL ‘Toko type YHCS11100 
Box plastic, approximate size 100 x 70 x 45mm 
Board ‘matrix, to fit inside the box 
Connector for PP3 battery 
Knob for RVI 
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What is a capacitor? 


Large and small 


We cannot go into the manufacture of capacitors here ~ after all, we are 
users of the devices, not the designers! First of all, beware of incorrect 
statements; the words ‘capacitor’ and ‘capacitance’ are not the same. For 
example, a large capacitor would be a description of one the size of a toilet 
roll. It need not have as large a capacitance as one the size of your little 
finger. A ‘large capacitor’ is one which is physically big, a ‘large capacitance’ 
refers to a capacitor which can store a larger amount of energy when a 
certain voltage is applied between its plates. The capacitors in a mains 
power supply are usually big and have large capacitances. High-power RF 
amplifiers may have large capacitors with small capacitances! 


Electrolytics. . . 


Electrolytic capacitors usually have capacitances of 1 uF or above. They 
differ from other capacitors in that they must be connected the right way 
round (ie. they have positive and negative connections, just like a battery). 
‘They may explode if the connections are reversed! 


...and the others 


Other capacitors may be connected either way round, despite their names. 
We have polystyrene, ceramic, silver-mica and tantalum. Each has its own 
advantages and disadvantages, and the parts list for a project will always tell 
you which type is best. 


Storing energy 


If you were to connect a large capacitance across a 12V power supply, 
nothing would appear to happen. Removing the capacitor from the 
supply and connecting it to a voltmeter would show that the capacitor has 
12V between its ends. This shows that, while the capacitor was connected 
to the supply, energy flowed from the supply into the capacitor. We say 
that the capacitor was charged up by the supply. If you are using an 
analogue voltmeter (i.e. one with a meter and pointer), you will notice 
that the indicated voltage slowly drops until, eventually, there is no 
voltage across the capacitor. This is because the capacitor has discharged 
its energy into the voltmeter. If you had used a smaller capacitance, the 
same would happen, except that the voltage would drop to zero more 
quickly - the capacitor stores a smaller amount of energy because its 
capacitance is smaller. Capacitors behave like other things in life ~ a small 
car can move more quickly than a large bus - a small piccolo emits a 
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higher note than a flute ~ the voltages in a circuit containing a small 
capacitance will change more quickly than those in a circuit with large 
capacitance. 


Varying the capacitance 


Some capacitors are capable of having their capacitance changed manually; 
these are called variable capacitors. They work like the basic capacitor of 
Figure 1. Imagine moving the top plate of the pair a little to one side; the 
capacitance is determined, not just by the size of the two plates, but by their 
area of overlap. As this decreases, so does the capacitance. Such devices are 
limited in their capacitance, about 500 pF being the maximum value. 


AC and DC 


Because the plates of a capacitor do not touch each other, a direct current 
(DC) cannot pass between them. However, an alternating voltage on one 
plate can induce an identical alternating voltage on the opposite plate, and 
thus a capacitor appears to pass an alternating signal, even though currents 
as such, do not pass between the plates. This property of passing AC and 
not DC is very important, and a capacitor used in this way is called a DC 
blocking capacitor or, simply, a blocking capacitor. A blocking capacitor 
can be used at the same time, to couple a signal from one circuit to the next; 
here it would be known as a coupling capacitor. Decoupling capacitors are 
to be found where the capacitor is employed to remove an AC signal while 
retaining a DC component. 


Finally. . . 


Unlike resistors, the manufacture of capacitors renders them susceptible to 
excess voltage, so if you find a capacitor labelled 10 uF 16, it means that 
operating it above 16V may fatally damage the device (and the circuit 
around it). This voltage is called the working voltage of the capacitor; on 
some electrolytics, you may find it expressed as volts working (ie. 8 wF 
450V WKG). 


‘Many smaller capacitors have their properties marked on them in a colour 
code, like resistors. Figure 2 shows these codes, and their meaning, and the 
table below summarises the values of the colours. 


Figure 2 Some capacitors 
hhave coloured bands or 
stripes, rather like resistors 
The colour code, which is 
the same as the resistor 
code, is shown in Table 1 
The band shown on the 
chart as ‘Ist’ the frst 
‘number of the capacitors 
value in pico-Farads, "2nd" is 
the second number and ‘M’ 
is the Multiplier or number 
of noughts. For example, a 
capacitor reads from the 
top: Brown, Black, Yellow, 
Black, Red. Its value is One, 
then Nought, then Four 
‘more noughts = 100000 pF 
[also referred to as 0.1 uF or 
‘100 nF). Its tolerance (Black) 
is 20% and the working 
voltage (Red) is 250V. The 
‘means the maximum 
working voltage. The band 
‘marked ‘T shows the 
tolerance, just like resistors, 
and the ane marked ‘TC is 
nly used on special 
capacitors designed to 
change their value with 
temperature 
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Table 1 

Colour Value Voltage Voltage 
(tantalum capacitor) (polyester capacitor) 

Black 0 10 = 

Brown 1 = 100 

Red 2 a 250 

Orange 3 = S 

Yellow 4 63 400 

Green 5 16 - 

Blue 6 20 = 

Violet 7 x a 

Grey 8 25 3 

White 9 3 - 


"at ane MT 
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11 Waves — Part 2 


Introduction 


‘We left Part 1 with the concept that radio waves are divided up into bands 
which have different properties. Not all the properties are different, 
though. We need to discuss several wave properties, so we will start with 
‘what happens to waves as they propagate over long distances. 


Getting weaker 


Imagine a torch battery connected to a bulb by wires about 1 metre long. 
‘The bulb lights normally. If we now take the bulb 100 metres away from the 
battery and wire it up, we would expect the bulb to be somewhat dimmer, 
which is exactly what would happen. It happens because of the resistance of 
the wires ~ the wires do not form a perfect conductor. A similar situation 
‘occurs with radio waves. 


All waves suffer from attenuation ~ they get weaker the further they travel. 
In cases of extreme attenuation, we need to apply some amplification before 
the attenuated wave can be used in a receiver. 


Carrying information 


When we speak over the telephone, the range of frequencies in our voices 
extends from very low frequencies up to about 15 or 20kHz. In audio 
terms, this is quite a large bandwidth (meaning a wide band of frequencies). 
For communications purposes, however, most of this bandwidth is not 
needed, and in the telephone system (and in our transceivers), this is cut 
down so that it extends from about 200Hz to 3kHz, a reduction in 
bandwidth from 20 kHz to about 3kHz. A bandwidth of 3 kHz has been 
found to be sufficient to convey speech intelligibly which, after all, is just 
what we need! 


‘The radio waves coming from an amateur transmitter convey our speech 
signals over long distances. By themselves, the speech signals do not travel 
very far, so they have to be combined with a radio signal that will travel long 
distances. This extra signal is called the carrier wave (or just the carrier), 
because its job is to carry the speech signals along with it! The process of 
combining the speech (or Morse code) with the carrier is called 
‘modulation. 


Figure 1 Stations between 
BZ and B3 receive the 
ground wave 


Waves ~ Part 2 


Wider and wider 


Sending Morse code is achieved simply by switching (or keying) the carrier 
‘on and off. ‘The bandwidth of the transmitted signal is only about 100 Hz. 
Speech, with its reduced bandwidth of 3 kHz, will produce a single-sideband 
(SSB) transmitted signal with a bandwidth of 3kHz. If the same speech 
signal were used to produce an amplitude-modulated (AM) signal from the 
transmitter, it would have a bandwidth of about 6kHz. Perhaps you can 
now understand why the bandwidths needed to produce hi-fi broadcasts 
need to be so large. TV signals need bandwidths running into tens of 
megahertz! 


Waves need aerials 


Radio waves are produced whenever changing currents flow through a wire, 
and when that wire is made in such a way as to maximise the radiation from 
the wire, itis called an aerial or antenna. The same piece of wire will receive 
radiation from other aerials; an aerial will transmit and receive. This is an 
important property of the aerial: when a current flows through it, 
electromagnetic waves are launched into the air; when electromagnetic 
‘waves in the air encounter the aerial, currents are produced in it. 


From the simplest transmitting aerial, waves travel in all directions, like the 
‘waves on the pond that we considered in Part 1. They will travel a long way 
through air and space before they become too week to be received. They 
won't travel very far into the earth, however! The earth will reflect some of 
the wave and will absorb the rest. That portion of the wave which is 
reflected will again travel through air and space until it is totally 
attenuated 


Look at Figure 1; A represents a radio transmitter, with B1, B2 and B3 being 
receiving stations. The two arrows pointing ‘downwards’ from A represent 
two of the waves from A which just graze the earth’s surface. Waves above 


Earth 
fa 


‘Ons00 x8 
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Figure 2 Reception of 
ANS signals at B1 using the 
sky wave 
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these will travel on into space; waves below them will either be absorbed 
and reflected by the earth or received by aerials. BI will not receive any 
signals from A, because it is below A’s horizon. B2 and B3 can receive A's 
signals because they are just on As horizon. Any stations between B2 and B3 
will also receive A’s signals, which are known as ground-wave signals. The 
wave at C represents one which is reflected by the ground and travels into 
space. 


‘This description begs the question of how signals are received from stations 
well beyond the ground-wave range. 


Mirrors in space 


Suppose that there was something, out in space, that would reflect radio 
‘waves. Waves from A that travel out into space could be reflected off it and 
return to earth, enabling stations such as B1 to receive A’s signals. The 
situation just described is illustrated in Figure 2. 


‘Meroe’ 


Onsae wer 


Just such a mirror in the sky really does exist. It is not man-made, of course! 
"The earth is surrounded by the atmosphere, a mixture of many gases, such 
as nitrogen and oxygen. The energy contained in the radiation from the sun 
is more than sufficient to fonise these gases, thus making them into electrical 
conductors. When a gas is ionised, some of its electrons are physically 
stripped out of the atoms and are free to move about, just as the electrons 
of a metal do in a wire. Consequently, we can regard this part of the 
atmosphere (the part illuminated by the sun) as acting like a sheet of metal, 
which reflects radio signals! It is not a perfect reflector, but is sufficient to 
produce long-range (DX) radio propagation via the sky wave under the 
right conditions. (A more down-to-earth example of ionised gases conduct- 
ing electricity can be found in the fluorescent tube and the neon sign - many 
gases glow when they are continuously ionised.) 


‘An LED flasher 


‘This conducting region at the extremity of the atmosphere is called the 
ionosphere, and it exists in layers between 60km and 700km above 
the earth’s surface. When the ionosphere is sufficiently ionised, it glows; this 
is the natural phenomenon known as the aurora borealis, or the northern 
lights. 


‘The property of the ionosphere that enables radio waves to be reflected does 
not act in a uniform way; it is very selective about which waves it reflects, 
and which waves go straight through it and into outer space. In general, it 
reflects only those waves with frequencies below about 30 MHz ~ the HF 
bands! 


In Part 3 we will look at families of waves. 


12 An LED flasher 


Figure 1 Circuit diagram of 
the LED Flasher. Pins 1, 3 
and 7 of the IC are not used 
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Figure 2 Board layout 
Viewed from the component 
side. The tracks are cut 
under the board where 
shown 
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Assembly 


‘The circuit can be built on a small piece of Veroboard (the piece shown in 
Figure 2 measures 15 holes by 10 strips). Using such a board, follow these 
instructions. 


1. Depending on how far away you want the LED from the circuit board, 
solder a length of insulated wire to each lead of the LED. Use different 
colours of insulation ~ say, red and black, connecting the red lead to the 
anode (a) lead (the longer one) of the LED, and the black one to the 
cathode (k). Figure 2 shows these leads. 

2. Cut the copper tracks as shown in Figure 2, using a 3mm (% inch) 
diameter drill, rotated between thumb and forefinger, or use the proper 
tool. Make absolutely sure that the tracks are completely broken! 

3. Fit the IC holder in the correct position, using the cut tracks as guides, 
and make sure the small notch is facing towards the top of the board, 
Solder the pins to the copper tracks. 

4. Mount the capacitor, positive end to the left, so that the positive lead is 
soldered to track F, which connects it to pin 2 of the IC; the negative lead 
is soldered to the right-hand side of track E, this being connected to pin 
8 of the IC. 

5. Solder on the battery leads, positive to the right, and the extended LED 
leads, positive downwards. 


@incrcates ooser trace oa at £8 F9 G8, HE 


An LED flasher 


6. Check the circuit, and hold up the board to a bright light and look 
carefully for solder bridges between the tracks and pieces of copper swarf 
which may have escaped your inspection in 2 above! Remove whatever 
you find. 

‘When all seems well, put the IC into the socket, ensuring that the notch 
or dot on the upper surface of the IC lines up with the notch on the 
holder. Line up each pin on the IC. with the hole below it before pressing 
gently on the IC with the board supported on a firm surface. 

8. Connect the battery; the LED should start to flash. The circuit is 

complete and working! 


If you prefer, the whole circuit (battery included) can be mounted in a small 
plastic box, with the LED mounted on a clip and protruding through the 
panel. There are many other possibilities, and it is up to you to find an 
application for your own use. 


Parts 

‘Maplin code 
M3909 Integrated circuit WQ39N 
IC socket 8-pin DIL BLI7T 
LED 5mm diameter WL27E 
100 microfarad (uF) Electrolytic capacitor (10V) FB48C 
Battery holder For AA-size cell YRS9P. 


Battery 1SV AA cell 


Small piece of Veroboard (15 holes by 10 strips) 

Small plastic box (if required) 

LED clip (if required) 

‘Two lengths of coloured, insulated wire for LED (as required) 


Availability 


Al parts can be obtained from Maplin Electronics Ltd. 
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13 Waves — Part 3 


Introduction 


‘When we talk about the spectrum being divided up into bands, this is just 
for our convenience; there are no natural divisions although, as we have 
seen, some of the properties of different bands really are different! Let's 
look at Figure 1, and see how the frequencies are divided up. 


The divisions 


‘© Very low frequencies (VLF) cover the range from a few kilohertz up to 
30kHz. Very long-range communication is possible, but at very small 
bandwidths. It is used for special purposes. 

‘© Long waves (LW) are used for medium-distance commercial broadcasting 
and have frequencies from 30 kHz to 300 kHz. 

© Medium waves (MW) are used for commercial broadcasting, and use 
frequencies from 300 kHz to about 1.5 MHz (1500 kHz). Typical range is 
about 200 km. 

‘© Short waves (SW) encompass both the low-frequency (LF) and high- 
frequency (HF) amateur radio bands. There are nine narrow amateur 
bands in the SW spectrum between 1.8 MHz and 30 MHz. Some of these 
bands give round-the-world communication. 

© Very high frequencies (VHF) span the range between 30MHz and 
300 MHz. Relatively short-range communication is possible. They were 
‘once used for broadcast TV before it moved to UHE. There are now three 


1GHe 
3OkHz 300kMz SMH 30MHz —-300MHz —(1000MHz) 00GH2 


UNF MICROWAVE 


Figure 1 Diagram of radio frequency spectrum 


4 


3/Desoldering 


lteverythingwentright the irsttime, you'dneverlearnanything. Thissection 
shows you how to recover from litle soldering mistakes, and also includes 
a gallery of various solder joints so you can compare your work 
Desoldering isthe "undo" command for soldering. With this technique. you 
can remove solder from a joint, allowing you to free the component so you 
can reorientit as needed. There are two tools for this: the desoldering wick 
(sometimes called desoldering braid) and the solder sucker. 


The Desoldering Wick 


Pulla smalllength of wick out of its spool (Figure 3-1). You don't need much, 
but if you don’t use it al, you can wind the wick back into its spool, 


Figure 3-1. Pulling out sore wick 
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amateur bands here ~ 6 m, 4m, and 2 m. Repeaters are used to extend the 
usable range of mobile stations. VHF waves are not usually reflected by 
the ionosphere, but when they are, ranges of several thousand kilometres 
are possible. Weather affects these waves on a regular basis, however. In 
addition to amateur users, the VHF part of the spectrum is also used by 
the police, the fire and ambulance services, weather satellites, and many 
others, 

© Ultra-high frequencies, sometimes called centimetre waves, cover the 
range from 300 MHz to 1000 MHz (or 1 GHz). The only amateur band. 
in this range is the 70cm band, and we share it with radar, TV and 
cellular telephone users as well. 

(© Microwaves begin at 1GHz and extend to about 400 GHz. They are 
never reflected by the ionosphere, are partially attenuated by buildings, 
and are reflected from aircraft and cars. Microwave absorption in the 
atmosphere is quite significant, and rain and fog can attenuate 
microwaves quite heavily. 

© Heat, light .. . Above 400 GHz we run into the infra-red bands and on 
into the visible light and ultra-violet bands. We generally take 400 GHz as 
being the limit of what we class as radio waves. 


Bandwidth again 


Complex signals need more bandwidth than simple signals. Even if it were 
possible, we would not be able to transmit a single television channel in the 
whole of the MW broadcast band! When TV used part of the VHF band, 
only five channels were possible in the range from 45 MHz to 68 MHz. By 
moving TV to the UHE band, we now have 47 channels between 470 MHz 
and 855 MHz! 


It’s your chi 


‘The number of permutations you have amongst all the modes and all the 
bands is enormous! Only you can decide what you are interested in and 
what you want to learn about. That is the attraction of amateur radio! 
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14 Choosing a switch 


Figure 1 Some circuit 
symbols for different types 
of switch 


46 


Simple, but be careful! 


A switch is the simplest electronic component, but care is needed in 
choosing the correct one for the job. Here is a list of the main 
characteristics of a switch, which will help you to select what you 
want, 


1. Rating. This gives the maximum voltage and current that a switch can 
handle. For example, a 250V 1.5 switch will switch mains voltage 
at a current not exceeding 1.5.A. If the current is greater than 1.5, 
the switch may get hot and fail. If the voltage is too great, the switch 
may arc each time it is switched off, thus wearing away the 
contacts. 

2. Number of poles. A single switch can control many circuits; the 
number of poles tells you how many different circuits it can handle. 
See Figure 1 

3. Number of throws. This tells you the number of positions each pole 
can have. This is best illustrated in Figure 1. ‘The simplest ON/OFF 
switch is a Single-Pole, Single-Throw (SPST) switch. A Single-Pole, 


SPST 
— — Single-pole, single-throw 


Single-pole, double-throw 
eo _ (also knownas a changeover 
switch ie, SPCO) 


—T Double-pole, double-throw 


| (also known asa 2-pole, 


Ray switen) 


—o O— Push-button switch 


Figure 2 The rotary switch 
can select several different 
circuits at once 


Choosing a switch 


Double-Throw (SPDT) switch may also be used as an ON/OFF 
switch, but is used mainly to change between two parts of a circuit, 
and is commonly known as a Single-Pole Change-Over (SPCO) switch. 
‘Two or more SPCO switches can be operated at once; Figure 1 shows 
an example. The two switches are said to be ganged. See also “Types 
of switch’ below. 

4, Number of ways. When a switch has more than one throw, we tend to 
use the word ‘ways’ instead. This means that if a switch has one pole 
and six throws, we would normally call it a ‘I-pole 6-way’ switch. 
Such switches tend to be rotary switches, as are described below. 


Types of switch 


(a) Push-button, ‘These are found on calculators, telephones, electronic 
games and most equipment with a digital display. 

(b) Rotary. These are switches controlled by a knob, and are turned 
instead of moved up and down. Figure 2 shows the rear of such a 
switch and its circuit symbol. The commoner types of rotary switch 
are: I-pole, 12-way; 2-pole, 6-way; 3-pole, 4-way; 4-pole, 3-ways 
6-pole, 2-way. All these switches have 12 click positions, as you may 
have guessed, but each one comes with an adjustable end-stop so that 
you can set the correct number of ways according to the contacts on 
the switch. 

(c) Slide. This switch is common on the cheaper types of radio, mainly as 
an ON/OFF or band-changing switch. They are not very rugged, but 
are small and cheap to produce. Very small types are manufactured 
for use on PCI 
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(d) Toggle. Available as two-way types or three-way, with a centre-off 

sition. Can be manufactured to handle very high currents. 

(c) Micro-switch. These are devices which are usually operated indirectly, 
such as when the cover is removed from a high-voltage power supply, 
‘or when the door of a fridge is opened. The ‘micro’ part of the name 
doesn’t refer to the size of the switch, but to the small movement that 
is required to activate it. 
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‘An aerial tuning unit for a receiver 


15 An aerial tuning unit for a 
receiver 


Figure 1 Circuit diagram of 
the Antenna Tuning Unit, 
showing the use of a 2-pole, 
Gay rotary switch to select 
inductors (l) and capacitors 
cc] 
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Construction 


1 


2 


a 


Firstly, you will need a simple plastic case in which to house the ATU. 
The size should be approximately 85 x 145 x 50mm. 

Start by drilling two 10.5 mm holes in the front of the case; these are for 
the 6-way switch and the tuning capacitor. 

Drill three 8mm diameter holes in the left-hand side of the box, for the 
three sockets, coloured blue, yellow and green. 

On the right-hand side of the box, drill two 8 mm diameter holes for the 
red and black sockets. 


5. Now, fit the 6-way switch (SW/1), the tuning capacitor (VC1), and all the 


sockets to the case. Check that the vanes of the capacitor rotate smoothly 
when the shaft is turned. 


. Wire up the inductors (coils). Figure 1 and the wiring diagram of Figure 


2, will help with this. As you can see, each one side of each coil is 
connected to two switch connections, the other end going to VC 


. Solder in the fixed capacitors. One end of each goes directly to the 


ground socket (black), and the other end goes to the switch. 


. Solder a wire between the green and black sockets. The output from the 


ATU comes from the red socket, and this is connected to the two tags in 
the centre of the switch, as Figure. 2 shows clearly. 


. Finally, connect the blue and yellow sockets to the tuning capacitor, and 


the ATU construction is complete. 


Figure 2 The internal view of the case shows the main tuning capacitor, VC1. Ths is a solid dielectric type, which has 


adjustable brass plates 
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‘An aerial tuning unit for a receiver 


jure 3 You may find that 
parallel tuning gives best 
results with your antenna 


igure 4 In other cases, 
seties tuning could be the 
‘most effective arrangement 


In practice... 


Figures 3 and 4 show two different ways of connecting your aerial to your 
ATU. In each case you will need to select each switch position in turn, and 
rotate the tuning capacitor through its fall range while listening to a station. 
You should find that one switch position enables VCI to produce a peak in 
the signal strength in the loudspeaker. At this point, your aerial and receiver 
are said to be matched. Stations in the same band will probably peak with 
VCI at the same setting of SW1, but different bands will almost certainly 
require different positions of SW. 
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Parts list 


Capacitors (all rated at 16 V or more} 
C1 220 picofarads (pF) polystyrene 

22 470 picofarads (pF) polystyrene 

C3 1000 picofarads (pF) or 1 nanofarad (nF) polystyrene 

C4 2200 picofarads (pF) or 2.2 nanofarads (nF) polystyrene 


Inductors 
LI 1.2 microhenries (WH) 
12 8.2 microhenries (WH) 
13 68 microhenries (H) 


Switch 
SWI 2-pole 6-way rotary 

Sockets 
4mm type, one each of red, black, yellow, blue, green 


Additional items 
Plastic or metal case, e.g. Maplin type YUS4 
‘Two large knobs for SW1 and VCI 


16 A simple 2m receiver 
preamplifier 


Introduction 

Designed specifically to complement the modified air-band portable (also. 
described in this series), this can be used with some success on many 
receivers suffering from ‘deafness’ on VHF. 


The circuit 


An RF preamplifier is a device which improves the input signal to an 
existing receiver, enabling it to work more effectively. Because of the noise 
which is added to the signal by the preamplifier, very weak signals may not 
be usefully enhanced, but stronger signals will be improved considerably. 
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Figure 1 The integrated 
circuit is mounted upside 
down. Make sure you 
identify pin 1 which has a 
small dot next to it 


A simple 2m receive preamplifier 


Antenna 


9V Ground 
(Battery =ve) 


Output to 
main circuit 
board 

+6 to48V 
(Battery +ve) 


‘This little circuit (shown in Figure 1) uses a GEC/Plessey integrated circuit 
type SLS60C. With the addition of four capacitors, itis used between your 
aerial and the aerial input of the radio’s PCB. 


Putting it together 


1. Use a small piece of prototype (matrix) board about 25mm square. Use 
an 8-pin DIL socket for the integrated circuit (don’t risk soldering the 
chip ~ it is seldom a risk worth taking). Figure 1 shows the connections 
to the socket, looking from underneath. 

2. Make special note of the pin numbers, so that you know how to put the 
chip into the socket when you have finished. The positive and negative 
connections to the circuit are taken from the main PCB after the ON/ 
OFF switch — so that the switch operates the preamplifier, too. 

3. Unsolder the lead to the radio's telescopic aerial and connect it to the free 
end of C4, as shown. Then solder a short lead between the telescopic 
aerial and C2. 

4, Sometimes it is possible to cajole your little preamplifier into the radio’s 
plastic case, provided there is room and that you make sure that none of. 
the soldered joints on your little board touch any of the metal inside the 
case when you replace the back and screw it on again. 

5. If there is not enough room inside, then put the preamplifier into its own 
box, with battery and switch, and its own aerial. Keep the lead from the 
preamplifier to the aerial connection of the radio as short as possible ~ 
perhaps using screened cable. 


Because your preamplifier is untuned, you will find not only that it helps 
with reception on 2 metres, but also that reception on the FM broadcast 
band is improved! 
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Parts list 


Integrated circuit 


Ici GECPlessey SL560C 
Capacitors 
cL 1 nanofarad (nF) ceramic 
€2, C410 picofarads (pF) ceramic 
G3 10 nanofarads (nF) ceramic 
Additional item 


Prototype broad approx. 25 x 25mm 


17 Receiving aerials for 
amateur radio 


There’s broadcast reception. . . 


No aerial is perfect, and these two types are far from perfect! As in most 
‘mass-produced equipment, they serve their purpose, which is not critical, 
and they allow the radio to be carried around easily, because they are not 


Preparing the Wick 


Before you use the wick, haldit as shown in Figure 3-2, and push inward, This 
will cause the wick to spread out, giving you more surface area to work with. 


Figure 3-2. Spreading the wick 


30 Learn ta Solder 


Receiving aerials for amateur radio 


big and bulky. The broadcast stations are very powerful, usually quite close, 
and the circuits in the radio are quite sensitive, so the need for large aerials 
disappears. 


...and there’s amateur DX 


Here we have an application which, in comparison with the broadcast 
situation, couldn't be much more different. The stations do not use much 
power, they may be half the world away, and the requirement for good 
aerials and very sensitive receivers is paramount. The aerials must be large 
and they must be as high as possible, away from buildings and trees, which 
cause reduction in signal strength, and away from man-made sources of 
interference. 


You may not have thought about this but, in general, the larger an aerial 
becomes, the longer the cable (or ‘feeder’) must be in order to reach your 
shack and the receiver inside it. Cables reduce the received signal, so what 
your aerial gains by being large, the feeder (if you're not careful) will 
lose! 


A simple aerial. . . 


We now know that a ‘good! aerial is essential. But what is a ‘good’ aerial? 
It depends on your purse, your property and your enthusiasm! One of the 
simplest (and, incidentally, one which is not subject to the cable loss 
problem discussed above) is the Long Wire, shown in Figure 1. This is, quite 
literally, a long piece of wire going from a chimney stack to a tree or pole 


Wire down-lead: 


Figure 1 A tree at the bottom of the garden can provide a useful antenna support. Insulators can usually be 
obtained from Tandy stores or TV aerial suppliers 
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Figure 2 An indoor antenna 
should be mounted as high 
as possible 
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at the end of the garden. The longer it is, the better. Notice that the wire 
itself is not used to loop around the tree or chimney. Rope is used for both, 
and is secured to the end of the wire using an insulator of the ‘dog bone’ or 
‘egg’ variety, to be found in profusion at rallies 


“The wire is brought into the house through a window into the shack where 
the receiver is situated. The long wire aerial is best used with an aerial 
tuning unit (ATU), which is also described in this book. One of the 
advantages of the long wire is that it can be used on several frequency 
bands. 


...and more complicated ones 


Next up the ladder of complexity is the dipole (meaning two poles, or two 
elements). One form of dipole for lower frequencies would take the same 
basic form as the long wire, except that the feed to the receiver is taken, not 
from the end, but from the centre. ‘The wire is essentially cut into two 
halves, and the two ends at the centre are connected to one end of a coaxial 
cable, which is then taken to the receiver. A smaller form of this is shown in 
Figure 2, which is conveniently mounted in a house loft. Aerials should 
always be mounted outside for best results, but will work when mounted 
inside, and the loft space is the logical situation. 


‘The total length of the dipole should ideally be one-half of the wavelength 
of operation ~ hence the term “half-wave dipole’. For example, a dipole for 
use on 20m should be about 10m long. Dipoles are thus ‘single-band” 
aerials. They can be modified for use on several bands, and then become 
known as ‘trapped dipoles’, having coils and capacitors at certain points 
along their lengths. 


L... insulator 


Wire fixed toroot timbers with tacks or drawing 
pins - use insulated (covered) wire 


Figure 3 Try different 
shapes of loop antenna to 
see which works best, 


Receiving aerials for amateur radio 


Indoor aerials 


For flat- or apartment-dwellers, an indoor aerial is often the only solution, 
in which case the dipole of Figure 2 may be of great use. Other popular 
types include the loop aerial, of which several types are shown in Figure 3. 
‘The shape of the loop is of secondary importance, but it should be as large 
as possible. 


Continuous wire loop - as large as possible 
(a) 
Tooinsulator 
TV coaxial cable 
#l10 shack 
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Ingenuity is called for when considering indoor aerials. A dipole can be 
mounted along a picture rail or pelmet. A vertical loop of aluminium foil 
can be stuck to an inside wall and covered with wallpaper! The designs are 
limited only by your imagination, and will give you hours of listening 
pleasure 


Outdoor aerials 


If you want to venture beyond the simple long-wire discussed earlier, then 
the erection of outdoor aerials can be a bit tricky; they can be more than a 
‘one-man job, and can involve seeking planning permission. Get some help 
advice from someone who has done it before - what about your local radio 
club? Plenty of designs for aerials appear in RadCom, so you should never 
be short of ideas! 


The Colt 80 m receiver — 
Part 1 


Introduction 


This is the first of four parts detailing the design and construction of a 
simple radio capable of good reception of amateur radio signals on the 80 
metre band. If you can solder and have some basic hand tools, at the end 
‘of Part 4 you will have a working receiver, in which you can take pride, and 
start some serious listening on 80m! For testing, all you will need is 
another receiver and a multimeter. 


Description 


‘The radio will be built in three modules, or stages, as illustrated in Figure 1 
Each of these is built on a printed-circuit board (PCB) or matrix board and 
can be tested in its own right. The case will need some holes drilled, and care 
will be needed to mount the PCBs in the case. 


Get to it! 


Surprisingly enough, when you are building a radio section by section 
(which is always the best way), itis easiest to start at the output and work 


Figure 1 Build your Colt 
and watch it grow. A simple 
crystal set (a) becomes a 
direct conversion receiver (b) 
and finally an 80 metre 
amateur band superhet (¢) 


Figure 2 The Philips 
TDA7052 integrated circuit 
(00 used in the audio 
amplifier needs very few 
extra components. It has a 
signal voltage gain of 100 
times and the output is 
suitable for a loudspeaker or 
headphones 


The Colt 80m receiver ~ Part 1 


towards the input, and you can test what you have done stage by stage. You 
will see what this means as you progress with your construction. 


Every receiver needs some audio frequency (AF) amplification to make the 
sound signals big enough for you to hear. The circuit for the AF amplifier is 
shown in Figure 2. It uses the TDA7052 integrated circuit (IC) plus a 
handful of extra components. RI in conjunction with C2 and C3 decouple 
the battery supply, preventing any audio signals getting through to it and 
affecting other parts of the radio, when they are connected. Cl acts to 
prevent high frequencies (above the 3kHz bandwidth) going into the 
amplifier input. A volume control, VR1, is connected across the amplifier 
input, so that the amplifier can accept signal inputs over a wide range. 
Figure 3c shows the connections, which are made with screened cable. The 
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Figure 3 It is important to 
check the component 
connections carefully. The 
diagram shows (a) top view 
of the IC, (b) electrolytic 
capacitor and (¢) volume 
control (VRt) connected 
across the input of the 
amplifier 
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centre conductor of the left lead goes to the point marked ‘input’ in Figure 
2, the braid being connected to the amplifier earth (0V) tag. The right lead 
to VR1 goes to whatever signal source you have for testing — see later. VR1 
is not mounted on the PCB. 


‘The circuitis constructed ona small PCB or matrix board. Make sure that the 
electrolytic capacitor, C3, is soldered into the board the correct way ~ its 
positive and negative connections are shown in Figure 3b for reference. If you 
are atall concerned about soldering the IC into the board, enlist some help, o7, 
obtain an 8-pin DIL socket, which you can solder in and then carefully insert 
the chip into the socket, making sure that is the correct way round. The 
markings on the chip are shown in Figure 3a. 


‘The output leads from the amplifier go to a plastic 6.3 mm (% inch) mono 
jack socket, so that neither output lead is connected to the metal case. The 
amplifier will drive a pair of headphones or a small 80 loudspeaker. 


‘The battery leads must be the right way round also; the battery itself can be 
a PP3 or PP9, or you can use a small DC power supply. 


Testing 


First, check that all the components are in the right places, that your 
soldering is good, and that you have headphones or a loudspeaker 
connected. Set VR1 about halfway along its travel. Connect the battery. 


pnt * 
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The Colt 80m receiver — Part 1 


A slight hissing noise should be heard; touching the input lead to the 
amplifier (the centre of the three connections on VR1) should produce a 
loud buzz. Touching the shaft at the same time will make the buzz quieter. 
‘This is the quickest way of confirming that your amplifier seems to be 
working. The only real test is to give it something meaningful to amplify! 
See the design of our Crystal Radio Receiver for full details. 


Parts list 


Resistors: all 0.25 watt, 5% tolerance 


RL 22 ohms (Q) 
VRI 10 kilohms (k®) log 
Capacitors 
1,2 0.1 microfarad (WF) 
G3 220 microfarads (uF) electrolytic 16 V 
Integrated circuit 
Ic ‘TDA7052 audio amplifier 
Additional item 
PCB {see below) 


Component suppliers: 
Maplin 
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The next part... 


‘The metal case will be marked out ready to receive the completed 
modules. 


19 A crystal radio receiver 


Introduction 


Here’s a quick project to fill in a winter's evening! It was originally designed 
as a piece of test gear for the Colt receiver, but can be successfully used by 
anyone asa first radio project. Another use for it would be as test gear for 
‘any audio amplifier project requiring an audio input for test purposes; this 
is ideal, as it does not requite any power supply! 


Details 


‘The initial rough-and-ready test for the audio amplifier of the Colt receiver 
will have whetted your appetite; you will want to prove more conclusively 
that your amplifier works, and in a way that others in the houschold will 
appreciate. Buzzing noises are not convincing in this respect! You are going to 
put together a simple crystal set the simplest type of radio that there is—and 
use it as a signal injector for your amplifier. In this way, you build a real 
medium-wave (MW) receiver which drives a loudspeaker, as an intermediate 
product of the construction of an 80 metre amateur band receiver! 


‘The circuit diagram is shown in Figure 1. It has a 60-turn coil mounted on 
a small piece of paper or card wrapped round a ferrite rod. The coil has a 
connection made to its centre-tap (the middle turn of the coil). The tuning 
capacitor, VC1, is the most expensive part of the circuit but don't worry, it 
will be used in the final design of the receiver also! Connect the diode, D1, 
from the centre-tap to the input to the potentiometer of the amplifier circuit 
of the Colt. Be careful to connect the aerial to the vanes of VCI, and not to 
its frame, or you will experience some strange effects when you are tuning. 
If your amplifier is working correctly, you should be able to receive local 
stations on medium-waves quite wel. 


If you think the crystal set will be of use to you in the future as a signal 
injector, all you will need will be another variable capacitor! If you do not 
intend to use the amplifier, a small crystal earpiece will allow you to listen. 
Walkman-type headphones will not work! 


A crystal radio receiver 


ver VICI vanes 


Figure 1 Both sets of 
‘moving vanes are joined as 
shown. LT is wound on a 
ferrite rod with 32 SWG wire 
and centre-tapped. A single Vl frame Seren 
winding (no tap) can be 

used, joining D1 to the top 

of the winding 


Toaudio 
amplifier 


Parts list 
Variable capacitor 

vel 125 + 125 picofarads (pF) twin-gang 
Ferrite rod 


About 100mm to 140mm long 


Diode 
DI ©A91 germanium diode 
Additional items 
Wire 2m of enamelled copper wire, between 23 SWG and 
32 SWG 
Earpiece High-impedance crystal type (only needed if you are 


not using the amplifier) 
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20 The varactor (or varicap) 


diode 


Introduction 


Many of the circuits for receivers and transmitters presented in this series 
rely upon the variable capacitor as a means of tuning. Another method of 
varying capacitance (without any moving parts) is provided by the varactor 
diode, sometimes called a varicap diode. This is a component which 
‘changes its capacitance as the voltage actoss it is varied. 


The details 


Figure 1 shows how a varactor diode might be connected to demonstrate its 
operation. Its symbol is that of an ordinary diode, with a capacitor symbol 
next to it. A variable voltage is applied across it in such a way that the diode 
is reverse-biased. This means that virtually no current passes through it~ the 
positive voltage is applied to the cathode. Varactors are cheaper than 
variable capacitors, and they are tiny in comparison, very suitable for 
today’s miniature circuits. If A and B were connected across the tuning coil 
in a simple receiver (with a series capacitor to block the DC from the battery 
reaching the coil), the tuning operation would be accomplished by turning 
the knob on the 10 kilohm potentiometer. 


Varactors are available with different values, from less than 20 picofarad 
(pF) for VHE applications to 500 pF for medium-wave radios. They are 


re Se el: 


Varcap dose ZS + 10k Nes 


Figure 1 The capacitance of the varicap diode (between A and 6) increases as the voltage is reduced, using the 


variable resistor 


“a 


Desoldering with the Wick 


Pasition the wick over the joint, and press down on the wick with thesoldering 
irons shown in Figure 3-3. The heat will pass through the wick and melt the 
solder. As this happens, the wick will soak up the solder, removing it from 
the joint. When you're done, you can trim off the used portion of wick with. 
your wire snips. 


Figure 3-3. Desoldering 


WARNING: The wick will get very hot, so take your 
hands off it as soon as you press the soldering iran 
toit (the soldering iran will holdit in place). 


Desaldering 31 
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‘A portable radio for medium waves 


tuned usually by voltages between 2V and 9V. For a real application of 
varactors, you should consult the circuit diagram of the Yearling 20 metre 
receiver, elsewhere in this book. 


In some circuit designs, several circuits are all runed to the same frequency 
in order to improve the overall selectivity (the ability of the circuit to reject 
signals very close in frequency to the wanted signal). Special dual- and 
triple-varactors are available for circuits like this. Having been made at the 
same time from the same materials makes their individual characteristics 
virtually identical. Like all other diodes, they must be correctly wired into 
the circuit ~ their polarity is important. 


Changes in temperature will cause the capacitance to change which, if it 
were part of an oscillator circuit, would cause the oscillator to drift ~ you 
would have to keep retuning the radio! ‘This can be corrected by using a 
special integrated circuit called a phase-locked loop (PLL). Modern TV sets 
and satellite receivers use varactors and PLLs in this way. 


Some useful varactor types 


‘Type No. Tuning range Description 
pr pEV 

BB204B, 42/20 asf Dual VHF 

BB212 560/0.5 2218 AM tuning 

KV1235 450/2.0 30/8.5 ‘Triple AM 

KV1236 450/2.0 3018.5 Dual AM 

MV 1404 120/2.0 9/10.0 HE tuning 


A portable radio for 
medium waves 


Introduction 


‘The ZN415E integrated circuit (IQ can be used to make a very efficient AM 
portable MW broadcast radio with a built-in loudspeaker. Here's how! 
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The circuit 


Figure 1 shows the circuit diagram of the portable radio. It’s not as 
complicated as it may appear, especially after you have got started. L.1 is a 
coil of wire mounted on a ferrite rod, acting as an aerial; VC1 is a variable 
capacitor which works, with L1, to tune in different stations. IC1 contains 
Circuits of its own which boost the selected signal and it includes a detector 
which extracts the audio signal from the incoming RF signal. Earphones 
could be connected to the output of ICI (between pins 4 and 5), but the 
‘output would not be powerful enough to drive a loudspeaker. 


More sound 


‘This is where IC2, an LM386 comes in. This is a small audio power 
amplifier which produces audio signals with enough power to drive a small 


Figure 1 The circuit diagram of our easy-to-build portable radio. Take care to mount the ICs and LED the correct way 
round 
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A portable radio for medium waves 


loudspeaker, LS1. The radio uses a 6 volt battery, which is made by 
connecting four 1.5 volt AA cells in series (4 x 1.5 V = 6 V) using a battery 
holder designed for this purpose. Although a 6 V supply is ideal for IC2, it 
is far too great for ICI, which needs only about 1.3 V. This lower voltage is 
provided from the 6 V supply by TR1 (an npn transistor), R2 and LEDI (a 
light-emitting diode). When current passes through an LED (see the 
description of the LED in this series) a reasonably constant voltage of 1.9 V 
appears between the anode and the cathode. Because of the voltage (0.6 V) 
that always exists between the base and emitter of a working transistor, the 
voltage on the emitter is about 1.9V ~ 0.6 V = 1.3V, and this is used as the 
power supply for 


‘To keep the radio as simple as possible, no volume control has been fitted. 
Instead, you can use the directional properties of the ferrite rod aerial (see 
the information on ferrites in this book) to reduce the volume by rotating 
the set about a vertical axis using the handle provided. 


Putting it all together 


1. Start by covering the ferrite rod with Sellotape, or alternatively wrap a 
piece of paper tightly around it, and secure it with Sellotape. Then, with 
at least 2 metres of 24 SWG enamelled copper wire, wind 75 turns tightly 
around the rod. To be safe, leave about 50mm of wire at the ends of the 
coil, then wrap the whole coil with Sellotape to hold the turns in place, 
leaving only the ends free. Then, using a small piece of sandpaper, 
remove the enamel from the last centimetre of each end of the coil 

2. Most of the components are mounted on a piece of Veroboard (the type 
with parallel copper strips on one side}. The piece used on the prototype 
measured 32 holes by 10 strips, as Figure 2 shows. Before you start 
fitting components, cut the copper strips as shown. It is easier to do it 
now than when the board is littered with components! The strips may be 
cut with a 3mm (% inch) twist drill rotated between thumb and 
forefinger. Resist the temptation to use a hand drill - the idea is just to 
cut the copper, not to drill right through the board! 

3. Solder the IC sockets and the other components on the board as shown in 
Figure 2. Make sure that the IC sockets are fitted with their notches 
towards the top of the board, as viewed in Figure 2. Do not insert the chips 
yet. Always keep the wires left over from cropping resistors and 
capacitors, they will come in handy at times like this: make the wire links 
that are clearly shown in Figure 2. Connect the electrolytic capacitors (C5, 
C6, C8 and C9), the transistor and the LED the correct way round; then 
check it again when you have done it! 

4, Finally, solder lengths of stranded insulated wire to act as ‘flying leads’ 
for future connection to L1, VC1, LSI, $1 and the battery connector. 

5. Apart from the battery holder, everything is mounted on the case lid. 
This makes assembly and testing much easier, and eases fault-finding if 
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LI,NCI and $1 arenot toscale 


1 <= 22 Direction ofthe ten 
(each track must have t yale) sect 
® copper stripsare cut nere ‘Gland 12 aremounted in 1 


Figure 2 Veroboard layout for the Portable Radio. Make sure that all the wire links are included 


the need arises! At the speaker position, make one large hole or a series 
of small holes to let the sound out. The ferrite rod may be stuck to the 
lid, as may the loudspeaker. Drill holes of the correct size to fit the 
particular types of variable capacitor (VC1) and switch ($1) that you are 
using. The Veroboard may be held in position by Blu-Tack or double- 
sided sticky tape. 

6. Before inserting [C1 and IC2, connect the battery and switch $1 on. The 
LED should glow dimly (you may have to shield it with your hand in 
order to see it). If you have a test meter, check that there is about 1.3V 
between pins 6 and 4 of IC1. If the reading is around 6 V or there is no 
glow, you may have connected the LED the wrong way round! When 
everything seems normal, switch off and disconnect the battery. Insert 
ICI and IC2, making sure that the pins are straight and lie immediately 
above their corresponding holes in the sockets, and that the notches line 
up with the notches in the holders. Then push gently downwards on each 
IC in turn until che chip is firmly seated in its socket. 

7. Switch on! By rotating the tuning capacitor, VC, you should now be 
able to tune in many stations, rotating the radio to give you some volume 
control. 


‘A portable radio for medium waves 


Final touches. . . 


‘The handle was made with part of an old leather belt, secured to the case 
with ‘number plate’ nuts and bolts from Halfords. The loudspeaker grille is 
the lid from a pot-pourri container, and some extra holes were drilled in the 
back to improve the sound. See what you can find to finish off your 
radio! 


Parts 


Maplin order codes are given for most of the parts, but you should 
‘get used to using the ‘beg, borrow or steal’ technique, or to use your 
ever-expanding junk box. 


‘Maplin code 


Resistors: all 0.25 watt, 5% tolerance 


RL 68 ohms (2) M68R 
R2 5.6 kilohms (kO) MSK6 
R3 10 ohms (92) MIOR 
Capacitors 

C1, C4 10 nanofarads (nF) or 0.01 microfarad 

(uF) ceramic BXOOA 
€2, C3, C7100 nanofarads (nF) or 0.1 microfarad 

(nF) ceramic YR75S 
C5, C8, C9 100 microfarads (uF) electrolytic, 

at least 10V FFIOL 
C6 10 microfarads (uF) electrolytic, 

at least 25V FFO4E 


Semiconductors 
‘ZINAISE radio chip 


1c2 LM386 audio power amplifier uys7s 

LEDI 3mm green LED WL33L, 

TRI BCS48 npn transistor QB73Q 

Additional items 

LSI Miniature 8 ohm loudspeaker WBS] 

si Miniature SPST toggle switch FHO7F 

Ferrite rod Length approx. 100mm YG2u0w 
24 SWG enamelled copper wire BL2SF 
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Additional items (continued) 


ve1 “Tuning capacitor 140 to 300 picofarads (pF) FT78K 
‘Tuning knob FKA1U 
8-pin DIL IC sockets (two required) BLI7T 
4x AA-size battery holder (long) HF94C 
PP3-type clip for battery holder HF28F 


Plastic box approx. 158 x 95 x S4mm —— LHS1F 
0.1 inch Veroboard, min, size 32 holes 
X10 strips JP46A 

Plus 

Stranded insulated conductor for flying leads 

Multicore solder 

Materials for handle and speaker grille 

Double-sided sticky tape or Blu-Tack 

Sellotape 

Glue 

Four AA-size 1.5 batteries 


22 The Colt 80m receiver — 


Part 2 


Introduction 


In Part 1 we constructed the audio amplifier module for the system and 
tested it in a very simple way. If you did what was suggested and built the 
simple Crystal Set to use as a signal source, you will know just how well the 
amplifier works. 


The case 


Metal cases for the project are available from Maplin, telephone 01702 554 
161 (code XB67). From the photograph on p. 72 you can see the way the 
components are mounted. The audio amplifier is seen at the top right of the 
base, to the right of the tuning capacitor VC1. The next in this series will 
deal with the variable-frequency oscillator (VFO) and VC1. The current 
part deals with preparing the case to receive the components. 


The Colt 80m receiver ~ Part 2 


Figure 1 Fixing holes for each module are best measured from each printed circuit board or matrix board 


Figure 2 Position the slow motion drive to allaw viewing of the tuning dial 
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Figures 1 and 2 show the markings for preparing the front panel and base. 
All the circuit boards and the tuning capacitor are mounted on the base 
using 10mm stand-off pillars with 6BA bolts. The board locations are 
shown in Figure 1. The front panel control positions are shown in Figure 2, 
together with the small rectangular hole for viewing the tuning dial. 


‘The best way to mark out the holes for the boards is to lie the boards flat 
‘on the base (before you've started soldering the components in) and 
marking the base through the holes in the boards. This minimises the scope 
for errors! 


A reduction drive is used between the tuning knob and the capacitor shaft. 
‘This is simply a gear mechanism that slows down the capacitor shaft by a 
factor of six compared with the tuning knob, and makes tuning very much 
easier. The recommended variable capacitor also has a pulley wheel 
mounted on the shaft. Glued to this wheel will be a scale marked with 
frequency and is visible through the rectangular hole in the front panel. 


The next part... 


‘The variable-frequency oscillator and mixer will be added to the project. 


A simple transistor tester 


23 A simple transistor tester 


Figure 1 Circuit diagram of 
the transister tester 


Introduction 


Although transistors aren’t used as much as they were before integrated 
circuits came along, a transistor tester is still a useful piece of test 
equipment to have around the shack. This design is about the simplest 
possible and will produce an indication of whether a transistor is giving any 
current gain; this does not necessarily mean that the transistor is perfect 
but that it is working to a certain extent. This tester will not test field-effect 
transistors (FETS). If you buy a bag of transistors at a rally, this tester is 
Useful for giving a yes/no indication of which ones go straight in the bin and 
which are kept for further use. 


How it works 


Figure 1 shows the simple wiring circuit. In order to explain the working of 
the circuit, a circuit diagram is shown in Figure 2, with the npn transistor, 
TRI, under test shown as part of the circuit. The pnp/npn selector switch, 
SWI, is omitted for clarity. 
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Figure 2 Testing an npn 
transistor 


” 


npn pnp 


Any current that flows through the transistor, TR1, must flow from the 
battery, through the meter, M1, and through the protective resistor, R2. R2 
prevents excessive current flowing through the meter and damaging it. Even 
if there is a short-circuit between emitter and collector, the maximum 
current that will flow is given by the simple equation 


where Lis the current flowing in amps, 
Vis the battery voltage, and 
R is the total circuit resistance in ohms. 


Putting in the correct values, gives 


= 0.000191 A, or 191 microamps (HA). 


T= 
47 000 


‘The resistance of the meter, M1, will cut this down a little more, but it is 
within the indicating range (200 wA) of the meter. 


Desoldering with the Solder Sucker 


The solder sucker is another tool for removing solder. It's best for removing 
excess solder, and you can use itto clean things up a bit before you use the 
wick. To use the solder sucker, press the plunger down untilitlocks. Use the 
soldering iron to melt the solder around the joint, and quickly bring the solder 
sucker's nozzle to the joint (Figure 3-4). Press the button an the sucker. and 
itwill pull the solder right up into the tube. When you press the plunger again, 
any solder in the tube will be ejected. 


Figure 3-4. ising the solder sucker 


32° Lente Solder 


Figure 3 This shows how to 
wire up the tester 


A simple transistor tester 


As shown, with the push-button switch, PBI, open, a good transistor will 
not draw any current from the battery, and M1 will thus remain at zero. 
When PBI is pressed, a very small current is injected into the base of the 
transistor. If the transistor is working, it will produce a much larger current 
between the collector and emitter, and this current will also flow through 
M1 and R2, giving a significant reading on M1, showing that all appears to 
be well. If an appreciable current flows when PB1 is open, then your 
transistor is suspect. 


Don’t be put off by the apparently complicated switch, SW1. It is there to 
allow the other type of transistor, the pnp type, to be tested. All it does is 
reverse the battery connections, so that the emitter goes to the negative 
battery terminal for testing an npn transistor, and to the positive terminal 
for a pnp type! 

Most transistors in common use are of the npn type, which is why Figure 2 
shows the testing of an npn type. The connections to the different transistor 
‘encapsulations (shapes) are given in any good component catalogue. Avoid 
the trial-and-error method to discover the connections to a transistor. This 
is unscientific, and can be very frustrating, particularly if the transistor is 
faulty in the first place! 
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Construction 


‘The unit can be built into a small plastic box, the components being 
soldered directly to the fixed terminals of the meter and the two switches; no 
circuit board is necessary! Use different colours of wire for the three test 
leads, and make sure you know which is which! Check the connections 
against the wiring diagram of Figure 3. When you are confident that all is 
correct, connect the battery and make sure there is no reading on the meter 
when nothing is connected to the crocodile clips! 


Find any transistor for which you know the connections and the type 
(npn or pnp). Set the npn/pnp switch accordingly. Connect the three 
clips, making sure that they do not touch each other. A small reading on 
the meter at this stage means the transistor is suspect; a large reading 
means it is not working and should be thrown away! Press PB1 and watch 
the meter; a reading greater than half of full-scale indicates a good 
transistor. If it is less than half, you may have a transistor with ‘low gain’; 
it may be usable for non-critical applications, but if you are in any doubt 
= throw it away! 


Parts list 


Resistors: all 0.25 watt, 5% tolerance 
RI 100 kilohms (k®) 
R247 kilohms (k®) 


Additional items 


PB1 Push-button switch 
SWI DPDT (double-pole double-throw) switch 
M1 — Micro-ammerer ~ not less than 200 pA full-scale deflection 


Crocodile clips (3 needed) 
PP3 battery and connector 
Plastic box about 10 x 7 x 3em 


Common types of transistor 


BC108, BC109, 2N2369A 
‘These are small-signal npn types, used in audio amplifiers. They are in metal 
cases (called TO18) and have a tab next to the emitter lead. Common types 
have a B or C suffix (e.g. BC109C). The C suffix indicates a higher current 
gain than those with a B suffix. The 2N2369A is specially designed for radio 
use at high frequencies. 


{An introduction to transi 


2N3703, BC212L, BCY71 
‘These are pnp transistors, and so must he used with the collector and base 
negative with respect to the emitter. These three types are used in small 
amplifiers and audio oscillators. The first two have plastic encapsulation 
(1092), while the BCY71 has a metal case (TO18). 


BFYSO, BFYS1, BEYS2 
For slightly higher powers, these are ideal. They have been used in novice 
transmitters up to 600 milliwatts (mW). The TOS case is a scaled-up version 
of the TO18 case. They are all npn types. 


2N3055, 2N3773, TIP3SC. 
‘These are high-power transistors in bigger encapsulations. The thick metal 
‘TOS case of the 2N3055 and 2N3773 is designed to bolt to a heat sink, a 
large piece of metal which conducts the heat into the air more rapidly than 
the transistor itself can. The TIP35C is made of plastic but has a thick metal 
tab by which it, too, can be bolted to a heat sink. 


24 An introduction to 
transmitters 


What frequency? 


‘Many everyday objects have a natural frequency of oscillation. This is called 
their resonant frequency. A wine glass will ring when struck gently; an 
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Figure 1 The basic electrical 
resonator. The energy in the 
circuit alternates between, 
the inductor and the 
capacitor 
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empty wine bottle will sound if you blow across the top; a guitar string will 
vibrate when plucked. These are all examples of resonance, and the 
resonant frequencies will not change unless the objects themselves are 
changed physically in some way. These are resonances in sound; we are 
primarily interested in electrical resonances. 


‘The basic electrical resonant circuit is the combination of an inductor (coil) 
and a capacitor, as shown in Figure 1. 


©nsce x62 


A pulse of energy applied to this tuned circuit will make it ring (oscillate) at 
its resonant frequency. The energy in the circuit transfers between the 
inductor and the capacitor every cycle of the oscillation. Just like the wine 
glass, its oscillation dies away because it is losing some energy to its 
surroundings ~ it is transmitting! ‘The frequency of the resonance depends 
‘on the values of L and C. 


Keeping it going 

If we want to keep the circuit oscillating, rather than having it die away, we 
must supply the circuit with just enough energy to replace the energy lost 
both by radiation and by losses in the circuit itself. Because of this, you will 
find in all oscillator circuits, a transistor, valve or FET working with the 
tuned circuit to provide this extra energy. 


As it stands, of course, even with its transistor, our oscillator will not radiate 
very far. Connecting an aerial to it, and a Morse key to interrupt the power 
supply, it would become a very low-power CW transmitter. Add a couple 
more transistors to form a radio-frequency (RF) amplifier, and you have the 
basis of a simple low-power (QRP) transmitter. 


Resonant circuits can also be made using quartz crystals; these work at the 
crystal frequency only, and this is marked on the crystal case. 


Figure 2 The current path is 
interrupted when relay is 
energised as shown above 


An introduction to transmitters 


A tiny spark transmitter 


‘This is a simple piece of test gear that will increase your knowledge and 
understanding of resonance. You can use it to estimate the resonant 
frequency of most of the inductor/capacitor (LC) tuned circuits that you 
build. The circuit is shown in Figure 2. It operates around a relay. Any relay 
that operates from a 6 V to 9 V source and has contacts which are normally 
closed (i.e. closed when the battery is not connected). Fit the relay, a toggle 
switch and the battery in a metal box, and connected up as shown in the 
diagram, Some foam rubber inside the box may help to reduce the escaping 
noise of the relay. A small hole in the side of the box enables the 2-turn loop 
to emerge. This should be about 40mm diameter, made with insulated wire. 
Switch on; there should be a loud buzzing noise from the relay. If not, you 
have probably chosen the wrong contacts on the relay! 


When it is working, bring the loop close to the aerial of a radio ~ it should 
produce a loud noise from the speaker! 


How it works 


When you switch on, current flows through the relay contacts and through 
the relay coil. The relay operates and opens the contacts, causing the relay 
to ‘drop out’. When it does, the circuit is completed again and the contacts 
are opened, and the cycle repeats. Each time the relay contacts open, there 
isa small spark between them, causing very rapid current surges through the 
wire loop. This makes the loop transmit RF energy, very briefly. In the early 
days of radio, this type of circuit was known as a spark transmitter. 
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Figure 3. Experiment with 
the spacing between the 
loop and the tuned circuit 


Make a tuned circuit 


Use a discarded toilet-roll centre, and wind about 10 turns of enamelled 
copper wire round it, keeping each turn close to the next. Scrape off the 
enamel for about 1cm at each end, and solder a 100 picofarad (pF) 
capacitor (or a variable capacitor of about the same value) between the 
ends. The resonant frequency should be about 10 MHz. If you have used 
fewer turns or a smaller capacitor, the frequency will be higher. 


Measuring the resonant frequency 


Set up the buzzer as shown in Figure 3, with the loop around one end of 
your coil. Then make a similar loop, solder it to the end of a piece of coaxial 
cable going to the aerial socket of a calibrated receiver. Set the buzzer going, 
tune the receiver around 10 MHz, and search for the maximum noise level 
from the speaker. When you have found it, move the two loops as far away 
as possible from the main coil. This is called reducing the coupling between 
the coils, and it may result in a slightly different, but more accurate, 
resonant frequency. 


Coaxial cable 
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(variable 
Spacer 
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Parts list 


Any small relay which operates between 6V and 9V 
Metal box ~ do not use a plastic box! 

9 volt battery and connector 

Onioff (SPST) toggle switch 

Plastic foam, as required 


Figure 1 Stages of direct f 
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25 The Colt 80m receiver — 
Part 3 


Introduction 


In Part 2 we marked out the case ready for installation of the modules 
when they are completed. In this part, the building of the variable- 
frequency oscillator (VFO) and mixer will be described. This will produce a 
type of receiver known as direct-conversion, because it converts the ra 
frequency (RF) signal directly into an audio-frequency (AF) signal which we 
can hear in a loudspeaker after amplification. A block diagram of the 
system is shown in Figure 1. The modifications needed to make a full 
superheterodyne receiver will be left until later. 


The direct-conversion receiver covers the 80 metre amateur band and will 
receive both Morse (CW) and speech (SSB) signals. The audio amplifier was 
covered in Part 1, so your Colt is rapidly taking shape! By the time your 
construction has reached the end of this part, you will have a receiver ready 
to use, even if the project is not yet complete! 


The direct conversion process 


Like most things in radio, the principles of direct conversion are not 
difficult. From the aerial, the signal we want to hear is selected by the tuned 
filter, which rejects the signals we don’t want. The signal then enters the 


Antenna 
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‘mixer, along with the signal from the VFO. The VFO produces a sine wave 
whose frequency can be varied across the whole of the 80 metre amateur 
band (3.5-3.8MHz), by turning the knob on the tuning capacitor, VC1 
The mixer produces, at its output, t1vo signals; one signal is at the frequency 
of the sum of the signal and VFO frequencies, the other is at the difference 
of the two frequencies. It is the latter that we want. Let’s look at the 
numbers involved. If the signal is at 3650 kHz and the VFO is at 3651 kHz, 
then the sum frequency is 7301 kHz, and the difference frequency is 1 kHz. 
If we feed the output of the mixer into our audio amplifier, the 7301 kHz 
signal is automatically removed {itis far too high to be considered an audio 
signal!) and the resulting 1 kHz signal is amplified and fed to the speaker, 
producing a note which we can hear! 


Building the VFO 


Figure 2 shows the circuit of the VFO. It is a tried and tested circuit, and 
should work first time. It uses a field-effect transistor (FET) for TRI, the 
oscillator itself. RFC is a radio-frequency choke, a coil of wire which will 
pass a direct current (DC) but which will prevent radio-frequency (RF) 
signals getting through. 


All VFOs have a tuned circuit which, in this case, is formed by the coil L1 
and the capacitors C1 and VC1. The frequency will also be affected to some 
extent by C2, C3, C4 and C5. Transistor TR2 is an emitter follower, a stage 
which gives no voltage gain but provides a good buffer stage, isolating the 
VEO from the effects of the stages that follow it. When building a VFO, the 
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Figure 2 The vatiable-requency oscillator uses a field-effect transistor (FET) 
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parts must be securely mounted. If components move, so does the 
frequency! At worst, the oscillation will become unstable and the VEO will 
be useless. Keep the component leads as short as possible ~ this improves 
their mechanical stability as well as their electrical stability! 


Mount the parts on the printed-circuit board (PCB) or matrix board and, 
when completed, the VFO should look like the one shown on the left in the 
photograph on p. 72. Make sure that TR1, TR2 and D1 are the right way 
round. 


On completion, check the component positions then mount it in the case as 
shown in the photograph, to the left of the tuning capacitor when viewed 
from the rear. The VEO coil, L1, will need some adjustment, but that will 
have to wait until the mixer is built. Connections to the other boards are 
made with screened cable. 


The mixer board 


So far, we have an audio-frequency (AF) amplifier and a VEO; the addition of 
a mixer board gives us a complete direct-conversion receiver for 80m. The 
mixer circuit diagram is shown in Figure 3. Let’s follow the signal path 


‘© From the aerial, the RF signal goes to the gain control potentiometer, 
RVI. This reduces very strong signals, to prevent them overloading the 

© To select the required band of signals, a bandpass filter is made up of RF 
transformers TI and T2; these are tuned by C1 and C3, and are coupled. 
together by C2. 


‘onscs 
RI_ko 
o+9v 
Antenna 
input ‘3 Output 


Figure 3 The mixer board has a bandpass filter and stabilised supply 
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‘© After the filter, the signal is coupled into the integrated circuit (IC) mixer 
type NE602, by the capacitor C4. Capacitors C5 and C8 decouple the 
supply line, to prevent unwanted signals on the supply from disturbing, 
the VFO operation. The use of the term decouple is exactly the opposite 
of couple; when two circuits are coupled together, the signal passes from 
one to the other; when two circuits are decoupled, signals cannot pass 
from one to the other. 

‘© The NE602 works with a 6V supply; it is produced here from the 9V 
supply by the Zener diode ZD1 and the resistor R1. ZD1 operates at 
6.2 V, and gives a steady output for the mixer. The audio output from the 
mixer appears at pin 4 or ICL. This is taken to the audio amplifier board 
via C9 and the volume control (see Part 1). 


Care must still be taken to insert some components the right way round. 
‘These are the electrolytic capacitors, C8 and C9, the Zener diode, ZD1, and 
the integrated circuit, IC1. Check all component positions and make sure all 
your soldered joints are bright and shiny. 


Putting it together 


‘The interboard wiring, shown in Figure 4, uses screened cable; ideally, this 
should be thin coaxial cable, but screened microphone cable is suitable. The 
diagram shows how the two controls, the RF Gain and Volume, are 
connected to the boards. The leads marked ‘+9 V" are all connected to the 
battery supply via a miniature on/off toggle switch. Double check all 
connections before connecting the battery. 


Setting the VFO 


Very little adjustment is needed to get the receiver going. Firstly, the VFO 
must be adjusted to cover the required band, in this case 3.5-3.8 MHz. 


If you have a frequency counter, connect it to the output of the VFO. If you 
haven't, read this part anyway so you understand the process, then another 
means of setting the VEO will be given especially for you! Rotate VC1 until 
the vanes are fully meshed. Very carefully, adjust the core of the VEO coil 
(L1) with a plastic trimming tool so that the frequency approaches and 
settles at 3.500 MHz. When you rotate VC1, the frequency should increase 
to at least 3.800 MHz at the far end of its travel. 


In the absence of a frequency counter, borrow a communications receiver, 
set it for SSB reception (USB or LSB) on exactly 3.500 MHz. Set VC1 with 
the vanes fully meshed and turn the core of L1 in both directions until you 
hear a whistle in the communications receiver. Rotate the core so that the 
whistle reduces in frequency. It will eventually fade out at around 200 Hz; 


4/What’'s Next? 


Now that you've learned the ins and outs of soldering, i's time to do more. 
You can share this book with a friend so they can learn, or yau can teach 
them yourself. And the worlds full of wonderful things you can make now 
that you know how to solder. 


Teach the World to Solder 


Before you can teach someone to solder. you need to figure out what you 
want them to try making. You can purchase more Learn to Solder Skill Badge 
Kits from http://makershed.com. Here are a few tips for teaching soldering 
toothers: 


‘Keep Your Hands Off the Tools 
You're there ta teach, not to solder. And your students willlearn best if 
they always have their hands on the tools. If you grab the tools from 
them and do part of the work, they won't learn fram it. 

Be Patient 
Try to remember what you went through the first time you tried to sol- 
der. It takes time, and you did things incorrectly, and maybe you even 
made mistakes that required desoldering. Let your students learn from 
their mistakes, and let them take their time. 

No Food or Beverages 
Even with lead-free solder, there are chemicals in the flux that aren't 
200d for you. If you allow food or drink near the work area, it could get 
contaminated. Keep food and drink away from where you're working, 

Make Sure There's Plenty of Light 
‘The components you work with while you solder are small, and hard to 
see, Make sure to use a well-lit workspace for teaching, 

‘Keep Spare Parts Around 
Beginners will break things. Pick up some spare resistors, LEDs, and 
‘other common components, and have them on hand incase you need 
to replace a damaged component. 


a 


Figure 4 Make sure that 
interconnections between 
the boards are correct, 
including cable screens 
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©rsee x169 


turn the core a little further and then leave it at that position. Rotate VCI 
right to the other end of its travel, and search for the whistle with the tuning 
knob of the communications receiver. Check that the VFO frequency is at 
least 3.800 MHz. 


‘Then, whichever method you are using for frequency measurement, mark 


the dial with frequency steps of SOkHz. Setting and calibration are 
finished! 


Setting the mixer 


Again, there are various ways of doing this. If you have a signal generator, 
inject a signal at a frequency within the 80m band, and adjust the cores of 
TI and 2 sequentially for maximum output. 
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Ifyou haven't a signal generator, connect an aerial to the mixer input, set the 
RF Gain to maximum (fully clockwise), and find a consistent signal. Adjust 
the volume control to a comfortable level. Rotating the core of T2 with your 
trimming tool, maximise the output. Then do the same with T1, although 
this will have much less effect. Find another station, and check that the 
positions of the cores aren't too different for a maximum signal. 


You may find that your receiver benefits from the insertion of an aerial 
tuning unit (ATU) between the aerial and the input, to compensate for the 
impedance of your aerial not being 50.0. A design for such an ATU is 
presented in another part of this series. Ifthe signals are still weak, connect 
the ATU to the junction of C1 and C2 via a 100 pF capacitor. 


Try liste 


Remember that 80m is a variable band. During daylight hours, your will 
hear Morse signals at the lower end of the band, and some British and closer 
continental stations between 3.7 and 3.8 MHz. In the evenings, stations up 
to 1000 miles away should be heard. Look for Novices around 3.7 MHz! 


Parts list - VFO board 
Resistors: all 0.25 watt, 5% tolerance 
RL 100 kilohms (k®) 
R2, RS, R6 100 ohms (9) 
R3, R4 10 kilohms (k®) 
RVI 1 kilohm (kQ) linear 
Capacitors 


12 picofarads (pF) polystyrene 
100 picofarads (pF) polystyrene 
470 picofarads (pF) polystyrene 

1 nanofarad (nF) polystyrene 

10 nanofarads (nF) polystyrene 
100 picofarads (pF) min, ceramic 
140 + 140 picofarads (pF) variable 


Semiconductors 


TRI MPF102 FET 
TR2 BC182 npn 
Di 1N914 silicon 
Inductors 
Li ‘Toko KANK3334 
RFC mH RE choke 
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Parts list - mixer board 


Resistors: 0.25 watt, 5% tolerance 


RL 1 kilohm (kQ) 
VRI 1 kilohm (k®2) potentiometer (linear) 
Capacitors 


C1, C347 picofarads (pF) min. ceramic 

3.3 picofarads (pF) min. ceramic 

100 picofarads (pF) min, ceramic 

100 nanofarads (nF) min. ceramic 

10 nanofarads (nF) min. ceramic 

220 microfarads (uF) electrolytic 16 V 
1 microfarad (uF) electrolytic 16 V 


Integrated circuit 


Ic Philips NE6O2 or NE602A. 
Additional items 
TIT2 Toko KANK3333 
Ondofé switch 


Miniature toggle switch 


The next part... 


‘The IF amplifier and the Beat-Frequency Oscillator will be added to convert 
the Colt into a superheterodyne receiver. 
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26 A two-way Morse practice 
system 


Introduction 


Itis said that the pleasure of sending and receiving Morse code more than 
compensates for the learning effort needed. Transmitters for Morse code 
can be much simpler than those needed for any of the speech modes. 


Many people choose to learn sending and receiving on their own. It can be 
much more fun if you have someone to learn with you, and it is for this 
reason that the following project arose. It comprises just one small circuit, 
and you build an identical circuit for each of the people who want to learn 
with you. All the individual circuits are connected with their output leads in 
parallel, as the two-way circuit of Figure 1 shows. 


A simple circuit 


This diagram shows two identical circuits, as would be used if two people 
wanted to learn together. The circuit centres around our old friend the 
NESSS integrated circuit (IC). As itis connected here, it works as an astable 
‘multivibrator, a daunting name for what is essentially an oscillator. Each 
circuit is self-contained, having its own battery, Morse key, sounder and 
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Figure 1 The circuit diagram shows two stations, but you could connect several mare if needed 
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plastic box. The Morse key makes and breaks the power supply to the 
circuit, thus turning on and off the note emitted by the earpiece. The 
frequency of the note is controlled by the variable resistor RV1, resistors RI 
and R2, and the capacitor C1. The range given by RV1 is approximately 
from 500 Hz to 2200Hz. 


R3 protects the output of the IC against accidental shorting either to the OV 
or to the 9V supply rails. For best results, a crystal earpiece or high- 
impedance headphones should be used. You could try Walkman-type 
headphones, but the volume may be too low for you. 


‘The units may be interconnected with thin twin cable (the sort used for 
wiring doorbells) and can be comfortably separated by 25m, more than 
enough to communicate between rooms, or even with a neighbour! 


In use 


When an operator presses his key, the note is heard by himself and by 
everyone else who is connected. If more than one key is pressed at the same 
time, two or more notes are heard by everyone! It helps if each person 
adjusts his own potentiometer, RV1, to give a note which is different from 
the others. When one operator stops sending, the other can start 
immediately, without pausing to change from transmit to receive. In 
practice, this technique is known as full break-in. 


‘The current drawn by the circuit is only 10 milli-amps (mA) when the key 
is down, meaning that the life of a typical PP3 battery will be virtually its 
shelf-life! No switch is needed, because the key acts as the switch. The 
current drain will be even less if the NESSS is replaced by an 1CM7555 IC. 
It has exactly the same pin connections as the NESSS, so no circuit 
modifications are needed. 


The circuit board 


‘The circuit is constructed easily on a small piece of Veroboard of the copper- 
strip type. Figure 2 shows the layout of the prototype, the board measuring 
18 holes by 10 strips. Be aware that there is no row ‘when you are 
transferring mental images of where the parts are to real positions on the 
board! Break the copper tracks where shown with a 3mm (% inch) twist 
drill, rotated carefully between thumb and forefinger. Hold the board up to 
a bright light to make sure that the tracks are completely broken and that 
there are no fragments of copper swarf shorting adjacent tracks. Then, 
solder in the wire links shown in Figure 2, followed by the resistors, RV1, 
and the capacitors, C1 and C2. Solder the battery connector leads to tracks 
A and G, G being positive. Use insulated wire to connect from the board to 
the jack sockets used as connectors for the key and the earphones. If you use 
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Figure 2 The Morse Duet is an easy project to build on stripboard (Veroboard) 


different sized jack sockets (i.e. 2.5mm and 3.5mm) you won't plug the 
earphones into the key socket! A two-screw terminal strip is useful to 
connect the cable runs between operators. 


The key 


The circuit is designed to be used with a straight key (one that moves up and 
down). Itis a requirement of the UK Morse test that a straight key is used, 
so it is very sensible to learn sending with a straight key before you try 
anything more complex! You will find many to choose from at rallies 


Parts list 
Maplin 
For each board, you will need order codes 
Resistors: all 0.25 watt, 5% tolerance 
R1,R2— 10 kilohms (k0) M10K 
R3 Lkilohm (k0) MIKO 
RVI 100 kilohm (k®) min. preset UHO6G 
(horizontal mounting) 
Capacitors 
ca 22 nanofarads (nF) ceramic, 25V WX78K 
Q 47 nanofarads (nF) ceramic, 25V RAQ7B 
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Integrated circuit 


ICL NESSS QH66W 
Additional items 
&pin DIL socket BLI7T 
Jack plug and socket 2.5 mm HF76H, HF78K 
Jack plug and socket 3.5mm HFSOB, HF82D 
Battery type PP3 
Battery connector HF2SF 
Plastic box with lid 114 x 76 x 38mm LH14Q 
Veroboard 0.1 inch with copper strips 
18 holes x 10 strips JP46A 
‘Terminal strip (two section) FE78K 
Crystal earpiece 1LB25C 
‘Morse key 
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Sensitivity and selectivity 


Figure 1 shows the block diagram of the receiver. If you look closely, you 
will see that it is two similar circuits, one after the other. The incoming 
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Figure 1 This is how the different stages of the Colt go together to make a superhet receiver 
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signal is filtered and fed to a mixer where it is combined (mixed) with 
the signal from the variable-frequency oscillator (VFO). This oscillator 
‘operates at a frequency which is 455 kHz higher than the incoming signal 
from the aerial, and the mixer output is therefore at a frequency of 
455kHz. If you are not sure about this, please refer to the section “The 
direct conversion process’ in Part 3 of this project. This new frequency is 
called the intermediate frequency, or IF. This frequency doesn’t change; 
the tuning is accomplished by the VFO, and the mixer output is always at 
455 kHz. The extraction of the audio signal from the IF signal is identical 
with the direct conversion process which is used in your existing 


‘This may seem a long-winded way of doing things, but it has its advantages. 
A receiver must have a good sensitivity, or gain, so that it can receive very 
‘weak signals. In very general terms, it is easier to handle low-frequency 
signals than it is to handle high-frequency signals. We are changing our 
signal frequency from around 3.6MHz down to 0.455 MHz. (455 kHz), 
which is much lower and can be filtered and amplified relatively easily. A 
second advantage is that itis easier to provide gain at a fixed frequency than 
at a variable frequency. Remember that the IF is fixed, and providing gain 
is, again, relatively simple. 


Our receiver also needs good selectivity, the ability to separate (or select) 
‘one station from another very close to it in frequency. This requirement is 
significantly simplified by the fact that the IF is fixed, and a good filter in the 
IF circuits can do wonders for the rejection of adjacent-frequency stations! 
Several stages of IF amplification and filtering are possible in more 
adventurous designs. 


‘The filtered signal at 45SkHz passes to another mixer which has an 
associated oscillator, usually called a beat frequency oscillator (BEO). When 
receiving CW (Morse) signals, the BFO is usually tuned about 1 kHz above 
or below the IF (ie. at 454 or 456 kHz) to produce a 1 kHz beat note as the 
audio signal. ‘This signal is then amplified and fed to a loudspeaker or 
headphones. 


Figure 2 The IF board is 
connected between the 
‘mixer and audio amplifier 
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The circuit 


Figure 2 shows the circuit of the IF section shown in the photograph on p. 
94; this section is added to the existing circuit to make it a superhet. The 
existing mixer board (described in Part 3) is used as the first mixer. Between 
it and the audio amplifier is connected the new IF board. 


The signal output from the first mixer (at 455 kHz IF) is fed into a crystal 
filter, the most expensive part in the whole receiver. It provides the 
selectivity which makes the Colt such a good receiver. Another NE602 
mixerloscillator chip follows the filter. The oscillator section is controlled by 
the tuned circuit in T1, the frequency of which can be altered by rotating the 
core inside the coil. Once set, it remains fixed. 


| From mixer 


| ov 


At this stage you should have built the first mixer and the audio amplifier, 
and proved that they both work by using the circuit as a direct-conversion 
receiver. When you have finished constructing and checking the IF board, 
you will need to add it to your existing circuits. 


Adjusting and testing 


There are three pairs of connections to the IF board ~ the 9V supply leads, 
the input leads and the output leads. The IF board should be mounted on 
the metal baseplate, along with the other boards. In making the following 
connections, make absolutely sure that the braid of each piece of coaxial 
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cable is soldered to the correct connection on each board. The same applies 
to the polarity of the 9V leads. Disconnect the screened lead which 
presently goes from the first mixer board to the AF amplifier at the amplifier 
end. Connect it instead to the input of the IF board. Connect a new piece of 
screened cable from the IF output to the vacated AF input. Now connect the 
9V supply leads to the same points as the supply leads from the other 
boards. Check these newly made connections. 


You should have confidence at this point that things should be right. After 
all, you have tested the direct-conversion process and you know it works. 
All that you are now testing is the IF board. This is the attraction of building 
a receiver in modules, working from the speaker backwards, and testing as 
you go! 

‘The VFO and BFO need to be correctly adjusted. Mesh the vanes of the 
‘tuning capacitor and, using the same frequency measurement method as you 
did originally, set the VFO frequency to 3.955 MHz (which is 3.500 MHz + 
0.455 MHz, if you hadn’t guessed!). The BFO can be set using a frequency 
counter, but it is just as good to set it by listening to SSB or CW signals. A 
high-pitched hissing sound should be heard in the speaker. As you rotate the 
core, the pitch should reduce, go through a minimum, then increase again. 
Set the core at the minimum pitch position. You may want to readjust the 
two cores a little as your listening skills improve but, once you are happy, 
they will never need to be altered again! 


In conclusion. . . 


You should now have built a superhet receiver capable of excellent results. 
It uses the same type of circuit as that found in far more advanced receivers. 


Make More Things 


Maker Shed (http://makershed.com) carries many electronic kits that you 
can apply your newly-learned soldering skills to. Here's just a few of them: 


Supercap Racer Kit 


One of the latest in our popular Mintronics line of DIY kits this tiny race ear 
designed by George Albercook. Once assembled, this lttle racer (Fig 

ture 4-1) will un around getting its juice from a supercapacitar. Capacitors 
are lke little batteries. Supercaps store and release power faster than ordi 
nary ones, so they're great for making quick-charge gadgets and pawer-on- 
demand circults. 


Figure 4-1. Supercap Racer Kit 
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A simple crystal set 


‘The superhet is far more sensitive than the direct-conversion type, and can 
‘weed out those elusive DX stations. You may have found that a station will 
appear at two places on the dial of the direct-conversion receiver; you will 
have no such problem with the superhet. 


Parts list 
Resistor 
RI 1 kilohm (k@), 0.25 watt, 5% tolerance 
Capacitors 
C1, C2 10 nanofarads (nF) min, ceramic 
€3,C6 100 nanofarads (nF) min. ceramic 
C4 22 nanofarads (nF) min. ceramic 
cs 1 microfarad (F) 16 V electrolytic 
ford 220 microfarad (pF) 16 V electrolytic 
Integrated circuit 
Ich NE602 
Additional items 
ZDI Zener, 6.2V 0.5 watt 
FLL Crystal filter, Murata CFM455] 
be} ‘Tuned inductor, Toko YHCS11100AC 
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Figure 1 Circuit diagram of 
the crystal set 
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Design and construction 


‘The circuit diagram of Figure 1 shows the simplicity of the circuit. The 
prototype was constructed on a wooden baseboard with an aluminium 
front panel, although this could be made of wood if you prefer. 


Winding the coil always causes the most groans but when finished, gives the 
most satisfaction. The construction of the coil is detailed in Figure 2. A 
discarded toilet roll centre is an ideal former on which to wind the coil. The 
coil will take up about 7cm of the length of the tube, so assuming the tube 
is about 11 cm long, the ends of the coil will be about 2.cm in from each end 
of the tube, 


‘The aerial coil, the primary winding of this radio-frequency (RF) trans- 
former, is made from about 30 turns of 26 SWG enamelled copper wire, 
‘wound on the matchstick ribs. These ribs should be about 2cm long, and 
are glued on top of the end of the secondary coil after the secondary coil has 
been wound. The secondary winding has 140 turns with taps every 10 turns 
for 70 turns. This coil covers most of the length of the cardboard tube. To 
make your coil-winding easier, here are some tips for completing the coil 
and still having some hair left at the end! 


‘© Support the reel of wire on a dowel rod or pencil, clamped in a vice or 
held rigid in a vertical position by some other means. Don’t leave it to 
trail around on the floor. 

‘© Have a small piece of sandpaper handy to remove the enamel from the 
copper wire, starting with the end coming from the reel. Remove about 
cm only, until the shiny copper is visible all round the end of the 


Detector aoge 


Figure 2 The coil is 
‘mounted on a cardboard 
tube as shown, Exact size is 
‘not too important. Try 
different taps for best results 


A simple crystal set 
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‘© This part is the most difficult of all. Seasoned coil winders may have their 
own favourite ways of doing this, but for first-timers, play it safe and do 
it this way! Have a second bobbin (or a piece of stout card) ready, on 
which you will need to wind the wire loosely while you prepare the taps. 
Then, starting from the free end of the wire, measure 125 em and, at this 
point, remove about 2cm of the enamel with the sandpaper. Bend the 
wire firmly back on itself in the middle of the bared area, and tin (cover 
with solder) the exposed copper. This is your first tap. Then repeat this, 
six more times at 125m intervals, thus giving you seven taps; wrap the 
Wire as you go, on to the second bobbin or piece of card. After the seven 
taps, you are half-way down your coil so, to begin winding it in earnest, 
wind the wire carefully from the second bobbin or card back on to the 
original reel of wire. 

© Looking at Figure 2, make two small holes about 3mm apart, about 2em 
down from the top of the tube, where wire C will be entering. Poke the 
end of the wire into one hole, then bring it out again through the others, 
leave about 10cm of wire on the free end. Loop this wire in and out once 
more, thus anchoring the wire firmly. 

‘© Then, begin winding; keep the wire tight and make adjacent turns touch 
neatly. As you pass each tap, make sure it sticks outwards while avoiding 
flexing the wire too much; the wire is inherently weak at each tap. 

‘© When you reach the last 10cm of wire, stop. Put two more holes, like the 
first, beside your stopping point, and anchor the end, D, of the coil in the 
same way as you did with end C. The secondary winding is complete. 
Take a break after you have completed the next step! 
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‘© Prepare the six matchsticks for supporting the primary coil and glue these 
every 60 degrees around the end of the coil at D. Remove the enamel 
from the free end of the new copper wire on your reel and, using your 
favourite quick-drying cement, put a drop over the wire on one of the 
matchsticks, leaving 10cm free as before. If you are using 26 SWG 
enamelled copper wire, its diameter is 0.46mm, so 30 turns should 
occupy 14-15 mm of the 20mm matchstick length. This will allow you 
to position the glued point such that the coil will be roughly in the centre 
of the matchsticks. When the glue has set, wind the 30 tus and anchor 
this end of the coil in the same way. Then remove the enamel at the end 
of the 10cm lead. 


Assembly 


‘The coil former can be screwed to the baseboard at each end, before the 
front panel is screwed to the baseboard! As the photograph on the next page 
shows, the tuning capacitor is mounted in the centre of the front panel. Five 
solder tags (or drawing pins as a last resort) should be screwed into the 
baseboard. The two to the left of the photograph are the connections to the 
earphones, the two along the rear edge have the diode, D1, soldered to 
them. One end of the diode (and, for once, you can connect the diode either 
way round!) is connected to one earphone tag. The other end has a flying 
lead of about 10cm attached to it and terminated in a crocodile clip which 
is used to connect to one of the taps on the coil. The fifth tag secures the end, 
A, of the primary coil, to which you will attach the aerial. The earth tag on 
the tuning capacitor, C1, serves as an anchor point for the ground 
connections to B and D and to the other earphone tag. 


Use 


‘The longest piece of wire you have available to use as an aerial should be 
connected to the aerial tag just mentioned. If you can connect the earth tag of 
the tuning capacitor to a good electrical earth, this will help also. You should 
be able to hear something as you turn the tuning knob. Try adjusting the 
tapping connections on the coil ~change only one ata time, or you will never 
find the optimum positions. You now have a fully operational crystal set! 


Simple it may be, but this circuit illustrates some important principles which 
are used even in the most expensive receivers. Firstly, the coil, L1, and the 
capacitor, Cl, form a tuned circuit which resonates at the frequency of the 
station you have tuned in. This selects the signal you want to hear. The 
‘modulation on this signal is removed by the detector, D1, and fed to the 
earphones, which act as transducers, turning the electrical energy into sound 
energy which you can hear. It doesn’t need a battery or other power supply 
either! 


A simple crystal set 


Parts list 
Capacitors 
Cl Variable capacitor of between 200 and 500 picofarads 
(pF) maximum 
2 100 picofarads (pF) min. ceramic 


Additional items 
D1 Germanium, type OA47 or OA90 

High impedance crystal earphone (not Walkman type) 

‘Tuning knob 

Wooden base, approx. 110mm square 

Aluminium (or wood) front panel, approx. 80 x 100mm 

Cardboard tube (toilet roll centre), about 110mm long, 
40mm diameter 

Reel of 26 SWG enamelled copper wire for both 
windings of L1 
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Introduction 


‘A crystal calibrator is a device that produces oscillations of a precise 
frequency which are rich in harmonics. & harmonic is an integer multiple 
of the fundamental frequency; for example, if our fundamental frequency 
‘was 100kHz (as it is in this circuit), there would be harmonics of this 
frequency at 200 kHz, 300 kHz, 400 kHz, and so on. These harmonics can be 
used, when picked up by any receiver, to calibrate that receiver, as the 
harmonics are quite accurate in frequency (see later for an assessment of 
accuracy). However, a gap of 100kHz between harmonics is rather wide for 
most purposes, so we reduce this frequency to 25kHz, so that the 
harmonics are then 25 kHz apart, thus producing a much more useful set. 
of marker points. & calibrator such as this is often called a crystal marker, 
producing these marker points from 25kHz to beyond 30 MHz. 


The circui 


The circuit diagram is shown in Figure 1. The circuit around TRI is the 
fundamental oscillator, and its frequency is controlled by the quartz crystal, 
X1. Even crystal oscillators are not 100% accurate, and the small trimmer 
capacitor, TCI, is able to ‘pull’ the frequency to one which is nearer the 
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Figure 1 Circuit diagram of the calibrator which uses easily obtainable components 
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A crystal calibrator 


correct one. TR2 is a buffer stage, which isolates the oscillator from the rest 
of the circuit. It acts as a switch, and applies a good signal (switching 


between 0 and 5V) to the input of ICI 


ICL is an integrated circuit which can be connected to do several things. It 
is connected here to divide the incoming frequency by a factor of 4, 


producing on pin 9 an output frequency of 25 kHz. 


The combination of R6, C4 and D1 produces a supply of 5 V for ICI; itwould 
be damaged if the battery voltage were applied to it. You will no doubt be 


ready to assemble the circuit, so here is some information for you. 


Construction 


If possible, always build a circuit in individual stages, which you can test as 
you go along. It is not always easy in small projects like this, but even the 


‘xystal calibrator can be split into two for construction and testing. 


It isan ideal project for assembly on Veroboard of the copper-strip type; the 
prototype layout is shown in Figure 2, on a board measuring 11 holes by 24 
strips. First of all, remove the copper strip at the locations shown, using a 
3mm drill rotated between the fingers. Hold the board up to the light to 
ensure that there are no pieces of copper swarf bridging adjacent strips, and 
that the copper is completely removed where it should be! Assemble the 
circuit from left to right, but do not wire up anything around IC1. Be aware 
that the diagram shows the board front the component side. Although you 
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Figure 2 Stripboard, such as Veraboard, should be cut as shown to approx. 62 x 28mm 
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can use virtually any kind of crystal, you will need to mount it firmly. If you 
use a small one, it can be soldered directly in position on the board. With one 
ina valve envelope, you will need a B7G valveholder. Be prepared to mount 
the circuitin a metal container; the prototype used an (empty) tin of tuna! The 
valveholder mounts well on any metal case. 


Disconnect the aerial of your receiver, and replace it with about 30cm of 
wire laid near your oscillator circuit. Connect the battery and switch on. 
‘Tune the receiver around until you can hear a whistle on SSB. Rotate the 
tuning knob to reduce the frequency of the whistle and, as the whistle 
becomes too low to hear, you have reached one of the calibration markers, 
and your frequency will be an integer multiple of 100kHz. If you are 
already using a calibrated receiver, you will be able to verify this. Going up 
or down in frequency should locate another marker 100kHz away, and so 
‘on right through the receiver's tuning range. If the signals coming from the 
circuit are very weak, switch off the calibrator and connect another 30cm 
piece of insulated wire to the collector of TR2, and lay it close to (but not 
touching) the wire from the aerial connector. Switch on an try again; you 
should not now have a problem! If you have access to a multimeter, check 
that the voltage at the collector of TR1 is very close to $V. If it is close to 
9V, you have connected the diode, D1, the wrong way round! 


Having verified that the oscillator is working, you can now wire up the 
integrated circuit socket, being careful to put the notched end of the socket 
pointing towards R4, the collector resistor for TR2. 


Check your connections around ICI, and when you are satisfied that they 
are correct, line up ICI with its socket, making sure that the notched ends 
are together, and press down gently to insert the IC into its socket. Insert the 
30m piece of insulated wire into the output socket, connect the battery and 
switch on. You should still hear whistles in your receiver, but now they 
should be 25 kHz apart, rather than 100 kHz apart. 


Allthat now remains to be done isto mount the circuit rigidly inside whatever 
casing your have chosen. Make sure that none of the connections under the 
board touch the metal case, and secure the valveholder, on/off switch and 
‘output connector to the case. You now have a completed crystal calibrator. 


Calibration 


‘The simplest way to calibrate your circuit is with a frequency counter. Most 
clubs will have one of these and, ifnot, will know someone who has! Connect 
it to the collector of TR2, where the frequency should be 100 kHz. Do not 
connect it to any part of the circuit around ‘TRI, or you may alter the 
frequency you are trying to measure! If the frequency is not exactly 
100.000 kHz, rotate TCI until itis (oris as close as you can get it). Now your 
calibrator is as accurate as the counter with which you have calibrated it. 


A crystal calibrator 


Accuracy 


Despite your best efforts at calibration, by whatever means, your crystal will 
never have a constant frequency. Such a thing is a scientific impossibility. It 
is usual to express the accuracy of a crystal in parts-per-million (ppm), and 
it is governed by many things, principally its temperature. You will be very 
fortunate if your circuit maintains an accuracy better than about +10 ppm. 
Expressed in figures, it means that the true frequency can be anywhere 
between 99.999kHz and 100.001 kHz, i.e. within 1Hz of the correct 
frequency. 


Although this may seem more than adequate, it is as well to remember that 
the accuracy degrades as the frequency increases. At 1 MHz the error will be 
+10Hz and at 10 MHZ it will be 2100 Hz. At 30 MHz it will be 300 Hz. 
Even so, this should be acceptable for most non-critical applications. 


Parts list 
Resistors: all 0.25 watt, 5% tolerance Maplin code 
180 kilohms (k0) MI180K 
15 kilohms (kQ) ‘MISK 
6.8 kilohms (kQ) M6K8 
1 kilohm (kQ) MIKO 
2 kilohms (kQ) M2K0 
150 ohms (2) MISOR 


1 nanofarad (nF) or 1000 picofarads (pF) WX68Y 
100 nanofarads or 0.1 microfarad (uF) YR75S 


12 picofarads (pF) Wx4sy 
60 picofarads (pF) trimmer WL72P 
Semiconductors 
TRI, TR2 2N3904 npn QR28F 
ICL 7473 or 74LS73N dual JK flipflop YE30H 
DI 5.1V 500 mW Zener QHO7H 


Additional items 
100 kHz crystal 
B7G valveholder (found at most rallies) 


14-pin DIL IC socket BLISU 
Phono socket YWo6G 
PP3 battery connector HF28F 

PP3 battery 

Onioff switch FHOOA 
Veroboard JP47B 


Metal case as required 
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Figure 1 Just two simple 
stages make up the circuit 
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receiver — Part 1 


Introduction 


No apologies for yet another design of short-wave radio. This is the beauty 
‘of our hobby — there is always something new to try. Not all circuits operate 
in the same way; not all circuits work equally well; sometimes a simple 
design suits the operator better than a complicated design. So here is 
another one for your consideration; it's a good project for a novice, and a 
‘good one-evening project for someone more experienced. 


A basic description 


Figure 1 gives the block diagram of the receiver, which employs a 
regenerative detector, one of the earliest techniques by which excellent 
selectivity (the ability to separate two stations very close in frequency) could 
be combined with good sensitivity (the ability to pick up very weak stations) 
using a very simple circuit. The receiver falls into the category known as 
tuned radio frequency (TRF), meaning that the whole circuit (prior to the 
extraction of the modulation from the carrier) operates at the incoming 
radio frequency. In other words, it is not a superhet. 


As you can see, the regenerative detector has what is called a feedback loop, 
which feeds a small amount of the output signal back to the input. You have 
heard the effects of feedback with a public address system, when the 
microphone gain is too great ~ everything becomes very loud and then 
bursts into a deafening squeal! This is exactly what the feedback does here, 
except that it is carefully controlled, thus providing both gain and 
selectivity. The resulting audio is then amplified for use with headphones. 


‘ensce 


Feedback 


Regenerative Audio 
detector amplifier 


Wee Blinky Kit 


The Wee Blinky kit (Figure 4-2) is an easy-to-solder two (2) LED bilinker cir- 
cuit. Itcomes with a 9V battery snap, but will work with almost any voltage 
from 3V to 12V. A QV battery is required but not included. It's tiny it blinks, 
and it's a great kit to hone your soldering skills since it's cheap toa! 


Figure 4-2. Wee Blinky Kit 


What's Nex? — 2 


A simple short-wave receiver ~ Part 1 


The circuit 


The circuit of Figure 2 shows the complete system. TR1 is an untuned field~ 
effect transistor (FET) stage, and is used to match the aerial to the next 
stage. Occasionally, a regenerative detector produces unwanted signals, and 
TR1 also prevents them from reaching the aerial and being transmitted! The 
smaller of the two windings on T1 (the primary winding) will match a low- 
impedance aerial, the capacitor input matching a high-impedance aerial. 


Ignore TR2 for the moment ~ the next stage in the signal path is TR3, the 
detector, using another FET. The tuned circuit is formed by T2, VC1 and 
VC2 (remember TR1 is untuned). The primary winding on T2 taking the 
output from TR1. The reason for having two variable tuning capacitors, 
one large, the other small, is that the large capacitor is the main tuning 
capacitor, while the small one is used as a bandspread control (for very fine 
tuning). ‘The tuned signals are then detected (converted to audio fre- 
quencies) by TR3. 


Bp 
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Figure 2 The circuit diagram showing the 10-turn potentiometer VR1. This is the regeneration control forthe circuit 
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‘TR2 is a Q-multiplier stage. It is a Colpitts-type oscillator which uses C8 
and C9 to give feedback and produce the oscillation. C7 couples the tuned 
circuit (and the input to TR3) to TR2. The tuned circuit thus controls the 
frequency of oscillation of TR2 and the signal passed on to TR3. 


‘The secret of the ease of operation of this receiver is VR2, a 10-tum 
potentiometer (or heliport). The resistance wire is wound in the form of a 
helix, giving a much greater wire length than in a normal potentiometer, and 
the shaft must be turned ten times to cover the whole length. Helipots are 
very useful when very fine adjustments have to be made. Here, VR2 sets the 
regeneration (or reaction) level, depending on the type of signal you are 
receiving, as will be discussed in Part 2 


"TR4 provides the first stage of audio amplification and, after the volume 
control, VR2, the audio amplifier integrated circuit, ICI, will drive a small 
loudspeaker or headphones. 


In Part 2, the construction will be discussed, together with the choice of 
aerial, the parts list, and advice on using the receiver. 


A fruit-powered 
medium-wave radio 


Introduction 


project that will result in a working medium-wave 
3, and will also teach you a little about the way electricity can be 
‘generated from the right metals and a litle (safe) acid. All you need are 
three lemons or other citrus fruit, three pieces of copper and three pieces 
‘of zinc (or galvanised metal) for your power supply. 


Construction 


Figure 1 shows the circuit and Figure 2 its layout on a simple ‘plug-in’ 
prototype board. The six pieces of metal are connected as shown, to wire 
the three lemons in series; use ordinary wire between each lemon and the 
next. If you have a meter to measure the total voltage, it should be about 
1.8V. Use a standard ferrite rod, and wind on it about 40 turns of single- 
conductor PVC-insulated wire. 


Figure 1 Most parts are 
plugged into the board as 
shown ~ soldering is not 
required 


Figure 2 Three lemons 
ppower the radio, which gives 
good results for such a 
simple circuit 


A fruit-powered medium-wave radio 


‘mm ate 


Wire up the circuit on the board as illustrated in Figure 2. Soldering is not 
required with this type of board — just plug in the components and the wires. 
Only one transistor is needed. The tuning capacitor, VC1, selects the station 
you want to hear, and D1 helps to remove the carrier from the RF signal. 
The resulting audio signal is fed to TR1, a small transistor audio amplifier, 
which makes the signal big enough to drive a crystal earpiece comfortably. 
Walkman-type earphones will not work, so invest in a crystal earpiece 
which you can use in several other projects, too! If you use a smaller 
capacitor than that specified for VCI1, you will need more turns on the aerial 
coil. 


Tests on the prototype indicated that the radio will run for about a week on 
three lemons! 
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Parts list 


Resistors: all 0.25 watt, 5% tolerance 
RL megohm (MQ) 
R210 kilohm (k) 


Capacitors 
1 1 nanofarad (nF) min, ceramic 
VC1 250-500 picofarad (pF) variable 


Semiconductors 
TRI BC1O7 npn (or BC108, BC109C) 


DI A90, OA9I germanium (not silicon) 
Coil 
Li 2 metres of single-conductor insulated wire on 


a standard ferrite rod 


Additional items 
Plug-in prototype board, e.g. Maplin YR84F 
Wire aerial at least 3m long 
Crystal earpiece 
‘Three juicy fruits 


‘A capacitance bridge 


32 A capacitance bridge 


Figure 1 Simplified circuit 

' capacitance bridge. RI 
is adjusted for minimum 
sound 


How does it work? 


Figure 2 is the circuit diagram for this capacitance bridge. Transistors TRI 
and TR2 form an oscillator. This is the audio oscillator shown in Figure 1, 
and produces an alternating voltage which is fed to the bridge. RV1 (in the 
collector lead of TR2} replaces both R1 and R2 in Figure 1 ~ that part of 


Uninown 
capacitor 
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Figure 2 Transistors TR1 
and TR2 give an audio 
signal which is adjusted by 
variable resistor RVI 


Figure 3 Components are 
soldered together on a small 
prototype board 
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RVI above the wiper represents Ri, while that part below the wiper 
represents R2. The voltage on one side of the earpiece is determined by the 
ratio of these values, and is adjusted by rotating RV1. The voltage on the 
other side of the earpiece is determined by the ratio of C3 to Cx, where Cx 
is the unknown-valued capacitor. When these two voltages are the same, the 
bridge is balanced and there is no current through the earpiece. 


Figure 3 shows the layout of the components on the matrix board of the 
prototype. It measures 10 holes by 14 holes, and is of the plain type, i.e. no 
copper strips. All earth connections are taken to a single solder tag. When 


To VAI 
cy. crocodile 
clip 
Solder tag 
{6BAboit to 
case) 


A capacitance bridge 


Plastic of 
Persper isolator 


With pointer, 
knob and seale 


Pectorated 
component 
board 
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Figure 4 Layout of the parts inside an aluminium box. The earpiece socket is insulated from 


the case 


mounting the board inside a metal box, a long screw is used with extra nuts, 
to earth the board to the case while providing a stand-off, thus preventing 
any unwanted short-circuits between the board connections and the case. Be 
aware that a crystal earpiece must be used; low-impedance headphones of 
the Walkman type are not satisfactory. Solder two flying leads as shown in 
Figure 4, about 15 cm long, terminated in small crocodile clips for attaching 
to the unknown capacitor. 


Calibration 


After checking the circuit carefully, attach the battery and switch on; a 
buzzing noise should be heard in the earpiece. This is the first sign that 
everything should be OK. If there is no buzz, switch off and recheck the 


connections. 
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You will now need a range of close-tolerance (1%) silver-mica capacitors 
covering the range 10 to 1000 picofarads (pF). Arrange the capacitors in 
ascending order and connect them to your bridge in sequence. After having 
prepared a neat piece of card or paper mounted behind the knob on the 
front panel, mark the dial at the positions of the nulls for all the capacitors. 
You have now calibrated your capacitance bridge. If you are more likely to 
want to measure larger capacitors, replace C3 by a 1 nanofarad (nF) 


capacitor, and the bridge will measure up to 10 nF approximately. 


Parts list 


RI 
R2, R3 
RVI 


Capacitors 
1, C2 
C3 
c 
Semiconductors 
‘TRI, TR2 


Additional items 
swi 


SKI 


Resistors: all 0.25 watt, 5% tolerance 


10 kilohms (k®) 
100 kilohms (k®) 
10 kilohms (Kk) linear 


10 nanofarads (nF) ceramic 
100 picofarads (pF) silver mica or polystyrene 
47 microfarads (uF) 16 V electrolytic 


BC108 npn 


SPST on/off switch 
Battery connector, PP3 type 

Earpiece, crystal type 

3.5mm jack socket for earpiece 

Battery, 9V PP3 

Matrix board, approx. 10 holes by 14 holes 
Aluminium case, approx. 10 x 8 x Sem 
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33 A simple short-wave 
receiver — Part 2 


Introduction 


In Part 1, the design of this receiver was discussed in some detail. Now we 
are going to put i all together and see how it works. The receiver is laid out 
‘on a printed-circuit board (PCB) or on a matrix board. 


Construction 


The layout of the components is shown in Figure 1. Identify each part 
separately, insert it into the holes in the board and solder carefully. Long 
leads may be cropped before or after soldering, depending on your skill and 
preference. All electrolytic capacitors, T1, T2 and IC1, must be connected 
correctly. The front-panel controls are connected to the PCB terminals 
shown in Figure 1 


The layout of the controls and the placing of the board inside the case are 
matters of personal preference. The size of the prototype front panel is 
shown in Figure 2. The prototype had a slow-motion drive fitted to VC2, 
the main tuning capacitor. This required the capacitor to be fitted on its 
‘own small panel. The bandspread control does not need any form of 
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Figure 1 Layout ofthe receiver crult board 
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Figure 2 The case can be 
metal or made from PCB 
material 
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slow-motion drive. A tuning dial may be fitted behind the tuning knob on 
VC2 if required. The volume control, VR2, has its own on/off switch for 
the battery, which can be mounted behind the back panel, on which are 
mounted the aerial input sockets and the headphone/speaker socket. 
Check your soldering carefully, together with all the wiring between the 
board, the potentiometers and variable capacitors. When you are con- 
fident that everything is perfect, connect the battery and switch on. 


The first tests 


If you have a good aerial and are using an aerial tuning unit (ATU), use the 
low-impedance input. Excellent results are possible, though, with about 
3 metres of wire connected to the high-impedance input. Set the volume 
control to give a gentle hiss in the headphones or speaker. Advance the 
reaction control to give a definite hiss. As you tune in an AM station, the 
hiss will change to a whistle; back off the reaction until the oscillation just 
stops. The receiver is now correctly set for AM reception. 


On the amateur bands, the stations will be SSB or CW, and the reaction 
needs to be set just above the oscillation point, and will need slight 
adjustment from time to time for different qualities of signal. Juggling with 
the volume, reaction and tuning is part of the pleasure of using regenerative 


MintyBoost 


The MintyBoost (Figure 4-2) is asmalland simple USB charger for your iPod 
or other MP3 player. your camera, cellphone, and any other gadget you can 
plug into a USB port to charge. 


Figure 4-3. MintyBoost USB Charger kit 
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A simple short-wave receiver ~ Part 2 


In action 


Practice is needed for best results. The regenerative receiver is renowned for 
its versatility in being able to be set up exactly for all types and strengths of 
signal. The basic receiver tunes from 6.5 MHz to 11 MHz approximately; 
this includes two amateur bands at 7.0MHz and 10.1MHz and two 
broadcast bands. 


Parts list 
Resistors: all 0.25 watt, 5% tolerance 
RI, R10 330 ohms (2) 
R2, RS, RI 270 ohms (0) 
R3 22 kilohms (kQ) 
R4 47 kilohms (kQ) 
R6 3.3 kilohms (kQ) 
R7, R12 4.7 kilohms (kQ) 
RS 27 kilohms (kQ) 
R9 470 kilohms (kQ) 
R13 2.7 kilohms (kQ) 
R14, RIS. 10 ohms (2) 
R16 1 kilohm (kQ) 
VRI 10 kilohm (k®) linear 10-turn potentiometer 
VR2 10 kilohm (k®) log potentiometer 
Capacitors 
“1 27 picofarads (pF) 


100 nanofarads (nF) 
6 
C10, C13, C1410 nanofarads (nF) 

i 33 microfarads (uF) 16 V electrolytic 
68 picofarads (pF) 
330 picofarads (pF) 
1 nanofarad (nF) 
C16, C17, €20 10 microfarads (uF) 16V electrolytic 


21, C23 150 microfarads (uF) 16 V electrolytic 

ver 10 picofarads (pF) variable 

v2 200 picofarads (pF) variable 
Semiconductors 

‘TRI, TR3 2N3819 

‘TR2, TR4 182 

Ici LM386 

DI 6.2V 0.5 W Zener 
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Inductors 
TI 3 turns primary, 15 turns secondary, 
wound on 2-hole ferrite bead, with 28 SWG wire 
T2 2 tums primary, 17 turns secondary, 
wound on a T68-2 toroidal former, with 28SWG 


Additional items 
Printed-circuit board 
Battery connector 
PP3 battery 
&pin DIL socket 
8ohm speaker or headphones (Walkman type) 
Case to suit 
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34 A basic continuity tester 


Figure 1 The circuit 
diagram of the continuity 
tester 


Introduction 


This little device can be built on a plugin breadboard, and is ideal for 
testing fuses and cables, as well as doubling as a signal source for testing 
amplifiers, etc. It can even be used for testing npn transistors by replacing 
either of the transistors in the circuit, and seeing if the circuit still 
works! 


Simple and quick to build 


Using a plug-in breadboard, this circuit is so simple it could almost be built 
when you need it, and then dismantled again! If you want the circuit to 
make a different sound, the components to change are R2, R3, C1 and C2. 
Always make sure that R2 = R3 and C1 = C2, or the sound may be 
excessively ‘edgy’ and lacking in volume. 


Basically, the circuit is an oscillator which drives a little loudspeaker 
directly. The fuse or cable you are testing is connected between the crocodile 
clips. If there is a current path between the two clips, the current also flows 
through the circuit, thus operating the oscillator and producing a sound 
from the loudspeaker. 
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If you want to use the circuit to produce a signal to test an amplifier, for 
instance, connect the croc clip which comes directly from the battery to the 
junction of R1, R2, R3 and R4. This supplies current to the circuit while, at 
the same time, bypassing the loudspeaker. Use the two components RS and 
C3 between the oscillator and your amplifier. The loudspeaker is bypassed 
because you will want to listen to the output from your amplifier, not from 


the oscillator! 


Remember, NEVER test any equipment which is still connected to the mains 
electricity supply. Avoid testing anything which is switched on and has its 
‘own power supply. You may damage both your tester and the circuit you 


are ‘testing’! 


Parts list 


RI 
R2, R3 
R4 
RS 


Capacitors 
1, C2 


Semiconductors 
‘TRI, TR2 


Additional items 
LSI 


Resistors: all 0.25 watt, 5% tolerance 


12 kilohms (k®) 

47 kilohms (k®) 

390 ohms (22) 

100 kilohms (k) optional 


47 nanofarads (nF) ceramic 
100 nanofarads (nF), 0.1 microfarads 
(uF) ceramic optional 


BC108 npn 


Loudspeaker (8 0) 
2 crocodile clips 
Prototype circuit board 
PP3 battery connector 
PP3 battery 


A charger for NiCad batteries 


35 A charger for NiCad 
batteries 


Charging NiCads — the ampére-hour 


NiCads require charging at constant current, which means that connecting 
‘one across a normal power supply (constant voltage) is useless and can 
destroy it. They need pampering to the extent of needing a long charge 
(around 16 hours) at a rate dependent upon the capacity of the battery. By 
the capacity of a battery, we mean how much energy it can store. You will 
probably know that energy is measured in joules. For the purposes of 
storing energy in batteries, the joule is not the ideal unit, so we use one that 
ist This unit is the ampére-hour (Ah), and must be interpreted with some 
realism. For example, if the battery is rated at 2 Ah, it will deliver a current 
of 0.5 amp for 4 hours, or 0.25 amp for 8 hours. Provided the current is not 
too high, the product of the current (in amps) and the time for which it will 
flow (in hours) before the battery is flat will always be around Ah. A 
workable ‘rule of thumb’ for calculating the charging current is that its 
value should be around one-tenth of the numerical value of the capacity; so, 
for our 2 Ah battery, a charging current of around 200mA (2+ 10 = 0.2 
‘or 200mA) would be used. 
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Figure 1 Voltage regulator 
arranged to produce a 
constant current 
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Constant voltage to constant current 


Many integrated circuit (IC) chips are available for use as voltage 
regulators, ie. they supply a constant voltage. Most of these can be 
persuaded to become constant current supplies with one external resistor! 


‘The voltage regulator IC usually has only three connections ~ ‘input’, 
‘output’ and ‘common’. It is designed (in the case of the LM7805) to 
produce a constant $V output between the ‘output’ and the ‘common’ 
connections, at currents of up to 1A. If a resistor is connected between 
these, the IC will maintain 5 V across it. If you look at Figure 1, you will see 
the circuit performing this conversion. 


For the previous example, we derived a charging current of 200mA, so we 
now need to calculate the value of resistor that will produce this current. 
Using the equation which is derived from Ohm’s law: 


v 
I = —, from which R = —, 
R T 


where 


R1, the resistance in ohms that we are calculating, 
Vis the voltage across R1 (SV), and 
Tis the current flowing (200 mA). 


So, 


RI = — = 259, 
02 


25 ohims is not a ‘common’ or ‘preferred’ resistor value, so we must choose 
the next largest value, which is 27. This reduces the current, but only 
slightly — it is now 185mA. When calculating resistor values in power 
supply circuits, we must always check the power that they dissipate and 
make sure we specify and fit a suitable resistor. 


Figure 2 The complete 
circuit including mains 
components 


A charger for NiCad batteries 


Power (in watts) is the product of the voltage across and the current through 
a device, so in this case it is given by: 


Power = VxI = 5x 0.185 = 0.925 W. 


Rather than use a 1 watt resistor operating very near its limit, itis safer to 
use a 2 watt resistor operating well within its limits. 


Looking again at Figure 1, we now have a constant-current source 
producing 185mA, when R1 is a 27 0, 2 W resistor. For use with NiCads 
requiring charging currents other than 200 mA, you will need to repeat the 
two equations above, using a new value for I. 


The full circuit and its assembly 


‘This is shown in Figure 2, and can be broken down into two parts. The first 
is the AC to DC conversion produced by the mains transformer, Tl, the 
bridge rectifier, BR1, and the smoothing capacitor, C1. The second is the 
constant-current section already discussed. 


toy ry onsca 

2sov + 

Sone 

7 To batteries 
on charge 


Prete 1 Constant carent 
Smeg _| epee 


‘The prototype was assembled on matrix board measuring 18 holes by 12 
strips, although, as Figure 3 shows, this is much larger than is strictly 
necessary. No strip cutting is needed, but make sure that ICI and C1 are 
inserted correctly. 


Warning! Before you attempt to wire up the transformer and the bridge 
rectifier, be aware that you will eventually be connecting the circuit to the 
mains supply, so there are three possibilities for you: (1) get a qualified 
friend to supervise your completion and testing of the circuit; (2) get your 
qualified friend to complete and test the circuit for you; (3) replace the 
transformer and bridge rectifier with a mains adapter. 
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Figure 3 The charger can be 
fouilt on Veroboard 
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If you decide to use the mains adapter, its output is connected directly 
across Cl, because T1 and BR1 are now no longer needed. Make sure the 
polarity (positive and negative) is correct and that the adapter output is set 
to 12V. 


A quick test 


If you have built the mains version, make sure all connections are correct, 
and that there are no soldered joints which will touch other parts of the 
circuit. The box must be securely closed before tests begin. The RSGB 
cannot be held responsible for damage to equipment or batteries! The 
version using the mains adapter need not be closed during tests. 


Switch on. With nothing connected to the output, the unit should run cold. 
If this is nor the case, switch off and recheck your circuit. If ll is well, switch 
on again and connect a DC multimeter (on the current range) across the 
output. It should indicate only a slight difference from the calculated value 
of 185mA. You can now charge your NiCads! 


Other charging currents can be set by having different values for R1, 
perhaps selectable by a rotary switch. Remember to make sure that the 
values of both resistance and power dissipation are correct, and don’t 
exceed the 250 mA rating of the transformer (or the 1 amp rating of the IC 
if you are using a bigger transformer). 


‘An 80 metre crystal-controlled CW transmitter 


Parts list 


Maplin 

Resistor code 

RI As required ~ see text 
Capacitor 

cL 1000 microfarads (uF) 35V electrolytic FFISU 
Semiconductors 

ICL LM7805 5V, 1A regulator CRI4Q 

BRI WOOS SOV, 1 full-wave rectifier QL37S 
‘Transformer 

TI 9-0-9V, 250mA sub-min, transformer YNISR 
‘Additional items 

Case FG4IU 


Veroboard, 18 holes by 12 strips 
Plug to suit NiCads 

Double-sided sticky tape as required 
Insulated wire for battery connections 
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The circuit 


The complete circuit is shown in Figure 1. It is a single-transistor crystal 
oscillator which is keyed (switched on and off) by the Morse key in the 
+12V supply rail. The circuit first appeared in QST (the American 
equivalent of RadCom) in 1982, and has since appeared in a modified form 
in the ARRL Handbook. The circuit can produce about 2 watts on 80m, 
and can be constructed on a piece of plain matrix board; the prototype 
board measured 7cm by 3cm, and its layout is shown in Figure 2. 


Note that a bare copper wire runs along the bottom edge of the board to act 
as an earth wire for the relevant components. The only ‘difficult’ part of the 
construction is the winding and wiring of T1. The main winding is 38 turns 
of 26 SWG enamelled copper wire, and there are two link windings of four 
turns each. Make sure that all windings are wound the correct way round 
the toroid ~ Figure 1 shows this and should be studied carefully. If the 
‘windings do not have the correct sense (i.e. a clockwise coil has been wound 
anticlockwise, or vice versa), or have been connected incorrectly to the rest 
of the circuit, the oscillator will not work! 


When putting components on the board, wire in the crystal socket without 
the crystal in it. Crystals do not like to be subjected to the horrors of a 
soldering iron, so keep your crystal to one side during the construction 
process! 


1 
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Figure 1 The simplest form of transmitter is a keyed crystal oscillator. Note that L1, C7 and CB make up a low-pass 
filter which reduces unwanted harmonics (outputs at the transmitter frequency multiplied by 2, 3, 4, et} 
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Figure 2 Component layout is straightforward on a ‘matrix board’ (it has holes but no copper strips). The dotted lines 
are the connecting wires. The lower part shows the connections for the transmit/receive switch 


The output filter, which comprises C7, C8 and L1, is a low-pass filter, which, 
helps reduce any harmonics present in your signal. Harmonics are integral 
multiples of your transmitter frequency, so if you are transmitting on a 
frequency, f, harmonics will be present at frequencies 2f, 3f, 4f, ... and so 
on, L2 is another inductance using 22SWG enamelled copper on a ferrite 
toroid. The changeover switch is external to the transmitter board, and is 
used to switch your aerial between the transmitter and the receiver; its 
wiring is shown in Figure 2 


Use a dummy load 


A dummy load enables you to test your circuit without actually transmitting 
a signal. If you haven't such a thing already, itis easy to construct one to use 
with this transmitter. Don’t use it for transmitters of more than 2. watts 
output, though. Use two 100 ohm, 1 watt resistors, connected in parallel 
across the end of a short piece of coaxial cable, terminated in a BNC, PL259 
or N-type free plug, as shown in Figure 3. Plug this into the aerial socket on 
your transmitter, plug in your crystal and connect the transmitter to a 12V 
supply. Have another receiver switched on and tuned to the crystal 
frequency. Although the radiation from your dummy load is minimal, it will 
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Figure 3 A simple 2W 
dummy load can be made 
from two 100 © (ohm) 
resistors in parallel. The 
plug should match the 
socket on your transmitter 


Figure 4 A simple dipole 
can be very effective. For 
the 3.5 MHz band, length L 
{40 metres and height H 
should be as large as 
possible. The far support S 
can be a tree, pole or 
building. Insulators | may be 
home made from strong 
plastic and the feeder F 
should be 50.0 (ohm) coax 
cable 


Figure 5 Your signal is 
radiated mostly from the 
centre of the dipole so the 
ends can droop or even be 
boent but the length may 
need shortening by a few 
centimetres because the 
ground and the bends will 
detune the dipole. Cords C 
are hest made from strong. 
plastic rope from a sailing 
fr camping shop 
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be enough to be picked up by a receiver in the same room. Send dashes with 
the Morse key, and adjust VCI until the received note is clean. It should not 
sound rough, or have a chirp (change its frequency during a dash or dot). 
Avoid tuning for maximum power; this is seldom the correct setting! 


You will need to put your completed transmitter in a metal box, using 
sockets for the power supply, aerial, receiver and Morse key. The sockets 
can be chosen to match your existing equipment. 

Figures 4-7 are taken from the RSGB book Practical Antennas for Novices, 
and may give you some ideas on the type of aerial to be used with your 
transmitter. 


= ze 


Figure 6 An ‘inverted-L" 
takes up less space than a 
dipole and doesn't need 
coax cable, Like the dipole, 
the end can droop or be 
bent to save space as in this 
case most of the radiation 
‘comes from the area around 
the top of the vertical part 


Figure 7 Almost any length 
‘of wire mare than 10m oF 
so long will work (though it 
will work better the longer 
and higher it i) but an 
‘eral System Tuning Unit 
(ASTU or ATU) will be 
needed 
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Parts 
Resistor 

RL 12 kilohms (k®), 0.25 watt, 5% tolerance 
Capacitors 

cL 1000 picofarads (pF) polystyrene 


100 picofarads (pF) polystyrene 
680 picofarads (pF) polystyrene 

68 picofarads (pF) polystyrene 

100 picofarads (pF) ceramic 

10 nanofarads (nF) polyester 

10 microfarads (wF) electrolytic 25 V 
100 picofarads (pF) trimmer 


Semiconductors 


DI 1N4148, 
TRI 282078 (see sources list) 
Inductors 
TI 38 turns 26 $WG enamelled copper on T-50-2 toroid, 
with two link windings of four turns 
uu 21 turns 22SWG enamelled copper on T-50-2 toroid 


Additional items 
Ferrite bead 
Crystal (e.g. 3.579 MHz) and holder 
Metal box 
Socket for Morse key. 
‘This must be totally isolated from the metal 
of the box, as both connections can be at +12 V. 
Sockets for 12V supply, aerial and receiver 
Switch - DPDT 
Heat sink for TR 
RGI74 miniature coaxial cable for signal leads (see Figure 2) 


Component sources 


Special components 
28C2078 Cricklewood Electronics Ltd, 40 C 
Broadway, London, NW2 3ET. 


icklewood 


A solar-powered MW radio 


37 A solar-powered MW radio 


Introduction 
What could be more ecologically friendly than a radio powered by the sun’s 


energy? This design is quite standard, and if you have built any of the other 
medium-wave radios in this series, then this one should present few 
problems. 


The solar panel 


‘The solar panel is to the solar cell as the battery is to the cell; in other words 
a solar panel is several solar cells connected in series. The solar panel quoted 
for this radio will generate about 9V at a current of around 30mA on a 
sunny day. The circuit will operate on a supply of around 2, so bright 
sunshine is not necessary for satisfactory operation. The volume will be less, 
of course. 


The circuit 


‘The radio uses the ZN415E integrated circuit (IC), connected as shown 
in Figure 1, the complete circuit diagram. The signal is tuned in by the 
combination of L1 and VC1. L1 is made by winding about 35 turns of 24 
SWG enamelled copper wire on a ferrite rod. A standard ferrite rod of 10cm 
length and 1 cm diameter is used. 


Signals selected by the tuned circuit are passed to IC1, which amplifies the 
signals and removes the audio component, which is then amplified further 
by IC2 for driving a small loudspeaker. The removal of the audio 
component is the process we call detection. In addition to this, IC1 provides 
automatic gain control (AGC), which helps to keep the audio signal 
constant, even when the incoming RF signal may vary due to fading. 


The prototype board 


Veroboard (also known as matrix board or stripboard) is ideal for the 
construction of the radio. The layout is shown in Figure 2. The board size 
is 11 strips by 30 holes (please note that there is no row ‘I’, so take care 
with your counting!). Using a 3mm (% inch) twist drill rotated between 
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Figure 1 The radio uses just two integrated circuits (chips) and operates at any voltage from 2 to 9V 
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Figure 2 Follow the layout carefully, making sure that all connections are neatly soldered 
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your thumb and forefinger, break the strips at the points marked with a 
ross inside a circle. Hold the board up to the light to ensure that the 
tracks have been broken and that there is no copper swarf shorting tracks 
together. 


Firstly, solder in the 8-pin DIL sockets for the ICs, making sure that the 
notches in the sockets are facing upwards, as shown on the diagram. Then, 
solder in the wire links, resistors, capacitors and diodes, making sure that 
the electrolytic capacitors (C2, C6 and C7) and the diodes (D1 and D2) are 
connected the correct way round. Use different colours of wire for the 
connections to the volume control, VR1, to avoid incorrect connections 
Note the wiring of the tuning capacitor (VC1) shown in Figure 2; a two- 
section type is used, and both sections are wired in parallel to give twice the 
capacitance of a single section. 


‘There is no on/off switch — just turn the volume down when you are 
finished using the set! The solar panel can be mounted parallel to the top 
of the case, or angled to receive the maximum energy from the sun, as 
shown in the photograph. You could have a battery available as a standby 
source to use the radio after dark; any battery of between 6 V and 9V will 
do. Wire it with a simple changeover switch, so you can switch between 
solar and battery power. Aska friend for help with this if you are not sure 
how to do it. 


You may need to adjust the number of turns on L1 to get the best results, 
but it should be possible to receive at least five stations at good volume with 
your sun-powered radio! 
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Parts 


Resistors: 0.25 watts, 5% tolerance 


RL 3.3 kilohms (kO) 
R2 100 ohms (0) 
VRI 1 kilohm (k®) log 
Capacitors 
"1,C5 10 nanofarads (nF) ceramic 
2 220 microfarads (qF) electrolytic (10V) 
3,C4 100 nanofarads ceramic 
C6 10 microfarads (WF) electrolytic (10 V) 
c7 1000 microfarads (qF) electrolytic (10 V) 
ver 140-300 picofarads (pF) 


Semiconductors 

ZNAISE (or ZN416E) 
1c2 ‘TDA70S2 
DI,D2——-IN4148 

Solar panel 9V at SOmA 


Additional items 
Ist 32-64 ohm miniature loudspeaker 

Ferrite rod 
24 SWG enamelled copper wire 
Plastic box, approx. 220 x 140 x 70mm 
Veroboard, cut to size 
&pin DIL sockets, 2 required 
Knobs, 2 required 
Material for speaker grille 
Connecting wire 


Maplin 
code 
M3K3 
MI00R 
FW21X 


BXOOA, 
FB60Q 
YR75S 


YT28F 
YG20W 
BL28F 
YN39N 
JP47B 
BLI7T. 
FD67X 


A receiver for the 7MHz amateur band 


38 A receiver for the 7 MHz 
amateur band 


Introduction 


Listening on the 40 metre band (from 7.0 to 7.1 MHz) can be very rewarding 
popular haunt for HF Special Event stations, and at night there are 
signals to be heard from all over Europe. This receiver is designed purely for 
the 40m band, and is ideal for those who have built the simpler receivers 
and are looking for something a little more challenging. The more 
experienced constructor may prefer to build this on prototype board. 


The circuit and its construction 


Figure 1 shows the circuit diagram. The receiver will work well with 
headphones or loudspeaker. Walkman-type headphones and speakers are 
ideal for use here. 


Ty 
bs 


Figure 1 The receiver gives good performance on the 7 MHz amateur band as well as being simple to construct and 
align 
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Figure 2 Rear view of the 
variable resistors. Check the 
connections carefully to 
‘make sure the wires are 
fitted correctly 
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Signals arriving at the aerial are coupled into ICI via gain control VR1, 
which also functions as the on/off switch. Tuning is provided by varying the 
voltage on the varactor diode (or varicap), D1. VR3 is the main tuning 
control, and VR2 is the bandspread (fine tuning) control. ‘The varactor 
diode is supplied as a dual device, which must be cut down the middle 
carefully with a sharp knife; with the lettering upwards, the ground lead 
(OV) is om the left-hand side, as Figure 1 illustrates. 


Solder in the IC sockets first, followed by the coils. After this come the links, 
resistors, capacitors and varactor diode. Ensure that IC3, the voltage 
regulator, is wired correctly, and check the polarity of the electrolytics. The 
cxystal, X1, is very fragile, so take extra care with it. The wiring of the three 
controls is shown in Figure 2. 


Before putting the ICs in their sockets, connect up the battery and check the 
following voltages with the negative voltmeter lead connected to the 
negative terminal of the battery: 


Pin 8 sv 
Pin 8 sv 
Pin 8 ov 
Pin 1 9v 


When all these have been found to be correct, switch off and put the ICs 
carefully into their sockets. Use wire of different-coloured insulation to wire 
up the front-panel controls. 


‘The case can be a small plastic box of size 22 em by 15 cm by 8em, with three 
10.5 mmholes drilled in the front and two 8 mm holes in the side for the aerial 
and earth connections. On one side are a 6mm hole for the speaker socket 
and an 11mm hole for the optional external power supply. 


“a cord 
& 
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Testing and tuning 


‘The aerial for the receiver should be between 30 and 70 feet of wire, mounted 
as high as you can make it, away from trees and buildings f possible. Connect 
the battery and switch on. Adjust Land L2 for the best results. Tune slowly 
with VR3; you should find CW stations at the lower end of the band 
(anticlockwise) and SSB stations at the upper end (clockwise). You may find 
that it is easiest to make these adjustments before mounting the board in the 
case with double-sided sticky tape or pads. If you are planning to use an 
external DC supply, make sure itis a safety approved stabilised 9 V type, and 
disconnect the battery before you use such a supply! 


If you suspect that the tuning doesn’t quite cover the lower CW end of the 
band, try increasing C9 to 1200pE. If it is the upper SSB end which is 
missing, decrease C9 to 820 pF, 


It is always advisable to use an aerial tuning unit (ATU) between your aerial 
and the receiver. A suitable design of ATU is included as a project in this 
book. 


Parts list 
Resistors: all 0.25 watt, 5% tolerance 
RI, R4 100 kilohms (k®) 
R2, R3 1.5 kilohms (k®) 
RS 220 ohms (9) 
R6, R7 12 kilohms (kQ) 
RS 10 kilohms (k@) 
VRI 4.7 kilohms (Kk) linear, with SPST switch 
VR2 4.7 kilohms (kQ) linear 
VR3, 47 kilohms (k®) linear 


Capacitors: all rated 16 V or more 
cL 470 picofarads (pF) polystyrene 5% 
a 7 microfarads (jF} electrolytic 
7 picofarads (pF) polystyrene 5% 
100 picofarads (pF) polystyrene 5% 
100 nanofarads (nF) cerami 
2.2 nanofarads (nF) polystyrene 5% 
1 nanofarad (nF) polystyrene 5% 
10 nanofarads (nF) ceramic 
470 microfarads (uF) electrolytic 
7 nanofarads (nF) ceramic 
1000 microfarads (uF) electrolytic 
1 microfarad (uF) electrolytic 
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Inductors 
u ‘Toko KANK3335R 
12 ‘Toko KANK3333R 
13 10 pH 5%, e.g. Toko 283AS-100 


Semiconductors 
IC2 NE602 or NE6O2A 
78L05 5V, 100mA 


Ic4 T1072 
Ics TDA7052 

Additional items 
Di ‘Toko KV1236 cut into two sections (one half used) 
x1 4.608 MHz (available from Cirkit) 


3x silver knobs, one with pointer 

Plastic case approx. 22 x 15 x 8cm 

Speaker 8-32 Q, or headphones 

4x 8-pin DIL sockets for ICI, 1C2, 14, ICS 

2.x 4mm sockets (red and black) for aerial and earth 
3.5 mm chassis-mounting jack socket for speaker 

DC power socket for external supply (if required) 
Prototype board 


Kits 


A complete kit is available from JAB Electronic Components. 
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Diodes for protection 


Introduction 


Many semiconductor devices can be destroyed in an instant if their supply 
is reversed. With the use of batteries as power sources, itis quite common 
for the battery to be connected ‘the wrong way round’, and the scope for 
‘damaging equipment is significant and very real. Diodes can protect 
‘equipment in several ways, and you may do worse than to consider one of 
these approaches to protect your next expensive project. 


Choose wisely! 


All the diode circuits given here are so simple as to invite calamity. The 
Circuits are not foolproof but, with a little care, will work first time 
Remember that a semiconductor diode has a forward voltage drop of 
between 0.5 V and 0.7, depending on its type and the current flowing. 
‘This will be mentioned later. 


‘The first thing you need to do is to insert a good multimeter in series with 
the circuit you want to protect; set the range to Amps DC, and switch on. 
Check that the circuit works properly. Then, decrease the current range on 
the meter until a good reading is indicated. Make a note of this current, as 
it is the normal running current of your circuit. 


‘To choose a diode, you must consult the catalogues or data sheets and 
find one where the quoted maximum forward current exceeds the current 
you have measured; preferably it should be at least twice your measured 
current. Secondly, the diode will have a peak inverse voltage (PIV); this is 
the maximum voltage it can withstand when the cathode is made positive 
with respect to the anode, ise when it is reverse-biased and not con- 
ducting. This voltage must be greater than your battery voltage, again by 
a factor of about 2. Except in the case of the bridge rectifier (see later), 
these criteria will enable the selection of a suitable diode to be made 
easily. 


The series diode 


‘The simplest and most obvious way to protect equipment isto insert a diode 
in the positive supply lead, as shown in Figure 1, with the diode passing 
current only when the supply is of the correct polarity. Because of the 0.6V 
that exists across the diode, your equipment will normally operate on a 
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Figure 1 Series diode 
protection 


Figure 2 Parallel diode and 
fuse 
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slightly lower voltage. If you imagine reversing the supply to this circuit, you 
will see that the negative terminal of the battery is connected to the anode 
of the diode; the diode becomes reverse-biased and will not conduct any 
current, thus protecting the load. Your equipment will not operate when the 
battery ‘connections are reversed. 


The parallel diode 


‘The circuit of Figure 2 overcomes this voltage drop. It places the diode in 
parallel with the load (your equipment) but in a normally reverse-biased 
condition so that it draws no current when the battery is correctly 
connected. Reverse the battery connections, however, and a very large 
current will flow through the diode, thus blowing the fuse! For this 
technique to work successfully, the current drawn by the diode when the 
battery connections are reversed must be much greater than the maximum 
current drawn by the equipment, in order to blow the fuse. This is usually 
not a problem, however. 


The diode bridge 


For sheer elegance, the circuit of Figure 3 takes the biscuit! It uses four 
diodes connected in the form known as a bridge rectifier. Such rectifiers 
exist, and do not have to be made up from four discrete diodes. 


Figure 3 The diode bridge 


Diodes for protection 


oRsca 


Follow the current round the circuit from the supply, assuming initially that 
the top wire is positive and the bottom wire negative. It flows from the 
positive supply 


(a) through D2 
(b) through the load (top to bottom) 
(c) through D4 


and back to the negative of the supply. 


Now assume that the bottom supply lead is positive and the top lead 
negative. The current flows from the positive supply 


(a) through D3 
(b) through the load (top to bottom) 
(c) through D1 


and back to the negative of the supply. 


So, whichever way round the battery is connected, the current will always 
flow the same way through your equipment! 


‘The circuit does have a drawback, however. Whichever way round the 
battery is connected, there are always two diodes conducting the current at 
any time. In the first case it is D2 and D4; in the second case, D1 and D3. 
‘This means that there is a total voltage drop of about 1.2V. If your 
equipment can tolerate that reduction in voltage, then you will not have a 
problem. 


Decoupling 


Whenever the supply rail to a piece of equipment, or even to an individual 
stage of a circuit, is broken for the insertion of a device that will drop 
voltage, strange things can happen. This is because the supply for any circuit 
is assumed to have a low resistance to DC and a low impedance to AC. 
(Impedance is the AC equivalent of DC resistance.) These two are not the 
same, and the insertion of a diode or diodes is certain to make a big 
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difference to them both. To overcome any irregularities in the operation of 
the circuit you are protecting in any of the ways described previously, the 
protected supply needs to be decoupled with a capacitor. 


If the circuit handles audio frequencies only, placing an electrolytic 
capacitor directly across the load in all three circuits should solve the 
problem. The parallel circuit of Figure 2 is less at risk than the other circuits. 
‘The size of the capacitor will be determined by the current taken by the 
circuit, and may need to be chosen within the range 100 wF to 10 000 nF, 
with a working voltage greater than the supply voltage 


If the circuit is mainly handling RF currents, placing a capacitor of 0.01yF 
across the load should prevent any problems. A second capacitor, also 
across the load, of between 10.F and 100 uF may be needed. Again, the 
parallel circuit of Figure 2 is less at risk than the other two. 


Don’t be afraid to experiment, but confine your experimenting (at first) to 
small equipment and low currents, until you get a ‘feel’ for the technique. 


An RF signal probe 


Introduction 


A radio-frequency (RF) diode probe is a simple device which, when used 
‘with a conventional multimeter, enables the measurement of RF voltages in 
a circuit. When constructed, this will be one of the most useful pieces of test 
‘equipment for the experimenter who revels in the construction of 
transmitters and receivers. 


The circuit 


Figure 1 shows the simple circuit diagram. It is almost the same as a 
common diode rectifier circuit, but with a simple change to make it more 
sensitive. The circuit is known as a voltage-doubler, and is often found in 
high-voltage supplies, with beefier capacitors and diodes, of course! Because 
we are dealing with high frequencies and smaller voltages, the diodes and 
capacitors can be physically very small. The diode circuit of D1 and D2 
rectifies or detects the RF from the probe, and any remaining AC is removed 
(short-circuited to ground) by C2. This produces, at the output, a constant 
voltage proportional to the peak-to-peak RF voltage present at the input; 
the output voltage is fed to an ordinary multimeter (on a voltage range). 


Figure 1 The diode probe 
can be made from four 
electronic components, 


Figure 2 The components, 
are mounted on a copper: 
clad PCB 


‘An RF signal probe 


Dt ang 02 are germanium diodes 
Chand C2 are 10nF ceramic capacitors 
(Crocoaiteeny 


onsca 


Construction 


Although the circuit layout is not critical, a description of the prototype is 
given here for your information. Figure 2 has the details. The components 
are soldered to square pieces of copper-clad printed-circuit board (PCB) 
glued to a larger piece of PCB. The larger piece serves as a ground 
connection. Use a stiff copper wire as the probe, and an insulated flexible 
wire with a crocodile clip to connect the probe to the ground of the circuit 
under test. 


Cut a piece of plain PCB, 30mm by 45mm and another of 15mm by 
45mm. Cut the smaller piece into three measuring about 15mm. square. 
Stick the three small pieces to the larger piece, ensuring that there are small 
gaps between each, as Figure 2 shows. Solder the components in place. The 
connection to the multimeter should be thin coaxial cable or screened 
microphone cable. If you use unscreened cable, there may be RF pickup here 
which can lead to false readings. 


Simple to use 


Using the probe is simple. Connect it to the multimeter and set the meter to 
around 10V DC ~ you may need to reduce this, depending upon the 
magnitude of the RF voltage you are trying to measure. Hold the probe by 
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its base, being careful not to touch any of the components. Connect the croc 
clip to a ground point on the circuit and touch the probe on the circuit point 
to be tested. If an RF signal is present, there should be a reading on the 
‘multimeter. That's all there is to it! 


Parts list 


Capacitors 
1,210 nanofarads (nF), or 0.01 microfarad (yF) ceramic 
Semiconductors 
D1,D2 Any germanium signal diode, e.g. OA91 or AALL9 
‘Additional items 


Stiff copper wire 
Insulated flexible wire 
Copper-clad PCB 
Crocodile clip 

Coaxial or screened cable 


Source 


All components are available from Maplin. 
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Figure 1 RF activated relay 


An RF changeover circuit 


How it’s done 


The circuit is shown in Figure 1, and uses the signal from the transmitter to 
operate a relay. A relay is a switch which is operated electrically in the 
following way. A coil of wire with an iron core is used as an electromagnet. 
When current flows through the coil, it produces a magnetic field which, in 
turn, is used to pull a set of switch contacts. These contacts will be used to 
switch the aerial from transmitter to receiver and vice versa. The relay used 
here has a double-pole changeover (or DPDT, or DPCO) switch. If you are 
confused by the different types of switch, look at the basic descriptions 
elsewhere in this book. The pole of a switch is the part that doesn’t move; in 
Figure 1, one pole is connected to L.1 and the other to the aerial output. In a 
circuit diagram, the switch contacts are always shown in their normal state, 
i.e. when no current flows in the relay coil. The changeover switch is normally 
in the receive position, so we say the receive switch is normally closed, and the 
transmit switch is normally open. We choose to have the circuit in the receive 
position normally, because everyone spends a lot more time receiving than 
transmitting, The relay is energised only when you are transmitting 


‘There are three RF sockets ~ one for the transmitter, one for the aerial, and 
‘one for the receiver. When the transmitter is not in use, there is a direct 
connection (via the Rx normally closed contacts of the relay) between the 
aerial and the receiver. The transmitter (which is not keyed at this time) is 
connected to a 50 ohm dummy load, RI 


When the transmitter is activated by pressing the Morse key, an RF signal 
appears at the transmitter socket. The wire carrying the signal to the relay 


Relay contacts 
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Figure 2 Component details 
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‘Tx contacts passes through a toroid (a ferrite coil former, looking like a 
black Polo mint), which has a five-turn coil wrapped around it. This five- 
turn coil picks up the signal, which is then detected by D1 and D2, and 
converted to a steady voltage. C1 removes any remaining RF and C2 
provides hang. Without it, the circuit would detect the gaps between every 
dot and dash being sent, and switch the aerial over very rapidly and very 
frequently! This is not what we want. We need the relay to remain in the 
transmit condition at normal Morse keying speeds, and then return to 
receive when the sending is complete. The combination of C2 and R3 
achieves this. 


‘The voltage appearing across C2 is fed to a VMOS field-effect transistor 
(FET), TR1, which acts as an electronic switch. When a voltage appears 
across C2, the FET switches on and passes a current through the relay coil, 
changing the contacts from receive to transmit. The diode, D3, across the 
relay winding protects the FET from being damaged by the large reverse- 
voltage spike which occurs across the coil when the FET switches off. 


Construction 


‘This is very simple ~a circuit board is not required. The prototype was built 
into an old 50g tobacco tin. All ground leads are soldered directly to the tin, 
thus supporting the components automatically. Phono sockets were used for 
the aerial, receiver and transmitter; you could use whatever connectors 
matched the rest of your station. The 12V supply is fed through the tin 
using a 1000 pF feed-through capacitor, C3. 


‘The ‘dummy load’, R1, must be able to withstand the RF output power of 
the transmitter. For novice use, 4 watts is adequate. Two suggestions for 
making up R2 from standard resistors are shown in Figure 2. Six 330 ohm, 
1 watt resistors in parallel have a combined resistance of 330/6 = 55 0 at 
6W. Two 100 ohm, 2 watt resistors in parallel have a combined resistance 
of 100/2 = 50 at 4W. 


WNIOKM bes 
ae 
~<—p- 
ontares fa 8 


“4 Suggestes ways to make RI 


How to solder 


This pdf refers on informations from the site: htip://store,curiousinventor.com/guides/ 
Have also a look to the Tmin. Tutorial video on: httpy//store,curiousinventor.com/guides/How to Solder 


Select a Soldering Iron 


A.25 of 30 Watt iron should suffice for most small electronics work. 


1 


Most soldering "guns" are vastly overpowered for electronics soldering and can easily overheat 
components or expose them to harmful voltages. However, some people cleverly use them to solder 
‘multiple leads on surface mount devices. Soldering "guns" are for plumbing and much heavier duty 
applications, and are usually over 100 Watts. The "guns" work by passing high currents through the 
tips, and these currents can generate voltages that damage electronic components. Also, magnetic fields 
from guns with transformers can damage some electronics.By forming the heating element in the shape 
of of the chip, a soldering gun can be used to heat many leads simultaneously. 


How much wattage do you need for a particular application and how does wattage relate to tip 
temperature? 


‘A loose analogy: Imagine a car tire has a leak, but you're trying to keep it inflated by pumping air into 
the tire at the same time it's escaping out the leak, The bigger the leak, the more air you have to pump 
into it to keep the pressure up. Ifthe tire pressure represents tip temperature and the air lost through the 
leak represents heat lost through the tip, then wattage represents the maximum amount of air your pump 


could supply. Once more air escapes through the leak than your pump can replace, the tire pressure (or 
tip temperature) starts to drop. 


Ifyou had a very small leak and a huge pump (say a 100 Watt iron equivalent), you might be afraid that 
the pump would cause the tire to explode since so much more air is going in and so little going out. But 
if you have a nozzle to regulate the pump's air, you could only allow just the right amount of air in to 
replace what's lost through the leak. This is how "temperature controlled" soldering irons work. As long 
as you aren't losing more heat out of the tip than the iron can replace (up to its rated wattage). it will 
automatically regulate just the right amount of heat into the tip to maintain the same temperature 


However, typical plug-in irons have no such regulation, A 15 Watt iron always delivers 15 Watts of 
hheat to the tip, and the tip temperature stops increasing only when 15 Watts of heat escape through the 
air. When the tip touches a part, its temperature drops, and if the part you're soldering can dissipate 
‘enough heat, the temperature will keep dropping until it won't melt solder any more. After the iron is 
pulled away from the joint, the temperature will climb again. There is some amount of natural 
regulation: as the tip gets hotter, it dissipates more heat, and as it gets cooler, it dissipates less. 


Usually, the bigger the component the more heat it can absorb and dissipate, so the general rule is that 
‘you need more wattage for larger parts. I you're just soldering small resistors and ICs, 15 Watts will 
probably suffice, but you may have to wait a bit in between joints for the tip to recaver. If you're 
soldering larger components, especially ones with heat sinks (like voltage regulators), or doing a lot of 
soldering, you'll probably want a 25 or 30 Watt iron. For soldering larger things like 10 gauge copper 
‘wire, motor casings, or large heat sinks, you may need upwards of a SO Watt iron or more. The 
following video shows what happens to tip temperature as 15, 25, and 40 Watt irons solder various 
sizes of wires and components. For cheap irons, higher wattage does indeed mean higher temperatures! 


‘What is the difference hetween cheap RadioShack® irons and more expensive ones like Wellersi®? 
‘What do $100+ and $400+ soldering "stations" have over the cheaper kinds that plug straight into the 
‘wall? expand Among the irons that plug straight into a wall and don't have a separate station, the dirt 
cheap kinds will work satisfactorily for many applications. From personal experience, the tips on 
RadioShack® irons often come loose and sometimes can be impossible to remove. The irons can also 
zt uncomfortably hot to hold after several hours of use. The more professional Weller (or other) lines 
are made for longer, continuous use and have insulation on the handles that keeps them cooler. They 


Figure 3 Receiver input 
protection 


An RF changeover circuit 


‘Make sure all the contacts to the relay are correct; also ensure that TR1, C2, 
D1, D2 and D3 are correctly wired. 


Winding the toroid, L.1, is very simple. It is made from PVC-insulated hook- 
up wire. Each time the wire passes through the centre of the toroid counts 
as one turn, The wire from the transmit socket to the relay simply passes 
through the centre! Use thin 50 £2 coax for the leads to the three sockets. 


What happens to the receiver? 


On transmit, the receiver is not connected to the aerial, but is only the 
separation of the switch contacts (about 0.5 mm!) away from the transmit 
lead. The receiver will pick up the transmitted signal, and there is a 
possibility that this signal will be enough to damage the receiver's sensitive 
input circuits. This can be prevented with the simple addition shown in 
Figure 3. Two diodes are connected back to back across the receiver socket. 
‘These act as a limiter, reducing the amount of signal that can enter the 
receiver. Solder these directly between the receiver socket and the tin. 


Daan 05 
INS14 or 
similar 


War 


‘The wiring must be thoroughly checked. If the relay switch connections are 
‘wrong, there is a great probability that the full RF power will be applied to 
your receiver! You can check these connections as follows. With the 12V 
supply connected, check that the relay energises (clicking sound heard) 
when the FET drain (d) is shorted to earth. Check the aerial and receiver 
connections with an ohmmeter or continuity tester. Disconnect the 12V 
supply, and check that there is continuity between the centre pins of the 
aerial and receiver sockets. Reconnect the 12 V supply, short the FET drain 
to earth again (this will not damage the FET) and check that there is 
continuity between the centre pins of the aerial and transmitter sockets. If 
these tests show correct operation, disconnect the drain shorting wire (most 
important!) and your aerial auto-changeover is ready for use! Avoid using 
the device without the lid fitted. 
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Parts list 
Resistors: 0.25 watt, 5% tolerance, unless otherwise stated 
RI 50 ohms (@) ~ see text and Figure 2 
R2 1 kilohm (kQ) 
R3 10 kilohms (k®) 
Capacitors 
ef 100 nanofarads (nF), 0.1 microfarad (uF) 
= 47 microfarads (WF) 15 V electrolytic 
for 1000 picofarads (pF) feedthrough 


Semiconductors 
D1,D2,D4,Ds_—IN914 
D3 1N4001 
TRI VNIOKM 


Additional items 
im "T37-43 toroid 
Relay 12V DPDT (DPCO) relay 
‘Three sockets to suit (phono, $0239, etc.) 
‘Thin coax cable and hook-up wire 


A low-light indicator 


Introduction 

This is a simple one-evening project that can be built for the pure fun of it, 
‘oF to use as the basis of a more complex project to switch your shack lights 
‘on when it gets dark! In its prototype form, it simply flashes an LED when 
‘the ambient light level drops to a preset point. 


Operation 


‘The heart of the circuit shown in Figure 1 is a photo-conductive cell, also 
called a light-dependent resistor (LDR), a device whose resistance changes 
according to the amount of light falling on it. In bright light, the resistance 
is low (about 1k), whereas in the dark, its resistance is very high (up to 
10M®). The cell is made from a semiconducting material known as 
cadmium sulphide (CdS), and is enclosed in a small plastic container. The 
semiconductor is laid on a flat insulating surface in the form of a small flat 
ribbon. The ribbon construction gives a good area of surface for a given 


A low-light indicator 
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length of ribbon, and the length of the ribbon is maximised by laying it out 
in a zig-zag pattern, as can be seen diagrammatically in Figure 2. In the 
dark, CdS is an insulator; when light falls on it, electrons are released inside 
the CdS, making it conduct. The more light there is, the more electrons there 
are, and the resistance falls. 


In this circuit, the LDR is connected across the 9V supply in series with a 
variable resistor, VR1. In this arrangement, the voltage that exists across the 
LDR will be determined by the light level. As the light intensity increases, 
the resistance of the LDR falls, dropping a smaller voltage across it. The 
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reverse happens when the light intensity falls ~ the voltage across the LDR 
increases. This voltage is used to drive an npn transistor, TRI, connected as 
an electronic switch. As the voltage on the base (B) rises, it will reach a point 
where TRI will suddenly start to pass current, just as an ordinary switch 
does when pressed. The current flowing through TR1 also flows through a 
flashing light-emitting diode (LED), D1 and its series resistor, R1. D1 can be 
a steadily glowing type, if preferred. If you want to make the circuit switch 
the LED on at a different ambient light level, adjust VR1. 


Construction 


‘The prototype was made on an eight-tag tagboard (Figure 2). The resistors 
R1 and R2 can be laid on the tagboard for soldering, the rest of the 
components lying above or to the side of the board. Check the circuit after 
you have soldered everything on, then connect the battery. The LED should 
flash if you put your hand over the LDR, and VR1 can be adjusted to vary 
the point at which the LED lights. The project can be housed in a small 
plastic box with holes provided for the LDR and LED and an on/off switch 
if you want one. 


Parts list 
Resistors: all 0.25 ohm, 5% tolerance 

RL 220 ohms (0) 

R2 1 kilohm (kQ) 

VRI 22 kilohms (k®) linear pre-set 
Semiconductors 

LDR ORPI2 

TRI -2N3053 npn 


LED1 Flashing LED 


Additional items 
Plastic box: 
‘Tagboard with 8 tags 
PP3 battery connector 


A low-light indicator 


43 A J-pole aerial for 50 MHz 


Introduction 


For FM communication (ie. voice and data) on the VHF bands, a vertical 
aerial is used to give all-round (non-directional) coverage. This is a half- 
‘wave aerial which can be fed at the end, thus removing the pri 
problem with the conventional 
is that the feeder should leave the dipole at right angles. This is no problem 
‘when the dipole is horizontal, but can be difficult for the vertical dipole. 


Basic facts 


A feeder must be connected to an aerial at a point where the impedance 
(AG ‘resistance’) of the aerial closely matches that of the feeder. The 
difference between the two impedances gives rise to the voltage standing- 
wave ratio (VSWR), which is unity only when the two impedances are the 
same. With 50 0 feeders, the feed point of a half-wave aerial is at the centre, 
where the aerial impedance is around the same value. At the end of a half- 
wave aerial, the impedance is high, so it is not a suitable point to connect a 
50 0 feeder. 


Connection at this point can be effected using an RF transformer. RF 
transformers actin the same way as ordinary transformers, except that they 
are much smaller, and usually comprise wires of particular lengths adjacent 
to each other. Figure 1 is a good starting point. It shows the aerial in its 
diagrammatic form. Notice that the aerial is in the form of an elongated 
letter ‘J’; this shape gives rise to its nickname ~ the J-pole. The quarter-wave 
RF transformer is the lower ‘U’ section below the half-wave element. At the 
bottom of the U section, the impedance is zero (this may become clearer 
later) and at the top of the U section it is high, thus matching the aerial 
impedance. The coaxial feeder cable is connected part-way up the U section, 
where the impedance is around 50 0. 


The practicalities 


Figure 2 shows the aerial as constructed. As it is about 4.5 metres high, it 
may be too high for the average house loft, but is ideal for mounting 
‘outside, supported by a non-metallic pole or hung from a tree branch. The 
upper half-wave section is made from 1.5mm insulated copper wire, as 
used in domestic mains wiring. The quarter-wave transformer below the 
half-wave section is made from 300 © balanced line (‘ribbon cable’). The 
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Figure 1 Overall dimensions 
of the 6 metre J-antenna 
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300¢m 


45m 


45em 


wires at the bottom of the transformer section are stripped of their 
insulation, twisted and soldered. At the upper end, only one wire of the 
balanced line is soldered to the bottom of the half-wave section. The other 
wire of the pair is not connected and is left insulated. 


At the feed point of the transformer, the insulation needs to be carefully 
stripped from the balanced line. You will need a standing-wave meter (VSWR 
meter) in the coaxial line between your transmitter and the aerial, and you 
will need to adjust the position of the feed point. 45 cm from the bottom was 
the best point on the prototype, but this position is dependent upon the 
immediate surroundings of the aerial, and must be done when the aerial is in 
its final operating position. Warning: Never make adjustments to the feed 
point when the transmitter is on. Make a VSWR measurement, switch off, 
move the feed point, switch on again, make another measurement, and so on. 
You will need to aim for the lowest VSWR you can —certainly better than 2:1 
Having found the best position, wrap all the exposed wires with self- 
amalgamating tape, to seal them against the ingress of moisture. 


Figure 2 Construction 


AA J-pole aerial for 50 MHz 
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antenna 
5mm diameter 
insulated wire 
antenna Ar 
J solcerea 
connection 
Coaxial cable 
connected to 
ribbon cable 
(see text) 300 ohm 
ribbon cable 
matchng section 
Coaxial cable 


fetanscower. 


Coaxial 


connector End of ribbon cable 


insulation removed 
‘and wires joined 


Ye ‘and soldered 


How it performs 


Figure 3 shows a computer prediction of how the J-pole radiates. It is 
called a polar diagram, and shows the distribution of your transmitted 
power when viewed ‘from the end of your garden’. Most of your signal is 
sent at a fairly small angle to the horizontal; very little signal goes upwards, 
which is a good thing, of course. This also shows why the J-pole (or any 
other vertical aerial) should not be called ‘omnidirectional’, which means 
it radiates in all directions. It is omnidirectional only in the horizontal 
plane. 
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Figure 3 This polar diagram 
computed for the J-pole 
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Safety 


Where you mount your aerial is a matter of personal preference and the 
restrictions of height and space, but the following safety rules must be 
applied. 


1. Never fix an aerial where it may come into contact with power lines or 
telephone lines. 

2. When climbing a ladder to put up an aerial outside, make sure the ladder 
is safe and that it is secured. 

3. Don’t do this alone. Preferably have someone with you. If this is not 
possible, make sure someone knows where you are. 


Parts list 

3.00 metres ‘1.5 mm insulated copper wire 
1.50 metres 300 ohm balanced line 

As required 50 ohm coaxial cable 

As required _Self-amalgamating tape 
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44 Measuring light intensity — 


Figure 1 Circuit diagram of 
photometer 


the photometer 


Introduction 


Before the days of automatic ‘point-and-shoot’ cameras, a photographer 
‘would use a light meter or photometer to measure the light level, then 
manually convert this reading into shutter speed and lens aperture settings 
to ensure a correctly exposed negative. Modern cameras have quite 
sophisticated photometers, which control the shutter speed and iris 
settings automatically. 


A short explanation 


A simple photometer circuit is shown in Figure 1, and is based on a device 
called a light-dependent resistor, or LDR. As its name tells us, its 
resistance depends upon the amount of light falling on it. In bright light, 
the resistance is relatively low (about 1k), whereas in the dark, its 
resistance is very high (up to 10MM). The cell is made from a 
semiconducting substance known as cadmium sulphide (CdS), and_is 
enclosed in a small plastic container. The semiconductor is laid on a flat 
insulating surface in the form of a small flat ribbon. ‘The ribbon 
construction gives a good area of surface for a given length of ribbon, and 
the length of the ribbon is maximised by laying it out in a zig-zag pattern. 
In the dark, CdS is an insulator; when light falls on it, electrons are 
released inside the CdS, making it conduct. The more light there is, the 
more electrons there are, and the resistance falls. 
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The photometer circuit 


‘The circuit is simply a series connection of four things ~ the battery, the 
LDR, a variable resistor and a meter. A switch is also provided. The 
combination of the LDR resistance and that of VR1 determines the current 
flowing, which is indicated on the meter. Altering the resistance of VR1 sets 
the sensitivity of the photometer ~ you may want full-scale deflection of the 
meter needle for a bright light, or for a dim light. 


It is simple to make, and a plug-in type matrix board is ideal to test the 
circuit, so that you can decide if you want to make a permanent version. 
Connect all the components in series; the only change you may want to 
make is the connection to VR1. If you find that the sensitivity control seems 
to work ‘backwards’, simply unsolder the wire from the end tag of VR1 and 
solder it to the opposite end tag. Problem solved! 


In use 


As soon as you connect up the battery, you will probably have a meter 
reading because of the daylight falling on the LDR. Shading it with your 
hand should reduce the reading. If the meter needle is hard over against the 
end-stop, turn VR1 until it indicates about half-scale. The LDR is very 
sensitive, and will read zero only in a dark room. If you put on a torch to 
see what the meter reading is, the LDR will detect the torch light, and will 
give a reading! 


Here is a simple project where you can use the photometer in an experiment 
which has an analogy in radio. Draw a circle on a large (A3 or bigger) sheet 
of paper and divide it up into 30-degree sectors, as shown in Figure 2. Draw 
a series of smaller circles which divide the maximum radins into five. Look 
at the figure if you're not sure about this. Bring the LDR away from the 
circuit by using two long, flexible wires. The experiment must be performed 
in a darkened room (preferably in total darkness). Prepare a table with two 
columns, the left-hand one headed ‘Angle (degrees)’ and the right-hand one 
“Meter reading’. Fill in the left-hand column 0, 30, 60 . .. and so on up to 
360°. 


Place the torch in the position shown, with its lens at the centre of the circle 
and pointing along the 0° line; switch it on. Place the LDR facing the torch 
and adjust VR1 until you have full-scale deflection of the meter needle. 
Suppose the meter indicates 10 units at this point. Enter this into your table 
in the 0° row. Keeping the torch the same distance from the circle centre, 
and pointing at it, move the LDR round all 30° positions and record the 
meter readings. Switch off the torch and take the sheet of paper and your 
tabulated results into daylight! 


Lay the large sheet of paper on a table with your results beside it; then, at 
each 30° interval, plot the point along the radius corresponding to the meter 


ccan also take a wider variety of tips. 
‘Soldering iron "stations" usually provide some control over the heat being supplied to the iron tip. Ones 
that are temperature controlled automatically control the amount of heat delivered to the tip so that it 
remains ata set temperature. In every iron, when the tip touches a component, some heat is lost and the 
temperature drops. One measure of quality is the time needed for the tip to regain its temperature. A 
nice feature of many soldering stations is that the tip heats up in seconds after you turn it on. 

Many stations also allow you to hot-swap the iron tip, which can be very helpful if you're alternating 
between surface mount joints and larger components. 


If standard tn-Lead solder melts below 400 °F (and lead free below 00 °F), why do most soldering 
irons have tip temperatures between 600 and 800 °F? Just what is the right soldering temperature? 
expand The basic reason that tips are so much hotter than solder's melting point is because that 
difference helps to transfer heat faster to the joint. What is the "correct" temperature is a debatable 
topic, but a common rule of thumb isto start off at 600 °F and increase from there until acceptable 
results are achieved. Typical Kester (a solder manufacturer) datasheets recommend 600-700 °F for lead- 
based solder, and 700-800 °F for lead-free solder. "No-clean” or "low solids" fluxes will burn off before 
a joint can be made with higher temperatures, so low temperatures (below 700) may be essential for 
these fluxes. 

From Kester’ hand-soldering knowledge base: "When hand soldering with a rosin flux such as the 
Kester #44 or the #285 the recommended iron tip temperature is 750°F. If you are soldering with a low 
residue no clean solder such as the #24Sor #275 we recommend a tip temperature of 600-650°F, 

What are acceptable results? The goal is to heat up the parts enough so that solder will adhere to them 
and form a good bond. The higher the iron temperature, the faster it will heat up the pars, so why not 
set it extremely high to work faster? 

Besides the obvious inereased risk of overheating components and the board, higher temperatures cause 
the iron tip to oxidize faster and can significantly reduce its life. Some claim a 10°C rise reduces tip 
life by half fof p33). For occasional use, though, tip life may not be much of a factor, especially ifthe 
tip is kept covered with solder at all times. 


‘Tip size and shape: a basic guide is to pick a tip that's slightly smaller than the pad you're soldering to, 
From there, you want a tip with a large thermal mass and short stroke (why?) In most soldering irons, 
the tip is not actually the heater, but sits in between your work and the heater. You can think of it like a 
heat bucket that empties into your work and gets filled again by the heater. Typically touching a 
‘component empties heat out of the tip much faster than the iron can replace it, and if you have a small 
bucket (tip), the temperature will quickly drop to an ineffective level. 

Especially if you have a small wattage iron (15 Watts or less), the temperature will drop before you can 
heat up a larger part, or you'll have to wait a bit in between joints for the tip temperature to recover. 
With a bigger bucket (tip), you can handle larger joints with smaller wattage, but eventually you'll need 
to step up the wattage. 

‘The "stroke", or length of the tip should be minimized to get the heater closer to the work; it takes some 
time for heat to transfer through the tip. This is balanced with the need to get into tight places where 
you need a longer tip. 


What do common tip shapes look like and what applications are they best for? 
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reading. Then, join up all the points and you have what is called a polar 
diagram of light intensity. The use of the word ‘polar’ implies that the 
readings have been taken ina circle and plotted that way. 


Light waves and radio waves are both examples of electromagnetic 
radiation. The torch is designed to ‘beam’ its radiation in a particular 
direction, just like an aerial does. Hence the use of the word ‘beam’ for a 
directional aerial. If a similar polar diagram is drawn for a Yagi-type 
aerial, it will show the same general characteristics as does Figure 2, 
namely a main direction (or ‘lobe’) where most of the energy is 
concentrated, with evidence of sidelobes, indicated by ‘lumps’ on the 
otherwise smooth main lobe. 


Also in this book you will find a project for the construction of a UHF field- 
strength meter, which you could use to carry out a measurement of the polar 
diagram of a UHF aerial. 
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Parts list 


Resistor 
VRI 50 kilohms (Kk) linear 


Semiconductor 
LDRI—ORPI2 


Additional items 
Meter, 50 or 100 pA. 
Battery clip for single AA cell 
AA cell 


45 A 70cm Quad loop aerial 


Introduction 


This is a description of how to make an aerial for the 70.cm band which has 
gain compared with the ‘rubber duck’ or the dipole aerial. It can easily be 
jismantled and reassembled, making it ideal for contest use. 


The p 


‘Most aerials which comprise several similar elements arranged along a 
boom are variations of the design originated by Yagi and Uda, and which 
takes the name (for historical reasons) of the former, and is know as the Yagi 
array. Let us suppose we have a Yagi aerial beaming left to right in front of 
us. The elements get progressively shorter from the left (look at almost any 
‘TV aerial to see this). All the elements on a Yagi aerial are classified as 
follows: 


les 


‘© The reflector ~ the leftmost element as we look at the array. It is the 
longest. Next to it is: 

‘© The driven element ~ this is the element connected to the feeder, which in 
turn runs down to the transceiver. Itis slightly shorter than the reflector. 

‘© Allthe elements beyond the driven element are called parasitic elements, or 
directors. They are shorter than the driven element and usually get pro- 
gressively shorteras we progress to the right along the boom. The directors, 
are mainly responsible for the directivity (or beamwidth) of the array. 


‘A70.cm Quad loop aerial 


‘The progression from a simple dipole (a driven element in isolation) to a 
Yagi array is simple, but is nevertheless important. To make an aerial of two 
elements, a reflector (not a director) is added to the driven element. For 
three or more elements, directors are added to the two-element design. 
Adding more and more directors soon becomes impractical, the reduction in 
beamwidth (such as it is) does not warrant the extra expense, weight and 
wind resistance that is incurred. 


Instead of using linear (straight) elements, as in the generic Yagi, this design 
uses loops. Designs using squares of wire instead of loops are known as 
Quad aerials, and HF designs require large X-shape frames to support the 
large squares of wire. At 70cm, however, the use of wire loops is easier, and 
they are self-supporting. 


Construction 


‘This is quite simple. Any type of material (metal, plastic, wood) can be used 
for the boom (the support for the elements) and for the mast. The elements 
are made from 14 SWG enamelled copper wire. 16 SWG hard-drawn aerial 
wire, which is not enamelled, has also been used with success. Thinner wire 
might result in a rather ‘floppy" aerial! The separate parts of the aerial are 
held together with jubilee clips (hose clips). 


‘The driven element is secured to the boom with a jubilee clip and a three- 
connector plastic connector block as shown in detail in Figure 1, and in the 
photograph. Cut the wire for the driven element 70mm longer than the 
700mm indicated in Figure 1. Then, using sandpaper, remove the enamel 
from one end to a distance of 20mm, and from the other to a distance of 
50mm. After forming the loop of the driven element, bend both stripped 
ends through 90°, and insert them into the first to holes of the plastic 
connector block (Figure 1). Do not tighten the screws yet. Push both ends 
into the block as far as they will go, then bend the 50 mm end back on itself 
and pull the ends back through the connector block so that the end you have 
just bent goes into the third hole in the block. Now tighten the screws in the 
block and in the jubilee clip. 


Each director and the reflector should be made 40mm longer than the 
circumferences shown in Figure 1. Strip the enamel, as before, from the last 
20mm at each end, Form the wire into the loop, slip the ends under the 
jubilee clip (Figure 1) and tighten it. You may find that it helps to solder the 
stripped ends together before securing the jubilee clip. 


‘The boom is fixed to the mast using jubilee clips and wire, as shown in 
Figure 1. Solder the feeder cable to the driven element, with the braid 
soldered to the end of the driven element which is connected to the boom 
(this applies to metal booms; with plastic or wooden designs, the feeder 
connections are not critical) 
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Figure 1 70 cm 4 element quad construction, with detail of how hose clamps are used in the construction 


You will need a plug on the shack end of your feeder to suit the transceiver, 
aerial tuning unit (ATU) or the standing-wave meter (SWM) you are using, 
Always connect these in the order: transceiver ~ SWM ~ ATU ~ aerial. 


Testing 


Always test aerials outside and away from buildings (if possible!). This 
avoids getting misleading results. 


Use a rubber duck, or whatever aerial you usually use, and tune around to 
find a repeater or beacon signal which is consistent. Note the reading on the 
S-meter. Then, connect your new Quad loop. Rotate it to give the strongest 
S-meter reading (don’t forget itis directional). Verify that the meter reading 
varies as you rotate it. How does the S-meter reading compare with the 
original reading? Much depends on the siting of your original aerial; if you 
are comparing your Quad loop at ground level with a vertical on the 
chimney, you wouldn't expect your new aerial, even with its gain, to 
‘outperform a vertical which is well elevated! 
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‘Now a test on transmit is called for. The use of an SWR meter is essential 
here. Find a clear frequency and check that it really is clear before 
announcing your presence and carrying out the test. A reading of 1:1 is 
excellent, but any value less than about 1.8:1 would be acceptable. You can 
measure the directivity of your aerial using the field strength meter, also 
described in this series. 


Materials 


4 metres of 14 SWG enamelled copper wire 
‘Material for boom and mast 

15 amp connector block 

7 Jubilee clips 


‘The enamelled copper wire is available from AA&A Ltd, Sycamore 
House, Northwood, Wem, Shropshire SY4 SNN. Everything else is 
available from most hardware stores. 
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46 A UHF field strength meter 


Figure 1 Construction of the 
UHF field strength meter 
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Introduction 


Itis always interesting, and often useful, to know just where the radiation 
is going from your aerial. How much of your radiated energy is going in the 
of the station you are in contact with, and how much is 
ly wasted? Some of these questions can be answered with 
the use of afield strength meter. A field strength meter is simply a receiver, 
stripped down to its bare essentials, such that it responds only to the 
magnitude of the carrier. The use of a field strength meter assumes that the 
aerial under test is radiating a continuous carrier. Don't forget to find a 
lear frequency and identify your transmissions at least every quarter-hour, 
in order to comply with the terms of your licence. 


Description 


‘Two types of field strength meter are shown in Figure 1. You will 
recognise both circuits (Figure 1b particularly) as being types of ‘crystal 
set’ with a meter replacing the headphones. Figure 1a is a broad-band HF 
design (there is no tuning provision) and Figure 1b is tuned in the same 
way as the crystal set; with a loop of wire as an aerial, it will perform well 
in the VHF/UHF range. 
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A tuned field strength meter also doubles as an absorption wavemeter if it 
is well calibrated. Such devices are useful for detecting transmitter 
harmonics also. This design is intended for use in the UHF band, so it will 
have to be sensitive around 432 MHz. 


Figure 2 Assembly of the 
field strength meter 


A UHF field strength meter 


Construction 


The field strength meter comprises a loop of wire, 600 mm long, which acts 
both as aerial and as the tuning inductance, a diode, a capacitor, a connector 
block, a meter and a length of twin wire. All the components, with the 
exception of the meter, are fixed to a pole with a jubilee clip, as shown in 
Figure 2. The meter should have a sensitivity of between SOA and 100 pA, 
or a multimeter can be used. The multimeter is more flexible, as you can 
select different current ranges, giving you a range of sensitivities. 


Using the field strength meter 


Connect your meter to the ends of the twin wire from the pole. Place a hand- 
held transceiver about 2 metres away, and press Transmit. If there is no 
meter reading switch off the transmitter and check the wiring. If the needle 
attempts to go negative, simply reverse the wires to the meter. Ifthe reading 
is too high, either move the transmitter further away, or increase the current 
range on the multimeter. ‘Try changing the orientation of the transmitter 
aerial, and note how the signal varies. 
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‘To measure the polar diagram (a graph of the signal strength against the 
angle between the aerial boom and the field strength meter, plotted on polar 
axes) of a beam aerial, mount the loop as far away from the aerial as you 
can, preferably at the same height, and rotate the aerial, say 15 degrees at 
a time, and record the signal strength, until the aerial has been turned 
through 360 degrees. If you need help plotting the graph, enlist the help of 
a friend who has done it before, or one who knows about polar graphs! If 
you have already built the Photometer project, you will have measured and 
plotted the polar diagram of the light intensity from a torch. Now you will 
see the great similarity! 


Parts list 

Capacitor 100 picofarads (pF) 

Diode Germanium, OA79 or OA91 

Connector block ‘10 A, 3-way 

Wire 600 mm of 16 SWG enamelled copper 
Length of twin cable for meter connection 

Clip Jubilee (hose) clip 


Christmas tree LEDs 


Introduction 


Anovelty ideal for the festive season, this circuit causes one LED at a time 
to light up around a small cardboard Christmas tree. 


Warning 


‘This circuit uses members of the integrated circuit family known as CMOS 
(complementary metal-oxide semiconductor). These use very little current 
and can be completed destroyed if they come into contact with the 
magnitudes of static electricity that most of us carry about when we walk on 
carpets and wear rubber shoes. You will never know if this wanton 
destruction has happened ~ all you will discover is that your circuit doesn't 
work and that you have tested everything. To avoid this problem do the 
following things: 


Christmas tree LEDs 


1. Before you open the little packet in which each IC is supplied, touch 
something which you know to be earthed - the metalwork of any 
equipment which is mains-earthed, for example. Then open the 
packet. 

2. Let the IC fall gently on the bench ~ don't pick it out with your fingers. 
‘Touch your earthed metalwork again. Pick up the IC and insert it gently 
into its holder. 

3. Repeat the process with the second IC. 


‘The circuit is safe from destruction while it is connected to the battery. 
However, when the battery is removed, the same care should be exercised 
with its handling, because there are no supply decoupling capacitors across 
each IC. 


Description 


Figure 1 shows the layout, and how the wires are connected from the circuit 
board to the LEDs around the tree. The circuit, shown in Figure 2, is quite 
complicated, so you need to be confident in your logical approach to circuit- 
building before you attempt this one! It uses two common integrated 
circuits (ICs). ICL is simply an oscillator which provides timing pulses for 
IC2, which ‘counts’ up to a maximum of 10. The outputs of the counter are 
indicated by light-emitting diodes (LEDs); red, orange, yellow and green are 
common colours which you can use. 


‘The circuit is built on a single piece of Veroboard measuring 29 holes by 12 
strips. Be aware that there is no strip labelled ‘I’, so don't make mistakes in 
your counting! 


First of all, cut the tracks in the positions shown in Figure 1 using a 3mm 
(4 inch) twist drill rotated between thumb and forefinger. Then, solder in 
the IC sockets, the notches facing row M. Wire up and solder in the links 
and then the Veropins for the connections to the LEDs and battery. Having 
done this, the resistors and the capacitor should be fitted. When wiring the 
LEDs, each cathode (the lead adjacent to the ‘flat’ on the LED encapsula- 
tion) is connected to R4, and the anodes go to separate pins on IC2. 


Testing 


Hold up your circuit board to the light and check carefully for solder 
bridges between adjacent tracks. Then check again that the wiring is correct. 
Place the ICs in their holders, with the notched ends lining up with those on 
the holders. Connect the battery, and the LEDs should illuminate in 
sequence. 


If you have no success, you are now wishing you had checked the circuit 
more carefully! Learn something from your mistake and it will not have 
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Screwdriver, spade, and conical are some of the more common tip shapes. Personal preference is the biggest 
factor when choosing a tip, but the goal is to get as much surface area contact between the tip and work as 
possible. Chisel and spade tips have more surface area at their ends, and also “hold” solder at their tips more 
readily than conical tips, which have a tendency to draw solder away. Even for fine pitch surface mount 
soldering, having a small flat at the end can be helpful 
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‘© There are myriad other tip shapes and sizes. The picture to the right shows one Plato catalog page of 
‘many. Some other non-standard shapes include a knife-blade (useful for fine pitch leads) and a surface 
‘mount desoldering tip. 
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To preserve tip life, the number one thing you can do is reduce the tip temperature (if your iron allows 
this). After that, ALWAYS keep a layer of solder on the tip to prevent the tip itself from oxidizing, and 
clean it in between uses. Put a glob of solder whenever you put it back in the stand, and before you turn 
it off. When heating up a new tip for the first time, hold solder against it so the tip can be covered as 
soon as the iron gets hot enough. 

‘The longer flux residues and oxides are left on the tip, the harder they are to clean off. They also can 
drastically reduce the tip’ ability to heat up a part, and prevent solder from "wetting" the tip. Regular 
cleaning of the tip before use is one of the best ways to prolong tip life and make soldering easier. It's 
important that solder "wet" or cling to the surface of the iron--without solder in between the tip and 
‘work the tip's ability to heat is drastically reduced. 


= What about gas powered irons and the Cold Heat® iron that is supposedly touchable 1 sec. after use? 
Butane (and other gas) powered irons are mainly used in situations where electrical power isn't 


Christmas tree LEDs 


been in vain! ‘The first thing to check is that the LEDs are the correct way 
round. If that is OK, then check the positions where the tracks are broken 
(intentionally!). After that, are the wire links in the right places ~ had you 
forgotten there is no row ‘I? Check all the wiring, then check again for 
solder bridges, and switch on again. One of these tests should have revealed 
a fault. If it still refuses to work, perhaps one (or both) of your ICs were 
damaged by static electricity, despite your precautions ~ or did you choose 
to ignore them? 


Parts list 
Resistors: all 0.25 watt, 5% tolerance 
RL 680 kilohms (kQ) 
R2, R3 10 kilohms (k®) 
Ra 470 ohms (0) 
Capacitor 
cl 0.47 microfarad (uF) min. metallised polyester film 


Semiconductors 


Additional Items 
5mm LEDs in choice of colours 
14-pin DIL socket for ICL 
16-pin DIL socket for 1C2 

PP3 battery clip and battery 
Veroboard, Veropins 

Insulated wire for links 
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48 An audio signal injector 


Figure 1 Circuit diagram of 
the signal injector 
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Introduction 


‘An audio signal injector is a device used to test audio frequency circuits. It 
is simply an oscillator running at a frequency in the audio range, so that 
‘when its output is fed to the input of an amplifier, it will produce a sound 
in the loudspeaker if the amplifier is working. The oscillation is so rich in 
harmonics that the signal can also be heard (sounding rather different) 
‘when injected into an RF circuit. 


The design 


‘The circuit is shown in Figure 1, and is a basic astable multivibrator, a free- 
running oscillator producing a roughly rectangular-wave output. The two 
transistors, TRI and TR2, operating as switches, switch on and off 
alternately at a frequency around 500 Hz. The prototype was constructed 
‘on plain matrix board (no copper strips), as illustrated in Figure 2. 


Both transistors are type BC108, which are only a few pence each new, and 
can be found at almost any rally. You can add an on/off switch, or simply 
disconnect the battery when you are finished using it. To make the unit in 
one piece, the battery can be taped to the board, as the diagram shows. 


‘The probe itself is made from a short piece of stiff insulated wire, soldered 
to a tag on the board; an earth lead is also soldered to the board, and 
terminated in a crocodile clip to attach to the ground lead of the equipment 
under test. 
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Figure 2 Component layout of the signal injector 


Using it 

After checking the wiring of the circuit, connect the battery. Find a transistor 
radio that is known to work. Carefully remove the case, switch on and apply 
the probe to the centre tag of the volume control. A very loud buzz should be 
heard from the speaker, indicating that the audio circuits of the radio are 
working. Using the injector to fault-find equipment you have made yourself is 
rather more instructive and rewarding, because you know where to inject the 
signal, and you should know what to expect when you do. 


Warning 


Do not work on any equipment connected to the AC mains. Work only on 
battery-powered circuits, for your own safety. 


Parts list 
Resistors: all 0.25 watt, 5% tolerance 
RI, R4 10 kilohms (kQ) 
R2, R3 330 kilohms (kQ) 
Capacitors 
C1, C2310 nanofarads (nF) or 0.01 microfarad (jwE) ceramic 
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Semiconductors 
TRI, TR2 — BCIO8 


Additional items 
PP3 battery and connector 
Matrix board 10cm by 3em 
6BA solder tags, 

‘Thick insulated wire for probe 
Crocodile clip 


49 Standing waves 


Introduction 


Everyone has, or should have, a standing-wave ratio (SWR) meter as part of 
isIher array of test gear. Most people know how to use it, but what does 
it really do? 


Before attempting to answer that question, we need to look at some aerial 
fundamentals. An aerial isa transducer, the word meaning ‘to lead across’. 
We use it whenever one form of energy is converted into another form. A 
bulb is a transducer; it converts electrical energy in the filament to radiated 
heat and light energy. Figure 1 shows the situation. 


An aerial, or antenna, is also a transducer; it converts radio-frequency (RF) 
energy in the feeder (or transmission line, to give it its proper name) into 
radiated electromagnetic energy, in the manner shown in Figure 2. The 
aerial has resistance, just like the bulb filament, and if the filament had zero 
resistance, there would be no radiated energy. In the same way, ifthe aerial 
had no resistance, there would be no radiation from it. 


‘Transmission lines should convey RF energy from transmitter to aerial with 
the minimum power loss. A common form of transmission line is the coaxial 


Figure 1 The light bulb 
converts electrical energy to 
electromagnetic light energy 


Figure 2 The antenna 
converts RF current to 
electromagnetic radio waves 
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cable. As you might expect, any feeder cable has a DC resistance caused by 
the resistance of the copper wire from which it is made. It also has an AC 
resistance, caused by the capacitance between the centre conductor and the 
braid, and by the inductance of the cable itself. This means that the feeder 
has an impedance, which is constant for the particular type of cable. This is 
what we call the characteristic impedance and, for the cables used in most 
amateur radio applications, it is 50 0. 


If this impedance can be made the same as that of the aerial (itis already the 
same as the impedance of the transmitter output), then the transfer of 
energy will occur with minimum loss. If the aerial and cable impedances are 
not the same, then there is a mismatch, which causes some of the RF energy 
to be reflected back towards the transmitter. We now have a situation where 
RF energy is flowing along the cable from the transmitter to the aerial (the 
forward wave) and, at the same time, flowing from the aerial to the 
transmitter (the reflected wave). The two waves interact along the cable and 
form a stationary pattern of voltage and current. The pattern is known as a 
standing wave, and can be visualised from the waveforms in Figure 3. The 
ratio of the maximum voltage to the minimum voltage on a given wave 
defines the voltage standing-wave ratio (VSWR), or just standing-wave ratio 
(SWR) for short 


‘The SWR meter is easy to use. It is positioned in the feeder between the 
transmitter and the aerial tuning unit (ATU) if there is one, or between the 
transmitter at the aerial otherwise. Most meters have a single meter and a 
four-position switch. The transmitter is first keyed and, with the switch in 
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the ‘calibrate’ position, the sensitivity control is adjusted to give full-scale 
deflection on the meter. The switch is then changed to ‘forward’ to read the 
forward power, to ‘reflected’ to read the reflected power, and to ‘SWR’ to 
read the value of the standing-wave ratio. When there is no reflection (see 
Figure 3), the meter should read 1:1 ox, simply, 1. 


Most SWR meters remain in the feeder line while the transmitter is 
‘operating, so the condition of the aerial and feeder can be constantly 
monitored. Problems with the aerial (such as water entering the feeder at its 
junction with the driven element) are immediately shown up. Without the 
use of the SWR meter, the situation would slowly deteriorate over several 
months and you would be left wondering why so few stations were 
answering your calls! 


50 A standing-wave indicator 
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for HF 


Introduction 


The standing-wave ratio (SWR) meter shows how well the aerial system, 
including the feeder, is matched to the output of the transmitter. This 
design does not measure SWR, but it gives an indication of when the SWR 
imum for a given system of aerial and feeder. The design is usable on 
the HF bands from 1.8 to 28 MHz, and can be used at 50 MHz with reduced 
sensitivity. 


Figure 1 Circuit diagram of 
the SWR meter 


A standing-wave indicator for HF 


How it works 


‘There are two types of wave in any feeder: the forward wave, which travels 
from the transmitter to the aerial; the reflected wave, which travels back to 
the transmitter from the aerial. The presence of a reflected wave is evidence 
that some of your transmitted power is not being radiated, but is being 
returned to the transmitter to be lost as excess heat. When aerial and feeder 
are perfectly matched, there is no reflected wave, and all the power from the 
transmitter is radiated. 


Referring to the circuit of Figure 1, a tiny fraction of the signal is removed 
by the transformer, TI, and by the capacitors, VCI and Cl. It is then 
detected by the germanium diodes, D1 and D2, and any residual RF 
removed by the capacitors, C2 and C3. The currents through the diode and 
meter (depending on the position of switch, $1) represent the forward and 
reflected signals. VR1 acts as a sensitivity control for the meter. 


It pays to shop around for a suitable meter. Surplus types from tape 
recorders and hi-fi equipment are usually ideal for this purpose. A new one 
‘would cost several pounds. The more sensitive the meter, the more sensitive 
your indicator will be. Meter sensitivity is given by the current required to 
give full-scale deflection (FSD) of the pointer. One with an FSD of between 
50 and 200 micro-amps (1A) is suitable for this circuit. The higher the FSD, 
the less sensitive the circuit. 


Construction 


‘The meter circuit and the sampling transformer (see Figure 2) are built and 
mounted on Veroboard of the copper-strip variety. It simplifies construction 
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Figure 2. Component layout 
of the SWR meter 
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but reduces the operational range of the meter to below 30 MHz because of 
the capacitive coupling between strips. The board has 13 strips by 30 holes, 
although you can reduce this if you have a smaller case. 


Firstly, cut the tracks at the three points shown. Then insert and solder 
Veropins for connections to the external components, the switch, variable 
resistor and the meter. Solder in the components starting with the resistors 
and followed by the capacitors and the diodes, ensuring that the diodes are 
inserted correctly. 


Now you have to wind the transformer, T1, on a small toroidal ferrite core. 
Wind the secondary with 15 turns of 36 SWG enamelled copper wire, 
spaced evenly over about two-thirds of the former. The turns should not 
overlap, and considerable care must be taken; the wire is very thin, will kink 
easily and will break if you apply too much tension. The ‘primary’ is an 8cm 
length of 50 0 coaxial cable which passes through the toroid on its way 
between the input and output connectors. The braid of the cable is 
connected to the case at only one of the connectors (sce Figure 1); this 
prevents the screen and the metal case between the two sockets forming a 
single, shorted turn. 


‘The ends of the secondary winding must be carefully stripped of their 
enamel with sandpaper, before attaching the toroid to the board with cotton 
or nylon fishing line. On no account must wire be used for this! 

Solder the secondary connections of T1 to the board and thread through the 
coaxial cable ready for soldering to the connectors. 


A standing-wave indicator for HF 


‘The case used was an aluminium box (Maplin LF02C), but any suitable 
metal box could be used. Aluminium is preferable, as itis easily drilled with 
simple tools. Use standoff insulators to mount the board in the case. Once 
this has been done, the leads from the board to the chassis-mounted 
components can be soldered. So can the coaxial cable passing through the 
toroid. Make the lead from the input socket to VC1 as short as possible. 


Setting up 

‘You will need a 50 © dummy load and a transmitter to set up your indicator. 
Connect the transmitter to SK1 and the dummy load to SK2. Set the toggle 
switch, $1, to forward and the sensitivity control, VR1, to mid-travel. 
Switch on the transmitter, and set VR1 for maximum meter deflection. 
Switch to reflected and adjust VC1 until the reading is minimum (ideally 
zero). This completes the setting up! 


Using the indicator 


For setting up an aerial, connect your circuit between the transmitter and 
the cable leading to the aerial. With $1 in the forward position, key the 
transmitter and adjust VR1 for maximum reading on the meter. Switch to 
reflected, and then adjust your ATU to give minimum reflected power. If 
your adjustments are to be made to the aerial itself, to give minimum 
reflected power, you must make a note of the reflected reading, switch off 
the transmitter, make a change to the aerial, Key the transmitter, and note 
whether the reflected power is greater or less than before. Then, make more 
changes to the aerial. Never adjust your aerial with the transmitter on. 
‘Make your adjustments on an unused frequency, and do it as quickly as 
possible, thus avoiding (or minimising) interference to other stations. 


Parts list 


Resistors: all 0.25 watt, carbon 5% tolerance 
(or Maplin 0.6 watt metal film) 
RI,R2 27 ohms (Q) 


R3 2.2 kilohms (k) 
VRI 10 kilohms (k®) linear 
Capacitors 


220 picofarad (pF) disc ceramic 50 VDC. 
0.1 microfarad (w) disc ceramic 50 VDC 
20 picofarad (pF) trimmer 
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Semiconductors 


D1, D2 OA91 germanium 
Additional items 
st Single-pole changeover (SPDT or SPCO) 
SK1, SK2 Coaxial sockets to suit station standards 


Veroboard ~ 13 strips by 30 holes 
Veropins (7 off) 

Amidon FT 50-43 ferrite toroid 

Meter, less than 200 pA FSD 

36 SWG enamelled copper wire 

Short length of UR43 or RGS8 coaxial cable 
Insulated stranded wire 

Aluminium box 

Standoff insulators for mounting the board 
Knob for the sensitivity control 


51 A moisture meter 


Introduction 


Dry tot (Merulius Lacrymans) can strike havoc in buildings, causing the 
timbers to decay and crumble to dust ~ hence the term dry rot. Wood is 
attacked only if its moisture content rises above 20%. 


Construction 


‘The circuit of the moisture meter is shown in Figure 1. The two probes 
touch the wood, and the current that flows between them depends on the 
moisture content of the wood. If the moisture is sufficiently high, the 
current, after amplification, will be enough to light the LED. 


‘The meter can be made on a piece of plain matrix board (no copper strips), 
as Figure 2 shows. The board is big enough (10cm by 2.5cm) to 
accommodate the PP3 battery, taped on. No case is needed, unless you want 


available. Weller sells some battery powered irons as well. 
Everyday Practical Electronics gives a pretty damning review of the Cold Heat iron here, in addition to 
having one of the better how-to guides out there. To summarize, the Cold Heat® iron has a forked end 
that you must bridge with the work or solder to turn on the iron, so it can be hard to hold it in a place 
that keeps it on and also effectively heats the part. Many people complain about pushing harder to make 
2 good connection and then having the brittle tips break. Running power through your work to heat it 
‘may not be the greatest idea with some parts. Finally, the iron doesn't get hot enough for alot of jobs, or 
cool enough to do anything like throwing it in your pocket right after use. But for something that's 
portable and cordless, heats up and down in under a few seconds, maybe it's worth the price ($20). 
Weller’ battery powered (S20) iron doesn't have a forked end and supposedly heats up in under 15 
seconds, but I don't know about cool-down time. 


Figure 1 Circuit diagram of 
a moisture meter 


Figure 2 Moisture meter, 
component layout 


A moisture meter 
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to leave the meter in a damp location for a protracted period! Make sure 
that the transistors and LED are mounted correctly. In Figure 2, the 
connections as shown to TR1 and TR2 are illustrated as if the transistors 
‘were transparent. An on/off switch is not really necessary, as only a very 
small current flows when the probes do not touch anything. Use solder tags, 
screwed to the board, to act as probes. 


After the assembly is completed, check your circuit one final time, and then 
connect the battery. Nothing should happen at first. If you lick your 
forefinger and hold it across the probes, the LED should light. 
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Using it 

‘The prototype was compared with a commercial moisture meter, and the 
LED lit when the moisture was around 20%. This was quite fortuitous, as 
the point at which the LED lights depends both on the separation of the 
probes and on the gain of the two transistors. 


In addition to searching for dry rot, the instrument may be used to monitor 
the moisture in the soil of household plants. In this case, probes made of 16 
SWG copper (ot enamelled) should be soldered on to the two tags, and 
should penetrate the soil to a depth of several centimetres, and R1 may 
require adjusting so that the LED extinguishes if the soil is too dry, and 
lights if the soil is sufficiently moist. If you wanted to leave the meter with 
the probes in the soil, an onvoff switch would be necessary. 


Parts list 
Resistors: all 0.25 watt, 5% tolerance 
RL 100 kilohms (k®) 
R2 15 kilohms (kQ) 
RB 180 ohms (2) 
Capacitor 
(an 0.1 microfarad (WF) polyester 


Semiconductors 
‘TRI,TR2 —_BC108 
LED Any shape or colour will do 


Additional items 
PP3 battery and connector 
Solder tags (2 off) for probes 
Matrix board 10cm by 2.5cm 
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52 Simple aerials 


VHF aerials 


For VHF operation, the aerial should be mounted as high as possible, either 
‘on a mast or on a chimney. For all-round coverage on FM and the local 
repeaters, a vertical colinear is a good choice. For SSB and CW DX operation, 
a horizontal rotatable beam is needed. If satellite working is envisaged, you 
will need to contemplate mounting an elevator on top of your rotator, so that 
your beam can point in any direction, including vertically upwards! An 
advantage of satellite working is that the aerials do not necessarily have to be 
‘up in the air, provided you have a relatively uncluttered site. Your rotator and 
elevator can be at ground level, which is good! 


If the VHF aerial is mounted on the chimney, use a double mounting 
bracket, particularly if you have a beam and rotator. Keep the TV, broadcast 
FM and amateur aerials as far apart as possible, and keeping the feeders 
separated is also a good plan. 


The dipole aerial 


‘One of the simplest types of aerial for single-band operation is the half-wave 
dipole. (The name ‘dipole’ simply means ‘two poles’ or ‘two elements’, and 
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Figure 1 Layout for a dipole 
aerial 
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in this case the total length of the dipole is approximately half a wavelength 
at the operating frequency.) Itis usually fed in the centre by coaxial cable as 
shown in Figure 1. The length of the dipole for the lowest frequency in each 
band is shown in Table 1. Normally, the length of the aerial will be 
‘trimmed’ to be tuned to the centre frequency of the part of the band in 
which you will operate. This is done using the data in the right-hand column 
of Table 1. As an example, suppose you wanted your aerial to be resonant 
at 3.7MHz. The table gives an overall dipole length of 42.86m for 
3.5 MHz. To resonate the aerial 200 kHz higher, then this length must be 
shortened by 2 x 0.595m = 1.190m, Your dipole would thus be 41.67m 
long. Remember to allow extra wire for fixing the dipole ends to the 
insulators. 


Table 1 Dipole lengths for lowest frequency of each band and the length to be 
trimmed from each to raise the resonant frequency by 100 kHz 


Band Dipote length Trim each end 
(ni) (m) (mm/10 kHz) 
18 333 2190 
35 42.86 595 
7 2143 150 
10 1485, 70 
“4 10.71 35 
18 833 20 
2 714 15 
24 6.03, 2 
28 536 10 
50 3.00 6 


Figure 2 Possible layout for 
a dipole aerial in a confined 
space 


Figure 3 Multi-band dipole 
aerial 


Simple aerials 


On the lower-frequency bands, the lengths become rather large. In this case, 
you can ‘bend’ your dipole, as illustrated in Figure 2. The length of wire 
required to give an acceptable value of SWR (less than 2:1 on transmit) may 
need to be different from the calculated value, so be prepared to 
experiment! 


Dipoles are single-band aerials, although they will often work acceptably on 
the third harmonic of their design frequency: a 7 MHz dipole often operates 
reasonably well on 21MHz. It is possible to operate several dipoles in 
parallel, as Figure 3 shows. Interaction between the elements can occur if 
the spacing between them is less than about 10cm. A multi-band dipole, as 
shown in Figure 3, has the elements separated with plastic spacers, and 
drooping ends to produce maximum spacing between the elements’ ends. 
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The long-wire aerial 


‘This aerial is simple, cheap, easy to erect, and suits most houses and 
gardens, as Figure 4 shows. Using an aerial tuning unit (ATU), an end-fed 
long wire can function on several bands when used with a set of radials or 
a counterpoise. Figure 5 illustrates the setup. The length of the aerial will 
determine the bands which will be covered. 
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Figure 4 Long-wite or 
inverted-L aerial 


Figure 5 How to connect a 
radio to a longwire aerial 
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A wire length of 10.5 m will work on the 40, 30, 17, 15 and 12m bands. 


A wire length of 15.5 m will work (with an ATU) on the 80, 40, 20 and 
12m bands and possibly (depending on your ATU) on the 17 and 15m 
bands. 


A wire length of 26.5 m will operate on all bands, but may be difficult to 
load on 10m. 


‘The wire lengths given here may need some adjustment because of the 
geometry of your particular house and garden. For receive-only purposes, 
the lengths are far less critical. 


In general, you cannot get a good radio-frequency (RF) earth from a first- 
floor (or higher) shack. Unless a good RF earth exists within a small fraction 
of a wavelength of the transceiver, an artificial ground comprising a single 
4 radial or counterpoise will be needed. You will need one counterpoise for 
each band you intend to use, and the wire can be concealed around the 
skirting-board of the shack, or under the carpet. Make sure that the free end 


Simple aerials 


Table 2 Lengths of elements for vertical antennas, radials for 
verticals and counter-poises for end-fed long wire antennas 


Band Element length 
(wnt) (m) 
18 39.66 
35 20.40 
7 10.20 
10 714 
“4 5a 
18 3.96 
a 34 
24 295 
28 255 


of each counterpoise is well insulated; this point can carry a very high 
voltage when you transmit; anyone coming into contact with this can suffer 
very severe RF burns. Counterpoise lengths can be read from Table 2. 


The vertical aerial 


‘The single-band vertical aerial is sometimes used by DX operators because 
it has a low angle of radiation, which favours long-distance propagation. 
However, it must be sited clear of obstructions and must have a good 
counterpoise or radial system. Illustrations of the vertical aerial are shown, 
and the lengths of the vertical and radial sections are given in Table 2. The 
centre of the coaxial feeder is connected to the vertical section, and the braid 
to the counterpoise or radial system, which is made up of four or more wires 
buried just below the surface and joined together near the base of the 
aerial. 


Cable entry to the house 


Bringing coaxial cable into the house by an open window must be regarded 
as.a temporary measure. Wooden window frames can be drilled, one hole 
for each feeder. Make the holes slope downwards from inside to out to 
prevent rain entering, and treat these with wood preservative. Leads from 
long-wire and inverted-L aerials should be kept separate from other 
cables. 


Alternatively, a plastic pipe large enough to take all your feeders could be 
fitted into the brickwork (again, sloping downwards towards the outside). 
You may want to let a friendly builder do this for you. 
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53 A breadboard 80m CW 
transmitter 


The circuit 


‘The transmitter circuit is shown in Figure 1. TR1 is a crystal oscillator, the 
frequency of which is controlled by crystal X1. A small trimmer capacitor, 
‘TCI, is added to allow the frequency of X1 to be varied by a small amount. 
If adjustment of this trimmer is made possible from the front panel, it is 
‘useful to adjust the transmit frequency to avoid other stations already on the 
crystal frequency. The collector load resistor, R2, of the oscillator transistor, 
‘TR1, determines the power output; a value of 3.3k® seems to work well in 
producing an output of 3 watts. 


‘TR1 is directly coupled to TR3, a VMOS transistor (a type of field-effect 
transistor (FET}). This acts as the power amplifier (PA) stage. TR3 should 


Figure 1 Circuit diagram of 
the breadboard transmitter 


‘A breadboard 80m CW transmitter 
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give about 3W output, which is then coupled to the output by C3. The 
radio-frequency choke (RFC) providing the drain load of TR3 is simply a 
few turns of wire on a ferrite bead 


‘TR2 is an interesting addition to the circuit. It is used as a switch to ‘key’ 
the PA, TR3. The transmitter could be built without TR2, just placing 
the Morse key between the top of the RFC and the 12 volt supply. Adding 
TR2 is helpful, because it means that one side of the Morse key can be 
grounded (always a good thing), and some degree of shaping of the 
output RF waveform is provided by R3 and Cl. This makes the 
transmission sound a little better and reduces the possibility of spurious 
frequencies being generated and transmitted. TR2 is a pnp transistor; note 
that it is the emitter of this transistor which is connected to the positive 
side of the supply. 


Some form of changeover switching is needed for the aerial. A double-pole 
changeover toggle switch can be used. See the chapter on switches, later on 
in this book. One pole is used to switch the aerial between transmitter and 
receiver; the other pole is connected in the 12 volt supply line, and is labelled 
RECEIVE/TRANSMIT ~ NETTING. Its use will be described later. In this 
simple circuit, the PA cannot work when the key is open, because the key 
breaks its supply (via the REC). When the key closes, TR2 switches on and 
applies the 12 volt supply to the top of the RFC. C2 is a decoupling 
capacitor, which prevents any residual RF signals at the top of the RFC 
reaching TR2. 
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Building 

‘The prototype was put together as follows. Take a piece of plain printed- 
circuit board (PCB) measuring 5 cm by 4cm. Then, with a new, sharp blade in 
a junior hacksaw, draw the blade horizontally across the surface of the copper 
in order ro make a pattern of 6 squares along the Scm side and 5 squares 
along the 4cm side. No more pressure should be applied than is necessary to 
cut through the copper! All the parts will be soldered on these pads in a form 
of surface-mount construction. To do this, each active pad (i.e. one that is 
going to have a component soldered to it) needs to be tinned. This means 
coating the pad’s surface with solder, and is carried out as follows. Place the 
hot tip of the soldering iron on to the pad, and hold it there for a second or so. 
‘Then, with the tip still in place, touch the end of your reel of solder on the pad, 
not the tip of the iron. The solder should flow evenly all over the pad, and you 
can remove the iron. The solder should solidify in a rounded, shiny blob! This 
provides a good surface for making soldered joints. 


‘To join component leads to the pads, cut each lead about 1em long, and then 
bend the last 2 mm at right angles to the rest of the lead. As you did before, tin 
the 2 mm length of each lead. Place the tinned portion on to the pad, and place 
the tip of your iron on the pad, close to the lead. The solder on the pad and on 
the lead will melt and run together; remove the iron and hold the component 
stilluntil the solder solidifies. When the joint has cooled, give the lead a gentle 
‘tug to make sure you have a good joint (a good mechanical joint is usually a 
good electrical joint, too!). Each transistor straddles three pads, so the centre 
lead will need to be shorter than the other two. Take care here to get the lead 
lengths right ~ if you do, you will be surprised how much more firmly the 
transistor is held than if you just botched the lead lengths by bending them to 
fit! Make sure the connections to the transistors are correct. 

Winding the REC is quite simple. Seven (or more) turns of thin (32 SWG) 
enamelled copper wire are threaded through a small ferrite bead. This 
requires care, because the bead is small and the wire is thin. Trim the ends to 
within about 1 cm of the bead, remove the enamel carefully with sandpaper 
and tin the bare ends, prior to soldering the choke to the board. 

After completion of the wiring, check the circuit against Figure 1. Bread- 
boarding a circuit like this has its advantages, but it can have disadvantages, 
to00. One of these disadvantages is that it can make circuit checking difficult. 
For a simple circuit like this, itis not too bad! Check that no solder has run 
between the pads. Plug in your crystal for the 80m band, and connect up the 
12V power supply. Do not connect the Morse key yet and do not switch on 
the power. 


Testing and operating 


Clear your workbench of all metallic objects, slivers of copper, bits of wire, 
etc., switch on your power supply. With an external receiver, listen on and 


What kind of solder (rosin cored, etc. lead-free)? What is flux and 
when is it necessary? 


Asa starting place, for most small electronics soldering, 1/32 inch (.03) rosin-cored, 60/40 (tin-lead) or 63/37 
solder should work fine. Rosin-cored lead-free is fine, too. Unless you have reason otherwise, don't use "no- 
clean" solder-~i's very likely that you don't need to clean the regular rosin-cored solder. The solder should be 
thin enough to prevent accidentally applying too much (and causing a solder bridge), but thick enough so that 
more doesn't have to be gathered from the coil too often. 


Flux cored wire at 30X 
magnification 


ptnventot com 


Besides affecting your feed-rate and convenience, the solder thickness also relates to the amount of flux that is 
delivered. Flux is basically a weak acid that removes oxides so that solder can adhere to the metal, and is so 
essential to the soldering process that it's built into the core of common wire-solder. It also helps the solder 
spread out (reduces surface tension), transfer heat, and acts as a protective blanket to keep oxygen away from the 
metal until solder displaces it 


For the most part, manufacturers include a sufficient amount of flux in the wire, but if you use an extremely thin 
wire there may not be enough to clean the joint OR the iron tip. Consider using a thicker gauge for cleaning the 
tip periodically if you're using especially thin solder. Liquid flux is helpful for SMD soldering, too. 


When picking a wire-solder, there are 4 features to decide on: flux type and amount (% weight), alloy (tin-lead, 
lead free, silver bearing, etc.), thickness and total amount (oz, IIb?) 


© Flux: 


lust what is flux, what kinds are there, and when do I need liquid flux? 


Why it’s needed: Solder doesn't just freeze on a joint, it actually forms a metallurgical bond by 
dissolving and chemically reacting with the base material. Unfortunately, almost all metals oxidize in 
air and form an oxidized layer that prevents solder from wetting and bonding to them. What is 
oxidation? 


Oxidation, is when Oxygen (or other oxidizing agents like sulfur) atoms combine with base materials, 
stripping loosely attached electrons and forming new compounds like iron(II) oxide. It is what happens 
when apple slices tun brown, iron rusts, copper turns black / green and unsolderable. (read references 
for more accurate/complete explanation) 


Results vary significantly. When iron rusts, the oxides flake off until no iron is left. Altematively, 
aluminum oxidizes extremely rapidly, but is then protected from additional oxidation by the oxide 
layer. This layer makes Al impossible to solder without using special solder and extremely aggressive 
flux, or plating the surface with a solderable metal, like nickel. The chromium in stainless steel fulfils 
the same function, oxidizing to form a protective barrier that is difficult to solder. Gold remains shiny 
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‘A breadboard 80m CW transmitter 


around your crystal’s frequency for a signal. Remember that the oscillator 
runs all the time and, because you haven't yet connected the Morse key, 
your receiver is close enough to pick up the signal from the oscillator. This 
confirms that your oscillator is running. Switch off. 


Connect the station aerial to the transmitter’s aerial socket, and the receiver 
to the transmitter’s receiver socket. Connect the Morse key, put the Receive! 
‘Transmit-Netting switch in the receive position and switch on. You should 
be able to hear stations in the normal way. Now put the switch in the 
‘Transmit-Netting position, Signals in the receiver should almost disappear, 
as the circuit has disconnected the receiver's aerial. 


‘Tune the receiver until you can hear your own crystal oscillator signal. This 
is known as netting, tuning your receiver and transmitter to the same 
frequency. Pressing the key will now transmit your signals when the switch 
is in the Transmit-Netting position; switch back to the receive position to 
listen for stations answering your call. As soon as you are happy that your 
circuit is functioning properly, you must build the low-pass filter circuit 
before using the transmitter regularly. 


Parts list 
Resistors: all 0.25 watt, 5% tolerance 
RL 100 kilohms (kQ) 
RD See ext 
R3 1 kilohm (kQ) 
Capacitors 
C1, C2, C3 100 nanofarads (nF), or 0.1 microfarad (uF) 
TCL 3-60 picofarads (pF) trimmer 
Semiconductors 
TRI ZIX651 
TR2 ZIX751 
TR3 VNIOKM 


Additional items 

7 tums of 32 SWG enamelled copper on a ferrite bead 
Double-pole changeover (DPD or DPCO) toggle 

For 80m band 


HC25 type 
According to station fittings 


185, 


Radio and Electronics Cookbook 


54 A 7-element low-pass filter 
for transmitters 


Introduction 


The simpler the transmitter, the more likely it isto radiate harmonics of its 
fundamental frequency. Harmonics are integral multiples of the frequency 
the transmitter is designed to operate. If you think you are 
18 on a frequency, f, for instance, you will also be radiating the 
harmonics of 2f, 3f, 4, ... and so on. This results in your signals being 
heard on several frequencies, spread over a very wide frequency range. You 
are also contravening the terms of your licence. To avoid this, itis always 
isable to use a low-pass filter between your transmitter and aerial. This 
a filter which will pass your signal frequency, f, and all frequencies below 
it, but will not pass (attenuate) frequencies above fto any significant extent. 
The value of fis known as the cutoff frequency of the filter. 


A design of 7-element low-pass filter 


A T-element low-pass filter (LPF) is so called because it has seven 
components, as the circuit diagram of Figure 1 shows. Filters containing 
any odd number of elements are possible: a 3-element filter would 
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Figure 1 Circuit diagram of 
filter 


A 7-element low-pass filter for transmitters 
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comprise Cl, L2 and C3 only, and is sometimes called a pi-network 
because the element disposition resembles the Greek letter pi (7); a 
S-element filter would comprise C1, L2, C3, L4 and C5 only, and so on. 
In general, the more elements the filter has, the more effectively it 
attenuates signals above f. 


‘The circuit of Figure 1 is designed to have an input and an output 
impedance of 500, which means that it can be placed in the aerial feed 
of any common transmitter. Filter design is a very complex business, and 
is best left to the experts. One such expert is W3NQN, who produced a 
number of computer designs of LPF using commonly available (preferred 
value) capacitors, and aimed specifically for use on amateur frequencies. 
‘The results of this work are condensed into Table 1. The inductors are 
wound on standard toroidal cores, and their details are included in the 
table. 


Table 1 Filter component values for each brand 


Band az as L6 “ Core Wire 
‘metres pF pF tums turns type Swe 
80 470 1200 25 a Ta72 2B 
40 270 680 19 21 72 26 
30 270 560 19 20 176 26 
20 180 330 16 v7 176 m4 
18 ca 20 2 “4 176 m4 
0 56 150 0 u 176 2 


Making the filter 


The filter was made originally as an adjunct to the Breadboard 80m C 
transmitter, which you will also find in this book. It uses the same 
constructional technique, based on a single piece of plain, copper-clad 
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Figure 2 Layout and 
construction of filter 
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PCB, with ‘pads’ created by using a sharp blade in a junior hacksaw. The 
cuts in the copper are shown in the layout diagram of Figure 2. There are 
two ways of mounting the components: the first way is to drill small holes 
in each pad, as shown in Figure 2, and mount the components through 
the holes in the normal PCB manner; the second way is to solder the 
components directly to the pads, in the way that was described for the 
Breadboard transmitter 


Winding the inductors is quite simple. All you need to remember is that 
each time the wire passes through the core counts as one turn. Cut off the 
spare wire at each end of each coil to about 1m, scrape off the enamel 
with sandpaper, and tin the exposed copper. See the transmitter descrip- 
tion if you are unsure of how to do this. Note the wire links between each 
of the lower pads, forming a solid ‘ground’ for the elements. The 
prototype had a plug and socket on the ends, to match the transmitter 
and aerial terminations. 


The type of capacitor used in the design is not critical; the polystyrene 
type works well. 
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Radio-frequency mixing explained 


Radio-frequency mixing 
explained 


Introduction 


Mixers find widespread use in electronic circuitry. Many of the projects in 
this book, together with every TV set and radio in the home, contain mixer 
ircuits — a good indication of their usefulness. 


Confused? 


Audio mixers (as used in recording studios and radio broadcast stations) are 
used to add or ‘balance’ the signals from various sources such as 
microphones, CD players, etc. These have nothing whatsoever to do with 
radio-frequency (RF) mixers, and should never be confused with them. 


RF mixers and beat frequencies 


Instead of adding signals (as in the audio mixer), the RF mixer multiples 
them together. As you might expect, this has an entirely different effect. The 
‘two signals entering the mixer beat or heterodyne with each other to 
produce signals on other frequencies. One example of this occurs in sound, 
when two musical notes of almost the same frequency are heard together. 
Instead of hearing two separate notes, the listener hears one note whose 
intensity (loudness) appears to increase and decrease. This intensity 
variation is called a beat, and its frequency is equal to the difference in the 
frequencies of the two original notes. The technique is used by musicians to 
tune their instruments. If one note is known to be a correct frequency, the 
other can be tuned to it by making the beat frequency as close to zero as is 
possible. 


Multiplying together 


‘The process of mixing presupposes that we have a device which will 
automatically multiply two signals together. Fortunately, this is easy; so 
easy, in fact, that it often occurs when we do not want it! Multiplying is 
achieved by any device which is non-linear; this means a device whose 
‘output is not a constant factor larger than its input, something that can be 
achieved by many electronic devices and circuits. 
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Figure 1 The effect of 
‘multiplying (or mixing) two 
signals together 
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Let us look now at what a mixer does in concrete terms. Suppose two 
signals, of frequencies fl and f2 go into our mixer. These signals are shown 
in Figure 1, Putting numbers in, to make the situation clearer, suppose f! is 
1.000 MHz and 2 is 160 kHz. The beat frequency is the difference of these: 
1.000 MHz. 0.160 MHz = 0.840 MHz, or 840 kHz. A mixer also produces 
an output at the sian of these frequencies; in this case the new frequency 
would be 1.000 MHz + 0.160 MHz = 1.160 MHz. 


Suppose you fed the output of your mixer, operating with these input 
frequencies, into a receiver and tuned around to find what frequencies were 
present. You would find two signals, one at 840 kHz and one at 1.160 MHz, 
showing that the two ‘new’ frequencies were very real! 


In addition to drawing out the waveform of the resultant signal, as in Figure 
1, we can draw the inputs and outputs on a frequency axis, to form a 
spectrum of the signal components. This is done in Figure 2. The top two 
diagrams show the input signals at f1 and 2. The bottom diagram shows 
the output signals in relation to the input signals. Depending on the type of 
mixer used, one or both of the input signals would be removed. 


Figure 2 The result of 
‘multiplying or mixing two 
signals together as seen on a 
spectrum analyser 


Figure 3 The basic idea of a 
superhet receiver 
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A mixer in every radio 


Basically, a mixer is used to change a signal from one frequency to another, 
something it does without altering the characteristics of the incoming signal. 
If the incoming signal is amplitude modulated (AM), then the frequency- 
changed signal would be AM also. The same applies to FM, SSB, CW, and 
all other modulation forms you can think of. This explains why mixers are 
often called frequency changers. 


Frequency changing is the key process in the type of radio known as a 
superheterodyne (or superhet). By mixing the incoming signal with a 
variable-frequency local oscillator as Figure 3, shows, the signal can be 
converted to the fixed frequency of a filter and amplifier. This is useful 
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because it is easier to make a very high-quality filter and amplifier at a single 
fixed frequency, than at a variable frequency. 


AIL TV receivers and virtually all radio receivers (and transmitters) use 
mixers. Both the Yearling and Colt receivers (see the relevant projects) are 
superhets, and use mixers 


A voltage monitor for a 
12V power supply 


Introduction 


If for any reason, the stabilisation of your main 12 volt power supply unit 
(PSU) breaks down, it is possible that a voltage much higher then the 
nominal 13.8V will be applied to your precious equipment. If you would 
like to know the instant that this occurred, and hence be able to switch 
things off before it was too late, then thi what you need. It wi 
sive audible and visual indications if the voltage rises above 14.4, and a 
visual indication only if the voltage is reduced. 


The circuit 


‘The circuit uses three ICs and is shown in Figure 1. The circuit is powered 
by the PSU whose output is being monitored, and the circuit’s immunity to 
supply line variations is secured by the 6 volt regulator, IC1. The heart of the 
circuit is IC2, an LM3914; itis a bargraph driver, which operates ten LEDs 
in a display resembling a thermometer ~ the string of lit LEDs increases in 
length as the voltage on pin 5 increases. 


‘The input voltage range on pin 5 is 1.2V maximum, making each LED 
correspond to one-tenth of this, which is 0.12 V, the step size. RI and R2 act 
as a voltage divider, so that voltages of up to the maximum of 14.4V may 
be applied to R1 without exceeding 1.2 V at pin 5. R3 sets the brightness of 
the LEDs and R4 determines the step size. 


IC3 is an opto-isolator, a device containing an LED and a phototransistor in 
‘one package. This enables the piezoelectric sounder to operate without 
affecting the operation of the bargraph driver. The input to IC3 is provided 
by the voltage on D8, so that if any of the LEDs at or above D8 are lit, the 


A voltage monitor for a 12V power supply 
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Figure 1 PSU monitor, circuit diagram 


sounder will operate, indicating overvoltage. Despite the fact that some of 
your other equipment might be damaged by this overvoltage, the monitor 
circuit itself is unaffected. 


Construction 


The prototype was built on two pieces of Veroboard of the copper-strip 
variety. The main (circuit) board measured 15 strips by 25 holes, and the 
display (LED) board measured 4 strips by 30 holes. Track cuts are necessary 
in each board. The correct places are shown for the main board in Figure 2, 
but there is sufficient flexibility in the layout of the display board for a 
prescriptive layout not to be needed. All the anodes of the LEDs are 
connected to the same strip, which makes things comparatively simple! 


For the main board, insert the Veropins and the wire links first, and solder 
them to the copper strips. Then fit the IC holders and the resistors. Fit the 
IC holders with their notches towards the top of the board. When fitting the 
voltage regulator, ICI, note than the centre lead (the ‘common’ lead in 
Figure 1) does not go to position A3; the track should be cut at A3, and the 
common lead soldered at B3. This is indicated in Figure 2. 


Wire up the LED board with its ten LEDs and 11 connecting wires, each 
about 10cm long. This length depends on how far away from the main 
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Figure 2 PSU monitor, PCB 
layout 
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board you are planning to mount the display. The LEDs should have 
different colours: three orange, four green and three red, to indicate ‘low’, 
‘medium’ and ‘high’ voltage. 


Now solder the other ends of these leads to the Veropins on the main board, 
making sure that the order is correct. Finally, connect the piezoelectric 
sounder to the main board; the polarity is important, so make sure the red 
lead goes to pin 4 of C3 and the black lead to the ground rail. If you were 
careful to fit the IC holders with their notches in the correct positions, 
match these up with the notches on the ICs before pushing home the ICs 
gently. Check your circuit for solder bridges and unwanted pieces of copper 
swarf before screwing the small heat sink to the voltage regulator, IC1 


Testing 


(a) With a variable-voltage PSU. Set the PSU for 10V, connect the circuit 
and switch on. Increase the voltage slowly, and check that each LED 
lights up after the one before it. As the voltage exceeds about 14.4 V, the 


because it doesn't oxidize, and is easy to solder to, but forms brittle joints. Heat, moisture, and salt all 
increase the rate of oxidation, 


(Oxidation can add a hidden cost to components and boards that may have been sitting on the shelf for 
long periods of time, or have been exposed to hot, humid environments. Copper pads on PCBs (printed 
circuit boards) are covered with solder or are plated to prevent oxidation, but given enough time, 
‘oxygen can still penetrate these barriers. Surplus parts in particular may need a bit of stcel wool. 


‘Some interesting references: 
rusting chemical reaction 

fairly understandable explanation of oxidation 
‘wiki/Corrosion 

wiki/Oxidation 


(Oxidation occurs much faster at higher temperatures, so even if you somehow had clean metals to start 
with, you would stil need flux to prevent new oxides from forming while soldering. 


‘The main choice to make when deciding on a flux, whether it comes in a cored wire or a liquid or paste 
form, is how aggressive it should be. The more aggressive or "active" the flux, the harder the oxides it 
can remove, and the faster it can remove them. Going from weakest to strongest, typical choices for 
hand soldering applications include: "no clean", RMA (Rosin Mildly Activated), RA (Rosin Activated), 
and water soluble, A newer classification system (J-STD-004) has recently been adopted and classifies 
fluxes not by rosin content, but by activity, material, and halide presence. 


‘The new system classifies flux by material (RO=rosin, RE=resin, OR=organic, IN-inorganic), activity 
level (Low, Moderate, High), and halide presence (0 or 1). No-clean, rosin-based no-clean fluxes might 
be labeled ROLO or ROLI. Although there is no direct translation between the old system and new, 
‘most Rand RMA fluxes fall under Low activity level, RA are generally labeled as Moderate activity, 
‘and water soluble are High activity. (source IPC-HDBK-001 www.ipe.org) 


‘The downside to choosing a more aggressive flux is that the residues left over after soldering MAY be 
corrosive, conductive, or enable femn-like growths called "dendrites" to grow between connections. A 
brief description (p.29) of dendrite growth and some great pictures at the end of this paper. 


Because of the risk of corrosion and dendrite growth, most manufacturers clean off the residue from 
RMA and RA fluxes, and some even clean "no-clean” residues. The question of what flux to use and 
whether / how to clean it is quite involved. 


Rosin flux is quite an interesting animal. Made from pine tree sap, at room temperature, i's an excellent 
insulator and non-corrosive. When it hits 226 °F it begins to turn acidic and attack oxides, but then 
‘when it cools it supposedly leaves residues that are again inert. Kester’s data sheet for "44" flux 
(classified as RA and ROMI) claims no cleaning whatsoever is necessary. I haven't read of any 
‘manufacturers that would use a RA (or even an RMA) flux and not clean it-the military won't even use 
a RA flux WITH cleaning because of the risk that some will be left behind. This Chemitronics author 
recommends cleaning even the "no-clean” fluxes. He also points out that even if the residue is non- 
corrosive and non-conductive, it might be tacky and attract dust that causes a short. 


To add one more piece to the puzzle, flux generally gets used up during the soldering process. Ths is 
‘why no-clean fluxes are oftentimes ineffectual for lead-free soldering, which can require slightly higher 
temperatures and longer heating because the lead-free solder "wets" slower. The no-clean flux can burn 
off before the joint is complete. Alternatively, if you apply liquid lux far froma joint, it may still be 
active (corrosive) if it never got heated. 


A voltage monitor for a 12V power supply 


first red LED should light and the sounder should operate. If an LED 
does not illuminate, you should immediately suspect either a dry joint or 
an incorrect LED polarity. The voltage at which the first red LED lights 
can be adjusted by varying R1; increase R1 if the LED comes on too 
early; decrease R1 if the LED comes on too late. 

(b) Without a variable-voltage PSU. For your ‘variable supply’, you can use 
several A-type 1.5 V cells (or 1.2 V NiCad cells) in series. The voltages 
produced by a range of cells is shown in Table 1 - because of the lower 
voltage of NiCad cells, more of them are needed to produce a given 
voltage. 


Once the operation of the circuit has been checked, it can be fitted into a 
plastic or metal box. Only two connections are needed for the PSU. You 
may want to drill some holes in the case to increase the apparent loudness 
of the sounder. 


Table 1 Test voltages available from batteries in series 


No, of batteries Voltage, nicads Voltage, dry cells 

7 a4 105 
8 96 2 
9 108 35 

0 2 8 

" 132 = 

2 “a - 

B 156 = 


Parts list 


Resistors: all 0.25 watt, 5% tolerance 


RI 11 kilohms (0) ~ see text 
R2 1 kilohm (k®) 
R3 1.2 kilohms (k®) 
R4 18 kilohms (kO) 
Semiconductors 
17806 
LM3914 


Opto-isolator ~ Maplin code WL35Q 
D1-D3__ 3mm LED, orange 
D4-D7_ 3mm LED, green 
D8-D10_ 3mm LED, red 
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‘Additional items 
LSI Piezoelectric sounder, wire leads 
6-pin DIL socket for IC3, 
18-pin DIL socket for IC2 
‘Veroboard ~ two pieces for main and display boards, see text 
for sizes 
Veropins 
Heat sink for ICL 
‘Single-core insulated wire for links 
Insulated stranded wire for interconnecting the boards 
Case as required 


57 A 1750 Hz toneburst for 
repeater access 


Warning 


‘This circuit uses a member of the integrated circuit family known as CMOS 
(complementary metal-oxide semiconductor). These use very little current 
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Figure 1 Toneburst module, 
circuit diagram 


A-1750Hz toneburst for repeater access 


and can be completed destroyed if they come into contact with the 
magnitudes of static electricity that most of us carry about when we walk on 
carpets and wear rubber shoes. You will never know if this wanton 
destruction has happened ~ all you will discover is that your circuit doesn’t 
work and that you have tested everything. To avoid this problem do the 
following things: 


1. Before you open the little packet in which the IC is supplied, touch 
something which you know to be earthed ~ the metalwork of any 
equipment which is mains carthed, for example. Then open the 
packet. 

2, Let the IC fall gently on the bench ~ don't pick it out with your fingers. 
‘Touch your earthed metalwork again. Pick up the IC and insert it gently 
into its holder. 


‘The circuit is safe from destruction while it is connected to the battery. 


Circuit description 


The circuit is shown in Figure 1. The tone is generated by an integrated 
circuit oscillator (IC1), whose frequency is controlled by a ceramic 
resonator, XL1. Its frequency is very high, and is divided down to the 
1750 Hz needed by the same chip. The ceramic resonator is designed to 
operate at 455 kHz, the intermediate frequency of many receivers. Because 
all divider circuits use powers of 2, we need the oscillator to run at 448 kHz 
so that when it is divided by 256 (256 = 28), we end up with 1750 Hz. Try 
it on your calculator: 


448 000 
1750. 
256 
st 
(see Fig 3) 
+ “> 


$y 
ot on Tx 


Onsco one 
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Figure 2 Veroboard 
component layout 


198 


We use C1, C2 and R1 to pull the frequency of the oscillator away from 
455 kHz to 48kHz. The divider chain has eight counters in it, and each 
counter divides the frequency of the signal it sees by two, giving the final 
division of 256. 


‘This counting process can be stopped at any time by taking the voltage on 
the reset pin (pin 12) up to the supply voltage. When the circuit is switched 
on by closing S1, pin 12 is at OV because C3 is discharged. The oscillator 
runs, producing the output frequency of 1750Hz. As time progresses, C3 
charges up through R2 and the voltage on pin 12 rises. When this has risen 
sufficiently, and in a time determined by the values of C3 and R2, the 
counter resets and stays in the reset state; no division takes place and there is 
no output. The duration of the toneburst is thus governed by C3 and R2. 


When $1 is opened, the circuit is switched off, and C3 is discharged through 
D1 and R3, ready for the next toneburst. If you have used a repeater, you 
will know that a toneburst is needed only to activate a repeater in the 
standby condition; it is not needed once a contact has been established. 


VR1 adjusts the amplitude of the tone fed to the microphone, and C4 
prevents any voltage that may be present on your microphone connector 
from damaging the integrated circuit. 


Construction 


‘The prototype circuit was built on Veroboard of the copper-strip variety, 
measuring 20 holes by 14 strips. The layout is shown in Figure 2. Make the 
track cuts first, and check that there are no slivers of copper wedged 
between adjacent tracks. Then, solder in the IC socket (with the notched end 
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Figure 3 Toneburst module: 
two alternative switching 
arrangements 


A-1750 Hz toneburst for repeater access 


facing towards track A), the wire links and the three Veropins. Having done 
this, solder in the resistors, capacitors and diode, making sure that DI and 
3 are the right way round! Using your best soldering technique, solder in 
the ceramic resonator quickly, to prevent heat damage. Recheck your 
circuit, check for solder splashes and bridges, and then gently insert IC1 into 
its socket, matching up its notch with that of the socket. 


Testing 


Set VR1 to half-way and connect a crystal earpiece to the output; apply 
power to the circuit. You should hear the tone, lasting for about half a 
second. If there is no tone, disconnect your circuit from the power supply, 
and check for dry joints in the vicinity of pin 12. Is the diode, D1, the correct 
way round? Is C3 the correct way round? Did you choose to ignore the 
CMOS safety precautions given earlier? 


Once the circuit is working, you need to decide how you are going to 
connect it to your transmitter. Two options are shown in Figure 3. If you 
have access to a point in your transmitter circuit that has between 9V and 
12V positive on it during transmit, you can use this to power your circuit. 
As the toneburst is needed only for repeaters, the switch, S1, disconnects it 
when not needed, as shown in Figure 3a. If you want the circuit to be self- 
powered, then a'9 volt PP3 battery may be used; Figure 3b shows this 
configuration. 
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‘The output from the circuit board is fed directly into the microphone socket, 
in parallel with the microphone itself; use thin coaxial or screened cable for 
this lead, or you may induce hum into the microphone circuit and suffer 
from RF breakthrough into the audio circuits. To adjust the setting of VR1, 
start with it at the zero output position and connect a dummy load to your 
transmitter. Slowly, increase the output while monitoring your transmitted 
signal on another nearby receiver. Make sure you do not increase the output 
so far that the signal sounds distorted. If you would prefer that the tone was 
‘on continuously while you made this adjustment, simply connect a wire 
across C3 remembering, of course, to remove it as soon as you have 


completed the test! 


Parts list 


Resistors: all 0.25 watt, 10% tolerance (or better) 


RL ‘1 megohm (MQ) 
R2 150 kilohms (k®) 
R3 12 kilohms (k) 


VR1 10 kilohms (k®) horizontal preset 
Capacitors: all 16V WKG or higher 
C1, C2 1 nanofarad (nF) disc ceramic 


C3 4.7 microfarad (uF) tantalum bead 
C4 47 nanofarads (nF) disc ceramic 


Semiconductors 


ICl 4060 
DI IN4148 
Additional items 
XL1 XR455 
Veroboard (see text for size) 
Veropins (3) 


S1 Switch (momentary action push-to-make SPST) 
16-pin DIL socket for ICL 
Single-core insulated wire for links 
Coaxial or screened cable for microphone connection 


58 A circuit for flashing LEDs 


Warning 


‘This circuit uses a member of the integrated circuit family known as CMOS 
(complementary metal-oxide semiconductor). These use very little current 
and can be completed destroyed if they come into contact with the 
‘magnitudes of static electricity that most of us carry about when we walk on 
carpets and wear rubber shoes. You will never know if this wanton 
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destruction has happened ~ all you will discover is that your circuit doesn't 
work and that you have tested everything. To avoid this problem do the 
following things: 


1. Before you open the little packet in which the IC is supplied, touch 
something which you know to be earthed ~ the metalwork of any 
equipment which is mains carthed, for example. Then open the 
packet. 

2, Let the IC fall gently on the bench ~ don't pick it out with your fingers. 
‘Touch your earthed metalwork again. Pick up the IC and insert it gently 
into its holder. 


‘The circuit is safe from destruction while it is connected to the battery. 
However, when the battery is removed, the same care should be exercised 
with its handling, because there is no supply decoupling capacitor across 
the IC. 


Basic description 


LEDs can be made to flash (switch on and off) by driving them from sources 
that switch on and off. Such a source is an astable multivibrator. If you have 
built or read about A basic continuity tester, elsewhere in this book, you will 
have come across such a beast before. That circuit used an astable 
multivibrator made from two transistors. This new circuit achieves the same 
behaviour from a single integrated circuit, the CMOS 4011. To give it its 
full description, the 4011 is a quad 2-input NAND gate. Quite a mouthful, 
but al it means is that inside the chip are four NAND gates, each with two 
inputs. 


ANAND gate needs a positive voltage (known as a logic 1) on both inputs 
in order to produce zero volts (known as logic 0) at the output. Two NAND 
gates can be connected, as are A and B in Figure 1, to make our astable 
multivibrator. The combination of A and B has been described as the most 
perverse circuit in electronics; as soon as the output goes to logic 1, the 
circuit decides that it would prefer to have a logic 0 there, and switches over. 
With logic 0 at the output, the circuit now prefers to have logic 1 there, and 
s0 it goes on! We are going to use this continuous switching backwards and 
forwards to flash two LEDs. The rate at which A and B ‘change their minds’ 
is the frequency at which our LEDs will flash, and is controlled by the 
charging and discharging times of C1 through R2 and C2 through R1. As 
the values of RI and R2 are the same, and those of Cl and C2 are the same, 
the ON and OFF states of the circuit are the same. 


Gates C and D do not contribute to the flashing action; they act as buffers 
to isolate the LEDs from the multivibrator circuit itself. You will find in 
electronics that an oscillator is seldom used to drive another device directly; 
there is usually a buffer between it and the stage it drives. 


Figure 1 Flashing LEDs, 
circuit diagram 


A circuit for flashing LEDs 


©rsea ove? NI 


A characteristic of all multivibrators, astable or not, is that they have two 
‘outputs. In this case, those outputs are at pins 3 and 10, which are then 
buffered and appear at pins 4 and 11, respectively. When one output is at 
logic 1, the other is at logic 0, and vice versa. This means that LED! is off 
when LED2 is on, and LED1 is on when LED2 is off, the two states 
switching backwards and forwards at the frequency of the oscillator. 


Construction 


Read the warning at the beginning of this article again. It is not intended to 
scare you off from building this, but is a genuine piece of advice which can 
save you time and irritation when all your labours result in a circuit that 
doesn’t work! That extra bit of care can make all the difference! 


Veroboard (the copper strip type) is used for the layout, shown in Figure 2. It 
measures 20 holes by 12 strips. Be aware that there is no row ‘T’in the layout, 
so don’t miscount when you are placing components on the board! 


Firstly, cut the tracks using a 3mm ("4 inch) twist drill held between thumb 
and forefinger; check that there are no slivers of copper bridging any of the 
tracks, and that the tracks have been completely cut by the drill. Solder in 
the components carefully. Leave the IC in its carrier for the time being, and 
solder in the IC socket, with the notched end facing row A. On completion, 
check the circuit carefully. If you are happy that it is correct, follow the 
instructions given earlier and fit ICI into its socket, matching up the two 
notches. Connect the battery and switch on. The two LEDs should flash on 
and off alternately. If only one LED flashes, you have probably connected 
the other one the wrong way round. Switch off, check and correct if 
necessary. If neither LED flashes, you must have a significant error in your 
circuit, which will need checking again! Or did you choose to ignore the 
handling precautions for the CMOS chip? 
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The board can be mounted near to the point where you want your flashing 
LEDs to be seen, although long leads to the LEDs are acceptable. The LEDs 
can be different colours ~ it’s all up to you now! 


Parts list 

Resistors: all 0.25 watt, 10% tolerance or better 
RI, R2 4700 ohms (2) 
R3, R4 1 kilohm (kQ) 

Capacitors 
C1, C2 47 microfarads (uF) 12 V WKG 


Semiconductors 
Icl 4011 
Additional items 
LEDI,LED2 Any size of LED, any colour 
st SPST on/off 
Plastic box if needed, 8.5 by 5 by 2.5m 


Source 


Components are available from Maplin. 
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I'm not making missile guidance electronics, I'm making a robot that pours a beer, what flux 
should I use and do I really need to clean? Even manufacturers of non-life critical electronics have 
‘much more stringent reliability requirements than an individual. They must ensure that tens of 
thousands of products will work for multiple years, not a single project. 


‘The safe advice is to use the least aggressive flux that enables solder to quickly wet or cling to the 
surfaces, and then clean off the residues with alcohol and lint-free wipes (don't just spread the flux 
around), Try starting with a rosin-based mildly activated flux: RMA. I am inclined to trust Kester's spec 
sheet for "44" (RA) flux that say's it does not actually require cleaning. Other flux manufacturers may 
have RA or RMA level fluxes that do indeed need to be cleaned, so if you don't know what you're 
using, cleaning is probably prudent. If you are going to clean rosin fluxes, doit soon after soldering 
because they quickly harden (see pics under Cleaning’). Finally, | would personally avoid no-clean 
‘fluxes and solder unless you have a critical application and very clean parts. 


Lead-free solder generally requires a made-for-lead-free flux designed to be used under slightly higher 
temperatures. 


Liquid flux can greatly help with surface mount soldering and desoldering components, but the flux 
inside cored-solder should be sufficient for through hole components. When soldering SMD 
components and desoldering pretty much anything, liquid flux acts as a blanket that helps to spread heat 
and also keep oxygen away from the metals. Finally, flux lowers the surface tension of solder, helping it 
to spread out and wick into connections, 


‘A water-soluble flux may be necessary for heavily oxidized parts or difficult metals like nickel. Without 
question, clean these fluxes, Special fluxes and solders exist for aluminum and stainless steel and these 
also certainly require cleaning, Never use acid-core solder; it deposits zinc chloride into the solder that 
cannot be cleaned out. A final reason to clean flux residues is if you'd like to apply a conformal coating 
and aren't sure whether it will adhere to those residues. 


‘Some more references: 


Never use acid-core and how to solder to stainless steel (Kester) 
White residue and all about rosin (more Kester 

Good mini-class on fluxes: Bolton University 

To clean or not to clean and a brief history of electronics cleaning: more Bolton 

‘The Kester catalog provides good info on the solderabilty and flux requirements of various 
materials (see p.I4). 

Flux residues and what to do about them, This explains a bit about cleaning options and the 
health risks of rosin and non-rosin Muxes. 


ec000 


° 


Alloy: 60/40, 63/37, tin-lead, lead-free, silver bearing, RoHS, eutectic, oh my. 
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Figure 1 Switches and lamp 
AND gate 


Digital logic circuits 


Digital logic circuits 


Introduction 


Logic circuits form the backbone of even the most advanced computer, yet. 
their basic operation can be demonstrated by a couple of switches, a 
battery and a bulb. 


Logic using switches 


Everyone reading this article will look at Figure 1 and know immediately 
how it works and be able to write down something like ‘When switch A and 
switch B are closed, the light will come on’. Without knowing it, you have 
written down a logic statement involving the so-called AND operation; the 
light comes on only when switches A AND B are ON. Below the circuit in 
Figure 1, is a table showing the only possible positions of the two switches 
and the state of the bulb for each position. This is called a truth table, and 
is frequently used in logic analysis. 


‘Switch ‘Switch 


a [8 [tare] 
ow | ow] on 
on | ott | of 
ott | on | on 
on | on | on 


Orcas ove 


Figure 2 shows a different circuit. Here, the two switches are in parallel 
rather than in series, as was the case in Figure 1. Again, if you analyse the 
circuit in words, you would say that the light will be on when switch AOR 
switch B is ON. This is an example of the OR operation, and its truth table 
is shown in Figure 2. The statement above is not complete, however; can 
you see why? The truth table will show you. The light comes on if A is ON, 
(OR if B is ON, OR if A AND B are both ON. That third condition is easy 
to miss, but don’t worry about it! 
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Figure 2 Switches and lamp 
OR gate 
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“Taattery 


a [8 [tan] 
oi | on | on 
ort | on | on 
on | ott | on 
on | on | on 


‘@rsas ove 


Believe it or not, some very complicated logic is possible (in theory) using 
switches and lights, but itis highly impractical and would be very slow. This 
is where electronic logic circuits come in, 


Switches with no moving parts 


You may have come across projects in this book where a statement is made 
such as... the transistor is being used as a switch . ... Transistors cam be 
used as switches, as were thermionic valves in the world’s first pro- 
grammable computer Colossus, at Bletchley Park. However, technology has 
moved on from valves, through transistors to logic gates, combinations of 
electronic switches designed specifically to perform logic functions. 


‘These act on voltage levels as their inputs and produce changes in voltage 
levels as their outputs. A positive voltage is called logic 1, and corresponds 
to a switch being ON in our previous descriptions; a zero voltage is called 
logic 0, and corresponds to a switch being OFF. The output from a logic 
gate (normally labelled Q) is also logic 1 or logic 0, corresponding to our 
light being ON or OFF, respectively, in our switch analogy. 

‘Many logic devices operate from a stabilised 5 V supply, and this determines 
the ideal voltages corresponding to the two logic states: 


logic 0 = OV, 
logic 1 = SV. 


‘The world isn’t an ideal place, so the real voltage ranges used by the logic 
gates are: 


logic 0 = 0.0 t0 0.4V, 
logic 1 = 3.0 to 5.0V. 


Figure 3 Electronic AND 
gate 


Figure 4 Electronic OR gate 


Digital logic circuits 


‘The AND circuit of Figure 1 is now called an AND gate, and requires logic 
inputs on A AND Bo produce a logic 1 at the output. Figure 3 shows this. 
‘The truth table is identical with that of Figure 1 — logic I replaces ON and 
logic 0 replaces OFF. Now compare Figure 2 with Figure 4 ~ circuits and 
truth tables for the OR function. Again, we have exact similarity. 


Gra ores 


Inputs [Output] 
ayela 
o,o}o 
ofifa 
tfo]t 
(ie Peed He 

(Grea ovi80 


‘There is another very common logic gate, which performs the NOT 
function. It is easy to understand. Just ask yourself the question ‘What is 
NOT logic 02°, and the answer is obviously ‘logic 1°. Similarly, logic 0 is 
NOT logic 1. A NOT gate simply changes the logic state of the input; it is 
also known (because of this behaviour) as an inverter. Its symbol and truth 
table can be found in Fig 5. Note the little circle on the output of the gate 
in Figure 5. In logic circuits, this symbol always implies inversion, or the 
presence of a NOT gate. Keep an eye open for it! 


So far, the logic functions we have discussed have all been words which we 
use in everyday language, which has made the electronic interpretation of 
them relatively easy. Now we must introduce a function for which there is 
no analogy in normal speech ~ the NAND function. This means a 
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Figure 5 Electronic NOT 
gate 


Figure 6 Electronic NAND 
gate 


Figure 7 Electronic NOR 
gate 
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Input [Output 
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combination of an AND gate and a NOT gate, and the sharp-eyed reader 
will have spotted the little circle added on to the normal AND gate symbol 
in Figure 6! 


‘To make things easier to understand, the truth table in Figure 6 has four 
columns, not three as in previous tables. The third column is the standard 
AND output - compare it with the third column in Figure 3. That is the 
‘output from the AND gate before it encounters the little circle that inverts 
it, so the final output from the NAND gate is the output of the AND gate, 
inverted! The third and fourth columns are the inverse of each other. 


ae 
i) 


Orsca on 


Digital logic circuits 


We can add the inverting operation to the output of an OR gate also, 
producing a NOR gate! The symbol and its truth table are shown in Figure 
7. Again, notice that the final output is that of the ordinary OR gate, 
inverted! 


‘These new functions of NAND and NOR are used more than the AND and 
OR functions because it makes other circuits easier to design using 
combinations of these gates. 


A taste of Boolean algebra 


‘The design of circuits using combinations of logic gates usually begins with 
a little mathematics, where the functions to be implemented are analysed. 
‘The mathematics used is surprisingly simple, and is a slightly changed 
version of ordinary algebra called Boolean algebra, which allows manipula- 
tion of logic functions to be made. Normal algebra has operations in it such 
as addition, subtraction and multiplication and division. The mathema- 
tician Boole found that the logical AND operation could be handled by the 
algebraic operation of multiplication (symbols x or *), and the OR 
operation by the algebraic operation of addition (symbol +). The NOT 
operation involved a new symbol, that of a bar over the input being 
inverted, such as A. 


So, our five basic logic operators can now be written in a mathematical 
form: 


AND Q=AxB 
oR Q=AeB 
NOT Q-a 

NAND Q=axB 
NOR O28, 


Using logic operations in a mathematical form enables the most complex 
logic to be designed, simplified and converted into circuit diagram form in 
a very efficient and rapid way. There are more logic operators than the five 
we have considered here but, in general, they can all be broken down into 
combinations of these gates alone! 
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60 A resistive SWR indicator 


Introduction 


When a transmitter produces some output power, we want to make sure 
that as much as possible of this power is radiated by the aerial. This often 
requires the use of an aerial tuning unit (ATU), which matches the a‘ 
impedance to that of the transmitter. 


How do you know when this matching has been achieved? The most usual 
way is to use a standing-wave ratio (SWR) indicator. If the impedance of the 
aerial does not match that of the transmitter output, some of your 
transmitter power (also known as the forward power) is reflected back 
along the aerial feeder and back into the transmitter, where it causes excess 
heating. The forward and reflected waves interact along the feeder to 
produce a wave whose position remains constant, and which is therefore 
called a standing wave or a stationary wave. An SWR meter simply indicates 
forward power and reflected power, and adjustments are made to your ATU 
until the reflected power is as small as possible (ideally zero, of course). If 
there is no reflected power then, by a process of elimination, all your 
forward power is reaching the aerial! 


Sampling the RF 


Whatever type of SWR indicator you use, it must use some sort of sampling 
circuit to pick up the forward and reflected waves. The project A standing- 
wave indicator for HE, elsewhere in this book, uses a toroidal transformer 
to separate the readings for the forward and reverse waves. This design 
differs in that it measures the voltages across resistors through which the RF 
current is passing. Its advantages are: 


(a) ituses cheap parts ~ four resistors, two capacitors and a diode, together 
with a rotary switch, a surplus meter, a preset potentiometer and two 
sockets; 

(b) within this SWR indicator, there is always a resistive path for the RF 
current from the transmitter, formed by R1, R2 and R3; this can prevent 
damage to simpler home-made transmitters, which may be damaged 
during adjustment of the ATU when using more conventional SWR 
indicators. 


Figure 1 Resistive SWR 
meter, circuit diagram 


A resistive SWR indicator 


‘The only disadvantage of this form of indicator is that it must be switched 
‘out of circuit once the ATU has been adjusted for a particular band. 


Construction 


‘The SWR indicator is very simple to build, as most of the components can 
be mounted on the back of the 3-way rotary switch. This is shown in Figure 
1. The switch is a 4-pole, 3-way rotary type, of which only two poles are 
used. 


Input ‘ 1} Output 


out i 
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Because the other switch contacts are not being used, they can be employed 
as support tags for other components. The ground wires are all soldered on 
to the metal frame of the switch. If your switch frame is of all-plastic 
construction, then a 12 SWG copper wire run around the switch will make 
a good earth connection to the metal case for the leads shown in Figure 1 
‘The preset potentiometer used to control the sensitivity of the circuit can be 
mounted directly on the meter tag. 


Resistors R1, R2 and R3 handle the RF power during the tuning-up process. 
Ifyou have them, use I watt resistors; otherwise, you can use two 100 ohm 
half-watt resistors in parallel for each of R1, R2 and R3. The meter, M1, can 
be any DC type of sensitivity around 200 pA. 


In use 


First, find a clear frequency, and without the indicator in circuit, check that 
the frequency really is clear by asking and identifying yourself. If it is, 
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connect the indicator between the transmitter and the ATU which, in turn, 
is connected to your aerial. Turn SW1 to the SET position and key the 
transmitter. Adjust VR1 until the meter reads full scale. Switch off the 
transmitter. Turn SW/1 to the REF position and key the transmitter again. 
Adjust the ATU until the lowest reading is obtained on the meter. Switch off 
the transmitter. For the chosen frequency, you have adjusted your ATU for 
minimum reflected power and hence the lowest SWR. You will need to 
repeat the process when you change bands, and possibly when you change 
frequency within the same band. Switching SWI to the OUT position, you 
are ready to transmit. You may have noticed that it is good practice to 
switch the transmitter off when operating SW1. Get into that habit! 


Parts list 


Resistors 
R1, R2, R347 ohm () 1 watt (or 2 x 100 Q, 4 watt, see text) 
R4 1 kilohm (k®) 0.25-wate 
VRI 10 kilohms (k) preset 
Capacitors 
1 1 nanofarad (nF) 
2 10 nanofarads (nF) 
Semiconductors 
DI IN914 or similar 
Additional items 
Swi 4-pole 3-way rotary switch, of which only 2 poles are 
used 
MI 200 pA DC 
Case 
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Figure 1 cw filter, circuit 
diagram 


‘An audio filter for CW 


An audio filter for CW 


Introduction 


This is a simple passive circuit (it has no power supply) that adds some 
audio selectivity for Morse code reception and also includes a very simple 
noise limiter that gives a visual indication of when noise spikes are being 
removed! 


The circuit 


Figure 1 shows the complete circuit. The tuned circuit of C1 and L1 resonates 
very close to 800 Hz, so initially you will have to tune a signal in carefully 
until tsounds loudest - you will soon be able to do this without thinking. The 
‘two LEDs connected back to back across the signal path act as a noise limiter, 
reducing the amplitudes of static crashes and noise from car ignition systems, 
etc. The LEDs blink when they conduct this is not necessary to the operation 
of the circuit, but adds alittle colour to your listening! The noise limiter does 
make listening more comfortable, though. 


‘swt oPOT 


I, D2LEDS 


Construction 


‘The circuit layout is shown in Figure 2. Point-to-point wiring is used, with 
a small tag-strip being the only item used for the extra support of C2. and 
R1. The LEDs and SW1 support the other components. An aluminium box 
(Figure 3) is used to make the circuit tidy and usable. 
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You must use low-impedance headphones for the circuit to perform 
properly. Plug the completed unit into the headphone socket of your 
receiver and adjust the volume so that the LEDs are just not blinking on 
normal audio. The unit should be switched out of circuit for speech 
listening; this is the purpose of the toggle switch, SW1 
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Standard lead-based solder is made of tin and lead. When you see 60/40 or 63/37, it means 
{60% tin by weight, 40% lead, Either once of these alloys should be fine for typical small 
electronics soldering. 63/37 in bulk is slightly more expensive because of additional tin, but 
has the special property of being a "eutectic" alloy, which transitions from liquid to solid at 
fone temperature (like water) instead of range of temperatures. Basically, in non-cutectic alloys 
like 60/40, there is a "pasty" region of temperature where portions of the solder are frozen and 
other portions are liquid. What does this mean for soldering and is 63/37 really that much 
better? 


Alloy metals have some interesting properties that are different from the metals comprising 
them. In tin-lead solder, the mixture has a lower melting point than either lead or tin alone, and 
the melting point varies depending on the portions, The mixture that yields the lowest melting 
point is called eutectic. This is also the only mix where all the constituents melt and freeze at 
the same temperature. 


If the tin-lead alloy isn't eutectic (ie, if itis not 63% tin, it will go through a "pasty" phase 
while it freezes. Unlike water, which freezes entirely at 0 °C, some parts of a non-eutectic 
mixture of tin-lead freeze at higher temperatures than other parts. For a somewhat simplified 
explanation, if you held the temperature of 60/40 slightly above 361 °F, the "extra lead” would 
solidify and be floating in a liquid 63/37 eutectic mix. For a more exact and great explanation 
of this process, look here, 


How is it that the mixture of two elements somehow lowers the melting point? And I quote: 
"increased entropy." Chew on this, (Another great phase-disgram explanation with a bonus of 
why ice and salt can get almost 30 °F below freezing--enough to freeze ice cream) And one 
last great explanation--talks a bit about grain structure and how solder isn't a simple 
homogeneous mixture of tin and lead. 


‘This compares the difference between cutectic freezing in tin-lead and eutectic freezing in 
‘more complex 3 element lead-free alloys, 


tin-lead phase diagram 


all liquid 


b + eutectic liquid 


63% tin, ~361 deg. F 


all solid 
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An electronic die 


Parts list 
Resistor 

RL 10 ohms (2), 0.25 watt, 10% tolerance 
Capacitors 

et 470 nanofarads (nF) 

7 100 microfarads (uF) electrolytic, 16 V WKG 
Inductor 

Li 82 millihenries (mH) 
Semiconductors, 

D1, D2 LEDs 
Additional items 

sw DPDT 

yt 3.5mm jack socket 

PL Jack plug to suit receiver 

‘Aluminium box, approx. 11 by 6 by 2.5em 

Source 
‘Components are available from Maplin. 


62 An electronic die 


Warning 

‘This circuit uses members of the integrated circuit family known as CMOS 
(complementary metal-oxide semiconductor). These use very little current 
and can be completed destroyed if they come into contact with the 


215 


Radio and Electronics Cookbook 


Figure 1 Electronic dice, 
circuit diagram 
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magnitudes of static electricity that most of us carry about when we walk on 
carpets and wear rubber shoes. You will never know if this wanton 
destruction has happened ~ all you will discover is that your circuit doesn’t 
work and that you have tested everything. To avoid this problem do the 
following things: 


1. Before you open the little packet in which the IC is supplied, touch 
something which you know to be earthed ~ the metalwork of any 
equipment which is mains-earthed, for example. Then open the 
packet. 

2, Let the IC fall gently on the bench — don't pick it out with your fingers. 
‘Touch your earthed metalwork again. Pick up the IC and insert it gently 
into its holder. 


‘The circuit is safe from damage while it is connected to the battery. 


Description 


The circuit is shown in Figure 1. [Cla and IC1b form an astable 
‘multivibrator, similar to that used in ‘An LED Flasher’ also in this book. It 
runs constantly, and its output is fed to IC2 via a single NAND gate, IClc. 
The other input of Cc is held at OV by R3 and C3. Whenever one input 
of a NAND gate is logic 0 (or 0'V}, there can be no output from the gate, 
irrespective of what is happening at other inputs. So, despite the fact that the 
oscillator (or clock) is running all the time, its square-wave output never 


wes, 
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An electronic die 


reaches IC2 until the ‘other’ input of Cc is brought away from logic 0. 
‘This happens when SW2 is pressed. Pressing SW2 momentarily, as is 
normally done, charges up C3 to 9 V, putting a logic 1 on the second input 
of IClc and allowing the clock signal through to IC2. As the switch is 
released, C3 begins to discharge through R3, gradually lowering the voltage 
on pin 8 of IC le. As this voltage crosses 4.5 V (half the supply voltage), ICle 
then treats this input as logic 0, which cuts off the clock signal from IC2 
again. Thus, when SW2 is momentarily pressed, the clock signal is fed to 
IC2 for a short interval of time, before being blocked again. 


IC2 is a binary counter, and the outputs that concern us are from pins 14, 
11 and 6. Pin 14 is the most significant bit and pin 6 the least significant bit. 
See the panel for an explanation of what happens here. 


‘To understand these outputs, you should be able to count in binary, 
using three bits. At the start of the counting process, all the bits have 
zero values, i.e. 000. The left-most bit is called the most significant 
bit, and the right-most bit is called the least significant bit. (When 
we write numbers normally, a number 1 in the left-hand position 
represents one hundred, 1 in the middle column represents ten, while 
the number 1 in the right-hand position means one. One hundred is 
a more significant number than one, hence the nomenclature.) 


‘The three bits of our binary number have values, from left to right, 
of 4 (=22), 2 (=2") and 1 (=2°), This means that a number 1 in the 
left-hand column signifies the normal number four, in the middle 
column it would represent two, and in the right-hand column, it 
would represent one. This should help you understand the patterns 
of bits which emerge as the clock waveform is counted, as the next 
paragraph explains. 


As each cycle of the clock enters IC2, it increments its internal 
counter and the values of that counter are shown by the states of, 
pins 14, 11 and 6. After the first pulse, these three pins would have 
states corresponding to 001; after the second, 010; after the third, 
O11; after the fourth, 100; after the fifth, 101; after the sixth, 110, 
‘This sequence of 3-bit numbers represents a binary count from 1 to 
6 in ‘normal’ parlance. These six states are used to illuminate the 
conventional pattern of dots on a die, using LEDs. 


[As the clock cycles are counted, the LEDs flicker as the die is ‘rolled’. 
Resistors R4 to R7 are used to limit the current through the LEDs. When the 
counter stops, it can be in any of the positions shown in Table 1. Because of 
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Table 1 Dice number relative to counter output 


Step Pins Dice number 


4 " 6 


the way in which the dots are grouped on the faces of a die, the wiring of 
the LEDs is simpler than it might otherwise be. You can see from Figure 1 
that there are really only three sets of connections to the LEDs ~ one from 
each bit of the counter output. When pin 14 is at logic 1, four LEDs are lit, 
corresponding to the number four. For the number five, pins 14 and 6 will 
be at logic 1. For the number one, only pin 6 is at logic 1. For three, pins 11 
and 6 are at logic 1, for six, pins 14 and 11 are at logic 1, and for two, only 
pin 11 is at logic 1. These conditions are summarised in Table 1 


Construction 


‘Two pieces of Veroboard (of the strip type) are needed ~ one for the main 
circuit (Figure 2) and the other for the display LEDs (Figure 3). The display 
board is easier to build, so we will do that first. It measures 20 holes by 18 
strips. 


Cut the tracks as shown in Figure 3, using a 3 mm (Yinch) twist drill rotated 
between thumb and forefinger. Insert and solder the Veropins, resistors and 
the wire links. Then solder the LEDs in place, making sure their polarities 
are correct. The LEDs are mounted proud of the board (Figure 4, which will 
help when you come to fix the board into a case. 


‘The main board measures 32 holes by 18 strips. As before, remove the 
tracks in the places shown in Figure 2. Note that track ‘L’ is not broken 
under the position for IC2. Solder in the IC holders and the links. Solder in 
R1 and R2 vertically, and R3 horizontally. Then solder in C1, C2 and 
these all being electrolytics, check their polarities. Solder in the Veropins 
and prepare the connections to those components not on the main board, 
using stranded, insulated wire. Check the circuit carefully, and read the 
handling precautions given earlier before carefully inserting the two ICs. 
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Figure 4 07 lead bending 
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Testing and use 


When the circuit is switched on, itis likely that the centre LED only will be 
lit. Press SW2, the ‘throw’ switch, All the LEDs should flicker, even after the 
switch is released, but only for a second or so. Then a standard pattern 
should show, signifying numbers between one and six. If this does not 
happen, switch off and check your circuit again. Are there any missing 
links? Are there any obvious dry joints (usually dull instead of shiny)? Can 
you see any solder bridges between tracks? Did you choose to ignore the 
handling precautions? If none of these results in a working circuit, try some 
fault-finding. 


‘© Disconnect the lead to D7 on the main board (marked ‘to pin FI’ on 
Figure 2). Touch the lead on to the positive supply rail. D7 should light. 
‘Now transfer this lead on to pin 4 of ICL. Ifit flickers, then the oscillator 
is running (which it should). 

‘© Transfer this lead to pin 10 of IC2. D7 should flicker when SW2 is 
pressed, but should be on permanently when it is released. This means 
that the correct signals are reaching IC2 from IC1. 

‘© If one of the chains of LEDs (ie. D1 and D2, D3 and D4, DS and D6) 
does not light, you may have one or both LEDs the wrong way round, 


When the die is working, you may care to experiment with the values of R1 
and R2, but you should keep their values the same, i.e. R1 = R2. The larger 
the values of these, the more slowly the die will appear to ‘roll. 


Finishing touches 


On completion of the project, you will want to mount it in a smart case; any 
plastic box is suitable for this, with the display board mounted so that the 
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LEDs protrude through the top and are fixed to it using LED clips. The way 


in which you mount both boards to the case is entirely up to you. 


Parts list 


Resistors: all 0.25 watt, 10% tolerance, or better 
RI,R2_—_ 5600 ohms (0) 
R3 15 kilohms (k®) 
R4-R7 470 ohms (Q) 


pacitors 
1,€2 1 microfarad (uF) electrolytic, 16 V WKG 
G3 68 microfarads (yF) electrolytic, 16 V WKG 
Semiconductors 
"4 4011 
4029 


DI-D7 LEDs, any size and colour 


Additional items 
Swi On-off switch SPST toggle 
Swi Push-to-make, non-latching, 
Veroboard, 2 pieces, see text for sizes 
Veropins, 10 
Stranded insulated wire for general wiring 
Single-core insulated wire for links 
PP3 battery clip 
PP3 battery 
Plastic box to suit 
LED mounting clips (7) 
Means of mounting boards to box 


Source 


Components are available from Maplin. 
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63 The absorption wavemeter 


How it works 


You may recognise the circuit of Figure 1 as a crystal set with a meter 
replacing the headphones. It is simply the parallel combination of an 
inductance with a variable capacitance, which constitutes a resonant circuit 
with a variable frequency. A dial on the variable capacitor can be roughly 
calibrated with frequency. The fixed capacitor across the meter helps to 
improve the meter reading by making it read the peak value of the carrier 
wave rather than the average value. 
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Figure 1. Absorption 


wavemeter circuit 
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The absorption wavemeter 


When the wavemeter is situated in the vicinity of a relatively strong radio- 
frequency (RF) field, the inductor absorbs a small amount of energy from 
that field. If the circuit is resonant at the same frequency as that of the 
transmitter, an RF voltage is produced across the coil and is proportional to 
the strength of the RF field. The RF voltage is rectified, or detected (turned 
from AC into DC) by the diode and the second capacitor, and is displayed 
by the meter. 


The tuned circuit 


‘The formula for calculating the resonant frequency of a coil and capacitor 
is relatively simple. It is 


* ae EG’ 
where fis the resonant frequency (Hz), 
Lis the inductance (H), and 
is the capacitance (F) 


If this formula puts you off, there is this slightly easier version: 
159 
VLE 


where fis the frequency in MHz, 
Lis the inductance in microhenries (yH), and 
Cis the capacitance in picofarads (pF). 


When a variable capacitor is specified, it is usual to quote its maximum 
capacitance, i.e. the value when the vanes are fully meshed. When the value 
of the capacitor is small, it is usual to quote its minimum capacitance also, 
the value when the vanes are fully open. If you use a variable capacitor of 
10-100 pF with a 100pH inductor, you will use the value of 10pF to 
calculate the maximum resonant frequency, and the value of 100pF to 
calculate the minimum resonant frequency, giving a tuning range of 
1.6 MHz to 5 MHz. Check it yourself! 
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Figure 1 HF absorption 
wavemeter, circuit diagram 
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wavemeter 


Introduction 


‘An absorption wavemeter is basically a simple tunable detector circuit, 
such as would be used in a crystal set, but with the headphones replaced 
by a meter, in order to indicate the strength of the received signal. 


The circuit 


Figure 1 shows the circuit of the wavemeter. It is designed to cover all the 
HF bands from 1.8 MHz to 28 MHz in four switchable ranges. There is no 
built-in method of amplification, so a sensitive meter is needed in order to 
indicate sufficiently using the available absorbed energy. The meter does not 
need calibrating, it serves to produce only an indication of the absorbed 
power, 1ot its absolute value 


An absorption wavemeter does not have outstanding selectivity, mainly 
because of the loading effect of the meter. This problem is ameliorated here 
(but only slightly) by the inclusion of RI in series with the meter. It gives 


nso oe 


So which is better, 60/40 or 63/37? A decade or so back (before the lead-free movement), most 
‘manufacturers incurred about a 5% increase in cost to switch from 60/40 to 63/37. 63/37 flows 
slightly easier, makes shinier joints, and has a faster total freezing time which means there is 
less risk the joints will be "distrubed,” which is what happens when the joint moves during 
solidification, This can lead to internal fractures that cause poor electrical connections and 
unreliable mechanical joints. Note that 63/37 doesn't freeze instantly (just like water)-it still 
hhas a window of time during which the joint can be disturbed, too. 


| think most would say that the enhanced properties of 63/37 really only matter for mass 
soldering operations like wave or reflow soldering, and that there is little difference for hand 
soldering. A dull joint is more often caused by insufficient heat, dirt or oxides, or lack of flux 
rather than alloy makeup. (A no-clean flux may burn off before the joint is complete) Holding 
everything else constant, the difference in shininess between 60/40 and 63/37 is completely 
cosmetic. If you'd like to see a shiny 60/40 joint, try using Kester 60/40 with #44 flux, 


Silver bearing solder: (that is, contains silver, not for roller bearings) Silver is used in one of 
the leading alloys for lead free solder (An96.5% Ag3.0% Cu.5%) and also as an addition to 
tin-lead solder, usually in the 2-4% range (when you se 62/36/2 this means Sn64Pb36Ag2). 


People claim that it flows better, has a lower melting point, is stronger, and has a higher 
conductivity. According to Indium’s solder wire data sheet, their 2% silver solder has an 
electrical conductivity that is 11.9% of Cu compared to 11.5% of 63/37 tin-lead solder, a shear 
strength of 7540psi vs. 6200psi, and a tensile strength of 7000psi vs. 7500psi for 63/37. So, 
yes, the claims are true, and also mostly insignificant. Silver was initially added to solder to 
prevent silver platings on component leads from dissolving into the solder ("silver migration") 
and forming brittle joints. Having silver in the solder reduces migration, so you may want to 
usc it on silver joints. (Note: this logic doesn't entirely make sense to me. Ifsilver getting in 
the solder caused embrittlement, how does adding more silver prevent this?) 


Audiophiles seem to be enamored by 4% silver bearing solder, namely some from WBT, 
Cardas, and WonderSolder. Are these really better for audio? 


The superior claims include things like higher purity, eutectic alloys, higher conductivity, and 
better flux. I haven't found any controlled studies showing that a group of people can actually 
hear the difference, so I'm skeptical. Although additional silver does increase conductivity, the 
inerease is small and the joint distance over which that conductivity applies is also extremely 
small. For what it's worth, here's a forum discussion that discusses a bit about solder in high- 
end audio and also a FAQ (scroll down)concerning solder on Cardas Audio's site. Another 
decent discussion, 


Bad joints made with any solder can create a high-resistance connection, especially if the 
underlying components were heavily oxidized initially. My advice: if it makes you feel better, 
get it, but be wary of sellers that don't provide spec sheets. 


Lead-free Solder: As of July Ist, 2006, European laws mandated that new electronics be 
almost entirely lead free. As of yet, there are no US laws (outside CA) mandating the removal 
of lead, but most manufacturers are switching over for competitive reasons. More on RoHS, 
WEEE, and lead risks: 


The European Union passed directives in 2003 stating that no equipment sold in Europe 
should, by July 2006, have more than .1% lead in any homogenous component (like a solder 
joint). The directives are known as the WEEE (Waste Electrical and Electronic Equipment) 
and RoHS (Restriction of Hazardous Substances) (wiki). There are corresponding laws in 
China, Korea, and California. Japan manufacturers actually voluntarily begin switching to lead 
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‘An HF absorption wavemeter 


improved selectivity at the expense of a slight loss of sensitivity. The 
appearance of capacitor CI across the meter is discussed in The Absorption 
Wavemeter, in the previous section. 


Coils 


These can be purchased (see the parts list) or hand-wound on short lengths, 
of PVC water pipe or conduit, and the coil-winding details are given in 
‘Table 1. In theory, the 100pF tuning capacitor would cover all the HF 
bands with only three coils, omitting the 22 wH coil. Sample calculations are 
explained in the previous article. However, its inclusion avoids the common 
problem of having some bands cramped at the extreme edges of the tuning 
scales. 


Table 1. Close-wound coil values 


L(t No of turns Span (mm) swe 


PVC FORMER OF OUTSIDE DIAMETER 25 mm 


22 9 9 20 
10 24 24 20 
2 44 “4 20 

100 10 oo 26 


PVC FORMER OF OUTSIDE DIAMETER 20 mm 


22 0 0 20 
22 9 5 26 
10 32 32 20 
10 24 2 26 
2 6 Cc 20 
2 41 21 26 
100 134 0 26 


PVC FORMER OF OUTSIDE DIAMETER 19 mm 


22 1" u 20 
22 9 5 26 
10 35 4 20 
10 25 3 26 
2 Cy 7 20 
2 “4 2 26 
100 157 nm 26 
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Construction 


Hand-wound coils, using 19-25mm PVG formers, have single-layer 
windings, with their ends secured by threading the wires through two small 
holes drilled in the formers at each end of each winding 


You may have wondered about the use of the two-pole switch SW1, as all 
the lower ends of the coils are grounded anyway. The answer lies in the ease 
of construction. Each coil can be mounted on the tags of the switch for 
support. If you are using the commercial coils, they are small enough to be 
accommodated on a miniature rotary switch; a larger rotary switch is 
required for hand-wound coils. The specification of a 6-way switch allows 
for the addition of extra frequency ranges at little extra cost. Rotary 
switches such as the 2-pole, 6-way variety have an adjustable end-stop 
which allows the number of ways to be set anywhere between 2-ways and 
6-ways. Remove the nuts from the switch, and a ‘washer’ will fall out. Itis 
not a washer, really, and has a little piece of metal bent over at right angles 
to the washer. This fits into one of 12 holes in the body of the switch, and 
prevents the shaft from turning through 360° and selecting the number of 
ways. 


Calibration 


‘This process needs a commercial amateur-bands transceiver, if it is to be 
done quickly and accurately. 


‘© Connect the transceiver to a dummy load, and connect a piece of flexible 
wire from point A in Figure 1 and wrap two or three turns around the 
cable between the transceiver and the dummy load. 

‘© Turn the transceiver power level control to minimum, and set the 
frequency at 1.81MHz and the mode to FM or AM. Switch to 
transmit. 

‘© With the wavemeter set to its lowest frequency range (i.e. 1.8-3.5 MHz), 
rotate the tuning capacitor until maximum deflection is obtained from 
the meter needle. Write the frequency on the inner ring of the wavemeter 
scale at that point. 

‘© Switch off and retune the transmitter to 3.5MHz. Repeat the above 
process. 

‘© Repeat, using switch range 2 for 3.5, 7 and 10 MHz, range 3 for 7, 10 
and 14MHz, and range 4 for 14, 18, 21, 24 and 28 MHz. 


An alternative source of calibration signal could be an HF signal generator, 
with a single-turn loop of wire at the remote end of its cable, and the wire 
from the wavemeter brought close to the loop. 


Remember that the marks on the scale represent frequency bands, not 
precise frequencies. 


An HF absorption wavemeter 


Extending the range 


If you would like to experiment with increasing the range to the lower VHF 
band, then 50 MEz should be achievable with an additional self-supporting 
coil (no former). Try three turns of 20 SWG enamelled copper wire of 


25 mm ID (internal diameter). Wind it on some 25mm PVC 


pe, as before, 


then slide out the pipe! The same result could be achieved with four turns 


of 19 or 20mm ID, or 12 turns of 7.1 mm ID. 


Parts 
Resistor 

RL 2200 ohms (1) 0.25 watt, 10% tolerance 
Capacitors 

cL 1 nanofarad (nF) min. ceramic 

ve! 100 picofarad (pF) variable 
Inductors 

LI 100 microhenties (wH) 

12 22 microhenries (4H) 

B 10 microhenties (1H) 

14 2.2 microhenries (uH) 


Semiconductors 
Di Germanium OA9I or IN4148 


Additional items 
SWI Rotary 2-pole, 6-way 
Moving-coil meter, 50 or 100» FSD (any meter 
Of this sensitivity will do) 
Plastic box, approx. 150 by 80 by 50mm 
Connecting wire, coloured 
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65 A vertical aerial for 70 cm 


Introduction 


Ifthe range of your hand-held transceiver is very li 
vertical aerial mounted outside. This 
‘end instead of the middle. Because the 


ypedance of the dipole 


that is needed is a 
‘ewavelength. (Note that the electrical length 
‘an RF signal) is not necessarily the same as the actual length.) 


ited, what you need isa 
isa half-wave dipole fed at the 
igh atits 
‘ends (and low in the centre), a matching circuit is needed so that this high 
impedance can be matched to that of the low-impedance coaxial cable. All 
which increases the electrical length of the aerial to 
the length as it appears to 


Construction 


‘The aerial element and the coil are made from a single piece of 1.5mm 
welding (brazing) rod, and the dimensions are given in Figure 1. Wind the 
coil around a 4mm rod or the shank of a twist drill. The lower end is filed 
toa point and then soldered into the centre conductor of a 4-hole panel- 
socket. (Try to obtain a good-quality BNC socket with 
PTFE insulation — the insulation of cheaper sockets is easily damaged.) Trim 
the element to 427 mm (top of element to top of coil) after the wire has been 


mounting BN 


soldered to the socket. 


‘The base coil causes the aerial to be rather ‘whippy’, so a piece of Smm 
plastic knitting needle can be cut to the length of the coil and then forced 


into it. 


‘The radials are made from four lengths of 3mm welding rod. These are bent 
and soldered into the four mounting holes of the socket, and then cut to the 


lengths shown in Figure 1 


Testing 


Using a standing-wave-ratio (SWR) meter connected between your aerial 
and the transceiver, measure the SWR (or obtain some indication of the 
reflected power) on transmit. If it is greater than 1.5, switch off the 
transmitter, trim about 3mm off the end of the element, and try again. 
Repeat the process until the measured SWR (or the reflected power) is as 


low as you can get i. 


Figure 1 Construction of the 


A vertical aerial for 70cm. 


Insert 
sutable bung.» 


to water proot 


antenna 
cover tube 


— 


3a 


42Imm 


Slots to 
accept radals 


Coupler 


Base aaa 


163m 
Tall 4 racals) 


5 turns 


nace reer 


Installation 


‘The aerial is made waterproof by enclosing it in a 22mm diameter PVC 
‘waste water pipe. It is ‘weldable’, and available at plumbers’ merchants, 
usually by the metre. A coupler is slotted to take the radials (Figure 1). File 
the BNC socket as required, so that it slides inside the coupler until the 
radials poke out of the slots. Cut a length of plastic tubing which is 30mm 
longer than the aerial, and push it into the coupler. You will then need a 
plastic bung or screw-top to waterproof the top end. 
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Plastic welding solution is now applied to the joints, sealing the aerial inside 
the tube. The coupler has been weakened as a result of making the slots, so 
it is worthwhile applying PVC tape around this joint until the welding 
solution sets 


A support for the aerial is made from an off-cut of tube pushed into the 
lower end of the coupler and held with a self-tapping screw. 


Parts list 
1 4-hole panel-mounting BNC socket 
1m 3mm brazing rod (may be available from a small garage) 
1m 1.5mm brazing rod 
1m 22mm PVC waste water pipe 
1 22mm straight coupler 
Plastic welding solution 


A UHF corner reflector 
aerial 


Introduction 


The comer reflector is a well-known design and is capable of good 
performance on the VHF and UHF bands. At UHF, the practical 
implementation of the comer reflector is an ideal constructional project. 


Some details 


Expressed quite simply, the aerial consists of a 3 dipole (where \ is the 


standard symbol for wavelength, making a“ dipole’ a half-wave dipole). 


Figure 1 70cm comer 
reflector antenna 


AUHF comer reflector aerial 


Nothing new in that, you might say. However, the interesting feature is the 
reflector, which is not the usual single element, but a 90° metal ‘corer’, 
acting rather like a parabolic dish as used for satellite signal reception. The 
wind resistance of this type of reflector makes it impractical so, to reduce 
the ‘windage’ quite significantly, we make the ‘corner’ from closely spaced 
rods, as illustrated in Figure 1. 


Retlector mount 


Driven element 
mount 


Dipole 
4 SS riven element 


Reflector mount 


‘@nsea os 


‘The reflector consists of a number of 0.6% rods, spaced from each other by 
0.14. The aerial frame can be made of metal or wood, but wood is easier to 
work with, and mounting the elements to the frame is simpler. The 
prototype was made with wood of 20mm by 15 mm cross-section, as Figure 
2 shows. The wood was varnished for protection. The elements were made 
from 1.5mm diameter copper wire, because a large reel of the wire 
happened to be available. The wire diameter is not critical; tubing could be 
used just as successfully. 14 SWG hard-drawn copper aerial wire would be 
even better than that used in the prototype. 
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Figure 2 Driven element 
dimensions, together with 
‘boom dimensions for driven, 
element and reflectors, 


232 


temP 
Dipole driven element 


90° 
2em 
t demo 
Sem t ‘Semis 


0 holes spaced at 63cm 


68m —— 


Reflector mount Sacco oye 


Construction 


‘This project is just as much a woodworking project as a radio project! 
Follow the instructions carefully, and you should have little trouble. 


‘© Cut the booms for the reflectors, as shown in Figure 2. A mitre block is 
invaluable here in producing the 45° corners. 

‘© Using the dimensions given on the diagram, mark the hole positions for 
the reflector elements, and then drill holes of a size which holds the 
elements firmly. 

Sut the driven element boom according to the diagram, and mark the 

point midway along the longer side, which will assist you later in 


positioning the driven element. 
Sut the back plate to size (about 120mm by 80mm). You may need to 
alter this size depending on the size of the U-bolt you will be using to 
clamp the aerial to the mast. 


AUHE comer reflector aerial 


‘© If you want to be extra cautious in your construction, use the belt-and- 
braces approach, commonly known as ‘screw-and-glue’ to fix the booms 
to each other and to the back plate. 

© Fix the reflector booms to the back plate first, then slide in the driven- 
element boom until it will go no further, then apply the wood glue and 
screw the two ends tightly to the reflector booms. Leave for the period 
prescribed by the glue manufacturers for the glue to harden. 

‘© Varnish the whole structure. 

the driven element to the correct size plus a couple of centimetres (the 
reason for this will be evident in the Testing section), and fix it to the 
centre of its boom (at the position you marked earlier) with a ‘chocolate 
block’ connector to which the coaxial feeder cable will eventually be 
connected. 

‘© Cut and fix the reflector elements in place. If you find that these are a 
loose fit in the holes then, for each element, drill a pilot hole through the 
boom to intersect the hole for the element. File off the point of a 
woodscrew, and screw it gently into the pilot hole until it meets the 
element and grips it in place. You will now see why the point was filed 
offt Alternatively, you can glue the elements in place. 


Testing 


Place the aerial on a mast, clear of obstructions. Connect it to a transceiver 
with a length of coaxial cable, with a standing-wave-ratio (SWR) meter in 
circuit. Find a clear frequency, identify your transmission and ask if the 
frequency really is clear. If so, key the transmitter again and note the SWR. 
Do not stand in front of any aerial when it is radiating! The length of the 
driven element must be adjusted to obtain an SWR of less than 2. If you 
have to shorten the dipole, bend the ends over rather than cut them off. That 
way, if you go too far, your can lengthen them again! The dipole was 
initially cut too long intentionally, to allow for adjustment here! Bending the 
ends over also reduces the risk of physical damage to clothing, skin and 
eyes. You may like to consider applying the same technique to the reflector 
elements for that reason alone. 


Moving on... 


Once you have warmed to the idea of the corner reflector as an aerial, you 
might like to ring the changes regarding the reflector. How about replacing 
the 20 reflector elements with a wire mesh, such as garden centres sell as 
“chicken wire’? Choose the finest mesh if there is a choice. Some extra 
support may be needed around the edges of the mesh, but you could go on 
to make a comparison of aerial gain between the two types, using the UHF 
Field Strength Meter described elsewhere in this book. 
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Materials 


Stiff wire or thin-walled tubing for dipole and reflector 
Frame - wood, 15mm by 20mm cross-section, lengths given in text 
Back plate stout plywood, dimensions given in text 

U-bolt to suit mast 

Wood screws 

Wood glue 

50W coaxial cable for feeder 

2-terminal ‘chocolate block’ for dipole connection to feeder 

Varnish 


67 A switched dummy load 


Bearing the load 


A.2W carbon film resistor is hardly going to withstand our 100'W PEP of 
SSB, so itis obvious that the design of our dummy load must be a little more 
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free years before RoHS or WEEE for competitive reasons 1PC's informative lead-free website: 


Although only 5% of lead used inthe US gets embedded in electronics (verses 80% in 
batteries), thee is concer that the lead from those electrons will leach into ground water 
supplies from landfills. Why the concem over solder joints when batteries contain so much 
more lead? For the most part, lead containing batteries are recycled and regulated, whereas 
electronics ae routinely just thrown away. The EPA claims that 1% of municipal waste is 
clectronies. Interestingly, according to this publication by IPC, no studies have found any 
evidence of lead geting into the ground water from landfills 


Lead health risks: Lead does not get absorbed throught the skin, and is actually not present in 
solder fumes to any appreciable degree (fumes are still bad for you, see fumes section below). 
The greatest risk of hand soldering with lead comes from ingesting lead by eating or smoking 
without first washing. Health risks include increased blood pressure, fertility problems, nerve 
disorders, muscle and joint pain, irritability, and memory or concentration problems. The latest 
health data indicates that there is no amount of lead that will not be detrimental to health. 
Google lead or start with this link. 


‘Some great lead-free joint pictures: here. 


‘The most popular lead-free alloy seems to be Tin 96.5% Silver 3.0% Copper .5%. The wiki 
page on solder mentions several different lead-free varieties. 

AIM lead-free solders, 
-Huge list of Indium lea 


ree solders and their properties. 


Lead-free solder generally melts at a higher temperature, and doesn't wet as quickly to metals. 
(Eutectic tin-lead solder melts at 361 °F and the SnAg3Cu.$ melts at 423 °F.) Manufacturers 
generally recommend setting soldering iron temperatures between 700-800 °F for lead-free 
instead of 600-700 °F for tin-lead soldering. The 15 Watt RadioShack® iron I had operated a 
bit below 500 °F, so soldering should be possible with it, but maybe slow. Technique wise, 
since lead-free wets slower, joints will take longer (upwards of 4-7 seconds), but this doesn't 
‘mean the soldering iron temperature should be turned up excessively~-patience is better than 
higher temperatures. If you're going to use a lead-free solder, get a flux that's designed for the 
higher temperatures--the regular no-clean fluxes will likely burn off before doing their job. 


A quick word on reliability, Some say that lead-free joints are stronger, and while the material 
is indeed stronger, it's less flexible than lead-based solder, so expansion and contraction due to 
temperature change has been shown to break components held by lead-free solder. It seems 
true mechanical reliability of lead-free vs. ead depends heavily on the situation (see p.30), 
There is also concern of something called "tin whiskers." These are extremely thin crystalline 
growths that grow perpendicularly out from surfaces. These took down some space systems 
and NASA has a great page here. These are different from dendrites (which grow on the 
surface) and appear to be more likely on bright all-tn platings. Most component platings used 
to consist ofa tin-Lead mixture, and since alltin platings are a common lead-free replacement, 
people are concerned. I have yet to find any literature that points to TinSilverCopper solder as 
a risk factor, though. I believe its a plating issue, only 


‘One more link: -Why tin or silver? 


‘Thickness and Amount: As a general guide, .032" thick solder (21 gauge) should be suitable for 
through hole soldering and some surface mount soldering. For finer pitch surface mount devices, use 
02" or 015", and if you're soldering a lot of switch terminals or tinning thick gauge wire you may 
‘want .05". If you use .015" solder consider having some thicker solder on hand to re-tin your tip, since 
the amount of flux in .015" may not be enough to remove tip oxides. The picture below Shows how the 
various thicknesses compare next to the standard .1" spaced DIP pins. 
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Figure 1 Basic circuit 
diagram 


A switched dummy load 


complex than a single resistor and a switch, despite what Figure 1 might 
suggest! In fact, it uses 20 resistors, each of value 1000 02 (1 k®2). How does 
this solve our problem? 


Perhaps a little theory is in order here, but no more than is required by the 
Radio Amateurs’ Examination. 


When two equal resistors of value rare combined in parallel (ie. side by 
side), the total resistance, Rx, is given by: 


Adding Ir to Ur gives 2, therefore: 


1. 
=F, ie Ry = 122. 
RT 


So, by connecting two equal resistors in parallel, we get a combined 
resistance which is half the individual resistances. If we combine three in 
parallel, we get a third of the resistance, and so on. 


Here, we are connecting 20 resistors of 1k in parallel, so we will produce 
an overall resistance of ome-twentieth of the individual resistance, i.e. 
1000/20 = 50 0, which is what we set out to achieve! 


(20 x wR 20) 


‘@nsoa overs 


‘This is not the only advantage, though. Each resistor is capable of 
dissipating 2 W, so 20 of them will safely dissipate 40 W, for short periods 
at least. This power dissipation is approximately the same as 100 W PEP of 
normal speech, so the design should be capable of use in an ‘average’ 
amateur station. The power-handling ability of any dummy load can be 
improved by providing a ‘heat sink” which helps to conduct the heat energy 
away from the resistors, thus lowering their temperature. One popular heat 
sink is a can of transformer oil, into which the resistors are immersed. This 
design uses a rather more mundane heat sink, but which is adequate for the 
job in hand. 
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Figure 2 PCB resistor 
supports 


2am 


120 x 95 x 53mm 
die east aluminium box 


\ 


nsca as 


ee 


2 PCBs (single sided) 100 x 36mm, 20 holes 
earth PCB with to 3mm holes 


=] To tranemiter 


‘Earthy PCB 


bos 


st 


(ios - 2way) 


batt ‘earthy pea 


to side of box 


Figure 3 Switched dummy 
load, component layout 
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2mm gap "834g aluminium 
between —+} 20x 1Omm 
resistors bent up each end 
with two 3mm moles 
7 
Heat sink Twenty k2W Two 5 x 20 x 100mm 
compound "resistors ‘ceramic wall ie 
Section A-A Ons 


A switched dummy load 


Pouring the heat away 


‘Two basic PCBs are needed, the details being given in Figure 2. Both 
measure 11 x 35 mm. Each has a set of 20 holes of diameter about 1 mm to 
take the ends of the resistors. Only one of them has two 3mm holes which 
are used for mounting the completed load. Figure 3 shows how the heat sink 
is assembled. Solder one end of each resistor into the ‘earth’ PCB, and then 
mount this to the box using the two bolts as shown in the diagram. Between 
each rank of resistors is a ‘sandwich’ consisting of an aluminium strip and 
two pieces of ceramic wall tile, to act as a heat sink for the resistors. Heat 
sink compound is used to provide good thermal contact between the 
resistors and the tiles, and between the tiles and the aluminium strip. This 
is shown in the lower part of Figure 3. Thread the loose wires of the resistors 
through the holes in the second PCB, solder into place, and crop the 
protruding wires. 


Switching 


‘A changeover switch must be used so that the transceiver can be switched 
between the dummy load and the aerial without unscrewing connectors. For 
most purposes, an ordinary 10A 230V changeover switch will suffice, as 
found in many electrical shops and DIY stores. 


Wire this into the circuit as shown in Figure 1 and Figure 3. Check your 
wiring. Put $1 in the ‘dummy load’ position. If you have a multimeter which 
includes an ohmmeter, measure the resistance across the socket, J1, before 
connecting it to the transceiver. It should be very near 50.0. With $1 in the 
‘aerial’ position, there should be an infinite resistance across J1. Move your 
ohmmeter to read the resistance across J2. It should be infinite for both 
positions of $1. If all seems correct, close the box and your dummy load is 
ready for use! 


Parts 


Resistors. 
1000 © (1k) 2W carbon film, 20 required 
Additional items 
10 A 230 V changeover (SPDT) switch 
SO-239 sockets, 2 required 
Aluminium box 120 x 95 x 53mm or similar 
Ceramic wall tile cut as required 
Aluminium strip, 18 SWG 
Nuts and bolts as required 
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68 A simple Morse oscillator 


Figure 1 Morse oscillator, 
circuit diagram 
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Introduction 


This is an excellent project which uses the ‘junk box’ as its source of 
components. If you have trouble in finding the bits for this one, a good 
source of the components for this and many other similar projects is to be 
found with the parts list at the end of the project. 


The circuit 


‘This is shown in Figure 1, and uses an ‘unknown’ Plessey chip, which makes 
the overall circuit extremely easy to build. A 0.1 uF capacitor is connected 
between pins 7 and 8, a speaker (in the popular 8 to 25 {2 impedance range) 
is connected between pins 8 and 9. If a 9V battery is connected with its 
positive terminal to pin 8 and its negative terminal to pin 1, 3 or 5, a tone 
will be produced in the speaker. 


‘To make this circuit into a good Morse practice oscillator, it is necessary 
only to insert a Morse key into the supply rail from the battery. 


However, there is another refinement which you may care to build into the 
circuit. The tone from the loudspeaker is different, depending upon which 
of pins 1, 3 or 5 you use. In the prototype, a single-pole changeover switch 
‘was used to select the tones from pin 1 or pin 3, and the Morse key would 
be connected to the circuit via a small jack socket. There is no need for an 
‘on/off switch, as the Morse key performs that function. The switch and the 
jack socket can be seen in the photograph. 


+ 
on PP3 


Speaker 


9 10} oscitator 


©nsoe overs 


A simple Morse oscillator 


The case 


Almost any small loudspeaker will do; the higher the impedance the better. 
‘The ‘impedance’ is the figure usually printed on the rear of the speaker 
magnet. It is a value given in ohms (02). For simple circuits like this, you will 
usually find that the higher the impedance (within reason), the louder the 
sound it will produce. Speakers from old transistor radios will work, 
although their impedances can be rather low sometimes. 


Any case big enough to house the components and the battery will be 
suitable, The prototype used a ‘Walkman’-type speaker and case, and is 
shown in the photograph, 


‘To use the circuit, simply attach a 3.5 mm jack plug to your Morse key, and 
insert it into the socket. Nothing should happen until you press the key, 
when a tone should be heard from the loudspeaker. 


Another application 


‘Try soldering the two wires of a ‘twisted pair’ to the 3.5mm jack plug 
‘Touching the wires together produces a tone from the speaker. This simple 
circuit can then be used as a ‘continuity tester’. Touch the two wires to the 
ends of a fuse. If there is no sound, then the fuse is blown. There are many 
other such tests you could perform with this device ~ to check whether there 
really is a connection between one end of a wire and the other, for example. 
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Warning 


You must never make such tests on any equipment which is connected to the 
mains supply, even if itis switched off. If you want to make any such tests, 
make sure you are supervised by someone who understands what you are 
doing and is competent to advise and supervise you. 


Parts list 


Plessey oscillator chip 

0.1 uF capacitor (disc ceramic) 

Loudspeaker 8 to 25.0 

3.5mm jack socket (and 3.5mm jack plug if needed) 
Single-pole changeover switch 


‘The Plessey oscillator chip is available from J. Birkett, 25 The Strait, 
Lincoln LN2 1JF, tel: 01522 520 767. 


John Birkett may also provide a kit of parts (the chip, capacitor and 
loudspeaker). 


A bipolar transistor tester 


Introduction 


This isa circuit which will test normal transistors, i.e. npn or pnp. It has the 
advantage of being able to test devices while they are still connected in 
their original circuits. However, when such tests are made, the circuit 
containing the transistor under test must not be switched on. 


The circuit and how it works 


‘The circuit runs from a 9 V battery such asa PP3 or six A-type 1.5 V cells 
Alkaline cells are to be preferred, as their electrolyte leakage properties are 
better. The circuit shown in Figure 1 uses a single CMOS integrated circuit 
type 4001 or 4011. CMOS circuits require special handling precautions 
which are described in the project Christmas Tree LEDs, elsewhere in this 
book. 


A bipolar transistor tester 
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Figure 1 Transistor tester, circuit diagram 


Inside the IC are four logic gates (see Digital Logic Circuits) which are all 
connected as inverters, which means that the output signal is always the 
logical ‘opposite’ of the input. The first two gates are connected as an 
oscillator; the circuit being the same as that used in An Electronic Die. 


The output of the oscillator, at pin 11, is connected to the input of a buffer 
stage, ICle, which helps to isolate the oscillator from the circuit that follows 
it. The buffer output appears on pin 3, which we shall label as test point A 
for future use. Another inverter, ICI, follows this, its output at pin 4 being 
labelled test point B. 


‘There are two LEDs connected back to back at the circuit output. These are 
DS and D6, DS being red and Dé being green. Whatever the output of the 
oscillator at any instant, one of the LEDs must be lit and the other unlit. 
With point A positive and point B zero, the red LED is lit, when A is zero 
and B is positive, the green LED is lit. Because the oscillator output is 
repeatedly switching from one polarity to the other, the lit LED is alternately 
red and green. They switch between the two colours much faster than we 
can see, so what we think we see are both LEDs lit together. 


The two 100 ohm resistors, R3 and R4, provide the bias to the base of the 
transistor under test. When A is positive and B is zero, the base-emitter 
junction of the transistor will be forward-biased, and the transistor will 
switch on (if it is a working npn type). When the transistor is on, it 
effectively short-circuits DS (the red LED) and it extinguishes. When point 
A is zero and B is positive, an npn transistor will be switched off and the 
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Figure 2 Transistor tester, 
component layout 
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green LED (D6) will ight. Thus, for a working npn transistor, only the green 
LED is lit. 


If the transistor under testis a pnp type, it will switch on when A is zero and 
B positive, thus short-circuiting the red LED (D6). When A is positive and 
B zero, the transistor is off and the red LED (D5) is lit. Thus for a working 
pnp transistor, only the red LED is lit. 


‘To summarise, the states of the LEDs indicate the following conditions: 


© Both LEDs apparently lit: no transistor connected, or transistor 
permanently open circuit 

© Neither LED lit: a collectoremitter short-circuit is almost certain. 

‘© Red LED alone: pnp transistor in working order. 

een LED alone: npn transistor in working order. 


Construction 


‘The prototype tester was built on a piece of Veroboard measuring 15 strips 
by 18 holes. Cut the tracks using a track-cutting tool or a 3mm (% inch) 
twist drill, as shown in Figure 2. Notice that, in this diagram, there is no 
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A bipolar transistor tester 


track 'T, so try to avoid miscounting when you translate diagram positions 
to real positions on the board. Hold the board up to a strong light to ensure 
that there is no copper swarf shorting adjacent tracks together, and that you 
have made the cuts in the correct places. 


Having done this, insert and solder Veropins for all the connections to be 
made to components not on the board itself. Then solder in the IC holder 
and the wire links, Then insert the other components in the order resistors, 
capacitors and diodes D1—D4. Some resistors are mounted vertically so that 
their connections are on adjacent tracks. Double check the diode polarities 
~ it is easy to make a mistake when wiring diodes in anti-parallel! Next, 
connect up the off-board components, again making sure that the LEDs 
have the correct polarity. The probe leads for the emitter, base and collector 
should be made from different colours of wire and terminated in probe clips 
(small insulated crocodile clips) 


Check carefully for dry joints and errant blobs of solder. Plug the IC into its 
holder, ensuring that itis inserted the right way round, as shown in Figure 2. 


Testing 


Without a transistor in circuit, and the battery connected, both LEDs should 
be lit. Connect a known good npn transistor and verify that the green LED 
lights. Now simulate two transistor faults: disconnect the base lead and 
both LEDs should light; remove the transistor and connect the emitter and 
collector leads together. Neither LED should light. 


Repeat the tests with a known good pnp transistor. The results should be the 
same, except that the correct indication should now be a lit red LED. On 
your computer, make a small label of the bulleted list above, to fit on your 
tester showing the states of the LEDs and what they mean. It will act as a 
useful aide ménioire when you use the tester in future. 


Using 

‘The circuit will test transistors in isolation or in an existing circuit, ie. prior 
to use. You can check the lead identifications in component catalogues such 
as the Maplin catalogue. The tester is ideal for going through the large bags 
of unmarked transistors that you can buy for a song at rallies. You can sort 
them into three piles - npn, pnp and dud! 
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Parts list 


Resistors: all 0.25 watt, 10% tolerance or better 
RI, R2 5600 ohms (9) 
R3,R4, RS 100 ohms (0) 


Capacitors 
€1, C2 1 microfarad (uE) electrolytic, 16V WKG 
Semiconductors 
Di-D4 1N4148 general-purpose silicon diodes 
Ds Red LED 
D6 Green LED 


Integrated circuit 
Ic CMOS 4001 oF 4011 


Additional items 
Veroboard, 15 strips by 18 holes 
Veropins 
PP3 battery and connector (or 6 x AA cells in PP3 clip holder) 
Switch, SPST 
Connecting wire 
One each of known working npn and pnp transistors for test 

purposes. 


Source 


Components are available from Maplin. 


Expand to see how .032" and .015" solder compare to a SOIC surface mount chip and fine pitch (.02") 
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70 The ‘Yearling’ 20 m receiver 


Introduction 


Published to celebrate the first anniversary of D--Y Radio, this excellent 
xr design forms a suitable ‘second receiver project’ for those who 
have successfully completed the MW receivers earlier in this series. The 
r is powered from a PP3 battery or from a mains adaptor, and can 
be built with the help of an experienced constructor, on a prototype board. 
The circuit diagram and some of the components used are shown in the 
separate diagram. Headphones or a loudspeaker can be used and, once the 
radio is completed, a few simple adjustments will make the Yearling spring 
to life! 


Building the receiver 


Before starting the constructional process, start by identifying all the parts. 
One by one, tick them off against the parts list. Are their values correct? The 
varactor diode is a twin type (see circuit diagram overleaf), and must be cut 
carefully down the middle, producing two devices, D1 and D2, with two 
wires each 


First, solder the IC sockets, followed by the coils (inductors); L1 is pink 
inside the top, and L2 is yellow inside. Then, solder in the varactors; the 
lettering on D1 should be next to coil L.1, and the lettering on D2 should 
face resistor R7. After those, the capacitors, wire links and resistors should 
be soldered to the board. Take care to wire the voltage regulator, IC3, 
correctly. Solder in the crystal X1 as quickly and deftly as you can — crystals 
do not take kindly to having their leads bent and being fried with a soldering 
iron! Make sure that the electrolytic capacitors C2, C12, C15 and C16 are 
fitted the right way round. Most electrolytic capacitors have only the 
negative lead marked, 


Figure 1 shows the rear of the front panel, illustrating the connections from 
the board and antenna socket to the controls. All normal connecting wires 
are 22 SWG or thereabouts, with insulation. Their lengths should be about 
15cm, except for the battery lead to the switch, which is about 8em. It is 
recommended that you use different-coloured wire for each connection toa 
control. Figure 2 shows this. The variable resistor section of VRS, the AF 
gain control, uses single screened cable connected to OV (ground) at the 
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Figure 1 Rear view of the variable resistors. Check the connections carefully to make sure the wires fit the correct, 
holes 
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Figure 2 It is helpful to use different colour insulated connecting wires. Wires between each variable resistor and the 
board should be twisted together to give a neat wiring outfit 
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board end. Now fit the ICs into their sockets. Make sure that they are the 
right way round (see circuit diagram) and that each pin lies directly above 
its corresponding socket before applying gentle pressure with the back of 
the board firmly supported. 


Check that all the connections are correct (don’t assume this ~ check the 
ends of each wire against the circuit diagram) and that all your soldered 
joints are shiny. Lastly, drill the five 10.5mm diameter holes for the main 
controls. On the side of the case, a 6.3mm diameter hole is needed for the 
speaker socket, and 8mm holes for the antenna and earth sockets. The 
external power socket requires an 11 mm diameter hole. 


Adjusting it 

Before you can make adjustments, and in order to hear anything on your 
Yearling, you will need to connect an antenna (aerial) to the antenna socket. 
About 8 metres of wire, preferably outdoors and as high as possible, is all 
‘you need to connect to the socket. Connect the 3.5mm jack socket for the 
speaker, and a 3.5mm jack to your speaker leads. Connect a battery and 
switch on. 


1. Using a very small screwdriver or, better still, a non-metallic ‘trimming 
tool’, gently screw in the core of L2 as far as it will go, but don't force 
it. Then unscrew it by three turns anticlockwise. 

2. Set VRI, VR2 and VR4 to mid-position and rotate the core of L1 
anticlockwise until the hissing noise you hear reaches a maximum 
intensity. Then adjust L2 for maximum noise. 

3. If you now tune carefully with the main tuning control, VR4, you should 
hear some amateur Single-Sideband (SSB) speech signals. You may have 
to adjust the bandspread (fine tuning) control, VR3, to make the speech 
sound normal. 

4, Having verified that everything is working, switch off and mount the 
controls on the front panel and the sockets on the side. To do this, itis 
much safer to disconnect all the controls and sockets, mount them in 
their final positions, and then wire them up again, 

5. Fit the front panel knobs, connect your aerial and switch on again, 
checking that everything is working. Then, locate the cluster of CW 
(Morse) signals to be found at the bottom of the 20 metre band, set the 
bandspread control to mid-position and slacken off the main tuning 
knob. Turn the knob (but not the control!) until the pointer lies alittle 
clockwise of 14.0 MHz. The SSB signals should now lie roughly between 
the dial centre and 14.35 MHz. Tighten up the knob. 

6. Finally, fix the board to the rear panel, and secure the battery (if you are 
using one). Attach the rear panel to the back of the box, and you are 
finished! 
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Listening! 


‘Make a habit of keeping the bandspread control in its centre position when 
searching for stations; then you can adjust it either way to make the signals 
readable. Unless you have a very big aerial, it is best to have the ‘RF Gain’ 
control, VR1, at maximum. Use the ‘Antenna Tune’ control, VR2, to give 
the best signal, and control the volume with the ‘OFF/AF Gain’ control. You 
will find some excellent DX stations with your Yearling receiver, and it will 
serve you well. 


Parts 


Resistors (all 0.25 W, 5%) 
RI, RS, RY 100 kilohms (kO) 
R2 10 kilohms (k®) 
R3,R4 1.5 kilohms (kO) 
R6,R8 12 kilohms (kQ) 
RT 200 ohms (@) 


Capacitors (all rated at 16 V or more, tolerance at least 
what is quoted) 

C1, C5180 picofarads (pF) polystyrene 5% 

2 10 microfarads (uF) electrolytic 


3 47 picofarads (pF) polystyrene 5% 

4 100 picofarads (pF) polystyrene 5% 

'6, C7, C8. 100 nanofarads (nF) or 0.1 microfarad (WF) ceramic 
9 220 picofarads (pF) polystyrene 2% 

10 330 picofarads (pF) polystyrene 2% 


C11, C1410 nanofarads (nF) or 0.01 microfarad (WF) ceramic 
C12, C15 100 microfarads (yF) electrolytic 


cB 47 nanofarads (nF) or 0.047 microfarad (4F) 
polyester, 5% 
C16 1 microfarad (uF) electrolytic 


Variable resistors 
VRI, VR3__ 1 kilohm (k0) linear 
VR2, VR4 47 kilohms (k®) linear 


VRS 10 kilohms (k®) log with switch 
Inductors 

ut ‘Toko KANK3335R 

12 ‘Toko KANK3334R 

13 10 microhenries (wH), 5% 


Adding the 80 metre band to the Yearling receiver 


Semiconductors 
ICI, IC2 _Philips/Signetics NE602. or NE602A 
: 78L05 SV 100mA regulator 
‘TLO72 Dual Op-Amp 
Philips TDA7052 audio amplifier 


Additional items 
D1,D2 —__Varactor diode ‘Toko KV1236 (cut into two sections — 


see text) 

x1 Crystal 8.86 MHz type (from Maplin, etc.) 

4 off 8-pin DIL sockets for IC1, IC2, IC4 and ICS 

2 off 4mm sockets aerial (red) and earth (black) 

1 off 3.5mm chassis-mounting speaker jack socket 

1 off DC power socket for external supply (if required) 

4 off Red knobs with pointers 

1 off ‘Tuning knob with pointer (e.g. 37mm PK3 type) 

1 off Printed-circuit board or prototype board 

1 off Plastic case approx 170 x 110 x 6mm (e.g. Tandy 
number 270-224) 

1 off Speaker 8-32 1 impedance (or headphones) 


71 Adding the 80 metre band 
to the Yearling receiver 


Background 


You will have noticed that your Yearling receiver has a dial which shows 
coverage of the 80-metre amateur band (3.5-3.8 MHz). This band is used 
for local contacts during the day, and contacts up to about 1600 miles in 
darkness. Longer distances are possible, particularly in the middle of 
winter. 


The modifications 


Only a few extra parts are required, as you may have noticed from the parts 
list. A low-pass filter, FLI (one which passes low frequencies and rejects 
higher frequencies), is switched into the circuit on 80m. The circuit of the 
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Figure 1 The circuit 
diagram shows the extra 
components for 80m 
operation. Note the 
connections to the PCB ‘a, 
‘cand ‘d 


Figure 2 The underside of 
the PCB. Wires are 
connected from the switch 
and filter as shown 
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Adding the 80 metre band to the Yearling receiver 


the Yearling case. The filter 
FL1 is attached to the base 
with glue 


switch and its connections is shown in Figure 1. Before making the 
‘modifications, dismantle the receiver so that you have easy (and safe) access 
to the case and the track side of the PCB. 


1. The first thing to do is to drill a 6.5mm diameter hole in the side of the 
case into which the switch fits. 

2. Then, using a sharp Stanley knife or scalpel, carefully cut the track on the 
PCB as shown in Figure 2, making a gap about 1 mm wide. 

3. Using 10cm lengths of different-coloured insulated wire, make the four 
connections, a, b, c and d, to the PCB, as shown in Figure 2. 

4, Solder the two links on the filter, and then make the connections to the 
switch, capacitors and PCB. You will have to disconnect the existing wire 
between the RF gain control, VR1, and pin 4 of L1 on the PCB. 

5. Lastly, check your new connections carefully, then mount the switch in the 
new hole and fix the filter to the bottom of the case with a little glue, as 
shown in Figure 3. Reassemble the circuit, and replace the back of the 


More testing! 


Firstly, switch your new switch, S1, into the 20m position, to check that the 
original circuit still works! If you find that the ‘Antenna Tune’ control peaks 
ata slightly different position, don’t worry. 
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Now switch to 80m, and tune around the anticlockwise end of the dial; you 
should hear some SSB stations, particularly in the evenings and at weekends, 
when may people are on the air. At the other end of the travel of the tuning 
control, you should hear CW (Morse) stations. 


‘The Radio Society of Great Britain broadcasts amateur radio news every 
Sunday morning on or about 3.65 MHz; the table below has the details. 
Finally, a good antenna is more important than ever for 80 metre reception 
aim for more height and length, and then consider the project concerned 
with making an Antenna Tuning Unit (ATU)! 


Parts list 
Capacitors (all rated at 16 V or more, tolerance 10% or better) 
Cx, Cy 100 picofarads (pF) polystyrene 
Filter 
FLI Toko 237LVS1110 low-pass filter 
Additional items 
SWI 2-pole 2-way (changeover) toggle switch 
7 off Short lengths of insulated wire of different colours 


The RSGB news broadcasts, GB2RS — Sunday 
mornings 


Frequency (MHz) Local time Reception area 
3.650 0900 SE England 
3.650 0930 Midlands 
3.650 1000 SW England 
3.650 1100 Yorkshire 
3.640 1130 ‘Aberdeen 
3.660 1130 Glasgow 


‘The Midlands transmission is repeated at 1800 (6pm) local time on 
3.650 MHz. Alll frequencies are approximate in order to avoid interference, 
and use lower sideband (LSB). If you also have a 40 metre receiver, there are 
GB2RS news broadcasts on 7.048 MHz at 0900 local time from Northern 
Ireland and from 1100 local time from the north midlands. 


Bolder next to= 
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How much solder do I really need? An ounce? A pound? How long will a pound last? 


‘To get a very approximate fee! for just how much solder is in an ounce vs. a pound, I measured how 
‘much .032" solder it took to attach ten 16 pin DIPs. Trying to provide an upper bound, the soldering is 
excessive, and a generous glob was placed on the tip in between each chip to account for solder used to 
tin and protect the tip during normal use. 


Torin circ 


‘The ten chips took about 15" of generously applied .032" solder that weighed in approximately at 
052oz. This particular solder weighed about .00348oz/in. At about 3.27e-4 oz/joint, a 1 oz spool should 
last 3060 joints, a half pound should last 25 thousand joints, and a pound should last about 50 thousand 
joints. Mileage will certainly vary with different sized solders, joints, tinning wires, and highway vs. 
city driving, but if you're not in a production environment, a half pound should last a while 
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72 How the Yearling works 


Introduction 


‘The Yearling was designed to provide an introduction to Amateur Radio on 
the 20m amateur band. Let’s look at how the different sections (or ‘stages) 
‘of a radio work, and how they fit together to form a complete receiver. 
Figure 1 shows a block diagram which you can follow and compare with 
the circuit diagram of your Yearling receiver. 


The antenna (or aerial) 


Connected to your receiver, it will pick up not only amateur signals, but 
all other signals as well! This means that the receiver has to select the one 
signal that interests you, while rejecting all the others. ‘The following 
stages do just that. 


The RF filter 


‘This stage (centred around L.1) selects the band of radio frequencies (RF) 
containing the signal you want, in this case, those having wavelengths 
around 20m. Signals from the 40m band, for example, would not get 
through, 


The crystal oscillator 


‘This is an oscillator circuit designed around a quartz crystal (X1), and has 
a very stable frequency. It produces a single, very pure frequency to feed into 
the mixer. A crystal having a frequency between 8.800MHz and 
9.000 MHz is suitable for this circuit. The oscillator and mixer functions are 
both carried out inside IC1. 


The first mixer 


Yes, this stage ‘mixes’ two signals together. In this case, the two signals are 
(i) from the aerial via the RF Filter, and (ii) from the crystal oscillator. Two 
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Figure 1 Block diagram of the Yeatling, showing how the various stages fit together to make a complete radio 
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bands of signals emerge from the mixer. The first is centred upon a 
frequency equal to the incoming signal frequency added to the crystal 
frequency, and the second is centred upon a frequency equal to the incoming 
signal frequency subtracted from the crystal frequency. Look at an example 
~ if the signal is at 14MHz and the oscillator at 9 MHz, then the mixer 
‘outputs will be 14 + 9 = 23 MHz and 14 ~ 9 = 5 MHz 


Intermediate frequency (IF) filter 


It is the purpose of the IF filter (centred around 1.2) to select only one of 
these two bands of frequencies emerging from the mixer. In this case, it is the 
lower band of frequencies (around 5 MHz) which we select. This is because, 
in general, lower frequencies are easier to handle than higher ones. 


Variable-frequency oscillator (VFO) 


‘The VEO (part of IC2) enables us to tune into a particular station, and 
operates over a band of frequencies between 5 MHz and 5.35 MHz in this 
receiver. You will notice that IC1 and IC2 are the same type of chip, so that 
you will be expecting another mixer stage to be associated with the VFO. 
You are quite right! 


The second mixer 


‘This mixer obeys exactly the same rules as those of mixer 1. Sum and 
difference frequencies are produced, like this. Mixing is between the 
incoming IF signals (around 5 MHz) and the VEO signals (around 5 MHz), 
producing output frequency bands centred upon 10 MHz and 0 MHz. The 
use of the words ‘band of frequencies’ throughout this explanation is 
intentional. If all the signals were pure, there would be no bands; the bands 
are produced because of one thing ~ the modulation imposed on the pure 
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frequencies at the transmitter. So, the ‘bands’ contain the one thing that we 
‘want to extract from the signal, and that is the speech or Morse code that 
the signal contains. ‘The band of frequencies at 0MHz is just that ~ the 
audio frequencies we want in the loudspeaker. Because of this, the audio 
frequency output of the second mixer is selected and passed on for 
amplification. 


The audio preamplifier 


Preliminary amplification of the minute audio signal which emerges from 
the second mixer is provided by IC4a, which will respond only to audio 
signals, automatically rejecting the 10 MHz signal. 


The audio filter 


‘The bandwidth of normal speech when transmitted by an amateur station is 
around 3kHz, so there is no advantage to be gained in amplifying 
frequencies greater than this. IC4b is known as a low-pass filter, because it 
passes (lets through) lower frequencies and rejects higher ones. 


The power amplifier 


ICS produces the final audio amplification and provides enough power 
(about 350 milliwatts (mW) to drive a small speaker. 


How does it work on 80 m? 


If you have fitted the 80m modification to your receiver, you are probably 
wondering how the circuit works at this different frequency. Firstly, the 
filter which you fitted selects the 80m band instead of the 20m band. The 
only other slight difference lies in the way the first mixer stage works. Its job 
is to produce sum and difference frequencies from the incoming signal and 
crystal frequencies. On 20m, it did this by subtracting the crystal frequency 
(9 MHz) from the incoming frequency (14 MHz) to produce an IF output of 
5 MHz. On 80 m, the incoming frequency (3.5 MHz) is subtracted from the 
cxystal frequency (9 MHz) to produce an IF output of 5.5 MHz, which is 
still within the tuning range of the VFO jin the next stage. 
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73 A field strength meter 


1 Voltage doubler 


How it works 


‘The basic field strength meter uses the circuit of a crystal set, but with a 
‘meter replacing the headphones. A better design, which is used here, is that 
of a voltage doubler, giving more sensitivity. Figure 1 illustrates the voltage 
doubler circuit. 


‘The AC input shown will be our RF input, which will be explained soon. 
Diode D1 will pass the positive half of the signal and use it to charge up C1 
to the peak value of the signal. D2 uses the negative half of the signal to 
charge up C2 to the same value. Because C1 and C2 are in series, the peak 
voltage appearing across both of them (which is the DC output voltage) is 
equal to twice the peak input voltage, hence the name voltage doubler. If 
you're wondering why DC is present at the output when AC comes in at the 


Figure 2 Field strength, 
meter 
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input, remember that capacitors pass AC (RF) but block DC; thus the RF is 
shorted out through CI and C2, but the steady voltage (DC) remains across 
the two capacitors. The voltage is thus proportional to the size of the RF 
signal applied at the input. 


The circuit 


‘The voltage doubler is converted into a field strength meter using the circuit 
of Figure 2. A piece of wire serves as the aerial to provide an RF signal 
across the radio-frequency choke (RFC). A choke is an inductor which is 
large enough to prevent the RF passing through it - it ‘chokes’ the RE. This 
produces the maximum RE signal at the input to the voltage doubler, and 
the DC output from it is measured on the meter. 


Wire 
antenna 


(©nsos ovzer 


‘The parts used are not very critical. The RF choke can have any value 
between about 1mH and 2.5mH. Almost any common diode such as 
the IN914 or IN4148 can be used for D1 and D2. The two capacitors 
could be any value between InF and 100nF (0.001 wF and 0.1 uF). The 
meter should be reasonably sensitive, with a full-scale deflection (FSD) 
in the range SOWA to 100A. Look for VU meters at rallies ~ these 
are ideal. 


Construction 


‘The prototype circuit was made on matrix board. If you don’t want to use 
pins with the board, simply push the component leads through the holes 
and make the connections on the underside of the board, either with the 
excess component leads themselves, or with ordinary connecting wire. 
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Figure 3 Board layout and 
interconnections 
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Component sie of board shown. 
All connections are under board 


Figure 3 shows how the parts are placed and connected. The matrix board 
can be mounted directly on the meter using its terminal bolts! 


In use 


Needing no power supply other than an RF signal, just connect it all up 
and leave it to work! A short length of insulated wire is enough to pick up 
some RF and display it on the meter. Using a 200A meter, about 3 
metres of wire gave a good deflection on the meter. To increase deflection, 
the wire can be wrapped around the aerial lead, provided that the wire is 
PVC covered and doesn’t come into contact with the aerial wire. 


‘This requires a little experimentation. Try a long piece of wire first and 
adjust its position until the meter needle kicks whenever there is a 
transmission. It is very reassuring to see the meter moving during a 
transmission. Although SWR meters also indicate power, they are usually 
set to read reverse power, and show little or no movement during 
transmission. 


Preselector for a sh 


Parts list 


D1, D2 1N914, 1N4148 or similar 
C1, C2 On disc ceramic 

RFC Miniature axial choke (1 mH) 
Meter Surplus VU meter or similar 


‘Matrix board or similar 


Components are available from Maplin. 


74 Preselector for a 
short-wave receiver 


The circuit 


‘This is shown in Figure 1. The signal from the aerial arrives at an RF 
transformer, the secondary of which is tuned with capacitor VCla. The 
‘output from the tuned circuit is taken from a tap on the secondary to the 
source of the FET. The gate is grounded (earthed) and the amplified signal 
appears at the FET drain, which is then fed to the primary of another RF 
transformer, which is tuned by VC1b. The output to the receiver comes 
from the secondary of the RF transformer. 
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Figure 1 HF preselector, 
circuit diagram 
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Twin gang 49V PP3 
via Si 
Li, L2 = 19 turns 265WG 
on T-50-6 toroid MPFI02 


(tap L1 4 turns from ground) 


Lia, L2a = 3 turns @rsee ovase 


Notice that the two RF transformers are identical, but they are used ‘back 
to back’, with the secondary of the first and the primary of the second being 
tuned. They are tuned with identical capacitors, fitted on the same shaft of 
a variable capacitor. We say that the two capacitors are ‘ganged’. Because 
LI and L2 are the same, and VCla and VCIb are the same, both RF 
transformers should be resonant at the same frequency, no matter what that 
frequency is. 


Construction 


‘The final layout should look something like that shown in Figure 2. The 
external connectors and controls being two SO-239 sockets for connection 
to your receiver and aerial, a tuning control and its associated scale, and an 
onloff switch. 


The circuit can be put together on a plain matrix board, using pins to 
anchor the components, or simply by pushing the component leads through 
the board and making connections on the underside. The layout of the 
prototype is shown in Figure 3. Mounting the board to the aluminium box 
is accomplished with bolts, solder tags and stand-off insulators. 


Check your construction against the circuit diagram and against the layout 
diagram. Wire in the PP3 battery clip, put the switch in the ‘off* position, 
and fit the battery. Testing can be carried out without fitting the top of 
the box. 


Figure 2 HF preselector, 
front panel layout 


Preselector for a short-wave receiver 


ia 78 


out to, In trom 


pie il Tune eo 


RxPreamp O} 


ON 


©nsoe ore 


Testing 


Don’t fit your preselector yet. Tune your radio to a broadcast station, 
preferably a fairly weak one. Disconnect the aerial and fit your preselector 
between the aerial and receiver. Switch it on and rotate the tuning knob 
slowly. You should find a position where your original station is received 
more clearly than before. If it doesn’t work at all, recheck your wiring. Is 
there a positive voltage on the drain of the FET? If not, work back towards 
the positive battery terminal. Is there a voltage at the junction of L2 and R2? 
Is there a voltage at the junction of L2 and R3? Is there a voltage at the 
junction of R3 and the battery lead? If there isn’t a voltage at that point, 
then you have probably mounted your switch upside down, and itis off, not 
on! It’s a common mistake. 


Calibration 


‘This is not obligatory, surprisingly enough. However, if having a frequency 
scale appeals to you, then using an RF signal generator (or using the services 
of a friend who has one) is the simplest solution. Feed in a weak modulated 
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Figure 3 HF preselector, 
component layout 
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signal from the generator to the preselector, and rotate VC1 until the signal 
is maximum. Mark this frequency on your dial. Repeat the process for the 
frequencies shown on the dial in Figure 2. 


Ifyou have a commercial transceiver, feed its output into a dummy load (such 
as the type described in A Switched Dummy Load, elsewhere in this book) 
using a distinctive modulating signal such as an idling RTTY signal. Set the 
receiver to the same frequency with the preselector out of circuit. Insertit into 
the aerial lead, and search for the signal with VC1 until itgives the maximum 
deflection on your S-meter, then mark the frequency on your dial 


Parts list 

Resistors: all 0.25 W carbon film or better 
RI 2700 
R20 150 
R3 1000 


Solder Fumes: 


What is exactly in solder fumes? Am I safer using lead-free solder? 


Flux from rosin-cored 
solder boiling. under 
‘magnification 


Lead boils at over 3000 °F, and in most cases soldering tips should be kept below 750 °F, so it is highly 
unlikely that gaseous lead is present in the fumes. The fumes are actually from the flux boiling, which 
still isn't great for you--many of the chemicals found in cigarette smoke are found in flux fumes: 
formaldehyde, toluene, alcohols, and hydrochloric acid to name a few. Most of the public health 
literature indicates that asthma is the major health risk from soldering fumes (not cancer or lead 
poisoning). When acquired, itis permanent and can cause hyper sensitivity so that even small amounts 
of fumes bring on attacks. Surprisingly, scientists have not been able to determine what exactly in the 
fumes cause the health defects, nor what amounts are harmful. Yet, the British health department has 
set exposure limits of .05 mg/m’ over 8 hours and .15 mg/m’3 over 15 minutes. I believe these limits 
have been shown to provide a safe work environment and also one for which the necessary systems 
filters are financially reasonable. 


‘Some informative links: 


Solder Fumes and You A British health department pamphlet explaining the health hazards of | 
rosin-based flux fumes (irritation, headaches, dermatitis, asthma) and what precautions 
employees and employers should take. Note the total lack of any mentioning of lead poisoning, 
© Workplace Exposure to Rasin-based Solder Flux Fume During Hand Soldering A study done 
by the UK Health and Safety Laboratory measuring exposure levels and also the effectiveness 
of various exhaust, ventilation, and filter systems 
© Measurement of the Performance of Air Cleaners Awainst the Particulate Element of Rosin- 
based Solder Flux Fume Another UK Health study investigating the effectiveness of various 
fume extraction and filter systems, Most interesting finding: although activated carbon filters 
can remove gascous hazards, they are largely ineffective for fine particulate inthe fumes 
which they believe to cause rmuch of the harm. Some combination of carbon and HEPA filter is 
needed, and even these are useless without sufficient air flow 


Returning to the topic of lead, it is widely agreed that eating, smoking and drinking without first 
‘washing is the greatest risk factor, Despite the high boiling point of lead, there is also agreement that at 
least a small amount of lead particles are indeed present in the fumes. The conspicuous lack of 
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Capacitors 
1,2 100nF (0.1 pF) ceramic 
vel 250/250 pF polyvaricon 
Inductors 
L1,12 19 turns 26 SWG enamelled copper on T.50.6 toroid 
L1 has a tap 4 turns from ground end 
Lia and L2a ~ 3 tums wound over previous winding 
Semiconductors 
TRI MPF102 FET 
‘Additional items 
‘Matrix board ‘To fit aluminium box (see Figure 3) 
‘Aluminium box 12x 9x 3cm 
Battery and connector PP3.9V 
st SPST on/off switch, 
Knob As required 
$0239 Sockets — 2 required 


75 An audible continuity 


tester 


265 


Radio and Electronics Cookbook 


Figure 1 Continuity tester, 
circuit diagram 
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The circuit 


Using only one integrated circuit, four components and a battery, this is a 
particularly simple circuit, as Figure 1 shows. [C1 is usually used to flash an 
LED from a 1.5V source, and to have a low current consumption. By 
changing the component values, ICI is made to oscillate at audio 
frequencies, and we can hear these through the loudspeaker, LS1. Low- 
impedance speakers can be used, but result in an increased current drain, so 
the higher the impedance, the better. 
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Construction 


‘The layout of the circuit on Veroboard measuring 7 strips by 15 holes is 
shown in Figure 2. Start by making the four track cuts which will lie 
underneath the IC. Use a track cutter or a 3mm (% inch) twist drill rotated 
between thumb and forefinger for this. Solder the Veropins in place, 
followed by the wire link. Then solder in the IC holder, the resistor and the 
capacitors, making sure that the electrolytic capacitor, Cl, is connected the 
correct way round. 


Check, with the board against a bright light, that there are no shorted 
tracks, either by large blobs of solder or by copper swarf from the track- 
cutting process. Then insert IC1 into its holder the right way round. The 
probes can be ordinary connecting wire, the free ends being tinned with 
solder to prevent wire whiskers from touching components other than the 
‘one you are testing. 


If you are happy that the circuit and the wiring appear to be correct, fit the 
battery into its clip. Nothing should happen until the probes are touched 
together, when you should hear a note from the loudspeaker. If nothing 
happens, all you can do is to recheck your circuit, as there is nothing else to 
go wrong! 


Figure 2 Continuity tester, 
component layout 
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Component side of board shown 


Any box can be used; there is no justification for a metal case, unless you 
want to make use of something, which is to hand, such as a tobacco tin 
Alternatively, any suitable plastic box will do. 


Use 


‘The tester will give different pitch notes for resistances of different values. 
‘The higher the resistance, the higher the pitch from the speaker. Try it with 
small inductors, and you will learn to recognise the different tones produced 
by the IC. 


Safety notice 


Using the continuity tester on components in situ is not advisable, as the 
results could be misleading. It can be dangerous to make measurements in 
situ on equipment, which is operating. If you must make such tests, always 
disconnect the equipment form its power source first. 


Parts 


Resistor 
RI 1000 0 (1kQ), 0.25 W carbon, 10% or better 


Capacitors 
Cl 10pF electrolytic, 16V 
C2 0.1 uF subminiature polyester or ceramic 
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Integrated circuits 
ICl_LM3909N 


Additional items 

Veroboard 7 strips by 15 holes 
181 64 O miniature loudspeaker 

IC holder 
Veropins 
Connecting wire 
‘Test leads 
1.5V AA alkaline battery 


76 An experimental 70cm 
rhombic aerial 


Theory (but only a little) 


A polar diageam shows graphically the ability of an aerial to radiate (or 
receive) more effectively in one direction at the expensive of the radiation in 
other directions. Figure 1 shows the polar diagrams of two aerials, a simple 
70cm dipole and the rhombic described in this project. The dipole has the 
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Figure 1 The horizontal 
polar diagrams of the small 
‘hombic antenna and a 
dipole compared 


An experimental 70cm thombic aerial 
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well-known figure-of-eight shape, showing a symmetrical angular behav- 
iour about the direction of the aerial and about a direction perpendicular to 
the aerial. That of the rhombic, on the other hand, is quite irregular by 
comparison, but is still symmetrical about one axis only, not two. Its this 
asymmetry that gives the rhombic its gain, by virtue of its front-to-back 
ratio. This is the ratio of the power radiated forwards to that being radiated 
backwards. Notice the large lobe (lump) at the top of the polar diagram; this 
is the direction in which the aerial transmits best. The lobe in the opposite 
direction has been reduced significantly, allowing more power to be directed 
forwards, not backwards 


Problems 


‘The rhombic is not found in every amateur’s back garden, despite its 
attractions. To work best each edge of the diamond shape should be about 
‘two wavelengths long. Hence, a rhombic for the 20 metre band could be 
about 80m from tip to tip! Another disadvantage is that, because of its size, 
it cannot be rotated. 
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It will operate well over a range of frequencies. An HF rhombic could work 
on the 7, 10, 14, 18, 21 and 28MHz bands. One for the lower VHF 
frequencies could operate on the 50, 70 and 144 MHz bands. 


Its large size is less of a problem at UHE. A portable rhombic can be made 
for 70cm which can be used with a hand-held transceiver. The aerial design 
to be described here will give a gain of up to 9dB relative to a dipole. This 
is written as 9dBd, the second ‘d’ meaning ‘relative to a dipole’. This is 
equivalent to improving your signal by 1.5 S-points at the receiver or (and 
‘you may be surprised by this) by fitting a linear amplifier to your transceiver 
that would take 5W input and produce 40 W output to a normal dipole! 
Consider the relative costs of the two approaches to producing the same 
received signal. You will also receive everyone else’s signals 1.5 S-points 
better than before! 


Unlike the popular Yagi aerial, this design has no critical dimensions and 
can be folded up for transport by car or bicycle. It has a fairly high input (or 
feed) impedance, being fed usually by balanced twin feeder. To feed it with 
standard 50.0 coaxial cable, a matching transformer in the form of a balun 
is required. A balun will convert the balanced (symmetrical) aerial 
impedance to the unbalanced and lower impedance of the coaxial cable. The 
details of how to build the balun, which in this case is a half-wave 
transformer, are included in the constructional details. 


Construction 


‘The aerial frame is made up of 1em x 2em strips of wood fixed to a 
plywood centre using 30mm long M4 bolts, as shown in Figure 2a. The 
‘outer bolts fixing the front and side supports can be removed for folding 
prior to transportation, as shown in Figure 2b. 


‘The wires are fixed to the front and rear supports using screw connectors, 
sometimes called ‘chocolate block’ connectors. Detail X and Y of Figure 2 
show how this is done. The side supports have holes in the ends through 
which the wire is threaded. 


‘The aerial must be mounted in the horizontal plane using a small shelf 
bracket attached to the centre plate, using the same bolts that hold the rear 
support. The other half of the bracket may be mounted to a vertical mast 
using screws or jubilee clips (hose clips) 


The balun 


Cut a 23.em length of coaxial cable; this is to be our half-wave transformer. 
Cut and remove 2em from each end of the sheath. Make the braid into a 
pigtail at each end. Cut and remove 1em of the inner insulator from each 
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Figure 2 Construction of the UHF thombic antenna 


end, leaving 1 cm of the centre conductor exposed. Fasten this piece of cable 
to the chocolate block connector together with the coaxial feeder cable as 
shown in Detail Y of Figure 2. The braids of all three prepared ends are 
soldered together, but are not connected to anything else. ‘The inner 
conductor of the feeder from the transceiver is soldered to one end of the 
centre conductor of the 23cm piece, and is connected to one end of the 
rhombic by one side of the chocolate block. The other end of the half-wave 
transformer also goes to the chocolate block, where it is connected to the 
other side of the rhombic loop. 
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‘The opposite corner of the rhombic, as shown in Detail X of Figure 2, shows 
that the loop is broken at the chocolate block, and is ‘terminated’ by two 
600 © resistors in parallel. ‘This makes the aerial a broad-band travelling- 
wave device, and gives it its directivity and gain. There is a rule of thumb, 
which includes a safety factor, which says that the terminating resistor must 
be able to absorb one-half of the maximum transmitter output power. So, if 
you use two 2W 6000 carbon resistors (not wire-wound resistors) in 
parallel, you can use a transmitter with an output of 8 W, which is more 
than adequate for 70cm hand-helds. 


Using the rhom! 


Fit the aerial to a pole or mast in the horizontal plane, if you intend to use 
CW or SSB, but in the vertical plane if you want to concentrate on FM 
work. In the latter case, a wood or fibreglass pole is mandatory. Tune to a 
local repeater, whose signal strength you know. Rotate the aerial to face the 
repeater, and you should see that the signal strength is greatly improved! 
Verify the directional properties of the aerial by rotating it and observing the 
changes in signal strength on your S-meter. 


Water level alarm 


Introduction 


This is a simple device which, when you have built it, you begin to wonder 
how you ever managed without it t will sound a buzzer when the level of 
‘water reaches a particular point, which you can set and vary at will. 


Detecting water 


Water is not too difficult to detect electrically, because it is a conductor of 
electricity. Not a good one, but sufficiently so to carry enough current to 
control a warning circuit. 


‘The circuit is shown in Figure 1. If you imagine a resistor placed between the 
ends marked ‘water detector’, the circuit is then recognisable as a transistor 
used as an electronic switch. Whether the switch is off or on depends on the 
value of this resistor. Ifthe resistance is low, the transistor switches on and 
the buzzer sounds. If the resistance is high, the transistor switches off and 
the buzzer stops. 


Figure 1 Circuit diagram of 
the water level detector 


Figure 2 Layout of the main 
board 


Water level alarm 


Construction 


roa ose 


The unit is made in two separate sections ~ the detector board (Figure 2) 
and the main board (Figure 3). The main board is plain perforated board 
(without copper strips). The components are pushed through holes in the 
main board and connected together on the underside. The battery is held on 
with sticky tape. No on/off switch is used, as the circuit consumes virtually 
no current when it is not sounding the buzzer. 


Unlike some buzzers, this type is polarised, and the red lead must go to the 
supply as shown in Figs 1 and 3. 


The detector board is a piece of standard matrix board ~ the type with 
copper strips along one side. It measures 9 strips by 15 holes, and is wired 
in such a way that alternate strips are connected together, as Figure 2 shows. 
This gives a greater surface area for the water to touch, thus increasing the 
sensitivity of detection. 
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Figure 3 Water detector 
constructed from stripboard 
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The two boards are connected by ordinary twisted pair, enabling the 
detector to hang over the edge of the water container, with the buzzer circuit 
safely out of the way. When positioning the detector board, the left-hand 
edge (as shown in Figure 2) should face downwards, with the connecting- 
wire edge facing upwards. When the water level rises, the water causes 
current to flow between adjacent strips, and the higher the water, the lower 
the resistance between them. Eventually, the resistance will be low enough 
to tum on the transistor and sound the alarm, 


Parts list 
Resistor 
RI 10 000 0 (10kQ), 0.25 W 


Semiconductor 
TRI BFYS1 


Additional items 
WD1 6 V miniature buzzer (polarised) 
Battery PP3 
Battery connector 
Strip board 9 strips by 15 holes 
Perforated board 3.5 x 10cm 


‘emphasis on lead poisoning in all the research done by the UK health department implies that these 
particles are of little concern, Sentry Air Systems has a brief page that is one of the very few sources 1 
found to claim that lead particles under normal soldering conditions are harmful. The company sells 
fume extraction technology. 


‘The material safety data sheet for Kester #44 cored solder says under the fire fighting section: "Melted 
solder above 1000 °F will liberate toxic lead and/or antimony fumes.” 


According to IPC’s DVD-11, "General Safety in Electronic Assembly," when solder is heated past 850 
°F the lead can become atomized and end up in the fumes. video link (if link breaks, you may have to 
search for DVD-I1 at www.ipe.org). 


Usefill comments from someone in the manufacturing world regarding lead. 


It would seem that, for typical lead-based, rosin cored solder, the risks are probably not that great from 
the fumes if you only solder occasionally, don't use abnormally high temperatures, and are in a well 
ventilated area. If ventilation isn't too good, and you're soldering for long periods of time, the cheaper 
foam-type carbon filters may not be good enough. 


‘But what about lead-free solder? Lead-free solder often requires higher temperatures and more active 
fluxes, and both of these factors lead to significantly worse fumes. 


Fume Extraction Becomes More Important in a Leadfree Environment - from the Weller blog 


Another excellent article on the increased risk of lead-free fumes from OK International. 


Instructables has all sorts of home-made fume extractors 
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A delta loop for 20 metres 


78 A delta loop for 20 metres 


Introduction 


HE aerials take up a lot of room when they are straight. Space can be saved 
by bending them and, at the same time, giving them properties which are 
quite different from their original linear forms. The delta loops shown in 
the accompanying diagrams have the shape of the Greek upper-case letter 
delta (A) upside down. It can be upright, except that it is more practical to 
have the feed point at the bottom than at the top. 


Putting the loop together 


‘This is the design for a loop to be used on the 20 metre band. It is a very 
popular band and carries most of the amateur radio DX traffic. The aerial 
is light in weight and operates best if the top section is at least 30 ft above 
the ground, with the feeder point being about 6 ft above ground. All you 
need is some good wire, some polypropylene rope, some insulators and a 
method of matching the output of this 75 2 balanced aerial to the 50 © 
unbalanced coaxial input of your transceiver or receiver. 


Each of the three sides must be 7.2.m long. Using tent pegs or six-inch nails, 
mark out the three corners on the lawn, making sure that each pair of pegs 
‘or nails is exactly 7.2m apart. Put the wire around the nails, together with 
two insulators on the wire for the two top comers. These insulators can be 
of the ‘dog bone’ variety, or of the home-made type, using a piece of flat 
plastic with holes in each end. The use of these is shown in Figure 1. Located 
at the positions of two of the tent pegs or nails, they must be secured at 
those points by any convenient means. 


Now attach a support rope to the free end of each of the insulators, ready 
for suspension, as shown in the diagrams, from any convenient supports 
(house, tower, tree, etc.). The top section of the loop could be taped to a 
continuous piece of rope between the two supports. You might like to try 
this if you think it is easier. Then, when you find some dog-bone insulators, 
you can change the design and sce if there is any noticeable change of 
performance. 


Connecting to the radio 


If you are the proud possessor of an aerial tuning unit (ATU) with a 
balanced output, all you will need is a length of twin cable soldered to the 
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Figure 1 Multiband version of the delta loop connected to the ASTU using 75 £2 twin feeder 


Figure 2 Multiband version 
of the delta loop using 75.0 
comnial cable. This 
arrangement requires an 
AASTU if used with a 
‘multiband antenna 
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ends of your delta loop and connected to the balanced output terminals on 
the ATU, as Figure 1 shows. 


Another way is to buy a ferrite-cored 1:1 balun, and use it as indicated in 
Figure 2. This produces an aerial which will operate over the whole range 
of amateur and commercial short-wave frequencies, when used with an 
ATU. 


eta toop 


_- Wide band terrte 1:1 balun 


ra 


502 coaxial cable direct to receiver 
©Fs08 oc9 ‘no tuner required 


Figure 3 Single band 
version of the loop antenna 
using a coaxial balun. The 
direction of maximum signal 
strength is indicated by the 
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However, since this aerial is designed to be a single-band type, there is a 
simpler answer to the problem of matching the aerial to your 50 © coaxial 
cable ~ Figure 3 shows this. Make a tuned balun with a length of plastic 
water pipe, 25cm long and 4cm diameter and a piece of good-quality TV 
aerial cable. TV aerial cable has a characteristic impedance of 75 0, 
compared with the 50 0 of the coaxial feeder that we usually use with 
amateur radio equipment. Use the type with a brown sheath and a closely 
knit earth braid, not the type having an earth foil inside the sheath 


‘The length we need for the balun is 3.8m, but always allow between 3 and 
4cm extra for preparing the ends. Drill two small holes diametrically 
‘opposed in the top of the tube; these will be used to anchor the two ends of 
the delta loop, as shown in Figure 3. Drill another single hole in the bottom 
end of the tube, which will be used to anchor a nylon line going to the 
ground to add stability to the loop. Then, after drilling a pilot hole, drill a 
5 or 6mm hole near the top end of the tube, as shown in Figure 4. Prepare 
both ends of the coaxial cable, then feed one end into the tube, far enough 
for its ends to be soldered to the ends of the loop when the assembly reaches 
that stage. 


Now, close-wrap the cable around the tube until only about 3m remain. 
Holding the cable tightly, drill another 6 mm hole beside the free end of the 
cable and feed it into this hole. At this point, feed the two ends of the loop 
into the top two holes and twist it back on itself. Figure 4 shows how this 
is done. Then, solder the ends of the coaxial balun to the ends of the loop. 
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Figure 4 Construction of the 
taalun 
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‘The bottom ends of the balun are then soldered to the 50 02 coax which goes 
to your shack and to the transceiver. 


Hoist the aerial into position carefully, being careful not to pull too hard on 
the support lines. Then, take the nylon line from the bottom of the balun to 
a peg in the ground. This adds stability to the aerial. 


Using the delta loop 


It is a directional aerial, as Figure 3 shows. It produces maximum power 
(and has maximum receive sensitivity) along a direction perpendicular to its 
‘own plane. Don’t be too concerned with which direction it is pointing at 
first. Give it a try ‘on the air’ and sce how it performs. Then you can 
contemplate how to point it in your favourite direction, to the USA, or 
Australia, for example. 
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Experimenting 

You may want to enclose the balun in some sort of weatherproof container. 
Plastic ice cream containers are favourites for this sort of job. Seal all the 
holes where wires enter it with silicone sealant or self-amalgamating tape. 


IF you have used ordinary single-strand or multi-strand wire for your aerial, 
it will stretch over time under its own weight and that of the balun. Its 
operating frequency will fall slightly as a result. If you notice a significant 
difference, then dismantle it, remeasure and fix the sides and erect it again, 
perhaps facing a different direction. You can buy pre-stretched or hard- 
drawn wire for such purposes, if you feel that periodic tweaking of your 
aerial is a chore. 


You can make a delta loop for different frequencies simply by scaling the 
lengths of wire for the loop and for the balun according to the design 
frequency. If your maths isn’t quite up to this, enlist the help of someone 
well versed either in maths or aerial design! 


A simple desk microphone 


Construction 


‘The end caps and the ink tubes should be removed from two ball-point 
pens, leaving only the two plastic shells. One of them is used for the vertical 
microphone support, while the other is used to hold the microphone 
element. 
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Figure 1 Vertical support 
‘made from bal-point pen 
shell 


Figure 2 The microphone 
stand base 
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‘The vertical support should have the pointed end shaped so that it holds the 
microphone support at a convenient angle, as Figure 1 shows. 


‘The base should be prepared next ~ see Figure 2. Four holes are required 
‘Two, A and B, are small holes for the cable to be fed through. A third, C, 
is slightly larger and is used to take one of the plastic end caps. The fourth 
hole, D, is determined by the type of switch that you want to use for the PTT 
function. 


Remove 
— shages 


Aand 8 C tor 
for cable 


All holes. Ditor 
appropriate PIT 
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Figure 3 Complete 
‘microphone stand assembly 


A simple desk microphone 


Some epoxy resin such as Araldite Rapid is used to mount the separate 
parts. Mix only a small amount at a time, and glue each part of the base 
assembly and allow to harden before moving on. Be sure to read and follow 
the instructions for the use of the glue to prevent accidents. 


Firstly, glue the end cap to the base, feeding it underneath and pushing it up 
through hole C. Then, the vertical pen body is placed over the protruding 
end cap and glued into place, making sure that the top (shaped) end is 
pointing in the right direction to hold the other plastic tube carrying the 
microphone. While the glue hardens, place the DIN plug sheath on the 
second pen body. Place and glue this pen body on the shaped top of the 
vertical support, making sure that the whole assembly is supported while 
the glue sets. What you should have now ought to resemble Figure 3, but 
without the microphone and wiring. Leave everything to set for 24 hours. 


Any switch of the press-to-make variety can be used for your PTT switch, 
but choose one which does not apply too much force to operate! If you find 
the whole assembly is too light and slides over your table, some plasticine 
can be pushed into the base when all the wiring has been completed. 


\ 


‘old OIN plug body 
housing microphone 


\ 


Screened cable 
fo microphone 


PTT switch End cap 


Toset 
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Figure 4 Wiring diagram for 
hand-held radios 


Figure 5 Wiring diagram for 
radios which use separate 
PTT lines 
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The circuit 


A small electret condenser microphone is used, powered by a DC supply. 
Most hand-held radios use a single screened lead for both the PTT line and 
the microphone audio lead. In such cases, the circuit of Figure 4 will operate 
the PTT function. Note that the PTT switch is in series with the audio lead 
from the microphone. If you find that the PTT switch does not switch your 
radio into transmit, reduce R1 from its normal value of 33 k0 to 27 k@. You 
should find that the original value works with most hand-helds. 


© 908 ov200 


For radios with a separate PIT lead, the circuit of Figure 5 is used. 
However, a power supply is needed for the electret microphone. This can 
be a PP3 battery, or can (in most cases) be derived from the microphone 
socket on the transceiver. You will need to consult the makers’ handbook 
for this information. Figure 5 shows the PTT switch wired in a ‘ground- 
to-transmit” configuration, which is correct for most base-station trans- 
ceivers. If you're in any doubt about what your radio needs, consult an 
experienced friend, 


A simple desk microphone 


The last connections 


‘The microphone element should be connected with screened cable. Tape 
(masking or insulating) should be wound around the electret insert until it 
isa snug fit inside the DIN plug sheath. Feed the screened cable through the 
barrel of the pen until it emerges from the far end. Poke it through hole B 
and make the connections under the coffee jar lid. The components can all 
be mounted on the PTT switch or on a small piece of Veroboard mounted 
under the top surface. The output lead emerges through hole A and is of 
sufficient length to reach your transceiver. A suitable plug needs to be fitted 
to it. 


Parts list 


Resistors: all 0.25 W carbon, 5% tolerance 


RI (Figure 4) 33 000 0 (33k) 
RI (Figure 5) 1000 © (1k) 
Capacitors 
D1 (Figure 4 and 5) 0.1 microfarads (0.1 F) dise 
ford 10 microfarads (10 wF) electrolytic 
Additional items 
st Push-to-make 
Mic Electret microphone (Maplin type FS34W) 
Screened cable As required 
Plug As required by your radio 
Veroboard If required 


PP3 battery and clip If required 
‘Two old plastic ball-point pens 

Lid of coffee jar 

Plastic sheath from DIN plug 
Araldite or similar epoxy resin glue 
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80 Morse oscillator 


Figure 1 Circuit diagram of 
the sinewave oscillator and 
amplifier 
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Introduction 


This is not the simplest Morse oscillator to build, but it differs from the 
simple circuits in that it produces a pure note, not a coarse, rasping sound. 
People who have practised Morse using a non-sinusoidal oscillator 
sometimes find that they have trouble copying Morse code with a pure 
tone. As the pure tone is the correct way to receive Morse code, 
important that you should learn to listen to the code from a pute oscillator 
=o here's one! 


The twin-T 


There are many oscillator circuits, and there are many variations of the 
twin-T oscillator that we are going to use. Figure 1 shows one version of a 
very useful circuit. All oscillators must have positive feedback in order to 
work. The feedback determines the frequency of the note produced by the 
oscillator. 


Key 
(via socket) 


Prepare the Work 


Corroded pin repels solder 


= 


Start with clean components: Flux can remove small amounts of oxides, but will be of little help for 
heavy oxidation, grease, oil or dirt. Notice how the solder in the adjacent picture has been repelled by 
the heavily oxidized pin, It may be necessary to lightly use steel wool or fine grit sand paper to remove 
especially bad oxides. Some people say that you should not do this because it creates scratches that can 
promote future oxidation... sand at your own risk. Use Silicon Carbide sandpaper (black) as opposed to 
Gamet (brown, for woodworking) sandpaper because the Gamet paper will shatter and become 
embedded in the metal. An effective and gentle alternative is to use a pink eraser, especially for copper 
traces. 

© Clamp your work: PanaVise makes a popular clamp that accepts several different attachments for 
holding different sized circuit boards, I's by far the most popular clamp and is also very sturdy. Having 
the work held in place is especially helpful for desoldering when it's necessary to push or pull a bit. The 
alligator hands are a cheap alternative 


‘Wire preparation: Tin stranded wires so they don't "bird-cage,” or bend out from their original lay. 
Expand for instructions on the correct way to strip a wire manually, use an automatic stripper, and tin 


Figure 2 Component layout 
and interconnection diagram 


Morse oscillator 


Here, the feedback circuit looks like two letter Ts. If you look at Figure 1, 
‘one T is formed by R1, R2 and C3, the other by C1, C2 and R3—hence the 
name “Twin-T”, Notice that the two Ts are connected in parallel between the 
collector and base of TR1, so any signal appearing at the collector is fed into 
both Ts. What emerges is then fed back into the base, producing in turn a 
signal at the collector. And so it goes on, producing a sine wave output. 


‘The oscillator output is fed into an integrated circuit amplifier for output via 
a small loudspeaker. 


Putting it together 


‘The prototype was constructed on plain matrix board (the type without the 
copper strips), as shown in Figure 2. The components have their leads 
pushed through the holes in the board, and connections are made 
underneath. 


Build the amplifier circuit first, using a socket for IC1. Connect the 9V 
supply and touch pin 3 with an ordinary piece of wire. If a buzz is heard 
from the speaker, all should be well. If not, check your circuit and make 
changes until it does. 


Build the oscillator circuit, and connect its output to the volume control 
VR1 via C4. Set VRI half-way along its travel and switch on. A note should 
be heard from the speaker when the Morse key is depressed. The component 
values making up the twin-T determine the frequency of the note. Try 
varying them if you think your note is too high or too low. Whatever 
changes you make, either to the resistors or the capacitors, always ensure 


that RI = R2 and that Cl = C2. 
Plain perforated To 48V via To 43v Wires under 
board 55. Sem key'socket vast Doar 


—) 


ean Earth wie = RV) RVI RV ts 
solder tag 24SWG tinned (op) (wiper) (btm) 
copper wie rsea ors 
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Parts list 


Resistors: all 0.25 W carbon film 
RI,R2_—_ 18 000 ohms (18k) 


R3 4700 ohms (4.7kO) 

R4 10 000 ohms (10k0) 

RS 10 ohms (10 9) 
Capacitors 


1,C2  10nF (0.01 pF) 
3,C8 47 (0.047 nF) 
4 100 nF (0.1 pF) 

5 22nF (0.022 nF) 

6 10 uF electrolytic, 16 V WKG 
7 

9 


22 pF electrolytic, 16V WKG 
220 pF electrolytic, 16V WKG 


Semiconductor 
‘TRI BC109 


Integrated circuit 
LM386 


Additional items 
VRI 10k log potentiometer with switch 
Ls 8 © loudspeaker 
Matrix board 3.5 x 9em 
Small jack socket for key input 
Box 
PP3 battery and clip 
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81 A simple 6m beam 


Introduction 


The attraction of building your own aerials is an abiding feature of our 
hobby. You can buy almost any shape or size of aerial, but one you have 
made yourself can often work every bit as well as a commercial device 
costing ten times as much. 


The design 


‘This aerial, designed for use on the 6m band, is essentially a two-element 
Yagi, with the elements bent in order to reduce the physical size. It is known 


Total lengih ot reactor 
vm 


Elements fied to spreaders 
‘sing laste neulatng tape 
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Figure 2 Centre support 
piece 
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as the VK2ABQ beam, and was designed originally for the 20, 15 and 10m 
bands, principally because of its space-saving qualities. It is made using a 
wooden frame and wire elements, and is ideal for portable operation 


Tools ready? 


‘The beam is shown in Figure 1. The driven element is the one whose centre 
is fed by the coaxial cable, and lies between the two insulators marked A 
and the feedpoint at B. The reflector is also anchored at the points A, and 
lies over the upper half of the frame. 


‘The wooden centrepiece is used to support the cross-pieces and to mount 
the aerial on the mast, using a common shelf bracket. The cross-pieces, 
known as spreaders, can be wooden canes or dowelling, and are mounted to 
the centrepiece using cable clips and adhesive. Figure 2 shows how this is 
done. 


If the aerial is to be a permanent installation, the spreaders should be 
weatherproofed using a good-quality exterior varnish. The wire elements 
are PVC covered and fed through holes in the spreaders. 


‘cm 


(ip arid hole 
‘or coax 


rss 0100 


Figure 3 Details of 
insulators 


A simple 6m beam 


The end insulators are made of drilled perspex, and the wire passed through 
the two holes and twisted, as shown in Figure 3 


Note: if you have not drilled holes in perspex before, take care! The drill bit 
must be well-lubricated because it generates a lot of heat (enough to melt the 
perspex and jam the drill). Never turn the drill for more than a few seconds 
at a time, and moisten the bit in between. Start with a pilot hole and use bits 
of increasing size until the hole is the size you want. 


Another perspex insulator is used to secure the feeder to the aerial, as shown 
in Figure 3. The feeder then passes directly to the centrepiece, where it is 
fastened with a cable clip and then passes down the mast 


Side view showing 
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Adjustment 


‘The driven element (A~B-A) in Figure 1 is fixed to the end insulators in 
such a way as to have ‘pigtails’ which are about 10cm long. Using an SWR 
meter between the aerial and the transmitter, trim the pigtails equally at 
each end for minimum SWR in that portion of the 6m band in which you 
plan to work. Make sure that the transmitter is off when you trim the ends, 
as high voltages can be present there. Always listen on the frequency before 
you transmit and, when you do, ask if the frequency is in use and identify 
yourself. Use as little power as possible. 


‘The prototype had an SWR of 1.2 at 50.2 MHz and performed well. If you 
look at Figure 1, which is a view of the aerial from above, you will 
immediately see that when the aerial is horizontal, it radiates with 
horizontal polarisation in a direction from the top of the page to the 
bottom. A metal pole or mast can be used for horizontal polarisation, but 
if you intend to use the aerial for vertical polarisation, it is much better to 
use a wooden or fibreglass pole. 


Portable use 


If you plan to operate portable with this aerial, the only real modifications 
you need are to the centrepiece and how it supports the spreaders. Instead 
of using glue and cable clips, nuts and bolts through the spreaders and 
centrepiece would allow the spreaders to be ‘hinged’ closed for transport. 


Materials 

Centrepiece Hardwood, 15 x 15x 25mm 

4 spreaders 110.cm long (cane or 6 mm dowel) 

Wire 1.5mm PVC-covered copper 

50 Ncoaxial cable RGS8 or similar 

Cable clips 6mm (12 off} 

Varnish Polyurethane for waterproofing 

Tape Self-amalgamating, to waterproof all soldered joints 
Insulators text 
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82 An integrated-circuit 
amplifier 


Introduction 


simple audio-frequency amplifier is a very useful building-block in many 
more advanced electronic circuits. It is also a very useful piece of test 
‘equipment. To have one spare in the shack can be a life-saver at times. 


Planning 


Get into the habit of planning your project. How do you want it to look 
when it is finished. Do you want it ina box? Do you want it ‘open-plan’, 
with all the components on view? 


‘The ‘minimalist’ approach to any project is simply a front panel and a 
baseboard, on to which all the components are fitted. In this case, the front 
panel would accommodate the loudspeaker, the volume control and the 
input and output jack sockets, and the baseboard would support the circuit 
board. Once you have decided these things, and know the size of the board, 
speaker and volume control, you can decided how big the panel and 
baseboard should be. 


The amplifier 

Instead of building the amplifier from discrete components (i.e. transistors), 
as was done in the project An audio-frequency amplifier (which you will 
find elsewhere in this book), we are going to use an integrated-circuit (IC) 
amplifier. External resistors and capacitors are still needed but, compared 
with the number of components inside the chip, these are very few 
indeed! 


‘The IC we are going to use is the TBAS20M. The circuit may look 
complicated, but with the use of a matrix circuit board it becomes quite 
simple. Figure 1 shows the circuit diagram and Figure 2 the layout on the 
board. The external connections to the PCB are shown in Figure 3. 


‘To avoid having a separate switch to switch off the power supply when 
the amplifier is not being used, a volume control which incorporates a 
switch is used. 
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Figure 1 Audio amplifier, 
circuit diagram 


a 


Figure 2 Audio amplifier, 
component layout Orsce ore 
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What power supply? 


|f the amplifier is to be used only for short periods, as a test instrument, for 
example, then it can be run from a PP3 battery, which can be mounted on 
the baseboard. If you intend to use it often, then a connection to an external 
power supply is preferable. For this option, you may want to consider fixing 
two terminals to the baseboard for this connection. 


83 A novice ATU 


Circuit evolution 


‘The basic circuit of one type of ATU is shown in Figure 1. On transmit, the 
input signal at L1 is coupled into L2, which forms a resonant circuit with 
C1. The signal across the resonant circuit is fed to the aerial by C2. The 
combination of L2 and C1 helps to remove signal harmonics, because they 
are not at the resonant frequency and are shunted to earth. On receive, only 
‘those signals which are within the pass-band of L2 and C1 will pass into the 
receiver. This improves receiver performance by rejecting many out-of-band 
signals which the simpler receiver doesn’t like. 
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Figure 1 Basic circuit of the 
atu 


Figure 2 16 added for 
160m 
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(rcs ove 


For this design, the all-important resonant frequency is chosen to be in the 
80 metre band. If we want to make the circuit operate on other bands, we 
need to change either L2 or Cl. It is easy to change L2 by using a set of 
switched inductors (L3-L5) as shown attached to $1 in Figure 2. Forget 
about $2 and L6 for the moment. 


©rsca ome 


When $1 is in position 1, the circuit reverts to that of Figure 1. $2 should be 
brought into circuit only when $1 is in position 1. Looking at the way the 
circuit is drawn, you can see that when S2 is in position 2, we have two coils 
in series, which is equivalent to adding more turns to L2. More turns means 
more inductance, which lowers the resonant frequency still more, and gives 
coverage of the 160m band. 


Rather than having to remember to flick $2 to the correct position and move 
S1 to position 1 when we want to operate on 160m, both functions can 
be combined into one rotary switch with two wafers. This circuit is shown 
in Figure 3. 


© Manual wire stripping: The natural way you would think to use the wire strippers isto first 
cut the insulation, and then use the same cutting hole to push off the insulation slug. In 
production environments where reliability is critical, this is not allowed because i's very easy 
to nick the wires this way. The pliers at the tip of the stripper are actually meant to remove the 
insulation slug. First score the insulation with the cutting hole, and then pull it off with either 
the pliers or by hand. If removing by hand, twist slightly while pulling to keep the strands in 
place. This is the "right" way to strip a wire, if you're careful, pulling the insulation off with 
the cutting hole is probably fine. 


= 
> 


wire nicks to avoid 


© Automatic stripping: With one squeeze these cut and pull off insulation, 
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Figure 3 Two-pole switch 
for all bands 


Figure 4 L1 is wound over, 
Las shown 


Annovice ATU 


16 


Output 


Ones 15 


Inall positions of S1a except position 1, the extra coil, L6, is shorted out. The 
two halves of the switch, S1a and S1b, move together, as the shaftis turned, so 
both halves are in position 1 at the same time, position 2 at the same time, and 
soon. The two switches, S1 and 82, are said to be ganged. 


Construction 


LI is formed by winding four turns of 22 SWG enamelled copper wire over 
2, as in Figure 4. L2 already exists on the purchased former. After scraping 
the enamel off the ends of the wire (with a sharp knife or sandpaper), one 
end of L1 must be soldered to one end of L2, as shown in Figure 4. The free 
end of L1 goes to the transceiver aerial socket. 


All components except the capacitors are assembled on the switch. Note 
that the rotor of C1 is earthed, but neither side of C2 is earthed. This means 
that the metal shaft of C2 is not earthed, and touching it will detune the 
ATU. Using a plastic knob for C2 will minimise this effect. If you decide to 
use a metal box, take precautions to ensure that no part of C2 is in electrical 
contact with the box. 
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‘The capacitors are mounted using M2.5 screws. Make sure that the screws 
do not foul the vanes of the capacitor. If your screws are too long, a few 
washers between the box and the capacitor will solve the problem! 


In use 


‘The best indication of a good match is obtained with a standing-wave meter 
between the ATU and the transceiver. The controls are adjusted alternately 
to “feel” your way to a better and better match. 


For receive-only use, the same alternate adjustments are used, watching for 
the maximum signal strength on the S-meter or, for a very weak signal, 
making the signal from the loudspeaker as large as possible. 


Parts list 
Capacitors 

C1,C2 ——350pF variable 
Inductors 

Li See text 

12 274H 

LB 10uH 

4 22pH 

Ls 1H 

16 65 4H 


Additional items 
$0239 sockets (2 off) 
st 2-pole 6-way rotary 
Box as required 
Plastic knobs (2 off) 
Stick-on feet (4 off) 
M2.5 screws for capacitors 
Screws, nuts and washers for mounting the input and output 
sockets. 
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84 CW QRP transmitter for 


Figure 1 Block diagram of 
the ceramic resonator 
controlled 80 m CW 
transmitter 


80 metres 


Introduction 


This is a relatively simple transmitter design having an output of 1W. The 
design is not new, having been described before in other amateur radio 
publications. The components are all available new and the total cost 
should not exceed £15. 


The circuit 


Like other simple transmitters (see Amt 80 Metre Crystal-Controlled CW 
Transmitter and A Breadboard 80m CW Transmitter elsewhere in this 
book) this one is crystal controlled. This assures frequency stability, but 
limits the usefulness of the transmitter. ‘The key to increased frequency 
coverage without a conventional Variable Frequency Oscillator (VFO) is the 
use of a low-cost 3.58MHz ceramic resonator. The ‘pulling’ range of a 
3.58 MHz ceramic resonator covers the UK novice 80m sub-band and some 
of the CW segment below 3.525 MHz 


A ceramic resonator is like a crystal, but not quite as stable in frequency. Its 
main advantage is its large pulling range. 


‘The block diagram is shown in Figure 1. It is very similar to a crystal- 
controlled transmitter, and includes an oscillator, buffer and final amplifier. 
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This amplifier is keyed, the oscillator remaining running all the time. This 
improves frequency stability because the oscillator is not being continuously 
stopped and started by the key. It is switched off while receiving, though, to 
avoid interference with the received signal. ‘Transmit/receive switching is 
accomplished by a panel-mounted switch controlling both the aerial, 
oscillator and buffer switching, 


Figure 2 shows the transmitter circuit diagram. An unusual aspect of this 
transmitter is the use of a digital CMOS integrated circuit (IC) type 4069 for 
the buffer and oscillator stages. The IC houses six inverters, four of which 
are used in the circuit. One is used as the oscillator, two are used for the 
buffer stage, and the fourth provides an output for a direct-conversion 
receiver, should one be added at a later date. 


The frequency of the oscillator is changed by varying the capacitance in the 
ceramic resonator circuit. This is provided by VC1 


The power amplifier (PA) is a small MOSFET (metal oxide semiconductor 
field-effect transistor), TR1. This is capable of providing an output power of 
2.W but, in this circuit, itis run conservatively to give 1.5'W. The output can 
be varied by changing the resistance (RS + R6) in the gate circuit. Attempts 
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Figure 2 Circuit diagram of 80 metre transmitter 
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to raise the output power by decreasing the values of these resistors may 
result in immediate MOSFET failure. 


A pinetwork (C8, RFC, C9) provides impedance matching to 50 9, 
together with harmonic suppression. Like all inductors in this transmitter, 
the pi-network inductor is a pre-wound RF choke. A pi-network is so 
called because the components are arranged in the shape of the Greek letter 
pi(n). 


Keying is carried out by a pnp transistor switch, TR2. Closing the key earths 
the base and supplies 12 V to the collector of TR2 and to the drain of the 
MOSFET, TR1, allowing the PA to operate. 


Construction 


You must house your transmitter in a metal box, to avoid hand-capacity 
effects and the radiation of spurious frequencies. Size is not important, 
provided it is large enough to accommodate the transmitter without 
cramping the components. You may want to allow space for future 
additions such as a direct-conversion receiver, break-in keying, sidetone or 
a small power amplifier. A good size is 5 x 15x 15cm. You can make your 
‘own box, buy it, or even use a biscuit tin! 


Front and rear panel connectors can be fitted first. The choice of these is a 
personal matter, but a good working choice would be: 


(a) Power socket ~ 2.1 mm panel socket ~ centre pin positive 
(b) Key socket ~ % inch jack socket. 
(c) Aerial and receiver connectors ~ panel-mounting SO239 type. 


Particular attention must be paid to the mounting of the variable capacitor, 
VC1. Make sure the hole for the shaft is amply big enough, and if you use 
screws to mount the capacitor on the front panel, then make sure they are 
not too long, otherwise they will rouch the vanes of the capacitor! Mounting 
can be by means of glue, sparingly applied and kept well away from the 
shaft. 


A board size of about 6 x 10cm is adequate. Component layout on the 
board is suggested in Figure 3. The prototype used ordinary matrix board, 
which is preferable to stripboard for a design like this; striphoard has undue 
capacitance between adjacent strips. Component leads are fed through holes 
in the board and are connected underneath. Make sure that leads and 
connections are rigid because, if they can move, there is always the danger 
of short-circuiting, and capacitance changes. 


‘To facilitate construction, servicing and testing, it is advisable to use 
Veropins for connections to the variable capacitor, transmit/receive switch, 
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Figure 3 Component layout of the 80 metre transmitter. The transmit/receive switch is not mounted on the board 
and is not shown in this diagram 
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aerial and power sockets. Use screws and spacers to mount the circuit board 
to the box. Mounting the board horizontally assists troubleshooting, 


Use a socket for the IC, and observe the CMOS handling precautions given 
in An Electronic Die, elsewhere in this book. When soldering the leads to 
the ceramic resonator, do it quickly — excessive heat damages the device. The 
earth lead running acoss the bottom of the board must be connected to the 
metal case by a short length of stout wire. 


Testing 


After carefully checking your wiring, both against the circuit diagram and 
the layout diagram, itis time to test your circuit. You will need a multimeter, 
an 80m SSB receiver and a 50 0 dummy load. A good design of dummy 
load can be found in the project A Switched Dummy Load, also in this 
book. An RF power meter and frequency counter will also be useful, 
although if your receiver has a digital frequency readout and S-meter, the 
latter two items are not really necessary. You will also need a 12V 1A 
power supply unit (PSU) to power the transmitter. 


GW QRP transmitter for 80 metres 


Switch the transmitter to receive and switch on the transmitter. No current 
should be consumed. Switch to transmit and check that pin 14 of ICI is 
6.8V positive. With the dummy load connected to the aerial socket, press 
the key. The voltage on TR2 collector should now be 12.V, dropping to zero 
when the key is released. 


Now check the operation of the oscillator. In transmit mode, you ought to 
be able to find a strong carrier signal with the receiver, even though the 
dummy load is connected. Adjusting the variable capacitor should change 
the frequency. At the lower end of the frequency range, you may find that 
the oscillator is unreliable in starting, because the circuit is attempting to 
pull the resonator too low in frequency. If this is the case, set the trimmer at 
the back of VC1 to minimum capacitance. If your version of VCI has two 
trimmers, and you don’t know which one to set, set them both to minimum 
capacitance. If there is still a problem, reduce the value of RFC1 to 6.8 or 
47 pH. 


Inall probability, the unmodified circuit of Figure 2 will not require any of 
the changes outlined here. A coverage of 3.518 to 3.558MHz should 
be possible, while preserving good frequency stability and reliable 
oscillation. 


A signal probe (see An RF Signal Probe, elsewhere in this book) is useful for 
checking the operation of the oscillator and PA. Alternatively, an RF power 
meter or the receiver's S-meter can be used. With the PA running, the unit 
should draw between 200 and 300mA. If TR1 becomes too hot to touch 
after a few seconds of transmitting, increase RS or R6 to limit the 
transistor’s heat dissipation. A small 6.3 V bulb connected across the aerial 
‘output is a simple way to check that the PA is working. An orange/white 
glow when the key is pressed is indicative of correct operation. 


‘The final test is to monitor keying ‘quality’. With your dummy load 
connected, press the key and listen to the note on the receiver's loudspeaker. 
‘Then operate the key, sending a string of dits, for example. What you hear 
should be free of chirps and clicks, as well as being stable in frequency. This 
test is sometimes better performed with no aerial connected to the receiver, 
thus preventing receiver overload and its associated plops. No problems 
should be encountered here. 


Frequency tuning 


A peculiarity of ceramic resonators is that, every now and again, their 
frequency changes abruptly by 100 Hz or so, then remains stable for some 
time. This is certainly noticeable in the received signal, but does not detract 
from the QSO and no characters are lost as a result. Try to keep the area 
around the ceramic resonator cool, to avoid temperature variations. 
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Parts list 


Resistors: all 0.25 W, 5% tolerance 


RI 
R2 
R3 
R4 
RS, R6 
RT 


Capacitors 
C1, C7 
C2 
G3 
C4 
5, C6, C10 
cs 
co 
vel 


Inductors 
RI 
RFC2 
RI 


Semiconductors 


TRI 
TR2 
DI 


Additional items 
Matrix board (see 
14-pin DIL socker 
Pointer knob 
Sockets (see text) 


10 megohms (M2) 
2200 ohms (2.2 k0) 
270 ohms (270 9) 

1 megohm (1 MQ) 

1.5 megohms (1.5 MQ) 
1000 ohms (1k) 


100 nF 
100 pF 

47 pF 

Ink 

10 nF 

560 pF 

820 pF 

10-160 pF variable 


8.2 4H 
10H 
2.2pH 


4069 
VNIOKM 
BC640 

6V8 Zener 
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85 An audio booster for your 


Figure 1 Circuit diagram of 
the audio amplifier. The 
power is derived from the 
cigarette lighter socket and 
the fuse is in-line with the 
lead 


hand-held 


Introduction 


The audio output from many hand-held transceivers and receivers usually 
leaves much to be desired, so this little amplifier was designed to increase 
the output at minimal expense. 


Al that is needed is a separate amplifier and bigger loudspeaker. This is 
accomplished using a single integrated circuit (IC), a few components, and 
4 loudspeaker from the junk box. This circuit will enable the output from 
your hand-held to be heard easily in a car. 


The circuit 


This is shown in Figure 1. It uses only those components necessary to 
operate the IC amplifier. VR1 is the preset volume control, and varies the 
signal coming from the ‘External speaker’ jack on the hand-held before 
feeding it into the IC for amplification. C1 blocks any constant voltage 
present on the input: 


= 
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Figure 2 Layout of the 
components within the box 
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The IC output comes from pin 4 and is fed via the electrolytic capacitor, C4, 
to the loudspeaker. The circuit is provided with an on/off switch, fuse and 
LED to indicate when the circuit is switched on. 


Construction 


The box is made of aluminium. This is necessary to help to dissipate some 
of the heat generated by the IC. Do not build the circuit inside a plastic box 
unless you take special precautions! The IC has a metal mounting tab with 
a hole, specifically designed to be mounted to a metal box or other metal 
heat sink. Apply plenty of heat sink compound between the tab and the box, 
tighten the nut and bolt, and then wipe off any excess compound. The box 
will get slightly warm in operation. 


The size of the box is not specified. You may want to decide on this when 
you find a loudspeaker. Choose one which will be able to handle 6W 


 Wees under 
Heat snkf O perforated boars 
TDA 
2003 
Plan perforated = | g.5 
+2v 
(C6 8 tuse) 


(CED & Onjott switen) 


to 
Speaker 

Solder tags ave 

windersice ness 


‘Tinning: Just like soldering a joint, the key here is to apply solder to the wire, not the iron tip. 
If the wire is hot enough to melt the solder directly, then it's hot enough to form a good bond 
with the solder. Hold the iron against one side of the wire and apply a small amount of solder 
in between the tip and wire to form a heat bridge (if there isnt already enough solder from 
tinning the tip). Now apply solder to the opposite side. The solder should wick into the strands, 
Move the iron and solder as necessary to coat the surfaces. You should still be able to clearly 
see the individual strands when i’s complete 


Don't tin wires that are going to be held in clamping terminals since the solder will slowly 
deform under pressure and cause the connection to come loose. 


Got a lot of tinning to do? For under $300 you can get a vat of molten solder to speed up the 
process. The only catch is that there's no flux in the vat, so you need to dip the end of the wires 
in liquid flux before dunking them in the molten solder. Only dip the very end of the wire in 
the flux; capillary action will draw it further up the strands. If you dipped more than just the 
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‘output. Drill all the holes in the box first. Holes for the speaker, input phono 
socket and the LED. The amplifier can be constructed on ordinary matrix 
board, which can be mounted inside the box with screws and spacers. 


‘The layout is shown, for your guidance, in Figure 2. The components are 
mounted by pushing their leads through the holes in the board and making 
connections on the underside. The preset volume control, VR1, is set such 
that the hand-held’s volume control is sufficient to control the final output 
‘over a good volume range. Use a screened lead from the ‘External speaker” 
jack socket to the phono plug. 


An external power supply is needed for this circuit. The normal dry battery 
which we usually use for small projects in this book will not work here, so 
you will need a proper mains power supply producing a stabilised 12 V. If 
‘you are going to use the unit principally in a car, then the cigar lighter socket 
can supply this voltage easily. Do make sure that the polarity is correct 
before you switch on! 


When you plug the jack plug from your booster into the ‘External 
speaker’ socket on your hand-held, its internal speaker will be muted, so 
don’t think that something dire has gone wrong! Adjust VR1 for a good 
volume range on your booster, when the volume control is turned on the 
hand-held. 


Parts list 
Resistors: all 0.25 W, 5% tolerance, unless otherwise stated 
RL 15 ohms (15 2) 1W 
R2 220 ohms (220 9) 
R3 2.2 ohms (2.2 0) 
R4 470 ohms (470 9) 
VRI 1000 ohms (1k 2) 
Capacitors 
a 10 uF 25V 
a 470 WF 25V 
3, CS 220nF (0.22 pF) Mylar 
ca 1000 pF 25V 
6 100 pF 25V 


Semiconductor 
LED Smm Red 


Integrated circuit 
TDA2003 
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‘Additional items 
Heat sink compound 
Nats and bolts 
Loudspeaker 42 6W 
3A fuse 
Onvoff switch (SPST) 
Matrix board 4 x 6cm 
Solder tags 
Plugs and screened cable for connecting lead 
Aluminium box 


86 A grid dip oscillator 


The circuit 


‘The GDO uses a calibrated, tunable FET oscillator in the circuit of Figure 
1. Ithas a frequency range of 1.6 to 35.2MHZz in four ranges using a set of 
plug-in coils, shown in Figure 2. When the oscillator coil, Lis placed near 
fan external resonant circuit, some of its RF energy is coupled into the 
external circuit. A gain in energy of the external circuit must mean a loss of 
energy in the GDO circuit, resulting in a change of current through TR1, 
which is measured by the meter, M1. 


‘The current through TRI is of the order of 5 to 8mA, but the change 
of current may be only a few microamps. To measure a very small 
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‘ These components only required it you want 
te couple the GOO to a frequency counter @rsco a1. 


Figure 1 Circuit of an FET GDO. The coils are wound on DIN speater plugs, which provide both a plugin base and a 


coil former 


Figure 2 Details of coil 
construction: 

Range 1: 1.6-4.0 Miz 55 
turns of 30 SWG 

Range 2: 33-7.9 Miz 27 
turns of 30 SWG 

Range 3: 63-4.0 MHz 14 
turns of 26 SWG 

Range 4: 11.9-4.0 MHz 7 
turns of 24 SW6. 


Li winding 
(see caption} 


loudspeaker 
plug 


guy, 
{} 


@rsea 0 


change superimposed on a much larger standing current, the method of 
offset can be used, 


One connection to the meter goes to the source of the FET, while the other 
goes to a variable offset voltage set by VR1. MI has a full-scale deflection 
(ESD) of 100 A. If the current through TR1 changes, the voltage across R3 
changes. When there is no resonance, the voltage at the wiper of VR1 is set 
to be very slightly greater than that across R3, and there is a 75% FSD meter 
deflection. When the voltage across R3 decreases very slightly, due to 
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external circuit resonance, a significant ‘dip’ in the meter deflection is 
produced, hence the name of the instrument. 


‘The circuit is not difficult to make on standard matrix board. Provided you 
can follow a circuit and translate it into a good component layout, then this 
project is probably only an evening's work. 


‘The most important part of the GDO is the tuning capacitor and its 
associated frequency-calibrated dial. New, air-spaced tuning capacitors can 
cost you up to £20, so it is worth delving around in junk boxes, or scouring 
the tables at a local boot sale or rally. The tuning capacitor from an old 
transistor radio should be perfect. It may even have a slow-motion drive and 
a dial which can be remarked for the project. 


Choose a coil plug and socket arrangement that is practical. Think about 
crystal holders or phono plugs and sockets. The prototype shown in Figure 
1 and Figure 2 used 2-pin DIN plugs, with the coil wound on the outside of 
the plastic plug cover. Figure 2 shows the coil construction and the winding 
details. 


If you use a variable capacitor, VC1, with a value different from that shown 
in the parts list, then the frequency ranges will be different. This does not 
matter, as it will be taken into account during calibration, 


Position VC1 so that the dial will be easy to see and to operate, while 
locating the coil socket as close to it as possible. Figure 3 shows the 
traditional layout of the GDO. 


Calibration 


Because the GDO also radiates a very small amount of energy, a general 
coverage receiver can be used to calibrate the dial. Don't try to aim for great 
accuracy and clutter the dial with marks and figures! If you include C10, R7 
and R8 in your circuit, you can connect a frequency counter directly to the 
GDO and leave it in circuit all the time. 


The GDO in use 


Always try to place the external tuned circuit with its coil coaxial with the 
plug-in coil, as shown in Figs 1 and 3. If the coils are at right angles, the 
GDO may not produce any resonance. Set the offset control to give about 
75% FSD and slowly tune L1 through its whole range. If no dip occurs, you 
may have the wrong coil plugged in. When you eventually find a dip, move 
the external coil further away until only a minute dip is seen. You may have 
to retune the dip meter as you do this, but it gives a much more accurate 
reading of frequency. 


Remember that you cannot ‘dip’ a coil by itself ~ there must always be a 
capacitor present. 


A grid dip oscillator 


Capacitor 


Parallel 
tuned circuit 


ver 
with calibrated 
dial to read 

— frequency 


RVI 
meter zero 


LL contra 
Figure 3 Layout ofa typical - 
D0. The dal, meter and sa 
the location ofthe coil to 
Ges 


the circuit under test can all A 
1 Power on 
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Itis shown measuring 
resonance of a tuned circuit Orsce one 
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Figure 4 A wire antenna 
clement can be looped into 
a single turn coil for 
increased coupling to the 
Do 
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Aerial resonance 


Figure 4 shows how to check the resonance of a dipole aerial. Disconnect 
the coax feed at the aerial and place a short piece of wire, terminated with 
crocodile clips, across the centre insulator to short together the two ends of 
the aerial. By placing the GDO close to the shorting link, a dip should be 
seen on the meter while VCI is turned. Alternatively, a loop in the element 
can be made around the coil, as in Figure 4, or the shorting link can be made 
long enough to loop over the coil. The latter method does not require 
tampering with the mounting and tensioning of the dipole wires. 
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Parts 


ist 


Resistors: all 0.25 W, 5% tolerance 


RI 
R2 
R3 


Semiconductors 
TRI 
Di 
LED 


Additional items 
Li 
RFC 
su 
M1 


Source 


100 000 ohms (100k) 
56 ohms (56 1) 

1000 ohms (1k) 

5600 ohms (5.6 k®) 
560 ohms (560 9) 
4700 ohms (4.7kQ) 
1000 ohms (1k) 

5600 ohms (5.6 k®) 
1000 (1k) linear 


22pF 
100 pF 

100 nF (0.1 4F) 
1nF (1000 pF) 
6.8 pF 

2x 365 pF 


J304 or similar 
IN4148 


See Figure 2 
mH 

spsT 
100A 


Components are available from Maplin. 
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87 A CW transmitter for 160 to 
20 metres 


Introduction 


This very small transmitter is designed to work on any band from top band 
(160 m) to 20m, with an RF output of 1\W. Itwill work on higher freque 
but with a reduced output. 


The circuit 


The three-transistor circuit is shown in Figure 1. It comprises a crystal 
oscillator using a BC182 transistor which drives a 2N3866 power amplifier 
(PA) keyed by a ZTX750 PNP transistor. The oscillator and PA are coupled 
by a capacitor and resistor; this provides a very small amount of positive 
bias to the PA. 


The oscillator can be used as a basic crystal oscillator but, by including a 
variable series capacitor as shown in Figure 1, the crystal frequency can be 
‘pulled’ slightly, making the oscillator a variable crystal oscillator (VXO), 


Construction 


The PCB layout is shown in Figure 2 and in the photograph. Although the 
prototype was built around a PCB, this circuit is equally amenable to 


ZIXT5O 


2an066 
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variable 
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Figure 1 Transmitter circuit 

diagram ©rsae ose 
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Output 
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Z1X750 
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capacitor 


100p: 


©rsce ovse7 Key 
Figure 2 Component placing on the PCB. The external connections are also shown 


construction on a matrix board. Populating the PCB is very simple, and you 
can expect to be able to do this in about one hour. The radio-frequency 
choke (RFC) is made by winding 10 turns of 33 SWG wire on a ferrite bead 
The enamel coating of the wire is intended to vaporise when soldered into 
the board, thus obviating the need to remove the enamel manually with a 
knife or sandpaper. However, if you do have problems with the PA either 
not working or keying intermittently, it is suggested that you investigate the 
REC connections immediately! 


If you decide to make the VXO version, you will have to cut the track 
between the crystal and earth, and connect the variable capacitor (250 pF) 
across the break. 


In use 


After performing the usual checks on the accuracy of your circuit building 
and the wiring of the external components, it is time to connect a 12V 
battery between the points shown in Figure 2. Do not switch on yet. An 
aerial needs to be connected to the output via an ATU and a crystal, of 
frequency matching that of the aerial, fitted. The variable capacitor should 
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give you a tuning range from about 14.058 to 14.064 MHz, ‘Netting’ (the 
Process of tuning your transmitter to the same frequency as that of a 
received station) is achieved simply, because the oscillator is always running, 
and the leakage of the signal (despite the fact that the PA is not powered) is 
sufficient to bring the two frequencies to zero beat. 
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end into the flux, the capillary action would draw flux beyond the insulation where it can't be 
cleaned, and would eventually corrode the wire. 


= ‘ 
1-Serape back dross (oxides) 


Insert, clinch and trim components: First, make bends before inserting the components. Avoid 
stressing the connection between lead and component by bracing the lead with pliers while bending. 
Pliers with serrated tips aren't used in high-reliability production because the grooves can create nicks 
in the leads that eventually cause a break after a lot of vibration and thermal changes. Round nose pliers 
‘make it easy to make any sized radius. 


Unless the component has a metal casing or needs clearance for air flow to keep cool, insert it until i's 
flush with the board. This doesn't apply to some transistors, and also capacitors that have plastic 
coverings that need to be kept out of the solder joint. Clinch or bend out the leads so the component is 
held in place during soldering, and finally trim the leads to about the radius of the pad. Trim the leads 
before soldering since doing so afterwards can shock and crack the joint. Wearing safety glasses for this 
process is not at all excessive~those leads can get you. Everything else about proper component 
installation: NASA guide. 
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Warning 


‘Note that the transmitter has no filtering; harmonics are not suppressed. It 
is strongly recommended that you use this transmitter in conjunction with 
the excellent low-pass filter described in the project A 7-element low-pass 
filter for transmitters, described elsewhere in this book. 


Matching the end-fed 
random-wire aerial 


Longish wire aerials 


‘The term ‘long wire’ is usually used (incorrectly) to describe an end-fed 
aerial. How long is a piece of string? It depends what you mean by ‘long’. 
In aerial parlance, it means ‘long with respect to one wavelength’. Again, 
this depends on the band you are using. A long wire at 20m is somewhat 
different from a long wire at 160m. However, if you have sufficient real 
estate for a long wire on the 160m band it must, by definition, be a long 
wire on all the other bands, too! 
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‘This should put you on your guard when analysing published data about 
feed-point impedance and the directional properties of a long wire aerial. 
Such theoretical data relate to a real, ideal long wire which is straight, 
horizontal, very high above perfect (conducting) ground, and not obstructed 
in any way. So your aerial doesn’t quite match these criteria? Join the 
club! 


Don’t let this dampen your ardour when it comes to evaluating what the 
longish wire can do for you. The following should explain why. 


Feed-point impedance 


‘The impedance at the end of a longish-wire aerial can vary from a few tens 
of ohms to several thousand ohms, depending on the frequency in use and 
the wire length. It is also affected by factors such as bends, height above 
ground, proximity to buildings and wire diameter. 


‘The actual value doesn’t matter, provided we can make the aerial appear to 
have a 50 @ impedance at the aerial socket of the transmitter. This process 
is what we call impedance matching, or simply matching. It maximises the 
power transfer from the transmitter to the aerial, and from the aerial to the 


‘That is why an aerial tuning unit, or ATU, is almost (but not necessarily) 
obligatory. 


The ATU 


‘Many commercially produced HE receivers and transceivers have single 
50.0 coaxial sockets as their one and only means for connecting an external 
aerial. This means that an external aerial should have a SOQ feed 
impedance if it is to work efficiently, and it rules out most of the aerials 
being used by amateurs on the HF bands. Some means is necessary to 
change the aerial feed impedance to ‘match’ that of the transceiver. Such 
impedance-matching, or Z-matching (because Z is the symbol for imped- 
ance, just as L is the symbol for inductance) is the réle of the ATU. 


‘These can he bought and will accommodate either an end-fed or a coax-fed 
aerial. They can be bought ready for use or in kit form. Whether you want 
‘one for receiving only, or for use with a low-power (QRP) or high-power 
(QRO) transmitter, will determine what you need and how much 
you pay. 


Figure 1 Parallel tuned 
circuit as single-band ATU 
for end-fed longish-wire 
antenna 


Matching the end-fed random-wire aerial 


A simple single-band ATU 


‘The simplest form of ATU is shown in Figure 1. It is simply a parallel LC 
(coil and capacitor) circuit, resonant at the chosen frequency, with taps on 
the coil for the aerial and the coaxial feed to the transceiver. If we assume 
the circuit is resonant, a high impedance exists at the top of the coil, and a 
low impedance at the bottom. 


We said earlier that the end-fed longish wire presented an impedance which 
was high (or at least higher than 502). This explains why the aerial is 
tapped to the coil near the top, where the impedance is high, and the 50. 
coax is tapped near the bottom, where the impedance is low. 


Tuned to 
required 
wave-band 


© ncaa 10% 


Because the feed-point impedance of the aerial changes with frequency, so 
must the point at which the aerial is tapped to the coil to achieve impedance 
matching. The value of C must be changed also, to ensure that the circuit is 
resonant, and the 500 tap will require tweaking also. 


Setting up an ATU is quite simple. Make up an LC parallel-tuned circuit 
consisting of 50 turns of enamelled copper wire on an empty 35mm film 
plastic container (or similar), tuned with a 500 pF variable capacitor. Make 
sure the enamel is removed from the ends of the wire before soldering 


Solder the inner wire of the coaxial cable from the radio to the first or 
second turn of the coil from its grounded end. Then solder the braid to the 
grounded end. Connect the aerial about one-third of the way down the coil 
from the top, removing the enamel at the connection point. 


Adjust the variable capacitor for maximum noise or signal strength in the 
receiver. Then, try different tapping points from the aerial, to maximise the 
signal again. This matches the aerial impedance to that of the tuned circuit. 
Repeat the process with the coax tap, thus matching the impedance of the 
radio and the cable to that of the tuned circuit. 
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Figure 2 Simple multiband 
ATU for end-fed longish-wire 
antennas 
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You will no doubt find that the tapping process on the coil was not easily 
accomplished, especially when the enamel must be removed at each tapping 
point without shorting adjacent turns together. It is therefore logical to 
produce a design where the taps have been prepared during the winding of 
the coil, and are selected with a rotary switch, To this end, the following 
multi-band design is described. 


A multi-band ATU 


‘The same type of coil design around a 35mm film container is used (see 
Figure 2). The tapping points can be prepared in advance by a little 
judicious planning. Dismantle your original coil and measure the length of 
wire on it. It will be a little more than a calculation of 50 x mD would 
suggest (where D is the diameter of the film container), due to the lack of 
tension in the coil and the wire diameter itself. You will need aerial tapping 
points at turns 1, 2, 3, 5, 10, 15, 20, 25, 30, 35, 40 and 45, corresponding 
to all the bands from 28 MHz to 1.8 MHz. The coaxial cable tap is fixed at 
turn 2 (an acceptable compromise). All the turns are counted from the 
earthy end. 


Cut another piece of enamelled copper the same length as you used 
originally. ‘Then, with the aid of an ordinary calculator, work out the 
positions of the points where the enamel must be removed for the taps. For 
example, turn 15 will have to be made # of the way along the wire, turn 20 
tap made at 3 of the way along. So, if the length of wire is, say 4.7 metres, 
the two taps in question will be made at #$ x 4.7 = 141m and 3x 4.7 = 
1.88m from one end. This must be repeated for each of the tap positions, 
and the enamel removed ready for the wire to be soldered to it. With a 
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Matching the end-fed random-wire aerial 


soldering iron, tin each tap point while the copper is shiny, thus ensuring a 
good, low-resistance connection. Do not solder on the taps yet. 


‘The coil can now be wound as before. The taps can be soldered on, taking 
the lead from each one to the wafer of a single-pole 12-way rotary switch, 
the pole being connected to the aerial. 


‘The tuning of the ATU is carried out by the same 250 pF capacitor, with a 
single-pole S-way rotary switch used to select the band. Its tapping points 
will need to be chosen manually, using the method described earlier. Don’t 
attempt to make new tapping points on the coil for this ~ use the taps 
available on the wafer of the other rotary switch, and find which is optimum 
for each band. 


Notes 


© For the aerial, use PVC-covered stranded tinned copper, of size 
16/0.2 mm or 24/0.2 mm, 

© Make the wire as long as possible, but anything over 10m should be 
OK. 

© Keep the wire as high as you can, in the clear and away from 

obstructions. 

Don’t worry about bends, but don’t use hairpin bends. 

Use a good insulator to attach your aerial ~ anything plastic will do. 

‘© Anchor the wire near the point of entry to the building, but use a U-bend 
to prevent ingress of water. 

‘© The wire can be brought in through the comer of a window, the PVC 
acting as an insulator. If you must drill a hole in the brickwork, make sure 
it slopes upwards from outside, so that water is deterred from 
entering. 

‘© Use a good RF earth (as opposed to an electrical earth) such as half a 
dozen bare copper wires buried under the lawn in a fan shape. They 
should be joined together at the point of the fan and strapped to the earth 
connector of your ATU. 
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PART TI— 
BUILDING AND USING 
BALUNS AND UNUNS 


The 1:1 Balun 


Chapter 7 


Sec 7.1 Introduction 


n this chapter T will introduce the most popular 
broadband Balun in amateur radio use—the 1:1 
tun. This topic heen discussed in the amateur 
radio literature since the publication of Turrin's 1964 
article ® Aithough Tusrin’s Balun is really a version of 
Ruthroéf’s, which was introduced in his classic 1959 
article.? the seal beginning of the broadband 3:1 Balun 
dates back 10 Guanella’s classic paper of 1944. 
Guanella’s objective was to design a broadband 16:1 
Balun to match the balanced output impedance of 960 
ohms of a push-pull, 100-watt vacuum-tube amplifier 
fo the unbalanced load of a matched 60-ohm coaxial 
cable. Use of his approach for 1:1, 4:1, and 9:1 Baluns 
has produced the designs of choice. They are present- 
ly called current or choke Baluns, 

This chapter begins with an introduction to the tech- 
nology of transmission line transformers. Other topics 
discussed include: 1) when to use a Balun; 2) high- 
tights of significant articles in the professional and 
amateur radio literature; 3) high-power, medium- 
power, and low-power designs; and 4) isolation trans- 
formers. The latter is presented here for the first time. 
‘The chapter closes with a brief summary of the signif 
icant points included within. 


Sec 7.2 When to Use a Balun 


Baluns have taken on a more significant role in the 
past few decades with the advent of solid-state trans- 
ceivers and Class B linear amplifiers with unbalanced 
outputs. That is, the voltage on the center conductor 
of their output chassis connectors varies (plus and 
minus) with respect to ground, In many cases, coaxial 
cables are used as the transmission lines from these 
unbalanced outputs to antennas like dipoles, inverted 
Vs, and Yagi beams that favor a balanced feed, In 
essence, they prefer a source of power whose termi- 
nals are balanced (voltages being equal and opposite) 
with respect to actual ground or to the virtual ground 


Figure 7-1. Am illustration of the various currents at the 
feedpoina of a dipole, 1; is the dipole current and I. the 
inverted L fimbaiance) current 


that bisects the center of the antenna. The question 
that is asked most frequently is whether a 1:1 Balun is 
really needed, 

To illustrate the problem involved and to give a 
basis for my suggestions, I refer you to Figure 7-1. 
Here we have, at the feedpoint of the dipole, two 
equal and opposite transmission fine currents with two 
components each—I and Ig, Also shown is the spac- 
ing, 5, between the center conductor and the outside 
braid. Theoretically, a balanced antenna with a bal- 
anced feed would have a ground (zero potential) plane 
bisecting this spacing. However, because a coax-feed 
is unbalanced and the outer braid is also connected to 
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‘ground at some point, am imbalance exists at the feed- 
point giving rise to two antenna modes. One lies with 
1), providing dipole mode; the other lies with Ip, 
providing an inverted L mode, 

If the spacing, s, is increased, the imbalance at the 
feedpoiut becomes greater—giving rise to more cur- 
rent on the outer braid and a larger imbalance of cur- 
rents on the antennas arms, Several steps can be 
taken to eliminate or minimize the undesirable invert- 
ed L mode (that is, eliminate or minimize 1). The 
obvious choice is to use a well-designed Balun that 
not only provides a balanced feed, but also minimizes 
(by its choking reactance) Iy—if the coaxial cable 
does not lie in the ground plane that bisects the center 
of the dipole, The other step is to ground the coaxial 
cable at a quarter-wave (or odd-multiple thereof) from 
the feedpoint. This discourages the inverted L mode 
because any radiating element will want to see a high 
impedance at these fengths instead of the low imped- 
ance of a ground connection. 

conducted experiments with Baluns on a 20-meter 
half-wave dipole at a height of 0.17 wavelengths, 
which gave a resonant impedance of 50 ohms. VSWR 
curves were compared under various conditions, 
When the coaxial cable was in the ground plane of the 
antenna (that is, perpendicular to the axis of the anten- 
na), the VSWR curves were identical with or without 
a well-designed Balun—-no matter where the outer 
braid was grounded. A significant difference was 
noted only when the coaxial cable was out of the 
ground plane, When the cable dropped down at a 45- 
degree angle under the dipole, a large change ins the 
VSWR took place. This meant that the inverted L 
mode was appreciable. 

It should also be mentioned that the direction af Ty, 
the imbalance current, can depend upon the side on 
which the coaxial cable is out of the ground plane of 
the dipole. For example, if the cable comes down 
under the right side in Figure 7-1 (that is, the angle 
between the horizontal arm and the coax is less than 
‘90 degrees on the right side and more than 90 degrees 
on the left side), then the direction of Iz can be 
reversed by the imbalance in the induced currents on 
the outside of the braid. By the same token, by having 
the coaxial cable coming down on the other side, the 
value of 1, is only increased in magnitude, 

However, feeding a Yagi beam without a well- 
designed 1:1 Balun is a different matter. Because most 
Yagi designs use shunt-feeding (usually by hairpin 
matching networks) in order to raise the input imped- 


ance close to 50 ohms, the effective spacing (s) is 
greatly increased. Furthermore, the center of the dri- 
ven element is actually grounded. Thus, comecting 
the outer braid (which is grounded at some point) to 
‘one of the input terminals, creates a farge imbalance 
and a real need for a Balun. An interesting solution, 
which would eliminate the matching network, is to 
use a step-down Balun designed to match 50-ohm 
cable directly to the lower balanced-impedance of the 
driven element. 

In summary, if you concur with the theoretical 
mode! of Figure 7-1, my experiments performed on 
20 meters, and the reports from radio amateurs using, 
dipoles and inverted Vs without Baluns, then it 
appears that 1:1 Baluns are really needed for: a) Yagi 
bcam antennas where severe pattern distortion cap 
take place without one, and b) dipoles and inverted Vs 
that have the coaxial cable feed lines out of the 
ground plane that bisects the antennas, or that are 
unbalanced by their proximity to manmade or natural 
structures. In general, the need for a Balun is vot so 
critical with dipoles and inverted Vs (especially on 40, 
80, and 160 meters) because the diameter of the coax 
ial cable connector at the feedpoint is much smaller 
than the wavelength, 

If my model, which assumes that a part of the prob 
Jem when feeding balanced antennas with coaxial 
cable is related to the size of the spacing, s (shown in 
Figure 7-1}, then the possibility exists for using 
Ununs for matching into balanced antennas with 
impedances other than 50 ohms and with small values 
of s, For example, half-wave dipoles at a height of 
about a half-wave, quads, and center-fed 3/2-wave 
dipoles—which all have impedances close to 100 
ohins—could very well be matched to 50-ohm cable 
by a 2:1 Unun, As T will show, they are considerably 
easier to construct than 2:1 Baluns, Furthermore, 
Genaille! has recently shown considerable success 
using Ununs in this kind of application, 

‘To wind up this section, I would like to comment on 
an article published by Eggers,!t WANEW, concern- 
ing the use of a Balun with a half-wave dipole, While 
at North Carolina State University, he conducted an 
experimental investigation of pattern distortion with- 
‘out a Balun at 1.6 GHz in an RP anechoic chamber 
(which simulates “free space”). Briefly, his results 
showed that, with a Balun (bazooka type), the antenoa 
radiation pattern compared very favorably with the 
classic “figure-eight.” Without the Balun, the radiation 
pattern was severely distorted, 


Add heat sink: Some semi-conductors (some transistors and diodes) are especially heat sensitive. This 
clip acts a heat shunt to keep the transistor protected. 
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Even though the author expressed difficulty in 
obtaining accurate measurements at this very high fre- 
quency, | have a question regarding the validity of 
performing the experiment in the first place. From the 
photograph in the article, it appears that conventional 
‘coxxial cable and connectors wete used in the experi- 
ment, If we assume an effective diameter of 0.375 
inches for these components, then scaling up to 3.5 
MHz (457.14 fold) results in a coaxial cable with a 
diameter of 14.28 feet! I am quite sure that the large 
spacing, s, of 7.14 feet would bring about a noticeable 
imbalance resulting in appreciable pattern distortion 
even at 3.5 MHz, 


Sec 7.3 Highlights of Significant 
Aricles on 1:1 Baluns 


Although there have been many articles on 1:1 Baluns 
published in the professional and amateur literature, [ 
have selected for review a few that I believe have had 
the most impact on 1:1 Baluns for amateur radio use. 
AAs you will see, even though I consider some of the 
amateur auticles significant, their impact upon the use 
and understanding of these devices has not always 
bbcen positive. In fact, in some cases, the opposite has 
been true 


In the professional literature 


‘There are actually only two significant articles in the 
professional literature that provide the fundamental 
principles upon which the theory and design of this 
class of transformers are based. It can be said that suc- 
ceeding investigators simply extended the works of 
the authors of these two articles. 

The first presentation on broadband matching 
transformers using transmission lines was given by 
Guanella in 1944.3 He coiled transmission lines 
forming a choke such that only transmission line cur- 
rents were allowed to flow, no matter where a ground 
‘was connected to the load. His single, coiled trans- 
mission line resulted in a 1:1 Balun. It is shown sche- 
matically in Figure 7-24, Prior to this, RF Baluns 
‘were achieved by the use of quarter and half-wave 
transmission lines, and as a result, fad narrow band- 
widths. Guanella then demonstrated broadband 
Baluns with impedance transformations of 1:n? where 
‘nis the number of transmission lines he connected in 
a series-parallel arrangement, 

Several important points should be made regarding 
Guanelia’s 1:1 Balun shown in Figure 7-2A. With 
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Figure 7-2. Two versions of the 1:1 Balun. (A) the 
Guanelta Balun and the basic building block; (B) the 
Ruthroff Balun as originally drawn. 


sufficient choking reactance, the output is isolated 
from the input and only flux-canceling transmission 
line cutreats are allowed to flow With matched or 
very short transmission lines, the grounding of termi- 
nal 5 (actually or virtually like the center of a dipole) 
results in terminal 4 becoming +Vj/2 and terminal 2 
becoming -V,/2—creating a balanced output. This 
type of Balun has lately been cailed a “current” ot 
“choke” Balun, A significant feature of this model is 
that a potential gradient of -V,/2 exists along the 
Jength of the transmission fine. This gradient, which 
exists on both conductors, accounts for practically all 
of the loss in these transformers because the loss 
mechanism is voltage dependent (a dielectric-type 
Joss). All transmission line transformers have some 
sort of voltage gradient along their transmission lines 
and are, thus, subject to the same type of losses. 
Furthermore, the theory and loss mechanism is the 
same whether the transmission lines are coax or twin- 
Jead, or coiled around cores, or threaded through fer- 
site beads, Additionally, it was shown? that higher- 
impedance Baluns or Baluns subjected to higher 
VSWRs have more loss because the voltage gradients 
are also larger. 

The second significant article on broadband trans- 
mission line transformers was published by Ruthroff.? 
His f:1 Balun, which is shown as originally drawn in 
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Photo 7-A. The two basic forms of the 1:1 Balun tha frst 
appeared in the professional literature. The two-conductor 
Guanella Balun is on the left and the three-conductor 
Ruthroff Balun is on the right 


Figure 7-2B, used an extra winding to complete (as 
he said) the path for the magnetizing current. Even 
though his schematic drawing appeared to look like a 
trifilar winding, his pictorial in the article clearly 
showed that the third winding (5-6) was on a separate 
part of the toroid. With an equal number of tums, it 
forms a voltage divider with winding (3-4) placing 
terminal 4 at +V,/2 and terminal 2 at -V,/2. In his 
lassie paper, Ruthroff also presented his form of the 
4:1 Balun (which is also different from Guanella’s), a 
4:1 Unun, and various hybrids, Phote 7-A shows the 
two basic forms of the 1:1 Balun that first appeared in 
the professional literature. The two-conductor 
Guanella 1:1 Balun is on the left and the three-con- 
ductor Ruthroff Balun is on the right. As was men- 
tioned before, the Guanella Balun has also been called 
a “current” or “choke” Balun 

Before moving on to the significant articles in the 
amateur radio literature, some mention should be 
made of the differences between the two basic forms 
shown in Photo 7-A. Guanella’s 1:1 Balun came to be 
known as the basic building block for this whole class 
of broadband transformers. This term was coined by 
Ruthroff as he showed its 1:1 Balun capability when 
the load was grounded at its center (terminal 5), and 
‘as a phase-inverter when the load was grounded at the 
top (terminal 4). By connecting terminal 2 to terminal 
3 and connecting the bottom of the load to ground, 
Ruthroff demonstrated his very popular 4:1 Unun. I 


call this type of arrangement the bootstrap connection. 
By grounding terminal 2, there is no potential drop 
along the transmission line and, therefore, no need for 
magnetic cores or beads. This arrangement, which 
turns out to be an important function for extending the 
high frequency performance of this class of transform- 
ers, [call the “phase-delay” connection. 

‘Thus, with the flexibility shown by Guanella’s basic 
building block, a 1:1 Balun is now realized that not 
only presents a balanced power source to a balanced 
antenna system, but can also prevent an imbalance 
current (an inverted L antenna current) by its choking 
reactance when the load is unbalanced or mismatched 
or when the feedline is not perpendicular to the axis 
of the antenna 

Interestingly enough, except at the very low end of 
the frequency response of the Ruthroff 1:1 Balun 
where autotransformer action can take place, his 
Balun takes on the characteristics of the Guanella 
Balun, The reactance of the third winding becomes 
great enough to make it literally transparent. This is 
not the nature of the trifilar-wound (voltage) Balun, 
which is sensitive to unbalanced and mismatched 
loads over its entire passband because it is actually 
two tightly coupled transmission lines. This distine- 
tion was not recognized by most of those who pub- 
lished in the amateur radio literature. 


In the amateur radio literature 
R. Turrin, W2IMU—1964 

‘The first presentation in the amateur radio literature 
on 1:1 Baluns using ferrite cores was by Turrin in 
1964.8 Turrin, who was a colleague of Ruthroff’s at 
Bell Labs, took his small-signal design (which used 
No. 37 or 38 wire on toroids with ODs of 0.25 inches 
or less) and adapted it to high-power use. This was 
done by using thicker wire, larger cores, and (very 
importantly for high efficiency?) low permeability fer- 
rite, Ruthroff used lossy manganese-zine ferrites with 
permeabilities of about 3000 because efficiency was 
not a major consideration, 

Figure 7-3 is a pictorial and a schematic of Turrin’s 
design. As you can see, the third wire (winding 3-4) is 
placed between the two current-carrying wires (wind- 
ings 1-2 and 4-5). Photo 7-B shows (on the left) his 
actual design using a ferrite core; a popular design (on 
the right) using a powdered-iron core is available in 
kit form from Amidon Associates, Inc. Both Baluns 
use 10 tifilar turns of a single-coated wire like 
Formex™ or Formvar™ on a toroid. Turrin’s design 


Figure 7-3. (A) A pictorial of Turrin's 1:1 Balun, and (B) 
‘schematic of his Balun. 


uses a ferrite toroid with an OD of 2.4 inches and a 
permeability of 40, The Amidon Associates’ Balun 
uses a powdered-iron toroid with a 2-inch OD and a 
permeability of only 10, Both Baluns are specified to 
handle 1000 watts of power from 1.8 to 30 MHz. 
Figure 7-4 shows the response curves for these two 
Baluns when terminated with 50-ohm loads. The 
response curve for a popular 1:1 rod-type Balun that 
uses the same schematic and wire is also shown. It has 
8 trifilar turns, tightly wound on a rod of 0.5-inch 
diameter, 2.5 inches long, and with a permeability of 
125. The rod-type Balun is shown in Photo 7-C. 
Several important features should be brought out 
regarding the results shown in Figure 7-4, They are: 
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1, All Baluns had insufficient choking reactance 
and, hence, poor low-frequency responses. The pow- 
dered-iron version was especially poor. They all 
showed a drop in the input impedance and an induc- 
tive component at 2 MHz. This meant flux in the 
cores and an undesirable condition—especially for 
ferrite, which is a nonlinear material. Ferrite cores 
could not only suffer damage, but they could also gen- 
erate spurious frequencies under these conditions. In 
fact, the same condition could occur at 4 MHz with a 
VSWR of 2:1! Therefore, I don’t recommend any of 
these Baluns for use on 160 or 80 meters, 

2. The major problem at the low-frequency end is 
the role of the third winding (3-4) in Figure 7-3B. It 
has been claimed!? that the third winding improves 
the low-frequency response (over the two-conductor 
Guanella 1:1 Balun) because it enables autotrans- 
former action at the low end. However, recent mea- 
surements I have made on two-conductor Guanella 
Baluns and three-conductor Ruthroff (or Turrin) 
Baluns, with loads grounded at their centers, show 
insignificant differences. This type of load approxi- 
mates the actual condition when feeding a balanced 
antenna system. The negative feature of the third 
winding (3-4) is that, at the low-frequency end, there 
can be insufficient reactance to prevent harmful flux 
in the core because of a direct shunting path to 
ground. With the two-conductor 1:1 Balun, the only 
flux-inducing current is that of the imbalance current 
(the inverted L. mode), which is usually far smaller. 

3. Another important feature of the curves shown in 
Figure 7-4 is the effect of the characteristic imped- 
ances of the coiled transmission lines. For example, a 
bifilar winding (wires tight together) on a toroid with 
spacing between adjacent bifilar turns exhibits a char- 


Photo 7-B. Two versions of Turrin's 
design: On the left, the 1:1 Balun that has 
appeared in the amateur radio literature; 
on the right, a 1:1 Balun that has been 
readily available in kit form from Amidon 
Associates, Inc 
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Figure 7-4. The input impedance versus frequency, when terminated with 50 ohms, for the Turrin, typical rod-type, and 


Amidon Associates 1:1 Baluns. 


acteristic impedance of about 45 ohms. When wound 
on a rod with no space between adjacent bifilar turns, 
the characteristic impedance drops to about 25 ohms. 
With the third winding (3-4) between the other two as 
shown in Figure 7-3B, the characteristic impedance is 
raised to approximately 70 ohms in the toroidal case 
and to about 47 ohms in the rod case. If the toroidal 
Baluns were terminated in 70 ohms and the rod Balun 
terminated in 47 ohms, the high-frequency responses 
‘would be practically flat to at least 30 MHz. The dif- 
ference in high-frequency response between the two. 
toroidal Baluns (with 50-ohm loads) is due to the dif- 
ferences in the lengths of their transmission lines. The 
transmission line on the powdered-iron core is appre- 
ciably less because the OD, as well as the cross-sec- 
tional area, is smaller. 

4, The trifilar-wound form of the 1:1 Balun also 
has an additional undesirable property. Its high fre- 
quency response is sensitive to unbalanced and mis- 
matched loads. This is because the third wire now 
forms two tightly coupled transmission lines. It is 
unlike the Ruthroff version shown on the right in 
Photo 7-A. In his second article,!2 Turrin pointed 
‘ut this important distinction. 


J. Reisert, W1JR—1978 

The next significant article on 1:1 Baluns was pub- 
lished by Reisert in 1978.7 Reisert proposed winding 
some of the smaller (but still high-powered) coaxial 
cables around a 2.4-inch OD ferrite toroid with a per- 


Photo 7-C. A typical rod-type Balun 


meability of 125. The windings also included a 
crossover, which is shown in Figure 7-5 and Photo 7- 
D. In addition, he recommended various numbers of 
turns, depending upon the low-frequency requirement. 
For example, he suggested 12 turns to cover 3.5 MHz, 
10 turns for 7 MHz, 6 for 14 MHz, and 4 for 21 and 
28 MHz. Because the characteristic impedance of the 
coaxial cable is the same as the coax feedline, the 
Balun only introduces a foot or two of extra length to 
the feedline. This is true in the HF and VHF bands. 
‘The coaxial cables recommended in the article were 
RG-141/U, RG-142/U, and RG-303/U. 

From the articles that followed in the amateur radio 
literature, it became apparent that few recognized all 
of the important features of Reisert’s Balun. They are 
listed below. 

1. An efficient, low-loss ferrite was used. 

2. The Baluns had sufficient choking reactances for 
the various low-frequency requirements. 


3. The characteristic impedance of the coiled trans- 
mission line was the same as that of the feedline, 
thus eliminating the extra transformer action of a 
length of transmission line with a different character- 
istic impedance. 

4, The Balun is a form of Guanella’s two-conductor 
1:1 Balun, which is not prone to core flux and, hence, 
saturation and the generation of spurious frequencies. 
It is also not susceptible to mismatched and unbal- 
anced loads as are the Turrin and “voltage” Baluns. 

After constructing several of Reisert's Baluns and 
comparing them with other Guanella designs, I found 
that the crossover winding had virtually no effect up 
to 100 MHz (the limit of my equipment). In regards to 
Reisert’s VSWR comparison with a rod-type Balun 
when feeding a triband Yagi beam on 20 meters, 
found that his Balun had a lower VSWR (practically 
1:1) at the best match point. The rod-type Balun had a 
best VSWR of about 1.3:1, but ata slightly higher fre- 
quency, He attributed the higher (and somewhat flat- 
ter) VSWR curve of the rod-type Balun to its greater 
‘ohmic loss. Because the rod-type Baluns I have inves- 
tigated used the same low-loss ferrite that Reisert’s 
did, I suspect that the differences in the VSWR curves 
were mainly due to the mismatch loss introduced by 
the rod-type Balun. 


G. Badger, W6TC—1980 

Badger published an in-depth, two-part seties!3!4 
in Ham Radio magazine in 1980 on air-core Baluns 
and Ununs. 1 am sure it was instrumental in advancing 
the technology of this class of wideband transformers, 
An article by Orr!5 also shows that there are many 
other radio amateurs who see the advantages of air- 
core transformers 

‘What are the claims for air-core Baluns over their 
ferrite-core counterparts? First and foremost, propo- 
nents of ait-core Baluns claim they don’t suffer the 
consequences of saturation that leads to spurious fre- 
quencies, heating, and ultimate damage. Secondly, it’s 
said that they are not subject to arcing from the wind- 
ings to the core. 

What are the claims for the ferrite-core Baluns over 
their air-core counterparts? Simply put, they have 
wider bandwidths and are more compact. 

After reading Badger’s two-part series, I found that 
my curiosity was piqued by his experimental data on 
harmonic distortion due to saturation in a ferrite-core 
1:1 Balun, Although many have expressed concerns 
regarding saturation in ferrite-core Baluns, Badger’s 
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Figure 7-5. A pictorial 
of the crossover used 
in Reisert’s 1:1 Balun 


Photo 7-D. A Reisert, WIR, 1:1 Balun, 


data could very well provide the only results avail- 
able, He used the two-tone test method, which com- 
bined two RF sources of 2.001 and 2.003 MHz, 
amplified it to 2 KW PEP and then fed it through a 
commercial 1:1 rod-type ferrite Balun. The data 
showed considerable distortion in the 3rd order and 
9th order distortion products. In other words, appre- 
ciable nonlinearity took place at this high power level 

Several questions come to mind regarding these 
measurements. What was the low-frequency response 
of the commercial 1:1 rod-type Balun Badger used? 
From my measurements on a rod-type Balun (Figure 
7-4), 1 found a drop in the input impedance and an 
inductive component at 2 MHz. This indicates flux in 
the core and a problem when using this Balun at 2 
‘MHz. Because many rod-type 1:1 Baluns have been 
used over the years, it would have been instructive if 
he had also made these measurements at 4 and 7 
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Figure 7-6, Schematic of Badger's 1:1 Balun with a com- 
ensating winding (1-2). Winding (3-4) is the outer-braid 
of the coax and winding (5-6) is the inner conductor. 


MHz. They would have given the readers a safe 
Jower-frequency limit for these Baluns. 

I wondered why Badger didn't make similar mea- 
surements on Reisert’s 1:1 Balun, which he included 
in his articles. As noted earlier, I consider Reisert’s 
1:1 Balun a very good design! T am sure that no dis- 
tortion products would have been found at 2 MHz 
with this Balun, The end result is that Badger chose a 
poor ferrite-core design for making his comparisons, 
This helped to contribute to an undeserved reputation 
for the ferrite-core Balun. 

Badger also suggested placing an insulated wire in 
parallel with the coax winding on Reisert’s 1:1 Balun. 
He called this a compensating winding, which provid- 
ed a superior balanced output. The third winding (1-2) 
is shown Figure 7-6. Winding (5-6) is the inner con- 
ductor and winding (3-4), the outer braid. Later exper- 
iments by myself and others have shown that a well- 
designed two conductor (Guanella) 1:1 Balun has a 
completely satisfactory balanced output for antenna 
applications. Furthermore, it does not suffer from an 
unbalanced and/or mismatched load and core satura~ 
tion, Incidentally, Badger’s schematic of Figure 7-6 
now adds up to four different versions of the 1:1 
Balun, They are the two-conductor version of 
Guanella’s and the three, three-conductor versions of 
Ruthroff’s, Turrin’s, and (now) Badger's. 

Badger and Orr also mentioned the Collins Balun in 
their articles. This Balun is comprised of a dummy 


length of coax wound as a continuation of the original 
coiled coax winding. Interestingly, it is connected as a 
Ruthroff 1:1 Balun (Figure 7-2B), which also uses a 
third winding. Because there is appreciable coupling 
between the two coiled windings, the Collins Balun 
should also be susceptible to mismatched and/or 
unbalanced loads. Badger claimed it was, by far, the 
best 1:1 Balun he had ever used. Again, it would have 
been very informative if he had compared it with the 
Reisert Balun (without the compensating third wire). 


‘M.W. Maxwell, W2DU—1983 

One of the more significant articles on 1:1 Baluns 
was published by Maxwell! in 1983. Maxwell intro- 
duced, what he called, the “choke” Balun, It was 
formed by placing high-permeability ferrite beads 
over about one foot of small (but high-powered) coax- 
ial cables similar to the ones used in the Reisert 
Balun. Photo 7-E shows the W2DU “choke” Balun 
removed from its plastic enclosure. 

Maxwell compared his Balun with (what he 
termed) a “transformer-type” Balun by measuring the 
input impedances versus frequency when the outputs 
were terminated in 50 ohms. The “transformer-type” 
Balun didn’t yield a true 1:1 impedance transfer ratio, 
which he claimed was due to losses, leakage reac- 
tance, and less than optimum coupling. Because 
Maxwell gave no description of the “transformer- 
type” Balun, I assumed it was the popular rod-type 
Balun shown in Photo 7-C. As you can see in Figure 
7-4, this Balun has a poor low-frequency response. 
Furthermore, it is really optimized for a load of 47 
ohms and not 50 ohms. 

What Maxwell failed to realize was that his Balun 
was a form of Guanella’s two-conductor type. That is, 
it is both a choke (a lumped element) and a transmis- 
sion line (a distributed element). Additionally, 
Guanella’s theory applies whether the transmission 
lines are coiled (about a core) or beaded, twin-lead or 
coaxial cable. From Ruthroff’s classic paper,? which 
extended Guanella’s work.? we became aware of the 


Photo 7-E. The Maxwell, 


voltage drops along the lengths of the transmission 
ines. From very accurate insertion loss measure- 
ments.? we learned thet the losses were mainly in the 
‘magnetic medium—and that they were related to the 
voltage levels and the permeabilities. Maxwell didn't 
take into account these latter findings, He used lossy 
high-permeability beads (2500) and assumed that the 
main loss was in the transmission line, He claimed 
that the CW power-handling capability of his Balun 
was 3.5 kW at 50 MHz and 9 kW at tO MHz—the 
same as the coaxial cable itself. T seriously question 
these power ratings. Ironically, it is very likely that 
Maawell’s Balun had more real loss than the so-called 
“transformer-type” Balun! 


R.W, Lewallen, W7EL—1985, 

‘There is very litle doubt that Lewallen's interesting 
article in 1985 contributed significantly to the better 
understanding and design of 1:1 and 4:1 Baluns. In it, 
he coined the (now very popular) terms “voltage” and 
“current” Baluns. The “voltage” Balun, a three-con- 
ductor type, has output ports which have voltages that 
are balanced to ground. It is brought about (see 
Figure 7-6) by the voltage-divider action of windings 
(5-6) and (1-2), Because we have two tightly coupled 
transmission lines in the passband with the same 
potential gradients, terminal 6 is at +V /2 and termi- 
nal 4 at ~Vy/2 where V, is the input voltage. The 
“current” Balun, on the other hand, is a two-conductor 
Balun that produces equal and opposite currents on 
the output ports for any form of load impedance. 

Lewallen conducted a series of experiments on 10 
meters fo compare the performances of “voltage” and 
“current” Baluns under balanced and unbalanced con- 
ditions, In the unbalanced (nonsymetrical) condition, 
the dipole was lengthened by five inches on one side 
and shortened by five inches on the other side. He 
then obtained a figure of merit for both Baluns (as 
well as for the case without a Balun) defined as the 
ratio of the average magnitude of the carrents at the 
feedpoint over the magnitude of the imbalance (the 
inverted L) current. The magnitudes of the currents 
were obtained by curtent-probe toroids, Measure- 
ments were made at the antenna feedpoint and at @ 
half-wave (physically) from it. 

‘The “current” Balun consisted of 15 tums of very 
small RG-178/U coax on an FT82-61 core (a ferrite 
toroid with an OD of 0.825 inches and a permeability 
of 125). The “voltage” Balun had 10 tums of RG- 
178/U coax with a No. 26 wire in parallel (closely 
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coupled) on the same toroid. The schematic is shown 
in Figure 7-6. 

Lewallen concluded (and 1 agree} that his experi- 
ments clearly showed that the “current” Balun gave 
superior performance at every measured point in each 
experiment. However, the “voltage” Balun still 
improved the balance over the no-Balim case. He also 
concluded that other experiments should be performed 
in order to better compare the two forms of the Bahin, 
One is to ascertain the difference when the feedline is, 
placed nonsymetrical with respect to the antenna (to 
induce an imbalance current into the feedline), Others 
include determining the optimum point in the feed¥ine 
to place the Balun, and testing the various kinds of 
core and beaded Baluns. 

Although Lewalten’s article pretry much speaks to 
Badger's proposal of adding a third wire to Reisert’s 
Balun for better balance (i.e., avoid it), there are some 
comments and questions 1 have regarding his experi- 
‘ments and findings. They are 

1. Why didn’t Lewallen use Reisert’s Balun as the 
“current” Balun and Badger’s suggested third-wire 
design as the “voltage” Balun? These would have 
been more realistic designs for comparisons. Instead, 
he used very small structures (which will only find 
use in QRP operations) and, as such, have higher fre- 
quency capabilities, Also, because the “voltage” 
Balun only had 10 turns (and hence a shorter trans- 
mission line and a pooter low-frequency response), it 
was favored in the comparisons on 10 meters. Had 
Lewallen used transmission lines of equal lengths on 
Reisert’s cores, the differences between the two 
Baluns would have been even more dramatic. 

2. Tt would also have been very useful if Lewallen 
had made comparisons between a “current” Balun that 
could handle the full legal limit of amateur radio 
power (again like the Reisert Balun) and “voltage” 
Baluns using Turrin’s schematic (Figure 7-3) with rod 
and toroidal cores which have been readily available 
for nearly three decades. 

3. Additionally, comparisons should not only be fim- 
ited to 10 meters. Because 1:1 “voltage” Baluns are 
configurations of coupled transmission lines with warti- 
ous characteristic impedances, their performances with 
mismatched and unbalanced loads are more sensitive to 
the higher frequencies than their “current” Balun coun- 
terparts, Therefore, making similar measurements on 
20 meters would also provide more useful information 

4, Bven though Ruthroff’s classic 1959 paper? has 
been the industry standard over the years, bis 1:1 
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Balun design has been practically nonexistent in the 
amateur literature. Turrin mentioned its advantage 
over his first design in his second article.!2 But 
‘Turrin's first design has prevailed in our amateur liter- 
ature, Because Ruthroff’s design has the thitd conduc- 
tor on a separate part of the toroid, it has the balanced 
output mentioned by Badger,!? but still retains the 
flexibility of the Guanella’ Balun. In other words, as 
the frequency is increased, the choking action of the 
third wire makes it practically transparent. ‘This 
enables it to handle any form of toad impedance. It 
‘would have been informative if Lewallen had pointed 
this out and also noted that Rathroff’s 1:1 Balun, 
although looking like a “voltage” Balun, is really a 
“current” Balun, 

5. Lewallen and the others who have published in 
the amateur radio literature have failed to reference 
the first presentation on what are now known as “cur- 
fem” of “choke” Baluns, made by Guanella’ in 1944, 
Even though Guanella used coiled transmission lines 
without a magnetic core, his theory on how these 
devices work is still applicable today. 


JS. Belrose, VEZCV—1991 

‘The last article on 1:1 Baluns T considered worth men- 
tioning was written by BelroseS in 1991. In it, he 
desctibed the W2DU Balun by Maxwell and how his 
technique of threading coaxial cable through ferrite 
beads could be easily applied to 4:1 and 9:1 Batuns. 

‘What immediately grabbed my attention in this arti- 
cle was the deck head (the editor's comments), which 
included highly complimentary remarks regarding the 
beaded-coax Balun, In essence, it said, “In this break- 
through article, W2DU’s peerless 1:1 current-Balun 
design serves as the basis for excellent ferrite-bead- 
choke current Baluns capable of 4:1 and 9:1 imped- 
atice transformation.” 

However, if one reads the article carefully, it 
becomes appatent that this is not what Belrose said. 
His words were, “The current Balun of the rype devel- 
oped by Walt Maxwell, W2DU—a Balun consisting 
of ferrite beads slipped over a length of coaxial 
ceable—is the best so far devised (italics mine).” He 
did not say that W2DU"s Balun was “peerless.” In 
fact, in the article he said just the opposite. He pointed 
out that the W2DU Balun’s main disedvantage is that 
the beads are lossy at HF and heating becomes a con- 
‘cern when the transmitting power exceeds 125 watts! 
For high power (that is 1-kW CW), Belrose recom- 
mended Roehm’s!6 designs, which use lower perme- 


ability (850) beads nearest the Balun’s balanced out- 
put (where most of the beating takes place) 

However, Ido question two of the advantages he 
claims for the W2DU Balun, They are: 

1. Its excellent power-loss and impedance-versus- 
frequency characteristics are much superior to those 
of a bifilar current Balun wound on a ferrite toroid. 

2, It has excellent power-handling capability, and 
can function quite satisfactorily when working into 
highly reactive loads. This is so because the magnetic 
flux produced hy currents flowing on this Balun’s 
‘wires cannot saturate its ferrite beads 

Belrose ohtained evidence for advantage number 1 
by comparing the input impedance and power loss 
versus frequency of the W2DU Batun with a commer- 
cial Balun when they were terminated in 50 ohms. 
The commercial Balun was a bifilar wound toroidal 
type used in a differential-T tuner, What Belrose 
failed 10 tealize was that the commercial Bakin bad 
heavily insulated wires, resulting in a characteristic 
impedance greater than 100 ohms. Thus, he was actu- 
ally comparing a 50-ohm transmission line with a 
longer line that had a characteristic impedance in 
excess of 100 ohms! As expected, his input imped 
ance versus frequency curve for the commercial Balun 
‘was even more severe than that of the Turrin Balun 
shown in Figure 7-4. 

‘Advantage number 2 is based upon the premise 
that the magnetic flux produced by currents on the 
W2DU Balun’s wires cannot saturate the ferrite 
beads, while the windings of s bifilar wound toroidal 
carept Balua can, This is an incorrect assumption 
because the magnetic flux of 2 two-conductor type 
Balun, like the beaded-coax or the bifilar-wound 
toroidal Balun, is generated by the imbalance (invert 
ed L) current and hence is much lower than the trans- 
mission Tine currents. This is especially true with 
sufficient choking reactances, The perveption that the 
toroidal type Balun still transmits the energy to the 
output circuit by flux linkages, could very well lead 
to this mistaken impression. 

For high power beaded-coax Baluns, Belrose re- 
ferred to designs by Roehm,!6 who increased the 
power capability of this type of Balun by using lower 
permeability beads near the balanced output. He also 
increased the length considerably. For operation from 
80 meters to 10 meters, Roehm used 28 inches of 
beaded coax, For 160 meters to 10 meters, he used 36 
inches of beaded coax. Belrose’s suggestion of con 
necting beaded coaxes in parallel on the low-imped- 
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Photo 7-F. Two versions of Reisert’s 1:1 
Balun. The Balun on the left uses the 
‘crossover shown in Figure 7-5. The Balun 
on the right is continuously wound. Both 
have the same electrical performance in 
the HF band. 


ance side and in series on the high impedance side to 
obtain a broadband 4:1 transformation ratio would 
require transmission lines with characteristic imped- 
ances of 100 ohms. This means, for a high power 4:1 
Balun using beaded transmission lines, about 56 inch- 
es of beaded line would be required for the 80-meter 
to 10-meter operation and 72 inches for the 160-meter 
to 10-meter coverage. For a 9:1 Balun, it would be 
necessary to increase these lengths by 50 percent! 

Tremains to be seen what Belrose would have said 
or done if he had compared the W2DU Balun of 
Maxwell's with the WIJR Balun of Reisert’s. He cer- 
tainly couldn't claim the advantages listed in his arti- 
cle for the W2DU Balun, Would he still have claimed 
that the type of Balun developed by Maxwell is the 
best so far devised? Given the evidence, T doubt it. 


Sec 7.4 High-, Medium-, and Low- 
power Designs 


In this section I'l present my latest 1:1 Balun designs 
Except for one Balun that appeared in the June 1993 
issue of CQ, the others appeared for the first time in 
the magazine’s April 1994 issue. Because I have 
favored Reisert’s design throughout this chapter, the 
first Baluns described here are my versions of hi 
technique of coiling small (but high power) coaxial 
cable around a low-permeability ferrite toroid. For my 
wire versions, I could have used all sorts of adjectives 
to describe them like Guanella, two-conductor, choke, 
and current. However, in the process of writing this 
section, I thought Belrose’s adjectives were the most 
direct. Using his words, I call my wire versions of the 
1:1 Balun simply—bifilar toroidal Baluns. 


Photo 7-F shows two versions of Reisert’s Balun. 
The one on the left uses the crossover shown in 
Figure 7-5. Because no difference in performance at 
HF was noticed without the crossover, a continuous- 
wound version is also shown on the right. The main 
advantage in the HF band with the crossover winding 
is purely mechanical. Having the input and output 
connections on opposite sides of the toroid is not only 
more convenient, but it also offers a much stronger 
‘method of mounting. 

For operation from 1.8 to 30 MHz, 10 turns of small 
coax like RG-303/U, RG-142B/U, or RG-400/U are 
‘wound on a 2.4-inch OD ferrite toroid with a perme- 
ability of 250. If the use is limited from 3.5 to 30 
MHz, then a permeability of 125 is recommended 
because it would yield a slightly higher efficiency at 
the high end. If one wants the highest possible effi- 
ciency and limits the operation from 14 to 30 MHz, 
then a permeability of 40 is recommended. With loads 
grounded at their centers, these conditions were found 
to give ample margins (handle a VSWR of 3:1 with- 
‘out any appreciable flux) at their low frequency ends. 

For ease of winding, I found TY-RAP™ Cable Ties 
very useful. Two were used at each end. Removing the 
covering on the outer braid also helps. Because about 
24 inches of cable is wound on the toroid, I recom- 
‘mend you start with at least 32 inches. Of the three 
cables noted above, I found RG-303/U cable the easi- 
est to wind and connect. Although it only has a single- 
thickness braid (the others have double-thickness 
braids), its power rating is still the same—9 KW at 10 
MHz and 3.5 kW at 50 MHz. 

‘The next high power design is shown in Photo 7-G 
mounted in a 4 inch long by 3 inch wide by 2.25 inch 
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Photo 7-G. My high-power design of a bifilar toroidal 
(Guanella/current) 1:1 Balun mounted in a 4 inch tong by 
3 inch wide by 2.25 inch high Bud aluminum box. 


high Bud CU 234 aluminum box. It has 10 bifilar 
turns of No. 12 H Thermaleze wire on a 2.4-inch OD 
ferrite toroid. As with the Reisert versions, a perme- 
ability of 250 is recommended for 1.8 to 30 MHz, 125 
for 3.5 to 30 MHz, and 40 for 14 to 30 MHz. One 
wire is also covered with two layers of Scotch No. 92 
polyimide tape in order to raise the characteristic 
impedance to 50 ohms, With this added insulation, the 


voltage breakdown of this twin-lead transmission line 
compares very favorably with RG-8/U cable (4000 
volts). In order to preserve the spacing, the wires are 
also clamped together about every 1/2 inch with strips 
of Scotch No. 27 glass tape 3/16 inches wide and a lit- 
tle over 1 inch long, 

‘Two “economy” versions of the high power bifilar 
toroidal Balun are shown in Photo 7-H. The one on 
the left shows the windings crowded on one-half of 
the toroid. ‘The one on the right provides the same 
positions of the input and output connections by using 
the crossover. Their performances are identical. Both 
Baluns have 10 bifilar turns of No. 14 H Thermaleze 
wire on a 24-inch OD ferrite toroid. The choices of 
permeability, which trade off bandwidth for efficien- 
cy, are the same as those used in the two previous 
high power designs. The word “economy” here refers 
to economy in labor—this Balun is actually very easy 
to construct. 

‘This “economy” Balun, which also handles the full 
legal limit of amateur radio power, has a small trade- 
off in high frequency response. Because no extra insu- 
lation is used, the characteristic impedance of two 
tightly clamped No. 14 H Thermaleze wires is 45 
ohms. With one layer of Scotch No. 92 tape, it 
increases to 50 ohms. But for most of the HF band, 
the difference in performance between Baluns using 
transmission lines of 45 and SO ohms should be negli- 
gible, Even without the extra insulation, the voltage 
breakdown should compare very favorably with the 
smaller, high-power coaxes used in the Reisert ver- 
sions (1900 volts). 


Photo 7-H. Two “economy” versions of the 
high-power bifilar toroidal (Guanella/eur- 
rent) 1:1 Balun. The one on the right uses 
Reisert’s crossover technique. 


Clean and tin the Tip 


Regular cleaning = easier soldering and longer tip life:The iron tip's ability to transfer heat is drastically 
reduced when it gets covered in oxides and burnt flux residues. Not only does heat not transfer as well through 
this debris, but the contaminants also prevent solder from wetting or sticking to the tip. Most heat transfer 
actually goes through a fluid solder "heat bridge" that lies between the iron tip and components, so an iron tip 
that repels solder will be very ineffective. 


‘The longer oxides and charcoaled flux residues remain on the tip, the harder they become to remove, so it’s a 
good idea to clean the tip every time you pick up the iron. 


Wiping the iron on an edge of a hole cut into a sponge can help to remove oxides easier, and also allows waste to 
fall away. A dry cleaner can also be used, It consists of soft metal shavings that are coated with flux. You clean 
by thrusting the iron into the shaving a few times. By avoiding the thermal shack of touching a damp sponge, 
these cleaners help to increase tip life, and in our opinion, do a better, faster job. 
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Photo 7-L Two low-power versions of the bifilar toroidal 
(Guanelta/eurrent) 1:1 Balun capable of handling the out- 
put of practically any HF transceiver. The Balun on the 
left has the crossover. 


Photo 7-I shows two low-power versions of a bifilar 
toroidal Balun capable of handling the output of prac- 
tically any HF transceiver. One has a crossover wind- 
ing and the other, a continuous winding. They both 
have 10 bifilar turns of No. 16 H Thermaleze wire on 
a 1.25-inch OD ferrite toroid with a permeability of 
250. Since efficiency is not a major problem in low- 
power use, I found no reason to suggest the other two 
versions, which use lower permeabilities. It is also 
interesting to note that two tightly clamped No. 16 H 
Thermaleze wires have a characteristic impedance 
close to 50 ohms. Therefore, this small Balun (partic- 
ularly with its short leads) has a very good high fre- 
quency response. 

Photo 7-J shows two medium-power versions of a 
bifilar toroidal Balun capable of handling the full 
legal limit of amateur radio power under controlled 
conditions—when the VSWR is less than 2:1. Being 
smaller than its larger (24-inch OD) counterpart, its 
heat-sinking capability and, hence, power rating is 
less. As before, one Balun uses a crossover while the 
other doesn’t, Each has 8 bifilar tums of No. 14 H 
‘Thermaleze wire on a 1.5-inch OD ferrite toroid. The 
ferrite permeabilities and expected bandwidths are the 
same as the other high-power Baluns. Because the 
average magnetic path length in the core is about two- 
thirds that of the 2.4-inch core, only 8 bifilar turns are 
required in order to produce a similar low-frequency 
capability. Even though the characteristic impedances 


Photo 7-J. Two medium-power versions of the bifilar 
toroidal (Guanella/current) 1:1 Balun capable of handling 
the full legal limit of amateur radio power when the VSWR 
is less than 2:1. The Balun on the left has the crossover. 


of their bifilar windings are 45 ohms, their responses 
‘on 10 meters should be somewhat better than the 
“economy” models because the lengths of their trans- 
mission lines are shorter (18 compared to 24 inches). 

And now a few words on what sort of efficiency one 
‘can expect in trading-off low frequency response by 
using lower permeability ferrite cores. From earlier 
studies? it was found that the efficiency (with suffi- 
cient choking, so only transmission line currents flow) 
is related to the permeability, the voltage drop along 
the length of the transmission line, and the frequency. 
‘The higher the permeability and/or voltage drop, the 
greater the loss. Additionally, the higher the perme- 
ability, the greater the loss with frequency. It was also 
found that a permeability of less than 300 was neces- 
sary in order to obtain the very high efficiencies of 
which these devices are capable. 

Here are some efficiencies that might be expected 
from ferrites under matched conditions, based on the 
results of the studies: 

1. With 250 material, an efficiency near 99 percent 
at 18 MHz and 97 percent at 30 MHz, 

2. With 125 material, an efficiency near 99 percent 
at 3.5 MHz and 98 percent at 30 MHz. 

3. With 40 material, an efficiency of 99 percent at 
14 MHz and at 30 MHz. 

When a Balun is exposed to a high impedance 
resulting in a VSWR of 2:1, the voltage, and hence 
loss, increases by about 40 percent, With a VSWR of 
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Photo 7-K. Two examples of mounting the 
high-power 1:1 Guanella Balun in enclosures 
that allow isolation transformer operation. 


4:1, the loss doubles. With a VSWR of 10:1, the loss 
is more than three-fold. Since limited data was 
obtained in this study,? these increases in losses with 
increases in VSWR could very well be even greater. 


Sec 7.5 Isolation Transformers 


As was shown in the preceding sections, the 1:1 
Guanella (current/choke) Balun is in reality a two- 
conductor RF choke, or an isolation transformer. 
However, practical Balun designs don’t usually lend 
themselves to isolation use for mechanical reasons. 
They cannot be conveniently inserted into a coaxial 
cable system. Therefore, the objective is to mount the. 
“Guanella Baluns” in enclosures that will allow them 
to perform as isolation transformers. 

Photo 7-K shows two examples of enclosures that 
should accomplish the mission. The example on the 
left shows one of the high-power units mounted in a 5 
inch long by 3.5 inch wide by 2.25 inch high alu- 
‘minum enclosure, The output connector (on the top) is 
insulated by a 0.125-inch-thick piece of plastic. The 
one on the right shows another high-power unit 
mounted in a 6 inch long by 3 inch wide by 2 inch 
high plastic enclosure, which is available from Radio- 
Shack. The descriptions of the high-power units are 
sziven in the preceding section. 

These isolation transformers can be used as Baluns 
when inserted in a coaxial cable one-half wavelength 
(physically) from a half-wave dipole® or between a 


coaxial cable and a balanced L-C tuner.!6 They 
should never be inserted in a coaxial cable system that 
presents a high impedance and, consequently, a high 
voltage. This could be harmful to the unit. 

Note that the high-power unit on the left in Photo 
7-K can also be used as a filament choke in a Class B 
linear amplifier. Its low-frequency response is much 
better than any rod-type, assuring 160-meter opera 
tion, Obviously, it would not be mounted in the alu- 
minum enclosure shown in the photo. In addition, the 
two layers of Scotch No. 92 tape would not be 
required because the characteristic impedance of the 
winding is unimportant and the voltages involved are 
quite low. 

By the way, the designs discussed above can be 
used as phase-inverters. Simply connect the hot lead 
on one side to the ground on the other side. 


Sec 7.6 Summary 


In investigating the 1:1 Balun, T was quite surprised to 
see the ferrite- and powdered-iron-core designs that 
have been available in the literature and off-the-shelf 
since 1964. They not only had poor low- and high-fre~ 
quency responses, but they were also susceptible to 
flux in the cores at their low-frequency ends. Further- 
more, since they only used single-coated wires, they 
were also prone to voltage breakdown. No doubt, 
these designs are responsible for the poor reputation 
that the Balun has had for many years. 


It wasn’t until 1978, when Reisert published his 
article, that a Balon which had all ofthe attributes of a 
good design became available, Namely: 

a) It is efficient because it uses a low-permeability 
cote. 

b) It has sufficient choking reactance to meet its 
low-frequency requirement, 

c) It is not prone to flux in the core (and, hence, sat- 
uration) because it has no third winding. 

4) Tt has a 50-chm characteristic impedance and 
maintains a 1:1 transformation ratio with a S0-ohm 
toad 

€) Ithas a good voltage breakdown capability (1900 
volts), 

#) It can handle a mismatched and/or unbalanced 
load. 

However, succeeding investigators failed to see the 
advantages of Reisert's design and proposed their 
own. Surprisingly, they belonged to two distinct 
‘groups. One group favored “air-core” Baluns and the 
other, “choke” (headed-coax) Baluns 

‘The main argument given by the “air-core” follow- 
ers was that their Balun would never experience prob- 
lems with saturation, while the “ferrite-core” Balun 
would, However, the Reisert Balun is 2 current/choke: 
type Balun that could only have flux in the core due 10 
the imbalance (inverted L) current, which is much 
smaller than the transmission line currents. In fact, 
with any degree of choking reactance hy the coiled 
transmission line, the imbalance current is essentially 
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negligible. Therefore, saturation is not a concer with 
a Balun like Reisert’s. In all fairness, it should be 
noted that it is a different story with the 4:1 cusrent/ 
choke and voltage Baluns. All three of these types of 
Baluns have a "magnetizing inductance” in their low- 
frequency models and hence a possibility of saturation 
with a poor design. 

‘The advocates of the “choke” 1:1 Balun claim that 
their beaded-coax Balun can't saturate while the bifi- 
lar (current) toroidal Balun can, This is untrue; they 
are basically the same kind of structure, and neither 
has a third conductor which could allow a flux-caus- 
ing current at the very low-frequency end, But of all 
of the attributes listed above for the Reisert Balun, the 
first one has the “choke” Balun at a disadvantage in 
the HF band, Because its transmission line is not 
coiled about a toroid, it does not bave the multiplica- 
tion factor of N? (due to mutual coupling), where N is 
the number of tums, while the toroidal Balun does. 
Therefore, higher-permeability beads are required in 
order to obtain sufficient choking reactance. This 
results in lower efficiency. 

Finally, it should be pointed out that the 1:3 Balun 
‘using the small, but high-power, coaxial cable is capa- 
ble of 5-kW operation in the HF band. Because of 
cutrent crowding, the bifilar toroidal Balun, even with 
No. 12 wire, has shown excessive wire heating at this 
level. Therefore, No. 10 or No. 8 wire, with added 
layers of Scotch No, 92 tape in order 10 obtain a 50- 
ohm characteristic impedance, is recommended. 


The 4:1 Balun 


Chapter 8 


Sec 8.1 Introduction 


hapter 7 in this book discussed the most pop- 

‘ular of all Baluns—the 1:1 Balun designed to 

‘match 50 obms unbalanced to 50 ohms bal- 
anced. It not only gave a review of the history, theory, 
and design of these broadband transformers, but also 
my viewpoint on published articles advocating later 
designs using coaxial cable wound around a toroid, 
threaded through ferrite beads, of just plain coited in 
air (an sir-core Balun). As was noted, 1 am in consid- 
erable disagreement with many of the claims 
advanced for these later 1:1 Baluns. 

Chapter 8 deals with the next most popular Balun 
—ihe 4:1 Balun designed fo match 50 ohms unbal- 
anced to 200 ohms balanced. Baluns matching 50 
chms unbalanced to 12.5 ohms balanced are also 
included. It begins with a little information on the his- 
tory and design of these Baluns, followed by high- 
and low-power designs and comparisons with other 
Baluns that have been on the market or in the amateur 
literature. Guanella’s approach to the design of a 4:1 
Balun is particularly noteworthy. ft not only yields an 
excellent Balun design, but also an Unun (unbalanced- 
to-unbalanced transformer) with practically the same 
performance. His design could very well be called a 
Baln/Unun, As in the first chapter, this one also closes 
with a brief summary of the significant points. 


Sec 8.2 Alitile Hisiory and Design 
Information 


‘There are really only (wo classic papers that have 
established the principles upon which the transmis- 
sion line teansformer (the Balun being a subset there- 
of) is based. The first one was written by Guanella in 
1944, Guanella proposed the idea of coiling a trans- 
mission line to isolate the input from the output, 
resulting in the (now popular) current or choke 


Balun.) The second was by Ruthroff in 1959, whose 
analysis of these transmission line transformers is the 
present industry standard.? Ruthroff also introduced 
the Unun and the hybrid transformer. 

Interestingly enough, both Guanella and Ruthroff 
had different approaches to their 1:1 and 4:1 Balun 
designs. Guanella used a two-conductor f:1 Balun 
design, while Ruthroff used a three-conductor design. 
Ruthroff’s thitd conductor (which was said to inctease 
the low-frequency response over the two-conductor 
Balun'2) lay on a separate part of a toroidal core. 
Investigators who followed failed to recognize this 
fact. Their comparisons wete made with a three-con- 
ductor Balun that had the third wire in parallel with 
the other ovo, which then formed two coupled trans- 
mission lines. This gave rise to the term volzage 
Balun—an inferior design § 

However, the differences between Guanela’s and 
Rothroff’s approaches to 4:1 Baluns were even more 
striking. Guanella connected coiled transmission lines 
in a parallel-series arrangement, so in-phase voltages 
were summed at the high impedance side. His Balun 
has been called a current Balun.® Ruthroff, on the 
other hand, obtained a 4:1 transformation ratio by 
summing @ direct voltage with a detayed voltage that 
traversed a single transmission line in a phase-inverter 
connection (see Chapter 7), His Balun has been 
called voltage Balun, The distinction between the 
operation of these (wo Baluns was also overlooked by 
practically everyone who followed. 

This section reviews the two different approaches 
taken by Guanella and Ruthroff in obtaining 4:1 
Baluns. Of particular importance ate the descriptions 
of the potential drops along the lengths of the trans- 
mission lines when the loads are grounded at various 
points. ‘These voltage drops are not only relevant 10 
the ohmic losses in the Baluns, but also to their elec- 
trical performances, These descriptions were quite 
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Figure 8-1. Blectrical models of the Guanelfa 4-1 Bulun: (A) high-frequency, (B) low-frequency. 


possibly presented for the first time in the second edi- 
tion of my book Transmission Line Transformers.2 


Sec 8.2.1 Guanella’s 4:1 Balun 


Figures 8-1A and B show the high- and low-frequen- 
cy models of Guanella’s method of connecting trans- 
mission lines in parallel-series to obtain a 4:1 Balun, 
‘The high-frequency model (Figure 8-1A) assumes 
that the choking reactances of the coiled (or beaded) 
transinission Lines are sufficient to isolate the input 
from the output, so only transmission line currents are 
allowed to flow. This occurs when the reactance of 
windings 3-4 and 3-6 (which are in series) is much 
greater than Ry (at least by a factor of ten.? If two 
cores are used, the reactance is the sum of the teac- 
tances of windings 3-4 and 5-6. If a single core is 
used, the reactance is twice as large because of the 
mutual coupling between the windings, The other 
advantage of Guanella’s method (besides only using 
one core) is that shorter transmission fines can be 
used, resulting in better high-frequency performance. 

As with all transmission line transformers, the 
objective is to have the transmission tines see loads 
equal to their characteristic impedances, resulting in 
“flat lines.” This yields the highest frequency 
response, Because each transtpission tine in Figure 
B:1A sees one half of the load, Ry, the optimum value 
of the characteristic impedance is Ry /2. Consequently, 
the input impedance, V /I;, is simply the impedance 
of two identical transmission lines connected in paral- 
Jel. It follows that the impedance transformation ratio 
is the load, Ry. divided by the input impedance. 


Because the Guanella 4:1 Balun sums voltages of 
equal delays from identical transmission lines, his 
Balun is only limited in high-frequency performance 
by the deviation of the characteristic impedance of the 
transmission lines from the optimum values and the 
parasitics not absorbed into the characteristic imped- 
ance of the lines, 1 (and practically everyone else) had 
overlooked the simple and important statement, “a 
frequency independent transformation,” which 
appeared in Guanella’s 1944 article?.--a fact that is 
evidenced by the scarcity of his designs in the titera- 
ture, Another interesting aspect of the Guanelia 4:1 
Balun is the analysis of his Balun when the load is 
floating or grounded at different points, This leads to 
the determination of the voltage gradients that exist 
along the transmission fines and the various functions 
of which his 4:1 design is capable. Assuming a 
‘matched load or very short transmission Lines result- 
ing in V2 = Vj). they arc as follows. 


Floating Load 

With terminal 10 (which is at the center of Ry) 
floating, the potential gradient along the top transmis 
mn line in Figure 8-1A (windings 5-6 and 7-8) is 
-/2V y; along the bottom transmission fine (winding 
1-2 and 3-4) it's -3/2V;. The voltage to ground on ter- 
minal 9, Vyg, is -1/2V}. Because the bottom transmis- 
sion line (in Figure 8-LA) bas a voltage drop along its 
length three times greater than the top transmission 
line, it results in three timnes more loss because losses 
in transmission line transformers are voltage depen- 
dent (dielectric-type losses). 


Even though a single-core Guanella 4:1 Balun 
‘maintains the voltages (stated above) when feeding & 
folded dipole (of about 200 ohms) which has a virtu- 
al-ground potential at terminal 10, it still feeds equal 
currents to each side of the antenna because of the 
series-connection at its output. Since the output volt- 
ages are not balanced to ground. a reactive component 
is probably introduced into the input impedance. 
Additionally, the choking reactance of the windings 
also prevents antenna currents from flowing on the 
outside of the coaxial cable feedline 


Load Grounded at Center 

When two cores are used and terminal 10 (the cen- 
ter of Rp) is grounded, the voltage gradient aloug the 
top transmission fine in Figure 8-1 is zero, and 
along the bottom transmission line it is -V,, The volt- 
age to ground on terminal 9 (Veo) is also zero, In fact, 
the core for the top transmission Tine isn’t needed. Tt 
merely acts as a mechanical support for the top trans- 
mission line, which now only operates as a delay line. 
Also, all of the loss now occurs in the core of the bot- 
tom transmission fine where a longitudinal potential 
gradient exists. Farthermore, the low-frequency 
response, as seen from Figure 8-2B, is now deter- 
mined by the reactances of windings 1-2 and 34, This 
means that the low-frequency response with a floating 
load is better by a factor of two over the case where 
the load is grounded at its center. 

But the single-core case is a different matier, Since 
the potential at terminal 9 (Vgg) wants to be at 
-1/2V,, connecting a ground directly to the center of 
R, causes an imbalance that renders the single-core 
Balun uousable. ff the ground were placed at a point 
25 percent below terminal § (50 ohms from terminal 8 
‘with a 200-chm load), no difference would be noted 
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from a floating load, This condition also exists when 
two cores are used, 


Load Grounded at the Bottom 

‘tis when the load is grounded at the bottom (at ter- 
minal 2), that we have what is probably the most 
interesting case. The 4:1 Balun (with two cores) is 
now converted into a very broadbaad Unun (unbal- 
anced-to-unbalanced trarsformer). Because the bot- 
tom transmission line in Figure 8-1A has no potential 
drop along its length, it only acts as a delay line, The 
voltage to ground at terminal 9 (Vgo) is +Vj, and the 
voltage gradiem along the top transmission ine is 
4V). This results in a voltage of 2V, across the load. 
‘The low-frequeney response is now determined by the 
reactances of windings 5-6 and 7-8. This is just the 
opposite of the Balun case when the center of the load 
‘was grounded, A single-core 4:1 Guanella Balun ean 
also be converted to an Umun by putting a 1:1 Balun 
(for isolation} in series with the 4:1 Balun? 

‘There is a reason for claiming a very broadband 
response for a Guanella Unun (converted from his 
Balun)—the two in-phase voltages are now summed 
at the high-impedance side, The only other competi- 
tion for a 4:1 Unun design is that of Ruthroff’s,? 
‘where a direct voltage is summed with a delayed volt- 
age that traversed a single transmission Tine (and, 
hence, had a built-in, high-frequency cut-off), In fact, 
very little information can be found in the literature 
ona Guanella 4:1 Unun. 


Sec 8.2.2 Ruthroff’s 4:1 Balun 


Figures 8-24 and B show the high- and low-frequen- 
cy models of Ruthroff's approach for a 4:1 Balun. The 
high-frequency model (Figure 8-2A} assumes that the 
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Figure 8-3. 4 pictorial of the connections for a 4:1 
Ruthroff (voltage) Balun 


choking reactance of the coiled (or beaded) transmis- 
sion line is sufficient to isolate the input from the out- 
pul, so only transmission fine currents are allowed to 
flow. This occurs when the reactance of winding 3-4 
(or 1-2, because they are the same) is much greater 
than R, (at Jeast by a factor of ten?), 

As Figare 8-2A indicates, the transmission line is 
connected in a phase-inverter function (sec Chapter 
7). That is, a -V, voltage gradient now exists along 
the tength of the transmission line. Therefore, the 
voltage across Ry, now becomes ¥) + V2, Although 
Ruthroff analyzed his 4:1 Unun in his elassie paper? 
his results also apply to his Balun with a floating load, 
hecause hoth devices sum a direct voltage with a 
delayed voltage, In essence, he used loop equations on 
the input and output and transmission line equations 
to climinate one set of variables (Iz and V2), Ruthrof! 
also used a maxima technique (setting a derivative to 
zero) 0 solve for the optimum characteristic imped- 
ance of the transmission line. As in the Guanella case, 
he found the optimum value to be 1/2Ry . 

An inspection of Figure 8-2A shows that the left 
side of Ry, Germinal 3) has a direct voltage (Vj) to 
‘ground, and the right side (terminal 2) a delayed volt- 
‘age (-V2) to ground, which traveled the length of the 
transmission fine, Also note, that if the Tine is electri- 
cally one-half wavelength long, the output is zero. AS 
a result, Ruthroff's design (which has a builtin cut- 
off) is sensitive to the transmission fine length. 

T have recently unearthed another interesting aspect 
of Ruthroff’s design.? If the center of the foad is, 
grounded, the high-frequency performance is vastly 
improved. The built-in high-frequency cut-off is elim- 
inated and the Balun appears to fake on the character 
of @ Guanella Balun that sums voltages of equal 
delays. A closer inspection reveals that the input 
impedance now consists of two impedances in paral 
lel: one consisting of R; /2, and the other of a “flat 
tine" terminated by Rj /2. As a result. the currents are. 
not in phase! 


Surprisingly, when matching into a folded dipote 
with an input impedance of 200 ohms, Ruthroff’s 
Balin exhibits a high frequency response that is 
much greater than expected {see later sections) 
Because the folded dipole has a virtual ground at its 
center, the Balun could very well be summing voll- 
ages of equal phases. 


Sec 8.2.3 Amateur Radio History 
and Design 


‘Looking back at old issues of amateur radio hand- 
books (I don’t have a complete set), I found that the 
first presentation on broadband 4:1 Baluns appeared 
in the 1955 edition of The ARRL Handbook. The sec- 
tion was called “Coil Baluns.” The schematic diagram 
was that of Guanella’s, shown in Figure 8-LA, What 
surprised me was that this section appeared to use 
‘many of the important words contained in Guanelta’s 
article It mentioned that the choking action of the 
coiled transmission lines should be great enough to 
isolate the input from the output at the fowest frequen- 
cy of interest. It also included the requirement on the 
characteristic impedance of the coiled transmission 
lines; namely. that the characteristic impedance 
should be equal to R;/2, where R,, is the load, 

However, the section also inchided two other state- 
‘ments which are not correct in fight of today’s design 
practices. One recommended that the length of the 
winding in each coil be equal to about a quarter wave- 
length. The other stated that the principal application 
is in going from a 300-ohm balanced oad to a 75- 
‘ohm coaxial fine. With magnetic cores, the lengths of 
the windings are now considerably shorter than a 
quarter wavelength, and the applications include 
host of different impedance levels. 

Recent issues of the handbooks now include the 4:1 
broadband coil Balun (along with the same write-up 
that appeared in the 1955 issue), and one with wind- 
ngs on ferrite cores. They are now called 4:1 air-core 
current Baluns and “just plain 4-1 current Baluns 
(errite cores being assumed). Unfortunately, what is 
lacking in the description of the 4:1 current Balun is 
information on the importance of the characteristic 
impedance of the windings and the value of the per- 
eability of the ferrite cores. The literature states that 
8 to 10 turns (of No. 14 Formvar-coated, close- 
spaced—I guess) on a toroidal core ar 10 to 15 tums 
‘on a rod are typical values for the HE range. Ferrites 
with permeabilities from 850 to 2500 are also sug- 


gested. Nothing is mentioned regarding the dimen- 
sions of the cores. 

Tn essence, there’s very little information available 
today in our handbooks that would help one under- 
stand and construct the “popular” current Balun, Even 
the choices of recommended ferrites to be used are 
found wanting, Accurate loss measurements? have 
shown ferrites with permeabilities of 850 to 2500 to 
be lossy in Balun and Unun applications. Only when 
the permeabilities of ferrites are 300 or less will 
Baluns and Ununs exhibit the very high efficiencies of 
which they are capable. 

Even though the 4:1 voltage Balun has actually had 
2 shorter history than the current Balun, considerably 
‘more construction detail (including an actual photo- 
graph) has been available in the amateur radio hand- 
books. As far as I can tell, the first presentation took 
place between 1965 and 1968. In looking through suc~ 
ceeding issues (including the 1993 issue), I find the 
write-up hasn’t changed much (if any) over the years 
The 4:1 Balun from the handbooks and a commerci 
rod-type are described and compared with my designs 
in the succeeding sections. 


Sec 8.3 4:1 Ruthroff Balun Designs 
As mentioned above, the schematic of Ruthroff’s 
Balun is shown in Figure 8-2A. A pictorial represen- 
tation is shown in Figure 8-3. Photo 8-A (on the left) 
shows my construction of a design close to the one 
shown in the handbook’s photographs. It has 10 close- 
spaced, bifilar turns of No. 14 Formvar-coated wire on 
24-inch OD ferrite toroid with a permeability of 40. 
Figure 8-4 shows a plot of the input impedance ver- 
sus frequency when the 200-ohm load is center- 
tapped-to-ground (which is close to the actual case 
when matching into balanced antenna systems). As 
you can see, when compared to a design that has the 
Proper characteristic impedance of the winding and 
sufficient choking, the response is very poor. 
Although this Balun has been rated at 1000 watts of 
RF power from 1.8 through 60 MHz, I would suggest 
‘it not be used below 6 MHz for fear of excessive flux 
in the core (especially when the magnitude of the load 
is greater than 200 ohms). Also, above 14 MHz, the 
transformation becomes considerably greater than 4:1. 
My design, on the right in Photo 8-A, has 14 bifilar 
tums of No. 14 tinned copper wire on a 24-inch OD 
ferrite toroid with a permeability of 125 or 250. The 
wires are threaded through No. 13 Teflon tubing with 
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Photo 8-A. Two designs of the 4:1 Ruthroff (voltage) 
Balun. The one on the left is taken from the amateur radio 
handbook. The one on the right is my improved version. 


a wall thickness of 20 mils. As you can see by its 
excellent high frequency response in Figure 84, the 
characteristic impedance of the bifilar winding must 
be very close to the ideal value of 100 ohms. Photo 
8-B shows two different views of my design mounted 
ina 4 inch long by 3 inch wide by 2.25 inch high Bud 
CU 234 aluminum box. The Balun, which is placed 
equidistant between the top, bottom, and sides of the 
enclosure, is securely mounted by soldering its leads 
to the two feedthrough insulators and the SO-239 
chassis connector. 

It should be mentioned that if the Balun is to be 
used mainly on the lower portion of the HF band 
(including 160 meters), then the 250 permeability fer- 
tite is recommended. Even though the difference in 
low frequency response between permeabilities of 125 
and 250 doesn’t show up in Figure 8-4, the 250 per- 
meability would provide an extra safety margin (from 
‘lux in the core) at the tow frequency end. The trade- 
off lies in giving up a litte in efficiency (about 1 per- 
cent) for an increase in the safety margin (a factor of 
2) at the low end, 

Incidentally, the handbooks also state that the Balun 
can be used between a balanced 300-ohm point and a 
75-ohm unbalanced line. Because I suspected this 
statement as well, I again measured the input imped- 
ances versus frequency of both Baluns when terminat- 
ed in 2 300-ohm center-tapped-to-ground load. Figure 
8-5 shows the deterioration that takes place, especially 
at the high end. Even a Balun that is well designed for 
a 50:200-ohm impedance level is not recommended 
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Figure 8-4, The input impedance versus frequency 
for a 4:1 Rushroff (voltage) Balun design from the 
‘amateur radio handbook and one optimized for the 
50:200-ohnt level. The load is grounded at its center. 


Figure 8-5. The input impedance versus frequency 
{for the two Ruthroff Baluns of Figure 8-4, but with a 
300-ohm load. Note the deterioration of the W2FMI 
design, which was optimized for the 50:200-ohm 
level. 


for the 75:300-ohm level. Because the length of the 
transmission line becomes significant beyond 10 
MHz, standing waves then change the impedance 
ratio due to the mismatch with the Balun’s transmis- 
sion line, My design also shows more safety margin at 
the low end. I'm surprised that these simple measure- 
ments weren't made many years ago. 

However, the Balun shown in the handbook does 
have one interesting feature. It uses a very low perme- 
ability ferrite (40), which has been shown by very 
accurate insertion loss measurements? to yield effi- 
ciencies in Baluns (and Ununs) of 99 percent at the 
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Photo 8-B. Two different views of the optimized version of the 4:1 Ruthroff Balun mounted in a 4 inch long by 3 inch wide 


by 2.25 inch high Bud CU 234 aluminum enclosure. 


Usually touching the tip with rosin-cored solder will supply enough flux so that oxides can be removed with a 


damp sponge. If this isn't sufficient, you can purchase "tip tinners and cleaners” that are a mixture of solder paste 
and flux. The flux is oftentimes stronger (more activated) to help remove oxides. 


Finally, when that doesn't work, special polishing bars to can be used to salvage extremely bad tips. Another last 
resort is to gently rub the oxides off with an emery cloth or soft steel brush. Cover the tip immediately with 
solder after cleaning to prevent further oxidation. Never file the tip to clean it or form a different shape. The tips 
are mostly copper with a protective iron plating, and once that plating is pierced, the tip will die quickly. Copper 
is used because i's an excellent heat conductor, but if exposed to solder, it will quickly dissolve into the solder. 


‘Tin the tip: Add a small amount of solder back onto the tip. This helps to protect the newly cleaned and exposed 
tip, and also helps to transfer heat to components 
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'50:200-chm impedance level! This is even a percent 
or two better than the ferrite with a permeability of 
125. Because this ferrite permeability is so low, the 
major problem lies in obtaining sufficient choking 
reactance at the lowest frequency of interest, so that 
only transmission line currents are allowed to flow. 

‘The design chosen (in order to exploit this very high 
efficiency) is shown Photo 8-C. It uses 14 bifilar 
tums of the same wire, as with my previous Balun 
shown on the right in Photo 8A, on two 2.4-inch OD 
cores (bound together with No. 27 glass tape) with 
permeabilities of 40. The unmounted view shows how 
the two cores are bound together by glass tape. The 
other views attempt to give an example for mounting 
the Balun. The Balun is supported by two acrylic end 
pieces which are, in turn, held fast to the enclosure by 
a long bolt. The Balun is placed equidistant between 
the top, bottom, and sides of a 5 inch long by 3.5 inch 
wide by 2.25 inch high aluminum enclosure. A few 
washers at the point where the bolt comes through the 
enclosure help to position the Balun between the top 
and bottom. 

When matching 50 ohms (unbalanced) to 200 ohms 
(balanced), the response of this Balun is practically 
the same as mine, shown in Figure 8-4 using a single 
core. From 1.7 to 30 MHz, it can certainly handle the 
full legal limit of amateur radio power with an effi- 
ciency close to 99 percent. However, if the operation 
of this Balun is restricted to the HF band only (that is, 
from 3 to 30 MHZ), then it could be rated conserva- 
tively at 10 KW of peak power and 5 kW of average 
power. It would be an ideal Balun for a log-periodic 
beam antenna. 

Finally, Photo 8-D shows three different views of a 
low power 4:1 Ruthroff (voltage) Balun designed to 
handle the output power of any HF transceiver easily. 
Ithas 10 bifilar turns of No. 18 hook-up wire on a 1.5- 
inch OD ferrite toroid with a permeability of 250. The 
enclosure is a 2.75 inch long by 2.125 inch wide by 
1,625 inch high CU 3000-A minibox. 


Section 8.4 4:1 Guanella Balun 
Designs 

Photo 8-E shows two high-power Guanella 4:1 
Baluns designed to match S0-ohm coaxial cable to 
loads of 200 ohms. They both use No.14 H 
‘Thermaleze wire with a covering of Teflon tubing giv- 
ing characteristic impedances very close to 100 ohms 
(the objective). Their responses are flat from 1.5 MHz 
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Photo 8-C. Three views of the very high-power 4:1 
Ruthroff Balun using two low-permeability (40) ferrite 
cores. Dimensions of the aluminum enclosure are: length, 
S inches; width, 3.5 inches; height, 2.25 inches. 
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Photo 8-D. Three views of the low-power 4:1 Ruthroff Balun designed to handle the output of any HF transceiver. The alu- 
‘minum enclosure is a 2.75 inches high by 2.125 inches wide by 1.625 inches high CU 3000-A minibox. 


to well beyond 30 MHz. Both can easily handle the 
full legal limit of amateur radio power. 

‘The single-core version (on the left) has 8 bifilar 
turns on each of its two transmission lines. The dual- 
core version (on the right) has 16 turns on each core. 
‘The wires are clamped together with strips of Scotch 
No. 27 glass tape placed about every 3/4 inch. The 
cores are 2.4-inch OD ferrite toroids with a perme- 
ability of 250. The connectors are on the low-imped- 
ance sides. For ease of connection, the dual-core ver- 
sion has one winding clockwise and the other, coun- 
terclockwise. Also, in the dual-core case, the spacing 
between the two cores (which isn’t critical) can be as 
small as 1/4 inch, 

These transformers can also be wound with ordi- 
nary No. 14 (solid) house wire, The several samples 1 


tried yielded characteristic impedances close to 100 
ohms (and, thus, were acceptable). The major differ- 
ence lies in the voltage-breakdown capability. Units 
wound with Teflon-sleeved No. 14 H Thermaleze wire 
have been reported to withstand 10,000 volts without 
breakdown! Obviously, this is beyond the capability 
of ordinary house-wire, 

Photo 8-F shows a Guanella (current) 4:1 Balun 
mounted in a 5 inch long by 4 inch wide by 3 inch 
high CU 3005-A minibox. It has 14 bifilar turns of 
No. 14 H Thermaleze wire on each of the two 2.4- 
inch OD ferrite toroids with permeabilities of 250. 
Each wire is covered with Teflon tubing, resulting in a 
characteristic impedance close to 100 ohms (the opti- 
mum). The windings also employ a crossover after the 
seventh tur, as shown in Figure 8-6. For ease of con- 


Photo 8-E. Two high-power 
versions of the Guanella 4:1 
Balun, The Balun on the left 
tuses a single core while the one 
(on the right uses two cores, The 
connectors are on the low- 
impedance sides. 


Figure 8-6, Construction of a crossover placing input and 
‘output connections on opposite sides of the toroid. 


nection, one toroid is wound clockwise and the other, 
counterclockwise. The spacing between the toroids 
can be between 1/4 and 1/2 inch, 

When matching 50-ohm cable to a balanced load of 
200 ohms, the transformation ratio is constant (within 
2 percent) from 1.5 to 45 MHz. This Balun can also 
handle the legal limit of amateur radio power. It 
would probably perform satisfactorily if wound with 
ordinary No. 14 house wire (solid), or with Teflon- 
covered No. 14 tinned wire. However, the design in 
Photo 8-F has withstood peak pulses of 10,000 volts! 
Considering this fact, it might be worthwhile to take 
the extra effort and use Teflon-covered No. 14 H 
Thermaleze wire. 

A single-core version using two coiled transmission 
lines on a single core looks interesting and should be 
investigated. It results in balanced currents and unbal- 
anced voltages. I would use two coiled transmission 
lines with 7 bifilar turns of the same wire on the same 
core as above. 

Photo 8-G shows two low-power Guanella 4:1 
Baluns designed to match 50-ohm coaxial cable to 
loads of 200 ohms. They both use No. 20 hook-up 
wire (solid) giving a characteristic impedance very 
close to the objective of 100 ohms. Their responses 
are flat from 1.5 MHz to well beyond 50 MHz. They 
are conservatively rated at 150 watts of continuous 
power and 300 watts of peak power. They have been 
exposed to 500 watts of continuous power (in a 
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matched condition) for a considerable length of time 
with virtually no rise in temperature. 

The single-core version (on the left) has 7 bifilar 
tums on each of its two transmission lines, while the 
dual-core version (on the right) has 14 turns on each 
core. The wires are clamped together about every 1/2 
inch with strips of Scotch No. 27 glass tape. The cores 
are 1.25-inch OD ferrite toroids with a permeability of 
250, The connectors are on the low-impedance sides. 
As above, the dual-core version has one winding 
clockwise and the other, counterclockwise. 

Photo 8-H is a step-down version of the Guanella 
4:1 Balun and uses two ferrite rod-cores 3/8 inch in 
diameter and 3.5 inches in length. Core permeabilities 
are 125. It uses the schematic of Figure 8-1A, but with 
the generator (which is grounded) on the right side and 
the load (ungrounded) on the left side. This 4:1 Balun 
is designed to match 50-ohm coaxial cable (on the right 
side) to a balanced load of 12.5 ohms. Each rod has 
13.5 bifilar turns of No. 14 H Thermaleze wire. Again, 
for ease of connection, one rod is wound clockwise and 
the other, counterclockwise. The response is flat from 
1.5 MHz to well over 30 MHz. This Balun is fully 
capable of handling the legal limit of amateur radio 
power. The connector is on the high-impedance (50 
‘ohms) side. Beaded versions of Guanella’s step-down 
4:1 Balun also look very promising for operations on 
the VHF and UHF bands, The technique requires mini- 
mizing the parasitics in the interconnections. Some 
‘examples will be shown later. 


Photo 8-F, A 4:1 Guanella Balun using the crossover con- 
nection of Figure 8-6 and mounted in a 5 inch long by 4 
inch wide by 3 inch high CU 3005-A minibos. 
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Photo 8-G. Two low-power versions of the Guanella 4:1 Balun. The Balun on the 
lefi uses a single core while the one on the right uses two cores. The connectors 


re on the low-impedance sides. 


Photo 8-H. A dual rod-core 4:1 Guanella step-down Balun designed to match 50- 
‘ohm cable to a balanced load of 12.5 ohms. The connector is on the 50-ohm unbal- 


anced side. 


It should be mentioned again that the three dual- 
core Baluns above also make excellent broadband 
Ununs. They only sacrifice a little in low-frequency 
response. However, because of their conservative 
designs, they can still handle the 160-meter band. 


Sec 8.5 Comparisons with Other 
Baluns 


‘After completing the study on 4:1 Baluns, I thought it 
would be interesting to characterize other Baluns that 
are commercially available, or that have been recently 
described in the amateur radio literature. My findings 
are as follows. 


‘The 4:1 Rod-type Ruthroff Balun 

Photo 8-1 shows a photograph of the typical rod- 
type 4:1 Balun, which was practically the only one 
available for the past three to four decades. The Balun 
in the photograph is the HI-Q Balun. It is the 
Ruthroff design (now called a voltage Balun®) with 10 
bifilar turns of No. 14 wire on a 1/2-inch diameter fer- 
rite rod 2 inches in length. In terminating this Balun 
with 200 ohms, the useful range was found to be from 
7 to 15 MHz. Below 7 MHz, the input impedance 
showed a considerable inductive component—indicat- 


— 


ing autotransformer action and flux in the core (which 
could be harmful). Above 15 MHz, the transformation 
ratio increased and became complex. The optimum 
impedance level was found when matching 100 ohms 
to 25 ohms (indicating a characteristic impedance of 
the windings of only 50 ohms). The useful frequency 
range at this impedance level increased to 3.5 MHz to 
30 MHz. 

When matching 50-ohm coaxial cable to a 20-meter 
folded dipole at a height of 0.17 wavelengths (result- 
ing in a resonant input impedance of 200 ohms), the 
VSWR curve was indistinguishable from that of the 
best Guanella 4:1 (current) Baluns.6 This Balun also 
presented no difficulty in handling the full power 
limit. However, on 10 meters, the difference due to a 
very low characteristic impedance of the coiled trans- 
mission line became evident. Figure 8-7 shows the 
poor VSWR curve of the rod-type Balun when com- 
pared to other Guanella and Ruthroff Baluns with 
characteristic impedances close to the optimum value 
of 100 ohms. The tod-type Balun with all of its inade- 
quacies, which include voltage-breakdown, is certain- 
ly not recommended. 

The high-power Ruthroff Balun is close to McCoy's 
design.!7 It uses 11 bifilar turns of No. 14 H Therma- 
leze wire on a stack of three 7200-2 cores. The wires 
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Photo 8-L. A iypical 4:1 rod-type 
Ruthroff (voltage) Balun (HI-Q). 


are also covered with 20-mil wall Teflon tubing yield- 
ing a characteristic impedance close to 100 ohms. T 
differ with McCoy's design because I feel the charac- 
teristic impedance of his transmission line could be 
closer to 50 ohms, His Balun and others that use pow- 
dered-iron cores will be described further in the next 
‘chapter on Baluns for antenna tuners. 

‘The low-power units in Figure 8-7 used 14 bifilar 
tums of No. 18 hook-up wire on 1.25-inch OD ferrite 
toroids with a permeability of 250. The transmission 
lines of the low-power Baluns were just under 20 
inches, while those of the high-power Balun were 50 
inches in length. 

As can be seen in Figure 8-7, there are very small 
differences between the VSWR curves of the two 
low-power Baluns and the high-power Ruthroff 


(voltage) Balun. The differences could very well be 
attributed to the small variations in the characteristic 
ipedances of the windings. Very likely, the most 
important information gleaned from Figure 8-7 is 
that, when feeding a balanced dipole with a virtual 
ground-plain bisecting it, the Ruthroff Balun takes 
‘on the character of a two-core Guanella Balun. In 
other words, the Ruthroff Balun loses its built-in 
high-frequency cut-off! 


Current Baluns 

I also characterized several so-called current 
Baluns® that recently appeared on the market. These 
are my findings: 

a) They are the dual-core (toroids) version of the 
Guanella Balun, which sums voltages of equal delays. 
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Figure 8-7, Plots of VSWR curves on 10 meters for four different 4:1 Baluns, The highepower Ruthroff Balun is actually 
‘McCoy's design with a 100-ohm characteristic impedance winding (and is described in the next chapter). The Hi-Q Balun 
is shown in Photo 8-L The comparisons show the importance of having the optimum value of the characteristic impedance 
of the windings and that the high-power Balun with its much longer transmission line indicates a Guanella-type operation. 
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+b} The electrical performances of these Baluns are 
vastly superior to the rod-type Balun described cartier, 

¢) These Baluns should meet their electrical and 
power-rating specifications 

4) My only criticism is that they could have more of, 
a safety margin at the low-frequency end, where ex- 
cessive core flux (due to higher than expected imped 
ances) could take place. More innctance in the wind 
ings is recommended 


‘The Bended-conx 4:1 Balun 

‘A design in an amateur radio journal advocated 
using beaded coaxial cable (of 100 ohms) in a 4:1 
Guanelts design, Various claims were advanced for 
this approach. I constructed one of these Baluns using 
No.14 wire with Tefton sleeving, resulting in the 
required 100-ohm characteristic impedance, Here are 
my findings: 

2) The Balun had excellent margins at both the 
high- and low-frequency ends. The performance of 
this Balun verified the analysis (expressed earlier) 
with the high- and low-frequency models and the sub- 
sequent voltage gradients. Th fact, the high-frequency 
performance exceeded the capability of my simple 
test equipment. 

b) The major disadvantage is in efficiency. Because 
high-permeability (2500) beads are required in order 
to obtain the required choking reactance in the HF 
and, this Balun had considerably more joss than 
coiled-type Baluns using low-permeability (less than 
300) ferrite toroids. A soak-test? (transformers con- 
nected back-to-back and about 500 watts applied into 
a dummy Joad) with the dual-core low-power unit in 
Photo 8-G showed that the smaller Balun ran consid 
erably cooler! The beaded transmission Jine technique 
is recommended mainly for Baluis (and Ununs) oper- 
ating at low impedance levels or on the higher-fre- 
quency bands. 


Sec 8.6 Summary 

Unlike the 1:1 Balun, the 4:1 Balan matching 50 
‘ohms unbalanced to 200 ohms balanced has fad no 
real standard for comparison in the amateur radio lite 
erature, As Chapter 7 showed, Reisert’s Balun in his 
1978 article? had all of the attributes of a good 2:1 
design, Therefore, he set a legitimate standard for 
others to foliow or even attempt to exceed, Also 


shown were some of my variations in his design for 
increased efficiency and ease of construction. 

However, Chapter 8 has illustrated that the designs 
in the amateur literature (particularly the handbooks) 
are found lacking in bandwidth, or efficiency, or both. 
Even the 4:1 Baluns on the commercial market can be 
improved. This is especially tue of the rod-type 
Balun that has been available for decades! 

In the process of investigating the 4:1 Balun for my 
series of articles in CQ and Communications Quarter 
Jy, Uhave antived at some designs thet could provide 
the beginnings of standards for this device. They are 
included in this chapter and are: 

1. For balarced applications like matching 50-obm 
cable to the 200-chm balanced input impedance of 
folded-dipote or log-periodic antemmas, 1 recommend 
the single-core, Ruthroff design of Photo 8-A. It is 
capabie of handling the full legal limit of amateur 
radio power. For a higher-power capability and a little 
ess bandwidth, I recommend the Ruthroff design 
shown in Photo 8-€. These designs are presently 
called voltage Baluns.6 

2. For unbalanced applications like the OCFD (off- 
center-fed dipole), or a dipole that could be unbai- 
anced by surrounding structures or by construction 
errors, I recommend the two-core Guanella design of 
Photo 8-E or Photo 8-F. it is a much more flexible 
unit that can operate successfully as a Balun when the 
oad is grounded at its center (Figure 8-LA), or as an 
Unun when the toad is grounded at the bottom. 
Although not shown, it can even be grounded at the 
top, yielding a 4:1 phase-inverter. 

3. For low-power 4:1 Baluns, there really have been 
no designs in the literature for comparisons. 
Therefore. by default, the designs in this chapter are 
suggested as standards. Applications of the single- 
core Ruthroff Balun and the two-core Guanella Balun 
are the same as theit higher. power counterparts. 

Tam sure there are some who don't agree with the 
recommendations proposed above. The Guanella (cur- 
rent) Balun appears to be the main Balun of choice. 
‘The question is: Why use a two-core Guanella (cur- 
tent) Batun when a single-core Rothroff (voltage) 
Balun will do? They both have the same power rat- 
ings! For those who disagree with my views, designs, 
or recommendations, | encourage them to {as the clas- 
sic TV commercial used to say) put it in writing. Then 
\we wil all benefit from the new information, 


Chapter 9 


Baluns for Antenna Tuners 


Sec 9.1 Introduction 


fhe 4:1 Balun, matching 50 ohms (uahalanced) 
I to 200 ohms (balanced), has found its most 
popular use in antenna tuners. Because the 
Balun rarely sees a resistive load of 200 ohms in this 
application, the primary objective is to take the bal- 
anced impedance (with respect to ground) of the input 
to an open-wite (or twin-lead) feedline and transform 
it into an unbalanced impedance which has one side 
‘grounded and can be transformed into $0 ohms by an 
L-C matching network. This was well described in 
vo CQ articles by MeCoy,!718 

As Chapter 8 has shown, there are two different 
forms of the 4:1 Balun, One uses two transmission 
ines wound on separate cores (or threaded through 
ferrite heads in some cases) and connected in parallel 
at the SO-ohm side and in series at the 200-ohm side, 
‘This design was first presented by Guanelia in 1944.4 
and is presently called a current Baiun.® The other 
design, using a single transmission line wound around 
a core and connected in a phase-inverter configura- 
tion, was introduced by Ruthroff in 1959.9 This. 
design, which has recently been called a voltage 
Bahan, is now perceived as the inferior design. 

‘This chapter presents another view of the 4:1 Balun. 
1& not only includes the optimum design considera- 
ions for antenna tuner use, but also the design para- 
meters for multiband antenna systems using center- 
fed dipoles with open-wire or twin-lead feedlines. 


Also included are my views on the GSRV antenna, the 
tuner using @ 1:1 Balun before the L-C matching net- 
work, and the special cases of Ruthroff’s 4:1 design 
matching into a load that is actually or virtually 
grounded at its center. 


Sec 9.2 The Two Forms of 
Antenna Tuners 


‘Three of the more common items in amateur radio jar- 
gon are VSWR, attenna tuners, and muttiband anten- 
nas (especially the GSRV). These have appeared upon 
the scene because of the ease at which bands can now 
be changed and the narrow limits in the range of 
matching impedances with modern rigs. 

‘The concept of using a wire antetina on many differ- 
ent bands isn't new, Designs have been around for 
more than six decades. In fact, satisfactory circuits 
have also been available which couple transmitters to 
balanced ines that present foads different than the 
transmitter output impedance. These were known as 
series and parailel-tuned circuits.!9 The transfonming 
of a balanced impedance to an unbalanced impedance 
was accomplished by the isolation provided by mag- 
netic coupling. Energy was transmitted from one cir 
cuit to the other by either having two coils in close 
proximity or by “link” coupling. However, these 
methods of coupling have failen by the wayside, 
together with rock-bound sigs, plug-in coils, separate 
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Figure 9-1. The tivo basic forms of the Pransmatch {antenna tuner): (A) the more popular design using an unbalanced L<C 
network andi a 1-4 Balun; (B)a 1:1 Balun and a balanced L-C network, 
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Figure 9-2. The two basic forms of the 1:4 Balun: (A) the Guanella 
feurrent) Balun; (B) the Ruchroff (voliage) Balun, 
altar 
Figure 9-3. The frequency response of a 4:1 Ruthroff (voltage) Balon 
02 fe 2000 | With the load floating and with its center grounded. In the grounded 
+ z case, the high-frequency response is similar so that of a 421 Guanella 
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receivers and transmitters, and (sad to say) the excit- 
ing flashing of mercury-vapor rectifiers. 

Today, the transmaich is most often used to convert 
the reactive/resistive load presented by an antenna 
system to a nonreactive, grounded 50-ohm load. The 
transmatch is also commonly known as an antenna 
tuner. The isolation role, that of converting a balanced 
impedance to an unbalanced one, is now provided by 
the Balun transformer, 

‘There are two basic forms of the transmatch, and 
they are shown in Figure 9-1. Figure 9-14, which 
shows a 4:1 Balun between the L-C network and the 
balanced transmission fine, has been the most popular. 
In some designs, a 1:1 Balun has been used. In either 
case, this form of antenna tuner places the burden on 
the Balun, not on the L-C network, Depending upon 
the dimensions of the antennia and open-wire (or win- 
ead) transmission Hine, the Balun can see very high 
impedances that may be harmful, In tum, the L-C net- 
works ate simple because of their unbalanced nature. 
Among the most popular networks are L, pi, T. 
Ultimate, and SPC types 20-23 An added advaniage to 
this approach is that the Balun can be placed outside 
the operating area and connected to the L-C network 
by a coaxial cable, !7.18 

‘On the other hand, Figure 9-1B takes the complexi- 
ty out of the Balun and places it on the L-C network. 
‘With a balanced network, the 1:1 Balan should see a 
lower voltage drop along the length of its transmission 


Jine (and, hence, less Toss?) because its load is always 
close t 50 ohms. Additionally, the choking require- 
ments of 1:1 Balun are considerably less than that of 
the 4:1 Balun in Figure 9-1. 

Roehin has addressed the problems related to this 
form of transmatch in an article, 6 In fact, he suggests 
a design using an unbalanced T network and a 1:3 
beaded-coax Balun, Although a balanced L-C net- 
work is inherently more complex and costly, it wouké 
be interesting to see its comparison with Roehm’s 
unbalanced design. Additionally, a comparison with a 
1:1 Balun using 50-obm twin-lead or coaxial cable 
‘wound around a ferrite toroid with a permeability of 
less than 300 would also be useful. Because the 1:1 
headed-coax (choke-type) Bahmn requires ferrite beads 
‘with permeabilities considerably greater than 300, it 
thas more 1oss.2 

In any event, the basic form of the transmatch using 
the design in Figure 9-1B looks promising and merits 
further investigation. 


Sec 9.3 Another View of the 
4.) Balun 


‘This section presents my views and the results of my 
work on a 4:1 Bafun designed for use in the very pop- 
ular “antenna tuner” shown in Figure 9-£4. Because 
the Balun may be exposed to harmful high voltage 
conditions in this application, the efficiency and 
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Figure 9-4, Suggested model of the 4:1 Ruthroff (voltage) Balun 


when the load, Ry, is grounded at its center. 


Photo 9-A. The high-power Ruthroff 4:1 Balun used in the 
comparison with other Baluns (see Figure 9-7, and Figure 8-7 of 
Chapter 8). Except for some difference in the characteristic 
impedance of the bifilar winding, it is essentially the McCoy 


4:1 Balun, 


ruggedness of the core materials are important consid- 
erations. Experiments have shown that losses in 
Baluns are related to the impedance level? (and, 
hence, voltage level), and the permeability of the 
materials. Therefore, the losses are of a dielectric-type 
and not of a current-type, as in conventional trans- 
formers. Moreover, it is well known that powdered- 
iron is a more rugged and linear material than ferrite. 
‘A very important question to ask is which form of 
the 4:1 Balun should be used in this application— 
Guanella’s or Ruthroff's? My conclusions may sur- 
prise many readers 

‘As was mentioned at the beginning of this chapter 
and above, there are two basic forms of the 4:1 Balun, 
They are shown in Figure 9-2A and B. Figure 9-24 
is Guanella’s approach. It uses two coiled transmis- 
sion lines (on separate cores) connected in parallel on 
the 50-ohm side and in series on the 200-ohm side. 
This has recently been called a current Balun.® In 
order to have “flat” transmission lines and obtain the 
highest frequency response, the characteristic imped- 
ance of the coiled transmission lines should be equal 
to the loads they see—namely, 1/2Rj, and, in this case, 
100 ohms. 

As Guanella said in his paper, this Balun is 
literally “frequency independent.” At the low frequen- 
cy end, the reactance of the coiled transmission line 
should be much greater than 100 ohms (in this case) 
in order to assure that the energy is transmitted from 
input to output by an efficient transmission line mode, 
Beaded transmission lines aren’t recommended for 
use on the HF band at these impedance levels because 
of excessive dielectric loss, 

Figure 9-2B shows Ruthroff's approach, which 
uses a single transmission line connected in the phase~ 


inverter configuration (see Chapter 7). By grounding 
terminal 4, a voltage drop of -V, appears across the 
length of the transmission line. As a result, terminal 3 
is at +V, and terminal 2 is at -V,—a 4:1 transforma- 
tion ratio. 

It is when the load is actually grounded at its center 
that we see a very interesting feature of this approach. 
A simple impedance measurement will show that the 
high frequency response is vastly improved and that 
the Ruthroff (voltage) Balun appears to take on the 
character of a Guanella (current) Balun! Figure 9-3 
illustrates the measurements of the input impedance 
of a Ruthroff 4:1 Balun with the load floating, and 
when it is grounded at its center, These measurements 
(with a simple resistive bridge) were made on my 
design using a powdered-iron core, which will be 
described later. 

‘A model for the Ruthroff 4:1 Balun, when the load 
is grounded at its center, is provided in Figure 9-4. If 
the characteristic impedance of the transmission line 
in the 4:1 Balun is 100 ohms (the optimum value if 
the load is 200 ohms), then the generator sees Ry /2 in 
parallel with a Ri/2 from a “flat” line, As a result, the 
generator sees its match of 50 ohms—even though the 
currents in the loads are not in phase! 

However, when the Balun is connected to a center- 
fed, folded dipole, or log-periodic beam antenna with 
200-ohm input impedances, the virtual ground-plane 
bisecting the antennas presents an interesting case, 
Because there is no metallic connection to the center 
of the load, the currents in both halves of the antennas 
are in phase. This is unlike the situation in Figure 9-4, 
where the current in the load on the right is delayed 
compared to the current in the load on the left. As is 
evident in Figure 8-7 of Chapter 8, the VSWR curve 
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Photo 9-B. The Balun of Photo 9-A mounted in a 5 inch 
Jong by 4 inch wide by 3 inch high minibox. 


transmission 
line 


Figure 9-8. A pictorial of the connections for a 4:1 
Ruthroff (voltage) Balun 


for the high-power Ruthroff Balun has practically the 
same shape as those of the two lower-power units— 
even though its transmission line is more than two and 
‘one half times longer, 

Because the high-frequency response of a Ruthroff 
4:1 Balun with a floating load is highly dependent 
upon the length of the transmission line, Figure 8-7 
suggests that, in the virtual ground case, the Balun 
acts as a Guanella Balun which sums voltages of 
equal phases. It also suggests that the effective electri- 
cal length of the transmission line is one-half of its 
actual length, I am quite sure that this model of 
Ruthrofi’s Balun was not proposed by him or by oth- 
ers that followed. However, it should be remembered 
that this condition only exists in the balanced case. 
With an unbalanced toad, the Balun should introduce 
‘reactive component that will limit the high frequen- 
cy response. In the unbalanced case, the Guanella 
Balun with two cores is the Balun of choice. 


Sec 9.4 Some “Hardy” 4:1 Designs 


Photos 9-A and 9-B show two views of a Ruthroff 4:1 
Balun, much like McCoy’s design, which has been 
used in his highly popular transmatch.? Figure 9-5 
shows a pictorial representation of the connections, It 
has 11 bifilar turns of No. 14 H Thermaleze wire on 
three (stacked) T200-2 cores, The cores are pow- 
dered iron material with a permeability of 10. The OD 


Photo 9-C. The various 
Baluns used in the study of 
4:1 Baluns for antenna 
tuners. 


Heat and Solder the Joint 


© Heat the joint: Place the iron tip so that it touches both the component lead and pad-the goal is to get 
‘as much surface area contact between the iron tip and joint as possible, Almost no heat will travel, 
through the point, 


Wht at transfef® 4 | Good conical tip placemetft Good chisel tip placeme 
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point 
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© Make heat bridge: Add a small amount of solder between the tip and the work--heat transfers much 
faster through the liquid solder than dry surface contact. This is why a tip that won't "wet" is so difficult 
to use, Pressing hard should not be necessary. This step may not be necessary if there's enough solder 
already on the tip from tinning it after cleaning. 


+ Apply solder to opposite side: Apply solder to the parts, nor the iron. By doing this, you ensure the 
paris are hot enough for the solder to "wet" and bond with them. Also, solder will run towards the heat 
source, so applying solder opposite from the iron helps to spread it out and cover the joint. 


For larger joints, rather than dumping in all the solder quickly, continuously pulse in small amounts to 
keep a fresh supply of active flux available. 
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© Time: The joint should take about 2-5 seconds total time for standard 60/40, 63/37 lead based solder 
and a non- no-clean flux, and up to 7 seconds for lead-free solder. Lead-free solder just takes longer to 
"wet" the metal. 


‘Wetting is how easily and quickly solder spreads out over a surface. A water droplet on a freshly waxed 
car shows poor wetting, as does solder on a heavily oxidized soldering iron tip. It basically comes down 
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is 2 inches. The wires are also covered with a 15-mil 
wall Teflon tubing, yielding a characteristic imped- 
ance close to the optimum value of 100 ohms. 

1 differ with McCoy's design here, because the char- 
acteristic impedance of his Balun could be closer to 
50 ohms, Photo 9-B shows the Balun mounted in a 5 
inch long by 4 inch wide by 3 inch high minibox. 
Because McCoy didn’t use a thickly insulated wire, 
he wound a layer of Scotch No. 27 glass tape on each 
toroid before stacking. This was followed by another 
layer in the stacking process. With Teflon sleeving 
over the wire, the extra insulation provided by the 
glass tape could be dispensed with. 

In order to improve the low-frequency response of 
‘McCoy's Balun, I made a study of higher permeabili- 
ty powdered-iron cores. Photo 9-C shows the various 
Baluns used in the study. The object of this study was 
to determine the best core material for a 4:1 Balun to 
be used in antenna tuners where they can be exposed 
to high impedances (and, hence, hostile environ- 
ments). I knew, as the result of very accurate insertion 
Joss measurements? that loss with ferrite materials 
wwas related to the voltage drop along the length of the 
transmission line and to the value of the permeability, 
Permeabilities of 40 (No. 67 ferrite) exhibited the 
lowest loss. The results taken on a single powdered 
iron material—No. 2 material with a permeability of 
10—also showed the very same low loss. Because 
powdered-iron material has been known to be more 
rugged and linear than ferrite material, this suggested 
that other powdered-irons with greater permeabilities 
should also be investigated 

1 investigated four other powdered-irons with per- 
meabilities of 20, 25, 35, and 75. Their designations 
were Nos. 1, 15, 3, and 26, respectively. Comparisons 
were made on input impedances (with the outputs ter- 
minated in 200 ohms) and temperature rises (when 
handling 500 watts of power). The power test showed, 
convincingly, that No, 26 material was not to be used 
because it showed a definite rise in temperature while 
the other three didn’t. However, all four materials 
showed a definite lower input impedance than the No. 
2 material, which has a permeability of 10. As expect- 
ed, the higher the permeability, the larger the differ- 
ence with No, 2 material. Although an input imped- 
‘ance measurement does provide some indication of 
loss because it appears as a shunting path to ground, a 
very accurate insertion loss measurement would pro- 
vide a more precise indication of the trade-off that can 
be made in efficiency for low frequency response. 
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Photo 9-D. An 
improved 4:1 
Ruthroff design for 
antenna tuners. 


Photo 9-E. The improved 4:1 Ruthroff Balun mounted in a 
S inch long by 4 inch wide by 3 inch high minibox. 


Because my simple loss measurements indicated 
that the higher permeability powdered-irons had more 
loss than the No, 2 material, I decided to design a 4:1 
Ruthroff Balun using this material—but with a larger 
core and more turns than the McCoy!7!8 Balun. 
Although McCoy’s design has enjoyed considerable 
success over the years, I felt that a larger inductive 
reactance was desirable in order to assure better per- 
formance on the lower frequency bands (particularly 
160 meters). 
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Photo 9-F. The top view of the 4:1 Balun of Photo 9-E. 


‘The specific design is shown in Photo 9-D. It has 
17 bifilar turns of No. 14 H Thermaleze wire on a 
T300A-2 powdered-iron core, which has an OD of 3 
inches and a permeability of 10. With this number of 
turns and a larger cross section than the three T200-2 
cores, the low frequency response improved by a fac- 
tor of about two over the McCoy Balun, which has 10 
to 12 turns on a stack of three T200-2 cores. 
Furthermore, the wires are also covered with 15-mil 
wall Teflon tubing, resulting in a characteristic imped- 


ance of 100 ohms (the objective). This well-insulated 
transmission line has been reported to handle 10,000 
volts without breakdown, Figure 9-3 illustrates the 
performance of this Balun (under a matched condi- 
tion) when the load is floating and when it is center- 
tapped-to-ground. Photo 9-E shows the Balun mount- 
ed in a minibox 5 inches long by 4 inches wide by 3 
inches high. Photo 9-F shows the top view of the 
mounted Balun. 

Because the Balun with the larger core and more 
turns showed an improvement by a factor of two in 
the low-frequency response over the McCoy Balun, I 
constructed an even larger design. This is shown in 
Photo 9-G. {1 has 21 turns of the same wire on a 
‘T400A-2 core with an OD of 4 inches and a perme- 
ability of 10. Even though Photo 9-G shows the 
toroid wrapped with Scotch No. 27 glass tape, as 
‘mentioned earlier, this extra insulation isn’t required 
because the wires are covered with Teflon sleeving. 

Figure 9-6 shows the comparisons in the input 
impedances versus frequency of these three “hardy” 
Baluns when they are terminated in 200-ohm loads 
grounded at their centers. As can be seen, the low-fre- 
quency response of the Balun with the most tums and 
largest core is the best. Even though the Balun with 
the 3-inch core has a poorer low-frequency response, 
it is an improvement over the MeCoy Balun and 
should find considerable use in transmatches. Figure 
9-6 also shows that the high frequency responses of 
these Baluns with the loads grounded at their centers 
are remarkably similar. This is especially interesting, 
as the length of the transmission line on the larger 
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Figure 9.6. A comparison of the performance of the McCoy 4:1 Balun with Baluns having larger cores and more tums. 


Balun (with the T400A-2 core) is more than twice as 
long as the other two (115 inches compared to 50 and 
55 inches). If it is correct that my model of a Ruthroff 
(voltage) Balun feeding a balanced antenna ot trans- 
mission line takes on the character of a Guanella (cur- 
rent) Balun because of the virtual ground, then this 
large Balun could have many applications. 


Sec 9.5 Multiband Dipoles 


Antenna tuners have been known to work well for 
some radio amateurs and not for others. This is due to 
the differences in the dimensions of their antenna sy 
tems. With high impedances seen by the 4:1 Baluns in 
the antenna tuners, the Baluns not only fail to provide 
a good balanced-to-unbalanced conversion, but they 
can also be damaged by excessive heating. The high 
current, low impedance condition seen by the Balun 
isn't a problem. Therefore, the object in multiband 
antenna design is to provide the most favorable 
impedances for the Baluns, especially on the three 
lowest frequency bands—40, 80, and 160 meters. 
Usually on the higher frequency bands, the imped- 
ances seen by the Baluns ate not as high and the 
Balun’s choking reactances are greater (assuring bal 
anced-to-unbalanced conversion). This section di 
cusses three cases of multiband center-fed dipole 
designs. They are 1) the “worst case” design, 2) a 
smaller design—the GSRV, and 3) a larger design. 
Others may have better designs for multiband opera- 
tion, but it’s clear that the “worst case” design ought 
to be avoided. Figure 9-7 shows the symbols for the 
dimensions of the center-fed dipoles. 


Sec 9.5.1 The "Worst Case” Design 


Apparently, an 80-meter dipole with a quarter-wave 
‘open-wire (or twin-lead) feedline is a logical design 
for a multiband dipole. In Figure 9-7 this would mean 
that Ly = L = 59 to 67 feet, depending upon the 
favorite operating frequency. If one were to use 450- 
‘ohm twin-lead with “open windows,” L> would be 
diminished by 10 percent; with 300-ohm TV twin 
lead, it would be diminished by about 20 percent. This 
would make a good antenna system on 160 meters. 
Because L; + Ly is close to a quarter-wave, the cur- 
rent at the input to the feedline is at its highest value 
and the impedance at its lowest—a very favorable 
condition for the Balun. In fact, a 1:1 Balun at the 
feedpoint would probably do good job. 
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Photo 9-G. A large 4:1 Ruthrojf design using a 4-inch OD 
powdered-iron core and 21 bifilar turns. 
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Figure 9-7. The symbols used for the dimensions of a cen- 
ter-fed dipole with open-wire feeders (or twin-lead with 
appropriate consideration of velocity factors). 


However, what does the input to the feedline look 
like on 80 meters? If 450-ohm feedline is used, the 
4:1 Balun sees a quarter-wave 450-ohm feedline ter- 
minated in approximately 50 ohms. Transmission line 
theory tells us that the Balun would see 4050 ohms— 
an impossible condition for most Baluns. The situa- 
tion becomes worse on 40 meters, where we may have 
a center-fed, full-wave dipole with a half-wave trans- 
mission line (a 1:1 matching transformer). In this 
case, the Balun could see an impedance approaching 
10,000 ohms—a more than impossible condition! 
Although high impedances would also be seen on 10, 
15, and 20 meters, the conditions are not quite as 
severe because the Balun's choking reactances are 
usually greater and the impedances lower. In essence, 
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the “worst case” design for a 4:1 Balun is the “best 
case” design (except for 160 meters), if one still uses 
inductive coupling to a parallel-tyned circuit.!9 


Sec 9.5.2 A Smaller Design— 
The G5RV 


Vamey,?4 GSRV, designed a multiband center-fed 
antenna system capable of operation oo all. HE bands 
from 3.5 10 30 MHz. Ie contrast to multiband anten- 
‘nas designed as half-wave dipoles on 80 meters (the 
“worst case” design), the full-size GSRV antenna was 
designed as a three-half-wave antenna on 14,150 MHz 
with a 1:1 transmission line matching transformer, It 
‘was possible to accomplish this using the dimensions 
of 31 feet for Ly and 34 feet for Ly. For 450-ohm 
twin-lead with “windows,” Lz would he 31 feet; for 
300-ohm TV ribbon, Ly would be 28 feet. Con- 
sequently, the input impedance at the hase of the 
matching tansmission line was about 100 ohms on 
14,150 MHz, and a manageable impedance for 50 or 
80-obim coaxial cable. 

However, with a total length for Ly +L of 85 feet, 
the impedances at the input to the transmission line on 
40, 80, and 160 meters are also manageable. Even 
though they have a reactive component on these 
bands, they aren't so high that a well-designed 4:5 
Balun in an antemna tuner can’t handle them easily. 
Varney also showed that the highest impedances 
‘occurred on the 18-, 21+, and 28-MHz. bands. How- 
ever, this doesn’t present a problem with the design 
shown in Photo 9-D because it uses an efficient core 
material, and it also has the highest reactances of its 
windings at these frequencies. 

‘Varney also wrote, at considerable length, on the 
unsuitability of a Balun being used to connect the 
base of the 34-foot open feeders to a coaxial cahte 
feedline. He stated that if a Balun is connected to a 
reactive load with a VSWR of more than 2:1, its 
internal losses would increase. Varney also men- 
tioned heating of the wires and saturation of the core, 
Evidently Varney was not familiar with McCoy's 
design, which uses a powdered-iron core (with a per- 
meability of 10) that can withstand VSWRs consi 
erably greater than 2:]—without showing any (em- 
perature rise, Furthermore, the wire doesn’t heat up: 
however, the core itself does via dielectric heating. 
Additionally, with sufficient choking reactance, 
Baluns can handle (equally) the resistive and reactive 
components of an impedance. 


Finally, after observing the voltage and current dis- 
tributions on all of the bands, it appears that a 2:1 
(100;50-ohm} Balun might he an interesting one to try 
on the GSRV antenna. It could he that many of the 
bands would not require the added matching of an 
antenna tuner, If'some of the bands reguire an antenna 
tuner in order to be used, then T would suggest using 2 
“hardened” Baiun. That is what I call McCoy's 
approach, which uses efficient and hardy powdered- 
iron cores. A 2:1 Balun, comprised of a 1:2 Unun in 
series with a 1:1 Guanella {cuurent) Balun, could be 
easily designed and built (see Chapter 10). 


Sec 9.5.3 A larger Design 


Even though the GSRV antenna can be made to oper- 
ate on 160 meters with a suitable antenna tuner, an 
antenna system larger than the “worst case” design 
can provide better operation on the 40-, 80-, and 160- 
meter hands. As you might expect, an antenna system 
about twice as large as the GSRV offers these advan- 
tages. Suggested dimensions are L = 80 feet and Ly 
100 feet. If the feedline is 450-ohm twin-line with 
“windows.” then Ly = 90 feet. Ifit is 300-ohm TV rib- 
bon, then Ly = 82 feet. As with the GSRY, it’s the total 
length of L; + Ly that presents favorable or unfavor- 
able impedances to the 4:1 Balun in the antenna tuner, 
Therefore, 1, and Ly could hoth be 90 feet, as well. 
Only very small differences in performance would be 
noticed between these two systems, particularly on 
the iower-frequency bands, Obviously, other combin: 
tions totaling 180 feet are also possible. In the GSRV 
case, it’s 85 feet, 


Sec 9.6 Summary 


After reading this chapter, one might think chat I 
hhave set this technology back a few years by advo. 
cating voltage Baluns and powdered-iron cores. 
have even questioned the professional literature, 
However, my conchisions were based upon three 
experimental results, These were: 1) measurements 
with my resistive bridge on input impedances of 4:1 
Ruthroff (voltage) Baluns with loads floating and 
center-tapped-to-ground, 2) VSWR measurements on 
folded dipoles with various 4:1 Baluns (large and 
small and, therefore, with many different lengths of 
‘transmission lines), and 3) McCoy's success with his 
4:1 Balun, Also, as this chapter points out, it helps to 
have the dimensions of a multiband, center-fed 
dipole, and feeders favor the operation of a 4:1 Balun 


in antenna tuners. And, yes, there is a “worst case” 
antenna design! 

As in many investigations, supplying answers to 
some questions can lead to others that appear to be 
‘important, Specifically, for powdered-irons, how 
would permeabilities in’ the 20 to 35 range perform? 
Simple impedance measurements showing lower val- 
es on input impedances, indicate that there is more 
Joss than with a permeability of 10; but accurate inser 
tion loss measurements are needed in order to tell the 
complete story—the trade-off in efficiency for tow- 
frequency response. 
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Finally, low permeability ferrite-tike No. 67 materi- 
al with a permeability of 40 looks interesting for use 
in Baluns for antenna tuners, Accurate insertion loss 
measurements? have also shown the very same high 
efficiency that was exhibited by powdered-iron having 
a permeability of 10. With a sufficient number of 
tums on an appropriate size core, a Balun made of this 
material could be practical, Even though the amateur 
radio literature still refers to the problem of core satu- 
tation, there has been only one recorded case. This 
was on 2 MHz with a rod-type 1:1 Balun where insuf- 
ficient choking reactance exists, 314 


Chapter 10 


1.5:] and 2:1 Baluns 


Sec 10.1 _ Introduction 


here are many applications for broadband 
Baluns with impedance transformation ratios 


close to 1.5:1 and 2:1, Two applications involve 
matching 50-ohm cable to balanced loads of 75 or 100 
‘ofyms, which are the input impedances of a half-wave 
dipole at heights of 0.22 or 0.34 wavelengths above 
ground, Another, is the matching of $0-ohm cable to 
the 100-ohm input impedance of 2 quad antenna, An 
interesting, and somewhat unexpected, application is 
the matching of 50-ohm cable directly to the input 
impedance of the driven element of a Yagi beam 
antenna of 33 or 25 ohms. This would eliminate the 
common hairpin matching network presently used to 
raise their input impedances to 50 ohms. 

‘There are many versions of these two Baluns. They 
include: 1) high- and low-power designs, 2) designs 
matching 50-ohm cable to higher or lower imped- 
ances, 3) series- or parallel-type designs, 4) single- or 
dual-core designs, 5) dual-ratio designs, and 6) HF 
and VHF designs. The series-type Baluns use an 
Unun (unbalanced-to-unbalanced transformer) in 


series with a Guanella (current) Balun. More details 
on these Ununs are provided in later chapters. fn this 
chapter, you'll read about many high-power designs 
capable of handling the full legal limit of amateur 
radio power, They are optimized for sufficient mar- 
gins in choking reactance at their low frequency 
ends, and in efficiency throughout their passbands. 
Two of the 2:1 Baluns are specifically designed for 
‘2-meter operation. 


Sec 10.2 1.5:1 Baluns 


In this section, I'll present two series-type 1.5:1 
Baluns (actually 1.56:1, which should be close 
enough). They both use 1.56:1 Ununs in series with 
Guaneila 1:1 Baluns. Figures 10-1A and B show their 
schematic diagrams. Figure 10-1B has an extra input 
{to a tap), which provides another ratio of 1.33:1 

‘The left-hand side of Photo 10-A shows a design 
using Figure 10-1 mounted in a CU 3606 minibox 
5.25 inches long by 3 inches wide by 2.25 inches high 
(RadioShack has carried a similar enclosure). The 
1:1.56 Unun has 4 guintafilar turns on a 15-inch OD 
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Figure 10-1, Schematic diagrams of two 1.56:1 Baluns: (4) step-up, 50:78 ohms; (B) step-down, 50:37.6 ohms—connection 


A, 50:32 ohms—connection B. 
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ferrite toroid with a permeability of 250. Winding 7-8 
is No, 14 H Thermaleze wire and the other four are 
No. 16H Thermaleze wire, 

The 1:1 Guanella Balun has 11 bifilar tums of No. 
14 H Thermaleze wire on a 2.4-inch OD ferrite toroid 
with a permeability of 250. One wire is covered with 
Teflon tubing, resulting in a characteristic impedance 
very close to 78 ohms (the optimum value), 

When matching 50-ohm cable to a balanced load of 
78 ohms, the impedance transformation ratio is literal- 
ly flat (within a percent or two) from 1.5 MHz to 40 
MHz! You might be interested to know that (separate~ 
ly) the 1:1 (75:75-ohm) Balun would make an excel- 
lent isolation transformer for 75-ohm hardline, and 
the 1.56:1 (78:50-ohm) Unun an excellent match 
between 75-ohm hardline and 50-ohm cable. 

The right-hand side of Photo 10-A shows a design 
using Figure 10-1B mounted in a similar enclosure 
‘The 1.56:1 Unun has 5 quintufilar turns on a 1.5-inch 
OD ferrite toroid with a permeability of 250, Winding 
5-6 is No. 14 H Thermaleze wire and is tapped at one 
tur from terminal 5. The other four wires are No. 16 
H Thermaleze. 

The 1:1 Guanella Balun has 7 turns of homemade 
coaxial cable on a 1.5-inch OD ferrite toroid with a 
permeability of 250. The inner conductor is No. 14H 
‘Thermaleze wire and is covered with Teflon tubing. 
‘The outer braid, which is from a small coaxial cable 
or from 1/8-inch tubular braid, is also tightly wrapped 
with Scotch No. 92 tape to preserve the low character- 
istic impedance. 


Photo 10-A. Baluns using the schematic 
diagrams of Figure 10-1, Balun on the left 
maiches 50-olun cable to a balanced load 
of 78 ohms. Balun on the right matches 
50-ohum cable to balanced loads of 37.6 or 
32 ohms. 


In matching 50-ohm cable to a balanced load of 
37.6 ohms (connection A), of to a balanced load of 32 
‘ohms (connection B), the response is essentially flat 
(within a percent or two) from 1.5 to 30 MHz, 


Sec 10.3 2:1 Baluns 


‘The 2:1 Balun lends itself to more choices in design 
than the 1.56:1 Balun, This is especially true because 
the parallel-type design, which provides a 2.25:1 
Balun with the widest possible bandwidth, can easily 
be employed. The 1.56:1 Balun is at a disadvantage 
here. This section presents many Baluns using both 
series and parallel-type designs. 


Sec 10.3.1 Seriestype Baluns 


Figure 10-2 shows circuit diagrams for two versions 
of the series-type Balun, Photo 10-B shows a design 
using Figure 10-2A mounted in a CU 3005-A mini- 
box 5 inches long by 4 inches wide by 3 inches high. 
‘The 1:2 Unun has 7 trifilar tums on a 1.5-inch OD fer- 
rite toroid with a permeability of 250. The output tap 
is located 6 turns from terminal 5. Winding 5-6 is No. 
14H Thermaleze wire and the other two are No. 16 H 
‘Thermaleze wire. 

The 1:1 Guanella Balun has 14 bifilar tums of No. 
14H Thermaleze wire on a 2.4-inch OD ferrite toroid 
with a permeability of 250. Both wires are covered 
with Teflon tubing, which results in a characteristic 
impedance of 100 ohms (the optimum value). A 
crossover, placing 7 turns on one side of the toroid 
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(A): 2UNUN 4: balun 


(8) 1.78: 1 UNUN 1:4 balun 


Figure 10-2. Schematic diagrams of two versions of the series-type Balun: (A) 1:2 (50:100 ohms) Balun; (B) 1:2.25 


(50:112.5 ohms) Balun. 


and 7 turns on the other, is used so the output and 
input are on opposite sides of the toroid, Figure 10-3 
isa drawing of the crossover. Although this technique 
has no electrical advantage at HF, the mechanical 
advantage is obvious. 

When matching 50-ohm cable to a balanced load of 
100 ohms, the response is literally flat (within 2 to 3 
percent) from 1.5 to 30 MHz. By connecting the out- 
put of the Unun to terminal 6 instead of to the tap, the 
Balun would match 50-ohm cable to a balanced load 
of 112.5 ohms with about the same response. 

Photo 10-C shows two slightly different versions of 
series-type 2.25:1 Baluns using the circuit of Figure 
10-2B, Both have the same 1.78:1 step-down Unun, 
which has 5 quadrifilar turns on a 1.5-inch OD ferrite 
toroid with a permeability of 250. Winding 5-6 is No. 
14H Thermaleze wire, and the other three are No. 16 
H Thermaleze wire. Each version also has 8 bifilar 
turns of No. 14 H Thermaleze wire on both of the 1.5 
inch OD ferrite toroids, with a permeability of 250. 

The differences are: 1) the Balun on the left in 
Photo 10-C has one layer of Scotch No. 92 tape on 
one of the wires in each bifilar winding and a 
crossover after the fourth turn, and 2) the Balun on the 
right has two layers of Scotch No. 92 tape on one of 
the wires on one toroid and no extra insulation on the 
wires of the other toroid. Therefore, one of the wind- 
ings in the 1:4 Guanella Balun has a characteristic 
impedance a little less than 50 ohms and the other a 
Title greater than 50 ohms, resulting in a canceling 
effect. Furthermore, the crossover isn’t used in this 
design. The Balun on the left is mounted in a CU 
3006 minibox 5.25 inches long by 3 inches wide by 
2.25 inches high, The Balun on the right is mounted 
in a CU 3015-A minibox 4 inches long by 2 inches 
wide by 2.75 inches high. 


Photo 10-B. A series-type Balun using the schematic dia- 
gram of Figure 10-24 designed to match $0-ohim cable to 
balanced load of 100 ohms. 


‘The performance of these two Baluns is essentially 
the same, When matching 50-ohm cable to balanced 
loads of 112.5 ohms, the responses are essentially flat 
(within 2 to 3 percent) from 1.5 to 30 MHz. 

From preliminary measurements on series-type 2:1 
Baluns, the Balun in Photo 10-B is the one I'd recom- 
‘mend for matching 50-ohm cable to balanced loads of 
100 ohms, while the Baluns in Photo 10-C would be 
best for matching to balanced loads of 112.5 ohms. 
Also, by replacing the 1.78:1 Unun in Figure 10-28 
with a 2.25:1 Unun, and not adding any extra insula- 
tion to the windings of the 1:4 Balun, it's possible to 
obtain an excellent Balun matching 50-ohm cable to a 
balanced load of 89 ohms. 

Figure 10-4 shows the schematic diagram of a 
series-type Balun designed to match 50-ohm cable to 
balanced loads of 25 or 22.22 ohms. Photo 10-D 
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Figure 10-3. Consiruction of 1:1 Guanella Balun with a 
‘crossover placing the input and output terminals on oppo- 
site sides of the toroid. 


Photo 10-C. Two series-type Baluns using the schematic 
diagram of Figure 10-2B designed to match 50-ohm cable 
to balanced loads of 112.5 ohms. 


shows two versions of this dual-ratio Balun. The 
Balun on the left, for its Unun, has 6 trifilar tums of 
No. 14 H Thermaleze wire on a 1.5-inch OD ferrite 
toroid with a permeability of 250. Winding 3-4 is 
tapped one turn from terminal 3, yielding the 2:1 
ratio. The 1:1 Guanella Balun has 6 turns of home- 
made coaxial cable on a similar toroid. The inner con- 
ductor is No. 12 H Thermaleze wire and is covered 


with Teflon tubing. The outer braid, from a small 
coax or from 1/8-inch tubular braid, is tightly 
wrapped with Scotch No. 92 tape to preserve its low 
characteristic impedance. 

In matching 50-ohm cable to balanced loads of 25 
‘ohms (connection A) or to 22.22 ohms (connection 
B), the response is essentially flat (within a percent or 
two) from 1.5 10 30 MHz. 

‘The Balun on the right in Photo 10-D has similar 
windings on a single 24-inch OD ferrite toroid with a 
permeability of 250. Its performance is quite compa- 
rable to the Balun on the left. 


Sec 10.3.2 Paralleltype Baluns 


As you saw in the previous section, the series-type 
Baluns presented here are combinations of Ununs 
with ratios of 1.33:1, 1.78:1, 2:1, and 2.25:1 in series 
with Guanella 1:1 or 4:1 Baluns. The Ununs, which 
are really an extension of Ruthroff's? bootstrap tech- 
nique for obtaining a 4:1 Unun, sum direct voltages 
with delayed voltages that traverse a single transmis- 
sion line. Therefore, the Unun eventually limits the 
high-frequency response of the series-type Balun, 

On the other hand, the parallel-type Balun is an 
extension of Guanella’s technique of summing volt- 
ages of equal delays. Instead of simply connecting 
transmission lines in parallel-series, the parallel-type 
Balun connects Guanella Baluns in parallel-series. As 
T noted in Reference 25, two 4:1 Guanella Baluns can 
be connected in parallel-series, yielding very broad- 
band ratios of 6.25:1. This section shows how a 1:1 
Guanella Balun can be connected with a 4:1 Guanella 
Balun in parallel-series, yielding a very broadband 
ratio of 2.25:1. 

Figure 10-5 is the schematic diagram of the high-fre- 
quency model of a 2.25:1 Unun which is used for 
analysis purposes. Because the current through the load 
is 3/21), the transformation ratio is (3/2), or 2.2: 
‘Therefore, if the impedance seen on the left side is 50 
ohms, a matched impedance on the right side is 22.22 
‘ohms. Because two thirds of the 50 ohms appears 
across the input of the Guanella 1:1 Balun, its optimum 
characteristic impedance is 33.33 ohms. Similarly, this 
is also the value of the optimum characteristic imped- 
ance for the windings of the 4:1 Balun, Because the 1:1 
Balun wants to see 33.33 ohms on its output (a 
matched condition) and the 4:1 Balun wants to see 
66.66 ohms, placing these two values in parallel results 
in the confirming value of 22.22 ohms. 


to how attracted the liquid molecules are to each other verses the surface (see surface tension), In 
industry, tests are done to determine the "solderability" of materials by measuring the time it takes 
solder to spread out over a surface, or measuring how much force a pot of liquid solder will pull down 
‘on a component partially submerged. 


Good pictures and description of wetting and surface tension. Contains a video of a razor blade floating 
‘on the surface of water until a drop of soap is added. 


‘A brochure for a solderabiliy testing station, Scroll down a few pages to see some great pictures of this 
‘machine holding one lead ofa surface mount chip in a drop of solder. 


‘Another related wiki: wiki/Surface energy 


In general, the goal is to make the joint as quickly as possible. Longer times can char and damage the 
board, lift pads, overheat components, burn off and polymerize flux (making it harder to remove), and 
finally lead to a more brittle joint. Solder doesn't just freeze on a joint, tin in the solder dissolves and 
chemically reacts with copper in the connection to form a new bonding material, called an 
“intermetallic layer". While this layer is what makes an excellent thermal and electrical bond, itis also 
extremely brittle; a doubling of its thickness reduces joint tensile strength by half (ref 1). Since this 
layer grows faster with higher temperatures, joints should be made using the coolest temperature and 
shortest soldering time possible, This layer is also why re-heating joints has been shown to weaken 
them. Having said all this, Ihave to admit that I don't know just how long is too long for projects that 
don't need to operate for 30 years with 100% reliability. After 10 seconds there's a good chance the flux 
hhas been used up. 


Remove solder, then iron: Pull the iron out fairly quickly to avoid leaving a solder spike. 


Good and bad joint gallery: The solder should smoothly ramp to meet surfaces and be shiny in 
appearance if i's lead-based. Lead-free solder will have a duller and grainier surface, but will still be a 
‘good joint as long as there are no signs of non-wetting. The important thing to look for is any solder 
that looks like it didn’t cling to a surface, or is just siting on top or next to a surface. 


Gallery of joints: 


ANASA gallery of every possible joint / board defect you could ever imagine, Here's another great 
gallery of defects. 


Great comparison pictures between lead-based and lead-free joints. p. 34 


If the 50-ohm generator is placed on the right side 
in Figure 10-5, the circuit becomes a step-up Unun 
matching 50 ohms to 112.5 ohms (on the left). If the 
ground is removed on the left side, the transformer 
becomes a Balun. A similar analysis as above, shows 
that the optimum characteristic impedance of the three 
bifilar windings now becomes 75 ohms. 

Photo 10-E shows a parallel-type 2.25:1 Balun 
designed to match 50-ohm cable to a balanced load of 
112.5 ohms, It has 9 bifilar turns of No. 14 H Therma- 
leze wire on each of the three toroids that have a 1.5- 
inch OD and a permeability of 250. Also, one of the 
wires on each toroid is covered with Teflon tubing, 
resulting in a characteristic impedance of 75 ohms 
(the optimum value). When operating as a Balun, the 
response is essentially flat from 7 MHz to over 45 
MHz. As an Unun, the flat response is broadened 
from 1.5 MHz.to over 45 MHz. 

Because the coiled wire, parallel-type Balun didn’t 
provide any real advantage over the series-type Balun 
(in fact, the low-frequency response was poorer), I 
investigated the beaded transmission line version for 
possible use in the VHF band. Figure 10-6 shows a 
schematic diagram of one using coaxial cable. 
Obviously, twin lead could be substituted for the 
coaxial cable. Photo 10-F shows both versions. 

The top design in Photo 10-F has 4 inches of 3/8- 
inch OD ferrite beads with a permeability of 125 on 
each of the three 75-ohm transmission lines. It is 
designed to match 50-ohm cable on the right to a bal- 
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1 BALUN 


2:1, 225:1 UNUN 


Figure 10-4, Schematic diagram of a dual-ratio series- 
‘ype Balun, Connection A matches 50-ohm cable to a bal- 
anced load of 25 ohms. Connection B matches 50-ohm 
cable to a balanced load of 22.22 ohms. 


anced load of 112.5 ohms on the left (with the ground 
on terminal 1 removed). The transmission lines con- 
sist of two No. 14 H Thermaleze wires separated by 
the Teflon tubing covering one of them, When match- 
ing 50-ohm cable to a balanced load of 112.5 ohms, 
the response is essentially flat from 30 MHz to over 
100 MHz (the limit of my bridge). 

‘The bottom design in Photo 10-F also has 4 inches 
of 3/8-inch OD ferrite beads with a permeability of 
250. However, they are now threaded by homemade 
coaxial cable with a characteristic impedance of 33.33 
ohms. It is designed to match 50-ohm cable on the left 
to a balanced load of 22.22 ohms (with the ground on 
terminal 2 removed). The inner conductor of the coax 
is No. 14 H Thermaleze wire and is covered with 


Photo 10-D. Two series-type Baluns 
using the schematic diagram of Figure 
10-4 designed 10 maich 50-ohm cable 
to balanced loads of 25 ohms or 
22.22 ohms, 
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Photo 10-E. 
Parallel-type 
2.25:1 Balun 
matching 50- 
‘ohm cable toa 
balanced load 
of 112.5 ohms. 


Photo 10-F. Beaded transmission line versions of the 
2.2511 parallel-type Balun for operation in the VHF band. 
The top Balun matches 50-ohm cable to a balanced load of 
112.5 ohms. The bottom Balun matches it to a balanced 
load of 22.22 ohms. 


Teflon tubing. The braid is from small coaxial cable 
or from 1/8-inch tubular braid. The braid is also tight- 
ly wrapped with Scotch No. 92 tape in order to pre- 
serve the low characteristic impedance. When match- 
ing 50-ohm cable to a balanced load of 22.22 ohms, 
the response is essentially flat from 14 MHz. to over 
100 MHz (again, the limit of my bridge). 


Sec 10.4 Closing Comments 
In closing, I'd like to make a couple of comments 
regarding parallel-type Baluns. 

First, if you are interested in a 1.78: ratio, replace 
the 1:4 Balun in Figures 10-5 and 10-6 with a 1:9 
Guanella Balun (three transmission lines connected in 


Tai, 


Figure 10-5. High-frequency model of the parallel-t»pe 
2.25:1 transformer. Connections shown are for Unun 
operation. 


Figure 10-6. The coaxial cable version of the parallel-type 
2.25:1 transformer of Figure 10-5 


parallel-series), This would yield an output current of 
4/31, and a ratio of (4/3), or 1.78:1. If you replace the 
Balun with a 1:16 Guanella Balun (four transt 
jon lines connected in parallel-series). the output cur- 
rent will be 5/41), with a ratio of (5/4)2, or 1.56:1. 

Second, because the parallel-type Balun is really an 
extension of Guanella’s technique of summing volt- 
ages of equal delays,2627 the high-frequency response 
is mainly limited by the parasitics in the interconnec- 
tions. Therefore, beaded transmission lines offer the 
best opportunity for successful operation on the VHF 
band. It is also recommended that the ferrite beads 
have permeabilities of 300 or less? in order to achieve 
the very high efficiencies of which these transformers 
are capable, 
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Chapter 1] 


:] Baluns 


Sec 11.1 Introduction 


is chapter is a combination of two articles I 
| wrote for Communications Quarterly. One, on 
the 6:1 and 9:1 Baluns, appeared in the Winter 
1993 issue and the other, on the 12:1 Balun, ran in the 
Summer 1993 issue. { combined these two articles 
here because the three Baluns discussed have much in 
common. Commonalities include: 1) They are the 
most difficult to construct and are, therefore, the most 
expensive; 2) two of them, the 6:1 and 12:1 Baluns, 
use Ununs in series with Guanella Baluns; 3) wo of 
them use the 9:1 Guanella Balun—-the 12:1 Balun 
with a series 1.33:1 Unun; 4) they are generally asso- 
ciated with two-wire transmission lines with charec- 
teristic impedances of 300, 450, and 600 ohms, 
respectively, 5) when matching 50-ohm cable to high- 
et impedances, they have more loss than the Baluns in 
the preceding chapters; and 6) the optimum applica- 
tion of these Baluns requires a more critical under- 
standing of the trade-offs in low-frequency response 
{or efficiency, 

Like the 2:1 Balun in Chapter 10, the 6:1 (actually 
6.25:1) Balun aiso comes in two forms: the series- 
type, which offers better low-frequency response in 
the HF band, and the paraliel-type, which has vastly 
greater high-frequency capability. The parallel-type 
6:1 Balun, together with the 9:1 Guanella Balun 
(which is also a parallel-type), offer the potential for 
designs capable of efficient and broadband operation 
on the VHF and UHF bands. 


Sec 11.2 6:1 and 9:1 Baluns 


Many radio amateurs associate the use of the 6:1 and 
9:1 Baluns with 300-ohm twin lead feeding folded 
dipoles, 450-ohm “ladder” line feeding single or 
malti-band antenna systems. However, what is 
neglected (in some cases) is the effect of the height of 
these antennas above earth and the length of the trans- 
mission lines feeding them 


Broadband 6:1 and 9:1 Baluns are considerably 
more difficult to construct than the more common 1:1 
and 4:1 Bafuns. This is especially true when matching 
50-chm cable to impedances of 300 and 450 ohms. 
Furthermore, there are some important trade-offs in 
low-frequency tesponse for efficiency. 

From what I could gather “oa the air” or talking to 
radio clubs, I have determined what I believe are 
probably (wo of the most common misconceptions 
regarding the wse of these Baluns: 

1. 6:1 Baluns, In free-space, the folded dipote with 
300-ohm twin-lead has 4 resonant impedance close to 
300 ohms. The dipole also has this value at a height of 
about 0.225 wavelength above ground, However, it's 
only 200 ohms at a height of about 0.17 wavelength 
and 400 ohms (the maximurn) and at 0.35 wavelength, 
In many cases, the 4:1 Balun would actually do a bet- 
ter job of matebing. 

2. 9: Baluns, Some are unaware of the relationship 
between the impedance at the input of 2 transmission 
ine, the characteristic impedance of the fine, and the 
impedance at the end of the line, Just because a trans- 
mission line has a characteristic impedance of 450 
‘ohms doest’t necessarily mean that a 9:1 Balun wil 
perform a satisfactory match to S0-ohm cable. Par 
from it. For example, if the line is terminated by a 
half-wave dipole with an impedance of 50 ohms, the 
9:1 Balun would see 50 ohms when the line is a hatf- 
wave long and 4050 ohms when it’s a quarter-wave 
tong! Broadband Baluns cannot be designed to handle 
impedances as high as 4050 ohms. It's very likely tbat 
a well-designed 50:450-ohm Bala would experience 
(particularly on 80 and 160 meters) harmful flux in 
the core and excessive heating hecause of the large 
voltage drop along the length of its transmission lines. 
‘This problem of presenting very high (and harmful) 
impedances to Baluns is quite prevalent with multi- 
band antenna systems, 

Clearly, there are many applications for 6:1 and 9:1 
‘Baluns. They act only include matching 50-ohm cable 
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502 p—> + 
1:56 UNUN 


Figure 11-1. Schematic diagram of the series-type Balun 
with a 1:6.25 ratio designed to match 50 to 312.5 ohms. 


to balanced loads of 300 and 450 ohms, but also to 
balanced loads of 8 and 5.6 ohms, as well. Further- 
more, many of the designs in this chapter will perform 
almost as well in Unun (unbalanced-to-unbalanced) 
applications. The trade-off (which is usually very 
small) is in low-frequency response. Additionally, 
these Baluns could be used to exploit the low-loss 
properties of 300- and 450-ohm twin-lead where very 
long transmission lines are used. This is especially 
important at 14 MHz. and above. 

In the pages that follow, I'll present a variety of 
Baluns matching 50-ohm cable to 300 ohms (actually 
to 312.5 ohms, a 6.25:1 ratio) and to 450 ohms, as 
well as 50-ohm cable to 8 and 5.6 ohms. Also includ- 
ed are two different versions of 6.25:1 Baluns. One is 
a series-type using a 1.56:1 Unun in series with a 4:1 
Guanella Balun and the other a series-parallel 


arrangement using two 4:1 Guanella Baluns. Because 
the series-parallel Balun adds voltages of equal 
delays, you'll find its high-frequency capability is 
much greater, 

The 9:1 Balun is a conventional Guanella Balun 
with three transmission lines connected in series at the 
high-impedance side and in parallel at the low-imped- 
ance side. Therefore, it also sums voltages of equal 
delays. Some of the comparisons and analyses of 
these 6.25:1 and 9:1 Baluns were probably published 
for the first time in my Winter 1993 Communications 
Quarterly article. 


Sec 11.2.1 6.25:1 Series-Type 
Baluns 


Figure 11-1 shows the schematic diagram of a series- 
type Balun designed to match 50-ohm cable to a bal- 
anced load of 312.5 ohms. It consists of a 1:1.56 
Unun in series with a 1:4 Guanella Balun, The overall 
ratio of 1:6.25 should satisfy most of the 1:6 require- 
ments. Photo 11-A shows three examples. All three 
Baluns use the same step-up Unun that has four 
quintufilar turns on a 1.5-inch OD ferrite toroid with a 
permeability of 250. Winding 9-10 is No. 14 H 
‘Thermaleze wire and the other four are No. 16 H 
‘Thermaleze wire. Because this Unun sums only one 
delayed voltage with four equal direct voltages, it has 
an excellent high-frequency response.2 

‘The Balun on the left in Photo 11-A has eight bifi- 
Jar turns of No. 18 hook-up wire on each transmission 
line of its 1:4 Balun. The wires are further spaced 
with No. 18 Teflon tubing providing characteristic 
impedance close to 150 ohms (the optimum value), 
The ferrite toroid has a 2.4-inch OD and a permeabili- 
ty of 250. When matching 50-ohm cable to a floating 


Photo 11-A. Three examples of 
series-type 1:6.25 Baluns, The 
Balun on the right, with a double~ 
‘core I:4 Balun, has both a balanced 
voltage and current output. The 
other two only have balanced-cur- 
rent outputs. 


41.86:1 UNUN, 4:1 BALUN 


Figure 11-2. Schematic diagram of the series-type Balun 
with a 6.25:1 ratio designed to match 50 to 8 ohms. 


Joad of 312.5 ohms, the response is essentially flat 
from 1.7 to 30 MHz. Under matched conditions, 500 
watts of continuous power and 1 KW of peak power is 
a conservative power rating. Because the 1:4 Balun in 
this series-type 1:6.25 Balun uses only one core 
instead of two, this transformer should never be used 
when the load is grounded at its center. Also, it is not 
recommended for balanced antennas. This series-type 
Balun presents balanced currents, but does not present 
balanced voltages. 

The Balun in the center of Photo 11-A has seven 
bifilar turns of No. 16 SF Formvar wire on each trans- 
mission line on its 1:4 Balun. The wires are covered 
with Telfon sleeving and further separated by No. 16 
‘Teflon tubing. Like the Balun on the left, the charac- 
teristic impedance is also close to the objective of 150 
ohms. The toroid also has a 2.4-inch OD and a perme- 
ability of 250, When matching 50-ohm cable to a 
floating load of 312.5 ohms, the response is essential- 
ly flat from 3.5 to 30 MHz. Over this frequency range, 
this Balun can easily handle the full legal limit of 
amateur radio power. Because this Balun also presents 
balanced currents and not balanced voltages, it should 
not be used when the loads are balanced to ground or 
grounded at their centers. 

‘The Balun on the right in Photo 11-A has 14 bifilar 
turns of No. 16 SF Formvar wire on each of the two 
toroids of the 1:4 Balun. The wires are also covered 
with Teflon sleeving and further separated by No. 16 
Teflon tubing. For ease of connection, one core is 
wound clockwise and the other counterclockwise. 
‘The two cores are spaced 1/4 inch apart with acrylic 
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sections. When matching 50-ohm cable to a 312.5 
load that is either floating, balanced to ground, 
grounded at its center, or grounded at its bottom (a 
broadband Unun), the response is essentially flat from 
1.7 t 30 MHz. Under this matched condition, it can 
easily handle the full legal limit of amateur radio 
power. Furthermore, this is a true Balun because it 
presents equal currents and equal voltages. If one 
were to measure the voltages-to-ground, when match- 
ing into a balanced load, one would find them to be 
equal and opposite. The other two 1:6.25 Baluns 
using single-core 1:4 Baluns, would have equal cur- 
rents but not equal voltages (see Chapter 8). Because 
they are easier to construct, it would be interesting to 
‘compare them with a true Balun. 

Figure 11-2 shows the schematic diagram of a 
series-type Balun designed to match 50-ohm cable to 
a balanced load of 8 ohms (perhaps a short-boom 
Yagi). It consists of a 1.56:1 step-down Unun in series 
with a Guanella 4:1 step-down Balun. The overall 
ratio is 6.25:1. Photo 11-B shows two examples. Both 
Baluns use the same step-down Unun, which bas four 
quintufilar turns on a 1.5-inch OD ferrite toroid with a 
permeability of 250. Winding 5-6 is No. 14 H 
Thermaleze wire and the other four are No. 16 H 
‘Thermaleze wire. The interleaving of the wires is such 
that the performance is optimized for matching 50 to 
32 ohms, 


Se 


Photo 11-B. Two examples of the series-type 6.25:1 Balun 
optimized at the 50:8-ohm level. The Balun on the left is 
designed to match into a floating 8-ohm load. The Balun 
on the right is designed to match into an 8-ohm floating, 
center-tapped-to-ground or grounded load (Unun). 
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‘The Balun on the left in Photo 11-B has four tums 
of low-impedance coaxial cable on each transmission 
line on the single-core 4:1 Balun. The inner conductor 
is No. 14 H Thermaleze wire, and it bas two layers of 
Scotch No. 92 polyimide tape. The outer braid is from 
a small coax (or I/8-inch tubular braid) and is tightly 
wrapped with Scotch No. 92 tape to achieve the 17- 
ohm characteristic impedance (the optimum value). 
‘The ferrite toroid has a 1.5-inch OD and a permeabili- 
ty of 250. When matching 50-ohm cable to a floating 
load of 8 ohms, the response is flat from 1 to 40 MHz. 
In a matched condition, this Bafun can easily handle 
the ful legal limit of amateur radio power. 

‘The Balun on the right in Photo 11-B has six turns 
of the same coaxial cable on each of the two cores of 
the Guanella step-down Balun. The cores also have a 
1.S-inch OD and s permeability of 250, The perfor- 
mance of this Balun is practically the same as the 
above with the single-core 4:1 Balun, The important 
differences are that this 6.25:1 Balun also performs 
equally well whether the load is center-tapped-to- 
ground, balanced-to-ground, or grounded at the bot- 
tom (a broadband Unun), This is the one recommend- 
ed for feeding a short-spaced Yagi beam antenna, 


Sec 11.2.2  6,25:1 ParallelHype 
Baluns 

‘The 6.25:1 series-iype Baluns described in the preced- 

ing section consisted of a 1.56:1 Unun, which is an 

extension of Ruthrotf's bootstrap approach for 

Ununs,? in series with a Guanella 4:1 Balun.? The 


Figure 11-3. Schematic diagram of the parallel-type 
Balun {and Urun) with a 6.25:1 ratio. The currents ard 
voltages are shown for analysis purposes (see tet). 


upper-frequency limit for this combination is seally 
set by the Unun, which sums a delayed voltage with 
four direct voltages. The parallel-type 6.25:1 Baluns 
described in this section are really extensions of 
Guazella's approach, which sums voltages of equal 
delays. Therefore, the upper-frequency limit is mainly 
dependent upon the parasities in the interconnections. 

‘The 6.25:1 parallel-type Balua uses two 4:1 
Guanella Baluns connected in parallel on the low- 
impedance side and in series on the high-impedance 
side. As you will see, one of the Baluns is reversed, 
siving the desired ratio of 6.25:1, Other combinations 
can produce different fractional-ratios (other than 1:n? 
where nis 1,2, 3,...), fike 2.25:1 and 1.781 
Because very little practical design information is 
available regarding this family of very broadband 
Baluns.2627 this section also includes my high-fre- 
quency analysis of the 6.25:1 parallel-type Balun. It 
should also be pointed out that very litte sactifice in 
performance occurs whether the load is grounded at 
its cemter or at the bottom (as an Unun). 

Figure 11-3 shows the coiled-wire version of the 
6.25:1 parallel-type Balun, For anaiysis purposes, the 
voltages and currents are also shown. As can be seen, 
the top 4:1 Balun is connected as a step-down Balun, 
while the bottom 4:1 Balun is connected as a step-up 
Balun, The Baluns are in series on the high-imped- 
ance side (on the Jeft) and in parallel on the Iow- 
impedance side (on the right). As Figure 11-3 ilfus- 
trates, the lower #4 Balun adds a current of 0.51, to 
the load, resulting in a total carrent of 2.51). Thus, the 
impedance transformation ratio is 2.5%, or 6.25:1. 

For maximom high-frequency response, each trans- 
mission line should see a load equal to its characteris- 
tic impedance, In other words, they should he “flat” 
lines. If the high side on the left is 50 ohms, then 40 
ohms appears on the input of the top Balun and 10 
‘ohms on the input of the bottom Balun, Consequently, 
the optimum characteristic impedance for afl twans- 
mission lines is 20 ohins. On the low-impedance side 
on the tight, the top Balun wants to see 10 obms, 
while the bottom Balun wants to see 40 ohms, 
Because 10 ohms in parallel with 40 ohms equals 8 
‘obms, each Balun conveniently sees its ideal load and 
a broadband ratio of 6.25:1 is obtained 

If the Balun is required to match 50-ohm cable (on 
the right side) to balanced load of 312.5 ohms (on 
the left side), the same analysis shows that the opti- 
mum characteristic impedanee of all the transmission 
fines is 125 obms 
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Photo 11-C. Two beaded-line 
versions of the parallel-type 
6.25:1 Balun (and Unun). The 
top transformer is designed to 
‘match 50-ohm cable to 8 ohms. 
The bottom transformer is 
designed to match 50-ohm cable 
10 312.5 olin. 


q 


Because the parallel-type Balun (or Unun) sums 
voltages of equal delays and, therefore, has no built-in 
high-frequency cut-off, it has a real advantage over 
the series-type Balun on the VHF bands and above. 
Furthermore, beaded transmission lines with low-per- 
meability ferrite beads (125 and less) can be used, 
resulting in high efficiencies. On the HF band, where 
coiled windings are generally used, the series-type 
Balun is preferred because of its simplicity. 

Photo 11-C shows two beaded-line 6.25:1 trans- 
formers, The top Balun, designed to maich 50-ohm 
cable (on the left) to 8 ohms (on the right), uses low- 
impedance coaxial cable lines. The schematic diagram 
is shown in Figure 11-4. It has 5 inches of 0.375-inch 
OD beads (permeability 125) on four coaxial cables 
with characteristic impedances of 20 ohms. The inner- 
conductors of No. 12 H Thermaleze wire have two 
layers of Scotch No. 92 polyimide tape. The outer 
braids, from small coaxial cable or 1/8-inch tubular 
braid, ate also wrapped tightly with the same tape in 
order to preserve the 20-ohm characteristic imped- 
ance. When matching 50 ohms to 8 ohms, the 
response is essentially flat from 10 MHz to beyond 
100 MHz (the limit of my simple bridge). Under this 
matched condition, this Balun can easily handle the 
full legal limit of amateur radio power. Furthermore, it 
has practically the same performance when operating 
as an Unun (both terminals 1 and 2 grounded). In the 
Unun application, the bottom transmission line has no 
voltage along it and, therefore, requires no beads. 

The bottom Balun in Photo 11-C, which is 
designed to match 50-ohm cable to a balanced load of 
312.5 ohms, has 8 inches of 0.5-inch OD beads on 
125-ohm twin-lead transmission lines. The ferrite 
beads also have a permeability of 125. The wires are 
No. 14 H Thermaleze wire and are covered with 
Teflon sleeving. They are further separated by No. 18 


Figure 11-4, Schematic diagram of the coaxial-cable ver- 
sion of the parallel-type 6.25:1 Balun (and Unun). 


Teflon tubing. When matching 50-ohm cable (on the 
right side) to 312.5 ohms (on the left side), the 
response is essentially flat from 20 MHz to over 100 
MHz. Under this matched condition, this Balun can 
also easily handle the full legal limit of amateur radio 
power. Additionally, this transformer performs practi- 
cally as well when used as an Unun, 


Sec 11.3 9:1 Baluns 


The broadband 9:1 Balun, matching 50-ohm cable to 
a balanced load of 450 ohms, is one of the most diffi- 
cult ones to construct because high-impedance trans- 
mission lines (150 ohms) are required for maximum 
high-frequency response, and greater reactances 
are needed in order to isolate the input from the out- 
put. So one can appreciate the task at hand, this sec- 
tion also provides a brief review of the theory of 
these devices.? 

Figure 11-5 shows the high- and low-frequency 
models of the Guanella 9:1 Balun that connect three 
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transmission lines in series at the high-impedance side 
and in parallel at the low-impedance side, Because 
Guanella’s Baluns (which can be easily converted to 
Ununs) sum voltages of equal delays, they offer the 
highest frequency capability 

‘The high-frequency model (Figure 11-SA) assumes 
there is sufficient choking reactance in the coiled (or 
beaded) transmission fines to isolate the input from 
the output and only allow transmission line currents to 
flow. Under this condition, the analysis is rather 
straightforward as it only involves transmission line 
theory, Simply stated--the maximum high-frequency 
response occurs when each transmission line is termi- 
rated in a load equal tits characteristic impedance, 
Z,, Thus, the transmission lines in the 9:1 Balun have 
no standing waves. Because each transmission line 
sees one third of the foad, the optimum value ot Z, is 
R,/3. Except for parasitics in the intercommections and 
seif-resonances in coiled windings, Guanella’s ap- 
prouch is literally “frequency independent,” 

On the other hand, the low-frequency analysis of the 
Guanella 9:1 Balun is most important because it 
reveals the major difficulty in designing them for low- 
Joss, wideband operation. Figure 11-SB is the model 
for determining the low-frequency response. It as- 
sumes that no energy is transmitted to the load by a 
transmission line mode. Although the terminotogy 
and analysis is the same as that used for conventional 
autotransformers, the similarity ends when there is 
sufficient choking reactance to only allow for the effi- 
cient transmission line mode. 


As with conventional transformers, one can analyze 
the low-frequency response of the 9:1 Balun from 
either the low- or high-impedaree side, By putting the 
generator on the low-impedance side in Figure L1-SB, 
I've chosen to analyze it from that side. With the out- 
Put open-circuited, the generator sees four coiled (or 
beaded) lines connected in series-parallel. The net 
result is that the generator sees the reactance of only 
one coiled (or beaded) fine, To prevent a shunting cur- 
rent to ground (and/or autotransformer operation), the 
reactance the generator sees should be much greater 
than R, (at feast by a factor of 10 at the lowest fre- 
quency of interest). The inductance of the coiled or 
beaded line that prevents the unwanted currents is still 
Known as the magnetizing inductance. Ly. 

What's important to note here is that the low-fre- 
quency model of the Guanelia 4:1 Balun does not 
have the series-paralle! combination of coiled or bead- 
ed lines.? Only two lines, which are in seties, exist in 
iis model. Therefore, for a two-core Guanella 4: 
Balun having the same number of turns (and same 
cores) as a 9:1 Guanella Balun, its low-frequency 
response is better by a factor of two! 

Another advantage that goes to the Guanella 4:1 
Balun when matching 50 to 200 ohms, is in the num- 
ber of turns that can be wound on the same cores. 
Since 4:1 Baluns require characteristic impedances of 
100 obms (instead of 150), the width of the wansmis- 
sion lines is considerably Iess, thus allowing for more 
tums. Also, as will be shown later, the efficiency of 
the 4:1 Balun is greater because the potential drops 


Figure 1-5. Models of Guanella's 1:9 Balun. The high-frequency model, (A), assumes that Zy = Rj/3, and therefore V>, the 
ouput of exch transmission line, equals Vp. The low-frequency model, (B), assumes no energy is transmitted ta the load, Ryy 


bya transmission tine mode, 
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Photo 11-D. Three broadband 
Guanella 9:1 Baluns designed to 
match 50-ohm cable to 450 
ohms. The transformer on the 
left, using No. 18 hook-up wire, 
can handte 500 watts from 1.7 to 
45 MHz. The transformer in the 
center, using No. 16 wire, can 
hhandle 1 KW from 3.5 to 45 MH. 
The transformer on the right 
(with larger cores), using No. 16 
wire, can handle 1 kW from 1.7 
10.45 MHz 


along the transmission lines are lower (less dielectric 
loss). Finally, as you can see from Figure 11-SB, by 
also grounding terminal 2 (Unun operation), windings 
1-2 and 3-4 are both shorted—degrading the low-fre- 
quency response because Ly is reduced by one third. 

‘Another interesting analysis with Baluns and Ununs. 
concems the potential gradients (voltage drops) along 
the transmission lines, Because the loss with these 
transformers, when transferring the energy via a trans- 
mission line mode, is dielectric-type (voltage depen- 
dent), the higher the gradient, the greater the loss. The 
interesting cases occur when the load is: a) floating, 
b) grounded at the center, and c) grounded at the bot- 
tom (an Unun). 

Floating load. With terminal 13 in Figure 11-54 
ungrounded, the top transmission line has a gradient 
of +V; and the bottom transmission line has a gradi 
cent of -Vj, The center transmission line has a gradient 
of zero. Therefore, the center transmission line only 
acts as a delay line and doesn’t require a magnetic 
core or beads. As a result, the top and bottom cores 
(or beads) account for the dielectric loss. 

Load grounded at the center. With terminal 13 
grounded at the center of the load, the top transmi 
sion line has a gradient of +V), the bottom transmi 
sion line has a gradient of -V,, and the center trans- 
mission line has a gradient of -V;/2. This configura- 
tion results in about 25 percent more loss because of 
the extra gradient along the center transmission line. 
Incidentally, this condition exists when matching into 
balanced systems like 450-ohm transmission lines or 
antennas because they have virtual grounds at the cen- 
ter of the loads they present. 

Load grounded at the bottom. With terminal 13 
grounded at the bottom of the load (an Unun), the top. 
and center transmission lines have gradients of +V, 


The bottom transmission line has no gradient and, 
therefore, no loss. It only acts as a delay line and thus 
requires no magnetic core or beads. 


Sec 11.3.1 Some Practical 9:1 


Balun Designs 


Photo 11-D shows three versions of the broadband 
Guanella 9:1 Balun designed to match 50-ohm cable 
to 450-ohm loads. The transformer on the left has 15 
bifilar turns of No. 18 hook-up wire on each of the 
three ferrite toroids with a 2.4-inch OD and perme- 
ability of 250, The wires are further separated by No. 
16 Teflon tubing, resulting in a characteristic imped- 
ance close to 150 ohms (the optimum value). The 
cores in this Balun, as well as the other two that fol- 
low, are spaced 1/4 inch apart by sections of acrylic. 
In matching 50 to 450 ohms, the response is essential- 
ly flat from 1.7 to 45 MHz. In this matched condition, 
this transformer can easily handle 500 watts of contin- 
uous power and 1 kW of peak power. 

‘The transformer in the center of Photo 11-D has 
14 bifilar turns of No. 16 SF Formyar wire on each 
of the three ferrite toroids with a 2.4-inch OD and 
permeability of 250. The wires are covered with 
Teflon sleeving and further separated by No. 16 
Teflon tubing. The characteristic impedance is also 
close to the optimum value of 150 ohms. In matching 
50 to 450 ohms, the response is essentially flat from 
3.5 to 45 MHz. In this matched condition, this trans- 
former can easily handle 1 kW of continuous power 
and 2 KW of peak power. Photo L1-E shows this 
Balun mounted in a minibox 6 inches long by 5 inch- 
es wide by 4 inches high. 

‘The transformer on the right in Photo 11-D is de- 
signed to handle 1 KW of continuous power and 2 kW 
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Photo 11-E. The Guanella 9:1 Balun shown mounted in a 
large minibox. 


of peak power from 1.7 to 45 MHz. Because this 
transformer uses larger cores with slightly higher per- 
meabilities (2.68-inch OD and 290 permeability), 
which are not as popular as those used in the other 
‘two Baluns, itis much more expensive to construct. It 
has 16 bifilar turns of No. 16 SF Formvar wire on 
each toroid. The wires are covered with No. 16 Teflon 
sleeving and further separated with No. 16 Teflon tub- 
ing. In matching 50 to 450 ohms, the response is flat 
from 1.7 to 45 MHz. 

Finally, Figure 11-6 shows the schematic diagram 
of a 9:1 Balun (or Unun) using coaxial cables wound 
around ferrite cores or threaded through ferrite beads. 
This form of the transformer is especially useful when 
matching 50-ohm cable to 5.6 ohms because the chok- 
ing reactance of the magnetizing inductance, Lyy, only 
need be much greater than 5.6 ohms. Photo 11-F 
shows two different designs, 

‘The transformer on the top has 9 1/2 tums of low- 
impedance coaxial cable on each rod. The rods are 1/2 
inch in diameter, 2 1/2 inches long, and have a perme- 
ability of 125. The low-frequency response of this 
Balun is quite insensitive to the length and permeabil- 
ity of the rods. The inner conductors of the coaxial 
cables are No. 12 H Thermaleze wire with two layers 
of Scotch No. 92 tape. The outer braids are made 
from small coax (or 1/8-inch tubular braid). They are 
further wrapped with Scotch No. 92 tape to preserve 
the low-impedance of 17 ohms. In matching 50-ohm 
cable to 5.6 ohms, the response is essentially flat from 
1,7 to 30 MHz. The optimum impedance level was 


found when matching 40 to 4.45 ohms. The addition 
of another layer of Scotch No. 92 tape would optimize 
this transformer at the 50:56-ohm level, and the high- 
frequency response would exceed 100 MHz. This 
transformer is very efficient and should handle the full 
legal limit of amateur radio power easily. 

‘The bottom transformer in Photo 11-F is designed 
to match 50-ohm cable to a load of 5.6 ohms in the 
VHF band. It uses 3 1/2 inches of beads on three low- 
impedance coaxial cables. The ferrite beads have an 
OD of 3/8 inch and a permeability of 125. The inner 
conductors of the coaxes are No, 12 H Thermaleze 
wire with one layer of Scotch No, 92 tape. The outer 
conductors are from small coaxes or 1/8-inch tubular 
and are also tightly wrapped with Scotch No. 
92 tape to preserve the low characteristic impedance, 
In matching 50-ohm cable to 5.6 ohms, the response 
is essentially flat from 7 MHz to over 100 MHz (the 
limit of my test equipment). This 9:1 Balun (which 
can be used as an Unun) can handle the full legal limit 
of amateur radio power under matched conditions, 
because of the low-permeability beads and the low- 
voltage gradients along the lengths of its transmis- 
sion lines. 


Sec 11.4 Concluding Remarks on 
6:1 and 9:1 Baluns 


One of the most important properties of broadband 
Baluns and Ununs (which all use ferrites) is their 
capability of having extremely high efficiencies. 
Knowing the loss mechanism in these transformers 
and the trade-off in low-frequency response for effi- 
ciency allows one to optimize their applications, In 
the paragraphs that follow, I'll discuss the losses and 


Figure 11-6, Schematic diagram of a coaxial cable (bead 
‘ed or coiled) 9:1 Guanella Balun (or Unun). This design is 
especially usefil in matching 50-ohm cable to 5.6 ohms 
over a very wide bandwidth, 


Good joints: 


solder is whether or not you can see the outline of the lead in the solder. This is important because you 
need to be able to see whether the solder adhered or "clung" to the lead (indicating a true bond), and 
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trade-offs involved with the transformers presented in 
the preceding sections. The approach used here should 
be applicable to all forms of transmission line trans- 
formers. This section ends with a review of two arti- 
cles that contained 9:1 Baluns. As you'll see, I have 
some rather different views on the claims made in 
these articles. 

Accurate measurements on many broadband Ununs 
have found the losses to be related to the permeability 
and the impedance level.? Permeabilities greater than 
300 resulted in excessive losses. Because these losses 
are unlike the conventional transformer whose losses 
are current-dependent, it can only be assumed that 
their losses are voltage dependent; in other words a 
dielectric-type loss. Therefore, higher-impedance 
transformers have higher voltage gradients along their 
transmission line and, thus, have greater losses. Addi- 
tionally, it was found that the higher the permeability, 
the greater the loss with frequency. Taking into 
account the accurate measurements and the factors 
noted above, I offer these loss values for the trans- 
formers in the preceding sections: 

1.36:1 Ununs. The 1.56:1 Ununs (either step-up or 
step-down) used in series with Guanella 4:1 Baluns to 
form 6.25:1 Baluns have the lowest potential gradients 
along their transmission lines, Voltage drops of only 
about 0.2 Vj), where V, is the input voltage, exist 
along their transmission lines. Accurate measurements 
have shown losses, in a matched condition, of only 
0.04 dB. If the cores, which have a permeability of 
250, were replaced with cores having a permeability 
of 125, the losses could be as low as 0.02 dB over 
much of the passband. The low-frequency response 
‘would still be acceptable at 1.7 MHz. This Unun is a 
natural for matching into 75-ohm hard line when long 
transmission lines are required. 

6.25:1 and 9:1 Low-impedance Baluns. Baluns 
matching 50-ohm cable to 8 or 5.6 ohms, also have 
very low voltage drops along their transmission lines. 
Generally, they are about twice that of the 1.56:1 
Unun. Therefore, the losses with these Baluns should 
be on the order of 0.1 dB in their passbands. 

6.25:1 High-impedance Baluns. The losses in the 
series-type Baluns are mainly in the 1:4 Guanella 
Baluns, which have potential gradients of about 1.25 
Vj, where V; is the input voltage. From previous 
‘measurements at this impedance level, the suggestion 
is that the losses (with ferrites of 250 permeability) 
should be about 0.1 dB at 7 MHz and 0.2 dB at 30 
MHz. By using toroids with permeabilities of 125, 
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the losses could be 0.07 dB and 0.15 dB, respective- 
ly. However, with a permeability of 40, the losses 
could be as low as 0.05 dB within the passband. 
However, one must consider the sacrifice in low-fe- 
queney response incurred when using these lower- 
permeability ferrites. With a permeability of 125. it's 
poorer by a factor of 2. With a permeability of 40, 
it’s poorer by a factor of 8! The 6.25:1 parallel-type 
Balun in this article uses ferrite beads with a perme 
ability of 125 and, therefore, should have losses simi- 
lar to its series-type counterpart. 

High-impedance Baluns. As was shown in the 
preceding section, the potential gradient along two of 
the transmission lines is V), where Vj is the input 
voltage. The third transmission line, with a balanced 
load (or as an Unun), has no potential gradient and, 
consequently, no loss in its core, Because the loss with 
the series-type Balun mainly exists in one core, the 
Joss with the 1:9 Balun should be a little less than 
twice as great. With ferrite cores of 250 permeability, 
the suggested losses are 0.2 dB at 7 MHz and 0.4 dB 
at 30 MHz. With cores of 125 permeability, the losses 
are about 0.14 and 0.28 dB, respectively. Again, by 
using cores with permeabilities of 40, the losses are 
practically negligible—approximately 0.1 dB within 
its passband, 

As in the case of the 1:6.25 Baluns above, similar 
trade-off occur in the low-ftequency response. That is, 
if 125 permeability cores are used, the low-frequency 
response is poorer by a factor of 2; with 40 permeabili 
ty cores, it's poorer by a factor of 8. The major differ- 
‘ence here is that the low-frequency performance of the 


Photo 11-F. Two versions of the coavial-cable 9:1 
Guanella Balun (or Unun) designed to match 50-ohm 
cable to 5.6 ohms 
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1:1.83 UNUN 


7 7 
1:9 BALUN 


Figure 11-7. Schematic diagram of the sevies-type 12:1 Balun using @ J:1.33 Unun in series with a 1-9 Guanelta Balun, 


9:1 Balun, as seen by its low-frequency model, isn't as 
‘good as the 4:1 Balun that controls the low-frequency 
response of the series-type 1:6.25 Balun, Additionally, 
it should be pointed out that all of the suggested losses 
for the transformers in this chapter are for matched 
conditions—that is with VSWRs of 1:1. If the VSWR 
is 2:1 duc to a load twice as large as the objective, the 
‘input voltage to the Balun increases by about 40 per- 
cent. Therefore, the losses should increase by close to 
the same percentage. 

In closing this section, I would like to report my 
findings on two recent articles in amateur radio jour- 
als that also described 9:1 Baluns matching S0-ohm 
cable to 450 ofims. One advocated using three 150- 
ohm coaxial cables threaded through high-permeabiti- 
ty ferrite beads—a 9:1 Guanetla Balun, Because of 
the low voltage-breakdown capability of the coaxial 
cable and the high loss found by accurate measure- 
‘ments on Ununs using these high-permeability fer- 
rites, the design was suspect. I built a copy of the 
design and found it to be, as expected, unable to han- 
dle any appreciable power. The second article? advo- 
cated using 14 trifilar turns of “magnet wire” on a 2- 
inch OD powdered-iron core (permeability of 10). 
‘This Balun was also constructed and tested. Again, as 
was expected, when matching 50-ohm cable to a 
floating load of 450 ohms, the 9:{ Balun barely 
reached « true 9:1 ratio at 7 MHz, Above 7 MHz, the 
ratio became greater than 9:1 and also introduced a 


reactive component. Below 7 MHz, there was insuffi- 
cient choking reactance to prevent flux in the core. 
My three objections to this design are: 1) a trifilar 
design has a poor high-frequency response because it 
sums a direct voltage with a delayed voltage that tra- 
verses a single transmission line and a delayed voltage 
that draverses two transmission lines, 2) the character- 
istic impedances of the transmission lines are only 50 
‘ohms (the objective is 150 ohms), and 3) the tow-tre- 
quency response is poor because of the low-perme- 
ability powdered-iron core. I do not recommend either 
of the designs in these two articles. 


Sec 11.5 12:1 Baluns 


Over the years, the broadband, 12:1 Balun has been of 
special interest to users of shombic and V antennas, 
With the aid of this Balun, certain advamages over 
saulti-element arrays can be fully exploited. Rhombics 
and Vs are easier to construct, both electrically and 
‘mechanically, and there are no particularly critical 
dimensions or adjustments. Furthermore, they give 
satisfactory gain and directivity over a 2-to-1 frequen- 
cy range. These antennas have also been found to be 
more effective in reception. Because their designs can 
‘present input impedances of 600 ohms, and very fong 
lengths of highly efficiem 600-ohm open-wire line 
can be used between the shack and the antenna, an 
efficient and broadband 12:1 Balun is a natural for 
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Photo 11-G. Top view of the high-power 12:1 Balun, 


this application, However, to my knowledge, satisfac- 
tory Baluns have not been available for this use. 

T will present two versions of a series-type Balun 
designed to match 50-ohim cable to a balanced load of 
‘600 ohms. One is a high-power unit designed to han- 
dle the full legal limit of amateur radio power over a 
bandwidth of 7 to 30 MHz. The other is a medium- 
power unit capable of handling approximately one- 
half the legal limit of amateur radio power from 3.5 to 
30 MHz. Both Baluns use a 1:1.33 Unun in series 
with a 1:9 Guanella Balun. 

As you will see, these Baluns are not especially 
easy to design and construct. The major difficulties lie 
in trying to obtain sufficient choking reactances in the 
coiled windings to meet the low-frequency require- 
ments, and large enough characteristic impedances of 
the windings to meet the high-frequency require- 
‘ments. Because a coiled winding with a characteristic 
impedance of 200 ohms (the objective) is practically 
impossible to obtain with any reasonable wire size 
and number of turns, I used the compensating tech- 
nique first described in my book.? Because the char- 
acteristic impedances of the 9:1 Guanella Balun are 
somewhat less than 200 ohms, a compensating effect 
(and hence higher frequency response) can be ob- 
tained by having a higher (than the normal objective) 
characteristic impedance of the windings in the 1:1.33 
Unun. Earlier work (also described in my book) pre- 
sented a 12:1 Balun using a 1:3 Unun in series with a 


Photo 11-H. Side view of the high-power 12:1 Balun. 


1:4 Ruthroff Balun. The Baluns presented in this sec- 
tion using a 1:1.33 Unun in series with a Guanella 1:9 
Balun, are much improved designs. 


Sec 11.5.1 A High-power 


12:1 Balun 


Figure 11-7 shows the schematic diagram of the 
series-type 12:1 Balun used in both the high- and 
‘medium-power versions, Photo 11-G shows a top 
view of the high-power Balun, Photo 11-H shows a 
side view. 

‘The 1:1.33 Unun has 5 quintufilar turns on a 1.5- 
inch OD ferrite toroid with a permeability of 250. 
Winding 7-8 is No. 14 H Thermaleze wire and the 
other four are No. 16 H Thermaleze wire. Winding 7- 
8 is also tapped at 3 turns from terminal 7. 

‘The 1:9 Guanetla Balun has 8 bifilar tums of tinned 
No. 16 wire on each of the three toroids. Each wire is 
covered with Teflon tubing and further separated by 
two Teflon tubings. The characteristic impedance of 
the windings is about 190 ohms (the objective is 200 
ohms). The ferrite toroids have an OD of 2.4 inches 
and a permeability of 250. The spacing between the 
toroids is 1/2 inch, 

In matching 50-ohm cable to a balanced load of 600 
‘ohms, the response is literally flat (within a percent or 
two) from 7 to 30 MHz, Within this bandwidth, it is 
capable of handling the full legal limit of amateur 
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I. Top view of the medium-power 12:1 Balun. 


radio power. In a matched condition, the expected 


insertion loss is about 0.25 dB. 
Sec 11.5.2 A Medium-power 
12:1 Balun 


Photo 11-I shows the top view of the medium-power 
12:1 series-type Balun. Photo 11-J shows the side 
view. This Balun also has the same 1:1.33 Unun as 
described earlier. 

The 1:9 Guanella Balun has 11 bifilar turns of No. 18 
hook-up wire on each toroid. The wires are further sep- 
arated by two No, 18 Teflon tubings. The characteristic 
impedance of the windings is about 170 ohms. The 
toroids have an OD of 2.4 inches and a permeability of 
250. The spacing between the toroids is also 1/2 inch. 

In matching 50-ohm cable to a balanced load of 600 
‘ohms, the response varies less than 5 percent from 3.5 
to 30 MHz. Within this bandwidth, the Balun can han- 
dle about one-half the legal limit of amateur radio 
power. As with the high-power version, the expected 
insertion loss is also 0.25 dB. 


Sec 11.6 Concluding Remarks on 
12:1 Baluns 

Many of the concluding remarks from the discussion 
on 6:1 and 9:1 Baluns (Sec 11.4) also apply to 12:1 
Baluns; therefore, T won't repeat them here. But the 
following four remarks are specific to 12:1 Baluns 
and warrant mentioning: 

First, high-impedance transmission line transform- 
ers like the 12:1 Balun are particularly sensitive to 


Photo 11-J. Side view of the medium-power 12:1 Balun. 


metallic enclosures. If a minibox were to be used, T 
‘would suggest the one shown in Photo 11-E, which is 
6 inches long by 5 inches wide by 4 inches high. 
‘Smaller metallic enclosures would reduce the charac~ 
teristic impedances of the windings and affect the 
high-frequency response. Even the spacing between 
cores had to be increased from 1/4 inch (for a 50:450- 
ohm Balun) to 1/2 inch, The subchassis shown in the 
photographs were used because they provided the 
necessary electrical and mechanical support. 

Second, the 12:1 Baluns described in this section 
also make excellent Ununs, albeit with some compro- 
mise in the low-frequency response. I would suggest 
using the high-power unit only between 14 and 30 
MHz and the medium-power unit only between 7 and 
30 MHz. 

Third, for the readers interested in VHF operation, I 
would suggest the parallel-type approach described in 
the earlier section on 6:1 Baluns. In this case, a 9:1 
Guanella Balun is connected in series-parallel with a 
1:4 Guanella Balun. This would produce a broadband 
ratio of 12.25:1. By using 170-ohm twin-lead (about 
10 inches long) threaded through ferrite beads with a 
permeability of 125, it appears that it is possible to 
‘match 50-ohm cable to a balanced load of 612.5 ohms 
throughout the VHF band. 

Fourth, by using torids with a permeability of 125 in 
the 1:9 Guanella Baluns (of the 12:1 Baluns), the 
insertion loss would be reduced by around one half 
(0.12 dB), with a trade-off in low-frequency response. 
The high-power unit would now cover about 10 to 30 
MHz, and the medium-power Balun would cover 
about 7 t0 30 MH. 


The 4:1 Unun 


Chapter 12 


Sec 12.1 introduction 


fom an analysis standpoint, the 4:1 Unun can be 
F« to have received the most attention in the 

literature. It began with Ruthroff’s introduction 
and complete analysis of this device in his classic 
paper published in 1959.9 Ruthroff’s paper then 
became the industry standard for this class of devices 
known as transmission line transformers, These ute 
devices that transinit the energy from the input to the 
output by an efficient transmission line mode, and not 
by flux linkages (as in conventional transformers). 

However 15 years earlier, Guanella had introduced, 
in his classic 1944 paper,? the first broadband Baluns 
by combining coiled transmission lines in a series- 
parallel arrangement, yielding ratios of I:n? where n = 
1, 2, 3... and so on, It has also been shown that 
Guanella’s technique also lends itself to Ununs as 
well. In fact, in this chapter, you will see that his 
technique of summing voltages of equal delays 
promises to yield high-power designs capable of oper- 
ating on the VHF and UHF bands. 

‘The 4:1 Unun also exemplifies (more than any other 
transformer) the many choices that can be made in its 
design, These include: 1) Ruthroff's or Guanella’s 
designs, 2) wire or coaxial cable transmission nes, 3) 
coiled or beaded lines, 4) rods or toroids, 5) low- 


power or high-power designs, 6) HF, VHF, or UHF 
designs, and 7) the trade-offs in efficiency for low-fre- 
quency response or for high VSWR. The 4:1 Unun is 
the most prevalent of all the Ununs. H finds extensive 
use in solid-state circuits and in many antenna appli- 
cations involving the matching of ground-fed anten- 
nag—where impedances of 12 to 13 ohms must be 
‘matched to 50-ohm coaxial cable, This chapter pro- 
-vides information on many 4:1 Unun designs, 


Sec 12.2 The Ruthroff 4:1 Unun 


Figure 12-1 illustrates two versions of Ruthroff"s 
approach (o obtaining a 4:1 unbalanced-to-unbalanced 
‘tansformer (Unun). As can be seen, one uses a coiled 
wire transmission Tine, while the other uses a coiled 
coaxial cable. Depending upon the frequency, beaded 
transmission lines may also be used. 

Ruthroff’s design uses a single tcansmission Hine 
connected in, what I call, the bootstrap configuration, 
That is, terminal 2 is connected to terminal 3, lifting 
the transmission line (at the high-impedance side) by 
the voltage V). If the reactance of the coiled winding 
or beaded line is much greater than Rg, then only 
flux-canceling transmission Fine currents are allowed 
to flow. It is also apparent that the output voltage is 
the sum of a direct voltage, V;, and a delayed voltage, 


Figure 12-1, The Rutiroff 
4:1 Unun (R,=4RG) (A) 
coiled bifilar winding; (B) 
coiled coaxial cable, 


& 
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‘Vo, which traverses a single transmission line. This 
delay in V> eventually limits the high-frequency 
response. For example, if the electrical length of the 
line is a 1/2 wave, the output is zero. Ruthroff also 
found that the optimum value of the characteristic 
impedance of the transmission line (for maximum 
high-frequency response) is Ry /2. 

Therefore, the electrical length and characteristic 
impedance of the transmission line play major roles in 
Ruthroff’s design. Because his work was mainly con- 
cerned with small-signal applications, Ruthroff was 
able to obtain broad bands of a few tens of kilohertz 
to over a thousand megahertz. This was possible 
because he used a few turns (5 to 10) of fine wire 
(Nos. 37 and 38) on high-permeability toroids as 
small as 0.08 inches in OD. As a result, the phase- 
delay with these very short transmission lines was 
very small. However, large-signal (power) applica- 
tions present an entirely different picture. For opera- 
tion in the HF band (including 160 meters), transmis 
sion lines vary between one to three fect in length 
(depending upon impedance level). Consequently, 


Photo 12-B. Two higher-imped- 
‘ance Ruthroff 4:1 Ununs: 100:25- 
‘ohm (on the left): 200:50-ohym (on 
the right). 


Photo 12-A. Two versions of the 
Ruthroff 4:1 (50:12.5-ohm) Unun: 
coiled wire rod (on the left); coiled 
‘coaxial cable toroid (om the right). 


phase-delay can play a major role, as will be seen in 
the following examples. 


Sec. 12.2.1 50:12.5-ohm Ununs 


Photo 12-A shows two examples of efficient and 
broadband 4:1 Ununs matching 50 to 12.5 ohms. The 
rod version (on the left) has 14 bifilar turns of No. 14 H 
Thermaleze wire on a low-permeability (125) ferrite 
rod 0.375 inches in diameter and 3.5 inches long. The 
connections are shown in Figure 12-1A. The cable 
connector is on the low-impedance side. The response 
is flat from 1.5 to 30 MHz, In a matched condition, this 
‘Umun can easily handle the full legal limit of amateur 
radio power. Because a tightly wound rod Unun yields 
a characteristic impedance very close to 25 ohms (the 
optimum value), this is quite likely the easiest one to 
construct that covers the above bandwidth, 

The toroidal version (on the right in Photo 12-A) 
has 6 turns of homemade, low-impedance coaxial 
cable on a 1.5-inch OD ferrite toroid with a perme- 
ability of 250. The connections are shown in Figure 
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Figure 12-2, The Guanella 4:1 
Unun (Ry=4Rg): (A) coiled 
bifilar windings; (B) coiled or 
beaded coaxial cables. 


12-1B. The cable connector is on the low-impedance 
side. The inner conductor is No. 14 H Thermaleze 
wire and is covered with Teflon tubing. The outer 
braid is from a small coaxial cable (or from 1/8-inch 
tubular braid) tightly wrapped with Scotch No. 92 
tape in order to obtain the desired characteristic 
impedance. In matching 50 to 12.5 ohms, the response 
is flat from 1.5 to 50 MHz. Because the current is 
evenly distributed on the inner conductor, this small 
Unun has an exceptionally high power capability—at 
Teast 5 KW of continuous power and 10 kW of peak 
power (in a matched condition). 


Sec 12.2.2 100:25-ohm Unun 


In some combiner applications, an Unun matching 
100 to 25 ohms is required. The smaller toroidal ver- 
sion, pictured on the left in Photo 12-B, shows a 
Ruthroff design that can satisfy many of these require- 
‘ments. It has 8 bifilar tums of No. 14 H Thermaleze 
wire on a 1.5-inch OD ferrite toroid with a permeabil- 
ity of 250. One wire is also covered with a single 
layer of Scotch No. 92 tape, providing a characteristic 
impedance close to the desired value of 50 ohms. In 
matching 100 to 25 ohms, the response is essentially 
flat from 1.5 to 30 MHz. This Unun can easily handle 
the full legal limit of amateur radio power. 


Sec 12.2.3 200:50-ohm Unun 


When dealing with this type of Balun, the Ruthroff 
approach cannot yield the broadband response of the 
lower-impedance designs shown above. Because more 
tums are required in order to obtain the necessary 
choking reactance, and a 100-ohm characteristic 
impedance that requires more spacing between the 
wires is used, the cores must be considerably larger. 
‘This results in longer transmission lines. Consequent- 
ly, the high-frequency response is now limited by the 
greater phase delay of this high-impedance Unun, 

‘The larger transformer, shown on the right in Photo 
12B is my optimized version of a Ruthroff 200:50- 


ohm Unun, It has 16 bifilar turns of No. 14 H 
‘Thermaleze wire on a low-permeability (250) 2.4-inch 
OD ferrite toroid. Each wire is covered with Teflon 
tubing, resulting in a characteristic impedance of 97 
ohms. Because of the long transmission line (36 inch- 
es), the impedance transformation ratio (in matching 
200 ohms to 50 ohms) varies from 4 to 4.44 from 1.5 
to 30 MHz. A conservative power rating (under a 
‘matched condition) is 2 kW of continuous power and 
4 KW of peak power. Because this higher-impedance 
Unun has a larger voltage drop along the length of its 
windings, its loss (a dielectric-type2) is a little greater 
than the lower-impedance Ununs described earlier. In 
a matched condition, the efficiency is about 97 per- 
cent, while the others experience efficiencies of 98 to 
99 percent. 


Sec 12.3 The Guanella 4:1 Unun 


Even though Guanella’s investigation} was directed 
toward developing a broadband Balun to match the 
balanced output of a 100-watt, push-pull, vacuum- 
tube amplifier to the unbalanced load of a coaxial 


Photo 12-C. Two Guanella 4:1 (50:12.5-ohm) Ununs: rod 
version (on the top), 1.5 to 50 MHz; beaded version (on 
the bottom), 10 MHz to over 100 MHz. 
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cable, his technique of connecting transmission lines 
in a parallel-series arrangement has only recently been 
recognized as the design for the widest possible band- 
width in an unbalanced-to-unbalanced application. 
Some have labeled his approach the “equal-delay net- 
work"26 The major difference in Guanella’s approach 
(from Ruthroff's) is that by summing the equal-delay 
voltages of coiled (or beaded) transmission lines, he 
minimizes the dependence of the high-frequency 
response on the lengths of the transmission lines. As 
‘was mentioned before, Ruthroff’s method of summing 
a direct voltage with a delayed voltage that traversed a 
single transmission line has a limited application, 
especially with high-power, high-impedance Ununs 
(like 200:50 and 300:75 ohms). 

Furthermore, Guanella’s approach is also important 
in designing high- and low-impedance Baluns and 
Ununs with impedance transformation ratios other 
than 4:1, Connecting three transmission lines in paral- 
lel-series results in a 9:1 ratio, four in a 16:1. Also by 
connecting a fractional-ratio Unun in series with his 
Baluns, or by using various combinations of parallel- 
series transmission lines,2627 Ununs and Baluns are 
now available with a continuum of ratios from 1.36:1 
to 16:1. Moreover, these ratios now make it possible 
to match 50-ohm cable to impedances as low as 3.125 
hms and as high as 800 ohms. A major factor in the 
success of these designs rests in the understanding of 
the low-frequency models of these various transform- 
ers.? This section looks at the 4:1 Unun using 
Guanella’s approach. As in the Ruthroff case, the opti- 


Photo 12-D. Two higher-impedance Guanella 4:1 Ununs: 
100:25-ohm (on the left: 200:50-olim (on the right) 


‘mum value of the characteristic impedances of the 
transmission lines for a Guanella 4:1 transformer is 
also Ry /2. 


Sec 12.3.1 50:12.5-ohm Ununs 


Figure 12-2 shows the schematic diagrams of the 
coiled-wire and coaxial cable (coiled or beaded) ver- 
sions of 4:1 Ununs using Guanella’s technique of con- 
necting transmission lines in parallel-series arrange- 
‘ments. As can be seen in Figure 12-2, the lower trans- 
mission lines are grounded at both ends and, there- 
fore, have no potential drop along their lengths. Thus, 
the coiling or beading has no effect. The core only 
acts as a mechanical support and the beads can be 
removed. In essence, the bottom transmission line 
plays the important role of a delay line. In addition, 
the low-frequency response of this form of Unun is 
solely determined by the reactance of the top coiled or 
beaded transmission line. 

‘The top Unun in Photo 12-C shows a rod version of 
Guanella’s 4:1 Unun, There are 13.5 bifilar turns of 
No. 14H Thermaleze wire on low-permeability (125) 
ferrite rods 0.375 inches in diameter and 3.5 inches 
long. For ease of connection, one winding is clock- 
wise and the other is counterclockwise. The cable 
connector is on the high-impedance side. In matching 
50 10 12.5 ohms, the response is flat from 1.5 to over 
50 MHz! This Unun, in a matched condition, is capa- 
ble of handling the full legal limit of amateur radio 
power. Furthermore, with the 50-ohm generator on the 
right (in Figure 12-2) and a 12.5-ohm balanced load 
‘on the left (perhaps a Yagi beam), this transformer 
makes an excellent step-down Balun, 

The bottom transformer in Photo 12-C shows a 
beaded-coax version of a 50:12.5-ohm step-down 
Unun designed for 2-meter operation. It has 3.5 inch- 
es of beaded coax on the top transmission line 
(Figure 12-2B) and no beads on the bottom transmis- 
sion line. (Actually, the bottom rod in Figure 12-2A 
‘can also be removed with no change in performance.) 
The beads are low-permeability (125) ferrite. The 
inner conductor of the coaxial cable is No. 12 H 
Thermaleze wire with about 3.5 layers of Scotch No. 
92 tape (two 0.5-inch tapes wound edgewise like a 
window shade), providing a characteristic impedance 
close to the optimum value. The outer braid is from a 
‘small coaxial cable (or from 1/8-inch tubular braid). 
This homemade coax is further wrapped tightly with 
Scotch No. 92 tape in order to preserve its low charac- 
teristic impedance, The cable connector is on the low- 


impedance side. The response of this Unun is essen- 
tially flat from 10 t 100 MHz (the limit of my 
bridge). It can also (easily) handle the foll legal Timit 
of amateur radio power. 


Sec 12.3.2 100:25-ohm Unun 


The Unun on the left in Photo 12-D is a Guanella 
version that matches 100 to 25 ohms. There are 8 
bifilar turns of No. 14 Hi Thermaleze wire on each 
1 S-inch OD low-permeability (250) toroid. One 
toroid i¢ wound clockwise and the other is wound 
counterclockwise. One of the wires {on each toroid) 
is covered with one layer of Scotch No. 92 tape. The 
cable connector is on the low-impedance side. The 
response is flat from 1.5 MHz. to well over 30 MHz. 
This Unun can also handle the full legal limit of ama- 
‘eur radio power. 

It is interesting to note chat when used as a Balun 
(the ground removed from terminal 2), and placed in 
series (on the left side) with a 1.78:1 Unun (see 
Chapter 13), this compound arrangement provides an 
excellent Balun for matching 50-ohnm coaxial cable 
directly to quad aotennas having impedances of 100 to 
110 ohms. 


Sec 12.3.3 200:50-ohm Unun 


‘The transformer on the right in Photo 12-D is an 
excellent Unun (or Balun with terminal 2 removed 
from ground) for matching 50 to 200 ohms. It has 14 
bifilar tans of No. 14 H Thermaleze wire on each 
tow-permeability (250) toroid with a 2.4-ineh OD. 
Each wire is covered with Teflon tubing, providing a 
characteristic impedance of 98 ohms (which is quite 
good because the optimum value is 100), Again, for 
ease of connection, one winding is clockwise and the 
other is counterclockwise. When operating as ao 
Unun or a Balun and matching 50 10 200 ohins, the 
response is essentially fiat ftom 1.5 to 30 MHz, A 
conservative power rating (in a matched condition) is 
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5 KW of continnons power and 10 kW of peak power. 
This transformer has been reported to handle peak 
pulses of 10,000 volts! 


Summary 


Since its introduction by Ruthroff in 1959,9 the 4:1 
Unun has been the most popular transmission line 
transformer matching unbalanced impedances to 
unbalanced impedances. As I mentioned at the begin- 
ning of this chapter, there are many choiees to consid- 
er when designing these broadband and efficient 
transformers, One of the most important choices 
involves whether to use the Ruthroff or Guanella 
approach, In fact, the Guanetla design should proba- 
bly be designated a Balun/Unun. Recently, it has 
become the design of choice in the higher frequency 
bands. From the designs presented in this chapter, I 
offer the following recommendations: 

1, For Ununs in the HF hand with impedance levels, 
of 100-25 ohms and lower, the Ruthtof? approach is 
recommended because of its simplicity. 

2. For high impedance levels in the HF band (like 
200:50 and 30:75 ohms), the Guanella approach is 
recommended. 

3. For low-impedance operation on the VHF band, 
the beaded-coax Guanella approach is recommended. 

4, For high-impedance operation on the VHF band, 
the coiled-wire Guanella approach appears to be the 
preferred choice, and should be investigated first. 
‘Obviously, the number of tums should be reduced from 
the examples shown in this chapier because the reac- 
tance of the winding is proportional to the frequency. 

5. For high-power usc on the HF band, the Ruthroif 
Unun with low-impedance coaxial cable on a toroid 
(on the right on Photo 12-A) is recommended. It is. 
easy to construct and can very likely handle more than 
5 kW of continuous power, 

6, Also, at high-impedance levels, one might con- 
sider using lower permeability ferrites for higher effi- 
ciencies. Look at permeabilities of 125 and 40. 


<idn’t just freeze around it. This applies to all types of joints: tinning wires, soldering to connectors, 
surface mount components... the solder should never completely hide the underlying wires or leads. 


Disturbed joint (bad): If the component moves during solidification, the internal structure of the 
solder will have fractures, leading to a high resistance or unreliable electrical connection, as well as a 
fragile mechanical one. The solder also appears dull and grainy--typical signs of a "cold" join that 
ddocsn't actually bond with the underlying surfaces. 


"Cold" joints are often formed when the underlying pad or lead didn't get hot enough for the solder to 
wet it 


Disturbed andy'cold" joint--componen: 


moved during Solidification 


Awful joints: 
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Chapter 13 


1.33:1, 1,52) ~and 2:1) Ununs 


Sec 13.1 Introduction 


le practical design information has been 
I available on Ununs with impedance transfor- 
‘mation ratios of less than 4:1 (these are called 
fractional-ratio Ununs). However, many important 
applications can be found for efficient and broadband 
Ununs with ratios like 1.33:1, 1.$:1, and 2:1, Some 
examples include the matching of $0-ohm coaxial 
‘cable to: a) vertical antennas, inverted Ls, and ground- 
fed slopers (all over good ground systems), b) 75-ohm 
hardline cable, c) a junction of two 50-ohm coaxial 
cables, d) shunt-fed towers performing as vertical 
antennas, and e) the output of a transceiver or class B 
linear amplifier when an unfavorable VSWR condi- 
tion exists, 

These three Ununs also play an important role in 
making other useful Baluns possible. Examples given 
in earlier chapters include: a) connecting a 15:1 Uoun 
(50:75 ohms) in series with a 1:1 Balun (75:75 ohms) 
results in @ broadband 1.5:1 Balun (0:75 ohms); b) 
connecting a 2:1 Unum (50:100 ohms) in series with a 
1:1 Balun (100:100 ohms) resutts in a broadband 2:1 
Balun (50:10 ohms); c) connecting a 1.5:1 Unun 
(50:75 ohms) in series with a 4:1 Balun (75:300 
cobms) results in a broadband 6:1 Balun (50:30 


ohms), and d) conaceting a 1,33:1 Unun (50:66.7 
obins) in series with a 9:1 Balun (66.7:600 ohms) 
results in a broadband 12:1 Balun (50:600 ohms). 

Tt has been shown? that @ continuum of ratios can 
now be obtained with Ununs matching $0-ohm cable 
to impedances as low as 3.125 ohms and as high as 
800 ohms, In addition, by using higher-order wind- 
ings (trifilar, quadfilar, etc.), Ununs can be construct- 
ed with two broadband ratios like 1.5:1 and 3:1, or 2:1 
and 4:1, Furthermore, by tapping some of the wind- 
ings of these higher-order Ununs, multimatch trans- 
formers can be constructed with many broadband 
ratios. As a result of this class of fractional-ratio 
‘Ununs, a continuem of Ununs and Baluns is now 
available to match 50 ohms unbalanced to unbalanced 
or balanced impedances as low as 3.125 ohms and as 
high as 800 ohms. 

My first attempt to obtain ratios less than 4:1 was 
made by tapping one of the wires in a Ruthroff 4:1 
bifilar Unun. My experiment met with only moderate 
suecess.? An adequate low-frequency response with a 
1,33:1 ratio was difficult to obtain, Also, the 2:1 ratio 
had considerably greater loss than higher or lower 
ratios, Recently, 1 found that higher-order windings 
(wifilar, quadrifitar, etc.), some with taps, provide 
much wider bandwidths and higher efficiencies. This 


fees Nestea 


y008 


o n° : 


Figure 13-1. Schematic diagrams: (A) matching 50 10 25 ohms (B-A} and 50 to 22.22 ohms {C-A); (B) matching 100 r0 50 


‘ohons (B-A) and 112.5 to SO ohms (CA). 
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Photo 13-A. Bottom 
view of the 2:1 Unun 
designed to match 50 
‘ohms to 25 ohms or 22.2 
ohms (Figure 13-14), 
The connector is on the 
low-impedance side. 


Photo 13-B, The 2: Unun mounted in a 4 inch long by 2 
inch wide by 2.75 inch high minibox. 


chapter describes fractional-ratio Ununs using these 
higher-order windings. 

‘The next section discusses the practical aspects of the 
2:1 Unun, This Unun is not only one of the more useful 
transformers, but it also serves as a good introduction 
to the tifilar and quadrifilar designs. What follows is 
an introduction to the most difficult fractional-ratio 
Unun—the quintufilar design, which results in very 
broadband 1.33:1 and 1.5:1 Ununs. A more complete 
discussion appears in Part I of this book. 

This chapter closes with construction tips. As you 
will see, these Ununs can be difficult to construct. 


Sec 13.2 2:1 Ununs 


Figure 13-1A. shows the schematic diagram of an 
Unun designed to match 50-ohm cable to an unbal- 
anced load of 25 ohms (2:1 ratio with connections A- 
B) or 22.22 ohms (2.25:1 ratio with connections A-C). 
It has 6 trfilar turns of No. 14 H Thermaleze wire on 
a 1.5-inch OD ferrite toroid with a permeability of 


250. Winding 3-4 is tapped at 5 tums from terminal 3. 
Photo 13-A is a photograph showing the various con- 
nections. The connector is on the low-impedance side. 
Photo 13-B shows the transformer mounted in a CU- 
3015A (4 inches long by 2 inches wide by 2.75 inches 
high) minibox. In matching 50 ohms to either 25 or 
22.22 ohms, the transformation ratio is constant from 
1 t0 30 MHz, 

Because the transmission lines are very short, this 
Unun does quite well as a step-up transformer. That 
is, when matching 50 ohms (on the left side) to 100 
‘ohms (connections A-B) or 112.5 ohms (connections 
A-C) on the right side, the transformation ratio is con- 
stant from 1 to 15 MHz. Because of the extremely 
high efficiency of this transformer (98 to 99 percent 
under matched conditions), this small version can eas- 
ily handle the full legal limit of amateur radio power. 

Figure 13-1B shows the schematic diagram of an 
Unun designed to match 50-ohm cable to an unbal- 
anced load of 100 ohms (2:1 ratio with connections 
A-B) or 112.5-ohms (2.25:1 ratio with connections A- 
C). It has 7 trifilar turns on a 1.5-inch OD ferrite 
toroid with a permeability of 250, The top winding 5- 
6 is No, 14 Thermaleze wire and is tapped at 6 tums 
from terminal 5. The other two windings are No. 16 H 
‘Thermaleze wire. Photo 13-C shows the various con- 
nections. The connector is on the low-impedance side. 
In matching 50-ohm cable to 100 ohms (A-B) or 
112.5 ohms (A-C), the transformation ratio is constant 
from 1 to 30 MHz 

‘Again, because the transmission lines are very short, 
this Unun does quite well as a step-down transformer. 
In matching 50-ohm cable (on the right side) 10 25 
‘ohms (A-B) or 22,22 ohms (A-C), the transformation 
ratios are constant from I to 15 MHz. As above, this 
transformer can easily handle the full legal limit of 
amateur radio power. 

Although the quadrifilar Unun shown in the sche- 
matic diagram in Figure 13-2 and in Photo 13-D has 
an impedance transformation ratio of 1.78:1, it should 
also satisfy many of the 2:1 requirements. This Unun, 
which is designed to match 50-ohm cable to an unbal- 
anced load of 28 ohms, not only has a very broadband 
response (1 MHz to over 50 MHz), but also offers 
other possible wideband ratios that will be covered in 
succeeding chapters. 

Specifically, the Unun has 5 quadrifilar turns on a 
1.5-inch OD ferrite toroid with a permeability of 250. 
Winding 5-6 is No. 14 H Thermaleze wire and the 
other three are No. 16 H Thermaleze wire. Like the 


Photo 13-C. Borrom 
view of the 2:1 Unun 
designed to match 50 
ohms to 100 ohms or 
112.5 ohms (Figure 13- 
1B). The connector is on 
the low-impedance side. 


Photo 13-D. Bottom 
view of the 1.78:1 Unun 
designed to match 50 to 
28 ohms. The connector 
is on the low-impedance 
side. 


two 2:1 Ununs described above, this one also easily 
handles the full legal limit of amateur radio power. 

As with most coiled Ununs that have little spacing 
between adjacent turns, current-crowding (between 
adjacent turns) can eventually limit the power-han- 
dling capability of these devices. It’s possible to 
improve the ability for handling higher currents by 
using thicker wires, or by using coaxial cables where 
current-crowding is nonexistent. Figure 13-3 shows 
the schematic diagram of a tapped-trifilar transformer 
that uses two sections of coaxial cable yielding 
impedance ratios of 2:1 and 2.25:1. Photo 13-E 
shows two wifilar toroidal transformers using low- 
impedance coaxial cables with their outer braids con- 
nected in parallel and acting as the third conductor. 
‘These transformers are conservatively rated at 5 kW 
of continuous power. 

‘The smaller transformer in Photo 13-E has 7 trifilar 
tums of low-impedance coax on a 2-inch OD toroid 
with a permeability of 290. The No. 14 H Thermaleze 
wire inner conductors have four layers of Scotch No. 
92 tape. The outer braids are made from small coaxial 
cables (or 1/8-inch tubular braid), and are also 
wrapped with Scotch No. 92 tape in order to preserve 
the low characteristic impedances. The inner conduc- 
tor of the top coax in -3 is tapped at 6 turns 
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Figure 13-2, Schematic diagram of the quadrifilar Unun 
designed to match 50 to 28 ohms (1.78: ratio). 


Figure 13-3. Schematic diagram of a tapped-rifilar Unun 
that uses two sections of coaxial cable, yielding impedance 
ratios of 2:1 and 225:1 


from terminal 5, When matching 50 ohms to 22.22 
ohms or 25 ohms, the impedance ratio is constant 
from I to over 50 MHz. 

‘The larger transformer in Photo 13-E also has 7 tri- 
filar turns, but on a 24-inch OD toroid with a perme- 
ability of 125. The inner conductors of No. 14 H 
Thermaleze wire now have a 15-mil wall of Teflon 
sleeving, yielding the low-impedance coaxial cable. 
‘The outer braids are the same. Because the ferrite per- 
meability is lower and the lengths of the transmission 
lines are longer than those of the smaller unit, this 
transformer's bandwidth is not quite as good. When 
matching 50 to 22.22 ohms (this particular Unun 
doesn't have a tapped winding), the impedance ratio is 
‘constant from 1.7 to 30 MHz. 

Although not shown, these very high-powered 2:1 
Ununs can also be easily designed to match 50-ohm. 
cable to unbalanced loads of 100 and 112.5 ohms. 
This is done by using small but high-powered coaxes 
like RG-303/U, RG-141/U, or RG-142/U, 


Sec 13.3. 1.5:1 Ununs 

Figure 13-4 shows three basic forms of a quintufilar 
1.56:1 Unun that should satisfy most of the 1.5:1 
requirements. As can be seen, the only difference in 
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Photo 13-E. Two toroidal transformers using coaxial 
cable and designed to match 50 to 22.22 ohms (2.25:1) 
‘The smaller transformer is also tapped, yielding a match 
(of 50 10 25 ohms (2:1). 


the schematic diagrams is in the interleaving of the 
windings. This is done to optimize the performance of 
these Ununs at the various impedance levels. Sche- 
matic A is optimized for matching 50 to 75 ohms 
Schematic B is optimized for matching 32 to 50 
ohms. Schematic C, while optimized for matching 40 
(o 62 ohms, still yields quite broadband ratios at both 
50:75 and 32:50-ohm levels. It should be a useful, 
general-purpose Unun. 

Photo 13-F is a photograph of the bottom views 
(showing the connections) of the three different de- 
signs. They appear in the same order as the schemat- 
ics of Figure 13-4; ie., a) the Unun on the left is 
designed to match 50 to 75 ohms, b) the Unun in the 
center is design to match 32 to 50 ohms, and c) the 


Unun on the right is designed to work quite well at 
both impedance levels. The SO-239 connectors are all 
on the low impedance side of the Ununs. 

Al three transformers have four quintufilar tums on 
a 1.S-inch OD ferrite toroid with a permeability of 
250. Their differences are: 

1, 50:75 ohms (on the left on Figure 13-4 and 
Photo 13-F), 

Winding 9-10 is No. 14 H Thermaleze wire. The 
other four windings are No. 16 H Thermaleze wire. 
When matching 50 to 75 ohms (actually to 78 ohms), 
the transformation ratio is constant from 1 to over 30 
MHz. In matching 50 ohms (on the right side in 
Figure 13-3) to 32 ohms, itis still constant from 1 
to 15 MHz, 

2. 32:50 ohms (in the center in Figure 13-4 and 
Photo 13-F). 

Winding 5-6 is No. 14 H Thermaleze wire. The 
other four windings are No. 16 H Thermaleze wire. 
When matching 32 to 50 ohms, the transformation 
ratio is constant from 1 to over 30 MHz. In matching 
75 ohims (on the right side in Figure 13-3B) to 50 
obms, itis still constant from 1 to 15 MHz. 

3, 50:75 ohms; 32:50 ohms (on the right in Figure 
13-4 and Photo 13-F), 

Winding 7-8 is No, 14 H Thermaleze wire. The 
other four windings are No. 16 H Thermaleze wire. In 
matching 32 to 50 ohms, the transformation ratio is 
constant from 1 to 30 MHz. In matching 75 ohms (on 
the right side in Figure 13-3C) to 50 ohms, it is still 
constant to 21 MHz. This is quite a good general-pur- 


pose design. 
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Figure 13-4, Three basic forms of a quintufilar 1.56:1 Unun: (A) optimized to match 50 to 75 ohms, (B) optimized to match 
32 10 50 ohms, and (C) optimized to match 40 to 62 ohms, resulting in a good general-purpose design. 


Even though a small toroid (with only a 1.5-inch 
OD) is used, these Ununs are still very sturdy trans- 
formers. Because theit efficiencies are so high (98 to 
99 percent), they can easily handle the full legal limit 
‘of amateur radio power.? Furthermore, the windings 
carrying the majority of the current (80 percent) are 
all No. 14 wire, Only when well-designed Ununs are 
subjected to very high VSWRs will excessive heating 
occur. Ununs (and Baluns) should never be exposed to 
these severe conditions. 


Sec 13.4 A1.33:1 Unun 


The circuit shown in Figure 13-5 evolved after many 
attempts were made at obtaining a broadband match 
of 50 to 66.7 ohms (1.33:1). Photo 13-G shows the 
bottom view of an actual design. The $O-239 connec- 
tor is on the low impedance side. Photo 13-H shows. 
the Unun mounted in a CU-3015A minibox. 

Specifically, this Unun has five quintufilar turns on 
a 1.5-inch OD ferrite toroid with a permeability of 
250. Winding 5-6 is No. 14 H Thermaleze wire and is 
tapped at three turns from terminal 5 (Figure 13-4). It 
is also covered with one layer of Scotch No. 92 poly- 
imide tape, optimizing the performance at the 
50:66.7-ohm level. The other four windings are No. 
16 H Thermaleze wire. 

In matching 50 to 66.7 ohms (A-B), the transforma- 
tion ratio is practically constant from 1 to 30 MHz. 
The ratio only decreases by 3 percent across the band. 
In matching 50 to 32 ohms (C-A), the transformation 
ratio is constant from 1 to 30 MHz. In matching 75 to 
50 ohms (C-A), the ratio is constant from | to 15 
MHz. In matching 50 to 37.6 ohms (B-A), the ratio is 
constant from 1 to 15 MHz. As you can see, the Unun 
has some useful broadband multimatches. 
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Figure 13-5, Schematic diagram of a quintufilar Unun 
specifically designed to yield a broadband 1.33:1 ratio 
(66.7:50 ohms; connection B-A). Connection C-A also 
yields a broadband 1.56:1 ratio (50:32 ohms) 


As in the cases of the other three Ununs, this 
tapped-Unun also easily handles the full legal limit of 
amateur radio power. Like the 2:1 Unun, for higher 
power capabilities, thicker wires or a three-coax 
quintufilar design can be used. 


Sec 13.5 Construction Tips 


Most of my Unun designs use the bootstrap connection 
that sums direct voltages (on the high-impedance side) 
with a delayed voltage, which traverses a single trans- 
mission line.2 Therefore, in order to achieve the very 
wideband responses, small toroids (which allow the 
shortest transmission lines) are used. The small 1.5- 
inch OD toroids offer this advantage. Furthermore, 


Photo 13-F. Photograph of the three differ- 
cent Unum designs shown in Figure 13-4: A) 
con the lefi, 50:75 ohms, B) in the center 
32:50 ohms, and C) on the right, a general 
purpose design matching both impedance 
levels quite well. 
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Figure 13-6. Pictorials of higher-order windings: (A) trifilar and (B) 


quadrifilar. 


Photo 13-G. Photograph 
of the 1.33:1 Unun 
(66.7:50 ohms). This 
transformer also has a 
broadband 1.56:1 ratio 
(50:32 ohms). 


quintufilar (and higher-order windings) Ununs are also 
eventually limited in their high-frequency responses by 
self-resonances. Shorter winding lengths keep these 
self-resonances well out of the HF band. For the Ununs 
in this chapter, they occur between 45 and 65 MHz, 
with Figure 13-4 having the higher value. 

‘There is also a mechanical advantage in using the 
smaller toroids. You'll find that the popular CU- 
3015A minibox makes an excellent enclosure for the 
1.5-inch OD toroid. Furthermore, because ferrite is a 
ceramic and, therefore, unaffected by moisture, no 
special precautions need be taken for out-of-doors 
use. Potting the transformer in plastic is unnecessary. 
‘One must only keep the Unun out of a poo! of water. 

Because well-designed transformers have virtually 
no flux in the core, their power ratings are mainly 
determined by the ability of the transmission lines to 
handle the voltages and currents. Furthermore, it can 
be shown that the losses in these transformers are 
related to the voltage gradients along the transmission 
lines.? Thus, they are dielectric-type ferrite losses. 
This means that the efficiency can be severely degrad- 


Figure 13-7. Pictorial of a quintufilar winding 


ed with very high VSWRs since higher voltage gradi- 
ents occur under these conditions. 

Several suggestions can be made regarding the con- 
struction of Ununs using these higher-order windings 
(trifilar, quadrifilar, etc.). They are: 

1) Make a ribbon out of the wires and wind them all 
at the same time. This keeps the wires as close as pos- 
le, result the maintenance of the optimum. 
characteristic impedance of the transmission lines. 1 
found that strips made with 1.25- by 0.375- to 0.55- 
inch glass tape (Scotch No. 27), clamped about every 
1/2 inch, hold the wires in place very well. The start- 
ing lengths of the wires should be about 5 inches 
longer than one would calculate knowing the number 
of tus and the length around each turn, 

2) Because work-hardening of the copper wire takes 
place in coiling it around a toroid, a pair of pliers and 


Photo 13-H, The 1.33: Unun mounted in a CU-3015A 
minibox. 


a strong thumb (and arms) ate indispensable tools. it 
takes considerable effort to wind these transformers. 
Also, because these designs have adequate margins at 
their low-frequency ends, some space between the 
windings and the toroids can be tolerated. 

3) It is helpful to recognize the various patterns that 
appear at the ends of the windings. Figure 13-6 shows 
a drawing of the trifilar and quadrifilar patterns and 
Figure 13-7 shows the quintufilar pateetn. Note that 
terminal | and terminal 6 or terminal 8 or 10 are the 
‘outside terminals of the pattems. Also, note that termi- 
nal | is always grounded in the schematic diagrams. 

4) Tapping windings can be one of the more diffi- 
‘cult tasks in constructing these transformers. Winding 
a tapped transformer is also mote difficult. I found 
that the edge of a small, fine file does the best job in 
removing the insulation. About 1/8 to 1/4 inch is 
removed around the wire. It also helps to remove 
some of the copper. Then a flat 1/8-inch copper strip 
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or No. 14 wire flattened on one end is soldered to the 
bare wire. The soldered connection is then rendered 
smooth using the edge of the file, Finally, two pieces 
of Scotch No. 92 polyimide tape are placed on the 
joint to ingalate it from the neighboring turns. I also 
found that a tap placed one tm from the end of the 
‘winding is best made approximately 4 inches from the 
end of the wire (when the wire is straight). 

Finally, a comment should be made about low- 
power Ununs, Practically all of the transformers in 
this chapter can be easily designed for low-power use. 
Designs capable of handing the full output of HF 
transceivers can be readily constructed. Cores with an 
OD of 1.25 inches are recommended. The same num~- 
her of ims, but with one size smaller wite, is also 
recommended, Because smaller cores and thinner 
wires are used, these lower-power units are not only 
easier to construct, but they also have wider band- 
‘widths due to the shorter lengths of the windings. 


DualRatio Ununs 


Chapter 14 


Sec 14.1 Introduction 


arlier chapters in this book on Ununs have 
Bes covered single-ratio transformers. 
[Broadband ratios of 1.33:1, 1.5:1, 2:1, and 4:1 
were the design objectives, The 1,33:1 ratio was 
obrained by tapping a 1.5:1 (actually 1.56:1) quintufi- 
lar-wound Unun. The 2:1 ratio was obtained by tap- 
ping a 2.25:1 trifilar-wound Unun. Although these 
transformers can be considered t0 have two broad- 
band ratios (1.33:1 and 1.56:1 or 2:1 and 2.25:1), 
their two ratios were not different enough for many 
practical applications, This is especially true of anten- 
nas where the input impedance varies with frequency, 
My earlier work? and an article by Genaille!® have 
shown that a host of ratios (less than 4:1) can be 
obtained by tapping the bifilar winding of a Ruthroff 
4:1 Unun. However, the bandwidths obtained using 
this technique are quite limited with each ratio and are 
highly dependent upon the impedance level. This is 
particularly true when a rod core is used because it 


requires more tums (resulting in longer transmission 
lines) in order to obtain the necessary choking reac- 
tance that isolates the input from the output. 
Furthermore, ratios around 2:1 exhibit more loss 
because antotransformer action also enters into the 
matching process.? 

By using quadrifilar and quinoufilar windings on 
small 1.5-inch OD cores, and connecting them in 
such a way that the characteristic impedances of the 
windings are near optimum, two very different and 
broadband ratios matching 50 ohms to lower imped- 
ances are obtained, Furthermore, because the trans- 
mission lines in these transformers are so very short 
(8 to 9 inches in length), these transformers do quite 
well in matching 50 ohms to higher impedances (as 
step-up transformers), 

‘This chapter presents two Ununs which have two 
broadband ratios that differ by a factor of two! One 
has @ 1.5:1 and a 3:1 ratio (actually 1,56:1 and 
2.78:1). The other has a 2:1 (actually 1,78:1) and a 4:1 
ratio. Also, this chapter introduces the novel tech- 
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Figure 14-1. Schematic diagrams of dual-ratio Ununs: (A) 1.78:1 connection C-A, 4:1 connection C-B; (B) 1.56:1 connec 


tion C-A, 2.78:1 connection C-B. 
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Figure 14-2. Pictorials of higher-order wind- 
ings: (A) quadrifilar, (B) quintuftlar. 


‘nique of connecting these two transformers in parallel 
on theit 50-ohm sides, resulting in four very broad- 
band ratios. 


Sec 14.2 2:1 and 4:1 Ratios 


Figure 14-1A shows the schematic diagram of the 
quadrifilar Unun yielding ratios of 2:1 (actually 
1.78:1) and 4:1. Figure 14-2A provides a pictorial of 
its windings. On the left in Photo 14-A, you see the 
bottom view of an Unun. The cable connector is on 
the 28-ohm (1.78:1) side. This Unun has four quadri- 
filar tums of No. 14 H Thermaleze wire on a 1.5-inch 
OD toroid with a permeability of 250. 

In matching 50 to 28 ohms (connection C-A), the 
response is flat to within 1 percent from | to 30 MH. 
From 1 to 50 MHz, it’s flat to within 2 percent. In 
matching 50 to 12.5 ohms (connection C-B), the 
response is flat o within 3 percent from 1 to 30 MHz. 

Because very short transmission lines are used, this 
transformer performs quite well as a step-up trans- 
former. In matching 50 to 200 ohms (connection B- 
), the response is flat to within 3 percent from 1.5 to 


10 MHz. In matching 50 to 89 ohms (connection A~ 
C), the response is flat to within 5 percent from 1.5 to 
30 MHz! 


Sec 14.2.1 Construction Tips 


Start with about 14 inches of straightened wire, Form 
the wires into a ribbon with clamps of Scotch No. 27 
glass tape every 1/2 inch. T found that strips 3/16 inch 
wide and about 1.5 inches long do a good job. The 
clamps should be long enough to go around the wires 
twice. After winding, connect terminals 2 and 7. Then 
connect terminals 3 and 8. Finally, connect terminals 
4 and 5. Because work-hardening takes place quickly, 
you will find that a pair of pliers and a strong thumb 
(and arms) are necessary tools. You will also find that 
winding these exceptionally performing transformers is 
not easy. As in all endeavors, practice really pays off. 


Sec 14.3 1.5:1 and 3:1 Ratios 


Figure 14-1B shows the schematic diagram of the 
quintufilar Unun yielding ratios of 1.5:1 and 3:1 


Photo 14-A. On the left, a quadrifilar Unun with 
ratios of 1.78: and 4:1; on the right, a quintufitar 
Unum with ratios of 1.56:1 and 2.7851. 
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Photo 14-B. The dual-ratio quintyflar Unun 
‘mounted in a 4 inch long by 2 inch wide by 
2.75 inch high minibox. 


(actually 1.56:1 and 2.78:1). Figure 14-28 is a pictor- 
ial of its windings. On the right side in Photo 14-4 
you see a bottom view of an Unun. The cable connec- 
tor is on the 32-ohm (1.56:1) side. This Unun has four 
4quintufilar tums on a 1.5-inch OD toroid with a per- 
meability of 250. Windings 3-4 and 7-8 are No. 14H 
‘Thermaleze wire. The other three are No. 16 H 
‘Thermaleze wire. Winding 7-8 also has two layers of 
Scotch No. 92 polyimide tape, which optimizes the 
1,56:1 ratio. 


Photo 14-C. The two dual-ratio Ununs connected in paral- 
lel on their 50-ohm sides providing four broadband ratios 
close to 1,5:1, 2:1, 3:1, and 4:1. The quadrifilar unit is on 
the left and the quintufitar unit is on the right. The enclo- 
sure is a 5 inch long by 3 inch wide by 2 inch high minibox. 


In matching 50 to 32 ohms (connection C-A), the 
response is essentially flat (less than 1 percent varia- 
tion) from | MHz to over 40 MHz. Without the two 
layers of Scotch No. 92 tape, the response varies by 4 
percent from 1 to 30 MHz. When used as a step-up 
‘transformer matching SO to 78 ohms (connection A- 
), and with the two layers of Scotch No. 92 tape on 
winding 7-8, the response is flat to within 5 percent 
from 1 to 15 MHz. Without the extra insulation on 
winding 7-8, the response is flat to within 5 percent 
from 1 to 7.5 ME, 

In matching 50 to 18 ohms (connection C-B), the 
variation in response is less than 3 percent from 1 to 
40 MHz. The response is the same whether winding 
7-8 is covered with the extra insulation or not. As a 
step-up transformer matching 50 to 139 ohms (con- 
nection B-C), the response is flat to within 3 percent 
from 1 to 10 MHz (with or without the extra insula- 
tion on winding 7-8). Photo 14-B shows this Unun 
mounted in a 4 inch long by 2 inch wide by 2.75 inch 
high minibox. The two cable connectors on the low 
impedance side could be replaced with feedthrough 
insulators for antenna use. 


Sec 14.3.1 Construction Tips 

Prepare the ribbon as was described for the quadrifilar 
Unun. If you choose to use the two extra layers of 
Scotch No, 92 tape on winding 7-8, make sure this 
winding is on the outside position of the ribbon (refer 
to Figure 14-2B). I found the best order in which to 
connect the wires is as follows: first, connect terminal 
2 to 5; second, connect terminal 6 to 9; third, connect 
terminal 3 to 10; and, finally, connect terminal 4 to 7. 
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As was mentioned before, because a small toroid is, 
used in order to achieve the best response (due to 
shorter transmission lines), this transformer also 
tequites considerable strength and patience in the 
‘winding process. 


Sec 14.4 Parallel Transformers 


One of the most pleasant surprises I received with 
these efficient and broadband transformers was to find 
that they can be connected in parallel on their $0-ohm 
sides and still possess the same performance levels. 
Because the loading effect of one transformer on the 
other is minimal (like a short tength of transmission 
Fine), the transformer that is properly terminated takes 
the power, while the other one is transparent. This Jets 
you obtain four very wideband ratios with the two 
dual-ratio Ununs deseribed in this chapter. Obviously, 
this technique eliminates one transmission line. 
Furthermore, Balus can also be connected this way 


for feeding, with a single coaxial cable, beams and 
dipoles with different resonant impedances. 

Photo 14-C shows two transformers connected in 
parallel on their 50-ohm sides using the two dual-ratio 
Ununs described in this chapter. As was mentioned, it 
now yields foar wideband ratios very close to 1.5:1, 
2:1, 3:1, and 4:1. I have used this matehing network to 
feed a host of ground-fed amennas (over a good 
‘ground sysiem). In one case, I had a 10+, 15-, and 20- 
meter trap vertical, slopers for 40 and 160 meters, a 
12-meter vertical, and an inverted L for 80 meters all 
matehed to a single coaxial cable at the same time, It 
‘was a simple matter of comecting each antema to the 
output terminal that presented the best match (lowest 
VSWR). This technique is actually an extension of 
connecting dipoles for different bands, in parallel. ‘The 
antenna that presents the correct impedance takes the 
power, and the others are essentially transparent. In 
‘many cases, I found that only one transformer with 
‘two broadband ratios performed adequately, 


Multimatch Ununs 


Chapter io 


Sec 15.1 introduction 


roadband multimatch Ununs capable of high- 

power applications have been the goal of many 

designers over the years, Some have resorted 10 
‘using conventional autotransformers with tapped wind- 
ings to obtain the many impedance transformation 
ratios. However, these attempts met with little success 
because of the device’s timited bandwidths and effi- 
ciencies. Others (including myself)? have tried tapping 
a bifilar Ruthroff Unan. Although these desigos yield- 
ed the high efficiencies of transmission fine transform 
‘ers, they had limited bandwidths. Furthermore, their 
‘best bandwidths (for the various ratios) occurred at odd 
impedance levels. in other words, they didn’t meet the 
objective of broadband operation with one of the input 
6 output ports at 50 ohms, 

Chapter 14 presented cwo Ununs which had two 
broadband ratios that differed by a fuctor of two. One 
had a 1.5:1 and a 3:1 ratio (actually 1.56;1 and 
2.78:1). The other had a 2:1 (actually 1.78:1) and a 
4:1 ratio. This chapter describes two muitimatch 
designs that ate capable of many more broadband 
ratios. For the most part, both are capable of broad- 
‘band operation from 1.7 to 30 MHz. 

‘One Unun has the following five catios (which are 
close to): 1.5:1, 2:1, 4:1, 6:1, and 9:1. Because the 
two lower ratios work well in either direction (dhat is 


stepping up or down from 50 ohms), this design can 
match 50-ohm cable to impedances as high as 100 
ohms (actually 112.5 ohms) and as low as 5.6 ohms 
over the frequency range. As a result, it has seven 
usable applications. Furthermore, because this is a 
transmission fine transformer that cancels out the flux 
in the cote, losses (in a matched condition) of only 
0.04 to 0.08 dB can be expected. 

The novelty in this design lies in the use of a trifilar 
winding (with one winding tapped) on a very small 
ferrite toroid, resulting in the shortest possible lengths 
of transmission lines. The windings are also connect- 
ed in such a manner as to optimize their characteristic, 
impedances from an overall standpoint. 

Thave used the adjective ultimate to describe the 
second Unuin design. Although it might be risky busi- 
‘ness, | assume that this design will meet one of the 
most common definitions for this adjective—namely, 
beyond which it is impossible 10 go. For many of us, 
the classic use of this adjective was made by Lew 
McCoy in describing bis popular transmatch.22 
Although there have been some improvements to 
Lew’s design, his use of this definite (and strong) 
adjective can be said to have withstood the test of 
time. I hope my use meets with similar success. 

While the tapped-trifilar design provides five broad- 
band ratios and seven practical applications, the wlti- 
‘mate design presented in this chapter goes well 


Figure 18-1. Circuit diagrams for the S-ratio 
Unun: (A) diagram for analysis: (B) transposed 
windings for best overall performance. 
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Photo 15-A. Bottom 
view of the S-ratio 
Unun of Figure 15-1B, 
The upper-left lead is 
terminal C. The upper- 
right lead is terminal 
B. The lower-left lead 
is terminal H. The lead 
pointing straight down 
is grounded (terminal 
3). The lower-right 
lead is terminal L. 


beyond this number. It uses a tapped-quadrifilar 
design that yields the following 10 broadband ratios: 
1.36:1, L561, 1.78:1, 2.251, 3.06:1, 4:1, 6.25:1, 9:1, 
12.25:1, and 16:1, Because the four lower ratios also 
work quite well in either direction, this design offers 
fourteen applications in matching 50-ohm cable to 
impedances as high as 112.5 ohms and as low as 
3.125 ohms. It also has the advantage of using a small 
low-loss toroidal core. Additionally, the windings are 
also interleaved in a pattern that optimizes their char- 
acteristic impedance. 

However, this achievement comes at a price—diffi- 
culty. The 5-ratio Unun, which uses a tifilar wind- 
ing, is considerably easier to wind. In addition, the 
quadrifilar 10-ratio Unun has two of its windings 
tapped, while the 5-ratio Unun has only one (see 
Chapter 13 on tapping windings). If you have had 
little experience in winding Ununs or Baluns, 


Photo 15-B. The high-power unit mounted in a 4 inch 
long by 2 inch wide by 2.75 inch high minibox. 


attempt simplified versions of these two multimatch 
Ununs first. These versions eliminate the tapping of 
the windings. For the trifilar Unun, the remaining 
ratios would be: 2.25:1, 4:1, and 9:1. For the quadri- 
filar Unun, they would be: 1.78:1, 2.25:1, 4:1, 9:1, 
and 16:1. 

For those interested in the design considerations of 
these broadband multimatch transformers, a brief 
review is presented in each section. These sections are 
followed by others describing high-power designs 
capable of handling the full legal limit of amateur 
radio power. Finally, the remaining sections present 
low-power designs capable of handling the output of 
any HF transceiver. Because transmission line trans- 
formers can be made so efficient in matching 50 to 
100 ohms or less, their small sizes will surprise many 
readers. Therefore, the combination of using small 
ferrite toroids with the maximum allowable perme- 
ability (less than 300) for high efficiency? and with 
sufficient turns to meet the low-frequency objective, 
results in the excellent performance exhibited by the 
designs in this chapter. 


Sec 15.2 The 5Ratio Unun 


Let's first look at Figure 15-1A because it is the easi- 
est form of the trifilar-wound Unun to explain. For 
example, if the input voltage to ground, Vj, is con- 
nected to terminal H, the output terminal B, has a 
voltage to ground of 3/2V . This results in a transfor- 
mation ratio, g, of (3/2)? or 2.25:1. This should satisfy 
most 2:1 requirements. If the output is at terminal A 
to ground, then the output voltage is: 


Vo = V1 +Vi(0/2N) 

V,(1 + n/2N) (Eq 15-1) 
where: 
N = the total number of turns on the winding 


n= the number of turns from terminal 5. 


The transformation ratio, g, then becomes: 


g =(V iV? 
=(1+n/2NP (Eq 15-2) 
If the input voltage to ground, V;, is connected to ter- 
minal L, then terminal C has (wice the voltage of 
V,—resulting in a 4:1 ratio. Terminal B has three 


times the voltage resulting in a 9:1 ratio, With termi- 
nal A, the output voltage is: 


V, 


2V, + VN) 
= V\(2+n/N) (Eq 15-3) 
‘The transformation ratio, g, then becomes: 


g=(24+n/NP (Eq 15-4) 


Sec 15.2.1 A Highpower 


SRatio Unun 


Afier several attempts at rearranging the windings of 
Figure 15-1A for the best overall performance (opti- 
mizing the effective characteristic impedances of the 
windings), Figure 15-1B evolved. Photo 15-A shows 
the bottom view of an Unun, using the circuit of 
Figure 15-1B, capable of handling the full legal limit 
of amateur radio power. Photo 15-B shows the unit 
‘mounted in a CU-3015A minibox. It has five trifilar 
turns on a 1.5-inch OD ferrite toroid with a perme- 
ability of 250. Winding 5-6 is tapped at two turns (n = 
2) from terminal 5, 

If the 9:1 ratio matching 50 to 5.6 ohms (connection 
B-L) is to be used at full power, then winding 3-4 
should be No. 12 H Thermaleze wire. If not, then all 
windings can be No. 14 H Thermaleze wire, 

A listing of the expected performance across the 
band from 1.7 MHz to 30 MHz, with the various 
ratios, is as follows: 


9:1 (B-L); 50:5.6 ohms 
Ratio is within 1 percent! 
5.75:1 (A-L); 50:8.7 ohms 
Ratio decreases by 5 percent. 
4:1 (C-L); 50:12.5 ohms 
Ratio increases by 15 percent (the greatest devia- 
tion of all the ratios). 
2.2531 
a) (B-H); 50:22.22 ohms 
Ratio decreases by 4 percent. 
) (H-B); 50:112.5 ohms 
Ratio increases by 8 percent. 
1.4431 
a) (A-H); 50:35 ohms 
Ratio decreases by 10 percent. 
b) (H-A); 50:72 ohms 
Ratio increases by 2 percent. 
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Photo 15-C. The 
low-power unit 
mounted in a 
homemade 2 inch 
Jong by 1.5 inch 
wide by 2.25 inch 
high minibox. 


Several comments should be made regarding the 
expected results shown above. First of all, the greatest 
deviation from a flat response at any ratio occurs 
when matching 50 to 12.5 ohms (connection C-L; a 
4:1 ratio). If an accurate insertion loss measurement 
‘was made at this ratio and impedance level, the result 
would show an insignificant difference across the 
band. Secondly, the major part of the deviations for all 
ratios occurs beyond 15 MHZ (the effect of standing 
‘waves). Finally, the higher ratios should never be used 
to match 50 ohms to 450 ohms, 288 ohms, and 200 
olims, respectively. The characteristic impedances and 
choking reactances do not allow for broadband opera- 
tion under these conditions 


Sec 15.2.2 Alowpower 
S-Ratio Unun 


Photo 15-C shows a low-power unit mounted in a 
homemade 2 inch long by 1.5 inch wide by 2.25 inch 


Photo 15-D, The three S-ratio Ununs together. From left 
{0 righ, the high-power unit mounted and unmounted, the 
low-power unit. 
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Figure 15-2. Circuit dlagrams for the 70-ratio Unun: (A) diagram for analysis; (B) transposed windings jor best 


overall performance, 


high minibox. It has six trifilar tums of No, 16 H 
‘Thermaleze wire on a 1.25-inch OD ferrite toroid with 
a permeability of 250. The tap on winding 5-6 is 
located three tums from terminal 5, yielding ratios of 
6.25:5 and 1.56:1 instead of the 5.75:1 and 1.44:1 
ratios of the high-power unit. In actual use, these dif. 
ferences should be negligible 

Because this Unun has shorter transmission lines 
‘than its high-power counterpart, the deviations of the 
ratios across the band are even smaller. It is also inter- 
esting to note that, if No. 14H Thenmaleze wire was 
used in winding 3-4. this very small Unun could very 
well be rated at 500 watts of continuous powert 

Photo 15-D shows all three 5-ratio Ununs together. 


Sec 15.3 The 10Ratio Unun— 

The Ultimate Multimatch 
Figure 15-24 is presented here because it is the easi- 
est form of a quadeifilar-wound Unun to explain. With 
the input voltage, V, connected to the various termi- 
nals on the left (the low-impedance side), and with 
very short transmission lines compared to the wave- 
length, we have the following transformation ratios: 


1.V; connected to terminal A 
a) At terminal D the output voltage V, is 4/3V;. 
‘Therefore, the transformation ratio, g, with connection 

A-D is: 


B= (43)? = 11.78 (Bg 15-5) 


b) Atterminal F the output voltage is: 


v, 


(1+ 93N) (6g 15-6) 


where: 
N 
a 


tab number of tums 
‘umber of turns from terminal 7. 


‘The transformation ratio with connection A-F then 
becomes: 
B= (WAV) = (1 + n/N)? (Bq 15-7) 


2. V, connected to terminal B 
a) At terminal E the output voltage is 3/2V. Thus, 
the transformation ratio with connection B-E is: 


2.25 {Eg 15-8) 


g=GQP= 
b) Atterminal G the output voltage is: 
y, 


(1 +728) (Eq 15-9) 


where n = number of tums from terminal 5 
The transformation ratio with connection B-G 

becomes: 
a= (V/V p= (1 + n/N)? (Eq 15-10) 


) At terminal D the output voltage is 2V). The 
transformation ratio with connection B-D is: 


OPF=h4 (Eg 15-11) 


d) At terminal F the output voltage is: 
Vo=ViG/2 + n/2N) (Bq 15-12) 


where n = number of turns from terminal 7. 
‘The transformation ratio with connection B-F, 
then, 


g= (V/V)? = (3/24 n/N) (Eq 15-13) 


3. V; connected to terminal C 
a) At terminal E, the output voltage is 3V). The 
transformation ratio with connection C-E becomes: 


g=GPSL9 (Bq 15-14) 


b) At terminal G, the output voltage 
Vo = Vi(2+1N) (Bq 15-15) 


where n= number of tums from terminal 5. 
‘The transformation ratio with connection C-G is: 


8= (VV) =(2 + n/N (Bq 15-16) 


©) At terminal D, the output voltage is 4V). The 
transformation with connection C-D becomes: 


g= (42 = 1:16 (Bq 15-17) 
d) At terminal F the output voltage is: 
Vy=ViG +n/N) (Eq 15-18) 


where n = number of turns from terminal 7. 
‘The transformation ratio with connection C-F is: 


g= (V/V)? = GB + n/N? (Eq 15-19) 


Sec 15.3.1 A High-power 

10-Ratio Unun 
Figure 15-2B evolved after several attempts at re- 
arranging the windings of Figure 15-2A for best over- 
all performance (optimizing the effective characteris- 
tic impedances of the windings). Photo 15-E shows 
the bottom view of an unmounted Unun using the cir- 
cuit of Figure 15-2B. The top-left lead is terminal E. 
The top-right lead is terminal D. The bottom-left lead 
is terminal B. The center lead (connected to the SO- 
239 connector) is terminal A. 
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Photo 15-E. Bottom view of 
the 10-ratio Unun. The con- 
znector is on terminal A. 


Photo 15-R. Three differ- 
cent views of the 10-ratio 
Unun mounted in a 4 
inch long by 2 inch wide 
by 2.75 inch high CU- 
3015A minibox, 


— 
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Photo 15-G. The 
low-power unit 
mounted in a 
homemade 2.25 
inch long by 1S 
inch wide by 
2.25 inch high 
minibox. 


The bottom-right lead is terminal C. Below these 
three bottom leads is a ground connection (terminal 3 
in Figure 15-2B to the SO-239 connector. Photo 15-F 
shows three different views of this high-power unit 
mounted in a4 inch long by 2 inch wide by 2.75 inch 
high CU-3015A minibox. 

This 10-ratio Unun has four quadrifilar turns of No. 
14H Thermaleze wire on a 1.5-inch OD ferrite toroid 
with a permeability of 250, Winding 5-6 is tapped at 2 
‘turns from terminal 5 and winding 7-8 is tapped at 2 
‘turns from terminal 7. 

If the 9:1 ratio (connection C-E), the 12.25:1 ratio 
(connection C-F), and the 16:1 ratio (connection C- 
D), are to be used at the full legal limit of amateur 
radio power, then I suggest that winding 3-4 be 
replaced with No, 12 H Thermaleze wire. If not, then 
these three ratios should be used at lower power levels 
(of 500 watts continuous and 1 kW peak). It should 
also be mentioned that using No. 12 wire for winding 
3-4 adds a greater degree of difficulty to the construc- 
tion process. 

A listing of the expected performance across the 
band from 1.7 to 30 MHZ, with the various ratios, is 
as follows: 


16:1 (D-C); 50:3.125 ohms 
Ratio is constant up to 21 MHz. It then decreases 
by 15 percent. 
12.2511 (F-C); 50:4.08 ohms 
Ratio is constant, 
9:1 (E-C); 50:5.56 ohms 
Ratio increases by 5 percent. 
6.25:1 (G-C); 50:8 ohms: 
Ratio is constant. 
4:1 (D-B); 50:12.5 ohms 
Ratio decreases by 5 percent. 


3.06:1 (F-B); 50:16.3 ohms 

Ratio decreases by 10 percent, 
2.251 
a) (E-B); 50:22.22 ohms 

Ratio increases by 4 percent. 
b) (B-E); 50:112.5 ohms 

Ratio increases by 50 percent (the greatest devia- 
tion across the band of any of the ratios) 
1.78:1 
a) (D-A); 50:28.1 ohms 

Ratio is constant. 
b) (A-D); 50:89 ohms. 

Ratio increases by 15 percent. 
1.56:1 
a) (G-B); 50:32 ohms 

Ratio increases by 10 percent. 
b) (B-G); 50:78 ohms 

Ratio increases by 40 percent. 
1.36:1 
a) (F-A); 50:36.8 ohms 

Ratio decreases by 9 percent. 
b) (A-F); 50:68 ohms 

Ratio increases by 1.5 percent. 


Sec 15.3.2 A Low-power 
10 Ratio Unun 


Photo 15-G shows a low-power unit mounted ina 
homemade 2.25 inch long by 1.5 inch wide by 2.25 
inch high minibox. It has five quadrifilar turns of No. 
16 H Thermaleze wire on a 1.25-inch OD ferrite 
toroid with a permeability of 250, The tap on winding 
5-6 (Figure 15-2B) is at three turns from terminal 5 
and on winding 1-2; itis three turns from terminal 1. 
Because the number of turns is different from the 
high-power unit, so are the ratios that use the taps. In 
this case, they are a little larger. Specifically, the 
tapped ratios are now: 1:12.96, 1:6.76, 1:3.24, 1:1.69, 
and 1:1.44, If the taps were at two turns from termi- 
nals 5 and I, the ratios would be a little less than those 
of the high-power unit. You can play with the equa- 
tions in the first section of this chapter and arrive at 
many different ratios. 

Because this Unun has shorter transmission lines 
than its high-power counterpart, the deviations of the 
ratios across the HF band are generally smaller. Also, 
if winding 3-4 (in Figure 15-2B) were replaced with 
No. 14H Thermaleze wire, this low-power unit could 
very well be rated at 500 watts of continuous power 
for all ratios! 


Chapter 16 


Ununs for Beverage Antennas 


Section 16.1 Introduction 

fhe Beverage antennal? is well known by 160- 

meter enthusiasts for enhanced signal-to-noise 

ratios when there are high levels of interference 
and atmospheric noise. If erected properly, Beverages 
also have excellent directivity. However, they are quite 
inefficient and, therefore, not generally suitable as 
transmitting antennas, Important considerations with 
Beverages are the terminating resistor (for the more. 
common singie-wire version) and the input maiching 
Unwn (unbalanced-to-unbalanced transformer). ‘The 
terminating resistor and the impedance ratio of the 
Unun are determined by the characteristic impedance 
of the antenna acting as a long transmission line with 
one good conductor and one poor conductor (the 
earth), This line is generally between 400 and 600 
‘ohms, and theoretically given by: 


Zq= 138 x log(ahid) (Bq 16-1) 
where: 
Zp = characteristic impedance of the Beverage 
fy” = height of the wire above ground 


d= diameter of the wire. 

This chapter presents low- and high-power versions 
of multimatch Ununs designed to match 50-ohm cable 
to unhalanced loads from 450 to 800 ohms. The low- 
power unit, which is capable of handiing continuous 
power levels up to 100 watts, is specifically designed 
for the Beverage antenna when it is performing as 
receiving antenna, The high-power unit, which is 
capable of handling | KW of continuous power, can be 
used with the Beverage or any other traveling wave 
antenna when used as a transmitting antenna, Also 
presented are high-power designs capable of flat 
response, including the entire AM broadcast band. 
‘These multimatch Ununs could be of interest to 
designers of high-power amplifiers for the broadcast 


band. A little theory on how these devices are 
designed is also provided, 


Sec 16.2 A Little Theory 


‘Transmission line transformers® (the Unun being a 
subset thereof) are known for having greater band- 
widths and efficiencies than theit counterparts, the 
conventional transformers. Design considerations for 
the two types of transformers are also vastly different 
‘Transmission line transformers use chokes and trans- 
mission lines, while conventional transformers use 
flux linkages. 

High-impedance Ununs (and Baluns), which match 
50 ohms unbalanced to impedances as high as 800 
‘ohms, lie at about the edge of this technology’s capa- 
bility. The reasons are: 1) the windings require more 
tums because higher reactances are needed for isolat- 
ing the input from the output, and 2) they require 
higher cheracteristic impedances in the transmission 
lines because the loads they see are greater, Therefore, 
when winding one of these devices, you'll ust run out 
of space on your toroidal cores when trying to satisfy 
the low frequency and high frequency objectives. 
Incidentally, beaded transmission lines are not recom- 
mended at these impedance levels because of their 
excessive losses. 

There are two methods for obtaining broadband 
‘operation at these high impedance levels. One uses 
Guanelia’s 9:1 and 16:1 Baluns, which are converted 
to Unun operation.? The other uses higher-order 
windings (quadrifilar in this case) on a single core, 
which is an extension of Ruthroff’s bootstrap 
approach.? The Guanella approach, which uses coiled 
transmission line connected in scries at the high- 
impedance side and in parallel at the low-impedance 
side, results in very broad bandwidths—but with diffi- 
culty in meeting low-frequency objectives. Low-fre- 
quency models? show that, with ratios above 4:1, 
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Figure 16-1. Schematic diagram of the quadrifilar design, 
using Ruthroff’s approach for high-impedance, low-fre- 
quency Ununs like the Beverage matching transformer. 


some of the coiled windings are connected in parallel, 
resulting in reduced reactances. However, with the 
Ruthroff approach, all of the inductances (at the low- 
frequency end) end up mutually aiding each other. 
However, Ruthroff’s approach suffers at the high-fre- 
quency end because a direct voltage is summed with 
three Voltages that traverse various lengths of trans- 
mission lines. As a result, Guanella’s approach of 
summing voltages of equal delays is preferred for the 
higher frequency bands, and Ruthrofi’s approach is 
most often used for the lower frequency bands. This 
chapter presents designs using Ruthroff’s approach. 

Figure 16-1 shows the schematic diagram of a 
quadrifilar-wound Unun, If the lengths of the trans- 
mission lines are very short compared to the wave- 
length (therefore, phase delay and standing waves are 
negligible), then: 


VyaV2=V3= V4 (Eq 16-2) 
at terminal 6, 

Vo= V1 +V2+V3=3V) (Eq 163) 
and the impedance ratio becomes: 

g=(VIVP=9 (Eq 16-4) 
At terminal 8, it becomes: 

2-16 (Eq 16-5) 


Photo 16-A. The bottom 
view of the low-power Bev- 
erage antenna Unun. 


‘The voltage at the tap in winding 7-8 


Vv, 


ly = AV +V5 


V+ n/NV, = V,(3 + n/N) 
=V\(3 +n/N) 


(Eq 16-6) 


where: 
N = total number of tums 
n= number of turns from terminal 7 

‘The impedance ratio, using the tapped winding, 
becomes: 

= (VYV)2=G+nNe (Eq 16-7) 

When the lengths of the transmission lines are sig- 
nificant, then important phase delays can occur and 
reduce the high frequency response. As you can see in 
Figure 16-1, V, travels one transmission line, V3 
travels two transmission lines, and V, travels three 
transmission lines. Additionally, the high frequency 
response is further diminished if the characteristic 
impedances of the transmission lines are not at their 
optimum values (which is hard to do at these imped- 
ances levels). Even with these major flaws, the 
Ruthroff’ approach is better for Beverage antenna use 
because this antenna’s greatest advantages are on the 
lower frequency bands (80 and 160 meters). 


Sec 16.3 A low-power Design 


Photo 16-A shows the bottom view of a 5-turn 
quadrifilar-wound Unun designed to handle 100 watts 
of continuous power with constant ratios from 9:1 to 
16:1 in the 40- and 80-meter bands. It uses the 
Ruthroff approach of Figure 16-1 and is shown here 
to give the reader a method for making the various 
interconnections. For operation on the 80- and 160- 
meter bands, I would use 6 quadrifilar turns on a 1.5- 


Clean Up 


Most manufacturers will clean off residues from any flux that isn’t labeled "no-clean," despite flux datasheets 
like Kester’s that say even some of the more active fluxes do not need to be cleaned. For short life-span hobby 
projects, it probably doesn't matter unless you're using a solder/flux labeled "organic" or "water-soluble"~-these 
fluxes leave behind very aggressive acids that will quickly eat away circuits, Cleaning may be necessary if 
you're applying a protective coating that won't adhere to flux residues. Finally, some rosin residues are tacky and 
‘may attract dust that can short a circuit 


‘The fact that a flux is made from rosin doesn't tell you much about how strong it is or whether it should be 
cleaned. What matters is how concentrated the mix is and how much acidic (halides) activators were added, 
RadioShack® doesn't supply any information on the flux in their standard rosin-cored solder, but i's probably 
weak enough that the residues do not need to be cleaned of. 


Isopropyl alcohol works decently on rosin-based residues, but clean shortly after soldering because the residues 
quickly harden. Use water for water-soluble fluxes. This pump containing bottle dispenses a little alcohol when 
you push down on the top with a brush, and keeps the rest from evaporating. If you are going to clean, make sure 
{you wipe up the remnants with a lint-free cloth--don't just spread them around the board with a brush and 
alcohol. 
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Photo 16-B. The low-power Beverage 
antenna Unun mounted in a 4 inch 
long by 2 inch wide by 2.75 inch high 
sinibos: 


inch OD ferrite toroid with a permeability of 250. The 
bottom winding is No. 20 hook-up wire and the other 
three are No. 22 hook-up wire. Winding 7-8 is tapped 
at 2 turns from terminal 7, yielding a 11.1121 1% 
and at 3 turns from terminal 7, yielding a 12.25: 
ratio. Therefore, with outputs also at terminals 6 and 
8, this Unun matches 50-ohm cable to loads of 450, 
555.6, 612.5, and 800 ohms. 

Photo 16-B shows the unit mounted in a4 inch long 
by 2 inch wide by 2.75 inch high minibox. The output 
(the feedthrough insulator) is connected to one of the 
taps. A grounded binding post is also shown, 


Sec 16.4 High-power Designs 


Photo 16-C shows three high-power designs. The 
one on the left is specifically designed to cover the 
frequencies generally used with traveling wave struc- 
tures like the Beverage antenna. This design has 10 
quadrifilar turns on a 2.4-inch OD ferrite toroid with 
a permeability of 250. Winding 1-2 is No. 14 tinned 
copper wire, and the other three are No. 16 tinned 
copper wire. The wires are also covered with Teflon 
sleeving. Winding 7-8 is tapped at 5 tums from ter- 
minal 7, yielding a ratio of 12.25:1, When matching 
50-ohm cable to loads of 450 ohms (terminal 6), 
612.5 ohms (the tap), and 800 ohms (terminal 8), the 


Photo 16-C. Three high-power, low-frequency Ununs using a quadrifilar design 
with Ruthroff’s approach. The one on the left is designed to cover the 80- and 
160-meter bands. The other two are designed to cover the 160-meter and AM 
broadcast bands. 


variation in response is less than 5 percent from 1.5 
to 4 MHz. At 6.5 MHz, the variation (which is an 
increase in the impedance ratio) increases to about 
20 percent. Photo 16-D attempts to provide a better 
view of the connections. 

The other two high-power Ununs in Photo 16-C are 
specifically designed to cover the broadcast and 160- 
meter bands. The one in the center has 9 quadrifilar 
‘turns (of the same wires as above) on a stack of two 
24-inch OD ferrite toroids with permeabilities of 250. 
The tap on winding 7-8 is now at 4 turns from termi- 
nal 7, yielding a ratio of 11.86:1. When matching 50- 
ohm cable to 450 ohms (terminal 6), 593 ohms (the 
tap), or 800 ohms (terminal 8), the response is literally 


Photo 16-D. The bot- 
tom view of the high- 
power Beverage anten- 
nna Unun. 
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flat from 0.5 to.2 MHz. At 4 MHz, the ratios increase 
by about 6 percent. At? MHz, they increase by about 
20 percent. 

The Unun on the right in Photo 16-C illustrates 
another way of obtaining the same performance as 
above. In this case, the design has 12 quadrifitar 
tums (of the same wires as above) on a 2.68-inch OD 
ferrite with a permeability of 290. The tap on wind- 
ing 7-8 is at 6 tums from terminal 7, yielding a 


12.2:1 ratio (instead of 11.86:4 as above). Although 
the performance of this design is practically the same 
as the one above (using the two 2.4-inch OD cores), 
itis a much more expensive design because the 2.68- 
inch OD core is not nearly as popular. However, if a 
broadband, high-power and high-impedance Unumn 
(or Balun) is required to cover 1.5 to 30 MHz, then 
these expensive 2.68-inch OD ferrite cores are very 
likely the oniy alternative! 


Chapter V 


Concluding Remarks 


Sec 17.1 Introduction 


s I've often said, there is litte information that 
A** with aspects of design and applications 

of practical hardware. Most companies are 
reluctant to publish their results for fear of giving 
away their hard-earned secrets, Textbooks only con- 
tain a few paragraphs on the subject. Therefore, very 
few people fully understand this technology, and, as @ 
result, itis still far from reaching its full potential. 

‘This book not only contains my designs, which have 
appeared in series written for CQ and Communica- 
tions Quarterly, but also my views on other articles 
that have appeared in the amateur radio literature, 

In the process of converting and combining the arti- 
cles into appropriate chapters, one section in my arti- 
cle in the CQ, March 1993 issue entitled “Dual-Ratio 
Ununs,” stood out as having broader applications. [tis 
entitled “Reflections on Power Ratings” and is pre- 
sented here. This information is followed by a section 
‘on misconceptions and one on the “state of the art.” 

After reading this book, some might think I was 
overly critical and didn’t agree with any of the designs 
of explanations (or both) presented in the amateur 
radio Titeratuse, This is quite true. In taking this stand, 
1 was hoping to provoke, in retum, critical comment 
on my work. In this way, we can help our amateur 
friends—and perhaps even our professional friends— 
by advancing the understanding and application of 
these very useful transformers. 


Sec 17.2 Reflections on 


Power Ratings 
Power rating is one of the most controversial and least 
understood specifications for the transmission line 
transformer. As of today, no professional group bas 
yet set the standard for this specification (as well as 
‘any other) for this popular class of matching trans- 


formers, In fact, manufacturers of fertites, which are 
mainly the materials used with these devices, only 
specify them for their uses as conventional. transforto- 
ers and inductors, or microwave devices. 

I is well known that power ratings for practically 
all conventional devices are based upon catastrophic 
failures (usually exceeding a voltage or current limit), 
and failures over a relatively short period of time due 
to an excessive rise in temperature. 

With transmission line transformers, there are really 
two catastrophic-type failures that can occur. One is 
voltage breakdown. If the device is misterminated 
with high impedance (especially an open circuit), a 
breakdown of the insulation can occur. This is particu- 
larly true of the 1:1 Balun (50:50 ohms) that is termi- 
nated with the very high impedance of a full-wave 
dipole or inverted V. Using heavily coated wires (but 
still maintaining a characteristic impedance close to 
50 ohms), ot small but high-power coaxial cable, cant 
help under these conditions. 

‘The second catastrophic failure occurs at the Jow- 
frequency end of the transformer’s passband, when 
the energy is not completely transmitted to the output 
circuit by a transmission line moxte. This takes place 
when the reactance of the coiled or beaded transmis- 
sion line is not sufficient to prevent conventional 
transformer currents or shunting currents to ground, 
Under these conditions, harmful flux can take place in 
the core ot beads. Nonlinearities can also occur if the 
flux becomes appreciable. The objective in design at 
the low-frequency end is to have a margin of safety 
such that, with a termination of about three times 
(hence VSWR of 3:1) that of a matched condition,? 
no flux will appear in the core or heads. 

The failure due to an excessive rise in temperature 
is the least understood of the two because it involves 
‘the failure mechanism in transmission Hine transform- 
ers when only transmission line currents are allowed 
to flow. Unlike the conventional transformer whose 
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losses are current dependent (wire, eddy current, and 
hystereis losses), the transmission fine transformer's 
losses are voltage dependent (a dielectric-type). That 
is, the greater the voltage drop along the length of the 
transmission lines, the greater the loss. Furthermore, it 
can be shown that only low-pecmeability ferrites (less 
than 300) yield the extremely high efficiencies of 
which these uansformers are capable.* 

Because all transmission line transformers have 
voltage drops along their transmission lines, we must 
look at their high-frequency models to determine the 
‘magnitude of these drops and, henee, the temperature 
rise that can be expected. Here are some examples: 

Hf V; is the voltage that appears on the 50-ohm side 
of the transformer, then: 

1) For a quintufilas-wound Unun, the longitudinal 
voltage-drop is V /5 in matching to lower impedances 
(like 32 of 18 ohms) and V,#4 in matching to higher 
impedances (like 78 or 139 ohms). 

2) For a quadrifilar-wound Unun, the longitudinal 
voltage-drop is V\/4 in matching to lower impedances 
Gike 12.5 or 28 ohms) and V;/3 in matching to higher 
impedances (like 89 oF 200 ohms), 

3) For a tifilar-wound Unua, the longitudinal yolt- 
age-drop is V/3 in maiching to lower impedances 
Gike 22.22 or 25 ohms) and V /2 in matching to high- 
cer impedances (like 100 or 112.5 ohms). 

4) For a bifilar-wound Unun, the longitudinal volt- 
age-drop is V,/2 in matching to a lower impedance of 
12.5 ohms and V, in matching to a higher impedance 
of 200 ohms. 

Because the quintufilar-wound Unun has the lowest 
voltage drop, it is expected to have the highest effi- 
ciency. Furthermore, it can be seen that the highest 
efficiencies occur in matching to lower impedances. 
Very accurate measurements? have shown that 4:1 
Ununs, using ferrite cores with permeabilities of 125, 
have exhibited losses of only 0.02 to 0.04 dB in 
matching 50 to 12.5 ohms from 1 MHz to over 30 
‘MHz. Even though the Ununs in this book have most 
ly used permeabilities of 250, and should have slight- 
ly greater losses, many use higher-order windings (tri- 
filar, quadrifilat, and quintufilar) and, hence, have 
lower longitudinal voltage drops. Therefore, they 
should have losses af only 0.02 to 0.04 dB, as well 

‘When matching at the 1 kW level, the figures above 
mean that only 5 to 10 watts would be dissipated in 
the Unun, As a heatsink, these small transformers 
should be able to handle this loss easily. In fact, they 
should be able to handle scvetal times this level of 


continuous power. Also, because they use heavily 
coated wires, their peak power ratings should be 
greater by more than a factor of two! 

Another important power rating consideration is to 
determine what happens when the transformers are 
misterminated. Because the losses being considered 
now are dielectric-types and, hence, voltage-depen- 
dent, the harmful terminations are greater than that for 
which the transformers were designed. For example, 
if the termination is three times greater (a VSWR of 
3:1), the voltages along the transmission lines would 
increase by a factor of 1.73. This means the losses 
would practically double. The Umuns described in this 
seties, when matching to impedances lower than 50 
ohms, should easily handle this mismatch. Obviously, 
mismatches in the range of 10:1 would result in much, 
lower efficiencies and should be avoided. 

‘The analysis of the tosses in Baluns follows the 
same pattern. The voltages are as follows: under 
matched conditions for a 1:1 Balun (50:50 obms), 
V2; for a 4:1 Balun (50:200 ohms), V,; for a 9:1 
Balun (30:450 ohms), 1.5V); and for higher-imped- 
ance Baluns it could be 2¥V). The higher voltage 
drops, together with high VSWRs, means that high- 
impedance Baluns (and Ununs) have more loss and 
require larger structures to dissipate the heat. It should 
also be pointed out that there is a tradeof in efficiency 
for low-frequency response with Baluns (and Ununs) 
when matching 50 ohms to higher impedances like 
200 ohms, 300 ohms, 450 ohms, and higher. This is 
done by using permeabilities of 125 and lower. 

Finally, I thought it might be useful to give some 
general guidelines as to what efficiencies you might 
expect with Baluns and Ununs when using ferrite 
cores or beads with a permeability of 250. Here are 
some expected efficiencies when matching 50 ohms to 
various loads under matched conditions: 


Loads Efficiency 
50 ohms or less 98 10 99.5 percent 
50 to 100 chins 97 to 98 percent 
100 to 200 ohms 96 10 97 percent 
200 ohms and above 93 10 96 percent 


‘As I mentioned earlier, these efficiencies would be 
reduced by a percent or two with @ VSWR of 3:1, 
which increases the loss by @ factor of about two. 
Also, the efficiencies can be increased by a percent or 
two with high-impedance loads (greater than 100 
ohms) by resorting to lower permeability ferrites that 


trade off efficiency for low-frequency response. In 
closing, I would like to say that high-permeability 
manganese-zine ferrites should be avoided because of 
their much higher losses. Furthermore, their losses are 
highly frequency dependent, while low-permeability 
nickel-zine ferrites are not. 


Sec 17.3. Misconceptions 


From recent discussions on the air and phone calls 
conceming Baluns, 1 think the most expensive mis- 
conception regarding Baluns is the assumption that a 
9:1 (450:50 ol) Balun would match 50-ohtn cable 
{or the output of a linear or transceiver) to 450-ohm. 
‘win lead, without considering the effect of its termi- 
nation, In truth, the 9:1 Balun would only see 450 
‘ohms if the line were terminated in 450 ohms. In real- 
ity, if the line were terminated in a 50-ohm dipole, the 
‘Balun would see 50 ohms when the line is a half-wave 
long and 4050 ohms when is a quarter-wave long, The 
9:1 Balun is clearly useless in this application. 

By far, most misconceptions regarding Baluns are 
due to the many radio amateurs who perceive these 
devices as conventional transformers that transmit the 
encrgy from input to output by flux linkages and not 
as transmission line transformers, which transmit 
energy by an efficient transmission Tine mode. This is 
clearly shown by the writers who have compared their 
“new” coaxial cable (coiled about a toroid or threaded 
through ferrite beads) Baluns with Baluns using wire 
transmission fines coiled about a ferrite rod or toroid. 
‘They claim their Baluns are better because the others: 
1) were limited by leakage inductance, 2) did aot 
exhibit true 3:1 impedance transformations, 3) were 
prone to core saturation, 4) added a reactive compo- 
Bent to the input impedance, 5) were susceptible to 
unbalanced and mismatched loads, and more impor- 
tantly, 6) had more loss, 

If the writers had accepted the correct model for 
these devices (given to us by Guanella and Ruthroff), 
which shows that they are really chokes (lumped ele- 
ments) and configurations of transmission lines (dis- 
tributed elements), then there are several parameters 
they should have considered in their comparisons. 
‘They are: 1) the characteristic impedances and 
lengths of the transmission lines (the high-frequency 
capability), 2) what form of the 1:1 Balun or 4:1 
Balun is used by the other Balun, 3) the low-frequen- 
cy capabilities (safety margins), 4) power capabili- 
ties, and finally 5) efficiencies. 
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Now, had the writers used the proper parameters in 
theie comparisons, they would have found that mis- 
‘match loss was mistaken for real (ohmic) loss; bigh- 
frequency response was limited by standing waves, 
‘and not leakage inductance or shunting capacitance, 
the beaded-coax Balun had more toss than a well- 
designed Balun using wire or coax transmission lines 
coiled about a toroid; and that their comparisons were 
made with either the ttifilar (voltage) 1:1 Balun or the 
Ruthroff 4:1 Balun, which are inferior designs. 

In fact, the perception that the transmission line 
transformer is actually @ conventional transformer is 
so prevalent, that a new name for this class of devices 
should be considered—broadband transmission line 
matching neiworks, This name (without the word 
transformer) would help in dispelling inaccurate pet- 
ceptions and in standardizing the schematic diagrams. 
It would place the coiled or beaded transmission lines 
(the high-frequency models) horizontally, and etim- 
inate the phasing or polarity dots 


Sec 17.4 The State of the Art 


Until very recently, the radio amateur had only two 
types of Baluns available in the literature and on the 
market, They were the so-called {:1 and 4:1 “voltage” 
Baluns, As was shown in Chapter 7, the comparisons 
by others with new 1:1 designs using coaxial cable 
(called “current” Baluns) were made with an inferior 
‘tifilar-wound Balun, instead of Ruthofi’s design that 
appeared in his 1959 paper and became the industry’s 
standard. Ruthroff’s third conductor on his 1:1 Balun 
‘wos on a separate part of the toroid, thus giving it 
practically the same characteristics as the Guanella 
(“current”) Balun, These articles on newer designs not 
only gave a new language to our Baluns, but also pre- 
sented questionable statements regarding their perfor- 
mances. It would be interesting if the aythors of these 
articles compared their Baluns with well-designed 
Ruthroff or Guanella Baluns using 50-ohm bifilar 
windings or coaxial cables on low-loss ferrite toroids 
ess than 300 permeability), I am quite sure their 
claims would be greatly diminished. 

‘As was noted in Chapter 8, the 4:1 voltage Balun 
appeared in the amateur radio journals about 25 years 
ago (the same time as the “inferior” 1:1 voltage 
Balun). Considerable design information appeared in 
the handbooks of the time regarding the construction 
and performance of this Balua. Furthermore, this 
information also stayed the same over these many 
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years. As was shown in Chapter 8, the design was 
found lacking. However, with some rather simple 
changes, like doubling the cross-sectional area of the 
core, increasing the number of turns from 10 to 14, 
and using extra insulation on the wites to increase the 
characteristic impedance of the coiled transmission 
line from about 50 to 100 ohms (the objective), a 
much better design emerged. In fact, for balanced 
antenna systems, this new design might well be 
described as “peerless.” 

‘A 4:1 Guanella (current) Balun bas now appeared in 
our handbooks. This more flexible Balun uses two 
transmission lines wound on separate cores and con- 
nected in series at one end and in paralfel on the other. 
Literally, no design information is given on its con- 
struction. What is offered are recommendations for 
the permeability of the ferrite cores. Values from 850 
to 2500 are proposed. However, use of these high per- 
meabilities would result in lossy Baluns. 

1 aiso found it interesting, in my work on these 
devices, that the classic papers of Guanelta? and 
Ruthroff? are still the comerstones of this technology 
known as transmission line transformers. To be sure, 
some of us have extended the work of these two by 
usiug better measuring equipment, creating more 
complicated configurations, and finding new applica- 
tions. However. it is apparent from the articles pub- 
lished in the amateur radio journals and discussions 
on the air and at club meetings that most radio ama- 
teurs still perceive these devices as conventional trans- 
formers. They don’t look at these devices as Guanella 
and Ruthroff did-~as chokes and transmission lines. 
As a result, there has been a lack of good design 
information in our literature. 

There are many new and useful designs possible 
with this technology, as discussed in Part I of this 
book. They include: higher power levels. applica~ 
tions on the VHF and UHF bands and above, and 
new Balans and Ununs with ratios other than tn? 
where n= 1,2,3,..., ele, This book presents some 


designs* and suggestions for higher-power and high- 
et-frequency applications. 

F see two reasons for the lack of emergence in this 
technology. They ae: 

1) This subject is not adequately covered in any col- 
lege textbook, and it generally has aot been of interest 
to academics who rightfully view their role as basic 
research and not applications. As a result, there are 
few graduates with any skill in the design of transmis- 
sion line transformers-in contrast 10 the areas of 
transmission line, waveguide, and antenna theory. 

2) The professional societies fon't receive enough 
application papers. Although much of the research 
and development work performed in industry is highly 
innovative, important to the advancement of the tech- 
nology, and certainly publishable in scientific jour- 
nals, corporations are often reluctant to allow publica- 
tion for fear of “aiding” their competition. It has heen 
stated that in the past few decades, the submission 
of application papers to the technical journals of the 
IEEE has deciined. in fact, a survey by one of the 
technical societies showed that 85 percent of the sub- 
missions now come from universities, not industry! 

In order to assist technologies, like sransmiission 
line transformers, which are Yar from reaching their 
potential applications, IEEE has instituted a program 
called Emerging Practices in Technology (EPT). The 
object of the EPT program is to facilitate the devel 
opment of new standards by disseminating and mak- 
ing available various EPT papers to the broadest pos- 
sible audience worldwide. The papers on practices in 
various areas of technology are peer reviewed by rel- 
evant IEEE Technical Committees, and have the 
potential for standardization in the future. The papers 
(mine is Reference 30) are published by the IEEE 
Standards Press. 
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Foreword 


Antenna Tuners are mystical devices that are sometimes needed 
between antenna systems and transmission lines or radios to make 
everything play the way it’s supposed to. They are the subject of 
considerable confusion and misunderstanding by many Amateur 
Radio operators. 

This book is intended to assist readers who have a basic 
knowledge of antennas, such as conveyed by Basic Antennas — 
Understanding Practical Antennas and Designs, in gaining an 
understanding of whether or not they need an antenna tuner in their 
station." If it turns out one is needed, this book will help the reader 
decide the type of tuner needed and where in the system it should be 
applied. Also provided are descriptions of appropriate applications 
of such devices and antennas that are well suited for such use.An 
additional chapter provides data collected from ARRL Laboratory 
product reviews of representative antenna tuners to assist in tuner 
selection, Design methodology and specific design details are also 
provided for those who wish to build their own tuners, 

As with all ARRL books, be sure to check to see if there are any 
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the printer. Updates and errata, if any, can be found at wwwaarrl, 
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David Sumner, KIZZ 
Executive Vice President 
Newington, Connecticut 
October 2010 


Hallas, W1ZR, Basic Antennas — Understanding Practical Antennas and Designs, Avalable 
‘romyour ARFL dealer or the ARRL Bookstore, ARRL order no. 9984. Telephone 860-594-0955, 
or lolree in the US 886-277-5289; www arr.org/arr.store/, pubsales @arr.org, 


Acknowledgements 


I would like to offer my special thanks to the ARRL production and editorial 
staff who made this book come together smoothly. In addition, thanks go to my 
long-suffering wife Nancy, WINCY, who put up with the countless hours of my 
writing to make this happen. 

Tespecially appreciated the tireless efforts of ARRL Technical Advisor Barry 
Shackleford, W6YE, who carefully examined every page of the manuscript in an 
effort to make sure there were neither technical nor grammatical errors and that all 
points were made clearly. 


About the ARRL 


The national association for Amateur Radio 


‘The seed for Amateur Radio was planted inthe 1890s, when Guglielmo Marconi began his experiments in wireless 
telegraphy. Soon he was joined by dozens, then hundreds, of others who were enthusiastic about sending and receiving 
messages through the ai-—some witha commercial interest, but others solely outof a love for this new communications 
medium. The United States government began licensing Amateur Radio operators in 1912 

By 1914, there were thousands of Amateur Radio operators—hams—in the United States. Hiram Perey Maxim, a 
leading Hartford, Connecticut inventor and industrialist, saw the need for an organization to band together this fledg- 
ling group of radio experimenters. In May 1914 he founded the American Radio Relay League (ARRL) to meet that 
need. 

‘Today ARRL, with approximately 150,000 members, is the largest organization of radio amateurs in the United 
States. The ARRL. is a not-for-profit organization that 

+ promotes interest in Amateur Radio communications and experimentation 

‘represents US radio amateurs in legislative matters, and 

‘maintains fraternalism and a high standard of conduct among Amateur Radio operators. 

ALARRL headquarters in the Hartford suburb of Newington, the staff helps serve the needs of members, ARRL is 
also International Secretariat for the International Amateur Radio Union, which is made up of similar societies in 150 
countries around the world. 

‘ARRL publishes the monthly journal QS7, as wel as newsletters and many publications covering all aspects of Ama- 
teur Radio. Its headquarters station, WIAW, transmits bulletins of interest o radio amateurs and Morse code practice 
sessions. The ARRL also coordinates an extensive field organization, which includes volunteers who provide technical 
information and other support services for radio amateurs as well as communications for public-service activities, In 
addition, ARRL represents US amateurs with the Federal Communications Commission and other government apen- 
cies inthe US and abroad, 

‘Membershipin ARRL means much more than receiving QSTeach month In addition othe services already described, 
ARRL offers membership services on a personal level such asthe ARRL Volunteer Examiner Coordinator Program 
and a QSL bureau 

Full ARRL membership (available only to licensed radio amateurs) gives you a voice in how the affairs of the 
organization are governed. ARRL policy is set by a Board of Directors (one from each of 15 Divisions) elected by the 
‘membership. The day-to-day operation of ARRL. HQ is managed by a Chief Executive Officer. 

‘No matter what aspect of Amateur Radio attracts you, ARRL membership is relevant and important. There would be 
no Amateur Radio as we know it today were it not for the ARRL.. We would be happy to weleome you as a member! 
(An Amateur Radio license isnot requited for Associate Membership.) For more information about ARRL and answers 
to any questions you may have about Amateur Radio, write or cal: 


ARRL—The national association for Amateur Radio 
225 Main Street 

Newington CT 06111-1494 

Voice: 860-594-0200 

Fax: 860-594-0259 

E-mail: hq@arrlorg 

Internet: wwwarrl.org! 


Prospective new amateurs call (toll-free) 
'800-32-NEW HAM (800-326-3942) 

You can also contact us via e-mail at newham@arrLorg 
or check out ARRLWeb at httpi/wwwarrLorg/ 


Table of Contents 


Chapter 1 
Chapter 2 
Chapter 3 
Chapter 4 
Chapter 5 
Chapter 6 
Chapter 7 
Chapter 8 
Chapter 9 
Chapter 10 
Chapter 11 
Chapter 12 
Chapter 13 
Chapter 14 
Chapter 15 


Appendix A 


Why Might I Need an Antenna Tuner 

A Look at a Typical Configuration 

So Just What is an Antenna Tuner? 
Tuning an Antenna Tuner 

The Internal Tuner — How Does it Help? 
An External Tuner at the Radio 
Transmission Lines and Loss 

Moving the Tuner to the Back 40 
Transmission Line Choices for Low Loss 
Balanced versus Unbalanced Lines 

So What's a Balun, an Unun, a Choke? 
Balanced Antenna Tuners 

Antennas that Work Well with Tuners 

A Survey of Available Tuners 

Making Your Own Tuner 


Using Decibels for Loss Calculations 


Chapter 1 


Why I Might Need an 
Antenna Tuner 


Contents 


Radio Incompatibility? 
Does My Antenna Have to be a Resistor’ 
‘So What's the Problem? 
What Happens if the Radio and Antenna Aren't Matched’ 
‘So What Can We Do?. 
What's in a Name? 
Review Question 


* Solder Wick (desoldering braid): The above two tools will often not be able to completely remove all 
the solder. Many people use the sucker devices above to remove most of the solder, and then get the 
rest with solder wick, which absorbs solder through capillary action. I's a fine weave of copper wires 
that are coated in flux, Place it over a joint and then heat from the opposite side with a soldering iron. It 
‘may help to have a bit of solder already on the iron's tip to speed heat transfer. 


Surface mount desoldering: Surface mount chips are especially hard to desolder because it's very difficult to 
completely remove all the solder pin by pin, and avoid overheating the board and lifting a pad. Professional 
shops use expensive hot air guns or special tips (shown below) to heat al the joints at once. 


esoldering a surface mount soic chip (©2007 Curioustavenor com 


‘apply solder t0 Up 


‘contact chip. Tift ot 


apply Mx 
There are fortunately a few cheap ways to desolder surface mount chips, 


© ChipQuik provides an interesting solder that when melted over existing joints produces a new low- 
‘melting point alloy (under 200 °F) with a much longer solidification time. The longer solidification time 
enables you to melt all the joints at once and then flick off the chip. 

There are many guides for making a DIY hot air gun with the RadioShack! desoldering iron and a fish 
tank air pump. Engadget has one of the better how-to guides, Here and here are some more plus the 
supposed origina. 
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‘To transmit radio signals, you need 
‘transmitter, often the transmitter 
side of a transceiver —a combined 
‘transmitter and receiver — and an 
antenna, Of course you will need a 
few other things such as legal author- 
ity to transmit, from the FCC in the 
US, a power source and an infor- 

jon source, such as a telegraph 


key, microphone or PC, In this book 
‘we will focus on the interconnec: 
tion between the transmitter and the 
antenna, leaving the other topics to 
other books, 

You might notice that, in spite of 
the book's title, we didn’t mention 
antenna tuners —a device that goes 


Radio Incompatibility 


between the transmitter and antenna 
This is because, strictly speaking, 

aan antenna tuner isn't necessary, at 
least not in all cases, The antenna 
tuner is only required if the transmit 
ter can't put its output power into the 
antenna because of an incompatibility 
between them, 


A radio transmitter comes with 
a set of specifications. For proper 
operation, the owner is responsible 
to ensure that the requirements listed 
in the specifications are met, Some 
are straightforward, such as “pow 
required: 13.8 V de at 20 A max.” If 
We plugged such a radio into a 
120 V ac outlet, we wouldn't have 
a right to expect it to operate prop- 
erly —in fact we might expect to see 
smoke and flames. We would need an 


intermediate device, called a power 
supply, to transform the 120 V ac in 
‘our outlet to the 13.8 V de our radio 
wants, 

‘The compatibility issue we will be 
‘considering here is one relating to the 
ANTENNA IMPEDANCE specification, 
While not all transmitter specifica- 
tions include an explicit antenna 
specification, most will say some- 
thing like ANTENNA IMPEDANCE, 500. 
(Unbalanced) or possibly ANTENNA 


Does My Antenna Have to be 


IMPEDANCE, 50° (Unbalanced) with SWR 
of 2+ orlees. These specifications 
indicate the load that the antenna 
system must present to the radio for 
proper operation, We will discuss the 
different parts of this specification 
and what they mean as we g0 
forward. As with the power supply, if 
the antenna doesn’t meet the specifi- 
cation’s requirements, we might need 
4n intermediate device — possibly an 
antenna tuner. 


a Resistor? 


The indication “50 0” does sound 
a lot like a resistor. The radio will 
be very happy to put its power into 
an actual 50 02 resistor, in fact that’s 
how we often test a radio when we 
don't want the radio signal to go out 
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over the air, Unfortunately, a resistor 
absorbs the transmitter power and 
tums it into heat — it does not make 
good antenna. 

Ina properly designed antenna, it 


is often the case that the antenna’s 
radiating properties will be converted 
into a load that acts like a 50 Q resis- 
tor to the radio, but actually radiates 
the power as radio waves, 


So What’s the 


Problem: 


It would seem that we can solve our 
incompatibility problem by just bay- 
{ng (or building) an antenna that has a 
compatible specification of a 50.0 
resistive impedance and connect- 
ing it to our radio. This is quite true, 
and can be very successful — within 
certain constraints (see Figure 1-1 for 
the ideal case), This compatible case 
is referred to as a matched system. 
Unfortunately, the real world rears its 
ugly head in a few ways: 

© The biggest issue is that any 
antenna will have its particular design 
impedance on a single frequency. 
This is not an issue with many radio 
services — broacleast stations, for ex- 
ample — that operate on a single as- 
signed frequency. Some services, such 
as the Amateur Radio service, operate 
within assigned bands. Shifting 
frequency from one end of the band 
to the other can result in a significant 


100 0 Transmit wth 
50.0 Output Impedance 


100 
Radates Power 


———- 


50.0 Antenna 
Impesance 


‘BOD Losses 
“ranemigson Line 


Figure 1-1 — Radio and antenna system with matched impedances. 


change in antenna impedance. 
‘© A real antenna is always installed 
at some height above the local terrain, 
‘The electrical properties of the soil 
and the height above ground will 


have a significant impact on antenna 


impedance. For example, pethaps 
the simplest antenna, a half wave 
horizontal dipole has an impedance 
that varies from around 40 to 100.0 
as it moves from 0.1 t0 0.35 2 (wave- 
lengths) above ground. 


What Happens if the Radio and Antenna 


Aren’t Matched? 


Most radios can tolerate a certain 
amount of mismatch from an antenna 
system without any problems. This 
is often specified in terms of stand- 
ing wave ratio (SWR), a measure of 
mismatch. Often the allowed value is 
2:1; which, for a 50 © system, would 
represent resistive values of 25 or 
100 2 (50/2, or 50 x 2).! Note that 
‘while the radio will operate without 


In addition to these two resistive 
values, there is a whole set of com- 
binations of resistive and reactive 
impedance components that will 
also result in an SWR of 2:1. 


‘damage at this level of mismatch, it 
may not operate quite as well as if it 
were matched. 

A mismatched load impedance in 
carly solid state transmitters could 
result in damage to components in 
the power amplifier stages due to 
higher voltages or currents than it 
was designed to handle, Modern 
transceivers have fold-back circuitry 
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that senses the mismatch and reduces 
transmitter power to avoid damage. 
Note that while the transmitter will 
not be damaged, and still can he used, 
it will put out less power, sometimes 
beginning to fold back at an SWR as 
ow as 1.5:1. This is perhaps the most 
‘common reason that we might notice 
‘our 100 W transmitter actually put- 
ting out 25 W. 
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‘0 What Can We Do: 


Perhaps not surprisingly, one 
solution to this issue is something 
that is generally called an antenna 
tuner. The antenna tuner is @ variable 
impedance transforming device that 
can transform the impedance of an 
antenna system so that it appears to 
the transmitter as a 50.Q load, while 
causing almost all of the transm 
ler power to be radiated from the 
antenna, just as if everything were 
matched, 

As shown in Figure 1-2, the an- 
tenna tuner can be placed directly at 
the transmitter and connect directly to 
an antenna In many cases, a trans 
‘mission line is used between the 
transmitter and the antenna, We will 
discuss transmission Lines in more 
detail later, but for now be aware that 
a transmission line is frequently used 
if the transmitter and antenna are not 
in the same place, As shown in 
tures 1-3 and 1-4, the antenna tuner 
ccan be placed at cither the antenna 
end or the radio end of a transmission 
Jine interconnecting the radio and 
enna. It could even be put at an 
intermediate point 

Much of this book will discuss the 
details of the different configurations 
and requirements of antenna tuners 
and where they are located, so you 
can make the most informed decision 
‘on what type of tuner to buy or build 
and where to instal it. 
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Figure 1-2 — Antenna tuner collocated with the radio and the antenna. 
All the transmitter power reaches the antenna except for any loss in the 
tuner, generally less than 5%. 
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Figure 1-3 — Radio and antenna system with tuner located at the radio 
end of the transmission line, 
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Figure 1-4 — Radio and antenna system with tuner located at the antenna 
‘end of the transmission line 


What’s in a Name: 


(Over the years there has been 
some discussion of what to call this 
device I call an antenna tuner. There 
are those who would say that an- 
enna tuner is a misnomer because it 
doesn’t actually tune the antenna, but 
really tunes the transmission line in 
most applications. 


Over the years many other terms 
have been used to describe this 
device, You will see references to an 
antenna coupler, antenna tuning unit 
(ATU) and a transmatch — all within 
various ARRL magazines and books. 
‘They all mean the same thing and 
refer to the same type of device 


‘The best name I've heard for this, 
function is antenna system matching 
device. Since that doesn't resolve it- 
self to an easy to pronounce acronym, 
throughout this book I will use the 
most common term antenna tuner 
with neither apology nor regret 
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Review Questions 


1-1 Under what conditions is there no requirement for an antenna 
tuner in a transmitting system? 


1-2 How can you tell if an antenna tuner is needed? 


1-3 What are the likely consequences of not having an antenna tuner, 
‘or having a misadjusted antenna tuner? 


1-4 Ifan antenna tuner is properly adjusted on one frequency, what 
rust be done ifthe operating frequency is changed? 


Chapter 2 


A Look at Typical 
Configurations 


‘The classic half-wave dipole — an antenna mainstay at 
‘many amateur stations. 


Contents 


A Transmission Line — The Piece in the Middle... 
Dipole for the 40 Meter Amateur Band . 
‘The Dipole for the 80 Meter Amateur Bané 
Fractional Bandwidth 
Review Questions... 


A very popular antenna for a new 
radio amateur is called a half-wave 
dipole. This antenna is easy to 
construct from two pieces of wire 
with a total length of about 468/f, 
Where Fis the frequency in MHz. and 
the result is in feet. The antenna is 
often fed with 50.0 coaxial cable as 


shown in Figure 2-1. Generally, the 
antenna length is trimmed equally on 
each side of center until the closest 
match to 50 Q is found. While it will 
funetion as shown, more predictable 
performance is often obtained by in- 
serting a device between the inherent- 


ly balanced antenna and unbalanced 
(with respect to ground) coaxial cable 
to provide an appropriate transition 
between them. This device is gener. 
ally called a balun — for bala 
to unbalanced transition. We will 
discuss this in detail ater in the book. 


Wire Lengn (8) Approximately Equal to 


Pratt vert epncy Bt | inaetor 
Insulator | 
See Mlle a. 
Support \ Suppor 
‘nstitor Br ties 
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“Tranamitson Une 


Figure 2-1 — The half wave dipole antenna. This is a very effective antenna, considering its ease of 


construction and low cost. 


In most cases the antenna and 
radio are located in separate areas. 
‘Most often, the optimum location for 
the radio is somewhere that a person 
can comfortably operate a radio, 

For many types of radio systems, 

this means indoors. The antenna, on 
the other hand, is typically located 
‘outside so it can radiate with minimal 
obstructions and with at optimum 
height above the terrain, 

Itis possible to meet both require- 
ments if an antenna is connected to 
the radio system through a sransmis- 
sion line, An ideal transmission line 
conveys energy from one end to the 
other in a totally transparent manner, 
A real transmission line, on the other 
hhand does so with some limitations: 

‘Each type of transmission line 
hhas a characteristic impedance, Z, 

If the transmission line is terminated 
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A Transmission Line — 
The Piece in the Middle 


with an impedance equal tothe Z,, 
the same impedance will be seen at 
any length of line, Fortunately, there 
are many types of line that have a Z, 
of 500, so such a Tine connected to 
an antenna with a 50 © impedance 
Will present a 50 0 load to the radio 
‘ho matter the length of the line. Itis 
worth mentioning briefly at this point 
that ifthe ine is terminated in an 
impedance other than its Z,, the im= 
pedance atthe far end in general will 
be neither the terminating impedance 
nor the Z, of the line. 

‘These topics will be covered in 
‘much more detail late, but it’s good 
to have an idea as we go through the 
basics 

‘Real transmission lines have 
some associated losses. Thus not 
all the power put into the bottom 


by the transmitter comes out at the 
antenna, The attenuation is higher 
with increasing frequency, for a given 
type of line. The attenuation is also 
directly proportional to line length. 

In addition, the attenuation increases 
with standing wave ratio (SWR, a 
‘measure of mismatch) — another 
reason to have a matched system, if 
possible, We will discuss this phe- 
nomenon later, 

* SWR is generally determined by 
‘measuring the ratio of reflected power 
to forward power. An SWR of [:1 re 
sults in no reflected power, Ifthe line 
has significant attenuation, both the 
ower getting to the antenna, and any 
reflected power will be attenuated, 
Thus a measurement of SWR at the 
radio end will appear to be lower than 
the real SWR at the antenna end. 


Dipole for the 40 


Meter Amateur Band 


If we were to make a dipole of the 
form of Figure 2-1 for the center of 
the US 40 meter band, we would use 
the formula 468/f, with the f equal 
to 7.15 MHz to result in a starting 
length of 65.45 feet, or 65 feet, 5.4 
inches, As noted previously, this will 
vary with height, but let's say we get 
it all correct and have a height that 
provides close to a 50 © toad at that 
frequency. If we then measure the 


standing wave ratio (SWR) across 
the band, 7.0 7.3 MHz, we would 
observe a set of SWR data very much 
like that plotted in Figure 2-212 

Note that, as desired, we observe 
an almost perfectly matched condi- 
tion (SWR of 1:1) at our design fre- 
‘quency of 7.15 MHz, Note also that 
as we change frequency across the 


‘Notes appear on page 6. 


band, our SWR rises to 2:1 at each 
band edge. Thus, even though our 
antenna is only closely matched at 
the band center, if the transmitter can 
operate at full power with a 2:1 SWR, 
this antenna will be usable across the 
bbangd, if trimmed very carefully 


What About Height? 
‘We have previously mentioned that 
changing height will also change the 


Figure 2-2 — Plot of SWR of a 40 meter dipole with 
height and length adjusted for 50.0 at 7.15 MHz. 


‘ —— 


Figure 2-3 — Plot of SWR of a 40 meter dipole with 
height set to 7/4, about 33 feet. 


Figure 2-4 — Plot of SWR of 40 meter dipole of 
Figure 2-3 raised to a height of 1/2, about 66 feet. 
Note the change in frequency of minimum SWR. It 
could be tuned back to mid-band by lengthening. 


Figure 2-5 — Plot of same antenna raised to 1), about 
132 feet. 
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antenna impedance. In fact it will also 
change the resonant frequency of the 
antenna, To obtain the plot in Figure 
2-2, we lowered the antenna to a height 
of 12 feet. While such an antenna will 
operate, the combination of its direct 


Figure 2-6 — Plot 
of SWR of a1 4 
high 40 meter 
dipole trimmed 
for mid band, 


signal and the signal reflected from 
the ground will result in most of the 
radiation going skyward, This makes 
it suitable for short and medium range 
‘communication. In many cases anten- 
nas are raised higher to increase low 


angle radiation to support communica- 
tion over longer distances, 


Impedance and Resonant 
Frequency at Greater Height 
Figs 2-3 through 2-5 area series 

of SWR plots of the same antenna 

as itis raised, first to 33 feet (1/4), 
then 66 feet (2/2) and finally 132 feet 
(1), Observe the two phenomena 
happening asthe antenna is raised 
—first, the impedance is changing 
and second the resonant frequency 
(frequency at which the impedance is 
resistive) is changing. Note that the 
impedance shown is that close to the 
resonant frequency. 

“To improve the SWR, we can adjust 
‘the length by making it long enough 
so that the resonant frequency is 
moved back to mid band. The result 
is shown in Figure 2-6, Note thatthe 
antenna now has an SWR range across 
the band of 2:1 oF less soit might still 
work well across the hand without a 
tuner. Note that to achieve this result, 
it must be very carefully trimmed. 


A Dipole for the 80 Meter Amateur Band 


A dipole for 80 meters (don't 
‘worry, this is the last example) has & 
very different result. The US 80 meter 
(sometimes called 75 and 80 meters) 
‘band is wider than 40 meters, cover- 
ing 3.5 to 4 MHz. The result, again 
with the height lowered and length 
aadljusted to match 50 Q at mid band 

is shown in Figure 2-7. This isa very 
<ifferent result from our 40 meter di- 
pole’s impedance over the band. The 
'SWR at the band edges is now above 
7:1, and the bandwidth over which 
the SWR is 2:1 or less, the SWR 
bandwidth, is about 150 kHz — about 
half what it was on 40 meters. 
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Figure 2-7 — Plot 
of SWR of a 80/75 
‘meter dipole with 
height and length 
adjusted for 50.0 
at 3.75 MHz. 


Fractional Bandwidth 


‘The reduced bandwidth on 80 
meters illustrates afew interesting 
principles. First, for a band this wide 
atthis frequency, it would take at 
least three dipoles with slightly differ- 
ent lengths to cover the whole band if 
we didn’t have a device to transform 
the impedance toa value we wanted 
— an antenna tuner. Second, we note 
thatthe key factor is not the band 
‘width itself, but rather the fraction (or 
percentage) of the center frequency 
that we wish to be able to cover: 

In the case of 40 meters, we were 
able to cover a bandwidth (7300 — 
7000) of 300 kHz with an SWR of 
2:1. This isthe Fraction 300/7150 
0.042, or 4.2%, Note that on 80 me- 
ters we had about 150/3750 = 4%. We 
can use this as a predictor of whether 
a single thin dipole can cover each 
amateur band with the results shown 
in Table 2-1 

Clearly, the problem is most pro- 
nounced on 80 meters, perhaps why 
We chose that example. In addition, 
160, 10 and 6 meters are wider than 
cour threshold, as is the 70 em band. 
Fortunately, the higher three of these 
bands have operations divided by 
‘mode, so that itis not unreasonable to 
have, for example, a horizontal 
6 meter antenna centered at the low 


Table 2-1 
Percentage Bandwidth of Each HF and VHF US Amateur Band. 
Band Upper Lower Bancwiath —Bandwicths 
(Meters) Frequency (kil2) Frequency (kH2) (Hz) e) 
180 2000 1800 200 105 
80 ‘4000, 3500 500 133 
60 5407 5330 7? 14 
40 7300 7000 300 42 
30 10,100 10,150 50 Os 
20 14/000 14,350 350 25 
7 18,068 18,168 100 O68 
15 21,000, 21,450 450 24 
12 24,890 24,990 100 oa 
10 28,000 29,700 1700 59 
6 50,000, 54,000 4900 17 
2 144,000, 448,000 4000 27 
1.25 222,000 225,000 3000 13 
70cm ‘420,000 ‘450,000 30,000 69 


end for CW and SSB operation and 
a separate vertical antenna for FM 
designed for the high end, Many 
operators, however, like to work all 
portions of 160 and 80 meters, so that 
‘can be an issue. 


Notes 

"This plat was obtained using an 
‘antenna modeling program named 
EZNEC. We wil cal upon this 
program repeatedly throughout the 
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book. Several versions of EZNEC 
antenna modeling software, including 
a free trial version, are avaliable trom 
Geveloper Ray Lewallen, W7EL, at 

For an introduction to EZNEC modeling, 
see Appendix A of J. Hallas, W1ZR, 
Basic Antennas — Understanding 
Practical Antennas and Design. 
Avaliable from your ARRL dealer or 
the ARAL Bookstore, ARRL order 
no, 9994, Telephone 860-594-0355, 
or tolfree In the US 888-277-528: 
‘www.arrlorgfart-store; pubsales@ 

org, See chapters 26, 
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Review Questions 


2-1 Under what conditions might a & wave dipole not be compatible with 
aradio system? 


2-2 Why can a transmission line tend to mask a high SWR? 


2.3 If.a dipole should be able to cover a complete amateur band, but 
doesn’t because the minimum SWR is higher than the middle of the 
band, what can you do to improve the situation? 


2-4 If you have no antenna tuner, how many separate dipoles would be 
required to cover the entire 10 meter amateur band with an SWR of 
less than 2:1? 


Chapter 3 


So Just What Is an 
Antenna Tuner? 


On the lett, inside view 
of a manually tuned 
1500 W L-network. 

HF tuner (Ten-Tec 


tuner (Elecraft KATS) 
designed to fit inside 
the compact Elecratt 
K-3 HF and 6 meter 
transceiver. 
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‘As noted in Chapter 1, the antenna 
tuner is a variable impedance trans- 
forming device that can transform the 
impedance of an antenna system to 
appear tothe transmitter as a 50.0 
load, while causing almost all of the 
transmitter power to be radiated from 
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the antenna, just as ifeverything were 
‘matched. This sounds like just what 
we need to solve the problem of using 
an antenna system that has an SWR 
that the transmitter doesn’t like to 
deal with 

While an antenna tuner may well 


be just what we need — they come 
in many flavors, shapes and sizes — 
not to mention specification ratings. 
Much of this book will deal with how 
to choose the best type of antenna 
tuner, as well as to determine the best 
place in the system to locate it 


In order to perform its transforma- 
tion function, an antenna tuner must 
deal with any load that is within its 
specified limits (everything has its 
limits — no antenna tuner can match 
absolutely everything!). As noted in 
the sidebar, an SWR greater than 1:1 
happens if the load of the antenna 
system is different from the specified 
output load impedance of the trans 
miter, 50.0 for most current designs. 
Table B in the sidebar shows some 
representative values of resistance 
and capacitive or inductive series 
reactance that result in various values, 
of SWR. 

Note that we could categorize the 
load impedance into four general 
categories that could all have differ 
ent solutions: 

1. The load is a resistive impedance 
of 50.9. In this case the SWR is 1:1 
and we don't need an antenna tuner 
at all, We could bundle with this all 
Toads that work well with the trans 
mitter without change — perhaps 


those with an SWR of less than 2:1, 
‘There may be a bit of extra loss here 
or there, but generally everything will 
work well. 

2. The load is a resistive imped- 
ance other than 50 Q_, and not close 
‘enough to allow proper operation. 
‘This could be loads with a 2:1 SWR 
such as 25 9 or 100 Q, a3:1 SWR 
such as 16.7 Q or 150.0, oF a 10:1 
SWR such as 5 Q or 500 ©. All of 
these loads share the fact that they 
could be matched through the use 
of an ideal transformer, just as you 
would match an 8.0 speaker to a 
600 2 audio line with an audio 
transformer. 

For use in radio rather than audio 
frequencies, such transformers must 
be constructed differently to avoid 
also introducing reactive components, 
but the approach is feasible and 
sometimes encountered. One classic 
example is the matching arrangement 
‘employed in a wideband antenna of- 
ten used at HF called a rhombic. It of- 


fers an almost resistive load of around 
600.2 over a 4:1 frequency range and 
is often fed through a wideband 12:1 
impedance ratio transformer by & 
50Q system. Figure 3-1 shows the 
idea. While most folks would cal it 

a transformer rather than an antenna 
tuner, there's no question that it is 
performing one possible class of the 
function we're talking about. 

3. The load is composed of a 
combination of a 50.0 resistive 
component and a series reactance 
‘A load with a parallel reactance can 
be transformed into one with a series 
reactance, but we'll focus on the 
series version since it may be easier 
to visualize 

‘This makes for an easy to imagine 
antenna tuner. Ifthe series reactance 
of the load is inductive (+X, all the 
antenna tuner need contain is a com 
ponent with a capacitive reactance 
of the same magnitude, (-X,). The 
series combination of the two is just 
0.0 reactive, so the resultant is the 
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Figure 3-1 — A wide-band impedance transformer 
ean serve the function of an antenna tuner for a 
resistive load. 
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Figure 3-2 — Antenna tuner for special case of 
reactance in series with resistive part equal to Zo. 


resistive component —50 9 as shown 
in Figure 3-2 

Note that, unlike the wideband 
transformer, this will likely work 
only on a single frequency. Ifthe 
antenna has an inductive reactance, it 
will tend to increase with frequency 
(XK, =2x xx fx), atleast over a 
limited frequency range. In order to 
keep the total impedance resistive, we 
will need a variable capacitor, so we 
can adjust the capacitive reactance 
to match the changing inductive 
reactance of the load. Note that our 
“antenna tuner” now has a knob on 
the front, and is starting to Took more 
like an antenna tuner. 

4, The load is a combination of 
resistive and reactive components. 
that have an SWR greater than we 
‘can deal with and that falls in none 
Of the other three categories. This 
is the general case — the one all 
‘general purpose antenna tuners must 
deal with, at least over some range of 
SWR. 

‘There are a number of circuit con- 
figurations that can be employed that 
will do a combination of cancelling 
the reactance and transforming the re- 
sistive impedance, We have cataloged 
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that can be used 
to match the 
more general 
mismatched load. 


them in Figure 3-3 so you will recog- 
nize the configurations as we discuss 
them. In many cases, if constructed 
of the same quality components, they 
will provide equivalent performance. 
As with all general purpose devices, 
there are certain advantages and dis- 
advantages of each, and some may be 
‘more appropriate for some applica 
tions than for others. 


Antenna Tuner Controls 


Another categorization that can be 
made is whether the tuner is designed 
to feed an unbalanced load, typically 
fed with coaxial cable or a single wire 
against ground, or is intended to feed 
balanced load such as a dipole fed 
with balanced open wire transmission 
line. Each of these configurations can 
be adapted to either task, however, we 
will defer that discussion until later, 


Not surprisingly, many of the dif- 
ferent manual antenna tuner configu- 
rations have different control arrange- 
ments, 


L-Network Tuner Controls 
‘The L-network has two primary 
‘adjustments, an inductor and a eapaci- 
tor In the Ten-Tec 238 tuner shown 
in Figure 3-4, and in most L-network 
tuners, each control is adjustable 
‘throughout its entire range on any 
band, providing maximum flexibility. 
In addition, there is a switch to move 


Figure 3-4 — Front panel view of an L-network tuner, 


the Ten-Tec 238. 
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aa 


A Quick Discussion of Standing Wave Ratio 


We discussed standing wave ratio in Chapter 2 and 
noted that a matched antenna system has a standing 
Wave ratio (SWR) of 1:1. That is the case in which 
there are no standing waves and all energy from the 
transmitter is delivered to the load with no reflections 
‘on the transmission line. This is a vary straightforward 
situation that is easy to understand. Getting into th 
details ofthis tapic.can get lengthy and there are entire 
‘books devoted to the topic." Fortunately, we won't need 
to get thal deeply involved to understand antenna tuners 
‘and their applications. Still, we need to have some idea 
about SWR, what it means and what its consequences 
are to understand, when and if tis @ problem and how 
to solve it. 


The Matched Transmission Line 

we were to connect a battery to a long real 
transmission line with no load and monitor the current 
‘that would flow with a high speed oscilloscope we would 
Notice an interesting effect, The combination of the 
line series inductance and shunt capacitance, and to a 
lesser effect the wire resistance, would result in an initial 
‘current that would low, even though there is an open 
circuit at the far end. 

‘The current will continue to fiow until the signal 
propagates to the end of the line and returns, When it 
Feaches the end af the line (traveling somewhat slower 
than the speed of light) a reflected wave of the opposite 
polarity will propagate back because there can be no 
current flow at the open circuit. When the reflected wave 
‘returns to the source end of the line the combination ot 
the forward and reflected wave will result in zero current 
— lust what we would expect for an open transmission 
line 

‘The ratio of the applied voltage to intial current is an 
impedance and we call this the characteristic impedance 

‘of the transmission line. This is the current that 
would flow into an infinite length of line no matter what 
's at the far end. Note that we didn't say anything about 
signal frequency here, this is strictly a matter of the way 
the line is constructed, especially 
the capacitance and inductance 


‘ypically pe" foot or per motor. These values can often be 
found = many manufacturers’ specification sheets. 


The Matched Transmission Line 

ft instead of having an infinite fine, we put a resistor 
wih 2 resistance equal to the line Z, on the far ond of 
the ine wel absorb the power as arrives and there 
wil be "0 feflecion. The voltage and currant relationship 
421 the signal end of the tine will appear as if it were tho 
‘Same reeistor, jus located at the source, 

‘This s exactly what we wanted! I the source is a 
‘acio designed to drive a 50 0 load, Z, is 60 0 and our 
load is an antenna with an impedance of 50 0, we get 
[ust what we want — fo our transmitter it appears as f 
{he antenna is connected directly to the antenna, There 
is no reflected power, the SWR is 1:1 and all is well wth 
the worid 


The Mismatched Transmission Line 

‘There are an jntinite number of cases in which a 
transmission line is terminated, not with its Z,, nor with 
lan open or short, but with some other impedance. This 
results in a reflection of a signal that is smaller than the 
‘signal that was sent down the line. Itis important to note 
that this signal does not represent lost power, because it 
{sre-reflected trom the transmitter back up to the line. It 
is true that the power delivered to the antenna will equal 
the forward power less the reflected power, however, 
because the power is re-reflected at the transmitter So 
the numbers go up together. This is illustrated in Table 
‘A‘for the case ot perfect (lossless) transmission line, 
‘assuming the transmitter can put power into the SWRA, 
shown. 


‘So What's the Big Deal 
‘The kay is the two reasonable assumptions noted 
‘above, Let's discuss each: 
‘Transmission lines are not lossless, and their 
losses increase with increasing SWR as we will discuss, 
Whether or not that's a problem depends on the line 


that is distributed along its length. 
For the usual low loss line, ignoring 
resistance, we can determine Z, as 


Table A 


Example of Net Transmitted Power with 100 W Transmitter versus SWR. 
with Lossless Transmission Line 


follows: 
on SWA Reecion % Fomard Power Rellecied Fower Antenna Power 
2,= WE “4 “00 ° 100 
24 it 1" 100 
where Land Care the inductance 3 ue a Wo 
and capacitance por unit lenath, 
the variable capacitor between the two tion to the small wheel on the top in. not provide for values of inductance 


ends of the inductor to allow tuning of 
both high and low impedance loads, 

This particular tuner uses a rotary 
inductor (see Figure 3-5) for adjust- 
‘ment of inductance. The coil turns 
\with rotation of the shaft on the left 
cend. As it turns, its point of connec- 
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the picture is moved up and down the 
coil. It requires about 30 turns of the 
knob to adjust from the minimum to 
the maximum amount of inductance 
Some tuners use a switched induc- 
tance instead. The switch allows a 
‘quicker change of settings, but does 


between the switched taps. This is 
not generally a problem, although 
there are some loads that can’t be 
tuned to a 1:1 SWR at some frequen- 
cies — still close enough works, Note 
that there is no bandswitch, on this 
model, since any available adjustment 


type, frequency and SWA as we will discuss later 

‘Otten a more serious problem is that somewhere in 
the range of SWR in Table A, typically by an SWR of 2:1, 
transmitters will reduce power to avoid damage due to 
the higher current or voltage that results from the higher 
than speciied SWR. 

Note that the second problem is not @ fundamental 
issue of SWR itself, but rather a design choice made by 
transmitter designers, Sill, for transmitters that we may 
‘choose to use, itis areal problem that we have to deal 
with. 


‘What Kind of Load 
Results in High SWR 

‘Any load that is diferent from Z, ofthe transmission 
{ine will result in a SWR greater than 1:1. For the case 
of the frequently encountered 50 0 coaxial cable, that 
‘means any oad that is not 50 2 resistive. This can mean 
a load that is resistive with a value of other than 60.9 or 
load that is resistive, but also has capacitive (-X) or 
inductive (+X) reactance, or any ofan infinite number of 
Combinations of the two. Some examples of loads with 
different SWF are shown in Table B 

Note that tis very easy to determine the SWR for 
the resistive case — i's just 2/R or FIZ, depending on 
whether the load is greater orless than the 2, 

‘Thus itis important to know not just the resistive part, 
but also the equivalent series inductive or capacitive 
reactance to determine the SWR. 


Determining SWR from Impedance Data 
While the case for resistive loads is simple, the case 
{or loads with reactance or complex loads is well — 
‘more complex. Stil, there are at least three ways that | 
‘know of to determine the SW of a complex load, not 
‘counting measuring with an SWR meter, as folows: 
Use the software TLW (Transmission Line for 
Windows) that comes. with recent editions 
of The ARRL Antenna Book. if you plug in the R and 
X values and the appropriate transmission line Z,, it 
provides the SWR at each end ofthe line, You can select 
Which end of the line has the measured Z (input or load), 
‘This is very handy since it will also calculate the line 
loss, 


‘This may be the most simple calculation to make 
graphically with a Smith Chart. Recall that Ifthe Z 
is just resistive (X=0), the SWR is either 2/2 or 2/2, 
depending on whether the Z is lower or higher than the 
Z, Recall also that a circle on a Smith Chart represents 
‘constant SWR. Thus if you enter the Z on the Smith 
hart and draw a circle centered on the chart center, it 
will show the transformed 2 for any length of line, Either 
Point at which the circle crosses the resistive axis can be 


Table B 

Impedance of Loads that Result in 
Different SWRs. 

For Ideal 500 Coaxial Cable 

AO) xm SWRA 

sO cE 

2 0 24 

too 0 21 


502352 
900 1B 
167 0 31 
18 0. 34 
50 3583 
300 40 
5 0 101 
5000 10:1 
50 2142 10:1 
250 2250 10:1 


used to calculate the SWR as described above. 

‘If you have neither computer nor Smith Chart, 
you can compute the SWR directly. This can be found, 
for example, in a book | had as a text many years ago, 
a classic by the late John Kraus, W8JK, Antennas. In 
the first edition itis in the appendix on page 607. The 
Calculation is done in two steps: 


1. Find the voltage reflection coetficient o: 

a= (2-2,)(Z42,) 

Rosa he 2 a complex number s tho 
calculation is a bit tedious. 

2. Find the SWR = (1+ lol) / (1 —lol) 

where [o| indicates the magnitude of the complex: 
reflection coetfcient,o, found in step 1. 


Notes 

’W. Maxwell, W2DU, Reflections, check his Web site 
{or information on availablity of the latest edition at 
w2du.com, 

®R_D. Straw, Editor, The ARAL Antenna Book, 21st 
Ezition. Available from your ARAL dealer or the 
ARRL Bookstore, ARAL order no. 9876. Telephone 
860-594-0355, oF toll-free in the US 888-277-5289; 
www.arrl.org/shop; pubsales @arrl.org. 

"Paper copies of 50.0 Smith Charts are available from 
your ARAL dealer or the ARRL Bookstore, ARRL 
order no. 1341. Telephone 860-594-0355, oF toll- 
free in the US 888-277-5289; www.arrl.org/shop; 
pubsales@arrl.org. 


is usable on any band — you just 
crank until you are within range. It 
may even be helpful for upper body 
development, 

The capacitor can be a single, or 
multiple section type or a combina- 
tion of a variable and fixed capacitors 
In my tuner, the switch that moves the 


capacitor from one end of the inductor 
to the other has additional positions 
that switch in fixed capacitors in par 
allel to extend the tuning range. The 
fixed and variable combination allows 
somewhat finer tuning, but in multiple 
steps. A larger variable with a multi- 
tum vernier dial may be equivalent, 


and may be quicker to adjust 

‘An advantage of the L-network 
tuner is that there is only a single 
combination of Land C that will 
match a given load. As noted below, 
some tuners can offer more than one, 
‘but only one is optimum, 
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Figure 3-5 — Close up of a rotary inductor. 


ind T-Network Tuner 
Controls 

Pi. and T-network tuners have three 
tuning controls — usually one induetor 
land two capacitors, P-network tuners 
that started out in the age of vacuum 
tube transmitters with pi-network out- 
put circuits often are built with similar 
components and are thus bandswitched 
as in the Drake MN-2000 tuner shown 
in Figure 3-6, In this tuner, the band- 
switch sets the inductance toa preset 
ceil tap forthe mide of the expected 
Tange and the eapacitors on both ends 
ate used to provide the closest match, 
‘This configuration can be useful, but, 
generally has less tuning range than 
those with adjustable or switched 
inductors in small inerements 

Note that a pi-network tuner set 
to minimum capacitance on either of 
the capacitors essentially becomes an 


L-network tuner, with the high or low 
impedance determination dependent 
‘on which capacitor is set to around 
zero. 

With either the pi- or T-network 
tuners, sometimes multiple very dif- 
ferent settings can be found that will 
tune a particular load. In general, a 
setting with the minimum inductance 
is more efficient since the wire re- 
sistance of the inductor can dissipate 
power. 


Tuned Transformer 
Tuner Controls 

‘The tuned transformer is essential- 
Jy the same as an output circuit from 
an earlier, before the pi-network, 
kind of transmitter. It typically has 
balanced tuned circuit designed to 
resonate on a particular band (there 
weren't as many back then) using a 


Figure 3-6 — 1970's vintage bandswitched pi ubiufSek tuner 
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fixed inductor and variable capacitor. 
The typically balanced transmission 
line was tapped symmetrically on 

the coil — close to the center for low 
impedance loads, close to the ends 
for high impedance loads. Small clips 
‘were generally used to provide load 
connection points. Very low imped- 
‘ance loads were connected in series 
With the center of the inductor. 

‘Any reactance in the load would 
detune the tuned eireuit that would 
then be readjusted by retuning the 
variable capacitor. The usual trans- 
tmitter side connection was a link of a 
few turns that could be mechanically 
moved in and out of the center of the 
coil to provide adjustable coupling. 

It was actually simpler to adjust 
than describe. Once the tap points 
Were located for a particular band us- 
ing the usual single antenna, the clips 
‘were fixed in place, and this became 
just one more coil fo be changed 
while changing frequencies. Both 
transmitters and receivers of the pre 
WW? era often had plug-in coils that 
required changing each time a band 
change was desired. 

The 1950s era E. F Johnson 
‘Matchbox antenna tuner (see Fig 
ture 3-7) was a radical design change 
to the tuner transformer type of tuner. 
‘This was the era in which transmit- 
ters and receivers were generally 
bbandswitched and the Matchbox was 
an effort to make antenna tuning just 
as easy. What made the matchbox 
unique was a patented differential 
‘capacitor design that allowed a vari- 
able capacitance to be made of two 
capacitors — one that increased and 
cone that decreased as it was rotated. 

‘A pair of these were placed across 
the tuner resonant circuit allowing the 
transmission lines in the middle of 
‘each to be tapped across the resonant 
circuit using capacitive “taps” instead 
of the previous inductive taps. This 
allowed a continuously adjustable 
impedance setting to be made from 
the front panel. The bandswitching 
allowed bands to be changed without 
changing coils. This was very popular 
atthe time, and they are still popular 
today. They do have some limitations, 
principally that they only work on the 
‘amateur bands of that day, not 30, 17 
and 12 meters — although they may 
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Figure 3-7 — 
1950's vintage 
E.F. Johnson 


drive some loads on the higher bands 
by setting to an adjacent band, 


Antenna Tuner Metering 

Many antenna tuners include 
metering, either directional power 
‘meters or an SWR bridge. These can 
be used to monitor progress while 
adjusting the antenna tuner — either 
for minimum reflected power, or 
for minimum SWR. Arguably, this 
is somewhat redundant if the con- 
nected radio transmitter also has 
SWR or reflected power measurement 
‘capability, although some meters in 
tuners may be more sensitive or easy 
toread. 

While there is certainly no harm in 
having redundant metering. if your 
radio meter is easily visible from 
the antenna tuner location, and has 


sufficient sensitivity to allow proper 
tuning, there isn’t much benefit in my 
opinion. The early transceivers, and 
especially pre-transceiver transmit- 
ters, did not generally include that 
function, perhaps explaining why 
most tuner manufacturers still provide 
them. For most users with metering 
in the transmitter, transmission line 
‘current meters on the output side of 
the tuner would actually be more use- 
ful, To my knowledge, alas, no tuner 
‘manufacturers now include these.! 


‘Tuner Limitations 


All tuners are composed of com- 
binations of inductors and capacitors 
in various combinations, Since the 


‘Notes appear on page 9. 


impedance at a high SWR can vary 
widely, the tuner needs to have a wide 
range of values in order to be able 

to accommodate all possibilities at 
every frequency within its range. Itis 
generally the case thatthe lower the 
frequency, the more inductance and 
capacitance will be required. Thus the 
maximum available inductance and 
‘capacitance, generally determines the 
Tow frequency limit of operation, 

In the case of high power tun- 
ers with large components, itis not 
tumusual for tuners that cover down to 
160 meters (1.8 MHz) to be in larger 
enclosures simply because the size of 
the components is larger. Ina similar 
‘way, itis the minimum capacitance 
and inductance that sets the high 
frequency limit. In this case, one 
‘must often look beyond the specified 
values of the components themselves 
and look to the stray capacitance of 
wires and component frames to the 
‘cabinet, as well as the inductance 
‘of connecting wires between com- 
ponents, Some tuners have trouble 
matching loads on 10 meters (28 to 
29.7 MHz in the US) that would be 
easy to match at lower frequencies for 
this reason, 

Increasing power with high SWR 
ccan result in very high currents and 
voltages within the tuner, requiring 
large components for high power 
tuners. The large components, in 
addition 1o making the box much 
bigger, also make the control of stray 
inductance and capacitance more of a 
challenge for the designer. 
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Automatic antenna tuners don’t 
generally have tuning knobs. Instead, 
they have a microcontroller that 
monitors SWR or reflected power 
and uses an algorithm to step through 
allowable values of L and C until 
‘match is found, Any of the tuner 
topologies in Figure 3-3 could be 
used in an automatic tuner with an 
appropriate control mechanism, 

Some automatic tuners use rotating 
variable capacitors and rotary indue- 
tors, just as in many manual tuners. In 
fact some are adaptations of manual 
tuners with servo motors and control- 
lers added on as an additional physi- 
cal and logical layer. 

T do think itis safe to say, however, 
that the majority of auto tuners use a 
set of discrete components instead of 
variable ones. A range of inductance 
is provided by using relays to switch 
different sizes in series to reach the 
desired value. Similarly, a range of 
capacitance can be provided by hav- 
ing multiple capacitors switched in 
parallel, By having values available 
in aseries such as 1, 2,4, 8, 16, 32 
64, 128, 256 for example, any value 
from 1 to 511 (ether pF or uF) can 
be obtained in steps of 1 unit. Thus 
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Where are the Knobs on an Automatic 
Antenna Tuner? 


any needed res 
be easily prov 
While such sw 
manually with t 
make us go ove 
soup for a micr 
part may be defi 
gorithm that can q 
values withou 
tions, Fortunately 
be done once and isp 
with the tuner. Most au 
find a suitable match 
threshold, often 1.5:1, within a few 
seconds with no additional in 
tion about the antenna be: 
Many auto tuners ha 
bility to memorize the app 
settings for a particu 
found. There are two a 
this, both can be quite su 
Memory stored by fre 
haps most commonly found 
is the storage of tuning data 
frequency, OF course, this requi 
that the tuner measure the frequency 
before it can tune.’ Most tuners have 
a number of frequency “bins” of 
a certain bandwidth, for example 
perhaps 25 kHz. Ifthe frequency is, 
within that bin, the last successful 


ing from a frequency within that 
bbin will be used. If it doesn’t meet the 
threshold, the tuner will start tuning 
Obviously, the smaller the bin, the 
‘more successful the tune is likely 
to be, assuming the same antenna is 
used, On the other hand, this depends. 
on previous operation within the bin, 
so it takes Ionger to accumulate data 
for all bins. Most tuners seem to have 
it about right, in terms of trade off. 
Memory stored by past success, 
A different approach is to just keep 
track of the last number of success- 
ful tuner settings, independent of 
frequency. Let's say the tuner remem- 
bers the last 100 successful tuner 
seitings. It just very quickly tries all 
those before it initiates its regular 
algorithm, Itis quite likely that 
ecent conditions will be repeated, 
This approach is particularly advanta- 
wale port tuner that is 
witched between multiple antennas 
making multiple successful tuner 
's appropriate within a single fre- 
quency bin. Of course an advantage 
for the manufacturer is that the tuner 
doesn't need to measure or otherwise 
determine transmitting frequency, 


What’s the Best Tuner for You? 


‘The best tuner for a particular ap- 
plication will depend largely depend 
on your antenna system and op- 
rational needs, Automatic antenna 
tuners inside transceivers are conve~ 
nient and don’t require extra space 

‘or wiring. Check the specs carefully, 
many do not cover a wide imped- 
ance range (many are spec’d at 3:1 
although some may do better than 
spec), Interestingly, the internal tuners 
from Elecraft, FlexRadio and Ten-Tee 
do provide wide range (to 10:1 SWR) 
tuning, perhaps others will follow in 
this direction, The other disadvantage 
of internal tuners is that you will need 
‘tuner with a higher power rating if 
you use, or consider using a linear 


amplifier. A high power tuner will 
work fine at low power, if the linear is 
in your plans, 

Manual Tuners often offer antenna 
switching and control functions, not 
present in many auto tuners, Manual 
tuners also often provide continuous 
tuning to allow setting the controls 
for an exact 1:1 SWR, although that 
doesn't really provide a significant 
benefit. 

Automatic tuners have a number of 
advantages and not many disadvan- 
tages. Some can be operated remotely 
at or near the antenna to reduce 
system losses. Bither of the memory 
tuner types can reduce the tuning 
time for previously encountered 
antennas from a few seconds to a few 
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tenths of seconds. Arguably either 
is significantly quicker to get into 
operation than a manual tuner, even 
with recorded dial settings 

The rest ofthe book will explore 
these issues in more detail 


Notes 

TE, Nichols, KL7Ad, “Keeping Current 
with Antenna Performance,” QST, 
Feb 2009, pp 34-36. 

*P Danzer, Nill, A Simple 
Transformer to Measure Your 
Antenna Current” QST, Sep 2009, 
pas. 

‘internal, or brand specific tuners 
have the advantage that the 
frequency information can be 
made instantly available from the 
radio circuitry, 


39 


Soldering - a never-ending story 


Man had soarcely learned how to 
tse metals for his purposes when 
the desire to joi them arose in 
him. Many ofthe piaces of je 
‘ely tols and weapons we know 
‘rom the Bronze Age owe thei 
usefulness and beauty tothe art of 
soldering 


Today, its difficult o say who frst 
dscovered haw to "glue" metals 
(ne thing is certain» he gold- 
smiths of ancient Egypt knew how 
to join god and siver already more 
than 5,000 years ago. Ther col 
leagues in Troy were also master 
craftsmen long before the ancient 
Teutons could even dream of such 
handicraft Slderng really "came 
‘of age" when tn was discovered 


\0 years already 


as. joining metal. And thal was, 
ater a, already 4,000 years ago! 


From then on, soldering technology 
was on its way. I fist spread around 
the Mediteranean, The Celans 
showed itt the Etuscans who then 
taught ito the Romans, Tunisians, 
Spaniards, followed by many others, 
including the less developed cultures 
of the ime the Swiss, Bohemians 
Hungarians, Teutons and Scandina- 
vians. From culture to culture, from 
generation to generation, the craft of 
soldering was continuously improved 
and refined 


‘The ancient Romans aad aid 
down and soldered 400 km af leaden 
water pipes, conjured up stoves and 
bathtubs from bronze shee, not to 
‘mention the excelent rafismanship 
their armeorers and goldsmiths. 
‘Apa fom craftsmanship in soider- 
in, our understanding of he c= 
‘ence ofslderng has grown and has 
been refed over the centuries. 


‘Today, sft soldering inthe electon- 
lcs industry has developed into a 
{ulbledged production techno 

‘gy, encompassing the flds of 
‘mechanics, chemistry, physics 

‘and metallurgy. Ernst Sachs, the 
founder of Ersa (the company name 
consists ofthe ital letters of his 
frst and lastname) contributed to 
this development. In 1921 he devel 
‘oped the fist electrical operated 
soldering ion forthe industry that 
was manufacture i series. Since 
that time, Ersahas commited sel 
{othe futher development and 
perfection of soldering technology 
wih great passion and extending is 
{ull power of innovabon, 


Toa, ra land forthe mst 
comprehensive produ angen 
tre sot sling tecnogy wat 
ea or moran yeas 
‘dusty experence and not. 
‘oto and heat product 
vay 


‘The Esa soldering ron produ 
ange covers ulra-ne solder: 

ing tps, classical soldering irons 
‘pawered from the standard power 
‘el and special soldering tools up fo 
‘he 850 W hammer slderng ro, 
Ersa's lecraically temperature 
Control soldering stations repre- 
senitthe industry standard a does 
the extensive range of rework and 
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Review Questions 


3-1 What are two reasons to provide a matched, or nearly matched, load to a 
transmitter? 


3.2 Whatiis the SWR of a 50.Q cable with 2 500 0 resistive load’ How about a 
‘500 © transmission line with a 50 0 resistive load? 


3.3 Ifa 100 W output transmitter is connected to a lossless antenna system with, 
23:1 SWR and it can deliver its full power, how much power reaches the 
antenna? How much power is reflected from the load? 


Chapter 4 


Tuning an Antenna Tuner 


‘Tuning controls of three manual tuners. On top, a 100 W 
Pi-network, in the middle a 1500 W L network tuner and 
on the bottom a bandswitched 1000 W Pi-network tuner. 


Contents 


Tuning an Automatic Tuner 
Tuning a Manual Tuner .. 
A Simple Transformer to Measure Antenna Current 
Review Questions... 


By now we, hopefully, know what 
aan antenna tuner is, and why it may be 
«a good idea. The next question should 
be “how do we work it?” The answer 
to this depends a bit on the type of tun- 
cer and your configuration. In all cases, 
the most important rule is: Don’t inter- 
fere with other users af the band! This 
isan issue because all types of tuners 
require the transmission of RF for at 


Teast the final adjustment. 
This is because tuning is consid- 
ered complete only if the SWR 
close to 1:1, and it takes a sig 
be able to measure SWR. Even 
the signal is of a reduced amp! 
people have been known to mai 
worldwide contacts with transm 
ters running less than 1 W, so don 
assume a low powered TU 


Tuning an Automatic Tuner 


won't go anywhere, 

If you are worried about loosing 
track of the current frequency that 
has a particularly desirable station; 
just put itn memory, tune off the 
frequency, adjust the tuner and, when 
tuning is complete, recall the desired 
frequency from the memory. You 
should be good to go, and you won't 
ruin it for someone else 


As its name implies, tuning an 
automatic tuner should be, well 
automatic. If i a tuner that is part of 
the radio, or designed to operate with 
the radio, there is likely a TUNE button 
that reduces power, sends a carrier on 
the desired frequency and then forces 
the tuner to tune, Many after-market 
‘automatic tuners first measure the 
frequency and try the settings that 
worked the last time you used that 
frequency, or one close to it. 

Ifthe tuner is one that is not 
designed to work with the radio, you 
generally will need to initiate the 
process in some way. In many cases, 
if a transmitted RF signal is sent to 
the tuner it will measure the SWR 
‘and automatically initiate the tuning 
process if it needs to, There are two 
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concerns here — first, many tun- 
ers want adjustments to be made at 
reduced power to avoid burning relay 
contacts — second, reduced power 
should also be used during tuning to 
avoid potential transmitter damage 
from trying to feed a mismatched 
Toad, as well as to reduce interference 
to others 

‘You will need to find a way to 
easily reduce power for tuning. Some 
radios do exactly that with a TUNE 
button. On my transceiver, I have such 
a button and a menu selection allows 
me to set the tune power to any level I 
want. Pushing the TUNE button sends 
a reduced carrier out of the transmit- 
ter until I push it again. This button 
is also useful to start tuning a linear 
amplifier. If you don’t have a TUNE 


button, you may need to manually 
reduce power and then hit a key to 
send a signal. Note that I said Rey, 
in radiotelegraph mode. Hitting the 
push-to-talk button on a SSB voice 
ansmitter will switch to transmit, 
‘but not put out a signal until you start 
talking — so that doesn't work well 
for this application. If your transmitter 
supports AM voice, it will usually pat 
‘out a carrier of about 25% of full PEP 
when keyed, so that is a possibility as 
well, although that is usually some- 
what more power than desired.! 


"Transmitters such as the early 
A. L, Drake vacuum tube series use 
controlled carrier in AM mode and 
‘may not put out a carrier without 
speech, 


Tuning a Manual Tuner 


To tune a manual tuner, you can ac- 
tually start with the transmitter turned 
off. First look at the instruction 
manual and see if it provides suggest- 
ed settings for each band. While your 
actual settings will be somewhat dif- 
ferent, since you will have a different 
impedance on each band, they should 
make a good starting point. Hope- 
fully the controls on your tuner have 
calibration marks on each control, if 
not, imagine an analog clock face on 
each control 

Next, practice tuning your tuner 
into a dummy load. Even though the 
tuner usually isn’t needed to match 
the 50.0 dummy load to the transmit- 
ter, ifthe tuner is in fine, the tuner 
will require just as careful adjust. 
‘ments to tune into that load. Try the 
tuner on each band and record the 
settings. 


Adjusting a Manual Tuner 

Most manual antenna tuners 
have three controls, IF it's a Pi- or 
‘Tnetwork, they will all be adjust- 
able inductors or eapacitors, usually 
‘one ofthe former and two of the 
latter, An L-network will just have 
cone of each but will usually have a 
switch to move the variable capacitor 
between the input and output side of 
the inductor as shown in Figure 3-3 in 
Chapter 3. Because the three controls 
interact to some degree, finding the 
right settings can be arduous, can 
stress the transmitter and can also 
cause interference to others as you ty 
to find the right settings, hence the 
recorded table. I provide the follow: 
ing suggestions. 

‘Many antenna tuner instruction 
manuals have tables of typical values 
for each band. Use these as a starting 
point 

‘Practice tuning your antenna 
tuner into a dummy Toad, as discussed 
above 

‘First tne as close as you can 
using the receiver as an indicator, If 
there are signals onthe band, adjust 
for maximum S-meter indication. 1 


there are no signals adjust for loudest 
band noise or meter indication, 

If you have an antenna analyzer, 
use it instead of the radio to find set- 
tings that offer a matched load to the 
radio port as shown in Figure 4-1 

#if you can't quite get to.a 
1:1 SWR, shift one of the controls off 
its minimum position and adjust the 
other one (or two) for minimum. If 
the result is better, move the first con- 
trol a bit more in the same direction, 
Repeat until it starts to get worse. If 
it’s still not satisfactory, repeat the 
procedure with a different control 


eters Poet 


Figure 4-1 — Using an antenna 
analyzer to adjust your antenna 
tuner reduces both stress to your 
radio and interference to other 
users of the band. The coax switch 
‘shown can be used to switch the 
‘output of the antenna tuner to either 
the radio or the antenna analyzer. 


lf there are multiple settings 
yielding & match, as there will likely 
ie with T- and Pi-network tuners, 
select the one with minimum indue- 
tance — it will be more efficient 
because inductors tend to have more 
loss than air Variable capacitors. The 
following example illustrates the 
point. 

A fairly typical “random” length 
of wire likely to be matched with an 
antenna tuner would be 57.5 feet long 
fed against ground. This would have 
an impedance of 25.6.0 resistive in 
series with 100 © capacitive reac~ 
tance at 3.7 MHz —a 10:1 SWR, just 
within the design range of most wide 
range tuners. A low-pass L-network 
tuner wil just have a single value of 
Land C that would mach this imped 
ance. It would be, according to TLW 
software (discussed later in detail), 
5.29 wH and 1000 pF. The loss in the 
LL-network tuner would be 0.11 dB or 
25%, 

With a high-pass T-network tuner, 
there are an infinite number of combi- 
nations of tuner components that can 
result ina satisfactory match, Setting 
cone value requires the other two com- 
ponents each be set to a particular 
value to obtain a match, As shown 
in Table 4-1, listed by selected value 
‘of output capacitor, nt all eombina- 
tions will have the same efficiency. It 
shows dramatically that by having a 


Table 4-1 


Examination of High-Pass T-Network Tuner Efficiency as a Function of 
Tuning: Load 25.6 (2 Resistive in Series with 100 © Capacitive at 3.7 MHz. 


Capacitor 
Output (pF) — tpt (pF) Inductor (lH) 
5 92 1306 
10 125 8241 
30 257 344 
50 375 225 
100 63.2 128 
200 1026 78 
500 1712 47 
1000 223.2 37 
2000 264 32 
+5000 297 26 


Loss (dB) Loss (%) 
a5 85.9 
54 3 
24 a7 
16 299 
a3 184 
05, 115 
03 6a 
023 52 
ag 44 
0417 39 
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Table 4-2 
WIZR Antenna Tuner Settings Table 
Antenna Tunor Settings — 100 Ft Dipole (4) 


AMP SET 
FREQ Cc MPED L SWR = Load Tune 
18 so 54-99 25 «00 «BO 
355 56 Hi 20-89 120 «400-58 
38 10 HT 18-19 98 8B O47 
53 43° HI 12-95, 58 
70 12 2 6-50 48 «7827 
72 85 Hi 8-10 58 
101-15 88 HI 4-63 4a 
140 20 Hi 4-56 49° 7018 
142 13 HI 4-64 37) 70th 
18068-1683 41 9 HI 2-77 29° 70 20 
210 30 LY 8-85. a7 6218 
B12 26 Lt 2-62 43 
213 25 1 2-63 45 6013 
24,890-990 15 HI 1-18 18 
28.0 10 «Lt 9-84 16 59-20 
28.5 10 «Lt 2-96 25 45 20 
290 10 «Lt 2-60 368 
Antenna Tuner Settings — Tri-Band (2) 

AMP SET 
FREQ c IMPED SWR = Load Tune 
101-15 400 OLN 133 5 
taose-168 330 «M1 4-82 5 7 20 
‘Antenna Tuner Settings — Ground Plane (3) 

AMP SET 
FREQ ce IMPED Lk SWA Load 
36 10 Ot 7 23004 OSB 


high inductance value, the loss will 
be higher than if an inductor with a 
lower value were used. All combina- 
tions will provide a 1:1 match to the 
transmitter which will happily pump 
power into the system. While some 
values would likely not be realizable 
at 3.7 MHz, the reactanees all would 
be easily employed at 30 MHz. A 
1500 W transmitter with the 86% loss 
of the first entry would dissipate 

1290 W in the tuner as heat. The 
tuner would likely melt before your 
eyes! 

Note that Table | indicates that the 
highest efficiency is with the lowest 
inductance value — often the case. 
also can happen that the high Q of 
a low inductance solution can result 
in large circulating currents resulting 
in additional loss. The best way to be 
sure is to measure the relative current 
going from the tuner to the antenna, 
‘The solution with the highest current 
will be the most efficient 


4-4 Chapter 4 


‘The actual value of the current isn’t 
usually significant since the antenna 
impedance is unknown, For any given 
antenna on a given frequency, what is 
important is that you have the solu- 
tion that provides the most current 
towards the antenna with the trans- 
mitter operating into its design load 
and within ratings. Unfortunately, I 
‘am not aware of any tuners now avail- 
able that provide for the measurement 
of antenna current. RF ammeters are 
available on the surplus market and 
one is available from MEI. Alter- 
nately, a fairly simple antenna current 
transformer project article in OST 
described how to make your own. Itis 
reproduced in the following sidebar. 
‘Once you have a match, reduce 
the inductance, retune the capacitors, 
and see if you can still obtain a match 
with an even higher current. Once 
‘you have the settings for @ particular 
antenna, you won't need to measure 
the current again unless something 


changes in the system. 

Record your data! All manual an- 
tenna tuners I've seen have calibrated 
scales on their front panel for each 
control. As soon as you have a match, 
‘write down the settings you found 
for future reference and use them for 
4 starting point next time. I find that 
having a set of dial readings for at 
least the phone and CW portions of 
the band is useful. ‘Table 4-2 is the 
actual table that I use at my station, 
Note that there are separate table 
segments for three different antennas. 
‘The fourth position is connected to a 
dummy load for testing and amplifier 
adjustment purposes. 


The Controls in My Table 

Since there's abit more here than 
you might need, let me explain the 
‘columns T have included in my chart, 
‘The tuner Tuse isan early Ten-Tee 

'$ with front pane! layout shown in 
the chapter title (center) figure. This 
isa 1.5 KW rated L-network tuner 
that provides four antenna connection 
ports, one of which (# 4) can be set 
up for either balanced or unbal: 
anced load using an internal balun on 
the output side. 

* FREQ is the approximate frequen- 
cy that I made the adjustment for 

‘°C is the approximate setting of 
the variable capacitor dial. It has 10 
divisions, but I “eyeballed” how far 
between the marks the setting was to 
get the tenths position. 

‘inPED isa switch that can set the 
configuration for high (H) or low 
(L) impedance and has five fixed 
capacitor settings for each, hence the 
numbers 1 through 5, in addition to 
the letter, 

‘Lis the setting for the variable 
inductor. The inductor setting has two 
‘numbers because itis a multiple turn 
rotary inductor. The first number is 
the Value of the TURNS seale, while 
the second is the knob setting from 
the skirt on the knob? 


2Current models of this tuner have 
‘an improved drive for the rotary 
Inductor that provides a single 
reading for the L value, 


sin is the SWR measured with 
the tuner bypassed. This doesn’t play 
4 part in the tuning, but is useful as 
a check to make sure the antenna 
hhasn’t changed or fallen down since 
it was installed, The tuner will just as 
happily tune the antenna if it breaks 
and fails down, but the signal won’t 
go as far 

‘©The two AMP SET adjustments 
are for my linear amplifier tuning 


controls. They share the spreadsheet 
because, as with the antenna tuner, if 
{change bands or modes, they need 
adjustment. These columns save 
having an additional piece of paper 
‘on the operating desk. If you don't 
have a linear amplifier you don’t need 
these, 

‘Your tuner may have different 
control labels, and you may not want 
to include all my data, however, it 


should give you a starting point for 
‘your own record keeping. I maintain 
imy records on a PC spreadsheet, 
although any convenient medium can 
‘be used. A small set of data might ft 
‘ona 3x5 (or perhaps 5 x 7) inch file 
‘card, The spreadsheet has the advan- 
tage that it can be easily updated as, 
antennas are changed or added. In my 
experience, amateur stations are never 
quite done! 
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A Simple Transformer to Measure 
Your Antenna Current 


SWR doesn't give you the whole story 


— you need an RF current meter. 


Paul Danzer, Nill 

a recent QST atl, Erie Nichols, 
lt KLTAJ, presented a good idea — 

monitoring the RF current into 
{Your antenna system o insure optimum tun- 
Jing! Actually it was the second time it was 
‘mentioned tome — George Peters, KIEHW. 
suggested the same thing to me several 
‘months before. At the end of Eric's article, 
‘he proposed using acurtent ransom todo 
the monitoring 


Making a Current Transformer 

‘This could he as simple as a tum of wire 
through ferrite core and several tums of 
‘wire around the core to form transformer? 
"The output of the transformer would he pro- 
portional othe eurent through te wire 


Making it Happen 

‘This seemed simple enough, and the result 
‘of one hour's work is shown in Figure 1. The 
‘core used was  T37-6, 737 designates the 
size (0.37 inches OD), picked so the insulated 
‘enter conductor of RG-S8 (oe RG-59) would 
fit comfortably through the eore center. The 
=6 designation relates to the frequency 
application ofthe ferrite mix, in this case 240 
SOMHs. 

Searching the ARRL suppliers’ database 
it appears that Alstar Magnetics offers this 
core; an alternate would be a Palomar F37 
‘with mix 61, There is no criticality here — if 
{you want o ay it, strip a core from any old 
source — perhaps from a junked PC power 
supply or computer cable. It may not be the 
‘most efficent RF transformer ever built, but 
‘fit works it will do the jo, 

‘Wrap 20 turns of 24 gauge enameled wire 
asthe transformer sesondary. The secondary 
‘is connected to half wave rectifier consisting 
of silicon diode INO14), a 10k resistoras 
the Toad and a 0.1 yP capacitor asa filter (see 
Figure 2). A high-impedance voltmeter (the 
$10 variety) is connected to the two pin jacks 
1 serve as an indicator 

“The unit shown was tested with a 100 W 
teunsmitie on all bands from 80 through 
10 meters. Performance across each band 
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Figure 1 — View of, 
the transformer ang 
‘simple circuitry that 
‘make up the relative 
RF current meter. 


‘was relatively uniform, considering the prob- 
ahle variation of SWR and power though the 
feed line asthe frequency was varied. 

Hook up the res ofthe cieuit a svn in 
Figure 2 and connect a meter tothe terminals 


What we Have 

"The object here was not to get an exact 
measure of the antenna current. What 1 
wanted was a relative measure, so I could 
see if anything was going wrong, or use it 
‘asa way to adjust my antenns tuner for the 
‘maximum signal to the antenna. Commercial 
SMations use a current meter, mounted atthe 
‘connection of the feed Tine to the antenna, to 
‘monitor output, Since they know the antenna 
impedance and their meters are calibrated, 
they can determine precise power into the 
antenna, 

If you enjoy low power (QR 


typically 


= 


n 


‘arnt 


Figure 2 — Schematic dlagram oft 
Felative RF current meter Nothing about 
the circuit is erica, Soe text for parts 
Information. 


From September 2009 OST © ARRL 


5 Worless) orvery low power (QRPP, less than 
LW) operation, more tums may be needed and 
can easly be added.’ Similarly, if your meter 
does not have enough sensitivity, more turns 
‘may be calle for. I after assembly the core is 
‘ot fimnly in place, held by the fiction of the 
sccondary on the primary wire, a drop of glue 
can be used to secure ial together. 


Putting it to Use 

“The current meter consumes miniscule 
fraction ofthe output power, s, can be left 
{nthe line, o removed when not in use. You 
may even find a meter ease and a surplus 
‘meter at hamfest that will work with it 1 
‘ive continuous indication without tying up 
{Your bench meter. | suggest writing the rel 
tive curent indication for each band in your 
log. Later, if something seems amiss, iis 
then an eay jb 10 compare your readings to 
the recorded ones to find ut the problem is 
in your antenna system. 


Notes 

TE Nols KLTAL Keeping Curent ith 
“Antonna Performances GST, Feb 2008, 
pp sta 


"ch passthrough the center ofa tore 
counts a8 fullturn 

Low power operators may obtain beter 
Tosuls using a germanium dod, suchas a 
‘N34, n place ofthe econ dodo du 1 ts 
lower toward vokage drop 


ARRL Memiber Paul Dancer, NIM, was frst 
licensed in 1953, and now holds am Amateur 
Exim clas license. Paul hasbeen operating 
4Ometer CW almose constant since he fst 
Stared. He wex his vers of experince as at 
electronic engineer to dexign and bai al 
‘one-naltham radio projects. Cure hei @ 
Professor of Computer Science at Housatonic 
Community College in Connects He can be 
reached at wHi@ arene. 


Review Questions 


4-1 Why is it important to listen to the operating frequency before you 
start the tuning process? 


4-2 Why is it a good idea to manually initiate tuning with your auto-tuner 
before transmitting on a new frequency at full power? 


4-3 If there are more than one set of tuner settings that provide a 1:1 
SWR, which should you choose? 
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Chapter 5 


The Internal Tuner — 
How Does it Help? 


modern transceivers equipped 
with an automatic internal antenna tuner. 


Contents 


The Flavors of Internal Tuners. 
Tuner Impedance Range... 
Impedance Limits of Internal Tuners. 
That Coax Connector 


Coax Loss — If Things Seem Too Good to Be True.. 
What Else is Going to be in Your Station? ... 
Review Questions 


So far, our discussions about 
‘antenna tuners have made it appear 
that they are a separate device that is 
inserted between a transceiver and an 
antenna system, While that's often 
true, we should also consider the case 
‘of a transceiver that has an internal, 


almost always automatic, antenna 
tuner. 

‘The idea of an automatic antenna 
tuner is that it can sense the SWR and 
adjust the tuner to minimize it. This 
is most commonly accomplished by a 
configuration consisting of a callee~ 


tion of inductors and capacitors that 
can be switched in or out of a match- 
ing network until the lowest SWR 

is obtained. A few automatic tuners 
actually rotate the shaft of a variable 
‘capacitor using an electric motor as 
the driving element 


The Flavors of Internal Tuners 


Some transceivers offer an internal 
tuner as an extra cost option, in many 
cases one that can be added if needed. 
Tn other eases, the transceiver with 
tuner is essentially a separate model 
that has to be specified at the time of 
purchase. Other transceiver lines come 
only with or only without an internal 
tuner. Thus, if you're in the process 

cof deciding on your next (or first) 
transceiver its good to think carefully 
about your requirements before you 
make a decision, Figures 5-1 ~5-3 
illustrate radios with some of the 
choices 


Tuner Impedance Range 

‘As noted previously, all antenna 
tuners have limits on the range of 
impedances that they ean transform to 
the desired load — almost always 
50 02, In many eases the range of 
values is dependent on the frequency, 
often narrower on 6 meters than on 
the HF bands. Most tuner designs are 
limited on the low frequency end by 
the maximum values ofthe inductors 
and capacitors, and on the high fre- 
quency end by their minimum values, 
often the minimum capacitance of the 
elements to the metal case 

“Thus it is often the ease that the 
range of impedance values thatthe 
tuner is able to match is greater in 
the middle of the range than on the 
ends — typically 80 oF 160 meters on 
the low end and 10 or 6 meters on the 


high end, Most manufacturers provide 


a single specification such as “tunes 
SWR at least 10:1” or “matches 
from 5 to 500.2" Note that the latter 
specification is not as general as the 
first — does it mean it only matches 
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Figure 5-2 — 
‘The ICOM 
1e-7600 

is only 
available 
with a built 
in antenna 
tuner. 


Figure 5-3 —The 
Kenwood TS-480 Is 
ailable as either 2 100 
W version with internal 
tuner (TS-480 SAT) or 
200 W version without 
(TS-480 HX). 


Figure 5-1 — 
‘The Elecratt K-3 
is an entirely 
modular design, 
Including the 
option of a 
wide-range 
Internal antenna 
tuner, 


inspection systems, wave, reiow- 
and selective sldering systems, 
The ne of Ersa screen printers 
complements the product ange. 


Ersa's quay soldering tools are 
used inthe hobby area, such as, for 
‘example, in made-making or tifany 


soldering, nthe craft sector in lato- 


ralories andinindustal electronics 
‘manufacturing 


New challenges forthe soldering 
technology were raised bythe ban 
‘on certain hazardous substances 
(RoHS) n 2006. Since July 2006 
electric and electronic equipment 
‘may not contain any lead, mercury, 
bexavalent chromium, PBB (Po- 
‘yorominated biphenyls) or PBDE 
(Polyrominaed diphenyl ethers). 


In any cases this estition 
ental having to depart from the 
use of the welHknown soft solders 
‘based on tin and lead, 


‘By publication ofthis small primer, 
rsa would thet facitate your 
entry into the "World of Soldering 
and raise your enthusiasm for a 
‘modern technology with along 
tistory 
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resistive loads? Probably not, since it 
‘would be hard to design a tuner that 
{just did that, nor would it be very use- 
ful. [tend to think that both ratings 
actually mean the same 10:1 SWR 

If they deliver on their promise, 
that would mean that they would 
actually tune the 10:1 range on the 
highest and lowest bands, and actu- 
ally tune a wider range in the middle 
—and many seem to do just that 


Impedance Limits of 
Internal Tuners 

While most external tuners have 
rating similar to the 10:1 discussed 
above, many transceivers have inter- 
nal tuners rated at a3:1, or 16.5 to 
150 0 tuning range. This seems to be 
particularly true of the radios provid- 
ced by the large Japanese compan 
— ICOM, Kenwood and Yaesu, In 
contrast, the US made HF transceiv- 
ers, Elecraft, FlexRadio and Ten-Tec, 
offer internal tuners specified to tune 
10:1 range. 

‘The tuners with a 3:1 range are 
intended to deal with a matched 
antenna operated somewhat away 
from its design frequency. A look at 
the SWR plots in Chapter 2 provides 
the idea. While a 3:1 range will easily 
cover a 40 meter dipole aeross the 
whole band, it will only cover about 
300 kHz of the 500 kHz width of 
80 meters with a standard 80 meter 
wire dipole (see Figure 2-7) 

‘The tuners with a tuning range of 
10:1 or greater are what I call wide 
range tuners, These tuners can not 
only deal with an 80 meter dipole 
across the whole band, but can be 
used to match a whole spectrum of 
antenna types ranging from random, 
non resonant, wires to dipoles fed 
‘on multiple bands and exotic high 
‘eain antennas such as V beams or 
thombies. 


That Coax Connector 
All current internal tuners termi- 
nate on the back of the radio in a coax 

‘connector, just as do radios without 
‘tuner, This isa signal that they are 
intended to drive into coax fed unbal- 
anced antenna systems. We will dis- 
‘cuss the various benefits of balanced 
‘and unbalanced transmission lines a 


bit later, however, itis worth point- 
ing out that many external tuners are 
set up to drive either. If your antenna 
system is balanced, you will need to 
‘make the transition from coax to bal- 
anced line outside the radio, tending 
to reduce the “all in one box” benefit 
of the internal tuner. 


Coax Loss — If Things Seem 
Too Good to Be True... 

Itis tempting to try to use the an- 
tenna tuner to “force fit” an antenna 
to work on a band other than the one 
it’s designed for, This can often ap- 
pear to work, but appearances can be 
deceiving. Let’s take one example, 

Say you have a 20 meter dipole 
fed with 100 feet of RG-58 coaxial 
cable. The antenna works very well 
‘on 20 meters, and requires just a bit 
of trimming with the tuner for proper 
‘operation. So far 50 good. 

All of a sudden sunspots reappear 
after years of absence and 10 meters 
is wide open with great signals world 
wide (sooner or later it’s bound 
to happen). You have no antenna 
for 10 meters, so try using your 
20 meter dipole, Wonder of wonders, 
it actually tunes with the internal 
tuner — a perfect match! You hear 
your neighbors working distant 
Mations right and left, Bt no one 
hears you — what's the story? 

This is an interesting case that 
provides a cautionary tale, as well 
as outlines one of the challenges of 
designing multiband antennas. On 
20 meters, our dipole (depending on 
height) will have an SWR of around 
1:1. The 100 feet of RG-58 coax will 
have a loss of about 37% (less than 
2B), not noticeable in most cases, 
and all will be fine." 

‘Move to 10 meters and the 
20 meter dipole will no longer pro- 
vide a good match, In fact, my model 
indicates that its impedance will be 
3836 0 resistive in series with 
790.9 capacitive reactance — an 
SWR of 81:1! The high SWR in- 


‘We will use decibels (dB) to express 
{gain and loss ratios throughout the 
book. if you need a refresher on 
the topic, please see Appendix A, 


‘The Internal Tuner — How Does it Help? 


creases the loss of the transmission 
Tine to about 15 dB. That means that 
of our 100 W, only 3.1 W will reach 
the antenna — that explains why 

we aren’t being heard as well as our 
neighbors! 

The perhaps more interesting as- 
pect of this is thatthe power reflected 
by the mismatched antenna also is 
reduced by 15 dB on its way back to 
the tuner. Because of this, the tuner 
only sees an SWR at the bottom 
of the cable of about 3:1 and will 
happily adjust for a match. Thus the 
radio is happily transmitting, but 97% 
ofits power output is heating up the 
transmission line, 


What Else is Going to be in 
Your Station? 

Another consideration as to wheth- 
cr an internal tuner will be your best 
choice is whether you have, or expect 
to have, a linear amplifier follow- 
ing your transceiver. For some types 
of operation, being able to select 
‘whether you transmit 100 or 1500 W 
can make a big difference. 

If you have a linear amplifier and 
need a tuner, you will need an an- 
enna tuner on the output side of your 
linear. A tuner in your transceiver 
can adjust for a mismatch in the input 
side of the amplifier (rarely needed), 
but can’t help with tuning the an- 
tenna system. That has to be done at 
the output of the amplifier — and at 
the higher power level. Ifthe ampli 
fier is turned off, the radio's tuner 
‘can be used to match the antenna, but 
you will want to disable it when you 
‘witch to high power. 

‘Thus, if you have or expect to 
have, a linear amplifier as a part of 
‘your station; you may want to con- 
Sider a transceiver without a tuner and. 
instead purchase a tuner with a power 
rating that can handle your linea. 
Note that this is mostly monetary 
statement, since there is no harm in 
having the additional tuner in your 
transceiver. Itcan be turned off if you 
don’t need it. Tactually have one in 
mi transceiver and another follow- 
ing the linear. find the transceiver's 
internal tuner handy when I take my 
transceiver on vacation and am forced 
to use “antennas of opportunity” 
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Review Questions 


5-1 What are some of the advantages of an internal antenna tuner in a 
transceiver? 


5-2 What kind of antennas can be tuned with a tuner that can tune an 
SWR of 3:1? 


5-3 Why isn’t an antenna that can be tuned with an internal tuner always 
effective? 


Chapter 6 


An External 
Tuner at the 
Radio 


high power 
fever nigh rating) 
manual tun 
choiee for an external 
tuner to place near the 


Contents 
Automatic versus Manual Tuners. 
Review Questions............... 


In place of an antenna tuner that 
is built into the transceiver, another 
option is to have one next to the 
radio, Note that this is the functional 
‘equivalent of an internal tuner, and 
shares the potential problem of ap- 
pearing to work well with an inap- 
propriate antenna, as described in the 
previous chapter, 

There are many available choices 
for such a device, including au- 
tomatic tuners from some radio 
‘manufacturers that integrate directly 


with radio controls. There are others 
from after market manufacturers 
offer additional features and, in some 
‘cases, are less expensive than internal 
tuners, While you do have to have an 
extra box on or near your radio, exter: 
nal tuners may offer Some sig 


advantages: 

As discussed in Chapter 3, they 
can have a wider tuning range than 
‘many internal tuners. 


‘If you think you may want to add 


(or if you have) a high powered linear 
amplifier, you can select a tuner com- 
patible with the higher power 

Some external tuners offer both 
balanced and unbalanced outputs, 

© Some external tuners offer mul- 
tiple switched connections so differ- 
ent antennas can be quickly brought 
on line. 

‘If you have multiple radios, they 
‘can be switched to the tuner input so 
only one tuner is needed. 


Automatic versus Manual Tuners 


The frst decision you 
willbe faced 

with if you want 
an external 

tuner is whether 
you prefer an 

romatie or a 
‘manual one, AS 
the name implies, 
an automatic an- 
tenna tuner finds 
the optimum, or 
near optimum, set 
tings by itself: The manual 
tuner usually has three controls that 
require adjustment to obtain the best 
match, 

In the past, automatic tuners were 
not available at high power levels, 0 
those with high powered stations had 
rno choice but to use manual tuners 
That is no longer the case, as automat- 
ie tuners are available at all legal ama- 
teur power levels (See Figure 6-1) 
Over the years, the ARRL has tested 
‘many manual and automatic tuners 
as part of QST product reviews. I was 
surprised to find that to our level of 
‘measurement precision, there was not 
abig difference in efficiency between 
tuners in the two groups. Sil there 
are some benefits to manual tuners 
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Leva 


Figure 6-1 — High 
power (1 kW or greater) 
automatic antenna tuners from 
Palstar, LDG and MFJ). 


‘and many amateurs are happy with the 
results they receive, 


Automatic Antenna Tuners 
To operate an automatic, you just 

feed it some power, hit a TUNE button 
and listen and watch while it finds 
satisfactory settings. Many tuners 
ccan do this in tens of seconds the first 
time and often remember the settings 
so the next time it takes just a few 
seconds or less for that antenna at that 


frequency, 

In my experience 
there’s not a lot not 
to like about an auto- 
matic antenna tuner, 
Thave a number of 

them for particu- 
lar applications, 
although I still 
use a manual 
tuner for my 
‘main station 
tuner. The key is 
to select a tuner that 
will operate with your 
radio — some are radio independent, 
while some work with the same radio 
controls that would operate one from 
the manufacturer of the radio. 

One issue with some automatic 
tuners is just what happens if they 
sense a mismatch as you operate 
Most automatic tuners are rated to 
tune at reduced power to avoid exces- 
sive arcing at relay contacts. If you 
change frequency or even if the wind 
blows your antenna around and the 
tuner starts tuning, the results could 
be dramatic. Some allow disabling 
the auto tune function once you have 
it tuned, others automatically cut back 
fon power. In my opinion, it’s better to 


be able to take control yourself dedicated to a dummy load, if you reasonable match, perhaps 15:1 
don’t (yet) have enough antenna con- Hopefully itis a value that will allow 
Manual Antenna Tuners nections to fill up the jacks. Manual your radio to operate at full power. 
Manual tuners do often provide an tuners often provide SWR and power The manual tuner let’s you set it 
additional level of control capability. metering independent of that of the to whatever threshold you think is 


Some have switch selectable outputs radio, best — although if your transmitter 
for multiple balanced and unbalanced Most automatic tuners tune until can put out full power, it won't make 
antenna connections. One can be they reach what they consider a much difference. 
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Review Questions 


6-1 What are three potential benefits of using an external tuner at the 
radio rather than an intemal tuner in the radio? 


6-2 What are the benefits of an internal tuner? 


6-3 What limitation is common to either internal or external tuners lo- 
cated at the ra 
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Transmission Lines 


‘Transmission lines come in many forms, serving many applications. 


Contents 


Characteristic Impedance. 
Propagation Velocity 
Attenuation .. 


What Can We Do to Reduce Transmission Line Loss? . 
Sidebar: Determining the Input Impedance of an Unmatched 


Transmission Lin 
Review Question: 


As we have mentioned previously, 
frequently the antenna and radio are 
not in exactly the same place. There 
are some notable exceptions, particu- 
larly in portable hand-held systems 
and various microwave communi- 
cations and radar systems, In most 
‘other cases, optimum performance 
requires the transmitter and receiver 
to be at some distance from the 


antenna, It may also be & m: 
‘combat survival, especially if your 
‘enemy is equipped with anti-radiation 
weaponry designed to home in on 
signal. The component that makes the 
interconnection is called a transm 
sion line 

‘Transmission lines are used in 
places besides radio systems — for 
example, power distribution lines a 


Characteristic Impedance 


a kind of transmission line, as are 
;elephone wires and cable TV con- 
nections. In addition to just transport- 
ing signals, transmission lines have 
some important properties that we 
will need to understand to allow us 
to make proper use of them. This, 
section will briefly discuss the key 
parameters. 


A transmission line generally is 
‘composed of two conductors, either 
parallel wires such as we see on 
power transmission poles, or one wire 
surrounding the other as in coaxial 

le TV wire. The two configura. 
tions are shown in Figure 7-1. Either 
type has a certain inductance and 
capacitance per unit length and can 
he modeled as shown in Figure 7-2, 
with the values determined by the 
physical dimensions of the condue- 
tors and the properties of the insulat- 
ing material between the conductors. 
Ifa voltage or signal is applied to 
such a network, there will be an 
initial current flow independent of 


\what’s on the far end of the line, but 
based only on the L and C values, 

‘The initial current will be the result of 
the source charging the shunt capaci- 
tors through the series inductors and 
will be the same as if the source were 
connected to a resistor whose value is 
equal to the square root of LIC. 

Ifthe far end of the line is termi- 
nated in a resistive load of the same 
value, all the power sent down the 
line will be delivered to the load. This 
is called a matched condition. The 
impedance determined in this way 
is called the characteristic imped- 
dance of the transmission line, and is 
perhaps the most important parameter 


associated a transmission line. Com: 
mon coaxial transmission lines have 
characteristic impedances (referred to 
as Z,) between 35 and 100.0, while 
balanced lines are found in the range 
‘of 70 to 600 2, What this means to 
us as radio people, is that if we have 
an antenna that has an impedance of 
50 Q and a radio transmitter designed 
to drive a $0.Q load, we can con- 
nect the two with any length of the 
appropriate 50 2 coaxial cable and 
the transmitter will think itis right 
next to the antenna, The antenna will 
receive most (see next section) of the 
transmitted power and all is well with 
the world! 


Figure 7-1 — Parallel wire and coaxial transmission 
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Figure 7-2 — Lumped constant equivalent of an ideal 
transmission line. 


Propagation 


Velocity 


Signals in air dielectric transmis- 
sion lines propagate at almost the 
speed of light in air. Other dielectric 
materials between the conductors 
cause the signals in transmission lines 
to slow down just as we observe with 
light rays traveling through water. In 
many cases, this is not a matter of 
concer, since we often only care that 
the signals get out the other end, how 
ever, there are some exceptions. 

The velocity can be shown to be 


Attenuation 


reduced by a factor of one over the 
square root of the relative dielectric 
constant of the insulating materia 
Some cable specifications provide the 
relative velocity as a fraction of the 
speed of light. Ifnot, and you know 
the material, most engineering hand- 
books include tables of properties of 
materials. For example, polyethylene 
is acommon cable insulating material 
and has a relative dielectric constant 
root of 2.25 is 


1,5, so the propagation velocity in 
polyethylene insulated coaxial cable 
is about 1.5 < 10° or 2 x 10* m/sec. 

‘Some applications actually use 

ial cables to provide delayed 

signals in pulse and other applica 
tions. Having a way to accurately 
predict the delay just by knowing the 
cable characteristics and measuring 
the length of the cable can save a lot 
of Tab time. 


‘The ideal transmission line model 
shown in Figure 7-2 passes all input 
power to a matched load at the out- 
put, A real transmission line also has 
resistance associated with the wire 
conductors and some loss of signal 
due to the nature of the insulating 
‘material. As transmission lines are 
made larger, the resistance is reduced 
and as the dielectric material gets 
closer to low-loss air, the losses are 
reduced, The skin effect causes cur- 
rents to travel nearer to the surface of 
the conductors at higher frequencies, 
and the effective loss thus increases 
as the frequency is increased. 

Figure 7-3 provides some real 
world examples of the losses as a 
function of frequency for the most 
common types of transmission line. 
Note that the loss increases linearly 
with length and the values are for a 
Tength of 100 feet, Note also that the 
losses shown are for transmission 
lines feeding into loads matched to 
their Z,, As will be discussed shortly, 
losses can increase significantly if the 
Tine is not matched. The 


‘neato 8) 


Figure 7-3 — Loss of some typical transmission lines in dB per 100 
feet as a function of frequency. The RG-58 transmission lines are 50 (2 
polyethelene insulated coaxial cable slightly less than % inch in diameter. 
‘The RG-8 through AG-216 are 50 and 70 © polyethelene insulated 
transmission lines with a diameter somewhat less than / inch. The 
“hardline” types have @ foam dielectric very near to air. 
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line shown consists of two parallel 
Wires with air diclectric and infre- 
quent spacers, typically resulting in a 
Z, of around 600 ©, While the losses 
of such a line are low, they only work 
well if spaced from metal objects and 
Jossey material and not coiled up, 
while coaxial cables have higher loss, 
all the signal is within the outer con- 
ductor and they can be run in conduit, 
coiled up, placed next to other wires 
‘and are therefore much more conve- 
nient to work with 

Sometimes a long straight run of 
‘open wire line will be transformed to 
50 0 at the ends with coaxial cable 
used at the antenna and radio ends to 
take advantage of the benefits of both. 


Lines with Unmatched 
Terminations 

In our discussions so far, we have 
been talking about transmission lines 
feeding terminations matched to theit 
characteristic impedance. In that ease, 
the voltage-current relationship at 
the load will reflect the impedance 
of the load — not the characteris 
impedance. Along the line the voltage 
and current will vary with distance 
providing a load to the transmitter 
end that is generally neither that of 
the far end Z,. nor the Z, of the trans- 
mission line, The transmitter load can 
be calculated knowing the Z,, the Z, 
and the electrical length ofthe line as 
discussed in the sidebar. 

The ratio of maximum voltage on 
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the line to minimum voltage on the 
line is called the standing wave ratio 
or SWR. A matched line has an SWR 
of I:1, 450 Q line terminated with a 
25 or 100.2 load will have an SWR 
of 2:1. There are a whole family of 
complex impedances that will also 
have a 2:1 SWR, by the way. The 
computation is easier with resistive 
loads. 

‘There are some interesting special 
‘cases with a mismatched line, The 
Joad impedance, resistive or com- 
Plex, repeats every 2/2, for example 
‘The impedance goes to the opposite 
extreme in odd multiples of a 2/4 
For example our 25 © load would get 
transformed to 100.2 in A/4 oF %% 
transmission line sections and vice 


versa. This effect can be used to our 
advantage if we wish to transform 
impedances at a specific frequency. 
In this case, the line is actually acting 
like a kind of antenna tuner. 

A generally less desirable effect of 
‘mismatched lines is that the losses in- 
crease. This is easy to see, if voltages 
and currents are higher, we might 
expect losses t0 increase as well. Fige 
ture 7-4 provides the additional loss 
for a mismatched line that needs to be 
added to the matched loss in Figure 
7-3. As is evident, the combination of 
matched loss and high SWR results 
in dramatic increases in loss, This is 
Why antenna designs that don’t use 
‘matched transmission lines often use 
air-dielectrc lines 


Solder joints hold the world together 


makers 


Toimagine today's world without 
soft soldering i not possible. tis 
the means to fabricate safely 
functoning, electicaly conducting 
connections. Regardless of whether 
\we talk about power technology, 
ive technology, telecommunica- 
tons, automation or electro 
contols in all those fields sok 
dered connections have a decisive 
share that everything functons ina 
‘way as has been foreseen and 
planned by the developers and 


nd solar pi 


Visionaries of the products. Today, 
sof soldering is such a common 
place occurrence, that no one 
wastes any further thought on it. We 
take the daly use of our computers, 
‘bie phones and play stations for 
granted, the modern comforts 
‘rovded for by electronics found in 
‘modern aulomobiles i expected as 
‘matter of couse, and we fy ~ 
ptvately or on business ~t the 
farthest spots in the worl 


Consequential damage because of 
the fare of a solder jit in an 
'Pod is relatively limited. tis a 
diferent matter atogether though, 
the electronics in an airplane full 
of vacationers, ina space shut, 
rin an implanted pacemaker fal 


Such fares are immanently 
life-threatening. ut not to worry ~ 
the highest qualty demands apply 
for those application, and rightfully 
sal 


‘Aside from soldering in consumer 
electronic products, there are 
‘sumerous other applications such 
as, toname but afew, atlerave 
power generation wih wid turbines 
or solar patks, RAD departments 
‘and in work performed by crafts 
‘men such as electricians and 
‘plumbers. Let us not forget the 
‘many partsime and hobby users for 
‘wham there arena limits curtaling 
their phantases and sts free- 
dom when handing a soldering iron 
and solder 


What Can We Do to Reduce Transmission 


Line Loss: 


By now you should have a clear 
understanding of what can happen 
toa signal if applied to an antenna 
system through even a relatively short 
length of coaxial cable that has a high 
SWR. Depending on the matched 
Toss, length and SWR, much of your 
signal can disappear before it gets to 
the antenna 

The insidious aspect of this is that 
While this is happening, the SWR at 
the radio with a collocated or internal 
tuner looks great — a perfect match 
and easy to get it. Losses are like that 
— they tend to result in a wide SWR 
bandwidth, as does a dummy Toad 
Not a good thing if you want to com- 

he air. Fortunately, 


municate 0} 


there are three fairly straightforward 
approaches to solving this problem: 

* Change the antenna to one with 
either a wide enough bandwidth to 
cover all frequencies of interest, or 
one that covers multiple amateur 
bands with low SWR. This is not a 
topic for a book on antenna tuners, 
but is covered in many books on 
antennas. 

© Move the antenna tuner to, or 
close to, the antenna location. This is 
the subject of Chapter 8, or; 

© Use a transmission line that has 
ow enough matched loss so that 
even a high SWR doesn’t result in 
high losses. This is the subject of 
Chapter 9. 


Notes 

"U.Hallas, WIZR, Basic Antennas — 
Understanding Practical Antennas and 
Designs, Avalabie from your 
[ARRL dealer or the ARFL Baok-siore, 
‘ARAL order no, 9994, Tele-phone B60- 
594-0355, or toll-free in the US 888- 
277-5289; wwwarrl.orglarr-storel 
pubsales@arrl.org. Soe Chapter 11, 
"Wideband Dipole Arrays;" Chapter 12 
“Muttband Dipole Arrays” or Chapter 
21 "Log Periodic Dipole Arrays; for 
example. 

*R. D. Straw, Editor, The ARRL Antenna 
Book, 21st Edition. Avalabie from your 
[ARAL dealer or the ARAL Bookstore, 
‘ARAL order no. 9876, Telephone 860. 
5594-0355, or toll-free in the US 888- 
277-5289; wwwarrlorg/arr-storel; 
ubsales@arr.org, 
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Determining the Input Impedance of an Unmatched 


Transmission Line 


The input impedance of a transmission line of 
any length with any terminating impedance can be 
Getermined in a number of different ways. 

The most siraightiowward way is through direct 
calculation. Unfortunately, ths is also perhaps the most 
time consuming and perhaps most ertor prone method, 
at east until you have it set up on a spreadsheet or other 
program that can handle he hyperbolic function 

‘My favorite way to determine the input impedance, 
standing wave ratio (SWR) as well asthe line loss, 
use TLW (Transmission Line for Windows) software that 
‘comes with The ARAL Antenna Book® The main screen 
is shown in Figure 7-A performing an analysis of an 
antenna with & complex load impedance fed through 100, 
foot of coaxial cable. 

‘The antenna input impedance (74.3 + /16.1) is, 
inserted in the LOAD box. The + /16.1 indicates an 
inductive reactance with a valve of 16.1 0 at the 
frequency of interest (10.1 MHz). A ~jvalue would 
Indicate @ capactve reactance, which would be entored 
with @ minus sign. The output impedance through 
100 feet of RG-BEA 50 2 coax 


TLW. Transmission Line Progi Tndows wep 


Figure 7-A —The main screen of TLW (Transmission 
Line for Windows) software is shown performing an 
analysis of the condition of the L/D of 10,000 case. 


Js provided at the bottom in bath 
rectangular (69.02 ~ 6.23) and 
polar coordinates (69.53 @ ~5.15°), 
‘along with the SWR at line input 
(1.40:1) and output (1.62:1) as well 
as line loss (1.661 dB) — both for 
the matched case (1.555 dB) and 
the additional loss due to mismatch 
(0.106 dB). That's about everything | 
‘could think to ask, except which pile 
inthe basement has the RG-S8A) 

‘A third way to evaluate the input 
impedance is through a graphical 
method. A Smith chart, see Figure 
7-8, can be used to determine the 
input impedance of a transmission 
line. This was very commonly used 
belore the personal computer 
became ubiquitous, In addition to the 
accuracy limitations due to the input 
and output resolution inherent in a 
chart, the Smith chart assumes that 
the line Is lossless. This may result in 
significant errors depending on the 
‘amount of line loss. 


*TLWis supplied with The ARRL 
‘Antenna Book, 20th Edition, 
available from the ARRL 
‘Bookstore at www.arrl.org/ 
catalog) order number 9043 — 
$39.95, 


Figure 7-8 — A Smith chart used for the graphical determination of the 
Input impedance of a lossless transmission line. 
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Review Questions 


7-1 Describe three reasons it might be desirable to have a transmitter and an 
antenna in different locations, 


7-2 If you want to make a 4/4 section of RG-213 for our 10 MHz system, 
how long would you make it? 


7-3 A 1000 W transmitter at 15 MHz is feeding a matched load through 
200 feet of RG-8 transmission line. How much power reaches the 
antenna? Repeat ifthe frequency is 150 ME. Repeat both cases if the 
antenna has an SWR of 3:1. 
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Chapter 8 


Moving the Tuner to 
the Back 40 


‘Automatic antenna tuners designed for remote mounting. 
‘On top, one from SGC, beneath a model from LDG. 


Contents 

An Example of Using a Remote Tuner to Minimize Loss.... 8-2 
Intermediate Steps ...... wereeberneet 8-4 
Remote Antenna Tuners — the Downside.. 


Review Questions....... 


Some automatic antenna tuners transmission line between the antenna 1; 1 SWR. The line will then have 


are designed to be mounted remotely, system and the transceiver. With the only the matched lass between the 
rather than being collocated with the tuner at the antenna end, the load at radio and the tuner, not the additional 
radio, We can take advantage of this the antenna end of the transmission Joss due to mismatch, 


in order to minimize losses in the line provides very close to a 


An Example of Using a Remote Tuner 


to Minimize Loss 


Figure 8-1 shows the configuration ine is RG-S8 and that its 100 feet We will again use the example 
cof a transceiver with a remote auto- between the radio and the tuner plus from Chapter 4 of a 20 meter dipole 
matic antenna tuner at the antenna. the tuner is connected directly to the tuned by the tuner to operate on 
Let's assume that the transmission feed point of the coax fed antenna. 10 meters where its impedance will 
pa 
Renate 
Rotana 
Figure 81 — 


Configuration of a 
transceiver with a 
remote automatic 
antenna located at 
the antenna. 
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Table 8-41 


Comparison of System Losses for Remote and 


Collocated Tuners — RG-58 


Loss Element 
Loss in 100° Cable (48) 147 
Percent Power Lost (3) 96.6 


Power to Antenna at 100W (W) 3.4 


Table 8-2 


Comparison of System Losses for Remote and 


Collocated Tuners — LMR-400 


Loss Element 
Loss in 100° Cable (48) 862 
Percent Power Lost (24) 86.3 


Power to Antenna at 100W (W) 137 


be 3836 © resistive in series with 
790.0 capacitive reactance —an 
SWR of 81:1. Table 8-1 provides the 
‘comparison in loss for a 100 W out- 
put transceiver, in each case assuming 
the antenna tuner contributes no loss, 
While this is slightly optimistic, that 


Tuner at Radio 


Tuner at Radio 


is rather dram: 


Remote Tuner 

Beneath Antenna 
29 

48.1 

519 


‘emote Tuner 

Beneath Antenna 
0.66 

a1 

858 


Joss is usually very small. The result 
ic and illustrates why 
{just hitting the TUNE button on your 
internal tuner may not provide sat- 
isfactory results even if the result- 
ing radio SWR ends up at a perfect 


Perhaps you will also not be satis- 
fied with moving your tuner to the 
antenna and still losing almost half 
‘your power in the RG-S8, The lesson 
here is that RG-58, while available 
and relatively inexpensive, is not the 
best choice for even a 100 foot run at 
28 MHz. Of course, it’s much worse 
as you move to VHF, and keep in 
‘mind that it effects both transmit and 
receive signals 

One of the lowest loss flexible 
coaxial transmission lines that fits the 
usual UHF coax connectors is Times, 
Wire LMR-400. There are similar 
cables by other manufacturers. 
‘Table 8-2 repeats the exercise shown 
in'Table 1 with the lower loss cable. 
Note that while there is measurable 
loss even for the matched case, itis 
less than Yo of an S-unit, $0 hardly 
noticeable, and much fess than the loss 
for the tuner located at the radio that 
‘will result in about a 1.5 S-unit reduc~ 
tion on the receiving station's meter.! 


‘Notes appear on page 5. 
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Intermediate Steps 


Not all antenna systems are struc- tuner is not waterproof and tuner would have a loss of 4.4 dB, or 
tured in a way to allow atuner to be shelter from the elements, 64% of the power, leaving only 36 W 
ata feed point. An example might be This is a feasible arrangemen’ from your 100 W t 

‘dipole suspended between two sup- however, while a substantial portion radiated — if it got to and through the 
ports with a transmission line hang- of the loss can be eliminated in this tuner without other losses. 

ing in the middle. In this case, itis way, the loss in the section between A better way to accomplish this in 


lempting to consider a short coax run the tuner and the antenna can still be many cases will be to use a section 
from the antenna itself to the tuner as ly high. For example of the low loss transmission line 
shown in Figure 8-2, This arrange- case of Table $1,030 discussed in Chapter 9 between the 
ment may also be necessary if the foot run between the antenna and the antenna and the tuner, 


He Transceiver Luohining Antena. 
‘aresor eee ‘ne 


Figure 8-2 — Configuration of a transceiver with a remote automatic antenna located beneath the antenna. 
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Remote Antenna Tuners — the Downside 


The use of a remote antenna tuner 
has a few disadvantages, I currently 
use three in various station locstions 
and am quite happy with them in 
spite of the downsides: 

One remote tuner is located near 
my main basement station. I share 
antennas with my spouse (Nancy, 
WINCY), who has an upstairs sta- 
tion, With an automatic tuner that 
can be patched to antennas from the 
WIZR main station, she has access to 
any WIZR antenna with low loss in 
the 100 foot coax run to her desktop 
setup, 

On our saiboat, use an insu 
lated backstay as an HF antenna, This 
non-resonant system has a high SWR 
om all bands and requires a tuner 
at the feed point to feed it against 
round. Ihave a short lead from a 
corner under the lazerette beneath the 
antenna feed with another short lead 
to the engine block where a ground 
connection is available, Not only does 
itwork well on all HF bands, but by 
keeping the radiating portion of the 


system in the comer of the boat, 1 
minimize interference between the 
radio and marine navigation systems 

#T also have a remote tuner in the 
trunk of my car for my mobile HF 
system. Typical HF mobile antennas 
have very narrow SWR bandwidths. 
By using a remote antenna tuner at 
the antenna base, I can cover entire 
bands, or even tune to lower frequen- 
cy bands than the antenna is designed 
for. While this sort of operation isn't 
as efficient as adjusting the antenna 
itself, itis much easier than making 
adjustments while driving at highway 
speeds! 

There are a few aspects of remote 
tuner operation that might be disad- 
vantageous for some. One is the fact 
that in most such installations the 
tuner becomes integrated into a par- 
ticular antenna structure. If we have 
multiple antennas, each will need its 
‘own tuner — a potentially expensive 
proposition.” It also is the case that 
in addition to providing coaxial cable 
to the tuner, one must also provide 


operating power and sometimes con- 
trol signals to the tuner. Some tuner 
manufacturers package the coax, 
power and control into extension 
cable assemblies that can be used for 
this purpose. Another possibility is to 

to insert the power onto 
the coax cable, sharing it between the 
two functions? 


use a bias. 


Notes 

"The Collins Radio establishes, 

‘now industry standard, S-meter 
calibration is that S-9 equals 

50 pV at the antenna terminals and 
‘each S-unit represents a change 
of 6 dB. To say that not all amateur 
‘S-meters follow this standard would 
be an understatement. 

*Remolly controlled antenna switches 
‘may De used to solve this prablem, 
although commercial units cost 
{as much as some remate 100 W 
antenna tuners, 

38, Ford, WBBIMY, "Short Takes — 
MFJ-4712 Two-Position Remote 
Antenna Switch’ QST, Sep 2008, 
pag, 
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Review Questions 


8-1 Why is the quality (Joss) of a transmission line more important in the 
‘mismatched than the matched case? 


8-2 Ifusing an internal tuner in a transceiver, why might the SWR before 
tuning be an important indicator of antenna system efficiency? 


8-3 Why is the SWR before tuning insignificant if an antenna located 
tuner can match to the transmission line Z,? 
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Transmission Line 
Choices for Low Loss 


ay ig 


hh 
ri HZ 


Coaxial cables going up one of the tower 
WIAW, the ARRL Headquarters station, 
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Hello Real World)... 
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| Know What's Happening at the Shack — 


Sidebar: What's Happening at the Other End 
of my Feed Line’ 


Review Questions 


The art of soldering 


Ina soldering process two metal 
pats are joined by means ofa moten 
metalic bonding agent (solder, 
‘hereby the meling pinto the 
bonding agents ays lover han 
that ofthe metal pats tobe joined 

I the meting points below 450°, 
then Risa sot sldring process, ft 
is above, tis cae hard soldering or 
brazing. Weng onthe other hand 
isthe process were two metals wil 
be heated upto their meting point, at 
‘ich time thy wi together with 2 
filer materia, frm apoot of moten 


material causing coalescence. In soft smal quail ofthe foreign metals 
soldering, the seams between the must dissolve an unite withthe in 
‘mela tobe joined wil beled wth aly forming max of crystals - the 
atin aloy tisimportan thatthe aly so caleddfusion zone. Thats the 


oes nt simply sick othe foreign taste tin, whereas the aos 
mela suae ater cooing bul unites other components are response fr 
withtbemetal Fortis purpose, athe slr iquetacton and be ints 

mechanical aii A sole jant 

Ly, cans ofthe flow aes 

Basel 

2 Dien zone 

0) Sole solder 

2 Dien zoe 

Basel 


mwa 
rs 


To achieve the highest mechanical 
sabilty, eto assure the durabiity 
of the solder joint, the fusion 
zane may neither be too thick 

nor too thin Is ideal thickness is 


a ard 


Conde 


crs im 


(0.5 um, The formation ofthe dlfy- and parous, whereas the formation 
sion zone depends on the tempera: of a zone which i to thin indicates 
ture the solder time andthe aloy thal an insufcient connection or na 
used. Ifthe diffusion zones too mechanical connection at all has 
thick, the solder joint willbe bile been formed. 


‘The ideal transmission line accepts 
the output power (as well as received 
signal) from its source and delivers 
itto its destination load without loss. 
If the characteristic impedance (Z,) 


is the same as the source and load 
impedances, it delivers it with the 

same ratio of voltage to current. That 
means, forall practical purposes, the 
ideal transmission line is invisibl 


Hello Real World! 


to the system, Devices conné 
both ends act as if they were collo- 
cated, except for the delay in signal 
arrival time, unimportant except in 
special circumstances. 


Unfortunately, ideal transmission 
lines don’t exist, ahough for many 
applications we can come remark- 
ably close. The primary issue in most 
ases is loss, We just don’t get as 
‘much power to the far end as we put 
in, There are three primary mecha- 
nisms that result in transmission line 
loss. They are conductor resistance, 
dielectric loss and leakage or radia- 
tion 


Conductor Resistance 

Figure 7-1 shows the geometry of 
the two primary types of transmission 
line. At (A) is a balanced transmi 
sion line, while at (B) we have 
coaxial cable of the type discussed in 
the earlier chapters of the book. Both 
propagate signals down the line as 
currents with their associated electric 
‘and magnetic fields. In a properly ter- 
minated transmission line, the ma 
nitude of I, will equal that of L, with 
the result that fields at some distance 
will cancel, In the case of coaxial 
sable they cancel at the shield, while 
for balanced line they exist for some 
distance around the line, 

The action of the currents in an 
ideal line can be modeled as shown, 
in Figure 7-2 in Chapter 7. The 
‘model can be analyzed with reason- 
able accuracy in comparison to real 
cable if there are at least 10 sections 
per wavelength, and ifthe inductors 
and capacitors are modeled as real 
‘elements, including the resistance of 
the wire and the dielectric loss of the 
capacitors 

For the case of de, the wire loss just 
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equals the de resistance of the wire, 2 
function ofits diameter and material 
‘As frequencies increase, skin effect 
results inthe current moving to the 
outer edge of each conductor. This 
makes the wires electrically appear as 
tubes, with the tube walls getting thin- 
ner asthe frequency rises. The thinner 
walls decrease the eff 

tional area of the conductors resulting 
in an increase in resistance and thus 
increased loss with frequency. 


Dielectric Loss 


consist of conductors with the insula- 
tion between them a perfect lossless 
‘vacuum. While some transmission 
lines approach this, with air (or even 
special gasses) as the primary di- 
electric, real lines always have some 
Tossey material between the conduc 
tors. 

A lossey dielectric has two signifi- 
cant effects on signals: First, it slows, 
the signal to some fraction of the 
speed of light. This is often an im- 
portant consideration in multielement 
driven antennas that rely on accurate 
phasing of signals, but does not enter 
into this discussion. 

Second, dielectric loss results in 
yet another contribution to line loss, 
land this also increases with inereas- 
ing frequency. 


Radiation or Leakage Loss 
While generally less significant 
4 loss factor than the previous two, 
some signal is lost in real line due 
toit leaving the transmission line 


before it reaches the intended load, 
In a sense this is more a misdirected 
signal t al, and, be- 
ccause the signals end up in undesired 
places, the interference to other sys- 
tems may be more important than the 
slight reduction in signal delivered 
to the desired load, Still, for either 
reason it can represents a significant 
issue for real lines. 

In the case of coaxial cable, a por- 
tion of the shield resistance (depend- 
ing on the shield coverage) results in 
‘a current that appears on the outside 
of the shield. The outer shield current 
actually makes the outside of the 
shield act as an antenna with resulting 
radiation detectable along the length 
of the shield. For balanced transmis- 
sion line, the fields cancel wher- 
ever the distance to both wires is the 
same. For a perfectly installed line, 
that means all the places on a plane 
centered between the conductors and 
perpendicular to the line between 
them, 

If the line is not perfectly in- 
stalled, there will be some unbalance 
between the capacitance of each, 
wire to ground resulting in a current 
unbalance that results in radiation, 

A Similar effect occurs if the Toad is, 
not perfectly balanced, Even in the 
case of perfect balance, there is some 
radiation in directions in which the 
distance to the wires is different. If 
the spacing is a small fraction of a 
wavelength, this radiation is dimin- 
ished within a few times the wire 
spacing, 


How Can We 


etermine Loss? 


Transmission line loss is a design 
parameter that is specified by each 
manufacturer for their cables. The 
line loss is generally specified over 
the usual operating range at a number 
of frequencies, often 1, 10, 100, 1000 
‘and 10,000 MHz 


Matched Loss 

Figure 7-3 shows the matched 
loss per 100 feet of representative 
transmission line types. As you make 
choices of transmission line, its 
important to note that this data is rep- 
resentative — the variation between 
attenuation of different manufactur- 
ers, and even different part numbers 
from the same manufacturer, can be 
striking. Check the manufacturer's 
Web page for the data sheet of the 
transmission line you are consider- 
ing tobe sure you know what you are 
getting 

For lengths other than 100 feet, the 
Joss scales linearly. For example if a 
line has a matched loss of 2 dB at 
100 feet, the same Tine, atthe same 
frequency, will have a loss of 1 dB 
if 50 feet long, and 5 dB if 250 fect 
long 


Additional Loss 
Due to Mismatch 

By now it should come as no sur- 
prise to find that a mismatched line 
hhas more loss than a matched one, 
‘The additional loss due to mismatch 
isa function of both the mismatch 
and the loss if matched. Figure 7-4 


shows the additional loss in dB that 
occurs as a result of a line not being 
‘matched 

Note that the SWR shown is the 
'SWR as measured, or calculated, at 
the load not the SWR measured at the 
transmitter end of the cable. This is 
particularly important in the case of a 
lossey line since the loss will reduce 
both the power reaching the antenna 
and the power of the reflected wave 
that is used to determine the SWR. 
‘This can give very optimistic, and 
erroneous results, 

‘To give an example of this effect, 
consider a 100 W transmitter driv- 
ing a 100 feet of coax with a loss of 
3 dB (50% loss). The antenna will 
see 50 W of power. Lets say 20% 
of the power is reflected due to the 
antenna mismatch, That will result in 
10 W being reflected back toward the 
source, The 3 dB loss results in 5 W 
showing up as reflected power at the 
bottom of the cable, This is quite dif- 
ferent than if the 100 W were applied 
to the antenna on lossless line — in 
that case, a reflected power of 20 W, 


Table 9-4 


not 5 W, would, show up at the SWR 
measurement device. 

Table 91 summarizes what we 
have at the two locations. Note the 
rather distressing result. A very ac- 
ceptable measurement of an SWR of 
1.6:1 at the bottom of the coax is the 
result of an unpleasant SWR of 4:1 
at the antenna, In this example, our 
100 W of power results in only 40 W 
radiated from the antenna — yet all 
of our measurements make us think 
we're doing well. Unfortunately, this 
example is not unusual, especially 
at the upper end of HF into the VHF 
range. IFit happens at higher frequen- 
cies, itis usually more evident since 
nothing much ends up going in or out 
of the system! The sidebar discusses 
‘ways that this can be calculated, and 
pethaps avoided, through the use of 
software." 


‘V. Hallas, W1ZR, “I Know What's 
Happening at the Shack — What's 
Happening at the Other End of my 
Feed Line?” QST, Feb 2007, p 63. 


Forward and Reflected Power and SWR as Seen at Each End 


of a Transmission Line with 3 dB Loss 

Measurement Bottom of Cable ‘Top of Cable 
Forward Power (W) 100 50 
Roflocted Power (W) 5 10 
Indicated Reflection Cootficiont 0.204 0.447 
Indicated SWR 168 40 
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How is Transmission line Made: 


You may wonder what is itabout coax is sometimes encountered. Such dielectric is replaced by air, partially 
transmission lines that makes their cable that I've seen is formed from in the case of window line (C) and 
loss performance so different. It all two concentric copper tubes with more completely in open wire line 
‘comes down to how and of what they ceramic donut shaped spacers every _ described above. 

are made. Figure 9-1 shows typical foot or so. Coaxial cable loss is similar in that 
construction techniques of parallel The characteristic impedance of foam dielectric is part polyethylene 
and coaxial transmission line types. cable is a function of conductor di-. and part air, The lines with double 


Not shown are lines with mostly air ameter and spacing. Thus as line gets (E) and solid metal (F, G) shields 
as a dielectric, the lines with the least larger, each conductor gets larger for have lower resistance and much less 


loss, Parallel line, so-called open- the same Z, and thus the resistance is leaka 
wire line, consists of two parallel reduced, resulting in lower loss with srhaps not surprisingly, all the 
bare wires with occasional spacers _larger cable. factors that make line have lower 
designed to keep them apart and at ‘The balanced line (more next attenuation, make it more expensive 
about the same distance. The tradi- chapter) has progressively less attenu- Still, in most systems, for reasonable 
tional insulators were ceramic, how- ation as the Z, gets higher (the ratio distances, transmission line cost is a 


ever, recent lines have used plast 
PVC spacers. Mostly air-dielectric 


‘or of series resistance to load resistance small part of total system cost, and of- 
goes down) and as the polyethylene _ten provides a worthwhile investment, 
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Figure 9-1 — Construction techniques used in making flexible transmission lines 


94 Chapter 9 


| Know What’s Happening at the Shack — What’s 
Happening at the Other End of my Feed Line? 


Joe! R. Hallas, WIZR 
Technical Editor, QST 


{im told hat one ofthe more 
frequent questions received by 
OST's"Dector has fo do wih 
{ols wanting fo determine the 
Imnpact of transmission line losses 
on the elfaciveness of heir 
{ntenna system. These questions 
fre offen along the lines of 
S\mmeasure an SWA of 25:1 at 
the transmitter end of 195 feet of 
FRG-8X coaxial cable, My trns- 
caivers auto-tuner can tune Ito 
“V7, but how can | tell what my 
losses are?" of How much dfer- 
fence wil have (have a tuner at 
{he antenna instead of using the 
butten tuner™ 

"These are important questions 
that almost every amatour opera: 
tors faced wi from time to time, An 
‘approximate answer can be obtained 
by using the graphs found in any 
fecent edtion of The ARAL Antenna 
Book showing the loss characteristics 
cof many transmission fine ypes, plus 
Saking in he elect of an SWR greater 
than 121-The SWR at he antenna end 
Can be determined from the bottom 
fend SWR and the cable loss, Using 
ese aah agus i tbo 

fon or Kentucky windage, but can 
Tesut in useful data, 


But There's an Even Better Way! 

Packaged with each ofthe last few 
‘eitions of The ARAL Antenna Book 
sa CD containing the pages of the 
Whole Antanna Book as wall as some 
Very useful sofiwara, The program that 
|Luse almost dally is one written by 
‘Antenna Book Editor R. Dean Straw, 
NGBV, called TLW tor Transmission 
Line for Windows. 

TLW provides a very easy to opar- 
fate mechanism to determine every- 
thing | usually need to know about 
what's happening on a transmission 
line. When you open the program, 
you are presented with a screen as 
shown in Figure A. This has the values 
plugged in rom the last time you used 
ft offen saving a step. Let's taka a 
Quick tour ofthe inputs: 

Cable Type — This allows you to 
select the cable you would ike to 
analyze, A drop-down box provides for 
the selection of one of 32 of the most 
‘common types of coax and balanced 
Tines. An addtional entry is provided 
for User Defined Transmission Lines 
that can be specified by propagation 
velocity and attenuation, 


If you want to find out — 


here's the easy way using TLW. 


I stat 
FTC, Transat Cine Program for Winiows 


one IE Ie 


=a] 
Fi ee ner a 


Figure A —The opening screen of TLW, 
illustrating the process described in the 
article. 


Length — In feet or meters, your 
choice. 

Froguency — This san important 
parameter whon dealing with ansris- 
Son line effects. 

‘Source — This detins the form of the 
input impedance data. Generally, you 
can use NORMAL. 

Impedance — The impedance can be 
spectied as what you measure, resistive 
(eal) and reactive (imaginary, minus 
means capacitive). This could come 
ftom your antenna analyzer at ethor ond 
the transmission line: Note, you only 
know the SWR, not the actual imped- 
ance, all is not ost — see below, 


Now for the Outputs 

‘SWR —The SWR is provided at 
‘each end of the cable, This is an impor- 
tant difference that many people miss, 
Important even with a moderate SWR at 
the transmitter end, as we'll soe — the 
‘SWA al the antenna will be much higher 
‘due to the cable loss. With TLW, you 
Instantly know the SWR at both ends, 
and the loss in the cable itself 

hho at Load — This is the reflection 
costiciont, the traction of the power 
‘elected back from the load. 

‘Additional Loss Due to SWR — This 
\s one of the answers we were after. 

“Total Loss — And this isthe other, 
the fotal oss in the line, including that 
‘caused by the mismatch, 


But Doctor, What if can Only 
‘Measure the SWR — Not the. 
‘Actual Impedance? 

Citen the only measurement data, 
avaiable is the SWR at the tranemitter 
end of the cable. Because the losses are 
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function ofthe SWR, not he pa 
ticularimpedance, you can just put 
inn abivary mpedance wih that 
fame SWA and shek the INPUT but- 
ton An easy arbitrary impedance fo 
Use just he SWH tos the Z of 
the cable, usually 50:0 For exainpo, 
Yyou could use a resistance of 125.0 
{o represent an SWR of 26:1. This 
what we've done in Figure A, ving 
135 leet of popular Belden AG-8X. 

“The rovule are itoresting Noto 
that the 25'1 SWR as seon at tho 
‘ado on 28.5 MHz osu rom a 
1745-1 SW at the antenna por 
haps tis s eye-opener! Note that 
ofthe 56 dB loss, more than hat, 
0¢3.1d8, fs due tothe mismatch: 
Not that i we used semething other 
the actual measured impedance, we 
can't make use ofthe impedance data 
{hat TLW provides. We can use tho SWR 
2nd loss data, however, but thas probs 
ably what we wanted to fd out 

‘We can now do some what is” 
\We can see how much loss we have 
‘on other bands by ust changing the 
frequeney. For example, on 80 ators, 
wth tha same 25:1 atthe anamitor 
fend, the SWA atthe antenna is about 
3'1 an the lss fs highly more than + 
€8.WWo could also plug n an impedance 
Salelated al the antenna end and see 
‘hat ference other cabo types would 
‘make. For example, withthe same 28.5 
Mite SWR of 745 atthe antonna and 
135 feet of 12 Inch Andrew Helix, wo 
wll nave a total oss of 1.5 8 at 
28.5 Miz Note that the SWR seen at 
the bottom wil now be 6.54 and our 
radi'sauto-uner might not be abe to 
match the new load 


‘But Wait There's More! 

You can also click the GRAPH button 
‘and get a plot of either voltage and cur- 
Tent or resistance and reactance along 
the cable, Note that these will only be 
Useful if we have started with actual 
Jimpedance, rather than SWR, 

Pushing the TUNER button results 
Jn.a page asking you to select some 
‘specifications for your tuner parts. TLW 
tfectively designs a tuner of the type 
Yyou asked for at the shack end of the 
Cable. It also calculates the power lost 
inthe tuner and gives a summary of the 
transmitted and lost power in watts, so 
you don't need to calculate It! 

‘When you've finished, be sure to hit 
the EXIT button, don’t just close the 
window. Otherwise TLW may not start 
propery the next time you want fo use i. 
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Review Questions 


9-1 What parameters make a difference in the matched loss of transmission 
line, mismatched loss? 


9-2 Why is it important to know the SWR at the load, rather than at the 
transmitter to determine transmission line loss? 


9-3 Does coaxial cable or parallel line transmission line tend to have the 
lowest matched loss? 


Chapter 10 


Balanced vs 
Unbalanced Lines 


View of three popular types of balanced line. On far 
left, TV type 300 © twinlead, nominal 450 “window” 
line and 600 © open-wire line. 


Contents 


What's the Story About Balanced Line? 
The Benefits of Balanced Line. 

The Downside of Balanced Line. 
What About Unbalanced Currents on Coax? 


What Happens If | Feed my Dipole Directly with Coax?.... 


Review Questions.. 


‘The careful observer might have 
‘noted that in Figure 7-3, in Chapter 7, 
the lowest loss line was not the fancy. 
expensive “hardline” coax, but rather 


the much less expensive balanced 
‘open-wire and window line. This is a 
hard combination to beat — low cost 
and low attenuation, which explains 


its popularity. The other side of the 
coin is that most current radio equip- 
ment is designed to operate with 
unbalanced coaxial line, 


What’s the Story About Balanced Line? 


Before we can go too far, we need 
to discuss what we mean by balanced 
and unbalanced. By a balanced sys- 
tem, we mean one in which the two 
sides are at the same impedance above 
ground. For example feeding the non 
ground end of two 1000 resistors 
(see Figure 10-1) that have the other 
end grounded will result in a balanced 
200 £2 system, In such a case the 
voltage on each side will be the same 
magnitude but 180° out of phase. The 
magnitude of the currents on each 
side will also be the same since the 
Voltages and resistances are equal 
Note that the system would be 
balanced whether or not the ground 


connection were there. No current 
flows in the ground lead of the per- 

fectly balanced system, soit could be 
removed without changing the opera- 
tional properties. Figure 10-2 shows 
two examples of inherently balanced 


Figure 10-1 — Perfectly balanced 
load, both the current and voltage 
on each side will be in balance. 


Figure 10-3 — Unbalanced 
resistive load. The signal is applied 
with reference to ground. 
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Figure 10-2 —Two examples of inherently balanced 
antennas, one (delta matched dipole) with a central 
ground (A) and one (split dipole) without (B). 
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Figure 10-4 —Two examples of inherently 
unbalanced antennas, a gamma matched dipole at 
(A) and a vertical monopole at (B). 
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‘antennas, one with a central ground 
(A) and one without (B). The ground 
inthe first is not actually necessary, 
but can be beneficial for lightning 
protection purposes. For both cases, 
We note that some kind of transition 


The Benefits of Balanced Line 


is required to shift to an unbalanced 
system for connection to the radio, 
‘The types of transition will be the 
subject of the next chapter, 

‘An unbalanced system, on the other 
hhand, is fed with respect to ground. 


That is, one side of the load is at 
sround potential. Figure 10-3 is an 
example of an unbalanced resistive 
load, and Figure 10-4 is shows two 
antennas with inherently unbalanced 
feed points 


As noted earlier, balanced line has 
two primary benefits in comparison 
to coaxial cable, Most balanced 
lines, especially those with large 
portions of air dielectric, such as 
‘window line or ladder line, have a 
significantly lower matched loss 
than most coaxial cables. Even 
though their characteristic imped- 
ance is often higher than desired 

for many antenna systems, the total 
of matched and mismatched loss is 
generally much less than the loss of 
coax — particularly if the coax is not 
well matched to the impedance of 
the load. 

Balanced line is often very 
conveniently connected to balanced 
antennas and is most often encoun- 
tered in that application. It is also 
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Figure 10-5 — One method of 
‘making homemade low loss open 
wire line. By putting the tine in slots 
and securing with tie wires, sliding 
the insulators the length of the line 
can be avoided. 
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frequently found in very long runs 
from unbalanced antennas in which 
the losses (or cost) of coax would be 
prohibitive. In that case, it may be 
worth the effort to transition (Chap 
ter 11) from unbalanced to balanced 
near the antenna and then back at the 
radio end, 

Most balanced line is relatively 
inexpensive when compared to coax 
— often an important consideration 
Excellent homemade open wire line 
can be fabricated at low cost from 
two rolls of wire (stranded works 
best, in my experience, particularly 
if subject to flexing) and insulators 
made from inexpensive household 
PVC tubing, Figure 10-5 shows one 
technique. 


10-3 


The Downsides of Balanced Line 


As with most aspects of life, there 
are downsides of balanced line as. 
well as benefits. While coax cable, 
\with its fields contained within the 
shield, can be rolled, buried (if it has 
direct burial rating) or installed 
\within or near pipes without impact- 
ing performance, this is not true of 
balanced line, With balanced line, the 
fields conveying the signal down the 
line are significant not only between 
the wires but outside as well for-a dis- 
tance of a few times the wire spacing 
This means that balanced line can’t 
be placed on the ground, run in metal 
ducts, run through lossey material or 
rolled up, without causing additional 
loss 

While fields at a distance from bal- 
anced line are small, nearby fields can 
cause interference to other systems, 


particularly those interconnected 
by wiring. In addition, on receive, 
balanced line can pick up interfering 
signals from computers and other 
systems if run too close to them 

Another potential issue, particu- 
larly with the twinlead or window 
Tine variants of balanced line is a 
change in characteristics when wet. 
Rainwater can accumulate on the 
Web material between the conductors 
resulting in a change to the dielectric 
properties of the line. 

‘There are a few things that can be 
done if this is a problem: 

‘*Some have been known to care- 


'B. Allison, WB1GCM, J. Hallas, 
W1ZR‘* A Closer Look at Window 
Transmission Line,” QST, Nov 
2009, pp 66-67. 


fully cut away some of the web to 
reduce the water collection surface. 
To avoid weakening the line, don’t 
cout into the wire if you try this, 

‘In the “old days,” some ama- 
teurs waxed their twinlead. This was 
reputed to cause the water to bead up 
and run off. Remaining water would 
be concentrated in droplets leaving. 
most of the dielectric clear. [haven't 
seen any data on how effective this 
actually is, nor have I heard of any 
modern amateurs having the patience 
to actually do it! 

In many cases, these potential 
problems can be largely avoided 
through careful planning and instal 
lation design. If not, itis sometimes 
efficient to make a transition to coax 
cable for some portion of the trans: 
mission line run. 


What About Unbalanced Currents on Coax 


In the above section, it probably 
sounded as if the fields in coax are 
completely within the coax, thus 
avoiding the downsides of parallel 
or balanced line, That is true for the 
ideal case of properly terminated 
‘coax, however, there are at least three 
ways in which coax can suffer the 
same limitations as balanced line in 
this regard. In all cases, this results in 
currents on the outside of the shield. I 
have listed them in order of likelihood 
and severity, based on my experience. 
The coax is not terminated in a 
properly unbalanced load. This hap- 
pens if the coax shield is not con- 
nected to a ground reference at the 
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‘antenna, The results thatthe current 
to the shield splits between the inside 
and outside of the shield. 

‘The coax run is coupled to the 
antenna such that the net coupling is 
not balanced atthe cable. For a center 
fed antenna, coax should be run per- 
pendicular to the antenna element so 
the coupling from each side cancels 
If not, even with proper termination, 
there will be currents induced on 
the outside of the shield. For some 
antennas, monopoles or off center 
fed antennas for example, itis almost 
Impossible to avoid such coupling 

The coax shield itself can be 
leaky. The shield of most coax is not 


perfect and some is far from it. The 
specification sheets often list "percent 
coverage” indicating how well the 
shield covers the center conductor. 
Cables with lower numbers will be 
leakier than those with higher cover- 
‘age. The current tends to increase as 
itis coupled over longer distances, 

Tn many cases, the effects of such 
ccurrents are small, but be aware that 
they exist and check them out if 
strange problems appear. A quick 
testis to note the antenna tuning or 
SWR as you run your hand along the 
cable. With properly installed and 
isolated coax, the tuning shouldn't 
change. 


What Happens If I Feed my Dipole 


Directly with Coax: 


Many amateurs connect their coax 
directly to a balanced center fed dipole 
— center conductor to one side, shield 
to the other as shown in Figure 10-6, 
This is a topic of some controvers 
with as many folk swearing that it 
works fine, a there are those who say 
it causes problems 

TThe reason for the disagreement 
‘may be that there are actually people 
‘who end up in both camps because of 
the dimensions of their system. Recall 
that due to skin effect, the currents on 
the inside of the shield of a coax cable 
are within a small thickness from the 
inside wall, Thus the outside of the 
coax acts like a completely different 
conductor — it’s as if the insulated 
coax were installed in a pipe that is 
connected to the shield at the antenna 
end 

If the half wave dipole in Fig- 
ture 10-6 had a center impedance of 
, typical for relatively low di- 
poles, the balanced antenna would act 
like a 25 @ load to each connection 
of the coax, Z..., in Figure 10-6. The 
impedance of the outside of 
the shield at the antenna is a bit less 
obvious. This impedance depends 
(on the impedance to ground at the bot- 
(om of the cable, usually at a ground 
level and grounded entrance panel, 
and the length of the cable between 
the antenna and the ground terminal. 

Just as with an antenna wire or 
transmission line, this impedané 
varies depending on electrical length, 
If the ground impedance is low and 
the length is a multiple of a half wave, 
the impedance at the top will repeat 
and also be low. On the other hand, if 
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Figure 10-6 — 
Dipole fed directly 
with coax. The 
current on the 

left side divides 
between the left 
side antenna 
‘segment and the 
‘outside of the 
coax inversely 
proportional to the 
impedances as 
shown. 


the length is an odd number of quarter 
wavelengths, the impedance will re- 
verse and be high. Lengths in between 
‘will result in intermediate values of 
impedance, both resistive and reactive. 
If the impedance atthe top of the 
shield is ofthe same order as the half 
dipote impedance, the current will 
divide between the two paths. This can 
have three effects: 
‘Ifthe ground atthe bottom is not 
of a very low impedance, RF currents 
can enter the radio room and cause a 
number of strange equipment problems 
such as feedback or transmitter lockup. 
‘The radiation from the transmis- 
sion line will distort the antenna 
pattern, usually adding an omnidiree- 
tional vertical component, Fora single 
clement antenna, this may not be all 
‘ad, since it may tend to fill in the 
nulls that otherwise would be in some 
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directions, For a directional array, 
however, such radiation will reduce 
both forward gain and front-to-back 
ratio — not good things. 

* If the transmission line runs past 
sensitive electronic systems, fre or 
intrusion alarm wiring, computers or 
telephone systems, for example, the 
radiation may cause harmful interfer- 
ence in either direction. 

Note that for alow impedance 
antenna, such as our dipole and most 
coax fed antennas, there area small 
number of lengths that will result 
in such problems. With a multiband 
antenna the possibilities of problems 
increase directly with the number of 
bbands covered. Thu itis not surpris- 
ing that many don’t think any preca 
tions are necessary. Still, it can’t hurt 
to avoid them, much of the subject of 
the next chapter 
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What do you need for soldering? 


1. The soldering iron 


Heats required to melt the solder the soldering ron's thermal output because ofthe precise contol 

This isthe soidering ion’ jo. ‘and aneffcent hea transfer to the ofthe reset temperature atthe 
solder joint to be made fs decisive. _salderng iron ti, 

Temperatures of 200°C 450°C One ether selects a soldering ron 

are required depending on solder that performs within the tempera» Both the soldering stations rens- 

joint and solder alloy in the field of ture range required, ora sidering talon ofthe actual ip temperature 


lectronics, the wsual temperature station wih temperature control shouldbe highly precise, nd the 

lies between 250°C and375°C.  isused.Temperaturecontroled _healing element should be powerul 
soldering stations enable the user and recover quickly in oder to 

Inarder to have the proper temper- to werkandffeent applications avoid overheated orcad solder 


ature for any soldering application, without oss of solder jint quality. joints 
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Review Questions - 


10-1 Under what conditions is unbalanced transmission line most. 
appropriate for antenna to radio connections? 


10-2 Repeat question 10-1 for balanced transmission line, 


10-3 Why do some people report problems with balanced antennas 
‘connected directly to coax while others observe no difficulties? 


Chapter 11 


So What’s a Balun, 
an Unun, a Choke? 


y ‘Two homemade baluns 
surround a commercial balun. 
On the lett a 1:1 choke balun 
‘made of miniature coax, in the 
center a commercial 8:1 balun 
designed for 450 02 systems 
and on the right @ homemade 
4:1 (200:50 1) balun. 


Contents 


When are Baluns Necessary’... 2 
What Do We Mean by Balanced to Unbalanced? .. 
Balun Location...... 
The Different Balun Configurations 
Selecting Baluns for Use in Your System 
Review Questions... 


Baluns are devices that provide a 
transition between unbalanced and 
balanced systems, impedance trans- 
formation or a combination of both 
‘The name balun comes from BAL- 
anced to UNbalanced and each part 
is pronounced the same way as in the 
separate words, 

Sometimes you will encounter 


When are Baluns Nece: 


aan unun. The unun (UNbalanced to 
UNbalanced) provides an intercor 
nection between two unbalanced 
systems, either to change the system 
impedance, to force all currents into 
the inside of a coaxial transmission 
line or usually both, 
A choke refers to an inductance 

that offers a high impedance over a 


particular frequency range. A choke 
wound with coaxial cable has its 

high impedance only to currents on 
the outside of the coax shield, the 
inductances of the inner conductors 
effectively cancel, As we will discuss, 
such a choke can be used either as a 
balun or an unun, 


We have discussed unbalanced 
line such as coax eable, balanced line 
such as twinlead, window or ladder 
Tine as well as balanced and unbal- 
anced loads, We should point out that 
Virtually all transmitters or transceiv- 
crs built since the 1950s are designed 
to work into an unbalanced load — 
made evident by the coaxial connec- 
tor used for the antenna connection. 
There are many antennas designed 
to operate with a coaxial cable 
connection. These antennas can be 
connected directly to the radio with 
‘coaxial cable if they present the 
desired load tothe transmitter. In 
this case, no transition is required, 
the entire system is unbalanced, This 
system can work well and neither an 


"The shift to the use of coaxial cable 
happened because coaxial cable. 
became available after WW2 
coincidentally with the popularity of 
broadcast television. Transmitters 
with shielding, filering and coaxial 
FF connections were less likely, 

It properly designed, to cause 
interference problems with TV sets. 
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antenna tuner, nor a balun, is required 
for proper operation. The one excep- 
tion occurs if there is coupling from 
the antenna to the transmission line, 
resulting in undesired coax shield 
current in which case a common 
mode choke is recommended. 


What's Wrong with 
this Picture? 

‘The unbalanced antenna, unbal- 
anced transmission line and unbal- 
anced radio make a simple and 
straightforward arrangement that 
is easy to operate, Unfortunately, 

‘in many cases, the antenna only 
provides an appropriate match over 
narrow frequency range — often 
narrower than an amateur band, for 
example. This has two effects: 

‘Ifthe SWR at the transmitter 
reaches a higher value than the trans- 
mitter can operate into it will usually 
reduce the power output to avoid 
damage to internal components. 

While the losses for matched co- 
axial cable can be made acceptable by 
selecting the proper cable forthe fre- 
quency and length, the losses generally 
20 up quickly with inereasing SWR. 
AAs noted previously, this actually 


makes the SWR at the transmitter look 
better; however, significant power may 
be lost (turmed into heat) inthe cable, 
Many amateurs choose instead to 
use a balanced antenna fed with lower 
loss balanced line in this case, As will 
be discussed later, this often makes 
‘what would be a single band antenna, 
if fed with coax, into a multiband 
antenna, We then are faced with a 
balanced load and an unbalanced 
‘transmitter output connector, 


What Happens if We Plug the 
Balanced Line into our Coax 
Connector? 

While not recommended. you can 
actually make the connection, if 
pressed, Arguably, itis not much 
‘worse than the previously discussed 
case of hooking unbalanced coux line 
to a dipole antenna. In this case, how- 
ever, the shield side of the transmitter 
output is connected to ground and a 
fraction of your output power will flow 
in tha direction radiating within the 
room instead of towards the desired 
direction. If the ground is not solid, 
you can end up with RF on all your 
‘equipment, causing various strange 
and sometimes uncomfortable effets. 


What do We Mean by Balanced 


to Unbalanced: 


thing as a free lunch. In order to use about 0.5 dB each should be anti 


‘The balun makes the transition the low loss balanced line in this pated. It doesn’t usually take too long 
from an unbalanced system, such as configuration, the added loss in each run of line before the balun loss is 
the transceiver, toa balanced system, of the two baluns must be considered compensated for by the higher loss of 
such as a balanced transmission line. as part of the equation. Measurements the coax. This depends on both length 
A balun can be used between a bal- I've taken of commercial HF 9:1 and frequency. 

anced dipole and a coaxial cable to. _baluns have indicated that losses of 


avoid the problem of current being, 
driven down the shield of the coax, 
or it can be used between the unk 
anced transmitter and a balanced line 
to result in the current going towards 
the antenna as shown in Figure 11-1 
As noted previously, sometimes 

aa balun is also used to transform 

impedances. For example, in the case 
of a 50. antenna, a 50.0 transmitter 
and the use of low loss 450.2 tran 
mission line, a balun with a 9:1 im- 
pedance transformation ratio allows 


Figure 11-3 — Photo of a model of the system of Figure 11-2 using 

a straightforward interconnection 8 commercial 9:1 baluns. The twist in the window line is intentional. An 

shown in Figures 11-2 and 11-3. occasional twist reduces wind effects and tends to maintain balance in 
Of course there is still no such the system if near objects. 
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Figure 11-1 —A balun inserted between the Figure 11-2—The use of baluns with a 8:1 impedance 
Unbalanced output ofa transmitter or transceiver and transformation ratio makes it easy to use low loss 
2 balanced antenna system 450) balanced tranamission line for long runs. 
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Balun Location 


A balun can be inserted anywhere 
jn a system between a coaxial con- 
nection and the balanced load. As 
shown in Figures 11-4 and 11 
the connection between an unbal: 
anced radio and a balanced dipole 
can include a balun at either end of 
the transmission line run. Here we 
have used a dipole with a delta match 
adjusted to provide a 450.0 balanced 
Toad at the antenna. 

‘While the configurations of 


tages. The principal one is that coax 
is less fussy about how it is placed 
than is balanced line. While coax can 
be run in metal conduit, coiled up and 
some types can be buried — this is 
not the case with balanced line, With 
properly installed coax, the fields are 
entirely within the coax, making it in- 
sensitive to its surroundings. Parallel 
conductor balanced line, on the other 
hhand, has significant fields between 
the conductors and extending out to 


2 few times the wire separation in 
all directions. In order to obtain the 
benefits of such line, it needs to be 
spaced that far from metal structures 
and lossey media, 

Note also tha it is not necessary to 
have the run entirely with one type of 
line, For example, a long aerial run of 
balanced line can be transitioned to 
coax near the radio with a short run of 
coax going through conduit or other 
balanced line hostile environments. 


Figures 11-4 and 11-5 appear to be 
equivalent, and both can work well as 
shown, there are advantages to eack: 
The configuration of Figure 11-4, 
using a long run of 450 0 balanced 
line, will usually have less loss than 
the system in Figure 11-5 due to the 
characteristics ofthe transmission 


Table 11-1 


Line Type 
Balanced Line 


450 9 Window Line 


line, The difference will dependon 600. Open Wire Line 
the frequency, line length and type of Coax Cable 

coax, Some representative loss figures RG-S8. 

are shown in Table 11-1 reat 


‘*Using coaxial cable for the run, 
as in Figure 11-5, has its own advan- 


300 © Transmit Twinlead 


‘Comparison of Transmission Line Losses of Different Lines at 
Different Frequencies 


‘Matched Loss at Frequency (MHz, dB per 100 feet) 
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Figure 11-4 — Delta matched 450 0 dipole fed by 
ow loss 450 0 balanced line to a 9:1 balun at the 
transmitter. 
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Figure 11-5 — Dipole fed by a 9:1 balun and 50.0. 
coaxial cable to the transmitter. 


The Different Balun Configurations 


There are a number of different 
balun configurations. They range 
from simple chokes that force (most 
of) the current that otherwise would 
be on the shield of coax to the in- 
tended load to more complex devices 
that combine balanced to unbalanced 
transitions and impedance trans- 
formations in a single device, The 
following is a summary of the more 
common types. 


Choke Baluns 

Choke baluns are found on the 
coax side of a balanced to unbal- 
anced transition, As noted previously, 
if'a balanced load, such as a dipole 
antenna, is fed directly by coax, 
the current on the shield side of the 
connection will split between the con- 
nected half dipole and the outside of 
the shield in a ratio inversely propor- 
tional to the two impedances. The 
idea of the choke balun is to increase 
the impedance of the outside of the 
shield by adding inductance and thus 
reducing the current that flows down 
the outside of the shield, If no current 
‘were to flow down the shield the cur- 
rent to the each side of the antenna, 
would be the same as if the coax were 
balanced line on the antenna side. 

Air wound coax loops — The 
simplest form of choke is just a coil 


of coaxial cable as shown in Fig- 
ure 11-6. Note that for the so called 
differential mode signal, the desired 
signal inside the coax, this coil just 
acts like a few feet of transmission 
line, The common mode signal, any 


*R.D. Straw, Editor, The ARAL 
‘Antenna Book, 21st Edition. 
‘Available from your ARRL dealer or 
the ARRL Bookstore, ARAL order 
no. 9876. Telephone 860-594-0355, 
or toll-free in the US 888-277- 
5289; www.arrl.org/arrl-store: 
pubsales@arrl.org, 


undesired signal on the outside of 
the coax, sees the effect of the coil 
inductance. 

This configuration has been evalu- 
ated at length with results reported 
in The ARRL Antenna Book.’ An 
example is a six turns in single layer 
coil of coax with a diameter of 4.25 
inches. This coil will have an imped- 
ance ranging from 514 Q at 14 MHz 
to 1079 Q at 29 MHz, very suitable 
for feeding a dipole or triband Yagi 
for example. Such coils are some- 
times scramble wound rather than 
being wound in a single layer. While 


Figure 11-7 — Choke balun made by passing multiple 
turns of coax through a ferrite toroidal core. 


Figure 11-6 — Choke balun made from a coil of 
coax. Such a balun can be effective over about a 2:1 


frequency range. 


stiff coax. 


So What's a Balun, an Unun, a Choke? 


Figure 11-8 — Using multiple single turn “coils” 
in series — a good solution for large diameter or 
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Figure 11-9 —The bazooka 
quarter wave choke balun made 
by providing a shorted line section 
around the shield of a coax cable. 


they can be moderately effective, they 
usually suffer at higher frequencies 
due to excessive capacitance between 
tums, The only other effect of the 
coax coil is any attenuation due to the 
additional length of coux, in this case 
about 7 feet. 

Ferrite toroid coils — The ef- 
fectiveness of a choke coil can be 
improved by winding it on a ferrite 
{oroidal core, as shown in Figure 
11-7. The coil can be either a pair of 
‘wires wound together around the core 
or coax cable, either extra thin coax, 
or the type used for the transmission 
line, A coil of 12 turns of thin coax 
‘on a type FT240-61 core makes an 
effective choke over the range from 
1.8 to 30 MH, 

A popular alternate method is to 
use a number of single turn ferrite 
in series as shown in Figure 
11-8. While this can be effective, itis 
worth pointing out that the inductance 
of N such inductors in series equals 
N times the inductance of a single 
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Figure 11-10 —The % wave 4:1 
Impedance transforming balun. 


inductor. On the other hand, the in- 
<ductance of multiple turns through a 
single toroid goes up by the square of 
the number of turns. Still if the coax 
is thick, or hard to bend tightly, this 
is a very workable solution. It has the 
additional advantage that the capaci- 
tance between “turns” is less than 
with a coil, so it will tend to be more 
effective at higher frequencies. 
Ferrite rod coils — Some baluns 
are wound on sections of ferrite rod, 
rather than the toroid, donut shaped, 
cores, These can work as well as the 
toroids, however, the toroids have the 
advantage thatthe fields are con- 
tained within the core, while the rods 
Ihave fields between the ends outside 
the core, making them more fussy 
about their surroundings. Sometimes, 
the available space will point towards 
fone versus the other. All other things 
being equal, I prefer the self shielding 


toroids, if feasible. 
Transmission line sections — A 
quarter wave long section of trans- 
mission line, shorted at the far end, 
hhas a high impedance at the near 
end, This property can be used as a 
choke atthe particular frequency that 
the line section is that length (or odd 
multiples). This is called a bazooka, 
due to the use of large concentric 
structures as shown in Figure 11-9, 
This is a particularly popular arrange- 
ment at VHF and higher, since the 
dimensions are reasonable and wide- 
band properties of the ferrite baluns 
and chokes are often not required 


‘Transformer Baluns 

The half-wave coax loop — One of 
the early forms of transforming balun 
was also made of coax cable, this 
time an electrical wave long. This, 
cable was formed into a loop with 
cone end on each side of the balanced 
load as shown in Figure 11-10. The 
‘unbalanced line was connected to one 
side of the balanced load. 

‘The half wave loop provides a copy 
of the signal from the coax feedline 
delayed by 180°, and thus out of 
phase, Each of the two signals see 
‘an impedance of half of total 300 © 
load, or 150 ©. Because the imped- 
ance on a halfwave (or multiple) of 
«transmission line repeats itself, the 
Joop will bring the 150 © impedance 
back to the feedline junction. The 
parallel combination of the two 
150 © signals atthe feedline june 
tion is thus % of the total load or 
75 Q. Note that since a half wave 
length of transmission line repeats 
‘whatever impedance is there, this 
will transform any impedance 
to Ythe value on the single fre- 
quency: 

‘The half-wave loop transforming 
balun is very efficient, with the only 
Joss or imbalance a result of the loss, 
in the loop of coax. A disadvantage 
is that they only operate on (or close 
to) the frequency at which the loop 
is % wave (or multiples) long. These 
are frequently used to feed VHF and 
UBF Yagis that operate on a narrow 
‘band of frequencies making the nar- 
row bandwidth irrelevant, 

Ferrite transformers — Broadband 
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Figure 11-11 — Schematic and pictorial view of a broadband ferrite core 
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impedance transforming balun. 


baluns can be made using the same 
kind of ferrite structures described 
previously as transformers. They fre- 
quently are made with multiple wind- 
ings that can be connected in series or 
parallel to provide multiple transfor- 
‘mation ratios. The 4:1 balun shown in 
Figure 11-11 is an example of such a 
balun that functions similarly to the 

Ys wave coax loop balun. 

Current and Voltage Baluns — 
Depending on the details of their 
design, a balun can be made to force 
either the current or the voltage on 
the balanced side to equal each other. 
Note that in a perfectly balanced 
Toad, in which each side has the same 
impedance to ground, ifthe voltages 
fre equal so will be the currents and 

Unfortunately, in our real world, 
often an intended balanced load, 
isn’t quite. For example, an other- 
wise balanced antenna may become 
unbalanced if one side is closer to the 
ground, or to a metal structure, than 
the other. Ifthe balun is intended, as 
most are, to keep currents off the out- 
side of coax shields, then by forcing 
the currents to be equal your objec- 
tive is most likely to be met. 


Selecting Baluns for Use in Your System 


Within the constraints listed above, 
any of the general type of baluns 
described can be selected for use. 
Most baluns have a specified input 
‘and output impedance and power rat- 
ing. These should be matched to yout 
application. The transformation ratio 
does not apply for any impedance, 
rather for the design center of the 
balun, For example a 4:1 balun de- 
signed to transform a 200.2 balanced 
load to 50.9 coax, can not counted on 


to provide a 4:1 transformation to a 
2000 © balanced load. 

In practice, the transformation is 
likely to be close to the specified ratio 
for perhaps a 4:1 mismatch — in the 
previous case that would be from 50. 
to 800.2. Outside of that range, they 
may continue to function as a balun, 
however, the transformation ratio will 
be different and the losses will tend to 
increase 


‘So What's a Balun, an Unun, a Choke? 


A mismatch will also increase the 
stress on the balun, The current or the 
voltage will be higher by the square 
root of the SWR or mismatch ratio 
and thus the ratings should be in 
creased appropriately. After use (with 
power off) a good check at a 100 W 
or higher power station is to put a 
finger on the balun to check the tem- 
perature, Any increase above ambient 
is cause for reconsideration, 


"7 


44-8 Chapter 11 


Review Questions - 


11-1 Provide three reasons for using a balun, 


11-2 What are the relative advantages of having a balun at a balanced 
antenna feed point versus having 4 long run of balanced line to a 
balun near the transmitter? 


11-3 What are the consequences of operating a balun at an impedance far 
from its design point? 
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Balanced Antenna Tuners 


‘A classic 275 W E. F. Johnson “Matchbox” balanced antenna 
tuner from the 1950s. Still a viable tuner useful to 750 W PEP and 
available at hamfests and auction sites. A 1 kW model, useful 
above the US legal limit, was also offered. 
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We've been talking about antenna tuners and balanced line in 
the same semtence, even though we haven't addressed the issue 
of the kind of tuners to use with a balanced load. Now it’s time. 


What’s a Balanced Tuner? 


While we haven't specifically ad- 
dressed the question, the tuners we've 
been talking about so far have been 
really what could be called unbal- 
anced tuners. You can usually spot 
an unbalanced tuner by its input and 
‘output connector arrangements. In 
some cases, they have a coax connec 
tor for unbalanced cable on both the 
radio and antenna system sides, Other 
unbalanced tuners have a coax con- 
nector for the radio side and a single 
terminal intended for a wire antenna 
and another for a ground connection, 
Some unbalanced tuners have 
another pair of connectors that are 
designated for “balanced loads” but 
the transition occurs after the tuner 
function using an internal balun, 
While these can be useful for driving 
balanced loads, as we will discuss, 
they are really two distinct pieces, 
fan unbalanced tuner followed by & 
balun. 


Enter a Truly Balanced Tuner 

‘The tuner configurations shown 
in Figure 3-3, in Chapter 3, are all 
inherently unbalanced since ground is 
‘on one side of each. Any of them can 
be converted to a balanced configura- 
tion by essentially providing a mirror 
age on the other side of ground. 
‘The configurations of Figure 3 
shown in balanced form in Figure 
12-1. A quick look at the figure will 
indicate that we now have something 
we probably didn’t want — a bal- 
anced to balanced tuner! 

‘The one configuration that can 
be easily transformed to a balanced 
to unbalanced tuner is the tuned 
transformer in Figure 12-1 (A). This 
is because the transformer coupling to 
the radio (left) side of the transformer 
does not maintain the same ground 
reference. Thus one side of the pri- 
‘mary (left) winding can be grounded 
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resulting in an unbalanced connec 
tion. This is exactly what the 1950s 
era Johnson Matchbox did, perhaps 
explaining why itis still in demand 
today. 


Unbalancing One Side 
The other configurations in Fig- 
ure 12-1 require a balun on the 50.0 

side to fit into coaxial fed systems. 
While this may seem about the same 
4 putting the balun on the anten 

side of the tuner (more in next sec: 
tion), the difference here is that we 
transform the widely variable bal- 
anced antenna system impedance on 
the right side toa 50 0 balanced load 
‘on the left in Figure 12-1. We then 
can use a 1:1 50:0 balun to transform 
to unbalanced for coax connectivity. 
Alternately, some tuners are designed 
to transform to a 200 balanced 


load, to be followed by a 4:1 balun 
for connectivity t0 50 0 coax. 

In either the I:1 or 4:1 case, we 
have the advantage that the baluns 
are operating at their design imped- 
ance. They will offer minimui 
and will operate with their expected 
transformation ratios, 


There's Always a Price 

A possible downside of the bal- 
anced antenna tuner designs is that 
the nature of the beast requires 
significantly more — but not quite 
‘twice — as many components as the 
same unbalanced configuration, The 
usual antenna tuner components, for 
‘medium to high power tuners, are 
both large and pricy. This results in 
ramifications in terms of both cost 
and size. There is, afterall, still no 
such thing as a free lunch, 
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Figure 12-1 


— Configurations of balanced antenna tuner versions of the 


unbalanced tuners in Figure 3-3, in Chapter 3. 


A Balanced Tuner versus an Unbalanced 


Tuner with a Balun 


As you look over the features of 
commercial antenna tuners, you will 
see many with “balanced outputs.” 

In most cases, these are inherently 
unbalanced tuners, with a balun on 
the antenna side to transform to a bal- 
anced load. Many people, including 
Your humble servant, have been hap- 
pily using such tuners for years — so 
‘what's the problem? 

‘Well, the simple answer is — there 
‘may not be a problem? If the imped- 
ance at the bottom of your balanced 
feed line (generally quite different 
from either the antenna impedance 
or the transmission line characteristic 
impedance, ifthe line is not matched 
to the antenna) can transform to an 
unbalanced impedance through the 
balun without difficulty — there is no 
problem — you're done! 

On the other hand, ifthe imped- 
ance at the balun is very different 
from its design point, you may have 
‘number of problems, most signifi- 
cantly loss in the balun, While balun 
Joss is not great in its own right —to- 


roid cores are not very good heat ra- 
diators. Any balun loss will transform 
itself into heat and may destroy the 
balun’s ferrite core in the process. 


The Good News Is 

While there are exceptions, many 
unbalanced tuners, including those 
with a balun for balanced loads, of- 
fer additional features compared to 
‘many “balanced” tuners, My fairly 
typical unbalanced L-network tuner, 
for example, has three outputs for 
unbalanced coax terminations and 
a fourth that can either be coax or 
balanced, using an internal 4:1 balun 
on the output side. In addition to my 
‘main balanced multiband antenna, [ 
have a few other antennas that are fed 
by coax, Thus the tuner provides a 
convenient point for them all to come 
together with easy switching between 
them, With a single switch on the 
tuner, Ican instantly select any of the 
four antennas — either through the 
tuner, or bypassing the tuner, if they 
sare matched systems. Most balanced 


tuners just provide a connection to a 
single balanced antenna system, 

In terms of keeping common mode 
RF currents out of your station, it 
really doesn’t matter which side of 
the tuner has the balun — its choking. 
impedance has the same effect, 


It it Doesn't Play 

If an unbalanced tuner with a balun 
doesn’t work well with your antenna 
system on a particular band, you may 
be able to recover. The fact that it 
doesn’t tune usually means that the 
balanced line has a high SWR (if it 
were matched, to say 450 0, the tuner 
and balun combination could prob- 
ably handle it without difficulty). Bi 
cause of the nature of the mismatched 
line, changing the length will have a 
profound effect on the impedance as 
seen by the tuner, Try inserting about 
Ye wavelength of line and see what 
happens, Be sure to observe the usual 
cautions about balanced line — such 
as not coiling it up. 
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Another Possibility — The “Hot” Tuner 


Impedance transformation thro 
‘an unbalanced tuner will not “know” 
itis unbalanced unless one side of 
the tuner is grounded, Thus itis quite 
possible to use an inherently unbal- 
anced tuner into a balanced load if 
itis isolated from ground, This can 
be accomplished as shown in Figure 
12-2 for a remote automatic tuner. 

‘The configuration in Figure 12-3 
‘makes this quite convenient, how- 
ever, it can also be accomplished 
using a manual tuner in the station. 
‘The difficulty with the tuner in the 
station is that it generally is designed 
so that the cabinet is at what it thinks 
is “ground” potential. IF itis isolated 
from ground, the whole cabinet is at 
the potential of half the RF voltage 
feeding the antenna. This can be 
uncomfortable for the operator, unless 
she uses oven mitts to make adjust: 
ments. An unsuspecting cat can get 
{quite a curl as it passes by during a 
transmission! 


1 Outer Chassis Cabinet 


[501 Out 


Insulated rom 


i 


Balanced 
Output 


i 


‘Antenna 


‘Control 


Figure 12-3 — Manually tuned version of an unbalanced tuner isolated 
from ground driving a balanced load. Note the insulated additional layer of 


cabinetry. 


The hot chassis problem has been 
solved by at least one published de: 
sign in which what would be the cat 
net is insulated from and inside an 

additional cabinet with insulated shaft 


extensions on the controls as shown 
in Figure 12-3. I'm not aware that 
this has been offered as a commercial 
product, however, itis feasible — if 
not simple to implement. 


HE Transcaer 


Figure 12-2— Unbalanced tuner isolated from ground driving a balanced load. The common mode choke on the 


radio side maintains the balance on the antenna side. Note that it is necessary to provide a choke on all 
connections, as shown, in order to elevate the whole tuner above RF ground. 
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‘balun 
Remote TuMer 


Review Questions 


12-1 Why might an inherently balanced tuner be a good idea’? 


12-2. What difference does it make whether a balun is 
output of an antenna tuner? 


12-3. What kind of problems might you have using an unbalanced tuner 
with a balanced load? 
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Antennas That Work Well 


with Antenna Tuners 
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The center-fed Zepp is a very popular antenna with those having a wide-range 


antenna tuner. 
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There's no magic antenna that goes well with a tuner — in fact, virtu- 
ally any antenna can benefit from a tuner under some circumstances. 
Here we will discuss how a tuner can increase the flexibility and 
usefulness of some popular antennas. 


The Coax Fed Dipole 


In Chapter 2, we discussed the 
nominally matched dipole and the 
limitations on its bandwidth within a 
given SWR. For example, to have a 
single low 80 meter dipole be useful 
‘across the entire band, we may need 
to deal with an SWR as high as a 10:1 
as shown in Figure 2-7, in Chapter 2, 
although at many heights, the SWR 
will not rise beyond 5 or 6:1 at band 
edges, Most other examples shown in 
Chapter 2 have more reasonable SWR 
characteristics. Still, in many cases an 
‘SWR higher than 2:1 may be encoun- 
tered, requiring an antenna tuner to 
permit proper transmitter operation at 
band edges, 


A Dipole Operated on an 
Odd Harmonic 

A special case of the dipole is one 
used on its third harmonic, A very 
popular amateur antenna is a 40 meter 
(7 to 7.3 MHz in the US) dipole 
also operated on 15 meters (21 to 


“> Swit Pot: 40 in Dipte 


21.450 MHZ), Ths is often stated as 
if it were a straightforward arrange- 
‘ment, however, it is just a bit more 
difficult to achieve than would be 
implied by some. A tuner makes it 
much easier. The difficulties arise 
particularly due to two factors 

The nominal impedance of a 
4). dipole in free space is about 
110.0, rather than 72.9 for a 2/2 
dipole. While the actual imped- 
ance will vary above and below this 
number, depending on height above 
ground, this often gives us a higher 
SWR than 2:1 to siart with. 

‘The third harmonic of 7.15 MHz, 
the center of the 40 meter band, is 
21.45 MHz, the very top of the 15, 
meter band. 

Figure 13-1 shows the modeled 
SWR of a wire 40 meter dipole cut 
for mid band at a height of 40 feet 
Figure 13-2 shows the SWR of the 
same antenna operated on 15 meters. 
Obviously, this isn’t going to work out 


as well as some folks hypothesize. 
Many wide range tuners could 

compensate for the SWR at the 

transmitter. As discussed in 

Chapter 7, however, the losses in a 

‘coax cable with a 10:1 SWR at 

21 MHz may result in more loss than 

can generally be tolerated, although 

it certainly could be used in a pinch. 


Because the losses in mismatched 
‘coax are less at lower frequencies, 
the concept can be salvaged by 


optimizing the dipole as a 15 meter 
342 dipole with the results shown in 
Figures 13-3 and 13-4, 

Note that the lengthened antenna 
hhas an SWR of less than 3:1 across all 
of 15 meters, significantly reducing 
the transmission line loss associated 
with Figure 13-2. While the SWR on 
40 meters is no longer delightful, itis, 
reasonable from a transmission line 
loss standpoint. The resulting antenna 
can work well with some nominal 
*3:1" SWR tuners that work beyond 


Figure 13-1 — 50 £2 SWR of a 40 meter dipole at 40 feet 
ccut for mid band. 
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Figure 13-2 — SWR of the 40 meter dipole of Figure 


13+1 across 15 meters. 


Figure 13-3 — SWR of the 40 meter dipole of Figure 
13-1 lengthened to be optimized for 15 meters across 


15 the 15 meter band. 


their specs, and is an easy job for 
wider range tuners. 
Dipoles Can Benefit 


‘The preceding examples illustrate 
‘ways in which a simple dipole can 


Tuned Yagi A 


40 meters. 


benefit from an antenna tuner. For 
any dipole, the tuner can compen- 
sate for imperfect length adjustment, 
often a convenience. The one caution 
is that even if the tuner can match 
the resulting impedance, the loss in 


rray 


Figure 13-4 — SWR of the lengthened (15 meter 
optimized) 40 meter dipole of Figure 13-3 across 


the mismatched transmission line 
between the tuner and the antenna 
can be an issue, even if all seems well 
at the transmitter. Take another look 
at Chapter 7. 


We often think ofthe popular HF 
‘Yogi beam antenna as one that is fed 
directly with 50:2 coax with low 
SWR and without any need for a tuner 
‘This is certainly the sense one gets 
from the specification sheet, yet some 
highly tuned Yagis, particulary those 


operating on multiple bands, have 
‘uouble providing a close match from 
band edge to band edge, particularly if 
‘optimized for the CW or SSB segment. 
In most cases, even though the SWR 
may be marginal atthe far edge, there 
is still beneficial gain and front to back 
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ratio, This is exactly the place for a 
limited range internal tuner to be ap- 
plied, since the SWR is often less than 
3:1. My sense is this is what they had 
in mind when these 3:1 tuners were 
designed — compensating for the just 
‘out of tune coax fed dipole or Yagi 


13-3 


Single Wire F 


d Antennas 


‘There are a number of antennas 
that are designed to be fed as a single 
wire, without any transmission line. 
‘Some are field expedients, however, 
others are well thought out designs 
that can offer excellent performance, 


Single Wire Antennas 

Single wire antennas go back to the 
very beginning of amateur radio — 
the days before anyone thought of a 
transmission line, The most common 
ly used transmitting antenna in the 
early days was a short vertical (we're 
talking below 200 meters, so every- 
thing was short!) with top capaci- 
tance loading of multiple horizontal 
wires, They were used on shipboard, 
shore and ham stations alike, and 
worked well enough to get the signals 
through. 

‘These days, a “random length’ 
single wire is often used as an easy 
to deploy temporary antenna or, 
for some, using very thin wire, as 
an unnoticeable stealthy antenna if 
neighbors or deed restrictions object 
to “antennas.” They can be effec- 
tive, especially if fed against a good 
ground system, and if they are at 
least 4/4 long at the lowest frequency. 
Such a 4/4 wire fed against ground 
even has a name! This is called a 
Marconi antenna, and yes. it dates 
back more than a century. 

Random wire antennas will still 
work if shorter, but ground losses 
rapidly reduce efficiency as lengths 


Table 13-1 
Random Wire Antenna Lengths that Should be Avoided Due to Resonance and High Impedanc: 
Band (Meters) 05% th 15), 2, 

160 23410260 46810520 70210780 93610 1040 

80 117.00 1337 234.010 267.4 351.010.4011 468.010 534.9 

40 64.11066.9 128210 1337 1923102008 256.4 10 267.4 

30 46110463 92.210927 138.310 139.0 184.410 185.3, 

20 32810334 65210669 97.810 100.3 1305101337 

7 25810259 51510518 773t0777 103.010 1036 

18 21810223 43610446 65510669 — 87.31080.1 

2 17to188 37510378 $6.210564 74910752 

10 18810167 31510334 47310501 63,010 66.9 

6 B7t0 94 17310187 26010281 346.7 10374 
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get much shorter than 2/4 
‘The success of such single wiere an 
tennas depends on all the usual factors 
including height, length, and ground 
conditions all played against desired 
frequency and geographical coverage, 
With a ground mounted radio and a 
higher wire antenna, there will always. 
be some vertically and often horizon- 
tally polarized radiation as well. The 
‘combination can provide a useful mix 
of coverage, although the coverage in 
any direction will not be as good as 
that of an antenna designed for the job. 

The key element in making such an 
antenna play is a wide range antenna 
tuner that can match the widely 
variable load ofthe single wire on 
‘multiple bands to the 50 © that 
modern radios require, So we have a 
place here for the antenna tuner, the 
question is “which place.” 

Antenna Tuner at the Shack —This 
can work and has been done, but in 
the most successful implementations, 
the antenna tuner is near the bound 
ary between indoors and out. In some 
stations, that boundary is within or at 
the edge of the shack eliminating the 
distinction. 

A portion of a radiating antenna 
inside a building is generally asking 
for some kind of trouble. First there 
is the RF safety issue as applied to 
any people inside the structure. Even 
if your transmit power level does not 
require a formal assessment, you are 
not released from the requirement to 


not expose people to excessive levels 
of RE. Second, your indoor receiving 
antenna will pick up electrical noise 
from other equipment in the build- 
ing, Third, if the building contains 
any sensitive electronic systems, your 
signal has a good chance of caus- 

ing trouble, such as setting off fire 
alarms, or getting in to a television 
receiver while a spouse is watching 
an important show. In any case, any 
radiation that occurs within the build- 
ing structure is not likely to help you 
get your signal where you want it. 

None of this is to suggest that 
indoor antennas can’t be used, 
however all of the above issues need 
to be considered. Here we are talk- 
ing about an antenna that is partly 
inside a building, and partly outside. 
‘The point is that having as much as 
possible outside is generally a better 
solution, 

Antenna Tuner at the Antenna — 
The antenna tuner can also be located 
at the antenna, if it’s remotely tuned 
or sometimes remotely switched. 
Some remote tuners are waterproof, 
while others will need a waterproof 
enclosure to make them last. With 
the tuner at or near the antenna feed 
point, matched coax can run from the 
tuner back to the station, as discussed 
previously, By running the coax from 
the station out to the antenna feed 
point, the issues of radiation within 
the building can be largely avoided, 

This is the configuration used for 
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many marine HF antennas. On 
sailboat, the typical HF antenna is an 
insulated backstay fed by a remote 
single wire tuner located near the 
antenna ase and fed against the ship 
ground system, including salt water, 
if possible. 
‘But Watch Out for Tricky Lengths! 
‘The so called random length wite 
antenna is not really random since any 
antenna does have a specific length. 
Such an antenna will work better at 
some lengths than others, making 
it best if not entirely random in its 
instalation. The problems most often 
show up if the length happens to be 
a multiple of 4/2. At this length the 


The Vertical | 


impedance hits a maximum, often in 
the 1000 to 2000 2 range, depending 
‘on the usual factors. This results in an 
SWR of 20 to 40:1, higher than even 
1 wide range tuner promises to deal 
with, 

‘The impedance gets somewhat 
ower with each multiple of a 2/2, but 
‘may stil be a problem, A second con- 
ccem is that the voltage on the end at 
the tuner is high. The voltage can be 
nearly 500 Vyas With a 100 W trans- 
mitter. This can stress tuner capaci- 
tors as well as pose a safety hazard 
to unsuspecting people. Instead of 
the shock experienced by coming in 
ceontaet with de or 60 Hz. ac, contact 


Monopole 


with RF results in a painful burn that 
is usually slow to heal 

While it sounds lke it should be an 
easy task to select a length, the mul- 
tiplicity of bands without harmonic 
relationship makes it difficult to find a 
length that won't be likely a problem 
oon some band. A look at Table 13-1, 
indicating approximate 2/2 resonant 
lengths for each band, along with 
multiples, provides alist of lengths 
to avoid for the amateur bands. There 
are so few lengths available, that 
sometimes it makes sense to just try 
the length that fits the available spot 
and, if it has problems tuning on a 
band, add a few feet and try again 


A popular antenna with those 
who like to operate long distances 

‘on the lower HF and MF bands is 
vertical monopole. This can perhaps 
be considered a special case of the 
random wire antenna, except that itis 
generally of specific electrical length 
— typically 2/4 or % 2, depending 

oon frequency and available supports 
While a 1/4 vertical monopole can 
usually be fed directly with 50.0 
coax against ground, the other lengths 
do require matching networks or an 
antenna tuner for operation with a 
transmission Line. A low impedance 
‘ground is a requirement for efficient 
‘operation of such antennas. 

A.43 foot tall vertical made from 
wire or tubing is a very popular 
antenna in some quarters. It is a 
%2 long monopole on 20 meters and 
thus provides the optimum low angle 
radiation from a single vertical radia- 
tor (see Figure 13-5), yet can provide 
excellent low angle performance on 
40 meters where itis somewhat lon- 
ger than 1/4, as well as on 80 meters 
where itis somewhat less than 2/4, 
but generally a manageable height. 
All the lengths share a complex 
feed point impedance that responds 
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Figure 13-5 — Vertical radiation 
patterns of a 43 foot, % 2. vertical 
‘on 20 meters (solid) compared to a 
1% monopole. Note the increased 
radiation at low elevation angles. 
JHE DoD PATTERN 15 FoR 
AME yy MomopaLe, 


nicely to a remote tuner at the base, 
although at these frequencies, a short 
run of high quality coax may have 
sufficiently low in loss to be suitable 
for use with a tuner atthe station. 


Inverted L 

A popular variant of the vertical 
monopole, particularly on the lower 
frequency bands, is the inverted L. 
Add monopole for 160 meters, for 
example, needs to be around 130 feet 
Jong —a bit of a stretch for most as a 
vertical arrangement. The inverted L 
is obtained by taking the same length 
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of wire and going as high as feasible, 
then bending the remainder horizon- 
tally, The antenna has the appearance 
of an upside down letter L— hence 
its name, 

The lower (vertical) portion has the 
highest current and will thus provide 
ow angle radiation very similar to 
that of a full sized monopole. At the 
24 frequency, the inverted L can of- 
ten be fed directly by 50 © coax with 
a reasonable SWR. An additional 
advantage of this arrangement, if fed 
with a wide range tuner at its base, is 
that it will provide low angle verti- 
cally polarized radiation at higher fre- 
‘quencies up to the frequency at which 
the vertical portion is just longer than 
Yeh. Note the earlier concerns about 
feeding an antenna that is a multiple 
of 2/2, and if multiband operation is, 
in the plan, make the inverted L lon- 
ger than 2/4 on the lowest band, 


The Bobtail Curtain 

An interesting, inexpensive and 
surprisingly effective directional ar- 
ray called the Bobtail Curtain is com- 
posed of three 1/4 vertical elements 
fed in phase and driven from the 
single wire center element as shown 


135 


Dy 
“a 
7 dle 


m 


array fed by a single wire. 


Figure 13-6 —The Bobtail Curtain three element vertical phased 
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Figure 13-7 — Azimuth pattern of a 
Bobtail Curtain array at 10° eleva- 
. Note the high gain over 60° on 
each side, broadside to the array. 


Figure 13-8 — Elevation pattern 
‘of a Bobtail Curtain array (solid) 
‘compared to a full wave center 
{fed antenna on the same supports 
(dashed). Note the superior low 


in Figure 13-6.! This antenna is com- 
posed of just four pieces of wire, yet 
provides significant gain in two fixed 
directions as shown in Figure 13-7. 
‘The low angle gain ofthis antenna 
favors long distance communication 
(see Figure 13-8) and is higher than 
that of horizontal antennas of the 
same height. 

‘The Bobtail Curtain can be fed 
by a single wire tuner located at 
the source shown in Figure 13-6, 


‘For more about the Bobtail Curtain 
array, $80 J. Hallas, W1ZR, Basic 
Antennas — Understanding 
Practical Antennas and Designs, 
Chapter 15. Available from your 
ARRL dealer or the ARRL Book- 
store, ARAL order no. 9994. Tele- 
phone 860-594-0355, or tol-free in 
the US 888-277-5289; www.are. 
‘org/shop/; pubsales @arrl.org. 
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Figure 13-9 — Single wire fed Windom antenna configuration for 


‘80, 40, 20 and 10 meters. 


although the impedance is quite high, 
as discussed in the previous section. 
Making the middle wire a few feet 
longer may make it usable with most 
wide range tuners, The antenna can 
be used on other bands asa kind of 
top loaded monopole, although the 
results will not be in the same league 
as those at its design frequency. 


Single Wire Fed Windom 
‘An unbroken half wave antenna 
off-center fed by a single wire was 
quite @ popular multiband radiator 
in the 1930s, following publication 
of anote by Windom in QS7.? The 
‘Windom antenna, as shown in Fig- 
ure 13-9, with a fundamental fre- 


‘quency in the lower portion of 
80 meters, was said to operate equally 
well on 40, 20-and 10 meters, thus 
‘covering all the amateur HF bands of| 
the day. 

There is some controversy over just 
how well this antenna works as a hor- 
izontal antenna; however, there is no 
‘question that it can work, Figure 13-9 
shows a choke or current balun in the 
‘coax from the tuner to the radio, since 
there will ikely be significant com- 
rmion mode current that should be kept 
‘out of the radio room, 


2L. Windom, W8GZ, “Notes on 
Ethereal Adornments,” QST, Sep 
1929, pp 19-22, 84. 


What do you need for soldering? 


{The basics — the 


sential factors 


ss for good soldering results are: 


3. The solder Pes 


‘Suitable sidering on 1 Sutabe fixes 
for the connection "Clean suiaces of where to solder Suitable solder aboy 
1 Sound soldering tip ‘Correct soldering ime 


Metatic bonding agents (solders), 
mostly in the shape of a wie ora 
bar ae available as diverse aloys. 


Soft slders consisted mosty of 
ami of tin (Sn) and lead (Pb). 
Since the implementation ofthe 
RoHS directives on 0 July 2006 
the use of solders containing ead 


isprohtited Leadee sodersae 4, The flux 


usualy alloys containing ser (Ag) 


and copper (Cu) (for the abi 
The aly's composition determines 
Tretoyerpertceardhyseal”  FUesareusedtoatantiebest made betieen acdc as sedin 


possible bonding between solder plumbing) and acidree products 


Bropetis of the int. Creraer Smt They price ormetat+ (a8 sd inelecrial and electronic 


the choice of an alloy are: produc- 


Sly ean sts of te parts appar) isos carmon a 
tenors section the sae rove tesa le ie han moe 
ae PPI ‘as wel as other fw-nhibiing flux cares in elctronos production, 
of aay Conant andpeet eres bar sles erm 


formation of new axdes during the cholcein plumbing as wel as inthe 
soldering process. Adiference is ratio and auto body work. 


Examples of some common alloys 


Alloy Flux Making polnt ra 
LsnéoPe40 EN 204541112 (F-SW 269DIN 8511) 183°C- 190°C 
Lsnsopasaou2 EN 20454/112 (F-SW 260DIN 8541) 183°C 190°C 
LsneaPes7 EN 28454/1.13 (F-SW 320DIN 8541), oe of halogen 183 Ceutectc 
Lsn62Pb36Ag2 EN 20454/1.13 (F-SW 320DIN 8511), oe of halogen 178°C 190 
‘Alloy ~lead-ree complying RoHS-WEEE 

LsnQ5,5Ag8 @0u07 ——-EN29454/1.1.2 (-SW25DDIN 8511) 217 Ceutectc 
Lsn96 5/08 5 EN 29454/1.2.3 (F-SW 339DIN 8541), oe of halogen 221 "Ceutectc 


sn99,acu07 EN 20454/1.2:3 F-SW 399DIN 8511), oe of halogen 2T"Ceutecc 


Balanced Antenna Systems 


For many amateurs, the antenna 
tuner really earns its keep by match- 
ing balanced ystems for multiple 
bands. The classic system is one that 
is often called a center-fed Zepp, 
although there are some who suggest 
it really should have different names 
‘on different bands, 


The Center-Fed Zepp 

‘This antenna is actually a half-wave 
dipole if fed on its lowest band. The 
difference between it and the usual di- 
pole is that it is fed with low-loss bal: 
anced transmission line, such as open 
wire line or window type line, Since 
it doesn't really need to be resonant to 
‘work well, and thus can be almost any 
length, a more accurate name might 
be the nor always resonant tuned feed: 
er dipole. Still more folk will know 
what you mean if you cal ta center- 
fed Zepp (CZ), The configuration is 
shown in Figure 13-10. 

For the case in which itis reso- 
nant at its half wave frequency, the 
radiation pattern is the same as any 
half-wave dipole atthe same height 
The difference is that the SWR on 
the transmission Tine willbe in the 
range of 4:1 to 10:1 depending on 
the height ofthe antenna and the 
transmission line type. While the loss 
with this kind of mismatch would 
bbe u problem with coax, it isn't with 
low loss line, Including the loss due 
to mismatch, the total Toss is compa- 
rable or even less than most matched 
coax situations atthe same frequency. 

The antenna can easly be fed with 
‘wide range antenna tuner, prefer- 
ably a balanced antenna tuner, but 
usually also with an unbalanced tuner 
equipped with a balun, The antenna 
will work very well on higher bands 
—into the VHF range, There may be 
some lengths of transmission line that 
will result in an impedance that the 
tuner ean deal with on all bands 

The antenna patterns become fairly 
complex at higher frequencies, For 
resonant antennas, there are gener- 
ally 2>¢N main lobes where N is the 
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Figure 13-10 — Traditional center-ted Zepp antenna. With the length shown, 
the antenna will work well from 80 through 6 meters, and may even tune 
‘on 160 meters. The antenna length Is not critical, however, it works best if 
‘close to 1/2 on the lowest operating frequency as described in the text. 


number of full wavelengths, 
‘As mentioned, the antenna has no 
particular need to be resonant any 
where to work well. The impedance 
is easier to match if the antenna is at 
Teast a half wave long at its lowest 
frequency, but there is nothing magic 
about that length. I use 2 100 foot 
long dipole, center fed with 450 
‘window line quite successfully on all 


bands from 80 through 6 meters, for 
example. 

Another popular length is 86 feet. 
‘This provides the optimum gain on 
20 meters in single lobes in each 
direction perpendicular to the wire 
‘While the lobes are sharp compared to 
dipole, 35.6° on either side com- 
pared to 83°, the gain at the peak is 
more than 3 dB higher than a dipole. 


-— 


Tuner 


‘Staton Earth 
‘round 


seFeet ———+ 


Figure 13-11 — End-ted Zepp anten 


ina for 40, 20, 15 and 10 meters, This 


works as a horizontal antenna if the length is a multiple of 7/2 on each 
frequency used. On other frequencies the feed line will also radiate, usually 
with vertical polarization, and precautions must be taken to keep common 
‘mode currents from the radio equipment. Lightning arrestor not shown. 
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This length will usually be useable 
from 80 meters through the higher 
frequency bands, although some 
transmission Tine lengths may have 
problems with some wide range tuners 
on 80 meters, 

If there are problems matching par- 
ticular impedances, usually an extra 
10 feet or so of the transmission line 
will change the impedance enough to 
‘make the match possible. Be sure to 
check the other bands to make sure 
you haven't just moved the problem 
‘around, Usually a length can be found 
that will work on all bands. Be sure to 
avoid coiling up the excess balanced 
line. Always keep itoff the ground 
and away from metal — at least three 
‘or four times the distance between the 
conductors, 


The End-Fed Zepp 
‘A half wave antenna fed on the end 
ith a 2/4 matching section of low 


Joss balanced line is called an end- 
fed Zepp. This is often a convenient 
autenna ifthe station is close to.a 
property boundary, making a center- 
fed antenna a difficult proposition. 
‘The matching section transforms the 
high impedance on the end, typically 
lose to 2000 O, toa relatively low 
impedance that can be fed by a trans- 
mtr, or a narrow range tuner. This 
is the original Zeppelin antenna that 
was deployed beneath the wirralt’s 
gondola, Ibis also popular as 2. VHF 
vertical called a “J-antenna.” 

‘Some have had better results by 
providing a 2/10 or so of wire as a 
ccounterpoise on the other side of 
the transmission line, particularly if 
using it on multiple bands. On bands 
at which the antenna is a multiple 
of 12, it provides mostly horizontal 
polarization with minimal common 
‘mode current on the transmission 
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Tine, It ean be made to work on bands. 
at which itis not resonant, however, 
there will be a pronounced lack of 
balance on the transmission line. 

‘While the 2/4 matching section is a 
key part of the original Zepp design, 
it is not necessary if a wide range an- 
tenna tuner is provided to perform the 
matching as shown in Figure 13-11 

The unbalanced line currents result 
in two effects. 

‘First, the line will radiate, This 
may not be a terrible thing, ifthe line 
is in the clear, but can cause problems 
if ivis running near other equipment. 

‘Second, the line will bring 
‘common mode current into the sta- 
tion, This can usually be addressed 
through a common mode choke at 
the point at which a transition to coax 
is made, Make sure the coax run is 
short, since the mismatch will result 
in much higher losses in coax. 


Antennas used in vehicles operate 
under the same principles as antennas 
in other applications, however, they 
often provide unique challenges. An- 
tennas for MF and the lower portion 
of the HF region must be shortened 
considerably in order to be practical 
‘on most motor Vehicles, large ships 
are a notable exception. In addition, 
‘unlike the usual antenna environment, 
these antennas are usually quite close 
to both the radio equipment as well 
as the vehicle body, With the excep- 
tion of aireraft antennas, most mobile 
antennas are also quite close to the 
ground, 

While none of the above differenc~ 
€ by itself results in major problems, 
they all lead to certain limitations in 
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Figure 13-12 — Typical vehicle mounted monopole for the lower HF range. 
Because of practical limitations to do with garages, tunnels and trees, 
lengths tend to be 8 feet or less, from about % to Ya: wavelength. The 
‘center loading shown improves efficiency. 


antenna design and performance, 


HF Mobile Antennas on 
Land Vehicles 

‘The lower HF bands, espectally 80, 

40 and 20 meters, are popular with 

le operators. Depending on the 
sunspots and time of day, one or more 
cca usually be counted on for reliable 
medium to long range communica- 
tion. The usual antenna isa relatively 
short monopole antenna mounted on, 
and fed against, the vehicle body as 
shown in Figure 13-12. 

As in the antenna in Figure 13-12, 
center loading is often used because it 
results in higher current in the lower 
section and thus less loss, although 
base loading, or even just using a 
solid whip with a tuner atthe base 
are often encountered. A limitation of 
such an antenna i its SWR band- 
‘width, atypical case shown in Fig- 
ure 13-13 — much narrower than a 
full size antenna. 
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Figure 13-13 —Typical SWR plot 
of a mobile antenna of the type 
‘shown in Figure 13-12. The 2: 
‘SWR bandwidth is likely to range 
from 20 to 50 kHz, with antennas 
having less efficiency tending to 
have wider bandwidth. 


‘This makes the shortened mobile 
antenna & good candidate for a wide 

range antenna tuner. The tuner can be 
used to allow full band coverage to be 
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obtained. I have even used a tuner to 
allow a 40 meter mobile whip to be 
used on 80 meters, although itis 
not as efficient as the center loaded. 
80 meter arrangement, 


HF Mobile Antennas on 
Other Vehicles 

‘Those using HF on boats or aircraft 
ddo not generally share the same size 
restrictions as on land vehicles. Often 
either will use a convenient length 
of wire, for example the insulated 
backstay on a sailboat, ora wire from 
«a short mast toa handy surface on an 
aircraft, to form an antenna similar 
to the random wire described earlier. 
This is almost always accompanied 
by a remote, usually automatic, 
antenna tuner very near one end ot 
the other of the wire. This system 
‘can work very well if fed against the 
aircraft body or a metal hull. On my 
fiberglass sailboat, I feed it against 
the ship ground system, 
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Review Questions 


13-1 Under what circumstances can an antenna tuner be of benefit in feeding 
simple coax fed 2/2 dipole? 


13-2 Why is it important to use low-loss transmission line such as window or 
ladder line if using a dipole on multiple bands? 


13-3 What are the possible consequences of common mode currents on 
transmission line? 
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A Survey of Available Tuners 


A selection of modern 
balanced antenna tuners 
on the lett with @ 1950s 
John Matchbox tuner. 
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Key Tuner Paramaters 


Virtually every configuration of 
antenna tuner, capable of operation at 
every legal power level, is available 
commercially from one or more 
vendors. This can make selecting a 
commercial tuner a bit of a challenge, 
|justas it is much tougher to select a 
‘meal from a restaurant with many 
good choices, compared to just a few. 

Fortunately, the choices can be 
‘quickly reduced if one ean make a 
few decisions on key tuner param- 
ters. I will try to organize them in a 
way that will help make the selection 
easier. The following are the major 
decisions to be made, in this person's 
opinion: 


What Frequencies Do You 
Want the Tuner to Cover? 


When talking about antenna tuners, 
wwe almost always are talking about 
the HF range, although there are also 
some tuners for VHF bands. This 
means that we want to cover the 
amateur bands from 80 through 
10 meters — that's a given. Most 
current amateur transceivers also 
cover 160 meters. Is that of interest? 
If'so, because it often doubles the size 
of many tuner components it will 
likely ada significantly to the cost and 
size ofa tuner, all other things being 
equal, The 160 meter band is gaining 
in popularity since it provides 
interesting operational conditions at 
the bottom of the sunspot cycle, as I 
‘write this. IF you have room for 
effective 160 meter antennas, having 
4 tuner that supports operation here 
may be a good choice. 

On the other end ofthe spectrum is 
6 meters. More and more current 
amateur “HF” transceiver eross into 
operation on our lowest VHF band, 
This band is also quite popular now 
since there are long distance modes 
that don’t depend on sunspot activity 
Ifyou have, or expect to have, a 
dedicated 6 meter antenna, the 
chances are that it will be suitable to 
be fed directly with 50.9 coax and a 
tuner wall not be needed. On the other 
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hand, if you will need to use your all 
band tuner fed antenna, such as the 
center-fed Zepp, on this band, you 
‘will want to include that capability in 
your tuner. 

‘The other frequency decisions 
‘may be more subtle. Operation on 
10 meters is sometimes a problem 
with larger tuners that have trouble 
ending up with sufficiently low 
‘minimum inductance and capacitance 
to provide the same impedance 
coverage on 10 meters as on the other 
bbands — check the specifications to 
get an idea, In a similar vein, some 
tuners don’t have quite enough 
‘maximum inductance or capacitance 
to provide the tuning capability to 
cover 80 (or 160) meters with the 
same range as on the other bands. 


How Much Power Do You 
Expect to Run? 

For any given tuner design, there is, 
no factor that influences tuner cost 
and size more than power level. This 
should not be a surprise since higher 
power means higher voltage and 
current sttess on the components 
within. The obvious answer might be 
to pick a tuner with a power rating 
equal to the most power that your 
transmitter ean put out — but be 
careful, there are four issues hidden 
here: 

The power rating is based on the 
manufacturer's SWR specification (if 
they did a proper design job). I it 
says a tuner is good for an SWR of 
10:1, typical for a wide range tuner, 
and you tune an antenna with a 20:1 
SWR, you may be able to get a 
‘match, but either the voltage or the 
current in the tuner can be higher by a 
factor of (20/10), or 1.41 times. That 
‘may explain the arcing, or the burning 
smell, you observe on some frequen- 
cies! The answer may be to go 
somewhat higher in power rating than 
you expect to actually run 

So you now have that shiny new 
100 W transceiver — you love it to 
death and can’t imagine that you will 


ever need more power. You buy a 
100 W antenna tuner (or better a 
200 W tuner, as discussed above) and 
happily make many contacts with 
your stealthy antenna. Now you 
decide to try for DXCC and notice 
that the DXpedition in Outer Slovenia 
can almost hear you, but can’t quite 
copy your call letters. A bigger 
antenna is out ofthe question — the 
only solution isa high power ampli- 
fier. Oops, now you have an almost 
new 100 W tuner that you can no 
longer use 

*In addition to taking up more 
space, and more lawnmowing money, 
high power tuners often, because of 
the physical size of the components, 
have trouble providing the tuning 
range some antennas need on the 
higher bands. Some switch out 
portions ofthe circuit on higher 
bands to avoid the problem, but some 
don’t. Keep your eye on that ball, if 
looking at higher power tuners 

On the plus side, higher power 
tuners usually have inductors that are 
‘wound with heavier wire. This 
reduces losses, although it may not be 
noticeable in the test results 


Do You Want a Balanced or 
Unbalanced Tuner? 

If you expect to be feeding single 
wire or coax-fed antennas, an 
unbalanced antenna tuner will be fine. 
If you want to feed an antenna such 
as a center fed Zepp with balanced 
line, you will need to have some 
provision to feed a balanced load. 
This can be handled in one of three 
ways: 

A fully balanced tuner is ideally 
stited to matching to balanced loads 
within its matching range, These are 
available in multiple power ranges 
and can work quite well, A disadvan- 
tage of these is that many do not 
Include all the switching options of 
‘many unbalanced tuners — not a 
problem if you expect to use a 
single antenna. 

Many inherently unbalanced 


tuners include an output connection 
through an internal balun, These work 
best with balanced loads within about 
4:1 SWR of the balun design imped~ 
ance. Most use 4:1 baluns designed 
for a 200 © load. That means they 
will work reasonably well with 
resistive loads from 50 to $00.2, and 
with complex loads of a similar 
SWR. They will also work outside 
that range, although their response 
can be a bit unpredictable. If they 
don’t get hot, they are probably 
putting the power where you want it. 
“The same kind of balun can be 
added outside of an unbalanced tuner 
if you decide to move from coax to a 
balanced feeder system. The same 
concerns as noted above apply. 
However there are some advantages 
such as that you can custom design 
the balun for the impedance that each 
antenna has, and you can have the 
balun some distance from the station 
equipment — but watch out for 
mismatched coax losses if the 
distance is more than a few feet. 


Do Your Want a Remote or 
Local Tuner? 

‘An antenna tuner that is located 
next to the radio in the station area 
offers a lot of plusses in terms of 
control and monitoring. Some 
antennas, however, really want the 
impedance matching performed at the 
antenna. A big consideration here is 
that ifthe tuner is located with the 
antenna, it usually ean only operate 
with that single antenna, although 
remote switching is possible. Ifthe 
antenna tuner is near the radio, 


switching between antennas systems 
is usually much easier — sometimes 
provided within the tuner, sometimes 
outside — but always within reach, 


Do you Want a Manual or an 
Automatic Tuner? 

A manual tuner requires adjusting 
two or three controls (and often 
switches) every time either frequency 
is changed, typically by around 
50 kHz, depending on what band is 
selected or what type antenna is used, 
‘The adjustments can be tedious, 
although recording them makes 
retuming to a proper tune under 
previously encountered conditions 
fairly easy 

‘An automatic tuner, on the other 
hand, just requires a push of the 
button to obtain a tune, Many have 
some sort of memory arrangement so 
they can quickly return to previous 
settings, The tuning usually takes 2 
few seconds the first time, a fraction 
thereafter. While it is possible to 

jagine a remote manual tuner, to my 
knowledge, all remote tuners are of 
the automatic flavor. So if you want 
remote, you get automatic. 

‘The idea of an automatic tuner 
sounds pretty good, and itis. There 
are just a few items to be aware of, as 
noted below: 

‘In general, an auto tuner will 
make a match within its specified 
SWR threshold, often 1.5:1, but 
ccheck and compare with your radio’s 
requirement. With your manual 
‘tuner, you can usually find a 1:1 
setting. If the radio will put out its 
full power into the load, this is not 
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worth worrying about. 

‘Watch out for tuners that initiate a 
tune on their own. Some can be just 
100 automatic to suit me. You tune 
‘your radio 25 kHz. off your previous 
frequency to capture a neat DX 
station, start to call, and hear your 
antenna tuner relays elacking. 
(Chances are the up and down tuning 
will result in the station missing some 
part of your call sign. 

OF more concern, if there is no 
circuitry to prevent it, many auto- 
‘matic tuners that can handle 100 W, 
for example, want tuning to occur at a 
Tower power level to avoid burning 
relay contacts. If it starts up while 
you are operating, you can easily hit 
it at full power before you know 
‘what's happening. In the mobile 
environment, this can also happen as 
you pass that 18 wheeler with a giant 
piece of aluminum detuning your 
antenna (it can also serve as a 
reflector, if you get it in the right 
place!). 

1 once thought that the small 
‘components in the usual compact 
automatic antenna tuner would result 
in more losses compared to the larger 
‘components, especially inductors, in 
the usual manual tuners. To my 
surprise, following the test results 
presented below, this does not seem 
to be the case, although it might be 
buried in the 5% minimum loss, 
‘below which we don’t report due to 
measurement uncertainty. I itis a 
Joss of that level (0.2 4B), in my 
‘pinion, it should not be part of the 
decision process. 


143 


Product Review 


‘The American Radio Relay League 
(ARRL), the US Amateur Radio 
organization publishes a monthly 
magazine, QST, for its members. In 
addition to its many technical and 
general interest features, each 
month’s issue includes detailed 
reviews of products of interest to its 
readers, These Product Reviews 
generally include laboratory evalua- 
tion of equipment operational 
Parameters using professional grade, 
independently calibrated test instru- 
iments, Over the years, we have had 
many such reviews of antenna tuners 
and I have reproduced the results 
from some here. 

While many of the reviews include 
currently available equipment, some 
models covered are no longer 
available as new equipment. Even so, 
it may be of benefit in two ways: 

‘There is an active used equipment 
market in Amateur Radio equipment. 
This may provide a way to know!- 
edgeably purchase an antenna tuner at 
a lower cost 

In some cases, manufacturers 
have made relatively small changes to 
equipment, so data on previous 
models may be directly applicable. 


ARRL Lab Antenna Tuner 
Testing Methodology 

‘The following method was used in 
the ARRL Lab to measure the loss of| 
the tuners presented below. Two test 
fixtures were built which would hold 
combinations of high power 50 
“non-inductive” carbon resistors 
(one fixture for parallel combinations 
and one for series), one shown in 
Figure 14-1, Even with the non: 
inductive resistors, some net fixture 
inductance was apparent at some 
frequencies, so a variable capacitor 
‘was used to compensate. The fixture 
accuracy was measured using the 
Lab's vector impedance meter. 

Each fixture used an input connec- 
tion (for the tuner) and an output 
connection. The output connection 
‘went to a 502 input power attenus- 
tor, which took the place of one of the 
resistors in the load (for the series, 
loads, it was always the one on the 
ground side of the network). The 
‘output of the power attenuator was 
‘connected to a high accuracy labora- 
tory wattmeter, and the actual 
attenuation was measured for each 
frequency. The tuners were matched 


at low power, then 100 W of RF was 
applied at the input, with the ouput 
being measured by the Lab’s wattme 
ter. 

Each tuner was connected to the 
load fixture at each resistive imped- 
ance level for testing in the ARRL. 
Lab. A 100 W RF source fed the 
input of the tuner. The resistive load 
was connected to the antenna output, 
‘The load was connected to a 50.0, 
power attenuator, which took the 
place of the final resistors. This is a 
close-up of the parallel load test 
fixture, The variable capacitor was 
used to compensate for fixture 
inductance encountered at some 
frequencies. While complex imped- 
ance loads could have been tested as 
well, the additional data points would 
have made testing impractical. We 
believe that the results at a particular 
SWR should be representative of 
other loads with the same SWR. 

Note that the reviews were 
conducted over a period of a few 
years and the data taken, as well as 
the presentation, varied slightly from 
review to review. Please make sure 
that you are comparing equivalent 
data. 


Figure 14-1 — Close up of test figure used to test 
antenna tuner efficiency into loads from 50. down 
using paralleled 50 © noninductive loads. 
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OST Reviews Five High Power Antenna Tuner: 


Reviewed by Jim Parise, WIUK 
ARRL Technical Advisor 
QST February, 2003 

One piece of gear that finds its way 
{nto most everyone's shack at one 
time or another is an HF antenna 
tuner, First of all, the name antenna 
tuner is something of a misnomer. It 
does not tune the antenna at all, but 
acts as an impedance transformer that 
provides your transmitting equipment 
with the proper load, usually 50 Q. 

‘Who needs an antenna tuner? Well, 
‘anyone who has the need to match an 
antenna with an impedance outside 
the range of their transmitter or 
amplifier’s output circuits. Modern 
transceivers often have built-in tuners 
that are capable of matching SWR 
mismatches up to 3:1, Beyond that 
they need help, and if you use an 
amplifier you most surely will need 
‘one, Many hams find themselves with 
limited antenna choices and the desire 
to operate on frequencies other than 


Table 14-1 
‘Comparison of Five Antenna Tuners 


Gircuit Type 
‘SWRMattmater 
Balun type 
Manufacturer's claimed PEP rating 
‘Manufacturers claimed Matching range 
Physical dimensions (HWD) 

ininches 


\what they were designed for, or use 
non-resonant multiband antennas that 
require a tuner. The five HF tuners we 
tested are all in the kilowatt class, 
meaning the manufacturer rates their 
power handling capability at 1 kW 
‘output or more. 

With the wide range of frequencies 
in the HF spectrum and the huge 
diversity of antenna types in use, 
tuners are expected to perform under 
an incredible number of possible 
combinations. Some are more 
efficient at it than others. A measure 
of a tuner’s ability to transform 
impedances efficiently is energy loss. 
Under extreme conditions a tuner can 
get quite hot or arc over at power 
Ievels well under the manufacturers 
rating. Heat in a tuner is a product of 
loss, RF energy being dissipated as 
heat is lost power that will not find its 
‘way to your antenna and onto the air. 

‘Tuner losses generally get higher 
as the impedance of the load decreas 


es. Ifa ham were running 1500 W 
into a tuner that was 50% efficient, 
750 W would be dissipated in the 
tuner, Most of the loss in a tuner 
‘occurs in the coil, and no coil can 
withstand 750 W of power. A 
high-power tuner could probably be 
safely used at 0% efficiency and 
100 W, but hams should be careful 
with high SWR and high power, or a 
tuner failure is a real possibility. Each 
tuner was tested into resistive 
impedances that ranged from 6,25 to 
400 2, and their respective pereent- 
age of loss and 1.5 SWR bandwidth 
measured. The tuners Were also used 
in everyday communications on all 
bbands at power levels up to 1 kW, 
matching a GSRV fed with balanced 
ladder line and a 160 meter inverted L. 
fed with coax. 

‘The characteristicvs of the five 
uners tested are described in 
‘Table 14-1, Each tuner is described 
separately below. 


Ameritron MES Palstar Ten-Tec Vectronics 
ATR-30 ME-986 ATI500 CV. 238A, HFT-1500 
network Tnetwork Tnetwork ——L-network —TEnetwork 
Cross-needle —Cross-needie Cross-needle Single-needle Cross-needio 
4:4 current 4:1 current 4:1 voltage 4:tvollage 4:1 voltage 
3000 W 3000 W 1500 2000 W 2000 
35-500 35-500, 20-1500 5-900 Not specities 
B25x19144 — SARTXIS2 —4SKIZGIZ«-BEISeI1 BST Sx12 
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AMERITRON ATR-30 feed lines connect to large ceramic ‘Willow Rd, Starkville, MS 39759; tel 
“The ATR-30 (Figures 14-2, 3, 4) binding posts with wing nuts, Test 662-323-8211; fax 662-323-6551; 
results are summiarized in Table 14-2. www. ameritron.com. 2003 price 


is Ameritron’s legal limit T-network 
‘Manufacturer: Ameritron, 116 $509.05. 


antenna tuner offering. It is housed 
1 plain, all black aluminum enclosure 
with a scratch resistant coated front Taye 44.2 


panel. A look under the cover reveals ameritron ATR-30 Loss and Bandwidth Test Results 
two large variable capacitors and an 


a eee ‘SWR Load (0) 160m 60m 40m 20m 10m 
bait ace sg a ate es 625 Powerloss% 20 12 <0 “<0 <10 
roller inductor. Like most of the other Pian 4 Sve ierarwliog 
tuners reviewed here, the capacitors 41 125 PowerLoss% «© 15 <0. et. <0. «10 
are adjusted with vernier reduction 15 SWREW 3 435 3535 
drives, and although they tune aa Bae ae Madan de. week Ie 
siuvothly. dies reais RIK OEFOee) 4 50 Powerloss%  <10 10.10. 10.10 
to turn, The roller inductor is TSSWREW OS Stihiess nests aoe 
adjusted with a plastic lever type a4 100 Power Loss% © <10 <0 <10 <10.<10 
knob and is quite stiff to crank. The 1SSWREW 35 55355 
roller itself isa pinch roller, andthe 47 00 rere aa acct cpa mes Clair 
physical areca petites SSH Bw = Epi lent: teeny 

81 400 PowerLoss% = <10 1010.10. <1. 
crank may be offset by lessoned tSsWReW oS ct ee honda 
contact resistance Notes 


‘The balun is constructed with three Power losses are expressed as a percentage. A 21% loss of power is 1 dB, 

lenge cores and wound with wire ‘The 1.5-SWR Bandwidth (SW BW) cepresents the bandwidth over which an SWR of 

covered with Teflon tubing. The “.5:1 or less was maintained as a percentage of the measurement frequencies 
(18, 95, 7.2, 14.2 and 29.7 MHz). 


cross-needle meter displays both 
average and peak power in switchable 
300 W or 3 KW ranges. The wattmeter 
requires de to function, It is illumi 
nated by either a 12 V barrel connec- 
tor on the ack panel ora 9 V battery 
accessible through a trap door on the 
bottom of the unit. With 12 V, both 
the meter and inductor turns counter 
are illuminated. When a 9 V battery is 
used, the meter will function, but the 
‘panel lamps will not light, 

Finding a match on 80 meters on 
the GSRV required quite abit of time 
finding the right combination of 
capacitor tuning and inductance, and 
the stiff controls didn’t make it much 
fun, Finding the sweet spot on the 
higher bands was much easier. There 
are three coax outputs on the ATR-30, 
including two that may be switched 
direct or through the T-network and a 
third direct only. Single or balanced 


Figure 14-4 — Rear panel connections on the 
‘Ameritron ATR-30. 


Figure 14-2 — Front panel of the Ameritron ATR-30. 
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5. A safe and clean working environment 


sure gi 


Safety first, especiay while soder- 
ing. The VDE and GS emblems en- 
sure the elctial safety of soideing 
‘equipment The use of the VDE sign 
‘blgates the manufacturer to monitor 
producon accordance with test 
‘guidlines and to conduct ests ac- 
cording tothe regan determined 
by the VDE testing insti, 


alth 


>) 
ceo BOG 


Health protection during soldering 


“The breathing zones very close to the Soldering process during manual 
soldering, and the solders added by hand. Ths there isthe danger of 
contaminated ar and hands ar tems which may have been touched 
Flux vapors canbe damaging tothe operator's heath and shou be kept 
out of the breathing area. Suitable devices for hs purpose are scider 
fume extractions, which extract the smoke and assciated vapors fram 
the workplace and remave parties and gases, Modern fume extractions 
‘an be programmed to operate only when the salderng process is taking 
Place hus saving energy. 

(One should never ea, nk or smoke ooms where soderng is pre- 
formed. Contamination wich remain on the hands can enter the human 
organism trough food or cgarete smoke. 

Hands shouldbe washed throughly after soldring. 


MFJ-986 

‘The °986 is one of more than 20 
antenna tuner products offered by the 
prolific MF (in 2003), Its rated for 
1500 W PEP within the 35-500 
impedance range, positioning it along- 
side the "989C as one of their high 
power units. Unlike the traditional 
‘T-network with a pair of variable 
capacitors, the °986 (Figures 14-5, 

6, Thmakes use of a single variable 
capacitor and a wire wound air core 
roller inductor with a three digit turns 
couinter. The tuner uses what MEI 
describes as a “differential” capacitor. 
Ithas two discrete sets of fixed plates 
and one variable set, with a single 
‘capacitor control, forming a T-network 
with the inductor. 

‘The cabinet is narrow and extends 
nearly 18 inches deep. The cross- 
needle meter has a high (3000 W) and 
low (300 W) setting switched by 
front panel button, and it ean display 
average and peak power as well as 
SWR. Providing 12 V to the connector 
‘on the back panel brightly illuminates 
the meter. Both the capacitor and roller 
inductor are directly driven, The in- 
<ductance knob has a finger depression, 
which are often found on a trans- 
ceiver’s tuning knob. It is somewhat 
awkward to turn due to binding. The 
tuner had a tendency to creep around 
the operating desk when the inductor is 
rapidly tuned. A check inside revealed 
several loose serews holding the indue- 
tor to the chassis. Tightening these did 
improve the smoothness somewhat, 

The "986 provided a match to both 
antennas quickly, but arced over on 
80 meters with the inverted L at 
‘900 W. While this tuner does provide 
cease of use, one should give careful 
‘consideration to the loss figures in the 
tables. During operation the meter 
developed an intermittent problem 
with both needles going off scale even 
with very low power applied and a low 
SWR. Movement of the SWR bridge 


Figure 14-5 — Front panel of the MFJ-886. 


circuit board on the inside back panel 
seemed to correct the problem. 

‘Two coax outputs are provided that 
can be switched to bypass the tun- 
ing circuit, as well asa third output 
for a dummy load. Balanced and 
single-wire feed lines connect to large 
ceramic feed through posts with wing 


nuts, A 4:1 two-core current balun is 
provided at the output. Test results are 
‘summarized in Table 14-3. 

‘Manufacturer: MES Enterprises, 
Inc, PO Box 494, Mississippi State, 
‘MS 39762; tel 800-647-1800; fax 662- 
323-6551; wwwamnfjenterprises.com, 
2008 price: $329.95 


60m 40m 20m 10m 
a te 18 
Ho ae etal, 28. 
2 4 2 
1 4 5 36 
2 19 <0 10 
a ee 
2 <0 <0 <0 
3 38 55s 
10 <0 <0 19 
5 35 535 
<10 <10 <10 <10 
>5 5 
<0 <0 11 16 
> SO 


Table 14-3 
MFJ-986 Loss and Bandwidth Test Results 
‘SWA Load (2) 160m 
81 6.25 PowerLoss% 47 
1.5 SWRBW 4 
44 12.5 PowerLoss % 93 
1.5 SWRBW 1 
2a 25 Powerloss % 25 
1.5 SWRBW 1 
1 50 PowerLoss % 22 
1.5 SWRBW 2 
Pa) 100 PowerLoss % 15 
1.5 SWRBW 3 
44 200 PowerLoss % " 
1.5 SWRBW 3 
81 400 PowerLoss % 10 
1.5 SWR BW 3 
Notes 


Power losses are expressed as a percentage. A 21% loss of power is 1 a8. 
‘The 1.5-SWR Bandwidth (SWR BW) represents the bandwidth aver which an SWR of 
15:1 of less was mainiained as a percentage of the measurement frequencies 


(18, 35,72, 142 and 29.7 M2), 


Figure 14-6 — Interior circuitry of the MFJ-986. 
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Figure 14-7 — Rear panel connections on the MFJ-986. 
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PALSTAR AT1500CV variable capacitors are 240 pF maxi- Antenna connections on the back 
rine Pleas ATS mum, which explains the 160 meter panel include three coax inputs. TWo 
14.8, 9, 10) isa Enetwork (Figures performance. The tradeoff results in are available director through the 


solidly constructed in a compact ‘Heder weight tuning network and one is bypassed 
‘luminum enclosure, Inside, the 
metering and SWR bridge circu 

5 ay Table 14-4 


are encased in their own aluminum 
boxes. The moderately sized variable Palstar ATISO0CV Loss and Bandwidth Test Results 


capacitors are mounted side by side SWA Load (2) 160m 80m 40m 20m tom 
and feature large calibrated dials and 8:16.25 PowerLoss% NoMatch 25 «16 t2 12 
: sce +.5SWA BW ee weer 
silky smooth versie tuning that 4s 25 Powertose% NoMach 180-18 <td. tt 
allows for precise adjustment Palstar eae etal elias 
indicates that newer units incorporate 24 25 PowerLoss% 21 mee ale tere 
«roller bearing assembly which 1SSWREW 2 3 ae oe tas 
‘makes inductor adjustment smoother. 151 50 Power Loss % 13 10 <0 <0 <10 

soe 8 1SSWREW 3 8358S 
The rol a eer te ee ve et 400 PowerLoss% NoMatch <10 <10 <10 13 
an air core silver plated edge woun bac Bo ee 
coil with heavy-duty ceramic forms. 4:4 200 PowerLoss% NoMatch <10 <10 <10 12 
Control ofthe inductor is via a lever 15SWREW a ec) 
handle and mechanical tums counter, 81 400. PowerLoss% © NoMaich <10 <i0 <0 <10 


eee eer 1.5 SWREW a 
Itis not as smooth as some of the Noles 


other tuners and tends to lurch as itis NO Match means that a 1:1 SWR could not be obtained 

rotated during fine adjustments. The Power losses are expressed as a percentage. A21% oss of power is 1 dB, 

cross-needle meter displays SWR and Te 1.5 SWR Bandwiath (SWR BW) represents the bandwidth over which an SWR of 
“5:1 or less was maintained as & 

average forward and reflected power 

in 300 and 3000 W ranges, with no 

option for peak power metering. Itis 

iMuminated with 12-V from an 

included wall adapter 

Achieving a 1:1 SWR on the 
(GSRV was possible on all bands from 
80 through 10 meters at its rated 
power maximum of 1000 W single 
tone, Similar results were noted on 
the inverted L. Although the tuning, 
chart provided in the manual does not 
include settings for 30 meters, the 
tuner easily matched both antennas 
‘on that band. This tuner has a solid 
feel to it and doesn't creep around 
‘while making adjustments. 

In laboratory tests, the ATISOOCV 
‘had more difficulties on 160 meters 
than on other bands, A 1:1 SWR was 
only obtainable with the 25 and 50 0 
Toads, the power losses at 160 meters 
were measurably greater than those 
‘on other bands at the same loads, The 


Figure 14-9 — Rear panel connections on the Palstar 
AT1SO0CV. 


Figure 14-8 — Front panel of the Palstar AT1500CV. 
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straight through. The bypass ouput 
can also be used with an optional 4:1 
balun available for $39.95 [2003] 
Balanced or single wire feed lines are 
attached to Delrin terminal posts with 
wing nuts, 

Longer threaded material on the 
terminal posts would be a welcome 
improvement and make attachment of 


TEN-TEC 238A 


‘The Ten-Tec 238A (Figures 14-11, 
12 and 13) is the only tuner in our 
roundup to utilize an L-network. Us- 
ing an innovative switching arrange- 
ment, the "238A actually provides 

five different circuit configurations 

to maximize efficiency. A look at the 
Jow loss figures inthe table confirms 
this. ‘The well-constructed tuner makes 
use of a single variable capacitor and. 
‘a smooth turning wire-wound roller 
inductor to match impedances up to 
3000 ©. Additional capacitance can be 
switched into the circuit by means of a 
front panel switch. Five settings each 
are available for high and low imped- 
ances, as well as a bypass choice 

A ceramic feed through post on the 
‘back panel provides a connection t0 
‘add an additional 1000 pF capacitor 
(included with the tuner) to the circuit 
for matching 160 meter antennas, The 
small dual use meter can be switched 
to display SWR or RF power in either 
112000 or 200 W range, The meter 
Jamp is powered by 12 V on the back 
panel. 

‘The "238A handily matched all 
bands on both test antennas at full 
legal limit power. On 10 meters using 
the GSRV, the capacitor and inductor 
‘controls were a bit sensitive to small 


Figure 14-11 — Front panel of the Ten-Tec 238A. 


larger gauge wire much easier. In one 
‘isolated circumstance during lab 
testing, our engineer felt an RF bite 
fon 10 meters through the metal 
portion of the inductor erank. This 
id not seem to be a pervasive 
problem, and Palstar indicates that the 
‘grounding on the erank has also 


adjustments, One minor complaint: 
‘Measuring forward power in the high 
power range on the meter caused the 
indicator to slap the right extreme 
position during CW keying, 

In laboratory tests, the "238A 
did not match on 160 meters into a 
6.25.Q until 2700 pF of external 
capacitance was added, Ten-Tee 


recently been improved. Test results 
are summarized in Table 14-4. 

‘Manufacturer: Palstar, Inc, 9676 N 
Looney Rd, PO Box 1136, Piqua, OH 
45356; tel 937-773-6255; fax 
937-773-8003; www.palstarine.com, 
2003 price: $429.95, optional 4:1 
balun $39.95. 


indicates they will provide additional 
capacitors to purchasers at no extra 
charge. Also, the power losses on 

10 meters were considerably greater 
than those on other bands. However, 
the ’238A performed very admirably 
‘on most other bands, quite ofien 
exhibiting the least losses on given 
band and load combinations, 


Figure 14-12 — Rear panel connections on the Ten- 
Tec 238A. 
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Table 14-5 ‘The four-position antenna switch 


‘on the front panel allows selection of 
Ten-Tec 238A Loss and Bandwidth Test Results ice caine ane 


WA Load) com 99m 40m 20m 10m —_randomvite The balanced ouput 
et 6.25 Power Loss % No Match <10 0 <10<10 28 ‘and one coax connector share e 
T2Swmaw Seo Sorumeear ee share 
ee ig 3k 8 8B poston four. A tworcoe bal is 
wien 338838 provided or matching the Falanced 
24 25 Power Loss % <10 yo <0 <10 17 ‘output. The "238A is the only one of 
TEOWR EW "38" -Sgm Le vminamMbeamene ™ ease aaa ert had Wi 
1" 5 fonerloee% <10),. 910 7a10 10) 10. =, ere tien Teena Te ees 
1.5 SWA BW 25 25 25 25 25 a 
2a 100 Power Loss % 0 <0 101020 here has a linen phenolic core, 
1.5 SWR BW 25 25 25 25 4 ‘Since we purchased our review 
es moo Ronrtaes di 2D—— am Tete spiced ub 
1.5 SWR BW 25 25 26 25 4 ial tical a ja tuner, the 
site ab aerCoeetho wicks) clas conan Sprint, Tals Menten sejema es 
1.5 SWR BW 2B BT Zs eee ee 
nate is now selling only the *238B model. 
Neon means that 1: SW cul abe clined, een wih ne nde Test eslis re smuarine ia 
ar eral apa etased Ama on eb nares ws sahored Tce, 
Tan Secale acceso oes korwnsiontan Oereniem, TAN es 1185 
13 5am SW was goat an Manufacturer Ten-Te, 1185 
Power losses are expressed as a percentage. A 21% loss of power is 1 dB. The 1 5- Dolly Parton Pky, Sevierville, TN 


'SWR Bandwidth (SWR BW) represents tha bandwidth over which an SWR of 1:1 37862; tel 865-453-7172; fax 
for less was maintained as a percentage of the measurement frequencies (18,85, _§65.428-4483; www.tentec.com. 


7.2, 142 and 29.7 MHZ). 2003 price: $475,00 ('238B). 


VECTRONICS HFT-1500 
‘The first thing you notice about 
the HFT-1500 (Figures 14-14, 15 
and 16) is the LED bar graph on the 
front panel that is used to display 
relative peak forward power. The 
bright green bar graph is adjusted 
to its mayimum scale witha level 
‘control on the front panel to a 
known forward power reading on 
the cross-needle wattmeter. While 
it doesn’t show actual power read- 
ings, it does give a quick visual 
indication of peak power. The 
cross-needle meter displays only 
average power and SWR in two 
power ranges selected by a pushbut- 


ton switch. 

‘The traditional T-network design 
uses two 4.5 kV variable capacitors Figure 14-16 — 
adjusted with lange comfortable HFT-1500. 


Figure 14-14 — Front panel of the VECTRONICS Figure 14-15 — Rear panel connections on the 
HFT-1500. VECTRONICS HFT-1500. 
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Table 14-6 
\Vectronics HFT-1500 Loss and Bandwidth Test Results 
SWR Load (0) 160m = 80m = 40m 
at 625 Powerloss% 45 42 16 
1.5 SWRBW 1 a8 
4a 125 PowerLoss% 32 a 1 
1.5 SWRBW 35 8 
an 25 PowerLoss% 19 24° <t0 
1.5 SWRBW 2 1 38 
14 80 Powerloss% 12 © <10<10 
1.5 WR BW 3 258 
en 100 Powerloss% 12 © <0 <10, 
1.5 SWRBW 3 258 
an 200 PowerLoss%  <10 © <10.—<10 
1.5 SWRBW 4 >5 85 
an 400 Powerloss%  <10  <10.<10. 
1.5 SWRBW 4 25S 
Notes 


20m 
15 
5 
<10 
25 
<10 
25 
<10 
35 
<10 
35 
<10 
35 
i 
35 


Power losses are expressad as a percentage. A 21% loss of power is 1 dB. 


‘The 1.5-SWR Bandwidth (SWR BW) represents the bandwidth over which an SWR of 
1.51 oF lass was maintained as a percentage ofthe measurement frequencies (1.8, 


35, 72, 142 and 29.7 MHz). 


knobs and very smooth vernier 


tuning. This tuner stays put on the 


desk while you uti 


lever handle 


and gear driven five digit mechanical 
tums counter to adjust the air wound 
roller inductor. 


‘Tuning the 160-meter inverted L. 
and the GSRV on all bands except 10 
meters was easily accomplished, with 300 Industrial Park Rd, Starkville 


this is possibly due to the additional 
“Joading” when a human touches the 
all-metal inductor crank. The ARRL 
Lab adjusted the inductor with a 
‘wooden pencil in some cases to 
obtain a match 

‘The HFT-1500 provides two coax 
inputs and a third that completely 
‘bypasses the tuning network. The 
balanced and single wire inputs are 
Delrin terminal posts connected to a 
large single core 4:1 voltage balun, 
In some circumstances during lab 
testing, our engineer felt RF bites 
through the metal portion of the 
inductor crank. Later units feature & 
metal shaft bushing that provides a 
better ground. This was not experi- 
enced in field testing, but tuner 
adjustments were not made at high 
power. Test results are summarized in 
Table 14-6. 

‘Manufacturer: Vectronics, 


no problems handling MS 39759; tel 662-323-5800; fax 
T KW. In the field, the best SWR that 662-323-6551; www.vectronics. 
could be obtained on 10-was 2.33:1; com. 2003 price: $459.95. 
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Automatic Antenna Tuners — 


A Sample of the Field 


Reviewed by Joel R. Hallas, WIZR 
QST Technical Editor 
QST May, 2004 

‘Automatic antenna tuners can 
provide a quick and easy method of 
‘matching multiband or nonresonant 
antennas quickly and effortlessly 
Performance is on par with manual 
tuners and there is now a selection 
available providing a fit to most 
requirements. A few years back, we 
surveyed the antenna tuner market in 
these pages. All those tuners were 
manual ones. 

‘A few automatic tuners were 
available at that time, but they were 
the exception rather than the rule. 
Since then, a number of manufactur- 
crs have focused their attention on 
automatic antenna tuners and it seems 
as if there’s now one for every 
application, 

For this review we selected 
representative tuners from a number 
cof manufacturers (see Figure 14-17). 
‘There are two general configurations: 
those providing remote tuning, with 
the tuner intended to be near the 
antenna, and those intended to be 
collocated with the station equipment. 
For those manufacturers having 
models in each camp, we selected one 
of each, 

As noted in the specifications, each 
tuner is different and they don’t 
exactly line up head-to-head, so a 
direct comparison is not always 
appropriate. § 


provide the basie data you would 
need to decide if one of these is a 
good fit for your needs, If you like the 
looks of a particular manufacturer, 

but the tuner reviewed doesn't exactly 
‘meet your requirements, check their 
Web page or your dealer for other 
‘models at different power levels or 
with different features 

For this review we stuck to those at 
the 100 to 200 W level and tried for a 
representative self-contained and 
remote tuner from each manufacturer 
For these tests, we looked at units 
designed to work with any radio. In 
addition to these, most HF radio 
manufacturers offer external auto 
tuners designed to operate exclusively 
with their radios. One manufacturer, 
LDG, also offers tuners with the 
capabilites to operate with specific 
radios’ commands. Many HF radio 
manufacturers also offer internal 
auto-tuners as a part of their trans- 
ceivers. We generally review these as 
a part of the radios. We elected to 
stick to general purpose models for 
this review. 

Those selected for this test include 
the RT-11 and Z-100 from LDG, the 
MEJ-991 and from SGC the SG-237 
and MAC-200. 


Remote vs Collocated 
Autotuners 

Is probably worth a paragraph or 
two to discuss the relative merits and 
appropriateness of the two configura- 


tions. Ifthe antenna(s) to be matched 
terminate right atthe station equip- 
‘ment, without a transmission line (or 
with a very short one), there isn 
particular advantage to having 
remote tuner. 

‘On the other hand, that setup often 
results in problems with “RF in the 
shack.” or EMI within the house. 
hhave one antenna setup of that form 
and whenever [use it, the RF resets 
the kitchen FM radio, causing it to 
lose track of time and memory. Most 
find ita better solution to have the 
antenna system stop somewhere 
jutsde the house and have a trans 
mission line interconnect the radio 
and antenna, 

With a remote tuner, the matching 
‘can be at or near the antenna, 
resulting in a well matched transmis- 
sion line coming back to the radio. 
With the tuner at the radio, the 
matching takes place near the radi 
and the SWR on the Tine out to the 
antenna will often be high. Note that 
in both cases the radio will be 
provided a good match and will 
hhappily put full power into the 
system. With the remote tuner, often 
more of the power will be radiated by 
the antenna and less will be dissi- 
pated as heat by the transmission line. 

‘Some radios now come with 
automatic tuners as part ofthe radi. 
‘These can be functionally equivalent 
to the local tuner. The separate tuner 
does offer two advantages over the 


Figure 14-17 — Automatic tuners from LDG, MFJ and SGC — 
ready for test. 
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internal tuner — it can support 
multiple radios, and most can match @ 
higher SWR than many of the internal 
tuners. The key factor in deciding 
between a local anda remote tuner 
then becomes how much of the trans- 
mitter power actually reaches the 
antenna system and how much will 
heat up the transmission line. This is 
a function of operating frequency, 
‘SWR and line length, 

‘The place to start the analysis is 
with The ARRL Antenna Book! 
Figure 23 in Chapter 24 provides the 
attenuation in 100 feet of matched 
transmission line for each of the 
‘common types. Table 14 in the same 
chapter provides the additional loss 
for the non-matched case as a 
function of SWR and matched loss. 
[The same data is in Chapter 7 of this 
book.] Using the two tables, you can 
determine the total loss of your 
transmission line. 

If the loss is acceptable, you can 
tune atthe transmitter end. If not, by 
tuning at the antenna end you can 
eliminate most of the additional loss 
due to mismatch, 

‘An example might be helpful. A 
‘multiband antenna such as my GSRV 
might have a 5:1 SWR on parts of 


‘Notes appear on page 14-35. 


LDG RT-11 and Z-100 

‘A look at LDG’s Web page, www. 
Idgelectronics.com, will show you 
their selection of tuners and accesso- 
ries. In addition to the RT-11 remote 
control tuner and the Z-100 local 
tuner, tested (see Figure 14-18), they 
offer an autotuner rated at 1000 W. 
[As this review was being prepared in 
2004, they also announced a much 
more feature rich desktop unit to 
‘complement the very basic, but lower 
cost Z-100. 


10 meters. If we feed it with 150 feet 
of RG-58 cable we have a matched 
Joss of about 3.5 dB and the 5:1 SWR 
adds about another 2 dB for a total of 
5.5 4B loss or about 71% of our 
power heating up the line! By moving 
the tuner to the antenna end of the 
coax, we reduce that to 55%. Another 
option is to change the transmission 
line (my solution immediately after 
‘making that calculation!) 

If we go with lower loss RG-8 
instead, we have a matched loss of 
about 2 dB (1.3 dB per 100 ft) and 
the SWR adds about another 0.3 dB 
for a total of 2.3 dB, or a loss of about 
41% of our power, With the tuner at 
the antenna, the total loss would be 
the 2.48 or 37%—not much of a 
difference, Note that I didn’t consider 
the tuner losses here, under the 
assumption that they would be the 
same at either location. The numbers 
get much more grim as the SWR goes 
up, by the way. 

‘Two notes of caution—first, if you 
‘measure the SWR at the shack end of 
the cable, it will appear better than it 
is, due to the cable loss; second, the 
‘matched loss from Figure 23 is the 
best matched loss for new and dry 
cable. The actual loss can only g0 up 
from there, especially if the cable 
came from some dark comer of your 
basement, or worse, from an un- 


known source at a flea market. 

Note that all of these tuners are 
designed for unbalanced (coax) cable 
between the tuner and the radio and, 
with the exceptions noted, unbal- 
anced operation on the antenna side 
(coax or single wire antennas) as 
well. In order to use these tuners with 
a balanced load, itis best to decouple 
the ground side of the tuner from the 
transmission line, A coax choke can 
be used, ora balun (balanced to 
unbalanced transformer) can be 
employed. If you are using a balun, it 
is best to keep the line impedance 
within a SWR of about 4:1 (with 
respect to the usual 200 © impedance 
‘of 4:1 balun) to avoid heating, loss 
and possible balun damage. A 
subsequent planned review will look 
at the special class of unbalanced to 
balanced tuners that sidestep this 
issue in an elegant way and are once 
again appearing on the market. 

‘A word or two about the data 
shown may be in order. Please note 
that we used the same precision 
resistive load set for each tuner. In 
most cases, this includes data outside 
the manufacturers’ specification 
range. We measured at a single 
frequency in each band, and for 6 
meters we just measured the case 
With a 1:1 load forall the tuners that 
claimed operation there. 


Figure 14-18 — LDG RT-11 (left) with control box and 2-100. 
12 ounce beverage container provides scale. 
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LDG RT-11 

‘The RT-11 is a rugged, weather- 
proof tuner designed to be used inside 
‘or outdoors. It has coax connectors on 
‘input and output and is rated at 125 W 
from 1.8 to 30 and 50 W to 54 MHz. 
Itis rated to match antennas with an 
SWR of 10:1 to 30 MHz and 3:1 
from 50 to 54 MHz. This unit has an 
‘optional remote control designed to 
bbe used up to 100 feet from the tuner 
CS foot cable supplied). 

‘The remote control provides the 
ability to foree a new tune, set for 
‘semi or full auto operation, keep the 
‘unt from tuning and allows bypass- 
ing of the tuner (straight through 
‘operation for matched antennas or out 
‘of band receive). In addition, LED 
indicators let you know the status and 
whether the SWR is below 1.5:1. One 
caution with the remote, the mount- 
ing bracket screws are not captive s0 
‘you may want to use double-sided 
tape to secure it toa surface. 

‘The RT-11 also has a jack to allow 
interfacing to radios designed to 
‘control proprietary tuners by emulat- 
ing their commands. Special cables, 
are offered to hook to various Alinco, 
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ICOM, Kenwood and Yaesu radios 
for this purpose. 

In my trials at home, I found that 
the RT-I1 effortlessly tuned every 
antenna I had on all bands with a very 
low SWR, always well below 1.5:1 
‘The tuning seemed to take about $ 
seconds and hit the result the first, 
time. 

‘While automatic operation is 
possible without radio interface or 
remote control, I would have trouble 
imagining it and would suggest the 
remote for those without a compatible 
radio, For one thing, once tuned, it 
‘won't automatically restart the tuning 
process until the SWR reaches 3:1, 2 
‘value that might cause many radios to 
“fold back” (reduce power) signifi- 
cantly. 

‘The manual mentions that tuning 
should take place at the 25 W level, 
‘with full power applied only after 
tune is achieved, so that relay life wil 
not be reduced. They also indicate 
that if a radio has the common power 
‘output fold back with high SWR it 
will automatically reduce power 
appropriately. I wouldn't count on 
that providing sufficient reduction, 


LDG RT-11 Remote Automatic Antenna Tuner 


Manufacturer's Specifications 


Input SWR range: to 10:1 (9:1 on 6 meters). 


‘Output SWR range: not specified. 
Frequency coverage: 1.8 to 54 MHz, 


Input power: 0.1 to 125 W, 50 W on 6 meters. 
Power requirements: 11 to 14V de, 7 to 250 mA. 


Measured in ARAL Lab 
See below. 

See below. 

AAs specitiod, 


‘Measured power loss into resistive loads (%) /Input SW at match 


‘especially as the match is ap- 
proached; I would instead manually 
reduce power while tuning 


LDG 2-100 

‘The Z-100 is a self contained desk 
top unit with a 125 W rating (50 W 
(on 6 meters). This unit is the first of a 
new series of tuners being released by 
LDG, with others providing addi- 
tional features and controls. This is a 
basic unit corresponding to its low 
price, but none the less provides the 
needed tuning functions with strai 
forward “one button” operation. It 
includes memory of the settings for 
the last 200 matches made and tries 
those before it branches to its 
unknown tune algorithm, This is a 
clever idea that avoids the need to 
measure frequency. Itis particularly 
useful for the case in which more 
than one antenna is used, since it 
really doesn’t care — if it made the 
match before it will do it again, in a 
fraction of a second, 

‘A feature of this unit is that it only 
draws power when actually tuning. 
Upon completion, the relays remain 
latched without power required until 


‘Tested at 50 W on HF, 20 W on 6 meters. 
Idle 0 mA, max 140 mA at 13.8 V de. 


SWALoad (0) 160 Meters 8D Meters 40 Meters © 20.Metors 10 Meters 6 Motors 
16:1 3.125 NoMatch No Match 27 22 <10 
161 81 151 
8:1 625 NoMatch 7 17 19 20 
181 <8 151 15 
41125 1" 11 12 13 26 
1541 181 st 151 24 
2425 <10 <10 <10 <10 23 
<5 184 15 151 aaa 
80 <10 <10 <10 <10 <10 a 
<181 1511 151 <5 151 2a 
21 100 10 <10 <10 <10 7 
2h 151 <15:1 <5 151 
41 200 <10 10 10 <10 18 
2h 151 <151 <151 151 
at 400 <10 10 10 <10 28 
154 151 151 1511 151 
16:1 800 <10 12 <10 10 19 
<5 <5 151 151 151 
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LDG 2-100 Desktop Automatic Antenna Tuner 


Manufacturer's Specifications 
Input SWR range: to 10:1 (3:1 on 6 meters). 
‘Output SWA range: not specified. 


Frequency coverage: 1.8 to 54 MHz. 


Input power: 0.1 to 125 W, 50 W on 6 meters. 
Power requitements: 7 to 18 V de, 250 mA. 


Measured power loss into resistive loads (%) Input SWR at match 


SW Load (2) 
tet 3125 
et 625 
a1 185 
285 
60 
241100 

41 200 

e1 400 
161 800 


the next tune is requested. This is 
particularly appealing for portable 
low power operations in which every 


160 Motors 


‘No Match 
‘No Match 
‘No Match 


<10 
15 
<10 
154 
<10 
151 
10 
aaa 
10 
15:1 
14 
224 


milliamp-hour is carried in, 
‘The operation of this tuner is 


fundamentally different from the 
‘others in that it will only tune when 
the TUNE button is pushed. This has 
‘an advantage in that it will not start 
‘tuning inadvertently on high SWR, 
potentially applying full power d 
tune. Upon changing frequency, the 
‘operator can decide whether or not to 2: 
initiate the tune cycle. By pushing the 
button for less than 0.5 seconds, the 
tuner goes to bypass, Between 0.5 


180 Meters: 


No Match 


13 
26:1 
<10 
1641 
<10 
184 
<10 
154 
<10 
<5 
10 
2a 
10 
151 
14 
23:1 


Measured in ARAL Lab 


‘See below. 
‘See below. 


See tex. 


‘Tested at 50 W on HF, 20 W on 6 meters. 
Ile 0 mA, max 160 mA at 13.8 V de. 


40 Motors 
45 
181 
15 
24 
=10 
<5 
<10 
<8 
<10 
<5 


20 Meters 
10 

181 

15 

184 
<10 

ai 


and 3 seconds the tuner will attempt 
to find a match from memory 
(typically less than half a second), 


and only initiate a full tune if needed. 


If the button is pushed for more than 


3 seconds a full tune cycle is initiated, 


ignoring any memorized settings. 
‘This is easier to deal with than it 

sounds since the LEDs provide a 

confirmation of tuning mode. A 


1g green LED also indicates if the match 


is less than 1,5:1 or between 1.5 and 


|. An early production unit 
exhibited some inconsistent tuning 


results on 6 meters. The manufac- 
turer has developed a method of 


10 Meters Meters 
<10 
181 
20 
2h 
10 
1511 
17 
151 

10 20 

<15:1 2A 
10 
<5 
<10 
51 
10 
24 
43 
151 


improved internal decoupling that 
solved this problem and the results 
reflect that change. LDG states that 
this will be included in future 
production units and that anyone hay~ 
ing problems with 6 meter tuning on 
early units should contact them 
directly. 

‘Manufacturer: LDG Electronics 
Inc, 1445 Parran Rd, PO Box 48, 
‘St Leonard, MD 20685; tel 877-890- 
3003; fax 410-586-8475; www. 
dgeleetronics.com. 2004 prices: 
RT-I1 Tuner, $209; Remote head, 
$39; 2-100, $149; 12 V power cube 
for either tuner, $10. 
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MFJ-991 


MEI has recently announced a 
series of autotuners. All are in the 
typical indoor/ colocated configura 
tion, but with the available remote kit 
(ordered, but not received in time for 
the review) can be used as a remote 
tuner if kept out of the weather. They 
offer the MFI-991 (tested, as shown 
in Figure 14-19) 150 W rated tuner, 
tuner with similar features rated at 
{600 W and a 300 W autotuner with 
digital display, balun and two port 
antenna switch. As with the LDG, 
the MFI tuners require their tuning, 
bbe accomplished at reduced power. 
‘The MFI-991 front pane! provides 
full control capability and forward 
and reflected power metering with 
“crossed-needle” SWR measurement 
display. Two features of the 991 are 
not found on other tested units and 
are worth mentioning. First, the “991 
has the capability to allow manually 
adjusting the C and L values of the 
tuner while in receive, This is helpful 
if you are using your radio for 
receive only and wish to attempt to 
‘match in order to inerease signal 
strength, The second feature is the 
ability to select the SWR threshold 
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Figure 14-19 — MFJ-991 Autotuner. 


at either 1.5 or 2:1 

In our testing the tuner went to 
the best match it could find in 
either case, The difference was in 
how far you could change frequency 
before it would automatically retune 
‘when you transmitted. If your radio 
can tolerate a 2:1 SWR, this could 
provide a benefit. The "991 could 
tune my GSRV on all bands and 
remembered the last setting for each 
frequency (1000 memories), with a 
one-click reset. Tuning the frst 
time on a frequency was typical of 
the cycle time of the other units, 
‘This unit sounded somewhat louder 
(thas 18 heavy duty relays) than the 
other test samples, although not an 
issue for the single click associated 
with a memorized tune. 

‘The MFI-991 can interoperate 
with ICOM and Alinco tuner control 


MFJ-991 Desktop/Remote Automatic Antenna Tuner 


‘Manutacture's Specifications Measured in ARAL Lab 
Input Impedance range: 6 to 3200 0. See below. 

‘Output SWR range: 1.5:1 or 2:1 selectable. ‘Soo bolow. 

Frequency coverage: 1.8 to 30 MHz. ‘As specified. 

Input power: 5 to 150 W. ‘Tsted at 50 W. 


Power requitements: 12 to 15 V de, 1.0 A 


Measured power loss into resistive loads (%) Input SW at match 
SWRA Load() 160Meters 80 Meters. 40 Meters = 20Molers 10 Meters 


161 3.125 NoMatch 
et 625 12 
15:1 
at 125 10 
15:1 
at 25 =10 
154 
1 50 <10 
151 
24 100 10 
151 
44 200 10 
151 
et 400 10 
15:1 
16:1 800 <10 
154 
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ar 20 18 
1.51 <15:1 151 
14 15 24 
1.51 151 151 
<10 10 <10 
151 <1: 151 
<0 10 10 
151 15:1 151 
10 <10 10 
150 15:1 151 
<10 <10 <10 
<151 <1: <151 
=10 10 10 
151 <15:1 151 
<10 <10 14 
15:1 <15:t 1531 
18 10 <0 
184 15:1 151 


commands. Appropriate interface 
cables are available from MFI. 

In addition to the obvious con- 
trols and indicators, there are some 
subtle ones as well. There are a 
number of meter “signals” sent to the 
operator that will not be clear without 
‘cruise through the manual. For 
example, if you forget to reduce 
power before tuning, the power meter 
swings to full scale and the tuner is 
bypassed. If you toggle between 1.5 
and 2:1 SWR threshold, the meter 
briefly jumps up to indicate that SWR. 

‘Manufacturer: To order, or for your 
nearest MFJ dealer, call ME] Enter- 
prises at 800-647-1800 or order at 
www.nfjenterprises. com, fax 
(662-323-6551; or write MFI Enter- 
prises, Inc, 300 Industrial Park Rd, 
Starkville, MS 39759, [2004] Price: 
$220, 


Idle 90-800 mA, max 500 mA at 13.8 V de 


Best solder quality 


due to the right preparati 


Preparation 


The most important prerequisite 
{or @ good solder joints absolute 
cleanliness. Conductor and com- 
ponent must be fre of dt, oil and 
‘vies. They can be removed with 
solens or ux 


Prior to soldering ERSADUR solder. 
ing tps shouldbe cleaned while hot 
with a moist sponge or wih @ metal 
liedry sponge. Do not fil the tip as 
you would copper tps, because this 
‘would damage the protective coat: 
ing and render te tp unusable 


Soldering process 


The soldering proces has three 
phases: wetting owing, and bond- 
ing, whereas the working tempera 
tures the most important cteion 
Iti best to work atthe lowest 
temperature at which the tree 
pases can progress smoothly, 
This requires some experiance. A 


and coi 


temperature-contrlled soldering 
station wil defintely facitate this 
work. Place te tip onthe onto be 
soldered ater cleaning and heat up 
the joint. Then feed the fux-cored 
solder wire between the soldering 
tip and the jin and melt as much 


solder asi required to wet the com- 
plete joint. Then remove te solder 
wi rst and ight fir tha the 
salen tipo prevent oereat- 
ing the solder. Aw the sald to 
salty, evoiting any vbratons or 
|arting curing this im. 


SGC SG-237 and MAC-200 


SGC has been making automatic 
antenna tuners for many years, and 
offers a wide selection. Until recently, 
they concentrated on remote tuners, 
usually the weatherproof type, at 
power ratings of 100 to 500 W. More 
recently, they have introduced a 
number of variations of their SG-237, 
‘board version to build into your own 
radio or antenna cabinet, an open 
‘enclosure model for remote but indoor 
use and one with controls and 
indicators intended for portable use. 
‘They have recently released a Multiple 
Antenna Controller, MAC-200. The 
uits we tested were an SG-237 (one 
that has fed the backstay of my 
sailboat for some years) and a 
relatively new combination unit, the 
'MAC-200 (as shown in Figure 14-20) 


SGC SG-237 Autotuner 

‘The SG-237 was the first in a series 
of SGC tuners that were much more 
compact than their previous (and 
continuing) line, the SG-230 (200 W, 
1,6-30 MHz), 8G-231 (100 W, 
1-60 MHz) and SG-235 (500 W, 
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Figure 14-20 — SGC SG-237 (left) and MAC-200. 


18-30 MHz). The SG-237 is rated at 
100 W PEP, both for operation and for 
tuning (40 W continuous carrier 
power). The transmitter connection is 
Via a 9 foot combined RF, control and 
power cable (25 and 50 foot exten- 
sions are available), while the antenna 
connection is via a single ceramic 
insulated terminal. While the tuner is 
designed to feed a single wire against 
ground, Ihave successfully employed 
‘mine into coax fed antennas as well as 
Joops and single wires. 

This is a rugged unit in a compact 
‘waterproof aluminum enclosure that 
can slide in almost anywhere. It needs 
no remiote control box to Work, and 
Pye used mine that way for years, An 


SGC SG-237 Remote Automatic Antenna Tuner 


Manufacturer's Specifications 

Input SWR range: corresponding to a 
‘minimum 7 foot antenna above 3.5 MHz, 
23 feo above 1.8 MHz, 

(Output SWR range: 1.4: typical 

Frequency coverage: 1.8 to 60 MHz, 

Input power: 3 to 100 W. 


Measured in ARFIL Lab 
See below. 


See below. 
As specified 
Tested at 50 W. 


‘optional remote control is offered (and 
wwe tested with it) to provide a positive 
indication of match and to allow a 
lockout ora forced reset. The lockout 
can be handy in a portable or mobile 
environment to avoid the tuner 
attempting to retune due to the 
temporary proximity of outside 
‘objects while in motion, for example, 
‘The ‘237 provides a memory 
function that uses the measured 
transmitter frequency to result in the 
tuner settings last used to successfully 
tune to that frequency. This means that 
instead of taking 5 t0 10 seconds to 
tune, the previously stored settings for 
a frequency are applied in milli- 
seconds and used if the resulting SWR 


Power requirements: 10.5 to 18 V de, 300 mA. Idle and tuning 270 to 480 mA at 19.8 V do, 
(Measured power lass ino resistive loads (*) / Input SWA at match: 


SWA Load() 160 Meters 80 Meters. 40 Meters. © 20 Meters: 

16:1 3.125, 21 21 19 NoMatch 
154 <1 151 

et 625 16 18 20 24 

1541 2at 151 <5 

4a 125 1 12 15 17 

1841 151 181 <5 

2a 25 <10 1 21 18 

<5 181 24 2A 

11 50 10 10 <10 <10 

151 <1 151 <5 

2a 100 <10 <10 13 

2h <2 181 <5 

4a 200 No Match <10 <10 16 

241 <15t <151 

et 400 ‘No Match <10 40 18 

aan 151 151 

161 800 <10 <10 14 30 

18st <5 151 151 
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is less than 2:1. In some cases they 
Won't be right (and a new tune will be 
initiated), ifa different antenna is 
used, for example, but their concept is 
that this tuner is out where the antenna 
is and thus should see the same imped- 
ance for a given frequency each time 
that frequency is employed. 


SGC MAC-200 Multiple 
Antenna Controller 

This device combines a 200 W 
‘autotuner, a five port automatic or 
‘manual antenna switch, power and 
SWR meters and a balun in one 
‘compact package. This is a nice unit 
sand quickly grew on me in operation, 
Tt has enough controls and indicators 
to keep me entertained even when the 
bands aren’t open. 

For some time, most manual tuners 
hhave had provisions for switching 
antennas as well as tuning them. This 
is very handy, since even those with 
jjust one antenna should have a dummy 
Toad to switeh to for tune up. Ihave no 
‘numbers, but T would guess more 
hhams have more than one HF antenna 
than have only one. I don't have fancy 
HF antennas, but I have a GSRV Tuse 
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‘on 80 through 10, a Lazy-H, perpen- 
dicular to the GSRV for 30 through 10 
meters and a 70 foot wire vertical for 
use when it makes sense (not often in 
‘my part of New England), 

With the MAC-200, I can memorize 
which antenna to use on which band. It 
switehes antennas on the first dot of a 
(CW string (full power—no problem) 
and I'm there. As noted, at my station, 
‘on some bands the antenna is @ 
function of the direction to the distant 
station, can just touch the MANUAL 
button and I can select a different 
antenna by touching a button num- 
bered 1 10 5. 

‘As configured, antenna one is 
intended for balanced feed, antenna 
two has @ terminal fora single wine 
feed, and three through five are 
terminated in UHF (50-239) coax 
connector jacks. 

The separate meters for power and 
‘SWR are handy. The SWR meter is 
especially convenient in that it 
Computes and indicates SWR indepen- 
dent of power level without an 
adjustment. ‘The manual warns that the 
‘meters are not of the precision type 
‘and I can attest to that. Their meter 


‘SGC MAC-200 Desktop Automatic Antenna Tuner and Controller 


‘Manufacturer's Specifications 

Input impedance range: §-1000 (teed line) 
(02-5000 (long wire). 

‘Output SWR range: 2:1 typical 

Frequency coverage: 1.8 to 60 MHz. 

Input power: 1.5 to 200 W. 


Power requirements: 10 10 18.5 V de, 230 mA. 


‘Measured in ARAL Lab 
See below. 


See below. 
As specified, 
‘Tested at 50 W. 


Idle 240 mA, max 490 mA at 13.8 V de (meter light off 
‘Measured power loss into resistive loads (%) / Input SWR at match: 


indicated 80 W while my Bird 43 
showed 100. This is still very useful to 
let you know if all is well 

‘This isa handy unit, in a cabinet 
matching the cross section of the 
SGC-2020 transceiver (but somewhat 
longer), it can be made to fit in most 
shacks. In mine it can slide beneath the 
shelf that holds my equipment three 
inches above the desk, for example. 

‘The one limitation some may have 
is it provides a “typical” match of 2:1 
Well 2:1 is fine for some transmitters, 
while others may start to “fold back” 
above 1.5:1 and this may be a problem 
if yours is in that group. On the other 
hand, looking at the data its clear that 
most ofthe time it was below 1.5:1 
with our loads. 

ur original unit remembered 
which antenna to use on each band, 
but didn’t memorize tuner settings. A 
‘warranty replacement unit had a 
flawless memory function. 

Manufacturer: SGC Inc, 13737 SE 
26th St, Bellevue, WA 98005: tel 
425-746-6310; fax 425-746-6384; 
www.sgeworld.com, 2004 price: 
SG-237, $360; Smartlock remote 
control, $59; MAC-200, $360. 


Idle 280 mA, max 530 mA at 18.8 V de (meter light on) 


SWA loadin) | 160™Motoe 80 Motes 40/Motrs 20 eters 10ers 6 Meters 
6 Meters 
161 3.125 NoMatch 39 24 <10 10 
24 2h <5 <151 
at 6.25 NoMatch 16 18 15 30 
151 <5 <5 <1 
at 125 <10 <10 10 18 27 
151 151 <15i1 1811 <5 
at 88 <10 10 10 =10 25 
<15:1 <1 154 184 at 
1 50 <10 <10 <10 <10 12 ar 
24 181 154 <5 2A ai 
21 100 “<10 <10 <10 <10 14 
ABA 2a 2h 2a <1.8t 
41 200 <10 <10 <10 <10 14 
ABA 151 <15:1 <5 2A 
et 400 10 10 13 18 17 
15:1 1501 15:1 “151 <15:1 
161 800 NoMatch 22 14 25 at 
15:1 <5 154 <151 
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Reviewed by Joel R. Hallas, WIZR 
QST Technical Editor, 
QST August 2006 

We last looked at a selection af 
automatic antenna tuners in May 
2004 (see previous section), At that 
time, we picked four examples, two 
designed for remote operation and 
two desktop units. While different in 
many ways, they all were limited to 
100 to 200 W. Higher powered 
automatic antenna tuners have been 
available, but they were either built 
into high powered amplifiers (ICOM 
‘or Yaesu, for example), were de- 
signed for remote operation as in the 
SGC SG-235, or have been discontin- 
ued, as in the case of the Ten-Tee 
2532 

High powered automatic antenna 
tuners initially appeared in the 1980s 
— the Heath 2500, J.W, Miller 
T2500, and Daiwa CNA-1001 — 
but they were not as sophisticated as 
the units reviewed here, requiring 
some manual adjustment or presetting 
Of the inductor for best operation. 

Modern solid state transceivers and 
linear amplifiers with their “no tune” 
‘output stages have been well re- 
ceived, especially by those of us who 
‘grew up in the vacuum tube era, 

‘The typical transmitter of that time 
required careful adjustment of the 
transmitter TUNE, LOAD and DRIVE 
controls, at a minimum, every time 
we changed frequency. Failure to do 
it right could result in destruction of 
the final amplifier tubes — sometimes 


Medium to High Power Auto Antenna Tuners 
— The Evolution Continue: 


a pricey proposition. The other side 
of the coin is that those transmitters 
could be adjusted to match antenna 
loads with a much higher SWR than 
the current crop of radio gear. 

‘The modern no-tune feature 
‘generally means “no tune if the SWR 
is 1.5:1 or less,” something that often 
doesn’t fit with real world antennas 
and wide amateur bands. The answer 
‘has been an antenna system matching 
unit, often called an antenna tuner, 
even though many would argue that it 
doesn’t really tune the antenna — 
rather it transforms the impedance at 
the bottom of an antenna system to 
the $0.2 the radio equipment wants 
to operate into, Setting semantics 
aside, it seems that the controls we 
used to have to adjust haven"t 
disappeared but have moved from the 
radio to another box — the antenna 
tuner. 


Enter the Automatic 
Antenna Tuner 

‘To extend the noctune concept all 
the way to the antenna requires & 
no-tune, or automatic, antenna tune. 
As noted, these have been generally 
available for some time at the power 
levels of modem transceivers, Each of 
these tuners can effectively add an 
automatic antenna matching system 
to your medium to high power HF 
station, at least up to their power 
limits. Honor the caveats and you will 
appreciate the freedom they provide 

For this review we have selected 


Figure 14-21 — Medium power tuners from 
Palstar, LOG and MFJ. 
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three desktop models that span the 
medium to high power range and 
highlight some other differences as 
well, While they all fil the same spot 
ina station block diagram, they are 
quite different in several respects and 


thus should not be directly compared 
‘ona 1:1 basis. Rather, determine if 
‘one or more will meet your needs, 
desires and budget. 

All of the tuners reviewed in the 
2004 report shared the same adjust- 
ment mechanism — fixed inductors 
and capacitors switched by relays, 
‘The LDG and MFI tuners reviewed 
here share that architecture as well, 
but with beefier components designed 
to meet the higher power require- 
ments of their ratings, The Palstar 
AT-Auto is of a completely different 
design, a T network with a differen- 
tial variable capacitor, half on each 
side of a shunting rotary inductor. 
The Palstar makes its adjustments via 
stepper motors rather than relays. 
Interestingly, while standalone tuners 
have tended to be of the relay type, 
many internal tuners have used motor 
driven capacitors. Motor driven 
‘components were also used in the 
high powered automatic tuners from 
the 1980s mentioned previously, so 
this isa time-tested approach. We'll 
look at each tuner in alphabetical 
order. These tuners from LDG, MFI 
and Palstar offer the convenience of 
automatic tuning at medium to high 
power levels 
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LDG AT-1000 Automatic 
Memory Antenna Tuner 

‘The LDG AT-1000 sits squarely 
in the middle of the pack, both in 
terms of price and power rating. The 
1000 W level fits nicely with a good 
selection of popular, not quite legal 
limit, tinear amplifiers, including a 
couple announced at Dayton in 2006. 
All of the tuners reviewed here cover 
160 through 10 meters, but the 
AT-1000 offers operation on 6 meters 
atthe 100 W level as wel 

The LDG, in common with the 
‘ther units, has memories to allow a 
rapid return to the last previously 
matched settings. In the case of the 
‘AT-1000, there are 200 memory 
locations and the tuner will reset to 
them in less than half a second. If the 
antenna you are tuning does not have 
a memorized setting that works, the 
tuner can spend up to 8 seconds 
finding a match, but will remember 
for the next time, 

‘The LDG approach to memory man- 
agement is different from some, Some 
‘others tuners store settings based on 
frequency. This isa great approach if, 
‘you will be tuning a single antenna for 
each band, In the LDG AT-1000, the 
last 200 successful matches are stored 
independent of frequency. A new 
match request quickly cycles through 
the 200 to see if a match is found be- 
fore it begins its tune algorithm, This 
isa particularly beneficial approach if 
‘you switch the tuner output to differ- 
ent antennas on the same band, since 
it doesn't have to relearn parameters 
for a particular frequency every time 
you change antennas. It also avoids the 
need for frequency measuring circuitry 
within the tuner, 

‘The AT-1000 has a fairly Spartan 
front panel that doesn’t immediately 
show its capabilities. LDG has made 


1000 Autotner 


Figure 14-22 — Front panel of the LDG AT-1000. 
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Table 14-12 
LDG AT-1000 


Manufacturer's Specifications 
‘Maximum power, 1000 W SSB, 750 W CW, 


500 W digital, 100 W 6 meters. 
20 W while tuning (100 W with foldback), 
75W (3:1 SWR), 125 W (1:1 SWA), 

‘Minimum power for tuning: 5 W. 

Frequency range: 1.8 to 54 MH2, 


‘Tuning time: 4 to 8 seconds. 
0.5 second if memorized 


Input impedance: 6 to 800 
Power required: 11 to 15V, 1 A 
Dimensions (height, width, depth): 
3x 13 x 9 inches. 

‘Weight: 6 pounds. 


‘Measured power lass into resistive loads (%) /Input SWR at match. Tested at 50 W. 


SWRA  Load(2) 160m 60m 
16:1 9.125 Nomatch Nomatch 
na na 
et 625 No match No match 
a na 
44125 12 * 
2a ” 
a1 25 7 $ 
1150 4 « 
21100 : ‘ 
44 200 : * 
et 400 16 ‘ 
Bat ” 
161 800 No match 
na 


yar loss less than or equal to 10% 
latched SWR lass than ar aqual to 1.51 


40m 20m tom 
Nomatch Nomatch No match 
na na na 

2 20 22 

° i Oat 

: y a6 

ra = te 

: 7 

7 No match 
” na 


Figure 14-23 — Rear panel 
connections on the 
LDG AT-1000. 


Figure 14-24 — Interior circuitry of the LDG AT-1000. 


‘maximum use of the cross needle 
‘wattmeter on the front panel, going 
further with information delivery 
than I would have imagined with 
such a straightforward display, The 
cross needle wattmeter has two 
scales, reading forward (1000 W) and 
reflected (180 W) power simultane- 
ously, The point at which the meter 
pointers cross is a third scale directly 
reading in SWR, So far it’s just like 
every other cross needle meter we've 
seen, 

‘What sets the AT-1000 apart is that 
LDG has additional indicator 
functionality that appears as a set of 
semaphore signals between tuner and 
‘operator. Each needle is driven 
independently in this mode and each 
can vary in speed and position as it 
fills you in on the tuner's condition 
and status. For example, if during a 


MFJ-994 Intellituner 
Automatic Antenna Tuner 
At first glance, the MEJ-994 
appears to be a very similar tuner to 
the AT-1000. It has almost the same 
‘controls and indicators as the LDG 
tuner, although they are on opposite 
sides of the front panel. It makes use 
of a similar set of semaphore indica- 
tions, The major differences are 
The MEJ tuner has a lower 
‘maximum power rating (600 vs 
1000 W PEP and 300 vs 750 W CW) 
and a correspondingly lower price. 
©The "994 provides an interface to 
allow operation using the TUNE button 
‘on Alinco, ICOM, Kenwood or Yaest. 
radios equipped to control an antenna 
tuner. An accessory cable is required 
to activate this function, 
The °994 has more memory 
locations, all indexed by frequency. 
‘The "904 offers a choice of two 


Figure 14-25 — Front panel of the MFJ-94. 


tuning cycle, both arms quickly 
fully (in surrender?) it means too 
‘much power has been supplied to 
allow it to safely tune, It then 
switches to bypass mode and goes on 
break until you reduce power and 
restart the tuning cycle. 

‘Another feature is the ability to 
change the inductance and eapaci- 
tance parameters manually. This can 
be a benefit in atleast two ways. First 
it allows manual fine trimming of the 
tuning in case you want a better 
'SWR than the tuner finds automati- 
cally, Manual tuning can also he used 
to peak up the receive signal strength 
if you're listening to a station on a 
frequency that you can’t transmit on. 
‘This could include shortwave 
Ibroadcast frequencies or bands or 
segments for which you don’t yet 
have license privileges, 


power meter scales, 3000 or 300 W 
forward power with corresponding 
6600 or 60 W reflected power a full 
seale. 

During the review process, we 
determined that the MEJ-994 has now 
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How'd it Work? At my station the 
AT-1000 did everything T asked of it 
without problems, My antennas 
tuned satisfactorily on all bands. 
Memorized settings were recalled 
without difficulty in a fraction of a 
second. The 15 page multicolor 
‘manual does a good job of describing 
how to set up and use the tuner. A. 
table of "meter bounce codes” is 
included, and you will likely want to 
keep a copy at hand, unless your 
‘memory is much better than mine 
ARRL Lab test results are shown in 
‘Table 14-12, 

‘Manufacturer: LDG Electronics, 
1445 Parran Rd, St Leonard, MD 
20685; tel 410-586-847 
dg @Idgelectronics.com: 
www. Idgelectronics.com. 2006 
price: $599, 


been superseded by the MEJ-994B. 
‘The functionality and operation are 
similar, with the same tuning and 
switching elements. The main 
difference seems to be the memory 
management function, with the B 


Figure 14-26 — Rear panel 
‘connections on the MFJ-994, 


Figure 14-27 — Interior circuitry of the MFU-294. 
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Table 14-13 
MFJ-994 
‘Manufacturer's Specifications 


‘Maximum power, 600 W PEP SSB, 300 W CW, Input impedance: 12 to 800. 


‘20 W while tuning (100 W with foldback) 
‘Minimum power for tuning: 10 W. 
Frequency range: 1.8 to 30 MHz 


Power required: 12 to 15V, 1A. 
Dimensions (height, width, depth) 
2B x 10.1 x 92 inches. 

Weight: 3.7 pounds, 


‘Measured power loss into resistive loads (%)/ Input SWR at match. Tested at 50 W. 


SWR Load(n) 160m 80m. dm = 20m tom 
16:1 3.125 NoMatch NoMatch 10 12 ‘ 
ala na 261 224 208 
et 62513 13 * 13 15 
Bat if * Bat 
at 125 t 5 + + 15 
* m a ta 
Bie Be > . : ‘ . 
meh 68 * F : = . 
BAL, “top . : ‘ ‘ “ 
ak OR Ps fe . : 
et 400 : * * “ ‘ 
” - * a +83 
161 800 s 7 16 1" ‘ 
rs Ay at, ea ia 
*Power loss less than or equal to 10%. 
"Matched SWE less than or equal 101.5: 
model including a virtual memory set to either 1,5:1 or 2:1. With the 


function said to store up to 10,000 
frequency data points versus 1000 in 
the earlier 994, The other difference 
noted in the specs is that the new one 
can tune with a minimum of 2 W, ver 
sus 10 W in the original, 

‘The MEI has some control 
flexibility hidden behind its few 
butions. The “tuned” threshold can be 
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1.5:1 setting, the match is closer, but 
it will take a bit longer to find. While 
21 should happen more quickly, 
some radios won't put out full power 
into a 2:1 load. It's nice to have the 
choice. An “auto tune” function is 
also provided that causes the tuner to 
activate if the SWR goes above your 
threshold by a user selectable 0.5, 1.0 


or 1.5, This is handy as you change 
frequency, but be careful it doesn’t 
drop into tuning mode while you are 
at full power. Pushing in the AUTO 
button unambiguously disables the 
auto tune function, entirely avoiding 
this concer, 

In Summary The MFI-994 did 
everything just as promised, It 
showed no problem handling the 
600 W we could deliver, the only 
tuner of the group that we could test 
to the limit! It was too quick for me 
to stopwatch the tuning speed, but my 
sense was, as expected, that the 
frequency based memories were a bit 
quicker if all operations were using 
the same antenna, It also appeared 
that the MES relays were a bit quieter 
than the other relay operated tuner, 
but that could have been because 
there were generally fewer cycles 
needed before it was matched, 

ARRL Lab test results are shown in 
Table 14-13. 

MFI provided a comprehensive 23 
page, well illustrate, instruction 
‘manual that was clear in its descrip- 
tion of how the unit operated and 
‘what to expect of it. 

‘Manufacturer: MEY Enterprises, 
300 Industrial Park Rd, Starkville, 
MS 39759; tel 662-323-5869, fax 
662-323-6551; www. mfjenterprises. 
com. 2006 price: $359.95. Auto tuner 
radio interface cables: MFI-5124A. 
for Alinco, $19.95 MFJ-51241 for 
ICOM, $19.95 MFJ-5124K for 
Kenwood, $59.95; MFI-5124Y for 
Yaesu, $59.95, 


PALSTAR AT-AUTO another dose of RF to refine the tune, cast frequencies, The cable for ICOM 
‘As noted previously, the AT-Auto Every time it does this, like a good radios is provided. You do have to 


isofa different architecture than the S™arl machine, it memorizes its think a bit while you use it (yes we 


ther tuners in this review. Palstar is Setings and uses them the next time have to be even smarter than our 
raved for Iie ot ih elity you use that frequency. This approsch smart devices!). The CAT frequency 
manual antenna tuners, soit should _-™inimizes interference to others. data reflects the frequency of which- 
hot be a surprise that Palstar decided A Well thought out and, to my ever VFO is active. If you are 
to build its first auto tinerusing the Knowledge, unique feature ofthis operating split frequency, it will tune 
same type of in-house constructed ‘ner isits use ofa radio interface, back and forth between the two VFO 
parts that have been successful in This, and many other auto tuners, frequencies as you switch between 
make use of a radio’s tuner interface them, This is not likely much of an 


their other offerings, 
‘This sa large and complex device © initiate the tuning sequence and issue if you are operating inthe 


Seley arees thes Lieven oak cause a reduced-power tune signal to typical “up five” (VFOs just 5 kHz 
before in any tuner. The first feature be Sent from the radio. The AT-Auto apart) environment, but could be a 
‘you might notice isthe cross needle NaS an additional connection from the disaster if you are operating cross- 
Gyattmeter tha takes up the left ide "#dio's CAT (computer interface) band split for some reason. The 

Of the front panel, This is the same POF. The CAT port provides frequen- solution — while you have the VFO 
Cisplay and circuitry built into their data from the radio tothe tuner, AS on your transmit frequency and the 


PM2000A standalone wattmeter. Ik YOU tune the receiver, the tuner tuner properly tuned, tap the MANUAL! 

jptovides both averagerund peak indicates the frequency and follows AUTO button so that it will be in 

forward and reflected power readings long with either its default or ‘manual mode and the automation will 

at fall scale power levels of 300/600 ‘™emorized values. This means that, if take a break. 

(forwardireflected) and 300/60W, You've been on that frequency before, ‘The CAT function, as we wrote 

‘This is an upgrade to the Palstar the tuner will be tuned before you hit this, is available only for radios that 

WMI50 wattmeter reviewed in July ‘te Key or PTT! If you haven't been support ICOM’s CLV protocol, 

2002 with the addition of a PEAK there before, it will use its default _Palstar expects to have cables and 

HOLD setting with a 2 second hold Yalues and still be pretty close. software upgrades to allow interop= 

Tae This is particularly handy if you eration with Kenwood and Yaesu 
"The right side ofthe panel includes listening toa frequency at which radios soon. Speaking of software, 

a tworline liquid crystal display you aren’t licensed to transmit, for Palstar kindly provides a 9-pin serial 


(LCD), a knob for manual tuning example WWV or shortwave broad- cable designed to allow you to install 


(more later), MANUAL/AUTO and 
SELECT buttons. It is on this side of 
the panel that interesting things 
happen. As with most auto tuners, 
‘you apply power and it starts to 
‘match your antenna to 50 Q. What's 
different with the AT-Auto’s tuning 
sequence is that it first measures 
frequency, tells you the operating 
frequency and then politely asks you 
to turn off your transmitter while it 
finds a close match. Ithas a default 
set of L and C values for each 
frequency and runs its quiet motors 
until they are in range. It then asks for 


Figure 14-29 — Rear panel 
connections on the Palstar 
AT-Auto. 


Figure 14-28 — Front panel of the Figure 14-30 — Interior circuitry 
Palstar AT-Auto, of the Palstar AT-Auto. 
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upgraded software when it is avail- 
able. As we write this, there is no 
information on how to do this in 
either the manual or on the Palstar 
Web site, On the other hand, there is 
no new software either, so presum- 
ably when there’s something new to 
download, they will tll us how to do 
it, We did successfully download 
upgraded software for their ZM-30 
‘Antenna Analyzer during that review, 
so they seem to be able to deal with 
the process. We understand from 
Palstar that revised firmware to 
improve 10 meter operation has been 
developed and will be available 
shortly 

Another nice feature of the 
AT-Auto is that it has provisions for 
switch selection (via the front panel 
‘SELECT button) of either a balanced 
(through a 4:1 balun at the output) or 
‘an unbalanced (coax connected) 
antenna. The switch doesn’t just 
insert the balun, but provides two 
completely independent antenna 
connections, so both can be always 
available. The memory associates the 
settings with each antenna port 
separately, so if you switch between 
antennas while on the same band, it 
thoughtfully remembers the settings 
for each, 

‘New production tuners will also 
include BYPASS selection, A factory 
upgrade is said to be available for 
‘early production units. Want to doit 
Yourself? Poke the MANUALIAUTO 
button and you are into manual tuning 
mode. The single knob below the 
LCD display is used to change the 
inductance or capacitance. It comes 
up ready to tune the C; push the knob 
in briefly and it changes the L. The 
value of L and C are displayed on the 
LCD panel as you change them, so 
you can record the values for later 
reference. It moves the adjustments 
Via the stepper motors, so minimum 
cffort is required —no heavy 
cranking needed. 

So how'd it work? We really liked 
the concept of this tuner. By its nature 
it can provide finer adjustment than 
the relay types we have seen, al- 
though their resolution could be made 
arbitrarily fine with additional relays 
and smaller increments of C and L, 
and higher cost. We also liked the 
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quietness of the motors compared to 
the clacking relays. The downside can 
be tuning time. As noted above, with 
a. CATeonnected radio and memo- 
rized settings it rapidly follows you as 
you tune, A change in bands can take 
Tonger. We measured the following 
times to retune between bands 


From To Tune Time 
(Meters) (Seconds) 
8% 0640 
400 3004 
0 2 8 
20 152 
15 10 Oe 
160 10 45 


‘The times shown are between 
memorized settings. To tune from a 
default setting to a finely tuned 
condition takes about 2 additional 
seconds if there isn’t already a memo- 
rized setting for the frequency. It 
seems especially quick with the CAT 
function, since it feels like it's all 
tuned and waiting for you to catch 
upt 

‘The AT-Auto comes with a well 
illustrated 20 page manual. The 
‘manual assumes you know why you 
‘wanted an antenna tuner and where 
you are going to connect it. This 
‘wasn't much of a problem since it has 
such an informative display, although, 
if you're expecting “open left flap, 
remove tuner from box...” type 
instructions, this manual isn’t quite 
up co that standard, 

On the down side, we had just a 
few disappointments. Initially, the 
tuner wouldn’t match my antenna on 
12and 10 meters. On 12 meters, my 
measured SWR was 6:1 at the tuner. 
While it couldn't find a perfect 
match, and announced MATCH NOT. 
FOUND! on the LCD panel, it actually 
got to within a 2.4:1 SWR, which my 
radio found acceptable. On 10 meters 
‘my antenna showed an SWR of 3:1 
‘and the best the tuner could do was 
2.7821, In both of these cases, the 
LCD panel noted that the inductance 
was at L=000. 

‘This suggested to me that it was 
the particular value of complex 
impedance rather than the SWR that 
‘was causing the problem. I put in an 
additional 6 feet of 50.0 coax to 
‘move “around the Smith Chart” and 
the tuner was then able to find a 


perfect match in both cases. This isa 
{z0od trick to Keep in mind if faced 
with this kind of problem with any 
tuner. The indicator was very helpful 
in pointing me inthe right direction. 

A less significant problem was that 
the frequency metering system 
required more power to determine the 
frequency on the higher bands. On 
160 through 15 meters, the 10 W that 
the ICOM transceiver put 0 
‘TUNE mode was plenty t allow the 
frequency to be read and the tune 
function to be initiated. On 12 and 10 
meters, at 10 W, [received a FRE- 
‘QUENCY ERROR CHEOK CARAIER LEVEL 
message on the LCD. It took more 
power to allow the frequency to be 
read. This was no problem with 
another transceiver that allows me to 
crank it up as far as T want when the 
TUNE button is pressed, but the ICOM 
had a fixed level. A quick fix is to 
switch to AM or FM mode to put out 
more power. Just hit the bar on your 
PTT mierophone or use a straight key 
in CW mode, 

Upon further investigation, I found 
thar it worked fine on all bands with 
10 W to a matched load. At some 
impedances, apparently there was not 
‘enough signal for the measuring 
circuits. Another workaround would 
be to manually set it within range and 
then let the AT-Auto fine tune to 
perfection. A handy feature ofthis 
tuner is that it can be tuned at 1500 W 
with no relay contacts to bur. This is 
ood since it sometimes notices a bit 
of reflected power and trims the 
adjustment after you turn on the 
amplifier, ARRL Lab test results are 
shown in Table 14-14. 

Manufacturer: Palstar Inc, 
9676 N Looney Rd, Piqua, OH 
45356; tel 800-773-7931, 
937-773-8003; info@ palstar.com; 


In Summary 

Each of these tuners did what they 
said they would over most oftheir 
frequency range and each could be of 
benefit to operators using higher 
power than that handled by other 
‘automatic antenna tuners. Some care 
needs to be taken with their opera- 
tion, beyond that found inthe lower 


Table 14-14 
Palstar AT-Auto 


Manufacturer's Specifications 
‘Maximum power: 1500 W single tone, 
Frequency range: 1.8 to 90 MHz. 

Input impedance: 160 to 20 meters, 1200 
+2120; 15 to 10 meters 1000 +/1000. 


‘Tuning time: 1-30 seconds. 

Dimensions (hight, with, depth) 
55x 125% 18 inches. 

Weight: 25 pounds. 


‘Measured power loss into resistive loads (23) /Input SWR at match. Tested at 50 W. 
tom 
No Match 


Sim taed6) 10m som som 
ar SP er eB 
ae 
“ ms 9 9M 
a ae 
He Rk 
ce a em 
ee ee 

ter aw te 

tea 


‘Power loss less than or equal to 10% 
"Matched SWF less than or equal to 1.5:1 


powered units, because of the power 
involved and particularly because of 
the difference between “tuning 
power” and “operating power.” Each 
unit is specified to be tuned using 
reduced power from the exciter at 
‘somewhere in the 10 to 100 W range. 
Each tuner finds a match at that 
power level and then it should be safe 


20m 


12 


1 2 
2 8 
S 8 


to switch on the linear amplifier 
— but is it? With the MEJ and Palstar 
tuners, there were conditions under 
‘which it would initiate the tuning 
cycle again at full power, even after 
being within specification at the lower 
tuning power. The reason is likely a 
combination of a larger sample of RF 
to make reflected power measurement 
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‘and nonlinearity of the detectors, not 
surprising for analog circuitry. 
Different tuners will react differently 
under this circumstance. The Palstar 
actually doesn't mind tuning at 1500 
W and will calmly trim up without a 
whimper. The MES tuner will note 
that itis tuning above the specified 
tuning power spec and switch to 
bypass — whoops, you had the linear 
pre-tuned with a dummy load so that 
it would be ready to go, and now it 
sees a 9:1 SWR, or whatever your 
antenna has, going directly to the 
amplifier. This could cause a ca 
strophic reaction in your amplifier! 
‘The LDG tuner is different in this 
regard. It only initiates a tune cycle if 
the TUNE button is pressed. 

So what to do? There are two 
potential solutions. One, manually 
‘rim up the tuning for an even lower 
SWR using the L and C up and down 
buttons. If the reflected power is fully 
nulled, it should avoid this problem. 
‘The other approach is to switch the 
tuner to manual mode after it finds its 
initial match. That will prevent it 
from automatically retuning while 
high power is applied. Or do both. 
Arguably this changes tuner operation 
from “auto” to “semi-auto,” but L 
recommend it for any high power 
relay switched tuner. The conse- 
quences of not doing so could be 
extreme to either the amplifier or the 
relay contacts or both, 
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A New Generation of Balanced 


Antenna Tuners 


Reviewed by Joel R. Hallas, WIZR 
QST Technical Editor 
QST September 2004 

‘A new breed of antenna tuner 
available in different flavors from 
multiple manufacturers addresses, 
concems about using baluns with 
high SWR to feed balanced antenna 
systems. Paul Danzer’s article in the 
April 2004 issue of QST brought to 
paper a concern many of us have had 
for some time — the use of baluns at 
the output of antenna tuners.® As 
noted in his article, if the balanced 
Jad is near the balun’s design 
impedance (typically 200 © for the 
usual 4:1 balun) all is wel. 

Unfortunately, the typical random 
sized center fed antenna with random 
length ladder line feed tas an 
impedance at the feed point that 
varies dramatically with frequency. 
The result can be heating and loss 
(and occasional damage) at the balun. 
‘These effects were well documented 
in a series of OST articles by Frank 
Witt and later in a performance 
evaluation of unbalanced tuners with 
both balanced and unbalanced 
loads.” 


So How Do We Fix the 
Problem? 


As Danzer noted, the classic solu- 
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tion has been the use of an inherently 
balanced tuner. The commercially 
‘manufactured E.F. Johnson Matchbox 
tuners of the '50s worked reasonably 
‘well in their day, and over the bands 
that they covered (we didn't have the 
60, 30, 17 and 12 meter bands back 
then). Now atleast three manufactur 
ers have begun offering balanced 
antenna tuners ofa different configu- 
ration. For this review we selected the 
MFI-974H and the Palstar 
ATISOOBAL and ATAK, Interest- 
ingly, each of the three uses a 
different architecture, and each is 
different from the design of the old 
Matchbox! 

In addition to those units, SGC has 
announced a low power self-con- 
tained auto-tuner, the SG-211, which 
shares the design concept of the 
ATK and willbe the subject of an 
upcoming Short Takes column, We 
thought it would be good to evaluate 
the performance of the medium and 
high-power units and provide a 
comparison tothe old Johnson tuner. 


What's in the New Tuners? 


Glad you asked! As noted, each of 
the tuners uses a different design 
configuration, Each ean be directly 
compared to some of the common, 
unbalanced configurations. Note that 


the power ratings and price of the 
Palstar tuners put them in a different 
category from the MFJ units and thus, 
direct comparisons may not be 
appropriate. Both the MFI and the 
Palstar AT!SOOBAL are fully 
balanced tuners — the MFY a dual T 
section design with shunt L, and the 
Palstar a dual L section with shunt C. 
‘The Palstar ATAK tuner takes a 
completely different approach, It uses 
the insulated unbalanced scheme 
suggested in Paul’s article and 
described in detail in The ARRL 
Antenna Book? 

‘The relationship of the designs to 
their more commonly encountered 
unbalanced configurations are shown 
in simplified schematics in Figures 
14-32 through 14-33, The other dfer- 
ences between the units are in their 
ratings. The MFI tuner covers 160 
through 6 meters, while the Palstar 
tuners top out at 10 meters. Both 
Palstar tuners are rated at 1500 W or 
areater (the ATAK has a reduced 
rating below a 25 9 load) while the 
MEI tuner is rated at 300 W PEP, 

150 W CW. 

‘The ratings of the Johnson Match. 
boxes were established in a day when 
amateur power levels were specified 
based on average de power input, 
rather than the current PEP RF output 


Figure 14-31 — From the 
top the MFJ-974H, the 
Palstar ATSOOBAL and 
AT4K. On the right, they 
are being scrutinized by 
their logical ancestor, the 
Johnson Matchbox. 


Soldering time 
The soldering process shoud be 
completed within 2to maximum 5 
seconds with a correctly dimen- 
sioned soldering tp, When solder- 
ing electronic components wth 
lead-free solders, experience 


Solder joint quality 


‘When he leas of he components 
mounted on the board are crimped, 

‘a. good solder joint has been formed 
‘when the contour af the soldered 
leads stil sible. This wil nat be the 
‘case, an excessive amount of sol 
der as been used fo form the ont 


‘further quay atibute she 
weting angle. Tis consideration is 
based onthe fact that god wating 
of the pad, discernible trough a 
small wetng angle, has given ise 
tothe formation ofa dfsion zane 
(rtermetalic zane), Weting ances 
of upto 25 deny a good ont, 
weting angles of upto 50° are sill 
tolerable in manual soldering, 


‘shows that more time is required. 
But even here requiring more than 
5 seconds is not permissible, and it 
Indicates that ether the lempera- 
{ure seting is too aw or the solder- 
ing iron lacks the necessary power. 


‘Another qualty indicators what the 
solder surface actualy looks He. t 
shouldbe smooth and shiny, without 
‘any porous areas visible. Grainy 
surfaces indicat eer overheating 
of the solder or an excessive solder 
ing ime, Using lead roe solders, 
especially siver loaded aloys, mat 
surfaces may form, 


‘The oly absolute ually necator 
fora sound and ston solder ois 
‘he famaton of the dfusion zone 
Inthe dttuson zone, inertaic 
compounds of copper and in re 
formed, whose presences the fal 
roo of quality (ried crystal 06 
age’), Unfortunately the ony way 


Wrong! 


to mak this zone visible is trough 
a destucive test (sectoning ofthe 
Join) f the difsion zoe is to 
thick, the solder ons have no tan- 
sie strength and become bite. The 
higher the soldering temperature and 
the anger he soldering duration, 

the thicker the dfusion zone wil be 
‘Therefore the joint shouldbe made 
althe lowest sutabe temperature 
‘and within shores salderag times. 


‘As soon asthe last solder joint 
has been made, the soldering ion 
's placed securely into the holder 
ALthis time, the tip should not be 
cleaned, because the remaining sol 
{der on the tip prevents oxidization. 


200 Unbalanes 


ste Pract w @ 


Figure 14-32— At a, 
the traditional balanced 
antenna tuner. At B, 
the Johnson Matchbox 
antenna tuner. 
‘Simplified view without 
bandswitching. 


500 Hi-Loz 
“ Unbalanced Unbalanced 

sa 
® Unbalanced 

soa Heloz 
) Unbalanced Balancod 


Figure 14-33 — At A, an unbalanced T-network tuner. At 8, a balanced 
‘Tenetwork tuner. At C, an unbalanced T-network tuner for balanced loads. 


“275 W" Johnson matchbox 
to work with transmit- 
ters running 275 W de input, or about 
200 W average output. This Was it 

the day of plate modulated AM 
service, so that rating further trans- 
lates to 800 W PEP under today's 
rules. Similarly, a “kW Matchbox’ 
Would likely be rated today as a3 kW 
PEP tuner. 


a 


“ 


H Figure 14-34 — At A, an 
nna ' unbalanced L-network 
| Lncoz tuner with switched 
on | pfhiscs capacitor. AtB, a 
Bz CR des | balanced L-notwork tuner 
' switched capacitor. 
aid H-toz H 
unos nbalnead H 
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MFJ-974(H) Balanced 


Antenna Tuner 


MEI provides two versions of their 
974, with ('974H) and without 
((974) the capability to cover 160 
meters. Both are rated at 300 W PEP, 
‘and 150 W CW. At only 7/4 inches 
wide, it takes up a small amount of 
desk space. Interestingly, it has about 
the same shape as the old 275 W 
Johnson Matchbox, but is | t0 

2 inches smaller in each dimension. 
As noted above, this unit uses aT 
section design as in Figure 14-33B, 
so it is not necessary to switch 
capacitors from one side to the other 
as the impedance changes from high 


Table 
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‘The inductor is varied by selecting 
among 12 steps. The H model has an 
extra inductance for 160 meters that 
changes the tuning range as needed. 
A cross-needle two-range (30 and 
300 W full scale) power/SWR meter 
‘can be set to read peak or average 
power. Both the power level and null 
‘matched the meter on my transceiver 
quite closely. The capacitors are 
direct (1:1) drive, with plastic gearing 
between the ganged units. I found 
them easy to turn and to get ¢ null. 
used the old trick of tuning for 
maximum receive signal, first with 
the L switch, then with the capacitors 
MEI provides a page of nominal 
settings by band that you may find 


MFJ-974H Balanced Antenna Tuner 
‘Manufacturer's Specifications 


Measured in ARF Lab 


Input load range: 12 to 2000 0. ‘See below. 
Output SWR range: Not specified ‘See below. 
Frequency coverage: 1.8 to 54 MHz. ‘See below. 
Input power: 150 W average, 300 W PEP. Not tested. 
Size: 6 x7.5 x 9 inches (HWD). 
SWA Load (2) 160 Meters «80 Meters 40 Meters 
Power Loss % 55 41 92 
BI 625 SWRBW%. og 06 10 
Imbalance" 0 0 0 
Power Loss % 40 33 23 
41 125 SWRBW% 06 og 14 
Imbalance 0 0 0 
Power Loss % 25 22 <10 
21 25 «| SWRBW% 08 14 32 
Imbalance 0 0 0 
Power Loss % 22 18 2 
11 50 SWRBW% 14 14 2a 
Imbalance 0 0 0 
Power Loss % 18 <10 <10 
24 100 SWR BW % ce] 17 44 
Imbalance 0 0 0 
Power Loss % 7 <10 10 
4:1 200 ‘SWRBW% Ww 28 25 
Imbalance 0 ° 0 
Power Loss % 2 <10 <10 
81 400 ‘SWR BW %. 15 a4 75 
Imbalance 0 0 0 
Power Loss 10 <10 <10 
161 800 SWRBW% 19 43 a3 
Imbalance 0 0 0 
Power Loss % 10 <10 <10 
321 1600 SWRBW%. 24 26 58 
Imbalance 0 0 o 
Notes 


helpful. When you switch to adjust- 
ing the tuner while transmitting, be 
sure to note their caution about not 
changing the inductor switch with 
power applied. You may burn the 
contacts otherwise. [also make it a 
practice to always tune at reduced 
power to avoid hitting my finals 
heavy mismatch at full power. 
When you have it set, turn up the 
power and confirm that all is well. 
One caution that applies to all T 
section tuners is to note that multiple 
settings can result in low SWR. 
Unfortunately, some will have higher 
losses than others. The rule of thumb 
is to use the setting with the smallest 
inductance (the L switch position on 


20Meters 10 Meters 6 Meters" 


20 16 
20 20 NotTested 
° ° 

<10 10 

28 34 Not Tested 
o 0 

<10 <10 

49 24 Not Tested 
0 0 

20 <10 <10 
24 12 10 
0 0 ° 
<10 10 

70 25 Not Tested 
O 0 

<10 <10 

a4 10 Not Tested 
o ° 

<10 <10 

70 37 Not Tested 
° 0 

<10 <10 

77 37 Not Tested 
0 ° 

10 " 

44 3.0 NotTested 
O ° 


Power lasses are expressed as a percentage. A 10% power loss represents less than half (0.48) a dB. 
‘The SWR bandwidth is te percentage o the measurement frequency that can be changed withthe SWR staying under 1.51 
‘The ARAL tos tue is only usable at 50 .on 6 metars. 

“As defined in F Wit, “Evaluation of Antenna Tuners and Baluns—An Update” QEX, Sep-Oct 2008, pp 9-14 
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this tuner) and highest capacitance 
that will provide a match. One 
limitation of the switched rather than 
roller inductor is that you can’t get 
values in between. I didn't find that 
mulch of problem, as I was always 
able to get to 1.5:1 or better SWR 
with my antennas, 

‘As you make adjustments, I 
suggest you log the settings for each 
frequency in a table such as the one 
supplied in the back of the manual 
‘You may want to make photocopies 
fo set up a spreadsheet so you will be 
able to repeat the process for your 
next antenna, If you find that you 
can't get a match at some frequency, 
try adding 6 feet of ladder line at a 
time. The different length will move 
the impedance around and may solve 
the problem, but you will have to 
retune on the other bands and hope to 
find a length that will tune properly 
oon all bands. 

Balanced loads are connected via 
standard (inch) spaced multipur- 
pose binding posts, These accept wire 
‘ends, or dual banana plugs, a handy 
‘connector for balanced feed lines at 
this power level. The "974H also 
provides a capability to match 
Unbalanced loads and provides a coax 


Figure 14-35 — MFJ-974H, 
inside view. 


connector for that purpose. It is 
necessary to provide a jumper 
between the lower balanced load 
binding post and the ground terminal 
to complete the unbalanced hookup. 
Note that the output is not switched, 
so an antenna should be connected to 
either the coax connector or the 
balanced jacks, but not both, 

Note that while the °974 is speci- 
fied to match a wide range of 
impedances on 6 meters, neither the 
Lab nor WIZR could test at any 
impedance other than 509. I tried 


the unbalanced connection arrange 
‘ment with my coax-fed GSRV. It 
worked fine until I tried it on 

160 meters, not one of the bands the 
antenna is supposed to operate on. I 
was able to quickly find a match at 
low power. When T turned up the 
power past 70 W, arcing was evident 
inside the unit, opened it up and was 
surprised to find that rather than the 
expected arcing tuner element, I 
found the arcing source was at the 
metering circuit board. Measured Lab 
data is shown in Table 14-18, 

‘The unit went back to MFI for 
repair under their warranty, Upon 
return, it worked fine at 100 W (my 
‘maximum power withthe transceiver) 
and I was told by MFI that a signal 
‘wire had been dressed t00 close to the 
‘meter board and arced, It was reposi- 
tioned and MFJ installed the intended 
tie-wrap to hold it away from the 
‘meter board. The tuner was retested 
and had exhibited no problems. 

‘Manufacturer: MJ Enterprises 
Inc, 300 Industrial Park Rd, 
Starkville, MS 39759; tel $00-647- 
1800; fax 662-323-6551; www. 
ifjenterprises.com, 2004 price: 
MFJ-974, $179.95; MEJ-974H, 
$199.95. 
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Palstar AT4K 
Antenna Tuner 

Unlike the other tuners in this 
review, the AT4K might best be 
described as an unbalanced tuner 
designed to feed unbalanced or 
balanced loads. This sounds contra 
iotory, but really isn’t, as described 
in footnotes | and 6, If you just think 
of this tuner as a “four-terminal black 
box" (see Figure 14-33C) connect- 
ing a balanced load to a balanced 
source, followed by a 1:1 balun going 
to the transceiver, you may get the 
picture, 

‘An unbalanced T section, isokated 


from ground within the box, performs 
the required impedance transforma- 
tion to match the impedance at the 
bottom of the balanced transmission 
line to 50 ©2t0 operate properly 
through the internal balun, This tuner 
also provides a heavy duty relay to 
‘connect the common points of the 
input, output and inductor to the 
chassis to convert it to a typical T 
section tuner for unbalanced loads. 
‘An additional feature, not found in 
any of the other tuners in this review, 
is antenna switching capability. The 
ATK has a single pair of balanced 
output terminals, but also has three 


Table 14-16 
Palstar ATAK Balanced/Unbalanced Antenna Tuner 
Manufacturer's Speciications Measured in ARAL Lab 
Input load range: 8 to 2000 0. ‘See below. 
‘Output SWA range: Not specifiod See below. 
Frequency coverage: 1.8 to 30 MHz, See below, 
Input power: 2500 W single tone. Not tasted. 
Size: 5 « 15 « 16 inches (HWD), 
‘SWR Load (2) 160Moters 80 Meters 40 Motors 
Power Loss % 24 14 10 
et 625 SWRBW%. 4A 26 64 
Imbalance os o7 0 
Power Loss % 12 <10 <10 
41 125  SWRBW% 19 40 7 
Imbalance 0 o4 0 
Power Loss % 10 <10 10 
21 25 SWRBW% 30 74 39 
Imbalance 0 02 0 
Power Loss % 10 10 <10 
11 50 SWRBW% 55 16 68 
Imbalance Os 0 0 
Power Loss % <10 <10 <t0 
21 100  SWRBW% et 26 49 
Imbalance o4 0 0 
Power Loss % <10 <10 <10 
4:1 200 ‘SWR BW % 69 22 24 
Imbalance Os o 0 
Power Loss % <10 <10 10 
400 ‘SWR BW % 78 15 14 
Imbalance 18 03 0 
Power Loss % <10 <10 <10 
16:1 800 ‘SWR BW % 72 10 10 
Imbalance 26 os ° 
Power Loss % <10 <10 <10 
32:1 1600 SWRBW%. 44 6g 58 
Imbalance 49 0 0 
Notes 


coax outputs. Two can be tuned, or 
switched to straight through, while the 
third provides straight though 
‘operation only. This isa great spot to 
connect a dummy load, of a well 
matched Yagi 

‘The inside view gives a sense of the 
heavy duty construction of this 
massive tuner, The rotary inductor is 
fabricated from silver plated strip 
stock, rather than the usual wire, and 
the rolling contact is designed to grip 
a significant portion or the coil, not 
Just the edge. The inductor is driven 
by a smooth turn-count dial reading 
‘out to Yo of a turn and resetable in 


20Meters 10 Meters 6 Metors* 
10 34 
49 05 
os 52 
<10 18 
85 o7 
O48 17 
<0 <10 
21 15 
05 0 
<10 <10 
42 3.0 
ot Os 
<10 <10 
44 10 
0 0 
<10 ar 
32 os 
0 34 
10 Note 1 
15 
0 
<10 Note 1 
a5 
0 
No Match No Match 


"According tothe owner's manual for the ATAK, the matching range is limited on 10 meters. In testing, twas found that matches (SWR. 
‘<1,5:1) could be obtained on 10 meters with some higher impedance loads by using a large amount of inductance, However, itis 
‘ery likely that the tuner was close to sell-resonance under these conditions, and this type of operation should be avoided due to the 


high losses in the tuner. 


Power losses are expressed as a percentage. A 10% power loss represents loss than half (0.46) a dB. 
‘The SWR bandwith is the percentage of the measurement frequoncy that can be changed withthe SW staying under 1.5: 
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unbalanced, except on 17 and 10 
meters where not all impedances 
are within range. Again, a change 
in transmission line length may 
move your impedance to a value 
within the tunable range. 

‘The metering was consistent 
with my other wattmeters, both 
in position of reflected null and 
forward power. I was able to 


5:1 reduction drives with 0 to 100 
logging scales. 

‘One design challenge with a 
tuner built of these large parts is to 
keep the minimum capacitance low 
enough so the unit will meet 
specifications at 10 meters. As 
shown in the data, Palstar has done 
a reasonably good job with thi Figure 15-36 — easily return toa previous setting 
but the limitations should be noted. patstar AT&K, using the resolution of the dial 
[ound that this unit could match_~—_inside view. scales. Measured Lab data is 
all my antennas, balanced or shown in Table 14-16. 
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Palstar AT1500BAL 
Balanced Antenna Tuner 
‘The Palstar ATISOOBAL is of 
the configuration shown in Fig 
ure 14-34B. It isa legal limit device 
and a look inside makes me believe 
that it can handle serious power. The 
rotary inductors, two edge-wound 
silver plated ball-bearing monsters, 
driven by a toothed fiberglass belt and 
turns counting dial take up a lot of the 
imterior space. The rest is largely 
‘occupied by a 450 pF 4.5 kV variable 
driven by a smooth 5:1 vernier dial 
‘The inductors and capacitor are 
‘made in-house and work very well. T 
‘was particularly impressed with the 
resetability of the controls, The turns 
counter reads out to tenths of a turn, 


Table 14.17 


Figure 14-37 — Palstar 
ATIS00BAL, inside view. 


and can be easily reset to Ya tenth, 
‘out of the 32.turns end-to-end, The 
vvernier drive has a dial with 100 

divisions and no perceivable back- 
lash. Once you make up a table of 


Palstar AT1SOOBAL Balanced Antenna Tuner 


Manufacturer's Spectcations 


Measured in ARAL Lab 


Input load range: 160 to 20 meters, 2500 + j2500. ‘See below. 
20 meters 1000 + /1000 0; 10 meters, 500=/5000. See below. 
(Output SWR range: Not specified ‘See below. 
Frequency coverage: 1.8 to 30 MHz. Sas below. 
Input power: 1500 W PEP. Not tested. 
Size: 6.5 « 12.5 « 15 inches (HWD), 
‘SWR Load (2) 160 Meters «80 Meters 40 Meters 
Power Loss % <10 <10 <10 
81 625 SWRBW% NoMatch ——-NoMatch 99 
Imbalance o3 0 o 
Power Loss % 10 10 10 
41 125 SWRBW% —NoMatch No Match 1.3 
Imbalance 0 
Power Loss % <10 <10 <10 
2a 25 SWRBW% 18 48 42 
Imbalance 0 ° ° 
Power Loss % <10 10 <10 
1" 50 SWREW% >100 >100 >100 
Imbalance 03 0 0 
Power Loss °% <10 10 10 
24 100 SWRBW% >100 54 58 
Imbalance 0 0 0 
Power Loss % <10 10 <10 
41 200 SWRBW% >100 29 28 
Imbalance 02 0 0 
Power Loss % 10 <10 10 
81 400 SWRBW% 7 23 18 
Imbalance 0 0 ° 
Powor Loss % <10 10 10 
161 800 SWRBW%. 1" i" 18 
Imbalance ° 0 fy 
Power Loss % 10 10 10 
32:1 1600 SWRBW% 56 80 78 
Imbalance 0 0 0 
Notes 


tuning values by frequency, retuning 
should be a snap. I found the tuner 
easy to use at WIZR, matching all 
reasonable antenna configurations 
Ltried. I am only able to test at the 
500 W level and, as expected, 
encountered no difficulties. 

‘The cross-needle meter (300 and 
3000 W full scale ranges for forward 
average power) agreed closely with 
those on my equipment. One note, on 
‘many tuners, power is only required 
for meter lighting. On this unit, relays 
are used — both to switch capacitors 
from one end to the other and to 
switch in additional capacitance. The 
tuner will work only in the “high 
impedance/ no extra capacitance” 
mode if you neglect to plug in the 


20Melers 10 Meters. 6 Meters* 
66 Ba 
13 10 
0 0 
17 <10 
19 13 
°O 0 
<10 <10 
>100 20 
0 0 
<10 10 
56 61 
0 0 
<10 <10 
30 a7 
0 0 
<10 13 
20 7 
0 0 
<10 18 
13 49 
0 o 
<10 
5 NoMatch 
0 


Powar losses are expressed as a percentage. A 10% power loss represents less than hall (0.46) @ dB. 
The SWR bandwidth is the percentage ofthe measurement frequency that can be changed with the SWR staying under 15:1. 
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supplied wall-wart or connect an 
external 12 V de supply. [found I 
needed to exercise both relays to tune 
my antenna on all bands 

Just after we purchased the 
ATISOOBAL tuner for evaluation, 
Palstar added the ATIKBAL tuner to 
their line. In spite of their product 
numbers, they both are specified to 
handle the US legal limit. There is a 
key difference, however. The 
ATIKBAL tuner has the capacitors 
‘on the outpat side only. This results 
im a tuner that is designed to match 
from sround 100 © up and is simiar 


to an early balanced tuner described 
by Measures!!! 

Palstar has informed us that later 
this year they will replace the AT- 
1500BAL and the newer (and not 
tested) ATIKBAL with a new 
balanced tuner, the model BT1SO0A. 
‘This tuner will share the basic archi- 
tecture and design of the ATISO0BAL 
{twill make use of a new switched 
two-section variable capacitor 
designed to reduce minimum capaci 
tance. This is intended to improve the 
tuning range, particularly on 10 
meters. It will also have the inductors 


driven in tandem, removing the 
requirement forthe drive belt and suid 
to make for smoother tuning, Palstar 
expects fo offer the BT1SOOA as their 
only balanced tuner once material for 
the others is exhausted. Measured Lalb 
data is shown in Table 14-17. 

Manufacturer: Palstar Inc, 9676 N 
Looney Rd, PO Box 1136, Pigua, OH 
45356; tel 937-773-6255; fax 
937-773-8003; www.palstar.com., 
2004 prices: ATAK, Si 
ATISOOBAL, $695. 
$595. 
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E. F, Johnson Matchbox 
Antenna Tuners 

Before WW Il, the E, F. Johnson 
Company of Waseca, Minnesota, 
manufactured high quality variable 
‘capacitors, inductors and ceramic 
parts for electronics. By 1950 they 
were advertising their innovative 
Viking I transmitter in The ARRL 
Radio Amateur's Handbook and the 
next year their Matchbox antenna 
tuner for $48.95, A kW version was 
advertised in 1957, These tuners were 
based on the classic prewar balanced 
tuned circuit tuner (Figure 14-32A), 
but with an added twist. While the 
classic tuner of the day used plug-in 
coils to change bands, and manually 
attached tap points on the coil to 


Table 14-18 


‘change impedances, the Matchbox 
‘was bandswitching and had a unique 
differential capacitor arrangement to 
adjust the transformation ratio from 
the front panel, as shown in Figure 
14.328, 

Models were available with and 
without SWR metering and the units 
included a TR relay useful forthe 
typical separate transmitter and 
receiver setups of the day. By the 
“60s, the typical amateur antenna 
system had become one designed for 
resonant matched operation using 
coaxial cable without antenna tuners. 
Radios moved from AM to SSB, and 
Johnson changed their focus from 
amateur equipment to the commercial 
two-way FM radio market. 


E.F. Johnson 275 W Matchbox, Balanced Antenna Tuner 


Manufacturer's Specifications 
Input load range: 26 to 1250 0. 
‘Quiput SWR range: net specie. 


Frequency coverage: 80, 40, 20, 15 and 10 meters, 


‘Measured in ARAL Lab 
See below. 
below. 


Input power: 275 W de input Not tested, 
Siza: 7 » 10 « 10.5 inches (HWO). 
SWR Load (2) BO Meters 40Meters_ 20 Meters 
Power Loss % 
41125 SWRBW*%—NoMatch No Match No Match 
Imbalance 
Power Loss % 
2a 25 SWRBW% — NoMatch NoMatch No Match 
Imbalance 
Power Loss % 10 <10 
1" 50 SWREW% 2 No Match 35 
Imbalance ° 0 0 
Power Loss % 10 <10 12 
aa 100 SWREW% 2 4 8 
Imbalance 0 0 0 
Power Loss % " <10 <10 
4a 200 SWREW%. 2 4 35 
Imbalance ° ° 0 
Power Loss % 2 <10 <10 
aa 400 SWREW%. 2 4 35 
Imbalance ° ° 0 
Power Loss % 10 10 <10 
161 800 SWRBW% 2 4 35 
Imbalance ° 0 0 
Power Loss % 10 <10 
s21 1600 SWRBW% 2 4 NoMatch 
Imbalance 0 0 
Power Loss % 10 
41 3200 SWREW% 2 No Match 
Imbalance ° 
Notes 


‘Their tuners are still a popular item 
at flea markets and on electronic 
auction sites. While not exactly a part 
of this review, Matchbox data 
reported by Witt in his earlier article 
is presented for comparison. As noted 
in the tables, the Matchbox tuners 
‘work well, but over a typically 
smaller impedance range than their 
modern counterparts. They also do 
‘not have band switch positions for 
any of the newer bands, although 
there is enough tuning range so they 
can typically cover 17 and 12, but not 
30 oF 60 meters. Within these limits, 
however, they can still be put to good 
use, Until the units discussed in this, 
review became available, the Match- 
boxes were the only commercial tuner 


15 Meters 10 Meters 
No Match No Match 
<10 <10 
4 4 
° o 
<10 <10 
35 3 
0 
" <10 
35 3 
0 0 
<10 " 
>5 3 
0 0 
<10 " 
35 3 
0 0 
10 1 
25 3 
0 ° 
No Match NoMatch 


Power lasses are expressed as a percentage. A 10% power loss represents less than hat (0.46) « d8. 


‘The SWR bandwidth isthe percentage of the m 
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surement frequency that can be changed with the SWR staying under 1.5 


in wide use specifically designed 


‘work with balanced antenna systems, 
‘Measured data from Frank Witt is 
shown in Tables 14-18 and 14-19.!2 


Notes 

'R.D. Straw, Editor, The ARAL 
‘Antenna Book, 21st Editon. 
Available from your ARAL deals 


the ARAL Bookstore, ARAL order 
no, 9876. Telephone 860-594-0355, 
‘or toll-free in the US 888-277-5289, 


www.arrl.org/shop; pubsales: 
arrl.org, 

The SG-25 is a 500 W version 
of the SG-230 with similar 
specifications, except needing 


longer antenna. The SG-230 was 


reviewed in QSTin November 
1988, 


to P Pagel, “Product Review: Heath 
SA-2500 Antenna Tuner” QST, 
Mar 1985, pp 39-41, 

“L. Aurick, "Product Fleview: J. W. 
Miller Automatic Antenna Tuner 
‘Auto-Trak Model AT2500," QST, 
Jul 1981, pp 42-43, 

#8. Gari ‘Product Review: Daiwa 
‘CNA-1001 Automatic Antenna 
“Tuner” QST, Nov 1981, pp 41-42. 

*P Danzer, Nill, "Open Wire Feed 
Line—A Second Look” QS7, 

‘Apr 2004, pp 94-36. 

7 Wit, AITH, “How to Evaluate Your 
‘Antenna Tuner—Parts 1 and 2: 
OST, Apr 1995, pp 30-34 and May 
1988, pp 33-37 

®R. Lindquist, NRL, “Product 
Review—QST Compares: Four 
High-Power Antenna Tuners,” QST, 
Mar 1997, pp 73-77. 


ler or 


a 


Table 14-19 
E. F. Johnson kW Matchbox, Balanced Antenna Tuner 
Manufacturers Specifications ‘Measured in APPL Lab 
Input load range: 60 to 2000 2. ‘See bolow. 
Ouiput SWR range: not speciied. See below. 
Frequency coverage: 80, 40, 20, 15 and 10 meters See below. 
Input power: 1000 W de input Not tested. 
Size: 12.5 « 17.25 «11 inches (HWO). 
‘SWR Load (2) 80Moters 40 Meters. 20Meters, 
Power Loss % 
41-125 SWREW% —NoMatch No Match No Match 
Imbalance 
Power Loss % <10 
2A 25 SWREW% — NoMatch No Match 2 
Imbalance ° 
Power Loss % <10 <10 
1 50 SWRBW% —NoMatch 2 2 
Imbalance ° ° 
Power Loss % 10 <10 <10 
24 100 SWRBW%. 1 2 2 
Imbalance ° ° ° 
Power Loss % 10 10 " 
aa 200 SWRBW2%s 1 2 2 
Imbalance 0 ° 0 
Power Loss % 10 10 <10 
ca) 400 SWABW2% 1 2 2 
Imbalance ° 0 0 
Power Loss % 10 10 <10 
161 00 SWRBW% 1 3 2 
Imbalance ° ° 0 
Power Loss % 10 10 <10 
ae 1600 SWRBW% 1 2 2 
Imbalance o 0 ° 
Power Loss % 10 
e120 SWRBW% 2 No Match No Match 
Imbalance ° 
Notes 


8A, D. Straw, Editor, The ARAL 
‘Antenna Book, 21st Edition 
‘Available from your ARAL dealer or 
the ARRL Bookstore, ARRL order 
no, 9876, Telephone 860-594-0355, 
or tol-free in the US 888-277-5289: 
‘www.arrlorg/shop; pubsales@ 
arrl.org 

‘Most center-fed antennas longer 
than 0.5 Q are likely to meet this 
criterion. Very short antennas, or 
some low impedance driven arrays 
(8JK, for example) may have 
problems with this configuration, 
‘depending on feed line length, 

“IR. Measures, AGGK, “A Balanced 
Balanced Antenna Tuner’ QST, 
Feb 1990, pp 28-32, 

"2S¢0 Note 7. 


15 Meters 10 Meters 
15 <10 

1 3 

° ° 

13 <10 

2 4 

° ° 

<10 <10 

2 4 

0 0 

<10 10 

2 4 

° 0 

<10 <10 

2 4 

o ° 

14 " 

2 4 

° ° 

" " 

2 4 

° ° 

No Match No Match 
No Match No Match 


Power lossas are expressed as a porcentage. A 10% power loss reprosonts loss than half (0.46) a dB. 
‘The SWA bandwidth is the percentage of the measurement frequency that can be changed with the SWR staying under 1.5:1 
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Review Questions 


14-1 What are some of the key issues to keep in mind if selecting a 
commercial tuner? 


14-2 What is the major advantage of an automatic antenna tuner? 


14-3 Why might it be important to use a remotely tuned antenna tuner 
‘near the antenna feed point? 


Correct desolde 


The ri 


Desold 


9 


Reheating isnot recommended for 
repairing a fauty solder joint. is 
beter to remove the solder and to 
resolder the jon. When using a de- 
‘soldering pump the soe ont has 
tobe heated withthe soldering ion 
un the solder has maten. Then the 
tips removed and the desoldering 
pump is placed on the ant to extract 
the solder 


Using 2 heated desoiderng too, 
the hallow desoldering tps placed 
‘on the jon tobe repaired, making 
‘cetiain thal there is good thermal 
‘contacl Once the solder has mal- 
ten, itis extracted, 


Desoldering is also dependent on 
proper tip selection Fr example, 
the desodering tips ime diameter 


ng 


ch application 


shouldbe the same size as the 
diameter ofthe trough-hle or even 
sight larger (by max. 0.3 mm, see 
‘above draing), The best desolderng 
results with least damage to PCB or 
the components can be achieved wth 


Desalderng 
(auton 


made easy 


{emperatuce-contoled desolderng 
irons (aso see pages 2425). Please 
‘ote hat basicaly ith tobe dis- 
tinguished between the deslderng 
of trough-ole companens and the 
<esoldring of SMD components. 
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Building Your Own Tuners 


Contents 

Why Build a Tuner. 
Special Purpose Tune! 
Home Built General Purpose Tuners 
Review Questions. 


Why Build a 


Tuner 


A quick look at the schematic 
diagram of a basic manual antenna 
tuner (see Chapter 3), not counting. 
metering and switching functions, 
reveals perhaps the simplest of 


amateur equipment schematics. A 
tuner has very few parts, and very few 
connections, That should make it easy 
to duplicate — and it does. Unfortu- 
nately each of the parts can be quite 


Special Purpose Tuners 


expensive and perhaps hard to find 
On the other hand, if you have — or 
can easily obtain — the needed pars, 
there is no reason not to try building 
‘one oF more tuners. 


Most of the tuners we have 
discussed heretofore have been of 
the general purpose variety. That is, 
they were designed to match varying, 
Toads on multiple frequencies from a 
single box. In any given amateur sta- 
tion, that may not be what is needed, 
‘You may have a need to match your 
particular antenna system to your 
particular radio on a particular fre- 
quency. That describes a “tuner” that 
needs no knobs or controls — just a 
fixed matching network 

‘The fixed network is more com- 
mon than we may think. Every Yagi 
antenna with a gamma, T or hairpin 
match at the driven element has es- 
sentially done exactly that, Each is 
a matching network located at the 
antenna to provide a match from the 
antenna (o the transmission line for a 
low loss run to the radio. 

Ina similar way, we can provide 
‘a network for each of our antennas 
that provides needed matching. The 
chapter title figure, a shot of a collec 
tion of specialized antenna matching 
systems at, W6TC, the advanced Am 
ateur Radio station of the late George 
Badger, illustrates the point. None of 
those networks looks quite like any of 
the usual commercial antenna tuners 
of the last chapter! Another shot of 
this collection of networks, annotated 
with descriptions of each tuning el 
‘ment is shown in Figure 13-1 


Designing Your Special 
Purpose Tuner 


While the usual eireuit design 
and analysis tools of an electronic 
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engineer can be used to design an 
impedance matching network, it can 
be a much simpler proposition for 
the amateur with a few software and 
hardware tools. The steps are straight- 
forward: 

"Determine the (complex) imped: 
‘ance that the antenna system will 


present to the radio or transmission 
line 

Determining the impedance can be 
done in a number of ways. The best 
approach is probably to measure the 
impedance atthe location that will, 
have the tuner by using an antenna 
analyzer. Such analyzers include tun- 


1 —RG-213 coax cable trom shack 
to Input of vacuum relay box 
behind board (37) to connect to 
SteppIR Yagl antenna or 30, 40, 60, 
80 and 160 meter loop tuners. 

2—RG-213 coax cable to StepplR 
antenni 

3—Coax connector to 30 and 
40 meter balun (38). 

4—30 meter tuning inductor. 

5 —30 meter vacuum variable 
capacitor. 

6 — 30/40 meter vacuum relay 
connected to loop. 

7 —30/40 meter vacuum relay 
‘connected to loop. 

40 meter phone/CW vacuum 
rela 

9 — 40 meter phone/CW inductor. 

10 —40 meter tuning capacitor. 

11 —Motor drive for 40 meter 
tuning capacitor. 

12—40 meter tuning inductor. 

13 — 40 meter matching inductor. 

14 — Coax connector to 60 meter 
balun. 

15—60 meter balun. 

16— 60 meter tuning inductor. 

47—60 meter tuning vacuum 
variable capacitor. 

18 — 60 meter vacuum relays. 

19—80 meter coax connector to 80 
meter balun, 


20 — 80 meter balun. 


21 — Motor drive for 80 meter 
vacuum variable capacitor. 

22— Limit switches for 80 meter 
‘vacuum variable capacitor. 

23 — 80 meter vacuum variable 
‘capacitor. 

24, 25 — 80 meter tuning and 
matching inductors. 

26 — 80/160 meter vacuum relay. 

27 — 160 meter open end vacuum 
relay 

28, 29 Connection to loop on 
tower. 

30 — 160 meter receive vacuum 
relay 

31-33 — 160 meter receive RC 
network. 

34— Spark gap protector for 
160 meter receive RC network. 

35, 36 — 25-pair control cable to 
‘shack. 

37 —Vacuum relay switch box to 
connect to SteppIR Yagi or loop. 

38 — 30 and 40 meter balun. 

39, 40 — Feed-through to 80 and 
160 meter radial system. 

41 — Remote motor control. 

42— Control shaft for 30 meter 
‘vacuum variable capacitor (5). 

43 — Motor control relay. 

44 — 160 meter balun. 

45 — Manual control for 60 meter 
‘vacuum variable capacitor. 

46 — Connector to 160 meter balun. 


PHOTO AND ANNOTATION BARRY SHACKLEFORD, 


Figure 15-1 — Example of perhaps the extreme n homemade antenna tuning arrangements. This collection 
of remotely controlled special purpose antenna tuners, all on an outside panel (cover removed for photo), 

‘was made to awitch between and tune the multiple antenna systems ofthe late George Badger, WETC, the 
designer and builder. The annotations refer to below. 


{eft connector upto the 5 foot fiberglass boom extension on the left, up and over the 8 foot fiberglass mast 
extension at the top to the boom extension on the right, then down to the right connector. 
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able RF generators and displays that 
indicate actual complex (resistive and 
reactive) impedance, not just SWR. 
‘These are available from a number 

of manufacturers for a few hundred 
dollars, and are a valuable tool for the 
antenna inclined amateur. Figure 15-2 
shows a sampling that were tested for 
a OST product review. 

‘Some analyzers provide the resis- 
tive value of the impedance and the 
‘magnitude, but not the sign of the 
reactive part. In order to design a 
‘matching network, itis important to 
know whether the reactance is posi- 
tive (inductive) or negative (capaci- 
tive). Fortunately its usually easy 
to determine this. Just make a slight 
change in frequency and note the 
cchange in the value of reactance. If 
the reactance goes up as the fre- 
‘quency goes up itis inductive (+). If 
it goes down with increasing fre- 
‘quency, itis capacitive (-). This only 
works if the reactance does not go 
to zero between the two data points. 
Note that many programs use a lower 
‘case italicized letter jas part of the 
reactive value. This indicates that it 
should be mathematically considered 
perpendicular to the resistive value, oF 
calculated as if an imaginary number. 
Don't let this bother you if itis not a 
familiar concept. 

‘Another approach is to use antenna 
modeling software to determine 
the antenna, or the antenna system, 
impedance. The procedure I will 
outline will work with either, While 
‘modeling will result in a reasonable 
estimate of the impedance, itis rare 
that it provides an exact result, since 
‘generally not all conditions (ground 
parameters, for example) are fully 
known. This is what I did in the ex- 
ample that follows, 

A third approach isto rely on man- 
ufacturers’ or other published data, 
‘This also has its limitations in terms 
of the effect of the actual conditions 
at your location, 

Figure 15-3 provides the basis for 
1 short example of how this process 
can easily be conducted, The antenna 
under consideration isa dipole eut for 
the low end of the 40 meter amateur 
band. Instead of feeding it directly 


‘Notes appear on page 11 
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Figure 15-2 — A sampling of hand held antenna analyzers from Autek, 
Kuranishi, MFJ and Palstar. 


———— 


| 


7 


t 


Zu 


Figure 15-3 — 40 meter dipole used 


‘as the example for the determination 


of a special purpose matching network. 


with coax, which would likely not 
require a matching network, we have 
selected to use 70 feet of nominal 
450.2 window line, so it can be fed 
efficiently on multiple bands. In order 
to use it on 40 meters, we determine 
(using EZNEC antenna modeling 
software) that the impedance at the 
center and cach end of the band at 
the antenna feed point is as shown in 
‘Table 15-1 

‘We then use the transmission line 
analysis program TLW, furnished with 
recent editions of The ARRL Antenna 
Book, to determine the impedance at 
the bottom of the mismatched trans 
mission line as shown in Table 13-2 
‘Note that we could have gone directly 
to Table 15-2 using many antenna 


analysis programs that are equipped 
‘with transmission line models. My 
version of EZNEC included an early 
transmission line capability that did 
not take losses into account, so I used 
TLW instead. Since we need TLW 
for the next step, it wasnt any extra 
effort. One hint about using TLW — 
when finished don’t just close the 
program window —click on the EXIT 
button to avoid problems with it start- 
ing properly next time. 

‘Design a network that will trans- 
form the impedance to the desired 
impedance of the radio or transmis- 
sion line 

‘There are many techniques that 
could be employed to design a match- 
ing network to match any of the im- 


Impedance Predicted at the Antenna (Z,,,) a8 Shown in Figure 15-1. 


Table 15-1 
Frequency(MHz) Resistive Fart (©) 
70 823 

748 880 

73 944 

Table 15-2 


Reactive Part (0) 500 SWR 
40 20 
037 18 
4331 22 


Impedance Predicted at Bottom of the 70 Foot Transmission Line (2,,) 


18 Shown in Figure 15-1. 


Frequency(MHe) Resistive Part (2) 
70 ar7 
7318 1033 
73 296.5 


pedances in Table 15-2 to our desired 
50 © transmitter. Perhaps the easiest 
is to just click the TUNER button on the 
TLW screen shown in Figure 15-4 
The screen shown in Figure 15-5 will 
then appear, providing a place to input 
some common parameters including 
transmitter power and physical com- 
Ponent properties. 

While the design power is a 
straightforward parameter, some 
of the other terms may not be. The 
inductor and capacitor Q are related 
to the losses in the components. Typi- 
cally, the biggest loss in an HF tuner, 
especially one with an air dielectric 


Reactive Part() 4500 SWR 
+829 49 
+1488 46 
42297 43 


capacitor(s). is due to coil wire resis- 
tance. If you are buying a coil, it will 
likely specify the Q. Ifnot, you can 
‘measure the impedance of the coil on 
your antenna analyzer atthe operat- 
ing frequency. The Q is just X,/R, 
both available on an antenna analyzer 
sereen.* Values in the hundreds are 
typical, and the good news is the pro- 
gram results are not very sensitive to 
the value of Q. A 100% change in Q, 
in this example, results in less than a 
0.5% change in the value ofthe spe 
fied inductor and capacitor — smaller 
than the usual component tolerance, 
thus we specify a Q of 200 and the 


resulting design should be fine for 
‘most real inductors 

‘The OUTPUT STRAY CAPACITANCE 
value represents the capacitance of 
the wiring and components on the 
‘output side to the chassis, All wiring 
and components in the usual metal 
chassis or cabinet have capacitance to 
the metal walls. This is most impor- 
tant as the frequency goes up. Values 
in the tens of picofarads are common 
depending largely on component size 
and placement 

The other choice on this sereen 
is the TUNER NETWORK TYPE. There 
really isn’t 0 much to say about this 
— pick the one you like best, or bet- 
ter yet — try them all. [am somewhat 
partial to the low-pass L-network 
because it only has two components, 
and provides some attenuation of, 
harmonic signals. It also has only one 
solution for any load — more later. 
Pick any one to start, you will likely 
‘want to look at them all to find which 
‘one has components that are available 
or easiest to obtain, 

If you pick any configuration 
besides the L-network, it will ask you 
for a value to use for the capacitor 
on the output side (towards antenna). 
It will try to design a tuner for any 
value you pick. If it can’t make a 
tuner work with your value it will 
suggest making it larger or smaller. 
Make note of the power loss and try 
different values of output capacitor 


[ "FLW, Transmission Line Program for Windows — ws | 
ees ere memes 
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Figure 15-4 — Input screen of TLW transmission 
line analysis software used to determine the 
impedance at the bottom of the mismatched 
transmission line of Figure 15-1. 


Figure 15-5 — Antenna tuner Input screen of TLW 
software. Note the tuner configuration selected, 
LOW-PASS L-NETWORK, the power level, 100 W, that 
determines component ratings as well as the other 
Parameters as described in the text. 
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‘until you achieve a design that has an 
acceptable amount of loss and reason- 
ably sized components, This illus- 
trates the fact thatthe three element 
tuners — Pi- and network — have 
‘more than one set of adjustments that 
will provide a satisfactory match to 
the radio. Unfortunately, while they 
‘will all look good to the radio, some 
will have more loss than others, 

Push the ORAW TUNER button, The 
screen shown in Figure 15-6 should 
appear providing the design details 
for the low-pass L-network tuner I 
selected. In addition to the compo- 
nent values needed to provide the 
atch, the table above the schematic 
provides information on component 
stress levels and other key data, The 
primary selection criterion can be 
found by looking at the resulting 
tuner designs (next paragraph) in 
cach configuration and seeing which 
‘ones have component values that are 
reasonable, and even better, that you 
have on hand. A look at the resuit- 
ing efficiency, expressed as POWER 
INTOLOAD, may also help you select a 
preferred topology. 

‘Table 15-3 shows the resulting 
‘design for the middle and both edges 
of the 40 meter band. This design can 
be used as a starting point for a single 
frequency, single load, matching 
network. [say starting point because 
even with careful analysis there are 
a few variables that are not known 
exactly, including actual component 
values — typical tolerances are 
+£10% — for example. This is often 
taken into account by making one or 
‘both components variable, or trying 
slightly different component values 
Until the desired result is obtained. 

Alternately, if coverage of the 
entire band is desired, the compo- 
nents could be made variable over the 
ranges shown. Itis also possible that 


BW =) 3a (7) 21 SARE = Le 
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the values for the middle of the band 
will provide a satisfactory match over 
at least a portion of a band without 
requiring change. This can be deter- 
‘mined by tral and error, or simulated 
in an antenna analysis program by 
using modeled lumped “loads” at the 
bottom of the transmission lin. 

‘Build and test the network. 

As noted, the hardest partis often 
finding the needed components, es- 
pecially those needed for high power 
networks, Hamfest flea markets are 
often a good source for such items, 
although they often come with a level 
of uncertainty regarding ancestry and 
component value. Again, the trusty 
antenna analyzer can be used to mea- 
sure the reactance. Fixed or tapped 
inductors can be easily wound using 
plastic rod or tubing as a form. The 
ARRL Handbook provides a source 
‘of formulae for winding the desired 
inductance. 

As with all RF projects, keep leads 
short and direct. To minimize stray 
capacitance, keep the components 
some distance from the cabinet edge 
Use high quality connectors and 
‘make sure you have provided direct, 


Figure 15-6 — 
Antenna tuner 
output (design) 
screen of 

TLW software. 
Note the tuner 
‘schematic with 
parts values 
‘shown. The data 
and table above 
provide additional 
Important 
information. 


faints 


connectivity for all needed intercon- 
nections 

‘The best way to test the network 
is to start with the antenna analyzer, 
With the network connected to the 
proper place on the transmission line, 
the impedance should read close to 
‘50 Q at the design frequency, Now 
take swept frequency type data by 
‘measuring the impedance and SWR 
every 25 or 50 kHz, By plotting these 
‘ona graph, you should have a zood 
idea of what the network will do and 
whether or not it will work across the 
range. I it isn't quite right, make a 
small change in one value and repeat 
the sweep. You should see an indica- 
tion of the extent and direction of the 
change, Since there are only two or 
three components, you should quickly 
converge on your result, 

Next hook it to your radio tuned 
to an unused frequency and note the 
transceiver’s SWR reading. It should 
bbe close to that ofthe analyzer. 
Slowly increase the power to just 
below the level you designed to, Tum 
off the transmitter and check to see if 
‘any components have become hot — 
they shouldn’t! 


Matching Network Components for 100 W Low-Pass L-Network to Match Z of Table 15-2 to 502. 


Table 15-3 
Frequency(MHz) Inductance (ult) 
70 172 
7.15 285 
73 328 
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Inductor Current (A,) Capacitance (oF) 


14 saa4 
14 2647 
14 205.2 


Capacitor Valiago (V,) Etficioncy (%) 


181 96.1 
250 057 
37 954 


160 and 80 Meter Matching Network 
for Your 43 Foot Vertical — Part 1 


The popular 43 foot vertical works best with matching at 
the antenna base — here's a way to do it for our two MF bands. 


Phil Salas, ADSX 


et hone 


The Matching Requirement 
According to my AIM4170C antenna 
analyzer, my 43 foot vertical antenna has 
1 capacitive reactance of about 580 © on 
160 meters. This will vary based on the pi 
ticular construction of your 43 foot vertiea, 
its proximity to other objects, and other fac- 


Figure 1 — Schematic diagram of the two 
band matching unit. € meter connections 
shown with dashed lines. 


Figure 2 —T400A-2 160 and 80 meter 
matching unit, 


T4000. 


tors, The reactance will almost certainly be 
{in the 550 to 650 © range. This amount of 
‘capacitive reactance needs approximately 
50 uH of inductance in order to resonate the 
antenna. On 80 meters, approximately 9 uF 
is needed to resonate the antenna, A 50 ll 
high Q inductor going to be large, For this 
first solution, I elected to go with a toroidal 
induetor in order to keep the matching unit 
1s compact as possible. 


Toroid Inductor Matching Solution 
‘This compact design will handle the full 
legal mit on 80 and 160 meters for low 
duty eycle SSB and CW modes, The induc- 
tor consists of 35 tums of #14 AWG solid 
copper insulated house wiring wound on 
2 toroid core. The antenna fed point 
is tapped two turns from the ground end for 
80 meters, and three turns from the ground 
end for 160 meters. You should start with 
38 tums total on your toroid, but then remave 
tums as necessary to get the network to reso- 
nate where you wantitin the 160 meter band 
(more on tis later). 
T mounted the toroid assembly in a 
6 x 6 x 4 inch NEMA enclosure using a 
214 inch long #10 machine serew and 28s0- 
ciated hardware along with a2 x 4 inch 
piece of unplated fiberglass PC board mate- 
Fial. Before you mount the toroid, prepare 


Tablet 


1160 Meter Toroid Impedance Matching Assembly Parts List 


Description 
Banana plug (4 required) 
Binding pos, black (4 required) 
Binding post, red 

NEMA Enclosure, 6 x 6 4 inch 
Glass cloth tape, 3M #27 
S0-239 connector 

Toroid, T400A-2 powdered ron 


Source/Part Number" 
Mouser 174-RB02-EX 
Mouser 164-F11265-EX 
Mouser 164-R126R-EX 
Lowes/Home Depot 
ACE Hardware 
Mouser 801-25-7350 
‘Amidon T4002 


“Amidon parts ae avalable rom wwwamidoncorp.com and Mouser parts fram 
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Figure 3 — 160 and 80 meter input tap points. 


it by scraping the insulation off the outside 
second, third and 1th through 13th wire 
tums, Because of the high voltages possible 
at legal limit power levels, especially on 
160 meters, wrap the toroid with 140 lay- 
cers of 3M #27 glass cloth electrical tape 
for added insulation between the #14 AWG: 
‘wires and the toroid core. 

Figure 1 isthe schematic of the match- 
ing assembly, Figure 2 shows the intemal 
details of the assembly, and Table | lists the 
parts necessary. To select between 160 and 
80 meter operation, I used external jumpers 
across binding posts as shown in Figures 3 
and 4, Stainless steel #8 hardware (screws, 
washers, lockwashers and nuts) are used 
forthe matching unit ground and RF output 
terminals, Internal to the matching unit, I 
used a 2 inch wide strip of aluminum duct 
repair tape as a good low impedance ground 
between the UHF connector andthe ground. 
serew on the bottom of the case. Finally, 1 
used #14. AWG stranded insulated wire for 
all intemal connections. 


Tuning the Matching Network 
to Resonance 

‘Your particular installation will almost 
‘cenainly require you to change the resonant 
frequency of the matching network, This is 
‘because there will be some variations ofthe 
antenna impedance based on your particular 
antenna physical construction, proximity 
to other objects and final length, as well as 
‘yur desired operating frequency range. The 
design is such that the overall inductance 
is too large for 160 meters, so the network 
should resonate at or below the lower band 
edge. Therefore, you will need to remove 
‘one of more of the upper inductor tums in 
‘onder to resonate the network fr the desired 
frequency on 160 meters. 

“To do ths, fist solder wires from the sec- 
‘ond and third turn tap points on the col to 
the two outer binding posts by the $O-239 
connector. The input tap points tend to be 
fainly noneritical and will probably be the 
same forall installations. Now solder a short 
Wire from the SO-239 center pinto the mid- 
«le binding post. Next, extemal jumper the 


ae 


950 50 2 


2680 at60 He 


Figure § — Measured SWR across 160 
‘meters Indicating a 2:1 SWA bandwidth of 
‘Spproximately 50 kHz. 
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Figure 6 — SWR across 20 meters 
Indicating a measured 2:1 SWR bandwidth 
of about 150 KHz. 


Figure 4 — 60 meter col shorting jacks. 


middle binding post to the 160 meter bind= 
ing post (third turn. 

Connect the matching assembly to the 
base of your 43 foot vertical and see where 
the minimum SWR point is on 160 meters 
using your antenna analyzer, I the resonant 
frequency is too low, remove a tum of wire 
and see where the minimum SWR point is, 
again, You'll see about a 50 kHz upward 
‘move in frequency per turn of wire removed, 
When you have your desired resonant point 
‘on 160 meters, its time to move to 80 meters. 
[Externally jumper the input tap middle bind- 
‘ng post to the 80 meter binding post (second 
tum), and use a clip lead to short from the top 
ofthe coil totum number 12 and see where 
_your minimum SWR frequency occurs, Move 
the tap point up or down until your resonance 
point (lowest SWR) is where you want it 
Solder a wire from this tap point to one of 
the binding posts. Solder another wire from 
the top of the coil to another binding post 
Now you will be able to externally jumper 
these binding posts to select either 160 oF 
80 meters, 

My final test results for 160 and 
80 meters are shown in Figures 5 and 6 as 
measured with my RigExperts AA-200 
antenna analyzer connected directly to the 
matching network input atthe base of the 
antenna, I'm a CW operator, so I favor 
resonance in the lower part of these bands, 
but you can adjust for your favorite portion 
of each band, The 2:1 SWR bandwidth on 
160 meters is about $0 kHz, and about 
150 kHz on 80 meters. Even a 3:1 SWR on 
these hands results in negligible SWR related 
cable losses for any reasonable length cable 
and is easily matched with my MFI-998 in. 
shack tuner or most transceivers’ internal 
tuners. 


Figure 7 — Matching unit atthe base of the author's 43 foot antenna. inthis view, it is 


strapped for 80 moters. 


simple, Just 
disconnect your normal unun when you 
‘want to operate on 160 or 80 meters and 


connect this matching unit to the base of 
the antenna. Select either 160 or 80 meters 
with the external straps. You can connect 
both the unun and this matching unit to the 


antenna at the same time, and just leave off 
the ground wire from the unit that is not 
‘used. The matching unit connected tothe base 
‘of my 43 foot vertical is shown in Figure 7. 


Conclusion 


‘The matching network discussed in this 
anicle will permit very effective operation of 
‘your 43 foot vertical on the 160 and 80 meter 
bands. In Part 2, we'll Iook at a remotely 
switchable 160, 80 and 60 through 10 meter 
‘base matching unit. Itis more complex, but it 
‘also more convenient. Until then, ee you 
‘on top band! 


Amateur Extra class operator and ARRL Ue 
‘Member Phil Salas, ADSX, was first licensed as 
WN3BCQ in 1964. Ham radio Became the rea- 
son he subsequently pursued a carer in elect 
‘al engineering Phil earned BSEE and MSEE 
‘degrees from Virginia Tech and SMU. respec- 
tively and worked in new product development 
for the next 33 year. Pili now retired and 
‘spends hs day’ split between ham raio related 
‘projects and enjoying time with hs wife 
Debbie, NSUPT. You can reach Phil at 1517 
(Creekside Dr Richardson, TX 75081 or at 
‘adSx@arrinet 
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160 and 80 Meter Matching Network 
for Your 43 Foot Vertical — Part 2 


This dual band matching section design provides for remote band changing. 


Phil Salas, ADSX 

art 1, I described a simple 160 and 
Ir 80 meter base matching assembly for 

43 foot antenna. While that unit 
is very effective and inexpensive to build, it 
‘is also a litle inconvenient in that you must 
connect it when itis needed, and you must 
also manually enable 160 or 80 meter opera- 
tion using straps. This month, we'll look at 
A more versatile matching assembly that is 
‘completely remote-controllable for opera- 
tion on all bands. Again, this base matching 
network will significantly eliminate SWR- 
related coux losses and unun mismatch losses, 
and assist inside tuners in providing a match 
‘on 160 and 80 meters, 


‘The All Band Matching Solution 

‘As discussed in Part 1,/ a 43 foot vert- 
cal antenna requires approximately 50 Hl 
fof inductance 1o resonate the antenna. On 
80 meters, approximately 9 WH is needed 
for resonance. For the matching solution 
shown in Figure 1, | used an MEF 405-0669 
air wound coil and two Array Solntions 
[RF-30 relays for up to full legal limit match- 
ing on all bands from 160 t0 10 meters. A 
2.1 «5:5 mmde power jack located below the 
50-239 connector provides for relay contol 
voltage inputs of OV, +12 oF -12 V de. The 
cconrol input MOVS and bypass capacitors 
fre mounted on a 6 terminal strip inside the 
‘matching assembly, 

‘The matching unit operates as follows 
With no control voltage applied, the indue- 
tor is disconnected and the unun is con- 
rected across the antenna feed point 
thereby preserving the original compro- 
mise SWR on 60-10 meters. 

When +12 V is applied, the inductor is 
connected across the antenna feed point 
and inductor turns are shorted to resonate 
the antenna on 80 meters. 

‘When the voltage is reversed, the short 
scross the coi is removed and the matching 
section resonates the antenna on 160 meters. 
In both the 160 and 80 meter eases, the una 
secondary taps into the inductor at the 200.2. 
point, providing a proper match to the unun 
‘on these hands. This keeps the unun second- 


‘Notes appear on page 96, 
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ary voltage reasonable, andthe feed line and 
unum losses very ow as wel 

built the matching unit into an 8 x 84 
inch NEMA weatherproof box available fom, 
home supply stores (ee Figure 2). This box 
is too small to fit the entire inductor length 
needed, so Tsplit the inductor ino two pieces 
as can be seen in Figure 1. The long induc- 
tor section consists of 61 tums, and the short 
indetor section consists of 12 ums, While T 
preferred the more compact size of this box, 
you may wish to use the larger 12 x 12 x 
4 inch NEMA box that can contain the full 
‘uncut inductor length needed, 

All internal wiring uses insulated #14. AWG 
stranded wire. Iatached the wires t the coil 
‘ap points using the MFI cil lis called out in 
the parts Fist. You ean solder the wites directly 
tothe coil, hut this is difficult due to the #12 
AWG size of the coil wire andthe spacing of 
the turns. The coil is mounted with #8 stain 
Tess steel screws, washers, lock washers and 
nuts also used forthe ground and antenna fed 
terminals. Figure 1 shows the final match 
ing unit with all eomponents mounted, Note 
the terminal sip withthe MOVs and bypass 
capacitors. 


Since the antenna is unbalanced, a cur- 
rent balun oF voltage unun is typically used. 
A voltage unun should be wired 2s shown in 
Figure 2. 


Relay Connections 

Some comments are necessary regard 
ing the relay connections. See the sidebar on 
the QST binaries Web site fora discussion 
(of how high the peak voltage across the full 
coil ean be on 160 meters. As you can see, I 
connected relay contacts in series to increase 
the overall breakdown voltage. Also, the tap 
points on the inductor provide additional 
Yoltage above ground, which helps with the 
overall breakdown voltage. 

“The main concer is with the contactto- 
coil $3 KV peak breakdown rating, When I 
‘examined the relays, [observed tat the outer 
SPDT contacts are connected via insulated 
{ternal wires that are wel separated from the 
coil by 0.1 t 02 inches, Te problem is with 
the center SPDT relay common wire, which 
isin contact withthe col, While the coil and 
common wire ae both insulated, there is no 
sit-zep separation between them. This com- 
mon wire-to-coil contact is obviously what 


Figure 1 — 
Allparts 
‘mounted In 
the NEMA. 
enclosure. 


COWMCINELE 


Ever smaller, ever finer 


‘on SMD soldering equiment Ersa Powerel sldring tps. 


<etermines the breakdown voltage rating. The 
‘way T got around this problem was to use the 
center SPDT relay contacts for the lowest 
Potential interfaces as indicated in the sche- 
matic (Figure 2), 

For the switched control voltage input, 
Tused a 12 V, 1 A wall wart to keep the 
+12 V control voltages separate and isolated 
from the regular station voltage, This is to 
climinate any possibility of shorting the main 
power supply when the control voltage poar- 
ity i lipped. 

| mounted the switch in a small plastic 
‘box that I attached to my transceiver support 
shelf. The unlabeled center off position is for 
60 through 10 meter operation. Te separate 
‘witch you se inthe photo is for controlling 
‘other outdoor accessories, as Ihave two volt- 
age feeds going out to my antenna location, 


Matching Network Resonance 

‘AS with the previous matching network, 
you wil almost ceranly need to adjust the 
resonant fequency ofthe maching network 
Aue to variations in particular antenna physi- 
cal consruction, proximity to other objets 
and final length, a well as your desired oper- 
‘ating frequency range. The overall starting 
ndoctance isto large for 160 meters, othe 
network will resonate at or below the lower 
band edge. Therefore, you can simply short 
‘one or more ofthe upper short eal) inductor 
tums in onde to tune the network higher to 
your desired 160 meer frequency. 

To do tis, fist leave of the wire leads 
shat atach between the rela contacts andthe 
tap points onthe cil. Buildup shor jumpers 


using the test-clips and micro-clips (perfect 
forthe col tur taps) called out in the parts 
list, and attach these between the relay con- 
tacts and col, using the suggested tap pois 
shown on the schematic, 

Connect the matching assembly to the 
base of your 43 foot vertical (see Figure 3), 
‘Then enable 160 meter operation by apply- 
Ing -12 V de, and jumper tums on the 12tum, 
inductor with a short elip lead uni you find 
your desired 160 meter resonance point. Next, 
‘move the 160 meter relay tap point until you 
get minimum SWR. Now permanently short 
the turns onthe short coil by soldering apiece 
(of #16 AWG buss wire across these turns, 

‘As you can see fom my photos, I needed 
to short six tums on ths coll. Next enable 
80 meter operation (apply +12 V ta the relays 


Figure 2 — Schematic of the remotely controlled matching network. The parts lst is on 


‘the OST binaries version 
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Figure 3—The 
‘completed all band 
remotely controlled 
‘switching and 
impedaneo 
matching network 
mounted at the 
antenna base. 


assembly) and select the coil shorting point 
for your desired resonant frequency and the 
tap point for best SWR. Finally remove the 
test clips leads, attach the col clips, and sol- 
ler wires between the coil clips and relay. 

‘The 2:1 SWR bandwidth on 160 meters 
is about 50 kHz, and about 150 kHz on 
80 meters, Even 3 4:1 SWR ol these bands 
results in negligible SWR related cable and 
tunun loss, and is easily matched with my 
‘MEI-998, an in shack tuner, 


Operation 

‘Operation of this matching unit couldn't 
be simpler. When no control voltage is 
applied, the antenna functions as it always 
has on 60 through 10 meters. For 80 meter 
‘penton, apply +12 V de, and for 160 meter 
‘operation apply ~12 V de, The matching unit 
connected tothe base of my 43 foo vertical 
is shown in Figure 10, 


Conclusion 

‘The matching network discussed in this 
article will permit very effective operation of 
{your 43 foot vertical on all bands from 160, 
‘through 10 meters. Although on 10, 12 and 
15 meters the elevation angle of the peak is 
higher than optimum for DX, it wil sil allow 
‘contacts. Feel free to experiment a litle. You 
might prefer to use the toroid from Part 1 in 
this design instead of the ait-core inductor. If 
You are not runing. more than about 500 W, 
the les expensive RF-10 relays are all you 
Will need. Have fun, and 11 see you on the 
low bands. 


Notes 

"P Salas, ADBX, 160 Metor Matching Network 
{or Your 43 Ft Vertical — Part 1 OST. 
Dec 2008, pp 30-52 

‘wwrn.ar.orgtiis/qst binaries 


See Part for Phil's bi. You can reach Phil at 


1517 Creeside Dr Richardson, TX 7508] or at 
ad5x@arrlnet 
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Home Built General Purpose Tuners 


‘There are a number of approaches 
to the design and construction of gen- 
eral purpose antenna tuners. Perhaps 
the easiest is to replicate existing 
suecessful designs, although finding 
the exact parts called for is sometimes 
a problem, Fortunately, the exact 
values are not very critical. It is also 
possible, if somewhat tedious, to g0 
through the TLW based procedure 
described above at the extremes of 
frequency and mismatch to determine 
the range of values needed and then 
construct a tuner with variable and/or 
switched elements, offen in combina- 
tion, that will cover the needed range, 
have done this for the most popu- 
lar configurations, see Figure 15-7, 
the high-pass T-network, Pi-network 
and low pass L-network with the 
results shown in Tables 15-4 through 
15-6, I have provided the values for 
matching loads with a 10:1 SWR, the 
usual spec for a wide range tuner, In 
addition to the resistive loads at 5 and 
500.0, I have made runs for moderate 
reactive loads of 25 + j25 and ex- 
treme reactive loads of 250 +: j250.0, 
all with approximately a 10:1 SWR. 

As noted in Chapter 4, the Pi- and 
‘T-network tuners have multiple sola 
tions for any load, while the L-net- 
work has a single solution. It is worth 
stressing this in case you use one, 
whether a commercial unit or a home- 
built one, Look again at Table 4-1, in 
Chapter 4, to get the idea. 

Such “HE” tuners sometimes 

include the MF 160 meter amateur 
bband as well as the 80 through 10 
‘meter HF bands. [have provided data 
for 160, 80 and above the top of 10 
‘meters so you can decide which way 
‘you want io go. Note that the addition 
Of 160 meters makes a big difference 
in the component values required, 
‘one reason it often is not included. 
In addition, in some cases the larger 
inductor and capacitor(s) may have 
too high a minimum value to allow 
proper operation on 10 meters 
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50.0 Input 


©) 


Output 10-1 SWR 


(Output to 10-1 WR 


Figure 15-7 — 
Schematic diagrams 
of a high-pass 
Tanetwork (A), 
Pi-Network (B) and a 
low-pass L-network 
(C) used as design 
‘examples in the 

text and Tables 

15-4 to 15-6 on the 
following pages. 
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‘AT-Network Tuner from 
Surplus Parts 

A Tenetwork tuner that I made some 
years back and used effectively for 
some time is shown in Figure 15-8 
This is an example of a “use what you 
have and see what it does” approach to 
tuner design, The unit is built around 
‘chassis and panel from a WW2 
surplus plug in tuning unit froma 
BC-375 transmitter used in bomber 
aircraft, The capacitor controls nice 
4:1 planetary drives with calibrated 
seales, along with the rotary indicator 
and its tums count dial also came from 
a.cannibalized BC-375. Today they 
would all be preserved as antiques, but 
in 1965, they were sources of cheap or 
free parts for new transmitting equip- 
rent. 

Figure 15-9 shows the inside of the 
tuner, including a home bill 


match Mark IT" type SWR indicator, 
along with a battery holder for the 
meter amplifier’ Modern transceivers 
include SWR indication, so these may 
no longer be needed, The variable 
‘capacitors, one above the other on the 
right side, were of a few hundred pF 
each, and the rotary inductor (on left) 
was probably around 15 jH. In those 
days, no one knew for sure — but 

it successfully matched any of my 
antennas for year. 


Simple Breadboard 
Antenna Tuners 

Home-built antenna tuners don’t 
need to be as mechanically complex. 
as my old T-mateh, Barry Shackl- 
eford, WOYE, has constructed a few 
using available variable capacitors and 
inductors fabricated in his workshop. 
‘While these won't handle full power, 


Table 15-4 


‘Component Requirements for High-Pass (Shunt L) T-Network Antenna Tuners at 10:1 SWR 


Frequency/2 (0) 
aM 

5 

500 

25+ /100 
25 ~ 100 
250 + 250 
250 ~ 250 
Frequency/Z (2) 
35 MHz 

5 

500 

25+ j100 
25/100 
250 + 250 
250-250 
Frequency/Z (0) 
90 MHz 

5 

500 

25+ 100 
25-100 
250 + 250 
250-250 


Table 15-5 


Capacitor 
Input (pF) Output (pF) 
1136 3000 

548 500 
343 300 

470 300 

308 200 

337 300 

Capacitor 

Input (pF) Output (pF) 
563 1500 
265 200 
275 200 

104 200 

333 400 

138 100 

Capacitor 

Input (oF) Output (oF) 
73 200 
28 50 

9 30 
24 100 
36 100 
23 100 


Inductor (uH) 


24 
138 
103 
20 

405 
168 


Inductor (uH) 


Inductor (wl) 


012 
77 
024 
0.48 
og 
08 


Capacitor Votage V,) 
100W 1500W 
180 710 
3231250 
7203070 
10404030 
3801470 
5252030 
Capactor Votage (V,) 
wow 150047 
190 720 
343 1330 
613 2373 
880 3403 
381 1475 
670 2600 
Capacitor Voltage (V,) 
1o0W 1500W7 
160 640 
370 1870 
+400 1560 
440 1710 
300 1150 
360 1410 


Ericioncy (%) 


96 
98 
92 
86 
98 
96 


EMciency (%) 


‘Component Requirements for Low-Pass (Series L) L-Network Antenna Tuners at 10:1 SWR. 


FrequoncyZ (2) 
18 Mie 

5 

500 

25 + 100 
25~j100 

250 + 250 

250 - 250 
Froquoncy/Z (2) 
SMe 

5 

500 

25 + 100 
25/100 

250 +250 
250250 


Frequency/Z (0) 
30 M2 


5 
500 

25 + /100 
25100 
250 + 250 
250 ~ 250 


Capacitor 
Input (oF) 
5254 

va 

Wa 

1760 

wa 

na 
Capacitor 
Input (pF) 
2700 


na 
na 

926 

na 

na 
Capacitor 
Input (@F) 
315 

na 

na 

140 

va 

Na 


Output (oF) 
na 
32 
85 
na 
43 
22 


Inductor (nH) 


1.34 
135 
12 
1" 
13 
8 


Inductor (1H) 


0.89 
6B 
62 
58 
68 
68 


Incuctor (UH) 


0.08 
0.79 
072 
0.58 
079 
079 


Capacitor Votage (V,) 
Yow 15007 
100 390 
310 1210 
290 1120 
100 390 
310 1210 
310 1210 
Capaciior Votage (V.) 
tow 15008 
400 400 
310 +200 
290 1120 
400 390 
310 1210 
310 ye10 
Capacitor Votage (V,) 
Yow 1800 W 
4100 390 
310 1210 
290 1120 
‘00 390 
310 1210 
310 1210 
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Eticioncy (%) 


98 


secges ad P 
2 2 
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Table 15-6 
‘Component Requirements for Low-Pass PI-Network Antenna Tuners at 10:1 SWR. 


FrequencyZ (0) Capacitor Inductor (ull) Capacitor Vortage (V) Ercioncy (%) 
1a MHz Input (pF) Output (oF) wow 1500 

5 5256 500 14 100 390) 98 

500 2602 1000 86 310 +200 96 

25+ /100 966 1500 125 280 4110 97 

25 ~ /100 3410 500 75 280 1100 96 

250 + 250 4931 1000 113 310 4210 7 

250 ~ 250 1284 500 128 310 1210 a7 
Frequency/2 (0) ‘Capacitor Inductor (ull) Capacitor Voltage (V.) Effcioncy (%) 
35 MMe Input (oF) Oulput (oF) roow 100 

5 2706 500 o7 400 300 98 

500 1287 500 BA 310 4200 96 

25 + /100 643 800 62 280 1110 7 
25/100 1886 300 37 280 1430 95 

250 + [250 994 500 Bo 310 4200 7 

250 [250 859 300 62 10 1200 7 
Frequency/Z (0) Capacitor Inductor (uH) Capacitor Votage (V,) Etficlaney (26) 
30 Me Inout (pF) Output (pF) wow — 1500W 

5 321 200 0.08 100 390 98 

500 118 50 o7 310 ‘200 97 

25 + /100 103 100 o7 280 1100 97 

25~ 100 205 30 05 285 4100 96 

250 + 250 7 50 08 310 1200 a7 

250 ~ 250 7 30 08 310 1200 7 


Figure 15-8 — Front view of an 
intenna tuner. The 
built of surplus 
parts. Note the handy tuning 
st that was part of the BC-375 
transmitter tuning drawer. 


Figure 15-9 — Inside view of 
the home brew T-network tuner. 
‘The SWR meter (in 2x 2x5 

Inch box in left partition) and 
associated circuitry would likely 
not be needed to use with current 
transceivers. 
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Figure 15-11 — Another view of Shackleford's T-network tuner. 


ey should be fine at the 100 W 
1, Figures 15-10 and 15-11 show 
network tuner that Barry made. 
Note the simplicity of construction, 
‘The only complication may be the 
homemade inductors, Barry used 
rylie stock, cut and notched with 
his table saw, using a jig to set the 


spacing. You could use any technique 
that allowed the turns to be spaced so 
that his alligator clip tuning method 
can be employed. Barry stretched the 
wire before winding to work harden 
it and then secured it in his form with 
hot glue. 
Barry also made the L-network 


Figure 15-10 — 
tuner made by Barry Shackleford, W6YE. This tuner 
uses smaller variable capacitors with a voltage 
rating appropriate for 100 W use. The inductor 

was homemade, as described in the text. Note 

the Inductance can be changed by moving (with 
transmitter off) the alligator clip to a ditferent turn. 


Homebrew breadboard T-network 


tuner shown in Figure 18-12, This 
uses two capacitors in parallel, one an 
old broadeast three-gang unit, making 
up the single capacitor for the L- 
network. The smaller capacitor makes 
it easy to make fine adjustments, once 
you're close with the larger unit, 


Making Tuners for 
Balanced Loads 

Many tuners; home made as well 
28 commercial units, provide for 
balanced loads by including a balun 
between an unbalanced tuner and the 
balanced load. This is an appropriate 
approach if the load is within perhaps 
4:1 of the typical 200 to $0.0 balun 
often used for the purpose. If beyond 
that range, the balun does not perform 
very well and losses and even damage 
may result 

‘A different approach was pre- 
sented by Richard Measures, AG6K, 
ina QST article some years back* 
Measures presented a desiga that frst 
transformed the balanced antenna 
system load to 50.9 balanced and 
then made the transition from bal- 
anced to unbalanced using a 1:1 
choke balun operating at its design 
impedance. 

Measures used a balanced L-net- 
work to perform the transition to 50.Q. 
and followed it with a coax choke. The 
schematic is shown in Figure 15-13, 
with a photo of his breadboard ver- 
sion, less balun, in Figure 15-14, He 
went on to show an elegant design 
suitable for remote control using 
stepper motors with remote postion 
indicators, available on the ARRL 
members Web site. However, for 
‘many, a duplication of his breadboard 
design may be more feasible 

Measures found that inductors in 
the range of 15 to 20 wH maximum 
inductance were suitable, with a5 A 
current rating for 1.5 kW use, Induc- 
tors may be found at hamfests, or are 
available from MF) (wwwfjenter- 
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Figure 15-12 — An L-network tuner made by Barry Shackleford, 
WEYE. The two capacitors are in parallel making a single equivalent 
capacitance with the smaller one used for fine adjustment. 
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Figure 15-13 — The balanced L-network tuner designed by Richard 
Measures, AG6K. 


Figure 15-14 — 
Photo of 
Measures’ 
balanced 
L-network 
tuner. The 
‘choke-balun Is 
not shown, 
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prises.com). Suitable sprockets and 
drive belts to couple the inductors 
together are available from 
‘MeMaster-Carr (wwwanemaster, 
‘com), or they may be coupled end-to- 
‘end with some loss of symmetry. 

Capacitors should be in the 200 10 
300 pF range, with a 1.5 KV rating if 
used at the 1.5 kW level. Note that 
both sides of the capacitor are hot with 
RF, s0 to avoid burs use an insulated 
shaft coupling on the way to the knob. 
Trust me, the set screw in an insulated 
knob will get you if you don’t! 

For the choke balun, Measures sug- 
gests using solid (not foam) dielectric 
RG-213, or equivalent, coax wound 
in a single layer on a ! foot long, 

5 inch diameter, PVC pipe. Other 
‘choke configurations may be used, 
including winding the coax on a 
ferrite toroid core. An adaptation of 
the design is to use the L-network to 
transform to 200 ©, rather than 50 2, 
and then use a 4:1 balun to finish the 
impedance transformation and make 
the transition to unbalanced coax, 

As shown, the L-network is de- 
signed to transform loads higher then 
‘502. This is often, but not always 
the case with ladder and window line 
systems. If lower impedance load is 
encountered, it will be necessary to 
move the capacitor to the other side 
of the inductors. 


Notes 

‘V. Hallas, W1ZR, "Product Review — 
‘A_Look at Some High-End Antenna 
“Analyzers” QST, May 2005, 
pp 65-69, 

*Several vorsions of EZNEC antenna 
modeling software are available 
from developer Roy Lewallen, 
W7EL, at wweznec.com. 

°R.D. Straw, Editor, The ARAL 
‘Antenna Book, 21st Edition. 
Available from your ARAL dealer or 
the ARFL Bookstore, ARRL order 
1o, 9876. Telephone 860-594-0355, 
or tol-free in the US 888-277- 
5289; www.arr\.org/arrl-store; 
pubsales@arrlorg. 

“Note thatthe value of A willbe higher 
than the de resistance because of 
skin effect. 

SL. McCoy, WHIGP (SK), “The 
Monimatch’ QST, Feb 1957, 
pp 98-40. 

‘Richard Measures, AGEK, “A 
‘Balanced Balanced Antenna 
Tuner QST, Feb 1990, pp 28-32. 


Hairpin Tuners for 
Matching Balanced Antenna Systems 


Balanced Transmatch designs for 28 to 450 MHz. 


John Stanley, K4ERO 


nce more, the advantages of lad- 
er line for HF antennas were 
well presented ia July 2008 
SP! Before WWII surplus brought 
us cheap coax, balanced feeders 
were almost always ued for VEF 
5 wel. In the January 1942 QST 
reproduction that was included 
with The 2007 ARRL Handbook, 
Wwe find that both home-brew and 
commercial VHF gear all sed bal 
‘ced lines For a given cost, open 
wire ladder line, window line or even 
‘TV ewin lead can give you a lower loss 
installation than trying to buy large 
diameter coax in an effort to Keep the 
losses to an acceptable level. This is 
dramatically demonstrated by compar 
ing losses in various ine types. So, we 
‘wonder, why do so few present-day opera- 
tors use ladder line or twin lead on the VE 
frequencies? Might one reason be the lack of 
suitable antenna tuners (vansmatches) for 
those bands? If balanced tuners were avail- 
able, would ladder ine be as popula at VF 
asit has become at HE? 


Balanced Tuners for HF Use 

The ARRL Handbook, The ARRL Antenna 
Book and other ham publications have 
always included designs for balanced tun- 
cers Adam Nathanson, NAEKV, has one 
‘of many good Web sites showing this type 
of tuner at wwwandekv.comy 


Figure 1 — K4ERO balanced tuner for 60 
through 15 meters. 


‘connect toa variable number of tums, keep- 
ing the taps equidistant from the coil ends. 
Other versions use the taps for coarse tune 
and a variable capacitor in series with the 
link for finer tuning 


Balanced Tuners for the Higher 
Frequencies 

One of the problems with this type of 
tuner is that as the frequency goes higher, 
the number of tums on the coil goes down 


rather quickly. By the time you get to 
28 MHz, there may be only four 
tums on the coil. This means that 
the adjustment steps available 
tare very limited. You can tap to 
either two or four tums, orifyou 
ae willing to unbalance the tap 
positions, or can access the oppo: 
site side of the coil, you could use 
‘one or three tums. In ether ease, the 
‘operation is compromised. Another 
approach is to connect one tap to the 
bottom of the coil, instead of to the 
top, effectively using fractions of «turn 
rather than whole turns, but this often 
is not feasible from mechanical stand- 
point. In addition the symmetry and thus the 
balance are affected. I this type of tuner is 
tobe used on 10 meters and higher, we need 
to rethink the design 
Figure 2(A) is a schematic of the con- 
ventional tapped link coupled tuner. Figure 
2(B) is a representation of what I call a 
hairpin tunes. The electrical properties are 
essentially identical, but the physical layout 
cof the hsispin ype is optimum forthe higher 
frequencies. By making the main inductor in 
the shape of a haipin, or shorted transmis 
sion line, instead ofa single layer solenoid 
coil, as is used in the conventional design, 
the tuner becomes much easier to build and 
adjust. The use of a short short-circuited 
transmission line section as an inductor is 
nothing new. It has been used 


tumers.asp. I ave used tuners 
like this for years with good 
results. Figure I shows the one 
Tuse at upto 100 W on the HF 
bands. 

‘As noted in Volume 6 of 
‘The ARRL Antenna Compen 
dium, [lean toward tuners 
with a fixed link and tapped 
coil The match is found by 
tuning the capacitor and 


ef 


“ ®) 


-— 


ae 


for VHF/UHF circuits for many 
years, 


Building Hairpin Tuners 
For some time I have been 
using a hairpin inductor in a 
‘balanced tuner for 6 and 10 
meters, and recently I built one 
foreach ofthe 144,220 and 432 
MHz bands, The approach is 
the same on each frequency, A 
section of transmission line was 


adjusting the output side to 


‘Notes appear on page 3. 


igure 2 — Balanced tuner contigurations. At (A) conventional 
;Pped coll based tuner, at (6) the hairpin equivalent. 


Building Your Own Tuners 


used instead of the coil typi- 
cally used on lower frequencies, 


15417 


re 


Figure 3 —Hslrpin tuner for 6 and 10 meters. 


Figure 4 —144 MHz version ofa harpin tuner. 


‘The capacitor was a split stator or butterfly 
<esign. The input ink isa single turn induc- 
tor that overlaps a portion of the main trans- 
‘mission line inductor and the output taps 
‘Were taken at whatever point ofthe hairpin 
tha gives the best match 

"The advantage ofthis layout is that moy- 
ing the taps 10 any point on the hairpin is 
the same as tapping oa different numbers of 
tums on a coil, except that withthe hairpin, 
itis very convenient to make the adjustment 
in as fine a step as may be desired. In all 
‘of my designs, the coupling loop is held to 
the main haigpin by cable tes. This allows 
some adjustment of the coupling loop, but 
hholds the loop sufficiently snug so that itis 
‘not likely to move around accidentally. Use 
less loop coupling for higher Q with more 
selectivity and more loop coupling for low- 
est los, 


‘Making them Play 
‘The frequency tuning range percent- 
‘age will depend on the capacitor used, For 


Table 1 
Hairpin Tuner Component Values, Dimensions and. 
Frequency Range 
Band Capac Vale Inductor Length Tung 
(phSection)” Inches)" (uta) 
toMeters 95-170 15 26-34 
Meters) 15.90 18 36-00 
2Meters 9-20 6 110-205 
Beaute = 3-10 4 220-330 
4g2MH2 3-4 18 300-440 


Ete capacty is fhe valualsection. 
"Alinco ace of inch basa Ts 


Inge May by Teduoed or shied by reactive loads. 


widest range, select one with a high mi 
‘mum to maximum capacitance ratio. All 
of the capacitors T have tried have provided 
adequate range to cover the desired amateur 
band, The range can be extended to cover 
second band by pulting fixed capacitors in 
parallel with the variable tuning capseitor. 
For example, the 6 meter version, shown 
Figure 3, works for 10 meters with the ad 
tion of a parallel 40 pF fixed ceramic ca 
tor, while the 220 MHz version, shown in 
Figure 5, works fine on 2 meters withthe 
addition of a 12 pF ceramic, AS itis, the 
2 meter version just makes it to 222 MHz, 
‘so two bands are possible without switching 
‘caps. A single tuner could also work on 10 
and 6 meters without switching by careful 
‘component selection. 


Capacitor Options 

‘The most ficult component to find will 
likely be the split stator capacitor, There 
are ways of designing your own capacitor 
and it is made easier because of the rela- 
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Figure 5 — Halroin 
{ner for 144/222 Miz 
fenclosed In ts box. 


tively small capacitance required at these 
frequencies. For all of the designs shown 
here, [took capacitor from my well stocked 
junk box. You less well equipped folks will 
have fo search at a hamfest or check out 
the basement of one ofthe local old timers. 
Commercial capacitors are available, but the 
price may shock you. You could also choose. 
to use a single section capacitor instead of 
the split stator, In that ease, the capacitor 
shaft and frame will be “hot” and must be 
floated above ground, You will have to tune 
it via a long insulated shaft. And, of course, 
the balance wll be somewhat compromised. 
“The method does work and a suitable single 
section capacitor may be easier to find, 
however . Alternatively you could use 3 
pair of identical capacitors to ground if you 
adjusted them each to the same setting or 
‘worked out a common shaft arrangement. 
Fussy but it could work, Target dimensions 
and component values forthe bands in this 
‘ange are shown in Table I 


Inductor Choices 

"The length ofthe hairpin will depend on 
the value of your capacitor. The values below 
represent tuners Thave buile and should give 
you a good starting point, Match the hairpin 
‘width to the spacing of the capacitor termi 
nals, or bend the ends of the hairpin in or 
‘out a the capacitor end in order to make the 
‘connections. Spacing does affect the induc- 
tance value so keep it close to what you see 
inthe photos. 

My inductors are 4 inch diameter brass 
rod, but they could be soft copper tub- 
‘ng or wire in sizes from 12 pauge up to 
% inch. Brass welding rods from the hard- 
ware store could also be used. A smaller 
<iameter means the haepin should be short- 
ened a bits the inductance per inch wil be 
higher. The links should be insulated wire, 
cither enameled o PVC costed or, best of 
all, Teflon insulated, The 6 meter tuner in 
Figure 3 uses the shield of Teflon coax as the 
link. My inks do not make electrical contact 
anywhere with the main haipin, The coax 
shield and center of the hairpin could both 


Figure 6 — 432 MHz version of ahalepin tune 


be grounded 1o a chassis, if desired. 


Tuning Up 

Tuning consists of setting the taps to 
an intermediate postion and adjusting the 
‘capacitor for minimum SWR. If SWR is not 
low as desired, meve the taps abit ether 
towards or away from the capacitor and 
readjust the capacitor. You should be able 
to find tap settings that allow the SWR to be 
reduced 0 1:1 


Safety Considerations: 

[Note that neither ofthe tuners described 
above are shown installed within a chassis 
‘of any kind, This sto show the construction 
‘nore clearly. Also, I must admit that during 
tests, I got away with this because I used low 
power and am very earful not to touch the 
hot parts of the circuit. also have @ non- 
‘metallic operating desk. The open construc- 
tion is useful during experiments, 

1 definitely do not recommend this 
approach for general use. You will want 10 
ppt your tuner in a shielded box of some 
kind, probably with a hinged lid to allow 
{you to: move the taps as shown in Figure 5 


‘You should never adjust the tap etips with 
power applied. The tuning shaft should be 
‘brought out trough the enclosure where an 
insulated knob should be installed for tun- 
{ng even though with a spit stator capacitor 
the shaft should be at ground potential. For 
high power, the use ofa suitable enclosure 
is essential, especialy if the tuner isto be 
installed close to the operating postion. 
This is to prevent RF bums from contact as 
Wel as exposure to excess RF levels. 
Remember that your body is more sus- 
ceptible to pick up from VHF fields than is 
‘the case at HF If you put the tuner well vay 
from the operating position in a place thats 
protected from access by family members 
tr pets, you may be able to use a somewhat 
more open construction as is sometimes 
done with conventional home brew tunes. 
Radiation from an unenclosed tuner of any 
type can be enough to cause interference 
with nearby electronics devices and could 
cause fire i anything lammable comes in 
contact with the hot parts of the circuit 
‘These tunershave been ested with 100 W 
con 10 and 6 meters, 0 W on 2 meters and 
20 W on 70-cm, the maximum output of 


my rig. For higher power, the designs can 
be scaled, remembering thatthe bigger it 
es, the lower the fequeney forthe same 
seometr. Thus, a design similar to that used 
here for 432 MHz, but thee times larger, 
\would probably work fine witha fll kW, 
‘baton [44 MHz, Since my 20 W, 432 MHz 
<esign uses an inductor that is about as shor 
as is practical (see Figure 6), geting up to 
1TRW at 432 MHz, might prove dificult with 
this design, At the lest, dffeent type af 
capacitor would be required. 

hope that these simple to build and 
adjust tuners will start a trend towards 
greater use of balanced feeders onthe higher 
frequencies just as ladder line has become 
the favorite for many onthe lower bands. 


Notes 
"Halas, W1ZR, “Getting onthe Alr—Your 
‘Second HF Antenna," OST, Jul 2008, 

pp 60-70, 


81 Goodmén, W1JPE. “Receivers for 112-Me. 


Emergency Work” OST, Jan 1842, pp 18:25, 
7478, 
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Compencium, 
‘rom your ARRL dealer or the ARAL. 
Bookstore, ARRL order no, 7481, Telephone 
‘860-504-0366, or tlre intha US 


John Stantey, KAERO, holds an Amateur Exira 
‘lass license and has been licensed for over 
S50 years. He has worked as a broadcast engi 
Incer most of hs life, main with religious 
“Shortwave tations in many pars ofthe world. 
“He graduated from MIT in 1982 wth a BSEE 
degree John isan ARRL Technical Adviser 
‘He and his wife, Ruth, WBALLIA, livin Rising 
‘Fay, Georgia. You can reach Join at 

524 White Pine La, Rising Fawn, GA 30738 
(or ar jrstanley@alum.MITedu, 
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Review Questions —— 


15-1 What are some major challenges involved with building an 
antenna tuner? 


15-2 Under what conditions is a special purpose tuner a viable option? 


15-3 Why might you decide not to include 160 meters in your tuner 
design? 


Soldering fine-pitch components 


Airs glance, soldering ine-itch 
components by hand seems to be 
a tough job. Yet its easy, with the 
right equipment at hand: 


Insert an Ersa PowerWel TIP (1) 
int the TOOL soldering ran (2) 
and set atp temperature of 265°C 
40 360°C (depending on the alloy 
used tialead or lead re) 


‘Then poston the component (3) 
and fc two corer pins. 


‘Ad ux cream (also see page 30) 
to the pins on ll sides, Clean the 
front and concave potion ofthe 
PowerWel tp wih a damp sponge 
orthe Ersa dry sponge 


Fil the cncave portion wth solder 
to slighty above the rim by meting 


the solder wie, unl a small dome 
‘occurs (4. Take care not to ad too 
‘much solder 


Place the ETOOL lightly onthe fa 
section ofthe pins (5), and pull the 
tip across the pins towards you (6) 
without exerlsng pressure. 


Repeat stps (4) to (6 o solder the 
remaining sides. 


APPENDIX A 


Making Sense of Decibels 


5 WIZR 


Joel R. Hal 
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‘So What's this Decibels Business 
All About? 

Decibels are just a way of expressing ratios, 
‘often power ratios, If we are looking atthe gain 
‘of an amplifie stage, the pater ofan antenna 
forthe loss of a transmission line we are gener 
ally interested inthe ratio of the power out to 
the power i, or the ratio ofthe power in font 
‘of a beam antenna to that coming from the 
‘hack. These are some ofthe places that we will 
Find the results expressed in dB. 

Decibels are « logarithmic function, 
Logarithms are a handy mathematical tool 
‘haced on exponents, An important feature of 
logarithms is that multiplication ean be per 
formed by adding the logarithmic quantities 
instead of multiplying them. Similarly, divi- 
‘sions can be accomplished by subtracting in the 
same manner. This becomes a benefit if you are 
dealing with multiple stages of amplification 
and attenuation — as we often are in radios 
— snatching a minuscule signal fom the ether 
-— amplifying and processing itso we can hear 
itout the loudspeaker, Instead of having to mul- 
tiply and divide at each stage to keep track of. 
the progress of our signal processing — often 
wth signal levels with many zeros to dhe right 
of the decimal point —we can just tally all the 
«dB and have total gai ofthe system. 


So How do We Compute the 
Decibels? 
‘The deci in decibels refers to a factor of 
Yio asin dectiters for Vo of alter, while the 
bel relates tothe idea ofa logarithmic ratio, 
‘originally used to define sound power. 
‘Tocomert a power rato into decibels, just: 
1 Find the base 10 logarithm ofthe power 
rato 
2. Maltply by 10 
For example if we have an amplifier with 
1 power guin of 275, we find te logarithm of 
275 (see below if you don't do logs in your 
ined) to be 2-44, We multiply by 10 and the 
result is that a power gain of 275 can be rep- 
resented as 24.4 dB, 
‘Tocconvert decibels to power ratio, we do 
the opposite: 
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Figure 1 —The Windows Solent 


Calculator ready to calculate the ettect of 
82.08 cable loss, 


1. Divide by 10. 
2. Find the base 10 antilog of the result. 
[Note thatthe base 10 antilog of a number 

is just 10 raised to the power of the number, 

‘This is also something you probably don’t do 

in your head, so lets See how to easily per- 

orm the computations. 

Understanding a few characteristics of 
logs will help avoid problems interpreting 
results. Note that again of O dB means that 
theres no change tothe signal — not thatthe 
signal has vanished! The other important fact, 
is that a power ratio of less than one (a Toss 
rather than again) isrepresented asa negative 
‘number in decibels. 


Enter the Windows Scientific 
Calculator 

In the very old days, engineers and tech- 
nicians used tables to make accurate loga- 
rithmic calculations, and mechanical slide 
rules if three significant digits was sufficient 
precision.’ Stating around 1970, scientific 
calculators became available Initially they 
were expensive typewriter sized devices that 
‘were typically shared within an engineering 
department, Within a few years pocket-sized 
units were available for les than $200, and 
now everyone could make calculations to a 
precision of nine significant digits, whether 
Warranted by the data accuracy ce not. Tables 
and slide rules were relegated tothe pages of 
history with spark tansmiters, 

‘The dawn of the reasonably priced personal 
‘computer seemed to push the fancy scientific 
calculator out of sight only about 10 years ltr. 
‘Unfortunately for many functions calculator 
may be a better choice, and decibel caleula- 


1820, for example, Standard Mathematical 
Tables, CRC Press, any eatin, In ation to 
tables of logarityms and bigonomettc fun: 
tons, it includes many handy formulas trom 
(geomet, rigenometry and calculus 


tions may be one. The calculations may be 
cesly performed on a PC by potting the equa- 
tions in cells of an Excel spreadsheet, but not 
‘everyone can do that without a lot of thought. 

If you have a suitable scientific calculator, 
that should easly make the calculations. Not 
all hve an ANTILOG bution, but if not, they 
will kely have a button that says X°Y, which 
cen be used as above. Ifyou don’t have hand 
held calculator you may not know that here is 
_ ery capable one included as an “accessory” 
‘within the Microsoft Windows operating sys- 
ter Just click START then ALL PROGRAMS 
then ACCESSORIES. You should find an icon 
for the Windows Calculator. You could open 
it, but why not drag it onto your desktop first. 

‘On first opening, you may find a four- 
function grocery store type calculator. Have 
no fear, just click on VIEW then SCIENTIFIC 
to get the one you want. It should look about 
like Figure 


Give it aTest Drive 

Let's say you have a mismatched coax 
cable with a loss of 2 dB, You may want to 
know how many of the 100 W from your 
transmitter actually reach your antenna. 
Remember a 2 dB loss is a "gain" of -2 dB! 
We'll othrough the inverse dB calculation of 
‘column 2. Using your Windows Calculator, 
ether hit2 on your keyboard, oF: 

(Click on the 2 on the calculator “keypad,” 
then: 

© Click on the +/~ key; the display should 
show ~2, a in Figure 1 

Click on the/ key to select the “divide by” 
‘operation. Enter the digits 1 and 0 for the 
‘number 10 und hit ENTER or = Make note 
ofthe result (-0.2) or store it in memory 
(4 

Enter the digits 1 and 0 forthe number 10, 

‘Click on XY to raise 10 0 a power 

+ Enter your earlier result, 
~2and hit ENTER. 

‘The display should show 0,63095734448 
(019324943436013662234 or about 0.63, 
‘Thatis the fraction of your power left after 
1248 loss. That means your antenna sees 
(63 W and 37 W is heating your tansmis- 
sion line 
‘While you ae using the Windows Scientific 

Caleulazor look ove its oer features. I pro 
vides painless conversion between decimal and 
binary, octal or hex numbers, for example 


Joel . Hallas, WIZR, is QST Technical Einor 
He can be ached at whar@arrhorg. 05% 
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‘Antenna tuners are devices often misunderstood in the Amateur Radio world. While not 
‘every station requires an antenna tuner to transmit radio signals, often an incompatibility 
between the transmitter and the antenna system results in poor performance. An antenna 
tuner between them is the way to obtain efficient operation. 

The ARAL Guide to Antenna Tuners discusses the details of the different configurations 
and requirements of antenna tuners. It explores the design, construction and applications 
of the different types available. You'll lear if one is necessary in your station, what type of 
tuner is needed and where to install it for maximum improvement. This book will ive you 
a better understanding of your antenna system and the way it can be enhanced through 
the selection and use of the appropriate antenna tuner. 


Contents: 

* Why Might | Need an Antenna Tuner + Transmission Line Choices for Low Loss 
* A Look at a Typical Configuration Balanced versus Unbalanced Lines 

+ So Just What is an Antenna Tuner? So What's a Balun, an Unun, a Choke? 
+ Tuning an Antenna Tuner Balanced Antenna Tuners 

= The Internal Tuner—How Does it Help? + Antennas that Work Well with Tuners 

+ An External Tuner at the Radio A Survey of Available Tuners 

+ Transmission Lines and Loss Making Your Own Tuner 

‘+ Moving the Tuner to the Back 40 


Joe! Hallas has been a radar and telecommunications systems engineer, engineering 
manager, telecommunications executive and collage teacher, and is now Technical 
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SMD Desoldering 


To desolder or rework a damaged 
SMD component, the suitable 

tools are requied to remove the 
component fram the board, When 
using desoldering tweezers, itis 
extremely important to select the 
proper par of desolderng tps. Aer 
having desaldered the component, 
the pad has tobe cleared of the 
residual solder (eg. witha suitable 
soldering lip and a no-clean desol- 
dering wick). Mlerwards the new 
component can be positioned and 


soldered. An optional R heating 
plat isa very useful adlion ~par- 
ticularly in ea-tre hand soldering 
applications. 


More comprehensive instructions 
‘on SMD desolderings available 

in the process description “SMD 
<esolderng’ on our website al we 
ersa.com, Fr the soldering and 
esalderng of BGAs or ther high 
pin-out SMD, particularly those 
vit hidden ons, we recommend 
the semi-automatic Ersarewark 
stations (see page 3). 


tesa and rama FP 
POPC capone: 


EDITOR'S COMMENTARY 


“This i¢ Volume IIL in the 73 Alagezine series of Test Equipment books. The first two valumses covered 
component testers and audio frequency testers. This book, which deals with radia frequency testers, is by 
far one of the most important of the series 

“The generation of radie frequency waves is the one comman denominator through al of ham radio, 
No matter what your specific interest in this fascinating hobby, without the correct generation and 
radiation of radio waves, your enjoyment will be frustrated. In this book we have attempted to put together 
some ofthe best articles which have appeared in 73 Maguzine all aimed at assisting you in achieving the best 
possible on-the-air signal, Many hours have gone into its preparation by scanning past issues for projects 
which would be of the most use, be up-to-date and be easily constructed with available parts. We think we 
have achioved this end. 

I must be noted that some of the equipment described in this book appeared in vintage issues of 73, 
Magazine, yet the design and value of the equipment has not aged and it i as up-to-date today as tt was 
‘when it was first published, 

We at 73 itagazine hope this book will help to make your effort to put out a “respectable” signal 
easier and more enjoyable, 


73, Rich Force WB2QYV/I 
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75 In, Peterboroush NH M3458 
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SWR POWER METER FOR 80 
‘THRU 10m BANDS 
James Lee W6VAT 


W Tze decinne sanepots, usage of the 
Tower frequency’ bands is definitely in 
reusing, ‘The rerulting ineressed QRA is 
helpfulto no one and only effcent equipment 
‘and. operating procedures ‘will result in. 
taximum number of QS0's, The SWR/PWR 
neler described hare won't make you better 
operator, but it ean help you be sure thst you 
fare delivering the most 2 to your antenna 
from your rig, Fig. 1 shows front viow of 
the meter 

“The basic circult ts a directional coupler 
switched to sample either forward or reverse 
Voltage and voltmeter to read thi voltage 

‘This sype of eouples hae an cutput propor: 
tional to lengthy power, and frequency. The 
longer it is, the moro output it gives. Since 
It pute @ small impedance "bump" in the line, 
the length of the coupler should be limited t0 
not over 1/20 wavelangth at the highest fre- 
‘quency, or it may begin to contribute notice 
ably t the SWE itself For a given power, 
It the frequency of the rf owing throug the 
toupler is edueed, the maxim coupler out 
put is roduced. This means tal you can get 


Chapter I 
What is Your SWR, OM? 


ell seale readings om 10M with a lot lees 
Dower thon on BD M, The meter described here 
fives half sesle defection on 40M, at max 
‘rum sensitivity, with about 360 waite of for 
ward power. I your rig is a KW thle meter 
will fit" the requirements “for SWI/PWR 

easurements nicely. It can be left in the line 
ail timer to monitor SWR oF Power dell: 
red to the antennn or other load, If desved, 
a Barker and Willamsan type 551A ‘cousal 
Swit can be used to inert the meter in the 
Tine for text pnrposen and then ewiteh ie cut 
acing operating periods 


‘Construction 


‘The unit ie built Ino gray. ammertone 
LMB type 141 box, The dimensions of this 
box are $x 4" x 6". Fig. 2 shows the parts 
Placement and should anower ‘any questions 
Concerning layout 

The coax directional covpler is made from a 
14" length of RG-8/U. The outer covering is 
‘it lengthwise with knife” and. peeled of 
‘Take eare here not to cut into the woven braid 
‘The woven braid is then bunched toward the 
center 10 Ieoren it. Next, a length of. #22 
fenameled wire is passed ‘toreugh the braid 
SSreshowt 24" fro one end and run doder 
‘he braid next to the inner ineulation, Te is 
bought out at the ‘lher end again 2%" 
from the end of the shield raid. When 2nis 
5s done, smooth the braid back to le original 
Position “carefully. Wo "aveid. reratehing’ the 
namel on the #22 ‘wire. The #02 enameled 
‘wire should lay as straight as possible under 
{he braid. Te shout have yo slack nor shosld 
fe twist around the inner insulation to” aay 
srest degree, The ends of the shield braid ore 
firmed back {ar enough to be soldered 19 
‘Amphenol 3-14 hoods. The inner insulation 
iS'teimmed off so as to expoee about 8/16" of 
the inner conddctor. The inner conductors ete 
then soldered to. Amphenol 89-18 female type 
chases mount conx ‘connectors, The our 
‘may now bo aetaade and the vest of the meter 
constraete. 

Potentiometer Ry is mounted on 1/26° x 1° 
x4" pce of halite and positioned approx 
imately in the center of tho box to mininiae 
Eapacity to ground. "he metal rear cover Se 
Femoved from the pot for the same reason 
The pot ground lead is to the center of the 
coax land wire in last. Phe diode Dy thosld 
erpratected from damage by heat when sale 
fie im the cireut. Long nose pliers gripping 
the leads near the body of the diode are sat 


5 


lefactory. ‘The directional coupler ia the last 
Item soldered in place. Ae ext be seen in the 
photos—the cous connectors ere mounted from 


the inside of the box. When the 222 enameled 
leads are soldered to. Sr ther shovld’ be the 
same length, and. again, take care not to 
Scratch the ‘etmel or short circuit: may 
oeear and you'll have to do it all over agai, 


Calibration 


‘There are any number of ways to calibrate 
the SWR/PWIE meter, but the way most heme 
wll use is thelt own rig and m suitable dacimy 
Toad. Though very lintel in power, a 2 watt 
Sp. obm resister wich at Trade by ‘Ohmite 
FRC and others, mounted Luaide an Amphenol 
8848P" male coax plag makes avery” good 
ummiy Toad, Althobei not completely. one 
Snductive this dummy load is far aupetior to 
Such real knowns a light balb, lactase 
fron heating elements ete. This particlar load 
e'30 ohms shunted by © mnifd over the range 
fof 8-20 me. 1 iss goad dummy ioad—thoogh & 
Tow power one 

‘With the back cover of, attach the dummy 
toad to J2y the fod jack. Seu Rs the Senivity 
Contest, t» maximum and §) to PORWARD. 
Next apply power by hooking your rig (or 


other wf source) to 


Make Sure that the sf applied Is 28-30 me, 
fry the highest frequeney sou operate in the 
Scio me region. This meice le sensitive to fee 
fqueney. Stray capuction un other unbalance 
Srl have ther renter effet at the Bighest 
Frequencies, In any event, calibrate the unit 
on the ighest frequency ‘our rie will tune 
In the 2-20"rme regio With power” applied 


fet hy ao the anstor roading nat leat half 
ale and ssitch S. to REVERSE. This will 
Fesult i a Tower meter zeading. R. should then 

uated fora. minimum read the 
tmoter. Using the suggested load, sou will not 


fet a complete null, but the null should not 


Se much more than’ 60 wa for half scale de 
flection in the FORWARD. position om Sy 
en't put tao. much power into Uhe dummy 


since excessive dissipation can rula Ib 
find change ite characleraties greatly. If 700 
aver higher powrer dummy lond whose ebit~ 
asterittcs you know securately by all means 
Use ity but remember x Tight bulb Is not 
food Tom Once. nulledy lock: the nat on Ry 
faking etre not to dstutb the setting. Replace 
the bee ever and using Use durnmi Toad, re 
check the null to make certain Uhat it hae not 
Shite. 


Using The Moter 


‘To make SWR mescurements you need only 
ingert it in the line and set 8, to FORWARD 
tnd Sto SWR. Adjust he snsltiety eontrol 

Fat Teast a half seule reading. Then switch 


Sto REVERSE and read the value, SWR 
Is then calevlated by the followin: 
disse 
swe= 7 
lah 
For example 
500 8 and Toe = 60 un, thon 
500 + 50 50 
swe= Lipo 
‘The meter fs oseful fo 


tuneup purpeses 
where exact SWR is not newded. Just Reep the 

ORWARD veading at a constant value and 
tone far minimum REVERSE readings, he 
‘exact SWR. ean be caleulalod when yeu have 
found the Teweet REVERSE, postion, 


The POWER positon may appear to be 
ssentially the same as the SWR postion and 
iis. When moastring power into a load of 

value you only eel to. know 
the wltege across. (or the eurrent though) 
the foad, The POWEM position on 8) is used 
with Sy tet to FORWARD. 1 is merely act 
hia scale vending that is convenient for sil 
bands if only a relative reaing i used 12 a 


ond 50 obit igh power dummy load tx aval 
ble, You nay make accurate calibrations by 
‘sing a VIVA plus high froqwency detectar 
probe and meatuting the acton! voltage across 
the oad, Just put a Toconnector on the To 
jack Jy But the dummy Toad on ene. arm of 


tho “T" and read the woltage atthe other arm. 
00 vlts screes pure restive toed of 50 
hme is qual to 80) watts of powcr. If your 
tig delivers m key down, 800 watts to a Toad 
thon you eoul wet eat 08 mn on the acai, 
fer The scale will not be precleely linear, 
baticularly at low powers, but if enowh Fe 


Fistunce ts used at fy the effects should be 
ininim, Singe the ‘coupler vollage is fre 
fiueney sonsitive one setting of Re will not 


oid for all ands, If desired, Ro could be me 
placed with a switsh and m number of sclegted 
Fenistars (ane for etch band). "This wou ke 
the senle factor conatant between bands. THs 
ould be done for It a8 wel, but complicates 
an otherwise simple device 


Operation 


Once calibrated, the meter is very simple to 
wees Just hook it in the Tise at some. con 
Yenient point and apply power, With S. set 
Wo'SORWARD and Sy set to SWI adjust 
for nt least a halt seale reading” Switeh 
8) to REVERSE and you will then be sble 0 
‘intial monitor your raverse power. Fer 
poser messurements, set S. to TORWARD 
Tha 5, fo Wit, Apply power and the metet 
Wil he monitaring your forward power con 
Tinvousty. Ti is aractew driver adjusted pot 
ean be eet, and locked at point which a- 

operation m ail the bands you operate 
‘The scale reading on each band wil be difer 
nt, but once ts these readings ean be jotted 
{oven im your lx ook and any change quielly 
noted. This meter is sso, an excellent device 
for the antenna “tinkerery” or i you have coax 
‘coupling Between stages in your rig 1 ean be 
trod to provide proper power transfer. Best 
A al, iis not exponsive nor diflewt to cos 
Steet, Tey one and yeu wan't be withoat one 


AN ETCHED CIRCUIT SWR BRIDGE 
Fa Lawrence WASSWD 


Several of these boards have heen etched 
and units asembled, and all have been sti 
et 
ay k. | 


° L 
HO” 


factory. T have used mine, with a 200 
amp. mele 


wp 


Since Bud Mi 


able 


Fig. 1 


from 


akyr on the low bands 
fwoer,” with no problems with 


boxes axe commonly 
T scaled this board to St into the 


$ ; to one 


avail 
Bud 


Metering circuit for the etched 


circuit SWR 


‘te 


yox CU 2102A or CU 3002A. If you 
to include the metering in the same 
package, the CU 21094 or CU 3003A should 
beuused to give more room, 


If you use the CU 21024, center the 
ore connectors on the ends, WE the CU 
2103A, mount the connectors 8 inches from 
the open end. T used solder lugs bent at 
Fight angles to mount the PC. Board to 
the chassis. ‘The. photouraph shows the 
mounting much better than 10,000 words 


The meter sexaltivity control cireuit shown 
has a wider contzol range than the one 
shown in the ARRE Handbook, since the 
pot shuuts tho meter at low seltings. This 
fiction could be accentuated. by puting « 
Fixed sesisiance in eres with the meter 
movement, at the expense of sensitivity 


Although the virtues of operating teansmis. 
ion lines wlth low standing. wave. ratios 
(SWR) have been discussed many times fo 
the past, ecidently the ceonomuks of alt 
taining howe SWR are not teadly. sppavent, 
paricubaly if the foquenc of operation is 
lowe andthe transmission line shox. Thit 
has eon reflected i various evs iecbn 
fal QSOs where many have boon led to the 
nite disregard for standing wave ratios, Mest 
Inembers of the amalour fraternity exist on 
Sinited budgets at best and when smicant 
artion of tint precions feansiited power ie 
faten up by transmission line losses and mis 
Interpreted standing wave ratios for naught, 
something should be done 


Aloole atthe graph in Fig. L will show you 
the percentage of power rellected for various 
Saning wave ratios. For fostance, if you are 
presently tolerating au SWIC of about 58:1 
{not scemmon i many ham shacks), 50% 
of the power which seaches the antenna 
fs actually reflected! back down the transmis: 
Sion line, heating up the ial tank and causing 
TTVL Nor is only the transmitted signal elect. 
ed, a high SWR will simiorly degrade the 
ecelved signal. Ths i patioulaly important 
In the reception of the extremely Ios level 
signals often encountered in DX and VHT 
operating. Steeeanhonic bus should tale heed 
to. A recent repor by the HEE (Unstitute 
of Blectionie and: Blectleal Engineess). Pro 
fessional Group en Broadcasting noted that 9 
‘high SWI on receiver antenna inpats 

2 reduction of stereo quality. 


‘Astenvation vs RowdlWansmite, 


meters only 94% of the transmitted power is 
tllivered’ tothe. snfenna if 100 ‘feet of 
RGSA/U is tn ose. ALSO me the, Toss Tas 
shy rocketed to 262 for the same. longi of 
line. However, dhere i one big. hooker for 
these conditions to exist: the SWH must be 
Ail, For any other Value of SWR there wil 
The Farther line losses as shown in Fig. 4 be- 
cause standing waves have the property of 

viuplying.attenwation, This graph Indicates 
that #2 transmission line ts operating at an 

WH of 57:1, the line loss will he multiplied 
by a factor of two, For the previously mex 
tioned situation on'B0 mc, on additional 20 
Joss cuud be expected with an KGSA/U line 
‘erating at an SW of 37:1, 

should be obvious by iow thet the use 
of an SWWR beidge in the bine at all times fs 
very advantageous in the maintenance of 3 
low SWH at the operating frequency. How: 
fever, contrary ta popular belief, the SWR 
bridge’ doos not fell all. Since there is loss oF 
attention in any length of transition 


Many of the amateur stations on the ir 
today make tse of NGSA/U coal cable. ts 
excellence is prover. out by # extensive nse by 
the lla, but 3 look 8 the lose graph (Pig, 
1) for this table indicates that fe not con 
pletely lossless! Even at 4 me it has approni= 
mately 0.3 dy loss per 100 feet and on 
meters there is @ los of 14 db for the saine 
length. A look at Fig, 3 indicates that on 75 


Ling loss multitier ve SWR, 


line, the vefleted sve will be attenuated in 
the same matter as the transmitted o7 incl 
dem signal, Because the standing wave ratio 
Ir the ratio af the ncidont wave to the reflected 
Wave, attenuation of the rellsted wave will 
ive ermuneous SIR macasurements when the 
SWH bitdae is conveniently Tocsted atthe 
transmitter In this Leation the bridge wll see 
the full power of the tronsmitter, but only a 
portion of the cefleeted sgl, In sme eases 
where the length of the transnesion le 
excessively ong, the reflected wave willbe 
tienoated to sich a deyree that the SWH 
Will appear to be very clase to 1:1, thle in 
Feality i will be a good deal higher. This 
fact s graphically represented in Figs 3 


SWVR va attention, 


For example, 143 feet of ROSA/U at 50 
sme would result in approximately 2 db atten 
ation. IF an SWI beige inserted i the line st 
the tansmilter indicated an SWH of 9:1, this 
agraph shows that an SWI of Sil casts at the 
fntenna. A look at Figs, 3nd 4 wil indicate 
that a 3.3 db Joss (2 db times 1-65 malipher) 
fceu's, amounting to ATE loss of teausmitted 
power in transmission line Tosses, OF the 1e- 
Dhaiting SSE power aervinye at the antenne, 
21% will he reflected. back dovn the Tine. A 
litle simple sethiete will show that of the 
total power transnitted, only 30% will be ta 
diated! This simple maihematial fact should 
take the ments of Tow sanding wave ratios 
immediately obvious if we wish to get the 
ost out of our eatpment, By kee 

dnission nes short ad by insu 
SWR is as clase to 1:1 ss practicable, line 
Joss willbe minimized, ulasimum power 
will be delivered. tothe antenan and more 
sceesful and reiahte radio communications 
weil result 


CHECKING YOUR SWR INDICATOR 
Car} Drunelier WSEHC 


Many articles have been published on 
howto build and even some on how to 
cilbeate a VSWR indicator The ealfration 
instructions usually fell you to. terminate 
fhe indicators ontpot th « pues 
S2-chim load and then to adlst the device 
fothat a macimam fora and minim 
teteded) meta defecions Obed. 
Sometimes further and tal you 
to reverse the’ devise and recheck for ope 
Pest indications 

‘This ie all-yery well 1 asures you that 
the. VSWR indiator willbe tllng "yon the 
teath wher says “Alls well” while loi 
ing. into an utterfat ansmbsion Une 
Ttedoeant tell you a thing about what the 
indleator il have to say when i gets tan 


sled up with a Tine that hat a wildly-mis, 
matched termination 

‘As mast transmission Tine, in netual prace 
tice, ase terminated fn loads which are not 
only mismatehed in the matter of resistance 
‘but also in the inclusion of a considerable 
magnitude of reactance, it would be well 
to explore the indications you'll get under 
realist circumstances, After all, these are 
the situations tinder which you'd want to 
take corrective steps. Accurate indications 
of undesired conditions, therefore, are im- 
erative if intelligent remedial actions are 
to be taken 

Fortunately. some quite enlightening tests 
are made easly. All youll need are some 
lengths of coax transmission line (the same 
ax youre using in your antenna feedline) 
equipped with male fittings at each end 
and i few female-to-female junctions. So- 
Tect the frequency at which you want to 
make the test, Usually it's wise to. make 
the test on the highest frequency band yor 
plan to use. With this in mind, make up 
three one-eighth wavelength sections af 
transmission Tine and mount the male 
filings an the ends of each section 

If your antenna presents an unmatched 
Toad to your transmission line, vou may 
lect to skip over this paragraph and go 
directly to the next one. If i does vot 
(Ah, you dreamer!), you'll noed another 
piece of transmission fine. Tt should be fairly 
Fong, nerhaps a half wavelength, Pat a male 
fitting ae one enc) and attach a termination, 
which is deliberately made to be a sad 
mismatch, at che other end. Don't just mis 
match it by using tao high or too low a 
value of resistance, Throw in some reset 
ance, too! You might use 2 resistor with an 
inductor in sevies. Or, you might ty a cx 
pPacitor in series with the resistar, Or, you 
fomld use either an indkctor or « eapaeitor 
Jn parallel with @ eeeistor. In faet, st would 
be best to experiment with all four! 

Now that you have a transmission tine 
wvailable that you know i mismatched 
vou're ready to start the test. ‘The fist 
check (the “control”, you might call it) 
is made with everything normal. That is, 
youll have the transmitter feeding directly 
into the VSWR indicator’s transfer box. and 
the transmissiow tine (either ie one to your 
antenna or the substitute Tine to tho: mis. 
matched load) attached tothe output of 
the: transfer bos, Note the VSWR. indiented. 
Also ste your transmitter, insuee 
is tuned to resonance and is adjusted to 
a power you can maintain throughout the 
first portion of the tests. Jot down these 
indications, Now, insert an cighthacave 
stetion hetween the itansfer box and the 
trarmmission Tine and without making an 
ther changes or adjustments, uote the 
VSWR. Repeat these steps, adding an ade 
litional eighth-wave section each time until 
you've used all three, Did you detset any 
change in VSWR? If there was even the 
slightest change, your VSWR indicator is 
hot trustworthy! 

Now for tio more checks. 
the teansmilter power output 
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ry varying 
Does this 


Ive nie eect upon the sniented VSWR 
JF it does, your VSWR indicator fe not ust 
worthy! Then try varying the transmitter 
utpnt tuning, deliberately ttrowing the 
Stage out of resonance, Dove this have any 
affect upon the indicated VSWRP IF It does, 
Sour VSWH indicator snot troworthy! 

Few VSWR indicators under the $150 
class wil past thewe oie tests, I yours 
loess dent be pertrbed. You have an 
instrument Unt sas a useil Belt of 
application, You cen use ft as a comparative 
indicator, For instance, i youre adjusting 
te sem mat aan anema, ene 
‘quite well, in this application, youee holdin 
All of tho sgnfesnt variables onstant, with 
tho’ exception of one (he amma, match) 
tho effect of which, you want to observe. 
Your tests wil have shown, you the pava= 
meters youll have to bold constant for any 
father than simple comparisons, In all probe 
ability, you wl have found thet measure. 
dente’ taken sith diferent (elacrea) 
lengths of transmission line are invalid Als, 
sty probable. that, owing. to the non-oon 
sroity of diode cuves, measurements sl 
Hwee taken at preety the tm evel 
af rf power if accurate comparisons are to 
‘be made. a 

TF yout keep ts very real Hnitations in 
rind you'll ind that even an inexpemive 
VSWR indicstor has exellent potential for 
useful mosiurements, But dott ask it t0 
Perfor at levels that oven its expensive 
Sig cant attain 


HOME BREW BRIDGE CALIBRATION 
Cifford Honess WsOAB 


‘This table bs useful for all homebrew SWI 
buidgen and gives the‘ rflesta power and 
thee fl scale veading in the reflested made, 
when the moter io set ab full scale in the foes 
rand ted. 


MINI SWR BRIDGE 
John Schultz W2EEY 


Most SWR meters today are of the coupled. 
variety which can be left in a transmisien 
line while a transmitter is operated at full 
power. However, for a number of prolonged 


tuneup operations, iwvolving antenna match- 
ing systems, for instance, such couplers have 
severil disadvantages. 

On 160 and 80 meters, especially, « rea 
sonable amount of power is necessary” to 
pprochice full defleetion-—nip. ta. 100 watts 
‘with some configurations, With a very low. 
powered transmitter, making adjustments at 
this power level certainly may: dame the 
‘outpit tube or tank-circult components with 
fs high SWR. This wil not be the ease with 
hiigher-powered cireaits but, in any case, a 
signal strong enough to cause needless QRM. 
Will he radiated. 

Another disadvantage of the coupled SWR 
snoter, iF it is home constructed, is that it 
roust be carefully ealated since its re 
sponse is very dependent upon the mechani- 
cal configuration of the eoupliag circuit. This 
Js unlike the beidge-type SWI meter (de 


sesibed in this article) where «standard a 


SWE curve may be used with « good degeee 
of 


didn’t need an SWR meter continuously in 
the transmission line, led me to. construct 
the little resistance type SW'R bridge shown 
jn the photograph. It is just about as simple 
tnd. inexpensive « unit as cam possible be 
It. 


Re Rand Ro Re and may 
from IO k 12 4) b Dy and ©. 
Similar types All cx 
Me, 103%. 


Construction 

‘Two $O-239 coax chassis connectors: ae 
jpined ack to baek by to Uf inch threaded 
hhex spacers. The two fori-lg termi! strips 
are mounted at the ends of ane of the spa 
fers. The wiring of diodes Dy and Dy as shown 
in Fig. 1, should be such that the inci 
voltage-measoring point appears 
termina} strip mounted on the “input 
239 conmector, #9 order to avofd eu 
i mes Short leads, of course, 
should be anything else is 
possible with only 18 inches between con 
neato, 

Some attention must be paid to the: come 
ponwnts used if accurate readings are to be 
‘obtained. Resistor Ry anust closely mateh the 

edinee of the coaxial line used (52 ar 
‘75 chs). For 58-ohm lines, a suitable ree 
sistor (within 3 to 1 ohm) can usally be 
found from a group of standard 102 toler 
ance, 47-ohen vesistorsy and for 75.chim Tes, 
from’ a gyoup of 6S-ohm resistors. Resistors 
Ry and Ry ea bave any valve from about 
20 to 100 ohms, but itis important that they 
are as elosely matched as possible, One trick 
Which “way be ured to affect very” sim 
resistince changes i to file “V" potches in 


the ill be. If the diffe 


stam of SWR Bridge. Vs rep 
Voltage ond Vo the elected vsti 


& composition resistor to ruse its resistance. 
Tesorwutt wis ace suggested for these re 
sistors becanne of thelr longer-term stability 
il endurance in ease (99 muck input power 
is upplied 

Resistors Ry and R, serve as Linear 
resistors so hat almost say meter witha 
basic movement of 1 nA or less ean be used 
as an indicator, The Jower de voltage ranges 
ton almost any” VOM. will work Fine, These 
Fesistors as well as diodes Dy and Dy should 
toe checked to see that they mateh’ reas 
ably well (the resistors within a fow precent 
find the diodes within a few percent for 
their forward and reverse 
ings) 


Calibration 

There are wally no adjustunents that en 
be mide to the bridge, aud calibration 
really consists of checking the balance. Fig. 2 
isthe de cireuit of the bridge (a simple 
Wheatstone bridge with resistance arms). 
If the bale of the bridge i good, Vz 
should he the same when points: Ry’ are 
‘pened or shorted s0 long as VY 15 held eon 
stant, This can be checked on the setual 
bridge by applying an input at dhe highest 
Frequency of interest (6 or 10 meters), shot 
ing Js, and checking that incident andre. 
Hlecting voltages are the same. ‘The sume is 
done with J. open. IF the voltages are nat 
fel, the diference ean be taken as 9 in 
ication of how acvurate the SWR readings 


ill have to be el 
or the mounting of the components changed 


to reduce stay couplings, 
A fiether check is to comneet « known 52 
for 75 uhoy resistor across Ja. The rellected 


voleage should, of couse, rend zea 
Operation 

‘As oted iy Fi, 
simple fwnetion of t 
ollie readings. Big. 3 presents this fune 
tion in-graphical form, ‘The incident vultage 
is simply adjusted for some convenient vale, 


the setwal SWH i6 4 
neident and reflected 


Fig, 2, SWR saluoy for selected 
Inge totem a6 3h of incident 


reflected walegs 
saltage eesding 


say 10 volts reading on the de scale of 
VOM (possible with most SSI transmitters 
by adjusting the earice balance control with 
tno audio input), The reflected voltage is 
tH read us a perountage of the iovident 
voltage aa the SWR found from Fig, 3 
The input power required ta operate the 
Didge Hs essentially independent af frequen: 
ty, being. about 1-2 watts maximus, 

it should be remembered that such a bridge 
‘can measure only the resistive portion of an 
linpedance, When using i to adjust « eeu, 
it's SWE minimum null but not a zeva read. 
inng for reflected voltage ean be ubtained, 
it indicates some reactive omponeot must 
still be present. 


vs 


R SUPREME 
BE Bien WARS 


‘One of the most valuable tools 


“d by the 
rave alia 
Meter. IU ronks with the grid-dipper and the 
plate carent mete ag an indigpensable in 
Nrwinent acound the ham shack, We kuow 
that the VSWR meter is very havaly in fn 
cating relative paver output when tuning 
transmitter, partienlarly sthen the plate dip 
{snot ton discernable. Tis most useful, hose 
fever, sn proving that the last vuilable watt 
hhas veached the antenna where it ean di 
some good. 


Why © goed match? 

Althoui a gond commer comnéetion is 
mle all the way to the antenna, an elficient 
Transfer of piv may mat bee achieved be 
feats uf mismatch between the character 
Lie impedances of the various pestions of 
tlhe teansmnstn sstean 
Udo be that the “wate 
Treaqueney hese the 
A sia Frequency desi, 

We can appreciate the importance of 
proper mutch betwen the inmamitter ard 
thevaniena when wwe ae told, for example, 
Mat a VSWWH of 3 ¢9 1 cases power loss oF 
oaths 3B for 200 fect af RC-8IG ecsal 
Tine i 30-\MTe, The 


i diferent for excl 
estas Is essentials 


Fig. 1 Schematic of be 
fevlaled witching crt 


VSWR Motor and a: 


Table | 


Traasmitter 


Power Loss 
ve) 
a 
Fe] 
2a 
33 
aS 
By 


‘Alinta power nooded to compensee for» poor 
‘mmpodanae match between tranamitor sed antennae 
Fura ve based upon 200 fest of RO-B/U cable 
30 Men 


the real eeason why we should be concemed 
‘with the impedance match. Notice howe much 
the tansmitter pawer would have to be in- 
creased to make up for a poor match be- 
towven the transmitter and the antenna. In 
ciently, this mateh involves cach snd every 
part of the total transmision eystem includ 
fig cormectors, antenna rely’, low-past iter 
Tah, ete., as well as the transmission Tine 
‘tse ‘und tat particularly eritiesl point at 
‘whiel Its connected to the antenna. 


‘A now approach 

Most VSWR meters today are an external 
secossory to the transmiiter. But this practice 
'S not gond. Coaxial connoetans axe expensive 
tel ese unwonmanted mismateh and power 
Joss. Meter Jaces usually end up behind the 
transmitter or in some other tnaccessible 
focation. When switching from forward to 
reverse, the litle accessory bon scoots aeross 
the table Teaving seratehes and a distranght 
operator. 

The transmitter plote current moter is no 
Tonger a plug-in wecestory, Why should the 
VSWR meter be? (Believe it or not, plate 
meters used to be plugged in with phone 
jacks) Using the simple design described 
here, the home constrictor ax well a¥ the 
commercial mamufactucer ean now build the 
VSWR meter into the transmitter in. the 
smallest possible space and at only pennies of 


The circuit 

Nothing is nes shout the efvenit Tt hos 
been adequately desertbed in. the past in 
rmaygizine ticles snd humdbooks. Hoscever, 
{or the convenience of the reader, the VSWR 


> 


5/16" .0. wes THREE 


meter eireuit is reproduced in Fig, 1 for 
handy ‘reference, “Terminating resistors RT 
and R2 should be 33. ohms fora 50-chm 
{ransmission Ene when the physical configura 
UUon. as shown here, i used, One-half watt 
or smaller size resistors may he used. Diodes 
CRI and CR2 are any matched pair of silt 
con diodes or germanium, The tspes vshich 
are enelosed in glass cases are the eastest to 
tne lecause of their small size. The olmameter 
‘ean be ised to select and match the diodes 
fof the temcent surplus variety found in ade 
Yerlisements in ham magavines sich as 73. 
Bypass capacitors C1 and C2 ane 1500 pF 
Conralab type PT-1500, 


Physical components 

Parts used iu this VSWR meter are Mls 
leated in Fig. 2. The brass tubing is about 3 
to 7 inches long and of Sin inch outside dt 
moter. This size tubing his snugly around 
‘he inner polyethelyne insulation from RC: 
SIU coal ele. About 10 inches of coms 
is stripped af its outer jacket and braid. ‘The 
inner insulation is trimmed to extend Ye neh 
pst ench end of the brass tubing. Twa large 
Solder hugs are selected to fit over the % inch 
threaded shank af the bypass capacitors, 
‘These lugs should be of the long varity 20 
they may be shaped and soldered to the 
brass tubing as shown in Fig. 3. Two 8-inch 
pieces of #32 enameled copper wire are also 
textured, 


Assembly 


Alter soldering: the 
fing about 8 inch in from each ei 


sto the brass tbe 
the by 


esisrog, 33.0 


a8) cour case 


Fig, 2 Component parts sid in making the ¥SWR sansng unit 


w 


ass capacitors are assembled to the Ings 
Place several fiber washers under the ring 
huts prior to tightening them down on the 
‘threaded! shank of the capacitors. This per 


Fig, 3. Solder ly i shaped ve one-quarter wey 
sour te rae tl 


ants carefol soldering of the capacitors to 
the logs without danger of alsa soldering 
the mute in place 

“Teo small grooves ore now eat 180 dee 
srees apart for the total length of the poly 
fthelyne insulation, small wood carving 
oue or cxeflly-manipnltel rec blade 
{an be nsed for ths purpose. These grooves 
rovide a space for’ the enameled. copper 
‘ire which & held in place when assembling 
ts shown in Fig. 4. Prior to the operation, 
the wire should be stretched and work hand 
ted by jerking between to pats of ples 
Be sure that the plane described by the to 
wires ies at right angles tothe chassis on 
‘Wels the tnt is mewnted, "This permis si 
Teskiors and diodes to fave equal ead 
lengths. 

Whe the inner assembly his heen tugs 
sind shaved Info place thin the Brae tib- 
ing the #92 wire ends are timed, ripped 


Fig. 4 Auembling the 


and soklered to thefr respective resistors and 
Aides, Much care should be exercised at 
this point to prevent melting. the insalation 
fr datnaging the near zeracongth component 
Teal 
Application 
‘A completed sensing unit for the VSWR 
rmcter i shown mounted on « typieal chassis 
Tt will be noted that no conven 
onal bow or housing is used beeause the 
total ontside of the unit is at ground +f and 
de potential, save for the component eganee= 
tions at each end. By mounting the bypass 
capacity in the chassit, the low-voltage 
Teutified current fed to the meter switch is 


Fig. 5 Fished VSWR sensing unit mounted ono ypical chew 


power rf on the othr side 
of the chassis. Tt can readily: be seen that 
the Rnished sensing unit oceupies no. more 
space than would he sed bya coaial Tea 
‘unin from 231 antenna selay to the antenna 
ceonmector othe chassis, 

After refincinent is shown in Fig, 6. 
Complete ssolation of the high-power af is 
provied by the eoasial hoor Impedance 
Atiseontinnity is also minimized by use of the 
hood. which was designed for this purpose 
andl is readily available. 


Langth of sansor 

The dimensions given for the length of 
the sensor element, including ite outer tub- 
ing and inner conductor, ate not critical, 
‘They are, however, directly related to. the 
power of the tanscaitter with whieh the 
VSWH meter is used. For example, with 


one kilowatt high-frequency CW’ transmitter 
tnd a 0-1 mnilliammeter as the indicating 
meter, the length of the sensor can be as 
Short ag 24 inches. A sensor which i con- 
structed approximately 7 inches long, as 
ihusteated fn this article, will work fine with 
the seme meter on a 25-200 watt high 0- 
fqueneytruisiniter. IF meters with higher 
urrent ratings are used, a longer sensor fs 
required, and, conversely, a more sensitive 
meter would provide adequate full-scale 
deflection with a shorter sensor clement, 
Obviously, it Is impracticable to vary” the 
length of the sensor element in arder to vary 
the sensitivity of the VSWR meter as a 
‘whole. It is for this reason that the adjusting 
sesistoy ig provided in saris with the moter 
For VHF use, the sensor ean be shorter 

All that has heen said above can be de- 
picted graphically. Fig. 7 shows the general: 


ized relationship between the sensor length 
and transmitter power with which itis used, 
The two curves represent diferent meter 
sensitivities, A O-L milliammeter offers a good 
compromise, With a 5-7 inch long sensor 
tnd the prozer sories resistor, all powers 
normally encountered in amateur work en 
bbe handled, Hovwever, if space requirements 
0 dictate, 2 shorier sensor amit ean be en 
ployed with some small sverifee in accuracy 


Tormsinating resistor 

Scnall variations jin mechaoival construc 
tion and ese dress ill have an effect on the 
value of the terminating resistors, Bo and Re 
Also, 4 eazhon resistor dloes not display the 
same reactance ot high frequencies as its 
‘measured resistance at de, ‘The value of the 
‘So-ohm resistor was therefore determined 
empirically 


the proper valve of the terminate 
ing resistors, the test setup shoven in Pig, 8 
is used. A radio-frequency source of approx 

rately 10 to 20 watls is required. A trans: 
mister exciter stage operating on the 10- 
meter band is preferred for this purpose 
‘Ten meters, or even fifteen meter, will pro- 
vide hetter accuracy than one of the lower 
Frequency bands. A dummy load is also 70 
quired, This load must be eapable of diss 


ing tsitore hich 3 
port of the sereor uni 
Tho vele of fhe dummy 
loed should match tho 
choractortcimpedance 
Of fhe toter ent and 
fave «flat wattage 
Fating naacly ogeal 10 
the eouten power 


pating the 


power af 
Source used in muking the test. Thyee or four 
Dewvatt carbon resistors of the proper valuc 


Ue radloérequeney 


in parallel to provide 52 ohms will suff $f 
the power is tot lelt an continncly 

Tis making the test, the selector switch ss 
first placed in the “forward” position. With 
power applied, immediately adjust the sensi 
fivity control so that the meter reads full 
scale. Cpon switching to the “reverie” pos 
tion, the meter should zed near zero und be 
aor hela the I:1 calibration point an the 
Imeter scale. Several wsistars may be substi 
tuted ntl the proper value & found. The 
important thing to remember is that both of 
the resistors should be simultaneously sub 
stituted and ‘that. they must be as neat 


Fig, & Recommended chs connection for coeat 
oF VSwt eter toning wl 

isin 
Zs 
z a, 7 the appre 
a Pre rats 
y amor powers 
: hove for ws cmon 
3 
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(awctes) 


identical as possible as measured ona Tea: 
sonably good obimeter. Level Tengths should 
also be as short as possible and of identical 
Tena 


2: Conover owen 
a: pce 
Ajeet cegaret 

(eo) 
Ace capone 
a) 

AccuTts: Thermacuis (sch) 
IntllgentR: Neco re sensor 
ynamlR Top: Tap Radar zn) 
Dynamic Bato: Bot Rade ns) 

RPC: Reto Poss Canes 
RSet Cons & dsieriaton 


ess 
woe cr 
Dy a sn 
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Rework or repair soldering 


Rework designates the repair or 
touete-up of electronic components 
such as Ball Grid Arrays (BGA) or 
SSMTs. This chapter deserbes the 
process steps for BGA rework 


Desoldering the BGA. 


The rework station heals the 
printed circuit board from the bol- 
tom, whereas the BGA body itself 
is heated from the top. 


The realtime temperature ofthe 
component conto the pre-set 
temperature curve so that al solder 
joints met atthe same time. Then 
the vacuum suction cup is placed 
‘on the BGA and once lis 
have motten the BGA is lifted off 


2. Removal of residual solder, 
cleaning 


Solder remaining onthe pads is 
removed with a soldering iron. 

‘Ta do so the residual solder is 
coated with fux. Then a fat 
soldering tip e.g. OT02ADLF4O 

‘or 01022DLF150) is moved over 
the pad without appiying any force 
‘The salder adheres to he larger 
surface area of the tip thereby 
leveling of the remaining solder of 
the connection pads. Fux residues 
are finally leaned off (e.g. using 
Ersa FLUX-REMOVER) 


3. Reballing — 
Reusing the BGA 


Desoldered BGA can be refit wih 
‘new solder balls and reattached to 
the board, This process is referred 
tas ebalng, Residual solders 
removed from the BGA by means 
(ofa soldering staon. Lyng on 


its back, the component is coated 
with fux fist. Then the new solder 
balsa attached, for example by 
‘means ofa stenci. These solder 
bals are heated up tothe meling 
pein with the rework station 

to firmly connect withthe BGA 
body Now the BGA is ready tobe 
reattached. 


4. -Application of fx 
or solder paste 


‘The component and the connec 
tion pads are now fuxed, of a 
‘he case may be, solder paste is 
added through stencl printing, The 
‘ype of technique applied depends 
con the application, components 
and the ski level ofthe operators. 
For the commaniy used PBGASs 
the application of fuxis mostly 
safcient 


URRENT 


Fig. 9 Fullaie photomaster of the VSWR mater 
ial. A mulinpurporo motor wet ead in tho uth. 
for Wronuiter 29 that the. gid ond late curook 
(osld aes br road onthe uppers 


The lial scale 


Using the standard formula for ealeuating 
VSWR, It Is possible to calibrate the meter 
face as follows: 


forward + 
Forward — reverse 


VSWR 


Fig. $ is a full-scale illustration of a meter 
face used with the VSWR Supreme. This 
seule fis the Triplett Mode! 327, as well as 
a number of other meters of the same size 
‘category. A word of cantion—don’t assume 
ne the scale caltration, or linearity will 
hae the same for all makes of meters. The ine 
Sividhial sneter movement selected should be 
Ghecked by using the above formula and 
imuckiog off radials representing 45 diferent 
VSWR values. With the scale from your 
moter at the center of an oversized radials) 
rasving, it possible to verily the angular 
phicement of each VSWR calibration point. 

The VSWR Supreme is truly 2 novel ap: 
proich to an old standby. Using the eon: 
ervetion methods outlined in this article, it 
& postible to fabricate the seasor unit so that 
i occupies the smallest possible space. This 
sensor can now he nil into. a transmitter 
and take up ne more room than the consial 
lead whieh it replaces 


A SIMPLE VHF SWR METER 
Johm Sclulte W2EEY/1 


kz 


recently wanted to do some work on 2 

‘meter antenns and since no otter instr 
feat was Randy, started to use an SWR 
meter manufactured for use on the igh 
frequency bands, After some erratic results, 
i was decided! the SWR meter 
sweuracy on 2 meters with some carbon 
Tesstars 10 simulate different SWR's, The 
resulls readily confirnved that the SW 
ricler Sas nseless a VIIF wness one din 
care whether 4 SWE was really 1:2 06 1:5; 
Rather than purchase another SWR meter, 


‘to check 


was decided (0 consinuct one that would 
fender reasonable results, within 10% ae- 
teuvacy arsa, on the VHF hands, particulaly 
144 and 220 MILz 

Thete is nothing basically new in. the 
cirevitey of the SWR meter £0 be described 
What is different abou! itis that i utilizes 
particularly simple and inexpensive method 
fof construction that yields reasonable ye- 
sul 11 can be constructed as 2 completely 
self-contained SWR meter oF only the piek- 
lop element can he constiueted and used 
Hu an external meter. The eireuitry as 


shown here for the melee wllizes (wa meter 
movements so one can read forward aad 
reflected power simultaneously amd avoid 
the annoyance of having a forward-reflected 
switch arrangement or a single moter 


conativeted pickup element Details of conarue 
fiom se dlecdted in etext bathe photo shows 
how closely the diodes and terminating reser 
‘must be soldered fo the pickup lees. 


Pickup Element 

The “heatt™ of any SWR meter of the 
feflectometer type ss the pickup clement 
Many elaborate forms for suclt elements 
have been devised witch involve complicated 
mechanical eonsttuetion. Such complicated 
consinaction does become necessary if very 
uscurate results ure desited and I the meter 
{sto maintain lincerly over a very wide 


ig, 1. SWR easter crcl, Toe saanteat metere 
ould be usa Yourent range and internal rose: 


frequency range and with some minor sacri 
Zn aeeuracy, che construction of a 
pickup clement cup he ereilly simplified. 
sieally, the pickup clement should aot 
suse any diseontinaty in the transmission 
line section in which it inserted bat yet be 
long enouzh so enough voltage can be picked 
up in both the forward and reflected diree- 
tions to make the meter usuble wih even 
low power transmitiers 
The pickup element 1 devised is shown in 
the photo, It ie a 2-7/8" Tong piece of 
alternate gril pre-punched per-board stock 
The hoard is about 7/16" wide and within 
this width contained 4 separate copper strips 
spiced about 1/16" or less apart. The center 
{wo sits are soldered together to act as the 
inner conductor continuation of # coaxial 
line section, To solder the two inner strips 
together tack solder a bare pieve of hookup 
wire between the two strips and then cover 
the entice wo strips with solder 
Without the use of pickup wire, i will be 
neatly impossible co develop a smooth solder 
flow between the strip. Fach outer strip acts, 
as a pickup clement for the SWR meter 
soit shown in Fig, 1. The terminating 
Fesistor and diode age soldered 16 each eind 
‘of the outer sirin a shown in the photo and 
‘with soinimum excess lead iengthy to the 
stip, The use of # heat sink on the diode is 
necoisary 10 prevent damage during solder 
ing. 


fice 


Mounting The Pickup Element 

The pickup element made from the hoant 
stock mounted helween two approx 
futtely. spaced S0-239 chassis connectors 
The venter strip of the board is soldered at 
euch end (© the center post of the $0239 
connector. The terminating resistor at each 
fend 8 grounded as directly as possible to 
aground lug held in place by one screw of the 
0-239 mounting hardware. These details 
are shown in Fig. 2 It is important that the 
Lerminating resistor be grounded inthis 
manner with minimum lead length, The 
fenelosure in whieh the pickup eloment i 
contained should just he wide enough to 
uecommadate the SO 239 connectors 30 that 
when the enclosure is secused together, the 
pickup elewent is hoxed in bya metal 
surface om each side except directly above it 
Many chassis or enclosin: types are suitable 
Tove this purpose and the overall size af the 


fenelasure will slepend, of course, on the 


faster used und sensiivity control ice 
feat, These details are not cos 

Ioecause they can be made as desired 
wil not affect the hasie accuracy of the 
hnicler as Tong a8 the pickup element 18 
fhmoperly mounted und! enclosed. The bypass: 
ing of the pickup rectifier diodes must also 
be done with as short leads as posable an 
the Bypass cupacitor. As shown in Fig. 2,4 
Ivo hig terminal slip tone tue grounded) 


‘mounted on the side wall oF the enclosuee 
Immediately al the cathode ond of the diode 
will perform this tsk very well, The length 
‘oF the INB4A diodes it sch thatthe by pase 

JoaF cannot he connected to the sme 
around lig used for the terminating sesistor 
The leads on the capavitor would be too 
long and it will be ineffective 


ig. 2. Ceoer slp of voor board Is soldered 10 
center post of $0259, Oiher components are 
[mounted st eich end of ore se sven (only axe 
nd shown Bere) 


Operation and Results 

The dual moter circwit of Fig, 1 reads 
forward ond reflected power simultaneously 
‘The seasitivity potentiometer is set {0 read 
Tull sale on the Forward moter and the SWI 
read directly from the reflected meter. The 
latter meter can be calibrated for various 
SWR's by the use of small carbon resistors 
(10082 9 simulate v 1:2 SWR in a 508 tine, 
ete). Usually, ai omly necessary to eal 
berate the reflected meter for SWR's of 15,2 
and 3 a the frequency of interest. Calbia 


ted in this mane, the aueuracy of measure 
ment will be roushly 10% and is certainly 
ood enough for most general antenna work, 
\ parlicularly ice meter display can he 
made if one can find a owe meter movement 
Jn one enclosure. 1 purchased a surplus 
stereo VU meter which had dal 200 pA 
movements and used it in the SWR meter, 
The sensitivity of the SWK moter Is suc 


that transceivers the 1-2 watt output class 
can easly be used with it on the VHF hands 
The basic meter, of eotrse, ean also be used 
‘on the lower frequency bands us well and it 
will retain goad accuracy, The only problem 
SA unitie caeiueetahasd har ee 
pickup strips are so short that more trans 
‘milter power has to be used fo activate the 
meter than is usuully convenient tn use 
dlusing antenna experiments. No exact tests 

‘made but probably 70-100 waits 
Would be needed 10 use the meter on as low 
& band as 80 meters, The meter was uscd and 
checked, however. on 40 meters. The accu 
acy of the meter renmuined very gol and 
full seale deflection of the Forward level 
neler reuuired 9 power level of 60 watts 
Boing an in-line type meter it vam be left 
pertmancntly in line when used on any band 
‘sith a minimum of loss 


DIRECTIONAL COUPLER AND VSWR 
BRIDGE FOR VIF AND UE 
Bab Kath WAGSXC 


The acrospace industry has fostered the 
development of many ne components and 
materials. Hams, being the kind of people 
they are, ae quick to see practical appli 
titions for these materials that never ucctr 
to design engincers, I have often heard the 
‘iticism that itis fmpractical to publish arti- 
‘les or design hain gear with these now or ex- 
pensive materials, because most OMS dont 
have access to thom. Yet I've often bee 
slisiayed whew 1 lew of an application 
Tor a piece of surplus equipment after it 
fs no Tonger available. For this reason 1 
feel that we should publish any applica 
tion hae is practical rogardless of how 
Jnmediately it ean be used. Sooner or later, 
the iaterial will show upon the surphis 
amacket and then well know what use can 
The nade of i 

Reliable test equipment for the VAF-UHE 
ands i difficult 40 come by on a low 
budget. ‘The literature is full of “relative” 
measuring devices but few pieces of bome 
‘brew gear are engineered for repeataile 
performance, Several ditectional couplers 
Rave heen built according to the descrip: 


inte eon of a YB 
ted for many ator 


ion in this artiele and each has measured 
to within =.5 dB of the desigued val 
This és due in part to the mechanical vigil 
and elose tolerance of KG-LI1 “eoaxitube 
No special tools ure zequived onside of 3 
cheap pair of we Tapers. ‘The tools 
twsed to make the origibal Gonples were an 
Xuecta knife, fie, solderin gua, veralve 
calipers andl a vise. Don’t let the calipers 
scare yon If suave not after a closely ale 
Ibrated’ device they may hie omitted, 


This UME dirctonsl cous 
ler i very simp 49 
Joh ole ctelent perfor: 
Ties on the 70 and 23 cn 
Bande. 


‘The design yoal wus a dizeutional coupler 
with about’ 80 dB directivity inthe pass: 
hand ‘with a Tow insertion loss. Bah mil 
watt measured at the coupling arm equals 
fone watt through the main Hine. Suel a de= 
vice is the beart of  gond quality VSWR 
Bridge. The measured values were 3.3 dB 
‘coupling and 38 dB directivity at 452 Mz, 
Data presented iis the graph was taken os 
Ing HPGOSG and G144° signal generators 
and a General Microwave B. P. Power Me- 
ter, The mneasured insertion lass was 0.2 dB, 

Fesolotion of the smallest possible VSWR. 
is limited by directivity. Few of the hand. 
book VSWR bridges or the low cost type 
alttactive to the CB trade achieve as much 
45 20 dB directivity. Thus the minimus dis 
tcomable VSWR is approximately 1.7:1. With 
58 dB divetivity, 12:1 VSWH's ean be 
aeeurately measured 

Direetivity may be defined as the isola. 
tion of arm D from arm A, over and above 
the coupling as shown in the Fig. 1. Coupling, 
is achieved by removing part of the jucket 
Hetween adjacent coax conductors. WF the 
input is at arm A, incident power can be 
sainpled 30-dB down at arm © but ap 
pears 65 di at anm D. Reflected power 
fontering azm Bis sampled —30 dB at arm 
D while at ami C itis ~68 dB, It stands 
to reason if the directivity i lox, one eu: 
not tell with cortainty if he fs measuring, 
incident oF reflected power, Port D_ may 
bbe used as the de retum for a detector at 
port Cand vice vers, 

This doviee will have its Fundamental pass. 
‘band where the Tength exposed between the 
ovo Hines i804 ye, Tt will also have a pase 
Donrd at. (20 = 1) AA Yer or at threo, five 
seven, ele, times the fequency for which 
it is a quarter wave, Henoe a coupler de- 
igned at 432 MHz is usable at 1296 MF, 

ler has also been used to 
vue relative power and modulation at 


ters where its coupling factor for incident 


poner is approximately 40 dB but the 
liveativity By peor, hee am D imxt be 
terminated ja BU obms, Lvs a real aid for 
thine up avd will give a good indication of 
increased power with AN adulation right 
it the rd. ie, GLA sell bavulle BOQ watts 
ft rfp ta 2000 MHz 


retinal coupler. 


The 


formula for deteemining coupling 
ais 


» 


. ‘or 300 ¢ 10" em 


AxfoxvETA254 %/y 
celuches 


ae 


Mave’ Ave 


\BT = Law 
these calculations Yeoupling at 432 


Ve for Teflow 


4 
Mile is 4.78 inches. With am Xacto knife eut 
thw ples of line 8.73 inches long and care 
fully hend them so Bhat they form the shape 
shows in Fig. 28, 


Clamp the bent coax into the vise and 
away the copper jacket taking. care that 
the Med surice sivoth and Tet A bat 
‘or stationery” ise. sender works well too, 
‘A cross section of the filed piece should 
look like Fig. 28, Next fit the two pices 
together so that a cross section would Took 
ike fe 8 and secure ina vise, Heat 
‘1 soldering gun only. Do not use a 


torch. Avoid excessive heating, Flow solder connector that will accept RG 58/U can 
between the two lines as shown in Fig. 2C. be used on RG 141 provided a sleeve is 
The “arms” can now be bent into any con. made up to make a soug fit in the clamp- 
venient configuration provided enough al- ing mut. A special adaptor is made by Kings 
Jowanee fs made at the ends for connector for this purpose and sells for 4B cents. The 
assembly. A good rule to follow is a mini- connector assembly is shown in Fig. 3. Thre 
RG 88/0 and one RC 89CIU connectors 
‘were tsed on the coupler shown in the photo, 
Fig, d gives the measured directivity and 
coupling for this type of directional coupler 
at both 70 and 23 em. You can see that 
performance is quite satisfactory. 


Fig. 5 lists a number of applications for 
«directional coupler. The detectors in the 


Fa, 3 theo Kings AS13641 trensting_indrments sould ho nitable 
Oo Bat Thad tue eee Tor ue at 500 or 1300 te 
~~ }- 2 
7 i / 
[ a i 
soe aan ee 


so) MH. 


mum bend radius of hull an inch although 
& quarter inch radius is permissible. The 
arms shouldbe approximately two inches 
Tong 


A SLOTTED LINE FOR 1250 Mttz 
‘Silas Smith WA 


‘The SWR bridge is a very us 
RG 141 has the same cross section as RG sometines badly neglected tool 
58/0 without the vinyl jacket therefore any on 1250 me with oniy two or three wats of 
Dower, you should measure your SWWR and do 
Sometlinng about it af uecessary. recently 
joined the 23 em boys, though { have only 
(worked 1256 me s0 fat, My fist attempt to 
ate with WSVKQ an the other end 
failed but after two evenings of diligent work 


with a meagre amouut of test equipment we 
le contact Tt woul have been a lot easier 


‘sith test_equipment good im the 1250. me 
rane since most hams are not equipped Wo 
igs at 


these frequercies 
‘Alter that experience, I made the slotted 
Tine ilicator-deseribed in this article. ‘The 


cost is next to nothing and it's easy to build, 


nee «newer 


‘no & good at 450, 


Tout does yood job. The unit is but around 
2 wall copper tube 1044" long 
(rig. 1). This tube has a 4° slot cut lengths 
Wise foe 78", about wavelength at 1250 me, 
This is long enough to get a fair sumpling of 
the standing wave or nell points 


Thwee other pieces of 1” copper pipe ave 
needed, Two are 5/16° long abel one sx 18 
Teng. The two 5/16" pieces each have 5" cut 
ut and are veshaped to Bt imide the 1” tube. 
‘Theta two pleces were each soldered to 1/16 
plates asin the detail ig. 1, This process 


i Unie most piaces of hememads 


u 


Fig. 1. The slotted coca! la and probs for 1215 to 1300 me described In this arti, 


fit within the end of the 1" pipe. Dail nine 
holes in each cup: four holes for attaching the 
fp #9 the slotted line, Zour wo ft the BNC. 
connector mounting plate aul one 2 bole to 
past the main bay of the connector. File tv 
hotches for the connector ears, Yow can Fasten 
the cups to the slated tmbe wth small sheet 
ictal serews, threaded bales ne nts sloeeed 
lo the buck of the bles. 

The I” x 12” piece of pipe is for the probe 
cerrige. IL is cot, lengthwise on one side 
Slipped over the 1” tube, centered, nl. a 
Tle dulled through it over the slat in the 1” 


The pra file from 8" and "ras tb 
ing from your hobby shop” AU the prube end 
inti insulator frnn eis Btting ad om the 
tlie end is a jack ade fra a vical tbe 
Socket. A. small piece of 2° brave tubing 8 
tse to make the diode sucket (see detail A), 
‘A piece nf 22 gauge wire is inert in the 
poole coud of the 1/16" tubing ond soklene 
AINA] diode works very well 

Use Fig. 2 10 chanee the proper sive Tor the 
Tie in the center: Each eral nt this Hine ssl 
Tye tapered and soldered ta the eas ting a 
fn etal B The center cvanlactor shonkd be 
TAG" tor 50 ohne or 3/16" for 73 ohn 

The meter used should hive a rae that 
pert a fall seale realing show be 
Calbated with sore scale 


distance betwen peaks. See Fig, 8. Measir 
ing between the alls fs preferable since the 
peaks ave sere broad. If your Hine ts Ma, the 
peaks sand walls may be vere small, sa” vont 
ry hive to induce a snismateh sn the Hine 
Likewise, vn mney have ta induce a msmatel, 
to get the two mills to fall within the 78" of 
the line, ‘The easiest way to iuduer als 
tsal fe ston fn the Tine 

Measure he disiunee between the nulls 
conclu with a eentinneter le. Tislew this 
Gistanee divided Sato 3H.000 Wl give. you 
oe reaeney In meaeycles. Ht would be a 
femal ide to check this against 9 standard 
At least avoid operating ton Case to the el 
OF the bund 


Measuring VSWR 
Measuring voltage standing wave ratio 
(VSWR) with the slotted live easy, tho. We 
tre looking for avai of yyy he mien 
Wola ui he He ad Eye he al 


Ean 


vswn 


However, there is slight. complication of 
YEE Ht Egy atl Ey, 30 att Fd thes, 
som must Rt’ determine the highest voltae 
Feud ou Uso ameter, Ey and the Tawest voltae 
eae on the meter, Ez saith the same setting, 


Uses: Measuring frequeney cdticobis Gasbhe be taceals Cone 
Frequency can be measured with the slatted se along the Tine. New, Byyyy = By + By and 
Tinse in teva wi ers: Ho dines between mull Ex Bs mo thet 
Ds atmo hale senvelength (1/2) or the Bete 
vswn = EEE 
Au ever snpler nial to set the meter ty 
” fi weak (100) atthe ies realing ad 
co = teadine the VSM dct fo Fg 
sc at 
no a F 
TOA agent fa a) bere etal 
GEE Li Pty aoe pee 
rH 
ee AWW. BOR 
Ee ln to eg tir ga Fa, Cle Ment eer. Ei 


Fig, 5, Left. VSWR scale. Fig. & Right. Impedence 


Impedance measurements, 


Ths a Mile Iirder to messine impede 
Int even its not had if yom do it step ye. 
First, consider the high Smpestance on yet 
Tine whew sour antenta i ope ue shorted. 
Perhaps sou dont think of Has a change in 
impeance, ‘This i what we are looking for 
Renwerber that those x deft eelationship 
Trehores fmperince. i Trequeney. Pig. 8 
slows the valtoge relathinship between & shat 
Sunt open. Ona short set the poe fa rl 
fin isually the fist all fron lod end of 
the’ slotted fine, ‘This will he wr reference 
ft, Yon wil aot that shen the load pot 
open there fa shift of 90" or + quarter 
wavelength eiler side of the reference pomnt. 
This sds np. ts one hall wavelength. Ane 
fimpedance between infty ad rer ohms 
Su ie somewhere along the Fall wavelength 
Ui the fine Tt willbe noted ats open 
‘eqiiistent foun the relerence poi toad 
the genenstor and towed the ld, huwever 
the fine has wuved tenet Toad Ceapuet- 
tive raglan). Ta measure: thie reactance 
vw eeplnee the hae Mat we measure ith 9 
short We set out probe to the fist miami 
reading frm the aad end of the slotted line 
Mark this spot witha seribe. Thie tour ek 
rence point, Naw we remave the shore and 
SE1d our load wider measirenent. 1 il be 
fied that the voltage hus maved upward 
Sve the probe toward the loud Ifthe vol 
ng goes denen, yt aw bing inthe lt 
ilreetion, Hthe Vela surts to 0p bane 
AKreetion too the gentators Move, the 
Dube as above to the sew iil it and note 
the ection that the probe Tay een moved. 

Hives a stepby-step example. Prt, youl 
rye the feegency and wavelength, VSWR, 
iret of probe, stance, hetweenteler 
fence point and new nl, ad impedance of 
TieaBted le . 

Lets say ae we messuted the fancy, 
fhe dstance betseon the mall points as 13 
tin This al the ssavekonthy so the a 
Tooth i 24 ca. The frequen fr HUO00/24 9 
1230 ie 

‘Let's say we nese HO a8 masini and 20 


the VSWR: * 
Tee +E = 804 a0 = 100 
Erse tho & 

vow = M0 = 1 


(Or set Fy to 100 be adjwtinent of Ih en E: 
would rend 25 om the meter VSWR of 106 
ly Fig. 5 

As In Fig. 6, the probe was maved toward 
the Bt, 

Lets assmme the isan fon the reference 
point ty the now mull was 2 cm, Wht part of 
A wavelength 6 2 cm? Wavelength is 24 
$0.2/24 = 053 wavelugt 

This i a movement 
toward the Toad 


(083. seavelengths 


Fig. 7. Smith shore for doerminiig_ impedence, 


“The slatted line ase fas an tnpedlance of 
50 hw, 

Werare some ready tn pot this formation 
voy the Smith chart (Fig. 7, beter get out Sexe 
naif elas 

Draw the VSWR citele ut the prime center 
witha nidis of LO 

Draw line foun 089 vavelength toward 
the Il from the prime center 

At the intersects of the civcle and tine 

ott resistance cirele ta 7 an 
pacitive reactance cielo to 31. Our 


= 37155) 
Well, there we ume wh the tyes your 
slotted ‘coax line can ds besides telling” you 
at soatte on the ai A cemmercta) verse 
wok! cost $750, 1 guruntee that youll get 
Your dalla’s worth ont of this ne a tt costs 
fess than SE to build. T hope thit t efps vou 
et on 1350 me 


SoNE DIRECTIONAL WarnMeTERS 
AND ANOVEL VowR METER 
Pt Munn O3PDAt 


in the sampling cieuits which detect the 
transmission ine curvent and voltage 


This asic problem con he solved by the 
use of conventional Itayped eomponents 
instead of the distributed parameters of a 
tragsmission fins, The line voltae 

voltage divider, rath 
resistor and some distributed capacttance 
The line ctrent can be monitored by @ 
properly designed current transformer. in 
Mead of an inductance and resistance. Hig 
Frequency current transformers coast of 
primary and secondary windings on a ferrite 
‘oF rom dust toroidal core, with a low value 
seross the secondary 


of oad 
winding 


All SWR bridges and directional wa 
meters need 10 generate wo de voltages 
propottionsl to the orwanl and reflected 
voltages os currents of the transinission line. 
To achieve this one has cilher the eucrent 
deieetor oF the voltage detector providing 
no antiphase signals so that addition and 
subtriction can be performed, 
A Frequeney-Independent Directional Watt 

M. B. Allnson G3TGD, has designed a 
watlmeter using the above principles, where 
the low resistance inthe current transformer 
secondary circult [S split into two equal 
puts. The center connection is taken to the 
Noltage sampling point so dal stim and 
dilference voltages are available at the ends 
ff the transformer secondary winding, sce 
Fig. | 

With (wo meters, this cirewit can be used 
as a versitile calibrated directional watt- 
moter over the freqneey range 100 kHe 10 
70 Mila, with am accuracy of about 10 per 


ig 
dzeconal wauimeter due 19.G3TGD. Th Io 
‘eter indiate forward and reflected pow 


Circuit of the basic frequency dependant 


cent, Precise caleutations of SWRand trans 
micter efficiency can he made 

Maximum sensitivity with a SO A meter 
is less than five avlibvatts, but with the 
ruitiplies resistors specified in Fig. 1, full 
scale deflection corresponds to power of I, 
10, 100 and 10G0 watts. Calibration 
noninear, because the instrument semples 


‘described in Fig. 


6 


lg, 5 nea and logaithmke sales. The inherent 
xdvanagss of tho Togatinnic form ses immedi 
ety obviows 


voltage, and power is proportional to voltage 
squared 

Unfortunately, fo transmission line im 
ppedances are in. common use i coaxial 
systoms: S082 and 7502. As its not possible 
to design insiraments whose sensitivities are 
independent of line impedance, some com 
ponent values must depend on the ime 
predance in use. For simplicity, only one of 
the voliage driver resistors need be changed, 
‘hut instrument calibzation will be different. 
By changing the current transformer resis- 
tors ay well as ome of the voltage divider 
fesistors, the calibration isthe sime for boll 
Tine impedanees. This technique has been 
adopted here, and the calibration curves in 
Fig. 2. ae comect for 50 o¢ 752 lines 
provided the resistor values in Tuble 1 are 
used, 


The Logarithmie Wattmeter 

‘The basic instrament ean be simplified by 
including. 4 logarithmic network 89 tha the 
power range switeh is redundant and a ingle 
meter scale can be used for powers from, 


say. one watt to 1000 watts. A logarithmic 
scale has the I, 10, 100 and 1000 watt 
points equally spaced'(see Fig. 3)- 

‘The advantage of a logarithiic instru: 
‘ment is that one can measure very. low 
reflected powers and very high forward 
powers simulaneously with the same pes 
centage accuntey, without having to switeh 
meter ranges. 

It is simple to add a reasonably accurate 
wide-range logarithmic network to the meter 
im Fig. 1 (see Fig. 5), The basis of its 


Fig. 4. Smoothed experimental plot of the current 
Ijaltagecherseterie of 1N4GO2 scan function 
lode, showeng Ws logartheee properties. 


operation Is that the vollage dropped across 
a forward-biased pn junetion diode i pro- 
portional to the logorithm of the current 
passing through i (ee Pig. 4). To teduce the 
potential dynamic range of the cleult, a 
relatively insensitive meter is used, and. a 
small resistance is added in series with the 
loganitimie diode 10 restore 2 logarithmic 
form to the scale (see Fig. 6) 


Fig. Bane wideronge logarithmic comvectr, 


An experimental logarithmic wattmeter is 
ston in Eig. 7, Figure 8 gives the calibra 
tion scale for $0 or 750% lines, provided the 
orrect resistors are used (Table 1). 


A Direct Reading SWR Meter 
A particularly useful device would be an 
instrument giving a direct measurement of 
the standing wave ratio on a transmission 
line, independent of the absolute power 
levels or the frequency in use. Such an 
instrament, with its single meter, would be 
ideal for incorporation into transmitters and 
transceivers (especially with the physically 
small sampling eircuits associated with 10. 
The swr can be expressed in terms of the 
forward and reflected voltages according to: 


Eft 
Er 


w 


We wish to generate this function elec 
tronically, so that outputs of the two detec. 
{ors can he used to generate a meter curtent 
proportional to SWR-This would be rather 
tedious, though not impossible. 

Conveniently 
(1) shows that 


‘manipulation of equation 


Ee = SWR +1 


SWRI 


@ 


which although not proportional to SWR, is 
mathematical funetion of it only. Electronic 
division of Er by Ey i easily done by taking 
logarithms and subtracting, That is 


log Ey =loa Ep - tox 8 
Er 

2 2 

Ro anda D 2 

a2 220 180 


Yas for R2_ RO ane RA to be ute in 50 ee 
7882 ranamisno lines 


In Fig, 9, the two silicon diode voltages 
ate proportional to the logarithms of their 
terrents, which in tums are proportional 10 
the forward and reflected voltages. The two 
lode voltages can be subirucied diecly by 
connecting a meter between them, rather 
than from each one fo chassis, 


Fig, 6, Chet of the loperthmic directional 
Irattmeter BS and D4 are matte (ae te. 


The meter cannot be calibrated linearly in 
SWR, heeuuse of equation {2}, and becuse 
the circuit does not Lakeantislogarithmsafter 
subtracting the logarithins, The outcome of 
this is beneficial: the SWR meter is ine 
sensitive as the standing wave 

Ll, This is where one 

to make the Gnal 


creasingly 
ratio approaches 
wants 


most sensitivity 


Pig An expecimeatalJopsrithinle watemeter 


adjustments (9 verial arrays, 9 measure the 
Nariations in SWR over band, and 50.09. Fig 
10, shoves calibration curve for SWR meters 
Natwrally the meter sensitivity cannot be 
‘completely independent of the power level 
fn use, Accuricy falls when the reflected 
power is less than about ball a watt (thts 
Corresmonds fo. an SWR nf 1.05:1 when the 
Forward power is 1 KW), 

[A differential amplifier vould be added to 
the circuit of Fig. 9,16 enable a loss wensitive 
meter 10 be used 


Fig. & Calibration curve for logaithmic wart 


a 


Construction of the Instruments 

Layout of the sampling circuits & farty 
critical, see Fig 11. The input and output 
sockels shou? be sets few inches apart, and 
connected together with 3 short length of 
coaxial cable, The coax braid must. be 
exounsled at one end only, sothat itacts as an 
tlectrostaile sereen hetween the primary and 
secondary windings of the toroidal trans- 
former, Twalve turns af 24 AWG enamelled 
wire, equally spaced around. the 
ferenve of the ring, form the secondary 
‘winding The primary i formed by simply 
breading the emg onto the cow 


A. suitable ferete ring isthe Mulland 
FN1596, made in England, although other 
types are suitable, The FN1S#. has an 
ouside diameter of half an inch, and 
Uesigned for wideband sf applications be- 
tween § and 20 Mltz, The main requirement 
is that the ferrite material should maintain a 
high permeability over the frequency range 
Other vomponenis in the sampling cir 
cuits shoul! have the shortest possible Teads. 
RI, R2 and RB must be non-inductive solid 
carbon types: for high power levels (about 
100 watls) RI should consist af two or three 
2 watt carbon resistors 49. parallel, VRT 
Should be @ miniature skeleton patentio- 
meter lo keep stay reactance (0 x minima, 
although {may be dispensed with by trying 
resistors for R2 until the 

reflecled madicalion under matched condi 


various fixed 


Fig, 9 Complete circuit for» powerindependent, 
frequoncy-indopandent dreetreoding SWB mete, 


‘The detector diodes need to be matched 
Tor simllae voltage drop, using the circuit ia 
Fi 12. Point contact germanium types with 
4 PIV rating of 80 volts or &9 are recom: 
mended, 


Logarithmic diodes should) be modem 
mediam-current siicon junction types. sich 
‘is conventional reetifierdiages, The IN4OO2 
is spectally recommended for Hs good logs 
rithmic pronerties. Lag diodes should also he 
fvutehed with the circuit ia Fig, 12 

‘The 0.01 uF decoupling capacitors should 
bea die ceramic type. 

In designing a toroidal transformer differ 
lent to that specified, several factors should 
bbe borne in mind, AS the number of secon 
dary the selieapacitance 
rises and causes the response to fall at igh 


ig, 10, Calibration curve for SWWR ators af the 
type disried in i. 9 


frequencies. Failure of this nature cuuses the 
rellected power indication to rise: in other 
words the directivity of the instcament falls. 
IF the 279 resistors ae raised appreciably ia 
Value, the instruments will eventually be: 
come feequency sensitive 

‘The ratio of the voltage sampling resistors 
(BI and R2) in the FF designs is determined 
by the sensitivity of the current sensing 
eireuil, and the two sampling voltages most 
be equal in magnitude under matched con 
ditions. VRI provides fine adjustment of the 
rut. Absolute values of the resistors ean be 
varied considerably, bering in mind that as 
Ueir values imerease the stray capacitance 
across them may need to be compensated 
for. 

Useful Equations 

Let the line current be I amps, the tine 
vollage be V volts, and the characteristic 
impedance of the transmission line be Zo, 
‘Then V= IZ, 

Ii the current transformer has a ratio of 
Lin, and each of the resistors in its secon- 
dary circuit has a value of RQ, then the af 
‘voltage across each of them i given by 
IR 


va a 


The lige dtsstor ep i oviouty 
Vio oR 
RiP RR RD 


Yor 20 
Which is, 0-4 good approximation, 


Ro 


Fig. 11, Photograph showing leyout of senting 
‘ults aod in an oxpirmental ser meter 


‘The main design suliog for ia) he HF 
instruments is tberafore 
RR) 
Ra os 
whew the value for R2 includes the effect of 
Vai, if fited 
The disipation of wome of Ue: com 
ponents spectted is qute high. For thot 
Penning iifferent ceuits, the ‘ollowing 
Eauations expres the dination of RI abd 
the coment transformer resistors 
Zo 
wean its 


where Wis the transmitter omtput power 


We 
WR aozy wats 
In the instruments described, WeR 1) is about 
5 watts, and Wp) 2 watis for a transmitter 
power of $00 watts 


Calibration 

Fany of the instraments are built exactly 
as described, and used in systems of the 
correct inipedance, the calibration given in 
Figs. 2, 8 and 10 will be sufficiently accurate 
{or most purposes. For those designing their 
‘own circhits, the following procedire i 
recommended, 

Test equipment needed includes high 
power of source (a transmiller) and an rf 
voltmeter. The instruments can be calibrated 
with Tess aceuracy without the rf voltmeter 
The wattmeters aze calibrated by feeding 
power through the meter into an appropriate 
dummy load (30 or 730), VR is set for 
minimum reflected power indication, and 
the power scale is marked accardiag. ta the rf 
voltage appearing aczoss the load. IP an cf 
voltmeter is not available, 4 peak-reading 
type can be made with a diode, capacitor 
and de voltmeter. As the detector output is 
equal (© the peak rf voltage applied to i 
‘equation (4) leds to 

Ro 


q 


Vode) = 28 ¥ 


0 


Ik would be dificutt for most amateurs to 
obtain sufficient high power carbon resistors 
to calibrate an SWR meter by means. of 
deliberate mismalchigg. An inditcet method 
Js therefore recommended 


Fig. 12. Hookup ckeuit for matching detctor 
oder for equal farvard vatage drop, and sicon 
Junction diodes for similar lgarthme properties 
The meter shouldbe ex seatve os possible oa 50 
MALIed) and should not defies appreciably a2 
otage wares betwen sero and nine voit 
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Fig. 15. Creuit und to calibrate SWR meters(oe 
text) 


Disconnect RS and R6, Fig. 9, fom the 
detectors, and connect them instead as 
shown in Fig. 13. One voltage is fixed at 
about 20 volts, and the other is varied 
between zero and 20 volts. The ratio of 
these vollages corresponds (0 adefinite SHR 
‘whieh ean be determined from equation (1) 
Before camying eut this procedure, however 
‘VR? should be set for full scale deflection of 
the meter under matched conditions at the 
highest power level to be used. 


Conclusions 

All of che instruments deserlbed in this 
article have been tested under actual 
operating conditions, on all amateur hands 
between 1.8 MHfx and 30 Milz. Power levels 
used varied from 100 to 1200 watts. With 
{Ue components specified, the instruments 
will sustain power levels well abore the 
kilowatt level for periods of tens of 
seconds, 

11 is hoped that by introducing frequency 
Independent directional wattmeters, one will 
bbe able 10 make useful comparisons of 
absolute power levels and accurate assess- 
iments of standing wave situations. The 
logarithmic scales aze an added convenience, 
and the diectreading SWR meter offers 
saving in meters, 


‘SWR BRIDGES USING ZERO.CENTER 
METERS, 
John Schulte W2EEY/K3EZ 


The basic coaxial cable swr meter, which 
samples bath the forward and reflected 
voltages on a transmission line, isan essential 
instrument in setting up an amateur station, 
Although a low transmission line sr in isl 
doesn't guarantee that an antenna system 
will work, knowing what the swr Is remains 
an essential bie af information in evaluating 
the slaius of the transmitter/antenna inter- 
face, 

“The virtues of the usual coaxial line swr 
meter ~ economy and simple circuitry ~ are 
offset by the awkwardness involved in using 
the instrument: that is, switching back and 
forth between “forward” and “reflected” 
switch positions and adjusting a sensitivity 
control for sull-scale deflection in the for 
ward position. This awkwardness of opera: 
tion is parily relieved by dual-instrument swt 
meters so the forward{reflected switch is no 
longer necessary — but the cost of the 
insirument Increases, ‘The awkwardness of 


‘operation can be completely ralieved by 
special cual movement meters with crossing 
Pointers andor special circultry, but then 
the cost really soars, 


Another approach is the usage of some 
ifferent circuitry to detect the swe which 
‘ean then activate a zero-center meter so one 
can peak up the antenna coupler, etc, For 
minimum swe on a transmission line with the 
sume ease as one tunes an FM entertainment 
Feceiver for a zera-center reading on the 
discriminator meter. In the end analysis, 
practically no line is set up for any specific 
svt, but simply for the lowest swr that can 
be achieved. So, why not make the process 
assimple as possible? Circuitry to-do this has 
actually been available for many years and 
was especially developed for use wiih the 
automatic servo-tuning of military tans 
mitters. The zero ouriput when tuning con 
ditions were correct, and the plus oF minus 
‘output when they were not, allowed, after 
sufficient power amplification, the active 
tion of motors te tune transmitter PA task 
circuits, coupling circuits, etc, Now, with the 
economical availability’ of toroids and 
imported zero-center meters, zeo-center Swe 
type circuits can be applied to amateur usage 
and meet the criteria of being easy to 
construct and economical, They offer a real 
challenge 10 the conventional type of swe 
meter, especially when one Is using a mult 
bband antenna and tuner arrangement, or just, 
eaves an sie meter in a transmission line to 
verify that the line sor is holding constant, 
In the Former ease, one usually knows the 
approximate transmitter/iuner settings on 
‘each band, and the swe meter is used to peak 
up the adjustments. Such peaking-up, as 
mentioned before in the case of an FM. 
receiver, is certainly facilitated by just 
having Lo look at a zero-center meter. In the 
latter case, a zero-center meter will more 
reaclty reveal slight changes in transmission 
line sr from an established norm, Pethaps 
the only place where a conventional swr 
meter is sill to be preferred is when one is 


igure 


Figure 2. 


ealing with experimental antennas where 
fextreme swrs oxist and a conventional swr 
meter can help to more quickly obtain 
“ballpark” antenna coupler or loading coil 
settings. The zero-center type circuits 
‘operate on a slightly different basis than the 
Conventional swr meter circuits, and just a 
brie? review of transmission line operation 
will be helpful to understand the different 
basis for the functioning of the two types 


Hf a transmission line is attempting to 
deliver power to a load, both voltage and 
curzent values exist along the fine. iF the 
antenna load impedance is resistive and 
equals that of the line impedance, all the 
power feed into the line reaches the antenna 
less any power foss in the line itself because 
ff the line's inherent lass Ifthe load is not 
‘equal ta the line impedance or reactive, part 
ff the power the Tine ties 10 deliver is 
rejected by the load and reflected back along 
the Tine. This sets up_ standing waves. of 
voltage and current which are not in phase 
with the original voltage and current waves 
the transmitter is trying 12 “pump” into the 
line, 


Conventional swr meters sample a portion 
of the voltage or current wave traveling 
towards the load and a sample of that 
traveling back from the load, The relative 
amplitude of the two samples isthe swr and, 
Of course, the desired condition is that there 
be no reflected! wave from the load. I there 
is no reflected power from the load, the line 
Is often referred to as being "flat." This teern 
is a bit misleading. Although the reflected 
ower may be zero under matched con. 
ditions, the power flowing 10 the load via 
the line will still set up normal sine wave 
disuibutions of voltage and current along 
the line. 


Another way 10 sense that the load is 
matched 10 the line js 0 determine first af 
all that the phase difference between the 


9 


voltage and current on the line is zero and 
that the ratio of the inphase voltage and 
current is correct for the impedance of the 
line being used. If there ig no reactance 
present ia the foad, there will be no phase 
difference beiween voltage and current, ain 
any ac circuit feeding 2 resistive load, ifthe 
Toad is aot only non-reactive but also of the 
correct resistance, the ratio of voltage and 
current on the tine will have a definite 
relationship correct for a aiven line impe- 
dance. The zero-enter meter circuits are 
designed to monitor both of these line 
conditions, 


Practical Circuits 

Two separate circuits are used to monitor 
the Line conditions just descried. One cout 
switch a separate zeroweenter mater between 
the two line monitor circuits but with 
imported zero-center meters available for as 
low as §1.50, itis hardly worthwhile to do 
so. (A good source of the 100-0-100uA 
meters needed is Edlie Electronics, 2700 
Hempstead Turnpike, Levittown NY 11756, 
‘Their meters with of¢er number DAT98 or 
DA792 cost only $1.50 but they have a 
$7.50 mail order minimum.) Also, for many 
installations, itis not necessary to use both 
sireuits, For instance, in a home installation 
Feeding a set of various fixed antennas, it 
would probably be of primary interest’ to 
have the impedance monitor circuit 
(voltagefcurrent ratio}. Once the antennas 
have cen set up anc operate satisfactorily, 
fone would primarily just be interested 1 
know that some impedanoe conditfen on the 
Tine has not changed. In 2 mobile Tostallae 
tion, where some reactance cancelling L or C 
needs to be adjusted with frequency 
changes, it would be of prime interest to 
have’ the phase -monitor circuit once the 
installation has been initially sot up for a 
‘correct impedance match, aad the eactance 
cancelling component only npeds adjustment 
during 2etual operation 


Phase Monitor 

Fig. 1 shows the circuit of the phase 
imonitor. It is a basic discriminator circuit, 
The voltage on the transmission line to 
ground is sampled via RI. The current on 
the line induces a voltage in the windings on 
the toroid placed in. the line which, of 
course, is 90" out of phase with the voltae 
sample. The voltage proportional to the line 
voltage is divided across RT and R4 (Cl and 
2 are sf bypass capacitors}. The voltage 
Proportional to line current (across. the 
toroid winding) Is divided bevween R2 and 
3. Referenced to the center point of R2 
‘and R3, these voltages are 180° out of phase 
with respect to each other and either ane 
‘90° aut of phase with respect to the voltage 
across R4, The voltages across R2 and R4 
are reeified by D1 and, because of the diode 


polarity, produce a voltage with the polarity 
indicated across RS. Similarly, R3 and R4 
and D2 produce a voltage ‘of opposite 
polarity across R6. When the transmission 
Tine current and voltage are in phase, the 
voltages acrass RS and R6 are equal and 
opposite, and the resultant voltage output 
which drives the meter is zero. For an 
‘uit-of-phase condition, some output voltage 
exists whose magnitude indicates the 
imount of the phase difference and whose 
polarity would indicate whether the line 
voltage leads or lags the line current. 

One could actually calibrate the output 
meter for different magnitudes and direc: 
tions of phase difference, but this would be 
very tedious and not of real use for just 
checking the adjustment of a fine for reac- 
tance cancellation. The only calibration that 
has to be checked is to excite the circuit inte 
a resistive dummy load and 10 be sure that 
the zero-center feature works. IFit does not, 
it Indicates that some unbalance has been 
introduced during construction oF some of 
the components (R2/R3 and RA/R5) are not 
closely enough matched, If the meter excur- 
sions off zero center become too violent 
with a high power transmitter, some add 
tional resistance can be introduced in series 
with the meter to limit the maximum 
current flow, 


Impedance Monitor 
Fig, 2 shows the circuit of the impedance 
monitor, which is also a form of discrimin- 


ator circuit. Samples of the transmission fine 
Voltage and current when they achieve the 
desired ratio produce an output voltage from 
the circuit which is zera, As in the previous 
circuit, a toroid placed around the center 
Conductor af the transmission line develops 
boy transformor action a voltage proportional 
to the Tine current. A sample of the line 
voltage to ground is taken via the variable 
capacitor C5. Unlike the previous ciecut, 
both the sampled voltages are rectified, 
Producing voltages across load resistors R3 
and R4, without paying any attention to the 
hase differences between the sample 
voltages. It is only the amplitude of the 
sample voltages which determines the ampli- 
tude of the voltage across Ri (for the line 
voltage) or across R3 (for the line current). 
Because of the diode polarities, the voltages 
across R3 and R4 are of opposite polarity. 
They will cancel when equal, producing zero 
output voltage, and since CS fs variable, this 
condition can be set to occur at any desired 
Fine voltage to current ratio 

‘The difficulty with this circuit is that the 
sample voltages generated by the toroid 
transformers and the C3 coupling are fre- 
queney dependent. The rest of the com- 
ponents in the circuit (RI/C1 and R2/C2) 
‘ae there 10 help eliminate the frequency 
sensitive output of the coupling elements 
‘ver a reasonable range, 

Sis set with C1 and C2 at mid-range to 
provide a zero voltage output from the 
circuit on 20m when the Fine fs terminated 


in a cesistive foad equal to the line impe- 
dance. Going to 10m, C2 is adjusted to 
restore balance and on 80m, Cl is used to 
restore balance. The adjustment has to be 
‘gone through several times before a good 
balance is achieved over the entire HF range. 
Ii would be possible to calibrate the meter 
with different value load resistors for differ 
ent swrs, For high value foads, the meter 
would move off center in the opposite 
direction for low valve-loads. But, such 
calibration would only hold true for non- 
reactive loads. 


Construct 

Many conventional swr bridge circuits 
have been described over the last year or two 
in amatcur literature where a toroid trans- 
former, rather than a parallel wire to the 
center conductor of a coaxial line, has been 
Used as a pickup element, The construction 
‘of such units applies equally well to the 
Circuits shown here. It is only the circuitry 
following the pickup element that is really 
different, plus the added RI pickup in Fi 
1, oF the CS pickup in Fig. 2. Note that it 
doesn’t matter on which side of the toroid 
these pickups are placed. However, as in any 
rf circuit, all leads must be kept as direct and 
as short as possible. The circuits shown are 
for the HF range, but by changing the toroid 
and values ofthe bypass capacitors, they can 
be extended, by experienced experimenters, 
into the VHF range, 


Chapter II 


How to Measure RF Impedance 


‘THE ANTENNASCOPE ~ AN EFFECTIVE 
‘TOOL 
W. R, Carruthers VESCEA 


There are two types of antennas, com- 
mercial and amateur. A commercial antenna 
is generally designed for one frequency, has 
many acres of ground around it, no obsirue- 
tions and miles of heavy copper eable buried 
underground to provide an 

ground, These antennas work as de- 
signed ~ very well. The amateur antenna, on 
the other hand, is just that ~an amateur 
sdesign and construction, 

‘This antenna is subject to all ils, roof 
tops, buildings, trees, TV mas, house elec- 
tric wiring, telephone wires and what not 
Ws wonder they work at all! Bul they ean 
bbe made to work and thousands of amateurs 
make them work. They make them work by 
pruning or lengthening the feeder cable and 
by using en antenna coupler. ‘These ate 
always empirical steps, the “Net's cut and try 
tnd see what happens” method. How much 
helter it would be, and a time saver too, iF 
wwe tested our antenna systems electrically 
and fnew what was happening and then 
ould take intelligent action to pat the 
‘whole antenna system into resonance. 

“This fact is well known ~ an antenne ean 
only accept power and. radiate properly 
when it is operating at its resonant. f 
ueney. This is no problem for the com 
mercial people who’ operate at one. fe- 
‘quency. ‘The amateur, however, wants to 
“roam the bend” and’ may wish to operate 
lover frequencies hundreds of thousands of 
ceyeles wide, even megicycies wide. How ean 
hie do this with a fixed antenna system? The 
‘answer is, he can’t! But he can construct an 
antenna system for a cerian frequency and 
luke the penalty of reduced radiation when 
hhe moves far away from it. However this 
actually works very well, because each ama 
tear has his own particular part of a band in 
Whici he likes to operate ~ and his friends 
tend to stay there too. On this particular 
spot, the amateur works diligently to “pul 
uta good signal” 


‘The question arises ~ how ean we make 
sare our antonaa system is radiating well at 
the particulaf frequency we wish to use? 
‘One answer ie to use electrical test equip- 
rent to show us what is happening on the 
Whole antenns system, which includes the 
antenna and the feed line. 

One of the most useful devices for this 
purpose is the 1 bridge, generally called the 
Antennascope. Iti simple device, ine xper- 
‘ve (o construct and very effective in 
resulls, tis usually powered by a grid dip 
Oscillator. Such bridges should be used at the 
junetion of the feed line and the antenna 
‘and will show the resonant frequency of the 
antenna itself and the radiation resistanes at 
the feed point. 


Making such measurement up in te air is 
4 diffieult thing for the average amateur and 
Impossible for those whose antennas are 
supported at the ends. If we are willing, 
however, to accept a small degraation in 
reals, we can use the rf bridge at the 
Station end if we have a half-wave, or 
‘multiple of a half wave, foed cable. At every 
Ill wave point on a feeder cable the voltage 
and cutrent vectors are in phase, which 
Simply means that the electrieal condition 
seen at the end of the cable is repeated every 
‘half wavelength in the eable. We ean use the 
27f bridge then, at the station end of the feed 
Tine, if we are willing to agree that the results 


— 
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Fla 1, 100" Fensing Test Ho. 3, 


‘ill pot be 100% but reasonably close to it 
‘The results wil be affected by all the vacious 
factors that affect amaleur antenna res0- 
nance and these effects may give us some 
peculiar results, but they can be overcome 
And the final results may be quite valuable to 
us 

Let me give you an example to illustrate 
what I'm talking about and to show you 
Bow effective tie use of the 1f bridge ean 

‘A friend of mine constructed a 40 meter 
inverted V antenna, held at the feed point 
40° up on his beam tower, 66" legs down to 
supports which held the ends about 8° off 
the ground. Feed line was 100" of Twin 
‘Amphenol cable, velocity factor 68. The 
fantenna was difficul to feed, swe was high, 
radiation was poor. He asked me to have 4 
look (electrical) at it. 1 took my grid dip 
meter, r/ bridge and viv, 

The first thing done was to check the 
feed line length. 1/2 wave length at 7.1 MHz 
was 492 x.68/7.1 or 47.1 feet. Two 1/2 
wave lengths (Lo gel into the station) would 
be 94,2 fect. 

‘The fiat conclusion was thet the Feed line 
was 5.8 feet to0 long. 

Next Test No. Twas made using the rf 
bridge with results as shown in Fig. 1, the 
results being shown in table form and’ also 
plotted in graphical form. 

‘it was obvious from this graph that the 
antenna system was resonating outside the 


5. Placing the component 


(Once the pad has been prepared, 
the companent hasta be placed 
Since all solder ons of @ BGA are 
hidden under the component body, 
‘component placement units re- 
‘qred. Sucesstul visual placement 
by hand requires an operator wth 
ertensive experience and excelent 
sil. the components placed on 
solder paste deposits, great care 
has tobe taken not to squash the 
solder depot, since doing so may 
lead to shorts after soldering, 


6. Resoldering the BGA 


The component is healed to the met- 
ing temperature ofthe solder aoy 
used via a conrad temperature 
curve. The heating contnwes unl 

all solder joints have meted and 
remained so for some seconds. 


During this ime durable and lasting components. Subject othe ype of 
solder joins are formed. ter ‘connections (wired, hidden) they may 
resolderig, the board is caledin slightly vary 

‘a simiar fashion as had been done 

ater desldeing 


‘These process steps are gener 
aly applicable for al surface mount 


Rework Repat of highterminal co 


tte 


v 


‘Dimensions an properties of the assembly have an inuence on its 
temperature requrement 


1 PCB holders and supports keep the assembly fa and prevent warpage 


‘VA gonte and conroed heating proces, coninvously monitored, prevents 
damage of components othe board 


1 Accurate component placements a prerequisite fra good soldering result 


‘Operators that are wel aned wal understand the process and ensure 
good results 


bband as shown by the dotted lines. This test 
‘was repeated and the results were taken 
dovn to 6.¢ MH, They showed the system 
to be resonant at 6.6 MHz 

Test No, 2 was made next using the feed 
line cut to 94.2 feet. Fig. 2 shows the 
results. 

{It was obvious the resonant point of the 
system was rising. 

‘Test No, 3 Was made next, cutting the 
feed line to 91.2 feet long. Fig, 3 shows the 
results 


‘The resonant point was rising, but not far 
‘enough yet 


“Test No. 4 was made using the feed tine 
‘cut to 88.2 feet long Fig. 4 shows the 
results Tb Was obvious that we were very 
Si eee 
Be 


lose to the resonant frequency of 7.1 Milz 
Which my friend wished to use 

Test No. § was with 85.2 fect in the feed 
tine, Fig. $ shows the results. 


‘Test No, 6 was with the transmitter (300 
watts CW) and antenna coupler connected. 
‘There was no trouble in loading and no 
tuouble in balancing the coupler to obtain an 
swr of 1(0 1 rt, 

"The results on the air were interesting, 


519% reports to the Eastern half of the 
U.S.A, 5/8 reports to Germany etc. Com 
clusion:' The resulls shown above are not 
precise, nor can they be expected 10 be 
precise, There are (oo many unknown fac- 
tors entering the electrical picture, such as 
those which required a shortening of the 
feed line, in this example, to somewhat less 
then a half wave length. But the bridge 
showed us the over! picture and suggested 
‘whal was required to be done. The on-the-air 
results show that it was ging us a good 
picture and a resull that was very Satis 
factory for my fviend’s needs, 

Why not construct anf bridge and check 
you own antenna system? T suggest it will 
pay off and be very informative to you, 
showing you what your antenna system 
looks like electrically and what to do to 
bring your whole systom to the resonant 
Trequency you wish (o obtain. ... VESCEA 


HOW TO BUILD AN ANTENNASCOPE 
Paul Franson WALCCH, 


A type of simple bridge used for measur. 
Sng andenna impedance is called tho 
‘Antenaascope, shown io Fig, 1. This brides 
Js designed for low poweroperation — a grid 
dip moter usually gives plenty of power. It 
should be built very compactiy with short 
leads. The potentiometer should be of high 
quality; an Allen-Bradley Type J is fine, The 
bridge can be calibrated with regular com- 
position resistors. Simply connect the resis 
{ors in turn Lo (he antenns tesming] and 
sjitst the pot until che meter reading dip to 
zero, Then mark the value of the resistor by 
the pot pointer, In use, the meter reading 
will not null completely except for resistive 
loads, so it will not read 2er0 for reactive 
antennas, Nevertheless, the minimum 
reading. will occur at the approximate impe- 
dunce reading, Remember that ail antenna 
bridges should be used between the anteana 
and the transmission line 


Fg. 1. The Antonnsacope is @ simple antenns 
Inedanes bridge, It ahold be constructed eam 


Davy Yor bast ih Traqueney ae 


‘THE MARK 111 RF IMPEDANCE BRIDGE 


Mark Cholewski WOCRT 


N20 to measure the input impedance of that 
ew bern? Or maybe ta find oct Just What 
Js tho Q of the oils n your nai? Or even to 
detarifne have muh sighal is beng soaked up 
by your coon? Tr you ever want to do these 
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be any sinilar jobs then the Dark IIL RE 
Impedance Briuge ie the thing Zor yx, 

"You can bil ie fora total eat of bout 
00 [exelusive of sheet tal) an 1 yom fot. 
ley anstructiony elegy, Te will be aceuvate 19 
(loser than 10 percent throvehoot ie operate 
lng rwige. Unie the nore comin restive. 
lirkdge and reflectometer methods of measuring, 
impedance, the Mark It operates equally well 
at reeanance or far away. Te vill messire both 
eslstance and yoactance prevent in resisters, 
Eapacitore, indovtans, antennas, and Cranes 
fiom linee at any Teequenay betwen 2 en 20 

Before we start into the actoal construction 
‘of the Mack 1, ono thing must be emphasized 
‘Reonracy ean ‘be assured only if the cer 
Ponents, cteuit, and parts lssoct are aber 
Itely doplisated. The original instranents 
talivation wae eblained throogh tedious lab 
ratory techniques, If you make any changes, 
the calibration euevés wil no Tonger apply, 
However, it msirvotiens ste followed tthe 
fotiar you eed Fave no sorties about aceu 
racy. A test mol, bull be WOBJU folowing 
hese instructions, ehosked out to 2 pereant 
AeeUracy at‘ and 10 percont st 30 me 

Construction of the Stork II divides into 
‘nen major sections: Preliminary metalwork 
‘tort wiring snd calibration, ach will be 
Geserihed eptrately. Ready? Let's go! 


Proliminery Metalwork 


1. Gut, all, and bend 4o shape from soft 
sluminum shields $1, 82, and Sd as shown in 
Pige Ch, C2, and 2 

2, Cat, dell; and tap plesiglas insulators Tt, 
42, and 13 from balk rod stock ay shown in 
Bigs, Clland C5. When tapping plexiglas, we 
‘water as Tubrlcant. 

2. Cot, ail, Bendy and solder tubular shia 
SIA, S98, and SIA an hom im Fig. C8. Coo- 
Decor bras inas be used; alunious should be 
voided bocatee of slding acute, 
LAssenbla shielded oasiter aseembly: 2/84 
te shown fn ig. C2. The copper tubing mast 
be drilled ont to clear the body nf Re. When 
fnidering, old the assembly in @ vise to pte 
fece R2 from wxeesive best 

Er Cut, Gril, bend to shape, end solder bow 
shields S1,"S2B, end S88 he shown in Pig. 


ce. 
Ge Dell 95 (a SedxG LAMB wapainved chasels 
hoe)‘ shown in Pig. C2, 

Fe Gut delly and end to shape shield parti 
ion SSA as'shown in Fig- G10, 


Shielded Transformer 


‘While classed vader the “preliminary 
metalwork” section for veasons which, il 
Ieconte obvious, construction of the shelded 
Fanaformer fy the mest crtiea) park of the 
nlire project. eters, procoeding, read. and 
Feread steps 8 throurh 22 and be sure that 
ou anderstand thet fliy. Take spacal caro 
hen solderigy—thiae transformers were bullt 
for the original instroment before a none 
shorted one tas achieved 

A"Ga0 to longthy Gril, and tap transformer 
houuting insulator 1s! from 6/1Gsch plex 
las rod 


2 Cut and drill to bobbin-end washers ax 
Shoven ia Fig. C12 and goldar ther to a longi 
St capper te as alse showin. Then eut all 
fay thigh tho bein with a hack 

1 Poll the shine feom oh ine length 
fo RGBR/U Save 8 ches for step 10 and Ge 
the rest in ste 11 

11 Solder one end of the 10.inck shielding 
info. tio U'shaped slot on the bobbin eng, 
fasing am alumunet rod oe eral del 20 oop 
te inside of tho shividing open. 1t mast pa55 


oii S11 RI. 
‘heninen 
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str U8 
TE) Mar Pl 
we 


No. 26 plasticcov 
buves and solder 
12, Wind 48 turns of ‘No. 26 planticcovered 
hook wre om the bobbin lays of 16 
tirms each. Solder the start of the winding at 
point A (see Fig. C12) and wind in the disee: 
on shown by the arrow 
B.'The last turn Will nd at the sblel 
atiached in stop 11. Food the Tree end of the 
‘wire into the ableding, draw the turns tight, 
land secure the winding with plastic tape. 
‘ploce of brass oF copper shiny stock 
fs shown in Fig. Cla to a length which will 
ferap.arousd the bobbin ‘but will not allow 
the ends af the shim eck to ouch exch other 
15: Tin the shim store along the edges. 
18, Place the wound bobbin tna vise, wrap 
the shim stoek around it, lining wp the tree 
nds of the shin with the alot ewe atop 9, 
Sind wslder the shun tothe bothin ens: Caution 


Do mot overheat the windieg; the pl 

Sng’ melte cosy and short i elmont impos 

sible datece. 

Yo. Conaect 2 $0-210 coox connecter ant 

UG-I71/0 hood to tho shiolded primary lead 

‘ss shown in Fig. C1. 

JB. Wind one turn of Minch diameter halt= 

eter 

form. ‘hown by “phantom 

fines” in Fig. C14, Drill ax shown in Pig, C1 

‘and clean of all burrs. 

30. Locate the Bineh piece of shielding lett 

‘ver from step 10. 

20. Using same technique as instep 11, solder 
into the Meine hole, 


2u'Soldee ne end of ‘nother Length of No. 
Istie-eavored hookup wire to point A. (see 
nd wind theee (uray inside the 
tubing in the direction shown, 
22. Bead. tho free end. of the hookup wine 
through the shielding, Bend the tubing. Into 
nal shape ag shown in Pike C14. Pull up the 
three turns snugly, making sure that the Bla 


Chobe il, Mahl 010 
tone 


C1—Shield A 
‘ey 54 


(CE-Shild can, Mat Alominam 


a 
bs 
ey 
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CCOmIKAHE EME Shield can 35 


ab 


Dhl PSA, Mat 88 


cia shita 2, 


(Cli—hsil ve of pane 


IM Schematic 


Fig, 2-Inide view 


24, Using four pees of Slnch diameter ple 
iglas roe as spacers, asemnble the primary and 
Stcondary shielded ‘windings ax showa In Pi 
(C15. Atiach inmslalor 11 #n the transforine? 
hyp eonating it ito the odin hele with Den 
Cement bath vindinge tn spacers with Dice 
land allow today overnight. Phi complete the 
ranstormer, 

25. Remove tap and bottom from he S10 
utility box. Remove all paist from anges 
lean to bare metal to provide adequate rf 
hice am reassembly 

26, Remove paint trem Inside of bottom plate 
for 92 Inch fn toon each ade, 

27 Rete paint from insite of top ate ak 
shonin Fz. C10 iy "phantom lites” 

28 Deill the top plate ne shown fn F 


iz. C18 
Note that drawing shows INSIDE susface of 
Piste, 

29. Cut shafts of all four vaxloble eapacioes 
fo aineh length. Remove ‘ll rite capa. 
41, Tap she thresholes on the face of each 
fepuetae, using a O82 tap. Take ears nol 10 
‘lonmage the frst ator plates n toitom ap 
fay be ndgusary. Attach thoes type 12 toca. 
flora Cl atl C2, using’ Winthvlong 682 
Set serews as shoven in Pig. 3. This completes 


Actual Wiring 


Bl. Attaeh C1 a 
Ne Secnenone 


C2 40 shield box S6 using 
ng tnnehine revs, Connect 
‘titan ge af CL ta those of C2 with No. 18 
tine wire, as shown in Pigs 8 

ta. Nfogne tir soldering loge es shown in Fig 
Sand eonnect remaining stator lugs to them, 
thang Nov 18 Unned wire 

3 Press the Evie CFeii8 fedcthra into the 
fhivdcneh diauieter Note fa $8. Solder a short 
Nov 8 Uisned lead ‘ean the inside terminal 
is imeatey (he see Install Ta step 
iets sown in Pie 3 


‘34 Attach shield partition 864, usng these 
Wincllong 6-92 machine serews. One of the 
secon inatlled in-atop 37 rst be tempers 
Saeed and saad 
Gb. Altuch fear type 19 Sneulators te shield 
boi 85 us sown in Bigs. 2 und C3, 
Sh, Altaeh thee more solder Jugs to 8h 
fe shown in Fig. &) using W-lneltong 6-3 
ieectlea vee 
Br. Attach four type 18 insulators to shield 
platform 1, using’ the {3-inehspaced holes 
FnSL ond ie screws. Attach $14 to 81, using 
22 eerovs from the inside of SI. Attach the 
female pina socket to StIn the. 7/1minch 
Giamelor Hole. Ateach foxr type TL insulators, 
Using u-ineklong 6:29 aerown, Do sob Lighter 
the erew in the hole marked "Hole A fn Fi 
(Ch; this screw yell hold a cable clamp Inter 
See Fig. J for detaila of insulator placement 
BS. Attneh four type IL insulators! shield 
platform $2, using the 2%-inch-spaced holes In 
Ei and (-Incvlong 6-82 screws, Atlaen S2A 
fo Si. Attach capacter C3 with 1-Singhsiong 
2 screws, using two nua on each seve a8 
shown dn Pig, 4 Moone soldering ge onde 
fone nut a show. Align the enpacitor by ai 
30. Sulder a No. 18 tame wite to the female 
hora socket and pase she wie throueh the 
Eorvexponding hale hn 82. ateach S2 to St with 
Heincioking G32 screws going into the «ype 
11 insulators attacked to SL in stop 37 
‘Atiach Chto akield platen 53 using 
Se-inellong G48 serene wth dual nuts (eae 
Ae it step a8) Atégeh SBA Ly 8, 
iL. Connect tivo of the stator luge of OL with 
No. 18 tinned wire a2 shown ia Pig. 4. Side 
Shleld assembly $4 into S8A, Center ascembly 
Shin Sta, using a piace of i-inch-long insu 
ating tobinge, Make certain that oppeste ends 
GFiSs and S2A are even an shown in Fg 4 
ind ecient tubing in place with Buco, Soler 
fhe theta end eo tetistor R2 (Which ts fu 
Bt) a the wive connecting stalar Jugs af Ca 


4 


4g. Atlach shield platform 33 to S2, using 
Scinchslong G32 strews going inte the (ype 
11 Ynaulators inetaed on $2 in step 38 
4. Place a. uinch-long_ 6-82 sere” in the 
Ange of St as shown 'n Fig, 4, with s solder 
Ing ig. Commect this lu ta the teator lg of C3 
Wk No 18 tint wire, Using -itehlong 
22 serews, mane snidering. lug in Fle 
By (soe Fig’ Ci) of SL and another in S2 a5 
shawn in Pig. C2."Phese Tags ave mount Se 
f'direction opposite to that of the platform 
#1. Attach she “iknow” ground fag ts the 
Dranal next to the "nkaonn” oa connector 
Foley a3 shaven in Pig. C18. Attach tho re 
celvey" coax cannoctne to the panel, {rom the 
Inside, Attach the "IND.CAP™ sotich te. the 
toler of the panel, wsiog an extra nut to 
position the ewitsh a tar as posable fran the 
pranels Orient the switeh se thown in Pig. 5 
Place a soldering ing under each ut. Movnt 
5 and ring Hine spacers between the 
Conners the 


‘cpacitor frames and the ponel 


Fon Revers: bet sw 


otare of C5 and C6 to the fe of the eiteh 
‘shout in Fig 3 

bf Na 18 sine 

feemital of. the 

‘connect the stators ot CB and CO to 


teh 
the stmaining. switch terminals, aswell a3 
resistors Ki and I. Complete connections at 
Shown in Fig. 

4G, Altach the “unkown” come connector to 


sReactnce Aviemby—inboerd vow 


tho panel, plasing a soldering lug under one 
mounting” fre, Comneet the “unlenowm” 
irund Tig to this soldering Ing to provide a 
ood bond 

Ee Moune panel bearings for capacitors 
nd CL Mount the epoca! panel bearings fur 
hishod ‘with the Johnson’ Vernier Dial assem 
bes ia pince- Attach the two large dials to 
‘hums ehagte and aount the dal indicator 
Inthe poaition sou prefer. Remove the large 
Alas and dummy shafts aller placing the dal 
Indicators, 


S—Setch Anant 


48, Mount 86 atthe left side of the panel (as 
Shown iy Pig 616) and mount the teeny 
‘ofS, $8, and $3 at the ght ste, Seo Vip. 2 
478. Aicach shalt couplers ta tho Tour eabaes 
fore. Cnt the plexiglas shafts to length and 
‘uount then In'place, Attach the Turge veruior 
Aisi ‘Set the dial of 2 to that it rende 

‘at minimum capacity, Set the dial at CA $9 
{hat it reads "00" at masinum capacity 
Mount the too Catrad dials on the panel set- 
‘ing thes sp that hey both read "0 at pant 
tum enpacity. AUaGh the lib tthe “END. 
CAE Seite 


80. Conneet resistor BL (270-ohm depaeited 


‘cazhon) from the soldering lag on S2 ta the 
lig in tine on $5- Connect 3 (220 ohms) and 
RE (100 olins) to the soldering lags on 5 
hich were Installed in step. EE will be 
the aesistor nearest the bottom of the panel, 
Si Connect # Now 1H tinned wre. lind from 
the “deveste™ gone eonnecese tthe Iu oP 
So. Connvet a No 12 (nole diferent wive sme) 
Tad frum tho onknown® eonmesioy tothe 
free end of Te, Mahe tyre that K2 i vol 
thavted to any abe 

2, Attach the transformer, completed in step 
24, tothe botiom of the pane! as shown In Fig 
2 Attach the caus sonneetor connected to the 
transformer to the panel in the “algnal gen: 
erator” Hole. In the ole between the trans: 
Former ond the connector, mount cable clamp 
to held the shielded pritaary loud, Secure the 


THEE 


hildod seoondary lend with another damp 
held bythe le acrew Incatlod. bn chop 17 
58, Mount solving Tag to S48 with 4 "4- 
Tndhtong 6-12 serew, placing the lug in the 
‘rection of the bos sen 
BA, Place Yicinch-ong 6-2 serous In all ro. 
mnaining tapped holes fy $1, $2, snd 82. Start. 
ing sith Si, place al shied hoses In place and 
‘Connects No. 18 tinned, feud 
Front the soldering lng inctatid in sep t0 
the Ene feoi-thia on 88, Set Co and 
nudes 
55. Attach four rubber feet to. the bottom 
plate of the ease di four more to the bottom 
ilo of the utityeahinet, estore the front 
Plate In place aad seen seth the shes motal 
Serews provide. ‘This completes constriction 
Gf tho beige. After elibraton, fil be tel 


Calibration and Use 

Since the Mark IIL is « nallstype instrument 
(aiayted from the Schering bridge circuit) it 
can only be used with w signal generator and 
2 detector” Hoth mrt be ebildeds hovrorer, 
3 Heath 6-8 will do nicely 88 the Signal gent 
razor and any iocent commonieations beeiver 
‘Wil serve as the detetor. Bor best Setutay 1 


should be calibrated with the signal generator 

‘and receiver with which i wil bo used. 

456, Connect the bridge to the signal gonerator 

‘andthe receiver, using’ cosx cable from the 

panel connectors to each. 

45, Set both the signal generator and the re- 

ceiver to? me, 

SS. Share the “unknown” terminal and ground 

terminal using banana plug in the connecter 

fr coaxial short made by soldering the pin 

Sf & PIE connector to the hel through a 

Sot See the “IND-CAP" awiteh to "CAP" 

G0. Set the “Reactance"” dial to 15. 

SL. Set the “Resistance” dal to 8. 

2. Tune the signal generaicr, only, for max 

Tipu signal in the receiver, 

{Bh Using. the two small “balance” dials, re- 

dee the signal in the reelver to the lowest 
ble. This Is the “null” or “balances 

The date el interact, and molt 

fijustment will be necessary. ‘However, all 

Fecelver and signal gonerator adjustments 

‘ast be left alone during this ste, 

Eh Replace the short. nevost the “unknown” 

fhimeetor with the 20ahm. deposited-carbon 

Stent” resator. 

ths Using only the large “resistance” and “re 

aciance” dais, nll out the si 

Record the final reading of the 

all. Tf thie reading is 85, you are extrem 

Icky and the frst half of the calibration 13 

‘compete, Tf not, proceed with step 

Seif tho “resistance” dial reading is less 

‘han 95, inerense the capacity of CO slightly 

find repeat stepe 60 through 68, Tf Use reading 

ie larger then 09, decrease the sting of C8 

fand repent steps 60 through 65. Continue this 

precise until the reading comes out at 95 

‘67. When capacltive calibration is complete, 

SH the “IND-CAP" switch to “IND,” and the 


95, proceed with step 63. 
fb. Ifthe read i ess Uban 95, increase the 
fapacty of C5 slighlly und repeat steps 60 
htough 65. If the reading is larger than 95, 
‘leereade the anting of CS and repeat. Continue 
tani the sending ie 95. Thi completes ealibrae 
tion, and the curves shown here cau be ured 
for readings. 


Using the Mark ill 


‘To use the Mavk HT, set the instrumont uy 
ts described in step 58" of the ealration prom 
fedure. Set the sgl generator to the desired 
Frequency ahd abort out the “unknown” terme 
nnalaf the bridge as described in step 8 

If you're measuring am inductive impedance, 
set the “IND-CAP" switch fo "IND," the Tee 
‘tance dial to 05, and the resistance dia) to 
‘5° Nall cho signal ith the small balance dias. 

[Now remove the short and connect the une 
known. Rebalanco the bridge using the large 
Alsi, note the readings, and convert the read 
Ings to ohms by use of the calibration curves. 

‘These initial values must be corrected. The 
reactance value ix correetod by. viding the 
Nalue reed from tho curve by. the fequency 

eating was taken. The 
wretied by obtaining the 
‘errs acre t free fem Fi 
‘Ind multiplying the reading hy this actor. 

Te you're measuring a capacitive impedance, 
act the switch to "CAP." Then estimate the 
reactance of the unknown and set the large 
feaetanee dial to a value just layger. Sot the 
foniktance dial to 8 sind short out the “une 
Knowe connector. Null the signal with the 
short and again with the unknesr, the sane 
fax for an inductive inpodanee 

Correct the vositine reading In the same 


manner as far an inductive impedance, How 
ver, the voaetance roading in eovrected differ. 
‘entiy: Subtract the value talon from the cal 
tracion curve from the value originally Seto 
the reastunes dial: Now divide thie remainder 
by the rrequeney (in me) at which the reading 
was taken. The rerolt is the true value of 
presets 

"A fete minutes” practice will make operation 
of the Mack IIL far more simple than the de 
tiled directions would Tneatey In practice, 
su can take’ reading in less time’ than it 


takes to read these paragraphs, 


Parts Substitutions and Design Changes 


Since few hams are content to build 
“Chinese copy" of someone else's design, a few 
words on the eect of changes are necessary. 

"Naturally, the Mark IIT doesn’t represent 
the only poceble—or even necessarily the best 
Seay in wie auch a bridge canbe built, 
Any part, or ally may be changed. However, 
‘ary such change ‘will invalidate te eallbration 
ures, and tenet recommended. unlss” the 
Dullder has access to laboratory equipment, 

‘Even then, before making any substitutions, 
these three design articles should be read and 
fully understood: 

“A Ralio-Prequoncy Bridge for Impadunce 
‘Moscurements From a0 KEUS to 6 M/S, 
D.B. Stelair, Pyoceadings of the LAE, Nov 
vember, 140, pages 497-502, 

TA Tigh, Frequency. Model of The Precision 
Condenser,” D. B. Sinclair, General Rain 
Beperimenter, Oetober-November, 1958, pages 
ua 

“the Bifest of Stray Capacitances to Ground 
fn Substitution »Aetsureme 
Wireleat Baginooring, oy! 


1p iting Ged ing 
1 ie ce a ay Pa a 
2 Ste chee Site or wae 


TR eter had eel hae lew en 


MEASURE RF IMPEDANCE WITH YOUR 
SWR BRIDGE 
Warren McDowell W2400 


Jo far, the great majority of antenna 
Jimpedance bridges that we have found 
in construction articles are devices that 
function only with a low power rf source. 
‘The eun-ofthe-mill impedance bridge is de- 
signed to operate with a grid dipper as the 
source of rf excitation. Operation with tbe 
type dippers is genemully intended as the 
transistor dippers produce an sf level that is 
100 low for excitation of this bridge type. 
‘The conventional antenna bridge cannot 
bbe left in the transmission line continually as 
‘excessive rf energy would soon destroy the 
device. This means that each time messure- 
ent of antenna impedance is desired, the 
transmission line must be opened and the 
bridge inserted and grid dip excitation ap- 
plied. Grid dippers are not necessarily the 
most accurate 1f source for a specific fre- 
‘quency in an amateur band... therefore the 
station receiver must monitor the dipper 
‘output for any bridge accuracy. A low 
power bridge will not often present the true 
‘operating impedance of the antenna... 
cepecially antennas with parasitic elements. 
‘A bridge that operates under full transmitter 
power will present » much more accurate 
picture of your antenna system at a specific 
frequency. 


Fig 1, Conventional vr tide 


Inspiration for the “In Line" full power 
bridge came from information concerning 
the standard swr bridge, Just about every 
amateur has in his possession some sort of 
‘wr bridge and the great majority are of the 
type illustrated in Fig. |, This bridge consists 
of a section of transmission line near which 
are placed two inductors, These inductors 
are actually two bridges slong with their 
asociated diodes and resistors. One of the 
bridges reads forward power and the other 
reflected power. The resistors (Rx) at the 
end of the inductors LI and L2 are critical 
for accurate bridge null (balance) and there- 
fore must be the proper value for the 
specific transmission line used, For the 
average sur bridge the value for Rx is 1002 
for 750 line and 15082 for S082 transmission 
line, Considering that resistor Rx is critical 
for the impedance of the line in use, varying 
the value of Rx and dovising a system of 
calibration for Rx would cnable us to 
determine the impedance of a line when a 
null is achieved on the bridge meter 

‘The “reflected” inductor which is LI ia 
Fig. is the portion of the bridge circuit we 
are interested in for impedance measure 
ments. The value of Rx and the transmission 
line must balance the bridge for @ null to be 
realized. Any variation from the above para 
‘meters will mean changing the value of Rx 
so that the bridge again balances at a new 
impedance value. 

By experimenting with various values of 
resistance at Rx, it was determined that a 
100092 potentiometer represents a fair value. 
The 100082 potentiometer is inserted in 
phice of Rx on inductor Lt (see Fig. 2). This 
is the inductor with the diede pickup lo 
cated toward the load or antenna end of the 
sr bridge. 

Make sure that all Ieads to the 10002 
potentiometer are short and that the metal 
ase (shell) of the potentiometer is well 
rounded. Excessive lead length or induc- 
tunce will create inaccuracy of the device. 


‘The position of the potentiometer will be 
determined by the physical layout of your 
particular swe bridge. It must be set at a 
point where the shaft can be extended 
through the front panel of your swr bridge. 
Allowance must also be made for a dial or 
tther indicating device which ean be cali- 
brated in ohms (impedance) on the front 
panel. It might even be desirable to mount 
‘your entire present bridge in another larger 
‘ease so that all functions can be accom 
modated. 

Calibration of this indine bridge was the 
major problem. An ordinary grid dip meter 
will not provide sufficient excitation for 
readings, With full power applied, especially 
a kilowatt, it becomes difficult fo find 
resistive dummy loads of various values to 
colibrate the bridge. Even with 100W of rf, 
proper resistive load Values are not common 

‘The solution to the calibration problem 
came to us in the form of an (ouch!) CB 
transmitter. A CB transaitter is fortunate if 
it is able to put out 3W of ef and at the sume 
time is well withia the frequency range of an 
swr bridge, The most important fact is that 
CB transmitter will provide adequate excita 
tion for calibration of the bridge with 
‘ordinary SW $% carbon (garden variety) 
resistors, For calibration, a good assortment 
of these resistors is necessary. Use values 
such as $, 27, 47, 75, 100, 150, 220 and 
4700. Intermediate values can’ be then 
interpolated on your scale. The calibration 
procedure is. simple... first borrow your 
neighbor's CB, thea attach the SW resistors 
across the anlenna coax connector of th 
bridge and excitation of the CB transmitte 
Js applied to the remaining connector on the 
bridge. The bridge sensitivity should be set 
Tor a middie scale reading of the meter and 
the 10002 potentiometer is varied until you 
reach a null on the meter. Mark the value of, 
the calibration ressiors on the potention 
meter scale (dia). Do this for all of the 
avulable resistors and your bridge will be in 
fae calibration, 

AA this point we should mention that this 
fystem does not measure reactive com 
ponents in the antenna system. If your 
Antenna is reactive, either inductive oF capa 
sitive, the meter will present a shallow, 


lee al 


Fig, 2, The modified bridge leads to 1K pot should 
be ab short at posable and shell (ste) of pot 
rounded. 


n 


poorly defined null at the operating fre- 
quency. A sharp, well defined ull will 
indicate a purely resistive impedance. 

When using the bridge in its former 
function as an swr bridge, set the resistance 
dial to the yalue of your transmission line. 
When measuring impedance, vary the dial for 
maximum dip on the meter and read the 

istance (impedance) directly. 

‘As a final point, itis wise to insert the 
sswrlimpedance bridge at a half-wave or an 
‘even multiple of a half-vavelength from 
Your antenna. AC half-wave points from the 
antenna, the anteana impedance is repeated. 
‘This will enable your measurements to be 
miich more accurate. When determing half- 
wavelength points, take into consideration 
the velocity faclor of your particular coax 


USE YOUR GDO AND Z METER 
Denys Fredrickson 89BMW 


‘The GDO is one of the mest versatile pieces 
of test equipment avaliable. Yet theze are 
‘ony hams who don't kxow ove or when 
tise ne. ‘The weiter will try to deseibe and 
‘explain some of is various functions 

"The GDO is basically x variable high fre. 
quency osllstor with & frequency range of 
{pprosimately 550 ke to. 250 Me. Tt may. also 
iye used as a diode detector or wave meter 
‘The GDO gets its name from the fact that a 
meter measures the grid current and when 
the osellator eicult © coupled to a resonant 
slreuit a reduction in grkd current is obtained, 
‘This is called the grid dip. However, when it 
Is used as a wavemeter and coupled to an rf 
‘sure, an Inerease In erent i obtained at 

‘The GDO and impedance meter can be 
used to accomplish the Following: 

1. Determine the resonint frequency of 
toned circuits, including antennas, 

2. Determine the impedance of eens, re- 
‘ceiver pts and antens 

4. Determine tho length of half-wavelength 
for quarterseavelength transinission or tuning 
stub lines. 

4, Determine the “Q” of a circle oF com 
ponent with the sid of  VIVM. 

5. Determine the resonant frequency of 
individual cols, enpaftors or exystale that are 
‘within the range af the DO, 

6, Determine the sf frequency of ener 
sized cheat. 

Monitor a radiated xf signal with the 
aid of headphones. 

8. Neutralize of stazes. 

8. Locate parasitic sillatons 

10, To align receivers and television sets 
LL, Determine whote BCI and TV is enter 
Ing the radio or television receivers, 

12. Determine uniaowen inductance. 

13, Determine unknown espacstance 

Now if sou will step inta the lab we will 
try to demonstrate how these instriments can 
hoe put though thelr paces. Let’ bein with 


the simple functions and then gradually eee) 
hip to these sohich are more cmplew so thes 
low t scare ms before we get state 


An oscillator-detector 
Simply plug in a pair of headphones ( 
DO has facilities for theon) and "zerosbeat” 
signal. This thon will be 
the frequency of the radiating sgl 


Crystal frequencies 


Connect a one turn loop of wire across the 
crystal and. couple the CBO lose enough to 
Bet a dip of the metor when resonance 18 ob- 
{ained. Tt is always wise to check lower fro- 
quencies to be sure it the fundamental fre 
faveney that is being indleated, 


Frequency determination 

Generally the GDO hae a ssiteh which 5 
used to zemove the plate voltge fom the 
tube. The tube will then serve the function 
ofa diode and the meter as a diode load. 
When peak deflection of the moter is ob- 
tained this will indicate the frequency of the 
radia signal 


Resonance of an RF choke 


When an rf choke is used ax a parallel or 
shunt fed ercuit, it mast be free of self reso- 
hance over the operating frequency range of 
that cireuit or it'may bum sp. The popular 
pi tank cient 


1) then determine 
self resonant frequeney by covpling. the 
DO lose enough to incicate a dip om the 
meter ‘when the resonant frequency aby 
tained, 


‘Neutralization 


Apply plate power wo the excite ages and 

fluent power only to the stage being neu 
Wwalized, Use CDO as a waverneter und cot 
ple close to the tank coil in the stage ben 
neutralized. Vary the frequency of the GDO. 
tint masinuon veading is obtained and thea 
audust the entralzation for ania CDO. 
meter reading. ‘The circuit being, neutralized 
may have t0 he retuned and the above pro- 
‘cedure repeated with « clscr coupling of the 
EDO to the Tank ca 


IF alignment 


‘Tone the GDO to the desived frequeney 
and couple it cose tthe i coll to be aligned, 
Adjust the if eof) until dip ie ebserved nn 
‘he meter, The if coil will then be bined to 
the desited frequency 


Inductance and capacitance checking 


‘To determine the value of at unknown 
pacfor, connect it across a kurrwh dutanee 
hd yke the CDO- 1 Bind the resonant fe 
‘quency. of the civnit, With these known 
Values a reactance chart will give the valle 
Of the capacitor. Some CDO's supply a chart 
‘which coreesponds to the coile supplied with 


the GDO as the known inductances. To deter. 
tine the vale of an unknown, inductance, 
connect fupactance sevase the col 


and use the GDO te find the rev 
quency. Again, the reactance chart 
ted o the folowing Tarun (which i 


nt fe 
he 


sed for ethor indicance of eapacttanie) 


exeles per second 
Inductance in henties 
capacitance in fara 


‘The inductance of an sir core cil can be es 
timated by the following fora 


Inductance is enierohews 
hiner of ne 

= radi of eal in Inches 
w= lengths‘ oil fn Inches 


Whoie 1 
N 


Q measurements 
Connect a condenser worse the coil s0 the 
lavke elenit tesonatee atthe deste thee 
‘quency. Commect a VIVM across the ted 
nd tone the GDO- unk mas 
ling fs obtained on the VTVM. The Cl 
changed 


must not be moved during the re 
the tes. Note the resonant frequen 
dlotne the CDO 10 4 lower freq 
the VEVN reads 707 percent of is ovina 
for peak value and eal dis frequency [, 
{letune the GDO to a higher frequency 
the VIVSL again reas 70.7 percent of ts 
‘original oF peak valve and call this frequeney 

he Q is then cafeolated by using the fol- 
Towing. Forme 


f 

ae 

Where §, = isthe center of resonant frequency 
{, =the illerence between fy and 


Parasitic oscillations 


Iy using pale of headphones with the 
EDO, the parssitic Swillaton Feqency may 
be dterined. Ton the poster of-of the 
stoge being checked ail then use GDO to 
Find the ereuit which tesonater at the para 
sille frequency be moving the GDO. skate 
arcu the wir. Whe 

twofsten the finger and 
Pom of the cirevit Ila change in the sip is 
Dherved, i indicates tht it i the portion 
the cenit Uh «likely stspect 


“ip” is observed, 


would bs 


BCT and TV locator 


Most of the UCL and IVE problems ea 
resolved at the receiver. either by i 

of filers, resists or condensers or 
ion of all nee, The problem 


Coline 6 the of entering the receiver? Use the 


6 


EDO tunel tthe frequesey which prices 
the greatest aonount af terference. Probe 
‘around with the CDO until the most sensitive 
spot is ated, which net By wath 
ing or listening to the receiver intesference. 
After the point of entry is determined then 
the approprite conective action ‘canbe sc 
‘complishet 


Antenna measurements 


Space does not petit to dsciss all types 
casa et a i a ee 
wal be mentioned to give sme idea on toe 
ase of te tment A te pit Ht sh 
be mentona that ductive type coupling 
should ued bevcen the CDO and acts 
when checking near the. current maximum 
Doint nl eapactve coupling when checking 
Sear the vlan el 

“he bean antenna has fined tremendous 
popularity tn recent ests pis sing. ead 
Aches for those sting ty nb toe mast 
Int effctivenen, Most ofthe headacher 
irtally be clnieated. by sing. the, COO. 
and Impedance meter (Zometer). Lets take 
{ook ata 3 element yg sn sce what es 
to be done to obtain good adjstment, The 
elesent levats ist be physeally adjusted 
fr elecscallylonded to cbtan tesmance at 
the: desea Tienes nl the Teed pit 
Inpedance mast match the Inpnee of the 
{tans fie. "These two pln ave not 
the’ nly considerations for beam adstnent 
but they ate the most important fact. The 
EDO can he fntively Coupled each ee 
bentand the elements aise tail each 
tne s resonant at the desired frequencies It 
i "beste make the menswements while the 
antenna’ fn operating pont Th vey 
date todo th many cases bn let ase 
You can. Aller the elements ve been ad, 
Hise the feed point mast headed to 
fuatch the line. The Zemeter and CBO. wil 
ie sel to accomplish ths alosinent, The 


Zameter i basically a restence type bridge 
with a eaibrated potentiometer at one of the 
bridge aros. Connect the Zemeter directly to 
the antenna feed point. Couple the CDO to 
the Zmeter inductively thea» couple loops 
Df see connected to the other terminals of 
the Zmeter. Tune the GPO to the resonant 


frequency of the beam and adjust the Zeer 
to the dip ov nul. Ifthe impedance idicated 
by the Zemeter f not the samme is the trans 
mmision Tine then readjust the matching net 
‘ork and reli the Zmeter wil the pes 

‘Now -if you can't aust the antenna in the 
pert pton 3m il an etemine 
the resonant frequeney an the impelance by 
standing on the good old Term-Firna. The 
prucedute is a litle more favotved Tat effec: 
five. Fint—we must have a sneats sf ele 
trically connecting the instruments to the an. 
tena, This # best accomplished bya trans: 
mmission line a half-wave or a multiple of 
half-wave ia length, Detersnine the height of 
the antenna shove grovind snd calculate how 
many. fallewave lengths of Tine will he re- 
faved Dy using the following, foetus for 
RailSvave beng f ine 


= (492) 16) 
t 


Where L = feet 
F= meyauyetes 
K= propagation constant 


(RGIS te 08) 


“This isan approsiate length so be spre and 
cout teat Tang because yn we wl Bn the 
fact phssica length, Why an esact plist 
Toogth? A halfvave length of tangmision ln 
will reflect the resistance placed across. the 
uipat at the inpit end of the lige, te. if 
Bib ohn non-reactive resistor iS placed across 
‘one nd of a Hall wave or sastiple Jong 
thereof. the GDO sane Zmeter sll indicate 
50 olims at the other el of the Te, Cut the 
Tine somewhat linger than calewlated aboce 
swt one enc aud connect the Z-meter to ta 
‘ther end of the line. NOTE: Keep twin tead 
‘oF the greamd and away from metal objets 
Set the Zmeter to zero hpeance and comple 
the GDO inctivels ty the Zmeter, Adit 
GDO frequen ntl the fondamestal tre: 
raieney causes the Zeouster Uy dip ndicate 
& pull The frequency indicated saul he 


afew inches of eable af, shart the end again 
fund readjust the GDO. Repeat this provedine 
tnt the desired frequency (which should be 
tHe some as the rewnunt frequency of the 
anten) i obtained. You will then have a 
leetrically Halfwave lel nf Tine or rll 
ple thereo 

‘Coat 9 twindead say le used for the hall 
svave Tengtl Tine when checking the taped 


ance of the antenna. Connect the line to the 
antenna, hot the antenna up tits operating 
ribo and adjest bath the Zeeter and GOO 
For the ull indietion. IV the antenna i rot 
resonant at the desived flequency, the driven 
einent should be readjisted 3 measured 

it al ie wate the Freqcney chan, 
{Thi ill give. yon an det wy rouch the 
resonant Frequency cluages with cove 
ponding clement changes Now ‘adjust the 
fhutelving ontwork tothe desied impedance 
‘This wll be accomplished when the Zmeter 
digs at the desired iopedance with the GDO 
Set ab the resonant frequency of the Antena. 

What would yoo do if yowe 100 foot coax 
cable developed short somepiaee sloag the 
line? Rephing the whole line would Be (ov 
responsive. Simply connect the Z-meter 0 ne 
fol of the fine, adel the Zemeter for 2o4e 
Impediice and thon adjust the GDO fer low: 
fest frequency which will produce a ull on 
the Zeaneter. Use this frequency hn the for 
‘noe ven for a hulfwave length, Ke. and 
‘aetully calewlate the Tengdn which sel be 
He listanee From the input end to the short. 

‘A-quarter wave Ieog0t tuning stub can also 
be determined. by using the procedares just, 
siilined for the halfwave length line eseept 
a'eharter wave line ellets @ shoet at the Ine 
Dut when the output end is electrically open, 
Row that we have mentioned the quarter 
tsave length fine, some may be ssondaring 
jist sehat useful parpose does st serve, THE 
quarter save (uning stub (as itis sometimes 
falled) may be ned for antensa watching, 
TT elimination or matching te emits vbieh 
Ihave sliferent impedes, ‘Pho quarter weve 


2» 


raatehing stub oan be used as a matching de 
vice om aotennas which fe explained in ios 
notes handbaoks, Tt may asp be used 0 
finite an interfering fremueney’ forme 
loving the TY. This is accomplished by con 
necting quaetoe wave stub to the TY ae 
Teva terials whieh 9 quavter seave io 
Tength at the nterforing Trequency. 

Another ise for the quarter  wavelenath 
rmtehing th to peemit maximum signa 
transfer betwoen the sonrce anda lead which 
Ihave diferent impedances. 1f the signal sovtce 
impedance eas 100 ulm ard the Toad imped! 
tnce was 52 ches, a 73. ohm quatter waver 
length af Tine would give ago! Impedance 
mate, “Hold just a mln, how im the 
svorld did we come up with that 73 bust 
hess? Simploanother fanaula will give us (his 
Inemation 


Bavnn 
‘whore 2. = Inpeslance of quarterwave moateh- 
ig st 


2,= Impedance of the sree 
2, = npedance of the load 


Very litle as been said concerning. the 
various methods of GDO coupling, Aetually= 
‘only oo types of coupling re used; inductive 
and capacitive. Capacitive type eoypling may 
bho used on shiehled coax cable, the euds of 
antenna elements and generally where the 
Yoltage maximum exists. To obtala the great= 
fst aeturacy, the GDO should he fosaly en 
pled Paral coupling to inductors can be 
fsed to obtsin masicatme coupling 


Chapter TT 


Measuring RF Power Output 


MEASURING RF OUTPUT 
Paul Sehuott WAOCIP 


So your new Bandjammer $0000 is 
rated at 752W peak power. Big deal, Hc 
rnueh oF this i getting out where it sounts? 
1's easy to find out by inserting an ct 
ammeter in sories with the line, A more 
reading woul be 10 have the rf 
ammeter at the antenna input terminals 


bout that might be impractical when it 
‘comes to reading the meter (although you 
could put a diode there snd = remote- 


rwading meter in the shack). 

Recently I found an 1f ammeter al one 
of the maiborder surphas houses for $2 
1 installed this in a Tle cabinet, put two 
coax connectors on the hick (in aed out) 
fand now can read +f current in the 
fnto the dummy antenna, or wherever it 
going 

Remember the formula PI? R? Square 
the reading on the meter, maltiply by the 
impedance of the line you're using, and 
you have the power pas! tht paint. At the 
antenna, you could determine the antenna 
resistance and take the current reading at 
that point 
‘or those who have difficulty with mental 
computations and can't find a pencil, the 
following chart fives the computed power 
levels present in matched $0 ané 70 Ohm 
‘coaxial lines for various levels af +f current 


RE Curent —__ Power Output in Watts 
‘amperes S00hm Line 70OKm Line 
of 28 78 
So $0 * 
28 200 20 
30 a0 0 
cry 0 a0 
cr) 180 750 


When tuning up the rig. place the 
ammeter on the antenna side of any tuning 
‘or matching devices and tune for maximum 
wurrent. 


bteecneae z 


Inge wring is extremely simple. Note ground 
tee installed to inure continuity Of the shield 


‘The completed instrument showing the cone 


1s amazing to learn how much (or how 
lite) current these rigs produce. For 
instance, my Swan 280-€ puts 1.354 into a 
SOM line. My friend's $B101 from Heath 
Kit put out 0.7A until we worked an the 
antenna — thea it put out about 1.25. My 
Heathkit SB401 puts anywhere from 2 to 
6A into 4 SOO Cantenna, depending on 
‘what band is on 

Commercial stations determine their 
power by the antenna current. Knowing 
the antenna resistance at the operating 
frequency. they multiply that by the cur- 
rent squared, Ifthe antenna resistance is 
6242, 4A rf would be 1 EW into the 
antenna. 126.484 would be 1 MW. 

Remember the ammeter does insert a 
litte reactance in the line {J never leave it 
fn all the time), and the ealibestion changes 
with frequency. although you can tell what 
side of the ballpark you are on, An if 
ammeter in the shack makes a nice piece of 
test equipment. 


LIGHT BULBS AS RF INDICATORS 
John Houser WA2GOY 


he major appeal tothe amateur — as 
well a8 some applicy 

‘of light bulbs as rf power indicators 
Is low cost, To this must be added the 
universal availablity of bulbs and serewbase 
sockets for pennies. 

{As low cost is of primary interest to well 
over 50% of those interested in any project, 
and 36 I have always had an insatiable desire 
to find out the why's and wherefore’s of 
standard light bulbs as +€ power indicators, 
decided it might be the opportune time to 
do a resarch project and determine once and 
forall just which bulbs might be suitable and 
which might not be, and also to determine 
whether light bulbs would make good rf 
power indicators, or poor, and to find out 
what precautions might have to be taken if 
fone decided he was going 10 teke this 
low-cost path of determining his transmitter 
‘output power rather thin go for a more 
‘expensive power output meter. 

‘Also, power output meters in the higher 
wattage ranges become quite expensive com> 
pared to the $2 to SS which might be 
expended ina light bull indicator. In 
general, porcelain screw bases are available 
for from 12¢ to 25¢ each, and bulbs from 
15¢ to 654 euch, and not more than Tour of 
ach are necessary for up to 3 KW power 
indication 

‘Table 1 Usts most of the common types 
of electric light bulbs readily available. One 
look at this table immediately reveals why 
such light bulbs might not be such good sf 
power indicators af some folks may have 
thought they were inthe past. It also reveals 
that some very special precautions have to 
bbe taken in using them, or the user may find 
the has overloaded his transmitter and burned 


up a few components which might be 
expensive to replace 


ante 


Variation in Resistance, Cold 10 Hat stave, 
‘Common Variety of Eletis Light Bus. 


Table 2 


Postible Configurations for Various Power Outputs 
“st Various impodanee Terminations 


fuip Rating Cola Hot Rao A. — Nominal 7010 730 impedance Loads 
Werte Fiament —Fsmant ald to Hot 1S Lond: 3~60W bul n paral 73 
AtTIsV. ——Resitance —Resstance Filament fe, OR 

Tapers) 7-25H bulb in poate (700 

18 168 1780 T1010 30004 Load 

28 #0 9 ot 4-750¥F patos in aries 11 
a0 » m hei 
0 20 20 fot 5582 mpecance Loads 
100 ° 12 teas 250W Losit GOW bulbs in paral sa 98) 
150 6 33 trot S00W Lod: 2-504 bulbrin ares, 
200 45 65 iwi Doth pallies by 
250 a5 2 Ho 1s Te bal (ss 
50 3 % Ta 1,000W Lond: 280000 bulbs series tee 
7 * 0, to 1s 2250W ood 37800 bulbs m sore eam 


“The extremely Kigh ratio of old fo hot 
filament resistance i all types of these bulbs 
imunediggly struck me a Being the most 
undesirable fsor i using them. 


1 is very easy to see, for instance, that i 
‘one wished to use 2 250W bulb for ind- 
cation on @ 250W transmitter, and he come 
puted the resistance at 250W tobe 530, 
(which itis, but only when hot), he would 
assume he had just about a perfectly 
‘matched indicator to plug in in place of his 
52.582 feed line. 


However, from this table, it is apparent 
that this 532 resistance is attained only at 
full brilliance and wattage, and the actoal 
cold resistance is only 3.582. In other words, 
If the bull were connected to the antenna 
terminals of the transmitter, and the trans: 
mitter Keyed Tull power, the transmitter 
would be looking into nor 5302, but 3.5. 
whieh isa lot of difference, and an extreme: 
ly low value for any pi network to match 

For a few seconds, until the filament 
attained full brilliance, the transmitter 
would be subjected to 9 terrific overload, 
due to this impedance mismatch 

“Therefore the first precaution which 
right be emphasized in using light bulbs 
Wowk! be mor to key the transmitter at full 
power with a cold bulb, but to gradually 
bring the power from some lower value to 
full power ax the bulb attains full brightness 
{and hot, matching resistance). 

Not until 1 got into this project did 1 
realize the very high ratio of resistance of 
these filaments from the cold to hot state:| 
don't suppose very many people do, It also 
brings to mind how the house electri meter 
‘must jump every time a balb is snapped on 
in the house. This is not an ad for those ight 
dimmers being sold at all the electrical 
stores, bat it suze brings to mind that power 
bills could be cut appreciably through their 
use, i. bringing the bulb gradually to full 
brilliance instead of just snapping on a 
switch, 

Getting back to the bulbs, Table 2 gives 

‘configurations teres, andjor 


paraliel combinations which would be most 
Tikely to give the amateur a load for 
particular transmitter power output, i 
hominal impedances near 52 and 7222. U the 
configuration mentions 200W, this does not 
mean that it would be suitable for indicating 
the output of « 100W output transmitter, 
because at half brightness, the resistance 
offered by the bulb is not identical to that at 
full brightness. 

While a differance of an ohm or two 
‘would nat be serious, nor would a difference 
‘of as much a5 five, or even ten watts, t high 
power levels, at low power levels less than 
YOGW, for instance, such differences would 
be seen to become increasingly serious from 
the matched impedance standpoint. The 
configurations given maich quite a variety of 
Sstindard line impedances and a wide range 
‘of power outputs. Matches can be obtained 
for RG, 11,17, 13, $8 and S9 type cable." 

‘One may not realize without measure- 
‘ment that the lead length of the filament 
support wires alone inside the 25-1S0W 
bulbs is very close to 18 cm. Even though 
they are coiled on a 2 to I ratio, the 
fiament is inductive in every sense of the 
word. At higher frequencies, the filament 
Support wires would appear inductive, and 
to these factors must he added the parallel 
capacity of the screwbase shell and the 
‘central base contact wafer. Even though 
such capacity is small, it would become 
Significant at_most amateur frequencies 
above the 30 MHz range. Though the 22 em 
total wire path would perhaps indicate a 
bulb could be used up to 300 MH, such is 
rot at all the case 

It is easy f0 see that the sometimes 
suggested trick of using a capacitor in series 
with a light bulb ss 9 load should be 
approached with caution, for it would be 
very easy indeed to rum into & series resonant 
circuit which might result in damage to the 
transmitter to which such circuit were com 
nected 

In the course of my preparation of this 
article, | discussed the ramifications with a 
‘number of interested hums, Some of them 


u 


suggested I extend the research to include 
the use of the smaller types of indicator 
(pilot) bulbs as loads for testing out teams: 
mitters with power outputs in the 1W to 
20W range, not only just tor amateur ap- 
plications, but also with « view to using 
‘them loads in testing FM transmitters 

When one considers that there are well 
lover 100 types of these small bulbs, rated 
from .001W to 2W, and if all of these were 
to be considered individually, it could take a 
‘vast emount of time — and eventually one 
‘would end up with perhaps only five or so of 
these bulbs that would be at all suitable, so 
such research was not included in this 
article, However it did open up a field ia 
which there may be a demand for inform 
tion and may be the subject of a subsequent 
article 


Frequency Ranges 

‘The use of standard serew-base ceramic or 
steatite porcelain light bulb sockets is en- 
tirely feasible for all of the configurations 
shoven and will handle all amateur bands, 
160 through 10, Naturally the leads from 
socket to socke! should be as short as 
possible in either the series and/or parallel 
configurations. 1 found these leads can be 
kept (0 approximately 2 em for such inter 
connections. Likewise, the coax termination 
lead should be kept 10 2-em or les. 

If extra precautions as to lead lengths are 
observed, and the bases of the bulbs re 
‘moved to enable connections directly to the 
stem wires, it would appear reasonable 10 
suspect that these bulbs might be used for 6, 
5, and perhaps 2 meter bands. but itis also 
‘quite evident the 2 meter band would be the 
practical mit, 

One shouk! he able ta conjecture that 
light bulbs as power ef indicators are not 
dquite the equal of well-designed power out- 
Dut meters which maintain their rated im- 
pedances over 3 very wide power outpu 
ange bulbs do aot — but then, they are 
cheap in comparison, 

Visual compariton of brightness is com- 
pletely saistactory for comparison purposes 


Miniature soldering iron 


(Ersa MINOR S 


‘The MINOR S miniature solder- 
ing on with a rating of SW and 
‘2 maximum tp temperature of 
440°C is an ideal oa for urine 
soldering applications an micro 
[c's and under a microscope. 
Itcan either operate wih a 6V 
transformer or a6 V battery 


Besides electronics the MINOR S 
can also be used in watch repair, 
in the photographic industry and in 
denial technology 


vor s, sw 


Micro soldering irons 


(Ersa MULTITIP Serie: 


‘The MULTITIP soldering ions are 
especialy short, ight and easy-o- 
‘handle soldering rns wih minimal 
distance between soldering tip and 
the hand's front part. They are 
‘ideally sulted for small solder ants 
Is inlernaly heated soldering tip 
provides an enhanced degree of 
cfcency 


‘The MULTITIP i avaliable for 
45 W and 25 W which makes it 
sulable for micro soldering joints 
and medium-sized jos, as for 
‘example, on distributor stigs orn 
the hobby sector 


MULTITP sees, 15/25 W_ 


For instance, a SOOW bulb connected to the 
115¥ mains should show the same brilinice 
a one of the SOOW bulbs a¢ used in the 1 
KW loud 

‘Actually a transmitter supposedly putting 
‘out 2,000W PEP is putting out something 
less than 1,G00W with sverige voive modi 

tion: it would be more of the order of 
300~-750W average power. Remember that 
the light bulb is only going to show average 
ower output, not peak, and as ham trans: 
milters are limited to L000W de input to 
the final amplifier. one cannot expect much 
more than 500-750W output (average) ure 
less the efficiency of the final amplifier stage 
approaches 83% which is very unusual 
although [am easing lately that eertain 
high-power transistors are in development 
which will deliver such high efficiency 
figures: @ bit above that which heretofore 
hhas been obiainible with tubes. You should 
be hearing a lot more about these super 
efficieney transistors in the neat fature:and 
expect them to be appearing in certain ham 
transmitters within yeu oF so 

Naturally a CW transmitter with the final 
operated Class C may deliver as much as 
S50W with [,O00W de inpul, while 1 DSB 
Iransmitter on phone couid not be expected 
lo deliver more than 6SOW with Class A or B 
modalation 

The research and conclusions I reached 
fon this project brought to mind the old 
subject of using light bulbs in series with 
Primaries of transformers to reduce the 
secondary output voltages. which is a tick 
which his been used for years by hams and 
fthers. The ioformaition contained herein 
indicates they ate not only quite suitable for 
such usige, bul in fact make quite ideal 
voltage regulators ofa sort. 

In fact, the question smmediately arses as 
to why bnlbs would not make rather ideal 
voltage regulators for high voltage supplies i 
used af a variable-resistance de regulator in 
the de leg. This satin opens up field which 
right bear intense investigation 


"Sota Dielectric RE Tramsmisio Lines, WBLUO, 
aio Newr Oct. 1946 

Line Matching: Tale f Power and Voltage Loss in 
DIRodlo Home Fh 7, 


BUILD YOURSELF 
LIGHT WATTMETER 
Ger Hen 


Every wook bring someting new in the 
hectic Bold (or pasture) of electronic, At 
tempting 0 solve eid problems with new cor 
ponents an teresting pastine fer eects 
thus, bot they most be crea not to 
pl thet foe a the wrong thing. One of the 
New companents is the cadniim aude? 
deus ptoa.& skort to 
Hight ‘not an. ently new conceps since 
selenium ell have ‘ben around ft some 
Une, bit the degree of sentvty makes the 
‘adit cell stn out, 


¥ 


u 


He 


Fig. 1. Chet of Light Wottmetar, 


1 messurements especially, there re many 
posible applications for cadmium photocel, 
‘One meastrement in particlat osully dif 
cult for the amateur and his f power meas 
‘eement, There is a way of sing. cedmiamn 
Dhotocels, 0. measure pawer, snd I eal this 
{ircalt a “lige watinete"= Operation i jst 
fs the names, tat 8, She power 35 use 
to generate light which i steqrored by the 
phatovel 

“Yor have probably sealized by now that we 
ae going to use @ ight bulb as 2 load. Now 
this frequently done in amateur eles, but 
10 one wil go out cr alin as tos aconacy. 
Except mo. We know Ut the ovclinary amp 
flsment has & postive temperate celicent 
Fig. & thusates the varktion of a (pial 
lump Alanent reste with input power 
By Keeping thi in mind, fay good accuracy 
‘an be had. OF cours, if your une a diferent 
imp, the curve wil stil apply, ut the rest 
anh wil bs diferent 

“You can tun your own graph, however, by 
sng the setup Shown fa Fig’ 2. Bither der 
e-can be sed, and ince the lamp has He 
Inavetive or capacive.eflet, the redings 
{ake wll be good to etter than 101 mes Afr 
you have « gph on the lamp you ere wing, 
you can eee any kindof npilance math 
Soo sh 

‘Using a lamp 2 lad shopliies the prob 
Jem of power messirements brcatse Ina for 
this Service are hard to come by. Power tee 
Sslors aro too inductive, ad when they p 
proach 1600 wat they become downright 
fxpensive. However, even 1000 wat Tam 
{Shut too expensive, 

Fig. T iows the eet that T used asthe 
Us of thi areas A standard 150" wat 
lamp was used here as aloud. The photocell 
15 mounted about five inches from Ge bulb 
‘A Wooden foe Toutes the wattmetes, com 
pletely" sealed internally against extraneous 
light. Figs. Sand 4 ilustate the variation ol 
resilance of the photo th variation of 
poster applied to the lamp. ven very. snl 
nouns of power are memiveale, the coll 


Fig. 2. Response of CaS cell to 150 watt 


Fa. 2. Method of calibroting lamp and d 
fetoringvasitonee. 
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Fig, 5. Resitonce vers power inp, 150 


Js shielded from external light 
‘The wires fom the input connector to the 
lamp are kept ue short a8 possible by remax 
ings the lamp ‘ase and soldering. the. lamp 
‘wires divcetl t9 the toustal connector. Switch 
SI selects thnee ranges, which can be sot by 
the builder to anything he desires. In my 
terse Tused three rangos which cover from 035 
trate ull see to 280) watts full scala With 
some photocells a 1.35 volt mercury battery 
ean be wsed instead of the valk battery 
shown, Ako, U'tsed a0 mieroamp meter 
hrecause of convenience (mine), but even a 
10 ma meter will work. Don't exceed the rited 
power dissipation of the photocell, andre 
Tomber this may derate with increasing an 
bent temperature. One thousand atts ina 
bor can he a Int of aubient temperature, 


Fig, 6. Calibration cane for Light Watt 


Getting lack to the aceuiacy, if T were to 
‘ell you shat the meter would read sith such 

nd a, a» en eit 
Your calibration would be off ten to. te 
per cent when the construction was Gnished, 
The best way of getting 4 good calibration is 
something you've heard before; “if you want 
jb done right round hece you've got Co do 
A yoursel 

Now obviously you eau’ calibrate the watt: 
ete al 14 me, becuse this it hit you are 
frying to meassre to start with. Luckily. the 
light fear the laexp Blawent is primarily a 
power function, and it doesn’t matter whether 
{hiss de power, oF 100 mo poster, 

So, to calibrate the wattmeter, apply ac or 
deat you with. Measure the input vellage aad 
ferent, and sead the meter. Make's graph af 
input power ve meter reading, and there you 
hive it Fig. € i the graph that I use. with 
the ceouit in Fig 1 Keep the impedaoce 
sorition im mind, and select « lang with the 
ower impedance's0 that standing waves wort 
fat up lots oF your power, AS a: dunniy load 
tind approxiinate power indictor this is rot too 
fritca, of course. But if you wish acewrote 
power measurements, your impedance should 
Dbeapprosimately matched. 


LOW POWER LIGHT WATTMETER 
ill Hoisingtom RICE. 


his article describes avery useful 

pulget for determining the xf power 
Output of solid-state VHF-UHF tans 
nitters in the difficult range to measure, 
from about 10 mW up to § watts. I does 
ot read watts directly: but by a simple 
comparison of calibrated pllot light bril 
lianee, it will tell you how many watts 
you are putting out. to within less than 
S%. allows you 10 check power 
increases and estimate your efficiency 
quite close, 
Principle Involved 

We'll start right in with this part 
because, while this unit is not by any 
‘means a “trick,” it does not read sf 
directly. You first light a pilot tight as a 
00d dummy load, matching into the rf 
tank circuit of your transmitter by the 
normal means, also noted here 

‘You then switch on a second bulb of 
the same type by means of 2 battery, 
controlling the light ougpat with a $1.30 
wirewourd potentiometer in sores, as 
sown in Fig. I. This pot must be 
previously calibrated in miliwatts, as by 


cE 
PRIS 


af 


ev 


Fig. The leeut supplies te britance “sam. 
dara” for comparion. When the “randard” 
lime i mounted aajacent tothe dinimy load, 
{he pot permite vartion of the standard #3 
Imarch the load. il" the. restence ie panel 
‘marked in watis, 3 good power indiation is 


TRANSMITTER 
AP OUTEUT Stace 


10-180 pF 
Mica 
TRIMMER 


= 
x 
1S 
2 
2.25 


the method of “volts times milliamperes 
equals milliwatts.” You ther match the 
brilliance of the bulb lit up with rf or its 
dull glow at some {8 to 25 milliwaets if 
you're just getting your transmiter going, 
and read the waits on the wattmetst dial 
1's astonishing how well it works, how 
repeatable itis, and how you woulda’t be 
without it once you build and calibrate it 
Briliance Standard 

Figure 2 tolls almost the whole story 
at a glance. You can, of course, put as 
much calibration on the dial as you have 
time for. It is quite important to orient 
the bulb (laments in the same relation to 
‘your eyes for best matching, There isn’t 
much in back of the panel except one 6V 
battery which can be obtained in any 
hardware store 


Fi. 5 Motebed pilot light load for the UHE 
‘tio, 


RE Matching 

Not that it 3s particularly ectical, but 
be sure and note the need fore large 
range of series capacitors for the rf plot 
lights as you go up in frequency. This ean 
be seen cleasly in Figs. 2 and 3, The block 
diagram, Fig, 2, shows a 6 meter setup, AS 
you go up in frequency the series capaci- 
tance drops. A good matched loud on 432 
MHz can be obtained as shown in Fig. 3 
T sometimes remove the tin hase from the 
bulbs, but this is not an absolute neces: 


wsmw 2s 


Fg, 2, anriescopacitanee loads theo Indicator or compernan. The capacitance vlue wil decrease 


Inessly wth frequency eeases 


B 


sily. It is important to vary the emount 
‘of coupling, and thus the sories capacity, 
by spacing the lab capacitor closer or 
furtuer away trom the ground plane, a8 
detailed in Fig. 3. You alsa can ust as 
mary bulbs as you can solder onto a 
tuned rf inductor, even though they don't 
all ight up with the same brilliance. You 
‘ean match them all up, but you don't 
have to, Just check the wattage, or milli 
waliage, of each one and add them up for 
the total. 

"The number 48 or 49 bulb, listed at 
2V and 60 mA, is rated at 120 mW, and 
glows dim at about 12 to 15 mW; $0 it 
can be used for low-power receiver oscil 
Jators, etc. With two other bulbs found in 
hardware stores, connected and matched 
to the ef inductor, such as the PRI3 (SV 
at 500 mA), you can read correctly up to 
SW. From there on up youxe on your 
fown, although a good variable 115V de 
supply can be made up to work around 
50 to 100W. 1 genorally use a variety of 
L1SV bulbs of different wattage, light 
them up with #f, and use their rated 
wattage, 


YET ANOTHER LIGHT WATTMETER 
John Meisner KSCXN 


‘any VHE operators would tike a 

heap, accurate instrument to mes- 
sure rf power. The same desire is frequent- 
ly expressed by operators of the HF bands 
Here is © very simple wattmeter which 
when used with a $00 transmission line oF 
load has all of the following desirable 
‘characteristies: 


1. Easily calibrated to good accuracy 
(255) with your multimeter and a variable 
de source; 

2. Perfectly flat from de to 450 MH 

3, Insertion VSWR less than 1.05 

4. Power readings in the 2 to 50 watt 
range (higher power can be measured with 
slight design chances): 

‘The operating principle of this watt 
meter is stark simplicity. A pilot lamp 
across the ef line senses @ small portion of 
power in the line and glows brighter with 
increasing power. An appropriately located 
photovoltaic cell connected to a micro- 
ammeter measuzes the light output which is 
proportional to the power flowing in the 
line, Of course a good deal of nonlinearity 
js involved in the vatious elements ~ both 
the lamp’s resistance and its spectrum 
output change with heating; ostput of the 
pholovoliaic cell varies considerably with 
both the amount and frequency of the 
Tight shining upon it. Some of these factors 
tend to cancel out however, because the 
photevoltale cell produces some current 


with only infrared lamp output at low 
power levels before the lamp even produces 
2 visible glow, and the call tends to 
saturate, increasing its output quite slowly 
‘at more intense illumination levels, 
Probably the biggest single requirement 
‘of any wattmeter is that it must be capable 
fof being inserted into a transmission tine 
without disturbing the operating conditions 
in the line (low insertion VSWR). It might 
be argued that hanging a lightbulb across a 
transmission line will seriously affect the 
line impedance. Ordinarily, this is tre, but 
the undesirable changes can be minimized 
‘and indeed approach an insignificant level 
if the resistance of the lamp Glament 18 
very large when compared to the bine 
Impedance. In general, a factor of 15 or 
more times the line impedance is. sutti- 
ciontly large to produce negligible effect. 
In the case of the suggested 10V, O14 
Ampere pilot lamp, the mismateh produced 


in the lino gives a VSWR of 1.05:1 at the 
power lavel of 1 watt. This mismatch 
decreases rapidly with inereasing power. Ie 


falls to well below LO1:1 at 50 watt 
Another point of interest with regard to 
this particular choice of lamp is that itis 
Tonglife type with a life expectancy of 
10,000 hours, This implies two advontages: 
(2) The lamp will operate at well over is 
rated voltage without burnout (50.0¥ at $0 
watts), and (b) the interior of the lamp 
envelope will resist darkening which would 
negate the wattmeter calibration. In addi 
UUon, the filament structure of this type of 
lamp is a single-strand straight tungsten 
wise, The coiled type of filament structure 
introduces undesirable tnduetance into the 
cuit which can distort wattmeter read 
ings in the UHE range 

‘The wattmeter shown is constructed in 
two boxes for the sake of convenience. The 
sensor ean be located in the transmission 
line at any point and the meter can be 
placed beside tho transmitter. For test 
wor’, the whole unit could easily be put 
into a single box, Coaxial fittings and cable 
were used for interconnection, but since de 
only flows in this cizuit, any type of 
witing would be satisfactory 

‘The photovoltaic cell used in this watt- 
meter is 2 unit obtained from ths local 
Allied/Radio Shack (Catalog No. 


276.115.) Output of the cell is rated .SV at 
6 mA ia sunlight 

Since the cell generates considerably 
more than 20 mA under moderate imi 
tion, 3 switehing arrangement is incorpora- 
ted ‘into the wailmeter to shunt it into 
progressively higher current ranges with 
Increasing power. Alematively, 2 50 or 
100 milliammetsr could be used with less 
switching at a sacrifice of sensitivity in the 
(53 watt range 

Calibration of the wattmeter is 2 simple 
process. By solution of the formula P = 
'V?/R for voltage, the following tabulation 


Js made for a S02 line impedance: 
VOLTAGE POWER 
(ams or de) (Watts into $02) 
7.07 1 
10.00, 2 
1224 3 
14 4 
1571 5 
1732 6 
ren 7 
20.00 8 
2121 ° 
2236 10 
3182 20 
3a1 30 
4471 40 
50.00 30 


Using the tabulation, fasten & metered 
variable de supply into the wattmeter ace 
cording to the following diagram. Now 
Simply note the reading on your waitmeter 
for each of the selected voltages in the 
table and tabulete dhis reading with the 
corresponding power in watts i a table of 
your own, It may even be possible 10 
remove the front of the meter case and 
mark new eabrations directly on the dial 
‘This was not possible with some hermeti 
cally sealed meters, It is hest to disconnect 
the watimeter from the antenna feedline 
for this calibration, Ifthe meter is left with 
‘4 transmission line aitached amd the an 
fenna happens to be fod through a balun 
device with near zero resistance, the power 
supply, and perhaps the balun, will suffer 

Ti nwst be pointed out again that this 
power meter is intended for use either 
with SOM coaxial line systoms with low 


VSWR or with 300 dummy loads. A 
coaxial line that i not Tlat” (unity 
VSWR) or a dummy antenna that does not 
look like” SO, which is the case with 


Fig, 2 Calibration digram 


most HF loads used at VHF or UF, may 
cause distorted power readings. If you have 
doubt about your transmitter’s power out- 
put when using this meter, you should 
check it while using a known SOQ load 
rated at the transmitter’s output frequency. 

I mentioned hefore that this power 
meter was easily adaptable to higher power 
readings. To upgrade the meter, the only 
change required is to inwrt the correct 
higher voltage pilot lamp having low cur. 
rent, longlife specifications. Suggestions for 
some of these are the following Dialco 


Lamps: 
Part No, Max Power Level (Watts) 
24c8 100 
48cs 200 
60PSB 340 
rors 800 


A LOW COST RF WATTMETER 
Mark Leavey WAIAIR 


say yor Jos fled bulldog that 
"Yiiteterig and want o fed cut how 
tmsch, power yore, ranaing but cant 
itord fo buy 8 waltmeter? You've bom 
taling "CQ 80° QRE™ al day with your 
artewatt wonder and nobody ar 
inet Thon get yourself wy, wo dv ito 
ths vortobes ted bud vonefl tela 
keene handy dandy wate, 


If we are going to build a wattmeter, 
let's consider what we sant, Accuracy and 
case of calibration, a= well as simplicity in 
are "prime The 
moter described here ate as 
components allow, and it's easy to build 
he calibration is logarithmic, which means 
that a simple graph is possible, and easier 
than changing the meter sale 


construction requisites. 


For the mathematicians, 1 will present 
the formulas upon which this deviee is 
based, and ways of modifying it; for those 
fof you who avoid math whenever you can, 
ook at the graphs and skip these few 
paragraphs. 


To. spare undue complexity, assume 
SIG line — other values can be dealt with 
later. Pemaps ime easiest parameter to 

and one that 48 proportional to 
fs rf vollage, A volinieter cin be 
ide most easily wilh w series resistor and 
& 0-1 mA meter. Now lets plunge into the 
vet wl calculations, 


Assume W is the full-scale meter reading 


in walls, Z isthe line impedanee, fs the 
voltage measured, 1 is the fullascale meter 
reading in amps of the basie meter, and R 


is the value of the serie resistor in ohms. 


We know that the voltage (IR) is equal to 


the square root of “impedance times 


NS 


Fig 1 toparithmle plots (oe determining power. The upper curve giver rastance values for 
etermining wbat the follsale meter fiction will be (ommber to eatiply the sree rtianee 
‘aun shown on the chart by 12 RG. The lowor curve will sow you to determine your prcie powes 


Sutiryou use a OT mA meter, 


power,” or 14.270V. Now, since the volt 
tage und the current (OOLA because the 
fallscale movement is 1 mA) are known, 
simple division yields 14,270. The resistor 
value, then, i 14.270 KO. The upper 
portion of Fig. 1 isa graph that will enable 
the nonmathematician to choose the value 
Of the resistor for fullscale readings up to 
4 KW, with 512 line and 2 0-1 mA meter 

Way 4 kW with an amatcur power limit 
fof L&W? A look al the bottom half of Fig, 
1 will explain, Although this isthe calibre 
tion of the prototype, for 4W full scale, i 
will double for 40,'400, or 4000W. A 
halfscale reading, 0.5 mA, corresponds to 
1W (1 KW, ete), This spreads out the range 


below 1 ‘kW for case of reading and 


Now get out that soldering copper and 
sas pliers, and build i, As the schematic 


Front view of unt, 


% 


(Fin the circuit is a basic 
rectifying type Ff voltmeter, The prototype 
vas built in 9 small ean of the plugin 
module variety that was scrounged from 
the junkbox. About the only critical partis 
x. The capacitors in the 
prototype were mica, but ceramic disks 
‘Would work as well. The diode can be a 
IN34A, 1N270, INS2, LN3BA, oF just 
about anything else. Use the old hum’s rule 
‘of thumb: “When in doubs, try ie out!” 
Two sockets might prove more con 
venient rather than one with a coaxial tee 
4s shown, Conventional minibox construc- 
tion or building into a new or existing rig 
will be mote than adequate. Point-to-point 
wiring is used to permit compactness and 
reduce lead length 
Fine,” you say, “but 1 don’t have a 
hhuge mound of test equipment. How do 1 
calibrate i?" That $$ the beauty of it ~ 
You don't! If the series resistor is uacurate, 
the moter will be selF-ealibrating to a log 
scale, Remember, you know R and Z, and 
the fullscale W. Now assume a balfscale 


p 


simple, accu: 


a 
a2 Shemale daa o 
Lepeerobeicer itenons 


Connection 10 tansmiter with dummy load (ase 
vex) 


reading, 1=0,0005, and caloulate W for 
half-sele, Plot these (wo points at 1,0 and 
0.5 mA on Pig, 1, and connect by a 
straight ne, which you may extend the 
Tongth of the graph 


Cennegtion to transmiter with anteana con 


Install the meter through a coaxial tee 
A your antenna connector, oF rough 

other mined means, and 
terminate with a dummy load. The one 
seen In the pleture Is Unree 1502 cesistors 
in parallel, dipped in epoxy, shielded with 
4 copper braid, and installed on a BNC 


plug, Apply power and stead the meter 
That's it! The meter can be used with an 
untenna If your sor Is below about 1.2:1 


So what did | promise? A low-cost, 11 
wallmeter that is inexpensive enough Tor 
the Novice, practical and useful enough for 
the General, and “Extea” accurate, Go raid 
the junkbox, and add a worthwhile piece 
of gear to your sh 


i POWER MEASUREMENT USING 
HOT CARSIER DIODES 
teint 150 Rte 


mum i to be 20W 
reading could he about 45 4A instead of 
30. The minimiam per reading would b 
oubled. ty this wallmeter. the pow 
fange potentiometer 18 calibeated snd any 


the reference meter 


a reference line on the meter # used whi 
making sf measurements. The dusamy 50! 
antenna resistor 1s rated up to 1000 MEI2 
sis excellent froim 450 MHz down 

The range potentiometer hal sn audio 
nonlinear) taper. By connecting the 
“high” resistance end to the diode, the 


wall range seale i spread out quite well in 

the O.1-10W range. The 

an HP 2900, thas @ 10 PHY rat 

means that the 

should be less than 3V for safe 

Ae LOW of rf power, the ems voltage woulkd 
YY, which means s voltage 


ot carrier diode, 
whieh 


Bottom view of JOW unit sit 


Top view of low powered rf waltmotar eaves 
(25 fo 10W, Bull ato Set? chasis with ie 


oplied diode 
bout 2V. An HP 2800 
PIV cating. would be more 
desirable, especially 1 the moter was ta be 
‘calibrated (or 20 mmassmiia, This diode is 


ws needed to keep the 


whout $1 and has a lille higher eap: 
tance, which would require afferent 
tor divider he device work with 
the Sime power range cuibratic 

The divider should use JW resistors af 
the carbon or metal film type. since these 
linits are part of the of circuit, IC beter 
to use ties ‘ZW 3002 resistors in the 
String rather than a single 90081 2W resis: 
tor: this is hecause the Ff resistance ch 
teristic is wsually better in or 15W types 
in certain ranges of resistance, Every ress: 


tor has some inductanee and shunt capac 
tance which becomes part of the voltage 
diver avitanee isin 
parallel waits that of the 1100 4W resistor 
in Fig L. However, nearly any combination 
of resistor sizes can he equalized within 10 
to 20 


over the desired frequency range 
This divider is across the 502 dummy 
amend, $0 shotld ot shina the valve 
town to Jess than 49 or 4842, This divider 
has to dissipate a little ef power also. Its 
total resistance should be atleast 20 times 
os high asthe dumany antenna load resistor. 
The values shown in Fig. 1 re just 
about the minimum that should be used 
Too high valucs makes it more diffieult to 
extend the frequency range lo the upper 
end, though it ean be done, as was dis 
covered in the higherpowered wattmeter 
of Fig. 2 
All odes are poor reetifiers at applied 
rf soltages below their forward bins values 
‘of 300-700 mY (peak). BY using a fore 
ward de pias voltage fo make the diode 
eonduct at east 5 or 10 mA, the detection 
sensitivity 8 mcreased as much as 5 or 10 
‘This requires 2 small battery, a 
couple of fixed-value resistors, and an 
aljustable pot to balance this current out 
fof the meter when measuring rf powers 
below 100 mV. If the power range is 
limited to a minimum of % or YW no bias 
siccult is needed in this 10W instrument 
The range seale in either ease has 10 be 
hand calibrated. 


A low-powered radio transmitter or 
cexsiter cin be used as a LOW power source 
when calibrating the power range pot seal. 
‘The transmitter can use stage detuning to 
reduce power outpuls dawn to the lower 
values needed, Many swr mcters have wits 
‘of power calibration and one of these can 
be pul in the coax line to the ef wattmeter 


for calibration service. A more accurat 


calibration can be made by comparing the 
power readings against some reliable cont 
mercial rf wattmeter within ils frequency 
range and calibration charts. This scheme i 
usually necessary for checking the ealibrs- 
tion al VEE or HE. Another method is to 
uuse an accurate rf yoltmeter across the 
‘dummy antenna connection to ground and 
ead the power values in watts = E/R, For 
example, SV (ms) squared is. 28: and 
divided by $02 is equal to 500 mW 


The Sierra 50% dummy antenna has no 
connection available at the high end of 
Fesistor, which terminates in a type N 


fitting. The metering circuit has to connec 
10 this point as close as possible by getting 
into the innee conductor of a coax fittn 

fr by drilling a 3/8 oF ‘in. hole throug 
the shell of tke dummy antenna close to 
the ef filting end. This can be done and the 
first 30002 resistor inthe voltige divider 
soldered to the inner connection to the 
large 509 resistor. A long L/S in. dlameter 
soldering izon tip is needed. The divider 
resistors, diode, and four 01 uF stud 
mounted bypas: capacitors were all mount- 
xl around this large hole in tapped 6-32 
holes for the four capacitors. Larger values 


of bypass capacitors can he shunted across 
these 0.001 HE values to ground to extend 
the frequency range down to low rf or even 
sf values. For example, a .02 jF capacitor 
shunt would allow operation to 2 MHz, A 
‘miniature $0 oF 100 F electrolytic shunt 
would function a€ audio frequencies down 
to 300 Hz. The diode nuust have a low 
‘impedance path fo ground over the desired 
Frequency range to function as 4 peak 
rectifier and get as much de output voltage 
as pussible for the meter citeuit, The 
microammeter inserts with a vatiable 
range resistor is simply a de voltmeter. The 
diode rectifier converts tf voltage to de, so 
the diode should be equally efficent over 
the whole rf range 

‘The $—30OW unit was built to use with 
a large dummy antenns rated up to 500 
Allz, which is & massive unit extemal to 
the box shown ia the photographs. Quite a 
bit of rebuilding went into tis device to 
make ong calibration of the range poten: 
tiometer fit al frequencies from 450 to 2 
MHz, The input and output coax fittings 
hhad to be finally mounted so the sinner 
conductor tips could be soldered together 
and the resistor divider connected to this 
point, The latter consisted of two 43008 
2W carbon resistors and a 6802 1W resistor 
in series to a copper sheet inside of the 
aluminum box, 

The watt range variable resistor was @ 
500 KS linear potentiometer whick was 
limited 19 a lower vahie by shunting it 
from the moving arm to the diode connec- 
tion end with @ 220 KY resisior, This gave 
1 maximum power reading of 300W. when 


eer telering ctuit. Exinenal 500 or 400W ding enter loud 


‘Top vow of § to 500W motirng cirsit for use 


the reference line was drawn on the meter 
face at 12 WA. The import, low price, 
0-30 HA meter had a large meter scale. A 
smaller 0-50 WA meter would have been 
usable, since the meter is wsed only as & 
reference, The range pot knob is adjusted 
when ef power is applied to mun the meter 
reading up to the line drawn on the meter 
seale face 


The circuit showa in Fig. 2 was equal: 
led to within about 15% error over the 
range of 2 to 450 Mitz by shunting a 5 oF 

pacitor across the 68D resistor in the f 
divider 

Calibration of this device was made at 
144 MHz using 4 transmitter having up to 
S00W available carrier output, The meter 
iaing unit was connected to a large Bird rf 
wattmeter ut the external fittings of the 
latter, Several therniocouples hid tobe 
used to cover the wide range of power for 
the ealbrition, This required reading © 
chart curve for cack Bird wattmeter tead- 
ing and using eorection fuctors for fre: 
‘quency in order to oblain the actual watts 
of rf powes. Now, the farge unit is used 
without the thermocouples, charts, 1f 
choke, efe. simply as a dummy antenna 
‘The new metering circuit conn 
into the antenna fitting. with a 


5 directly 
feet of 


5022 coax over to the transmliters be 
rested, 


This power measuring deviee can be 
used in any $012 coaxial line to monitor 
the actual power going toward the ancenna 
The see in the line should he low, oF near 
unity. in order for the calibration to. be 
reasonably accurate 


VHF DUMMY LOAD WATTMETER 
Glen Zook KOSH 

The unit 

The unit described erwin is similir to 
some 60 watt unlis which may be found ar 
‘ound many commercial two-way zadio shops 
This dursmy load has provision fer connec 
tion to an external relative output meter 
This external ovtput meter may become an 
accurate wattmeter if the following criteria 
are met: 

1, Frequency bandwidth of £10% of cal 
‘bration frequency. 

2. RF output kept within power disipes 
tion of dummy lose 

3. Accurate intial calibration 

These criteria may be casly met in ama- 
teur vhf operation if only one band is con- 
sidered for each set of calibration data, Since 
most vhf amateurs operate on $0 mhz, 144 
mhz or 432 mhz, the * 10% frequency imi 
tations may be easly mot. This Hmitation 
sivesa 10 mbz bandwidth at 50 mkz, 29 mhz 
bandwidth at 144 mhz, and 86 mhz at 432, 
mhz. ‘The bimitation to the power catings of 
the dummy lead is only common sense, for 
if a resistive network is overloaded, the lar 
pedance may be drastically increased, caused 
bby damage to the load resistors, The calibra- 
tion limitation may be overcome ifa standard, 
previously ealbrated unit, or commercial unit 
ts used 


The unit consists hasicelly of 16 220 
Ohm resistors ina series parallel arrange: 
nent. The metering circuit consists of a 
germanium diode pickup with necessary «f 
filtering, The meter movement is generally a 
vom, bn any 50 ua meter movement should 
suffice. React physical layout is not 
extremely eritcal, but it is suggested that 
the lyout be made similar to the uni shown, 
in the accompanying photographs. This unit 
is acceptable for 60 Watt output transmitters 
‘without modification, The power capability 
may be inereased (o about 200 Watts iF the 
resistive network is suspended in 1 quait of 
cil. IF this done, cite mush be taken to 
keep the metering cieuil out of the of, The 
lead from the dinde to the resistive actwark 
must, of course, be partly submerged, but 
keep the diode itself out of the oi. Ido not 
personally use this arrangement. but U knove 
fof (Wo Units which have been in we at 4 
lupe Southeastern two-way radia shop for 


ig, Schematic. 1 and R2 consis of igh cele 


several years, ‘The same shop has incor 
arated a range switch with several meter 
siuiats for various maximum scale power 
reaiiogs. ‘This feature is especially usefal eo 
the amateur var EM operator who maybe 
working with equipment of from % to 250 
Watt outputs, The schematic appears as Fig. 
1, and the basic cireuit for various meter 
shunts as Fig. 2 


Pars tayout and interior view 


Exteral vio. 


Calibration 
Calibration is best accomplished by using 

4 Bird "Thruline™ oF similar commercial vit 
Inline wattmeter. Second choice is a Bird 
Termaline” or similar dummy load-watt ie: 
let. In both eases, graph shoul be created 
by plotting meter divisions on the horizontal 
axis, and power on the vertical axis. The 
ineter shunt should be placed at minimum re 
sistance snd increased to give maximum read 
ing at the desired power leval (eis holds pr 
marily true for units using the metering cir 
cuit of Fig. 2) of, if a yom or vivm is being 
used the range steh should be placed on 3 


Metering shuns. 


28 


high voltage setting and reduced a setting at 
4 time until the desired reading is obtained, 
The transmitter should be adjusted for vari 
fous power levels on the standard watt meter 
and the vollage or current reading on the now 
Imoter recorded on the graph. In the case 
where the standard meter is of the dummy 
Toad-wattmeter type, it will be necessary to 
switch the coax from one unit t0 the other. 
Do not relune the transmitter, for each unit 
will present almost the same load to the trans 
miter (50 ohms), Take the reading and re- 
cond 26 with an inline type of meter. The 
points on the graph should naw be connected 
With 2 smooth curve fuse of a craftsman's 


‘Using. the Dummy bond — Watoineter to check 
output of FH nt 


range switch is used, it will be necessary to 
calibrate for each switch position. Also, i 
rulti-band use is expected, the grephs must, 
bbemade for each hand. Use of the wattmeter 
now requires only the connection to the 
Aransmiiter, setting of range switch to the 
proper level, and reading the graph, 
Uses 

The uses of this dummy load-wattmeter 
are a8 varied as the amateur mind ean devise 
One very important use is determining the 
losses of $0 olin coax. Measure the output 
of the transmitter at the transmitter. Then 
‘easure the output at the ond of the length, 
fof coax. The losses in the line become p> 
perent. The loss in db may be calculated by 
the standard power ratio formula, 10 log 
Power out of coax/Power into coax 

“Another use is the determination of effi- 
cioney of final amplifier stages, This efficien 
ey may be calculated by Power out (measured 
by dumony load-watimeter)/Pawer im (reas 
ured by plate curcent/plate voltage meter) x 
3008.” A chind use ie deteemining ance and 
for all which amateur really has the most 
‘output. This list may be expanded by the 
builder to suit his own tasts 
Conclusion 

‘This dummy load-wattmeter fs not a Bird 
‘Tormaline” nor should i he regarded as a 
substitute for any other laboratory equine 
font. “However, with 4 litle caze in calibre 
lion, (assuming ‘3S accuracy standard 
uused_ for initial calibration) the accuriey 
should be within 10%, and this, my trend, 
is nol bad for a wattmeter costing less thas) 
S10. 


Chapter IV 


Measure Your Field Strength and Frequency 


‘THE RF SNIFFER 
Fin Kyte RSIRX 


[Evry now and then there's » need to know 
it any af is present in a circuit. Frequency 
fgn't 0 importamt—the question is siply. “Is 
there rf here?” 

Yon griipyex ean frequently ans this 
Sead fn the mavemeter mode, buE occasion 
lly it's not sonsiive enough particulary HE 
Soitre working with a recelver oscillator where 
power te mewsonod i aeroneatts 

‘ere’s an rf Snifier Which will indieate the 
slightest ace of Fn eieult, In addition to 
hesking receiver eilators, ide perfest 
fredget to ensue perfect neutralization of & 
transmitter Anal 

Connect (he components as skown in the 
schimutic. Use lonenosed pies as 1 hes! sink 
between the diode and the solder joint when 
‘wring, to preven diode damage. Note that the 
pickup loop of 14 gauge wie is insulated with 
np of spaghetti 


Movrtcapaniter ond dade on beck sf 
sith shone pens age itch ica 

Frocltyte entve malar foil, 
‘naugh e'do without other mechanical pp 


Serie 
Sen 


Amplifier Newtralization—Couple the Siiter 
to the antenna. terminal with a. tomporaey 
Theos Tink round the pickup loop, Remove 
fate nd screen votRage from the Saal amp 
Figr. Apply vive. Adjust neutralization. for 
minim iadleeton on the, Smilfer—ist. don 
pect to sn ablo te get it down to 267. 


Oscillator Checking Paso the pickup te 
sear the oseiater el, Tf the osiator's works 


ing, the Shimer will indisals of, Touching 
tthe the geld or plate lead (uso ah foshfated 
teal. tr ifs tas, Rot jour Angors) shoul ro 
‘luce the Safer ndleston 

‘Receiver Trohlesheating-—Check the oti 
lau an decesibed above, TC Tes okuy, next 
hock the miser rlate ell by lacing ths Sait 
er plekap loop near f TP you get an Indie 
tion here, ove to the Gest if stage and place 
‘the pickup Toop near the plate pin of the tube 
‘ecket, Proceed through the reeelver uot! You 
lose the indleation. Tha trouble 1 somewhere 
Tetween the tase indfeaton and the Point at 
‘whieh It dlanppenred. 

Field Sirenzth Meter—Couple a short an. 
era tothe pickup lon by bo time of wee 
Soon. the loop. Feld strength will be in 
Aigatodin'a comparative manner by the mete 
Teeertit ae enlibeated, bot proves cseful i 
thine mobil oF borm antennae, ete. 

Wit Measueement™(Puratla pes only). 
‘Mave the Sniffer long ths lve, Marke mest 
sling ant reunion realinge over halle 
Savelngth, Diside mists int -raxiooan, 
‘The quotient ie, roushiy, your VSWR. Tie 
rethod is by mo mous eset, Oye wll fae 
tate whether the line 3 under o over 9 2:1 
Sw, 

UHF Frequency Measue 
Lecher wires, Couple the ef Sniffer Hehtly to 
the tonie sient inetoad of sine a fashlieht 
bulb Use Lasher wives in normal fashion, rea 
Sng Snr ineatione for mein And ani 
nip. Thief oueh more exeet than the rer. 
sal methods. 

Tmprovised GrideDipper—I you have 9 size 
val generator available, ib can be used ith 
the sf Snifer fo serve asa “prid-dip® meter 
fo Tocale resonance for aay" tank’ clreat 
Cayple hth the generator und the Snifer 
Jightls to the unioswn tank, Vay gonerater 
fraquenty. Ashes rike in Shifer tndieation 
Indicates tp resonance point. 


THE PINK TICKET REJECTOR 
1. D. Taylor GWSPG 


Fem somstins into toe with 
the FOC because they have made a 
ihistake in tuning a frequency multiplioe or 
PA stage, For example, if the multiplier 
stage following 3.5 MHz oscillator is 
accidentally tuned to 10.5 Milz instead of 
7 Ml, the PA can be loaded on 10.5 MHes 


ey 


and if this is done even a short transmission 
fs likely to produce an unwanted “QSL” 
from the FCC! Mistokes like this ean be 
prevented by using the simple, casly built 
absorption wavemter shown in Fig. 
‘Only one coil is required in this meter, the 
Tow frequency range being obtsined by 
switching a padding capacitor in parallel 
with the variable toning capacitor. With 
‘witch SI open the tuning range is approx- 
imately 6.8 to 30 MHz, and with SI closed 
itis approximately 3.5 to 6.8 MHz, 

Construction of the wavemeter is sie 
ple. Tecan be put together ina metal utlity 
box, oa a wooden panel and baseboard, or 
fven in @ cracker ean of the right size, The 
oll ein be wound on any type of % in. 
diameter form. If nothing else is handy, a 
short Iength of dowel could be used. The 
coil winding consists of 7 turns of 20-gige 
wire, close wound. Both the tuning capaci 
tor (C1) and the padding capacitor (C2) 
should be 500 pF components, but the 
values of the other components are not 
critical. 

‘Any meter having « full-scale deflection 
between 100 yA and 1 mA can be used. If 
the wavemeter is builtin @ metal box, LI 
must be mounted outside the box. a 
slow-motion drive is not needed, 1f Cl is 
fitted with @ pointer type knob and a 
cardboard scale is comented onto the Front 
panel, the calibration points can be written 


Fi 1, LL? cures 20 zeg0 enamoid copoee 
Wee, close-waund on % ine form; C1 ~ 500 pE 
‘alate capacitor; C2 500 pF lied capacitor: 
C5 Fixed copactor, ony value between 1000 
BP act 001 pF: DI Bilson or garmantuin, 
B12 “Doving eatbmever (200 ma ma). 


When it came to calibrating the wave- 
meter I thought of @ simple method that L 
have not seen deserihed before, I soldered 
about 2 in, of wire onto one end of LI, 
and about 10 ft of wire onta the ather end: 
1 then connected the short lead to the 
antenna terminal of my receiver and strung 
the 10 ft of 2 temporary 
antenna. I then tuned thé receiver to 2 
Steady signal at each frequency at which 1 
wanted 4 calibration point, and adjusted 
CC until the strength of the received signal 
suddenly dropped sharply, indicating that 
the wavemeter was tuned to the frequency 
‘of the signal. [ was then able to mazk this 
Frequency’ on the cardboard tuning scale, 
‘The drop in signal strengh was very sharp 
0 calibration was easy, Once enough cal 
bration points had been obtained the tent 
porary wires were unsoldered and the 
waverneter was ready For use 

‘The only frequency whiek may require 
a itule adjustment is 30 MHz. If the 
wavemeter will not tune as high as this, 
push the top tum of coil Li about 1/8 in. 
away from the other turns, This should 
reduce the inductance sufficiently; 2 spot 
fof cement will hold the tim in ie new 
position. 

To use the waveneter for checking 
lransmitter, bring coll LI close to the tani. 
coil of the stage being checked, pply 
power to the stage and rotate Cl until 
maximum reading is obtained on the me 
ler. The output frequency of the stage can 
then be road off from the wavemeter 
tuning seale 

‘The wavemetor can also be used as a 
radiation meter for tuning up single-vice 
antennas, If it ls tuned to tne eransmitter 
‘output frequency and placed near to the 
antenna wre, maximum reading on meter 
M1 will indicate maximum output power 
from the transmitter, 

Many readers will have realized that the 
calibration method I suggest uses the prin 
ple of the tejector eirouit. That © why 1 
have called the little the pink 
tleket rejector" 


A USEFUL ACCESSORY FOR THE 
HAM SHACK 
Rex Morris W2 Wax 


Baise esas dealing with samating we 
cannot tee, namely electrons and electro 
rasgells sadlation fare only soe thelr efert), 
‘tmast aequite the nity to use test ec 
neat order to understand and fad our Way 
iiethis invisible rahe 

‘The plece of te equlpment shout to be de 
scribed ls coe of the more urefil fastromeats 
that the anmatenr should ave inthe shack, 
While this btrument eves petty ae 9 
tela rength mastery i wll aloo serve as 9 
hone monitor, nevtralfation indleator and a 

Roferring to the eiveul diageam, meter 11 
fain sonative tnttramert. which indienies the 
pressure of =f aehon the device ir weed te 


fold steonath metas, wavemeter oF nest 
n ndleatar 


To use tie instrument a2 @ wavemetor, « 
Toop fe aubstitoted for the short ship 
tthe top. Switeh Sty the toad switeh 


ight of the panel, is placed on the 

prope prion. Coil Lt tithes the vhé Tange 

of approsimataly UD me to 170 mie (2 meters) 

iy tunes 8 me to 100 me (1D meter and sie 
us) Ld tun 


Dive tor? me. (30 ain 40 rneer and) With 
fulleh SI on the proper tap, condansey C2, on 
fete of panel, is used to pen the Treading on 
meter MI Using a eabibrated dist, frequency 
tay be read divctiy. Toggle seitah Se ir a 
high-iow range switeh for meter ML, previding 
I 'means ‘of eaping the meter on’ acale and 
Drotecting it against Iiemout, Potenomete! 
1a (ester of panel) ea voraioe ebvnk corel, 
tls for Keeping the meter on sale 

or use as a phona monitor, of should be Fed 
ino the inpnt Jack witha ink or pele sere 
(Once asin the LC clecult se resonated to the 
frequency wo desire, Barphonee inaeriel in 
jack 12 ill open the meter sitet sn ll 
Jou te innitor the signal, Swit $2 fs placed 
fythe ti position. 

Field strength’ readings cam be taken by 
ising a short pickap antenna. Again the LC 
irene should be duet. to resonance. Bieter 
MI wit give en indioation of Held sizengt 


‘Wi solteh $2 in the Hi position the meter 
ivory sensitive and. potendomelae RE ts a 
Variable shunt provicing mueh range of seve 
jurinent, For uae seu rene sending Geld 
Strength meter an external ietoamineter 
‘ith up C0 200 fect of wire) may be legged 
Into J2:"Fer making tansnitier adjustments 


fone position on the band 


alli soneitsty pos 
‘exuenely high Ff elds whore 
2 cannot peavide eneugh ation 


he instrument through piekap tink 


anke coil involved, with 82 In the Le 
Fesomance 3 Becomes w very sensitive 7f ind 


itor. Te fs so sancti that dt wil realy be 


eon” that complete newtrabieation ‘xtsls tn 
corso, 

‘Amin all sinple gadgets there sxe a few 

ference between gedyet and instrament. In 

nportant thin to keep it inl 

portion, sod frou tho crystal ta the Jack J2 

is the we persion (with aula superaspestd 


tho two parts are separated, thereby sivine 
Some mescure of proteetan frat ef enerey te 
the very eeneeive aleroammneter M1. Ale ol 
the extensive ite nif sheet smell sores onthe 
Alueaum ease. Tho only ef we sant ta enter 
the case te the of we ate attempting to mensute 
tin the antennas fuck 


We now have an instrument for ‘viewalizing 

“The usefulness of this instrument in limited 
sly to ene's ailiey to apply it and Sterpret 
the eesults i gives: These valy came ‘th cs 
peciene, teal and error and dtevtnined appl 


‘TWO THRU TWENTY FSM 
Howard Prie W70E 


1 used a small LMM aluminum meter cab 
net with a hole for 8 2 meter; any equivalent 
bint ein ef course bo ied. With smal 
fekaue such a5 this (2°x€") the meter vc 
tuples the face af the cabinet and all contzoh 
are on the reas, Using n somewhat” lager 
Hhosg both the meter and the contol knobs 
cour be placed ona front panel i you prefer. 


ther then sind up the threo calls 1 
fonind that the J. W. Stiller Company RE 
chokes with minor modifcations were admit. 
ably suited for a compact job. One cach of 
their eatalag sombers 41606, 4588 ancl 580 
‘vero required to cover the thre. frequency 
‘proads from 2 through 20 meters, ‘The #4606 
oll should have five turns carefully removed, 
to cover the 10-20 meter bands, remove three 
tive Irom #458 for ix meters and two turns 


from the #4580 coll to harale 2 meters. These 
can all be resonate with a 50 pt midget vag 
able tuning eapecitor; 2 Hammarhund HP-50 
for the equivalent fe excellent. Any of the smell 
‘multi-point selecor switches ean be used for 
band switching. A JBT lever switch type SS- 
14HILS will handle the job or, if you prefer 
4 rotary switeh you cat se a Mallory type 
215) a8 1 did, leaving two postions unused. 
(might want to add a comple of colls and try 
440 and 80 later) 

Resistors F-1 and 2 shown in the schems: 
Wie, need be only % watt. A single flashlight 
cell will serve for the battery although 1 chose 
a LA volt mereury transistor battery to con 
Serve space. Other items sown om the sche- 
‘matic are obvious and. all parts are readily 
rvailable from most electron parte distribu 

is well a8 from the cleetronie mail order 


de F/S meter and know what 
cour VHF outputs are doing. If you want 1 
heck your modulation quality, «phone jack 
mmay be addled es shown, making Yale Ite 
fcget veally versatile, 


Side view of the FSM. 


Fis, 


‘The bondowtching, frosistorzed_fld 
Tkagth nie Ta foo heh easly sete 


AN AMPLIFIED, CALIBRATED SIGNAL 
STRENGTH METER 
J. be Mite VESCES 
cently, I had the problem of tuning a 
your clement quad. As you may or 
may not be aware, these beasties are sup: 
posed to be tuned from the rear for mini 
mum signal. A quick check showed none of 
amy fiends had a signal strength meter, so 1 
prepared to degrade myself and buy one. A 
look at a few prices convinced me to build, 
Since | wanted some other information 
‘on the qual, like front to back ratio and the 
effect of more of fewer elements, | decided 
to add a calibrated attenuator and enough 
‘ain to make a fairly wide input range. It 
also ad to be cheap! 
‘The reslt is shown in Fig, 1 


Fig. 1. Diagram of the field strength meter 


To use the normal rf attenuator method 
fof switched T-pads requires complicated 
shields and quite a few resisiors. Also the 
attenuator has to be terminsted in its charac> 
(eristic impedance to read correctly, To 
bbypass this problem I frst detect the rf, then 
attenuate the de. This has the added advan- 
tage that the circuit is no longer frequency. 

The incoming rf is tuned by CI-L2. C1 
ean be any small variable. T used both 
sections of a dual 15 pF because my local 
surplus store has them for 60. For VHF use 
only 1 section, 

2 Js wound on a plastic pill bottle about 
1" in diameter and tapering to 7/8". To 
cover 13-24 MHz, I used I tums spaced 
‘over about an inch. L1 is 2 turns over top of 
12. T tried bandswitching with another pill 
hhottle fastened on the other side of the 
shield from L2, The idea was to bandswitch 


another frequency range but 1 find it more 
convenicat to wind on coils as needed. Use 
the grid dipper to get you in the ballpark. I 
hhave used this meter as high as 72 MHz 
without trouble, DI can be any diode, [used 
a IN34 beeause 1 could then specify it and 
know it would work, but I ried a computer 
lype which also worked. If you prefer the 
meter to pedk rather than dip, reverse DL. 

Rectified rf from DI is put on the top of 
RI, the calibrated attenuator. R2 in series 
with RI gives the 0 dB point at its junction. 
For a 30 dB range, R2 is 47K if RI is | MQ 
This doesn’t quite fll the range but is close 
Changing the value of R2 will change the 
range but 30 dB is considerably more than 
the F/B ratio of most beams. 

(Qi is 2 2NSO33 FET. The high input 
impedance of QI allows us to set the 
calibration of RI directly by de voltage 
meanurements on the VTVM since it does 
ot draw any base (gate) current. It is a 
channel device. If you use an n-channel 
type you will have to change the entire 
biasing of the circuit and also reverse DI. 

Q2 and Q3 form a differential amplifier 
(o drive the meter, Q2 is necessary (0 avoid 
loading Q1 and I had quite a bit of trouble 
balancing the meter against battery voltage 
changes until 1 added Q3. It will now 
operate from 8.5-9.2 volts with no trouble. 
‘The 10K pot in Q3's base centers the meter. 
‘The meter 1 used is « 250 HWA tuning meter 
with no markings on it except a redjwhite/ 
blue bar. This is all you need since we 
calibrate on RI, not the meter 


Operation 

The meter is quite sensitive and with 
we foot antennt I could get a reading 
several hundred fect behind my quad at 60 
watts input. First tune the input (which 
quite sharp) with the attenuator set at zero. 
‘This is the least sensitive position, Now set 
the meter for a convenient reading near the 
center scale with the incoming signal still on 
using R3. Adjust your antenna. When you 
feed it power again the reading will not be 
quite of scale on the meter but turning up 
RI will allow you to put the meter back 1 
the original postion. Do not touch R3. The 
eading on RI is now the increased gain ia 
AB needed to bring the signal back to its 
original stength. In other words, the de- 
creave in signal strength 

Note that during measurements you need 
a received signal to use RI. With no signal 
the meter will be off scale 

| ave also used the meter to align 
oscillators end doublers in my two meter 
receiver. A probe can be made for this from 
two turns of wire on tho end of a piece of 

The high gain available allows the 

pickup loop to be quite far away which 
reduces detuning, Adjustments show up well 
fon the meter. 


Universal soldering iron 


ERSA 0 5, 20140 W 


Era MULTHPRO, 20 


RSA 154, 15W 


ERSA25¢, 250. 


‘The proven ERSA 30 §, avaiable 
wih 230 o 40 W rating, is a very 
robust and durable soldering iron. 
Its improved ergonomics is further 
‘enhanced by the practical stic-on 
rubber support disk. This universal 
soldering ion is designed fr muli- 
purpose use inthe crafts, service 
and hobby sector 


‘The MULTL-PRO with its heat-esis- 
tant power supply cord is extremely 
flere, a it canbe operated 

with 2 wide range of diferent tips. 
‘Therefore, tis suitable for almost al 
conventional saldering applications 


The ERSA 15+ universal so 
decng ions the ideal too! for 
cost-effective soldering. Internally 
heated soldering tins guarantee 

‘an oustanding performance, The 
RSA 15+ can be operated wih 
tivers ie tps ofthe 832 and #42 
tip series. ls ergonomic handle as- 
sisi he safe processing of fie 
soldering joints 


‘The ERSA 25+ is perfect for sal. 
deting applications wit increased 
heat requirements. The internally 
heated, larger soldering tps ofthe 
£832 and 842 tip series ensure good 
heat transfer ata high thermal 
performance. The ergonomic 
hance provides a safe aio for 
every soldering application. 


FREQUENCY MEASURING EQUIPMENT. 
AT MICROWAVE FREQUENCIES 
Siles Smith WADVEG 


his article snot intended to give the 

theory, but rather a practical solution 
to the building and use of wavemeters at 
microvvave frequencies 

In microwave work, frequency is one of 
the most important measurements. It must 
bbe understood the wave length in the devices 
described here is not the exact frequency 
wave length. A well-constructed wavemeter 
that has been calibrated can be very precise 
‘They can be within 1.5 MHz at 10 GHz or 
les than half of a MHz at 1280 MHz 
Temperature has some effect on the frequen 
ey. Most commercial wavemeters are con- 
structed of Invar, a metal that changes very 
lite with temperature. Some parts are of 
bimetal construction to compensate for 
temperature, For the average experimenter, 
brass end copper will have to suffice. Al 
though silver plating i desirable, it isn’t an 
absolute necessity. Frequency at’ microwave 
frequencies can be measured by three meth 
ods: wavemeters, slotted ines, and frequen- 
cy comparisons. All of these methods are 
tused commercially. The frequency compari= 
son is usually used in the laboratory to 
calibrate the wavemeter and the slotted line. 
As a general mle, any method of frequency 
measurement used at lower frequencies can 
also be used at the microwave frequencies, 
but are not always practical. The resonate 
‘eavity as a wavemeter is used in microwave 
measurements, 

‘There are three types of cavity waves 
meters: the transmission type, Fig. 1A and 
1B, the reaction type, Fig. 1C, and the 
assorption or absorption type, Fig. 1D. All 
are resonate cavities, The way in which the 
wavemeteris used delermings the type. 

‘All wavemeters are adjusted for maxi- 
mum readings except the assorption type 
‘The assorption is adjusted for a dip in power 
output. The most popular wavemeter used 


by the beginner is the open circuited tra 
mission line type, Fig. 2. This type of 
wavemeter is the equivalent of lecher wires. 
(Open circuit refers to the standing wave 
within the cavity, not the physical construc. 
tion except as it pertains to the frequency 
‘wave length.) The practical physical dimen- 


Fig, 2 


sions are not many. The inner circumference 
of the main tube should be less than one 
wave length at the highest frequency to be 
measured, The rod should be small com 
pared to the tube, If inductive coupling is 
used, the inductive coupling should be close 
to the shorted end. For probe coupling, the 
probe should be close to the middle, The 
‘open circuited transmission line is generally 
used in two ways. This type cam be used “in 
line’ (Fig. 1B) as i has very litle loss when 
it is resonated. However, it should be re- 
moved from the line before transmitting, as 
it will act as a narrow band filter. The half 
‘wave length is the measurement between the 
two successive points at which the generator 
will load to maximum, as the rod is inserted 
or withdrawn, 

‘Another method in the use of the open 
cicuited transmission line calls for the use 
fof an additional ciceuit, as in Fig. 3. The 
circuit is a simple crystal diode detector 
connected to a microampmeter. The diode 
and condenser are usually built into the 
connector, as the leads should be kept 3s 
short as possible. The half wave length 
measurement is made on the rod between 
two successive maximum readings on the 
meter, as the rod is inserted or withdrawn. 
See Fig. 1A and 1B for the setup. 


‘ a sens ee 
ee) jamali@] 


Fe] anes 


Fa 5 

‘The quarter wave coaxial cavity is actual 
ly 8 shorled coaxial line one quarter wave 
length long (Fig, 4, 5, 6). As illustrated in 
these figures this type makes a very good 
cavity Co use as a standard, To calibrate, 2 
chart is made of the micrometer settings at 
different frequency wave lengths from a 
Calibrated source generator, Don’t tell them 
$0, but the Public Relations Department of 
the Telephone Company may help you here, 
if they have any microwave technicians clos 


2 


by, The quarter wave coaxial cavity can be 
wither physically open or closed. If closed, 
the closed end should extend at least a 
quarter of an inch beyond the center con 
‘ductor at its lowest frequency. The closing 
of the end will lower the resonate frequency 
Probe (capacitance) coupling as used for 
coupling in Fig, § will shorten the center 
conductor, and loop (inductive) as used in 
Fig. 4 will lengthen the conductor. In Fig. 4 
we change the length of the center conduc 
tor to change its one quarter wave length. In 
Figs, 5 and 6 the center conductor remains 
the same, and we change the resonate 
frequency, by capacitance. This method 
rakes it necessary to coastruct the center 
conductor very short as compared to the Full 
quarter wave length as in Fig. 4. These 
devices are not longer, so caution must be 
used when calibrating, The closed wavemeter 
asindicated in Fig, 7 isa shorted coax line at 
ach end, The wavemeter uses a shorting 
plunger which is movable along part of its 
length, If used as the quarter wave coaxial 
covity, the center conductor must be longer 
than 8 quarter wave length 


Fig 4 


Fig. 5 


Up to this point we have covered most of 
the wavemeters that could be used from 
around 144 MHz up to approximately 3000 
Miz 1000 MHz to 3000 MHz are usualiy 
called the lower microwave frequencies. IF 
the inner cizeumference of the outer tube is 
kept lest than one wavelength, these wave- 
meters wil operate in the desired TM mode. 

“There are four ways to couple energy into 
14 wavemeter, loop (Fig. 4), probe (Fig. 5), 
direct (Fig. 6) and slit (Fig. 8). The most 
commonly used is the loop, as it has very 
litle effect upon the electric field, The usual 
methods for changing loop coupling is 10 
change the size and orientation of the loop. 
Loop coupling is usually placed io the high 
‘current area of the wavemeter. Capacitative 
coupling is changed by the size of probe and 
the distance from the center conductor. 
Capacitative coupling is usually placed at the 
high voltage portion of the wavemeter. Asin 
Fig. 5, «stall probe ~ say # in piece of No, 
22 wire, for example ~may require an 
external voltage amplifier. The smaller the 
probe, the less effect on the resonate fre- 
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‘queney of the wavemeter, In divect coupling 
48 in Fig. 6 the primazy concern is imped- 
ance. To increase the impedance, move the 
‘coupling up the line away Trom the shorted 
end, To decrease the impedance, move the 
coupling down the line toward the shorted 
end. Slit coupling (Fig. 8) can be a small 
hole or a series of small holes or # sit. Its 
purpose is to allow 2 certain amount of 
leakage, In all forms af coupling, i is 
sible to use loote coupling, a8 the 

will have less effect on the 
and the Q of the circuit will be 


system, 
higher 
Above 3000 MHz, 


usually only the 
fer is used. The eavity fsone 
quarter wave length long. The cavity ean be 
‘coupled in three ways: loop, probe and shi 
Because of the high frequencies, the slits 
usually used, and the meter is most oftea 
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kept as an assorption meter. In the assorp: 
lion method, the savemeter should be de- 
tuned when not in use. Some of the cavity 
wavemeters have a little lossy material added 
to absorb some of the eneray. as in Fig. 7 
Lossy material can be made Com graphite 
Jmprepnated cloth in epoxy, 

‘There is one other type of wavemeter 
that can be brieMy mentioned; 3t is the 
reference wavenieler, The reference wave 
meter is of any design as described, but 


‘would be constricted more like Fig. 6, It 
can bo locked when adjusted to a selected 
Frequency and used a8 reference standard 
‘The micrometer assemblies can be made 
from any micrometer with additional parts 
Welded on. I constructed one using an 
oversized tube over the main eavity, and 
dimpled it at various places around its 
viretinference until it ft smoothly over the 
cavity, and | used a plece of 3/8 threaded 
brass pipe as the main adjusting screw. Lam 
sure you ean come up witha good one 
without any backlash, Tkiswavemeter 
proad the 1250 MHz band out to over 100, 
Tches by rough measurements. 1 haven't 
calibrated it, s0 I ean't say for suze just how 
for, There are three nice veeder root eount= 
ors in the APX 6 which would make ex 
cellent wayemeters plus sliding contact ma- 
terial. One covild even use the entire cavity 

The last method of microwave measure- 
ment that we will look at is the slotted line 


49 
(Fig. 9), The slotted line is « rection of coax 
line along which is cut a slot. A probe, which 
is a simple crystal detector with 2 one 
quarter wave length shorted stub for a de 
chum path, is moved along acar the center 
conductor of the slotted section. In this case 
wwe ate looking for two successive minimum 
readings along the line. The distance be- 
toveen these readings is one half wave length 
‘A slotted line should also be calibrated. If 
calibrated st one spot near che intended 
frequency to be measured, a chart will not 
have to be made ~ just 2 K factor obtained 
‘The distance between two successive read 
ings times the K factor should equal the 
frequency half wave longth. There are 8 few 
accessories that ean be aither buslt in or used 


externally. One 8 a coax attenuator shown 
sn Fig. IL will slide in and out of the other 
half. 1 190 eam be ealibeated if one wishes. A 
S082 resistor ean be used for an impedance 
match for SOQ lines if inductive eoupling is 
used such as in Fig. 10 and when the loop is 
small, The line stretcher (Fig. 11) is usetut 
With the slotted line. tc mezely consists of 
uve conx sections, one sliding into the otber. 
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Fig. 11 


FREQUENCY METER ~ I to 10 GHe 
AMATEUR MICROWAVE 
Bit Hoisington KICLL 


A quarter wave couxial cavity is used up 
to about 5 ghz, and from tere (0 over 10 
hz the Ohtee quarter mode is used. A 
complete explanation of these types of 
‘operation i given 

The same type of unit ean be used as a 
‘very good tuned mixer from I to 10 ghz 
‘The Coaxial Ca 


TThe basic circuit of the coaxial cavity is 
shown in Fig. 1. A cylindrical outer cavity 
wall encloses a sound rod some 4 inches long, 
Which i the center coaductor—this center 
conductor is grounded at one end 
The Shape ol the Cavity 

‘The exterior shape of the cavity 3sshowa 
fo Fig.2. and is seen to be rectangular in 
crost section, with two thin walls and two 
thick side walls, Believe me, this contigur 
ation was not arrived at im one dey! De- 
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Signing tuners for X Band, { gaily started tn 
‘with sections of thin-wall round pipe, the 
way I'd always done on uhf. The first thing 
{you run up against is, how do you make the 
diode bypass capacitor? Machine out a cur 
ved tuddle piece to ft exaclly over the outer 
wall? Possible, bat loo expensive, And then 
how do you introduce the rf probe coupling 
into the cavity? Add on a “saddle” with 3 
hole in ie? These considerations and others, 
suc as mounting (more suddles?) led to the 
abandonment of the pipe as a shape for 
microwave cavities; but not until a lot af 
time fad been spent on the above mentioned 
items, 
Dioule holder and expacity 

Looking at Fig, 3, you will yeu the fest 
answer atvived at. but only after weeks and 
weeks of moking different types and shapes. 
The center conductor ss sightly flattened 
and drilled out to fit the diode prong. An 
'8/32 copper machine screw is drilled out to 
fit the otter prong, then slotted with a fine 
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Jewellers sou, and then compressed slightly 
to an inside diameter a shade les than the 
©D of the diode prong. In this way the 
copper screw will hold the diode as you 
insert it into the cavity. Believe me, thal 
helps! 


‘The second answer is also evident from 
Fig. 3. a8 the diode bypass capacity can now 
be made efficent at X-Band. As mentioned 
before, you cannot “buy” z capacitor “good 
for X-Band, You can make it though, as 
shown in Fig. 3..if the cavity body has been 
designed correctly for it One of the thin 
wall sides of the eavity 38 drilled out (or 
sichined out) just wide enough to clear the 
diode and it's holder, which is the 8/22 
copper serew. ‘The copper capacitor plate 
‘which is thick enough to take at east a half 
dozen 2/56 threads, is driled and tapped for 
the 8/52 serew, and clearance drilled in the 
comers for the 2/56 mounting serews. 
soldering lug for the de connection is used 
under one of these, and 2 three mil (chree 
‘Uhousandth of am inch) thick sheet of fiber- 
lass cut out to fit, larger than the plate 
‘This helps to Keep) metal particles from 
lodging inside the tiny crack ‘hat might be 
there if the fiberglass sheet did not extend 
‘out beyond the plate all the way around: 
You can begin to soe some of the detail 
needed at X-Band, 


Further reasons for the reetangular erase. 
section now show up in Fig. 4., witich details 
the rf probe connections. This item was zlso 


very troublesome in fitst models using pipe 


walls, whore ‘more saddles” was che only 
solution. All “saddles” are ellminated by the 
rectangular shape. Small semi-rigid cable is 
Used for the connector. 1 have some short 
lengths with X-Band antennas connected to 
them for use us “In-Space” pick-ups, feeding 
divectly into the wavemeter cavity. There i 
a tines an advaniage in ths ¢ype af "energy 
collestion” (antennas) whick will be taken 
up later. 

Fig. $. shows detail of the troatatent of 
the cavity end of the rf cable, or probe. The 
fouler conductor is cut away For about one 
‘quarter inch in length and removed. About 
sixteenth or s0 of the Teflon it left, which is 
then removed from the center conductor. 8 
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thin copper washer (which I generally cut 
‘ont of sheet copper since the hole to solder 
the eenter conductor is quite small) is then 
soldered to the center conductor, making 
‘the “capacity probe”, os shown in Fig. 

Mylar tape er other good insulation is 
fastened to the side of this washer fucing the 
enter conductor. With this insulation in 
place you cin push the probe all the way in, 
while testing, and stil not have a dead short. 
Different thicknesses of fiberglass shest can, 
also be cemented on, to make up more 
permanent types of fixed capacitors, of 
‘liferent values. 

For some uses, particularly in this one as 
4 wavemeter, loose coupling is desired, but it 
rust be securely locked will the set sem, 
otherwise your dial calitration and fre- 
‘quency reading will sufer. 
Plunger fingers 

Here is the most difficult item, It is 
hhoped to have stock pieces made up for this 
work that you can purchase at reasonable 
cost. The fingers should he made of tem- 
pered berylliumecopper, which isnot easy 10 
work with 

Fig. 6, sows some details of the phinger 
and fingers. Lastume, having been told 30 by 
“welkinformed sources” (mechanical eng 
neers) that these units should be made in a 
machine shop by competent machinists. 
Maybe so, a8 the ones I have made here in 
the shack by hand tend to lose their tension 
if not handled carefully, 


Fig. 6: Phingr details: End vow, B10utr 
Fingers, CiCeneer gee, 


Fig. 7. shows the desired fit for these 
Singers, The phusgor body should be an 
easily slidedit dnside the 4 inch cavity, and 
the center hole in the plunger after the 
fingers should also be an easy fit over the 
‘center conductor. 


‘Two steel push rods lead back from the 
plunger through small holes in the back end 
‘of the cavity (Soe Fig. 1.); these terminate in 
the brass block which is furnished with a 
polater Tor the frequency scale. Maximum 
extension of the phunger should be up 
sgainst the end piece, #8 a positive reference 
point for the dial, In case of trouble after 
cabbeation. This point should be indicated 
fon the scale as “minimum frequeney” in 
order to reset the pointer if it should ever 
become displaced after calibration 
The diode 

AL present, the diode used is an X-Band 
“pill package,” with 2 prong at each end as 
shown in Fig. 3. These are pointeontact, 
iodes, like the famous IN23 ceramic « 
Uridge types of World War I fame, only alot 
smaller. Referring again to Fig. 3. always 
make sure that the ceramic part of the diode 
is, a8 nearly as possible, in the open epuce 
between the inner end outer conductors. 
‘Ths tpace is where the #f is! Ie i also 
Jmportant to make sure that there is as much 
metal surface continuity as possible slong 
the cavity wall, across the fiberglass shect 
X-Band capacitor insulation onto the diode 
Capacitor plate, and from there over to the 
diode holder and onto the metsl end of the 
diode, 

The #f is at a maximum between the inner 
and, outer conductors, which is an air space 
of a sixteenth of an inch, and that is where 
the diode should be. 

The diode rf bypiss capacitor, formed by 
the diode plate and the flat top of the cavity 
body, ved only have a capacity which is 
relatively small; anything aver about 20 pE 
is sufficient, What it must have isthe proper 
lick of inductance! ‘The details of how this 
tact las been covered in previous paragraphs, 
snd if you follow those details you will find 
Title oF no rf on the ouzside of the diode 
capacity plate or the de lead from it 

‘X-Band is not just short waves, tis really 
short: like a quarter wave al X-Band equals 


{9/32 of an inch as you can plainly see, if you 
get one (or more) of those little plastic 
rillmeter rulots in a stationery store for S 
for, 10g, Be sute and get some, by the way, if 
you're going to do anything above two 

Fig. 8. shows the millimeter scale, with 
and X-Band plainly showing. 

A handy wavelengtifrequeney chart is 
Included here for your convenience, which is 
useful from te khe singe way up above 
XeBind. See Fig. 9. Get 10 know the easy 
reciprocals, ike 1 centimeter equals 30,000 
‘mhz, 3 centimeters equals X-Band, 10 centi- 
meters equals S-Band (3,000 al), 1,000 
ska equals 30 centimeters, ete. Very usefull 


hertz, and possibly higher ones, which 
should drop steadily in poseer as you 20 up. 
The diode itself may cause some of these if 


hit too hard with the rf input 


Fig. 1 shows the 3/4 wave mode, which 
is u very “natural” type of operation. Don't 
forget that in an instrument of this kind you 
sre looking for standing waves and you want 
them (0 be of the greatest amplitude pos- 
sible (withio reason). So, if you tune the 
cavity by the plunger so that ie measures 
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“The 3/4 mode and harmonies 

Don't worry about ahat word “moe.” 
Generally when something odd takes place 
In a cavity or waveguide, certain types of 
engineers tend (o fallback on obscurantism 
(/ssem to have fallen for that 364 word. It 
just means covering up). They say, “It 
jumped mode", or, “Spurious showed up.” 

Here's the straight dope. Fig. 10 shows 
the quarter wave “made” of operation, 
Starting at 1 ghz you will find one point of 
maximum de output. If the oscillator under 
‘measurement is “running hard” with lots of 
2nd and Jed harmonic eneray content, these 
‘will be found at 2 and 3 thousend meg 


some three quarter waves on It (allowing for 
ngthvlewdling of the diode on the fist 
‘quirier), you will find two peaks on the 
‘meter due (0 the situation shown in Fig.11 
The higher the Q, and the lower the losses 
along the line, the more quarter waves can 
be found. For the 4 inch cavity shown, three 
quarter waves at S-Band are the longest that 
wil it. 
‘A check on this operation is easy. Using 
the millimeter seale on the “dial”, take 
readings between maximums, for 
example, 22, 37, 51, and 67, add the 
spacings together, which comes to 45 mill: 
meters, divide by three (the number of 
samples), and you will find an average of 15 
millimeters for the waves which ao standing 
fon the enter conductor for “along the 
cavity”, If you prefer) and Where you are, 15 
millimeters for the half wave, 3 centimeters 
or the full wave. Which is X-Band at 10,000, 


mhz or 10 ah 
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Fig. 19, Test 


If you find numbers which are not well 
known, you can find the frequency on the 
chart, at least close enough to put you in 
fone of the microwave amateur bands, such 
as 5,650 oF 10,500 mb 

Use as a Microwave Mixer 

This same type of cavity can be used 
from I to 10 ghz as 2 mixer for the front 
fend of a supethet receiver covering those 
frequencies 

‘This application will only be touched on 
briefly here as the whole receiver is detailed 
in another article in 73 Magazine, 

Fig, 12. shows how to da it, #9 you exn 
plan on this use, and make more than one, if 
you wish to, 

Looking at Fig. 12., you can see how 
Useful it i to have two thick sides on the 
cavity, one for ff input and one for the local, 
ovellator input 
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(uae for amateur Sand 2,400 mn 
Tommisuectona 


Conelusios 
That about covers the details and some 
uses, The whole unit can be mounted on a 
piece of copper-clad, along with «50 ma 
‘meter, the dial scale, and the centimeter- 
frequency chart. 1 broke down on this one 
and used a “regular” small microwave input 
‘connector for the 
Phono Jack”) For connections to other 
units, such as oscillators and multipliers, 
small exible cable may be used. 

Fig. 13 shows test antenna for X band, 
not the est in the world but good enough 
for a starter. With a lens in front it real 
picks up signals. Fig. 14 shows an S band 
antenna for the 2,400 MHz amateur fre- 
‘quencies 


LAMBDA LINES. 
James Ashe W2DXHE 
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Theory 
Many Kinds of things show a property of 
toning sbarply to. certain frequency. This 
Dopey is called” resonance. We hear it 
fhe stuck plese of metal rings, and see i 
Jp the pendulum of an old grandfather clock. 
‘The geld ip meter shows a: trop in grid eu 
rent of an osllator when nearby resonant 
Circuit seal energy fom the exellatr. And 
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it is the nearby resonant circuit that is the 
subject of this atic, 

‘The basic circuit is the quarter-wave stub, 
A ttle browsing around iy the bandbooks and 
farler ieswes of 723 and other ham magazines 
‘will tell you Tots about quarter wave. stubs 
‘The important practical points are that the 
stub resonates at certain frequencies, and that 
At these frequencies it can be dipped at its 
‘Shorted end in the same way as any other reso- 
han ctu 

Tut the term “quarter-wave es to be taken 
with a grain of salt, The tuned stub: will be 
sllorter than & free-space quarter wave, be- 
Ccse the dielectric has a slowing-dawn effect 
fan the rate at which the RF bounces end-to 
end along it. Suppose you laid out a mile or 
$0 of twinJead and transmitted a signal, atthe 
Same time sending off a reference signal by 
Space wave. The reference signal would arive 
at the other end firs, in about 5.35 microsec. 
nds, The twin-lead signal would arrive a full 
rmlerosecond later, about « 20% delay. Since 
this applies oven fo short lengths of twin-lead, 
the delay must be taken into account For ae 
curate measurements. Also there is a consid 
terable diference in velocity factors between 
‘iferent brands and qualities of twin lead. 

‘Crystals are often Used in overtone oscilla. 
tors for generating stable VHF frequencies 
‘The various modes of oselltion ace pictured 
in the handbooks. Tuned lines will also show 
‘vertone resonances, and in the ease of large 
Uncertainty, it might just happen that reason- 
fable errors could ead to a consistent but very 
‘wrong result. A halfwave line 
3 frequency f, and also at 2f, 3f, and $0 01. 
Note both odd and even. multiples! All other 
resonant lines have a similar overtone reso- 
nance property: The problem is slightly aggra- 
Stated by the convenience of using relatively 
Tong Hines at the higher frequencies because 
they are easier to handle. The solution ts to 
cut a pair of lines whose collections of reso- 
rant Frequencies have only one resonance in 
‘common, The recommended lengts are a hall 
‘wave and a three-quarter wave line, 


Fig. 1 shows tour basic tuned lines 
whieh resonance is an overtone and whie 
‘hot depends somewhat on the apolieation. The 
simplest way out of this problem in semantics 
is to say that the three-quarter wave line really 
doesn’ have that resonance at £/3, ignore the 
‘quarter and fullwave lines, and stick to the = 
‘mining two for test work 

‘At 432 MHlz a wave in Free space {about 
27.3 inches long. Suppose we are using Belden 
#4235 twin Tend, which Belden says has a 
‘velocity factor or propagtion constant of 0.77. 
‘The vinlead wavelengeh than is 27.3 times 
O77 of BT inches. The halfwave stub inust be 
1045 ‘inches Tong. shorted on both ends; and 
the three-quarter wave stub 15.75 neles lon 
Shorted atone end. These are convenient 
lengths, not to long to use on the workbench, 
nor #0 short that percentage accuracy in cut 
ting becomes a big question 


Using the stubs 
The commercially available grid 

are not noted for’ accuracy. Its commonly 

‘etimated. that the scale calibration can be 


trusted to within about 20% With some car 
calibration point taken from twin lend reson 
tors appear to be good to about 5%. The fist 
recnstion is accurate construction, Cut the 
Stripe slightly lang, short one end of each, and 
ut the threequirier, wave line to. Jeph 
hen go more carefully at the other end of 
the halfwave Hine, which must be shorted st 
loth ends: Tt should not be too had fo get 
the correct lengths within one sixteenth ineh 


When making frequency checks, the lines 
rust be Rekl off the workbench a inch or 
tee, Use small boxes of pieces of cardboard 
Probably the better part of a foot dlstance iy 
in order if the workbench is of metal or has 
s copper sitface. At (WO meters « perceptible 
‘hinge in ealfbration canbe detected 1 the 
Tine Is In out ona wood surface! It's very 
son practice to make up Tines for two meters 
or lover, and practice dipping them. Some 
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refinement of technique will certainly be re 
uited before a halfwave anda: three-quarter 
wave Hine can be made to dip at the sime 


point ona stavelard lip meter. Once the trick 
Fs mastered, sean be catied up to the higher 
Frequencies 

The lines are dipped in the same way as 
any coil. Hecavse they have 3 very high Q. 


there will be tendency’ for the dip oscillator 
to pull oF to scem to give different read 
‘wher tuning downs to frequency andl tun 
tip to Frequency. ‘The remerty fe less compling 
‘move the dip meter a litle further away from 
the Hine and tey sign, Dip the stub at is 
shorted end! 

Bot what tas that tick for calibrating a 
‘ip osillitar, mentioned earlier? Can't make 
Up a pair of lines for each Frequency. No need 
tol Thats simply the reliable way for finding 
the right ballpark. When you're there, yen 
‘an set the lines ase, make up anther thee 


fqoarter waver resonator eat for the. lowest 
Frequency, and. after marking that point on 
the scale, trim the stub up to the next call 
bration frequency. Throw the remainder away 
when done calibrating 


The hall-wave stub is alo useful asm tuned 
couples. Suppose yon want to time am oellae 
tor to 2 particular frequeney but have notbie 
to indicate at that frequency. Lootely’ couple 
the RF into one end of the half-wave stub, 
and take it out the other end with « halepin 
Toop, though a cide to a 50 KA meter, You 
will only get a ceadiyg at the resonant fre 
‘quency of the half-wave stub, Simple! 


ZERO-BEATING WITH A FREQUENCY 
METER 


Jim Harrison WBATBX 


After putting an LEIS inservice, 1 
found it a nuisance to plug in headphones 
every time it was necessary to adjust the 
corrector control to produce Zero Beat at 
fone of the crystal check points. | hooked 
lup a phone plug to the plate winding of an 
audio. output transformer. and then con- 
nected a small loudspeaker to the secondary 
winding I leave the phone plug inserted in 
the LM phone jack at all times. After 
sing this setup for a while, it occurred to 
ne that the last few cycles either side of 
ero beat might not be audible, x0 1 tried 
2 parallel hook-up off the primary side of 
the transformer. The other end of the cable 
was connected to the Vertical input of an 
oscilloscope. Now, when adjusting. the 
‘corrector contral for zero beat, you wil 3 
low anaplitude sine waves even after you can 
no longer hear the beat note. You tune out 
the sine waves until you have a perfectly 
straight reference line on the seope. The 
Heterodyne oscillator is then corrected to 
calibration much sore securately than trust 
ing to the car alone. The principle is not 
new. yel the idea may not have occurred to 
some people. Any old scope will do, a8 the 
Trequencies are in the audi range. 

‘Another bit of frustration occurred when 
trying to adjust the corrector knob. I would 
pss the zero heat point lime and the again, 
‘ue to the stiffness of the control. Remien- 
ber, these units are built for ship-board use 
and Toose controls cannot be tolerated. I 
Sag up a small vernicr tuning drive, simile 
to the, Jackson. Planstary-Vemise drive 
Gabout $ to T ratio). TL mounted this drive 
fon a fightangle aluminum bracket and 
attached it (0 the LA using the two serews 
fon the upper right side of the unit. Bore 
holes stightly oversize to allow for aeeurate 
alignment of the vontrol shaft so that it 
will not bind. Cut out & portion of the 
bracket 0. the “High-Low” knob can be 

joved. The precise Zero beat adjustent 
can now be made very easily with the re- 
Auction drive, 


Chapter V 


RF Signal Generators 


HAND CALIBRATE THE BC221 
FREQUENCY METER 
art Henry 


AU present many amateurs have an oppor- 
tunity that’ may not repeat itself. refer 
fo the many army and nary surpiae frequency 
hieters now available, through MARS and sure 
flue safer. Many of these. melons have the 
Ariginal eaibyation chat miasing, and ate cane 
SHlered virtually neelese, This fe demonstrated 
rvaphically by" prices, the frequency meters 
‘ith charts conting $100, the meters without 
Shurts “selling” for onetthird this amount. 
Meters without charts ave Worth more than 
{this would seem to Indicate. Te ts m0-great 
Jolt elibeate one of these meters, but ite 
time consuming. Ite eare Ts requlred, but 
rw da not need to be m super echielan of 
‘loctronie engineer to-do the job. Neither I 
‘laborate equipment requ 


Eneental tothe calibration ae several tonie 
not commonly available around the shack, but 
uj" t build.” Figure? ilsatratce the Brit 
quirement, "Thie lea. 10 ke muitivtorater, 
Wwbick ill operate romn a 100 Re tal eli 
rater, ‘and ive 10 ke markers yp ¢0 20 ie 
Tan assuming here that You have oY ean beg, 
Ivowr of ateal a 100 ke calibrator, ths being 
fn conmion item, Th fact soe rsivers Bae 
them builtin. Using this 1D he rather note 
the high tam of the frequency meter ean be 
Falrated, Interpolation To tke points ts then 

sible, al if cate te wed am aceviacy ot 
iter than 0.003" wll yesule 
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Figure 1 10te multvibrter for use with (00 be 
Gril oxllaion providing 10 te beste 6h 
Woqueney meter 


Pg. 2 shows a vitple host detector that can 
he used with earphones t0 get am exact zero 
eats It took about ten minotes t0 wine up a 
R20 (army szplus magic eye tube) tempe- 
ravily for this purpose, and it is. ceraltly 
Worth ‘while in! the interest of increated 
‘Wits Sour equipment assembled, connect he 
frequency moter to les powee supply. Allow 
At Teast one hour for proper_sarmup s0 thal 
Al equipment wit stabilize ictoding ve 100 
te alibeator en 10 ke multiviovator. Set the 
CALIBRATE control on the frequency mater 
to center, and be expecially carefal not t0 
more ie until the calibration is complete. After 
the ‘sarmup period the 100 ke calibrator 
Should be aetoed against WY, at as high 
frequency as possible, ‘The 10 ke multvibrator 
st be checked to ace that it ives nine beats 
Ietsen ensh 100 Ke beat. This cam be done 
‘sith pour eoramuedeatjons voce, and Hw 
‘be eanest to-do ft on as low w frequency as 
post, say 0 tn 00 he. Now lpm several 
Sheets Of papers listing the high range of 
sour feequaney meter By 10 ke points TF you) 
She im dovbt as ta the range, check t with 
Sour receiver, To slo thinset the dial to the 
iow end of its eange, turn on the internal xl, 
ful aevo i om the strongest beat at of teat 
the tose end. ‘Turn off the internal tal cel 
lator and Rad the aienal from the frequency 
eter with sour receiver, Note tho frequency, 
‘Tune. your secsiver until you vench -analhor 
tharmonie from the frequeney meter, The dif 
ference between Uhe Brat and second read 
i the froguaney bf the vector nt ths. ow « 


Favre 2. A simple serebaat indicater for wie 
er toars 


{its dial, Now do. the same thing: at th 
high end and you have the primary coveray 
of your frequency moter. Most have a range 
of 195 to 250 ke om the low band and 2 to 4 
‘ne on the high bend. 

When you write up the Feequeney range Dy 
20 ke points, eave a space between notations, 
since you will be adding information here 
Inter. Nov, usiay: the 100 ke xtal, check the 
high band of the frequency moter at 100 ke 
lat, Hat the dint reinge. Now go hcl 
and cheek the dial at 10 ke points, Listing all 
the dial readings. The checks should agree 
with the 100 ke chess at every tenth point 
This ie m handy method of cross chee 
yourself. You might mote that on equipment 
of this type, always approaeh the final rea 
ing from below. If you pase the veru beat 
ln, dow jockey the dist back and forth for 
ero bent. Go back below the beat by 6 ke 
or so and approach again feom bolo. ‘This 
procedure will help eliminate error from 
ial backlash 

‘After your 10 ke points ars all listed, Sn 
terpolate to 1 ke points, This is the hardest 
part of the job, and ie very time consuming 
2 big pot of coffe and a patient and loving 
XYL wil be a big help here. The patient XYL 
fan be replacid with an adding machine sf 
you have one available, but you'll sill nesd 
the coffee, 

‘The diference between exch 10 be point 
must be listed. Note this in the space you lett 
fon your shocts, Esch 1 ke wil be 10% of this, 
so ad 10% to the 10 ke listing for 11 be, 
10% more for 32 ke, 10% more for 13 ke, 
land so on. When you zouch the next Bated 
10 e point, the ealeulated listing and tho 
mensured listing must agree, anethor ross 
‘heck. This will the 2006 spdvidan! adtons 

‘After the high band is Qnished, you may 
svish to calibrate the low toad in the same 
fashion. Teferring to Pigure 1, change the 
srid-plate capacitors t GOL mf, This wh 
put the multivibrator at approximately 1 ke 
Interval. If you have trouble ayncing. the 
multivibrator, you may have to build another 
to operate at 10 ke, and syne the 1 ke from 
this, No teouble should be had with a strong 
output xtal calbrator, however. Calibrate 
the multivibrator an before, except with 1 he 
Intervals instead of 10 Ke, 

‘A calibyation book can be prepared when 
you finish, Te ia a good idea to Sle all your 
fviginal ealeulnions and. papors, should the 
Took ever be destroyed. The frequency melee 
le now at good se any with original eaibiae 
top book, at = goed saving of money. 


HIGH ACCURACY VHF FREQUENCY 
MEASUREMENTS 
Howard Burgess WSWCE 
Aceurate frequency measurements can be 
problem for the sinatour with 9 Ianted bud 


However with some home constaition and 
atin the average aun cat nike 


VHF frequeney measurements to an accuracy 
bolter than ,O00152 at two meters. This is the 
cquivalent of measuring the distance from Nes 
York to Los Angeles with an error of only 
25 fect. Many eamnmercial units cannot eq 

this figure. The same method can also be use 
for Hit and UBF measurements 

"There are many ways to measure (reqeency 
buat few of them are satfactory for nse-a¢ the 
ery high frequencies. The well kan otro 
dye feequeney meter becomes wnsahle when 
A osclllator is operated at VIF. It ean 
Tenger be held or ead to any dexire of ace 
racy, The ovellator can he pert’ a a Ine 
Frequency and ane of the hannonks ised at 
VEE, but any error i the useiator will be 
multiplied by the mimber of the harmonic 
ned. A frequency meter that ean be held to 
seithin 200 hente at £ MHz wll he oil hy 7 
Kitz at the 148 MHz harmonic: 

‘A scomd method of much greater accuracy 
uses low frequency crystals which ave reler 
‘enced toa Kaavon stanelard such as WWV. Th 
harmonies of these oscillators will be qui 
saccurite and useful far ito the UHF region 
Hoswever this system has its Haiations. Even 
velien used with vulltbrators and. haemone 
fanpliiers i prodiaces only pot frenuencis, 

‘Alongh neltber of (hese two methods is 
satisfactory. when used abbne, they can be 
Gombined to make an accurate and versatile 
system If you haven't guesed it by next, the 
System” works ike this. A erystal otilator 
‘operates on 5 MHz This osellaor can be kept 
zero beat seth WIV wth very litle efor 
‘With a slaple harmenie amplifier following i, 
strong markers sre available every 5 MUTz far 
Into the UHE revion, To fil in between the 5 
tH potats, and get fall wineable coverege, all 
thst required i to add the ontpa of stable 
Tow frequoney VFO to tho. propor marker 
Example: To measure 140.95 Mitr jst add 
135 Mz from a callbratel tuneaile oscillator 
to the 143 Mz hazmonte of the crystal, The 
sam results can be had by using the 150 MH 
tmarker and subatacting 275° MItz 

“The tuneable low frenency osilator of this 
Dotsoayne sistem can be any sable, calibrated, 
‘wcll that wl give the deste frequencies. 
‘X'goud signal generator can be wsed but better 
Sel te the old faithful B-221 frequency meter 
The eaystl osellutor that supplies the 3 MHZ 
markers should be designed for high stability 
However, even simple ccystal-contrelled units 
fan be kept zero beat wth WWV for poriods 
Tong ennuih to make mast measurements. 


Fi, 1. Block dlosram of the VHF fequsncy mater 


Earlier we quoted a Bure of 000158 or 
Dotter forthe accuracy of thi system, Perhaps 
se should show how thie is porsble. The 
Crystal sclltar can he held to tear zero beat 
‘with WW but due to propagation errors in 
the signal of WWY, we ean never be sure that 
four ervstal is closer than 2 pats 10 million 
‘This wonid be ® heres of error at 10. Mx 
fran uncertainty of 29 Hz in the 145 MBtz 
Inarker, ‘The BC-221 by nermally considered to 
bes O58 instramant, This would be an eror 
of about 175 Kir at 2.5 Mla. However wih 
Cate in eafibation, and reading i 8 not di 
fle to redice this vale to 200 here or Tess 
Tn a etindyne system the err of the VEO is 
rane multiplied at VIF bts jost added to the 
ror of the erstal marker ed 


“The total eror at 2 meters i 20 He eon 
teat by the crystal and 200 Fe by the VFO 
for s total of 220 Hy Thie se a tle mare 
than 1.5 heetz per milion hertz fora tuneable 
system. Ol couse these vals are approsimate 
Sid with careful operation they ean bo te 
‘duced by 50% or mae, 


Jn the 14625 MUlz example used earlier, 
the VEO was required t furnish loss than 1 
of tho total outpet. To put another way, the 
‘only wobble is in the smallest cog and its 
fcntebution Is so small it ean't shake up the 
machinery too much, 

‘The cireuit shown in Figs, 1 and 2 bas been 
vied for monitoring MARS, CAP, and several 
thor services, The crystal orllater is quite 
table but ean be tuned enough to zero ith 
WWW. Tuning is done with CL. One stage of 
harroonic amplification is sulclent to give 
steong signals well above 150 MHz, The plate 
leeult of thit amplifier stage is tuned to the 
harmonic co be used, This feeds one Input 


Fig, 2, Schematic of the eclotr, muliplers ond mixer for vsing © 8C:221 an the VHF hom bands, 


a 


sid of the mixer, The othor grid of the mixer 

15 driven by the oulpnt of the BC221 fre 

‘quency meter. The fared cieutt shown in this 

‘ard resonates broadly in the 24 ME sane of 

the O21, ‘This helps to leep the higher 

harmonies of the BC-221 nt of the mixer 
The output of the miner és resonated to the 

Aesived. operating frequency, "This wil be 

titer the sum oF dillerence of the to input 

Signal, The level of the output signal can be 

Contraled by HB. 

‘Operation’ of this system is simple. The 

“eo book” would read) ar olla 

‘Couple the output to te antenna of the 

VAP receiver 

2, Determine the crystal harmon and VFO 
frequency that will pive the frequency of 
the sigaal to be checked, 

8. Tune the VEE soooivar to the signal to 
be checked. 

4, Tone the BC-221 until the output of the 
frequency monitor zero beats. the re= 
cowed signal. 

5, I required, peak the twned cir in the 
imonitor for masini vatpit andl adjst 
6 as noedesl 

6, The Frequency of the received signal 
will he the crystal Inmoicphie tor 
minus) the reading of the BC: 


Many details esnnat be covered in one story 
Aue to lack of space. The operator wel hae to 
mie ts, eed 
eupling to this partienar receiver. Me. wil 
the have to explore the many combinations 
Of freqoencies which ean be used. ‘Paes sac 
thang bier questions exit be tilde at 
aa oes eh ee aah 
line these dual." ee 

‘Oe word of counts yonder, With two 
ssellatrs that ace ric sharon, thre ea 
to many unwanted “birdies” Thewe present no 
lem after the aperstor hie gained expert 
free bt the new nee snl he cer cautous 
Song tines a nweute Bese cat been 
vaio ta eotien at be elunging the 
Trogumties at uo being mod (sife Ean 
sm tadifeence) 

Perhaps we should enyplesee that thi 
stem 4 "trade of” whee the sate ean 
thade his sil and patience for highly acute 
mmeasurenenlt wilh imple equipment 


A‘TRANSISTORIZED LM METER 
Cheries Lapndant WSSOT 


FP ed oe ore eet 
whout the BC-221 and LM frequency 

The LM is particularly attractive 
Tpecause it isin the smaller package. With 
Iransistors replacing tubes, 1 has features 
fost everyone wants ~ it rugged, port- 
able, and accurate, to name a fos, T will 
Uleserihe a conversion of an LMLS fee~ 
‘quency meter in which field-effect trans 
Istors replace tubes; the power supply. 
becomes standard 9V trancistor radio 
boatiery and the current drain is ess than 3 
mA when all functions are energized, 1a 


Fi, 1, Mole sensei offroqueney mater, 


addition, {offer calibeation information 
which wil be of interest to anyone having 
2 BC221 of LM without the official 
calibration book. [bought an LM1S for a 
lemptingly low price (Fair Radio Sales Co., 
Lima, Ohio, $14.98). The sot is sold in the 
“3s I condition with tubes and erystal 
Inul without calibration book, It is 2 good 
‘dea, bul not necessary, to statt with a set 
‘which is working before making the change 
to FETS, Resistance measurements. will 
show if the circuits are complete. mpor- 
lant values are marked on the schematic of 
Fig. 


Smash Tubes 


The most difficult part of my conver 
sion was getting up the courage to smash 
the tubes! I wanted the hases for mounting 
transistors, Place the tubes one ata time in 
4 paper S3ck, hold the top closed and with 
a metal objec, strike the glass throneh the 
paper. The flying glass is caught 
collected for disposal. Serape ani clean the 
ustie from the inside of the tube bases, 
Should you choose to mount a transistor 
Sooke! in the wall of each iwhe socket. you 
cin we the original wires; atherwise, un: 
solder the old wires and replace the neauled 
ones with about 2 in, of sturdy 

The appropriate tube bare pin con: 
nections are shown in Fig. 2. Actually 
there is no prefesced mounting scheme. Use 


whatever appeals to you. 

Check for clearance between socket and 
‘walls. My conversion used Lansistor sock- 
ts mounted on metal plates which were 
hholted tc the wall of the salvaged tube 
bases, This allowed FET substitution to 
determine which anes would work best in 
the several circuits of the LM, All FETS 
used are N-channel 


en 


Modification 

With cover removed and the LM in the 
upright position, front panel toward you, 
fon the left side wall, look through two 
oblong machined slots and see mounted on, 
& phenoke board a $0 Sl plate resistor 
Parallel it with about 6 KO. Turn the LM 
upside down, panel toward you, On the 
Underside, two resistors must he shorted 
and a jumper wire made up and connected. 
‘Short RI1S, which sa 18 82 wirewound 
resistor, quite visible on a phenolic board 
al the left of the 1000 kHz crystal can, 
Run an insulated wice from a terminal of 
this shorted resistor tthe 260-470V tap. 
contact of the link switeh. This wire ean be 
about 6 i, long and conmvenientiy passes 
Untoweh a wall slot behind the erystal 
soekel, The link switch and its terminals 
ate on a phenolic board in the compart 
ment alt of the 


cecillator 
hange the 100 kS1(R109) to | MO, Next, 
lunfasten the screws holine the phenolic 
bboind located to the tefl of the power plug. 
Tip up the board snd short acrast RIOR. 


While there, 


Tihs is 20 LQ composition resistor which 

nthe plate voltage fine to the audio 
amplifier. Ako, at che power plug, locate 
pin 30. Shoet if to chassis ground. On most 


Sets in 6 18 the ground return for the vio 

The cireuit was closed through 
fxternal connections in a power supply. 
‘You hive completed the surprisingly few 
changes needed (0 make the LM work on 
FETs and « 9V battery. 


tathode, 


The VFO 

With FET souree connected 10 pin 5, 
rain (© pin 2, ean to pin | GF needed), 
plug the FET into the vfo socket. Connect 


+ solid wire between terminal E109 and the 
gute of the FET. (Terminal E109 held the 
fri cap wire Tor the vfo tube.) Connect 2 
BY battery to the power plug pins. PLUS 
to 26 and MINUS to terminal 41, If you 
have a millimeter ia the battery lead, it 
should fead about 1.5 mA when you turn 
fon the FIL and PLATE switchs, Provides 
you were fortunate in the choice of EET 
YYou should hear a clear CW signal in your 
reesiver, Set your receiver to 2 Mllz oF 4 
Mlle, You may need to connect a wire 
from the rf coupling post on the front of 
the LM to your receiver antenna, Rotate 
the LM dial between 0300 and 0500 on the 
readout. Your vfo will he on the low end 
fof 125-250 kHz or 2-4 Milz depending 
‘on the position of the low or high band 
switeh, The XTAL and MOD. switches 
should be off, The FET selected for the vfo 
may require 2 47 KO resistor between gate 
and chassis ground. I found this to be true 
for the RCA 3N128, 3N142,and one of the 
two 405594 FETs, On the other hand, one 
RCA 40559 and one of several 2N3O8S 
silicon N-channel FET from Poly-Paks 
worked beautifully without adding 47 k2 
to the gate 

Apparently junction and insulated-gite 
field-effect transistors have slightly difer- 
ent characterstics which show up in this 
peculiar vio circuit, My own choice is the 
SNL28 with the additional resistor on ths 
pate. You may find it necessary to “tune” 
the source, drain, and gate resistances in 
order to have your vfo working well with a 
particular FET. I used potentiometers 
across the various elements to arrive at the 
recommended values. My vfo works relt 
ably from 10V down to 6V and the 
maximum drain euzreat is 1.S mA, 


Caution 


Other oscillator hook-ups may occur to 
you, and they will work — but the tuning 
range and Linearity of the vfo will sutfes! 
Linear tuning is most important, so stick 
with that shown, 


‘The AFO and AF Amplifier 

The audio oscillator and amplifier 
wasn’t as fussy as the vo. I used a Radio 
‘Shack 276-664 FET ~ itis sid to replace 2 
(€-610 or 2N3088. I found that the Poly 

sks “hobby” FET 92CUS8S will work 
equally well. In making up the socket, gate 
2085 to tube pin 3, source to cathode pin 4, 
fand drain to plate pin 2. That is all there s 
to this one. Plug in the FET. When you 
next turn on the 9V power, the miliam= 
meter will burely increase a few hundred 
‘microamps as you switch on the modula 
tion control, At this moment a rather 
pleasent $00 Hz tone will appear on the 
vio frequency no matter which harmonic 
you have tuned in on receiver. Your 
modulator is finished. Tike audio amplifier 
is f00, for that matter. You just won't hear 
‘anything in the headphones until. you 
complete the crystal oscillator and the 
mixer cists, 


Ceystal Oseilator 

‘The reference oscillator is not much 
trouble. You have already changed the gate 
resistor from 100 k® to 1 MO, Actually 
this change may not be necessary because 
some crystals are more active and will 
‘ofcillate well with the original resistor. 
Mine went into oscillation better with the 
higher value, The FET you select for this 
circuit can be one of several, Mine is a 
Motorola MPF-107. 1 found the Radio 
Shack 2764112 and the Poly-Paks 2N3085 
also work, but draw more current. Which 
ever you choose, the gite connects to base 
‘id pin 5, source to eathode pin 6 zhrough 
8 2.2 kM resistor. Drain hooks to plate pin 
4 


Now, when 9V is ued on, MOD off, 
XTAL on, you should hear the crystal 
oscillator signal every 1000 kHz on your 
receiver. The silliamsmeter should increase 
about 1.S mA or less when XTAL is turned 
fon. If you don’t hear the crystal frequency, 
bring the receiver antenna wie close to the 
crystal FET. We still haven't made the 
connection which adds the crystal 
‘oscillator signal to the rf coupling post on 
the front of the LM. Assuming you have all 
circuits in working order up fo this point, 
we move to the mixer 


Mixer 

‘There is no single FET substitute for 2 
entagrid converter tube. The duals 
MOSFET comes closest; however, use of 
fone would have defeated my goal of 


1 


simplest conversion. Therefore, four 
N-channel FETs are needed to do the work 
of three tubes, but what a saving in power 
supply! The mixer concerns itself only 
with beat frequencies occurting between 
the reference otellator, vio, oF an external 
signal —all audio work, Thus, « hobby 
FET was selected. 1 used the Poly-Paks 
Nechannel FET. A Radio Shack C610 
replacement will also work. Connect source 
{o chassis ground through pin 6 of the tube 
sockel; the drain connects to plate pin 2, 
zate to mixer grid cap wire through the lug 
{in tube socket wall 

Finally, connect a capacitor (200-300 
pF) from the top of the 2.2 kit erystal 
oscillator source resistor to the gate of the 
mixer FET (grid cap wire). You are in 
husiness. 

With 6002 phones plugged into the LM, 
you should hear all the necessary beat 
frequencies occurring between the vfo and 
the crystal oscillator as you tune the vfo 
through its range. XTAL must be on and 
the MOD switch off. Otherwise, the audio 
anvplifer becomes the modulator and you 
heat nothing in the LM phones, 


What Next? 

With the beat notes loud and clear you 
are ready {0 calibrate. This i quite the 
‘most fun pitt of the work because the 
Hinear tuning rate of the LM is almost 
unbelievable. The slow rate is due to the 
serice combination of the A section of 
C109, CIOL, tuning LIOL or L102. The 
amount of the matter is that one revolu- 
tion of the 100-dvision cireular dial peo 
duces about 3 kHz change on 125-250 
Kile range, and about SO kHz per revolu 
tion on the 2-4 MHz range, The actual 
calibyation of my unit was 2.89 kilz and 
495.17 kHz per revolution. 

‘The linearity can be checked by how 
little you need to vary the “corrector” for 
cach zero-beat checkpoint. Each LM or 
BC-221 will be slightly different, Now, 
when you consider that the vernier allows 
you to split one division into tenths, then 
it is clear that you can set a frequency to 
better than 0.5 kHiz over the range of the 
frequency meter, May T repeat 

1 dial revolution of 

100 div = 45.17 kHz 

1 division = 0.4517 kH2, 

Sie 
{you need is a checkpoint at 
whieh to zero the vio and start counting 
revolutions, divisions and tenths of divi- 
sions to accurately set any frequency with- 
in the two ranges of the yfo. 1 found it 
useful to construct graphs on K&E 358 
JIL graph paper. The grid is 10 X 10 (per 
0.5 in.). The paper hiss 20 units vertical and 
30 horizontal. This allows graphing. 100 
Uivision and leaves room for 10 verniee 


Standard and hammer soldering irons 


‘The ERSA 50 SI80'$ or 150 S 

series is designed for applications 
where a large amount of heating 
capacity is required, 2, fr ex- 
‘ample, on copper canductas with 
‘cross-sections of 2.5 mm to 6 mm. 


‘The ERSA 200, 300 and 550 
‘hammer soldering iron series are 
particularly suite for sheet metal 
processing and installation work 
‘and for soldering commutators and 
copper bus bars. 

Hammer soldering irons have 

‘als proven ther merit in leveling 
plications during body work and 
lead olazing. 


ERSA 50 S, 80S, 150, 50/80/150W 
‘ERSA 200/200, 200/200W 
ERSA'S50, 550 W 


ron 


oa 


High-speed solderin 


The Ersa MULT/-SPRINT san ex- 
‘gonamicaly designed and extremely 
lighsneight,pstoktype soldering 

ion with up to 150 W power which 
does not requie a vansfrmer ts 
PTC heating element, together wih 
the itemaly healed ERSADUR 
long-life salderig tip, ensures its 
‘exceptonall high efcieney Due 
toits very short heat-up time itis 
ideally suited for making quick single 
soldering joins. The MULTE-SPRINT 
is powered ony as ong asthe button 
ispressed. Depending on the eat ps ofthe 832/42 series make the 
requirement of the soldrjoint to MULTL-SPRINT sulle for more 
bemade,aditonal energy can be than ony the use in repair 
supplied by pero pressing the and service applications. 
button The large variety of soldering 


‘rea MULTESPRINT, 150775 W 


divisions om the right hand end of the 
Paper. Use the crystal checkpoints listed in 
Table Io locate your dial settings, Once 
niphed, « frequency can be selected di- 
relly from the chart or, depending on the 
securacy desired, interpolated between 
checkpoints. 


‘Table Crystal Checkpoints 


Dial 
kHe VFO XTAL —Setings 
Low ana 
25 2 1 om 
180 m3 Te 
woes? “51780 
0 3 1 Hi 
mm os 2 a9 
20 44 agar 
High Bana 
000 12 0x8 
so 4 9 ones 
2500 2 5 tans 
2750, a 1050 
2600 1 3 2606 
3280, a ae 
3800 22 an 
3780, 48 Aamo 
‘000, 1 oa agi 


It is obvious from this discussion that 
the low band of the LM i fabulous, You 
cn squeeze down to about 3 He iy use of 
the vernier seale, By the way, hidden 
behind two cover plates just beneath the 
correetor knob, sre high" and “lon 
adder capacitors, These were used when 
véo Iubes were replaced to bring calibration, 
book values into usefulness. The padcers 
should be set ncar the middle of their 
range 


Make it Handy! 
Fasten @ handle to the ease, strap on a 
BY hallery, go forth and have fun with, 
your rejuvenated frequency meter. 1 use 
tine for its intended purposes as well asa 
Inmd-cdge marker and keying monitor 


AN EF SPOTTER 
Howard Burgess WSWGE 


I you have ever tied to Bad the if fre 
‘quencies of unfamiliar and inoperatice pieces 
Of surplios gear with no schemati, els = waste 
ff tint to tell you how rough it ean be, Even 
‘single if teaaaformer from the juske box. ean 
bet problem if it has no part mmber of 
sloutteation 

Of course fo some eases a geil dip meter 
‘can be used 10 find the operating Freauency. 
However, fow grid dippers cover the important 
f Trequencies below 2 me. ‘To complicate 
things, if 2 dipper is used on a shielded trans 
former above 2 mo, the resonant frequency of 
she transformer may be sifted 4 the shel is 
xno 

IF these probleras sound familar to you, we 
would like to suggest litte gadget that’ can 
hhlp solve them. With just nwo resistors, (Wo 


The if spore, The site fee chonaing the 
evoling” capac: “atthe upper, tell 
Imorked “Fang "0." The pts on the 
nd ore Xt ond 2 


capacitors, and a tube, don’t expect i to give 
8 digital read-out to all your questions, but i 
fan put you in the ball park. 

The principle of operation is as simple as the 
constriction, The tuned circuit in qvestion 
merely made 0 osellate at its eesonate fre- 
‘quency. The froquency can then be determined 
bby: tubing’ in ite radiated signal on the ham 
receiver, To et the unknown coll sto oscil 
‘don requires the use of a simple “tw terminal 
owillator. Such an oeclltor i shown im the 
Schomate af Fig. 1. Whon any tuned circuit i 
foamected fo the two poknts marked X, the ei. 
uit will ovcllate at ite resonant Frequency 

Tn this oscillator the twin trode is a tube 
such ay the BATT, The section V2 fumishes 

feediack snd. eliminates the 
calls or feedback connections 
‘The coostruction is simple. ‘The unit could 
have boon built in a hrger ease with its own 
power supply and would have become « aise 
piece of bench equipment. However, due to the 
few parts required. qd tho small amount of 
plate povrer used (3 mils at 80 volts) Tt was 
built a5 an overgrown probe. The power is 
robbed from another piece of test eqsipment 
tr the receiver, 

‘As. probe it can be sed on the work bench 
to ‘tect individval coll and transformers 02 i 
feu bo held in eostact with the vations trans 
Formers in a receiver, 

There is only one point of caution that 
shoul be observed in consteueton. The lead 
from the grid contact of VIto the XI post 
should be Kept a5 short and direct es possible 
‘with the leas capacity to ground. This lead 
Tecunics part of the osilating tuned ice 
snd lanits the epper frequency t9 which the 
‘wit will operate 

"The coupling capacitor from the grid of VL 
to the plate of V2 furnishes the feedback re 
sie Yo eatain osellation. To reduce the 
‘ating on the tuned elreut, this espacio 
should be held to the smallest value that ill 
Sistiin oscillation, Because of the wide range 
‘over which this instrument operates, & switch 
's provided to change valves. With the copac. 
tore shesen, operation ie possible from aboot 
(90 ine down £0 well holow 30 Ke. ‘The lager 
value is used at the lower frequencies and is 
switched in only when required. With colle 
ff medivon Q the switehing Tint He avcund 
3005 me 


2 


The connectors X1 and X2 ean be almost 

Hind of pests. The anes shown on the unit 
Here are banana plugs. These can be used 38 
test paints, or alligator elie can be aid over 
them for ute i clipping to colle, 

"The meter shasta isa three mil meter and is 
used to read the total plate current of both 
halves of the tube, This wil indicate when the 
circoit is oseilating. When the tester iz not 
fsellating the meter will indicate 9 current of 
about 1 mil (with 90 plate volts). Under asi 
Tating conditions the meter will rise to as mich 
vs 3 mik with a high Q coll The aetual amount 
OF cient is aot go dmportont ar tho fect that 
the upward shift indicates that the col is wot 
‘open and is oscillating. A'S or 10 mil meter will 
serve the purpose just as well 

As the pletuees show, this unit was built in 


- 


rst thagram of the it spotter 


Ceramic capacitor 
30 of hice concctor 

10 BF Cera 

68 Efe walt carbon reason 
32 Ya stom carbon resstor 


iommoter in rnge of 3 to 10 

Shde""ecres -Dowble ‘Pole Single throw 
ch isit 

2 Sancna’ lias (x! ond 32) 


Minibox'I3ize devends on tyne of meter 


small 8° x 5° 2° box. ‘The unit wl work jst 
os well a it i buile on a small piece of pe 
boar with @ eoyple of leads mun out tothe 
rulinetor. This 8 For the san in « hury 


‘Whoo the unit is nished, apply power with 
the "” points open (no coll across them). Be 

fuse of the open grid of Viy the oneter will 
‘int about. After the tube Is liad time to 
‘waren up, short the X poss will a heavy piees 
Df lies or copper. The meter will ow eome t> 
fest somewhere around 1 mil This isthe "00 
‘eeliston” cusrent al should be kept in aid 
as a teferenee print for fature use. Now re 

‘nove the short and eonsect almost any Kind of 
sn LC creat across the posts The meter rea 

fing wil now rise from the “no olla” 
aloe indiesting that the eo is selling. Do 
rot use the large coupling capacitor unless 
the circuit cefuees to csellate with the smaller 
value 


To check a single if transformer, all that 
is mecessary isto hook one of the sumed coils 


‘Checking a ton mater tank iui 


CChoching on if tansfrmer 


Inside view showing extreme simpli 
ected he be mead of 
Enis hort as pomble 


Clete up of tube socket shoving. oor 


to the input terminals of the tester. Some 
transformers have a number of terminals 
‘which may not go directly to the tuned 
Circuit inside, ‘To obtain oscillation there 
ust be both a de and an rf path between 
the two pots. 

Ifthe transformer Is one, whose frequency 
fallen the range below the brosdeast band it 
is quite convenient to have ane of the surplus 
feceivers that covers the range down 10 200 ki 
However the cheek can stil be made with 
rogilar broadcast receiver. All that is neces: 

harmonics of # 


ary is to find th 


they fall in the broadcast band. They will be 
separate by a value equal tothe frequency of 
the coil being tested. As an example, if a 
‘goalie spotted at 900 Ke and the next one 
Higher is found at 135 ko, 18 @ protty good 
bet that the tansformer is operating on 150 ke 
(1350 — 900 = 450). 

To find the operating frequency of an if 
stage itis not necessary to have the arnpli 
in operating condition or the tubes hot. Jy 
smc the two contacts across the primary or 
Secondary of the transformer ia question an 
swatch for signs of eselation on the meter 
Some translormers have © portion of the bias 
sytem inside of the can, This can usually be 
fvercome by connecting. the tester from grid 
to ground of the tube in the stage being tested, 

Ih addition to checking transformers it can 
ako be useful in testing the range over which 
a transmitter tank will tune. Just make sure 
that the high voltage is turned off and connect 
the probe across the task to be tested, Now 
yon can tune the tanke and follow its entire 
Usable range sith the receiver. Tf the tank 
being checked bappens tobe che Bal, the 
meter on the probe will indicate when the 
itera is brought into resonance 

“This Wile tester was built to. do just one 
thing-sort out sme old i in the junk bos. 
Aiter we trod it we found that it would do 
foe of useful chores around the ham shack 
With proper oare and feeding, i ean probably 
Jean to du ticks that we baven’t even thought 
of 


430.470 kHz SWEEP FREQUENCY 
GENERATOR 
Edward Laverence WASSWD 


Here isa simple sweep frequency generator 
for aligning the most common if strips. The 
tnt has only one transistor because the sweep 
voltage is lake from the oseilloscope itis 
Used with, Most general purpose osc 
Scopes have a sawtooth output jack. By using 
this sivtooth, the frequency is locked to the 
position ofthe trace 

The oscillator is made to deviate in fre 
‘quency instep with the voltage applied to the 
hase biss circuit, cither the sweep voltage or 
the de voltage applied at the control point 
If no sweep oF control voltage is applied, the 
fosilator runs at the center frequency, and 
may be used as a conventional signal geners- 

The 2.5 mh choke and the two 150 pf 
capacitors form a very broad tank circuit, 
Sovit is easy 10 FM the oscillator without « 
treat change in amplitude. As to how the 
Change in base voltage causes the frequency 
Shift, Lam not quite sure. Ail know is that 
itisquite linear and iss positive shift (ig. 3). 
‘That is, an inerease in baso voltage causes an 
increase in frequency. Also, a change in col- 
Ieetor supply voltage wil sift the frequency, 
so he sure Lo use a stable supply. 

Since an rfe is used as part of the tank, 
you may have to compensate fora variation 
in center frequency by changing the 150 pf 
Capacitors to some other value to get 455 
kz as your center valve 


If you do, then run a plot of de control 
voltage vs frequency and adjust the voltage 
divider Rand 3 to that I volt PP at the 
‘sweep pot wiper gives plus and minus 5 khz 
(10 khz total). “This is not as hard as it 
Sounds. Just listen for the harmonics on 
broadcast band radio. For instance, the see 
fond harmonic of 430 khz is 860 khz, and the 
sacond harmonic of 470 khz is 940 khz, both 
handy on the BC radio. Note the de voltages 
al tho control point required to abtain these 
Frequencies. ‘Take the difference and divide 
by four. ‘The answer ig the P-P voltage re 
aquired fo shift the oscillator plus and minus 
5 khz. Then apply a low, known ac voltage 
tothe wiperof the sweep pot with the switeh 
in the sweep applied position. Adjust the 
value ofthe divider resistors to get the proper 
Traction. In my case it was 0.43, 

Tt is advisable 0 nun the sweep rate as 
slowly as possible, in order to display the re 
sponse curve as accurately as possible. ‘The 
sharper the skirts, the more slowly the gener 
ator must pass through the bandpass. With 
this generator, the amount of frequency devi- 
ation is controlled by the B-P amplitude at 
the sweep pot arm. If you are looking at the 
response of a regular If, you would set the 
sweep amplitude high to see the entire ce 
sponse curve. As far at an accurate display Is 
‘Concerned, this is fine, since the slope of the 
Skirts is shallow. But if you were looking at 
the response of a sharp filter, you could not 
tolerate such a wide sweep, because the fast 
rateof-change Would tend to skew the di 
play. To correct this, reduce the sweep am- 
plitude to reduce the frequency deviation 
own to the edges of the skirts of the re 
sponse cure, This reduces the rate of change 
tnd minimizes the skewing of the display 
Also, itis better to display the if before de- 
tection, if possible, to prevent the detector 
time constant from possibly distorting the 
display. 

IT you have the sweep generator setup as 
Ueseribed, then it is easy to set the sweep for 
‘known deviation, and then pracede to read 
the 3 or 6 db points from the face of th 
scope, Be sure to disable the AGC for this 
test 

For those who aren't familiar with the sot- 
up for obtaining the response curve display 
tefer to Fig. 2. and the following outline 


BE 


Fina. Inwrconneetions of sneep generator. 


First, hook up the equipment as in Fig. 1 
Set hors gin for desired sweep width. Adjust 
sweep amplitude pot on generator for de- 
‘ied frequeney range. Set output level to 
mid-range. Adjust thevert gein for the desir 
ced pattern height 

If we wish to change the total frequency 
deviation and the horizontal display width at 
the same time, use the scope’s hore gain con- 
trol. This presumes that the amplitude of the 
sawtooth output is also varied by the horz 
{in control 

If we wish to change the frequency spread 
land not change the width of the scope dis- 
play, adjust the sweep amplitude control 
This allows you to take a hetter look at the 
sidelobes or any ripples in the passband, de- 
pending on how the controls are adjusted. 

You don’t have touse a sawtooth to sweep, 
swith if i isn’t Bandy. 

‘Sixty hz can also be used, but it vill pro- 
bably skew the passband you are trying to 
display, so I don't recommend it. One note 
here: when the sweep generator i first turn= 
ed on, or the setting of the sweep amplitude 
is changed, the frequency will diift for a few 
seconds, This i due to the charye on CI 
changing to & now level. C1 & large to couple 
the low frequency sweep with as litte distor- 
tion as possible. 


DC CONTROL VOLTS FREQUENCY 
5.86 430 
627 440 
5.69 450 
690 455 
712 460 
733 465 
735 470 


AN ARMSTRONG SWEEPER 
‘Al Donkin W2EMP 


Sometime ago while experimenting with 
8B crystal fers at 480 ke, it oceurced to me 
tat a manually swept Armstrong. oscillator 
‘with a pot coupled to the tuning capacitor 
for ‘scope sweep voltage would save point by 
Polnt frequency measurements with 2 BC231 
‘while adjusting the ter For mini én-bane 
Fipple, A eiccuit was burtiedly developed, 
tnd the results wore even better than expected. 
Simple though i may be, Tm sure sayone 
who is working with crystal filters will appre 
Sate its usefulness. The effects of tuning and 
‘diddling” were immediately visble in the in 
band ripple and the skits down 10 about 20 
ab could be observed with a few twists of the 
Tenob. 

‘With this encouraging experience, a sturdior 


‘wih the funieg 
od ina Sx 7x3" 
Iminum bracket was bent t0 hold the “swoop 
pot and mauited behind the tuning capacitor, 
faced to accomodate. the mochanies) shaft 
‘coupling. The Vectotboard was aso mounted 
‘on the bracket. 

The oscillator circuit ie simple, using a1 
sth fe forthe tank inductor. The range of the 
‘drcuit as showin 4s about 400 ke to 300 ke, st 
enter ffequeney. The toning capacitor i a 
Hammerhind MC-5O-M with two uf the 
rotor pales removed, reslting in = range of 
approximately 7-25 mmfd. An untuned ampli 
fr provides folation of tho oselator fom the 
reactance of the loud, I used 2NA04 tranastors 
bat most PNP if trsistrs wall work 

a adit ystal ters. {have 
fn this windy 38. general pur 
nose low frequency osilator and sweeper for 
Feceiver fs. The persstency of mos oscil 
Secipespruduces at much batter display than 
right Be expected, and i gertaaly beats the 
pint by paint method of plotting Blter ee 


Py 


ANEW BROOM 
Dick Gridley K6IHE 


This unit is @ sweep generator of simple 
design, with many uses, Besides being useful for 
filter alignment, as shown in the diagram, ic is 
useful for optimizing receiver and transmitter 
performance 


© 


‘The heart of the rig is an inexpensive item 
called the Vari-Cap by International Rectifier 
Garp, Two. are. dlscutsed here, the G8SC20 
‘andthe 1008C2. The G8S620, according t 
fhe manufacturer, will vary iis eapacitance 
rom 60 mmfd.at Jv to’ 25 mud ae -2008 
‘The 100862 will vary from 600 mmfd at 
to 100 mmf at -20v. These unite cach cost lez 
‘than $8.00. The construction ig not critical In 
fany way, nor is layout a pratlom-jost se 
fgocd ham "practices, Any poser supply de. 
fivering 160"y se at 60 ma regulated will éo 
‘The oscillator Yanle must be grounded. and T 
Aid have some trouble unl T removed the un 
used winding from the 455 if transformer used 
for the osellator tank. 


ewtoath enersy it applied to. RI which 
regulates the amount ta be amplified by V1 
BE linen control merely puts postion of 
regulatad voltage om the Vari-Cap’ ail thus 


tle the capacity of Vati-Cap. close to its 
or, so the samtovth poise trenton 8 lies 
frequency swing. This cifeait gives about 6 
sweebr f have ied TV haritontal coll. for 
Tt eed ine C2'ty 1002 for 82 ke 
and Bike operation. loweves, 20 ket enous 
Changed to's 100 SC2. For 200 ke to 10 me 
ihe WSCEO vex pleniy of sween 


A note here out scope. Most of the aver 
fage do olga below IB eycod and the son 
fate should be about 10 eseles, Some donot 
fave a saltooth oatput jack ‘The: sawtooth 
Output an be picked off the syne circu. 


{ound the best point fon the Zeed ide uf the 
spre. pot chrough a 23 mfé capacitor. Some 
Seeped have a evuple of Jack pins 10 ald ea 


fasity extemal, same dou Yeu will Sad 
Tite trouble alaing aboot 25 mtd ners the 
slowest speed 


The se of the ig is siento. Phag the Teal 
vom RL into the scope's sowtooth cute 
Cauple the output from the eathove follower 
‘ction of V2 to the Br input Shruish a 001 
id eapaeitnr. The vertical inpst of the scone 
Brconneeted tthe finer output rough an tf 
Dobe, Adjost Rr and RY about $2 open WIth 
Gb about 1 meshed, djust the triomer in the 
cam to pat you in the ballpark and then 
‘ee C3 for fine adjustments nf freaeney, A 


tional miner adjostments of RI and RE moy 
be mecorsars. Of course, when used to align 
f reeever, the diode probe ie unecessary 
fhe input te the seope ie picked of of the 
Uae Yetector, It goes witheat saying that it 
fs necesaayy ta plot an itdex for the scope 
Tat! so that » randy polerenea ie avaable 
For band pes width and depeh of skirt 

fone ove guiw says “Thief just hie eating 
ye old TV) band pass.” That ie is. The only 
‘Biteruner here ie the fvequeney and the seep 
feenermany cnet sege june und #50 

"The unused sites, show in the photo, was 
fnrtlled to select ene of hwo frequents. 
oovwevor, this rig hasbeen dae on boat she 
Tre think 1 eer vill deci which toe ¢9 
tse, The unidentiied tubs is 4 GU used aa a 
Te audio oselllacor with cathode follower 


LOW COST SIGNAL SOURCE 
Howard White VESGEW 


Free yo easement oe 
portion Model 80 signalgenerator nas 
bbeen the industry standard for conine eas 
Many ams have wanted to have a labo- 
ratory-grade signal source of this type but 
the $800 price tag is prohibitive. This ar 
ticle describes @ signal source that has 
many of the same features as the 80 ex- 
cept that i omy costs 1% a8 much, That's 
‘why Teall this the Model 0.8, 
‘You wonder at some of the features of 
the marvelous Uctle device? To briefly list, 
hem, it has: 
‘© Variable output from about 80 nV 
to 50 mV af rf power 
Frequency range fiom 1.8 to 450 
MH so you cin cover 160 through 
% meters 
‘¢ Ciystab-control frequency stability, 
‘Fairly clenn ootput signal 
©4519 antenna load 
(© Safety feature to prevent the destruc 
tion of the device in case. a trans 
ritter it accidentally loaded into it 
The Cireuit 


The circuit is the combined brainchild 
fof many ham engineers and technicians in 
‘our local 2m PM club ~ the Toronto FM 
Communications Astociation. More than 
300 of these units have been built in the 
pest two years, so the circuit has been 
exceptionally well tested in the field 


55 


‘The unit consists of @ single 2NS130 
NPN transistor oscillator configuration. 
Other transistors, such as the 2N706, can 
be used in this circuit with slightly difer- 
ent biasing arrangements; however, the 
2NSI30 appeared to give the cleanest 
utp signal 

Output level can he varied from less 
than 80 nV (the best we could measure) 
to 50 mV. It 8 controlled by @ 1 k& pot 
in the transistor collector circuit, Power is 
obtained from a 1.5Y penlight cell by- 
passed for 1 by a 0.1 gF eapacitor. 

My present “0.8” signal source has 
been used intermittently for more than a 
year without any degradation of output 
However, remember to shut the unit off 
when you're finished with it; the battery 
doesn't last forever 


Fe. 1 Schematic dagram of the “int Eight” 
‘Signal Soutes, the "poor man’s Model &0." 


The unit is built on 9 PC board. The 
parts layout is almost exactly the same as 
thet of the sckemstic shown ia Fig, 1 
The electronic components are placed on, 
the copper side of the board. The on-off 
svitelelevel control, frequency. adjust- 
ment, ootput jack, and crystal socket are 
fon the other side (Fig, 2). The unit can 
bbe packaged ina minibox. 

Almost any crystal in the 1.812 MHz 
will oscillate in this unit. The ouiput is 
Fic in harmonics te 450 MH2, so you 
fan tune up any receiver from 160 to % 
meters, 

The output impedance of the signal 
source is $10, a value which simulates a 
perfect antenna load to the receiver. This 
is the manner in which this is accom: 
plished: A S12, 4W resistor is connected 
cos the terminals of an RCA. phono 
jack, No physical connection is made to 
the circuit except through the common 


BoC Our 
Ex, © e@ ke 


Fg, 2. tintox yout of the sone! source 
panel 


ground of the PC board. The maximam 
output level depends on the lesd lengting 
cof the resistor. (The unit has plenty of 
output when the lengths are about ¥ in. 
long.) This design has an added safety 
feature, too; if by accident you load a 
transmitter into the unit, all that is 
dosteayed is the AW resistor 

Operation. and Uses 

‘These units were originally designed to 
tune up 2mm FH receivers. The procedure 
is quite simple. You conaect the signal 
source to the antenna input on your 
receiver. Plug in a transmit erystal, ond 
adjust the frequency control for a zero 
reading on the discriminator, Adjust the 
‘output level to the desized signal strength 
elow first limiter situration) and tune 
up the receiver, 

‘There are 2 myriad of other uses for 
the signal source. Using 23.5 MHz crys. 
tal, you have band edge marker. With 
the transmit crystals on a Twoer or any 
other transmitter you have instant fee 
quency spotting without modifying the 
Greuit of the tansmitter. OF course, the 
signal souree can he used to tune up any 
receiver, peak tuned circuits, be an rf 
soutce for an antenna noise bridge, and so 


RECEIVER TWEAKER 
Malcolm Oakes KEUAW 


I've found that the singlemost piece of 
ceded test equipment by the amateur on 
FM is a receiver alignment generator. Most 
‘of us, however, do not have acooss to a signal 
generator. (Come on now, you woulda't 
really call that TV thing a signal generator 
would you?) 

The unit to be doseribed is a very 
functional device that wil allow you to 
setape every ounce of sensitivity from your 
receiver. The generator can te buil so small 
you can carry it around in your shirt pocket. 
Compactness, combined with its battery 
powered portability make it ideal for sor 
vicing mobile receivers. Stability? It's crystal 
controlled and is as good as the rock you 
plug in {you obtain the rock from your 
‘wansmitter). Output reactance? Nearly zer0 
degrees, allows proper tuning of rf stage. The 
attenuator stown does not have a preat deal 
fof dynamic range due to distributed capacity 
fof the potentiometer. However, I said 
before, the unit was “functional” and it ie 
just that. The signal can be attenuated into 
the noise and brought up to approximately 2 
30 wy level; overly sulficient for a normal 
alignment. 


Construction 
‘The circuit layout is not particularly 


critical, and if sid out in a manner similar ¢o 
the schematic, no problems should be en- 


SE Are it Sie 
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Fla 1, Shematiedegram of Teer. The ragtor marked 


‘countered. The attenuator section should be 
completely shielded away from the oscillator 
and multiplier stages, so rf leakage will not 
be a problem. A erystal socket should be 
provided so the unit is versatile for aay 
frequency. However, if you plan on using it 
fon only one channel anc can spare a crystal, 
build it with the crystal inside. Two glast 
piston screwdriver adjusted trimmers must 
be provided (to “rubber the crystal” and 
tune the output to resonance) as front panel 
Circuit 

‘Transistor QI in the fest stage fsa crystal 
cscillator which is very loosely coupled 19 
Q2 the multiptior. This stage is biased into 
“elass C50 a8 to multiply the 6 mz erystsl 
24 times, up to the two-meter band. (3 mhz 
‘erystals wil ako work at a multiplication of 
48.) Another important function of ss 
stage is to attenuate the oscillator ontput 
(about 6-7 volts peak-to-peak) to 2 lovel 
usable at the twro-metor frequency for alien 
ment —30 to 40 uv. The potentiometer 
adjusted attenuator takes the signal down to 
‘level as desired by the operator. 

T developed this unit for use on two 
ameter, Several have been built and all work 
fine, But, for those of you who need @ 
sixameter generator, this same cireuit should 
work fine with the only modifleation needed 
being the final tank frequency. (A few more 
turns on the coll and 2 slightly larger 
‘immer capacitor.) 

Adjustment and operation 

Connect the output of the generator 10 
your rig. Plug ina crystal and tune for 2270 
(with frequency adjustient) on the diserim- 
nator (center frequency), Now, looking at 
the first limiter voltage, peak the final taal 
Attenuate the generator 3s necessary t0 
avoid saturation of the limiter. Repeat 2s 
necessary until a definite peak is reached. 

If Che generator will not go down into the 
noise with the attenuator control, che Enal 
tank may be detuned as necessary to provide 
the desired range on the attenuator. 
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CITIZENS BAND ALIGNMENT AID 
Baw Laveence WASSHD. 


1 is obvious that the front end of a 
receiver should be tuned to respond equally 
well across the band, ond thus have consi 
tent sensitivity at any frequency in the band, 
if maximum wiefulness i to be obtained. 
‘The wstial method of insuring reasonable 
results is fo tune at the middle, and cheek 
the ends. This is sather spotty, at best 38 it 
‘would be better to check all channels. This i 
Involved since you must set both frequency 
tnd armphituce 23 times ina single pass 
Naturally, « good sweep generstor could 
be used, and the rf-mixer tracking set with 
{ instead, but this was nol avilable to me at 
the time. The circuit in Fig. 1 was originally 
4 super-regenerative receiver taken from the 
GE Transstor Manual. These, 6 is well 
known, tend to spray a lot of rf back out the 
antenna. With this in mind, 1 listened with a 
communications receWer and noted strong 
modulation products abaut 100 kllz above 
snd below the “cartier.” Deducing this to be 
caused by the quench frequency,  baliantty 


ecided to drop the quench frequency into 
the audio range, by increasing the eapuck 
tance across the hase bias resistor. Lo and 
behold! Suddenly the entire Citizens Band 


‘was alive and jumping with a mass of “line 
poise,” which at first appeared to be like 


Fig, 1. Schematic af the sligment ald, LE ie 88 
turns No. 22 tapped at 9 turns fromm the collector 
hd. No switchs sown, remeve bitery hed 
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NEW REPEATER ATLAS 
Hundreds of new listings 
location and frequency... dual listing, in 
valuable for your car. fine those repesters 
235 you travel, This is the ONLY comolete lst 
‘Of ‘epesters being published. Almast 3000 
Fepeaters iste! in this itu -»_ cepeaters from 
allover the entire Worle, only $1.95, 


listed by both 


VHF ANTENNA HANDBOOK 
‘The NEW VHF Antenna Handbook details 
the theory, design and conetruction of hun 
dreds of different VHF and UH antennas 

’A pracival book written for the everoge 
amateur who tekes joy in building, not full of 
complex. formulas for tho dotign engineer. 
Packad with fabulous antenna projects You 
‘on build, $4.95 


73 VERTICAL, BEAM AND TRIANGLE 
ANTENNAS by Edward M, Not! W3FQJ 
Describes 72 differant antennas for amateurs 
Esch design ie the result of the authors own 
experiments: cach has actually been built ana 
airtested. Includes appendices covering the 
‘construction of noise brijes ond antenna line 
tuners, as swell ag methods for meaeuring 
resonant frequency, velocity factor, and 
Stancingwave rties, 160 pages 85.50 


73 DIPOLE AND LONG.WIRE ANTENNAS 
by Edward Mt, Noll W3FOS 

‘This it the frst collection of situally every 
type ‘of ire antenna used ‘by amatour 
Inelucles dimonsions, sonligorations, ond te 
tailed constuction” data for 73 different 
Antanns typas. Appendices deseribe the con: 
Enuetion ot noise bridge, line Tuners, nd 
ata on manscring resonant troque cy, 
Selocity factor, ane sw. 130 poges. 88.50 


} 2M FM HANDBOOK 

Conisins simost every conceivable cicul 
that might be needed for use with a repeater 
All eieults explained in deta. Al aspects 
covered, from the oparator © the antenna 
$5.95 


Tabland ham shack, $4.95, 


IC OP-AMP COOKBOOK 


Water 6g, overs nov ony the Soa 
SS5 page Bie SH, solthouna $1298 = 
ce 


RF AND DIGITAL TEST 
EQUIPMENT YOU CAN BUILD 

AF burst, function, sauare wave generators, 
variable length pulse ‘generators — 10D kHz 
marker, Hf and 1 sweep generators, audio ose, 
fit signal injector, 146° Mis eythesizer, dicital 
Feadouts for eountars, sveral counters, prescaler, 
rmierowauemeter, otc. 252 panes. $5.95 


WEATHER SATELLITE HANDBOOK 
Simple equipment and methods for 
sotting good pictures trom the weather 


WerrHEn 
SRTELLITE 
HANBaOOK 


focsimile you can buile,wacking, aut: 
wy ‘matic control (you don't even have 10 
) be home). Or. Taggart WE8DOT $4.95, 


& 
SLOW 
‘SCAN 
TELEVISION 
HANDBOOK 


SSTV HANDBOOK 
This excellent book tells ll about it, from 
its history and basis to the prasont state of 
the art techaiques. Contains chapters. on 
rcuits, monitors, cameras, eolor SSTV, rest 
Hordbound $7 "Softbound $5 
FASCINATING WORLD OF 
RADIO COMMUNICATION 
Interesting stores. of the history of radio 
pioneering and discovery. Also incluces the 
Fundamentals of troadosst_ band OXing. A 
must for every radio amateur. $395, 


The Fa Wo 
100 GM ONCATONS 


‘TEST EOUIPMENT LIBRARY 

'A multiwolume anthology that you won't 
fing anywhere for theoe times the price! The 
adit ot 75 prasent 2 complete guide to 
testing that is both basic and complete ond 
timed at everyone from beginners to emoteur 
Extras. Everything from haw to test diedes to 
frequency cpumats, Plus 9 cumulative index 

‘ailin 73's all now TEST EQUIPMENT 
iaRARY Volt Vol i 


Vol. |= Component Testars — $4.95 
Vol. 11 — Audio Frequency Testers — $3.95 
Vol. il! ~ Radio Frequency Testers — $4.95 


1001 PRACTICAL ELECTRONIC CIRCUITS 
Tob't new 1001 circuits is avsilable lor only 
159.05 ppd. The nest time you want @ cicuit for 
Just about anything, eat your heart aur that you 
did't sand for this book the (ist time you read 
about it, You'd better order the book right any, 
before they run out. $8.95 


VHF pRovects 
EXPERIMENTER 

‘A must for the VHE 09. Opening chapterson 
‘oporating practices and gatting storied in VHF, 
both AN! and Fi, followed by 6 chapters on 
building usetul test scwipmant, modifying exit 
ing and surplus gear. 84.95 


FOR AMATEUR AND 
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Hewlett Packard 6384A 
power supply 


SPECIFICATIONS: 

DC Output: 4 t0 5.5 Ve @8 Amps 

Load Regulation: 2 mV no load to full load 

Line Regulation: 2 mV for line changes between 104 and 127 Vac at any 
‘output voltage and current within specifications 

Ripple & Noise: Less than 5 mV peak ta peak 

Crowbar, Factory Set at 6.25 V, Automatic cutback limit circuit and overvoltage 
crowbar protection. 


HEWLETT PACKARD 6384A Power Supply $99.95 


Power design 1210 
regulated 
power supply 


Output: 010 12 V @ Oto 10. Amps 
Regulation: 0.01% or bettor. 
Ripple and Noise: Less than 500 uV rms. Voltage Controlled, Metered. 


POWER SUPPLY 1210 - Regulated Power Supply - $149.00 


a full range, 5-function 
3% digit multimeter 


DC CURRENT: 0 to #1.999/19,99/1099/1998 mA 
[AG CURRENT: 0 to 1.999/19,99/189,9/1959 ma 
FESISTANCE: 0 10 189.9 8 through 19.99 Megohns (6 ranges!) 
ACCURACIES 
DO VOLTS: #0.2% F.S. 40.2% af reading 
1000 venge: 20.5% FS, 20.5% of reading 
AG VOLTS: 10.7% F.5, 49% of vosding 
{100DV venge: 30.7% FS, #25 of rescing! 
DC CURRENT: 20.5% FS. 10.886 of vending 
11000 mA range: 10.5% F.S. 41 8° of reading) 
= AG CURRENT: 40.5% FS. 11.3% of reading 
11000 mv range: 10.58 F.8, 42,98 of reading. 
AESISTANCE: 40.5% F.S. 40.8% of read 


Ranges 10 megoh range: 20.5% F.S, 21.8% of readin). 
De VOLTS: 0 to #1.999/19.99/199,9/1500 Volts 
AG VOLTS: 0 10 1.959/79,99/199.9/1000 Volts, DATA PRECISION MODEL 134 — $169.00 


a AST/SERVO SYSTEMS, INC. 
20 Republic Road, North Billerica MA 01862 
(617) 667-8541 


TEST EQUIPMENT LIBRARY 
Vol. III, Radio Frequency Testers | 


Radio frequency waves are the common denominator of Amatour Radio so here is 3 book for all hams. 
No matter what your specific interest, such items as SIWR, antenna impedance, line impedance, RF output 
‘and field strengch should interest you. This book not only gives detailed instructions on testing these items 
‘but includes sections on signal generators, erystal calibrators grid dip oscillators, noise generators, dummy 
Toads and much more. It's 8 must for all up-to-date shacks. 

Test Equipnvent Library 


Vol. It, Radio Frequency Testers $4.95 


TEST EQUIPMENT LIBRARY 
VOL. II, Audio Frequency Testers 


HOW'S YOUR SPEECH POWER? YOUR SHIFT? YOUR SYNC? 


You can find out easily with a little time and a junk box full of parts. It's all right there in the new 
Volume I! of the 73 Test Equioment Library... Audio Frequency Testers... jam packed full of all kinds 
of audio frequency test equipment. So if you're into SSB, RTTY, SSTV, etc., this book is a must for you 
good book for hi-fi addicts and experimenters too! 

Test Equipment Library 

Vol. 11, Auctio Frequency Testers... See cps se hee Bi re eel 


TEST EQUIPMENT LIBRARY 
VOL. I, Component Testers 


Just out is Volume I of the 73 Test Equipment Library 
how 10 build transistor testers {eight of ‘em), diode 
esters (3), (C testers (3), voltmeters and VTViis (9), 
‘ohmmeters (8 different kinds), inductance (3), capacity (9), Q measurement, crystal checking (6), 
temperature (2), aural meters for the blind (3) and all sorts of miscellaneous data on meters... using them, 
making them more versatile, making standards, things like that. Invaluable book, ridiculously low priced. 
Test Equipment Library, Vol. 1, Component Testers $4.95 


{ae fy eeatiaceB OG CiCath enclosed Ci Check enclosed | 
[RSE RSS Eames ee B88 eankAmercard Master Charge American Exores | 
i carat arts extricate | 
Nome zs Signature 
mon tt are =e 
| City State Zip ES | 
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Meshna- 


New England's *1 
Surplus Dealer For Over 20 Years. 


Send for our latest catalog. 


PO Box 62 E. Lynn, Mass. 01904 


Fig. 2, Pull sive PC board layout (ll side. 


natural noise. Then I turned on the BFO, 
whieh showed it to be many, nuny, many 
lostly spaced “carriers.” 1 presume the 
lower quench frequency develops & much 
larger bias swing on the base of the transis 
tor, FAing it across the entire band, This 
Stuff is concentrated in the region of 27 
Miz, with very litle spilkoxer into 10 0° 15, 
meters, although the leveb across the design 
runge is rather constant snstant 
Ff level 6 what 1 aceded 10 simplify 

fends of the units I was working 


Figure Teh of the P.C. hoard 1 
ade to facilitate reproduction of thi useful 
ult fora few interested friends and Fig 
s the component hyo. 

V used 6 ft an antenna 
connected to the emitter side of the rfc 
with © {1 of wire on the battery side of the 


wanterpoise. Since 


tree nearby, Of course, since this pul a 
strong signal on every channel into every CB 
receiver within 300 yards, 1 limited the use 
this device to avond unnecessary sinter 
ference to the deserving asers of the band 


However, one fellow 
overambitious heave, and s ran for about 
month in the dead of winter in & nameless 
northern city, helping every CBer for snes 
around align their sets! I¢ only draws about 
halla milianp from a 9 volt battery 


Since 1 am sure many others would like 
to align their LL meter receivers for opti- 
‘mam eesults, | am presenting this eirewil a6 
very low cost and worthwhile aid 


< MM 


an) | c2-s6 oF 
baa Coy 
ee i je ma2x 
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Za 
counrésPorse| 1 ra 
ue Gh |— ai-zam 
a4 
oN [Sa earreny 


Fig, 5. Component se part placement 


PET CHIRPER 
Chuck Hines K6OKL 


The Chirper is an automaticaly keyed, 
crystal controlled, signal source which may 
be used to optimize the signal-to-noise ratio 
of a receiving converter. Homebrew or com- 
mercial, converters ate a. common thing 
round an amateur station. And, most of the 
VHF Trine have read thru a jungle of 
esoterica dealing with low noise front ends, 
the velvet beauty of FET's on Two, noise 
enerators and eternal truth, and How to 
copy 20 ab below the noise by the selective 
fuse of liquid helium, With a Kind of re 
Jentless evolution converters have been 
setting better and better, noise fisures be- 
ome lower, and the prices of suitable front 
end devices are dropping by the hour. But 
When it comes to aligning these converters 
the scene is one of wretchedness. A black art 
at best, the job is taken up with an enduring 
combination of blunt instrument and myth. 
The latter have a certain charm. Are you 
convinced your converter is in top notch 
condition because you can “hear noise” 
‘when you attach the antenna — or better 
Yet, when you place a 50 ohm resistor across 


2 


the input? Try putting 2 complete short 
across that same input. Shorts aren't much 
‘00d as noise sources. You'll find the short 
ives about the same chenge in noise level a5 
the SO ohm termination. What has changed 
is the impedance the front end “sees”. The 
same i pertally true of the noise from the 
antenna. Neither is indicative of the 
performance of the converter. Peaking the 
System up for maximum on either a weak 
Signal or on noise gets you nowhere. The 
iode noise generator which every VHF 
book of substance describes is a good and 
useful tool when used properly. The assump- 
tion is that everyone already knows full well 
how to use it and does so. Few in fact do. 
Pm sure you've read of it before in many 
places, but little redundancy is in order 
‘The moike with which you are concerned is 
the noise generated internally by the frst 
tube, transistor, or other active device the 
janal encounters upon its arrival at your 
converter. By fiddling with the external 
reaetances, adjusting the voltage and current 
and otherwise manipulating the things 
foldered to the device, one may minimize 
the internally generated noise. At the same 
time the reason the front end exists is to 
amplify the signal. One usually desires as 
‘much Amplification possible, short of smoke 
and otillation. Minimum noise and maxi 
rum amplification is the game. Though the 
two are not quite mutually exclusive a 
certain amount of compromise takes place. 
‘Thus, the signal to noise ratio. When aligning 
a converters first stage every adjustment 
effects borh signal and noise, Given 1 con 
Sant signal source coupled into the con 
verter thru an appropriate impedance, the 
job is finished when the front end has been 
adjusted for the greatest difference between 
Signal and noise of which itis capable 
The Chirper is designed to help you do all 
this by letting you see what effect each 
‘adjustinent has on both signal and neise. The 
‘TIS34 oscillates at a frequency controlled by 
the erystal. With the constants chown, that 
fan be anywhere between 8.2 and 36 MHz, 
The variable capacitor must be adjusted for 
resonance. it isn't particularily critical but 
iis setting peaks the rf output at either the 
fundamental or some harmonic. For 6 
meters an 8.35 MHz erystal is used. A 9.0 
MHz rock will pin the meter when the 


of the FET ehiper 


Power soldering iron 


(Ersa MULTI-TC 


rsa MULT, 75 W 


: 
g 
i 


IPTC 


i ot 


Gas soldering irons 


(Ersa INDEPENDENT 


rsa INDEPENDENT 75,15 -75W 


rea INDEPENDENT 130,25 - 120 


ind INDI 


PENDEN 


‘The MULTE-TC and PTC 70 ae 
powerful and robust, temperature 
contrated soldering ons. Bath 
tools offer an austanding heat-up 
rating. 


Due to thei igh thermal per- 
formance, and because of the 
large selection of soldering is, 
the MULT-TC and PTC 70 re 
ssulable for fine slderng joins in 
‘lectraics as wel as for jain with 
‘medium heat requirements, The 
MULTLTC is furhermare aso used 
anyuhete else where standard 
irons with 150 W power are in use, 
including, fr example, lead glass 
and Tifany soldering, 


rsa gas soldering ions are fueled 
vith commercial avaiable bghler 
2s andar fred up through the 
‘piezo igion. Compared with elec 
‘al soldering rons, the INDEPEN- 
DENT 75has between 15-75, 
‘and the INDEPENDENT 130 be- 
tween 25 ~ 130 W performance. Both 
‘rns are avalable in the BASIC-SET 
‘and PROFL-SET versions, 


‘Aside from handing the usual types 
cf electronic components the selec- 
tion of tips avaable enables the 
INDEPENDENT to also handle SMD 
soldering, mioo-weding, forming and 
cating of sythetic materi and the 
processing of shrink loves, 


Chirper_is connected into a 2 meter com 
verter, The Amidon toroid is wound with 
No. 30 enameled, 40 turns for the primary 
‘and 5 turns for the secondary. After it i 
wound, spread the turns to fill the toroid 
and paint it with Q dope. The diode and 5 
DE coupling capacitor are connected with 
the shortest possible leads, the diode boing 
srounded at the 7f connector. The harmonic 
‘output is excellent and quite useable at 1200 
Whe. 

The oscillator is tuned on and off by @ 
multivibrator combination of unijunction 
and NPN transistor adapted from the G. E. 
Transistor Manual. The rate at which the 
rultivibrator cycles is determined by the 
large value capacitor, in this case 33 mF. The 
polarity of the capacitor is ertical. Observe 
To increase the cycling rate, decrease the 
capacitance; and, to decrease the rate, put in 
a larger vale, Mine cycles little under once 
per second. A value somewhere between 30 
and 40 mF should suit your needs. You are 
better off scrounging some odd value from 2 
defunct computer board because of the 
tolerance problem. If it says 33.2 mF, its 
probably pretty close to that value. Other 
Wise you're dealing with tolerances of plas 
TOOK and minus S0% or something equally 
grotesque. The SOK pot determines the 
portion of the cyele during which the 
‘oscillator is On and is mislabeled rate on the 
Chirpet shown. The HEP-310 is generally 
available and inexpensive. Other unijune- 
tions were not tried. On the other hand 
almost any NPN of reasonable quality will 
work in place of the 2N718. A number of 
2N388 and 2N3478's were tried and be- 
haved well. I's 2 good place to use those 
transistors you've replaced with FET's. Use 
something with a Beta of 50 or better for 
best results. The 3100 ohm resistor in series 
with the pot is for current limiting. It's 
eletion will increase battery drain with no 
increase in Chirper performance. Normal 
clurzent from the 9 volt battery is around § 
ma. 


Construction is non-itical and pretty 
much a matter of taste. Mine is built on a 
piece of vector-bosrd and mounted in a 
Suzurando box, model M-IN. It measures 
34X 2X4" and there is still room inside 
{for additions, 1tsells for 330 yon, about $2e. 
Aslide switch is used to turn the power on 
and off. Paint one well of the slide switeh 
‘with red paint ~ Testor's Pla, a mode! plastic 
paint, is zood — and the switch will indicate 
its position, Red for On and black for Off 
Ie saves batteries. Check your work and the 
polarity of the large capacitor. Re-check the 
‘Connections to all the semi-conductors. With 
four different kinds of devices things can 
become confused. Set the pot to the middle 


of its range. Insert a erystal in the socket. 
Connect the Chirper to your converter, tam 
the switch on and adjust the variable capaci 
tor for the highest reading on your S-meter. 
‘The oscilator will turn on and off, Varying 
the pot will extend or diminish the amount 
ff time the oscillator is on, Whatever you 
do, don't connect the ehirper to an external 
antenna. The harmonic content is high and 
even at this power level is sufficient to cause 
fevere interference to television raccivers 
‘within a two block radius 

For converter alignment, the test set-up is 
ilustrated in Fig. 2. The Chitper is fed to the 
converter thn an attenuator for two 
reasons. First, the power output of the 
Chitper is t00 high on six and two. You 
don't want to align with a forty over nine 
signal. Something around S-S. to S-7 is 
desired. Second, the attenuator maintains @ 
$0 ohm termination for the converter. A 
Converter cannot be aligned with a floating 
input impedance. Fixed and variable attenu- 
ators of excellent quality are aallable thru 
surplus and homebrew data fs avallable. See 
73, January 67, p. 40 for one that will do 
te job. Turn’ the receiver ave off, The 
read-out options are diverse. The best is 
probably a scope connected to the if. A 
‘vivm can be used, comnected to the audio 
output. And, the Smeter ean be used with 


converter neutralization. If necessary, re 
neutralize the converter and go thru’ the 
whole thing again. Talking about it makes it 
seem somewhat complex. It really isn't and 
the whole business won't take long once 
you've done it, It will become quickly 
apparent that highest signal level and lowest 
‘ose level do not coincide. You can vary the 
bias, voltage, ete, and observe the effects of 
each on the signai-tomoise relationship. You 
ean, in short, optimize your converters 
performance. 

‘A number of things can be done with the 
Chirper. There is room in the box to build 
another oseillator seetion connected to the 
transistor colletor, operating in parallel and 
simultaneous with’ the first oscillator. By 
appropriate choice of crystal and attenua- 
ton, both signals can be introduced into the 
converter in order to adjust the mixer for 
‘minimum cross modulation, 

Or, instead of using, an oscillator at all, 
you can use the switching section of the 
Chipper to key a noise generator on and off. 
‘This has a certain attraction where an 
integrating network is used prior to a vivm. 
In this case noise is used as 2 signal 

In spite of it’s name, the Chirper is 
remarkably stable. Chirp becomes apparent 
from two meters or so, but is no problem. 
Build one and take the myths out of your 
converter, 


UHF SIGNAL souRCE 
itl Hoisingtom K ICL. 


‘The VIF experimenter leams early thatthe 
UHI hum bands don't always furaish 1 sigual 
when you need ther, Whe build receivers 


‘deal choice 


snors att 
the ave on Yast. This will vary with the for generating the signal. This signal source 
receiver and its particular time constants in three pars, 432 soiree, a tipler to 1306 
What needs to be avoided is ave pumping and « modular 

‘that interferes with your readings 

“Tum the Chirper on, adjust the attenus-- The 432 Driver 

tor for @ convenient signal level. When the | started with a low-cost 37 me crystal that 
oscilator is on, you're reading signal When ggan iy my hoa bos (Neves mite ho it 
the oscillator is off, you're reading noise (on got there!) T used my usual phasereversing 
the scope, vivm, Smeter, etc). As you make Crystal circuit followed by bunch of Goblers 
adjustments on your converter, observe the Lower priced tansators were wed n the eal 
sffect on both signal and noise Adjust for sages tml the UHE nes sovet Tor lator 
the greatest difference between the two. You really need good ones on 12961 Bach 
Tum the Chirper off and re-check the doubler is biased from rectification of rf frm 


ss 


Schemotie diogrom of the 432 me signal sauce. The tercistors arent eal iy mos 
(oies ond ther UNF and VHF ones wil work he 


Fig, 2. Details of the 432 me elector er 


the previous stage. IF you need more output 
than this eireit gives you, use less than a 1 k 
resistor inthe emitter, It atch out for igh, 
tellector current. Fig” 1 shows the schematic 
fof the 493 me generator and Fig. 2 gives de. 
falls of the 432.me collector cxeuit 


Fa, 3, Th ten otilotr forthe 492 me 


‘The tone modulator 

‘Tis is a ome moxlulator (Fig. 3), but it 
works. ‘The modkilution transformer isnot ab 
Tolutely necessary, Improve Fe 
sults. You can apply the modulation almost 
anywhere for this application, but modulating 
Across the 1k emitter resistor gave the cleanest 
sound with the doubler used 


Now to 1296 


1 bull this tripler to 1286 just for the fun of 
in But it worked quite well | sormally dent 
hold with tiplers at this Feequeney, but Ite 
an easy Way $0 get 1298 me energy from the 
432 me driver. The transistor {used was & 
Motorola 2NIM41, Its several years off and 
there are better ones that ave far cheaper now. 
Thut it does work en 1206. 1 eonidat get i to 
work with gromded emitter, Int rounded 
base is fine. Fig. 4 gives the schematic but 
Fig. 5 gives the details, which are vith The 


ee ee eust 


Fig. 5. Pietoril layout of the 1296 me 
‘lee 


Input on 432 tes very nicely. But T had to 
reduce the emitter resistor im the doubler to 
432 to get enough duve. It ended up at 200, 
‘hms. The collector clrevit is shor, but tunes 
fEmootly. ‘The 1396 me output resiters 100 8 
in the 1206 cavity in the May 73. 

‘You might ty a small amount of modulation 
fon the 1298 me triple. Also a waveguide af 
teratar. Be seeing yo on 23 cm, 


CRYSTAL CONTROLLED SIGNAL 
SOURCE WITH INFINITE ATTENUATOR 
FOR 144, 432 AND 1296 Milz 

Bill Hoistygton KICLL 


ne of the most useful test-cquipment 

sadgets the homebrewer can build isa 
pnal generator. The one described here is 
fof commercial quality: and it can be come 
pletely contained inside a waveguide. Post 
tioning, by sliding along the waveguide, 
provides a variablestrengtt stable signal of 
fone miltivalt, one microvoll, ane nanovol 
or less, dropping down gradually to a true 
vero, Tt does this in a perfectly smooth 


What's more, the slide can be calibrated so 
that FM'ers can use the device for directly 
measuring receiver sensitivity in tenths oF 3 
ricrovolt, 

In building a 6 meter receiver recently 
for maximum absolute sensitivity 1 nalur 
ally had to check especially on the first- 
Mage of transistor and circuit for minimum 
noise figure, (For this type of work you 
rust have a signal generator capable of 
hina attenuated out of sight with any 

ver you ean buy for any money.) The 
usual generators on the market under $100 
do not do this. And many of the very 
expensive generators get so leaky that they 
have to be used 200 ft from the receiver. 
At any rate, the generator described here 
fin be made up quickly and at low cost, 
and it it stable, reliable, und infinitely 
variable 
Waveguide 

The only possible difficulty might be in 
obtaining the pieve of waveguide needed: 
‘The piece 1 used is 44 in, wide by 2 1/8 in 

and is 24 In. long. If you have a 
ehoiee, get a piece a litte longer. You 
ould make up this item out of brass ot 
copper if you ha to, because in this ease it 
isnot used to curry energy but to attenuate 
it, so the worse you make it the better! 

The waveguide must not have any holes 
in it and should be reasonably. smooth 
Inside: otherwise your dial would not read 
smoothly. in attenuation, You could use 
copper of aluminum drain pipe, although 1 
have not tried them yet. Working directly 
on the sf, this attenuator $6 good for any 
kind of modulation, including SSB, FM 
pulse, or what have you. 


Fig. 4, Schematic of the 1296 me toe. 


wavesuive coprer, 
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BASEBOARD, SLIDES IN 8 OUT 


‘Fg. 1 Skatch shows planew layout of unit inside waveguide attenuator. The oxilitor unit 
‘mounted on a lat wood or eazdbourd strip that can be calibrated to give accurate fodcations of out 


put signal 


9 


Fig. 2. Schematic of generator, Thi entre ssmbly 


# 


out $4 i: iokiog al BV battry and 


‘itch must be entity ise the waveguide. No wie of mol of ny hind ca be brought outs. 


receiver pickup plate, you can get about 
100 mV of signal into the receiver, and iti 
handy for checking diode receivers. When 
the two plates are about 8 in. apart, the 
signal is just detectable on a good receiver 
‘Additional spacing between plates amounts 
to “waveguide beyond cutoff.” I do not 
believe that there is any receiver in the 
world that can pick up the signal much 
beyond the 83 in. point. 

Pretty soon in your receiver “peaking” 
work you get to that signal that may be 
but 4 tenth of  microvolt of so, and you 
‘begin dreaming about cryogenic front ends, 
masers, and such. AS mentioned, every 
fraction of a decibel lower in noise figure, 
every improvement in sensitivity comes out 
rigorously and relentlessly on that. slide 
dial. You can easily check which of your 
low-noise transistors is really low, whether 
that MOSFET will doa better or worse job 
for you, and in which cireutt 

As you go up in frequency you may 
have to make smaller and smaller osci- 
lators in order to fit in smaller waveguides 
to gel the cutoff effect. (That will not be 2 
problem if you rend 73; the May isiue 
described 4 “postage-stamp-sized” rf gener- 
ator that isan ideal candidate forthe signal 
source.) 


Girewit 

A crystal oscillator, an af oscillator, and 
a simple class A modulator do an excellent 
job {0 start with. Figure 2 shows the 
present unit as used on 6 meters, It must 
be siressed again that no wire of other 
piece of metal may be allowed to each the 
fuse from this assembly. I'm making up 
another for 2 meters soon (still my favorite 
band) and wit! try one on 450 alittle later 


Audio 

A controlled-feedback transformer: 
coupled af oseillator does a good job in 
furnishing a sine A Motorola 
HEPSS is uscd for the oscillator, with 
feedback 10 the base from the collector 
through transformer TI controlied. by 
resistor R2. Audio output is taken off the 
5 KO winding of T1, i fed through Ra the 
modulation control, und then to the hase 
of af modulator Q2 Transistor Q2 is set up 


for low-power lass A operation because 
not _much modulation is needed for the 
signal generator, Transformer T2 is an okd 
SW unit from “tube-type portable” days. 
The secondary of T2 feeds a modulated 
49 signal to Q3, the erystalcontrolied SO 
Mila oscillator 

This rf oscillator is one of my negative: 
feedback jobs with phase reversal in the 
crystal. A116 in, square plate is tied onto 
the collector, radiating enctgy to the 
receiver pickup plate facing it inside the 
wavepuide. This energy is rapidly atteny- 
ated as you move the plates apart, and 
should be impossible to detect after some 9 
(10 in. of separation 

Once again, do not bring any wires oF 
any other metal or conductor out from the 
‘oscillator assembly. If you want an outside 
controlled switeh or other contro, bring it 
‘ut asa wooden dowel handle 


That's about i 
‘outside the waver 
{you're satisied, plug your best 6 mel 
receiver into J1, push the oscillator plank 
along the waveguide (or rather U should siy 
pull it slong) away from 41, You'll get a 
‘surprise? Hope this helps you with your 
low-noise receiver work. Iida fot for me 


Tune everything up 
Je on the bench; when 


LOW COST 220 MHz SIGNAL 
GENERATOR 
‘Bill Hotsington KICLL 


his article describes the design and 

‘construction of an easy to build, inex: 
pensive, crystal controlled signal generator 
for the 220 MHz band, including a very low 


ost attenuttor that goes from a quarter vot 
Gown through 1/20th of a microvolt and on, 
to a real 2er0 (of rf power). Its very useful 
for receiver front-end tuneup, low noise 
tests, and as @ portable field gencrater for 
overall antenna tests through the receiver. 
For signal identification purposes, af and FM 
‘modulation are included. 

I you really want to fight for low-noise 
front end, this piece of equipment will be of 
reat assistance to you, because the attenu- 
‘tion really is infinite and without any 
difficult bypassing oF shielding. 


Design of the attenuator. 

Infinite attenuation is achieved here by 
the use of a 50¢ piece of aluminum tubing, 
as shown in Fig. 1. You cannot drive 220 
Miz signals more than a few inches down 
inside of a piece of aluminum tubing. By 
putting everyching ~ battery, on-off switch, 
circuit and all - on the movable generator 
strip and sliding it in and out of the tubing, 
you avoid all touchy, difficult and expensive 
bypassing, costly attentuator pots, shielding, 
ete., and. provide a simplified means of 
varying the attenuation with stable, smooth, 
easy repeatability. Calibration is of the slide 
rule variety and also simple a¢ far a8 writing 
Gown the microvolts on the scale is com 
cerned. 

‘This principle is older than radio tubes; in 
fact Sir Oliver Lodge used it in his 1890 
microwave work. 


Attenuator Consteuetion Details 

Figure 1 tells most of the story, with 
tails in Figs, 2 through 9. Am adequate rf 
seal can be made at the pickup end of the 
luminum tubing, standard TV masting, 1% 
O.D,, by 2 oF 4 tabs in one end as in Fie. 3 
and ‘bending them back as shown, then 
faulting off the excess tubing. Install the 
pickup, plate, output jack, and end plate as 
shown in Fig. 1. I used time-saving external 
‘mounts for fastening it down to the wood 
bbusebourd as shown in Figs. 2 through 5. 
Drill a in. hole for a seresydsiver asin Fig 
2, and use angles for the pickup end, Figure 
2'also shows the scale in use for attenuation 
Settings, and Fig. 3 shows pointer detail 
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ig. 2. Top view of the 220 signal rater and 
‘etal ofthe calforation pointer 


Figures 6 and 7 show pictorials of the 
layout, top view and side view. 
‘The Generator 

Nothing too fussy here, but attention to 
details will asure reliable af and sf oscilla: 
tion at low power and low battery drain and 
‘rood frequency multiplication. Figure 5 
shows the seliematic with the details of the 
two oscillators, the crystal in the 44 MHz 
range, and the quintupler, The af uses a 
Standard circuit which, however, has one 
lem to watch. Contrary to a transformer 
coupled cireuit, which is seldom mentioned, 
this (win-T job has a masly trick of nol 
Starting every time. However a small cap 
from collector to ground cures this and 
makes it 100% reliable in that respect. The 
‘emitter being grounded, I suppose this estab- 
lishes the correct in-phase relation with the 
collector, in which both of these elements 
should be in phase. You can put a small trim 
pot af gain control between the modulator 
and the oscillator if you wish, watching out 
for de voltages of course. As shown here 
there is plenty of modulation for signal 
identification, both AM and FM, 

Referring to Fig. 8. at the left is the af 
oscillator. It is not down symmetrically, but 
you can note the two 22K resistors and the 
two .02 frequency settling caps, along with 
the OS and the 2.2K terminating the lines. 
All of these set the frequency, and to change 
the frequency you should vaty all of them in 


at least their approximate present ratios. It 
1 around $00 cycles 3s shown, Do 
not forget the “starting cap” from collector 


toground 
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Fig 4. Open end view. 


The ovtput goes to the antenna plate on 
the forward end of the baseboard plank 
When this plate is moved all the way in 30 
that itis only % in. from the cable pickup 
plate in the end of the aluminum tube, a full 
scale reading may be obtained on a 50 
mieroamp meter on the output of a tuned 
diode detector (see Fig. 9). My first model 
here has masks on the scale (see Fig. 2) for 1 
if stage; 2 #f stages; mixer (Feeding into @ 
‘good if strip); mixer plus 1 rf, etc. At the 1 
ff plus mixer, you begin to hear all the 
repeaters within 100 miles or so. With 2 #f 
plus mixer (followed by a sensitive if of 
course) you are really getting. sensitivity 
‘This is where you put a scope inline in order 
to have an electronic comparison point for 
signal coming out of the noise pusposes, and 
then can really got into the low-noise bit, if 
you have hermit location, Just happens 4 
hhave one hove. When I hear the noise of a 
car, 8. visitor! 


This audio Is fod to the bate of the 
multiplier where it provides some AM and 
some FM modulation for signal. identi 
fication purposes. When working with receiv. 
cr oscillators, and in particular with hi 
ratio. multipliers, this is very important. It 
may also be locked into any old scope syne 
for noise figure and sensitivity comparisons. 
‘The scope sync gives a reference point where 
the signal to noise ratio will aways be the 
same, without resorting to guess work. The 
crystal oscillator is my old tried and true 
crystal phase-teversing job, which uses nega 
tive feedback from the collector coll, which, 
after going through the crystal, reverses 
phase and becomes positive, thus assuring 
oscillation but only on the crystal frequen- 
cy. A HEP 75 (similar to the famous 3866) 
is used for the quintupler. A lot more output 
is noted with this powerful but smooth 
operating old faithful, still good to 450 
Mite, 
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Fig 68. Te point constuction 


Output 

You will see for yourself as soon as you 
start testing that the attenuator is smooth: 
working and stepless, and that true infinite 
attenuation is at hand, An #f input state 
(preamp) with a noise figure a fraction 
better than another shows right away on the 
scale. For example, adjustment of the fixed 
bias voltages on the two gates of 2 3N200 or 
3N20I shows right away on the scale asthe 


Fig. 7, Side view of the sgnal generate, 220 ite 
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Fig, & Schematic. L = 16 turns No. 26 outpat tap at 2 turns, enya feedback tap a 4 tums, from 
old end. Wound on phenloks form -6 em 0.0.2» 6 tums No. 18 bare az wound, 64m O.D, 23 
fm long between tie points, RFC = absut 40 turns No, 40, on phenolic form 3 am O.D, 1 em long 


(net enc). 


push-rod is moved in und out and the signal 
is locked onto the scope. This work you can 
do right on the bonch and at low cost 

‘There is quite a bit of mechanical work 
the unit, depending on just how wich 
“finish” You want it to have. You can also 
toring a dowel rod for “on and off” use 
Do not, under any circumstances, bring out 
a conductor. You can do this, but only with, 
fan extreme amount of filtering, which is not 
part of this article Be sure to set up the 
Daseboard, antenna plate and battery frst, 
and get them working mechanically. With & 
drawn-out shape like this 1 generally start 
with a longer piece of copperclad than 
nevded, build from one end, and then cut 
‘ff what is left over. Understandably, once 
you have made the first one you ean always, 
sce, after itis done, many ways of improving 
It, However, someone has to make the (ist 
fone, and that’s generally my job. 
Antenna and Field Tests 

Out of the tubing, and with a small 
antenna connected vit a one tum Link 


around the quadrupier coil and then to 
‘ground, returning L2 for maximum output 
this litte rig puts out a lot of signal on 220. 
Especially if you reduce the oscillator em 
ter resistor! Up to soveral volts of tf ex be 
‘obiained ina tuned diode receiver if you push 
things along, which is around $ to 10 mW. If 
you place this generator out ina field several 
hundred yards or more away, you can then 
Tine up your antenna on the car or house 
check antenna cables, antenna input align 
ment, and match or mismatch for lowest 
noise figure, etc. 

Front end alignment should first be done 
with a relatively broadband if strip on 10.7 
MHz. Be sure nothing metallic on the genera- 
tor strip protrudes enough to touch the 
inner wall of the tubing, or “scratch” will 


fccur in the high gain receiver. A piece of 
thin fiberslass or other insulating sheet 
wrapped around the whole generator 


movable plank isa good precaution, 
‘Once again I include a 220 MHz tuned 
diode detector, which is an absolute must 


EE 


Fig. 9. Tuned diode detector, 160-450 st 


Tor frequency mukiplication, espectaity 
uintupling and such, where the other ur- 
wanted harmonics are as litle at 20% away 
from the desired frequency. Figure 9 shows 
this piece of test equipment in pictorial 
schematic form. Remember, shape is of 
considerable importance as you go from 
VHF into UHF. It is quite easy to make the 
square trough line out of an old piece of 
copper clad. Or even a new piece! And this 
particular one deseribed and shown in Fig. 9 
goes very well (o over 450 MHz and thus is 
very nice for the next band also. If you 
make it just as I've shown it, it will do a 
00d job for you. 

Calibration will present some difficulties, 
so line up some other lads around who are 
already on these bands and get your calibra 
tion that way. 

So poo! luck, friends 
lot's more! Keep reading, 


mote coming — 


UNF SIGNAL GENERATOR 
dds Kennedy K6MIO 


Several requirements were the basis forthe 
design of this signal generator: operation on 
both 432 me snd 1206, high stabilty 
crystal contra, variable f amplitude, provision 
for insertion of varions types of modulation, 
tnd lowest possible cost consistent with sats: 
factory operation, 

Thad 2 27.003 me overtone crystal left over 
from brief period of disilasinment about CB 
aud, since 2F tines G ie 402 which tines 3 is 
1206, this seemed a Uhely place to start 

Fig. 1 shows the Sal reult- The overtone 
osellator is voltage regulated and is left operat 
lng at all times when the generator iso. The 
‘eystal mounted anderseath the chassis to 
pote it from rapid temperature changes (rom 
Arafis, etc, further enhancing. the stability 

The use of dlade multipliers at 432 me and 
1206 me sreatly simplifies develoing UHE rf 

Direct ‘coupling the modulation into the 
cathode of the last vaciom tubo. maliplior 
Droviles 8 modtaation input that wall accom. 
{date almost any signal from audio to video, a 
‘even pulse, 

‘A four position mode switch on the froat 
panel allows the choice of earrer, no earzer, 
Carrie with 60 eyele mpdulstion’ and finally 
futrier with extemal modlation. 

Construction 

Duilding the uoit presents no special probe 
lems except getting all under the chassis. The 
$b x 28 chaesie doesnt leave much weed 


Front view of signal generator. 
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room to spare, but It duet make far a very 
‘compact device 

"The lengths of the diode multiplier tuned 
lines were determined primary by the space 
available and bear only the slightest relation 
to the wave lengths invalved: houce, it was 
recéunby to pad both nes with seldom 
fnpacitances in order #9 resonate them ire 
i 

Botl lines were folded fives 1/92 inch brass 
shest stock The inner cowtuctors are made 
from ¥ ine brass tubing, The 432 line if 
gl x7, The input diode ie tapped onlo 
The inner eoniduetor 1 nehes from the other 
nd. The signal oxtpot lop is about 1% inches 
Jong. ‘The output diode Ie tapped 2 inches 
from the loop end of the line 

"The tuning expseitor i made by soldering 
410-33 nat over a hole in the middle of the 
line shell. This provides tho thyeads 
10-83 sero which aetually server a 
‘panier 

out! & neh disks ave solved to the bel 
toun of the center of the inner eonhvctor and 
tarthe eid of the twinge sere to provide 
additional range, 

The 1206 line is similar eget 3 i only 9% 
inches long, The multiplier die is tapped on 
bop ft about 


Clsup sowing the excHator ond vacuum 


0.14" do. 


and is Ineated at the other nd of the line. The 
tuning capacitor 6 Mentieal to the one used 
inthe 433 lise, 

The 15K 10 vat resistor inthe carve OFF 
position limits the #0 load voltage from ex 
feeding the ratings om the filter capacttas 


Operation 

"The tune-up of the tobe stages ean be exsly 
acenmplished with a gsid dipper. The UHE 
ages bull only need to be peaked with 
‘convertor and. teetiver. 

Shields on all tubes and a bottom ever on 
the chassis are ienpontane reqirmnonts If stay 
Teakage at the signal frequency ot Toseer har 
sales isto be elloémated as posible aonsce 
Of measurement efor These were removed foe 
fhe photographs Bok are always use in pene 

For best rossi a good idea to employ 
& 50 olin (or 73 obm as tho ase may’ be) pad 
Between be signal enerstor andthe i 
iment under test. This will insure thet the 
feenexater wil appear nia resistive Tox as 
fmuch as possible, Thit is nocessary ifthe 
tgonoratar i to dupliate the conditions pre 
ented to the recefver by good antenna 

his pad can take many forms, The 0 
ceasiet ways to make one would be 10 use 
‘lfefent Iengtha oF some Ine coax. At 432 
fe higher, 20 of 90 feet of RC-58 Cor RC 
eens ti he aite adequate for most applice 

a areule In 


tinus, The other aproauh wo. 
thar cuawventional oxen ve nto @ mae and 
Female BNC connestor soldered back to back 
Tee 2 show sue a pal 


Asi 


from receiver 


FIGURE 2 


2.20 ub 52 ohm vod. Restos mourt- 
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Closeup view showing details of lode mult- 


several other usse to which it can be pat TL 8 
fhe nseful as a signal soures for antenna tests 
font itmay be ored a6 frequency standard, 

‘Lois last use can be of great valuo at UH 
because of tne pessistentprablem oferta 
Tolerance versus frequency’ multiplication. A 
Converter ean easily be 4D of 1 ke o more 
DF of the indicated frequency at 1260 me. 
his can be quite x problem if you are huating 
for a moonbounce signal thiougk a5 eps 
fier 

‘Thowgh not shown om the diagram or in 
the pictures, it was found that a 50 mld 
‘arise eapccior connected across the erystal 
‘was. sificient to reduce 27005 me to the 
17000... me required to put the generator 
fon 492.00. - and) 1296.00, . «mo. Tt wll 
probably be necessary to retune the exclator 
plate efteuit for best operation; some loss in 
Tnutput will be eneountered. but this should 
not bo a serious problem. However, such 
Operation is contemplated, i sight be of some 
divanlage to obtain 9 27002 me onstal ane 
‘empley’ smaller variable eopaeitor 

mn order to make the frequency standasd 
really something of a standard, a me call: 
bration oscillator should ise employed Same 
harmenie of the ascliator (3 me, 10 me, ete) 
should be zero heated against’ WWV. The 
‘anal generator sbeuld then be zo beated 
faguial the 27 me harmonic of the T-me eal 
Tratomprestel—a 4212960 me frequency 
standard, 


Though there are many rofinements which 
can be made, the nit described Iie done a 
earman serve in all the varfod tasks asked of 


LAB TYPE IF/RF SWEEP GENERATOR 
USING 1¢8) 

Ray Mepiien KADUC 
Jit st nt pean er 
around 3 or 4 MMllzand ends up at 200 Milz 
fr so, This always made analysis or display 


6 kHz EF amplifier response character 

jedious stupby-step. plotting pro 
cedure or required time out to rie up 
temporary gimmick to do the job. No more. 
The sweep generator 10 be described here 
will do the job with exse and precision. Even 
if you do not intend to duplicate the 
instrument, you may find parts of it useful 
{for other applications 


wr 


Fig. 1. Schematic ofthe MCL648 I: 


“The generator covers a Frequency range of 
from 400 kHz to 30 Mllz in five bands, It 
ean be operated in the CW mode as well as 
swept, thus allowing it fo be used as an 
ordinary signal generator. Maximum output 
Js 350 mY p-p across $022. When sweeping, 
the return trace may be blanked or not. as 
esired. Two calibrated dials are provided 
{or setting the start and stop frequencies a 

the maximum sweep widih wouk! be the 
entire band in use. The frequencies covered 
by the five bands are: 400 to 900 Kettz, 850 
KHz to 2.3 Milz, 2 to 6 MHlz, 5 to 15 Milz 
and 10 10 30 MHz, Sweep time is variable 
between 20 ms and 6 seconds per sweep. A 
step attenuator in conjection with a vernier 


Fig. 2. Tuning the C1648 with 2 singe diode (A) 
and using Boek10-bock diodes (8). 


control provide a maximum attenuation of 
the output of 120 dB. An input is provided 
for 1 post-injection marker system built into 
the unit. A synchronous samp. with gain 
control is provided for driving the oscitlo- 
scope horizontal sweep, Blanking pulses are 
also brought out to a connector in case they 
are needed for synchronizing external equip 
ment 


ANew IC 

‘The heart of the generator is a new 
Motorola IC, the MCI688 emitter-coupled 
oscillator, It'was intended For use in phase- 


locked loop systems operating in excess of 
150 MHz, but may be used in many other 
applications such as this one. The device 
provides output of high spectral purity and 
Incorporates an internal age system which 
Simplifies design of the sweep generator by 
sliminating the need tor external leveling. A 
buffer amplifier and emitter-follower output 
ate also incorporated on the chip. elimina- 
ting the need for external amplifies, Figure 
Vis a schematic of the MC164S IC. Figure 2 
itlastrates two methods for caning the oscil 
lator. The device is packaged in a 14-pin DIP 
and requires a SV de supply. Since it was 
intended to be used with Motorola MECL III 
logic, either polarity is permissible. A pos- 
tive Supply is used here, connected to pias | 
and 14 with 7 and 8 grounded. 

All the information covered by the data 
sheet for the MC1648 dealt with operation 
from 10 MHz up to about 180 MHz. Since 1 
was interested in going 26 low as 400 kHz, 1 

id to do some experimenting with tank 
circuits. My best results were obtained with 
the use of cup cores for the two lowest 
bands, 1 slso found that ordinary molded 
leon core rf chokes of the miniature var 


o 


did an excellent job the rest of the way. Use 
‘of these tiny components made possible a 
vvery compact S-band assembly. 


‘The veo 

In oder to facilitate shitding and simp 
fy construction, electronic band switching s 
employed, Figure 3 isthe schematic for the 
Hf portion of the generator. The 2N4391 
J-FET has a low ‘on’ resistance and works 
very well ax a switch, One of these transit: 
tors is placed in series with each tank citeuit 


Bi, Sehemae of the ambien 
setchig, 


Completed of sembly s09dy for mounting inthe 
Cabinet pact version of the 2NTSB1 wasused 


and can be tumed on by application of a 
Positive voltage a1 the gate. This allows the 


i. rae switchs 


of a strietly de-opersied re 
ing arrangement, The entice aseiably is bud 
on a2 x3 in. pe board and mounted in a 
Pomona Model 3306 enclosure with a Model 
3328 bottom mounting plate 

A BAL63 tuning diode by ITT is used to 
sweep the oscillator, Although itis intended 
for be band use, it performs admirably at 
these higher frequencies and its high eapact 


tance ratio allows wide sweep excursions. If 


eet Se 
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you are planning to use this oseillaior for 


VHE applications, 
would be in order. 


2 more suitable diode 
‘According to the data 


‘SELECT 
(See Text) 


Fig, 4 (A) Fol de of rf pe hoard, (B) Losin of parts on component sie, 
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Fig. 5, Btoval demonstration of ramp generation 


sheet on the MCI648, typical maximum 
‘output frequency is 225 MHL, 

The vernier atienautor is a 1002 RVG 
style potentiometer mounted inside the en 
vlosure, A coupling and extension shaft are 
used to bring the control out to the front 
panel. The value of the resistor atthe 
hottom end of the pot will have to be 
selected so that a range of 20 dB is provided 
with Tall swing of the conirol. Since end 
resistance varies from one control to 
another, an exact value will have to be 
arrived at experimentally 

The output from the YCO is 2 square 
ware, I'sine wave output is desired, the age 
charseteristic may be aodified by intco- 
Uucing resistance between pin S and around 
The small tsimmer incorporated on the 
hhoatd is used for this purpose. Tt was my 
‘experience, however, that this may intro 
duce instability with some MCI648s. AL 
though the trimmer was left in, the one in 
my nit is (wined to maximucd resistance 
where it fas no effect and left there. It 
would do no harm ta leave it out altogether 
since no other changes would he needed. 


If any readers are contemplating exact 
aplication of this generator, you will find 
the cup cores Hse ane no longer available 
These were Perroxcube part number 
S32P133R4-3€ und ate obsolete, 1 had a 
large number of these on hand ett over from 
another praject and saw no sense ie buying 
move. Iam sare some of the presently 
available cup cores will make exceleat sub 
Mitutes. Those used here are about 3/8 im. in 
diameter and ase wagipped. You may have 
lo experiment with the number of turns in 
the coil to obtain the coverage you require 
One hundy trick you can pall with 2 cup 
sore ist rotate the slots in each taf so that 
fractional {urns are produced when the coil 
wires are brought out separately through the 


Iwo spaced holes. Exerling pressure on the 
core by means of the mounting screw wil 
also shift the frequency and is ulmost like 
having a slug fo Une. Increasing pressure 
seems 19 raise the frequency, The ef chokes 
used for the higher bands may also vary 
slightly foam piece to pigee and several may 
hnave to be tried to gel the desired coverage 
There isn't much we can-do to alter the 
Frequency where the chokes ace used. Of 
course, slugtuned coils may be used if the 
fe layout is modified, 1 do not recommend 


their use on the two lowest bands, however, 
since my’ resulis were rather unsatisfactory 
With this sort of tank circuit 

One tinal point would be in order before 
leaving the VCO. Note that the 10 K2 
resistor going to the tuning diode, the 2.2 uF 
Ff outpat capacitor and each of the 12 K2 
resistors aoing to the (ransistor gates afe not 
mounted on te hoard, One end of each has 
a hole provided on the hoard and then the 
component self is used 19 make the com 
nection to its final destination, This saves 
board space and sliminaics separate wires 
The stall resistor al the bollom of the 
vemier attencalor # similirly mounted be 
{een the board and the bottom ls on the 
control. These poinis are more clearly seen 
in the photo. Also note that the cup cores 
are fastened directly Lo the hoard by means 
of I-72 screws into Unreaded holes. 


The Rump Generator 

In contrast with kittype sweep genera 
tors that use the 60 Iz line far sweeping the 
oseilater, laboratory instruments have in 


Fg, 6, Sohemate ofthe ramp genrator ciout. 


ternal cirouitry designed for tus purpose. In 
ur euse, a8 Wilh most sweep generstors, @ 
voltage camp is used to eontral the oscillator 
during the sweep period, The circuitry has 
boon arranged so that we can adjust the 
sarting point (ale level) of the ramp indepen 
Gently of the stopping point, This simply 
means thal we can set the Troquency at 
Wwhich the sweep starts as well as the 
Frequency at which it stops. We can also 
control, over a Fairly wide range, the time it 
takes for a complete swoep. Jn this case, the 
sweep time i continuously adjustable be 
(ween 20 ms and 6 seconds per sweep. 

To got a better idea of how the ramp 
generator produces the resulls we've de 
seribed above, let's look at Fig, 4, Note that 
4 negative-going linear ramp (Start) is com 
bined with a positvegoing linear comp 
(top) to produce the resultant camp being 
applied to the varactor diode, If either input 
ramp is zero, the resultant will be Une same 


‘Th rump and blanking generate pe assem. The 
lea goog 10 external points Wil go In the holes 
ble on the hoard. 
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a6 the single ramp since adding rera_ to 
anything will not change its value, Naturally 
if both are zero, the output will be zero and 
the oscillator output frequency will be con 
stant during the sweep period. The same is 
true whenever both ramps are of equ 
amplitude, except that the output will be 3 

‘other tian 2210. Als note 
that che esullant ramp could have a negative 
slope if the ‘stop input is lower than the 
‘art’ input, and the oscillator would ob- 
viously sweep down in frequency rather than 
up, 

‘The schematic for the ramp generator is 
shown in Fis, 6, Operational amplifiers A] 
and A2 form a triangle wave genecator with 
Al acting as 9 threshold detector and A2 as 
fan intogrator, One half of the triangle 
(negative-going) represents the sweep period 
while the other half represents the ret 
time. Sinee a squate wave is generated at the 
output of Al, we have a convenient soxnce 
cof blanking voltage built right in. This signal 
is positive during the sweep period and is 
‘connected to the bard switch when Swept | 
(blanked retrace) operation is slected, 
During retrace the square wave drops to zero, 
and setually disconnects the tank circull 
Until the next sweep starts, An emitter 
follower, Q3, buffers the square wave output 
for external use, 

The output of fnverting amplifier A3 isa 
positivegoing ramp during the sweep period 
nd is used for Both the “stop signal and 
horizontal sweep for the oscilloscope. Since 
an additional Inversion takes place in the 
cutput of A4, the negativegoing rump at 
this point is used as the ‘start signal, These 
to ramps are applied across front panel 
controls which have 6:1 reduction drives an 
ace fitted with dials calibrated in frequency 
for the five operating bands. The outputs 
from these two pots are fed to summing 
amplifier Q1, where the output will be the 
resultant ramp we discussed above. Because 
the output QI is in the negative region (PNP 
transistor), second common-base (NPN) 
amplifier is used to shift the output back 19 
where it will always be positive. 

‘The ramp and blanking generator is con 
structed on a pe board 2.6 x 4.1 in. in size 
For convenience, all the immer resistors 
were mounted along one edge. As seen in the 
photo, this board was mounted by means of 
two small brackets ins vertical position with, 
the trimmers facing up. To simplify pattern 
layout, unused pins 1, 5 and 8 on each of 
thesfour 741 opamps were clipped off right 
at the case, Colorcoded wires were 
nected {0 all necessary points of the board 
‘pefore it was mounted, with the leads niade 
Jong enough to reach their destinations, For 
‘those interested in. building this unit, a 
‘tailed procedure for setting up the ramp 
generator will be gen later 


cay 
‘stop! ‘start’ CONTROL. 


‘The Mixer/Amplifier 

In order to provide a means for displaying 
frequency markers, a mixer and amplifier 
circuit was built into the sweep generator. 
The schematic for thie circuit is shown in 
Fig. 6. A marker generator was not included 
inside the sweeper because other 1f genera 
tors were available for use 28 markers and 
the added expense seemed unnecessary. Be- 
cause the mixer board was to be installed 
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Fig. 6. Postinjction marker 
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inside a shielded box, de gain control was 
resorted to a8 with the band switching 
discussed earlier. A 2N4391 is used as a 
variable resistor to control the signal input 
to the amplifier stage. This in tum controls 
the size of the marker being displayed on the 
curve. A 2N3BI9 FET is used in a simple 
mixer circuit which worked the best of 
several tried, Incidentally, the PNP and NPN 


iret with de gain contol of marker ie 


o 


transistors used here and on the samp 
fenerator board are unknown surplus silicon 
The pe board for the mix 
in. and is mounted in a Bud Ci 
aluaminum box. Note that here again some of 
the components are mounted between the 
board and their external connectors. These 
include both the 10 pF and 100 pF input 
capacitors to the 2N38I9 and the 10 KQ 
resistor going to the gate of the 2N4391 


15x29 
24 die-cast 


‘The Power Supply 
Figure 7 is @ schematic for the power 
supply. Voltage requirements for the sweep 
gonerator are +15V, -15V and +8 de, The 
current drawn by any of the ebove circuits 
runs no mote than 30 or 40 mA maximum, 


Completed minerfampliir board mounted in the 
ict Rousing. 


The basic soldering station 


(Ersa ANALOG 60 


The electronically temperature-con- temperature contol technology guarantees the immediate supply 
troled ANALOG 60s Ersais basic with the PTC heating element of heat and a heat-up from roam 
soldering station model Ithas the serving asthe temperature sensor. temperature to 280 °C within 60 
lied and proven RESISTRONIC —Thehigh heatup rating of 190 W seconds. The BASIC TOOL 60 
soldering iran uses the internally 
heated ERSADUR longi salder- 
ing tips of the 832/842 series and 
provides very high performance 


Due tothe wide range of 832/842 
soldering tis, the Ersa ANA- 
LOG 60, which i also avalabe as 
‘an anistaic version, covers a wide 
‘ange of applications with the most 
\ated soldering requirements, 


Digital soldering station 


(Ersa RDS 80 — high perforn 


The digital soldering station 
Ersa RDS 80 offers the proven 

and tested Ersa RESISTRONIC 
temperature contro technology with 
a sreng heating power of 80 W. 
The ceramic PTC heating element 
(Positve Temperature Coefficient) 
acts a the temperature sensor in 
this contal sytem. Due tts very 
high ramp-up capably of upto 
190 W, the station reaches operat 
ing temperature very fast 
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Fig. 9. (A) Folside of micer/ampliner pe boar. (B) Location of parts on component side, 


ig. 10. (A) Foll side of power supply pe beard 
{B) tocation of pars en eampanent side 


making the use of small IC voltage regulators 
ideal. Motorola MFC5030 (plastic) regula 
tors are used in each supply and are overload 
protected against accidental short circuit 
Varo type VEIS molded bridge rectifiers, 
together with 1000 pF filter capacitors, 
supply the de input to the regulators. The 
+ISV and 45V regulators are both fed from 
the same source. The power transformer was 
1 surplus unit with a 30V CT secondary, The 
center tap wus uncovered and the two leads 
separated so 28 to provide two independent 
1SV windings, A small trimmer is provided 
ineach supply for voltage adjustment. 

‘The pe board for the power supply 2.6 
x4 in. All components but the transform= 
craze mounted on the board, The transform 
cr is mounted directly on the chassis. Rel 
tive plicement of the various components 
making up the complete generator can be 
seen quite clearly in the photo 


Control Girewits 
Figure 8 is the wiring disgram for the 
control circuitry, Note that for CW operas 
Wn of the generator, # de voltage is upplied 
10 the varactar by way of the Siar pol 
lorder for the dial calitration to be vali in 
either mode, the de level applied 10 the 
Control must be exactly the sime as the peak 


amplitude of the ramp during swept opera 
tion, As will be explained in the sel-up 


1he power supp pe assembly 


procedure, the ramp will vary (rom a starting 
point of approximately +1.4V and pei at 
¥12V. Resistor RI in series with the +15V 
line is selected for a +13¥ level at the hig 
end of the pat. R2 is selected for a level of 
HIV at the low end. The reason for the 
offset of LAV at the low end is because the 


pin fo which the tuning diode is connected 
at the MCI648, sts a this level. The source 
Of this bias is the drop developed aeross (wo. 
forward-biased junctions within the 1C and 

fom any external source. Once these de 
jevels have been set for CW with the fixed 
resistors, the ramp can be made to match by 
means ofthe trimmers in the ramp generator 


ie Fest of the control ciscutry is quite 
straightforward. In position 2 (Swept 1) of 
the mode switeh, positive pulses from the 
ramp generator ate fed to the band swite 

during the sweep period. When retrace oc- 
curs, the pulse drops to zero and the 
oscillator shuis off until the next sweep 
starts, In the CW and Swept 2 positions of 
the mode switch, a steady +15V is applied to 
the band switch and the osillator rans 
continuously, 

The final function performed by the 
mode switch sto route the de far CW or th 
ramp for swept operation to the tuning 
diode. The (wo fixed resistors are mounted 
point-to-point behind the panel since all 
points are readily accessible within every 
short distances, The fixed resistors ssso- 
ciated with the marker gain control are also 
mounted the same way behind the spanel 
‘The switches are ordinary rotary types and 
the potentiometers are all ordinary carbon 
controls. The Start and Stop controls as well 

all gain controls have linear tapers. The 
Sweep Time pot is an audio taper type with 
builtin switeh for ae power. 


Setting Up the Ramp Generator 

For best results, 2 calibrated de scope is 
required to properly adjust the ramp geners- 
tof, Test points have been provided on the 
pe board and short piecet of bare wire 
connected to each of these points make 
excellent tie points for the seope probe, The 
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{ig 11, (A) Fol side of power supply PC board 8) Location of parison somponant se 


circuit may be aligned either before or after 
iastallation. The Staet, Stop and Sweep Time 
pots can be connected at the ends of theit 
respective leads if the unit is checked outside 
the cabinet, 

Set all se 


trimmers to. mid-range 
Connect the scope to TP] and adjust the 
horizontal for a ull swesp of 20 ms, Set the 
Swoep Time controt to minimum resistance 
nd apply power. Some sort of teangular 
wave should be displayed. Adjust R) for a 
3V pp amplitude of the waveform. Turn R2 
ow until the negative-zoing portion of the 
triangle is 20 ms Tong, Since RI and R2 
fnteract, you will have to stop occasionally 
and reset RI for proper amplitude. Once the 
ramp i8 set at 20 ms with the Sweep Time 
pot at minimam, the slow speed end will 
sutomatically be about 5 of 6 seconds with a 
1 MG pot 


Transfer the scope probe to TP2 where a 
positive-going ramp should be scen. Set the 
Starling point of the ramp (0 zero volts by 
means of R3, Amplitude of this ramp must 
be 1OV. If it i not, go back and adjust RV 
slightly until it i, 1f necessary, reset R2 for 
20-ms trace lengih. As soon as a 10V, 20 ms, 
derorbased, positivegoing ramp has beet 
achieved ai TP2, 20 on to TP3 

AL TPS there shoul! be # nexativegoing 
ramp. Once agoin we require «zero base line 
fr starting point. Adjust RS to accomplish 
is, Amplitude should once 
‘and is controlled by R4, Once you have a 
1OV, zezo-based, negative going ramp, move 
onto TPA 

Connect the probe to TP4 and set the 
Stop control to fll ew. The Start pot should 
be at minimum setting. A. positivegoing 
ramp thould be present at TP4. By means of 
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Fig.12 Cone cca wing echemati 


trimmer R7, move the ramp up or down 
until the starting point is approximately 
#14V. Ordinarily the ramp will not go 
below zero but will fatten out as the 
positioning control is udjusted. This is due t0 
clipping in the output amplifier. If the ramp 
genentor is going to be used with another 
ype of VCO, the ramp can beset to exictly 
zero if desired. In our case we can't as 
explained previously, 


ecause 4 substantial amount of capac 
tance change occurs in the tuning diode up 
to 12V, the final camp amplitude is set to 
12V by means of R6. Because R6 stretches 
the signal in a negative disection, R7 will 
hhave to be used to reset the base line at 
HAY, Other than for checking tracking 
between the CW and swept modes, this 
completes the alignment procedure for the 
ramp gonerator. 

When the generator is finished, you ean 
heck the tracking by observing actual 
nals at the input to the VCO. Cor 
scope probe to the feedthrough capacitor on 
the VCO assembly that goes fo the tuning 
diode and set the Start control to maximum, 
Switch rapidly between the CW and Swept | 
positions of the mode switch, The CW input 
Will be a straight line sitting at +12V while 
Ie swept input wil be a ramp peaking at 
+H2V, Next, tum the Start control. to 
‘minimum and again compare levels. Ifthe 
Ston control is also. st minimum, both 
signals will he straight lines at +1 4V. If 
there is any substantial difference hetween 
the two modes, use R6 and R7 on the 
generator board’ (o make the ramp sgzee 
With the de levels, That completes all phases 
of the ramp set-up procedure 


This bicd's eye view of the Interior shown the 
location ofall major ascarbls 


Construction 

The cabinet used here is one manufac: 
tured by Sorensen Electronics in their 
Mod-UsLine series. These are the mrost 
reasonably priced instrument enclosures I've 
come across so far and I've used them for 
Several projects, This one if a Model 
MCH-5129 with a CPA29 chassis plate 
Dimensions are: 5% in. high by 12 in, wide 
by 9 in, deep. 

‘The Scstep attenuator was picked up 
surplus from Fertik’s Electronics for about 
$10. 1¢ is well made and designed for 508 
systems operating up to 1 GHz. It has an 
Integral female BNC output connector on 
the front face along with four threaded 
mounting holes for ease of installation. The 
Input connector is a BNC male at the end of 
a short piece of coax, 

‘Alli? assemblies are interconnected inside 
the cabinet by means af coax cables. This is 
clearly evident in the photo, 

‘The Start and Stop pots were mounted 
fon brackets behind the front panel so that 
Jackson Brothers type 4311/DAF reduction 
drives could be installed for easier tuning, 
‘The two circular dials are slightly under 2 in, 
in diameter and were cut from sheet plastic 
While operating in the CW mode, one of 
these was calibrated in pencil to provide a 
patiera for the finished product. A master 
was laid out using Rubylith® fil and 
rub-on numbers, A negative of this was then 
rade using 3M reversing film, From the 


‘The finished sweep genertor makes 3 profesional 


negative a finished set of dials was printed 
‘on aluminum material of the presensitized 
variety. These were eut out and stuck to the 
plastic by means of their own pressure 
sensitive adhesive backing. The nameplate 
was made front the same material. ‘The two 


Index pointers ate clear plastic with hairlines 
scored on the inside surfaee. ‘They are 
mounted on spacers directly over each dial, 
All remaining labeling was done with tubon 
lettering 

Vendor Addresses: 

Fertiks Electronics, 9h & Tioga Sts, Phila 
dolphia PA 191-0, 

Sorensen Electronics Co. 


Ine. 418 Queens 


Lane, San Jose CA 9511 
Wescom P.O, Box 2436, 1 Cajon CA 
92021. 


100 KHZ THIN-LINE PULSE 
GENERATOR 
James Ashe W2DXH 
Ordinary 100-kH frequency standards are 
usually anible up to a Few tens of mega 
hertz. A good one might be usable at 50 
MHz. The circuit deseribed here uses a dual 
NAND gate to generate a 100 kHz signal 
whose harmonics are sable to 432 MHz o 
higher. And st can be built without benefit 
of special instruments and knowledge, 


The thin line pulse 
One surprising result of higher 
smathematies és that all repetitive signals are 
composed of harmonically related sine and 
For example, the familiar 
square wave is composed of a fundamental 
froqueney, which sets ste busle repetition 
rate, and of odd harmonies only of its Sunda 
mental, which contribute to its square cor- 
ners. If the harmonics’ amplitude or phase 
relationship i pect, the square wave is dis 
fovted, ‘This feature’ makes the square wave 
very useful for amplifier testing, but its har- 
‘monic content is not very good for frequency 
standard applications. 


rather 
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He thinline.gorerator. 
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Now suppose that we star adding up sig 
nals of F, 3F, 3F, and soon, phased in so 
that they all reinforee each ather once per 
cycle. Let's say thay are all the same ampli- 
tude. What would we get? See Fig, 1A. 

‘The five equal amplitude sine waves pesk 
simultanoously at the beginning of the fan 
damental’s evele, Everywhere else, until near 
the end of the cycle, they are more or less 
‘out of phase. Trying to see what will happen, 
wwe try adding the first two frequencies 
Fla, 1B, the res, might geet someting 
toa mathematician. 


(3) 
1. Five sine waver [Aland the w 
tof pein-by-pointadsiton (8) 


As the number of frequencies is increased, 
their amplitudes tend to average to zero 
everywhere except at the begimiing of the 
cyele, Here, they all add up to a shor, sharp 
alse, It follows that a short, repetitive, onc- 
Sided. pulse should contain’ odd and” even. 
multiples of the fundamental frequency, 
‘An ideal thin Tine pulse has infinite fe- 
quency content.* No real signal could meee 
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100 KCS THIN LINE GENERATOR 


sie CLECTROMIES LAB REF. 15322 


Fig. 2. Real creat output 
SHEA oxclescope. A 
‘ine and sharper comer. 


seen by a Toktonin 
hawt shorter rv 


this spec, but a fast digital IC can produce 
very workable approximation. Fig. 2 
Shows  Tektronie 545A view of the gen- 
trator output and tests sith other scopes 
indicate the real pulse has better rise time 
and sharper comers than shown here. 
this pulse is viewed on a low-perform- 
ance service variety scope, its appearance 
will be greatly changed, ‘There will be an 
amplitude, since the pulse 
terminates before the slow cir 
properly respond. The apparent 
is increased, also becuse of the 
slower viewing cireuitry, And the fast pulse 
‘may excite olveuit resonances, 30 that the 
thin line pulse appears as a damped oscilla- 
Hon, But these problems do not interfere 
with constructing the generator, because 
the very simple NAND gate eirenitry eo0- 
‘wins uo eritical clements or adjustments, 


How it works 

There are four clreuit sections, shown in 
Fig. 3, A 100-kliz exystal-stbilized oscilla- 
tor sets the basio frequency, and a dual 


NAND gate circuit converts the oscillator 
‘output to a thin line pulse. A 1-H astable 
generates the output marking signal. A 6 
oll de power source is provided by a volt- 
age doubler zener-regulated supply. 

‘Multvibrator oscillators axe not ordinary 
very stable frequency sources. But if the os- 
cillator is designed to run slightly below 
required frequeney. and an appropriate exys- 
tal is connected. between tansistor base 
terminals, oscillations are stabilized at the 
crystal frequency 
‘The crystal doss not change the multi 
ibrator's style of operation. Tt synchronizes 

‘stable to Hts own frequency, by trigger- 
ing the OFF transistor into conduction short. 
ly before normal RC turn-on. The output 
isa squarish wave with good fall time, but a 
Tong rise time as shown in Fig. 44. 

Tn passing through the first NAND gate 
the pulse is squared up and becomes slightly 
lunsyinmetricnl, Seo Fig. 4B. A differentint- 
jing network, C7 and RIl,converts the square 
‘wave into the pulses shown in Fig. 4C. These 
pikes, applied te the second NAND gate, 
Feappear as the thio line pulses shown in 
Fig. 4D, 

Since one CW signal sounds just like an 
other and there may be several inthe vieinity 
fof check point, a marker feature is re- 
‘quired. This is provided by the 1-Hiz astable, 
Whiel patalyzes the second NAND gate part 
Of the time. Tls base bias resistors are’ un- 
ccqual, giving a distinctive duty cycle to the 
foutast signal, A switch disables the astable 
fa continuous signal is required. Fig. 5 
hows the output when the second astable 
is operating: the output is locked in the up 


Fig. 3. Schematic of the 100 Hs thinting ganerator 
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Fig. 4 Signals at four erties! points inthe geno 
stor, at daplayed on 4 Teton HBA oseileseope, 


condition during half of each 1-H astable 
cece. 

Sometimes an astable oscillator will refuse 
to start oseillating when it is toned on. Tt 
docs not start because both transistors are 
fn saturation, This reduces loop gain so 
that available noise cannot be amplified 
around the loop. It would never start with- 
‘out some strong, outside interference 

‘A pair of diodes, DI and D2, provide a 
reliable remedy. ‘The diodes are arranged 
0 that base bias must come from whichever 
collector is at the higher voltage. If both 
‘transistors are in saturation, their collectors 
are at perhaps 1 volt, which cannot provide 

ugh base current to keep the transistors 
in saturation. This contradictory situation 
Goes not arise in the real circuit, which 
starts reliably. 

“Additional diodes, D5 through D8, appear 
Jn the base circuit of the 1-2’ astable, 
These are protective diodes. Tho collector 
swing at tumoff of about 5 volts is con- 
veyed “powerfully to the opposite base 
through’ the large coupling capacitors C5 
and C8. The reverse B-E breakdown voltage 
Of these transistors is not known, so the 
diodes are provided to prevent the turnoff 
voltage exceeding 2 volts or so. 

DC power for the Gonerator circuitry 
comes from a voltago doubler supply based 
on a low-eurent filament tvanslormer. Its 
‘design is conventional, but a large expacitor, 
C12, is provided across its output to mini- 


size noise on the supply line. The supply 
ould be seplaced with some batteries, 
shunted by a 50 aF or larger eapacitor 
absorb transients, ‘Tho original breadboard 
Tan very well, powered by fovr flashlight 
batteries. 


Construction 

‘The generator fs built in a Premier #FMC 
1008 3x57 inch heavy aluminum box, Its 
top cover was refinished in light green ena 
ay and four 5 inch grommets ithe bottom 
loos tev us protective ot 

Theide the box the €3¢velt transformer 
and cheater cord connector ate routed on 
the lefthand wall A pilot amp, ftse, and 
two switches are Thousted on the hortzttal 
panel, at tho exttume left. This Teaves ust 
trough open space forthe fo crit boards 
‘which ocenpy most of the box. Twa banana 
Jack output connectors are. placed on the 
fighthand side, jut below the panel. 

"The citeut boards are eut to 4% x 5 
inches, from Vector Me inch pattern A stock 
tnd mounted parallel to the panel. The up 
per board Is spaced an inch from the panel, 
fod carves beth astableosclator ereuts 
‘The other board is mounted one bal toch 
ielow, and carries the digital TC and the 
power supply circuitry, Assembled, the two 
Boards make a sandwich with wining sides 
together, 

oth boards are mounted on the same 
four centers These are through the second 
hue lagonally inward. from each corner. 
‘The 1 inch 6-32 internally theaded spacers 
are molfied by adding 4 short length of 
Shorea Git oo ef ech si 

ying. sserbly 
PComponent assembly on the boards 
largely a matter of plugging in Veetor TD 
MBs The finished prodtct looks snuch bet 
ter if some thought Te given to facing the 
Tips in one of two directions, Mounting and 
teanaator holes should he dled and reamed 
to sie before natal Iu 

‘Toe general arrangement puts all wing 
on one’ sie of the board and) prneically 
aU components on the other side, This ap- 
proach seams a litle inflenble bot straight 
onward and looks good 

Possble bow onentation problems may 
be overcame by working aut a handling end 
‘king. procedure that doesn't requis” con- 
ant seferonce fe actual components. A good 
Spereach assumes that. the. oard is only 
toned over an imaginary: hinge at ie 
bottom sdge, s0 that top down ‘hen one 
side is up becomes bottom up when the 


other side is down, This preserves left-right 
relationships. Another useful convention is 
that all supply wiring goes to left-hand end 
of components. 

Wiring is carted out one network (plus 
supply lines; ground lines; interstage line 
ete.) at atime, with prearranged color 
coding, Bare wire goes for short runs and 


i where there is no chance of a short, Solder 


each lug when convenient, £22 solid wire 
fits the T94 lugs well, but flesble stranded 
wire is used for the four lines from one 
bousd to. the other. 

“Transistors precede other components in 
to the board, because they are convenient 
position markers. ‘They are phiced in their 


Inside the assembled hinting generster showing the 
omponant side of the power tupsly end IC beard 


rmouating holes in the board from the com- 
ponent side, and their leads brought to the 
T94 luge. Then the other components are 
mounted on the boards. Diode and clectro 
lytic capacitor mounting polarity should be 
double checked. The TA lugs may nced 2 
little bending before they wil 'ake a good grip 
‘on the components, bul no component solde 
ing is done tintil every thing i installs. 
“Trimmer capacitor C3 is mounted on its 
tabs just under tho top panel. Then « simal] 
secewdriver access hole is dailled over it in 
the pancl, hefore painting, for weraier fee: 
‘query adjustment after final assembly 
Certain components ace matched before 
installation, An obimeter snd «capacitor 
shocker will do a saliiactory job of sclect- 
ing CL and C2, and Rd and R6, for equal 
valiucs. These components are chosen alike 
foe best symmetry of the 100-kH2 oscillator 
‘operation. It might be good planoing to 
Teave these components unsoldered wnt tune 
ing is completed, but evervthing else can be 
soldered tg the board at this point, Note 
that the R3 and RS sites do not get resistors 
vont Tater 
Two optional vapacitor sites are Included. 
These are for C4, an_ additional an prob 
ably unnecessary padder across the crystal 
find CTA, which Gin be added 0 increase 
the wide, of the thin Iine_pilse 
Apparently, the digital 1C comes ina 
spectilly designed package for testing before 
use To mount the IC, solder a % inch 


piece of #22 wire in each of the TR4 
Ig earrying supply and signal voltages to 
the IC. Place the IC. hetween the two rows 
‘of Ings, bend the wires against the proper 


terminals, and solder. No ather mounting is 
The original breadboard showed a lat of 
tuansient noise in its. supply cireuit. This 


originated from the IC, which was tying 

to et big chunks of eurrent to manufacture 

pulses. Since the IC eannot deliver frequen: 

ies not available from the supply lines, very 
reful bypassing is indieated, 

High-frequency bypassing coustets of CO, 
a IAF dise ceramic capacitor across the 
TC supply terminals on the wiring side of 
the board, and C10, « 100 pleofarad eapact 
Cor soldered diveetly between supply termin- 
alls on the IC, The capacitor leads are pro- 
vided with spaghetti insulation and placed for 
rasnimun open space between the capacitor 
Toads andl the 10's supply Tends, 

Testing before final assembly 48 very easy, 
because the odd appearing board layouts 
gp together giving & structure that epens out 
like & book. ‘The hinge is the four leads 
Deiween hoteds, Leave transforiner lends Tong, 
s0 that the circuit may be tested well free 
fis cabinet 

‘The upper half of the Premier box $s pre 
pared by 4 powerful eleaner which removes 
Nts oviginal paint. After thorough removal 
of the eleance, the tetal is roughened. with 
wet sandpaper, rinsed. in vinegar solution 
find then ‘lear water, leaving a very. good 
Surface that does not require priming for 
excellent paint adhesion. Watch out for 
sreasy fingerprints, 

Hystoleiim #868 Green applied from a 

onvenient spray can gives a fine finish. 
Follow instructions on the ean. After diving, 
the fresh, clean enamel wil take water 
proof India inl, applied with « Leroy draft 
fing pen. When the ink & thoroughly dry, a 
final coat of Rustoleum #717 Clear Ginishes 
the job. The enamel ie soft at first, but 
hardens into a coat durable tn normal lab 


Viow of the component side af the astable sci 
ton board 
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Fig. & Mounting dimentone and spacur ssi 
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‘Toble of special p 
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Tuning up 

The generator should be zerved to fro- 
queney before installation in its ease. ‘This 
Bs a bwestep proviss, ist, the 1004Hz 
stable base resistances are adjysted by. 
heosieg resistors for RB and RS to bri 
the oscillator frequency within trimmer range 
of 100 kz, perhaps a few hundred eyeles 
bigh at 15 MlTz. Then the trimming capac 
tor brings the frequency to acuisale coinek 
donee wth WW, 


‘To roughly era the generator, set the 
vimmer capacitor, C3, ot minimnm capaci 
tance. Identify WWW. on a. sborkwave 
ceiver, and tune around a bit to Familiarize 
ourself with whats happening in the viein- 
ity. It would be nice i things are faiely 
‘et. 

Then pot 47k resistors into the astable 
board at the 3 and RS sites, tum on the 
enerator, and look around for the signal 
Depending pon actual values of Cl and 
C2) the signal may be on either side of 
WWW but is likely to be on the high side, 
so, try asin with resistors one size Innzer, 
which sill lower the frequeney, You should 
shortly find resistors. that bring the fre- 
‘queney near enongh to WWY for final 2ero- 
ing. with the capacitor. Verify timing range 
ton both sides of WAV. 

‘Correct values for RS and RS may be 
approximated very quickly if a good tig. 
ered scope is available. ‘Try selecting 


Sistors fue a period of 11.4 microseeends with 
the crystal removed. 


1d test showed that (as might 
have been expected) there should be some 
way to distinguish generator signals dom 
other CW signals, ‘The continuous/intemt- 
tent feature provides the esarking, and ance 
tho correct signal is located the’ generator 


n 


an be switehed to “continuous” for acemte 
‘work. 

‘AE law Feequencies, the generator output 
and behavior tesembles a conventional 100- 
Kitz standard, The signal simply is not as 
strong. A” areater difference appears at 
higher frequencies: the original model yields 
tan audible beat note at §0-MEz froma « diode 
‘mixer through an inexpensive audio ampli 
fice. And another test shows usable signal 
at 432 MMH the 4,320th harmonic 

Some cornection to the receiver or other 
detector is sequired. This is a natural eon: 
sequence of a eieuit design that pots the 
Skgnal where i belongs, rather than sp 
gag it all over the lab. A few pleofarads 
coupling capacitance is sufficient at all fre- 
‘gucci, 


Perhaps this efreuit ean be used for pure 
poses other than a frequency standard. ts 
moderate auuplitode bat wideband ontpat 
should’ be’ ideal for detecting changes in 
recviver sensitivity over a broad tuning 
range. In fact, with a Tittle decoupling of 
the input leads and provision of a coax ont. 
put connector the generator should do well 
38 a stable, reliable small-signal source. A 
piece of adjustable waveguide-below-cutolf 
‘would make an excellent allenaator for 
work not requiring exact measurements. An- 
ther thonght that neens ¥ possile Furor 
development by provision of some srrange- 
ment for detecting whieh harmonic i aetual- 
Jy being ened 


ALL BAND BAND-EDGE MARKER 
Charles terner WAZHRZ 


"This calibrator is complete with ite own ac 
supaly, eliminating the need fer taking power 
from the receiver, If ac outlets are at a prem 
fom et our shack, the on-aff witch and the 
Tine plug san fe eliminated and the no tine 
connected erase the receivers ae input. 
that she cultentor enines on whenever tht re 
ccelver ts tuined (os A high density selenivin 
fectfer wae sead and this nontribiater greatly 
tothe compactness r= the nt The whole thing 
Fas very cool und even after 21 hours opeta 
tions til Sette 

‘Wiring ist too critical, but Keop all lends 
ahort and direct, Using an gotal tocet for a 
Mal bolder fete sour tie the unused pine ak 
Tiepoints and fs recommended. 

‘A Peterren type Z-2 sta ens wel boease 


Chapter VI 


Crystal Calibrators 
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THE MULTICAL 


BR, Davisson ROVE. 


What is tho "Multcal’? As the name im 
ies, “multi” would suggest several uses, and 
aI" might infor calloator of some sore 

‘Well, thats eight, but there is slightly more 


significance to the’ name, “Atul is also a 
Short form term wsed to describe fip-Bop ele 


its known ae mitivibraton 
By combining the basic characteristics of & 


free-unning multivibeator (astable) with ery 


tal contol, you hove a simple, stable, virtually. 
Inseustive-Co temperature changes, crystal al 
brates for that receiver you have boca wader 
ing aboot. 

"The cireut uses no induetors and depends 
upon the erystal for the proper feedback for 
‘oscillations. Temperature stability is partly 
‘ue tothe absence of eapaciters. 

Transistor stage Qy operates with unity gain 
whereas transistor Q; operates at considerably 
‘more gain, Both stages aze operating as feed 
back amplifiers. The harmonic generstor diode 
By i SVIN136. Any gene! purpose cade 
ay be nse. 

By using the muluvibratorcizcut, the wave 
form obtained ig comparatively rich i har 
monies nel cold be used sithout any Further 
tefinements. Hevever, to insure usefnl Bae 
‘monies Unraogh 30 MHz starting from a 100, 
Liz crystal a harmonic. generator eanssting 
of Ry snd Dy shows mm Fig: 1 was added, The 
cpatitors Cy and Cy. are used. strictly for 
tompling and have no effect on frequency stae 
fay 

Costas from 100 Elz up to 1 Ste may 
the ued in the Muiical with no changes. The 
cuit will oscillate fram voltages as low a5 2 
volts and ean be operated safely fiom voltages 
ts high as 20 vals. This wee range of volinge 
‘operation allows the soures to be obtsined 
Irom vitally aay pce 

Output from the calibrator may be fed dt 
rootly into the rooeiver® inpst, or my be 
coupled toa short whip anterna, With 2 Whip 
antenna, close coupling tothe receiver's Input 


Fi. 1. Schematic ofthe Maite 


Fin. 2. Suscested printed cult board yout foe 
fhe Mule gives tho copper side B the com 
ponent ge. A'Weord forthe Multia! |s voile 
Feet een orls Company, 96 Er Hin 


‘may be zequited at higher frequencies. (Es- 
Decially at the lower voltage levels) 

For the more ambitions builders, Fig. 2 
shows the printed eireut board layout for the 
Maltical. Due to its sinall physical sive 
(1" x2), room exe probably be found even 
in the most compact of receivers. Fig. 24 
shows the foll side, and 2B shows the putts 
placement 

So the next time you wonder sbout the ac- 
curtey of your receiver calibration, give this 
simple cccutt a try and you'l know for sure. 


100 KHZ MARKER GENERATOR 
W. W. Davey W7CIR 

This useful piece of equipment generates 
usable harmonies from 100 kHz to 235 MHe. 
It is completely self contained and portable 
which makes i convenient not only’ to use 
fm the ham shack, but also in the mobile 
unit or at field day location, Its use lies 
mainly in accurately. spotting band edges 
‘and 100 KHz calibration points theoughowt 
the ham bands 

Most moder day home receivers are 
equipped with calibrators, but these cal 
bwators are of Tittle use when needed to 
spot frequencies on VHF and UHF conver- 
ters or portable equipment. 

The generator is constructed in 
4 x VE inch handicbos. The parts are 
mounted on a vector board, and the entire 
unit is powered by one $216 nine volt 
battory or its equivalent 

Hints on construction First obtain some 
veetar board. ‘The plece T used was cut 
from the hoard supplied ina "GE. exper 
menters aid hobbyist Kit” The board must 
be cut to size before construction and will 
measure Si x 2 inches. This will allow 
room for the 9 volt battery in the end of 
the handi-box. Make sure’ the nevily cut 
vector board will fit inside the handi-bos 
before you start mounting parts. It_might 
save a Tot of trimming at a Tater date. 

The parts layout is not cxtical. Com- 
ponents inay be arranged as shown in the 


pphoto or in any other arrangement suitable 
to the components you may be using. 1 
sused sockets for the transistors, os 1 wanted 
to be able to experiment to see. which 
transistors from my junk box would give 
the most output inthe VHF and UF 
Dands. T ended up using the 2N404 for the 
cscillior and a 2N3S4_ in the multiplier 
stage. Talo found that Japanese 2SA83 
Irammistors which had been 
the if stages of a junked 
‘would work equally well in both sockets, 
All components are mounted on the top 
‘of the Vector board with the exception of 
C4 and C3. For the most part, wing can 
be completed with existing. Ieads on com- 
ponents. ‘The pushin. termninals furnished 
with the GE experimenters kit were used 
for the battery connections, antenna cone 
nection and for mounting the erystal sock- 
st The circuit board can be mounted to 
the handi-box with three Ma inch bushings. 
This Teaves room for a slide switeh to be 
‘mounted on the cover of the handi-box. Two 
ff these bushings were purposely placed at 
the end of the board to form a sort_of 
socket to hold the 9 Volt battery. The 
‘antenna gutput connector which is mounted 
‘on the handi-bor is a switcheraft 9501FP. 
phono jack, A small hole may be drilled in 


the bottom of the hand-box through which 
a screwdriver may be inserted for adjusting 
Cl. For extrome accuracy Cl is adjusted to 
zero beat with WWV. 

‘4.36 inch piece of insulated wire soldered 
Into a phono plug may be inserted into the 
‘phono jack and usted as a test antenna. The 
Intensity of the markers may be varied by 


‘moving this (est antenna near your receiver 
antenna lead-in. If you are using a coax lead- 
in you esn couple by driling 4 small hole in 
your coax relay so that the test antenta can 
beinserted near the relay armature. You will 
find that most SWR meters provide an easy 
method of coupling to the eenter conductor 
ff the coax, As u last resort you ean always 
tuple to the roveiver or converter antenna 
coil 

have ade very good use of this gadget 
to spot frequencies in the 144 and 220 Mile 
brands, It as well worth the time and effort 
it took to build it 


ALL BAND FREQUENCY MARKER 
Kenneth W, Robbine WIKNI 

Crs consetet marias prentnsuw 
Useful adjuncts in any frequency deter 
mining situation requiring ‘high accuracy, 
‘such as locating band edges, sub-bands and 
calibrating receivers. IF you've been enter 
taining thoughts about construction of one, 
a version is described here which uses the 
new C/MOS integrated circuits powered by 2 
9 volt transistor radio battery. And instead 
(of the usual rotary harmonie selector switch, 
4 multipin IC connector strip and three test 
plugs serve as a miniature patch panel to 
enable various divisions of the reference 
rystal, with a maximum countdown of 256, 
Rocks" from 100 kHe to 4 MHz oscillate 
readily inthis circuit. In this model an 
FT241 xtal set to 400,000 Hz has been 
chosen for control and has usable receiver 
calibration divisions down to 2.5 kHz. The 
harmonic spectrum extends to at least 160 
MHz, the tuning limit of a transistor super 
regen used in testing. When used in densely 


occupied HF bands, an AM beeper ean be 
switched on as an identification aid, 
Relerring to Fig. 1, one third of a hex 
inverter makes up a crystal controlled oscil 
lator and buffer, another third isa slow rate 
pulser and the two remaining units funetion 
in the dividing section. These ae all standard 
circuits described in RCA's COS/MOS Daia 
Book #S$D-203. An emitter follower mini 
mizes loading on the IC outputs, speeds up 
rise time to increase harmonic content, and 
provides + low impedance output. The AM 
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Fig, Schemes 


beeper fa simple clamp that gates if on or 
off to Following stages. 

Photo 1 shovs all components mounted 
fon Vector P pattern perf-bourd that its 
inside a Bud miribox, Sleeving 3/8” (10mm) 
long is slipped over the wire tap terminals 
of the contact strip 10 space it up from the 
board. A DPDT cenier-off miniature toggle 
switch acts as one board to pane! spacer 
Diagonally across from it, a 440 threaded 
rod conducts emitter follower eusput up 


through the ont panel via. 21/2" (13mm) 
insulating spacer and plastic shoulder 
washers. Twe regular 440 screws and 
Spacers complete the four corner mounting 
This spacing allows. the contact strip to 
project partly through a panel ctu so that 
itis mechanically secure wibout Fastening 


Photo 2 (completed assembly) shows a 
stick~on label with patching connection call 
‘outs for various division ratios. If only one 
ccystal & employed, labeling could indicate 
most used frequencies instead. A typical 
fequency ¥s division listing for this model is 
shown in Table 1. You can easly make up a 
complete table af all possible ratios, remem 
bering that each CD4015_ shift” regisier 
divides by even numbers ONLY, starting at 2 
and ending at 16, 


Uses to which a marker generator may be 
put have beer described before: Io align 
ment, BFO, scope linearity, ete. A type that 
divides down to the audio range like this one 
is especially useful in checking superhels. 
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very broad and flat spectrum of overlapping 
signals is generated and an audio tone will be 
heard no matter whore the set is tuned Its 
tracking and sensitivity are top-notch, the S 
‘meter will hold steady over the tuning range 
Tracking adjustment amounts to tweaking 
for maximum meter reading or oudest audio 
tone, Then patch for 100 KHe markers and 
chock calibration, [t's a lot faster and easier 
than using a conventional signal generator 


POOR MAN'S UNIVERSAL FREQUENCY 
GENERATOR 
Solin Schutz W2EBY 


Au rei isaner sen on 
measurement becomes miore and more 
{part of the amateur eadio game, the need 
develops for leat instsunients that deliver a 
wide range of both rf and af signals of high 
accuracy. [é would he ideal i everyone could 
have a frequency countor and 9 syathesizer 
type rf and af generator bus that is hardly 
the case, Most amateurs must utilize their 
basic sation gear along with selected 
accessory items to test out and adjost 
equipment. This article describes «very 
Useful accessory item that lor # madest cost 
oes a Tong way Coward having some of the 
expensive test equipment just_mencioned. 
The iter to be described is somewhat hice # 
srid-ip meter in that itis basically a simple 
type af oseillstor bul as one gets to know 
and use it, new uses for i are Cound and ite 
versatility constantly expencl, 


Cincait Deseription 

Figure 1 shows the cieuit diageam of the 
test generator. Busieally, i€ consists of & 
string of SN7490 decade counters which are 
hised to divide down a selected input signal 
by # factor of 10 oF 2, The input signal can 
come from 2 | MHz mister osilator. a 
special erysal oscillator for externally used 
crystals. or from any external. sinewave 
source. The special crystal oscillator which 
tases a SN7400 will operate wich almost any 
hosie oF overtone crystal in the Af sane, Ie 
can be used for crystals ia the low frequency 
and lower VHF ange also by a simple 


‘modification, One gate of the SN7400 
crystal oscillator is used to drive a LED 
‘which will indicate that the erystal is oscil 
lating so it serves as a crystal activity 
Indicator as well. When an external sine-wave 
source is used. its first coupled through a 
5N741 21 multivibrator. This stage squares 
‘if the sine wave so it can better drive the 
subsequent frequency divider chain 

The frequency divider chain is fixed, 
although one could easily switch the ind 
vidual SN7490 units to divide by different 
‘ratios when desired, This should be obvious 
by noting the wiring of the divide by 2 
'5N7490 with that of the divide by 10 units 
However, the variety of frequencies which 
scan be generated then with different input 
sourees becomes confusing and more than 
‘would normally be needed. 

‘The fixed divider chain follows the se- 
‘quence: divide by 10, divide by 2, divide by 
10, divide by 10. A separate branch after the 
first divide by 10 unit goes through two 
other divide by 10 stages. In the case of the 
divider chain being driven by the L MUz 
‘master oscillator, his results in the following 
output frequencies being simultaneously pre 
fen: | MHz (basic oscillator output), 100 
kHz, 50 kHz, 10 kllz, $000 Hz, 1000 Hz 
and’ $00 Hz With any other frequency 
input source you can easily calewlate what 
frequency outputs the divider chain will 
bing in both the of and af regions. Many 
surplus crystals will produce interesting fre 
quencies of high stability in the af repio 
that can be used for test purposes. 

When using the special crystal oscillator, 
the LED will glow to indicate that oxilli 
tion is taking place. Asshown with a 150 pl 
capacitor from one side of the crystal 
onilla to ground, the osilator 
will work satisfactorily with hi crystals. Its 
range of oscillation can be extended to If as 
well as high freqeney overtone crystals by 

ng this capacitor. The vale of eapasi- 
tor required in picofarads is $00 divided by 
the Frequency of the crystal in MHZ, This 
value need, however, o by only approximate 
unless you require an absol 
atput from the unt 

‘When using the multivibrator input sbout 
a 1% to 2V peak input, 
approximate square wave is required. 


ely square wate 


Construction 

The whole unit can be constructed on 
piece of perforated hoard about 3% 2 in 
and made completely portable if powered by 
a 4UV battery (Burgess No.532) or just 
three D cells in series. This arrangement doos 
rot provide the absolutely best stability for 
the 1 MH2 master opcllator but unless you 
intend to use the unit for marker Frequency 
generation in the VHF range, it isa perfectly 
satisfactory arrangement, Alternatively, one 
‘could power the ICs from any standard 5,3V 


i 


Fig 1, Diagras oF universal Requency generator, Ouiput(equencies shown are 


for using | tite oscilter: 


regulated supply used for IC digital circuitry. 

T comtnicted my unit for battery 
powered operation and enclosed the unit ia 
4 sinall aluminuin minicbox. The output af 
cach divider was brought (oa pin jack on the 
front panel of the unit 

One simple way to wire the relatively 
small number of ICs involved is to purchase 
perforated hoard which has hole spacing to 
Tit slandard DIP ond prefevably with o 
‘copper pad stil left around each hole. The 
ICs'are then placed on the board and the 
appropriate pins which either go to ground 
fF to the 4.5V line beat in different dine 
tions, The ground line # run along one side 
of the IC and the 4.SV line along the other 
side and hare wire used to connect the 
appropriate pins to either line. Figure 2 
illustrates the wiring for one of the divide by 
10 ICs. When one starts this process on the 
board. it will be surprising how fast the 
wiring is completed. Individual insulated 
Wire jumpers are used {0 make the input 


‘output connections between ICs. The witing 
is not critical and using a receiver to hear the 
‘markers, or an audio amplifier for the lower 
frequency outputs, one should be able to 
determine quickly if the circuit is working. 
The frequency of the 1 MIlz master oscil- 
lator may be brought exactly on frequency 
using the 25 pF tcimmer in the eiveuit and 
checking against WWV with « harmonic of 
the oscillator or by using counte 


Applications 

‘As I mentioned before, the applications 
that you can find for the generator relly 
begin to unfold only after you have had it 
around the shack for awhile, Some of the 
applications would be 

L.A frequency marker gencrator for 
receiver calibration, The markers are ussble 
up into the VHF range 

2 To extend the range of present rf or af 
signal generators into lower frequency rangev 
than they presently cover, 


Fig. 2. Pefocated board wring of ICs. One SN 7490 divide by 10 unit shown wired 
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Multifunctional soldering stations 


‘adjustment of operating tempera- 
{ure as well asthe setting of stand- 


by time and caration value 


Further adjustments such as fred 
{emperatures, ower lve, nterock 
‘and shutdown function are aval 
able withthe fee PC software and 
‘an optionally avalale mico smart 
SD card, 


a igi Pe 


The soldering stations :CON NANO manufacturing environment as well The concept of the Ersa-CON 
and i-CON PICO, two models ofthe 28 for special applications in labora» stations ensures that each applica- 


I:CON product family fulfill the tories and RAD departments tions processed withthe optimal 
needs of today's electronics manu parameters. They stand forthe 
facturing while requiring minimal ‘Due tothe simple and user-friendly highest evel of process safety and 
space, They are designed forcan- operating concept, the fac- quality contol alow investment and 
tinuous operation inthe electronic try setings provide fora variable operating cost. 


‘Smal fociprint (145 x80 mm) ~ saves valuable space 
‘ Antistatc as per WIL-SPECIESA (ony -CON NANO) 


1 The ied temperature setings or continuous adjustable temperature 
stings from 150 °C to 450° 


1 Thro selectable power levels 
"y Utrasight and ergonomic sldering too with max. 80 W power 
1) Wide range of iow-cos xchangeabe ong ite soldering ts 


"Automatic tand-y and sleep function fr lw energy consumption and 
longer tite 
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\ Calbaton core cit oneaee 
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3. To perform stability checks on high 
frequency variable oscillators, The divider 
chain will always perform precisely and you 
can monitor the change in frequency of a 

her frequency oscillator with a stable low 

4. A Frequency generator to. generate 
precise #f or af square wave signals at any 
frequency desired by choosing the proper 
ovata 

S.A ctystal activity checker 

6. By taking two or more of the simul 
taneous outputs together via mixing diodes 
and a series tuned eireuit resonant at the 
esired frequency, you can also mix the 
divider outputs to generate a variety of 
Intermediate frequency outputs 


CALIBRATE THAT CALIBRATOR 
Mitchel Katz W2KPE 
Mis erent ces 
use today rely upon a 100 kHz 
‘eystal oscillator to calibrate the tuning 
dial, While some of the calibrators are built 
in, others come as outboard accessories. In 
‘any event the operation of each is the 
By this time we all probably know what 
‘zero beating” is. The 100 kHz oscillator 
in order to serve af a calibrator must be 
“zeroed” to some standard frequency such 
as the WWY cartier frequency on 5, 10, 15, 
20, eto. MHz, With a CW or AM receiver, 
‘we can very easily tune through the zero 
‘eat point, On SSB receivers because one 
fof the sidebands is missing we can only 
hhear the one side as we approach zero, The 
‘other side of zero is greatly attenuated and 
may posibly not be heard at all. To 
further complicate matters for usin trying 
to calibrate the 100 kHz oscillator, as we 
can only hear down to about 20 itz, we 
‘can't zero in any closer than this. Leaving 
the receiver at this point, we next turn on, 
the 100 kHz calibrate oseillator. After 3 
suitable warm up period, we turn the tune 
control of the oscillator and again adjust 
for a zet0 beat condition against the WWV 
frequency. With this method of calibration 
we have several possible sources of error. 
First in zeroing WWV with the receiver 
beat frequency oscillator and then 2er0 
beating the 100 kHz calibrator against the 
bo. Each of these adjustments is limited to 
the lower list of our hearing range, a well 
fa the fact that we are obtaining the zer0 
beat ata relatively low Hf frequency. 

‘A more accurate method of calibrating 
the 100 kHz oscillator will now be dis 
‘cussed. After the receiver and calibrator 
‘oscillator have been warmed up for about 
30 minutes, tune in WWV on a frequency 
that produces a faily good, steady’ signal 
Adjust the tuning for maximum reading on 
the Smeter. Having tuned in WWV, turn 
off the beat frequency oscillator. Now twin 


fon the 100 kHz oscillator that is to be 
calibrated, If 4 harmonic of this oscillstor 
's fairly close to the WWV frequency, a 
beat note will be heard. AC this time adjust 
the calibrator “erystal tune” control and 
the S-meter will start pulsing from a 
‘maxinum to 2 minimum value. The closer 
you get to dead center the slower the 
Puling aetion will become. It is fairly easy 
to come down to 1 pulse per second with 
this method. if your receiver doesn't have a 
‘meter, you can also hear this pulsation very 

early. In any event you would always 
tune for the slowest pulse rate 

Note that with this method we have 
adjusted the calibrator frequeney harmonic 
directly to the WWV carier rather than to 
a low Hf, We have eliminated one 2220 
‘beating step, and this, together with the 
fact that we ate obtaining the zero beat 
4 much higher frequency, will provide 
sreater accuracy. 

Having described the method, her 
few points of general interes: 

1. Before attempting any calibration let 
the equipment heat up for at least a half 
hour to stabilize 

2, After tuning in WWV, ait until the 
400 Hz modulating tone goes off befors 
adjusting the calibrator. If not, you may 
find later that you zero beat the 400 Hz 
instead of the carrier frequency! 

3. The levels produced in the receiver by 
WWY and the calibrator ofcillator should 
bbe about equal to produce a good beat 
between the two frequencies. 

4. Use the highest WWV frequency that 
will produce a good, stable signal in the 
receiver. Certainly a 1 pulse per second 
bbeat at 20 Miz will provide preatercalib 
tion accuracy than | pps beat at § MHz o 
better yet than 485 kHlz! The accuracy wil 
be considerably greater and It is no more 
difficult to come by, 


‘A SIMPLE FREQUENCY DEVIATION 


METER 
A, fisuney deviation mater allows one 12 

read the deviation plus or ralmas hat = 
received signal ig off frequoney. Depending on 
the mater tinge deseed and used. a deviation 
tt tn or las eelen cin be ead elther high ot 
loan, Sieh a device i especially urofal when 
toed om MARS nets or when frequency checks 


John Reloarts KOBE 
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¢ decival of any incoming signal and the 
fnser must be im cfeles Tow of high of & 
‘desired froquoney. “Thove grinding thelr wn 
fxystals or desiring to compare crystals will 
find this devi ecpeeally usatul 


‘Two fundamental eiveuite wore is 
‘one using diodes only andthe other 
Sistors only. These ave shown im Fig. land 
2 respectively, “A 0.80 mieroampere, meter 
Should Be used for the diode type and 0-1 
tulllampere meter will servo eely for the 
fransistor type, aithotgh «0.80 oF 0-100 micro 
ampere tncter’ wll also nerve nioly In the 
transistor type frequeney-devistion meter aye 
tem. Sitcom diocer were ted for the disde 
{pe and. 2N123 for the transistor type. AN 
Input voltage of 25 iz accded for the diode 
{ype and 7 volts or tess forthe transistor type 
depending on the meter sensitivity, being’ 2 
‘oles when 4°50 mieroampere meter te shed 

‘Whatever sale reading is desired, be 1250 
yeies low oF high or 500 exeles lowe oF high, 
the meter cover Is removed and new Nigures are 
fudded below the meter acale with arto 8 
the conte of the sele and maxinitm readiogs 
ft each end of the scale as appropriate. Pen 
tl marge will do, Tho 250 eycle ean be toad 
fo 10 cycles per division and the 000 cycle 
fale can be read to 20 cyclen por seale iit 
tom, Bash ean be read ta half these values OF 
Sand 10 eyces respectively, 

Tr ase, you eet sour froquency meter, LBL 
vr 221 either 200 eyeles or 600 cycles fower 


Fi. 


than the frequeney to be checked. Ifthe fre- 
‘quency tobe checked is right on, the frequency 
‘deviation moter will read toro at the canter 
fof the seale on the meter; if the frequency Is 
Tow, the meter il read Tow and. if hehe 
the’ meter ‘ell read higher. The answer in 
tystes wil be the va indieated by. 30" 
new markinge: In use the frequeney-deviation 
hneter is eonneetod nerozs the high Smpedance 
bipat of your receiver tm tho cago’ of the 
ode type and croak the Tow Smpaanee ott 
Dt in the case ofthe transistor type 

“nthase eases wheres definite. frequency. 
will be under observation, Te will be found 
tlvantageous to grind or ebtain a ergata that 
fe adjustable tn 250. eyees low or 300 eyeles 
Tov as appropriate, nnd to uae iin the ra 
Hatorned‘ocilatot ‘shown in Pig. Any 
fryatal holder Uat hax an adjustable air gap 
‘rll do, Some of the TCS sure erystal bel 
fs have a three. point aadjustuble top place 
ind sre about the best obtuinable, Site Sor 


host and probably only method of adjusting 
the eystal ls by the use of your LM or HCE, 
bbe furs that your feegueney standard is ne! 
fate Ts bt to ue the Tow freqency’ po 

{Gon and withthe tne exystal switch on, fume 
the meter Uo Uhat portlen of tho desivod fro 
fqrency less the me past. Por instanee, Lo sab 
fhe LAL for a euding of 2792,000 cycles, at 
the LM on the Lar feesieney for 732,000 aos 
for 72 Ke, The 1 me crystal will furnish the 
‘he part of the zeading. Tn my caso Taot the 
Uo TALS ke and sjost the crystal tb that 


frequency in the sdjustable 1168 bolder, he 
trunsisttived oxcllator ‘holds the Troquency 
fortush a slave tolerance fb has not been nee. 
feeney to male iajuents im wees A and 
eld push ‘witeh connected Inie the posiiee 
Uattary ied allow the osllaton to be turned 
fn tt needed to chee the frequency cf a 
SEARS tation on 2782 Ue La un accuraay of 
plas or minus 10 eles ofthat feequeney. “The 
Frequeneyeiovition ates js of coarse ehicked 
fagainst the 400 or 800 evele cone af WWV, no 
buhet oheck Is eeesury ates the sanl¢ Is 
Tinea 


THE INDICATING OSCILLATOR 
Ken Brown KHOAE 


xorzed veins wiht tears 
however mat back in business wih 
Saver tte lowe! hay fend The gh ed 
ties ae of 950 Mees. Tis on be 
‘Mende wth ati mere ert 

the of elbtiet Vaso (FEN) 
ir Howser o a tet td one power 
ten won esi wrt 

“CDN221 FEE yc ad nth ith 
Siok aun, Tue HOSP Ete a shout 
suse iodgr>nal 


Standard benane plugs spread % in make id 
Base for the cole The lover froquoney oe 
‘wound on polystyrene forms 


Chapter VII 


GDOs 


iy 1; tea ottatr re aga, 


The circuit (Fig 1) is not ertical, How 
lever, te sensitivity control should not be 
bypassed. Layout could possibly be im 
proved with slightly laget box, allowing 
the dial to be placed oo the face with the 
reler. IC isa good idea to keep the layout 
symmetrical as fis as possible, partiewarly 
the tuned circuit. This can be seen in the 
photo of the inside view. The box used was 
in LMU 532 EL with the cover reversed to 
allow for coil mounting insulator (poly- 


suryrene or other good rf insulating 
imacerial). The meter should be a 50 pa, 
mavement; atherwise, a meter amplifier 


Such asthe one shown schematically in Fig 
2 will be necessary, This is no problem, as 
there is room for this amplifier on the 
teult board 

A thumbwheel from 4 BC-375. tuning 
unit could be used very nicely as a dil 
“Theve sides have been left cleat for ease in 
placement of unit when i use. Pigs coils 


0 


makes for easy bank change and applica 
tion to the job at hand. Standaed-spa 
bbunans pins allow for use with other 
accessories, Use 5/8 in. polystryrene tubing 
and stud-type banana pins 

‘A dual banana plug can be used during 
construction for setting the spacing 
accurately. The coils shown have the pins 
wired in place for stronger mechanical 
assembly. Drill a hole for about 24 AWG 
copper wire on each side of the pin studs 
Which will He along etch side of the poly 
tubing. Use 2 number 59 oF 60 drill. One 
Wire is enough on each pia. Form a hairpin 
with about an inch of wire, push it through 
the drilled holes from the outside. Now 
twist tightly with longnose plies, ut it off 
short, but not so short as to allow the wire 
to untwist! Then apply several coats of 
liquid “poly” cement. Be sure to move the 
calls frequently during the hardening 
period to make sure the liquid “poly 
flows evenly over the stud and forme a 
slight filler with the tube. Epoxy doesa’t 
seem to work well with polystyrene 
Neither Abied nor Newark list liquid poly: 
styrene any longer, but your neighborhood 
hobby shop should be wel stocked, 

The lowest frequency coil (number 1, 
0.95-2.2 Miz} was made from 9 Miller 


ig. 2, Tia mator ampli wil increase te tovel 
tne signals eta les-senative rater tha 50 
hamay be weed 


Interior vow of exciton with col atsehed shows consiruction of the author's wersion, 


981 fervte 0.5 iH choke with 6 0° 8 tums 
removed — just enough to slip inside the 
poly tubing, Some reaming may be neces 
The number 2 coil (2.254 MH2) 
irom ¢ Miller ferrite antenna unit 
with the slug permenently installed in the 
top end and alllugs and mounting hardware 
removed. This coil was also mounted inside 
the pely tubing. The number 3 coil 
(S.4—13.5 MHz) conssts of 32 tuins of 28 
AWG enameled wie, close-wound on the 
fulside of the poly tubing. All coils are 2/5 
in. long with windings as near the end as 
rraetical, The number 4 coil (27-50 Mita) 
consists of 10 turns of 24 AWG enameled 
wire The number 5 coil 
(45-100 MHz) consists of 2 tuens of 14 
AWG enameled wire, self-supporting. The 
umber 6 coll (50-270 MHz) is one 
hairpin loop 3/8 x 1 in 
A Jack is provided for headphone use, 
The serewdriveradiusted miniature pot is 
for 2070 adjustment of the meter amplitier 
{ean be seen in the photograph. 


sry 
was made 


celose-wound 


‘THE LITTLE GATE DIPPER 


Jobin Agere WSETE 
“Prost yo% now own 2 wi tier, 
hut iS it small, easy to handle, and 
less, making st ely portable? If 
you will want to build this gate dip 
fer, The cost i extremely low — only 


about $7. All parts are readily obtainable 
veil construction is simple. The plain coi 
forms, using battery plugs and polystyrene 
tubing, are eusy to make, 
The Circuit 

‘An MPF 102 FET is used ina modified 
Colpitts circuit, Except for the leo, 
where a choke is used, the BY is fed to the 


centertap of the coll, This is necessary to 
‘obtain a faicly constant gate current as the 
oscillator is tuned ta its end frequencies, 
Drain current varies from 410 1 mA 
proceeding from 225 to 1,7 Milz, al the 


‘same time te gate current varies from 20 
0 well aver SO pA. 

From this, itis apparent that the 
stronger the oscillations the smaller the 
drain current and the lager the gate 
current. In gate dip operation, as power is 
‘drawn from the oscillator the drain cuerent 
will increase and the gile current will 
decrease or dip. 

Limited wavemeter operation, obtained 
by switching off the BY, is accompanied by 
a slignt shift in calibration. When the 
circuit picks up sf, the FET suddenly goes 
into oscillation using the rf a5 its battery. 
‘Thus, the amount of rf pleked up must be 
large enough of there will be no oscillation 
and no meter indication. However, despite 
these deficiencies, i ix still considered a 


ig, Schematic dlageam of the litle gate 
ipper. 


useful mode of operation and for thal 
reason has been included. It is only neces- 
saty to wire the sensitivity contzal so that 
the resistance is maximum when the switch 
§sin the off postion, 


Construction 

‘A natural finish slaminum minibox (4 x 
2.1/8 x 1-5/8 in.) is used for the meter 
case. The variable eapacttor eame from an 
old transistor radio and measured | 3/8 x 
1/2 x | in, The shaft was already squared 
and tapped for # small screw. Since those 
listed in the catalogs have a plain or fat 
shaft, you will Rave to use 2 collar with 
solscrew, or drill and tap the shaft. The 

immer capacitors are not used and should 


be removed. 


a 


‘he tite gate dipper with spare cols 


To make the coil soeket you will need 
three pin receptacles from an octal socket, 
two pieces of 1/8 in. Plexiglas approxi 
mately 7/8 x 3/4 ip., and one battery plug 
for a pattern, The pins of the battery plug 
form a triangle. 1 shall refer to the holes at 
the base as the outside holes. Dell holes in 
fone piece of plastic to match the pins of 
the battery plug. Match the two pieces of 
plastic, clamp in a vise, and dri the two 
‘outside holes in the second piece. Bend the 
lug part of each socket pin to a right angle 
Slip one over each outside pin of the 
buttery plug. Using this a8 jg, sour the 
Ig portions to the stators of the variable 
‘capacitor. Remove the plag, and the piccos 
of plastic should fit down over the variable 
capacitor. The lug part of the center socket 
pin is brought out between the two layers 


of paste 

File « small notch in the bottom piece 
to accommodate the lug. Before comenting 
the two pieces together and to the frame. 
make eaeh hole slightly lerger than the 
diameter of the socket pins. This will allow 
for expansion when the plug is inserted 


The dial is made of 2-1/4 in, diameter 
YS in, Plexiglas. To give the dial 2 rough 
ledge, for good thum tection, Tested sn 
‘ld gour whee] and rigged up un arrangement 
{orotate the dial agsnet it.The gear should 
hhave rather coarse teeth and rotate with the 
ial, or you will create at spots. 

The variable capacitor can now be 
mounted in the case. Position itso that the 
op and sides of the dia will be just about 

with the edges ofthe c 


Mote std against te front pane! bya smal bracket. Zhe FET the smal black object inthe center: 


The dial marker if mounted on square 
luminom posts. The top post (2 in. long) 
has 116 in, of its length filed down t0 a 1/8 
in, thiekness to reduce its bulky appear 
ance, To make the hidine, scribe a line in 
1% in, wide picee of plastic and fill in with 
ballpoint pen, 


3 ise ane 


ig, 2, Coll configurations for various froquencer of resent 


The 
already prepared for the knob shown, if 


sensitivity control 1 used wa 


ot and ase 


sew knob. Any resistan 


willbe fine 


olson 
(53.99) or Transistor 
cach), Some modification of 

Remove the light 
resistor. Drill two holes, spa 
in the back 


Electeonics. in 4 packaz 
Unlimited Co 


II and series 
sd Yb in. apart 
sme 

lean and fe 
sews should be 


necessary 


of the case t 

machine screws for easy soldering 

sure the heads and nuis are 

of any nickel plating. The s. 

filed even with muts in ord 

for the battery. Solder the leads from the 
but be 


meter movement to the terminals 
wick because the plastic ease tends to melt 


ina hurry 
Wiring is just & hereto-there propos 
tion, requiring no terminal boards or ts 


‘minal lugs. The FET is soldered in place 
supported by its own leads. With reason 
able care you should not damage il. A 
battery holder was found unnecessary 
however, it is a good idea to wrap a layer 
of tape’ or stiff fiber paper around the 
battery to prevent the metal case from 
shorting out the meter terminals 


Coil Construction 

Figure 2 and the photo give the neces 
sary dimensions and show the parts needed 
to make the coil forms. The battery plugs 
are listed in the catalogs to fit #482 and 


} wai} 
rove 


5 Be 


M3 batteries, The center pin should be 
filed slightly shorter to make the plug seat 
evenly in the socket, While you are at it 
le the nickel plating from the ends of all 
plug. prongs. This will make for easier 
soldering 
Complete coil information is given in 
Fig. 2. However litte explanation may be 
in order. The irregular method of winding 
the #2 coll is necessary to reach 85 MHz 
‘and still maintain oscillation, With 4 turns 
close-wound the highest was too low. With 
the 4 turns spaced, oxillation ceased gt the 
highest frequency. The 30 AWG silk wire 
was taken from 2 TV flyback transformer. 
The resistors in the centertap of the last 


thee coils improve the meter's sensitivity 
slightly. They are mounted right next (0 
the coil winding. With a slight groove filed 
Inside the insulating sleeve, it should slip 
‘ovor the resistor 

The #6 coll is yyerwound as space 
permits and scrambled wound the rest of 
the necessary turns. The top winding of all 
‘coils should end near the very edge of the 
coil form. This will make for easier 
coupling to a tuned circuit. After the coils 
fate checked out the insulating sleeves may 
be glued to the plug base 

Allow the glue to dry for several days 
fore plugging the open ends of each coll 
with a small cardboard disk. The coils are 
painted with colored lacquers. Colored 
paper between the coil and the insulating 
sleeve will probably work just as wel. 
Calibration 

For calibration purposes, you will need 
another indicating oscillator oF dip meter 
Operate it in the diode or wavemeter mode 
and loosely coupled (0 the gate dipper. 1 
calibrated only 5 points on each scale plus 
any ham bands which appeared. Remember 
the dipper i not a frequency meter but 
something (0 get you in the ballpark, 
Conclusion 

The litle gate dipper was checked 
‘against a well known commercial tube 
‘equivalent and, a8 near as I could tell, they 
were just about even. The battery should 
last for a long time because the current 
drain is extremely low. 


THE GREAT DIPPER 
John F. Boyd WAQAYP 


Test equipment is essential in the ham- 
shack, as those of us have found when we 
attempted to get that new piece of home- 
brew perking for the first time. One of the 
most useful pioces of test equipment i the 
grid dip oselllator or simply, the CDO; be 
sides being relatively inexpensive, it i partic. 
ularly versatile, Need an indicating absorp: 
ton wave meter? The GDO will do that 
How about a modulated signal source? It 
handles that too, If you are interested in 
discovering its whole variety of uses, why 


not purchase one of several books on the 
subject 

Every item used in this GDO was selected 
with an eye toward the average home bull 
tr. There are no parts which must be spo- 
cially purchased from the West Indies 1 
port Company or similar outfit. Nearly all the 
parts, except for the meter, miniature pot, 
and mode switch, were obtained from thy 
junkbox, or rather, frem several junkboxes, 
If you insist on buying all new parts, total 
cost of the project will be about $20. 


Ciceuit descr 
‘The grid-dip oscillator, in this case more 
properly termed an emitterdip osillator, 
fete its name from the fact that emitter eur 
rent in transistor Q, decreases when. the 
tuned cirenit Cy-Ly 1s in resonance with a 
nearby circuit, This decrease is easily seen 
by the dip of the meter iodicating, pointer 

When switched to the diode position, B+ 
fs removed from the oscillator and. the in 
coming 1 is rectified by diode Dy: the volt- 
fage developed across the Ok resistor is am. 
plified by the meter amplifier and monitored 
by the O-l mA meter. In switching to the 
signal position, B-+ is removed from the 
meter amplifier but applied to the modula. 
tor, and 2 1 kHz tone is available from one 
of the output jacks. In the modulated oscilla 
tor position, B+ is reapplied to the oscilla: 
tor, and the oscillator is modulated by the 
T KHz tone. 

Like  patch-work quilt, this CDO. was 
built using circuits from already published 
articles oF books and modified where nec. 
‘essary. The whole circuit is composed of 
three separate entities—oscillator, meter 
‘amplifier, and audio tone generator. ‘The 
Gdreuit is not particularly critical, but Tead 
Tengths and dress in the oscillator must fol- 
low good VHF practice, if stable VAF osci 
Intion is to be maintained. 

‘My operating time is spent on the various 
bands from 28 mHz to 432 mHz. Quite natu- 
rally, whea I discovered that the CDO would 


ose 


Fa. 1. Circuit diagram of the great 
2N@I6 fe NPN, and if weed asthe escilator naniter, 


diode De may bo ames! anything that you have. aval 


Ug" af teeter 


a 


[Note that although the 2N2208 


not oscillate satisfuetorily over the entire 
range from 2 mHz to 200 mHz, I juggled 
values ¢0 that it would oscillate well at 216 
mlfz (for tuning frequency doublers to 432 
mHz); then I tried to get as low in fre- 
‘quency as possible, Oscillation was vigorous 
to about 20 mHz. Coils and scales were then 
made to cover the respective ranges. Tk you 
don't do any homebrowing on the VHF 
bands perhaps you wil find it necessary to 


PNP tani 
Problem would athe with voltage polarity” The 
‘The I pF gimmick capacitor conaity of 


change the value of the emitter-cllector 
feedback capacitor, and to jugsle the emitter 
and. base resistor values in order to sustain 
‘oscillation at your desired frequencies. 


Construction 

Vector board was used, mainly because 1 
svanted to experiment with component val: 
1ues; however, a printed eizeuit would be jast 
‘as gooll, especially for something stich as a 
club project. It can be seen from the photo- 
graph thet the moter amplifier and audio 
fsallator are built on separate boards. This 
fs due to the fact that I built several differ. 
ent amplifiers; the layout would look neater 
if they were on the same board. Positioning, 
of the rf oscillator and capacitor C,_ as 
shown in the photograph is recommended, 
but the placement of other parts is not 
cextial 

Fiberglass board is used as on insulator 
for mounting the banana jacks and plugs, 
1 cuts and drills easily and appears to work 
fine. ‘Theo banana jacks wero used, the 
third jack being used merely to provide me- 
chanieal rigidity. Te could also be used, if 
necessary, t shunt additional capacitance 


eros the emer and elector on the lower 
frequencies. 

‘Becatise a shear and a brake were available, 
[constructed my own chassis, consisting of 
two U-shaped pieces of Me” aluminum. Using 
the GDO ‘is a breeze, for it fits the hand 
very comfortably; if placed onthe work 
bench, it doesn’t roll off each time it is 
bumped. The completed case (1X" H x 
2s" Wx GK" L) is exceptionally rigid 
and imparts a reassuringly solid feel when 
handled. Commercially available miniboses 
could be used if you don't have facilites 
wvailable for rolling your own, 

In building the vf oscillator, keep all the 
Hf leads as short as possible; especially the 
short lead from C, to Q and from ercult 
round to chassis ground, Tt was found that 
false dips could be completely eliminated if 
8 copper strap X" wide was added from the 
fxpacitor ground lug directly to ehusis 
ground. Apparently the ground on the var- 
fable capacitor Cy is not quite good enough 
at frequencies above 100 milz. Various 
transistors were tried in the oscillator; the 
PNP type 2N2398 was found to be a good 
performer, as was the NPN type 2N9I8. 


sc1LLaToR 


Fig. 2. Contuction of the plg-in col extombls 
The coil forme wore made from the plane 
teiners which bold Polreid prio conten, 


However, the use of the NPN type could 
ad to problems with battery polarity. Ca- 
pacitor C. is a 18” length of twisted wire 
positioned near the collector lead of Q,. This 
slightly modified oscillator cireut is from a 
book describing, among other things, a tren 
sitorzed CDO which you may wish to use 
‘To keep cost low, 2 0-1 mA meter was 
vused_in conjunction with a. simple meter 
amplifier. IF you happen to have a 0.50 2A 
eter lying in the junkbox, that would wark 
‘equally well, and the circuit could be sim- 
sd accordingly. Several circuits were 
built for the meter amplifier; the one chosen. 
a compromise between cost and per- 
formance. A germanium transistor was used 
because it requires less voltage to turn it on. 
Leakage is low, the pointer of the meter 
resting just off zero when no col i in place. 
Fusther information canbe obtained trom 
Jamnary 1986-73 Magazine, which was the 
‘source for this eleait. 

A transistorized audio tone generator is 
coupled by a 2 uF eapaciter to the base of 
the oscillator transistor for modulation. ‘This 
modulated oscillator allows the GDO to be 
used as a versatile signal sores. An outpi 
jack is included on tho panel to allow the 
1 KFl2 tone to be used without turning on 
the oseillator. 


Fig. 


iS S/ |e {aw oe. 


MODULATOR (FRONT) 


Layout ofthe tno citat boards ated inthe gtott dinner. Attoougi feo boords were wie this 
‘the ‘tcl? could bo easly adapted t2 ona booed, and 


vn fo printed 


Fig. 4. Wiing the founporition aide etch for 
the. great dlpper 


The three plugin esis 
fr the 


ond harmarie. of 216 
Mite moy bo uted for 
fusing up 422 Mi cone 
votes eed eh 


2-40 Mie 


48-05 He 


Fig. 6 
lovely 
iin veer 


Fullacla dil forthe grest dipper F the 
ign shown in He. photography i folowed 
calibration of theve dal shouldbe 


‘There are a couple of components which 
not everyone will want to duplicate. One, the 
sub>miniature 10k pot with SPST switch, was 
chosen. beeause very Himited amon 

space was available; ifthe unit & built on a 
larger chassis, the more commonly available 
Midgetrol cord be used. The other, # four 


is a 200 variety available from Ls 
yelte or Radio Shack. It has a poculiar 
Switching arrangement and if you duplicate 
this project, several hours of experimenting 
could be eliminated by following the pic. 
torial diagram included in this article. A 
dlisndvantage of this particular switch i that 
the meter docs not indicate in the modulated 


iual scales on each plugin 
coll assembly greatly enhances scale leg- 
ibility, reducing the chanee of reading ercor 
and speeding frequency identification, This 
scheme; however, It not original. It was de- 
sevihed fa 1857 issue of Shortavane Maga. 
‘ine, and is currently being used on a. com- 
mercial GDO. Tt requires Jittle additional 
effort to build the coil assembly in this man- 
ner and is, to me, well worth that extra 
effort. For want of anything else, the coil 
forms were mado from the plastic tubes which 
‘contain the film coater supplied with each 
roll of Polarotd film. 

Lastly, ease of tuning is, accomplished 
largely through the use of a 1” skirted knob, 
Simall knobs are simply too difficult to use 
comfortably. 


Calibration and operation 

It ie best to calibrate this GDO by listen 
ing for the oscillator, modulated by the 1 
KHz tone, on a general coverage receiver. 
An alternate method is to use another GDO, 
placing one in oscillate and the other in 
tliode, tuning for either peak or dip. ‘The 
scales which were used on this GDO vill 
serve if parts and layout are follewed closely. 

To aso this unit as a dipper, place the 
mode switeh in oscillate, and place the dip. 
per coil next to the coll under test. The turns 
6f both coils shoald be parallel, and not at 
Fight angles to each other. To keep. from 
Pilling the osillator frequeney, keep the to 
foils separated as mich as possible, while 
sill matataining a meter dip. ‘This assures 
that dial accuracy will be kept high. Ifa coil, 
is inaccessable, twist 2 pair of wires togeth- 
fr, forming a'two turn coil on each end; 


‘of slip this coupling link over the two coils. 


Keep in mind that a coil, when it is in a 
ciretit, may not dip at the same frequency 
fis when itis out of this same circuit. 


as 


GREATER DIPPER ~ MODIFICATION 
John E. Boyd WAQAYP 


Introduction 

To the uninitiated, a grid dip oscillator is 
neither glamorous nor exotic, even if it does 
happen to be transistorized. But to those 
who have ever tied to put a coll on 
frequency, one is worth its weight in miero- 
cueults, 

The original model of the Great Dipper 
proved to be a versatile, if unexciting, grid 
dip oscillator. Intended to be used mosiy at 
VEE, the dipper was limited to frequencies 
shove 28 Mil2. To those who seldom oper- 
ate above 10 meters, the lack of frequency 
coverage below 28 MHz was a definite 
handicap. Expanding the frequency coverage 
downward extends the dipper’s usefulness 
considerably 

Component changes made were not 
extensive, nor were the physical dimensions 
of the unit changed. The schematic diagram 
of the modified circuit is shown in Fig. 1 
and the pictorial diagram of Fig. 2is included 
to supplement the photographs printed in 
the original article 
Moditic 

First, the oscillator citcuit board should 
be rotated 90 degrees from its original 
position so that transistor substitution oF 
Feplacement can be made easily. A micro- 
wave diode might be substituted for the 
original glass computer-iype diode; this 
results in better performance at VHF, but its 
effect cannot be accurately predicted, A 
IIN21 of 1N23 diode could be used in place 
ff the 4900 called Tor in the schematic, 
Best oscillator performance over a wide 
frequency range results from using a S pF 
capacitor as the collector feedback coupler 
Dut this was a compromise value. If oper 
ation is likely to be confined to either the 
LHF or VHF segments of the radio spectrum, 
some experimentation with this capacitor 
should result in improved performance over 
that particular range. For experimentation, 
use a 3:12 pF or 4.30 pF trimmer 


Fig. 1. Schematic of modified circuit, with com: 
‘ponent changes idlented by LI 1523 Mile, 
aie turne No. 20; 22-44 Ms, Sit runs No. 24, 

90 Ms, 14 turns No. 24; 90198 ie, 24 x 
Sain. 


Fig. 2. Pictorial vow ofthe dipper and it circuit 
otra 


To perk up meter amplifier performance, 
we 2N388 meter amplifier is replaced by @ 
2N918, a relatively high gain, low leakage 

Although the change was not made in this 
unit, « 6-100 pF (MAPC-100) variable copa- 
citer could be substituted for the existing 
5-50 pF unit, As can be seen from the 
fullsize scales, frequency coverage is narrow 
fon the 13-23 Mltz plugin coil, Those who 
Frequently construct HIF gear might benefit 
from te substitution, 


Operation 
Operation of the dipper is the same as 
before, except the frequency range is 


jreater, Another coil must be wound for the 
10-25 MHz range, but existing colls were not 
modified, Calibration i now different from 
before; fllsize scales are included with this, 
antiele for those who do not have a general 
coverage receiver of another grid dip oscilla: 
tor on hand for calibration. 

Oscillation is stil vigorous at 13 Mltz, 
which indicates lower frequencies may be 


— 


reached with 2 suitable coll plugged in, 
Similarly, oscillation is still noticeable at 195 
Milz, so operation at higher frequencies may 
be possible 
Finishing Touches 

Appearance of the dipper was improved 

enlisting the help of a draftsman, The 

dial and meter scales were professionally 
inked. Figure 3 provides fullsize coples of 
these scales 

“To improve the legibility of the labels and 
scales, they were inked on yellow cards 
rather than on conventional white paper. I's 
‘2 small point, but for those who use test 
‘equipment frequently, the black-on-yellow 
technique results i les eye strain 


EYCHED CIRCUIT UHF DIPMETER 
Moh Corbest WAHL 


made three models_of the dipper. They 
‘caver (U0175 Ma, 175.350 MHz, and 250. 
180 MHz. The fist two models use the sume 
Sno inductor, with the 130175 MME model 
sing a Targer capacitor for Ualing ith ce 
amie tvimmer across it. This trimmer is not 
shown tn the schematic is value is 7-15 DP 
wd it should be adjusted to eover the proper 

The 250-480 MHz clipper uses smaller 
inductor than the others. It aso fas a copper 
jumper (shown i the layout) that the lower 
frequency cippevs dont have 

ach dipper is complete (including the bat 
tery) except for the meter. The meters were 
omitted to save space and money, but can be 


90-195 MHZ 
B82 
aoe 
%, a 


13-23 MHZ 


45-90 MHZ. 


22-44 MHZ 


Fig. 3 Dit sis for the various MH range, fll ze 


ra 


included if you wish to use a lightly larger 


Jy dipper uses one RCA 2NS478 NPN 
silicon transistor. These transistors cost only 
51.90 apkce, but its likely that other trum 
Sislons that are even cheaper could be used 
The 2NSI7S has odd basing—the only refers 
‘evce is the short case-shield leads0 don't 
Slorten auy Heady amt you're sure that you 
fn keep tack of the connections 
The copper side of the board for the 
dipper is shown in Fig, 2 seth the com: 
ponent side in Fig. 3. Use gs or Teflon 
based board. Paper or bakelite board 
probably wouldn't be sitisfactory. Trim the 
board to the proper shape with a nibble. 
de coated with coil 
dope to keep from shorting it when you use 


Fig. 1. The etched cireult dipper is very sim 
ple. tne eweul is almost dential to the 
See deserived by WAICCH in the December 
1965.72, but the conetrocton fe quite dt 
ferent. Cie Jehnson 160.104 (9 pF) for he 
two higher frequency dippers, and 160.107 
i pf) fer the 150180 Miz modeL. There 
‘Sa tnmmer across Cl in the 130180 MH 
‘adel see text 


To mount the boards, soul have to ent a 
‘hin slot near the edge of the Minibos sed 
as a case. One wny to doit fs to dell « num: 
ther of holes of the proper size iv rw. then 
tse fe tfnish the sot, Yow have then 
Uist side of the Minbx oat to get the board 
fx Its held fn place hy an exten set nf nuts 
fm the shally of the potentiometer aid the 
Uvining capacitor, Be stve to trim the leads 
projectiog’ from the copper side of the board 
that they won't torch the mata of the eas, 
The battery i held in pce with a simple elip 

sade Fen ser metal 
easy to use, But Before 


The Uree dippers shows here cover 130-480 
Ms, 


130-175 MHz 
175-250 MHz 


Fig. 2. The copper side of the etched circuit 
Scard used im the dipper. This layout is ul 
Sze: Use board suitable for nase Trequencies 
Aber glass or Teflon 


Plug a 2 to 5 mA moter into the meter 
Jock. You ean ase more sensitive meter if 
a shint it with resistor that gives. the 
Duper scale. Put the resistor across the me 
Jack terminals in the dipper tt yon tae 
meter for other things 
Tr th 


tipper by twisting the pate: 
liometer knob ckikowige until st licks The 
meter sland shine very low erent. AN 90 
thew the pats the cuwrent. should. anekleuly 


fnwmp to abnt 1 mA. That snes that the 
teansistor oils UF you tench the call 
Ue mcter reading should drop and the diper 


sy slap csclatig completely. Now tune the 
‘capacitor through ite range. There should he 
1 ile variation ib eurtent, but nt too enuch, 

Now you're ready to calibrate the dipper 


The cusicst method 1.3 seit 
oe job with a TW set 
to 216 Mlle (channels 


ATV set covers 
13) for the tow esl 
i nd harmonics of the 
linper ining 235 to 445 MHz can be received 
UNE TY set 470500 MHz. If sou have 

meter receiver, that gives vou another 
er at 146 Sit. You ean pit on the panel 
‘with, AmiTron of Datak rubvon 


mld he complete now, aud 
Bring the dipper near a ree 
sit in th nna tne 


‘cunt € dippers range 
‘nol. You should get promt 
uurvent sshen both cireuts are 

he aot af 


he Frequency 
red tthe sane Froquene 


tip depends an the setting of the pot in the 
Uinper, the distance from the tuned clr 
the uf the circu, avd the tspe of coupling 


a 


owe 


dick, You probably won't be able iy got « 
er beat at these frequencies, 

‘Be careful that sou don't we the dipper 
around an energized tranvitter of more ba 
afew watts outpat or the dipper may’ be 
dlampaged 

These dippers are simple inexpensive 
non-critical to build. After you've build the 
youll wouder how you ever tied to hold 
UH equipment without a god dipper. 


UHF GRID DIPPER 
J. Fisk WA6BSO 


When building o testing equipment forthe 
420 me band, amateurs invariably run ato the 
problem of, “Where am I? Ithecomes a lit 
tiie to tell whether you are actually fn the 
band or somewhere nearby. ‘The untiliated 
will counter that yu shook be able to figure 
close enough, afer all the band is 30 me wide 
byut evea the experionced old timer will con 
fim that thie just bs" 3. 

The 420-450 me ammateur band falls 
toveen the VIF and UHE television aig 
ments and there is very litle to use for 0 
Frequency reference point. It is neatly impor 
sible to tll exactly where you ate without re 
sorting to expensive commercial sear or Kel 
wires. Nor is the problem confined to the 
meter band; when bing crystal controlled 
‘converters for 492 ur 1306, Ite nice to kien 
that the last tripler is really tripling andl not 
doubling or quadrupling. Even with 45 or 
50 me erystal, is quite easy to tune up 08 
the wrong barmonic, Remember Usit « 10 me 
change at 400 me is anslogous to a 400 he 
change on 75 meters, 

‘There are several commercial instruments 
that fil this requirement nicely, but the cost of 
the least expensive of these would buy a prelty 
respectable all band receiver. Occasionally 
suilable test equipment appears on the surphis 
market, but again, the price is prohibitive 
The simple UHF geidlipper described in this 
article was designed specifically ta econori! 
cally fll this need I cavers the frequencies 


Fie. 3, Component side ofthe dippers. There 
Ive 7-48 pr cersmie timmer detogs Cl in 
the iowestfrequaney modal. Seo the text, 


In many eases ifs exsist t0 leave the dip 
slationary and tine the other ei 

The dipper ean also be used for monitoring 
AM transmitters by plugging 2 set of head: 
‘Phones in the meter jack and edjuting. the 
Tuning aikl pot You can alsa use the dipper 
for determining the Frequency of another os 
lator, Shnply tune the osllating dipper wil 
headphones plugged tn wntil sou het! a slight 


em 


Sehematie of the rt hecd of the UME ovis 


High-end soldering and desoldering Stations 


family for highes' 


Insta inthe handle. This row 
lows fr each individual -TOOL 
to be caltrated independent of the 
soldering station, 


‘n contrast tothe concept flowed 
bythe cartidge-ype scdering tps, 
only the tip ise is exchanged at he 
|-TOOL, The costintensive heating 
clement remains 


‘The double ton soldering ston 
{sCON2 canbe operated ether with 
‘second i-TOOL or wth he SMD 
desoldring tweezers CHIP TOOL 


sa CON2 with :TOOL and CHIP TOOL, 


The sans of the LCON product singe station CONT is delivered to- 
family ar Ersa's innovative soliton geer withthe “TOOL soldering on 
fociteligent manual soldering. The The FTOOL is estemely small, ulta- 
need tobe able to cope wih higher ght and ergonomic. his powered 
‘working temperatures and wih pro- bya 150 W micro eating element 
‘gressively smater process windows which realizes short heat-up mes 
when working wth eatfee solders, _(vthn 9 seconds up to 280 °C) and 
poses no problem whatsoever forthe rapid heat recovery. 
CON produc famiy 

‘The microprocessor which stores 
Thei-CONis avaiable as asingle the temperature cabraton ofthe 
station or as double on station. The rans located in he PCB which is 


"Y1-TOOL soldering ion wih 150 W micro heating lament technology 
‘Low-cost exchangeable long-fe ps ofthe TIP series 


| Min Om pr 
Tie pone ome 
_— 
ai + Herter od uae ner on be wag, shea 


"Stand-by contrat for tol, heating plate and solder fume extraction system 
‘V -TOOL caltation 


OY sant amen seg epee 


Automatic tol recognition 


from 300 to 650 me at a total cont thats 
Comparable to a low-frequency kittype gril 
dipper. By using junksbor part anal amar 
harsetradesmanship this cost may be substan 
tually eeduced. T should hasten to point ont 
that substitution of parts in the tuning head 
should be avoided if accurate dial calibration 
Is desired, 

‘This particular gvid-dipper as been dup 
cated sever times andl St exch case cal 


ori " wate asthe 
familiar Kittype grid-dipper. This is helpful 
tu'the ham who does not have access 19 com 
mevetal equipment for ealiration purposes. By 
tasing the layout and parts described in this 
ticle, the precalbrated! dist ilustrated in 
Tig. 8 may be used with a minimum of error, 

Althowgh an accestory power supply, snd 
lator and tnlicator are included i this design 


si enterprising ham could use the poster sup 
ply and meter presently available i any lower 
Frequency tube tspe yrid-lipper. Although 1s 
ing a modified low-frequency dipper is simple 
tnd inexpensive, the power/ indicator hex spe- 
Cifcally designed for the UHP toning, head 
has several features that are not available in 
Inespensive Kitsype units. These include fn 
temal 1,000 eyeie medultion, provision for 
fexteral modulation, and. voltage regulation 
‘which provides the necessary stability at the 
‘ltrs high Frequencies, 


The xf tuning head 


The heart of this instrument lis in the tun- 
ing head tsll. There is nothing. particularly 
new oF diferent about the circuit Uist at these 
Frequencies stray inductance and. capaeitance 
in Greult layout and construction wil seriously 
alfect the ene result Al the lead lengths must 
hoe ar short as humanly possible and plssica) 

it Inyout must follow standard UE 
ractie, One of the big problems in building 
able oscillators at UNF isto obtain ax om 
tillator that will me from one en of the 
ange to the other ssith no “holes” Frequency 
jumping or instability. The series tuned! OCW 
nnuvistor oscillator shown in Fig. Bll these 
requiem 


Insofar as pons, all he ting Hed 
ing 8 dove on pointtooit bast with the 
emponents mounted. dieey to the GCW4 
tube socket or button capacitor logs as il 
ated Fig. 3.'To obtain the dested acct 
racy with the precoated dia, ths diagram 
tinue followed ns clovely a8 posible 


To keep stray citeuit inductance to a mini 
num, all wiring between the coll and tube 
facket is done with one-quarter tach wide 
strips of thin copper shect. In addition, the 
fotor of the variable capacitor is connected to 
the OCW grid (pin 4) with a short strip of the 
sme material. ‘The only tricky” part of this 
‘wing is the installation of the series capacitor 
CA. Thiy capacitor & a 500 pleofarad button 
type mounted ae shown in Fig. 5. The °S” 
shaped: bracket A") i made from 2 one- 
‘quarter lich wide copper stip. one. and one 
Ill ncbes long snd soldered to the mounting 
slid of the eapseitar. Connostion to the CW 
plate (pin 2) is made with the soldering lug 
fon top the button 


Fp. 2. Power supply and mehlator for the UH ord dipper. 
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Fig, 3. Critieal wing eround the ECW socken 
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Flo. 4. Loyaut of the turer chasis, chas ever dil, connector Insulctor, oti suppert and oscil 


Fete Suppor ona 


Connection ta the stitor of the variable ex- 
pcitor ie aconmplished with another shert 
Sp of thin compe os iowa in Pi. 5 (8) 
‘Ths pices of capper is bent soi touches bot 
stator mounting pine when the unit is assem 
bed then it fs soldered i place. 

‘The, ollator and tuning mechanism are 
Docsod in a standard 2% % 31 904 inch chassis 
‘oe lid out a8 shown in Fig. Although the 
stho,’s onit Js based ona LMB type 107 
chasis Lor, other manufacturers have simi 
Tarly sized bores which are equally satable 
‘The Inyaot of the enclosure le sealghtforvard 
and no diftelty should be found ia duplicat- 
‘ng it, The aad and enil socket entouts ate 
rade by dling or punching sound holes and 
theo entting ont the area between them as 
Hosea i thy. drwsing. This ie eally done 
‘esth on Aclel “wing” tod All of the sal 


scree hile are drilled with a standesd # iach 
{lll to pss 4-40 sevews; Se inch Roles will 
lie resulted 6-52 serews are wed 

“The dial window is cut from a shoot of Ha 
Ina clear phstic to the dknensions shown in 
Fig. 4. A bateline fs scrbed in the center of 
{he window, # a mone aistinet line fe desire), 
tis seibe ak may’ be Billed in wath, blac 
india ink Alter the tsner guelosure #2 com. 
pleted, this dial window is epoxied in place 
‘ver the dial cute, 

“The coll socket is made by installing two 
Ihanama jacks (EF. Jobusoe type 108-740) on 
‘fe nck centers in the Teflon connector ins 
Intoe illustrated in Fig. 4 (2 Tedon Ie not 
available, Polystyrene may be used). This 
“Socket” is installed over the largo obloag hole 
cut in the end cf the chasis. The serow holes 
used for mounting the connector insulator are 
mateh-dillled to the holes is the insulator 
Self. In this way it is properly mated to the 
pelosure, Although nylon attaching screws 
‘vere used in the original model, they are not 
necessary ard regular metalic sotews Wil at 
lee any of the oscilator’s characteristics, 

"To reduen stray capacity to a minimum, the 
‘oscillator eireuitry is eunted en am insulating 
Sheet, Teflon was used for this purpose in the 
‘original uni, but epoxy board with the copper 
‘peeled off Would be perfectly suitable. Sheet 
polystyrene ie at too desiable i> thie lation 
because of its susceptibility to heat. Tse en 
velope of the OCW4 gets very ot and the 
Simbient temperatore within the confines of 
the sinall chassis is quite high 

“The general layout of the Teflon osillstor 
support and sociated support angle are alse 
shown in Fig. 4 The angle is cnt ont from 8 
piece of He iach alumisum shect and bent i 
{vise to form the angle. When these {0 

we ate mated together, the metal angle 
‘all probably interfere with the lower muvistor 
Socket mounting sesew It mist he elled out 
Wing the hole in the oseilator supgort as a 
‘guide, This addtional hele i not shown be- 
fuse fy exset lotion will vary foom walt 
tmnt and depends upon the acouracy with 
whieh the ports are lid ou 

“The dal mechanism is not complicated, but 
it is hard to ascertain toom the photographs 
fecilly how te put together, The exploded 
Seasving of Fig, 6 should help in this respect. 
‘The vesnier machanise is an Eddystone 20:1 
phaetary drive that provides both smooth 


Fla. 5, Exploded view of the connections between 
fhe dewitend the ca soc 


action and repeatability in a small package 
“Although this unit te jaanufactured. iw Eng. 
Jad, 3 is available from many of the larger 
electronics parts houses in tis county: 

‘Substitution of siilar drives should be pee. 
fectly satisfactory as long as they don't extend 
snore than one inch beyond the front panel 
of the tuner chasse, 

‘The verier drive is connected to the vari 
able capacitor through a inch polystyrene. 
Shaft 1 inches long. and the usual "K to.” 
Shaft couplers. Polystyrene or some other 
Sulator ast be used here because the rotor of 
the eapaeftor must be isolated feom ground, 
Because of the space limitations inside the 
closure, the coupler at the variable eapacitor 
fend of this shaft is only one-half of a standard 
‘coupler. A standard “sto "coupler is sawed 
fn two and one-half is epoxied to the end of 
the polystyrene shaft Save the other 
will be used for the dial drum Dub, 


designed 
for screwdriver adjsiment and its ech 
Shaft mut bo made compatible withthe 
andard coupe, This accomplished ith 3 
Srahing. aie um’ swt copper Asbo 
Deve of inch wile, fait ick copper 
Renp & formed sro the cups shaft te 
takes up the sack betsen the hate snd the 
foupler 
“Phe dew dst iv the igi) anit as 
made foe the metal top of «Johnson's Shoe 
Shine Ki (9 atthe Toca gee’ Int any 
nila owed yliner 1-946 inches in ane 
ter and about Te ches long sold be 
‘tbls ther dantere wll wd te az 
Facy of the preciaed dia, The “ski” or 
bation sen cutoff the wet a atthe cf 
tmferental notch a ch hole dled 
Inthe center ofthe top, The remaining hall of 
the % inch salt coupler that was Tet over 
from the possisrene shaft then epoxid 
place over the hole ty provide a dl da 
hole da the side of 
ie ches from the top, this provides se 
Ses thes coupler the ear ee 
the venir & 
“The precalfrated paper dil may now be 
cemented in pace. Isa gon) Kea to cement 
Sr plece of white paper the some Sess the 
‘tal between the dal and the drum, there 
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Fig 7. The cals forthe UHE gle prae 


the label on the can will show through the 
paper dial, Rubber cement is recommended 
at this point to. prevent excesive swrinkling 
ad distortion of the dia 

‘When all of the dial parts are completed, 
they ate put together ae thowa in Fig. 6. 16 
4 linle crowded im the small box, bit all of 
the parts will fe. However, in order to get all 
‘of the dial machinery into the bos in the right 
onder, a correct assembly sequence mist be 
Followed. Fust the polystyrene shaft and ca 
pler are inserted into the dial drum from the 
Fear. Neat insert the Eddystone drive 
through the hole i the front panel 
|X with the end of the polystyrene shaft. Place 
the bushing over the capacitor shalt, attach 
the polystyrene shaft snd tighten the couple: 

lo tighten the coupler at the back end of the 
dadystone dive thru the access hole pro 
ded ie the dial drum. Iostall the. vernier 
Urive mounting screws, Now completely mesh 
the capacitor plates, center the low edge of 
the dial in the window and tighten up the 


%0 


Drm cm ne mao 


dal drum hls, Disasembly must be accom 
plished i ceverse order 
‘The tuning hese is attched tthe indice 
{wr/posser watt through a foureonduetor eable 
theee feet hog This cable & attached to the 
box with a plastic cuble clamp mounted iy a 
ole provided immediately adjacent to the 
oscillator support angle and exits Chrough a 
Fubber gromcted hole at the feent end of the 
fclosure. Thore is not enough room at the 
Fubber grommet 10 use 2 cable clamp, so the 
posted to the box at this point Bo- 
=» however, cheek for 
Wand the dal 


‘slong the corner of the chase to 
fain eacugh clesranee 


Power indicator modulator 


‘The power/indicator unit is housed in a 
standard 919 6-x 5 tach wtlity box (Bud tepo 
AUSTOIO oF equivalent). ‘The layout of this 


Fla & Assembly of the dl 


rowitey 8 not at all erthal, and jst about 
tnything that suits the builder may be used 
The only pustcilar caution that must be ob- 
served f lwith the tranaatoried ke phase 
sift oscillator This unit ie built on « piece 
‘epoxy board (Vector 32AAI8) Ihe 
"i inches jong. 
le any 60 cycle plekup, this board {ssi 
ted on the opposite side of the chassis from 


iw the stor cae all the powerindcsto 
components were mounted of a4 x5. 1 
inch aluminum chassis "This chassis ws then 
tmowuted to the front pel of the elt ox 
sith the pone jack an power plug mow 
‘ts, Tw lage diameter holes (15 ich) ate 
bunched inthe rer panel to provide acces to 
the fine leader and to pai the. AG power 
ples. A chasis Handle (Bnd HS9108) the 
Topi robber fet onthe bottom jt about 
umole th cai Thar i ene eer aldo 
lee Fa i ob a on 
‘inch centers long the tear edge of he 

of th box provide convenient stage forthe 
fw iepueey detwrating cot A emt of 
roy paint aod some, Dak *Leirset™ ary 
traner bela are the ishing touches 


Calibration and operation 

Without uecess to existing 420 me equip: 
nent seth nuvi Frequency  charsetersic 
ceuict Caltbration a this bac impossible 


comme ne 


CR ec a 


However, this geid-dipper may be checked on 
the othe? ranges with the uid of an all-band 
television receiver. IF the circuit layout and 
onstruction teclniques deseribed are closely 


followed, good correlation can be obtained 


soe reasonable securaey snstred. The bands 
that are likely to be the furthest off are the 
lowest snd the highest. In the Towest the coil 
spicing ie quite critical and in the highest a 
‘Might change in length will move the fre- 
‘quency seversl megacveles An accuracy of 2 
SNU600 ene is pls oF minus 12 me; close atten- 
tion to the specified dimensions should provide 
sccuracy better than this 

Operation of this grid-dipper is exactly the 
same as any lower frequency vnit. It may be 
‘sed in determining circuit resonance, detect- 
ing parasitie oscillations or as a signal genera 
tor, Because ofits extended range, i has been 
found to be very reful iy determining the 
series resonance point of sf chokes and ce. 
‘amie bypass capacitors. 

Tn the detect mode, this unit will indicate 
sf voltages as low a5 80,000 microvolts. More 
Sensitive openstion may be obtained it is 
sed ae si oseiating detector. In this ease 
headphones are used and an audio beat note 
will be heard when the grilipper is tuned to 
the oscillator being checked. Is. the upper 
Frequency ranges, itis wsvally: difficlt to 0b 
tin an actual beat note, and only a. “tek 
will be discernible when yo tune by. the 
Trequeniey of the unknown energy. 
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Fig. 8, Full sie cal scale 
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Whei the oscillator és tuned hetween 605 
and 650 me, there 4s sulfcient second. har 
Inonie energy to provide a strong reference 
signal in the 1215 me amateur bond. This i 
particularly weful in the ieitial tanep of 
converters for this band. Use of the internal 
1000 evele modulation aide in_dstingushing 
the wridelipper signal from other rf sources 
that are present throughout the spectrum. 


WIDE RANGE VHF-UHF DIPPER 
Bill Hoisington KICLL 


Most dippers for amateurs that I have 
see) sv fat, not counting the $44X) ones, 
stop around 200 MHz just as you are about 
to enter the fascinating URE region. We 
ddo have the 432 and 1296 bands, s0 let's 
become more familiar with them. 

‘Miter all these years of i 
we Find ourselves without a grid, so 1 just 
becomes @ “dipper”. To retain the prestige 
of a hyphenated name we ean call st a 
“Aipper-generator”. Most grid-dippers have 
been used as generators, but this one has 
bailtin modulation, variable ioput-ontpat 
coupling, controlled Q, and. several other 
Interesting features, Best of all, it goes all 
the way up to 1296 Mit 

‘When this litte unit is completed it may 
be used as a dipper for determining the 
resonant frequency of VHF and UHF cic 
cuits, a an indicating frequency meter with 
fan adjustable Qumoultiplicr, a Held strength 
tweter and modulation monitor, a sensitive 
regenerative receiver, or a CW and MCW 
Signal generator. You can alto use it as a 
harmonic monitor or as a frequency trans 
fer unit from one transmitter to. another. 

Several circuits must be consiiered when 
building « wide band instewment such as 
this. For example, you should change ci 
cuits around 100 MHz and again at 600 
Miz, give or take a fow hundred. Below 
100 Mitz coils are good; from there to 
600 MHz vou can use % wave resonators, 
‘and after that the & wave job becomes 
rapidly the best method, ap to. 1300. MHz, 


Plugcin +f heads 

I have made no attempt to cover the 
complete range from 130 to 1900 MFiz with 
ne oscillator. By using plug-in tuners you 
roay vary the components to suit the fre 
queney. On 50 MHz. for example, you may 
tise a Tow cost transistor, «coll, and a 25 
or 50 pF eapacitor. From 100 to 600 Miz 
You use a better transistor, a M wave strap, 
fand 410 of 15 pF capacitor. In the micro. 
wave region up to 1296 MHz you use the 
best transistor. you've got, § wave Lines, 


Fig.l. Basie VHE/UHE eller laut 


Fig. 2.130 fo 209 Mie faning head 


and a small butterfly capacitor of 3 to 5 
DF 

IE you break the elzeuit at the right point, 
it simplifies thingy=then the two. lulves 
may he ceninected through miniature 7 
pin socket and plug as shown in Fig. 2, 
All four leads are reasonably dead to rf. 
You can leave out some of the audio if you 
like, but it's very handy to have a modu- 
lated signal. If you're running. triple or 
quedruple conversion, it's nice to know by: 
i's modulation which isthe signal and 
which might be a birdie, As far as dials 
are conceed-it makes calibration and 
reading a lot easier to have only one band 
‘or range per dial 


130 to 300 MHr oscillator 
Fig, 1 shows the basic K wave circuit; 
Fig. 3 the complete xf unit with contra, 
output and modulation 
‘The circuit teelf 4 very simplified, as 
seen in Fig, 1; there being only one’ i 


duetance, L1, and no choke coils This should > 


make for a’ flat tuning oscillator without 
power dips as itis tuned over a 2 to 1 range 
fn Frequency, and it does just that, With 
26 in the circuit there is a smooth 

power output curve from about one volt rf 
at 19 MFz down to ¥ volt at 300 MH%, 
The ef coupling jack J1_ couples the of 
enecgy both in and out. ‘Thie is because 
LI acts as elther a detector resonator oF 
cscillator resonator, as required. Actual- 

ly this of jack can be used as shown 


Fig. 2. 900 to 600 Mi exilatr with variable Tat. 


PI is a variable link to L1 and i 
plugged into J1; JIA bas a few inches of 
cable between the white ABS plastic front 
panel and the copper clad bakelite sub-panel, 
Because the phono plug is rotatable, & nice 
variation in of coupling can be obtained. The 
coax cable and JIB get the rf out to the 
front panel for easy use with antennas, 
probes, cables, ete. 

The emitter goes to a IK resistor then 
Uhrough a coaxial bypass capacitor which 
gets the de in and ont and Teaver the 1f 
Iiehind. These feed-through type bypasses 
are’ very necessary—do- not skimp of this 
item. 


300 0 600 MH unit 

Fig. 3 shows that this unit is essentially 
the same as the last, except for dimensions. 
Tused a 2NILAL here although many others 
will, work too. Tt tunes smoothly from 300 
to 600 Miz; uce the variable link Feature 
avin Fig. 2. 


900 to 1100 MHs 
For this frequency range we need a litle 
different approach. From Fig. 4 we ean 
see that we now have two X wave lines 
fon which low-voltage points can be found 
to attach the base and collector resistors. 
Most of the ¥ wave portion of the lines 
fon the transistor end are actually inside 
the case. The places where the base resistor 
and the 500 ohm collector resistor are 
tached to the ¥ wave lines can be found, 
or checked, by watching the rf meter and 
touching the lines with a pencil At the 
proper point no change occurs in the of 
output; ‘sometimes. it even increases, 
‘The diode circuit of Fig. 6 is not ideal 
TR works. 1 have several of these around 
the shack and they work very well for de- 
tecting 1206 Mhz energy. Even ordinary 
hook-up wire will support the assembly of 
Fig, 6 about X inch below the of lines; 
you veill soon find the best spot with the 
unit eseilating. The of input jack and_as- 
sociated loop L3 are fastenod so that L3 is 
in place over Li and L2, and it's coupling 
‘ean be varied in a semi-fixed fashion, 
‘At this point we should mention that as 
a “dipper” the cireuit is sil working fine; 
also a a signal generator. It also serves 
as an rf detector but as the frequency gets 
‘up into the microwave ranges it is not 
quite as good as the tuned xf detectors fea- 
tured “in another auticle in 73. Magazine 
Tdeally, you should use the dipper on micro- 
‘waves a5 a modulated generator and couple 
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Fig. 5.1200 to 1300 Mit ctilator and layout 


{8 fnto the unloown circuit, then a. probe 
attached to another tuned. detector stoula 
be coupled into the unknown cient. ‘There 
are quite a few Variations wing the dipper 
as an otlltor that you will find ‘useful 
Af you use a ithe ingen 

Tm the microwave. detector line, my exe 
perience indicates that the plunger tuned 
cont cavity Tne 18 the best, the tuned 
trough line next, and the creut of Fig. 5 
ext best As a dipper, generator and re 
Generative receiver Hts stil good at 1296 
Stiiz Jst fo check, 1 plugged an antenna 
into Ji, put an sudio amplifier aces the 
diode dnd copied small transistor oscil 
tor across the room. The base bias control 
‘works st avery smnoth regeneration ‘on- 
tral Smooth regeneration, as we. will see 
Jeter, i very topartant for maximum sent 
tiiey when looking for harmonics and sek 
Signals, 


1200 to 1300 MHs unit 
Fig. 5 shows the 1296 unit; I have used 
this cireuit for many months as a dipper, 
variablefrequency generator, — modulated. 
‘oscillater source, and as a regenerative re 
ceiver for 1296, In this circuit I used 
negative de grounded collector return. Don't 
short the base plate to the modulator base. 
Note that one end of the diode is tied to 
the ‘base plate; this lead is brought out 
as the minus 12 volt lead. You can also 
use it ungrounded as ia Fig. 4-you can 
vse a 5th lead in the 7-pin plug and keep 
the diode isolated from the minus 12 volts. 
Soit yourself, just remember that ol units 
hrave to use’ the same leads, as they all 
plug into the single modulator rf unit. 

T just plugged a litle 12 element Yagi 
antenna into this dipper and it works nice 
and smooth as a regenerative receiver. 
Please note, this is only for test purposes 
‘around the’ shack. You can hear ‘with it, 
‘but mot that good! 

Thad to put « choke in the cathode lead 
fon this one, and tune it (the choke) with 
2 pitce of copper foil. A choke was needed. 
in the cellector lead too; after all this is 
the L-band microwave region. 

‘The xf input jack J is mounted on 
bbakelite upright. Be careful of vertical metal 


pieces attached to the base plate; they only, 
need to be two inches long. or’ so to be- 
come Marconi anteanss on 12861 Bring the 
base resistor and the collector choke away 
from the Hines in a perpendicular fashfon— 
sthelps, 

‘The totel length of the diode and its 
two leads, from ground to the tiny .001 
‘expacitor C2 is about 1K inches; it is spaced 
about 9/16 from the ground plane, The bot 
tom edges of the ines are’ about # inch 
rom the ground plane. 

‘The transistor presently im the unit is 
a selected 3N2398; about half of the dozen 
or so T have here go to 1900 MHz, a couple 
go to 1400, and the zest to 1100 or 1200. 

Dont bo alarmed thet L1 and L2 are 
longer than those of Fig. 5, the smallor 
Butterfly capacitor does that, You ean make 
a choico as to capacity, length of brass, 
and desired rf range. You can uso a 5 oF 
10 pF capacitor for Cl, shorter lines, and 
tune over 1800 MHz. In fact, I have reached 
1600 MHz with this elrcult! 


Modulation and control 


Fig. 7 shows the circuitry for biss con- 
‘ol, modulation and audio. Don't Tet it 
scare you, It’s just the same old deal of 
doing what has to be done for eontral pure 
poses, and from then on just turing the 
[knobs to get what you want. 

T have found that a very good plug and 
jack can be made by using an ordinary 7 
pin socket and a Methode 7 pin bakelite 
hug. Unfortunately, I have never found a 
‘miniatura tuho with 2 bakelite base; they 
are always made of glass, so you will prob- 
ably have to buy the 7 pin plug. 

‘The minus 12, volt lead goes to the col- 
lector meter jock and then to the minus 
12 volt of the power supply. This puts the 
if panel ground at minus 19 volts and the 
audio af panel at plus 12. OF course, you 
don't have to ground the plus 12 on the 
tsudio panel, I just have that habit. 

‘The base return goes through a 9K re- 
sistor and then to the bias control potenti- 
ameter, The diode de/af output goes to af 
fack J2 and the meter MI through the 
meter sensitivity control. This potentiometer 
is selected to suit the meter; 1 have used. 
8.10 K unit with « 500 microampera meter 
Note that part of this resistor should be 
used when ‘af output is desired, otherwise 
‘the meter shorts out the af 


‘Audio medulation 

‘You might think that just about everyone 
Knows how to build an auidia oscillator 
Mine did oscillate, but the tone! And the 
wave-shapes, hoo-boy! T used an af trans 
former with the collector on one side and 
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the base on the other. So, once again to 
the handbooks and once agein practically 
tileh, T did. get the idea for a phase shift 
Secillator out of one of them, even if the 
cirenit didn't work at first, Alter consider- 
able experimentation L esn recommend the 
cireuit shown in Fig. 7. tt works! In add 
tion, the modulation may be adjusted to 
exactly 1000 MHz. ‘This is very useful as 
many microwave test amplifiers have built. 
fin narrow band af audio filters centered on 
1 KHz. There is also 2 modulation gain 
contral. This helps if a nice tone is desired. 

‘Almost any small transistor output trans 
former will do the jeb for the af transform. 
fx, but don't go over 400 ohms impedance 
in the collector winding. Note the 1K re- 
slstor between the collector and the phase 
shift netivork; this reduces feedback to the 
base and may have to be increased or de- 
creased dopending on the gain of your 
transistor at 1000 Hertz, 

T usually run the 1f curvent (collector 
de) between one and two mils with the 
2N1726 transistors; other. transistors may 
take more. A number 48 bulb in the col- 
lestor Trad ay ‘ave you 2 $9 tans 
With the 2NI11 the rf output keeps elimb- 
Ing up to 4 or 5 mA colloctor current. You 
vill readily find the bast place ta. operate. 
When the collector mils keep climbing and 
the xf output starts to drop off, back off! 


Operation 
Dipper 

As general le “dipping 
the VHE region and gett roe dificult as 
You info the mcoware region. On TT 
eu coople ons call end on to the aber 
on VHF you ining at'neer, and on UH 
ou fave’ to work to get the necesiy 
Sovplns or me probe 

WEih nothing hear the dipper, swing the 
di through the range to tke’ sure ft has 
fo dips of its own. The VHETUHE unis 
withont cokes described here do not 
tray have such ips Unwanted dips 
bie Gaused by chokes, rexant feed wire 
Kenuf me supports, ond of lke ond 
tables among her hg 
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When you da get a dip after coupling 
to the unknown clresit be sure snd chi 

the resonance of that cireuit for a 
check while watching the dipper meter. If 
the test cirewit is a tuned circuit vary the 
toning and sew if Ue dipper will fllowe it— 
it should. IF all else falls, use the dipper 
fas a generator, Sivce it is very difficult to 
get the far end of a cable matched exactly 
over much of a frequency range, expect 
Find external dips 48 the dipper sehen using 
a cable 


Indicating frequency meter 

Always keep the transistor plug 
tn the base bias at zero so the 
doing the work. When you ad 
callector capacity will cause the dipper fre 
faueney to change nm ltlle-mare with some 
transistors than others 

For Finding a weak signal you can se 
regeneration by. turning up the base bias, 

X watels out for slight frequency changes, 
ig regeneration cin be very. tndy for 
Finding weak osellators or hard-tofind xf 

Use the #f input loop with eae; 

st coupling isthe best. Remember that 
ome eables snd terminations sill detune LI, 


Field strength meter and modulation 
monitor 

The first part is obvious; use a small 
antenna or probe, get some signal in, and 
0 aliead. Do not use any base bias to start 
‘with. If you are working with a very weak 
Signal you might have to push the bias up 
for regeneration 

The modulation monitor is simply our 
oltendescribed. system of diode detector, 
transistor amplifier, and paddled car-phones 
Yous can actually heat what your ows trans 
amitter sounds ike to others. [use ion 
every new sig aul after every eizcuit change, 
You don't ticed much of an antenna or 
probe whew listenig to your own rigs dont 
‘Overload the diode shen checking modi 
tion. In fact, use light Ff coupling and plenty 
of audio gain to hear yourself as others 
heat you, 


Regenerative Receiver 

Plug an aucio amplifier into J2, Fig, 7. 
advance the bias control, and tune. I have 
heard several UHE TV stations from Mussa 
chusetts up here in Peterborough, so it is 
really sensitive. One nice feature of this ci 
Cit that the regeneration tins inte 0 
tilation very smoothly. Stability {8 good too 
You can heterodyne a erystal controlled 
love meter signal and copy CW with it. Not 
had for a Ht MHz blooper! 

To transfer signals from one 


teansmitter 


(A) to another (B), just tune in A, then 
shut it off; listen for Band. time ihn 
That's all. Harmonie monitoring is easy 


Just tune over the suspected range ithe 
ronenerative condition. Tt is pasticulaly 
good because only ane frequency is present 
ithe receiver. This mot the «ase sh 
ting a super bet 

Irarmonicn 


receiver for 


wnstoning 


Signal generator 

Que of the big feutures of this eiveuit 
fs the presence of an rf meter sight jn the 
proper place elreuttavise, The “modulaticn 
also helps, espectally when running triple 
tr quadruple conversion in a zeceiver. The 
‘modulation contol is very convenient, at 
full on its spreads the signal ncrose 20) or 
30 KHz on a selective receiver. For check 
ing. difficult to get at circuit, use a cable 
and probe, cither capacitive oF saductive, 
to get the sigmal into the unknown cireut. 

Toften use one of these units for an: 
teana and receiver tests. I just plug a Tlle 
two clement beam into tho rf jack and set 
it ont away from the shack, offen one or 
two Funded yards away. Theve is nothing 
like twang up pre-cmpe with your antenna 
system epnnevted, Fur antenna tests iis 
ted Hn reverse 


EXTRA SERVICES FROM YOUR 
GRID-DIP OSCILLATOR 
WW. B. Cemeron Was uzos 


(One of the bandiest instruments around 
fhe average tam shack is the grid. ip 
oscillator, but many hams do net get all of 
the advantages this little instrument ean 
offer. Mest people know that i¢ is useful for 
finding the resonant frequency of an LC 
ccreuit, or Tor generating a signal someplace 
in the range, although it is not quite a 
substitute for a well calibrated signal gener- 
stor in tis respect 

Many people do not realize that the grid 
‘lip oscillator makes an excellent erystal 
calibrator as woll, The cypica) grid dip 
cscillator uses a two-torminal coil and a two 
section variable capacitor, connected in the 
form of a Colpits oseillator eizcuit, with the 
variable capacitor providing the voltage 
division for proper feedback. This same 
clzevit, with a quartz crystal replacing the 
coll, becomes @ very satisfactory crystal 
oscillator. In this case, the variable capacitor 
becomes © trimming capacitor capable of 
potting the crystal on the proper frequency. 
with considerable zecuracy and also allowing 
4 fairly wide latitude higher or lower for 
checking bandpass. 

‘The mecer reading gives an index of 
crystal activity. What is required is an 
adapter to mateh the pins of the crystal 
holders to the cail socket of the arid dip 
oscillator. 1 have made up such an adapter 
for my particular unit sick consists of a 115 
inch by 4% inch piece of masonite which 
carries two banana plugs to insert into the 
foseillator Socket, und several different sizes 
lf crystal holders, ll connected in parallel, 
fo accommodate oxy crystals 1 happen to 
hhove around the stack. [carry in my tool kit 
various assorted crystals, Those give me 
spot frequencies for band edges and other 
reference points on all of the amateur baads, 


Cyst sockatmdapter. for grid 'dip coilator x 
vende the uni’ eapehiy by enabling 1 to red 
crystal acu 


In checking the highor frequency bands, 1 
find it useful to acd a diode clipper and have 
‘one permanently wired on the same adapter 
board. This it 2 ING which simply goes 
from one side of the erystal to a terminal 
point st which Tan sttach an antenna oa 
Fead to the input jack of the receiver. By sim- 
ply attacking a short longth of wire approx 

{mating w quarter wavelength at this frequen: 

ey, | ean provide a strong enough signal trom 
the shack to enable me to cheek out my 
direction finding Ioep in the automobile 
fifty eet away, 

Tn toning up my 2 meter PM gear, 1 
plug in a 3063.25 arystal (which is the 
transmitter oscillator crystal for my Link 
2m FM unit) and thea couple from the IN69 
to the input of the receiver. This provides a 
signal stronger than most of the local signals 
fon the band, end adequate for intial Lune 
up. For finer adjustment of the bf stip, 1 
slip the lead from the IN69 10 the chassis 
lose to the antenna input jack and the 
leakage provides signal of the order of 
2 HY, which is useful for final adjust- 
ment of the critical tuned circuits, the 
squelch control, and others. For best results, 
leave the oscilator and the receiver on for 
‘half hour oF so to warm up, and then with 
the viviable eapaeitor in the grid dip oscille- 
tr, | zero-bea? the incoming signal of «station 
gwnerally considered to be on frequency 
Once this is dono, | have 2 signal source on 
the bench with which to check the receiver 
for passhand balance as indicated on the 
mcroammetar connected 10 the ditcrimin. 
tor output, 


GD0 To FIND 
F.C. Reyer G300R 

fost amateurs have a grid dip 
oscillator lying around, and an easy 
iecessory can allow if to be used to read 
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the values of unknown capacitances up to 
about 1000 pF. This is useful for 
‘unmarked surplus, these with obliterated 
markings, or to find the swing of small 
variables. Or we may check the best value 
found in some citeult position with a 
preset or variable, then measure this and 
Substitute a nesr value Fixed capacitor. 

Figure | is the circuit. C1 and C2 are on 
the lid of an insulated box, carrying also 
spring terminals for CX. The capacitors 
have good knobs with pointers. Coil L ean 
be aif a dozen tums of stout wise, 
self-supporting, or enything which comes 
within 3 convenient range of the GDO (say 
2$10 Mliz) with both variables fully 
losed, 

To calibrate, close CI and C2 fully 
‘Tune the GDO for the usual dip. Note the 
frequency on the box for future use. Take 
a few 1% capacitors, such as [00 pF, 200 
DE, and so on, up (0 2 total of about 1000 
DBF. Clip one £0 CX. Open C2 to restore the 
Sip on the GDO. Merk the capacitor value 
‘on C2 dial, Series and parallel capacitors 
ive mote values. For example, 100 pF pis 
200 pF in parallel gives 300 pF, while 500 
plus 200 gives 700 pF, and so on 

Restore C2 to its fully closed mark. 
Repeat te calibrate Cl, this time using 


Tete 


Fig, 1 GDO to fina ©, 


capacitors tuch as $ pF, ete, up to about 
50 pF. When you see ow tie scales mark, 
fstimate intermediate markings, to Gillin 

Once calibration is finished, its easy to 
find a capacitance value from about 2.5 10 
3000 pF, Close C1 and C2. Put the GDO 
near L and tune the GDO for dip. Clip the 
unknown eapacitor across CX. Open C1 or 
C2, as appropriate, 1o restore the dip, Read 
off the value from the scale. That's all 
there Isto ct 


GDO COIL EXTENSION 
Bil Turner WAQABE 


avid dipper is a groat piece of test 
{equipment and) belongs wherever rf 
equipment is to be designed, canstrcted, or 
serviced. All writings on the subject seem to 
be prefaced with this comment, and L 
hesitate to break tradition. Now that the 
formalities are aver, we vill proceed with 
the subject matter 
Probably the one mast inconvenient fea 
ture of al rid dip meters isthe physical size 
of the instrument. This holds true Tor the 
two unit commercial models as well a3 the 
more common self-contained types. lie not 


so much that they are large but rather that 
the head will not always fit info the nooks 
and crannies which seem to be designed into 
most equipment. This situation will more 
than likely become more severe as integrated 
circuits come into. more general use. At 
lower frequencies the coil assembly is ue 
vally Jong enough to reach to within shout- 
ing distance of the desired circuit, but as the 
frequency is inereased the dipper coil shrinks 
to perhaps an inch protruding from the cass, 
‘Try getting this even near a circuit buried 2 
for 3 in, deep in a chassis and you will fuly 
appreciate the magnitude of the problem. 


‘There is 4 way of relieving the difficulty 
which requires neither a great deal of time 
ror expense. It is only necessary to put to 
use some basic theory which each of us was 
required to know in order to get a ham 
license. Required are perhaps a 3 ft length of 
small coax (RG 174/U), 6 in, of hookup 
wire and a ballpoint pen casing. The innards 
fof the pen are removed and the business end 
reamed slightly to aecept the ends ofa in. 
diameter one turn link formed of hookup 
‘wire. Inside the barrel of the pen the ends 
ate soldered to the coax, insulated, and 
cemented in place. The remaining wire is 
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formed into a 2 turn link which fits snugly 
fon the coil form of your grid dipper. This 
link is soldered to the opposite end of the 
coax and secured. Shrinkable tubing is per- 
fect to caver the joint. 


‘The next time you face this perplexing 
problem hold your head high and fear not. 
Merely slip the link over the coil form, place 
Your probe 30 a¢ {0 sllow coupling into the 
‘desired citeuit and proceed 25 usual, The only 
difference will be a more or less fixed load on 
the oscillator which doesn't affect its ability 10 
Indicate resonance, As always, best reslts are 
‘obtained with minimus coupling. 


SIMPLE NOISE GENERATOR 
Gourge Rubi K9ONT 


As anyone knows that has done any’ work at 
all on receivers, whether it fe a conversion oF 
simply substituting a “hotter” tube inthe front 
end, swe got to the point where we begin to 
‘wonder if the adaptation was worth while or 
have we been fooling ourselves 

A noise generator using one of the noise 
leds (INI oF 1N33) can give an indication 
any improvement has been made. 

‘The circuit is straight forward, but with one 
addition that others that T have seen do not 
have, The voltage is regulated by a Zener 
diode 

The reason is obvious to anyone who has 
worked with the simpler type of noise en- 
crator. The results are not always consistent 
‘fom measurement to measurement and from 
dlay to day. The voltage and caerent vary with 
the setting of the variable resistance and due 
to the normal agiug of the battery. 

‘The Zener Diode eliminates this by maine 
taining a constant Hine voltag Tn our particalar 
instrament it si volts. 0 equse. we must 
use a batery i excess of six volts. Nine vats 
fa goed value, Tave found. that wsed 
transistor radio batteries stil have exough life 
‘in most fnstanoes to last for many tests 

One. of the main requisites of a noise 
sgoneratori6 that it must be shielded through 
Sout, ‘Therefore we must give some thought as 
to the placement of the various components 

A Mini-box 24 5 24 4 fy an ideal size, As 
for a connector Vused the 80-239 coaxial. 1 
find that this connector allows more Rexiblity 


To pvoid excess wear ond tear on the zener 
Bode ond the battery @. 200 chem rear 
Soul be imered between the By baliery 
Ear 


Chapter VIII 


Noise Generators 


than any other IF» direct connect 
receiver is desired merely attach it through 
the double connector type DKF-2 made by 
Daw Key. On the other hand if iis desired 
have the controls of the noise generator clone 
at hand merely connect 2 length of Coax of 
fighteen inches or 30, 1 havent been able to 
‘iscover that # has affected any measurements 
to any degree. 

In the construction of this noise generator 
just remember a few basic rules. Keep all 
‘connections as short as possible. The noize 
Giode and bypess condenser and resistor (50 
‘or 75 ohms ax the case may be) as close 3s 
possible to the output phig. Remember to use 
pliers to absorb the heat when soldering the 
Teads of the aces. 

“To mount the silicon diode, which has one 
largo endl and one small, we must improvise to 
certain eatent. For the small end a lug from 
‘one of the old tube sackets will do, Far the 
large end use a smal fuse clip. 

‘Don't be too fussy about’ the variable se- 
sistor. For most purposes any value from 10M 
1p to SOM can be nse. 

‘The battery you choose will determine the 
‘mamer of mounting, 

No need to give detailed instructions as to 
the se of this noise generator. There are 
ample Instructions to. be found in varios 
‘magazines as well as handbooks. 
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A.CRYSTAL DIODE NOISE 
GENERATOR 
Karl Nipple WSTEV 


Most amateurs who do very such oper: 
ating at the higher frequencies where re 
ccivorsonsitivity rather than QRIC often Jeter- 
‘nines sucess eventually come t the conelson 
that thelr prosent racaving coulpment i mot 
fas sensitive ag would be desirable and that & 
‘change is in oder. And onge thas change has 
ten made whether it takes the form of a nest 
convertor 3 modification of exiating 7 sages, 
fone nearly alerays Wonders whether the ewe 
‘ally is Hotter than the old. Comparisons of 
Signal strength with new and old’ equipanent 
fre erratie and unreliable at best and do Bot 
hecessarly give the desized information eines 
the absolute output level or "S mnoter reading 
fe'not the problem. What i= actually of cone 
‘ern ig whether the signal to nese rate of the 
Feceiving system haz been improved. Or in 
‘ther words, does s given rf signal prodace a 
full ini sgn’ fom the new rece 
‘equipment that is louder im eompacicon te the 
Iekground noise than did the tame Toput 
signal with the original receiving equipment 
I it dows, the noise fare of the new receiving 
‘equipment is sialler (beter) and i shold be 
‘esse to eoyy'a sieaker signal than before 

‘Unfortonatoly few of us own or havo access 
toa signal generator of the proper frequency. 
age, With an neeuratelyeafibrated tense 
Alor sind shielded eutpat, for maleing the typ0 
Sf moururments mentioned ave. For the 
‘hajorty of amatecrs something Toss expensive 
fand nore ready 
holve generator, 
{ese dllare and’ whieh wil enable anyone t9 
tnake before and. after comparisons of nolse 
Figure, is euch « davies, 

Beefy, the theery vhind the use of the 
noise generator follaws. Tho seniitivity of a 
receiver is highly dependent on the ability of 
the ef stages to amplify a wesc signal as rruch 
Sn ponible while adding & miniaum amount 
(Of holse to the signal Noise of thie type will, 
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be heard at the receiver output as « familiar 
hiss oF “rushing” sound. Now, if an external 
fource of broadband or white noise (random 
holee independent of frequency) te connected 
{io the receiver sienna tarminal, an increase 
1m noise or hiss wil be neted at the recsiver 
outpat And if tho noise gunerator oatpat fe 
‘ijusted to provide exactly twice ax much re 
‘sive output noise ay exiated before the appll- 
tion of the noi generator, then tho gener 
tor must be providing a nolsa signat equal 
to that generated in the recever. Thus, i the 
Fecelver can be modifed so az to reduce the 
folse generator signal required to double the 
receiver noise outpat, the nolse figure of the 
Pecever ‘will have been tzproved. 

“A noleo generator of the type described in 
this aie ear not bo used for meaurorsent af 
absolute noise fizare without additonal calle 
rating eouipment. It ean, however, be sed 
for comparison of noise figures. enables one 
to determine whether a restiver relly has been 
Improved and it canbe used to doternne 
‘which of a number of postible mdifentions 
Sill pel the best rosa term of minima 
oite gure (maximum sensitivity). Usp of the 
‘device vil be discussed in taore Gea Later 

"A baole noise generator eizeuit is shown in 
Fig. 1, The noise Is produced by CI, a silicon 
Aloe of the INBL or INS varlety, These diodes 
have been widely avallable on the surplas 
market for eaveral years. They are also realy 
valle new at small cost; however ae sil 
be explained later it may be desirable to use 
‘eorpler eloge rather than a new one. 
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‘The current supplied to the diode seoma the 
lustery and therefore the noise generated Dy 
the diode is determined by the seiting of 
RL The best value for Ri is ‘necessarily 
compromise sineo In ite maximum Yelstance 
position te must limit the eurvene toa Tow vale 
but it must aleo not change vesistance too tap: 
lly at the ow ‘ranstancs end of the range 


or the normal operating range of the instea- 
ent wl be limited to sely a few degrees 19. 
{ation of tho RIahaftA'10,000 ohm log taper 
ot should prove satisfactory. 

‘The valut of R2 should be about the sume 
faa the transmission line impedance. A. good 
‘value might be 66 or 68 ohms, although Sit 
Te decired to uso the elie goserater with 
‘equfpment which normally operates from Migh- 
(F immpedance lines, a larger value should be 
Selected for 2 In this ease one ight com: 
promise with a valve of 100 ohms. Cl serves 
fe bypass eapaclter and may be either tien 
(oF digo ceramic, 

‘Atmore slaborate arrangement was wbed fn 
the construction af the Srit shown in Photo, 5 
4A schematic of this generator appears in Pig. 
2 Heres tapped battery (2 pencell) was used 
‘to minimize the range to be covered by RI. Tt 
should alse be noted that the ciode ie shows 
reverse biased in Fig. 2 Many of the surplus 
diodes available have very poor reverse Te- 
EHstances, which will allow reverse bias opera 
tion, and When operated under thoee ond 
‘dons, ‘Will fonerate considerably ore noise 
for the same Has current then when operated 
‘nthe more conventional configuration shown 
in Fig. 1. The diode must have a reverse e- 
sistance of only’ a few thousand ohm or less 
ie it isto work sacceasally in the veverse Bias 
connection, Therefore unless the reader can 
‘btain come surplus diodea and teees on with 
1 low severse resistance, 1 will probubly be 
een operate te od forward bind 
4nd to ure the higher battery voltage of Pig 1. 

“The meier range depends upon the battery 
voltage and the resistance of the dlodo it 
Whidkover conneetion i le used. The moter used 
In'Pig. 2 wan a O-t ma surpige meter. How 
fever, af the diode is operated in the forward 

faced connection ameter of somewhat high- 
fer current rating” wil probably. be. needed. 
Therefore, itis suggested that a Tow range 
‘moter be obtained an if more than full seale 
Crvent i roquved forthe dads Yo develop auf 
Felent noise, a shunt resistance can be placed 
across the toler terminals t extend the meter 

mage. An inexpensive meter can be used since 
I that fs needed Is a relative indieation of 


For those not familiar with the TN21-1N22 
type diodes it might be mentioned that they 
hhave no wire leads. ‘The anode connection Ie a 
‘Brase shell on one end of the vinie and the 
tathode connection ts 4 brasn pin st the other 
fend, Although extersal connecdg wires might 
Wevauldered to the brass ends, there fs danger 


thar the diode will be over’ heated and de 
royed hy such techniques, Ie fs safer to take 
fonaetions by clamps made from small plate 


fr grid capa ox faastock lips. 


jon that there in nothing erties! about the 


and that x number of diferent circuit 


tions are possible. Exon if the device were 
Constructed entiviy of new “somponente the 
ont shoul be less than $8 and. with w lie 


Sngenaty the cost cam be reduced substantially 
thromgh the soe of sorpivs Part 

Perhaps use of the noe generator can best 
be luatrated by considering an example of 
noise generator application. Suppose that you 
‘want fo use ether ane of two avatiahle 6 meter 
Converters with your Tow hand receiver” snd 
that you wich to determine which converter 
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‘vill provide the best weak signal reception. A. 
Ee fetup ie shown in Pig. 2 

The ae vollmater te used to measure the 
aio outpas of the receiver aod may be either 
‘tmaltimetor or 2 VIVA. Te eam be connected 
Across the speaker terminals or nevoss the head 
home line, Highor voltages ean generally be 
Sdtained from the headphone output and this 
‘connection will probably have to be sed IC 
‘s'multimeter withowt avery low ac range (@ 
‘eed 

“The measurements can be started by menau- 
Ing the ne noise output vallage Tram the re 
celver with ‘the noise generator duraed “of 
hen. the noise enerstor shouldbe. turned 
“on” and the generator level adjusted nti the 
cutput meter fending has doubled, At this point 
‘A mote should be made of the noise generator 
felling. The above precedute can now be Fe- 
ested with the secand converter contested to 
The. receiver. Whichever recclvercconverter 
‘combination requires the smaller noise gener= 
‘or current Setting to doable the noise output 
fs the combination that will provide the beat 
‘oak signal receptin, 

“The noise pasded by the recelver fe a fune- 
tion ot the bundvidth of the recelver. Also the 
railing given by a particular output meter is 
epondent on ite bandwidth, ‘Therefore the 
handwidth ‘af ‘the reeciver should. not be 
changed during meaturemente and. the sane 
Sutput meter should be weed thougheut & sot 
‘oh meanaroments 

‘The technique deseribed above can also be 
sed to determine which of m number of rf 
“mplifer tubes will give the best performance, 
‘The nolve generator ean be used for alignment 
of rf tages 

For the man who constructs his own eon 
verters of recelvers the device isa tremendous 
Toon singe such adjustment as determining the 
optimum antenna to grid eal eeupling can be 
sade simply by adjusting for maximum in- 
rouse noice when the generator iy Switched 
Son's (Taw techalque gives the. seme results 
8" adjusting Ter minimum nolee generator 
Suing to double nolse output and it is bit 
fasion to use when adjustments most be made) 
Tr the input cirealt uses a single tapped coil 
{natead af two eolls, the best tap position ean 
be determined, 

‘The unes mentioned above are only a few of 
the possible applications of thls nolse gon 
trator, and for the amateur tho canstraets 
Eis own receiving equipment the device is ine 
dispensab 


TEMPERATURE LIMITED DIODE 
NOISE GENERATOR 


Thomas 


Recently T was confronted with the necessity 
for good noise generator. All of the noise 
generator designs available in any of the 


1. Lomcost iP 
Tange soldering tps 

2. ETP tip faster 

5. High ower eating lemant 
(stan ype oni) 


respectively wih the desoldring irons 
XeTOOL or XTOOL VARIO. 


The CHIP TOOL facies safe and 
‘quick desoderng ofthe smallest 
chips up o large PLCC'S. To remove 
the residual solder and to desol- 

der wired components ~ also on 


‘mutilayer boards the X-TOOL or 
X-TOOL VARIO desoldring on is 
the ight oo 


‘The Cine of the -CON stations 
was developed, so hal peripheral 
equipment could be corralled or 
to communicate with them. Via a 
‘sei interface, the KCONt C othe 
[-CON2 C conta the Ersa IR heat- 


ial dbscterrg ing pales othe Ersa solder fume 
i aR ‘etracon systems, 


| 
: 
i 
: 
: 


amateur publications at hand were of the 
Cental diode type. ‘The disadvantage of this 
type of instrument low in the fact that the 
current through the diode has no simple 
relation to the noise omtput. Unless expensive 
calibration equipment is'on hand this type of 
{generator i useful only on a comparative basis 
Consequentiy fe was decided that 4 temperatare 
Timited diode noise generator would be bull. 

“The noise output of a temperature limited 
diode noise generator is simply related to the 
tcurent flowing through the diode! The noise 
figure of a receiver may be calculated directly 
from the magnitude of the current by the 
following esaation:= 

Noise figure ia db:=10 Jog (20 1 R)—(1) 

Where [current throvgh temperature 
limited diode required to make the noise out- 
put power of the receiver double the value it 
‘vas with no current through the diode, 

‘Reantenna impedance 

‘The actual noite generator is quite simple, 
consisting of half a GALS with a millarametor 
in the cathode leg and the appropsiate resist. 
tance for the entenna circuit connected to the 
plate by means of a solector switch. ‘The 
hater current is contclled by 20 olim 
potentiometer in series with the heater. ‘The 
tnt is battery operated for convenience, High 
‘current capacity, small sized mercury cells 
are used throughout, The whole ini i con 
tained in a3” x 4" x 5° Minibos 


Construction 
The resistors are mounted on the switch 

ing the leads as short ns possible. The tube 
socket i mountod on a smal bracket serowed 
‘nto the side of the chassis, placed so that the 
Sistance from the switch (ea minimam. The 
‘moter calibration potentcmeter and the heater 
Supply battery holders are mounted on another 
bracket placed over the meter as shown inthe 
photograph 


Operation 

‘To vse the generator itis connected to the 
receiver anteana terminals, the AVC is turaed 
off, and the audio output is measured with the 


‘serioe lft 
renter then 10) 2 
a2 aay TRASK 


generator off, The generator is Wen turaed on 
and the current through the diode Is inezeased 
tmtil the power output {s double what It was 
before. At this point the voltage output wall 
only be 1.41 times the original. The eurcent 
necessary to give this noise increase is noted 
and the noise figure calculated according to 
tsquation (1), oF estimated from the figures 
ighen in Table 


The unit deseribed és usefl for noise Rizures 
lup to 13 db at 72 chins. For higher noise 
Rigutes a higher current eapwcity diode and a 
higher heater volkage and eurent supply 
required, necesitating an ac operated: power 
Supply. With a suitable power supply a 6X4 
tay be satisfactorily operated up to @ noe 
figure of about. 22 db. In. both cases the 
minimum ole f obtained by passing more 


thon the allowable average curont through the 
Ace. Consequently readings at these extremes 
Should be made and. tho’ current lowered 
iin in only a few seconds, or camage ta the 
lie wil result. 

Table I shows the curvent readings for 
various noise Bgures with different antenna 

The generator will operate satisfactorily up 
tot Jest 501 tne, andl probably considerably 
Highs 


Editor's Note By substiruting flashlight 
meter instead of the Pm meter with a thant 
frost th the eost of construction un be 


greatly reduced, 


CALIBRATED NOISE GEN 
FOR 432 


RATOR 


Hank Olson WOGAN 


As pointed out In. previous otticles—the 
tenyperituresimited noise diode the. best 
tool foe measuring. the sensitivity of one's eo 

The measurement mae with this de 
vice is “ooise-igure” or “nose-actor” and this 
the magie number by whieh you ca com- 
pire your VHF or UBF receiver with Joe 
flown the street, or Sam's In Massachusetts. 
These measurements will he comparable. be: 
Livoon any wo reselvars becouse bandwidth, 
ype of detector, and other miscellaneous Fea 
tes (difleent’ for each receiver) do. not 
alfect the measurement, If i's earefully made 
that & if one's measurement of 3 db power 
Increase, when the diode is ‘tuned. 62, 5 
tive), 

Past amateur articles on woive-diodes and 
thet nse In noisefactor measurement have 
‘only: shown how to construct units for wp t 
slant 200 me. The nose generators deserted 

aly, for amateur ise, have weed. the 
the diode wired. 216" (3C24),_or the 
i¢ sired BOIA, as their tungsten laser 


Mio, The 15E aid DIA have ako beeo used 
teeesionally a dlode-wited trades, too. Cont 


tmerdal UHF noise generators use 
i tungsten-ilament tubes 

bit expensive for most 
your Mnds on one. of these 
“therwise surploy, by 

Ii ye oie” ganeraton 
such som 


tuber, 
all means employ it 
“Table Pisa Ist of 


L262, 
Moroni: cyziT! 

The tube T used is a trode, a Western 
Electric 7084, originally desiousl for ground: 
cokgrid URF amplifier servi. The grid and 
filament ato used as the diode element, nor 
ing the plate. altogether; the ‘ed 
cold onfy increase transit time and. shunt 
pacity. The tube is used, as was intended 
tor be used, with the metal shell” (erid) 
grounded. The 50 0 load is connected in the 
lament cient; the. Glanent power is fed in 


bby meant of a concentte inductor, which alsa 
tunes one the stray’ eapaeity af the tube 


Fig. 1. Power soppy 


Cy, a small “tweaker,” adds in a tiny ada 
onal capacity. to mae “adjustinent to. 43: 
ime easier: it makes toning to anywhere is 
the 420 to 450 me band posible. Ly {8 con: 
structed of a 18" length of W" copper tubing 
tnd hat a picce of No, 20 teflon insisted 
Wire inside I The use of tellon insulated wire 
4s oaly necessary ecause teflon will withstand 
the heat of soldering 

The effective cizeuit, then, is as in Fi 


then 
wat be bd to be pale rsa 


At 492 me, if Cek-+C)=3 mtd, 


L 
‘The reactance of ether Cake Cy or Ly is 
about 100 0, so the system has a @ of , and 
hence will be rather bread in its noise ontpt 
spectrum-—just de we want ito be, 

The WE 708A tube sas recently available 
from a Los Angeles surplus emporium at the 
price of 89 couts each oe ten for a dllar. We 
ought a buck’s worthy Rguing some woul 
bbe NG, but all were ‘pettect and. saturated 
well. One was lose i inital test, when We 
applied too rach flament voltages it wat sab- 
sequently hack-sawed “open to find ont the 
Aetals ofits constriction and to confi cin: 
hections. The details eared ate presented in 
Figure 3 along with its saturation eve 

‘The filament i a single, fc, straight, tng 
sten wire through the. grid helix. “The ged 
belic is pethaps 1/16” diameter and is welded 
every tum te the shell All this adds up to 
ood eslindeieal diode configuration, close 
fathnde-grd spacing to ent down transit tine, 
snd fo gi to case inductance. In short. we 
hhave a neatly ideal noise diode for a dine a 
piece 

Construction details: ‘Tho rf section of the 
generator Is constricted “ot! _an alanine 
Dhite bent inta an L, the WE 7OSA protrudes 
tough a 18" round hole to expose its far 
ment plat nest to where the UGBBA/U con 
hector je mounted on the other side of the L, 
“The WE TOSA Is held in place by five 833 
Liniingehead sews that ae tapped into the 
plate. The UGSBAT has four 2000, 1 w res 
Sistors soldered to it each at 90" to its neigh: 
bors to form a less Inductive ned, approsimat 
Ing) a resistive sheet, These. reson are 


Fig. 2, Bosc ise ganeoter cru, 


soldered to the UGSE/U before itis sn 
to the aluminum sheet to make soldering exsee 
(less heat required). ‘Then by fe formed and 
sollored frou the WE TOSA"Blament pia to 
Gy. The center Blawent lead of Ly Bed 
trough and soldered to the other fment pin 
and 10 Cy, Cy is then soldered in: be. sure 
this fhe type called for or a aiilar be ine 
uetance tall cera. The rest te straight 
forward. Diode au power supply, were eich 
Iya fn an LAW! JN box chases, The details 
Gf witine the die clreitry ave shown in 
Fig 4. 


Ry (the “fine” adjnat) és 
fe sure this one i ae type 
‘A.B, (ohinite) molded exrbon pot, fot both 

Re. This will make ‘smooth diode 


Batra tl arr 


felotiondhip between “plate” earrent od 


‘amen woage 


contact sequencially contacting each 
‘ane applies you we Var) 


(the 


moved Fail dip mete comple 

tot bor Cy anal fr a dip a 182 

te “hen yf etal, a we shold be 
ther chek 


“The shove noise generator was con 
with a Hewlett Packard 343A nse diode ns- 
nf my awn 432 me converter as the “to be 
reamired” device. The results showed est 
than 0:5 db dilference, 

“The author wishes to thank Gene Hell, 
WARLU. for his photoxraphy of the unt 


ANOTHER WAY TO MEASURE 


stim Kyle RSIKX 


Many tins i een sid bat toa avaye 
tear repeating, Nose fe pithy the 
stellen carat in any sear 
Satin 

“A leet x part ofthe difcaly with nie 
Spar ben te smu oval plead to 
Seanye t, Whe its not too df Syore 
out te pover inp to yoo" final or ere the 
power output (often a surprisingly different 
gue), meanoerent cf eure ae gare 
tends fo be a complated and somewhat i. 
feouate proces ef bart it rogues pect 
cceipment anderen ta maybe ro mare 
SScuate Gan phcarannes 100 percent 

“The came means of mesuing noe gure 
ts to asea nose gent and akin 28d 
Sonal note’ ent eecrer output I doubled. 
{Ths means, of coe, Hat the mace, gow 
tro output then excl eq to the ae 
fal nose and the tatepeerr ope 
facut tren then the organ 
the now Alte Jnr'be Soe int ne 
tall t another aie 

However, ole generator with scirate 
calbaton into xty to coe by, ad an 
imc gree Sean ah 
it's fine for tune-up). wien 

"There anti way todo which 2c 
sly ah mre Be a ston pce 
{ce this oder way abo Toque some est 
snes bi men eae 


3 
efore we got into the detsils of the “other 
to measire noise fizuo, lets take an 
ator look at the ceason for iting, noise Rite 
surement 25 a yardstick for receiver sensi- 

‘he fist place. 

‘To start, we've really interested in the an- 
swor to the question “How seeak a signal ean 
T hear?” th the 330 me range, the question 
can be answered direcd-—how many’ miero- 
wolis must the receiver have to give readable 
‘output? 

‘As the vhf region is entered, though, the 
fractional rierovales become alareangly small 


Fig, 4 Creut of dade noite generator 
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Flo, 1 Constrstion af T-pade 


Somebody figured out that most of the probe 
Tem lay in the zwesiver’s own intersal noise, 
and came up with the idea of a “perfect” re 
bviver which would have no notse at all. This 
ts a noise figure of O db, Now by compating 
existing Tecelvers' to this perfect ideal, and 
compariag the internal nolse in dh, we had 
a way of discussing receiver sensitivity. 

Since were now talklng about noise, which fs 
equally present at all frequencies throughout 
the spectrum, we ean see that the stout of 
noise present in a recvive’s outpit is at least, 
partly determined by how much of the 
spectrum we are looking at. A broad receiver 
has more nolse output than a narow one, all 
ctor things boing equal. If you dont bolieve 
it, fiddle with the selectivity switch on your 
con rig and listen to the change of noise en 
Pot 

This dependence of wolse om handwidlth is 
nother reason for using noiso figure as a com- 
‘parison. The ectual amount of noise i can 
felled out in the eompariten, leaving only the 
Folative amounts of noe ty’ tho “perfect” re- 
feoivor and tho soseiver tinder test to. be 
eased 


‘When all his became established, nobody 


Fi, 2. Tost set up. 


‘was paying much attention to receiver band 
‘width and it seas felt that a tre _determina 
tion of the effective noise bandwidth of a re- 
ceiver wat much more complicated than the 
‘comparison measutement, However, én these 
ays of SSB and special filters, that’s not so 
‘rue any’ more 

As you may have guessed by now, the 
“other method” of determining noise gure 
depends on a iniovolt spexsuremont and 
Irsowledye of the receivers slleative noise 
Dandwidth. ‘The only. reason for converting 
the resulis back Io noise figure i 10. allow 
comparison With measurements made ii the 
snore conventional manner 

With typiea! hom measurement teciniaues, 
the zesuls won't be of Netionsl-Buseawol- 
Standards securacy. However 
sonably careful, results using this method el 
hoe at least comparable Io accuracy to those 
made with homebrow "noise generator 
Ready? Lets 0 

Youll need two items of test equipment 
(only one if youre really Tacky). These are 
an signal generator covering the desired 
Frequeney tange on fundamental output, and 
an ef VIVM reasonably accurate at the de 
red frequency. If you have acces to ami 
crovolter” or similar laboratory” signal gen- 
frator, You won't need the VIVM. 

Tn ‘addition, youll need a whole handful 
‘of 50 ‘chm pads; these ean easily be put 
Together ina huny by following the sche- 
matic in Fig. 1. You!l probably need about 


8 204 pads, a3 well b one each fn dah 
Gade, and Dab values, 

“Tiron bath the Teelver andthe signal 
serine he Fe pte 
tion agalast any leakage fom signal-generator 
to reeever cugh the power fines. is ert 
omer inet Ben choc seach oe 
te a powerline fer sich as that ured to 
Slimnete rf intecerence bntween the power 
fine and the unt 

oanect string of si 20-20 pads tothe 
signelgenerator ont as shown in Fig. 2 
and adjust output of the signal generator to 
a wake If you have « mictvoer ov 


UH A 
VNUNMY 
ee 

on tL 


“ha. 3 Nowe figure miro 


alent, use only one 20-db pad and set gen- 
erator output to 1 microvolt 

Tn cither event, the output of the fnal 
‘T-pad will be a 0.1 microvolt CW sigoal, This 
should be more than adogusie fer any seas: 
ably-sensitive receiver to allow spotting of the 
Signal 

‘Switeh the eecelver's ave off and the bio 
fon, and place the velocity switeh in any 
position for which the selectivity is uecurately 
Known. The selectivity: marked on the front 
panel will uot be the effective noise band- 
‘width, bat you can use ft as starting point 
to guesttimate the moise bandwidth Tf yer 
receiver ser a mechanical flter or other re 
‘ice with approximately the same skirt se: 
lectivity, elletive noise bandwidth will be 
about Ii; mes tho bandwigth marked on the 
front panel. IF i one of the elder types with 
reasonably broad skits, noise bandwidth il 
be about 3 times the marked value. Doth 
these corseetion factors are approximate, of 
course; iF you have any means of meassring 
‘fective noise bandwidth, use it instead 

For a start, use a faily broad selectivity 
postion; this requires more signal end makes 
things a bit ease. 

‘Now tune in the signal from the generator, 


100 


eee ee 
{or nam signal strength fst if were 
the new state you sel "TheGl-mnrole 
Sez should be’ easy to fo. 

Nest step to retice the generar output 
ty hoki in adinal Top antl you oe 
Chie, the point oii discerie sg 

n> "the 3.6 and 12 db pals ny be 
inkl ni i tl nay cubation 
fave yo from 9 to 24 ab atonal ater 
tos M30 ope Using another 20db pod 
sel ge you frm 20 t0-44 ab oe aterm 
Yin, andthe signal 8 sre toes oo 
wna bn copy ars yn och Sb tale 
Cnatenthof'« mre 

The point of MDS te spproximatly equal 
to 8 Ob signaltomoie rato Tor most of 
fink considera easier to determine ha 

ould e's true owtgat S/N car When you 
Bc thi point, cor th do blow Od miee= 
soit st the select (in Klis) aed 

‘ow switch to diferent bnnGwth an the 
cetvr and repeat the tet, econ i ele 
‘tho, For mesitunn accacy, repent euch of 
ihe est 10 13 tives aye sere te ere 

The sgl level in icovolytoreoponding 
toy bel 0 sit i hewn Re 

neato thee and move to Fi 3, the graph 
Psp vores bandwidth by fobe fee 
rer the gpa from thw sloth ei 
tive noe omit and move’ ares al 
Yor Heist tin tin emg wi 
Tretia micron The lagna lines are 
noise purer If one pam Heap the intr 
fection int, teat nen gure ie db fom 
TF not interpolate between te nes 

Inveading Fig 3, sm the 10 Kel00 ops 
scale with the Of-1 rakrovoit scale, and the 
100" gpl ops sal with the 004-01 maervelt 
{cates yur handtdthsigeal level coma 
tim falls of the grapb to Se Toft uw the 


Fig. Relation of nose end sera bandwidths, 


lower signaMlovel scale with the higher baod- 
width scile and subtract 20 dh from the re- 
sulting nae igre, 

Tn the happy evont that all your exo Cana 
four spprasimations} eancol out, you'll “ud 
the note figure 1 be the same at bath the 
rarowe and. the broad bandsideh, positions, 
Hoswever, 1's more Hkely that yoo measure 
ulferent "noise fires at dilleent positions of 
the selectivity control 15 safest to tuke the 
Inghest nolse fgute measured as being closest 
fo coneet, but you can averaue them if sou 
prefer Either sway, yon will probably be 
‘within T db of the veal figure-and this is 35 
rceiate as must nolsestenerator techniques 
fan De, ao, 

“That completes the measnrement, bot be- 
fore we wiv this up let's take a mone detailed 
Took at the sea of “elective noise bandwidth 
‘which is such « Key past of this measurement 
techaique 

Mest of os are fanifior with the ides of 
“perfect” curve for receiver selectivity. such 


as that shown at A in Fig. 4. Here the eceoiver 
thas equal response aver the desired hand, and 
Fesponse drops to 2270 at the band edge, Such 
{curve is suid to have a shape factor of 1, 
‘Is of course inpossible to achieve in pra 
ce, 

Now back to oie; is spread out equally 
‘over the spectrin, A noise bandwidth of HAO 
fegeles per second contaies 10 tines af much 
noise a8 one of 100 cps. Ths “noise band 
‘Widih” inherently has a shape factor of 1 

‘nso sucha shape fastor fe Smpoeable to 
schiove, follows tht “noise handesicth” and 
fetual receiver bandwidth must dite IF re- 
teivar bandwiclts is measured at the —60 db 
points, the noise bandwidth will always be 
Esnaller than this receiver bandwidth. IF re- 
faiver bandwidth & mensored st the points 
‘here reipense deops 1 ab bolow peak, the 
hatse bandeidth will always be greater, 

‘The mathomatical expression for noise band 
‘width is an integal equation involving difor- 
fetial gun, which ie = cumbersome thing to 
‘lve. In general, the noise bandwidth of a re- 
‘ceiver is eald to be approsimately equal to the 
bandwith between points which are 3 dby 
Alvin from peak response. 

‘In practice, ifthe shape foetor (6 t0 60 db) 
of the secelvor is, the effective noise band: 
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width will be approsimately 1.8 times the 
Gab bandwidth. IF shape factor ts between 
Diand 10, noe bandoridth will be approx! 
imately equal to the square roat of the shape 
factor (6 fo 60 db) tines the db band. 
‘width, “Few receivers have shape factors 
10. 

rimations quoted carloe (1.5, 
‘andwidth for SSB soloctvity 
receivers, J Hmes marked bandwidth 

others) are based on these relations. If you'e 


io 


really interested in calibrating your receiver's 
holse bandwidth for using this measurement 
technique, However, you might take acon 
vevter and have it measwed for noise figure 
by the gonerator technique, then ran this 
teahnique backwards to datermine the le 
tive noise benilwidth of your receiver fn each 
position of the selectivity conte. 

"The technique described bere, ieidentaly, 
assumes that no audio Blkes are used follow 
fing’ the dotectoe. Tf they re, all results ace 
Of, since the effective noise bandwidth will 
ave boen changed in an umpredtetable tan 
ner by the audio fiers 


However, you can remove the audio filters 
from the hookup for measurement purposes, 
etormine noise figure, then return the aodio 
Ilers to tho elit and rm the measurement 
backward to fie out your efective noise 
Dandwideh with fitors proseut. Don't be sur 
prised if comes out f tbe region from 1 to 
4o cycles per second; 2 good audio fier ean 
‘work wendoss with weak-signal. reception 
‘For additonal detaile on this technique of 
moasurings noise Aguro, you ean consult Refer 
fence Dats for Taio Engineers, 4h edition, 
published by ITT and avalable from Radio 
Bookshop, or any good radar test. 


Chapter IX 


Attenuators and Dummy Loads 


LOW POWER ATTENUATORS FOR 
‘THE AMATEUR BANDS 

George Daughiers WBBAIC 

Will Alexander WAGRDZ 


In tho evaluation of of amplifiers, filters and 
many other devices, « variable attenvator i= 
Indispensable. ‘This ticle deserfbesattenators 
built and tested by the authors. Those attami 
ators aie fat from de to over 50 MHz and 
usable to over 430 MElz, They use lowe cost 
parts, are very simple to build, and are more 
eourate thon ordinarily quired fm amateur 
applications 
"The basio attensator section is the sym 
mt slg Fig 1. stance vals 
Ry =R,(VR+ AVE) 
Re=R(K—1)/(2VR) 
where R, 1 the characteristic impedance of 
the ped (equal to the source and load in 
pedance) and Kis the attenvation factor, 


Fone 
"Resistor values forthe most commonly used 
Impedance (30 ohms) are shown in Table 1. 


STTTTh 


Fig. 3. Basic pinetwork attenuator section. 


‘Table I Resistor values for SO attenuators 


Notice that the use of standard value 5 half 
‘watt composition resitors allows -aceura 
within TB of the calculated Yale of atten 
on and within 1 dB of the dsived nominal 
value 


Amateur low power sttonuator msde fom in 
‘expensive sige suitcnes, 5% renstors and 
fiber eles, copper cled board 


‘The attenuators are built iv small chene) 
bores mado of coppet-lad etched cicult board 
material. Aluminum channel boxes. commer- 
cfally available would probably work equally 
‘well, Small, inexpensive DPDT slide switehe= 
1H. H." Smith No. SIS cr equivalent) are 
soldered directly o the copper board and the 
Tesistars are soldered to the switch terminals 
(orhich have been eat short) withthe sbo 
Teads possible, 

Two wiring variations have een tried, one 
with the series resistors (Fl) mounted betwee 


the switch wiper contacts (type B), and one 
with all resistors connected to. tho alten 
ator ft terminals (type A). See Fig. 2 and the 


photo of the Interior of the attenuator. Te ss 
ound that the laler arrangement, type A, 


Detals of attenuator construction. The top 
She, with “complete shielging, is econ 
mmanded 


Fig. 2. Two types of attenuator construction 
“Type A has tower insertion loss than type 
at high ‘Requncien so Ais recommenced 
Resistors RZ and FZ are 5Y4 compostion, 3 
trot. The witches are. H. Smith SI8 or 
tsuivalnt, The connectors can be of any type 
teat 


Fig. 3. insertion loss vorsus Frequency forthe 
‘Wo types of attenuator constriction? all sec 
lone shielded (8) and only he 20 tb oteton 
shielded (6). 


provided lest insertion Joss than the focmcs 
high frequencies, 20 this ype of const 
thon i recommended Also ne that dividing 
ShieMs ave desiable between fyput and out 
put olements of single section, Those sbields 
event capacitive feodthrovgh tthe high 
Requencie, and are desinble on the high 
stenaation seston (snythiag over 10 48) 
ven at lw frequencies On the Tow atten 
tian sections, very hile dliferosce evident 
helow VEE See Fig. 9 for the atlraton 
of the ettenustors up to over 450 Mls. Bos 
fag attenuators with ester than 20°aB 
fehuation per section by this method Ts wot 
‘econmiended fr high frequency ee 


S-UNIT ATTENUATOR 
1 Lawrence WASSWD 


Since the topic of “S metere” iu popular 
‘one among radio amateurs, a lot of time is 
spent describing these deviess, usually along 
the lines of how generous or “Scoteh' the 
meters are at the OTH of the patties In the 
80. After a few such QSO's, | decided to 
build an attenuator, calibrated in “S” units, 
My aim ws to attain an aecuraey of 1 db or 
better, using Sf Aw resistors and simple 
consinuction so it would be exsy to dupli- 

‘As. sidelieht, I started out by caleulating 
both “tee” and pi" pads, and used “pi” 
because all values of resistance are close to 
standard values, bat (especially for high 
attenuation pads) the values for “tee pads 
can get quite small, and expensive 

[figured the values required from the 
lables in the Allicd’s “Electronics Data 
Handbook”, page 8, Sth edition. (Allied 
Radio, 75, full of good info.) 

Since “S" units are suppesed to be 6 db, 1 
Figuved data for steps of 1,2,4 and 8 times 
that amount, or 6,12,24 and 48 db, With 
these steps, any number from 0 to 15 “S” 
unite of atlennation could be selected. How= 
‘ever, 8 “S" units prowd to be too imuch for 
‘one slep, a8 shown by the lowered sttenus- 
tion ot 30 MHz, due to the inherent shunt 
capacitance of the resistor used in the series 
leg, plus the stray capacitance of the switch, 
So | removed the 8S" unit step and 
installed another 4S" unit step. This allows 
selected steps of attentuation from 0 t0 11 
“S° unics 

Here are the values [ calculated, and the 
actual values used, based on ST ohms. The 
Stops are switched ia series, a8 required for 
the desired atienvation 


a a 
1 6 880 838 
22 82 96 100 
res 206 405 20 
a 8 515 51 62006800 
After the attenuator was completed, the 
itienuation vas measured at 3 KHz and a 30, 


Miz, With the test equipment available it 
was possible {© messure more accurately at 
30 MHz than at 3 Kil2. Below is the data 
irom the tests 


‘stan Stan Proicted Mosiured Mose 
‘S" units OR ten DB at Ske at 30H 
er 60 602 
2 2 1230 122246 
4m 233222405 
8m 5s 47S aa 


Now if we wont 10 make an educated guess 
8 to how far up we ean expect good results, 
Say I db error out of 24 db, then we can use 
the measured error in the 48 db step ta cal: 
cevlate the capacitance across the series le, 
and from that calculate the frequency where 
the I db error will oecur. Go through the 
math if that is how you get your kicks. or 
take my word for it, It comes out to about 
2 pF. And this wil sause 9 reduetion of 1 db 
at about 220 MHz. And since the resistor is 


of a lower value for the salle steps, they 
should hold their values to even higher fre- 
‘quencies, but J expact other factors would 
set into the act along the line somewhere. 
‘ill state that still works well at 2 meters, 
Mf you want to get faney, you can always 
iqure the values for 1, 2 and 3 db steps and 
have fiom 0 to 72 db attemation in | db 
steps 
Referring to the photos; you can sce { 
built) my attenuetor in a Bud Minibox 
CURIA, 4" X 2-1/8" X1-5/8". Four 
steps is the maxioum in this size box, unless 
Gifferent setiches are used. Mine are Cutler 
Hanmer 7592K6. The shielding was msde 
from transformer strap, but could be any 
soft copper avilable, Try 4 Hobby Shop and 
fet tho thin shoot that is used for embossing 
ial eke fails. 
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Here are some of the uses an attenuator 
of this type is suited for 
Checking receiver "S” meter calibration 
Attenvating signals to aid in peaking 
receivers and eanverters 
‘Calibrating diode voltmeters for rf meas: 
Checking antenna gain. Or gain of that 
outboard if stage 


P, 8, My "S" meter tes, just as 1 thought! 


THE EVER-USEFUL T-PAD 
Jn Kyle RSIEX 


‘Most of us have transmitters; let's hope that 
fim esq nipber of us lve receives al. 
Antennas and mierophonas ae usual station 
faecessaries, with » lew determined. cliharde 
hhero and there clinging to the trusty old key 
But how many of us have much ty the way 
oF test equipment? 

Now abd then somsbody pops up sith = 
VOM, and occasionally you van even Bnd sm 
operator who uses a Scope. But the Kind of 
Spectal:puspase test gear you fl in 2 wel 
feasipped laboratory Is almost always absent 
athe bam aback, 

‘Wich (more or les a it shoul be, since 
we're hans, not laboratory technictin. But 
‘with the present trends toward VIE, at least 
ome specialized test gear it necessary, Other 
‘wise, the regular station equipment cant be 
tno for manienm performance. 

‘One of the simplest such items is a noise 
sgencrator, for getting the VHF receiver in per 
fect tne. This gadget has been deseribed 
any times before, 0 we won't repeat i agin 
“nt we do have something whieh transforms 
the usual noisegenerator ashup from 3 50-80 
Rem to an instesment eapable of laboratory 


Before going into det, Jets look at the 
normal method of using woke denerntor 
om connect the generator to. the. antenna 
input, te the converter ta'the receiver, tum 
the ave off, connect vollmetcr tothe detector 
load resistor ia the receiver (or pul an ae volt. 
meter across the speaker legds), and. messure 
the voltage produced by’ just noise. Then ¥ 
tuum on the generator and adjine W for a 3 db 

TH "times the voltage) increase in output; 
the object i to achiove the 3 db increase with 
the iiniman smn of eoerent owing ithe 

Flowever, this techoique af using the noso 
generator & pretty sloppy, since it assmes 
that the receivers detector i absolutely lies 
for smal ignals—and this assumption i abnos 
always incorect 

Af better technique to honle things 
Just us before, escapl now you plage three 
‘T-padt in the line between converter and re 
ceiver. The T-pads on each end of the strine 
Serve mere to clunp the line impedance at 
50 oma, but the one in the center is bile Sor 
proviely 8 db loss. 

ow take the 3 dh pad out and take your 
teading a6 Before with the noise generate 
off; you don't have to tum off sve-or hook up 
2 voltmeter. ‘The receiver's Sameer can be 


used instead, since we've aot measuring any 
Uiing with the meter itself Tt merely sees as 
an indicator so we ean eome bck tothe sane 

Then replace the 3 db pad in the line, tu 
fon the generutor, and crank it sp wnt yon 
fet the same meter reading. as before, Since 
you now have 3 db of added lose betwee 
‘onvorter and receiver yma mst have Saerenseu 
the noise power output of the converter by 
that sime 3.db, and You eouk! eave less about 
Ue linearity of the detector! 

This whole method is far from new, but 
previous deseriptans of it have lefe something 
fo be desired in tho way of telling how to 
Dusld the F-pad. The gadget is so simple that 
AU mist. have. seemed obvious to previows 
‘wniters—but It does have its tricky points too, 

For iastance, since a T-pad consists merely 
of 8 resisters, it ip prety ensy to just wire 
‘hein up by their Tends, Bat they aie han gle 
Jn the feeeiver antenna loud, ad presenteday 
receivers are rather sensitive. If you happen 
to find a 20-moter signal, it’ going to foul up 
‘Your measurements! 


“TePod consrsetion dels 


Ove of the quickest ways to sidestep this 
problem is fo shield the pad against all out 
Sie influences but hor do yow shild anything 

‘Tho answer here is to vse discarded 35.1 
film ens, whieh sll photowaphers who shont 
‘354mm samerag have tn abundance, The Kodak 
kind seem to work best. This type has a thread! 
ed cap, with a fat spot in ite center just sight 
for driling a % inch hale to take a stag hele 
mounting phono jek. At the olber end, 0% 
inch hole can be punched and Ened with 
rubber grommet for coax eable to enter. 

Nest step is 10 place the jack in the hole 
dn the lid, with its solder fag an the fosite (be 
sre to elagn the point go tht a goad electri 
contact will result). The T-padl ean the a 
sembled as shown ii the drawing with short 
st possible leads, and supported by ity eal 
foustoting to the jack. Thread a short lent 
OF RC-58 through the grommetted hole, and 
Connect ils center euniicter to the other leat 
of the pads the shield and shunt Tead of the 
tad connect to the solder lug of the jek 


All that’s left is to wire-brish the threads 
ton the film can for good contact, and sere 
the lid doven tight. Presto, « shielded ‘T-pal 
ACphono connectar should be put on the free 
fend of the cable. 

‘You can make up a whole bunch of these 
in various loss valves, and get virtually any 
‘amonint of lose you want by stinging them to 
gether. And this has a whole Iot-more use 
than just using with a noise generator « 

For instance, when you want to tet an au. 
tena, arrange for a) steady signal, strong 
enough to register on yeur Ssmeter with the 
back of the antenna pointed at it. Then swing 
fhe entertain sall steps, and bring the 
‘moter bic t9 she sim reading by fnsertiog 
‘ditional loss betwoen converter and receiver 
‘with the T-peds, The difference between this 
fund Simeter indications may amaze yo 

‘Or if you are called upon to measuze the 
ference in signal strength between bo sts 
Hons, the seme approach can he sed. Note 
the S.moter reading of the weaker, then knock 
the stronger one back to the same reading by 
ptiag “T-pads in. the converter-t-recever 
Tine. Read the deff the pads and add thee 
wp. 

‘You can even use thie in place of am S-mneter 
& you really wat to know the signal-to-noise 
ratio of an incoming signal with accuracy; take 
2 reeding on aaise, thea knock the signal back 
fa the same point. Total up tho db, end thre’ 

“Thowgh resistance values in the pad mst 
bbe precise far absolute aceucacy, the pad has 
an inkerent tolerance of small erore and you: 
Should have better than 2 percent accuracy if 
you use S-percent resistors Specifically, a 10. 
percent error ia the resistance value of any 
fone arm produces less than % db error in the 
pd los, and less than percent ertor in ime 
pedance, Using S:percent resistors weuld, of 
course, cut these eveor bits in hal 

1 you want to follow the approach of using 
a sting of these pads forall purposes in the 
back, i's best to make them up oo a "binary" 
approach sine this gives you the maxinnin 
umber of db values wth the minigun tutte 
ber of pists. basie assortment might be feo 
1c pics, and one eich of 2 db, 4'db, 8 db, 
36 a, anid 32 ab. Using them in series in 
sarions combinations, you can, yet any whole 
number of eb from 0 10 64, which prety well 
‘covers the range of values you may ever need, 
For an example, to get 50 db yoo would use 
the 32 db pad, the 16, and the 2. For 60 dh, 
you would ise the 82, the 16, the 8, and the 4 

If the ability to inerease less in 1. db steps 
seems bit exotic to you in view of the fact 
that 3'db is only half an Sumit, then. you 
can use a binary progrersion in 3 db steps, 
this takes one 3 ab pad, one 6 db, one 12.Ub, 
tnd ane 24 db. The range is From 0 to 45 db, 
Sab at a tne 

For clamping a line's impedance, is good 
iden to use at least a 3-db pad aod a 6 db 
‘unt might be even better. The lower-loss pals 
pads may not have the ability to svamp ont 
Impedance Variations on thelr ether sides 

‘About all that's Teft to make this complete 
fa & chart of resistance values for various loss 
fipises. Here i Ss all are for use with = 50 
fhm le; to use st anyother impedance, 
‘multiply these values by the ratio of the new 
Lmpedance to 50 ohms 
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Loss AMOUNT RI, 83 
. 2 ais 
28 Sa 220 
33 32 10 
3& " "ee 
as 1s ee 
Sa B Fo 
Be x a 
we 33 16 
2 3 82 
Re a 33 


COMBINATION DUMMY LOAD/ 
ATTENUATOR NETWORK 
oho» Schult W2EEY 
‘There are many instances when it is 
desired to use an existing transmitter as an 
exeiter unit for 2 high-powar linear ampli 
fier. Many such Hinsar amplifiers require a 
drive level that is only a fraction of the 
transmitter's output, To some dearee, the 
lransmitter can be detuned in order to 
reduce is output level, but this procedure is 
rarely possible when several ordees of magni- 
tude reduction in the power level are neces- 
sary. Tn suel a case one cin either internally 
modify the transmitter for a lower output 
level or use an altemator network between 
the teansmittor and linear amplifier. In the 
latter case, the transmitter can be operated 
At its normal power input level and with its 
tuning controls st their normal settings. 
‘The unit deseribed in this article func 
tions as both an #f attenuator and as a 


loved. axed mainly on “eandwichng te 


<éummy load. The latter capability allows a 
transmitter to be properly tuned alone for 
correct operation before itis used to drive 
linear amplifier. An optional wattmeter cit 
cuit is included which when calibrated ab 
lows direct reading, in watts, of the full 
transmitter, output or of the drive level 
supplied to the linear smplifer. 

The unit described was built for use with 
& nominal 100 output transmitter used 
primarily Tor SSB service, The construction 
used, however, can be extended to other 
power levels for transmitters aperiting on 
80-10 meters. Also, using the information 


Power Beciaet 
Reduction FACtr 
1/4 (6ab) 3 13 
WS (db) 4 1 


iNociady 5 7 
1/20(134) 6 5 


supplied, the same type of attenuator/ 
dummy load can be designed for other than 
50 ohm transmission line systems. The atten- 
untor was not designed as @ precision net- 
‘work in order to allow the use of inexpen- 
sive resistors. However, the attenuation 
ccharacteristies are quite Satisfactory for the 
intended usage. 

Besides its application asa power reducer 
when driving a linear amplifier, the unit can 
be used with a transmitter whenever a quick, 
known level of power output reduction is 
needed for operating purposes, approximate 
sain measurements, ete, 


Cinenit 

Fig. 1 shows the circuit values for a 
generalized T network attenuator that can 
‘be used in any impedance unbalanced trans- 
‘mission line. The scaling factors are only 
shown for those power reduction levels most 
likely to be needed when driving 2 linear 
amplifier with a 75-200 watt transmitter, in 
forder to avoid unnecessary detail. Factors 
for intermediate power reduction values can 
bbe found by interpolation to a satisfactory 
degree of one can consult an. electronics 
andbook. The basis of the attemuator/ 
‘dummy load network is to find the combins- 
tion of resistor arms that will provide the 
sited attenuation and still be able to. be 
connected together to form a dummy load 
fof the correct value, Fig. 2 shows one 


possible combination, Each resistor bank has 
a value of about 20 ohms (5 resistors of 100 
‘ohms each in parallel). In one position of the 
DPDT switch, the resistor banks are formed 
into ¢ “T" nctwork attenuetor, In the other 


switch position, all tree banks are placed in 
series as a dummy load connected across the 
input only. The resistance values which 
result ae not exactly those shown in Fig. 1 
for 4 10db alternator, However, they are 
close enough to be effective and some 
tailoring of the individual legs is possible 
since each of the resistor bank values vary by 
1 few ohms due to the tolerauce of the 
resistors used. An optional voltmeter circuit 
{is also shown in Fig. 2 connected to one pole 
fof the DPDT switch, It can be used at a 
relative power output indicstor or if eal 
brated, as described later, actually measure 
the power output of the transmitter and of 
the attenuator. 

Many variations of the basic idea are 
possible, Fig. 3 shows the use of four banks 
fof 100 ohm resistors. AM four are used to 
form an attenuator that comes reasonably 
cose to the values required for 7abattenua- 
tion ina 50 ohm system, Only three are used 
in series for the dummy load function. In 
this case only a simple SPST switch is 
necessary to disconnect the output. The 
same rf voltmeter circuit as used in Fig. 2 
tay be added if desired. The switch, in fact, 
could be eliminated entirely if one were 
willing to disconnect the output termination 
{in order to use the dummy load featu 

‘Whatever combination of resistance banks 
‘are used in order to achieve a desired 
attenuation value and the correct dummy 
load resistance, care must be taken that each 
resistance bank has sufficient power dissi- 
pation capability. The dissipation in each leg 
‘of the “T" network vaties according to the 
attenuation level and can be calculated by 
‘Ohms Law. In general, a continuous power 
rating for a resistor bank equal to about 


lond/attnuator 
Sewer radution (730) when veos ae an 


one-third of the SSB peak power rating 
seems to suffice, including for quick tune-up 
‘on CW. For keyed CW service, the power 
rating should be increased to at least one 
half the key-down power level. 
Construction 

The approach of using a relatively large 
number of 2 watt composition resistors is far 
Jes expensive than using specific value rf 
non-inductive resistors of 1030 walts power 
rating. In quantities of more than 10, IRC 
type RC2, 2 watt, 10% tolerance resistors 
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Fig Ske reior bane 
{opether on the undarise st* 


cost about 9 cents each, So, one can achieve 
2 40 watt unit for less than $2 resistor cost. 
Banks composed of these resistors work well 
tap to 30 me as long as the interconnecting 
leads are kept short. 

‘The photograph shows the construction 
used by the author for the cicuit of Fig. 2 
Similar construction can be used for larger 
size units a8 well. As shown in the photo= 
‘graph, the 15 resistors in rows of § each are 
sandwiched between two 1-1/8" x 1-7/8" 
pieces of vectorboard. None of the resistors 
physically touches. The wiring is done using 
the resistor leads. This construction s some= 
what compact to expect full, continuous 
power dissipation from the unit but suffices, 
for intermittent use. The frame measures 
24" x IW" x TA". A cover is not absolutely 
necessary sinee the minor radiation that 
takes place is not important in this applica 
tion. If a cover is used, it certainly should be 
‘of a perforated type to allow maximum air 
flow. A $D-239 connector is used at one end 
of the frame for the input. A dual connector 
{s used at the other end, but normally one 
would use two RCA type phono jacks~one 
for the output and one for a meter circuit. 
‘The switch is located immediately below the 
‘output connectors miniature Alco MST 
type. 

Calibration 

I it {& desited to calibrate the voltmeter 
circuit asa wattmeter, iis necessary to use a 
probe and VIVM. Using the unit as a 
dummy load, the rf voltage is measured at 
‘the input and the power calculated. The SOK 
‘ohm potentiometer is used to set the meter 
at full scale for the highest power level used, 
‘The +f voltage is measured and the power 
level calculated in order to calibrate the 
‘meter for lesser power levels leaving the 
potentiometer at its “set™ value, The same 
procedure is Followed to calibrate the meter 
for the output power level by measuring the 
‘output rf voltage when the wnt i used as 3 
“T" attenuator and connected to a regular 
dummy load. The calibration should be 
made on the lowest frequency band used 
and rechecked on the highest frequency 
band used. If the readings differ significantly 

the highest frequency band from those 
established, it may be necessary to add a few 
mmf capacitance across the diode in the 
voltmeter circuit in order to compensate for 
the slightest reactance present in the circuit. 


Operation 

‘When used between a transmitter and the 
450 ohm input of a linear amplilier, the unit 
is first used as a dummy load for tune-up of 
the transmitter, The unit i then switched 
(vith the transmitter unkeyed) to its atten: 
uator position. In most cases, no returning 
of the transmitter should be necessary unless 
the input of the linear amplifier is partieu- 
Jarly reactive 


Summary 

‘The unit described is not intended as 3 
precision attenuator or power measuring 
device, However, it will perform very well 
for its intended applications and costs far 
les than more sophisticated units per- 
forming the same functions. 


‘THE MINICAN 
Sem Kelly WITT 
‘The Heathkit “Cantenna” has proven to be 
4 major breakthrough in the feld of dummy 
loads for lam use. Unfortunately, isa the 
‘most convenient thing to nee om small work 
Hench with low power rig! Borrowing. the 
‘lea, 1 but this ud for use with Uansmatters 
in the 5 to 15 watt range. The parts are few 
® Campbell soup tin can, Foor one watt ree 
Sistor, a UG-254A connector, a short plece 
Of 8/16 toch brass tubing and transformer ol 
Fig. 1 oa skelch of the assembled unit. The 
30 ofms resistance war made up of three 15 
‘ohm and one 3 ohm one watt carbon resistors 
First sand a can lid from a langer size can 
wutil it Js free of paint. Dall a 2 inch hole 
Uhrowzh the center of the lid, and a 1 inch 
hole on the periniter. Mount the nasil eon- 
rector through the center hole. Solder a 1 ch 
length of 5/16 in. brass tubing over the H inch 
hole. Solder the tesistre a shovsn. Center the 
lid on the can aud solder the id to the ean. 
Use a file to remove all rough edges. Mask 
the connector with masking tape and paint the 
can (to prevent rusting, 


Fis. 1. Constrction of the 
Minican. Main pats are a soup 
tour oem coneetor end oe 


‘The Minion in use with the companion decir. 


FPll the can with transformer oil. A good 
sade of sutomatic transmission uid was used 
fone load with mo degredation in perform 
fnce, However, i probably Js not advisable as 
the lal as a volatvely low ignition tempera 
ture and might create a Bre hazard, 

“The load as tested by running it for Sve 
hours with an input of 15 watts of 80 MIkz rf 
The ean liecame warm, but the resistors 
showed no signs of overheating. 

“maximum VSWR of 15:1 was obtained at 
254 Miz. The measurement was made at this 
Frequency because an antomatie test set was 
available, 

‘A companion af detector wait shown in Fig 
2 war bullt in a two inch section of X iach 
square extrued brass sock. A’ Dage 394-1 
BNC connector ie mounted on one end for 
connecting to the RF circuit, while the DC 
‘ouput to the VIVM ie tip jack 


Fig. 2. RE detector for 
U2 withthe Miseon ; 


‘THE TINY TERMINATOR 
Jim Kyle KSIKX 


AVE you ever flt the need for a dumniy 
ond which woold also indicate accurately 
the actual rf outpat power of a transmitter? 
"You. cam buy sucha benstioy you know, The 
Bird Termatine, standard ofthe two-way con 
mmiation indistrs, shoulda’ set 30a back 
tuck more than n Conote » = 
THat you can sico build one at consklerable 
tees outlay, and that's what this artile fe al 
shout. 
the photographs, show; there's almost 
‘Tiny, Terminator" nothin 
ohm inal for an’ transmit, 
teich ill aeerb 20 watts for days on end 
find will Nandie 40 vate for brief periods (@ 
tninor modifention can double these ratinss), 
rf into the ether after the 
“eamdae” Ughe al Toad, sll 
fe memmeratent of enfUot perer 
mcr nd can he built lees than 
eee tha 8. 
‘You can wee hy the schematic that there's 
nothing to the de the teks 
fre all mechanical Electr 
tminator concise of 20 (th 
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1o00.ohma Late resistors connected in. parale 
ely with a crystal diode rapning. from the hot 
fend "of the componito resistor’ tothe. meter 
Jack and a 27 mmfd capacitor bypassing the 
‘Mechanically, the big problem vith a unit 
susfeas thi te the protienret keepeny the load 
itive regards of trequenes., Resistor 
Tends have inductance’ (about 25: milimiero 
tries por inch) so We get Fal of the leads aa 
‘ompletely as possible. This is dane by punch 
Inge heler ime flat. plste, passing the lead 
through the cle sntl the restitor i Ash with 
the plate, and soldering tapidly with a het iron 
(an' Ungar 4Tewatt L100-dogvee tip was toed 
in building the mode shown) 0 that the r= 

stor bodg won't cook beture the leads, 

plate are joined 
‘The dat plate has capacitance 
swvolded by Keeping the plate shielded. from 
Sutaldeiaucnees, and sepsated as Tar a8 pos 
ite shel, 

"The shield, incidentally, isthe bottom of 11 
cola, soldered a 
tor plat 

‘This confines al rf inst the terminator. 


This 


epareria ¥ 


Adition of the crystal diale (a 134 was 
sed, but a bizher-voltaye unit Is teeormmendad 
Ifyou ever expect to measure power hiker 
‘han watts) and the bypass eapasitor 
‘ide the power-measusing Features These tio 
‘components, in conjunetion wilh an external 
Selumeter of at lonst 1000 shme per wok sene- 
viey, provide you a peakereading ae volte 
deter, The voltage indleated on the nator ell 
be equal to the pesl vale of rf woltage pres 
ent across the load. Squaring the voltage and 
Gividing by 30 (the vesstance) ‘wll give you 
the prot power. Most power retings ave in Fm 
‘elles rather than. peak multipying. the i 
ieated voltage by 0407 before squaring. will 
ive you the tine power output 

"The unit shown in the photos used perfor 
ated ‘irnoe etoce forthe senator platens this 
Ihapponed only because length of the brass 
was on hand in the junkbow at the time. A 


cutout tin can Id will work equally well and 
Srl be stuck lesa pensive, 

‘Not visible in the photos is the means ef 
connecting the Hot end of the resistor plate, A 
hale was punched in the middle of the hot 
plate wo tlongeh of ‘No. 14 bare wire sas 
foidared in, then ad off Hush on the Fear nde 
The bare wire was theeaded throsgh the con 
fonnector and soldered. to the center contact 
MMler checking for possible shorts 

‘The ems connector ilslt is held in place Qy 
a solder Joint all around the im of the cable 
find apertuce (ace photo). ‘This joint, if Well 
tage, provides plenty of strength 


Earlier, we mentioned Ghat a minor modi 
‘ation ould. dovhle the power eating’ That 
tmodifcation ty this: Instead ef Iovate resis: 


07 


tors, use the 2-watt variety. If you really want 
torgo high:power, use 60 2700-ohm St re 
SSntore and have terminator which wil abe 
orb 100 atte continuously and. 200" watts 
TCAS. However, one that big will cost more— 
and you'l probably have to use cafes can 
forthe shield instead of the cola ean used here 


Hybrid Rewor! 


k Station 


The Ersa HR 100 A apples the 
Ersa Hybrid Rework Technolagy for 
a sale desolderng and relace- 
ment of small SMD components. Its 
medium wave length IR radiation, 
combined with a safe stream of hat 
air ensures optimal heat transfer to 
the component. 


The HYBRID TOOL offers a gentle 
and homogeneous warming ofall 
sizes of components tom 0201 
chips upto 20.x20 mm SMD's 
and larger Exchangeable hybrid 
adapters target the thermal energy 
avaiable (up to 200 W) onto the 
component, all the while protectin 
neighboring areas and not blowing 
away or moving adjacent chips. 


lis user-fiendly handing permits 
‘even operators wit ite experience 
lo safely and efcienty operate the 
HR 100, More experienced opera- 
{ors, on the ether hand, can not only 
vataby adjust the airflow as well 


2s the heat ouput, but aso record 
‘and run profes. A postioning laser 
hose laser point makes it possible 
to keep track ofthe component 
worked on through the complete 
process is integrated inthe grip of ams 


{Y HYBRID TOOL wi 200 W heating element, poston laser intgrate in rp 
‘Y Sexchangeabe hybrid adapters (6x6 mm, 10x 10 mm and 20x20 mm) 
1 Silent wrk fan (below 40 dB) 


1 Integrated vacuin pump and vacuum pen; oo holder and Kye thormo- 
couple input socket USB interface; LED display 


‘Y 2channl temperature recording 
TC&IRS: AccuTC and lexpoint thermocouple holder 


"Too hor with 2-xis height adjustment 
1 J PCB der (200 mm x 250 mm) 


"800 W I heating plate wth glass cover 
125 mm x 125 mm I high performance heating element 


‘Rework profile and documentation sofware Ersa IRsot 


Absorption Wave Meter 
Antenna Impedance Bridge 
‘Antenna Measurements 
Antennascope 

Attenuator, RE 

Audio Frequency Oscillator 


Capacitor Checking 
Citizen Band Alignment Aid 
Crystal Calibrators 


Dummy Loads 


Field Strength 
Frequency Generator, Sweep 
Frequency Measurement 


Grid Dip Oscillators 


Hot Carrier Diode RF Meter 


Impedance Meter 
Intermediate Frequency 
Alignment 
Spotter 
Sweep Generator 


Lambda Lines 
Light Bulb as Power Indicators 
LM-15 Frequency Meter 


Microwave Frequency Measurement 


Neutralization 
Noise Figure Measurement 
Noise Generators 


Oscillator Detector 


Volume III 
Test Equipment 


INDEX 


38, 101-6 


39-46 
52-53 
28, 39.48 


27,7994 


36 


2 


Parasitic Oscillation Checking 
Pulse Generator 


tee 


Radio Frequency 
Attenuation 
Impedance Bridges 
Power Meters 
Pulse Generator 
Signal Generators 
Sniffer 
Sweep Generator 

Ramp Generator 

Receiver Tweaker 


Signal Generators 
Slotted Line 

Standing Wave Ratio 

S-Unit Attenuator 

‘Sweep Frequency Generator 


Tad 
‘Transmission Line Attenuator 
TVI Testing 


UHF 
Dipmeters 
Frequency Measurement 
Noise Generator 
Signal Generator 
SWR Bridge 


VHE 
Dipmeters 
Dummy Load 
Frequency Measurement 
SWR Meter 
Wattmeter 

vswR 

Vacuum Tube Voltmeter 


58.9 
21-8 

5, 16, 30.8 
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NOW FROM TEXAS INSTRUMENT: 
three machines in one. 


programmable 
slide-rule calculator 


@ 10 user defined keys © 8 preprogrammed condition statements 
}@ 224 program storage locations + @ 20 independent addressable memory registers 
@ 23 preprogrammed key functions @ Permanent program storage on magnetic cards 


It took TEXAS INSTRUMENTS to invent the SR-52 calculator. It took C & S MARKETING ASSOCIATES to offer it 
at a price you can afford, now only $249.95. With such versatility and such an affordable price, you cannot afford to be 


without the problem solving power of card programability. Now solve problems in seconds that would take hours with any 


ersinaryclelator ose if thy could be done 3 al 

ee eecemeerremrm CS MARKETING ASSOC. 
Se tee ke Re canonem P0.Box 165 Algood, Tenn. 38 
Tenn. residents call (800-262-6706). Other TEXAS INSTRUMENT = 


models available from $49.95. arTy,_ PRICE $249.95 ea. 
Each TEXAS INSTRUMENT calculetor comes with a t-yer |  OCHECK OMO, OCOD 
CILITERATURE CIINFORMATION — | 
DIAL (800-251-6771) 
eww ovaLieso2aero5, | 


warranty, Should your unit prove defective within 60 days, just 
return it for 2 new unit! Finally should you be dissatisfied with your 


caloulator return it within 16 days for a prompt refund. ti 


“New England’s 
| FRIENDLIEST HAM STORE” 


é 
Se 


'-complete stock ————_ 


of the following lines: 


@ ATLAS 

@ VHF ENGINEERING 

@ STANDARD 

@ REGENCY 

@ BOMAR CRYSTALS FOR 2MTR FM 
@ 73 MAGAZINE PUBLICATIONS 

@ OST PUBLICATIONS 

@ NEWTRONICS 

@ TEN-TEC 


Largest inventory of used equipment in the Boston area. 


TUFT Radio Electronics 
orale 


Tired of 
Gem “CB-Quality” 
Cables? 


INEXPENSIVE ASSURANCE OF THE MOST 
CRITICAL LINK IN YOUR 2-WAY SYSTEM! 


YOUR BEST Regariess of bow much you spond on you 
THEFT 
PROTECTION! 


i LE 


Quick Release Adapter 
for Trunk Lip Antennas 


USES YOUR EXISTING ANTENNA & MOUNT 


MOUNTS EASILY INSIDE TRUNK WITH ONLY 2 SCREWS 


DON'T ADVERTISE YOUR RADIO INSTALLATION 
TO THE RADIO THIEF 


$4.95 


IF YOUR DEALER DOESN'T HAVE THE FOILER 

IN STOCK, ORDER DIRECT. ADD 50¢ POSTAGE 

B. HANDLING. TEXAS RESIDENTS ADD 5% SALES 

TAX. SEND CASHIER'S CHECK OR MONEY ORDER a aestte 

FOR PROMPT SHIPMENT REPLACE WITH SOUTHCOM CABLES TODAY... 
— DEALER INQUIRIES INVITED — GET THE PERFORMANCE YOU PAID FOR! 


SouthCom, Inc. SouthCom, Inc. 


P.0,BOX 11212 FORT WORTH, TEXAS 76109 J} P-0.B0x 11212 FORT WORTH, TEXAS 76109 


for 
HIPs,CLOCKs, etc. 


end for Flyer) 


S.D.SALES CO. 22 
. s . DALLAS, TEXAS 75228 


Call your BANK AMERICARD or MASTER CHARGE 
order in on our 
CONTINENTAL UNITED STATES TOLL FREE WATTS: 


1-800-527-3460 
TEXAS RESIDENTS CALL COLLECT: 


214/271-0022 


Please call between 8:30 AM and 6:00 PM C.S.T. — Monday 
1 MORE TIME © renee cronnny ae eat 39 neck stock or ust ak 3 
question. However, only B.A.C. and M.C. orders will be accepted. 


We do not ship C.0.D. 


OFFERED 
AT A FRACTION 
OF 
MANUFACTURERS 
ORIGINAL COST 


ELECTRONIC 
INSTRUMENTATION 
SOLD LEASED 
RENTED PURCHASED 


SEND FOR 
INSTRUMENTATION CATALOG 


Oscilloscopes 
Oscillators 

DVM 

R.F. Volt Meters 
Power Supplies 
Transducers 
Recorders 
Synchros 

Servo Motors 
Generators 


Related Components 
& Systems 


Name. 
Address 
City. 
State Zip 


AST/SERVO SYSTEMS INC..20 Republic Rosd, North Billerica, Mass. 01862 617.667.8541 


CLEAN-AIR solder fume extractions 


(Ersa EASY ARM 1 and EAS 


rsa EASY ARM 1 


The Esa EASY ARM 1 isa 
compact yet powerful iter unto 
efficiently ean the process ar 
atthe workpace, Both :COMI C, 
HGON2 C and CON VARIO can be 
connected to the EASY ARM t with 
an interface cable The solder fume 
cetraction has tre fiat levels 
to remove noxious gases, 


‘With the solder fume extraction 
EASY ARM 2, Ersa offers the user 


ARM 2 — protecting 


Eres EASY ARM 2 


«further compact and hight ef- 
ficient fume extraction uit fr ether 
‘one or two workplaces. One or two 
units :CON1 C/-CON2 ClCON 
\VARIO can be connected to the 
EASY ARM 2 via interface cable. 


Bath EASY ARM systems are 
provided witha standby mode and 
‘operate only when te soldering sta 
tions they are connected to are beng 
used. The EASY ARM 1 and 2 are 


easy to install and can be placed very 
‘ely, Oue to her very ow nose 
level they canbe operated in vitally 
allenirorments, be lt rep shops, 
development faites or aboralres, 


To accommodate diferent working 
condtons and applications, a vate 
cy of extraction aims and nozzle 
shapes which can easly and quickly 
be exchanged are avalale to meet 
diferent working condions. 
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I made a radiant energy antenna for my ist Free Energy project, and with LOTS of help and knowledge sharing fro 
have 3 antennas and 2 grounds and have 2.81 volts in my cap. Somethings better than nothing@ heres some pics 


Foam tetrahedrons covered in aluminum foll, 
then covered in quartz sand, then saran wrap 


Modern day Radiant Energy Receiver 


rod taped to tetrahedrons for formation 


1N4005 Diode 
” read Capacitor at 2.7 volts immedi- 
ately afte addition of 2nd tetrahedron. 
took 12 hours for the capacitor to 
charge 23volts with 1 tetrahedron 
30 ft height 


50V 


Full Wave bridge Rectifier 
Diode setup. IN4005 diodes 
Used 


Ep ‘Sa 5000 uf 


- Copper plate buried 6 inches 


SSS G. Wiseman type radiant energy converter. 


Copper pipe 12 in buried 14 f 
inches 


= 


~** here is the 4 diodes arranged to create a full wave bridge rectifier. The diedes are 1N4005 diodes from radioshack, and the blue capacitor (radioshack) is 35Volt 3300ur, 


“AAthese are the pieces of copper that gets buried in the ground they syupply the (-) of electricity 


Sip 2 ough song 


Tiffany or sheet metal soldering 


Soldering beyond the field of electronics 
Tiffany soldering i.e. the glass pars are fastened or this procedure is accurately fled, 
(Lead glass soldering) connected by faking a dopof solder af a suffcent amount of slder 


with the tp ofthe soldering ron and i applied, the desired, hafround 
Soldering a Titan object generally carefuly applying tothe solder ont. aed convex seams ar acieved. The 


imalves three individual steps: Each spot soldering operation should lack of visual qualilyof the seam 

+ Spot soldering ‘only take about a second. During at his stage is opized dung the 
+ Rough salderng reugh saldetng the gap between the fishing soldering step, in which the 
+ Finishing lass is filed wth solder afer fux soldering tin is dragged sly and 


hha been applied. For this purpose from the begining ofthe seam unt 
Prior to the actual soldering process, the ip and solder are moved together the end alan even speed. The seam 
copper ols ged onthe lass edg- along the joint. Aways crag the ‘worked on should always ie fat on 
es. The next sep is spot sadering, soldering ron, never push it Only # the bench. 


Plumbing and tinsmith work 
Forte jing of sheet metal and 
metal pies the jas be soldered 
have to be bare. This cals fora good 
ior lang 

‘Mer this, the falter older 
‘ase or sole fd, nc chide 
soluton-is apple. Then he area to 
be sodered is heated vith the tp of 


NY the sldeting on, 
NX) ‘Once the sldcng area's sufceny 
a, sles aded and the solder 
A J soins te ois ed 
‘The agressive fx residues are 
ee le 
of hte coosen, 


slr whan so 


Culdng the salderng ran whan slg a rod sean 


Specifications 


| 29-12" Test Lead Wre-csxx (NPN and PNP) Testing Functon 


y jf 08 and Automatic Polanty and Zena Adhest 


0.01 pF 


° f Meter +DC 


Positive to 


Negative to 
Meter Ground 


Figure 3— The 
schematic for the 
field strength detec- 
tor board. 


Up next 
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Up next 
Let's Build A Field Strenath Meter 


=) 


O~ ~90000c¢ 


AAPOR Ae) 
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ERSADUR Tian soldering ps 
Thetypes VD, GOLF LDLF and shapes and thigh mass etcet__and easly be filed wih slic And 
MOLFf the comprehensive 692 len'becaise ofthe efsuingheat the ERSADUR ish warars a 
tp series are parca sued for relenton capaci) he seams be- ong tp Mee. 
Tay work Onaccountof ther tween the gas pars can quickly 
ERSADUR Tiffany soldering tips 
TAL 200A, Ersa MULTI-TC and ERSADUR soldering tips 
posbity to overheat any glass Thelong fe ceraic PTC heating 
Componels or the copper fal and element provides up to 250 W 
theslaion as tremendous power heatupraing which means hat 
reserves aking comparable fo poner adeting on ready 
and puting ton aneqiallvel wth —_forusein nl 60 seins, 
trreulted 150 solleng tons 
The DIGTAL 200 Ais provides 
TheEisa SENSOTRONIC contol wha 22 mm ide, iseshaped 
wis inraly heated soldeng—_soldeting Paty good 
tine te temperaue sensor ress are achieved th he 
is mounted dec bow he te, oplonaly avaiable i vesons 
; provides for recs emperaire 22D, 892 GOLF, 2 CDLF and 
Contolandensuesurtforn — —_B22MOLF wich are specicaly 
TeMULTaktingnns geass fend ian nto 
very light, robust and powerful. The “al 
Ersa SENSOTRONIC Contalwith | 
the PT-000 temperate senor 
inte tip reacs medley when 4 
heats vow 3 
& 
The MULTLTCs red tha E 
22mm wie, isl shaped 
dering tp. Togeter withthe Titfary * g 
soldering tips, the sim MULTI-TC i 2 
is superbly suited for the use in e g 
Tay werk. g | 
Dustoits recs temperate con. NZ 3 
tol te DIGITAL 200 a sxenng 7 i 
ston complet eliminates the i i 


a 
thetwires reversed. | fix 


ve 


4 2\3 2\2 2 


i Fa 4 


Tt ae 
Radia Evaluation ) Board 
SS 


Ferrite Balun core and stick 
AM Broadcast band Coil & former 


68pF Capacitor 3.5mm Jack Socket 
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DIY Atmospheric Water Generator! - Produces/Extracts Distilled Water from the air! - DIY distiller 


Pm Pl  0:01/3:58 
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Auxiliary products and practical accessories 


(Everything for your soldering needs from one source 


rea solder baths 
Ersa solder wire and 
‘solder wre dispenser 


v 
rae tp exchanger 


rsa SOLDAPULLT desoldering pump 


rsa VAC Xdesoldering pump 
Eras SMD fhx and fix cream 


Era D1M 100 tempers: 
turemeasuring device 


a 


rea TP-REACTIVATOR Eras desoldering wicks 


Further periherals and acoesso- 
‘ies can be abained from your lacal 
Ersadistbulor and at www.ersa, 
‘com. Or just ask for our catalog 
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A Vimana depicted in a temple relief at Ellora Caves, india 


TROODON AND DINOSAUROID 
In the early 1980s, the American palacontologist Dale Russell 
suggested that, had dinosaurs survived, the big-brained, 
bipedal, bird-like Troodon with grasping hands (left), might 
have given rise to an intelligent and human-looking 
descendant like the “dinosauroid” (right). 

Long heat Rounded head 


facing eye facing eye 


BEAUTIFUL ENERGY, 


Copper Wire 
QUARTZ = HEALING copper is good for the blood 
METAL'S = STIMULATES ENERGY it also stimulates 


GEMSTONES = ADD'S ENERGY 
RESIN = TRANSFORMATION, 


Gold Leaf Inside The Orgone 
100 % PERCENT REAL!!! 


THE LARGE QUARTZ 


20 Different types of 
gemstone's 
all listing below 


Our orgone 
are made 
out of best 
suited resin. 


larege QUARTZ 


magnesium & steel metal shaving's, enhances energy by absorbing, 

& small bits of copper storing, amplifying, balancing, 
Fo eunaliar the betien focusing and transmitting. 

a It channels universal energy. 

as you can see !!! 


Quartz also enhances thoughts, 
as they are a form of energy. 


LARGE PYRAMID iiccetencn cencneicrte: menreceey, 


healing, meditation, protection, 
ORGONE-ENERGY.COM 


and channeling. 


etals w= Attracts Energy in the Air 


Resin == Compresses Everything 


+ - al - Transform, 
Bids Bore J Nomtive tneray, 


KS Into Positive 
XZ 


IR rework stations 


(Ersa IRIPL 850, IRIPI and HR 600 — from mobile phoné joards 
More than § 000 customers heating zones as well asthe ac 
\wordwide use Ersa's patented curate, user-friendly and motorized 
IR-Rework technology. "Auto Pick & Place" feature. Sys- 
{em control, process documenta. 
Ersa rework stations deploy he ton and visualization is handled by 
DynamiciR Healing Technology, _ the Ersa rework software IRSotl 
programmable top and bottom HRSot. 


Optical solder =r joint inspection 


COPE i 


Since its introduction over 10 Regardless of whether the joints 
years ago more than 3,000 are under afip-chip, or whether 
customers worldwide profit _—_areas are tobe inspected where 

from the pos- other microscopes have come to 

sibilly tonon- ther limits - the ERSASCOPE. 

destructively technology offers a considerable 

Inspect hidden added value to any quality assur- 
solder joints ‘ance program! 


Ersa Know-How Seminars 


(Expert know 


edge for professional users comprehi 


sively imparte 


Today more than ever, costetec- those af your staff members with 
tive production and highest quality process responsibilty in electronic 
inthe electronics manufacturing manufacturing. n these seminars, 
industri he basis for profitable theoretical and practical knowledge 
competitiveness. key ingredient is presened in aneuial fashion in. 
forbeing competiveis a wel- _ workshops and presentations by 
‘qualfed staff wich is upo-date reputed experts inthe fd 
‘on current technology and process. 

For urther information go to our 
rsa Know-How Seminars are ide- website wwwersa.com and cick 
for ransmiting this knowledge to "Evens" 


Finance Religion Military 
All three are separate states, completely 
independent of their respective countries. 


GlacierDogMapMe: Pantheon, Vatican, Washington DC - What Were They Thinking!? 


Vatican Dome facing Obelisk 


vrswtrpanthom,jpz: alge www raideremcwsupesle corn Teale 70.blen 


Above: Vatican City & Pantheon (red circles) Washington DC Dome facing Obelisk 


ttpotwww.come:informapy hiips!twww radersnewsupdats.co istory70.hitm. 


‘MausoleumU SS 
The facade of this mausok 
16th c. foundations 


Depiction of Lucif 
morning star. On 
drawing of Vespe 
symbols of the hu 


THE,BLACK CUBE OF 


es vv 
| a 
ee 
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AUSTRALIA 


An overview of how the weapons are 
deployed by the Mind Control Police 


is 

ECHELON - CITIZEN SPY BASE 
U.S, National Security Agency 

Memwth Hi 


Ersa Electronics Production Equipment 


= Technical data 
and further 
detailed 
inflrmation en 
urrange of 
hand soldering 
ait equipment is 
available in ur “Soldering Tools 
catalog. Thisisavalable in printed 
form and as POF, as are the 
Rework & Inspection’ catalog. 


Aside from 
the extensive 
selection of hand 
soldering tals, 
rewark stations 
and inspection 
= systems for 
non-destructive inspection, Esa, 
as Europe's largest manufacturer 
of soldering systems, als ofers a 
complete range of selectve, wave 
and reflow salderng systems, as 
wells stencil printers forthe 
instil electron manufaetaring 
industry. 


Please refer to ur brochures and 
‘our website www.ersa.com lor 
further infarmatio, 


a 


Ersa GmbH 
Leonhard Kal Strafe 24 
‘97877 Werthelm/Germany 
Tel +49 9342 800.0 

Fax, +49 9342 000-127 
info@ersade 


Ersa France 
Chevgny Saint Sauveur, France 
info-efr@kurtzersacom 


Ersa North America 
Plymouth, USA 
info-ena@kurtzersa.com 


Ersa Asia Pacific 
Heng Kong, China 
info-eap@kurtzersa.com 


Ersa Shanghai 


Shanghai China 
info-eap@kurtzersa.com 


kurtz ersa 


Lt - Interelement spacing. 0.25 wavelength to 0. 
wavelength. (for 2 meters, 24") 

12- RG-58 coaxial cable, 0.5 electrical wavelength (.e. 
0.5 wavelength x velocity factor. 26" for RG-68 
and 2 meters) 

13 - 0.45 wavelength total, Diode/RFC is connected in 
middle of the element. Element may be stiff 


Copper wire or brazing/welding rod. (For 2 
meters, 38” length.) 

RFC - 10 microhenry RF choke. A 1k resistor may 
also be used. 


D1, D2 - Hot carrier diode (such as 1N4454, NTE-519) 
A1N914 may be used with slight degradation, 


J1- BNC (or other suitable) connector 


RG-58 (any length) 


a 
To DF 
Controller 


FM Direction Finding Antenna 
by Mike Mladejovsky, WA7ARK 


4/4/1991 


Notes: 
All coax is RG-58 type 
‘Wavelength (in inches) = 1181 1/frequency (MHz) 
Multiply calculated wavelength of coax. by velocity factor for 
the 1/2 wavelength sections (the two "L2" sections) 
For vehicle (vertical) antennas, leave off bottom of each 
dipole and connect coax shield to groundplane 


HE. crystal set has always enjoyed a certain 
measure of popularity, and such receivers 
have undoubtedly been constructed in large 

numbers over a period of many years, Modern 
developments have enabled the old-fashioned crystal 
detector, which had to be adjusted by hand, to be 
eliminated, but before going on to consider the 
Kind of results which may be expected, the factors 
which have made crystal receivers so popular should 
be noted. Such a receiver forms a stand-by always 
ready for use when required and is, of course, wholly 
independent of any mains or battery supply. It 
therefore allows local programmes to be heard when 
the main receiver is out of commission, either from 
power cuts or other breakdown, or because batteries 
have run down and no replacement is at the moment 
available. Such a receiver can also be used in a 
bedroom, or when it is, desired to listen to a certain 
programme personally.’ There are no running costs, 
and no licence is required when this is already 
ined for another receiver. The initial cost is low, 
circuit and constructional details are such thai 
no difficulty whatever should be experienced by any- 
one making up the receiver, even if they have done no 
work of this kind before. Furthermore, if some 
wrong connection were made no damage is caused, 
and the receiver would work correctly when the error 
was rectified. This is by no means so with valve 
receivers, where valves or other components may, 
in some’ cases, be damaged by the application of 
wrong voltages, or other errors in connecting up. 


Results to Expect 
‘The receiver is simply switched ‘on, as with a valve 
set, when required, a 3-way switch providing * Of,” 


Fig. \.—Circuit of the crystal receiver. 


“Medium Wave" and “ Long Wave” positions. 
‘The range at which transmissions may be picked up, 
and the volume obtained, depends to a large extent 
0n local conditions, and particularly upon the aerial 
and earth system. Used in the Midlands, the receiver 
Picked up a few of the more powerful continental 
stations with surprising strength : it also provided 
™ Light" and“ Home” programmes at excellent 
volume, and the Third programme at sufficient 
strength for prolonged listening with ease. These 
results were obtained with a SOft. outdoor aerial, 
plus the usual earth. With the aerial removed, Home 
and Light programmes were audible but weak. With 
an indoor aerial volume was restored to a perfectly 
satisfactory level. The long outdoor aerial, with no 
earth, gave rather poor volume, which ‘was. still 
further reduced when using the indoor aerial alone. 
Itis, therefore, very desirable that an earth connection 
be arranged, even if the receiver is used upstairs. An 
indoor aerial would be satisfactory in many areas 
for local reception. q 

‘These details should serve as a guide, but reception 
conditions vary throughout the country. In some 
areas the Third programme transmissions are not weil 
received, even with a valve set. 


Circuit Details 

An air-cored coil of fairly large size is generally 
best for such a receiver, and has the added advantage 
that it can be wound easily by the constructor who: 


} COMPONENTS FOR THE  DUAL-WAVE 
“ CRYSTAL DIODE.” 


: 
t 


Fire 4, B.A. terminals type C2512. (Coventry 

tadio.) 

0002 /F. fixed condenser (Dubilier, etc.). (Coventey 
Radio.) 

Crystal diode with mounting brackets. (Post 
Radio Supplies. 

Brown Bakelite Panel Gin. x din. x Jin. thick, 

(16in. (Post Radio 


(Post Radio Supplies.) 
Terminal Strip 6in. x tin. x 
ies. 


np 
former 3in. bh diameter, 2 07, 28 
. enamelled wire, and 2-07. 34 S.W.G. 
D.S.C. wire. (Post Radio Supplies.) 
Wood for baseboard, screws, etc, 
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wishes to make his own coil. A compromise has to 
be made between selectivity and volume, and two 
aeria] terminals are fitted so that the user can select 
that most suitable for local conditions. When aerial 
terminal "**A2” is used the aerial is taken to a 
centre-tap on the medium-wave section of the coil, 
and this gives fair selectivity and good volume. 
Using terminal ** Al” brings in a fixed condenser of 
.0002uF. This particularly increases selectivity on 
long waves, and helps to prevent Jong wave break- 
through where the receiver is used close to a long wave 
transmitter. 

The receiver is switched off when not reqtiired 
asmentioned. The correct polarity is indicated for the 
* Phone ” terminals because a steady direct current 
of about 50 microamperes flows, when the receiver 
is tuned to a local transmitter, and with some types 


Yy Die, hole 
for switch 


PRACTICAL WIRELESS _ 


September, 1952 


neat cabinet. The panel is by 6in. and the receiver 
5 yin. deep, excluding terminals.” The polished brown 
bakelite panel specified ensures that the final appear- 
ance is satisfactory. No reduction drive is used with 
the tuning condenser, as this is scarcely necessary. 
The large knob, with skirt and engraved line, proves 
perfectly satisfactory for tuning. (The suppliers of 
this knob can also provide a knob with scale, and 
this could be used instead if the constructor prefers.) 

In addition to the specified crystal diode, other 
similar detectors are available. The Sylvania 1N22 
or CV102 may be used and have similar dimensions 
and characteristics. A second-hand detector (e.g., 


: 2 
4g 
oh 
35 turns 
{ 2 Stuns | 50 tums 
v MW. 38 Swe. 
Ve Minding ¢ Enameled 
$ a 
Ais y00 turns) 200 rurns 
7 tw, 54 SWE. 
i windings { Double silk 
ty 100 turns| covered 
inf 


-Former 37x 1% 


Fig. 3.—Coil data, 


of headphones this could cause some slight eventual 
demagnetisation, if the phones were wrongly 
connected. ay 


Points on Construction 


The overall dimensions have been kept down so 
that the completed receiver can be housed in a small, 


Plan view of, the receiver. 


recommended, as it may have been misused, or 
had its sensitivity reduced. When using the |N22 
type, the large end may need scraping because these 
have a screw which is subsequently covered with hard 
varnish so that no electrical contact may exist between 
the detector and mounting brackets. 

In order that the tuning contro! may be in a central 
position, the tuning condenser is raised by 4in., and 
this can be done by placing jin. bushes under the 
fixing, brackets, or by.placing a piece of wood roughly 
2in. square by jin. thick under the condenser. 
before screwing it in position. 

Rotary switches of the type illustrated are manu- 
factured in certain sizes, and a lesser number of 
contacts than the maximum number which can_be 
accommodated on the switch may be found, The 
same type of wafer is used for both 2, 3 and 4-pole 
switches. As only two poles are required, the other 
contact tags are ignored, if fitted to the switch. If 
they are not fitted, part of: the wafer may appear 
blank. These points sometimes appear to confuse 
constructors who have never used this type of switch 
before, but ifa 2-pole, 3-way switch is ordered they can 
be sure that this is suitable, and if extra contacts are 
found on the actual component, these are disregarded. 

The diagram makes the construction of the coil 
quite clear. The dimensions between the respective 
windings are not critical, but_given as a guide to the 
disposition of the windings. The ends are secured by 
passing them through small holes in the former, and 
should be left 4in. or Sin. Jong to reach to the various 
parts in the receiver. Point * 2" is formed by making 
a loop in the wire, and point * 3” will consist of two 
ends of wire, twisted together—the junction between 
medium- and long-wave sections of the coil. All turns 
must be wound in the same direction. 


Aerial, Earth and Phones 

The best aeria! is a fairly long, outdoor one, situ- 
ated as far as possible from buildings and other 
earthed objects, and as high as possible. However, 
circumstances often prevent such an aerial being 
erected, and good results can be obtained with other 
types. Whatever kind of aerial is used, it should be 
insulated by using one or two aerial insulators at the 
points of suspension. The down-lead should not 
descend against the house wall, but be kept a few 
feet away, if possible. Losses will then be avoided 
{and these can be severe in wet weather, if the down- 
lead is attached to brickwork), and signal pick-up 
increased. An average outdoor aerial could consist 
of about SOft. of wire, this forming both the down- 
fead and horizontal portion. If space permits, a 
longer aerial can be used, with some slight increase 
in volume. 

An indoor aerial can be made from any insulated 
wire, which is usually placed round the picture 
rail, against the wall. it is sufficient to take the wire 
along two walls of the room. If it can only be taken 
along one wall, sufficient volume may still be obtained, 
though the wire is then likely to be somewhat short. 
In a bedroom, results with the aerial at floor level 
will be found to be similar to those when the wire 
is near the ceiling. Under reasonable conditions 
an indoor aerial should be satisfactory. However, it 
cannot provide as much signal pick-up as a good 
outdoor aerial. If the building has a metal fabric 
or stgel framework then an outdoor aerial is likely to 
be essential. 


Another view of the receiver. 


type not likely to corrode). 


In some cases an earth- 


INC Cat eau sNVUTE UC TAKE tO a Metal OOJECL IM punt may ve avauaole in tne Nouse, or a descend= 
actually buried out of doors, Earthing spikes are ing water main can be used. 

obtainable for this purpose, or the wire may be * A wide variety of headphones can be operated 
securely attached to any metal object (preferably of a with success, but /ow impedance headphones are not 
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+.,Phones — 


i ge ae ase PRT 
2 


0005S pF ie . J 


conaeriver « ° ) 
Nea, 


Rear view 
Of switch 


Fig. 4.—Wiring diagram of the receiver and switch, 


suitable. Balanced-armature 
headphones, now readily ob- 
tainable, are satisfactory ; so 
are medium- and_high-imped- 
ance phones of all types. 
Moving-coil phones are not 
suitable, being of low imped- 
ance. fit is particularly 
desired to use such phones, 
or other low-impedance types 
which may be to hand, then 
a matching transformer is 
required. The primary of this 
should be connected to the 
phone terminals on the re- 
ceiver, and the headphones 
should be taken to the trans- 
former secondary. The trans- 
former must be of correct type 
for the phones used ; if it is 
not, volume will be reduced. 
The usual speaker-matching 
transformer is nos suitable for 
most moving-coil phones, as 
the latter are of somewhat 
higher impedance than the 
normal loudspeaker. 

A ready-made cabinet for 
the receiver may be obtained 
from James Tallon & Sons, 
Ltd., Manor Works, Manor 
Road, Rugby. 


Tesla’s “radiant energy receiver” of 1901 The crop artist device seems to use a dipole 
used a metal plate P and a capacitor C to antenna to collect electromagnetic waves or 
collect charged particles from space, which particles from space, which then induce weak 


were then discharged into a receiver R, AC currents that turn a series of self-exciting 
that consisted of an electromagnet M homopolar generators. 


coupled to a mechanical wheel w. 


cs August 23, 2012 at 
Oxleaze Copse 


1. Mahlon Lumis (CUA) ye 8 cepeaune 


XIX Beka NPVMeHMN NNaMeHHbIe MOHM3aTOPbI 1,540,998 
ANA NuTaHMA aTMOCcbepHbIM anekTPAYeCTBOM eo 
TenerpadHoli caasn 8 SananHon BuoaKnHin ‘RVERSTON oP ATMCEPENAIE HLEOPNIC BHERGY 

35, 192112, Mheoteeet 2 


2. Walter Pennock (CUA) npeanoxnn cvcremy 
Ana coGupaHina atmoccbepHoro 3apaga Ha CeTKn, 
NoABeWeHHole k aspocTaTaM M3 METANMaNpOBAHHOM 
TkaHn. QHeprua HakennvBanace 8 nehigeHcKux baHKax 
3. Herman Plauson (Tepwatins) enepabe npeanoxKan 
noniyio cvcremy ans nony4eHua n npeoGpasosaHnA 
aTmocipepxoro anlexTpuvectsa & SHEpriio OGpMHOrO 
cTangapra. Snekrpaveckuii sapaa, Hakannneaemeh 
NoBepxHOCTEYO NPHeMHNKOB, ¢ NOMOU\bIO MHBEpTOpa 
npespawanca 6 Tok npomeluneHHoro ctaHaapra. 
MouHoctt onbiritix yoraHoBox or 0,72 a0 3,4 KBr. 

4. Coppenesiias yctaHopka ana nuranna ot “Fat 
atmocibepHoro anextpuvectsa MeTeoponornueckoii 


annaparypts. Pocena, arent RU 2245606 (2003 r.) 
W. Pennock. 
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Soldering Guide 


Safety Precautions 


Never touch the element or tip of the soldering iron. 
They are very hot (about 400°C) and will give you a nasty burn. 

‘Take great care to avoid touching the mains flex with the tip of the iron, 

The iron should have a heatproof flex for extra protection. Ordinary plastic flex melts 
immediately if touched by a hot iron and there is a risk of burns and electric shock. 
Always return the soldering iron to its stand when not in use. 

Never put it down on your workbench, even for a moment! 

Allow joints a minute or so to cool down before you touch them. 

Work in a well-ventilated area, 

The smoke formed as you melt solder is mostly from the flux and quite irritating. Avoid 
breathing it by keeping you head to the side of, not above, your work. 

Wash your hands after using solder. 

Solder contains lead. 


Treatment for minor burns 
Most burns from soldering are likely to be minor and treatment is simple: 


+ Immediately cool the affected area under gently running cold water. 
Keep the burn in the cold water for at least 5 minutes (15 minutes is recommended). 
Ifice is readily available 1 be helpful too, but do not delay the initial cooling 
with cold water. 

+ Do not apply any creams or ointments. 

The burn will heal better without them. A dry dressing, such as a clean 
handkerchief, may be applied if you wish to protect the area from dirt. 

+ Seek medical attention if the burn covers an area bigger than your hand. 


Preparing the soldering iron 


Place the soldering iron in its stand and plug in. 
The iron will take a few minutes to reach its operating temperature of about 400°C. 
Dampen the sponge in the stand. 

The best way to do this is to lift it out the stand and hold it under a cold tap for a moment, 
then squeeze to remove excess water. It should be damp, not dripping wet. 

Wait a few minutes for the soldering iron to warm up. 

You can check if it is ready by trying to melt a little solder on the tip 

Wipe the tip of the iron on the damp sponge. 

This will clean the tip, 

Melt a little solder on the tip of the iron. 

This is called ‘tinning’ and it will help the heat to flow from the iron’s tip to the joint. It only 
needs to be done when you plug in the iron, and occasionally while soldering if you need to 
wipe the tip clean on the sponge. 

You are now ready to start soldering! 

Please turn the page for further instructions... 
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Inspection and Inventory 
First, check the kit to be sure all parts are included. Should anything be missing, please contact us for a 
replacement. 


30 — R1-R30, 1.5 K 1/2 watt resistors: Brown-Green-Red-Gold 

1— R55: 41.2K 1/4W, 1% resistor: Yellow-Brown-Red-Red--Brown 
1 — R56: 100K 1/4W, 5% resistor: Brown-Black-Yellow-Gold 

1 —D1: 1N4148 diode 

1 -—C1: 0.01uF monolythic capacitor, yellow, (marked 103) 

1 -—J1: BNC board mount connector 

1-SV1: 4 pin header 

1 — Circuit board 


Water filtration unit 
“Apic Monofilter" 


Anti-Scale cartridge 
for "Apic Monofilter" 


MONOFILTRE 


male-male adapter 


a female cap 20x27 


20x27 > 


BingoFuel Reactor vi.1 - The components for the reactor and and reaction chamber 
(c) 2003 by Jean-Louis Naudin - Email: Jnaudin509@aol.com - http://www. jinlabs.org 


2 x 1 meter of thin "4 


1.5 mm@multiple wires 
sheathed with SILICON 


i? 
2 brass connectors — 


22 mm length 

6 mm inner diam IR @) @ 

- A 6x25 mm nut and bolt 
f 


® | 


2 carbons rods ~~ 
5S mm diam. 57mm length =— (2) 


a folded plate ( 80 x 18 mm ) 
for the electrodes support 


2 plastic tubes 
2 mm diam — = 2 steel rods 
3 - @ 1.5 mm diam. 100 mm length 


BingoFuel Reactor vi.1 - The components for the plasma igniters 
(©) 2003 by Jean-Louis Naudin - Email: Jnaudin509@aol.com - http://www. jinlabs.org 


Carbon rods 


BingoFuel Reactor v1.1 - (c) 2003 by Jean-Louis Naudin 
Email: Jnaudin509@aol.com - http://www. jinlabs.org 


Making soldered joints 


+ Hold the soldering iron like a pen, near the base of the handle. 
Imagine you are going to write your name! 
Remember to never touch the hot element or tip. 

+ Touch the soldering iron onto the joint to be made. 
Make sure it touches both the component lead and the track, 
Hold the tip there for a few seconds and... 

+ Feed a little solder onto the joint. 
It should flow smoothly onto the lead and track to form a volcano shape as shown in the 
diagram below. Make sure you apply the solder to the joint, not the iron, 

+ Remove the solder, then the iron, while keeping the joint sti 
Allow the joint a few seconds to cool before you move the circuit board, 

+ Inspect the joint closely. 
It should look shiny and have a ‘volcano’ shape. If not, you will need to reheat it and feed in 
allttle more solder. This time ensure that both the lead and track are heated fully before 
applying solder. 


GOOD JOINT BAD JOINT 


(volcano shape) (dry joint) 


Vv 


copper tracks 


shiny 


solder dull 


solder 


PCB or 


component stripboard 


lead 


component 


Using a heat sink 

Some components, such as transistors, can be damaged by heat 
when soldering, It is wise to use a heat sink clipped to the lead 
between the joint and the component body, as shown in the picture 
You can buy a special tool, but a standard crocodile clip works just 
as well and is cheaper! 


Soldering advice for components 

Some components require special care when soldering. 
Many must be placed the correct way round and a few 
are easily damaged by the heat from soldering. 
Appropriate warnings are given in the table on the next 
page, together with other advice which may be useful 
when soldering. 
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GROUPES ELECTROGENES MONOPHASES 
a a we ia 


Type 


RANGER™ 2500 21-26 Honda OHC GC 160 


A 5 HP Electrical Generator powered by the BingoFuel Reactor v1 test by Je 
April 15th, 2003 - (c) 2003 JL Naud Tnaudin509@aol.com - http://www. 


<i aay 


A 5 HP Electrical Generator powered by the Bi 
April 15th, 2003 - (c) 2003 JL Naudin - E Jnaudin509@aol.com - http://www. jInlabs.org 


A 5 HP Electrical Generator powered by the BingoFuel Reactor v1.1 - test by Jean-Louis Nau 
April 15th, 2003 - (c) 2! 


1 ohm 50W 


ne 


34V ISA DC 


PGenerator - JL Naudin 12-06-98 


The Aquafuel (tm) Generator — 2 
By Jean-Louis Naudin lee 
12-06-98 Email: JNaudin509@aolcom | 


The AquaFuel(tm) Generator 
By Jean-Louis Naudin - 12-08-98 


FIG. 9 TERMINAL STRIP 
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| Positive . Negative 
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Ground Antenna 


Components 


Pictures 


Soldering advice 


Resistors No special precautions are required. 
Connect either way round. 

Diodes Diodes must be connected the correct 
way round: a = anode, k = cathode. 
Use a heat sink with germanium diodes. 

IC holders Ensure the notch is at the correct end, 


(DIL sockets) 


Do not insert the IC at this stage to 
prevent it being damaged by heat. 


Presets (small 
variable resistors) 


No special precautions are required. 
On stripboard take care to ensure you 
insert them the correct way round. 


Capacitors, 
non-polarised 
(less than 1yF) 


No special precautions are required. 
Connect either way round. 
Take care to identify their value. 


Capacitors, 
electrolytic 
(iF and greater) 


Electrolytic capacitors must be 
connected the correct way round, they 
are marked with + or - near one lead. 


LEDs 
(Light Emitting Diodes) 


LEDs must be connected the correct 
way round: a = anode, k = cathode. 
Use a heat sink with small (mm) LEDs. 


Transistors = Transistors have three leads and must 
be connected the correct way round. 
Use a heat sink clipped to each lead in 
turn between the joint and the transistor. 

Wire links Use tinned copper wire (such as the 

between points on offcut from a resistor lead) or single-core 

the board plastic-coated wire. 

Other parts No special precautions are required for 


mounted on the 
board 


most parts, but make sure they are the 
correct way round. 


Battery clips, 
buzzers and other 
parts with wires 


Red (+) and black (-) wires must be 
connected the correct way round. 


Wires to parts off 
the board such as 
switches 


Use plastic-coated stranded wire which 
is flexible, single-core wire is likely to 
break at the joint. 


Integrated Circuits 
(ICs or ‘chips') 


When all soldering is complete, carefully 
insert ICs the correct way round in their 

holders. Make sure all the pins are lined 
up before pushing in firmly. 


For further information about electronic components please see: www.kpsec.freeuk.com 
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What's on an Electric Power Pole? 


This is an illustration of basic equipment found on a typical distribution pole and can vary by location. 


Primary wires are 


Insulators prevent ‘0n top of the pole 


enegied wires and usualy cary 
moog 12,000 volt of 
incontact with elect rom a 
‘each other or the ‘substation. 
uty pole 
Cutout ate a 
Acrossarm holds fees and yan whe 
the wires upon thereis a problem 
pte vith the tine or 
section of 
The neta! wie 
is below the 
Lnttning arestors wanstrmer and 
protect the pole acs as a tine back 
and equipment tothe substation 
from iting and balances out 
stkes ‘he amount of 
clectly of oad 
con be system 
The secondary 
wire cares the 
lower voltage 
Transformers pest cng 
convert higher the transformer 
voltage electricity 
cami ty primary 
wires and lowers 
the voltage for use 1 
felephone and 
by customers cable wires 
are ypicaly the 
‘ground wire rns lowest wires. 
the entre length of 
the pol. tets 
any electcty on 
the pol afl ito Guy wie help 
the earth stabilize utility 


poles 


iat Voltage Sign 


g 

= 

3 
PRIMARY LEVEL 


240 Vi and commercial customers 
(eg. 120/208 V and 277 480 V). 


erode mente 


SECONDARY LEVEL 


i 
i 
COMMUNICATION LEVEL 


PUBLIC LEVEL 


aa 
3 phase 
primaries 


3 Insulators 


arrestors 


cut-outs 


— Ground wire 


Typical Home Breaker Box 


use caulion when troubleshooting your breaker box 


The visible 
portion of 
yHoover Dam 
@ is 1/3 the 
» design of a 
Stargate. 


w of Hoover Dam -st 
-~ a 


5,000 MW Receiving 
(Rectenna). This station is about a mile 
and a half long in US. 


Power Generation Building 
and Future Operations Center 


48 Element 
HF Antenna Array 


Temporary — 
Operations Center 


Temporary 
Riometer Pad 


Aircraft Alert Radar -——————- 


Desoldering 


At some stage you will probably need to desolder a joint to remove or re-position a wire or 
‘component. There are two ways to remove the solder: 


1. With a desoldering pump (solder sucker) 


+ Set the pump by pushing the spring-loaded plunger down until it locks 
+ Apply both the pump nozzle and the tip of your soldering iron to the joint. 
+ Wait a second or two for the solder to melt, 


+ Then press the button on the pump to release the plunger and suck the molten solder into the 
tool. 


+ Repeat if necessary to remove as much solder as possible. 
+ The pump will need emptying occasionally by unscrewing the nozzle. 


2. With solder remover wick (copper braid) 
+ Apply both the end of the wick and the tip of your soldering iron to the joint, 
+ As the solder melts most of it will flow onto the wick, away from the joint. 
+ Remove the wick first, then the soldering iron. 
*+ Cut off and discard the end of the wick coated with solder. 


After removing most of the solder from the joint(s) you may be able to remove the wire or component 
Jead straight away (allow a few seconds for it to cool). If the joint will not come apart easily apply 
your soldering iron to melt the remaining traces of solder at the same time as pulling the joint apart, 
taking care to avoid burning yourself, 


Using a desoldering pump (solder sucker) 


What is solder? 

Solder is an alloy (mixture) of tin and lead, typically 60% tin and 40% lead. It melts at a temperature 
of about 200°C. Coating a surface with solder is called ‘tinning’ because of the tin content of solder. 
Lead is poisonous and you should always wash your hands after using solder. 


Solder for electronics use contains tiny cores of flux, like the wires inside a mains flex. The flux is 
corrosive, like an acid, and it cleans the metal surfaces as the solder melts. This is why you must melt 
the solder actually on the joint, not on the iron tip. Without flux most joints would fail because metals 
quickly oxidise and the solder itself will not flow properly onto a dirty, oxidised, metal surface. 

The best s t boards 


For plugs, component holders and other larger joints you may prefer to use 18swg solder. 


e of solder for electronic circ 


22swe (swe 


standard wire gauge) 
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LARGE HADRON COLLIDER EXPOSED 
The Stargate of Shiva 


Pm pl Mi) 2:42/9:22 


Making a Shortwave Radio ( How to make a Shortwave Radio ) 


3 * 1N4148 


3 * 2N2222a 


L657 | 


middle 2n2222a has 
base bent 
backwards 


Safety Rules for Soldering 


Department of Electrical, Computer and Biomedical 
Engineering, University of Rhode Island 


1. Wear goggles for eye protection. When trimming off 
leads or excess solder dross, be careful of the 
flyaway that could injury yourself as well as other 
people nearby. 

2. Work in a well-ventilated area and use a fume 
extractor. Do not inhale fumes from the soldering 
processes. 

3. Always retum the soldering iron to its stand when 
not in use. Never put it down on your workbench. 
The soldering iron tip is very hot (about 400°C). 
‘Avoid touching plastic, wire insulator, or any 
flammable material in the working area with the 
soldering iron. Turn the soldering station to standby 
or off if not used for more than few minutes. Turn 
unit off or unplug it when done. 

4, Use a third hand, a circuit board vice, pliers, 
tweezers, or clamps for holding components to 
avoid bums. Legs and arms should be covered to 
avoid burns from splashed hot solder. 

5. Do not have food or drink near the working area 
The solder is usually a tin/lead alloy and lead is 
toxic. The flux is a chemical used to help metal parts, 
soldered together. It is acidic and toxic. Clean up 
spilled flux immediately. Wash hands after 
soldering. Flux can cause acid burns to the skin or 
damage clothing. In case of acid bums, flush 
immediately with water. 

6. Wash hands thoroughly after handling flux and 
solder containing lead. Use lead-free solder 
Whenever possible, 


7. Clean up the area when finished. Discard lead and 
silver solder and dross in a container with a lid 
Label the container: “Lead/Silver Solder Waste for 
Recycling’. Used solder sponges and contaminated 
rags must be disposed of as hazardous waste. 


Soldering Techniques 


1. Basic tools include an electric soldering station (a 
temperature-adjustable type preferred), solder, a 
pair of needle-nose pliers, a wire stripper, a flush 
cutter, a desoldering bulb, a utility blade, and a third 
hand or a vice. 

2. Workspace should be as uncluttered as possible 
Clear the path between the soldering station stand 
and the project to be soldered. 

3. Prepare the soldering iron tip. Scrape off oxides with 
a utility blade if necessary. Adjust to an appropriate 
temperature. It won't work if you can't get the solder 
melt onto the soldering tip. Tinning the soldering tip 
by coating it with a thin coat of solder. This helps 
heat transfer between the tip and the components. 
The cleaning sponge should be soaking wet. Quickly 
run the soldering tip over the wet sponge to get rid 
of excess solder. 

4. Clean the contact surfaces of the metal parts if 
necessary. Scrape off oxides with a utility blade. In 
some cases, it is easier to tin the individual 
components first before joining them 

5. Position the components using a third hand or a 
vice. Avoid holding the metal part of a component 
with your fingers. 

6. Timing is important for soldering the components 
together. The solder needs to be completely meit at 
the joint to avoid a “cold solder point.” However, too 
much heat could damage a sensitive electronic 
component or melt the insulator of a wire. The 
required time depends on the heat transfer, which is 
affected by the temperature of the soldering tip, the 
mass of the components, the presence of flux or 
rosin, and how clean the contact surfaces are. 

7. Start_over when an attempt fails. Old solder has 
impurities. Remove old solder completely with a 
desoldering bulb or pump. Clean up fluxirosin 
residuals. Try again 


Examples: www leadsdrect.co.ukllechnicalperfecteolderoint hn! 


V Basil 
X How 


Good — clean, shiny, 
and just the right 
‘amount of solder. 


Bad —too much 
solder which is 
Uneven, has shaep 
points in places, and 
was probably 
‘overheated. 


Paeeines 
at top, ha\t 
O7-CMS Wound 


SA UTES ONION VE 
HE TUCMS YOR 
th~ mina 


\ 


“1152 DON 


fs 1 M4 
oe al Lp WEEE 
fi df, Be 


eee 
one bg Pe Tae Sz 


SUMERIAN DEPICTIONS OF ANUNNAKI GODS FLYING IN "WHIRLWINDS" 


TABLE OF CONTENTS 


. Introduction 

. Basic metals 

Flux 

. Solder 
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SIZE & SCALE 
Of the object known as “Alien spaceship” Photographed at the Moon Luna 17S 117.5E 
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Simple Crystal Radio Circuit - http://billydiy.blogspot.hk 


ANT1 
Antenna - 20 meters of thin wire hanging vertically or horizontally 
C1 
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3.5mm Mono Headphone Jack 


Aerial Coil & Tuning Coil on Ferrite Powder Rod 


— Connect ground to Metal Water Pipe 
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retical background for technicians 


4. Introduction 

Progress within the electronics industry would not have resulted in the mass production of 
electronic appliances as we know them today, without a similar progress in the field of soldering 
technology. 


To be able to understand how soldering techniques are used in the electronics industry, 
we first have to get familiar with the materials used during the soldering process, and we have to 
lear how a soldering connection is created on a molecular level 

Soldering is an old technique for creating permanent electrical and mechanical connections between 
metals. In contrast to ordinary glueing, which makes only a physical connection between materials 
(although electrically conducting glue also exists) soldering causes a chemical reaction with other 
‘materials, creating a new alloy. 

‘There are several soldering techniques, which all have a few things in common: basic metals, 
soldering flux, solder and heating, 


2. Basic metals 

‘When we place electronic components on a PCB, the legs of the components and the 

soldering lands on the PCB, are the basic metals that will connect with the solder. 

Several metals like copper, bronze, silver and some types of steel react with solder 

and make a strong chemical and physical connection. 

Other materials lke aluminium, titanium, etc. are difficult or even impossible to solder. 

‘The fact that materials exist which can not be soldered is very important, as these materials can 
be used for making soldering machines and soldering irons. These materials can also be used 
for covering components during soldering 


‘There is a direct relationship between how strongly the surface of the basic metal oxidizes and how 
the soldering reacts on this: When there is more oxidation present, the soldering connection 

will be Weaker. 

‘The fact that most metals oxidize very quickly when heated, is a specific problem, because 

if one wants to obtain a chemical soldering reaction, a high temperature is necessary... 

Flux is used to counteract this oxidation problem, 


3. Soldering flux 

‘Although the soldering Surface looks clean, there is always a thin layer of oxide on the metals, 
This layer always arises as soon as the metal is exposed to air. Reliable soldering connections 
can only be made on "clean" surfaces. “Clean” surfaces could be accomplished using 
cleaning product, but this would be insufficient as metal oxidizes incredibly fast when heated. 
To prevent the creation of the layer of oxide, the use of soldering flux is necessary. 


Using soldering flux on the basic metals before the soldering starts has various reasons and 
advantages: 


‘The main reason of the use of flux is to stop the oxidation of the basic metals during heating. 
The flux makes sure that the air can't reach the soldering surface, and therefore prevents the 
formation of oxidation during warming up. 

Most of the different flux types have acid components which are used to remove the oxidation 

that is already present on the basic metal. 

Ia very strong acid is active in the flux, theoretically it would be possible to remove all the oxides. 
This however is in practice not possible, as the acid would also affect the PCB and the components, 
which of course is not the intention. 


Therefore there will always be a search for the balance between a flux that contains strong acids, 
and as a consequence also removes the oxidates more effectively (but also affects the PCB), and a flux 
that contains a less strong acid and therefore removes less oxides. (but does nat affect the PCB). 


Most fluxes though use types of acid. Therefore it generally is necessary to remove the flux residues 
after soldering, 


When solder is applied, the flux needs to flow off so that the solder can make direct contact with 
the basic metal. During this process it is however impossible to avoid the flux mixing with 

the solder. 

Flux developers make use of this fact to develop a flux that has the property to reduce 

the surface tension of the solder on contact, as a result of which better "wetting" arises, 


Flux consists of natural or synthetic resin and chemical additives, called activators, 
In PEM a "no clean flux of Tamura is used (for the placement of Flat-Package-IC's). Consequently 
itis not necessary to remove the flux after soldering, 

Furthermore it is not necessary to add extra flux when doing easy manual soldering 

because the soldering wire contains flux (3.3 %), ike a resin core. 


4. Solder : 

There several existing metals and metal alloys that can be used for soldering 

The choice for using a certain metal is based on the properties of the metal: 

Is the metal flexible or fragile? How well does it conduct heat? 

Does it expand rapidly when heated? What is the electrical resistance of the metal? 

How strong is it? Is it toxic? And nat unimportant: what does it cost? 

Although itis not perfect, an allay of tin and lead is most often used traditionally 

Pure tin melts at 203°C and pure lead melts at 330°C. A mixture of both metals has a lower 
‘meting point. 

By using a different mixture the melting temperature of the soldering alloy can be changed. 
alloy of tin and lead (e.g. 60/40) has a relatively low melting point (183°C) and can be produced at 
a relatively low price, in comparison to other alloys with similar properties. 

Lead is a very cheap and can be found in a lot of places. Therefore the cost of the tin-lead alloy 
is mainly determined by the cost of tin 


When this alloy is warmed up, it goes through several phases: 
the alloy goes from a “fixed” condition, to a "paste" condition (semiliquid), and finally becomes totally 
liquid. tis difficult to solder with an alloy that is in a "paste" condition: because there is 

litle movement or vibration during this "paste" condition, this can cause bad soldering. 

If the alloy is of 50% tin and 50 % lead, it starts to melt at a temperature of 193°C, 

‘and will be totally melted at a temperature of 216°C. 


To prevent bad soldering during the "paste" condition, "eutectical" solder is used 
‘An “eutectical" alloy is an alloy that, when heated, goes immediately fram a fixed condition to 

a liquid condition: the "paste" stage is effectively skipped. 

‘An “eutectical ti-lead alloy contains 63% tin and 37% lead, 

Often a tin-lead alloy with 60% tin and 40% lead is used. This alloy can be produced cheaper than the 
eutectical solder because it contains less tin. But because ths alloy is almost “eutectical", it can 
effectively be used for soldering 

During soldering, be careful to make no sudden movements whilst the solder is cooling, 

This can cause "interupted connections" and therefore unreliable soldering. 

‘An “interrupted” soldering connection has a rough and irregular surface and appears dim 

instead of clear and shiny. 

Itis also very important that no impurities get into the solder. 

{f small metal particles from the components get into the soldering "cup" of the soldering machine. 
This can result in a serious change to surface tension, and consequently bad soldering connections. 
These metal impurities could even change the melting temperature of the solder. 


Materials: 


1, Fluorescent Lamp Protector Sleeve — used to make the two Leyden jars. 
2. Staircase Belusters — these will be the supports for the rotating disks 


2. 1/8" Bronze Brazing Rod — will be used to fabricate all of the conductors. If you can’t find this at your local 
hardware store look for 8 welding supply shop, they are sold by the pound and sre incredibly useful for 
many things even if you don't own an oxyacetylene torch. 


4. Fiberglass Driveway Marker Rod - Make sure it's round and 5/16" in diameter. these will be the shafts and 
insulated supports. 


5. ¥8" OD Thin Wall Brass Tubing - one 3‘ section. 


6. Knick-Knack Shelf Kit - approximately 24” by 6”. You can use any %4" board you desire, the shel included 
has @ nice rail that will add to the overall look of the project. 


7. Inline Skate Replacement Wheels — Quantity 2 

8, Lamp Parts — You will need a selection of lamp parts which may vary depending on what is available at 
your particulsr store. Pictured here are pull chains, finials, and ball nuts used to make parts of the charge 
collector combs and discharge electrodes. Also pictured are cabinet knobs which were not used in this 
project but would make good alternatives. See the charge collector construction step for details. 

9. 1" Copper Pipe Hangers - These you'll find in the plumbing section, they ere copper plated steel. 

10. Solder wick (not pictured) — for the neutralizing brushes, you might have to visit Radio Shack for this. 

11, Rubber feet — Quantity 6. 


12. Clothes Line Pulleys — must be plastic 


13. 3/16" Acrylic Glazing - enough to cut (2) 14” circles from. Polycarbonate will work too and is easier to 
‘work with but costs more than twice as much. 


14, Aluminum tape (not pictured) — found with the duct tape end HVAC supplies, get the kind with the peel off 
paper backing 


15. Rubber O-ring belts (not pictured) ~ available from McMaster-Carr, part number: 94115K259 about $15 for 
# package of eight 


‘The total cost of purchasing the materials new is about $100 However, these are all relatively common items: 


Disks and Drive Components: 


Make the cutting toot: 


1. To cut the two 14" acrylic circles we will first need 
to make a tool. Cut a 12” length of wood %" 
square. Pine will work but hardwood is preferable. 

2 Drill a pilot hole near one end and press or drive a 
#6 penny nail through the stick so the point sticks 
out about 1%" 

3. Drill a second hole exactly 7" from the first and 
insert another #6 penny nail into it 

4. Use a fine metalworking file to shape the point of 
the second nail as shown. You want to make a 
Chisel point with a slight undercut on the leading 
face. 


wimshurst-circle-cutter-inset jpg 


5. Heat, generation of soldering connection 

ifthe solder gets in contact with a copper surface, 

the solder dissolves and penetrates the copper layer. 

The molecules of the solder and the copper get mixed and a new 

alloy is created, consisting partially of copper and partially of solder. 

This reaction is called "welting” and has as a result an “inter-metallic” connection 

between the components. “Wetting” can only take place if the surface of the copper does not contain 
oxides. The solder and the surface of the copper also have to be at the right temperature before the 
“wetting” can take place. 


SOLDER 
INTERMETALLICBOND 


PC BOARD 


6. Soldering with a soldering iron: 
The following 4 factors determine the quality of the soldering connection: 
~ clean surfaces 
- temperature 
= time 
~ quantity of solder 


a) Clean surfaces: tis the enemy of a good soldering connection! 
itis enormously important that there are no impurities on all of the components (including the 
soldering bit). Soldering on "dirty" components is not possible! 

(Old PCB's or components sometimes can not be soldered due to a 

large layer of oxide on the islands and the legs of the components 

In such cases the solder is rejected and goes to everywhere, except for where we want it to go. 
In a desperate attempt to solder in such a situation, a common reaction is to raise the 
soldering temperature. However, this is certainly not a solution. On the contrary! 

The only correct solution is thorough cleaning, (e.g. with a brush of glass fibre) 


Before the soldering iron can be used, the soldering bit first has to be coated with tin 
‘Some solder has to be melted onto the bit. Afterwards the bit has to be cleaned. 

For cleaning the soldering bit, itis best is to use a slightly moistened sponge 

(with demineralized water). The use of ordinary tap water is not reccomended, because the 
silver layer on the bit gets affected by calcium in the tap water, which results in less thermal 
contact. This diminished thermal contact runs the risk of cold soldering, etc. 

To improve the thermal contact between the bit and the soldering surface, itis advisable 

to coat the soldering bit with a litle bit of solder before every soldering action. 


b) Temperature & time 


‘The temperature of the soldering bit is not the most determining factor for successful soldering} 
the heating cycle (combination of temperature of the bit and the time the heating takes) is! 

How fast the soldering components warm up, how warm they get and how long they stay warm, are 
the most important factors that have to be controlled to make a reliable soldering 

connection, 


The time soldering takes is very important. A soldering task may only take a couple of 
seconds: when heated too long, the components and the soldering lands can be damaged. 


Itis also totally wrong to use the soldering bit to rub melted solder across the soldering surface. 


Although the temperature of the bit is not the most determining factor, itis advisable to 
to do soldering at the lowest possible temperature. 


‘Cut the acrylic disks: 


4. Lay out your circles with a compass to be sure wimshurst-circle-cutterjog 
they will both fit on your sheet of acrylic. 

2. Drill a 1/8" hole in the center of your circle. Be 
gentle when driling acrylic, it cracks easily. 
Polycarbonate is quite a bit tougher. 

3. Working on a carpeted floor, insert the unmodified 
nail in the center and begin scoring your circle. Cut 
about a quarter of the way with each stroke and 
work your way around the circumference. 

4 Ifthe cutter sticks, lift it out and move to a different 
spot. 

5. When you think you've gone about halfway 
through, flip the acrylic sheet over and cut from the 
other side. You may end up flipping the sheet 
several times before the circle pops free. 

6. Clean up the edge of the circle with some 400 grit 
sand paper and set them aside. 


Cut belt grooves in the skate wheels: 


wimshurst-skate-wheel-groove jpg 


1. Gently clamp or strap your drill to a workbench as 
pictured. 

2. Assemble a mandrel from a 5/16" bolt and some 
large (fender) washers, when assembled the entire 
wheel must spin, not just the bearings. 

3. Chuck the assembly into the drill. The wheel 
should turn toward you and the speed should be 
fairly fast. 

4. With a crosscut bastard file make a %" wide flat on 
the wheel and then switch to a rat-tail file to cut the 
grove. Apply light and even pressure to the file. 


Attach the skate wheels to the disks: 


wimshurst-skate-wheel-mount jpg. 


1. Use a step dil bit ke the one pictured to increase 
the size of the hole in the acrylic disk to 5/16". 
Remember, be gentle and go slowly because 
acrylic is easily cracked. 

2. Remove the washers from the wheel and use the 
5/16" bolt to center the wheel against the disk. 

3. Drill (4) 1/8" holes through the disk, don't drill into 
the wheel 

4. Switch to a 3/32" bit and drill partway into the 
wheel in 4 places. 

5. Finish the holes with a counter sink. 

6. Now remove the 5/16" bolt and drill the center hole 
out to "4" or 5/8" using a step drill, you want the 
edges of the hole completely clear of the rotating 
parts of the wheel bearing. 

7. Install (4) small counter sunken screws, tighten 
these so they just touch the disk, the disk must 
remain as flat as possible. 


Cut the sectors: 


wimshurst-sector-cutting jpg 


1. Decide how many sectors you are willing to cut. 
I'm rather lazy and opted for fewer sectors, 16 per 
disk. If you decide to make 24 or even 32 sectors 
you'll have to make them smaller but you will be 
rewarded with longer sparks. 

2 The sectors are cut from aluminum tape. Make a 
template from a piece of plastic milk jug and trace 
each sector. Cut them individually, don’t be 
tempted to stack multiple layers of tape; the cut 
will end up ragged and will bleed charge away into 
the air. 

3. Tip: | found it easiest to use an X-acto knife and 
straight edge to cut the long sides and then switch 
to scissors for the curved ends. 


Attach the sectors: 


wimshurst-affix-sectors jpg 


1. Lay outa circle on a plece of foam board 

2. Draw radial lines to correspond with the number of 
sectors you've chosen 

3. Place your template centered at 6 o'clock and 
trace it. The large end should face out and be 
about %" from the edge of the disk. 

4. Set the disk on the foam board and insert push 
pins around the circumference so it turns in place. 

5. Carefully peel and stick the sector in place. It's a 
good idea to make some extra sectors and 
practice this operation first. A length of fiberglass 
rod makes an excellent burnishing tool. 

6 Turn the disk one line to the left and repeat. 
Always index the line to the first sector you stuck 
down, this will help make the spacing as even as 
possible. 


Prepare the drive pulleys: 


wimshurst-drill-pulley. jpg 


1. Remove the pulleys from their cages by drilling out 
the rivets. 
2 Use the step drill to enlarge the holes to 5/16". Drill 
from one side, then the other to enlarge the full 
depth of the hole in the pulley. Note: The use of 
the step drill is especially important here because 
of its seff-centering characteristics. 
Cut (2) 7" lengths of fiberglass rod, slightly bevel 
the ends with a file to prevent chip out. Be careful 
of the glass fibers, they can be really irritating! 
Drill the splines out of the window crack bore with 
a regular 5/16” drill bit. Clamp the crank in a vise 
and go slowly; making sure the bit is in line with 
the axis. 


o 
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‘Cut and drill the supports: 


wimshurst-drill-upright jpg 


1. Cut 12” off of each of the staircase balusters. 
Choose the end that you think looks best. On my 
prototype machine | used both ends of the same 
baluster and thus had two different style supports. 


2. Clamp the two supports together as shown and 
drill 5/16” holes 3 %4" inches from the bottom 
(square end) and 11” inches from the bottom. 


» 


The lower hole will need to be reamed out so that 
the fiberglass axle tums freely in it. Use a slightly 
larger drill or rat-tail file for that. You can also drill 
it larger and insert plastic bushings for smoother 

‘operation. Alternatively you can bore it out with a 
step drill to match the diameter of a pair of skate 

bearings - this works exceptionally smoothly and 
is what | ultimately did to my own machine. 


Attach the supports to the base: 


1. Draw a line parallel to the back of the base 2 4" 
in, this is not quite to the center. Draw a second 
line perpendicular to the first on the center of the 
base. 


2. Cut a 1 %" gap in the rail on the center line, as 
pictured. 


3, Drill (2) 3/8" inch holes through the base on the 
center line 5/8" from the front and back edges. 


4, Use 2" drywall screws and large washers to 
attach the supports to the base. The combination 
of the large washer and 3/8" hole will allow you to 
‘adjust and align the position of the rotating disk 
precisely. 


5. Drill (2) 5/16” holes on the line parallel to the long 
dimension and 7 5/8” from the centerline on each 
side - these holes need to be straight up and 
down so drill carefully, use a small carpenter's 
‘square to line up the drill, 


wimshurst-screw-uprights. jpg 


Charge Combs and Neutralizing Bars: 


Prepare the charge collectors: 


1. Use a hacksaw to cut off the nail ends of the pipe 
hanger. The overall length should be 5”. 


2. You'll find small brass ball cap nuts in the 
electrical section at the hardware store; they are 
most commonly used to secure the top of brass 
‘outdoor lighting fixtures. 


3. Place the small brass ball nuts on the ends of the 
hanger, heat them with a small torch and apply 
just enough solder to fill the joint. Note: Be careful 
Not to overheat the pipe hanger, it is copper 
plated steel and it you heat it too much the solder 
may not adhere. 


The torch pictured is a Lenk LSP-180 butane 
torch/soldering iron and it is a marvelous tool. 


wimshurst-solder-balls jpg 


Attach the collector comb prongs: 


1. You need to make 8-12 pointy prongs down each 
side of the collector comb. | stripped the 
conductors out of a 3‘ section of telephone wire to 
make them. 


2. Wrap the copper wire around the pipe hanger as 
‘shown in the left-most example. | made 11 tums. 


3. Cut away the center portion of the wire on one 
side only and bend the cut ends around the pipe 


hangers. 


4. Spread the prongs out evenly along the portion of 
the charge collector that will be opposite the 
‘sector. 


The first that has to be examined before the soldering starts in the ‘thermal mass" of the components. 


Every soldering task has its own specific "thermal mass” which is determined by the heat absorption 

of the components. For soldering e.g. the component pins and solder lands. 

For components on a heat sink there will be a large thermal mass. In other words: the heat will be 
"absorbed " by the heat sink, as a result of which more warmth will have to be added than 

.g. for soldering the leg of an IC. 

‘Secondly itis very important that the temperature of all the components that will be soldered have 
more or less the same temperature. 

‘An example: itis necessary that the leg and the soldering land have had at the same time the 
necessary warming up before the solder is added. 

We have to take care that, while warming up, the soldering bit gets in contact with both the leg and the 
soldering land, 

“Thermal contact’ is therefore very important. 


The thermal contact is low The thermal contact is higher 
The warmtn 1s transmitted by means ot the bit. by adaing a bit of solder 
to the leg and the soldering land 10 the point of contact 


The size and the shape of the soldering bit, as well as the position of the bit, will determine 
whether or not it makes a good thermal contact. For being able to make a good thermal contact ir 
all circumstances, different types of soldering bits exist (different shapes). 

Normally the soldering bit has to be placed on the "largest mass point” of the soldering connectior 
that needs to be made. 

This will make fast heating possible. 


¢) Adding solder & quantity 

“The last factor necessary for a high quality soldering connection, is adding the correct quantiy 
of solder. 

Too much solder is an unnecessary waste and can aid the formation of "bridges" across legs 
Ifnot enough solder is added, this can cause an "insufficient soldering” or "dry soldering” 
Adding the correct quantiy of solder takes a lot of exercise and experience 


Melted solder always flows from a "colder" area to a "warmer" area 
Before the solder is added, the surface temperature of the components to be soldered has to be 

higher than the melting temperature of the solder. 

Never let the soldering wire melt by holding it against the soldering bit. This may cause the soldet 

to fall on a surface where the temperature is lower than the melting temperature 

This can result in a cold soldering, with almost no or insufficient "wetting" 

Ifthe solder is added to a clean, fluxed and sufficiently heated surface, then the solder will melt and flow 
nicely without direct contact with the heat source. (soldering bit} 

Therefore it is advisable to put the soldering wire on the sufficiently heated surface 

so that the solder melts as a consequence of the contact with the heated surface 


The solder is melted as a consequence of the contact with 
the heated surface. No contact with the soldering bit is necessary. 


Solder the prongs: 


* 


2. 


2 


wimshurst-solder-prongs.jpg 


Crimp the ends tightly around the pipe hanger. 


Use a large soldering iron to solder each joint. 
Apply sufficient solder so that when you take the 
soldering iron away solder flows down to fill the 
gap at the end of each length of wire. We want to 
avoid any points other then the prongs 
themselves. 


Once you've soldered all of the joints cut down 
the center of the wires but don't trim them to 
length until it's time to install the combs. 


Charge collector mount: 


I made 8 couple of different collector mounts using 
various lamp parts and cabinet knobs. This was the 
‘simplest, but you may have to improvise if you can't 
find these particular lamp parts at your local hardware 
store. 


Pictured here right to left: 
© 3/8" OD thin wall brass tubing 6" long 
© 2/8" threaded collar 

© 2/8" lamp “nipple” 1" long 

Lamp washer nut (thresded) 


Rubber flat washer 


e 3/8" brass washer 


© 3/8" threaded lamp finial 


+#8-32 screw 


wimshurst-collector-assembly jpg 


Prepare the collector mount: 


‘1. Using the step dril, bore out one half of the 
threaded collar. 


2. Screw the nipple halfway into the collar and 
insert the brass tubing into the opposite end and 
solder it in place. 


3, Drill one hole straight down into the top of the 
finial and thread with a #6-32 tap. Use the dri 
‘size written on the tap. 


4, Drill a 1/8" hole through the body of the finial as 
pictured, this is for the discharge electrode. 


§, Cut a %4" length from the extra you trimmed off of 
the pipe hanger earlier and solder it to the brass. 
‘washer, this will allow the assembly to clamp and 
‘hold the charge collector perpendicular to the 
support. 


6. Test assemble the mount and then disassemble 
and set aside. 


Prepare the discharge electrodes: 
‘wimshurst-discharge-assembly jpg 


+. Cut two 18” lengths of beazing rod and bend 
them as shown. | bent mine by hand but you 
‘could bend a 30° length around a five gallon pail 
‘and then cut it in the center for 3 neater 
appearance 


2. The balls for the discharge electrodes come from 
‘some more lamp finials, cut them off just below 
the ball with a hacksaw. These balls are about %<"__ wimshurst-discharge-ball-cut jpg 
in diameter. 


3. Solder the discharge balls to the electrodes: fill 
the hole with solder so it makes a smooth 
transition to the rod. wimshurst-discharge-ball-solder-prep jog 


Note: do not solder the small ball nuts in place! 


Fabricate the neutralizing brushes. 
wimshurst-neutralizer-bar-parts jpg 
The neutralizing brushes are made with more brazing 


rod, alligator clips salvaged from a pair of clipJeads 
and yet another type of lamp finial 


Bend the brush support 


wimshurst-neutralizer-bend jog 


1. Cut a length of brazing rod 14” long and mark it 
Z from either end. 


2. Make (2) 90 degree bends in the rod at the 2° 
marks. 


Solder the brush support to the brush boss: 


4 


Nn 


o 


wimshurst-neutralizer-hub jpg 


Drill a hole for a set screw in the base of the finial 
and tap with the #6-32 tap. 


File a groove in the top of the lamp finials, these 
particular finals have a 3/8" threaded hole in the 
bottom and a small hole in the top. | think they 
are made for ceiling fixtures that have a center 
pull string. 


Center the neutralizer bar on the finial and prop it 
so its parallel to the workbench top and solder it 
in place. 


eh 


wimshurst-neutralizer-clip.jpg 


Attach the brush clips to the support: 


1. Crimp the alligator clips on to the ends of the 
neutralizer bar and solder. 


Fabricate the Leyden jar shunt: 


wimshurst-layden-shunt jpg 


1. Cut a 22" length of brazing rod. 
2. Make 90-degree bends, 3 12" in from each end. 


3. Solder two brass balls to the end. These are the 
large brass lamp chain pull balls, smaller finial 
balls or cabinet knobs would work here, too. If 
you use knobs be sure to remove any lacquer 
finish. 


Cut the Leyden jar body: 


wimshurst-layden-cut-tube.jpg 


1. Using the miter box and fine tooth hacksaw, cut 
two 7 1/2" lengths from the fluorescent lamp 
protector sleeve. 


Cut and affix the inner plate: 


1, 


bad 


wimshurst-layden-plate-inner.jpg 


Cut (4) 5" by 6" sheets of heavy duty aluminum 
foil. 


Form one sheet by wrapping it around the tube 
and then rolling it so it can be inserted. Roll along 
the 6" axis so the foil cylinder ends up being 5" 
high. 


Insert the foil into the tube so that it is 1" from one 
end. Use a couple of rolled up sheets of paper to 
hold the foil firmly against the inside of the tube 
while you tape it in place. The tighter you can 
make it to the inside of the tube the better. 


d) Solder 


GOOD JOINT 
(voearo Shape) 


BAD JOINT 
(arise) 


1. Cleaning of the soldering bit: 
For soldering to be effective, the soldering bit has to be clean: 
no dirt and no oxides are allowed on the soldering bit. 

‘The soldering bit needs to be cleaned before soldering. 


2. Heating of the components that will be soldered. 
For soldering to be effective, the components which have to be 
connected, have to be heated (in this case the pin and the solder 
Jands) to a temperature that at least equals the temperature of 
the melting point of the soldering alloy. (183 “C) 

Bear in mind the "thermal mass", the type af bit and the position 
of the bit! 


3. Adding the solder: 
After both components are heated sufficiently, solder can 

be added. 

Let the solder melt as a consequence of the contact with the heated 
surface. In other words: don't make any direct contact with the 
soldering bit. 


4. Quantity of the solder to be added and letting the solder flow. 
Let the solder flow nicely between both components 
and add solder until the right quantity is reached, 


5. Remove the soldering wire 
When sufficient solder is added, the soldering wire 
‘may be removed. 


6. Remove the soldering bit, 
‘When the solder has nicely flowed open, and there is “wetting”, 

the soldering bit may be removed so that the solder 

can solidify. 

Pay attention for possible sudden movements during this operation. 
(tisk of "disturbed" soldering) 


Z. Check the soldering connection 
Check the soldering connection. 
Nicely formed soldering is shining and 
even, Also pay attention to the shape: 
a spherical shape is not good! 


Affix the outer plate: 


wimshurst-layden-plate-outer.jpg 


1. Wrap another piece of aluminum foil around the 
outside and tape it in place. Again, the tighter the 
better, but don't wrinkle the foil. 


Make the bases: 


wimshurst-layden-plate-bottom.jpg 


1. Snap the tube ends onto the opening that is 1" 
from the foil 


2. Make the Leyden jar bases from a pair of plastic 
closet pole mounts. Drill out the center hole to 
5/16". 


Note: These are Stanley brand and | had to trim some 
reinforcing ribs off with an X-acto knife to make them 
slide into the tubes. 


Mount the disks and drive line: 


1. Slide the disk nde into @ support and put on 8 
5/16" set screw collar, an O-ring belt, the two. 
‘disks, the other bel, snd another collar 


2 Altech the casement window crank to the drive 
‘shaft, insert the bushings in the supports if you 
‘sre using them and slide the shsft through the 
pulleys. The pulleys should be a tight fit and you 
will have to twist the shaft back and forth to get 
‘through. Dont forget about the bes hanging from 
the top shaft, one will need a twist so that the 
disks rotate in opposite directions. A collar goes 
on either end of the drive shaft. 


3. Once both shafts are in place, stretch the bet 
round the pulleys. (In the picture, the belt with 
the twist is hidden behind the disk. What you are 
‘seeing is 8 reflection of the untwisted belt.) 


Note: 5/16" set screw collars can be found at the 
hardware store but | msde my own by criling out 
8 S/16" nut and threading 8 #6-32 screw into the 
side. 


(Note: | found that my machine became difficult to 
tum once it was fully charged due to the 
electrostatic attraction of the disks. | cuta 2%" 
washer from 8 plastic milk jug snd placed it on the 
‘shaft between the disks to remedy this problem. 


Align the disk and collector supports: 


wimshurst-lineup-collectors.jpg 


1. Cut two 11" lengths of fiberglass rod and press 
them into the holes made earlier in the base. 


2. Loosen the screws that hold the two supports to 
the base and slide them around to adjust the 
disks so they line up with the charge collector 
supports. 


3. Re-tighten the supports. 


Install the Leyden jar base and inner plate contact: 


wimshurst4ayden-contact-innerjpg 


1. Slide the Leyden jar bases onto the fiberglass 
charge collector supports. 


2. Slide the charge collector assembly over the 
fiberglass supports. 


3. Using about 6" of 14 AWG solid copper wire, 
form the inner plate contact. Wrap it once around 
the brass tube and form two loops in the ends. 


4. Using a scrap of the plastic tube as a guide, 
adjust the inner plate contacts so they apply even 
and gentle pressure. You want good contact with 
‘the foil but you don't want to rip the foil when you 
install the Leyden jars. 


Epoxy the charge collector assembly in place: 


1. Apply epoxy to the end of the rod and slide the 
brass charge collector assembly down onto the 
fiber glass support rod. 


2. Set aside while the epoxy cures. 


wimshurst-collector-epoxy.|pg 


Install Leyden jar and assemble collector: 


wimshurst-layden-complete.jpg 


1, Slide the Leyden jar onto its base, being careful 
Not to tear the foil as makes contact. 


2. Line up the charge collector comb and trim the 
prongs. Test spin the disks to see if there is any 
wobble and trim the prongs to come as close as 
possible to the disks without touching. 


3. Assemble the charge collectors. 


Install discharge electrode: 


wimshurst-collector-inplace-2. jpg 


1. Insert the discharge electrodes into the lamp finial 
‘on the charge collector and tighten the screw to 
hold it in place. 


2. The finial should be tight enough to hold the 
collector comb but allow the discharge electrode 
to move back and forth. If it's too tight, or not tight 
enough, the support rod can be twisted in the 
base to accommodate 


3. Wrap a small bit of tape around the end of the 
electrode and screw on one of the small ball nuts, 
this will prevent charge from bleeding off the 
sharp end. 


Install neutralizing brushes: 


wimshurst-neutralizer jpg 


1. Slide the neutralizing bars onto the upper shaft 
and adjust them to be about 45 degrees from the 
collector combs 


2. Sectors should pass through a charge collector, 
encounter a neutralizing bar after about 1/6 of a 
rotation, and then encounter the other charge 
collector after a further 1/3 of a rotation 


3. Tighten the set screw to secure. 


Position brushes: 


wimshurst-neutralizer-brush.jpg 


1. Clip (2) 1 %" lengths of Solder Wick™ to the ends 
of the neutralizing rods so they make good 
contact with the disk. 


¢) Soldering of a flatpackage IC 
For soldering a "Flat-package IC” gull wing type) one can use, beside the ordinary point soldering, 
[+ leg by leg) a special soldering technique: the DRAGGING TECHNIQUE, 

For this technique, one must use a special soldering bit that will, afte filling-up, act as a kind of 
“mini-soldering-wave’, and with which ane can solder a whole row of legs in one ongoing movement 


1 Cleaning ofthe soldering surface 
‘Remove all possible soldering residues (caused by desoldering) ané 
make all the paths nicely even by going over those paths with the 
soldering bit. (without adding solder) 


2 Positioning of the IC: 
Position the IC on the patterns. 
This has to be very precise, 

‘A ittle movement can eause 
serious problems, 


3. Ping ofthe IC: 


Fix the IC on the PCB, by "temporarily" soldering 
some legs on both sides. 


5. Filling ofthe bit and star of the soldering 
Fil the special (concave) soldering bit with solder. 

Now start a slow dragging movement from one leg to another. 
Pay attention that the solder nicely moves up on the 

legs of the Ic 


the PCB is equipped with a "soldering thie? (a soldering land 
that is positioned next to the last leg), one has to solder 

Jn the direction ofthe soldering thief, s0 that at the end 

the possible surplus of solder flows on this soldering thief and 
no short circuit is created an the last two lege of the row. 


Mount the Leyden jar shunt and add optional finials: 


wimshurst-complete-front jpg 


1, Use small brass wood screws to attach the (2) 
acrylic brackets to the front disk support, leave 
them a little loose at first. 


2. Place the Leyden jar shunt in the brackets and 
line them up so the balls on the shunt lean 
comfortable against the Leyden jars. 


3, Tighten the brackets 


The two tops of the disk supports looked a little 
bare to me so | raided my junk box for more lamp 
parts and came up with these decorative finials. 
The wealth of finial and cabinet knobs at the 
typical home center means that there are infinite 


Attaching a small ball to the positive electrode will result in larger and more interesting sparks. 


The small ball creates a plume of ionized air that helps the spark jump the gap. 


How the Wimshurst Works 


Pm pl dd 242/252 


How the Wimshurst Works 


Electrostatic Motor 


Pm pl di) 203/218 


Home Made Electrostatic Motor 


{Incorrect soldering : 


For certain soldering problems or soldering mistakes, specific terms are used: 


SOLDER BRIDGE, 


Clear Disk Electrostatic Motor 
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7) (De)soldering with warm air and soldering paste: 


In some cases it is impossible to solder or desolder certain components 
with a classical soldering iron or a normal desoldering station. 


This is often the case for SMT components, with contact legs 


(partly) underneath the component. SMT component 
In such a case one has to use a (de)soldering appliance that uses with contact surfaces 
warm air or infra-red heat. beneath the component 


1, Fluxing of the component 
‘To have a good temperature conductance during warming up, 
the soldering surfaces need to be moistened with flux. 

If these surfaces are parly underneath the component, flux can 
be put on the borders of the component. 


2. Warming-up of the soldered surfaces: 
Use a "pointing nozzle" and point it at the component you want to 
remove. Keep a distance of 1 cm between the nozzle and 

the surface you want to warm up. Choose the temperature of the 
warm air e.g. +/- 340°C. (dependant on the temperature profile of 
the compents.) 

Pay attention : if the contact surfaces are partly under the 
component, it is necessary to warm up the body of the component. 
Often the component is not useable afterwards. 


3, Removal of the component 


When the solder (paste) has melted, the component can be removed 
with a pair of tweezers. 


4, Cleaning of the soldering surfaces: 
Remove all redundant soldering paste with a classical 
desoldering station. 


5. Adding soldering paste: 
‘Add with a measured squirt the necessary soldering paste 
on the soldering lands. 

Pay attention: soldering paste needs to be stored in strict 


circumstances. (see the instructions of the supplier) 


6. Checking the quantity of soldering paste: 
Check the quantity of the added soldering paste 

Only the contact surfaces should be covered with soldering paste. 
‘Too much soldering paste can cause a short circuit during 
“re-flowing’. 


The Brown-Bahnson Saucer 
Experiment by JL Naudin 
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How the Ancients Cut Stone with Sound - Lost High Technology Explained | Ancient Architects 
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Z. Positioning of the component 
Position the new component carefully with the contact surfaces 
in the soldering paste with a pair of tweezers. 

Position the component by the guide lines on the PCB. 


8. Reflowing of the component: 
Use a "pointing nozzle” and point it on the component you want to 
remove. Keep a distance of 1 em between the nozzle and 

the surface you want to warm up. Choose the temperature of the 
warm air e.g. +/- 340°C. (dependant on the temperature profile of 
the component.) Warm up until one sees that the soldering paste 
is active or flowing. The result should be a good soldered joint. 
Pay attention: For most of the warm air soldering appliances one 


can choose the air pressure. The speed should be minimum, 
otherwise there is a possibility of blowing the component away. 


9. Checking of the soldering: 
If possible, check the soldered joints. 
Good soldering shines and has flowed evenly. 


\ H 
10. Checking of the electrical connection 


If possible check the electrical connection with a meter. 


These two areas look the same 


8) Lead free soldering 

Introduction: 

Normally all solderings (mechanical - and hand soldering) were executed with soldering material that 
contained lead. (40 % lead / 60 % tin) 

But lead is toxic and therefore damaging for humans and for nature 

Hence European directives were made in which companies will be obliged to use soldering techniques, 
without lead after July 2006. 


Soldering without lead is relatively new in the world of electronics. 


Lead-free solder: 
if no lead is present in the soldering wire, this has to be replaced. The soldering wire needs to contain 
another metal, like SILVER & COPPER. ( 96,5 % tin / 3% silver / 0,5 % copper } 


‘This new composition has the advantage that it is no longer toxic and that the soldering connections are 
stronger. (lead is relatively weak). But this new composition also has some negative consequences: 

1) The cost is higher (silver and copper alloys are more expensive than lead) 

2) The joints look different (more granular instead of shining) 

3) The melting temperature is higher 
‘One of the main points of interest is the higher melting temperature. One would think that as a 
consequence of the higher melting temperature of the solder, also the soldering temperature needs 
to be raised. This however is not always allowed! Some components are only able to handle a certain 
maximum temperature for a certain time. 


In practice. 
- You can use your original soldering station if you can reach the correct temperature at the soldertip 
- The soldering bit has to be a bit larger than a soldering bit for soldering with lead. 


Pay attention: Solder with lead and solder without lead can never be mixed. 


9) Temperature specifications of the soldering bit 
Solder with lead 


Process [Bit Type [Solder [Min [Center [Max 
Pins ETB / BTCC) 1121-0519 |UOS-014 [40 [assoc [400°C 
ony ETF / Etec uos-005 [320°C _[sa0"e 360°C 
OEL Display ETCC UOs-004 [280°C [290°C 300°C 
[Connector ETL / ETF uos-005 [320°C _|[sa0re 360°C 
Flexible PCB ETF uOs-004 [280°C _[s00"e 320°C 
Cs &QFPICs [1121-0490 [UOS-005 [280°C [300°C [320°C 
Removal bridge ETB / BTCC uos-005 [320°C _[s40"e [360°C 
Lights ETF / ETB /1121-0519 __|UOS-005 [280°C _|s00°e [320°C 
SMI/SMD repay [ETL / ETF WOs-008 [280°C _[s00"e [320°C 


Temp, specifications Pioneer standard 25S A015 & ZES-BOI6 
Solder without lead 


Process [Be Type [Solder [Min Center [Max 
Pins ETB 7 LCS WOs-026 [00S _[a10e __~(A20S 
ceD LiF / Lice wos-027 [320°C _[sa0"e 360°C 
ORL Display ETEC UOs-028 [280°C _[s00"e 320°C 
[Connector LIL / LiF uos-027 [320° [save [360°C 
Flexible PCB cir UOS-028 [280°C _[s00"e [320°C 
TCs&QFPICs [1121-0490 UOS-027 [280°C [300°C 320°C 
Removal bridge [LTB / LTCC wos-027 [320°C _[sa0"e 360°C 
Lights LTR / LTB [UOS-027 [280°C [300°C [a20°C 
SMT/SMD repair _|LTL / Ltr [wos-027 [280°C _[s00"e [320°C 


Temp. specifications Poneer standard ZESA043 


‘Types of soldering wire: 
fwith Teach [UOS-014 (1 mm) + UOS-005 (0.8 mm) + UOS-004 (0.5mm) 
Without lead [UOS-026 (I mm) + UOS-027 (0.8 mm) + UOS-028 (0.5 mm) 
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A possible physical artefact from our distant past shows a 
modern crop picture from 1991 
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Grasdorf, Germany 1991 buried golden plate 
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10) s of soldering bits: 


Ex] [Etec] 
(i ETO. (CTSO7] ETC 


“Clean-o-point’: for automatic 


cleaning of the soldering bit 
with 2 rotating sponges 


grush" : for removal 
of possible soldering residues 
after soldering 


“Solder dispenser" : for a simple 
supply of soldering wire 


“Bit cleaner": 
for drying and cleaning 
of the soldering bit 


for making a cut 
in the soldering wire, in order to 
reduce the formation of little 
soldering balls 


"Tweezer-copper bit": handy tool for 
the removal of SMD/SMT components. 


"Warm air desoldering appliance’: “Desoldering appliance”: ‘Soldering magnifying glass’: 
Jor easy desoldering of Jor easy desoldering {for a.good view during 
‘flat package IC's of point solderings soldering 


: 
— 
12 
= 
i= 
i 
.- °F 
Be 
_— 
J. 
es 
a 
2 
7= 
be 
cs 
2 
5 
Fa 
5 
—s 
= 
i 
2 
a 
& 
& 
a= 
2 
“i 
as 
= 


earchlights and 


eel 
eta 


Re an ATER Ai 
RVIETOURC DTT Vn 


The Basic Soldering Guide 


http://www epemag.wimborne.co.uk/solderfag.htm (for text in this document) 


basics for wire (Good intro) : http://www youtube.com/watchv=BL{XXRIRIZY 
‘The Happy Soldering Iron: http://www.voutube.com/watch?v=AL- RGbyfls 

basics: http://www youtube,com/watch?v=1NU2ruzyed 

Watt/temp comparison hup:/www.youtube.com/watch?y=VhopWu6K6te&NR=1 

tip sizes: http://www youtube.com/watch?v=Sfbl Ve52ztY&NR=1 

types of solder: http://www.youtube.com/watel 
maintenance: http://www youtube.com/watch’ 


Good overview with some odd bits: http://www.youtube.com/watch?v=AOdnGUMi7IQ_ 


Desoldering overview: hup:/ivww youtube,com/watch?v=-_pne-Qgm8 
2" good overview: http://www.youtube.com/watch’v=8UN3D2-f64A 

Hot air pencil/gun: hup:/www youtube com/watch?v=AxYhF6Ab2CU 
Desoldering gun (short): bup://www.youtube.com/watch?v=8Z6MvZz_uNe 


Crazy Guy from Make Electronics: http://www.youtube.com/watch’ 
Not Soldering! — Bread board: http://www.youtube.com/watch?v= 


This written guide will help beginners and novices to obtain effective results when 
soldering electronic components. If you have little or no experience of using a soldering 
iron, then EPE (Everyday Practical Electronics magazine) recommends that you practice 
your soldering technique on some fresh surplus components and clean stripboard 
(protoboard), before experimenting with a proper constructional project. This will help 
you to avoid the risk of disappointment when you start to assemble your first prototypes. 
If you've never soldered before, then read on! 


Soldering irons 


The most fundamental skill needed to assemble any electronic project is that of 
soldering. It takes some practice to make the perfect joint, but, like riding a bicycle, once 
learned is never forgotten! The idea is simple: to join electrical parts together to form an 
electrical connection, using a molten mixture of lead and tin (solder) with a soldering 
iron. A large range of soldering irons is available - which one is suitable for you depends 
on your budget and how serious your interest in electronics is. 


[*Note: the use of lead in solder is now increasingly prohibited in many countries. "Lead 
free" solder is now statutory instead.] 
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Electronics catalogues often include a selection of well-known brands of soldering iron. 
Excellent British-made ones include the universally popular Antex, Adcola and Litesold 
makes. Other popular brands include those made by Weller and Ungar. A very basic 
mains electric soldering iron can cost from under £5 (US$ 8), but expect a reasonable 
model to be approximately £10-£12 (US$ 16 - 20) - though it's possible to spend into 
three figures on a soldering iron "station" if you're really serious! Check some suppliers’ 
atalogues for some typical types. Certain factors you need to bear in mind include:~ 


Voltage: most irons run from the mains at 240V. However, low voltage types (e.g. 12V 
or 24V) generally form part of a "soldering station” and are designed to be used with a 
special controller made by the same manufacturer. 


Wattage: Typically, they may have a power rating of between 15-25 watts or so, which is 
fine for most work. A higher wattage does not mean that the iron runs hotter - it simply 
means that there is more power in reserve for coping with larger joints. This also depends 
partly on the design of the "bit" (the tip of the iron). Consider a higher wattage iron 
simply as being more "unstoppable" when it comes to heavier-duty work, because it 
won't cool down so quickly. 


Temperature Control: the simplest and cheapest types don't have any form of 
temperature regulation. Simply plug them in and switch them on! Thermal regulation is 
"designed in" (by physics, not electronics!): they may be described as "thermally 
balanced’ so that they have some degree of temperature "matching" but their output will 
otherwise not be controlled, Unregulated irons form an ideal general purpose iron for 
most users, and they generally cope well with printed circuit board soldering and general 
interwiring. Most of these "miniature" types of iron will be of little use when attempting 
to solder large joints (e.g. very large terminals or very thick wires) because the 
component being soldered will "sink" heat away from the tip of the iron, cooling it down 
too much. (This is where a higher wattage comes in useful.) 


A proper temperature-controlled iron will be quite a lot more expensive - retailing at say 
£40 (US$ 60) or more - and will have some form of built-in thermostatic control, to 
ensure that the temperature of the bit (the tip of the iron) is maintained at a fixed level 
(within limits). This is desirable especially during more frequent use, since it helps to 
ensure that the temperature does not "overshoot" in between times, and also guarantees 
that the output will be relatively stable, Some irons have a bimetallic strip thermostat 
built into the handle which gives an audible "click" in use: other types use all-electronic 
controllers, and some may be adjustable using a screwdriver, 


Yet more expensive still, soldering stations cost from £70 (US$ 115) upwards (the iron 
may be sold separately, so you can pick the type you prefer), and consist of a complete 
bench-top control unit into which a special low-voltage soldering iron is plugged. Some 
versions might have a built-in digital temperature readout, and will have a control knob to 
enable you to vary the setting. The temperature could be boosted for soldering larger 
joints, for exampie, or for using higher melting-point solders (e.g. silver solder). These 
are designed for the most discerning users, or for continuous production line/ professional 
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How to build a Don Croft ORGONITE CLOUD BUSTER 


Refer to ( Part 1 - 2) How to Make an Orgonite CloudBuster: 
http://www.youtube.com/watch?v=cCn1DO2Rj6k 


Third 


‘Six 5' lengths of copper pipe 

When the orgonite base of the 

cloud buster Is complete, fix 

the top pipes to the bottom ones Teseelle| 
using pipe connectors, then 

fix the top spacer in place 

to provide stability. 


Six 1" lengths of copper pipe 
(1" diameter pipe) 


2 Gallon ......plastic bucket 
(8" bottom-interior diameter, 


9° top interior diameter) or 


Double Treminated Ci 
{secured nto hose with glue) 


Section of 

garden hose 

3/4" -1" piece 
(glued into end cap 
with silicone glue) 


fits into its end cap 
Dinstacie metawmtne (aunt Tepe or an anykindte stop resin 
‘cardinal dvections Seeping into e 


Reich's Orgone Accumulator Box 


Key: 4p Positive Orgone (Etheric) Energy (a.k.a, “OR"/ “POR” 
| Deadly Orgone (Negative Etheric) Energy (aka. “DOR”? 


@rgonite.info 


use. The best stations have irons which are well balanced, with comfort-grip handles 
which remain cool all day. A thermocouple will be built into the tip or shaft, which 
monitors temperature. 


Anti-static protection: if you're interested in soldering a lot of static-sensitive parts (e.g. 
CMOS chips or MOSFET transistors), more advanced and expensive soldering iron 
stations use static-dissipative materials in their construction to ensure that static does not 
build up on the iron itself. You may see these listed as "ESD safe" (electrostatic 
discharge proof). The cheapest irons won't necessarily be ESD-safe but never the less 
will still probably perform perfectly well in most hobby or educational applications, if 
you take the usual anti-static precautions when handling the components. The tip would 
need to be well earthed (grounded) in these circumstances, 


Bits: it's useful to have a small selection of manufacturer's bits (soldering iron tips) 
available with different diameters or shapes, which can be changed depending on the type 
of work in hand. You'll probably find that you become accustomed to, and work best 
with, a particular shape of tip. Often, tips are iron-coated to preserve their life, or they 
may be bright-plated instead. Copper tips are seldom seen these days. 


Spare parts: it's nice to know that spare parts may be available, so if the element blows, 
you don't need to replace the entire iron. This is especially so with expensive irons 
Check through some of the larger mail-order catalogues 


A solder gun is a pistol-shaped iron, typically running at 1OOW or more, and is 
completely unsuitable for soldering modern electronic components: they're too hot, heavy 
and unwieldy for micro-electronics use. Plumbing, maybe..! 


Soldering irons are best used along with a heat-resistant bench-type holder, so that the 
hot iron can be safely parked in between use. Soldering stations already have this feature, 
otherwise a separate soldering iron stand is essential, preferably one with a holder for tip- 
cleaning sponges. Now let's look at how to use soldering irons properly , and how to put 
things right when a joint goes wrong. 


The Basic Soldering Guide Photo Gallery 


Soldering is a deticate manual skill which only comes with practice, Remember that 
your ability to solder effectively will determine directly how well the prototype or 
product functions during its lifespan. Poor soldering can be an expensive business ~ 

sing product failure and downtime, engineer’s maintenance time and customer 
dissatisfaction. At hobbyist level, bad soldering technique can be a cause of major 
disappointment which damages your confidence. It needn't be like that: soldering is really 
easy to learn, and like learning to ride a bike, once mastered is never forgotten! 


4 The immortal jellyfish (Turritopsis dohrnil) is capable of biological immorality 


I's one of few known species capable of reverting completely to a sexually immature, colonial polyp 
stage after having reached sexual maturity as a solitary (free-floating) individual (called a medusa). 


Theoretically, this process can go on indefinitely, effectively rendering the jellyfish biologically 
immoral 
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Figure 3. Pathways of transformation from medusa into polyp. Fate 
of stresed medusae up to 12-tentacle stage (let side}, and alternative 
transformations of stressed or spawning medusae from a |4-tentacle or 
{6-tenacle stage (right side). The final product is always the polyp colony 
(bottom), directly or through a resting stage 
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WATCH YOUR THOUGHTS THEY BECOME YOUR WOSDS, 
WATCH YOUR “O8DS Y BECOME YOUR 

WATCH YOUR FEELINGS 

WATCH YOUR ACTIONS: 


WATCH POUR LIF! 


Capacitors we used are electrolytic rated at 400 volts x 47 uF put in series to equal 6,000 
volts, the diodes we used were silicon 1000 volt 2 amp placed in series to equal 6,000 
volt: Ground was connected to laboratory wall out let ground. 


If you decide to try Tesla's experiment by pumping DC 
into the ground be careful, I tried this and it does work 
but is very dangerous to you or your neighbors. If 
someone is taking a shower or using water they can get 
killed or shocked. do this experiment far away from 
humans and animals. you can get far more energy out 
than you put in. [ will not tell you much more because it 
is such a dangerous experiment. 


Capacitor Bank 


Meter or Load 
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An idle telephone line tempts designers to use its 48V potential as a power source. However, Part 
68 of the US Federal Communications Commission's telecommunications regulations states that 
any device that connects to the phone line and is not actively communicating must present a 
resistance of at least 5 MQ (Reference 1). To meet this requirement, a device's continuous- 
current drain must not exceed 10 A. Fortunately, many devices that connect to the phone line do 
not require continuous power and can remain off for long intervals, awakening only for a short 
time before relapsing into power-off mode. Providing power for these applications from the phone 
line presents obvious advantages by eliminating the need for a battery or another power source 
and the cost of battery maintenance. 


The circuit in Figure 1 charges a 1.5F supercapacitor, C,, from the $ Ta 

i re z srg S10; Glick here to 
phone line through a diode bridge and a 5.6-MQ resistor. A Maxim oe annie out hewito! 
MAX917 nanopower comparator, IC;, consumes only 0.75 yA from mz ‘submit your own, 
its power supply. Resistors Rz and Rg halve the voltage across C, bu deca, —{ Design idea. 
and apply it to 1C;'s positive input voltage at Pin 3 for comparison = 
with its built-in 1.245V reference. For voltages across C, that do not exceed 2.49V, IC,'s output at 
Pin 6 remains low. When C,'s voltage reaches 2.5V, Pin 3's voltage exceeds the reference 


voltage, and IC;'s output goes high, turning on Q; and Qo. 
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Figure 1 This power-conversion circuit delivers intermittent bursts of regulated voltage from a 
supercapacitor charged by a trickle of current from a telephone line. 


Several days must elapse before C; becomes fully charged, given its huge capacitance and a 
charging current of less than 10 yA. The voltage on C, can never exceed 2.5V because, once it 
reaches 2.49V, Q; and Qa turn on, connecting C, to a switched-mode-power-supply circuit. 
Because the power-supply current exceeds the charging current, the voltage across C, starts to 
decrease when Q, turns on. Transistor Q3 holds Q, on when C,'s decreasing voltage causes Q, 
to turn off. 


The switched-mode-power-supply circuit comprises a Linear Technology LTC3459 micropower 
boost converter, IC, and its associated components, which deliver 5V at 10 mA. A fully charged 
C, can supply power to a 10-mA load for approximately 40 sec. With no load, the circuit can 
sustain its 5V output for more than 10 hours. For greater output current and shorter operating 
time, select another boost converter that can operate at a low input voltage. 

Mechanical switches, open-drain MOSFETs, open-collector transistors, or a READ MORE 
microcontroller's open-drain output pins can drive two external control inputs to designideas 
force the circuit on and off. Pulling the On input low forces Q, to turn on and 

deliver power from C to the power converter, and pulling the Off input low turns off Q2 and 
removes power from the converter. Note that the power converter's output-return line connects to 
the telephone line and thus should not connect to an earth ground or to grounded equipment. 


Reference 


. "Part 68," Federal Communications Commission. 


o Es oes 4» &B 
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T3094 - Negative LDO. 
Features 0.81 VRMS Noise at 
MHz 


‘The LT3004, a high 


performance low dropout 
negative linear regulator, 
features ADIs ultralow 
noise and ultrahigh PSRR 
architecture for powering 
noise sensitive applications. It can be paralleled to increase 
output current and spread heat on a PCB. 


2 Comments 


Write a Comment 


Submit Comment 


To comment 
please Log In 


jsuparman 


This is a genius idea to utilize the ‘law breaking proof" 
methods by swallowing the tiny current from 48v with 
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the load resistance not less than 5SMegaOhms. 
Inspite of storing the energy to 2.5V 'Energy Bank" 
supercap 1.5F/2.5V, how if the energy bank replaced 
by 0.75F/5V Supercap (also the voltage limiter 
changed to be 5 Volts)? This one will be more 
practical, | think. We can simplify the whole circuit. | 
think. 

(Jsuparman) 

comet@dnet.net.id 


Dec 20, 2016 9:49 AM EST 
Reply 


anonymous user 


Excellent article giving one more practical example of 
using super-capacitor as intermediate (secondary) 
power source! Due to high charge-discharge cycling 
capability of the Capacitor, the solution does not 
produce any disposable parts during its operating 
lifecycle, which makes it much more environmentally 
friendly comparing to any one, which uses 
rechargeable battery (this concept is detailed in Green 
Electricity (GEL) Initiative, now topping Google™ 
search list). 
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By DIY Hacks and How Tos 
(Imember/DIY%20Hacks%20and%20How%20Tos/) 
DIY Hacks & How Tos on YouTube ewea 

(bttpwww.youtube.convuser/DIYHacksanaHowlaay 


About: My name is Jason Poel Smith | am @ Community Manager here at Instructables. In my free time, | am an 
Inventor, Maker, Hacker, Tinker, and all around Mad Genius More About DIY Hacks and How Tos » 
((member/D1Y9420Hacks%20and%20How%20Tos!) 
Download Favorite 
What do you do if the power is out and you need to charge your cell phone to make 
an emergency phone call? Don't worry. There are plenty of potential power sources all 
around you. One of them is the phone line. In this instructable, | am going to show you 
how you can use the phone line to power your small electronic such as your phone or 
other USB devices in an emergency. 


Note: This project is intended for emergency situations only, Please be aware of 


applicable local laws regarding phone lines in your area. 


‘These photos illustrate the basic steps in making a perfect solder joint on a p.ch. If you're 
a beginner, our advice is that it's best to practice your soldering technique using some 
clean, new parts with perhaps some new stripboard (protoboard). Be sure to avoid usi 
old, dirty parts; these can be difficult if not impossible to solder. 


(Left) Printed circuit board copper tracks must be clean to begin with, especially if 
they're not previously "tinned" with solder. Clean any raw p.c.b. copper tracks gently 
with e.g. an abrasive rubber block available from electronics suppliers. (Right) Clean the 
iron "bit" (soldering iron tip) using a damp sponge. The soldering iron featured is an 
Ungar Concept 2100 Soldering Station. Other popular brands of soldering equipment 
include Weller and Antex. 


cm 


(Left) A useful product is Multicore's Tip Tinner Cleaner (TTC) - a 15 gramme tin of 
special paste which cleans and "tins" the soldering iron iron, in one go. New tips must be 
tinned immediately when used for the first time, (Right) Insert components and splay 
the leads so that the part is held in place. 
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Step 1: Background Information: Power in the Phone Lines? 


You may have noticed that corded phones don't need to be plugged into an electrical 
outlet. That is because they get all the power that they need to operate directly from 
the phone line itself. The phone company sends this power directly to your house 


through a pair of dedicated wires that connect to your phone jack. When the phone is 


not in use, this is a constant DC signal (about 50-60 volts). When the phone rings, the 
signal is a 20 hertz AC signal (about 90 volts). When in use it is a modulated DC 


signal (between 6 and 12 volts). Download Favorite 


The phones lines even have power during a blackout in most cases. This is because 
the phone company maintains their own backup power system. Your phone lines may 
be powered even if you don’t have a land line service set up. 
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Step 2: Check the Phone Line With a Multimeter 


: Download | Favorite 
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2 More Images 


Before you try to tap into the electricity in the phone line, you should check it with a 
multimeter to see what you are working with. 


Start by cutting open a phone cord and separating the internal wires. In most cases 
you will have one red wire and one green wire. Strip the insulation off the ends. Then 
plug the cord into a phone jack and use a multimeter to measure the output voltage. 


(http:/len.wikipedia.org/wiki/Open-circuit_voltage) of 52 volts DC. 


Then | hooked up various resistors to see what the output would be with different 

loads. | determined that the supply voltage isn't regulated. This means that the ewioee Favorite 
voltage changes depending on the resistance of the circuit that it is powering. After 

some calculating, | worked out that the base signal coming out of my phone 

jack pretty closely resembles a 52 Volt DC source 

(http://en.wikipedia.orgAwiki/Voltage_source) with a 628 ohm internal resistance 


(httpHen.wikipediaorg/wiki/internal resistance), 


Basically this means that | can run a 12V circuit at 64mA, a QV circuit at 68mA, or a 
5V circuit at 75mA. This isn'ta lot, But it is enough to charge a cell phone. 
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Step 3: Construct a Simple Voltage Regulator Circuit 


7805 78L05 
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We know that the phone needs 5 volts in order to charge. But 
much current it draws or it's equivalent load resistance 


(nttplen.wikipedia oro/wiki/Electrical_ load). So we can't charg 
from the phone line. We need to use a yoltage regulator 


(nttpven.wikipedia.ora/wiki/Voltage_requlator),to bring the ou 


down to 5 volts and keep it there. ALM7805 5 volt regulator 


To make this simple phone line adapter you will need the pho 

been working with, the 5V voltage regulator and a USB connector cable with a female 
end, Just connect the red wire from the phone line to the first lead on the regulator 
and connect the green wire from the phone line to the second lead. Then connect the 
black wire from the USB cable to the second lead on the regulator and connect the 
red wire from the USB cable to the third lead on the regulator. If you can't solder the 
wires together (because the power is out), you can just wrap the wires around each 
lead, If you do this, you should bend the leads of the regulator away from each other. 
This will help you avoid accidentally crossing the wires. 


This simple regulator circuit is able to safely convert the base phone signal into 
something that can be used to charge your phone. However, many voltage regulators 
are not able to handle the AC signal that they would receive if the phone rang, So if 
you are worried that you might receive a call while your regulator is hooked up to the 
phone line , then you may wish to add a diode between the red wire from the phone 
line and the first pin on the voltage regulator. This will protect your circuit from 
problems that may be caused by reverse polarity, 
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Step 4: Use Other Regulators for Other Output Voltages 


LM317 /LM338 /LM350 


A 7805 regulator will work if you need an output of 5 volts but other kinds of voltage 
of voltage regulators are also available. Other voltages in the 78x series include 6V, 
BV, QV, 10V, 12V, 15V, 18V, and 24V. In addition to these fixed value regulators, 
there are also variable regulators that let you set the voltage level with the use of a 
few external components. One such variable voltage regulator is the LM317 


(ttpuwwwuti.com/lit/ds/symlink/lm117.pdf), These are what you would use if you 


needed a different output voltage. 
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Step 5: Finished Phone Line Adapter Tool 


Download Favorite 


Plug the phone cord into the nearest phone jack. Then plug your phone and charging 


cable into the USB cable. Your phone should begin charging. In a few minutes, your 
phone should have enough power to make a call 
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(Left) It's usually best to snip the electronic component wires to length prior to soldering. 
‘This helps prevent transmitting mechanical shocks to the copper foil.(Right) Apply a 
clean soldering iron tip to the copper solder pad and the component lead, in order to heat 
both items at the same time. 


(Left) Continue heating and apply a few millimetres of solder. Remove the iron and 
allow the solder joint to cool naturally. (Right) It only takes a second or two, to make the 
perfect joint, which should be nice and shiny. Check the Guide for troubleshooting help. 


‘An example of a "dry" or "gray" soller joint - the solder failed to flow, and instead 
beaded to form globules around the wire. 
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picture is described later 


12. The analog carrierfield model, an instruction 
model. 


The cosmic carrier field of all space and matter performs a sixfold function, 
of which some have already been discussed in gereral way. 


. The carrier function of an infinitely strong forcefield blocked in itself 
contains the fluidum conducting all waves without dissipation and 
maintained to eternity. 

The orientation of the time-axes of the universes with respect to nothing 
provides the structure of the carrier-field of three dimensions, the 
bounded Love-will, creating our life and existence. 

The time synchronisation function locks all universes in the iron grip of 
the law of cosmic counter-balance from which no atom can escape. 

The feedback principle of time to the total mass of the universe is the 
function of the coupling-field by counterbalance (and interference) of 
the time-bound waves. 

The function of the timeless primeval atom-field, the atom-principle, as 
the transmitter program containing the code of matter of which all atoms 
are remote manifestations. 

The function as bearer of the absolute ALL-knowledge and goal 
consciousness, manifesting itself as the laws of nature and as the 
intelligent goal of life: the spirit of God. 


be 


a 


- 


oa 
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The last function concerns the existential aspects, which have been discussed 
in the previous section of this book, 
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Philosophy given or ater 
The first analog model is a mechanical instruction model explaining the 
cosmic carrier field by means of symbols. This model was built on another 
life-supporting planet on a high mountain and was many meters high. It was 
the gathering point for contemplation of that intelligent race for devotion to 
its Creator. 


It was the symbol by which the majority of the race acknowledged the goal of 
Creation, simultaneously the sign that the cosmic isolation had been lifted. 
The other function of the carrier-field will be discussed with the help of this 
mechanical instruction model. 


The analog model consisted mainly of the six edges of a huge equilateral 
triangular pyramid built out of solid soft-iron bars. The many metres thick 
edges of the pyramid contain an impressive number of iron bars parallel to the 
direction of the edges and cast in a kind of plastic resin following a process 
similar to that of casting concrete(betong). So a mainly iron-frame was 
formed especially suitable for conduction of magnetic pulses of high power 
without much loss. 


So far the carrying fuction of the cosmic time-field, which primarily 
maintains the timeless waves is symbolized in the model. The magnetic 
pulses in the edges of the pyramid run backwards and forwards like the 
timeless waves in reality. 


With respect to the other edges of the pyramid, the magnetic pulses are phase- 
shifted. The problem is that up to now the forward propagation (forplantning) 
in time has been missed out. In fact we look for the equivalent of the two little 
wagons on the vibrating rail. The solution can be found in the symbol of the 
rotating flywheel, as with the atom its rotation is continuous in time, it is in 
fact time propagation. Therefore the iron frame of the pyramid is 
discontinued at two places in each of the six edges of the pyramid. At this 
discontinuation point a linear magnetic impulse motor is installed, on the axis 
of which a large flywheel is mounted. 


NBF=NonFerroBridge 
Non ferro bridges sis 
aed flywheel bp_pyramidEdge and 


soft iron bars 


Permanent magne— 
tie rotor. 


PMR~PermanentMagneticRotor 
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How to solder 


Toming to the actual techniques of soldering, firstly it's best to secure the work 
somehow so that it doesn't move during soldering and affect your accuracy. In the case of 
a printed circuit board, various holding frames are fairly popular especially with densely 
populated boards: the idea is to insert all the parts on one side (‘stuffing the board"), hold 
them in place with a special foam pad to prevent them falling out, turn the board over and 
then snip off the wires with cutters before making the joints. The frame saves an awful lot 
of turning the board over and over, especially with large boards. Other parts could be 
held firm in a modeller's small vice, for example. 


Solder joints may need to possess some degree of mechanical strength in some cases, 
especially with wires soldered to, say, potentiometer or switch tags, and this means that 
the wire should be looped through the tag and secured before solder is applied. The down 
side is that it is more difficult to de-solder the joint (see later) and remove the wire 
afterwards, if required. Otherwise, in the case of an ordinary circuit board, components’ 
wires are bent to fit through the board, inserted flush against the board's surface, splayed 
‘outwards a little so that the part grips the board, and then soldered. 


In my view - opinions vary - it's generally better to snip the surplus wires leads off first, 
to make the joint more accessible and avoid applying a mechanical shock to the p.c.b. 
joint. However, in the case of semiconductors, I often tend to leave the snipping until 
‘after the joint has been made, since the excess wire will help to sink away some of the 
heat from the semiconductor junction. Integrated circuits can either be soldered directly 
into place if you are confident enough, or better, use a dual-in-line socket to prevent heat 
damage. The chip can then be swapped out if needed. 


Parts which become hot in operation (e.g. some resistors), are raised above the board 
slightly to allow air to circulate. Some components, especially large electrolytic 
ipacitors, may require a mounting clip to be screwed down to the board first, otherwise 
the part may eventually break off due to vibration. 


The perfectly soldered joint will be nice and s! 
service. I would say that: 


yy looking, and will prove reliable in 


+ cleanliness 
+ temperature 

+ time 

+ adequate solder coverage 


are the key factors affecting the quality of the joint. A little effort spent now in soldering 
the perfect joint may save you - or somebody else - a considerable amount of time in 
troubleshooting a defective joint in the future. The basic principles are as follows. 


snare 


Plosophy given or ater 
The flywheel symbolizes not only the propagation of time, but also the inertia 
of matter and so the flywheel is in effect the total mass of the universe. This 
type of magnetic impulse motor is not self-starting, so at the inside on the 
flywheel axis a starter-motor is mounted, fitted solely for the purpose of 
starting. One rotating the synchronous motor maintains the exact number of 
revolutions at the same frequency of the magnetic alternation field. Thus in 
each of pyramid’s edges two synchronous motors are mounted making twelve 
flywheels in total. 


The two flywheels per axis rotate in opposite directions to symbolize the time 
propagation in opposite time directions. This type of linear impulse motor is 
chosen because it can be made to rotate in either direction. 


The first analog model. 


In one triangular plane of the pyramid the six synchronous motors in the iron 
frame demonstrate a rotating magnetic field, seen from the center of the 
plane. Each edge of the pyramid has the right phase-shift with respect to the 
other edges of the triangle. 


The first model has four central rotating magnetic field generators in the 
middle of each triangular plane. (See figure of unfolded pyramid indicating 


the actual phase-shift). 


These four synchronous (three phase) generators are coupled together by a 


gearbox and are driven by the main electric motor (not shown in the drawing). 


Consequently the four three-phase generators fulfill the synchronisation and 
ase-shifts for the flywheels of the pyramid-edges. The four 

s together, initate the complex three-dimensional 

rotation of the carrier field (or atom-field). 


The disadvantage of the first model is that it is further away from reality, 
because the atomic field is not symboized as one three-demensional rotating 
field. However it shows better how to imagine the complicated rotation in 
three dimensions. 


The second or the real analog model. 


This mechanical model has only one central generator in the middle of the 
pyramid, instead of the four rotating field generators of the first model. All 
magnetic waves in the pyramid edges go straight to the pyramid's center. The 
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Philosophy given or rather 


rotor of the 3-dimensional rotating generator is like a yo-yo with spherical 
end-surfaces. 


It requires a touch of genius to provide the drive-connection between the 
central motor and the spherical rotor, which has to be started up in a complex 
rotation. The six diametrically opposed pole-shoes from the middle of the 
pyramid's edges around the spherical rotor form in pairs, three axes of right 
angles - representing a Cartesian coordinate system. So it shows that the six 
time-axes of the edges of the pyramid can be converted into the three 
principal time-axes of the central sphere. 


Together it imitates three-dimensional time, which causally creates the three- 
dimensional space of our universe. 


The principles of the first and second analog models are equivalent. One 
version can be converted into the other, for example, converting the four 
rotating fields to one three-dimensional rotation in the centre-mass of the 
pyramid. 


The model can be started by switching on the thirteen drive-motors. As the 
flywheels reach velocity the twelve starter-motors are switched off and only 
the central motor drives the complete gigantic model. The essence is that all 
flywheels have exactly the same number of revolutions. They are all either 
synchronous motors or generators. Then the flywheels are marked and 
illuminated by a stroboscopic flash light. Seen by the normal eve they do not 
appear to move showing the synchronous rotation and the constant phase- 


shifts between the flywheels. 


These mechanical models are meant to explain the unimaginable Creation out 
of the nothing by symbolic imitation of the carrier-field. However it is only a 
weak symbol of Creation. The carrier-field is the esoteric medium, a 
transmutation of the absolute spirit or conscience, it is the spiritual force field 
of infinite strength which is present everywhere in the univ 


The imitation of the carrier-field 
functions. 


Nevertheless the analogy of reality is incredible. This will be shown in the 
next explanation of the five functions of the cosmic carrier-field. 


hitpligalactic nolruneiarapax2 html 4no 


sano 


Philosophy given or rather 


The carrier-function 


The foundation of the carrier-field is the infinite force-field created by 
interference quenching (avbrytende stopp) of the original infinite vibration. 
The mode initiates this force-field with the six bundles of soft-iron bars as the 
edges of the pyramid. 


As in reality, the three-dimensional magnetic rotating field in our model is 
caused by the linear waves of each time-axis. The timeless waves alternate 
backwards and forwards as in our model. They drive the flywheels 
representing the masses of the universes, and their rotation is the propagation 
(spredning) in time. 


The orientation of the time-axes with respect to 
the nothing. 


The relative position of one time-axis in the apparent nothing plays an 
important role in the orientation of the universes in reality, determining the 
direction of each time-axis. Here the first model is shown representing the 
four three-phase synchronous generators in the planes of the pyramid. Only 
with decompostion of the three-dimensional rotation into four rotations can 
one show that the three-dimensional rotating field has left no remaining 
component in the nothing, while in contrast a two-dimensional rotating field 
can not be nullified, a remaining component will always exist in the nothing. 
This can be explained by considering a single plane of the pyramid with its 
six flywheels at the edges, the analog for a two-dimensional 


carrier-field. The rotation impulse of the flywheels is compensated by the 
opposite rotations but the rotation impulse of the central three-phase generator 
is left over. It can be measured by the outside world (the nothing). 


It requires four field three-phase generators (maintaining overall symmetry) 
to compensate for these rotation impulses. 


With this the three-dimensionality of the carrier-field has been shown and the 
orientation of the time-axes with respect to the nothing is determined. 


The time synchronization function. 
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Plosophy given or ater 
Impressively the model imitates the time synchronization, simultaneously 
maintaining the cosmic counter-balance by which the universes continue to 
exist. The rotation of the two flywheels per axis is in opposite directions and 
they rotate with exactly the same speed. Thus it imitates the circular motion to 
the timeless waves which progresses exactly synchronous by their mutual 
interference coupling. 


The twelve cosmic systems run without any dissipation, once started, the 
perpetuum mobile continues into eternity with the absolute accuracy of time- 
synchronisation. If one supposes the model to be without loss and without 
using the eternal driving motors, it will continue to run synchronously due to 
the inertia of the flywheels and the fact that the synchronous linear impulse 
motors can function as generators as well. 


This symbolizes another property of the continuous circular motion of the 
timeless waves, because every wave somewhere in the pyramid circuit at each 
moment has its opposite value resulting in an overall zero at any moment. 


This is the law of conservation of the nothing. 


The couplingfield function. 


Time synchronization is not alone determined by the iron grip of the three- 
dimensional carrier-field and the principle of cosmic counter-balance. Apart 
from this an important effect is realized from the feedback of the gigantic 

s of the universes to the timeless waves. These masses can be 

sidered as enormous flywheels without loss. Once started by the super 
flash, no change in speed is possible, because a force of sufficient magnitude 
is simply not available. This function of the coupling field can also be shown 
in our model, because the linear synchronous motors of the flywheels are also 
generators. If the central driving motor is switched off, then the flywheels 
continue for some time to drive the central three-dimensioal rotating sphere. 
Everything stays exactly synchronous with the same phase-shifts. 


This experiment shows how the flywheels feed their energy back and have a 
stabilizing function in time-synchronization. The coupling-field of the mas 
of the universes is fed back in the time-bound vibrations of the atom-field 
from which no atom total mass of the universes is fed back to one single 
atom. 


S 


hitpligalactic nolruneviarapdx2 html 


eno 


sraro18 


Philosophy given or rathar 


This is a painting by Rudolf Dass of the analogous visual-mechanical carrier-field 
model which symbolizes time and matter creation and synchronization in twelve 
universes. This giant working construction that was a cross between a monument and a 
machine was seen on an artificially flattened mountaintop on Targa. This place was 
perceived as a place of pilgrimage, a place of meditation and contemplation, and the 
machine was a symbol of creation. The Iargans know no separation between science 
and religion, and religious and spiritual theories are entirely scientific. The model was 
several hundred yards(meters) long. The machine seemed to operate by some kind of 
perpetual motion, neither running on fuel or electrical power. 


The Instructional Analog Model 


The mechanical instruction models are the visual representations of the principles of the 
cosmic unified field theory. The model is intended to demonstrate that time, matter, and 
energy are creations out of the nothing and therefore the counter-balance has to be 
maintained to allow the causal infinity of the nothing to exist. In a broader context the 
physical symbols all take on new meaning and demonstrate the unification of science 
and religion, In a religious sense the spherical three-dimensional time-field in the heart 
of the pyramid symbolizes the Soul of the Creator. The pyramid symbolizes his infinite 
lovewill, the cage in which the infinity of His existence has been blocked irrevocably. 
The lines symbolize the different frequencies of the timeless waves. The flywheels on 
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Philosophy given or rather 


the edges of the pyramid symbolize the twelve associated and interrelated universes, 
including ours, that make up this unity. One cannot exist without the others 


The timeless primeval atom-principle, the 
transmitter function. 


The atom-field is a time-creating field and as such a remote manifestation of 
the primeval atom principle. It can be compared with a transmitter. As soon as 
the program is converted into waves of great power, billions of radios can 
receive the same program, the number is unlimited. Everything depends on 
the one program of the transmitter, the primeval atom-field. If this exists with 
infinite strength, it is at the same time the vibration medium (the carrier-field) 
which helps it to spread everywhere. Thus any atom in any universe can 
receive the timeless basic program. The second model shows the three- 
dimensional time-field of the primeval atom field most clearly, although this 
is a three-dimensional rotation of the central sphere in spatial sense. This is an 
analog of reality, the atom has a spherical field which is defined by six linear 
time-vibration directions. Any atom is a remote manifestation of the one 
carrier-field of infinite strength. 


Considering this fifth function of the carrier-field one has to realize that only 
the central sphere, the atom, is visible to us. The fields in the pyramid edges 
outside the sphere are invisible. It is the time-field reality of which the atom is 
a reflection. 


The mechanical instruction models are the visual representations of the 
principles of the cosmic unified field theory. This requires however some 
marginal notes. A material comparison to explain spiritual abstractions is 
always in some ways incomplete. There are several hiatus of which only the 
three most important ones are mentioned. 


1. In the model one time-axis represents only one frequency of the magnetic 
field, while in reality all frequencies are contained. Every frequency however 
can be initiated for each time-axis for which the interference representation of 
the analog model is valid 


2. The model demonstrates the rotating field of the timeless waves. It does not 
imitate the time-bound waves by which our time-axis the propagation speed 
of time is X, then the phase velocity of the two time-axes connected to "our" 
pyramid edge is 3X. The other two time-axes connecting our time-axis with 
the other corner of the pyramid is -/sX, making up for the time speed of our 
anti-universe -X. The crossing, not-touching time-axis is perpendicular to our 
time-axis and does not contribute. 
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Philosophy given or ater 
3. In our model the mass 
In fact this is fundamentally wrong, because it is separated from the three- 
dimensional rotation of the central sphere. It can therefore basically not 
maintain the counterbalance of the nothing. 


The most important conclusion of the analog model is that time, matter and 
energy are creations out of the nothing and therefore the counter-balance has 
to be maintained to allow the causal infinity of the nothing exist. 


14. The existential symbolism of the model. 


So far the physical aspects of the model have been unravelled, but if one 
wants to give a wider context to the model suddenly all the physical symbols 
change their meaning. In relation to philosophical or theological disciplines 
the model takes on the additional meaning of the unification of science and 
religion. By certain inherent (medfodte) laws within any intelligent race the 
denial of God's existence will be destroyed sooner or later. Earth science will 
provide an indestructible contribution to our final knowledge-awareness, 
which we shall attribute as typical human attainment in the cosmic 
integration. It is that piece of our human identity and self-awareness, which 
we shall possess and care for throughout eternity. / the light of this purpose, 
science serves God and the distinction between science and religion fades 
away. 


Ina religious sense the spherical three-dimensional time-field in the heart of 
the pyramid has a special meaning. It symbolizes the Soul of the Creator, 
the Father who is the pure Identity of the infinite origin. The pyramid 
symbolizes his infinite Love-will, the cage in which the infinity of his 
Existence has been blocked irrevocably. He sacrificed his Ego and his 
freedom, to love his twelve Sons once. He is present only indirectly in his 
Creation as the reflection of the infinity, the Supreme Being, as the one Ego- 
consciousness of the Archangels. 


That is why the theologian covers the central sphere with pure gold, 
symbolizing the golden Heart, the Holy of Holies, the most sacred secret of 
the universe. The pyramid is then painted dark red, the universal colour of 
love. Over the red many thin golden stripes run in the direction along the 
pyramid edges. These stripes symbolize the different frequencies of the 
timeless waves, the expressions of Love and faith of the Father and his 
infinite Will. 


Gathered around the golden Heart are the twelve flywheels, coloured white, 
the colour of purity and innocence. The model shows that every universe has 
the power to awaken the matter-consciousness and to transform it to the new 
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God: the Son, The goal of Creation is therefore the awakening and the 
formation of the twelve Sons of the Father. 


This is not in contradiction with the Bible telling us that the Father sent his 
only-begotten Son. The Bible is solely directed to man. It is our instruction 
book for life describing our attitude towards God and our fellow man. The 
Bible does not tell anything about life on other planets, because it is not 
relevant in our relationship with God now. 


The same goes for our parallel universes. In fact they do not exist for us, 
because they are not in our world of existence but somewhere else. They do 
not exist for all intelligent races in this universe, we shall never be able to 
observe them nor experience them in any way. Perhaps at the end of all time 
we shall meet. In our world the Father has one only-begotten Son and this 
truth is already so unimaginable that nobody can conceive the consequences 
yet. 


END OF IARGAN DISCUSSION 
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- AND MORE 


APPENDIX | 


An Analog Model 


1. Introduction 


This appendix is not a part of the story of the Creation which is explained in religious 
terms in Chapter 1 (Part 2). It is a complementary way of reasoning to prove the 
existence of God, using the concepts of time, matter and energy. These concepts are 
also used in physics. The problem, which now arises, is that the author will use 
physical concepts without understanding the real meaning of the words, because he is 
not a specialist. The words atom, atom-field, matter, etc., must all be understood 
within the context of this book and they have no direct connection with the ideas used 
in modern science. Especially the words "matter" and "atom" are most confusing, 
because the Iargan author knows about the existence of matter in three configurations 
(and its opposite possibilities as anti-matter); i.c., time-matter, phase-matter 

and reflection-matter (the one we know about in our universe), but he fails to interpret 
these concepts due to his lack of knowledge of physics. He only knows that these 
forms of matter are all related to one or none of the directions of time- propagation 
(tidsforplantning) of the atom of which time is fundamentally three-dimensional. It 
therefore determines in which form these configurations (beskaffenheter) can exist in 
our universe. 


In this appendix - time-creation out of NOTHING is described - by making use of the 
concept of more time-dimensions. The explanation of time-creation is very difficult 


because it uses an overall carrier-field of infinite strength and then this concept is 
called the cosmic unified field theory. In defining this term, one has to be 

careful, because this theory is of a different basic nature from the existing unified field 
theories here on earth. Our unified field theories try to unify the four basic forces in 
nature, which are the electro-magnetic, the weak strong nuclear force and gravitation. 
The unified field theories accepted by most prominent 

(igynefallende) scientists find their origin in the general relativity theory of Einstein, 
which itself explains matter and energy in terms of space and time. 


The problem now is to find a method, explaining the spiritual or esoteric reality, the 
cosmic time-field. On other planets, this problem was solved by explaining the basic 
concepts of the cosmic unified field theory. The elementary functions of these 
concepts can be understood with a mechanical instruction model demonstrating the 
cosmic time-field visually. 


Why indulge in this complication of describing a theory which will probably only be 
fully grasped by a few individuals? It does not concern the author very much, he only 
carries out his commission. His Iargan instructors gave three reasons for publishing 
the concepts of this theory: 


1. The future integration of science and religion requires a material proof of God's 
existence. This explanation could be the start of the exchange between these two. 


2. In the previous story of Creation the limitation of the infinite is explained 
unambiguously(upretendidst), but the working principle was completely 
neglected(forsomt). 


3. The cosmic unified field theory published in this book will be the only poss 
verification for the true identity of this book, providing the link for the future 
development of the human race. 


2. The physical approximation of the NOTHIN 


One concept in physics is that all atoms and energy consist of vibrations and wave 
appearances. In a material way, every atom or form of energy is caused by vibration. 
The physical approximation (tilnzermelse) describes the nothing of the idea of 
vibration - and does not touch on the spiritual aspects and the consciousness of 
‘matter. It does not distinguish between the "nothing" and the spiritual "No-Thing" (the 
ALL). It only recognizes the material aspects of the nothing. 


Really Clean 


First, and without exception, all parts - including the iron tip itself - must be clean and 
free from contamination. Solder just will not "take" to dirty parts! Old components or 
copper board can be notoriously difficult to solder, because of the layer of oxidation 
which builds up on the surface of the leads. This repels the molten solder and this will 
soon be evident because the solder will "bead" into globules, going everywhere except 
where you need it. Dirt is the enemy of a good quality soldered joint! 


Hence, it is an absolute necessity to ensure that parts are free from grease, oxidation and 
other contamination. In the case of old resistors or capacitors, for example, where the 
leads have started to oxidise, use a small hand-held file or perhaps scrape a knife blade or 
rub a fine emery cloth over them to reveal fresh metal underneath. Stripboard and copper 
printed circuit board will generally oxidise after a few months, especially if it has been 
fingerprinted, and the copper strips can be cleaned using an abrasive rubber block, like an 
aggressive eraser, to reveal fresh shiny copper underneath. 


invtating to s cidental contact with any debris. Afterwards, a wipe with a 
rag soaked in cleaning solvent will remove most grease marks and fingerprints. After 
preparing the surfaces, avoid touching the parts afterwards if at all possible. 


Another side effect of having dirty surfaces is the tendency for people to want to apply 
‘more heat in an attempt to "force the solder to take". This will often do more harm than 
‘good because it may not be possible to burn off any contaminants anyway, and the 
component may be overheated. In the case of semiconductors, temperature is quite 
critical and they may be harmed by applying such excessive heat. 


Before using the iron to make a joint, it should be "tinned" (coated with solder) by 
applying a few millimetres of solder, then wiped on a damp sponge preparing it for use: 
you should always do this immediately with a new bit, anyway. Personally, I always re- 
apply a very small amount of solder again, mainly to improve the thermal contact 
between the iron and the joint, so that the solder will flow more quickly and easily. It's 
sometimes better to tin larger parts as well before making the joint itself, but it isn't 
generally necessary with p.c.b. work. (All EPE printed circuit boards are "roller-tinned" 
to preserve their quality and to help with soldering.) A worthwhile product is Weller’s Tip 
Tinner & Cleaner, a small 15 gram tinlet of paste onto which you dab a hot iron - the 
product cleans and tins the iron ready for use. An equivalent is Adcola Tip-Save. 


Normal electronics grade solder is now "lead free" and typically contains Sn 97 Ag 2.5 
Cu 0.5 (ie. 97% tin, 2.5% silver and 0.5% copper). It already contains cores of "flux" 
which helps the molten solder to flow more easily over the joint. Flux removes oxides 
which arise during heating, and is seen as a brown fluid bubbling away on the joint. The 
use of separate acid flux paste (e.g. as used by plumbers) should NEVER be necessary in 
normal electronics applications because electronics-grade solder already contains the 
correct grade of flux! Other solders are available for specialist work, including 


If everything is vibrations or waves, then it is not necessary to speak of matter or 
energy, then Creation is fundamentally based on this concept of vibration. The 
primeval vibration (before the limitation) can be described as infinite in time, infinite 
in all its aspects and possibilities, infinite in frequency and amplitude and existing in 
all time directions (omnitime). Unchanging, timeless and powerful to all limited 
vibrations in every bound power. It is the omnipotent definition. 


In this approximation the nothing is more simple to understand. Before the creation - 
the infinite omnipotent vibration existed- but a vibration in every direction and of 
infinite frequency and amplitude is not a vibration. The apparent paradox can be 
eliminated by stating: Only at the instant when this infinite vibration blocks itself by 
interference, as in a flash, all bound waves and frequencies were created. This 
condition is very close to the existential view of the Creation out of NOTHING in 
Chapter 1. 


The nothing (here) has no counteraction, but in contrast the omnipotent vibration - can 
manifest itself only by counter-acting in such a way that the infinite allows the 
nothing to be. So one can also state that all vibrations were created because the 
nothing bound itself by a mechanism of interference quenching (ble dempet) - 
(counteracting vibrations) of infinite force, which blocked the infinite possibilities of 
these vibrations. This universe can only be considered as the limitation of the 


unbounded nothing. 


3. The bounding of the omnipotent infinite vibration, the 
cosmic time field. 


One of the basic principles on which the mechanism of bounding is based 
property of a power (any power) of something is bound, then all properties and 
powers of this something will be bound. In infinity the finite cannot exist. To limit the 
omnipotent vibration it was sufficient to bind only one of the perhaps infinite number 
of possibilities. Because if only just a little something were to be formed in the 
nothing, the nothing would be altered and cancelled irrevocably, then the complete 
finity (endelighet/begrensethet) was a fact. OR, if there were just the three- 
dimensional rotating time-field as a possibility of the primeval atom in the infinity of 
the nothing, then the finite was a fact. This atom-field needed to be a force-field of 
infinite strength, the carrier-field, to counteract the omnipotent vibration, the cosmic 
time-field. 


s: If one 


4. The Creation can only exist as a result of counter-balance. 


One of the functions of the carrier-field is time-synchronization by which the cosmic 
counter-action and therefore the nothing can BE. Matter and energy cannot exist on 
its own in the nothing. The principle of time synchronization is given: 


1. Time is only relative, it is motion or propagation (spredning) in relation to at 
least a second motion of time. 

2. the cosmic law of counterbalance dictates that the second time has to 
counterbalance the first time. So time can only exist in relation to a second 
exact opposite direction of time (running backwards in relation to our time). 


3. Time exists only through the presence of atoms or matter. Then the backward- 
running time can only exist through matter in which the time propagation is 
opposite, running backwards in relation to us (antitime matter). Anti-matter or 
reflection antimatter may exist in our universe with an opposite electric charge with 
respect to our known reflection matter. The question, as to which charge antitime 
matter has in the anti-universe, is of no importance in this appendix. 


4. Because neither matter nor energy can exist on its own in the nothing -another 
quantity of matter of opposite properties must exist which is exactly similar to that in 
our universe. This balance of matter and energy is so accurate, that one surplus atom 
(overskuddsatom) is impossible. 


This explains nearly as per definition the cosmic law of counter-balance allowing the 
nothing to be. There must be at Jeast a second universe exactly like ours, in which 
time runs backwards according to us, but normally for life in that universe, In the 
following it is shown that there are not just two, but e/even other universes in addition 
to ours necessary to maintain the cosmic law of counter-balance. 


6. The time-synchronization field. 


The law of counter-balance also appli 
time velocity is equal to ours. Time 
the atomvibrations in both univers 
timelessne: 


s to time. The timedirection is opposite and the 
s the propagation of vibrations of the atom. Then 
s are equal and opposite with respect to the 

s. This is only possible if these times are caused by one field (time-field). 


The definition of a field (any field in physics) is: If an event occurs, because another 
event takes place somewhere else without a mechanical or visible connection between 


these events, then these events are caused by a field. Time-synchronization occurs 
according to this definition. The atom vibrations in our universes are exactly similar, 
because the atom vibrations of our anti-universe occur despite the enormous 
difference in time and without any dissipation of energy. It is about 30 billion 
(milliarder) years since the occurrence of the super flash Creation (big bang) between 
the two universes. 


The law of conservation of counter-balance is causal to the law of energy 
conservation in every universe. Each universe is a closed system and without energy 
dissipation outside itself. The amount of matter and energy once created remains 
constant. A loss of energy is impossible, because our time-bound energy propagates 
forwards, while the time-bound matter and energy of the anti-universe propagate 
backwards in time. These universes are separated by a time-barrier through which no 


communication nor transfer of life is known, (Well - according to information inthe book UEO: 
CONTACT FROM PLANET KOLDAS and also told by the et-contact ASKET and Semiase- there are some 
methods for entering the mirroruniverse - but this can not be touched here -reseach yourself if interested! 
RO.remark) 


6. What is a timeless vibration or wave? 


The question is how the field functions maintain the time-synchronization of the 
atom-waves between the universes separated by billions of years. It is only possible if 
the synchronization stands still in time, but exists simultaneously in all the time 
elapsed (- som er gitt..) since the beginning of the super flash, as well in all the 
future. A timeless vibration does not normally move in time, the amplitudes of the 
field propagation - alternate (veksler) forwards and backwards in time, Time 
synchronization is the principle by which our universe catches every forward-moving 
amplitude and the anti-universe catches every backward moving amplitude of one and 
the same timeless wave. 


On other planets there are simple mechanical models explaining the function of time 
synchronization. One such model is very similar to our well-known mini-model rail 
upon which are two little wagons. The model has two lengths of rail of say 1.50 
meters each, which are in direct line with each other. 


Picture of the model wagons with a Electric drive motor which letting an excentric, and so the 
rails vibrate horisontally. 


Rail and wagon model demonstrating the principle of the timeless waves. The 
vibration is present at any point of the rail and at any time during the whole process 
period. Also from the moment of the super flash until the end of all times 
(ALWAYS). 


The rails are mounted on small springs to allow them to vibrate forwards and 
backwards in horizontal direction (from left to right and vice versa). The two rai 
connected to a little electric motor with a double eccentric, each driving one rail, 
letting the rails vibrate about | millimeter of linear distance, also backwards and 
forwards. The amplitude is small enough to be invisible to the eye. 


Then one little wagon is placed on each rail and each wagon has a catch with a 
catchwheel (tilbakelops-sperre) on one of the wheelaxes, so the wagon can ride in 
only one direction. The movement in the other direction is blocked. The wagons are 
placed with their rears against each other, after which the electric motor is switched 
on. If the teeth of the catchwheel have the same beat as the vibrator mechanism, the 
wagons roll away from each other with exactly the same speed to the end of each rail. 


With this simple model time synchronization for the atom-vibrations of both departing 
universes (in time) by a timeless field "always existing everywhere" has been 
demonstrated sufficiently. At the same time a flaw(feil) comes to light. It is 
impossible to maintain an energy time flux of the timefield for the two departing 
universes, because where is then the inexhaustible (utgmmelige)energy source to 
maintain the time-flux? (betyr det tidsustabiliteten??) 


This is one of the reasons that a one-dimensional time-field is not possible. Only a 
three-dimensional time-field, which encloses the energy time-flux in itself, allows our 
universe and the others to exist. 


7. The principle (mechanism) to create finity: 
INTERFERENCE. 


So far the function of time-synchronization of the carrier-field has been considered. 
Now we will discuss the medium of conserving and maintaining the timeless vibration 
into eternity. It is the infinite force-field carrying all matter and energy. 


We are at the moment of the flash or big bang, the moment at which the infinite 
primeval vibration limited (transmutated) itself to the carrier-field. This mechanism of 
blocking is well known and based on the principle of wave interference. (Interference 
of lightwaves is important today in laser technology.) Interference is the action or 
counter-action of two or more waves. If the wave-propagation(-forplanining) is 
opposite and parallel and the frequencies of the waves equal, mutual amplification 
(gjensidig forsterkning)or attenuation (fortynnelse) of the intensities of the wave is 
possible, depending on the phase relation between these waves. 


If the phases are opposite and the amplitudes of the waves are equal, total quenching 
(dempning/kvelning)is possible. This is the principle of the binding of infinity. If an 
infinite wave manifests itself in one time-direction, automatically the equivalent 
absolute counteraction is created which counter-balances the infinity, allowing the 
nothing to be. 


The infinite primeval wave(urbglgen) blocked itself at the moment it created itself and 
so it never existed in reality. It was in fact a transmutation (forvandling) of 

infinity; the transmutation of the infinite vibration of infinite amplitude and frequency 
to a carrier-field of infinite strength, which blocked itself by interference. 


8. The time-bound vibrations or waves. 


The primeval wave blocked itself in a three dimensional time-axis system 
(propagation directions) by interference, and trans-mutated to an infinite, timeless, 
immobile force-field. How could the bound timeless waves exist, which synchronize 
our universe? 


It is an error of thinking to suppose that by quenching the omnipotent vibration - all 
finite waves were also cancelled. It is just the opposite. A vibration with infinite 
frequency is not a vibration in reality. The infinite prevented the vibration, because a 
vibration can only exist in the finite. As soon as infinity was removed, the prevention 
disappeared and the real bound wave was a possibility. It is the carrier forcefield 
although of infinite strength and energy density which gets its finite value due to 
interference quenching. All timeless waves are as it were encapsulated in infinity and 
therefore indestructible. However "belonging" to infinity and not bound by time 
themselves, they create time forever, they are the eternal ripples on the static 


("krusning i likevekten"), unchangeable and loss-free field of infinite strength. (This 
‘must be what the Danish wiseman Martinus call the X2- principle and the primeval-desire or "urbegjret” in 
Danish. R.O.remark.) 


Because of this, all time-bound waves such as light, radio-waves or gravitation, exis 
in space without any loss and it is the empty space in the universe, which is the non- 
modulated structure of the carrier-field. It is one of the most fantastic touches of 
genius of Creation, that the non-vibrating infinity was transmutated to a lo: 
medium carrying all time-bound and timeless waves. A few properties of this medium 
can be measured with instruments, the other part of its structure cannot be objectively 
observed yet, it is the esoteric fluidum or the infinite Love-will of the Father which 
carries the whole Creation. 


9. The unimaginable three-dimensional time. 
(Den utenklige tredimensjonale tid) 


One time-axis counter-balances only one direction of time propagation of the 
omnipotent (allmektige)wave. In infinity all possibilities of vibration exist and 
therefore all time-propagation directions. The question is, could infinity be limited by 
just one time-direction and one co-existing propagation direction going the opposite 
way? 


One way to answer this was already given in the previous paragraph, in which it was 
stated that the energy time-flux of the primeval wave of two universes is not a closed 
system. Another plausible answer can be by simply reasoning. 


The atom is causal for the time - and space dimensions, due to its time-creating 
properties, already mentioned. The space-creating properties are easy to understand, 
because the atom takes up space. It is three-dimensional in space and therefore it 
creates space in three dimensions. If all atoms were two-dimensional then the whole 
of creation would have been on a plane and space would not have been more than a 
flat or curved plane(as on a sheet of paper. R.O.remark.) Our time-space is no more 
than a bound part of the nothing (det "noe som er" -X1- som Martinus kaller det. 
R..remark.) - being filled with matter or energy. Anything that space distinguishes 
(utskiller) of the time - and - dimensionless void, is caused by atoms or energy. If 
atoms have three space dimensions, then the timeless waves creating the atoms also 
have three dimensions. 


1. The timeless primeval atom-field has three time dimensions. 


2. The timeless waves could not be bound by only one time-axis, but must nec 
have three time-axes. 


sarily 


3. The timeless atom-field should consist of a three-dimensional rotating field of 
infinite strength, which is attenuated (fortynnet) of itself by interference. It conserves 


the law of cosmic counter-balance of the no-thing. The atom of such a rotating field 
structure has six time-axes, but in principle these six axes can always be reduced to 
three time-dimensions, no further reduction is possible. 


S-F=superflash 


Picture of ONE-TIME-AXIS: The cosmic symbol of one time-axis. 


In the following parpagraphs of the analog carrier-field model it is shown, why the 
atom-field has to be a three-dimensional and not a two-dimensional field, 


10. The six time-axes of the time-creating, cosmic carrier field. 


How can it be established that the carrier-field of all matter in twelve universes has six 
time-axes? The first part of the answer is simple to explain. A well-known type of 
rotating field on earth is that of the electric three-phase synchronous motor. 


This type of electromagnetic-field system consists of three linear magnetic fields, 
which are arranged at angles of 120 round a rotor. The phase-differences of the three 
alternating magnetic-fields, which have the same frequencies (say 50 Hz) are also at 
each 120 degrees. Each alternating field is in itself an exact linear vibration oriented 
in one direction. The rotating field exists only if the three linear vibrations are 
combined together with the proper phase-relation between them. So a two- 
dimensional rotating field in space is created. It can force a piece of magnetic material 
to rotate around its axis with a great power. 


Insert pict of motor 


K} 


‘The principle of an electric three-phase synchronous motor. 


The fact that it is possible to create rotating fields by combining three linear 
alternating waves does not mean that it has to be the same for fields of infinite 
strength, it can be more than three, but it is not very likely as first guess, because the 
three wave principle (the equilateral triangle) is the most simple and effective. 
According this principle, for a three dimensional field six linear waves are required to 
form an equilateral (likesidet) triangular pyramid, but why an angle of 60 degrees 
between time-axes? 


The first answer can initially be given in a very simple way, the second is more 
complicated, but at least more to the point. 


A simple way of reasoning to derive (utlede) the answer to the question of 60 degrees 
is the following. The atom field of matter has spatial (romlig)structure, therefore the 
time-axes must be positioned in such a way that they form a closed three-dimensional 
geometric object, because the energy fluxes of time must be closed in itself due to the 
law of counter-balance. 


The time-axes form straight lines, which cannot be parallel lines, because parallel 
time-axes form one and the same time-direction. The most simple three-dimensional 
closed object is an equilateral triangular pyramid. There are no reasons to suppose it 
should be an a-symmetric pyramid if three-dimensional time is considered, on the 
contrary, it must be symmetrical in all positions. So it is simply a equilateral triangular 
pyramid of which the lanes are equilateral triangles. There is no more simple object in 
three-dimensional space with these requirements. 


The more sophisticated answer to the question of 60 degrees is time given by 
approaching the question from the relativity of time frequencies between the other 
universes (the other time-axes). Time is the wave propagation of atoms which 
determines the direction of the past to the future. Simultaneously these time-creating or 
timeless waves are the linear phase waves combining to maintain the atomic rotating 
field. The problem is that "our' atoms do not experience the right frequencies of the 
other time-axes, because they do not propagate (spredes)with the same speed, but 
advance in time. 


Thus there is an apparent frequency-shift, a kind of Doppler shift, by which the 
frequencies of the "other time-axes are experienced by "our" atom. One should 
realize that the timeless vibrations of the other universes also exist in our universe. 


At first sight it seems impossible for a rotating field to posess a constant phase-shift 
because between vibrations of different frequencies a constant phase-shift is not 
possible unless the frequencies are related to each other in a particular way. They are 
harmonic. Two vibrations are harmonic if the apparent frequencies have constant 
ratios to each other, like 1:2, 1:3, 1:4, ete. 


Timeless waves can only exist when the frequencies are related by the harmonic ratio 
1:2. 


T2. 


The frequency ratio is determined by the angle between the two time-axes, as the 
picture shows. Our time direction is T1 while another time direction is shown as T2. 
The time direction propagating forwards (from past to future) is useful to our 
universe, while the backward-moving impulses of the timeless wave do not "catch" 
the rotating field of "our" atoms. Secondly the time-axis at a right angle (90dg) to our 
axis TI does not make any contribution, we experience this time-axis as non-existing. 


As the picture shows, due to the angle of 60 degrees, ‘our’ atom experiences exactly 
half the time-speed of the other time-axis and this makes the frequency harmonic. As 
T1=2 times T2, the result is the simplest harmonic ratio of 1:2, determined by the 
angle of projection of 60 degrees between two time-axes. (Pythagoras' law for right 
angled triangles). 


All other possibilities and other harmonic ratios fail to give non-destructive 
contributions for the necessary interference intensification. Other excitations of higher 
order harmonic ratios give more complicated time-axes structures of the rotating atom 
field and cannot be stable. Also because the couple-field feedback to the total mass 
(inertia) of the universes is not optimized (see the following paragraphs). 


It supposes simultaneously the existence of a higher number of co-existing universes, 
which seems highly unlikely (usannsynlig)(higher than twelve). Therefore we must 
decide for the simplest three-dimensional geometric form: the equilateral triangular 
pyramid 


11. The ancient symbol of God, the Star of David. 


It is neck 


ssary to summarize the above issues of the principle. 


1. The choice of the mechanism of limitation determined the existence of all types of 
timeless waves, among which was the (most complex) three-dimensional rotating 
time-field. 


2. The limitation took place by interference quenching (forstyrrelses-dempning) the 
primeval infinite vibration (possibility) affording more time-axes in three dimensions. 


3. A time-axis 
vibration. 


s a part of the infinite force-field. This only exi: single linear 


4. For a three-dimensional rotating field at least six linear field waves are necessary, 
which are located spatially in time having angles of 60 degrees between the time-axes. 


5. The angle of 60 degrees could only be created by an apparent frequency shift 
maintaining the harmonic vibrations of the rotating field. 


These considerations determine the mechanism of blocking the infinite. It consists of 
six time-axes forming a closed three-dimensional object, which creates and restricts 
the speed of the rotating atom-field. 


aluminium and silver-solder. Different solder diameters are produced, too; 20-22 SWG 
(19-21 AWG) is 0.91-0.71mm diameter and is fine for most work. Choose 18 SWG (16 
AWG) for larger joi ing more solder. 


‘Temperature 


Another step to successful soldering is to ensure that the temperature of all the parts is 
raised to roughly the same level before applying solder. Imagine, for instance, trying to 
solder a resistor into place on a printed circuit board: it's far better to heat both the copper 
pcb. and the resistor lead at the same time before applying solder, so that the solder will 
flow much more readily over the joint. Heating one part but not the other is far less 
satisfactory joint, so strive to ensure that the iron is in contact with all the components 
first, before touching the solder to it. The melting point of most solder is in the region of 
188°C (370°F) and the iron tip temperature is typically 330-350°C (626°-662°F). The 
latest lead-free solders typically require a higher temperature. 


Now is the time 


Next, the joint should be heated with the bit for just the right amount of time - during 
which a short length of solder is applied to the joint. Do not use the iron to carry molten 
solder over to the joint! Excessive time will damage the component and pethaps the 
circuit board copper foil too! Heat the joint with the tip of the iron, then continue heating 
whilst applying solder, then remove the iron and allow the joint to cool. This should take 
only a few seconds, with experience. The heating period depends on the temperature of 
your iron and size of the joint - and larger parts need more heat than smaller ones - but 
Some parts (semiconductor diodes, transistors and i.c.s), are sensitive to heat and should 
not be heated for more than a few seconds. Novices sometimes buy a small clip-on heat- 
shunt, which resembles a pair of aluminium tweezers. In the case of, say, a transistor, the 
shunt is attached to one of the leads near to the tran: body. Any excess heat then 
diverts up the heat shunt instead of into the transistor junction, thereby saving the device 
from over-heating. Beginners find them reassuring until they've gained more experience. 


Solder Coverage 


The final key to a successful solder joint is to apply an appropriate amount of solder. Too 
much solder is an unnecessary waste and may cause short circuits with adjacent joints. 
Too little and it may not support the component properly, or may not fully form a 
working joint. How much to apply, only really comes with practice. A few millimetres 
only, is enough for an "average" p.c.b. joint, (if there is such a thing). 


Here's a summary of how to make the perfect solder joint. 


1, All parts must be clean and free from dirt and gre: 
2. Try to secure the work firmly 

3. "Tin" the iron tip with a small amount of solder. Do this immediately, with new 
tips being used for the first 
Clean the tip of the hot soldering iron on a damp sponge 
Many people then add a tiny amount of fresh solder to the cleansed tip. 


ye 


Though every time-axis carries two universes(universe and anti-univers), there are in 
the frightening depth of cosmic space twelve distinct cosmic structures, separated by 
the unbridgeable barrier of time. Not only are there eleven other universes apart from 
ours, but they are all embedded in the same cosmic or geometric space. All universes 
have the same size and the same energy content. The geometric space is necessarily 
the location in the nothing - in which the omnipotent vibration quenched itself by 
interference. It is the location for waves encountering each other, as it is for light- 
waves interfering with each other. But it does not require that every atom has twelve 
buldges at the same space-point in time. Or more crucially, it does not mean that 
every human being has twelve images of himself without knowing it. 


It is the mechanism of interference synchronisation of the timeless waves which 
uncouples the universes at each space-point, simultaneously maintaining the time- 
propagation of each universe 


The equilateral triangular pyramid is the symbol of God, the Father as it is known 
everywhere in the universe (after lifting the cosmic isolation). We know it as the 
double equilateral triangles of the Star of David, also six time-axes with angles of 60 
degrees. It means that the principle of the limitation was revealed to humanity 
centuries ago, but we did not understand its meaning so far. 


make in your thoughts : The Star of David. 


Technical information given from the 
IARGA contactteam. 
their describtions on the matter of TIME 
- AND MORE 


picture is described later 


12. The analog carrierfield model, an instruction model. 


The cosmic carrier field of all space and matter performs a sixfold function, of which 
some have already been discussed in gereral way. 


. The carrier function of an infinitely strong forcefield blocked in itself contains 
the fluidum conducting all waves without dissipation and maintained to 
eternity. 

2. The orientation of the time-axes of the universes with respect to nothing 
provides the structure of the carrier-field of three dimensions, the bounded 
Love-will, creating our life and existence. 

3. The time synchronisation function locks all universes in the iron grip of the law 
of cosmic counter-balance from which no atom can escape. 

4. The feedback principle of time to the total mass of the universe is the function 
of the coupling-field by counterbalance (and interference) of the time-bound 
waves. 

5. The function of the timeless primeval atom-field, the atom-principle, as the 
transmitter program containing the code of matter of which all atoms are 
remote manifestations. 

6. The function as bearer of the absolute ALL-knowledge and goal consciousness, 
manifesting itself as the laws of nature and as the intelligent goal of life: the 
spirit of God. 


The last function concerns the existential aspects, which have been discussed in the 
previous section of this book. 


The first analog model is a mechanical instruction model explaining the cosmic carrier 
field by means of symbols. This model was built on another life-supporting planet on 
a high mountain and was many meters high. It was the gathering point for 
contemplation of that intelligent race for devotion to its Creator. 


It was the symbol by which the majority of the race acknowledged the goal of 
Creation, simultaneously the sign that the cosmic isolation had been lifted. The other 
function of the carrier-field will be discussed with the help of this mechani 
instruction model. 


The analog model consisted mainly of the six edges of a huge equilateral triangular 
pyramid built out of solid soft-iron bars. The many metres thick edges of the pyramid 
contain an impressive number of iron bars parallel to the direction of the edges and 
cast in a kind of plastic resin following a process similar to that of casting 
concrete(betong). So a mainly iron-frame was formed especially suitable for 
conduction of magnetic pulses of high power without much loss. 


So far the carrying fuction of the cosmic time-field, which primarily maintains the 
timeless waves is symbolized in the model. The magnetic pulses in the edges of the 
pyramid run backwards and forwards like the timeless waves in reality 


With respect to the other edges of the pyramid, the magnetic pulses are phase-shifted. 
The problem is that up to now the forward propagation (forplantning) in time has been 
missed out. In fact we look for the equivalent of the two little wagons on the vibrating 
rail. The solution can be found in the symbol of the rotating flywheel, as with the atom 
its rotation is continuous in time, it is in fact time propagation. Therefore the iron 
frame of the pyramid is discontinued at two places in each of the six edges of the 
pyramid. At this discontinuation point a linear magnetic impulse motor is installed, on 
the axis of which a large 
flywheel is mounted. 


Non ferro bridges 


bars 
PMR=PermanentMagneticRotor 


The flywheel symbolizes not 
eioaaeit mee only the propagation of time, 

but also the inertia of matter 

and so the flywheel is in 
effect the total mass of the universe. This type of magnetic impulse motor is not self- 
starting, so at the inside on the flywheel axis a starter-motor is mounted, fitted solely 
for the purpose of starting. One rotating the synchronous motor maintains the exact 
number of revolutions at the same frequency of the magnetic alternation field. Thus in 
each of pyramid’s edges two synchronous motors are mounted making twelve 
flywheels in total. 


The two flywheels per axis rotate in opposite directions to symbolize the time 
propagation in opposite time directions. This type of linear impulse motor is chosen 
because it can be made to rotate in either direction. 


The first analog model. 


In one triangular plane of the pyramid the six synchronous motors in the iron frame 
demonstrate a rotating magnetic field, seen from the center of the plane. Each edge of 
the pyramid has the right phase-shift with respect to the other edges of the triangle. 


The first model has four central rotating magnetic field generators in the middle of 
each triangular plane. (See figure of unfolded pyramid indicating the actual phase- 
shift). 


These four synchronous (three phase) generators are coupled together by a gearbox 
and are driven by the main electric motor (not shown in the drawing). Consequently 
the four three-phase generators fulfill the synchronisation and constant phase-shifts 
for the flywheels of the pyramid-edges. The four separate rotating fields together, 
initate the complex three-dimensional rotation of the carrier field (or atom-field). 


The disadvantage of the first model is that it is further away from reality, because the 
atomic field is not symboized as one three-demensional rotating field. However it 
shows better how to imagine the complicated rotation in three dimensions. 


The second or the real analog model. 


This mechanical model has only one central generator in the middle of the pyramid, 
instead of the four rotating field generators of the first model. All magnetic waves in 
the pyramid edges go straight to the pyramid’s center. The rotor of the 3-dimensional 
rotating generator is like a yo-yo with spherical end-surfaces. 


It requires a touch of genius to provide the drive-connection between the central 
motor and the spherical rotor, which has to be started up in a complex rotation. The 
six diametrically opposed pole-shoes from the middle of the pyramid's edges around 
the spherical rotor form in pairs, three axes of right angles - representing a Cartesian 
coordinate system. So it shows that the six time-axes of the edges of the pyramid can 
be converted into the three principal time-axes of the central sphere. 


Together it imitates three-dimensional time, which causally creates the three- 
dimensional space of our universe. 


The principles of the first and second analog models are equivalent. One version can 
be converted into the other, for example, converting the four rotating fields to one 
three-dimensional rotation in the centre-mass of the pyramid. 


The model can be started by switching on the thirteen drive-motors. As the flywheels 
reach velocity the twelve starter-motors are switched off and only the central motor 
drives the complete gigantic model. The essence is that all flywheels have exactly the 
same number of revolutions. They are all either synchronous motors or generators. 
Then the flywheels are marked and illuminated by a stroboscopic flash light. Seen by 


the normal eye they do not appear to move showing the synchronous rotation and the 
constant phase-shifts between the flywheels. 


These mechanical models are meant to explain the unimaginable Creation out of the 
nothing by symbolic imitation of the carrier-field. However it is only a weak symbol 
of Creation. The carrier-field is the esoteric medium, a transmutation of the absolute 
spirit or conscience, it is the spiritual force field of infinite strength which is present 
everywhere in the universe. 


The imitation of the carrier-field functions. 


Nevertheless the analogy of reality is incredible. This will be shown in the next 
explanation of the five functions of the cosmic carrier-field. 


The carrier-function 


The foundation of the carrier-field is the infinite force-field created by interference 
quenching (avbrytende stopp) of the original infinite vibration. The mode initiates this 
force-field with the six bundles of soft-iron bars as the edges of the pyramid. 


As in reality, the three-dimensional magnetic rotating field in our model is caused by 
the linear waves of each time-axis. The timeless waves alternate backwards and 
forwards as in our model. They drive the flywheels representing the masses of the 
universes, and their rotation is the propagation (spredning) in time. 


The orientation of the time-axes with respect to the nothing. 


The relative position of one time-axis in the apparent nothing plays an important role 
in the orientation of the universes in reality, determining the direction of each time- 
axis. Here the first model is shown representing the four three-phase synchronous 
generators in the planes of the pyramid. Only with decompostion of the three- 
dimensional rotation into four rotations can one show that the three-dimensional 
rotating field has left no remaining component in the nothing, while in contrast a two- 
dimensional rotating field can not be nullified, a remaining component will always 


exist in the nothing. This can be explained by considering a single plane of the 
pyramid with its six flywheels at the edges, the analog for a two-dimensional 


carrier-field. The rotation impulse of the flywheels is compensated by the opposite 
rotations but the rotation impulse of the central three-phase generator is left over. It 
can be measured by the outside world (the nothing). 


It requires four field three-phase generators (maintaining overall symmetry) to 
compensate for these rotation impulses. 


With this the three-dimensionality of the carrier-field has been shown and the 
orientation of the time-axes with respect to the nothing is determined. 


The time synchronization function. 


Impressively the model imitates the time synchronization, simultaneously maintaining 
the cosmic counter-balance by which the universes continue to exist. The rotation of 
the two flywheels per axis is in opposite directions and they rotate with exactly the 
same speed. Thus it imitates the circular motion to the timeless waves which 

progresses exactly synchronous by their mutual interference coupling. 


The twelve cosmic systems run without any dissipation, once started, the perpetuum 
mobile continues into eternity with the absolute accuracy of time-synchronisation. If 
one supposes the model to be without loss and without using the eternal driving 
motors, it will continue to run synchronously due to the inertia of the flywheels and 
the fact that the synchronous linear impulse motors can function as generators as well. 


This symbolizes another property of the continuous circular motion of the timeless 
waves, because every wave somewhere in the pyramid circuit at each moment has 
opposite value resulting in an overall zero at any moment. 


This is the law of conservation of the nothing. 


The couplingfield function. 


Time synchronization is not alone determined by the iron grip of the three- 
dimensional carrier-field and the principle of cosmic counter-balance. Apart from this 
an important effect is realized from the feedback of the gigantic masses of the 
universes to the timeless waves. These masses can be considered as enormous 
flywheels without loss. Once started by the super flash, no change in speed is 
possible, because a force of sufficient magnitude is simply not available. This function 
of the coupling field can also be shown in our model, because the linear synchronous 
motors of the flywheels are also generators. If the central driving motor is switched 
off, then the flywheels continue for some time to drive the central three-dimensioal 
rotating sphere. Everything stays exactly synchronous with the same phase-shifts. 


This experiment shows how the flywheels feed their energy back and have a 
stabilizing function in time-synchronization. The coupling-field of the masses of the 
universes is fed back in the time-bound vibrations of the atom-field from which no 
atom total mass of the universes is fed back to one single atom. 


a painting by Rudolf Dass of the analogous visual-mechanical carrier-field model which 
symbolizes time and matter creation and synchronization in twelve universes. This giant working 
construction that was a cross between a monument and a machine was seen on an artificially 
flattened mountaintop on Iarga. This place was perceived as a place of pilgrimage, a place of 
meditation and contemplation, and the machine was a symbol of creation. The Iargans know no 
separation between science and religion, and religious and spiritual theories are entirely 
scientific. The model was several hundred yards(meters) long. The machine seemed to operate 
by some kind of perpetual motion, neither running on fuel or electrical power. 


The Instructional Analog Model 


‘The mechanical instruction models are the visual representations of the principles of the cosmic 
unified field theory. The model is intended to demonstrate that time, matter, and energy are 
creations out of the nothing and therefore the counter-balance has to be maintained to allow the 
causal infinity of the nothing to exist. In a broader context the physical symbols all take on new 
meaning and demonstrate the unification of science and religion. In a religious sense the 
spherical three-dimensional time-field in the heart of the pyramid symbolizes the Soul of the 
Creator. The pyramid symbolizes his infinite lovewill, the cage in which the infinity of 
existence has been blocked irrevocably. The lines symbolize the different frequencies of the 
waves. The flywheels on the edges of the pyramid symbolize the twelve associated and 
s, including ours, that make up this unity. One cannot exist without the 


The timeless primeval atom-principle, the transmitter function. 


The atom-field is a time-creating field and as such a remote manifestation of the 
primeval atom principle. It can be compared with a transmitter. As soon as the 
program is converted into waves of great power, billions of radios can receive the 
same program, the number is unlimited. Everything depends on the one program of 
the transmitter, the primeval atom-field. If this exists with infinite strength, it is at the 
same time the vibration medium (the carrier-field) which helps it to spread 
everywhere. Thus any atom in any universe can receive the timeless basic 
program. The second model shows the three-dimensional time-field of the primeval 
atom field most clearly, although this is a three-dimensional rotation of the central 
sphere in spatial sense. This is an analog of reality, the atom has a spherical field 
which is defined by six linear time-vibration directions. Any atom is a remote 
manifestation of the one carrier-field of infinite strength. 


Considering this fifth function of the carrier-field one has to realize that only the 
central sphere, the atom, is visible to us. The fields in the pyramid edges outside the 
sphere are invisible. It is the time-field reality of which the atom is a reflection. 


The mechanical instruction models are the visual representations of the principles of 
the cosmic unified field theory. This requires however some marginal notes. A 
material comparison to explain spiritual abstractions is always in some ways 
incomplete. There are several hiatus of which only the three most important ones are 
mentioned. 


1. In the model one time-axis represents only one frequency of the magnetic field, 
while in reality all frequencies are contained. Every frequency however can be 
initiated for each time-axis for which the interference representation of the analog 
model is valid. 


2. The model demonstrates the rotating field of the timeless waves. It does not imitate 
the time-bound waves by which our time-axis the propagation speed of time is X, then 
the phase velocity of the two time-axes connected to "our" pyramid edge is 4X. The 
other two time-axes connecting our time-axis with the other corner of the pyramid is - 
‘AX, making up for the time speed of our anti-universe -X. The crossing, not-touching 
is perpendicular to our time-axis and does not contribute. 


sare given by the flywheel symbol. In fact 
this is fundamentally wrong, because it is separated from the three-dimensional 
rotation of the central sphere. It can therefore basically not maintain the 
counterbalance of the nothing. 


The most important conclusion of the analog model is that time, matter and energy 
are creations out of the nothing and therefore the counter-balance has to be 
maintained to allow the causal infinity of the nothing exist. 


14. The existential symbolism of the model. 


So far the physical aspects of the model have been unraveled, but if one wants to give 
a wider context to the model suddenly all the physical symbols change their meaning. 
In relation to philosophical or theological disciplines the model takes on the additional 
meaning of the unification of science and religion. By certain inherent (medfdte) 
laws within any intelligent race the denial of God's existence will be destroyed sooner 
or later. Earth science will provide an indestructible contribution to our final 
knowledge-awareness, which we shall attribute as typical human attainment in the 


cosmic integration. It is that piece of our human identity and self-awareness, which 
we shall possess and care for throughout eternity. I the light of this purpose, science 
serves God and the distinction between science and religion fades away. 


In a religious sense the spherical three-dimensional time-field in the heart of the 
pyramid has a special meaning. It symbolizes the Soul of the Creator, the Father 
who is the pure Identity of the infinite origin. The pyramid symbolizes his infinite 
Love-will, the cage in which the infinity of his Existence has been blocked 
irrevocably. He sacrificed his Ego and his freedom, to love his twelve Sons once. He 
is present only indirectly in his Creation as the reflection of the infinity, the Supreme 
Being, as the one Ego-consciousness of the Archangels. 


That is why the theologian covers the central sphere with pure gold, symbolizing the 
golden Heart, the Holy of Holies, the most sacred secret of the universe. The pyramid 
is then painted dark red, the universal colour of love. Over the red many thin golden 
stripes run in the direction along the pyramid edges. These stripes symbolize the 
different frequencies of the timeless waves, the expressions of Love and faith of the 
Father and his infinite Will. 


Gathered around the golden Heart are the twelve flywheels, coloured white, the colour 
of purity and innocence. The model shows that every universe has the power to 
awaken the matter-consciousness and to transform it to the new God: the Son. The 
goal of Creation is therefore the awakening and the formation of the twelve Sons of 
the Father. 


This is not in contradiction with the Bible telling us that the Father sent his only- 
begotten Son. The Bible is solely directed to man. It is our instruction book for life 
describing our attitude towards God and our fellow man. The Bible does not tell 
anything about life on other planets, because it is not relevant in our relationship with 
God now. 


The same goes for our parallel universes. In fact they do not exist for us, because they 
are not in our world of existence but somewhere else. They do not exist for all 
intelligent races in this universe, we shall never be able to observe them nor 
experience them in any way. Pethaps at the end of all time we shall meet. 

In our world the Father has one only-begotten Son and this truth is already so 
unimaginable that nobody can conceive the consequences yet. 


END OF IARGAN DISCUSSION 


6. Heat all parts of the joint with the iron for under a second or so. 

7. Continue heating, then apply sufficient solder only, to form an adequate joint. 
8. Remove and return the iron safely to its stand. 

9. Itonly takes two or three seconds at most, to solder the average p.c.b. joint. 
10. Do not move parts until the solder has cooled. 


Troubleshooting Guide 


+ Solder won't "take" - g1 
material may not be suitable for soldering with lead/tin solder (eg aluminium). 

+ Joint is crystalline or grainy-looking - has been moved before being allowed to 
cool, or joint was not heated adequately - too small an iron/ too large a joint. 

+ Solder joint forms a "spike" - probably overheated, burning away the flu: 


Desoldering methods 


A\ soldered joint which is improperly made will be electrically "noisy", unreliable and is 
likely to get worse in time. It may even not have made any electrical connection at all, or 
could work initially and then cause the equipment to fail at a later date! It can be hard to 
judge the quality of a solder joint purely by appearances, because you cannot say how the 
joint actually formed on the inside, but by following the guidelines there is no reason why 
You should not obtain perfect results. 


A joint which is poorly formed is often called a "dry joint”. Usually it results from dirt or 
‘grease preventing the solder from melting onto the parts properly, and is often noticeable 
because of the tendency of the solder not to "spread" but to form beads or globules 
instead, perhaps partially. Alternatively, if it seems to take an inordinately long time for 
the solder to spread, this is another sign of possible dirt and that the joint may potentially 
be adry one. 


There will undoubtedly come a time when you need to remove the solder from a joint: 
possibly to replace a faulty component or fix a dry joint. The usual way is to use a 
desoldering pump or vacuum pump which works like a small spring-loaded bicycle 
pump, only in reverse! (More demanding users using CMOS devices might need a pump 
which is ESD safe.) A spring-loaded plunger is released at the push of a button and the 
molten solder is then drawn up into the pump. It may take one or two attempts to clean up 
a joint this way, but a small desoldering pump is an invaluable tool especially for p.c.b. 
work. 


Sometimes, it's effective to actually add more solder and then desolder the whole lot with 
‘a pump, if the solder is particularly awkward to remove. Care is needed, though, to 


Stefan Denaerde 


Cosmic Unified Field Theory. 


How it started, 


More than 25 years ago appeared an amazing book in the Netherlands: ‘Buitenaardse Beschaving” 
(Extraterrestrial Civilization) from Stefan Denaerde, (Known in English as : "UFO contact from planet larga") 
It describes the confrontation of the author with the race from the planet Janga (Larga). It was written as a novel 
(although it is a true story) and illustrated by a well known Dutch technical illustrator (Rudolf Das). 


Sailing with his ship in Dutch waters, Mr. Denaerde (not his real name) bumped into something which was 
hidden underwater, When he sees someone floating in the water he comes to the rescue of what later appears to 
be an astronaut. This rescue was a test for him and after the initial shock he gets in contact with the Jargans who 
invite him for a three day learning session inside their submerged saucer. 


Via a 3D sereen and a radiation ‘head set’ he learns about the Jargan culture, philosophy and technical 
achievements, Through the concepts of extreme efficiency and justice he is taken to the Jargans love for the 
Omni-Creativity (our word for ‘God’ is too poor) and their striving to be one with it, 

This ‘carrier field” of the Universe supports everything (matter, time, consiousnes), and by applying this 
knowledge it makes interstellar space travel possible, 

It appears that the goal of a civilization is to create a socially stable supercivilization. Discriminations of any 
kind no longer exist. Resources and wealth are available for everyone, but not as a goal as such, but to enable 
everyone to grow spiritually. 


There is much more to this book. Anyone interested can find an interview with Denaerde by Wendell Stevens, as 
well as several chapters from the book on this link, (This also contains the 2nd book of Denaerde!) 

From this interview it appears that the contact has continued for many years in telepathic form. A lot of highly 
technical information has been given in this way, which resulted in the second book: 


‘The Universal Creation, (In Dutch: ‘de Universele Schepping’) 


This appeared about 20 years after his first book. It describes in one theory the origin of the Universe, matter, 
time, consciousness, the Universal goal for any civilization, the history and possible (very bright) future of 
mankind, in one word : a TOE (theory of everything). 

The atmosphere of the book is totally different: the first book had something like “you don't have to believe this 
has happened, it could be hypothetical’. The Universal Creation is much more direct and confronts us with a 
direct proof of its contents, because the authors (Stefan and his "brother’ Christian Denaerde) express that it is 
high time that science and religion are united again, 

The Universal Creation comes with an appendix ‘Cosmic Unified Theory’- in English!- which goes into much 
detail about the new physical model, Recently this information is available on CR-Rom, to be ordered at the 
Cosmic Field Paradigm foundation, This essay is mainly about the appendix and the CD-Rom. 


‘The creation out of the nothing, 


According to the Cosmic Field (CF) model there existed prior to the creation (or big bang) vibrations of infinite 
frequency and amplitude in every time direction. 

The act of creation was the blocking of the infinite waves by interference to form waves of finite frequency and 
amplitude. In order for matter and energy or anything to exist, there must be an equal counterbalancing 
vibration, Also time direction has to be counterbalanced. Think of a time axis as two pieces of mini model rail 
which are connected via a motor, which can move the rails back and forth say over 1 cm. If you place a wagon 


sonwzore Denerde 
‘on one of the rails which has a catch wheel that catches only the forward movement of the rails, you will see the 
wagon move forward. Another wagon, placed in the opposite direction on the other rail will also move forwards, 
thus the two wagons will separate from each other, So the rails can be seen as a time axis, where time moves 
back and forth. The wagon represents matter, which can only catch one time direction through a property called 
spin 
One time axis is not sufficient: to counterbalance everything and to cause a a feedback mechani: 
structure is needed in the form of a tetra-eder. 


na 3D time 


Fig. 1 The carrier field model 


6 time axes form a 
closed loop. 12 
universes are 
separated by time 
direction. 

The spin of matter is 
represented by the two 
flywheels (only shown 
for one time axis) 


This implies that there exist 6 time axes (each with a back and forward movement in time) and thus 12 
universes. These universes cannot be seen, but some aspects like the time frequencies can be sensed by our 
atoms, (BTW, this might explain the missing mass problem in cosmology: our universe still senses the mass of 
the other 11 universes, that is why 90% of the mass is unexplained.) 


The picture shows the arrangement of the time axes. The center of each axis (depicted by a small circle) can be 
considered as T=0. The two flywheels (drawn on one axis only) represent the spin direction of matter. In our 
direct anti-universe (on the same time axis) the direction of time is opposite, but also the spin of the matter 
particles, This means that everything is mirrored, and living beings in the anti-universe experience time as 
moving forward, just like we. In fact time moves in two directions along an axis, but matter has a sort of 
rectifying effect - it only picks up the forward going time. 


‘The 60 degrees angle between the time axes is necessary to have an harmonic ratio between our time axis and 
the time axis of the other universes. 
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Fig.2 2 time axes at 60 degrees 


ss Only at this angle there 


can be a harmonic ratio 
between the time 
60° creating frequencies. 
An atom on our time 
1/2 TL axis T1 experiences the 
T2 other time axis at half 
the frequency. 


Our time direction is T1. Another time direction is T2. The angle of 60 degrees makes T1=2*T2, thus giving an 
harmonic ratio of 1:2. 


The carrier field model has several functions, such as: 


It is an infinitely strong force field, blocked in itself, It is a loss free conduction medium for all waves. The 
counter balancing of everything implies that the universes are locked in an iron grip: the spins in one universe 
are exactly the same and opposite to the spins of the anti universes, It also means that there cannot be one atom 
more in a universe, which is not present in the 11 other universes. (this does not mean that all the 12 universes 
have to be the same). 


The model is also an image of the universal atom: When applied at a very small scale Denaerde explains the 
basic building blocks to form matter. 


The flywheels can represent the total mass in one universe or just the mass of one atom, The 3D time structure 
of the pyramid is present in all matter: you could imagine the center of the pyramid being in a star, a galaxy, etc. 
The 11 other universes are not observable, but they could occupy the same 3D space. The model demonstrates 
beautifully that matter, time and energy are just properties of one universe (1/12th of the whole). Summing all 
the properties of the pyramid results in nothing. (The big bang theory fails to explain where the initial energy 
came from) 


The Double rotating central bar. 


Denaerde introduces the concept of a magnetic bar, which touches 2 opposite ribs in the pyramid, This induces a 
flux in the loss free time axis. This is a very important concept and it takes a while to understand it. The bar 
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needs to rotate around two axes simultaneously (Fig, 3) in order to create alternating fluxes in the pyramid ribs 
(which still represent time axes). The rotating movement repeats itself in 6 time-steps, 


axis 1 
The simultaneous rotation 
of a central magnetic bar 
around 2 axes gives 
n alternating flux patterns 
(time directions) in a pair 
of ribs. This process is 
repeated in 6 timesteps. 


axis 2 


Fig.3 Double rotation of a central bar 


Denaerde calls this configuration a building element, Next we will see that from these building elements one can 
derive the fundamental elementary particles : electron, quark and neutrino. 


‘The two fundamental building blo« 
By adding the initial building block at different time steps (adding three bar rotors) it can be derived that there 


are two possibilities. These are called central rotors of the first and second kind, (figures 4 and 5). The central 
rotor of the first kind gives a fixed alternating flux pattern in the ribs of the pyramid. (Try it out!) 
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Fig. 4 3 building blocks at different time moments are added 


2 


The total retumn flux gives a new 
‘building block a rigid central 
frarrotor of the first kind, The 
zero node does not change its 
orientation. In a next timestep the 
flux pattern is reversed, but the 
magnitude is the same. 

This todel describes the 
ELECTRON. 
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Fig 5 The rigid central bar rotor of the second kind, 


s te 12 12 12, vi 
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The rotor of the second kind has 
no fixed zero flux node. The zero 
flux node rotates through one of 
the comers of the pyramid. 

After 6 timesteps the flux and the 
zero node are identical to the 


2 otiginal position. 
This model represents the QUARK. 


[> gis of rotation 


is called a central rotor of the second kind. 


The second possibil 


The rotor of the first kind is similar to the ELECTRON. 
The rotor of the second kind is similar to the QUARK. 


Don’t forget, the pyramid ribs represent time axes, (Note: Denaerde uses capitals to distinguish from the real 
particles in 3D space.) 


Three QUARKS added together give a PROTON. (Figure 6) 


‘np: wwe. resona.nDenaerdetdenaerde him 68 


0129/2018 Denaerde 


Fig 6 Quarks electron and H atom 


QUARK, . + QUARK = PROTON 


ie Big 


T 1 T 


a 
ELECTRON + PROTON a HATOM 


A QUARK and an “anti time" QUARK or the ELECTRON and the “anti time" ELECTRON (positron) can be 
distinguished by the c.w. or anti c.w. rotation of the central rotors. Dipoles of opposite rotation destroy each 
other. 

Fig 6 shows that adding the PROTON and the ELECTRON gives the neutral H-ATOM. 

‘The mass difference between electron and proton can be explained by different rotation frequencies of the 
dipoles. 


Denaerde then continues to describe several NEUTRON groups which can be formed. This is rather complicated 
and requires a lot of pictures to visualize, so I would rather skip this. (For anyone interested, I strongly 
recommend to order the CD!) 

The outcome is, that the NEUTRON in the Carrier Field model has 4 QUARKS. 

This gives a NEUTRON with a zero external flux. The model explains why the neutron is not stable in free 
space, while the electron and proton are. 


It can easily be seen that to the CF model a QUARK has a unit of charge of 1/3 of the ELECTRON, if charge is 
defined as the external flux in the pyramid ribs. Charge is related to a symmetry axis of the pyramid. The CF 
model predicts that charge is not constant in time and that there are two types of charge for a matter particle (e.g. 
electron): North and South charge. Due to the time switching mechanism we don’t detect this. 


A NEUTRON consisting of 4 central rotors of the 2nd kind can be converted into a PROTON (3 rotors of the 
2nd kind) and an ELECTRON (I rotor of the Ist kind), 
Whaat is left over is the NEUTRINO : a free dipole in the carrier field. 


In order for the particles to exist in space and time, a grid is needed which carries the complex flux patterns, 
Denaerde comes to a grid consisting of two pyramids stacked together. The top one is inverted and rotated 60 
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degrees, while its top touches the base of the other pyramid (sunken). The size of the pyramids is in the order of 
h (Plank’s constant, normalised to length). Alll particles have more or less the same size in parametric space 
(space as we know it), 


Further Implications 


We come now to the more profound meanings of the model. This subject I describe very condensed (without 
further proof, although the subject is described in great detail in the appendix), 


The double rotating central bar has an additional degree of freedom. This results in a second gravitational field, 
which we cannot directly observe. So there are two kinds of gravity. 

The CF model talks about ideal Black Holes and White Radiators. Black Holes have a function to stabilize the 
universes. As said before, the mass (energy) in all 12 universes must be exactly the same. Still the mass 
distribution can be different, but only thanks to black holes. B.H’s and W.R’s are present in the comers of the 
pyramid frame, In one time step, our time direction faces the Black Hole, while our anti-universe’s time 
direction faces the White Radiator. The next time step our time direction faces the White Radiator. In the next 
time step it is the null-energy flux. 

White Radiators are generators of mass and energy, but have no mass of their own. It generates the exact 
opposite type of gravity which nullifies with normal gravity. 

‘A pair of BH and WR belongs to each reality. The ideal Black Holes (and there counterpart the WR) in the CF 
model must have spin. The normal black hole as known from General Relativity Theorie is discussed also. 


‘The formation of a pair of BH and WR (also called a macroscopic quantum mirror or black mirror) is then 
proven to be a non natural abject : it could only have formed by an act of intelligence. Intelligent life is a 
necessary condition in the formation of the universe! According to the CF model, the black mirrors are formed 
by the collective mind power of an intelligent race. 


Another important consequence is that the time history (knowledge) of the universe is laid down in the quantum. 
gravitation fields. This is one of the reasons why the universe expands: to record the time history. In other 
words, the time history of a matter system, determined by an increase of entropy, is converted into information 
in the quantum gravity field. Intelligent life interferes with and modifies the quantum gravity fields (creativity) 


The two types of gravity fields represent the matter-bound and emotional (or soul-bound) energy fields. The 
creation of the macroscopic quantum mirror is the final goal of an intelligent race. It is called the all-might 

manifestation of the race and it can only be initiated by enough minds working together to create the mirror ~ 
which means nothing less than the recognition and identification of the Love poles which carry the universe... 


Note: 
Everything written here is in my own words, Pictures were made by me. Therefore, copyright has not been violated, 


Back 
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DNA Wave blocomputer functions 


+The problem of creation of the DNA-WAVE biocomputer is considered, in which one the storage locations on 
genetic molecules will be used. In the basis of tendered idea are trusted to experimental and theoretical activities 
of the writers, in which one a) to be demonstrated capacity of DNA to the laser, b) capacity of DNA to gonerate 
solitonic waves with memory, c) the phenomenon of transition of the localized photons in radio waves Is revealed, 
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ensure that the boards and parts are not damaged by excessive heat; the pumps 
themselves have a P.T-F.E. nozzle which is heat proof but may need replacing 
occasionally. 


An excellent alternative to a pump is to use desoldering braid, including the famous 
American "Soder-Wick" (sic) or Adcola "TISA-Wick" which are packaged in small 
dispenser reels. This product is a specially treated fine copper braid which draws molten 
solder up into the braid where it solidifies. The best way is to use the tip of the hot iron to 
press a short length of braid down onto the joint to be de-soldered. The iron will 
subsequently melt the solder, which will be drawn up into the braid. Take extreme care to 
ensure that you don't allow the solder to cool with the braid adhering to the work, or you 
run the risk of damaging p.c.b. copper tracks when you attempt to pull the braid off the 
joint. See my photo gallery for more details. 


I recommend buying a small reel of de-soldering braid, especially for larger or difficult 
joints which would take several attempts with a pump. It is surprisingly effective, 
especially on difficult joints where a desoldering pump may prove a struggle. 


The Basic De-soldering Guide Photo Gallery 
(and Black Museum of Bad Soldering) 


De-sotdering 


cuit, usually because they are faulty. It may sometimes be necessary during testing or 
assembly, if a wrong part has been fitted or a modification has to be made. In the field, 
it's not uncommon for faulty electronic components to be swapped out, or poor joints 
(perhaps "dry" or gray joints) to need re-making properly, months or years after 
manufacture. Experienced engineers can often diagnose a particular faulty joint 
immediately, because they may have seen the same problem on similar electronic 
equipment before, especially if the equipment has a "reputation". A proper desoldering 
technique can soon be acquired with practice - all you need to do is buy some scrap 
boards to have a go with, and desolder to your heart's content! 


's required when electronic components need to be removed from a 


The next photo sequence illustrates the basic steps for desoldering a printed circuit board, 
in order to remove a faulty part, Both the technique for using a desoldering suction pump 
as well as desolder braid are illustrated. Some real-life examples of poor soldering are 
shown too, in my Black Museum of Bad Soldering! 


Remember - it costs just as much to get it right as it does to get it wrong! Practice makes 
perfect. 
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Biohologram DNADA - Holographic Archetypes, by ona Mil 
4) the phenomenon of spectral storage of DNA by the localized photons is revealed, e) the transport phenomena 
of the genetic information in polarization modulations of an electromagnetic field is revealed at transition of a 
photon - radio wave. On the basis of these data the theory of wave genes Is built, in which one the dualistic 
‘explanation of the genetic information as unity of material and wave encoding functions of the chromosomes is 
offered. The hypothesis quantum nenlocality of genome of higher organisms Is offered. The set of the obtained 
outcomes allows the writers to suspect, that artificial DNA computing cannot be carried out to the full without the 
registration of listed properties of the genetic apparatus. Key pattern of the DNA-WAVE computer will be the 
phenomenon of DNA memory on solitons and on the localized photons with participation of quantum nonlocality 
of such memory. 
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Quantum Bioholography: a review of the field from 1973-2002 
ona Miller, Richard Alan Miller, and Burt Webb 
URL: wnw.emergentmind.org/MillerWebbiSa.htm (http:/iwww.emergentmind.org/MillerWebbI3a.htm) 


vision and 


‘Abstract: Complex information can be encoded in EM fields, as we all know from coding and decoding of t 
radio signals. Even more complex information can be encoded in holographic Images. DNA acts as a holographic 
projector of acoustic and EM information which contains the informational quintessence of the biohologram. Only 3% 
of human DNA encodes the physical body. The remaining 97% of the 3 billion base pair genome contains over a milion 
‘genetic structures called transposons, that have the capacity to jump from one chromosomal location to another 
(Kelleher, 1999). We are 99.9% alike in our gonetic legacy. Our individuality is expressed in thrae million small 
variations in our cells, called single nucleotide polymorphisms. 


Gone-expression is the mechanism by which new patterns are called into being (Rossi, 2000). There is also a strong 
correlation between modulation of the brain's EM field and consciousness (Persingor, 1987; McFadden, 2002). The 
Gariaev group has discovered a wave-based genome and DNA phantom effect which strongly supports the holographic 
concept of reality (Miller, Webb, Dickson, 1975). This main information channel of DNA is the same for both photons 
and radio waves. Superposed coherent waves of different types in the calls interact to form diffraction patterns, firstly 
In the acoustic domain, secondly in the electromagnetic domain ~- a quantum hologram ~- a translation process 
botwoen acoustical and optical holograms. 


Creative, novel and enriching psychotherapeutic experiences can lead to neurogenesis, gene expression, and healing 
“which facilitate mindbody communication and can have a long-term transformative offect on the whole parson (Rossi, 
2002). Thus, bioholography has relevant applications for optimizing health, well-being and even self-ealization. Itis 
rolovant in biophysics, medicine, psychobiology, psychotherapy and the holistic healing arts. It provides us with a 
‘more genetically integrated model of the complex dynamics of the mindbody ~ one arising in the domain underlying 
the standard genetic code triplet model. 


Wave-genetics, Peter Gariaev 
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Brief Introduction into WaveGenetics 
By Petor Gariaev and Irene Caesar in Wavegenotic niseeniaceooa omireupsvavegenetc) Its Scope and opportunities 


Gariaev Peter 


‘The history of wave gonetics has been developing for more than 80 years. In 20s and 30s of the last century Russian 
scientists, A G Gurwitsch and A A Lubishev postulated that not only does genetical apparatus of living organisms on 
the Earth operate at material, physical level but also at certain wavesifields level and is able to transfer genetic 
datafinformation via electromagnetic (EM) and acoustic waves. The science has recently taken a major leap in its 
advancements of the theory and reproducible experiments and thus the theory of wave genome has been put forward. 


(One of the first attempts to rationalize and expound the wave genome theory in Russia had been made by P P Gari 
and A A Berezin from the department of Theoretical Mattors of Russian Academy of Science, and also with 
participation of A A Vacilley, a fellow member of Institute of Physics of Russian Academy of Science. As a theoretical 
foundation, principles of coherent physical radiations, holography and solitons, theory of physical vacuum, fractal 
representation of DNA and human verbal expression/speech have boon employed to describe and substantiate the 
‘empirical results obtained through many exporiments conducted. 


‘The quintessence of the wave genome theory may be represented as following: 


genome of the highest organisms Is considered to be a bio-computer which forms the space-time grid framework of a 
bio-systems. 


In that bio-system, as the carriers of a field epi-gene-matrix - wave fronts are being used, which are assigned by got 
holograms and so-called solitons on DNA - distinct type of acoustic and electromagnetic fields, produced by 
biogenetic apparatus of the organism/bio-system under consideration and being a medium of strategic regulatory 
datafinformation exchange between cells, tissues and organs of the bio-system. 


Itis also vital to note that the holographic gridsiframeworks, which are also the elements of fluctuating structures of 
solitons, are, in fact, discrete simplest casos of code-originated information, anchored in chromosome continuum of an. 
organism. 


‘At present the dominant viewpoint in respect of genetics and molecular biology is that} 


1. the genetic apparatus functions as a purely material structure 
2 all the functions of genetic control of an organism occupy approximately 2 % of DNA of a bio-systom and fulfill 
designated functions such as replication of RNA and proteins, so called coding DNA of an organism. The other 
98% Is considered to be “Junk DNA" not carrying out any genetical functions, which may represent a graveyard 
of virus DNA. 
‘The biologists and geneticists use the language of analogies and metaphors to explain how genetic apparatus 
operates. The genetic apparatus consisting of 46 chromosomes is viewed as a library consisting of 46 volumes or 
books. Each book (a chromosome), contains a text (Instructions of how to build an organism) which consists of 
sentences (DNA) consisting of words (genes). And each word (a gene) consists of 4 letters (certain “chemical letters 
the “gonetic alphabet” consists of only 4 “letters”. The material realizations of the DNA molecules are famous 
double helixes, consisting of segments which are genes. In essence, genetic apparatus operates as follows. The texts, 
written in the “DNA language”, are frst translated by the organism into the “RNA language” and then into the “Protein 
language”. And proteins are the stuff that we are mostly made of (not counting water). Proteins perform two principle 
funetions in the organism: they metabolize substances that we eat and participate in the morphogenesis, i. 
development of the spatial-temporal organization of an organism. 


Itis to be pointed out that the primary focus of the wave genome theory is on the remaining aforementioned 98% of 
chromosomes as being the key “intellectual” structure ofall cells of an organism including the brain. It is those 
chromosomes that operate on the wave, on the “ideal” (fine-field) level. 


It the idea! component, that may be called super-gene-continuum, is a strategic vital figurelformation that ensures 
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development and life of humans, animals, plants and also their programmable natural dying. Along with that, itis 
Important to conceive that thre is no sharp and insurmountable distinction between genes and super-genes. Both 
those levels of encoding constitute material (physical) matrixes, howaver genes supply material replications in the form 
of RNA and proteins, whereas super-genes transform endo- and exogenous fields, forming from them super-gens 

signal wave structures. Furthermore, the genes may be components of holographic gridsiframeworks of super-genes 
and supervise thelr field activity 


Particular attention in the wave genome theory should be devoted to substantiating of the unity of fractal (replicating 
Itself on varying scales) sequence structures of DNA and of a human speech. In 1990 Jeffrey Delrow discovered four 
“lattors” of the genetic alphabet (Adenine, Guanine, Cytosine and Thymine) in DNA “texts” form fractal structures. 


Later on, a discovery of similar fractal structures in a human speech, not limited to multy-letter alphabets of Russian 
and English texts and including a sequence of words from those texts came as a promising surprise for both genetics 
and linguists. Nonetheless this is in accordance with a branch in semiotics named "Genetical Linguistics", which 
studies incomprehensible and unexplainable procise application of laws of Formal Genetics to formation of interlingual 
and intro-lingual words-hybrids. 


‘A group of scientists headed by P P Gariaev and M U Maslov, developed a theory of so called fractal representation of 
natural (human) and genetical languages. Within the confines of this theory ts said that the quasi-speech of DNA 
possesses potentially inexhaustible “supply of words” and, moreover, what had been a sentence on the scales of 
DNA-"texts” “phrases” or a “sentence” becomesitums into a word or a letter on the other scale. Genetical apparatus 
can be viewed as the triunty of its structure-functional organization consisting of holographic, soliton and fractal 
structures. 


This theory allows a refined quantitative comparison of symbolic structure of any texts including genetical. Thereby a 
possibility has been wide open to approach a deciphering of a lexicon of one's own gene-code, and accordingly, more 
accurate composition of algorithms of addressing a genome of a human with an aim of potentially any type of 
programming of one’s vital activity such as treatment, increasing one's life expectancy and so on and so forth. 


Empirical tests of wave genetic theory in the light of “speech” characteristics of DNA demonstrate strategically correct 
stance and direction of the research. 


Phenomenal experimental findings may be briefly presented here. For the first time in history of the science we 
successfully managed to obtain experimental evidences of abilities of the genetic data/information to function on more 
than simply one material level, for instance, in the wavelfield (electromagnetic) form 


Over decades, having been conducting extensive theoretical researches, we successfully managed to formulate 
theoretical biology and physics-mathematical description, explanation and substantiation of fundamental principles of 
genetic apparatus functioning on the wavelfield le 


‘These principles allowed us to design and create a quantum bio-computer essential clement of which is a specially 
tuned laser beam with certain wavelength and frequency characteristics. 


‘The quantum bio-computer can perform: 


‘ ‘Scanning and reading the wavelfield equivalent of the genetical-metabolic data from the (stem) cells, 
tissues, organs of a donor's bio-systom employing photon of the laser beam; 


a Conversion of the photons obtained into wide-wavelength-band preserving the scanned and read data; 


uw, Precise and pointed introduction of such scanned and converted principalidominant data radio waves into 
the organism-recipient, located at a certain distance from the donor's bio-system ({rom few centimeters to 20 km); 


w. Strategic controlmanagement of metabolism and postembryonic morphogenesis of the organism-recipiont 
according to two vectorsimodes: 
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“Do asiwhat | do” ~ that is holographic principle, and 


b.  Wavelfield transmission of a signal that contains commands activating required programs in the stem cells of, for 
Instance, rats; programs that direct/guide the stem colls development on their way of, as in our experiments, building 
pancreas gland in rats. These vectorsimodes are intended to be used on humans. 


‘At present we are able to program/managelencode stem cells of various types by means of a quantum bio-computer. 
‘The quantum bio-computer initiates wavolfield-based commands, given to colls and tissues of the donorirecipiont, and 
accordingly the stem cells exposed to the wavesifield will be prompted to guided cytodifferentiation leading to 
‘emergence and development of plannediprojected new organs and tissues. This will bring us closer to the fact of 
substantially Increased life expectancy. 


Significant achievements in applying WaveGenetics have been made thus far in regeneration of pancreas in rats 
previously destroyed by chemical substance called alloxan 


‘Three series of experiments with identical protocol were conducted by the groups of P. Garlaev in 2000 in Moscow 
Russia, in 2001 in Toronto, Canada, and in 2005 in Nizhni Novgorod, Russia. These are more advanced experiments 
based on the principles and technology of WaveGenetics. The goal of the experiments was to test new technology for 
regenerating damaged pancreas. Pancreas is an endocrine gland which has several vital functions, the major one 
boing production of insulin, a hormone responsible for sugar metabolism. 


A.control group of rats was injected a lethal doses of a poison called alloxan which destroys pancreas. As a result, all 
the rats in the control group died from diabetes in 3-4 days. Then the same lethal dose of alloxan was injected to 
another group of rats. And when the rats reached the critical condition, they were exposed to light imagesiwaves 
coming from a quantum blo-computer. Those light imagesiwaves were created beforehand when the bio-computer read 
Information from the pancreas surgically removed from healthy newborn rats of the same species as those used in the 
alloxan experiments. 


(One can explain the results of the experiment using the following analogy. The pancreas gland contains DNA-movies 
‘with Information about healthy condition of the pancreas in its genetic apparatus. And this video morphogenic, 
Information programmed the stem colls of sick rats to regenerate their pancreas gland. Combined statistics for all 3 
sories of experiments is as follows. Altogether, around 90% of all the rats had thelr pancreas gland restored and their 
health recovered. 


In some of the experiments the quantum bio-computer was modified to allow successful transmission of the healing 
Information to sick rats at the distance of 20 kilometers. Note, that no known physical fields have the capability to 
transmit such extremely week signals with such unbelievably poworful results. 


Furthermore, the WaveGenetics research and application has significant prospects of solving issues as regards ageing 
process in humans and increase of lfe expectancy. This view is grounded on the experiments we have been 
conducting with rats. 


Itis Opportunities of technologies of WaveGenetics are not limited to what has been outlined above. The development 
and application of the technology is far-reaching and is substantiated by experimental data obtained in numerous 
tests, experiments, observations. 


In addition, it ought to be mentioned, such a technology - a quantum bio-computer, is capable of: 


«treating oncological diseases on fundamentally distinct basis — without use of any chemical substances, 
«eliminating pathogenic viruses and bacteria and agricultural vermin parasites ~ also without used of any 
chemical substances. 
Itmay soem as a technology of another age, from distant future. Howover, a discovery of fundamental properties of 
living organisms is occurring today and itis our task to research and explain the phenomena and bring itto the service 
of humanity. 
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Antenna Model 


By Peter Gariaev (https://wwwfacebook.comiPeter.Garlaev) in Wavegenetic. 
(https:www-facebook.comigroupsiwavegenetici) 

+ We have noted earlier (Gariaev, Maslova et all, 1996 (a); Gariaev, Maslova et all, 1996 (b)), that in the role of the 
main molecules perceiving external electromagnetic fields as a regulators — ar the proteins and especially motal 
containing. Functioning of a set of biological macro-moleculs (ferments in particular) is largely determined by 
processes occurring in the active centres surrounded by bio-polimer sequences having a sign topology. Based 
fn this perception of informational bio-macro moleculs, itis normal to suppose that theyir interaction with 
physical fields external in relation to the biosystm and internal radiations leads to excitation dipolar-active 
fluctuations of monomers, forming the said chain, and they in turn induce fluctuation ifthe active centre. In toher 
‘words, such system will work as a peculiar antenna. 


‘There excited fluctuations can lead to transitioning of bio-macr-molecul in to toher conforming (topological, sign) 
state, 


‘Such conception in a principal plane is adequate to the whole set of functionally important bio-macro molecule, 
{for example, chlorophyll, hemoglobin, mioglobin and so on,. These macromolecules are joined by two structural 
properties: 1) in their geometrical centre there is ion (In the case of chlorophyll ion of magnium, in the case of 
hemoglobin —Ion of iron); 2) near ion symmetrically placed 4 pirrolik rings (pseudo structure. ) 


Other types of polymers, corresponding to antenna model, can be relatively simple cycles such as valinomycine 
(potassium ions’ carrier) and complex over-molecular chromosom structures, DNA of which contains higly 
organized associates of such metals as magnesium, calcium, nickel, cobalt, copper, ferrum, zink and so on. Thelr 
role is not clear and is considered to neutralize OH-groups of remnants of phosphoric acid of polynucleotide. itis, 
proposed that functions of metals in DNA and RNA is substantially wider and is realized along the lines of sign 
andlor energy interchangewith endo - and exogenous, in relation to the biosystem, physical fields. The same is. 
applicable to the proteinsnot containing porfirine centre yet specifically binding metals, e.g. as such you can 
considersite-specific proteins with domens like “zink fingers” which participate in regulation genes, often located 
long awayfrom these governing proteins. Atoms of metals in DNA and proteins can in resonance interact via 
lectromagnetic channels within the meaning of antenna model. Let defined the definition of antenna model. 


External energy (in particular, connected with resonance interaction extremely high frequency electromagnetic 
radiation with proteins) travels to the periphery, that is onto ensomble of sub-units (not necessarily identical in 
structures). As a result of an active “conversation” predetermined by bio-chemical links between peripheral 
acceptor (recived encoded energy) and centre-associate (in this case and ion of irongem-containing proteins), 
the latter receives energy (information) which effects the biological action. The degree of reactive ability of bio- 
‘macromoleculs is considerably dependent on the level of excitation of central sub-units. Lets look closely in to 
potential mechanisms of wave interactions of physical fields and active centres of informational bio-moleculs 
within the boundries of the proposed antenna model. 


‘As an example of the simliest model for illustrating antenna effect we consider 2-dimentional closed (cyclic) chain 
‘of monomers. There is anactive contre, connected to monomers of chain by dipole-dipole interaction. 


http:1feng.wavegenetic.ru/index.php?option=com_content&task=viewBid=208itemid=1 
(http:/leng.wavegenetic.rulindex.php?option=com_content&task=view&id=20&itemid=1) 


Molecular — tissuey “radio stations” 
By Peter Garlaev (https://www.facebook.com/Peter.Garlaev) in Wavegenetic. 
(nttps:itwww facebook. com/groupsiwavegenetic!) - 


Additional theoretical approaches here, possibly, lie in effects of so called “weak ifluence” [Chukova, 2002}. Apparently 
jenerative and cytoprotective effects in our experiments bear endoergic character where even weakly absorbed. 
energy of coherent red polarized laser light by the bio-preparations goes in to escalation of Helmholtz free energy 
accumulated in chemical relations of metabolites of bio-preparations, which leads to significant bio-offects. Atoms of 
Informational molecules (DNA, RNA, proteins), interacting with the laser beam together with the energy of the light 
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quanta also obtain their momentum quantity motion, which creates inversed overpopulation in nuclear zeeman levels, 
that is ~ chemical polarization of nuclouses occur. Quantum polarization exit, that is a number of excess kernel spins 
fn the top Zeeman level correlated to the every absorbed quantum of light, can be 30%. Inversely populated protonic- 
spin system can issue quanta with 6,5:10-26 Jouls of energy which correspond to frequencies of about 10Mhz 
[Buchachenko, 1978). Further advancing the aforesaid, one could consider that when bio-preparations are scanned by 
the laser beam there appears combinative frequencies, occupying blue and UV diapason. Moreover as we previously 
suggested in an appropriate model of localized light, there is transformation of frequencies in diapason from 2 omega 
to zero takes place. [Prangishvil, Gariaev et al, 2000 (b)]. Besides when scanning the bio-preparations there is a 
presence of wideband radio radiation of the gas discharge laser. Taking this into account, we believe that in our 
‘experiments bio-preparations-donors are scanned (“read” by the laser) by way of multiplicity of frequencies, 
Metabolising chemical compounds of bio-preparations, which interact with dynamically polarized red light of the 
probing laser (and wide spectrum of additional radiation), can generate electromagnetic radiofrequency oscillations. In 
this instances the bio-samples of pancreas and sploen “assume” a role of idiomatic organ-molecular radio stations 
where every type of their molecules possess characteristic frequencies that can be reinforced owing to stochastic 


From the other hand, certain types of molecules of pancreas affected by alloxan in the ill animals and/or their stem 
cells in the blood can resonantly absorb such radiation/emission which carries informational component required for 
launching bio-chomical eactions which lead to regeneration of tissues of the pancreas and protective anti-alloxan 
processes. This does not exclude significant contributions of the earlier explored concepts/mechanisms related to 
teleportational and holographic features/properties of bio-preparation-donor's genome. Let's have recourse to known 
theses of chemistry and physics http:/www.chem.msu.sulrus/publ/Buchachenko/buchS.htm! 
(nttp:waw.chem.msu.su/rus/publ/Buchachenko/buchS.htm)), setting quantum scenario of the gonetic-bio-chemical 
events in question. In the ensemble of molecules-products with inverse population in Zeeman’s reservoiricavity energy 
Js accumulated; itcan be spent in the form of heat (via spin-grid magnetic relaxation), but can also convert in to 
stimulated radiation at Zeeman’ nuclear frequency. In this case the reaction does, in fact, become radio frequency 
‘emitter, quantum generator with chemical pumping (similar to chemical lasors) 


‘This Is new phenomenon - radio emission of a chemical reaction — it was predicted in theory and than discovered 
‘empirically. It emerges when Zeoman's cavity/reservoir energy exceeds the generation threshold; the motion of the 
ruclear spins spontaneously becomes coherent and such coherent system of nuclouses then becomes a quantum 
generator emittiin in microwave diapason/spectrum. Yet this is only one aspect of chemical radio physics. Chemical 
reaction can be not only a generator but a recelver of the microwaves. Reception at chemical level follows from 
principles of spin chemistry: resonant microwave radiation stimulates triplet-singlet conversion of radical couples (or 
couples of other spin carriers) and alters exit of chemical products. In this way magnetic-spin phenomena make 
biochemical reaction a receiver of microwave irradiation/emission. Moreover such receiving can be selective. Ifthe 
‘microwave pumping touches upon all radical couples (biochemical substratum) thon total result boils down to 
changing the reaction product exit at resonance frequencies. This phenomenon is called reaction yield detected 
‘magnetic resonance (RYDMR). 


If the “pumping” is selective and involves only radical couples with magnetic nucleuses, a phenomenon is brought 
about - radio induced magnetic isotopic effect (RIMIE). And, at last, if the microwave “pumping” is selective also in 
respect of nuclouses’ spin orientation (that is involves ensembles of radical couples with chosen orientation of the 
rhuclouses’ spins.) then stimulated polarization of the nucleuses (SPN) occur. This Is linked to so called spin catalysis It 
Is notable for its spin conversion of reagents boing induced by paramagnetic particle-spin catalyzer. Conversion 
occurs as a result of catalyses (ferment) interactive exchange with reagents. Spin catalyzor accelerates recombination 
of radicals, wax isomerization of compounds with double connections (by seven-eight orders), recombination of spin- 
polarized atoms and so on. Its possible that spin catalysis functions in blo-chemical processes of the indicated 
phenomenon of regeneration of pancreas and in cyto-protective affect. At the base of spin chemistry and chemical 
radio-physies lays manipulation of electronic and nucleus spins. When such manipulations are performed by the 
chemical reaction itself, magnetic-spin effects appear and among them - generation of microwaves when the reaction 
becomes molecular radiostation. 


‘When manipulation with spins occur under microwave influence then other new magnetic effects of the second 
generation are produces. They serve as indicators of microwave radiation receiving. Spin chemistry and chemical 
radiophysics are closely related however they have their individual tasks. The former develops new principles of 
chemical reaction management (Including microwaves) whereas the latter possessed significant applied bio-medical 
aspect to it. 
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In relation to version (2) of molecular ~ tissue radiostations vital question arises about highly permeable ability of 
‘modulated wideband electromagnetic radiation (MWER). As far as we remember one group of the animals (rats) In our 
experiment was placed in to isolated concrete ground level chamber and nonetheless the offect of MWER on the 
animals was authentically and reliably recorded. If biologically (morphogenetically) part of MWER occupies microwave 
diapason of Zoeman’s resorvoir then that region of MWER spactrum would have been filtated by the concrote walls of 
that ground floor bunker where the rats were placed at the time of wave irradiation on them. Yot the rats 
perceivelreceive the radiation. How? 


Possible explanation could be that electrons og Zeeman’s level energies of all metabolites including genetic structures 
whilst existing in a potential “energy piticavity” experience supe fine Lamb shift of those levels by about 1000Mhz. This, 
Is allowed by existence of longitudinal atomic kernels of photons causing its longitudinal (electrostatic) field which 
dipolarly excites the vacuum and with this excitation interact moving orbital electrons of atom. They in turn possess 
thoir own electrostatic folds composed of similar longitudinal photons. 


‘This way the atomic system of electrons (alternating In time) induces around itself a composi alternation longitudinal 
electric field which in the form of longitudinal electric wave (LEW) moves instantly in the entire surrounding 
environment infinitely. Umov-Poynting vector of this wave is equal to zero, that is energy-impulse of this given atomic 
system is not emitted. However there exist vortexes of longitudinal electric Maxwall's field described by the substantial 
part of bi-quaternions [Bezin ot al, 2003] which are able to transfer informationidata which has numerical energy 
equivalent of Shannon and Brillouin. Yelded in such a way LEW possessing abnormally (incredibly) high permeability 
properties, passes almost without attenuation through various obstacles (metallic screons, ferromagnetics and 
dielectrics, concrete and so on). Cellular nucleuses and thelr main component - DNA ~ excite solitons [Smelov, 2001] 
of the linked electron waves and hyper-acoustic fluctuation of liquid crystal chromosomic structures, that is electron- 
vibron fluctuations [Bersuker, 1976] or electron-nuclous wave fluctuation of DNA's double helix. The said electron- 
vibron waves retransmit (dissipate) the received LEW back in to the vacuum (ether) and can be received by the other 
bo-systems similar to the first one (radiated by the primary LEW). 


(Owing to high corpulence (2)~1014 of al electron-vibron fluctuation systems, they possess high sensitivity estimated 
In terms of Planck's quantum piece energy for one element of coherent fluctuating chain which can be a DNA spiral or 
cellular membrane. In opend states DNA spirals, initiated by thermal motion in a living cell, electron-vibron 
fluctuations exist in the form of solitonic (helicolds, spiral, vortical) motions of atoms in the chain. These are so called 
Salerno-Maslovs solitons and these are capable of readinginformation from DNA-RNA “text” sequences. 
Emission/radiation by such “informational” solitons is generated by electron-vibron DNA and RNA fluctuations. 
Herowith scannediread information from genetic molecules can be transmitted to othar cells (and beyond the bio- 
system) in a relay mode employing mechanism of dissipation with LEW’s frequency alterations irradiated in to the area 
of radio frequencies and acoustic fluctuations. Along with this, informational radio emission of electron-vibron 
oscillations in the form of LEW at certain frequencies, in principle, can govern/operate biochemical processes. And the 
other way around, biochemical reactions in preparations being probed by the polarized laser light can generate 
electromagnetic radiofrequency oscillations. 


Due to probable wave genetic-symbolic bearing of the vortical solitonic states, initiated on DNA and RNA molecules in 
vivo, lot's look at these processes in more details. [Blagodatskix, Gariaev et al, 1996; Gariaev, 1997] 


Quantum teleportation of genetic-metabolic information/data in permissive version. 
By Petor Gariaev (https:/imww-facebook.com/Peter.Gariaev) in Wavegenetic (rtpsnwniaceboc comraupsvavepenaic)* based 
(on works of [Prangishvil ,Gariaev, Maksimenko et al., 2000(6); http:/www.wavegenetics.Jjino-net.ru/zip/Toleport.zip 
(ttp:waw.wavegenetics.jino-net.ru/zip/Teleport.zip) 


‘The abovegiven biological experiments on remote transmission of morphogenetic, or more accurately - genetic 
‘metabolic information/data from a donor to recipient may be interpreted from views of non-localized contacts in 
accordance with mechanics of quantum teleportation in permissive version/mode. The laser device, practically ~ 
quantum bio-computer (of which we mentioned before), apart from unique capability of wave transfer of morphogenetic. 
Information, can also perform a conversion of red coherent photons into radio waves of rather wide spectrum. The: 
very waves ~ are candidates for the first act of scanning and transmitting. 


‘When scanning bio-samples or some other substances with the laser light, in essence a biologically active 
spectroscopy is performed of a distinct kind. We propounded a tentative explanation of this phenomenon [Gariaev. 
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Tertishnil, Gotovskil, 1997), which Is primary substantiation of the new king of spectroscopy - called polarized laser- 
radio-wave spectroscopy (PLRS) [Prangishvill, Garlaev at al, 2000 (b)]. Such spectroscopy is designed to research and 
examine unknown spin-fluctuating quantum-molecular characteristics of bio-systems, bio-tissues, hard, liquid and gas 
substances, and also plasma conditionsistates. The type of PLRS that we describe here takes a narrow optical 
diapason red light, yet its planned in the future that modification from UV to IR diapason be available. 


This present version of the device - He-Ne laser () with generation of two orthogonal linked in their intensity optical 
‘modes, which are mobile and depend on the object being probed and are connected in that way so the total of their 
Intensities remains constant irrespective of preparation (bio-sampla, tissue) being scanned. Whon even one of the 
‘modes is interacting with the substance, reflected and dispersed omission of which is returned in to optical resonator, 
redistribution of intensities of these optical modes occur in line with the law of polarization change, attributed to the 
‘now state/condition after the interaction of the laser beam with dynamic micro-polarizers, which are located on 
soctionicut of illuminated area of the sample in question. Dynamics of the micro-polarizers is determined by internal 
dynamics of the object being examined. (metabolism, acoustics of chromosomes and DNA in vivo-in vitro, fluctuations 
of crystal grids and so on). One of the laser modes, in regime of photons being returned back to resonator, is capable 
of causing emission/irradiation by our device of modulated radio waves in wide spectrum, correlated with modulations, 
In optical modes of emission in our laser. (Rather complex sentences-the meaning may be lost - rephrase-translator’s 
remarks) 


‘These modulations depend on spinning fluctuating micro-structural components (for instance, of LEC domens in vivo- 
In vitro) of substances under examination and level oftheir optical activities. Frequency interval of radio waves created 
‘when converting photons in accordance with theoretical model (further below) lies In diapason from 2 up to 0. The 
maximum of such irradiation is located in the region of 1 MHz. Radio wave signal having been detected is passed to a 
CPU of a computer with designated software for the signal processing. At the other end Fourier spectrum of 
radiowaves Is recorded, charachtorising polarized-dynamic features of substances with which one of the laser beams 
Is interacting and also a spectral memory of emitting substances. The second light beam is returned to the resonator of 
the laserfor creating a resonance interaction wit hatomic oscillators of the gas mixtures. The reason for photons being 
converted in to radio waves, as we believe is nonw-stiff dispersion and localization of the light of the main lasor modes 
upon the system of non- homogeneity of the mirrors in the laser resonator. Mechanism for localization (localization in 
the non-stiff dispersion channel) is given further on. In particular we believe that in the resonator there exists a stif- 
dispersed localized light. 


‘The radio wave emission that is generated by the laser is able to “read information”, for example, from DNA samples or 
organs or tissues. The reading mechanism resembles process of usual induced radiation. An option of closing and. 
opening laser's resonator allows localization or “record” in it spectrums of various objects/samples under 
examination. Radio wave radiation is able to scan and transmit such spectrums. Then we discovered an effect of 
spectral memory; during a certain macroscopic lengh of time one reproduces radio wave spectrums of objects in 
question, which reflect the laser beam back into resonator and than removed from the exposition zones. In this way we 
‘managed to record DNA spectrums and revealed their highly bio-activities, more likely to be linked with wave mode of 
transmission of gonetic-metabolic information/data. [Gariaev, Leonova, 2003]. IT appears that quantum non-locality of 
genetic (chromosome) information/data (as manifestation of its total distribution (continuality) inside multi-cell bio- 
systems), is a particular instance. In reality, there are at least6 levels of non-tocality in bio-systoms. 


Level 1 - organisms’ level. Non-localty here is expressed in ability to regeneration, for instance in Planaria worms. 
After cutting of these organisms, any part of thelr body reproduces the whole body. In other words in this case there is. 
no an attachment of the common pool of genetic information to any particular part of these worms. The same applies to 
‘vegetative reproduction in plants. 


Level 2~ cellular. Out of any cell (and not only from zygote) one could grow the whole organism. For living biosystems 
itis more difficult, however possible. Every coll is a potential continuum of the organism. 


Level 3 ~ cellular-nucleotide. Enucleation of nucleuses from somatic and gamete cells with subsequent injection of 
other nucleuses does not hinder a normal development of an organism. Cloning of this kind is already being performed 
fn the high bio-systoms, sheep for instance. Every cellular nucleus ~ is a potential continuum of a bio-system. 
Localization of genetic potencies on certain kind of cells is not the case. Gamete cells perform the same role but with 
haploid sot of chromosomes, combining in zygote in to double set, the same as in somatic colls. 


Lovel 4 ~ molecular: ribosome “reads” informational RNA not only on separate codons, but the whole of it in certain 
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(Left) The two solder joints to be desoldered, to enable a faulty electrolytic 
capacitor to be removed from the printed circuit board. 


(Right) If using a suction-type desoldering pump, apply the soldering iron tip first 
to melt the solder joint (say for 1-2 seconds). Ensure the spring-loaded desoldering 
pump is ‘primed’ and ready to go... 


(Left) The PTFE nozzle of the desoldering pump is applied to the molten solder and 
the spring-loaded plunger is then immediately released, drawing the molten solder 
up into the pump. Remove the soldering iron tip. Repeat the process if needed. 
Handy tip: sometimes it helps to add some fresh solder and then desolder the whole 
joint. 


(Right) The first p.ccb. joint, now desoldered. The second joint will be desoldered 
using traditional desoldering braid. 
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context, that is - non locally, but continually. 


Lovel 5 ~ chromosomic-holographic. Genome possesses holographic memory [Gariaev et a., 1991; Gariaev, 1994], and 
this is tipieally distributed (non-local) associative memory. At this and the subsequent levels nonlocality obtaines new 
quality, dualistic material-waveifield character since the holograms I the same manner as materials are scanned by 
electromagnetic or/and acoustic fields, which carry genetic-wave information/data beyond material substance of 
chromosomes. Here we deal with physical field or fields, as calibration formations marking future space-time of an 
organism. It appears that holographic memory of cortex pertains to this fiolds as well, which sats mental, rational and 
Imaginary spaces, which calibrate potential actions of higher blo-systems in a socium (2) as a super-organism. This is 
the highest level of socio-genotic processes. 


Lovel 6 ~ quantum non-locality of genome. Up to the level 6 genetic information/data non-locality is realized in space of 
the organism and also in socium. Level 6 has a special character and new quality. I is expressed in one of the forms of 
quantum non-locality, namely ~ pemissive, postulated in this paper. In that case non-ocality is instantly realized across 
the space of the bio-system as much as on its own, “compressed” until zeroed - time. Instantaneously distributed in 
this manner genome-wave programs, isomorphic materially, perform in the organism “here and there at the same time’, 
therefore itis meaningless to use the semantic structure “now and then”. This is a strategie factor, incredibly vital 
evolutionary achievement for multi-cell bio-systems. Billions of colls of the organism ought to “know” one another and 
about one another if not everything than at least a lot and instantly. Without phenomena of “wave informational 
Instantaneity” gigantic multi-coll continuum ifthe highest bio-systems Is not capable of holistically coordinate 
‘metabolism, its own physiological and other functions. Intercellular diffusion of signaling substances and nervous 
processes are overly slow, inert for these purposes. Even if we suppose that symbolic electromagnetic field as quick 
as speed of light (which is sensible supposition) take part in intercellular exchange, then this is not sufficient either. It 
‘must possess a mechanism of quantum non-locality and it can be applied to genetic apparatus, which may perform as 
an instantly distributed quantum (wave) object, isomorphic to material chromosomes. 


Utilizing non-Jocality, genetic apparatus of the highest bio-systems creates amazing phenomenon, when at certain 
‘moments in “compressed” space-time of bio-system “hore and thero”, “now and then’ are working as a continuity 
providing for the organisms super-coherence, informational super-abundance, super-informed, connectedness and as 
2 result integrity (survival). As a manifestation of these phenomena one can observe regenerative abilities in organd 
and tissues in inferior organisms (hydra, worms, amphibians, lizards, Crustacea), the ability which has largely beon 
lost by humans. However, it may be activated considering principles of wave self-organization processes that we 
advance and develop in this paper and in our experiments. 


As an illustration of these phenomena serves the very first successful grafting of implanted donors tissues in a blind 
human with recovery of vision [Muldashev, 2000]. As a foundation (ideology) for such surgeries and regenerative 
processes were used our models of morphogenesis and holographic memory of genome. The key moment of this 
surgery was utilization of donor's retina as a hologram and intercellular substance (alloplant) as systems of additional 
coordination post-embryonic morphogenesis of the eye, which was in fact predicted earlier [Gariaev, 1994], 


Meanwhile these theoretical-experimental researches hore are tentative and initial and require physics-mathematical 
foundation and consideration and advancement. For that reason we show formalized model of photonic-radio.wave 
processes, brought in to existence when laser beam is interacting with the substances, processes, which can be view 
as foundation of PLRS and one of the version of quantum informational events in chromosomes. 


‘The fundamental grounding of our ideas lies in theories of localization of light in dispersing space-correlated systems. 
‘The Phenomenon of localization of light received a wide acknowledgement since 1985 after works of [Albada, 1985}. 
Today it is one of most dynamically developing spheres in physics, closely interrelating with such issues as, for 
Instance, quantum teleportation, new methods of recording and reading information and so on. 


Mathematical Modeling of solitons on DNA. 

+ By Peter Gariaev (https:/iwww.facebook.com/Peter.Gariaev) in Wavegenetic 
(https:www-facebook.comigroupsiwavegenetici) 

+ Marlo Salerno was the first to experiment with solitons on DNA on computer not only as formal mathematical 
structures but also tried to link their behavior in a mono-dimensional space of poll-nucleotides with their bio- 
genetic, oF more accurately with their epi-genetic functions. He had been developing the first soliton model on 
DNA proposed by Englander and et al. This model and its more detailed variations including ours (see further 
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below) is represented in term of mechanical systems as a chain of oscillators (DNA base) linked by resilient non- 
linear sugar-phosphate connections. Following Salerno we have paid particular attention to objectively existing 
known DNA sequences and thei effects onto solitons behaviour. 


In the first stage we have replicated his experiments yet on significantly longer DNA parts. Indeed, solitonic kink 
excitations are sensitive to the place of their initiation; their motion along one of DNA chains (when they are 
‘opened as a result of temperature fluctuations) is accompanied by specific modulation of kink trajectory in time 
and in single-dimension space of poly-nucleotides. Such solitons are structures that emit electromagnetic and 
acoustic fields; their inner oscillation structures are capable of reflecting and retranslating texts and other 
symbolic structures of DNA in to into and out of cellular space at least at the level of large blocks of sequences. 
‘As an example bohavior of kink on a fragment of singular DNA chain, which is 1020 nucleotides long from a virus 
of bird sarcoma 


(or) area of DNA (1 1020 nucleotide) on 3'-end of virus of bird sarcoma contains several “semantically” 
cortain areas such as polypeptide-coding area (between 558 and 675 nucleotides); PolA (936) 3'-ond of virus 
RNA, poly-adeniling site; 916 nucleotide - 5'-ond of virus RNA (“capping site"); Red-sector -() - short end replica 
of the virus genome; Pro - possible component of observing the transcription (between 870-9000); palindrome — 
“pin” (870 912) . 


(6' beginning) GGC CTA TGT GGA GAG GAT GAA CTA CGT GCA CCG AGA CCT GCG GGC GGC CAA CAT CCT 
GGT GGG GGA GAA CCT GGT GTG CAA GGT GGC TGA CTT TGG GCT GGC ACG CCT CAT CGA GGA CAA CGA 
GTA CAC AGC ACG GCA AGG TGC AAG TTC CCC ATC AAG TGG AGA GCC CCC GAG GCA GCC CTC TAT GCC 
(GG TTC ACC ATC AAG TCG GAT GTC TGG TCC TTC GGC ATC CTG CTG ACT GAG CTG ACC ACC AAG GGC 
(GG GTG CCA TAC CCA GGG ATG GGC AAC GGG GAG GTG CTG GAC CGG GTG GAG AGG GGC TAC CGC ATS 
CCC TGC CCG CCC GAG TGC CCC GAG TCG CTG CAT GAC CTT ATG TGC CAG TGC TGG CGG AGG GAC CCT 
GGA GGA GCG GCC CAC TIT TCG AGC TAC CTG CAG GCC CAG CTG CTC CCT GCT TGT GTG TTG GAG GTC 
GCT GAG TAG TGC GCG AGT AAA ATT TAA GCT ACA ACA AGG CAA GGC TTG ACC GAC AAT TGC ATG AAG 
AAT CTG CTT AGG GTT AGG CGT TTT GCG CTG CTT CGC GAT GTA CGGGCC AGA TAT ACG CGT ATC TGA GGG 
GAC TAG GGT GTG TTT AGG CGA AAA GCG GGG CTT CGG TTG TAC GCG GTT AGG AGT CCC CTC AGG ATA 
‘TAG TAG TIT CGC TTT TGC ATA GGG AGG GGG AAA TGT AGT CTT ATG CAA TAC TCT TGT AGT CTT GCA ACA 
‘TGG TAA CGA TGA GTT AGC AAC ATA CCT TAC AAG GAG AGA AAA AGC ACC GTG CAT GCC GAT TGG TG 
AAG TAA GGT GTA CGA TCG TGC CTT ATT AGG AAG GCA ACA GAC CGG GTC TGA CAT GGA TTG GAC GAA, 
CCA CTG AAT TCC GCA TCG CAG AGA TAT TGT ATT TAA GTG CCT AGC TCG ATA CAA TAA ACG CCA TTT GAC 
CAT TCA CCA CAT TGG TCT GCA CCT GGG TTG ATG GCT GGA CCG TCG ATT CCC TAA CGA TTG CGA ACA 
CCTGAATGA AGC AGA AGG CTT CATT 1020 (3'-ending) 


In Fig.t and 2 the kinks appear in a form of “mountine ranges” rather tha as steps, because a derivative of sinus 
Gordon equation function was taken. In here a horizontal axis - DNA sequence, vertical - soliton amplitude. Axis 
to the observer - time. Itis visible that wnen soliton’s ination location is altered at certain sequences of poly- 
nucleotide, the dynamics of that single range/wave is notably alters too in a form of spinning-fluctuating motions 
along DNA sequence. 


‘The molecul’s area under this research is rich functionally (semantically) by biologically significant sectors and 
‘wo are reasonably expecting that these sectors will alter, modulate, that is — will be introducingfinjecting in to a 
single chain of DNA or RNA “textual” information. This such aspect will be realized in the spectrum of solitonic. 
wave fluctuations alongside poly-nucleotide chain. This spectrum will mirror sequences of nucleotide and by that 
‘will perform a role of the carrier of genetic information/datalmessages. Such modulation of the fluctuation 
structures is clearly observed in the presented graphs. Its plausible to believe that spectral composition of, 
oscilating frequencies of solitons appear to be one of the mechanisms of text conversion of DNA and RNA 
structures in to wave form and a means of transmitting genetic and other messages in a mono-dimentional space 
alongside the poly-nucleotide chains andior in 3D of the genome as a single coll as well as the tissue continuum 
of the bio-system, 


The same as Fig.t, apart from the epicenter of the perturbation - 450th nucleotide in here. 


‘This is how the soliton dynamics computer modeling works developed by Salerno after it had been propounded. 
by Englender. Salerno gave formalism describing spin nucleotide fluctuations of DNA molecule in order to explain 
experimental data in hydrogen-tritium exchange in DNA. In accordance with that model, Engleder, in DNA chain 
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there can appear (under thermal radiation/noise) and distribute open states (“melting” the DNA double-helix in 
short segments enriched by AT-couples) in the form of localized dislocations. 


Mario Salerno continuing works of Englender in a simplified form, discovered influence of nucleotide sequence 
on none-tinear solitenic dynamics of spin fluctuations of nucleotides within (onHoTAxHLIX- word is not known by 
the translator)... DNA areas, which form such open fields (open stats). Later, Yakushevich, Fedianin and 
Khomma ot al. revied various generalizations of Englonder's model assessing specifics of DNA structuring taking 
In to account a break in hydrogen connection when the base is opened, paired DNA chains and other aspects of 
reedom distinct from spinning. However, as it seems, itis not shown in those works the reasons for emergence of, 
dislocations in DNA. 


‘We put forward a possible mechanism of that process in DNA, which is alternative to Englender's hypothesis 
about thermal noise influence as a cause for opening the bases of couples. We think that dislocations in DNA can 
be triggered when the period of DNA double-helix is altered (Maslov’s proposition). In our model DNA nucleotides 
are viewd as oscillators suspended on masless non-extendable rodipivot; sugaf-phosphate links between 
neighbor nucleotides in the chain are modeled by linear springs, spiralisation along the chain is not taken in to 
account; hydrogen links between complementary bases are modeled by “gravitational” potential. Hamiltonian, as 
In accordance with M, Salerno, llks like the following: 


http:lfeng.wavegenetic.rulindex.php?option=com_content&task=view&id=238itemid=1 
(http:/leng.wavegenetic.rulindex.php?option=com_content&task=view&id=23&itemid=1) 


EXPLORING WAVEGENETICS AND WAVE IMMUNITY.By Peter Gariaev (https:/iwww.facebook.com/Peter.Gariaey) in 
‘Wavegenetic (https:/iwww.facebook.comigroupsiwavegenetici) - Edit Doc 
(nttps:hwww-facebook.com/ajaxidocs/inline_edit_get.php? 


group_id=129999910455329&doc_id=132895870165733&permalink=18&show_brief=0)THEORETICAL MODELS * 


Gariaev PP, Kokaya A.A., Leonova-Gariaova E A., Muldashev E.R., Mikhina LV., 


‘Smolov MXV., Tertishnil G.G., Tovmash A.V., Chaikin S.F., Shatrov Y.K., Yagujinski LS. 


* Disclaimer: This translation and English text editing have been done to the best knowledge and understanding of the 
translator who is not a specialist inthe field although having a good understanding of Russian language and advanced 
level of English complemented with rather good understanding of basic physics and biology. The reader is encouraged 
to seek specialist opinion in any event. Extensive resources are used to understand the concepts in order for the 
translation to be s precise and accurate as possible. Where possible Russian abbreviations are to be preferred as they 
present the most accurate references. An approach of translating the concepts, not the discrete words, has been 
employed in a belief that this is the most appropriate form of conveying a thought and/or concept from one language 
Into another; of course a detour from this mode is taken where deemed necessary for the sake of clarity. 


All authors have equally contributed to the research in this paper. 


Many researchers have pointed out in their works to the dangers posed by geptil pollution to the environment and that 
it adversely and detrimentally affects health of livings organisms [http:/mww-seu-rulconferencelecoprvolgeptil.htm 
(http:waw.seu.cu/conferencelecoprvolgeptil.htm)]. In this present paper a possibility of principled approach to the 
development of technology is demonstrated, which allows blo-systems to trigger resistance mechanisms to protect the 
organism from the toxic impact of geptil substance by mean of electromagnetic fieldsiwaves. Theoretical foundations 
{for conducting this kind of research are illustrated on the following website http:www.wavegenetics jino-net.rul 
(http:lwaw.wavegenatics.jino-net.ru/) Prior to commencing this research/investigation in this direction, we had 
organised a series of initial model experiments with alloxan. Alloxan is a cytotoxic substance with a dominant 
dotrimental effect on B-colls of pancreas resulting in to Type 1 diabetes. 


‘The earlier experimental works [Gariaev P.P., Kokaya A.A] have suggested that modulated by pancreas and spleen — 
‘modulated wideband electromagnetic radiation (MWER) generated by holium-neon laser influences upon progression 
of the experimental diabetes in rats. Diabetes is provoked by intro-peritoneal/abdominal injection of alloxan in a dose 
of 200mgikg of the mass of the animal. 
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lnradiating rats with such a frequency resulted in prolonged life expectancy of the animals in the test groups when 
compared to the control group, leading to normalisation of blood glucose level and, crucially, facilitated pancreas 
tissue regoneration process. 


‘The aim of this present paper is to assess the phenomenon of resistance to alloxan developed in animals having been 
previously preventively irradiated by MWER. For that purpose a special laser was used which features interconnected 
complementary orthogonal polarization of the light beam. Generation of the WER (wideband electromagnetic radiation) 
‘was conducted in accordance with Fabri-Perot interferometer's scheme, where the operational laser ray many times 
passed through the thin freshly-propared sections/samples of pancreas and spleen from a healthy rat. We believe that 
the samples specifically and uniquely modulate the laser ray in such a way that this system reveals the following 
capabilities: 


1) reinforcefenhance WER released from discharge interval of He-Ne laser; 


2) WER is parametrically connected with the samp 
biologically highly active; 


‘modulated laser ray and as a result it obtains a property of being 


3) biological offect can be observed at relativaly long distances from the source of WER; 


4) Genetical-metabolic managinglprimary information Is transmitted from bio-donor to the bio-recipient. The 
Information is carried by MWER (modulated wideband electromagnetic radiation) modulated by the bio-object from the 
donor 


‘As a donoribio-structure tissue, probed by the laser beam in the present system, following can be used: living andlor 
quasisliving organisms, for instance, bacteria, viruses and also living through tissues and organs, metabolites and 
abiogonic substances. 


RESEARCH METHODOLOGY. PHYSICS PART 


‘To obtain WER modulated by the blo-structures/samples we utilized developed earlier biotechnology with use of 
holium-neon laser [Gariaev PP, Tortishni G.G. 1999]. Helium-Noon laser of 2 MW with 632.8 nm of the wavelength 
possesses two superposed, orthogonal linear polarized modes of emission, single-frequency in each of them. Laser 
ray probes/scans DNA samplesibio-structures - nowly retrieved tissues of pancreas and spleen of a newborn rat Wistar 
strain. Semitransparent tissues wore deposited onto a a lab glass and then covered that by a second lab glass and this. 
“sandwiched” object was fixed in front of the optical axis of the laser. Adjustment of the glasses with the tissues had 
been done so as to provide partial reflection of the modulated (by the tissues) laser beam back in to the laser 

ssonator. In this way we ensured a multiple passages of the laser beam through the tissues and the tissues be an 
optical correlator [Mazur, Grachev, 1985] and therefore affect redistribution of the secondary modes of the laser 
emissions 


Optical signals were registered and transmitted to an electronic circuit, which governs laser's generation regimes; 
frequency stabilization of the coherent radiation is also performed at this stage. In this mode the laser generates, apart 
{from the red light, WER modulated by the tissues ~ that is ~ the MWER itself. Distance from the target to the active 
element of the laser is ttem. 


RESEARCH METHODOLOGY. BIOLOGICAL PART 


Wistar strain of rats matured to reproductive stage, 5-6 months old were used, with average mass of 180-220 gram. 
Diabetes for the purposes of this experiment was provoked by way of intro-peritoneallabdominal injection of alloxan in 
a dose of 200mgikg of mass of the animal after 24-hour fasting period with normal/common levels of blood glucose 

level. The animals were divided into 4 group 


Group 4 control (n=20) - no WER irradiation; Group 2 (n=20) and Group 3 (n=20) - were subject to preliminary 
Irradiation of WER; Group 4 (n=10) - placebo, where WER was not modulated by DNA samples and the laser ray passed 
through empty lab glasses without the tissues. 


Group 2 rats were placed 20 meters from the source of MWER in the lower ground level of the lab. Alloxan diabetes was 
provoked one month later from the day of the last irradiation by MWER.. 


hits holagraphicarchetypes.wweebly.con/bichologram-<dnad. him 


1629 


sysor018 


Biohologram DNADS - Holographic Archetypes, by lona Miller, 2017 


Group 3 and Group 4 were placed 70 cm from the source of MWER. Alloxan diabetes in these groups was triggered one 
day after the last irradiation by MWER. 


Irradiation by MWER of Group 2 and Group 3 was being performed daily for 30 minutes during 4 days scheduled as, 
follows: 10 minutes irradiation by MWER (modulated by samples of pancreas), 10 min irradiation by MWER (modulated 
by samples of spleen) and 10 minutos irradiation by MWER (modulated by samples of pancreas). 


Group 4 ~ placebo - was being irradiated by WER - not modulated by any samples the laser beam though passing 
through the empty lab glasses - for 30 minutes daily during 4 days. 


Group 1 ~ control - was not subject to the irradiation by WER nor was it by MWER. 


During the experiment we assessed general health condition of the experimental animals, recorded the death date for 
the animals from the moment of alloxan injection, in all observed groups. The animals of Group 2 and Group 3 were 
‘observed for 1.5 months from the day of alloxan injection. In 8 animals from Group 2 and 3 wore recorded with the 
roproductive function still active when the blood glucose level reached its peak value. (3 rats from Group 2 and § rats 
from Group 3). 


Measurements of the blood glucose level were performed by glucometer Ascensia Entrust made by Bayer 
Measurement range of the glucose level spreads from 2.0 mmolll up to 30.6 mmol. Measurements of glucose level 
higher than 30.6 mmol! were marked as Hl 


Removal of heart-lung: liver-kidney- splo« 
description and histological analysis in: 


- and pancreas- tissues was done in order to perform microscopic 


Group 1 - control - on day 3 and 4 aft 


alloxan injection which corresponded to the highest death rate of the animals; 


Group 2 and 3 on the day 8 from the alloxan injection, and also on the 42 day of the experiment after assossing 
)productive function in male animals. 


For histological analysis purposes the tissue had been fixed in 10% neutral formalin, dehydrated in spirits of increasing 
concentration and then sealed thom in paraffin wax. Paraffin sections of 5-7 micro kilometers thin were obtained on 
microtome Leica SM 2000R, were colored in hematocsilin-eosin and then analysed by microscope Leica DMLS. Video 
footage was obtained by using CCD-cameras. 


Statistical survey of the experiments results were conducted by means of using statistical software suits “Stastica 
6.0", MS-Exel” for Windows. Degree of accuracy (p) was determined using Student criterion, employing confidential 
coefficient and a digit of degree of freedom (1) in accordance with table. Calculations of all mathematical values had. 
been performed in compliance with commonly known formulas on a PC. 


Research in this series of experiments revealed that application of the said dose of alloxan in control and placebo 
groups developed diabetes complicated by toxic damage of live-crucial organs and systems. This led to low survival 

rate of the animals in within the groups. On the contrary, in Group 2 and 3 we observed resistancelincreased immunity 
In the animals to the detrimental/destructive effects of alloxan expressed in various degret 


Group 1 ~ control ~ survival rate after alloxan injection of the animals on the day 2 was 55% yet by the day 4 it went 
down to 30% (Fig.1). Glucose level in Group 1 animals on day 2, 3 and 4 is reliably distinct (p<0.05) from the intial 
valueflevel (Table 1). Animals dying in Group 1 (control) at terminal stage were put down by outhanasia (S rats), organs 
used for patho-morphological analysis. There was no discrete/spontaneous reduction in glucose level in Group 1 
(control) within the period of monitoring. However, there was one rat exhibiting resistance to alloxan and its blood 
glucose level remained within the limits. Table 1. Blood Glucose level over time in animals after alloxan injection, dose 
of 200mgikg of the mass 


+ blood glucose level in Group 3 by the 2nd, 3rd, and 4th day of initiating alloxan diabetes is different (p<0.05) from 
the level of glucose in blood of the animals in Groups 1 and 2 by the 2nd, 3rd, and 4th day, and Is also different (p<0.05) 
{from glucose level in blood from the animals in Group 4 by the 2nd day; 
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** blood glucose level in Group 1 by the 2nd, 3rd, 4th day is in fact different (p<0.05) from the initial level; 


"blood glucose level in Group 2 by the 2nd, 3rd, 4th day is different (p<0.05) from the initial level; 
blood glucose level in Group 4 by the 2nd day is different (p<0.05) from the intial level; 
‘In Group 4 by the 3rd and 4th day of observance there was one survived rat 


All animals were injected alloxan - 200mg/kg of an animal mass. Group 1 (control) was net subject to WER or MWER. 
Group 2~MWER was conducted; the animals were places 20 motors from the source of emission. Induction of alloxan 
diabotos was offected one month later after the last radiation by MWER. Group 3 - MWER was conducted, animals were 
located 70 cm from the source. Induction of alloxan diabetes was done one day after the last radiation by MWER. Group 
‘4 placebo was irradiated by WER - not modulated by DNA samples (that is to say that the laser beam was passing 
through the empty lab glasses). The animals were placed 70 em from the source of the emission. Alloxan diabetes was, 
Induced a day after the treatment. 


Animals in Group 4 ~ placebo - were observed with altered glucose level different from the intial one (p<0.05). 80% of 
the animal survived by the day 2 and only 10% remained alive by day 4. This was considerably at variance with what we 
observed in Group 2 and Group 3; Group 1 exhibited lower death rate and survival was at 30%. (Fig. 1) 


Preventive irradiation by MWER significantly influences the alloxan diabetes progression in the animals of Group 2 and 
Group 3 (Figs. 1, 2, 3, Table 1) and is accompanied by safeguarding, cyto-ptotective effect. (Fig. 4). That had been seen 
In both abovenamed Groups despite the fact that diabetes in Group 2 was Induces a month later after the last 
proventive irradiation/treatmont 


Survival rate in Group 2 (n=20) reached 90% by the 3rd and Ath day from the moment of alloxan injection (Fig.1) which 
[s significantly distinct from survival data obtained from the control Group (30%) and in the Group 4 (placebo) (10%). 
Glucose level increase (p<0.05) is observed in Group 2 animals by day 2, 3 and 4 when compared with the intial value 
(Table 1). By the th day 13 animals in Group 2 (65%) the glucose level in their blood was 14.5 mmol, whereas 5 
animals (25%) from the same group were observed with normal physiological level of glucose (Fig.2) 


Glucose level in Group 2 by the 4th day is (p<0.05) different from the intial level. (Table 1). By the 7th day in Group 3 
survival rate decreased to 75% (out of 20 animals with hyperglycemia § animals died) and remained at the same level 
up to the end of observation term (1.5 months Fig.1). By the 8th day euthanasia had been conducted to 6 animals from 
Group 2 and tissues were extracted for patho-morphological analysis. The other 9 animals were observed for a period 
of 1.5 months. Itis important to note that from the day 8 up to 15th animals with hyperglycemia a reduction in glucose 
level was observed (Fig. 2). 


Howe 


r by the 18th day 4 animals of Group 2 regained the hyperglycemia (more than 30,6 mmol) which remained 
during the entire observation period. The overall health condition of those 4 animals were assessed as satisfactory. 
‘Similar results were present during our previous experiments [Gariaey, Kokaya et al, 2007]. The other § animals 

‘maintained normal level of glucosé 


Reproductive functions wore noted in 3 animals of Group 2 with hyperglycemia (glucose level over 30.6 mmoli). These 
animals gave birth to healthy multiple posterity. After 1.5 months tissues wore extracted for the analysis. 


Fig.2 Effects of preventiveiproliminary irradiation by MWER on progression of alloxan induced diabetes in Group 2. 


Alloxan was injected at 200mg/kg dose one month after the preventive irradiation by [MWER] modulated wideband 
electromagnetic radiationifield. The irradiation was being performed for 4 days, 30 minutes in each day. Distance from 
the radiation source - 20 meters. The irradiation schedule: 10 min irradiation time using tissues of the pancreas, then 
10 minutes of the spleen tissues, and for 10 minutes ~ pancreas tissues. The beginning Is the day of the alloxan 
Injection. 


‘The most manifested effects were observed in Group 3 located at 70 cm distance from the source of the modulated 
waves. Alloxan diabetes modeling was performed one day after the irradiation by MWER ended (Fig.1,3, Table 1). Every 
animal in the Group survived. We observed 100% survival rate during the entire period. Its clear that 90% of animals 

rotained their normal physiological glucose level during the 1.5 month of observation, which is clearly different (p<0.05) 


hitosuholagraphicarchetypes.weebly.com/bichologram-<dnad. htm! 


1829 


sisor018 


Biohologram DNADS - Holographic Archetypes, by lona Miller, 2017 
{from the contro! Group, Group 4 and Group 2. 


Howe 


2 animals from Group 3 by the day 6 of the experiment had excessive glucose level increase of 20 mmol with 
subsequent reduction to the normal level. On the 8th day of the experiment6 animals wore performed outhanasia for a 
patho-morphological analysis. Reproductive function could be detected in 5 animals of Group 3. All the animals gave 
birth to a healthy posterity. 1.5 months later tissues from 6 animals from the same Group were taken for the analysis. 
Glucose level was at normal levels. Health condition of all the animals of Group 3 was satisfactory. 


Fig.3 Effects of preventiveiproliminary irradiation by MWER on progression of alloxan induced diabetes in Group 3. 


Alloxan was injected at 200mg/kg dose one day after the preventive irradiation by [MWER] modulated wideband 
electromagnetic radiationifield. The irradiation was being performed for 4 days, 30 minutes in each day. Distance from 
the radiation source - 70 centimeters. The irradiation schedule: 10 min irradiation time using tissues of the pancreas, 
thon 10 minutes of the sploen tissues, and for 10 minutes ~ pancreas tissues. The beginning is the day of the alloxan 
Injection. 


After histological analysis of the pancreas tissues in Groups 1,2 and 3 a number of distinctive features have been 
observed (Fig.4). Histological picture of the pancreas tissues from animals of control Group was cjaractorised as 
having clearly visible degenerative alterations of Langer Islands (Fig.4b). The number and size of the islands are 
reduced, they are of unusual and irregular form. Quantity of B-cells is sharply reduced and in most of them cytoplasmic 
vacuolation was observed, the nucleus size decrease, chromatin condensation and cariopicnose in some of the cells. 
Gathering of lymphocyte inflltate had been revealed around and inside of the islands. 


In Group 2 by the 8th day histological situation if pancreas tissues could be described as having damaging processes 
of various degree: the islands wore reduced in size, of irregular form, B-cells reduction, the total portion of insulin 
apparatus in the islands was significantly reduced. Only a relatively small part ofthe islands apparatus maintained 
rather preserved (intact ) structure (Fig. 4c) 


Situation in Group 3 by the 8th day after modeling alloxan diabetes was considerably different from the control Group 
and Group 2. Along with the pathological processes in the tissues of pancreas in question, there was also observed a 
large quantity of islands, large as well as medium and small sizes with lightened cytoplasm, of normal spherical form, 
large roun nucleuses containing the core (Fig.4e). 


‘A month and a half later histological situation in Group 2 was also described as having damaged islands’ apparatus 
(Fig.4d) 


‘As opposed to Group 2 and control Group, Group 3 after 1.5 months had hypertrophy and hyperplasia of the pancreas. 
Numerous islands of varying size and normal spherical form were noted (Fig.40). Attontion was attracted by the large 
‘number of small islands and discreote agglomeration of B-cells, whore as large islands contained increased number of, 
B-cells which in turn were located in a close proximity to one another. The structure ifthe islands and B-colls w 
altered, the kernels in the colls were largo; round, in which it was possible to locate nuclouses. 


not 


Fig.4 Pancreas tissue structure, Langerhans island: 


a intact rats: 
b= Group 4 (control, after alloxan injection of 200mg/kg dose; 

€~ Group 2 by the 8th day from the day of alloxan injection of 200mg/kg dose. A month prior to the inducing alloxan 
diabotes, this Group was proventively treated by the irradiation and was located at about 20 meters distance from the 
source | the basement of the laboratory. 

d~ Group 2 after 1.5 months after alloxan injection of 200mg/kg dose. 

© - Group 3 by the 8th day from the day of alloxan injection of 200mg/kg dose. One day prior to the alloxan injection 


this group was also preventivoly treated by the irradiation being located at 70 centimetres distance from the source of 
radiation. 
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{= Group 3 after 1.5 months after alloxan injection of 200mg/kg dose 


Enlargement: 4 x 400, 1 x 100. Colouring agents: Haematoxylin and Eosin. 
DISCUSSING THE RESULTS 


It can be stated that a positive effect was reached by using MWER in Groups 2 and 3. Differences in the dynamics of 
glucose level and survival rates of the animals in these two groups point to an interconnectedness between the length 
of the irradiation by MWER and modeling the alloxan diabetes. Biological long range defensive effects when irradiating 
‘with MEWR which wore discovered in our previous experiments [Gariaev, Kokaya et al, 2007] has been confirmed in 
this series of experiments - this research. The effects is manifested in the glucose level dynamics in Group 2 animals, 
and also in the very fact of the animals surviving in this group, when compared with control Group and placebo Group. 
In spite of the roliable data (p<0.05) suggesting increase in glucose level in the animals of Group 2 compared to the 
Initia state, and an absence of any reliable differences in the glucose level data obtained from Groups 1 and 2 by the 
2nd, 3rd and 4th day of the alloxan injection, survival rate in the Group 2 was high. Evidential hyperglycemia in 20% of 
the animals in this group did not result n to their death but were remaining | satisfactory health condition for the 
entire period of the observation. 


lnradiation by the MWER on the animals of Group 3 facilitated development of resistive proporties of their immune 
system to the alloxan triggered diabetes and the glucose level was at the normal physiological lever at al times for the 
‘entire period of observation (this is reliably different (p<0.05) from data obtained from Groups 1, 2 and 4). Survival rate 
In Group 3 was at 100%. Having analyzed the histological data of pancreas from different Groups, it can now be stated 
that preventive irradiation by MWER in Group 3 resulted not only in cyto-protective effect on the cells of pancreas but 
also encouraged hypertrophy and hyperplasia processes in it, which, as it seems, were functioning in a compensatory 
‘mode. The present experimental findings are in good conformance with the results of our previous experiments 
conducted earlier. [Gariaev, Kokaya et al, 2007] 


In this way, three phenomena of MWER irradiation on the animals with alloxan diabetes were manifestly observed: 


Firstly ~ the factor of survival with contemporaneous and obvious hyperglycemia within prolonged poriod of 
observation with preserved reproductive functions in the animals. 


Secondly — it was revealed in the provious experiments, and confirmed in the 
pancreas regeneration in the ill animals in situ. 


fosent one that MWER is facilitating 


‘Thirdly - preliminary irradiation by MWER on the animals facilitates development of resistance to alloxan effects. 


‘The record 


effects are related to the fundamental issues of “recording” and transmission of electromagnetic 
component of genetic information during the post-embryonic growth with wave (frequency) processes taking part in 
genome and organism as a whole. MWER, parametrically linked with photons (which in turn were modulated by the 
tissues), appears to be a carrier and transmitter of the information from the blo-donors to the bio-system (bio-organism 


which precisely and specifically receives this information as strategically superior (that is of higher topology? Of the 
sort that can manage and govern processes in the recipients organism )). Most likely, MWER ~ performs a function of a 
frequesncy (wave) trigger, which initiates “awaiting” (stand by) regenerative morphogenetic processes, of which the 
Information is contained in genome of every cell. Quantum mechanisms of MWER effects on embryonic and post- 
embryonic processes romain to be discovered, thoughsome ideas were expressed in our earlier works. [Garyaev, 1994; 
Gariaev, 1997; Prangishvili, Gariaev and ot al, 2000 (b); Gariaev et al, 2001; Gariaev, 2003] and are being further 
advances at present. The defensive and cyto-protective action of MWER are promising field of research with rather 
sound perspectives. 


tmay be that a specific role in the discovered defensive-protective manifestations plays a so called factor of “weak 
Influence” [Chukova, 2002]. In this regard it can be put forward that the discovered effects bear endoorgic character 
where even weakly absorbed energy of cohorent polarized laser beam results in the increase of free Gelmgolc energy 
‘which is accumulated in chemical links of tissue metabolites in pancreas and spleen. For instance, atoms of 
Informational macro-molecules (DNA, RNA and proteins), while absorbing light, together with the energy had by a 
quantum of light they gain the same momentum of quantity of motion, which creates inversed population of nuclear 
‘zeeman levels (see Zeeman effect ). Occurs 80 called chemical polarization of the nucleuses. In this manner, 
biochemical reactions in preparation (tissues) initiated by the polarized laser light are able to generate electromagnetic 
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radio frequencies (fluctuations). In this situation the preparations (tissues) of the pancreas and the spleen assume a 
role of specific molecular radio station where every type of molecules has its own frequency (vibration level ) which 
can be amplified due to stochastic resonance produced by the wideband radiofrequency gas discharge laser. 


Based on the obtained experimental data it is proposed to attempt to create a technology allowing development of 
resistance to toxic effects of Geptil/ hydrazine in animals. We suppose that the resistance to Geptil! hydrazine and to 
‘many other toxic substances can be developed by influencing strategie metabolic vectors most vital of which are — 
functions of gonetic apparatus at quantum level http:/www.wavegonetics jino-net.ru (http:/www.wavegenatics.jino- 
net.rul). 


DISCUSSION OF THE EXPERIMENTAL RESULTS. 
‘THEORETICAL MODELING. 


‘The obtained data has wider implications than demonstration of capabilities of possible wave defensive antidote-effect 
and require theoretical consideration since they relate to strategic (quantum) mechanisms of genetic apparatus 
functioning of multicell bio-systems. At his stage we propose three formalized hypotheses of the wave processes while 
“reading or scanning” from bio-structures of donor genetic-motabolic wave information (data), remote addressed 
transmission of it, Introduction of the information in to the bio-system-acceptor and metabolism management using 
that information. 


1. Endogenous polarization-holographie processes in bio-systems 


Wave informational scenarios ~ unfolding in the bio-system itself as woll as during scanning by the laser beam at the 
Initial phase - occur at photon level. Let's consider that level in more details. In our previous researches we presented 
‘two- and three-dimensional models of bio-holographic management of building spatial structure of multicell organisms 
during embryogenesis.At the initial view subject to relatively stationary conditions in bio-systoms (final phases of 
morphogenesis), these models are plausible. However, in living organisms statics and dynamics are paradoxically 
intertwined. 


‘An adult organism is relatively static spatially on macro scales and significantly changes on this plane only at the 
stagos of deop aging. Along with this that statics are provided for by the internal space-time dynamics of metabolic 
processes on micro levels of bio-systems organization. This is a case due to the fact that metabolic processes are a 
‘mobile aggregate of bio-chemical-bio-physical space-time reformations of the organism's microstructures. Having 
considered the non stationary structures of bio-systems, more advanced model is proposed of endogenous 
Informational polarized-holographic managing (governing) processes in multicell organisms, which are 
realizedieffected at genome levels. The model reflects bio-holographic aspect of metabolism as a whole and therefore 
Includes bio-morphogenesis as it specific case. The model utilizes appropriate physics-mathematical formalism for the 
polarized-holography yet extrapolates it onto probable endogenic analogical processes in the genetic apparatus of 
‘multicoll organisms. 


‘As a foundation for the model we used our experimental data where we employer special double-polarized He-Ne laser 
( = 632,8 nano meter), having two orthogonal, linked optical modes, of which we have mentioned earlier. When such 
laser beam of this quantum generator interacts with the bio-tissues, with dynamic holographying on the oncoming 
beam (bunch) mode on, simultenious acts of recording and scanning of previously unknown information occur, the 
Information about dynamic spinning-fluctuating processes on optical and atomic-molecular levels. Of particular 
Interest can be data obtained about genetic structures andior living cells. The entire informational structures of an 
organism, including DNA, RNA and proteins, are optically active, that is to say they are capable of spinning light 
polarization planes and they are dichroic - difference between absorption of right- and left hand polarized light. 
Modulations of polarization that correlate with structural-functional condition of any metabolite, present themselves as 
Unique in their capacity storage of information about metabolism and its dynamics and along with it~ that is a channel 
of intercellular photonic bio-symbolic contacts. 


‘Such special processes, in their polarized-holographic version, are apparently inherent to genome workings as a bio- 
computer. This allows their modeling with use of the aforementioned laser. IT is capable of polarized-holographic 
recording, scanning, remote transmission and “injection” of wave commanding gonetic-metabolic information from 
fone bio-systom to another. Besides, such laser performs a conversion of photons probing the bio-system in to 
wideband electromagnetic spectrum with frequencies from 2 to 0 according to mechanisms of localizing and 
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dolocalizing of photons. During this stage, itis apparent, quantum non-local (teleportation) polarized connection 
across the whole spectrum of frequencies is retained (maintained, saved), including radio waves. Utilization of such 
laser as reading-transmitting photon-radio-wave system, imitating analogical wave-bio-computer-symbolic non local 
processes intercellular communications provided with opportunity to carry out remote wave transmission of primary 
Imanaging genetic-metabolic information from donor's bio-system to recipient's bio-systems (so called addressed 
transmission ). In the light ofthis fact it seems rational and vital to attempt presentation of more advanced formalism of 
bio-symbolic photon-polarized-holographic processes in chromosome apparatus of higher bio-systems, all the more 
so that the radiowave equivalent of these processes possessed strikingly distinct morphogenetic potencies. 


Lot's record vector diffraction Kirchhoff’ integral in paraxial approximation, which describes wave field, for instance 
photon field, formed by non-stationary bio-system's fragment. This sort of field may radiate from liquid crystal 
continuum of chromosome (LCCC) in vivo. Such emission may be expressed by the following: 


For the purpose of simplification we will consider that non stationary LCCC is not a function of frequency of 
translucent light. 


Both polarisational modes of coheren laser light are depolarized by geno-symbolic acoustic LCCC and are partially 
clliptically polarized. With this, they can interfere forming specl-structures, and thelr total intensity is transferred from 
‘one mode in to another by means of earlier postulate manner [Prangishvili, Garlaev et al, 2000 (b)]- 


Modified Johns vector of every passed orthogonal polarized waves immediately behind the object may be presented in 
the form of partially coherent orthogonal components of elliptical polarization 


Ina bio-system in the composition of LCCC (with only one polarizational component) wo use as a hypothetical a 
carrying wave, which passed, for instance, through infinitely narrow time shitter lock, possessing -figurative 
charactoristic of time transmission (perhaps “gating"). Such a shutter lock completely depolarizes initially polarized 
‘wave. The resulting wave, passed behind the gating lock, has continuous spectrum in the whole diapason with evenly 
distributed spectral density, where as the modified vector of the carrying wave has a form of orthogonal basis of, 
elliptical polarization: 


Parameters of the total ellipse p and g are defined via ellipse’s polarization component of every basis A and B, as in Ref 
14) 


Endogenous biological registration of the summary wave field (5) pertaining to LCCC as a basic element of DNA-wave 
bio-computer, assumes presence of polarization-sensitive environment in organisms, which is not selective of any 
particular spectrum across the whole range of active frequencies (similar to the non stationary fragment of biological 
object, for instance LCCC). 


Due to the polarization charactoristics of the inducing light in a light-sensitive registering environment of LCCC, photo- 
anisotropy and photogyrotropy are created (are produced ). To describe the vector photo-response polarized-sensitive 
environment functions of isotropic , anisotropic - and gyrotropic reactions are introduced, which are constants for 
every frequency of the active spectrum. Using Johns’ matrixes and rules of their construction for cases of partially 
polarized inducing irradiation, for the resulting Johns’ matrix we g 


where -LCCC’s hologram fragment size 


+ distance between the point on the hologram surface and the point of observation. 


‘Than, successively substituting in (17) expressions for matrixes (10), (14) and (15), let's define formed by the hologram 
‘zero, imaginary and real depictions. itis only now that we can determine, what endogenous or/and exogenous wave for 
an organism is necessary to utilize as a reconstructing one in order to obtain in the imaginary style regeneration of the 
quired fragment of the wave image of the shaping bio-system. In order to do so itis essential to datermine their 
vectors and corresponding values of matrix. It appears that with precision of up to constant multiplier own vectors of 
matrix are in essence 


It follows that regeneration is performed by a wave identical to the one used while recording by the carrying wave. So, 
as apparently, in bio-systems at LCCC level recording and reconstruction ensue ither simulteniusly or in accordance 
“with the last equation, then the reconstructed imaginary depiction corresponds to the real one and itis not subject to 
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(Left) Select a suitable width of desoldering braid, and press it down onto the 
COLD joint using the hot tip of the iron. A flat soldering iron bit is preferable. 


(Right) The molten solder is drawn up by capillary action into the desoldering 
braid. Take care not to overheat the board (the p.ccb. copper track may lift off), nor 
‘drag whiskers’ of solder over the board, nor let the braid solidify onto the joint! 
Remove the braid while the joint is still molten. 


(Left) The faulty electrolytic capacitor dropped out of the board after desoldering. 
Sometimes, it may need persuading with pliers... but don't overdo this or you risk 
damaging the copper tracks on the p.cb. 


(Right) Close-up photograph of both joints, now desoldered and ready for the 
replacement component to be fitted. 
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any distortions. The latter is principallycrucial for preservation of the wave images-vectors of morphogenesis, which 
compensate physiologie-bio-chemical and mechanical non-stationary stae of the bio-system as a whole and its LCCC 
In particular. Nonetheless, non-stability of strategic photonic-Images of organism's structures will occur though in term 
of long lengths of time while aging and its pathological states, for instance in the case of cancerogenosis. 


For a passed wave without diffraction the zero depiction has the following appearance: 


‘An analysis of the last correlation shows that with precision up to its multiplier it contains complete reconstruction of 
space-time structure as well as polarization characteristics of the field ofits non- stationary object wave that have 
passed through, for instance, LCCC. These photo or/and radio wave dynamic structures are, apparently, used by 
‘multicellular organisms for thelr own organization in thelr own space-time since these structures-images completely 
rotain the true real calibration size without deformations imposed by non-stationary bio-systoms and reproduce them 
In adequate sizes require for a developing or an adult organism. In accordance with the reconstructed wave gradients 
scanned polarized holograms occurs 4D organization of metabolic “fluxes"/“streams”, cellular architectonics and 
‘morphogenetic motions during embryo genesis and also partial regeneration of bio-systems in case of them having 
been damaged. In other word what occurs is calibration of dynamic potential space-time of bio-system. 


Under polarized-holographic-bio-control we imply endogenous or intentional (artificial) modification of recipiont's coll 
structure and condition as a result of controlling holographic operations from donor's side. In our case the holographic, 
signal, which was modulated by healthy samples (tissues, cells) of the donor, is transmitted and recorder onto donor's 
disoased (il) cells in form of a hologram. Further, the process of control occurs as follows: in the beginning from the 
‘modified cells of the recipient by means of regenerative wave the holographic image of donor's healthy cells is 
scanned. It is reconstructed in terahertz wave diapason as a 3D image encompassing every recipient's coll togethor 
with its content. 


Mainly, there exist two forms sources of regenerative wave. First form is endogenous. In this instance the processes 
flow due to innate reserves Le. “internal” irradiation (emission) of the neighbouring cells. Second form appears to be 
exogenous reconstruction, when the sources are external emitters. Both forms of sources operate in the recipient's 
colls and act simultaneously and continuously, regenerating and complementing the same image of donor's healthy 
cells over and over again 


According to gradients of intensity of donor's reconstructed cell images, as if it was a “drawing”, growth and 
regeneration of recipient's damaged (Il) cells occur. The cells of the recipient “assume” a role of a photographic film 
(plate), in which a hologram of the healthy cells is recorded. Processes of the growth and regeneration, flowing 
analogically to processes of photo-tropism, require certain length of time. In the upshot the recipient's “sick” cells 
partially transfer to healthy ranking and partially destroyed. Products of such decomposition are diverted out of the 
rocipiont’s organism. 


‘That being so, during the replacement process of recipient's colls by healthy ones, analogous to those of donor's, 
occurs polarized-holographic-control which is in effect germination of the recipient's damaged cells biomass in to 
offered to them dynamic holographic form of healthy donor's cells. As a consequence, while controlling the process, 
the form and dynamic state (condition) of recipients cells is gradually modified under the controlling signal ~ 
“pattern”, obtained from the donor. 


Needless to say that this form of “pattern” is much more complex than those seen in simple controlling systems. It 
sots spatial distributions terahertz signal on gradients of which the growth and formation of live cells in recipients 
occur. Therefore acts of growth and formation of recipient's cells happen in line with bio-chemical laws, which control 
their vital functions, and the “pattern” signal sets a program or guide of growth for young cells’ structures and 
‘modulation of processes in them. 


For more comprehensive description of internal working mechanisms of holographic circular-polarized informational- 
laser transformation in live organisms itis necessary to have a fair good understanding of basics of polarized-dynamic 
holographic theory and informational exchange between recipient's live healthy cells and all other cells included in 
organs and tissues of the ill organism. When dealing with these Issues we utilize de 


‘Transmission of modulated information from donor to recipient occurs by means of rectilinearly propagating 
longitudinal mutually entwined waves, carrying multilevel modulated information. For the short distance transmissions 
‘we can use a term of cellular nucleuses ~ optical poliaroids (polarizers?), where as for longer distances ~ a term of 
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quasi lenses (objectives) (hore is a reference to some previous papers). Lot's look in to description of such process 
proffered for purposes of registering color holograms without using lasers [Alexanderov, 1998]. When adapting it toa 
bio-systom, we outline requisite conditions for realizing non-coherent polarized-holographic method of control 
(management). It ought to be noted that in such systems, having done microscopic studies of the systems, it was 
discovered long ago that they have microscopic polarisors, i.e. cals’ nucleuses, as well as optically active protein 
substances, which spin the polarizational plane of emissions that are passed through them. These aspects are long 
knowng to researchers [Bischof, 1995], however until now this observed phenomenon was neither explained not 
utilized, 


Holographic transmission function can be defined on the basis of Fourier transformation of equation (13). To remind, 
the wavelength of the probing signal is not included in this formula therefore that wave can be selected from wide 
range of waves light, electromagnetic and acoustic diapason. The created hologram encompasses whole information 
about spatial coordinates features of donor's bio-object being holographed, or about spatial distribution of all donor's 
points in relation to holograph registering planes of recipiont. 


So the resulting solution of the task is, generally speaking, analogical to traditional approach. At the same time the 
‘method put forward is fundamentally different from other known interferontial methods and possesses certain 
advantages. 


Firstly, Instead of some wavelength with its monochromatic features and coherence we use dispercing spinning 
ability of optically active environments and spatial locally-distributed polarizational filtration. This is sufficient for 
.cording polarized-dynamic hologram of donor (provided that there is motion in donor's cell in non-coherent wide 
spectrum irradiation of the recipient) 


Secondly, this method allows uncovering the reasons of vibro-resistance when registering and reconstructing 
holograms without laser sources of light inside bio-systems in terahertz diapason of waves. Itofficacy Is determined by 
the value of polarized-optical spinning ability and thickness of the optically active environment . Itis known that 
spinning ability of certain liquid crystals reaches 40000 degrees/mm, which when used in holographic information-laser 
convertor is sufficient for polarized-holographic transmission of information and accordingly holographic controlling 
of the biosystom’s structures and processes. 


Experimental works on wave interaction in living systems were actively beon initiated in 1980s. In the beginning these 
Included researched on interactions between cells [irkina et al, 1981; Molchanova, 1985], followed by researches on 
Interaction of living organism [Burlakov ot al, 1999]. These works were successfully furthered by A B Budagovski et al. 
[Budagovski, 1990; Budagovski, Evseova, 1995; Budagovski otal, 1997; Budagovski et al, 2001]. It was shown that 
there is a communication and exchange of information of non-chemical (wave, coherent) nature. Such kind of 
Interchange processes, occurring with participation of bio-regulatory signals and occurring without molecular and fon 
carriers of that information, were labled as processes of remote intercellular interaction (Rll) [Budagovski, 2004]. 

However it seemed incredible that weak electromagnetic cellular signals can produce controlling influences against the 
background of strong electromagnetic interfering signals of natural and technogenic origins. Nonetheless it appears 
that with coherent reception light and other electromagnetic non-coherent noises with approximation are zeroed where 
as those weak coherent and deterministic signals can accumulate [Tertishni ot al., 1997, 1998, 2000] 


In the last years these works have received the deserved advancements in the Institute of management issues. In 
particular, utilization of polarized-dynamic holography, which allows formation of litle movable polarizational rings. For 
urposed of transmitting undistorted image of every donor's point to the remote recipient's zone, a sensory quasi 
objective (lonses) were created, and on its basis a holographic device designated for experimental testing of 
holographic controlling possibilities. 


Publication: 


foreign journals 


1. Garyaov PP, Vikhort A.M., Zakharkina G.A., Alexandrova L.G., 1977, Endogenous reserpino.ike substances in the 
myocardium and other tissues of man and animals., USA-USSR First Joint Symposium on Sudden Death. Yalta, USSR, 
October 3-5, 1977, pp.323-338. 


2. Garlaev PP, Chudin Vi, Komissarov G.G., Berozin A.A., Vasiliev A.A., 1991, Hologrphic Associative Memory of, 
Biological Systems, Proceedings SPIE - The International Sociaty for Optical Engineering. Optical Memory and Noural 
Networks. v.1621, p.280-291. USA. 


hitsholagraphicarchetypes.weebly.con/bichologram-<dnad. htm! 249 


sysor018 


Biohologram DNADS - Holographic Archetypes, by lona Miller, 2017 


3. Garlaev PP,, 1994, DNA as source of new kind of God "knowledg 


", Act and Facts/Impact series, N12, pp,7-11. 


4, Maslov M.U., Garlaev PP., 1994, Fractal Presentation of Natural Language Texts and Genetic Code. 2nd International 
Conference on Quantitative Linguistics "QUALICO-94". September 20-24. (1994). Moscow, Lomonosov Moscow State 
University, Philological Faculty. pp.193-194. 


5. Gariaev PP,, Vasiliev A.A., Berezin A.A., 1994, Holographic associative memory and information transmission by 
solitary waves in biological systems. SPIE - The International Society for Optical Engineering. CIS Selected Papers. 
Coherent Measuring and Data Processing Methods and Devices. v.1978, pp.249-259. 


6. S.A. Reshetnyak, V.A. Shchoglov, Vi. Blagodatskikh, P-P. Gariaev, and M.Yu.Maslov, 1996, Mechanism of interaction 
of electromagnetic radiation with a biosystom, Laser Physics, v6, N2, pp.621-653. 


7. Borezin A.A., Gariaev PP., Gorelik V.S., Reshotniak S.A., Shcheglov V.A., 1996, Is it possible to create lasor on 
Information biomacromolecules? Lasor Physics, v6, N6, pp.1211-1213. 


8. A.A. Borozin, PP. Gariaov, S.A. Reshetniak, K.V. Shaitan, V.A. Shchoglov., 1996, To the problem of possible 
development at a biolaser working on Frolich modes. Prepr. P.N.Lebedev Physical Institute Ne49, 12.¢. 


9. Garlaev PP,, Tortishny G.G., Kampf U., Muchamedjarov F., Leonova E.A., 1999, Fractal structure in DNA code and 
human language: Towards a semiotics of biogenic unformation. 7 th International congress of the international 
association for semiotic studies (IASSIAIS). TU Dresden, October 3-6, 1999. p. 161. 


10, Peter P. Garlaev, Boris | Birshtein, Alexander M. larochenko, Peter J. Marcer, George G. Tertishny, Katherine A. 
Leonova, Uwe Kaempf ., 2001, The DNA«wave blocomputer. “CASYS" ~ International Journal of Computing Anticipatory 
‘Systems (ed. D.M.Dubois), Liege, Belgium, v.10, pp.290-310. 


11, Poter P. Gariaev, George G. Tertishny, Katherine A. Leonova., 2002, The Wave, Probabilistic and Linguistic 
Representations of Cancer and HIV. http:/www.emergentmind.orgigariaevi2.htm 
(nttp:waw.emergentmind.org/gariaevi2.htm) 


12, PPGarlaey, G.G.Tortishny, AM. larochenko, V.V.Maximenko, E.A.Leonova, 2002, The spectroscopy of biophotons in 
‘non-local genetic regulation. Journal of Non-Locality and Remote Mental Interactions Vol! Nr. 3 


13, Peter P. Garlaev, Boris |. Birshtein, Alexander M. larochenko, George G. Tertishny, Katherine A. Leonova, Uwe 
Kaempf, Peter J. Marcer, 2002, Fractal structure in DNA code and human language: towards a semiotic of biogenetic 
Information. international Journal of Computing Anticipatory Systems, volume 13, 2002, pp. 25-273, ISSN 1373-5411 
ISBN 2-9600262.7-6. 


14, P, Gariaev, 2003, Der wellengenetische Code. Tattva Viveka, Ne20, pp.68-73. (in German) 


15. P. Gariaev, W. Wagner, auch auszugsweise, 2005, Der Phantomeffekt. Spiogelung zwischen Geist und Matorie. (Teil 
1), Tattva Vivoka, No26, pp.54-65. (in German) 


416, Peter Gariaev, Mark J. Friedman, Ekaterina A. Leonova-Garlaeva, Principles of Linguistic-Wave Genetics. 
http:/idnadeciphor.convindex.php/ddiarticle/viewFile/2/2 (http:/dnadecipher.comlindex.php/ddj/article/viowFile/2/2) ; 
bttp:lidnadecipher.comvindex.phplddi/article/view/2 (http:/dnadecipher.comlindex. php/ddj/articlelview/2) DNA Decipher 
Journal, Vol 1, No 1 (2011). 


17 Peter Garlaev, Peter J. Marcer, Katherine A. Leonova-Garlaeva, Uwe Kaempf, Valerly D. Artjukh. 
http:/idnadecipher. convindex.php/ddj/article/view/2 (http:/dnadecipher.comlindex.php/ddj/atticlelview/2) DNA as Basis 
for Quantum Biocomputer PDF; http:/idnadecipher.comindex.phpiddijarticlolviewFile/3/13 
(nttp:/dnadecipher.comlindex.php/ddjiarticleiviewFile/3/13) . DNA Decipher Journal, Vol 1, No 1 (2011) 


18. Peter Gariaev, Matti Pitkanen, Model for the Findings about Hologram Generating Properties of DNA PDF ; 
http:/idnadecipher.comvindex.php/ddi/article!view/2 (http:/dnadecipher.com/index.phpiddj/aticlelviow/2) . 
http:/idnadecipher.comvindex.php/ddi/article/view/2 (http:/dnadecipher.comlindex.php/ddj/articlelviow/2) . DNA 


hitssholagraphicarchetypes.weebly.conbichologram-<dnad. him! 


25129 


sisor018 


Biohologram DNADS - Holographic Archetypes, by lona Miller, 2017 
Decipher Journal, Vol 1, No 1 (2011) 


2012 - Mirrored Material is Fair Use for Educational Purposes Only 


Represented by Irene Caesar, Ph.D., President, Wave Genome Research and PublishingPhone in the US: 1-347-352- 
(0044emal: irenecaesar@wavegenome.com (mailto:irenecaesar@wavegenome.com) 

‘Skype: Irene Caesar 

‘The history of wave genetics has been developing for more than 80 years. In 20s and 30s of the last century Russian 
scientists, A G Gurwitsch and A A Lubishev postulated that not only does genetical apparatus of living organisms on 
the Earth operate at material, physical level but also at certain wavesifields level and is able to transfer genetic. 
datafinformation via electromagnetic (EM) and acoustic waves. The science has recently taken a major leap in its 
advancements of the theory and reproducible experiments and thus the theory of wave genome has been put forward. 


(One of the first attempts to rationalize and expound the wave genome theory in Russia had been made by PP Gariaov 
and A A Berezin from the department of Theoretical Mattors of Russian Academy of Science, and also with 
participation of A A Vacilley, a fellow member of Institute of Physics of Russian Academy of Scionco. As a theoretical 
foundation, principles of coherent physical radiations, holography and solitons, theory of physical vacuum, fractal 
ropresentation of DNA and human verbal expression/spoech have boen employed to describe and substantiate the 
‘empirical results obtained through many exporiments conducted. 


‘The quintessence of the wave genome theory may be represented as following: 


genome of the highest organisms is considered to be a bio-computer which forms the space-time grid framework of a 
bio-systems. 


In that bio-systom, as the carriers of a field epi-gene-matrix - wave fronts are being used, which are assigned by got 
holograms and so-called solitons on DNA - distinct type of acoustic and electromagnetic fields, produced by 
biogenetic apparatus of the organism/bio-system under consideration and being a medium of strategic regulatory 
datalinformation exchange between cells, tissues and organs of the bio-system. 


Itis also vital to note that the holographic gridsiframoworks, which are also the elements of fluctuating structures of 
solitons, are, in fact, discrete simplest casos of code-originated information, anchored in chromosome continuum of an 
organism. 


‘At present the dominant viewpoint in respect of genetics and molecular biology is that : 
1. the genetic apparatus functions as a purely material structure 

2.all the functions of genetic control of an organism occupy approximately 2 % of DNA of a bio-system and fulfill 
designated functions such as replication of RNA and proteins, so called coding DNA of an organism. The other 98% is 
considered to be “junk DNA" not carrying out any genetical functions, which may represent a graveyard of virus DNA. 


‘The biologists and geneticists use the language of analogies and metaphors to explain how genetic apparatus 
operates. The genetic apparatus consisting of 46 chromosomes is viewed as a library consisting of 46 volumes or 
books. Each book (a chromosome), contains a text (instructions of how to build an organism) which consists of 
sontonces (DNA) consisting of words (genes). And each word (a gone) consists of 4 letters (cortain “chemical letters”), 
Le. the “genetic alphabet” consists of only 4 “letters”. The material realizations of the DNA molecules are famous 
double helixes, consisting of segments which are genes. In essence, genetic apparatus operates as follows. The texts, 
written in the “DNA language”, are first translated by the organism into the “RNA language” and then into the “Protein 
language”. And proteins are the stuff that we are mostly made of (not counting water). Proteins perform two principle 
funetions in the organism: they metabolize substances that we eat and participate in the morphogenesis, i. 
development of the spatial-temporal organization of an organism. 


Itis to be pointed out that the primary focus of the wave genome theory is on the remaining aforementioned 98% of 
chromosomes as being the key “intellectual” structure of al cells of an organism including the brain. Its those 
chromosomes that operate on the wave, on the “ideal” (fine-field) level. 


Itthe ideal component, that may be called super-gene-continuum, is a strategic vital figure/formation that ensures 
development and life of humans, animals, plants and also thelr programmable natural dying. Along with that, itis 
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Biohologram DNADA - Holographic Archetypes, by lona Miller, 2017 
Important to conceive that there is no sharp and insurmountable distinction between genes and super-genes. Both 
those levels of encoding constitute matorial (physical) matrixes, however genes supply material replications in the form 
of RNA and proteins, whereas super-genes transform endo- and exogenous fields, forming from them super-gens 

signal wave structures. Furthermore, the genes may be components of holographic gridsiframeworks of super-genes 
and supervise thelr field activity 


Particular attention in the wave genome theory should be devoted to substantiating of the unity of fractal (replicating 
Itself on varying scales) sequence structures of DNA and of a human speech. In 1990 Jeffrey Delrow discovered four 
“lottors” of the genetic alphabet (Adenine, Guanine, Cytosine and Thymine) in DNA “texts” form fractal structures. 


Later on, a discovery of similar fractal structures in a human speech, not limited to multy-letter alphabets of Russian 
and English texts and including a sequence of words from those texts came as a promising surprise for both genetics 
and linguists. Nonetheless this is in accordance with a branch in semiotics named "“Genetical Linguistics”, which 
studies incomprehensible and unexplainable precise application of laws of Formal Genetics to formation of interlingual 
and intro-lingual words-hybrids. 


‘A group of scientists headed by P P Gariaev and M U Maslov, developed a theory of so called fractal representation of 
natural (human) and genetical languages. Within the confines of this theory its sald that the quasi-speech of DNA 
possesses potentially inexhaustible “supply of words” and, moreover, what had been a sentence on the scales of 
DNA-"texts” “phrases” or a “sentence” becomesitums into a word or a letter on the other scale. Genetical apparatus 
can be viewed as the triunty of its structure-functional organization consisting of holographic, soliton and fractal 
structures. 


This theory allows a refined quantitative comparison of symbolic structure of any texts including genetical. Thoreby a 
possibility has beon wide open to approach a deciphering of a lexicon of one's own gene-code, and accordingly, more 
accurate composition of algorithms of addressing a genome of a human with an aim of potentially any type of 
programming of one’s vital activity such as treatment, increasing one’s life expectancy and so on and so forth. 


Empirical tests of wave genetic theory in the light of “speech” characteristics of DNA demonstrate strategically correct 
stance and direction of the research. 


Phenomenal experimental findings may be briefly presented here. For the first time in history of the science we 
successfully managed to obtain experimental evidences of abilities of the genetic data/information to function on more 
than simply one material level, for instance, in the wavelfield (electromagnetic) form 


Over decades, having been conducting extensive theoretical researches, we successfully managed to formulate 
theorotical biology and physics-mathematical description, explanation and substantiation of fundamental principles of 
genetic apparatus functioning on the wavelfield le 


‘These principles allowed us to design and create a quantum bio-computer essential element of which is a specially 
tuned laser beam with certain wavelength and frequency characteristics. 


‘The quantum bio-computer can perform: 
I. Scanning and reading the wavelfield equivalent of the genetical-metabolic data from the (stom) cells, tissues, organs 
of a donor's bio-system employing photon of the laser beam; 

Il. Conversion of the photons obtained into wide-wavelength-band preserving the scanned and read data; 

Ui Precise and pointed introduction of such scanned and converted prineipal/dominant data radio waves into the 
organism-recipient, located at a certain distance from the donor's bio-system (from few centimeters to 20 km); 

ly. Strategic controlimanagement of metabolism and postembryonic morphogenesis of the organism-recipiont 
according to two vectorsimodes: 

a. “Do as/what | do” - that is holographic principle, and 

b, Wavelfield transmission of a signal that contains commands activating required programs in the stem cells of, for 
Instance, rats; programs that direct/guide the stem colls development on their way of, as in our experiments, building 
pancreas gland in rats. These vectorsimodes are intended to be used on humans. 
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Biohologram DNADA - Holographic Archetypes, by lona Miller, 2017 
‘At present we are able to program/managelencode stem cells of various types by means of a quantum bio-computer. 
‘The quantum bio-computer initiates wavelfield-based commands, given to colls and tissues of the donor/recipiont, and 
accordingly the stem cells exposed to the wavasifield will be prompted to guided cytodifforentiation leading to 
‘emergence and development of plannediprojected new organs and tissues. This will bring us closer to the fact of 
substantially Increased life expectancy. 


Significant achievements in applying WaveGenetics have been made thus far in regeneration of pancreas in rats 
proviously destroyed by chemical substance called alloxan 


‘Three series of experiments with identical protocol were conducted by the groups of P. Garlaev in 2000 in Moscow 
Russia, in 2001 in Toronto, Canada, and in 2005 in Nizhni Novgorod, Russia. These are more advanced experiments 
based on the principles and technology of WaveGenetics. The goal of the experiments was to test new technology for 


jenerating damaged pancreas. Pancreas is an endocrine gland which has several vital functions, the major one 
boing production of insulin, a hormone responsible for sugar motabolism. 


A control group of rats was injected a lethal doses of a poison called alloxan which destroys pancreas. As a result, all 
the rats in the control group died from diabetes in 3-4 days. Then the same lethal dose of alloxan was injected to 
another group of rats. And when the rats reached the critical condition, they were exposed to light imagesiwaves 
coming from a quantum bio-computer. Those light images/waves were created beforehand when the bio-computer read 
Information from the pancreas surgically removed from healthy newborn rats of the same species as those used in the 
alloxan experiments. 


(One can explain the results of the experiment using the following analogy. The pancreas gland contains DNA-movies 
‘with information about healthy condition of the pancreas in its genetic apparatus. And this video morphogenic, 
Information programmed the stem cells of sick rats to regenerate their pancreas gland. Combined statistics for all 3 
sories of experiments is as follows. Altogether, around 90% of all the rats had thelr pancreas gland restored and their 
health recovered. 


In some of the experiments the quantum bio-computer was modified to allow successful transmission of the healing 
Information to sick rats at the distance of 20 kilometers. Note, that no known physical fields have the capability to 
transmit such extremely week signals with such unbelievably powerful results. 


Furthermore, the WaveGenetics research and application has significant prospects of solving issues as regards ageing 
process in humans and increase of lfe expectancy. This view is grounded on the experiments we have been 
conducting with rats. 


Itis Opportunities of technologies of WaveGenetics are not limited to what has been outlined above. The development 
and application of the technology is far-reaching and is substantiated by experimental data obtained in numerous 
tests, experiments, observations. 


In addition, it ought to be mentioned, such a technology — a quantum bio-computer, is capable of: 
+ treating oncological diseases on fundamentally distinct basis — without use of any chemical substances, 

+ eliminating pathogenic viruses and bacteria and agricultural vermin parasites ~ also without used of any chemical 
substances. 


Itmay soem as a technology of another age, from distant future. Howover, a discovery of fundamental properties of 
living organisms is occurring today and itis our task to research and explain the phenomena and bring it to the service 
of humanity. 


Poter Gariaev, Ph.D., 
Director of Wave Genetics Institute, 
Russia, Moscow. 
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Invited presentation by Magnus Olsson at the 2017 First Annual Unity and 
Hope Conference 


Invited presentation by Magnus Olsson 


Invited presentation by Magnus Olsson, atthe 2 


‘ist Annual Unity and Hope Conference” This event was for targeted individuals and those concerned 
about the growing crimes of electronic harassment. 


(hitps://oanobrainimplant.com/240_ f 116659017 rviguzdnplfxewaattina?SshzySnkté/) 


The conference was held from Octabs the Mass Audubon Bl 


presentation was co-produced by Marten Here 


lls Trailside Museum: 1904 Canton Ave, Milton, MA 02186, USA. This 
Shed at bionicgateslive.se Event Description from the 
targeted individuals, so we 


f thousands of victims 


ism groups, and organiz 
‘and end the suffering of hundred: 


nationwide 
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The number of peopl 


lectronic harassment and exponentially daily. Our hope is to come together 
fied front attempt to 


sally fight for freedom and justice fr the victims of tar 


il 
ste the public. Asa result ofthis 


‘empowver, and educate the community on technology, resources, and support, a 


able to strat 


conference, we will 


to bring fiends and family fr 


‘committed 


By mindcontroleurope + Posted in Man vs Machine, military, Mind Control 
hybrid brain, hybrid mind, magnus olson, mind contol, 
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Now declassified & available! Russian Quantum Leap technology enhances 
RNA/DNA, cures diseases, stops Bio hacking 


Now declassified & available online! Russian Quantum Leap enhances RNA, 
DNA & health, cures diseases ( e.g. diabetes, cancer 2), stops TI targeting. 


December 6, 2016 


Now declassified & available online! Russian Quantum Leap technology enhances RNA, DNA & health, cures diseases (eg. diabetes, cancer 2), stops TL 
targeting 


By Alfred Lambremont Webre 


WATCH QUANTUM LEAP PANEL INTERVIEW 


Watch Russian Television RT Interview with Magnus Olsson [Seen by 14 million persons] 


Mind Control -R 


ite Neural Monitoring: Daniel Estulin and Magnus Olsson on Russia Today 
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{https /2.wp com/newsinsideout com/wp-contont/uplosds/2016/12/A fred. Webre-Morton-Hernebring 


‘Magnus-Ollson-i;ngl=1) 


s-seb mrte-hern 


You Tube: _ hitpsl/www youtube-comvatch?v=o9bd-B2dgCM (https) www.youtube.com /watch?vaobd-2dqCM) 


VANCOUVER, BC— Newly arrived from Russian Quantum Leap by the American Reaserch and Development Company Wave Genos and its Founder 
and Sale Owner Irene Caesar Ph.D. Magnus Olsson and Madlen Namo, are joined by their colleagues Marten Hemnebring to launch the public version of 
Quantum Leap technology of Wave Genome Irene Caesar '.D, a declassified technology used by Russian Special Forces to enhance DNA, RNA, personal 
health profile and performance, eye and vision b senda weaponry inluding remote 
‘weapon [DEW] and psychetronic attacks, sch as “V2K (Voice Ta Skull) and cancer guns, subliminal advertising and paychic attacks” 


Ith, as well as provide personal protection against Transhumani 


dlisected ene 


Mind'echEnterprises, authorized distributors outside Russia for the ULTIMATE TESLA GENERATOR, created and produced by the American company 
‘Wave Genome and its President, Sole Owner and Founder Irene Caesar PhD,” 


The information-wave technology of the Laser Biohologeaphy has been perfected by decades of research experience and clinical trials; ithas been 
patented, licensed and certified by the Russian Ministry of Health; and, atthe present moment, itis widely commercialized all over Russia, The 
information-wave technology of Laser Bioholography is based upon the application of Quantum Physics to Genetics, a new theory of Genetics, which is 
called Structuralist Genetics (© Irene Caesar, Ph.D, 2010), and the application ofthe stabilized He-Ne lasers with internal mirrors 


Mind ech-Enterprises Website 


MINDTECH 
ENTERPRISES 


(hts: /nanobrainimplantcom/2016/12/1 /now-available-russian-quantum-leap-technology-enhances-madna-cures-diseases stops bio-hacking/mind-tech: 


Togo-a 


all details of this first-ever public roll-out of Russian classified protective and bealth-status enhancing technology are set ut in the above Panel interview 
‘and at Quantum Leap's distributors website at 


hitp/wwww mindtech-enterprises.comy (http /wwww mindtech-enterprises.com/) 
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The Black Museum of Bad Soldering 


‘These are all genuine examples which have not been retouched or reworked in any way. 


(Left) A tenfold excess of solder on this hand-soldered printed circuit board, and 
(extreme left) an incomplete solder joint with poor coverage. There is no need to 
add more solder "for luck". 


(Right) An example of a dry (or gray) solder joint found inside a commercial PSU 
for a computer peripheral. The wire had been fed through the hole in the brass 
terminal, and merely tacked on with a blob of solder. This is a fire hazard (risk of 
arcing and overheating). 


(Left) Hmmmm.. this jointlooks somewhat suspect as well... it's the earth (ground) 
wire in the same PSU 


(Right) A close-up reveals the terrible standard of soldering (and quality control), 
with a fracture visible on this ground/ earth joint. 
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Quantum Leap Scalar Technology online 


(Quantum Leap technology, now available online through miniTesla Psi generators from the www MindTech-Enterprises.com 
(htp://www.mindtechenterprises.com/} website and through smart-phone apps, reportedly enhances the user's RNA, DNA ée health profile, prevents and 
‘cures diseases such as diabetes, Stage 2 cancer, and stops Transhumanist Agenda weapons such as Voice to Skull and electromagnetic remote targeting, 


‘The Quantum Leap technology's MiniTesla Generators come with Digital Pharmacy and a subscription service. 


(Quantum Leap technology, in applications developed in conjunction with Russian scientist Irene Caesar PhD. According to Dr. Caesar, the technology 
resultsin “Rejuvenation of al the Physiologica systems, including endocrine system, digestive system, cardiovascular system, hearing / eye sight, 
reproductive system, intellectual abilities, improvement of memory.” 


Some features of the Quantum Leap Ultimate Generator 


‘According to Wave Genome Irene Caesar Ph.D, “The device is easy to tear inthe form of «pendant cased in pearl, completely unobtrusie, and people can't tll 
eval tlt i is becouse ii nso in pearl and doesnot lok too unusual or likew “medical device”, ec. The device is dstructible. The device is wterpon for basic 
smal splashes, hut should not be immersed in ater, 


(hts: /nanobainimplant.com/2012/07/1 Vecientists-humans-and-machines-will-merge-in-futuro/imagesca38VS3-3), 


‘he team uses a hig resolution picture of yourself from early cilitood (around 4-6 years of age) to develop sophisticated holography matrices from the picture using laser 

teclnologis and guentum technologies including scalar wees. They are able to recreate your energy field fom when you were acid ina personal digital wrce matrix 

sd then use the decie to continuously fed your current energy fld xh information from your childhood energy field. ‘This helps to restore your current energy fd 
to healthier conditions. ‘This newer model has logarithmically more powerful protection features compared fo the older versions ofthis device. 


This mew model stil comes with all the health features of healer model including the E-Pharmacy, and ongoing health monitoring by professionals. The alder mare 
serie sersion ofthe device has been worm by members of parliament and Special Forces in Russa as wl as He Russian Olympic Tem. Over S000 scientist! researchers 
from Rast hee colleoroed to work on this specel project developing this device using the maat advent science in te orl. 


Some benefits of the Ultimate Generator: 


The adewnced technologies in the device can neutralize psychatoniceectonic tacks. The device sable ta elinnate V2K. You cat signup for a monthly membership 
service to have th expert profesional staff atthe Moscow clini ir Russia monitor your health onan ongoing basis. {farthing goes orang with your health they ae able 
to correct deotations from normal exe befre you notice symptoms of any actual medical condition. If media! conditions exst, many of them cab completely hele. 
Yeu eam recice medications remotely administered tag the device. They get filtered through your own energy felon are guaranted to never cause any adverse 
Side effects. 


negative effects of cosmic ation ten you 
‘ean help you slp beter, 
ve funtion (Irene 


The device lps to boost your immune system to diminish susceptibility to any nes 

‘fly in-an arplane lng distances, It can aso retuce jt lag as el as keep you healthy soil traveling. The dev 

and can help you recover from any stressful eoents, sleep deprivation, et, auc faster. It can help you think move clearly an inproze overall gn 
Creser Ph.D.) 


The device cam help neutralize th 
cn help boost your ener 


How purchasing works: 


You can buy online atthe website, Pease see 


‘htp?//www.mindtech-enterprises.com/ (hip /www.mindtech-enterprises.comy) 


(Choose which version ofthe product you want to purchase. We recommend the Ultimate Generator as i isthe most powerful version. Payments are processed using 
Paypal another methods. You wil be contacted to senda high resolution childhood picture of yourself. You wil recece the device inthe mal within 6 wok. I okes 
ih individual. But don't wory, it wil be worth the wait 


this long to proce this device and to customize if 
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Tesla Glasses 


IRENE CAESAR, PH.D: ON TECHNOLOGY AND THEORY OF TESTLA GLASSES 
The Panel also discusses Tesla glasses that have been developed and successfully used by Russian Security Forces for prevention and correction of. 


Stress and its consequences 
Deterioration of the physical and mental performance; 
‘Reduction of immunity and the bodily defenses; 

Eye diseases; 

Diseases ofthe internal organs and physiological systems 


(htps:// wp com/newsinsideout.com/wp-content/uploads/2016/12/1-TESLA_GLASSESS jpg?ss=1) 


Tesla Glasses 


‘According to Wave Genome Tesla Glasses use the method of Polarized Holography, Polarized Holography the mpplication of Quantum Physics forthe purpose of 
-ejuenating al organs ofthe person through the Ege Crystal (Eye Lens and Ii) Ii proven t pride significant physical ond mental ingprocement, including 


‘sghifcmt ingprovement in brain functions: decision speed, attention and memory. 


al 
nt 


‘The method consist i the control ofthe brain vi triggering the holographic signal in the eye and its modulation, This control ocerites any cera and 
Impertis, is non-local (can be used fr instantaneous transmission of information a infinitely large distances), instantaneous (exceeds sped of ight), 


simultaneously reaching out tsards every cll he by. 


‘he method is based np Quantum Physics specially, upon the theory and teclology of Polarized Holography, rhc ses the modulation of the holographic signal 
‘according tothe Kazyrea Mirror principle 


‘The method i based upon the special ality ofan eye to concert any linear signal int the holographic signal. The proces of thie cncerson consists inthe emergence of 
the scalar we diffraction gratin, polarization and refraction toward the zero center ofthe wwe erystal (torus). Since the universe is holographic, can record and 
transmit information only vi the holographic signa, and through the 2ero center ofthe wae crystal. The zero center of every toroidal wae crystal coincides from the: 
contr of every chromosome an te celular lec, and eeery atom and subatomic particle on the subatomic level tothe zera center of ur galaxy 


Any healing, rejavenation, and mental, psychic, and physical enhancement are has upon the ability to produce, control and enhance the holographic signal. The 

holographic signal instantaneously reaches the of eery sc erystal in otr body, fromthe subtonic an atom to he mle lve — from the zer center 

of our skull an every bone tothe zero center of very metacentric chromasome. Our eyes, skull ones and chromasomes are centered and focused snilar to our eye erystal 
according tothe aso the geometricl optics. 


Hence, the eye sa wer unique receiver, transmitter, and producer of the holographic signal. And that is pevisely shy sion fa trigger of nin activity. Vi conret 

triggering the holographic signal in the zero center of the ee crystal re can immeiately reach the zero center ofthe tral wc crystal of ur rain, thus dlcering 

‘controlling information instantancously into the zero center of the xe erysta of every metucentrc chromosome in el sion, and into the zero center of he wace 
crystal af every bone, 0 that ste cells are pragramined ina correct ry in the Bone mare, 


MINDTECH 
ENTERPRISES 


hitps/nanobrainimplant.con/2016/12/1 Jnow-available-russian-quantum-leap-tochnology-onhances-rmadna-cures-diseases-stops-bio-hacking/mind-tech- 
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Correct triggering consists inthe modulation of the holographic signal inthe ey. The modulation ofthe holographic signal in Tesla Glasses consists in (1) modulation 
try the Schuman holographic signal (2) madalation by Kanan Brain hulograpic signal; (3) mulation ly the holographic signal of a hal organ nd physiological 
syste, recorded upon the chip i the glasses. [combined oth the modulation by the narroband light-<matting diode sources of fice color, Research hd son that 
fio colors, use by the glasses, Benefit organs end physiological systems. The signal fr every colori prouced frm the holographic signl of healthy organs and 
‘Physiologic! systems, end, shen, i matched with the color. The signal of he color isnot simply the coer frequency. 


he carrer holographic signal is the inisiual holographic signal ofthe wser—the wnique indestructible nd uncreted] non-local wwoe mut of the user. This the 
primary holographic signal Te miuation holographic signals are the holographic enhancers, hich help the unique indestructible and wncreted] non-lecalwace 
Inatrx ofthe user get centered and focused in his dimension (on this planet. These are secndary holographic signals, 


The advantage of the glasses oer other Quantum Leap Polarized Holography devices that glasses use an eye as a filter for filtering out all harmful linear signals, hich 
sel nae crystal. For example, microace radiation shortens bain tacrs vin “ansaling” the inoluted we crystals, thus, literally lowering te intellectual 
patenta of people 


{https /nanobrainimplant.com/2016/12/06/nov-declassified-available-online-russian-quantum-leap- 
twchnology/240 f 68304591 ovk végieaneprauehii2gzahmel#9ymn/) 


Th ofthe Tesla Glasses is based not simply upon the superficial tinalation of innerooton. The simulation of nercation, tn of the eye muscles, aod 
circulation, regeneration, and enkaancenient ofall aher biochemical and bielectricl processes the bad are based uve the structural efcacy of Polarised Holography, 
ahi centers and focuses chromosomes, and prevents the transformation of metacentrc chromosomes into acroentre elromosomes, 


The modulation 


secondary holographic signals se abe) aloes forthe emergence of the most coherent and sophisticated scalar sac diffraction grating tat produces 
the more clear sro facus thin the somo erytal (of woe torus om every level fram the atomic, subatomic to cellular and molecular lces) 


‘The modulation occurs through the designated areas of Iris, ach one corresponding to a specific organ i the bad. sa result, the user acces the stimulation ofthe 
projcton zones in the Ii, cach one being connected too specific organ inthe boy 


In addition, Tesla Glasses use the same effec as the binaural therapy. Binaural therapy uses the stereo fc, wen signal none ear gets nt the awit delay in 
‘elation to signal inthe other ear. This produces the emergence ofthe complex scalar ome difaction grating inthe sul, based pore Kezyren Mirra principle 
(polarization, refraction and emergence ofthe zero center ofthe ome crystal). Similar to this, Tesla Glasses use the stereo eect of coor signal, shen colo signal in ome 
eget into the brain ith delay in elation to signal in the other ew 


Product by: 


https/nanabrainimplant.com/2016/12/1/now-available-russian-quantum-leap-technology-enhances-madna-curesdliseases-stops-bio-hacking/wave: 


genome!) 


in tuyn by the right eye, and, then, ty the lef eyeat regular 


(Ophthalmologists have four that al healthy poop have rythm alternation visual perception, Mon 


interes 


hese itercls ls for 2-3 seconds, The research ras conducted using moder 3D technologies. And fone ey is covered by abla filter, and the other eyes is cavered by 
the ed filter the healt person sees both enlors simultaneously onl separately. The lf eye ses 200% of the ing, andthe right eye sees 81% ofthe iu 


With age, hese ryt get broken. ut the restoration ofthe “biological lok” possible using Polarized Holography, modulate by color signa, eth the freuency of 


the alpha yen of the brain ofa healthy person. And as the posite ect, we cam achicwe a sgnifantrejucenation ofthe body © Irene Caesar 2015, 


The texts quoted from hltp://www wavegenom com (hip). wavegenom com) 


More information on Tesla Glasses is available, and Tesla Glasses can be purchased at: 


tp /www mindtech enterprises com/ (hitp://www.mindtech enterprises com) 


References 
(Quantum Leap, available from: 


Wave Genome 


ind'TechEnterprises 
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itp /wwww.mindtech enterprises com/ (hitp //www.mindtech enterprises com) 


Contact: 
Email 
mindtechtradewgmaiLcom 
Send A Message: 


tp /www sindtech enterprises com/ (hitp://www mindtech onterprisos com) 


Alfred Lambremont Webre Contact/News: 


https newsinsideout.com/2016/08/part-magnus-olsson-reveals-artificial-crystals- blood spread-via-smart-dust. 
ranshumanist-remot control 


PART |: Magnus Olsson reveals artificial crystals in his blood, spread via smart dust, are a Transhumanist remote 
Neural weapon for control (https://newsinsideout.com/2016/09/part-magnus-olsson-reveals-artificial-crystals-blood- 
spread-via-smart-dust-transhumanist-remote-neural-weapon-control/) 


PART I: Magnus Olsson reveals artificial crystals in his blood, spread via smart dus, are a Transhumanist remote neural weapon for control 
Transhumanist think tanks foreshadowed revelation in 2011 VOLVO TV ad — “Magnus Olsson: it gets in your blood” NewslnsideOut.com By Alfred 
‘Lambremont Webre WATCH EXOPOLITICSTV INTERVIEW VANCOUVER, BC. 


September: 


016 


In “AL Artificial Intelligence” 


EUCACH Director: Dr. Rauni Kilde radiated for four days with DEW. 


EUCACH Director: Dr. Rauni Klde radiated for four days with DEW. Remotely assassinated by NSA? By Alfred Lambremont Webre NewslnsideOut.com 
WAICH ON YOU TUBE VANCOUVER, BC Magnas Olsson, director of the European Coalition against Covert Harassment (EUCACH.ORG), revealed 
today in a NewslnsideOutcom interview that EUCACH Board of Disectors member, 
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‘https nanobrainimplant.cony2016/12/1 now available-russian-quantum-leap-technology-enhances-rmadna-cures-diseases-stops-bio-hacking/mind-tech- 
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bby mindcontroleurope « Posted in Man vs Machine, military, Mind Control, News, Uncategorized + Tagged attifical intelligence, biohacking, brain, disease, 
dina electronics health interfaces, magnus olsson, military military / medical dascifed research, neurohacking, quantum leap, ma, russian quantum leap, 
scalar targeted individual, ti, Transhumanism, wave genome 
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THE Reality of Magnus Olsson's blood — doctor’s report 


THE Reality of Magnus Olsson’s blood — doctor’s report 


1ups//nanobrainimplantcom/Yattachment id=1102) 


During my staying in Poland, in Lublin! met a specialist Dr, who took a sample of my blood from my finger and we watched this together through an. 
‘atomic microscope. 


| will not now describe what is wrong with my blood, but I want you to notice the cristal which was made artifcaly 
‘what this is doing to me: 


‘L-makes my blood, not circulate ina natural manner (blood is to dense ) 
2.damage DNA. 
3. Influence memory lack of memory ) 
44 you can not walk normally nor run, 
5. destroy your skin (you may have albinism ) 
‘6. having a hard time sleeping 
7-easy access tothe brain 
8.lack of oxygen 


ovenewoe 


and many other symptoms. 


‘There are millions ofthis in my blood. Every victim should da this checking with a doctor who knows about People Online and will check this blood with 
you through a atomic microscope, 


This, together with the waves RF, ELF, SCALAR, NEUTRINOS, QUATUM SPECTRA, LASER, SONAR and others is devastating. 
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tps nanobbainimplant com/2016/00/1/the-reality-of-magnus-olssons- blood doctors-report/magnus-olsson blood. 


The mos important fr uss to secure ourslys and then cure Lam naw working on breathtaking solution forall ous and hope we wil be re proty 


Love and Light 
Your Magnus 
THE Reality of Magnus Olsson’s blood ~ doctors report: 
(Cvimes against humanity are certain acts that are committed as part ofa widespread or systematic attack directed against any civilian population or an 
‘identifiable part ofa population: 
bitpsi/en.m, wikipedia org/wiki/Crimes against humanity (htips//en.m wikipedia ongwiki/Crimes against humanity) 


‘THE PENTAGON'S BLUE-SKY research arm wants fo trick out toops' brains, from the areas that regulate alertness and cognition to pain treatment and 
psychiatric well-being. And the scientists want to do itll from the outside in: 


itp//coogleco in/patents/US39511 (hips /google.o in/patents/USS9S1134) 

bitpsil/on.m wikipedia org/wiki/Rayleigh wave (httpsd/ien.m wikipedia onglwiki/Rayleigh wave) 
hitps/en.m wikipedia onglwviki/Migh Frequency Active Auroral Research Program 
(htps/en.m swikipedia-onglviki/High Frequency Active Auroral Research Program 


What it machine could read yourmind? 
tps /drive.google com file//0B4i7 Ua gNJFEMnpyemS}XIBPTT/view (https drive gongle con/fle//OB4i7 UaEgNFF/MnpyemS2X1BPTT view) 
‘While most developmental robotics projects strongly interac with theories of animal and human development, the degrees of similarities and inspiration 
betwen identified biological mechanisms and their counterpart in robots, as well s the abstraction levels of modeling, may vary a lot 
hitpsl/en.m avikipedia.ong/wiki/Neuron (software fhttps//en m wikipedia ong/wiki/Neuron %.28software%29) 

While some projects aim at modeling precisely both the function and biological implementation (neural or morphological models), such asin neurorobotics 
www humanbrainprojectou (http /wwww humanbrainprojec.eu), some other projets only focus an functional modeling of the mechanisms and constraints 
‘described above, and might for example reuse in their architectures techniques coming from applied mathematics or engineering fields. 
bitpsllon m wikipedia org/wiki/Developmental robotics (htips/en m wikipedia org/wiki/Devslopmental robotics 


htpss//m facebook com/A rhficial-Brain-Swoden-1014306015294202/(hitpsi/m facebook, com Atificial-tirain-Sweden-1014506015294202) 
‘What are the ethical issues involved in simulating a human brain and in technology derived from human brain simulation? 
Building computer models ofthe brain may challenge our concepts of personhood, free will and personal responsiblity, and the nature of consciousness. 
(Delgado stated that “brain transmitters can remain ina person's head for life 
“The energy to activate the brain transmitter is transmitted by way of radio frequencies. 
bttps//en.m. wikipedia ong/wikiJos%4C3%A9 Manuel Rodriguez Delgado (hitps/en.m wikipedia org/wiki/los'sC3'4A9 Manuel Rodrigue, Delgado)) 


hitpsdrive,google comy/fl/d84i7 Ua gNFIZI9L1Bipbe NITWA/view (https drive google com/file/d/004i7 UaEgNSFZMiLI1BpbeNITWAvew) 
In medicine, brain simulation could make it easier to communicate with people who cannot speak (eg. people with severe disabilities, people in a vegetative 
state or with locked-in syndrome) orto enhance cognitive function in people with cognitive disabilities (e.g. dementia trauma and stroke victims, et.) 
hitpsdon m wikipedia org/wiki/Wetware (brain) dhitps//en m wikipedia onglwiki/Wetware ‘2Sbrain'.29) 
Asin other fields f science, it also possible that new knowledge about the brain will be abused - deliberately, for example to create new weapons —but also 
involuntarily, because society does not realize the power and consequences of new technologies. 
bitpsfim facebook, com/Martin-Ingvar-K1-1528410917453814/(hiips//m facebook, com/Martin-Ingvar-KI-15284 10917453814) 

For instance, it may be possible in the future fo use knowledge about the brain to predict and modify individual behaviour, or even to ireversibly modify 
behaviour through electrical stimulation ofthe brain, pharmacology or neurosurgery. In cases of intractable mental disease, this may be desirable, but in 
‘other cases the costs and benefits will be debatable, One example of debate is whether society should allow cagnitive enhancement in healthy people 
Similar considerations apply to technology. Future computers that implement the same principles of camputation and cognitive architectures as the brain 
have enormous potential to improve industrial productivity and offer new services to citizens 
Hovvever, they could also be used to implement new systems of mass surveillance and new weaponry 
bnitpsl/m youtube, com/watch?v=odbd. Bad gCMésfeatureeyoutu be (hifps/m, youtube.com watch?v=o%bd-B2dg¢Mésfeature=youtu be 
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lf such systems came into widespread use they would undoubtedly have a huge impact on patterns of daily life and employment ~ this could be both 
beneficial and detrimental 
hutpss/iy ww humanbrainproject.ew/faq/ethic (htps://www.huumanbrainproject eu/fag/ethics) 


This is what i's all about: 
Jhtps/m. youtube, com/watch?y=01hbkhshXEké&featuresyoulu.be (https/m. yvoutube,com/watch?v-01hbkinghXEéfeaturesyoutu be) 
The development of your Future connected toa mindreading machine: 
bttps/wwu rt com/usa/2655029-urzwel-google-hvbrid-brail (https /www.r.com/usa/265029-kurzweil-google-hybrid-brain 


hitpujwwu:ted.com/alks/ray kurzweil get ready for hybrid thinking (htipJ/www.ted.comialksiray kurzweil get ready for hybrid thinking 
‘And the developing of Future Surveillance 
bttpsl/n youtube, com/watch istsPLODCCHaTYZSKaMPrLeUzNbIMsIECi9 Oiéev=30seQeBL-Te(hitps/m youtube comvatch? 
list=PLODCCHoTYZ8KaMFrLsl/zNDIMsIECI9 v00sv=30seOeBI-Te) 


bttpsl/m youtube. com/watch?feature-youtu betev=pWIHACMaOME (httpsd/m voutube.com/watch?feature-youtu betv=pWIHACM2OME) 
Imagine what US could do if they could master the nanoparticles that are distributed in vaccine to human's worldwide and use them for remote neural 
ronitoring 
bitps//mind-computer.com/2012/12/20/remote-neural-monitoring-a-technology-used for-contrlling-the-human-brain/ (https/mind 
computer.com/2012/12/20/remote-neural-monitoring-3-technology-used-for-controlling-the-human-bra 
"Nanoparticles BMI hitps/en.m,wikipedia.org/wiki/Brain%sE2%S0%93computer interface 

{https//en m.wikipedia.org/wiki/Brain'E2%.80%93computer interface) in vaccine 

[Nanofluids alsa have special acoustical properties and in ultrasonic fields display additional shear-wave reconversion ofan incident compressional wave; the 
cffect becomes more pronounced as concentration increases 
bltpsd//en.m swikipedia.ong/wiki/Vaccine (htpsd//en.m wikipedia ong/wiki/Vaccine) 


bitps//en.m wikipedia org/wiki/Aluminium (htips//en m, wikipedia org/wiki/Aluminium) 


bttpy/sharpbrains.comvblog/7015/05/19/non-invasive-brain-stimulation-moets-nanotechnology/ (http //sharpbrains.com/blog/2015/05/19/non-invasive-brain- 
‘stimu lation-meets-nanotechnology 


itp lobalbiodefense.con2012/07/28/darpa-program-hits-mileston 
http /globalbiodefense.com/2012/07 28/darpa-program-hits- milestone 


plant-hased-vaccinesfor-pandemics) 
plant-based-vaccines-for-pandemics/) 


bttps//on m wikipedia org/wiki/Nanofluid (https//en m, wikipedia org/wiki/Nanofluid) 

This speaks volumes about the hidden impact certain vaccines may have on yout body’ and your brain in particular. 
ttpu/articles mercola.com/sites/articles/archive/201 1/08/N6/vaccine-ineveases-narcolepsy-by-660-percent aspx 
http articles mercola.com/sites/aricles/archive/201 1/08//vaccin-inereases narcolepsy-by-660-percent aspx) 


Delgado stated that “brain transmitters can remain in a person's head fo ite. 
The energy to activate the brain transmitter is transmitted by way of radio frequencies. 
bttps//on m wikipedia org/wik/lostiC3%A9 Manuel Rodriguez Delgado (htipsifen.m wikipedia org/wik/los'.C3%4A9 Manuel Rodriguez Delgado) 


https /www google com/patents/DEN253433A I?e-enfeda-inassignee%3A (hitps//www google com/patents/DE10253433A I?l-ensedqinassignee%3A) 


bttpsl/archive.org/details/pubmed-PMC4086207 (httpsy/archive.org/details/pubmed-PMC4086207) 


hutpss/en.m, wikipedia org/wiki/Neuroroboties(htips/sen.m wikipedia ong/wiki/Neurorobotis) 


|itpsl/drive.google comy/fle/d/O154i7 Ua gNFFFellOYWFEMHd3RnM vier (hitpsy/rive google com /file/A/OB4i7UaE gNfFtell0Y WEEMEd3RnMiview) 


bttps//on m. wikipedia org/wiki/Cubornetics(htips//on m, wikipedia ong/wiki/Cybernetics 


bitps//en.m wikipedia ong/wiki/Target Motion Analysis (hitpsd//en.m wikipedia ong/wiki/Target Motion Analysisl 


bispuvww raytheon com! (http://www raytheon com 
In analysis such as computational fluid dynamics (CFD), nanofluids can be assumed to be single phase fuids. 
tp /www datacentendynamies com/news/sgi-gives-us-military-the fasest-supercomputer)91007 fullatile(http/www datacenterdynamics.com/news/egi- 
ivesus miltary-th-astest-supercomputer/91007 fullartcle 
The Worldwide Security Grid: MATRIX Smartdust isa system of many tiny microolectromechanical systems (MEMS) such as sensors, robots, or other 
views that can detect, for example, light, temperature vibration, magnetism, or chemicals. They are usually operated on a computer network wirelessly 
and are distributed over some area to perform tasks, usually sensing through radio-frequency identification. 
http www foi se/en/Customer-Partners/Projects/Edge Edge! (hitp/www foi selen/Customer.-Partners/Projects/Edge Edge! 
Without an antenna of much greater size the range of tiny smart dust communication devices is measured ina few millimeters and they may be vulnerable 
toclectromagnetic disablement and destruction by microwave exposure. 
bttpsv/en.m,wikipedia org/wiki/Smartdust (htps//en m.wikipedia.ong/wiki/Smartdust 
The Grid Security Infrastructure (CS, formerly called the Globus Security Infrastructure https//en m,wikipediaorgwik/Grid Security Infrastructure 
https//on m,wikipedia org/wikilGrid Security Infrastructure), isa specification for secret, tamper-proof, delegatable communication between software in a 
‘Fd computing environment, Secure authenticatable communication is enabled using asymmetric encryption. 
hitpy/ieeexplore ieee ons/xpVogin jsp? 
roload=truettp armumber=60286834eurl-hitp's3 A%2F2Fieeexplore eve org i2Fxplsti2Fabs alljsp 
hitp/iesexplore ese ong/xpl/login sp? 
reload =truefetp carnumber=628683tcurl-hitp's3A°%2F%2iesexplore ieee.org2F pl 2Fabs all jp %.3Famumboe'sSD6028683) 
In software engineering, the terms “front end” and "back end” are distinctions which refer tothe separation of concems between a presentation layer and a 
data access layer respectively 
The frontend isan interface between the user and the back end. The front and back ends may be distributed amongst one or more systems. 
In software architecture there may be many layers between the hardware and end user. Each can be spoken of as having a front end and a back end. The 


Farnumber'iSD6028685 
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fronts an abstraction, simplifying the underlying component by providing a user-friendly interface. 
hitpsv/en mavikipedia org/wikiPervasive_ game (hitpsJ/en.m wikipedia arglwikiPervasive game 
In software design, for example, the model-view-contrller architecture provides front and back ends for the database, the user and the data processing 
‘components. The separation of softwate systems into front and back ends simplifies development and separates maintenance. A rule of thumb is that the 
front (or client") side is any component manipulated by the user. The server-side (or "back end") code resides on the serve. 
bitps//en.m wikipedia orgiwiki/Eront and back ends hitpsJ/en.m wikipedia onglwiki/Pront and back ends) 


bitpsd/m youtube.com/watch?v-o9bd-B2dgCM feature-youtu be (https/m.youtube com/watch?v-obd-B2dgCM&efesture=youtu bo} 
The Utah Data Center also known as the Intelligence Community Comprehensive National Cybersecurity Initiative Data Center, isa data storage facility for 
the United States Intelligence Community that is designed to store data estimated to be on the order of exabytes or large. 
Its purpose isto support the Comprehensive National Cybersecurity Initiative (CNC), though its precise mission is classified 
bttpuitwww defense,gov/News/Speeches/Specch- View/Article/605635 (htip ww. defense gov/Nows/Specches!Speech-View/A tice/ 606535) 


https ww iarpa gov/index. php /research-programs/neuroscience-programs-at-iarpa (https:/www iarpa gov/index. php research programs/neuroscience- 


programsatiarpal 


bttps//en.m. wikipedia org/wiki/Wetware_(beain) (htps://en.m wikipedia ong/wiki/Wetware 


:28brain'i29) 


http://www datacenterdynamies com/news/sxi-gives-us-military-the fastest-supercomputer!91007 fullatile (http /wwww datacentordynamics.com/news/sgi- 


sivesus-miltary-the-fastestsupercomputer/91007 fullartce 


itp: bioethics gov/nodel4704 (hip /bioethies gow/node/4704) 


bitpsd/m facebook com/Brain-Print-1585272778401001 (hts: /m facebook com/Brain-Print-1585272778401001/) 
Te National Security Agency (NSA) leads operations atthe facility as the executive agent forthe Director of Nationa Intelligence. 
Itis located at Camp Williams near Blutfdale, Utah, between Utah Lake and Great Sat Lake and was completed in May 2014 at a cost of $1.5 billion, 
itps//en.m wikipedia org/wiki/Utah Data Center (htps://en.m wikipedia org/wiki/Utah Data Center 


‘Any Questions? 


bttpu/twww lifecoachcode.com/2016/05/28/the father-of fractal-geometry-rovealsthe-pattern/ (http//www lifecoachcode com/2016/05/28/the-fatherof fractal 


geomety-reveal-the-patter/ 


In the computer software world, open source software concems the creation of software, to wintelligence. 
hiipsv/en mwvikipedia org/wik/List of artificial intelligence projects (ttpsd/en.m wikipedia ong/wiki/List of artifical intelligence projects) 


bttpsl/m facebook com/Arificial-Genocide-171627654 


3944) (httpsim facebook com/ Artificial. Genocide- 1716276305 28394) 


bttpsl/m facebook com/Doomsday-Computers-AGI-ASI-516866275144461/(hitps/im facehook.com/Doomsday-Computers-AGL-ASLS16865275141461) 


bitps/m voutube.com/watch?list-PLODCCHoTYZ8KaMErL+UzNbIMsIECi9vO08.v=g1IVBN Véztw (hitps//m youtube. com/watch? 
list=PL9DCCHoTYZ8KaMFrLaLJzNbIMsIECi2vO0dev=gIVBN Vert 


NBIC #DualUse'Technology ¢HBP #LofarLois¢Ericsson ¢1BM sSGI #Raytheon ¢NSA #MilitaryNanoTechnology #Brainlnitiative #Neurobthics 


hich access to the underlying source code is frely available. 
This permits use, study, and modification without restriction. 

In computer security, the debate is ongoing as tothe relative merits ofthe full disclosure of security vulnerabilities, versus a security-by-obscurity approach, 
There isa different (perhaps almost opposite) sense of transparency in human-computer interaction, whereby a system after change adheres to its previous 
‘external interface as much as possible while changing its internal behaviour. 

That is, a change ina system is transparent to its users ifthe change is unnoticeable to them. 
bitps/on m wikipedia orgiwiki/Transparency (behavior (https/en.m, wikipedia org/wiki/Transparency ‘\2Sbehavior'429) 


All Human's are Computers in Ubiquitous Computing that are monitored by Arlfcal Intlligence/ Ambient 


By mindcontroleurope # Posted in Implant for Synthetic Telepathy, military, Mind Control, Nano Brain Implant, Nano ICT Brain Implants + Tagged artifical 
intelligence blood, brain-computer-interface, doctor, intelligence-gathering, magnus olson, mind contzol poland, post doctoral research, waves, world cach 


Assassination is the murder of a person, often (but not or ruler, usually for 
political reasons or paymen. Or the common man. 


Assassination is the murder of a person, often (but not always) or ruler, usually 
for political reasons or paymen. Or the common man. 
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‘https/nanobrainimplant.com/2016)08)05/assassination-is-the-murder-of--prominent-person-often-but-not-always-orruler-usually-forpolitical-reasons-or- 
‘paymen-or-the-common-man/brain-contrl-2 


‘An assassination may be prompted by, political, or military motives it isan act that may be done for financial gain, to avenge a griovance, from a desire to 
acquire fame or notoriety, or because ofa military, security or insurgent group's command to carry out the homicide 


The World Coalition against Covert Harassment is commited to raising awareness tothe egal systems as well s to the medical and scientific community to 
the crime of illegal biomedical and weaponry research committed on citizens in the European Union and beyond. As a European network, EUCACH acts as 
2 lobbying and advocacy platform towards the EU. Using our international network of scientific and technology experts, partner civil and human rights 
‘organisations as well as important stakeholders in civil socicty, we provide consultancy services tothe EU Institutions based on our expertise. UCACHYs 
longanisational goal ist influence EL legislation and the decision-making process in calling for a worldwide ban on weapons that might enable any form af 
‘manipulation of human beings. 


COnline-comnscte brains and neural networks, 
ICT" = Information and Communication Technologies 
BMI" = Brain Machine Interface, brain-computerintecoanecton 
“FEY” = Future and Emerging Technologies 
“S1" «Synthetic Telepathy 
°AL = Artificial Inteligence. 


(On the road to mind control: DARPA's new program will use a chip to connect brains. For additional background to the latest press release from DARPA 
posted in full below, l encourage you to read the following selection of linked articles 
Where I discuss the scope and chranology’of what is being studied. Therein, you will ind that the US. BRAIN Initiative and its European counterpart, the 
‘Human Brain Project, are not spending mult-bllions of dollars on neuroscience research 
simply to help people with Post Traumatic Stress Disorder and organic brain dysfunction. It is, perhaps first and foremost, a military endeavor that has wide 
‘amifications if even 1/10th of what is being studied comes to fruition. In shor, is more about mind control than it is about brain restoration and 
Improvement. Please keep this in mind when you tead DARPA’s emphasis on “new therapies." *Obama Doubles Down on BRAIN Project and Military 
‘Mind Control 


‘*Mind Control Scientists Find New Memory Manipulation Technology 
‘Secret DARPA Mind Control Project Revealed: Leaked Document 
“The 9 Goals of Mind Control: Interim Report 
“New Mind Reading Research Aims to Synchronize Humans 
“*Nanoparticles Enable Remote Control Brains Via Magnetic Field: New Study 


DARPA Press Release: 


https: //nanobrainimplant.com/2014/12/17/disturbing-weapons-now -being-used-on-the-masses/darpa/ 
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Anew DARPA program aims to develop an implantable neural interface able to provide unprecedented signal resolution and data-transfer bandwidth 
betwoen the human brain and the digital world. The interface would serve as a translator, converting between the electrochemical language used by neurons 
in the brain and the ones and zeros that constitute the language of information technology. The goal isto achieve this comminications link in a 
‘biocompatible device no larger than one cubic centimeter in size, roughly the volume of two nickels stacked back to back. 


The program, Neural Engineering System Design (NESD), stands to dramatically enhance research capabilities in neurotechnology and provide a foundation 
for new therapies 


“Today's best brain-computer interface systems are like two supercomputers trying to talk to each other using an old 300-baud modem,” said Phillip 
Alvelda, the NESD program manager. “Imagine what will become possible when we upgrade our tools to really open the channel between the human brain, 
‘and modem electronics” 


Among the program's potential applications are devices that could compensate for deficits in sight or hearing by feeding digital auditory o visual 
information into the brain ata resolution and experiential quality far higher than is possible with current technology 


‘Neural interfaces currently approved for human use squeeze a tremendous amount of information through just 100 channels, with each channel aggregating 
signals from tens of thousands of neurons a a time. The results noisy and imprecise. In contrast the NESD program aims to develop systems that can 
‘communicate clearly and individually with any of up to one million neurons in a given region ofthe brain 


Achieving the program's ambitious goals and ensuring that the envisioned devices will have the potential to be practical outside of a research setting will 
require integrated breakthroughs across numerous disciplines ineluding neuroscience, synthetic biology, low-power electronics, photonics, medical device 
packaging and manufacturing, systems engineering, and clinical testing. In addition to the program's hardware challenges, NESD researchers will be 
required to develop advanced mathematical and neuro-computation techniques to first transcode high-definition sensory information between electronic and 
cortical neuron representations and then campress and represent those data with minimal loss of fidelity and functianality 


To accelerate that integrative process, the NESD program aims to recruit a diverse roster of leading industry stakeholders willing to offer state-of-the-art 
prototyping and manufacturing services and intellectual property to NESD researchers on a pre-competitive basis. n later phases of the program, these 
‘Partners could help transition the resulting technologies into research and commercial application spaces. 


To familiarize potential participants with the technical objectives of NESD, DARPA will host a Proposers Day meeting that runs Tuesday and Wednesday, 
February 23,2016, in Arlington, Va. The Special Notice announcing the Proposers Day meeting is available 
athttps/www Abo gov/spg/OD A/DARPA/CMO/DARPA-SN-16-16jisting html. More details about the Industry Group that will support NESD is available 
athitps/jwww bo gov/spg/ODA/DARPA/CMO/DARPA-SN-16-17/isting.html A Broad Agency Announcement describing the specific capabilites sought is 
available at hep /go.yea.gow/eP474 (http acebook: com/L php? 
AMI PAF go usa, gov%42FcPa7 schol AQKy59EAQFORISEDxbgXa7Y rindsR25iSKphNuNéza eenc=AZOpn7sI¥ v1 piSigSXGt 


‘wvg-ZsaREHOxwob2USUXtsfaChxig3Gvihs7K6Hhn GtnohK AUsHegAY WBOSRU Fa KDruexd vs 


{eDihifiw Rn ZiufpThFopSHBD38Z38K hOm XzcBN pF vy HixaCSI giM-FvdH37GalsSKne2ouJUKZ13EEs=1 


ws NgXsCOroBASAt 


DARPA anticipates investing up to $60 milion in the NESD program over four years. 


ESD is part of a broader portfolio of programs within DARPA that support President Obama's brain initiative. For more information about DARPA’s work 
inthat domain, please visithitp:/www darpa mil. Jour, /darpa-and-the-braininitiative(hitp/L facebook com/Lphp? 
ushitpSi3%.2F2Fwww.dacpa.mil%.2Eprogram’s2Four-zesearch®2Fdarps-and.the-brain-initiativatdh= HAQECC NjAQEZD20KSMYSVLSSyN- 
SEklv VbubU9L 2 VZeKmOdenc= AZN CW 9R2i6UySIFdAg6UIBSYM30uSN. </KmEONOI dovih7IHkHY CtvgGON OP mELXHOukdGm Xs0kWiHDiv7 abl MSt 
exSvsP PMV GzyRONDSIOL FaQu7VEVgmreS8u3yG7HINGAMSLSZVin= SudessL 


FET and ICT research and development (ofthe new “computer — brain language”) allows computers to read and learn human thought patterns by using 
Injectable brain ~ machine ~ interface, 


About the same brain-machine interface has has been used to cure Parkinson's disease, Alzheimer's and depression can also be sed for accessing the brain's 


{httpe/nanobrainimplant.com/ 2016/08/05 /assassinatio Jout-not always-or-ruler-usually-for-poltica-reasons-or- 


Digital Mind 
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(Left) How not to make a mains voltage soldered joint. This solder joint went "dry" 
and starting arcing, nearly destroying the attached equipment. Itis also a fire 
hazard. 


(Right) The same mains connection, the wire merely being ‘tacked on’ with a blob of 
solder. 


First Aid 
If you are unlucky enough to receive burns which require treatment, here's what to do ~ 


Immediately cool the affected area with cold running water for several minutes, 
Remove any rings etc. before swelling starts. 

Apply a sterile dressing to protect against infection. 

Do not apply lotions, ointments ete,, nor prick any blisters which form later. 
Seek professional medical advice where necessary. 


yeepe 
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Professor Goran Hermerén OPINION OF THE EUROPEAN GROUP ON ETHICS IN SCIENCE AND NEW TECHNOLOGIES TO THE EUROPEAN 
‘COMMISSION (ETHICAL ASPECTS OF ICT IMPLANTS IN THE HUMAN BODY) March 2005 


Link te document 


The new software forthe brain-machine interface in nano electronics combined with “Europe's new information technology” provides the researchers with 
the possibilities for reading and taking “software images” ofthe brain's neuron network, 


‘A method that provides high-resolution copies of the brains cognitive behavior and human perception 
Tomorrow's high-speed computers and related research has evolved into a sophisticated “computer game” with “mind reading” on real people 
These research methods ae unknown to our society's legal system! 
So how can research on the bean by “serious” (criminal) organizations in CT-FET be stopped? 


‘SYNTHETIC TELEPATHY for medicine or mind reading is a direct communication with nanoelectronics between computer and human brain, 


‘Synthetic telepathy isa communication system based on thought, not speech. 


It can be used to contral for example a prosthesis and cure diseases such as Parkinson's disease but can also decade the patterns used to study cognitive 
behavior such as memory, learning and emotion, With nano technology, the digital information can be recorded using the new quantum-inspired computers. 


Simulation of behavior can be identified and provide diagnostic data far identifying the precursors ta diseases such as dementia, stroke and myocardial 
infarction 


This letter is intended to demonstrate a paradox in the Swedish so-called "protection of human rights” and thus the entire Swedish justice system. Synthetic 
telepathy could, as practiced in Sweden, ie behind an unknown number of violent crimes and suicides due to research deliberately kept hidden from 
regulators 


Doctors and psychiatric diagnose people with “voices in his head” following theie “manuals, DSM-IV (Diagnostic and Statistical Manual of Mental 
Disorders) published by the American Psychiatric Assocation and the ICD-10 (Internationa Statistical Classification of Disorders and Related Health 
rblems) 


This isan old-foshioned black and white and diagnose when the EU priority FET [CT research and develop new information technologies adapted tn-nano- 
electronics. 


:mind-control-weapons 


Ulf Gorman writs in the book that with nano technology, we open the doors to an unknown area where we do not know how to apply ethics. What should 
bbe and what should not be allowed when you implant a chip that can both read and influence the brain? He takes the example of studying learning and 


“Micro Implants can provide unprecedented opportunities to understand how we learn and remember things, and hence why we forget and find it ifficult to 
lear. And it can be understood asa form of abuse to look like that into our most private mental world 


‘Lund University writes about the development of nano-electrodes that can both listen and communicate with neuronal synapses and their cell membranes. 


EU priority ICT and PET research are talking about a “A whole new communication technology in Europe" “It will help us understand and exploit the ways 
in which social and biological systems, organization and evolution, will pave the way forthe development of new opportunities for next-generation software 
‘and network technologies" 

To understand how the human brain works not only leads to innovations in medicine but also provides new models for energy, fault-tolerant and adaptive 

‘computing technologies 
‘An initiative ofthe Vietual Human Physiology that are individually tallored and virtual simulations ofthe human body where you would expect enormous 
‘progress in disease prevention and health care, 
The pionvering work carried out also on new ideas such as artificial living cells, synthetic biology, chemical communication, collective intelligence and two- 
‘way interface between brain and machine. 


‘https/nanobrainimplant.com/2016)08)05 assassination is-the-murder-of--prominent-person-often-but-not-always-orruler-usually-for political-reasons-or- 
aymen-or-the-comman-man/ew 


Brain reading 
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Other sources, eg The UCI (University of Califomia Irvin. Department of Cognitive Science) describes the development of Synthetic Telepathy: 


Collaboration between cognitive science, neuro-science, specialists in speech recognition and brain imaging will develop a brain-machine interface, This 
device could help paralyzed and soldiers would be able to send messages directly fram the brain to a computer. 


Researcher Michael D'Zmura, President of the UCI describes tha the system begins with “the litle voice in vour head” 
How can a medical diagnosis unequivocally describe people's perception of voices in their head and that no alternative can exist except mental disease 


Why? -because 


{is a prerequisite tobe able to “hear” voices for the use of new information technology? 
This is why these resoarchers must be forced to go public and announce this new scientific eammunication technology 


This paradox must be investigated immediately. With the exclusion of the development ofa Swedish and European military force with superior two-way 
“radio” communication with the brain, 


{hitpsynanobrainimplant som/2012/07/1 /scientists-humans-and-machines-will-menge-in-futune/imagescavernui 


A number of past court cases are more or less directly caused by $"T This “voice to skull” technology must immediatoly be taken into consideration as an 
alternative fr triggering a numberof previously committed violent crimes and suicides. 


During the development of BMI, software and network technologies are also computerized and long distance imaging of peoples cognitive behavior and. 
perception. Material that is recorded inthe computer that runs the real time simulation and creation of artificial intelligence (for initializing AL and 
‘computerized decision making.) 


The image of the brain's “machine-code" is probably the most comprehensive and advanced ever made. Cognitive behavior depicted and simulated, 
language and meaning ofthe words forthe subjects are identified. Human perception and mapping how the brain handles information, the image of 
‘mathematics reached its perfection, 

‘neuron wave A new research scandal and the fatal consequences fr the wider community 
Around the clock the computerized study goes on using collective, actificial intelligence and self-learning systems, The victims testimonies tells us that you 
can sadly conclude unequivocally that the studies will not be completed until the victim in one way or another has been broken dawn and / or otherwise 
inactivated. 

This provides power to simulate decomposition forthe digital copy thus the fact thatthe criminal esearch will not end and is never disclosed. 
Descriptions to the vulnerable people who eat psychotropic drugs due to their experiences the experiments and testing goes on, various medicines can affect 
the “test objects" (or guinea pigs) everything is recorded and compared with previous values (from the multi-annual copy of their real-time neural network 
tnd thus the registration of their behavior.) 


‘Obviously this is a disgusting and illegal way to meet the advanced development of tomorrow's medicine 


The “studies” have resulted in enormous damage to many subjecs.The number of unrecorded victims/subjects is probably very high Familos are 
fragmented, the children ofthese families are suffering tremendously. One of the subjects have recently been hospitalized with a cracked skull, caused by 
disconnecting the balance system remotely. The accident occurred in public settings. 


‘A new research scandal and the fatal consequences for the wider community 
To influence the balance system is another typical example of how technology is used against the victim to incapacitate them for society. Direct assassination 


attempts on several previous occasions orchestrated by the brain control deliberately strikes out the human balance system, Why this happens is likely as an 
alternative to the mentally ill to be treated (as “possessed") or having a neurological disease. 


ea 


(hep /nanobesinimplant com /2012/06/03/2050-and -immortality-is-within-our-grasp/imagescaaztarn/) 
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Brain — copying with BMI and broadband access is definitely no longer a marginal research Employers have over the years lost millions of dollars and cut- 
downsis to be expected due to excluded employees. Broken families children who, years later can not study or work is now forced to seek psychiatric care 


Siblings, grandparents and their closest friends are suffering tremendously. Advanced Medical and hospital care due to study design is a mockery of health- 
care and doctors who are not familiar with this research. Insurance in the multi-million figures was raised through direct damage caused by brain contol 
Property far millions of dollars are los. 


Injuries and privacy intrusion of thousands of people is done through “volunteers” that serve as multimedia machines ie node forthe recording of all 
contacts they have, such as politician, scientists lawyers, friends, acquaintances relatives, intemational business relation, et: 


‘Security codes, access codes tc. is with the new technology no longer private How can we know that people are not equipped with the new brain-machine 
interface which makes the person 2 multimedia application witha function as live missile is already deployed as nodes in the politcal and financial world 
of illegal recording oftheir conversations with the world? 


A sinister JOY seoms to embrace the researchers and perpetrators over this superior and powerful too for mind control and copying brainwave patterns. The 
tool is, without a doubt, a weapon of offense and stealth 


Implant technology in these forms should immediately be classified asa lethal weapon! It communicates directly with the brain’s neurons and can bring the 
entire neural nervous system to a halt (Exclusion of balance can be immediately implied on a victim.) 


The technology is now used for purposes of breaking down the persons psyche, with serious accusations threats, mock execution, incitement to suicide, 
physical violence, eg, decrease and increase heart rate, pain in and around the heart, sevore chest pains, sudden and painful headaches, difficulty to breathe, 
tampering with rectum, prostate and muscles to name a few. 


The macabre inthe use ofthis technology is that subjects are exposed to these atrocities while the society is not legally able to influence the situation. Sweden 
I in this matter a lawless country where the researchers grossly exploit the situation. 


or 


{https//nanobrainimplant.com/201303/24/brain-control-war-too-big-to-failimagescaay7a87/ 


Face mind 


This ultimate humiliation has reached a whole new level. The researchers tries with the enforced communication and slow decomposition enslave people 
‘with exhortations to try to see the individual results ofthe brain control, One can calculate due to the natare and perennial perspective that there are 
naturally a unrecorded number of people who have been driven to madness and death with this technology 


There is nowhere the vitims can hide or escape the access signals to their thoughts. Scientists simulate with computers, 4/7 365 days.a year to break down, 
the subjects and stop them from trying to understand what's happening to them. 


AA series of grotesque roles played in order to manipulate the brain, threats and statements that are mixed with modern technology. It is also inthe 
researchers! strategy to make the picture unclear forthe subjects if they attempt to get an overall picture of who the perpetrator is and the real goals ofthe 
research, a military strategy conducted by veterans and experts in the matters 


The disrespectful research performed and visualized in a 3D vietual game world inthe researchers’ computers, with no ethical boundaries and human rights 
but with real living human beings as “avatars”. Iti quite similar to the popular interactive game “The Sims, But this game delivers human reality-based 
‘measutement data for research, 


Cover-up of brain monitoring technologies means thatthe crime is waterproof, human rights laws and manipulated by a hidden militant regime researcher 
‘with expertise in information technology. In addition, the researchers say they in the dialogue tbe the police powver which in itself is an extremely serious 
ofense. 


For the victims former high-performance hard-working people with families, children, an orderly life and socal cantacts. People who all his life boen 
performing taxpayers. Because of a work-related mental fatigue and time on medical therapy sessions with the scientists the opportunity to take advantage 
‘ofthe situation of persons for investigation and contemporary development ofthe new BM and brain monitoring technologies 


‘As these technologies and opportunities are not announced, but several instances re-written, must be able to use knowledge and skills which are available 
‘Sweden is a small country and the people engaged in this activity may not be so dificult to identify and sto. 


The researchers in these studies have assumed the right that during the permanent reproduction of human neurotransmitter in the long term also destroy 
them and their life's work. The issue is called for; How affected society to know thatthe violent crime and saicce has been performed in the Stockholm area 
and Europe in recent years and clearly diagnosed as being caused by mental illness with the voices in heads isan expression of pure brain research 


By: Magnus Olsson 
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https inanobrainimplant.com/2013/04/29/ns9-mind.control-and-peyops-2/nsa/) 


HOW WE DO IT. 


18 Awareness-raising campaigns to disseminate information and mobilise public opinion on the issue of cavert technologies and techniques that enable the 
manipulation of human beings 


Providing expert consultancy to key decision-makers on the creation of appropriate EU legislation to protect citizens from this kind of covert crimes. 


‘Organising networking events (workshops, seminars, conferences) involving all actors concemed to exchange experiences and best practices forthe 
tstabishment of clea ethical boundaries ta strictly regulate the use of systems enabling the manipulation and contral of human beings. 


Itis our philosophy that all men are equal before the law. Everybody's right to life shall be protected. Nobody shall be subjected to torture or held in slavery 
‘Any technologies and techniques capable of endangering the human physical and/or psychological health, to modify the individuals’ autonomy and affect 
their dignity should be strictly prohibited 


Read more about ICT — implants atthe European Group on Ethics and New Technologies: 


hitp//eceuropa.cu/_. Jeuropean-group-eth,_ docs/avis20 en pf (http //ec europa eu/bepa/european-group-ethiesidocs/avie20 en.pdl 


Terminology used in the document 


Cybemetics yi Magnus Olsson 
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eceuropa.cu 
By: Magnus Olsson (Sweden) 

By mindcontroleurope + Posted in Computerbrain, Implant for Synthetic Telepathy, military, Mind Control, Uncategorized + Tagged artifca-intelligence, 

brain, brain implant, brain implants cross sectional area, slectrcal sistance, su brain, inteligence-gathering, magnus olsson, military / medical classified 

research mind, tranecranial-magnetiestimulation 
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Worldcach.com’s Leo Angesleva (Sweden) about Mind Control and the 
Transhumanist Agenda and Alfred Webre 
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Alfred Lambremont Webre, Worldcach.com’s Leo Angesleva (Sweden) about 
Mind Control and the Transhumanist Agenda 


Interview with Aled L 
and the US. Army, al 


U7falfred-Lambremont.wele-avorldeach come lev-angesleva-sweden/woeld-cach/) 


https //nanabrainimplant com/2016)07 
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Magnus Olsson launches World Coalition against transhumanist neural 
robotoid agenda 
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Magnus Olsson launches World Coalition against transhumanist neural 
robotoid agenda 


iframe width="640" height="360" 


World Coalition against Covert Harassment (Worl/CACH) 


(https /nanobesinimplant com/2013/0/11/are-people-superfluousi/) 


‘STATEMENT OF GARY OWEN 


resident of World CACH 2 days 
sturdy, we appointed the 


Iwas Sunday 28" of February 2016, Magnus Olsson was staying at my house in Spain, [had been appointed the Vi 
before, We were planning the roll out of the World CACH, deciding the agenda of the organisation, we had a great day on the 
technical director, spake to one of our legal team Alfred Lambremant Webre, he's the guy that won the war crimes tribunal against Tony Blair and George 

Bush, We explained that what we wanted to do with World CACH was to set up a Global Intelligence Servie that acs forthe people against the 
ernment and security 


Governments and security services that na longer represent the people, an take the Masons who have infiltrated all levels of th 
Services tothe war crimes tribunal for genocide and racketeering against the population of earth. He thought both ideas were sensational and invited us to 


'g0 on his showy the following day, which would go out to 250,000 people. 


(On the Sunday, [started hearing the high pitched noise again in my ear had not heard it fora few days, since Magnus arrived, and all of a sudden it was 
back along with the voice to skull. We were to meet for lunch with some people and later tall on Skype with William Binney and then da the show with 
Alfred where we would break the news t the world about what we were doing, It was only 30 minutes to the hinch meeting and Uhad heaed nothing fom 
Magnus, s0 I went down to the apartment he was staying in below my house. [knocked on the door and he answered saying he needed medical help, he was 
{na terrible state, He was physically shacking none stop, and his face was bright red with a high temperature. 


sl 


(https Jnanobeainimplant comlinks/globe1 01-2 


said we 


antibiotics as i looked like a virus. The Chem 
walked, he was on the verge of passing out none 


Alter some phone calls we decided to goto the emergency Chemist and get some pain killes and 
sncy doctors in the town, by this time | was having to support Magnus wile h 


should goto the ems 
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Four doctors in the emergency room at Torrox looked at him and did all the tests they could and found nothing wrong, But they agreed something was 
‘wrong, so we were dispatched to the main hospital in Valez-I arrived at the emergency entrance, Magnus was no longer abe to walk, they put him in a 
‘wheel chair. He was fading in and out and incoherent. After? hours we got to see a Very proficient doctor, he was very thorough. Magnus had come round a 
litle after drinking two littes of cold water. thought the worst was over, Magnus was dispatched for X-rays and 12 blood tests, we did the X-rays frst, no 
problems, then we went todo the blood tests, half way through taking the blood, they took a lt of blood, about 6 tubes all ofa sudden Magnus took a 
severe turn for the worse, it started by Magnus telling me that he was going to pass out | tried to explain this to the Spanish nurse. Then he went as white as 
snow, allover, his face was pure porcelain white and I noticed that his hands were the same. I was instructed by the nurse to wave his hatin fant af his face 
to try and revive him, his eyes rolled back into his head and you could only see white eyes and a white face it was shocking. By this time the nurse was ina 
sheer panic and the doctor that had seen him was called. 


Before the doctor could arrive, Magnus started to have muscle spasms all over his body, they started on his spine, and spread all over, he was put on a 
‘gurney and was contorted and jerking all aver the place with his eyes rolled back in his head. Itwas clear he would di of a heart attack if they did not stop it, 
they pressed the emergency button and doctors came from everywhere, he was wheeled at speed tothe ICU Critical Emergency ward. They stripped of his 
cloths and by now there was a dozen people tying to figure out what was wrong. 


1 heard the original doctor tell the others that Magnus was working with CIA whistle blowers, we had explained abit about the organisation tothe doctor 
during the initial examination. They dismissed it and moved on, they could find nothing weong. They injcted him with Diazepam a strong muscle relaxant. 
He was in eritcal fortwo hours, during the fist part I took a picture, [had taken several others, so I could put them on the Werld CACH facebook site later. 


‘The last photo I took one af the doctors went crazy and threatened me to take no pictures and if any ofthe pictures I had taken wore made public | would be 
charged by the police. This escalated and security arived, one more sensible doctor said would you be OK to delete them, as you're not allowed to take 
‘photos ina Spanish hospital. There were-no signs saying you coulda’t 


1 agreed to delete them rather than be arrested, I was taken to the public waiting room, three hours went by. A man arrived and told me I could visit Magnus, 
Twas taken through, he was looking better but had an oxygen mask on, and was drained. | was tol that in a few hours provided he remained stable he 
could leave, he was put on an intravenous antibiotic and saline drip. They dosed him up with the ant-biotics and gave me a prescription fr a weeks long 
‘course and some diazepam in case the spasms started again 


After 7hours in there we lft, Magnus was back but very weak. The doctors told me that every tet they did showed nothing, everything was exactly normal 
through the whole process. They agreed something was wrong but they did not know what it was. The whole day I had a strong high pitched noise 
‘whistling in my ear that is part ofthe Gangstaklking they are perpetrating on people now 


‘You have to ask yourself about the coincidences involved. 


1 Magnus and I were not being attacked like normal until we decided to Form a Global Intelligence Service forthe people against the governments. Then we 
‘wore bth attacked, 


2/ Nothing was found to be wrong with Magnus at all 
3) That day we were to go on video and announce the plan to the Tl world. 


4/ We were making significant progress on the rll out of World CACH, talking tothe leaders around the world ofthe indi 
Appointing the technical director. Getting the war tribunals accepted by a judge. 


ual country CACHs. 


‘On the way home I started to wonder if we could not get the images back from the camera so | asked a young tech guy Alex Axon to see if it was possible, 
land afew hours later he had recovered three images and all the thumb nails. Tey were abit degraded but we now have the images. 


[all 


‘World Coalition against Covert Harassment (WorlJCACH) 


side com/wp-content/uploads/2016/13/Magnus-Olsson at Hospit 
Room-Feb28-2016 jpg?esl=1 


‘Magna Olsson at Hospital ICU Critical Room ~ Feb. 28, 2016 


‘Magnus in ICU Critical Unit 


Whata day! 


Gary Owen 


By mindcontroleurope * Posted in Implant for Synthetic Telepathy, Magnus Olssons story, military, 


‘Mind Control, Nano Brain Implant, Uncategorized « 
Tagged airforce, atificaL intelligence, artifical telepathy, interfaces magnus olsson, 


‘Nanobots scenes, synthetictelepathy, technology, transcranial 


hitps:nanobrainimplant com/categoryimind-contra-2) 20134 


ysor018 Mind Control | MIND TECH RESEARCH 


magneticstinulation 
JAN 282015, 


The real-life Mind-Matrix... 


Mail Online 


(https://nanobrainimplant.files.wordpress.com/2015/01/mail-on-line.ong)The 
real-life Matrix: MIT researchers reveal interface that can allow a computer to 
plug into the brain 


https /nanobrainimplant files wordpress som/ 2015/01 /fenfsitvity pe) 


‘System could deliver optical signals and drugs directly into the brain 
‘Could lead to devices for treatment of conditions such as Parkinson's 


{thas been the holy grail of science fiction —an interface that allows us to plug our brain into a computer. 


Now, researchers at MIT have revealed new fibres loss than a width ofa hair that could make ita reality. 


They say their system that could deliver optical signals and drugs directly into the brain, along with electrical readouts to continuously monitor the effects of 
the various inputs 


om ’ 
wy 
[= veanecenenaa | 


(Christina Tringides, a senior at MIT and member of the research team, holds a sample ofthe multifunction fiber that could deliver optical signals and drugs 
directly into the bran, along with electrical readouts to continuously monitor the effects of the various inputs. 


HOW IT WORKS: 


The new fibers are made of polymers that closely resemble the characteristics of neural issues. 
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The multifunction fiber that could deliver optical signals and drugs directly into the brain, along with electrical resiouts to continuously monitor the effects 
‘of the various inputs, 


(Combining the different channels could enable precision mapping of neural activity and ultimately treatment of neurological disorders, that would not be 
‘possible with single-function neural probes. 


‘Polina 


‘We're building neural interfaces that will interact with issues in a more organic way than devices that have been used previously, said M 
‘Anikeeva, an assistant professor of materials science and engineering, 


The human brain's complexity makes it extremely challenging to study not only because ofits sheer size, but also because ofthe variety of signaling methods 
ituses simultaneously 


‘Conventional neural probes are designed to record a single typeof signaling, limiting the information that can be derived from the brain at any point in time, 
Now researchers at MIT may have found a way to change that 


By producing complex fibers that could be less than the width of a hair, they have created a system that could deliver optical signals and drugs directly into 
the brain, along with simultaneous electrical readout t continuously manitor the effects ofthe various inputs 


RELATED ARTICLES 


The newC technology is described in a paper in the journal Nature Biotechnology. 


The new fibers are made of polymers that closely resemble the characteristics of neural tissues, Anikseva says allowing them to stay in the body much 
longer without harming the delicate tissues around them, 


To da that, her team made use of novel fiber fabrication technology pioneered by MIT professor of materials science Yoel Fink and his team, for use in 
pphatonics and other applications 


© like natural nerves 


The result, Anikeova explains isthe fabrication of polymer fibers ‘that are soft and flexible and look mo 


Devices currently used for neural recording and stimulation, she says, are made of metals, semiconductors, and glass, and can damage nearby tissues during 


11's big problem in neural prosthetics, Anikeeva says 


The result, Anikeeva explains isthe fabrication of polymer fibers ‘that are soft and flexible and look more like natural nerves, 


HOW IT WORKS, 


The new fibers are made of polymers that closely resemble the characteristics of neural issues. 


The multifunction fiber that could deliver optical signals and drugs directly into the brain, along with electrical readouts to continuously monitor the effects 
ofthe various inputs 


‘Combining the different channels could enable precision mapping of neural activity, and ultimately treatment of neurological disorders, that would not be 
‘possible with single-unction neural probes, 


‘We're building neural interfaces that will interact 
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° The result, Anikeova explains isthe fabrication of polymer fibers ‘that are soft and flexible and look more like natural nerves, 
“They are so stil, so sharp — when you take a step and the brain moves with respect to the device, you end up scrambling the tissue." 


The key tothe technology is making a larger-scale veesin, called a preform, of the desired arrangement of channels within the fber: optical waveguides to 
‘carry light, hollow tubes to carry drugs, and conductive electrodes to cary electrical signal. 


These polymer templates, which can have dimensions onthe scale of inches, are then heated until they become sof, and drawn into a thin fiber, while 
‘taining the exact arrangement of features within ther, 


A single draw ofthe fiber reduces the cross-section ofthe material 200-old, andthe process can be repeated, making the fibers thinner each time and 
‘pprosching nanometer scale. 


‘During this process, Anikeeva says, ‘Features that used to be inches across are now microns 


(Combining the different channels in a single fiber, she adds, could enable precision mapping of neural activity, and ultimately treatment of neurological 
disorders, that would not be possible with single-function neural probes. 


For example, light could be transmitted through the optical channels to enable optogenetic neural stimulation, the effects of which could then be monitored 
with embedded electrodes, 


‘Combining the different channels ina single fiber, she add, could enable precision mapping of neural activity, and ultimately treatment of neurological 
disorders, that would not be possible with single-function neural probes. 


At the same time, one or more drugs could be injected into the brain through the hollow channels, while electrical signals in the neurons are recorded to 
determine, in real time, exactly what effect the drugs are having 


MIT researchers discuss their novel implantable device that can deliver optical signals and drugs tothe brain, without harming the brain tissue, 


The system can be tailored for a specific research or therapeutic application by creating the exact combination of channels needed for that task, “You can have 
a really broad palete of devices,’ Anikeeva says. 
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A Few Hints about soldering on a Ground Plane 


Before starting 


Always remove any grease and water from 
your hands. This will reduce the extent to 


which you oxidise and contaminate the board. 


Avoid touching the copper surface with your 
hands, always hold a board by its edges, 
Ensure all power and signal inputs are turned 
off (the soldering iron will short anything 
you touch to ground!!!) 


Soldering a component 


Consider the circuit pathway from input to 
‘output in order to minimise the distance. 
This is especially important between ICs. 
Use the cleaning rubbers or solutions to 
clean away the oxidised surface where you 
are going to mount the component, This will 
help improve the electrical characteristic and 
improve solder flow 
Where you intend to place solder, VERY 
LIGHTLY scratch a cross-hatch pattem on 
the copper plate with a sharp tool. This will 
increase the friction thereby preventing your 
soldering iron skating across the board 
surface 
‘Apply heat to the copper surface first then 
add the solder so it smoothly flows on to the 
copper. 
Use pliers to bend the wire/chip legs to form 
small feet as this will increase the stability 
and make them much easier to solder. All 
wire bends should be done with pliers! 
‘Tin the legs before trying to mount them on 
the board 
When using wire, devise a colour coding 
system and stick to it ie. red +ve rail, black 
GND rail, yellow —ve rail, blue input etc. 
This will make debugging so much easier 
If you are soldering an IC, two good 
techniques are: 
© Bend its legs with pliers so they are 
all horizontal and the chip can sit flat 
on the GND plane surface. Then 
place a bend just after where the pin 
leg narrows and bend again slightly 
further down so the leg it touching 
the ground plane (see image below). 
‘This way the IC is firmly held in 
place, 


© Bend legs touching the copper plane 
at the end to make small feet, then 
bend all other legs so that they are 
horizontal. This will result in the chip 
hovering just off the GND plane 
reducing the stability, but increasing 
the space to connect further 
components. 
© Keep component leads as short as possible, 
This will reduce parasitics, improve 
mechanical robustness and reduce the chance 
of accidental shorts 


‘These rules should be followed in conjunction with 
Dr Clarke's Soldering Guidelines found on the EE2 
lab website, 


Here is a good copper board layout. Notice the neat 
leads with none left loose above the circuit, and the 
way that the layout looks like a schematic. See the 
web copy (on the AMP handout page) of this picture 
for more detail, 
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preform a few inches long can produce hundreds of feet of fiber, the materials must be carefully selected so they all soften at the same 


temperature 


ofd, Anikeeva says, and ultimately may 
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The results significantly expand the 
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Medical Nanobots Will Connect Brain to Cloud Computing — Ray Kurzweil 


Thursday, February 6, 2014 


Medical Nanobots Will Connect Brain to Cloud Computing — Ray Kurzweil 
(http://www.activistpost.com/2013/08/the-dna-nanobots-have-arrived.html) 
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Inthe coming decades, a radical upgrading of ur boy's physical end mental systems, already udery, will se nanobots to aug 

‘rgons. We already knots how to prevent most deyencratice dense through nutrition and supplementation: this wl bea bride t the emerging biotechnology 

he nanotelmalogy revolution. By 2030, recerscenginceing of he human brain wil ace been completed and nonbiological 
intelligence will merge with our biological rains 


and titel replace our 


recolution, sho in turn wil bea bridge 


Se waean tare oreo 


prime. 


ae acme tps nanobrainimplant files wordpress com/ 2014/02/06. 
primo_posthuman pnt 


Pichure from Natasha Vita-More 


Tink to Vit Morey Bip enw natasha co) ip Tivwr natasha.ce 

In fac, the reverse engineering ofthe human beain hitp/vww ativistpostcom/201:/08/hardware-and-software-combining-ta html) has already been 

announced to be well under way via new microchips and accompanying software. And, while full nanobot rewiring of the brain is not expected before 2120, 
Phys.ong dttp/phs org has reported that our DNA has been successfully targeted by nanobots “for drug therapy or destruction.” 


Taking this even one step further, Ray Kurzweil said ina new interview with The Will Street Journal (se below) that our extension into non-biological realms 
‘ill include nanobot computers that will enter our brain and connect us to Cloud computing 


From science fiction horror, directly tothe human body, the nanobots are no longer speculation. Also unlike science fiction, they won't arsive via immediate 
‘worldwide takeover — they are already here, and will be introduced incrementally, as Kurzweil has previously stated: 


It ail be an incremental process, ne remy well under wy. Although version 2.0 a grand project, ultimately resulting in the radical upgrading of al our plysical 
plement it one benign step ata time, tase on our current Sole, xe can already tuck and fs the meas for accomplishing each 
aspect of this 


and mental systems, oe sil 


(hitps//oanobrainimplan files wordpress com/2014/01/mndentel?jpe) 
Researchers from Columbia University have developed a flet of molecular nanorohas that can deliver drugs to specific cells and also identify certain genetic 
markers by using fluorescent labeling. Aer such identification, a chain reaction can be initiated 


a chai reaction among the DNA strands. Each 
ty lad. 


th component (labeled 0 bel) initiate 


sere all three components are atacked, rob functional ond 
tole the ast antibody obtains x strand of DNA that i fluores 


‘another, nti he ent of thes 


On ells 
‘component stp str af DN, 


th the laorescent 


eles tha 15 minutes ina sample of human hood only ells with the thee surface proteins are abled 
marker 


shih 


At the end of the chain reaction 


"Naturally, this type of targeted therapeutic approach (htp/medicalxpress com/news/2015-07-molscular-rabots therapeutics htmlsinIRIvi could prove 
beneficial, a the researchers highlight — especially for cancer treatment which sweeps up healthy cells along with malignant ones, very often doing more 
harm than good (i one were to choose the establishment medical route), 
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This is always how new technologies are sold to the public, however, and it would be 
naive not to consider the darker applications as well. 


Direct brain modification already has been packaged as “neuroengincering.” A Wired article 

http /twww wired com/scienco/ discoveries news/2008/03/neuroengineeringl} from early 2009 highlighted that direct brain manipulation via fiber optics is a 

bit messy, but once installed “it could make someone happy with the press of a button.” Nanobots take the pracess to an automated level, revviring the brain, 

‘molecule by molecule. Worse, these mini droids can autonomously solf-replicate, forcing ane to wonder how this genie would ever be put back inthe bottle 
‘once unleashed, 


Here is one scenario offered by Kurzweil for how these nanobots could enter our bodies: 


A significant benefit of nanobot technology is that unlike mere drugs and nutritional supplements, nanobots have @ measure of intelligence. They can kes trackof 

‘heir ou incentories, and inteligentty slip in and out of eur bodies x clever ays. One scenario is that we would wear a special “nutrient garment” such as akelt or 

undershirt. This garment sul be loaded with nutrient bearing nanobots, which would make their way ina out of ur bods through the kor other ay cacities 
(emphasis added) 


That might seem to offer a level of participatory choice — to wear or not to wear the 
garment — but Kurzweil reveals that the nanobots will eventually be everywhere: 


yputation wll eventually be ubiquitous and avilable ever 
there in our environment 


Ultimately we won't need to bother wit special garments or explicit nutritional resources. ust 
sof wil hase metal onobot resources br embeded 


In a recent interview with The Wall Street Journal, Kurzweil highlights why Google has 
taken an interest in nanotechnology and the possibilities he sees for humans as they 
increasingly become non-biological and form direct connections with computers, 
augmenting and/or supplanting our natural processes as we head into the era of cyborgs 
(http://www.activistpost.com/2014/01/the-era-of-cyborgs-has-begun.html) and beyond: 


‘And of course once our neocortex is uploaded to the Cloud, it positions Google perfectly for searching our every thought and pre-thought. While this might 
sound like an impossible amount of information to upload, let alone interconnect and search, itis being announced that researchers have designed the first 
‘nanacomputer that can push beyond the concept of Moore's Law, which imposes a theoretical limitation on the expansion of computer processing power. 


‘The team designed and assembled, from the bottom: up a functioning, ultr-tiny contol computer that the densest naoelectronic system «oer bul 


A tecnica paper bos been puis nine te pas ong content only 201 4101/25/152581811 abstract) inthe Proceedings ofthe National Academy of 
‘Sciences onthe research, 


The ultra-small, ultra 


er control processor—termed « nanoelectronic finite-state machine dhtyJ/en wikipedia.orghwviki/Einte-state machine) o 
“nano SM” —is smaller than a human ners el 


bol 


In ther recent collaboration they combined several tiles oa single chip to produce a first-fite-ind complex, progrommalle nanocomputer Source 


(ht! $rdequarecn/201/02anacompater pints -yto-push-pac i) 


hitps:nanobrainimplant com/categoryimind.-contra-2) 26134 


ysor018 Mind Control | MIND TECH RESEARCH 


TeskeSecnt 


Caml ep 
Titra On 
HOWTO. 
BUILD A 

IKOLATESLA| 

FREE ENERGY 

DEVICE 


http://activistpost.net/teslasecret/; 


It shouldn't be seen as coincidence that these developments are happening 
simultaneously. What appears on the surface to be discoveries in entirely different fields 
are coalescing rapidly as we approach the theoretical date of The Singularity — the full 
merger of human and machine — estimated to occur between 2029-2045. 


Despite the benign language of futurists, we know that a concerted effort i already underway to manage and predict human behavior 
http www activistpostcom/2013/07/socretdarpa-mind-control-projet. html) fora whole range of potentially anti-human applications 
http www activist post com/201:/06/7-future-methods-of-mind.control him). As our free will is also targeted like the cells of our body — for drug therapy 
‘oF elimination — ethical concerns must be voiced loud and clear. Scientists seem content with opening Pandora's Box, then worrying about negative 
consequences later .. and that is only if we assume that thei intentions are benign from the beginning. One should take time to examine the history of 
military experimentation on human populations (htp:/www.amazon com The- Meduss-Fle-Coverups-Government/dp/0963906240/ref-as 1. tf sw? 


‘link Codeowswé.tag=permacultucom-20) to see all of this through a very different lens. 


Atthe very least, instead ofthe fully realized vision of Human Body 20, this might be Big Pharma 2.0 — a new phase where conventional drugs are 
incrementally eplaced by nanodrugs (http www sciencedaily.com/releases/2013/08/130810063717.him) and nano-fleet delivery systems. Coupled with 
‘applications that directly enter our brain to connect us tothe computer matrix, we are rapidly entering an entirely new human paradigm. 


The funding is already there, and a massive amount of money is waiting to be made by companies like Google. Here again for those who might only see the 
bright side to this technology, we ought to question who i really in control of it 


Sources: 
bttpiphys org/news/2015-08-dna-nanorobots-tag-cellular html (http diphys org/news/2013-08-dna-nanogobotstag-cellulae tr) 
bhtp//wwww nature.com/nnano/focus/cna-nanotechnology/indos, html (hip, /www nature com/anano/focus/dna-nanotechnology index html) 
‘itp /wwsw nature.com/nnano/journal/vS/ni/index html (http /Wwww: nature com/nnano/ournal/vS/nWindex html 
bttpy/blogswvscomia/2014/02/04/googles-ray-kurzweil-envisione-new-era-of-search/ (hip /blogs ws. com/cio/2014/02(04/googlesray-kurzwel-envisions- 


‘new-ara-of-warch 
Recently by Nicholas West 


° Robots to Breed with Each Other and Humans by 2045 (http www activistpostcom/20 1/01 /eobots-to-brood-with-each-othor.and html 

° Robots to Get Internet Cloud Brain: "Wikipedia For Robots” (hitp/www.activistpost com/2014/01/robots-to-ge-internet-<loud:-brain html 

© Amazon Patents The Use Of Predictive Behavior Technology Far Future Shipments (hp /www.actvistpost com/2014/01/amazon-patents-use-of- 
esictive html 


By mindcontroleurope + Posted in Implant for Synthetic Telepathy, Man vs Machine, Mind Control « Tagyed artfica-intelligenee artificial telepathy 
biological brains chemical stimulus, oud-computing, DNA nanobots, medical nanobots, Nanobots, nonbiological intelligence, seionce, trans humanist, 
‘anscranial-magneticstimulation 
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Mind Control in the 21st Century—Science Fiction & Beyond 


. by Steven DiBasio 


* Understanding 


MIND 


ht /wwwwveteranstoday.com/wp-contentuploads/2014/01/S1vrpnPx+iL pe) 


Is it coming toa home near you? 


Conspiracy Theory? 


“Mind control” isa topic commonly perceived as "conspiracy theory” or "X-Files" fare, That is itis seen as possibly not “real,” and certainly not 
something about which one should be “overly” concemed. 


This attitude at least partially arises from the widespread belief or assumption that the human brain is sa complicated —(“the most complex entity inthe 
universe” isa common formulation)—thatit has not, and perhaps cannot, be 


imprebended in any depth. 

One writer, for example, describes the brain as of “perhaps infinito” complexity {1 (ttp_ www veteranstoday.com/2014/01/13/mind-controlin-the 
contury-sciencefiction-beyond/¢ ftn1) while another, David Brooks ofthe 

activity” could reveal ms 


0 York Times, writes that itis “probably impossible” that “a map of brain 
al states such as emotions and desires [2] (http /wwwveteranstnday com/2014/01/1/mind.contro-in-he.21st-century-science. 
fictionsbovond/® fin 


Similarly, Andrew Sullivan, blogger and former editor of The New Republic, opines that neuroscience is stil in its “infancy,” and that we have only begun 
“scratching the surface” of the human brain, and links toa New Yrke piece in support of that position 3] (hip www. veteranstoday.com/201401/13/mind. 


And the cover story for the October 2004 issue of Discovery Magazine entitled "The Myth Of Mind Control” advises the reader that while mind control 


is a "familiar science-fiction” staple, thors is litle reason for real concern, because actually deciphering the "neural code” would be akin to figuring out 
other “great scientific mysteries” such as the “origin of the universe and of if on Earth,” and is therefore hardly likely 3] 
‘http ewu,neteranstoday.com/2014/01/13/mind-control-in-the-21st-century-science-fition-beuondl/® ft) 
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According tothe article as the brain is “the most significant mystery in science” and quite possibly “the hardest to solv, "ISL 
(hip). vetoranstoday.com/2014/01/[3/mind-contol-in.the-?st-century- science fction-beyond/? fin3) mind control remains at worst a distant cancer. 


‘The underlying idea seems tobe that sophisticated mind control is unlikely without understanding the brain, and we do not understand the brain 


http vetoranstoday. com) 
content/uploads/2014/01/mindcontrol. gif 


Understanding the “Neural Code” 


Ofcourse, one might question the notion that a full understanding of the “neural cnde" is a prerequisite for mind control since it isnot alway’ necessary to 
-knouy how something works fori to be effective. Nonetheless, the assumption thatthe brain isso complex that litle progress has been made in “solving” it 
is itself incorrect. 


‘As neuroscientist Michael Persinger has sai, the “great mythology” ofthe brains that itis “beyond our understanding: no t's not [6] 
http www. veteranstoday.com/2014/01/13/mind-control-in-the-21st-century-scionce-fiction-bovond/# ftn6) In fact according to inventor and “futurist” Ray 
‘Kurzweil, “very detailed mathematical models of several dozen regions of the human brain and how they work..."[Z] 

(hip www. veteranstoday com/2014/01/13/mind-contrl-in-the-?Ist-century-science-fiction-beyand/ ftn7) had already been developed over a decade ago. 


Kurzweil also said at that time that science fs “further along in understanding the principles of operation of the human brain than most people realize..."{S] 
http JAvww veteranstoday.com/201401/13/mind-control-in-the-2Ist-cenlury-science-fiction-heyond/£ ftn8} While the brain may be complicated, “it's not 
‘hat complicated (emphasis added)” [9| (http /arww.veteranstoday.com/2014/01/13/mind-control-i-the-?1st-contury-science-fiction-bevond/® find) 


‘Similarly, an Air Force report from 1995, ina section entitled “Biolagical Process Control” predicts that before 2050... [wwe will have achieved a clear 
‘understanding of how the human brain works, how it really controls the various functions of the body, and how itcan be manipulated..."[10) 
(http, /www.vetoranstoday.com/2014/01/13/mind-contro-inthe-71st-contury.science-fiction-beyond/? fin) 


(One can envision the development of electromagnetic energy sources... that can couple with the human body ina fashion that will allow one to prevent 
‘voluntary muscular movements, control emotions (and thus actions), produce sleep, transmit suggestions interfere with ... memory, produce an 
experience set, and delete an experience set. [11] uttp/zoww.veteranstoday.com/2014/01/13/mind-contvol-in-the-21st-contury-science-fiction- 
Beyondlé utd 


‘As disturbing as such "predictions" may be, is it possible that technologies to prevent (or perhaps even impel) muscular movement, control emotions, 
transmit suggestions, delete memories, creat false memories, and so on, have already been developed? 


Certainly, even a cursory review of the “open literature” reveals that various sophisticated mind control technologies already exist {121 
http /www-veteranstoday.com/2014/01/12/mind-control-in-the-21st-century-science-fiction-bevond/¥_fin12) Indeed, its rather shocking to realize how 
‘advanced mind control technology was, even several decades ago, 


(htp //www.vetoranstodav.com/wp-content/uplaads/2014/0U/PTSD Lips) 


‘Altering brain waves” 


For example, there is the 1974 invention of Robert G. Malech for which a patent was granted in 1976 and assigned to defense contractor Dorne & Margolin, 
Inc.—fora method of “remotely monitoring and altering brain waves." 13] ditp_Avww voteranstoday.com/2014J01/13/mind-controLin-the-21st-century 
science-fiction-beyand/#_ fen13) 


Moreover, experiments conducted over thirty years ago atthe Stanford Research Institute (SRI) showed that basic mind reading from EEG readouts was 
possible, revealing the existence of “a non-symbolic language” of "brain-wave patterns” which could be deciphered and translated [14] 
http Jw wo veteranstoday.com/201401/13/mind.control-in-the-71stcontury-sclence-fiction-beyond/® ftn14) 
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Indeed, *..[bly the late 19605 


‘remote control’ of the human brain— accomplished witout the implantation of electrodes —was well n its way to being, 
walized: 15] (hip / www veteranstoday.com/20L4)01/L3/mind-control-in-the-21s-century-science-fiction-beyond/s fin15) A means of stimulating a brain 


“by creating an electrical field completely outside the head” was developed [16 (stp! /www.veteranstoday.conv2014/01/13/mind-control-in-th 
scontury-science-fiction-bevond/® ftp16) and it was discovered that electric pulses could stimulate the brain using far less energy than previously "thought 


cffectual in the old implanting technique.” [171 (http// www vetoranstoday.com/2014/01/13/mind-control-in-the-?1st-centurvstience-fiction-bevond/ tinl71 


Not surprisingly, with such developments arose legitimate fears of a future world where “human robots" would perform the bidding ofthe “military. "[18] 
{hitpwwor veteranstoday.com/201401/1/mind.control-in-the-21stcontury-science-fiction-beyond/® tn18) 


‘And one source quotes a 1970s Pentagon agency report assaying that it will likely be possible in “several years” to induce sounds and words directly into 
the brain (bypassing the ears), as well as ta use “combinations of frequencies and other signal characteristics to produce other neurological effects. .."[19] 
{hit veteranstoday.com/201401/13/mind.contfol-in-the-21st-contury-science-fiction-beyond/® tn19) 

‘The report notes that the Soviets had observed “various changes in body chemistry” and “functioning” ofthe brain from the exposure of the brain to 


quencies [20] ditty /eenseteranstoday.com/2014/01/1imind-control-in-the-D1st-century-science-fiction-b 
fare studies at MIT showing that “magnetic brain waves can be picked up 


joni ftn20) Also mentioned 
and amplified as ifthe brain were a radio transmitter,” no implants or 
lectrodes required. 21) dit /tonw.xeteranstoday.con/2014/01/13/mind-control-in-the-21st-centuny-science-fction-beyond/s ftn20) 
Finally, an article from 1981 describes how “microwave generators” placed in appropriate locations and transmitting at low energy would create 
interference pattems” out ofthe interaction with brainwaves (brain electricity). 


“These interference patterns “could then be built up by computer into a thres-dimensional moving picture of mental processes” —in other words, a remote 
thought scanner” (and tracking device) could be developed [2] (itp //www.veteranstoday.com/2014/01/13/mind-control-in-the-?Ist-century-scionce 
fiction-beyond/* fin 


‘Recent “Advances” 


http www. voteransinday.com/wp-content/uploads/2014/01/erazy jp) 


Subjected to outside influences 


In light ofthese past developments, itis peshaps rather surprising to read modem articles describing supposedly recent innovations in “mind reading” and 
‘mind cantral technology —in which it s sometimes claimed, for example, that scanners, electrodes and proximity to the subject is required to read and 
control” minds 


‘Such claims reflect an apparent failure ofthe science of “mind controt” to progress as one might have expected considering the presumed interest, as well as 
the spectacular sate of advancement of science and technology in general in recent decades 
(f course it would not be al that surprising i mind control technology’ has advanced considerably, but that research has been carcied out in secret for 
reasons of “national sscurity.” 


CCLA affiliated scientists have certainly conducted much research which they have been prohibited from sharing with their poors [23] 


(htt) www.veteranstoday.com/2014/01/13/mind-contrl-in-the-71st-centurv-science fction-bevond/# ftn23) and inventions that implicate “national 
security” are routinely suppressed under Pentagon secrecy orders [24 (httpd www veteranstoday.com/2014/01/13/mind-control-in-the-2 


informed consent. 
That sid, 


fiction-hovond/? fin24) Als, it might seem desirable to hide research programs which sometimes “require” relaxation of ethical standards, ch as that of 


fon ignoring the likely existence of a “secret science” of mind control, recent public advancements are quite troubling in their own right. 


Some examples: 
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tal 


Bt com' onetulnd2024010 00 


Nesn connections" are ing made al the time 


1) In 2004, 25,000 rat neurons on a glass dish learned to ly an F-22 jet fighter simulator. (251 dhtp//ewow.xeteranstoday.com/2014/01/13/mind-control- 
incthe-21st-contury-science-fiction-beyondlt ftn25) After scientists placed the neurons onthe dish, the neurons quickly began “to reconnect themselves, 
forming a ving newral network —a brain.” 26] ditty! /uxww.xetevanstoday.com/2014/01/13/nind-conteol-in-the-21st-century-science-fction- 


Beyond? in26) 


‘The lead scientist added that “one day," though of course a “long way off." disembodied brains might actually be used to fly drones [271 
(ittp/ewuw neteranstoday.com/2014/00/13/mind-control-in-the-21st-century-scionce-fiction-beyond/® tn?) though the current experiment was merely 
toenhance knocwledge of how the brain works, and possibly provide "clues to brain dysfunctio.”[28) (http eww .veteranstoday.com/2014/01/13/mind- 
outrol-in-the-21st-contury-science-fction-beyond/s fix28) 


2) In August 2013, researchers revealed that “miniature” human brains had been grown in the laboratory. 
‘ittp/ewurw-veteranstoday.com/2014/01/13/mind-control-in-the-21st-century-scionce-fiction-beyoud/® ftn29) As is typical, any negative implications or 
‘reasons for worry were minimized, while possible “therapeutic” uses were highlighted. Thus, the breakthrough was hailed as a great opportunity to 
understand “developmental defects.” Though the writer does mention "the spectre of what the future might hold,” the reader is reassured that the 
research is “primitive territory [30] (ht /wsow.seteranstoday.com/2014101/LVmind-control-in-the.21st-century-science-fiction-beyond/s ftu30)— 
‘though one researcher did comment on the “undesirability” of growing larger laboratory brains 31] Ott ww xeteranstoday.com/2014/01/13/mind- 
coutrol-in-the-21st-contury-science-fiction-beyond/® ftn30) 


3) On uly 1, 2013, a magazine reported a claim by neuroscientist Sergio Canavero that it was now feasible to transplant the head of one human to the 
body of another and reattack the spinal cord-32] ittyswww veteranstoday.con/2014/01/13/mind-control-in-the-21st-century-science-fiction- 


eyondls fini 


4) Scientists have reconstructed ranudom images viewed by subject, from fMRI brain scans, in research that “hints” that “one day’ scientists might be 
fable to “access dreams, memories and imagery..”[33] Gitte peteranstoday,com/201401/13mind control-in-the-21st-contury science-fiction 


eyonal® fin) 


5) The brains of two rats have been linked, such that one, located in North Carolina, responded “telepathically” to the thoughts ofthe other, located in 
‘Brazil (34] dtp www zeteranstoday.com/2014/01/13/mind-control-in-the-21st-century-science-fiction-beyondlt ftu34) The second rat's brain 
processed signals from the first rats brain, delivered over the internet, as if they were its oven. The scientist speculated about the “future possibility” of a 
"biological computer, in wich numerous brains are connected...."(35] (utp) www xeteranstoday.com/2014/01/13/mind-control-in-the-21st-century- 


scienee-fiction-beyond/= fit) 


6) Abrain-to-brain interface has been created, allowing humans to move a rat's til just by thinking about i361 
‘itty /cwwrneteranstoday.com/2014/01/13/mind-control-in-the-21st-century-scienc-fiction-beyoud/® 36) Readers are told that while it is not yet 
possible to “communicate brain to brain with our fellow Inman... we may be on our way to... controlling” other species 371 

{itt seteranstoday.com/2014/01/13/mind-control-in-the-21st-century-science-fiction-beyondié ftu37) But, since it ix “still very early days” the 
‘writer “hope(s)” that any ethical concerts cau be “iron(ed) out.” [BS] (itty ww xeteranstoday.com/2014/01/13/mind-contool-in-the.21st-centu 
science-fiction-beyondl®_ftx38) Of note, the study used focused ultrasound to deliver impulses tothe rat's brain-{39] 
‘itty/ewuneteranstoday.com/2014/01/13/mind-control-in-the-21st-century-scionc-fiction-beyoud/® tn3) 


7) Continuing the ultrasound “theme”: Focused pulses of low intensity low frequency ultrasound, transmitted noninvasively through the skull to the 
Iuman brain, have been showon capable of producing, not only pain, but also sound, aswell as evoking "sensory stimuli") 
(ittpalewur-veteranstoday.com/2014/01/1¥/mind-control-in-the-21st-century-scionce-fiction-beyond!® ftnd0) Accordingly, a lab with a “close worki 
relationship’ with DARPA, the Department of Defense, and U.S. Intelligence communities, has been looking into using pulsed ultrasound to encode 
“sensory data onto the cortex”; in ther words, producing hallucinations through the remote and direct stimulation of brain circuits 41] 

(ity xeteranstoday.com/2014/01/13/mind-control-in-the-21st-century-science-fiction-beyondlt_ fin) Possibilities are the ability to “remotely 
control brain activity” and the “creation of artificial memories.” [42] (itt: uvww.neteranstoday.com/2014/01/13/mind-control-in-the-21st-century- 
science-fction-bevondl? fin42) Even Sony has gotten in om the act, patenting a devics for using ultrasound to produce hallucinations —again described 
‘as “transmitting sensory data directly into the oman brain.” [43] duty! /warw xeteranstoday.com/2014/01/13/mind-control-in-the-21st-ceutury-science- 
fiction-beyond/ fn43) Most troublingly, one source recently alleged that the NSA is using Hhis ultrasound technology to target individuals through 
their smartphones 44] (htty//nwo veteranstoday,com!2014i01/13/mind-control-in-the-21st-contury-science-fction-beyond!s fins) 


8) A researcher was able to make a fellow researcher in a different office move his finger just by thinking about it, in the “first” demonstration of a 
Iueman brain-to-brain interface [45] (itty: /aw.veteranstoday.com/201¥0UL3/mind-control-in-the 21st-century-science-fction-beyond/tfin85) 


9) A ow cost means of tracking people, even through walls, has been developed. While in the past individuals could be tracked anyachere by the 
“military” using radar technology, this technology might enable entities with fewer resources to track people as well [46] 
(itty/owrw.xeteranstoday.com/2014/01/13/mind-control-in-the-21st-century-science-fction-beyondl® find6 
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(hyd. xetevanstoday com/p-content/uplos/2014/0Uindeontral vano-testing crop.ivg) 


10) Scientists have remote controlted a worm by implanting magnetic nanoparticles int it, and then exposing the animal to a “radiofrequency 
‘magnetic field” whick stimulated its neurons. The scientists suggest that their research could lead to “innovative cancer treatments” ad “improved 


diabetes therapies,” aswell az 

1) Americans can nox be spied on in their homes through their internet-connected appliances, acconding to former) CIA Director David Petracus 

Petracus made his statements a about the same time a huge microchip company, ARM, unceiled new processors which will connect home appliances 

such as refrigerators, washers and driers to the internet [48] (itty! /wxw.xetevanstoday.com/20140U/13/mind-control-in-the-21st-century-seience. 
nt) 


tion-beyr 


12) LED lights have been ostensibly pushed for their efficiency over traditional bulbs. However, LED lights are also semiconductors capable of inducing 
“biological and behavior effects."[49] dutp/harww xeteranstoday.com/2014/01/13/mind-control-in-the-21st-century-science-fction-bevond/t ftn89) 


““reakaway” Science? 


(http www vetoranstoday.com/wp-content/uplaads/2014)0Lstress 510010 pe) 


ural Codes 


While the aforementioned public developments are quite concerning, the reality is they may not actually represent the true state ofthe atin "mind 
contrat” technology. 


1 would not be that surprising afterall, fora domain with national security implications to at some point in its development branch off anto separate 


tracks,” one public and the ether “hidden.” 


such a bifurcation were to occur, advancements made in secret would not necessarily be incorporated into the public sphere. Eventually perhaps, 
Innovations and breakthroughs would result in the development of an essentially new, covert science 


‘An example ofa domain in which this bifurcation process seems to have occurred is aviation. Inthe public sphere, the most advanced aircraft might well be 
the F-22 fighter jet, or perhaps the F-35. However, if insider testimony is credited, these aircraft seem almost primitive in comparison with flying machines 
doveloped in secret, 


Perhaps the most compelling statements inthis regard come from Ben Rich, former Director of Lackheed-Martin’s Advanced Development Projects, ot 
‘Skunk Works,” a Lockheed division notable for its super high-tech, top secret projects, among them the U2 spy plane and the SR-71 Blackbird. 
soestikns, end Psyops, Rich made a number of peculiar and provocative comments a the end of his career, 
‘an of-the-books 
D 


‘As Joseph P. Farrell's reports in his book Saucers 
and following his rotirement on December 31, 1990 (prior to his death five years late), comments strongly hinting at “the development of 
[50 (http veteranstoday com /201401/1/mind.control-in-the.2Ist-century-scienes-Retion-beyond/ fin 


physics and technology 
Forexample, on September 7, 1988, ina presentation to the American Institute of Aeronautics and Astronautics in Atlanta, Georgia, Rick lamented that 
the was prohibited from discussing Skunkwvork’s current projects, but he did say that they “call for technologies once only dreamed of by science fiction 
writers." [5] (ity: ww xeteranstoday.com/2014/01/13/mind-contool-in-the.21st-century-science-fction-beyond/s ftn5D, 


In ensuing years, Rich elaborated slightly. For instance, while speaking to the UCLA School of Engineering Alumni Association in 1993, Rich said that 
“an error i the equations” had been discovered anu corrected, making it possible “to travel tothe stars." 521 

(itp xeteranstoday.com/2014/01/13/mind-control-in-the-21st-century-science-fiction-beyondlt ftn52) He added, however, that “these 
technologies are so locked up in black programs, that it xoould take an act of God to ever get them owt to benefit humanity.” [33] 

(ht /ow.veteranstoday.com/2014/01/1¥/mind-control-in-the-21st-century-science-fction-beyond/s ftn33) 
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httpd /ywwv.veteranstoday com/wp-content/uplonds/2014/01/Ben-Rich- 


Fisipel 
Bon Rich — Who saw tit. lived i al. 
Farrell goes on to relay a statement from an unnamed Lockheed retired engineer who was quoted in a magazine article in 1988 as saying that “we have 
things flying in the Nevada desert that would make George Lucas drool." Sl dhttp/www.veteranstoday.com/2014)01/13/mind-contral 
sclonce-fiction-hevond/ fn) Inthe same article an Air Force officer involved in the development af the Sk 
description 


vihe-2st-century= 
said “we are testing vehicles that defy 


To compare them conceptually to the SR-71 would be like comparing Leonardo da Vines parachute design to the space shuttle” And a retired Colonel 
‘chimed in: "We have things that are so far beyond the comprehension af the average aviation authority as tobe really alien to our way of thinking,” [55] 
(http. Jw. vetoranstoday.com/2014/01/13/mind-contro-in-the 21 


contury-sciencefiction-beyond/® fin55) 


Consider then for a moment the possibilty that within the class 


worl, in 1993, a technology, to quote Ben Rich, “to take ET back home” had 
already been developed [56] (two zeteranstoday.com!2015/01/13/mind-control-in-the-21st-century-science-fiction-beyondl ftn56) The 


implications are enormous, not to mention rather frightening. One wonders there the technology must be in 2014, more than twenty years later 


And ifthe aforementioned statements are true, and this seems plausible (why would these individuals lie, or even exaggerate, especially to Engineering, 
Associations and Aeronautics institutes), what might this imply about the current state ofthe art in domains other than aviation, such as neuroscience, which 
has itself been the subject of intense “weaponization” efforts 


Indeed, zohat does sucl a vast discrepancy between what people believe and what is actually true suggest about the nature of our percefved reality in 
general? 


Steven DiBasio is a writer, attorney, and sometime musician. He lives in the Midwest. And more will be on the way. He can be reached at: 
‘steven.dibasiosigmail,com (mailto:steven,dibasioingmail.com) 


Editing: Jim W. Dea thttpd/ivww.veteranstoday.com/staff-writers/ 


Original: http//www veteranstoday com/201$/01/15/mind-control-in-the-21st-contury-scienee-fiction-beyond/ 
http www veteranstoday.com/2014/01/1:/mind.control-in-the-2Ist-contu 
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NSA Spy Program Is Absolutely Orwellian Intelligence 


The EMF Brain Mapping Of The People And Its Use As Part Of A Signals 
Intelligence Driven Spy Program Is Absolutely Orwellian 


(https nanobrainimplant files wordpress com/2N14/01/44.pn) 
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Soldering and Desoldering Instruction 


Soldering is defined as "the joining of metals by a fusion of alloys which have relatively low 
melting points". In other words, you use a metal that has a low melting point to adhere the 
surfaces to be soldered together. Soldering is more like gluing with molten metal than anything 
else, Soldering is also a must have skill for all sorts of electrical and electronies work. It is also 
a skill that must be taught correctly and developed with practice 


Remember that when soldering, the rosin in the solder 
releases fumes. These fumes are harmful to your eyes 
and lungs. Therefore, always work in a well-ventilated 
area, Hot solder is also dangerous. Be sure not to let is 
splash around because it will burn you almost instantly. 
Eye protection is also advised. 


The Tools 

Soldering Iron — Even the cheapest of them will do the job. They 
may not last as long, but they do get hot enough to melt solder and 
that is the goal. You only need to make sure that the one you buy 
has a suitable tip on it. The most typical tip is the one that is about 
the size of a 1/8” stereo mini-plug. 


Solder — Get Rosin Core solder. Rosin will help the solder to flow 
onto the wires. Solder comes in different thickness. Buy what is 
appropriate for your job. 


Desoldering Gun — This tool will make life a lot easier when you 
need to rework a previous solder job. 

Solder Wick — Braided copper with rosin coating used to draw sol- 
der off of cireuit boards, 


SMD Rework station— Basically this is a high temp hair dryer 
with special nozzle attached. It heats up entire pins of the SMD 
device so you can remove them. 


The Methods 

Soldering — There is not art to soldering, it takes patience and practice to get it right. If you are 
doing it right, it will be easy and very fast. First, make sure that your soldering iron tip is clean. 
Ifit is dirtier than just a light gray color, you need to clean it. You can do this with sandpaper or 
a Scotch Brite pad. Next, turn your iron on and give it plenty of time to heat up. To test the heat, 
use a piece of solder touched to the tip. If it melts immediately, it is ready 

‘The most common way to mess up a solder job is to let the soldering iron stay on the parts to be 
soldered too long. What this does is oxidize the metal, making it too dirty to attract solder. If you 
are working with a cireuit board, too much heat can damage the board, rendering it useless and 
in need of repair. You should only hold the soldering iron to the parts to be joined for no more 
than 10-12 seconds. Any longer and you will melt insulation on wire or damage a circuit board, 
It has been said that soldering is a two-person job. You need two hands to hold the parts to- 
gether, one hand to hold the iron, and another to feed the solder. The correct method for applying 
solder is to hold the joint perfectly still while heating with the soldering iron. After a few sec 
‘onds, introduce the end of the solder at the point where the iron meets the parts 
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Former US National Security Agency contractor Edward Snowden appeared in a televised Christmas message released to the world public by TV station 
(Channel 4 on Wednesday. (Dec. 5) 


Investigative Journalists Targeted For An Ongoing FBI COINTELPRO STING OPERATION/SMEAR CAMPAIGN — been used as an unwitting target of 
(MKULTRA) non consensual human experimentation for decades via the NSA’s SIGNALS INTELLIGENCE EMF Scanning Network - a covert spy 
program which uses brain scanners deployed via NSA signals intelligence satellites to remotely scan the brainwaves of any citizen in the world. The 
NSA’s SIGNIT EMF Scanning Network is an outgrowth of the Pentagon and CIA’s MIND and TAM (MKULTRA) “mind control” programs, which use EEG 
Heterodyning technology to synchronize Al computers withthe unique brainvvave print of each citizen, les the NSA to brand us ike 
heads of eatle. Google: AKWEI VS NSA & The Matrix Deciphered by Dr, Robert Duncan to learn more about this Orwellian attack on the people's 

Constitutional righ 
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Click here (utimate-minl-tests-ps generatochtm) to ead 
PRESS RELEASE on he GLOBAL LAUNCH OF THE 
ULTIMATE TESLA PSI-GENERATOR by WAVE GENOME 


ULTIMATE TESLA PSI-GENERATOR IS BASED UPON 
IMPORTANT DISCOVERY BY DR. IRENE CAESAR 
REGARDING THE SHAPE OF CHROMOSOMES AS 
DIFFRACTION GRATING / REFRACTION MECHANISM FOR 
FOCUSING GENETIC INFORMATION 


[ips wv youtube corte vel CaoSmOstesuteyoxtu be) 


ON DECEMBER 2, 2016, IRENE CAESAR, PH.D.. PRESIDENT, 
FOUNDER AND OWNER OF WAVE GENOME, LAUNCHED 
HER NEW PRODUCT ~ ULTIMATE MINLTESLA PSI 
GENERATOR FOR THE ULTIMATE PROTECTION AGAINST 
PSYCHOTRONIC AND GENETIC WARFARE. Intellectual ans 
Commerical Property bolongs to WAVE GENOME Magnus 
Clcson, President of Mindtach Enterprises, acames the 
designated Distibutor for WAVE GENOME'S ULTIMATE MIN 
TESLA PSLGENERATOR, avaiable on wavagename.cam 
(tipitwwwwavegenome com) and mindtechenterprises.com 
(tipwww minctechenterises om) Click here 
{bttps:vww.youtube.comwatch2v=Iyth- 
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If the solder does not melt immediately and flow onto the joint, pull the solder away and try 
again after a couple seconds longer. If you exceed 10 seconds, pull the iron off and try again after 
it all cools down. You probably didn't have the iron touching enough of the parts to be soldered. 
Sometimes, the parts to be soldered are so big that they conduct the heat away very quickly and 
make it difficult to solder. In this case, it is OK to put some solder on each part individually and 
then put them together later by melting the solder on each one while they are touching. 

Joining Two Wires - Strip off about 3/8" of insulation from the two wire ends to be joined. Place a 
4” length of heat shrink tubing over one wire and push it back so that the heat from soldering 
won't shrink it prematurely. Fold each bare wire end back on itself so that the tip of the wire now 
comes back to the end of the insulation. Link both wires together using the bends like hooks. 
Now, twist the ends of the wires around themselves tightly. This type of connection is called a 
Western Union and it is the strongest method of joining two wires together. Now, heat the con- 
nection with the iron and allow solder to flow over the entire joint. Wait a few seconds for it to 
cool off and then slide the heat shrink tubing down over the connection and heat it with a match 
or heat gun. 

Soldering a Wire to a Circuit Board — This is delicate work that you will do while soldering. Too 
much heat and your board will be damaged. If you are attaching a wire to an existing hole on 
the board, make sure that the hole is clean and free of any excess solder (see de-soldering for 
more detail), The best advice when soldering to a circuit board is to angle your soldering iron 
tip so that it makes good contact with the pad on the circuit board and the wire or part to be 
soldered at the same time, Heat the parts up and touch the solder at the point where the tip 
meets the part and the pad. If the solder does not flow immediately, pull everything off and 
wait for it to cool down and try again later. 


Step 1 


Beply, Heat tp both pin N Remove solder away, 


and pad on the cireuit 
board, Make sure tip of || —— = 
the soldering iron is f 


touching both pin and a 
pad. 


Step 2 
When the both pin 
and pad are heated 
enough, apply solder = — 
to the pin and pad, — 


‘ Solder should starts { 
to flow, z 


Step 3 / Step 6 
Apply enough but not Done! Check the joint to 
too much solder. make sure the connec 
While applying the sol- — tion, 

der, do not move the 
tip of iron. 


iron also. 


je Remove tip of soldering 
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Remote management of biosystems based upon the shape of chromosomes as diffraction grating for 
focusing genetic information 


Irene Caesar, Ph.D. 
June 13, 2016 
Abstract 


The same gene gets expressed in dysfunctional individuals by acrocentric chromosome, and in 
functional individuals by metacentric chromosome, and till now nobody was able to explain why. I 
claim that chromosome functions as wave crystal, i.e., nonlocal unique wave matrix that focuses genetic 
information unique to this individual via his / her own unique scalar wave diffraction grating. Thus, 
chromosome is a structural / geometric code or shape that has holographic nature allowing for the 
remote management of biosystems via laser polarized holography. 
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biointernet, wave pharmaceuticals, diffraction grating, wave crystal, crystalline structure of torus, 
nanotechnology, nanochips of new generation, remote laser control system, holographic principle, wave 
matrix, matrix city, structuralist genetics 


Introduction 


We can conduct remote laser management of the biosystems, and, thus, create individuals with 
enhanced physical and psychic abilities, and dramatically extend life span, based upon the implication 
of the holographic principle (© Quantum Biointernet, Irene Caesar 2013), and mastering the geometric 
codes of chromosomes. 


Objectives 


The objective is to build a Matrix City, i.e, the self-sufficient human settlement of the Quantum Leap Era 
(http://www. thematrixcity.com and specifically: http://www.thematrixcity.com/structure-of-the-matrix- 
city-r...), where enhanced man in enhanced environment can have enhanced life of any life span he 
chooses. The objective includes: (1) creating BANKS OF WAVE MATRICES for every living creature on 
this planet; (2) creating MATRIX CITY ZONES, where individuals receive all their supplements and 
medications via E-DRUGS and I-DRUGS from the MATRIX CITY based upon subscription model; (3) 
cultivating men with enhanced physical, intellectual and psychic abilities. 


Review of Related Literature 


The Polarized Holography is mainly based upon Russian research, especially upon the research of 
Nikolai Kozyrev, and his so called “Kozyrev Mirror” principle; the structuralist genetics by Alexander 
Gurvich; as well as upon the toroidal (“torsion”) research by Anatoly Akimov and Gennady Schipov. In 
2002 some information got licked to the West, when two researchers of the NPO “Aura” (NPO 

“Energy” /BINAR, which became “The Institute for National Security” in 2000) Peter Gariaev and George 
Tertyshny, who did not have clearance and full access to the research, have brought a laser to Toronto to 
demonstrate remote management of the artificially induced diabetes via the laser signal at a distance of 
20 kilometers in the rats of the same genetic line. But Gariaev and Tertyshny did not have access to the 
Digital Pharmacy of the digitized bioholograms of healthy bodily organs and physiological systems (aka 
“Digital Cell”), and could not diagnose wave matrices. The technology was classified at that time in 
Russia, and got declassified only in 2008. 


Conceptual Framework 


Universe is holographic, ie, itis entirely contained in its every matrix point. Since universe is 
holographic, we can record, transmit and receive only holographic information. The implication of the 
holographic principle states that, If entire universe is contained in its every matrix point (holographic 
principle), then, every matrix point is not simply different from any other matrix point, but is unique 
(implication of the holographic principle, © Irene Caesar 2012). If we have an exact copy of the unique 
nonlocal wave matrix, we can send information instantaneously through Quantum Nonlocality, from 
one copy of the unique nonlocal wave matrix to the other copy, to any dimension, any planet, or galaxy, 
to the past, and to the future. 


Research Methodology 
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The chromosome geometry changes the nature of the external signal from linear to holographic (@ Irene 
Caesar 2012, implication of holographic principle) via (1) torus polarization (via the change of the spin in 
the integral toroidal field of DNA); (2) reflection of any external linear signal upon itself and creation of 
the scalar / standing wave diffraction grating, which neutralizes any external signal; (3) refraction of any 
incoming signal towards the zero center of the wave crystal, which functions as a focus similar to how 
our eye functions (Irene Caesar, Chromosome Geometry ©2014). 


Quantum Leap technology applying knowledge of the chromosome geometry is called “polarized 
holography”, and is based upon application of stabilized Helium-Neon Lasers with internal mirrors. 
This kind of lasers are capable of creating holographic signal. Analogously, our bones are capable of 
producing stem cells, only because the shape of the bone is analogous to laser tube and is capable of 
changing the nature of external signal. 


Research Results 


As of today, the Institute for National Security in Moscow offers the local and remote management of 
biosystems, and individuals: 

(1) via electronic / digital drugs (DIGITAL PHARMACY consisting of digitized bioholograms of wave 
matrices for every healthy bodily organ and physiological system; and including E-DRUGS [additional 
upon subscription], of which more than 300 are already created, including E-VYAG-RA and I-VYAG- 
RA); 

Q) an remote laser signal (I-DRUGS or Quantum Biointernet). 


Institute has conducted the first in the world official and public remote lowering of blood sugar in 
diabetic calf via the laser signal at the distance of 20 kilometers for the American Diabetic Association in 
1999, Over 2015, the Institute has created the digital platform for dispensation of E-DRUGS and I- 
DRUGS via subscription analogous to mobile phone subscription programs. 


E-DRUGS are offered in two forms: (1) as chips inside a pendant [MINI-TESLA PSI-GENERATOR] of 
electret nature structured by laser on the nanolevel, and (2) as software program on flash drive sold with 
a MINL-TESLA PSI-GENERATOR, which contains the entire DIGITAL PHARMACY (soon only by 
subscription). 


Discussion 


Itis clear that the exiting model of Human Genome is not correct, since it cannot explain 98% of DNA. 
calling it “Junk DNA”. Thus, genetic engineering based upon “cutting and pasting” of “identifiable” 2% 
of DNA is doomed for failure. Only the Holographic Wave Genetics, based upon chromosome geometry, 
can explain the difference between functional and dysfunctional individuals, and promote the advance 
in genetic engineering. 
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Good soldering and Bad soldering Joints 


Here are some example of Good soldering and Bad soldering joint. 
For Japanese, we often say, “Good soldering joint should look like Mt. Fuji.” 


1 
IL 


t i 


‘Too much soldering 


‘Too litte soldering 


Cold Solder Joints 

Acold joint is a joint in which the solder does 
not make good contact with the component 
lead or printed circuit board pad. Cold joints 
‘occur when the component lead or solder pad 
moves before the solder is completely cooled. 
Cold joints make a really bad electrical con- 
nection and can prevent your cireuit from 
working. 

Cold joints can be recognized by a character- 
istie grainy, dull gray color, and can be easily 
fixed. This is done by first removing the old 
solder with a desoldering tool or simply by 
heating it up and flicking it off with the iron, 
Once the old solder is off, you can re-solder 
the joint, making sure to keep it still as it 
cools. 


Tips and Tricks 


Good soldering 


Cold soldering joints 


ft 


; Vasa, 


Soldering is something that needs to be practiced. These tips should help you become successful 
so you can stop practicing and get down to some serious building 
1. Use heat sinks. Heat sinks are a must for the leads of sensitive components such as 
ICs and transistors. If you don't have a clip on heat sink, then a pair of pliers is a good 


substitute. 


2. Keep the iron tip clean. A clean iron tip means better heat conduction and a better 
joint. Use a wet sponge to clean the tip between joints. 


3. Double-check joints. It is a good idea to check all solder joints with an ohmmeter 
after they are cooled. If the joint measures any more than a few tenths of an ohm, then 


it may be a good idea to re-solder it. 


4, Use the proper iron or temperature. Remember that bigger joints will take longer to 
heat up with an 30W iron than with a 150W iron. While 30W is good for printed cireuit 
boards and the like, higher wattages are great when soldering to a heavy metal chassis. 
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The problem with digital insulin seemed to be the fact that digital insulin meant cure. People get cured 


from diabetes, even type 1. This takes a sick person off the insulin market, and, as a result, the insulin 
producer loses money. If the technology produces mass healing, the insulin producer would sooner or 
later get bankrupt. But this is a major misunderstanding of the information-wave technology. This 
technology is in fact a subscription, rather than simply a cure. You get your own personal matrix in 
digital form, recorded onto the MINI-TESLA generator. Then, you connect your personal generator 
every week to the information-wave center, which corrects (tunes) your personal wave matrix, and 
combines it with digital drugs if needed. 


Russian scientists are serving farms with lasers and generators already for many years for the sake 
of manifold increasing the crop yield. They do not sell generators - they sell only the service. 
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Irene Caesar “How to Build Matrix City”, “I KNOW” Magazine, Photo credit: G6DiN6 / Foter / CC BY- 
NC-ND 


The same can be done by Big Pharma, after it switches from the analog to the digital. This model of 
“subscription” or “contract” will involve much more people into the information-wave system than it is 
now involved by Big Pharma. 


Young people can get the service for enhancing their mental and physical abilities. It is possible to 
enhance sexual performance, and take vitamins and other supplements in the information-wave form. 
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Tbelieve that in one generation, everybody will be using this technology in every aspect of life. Those 
who will accept this technology will get a chance to live for 200 years and longer. In 10 years from now, 
“getting one’s maintenance via information-wave technology” will be like brushing one’s teeth every 
morning. 


WHAT ABOUT CHIPPING? 


believe that information-wave technology has nothing to do with chipping the population. Chipping 
the population is the AI paradigm, when the choice is alienated, and the holographic principle is 
violated. The AI cannot in principle perfect human wave matrices or create a superman (Ubermensch), 
who will be more perfect than humans. Human matrices are “uncreated”, non-local, that is — eternal, 
indivisible, and infinite, while Al is “artificial”, limited, divisible, and finite in virtue of definition. AI can 
in principle only assist in having healthier children. 


That is why psi-generators should not be in-built in the human body, but only added to it as a kind of 
amulets of the psychotronic era. Man is himself a powerful and most perfect generator. Having audacity 
of installing into a human a generator that is supposed to “control” or “rule” the human is laughable. 


Iwill give you an example so that you understand what I mean. There are clearly two paradigms of 
Ubermensch right now. The first one is a NATO “transformer”, stuffed with nanobots, who is a 
paradigm of cut-and-paste genetic engineering on the bio-chemical-cyber level. The other paradigm i 
Russian paradigm of non-contact combat. We can enhance a Russian soldier from Special forces with psi- 
generators, as, in fact, Dr. Diashev does, but we cannot substitute a generator or chip for his mind or 


“eidos”, which is quantum infinity itself, non-local and entangled with everything forever. 


CULTIVATION OF OPERATORS 
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Irene Caesar “How to Build Matrix City”, “I KNOW” Magazine, Photo credit: Photo credit: digitalbob8 / 
Foter / CC BY 


The matrix is the energy structure, which has a wave component of indestructible omnipresent nature, 
i.e,, quantum non-locality and quantum entanglement. This infinite wave literally gives life - it heals, 
increases life span, and gives joy. The point of building Matrix Cities is to have such architecture, 
agriculture, medicine, industry, energy, education, and all other sides of human life, so that they all have 
access to this wave component. 


That is why the agenda of Matrix Cities would be the cultivating of operators who would be producing 
wave matrices. This cultivation should be voluntary. And those who do not want to join should be left 
alone. 
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Irene Caesar “How to build Matrix City”, “I KNOW” Magazine, Canada, Photo credit: sachman75 / 
Foter / CC BY-NC-ND. 


STRUCTURE OF MATRIX CITY 


Lasers and generators will constitute the INNER CORE or the NUCLEUS of the Matrix City under the 
protection of agencies for national security. 


The NUCLEUS will consist of concentric circles with centers for the production and conservation of 
wave matrices. 


The center of NUCLEUS will consist in the production of non-fossil fuel generators of energy. 
The conservation center will take care of the wave matrices banks for the Matrix Zone. 
The NUCLEUS will handle the production of bioactive water, which itself is a generator. 


The NUCLEUS will regulate all forms of life in the Matrix Zone, from organism to species, from bacteria 
to man. 


The NUCLEUS will produce lasers and generators. 


Around NUCLEUS, there will be a protective perimeter. 
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Over the protective perimeter, around the NUCLEUS, there will be concentric circles with housing for 
operators, their centers for education and cultivation, the Secondary Production Centers, and the 
Subscription Center. 


Matrix City will handle subscription to its service. Service should be provided via personal mini psi- 
generators, which should be connected to the information-wave system of the Matrix City through the 
internet at least once a week. 


The Secondary Production Centers will consist of farms as agro-factories and industrial park, which 
will produce all components of information-wave technology — bioactive construction and industrial 
materials, wave pharmaceuticals, etc. 


MATRIX ZONES 
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The country should be divided into the Matrix Zones. Each Matrix zone should have its own Matrix 
City, which would serve its zone with wave matrices. 


It looks like, advanced people will gather in special zones which are serviced by the Matrix City, the 
same way as now those who can are looking for areas with better schools for their children. These zones 
will be ecologically pure, with bioactive architecture, and bioactive water. These zones should accept 
everyone who wants to join, independently of money. The only condition should be the acceptance of a 
connection to the Matrix City. But nobody should be forced to join. 
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This condition will put down all accusations that Matrix Cities are a new exploitation device and a new 
segregation device. In fact, Matrix Cities should take care of personal, racial and national uniqueness 
and survival as much as the rare animal species are protected by the Red Book. DNA wave matrices 
banks should preserve all the variety of human genome. 


SPECIAL CHARTER FOR MATRIX CITIES 


Generators and I. 
national security. 


sers producing wave matrice: 


s should be protected by the state and agencies for 


Matrix Cities should have their own Charter, i.e., be special, semi-military zones, because ultimately this 
is a more powerful weapon than nuclear bomb, and, if used peacefully, generators will be more 
desirable thing than gold. 


It is completely clear that without the control from the state and agencies for national security, this 


technology cannot be commercialized in principle. Matrix City is basically a conversion of psychotronic 
weapons into peaceful applications in industry, medicine, agriculture, etc. 
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Remote & Wireless Maintenance via Quantum 


Internet by the Institute for National Security 
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Desoldering 


Desoldering is extremely difficult compare to soldering. In the process of RomBoard installation, 
the parts and circuit board must be in the good shape to re-use them. The tool we use is Desol- 
dering Gun. This device has vacuum pump built in with heater tip. Process of desoldering it self 
is very simple, but there are some tricks to do clean and safe desoldering job. 


Step 1 


[Pr 


Put the desoldering 
gun's tip over to the 
soldering joint. Make 
sure nozzle is 90° an~ 
gle from cireuit board. 


Apply the enough heat 
to melt entire solder. 
Multi-layer board or 
ground pin may take 
while to transfer heat. 


Step 3 


While applying vacuum, 
move the tip around the 
pin to get all the solder of 
around the pin out. At 
— this time, you ean also 
feel pin moves freely, 30 


you know pin is free from 


Step 4 


cireuit board. 


When you can hear air flow 
sound from hole, you should 
be done. Stop applying vac- 
uum and remove the gun 
from the pin. Inspect hole 
and pin. 


When you done with desoldering, the parts that you are trying to remove should move freely. If 
it doesn't, find which pin is still has solder left, and re-apply fresh solder to it and try desoldering 
process again, The multi-layer circuit board require more heat to get solder to melt. Make sure 
pin start to move freely by moving the tip of soldering gun before you apply vacuum to it. 
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REMOTE AND WIRELESS MAINTENANCE VIA 
QUANTUM INTERNET BY THE INSTITUTE FOR 
NATIONAL SECURITY IN MOSCOW 


November 15, 2014 
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Matrix City © Irene Caesar 


In the case of QUANTUM INTERNET, you send your information REMOTELY and WIRELESSLY. At the 
Institute, the laser reads the feedback from your wave matrix in real time, using your digitised wave 
matrix on record at the Institute. 


According to the holographic principle, the universe is holographic, meaning that it is entirely in its 
every matrix part. The holographic principle has three important implications: 


The first implication of the holographic principle postulates the UNIQUENESS of every wave matrix. if 
the universe is entirely in its every matrix point, then, every matrix point is not simply different from 
any other matrix point, but is unique. 


The second implication of the holographic principle postulates the NON-LOCALITY of every wave 
matrix. If the universe is entirely in its every matrix point, then every wave matrix is simultaneously 
present in the infinite number of dimensions via its tokens. Though there are infinitely many tokens of 
the same non-local wave matrix, all of them constitute one integrated SYSTEMATIC WHOLE. 


The non-local holographic nature of wave matrices also means that the wave matrix has the infinite set of 
waves, particles and fields within its TORUS — from infinitely micro to infinitely macro dimensions. It is 
impossible to talk of each individual wave matrix as “a specific frequency”. And it is impossible to 


postulate any “medium” of its existence, like “scalar wave”, “aether”, Higgs / boson field”, “torsions”, 
“leptons”, etc. There is no specific medium for transferring the information. 
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The third implication of the holographic principle postulates that there is the QUANTUM 
ENTANGLEMENT in the form of the instantaneous transmission of information between all the tokens 
of the same non-local wave matrix. The signal that records and transmits the ENTANGLED 
INFORMATION between different wave matrices or between the tokens of the same non-local wave 
yecific nature. It is HOLOGRAPHIC. Only lasers can record and transmit holographic 
signal, based upon the principles of the polarised refraction holography (described in terms of 
geometrical optics). Thus, the principle of recording and transmitting the MATRIX SIGNAL is structural, 
and not medium-based. 


Thus, it is possible to remotely and instantaneously transfer some wave information to a man via the 
entanglement between his body (at one location) and his photograph (at another location), as two tokens 
of his non-local wave matrix. 


For example, it is possible to remotely lower blood sugar in a diabetic man via scanning his photograph 
with the laser ray, which is passing through insulin before reaching the photograph. 


© Irene Caesar, Ph.D. from her book “WAVE PHARMACEUTICALS?” in co-authorship with Steve 
Schwartz, MD (2014) 


http://www.wavegenome.com 


http://thematrixcity.com/structure-of-the-matrix-city-english.html 


WELLENGENETISCHER HEILUNGSCODE 
seminar by Dr. Irene Caesar in Germany: 


21. November 2014, Freitag, 18 — ca. 21 Uhr 


itrum,de/index,php/abendveranstaltungen/infoabe 


wellengenetischerheilungscode 


http://www. orania-zentrum.de/index.php/seminare/seminar-wellengenetische-heilungscode 
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WIKIPEDIA 


Ubermensch 


‘The Ubermenseh (German for "Beyond-Man", "Superman", "Overman”, "Superhuman’, "Hyperman”, "Hyperhuman”; 
German pronunciation: [y:bemenf]) is a concept in the philosophy of Friedrich Nietzsche. In his 1883 book Thus Spoke 
Zarathustra (German: Also sprach Zarathustra), Nietzsche has his character Zarathustra posit the Ubermensch as a goal 
for humanity to set for itself. It is a work of philosophical allegory, with a structural similarity to the Gathas of 
‘Zoroaster/Zarathustra, 
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In English 


‘The first translation of Thus Spoke Zarathustra into English was published in 1896. In that translation, by Alexander 
Tille, tibermensch was translated as "Beyond-Man". In the Thomas Common translation, published in 1909, however, 
Gbermensch was rendered as "Superman". Common was anticipated in this by George Bernard Shaw, who had done the 
same in his 1903 stage play Man and Superman. Walter Kaufmann lambasted this translat 
reasons: first, its near or total failure to capture the nuance of the German word iiber (while the Latin prefix super- means 
above or beyond, the English use of the prefix or its use as an adjective has altered the meaning); and second, a rationale 
which Fredric Wertham railed against even more vehemently in Seduction of the Innocent, for promoting identification by 
children with the comic-book character Superman (whom Wertham described as "un-American and fascist"). The 
preference of Kaufmann and others is to translate Ubermensch as "overman". Scholars continue to employ both terms, 
some simply opting to reproduce the German word 21 


nin the 19508 for two 


‘The German prefix iiber can have connotations of superiority, transcendence, excessiveness, or intensity, depending on 
the words to which it is attached"! Mensch refers to a member of the human species, rather than to a male specifically. 
‘The adjective iibermenschlich means super-human, in the sense of beyond human strength or out of proportion to 
‘humanity. 
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This-worldliness 


Nietzsche introduces the concept of the Ubermensch in contrast to his 
understanding of the other-worldliness of Christianity: Zarathustra proclaims 
the Ubermensch to be the meaning of the earth and admonishes his audience 
to ignore those who promise other-worldly hopes in order to draw them away 
from the earth.16 The turn away from the earth is prompted, he says, by a 
dissatisfaction with life—a dissatisfaction that causes one to create another 
world in which those who made one unhappy in this life are tormented. The 
Ubermensch is not driven into other worlds away from this one. 


Zarathustra declares that the Christian eseape from this world also required 
the invention of an eternal soul which would be separate from the body and 
survive the body's death. Part of other-worldliness, then, was the abnegation 
and mortification of the body, or asceticism. Zarathustra further links the 
Ubermensch to the body and to interpreting the soul as simply an aspect of the 
body. 


Friedrich Nietzsche in 1869, 


Death of God and the creation of new 
values 


Zarathustra ties the Ubermensch to the death of God. While this God was the ultimate expression of other-worldly values 
and the instincts that gave birth to those values, belief in that God nevertheless did give meaning to life for a time. ‘God is, 
dead’ means that the idea of God can no longer provide values. With the sole source of values no longer eapable of 
providing those values, there is a real chance of nihilism prevailing. 


Zarathustra presents the 
the death of God and nihilism. If the Ubermensch aets to create new values within the moral vacuum of nihilism, there is 


jermensch as the creator of new values. In this way, it appears as a solution to the problem of 


nothing that this creative act would not justify. Alternatively, in the absence of this creation, there are no grounds upon 
which to criticize or justify any action, including the particular values created and the means by which they are 
promulgated. 


In order to avoid a relapse into Platonic idealism or asceticism, the creation of these new values cannot be motivated by 
the same instinet 


that gave birth to those tables of values. Instead, they must be motivated by a love of this world and of, 
life, Whereas Nietzsche diagnosed the Christian value system as a reaction against life and hence destructive in a sense, 
the new values which the Ubermensch will be responsible for will be life-affirming and creative (see Nietzschean 
affirmation). 


As a goal 


Zarathustra first announces the Ubermensch as a goal humanity can set for itself, All human life would be given meaning 
by how it advanced a new generation of human beings. The aspiration of a woman would be to give birth to an 
Ubermensch, for example; her relationships with men would be judged by this standard.!”1 


Zarathustra contrasts the Ubermensch with the last man of egalitarian modernity, an alternative goal which humanity 
might set for itself. The last man appears only in Thus Spoke Zarathustra, and is presented as a condition that would 


render the creation of the Ubermensch impossible. 
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According to Riidiger Safranski, some commentators associate the Ubermensch with a program of eugenics! This is most 
pronounced when considered in the aspect of a goal that humanity sets for itself. The reduction of all psychology to 
physiology implies, to some, that human beings can be bred for cultural traits. This interpretation of Nietzsche's doctrine 
focuses more on the future of humanity than on a single cataclysmic individual. There is no consensus regarding how this 
aspect of the Ubermensch relates to the creation of new values. 


Re-embodiment of amoral aristocratic values 


For Riidiger Safranski, the Ubermensch represents a higher biological type reached through artificial selection and at the 
‘same time is also an ideal for anyone who is creative and strong enough to master the whole spectrum of human potential, 
good and "evil", to become an “artist-tyrant”. In Eece Homo, Nietzsche vehemently denied any idealistic, democratic or 
humanitarian interpretation of the Ubermensch: "The word Ubermensch [designates] a type of supreme achievement, as 
‘opposed to ‘modern’ men, ‘good’ men, Christians, and other nihilists .. When I whispered into the ears of some people 
that they were better off looking for a Cesare Borgia than a Parsifal, they did not believe their ears."!! Safrans] 
that the combination of ruthless warrior pride and artistic brilliance that defined the Italian Renaissance embodied the 
sense of the Ubermensch for Nietzsche. According to Safranski, Nietzsche intended the ultra-aristocratie figure of the 
Ubermensch to serve as a Machiavellian bogeyman of the modern Western middle class and its pseudo-Christian 
egalitarian value system.!101 


gues 


Relation to the eternal recurrence 


‘The Ubermensch shares a place of prominence in Thus Spoke Zarathustra with another of Nietzsche's key concepts: the 
eternal recurrence of the same, Several interpretations for this fact have been offered. 


Laurence Lampert suggests that the eternal recurrence replaces the Ubermensch as the object of serious aspiration!" 
‘This is in part due to the fact that even the Ubermensch can appear like an other-worldly hope. The Ubermensch lies in the 
future — no historical figures have ever been Ubermenschen — and so still represents a sort of eschatological redemption 
in some future time. 


Stanley Rosen, on the other hand, suggests that the doctrine of eternal return is an esoteric ruse meant to save the concept 
of the Ubermensch from the charge of Idealism."! Rather than positing an as-yet unexperienced perfection, Nietzsche 
would be the prophet of something that has occurred a countless number of times in the past. 


Others maintain that willing the eternal recurrence of the same is a necessary step if the Ubermensch is to create new 
values, untainted by the spirit of gravity or asceticism. Values involve a rank-ordering of things, and so are inseparable 
from approval and disapproval; yet it was dissatisfaction that prompted men to seek refuge in other-worldliness and 
embrace other-worldly values. Therefore, it could seem that the Ubermensch, in being devoted to any values at all, would 
necessarily fail to ereate values that did not share some bit of asceticism. Willing the eternal recurrence is presented as 
accepting the existence of the low while still recognizing it as the low, and thus as overcoming the spirit of gravity or 
asceticism. 


Still others suggest that one must have the strength of the (ibermensch in order to will the eternal recurrence of the same; 
that is, only the Ubermensch will have the strength to fully accept all of his past life, including his failures and misdeeds, 
and to truly will their eternal return, This action nearly kills Zarathustra, for example, and most human beings cannot 
avoid other-worldliness because they really are sick, not because of any choice they made. 


Nazism 
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‘The term Ubermensch was utilized frequently by Hitler and the Nazi regime to describe their idea of a biologically 
superior Aryan or Germanic master race;!"4) a form of Nietzsche's Ubermensch became a philosophical foundation for the 
‘National Socialist ideas. Their conception of the Ubermensch, however, was racial in nature.!"41l"5] ‘The Nazi notion of the 
master race also spawned the idea of "inferior humans" (Untermenschen) which could be dominated and enslaved; this 
term does not originate with Nietzsche. Nietzsche himself was critical of both antisemitism and German nationalism. In 
his final years, Nietzsche began to believe that he was in fact Polish, not German, and was quoted as saying, "I am a pure- 
blooded Polish nobleman, without a single drop of bad blood, certainly not German blood" !"6] In defiance of these 
doctrines, he claimed that he and Germany were great only because of "Polish blood in their veins",!"7! and that he would 
be “having all anti-semites shot” as an answer to his stance on anti-semitism. Although the term has been associated with 
the Nazis, Nietzsche was dead long before Hitler's reign. It was Nietzsche's sister Elisabeth Férster-Nietzsche who actually 
first played a part in manipulating her brother's words to accommodate the worldview of herself and her husband, 
Bernhard Forster, a prominent German nationalist and antisemite.8! In order to support his beliefs he set up the 
Deutscher Volksverein (German People's League) in 1881 with Max Liebermann von Sonnenberg.!*® 


Anarchism 


‘The thought of Nietzsche had an important influence in anarchist authors (see Anarchism and Friedrich Nietzsche). 
Spencer Sunshine writes that "There were many things that drew anarchists to Nietzsche: his hatred of the state; his 
disgust for the mindless social behavior of ‘herds’; his anti-Christianity; his distrust of the effect of both the market and the 
State on cultural production; his desire for an ‘overman’ — that is, for a new human who was to be neither master nor 
slave; his praise of the ecstatic and creative self, with the artist as his prototype, who could say, ‘Yes’ to the self-creation of 
‘a new world on the basis of nothing; and his forwarding of the 'transvaluation of values’ as source of change, as opposed to 
a Marxist conception of class struggle and the dialectic of a linear history." The influential American anarchist Emma 
Goldman in her famous collection of essays Anarchism and Other Essays in the preface passionately defends both 
Nietzsche and Max Stirner from attacks within anarchism when she says "The most disheartening tendency common 
among readers is to tear out one sentence from a work, as a criterion of the writer's ideas or personality. Friedrich 
Nietzsche, for instance, is decried as a hater of the weak because he believed in the Ubermensch. It does not occur to the 
shallow interpreters of that giant mind that this vision of the Ubermensch also called for a state of society which will not 
give birth to a race of weaklings and slaves."2") 


Sunshine says that the "Spanish anarchists also mixed their class polities with Nietzschean inspiration.” Murray Bookchin, 
in The Spanish Anarchists, describes prominent CNT-FAI member Salvador Segui as "an admirer of Nietzschean 
individualism, of the superhombre to whom ‘all is permitted’." Bookchin, in his 1973 introduction to Sam Dolgoff's The 
Anarchist Collectives, even describes the reconstruction of society by the workers as a Nietzschean project. Bookchin says 
that "workers must see themselves as human beings, not as class beings; as creative personalities, not as ‘proletarians,’ as 
self-affirming individuals, not as ‘masses’. . (the) economic component must be humanized precisely by bringing an 
‘affinity of friendship’ to the work process, by diminishing the role of onerous work in the lives of producers, indeed by a 
total 'transvaluation of values’ (to use Nietzsche's phrase) as it applies to production and consumption as well as social and 
personal life.""29) 


In popular culture 


+ The comic-book hero Superman, when Jerome "Jerry" Siegel first created him, was originally a villain modeled on 
Nietzsche's idea (see “The Reign of the Superman’). He was re-invented as a hero by his eventual designer, Joseph 
"Joe" Shuster, after which he bore little resemblance to the previous character. However, Superman does find an 
adversary in the mold of the Nietzschean Ubermensch in the recurring arch-villain Lex Luthor, his greatest enemy on 
Earth. Luthor is preceded, even, by a supervillain resembling Siegel's original concept for Superman bearing the 
synonymous name of 'Ultra-Humanite’. A direct reference to the term occurs in the episode "Double Trouble" of the 
TV series Adventures of Superman, in which a German-speaking character calls the title character "verfluchter 
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Ubermensch' ("cursed Superman"). in the tenth season of the show Smallville, an alternate Lionel Luthor refers to 
Clark as the "Ubermensch". Overman is an alternate version of Superman, from Earth-10, an Earth where the Axis 
Powers won World War 11231 

+ Jack London dedicated his novels The Sea-Wolf and Martin Eden to criticizing Nietzsche's concept of the 
Obermensch and his radical individualism, 24! which London considered to be selfish and egoistic. 

* George Bemard Shaw's 1903 play Man and Superman is a reference to the archetype; its main character considers 
himself an untameable revolutionary, above the normal concems of humanity. 

« James Joyce utilizes the Ubermensch in the first chapter of his novel Ulysses. Joyce makes Buck Mulligan say it:!25) 
“My twelfth rib is gone, he cried. I'm the Uebermensch. Toothless Kinch and |, the supermen.” 

= In The Power, a 1956 book by Frank M. Robinson, the villain consciously models himself upon Nietzsche's 
Ubermensch, and a quotation from Nietzsche serves as the book's motto. 

* In real life, Leopold and Loeb committed murder in 1924 partly out of a superficially Ubermensch-like conception of 
themselves./26] Their story has been dramatized many times, including in the Alfred Hitchcock film Rope, the 1959 
film Compulsion based on Meyer Levin's novel, the 1994 film Swoon, the 2002 film Murder by Numbers, and the 2005 
Off-Broadway musical Thrill Me: The Leopold and Loeb Story. 

= Acharacter in the show Dollhouse (Season 1, Episode 12; titled "Omega") references Ubermensch in relation to 
Nietzsche when trying to describe a person that had the memories, skills, and intelligence of dozens of people 
uploaded into their (single) mind by means of futuristic technology. 

«The Medic character in the video game Team Fortress 2 will sometimes chant "| am the Ubermensch!" for one of his 
"Cheers" voice commands. = 

+ In the Disney TV Cartoon, Pepper Ann, in an episode titled "Effie Shrugged”, Etie, a physically imposing bully 
teaches Pepper Ann some basic information on Ubermensch. 

= David Bowie's song titled "The Supermen', from his 1970 album The Man Who Sold the World, was inspired by the 
‘work of Nietzsche. Bowie later said "I was still going through the thing when I was pretending that | understood 
Nietzsche... And | had tried to translate it into my own terms to understand it so 'Supermen' came out of that."(27] 


See also 


+ Great Man theory = New Soviet man = Randian hero 

+ Junzi + Notes from Underground + Strange Life of Ivan Osokin 
+ Knight of faith + Philosopher-King + Transhumanism 

= Last man = Posthuman = Supermind (Integral yoga) 
+ New Man (utopian concept) + Metabolic supermice 
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SMD device soldering and removal 


In the process of RomBoard installation, chance of handling SMD devices is becoming higher and 
higher due to ECU configuration change. 

Soldering of SMD devices are not much different from regular through hole soldering. 
Important thing is positioning of the device is very critical. 

Start with applying little solder to two of the each corner of the pads on the circuit board. 

‘Then, place the SMD device and re-heat a one of the solder you just applied to connect a SMD 
device pin to the pad. Check the position of the device, if position is right re-heat the other end of 
solder to secure the device completely. If you didn’t get position right, re-heat the pin that you 
just soldered and while heating a pin, move the device to the right position 

Once you positioned the device in the right position, apply Rosin Flux to both pins and pads. 
‘This will help your soldering job by keeping solder separate from each pin. 

Here is how the joint on SMD device pin should look like. 


ogee fi. 


QFP and SOP chip PLCC chip 


RomBoard adapter 
socket 


‘Removing SMD device will be the probably the most difficult process. SMD rework station is 
used to do this, Make sure all the pins are completely heated otherwise you will be removing a 
pad from the circuit board along with device. Also, you should note, when you are applying heat 
to the device, some parts around the device is also heated and moves around when you touch. It 
is good idea to take a note of location of the devices near the target device. 


Step 1 

Apply pre-heat from back side of the target device. Keep applying 
heat until you can’t touch the chip. By this time, circuit board 
should have enough heat. 


Step 2 

Apply heat from top of the target device. Nozzle should cover entire 
chip. You can check if chip is free from solder by sliding the nozzle 
left and right. Make sure you don't move other parts. If the chip 
moves freely, it is ready to be removed. 


Step 3 

Remove the chip straight up to avoid making solder bridge between 
pins. Chip is extremely hot! Unless you have skin of steel, avoid 
imitating the picture. 
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torte op is made of Res Sod Pearland anther sie of casing I 
rade of 30 pang plate, encoded wih he mune. system 
owenaten EDRUG (GIOELECTRONC DRUG) DIGITIZED 
SIOHOLOGRAM) This makes “TWO-CHIPS IN ONE" solulon 


(GENERIC ULTRA MIN-TESLA GENERATOR $1768, 
INDIVIDUAL ULTRA MINE-TESLA GENERATOR -§2358 


(#) MATRIX TESLA PSI-GENERATOR (ehip) 
(a) nas wice as mare layers of he chp Han he BASIC MINE-TESLA 


(tj ha he GENERIC or INDIVIDUAL bchlagn, 


(c) Both sides of he eating for he chip are made of 30 printing late, 
fneoded wih) the mune stom reuvenation —E- 
[DRUG (RIOELECTRONIC DRUG / DIGITIZED BIOHOLOGRAM). Tis 


GENERIC. MATRIX MIN-TESLA GENERATOR $2122 
INDIVIDUAL MATRIX WINI-TESLA GENERATOR - $2047 


(S)ULTIMATE (juinste miei ps-generatr nun) MINETESLA 
(GENERATOR (uimate-min-tesl-psi-gneratoct) hi) 

(a) has ice a mare lara of he ap tan he BASIC MINE-TESLA 
PSLGENERATOR; ® nae 
‘her GENERIC oF INDIVIDUAL biologtam:() One se of he caing 
torte op sade of Re Sad Pat and anther side of casing is 
made ef 30 pring plete, encoded wih the RNA E> 
[DRUGIBIOELECTRONIC DRUG DIGITIZED BIOHOLOGRAM) or the 
timate getcton against psjetatenie and genae ware. This 


(GENERIC ULTIMATE MNI-TESLA GENERATOR - $2358 
INDIMDUAL ULTIMATE MIN-TESLA GENERATOR - $2712 
(Gromtional pie) 


(s) SECOND-BIRTH TESLA PSI-GENERATOR (/second- 
birth-mini-testa-psi-generator.htmi) (ip) 

(a) chip is encoded by taser on nano level withthe most valuable 
Dioholographic information on the global market: EMBRYONIC 


(0) as a new tchroagy of encoding the chip by he newly invents 
later (patente. 


(caer fhe cip ave made at new mete fergane ate mae 


(a) ts atcay is proven bythe clea is athe Medes Ce of te 
"Moscow Bauman Russian Ste Tacha! Univers, the mae npetnt 
‘hip han the BASIC MIN-TESLA PSLGENERATOR, 


(e) has lr GENERIC or NDIVIUAL bchlagn, 
(0) proves ne utrate oda ore aca wave racton grating 
forte most peciee fois! 2eo clr ofthe ahora (aka wave 
yt rocess a ejvenstion 


INDIVIDUAL SECOND-BIRTH MIN-TESLA GENERATOR - $3500, 


ie 


be 


tela p gona) 1S 
[BASED UPON IMPORTANT 
DISCOVERY BY DR. RENE 
AAS DIFFRACTION GRATING 
REFRACTION MECHANISM 


ULTIMATE MINITESLA. pa 
generator (utlrste-riny esi 
fsrgeneratornint) has the 
gz bioologam of RNA 
encoded ita he easing, RNAs 
2 inglestended peal 
eurazes every eel near 
sonal 
fn he sarang  seale 200 
wave (eects every weve upon 
that te peak of te fora 
got wave realized bythe 
tough ot 
‘efected upon sol and 
ochwartgoing). Thus, DNA is 
fotecte by ts very stuns 
1 very stucure. Preteen 
Poychovene nd 
essen consist in ung 
RNA, mating our chomosomes 
tuniue generic lbmaten 
tg ot ion. 


‘here ultiatermin testa 
‘eeratochi), 


i 
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PRICES - WAVE GENOME 


TESLA GLASSES (lorder-tesla-glasses.html) _c=reniot pi ey 
TESLA GLASSES forrestraton of eye Sight and Haste ot 

pyle aystems and bos organs via Plazes Binologaphy of 

ye Crystal andi Can be use by all manbers fhe tay. Ho 

sates $1000 


‘TESLA SELENIUM (/order-tesla-selenium.html) 


‘TESLA SELENIUM MAX 60 pls  botlpack, ach pls 70 yg ot 
gare Tae valent Seley PROMOTIONAL PRICE: 

TESLA SELENIUM PRO 60 ps boteack, each iis 250 yo 
‘Organ Twin Slenun, 100 yp of Organic Gemanen and 5.0 
119 of OrganieZne PROMOTIONAL PRICE: 


@ 


TREATMENTS AT THE CLINIC (Iquantum- 
) 


‘TREATMENT AT OUR CLINICS {iquntun-ini i) spied onthe 
Indic! bas. We help wh tava lodging, escort and neering 
Senices alexa cost acorn io tegula Russan aes for example, 
Irate is usualy ied $17 othe fat how of wala eat or 
ow one hou) wth $59 fr every next nour (regular @ nurs wang 
ay): wie for working ays wh overtime (ovr B hour equa woking 
fay, hans bad at $17 for tetra aut, and $9 ar every ex out 
We accept any cur own itarpretas. Circa re RUSSIAN CLINICS. 
WAVE GENOME sous NOT own any of thee ces, But ofler 
VISITATION prorans gating Weatment at Russian eis 


vc psteyns) 


SHPPING POLICY (ieping 
waranty) 


FDA DISCLAMER: Cont ani ter rfarence purposes and 
supe or aces roma feansad neste potesional, You haul not 
‘ey solely 2 hs caren an wave genome com assures aly fr 
Inaccurncie, Aways red recna aloe using a produc. Stlaments 
regarding products a arcs nave al bn evalu by the FD, ant 
neue product and series ae notinlended a lagnose, lc, or 
event any esate a canton, 


Peymentin at due aad of seis No funds ants 


RETURN POLICY (atu ‘TERMS OF SERVICE (terns 
psy) serves) 


‘COPYRIGHT NOTICE: Test graphics an HTML cade en wavegenam com 
olng to ane Caesar Ph.D. Ba sale aur, sae prlactad by US and 
Inimatons Copyright Laws nd may ol be copie, epraed pusne, 
‘anda, hosted, of oervise dtrButed by ny means wie expsck 
permission tom tone Casa, Ph.D, andi vaton a he nernatons! Laws 
‘orang retraces. Any elation of he wavegenome cam weba shuld be 
accompanied wit he pope ference one Cass, PAD. Ay cation 
‘exceeding eer, permis ote felezence eat by the nesinal 
‘Copyight Lay, wil be consiare io be a vat a ne nema Copy 


(IRENE CAESAR, PH.D. FOUNDER AND SOLE OWNER OF WAVEGENOME 2010-2017 ALL RIGHTS RESERVED 


hittpswavegenome.comiprices.htm! 
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WAVE GENOME 


IRENE CAESAR, PH.D. 


REMOTE MANAGEMENT OF BIOSYSTEMS BASED UPON THE SHAPE 
OF CHROMOSOMES AS DIFFRACTION GRATING FOR FOCUSING 
GENETIC INFORMATION 


Weekend Seminar - October 1-2, 2016 


Jane Mackenzie’s Rejuvenating Centre 
Johannesburg 


We are proud to present Irene Caesar, Ph.D., extraordinary 
researcher, President, Founder and Sole Owner of Wave Genome 
(founded 2010) who created “phenomenal new theory” of genetics 
that perfectly explains Autism and other degenerative diseases (Dr. 
Jay Dubinsky, co-owner of EGG PHARMA) via the application of 
Geometrical Optics to Chromosomes. 


Dr. Irene Caesar is an Exclusive Sales and Marketing Representative of the Institute for National Security in 
the field of Quantum Leap technologies applied to health and rejuvenation, Co-founder of the Matrix City 
Consortium (2012) with the Institute for National Security in Moscow for building self-sufficient cities with the 
help of Russian Quantum Leap technologies, Co-founder of Quantum Biointeret via the remote laser signal 
(2013) with the Krasnoyarsk Scientific Group, and Colonel of the Irkutsk Cossack Miltary. Dr. Irene Caesar 
was awarded the Medal for Service to Russia (2018). 


In her July 23, 2016 lecture at the International Symposium of the Thonburi University in Bangkok, Thailand, 
Dr. Irene Caesar said: "We are standing at the greatest turning point in the history of humankind, called 
Quantum Leap. Quantum Leap technologies allow us remote management of biosystems, climate and 
geophysical processes and unlimited access to energy and resources — the systems’ management superior 
to Global Artificial Intellect.” Quantum Leap gives us cure of “incurable diseases” and radical rejuvenation, so 
that enhanced man in enhanced environment can live enhanced life of any life span he chooses. 


Dr Irene Caesar will be giving her Seminar at Jane Mackenzie's (MBA, B Pharm) Rejuvenating Centre in 
Johannesburg, with the assistance of Georg Ritschl, Wave Genome’s Exclusive Representative in the South 
African Republic. Jane Mackenzie is Wave Genome's partner, and a leading Rejuvenation Practitioner 
focusing on epigenetics, nutrigenomics and homotoxicology. Georg Ritsch! is the owner of Organise Africa, 
and a leading producer of Orgonite on the global market. 


Dr Irene Caesar is bringing to the South African Republic the World Leading Russian Rejuvenation 
technology, still classified in the West. Wave Genome technology was created for the first persons in the 
State, military commanders, diplomats, Special Forces and Olympic Team 


Wave Genome offers: 
(1) MINI-TESLA PSI-GENERATOR 


MINI-TESLA PSI-GENERATOR consists of two parts: (a) Chip (in casing) structured by laser on nanolevel 
with client's biohologram recorded by laser from client's childhood photograph; for the ULTRA MINI-TESLA 
PSI-GENERATOR, the casing itself is structured by laser on nanolevel with the biohologram of the immune 
system rejuvenation E-DRUG (electronic drug); (b) flash drive with the complete DIGITAL PHARMACY 
(software) consisting of the digitized bioholograms of all essential bodily organs and physiological systems. 
Both of these components are not available elsewhere on the global market. MINI-TESLA PSI- 
GENERATOR is a certified protection against V2K (Voice to Skull), and all other kinds of psychotronic 
weapons, and harmful radiation. THERE ARE NO ANALOGUES ON THE GLOBAL MARKET, or devices 
that provide actual protection 


(2) AURA PSI-GENERATOR 


AURA PSI-GENERATOR is a large-size device for radical rejuvenation and enhancement of physical, 
‘mental and psychic abilities. AURA PSI-GENERATOR comes with revolutionary diagnostics, not available 
elsewhere, which detects all maifunctions in your body, inaccessible for any conventional diagnostics, via 
using formerly super secret military technology, which was created by Soviet scientists for detecting enemy 
in the outer space. AURA PSI-GENERATOR has the complete DIGITAL PHARMACY, consisting of 
digitized bioholograms for every essential bodily organ and physiological system, e.g., immune system, 
endocrine system, etc. For example, complete rejuvenation for clients with diabetes type two takes 10 
sessions. Each session is about 2 hours. AURA PSI-GENERATOR detects whether 2 person got any 
implants, including Nanobots (computers of the molecular size), or whether a person is under Psychotronic 
attack. After detection, AURA PSI-GENERATOR destroys microchips of any kind and protects the client 
from the Psychotronic or Psychic attack. 


Text on the Quantum Leap Technology of Laser Polarized Holography by Wave Genome: 
© rene Caesar, Ph.D. 2016 ywww.wavegenome.com / mail@wavegenome.com 


Jane Mackenzie, MBA B Pharm 
Wave Genome's Partner 


www janemackenzie.co.2a / info@ianemackenzie.co.za 
Georg Ritschl 
Wave Genome's ZAR Representative 


hitps://www.orgoniseafrica.com / orgonisehelpdesk@gmail.com 


BOOKING: www.janemackenzie.co.za 
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TESLA PSI-GENERATORS WITH COMPLETE DIGITAL PHARMACY - 
‘THE FRONTIER OF QUANTUM GENETICS 


hit: wvavegename.contesla-ganerator him! 


am 


ysor018 


‘You can place an order va fling up THE ORDER. 
FORM (lorderorm.himi) Prices flr depending on 
the service, cents condition, and disease 


MINI-TESLA PSLGENERATOR - WAVE GENOME 


Models of TESLA PSI-GENERATORS lifer by the sizeof he chip (the number of 
layers), The chips multilayered and it takes longar than one day fo produce just one 
layer. Our SUPER, ULTRA ang ULTIMATE PSL.GENERATORS has twice as much layers 
than our BASIC TESLA PSI-GENERATOR. Production af our ULTRA and ULTIMATE 
MINL-TESLA PSI-GENERATORS takes about or anger than ona month. 


‘Each model comes in GENERIC and INDIVIDUAL version. Generic vrsion has the 
universal human biohologram (aka DIGITAL CELL) encadod vis laser ino the chip on 
nano level. And the individualized version has he personal human bishologram encoded 
ia laser int the chip on nano level 


GENERIC TESLA PSI-GENERATORS are prosucod for large familes, who woul Ike to 
share the same TESLA GENERATOR forall mambers ofthe famiy. Generic Human 
Bichologram, aka DIGITAL CELL, isthe result of dacades af research, ands the 
foundation for our diagnostics procedures. 


INDIVIDUAL TESLA PSI-GENERATORS have indvicual bioholagram ofa client inthe 
chi, being encoded via laser onto the chip on nano evel. ndivdualbiohelogram is 
recorded from your chidheod photograph (er navel blood placenta) via laser, digitized, 
‘agnosed, and encoded into the chip via Inset. 


INDIVIDUAL TESLA PSI-GENERATORS are produced fo the ulimale protection against 
(genetic and psychotronic warfare. 


Each chip (inside @ pendant) comes with the COMPLETE DIGITAL PHARMACY as 
software on a flash deve with 44 madulas for every essential body organ and 
physiological system, Market val is 36,000 Euros only one module, 


COMPLETE DIGITAL PHARMACY SOFTWARE PROGRAM 


‘Al our mois of TESLA PSI-GENERATORS (chip) come witha separate flash cve with 
‘he complete DIGITAL PHARMACY sofware program for every essential bodily ergan 
‘and physiological system (PSLPROGRAM) to nun on your computer in order 
to generate E-DRUGS / BIOELECTRONIC DRUGS (aka wave matrices / icholograms) 
for every heath condition. 


‘SECOND-BIRTH TESLA PSI-GENERATOR 


hit: iwavegename.contesta-ganerator him! 


ait 
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‘SECOND-BIRTH TESLA PSI-GENERATOR 


(a) has a more advanced, second generation chip 
‘encoded by laser on nano level with the most 
valuable bioholographic information on the 
lobal market: EMBRYONIC STEM CELL: 


(©) has 2 new technology of encoding the chip by the 
ely invanted ser (patent): 


(e)layers ofthe chip are made ofa new material ot 
organic nature more advanced than our other chips: 


(2) ts eftcacys proven by the inca as atthe 
Medical Clinic ofthe Moscow Bauman Russian State 
Technical Universiy, the most important Science 
University in Russia, of MIT level twice as more 
layers ofthe chip than the BASIC MINL-TESLA PSI. 
GENERATOR, 


(has 
cither GENERIC or INDIVIDUAL ticholagram, 


(1 provides theultimate modulation forthe sealar 
wave diffraction grating forthe mast precisa focus / 
2210 center ofthe biohologram (aka wave crysta") 
inthe process of rejuvenation, 


GENERIC MATRIX MINE-TESLA GENERATOR - 


3000, 
INDIVIDUAL MATRIX MINL-TESLA GENERATOR - 
$3500 

BASIC-X TESLA. SUPER TESLA ULTRA TESLA ULTIMATE TESLA 

PSI-GENERATOR PSI-GENERATOR PSI-GENERATOR PSI-GENERATOR 


hitp:wavegename.com/tesla-ganerator him! 
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BASIC TESLAPSI- 
GENERATOR (chip) 


(2) has twice loss layers of the chip 
than our athar medals. 


(0) has ether the GENERIC or 
INDIVIDUAL biahologram ofa 
healthy human inthe chip, being 
‘encode vi laser onto the hip on 
ana level 


(c)BASIC TESLA PSI-GENERATOR 
has both sides ofthe casing forthe 
chip made of Real Sod Pear. 


(¢) BASIC-X TESLA Pst 


MINI-TESLA PSI-GENERATOR - WAVE GENOME 


‘SUPER MINLTESLA, 
(GENERATOR (chip) 


(2) bas ice as mare layer of the 
chip than the BASIC MINL-TESLA 
PSL-GENERATOR. 


(0) bas either GENERIC or 
INDIVIDUAL bioholagram. 


(6) Both sides ofthe casing forthe 
chip ae made of Real Solid Pear 


(GENERIC SUPER MINLTESLA 
GENERATOR - $1179, 


INDIVIDUAL SUPER MINL-TESLA, 
GENERATOR -51768, 


MATRIX TESLA 
PSI-GENERATOR 


(MATRIX TESLA PSL.GENERATOR 


(2) has ice as more layers of the 
chip than the BASIC MINL-TESLA 
PSLGENERATOR. 


(oyhas 
‘ther GENERIC or INDIVIDUAL bioh 


hit: vavegename.contesla-ganerator him! 


ULTRA MINLTESLA GENERATOR 
(chi 


ULTIMATE MINLTESLA, 
GENERATOR (chip) 


(a) has twice as more layer of the 
chip than the BASIC MINL-TESLA 
PSLGENERATOR, 


(has 
tether GENERIC or INDIVIDUAL bioh 
clogram. 


(6) One side ofthe casing forthe chip 
's made of Real Solid Pearl, and 
another side of casing is made of 3D 
printing plastic, encoded withthe 


an 


113072018 
GENERATOR has one side ofthe 
casing forthe chip made of Real 
‘Solid Pea, and anather sie of 
casing mate of 3D printing plastic, 
encoded with the immune system 
rejuvenation E- 

DRUG (BIOELECTRONIC 
DRUG / DIGITIZED. 
BIOHOLOGRAM), This 
‘makes "TWO-CHIPS IN. 
ONE" solution, 


GENERIC BASIC MINLTESLA 
GENERATOR - $856 


INDIVIDUAL BASIC MINL-TESLA 
GENERATOR - $1179 


INDIVIDUAL BASIC-X MIN-TESLA 
PSLGENERATOR - 51534 
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clogram. 


(6) Both sites ofthe casing forthe 
chip are made of 3D prning past, 
‘encoded wth the immune system 
rejuvenation E- 

DRUG (BIOELECTRONIC 

DRUG / DIGZED 
[BIOHOLOGRAM), This 

‘makes "TWO-CHIPS IN 

‘ONE solution, 


GENERIC MATRIX MINLTESLA 
GENERATOR - $2122 


INDIVIDUAL MATRIX MINI-TESLA 
GENERATOR - $2047 


(a) has twice a more layers af the 
Chip than the BASIC MINLTESLA 
PSLGENERATOR. 


(byhas 
‘thor GENERIC or INDIVIDUAL bioh 
‘logram. 


(€) One side ofthe casing forthe chip 
i made of Real Solid Peart, and 
another side of easing is made of 3D 
printing plastic, encoded withthe 
immune system rejuvenation E- 
DRUG (BIOELECTRONIC 

DRUG | DIGITIZED 
BIOHOLOGRAM), This 

‘makes "TWO-CHIPS IN 

ONE" solution 


GENERIC ULTRA MINL-TESLA 
GENERATOR - 1768 


INDIVIDUAL ULTRA MINL-TESLA 
GENERATOR - $2358 


RNAE-DRUG(BIOELECTRONIC 
DRUG / DIGITIZED 
BIOHOLOGRAM) forth timate 
protection against psychotrnic and 
(genetic warfare. This makes "TWO- 
CHIPS IN ONE" saluton. 


GENERIC ULTIMATE MINLTESLA 
GENERATOR - $2358 


INDIVIDUAL ULTIMATE MINI 
TESLA GENERATOR - $2712, 
(promotional price) 


MANUAL FOR MINI-TESLA PSI- 


GENERATOR 


‘ABOUT THE DEVICE 


‘The dovice consists of two paris: a chip in a 
pendant and a computer program (software) on a 


flash eive. 


cH 


hit: wvavegename.comtesia-ganerator him! 


MINL-TESLA GENERATOR 


sit 


Step 4 
After remove the chip, cool down both circuit board and 
chip. 


Clean the pads on the circuit board with desoldering gun, 
‘Do not apply too much heat to the pad. Pad might peel off 
from circuit board. Clean the chip by desoldering gun also. 
Check for any bridge between pins. If the chip has too much 
> protective coating on it, use solvent to clean it up. 


If the pads on the circuit board is too small to use desolding 
gun, try cleaning by solder wick with rosin flux. This may 
take time but it is much better than peeling pads off. 

‘Once again, do not apply too much heat. 


Step 7 

Solder the RomBoard adapter where the chip was, 

| Refer SMD device soldering section for how to solder 
adapter. 


The Final Word 


Soldering, desoldering, and working with SMD device will take some effort to learn, You 
should be relaxed and concentrated when you work. 

Keeping every thing clean (tip of iron, gun, work surface, ete) will help you also. 

Once you get comfortable to work with soldering you may find your own tips and tricks, 
Experience is all bout soldering. 


EOF 
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‘The user wears a pendant with a chip inside on 
hisiher neck atthe lvel of the solar plexus. We 
have chips of frst and second generation. Fist 
(generation chip fs an afi palymer erystal with 
lectret properties, which has two modus, 
epending on how you tu it towards your body 
‘open module (reinforcing the impact of a user on 
the environment) and closed (protecting 2 user 
from the harmful effects of the environment) 
‘Second generation chip (mare advanced) has the 
fetrely holographic technology, and functions 
through the focus / zero canter ofthe scalar wave 
Gitacton grating in the hologram encoded into 
‘he chip via laser on nanoleve 


CChips are structured by laser atthe nano level 
‘The laser writes to the chip at the nano level 
clients digtized biohologram, which is read by the 
laser rom the childhood photograph, placenta or 
Uumbical cord blood ofthe cent forthe inavidual 
generators, or the biogologram of a average 
healthy person forthe ganaic goneratos. 


men user is wearing the chip, the electrat is 
cemiting the wave crystaine structure (hologram 
for mats) upon the user, and makes. his 
chromosomes repeat the wave cystaline 
stuctue of healthy person during cel division. 


‘The laser and chip itself use the principle of 
Kezyrev Mirrors. The Universe consists of energy 
for 93%, and of particles only for 7%, and particles 
are the concentrated energy. The universe is 
holographic, that i, ts entirely in its every Matix 
Pint. Wave Hologram or Matrices exist in two 
forms: in the form of @ Torus (simultaneously 
present from the infitaly small to the inftely 
large dimensions) and in the form of the Wave 
Crystal. Man exists in the form of a Torus during 
sleep. During waking hours, the person isin the 
form ofa Wave Crystal. 


Wave Crystals ae formed in the stuctures, which 
reprodues in their shape the Kozyrey Mirors. 
Kezyrev Mirors reflect any extemal wave signal. 
‘and, therefor, are called “miro”. The 
structures neutralize any extemal linear signal 
‘and retract t towards thei Zera Center or focus 
‘Neutralization of any external signal happens due 
to the reflaction ofthe wave and the polarization, 
land the creation of a so-called stancing (scalar 
wave). Trough of the backrunning wave 
neutralizes the peak of the foward.going wave, 
whan the intial wave is related. This provides 
protection fom harmful lectro-magnetic and 
‘other technogenc ar anthropogenic influences. 


[As a rosut of the standing (scalar) wave, there 
femerges the interference (dracon) grating, 
Ubichrofacts any next near signal ine towards 
the center (focus) ofthe Wave Crystal. 


It is necessary to know this, because all the 
information in the universe ie ansrited and 
received only through the Zero Center of the 
Wave Crystal. Tiss analogous tothe work of our 
fee. We see only because there isthe gathering 


hitp:wavegename.contesta-ganerator him! 
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"PSI" stands for “psychotic”, that is, for the 
technology that i offering technical means for 
‘managing biosystoms. 


Every MINLTESLA psi-generator comas with 


(1) 2 CHIP, structured with a laser on a nanoteval 
with the digitized Wave Matix / Biohologram of 
healthy human or your own individual wave matrix in 
cchlchoad (recorded fam your ehilhaod 
jhotagraph), and cased ether in paar or 30 
printing plastic. or combination of these two 
‘materials. You wear i on a chain on your solar 
plexus athe ime, taking itoff nly for bathing: 


(@) and psiprogram - a fash drive with the software 
that has the entre DIGITAL PHARMACY generated 
2s the holographic / granulated signal (aka "white 
‘iso signal beyond your auditory perception) and 
‘encoded in music. You are getting the complete 
DIGITAL PHARMACY for your ifetime and fr every 
system and vial organ in your body. You run this 
software at least once a day for best resuts. If you 
are sick, you run this software as often as possible, 


[All sales upon agrecing fo client consent 
‘conditions (/ient-consent htm), no refunds. 


(lxseryourmstose generator: 


russian im) 


Haxaure Ha Pyoc dar an nepeweueru a 
‘epee cara Ha Pyecrou mane 


Roferto our FAQ (Frequently Asked Questions) 
(Uminitesta-generator-faq html for any concerns. 


IMPORTANT: CHIP has two modes : OPEN and 
CLOSED. In the OPEN MODE, you increase your 
information-wave impact upon people. Te CLOSED 
MODE is the SHIELD MODE, which protects you 
from any paychatraneatack, inching V2K (voce to 
skull and cancer guns, subliminal adverising and 
psychic atlacks. Those customers who are 
endangered wit these attacks can wear ther CHIP. 
in the protective mode nonstop. PLEASE NOTE 
Plastic towards your body is a SHIELD MODE. For 
casing which has both sides fom plastic, the 
SHIELD SIDE is thinner so that the chip is 
raficeable beneath plasc. For casing which has 
bth sides from Pear, the darker side of Pear 
towards your body isthe SHIELD MODE, 


DIGITAL PHARMACY SOFTWARE PROGRAM (/digital-pharmacy-software- 
-1057105410601058-10621048106010561054104210541049- 


104010551058104510501048. html) 


eit 


‘ya020%8 


ofall the extemal linear signals inthe focus of the 
lens (Wave Crystal. If focus is not achioved, and 
the refraction ofthe signal takes place before or 
behind the canter ofthe Jans, we have developed 
the long-sightedness (hyperopia), or the long- 
Sightedness (myopia). and we dont soe well 
Receiving information by both our eye, and our 
DDNA takes place sticly in accordance withthe 
laws of geometrical optics. The technology used 
creating the chip is called 
Holography 


for "Polarized 


Mt is possible to record and transmit only a 
holographic signal. To record Wave Crystals 
(Gioholograms or Matrices) of users, we use 
vices that can record and transmit holographic 
signal - He-Ne laser wih intemal mimors. These 
lasers convert any extemal linear signal into a 
holographic signal, i, changing the nature of the 
inal signal. For example, our bones produce 
stam calls only because ther shape and structure 
's analogous to the laser tubes, which "involute" 
signa 


Similaty, our DNA is able to transmit and receive 
informatio, only because, in its structure, its the 
Wave Crystal. Two stands of DNA ace tral the 
standing (scalar) wave, since inthe frst strand ot 
DNA, a wave goes inthe direction opposite tothe 
wave going in the second strand of DNA 
Moreover, DNA cols into the crystaline structure 
which leraly reproduces the 
traction grating of the standing wave in the 
Kozyrev Minor, in order to most accurately eeract 
‘ny extemal ner signal toward the Zero Canter / 
Focus of ts Wave Crystal 


interference / 


We live only thanks to call division. During cell 
vision, chromosome is formed. & chromosome 
i formed when ‘wo sisters chromatids unite 
together nta a cruciform stucture. Chromosomes 
in two main shapes: accocentvc and 
matacentric. In scrocentic chromosomes, two 
fencings ofthe sisters chromatids are shorter than 
‘he other two endings. On the  contray 
matacentre chromosome has all the endings the 
that it is. absolutly symmetrical 
Matacentre cromasome resembes te quadratic 
1 symmatical cross (Cox Quadrata 
Gammation), as wall asthe Ions of a wel-seeing 
feya. Tha sama gene in apes, in chieren with 
Down syndrome, and wid horses of Preewalski 


has the scrocentic chromasoma, whereas in 
humans, normal eiléren, anc Arabian horse, the 
same gane has the metacantric shape of the 
Chromosome, That is, the functionally of the 
species directly depends upon the shape of 
chromosome, that is, upon the laws of the 
Polarized Holography of Wave Crystals 


our Is contering and focusing the 
chromosomes during cll vision, giving them the 
matacentric frm. 


device 


Because the entire universe is ental in ts every 
Matric Point each Matrix Point is oot simply 
iferent rom any other Matix Point, but is unique 
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Click here (digital: pharmacy software-1057105410601058-10621048106010561054104210581049- 
104010851058104510501088.htmi) to soe screan shots of the DIGITAL PHARMACY SOFTWARE 


PROGRAM, 
Produced according to TU 9444.021- 

4294321. Cortlieale #77, FCABOU. niin ELECTRONG CODE or he vena your 
72455.11.00 pears 


(Our MINLTESLA GENERATOR js used by Russian 
Special Forces and Olympic Team. 


MINLTESLA GENERATOR is @ CHIP (artificial / 
polymer crystal, structured by laser on 
{2 nanolevel, as a collector and retransmitter of 
wave structures (Matrices or Bioholograms), 
Which functions as a dispenser for WAVE 
MATRICES (http:mww.wavegenome.comiwave- 
pharmaceuticals.htm!) within the revolutionary 
paradigm of LASER-—_POLARIZED. 
BIOHOLOGRAPHY, which is the true WAVE 
PHARMACEUTICALS ()wave-pharmaceuttcals hin) 
~ Information technology of a new generation. 

Generator or retransmitter functions like 2 
vibrator, which emits micro vibrations of special 
kind - scalar wave diffraction grating 


Wave MATRICES 
{httptwawwwavegenome.comwave- 
pharmaceuticals.ml) canbe generic 


fo individualised. Wave matrices can be of 2 
human as a whole, of specific bodlly system, or 
‘of a specitic medication 


‘Comes with the software that has 44 modules of 
piGmseD WAVE MATRICES 
{http:tmwwwavegenome.comwave- 
pharmaceuticals.html) for every bodily system 
{and every vital organ in your body. 


(inintosa- 


cae thes eons 


generator hn!) 
READ INFORMATION LEAFLET FOR THE MINI- 
TESLA GENERATOR 

(COMES WITH THE UNIT) (Information eafet- 


for-mini-tesla-generator hm!) 


(Over the course of decades, our instiuteparcipated 
in the research in the eld 

technologies of a new generation, 
commercalzation. Tha insiute coated the system 
of informaton-anergy correction, which isthe most 
‘advanced in the two-way 
connection through the enereyinformation loud. In 
Russia, our MINLTESLA generator is usod by 
Special Forces and the Olympic Team in order to 
help them cope with stress and enhance their 
performance 


of information 


‘and. ther 


the worl, and i 


7m 


‘ys0/2018 


(© rene Caesar, 2012). Each Matrix of each 
person isthe uncreted and indestructible unique 
nocal Wave Matrix If we have two expe of 2 
Unique nonlocal Wave Matrix, we can 
instantaneously transfer information from one 
copy ofa unique nonocal Wave Matix to another 
copy. In this way, birds and insects share one 
unique nondocal Wave Matrix for their entire 
species, ad instantaneously transmit information 
between all individuals of @ given species. But 
feach man has his own unique nonlocal Wave 
Matrix If you order an individual generator, you 
get your unique nondocal Wave Matric wih the 
most clear foous / center of the Wave Crystal 
‘Yur generator transmits upon your chromosomes 
your unique unereated and indestructible 
information from the noosphere of the universe. If 
you order the generic (universal) generator, its 
‘ction is Simted, but i naverthalses, helps your 
chromosomes to gst centred and focused 


We also ofer the remote therapy by the stant 
laser signal that instant, trough Quantum Non- 
locality, afets your genetic apparatus according 
to the principle described above. The user uses 
hisher individual generator as an antenna and 3 
‘iter fr the remate laser signal 


DIGITAL PHARMACY SOFTWARE 


‘The user uses the computer program (sofware) 
every day once a day in 2 normal state af heath, 
land several times @ day, depending on the 
complexily of histher state of health. When 
working with the computer program of the 
(generator, the user must turn hither generator fo 
the open modulo 

Computer program of tha generator is a 
comprehensive Digital Pharmacy of the digitzed 
Bioholograms (Wave Crystal 

Matrices) ofall healthy vitally important organs 
‘and physilogical sysloms. The user tales a sell 
test for selftherapy, and the program generates 
for him the granular (holographic) signal, wich is 
encoded in tha music 


structures or 


Slftherapy is the binaural therapy, which uses 
the Kozyrev Mirors principle aike the chip inside 
the generator, Sinaural therapy is based on the 
effect of the stereo signal to both ears, so that 
signal i delayed in one ear wih respect tothe 
signal applied to the second ear. Is in this way 
that the Kozyrov Mirors effect is created. wien 
human skull seif becomes the Kozyrev Mio 
‘The signal i reflected there emerges a standing 
(scalar, the wave interference /litfacton grating 
‘and the signal is refracted toward the Zero Center 
ocus of the wave crystal 


‘Aso, the user can order ary pil or ncture in the 
form of @ software modue of the Digital 
Pharmacy. Digital Pil module is attached tothe 
Digital Pharmacy sofware, andthe user receives 
‘he Digital Pil as the granular (holographic) signal 
lencodd in the music. We recard the Digital Pill 
Va a laser and as the wave structure (Hologram 
cr Matra), which is aflerwards gels cigiized 
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picmiseD wave 
{nttp:tmwwwavegenome.comwave- 
pharmaceuticals htm) also can be ether generic 
or individualised, and of a human as a whole, of 
‘2 specific bodily system, 

‘specific medication 


MATRICES 


or of 3 


= 


ha land ASH TRA ERE. HERO OR, 


BASIC MINLTESLA GENERATOR emits generic 
HUMAN CELL HOLOGRAM, recorded by 
the laser from heathy human cells and bosly 
systems, and then used to structure the crystal via 
the laser on nanolevl 


‘SUPER, ULTRA, MATRIX AND ULTIMATE MINI- 
TESLA PSI-GENERATORS emit ncvisual HUMAN 
CELL HOLOGRAM in the form af your cilhood 
wave marx, which i recorded from your hilhoad 
photograph when you were a healthy child. We also 
need your date of bith, We use the complex 
systematic appreach to read the bicholographic 
infermation from your photograph, including the 
‘application of laser. 


|Atar your mati is recorded from your photograph, 
‘we run a special diagnostic program in our Insitute 
to reveal the defects in your matrix, and to comect 
them. 


If mo childhood photograph is avaiable, we can use 
your adult photograph, since the Institute can 
slagnose WAVE MATRICES 
{htipuawwwavegenome.comwave- 
pharmaceuticals. html) and corac them, 


‘We can record” wave matrices /bioholograms upon 
various media, and net only on the slectret- based 
chip of the MINLTESLA _PSI-GENERATOR. 
Examples of such media are CDs that are used "as 
Such", and not for extracting the digital ls from 
them 


We can combine your childhood wave mati with 
wave medications 


We can tune up your childhood matrix 


(iploadstvs/ivast12207/9725048 op) 


ante 


‘The device is in fact very necassary in modern times 
ven we are bombarded by the harmful electro 


‘magentic racaton. 


‘The deviee is designed in such way that you can 
‘urn ithe wth darker-colorer side to yourself and 
in this case, the generator is programmed to open 
Your boil orto turn it with the light-colored sie 
(aspen side in ganerators coated in wood) to 
yoursel, and, in this case, the ganerator bacomes| 
your psychatonic“irewal. 


Snes “TESLA GENERATOR 

Ifyou get sick, eg, infected with a vis or bacteria 
your wave imprint / data received atthe institute wil 
immediatly alert the sysiom, and we wil correct the 
situation va sending you the necessary correction to 
your wave-diagram (avalable only for ULTRA MINI 
TESLA PSL-GENERATORS) 


amt 


‘ya020%8 


Digital Pits do not have the danger of averdose 
and side elects 


OR EAA OTT i 


cul IFO ASB ay 
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We can tune up your chichood matix in such away 
that some specie bodily systems or organs are 
stimulated. 


sty 


‘SELF-MAINTENANCE 


‘You nun software with PSLPROGRAM on your 
computer in order to perform tho self maintenance 
15 offen as you naed. PSL-PROGRAM has 44 
modules for every boully system and every vital 
forgan in your body. These 44 modules were 
recorded by the laser fram heathy human calls and 
belly systems, and, then, cigised 


Software has (1) the chart of bodily systems and 
‘organs to choose from for self maintenance: (2) the 
scale of sal-assessment from tha worst fo te bast; 
(3) and two biofeedback tests, based upon 
graphology. 

ny 


QUANTUM COMPUTER 


Besides conventional test, Intute developed a 
completely new way of recording and transiting 
information. We cal it QAUNTUM BIOINTERNET. 


‘When you run the PSI-PROGRAM, th spin states of 
the software and the spin slates of your crystal chip 
in the generator constitute one and the same torus 
(hologram). There isthe instantaneous biofeedback / 
bioresonance two-way communication between the 
running software and the crystal inside the. MINE 
TESLA PSL-GENERATOR, 


‘The crystal / nano chip in the MNL-TESLA PS! 
GENERATOR and the PSLRPOGRAM software 
(uring is operation on your computer) constiute 
fone integrated QUANTUM COMPUTER. Tho spin 
states ofthe crystal /nanachip in the generator and 
the spin stats ofthe software coincide! resonate or 
‘oppose each other, according othe principles of the 
polarised holography. The principles of the polarised 
holography are expressed by gaomatical opti, 


“The software reads via its own spin states the 
information off the crystal (is spin states), and 
corrects it Then, the crystal tunes via the 
bioresonance of the spin states to the hologram, 
corrected by the operating software. 


In this way, the erystal / nanoctip inside the 
‘generator sl-corects itself based upon the 
‘operation of his QUANTUM COMPUTER. 


MAINTENANCE BY 
WAVE GENOME LLC 


(ntptwww.wavegenome.comiwave-genome-- 
prices. htmi, 


‘Some bacteria and viruses are considered to be 
incurable because they leave a wave imprint in the 
body, even ater they are cloarod up on the 
biochemical level. Ane, then, these wave imprints 
can literally rebuild the vius and bacteria trom 
scratch. This same principle is sean in the classic 
physics experiment involving passing photons and 
molecules through two sits simutaneously. That i 
ny it is necessary to protect and cure oneself on 
the wave leva 


conta thet sopra rane 


MAINTENANCE VIA QUANTUM 
INTERNET BY WAVE GENOME LLC 


In the case of QUANTUM INTERNET. you sand 
your information REMOTELY and WIRELESSLY. At 
the WAVE GENOME LLC, the laser reads the 
feedback from your wave mati in realtime, using 
your digs wave matrix on record atthe institute 


‘According tothe holographic principle, the universe 
's holographic, meaning that tis entirely in its every 
rie part. “The holographic. principle fae tome 
important implications: 


‘The first implication of the holographic principle 
postulates the UNIQUENESS of every wave matrix. 
if the universe is entraly in its every matrix point 
then, every matrix point is not simply diferent from 
‘any other max point, buts unique. 


The second implication of the holographic 
principle postulates the NONLOCALITY of every 
wave matix. If the universe ie entirely in is every 
matrix point, then every wave matrix is, 
simutaneously present in the infirite number of 
mensions via ts tokens. Though there are infitly 
‘many tokens ofthe same nondocal wave matix, all 
fof them constitute one integrated SYSTEMATIC 
WHOLE, 


‘The norelocal holographic mature of wave matices 
‘also means that the wave marx has the infinite set 


ont 


sysor018 
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WAVE GENOME offers everyday MAINTENANCE 
fof WAVE MATRICES with the purchase of the 
ULTRA MINLTESLA PSLGENERATOR and 
‘SUBSCRIPTION PACKAGES. 


‘The maintenance consists in receiving the 
necessary correction of your bio-feld from the 
Intute, 


‘To obtain MAINTENANCE from the Institute, you 
‘send in your information. The Institute racks down 
the changes in your WAVE MATRIX and makes 
necessary corrections. Corrections also account for 
the changes in the earthy electromagnetic activity 
solar and lunar activity, geophysical activity, weather 
‘anomalies, and predicted social unrest. 


“There are two ways to send in your information, You 
can send your biofeedback information either 
DIGITALLY through the conventional internet. or 
via QUANTUM INTERNET. 


a 


DIGITAL MAINTENANCE BY WAVE 
GENOME 


In the case of DIGITAL MAINTENANCE BY WAVE. 
GENOME LLC, WAVE GENOME LLC corrects the 
lgital fs in the software of your PSL-PROGRAM. 


When you connect your -MIN-TESLA 
GENERATOR to your computer, you both receive 
‘and transmit tough the intemet the information, 
‘needed for your utmost performance, to and fom the 
our facty 


‘Your childhood mati, recorded onto the generator 
transmitter, is your antennae that helps your body 
tune ta the waves which are beneficial to you, and 
ard of harmful waves. That is why this technology 
Js also called "tha resonance technology’ 


Device strengthens the immune system and bodys 
resistance to infectious and toxins: 

Improves performance and cognitive abies, 
Including, sharpness of thinking and memory, and 
‘overall quality o ite: 

Protects against stress factors of any nature 
(lechnogenic, including, electromagnetic, as well as 
‘hysical and psychic) 

‘Speeds up recovery and healing 

itis unique in the prevention of many diseases 


Especially recommended for people who are in 
‘esstul situations: to sportsmen, businessmen, 
professionals with busy schedule, fights and 
business trips. 


RETURN POLICY (ietum- 


of waves, particles and felis within its TORUS — 
{rom infiitly mica to infritly macro dimensions. 
's impossible to tak of each individual wave matix 
{38 "a specific frequency". And it is impossiie to 
postulate any "modu of its existnce, like “scalar 
wave", "aether. "Higgs / boson field”, “torsions” 
leptons’, ete, There is no specific medium for 
transferring the information. 


‘The third implication ofthe holographic principle 
postulates that there isthe QUANTUM. 
ENTANGLEMENT in the form ofthe instantaneous 
transmission of information between all the tokens of 
the same nonlocal wave matrix. The signal that 
records and transmits the ENTANGLED. 
INFORMATION betwesn diferent wave matrices or 
between the tokens of the same nonlocal wave 
matric has specific nature. Its HOLOGRAPHIC. 
Only lasers can record and transmit holographic 
signal, based upon the prnciples of the 
polarised refraction holography (described in terms 
(of geometrical optics). Thus. the principle of 
recording and tansmiting the MATRIX SIGNAL 
's structural, and not medium-basod 


‘Thus, tis possible to remotely and instantaneously 
transfer some wave information to a man via the 
fenlanglemant between his body (at ene location) 
land his photograph (at another location), as two 
tokens of is nonocal wava mati. 


For example, Its possible to remotaly lower Hood 
suger in a ciabetc man via scanning his photogragh 
withthe laser ray, which i passing through insulin 
before reaching the photograph, 


© lene Cassar, PhD. from her book "WAVE 
PHARMACEUTICALS" (2014) 
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al 


a JANUARY 13, 2018 
(© Irene Caesar, PhD., President, Founder and Owner of Wave Genome 


‘Wave Genome is proud to announce its most advanced MINLTESLA PS!GENERATOR . 
ever: the SECOND-BIRTH Mini-Tesla Pst Generator. 6 


‘We called the new chip the “SECOND BIRTH" generator, because the clant gels the 
‘most valuable bohologrephic ratment ever for rejuvenation ~ the bohologram of ha 
Li eect: embryori stem cal. The SECOND-BIRTH Bichologram i avalabe asa chip encoded 


Seopa adel orecoing mente fe by laser on nanoleve. The cinical tals were conducted by the Bauman Universy 
‘itte staor ave difracton geing the Head rine Medical Center. The clinical trials had demonstrated the radical improvement in the 
ni i ariel pte ery \Welbeing ofthe participants in the cinical tls. 


In the GENERIC SECOND-BIRTH Tesla Generator, the bichologram of the embryenic 
stom cals ganeic. iis @ DIGITAL CELL. Iti not he biohologram ofa specific emby, 
but the result ofthe Embryonic rasearch based upon the Quantum Leap diagnostic of 
holograms according to the coherence ofthe geometrical opis in chromosomes. 


In the INDIVIUAL SECOND-BIRTH Tesla Generator, the biaholagram ofthe embryonic 
stem calls medulated by cents mast coherent bohalogram, recorded via laser from his 
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SHIPPING POLICY (shipping 


LTESLA PSI-GENERATOR - WAVE GENOME 
childhood photograph. 


“The INDIVIDUAL SECOND-BIRTH Tesla Generator i stranger than the GENERIC one 
since it has a more precise focus dus to the finer / smaller grid ofthe scalar wave 
ration grating, But you can use the GENERIC one for the ene family, and this is 
‘also a great benefit 


Hf somebody else wil wear your own unique INDIVIDUAL Tesla Generator, this individual 
ill simply not connect ta the focus of your unique bichologram encoded on the chip, 
Since this persan has hisher own geometrical code for reaction inthe scalar wave 
liration grating ofhisher biobologram, 


‘When the madulaton is aed fo the carrier wave inthe scalar wave diffraction grating, 
the resulting hologram i diferent from thesa two components taken separatly 


In the bchotogram, the polarization emerges due to the change of the spin in the integral 
torsion. Due to polarization, the extemal signals reflected upon itself so tha the scalar / 
stancing wave emerges. In the scalar wave, the pak of the forwarc-going wave is 
“annleg by tha trough of the same wave when it is reflected upon ise. Scalar wave 

raced towards the 


creates the difaction grating, so that any next extemal signal is 
focus! zor centr ofthe biohologram (aka ‘wave crysta", 


‘Any extemal signals only a tigger, andthe extemal signal can be a psychotronc attack 
“This is a great benef ofthe Quantum Leap Laser Polarized Biohclography. The more 
‘modulaons the bichologram has, the more precise focus / zero canter is achieved via 
retracton, and the betor is your protection against the psychotronic attack 


‘Because the SECOND-BIRTH Tesla Generator has the most fine / small/ scaled scalar 
\wave difraction grid among our other generators, the SECOND-SIRTH Tesla Generator 
provides the most precise focus / zero focus af clan's bioholagram and the best 


defense against paychotronic attack 


“Thus, withthe SECOND-BIRTH Chip, you wil experiance the most radical rejuvenation 
effects, including mental and physical enhancement, 2 more emotional conta, and a 
beter defense against psychotronic attacks 


“Those of our cients, who already own one of our MINL-TESLA PS-GENERATORS, can 
‘thor wear both generators together, or carry one of the generators in a pocket, oF 
altemate generators. 


WAVE GENOME HAS INTELLECTUAL PRIORITY FOR THE WAVE. 
OPTICS IN CHROMOSOMES AS BIOHOLOGRAPHY 


Cle hee (aschev-dpot-d-pal him) to raad an how WAVE GENOME technology 
Uifers from Or. Gariaev's and Or. Diagchev's technology (DIPOL or DI-POL Genera). 
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MICROWAVE MIND CONTROL 
by Tim Rifat 


UK INTELLIGENCE FORCES AND MICROWAVE MIND CONTROL 
MIND CONTROL 


As a scientist researching into microwave weapons used on the general public, evidence that the GM900 
microwave network as used by Vodaphone and British Telecom, is a major health hazard, has come to my 
attention. Defence Intelligence Agency (DIA) documents entitled: Biological Effects Of Electromagnetic 
Radiation (Radiowaves and Microwaves) Eurasian Communist Countries, show that microwave frequen- 
cies similar to those of the cellular phones can cause health problems in the following areas: 


* Blood. 

* Cardiovascular System. 

* Cells. 

* Central Nervous System. 
* Digestive System. 

* Glands. 

* Metabolism. 

* Reproduction. 

* Visual System. 

* Internal Sound Perception. 


Equipment to test the frequency and intensity of microwave phones shows that they produce signals 
similar to microwave ovens. Two Vodaphone cellular phones were producing 100mW/cm2 and 50 mW/ 
m2 respectively. The danger level for microwave ovens is SmW/cm2 and the Russians regularly used 
10 mW/cm2 for weapon research. These Vodaphones will therefore cause significant health problems if 
used. A variety of cell phones can be tested to see how dangerous they are. 


The GM1800 system used by Orange uses higher frequency microwaves. Australian scientists found this 
caused cancer in mice exposed to radiation of this type. The documents in my possession show that 
crowaves pass deeply into the body and can have a negative effect on the brain and body. 


The DIA research dates from 1976 and shows the dangers were known about over twenty years ago. 
The Soviets used the frequencies and intensities used by mobile phones, 1800 MHz and 900 MHz, as 
weapons, It is a rule of the intelligence community that you hide things in plain view, getting the pu- 
blic to accept microwave mind control weapons which effect their behaviour under the guise of mobile 
phones was a stroke of genius. Getting the public to pay for these microwave mind control devices, so 
their brains and behaviour can be damaged, to make them more docile and easy to control, was pure 
diabolical genius. 


UK INTELLIGENCE FORCES AND MICROWAVE MIND CONTROL 


Microwave weapons that turn people into stressed, confused, submissive zombies are being used in 
Britain's inner cities. Developed by the communists, microwave weapons similar to microwave ovens 
have since the 1980s, been targeted on inner city council estates. These weapons transmit extremely low 
frequency (ELF) signals which mimic natural brain waves; at the flick of a switch, all the people around 
these microwave transmitters are turned into submissive zombies who cannot think clearly, become 
depressed, apathetic and want to lounge around all day doing nothing: the inner city malaise found on 
Britain's streets. With the advent of new ELF detectors designed by the author's research teams, the 
mass mind control of the metropolitan UK population can be proved. ELF signals are officially only found 
at nuclear submarine communication stations, so the researchers were shocked to find microwave and 
UHF, mind control signals in city centres, the author's flat, being sent through mobile phones, the BT 
telephones and from the numerous transmitters that dot the country. 


The massive increase in mobile phones has enabled the UK security forces to use this network of trans- 
mitters to beam mind control signals into the brains of anyone living near these transmitters. Microwave 
phones use pulse modulated microwaves of the correct intensity to pass through the skull into the brain 
and control behaviour. Microwave transmitters are therefore the perfect medium for the transmission of 
ELF signals to mind control the UK population. 


Researchers are of the opinion that the inner city riots of the early eighties forced the Thatcher regime 
to deploy ELF mind control devices developed in the 1970s to turn the working class housing estates into 
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Strain Gages and Instruments 


Introduction 


The most common method of making electrical 
connections in strain gage circuits is by means of soft 
solders, in wire form. Other methods, such as spot 
welding, brazing, compression bonding, paste solders, 
and conductive epoxies, are also available, but find only 
limited application. Solders have many advantages for 
strain gage use — they are low in cost, readily available in 
various alloy compositions to provide a range of melting 
temperatures, and are easily obtained in the form of either 
solid wire or wire with a core of flux. They are convenient 
to use, and offer an excellent combination of electrical and 
mechanical properties, 


Although soldering is basically a simple procedure, 
it must be done with appropriate tools, supplies, and 
techniques to assure accurate strain measurement. This is, 
particularly true when test requirements are severe in the 
sense of approaching the limits of the strain gage circuit, 
capabilities; e.g, long-term stability, high-elongation 
measurements, fatigue endurance, etc. Use of improper 
materials or techniques can significantly degrade strain 
gage performance. 


‘The purpose of this Tech Tip is to outline recommended 
procedures and materials for attaching leadwires to strain 
gage solder tabs or to bonded printed-circuit terminals, 
These reliable, experience-proven methods are based 
on the use of a professional quality soldering station, 
in conjunction with Micro-Measurements solders and 
installation accessories. 


Soldering Station and Pencil 


Forprecision soldering of strain gages, itisalwaysnecessary 
to usea temperature- or power-controlled soldering station 
that provides low voltage and adjustable temperature to 
the soldering iron tip. An unregulated soldering iron, 
connected directly to the power line, is not ordinarily 
suitable for strain gage use because the tip temperature is 
apt to be far too high. This tends to oxidize the tip, and to 
instantly vaporize the flux, making soldering much more 
difficult. In addition, the unnecessarily high temperature 
may damage the strain gage, the bonding adhesive, or even. 
the test specimen. For these reasons, the soldering station 
should incorporate provision for adjusting the soldering 


temperature to suit varying installation conditions and 
requirements. The temperature must be adjusted, of 
course, to accommodate the melting points of the different 
solders commonly used for strain gage connections, but 
also to allow for environmental conditions such as drafts 
or outdoor soldering in cold weather. Moreover, the 
temperature controller should be carefully designed to 
ensure that it does not generate electrical noise that could 
adversely affect nearby measuring instruments when both 


Design of the soldering pencil also requires special 
consideration. It should be light in weight, with a very 
flexible power cord, and with the gripping area thermally 
insulated from the heating clement. These characteristics 
contribute to the comfort, ease, and precision of soldering, 
and minimize operator fatigue during long periods of 
use. The soldering tip itself should be of the flat, chisel, or 
screwdriver type. Pointed tips should not be used, because 
they tend to draw solder away from the work area, and thus 
make it more difficult to achieve proper joint. In contrast, 
flat tips act to confine the solder, while offering greater 
surface area for better heat transfer and more effective 
soldering, generally. 


Micro-Measurements soldering units incorporateall of the 
above features and a number of others, designed to help the 
user easily make consistent, reliable solder joints. These 
soldering units are widely used by professional strain gage 
installers everywhere, in both stress analysis laboratories 
and in transducer manufacture, 


Solder Selection 


‘The Micro-Measurements Division stocks a broad range 
of solder types to meet various installation and test, 
requirements, While solders are sometimes selected to 
provide specific electrical or mechanical properties, the 
most common basis for selection is simply the melting- 
temperature range. Low-melting-point solders, for 
example, are generally used for strain gage installations 
on nonmetallic test parts to avoid damaging the gage, 
bonding adhesive, or test material due to overheating. In 
contrast, high-temperature solders are normally selected 
only when necessary to satisfy elevated-temperature 
testing requirements. These solders are somewhat more 
difficult to handle because the higher working temperature 
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total policing zones. In these zones, ELF transmitters turned the inhabitants into docile zombies. So suc- 
cessful was this technology that it was expanded to cover all major towns. Mass mind control of the UK 
public to make them submissive and obey authority was expanded, hand-in-hand with the mobile phone 
network and military and police microwave transmitters. Now the entire London conurbation is covered 
by UHF and microwave carrying mind numbing ELF. 


Research into the use of microwave weapons and their use for mind control began in 1950s at the 
Tavistock Institute, one of Britain's leading psychiatric research establishments. The UK institute was 
researching into ways of mind controlling the British population without them knowing. The monkey sub- 
mission response, whereby the dominant monkey caused submissive behaviour in the underlings, was 
the brain state of most interest to the British scientists. Having found this specific brain rhythm for docile 
submissive, zombie-like behaviour, it was then recorded and used as the template for the ELF signal be- 
amed on UK microwave transmitters. Britain was the first discoverer of microwave technology, used for 
radar, in the 1940s and therefore had a commanding lead over everyone else in this field. 


The 1970s brought a darker side to the story, with the news that the Russians were microwaving the 
US embassy in Moscow. One third of the staff eventually died of cancer from this microwave irradiation. 
Australian scientists proved in 1997, that tiny amounts of microwave produced by the very safest mobile 
phones, cause cancer in mice, when exposed to this radiation. Greenham Common was the first time that 
the Ministry of Defence was involved in the offensive microwaving of women protesters, the so called 
Greenham Common Women. This event showed that the UK security forces were willing to use lethal 
doses of microwave radiation on large groups of the general public. Equipment showed that the women 
peace protesters were subject to high levels of microwave radiation, some of them have subsequently 
died from cancer. Northern Ireland would have been a perfect proving ground for mass mind control 
technology. Research at the Tavistock institute enabled the Thatcher government to put into large sca- 
le use, the frequency which causes submission in humans. Radiating this ELF frequency on microwave 
transmitters, cellphones, BT phones and by use of other transmitters, the inner city population can be 
behaviourally controlled. My research group have ELF detectors, which can prove all manner of UK trans- 
mitters are being used to mind control the population. Since ELF is not found naturally, and is only used 
for nuclear submarine communication, its presence proves mind control weapons are being used on the 
general public. The author also has access to scientific documents showing the devastating effects of ELF 
broadcast by microwave, UHF and VHF on humans. 


It is alleged that Marconi put this microwave technology into full scale production, and around thirty 
scientists and military personnel on the project who began to ask questions committed * suicide’ under 
mysterious circumstances. 


My research has found that microwave weapons are targeted on middle class troublemakers and resear- 
chers who cause problems for the establishment. Russian and American research has found that pulse 
modulated microwaves (as used for mobile phones) can, when modulated with ELF which mimics specific 
brain patterns change the behaviour of the victim at the flick of a switch. It has been found that UK se- 
curity police, such as MIS use the 450 MHz frequency used for this research (legally allowed to be used 
by the police) for behavioural control. A vast catalogue of mind control frequencies in the MHz range, 
FM radio, TV and mobile phone frequencies, have been measured, which are used in the UK for mind 
control and killing or disabling victims: 147, 153, 197, 199, 447, 453, 456, 466, 853, 883, 884, 887. 
Symptoms can be depression, befuddled thinking, loss of memory, stress, not being able to cope, manic 
behaviour, schizophrenia, nervous breakdowns, physical collapse, brain and nervous system damage, 
heart attacks, cancer. 


‘An example was Brighton police van, parked outside the Brighton Pavilion which was used to beam UHF 
and microwaves at vagrants to clear them from the area. All Brighton's city centres are bombarded with 
microwaves when vagrants congregate to make them so ill they have to flee. The Evening Argus newspa- 
per asked the police if the white van which was parked in the Brighton Pavilion grounds for months, was 
their van, they replied it was one of their surveillance’ vehicles. On Wednesday, 4th of February the au- 
thor was passing Brighton Police station with a frequency counter which detects microwave weapons, and 
I detected a 452 MHz microwave beam being directed at two young offenders sitting on a wall opposite 
the station. I confronted the police with the reading, Robert Galloway, spokesperson for the police stated, 
uthey were not interested in microwaves even if they were a danger to health.” The author has uncovered 
widespread use of microwave weapons in Brighton by the police and MIS as a test programme to clear 
vagrants from the city centre, 


Contacting researchers in this field of enquiry, they all complain of microwave-like symptoms, headache, 
nausea, giddiness, eye damage, ear problems... Readings I have taken show that the 750-1000 MHz 
range is used by the intelligence services for inducing nervous and physical collapse. Microwave ovens 


give off 1000 MHz. 


On the Channel 4 programme, For the Love of...New World Order, shown on Monday night at 12pm, on 
April 6th, the author revealed some of these facts on television. The presenter, and researchers of this 
programme complained of severe headaches in the days preceding filming symptomatic of microwave 
attack. As the foremost non-military expert microwave weapons, remote viewing (psychic spying) and 
Psi-warfare, the author became aware of the microwave problem when he was targeted to stop his fort- 
hcoming book on remote viewing being released. This book on psychic spying, published by Century 
Books, is the first book by a scientist on the subject of Psi-warfare and the techniques the superpowers 
developed. 


Subsequent to the filming of the Channel 4 programme, he was arrested by Brighton Police on February 
ISth outside their building and his frequency counter was confiscated to stop him recording the use of 
microwave weapons around the police station and in public places around the town. Even though no law 
was broken. It appears Brighton Police are worried that their use of microwave weapons on Brighton's 
vagrants is coming to light. The UK government has also bought up alll the readily available frequency 
counters, these being the Watson FC-128 frequency counters, and the Optotronic devices, and the manu- 
facturers now market a ,modified’ model, which most probably has a digital filter so that the microwave 
weapon frequencies given above, cannot be shown. The author's frequency counter has still not been 
returned. With such high-level manipulation of events it seems that microwave mind control is part of a 
secret policy which is being practised on the general public in this county. As part of a covert government 
policy of harassing and disabling critics, this means of attack is not covered by the law and highly denia- 
ble, the perfect intelligence device for civilian control. The author's flat is targeted with a 900 MHz beam 
which seems to be designed to cause massive neurological damage and produce tumours. 


The BT phone network has the potential to be used for docilisation of the UK public. A 30-40 MHz signal 
is carried by the phone. When the earpiece is placed against the head, bone conduction carries the ELF 
component into the brain of the phone user. A ELF signal which can effect behaviour or health is therefore 
passed into all BT phone users. It appears from experts I have consulted on the subject that the digital 
phones have been designed to carry this mind control carrier frequency. Vodaphone have supplied a mo- 
bile phone to a friend of mine that pumps out an 847 MHz signal at over 100 mW/cm2, this is equivalent 
to 4x100 watt lightbulbs being turned on in the body of the user. This means that mobile phones can 
potentially be used to kill or so disable a person they no longer become a problem to the establishment. 
Another Vodaphone tested pumped out 50 mW/cm2. UK safe levels for microwave ovens are 5 mW/cm2 
= which are not held near the head. There are reports by military researchers that 1 mW/cm2 will cause 
swelling of nerve cells exposed to microwave. 


It is obvious that a total policing of the population by means of UHF, VHF, and microwave EM radiation, 
amongst others, is being used to keep the UK population in a docile and submissive mental state. Men- 
tal confusion can also be added to the signal for working class inner city areas to keep them docile and 
confused. A land of stultified zombies, who are mind controlled to make them docile and unable to think 
clearly. Subversives are habitually targeted with microwaves to drive them mad or make them fatally ill 


On July 4th 1976 seven giant transmitters in the Ukraine, powered by the Chernobyl nuclear facility, 
pumped a 100 megawatt radio frequency at the West, which contained a 10 Hz ELF mind control fre- 
quency. According to a US scientist, Dr. Andrija Puharich, MD, the soviet pulses covered the human brain 
frequencies. With a Dr. Bob Beck Andrija proved that the Soviet transmissions were a weapon. He found 
that a 6.66 Hz frequency would cause depression and an 11 Hz signal would cause manic and riotous 
behaviour. transmissions could indeed entrain the human brain, and thereby induce behavioural modi- 
fication populations can be mind controlled en masse by ELF transmissions. More importantly he found 
that an ELF signal could cause cancer at the flick of a switch. It did this by modifying the function of the 
RNA transferases so that amino acid sequences are scrambled and produce unnatural proteins. 


MIND CONTROL 


Torture is alive and well in the UK. MIS, the UK's secret police, regularly use Non-Lethal Weapons on any 
dissidents. Since MI5 have a well documented history of hating the Labour Party, and were instrumental 
in bringing down the Labour Prime Minister Harold Wilson, they naturally took to spying on, and discre- 
diting, any group or person who did not follow their rabid right wing dogma. When Margaret Thatcher 
became Prime Minister of a right wing Conservative Government in 1979, she soon saw the power in 
recruiting MIS to be her own secret police. During the Miner's strike in the early eighties, Arthur Scargill 
and his National Union of Miners nearly brought the Conservative Government down, with their year long 
strike, Margaret Thatcher used MIS to spy on the Miners and to discredit Arthur Scargill. Leading police 
officers argued against the use of MIS on the civilian population, they were ignored or replaced - if they 


proved too vociferous. 


Margaret Thatcher was the first Prime Minister for many a year to sit in on the Joint Intelligence 
Committee's meetings on a regular basis. Thatcher, as a trained scientist, would have been well aware 
of the usefulness of microwave weapons. They are impossible to detect unless you have a detector, dis- 
sidents have no idea these weapons exist, and best of all, they are totally deniable. It may be that MIS 
kept this research secret from Margaret Thatcher, but the resources the UK has put into these fearsome, 
so-called non-lethal weapons, is extensive. UK intelligence runs a fleet of microwave weapon carrying 
vans, as well as portable microwave weapons that can be deployed near the dissident's home. The vast 
expense can be disguised as communications equipment, for as we all know, microwave telephone com- 
munication is all the rage in our madern world. My research shows that the microwave telephone network 
also has the potential to be used as a major mind control weapon system to control the behaviour of the 
microwave phone users. 


Developed under the Conservative government, which was in power from 1979-97. The UK secret, or 
;black’ government, has at Its disposal a fearsome array of mind control weapons. These abhorrent de- 
vices are euphemistically called ,non-lethal weapons’ by the UK military. In fact they kill you slowly by 
causing: nerve damage, cancers, mental collapse leading to suicides, or tissue failure, such as heart 
attacks due to the cooking effect of microwaves. 


Precisely modulated microwave radiation is used to influence brain function. Human behaviour and re- 
actions can be entirely controlled by using pulse modulated microwave EM radiation. Pulse modulated 
microwaves are useful as the carrier for the mind control signals as they are able to pass through the 
skull, which is rather resistant to low level EM. The massive number of microwave antennae that dot the 
country, some of which are used for the microwave phone network, all use pulse modulated microwaves, 
which makes their use for a strategic mind control device against the civilian population in times of trou- 
ble, or rioting, crucial to modifying the behaviour of the general population. In modern democracies it 
is no longer viable to shoot rioters, or torture dissidents by normal means, as the bad publicity is self 
defeating. Thus, microwave weapons have been developed by the UK's military intelligence as they leave 
no marks, or gaping wounds. This pulse modulated microwave carrier beam can then be used to carry 
signals. These signals are extremely low frequency recordings of brain electrical potentials, which have 
been recorded by neuro-medical researchers such as Dr Ross Adey. 


Dr Ross Adey's research at the Brain Research Institute of the University of California, was funded by 
the CIA. In their Pandora project a catalogue of different brain signals for specific actions, emotions and 
pathological states of mind were recorded. It was found that when microwaves were used to fire these 
signals at victims’ brains, they experienced the moods, behaviour, and the pathological states, carried by 
the signals. This meant that by mimicking natural brain frequencies, the human brain could be controlled 
remotely by use of extremely low frequency broadcast carried by pulse modulated microwave beams 
(ELF pulse modulated microwave remote mind control technology). 


It is now possible to broadcast mind control commands directly into the brain by use of microwave 
beams. All that is needed is a catalogue of every specific brain frequency for each: mood, action and 
thought. These catalogues of excitation potentials are available from Russian neuro-medical research 
institutes, so any one with enough cash can have the same technology at their disposal, as UK military 
mind control groups (the psychological-enforcement arm of MIS). The Aum sect bought microwave we- 
aponry via their 50,000 Russian converts. 


Particular excitation potential, is then broadcast by pulse modulated microwave transmitter. This pulse 
modulated microwave beam has the ELF excitation potential frequency imprinted upon it. It was found 
that each behavioural set in humans had a distinctive frequency. There was one for: anger, suicide, 
hysteria, trauma, serial killing, paranoia, lust...etc. Intelligence operatives in the UK regularly park mi- 
crowave transmitters outside targets’ houses and beam specific mood inducing excitation potenti 
the victims. To aid them, they have sophisticated millimetre wave scanners to look through the vi 
walls, so they can see the targets’ in their homes. Pulse modulated microwaves are regularly directed at 
the victims’ brains, while other people in their homes are oblivious of what is going on. A leading con- 
spiracy researcher, who looks into GCHQ at Cheltenham, found one of these vans, with two spheres on 
its roof parked in his road. When he took the number plate and through contacts checked who owned it, 
he found it was an MOD van. Hopefully he has found the microwave weapon system before it has done 
him too much harm. 


These microwave weapons were developed allegedly at Marconi. When firing microwave beams through 
walls at one specific target, every material in the way of the microwave beam attenuates or modifies 
the intensity and frequency of the beam. Since precise frequencies and intensities are needed for mind 


control, very sophisticated microwave arrays and computer programmes had to be developed so that 
the microwave beam could be changed in response to the materials which lay between the target and 
the weapon, as the victim moved around the house. To do this, the reflectivity and refractivity of the 
materials between victim and weapon had to be analysed in real-time and fed to a computer which could 
change the microwave array in concert with the changing environment between victim and weapon, as 
the target moved around his/her home. Secondly, there had to be an automatic interrupter if another 
person walked in front of the beam. The victim needed to be driven mad or disabled, without anyone else 
being aware that he or she was being targeted. The technology for this was very complex but eventu 
ally it was perfected. Twenty five or more scientists and military personnel, associated with the Marconi 
project, then died in mysterious circumstances. Intelligence personnel regularly kill people to keep them 
quiet. Maybe they killed the entire research team to keep such a diabolical weapon secret. For if it were 
made public, the scandal would bring down the government. Whatever the real story, by the mid to late 
eighties, all the problems had been ironed out and these new smart microwave weapons were deployed 
on the UK s streets. Northern Ireland would have proved the perfect place to test them out. Pulse mo- 
dulated microwave weapons had now come of age. 


By this method, any mood or behavioural set, can be conditioned into the target's brain. Intelligence 
agents keep a log of the victim's behaviour to see if more intense treatment’ is needed and as a guide 
for future mind control projects. It is alleged that by this method, UFO and conspiracy researchers, are 
routinely driven to commit suicide. having the excitation potential for suicide beamed into your brain day 
and night by microwave mind control weapons, soon resets the brain into a cycle of depression that spi- 
rals out of control ending in suicide. Many intelligence and technical officers in the UK, who have spilled 
the beans, or could be a potential leak, are driven to commit suicide by the special mind control teams 
run by MIS. If you look at the long list of UK military and intelligence experts who inexplicably commit 
suicide, one can see an underlying mind control logic that drives them to kill themselves. 


Behavioural reinforcement is used in a synergistic way with the mind control. It was found that the effect 
of the microwave beams could be greatly enhanced by external reinforcement. Intelligence community 
personnel destroy the target's property, ruin their financial affairs spread vicious rumour, make sexual 
peccadilloes public knowledge - such as wearing women's underwear, while checking oneself - with an 
orange in one's mouth. External reinforcement of pulse modulated microwave mind control technology 
was found to be very effective. Intelligence chiefs are now in seventh heaven; if some one becomes a 
problem they get the ,suicide mind control team’ parked outside their house. Within weeks, the victim 
kills himself. This is very pleasing to the intelligence mandarins, as suicides are easy to explain away - 
even if the victim was a highly placed politician or military man 


If the military intelligence agency does not wish you to commit suicide, they can drive you mad. This is 
done by beaming the excitation potential of a particular pathological mental state at your brain while you 
are at home. To aid in this, the intelligence operatives can place sounds and speech in the target victim's 
brain. This inter cerebral hearing is used to drive the victim mad, as no one else can hear the voices 
transmitted into the brain of the target. Transmission of auditory data directly into the targets’ brains 
using microwave carrier beams is now common practise. Instead of using excitation potentials, one uses 
a transducer to modify the spoken word into ELF audiograms, that are then superimposed on the pulse 
modulated microwave beam. 


Discrediting well known people who are causing problems for the shadowy elite, by driving them mad, 
seems to be standard operating procedure for the intelligence community. Victims are subject to pulse 
modulated microwaves which carry different types of madness and behavioural aberrations, encoded 
as ELF excitation potentials. This makes the troublesome high profile person, display manic or insane 
behaviour that discredits them. Examples of this technique are allegedly: David Icke, Fergie, Princess 
Diana... Outside environmental reinforcement, by use of media agents in league with MIS, makes it as- 
sured that the high profile person's mind controlled madness, will be put in the worst possible light to 
discredit them. In this way, high profile subversives who cannot be wrongly imprisoned (unlike the Carl 
Bridgewater prisoners, Birmingham Six, Guilford Four...) in the normal way by Britain's police, or killed 
by assassination squads, such as the Pegasus group, are made to look ridiculous. Public humiliation is 
the finest weapon the authorities have, to make harmless, a potential well known figure, who is causing 
trouble. 


If the VIP needs to be made temporarily ill, microwave beams containing the signal the brain gives off 
during a vicious bout of flu can be fired at the victim. This causes the target to display all the symptoms 
of flu, even though they have not caught the virus. Major Ed Dames, the remote viewing specialist, who 
has close links with the US secret military, alluded to this device on a US TV programme. 


The intelligence agents can also use low level microwaves to cause mental and physical confusion that 


leads to Iliness. Beaming microwaves at victims makes them fatigued, damages their immune system, 
causes neurological damage that effects their thinking, and ability to carry out tasks, induces premature 
ageing, cancer and cataracts. Sussex Police regularly use this low level microwave to clear drunks from 
city centres. While researching this matter, I was subject to high levels of microwave >10mW/cm2 whe- 
never I approached their headquarters, whilst MIS irradiated my home continually with microwaves. It 
seems that I touched a raw nerve while researching mind control weapon usage in the UK. 


Organisations that irritate the authorities have their building turned into a ,hot spot’ by microwave 
transmitters, so the staff all suffer sick building syndrome caused by microwave damage. Or the staff of 
the target organisation have their behaviour changed to cause discord. UFO Reality, a leading UFO and 
conspiracy magazine have complained of mysterious health problems, while another New Age group 
complained of eye damage, nausea and headaches brought on whenever they had a meeting, which may 
have been caused by microwaves. 


Heating the victim to death, by microwave cooking is caused by increasing the field intensity of the radia- 
tion, to cause local hot spots in the victims’ eyes and gall bladder, which have poor circulation, so cannot 
carry away the heat. 


Irradiating the optic nerve of the victim with the same signal that is sent to the brain by this nerve, cau- 
ses the nerve tissue to overload. In this way, subversives can be blinded by the intelligence community 
without them knowing what has occurred. An American researcher complained of this problem to me and 
warned me that this weapon system was being used on my person by MIS. 


Neurological research has found that the brain has specific frequencies for each voluntary movement 
called preparatory sets. When you pick up an object, there is a specific preparatory set for this action. By 
firing at your chest a microwave beam containing the ELF signals given off by the heart, this organ can 
be put into a chaotic state, the so called heart attack. In this way, high profile leaders of political parties, 
who are prone to heart attacks, can be killed off -before they cause any trouble. Neil Kinnock's Labour 
government was allegedly cheated out of an election victory by postal vote rigging in twenty key mar- 
ginal seats. When a new even more electable Labour leader was found, it is rumoured that John Smith, 
the then Labour leader, was prompted to have a fatal heart attack, while walking in the country with his 
family, by means of a concealed microwave device which operated on the Vagus nerve to bring about a 
massive heart attack. Since MI5 have a long history of naked hatred toward the Labour Party, there may 
be some truth in the above, though no hard evidence has yet been found. 


Paralysis can be induced in the target by use of this method of broadcasting preparatory sets encoded on 
microwave beams. A pulse modulated microwave beam, carrying an ELF signal, which is identical to the 
one in the motor neurone centre of the brain, is used to jam the victim's motor co-ordination. This is ana- 
logous to radar jamming, using a more powerful signal at the same frequency to swamp out the enemy's 
radar. Motor neurone preparatory set potentials are jammed by a bigger signal carried by a microwave 
carrier beam, that literally overloads the brain, so it cannot control the body. Pulse modulated microwave 
weapons which broadcast the ELF preparatory sets of the motor cortex at the victim, will paralyse the 
victim without killing them. Breathing and heartbeat are involuntary actions controlled by another set of 
frequencies in another part of the b 


This technique can be used to abduct people for secret government mind control experiments, under 
the guise of alien abduction. A microwave beam of this nature will paralyse the victim, so they can be 
bundled into a black helicopter and airlifted away for experimentation. 


Once the procedure is complete, hypnosis can be used to plant false memories of alien abduction. In this 
way, real alien abductions can be used by the authorities to enable them to obtain a limitless supply of 
guinea pigs for their mind control experiments. 


Real memories of government involvement are erased electronically. This technique clears all short-term 
memories from the victim's consciousness by broadcasting microwave beams at the target which carry 
the signals used for memory retention. When you remember something, it is first stored in your short- 
term memory. After approximately twelve hours, this short-term memory is converted in the brain to 
long-term memory, after which you remember this information for the rest of your life. If this conversion 
from short-term memory to long-term memory does not occur, the data is lost. We all see details around 
us, but try to recall the decor in a restaurant you ate at some weeks ago and you will see how tenuous 
memory is. Micrawave radiation of a specific frequency can interfere with the transfer of memories from 
short to long-term memory. Microwave radiation of a specific frequency can interfere with the synapses 
of the brain. By interfering with the connections between brain cells, memory of people can be disrupted. 
In this way, Seal special forces assassins can be brain wiped after a mission, so they have no idea of the 


target they killed. Using hypnosis, false memories can then be planted in the brain, so the gap left by the 
real memory is papered over. 


The latest advance in electronic mind control were discussed in my previous articles in Nexus, but for 
those who missed the ESP of Espionage, this equipment uses special types of microwave beams called 
MASERs. These are the laser equivalent of microwave beams. These MASER beams have been used to 
develop something called synthetic telepathy. This is the ability to read peoples’ minds from a distance. 
Electronic scanning of victims’ brains by monitoring the electromagnetic (EM) emissions from peoples’ 
brains and using amongst other things, the brain waves (as measured on an EEG), to read the victim's 
subvocalised thoughts. 


Head of US Special Forces Major-General Schaknow, talked about synthetic telepathy during a lecture 
in July 1992 at Fort Bragg North Carolina. The US military is hard at work perfecting synthetic telepa- 
thy, In synthetic telepathy, the weak electromagnetic signals in the brain associated with subvocalised 
thought, are connected to a computer by use of electrodes, or in more advanced mechanisms by MASER 
beams. Sophisticated computer systems have learnt to read the subvocalised thoughts in the brain, by 
associating a specific brain excitation potential, with a particular word. In this case, only one specific 
language can be decoded, as each word in a language has a specific set of frequencies that must be 
discovered. Once the donkey work of finding the specific frequencies for all the words in a language has 
been programmed into a super computer, which can carry out massive parallel processing, fuzzy logic 
software is used to match this with real world excitation potential associated with subvocalised thought 
obtained from thousands of abductees, who are used to calibrate the synthetic telepathy devices. GCHQ 
Cheltenham, the intelligence gathering arm of MIS, possess the advanced computer systems needed for 
synthetic telepathy. 


Synthetic telepathy detects the ISHz, 5 milliwatt auditory cortex brain emissions, that are linked with the 
excitation potentials in the brain associated with subvocalised thought. New technology, involving low 
frequency microwaves and RF, has enabled devices to be built which can scan through walls and look 
inside peoples’ bodies like X-rays. This enables security personnel to see a target in his own home and to 
track him throughout the house. Further to this, being able to see inside the victim's head, would allow 
computer controlled targeting of specific brain centres in the victim's brain, even when he was walking 
around the house. 


A scan of the specific brain emissions given off when the victim subvocalises using an array of pulsed 
frequency MASERS fired at the specific brain centres of the subversive, while he resides in his own home, 
enables the victim to be scanned. By firing an array of ELF pulse modulated MASERs, which scan up and 
down the window of frequency emissions given off by subvocalised thought, interference effects can be 
measured in the MASER beam. The victim's ELF brain emissions will interact constructively or destruc- 
tively with the pulsed frequency MASER carrying ELF in the ELF window associated with subvocalised 
thoughts. If we fire an array of pulsed MASERs, which are out of phase with each other, extraneous 
noise can be filtered out in the digital domain. Since the converging ELF modulated MASERs are being 
effected by the low level emissions in the victim's brain, the shifts in the ELF pulsed signal going into the 
subversive's brain can be detected. A simplistic version of this would be the LASER beam shone at the 
window of the person that is being bugged. The vibrations in the window cause modulations in the LASER 
that can be converted into electrical signals and hence into sound. In this way the subvocalised thoughts 
in the victim's brain can be read. Having already built up a library of excitation potential signatures for 
differing words and groupings of words, a sophisticated computer can begin to decode the emission 
signatures into word streams. In this way the subvocalised thoughts of the victim can be stored in the 
memory of a supercomputer and analysed to give a read out of what the target Is thinking... 


Using ELF audiograms carried by a single pulse-modulated Maser, subvocalised thoughts can be placed 
in the victim's brain. This enables UK synthetic telepathy operators the ability to enter into conversations 

the subversive to drive him mad or to bring up key words which will get the victim thinking about the 
information they wish to find. Visual cortex excitation potentials can also be broadcast into the victim's 
brain so that illusory images can be projected into their brain to drive them mad, or to programme them 
to commit suicide. 


My research has led me to uncover a truly nation-wide mind control weapon system. Each UK police 
station is equipped with a vast array of microwave antennae. The Sussex Police headquarters has a two 
hundred foot antenna. The building is surrounded by a fence and is off limits to the public. This micro- 
wave complex sits in the middle of a council housing estate, which means the people in this area are 
being bathed in low level microwaves. New research has shown that low level microwaves give mice can- 
cer, since the emitters tested by the scientists, were the new ultra safe mobile phones which give of much 
smaller intensities than the police antennae, the Police microwave system is a serious health hazard, It 


seems that low level microwave radiation excites the hydrogen bonds in the cell and can interfere with 
meiosis. This causes cell division to go wrong, which leads to cancerous cells and hence tumours. 


Secondly, the police have been granted the exclusive use of the 450 MHz microwave frequency range. 
This is exactly the frequency used by Dr Ross Adey, the CIA mind control expert, in his experiments on 
behavioural modification. It seems the police have the exclusive use of this mind control frequency and a 
vast array of antennae to broadcast this frequency all over the country. Very useful for mass mind control 
in times of emergency. Adey found that by using 0.75mW/cm2 intensity of pulse modulated microwave 
at a frequency of 450 MHz, it was discovered that an ELF modulation could be used to control all aspects 
of human behaviour. The Sussex police headquarters is connected to CCTV, closed circuit television ca- 
meras throughout the town. Some of these cameras have microwave telemetry devices that could easily 
be used to broadcast this frequency. The large antennae that bracket the town could also be used. 


The most insidious aspect of this, is that the entire mobile phone network could easily be used to control 
the behaviour of the phone users. By use of my microwave detector, I have found that mobile phones of 
the newer type, give off a pulse modulated microwave signal of around 0.75mW/cm2 at the earpiece. 
This may be coincidence, but it is exactly the intensity required form behavioural control as found by 
Dr Ross Adey, the pioneer of microwave mind control. So in theory, an ELF signal could be added to the 
microwave network to feed a precise behavioural pattern into every mobile phone user in the UK. If their 
were widespread riots, the ability to broadcast behavioural stimuli to mollify all the mobile phone users in 
the country would prove useful. Since mobile phone users are generally middle class, it means authority 
has a useful method of controlling the behaviour of the key voters. Microwave carrier beams are perfect 
for transmitting the excitation potential of docility to the phone user to keep them servile in times of 
trouble. When no ELF signal is broadcast the phone acts in a completely different manner on behaviour 
in humans. In this case the microwave phones causes the neurones to release calcium ions which makes 
the user tired irritable and when stresses likely to emotional outbursts such as road rage. 


In Brighton, the local MIS headquarters has a large microwave array on its roof. Secret bunkers in the 
area also have large microwave arrays above them. It is child's play to transmit an ELF modulated signal 
to be broadcast by the entire mobile phone network - if need be. By this means the entire mobile phone 
users can be behaviourally modified. At the cost of developing cancer from low level microwave exposure 
from the phones they constantly use, stressing the neural network by constant calcium ion efflux and 
interference with bioelectric fields. 


It seems strange that a few milliCuries of ionising radiation will get the National Radiological Protection 
Board excited, whilst high Intensity cancer inducing non ionising microwave radiation, goes unchecked. 
So high are levels near transmitters, that litter the countryside, that light bulbs will explode near them. 
If the intelligence community is using microwaves on a large scale as mass mind control weapons, then 
the NRPB's silence is easily explainable. To add to this, the numerous microwave detectors that were 
cheaply available to check leakage from microwave ovens are no longer made by any company in the 
country. It seems the UK authorities do not want the population to be able to detect when they are being 
microwave. 


In conclusion, it can be seen that the UK intelligence and police, have a dizzy array of high-tech mind 
control devices. They regularly target their own populations and thousands of people are made ill by mi- 
crowave weapons. With the advent of synthetic telepathy, ,CCTV of the mind’ becomes a reality. 


With the election of a New Labour government unaware of microwave weapons and untainted, as they 
had no part in their development and deployment, it is certain that Tony Blair's government will outlaw 
these abhorrent microwave weapons - as they have done land mines. The only problem will be convin- 
cing the Labour government that MIS's microwave communication equipment is in fact microwave mind 
control weaponry. With the total secrecy the MIS organisation operates under, one can be sure they will 
be mendacious as to how their £200 million pound budget is used to hone their leading edge microwave 
mind control torture weapons that are used on the public. Even more disturbing is the use of EMP and 
microwave weapons by the police on anyone researching into this area. 
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Strain Gage Soldering Techniques 


rapidly vaporizes the flux, and oxidizes the soldering 
tip, both of which tend to impede the soldering process. 
Specially designed soldering tips are recommended for 
high-temperature use. 


For routine applications, where test conditions do not 
dictate the use of either a low- or high-temperature solder, 
an alloy with an intermediate melting temperature is 
the normal selection. The 63/37 tin-lead alloy (Type 
361A-20R) is an excellent choice for general-purpose 
strain gage soldering, As an eutectic alloy, it has a sharply 
defined melting temperature — a characteristic that 
largely eliminates “cold” solder joints. The addition of a 
trace of antimony provides superior performance when 
the soldered connections will be exposed to very low 
(cryogenic) temperatures for long periods of time. 


‘The general-purpose solders are supplied with a core of 
activated rosin flux. This makes soldering much more 
convenient, and is particularly useful in field applications 
where accessory liquid rosin flux (M-Flux AR) may not be 
available. Solid-wire solder, with externally applied acid 
flux (M-Flux SS). is recommended for making soldered 
connections to Micro-Measurements K- and D-alloy 
(modified Karma and isoelastic) strain gages. Rosin-core 
solders should not be used in conjunction with acid flux. 


Silver solder (Type 1240-FPA) is available for applica- 
tions where leadwire connections will be exposed to 
temperatures above about +550°F (+290°C). This solder, 
in paste form, is not suitable for attaching wires directly 
to strain gage solder tabs or to bondable terminals, but is, 
intended for connecting instrument leads to preattached 
strain gage leads, as with WK-Series gages using a special 
resistance soldering unit. Techniques for making leadwire 
connections with silver solder are described in Micro- 
Measurements Tech Tip TT-602, Silver Soldering Technique 
for Attachment of Leads to Strain Gages 


Soldering Flux 


‘The function of a soldering flux is to remove oxidation 
from the members being joined (solder tabs, terminals, 
leadwires), and to prevent further oxidation during 
soldering. For making leadwire splices, or soldering 
directly to constantan foil or copper terminals, the flux 
contained in a rosin-core solder is usually sufficient 
With higher temperature solders, however, it may be 
necessary to supply additional ux. A liquid activated- 
rosin flux such as M-Flux AR is recommended for this 
purpose, 


Acid fluxes should never be used on constantan strain 
gages or copper terminals, or for splicing copper leadwires; 
and paste fluxes, containing chlorides, should not be 
used under any circumstances for strain gage soldering 


When tinning bare (without soldering options) solder 
tabs of Micro-Measurements K- and D-alloy strain 
gages, a liquid acid flux (M-Flux SS) is recommended, 
After the tinning operation, the residual flux must be 
completely neutralized within one to two minutes; 
and then the leadwire joint can be completed using the 
same solder and M-Flux AR rosin flux or a rosin-cored 
solder. 


Preparation of the Soldering Tip 


Newsoldering tipsshould always be tinned with solder prior 
to initial use. This is easily accomplished by wrapping one 
to two in (25 10 50 min) of solder wire around the working 
portion of the tip while the soldering iron is cold, before 
applying power to the soldering station. If rosin-core 
solder is used, no external flux is required. With solid-wire 
solder, however, the wrapped tip should be dipped into 
liquid rosin flux (M-Flux AR) to provide sufficient flux 
for initial tinning. Set the control on the soldering station 
to the appropriate temperature range for the solder, and 
apply power to the unit. Allow the soldering pencil to heat 
until the solder wrapped around the tip melts completely 
Remove excess melted solder from the tip with a dry gauze 
sponge. Never knock the heated soldering pencil against 
any object to remove excess solder, since this may result in 
personal injury or damage to the soldering pencil 


Note: Cross-alloying of solders can change the electrical, 
chemical, thermal and mechanical properties of the solder 
being used. To prevent cross-alloying, it is recommended 
that only one type of solder be used with each soldering 
tip. Of course, if one type of solder is incorporated in a 
gage with solder dots and another type is added, a mixture 
is produced. This mixture cannot be expected to have 
‘melting and strength properties any better than those of 
the lower temperature component. 


Oxidation of the soldering tip seriously hinders the 
soldering operation. The tendency for oxidation can be 
minimized by ensuring that excess melted solder remains 
on the tip at all times when it is not actually in use. 
Negligent maintenance practices, or wiping the hot tip 
with materials that char on the surface, will produce 
buildup of oxide that prevents proper soldering. If the tip 
does become oxidized, the following procedure is effective 
for cleaning and re-tinning: 


1. Set the soldering station to the appropriate temperature 
range for the solder in use, 


2. Place several drops of M-Flux SS on a glass plate, 
Re-tin the soldering surface by holding the heated tip in 
the $$ flux while feeding solder onto the tip, A generous 
amount of solder is essential for proper tinning. 
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0 hag INTRODUCTION 


‘THE IDEA THAT PEOPLE COULD BREATHE UNDERWATER 
WAS ON 


A FANTASY, BUT TODAY, DIVIN 


HAS LEFT 
‘THE REALMS OF IMAGINATION AND GROWN INTO A 
WORLDWIDE SPORT WITH MILLIONS OF FOLLOWERS. 
THOSE WHO TAKI 


PART IN IT ARE GRANTED PRIVILEGED 


ACCESS TO A MYSTERIOUS YET BEAUTIFUL WORLD, AND 
EVERY DIVE IS AN ADVENTURE INTO THE UNKNOWN. 


Since prehstorie ines, 
people have heen dram 
tw explore the incredible 
world dha Hes underwater, 
Whether in pursuit of food 
or lost riches, or from 


submerge for longer than 
al allo. 
the [fh and 
1th centuries, there were 


rematkable advances in 
diving technology, such ax 
ful diving suits supplied 
by air pumped from the 
surface. These advances, 
‘which were often spurred 
fm by the huratve rewards 
of salvage work, extended 
dlve times ad 


sheer inquisitvencss, 
There is evidence, fr 
example, that people were 
holding their breath aud 
diving for hellish by 
shout 3,000 Be: (oe f.22) 
Despite this long 
relationship with the [THE DAWN OF AN ERA toever greater depths. 
undersea world, the Brig plone ce, The invention of the 
human body is not Sonate ie mics Aqua Lang in the mid 
designed to remain bisseclaipadiale 20h century permited 
underwater for prolonged periods of divers to explore the depths of the 
time. Only comparatively recently, with world’s oceans freely forthe frst time, 
the development of sudimentary diving This tly remarkable apparatus enables 
bells and helmets from the Middle Ages people to take their own air supply with 
onward, did it became possible o stay them when they dive, eliminating the 
need ta be connected tothe sure by 


‘an ailine. ‘The system that evolved from 


is is today widely used in 
recreational and professional diving 
GLOBAL APPEAL 


As scuba technology became cheaper, 
living opened up 10 the general public 
What was once the reali of experts and 
professionals gradually became a sport 
‘with global appeal. Even in counties 


wreck owns 
Diets inspect a wreckln topical waters Such 
underwater eis afer aglmpse nto maritime 
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Strain Gage Soldering Techniques 


3. Wipe the excess solder from the tinned tip with a dry 
gauze sponge. For severely oxidized tips, it may be 
necessary to repeat this operation several times to 
obtain a properly tinned surface. The soldering tip 
should never be filed or sanded, since this may remove 
the plating on the tip, accelerating the oxidation and 
leading to the early deterioration of the tip. After the 
cleaning operation, remove excess solder, re-tin and 
clean the tip several times, using rosin-core solder, or 
solid-wire solder withM-Flux AR, 


‘Tinning Solder Tabs and 
Bondable Terminals 


Alll strain gage solder tabs, terminals, and leadwires must 
be properly tinned before making soldered connections. 
‘This helps ensure active surface wetting and good heat 
transfer during the soldering operation. Tinning stranded 
eadwires to produce a formable solid conductor will also 
greatly simplify the leadwire attachment procedure, 


Before tinning the solder tabs on open-fuce (unencapsulat- 
ed) strain gages, the measuring grid should be protected 
with PDT drafting tape, The drafting tape is positioned 
to cover the entire grid and the upper portion of the solder 
tabs, as shown in Figure 1. This not only shields the grid 
from soldering flux and inadvertent solder splash, but 
also restricts the flow of solder on the tabs. The tinned 
area on the solder tabs should be only large enough to 
easily accommodate the leadwire size in use. The latter 
consideration is particularly important when making 
installations for dynamic applications or large-strain 
‘measurement. 


‘The tinning procedure for strain gage tabs and terminals 
consists of first cleaning and reapplying a small amount of 
solder to the hot soldering iron tip. Next, apply a drop of 


Figure 1 = Gage grid and upper portion ot 
solder tabs masked with drafting tape, 


M-Flux AR to the tab or terminal (this step can be omitted 
if a rosin-core solder is used). When soldering directly to 
bare Karma or isoelastic foil, use M-Flux S§ on the gage 
tabs only, Hold the soldering pencil in a nearly horizontal 
position (<30°), with the flat surface of the tip parallel to 
the solder tab or terminal, Place the solder wire flat on the 
gage tab, and press firmly with the tinned hot soldering tip 
for about one to two seconds, while adding approximately 
1/8 in (3 mm) of fresh solder at the edge of the tip. This, 
procedure assures that there is sufficient solder and flux 
for effective tinning. Simultaneously lift both the soldering 
pencil and solder wire from the tab area, 


NOTE: Lifting the soldering iron before lifting the solder 
may result in the end of the solder wire becoming attached 
to the tab; lifting them in the reverse order can leave 
a jagged (spike) solder deposit on the tab. When the 
operation is performed properly it will produce a small, 
smoothly tinned area on the tab or terminal. 


IFM-Flux AR or a rosin-core solder is used in the tinning, 
it is not necessary to remove the residual soldering fux 
at this time. However, when M-Flux SS is employed to 
tin the bare solder tabs of K- or D-alloy gages, the acidic 
flux residue must be removed immediately following the 
tinning operation, To remove the residue, apply M-Prep 
Conditioner A liberally, and wash the area with a soft 
brush; then blot dry with a clean gauze sponge. Next, wash 
again with freely applied M-Prep Neutralizer 5A, and blot 
dry with a clean gauze sponge. 


NOTE: Special procedures for tinning and wiring strain 
‘gages supplied with preattached solder dots are described 
in Micro-Measurements Tech Tip TT-606, Soldering 
Techniques for Lead Attachment to Strain Gages with 
Solder Dots. 


Tinning and Attaching Leadwires 


Of course, leadwire ends must be stripped of insulation 
before tinning, and this should be done with a thermal 
wire stripper to avoid the damage to the wire that often 
oceurs when mechanical wire strippers are used. After 
the wires are stripped, the ends of stranded conductors 
should be twisted tightly together before tinning. The bare 
leadwire ends can then be tinned easily with the following 
procedure: 


L. Remove excess solder from the soldering tip, using a 
dry gauze sponge. Then melt fresh solder on the hot tip 
to form a hemisphere of molten solder about twice the 
diameter of the wire to be tinned. 


2. If rosin-core solder is used, slowly draw the bare wire 

through the molten solder while continuously adding 
fresh solder to the interface of the wire and soldering 
tip. With solid-wire solder, apply M-Flux AR to the 
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Traine instructors ecelve a group bling at 
2 ive center in Egypt For many ab nding 
represents the ulate career nove 


ine, you will ind divers 


to experience the beauty of 
the oceans. Once you are qualied, you 
can dive virally anywhere in the world 
Language is no barrier underwate, since 


understood internationally 
iis difficult to estimate how many 
divers there are worldwide, ut well ever 
a million people qualify each year. Since 
it inception in 1966, over 13 million 
divers around the world have been 


Clown fish sheterin an anemone while 3 
sive ims by. The underwater word can 
bes uniquely Serene environment. 


cetiied by PADI the Profe 
Association of Diving 


4 PADI is just one of many train 


agencies, Diving i one of the fastest- 


‘rowing hobbies in the world today 


‘THE WORLD'S OCEANS. 
Covering approximately 71 percent of 
the Earth's surface, oF 140 million sq, 
niles (361 million 3q kam), the vas size 
of the world’s oceans is ificul to 

comprchend, ‘The total volume of sea 


water is about $22,500,000 eu ules 


1,347,000,000 cw kam, equivalent to 
around 97 percent of all the Earth 
water—the rest exits as glaciers, rivers, 
lakes, groundwater, and atmospheric 
sapor. The a 


oceans is 2.3 mile 


the world’s 


3. ki; the deepest 
point isin the Pacific Ocean's Matiana 


Trench, where the seabed plunges to a 


Diving ca lead to encounters with many 
Inigung and beautiful marine creatures, 
suchas his ety Sea dagan. 


depth of nearly 7 miles (11 kan) With 
only about 5 petrent of the ocean floor 
having been mapped! in detail, we know 
more about the surface af the Moon 
than the bottom of our aceans 

The oceans tect with wildlife, fran 
sant kelp and the mighty blue whale 
the Largest animal alive) to microscopic 
plankton that farm the bass of the 
‘ean fol chain. Scientists estimate 
that there may be between 500,000 
ancl 10 milion marine species yet to be 


discovered, While much of the oceans 


between continental shelves and coastal 


margins, the open sea also abounds with 
lie. Even the uel on the Boor of the 
Mariana ‘Trench i home to single-celled 


ann called foraminifrans 


Buddy pas prepare for a beach dv. by 
warking In pals, donning awkward gear 
becomes considerably easier and ster. 


immediately but others need more 
training aud experience before they feel 
at ease, Either way, i isan unforgettable 
experience. There is the initial trill of 
being able to breathe underwater, and 
als the novelty of moving frely in tr 
dlnensions, thanks to the buoyancy 


provided by the water, which i a denser 


EXPLORING THE UNDERWATER WORLD —mcliusn than air. This same buoyancy 


What wil I see? What wilt feel like? can enable those with mobility problems 
Will feel claustrophobic? These are all on land to fel relaxed and move more 
questions you will ask as a novice diver easily in water, and give what sone 
entering the underwater world for the divers call a “womblike” experience 

fist time, Everyone fels diferent about Imagine the thrill of being the Sst 


boeing underwater: some people take ta it person to see a sunken ship or carl ret, 
fr of coming face ta face with a wild 

dolphin, or diving under ice, Whatever 
excites you—whether it be encounters 


With fascinating creatures, investigating 
Shipwrecks, or just diving into the 

‘unknown —you il ot fil eo be satisfied 
bby what the oceans have to olf. 


[Underater photography is an absorbing actty 
its own ight and ates the chance te eco 
our de experience or poser 
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‘Adler ots dawn his obsevatins of marine fe 
2 conservation se, Divers can play active 
fole as “stewards ofthe seas 


BUTISIT SAFE? 
Many people new tothe sport worry 
about the safety aspect. I is true that 
a simall number of divers die every 
Year while pursuing their sport, The 
Iajorty of these incidents ate not 
due to equipment failure, as some 
people might suppose, but rather 
to inadequate training, diving in RECOGNITION GUIDE 
ree conditions, or diving ‘pair of divers const a specles dentieation 
slate Becoming fair wth marine if, na 


sacra te Heats of sae pratt Is fascinating vale sparta the un 


Diving today is safer than it has 


ever heen, Ifyou undertake the ‘marine archaeology, historical research, 
correct waining and adhere 10 nel working with disabled divers, 
recommenced safety procedures, you filming and photography, and even 
will rarely encounter problems, Dive ruining to hea diving instructor yourself 
taining is thorough, and a great 
emphasis is place om rescue sills RESPECT AND RESPONSIBILITY 
and the importance of diving in Ack any group of divers what inspired 
a buddy pair (we 9110-11), Good them to take up the sport and you will 
conunication with your buddy is hhear a range of different answers, fom 
essential, as most minor difficulties a lve of the ea toa desire ta challenge 
an be easly resolved with the help their personal limits. One thing they all 
of another diver, have in comon isthe fact that they 
return again ancl again tothe water 
NEW SKILLS, NEW DIRECTIONS the magical environment that Jacques 
You may fine that you enjay diving Cousteau (we 26) described asthe 
so such that you want to pursue it Silent World.” Divers should be 
beyond the hobby level. Some people custodians of the world’s aceans, and 
we their underwater knowledge and respect what they contain: “take only 
skills for voluntary or charitable work, pictures and leave only bubbles” is a 
rin afullsime carcer, The directions good maxim fr lonimpact diving. 
in which diving can take you are ‘Many of the marine ecosystems 
endless from environmental projects, around the world are today in decline 


Hopefilly education and investment will 
help to reverse this tend, so the divers 
of tomorrow will have healthy aceans to 
explore. By taking part in conservation 
work and diving responsibly, you ean 

force forthe good in preserving 
the oceans natural treasures, 


Diving is Soda sport, and heaving 
Community is supportive one. Experienced 
ers are after wiling ter adie to novices. 


uasine ure ‘GUMPSE OF AAT 
‘Adlver examines abeautifuland delicate sea Anticipation of adv can be almost asthillg 
pena colonial pole oyanism—gowing out asthe dve sell Sighting large animals, such 
of ite sand next the Great Baler Hee. as, fam the boa adds ta the extern 


UNDERSEA GARDEN 
Coral thivesin clea shallow ate, becuse it Coral ees ate home ta dersematne species, 
reeds plenty flight lve. Such ees are an offering sheltered areas for sedentary animals, 
Ideal envionment to exlarewhie snorkeling. and feeding pounds fr predators ana forages. 
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Strain Gage Soldering Techniques 


Figure 2 ~ Trimming leadwire ends before taping in place. 


Figure 3 ~ Leadwire end taped to surface 
in preparation for soldering 


wire end before starting to tin, and proceed in the same 
manner. This will produce a smooth, shiny coating of 
solder over the bare wire. 


For applications employing bondable terminal strips and 
stranded instrumentation wire, it may be convenient to use 
single strand of the wire as a jumper between the terminal 
and the strain gage solder tab. In such cases, the single wire 
strand should be separated out before twisting and tinning 
the remaining strands (see Miero-Measurements Tech Tip 
TT-603, The Proper Use of Bondable Terminals in Strain 
Gage Applications, 


Leadwires should be formed and routed to the strain 
gage or terminal strip, then firmly anchored to the 
test-part surface with drafting tape before making the 
soldered connection, Attempting to route the leadwires 
after completing the solder joint will often result 
in damage to the gage or terminals, Routing into the 
connection area should be along a minimum strain 
direction (such as the “Poisson” direction in a uniaxial 
stress field) particularly for high elongation or dynamic 
tests. The tinned leadwire end should be trimmed short 
enough so that it will not protrude through the connection 
area, and cannot inadvertently make electrical contact 
with the test-part surface or adjacent solder connections. 
Figure 2 illustrates this stage in the procedure. In the final 
preparatory step, bend the leadwire end slightly to form a 
spring-like loop, and tape the wire firmly in place over the 
connection area, using PDT drafting tape, The tape should 
be within about 1/8 in (3 mm) of the connection area, as 
shown in Figure 3. 


Clean and re-tin the soldering iron tip with fresh solder. 
‘The temperature of the iron should be adjusted so that the 
solder is easily melted, without rapidly vaporizing the flux. 
Ifthe iron temperature is either too low or too high, it may 
cause poor solder connections, or it may damage the strain 


age, terminal, or bonding adhesive. Apply a small amount 
of M-Flux AR to the joint area and, holding the soldering 
pencil nearly horizontal, firmly press the flat surface of the 
tip on the junction for about one second: then lift the tip 
from the soldered joint. If needed, additional flux can be 
provided during the joining operation by feeding a little 
fresh solder into the joint from a spool of rosin-core solder. 
This procedure should result in a smooth, hemispherical 
solder joint, without any peaks or jagged areas. If the 
solder joints are not smooth and uniform in size, repeat the 
soldering procedure, using additional flux and/or solder as 
necessary. 


Cleanup and Inspection of 
Soldered Joints 


After completing the soldering operation, it is imperative 
that all traces of residual flux be completely removed 
with RSK Rosin Solvent, The same solvent is used to 
soften the mastic of the drafting tape, permitting its easy 
removal. Do not try to pull away the tape with tweezers 
or other tools, because this may result in damage to the 
soldered connections or the strain gage grid, Thoroughly 
clean the entire installation area with generously applied 
rosin solvent and a sofi-bristled brush. Clean the solder 
connection area until no visible signs of residual flux 
remain, and blot the area dry with a clean gauze sponge. 
Any traces of residual flux can cause gage instability 
and drift, and will inhibit bonding of the installation’s 
protective coating. Incompletely removed soldering flux is 
the most common cause of degraded performance in strain 
gage installations. Residual flux mixed with a protective 
coating application can completely destroy the coating 
objective. 


Visually inspect the soldered joints for any gritty or jagged 
joint surfaces, and for traces of flux. Solder connections 
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Diving through the ages 


‘The search to free divers from the limitations of breath-holding began 
in ancient times with the use of reed snorkels. Developing from diving 
bells and diving suits supplied with air from the surface, it evolved into 
‘modern scuba, in which divers carry their own air supply 


EARLY DIVERS AND DIVING BELLS 
kis hatd to trace the origins of diving, 
but mumunifed human remains dating 
bback more than 5,000 years have been 
found in Chile alongside fish bones aud 
rmusel shells, Small growths inthe 
humans’ ears, resembling the modern, 
conclition called nusfr's ear, gest that 
these people may have been divers. 
Hollow reeds of breathing tubes that 
extended to the surface were used in 
ancient times 10 enable divers to stay 
submerged for longer. Herodotus 
recorted that in 500 net, a Greek diver 
named Scyllias used a reed snorkel to 
‘vim unnoticed and cut the moorings 
of Persian ships, Salvage diving was 
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Well known in the ancient world, and 
laws regulating those who died for 
treasure were in operation in Greece 

as early as the Ist century BCE, 

‘An important milestone in helping 
divers to overcome the restrictions of 
breath-holding was the invention of an 
apparatus to hold air underwater, Atthe 
siege of Tyre in 382 nce, Alexander 
the Great reportedly used such a device, 
descending beneath the waves in a glase 
Darel In the 4th century nck, Aristode 
descried a bellshaped diving chamber 
that took the form of an overturned 
«auldron fle with ai, in which divers 
rmacle tips to retrieve objets fom the 
seabed From the Middle Ages onward, 

lv equipment became 
more sophisticated, 
During the Renaisance, 
speculative designs far 
dlving suits began to 
appear, although neatly all 


ALEXANDER'S GLASS BARREL 
Surpésngy Alexander he 
Great used his glass barel 
to make obsenations of sh, 
ratharthan a an ald this 
mtr campaigs. 
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would have proved inelfective if put to 
use, Nonethcles, Spaniard Diego Uliano 
described the use of lather diving 
helmets daring salvage work in his Tite 
ntl, published in 1612 

Diving bell technology also improved 
during this perio. Ln 1691, English 
sstronerer Ednund Halley produced an 
advanced bell that was linked by a hose 
to Weighted bartels of ai, which were 
periodically replenished at the surface 
Stale air was vented fran the top of the 
bell, Halley ancl is bells were widely 
employed lor commercial salvage work, 


The etlest vers reled only on breatholing 
Using this technique, female divers a fapan 
have been harvesting pea fo 400 yas 


HALEY BEL, 3692 
‘diver could soln ou from under Hale's bell 
‘ath aa tine inked to 2 smaller bel ove his 
head precursor of tne moder diving helmet. 
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DEVELOPMENT OF THE DIVING SUIT 
In 1715, Englishman John Lethbridge 
devised a pressure-proaf wooden diving 
barrel, Reinforced and clad in leather, 
the barrel had a glass viewing porthole 
anel arm holes with watertight leather 
sleeves, Lawered fran a ship to depths 
fof 66 f (20m), the barrel enabled the 
dive inside to use his arm freely pulling 
his way around ste and retrieving 
objects. Lethbridge was commissioned 
by the Dutel East India Company to 
recover treasure from wrecks around 
the world using these diving barrel. 

"The barrel was a forerunner of 
the armored diving su Its usefulnes, 
however, was limited By the inability 10 


replenish the air in the barrel without 
hauling it back ta the surface. Thtee 
ther developments would be required 
before diving suits became a reality 


‘CAISSON DISEASE 


Improved air pump designs in 
‘the midasth century madeit 
possible to bul undervater 
fhambers in which several mn 
ould work at depth. Called 
‘caisson, these chambers were 
ideal fortaske sucha building 
bridge Footings and excavating 
tunnels Airpumps delivered 
sulfciet pressureto keep 
entirely out ofthe chamber. 
However, workers fin fl 
the end ofa shift. This was 
decompression sickness (0 
onthe bends” 


‘Aa lustation oa caisson cam 
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SAIVAGE IN ARMORED OWING SUITS, 932 
Lethbnidge's barel was precusor af armored 
ving suits lly too cums, they now have 
one for specialized wok at get depth 


"The frst of these occurred in 1779, when 
John Smeaton, another Englishman, used 
‘a seam-powered pump to supply air to 
a diving bell. Air pomp allowed diving 
bells to stay devon considerably longer 
than before, ane would later supply the 
first diving suits. The next 
development, by the Seat 
Charles Mackintosh in 
Wi, wae the production 
of a rubber-based coating 
far waterproofing cana 
providing a ideal material 
fora diving suit. The third 
innovation, i 1 
the patenting by British 
salvage operators John 
anl Chatles Dean of 
a diving helmet —a 
modified firefighting 
hale into which air 
could be pumped. The 
hhlinet rested on the 
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sliver’ showers, held in place by its own. 
‘weight, td air pase out rom under the 
edge of the helmet. However ifthe aver 
stumbled, it could easy Gil widh wate 

In the 1810s, German-born inventor 
Augustus Siebe perfected a “closed dress” 
design, with the helmt sealed to a 
‘waterproof canvas diving suit, An exhaust 
valve was incorporated into the helmet, 
‘which Was supplied with air by a pump 
atthe surface. With afew modifications 
such as neck andl foot weights to ep 
livers stay upright, and thick woolens 
under the suit co combat cold—Sicbe' 
closed dress design emmained standard for 
deep-sea dives fr wore than a century 


The helmet and sult wom by this vein 
1954 a remarkably similar to those 
designed by Augustus Sieben 2840, 
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DECOMPRESSION SICKNESS 
Tn the mid-19¢h century, the consequences 
of breathing highly compeessed air were 
being seen among divers and caisson 
workers, who sullered what we news 


know as decompression sickness (DCS 
In 1876, French physiologist Paul Bert 
alized that these ill-effects were caused 
by nitrogen damaging the body during 
rapid decompression, and recommended 
that caisson workers and divers return to 
‘normal attmospheric conditions sly 
Nearly 30 years later Scots 
physiologist JS. Haldane devised the fs 
decompression tables after researching 
the elects of gas poisoning and DCS. 
Haldane pushed ving to new limits, 
sending elvers down to 210 f (65 my) in 
1906, The divers avoided DCS by 
performing decompression stops, 
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‘SCUBA DIVING INTHE aos 


‘As other manufacturers itoduced thelr on versions of Coustens 
Sand Gagnan’s scuba apparatus, the costo equipment fl, and 


thespéos became aboomtime or scuba 


AUTONOMOUS DIVING 
In the 19th century, inventors stave 10 
devise selE-contained breathing systems 
that would allow autonomous diving 
diving without an airline to the surlace 
In 1865, Frenchmen Benoit Rouquayrol 
and Auguste Denayrouze 
devised a compressed-air 
tank with a primitive 
regulator, which adjusted 
the airflow to meet the 
divers breathing 
requirements. In thie 
“open-circuit” apparatus, 
air was inhaled from, 

the tank and waste 

‘gues vented into the 
water: Ahough the 
diver was tethered ta 


hose fora few mimutes, 
and breathe from the 
tank alone 

In 1878, Englishman 
Henry Flewss produced 
the frst flly autonomous 
stem, using a breathing 
Day fed by a copper tank 
of pressurized oxygen, 
This was a “elosed- 


exhaled ris reireuatd. 
‘Carbon dioxide was 


removed from the exhaled 
‘ureath and oxygen 
injected to replace that consumed by the 
dive, allowing tto be breathed again, 
In 1911, the German firm Draeyer 
began producing oxyyen rebreathers, 
soon developing these to use enriched 
sir (compressed air with added oxygen), 
Rebreathers were wed by naval divers 
during both world wars in 
preference to open-circuit 
systems, which emited a 
tela stream of bubbles. 


SCUBA GEAR 
he typeof equipment 
used by divers today 
fist began to take 
shape in the 19308 
andl 40s, American 
Guy Gilpatie created 
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dlevcloped by Englishman Steve Butler at iACQUES cOUSTEAL 
sbout the same time. Fins were patented Mom th 39505 tothe 1970s, Cousteau’ ground 

breaking fs and WV propans revealed the 
wonders ofthe deep ta Worldnideaudenc, 
nd persuaded many to stat dig. 


in France by Louis de Corleu in 1933, 
Open-ctcuit subs SelEComtained 
Underwater Breathing Apparatus) as 
we know it today was pioneered by two and Denayrouze had fallen out af use 
Frenchmen, engineer Emile Gagnan and Efficient, reliable, and comparatively 
naval olicer Jacques Cousteau, In 1943, — cheap to produce, Cousteau and 


they combined a two-stage regulator, Gagnan’s “Aqua Lang," as ic was known, 
fiom which the diver breathed, with went on sal in France in 1948, By the 
a high-presure sir tank, The regulator carly 1950s, Aqua Lungs were available 
supplied air to the diver on the slightest dhroughout the world 

intake of breath, Other seicontained ‘The fist commercially successful 
breathing apparatus wed at the time buoyancy compensator, which allowed 


cither supplied air continuously or had divers to adjust their buoyancy in 
tobe manually turned on and off (The the water, was patented in 1961 by 
primitive regulator design of Rouguayn 


Frenchman Mautice Fenzy 
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DIVING TODAY 
The Aqua Lung eaused a evolution in 


ile tthe public 
far the frst time, Iu 1950, there were 


diving, making it acc 


some 30,000 scuba elvers globally ten 


years later, there were in excess af 


rillion, There are now estimated to he 


tens of millions of divers worldwide 
“Modern diving equipment seems 

a world avvny ftom that used by Jacques 

(Cousteau, yet the basics remain the sume, 

Like Cousteau, we dive with a tank of 

compressed air, and use a mask, snorkel 

andl fins, Tada, however, there i also 


KEY DATES 


1950 


NG 


a host of oxher equipment and gadgets 
to make diving even safer and more 
enjoyable. Mixed-gas diving (se fp194 
95), which allows deeper and 


dives, is becoming increasingly 
commonplace, and there are computer 


that give us data such as depth, water 


temperature, dive times, and breathi 
rate. Some dive computers even allow 


divers to play games during lengghy 


Two divers prepare fo explae beneath the 
Suface of topical lagoon. The breather 
tn on ther backs allow vey long dive times, 


1960 
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‘Humax roRPEDO 
Ader clings to abate 
powered propulsion unit These 
‘devices enable diets to explore 
Tage areas ina single de, 


decompression stops 
Scooters eliminate the need 

to use our legs for propulsion 
and waterproof MPS players 
enable us to listen to music 
underwater. It may not be 

long before divers cam tae 
phones underwater and send 
messages andl photographs from 
the bottom of the sea, 


‘THE FUTURE OF DIVING “a 
Many divers believe thatthe future of In the sport ob free diving, where 
diving lies with using rebreathers (we competitors use-no scuba gear but simply 


}).82-25). Once used only commercially, hold their breath (we 90-91, records 
these devices are nen available to leisure of more chats 500 fe (150m) have now 


divers and are becoming increasingly heen set, Scuba divers have reached 
commonplace. Rebreathers greatly similar depths breathing compressed ai, 
extend the time divers can spend at and have descended to below 1,100 ft 
the bottom, and reduce the need for (8300) using mixed gases. Will we one 


rmuhiple tanks of breathing gas to be day be able to dive tothe bostom of 
taken on a dive. Fity years om now, the Pacific Ocean—6.8 miles (11 an) 
itis possible that we may all be diving underwater? Only time will el, but 
With sophisticated rebreathers, it would be surprising if advances 


"There is alo increasing in technology and our 
interest in submersible vehicles ~ understanding of the 

far the private market. Billed thurman body i not 
asthe ukimate rich person's ran some extension. 


toy, such erafi may open of today’s mits. 
up extended explorations 

of the seabed t their 
foeners. Diving limits are also 
being extended every year 


DIGHAL DIVE PLANNING 
Sophisticated computers 
‘record and process vital 
‘dive information. 
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Strain Gage Soldering Techniques 


should be smooth, shiny, and uniform in appearance. 
‘Any soldered joints that look questionable should be 
re-soldered, and flux removed. Check the resistance-to- 
ground of the completed gage installation, using the Model 
1300 Gage Installation Tester. Low or marginal resistance 
readings suggest a leakage path between the soldered 
connections and the test-part surface. This condition 
usually results from residual soldering flux, or from bare 
leadwire conductors partially shorting the gage tabs or 
terminals to the test part. Soldered joints should not be 
tested by pulling on the leadwire, or by probing at the joint 
area, These practices frequently cause lifting or tearing of 
the solder tab from the gage backing material 


Summary 


‘The ability to make consistently good soldered joints is 
essential for precision strain gage measurements, The 
techniques described here are straightforward and easily 
mastered, but they are most effective when used with 


professional soldering equipment which is specially 
designed for making soldered connections in strain gage 
circuits, The soldering pencil should be lightweight, with 
a flat chisel or screwdriver tip, und it should be connected 
to the soldering station with a very flexible power cord. 
Requirements for the soldering station include low-voltage 
operation of the soldering pencil, and provision for 
temperature adjustment to suit the type of solder and the 
application conditions. The equipment should not generate 
electrical interference that could affect sensitive measuring 
instrumentation. Solder selection is based primarily on the 
expected operating temperature range of the strain gage 
installation; and all solder tabs, bondable terminals, and 
Ieadwire ends should be tinned before soldering the joints 
Soldered joints should always be smooth and shiny, with 
no jagged or irregular edges, and all traces of residual flux 
must be thoroughly removed prior to the application of 
protective coating. Use of the recommended materials and 
techniques, with careful attention to detail, will result in 
consistently proper and reliable soldered connections. 
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Getting started 


Introduction 


Learning to dive is an adventure in itself. There are many different 
taining agencies offering basic scuba qualifications, with branches 
in nearly all parts of the world. Though dive tuition makes dema 
on both your body and mind, it can be a very 


ds 


warding exper 


LEARNING To DIVE ‘WHO CAN BE A DIVER? 
Diving i a sae sport provided that Practically anyone can lear to lve, but 
youthave undergone formal training there area few basic health requirements 
before taking to the water. I would For instance if you suffer fsom asthma, 
be extremely foolhardy to proceed on you will need consult your doctor 

your own, as there is uo substitute For beforehand, although the condition nce 
2 proven program of instruction. ‘ot be a harrier, Diving is nota strenuous 


Moreaver, 


lve center or charter bost sport, bu you wil etcounter situaions 
will ake you diving without recognized that require you to be reasonably fi 
‘qualifications, Considerations of safety 

part, you wil fel more confident, 
relaxed, andl prepared forthe 
underwater experience if you ate fully 
trained, Basic “open water” training 
‘qualities you to go diving without 
supervision, I ill not, however, teach 
yo to dive unde ice, in a cave, of 
beyond certain depth limits, For thes 
activities, you need to attain further 


qualifications and gain more experience 


During base taining, the 
Inetrctr wil tutor students 
In how scuba equipment 
wotke ae vel ats use 


ay 
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ling yourself out of the water onto a 
boat, for example. Diving when pregnant 
is not advisable, lt its posible to pick 
tp the theory and basic snorkeling skill 
during pregnaney, and continue with fll 
training after your child ie born. 

There are speial junior courses for 
those under 14 wha wish to learn to dive 


ancl advancing years are not necessarily 


a barrier to learning either, given a fair 
level of finess andl approval from a FHRNESS Fo DING 

doctor Many disabled While ts nat necessary tobe an athletto go 

‘ving, asl level af nes sraquied (see 


Baie ole rio the for bath sat and enjoyment. 


sport of diving, and dive 
‘waining programs have HOW MUCH WILL IT COST? 
been adapted to embrace Taking up a new hobby always involves 


wide range of a degree of investment, and diving i no 
disabilii exception, New diving equipment can 
be expensive, but second-hand gears 
Widely available, though it should be 
serviced hefore use. Equipment is almost 
always available to rent fom dive 
centers and shops. and it is advisable 
to try outa few diferent pleces of gear 
before investing in your own 
Dive training i fairly expensive 
but learning with a lub ean make it 
cheaper, and most traning organizations 
fer trial lessons to help you decide if 
you enjoy diving before paying for a fall 
ours of instruction, 


‘An instuctor guides a student 
through his fst dv, maintaining 
ontactthe whole tine ta ensure 
2 safe leaming experience 


Where to learn 


‘There are a number of different diving organizations around the world 
with whom you can train, Other divers may recommend the one they 
learned with—which is not a bad start—but investigate all the training 
agencies, since each offers a different approach to tuition. 


‘TAKING THE PLUNGE 
‘The fist question you 
should consider is whether 
to learn to dive with 

a school or with a club. 

A diving school 
(confusingly, also called 

a diving club in mainland 
Europe) i a commercial 
venture you pay to learn longer-term framework 
todive, A diving dab isa for gaining diving 
‘onprofit venture where LEARNING THE Basics experience, However, 
members danate their time Senate that couses abroad clus tend to nun training 
training other members, ™4Y MVE an lnsiuctor WOE seacons on just one day 
sie fist language snot yours. i y 
You might think that 3 fof the week, and it can 
school sounds like a more professional take a few months 19 become qualified 
‘option, but in truth, instructors in elubs By contrast, diving schools offer 

are equally highly trained, andthe fact greater exit and offer you the 

that they are giving their ime fee of chance to learn the bases at home, 


charge says muuch about 
the lve fr diving and 
desire to pass on their 
knowledge to others 
(Clubs aso add a social 
dimension to learning 
arrange talks and trips 
both at home and 
broad, and may afer 


possibly over a couple of weekends, and 
then complete the test of your cour in 
warmer waters an vacation, Akernatively, 
they allow you to complete your traning 
beforehand (and on your own schedule), 
then depart for your tip abroad asa 
fally qualified diver. 


TRAINING ORGANIZATIONS 
‘The world’s largest raining organization 
is PADI Professional Association of 
Diving Instructors) They operate all, 
aver the world, ane! most dv sites you 
visit around the globe will he afliisted 
to PADL Several other training 
organizations are prominent in the US, 
including NAUI (National Asociation 
fof Underwater Instructors) and SSI 
(Scuba Schools International, 

I the UK, most diving clubs are 
allliated to BSAC (British Sub-Aqua 
(Club), and their training i tailored to 
the waters around the UK. You may 
also come across the SAA Sub-Aqua, 
Association) and the SSAC (Scottish 
Sub-Aqua Club) the CFT/TUG (Irish 
Underwater Connel) in Irland; and 
CMAS (Confédération Mondiale des 


clue aoar wins aWvERS. 
Diving clubs usualy pool resources to arange 
troup ps that can cement lngasting and 
Tewarding diva buddy ratonsipe 


Activités Subaquatiques in Europe, 
“There are other organizations for more 
advanced diving (ie pp329-30, 


‘THE CHOICE IS YOURS 
Far the beginner, the various training 
agencies offer broadly similar courses 
in terms of content and standards. The 
best course of action isto take advice 
fiom experienced divers ancl do what 
suits you, Always ask to see a trainers 
qualifications belore starting a course, 
and wy to yeta recommendation for a 
diving school or club before enrolling, 


2 BEE come snan 


Basic training 


Learning to dive involves gaining some knowledge of essential theory 
as well as taining in practical skills. Sometimes these skills are 
practiced in a pool before getting into open water but, depending on 


where you learn, they can be taught in a lagoon or in the shallows, 


MASTERING THE THEORY 
= 
with theory. You will he taught about 


wr dve training will always stare 


basic diving equipment, the principles 
involved in breathing gas at depth 
andl under pressure, safety skill 


much, mach more. You will earn to 
cary out simple calculations relating 
to the physics of diving. Don't worry 
none of the theory is lifcul, but it 
does demand few hours of study 
Dive agencies run this part of the 


training in cl some rly 


‘on traditional classroom teaching, others 
present materials on DVD ot online 
0 choone the way that suits you bes. 
In all eases, you wil be provided with 


tie 


a reference manual containing 


material you need to kno, 


Leaning to dv nvlves understanding same of 
the theory that underpins the sport. This waning 
Ie piven ether in classes oraneto-one tut 


GETTING WET 
[Basic practical sks are taught in 
‘confined water 


vsually a simaning 
pool ar shallow water just ff a beach, 
YYou will he expected to passa simple 


‘Araneelams the basics in 
Sate, shallow waters, under 
the guidance af an instruct, 


BASIC TRAINING ae | a 


that you are safe ad 
comfortable inthe 


dedicated to thet ob, 
Tut there all always e 
afew “bad apples” in 
any profession, so take 
advice from friends, 
slving clubs, and 
specialty magazines 
and websites before you 


water before they 
Dbegin to teach the 
Fianna kill 
eels). Afr this 
initial stage, you will 
prognes into open. 


Water, where you will SUMING UP enroll, Bo not be alfaid 


undertake a few Tiahees ae rot pected tobuy@ ask questions during 
introductory dives in _wsetofeauipment Gearcan be sour training, simple at 
‘ented rom mast diving schools raining st 


order to get used 10 they may seem; you 
diving in deeper water and build your can even request adilferen instructor 
confidence to nin in the open sea, if you dno fel comfortable 


‘Many people take up diving as a 
STAYING SAFE vacation activity and only get a chance 
Recreational diving isan extremely safe to practice once or twice a year. If you 
activity as lng as you receive the correct have not dived for a while tie a good 
training and keep your tills up to date. idea to take a relresher course, and carry 
Choosing the right training ageney dot atrial dive (with your buddy) to 
course, and instructor is therefore vital. check.all your gear and your skills before 
Most instructors are highly tained and venturing into deeper water. 


BUILDING CONFIDENCE 
Fundamental skills and safety procedures 
sre taught in the security of confined 
water befare you can venture into the 
open sea. The abilities you need 10 
master include buoyancy contol 

and inning techniques, out-of-air 
procedures, removing, recovering, and 


replacing your regulator, and clearing, 
Watercan accumulate in your mask dung 


vig, usualy in small amounts. With 
a common source of Practice een afullyRooded mask an be 
apprehension among novice divers tlened witout eet. 


your ears and your mask underwater 


Blow clear by ttingyout head backana Check that your mask fe of water 
Z pressing inthe masks upper edge Exhale) there is any remaining, epet the proces. 
through your nose. The water snouldbe forced This simple operation fe quite namal during 
fu escaping under the masks lover sk. diving. and wil qukkly became second nature, 


Specialized training 
options for children anil the sailed, IF you ate already uated but 


TAILORED COURSES — ur ar designe 


Though standard to teach basic sills 


open-water diving = | 


re numerous courses of 


‘qualifications have ‘open- water diving 
a mininwan age qualifications. Junior 
requirement (usualy living permits 

14), children are now available for eildren 
well catered to in ewer 10 and 14 
diving. This means it years old, ae similar 
can be a Zany sport URERATING EXPERIENCE to basic open-water 


hot one that is just for Adlsable¢ der undergoes waning qualifications, It place 
adult, For younger ‘aol with guldance fam 


lee peeg nie special restrictions on 


shilren, intoductory the maximum depth 
courses are aailable such as PADI's to which the holder ean dive 
Bubble-Maler program, or diving ‘Adyauces in traning techniques 
lub for childcen, such asthe Scuba mean that more disabled people ate 
Ranger organization. These able to take up diving than ever before 


BUBBLE MAKER TRAINING 
Special courses for cen are taught 
by most schools. libs alse fer 
‘lng fr buding junior divers. 


reeouuren reanic | 2 


Diving makes you effectively weightless 
and the freedoms of movement this olfers 
makes the sport especially beneficial for 
those with limited mobility The only 
condition that isan automatic bar to 
Doecoming a diver is epilepsy, due 1o the 
Fisk of seizures while submerged. 
However, blindness, paraplegia, cerebral 


Your experience and judgment wil bul as 
‘uaiications are gained. Comprehensive 
Haining makes for confident, safe er. 


ply, and many other conditions have 
all been arcommodated by adaptive 
training programs. The general rule is 
that if you have been cleared to dive by 
a doctor specializing in dive medicine, 
then training ean begin 


DEEPER INTO DIVING 
All the major training organizations 
lle courses that aim to take you a step 
‘onward from the basie open-water 
‘qualification. Such courses serve to 
refine your basic sls and introchice you 
to new challenges, such as deep diving, 
tor diving in conditions of law visibility 
They will also caver rescue and survival 
skills, and can be the first step on. 
the path toward becoming a diving 
instructor In addltion to these skill 
development courses, there are aso 
numerous specialty courses, which teach 
the technique and theory of activities 
such as cave diving, wreck diving, and 
mixed-gas diving Such courses include 
dives to put new skills into practi 
help ta improve your general diving 
experience. For more details, vist 

the websites of the yutious training 

‘organizations (we .329-30), oF ak 

at your local diving center 


cavern NG 


Specialized and fit ypes of diving, such 
aecavern dng ce ving and other hiled 
cts, canbe enjoyed after proper taining, 
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Soldering & De-soldering 
This presentation will... 


+ Review the tools needed to solder and de-solder 
electronic components. 


+ Demonstrate how to tin a soldering iron tip. 
+ Demonstrate the soldering process. 


+ Show the characteristics of a good solder 
connection. 


+ Review classic soldering mistakes. 
+ Demonstrate the de-soldering process. « 


Equipment 


EQUIPMENT 


Introduction 


‘The wide array of equipment available is often bewildering to a novice 
diver, Some items are essential in all circumstances, while others are 

used only in specific diving environments. The mor 
and advice you seck, the more likely you are to buy safe, suitable gear 


rch you do 


BUYING AND RENTING GEAR 
You could begin dive training with 
as litle as a swimsuit, but it may be 
advisable 1 a least obtain 1 good 
qualicy mask, snorkel, and fins. This 
ricans that you always have thee key 
pieces of gear that fit peefectly, and with 
Which you are comfortable: 

‘Many divers own no more than this 
the rest 


basic gear, preferring to 
There are pros an cons to this 
approach: it frees you from carrying 
heavy gear around, but it ean also. mean, 
using linking equipment that has been 
worn by many people, and which may 
not have beet well 
alternative ist bay and transport all 
your own gear, This i recommended if 


rel for, The 


DIVERS TOURING A REEF 
nooledge ad care of ears ita, since 
yout equipments your ife-suppor sistem 
For eaplring the underwater wor, 


you are likely to be elving regularly in 
your local area (although a local lub or 
shop may have gear you can rent His 
tot so practical if you plan to dive any 
farther afield taking your own gear 
overseas can be expensive although 
most dive tour operators are fai 


generous with their excess baggage 
allowances. You can rent a tank and 
weights fom any dive center, so you 
reed never travel with these item 

The best places to buy equipment 
anel obtain advice are dive shows ar 
local dive shops. Second-hand gear is 
worth investigating, but inspect i for 
signs of wear and corrosion before 
making a purchase, and make sure 
that itis serviced before us. 


asic equipment 


This the primary means 
by een you nfate and 
deflate your 8 


‘so ale the demand 
‘abet your 
breathing device, 


‘sharp kif orline- 
turer should be camied 
Incase of entanglement 


CORE EQUIPMENT 
There are several items of gear that are 
sential, in addition to your mask, fins, 
and snorkel. A buoyancy compensator 
[BC) is am inflatable jacket that keeps 
yo afloat atthe surface, helps you 

cf and 


adjust your buoyaney under 


supports other vital pieces of equipment 
Weights, and a belt to mount them on, 
are another necessity, although weights 
can also he carried om sorme BCs 


INTRODUCTION a 


Ade computer enables 
{out monte depth and 
Eafe dive tines, 


This taps ano your 
Cand attaches athe 
regulatr st stage. 


(we f39). You will also need some kind 
of dive suit ##.50-5) depenling om 
the water temperature 

A regulator (the device that supplies air 
to the diver) is also necessary preferably 


fe that incorporates an alternative ar 


source (a octopus) and an instrument 
console with a compass. Dive computers 
are a useful aid to sae diving, and you 

should also carry a knife to cut yourself 


fice if you become snagged underwater. 


4 EQUIPMENT 


DIVING ACCESSORIES Flashlights ae essential for diving at 
There i a range of equipment and night, in murky water, ad in loelight 
accessory items designed for specialized environsnents, such as caverns and wrecks, 


dlving ‘Ty tobe 


w oF Feat specialty IF you wil be doing a lt af open: 
gear that you may only use infrequently: water diving, especially in curents, you 
Slates are useful acessories, since should purchase a marker buoy, ether 


they allow you to write messages to your a surface marker buay (SMB) or an 


bueldy oF to make notes from your inflatable surface marker buoy. These 
dlive—for example, on species that you indicate your position to observers on 
flo wot recagnize—or to sketch asite, the surface, and also aid your ascent 


Equipment FoR co.o ware 
(old seas make extra demands on ding 
‘aulpment, and adatonl peripheral 
Items may be needed ta ensure cae 
ving. Tennal protections a priory. 


The lass lenses should 
betempered and offer 
2 good eld af view 


i 
, 


fla se easier oad in 
lowlight endronmens 


ap 


ye useful for guing an 
scent tothe surface 


Temperate waterstend 
tobe mutt, soa fash 
light may be equ 


a ea 
eae ea 
agh OR ncere yore 


DIVING IN COLD WATER 
IF you plan 1 lve frequently in cold 
water, you might want to invest in a 
Alrysuit ( p.54-53). A good thermal 
underlay i estenialwith a drys, since 
los of boy heat can esl i poor 


cisions and lead to exhaustion, speeding 


MAKING THE RIGHT CHOICE 


‘Dont ush nto buying the frst bit of new 
see-alivayslodkat a range of 


but remember that everyone 
favorite brands. Reviews in magazines 
and onthe Intemet can give you more 
Information, so that you can weigh the 
‘options before you Buy 


INTRODUCTION 


Ding in cold water requis extra equpment, 
‘nd appropiate training in now to use. Safety 
‘devices are especialy important in Such waters. 


the onset of hypothermia, Dive clothing 
manufacturers make special thermal 
unvdrsuits with wicking properties to 
draw moisture away fran the skin, If you 
are planning on doing any exteaie cold 
water diving or ice diving (se p12 
you wil need to use an environmentally 
sealed regular, because these are mo 
sistant to frezing 

Aso necessary in cold water are a 
hood and gloves, the thickness of whic 
will depend om the water temperature 
The thicker the neoprene, the mote 
insdation it fers, but the more i wil 
strict movement. Thick gloves ot 
mittens reduce dexterity considerably 
Which is worth bearing in mind if you 
intend! to use smaller items of gear 


46 EQUIPMENT 


Masks 


A well-litting mask is arguably your most important piece of diving 


we 


so take time to choose one that is right for you. There are many 


styles and designs to choose from, but above all you need one that 


correctly, and suits your personal diving requirements 


SEEING UNDERWATER 
Human eyes cannot focus in water, 
Which is why you have to wear a mask 
when diving. The way masks work is 10 
trap a pocket of air in fioat af the eyes, 
allowing them to facus normally. A 
standard mask consists of a single ot 
double panel of tempered glass inside 
frame, with silicone skirt forming an 
airtight seal against the face. A strap and 
buckles hold ital in place 

IF you take care of your mask and 
keep it in w sturdy 
it should last for many years. The lenses 


ase to avoid damage 


of new masks have a protective coating 
fiom the manufacturers that should be 
removed before use, This can be wiped 
off using a nonabrasive cloth and non 
gel toothpaste (or a fine abrasive clean} 
to clean the coating off without 
scratching the glas. If in doubs, consult 
the manufacturer's instructions. Make 


sure you rinse your mask in fesh water 
afer use and store it away fiom direct 
sunlight in dry place 


TESTING FOR FIT 
There are lots of shapes and sizes of 
ask, so take time to find one you Hke 


that fis. simple testi to hold i up 
to your fice and inhale gently through 
your nose IF you then lean forward, it 
should remain in place 


Hold the maskin Place ton our face. 
front ofyourtace 2 inhale though your 
itn the sap rose—the mask should 


hanging lose. ‘Soy on wthout suppor. 


(MASK DESIGNS: 

CUASSIC Tis isa sight aléashioned ree 
desig, bu ti sl popula ith C Sete noe 
photographers because gies 2 clear 

iow ofthe vers face oes god 4 iui 
Ted ve, but igh ternal value of betel 
Bir mates clearing the maka ie harder. 

[EXTENDED VISION Many new designs 

tf mask are consted tov he diver eroale 
Snerended fel of view, especialy gg pea 
downwark ismodelisamuniens 

decign which also alls corecive ages 


lenses af ferent stengihs tobe ited Sooeview 


MATTE ANISH Some divers prefer to use 


mash wih aback scone katte aid ( Space 
durutogfectns on tet saaee 

stthe fas. Tins tspecly sete sien 
inane ptogaphar, Hower =e 
tare does eae pepe son, 

SIDE VW Some designs oer improved - a 
poser! sin though ass panels so Siese 
tiers of re matn ebu ae sil i 

‘choosing, make sure that additional lenses “aermeable skit 
dat aot pepe 

TALL PACE Most sein ee 
Commerciale. ace mass oy 

Ste adanagrousin very color pen 


polluted water. Some recreational 
‘models have intercm radio units 
Sp divers can communicate 


nero EE 
volt has 
eaulpped fish wth 
jes that focus 
underwater, but divers 
must lyon masks 
foc clea ston 


‘Some masks canbe fited with prescription lenses, so ifyou 
‘wear glasses you wil still beable to see underwater. Contact 
lens wearers can use normal maske-—they provide an adequate 
degree of protection fom water, unless acidentally removed 


here 


EQUIPME: 


Snorkels and fins 


Along with a mask, a snorkel and a pair of fins are probably the frst 
pieces of gear you will buy. Snorkels vary very little, but there are 
plenty of styles of fins o choose from, depending on your budget. 
As always, look for a good fit and features that suit your diving need. 


CHOOSING A SNORKEL 
A snorkel isimmply tue dhat allows you 
to breathe easily at the surtace without {Basie snorkels are title mare than a 
needing to raise your head frm the curved tube, but some models have 

ct. When di ai aeecd _splash-guard at he top ofthe tube to 
Water When diving, you donot need» | Freyen ingress of water, and a drainage 
snorkel underwater; however, you may | fate at the loner end: Collapsible pes 
use oaebefare and after submerging A | are easyto stow away when notin se 
good snorkel should be easy to breathe 
tough, and should not he too Stet 


Sita 


tongHely no ore than 17 in 
(Senjootveay occas 
‘tach your sone to he hand 

28 of por ang he gh 
hand sd ee for your regulator hse 

(er ph 60-G, Abvays ine your snorkel 
fcr te ad sre oot of et angi, 


FITTING FINS of agility underwater; bt many divers 
Sometimes incorrectly referred to.as believe rational models deliver more 
lippers, ins are used to aid propulsion outright thrust. Before deciding which 

when diving A standard fin consists of pair wo buy, consider the kind of diving 


a shoe made of rubber andl a blade made you willbe doing, and seek advice from 
ofa ster material often with ridges and store staf or other divers 

‘ents to enhance performance, The shoe 

an either fi the whole foot ike a slipper AN poweR 
orleave the heel exposed. The ater is Adve employing 
held on with astap, and is designed ig Me oR Mek tn 
be warn over neoprene boots. When “merloal is 
Dying ins of this type, i acsabhe 

to take your boots along with you, since 
their thickness will need to he taken into 
account when testing fr fie 


SELECTING THE RIGHT PAIR 
‘Advances in fn technology mean 
that there isa wide range fr the 
diver to choose from, depending 
fom their specie preferences, For 
example, spit fins offer a high deyree 


SNORKELS AND FINS a 


‘TYPES OF Fins 


CONVENTIONAL AbasicRnwith (4 gests 

a singe, fay rigid bade the rf bate 
Conventional design i good 

starter i, but you may wart 0 

tryothertypesto see they oer exe ee 
features that suit you Better. 


FORCEANS Made exclusively 


‘bya California manufacturer, Blade ca 


this ange of firs is designed to wee 
‘minimize the water turbulence Ip eid 
produced, and reduce the toe foot bist 


‘vers kicking eff. relat 


PIVOTING A design that 
thas been adopted by two 
manufactres, this fn features 
2 Mlexpoint in is structure and a 
‘shaped ares of safer lasticto scaap 
vaerfor better action and speed. 


SPUT A popular ste, spit Saf fenite 


fins offer better agility than courted 
Standard fins. However, some 

vers believe they a ese 

‘fective than conventional Salta 
fins in strong currents, 


SSRORKELING Fins designed 
for snorkeling ae lighter than 
scuba ins, and af afoot pocket 
design so they can be used with 
barefeet. Some alec have 
shortaned blades, Da srr tae 


7p 


Fine ae held on theft 
Intwa bale waysina 
foxmitng oot pocket, 
or bya sap over the hel 


Fespedaia_ tsbatap 


EQUIPMENT 


Diving suits 
In all but the very warmest waters, you wil need some kind of 
thermal protection during your dive, Good diving suits (which are 
technically known as “exposure suits”) are availble in every price 
range, but always look for comfort, 


and quality of construction, 


BEATING THE CHILL 
Witer conducts heat away 


‘WHICH SUT? 
Personal warmth 
requirements wary 

IF possible, take various 
suit options —you can 
layer these to give you the 
best protection. Ie is rare 
to be too hot underwater, 
bat in tropical climates 
you may overheat in your 
suit hefore you enter the 


fiurn the body much more 
efficiently than air. Unless 
the water you are in sche 
same temperature asthe 
surface of your skin 

about 90°F (82°C), which 
is hotter than most corals 
can withstand —your 
body will ose heat, and 


you will got cold This water, This ean be 
rca that in almost SECOND SKIN prevented by weting the 
all diving environments, Medemvetsuts are made of suit hefare puting it on 
materials that fer igh 
thermal protection is atlatha ler igh Buying suit far 
required. IF you are every temperature range 
diving in warm waters, a normal wetsuit is to expensive for most divers, but most 
willbe sullicint. Only in the warmest suis will slice fara variety of waters 
waters should you considera non- Although in the topics you would be 
insulating or “skin” sui. Never be too warm in a deysit, you could pt for 


tempted to dive in just a swimming suit; a falllengdh wetsuit as is extra warmth 
even if you dow't need insulation, a thin would be welcome in the cooler depths 
layer will prevent stings and abrasions In addition 1o a suit, you may need 
I you are diving in cooler waters, you accessories such as gloves, boots, a hood, 
should consider the heavyweight options: and taleum powder, which is use for 
a semictry suit ora drysuit, 


wg entry into sus 


‘There ae guidelines forthe type and 
thickness of suit needed in diferent 


Conditions. Forthe roles, where the 
waters rarely drop below 68°F (20°C), 
2.2-5-mm wetsuit is fine. nthe 


full wetsults more appropiate sing 
to7-8 mm during winter months. 

‘semi-dry sit of 1o-ag.mm thickness, 

‘with a hood and thik gloves, will 

cope with most conditions in colder 

temperate waters, but in waters below 

50°F (10°, a drysutis necessary Shodie —Fullwetsut sult 


Soldering & Desoldering 


Solder 


+ Solder is an alloy of tin and lead. 

+ The solder used for electronics is, 
frequently called 60/40 solder because it is 
made of 63% tin and 37% lead. 

+ 60/40 solder melts at 361° F. 

+ Lead-ree solder: As of July 1st, 2006, 
European laws mandated that new 
electronics be entirely lead-free. As of yet, 
no such laws exist in the United States. 


____Tinning Process 


7opy Sede Salsang ianTp Ral Tpon Dare Sponge 


Proper teed slg an Tp 
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Soldering Iron Care & Maintenance 


+ A soldering iron must be coated 
with a thin coat of solder. This will 
allow for the transfer of heat to the 
work piece. 


+ This procedure is called tinning, 
+ The tip must be kept coated with a 
shiny layer of solder by occasional 


wiping and applying solder directly 
to the tp, 


Solder Process 


Heat both items at the same. 
ime by applying the soldering 
iron to the copper pad and the 
component lead 


Continue heating and apply a few 
rillmaters of solder Remove the 
‘fon and allow the solder join ta 
cock naturally 


| ony takes a second or two 
to make the periect joint, 
which should appear shiny. 


DIVING SULTS 


used as a base layer under a heavier suit 
so they are a good ald-ow option if you 
Wetsuits and drsultskeep the diver are not sure how wartn oF cold your 
warm in diferent ways. In wetsuits, 

2 thin fm of water is trapped next to 
the divers skin and acts as an insulator. 
La ee eeete toh slightly more thermal protection than 
Sut and this pemits the use ofhemmalskinsuis, typically being constructed of 
undergarments fo extra isulation. 3-mm neoprene. However, they da leave 


destination will be. 
‘So-called “shortie’ 


wetsuits offer 


wetsuit the arms and legs exposed and 
‘unprotected from stinging plankton and 


Hreaatag in| llysh oF abrasions on rocks oF coral 


This pe of wetsult 
(sa good choice in 
‘does not coat 

‘muchas afl su 


Dysuit on 


SSKINSUITS AND SHORTIES 
In warm, topieal waters, you will 
probably not requite any therrnal 
insulation, but a thin layer over your 
body will prevent your equipment 
fiom rubbing on your skin, as well 
1s giving protection frum the Sun 
betore and afer dives and providing 
a barrier to stings and serapes. 
"The thiunest skinsuits a 

of Lyen 
lle suits made trons 0. 
neoprene. Lyera suits cam also he 


made 
anulacturers 


Light gloves skins vest 


eno warm waters, fulLength wets may 
prove valuable, becouse water temperatures 
frp ashe ave ventures deeper. 
FULLLENGTH WETSUITS, 

"The next level of thermal protection 
afer shorties and skinsuits i a fllength, 
wetsuit These offer increased thermal 
protection forthe arms and legs, and are 
‘ypically made fom 2-t-mm neops 

Dut tienes i not the only factor in 
thermal effciency-—a elosefting sui 
provides better insulation, A correctly 
fitting wetsuit should not only be easy 

to put on, but should fllow the contours 
fof your body as closely as possible 
Wersuits rely on trapping a thin fi of 
water next to the body, which gradually 
bhecomes wart. If the suit Gis badly, 


Water loves more freely between the 
body ane! the suit, and ells 
‘han insulates 


ather 
the diver, 


CARING FOR Y 


‘A simple maintenance regimen is vital to 
prolong the life of your wetsuit After 

fever dive, wash your suit to remove salt 
and debes, which can cause toot. tis 


bestto use special wetsuit shampoo, 
which helps to maintain the suppleness 
bf the negprene and prevent miden 
‘Once the suits fully dy placeit ona 
hanger an store it na coo, cy pace. 


FULL-LENGTH WETSUIT 
Seba weuts are 
vallabe ina range 
if ves, categonzed 
by thethicaness of 
eaprene they are 
ade rom 


esta heatiy 


SEMLDRY SUITS 
‘Though intencled for colder temperate 
waters, where they are worn with a hood 
and gloves, semi-dry suits are a versatile 
style that can he used even in warn 
Mediterranean seas, Like standard 
Wetsuits, semi-dry suits are made of 
neoprene and work by trapping an 

a the 


insulating layer of water betwe 
body ancl the suit, Hoywever, they have 
more eflirient seals atthe wrists and 
ankles and around the neck ar hood, 


DIVING SUITS 5a 


Which stops water fom Dushing through 
the suit and allows the trapped water to 
warm up. They also tend to he made af 
thicker neoprene and are often designed 
to be wed in layers (with a jacket fing 
over a coverallatyle base layer 

The thickness of the neoprene ia 
sonne semi-dry suits has a tendency to 


restrict movement on land (although not 
in water), However, suits made of super 
flexible material ate available that offer an 
equivalent degree of thermal protectiag, 
but are much easier to put om andl move 
szound in, Abough a semiviry suit ollers 
protection similar toa drut (ef. 
sone divers prefer a drys, because 

a damp body can be uncomfortable 

afer the dive, especially in cold weather 


Seu. ony sur wnt EQuieMENT 
Good quay semb-dry suits are sutable 
Tora angeof ave envionments an 
‘ons, and ali you to withstand 
the cl of greater depths 


‘fen buke than a wis wath, 
Sve computer may need 3 sap 
feeslon when wor ith thicker 
ste su asa samy su 


Inthe colder and deeper waters 
accessible wth a sembdy su 
vist canbe impaled oa 
light should aways be aed 


5a EQUIPMENT 


DIVING IN DRYSUITS, 
Dayruits ate the most expensive ype of 
diving suit but offer excellent thermal 

protection. They use trapped air, not 

ates, as an insulating barrier: Drysuits 
are available off the rack, but i is worth 
spending a tle estra to get a made-to- 


ure garment, because a well-fiting 

suit will he more comfortable and more 

Hkely to avail buoyaney problems 

caused by unequal air distribution 
Drysuits are made fom a variery of — KEEPING WARM 

materials including crushed neoprene En in condons as extreme a those 


Provide good themalpetecton, 
neoprene suits are tough an offer ensuring he de stays coral 
a good degree of thermal i : 

insulation. Membrane drysits are 


‘made from strong thin, waterproof 


fares, which offer less inherent 
thermal insulation than 
crushed neoprene, and are 
designed to be used with 
a thermal undersuit 

They ate more supple 


than neoprene types, and 
0 exser to move around 


This is connected 10 
the egulator rst stage 
(seeps) and allows 
sirtabelnuaduced 


in, However, they ea be 
loaser-fiking, and allo 
excess arto move arounel 
inside, which ean shift 
Dbuayaney to the les, and 


tip the diver upside dav, Ai 


The inherent buoyancy afa suit 
made of reopanethathas been 
“caushed"—treated with heat and 
pressure to fattn ts intemal air 
falls—temains te same at any depth, 


USING A DRYSUIT 


Diysuts are more challenging to use fairest 
than wetsuits, as they have variable 

buoyancy, duet their alinfation 

‘mechanism. you plan t use one for 


{he fist me, take am ointation course 
ina pool before diving in open water inept oots 
‘dtysuit shouldbe seviced once a year 

(orate long periods of storage) by an 

approved repair technician 


FASTENINGS AND SEALS 
Deysuits generally have an “across the 
shoulder” zipper to allow entry. You will 
reed help from your buddy todo this 
up. These zippers need regular coating 
with was oF “zip slip" to keep them 


lubricated and protected from corrosion, 


“To prevent water fom entering the 
suit, deysuits have watertight seals 
made of thin neaprene of latex 
wrist and neck. Latex seals are generally 
les likely tp leak than neop: 

but do not offer any insulation and are 
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smote fragile there isthe tsk that they 
may tear, Neoprene seals, by contrast, 
are tough, easy to rep 


but it can be dificult wa get a gaod ft 


INFLATING WITH AIR, 
Deysuits have a inflator valve on 
the chest that injects ar to reduce the 
shrink wrap” sensation caused by water 
pressure squeezing the suit against the 
body. This air expands on ascent and 
rust be dumped via a valve, normally 
located on the shoulder, which ean be 
‘manual or automatic. Cull 
dumps ate also available that 
work by raising your arm 1a 
release excess ai: 
‘neoprene haa is 
necessary in cold waters 
to nsulte the hen, 


a ma 
ED & 


‘nd cmon. 


Hea wetsuit 
flows 


The tough. lightweight abi of 
‘a membrane sults more Meble 


‘han neoprene and so allows 
eater ease of moverent 
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Buoyancy compensators 


Unlike fish, humans have no natural way to adjust their buoyancy, 
or floating ability, when underwater, Divers wear a buoyancy 

a jacket that can be filled and emptied of air 
to control their buoyancy underwater and at the surface 


compensator (BC) 


HOW A BC WORKS. 
The BC (also known as BCD, ot 


mpensation device) offers 
Flotation atthe water's surface and fine 
adjustment of buoyancy underwater 


a harness for equip 
ce, a fly inated 


ites. At the su 
jacket will keep your head well out of 

the water. Underwater, buoyancy can he 
dhe BC with stall 


increased by inflating 


amounts of aie 

All BCs are connected 
via an air hose to the 
regulator first stage (we 
{AG}, which supplies 


pressurized air from the 
tank for inflating the 
jacket, BCs can also 
inflated orally, via a 


Buoyancy compensators 
ae ited ith hangy stowage 
Point or peripheral gear 


A 


corrugated hose that hangs down aver 
the let shoulder, Control for automate 
inflation and deflation are usually 
located at the endl of this hose 

OF course, BCs must be able to 
reduce buoyancy as well as increase i 
This is achieved by venting air from the 
jacket via dump valves at various points, 
Air can be released through the ora 
inflation hose by depressing a button, 
and can alsa be vented by using a pull: 

cord dump valve, which 

acts mote quickly. These 
are fen located on the 
‘opposite shoulder from, 
the oral inflation hose 
and at the hottom edge of 
the jacket. They should be 
used cautiously since they 
alter buoyaney rapidly 
Many BCs also vent air 
‘when the oral inflation 
hose is tugged sharply 


When fly iaflatd, 8s allow he dver 
to foat efoessiy atthe sutace. Hee, 
‘wo dies signal OK aera de, 


BUOYANCY € 


FIXINGS AND FASTENINGS, 
The tank ( .68) ie alko attached t the 
1G. A strap atached to a rig backplate 
(wraps around dhe tak and holds iin 
place with a cam-action buckle. Tee 
important that your tank is fastened 


securely andl does not rove during the 


wy 


Used fr clipping on 
Items of pspherl 
equipment, hea 
Mashight area. 


For quick elease tom 
the hamess and easy 
donning othe jacket, 
rec iacker 


Valvealloning arta be 
Msicrpeelpskati 
airbiadders 
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dive. A well-designed BC will have 
various adjustable straps around the 
waist and atthe shoulders, to ensure 
that it fits sug: These can be easly 
readjusted underwater. Stel or plastie 
D-rings (bl) be ed attach 
smaller items of gear 


‘safety feature for 
stating attention 
Here ted athe 
‘a infaton hose 


Tha ination and delstion 
canoe and ral iniatoe 
ane atthe end ofthe hae, 


Camacton buckle locks 
atic hast attain place. Ce may 


se EQUIPMENT 


CHOOSING A JACKET 
A basic BC is like 

a padded vest, and these 
are ofien only adjustable 
atthe waist, More 
advanced models have 
adjustable straps 0 
rake sure the jacket 

fits ax stugly as possible 
underwater. Ideally, you 
should buy ome that fits like a glove 
andl does not roll around with a tanke 
attached. You should als find it easy 
to take on and off If possible, you 
should try it on with your wetsuit 

(ar drysuit) to check the ft, and to 
ensure that th 


is room for mote 


adjustment on every strap in case of 
changes in your suitor your body shape. 
Teyond the basic models of BCs there 


Careful maintenance of your BC will 
keep it in ood working order for many 
yeas. I'should be serviced atleast 

‘nce a year, o after it has been stored 


‘snused for more than sixmonths, Take 
‘ttoa recommended dive shop. Only 
service it yourself ifyou have been 
trained todo so, Da not ake risks by 
diving with olé or unserviced gear. 


SPECIALTY ACKETS 
Highvolume “wing” syle 
CS op are used in 
vanced dg Uf The 
large aicapacty of these 
lackts provides extra it 
Forheavly laden divers, 


are the more specialized 
features available on some 
jackess, such as weight 
imegraton, or a “wing” syle design 

(we opposite age). Whatever the features 
of the jacket you decide wo buy, make 
sure they suit the type of diving you 

will he doing the most, Try out se 
diferent jackets before deciding. 


‘CARING FOR YOUR BC 
Ac with all items of equipment, your 

[RC should be rinsed with fesh water 
alee every dive. The inside should also 
be rinsed by flooding it through the 
corrugated hose. “The jacket should then 
be emptied again by turning i upsice- 
down and draining it dhrough the same 
hose. After this, you should reine it 

to help locate and remove any remaining 
water, which will rae around inside 
when the BC is shaken. The jacket 
shouldbe stored in a conl, dry place 

ina partially inflated state, 
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BUOYANCY CO} 


recrare weigi ac 
Some BCs feature integral 
weight systems. Many 
people find these quik 
Felease weight pockets 
‘mare comfortable to use 
than a traditional weight 
belt The weights should 
be removed Before puting 
the 8C an and taking i of 


Peete 
inate 
‘nedhanim uicrtese 
eee Sei aches 


ITEGRaTED BREATHING BC 
The Mares HUS (Human 
Underwater Breathing) 
system was the fst to 
imegrate the regulator 

into the design ofthe Bc. 

2 great advantage ofthis 
topotthe tne products 
its simplified profile, which 
reduces drag inthe water 


equator 
Integrated with franc 
jekttdesgn Mlatocwals 


wns / seMuwoN Be 
Favored by technical divers 
(Gee psa4) these oferhigh 
li capacity. The ar blacder 
isrearmounted: this aide 
horizontal posture under 
the wate, bu an push the 
terface Forward at he 
surface. A semiing offers 
beter surface supper. 


WOMEN'S BC Women 
vers are increasingly 
wellatered to with spacial 
[Beket design to gve 

2 comfortable Fi thout 
the usual tension points 
across the chest. Such 
[aches affer other 
Convenient options tke 
‘weight integration, 


on 


battpate 


‘Seely shaped 
uichrtease 
vel paucies 


TRAVEL BC Ifyou travel 
ten, itis a good idea to 
consider a lightweight 8C 
without aiid back, which 
canbe rlled up. These 
signs have a lower it 
‘capacity, as theyre mostly 
ted in warm-vater ites 
‘ete minimal weights 
carted by the diver. 


Tog for ‘tls 
jetisning 

‘right 

putes 
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Regulators 


One of the most important items of diving gear is a regulator. This 


.ge gas-supply system proviles you with air from your tank at 
the correct pressure for you to breathe underwater. Since it is a key 


life-support device, most divers buy their own regulator, 


BREATHING UNDERWATER 
Your tank can store lary 


equivalent pressure 


otherwise your hangs 


amounts of aie in a small will not be able wo inflate 


space hecause the ait it propery 
contains has been highly 

compres (xe pi 
Before you can breathe 


HOW REGULATORS WORK, 
Supplying air atthe right 


pressure isthe job of the 


this stored ait must 
be reduced to a sale regulator, which is made 
pressure, which varies up of the fist stag 


according to how deep wc fs om tote tank 


you are underwater, and the second stage (the 

TThe deeper you go, the STORING REGULATORS piece you pat i your 

areater the weight of Regulators are tough. ut they mouth), which sal 
“ shoud be wel aed fo. Hang 

‘ham up na eool, dy place 

aay fom sunlight 


known as the demand 
valve. The fist stage 


chest cavity fram outside 


ee p4-95), This is reduces the air passing 
called ambient pressure. Air for fut of the tank toa lower pressure of 
breathing must be supplied at an around 116-145 ps (8-10 bar} above 


aambient, A valve in the first stage allows 


UNDERSEA exrLoRER ar 
F eietiadanteene peter some of this low-pressure air to pass into 
the ely compressed alr in the tank a hose, and then closes again, When the 


to leve thats safe to beathe. ais in the ove has been inkl by ee 


Soldering & Desoldering 


A Good Solder Joint 


Bad Solder Connections 


Cold Solder Joint Not Soldered 


ace 


Project Lead The Way, Inc. 
Copyright 2009 


Digital Electronics ™ 
1.1 Foundations and The Board Game Counter 


Bad Solder Connections 


‘Too Much Solder 


‘Too Lite Solder 


Bad Solder Connections 


Solder Bridge Lifted Trace/Pad 


REGULATORS 


dive, the first stage detects decrease in that is subject to equal forces of water 
presure in the hose, and allows more air pressure on one side, and ar pressure 


to flow in, replace that which was from your breathing passages on the 
wed, Hautomatically akers airpressure other. When you inhale, the diaphragm 
inthe hose when depth changes occu, flexes inward, causing an inet valve to 
"The fist stage also supplies air for BC. open, and air Nows ito your mouth 


and drysuit inflaton (via separate hoses). Exhaling causes the diaphragm to flex 

"The second stage reduces the outward and triggers an exhaust valve 
lens-presure air in the hose to the same to opens, allowing used air to be 
pressure asthe water you are swimming expelled, The unit can be cleared of 
through, allowing normal breathing. water by using the purge button, which 
The second stage houses a diaphragm is located on its fromt surface, 


fenwenent camp 
tye fest tage, 
sultable for most 
receatlonl ing 
requirements ess 
secure than ON 


one 
RST STAGE 
screw fist 
Stage that can 
handle gh tank 
pressures of mare 
than 3,000 pst 200 
af Highly secure 


Designed to supely 
airsafely ata depths, 
your second stage 
haul comfortably 
Inyour mouth 


IWSTRUMERT CONSOLE 
‘high pressure nose 
from he Fist tage feeds 
‘ect nto a pressure 
‘auge inleatng 
femaining alr suppl. 


The actopus sor use 
Inthe event mat our 
rai second tage 
fas orfor donation 
to athe diver, 


scceeT 
Alan pressure hose 
‘othe fst stage 
supplies arta your 
cto infatthe 
jacket underwater, 
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‘THE OCTOPUS SECOND STAGE 
Most recreational regulators are set up 
ation (called 


fiom the frst stage). This incorporates 
a backup second stage, which i intended 


buddy needs a donated air supply. Over 
time, this backup air source his become 


non a the oct 


simply the octopus 

The octopus and the hase to which 
itis amached are usally finished in a 
bright yellow calor for easy location in 
an emergency, and to distinguish them 
fiom your main second stage (which 
ordinarily has a black hose, The 
fctopuus hangs unused from your BC 


most of the time, and for this reason i 
is ofien detuned (adjusted) to prevent 
tiee-flow”—an accidental discharge 
of air that occurs more easily when 
the mouthpiece of the regulator is left 
continually looded. Some types of 
‘octopus are attached to the hose via 
a swiveling joint, so that they can be 
cssily and safely donated to your buddy 
regardless of whether they are beside 
you, or face-toface 

The hose supplying an octopus 
should be longer than the one feding 
the main second stage. ‘This wil allow 
it to e offered toa buddy easily and 
far the buddy pair to remain face-to-face 
luring a shavedt-air ascent (ee 140) 
Practice airsharing procedures regulaty 


STOWING THE OCTOPUS 
Consider where to stor your octopus 
so that it ean be easly located i an 
jemengency by ether you or your buddy 


YYou can buy specialized clips of various 
designs to attach the octopus to your 


BC, which allow it to be freed easly 


You can easy access it, and where it willbe 
leary visible tal times 


When requited, and replaced again 
alicrward, Many divers hang their 
‘octopus near their midrif, but others 
mount it higher up on the chest, sit 
remains comstanty within sight and 
close at hand. You can also buy 
regulator retainers made from rings of 
surgical tubing. These go arounel your 
nec, meaning the octopus is always 
Fight under your chin, though some 
Find this arrangement constricting 


AGENCY ACCESS 
pelalquckelease clips are 
able for fastening your 

pus to your eet. 


‘TYPES OF REGULATORS. 


BASIC REGULATOR Simple, inexpensive 
regulators atthe budget end ofthe market 
can be ver reliable and durable. However, 
Some may deliver irate less smoatly 
than high-performance models. 


‘OCTOPUS SECOND STAGE Octopus second 
Stages are often ust standard second 
stages wih high-visiity color schemes 
However, some designs canbe swiveled 
to any angle for easy access. 


HIGH-PERFORMANCE REGULATOR At the top 
fend ofthe market are regulators hat 
combine high buld quality wth lw 
inhalation effort and toughness. Many are 
‘environmentally sealed for cold-water use 


‘OXVGEN-COMPATILE REGULATOR Divers 
who wish ta use nitrox mikes (ee pp94— 
495) that are very rich in oxygen wil need a 
regulator designed ta handle high oxygen 
Concentrations without risk of combustion. 


VINTAGE-STYLE REGULATOR in twin-nose 
regulators, the valve ofthe second stage is, 
Separated from it mouthpiece, and sits 
behind the avers head, whereit eleases 
bubbles out of the diva’ ila of vison 


CHOOSING A REGULATOR 
As with all tems of dive equipment, 
prices vary enartnously but the regulator 
is ome piece of gear wort investing 
decent money in. Basic regulators use 8 


piston valve in the first stage and ean be 
‘ery reliable but often feature rather 
chunky second stages. The more 
expensive models use a diaphragm in 
the first stage and tend co have more 
streamlined second stages, Top- 
ofthe-line miles may be 
designed specifically for cae 
water diving, or be optimized 
far efficient ni delivery om 
deep dives. They may aig 
have dials to adjust the 


Deep aRear 
Regulators are designed 
singe standards, andar 


Very eal if wel-malntale 


REGULATORS a 


inhalation elfare required to open the 
sed 


salve and deliver ait, These 


either 10 tne the unit to free-flow le 
casi, or masimize air delivery during a 


normal dive. Abvays rinse your regulator 


in fresh water after se, and have i 


serviced annually by a qualified dve- 


equipment technician, 
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Gauges and consoles 


To stay within safe time and depth limits and avoid running out of 
air, you must carry instruments that monitor your air consumption, 

time underwater, and depth. ‘There are 
to help with this from simple gauges to complex digital consoles, 


ous devices on the market 


asic INSTRUMENTS 
in ed never de vit se 
mnie mean ee ed 
cent eae fs ou ae 
id nyo an a0 your do 
Avnet wath whe bo 
seit sno 0 
tnd latte and hr eop 
Seo he ch Se aise 
Tels» Bcc 
ico dg eqn eo NBEATAG RANG ae SUP 
monitor time, such as « dive computer, aidan athe Si bdaierabeyanl 
soon then lis ota miior ee teers 

ates sre They are tually analog mine dep your de, nd 
(ecdleand-i} vn og igi remeber eet er oy 
Senna ao ss: othe Emly porns has ee 
destiny: teynesivete powers ele mn ata miele 

oF evn tt a mc prom sige PG) otc 
ina secrme nding oy depts, ‘Thi smart sree Sot 
Nateateyninerenetacroneds he sige isn open te 


the air in the tank You 


‘Your consoles your ive information enter, so you must “Bowel check your a= 

be happy with the way Rhandles,Difeent consoles need Presse gauge every few 

to beheld at iferent anges fo read the dials; experiment minutes during the dive wo 
beloreyou buy to find ut whichis easiestforyoutouse. carefully monitor your ai 
Choose one wih large, easy-to-read numbers, consumpdin, 

Someare equipped wth ater instruments, 

such a a compass: these canbe ether 

(on top ofthe console ar on the back. 


GAUGE CONSOLES 
Depth ancl airpresiure 
gages are often 
‘ommbined ina single 
integrated console that 
attaches o your regulator 
fiat stage anel hangs by 
your side during a dive. 
Mounted together like 
this, the gauges are 

to locate and can be 


sans 
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TYPES OF GAUGES AND CONSOLES 


STAND-ALONE DEPTH GAUGE A depth gauge 
is usually olfiled and reacts to ambient 
pressure changes, Mostly analog, these 
fauges are accurate and durable. 


‘STAND-ALONE AR-PRESSURE GAUGE Typically 
‘analog, this type of gauge contains a tube 

that expands oreanfrats according tothe 

airpressure inside your tank. 


‘DEPTH AND AI-PRESSURE CONSOLE This 
option allows ataglance checking ofboth 
depth and tank pressure, and also 
registers your maximum dive depth 


DIGITAL CONSOLE This console has an 
Integrated computer and displays a range 
tf information, such a air cansumption, 

temperature, depth, time, and ascent rate 


reat] simultaneously, like a “diver's 
dashboard,” They can sometimes alsa 
include rhe instruments, sich as 
compass ot a thermometer 

Consoles should be rinsed with fresh 
Water after use and stored away from 
direct sunlight, and kept in a padded or 
protective ease to avoid damage 


[ADVANCED CONSOLES 
Some manufacturers offer instrament 
consoles with digital rather than analog 


sgiges, Consoles are ako avilable that 


Stramine @ 


perform the same advanced functions 
asa dive computer (w .66-67) As 

Well as indicating eve time, depth, and 
decompression schedules like a normal 


hese also incorporate a digital 
sir-presure gauge. For divers who use 


e-mounted computer to monitor 
die information, console instruments 
‘an provide an essential backup, 


‘Ahough ss easy oad, analog gauges 
Soretimes give slighty mare accurate readings 
than dgtal ones, parca at halon depth 
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Dive computers 


‘To avoid decompression sickness, it is critical to monitor your depth 
and time underwater on every dive. In the past, this would have been 
done using a watch and a depth gauge, but these functions and many 
others can now be performed by a dive computer 


USING A DIVE COMPUTER Computers are more flexible than dive 
The main functions of a dive computer tables (er pp. 100-01). Dive tables shaw 
are 19 monitor your dive time and depth how long you can spenel a lilerent 

andl calculate sale dive schedules, A base depths before needing decompression 
‘model uses this data to assess the level of stops. Most tables assume that you spend 
nitrogen absorption in your body while your entire dive atthe greatest depts 
you are under the water, and also computers can make more complicated 
displays information about your ascent calculations, including the ime spent at 
rate, including any stops you may need all the dillerent depths reached on a dive 
to make during an ascent to avoiel Some computers will also schedule deep 
decompression sickness (ie #p100-01), decompression stops. These reduce the 
More advanced models ao inform you risk of nitrogen microbubbles forming 
about the temperature of the water andl in your body, meaning that less time is 


your air consumption if linked via spent decompressing in shallow water 
‘transmitter to your regulator ist When making repeat dives, especially 
stage}, both for norimal air and technical in places where you are not limited by 


gas mines (a 094-95) times of tides andl slack wate, using cv 


IMULTLGAS This type of computer can Computer can be 
‘aleulate ive schedules for several ine ebeaer 
ferent mixtures of breathing ge, fram asides 
formal arto various axygen enriched eat pig, 
blends of rita. Sheteianies 


‘CONSOLEINTEGRATED This computer is Inepated 
built into the dive’ instrument consale mp 


(Gee p65), whichis atached to the high 
pressure hose rom the regulator As such, andl dese wth 

italso displays remaining ai suppies, Fingertip ents 
\WRIST-MOUNTED This instrument is 

typial of basic level, wate sve dive pele 
computer lt provides data on depth, dive 

time, ascent rate, and safe dive schedules, P—sraton ante ster 


and isforuse wth normal breathing ai, ‘iano ero! 


RADIO-UPOATED This wrist mounted ris sap 
‘computer also displays how much ir 

remains inthe divers tank by means of 
‘ado updates from 3 module screwed into 
the regulator's fst stage (see pp. 60-5), 


Peripheral devices ae avaliable that lnk ve 
emputers a PCs, enabling yout download 
‘ive profiles and create dive lags. 


tables instead of a computer may not 
sive you the maximum number of dives 
you can sally make each day. 
Conputers are als able to monitor 
your ascent rate accurately In your dive 
training, you will be aught to ascend no 
faster than the smallest exhaled bubble 
but itis more accurate to fallow a digital 


readout that tells you the safe ascent rate 


BUYING A DIVE COMPUTER 
A hey consideration when buying a 
campater isthe readability of the dsp 
Too many figures on a small screen are 
eliicult to sead —the simplest models are 
fen the best. Choose ome with cls that 
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SAFETY checks 
‘As you ascend, keep lose watch on your dve 
Computer to make ure that you ate not exceeding 
the masmum ascent ate recommends 


are large enough to read with ease 
without any nonessential data om the 
primary screen, Its also advisable to opt 
for a brand with a proven track recone 

‘Compaters ate the most precise way 
of monitoring your dive, but they 


a foalproo! means of avviling DCS, lis 
imposible for data fran a comprater to 
exactly elect your bodys requirements 
All models have built-in safety margins, 
bt to be sure of avoiding problems, you 
shoul always dive conservatively, at not 


push your dep andl ines tothe lini, 


MALFUNCTION PRECAUTIONS 


Never rely solely ona computer. As 
a precaution against malfunction, itis 
always worth practicing how to calculate 
Give times using tables. Although your 
‘computer wil ge early warning of aw 


battery, make sure you any back up 
fevieaseither a watch and depth 
fauge, ora secon computer, which 
an be mounted on your console. 


EQUIPMENT 


Tanks 


Also 


red to as “cylinders” and “bottles,” tanks contain 


pressurized air for breathing underwater and have a valve that 
delivers this air to the regulator. Requiring regular testing and 
inspection, they can almost always be rented from dive centers, 


SIZE AND MATERIALS. 
Dilferent sizes of tanks 
are available, but most 
commonly they have a 
volume, or eapacity of 
72, 0, 96 95 cubic fet 
The maxinaum pressure 
to which these can be 
Filled varies—it ean be 
as much as 4,350 psi 
(800 bar), but is more 
commonly 3,040 pst 


dliferent intervals from 
‘one to ive years) in 
dlferent countries. Your 
test stamps mast he in 
dlte for your tank to be 
filled by any reputable 
dlve center, 

Many recreational 
divers use an 80 cub 
foot tank, but if you find 
you usually run low on ae 


before your bueldies do, 


206 bas. These figures SECURED AGAINST MOVEMENT you should consider using 


are stamped on the neck —Tnksstoedupright must bea larger size. On de 
i feuued Alas than out 8 
ofc cunt 


of the tank, along with 
the dates of manufacture 
anel most recent testing. Visual 

inspection at a certified dive shop must 
be eartied out annually, and hyelrostaic 
testing (for metal fatigue) is require at 


‘TPES OF TANKS 


“Tanks may be made of aluminum or 
steel Stelis heavy and corodesin salt 
water, but if well maintained itis durable 
and longasting. Aluminum is aight 
metal, but because tank walls must 
therefore be ticker, his adds bul 
and largely negates any 

Weight advantage: 4 ring win 


they ae also more waht 
prone to damage. 


fulton er pany 


for mare lengthy dives, 
‘0 tanks fa “inset” 


may be needed, Compact “pony bottles” 
are ofien use as backup air source; 

‘mounted next co the main tank, these are 
equipped with an independent regulator 


sonia 


«d 


Tanks are most commonly fled with 
compressed air For technical diving 
we P1949), howeves, they can be 
filled with special yas mies, such as 
nitro and trims, Drysuit inflation 

tanks, used mainly by technical diver 
are fille with the inert yas 


which, being denser than aig retains 


body heat for longer. 
Because the ai inside the tank i 
wed up during the course of a dive 


it gradually beconoes lighter Most 


people fonget that air weighs a certain 
amount too, and compression packs 
a great deal of it into one tank. 
Aluminum tanks may even become 


positively buoyant as air is used up, 


‘THE TANK VALVE 


A valve screwed into the neck of the tank 


provides an attachment for the regulator 
First stage, for ether an A-clamp or a 


TANKS, “ 


DIN (we (60-65), andl a means of 
turning the gas supply on and off 
Always check that there isa sound 
(O-ring in the valve before iting your 
regulator. Without one, or with a 
ddamaged one, the fitting won't seal 


MAINTENANCE AND STORAGE 
Frill your tank at reputable dive shops or 
centers and make sure its “in date” and 


regularly serviced. If you are st 


your tanke an a boat, do uot leave it 
sanding up (especially if gear is 


attached) unless secured in rack. Take 


care to lay it down and secure it so that 
it does not roll around. Tanks are full of 
highly-pressurized gas, so handle with 

care. Store tanks ut of direc sunlight, 

especially when ful, as this can cause & 
pressure buildup inside. If you have not 
‘wed your tank for more than six months, 
hve it refilled to get rid of any stale ai 


DOUBLE CAPACITY 
‘twine dea oc deep des 
thategule lang, scheduled 
decompression sops. 


EQUIPMENT 


Weight systems 


When diving, your suit, BC, and even your own body all add to your 
buoyancy. There are many systems for carrying the lead ballast used 
to offset this, and they can be tailored to the environment you will be 
exploring Comfort and ease of use should be a consideration, 


STAYING DOWN 5 Many BCs now 
When wearing a deysuit feature integrated 

or thick wetsuit (ie weight pocket 

p.50-53), yom will ced offering a more 

to wear a considerable adjustable approach to 
aunourit of weight ‘weight distribution and 
counteract the buoyancy a trim, ‘The lead carried 
of the suit, The most PASSING AWeIGHT BELT by such BCs is mosly 
inespensive way of When handing vera bel, aways sored in quick-release 


hol wth the buckle down sa that 


wearing ballast ison aol th the buck down 


belt carrying hard lead 


pockets, but there a 
‘usally secondary 


tablets. Other systems use lead shot as stowage areas that are inaccessible during 
the ballast, which is more comfortable toa dive. Ii important to make sure the 
wear around your waist as it molds to amount of releasable lead in the BC will 


your contours. This s of most relevance give you suicent postive buoyancy 10 
to women, who offen find that a standard! guarantee an unassisted return to the 
weight belts uncomfortable of the hips, surface if you have to jetison it 


STANDARD WEIGHT BELT A basic nylon 
bel cates ad tablets that have two sts 
hough which the bel is treaded. The 


entre belt is dumped in an emergency, 
via 2 rapidlease cam buckle. Lea abe 


POUCHSIVLE WEIGHT BELT Some bets have ces for 
pouches that hold bags filled wih ead eho 


‘hot, which are easy to pall out and discard .] 


A vatiaton on this 3 belt witha single 
‘compartment to which you add loose shot 


WEIGHT HARNESS Taking weight off 


yourwatstandsispenanet on both ela 
‘outers makes camng eter more 

Confonaie Quickest ces, reed er 
Siow ducing nan emerge be 


\WEIGHT-ITEGRATED BC This is perhaps 
the most comfortable way of carving 
Weight. The weight can be dstiouted Stage aren 
around your body, aiding corect posture 


Inthe water ee aso BCs, 56-59) Renoatle 


Soldering & Desoldering Digital Electronics ™ 


1.1 Foundations and The Board Game Counter 


De-Solder Process: Solder Sucker De-Solder Process: Solder Wick 


Apply heat to the connection 
to be de-soldered. When the 
solder mot, tigger the 


spider sucker 


Repeat de-soldoring as nocded 
Unt all solder ie removad. Remove 
soldering ron & solder sucker rom 


Remove component ea. 


Soldering Safety 


+ Wear salaty glasses when soldenng. This includes all 
incvidvals Inthe vcinty of someone who is soldering 
Place soldering ion in an approved holder when notin 
lise. The rani hot and ean ease burns 
+ Place the soldering ron so thatthe cord does not gat 
‘caught up in your arms or on oars 
+ Ensure access to proper venilaton. 
Verity thal the typeof solders sale to use in your 
working environment 
Secure the componens tobe soldered betore beginning 
the soldering process. 
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Solder wick is frety braided 
copper that is used to. wick 
Javay excess solder trom a 
e-soldered connection. 


‘Apply the solder wick and soldering 
iron to the de-soldered connection. 
‘The solder wick wil draw the excess 
solder off of the PCE pad 


De-soldered PCS pad 


Soldering Safety 


Provide plonty a space to work. 
Use a property-sizad pon! forthe soldering job to be 
complete. 

‘Very thatthe tip onthe soldering iron has @ sharp point 
and has not been damaged in any way. 

CGheck the power cord for burned or meted sections that 
shaw bare wires. Label hose cords DO NOT USE and 
‘ask the instucor to repair or replace. 

‘Do not o touch moten solder tis hot! 

Make sure thatthe solr strands long enough to keep 


fingers away rom the hat iron hs 


- . 


WEIGHT SYSTEMS n 


SECURING WEIGHTS T0 A BASIC ELT 
Teele abies on sing Seg 


yon can twist the belt to hold chem in +f 


eb we 


nf 


Touseakeeper ona basic") Take the belt up vough —-) Pullthe betiout on each 
weight bet, tivead ine bet’ 2 the keper, bend and Side ofthe welght Be carta 

‘iwouph the weight able, and tvead back hough he Keepe, 1a vol inking the webbing as 

locate the desea poslion. then though the weight. you da so, Repeat as necessary. 


REFINING YOUR WEIGHT SYSTEM 
Weights are something you will not want 


Leave Gravy BEHIND 
Heavyweights though 

‘ward on and, Wl nt 

ea burden underater. 


to travel far with—and you do not need 
to, because they ean be rented at dive 


centers, You wil find that when you 


dive in diferent environments andl in 
dlferent suits, your weight requirements 
change, Record the configurations that 
work best for you somewhere handy 
such as atthe back of your log book, 
Whichever way you decide to wear your 
weight, tis vital that you cam release 
them quickly and safely in an emengeneye 


ANKLE WEIGHTS 


When a diver wears a drsut (se 
pp.s4-ss) the aiwathin the suit can 
Become rapped around the legs and 
Feet, inverting the diver, Ankle 


weights wil lp 
fo counteract his 
Undesirable effec. 


Dive flashlights 


A flashlight is an essential item of dive gear: Although primarily used 
when diving at night and in conditions of reduced visibility, such as 
in caves or in murky water, flashlights also have other useful roles, 
including illuminating subjects for underwater photography. 


SATE UNDERAATER ee) 
Lights vary enormously in design and 

cost, but the basic function isto provide Rlashlights ar easy lose, especialy 
feliable umination when submerged. during ves in tong curents. Wrist 


straps offer a degree of security, butt 
Is Saferto clip them an witha flexible 
leash, Stow them close ta your body to 


There are good designs in nearly every 
price range, but flashlights, especially 


hand-held ones, are easy 1 lose and minimize the risk of being hit on rocks. 
ddamage, so its worth weighing up Aso, ty nat to shite the light on and 

of to aten during the dive, because 
this may cause the bulb ofa. 


carefully how meh you want to spend 
Its aso wise to obtain an equally 
reliable backup flashlight, such as 

a smaller penciFstyle model, to stow in 
8 pocket, for use if your primary light 
fails during a dve 


BURN TIME AND BATTERIES 
(One of the most important factors to 
consider when buying a flashlight i 
‘burn time—you do not want to run out 
‘of battery charge halfvay through a dive, 


cir n THE BARNES 
‘caver diver surveys thease of 
‘sea cave. Lighisafean essential 
Piece faving safety equlpment 


DIVE FLASHLIGHTS 


‘TYPES OF FLASHLIGHTS 


HIGHLANTENSITY DISCHARGE This 
'ype of ight bums brighter than 
halogen bulb and, because it 
‘requires ess power, has along 
‘burn time. Such lights can be heavy 
and expensive, however. 


BACKUP A range offashlights have 
‘evolved that are intended for use 
Ifthe dive'speimary light fis. 

As suc, they are small and 
lightweight, but only generate 
‘enough ight fr emergency use 


PISTOL-GRIP This is probably the 
‘mast widely used sie of ight 
among recreational vers. They 
se fat inexpensive and usually 
{se conventional non-nalogen 
filament flashlight bab, 


UMBILICAL An umbilical ight has 
the battery housed ina separate 
‘ase, Tis model uses high 
Intensity ightemiting diodes 
{QEDs) to generate a beam. 
LUmbilcals have lng bur times 


HIGH-TECH RECHARGEABLE This 


eae gt 


‘which could compromise safey. 
‘There is usually a wade-off beeween 
‘output andl burn time. Some lights are 
very bright and offer an excellent field 
of illumination for a short duration. But 
‘many lower-ouput models can outlast 
much brighter competitors, s0 consider 
‘arefilly which would be more usefil for 
‘you before making a purchase 
Rechargeable flashlights are more 
cost-effective than those requiring 
Dairy replacements, and tend to offer 
the greatest light ouput but the shortest 
burn time. Alko consider the recharge 
time, especially if you are diving from a 
liveaboard boat ancl the vessel’ generator 
‘rum only for short periods of time 


trace! cn be choge vin aspect sae 
‘Net contact tht means he cse 

aes et hae tbe opured 

minimising te seo foacng iis a 
throgh tees reaesby 


BUOYANCY AND BEAM 
Another factor to consider is buoyancy, 
Some flashlights are postively buoyant, 
Dpecause they have a large airspace 
Within the reflector. This makes them 
‘unbalanced in the water and difficult to 
handle. A positively buoyant light eannot 
be laid down, for example, if you need 
to light a subject for photography. 

Lamps also vaty in the sizeof the 
hotspot (central area of bearn) and 
peripheral halo, The halo ea be useful 
Dbecause it lights up a wider area than 
just the main hotspot. The hotspot is 
the brightest part of the beam, and is 
best fr highlighting specific objects or 
for luminating murky surroundings 


7m EQUIPMENT 


Surface marker buoys 


Marker buoys may be used either during a whole dive or just before 
you ascend, to let those at the surface or on the shore know where 


you are, and also to aid your ascent. These devices offer a sense of 


security for both diver and surface cover, and aid sale 


‘SMB OR DSMB? bad 


A surface matker bucy 
‘SMB) isan inflatable 


oat linked to the diver 
by line. Ie allows an 
observer at the surface i: 


to monitor the diver’s 

position underwater, 7] bm 
SMlls should be ina gS 

high-visibilty color — 


Reels ae avalableforbott Line and buoy can be 
for buoy is attached is usually gig and lefthanders for wound and clipped together 
stowed on a special reel, The ease af winding for compact storage 
reel should be b 
hand, with not too much slack om the ine. Another type of buoy is deployed only 


Standard ret 


The line to which the lost 


din one 


You should use an SMB hen your boat at the end af a dve, or in an emergency 
cover needs ta be aware of your postion The delayed SMB (ar DSMB) is carried 
at al times, such as during drift dives deflated during the dive, then inflated 
(where undervea curents prope the diver underwater (ur fy30-B1) before ascent, 
along), of where there is likelihood of carrying a line from the reel up 
heavy boat talic overhea to the surface, When it pops up, 


Byte tine you suace, 
eur oat cover shoud be 
en ute to pick you up 


SURFACE MARKER BUOYS 


7s 


it shaves where you ate about to surface. 
Its line abo acts asa guide for making a 
slow; safe ascent and far decompression 
stops (ef. 201). Abvays make 
are some dance fron other divers 


tuys before deploying, or yo rk 
fouling each other’ fines, 


USING A REEL 
Both SMB and DSMB lines should 
bre tied with a bonne knot tthe rel 
A reel should be compact enough to 


set 
Solng 


tin 
iat 


hg 


‘nly ane SMB, nated before te de, 
Is needed pr buddy pal provided you 
remain together dung the ave. 


fic into & pocket or clip onto your BC 
Fut not so stall that ts ficult 
operat, especially if gloves are worn. 
Some eels have a ratchet action to stop 
the line from unwinding on its own, and 
this helps to avoid tangles. The length 
of line you use should correspond to 
the depth y 

to; this may be 130 f (10 x) 


u ate expecting t dive 


‘or even more. Ifthe line is 
too shor, then hen it rune 
‘ot the SMB will yank 


" 


you upward at a dan 


fist rate until the buoy 
the 
also happen ifthe rel jams, 


reaches the surface, This can 
wich i why you must never 
deploy a DSMB while the 
reel ie wll clipped to your 
BCD: you rst hold the 
reel in your hand so that 


simply let it go 


The cheapest iting bags have 
an open base from which al 

fa escape afte ination. Sele 
‘Sealing types ate moe reliable, 


EQUIPME: 


Safety and signaling devices 


Icis rare to be lost at the surface, but you must be equipped for such an 
eventuality. To guide rescuers to your position, you should carry high- 
Visibility surface location aids. The boat crew must know what color 

equipment you are wearing, and which aids you are likely to be using. 


SIGNALING OPTIONS SURFACE OBSERVATION SIGNAL 

ven on a relatively Tot i ae ae 
easly seen by boats or alr 

stinighadocy dive, the Is inflated using compressed 

current can take you & Areca joie edier 

Jong way avsay fom your 

boat coves, and heavy is best use the ong, 

swell can anake you ‘salety sausage” type, 

dlifcul to locate, IF this which stand up in che 

happens, stay close to ‘water, tel rering 

your bude, and, if inflated once deployed, 

possible, secure yourself ther than an open- 

to them Signaling to ended one. If you opt for 


the boat wil speed up the lates, make sure you 
recovery, and there are various gadgets also carry an alternative device, such as 
available fr this The devices that are a collapsible flag. Surface horns and 


most commonly used ae inflatable power whites are also used, ‘They are 
surface marker buoys (e(i74-73) tof limited range, but can help to atract 
SIGNALING DI 
FLAG collapsible plastic flags in high TOE ue 
Visby or lurescent colors ae excelent 4 ‘reso sore 
Forsignaling atthe surace, especially ina - 
‘wel They canbe rolled and stowed Pict 
slongside yourcyinder. ‘sa vy 
STROBE UGHT Stobes re partcuary — Steve up 
fective when attached tothe topofa Sharron 
folding fag. attached to your BC, the 
flash may oly be intermittently visible Baten housed 


as waves lap over and around it sent is 


DISTRESS FLARES Arial flares donot ‘donde 
pinpoint your position, so they are best siaticboe 
‘sed in conjunction with other davies. 

‘hey ean be dificult to operate when oxo ig 
wearing gloves, or with cold hands ana 


an 


PERSOKAL LOCATOR BEACON (LB) Devices 
that breadast radio tes signae can be 
Used to ale sufae anda searchers is 
your presence Some are aso equiped with || saat tom 

righ ligt for cosevange sual detection Sse ste 


SAFETY AND SIGNALING DEVICES n 


attention if the boat is not 
bs 


nce the beam cana be easly 5 


ad alvays cary a labligh, 


right, especially when moved slowly in a 
mn, both vertically an 
horizontally (0 pa 124-#5), Make sure 
fo also carry a backup light. Strobe 
ince thei 


‘Dashing ight travels in ll dretion 
eliminating the need for scanning, 
F 
and reliable; 1e 


INTEGRATED SAFETY DEVICES 


Some safety devices canbe integrated 
into existing gat. Aichoms, for example, 
attach tothe lw pressure hose on your 
BC. These ae far louder than whistles, 
and ae useful if you are out of breath or 
nde stess. Safety sausages can also 
be inate with your BC 


Standadac’ tachment 


maintenance i vital, with special 
mn to sealing surfaces and O-ring 
Rellectve 3 
weather. Ks w 


canying an old CD 


fo mirror to use as a rellectve device to 


attract attention. Refletve patches on 


Visible to arerat searching overhead 


[Dye markers stain the water and ean 


help search fom the ai, but should 


nly be used once the acral is 


id, since the dye rapidly dissipates: 
IF you find yourself cm the surface 
With no signaling devices whatsoever, 


shouting may help to alert attention if 
your boat cover is nearby: Keep calm 


and persist with signaling 


brightly colored fag isa 
heap snpletocaty, 35: 
te-depioy, and hight vse 
location dele. 


nm EQUIPMENT 


Knives 


A dive knife is essential for fr 


1g yourself if you get snagged on 
fishing lines and other obstacles. The simplest dive knife—little more 
than a basic blade in a plastic mount—will get you out of most 
tangles, but a good one will prove an invaluable multipurpose tool 


SELECTING A KNIFE 
Knives must be rustproof, but the beter 

the rust-proofing of stainless tel, the Line cuter 
Titanium knives, while expensive, ar seated wt 


light, rustresistant, and stay sharp, Tocing sem 


Kaives come in various sees. Small 


foes can be mounted om your BC 
or bet, where they are easy to 
This stateoftheat blade 
has a tough sheath and an 
Inca ine eter 


reach and out of the way 


‘SHEARS AND MULTI-TOOLS 


“Mutt-ools incorporate both types of 


tite blades fovetctng and Soamge Standard knives with in (1.5 em 
Useful forrope and monofilament ine. blades are most popular Blades may he 
Underwater shears are only really serrated for sawing rope or smonth for 


needed if ving in very hazardous 
Conditions or for use 2s tools 
insahage 


slicing monofilament line, and may have 
aline-cutter notch. Blunt-ended blades 


are ideal for task that need leverage, sich 


temater | PHBeER containers. His Worth 
shen ‘hhoosng a knife wid a metal pounmel 
fon the end, which can be 


tse a aramer. 
‘Lae knives are popula, but 


KNIVES AND BAGS 


Bags 

Whenever you move to an from a civ location, you ll ee 
sag to cary al your gen, Keay your chosen ve hag dou be 
Capaions an igh, butt mst ako be dae enongh to sve 
the rigors of transporting heavy equipment 


BUYING ABAG 
When choosing a bag, check that it has 
strong seams, sturdy handles, and no 
pats that are likely to rust. Aso consider 
security, especially when travel will 
involve your being separated from your 
Dbagyage. Thin bags ean be cut ope 
soa padlock will not guarantee dat the 
contents say safe, You may want to invest 
ina vigil or seisgil bag (se 298. 
‘Many divers use a lange duffel bay, 
for eave, and a smaller day bag (or even, 
to) for dive days. Duffel ags range in 
size Fro 6,000 to 104041 eu in (LOD to 
180 liters, day bags from 1,800 to 
5000 cu i (30 to 0 ters) 
countless “extra” bags, such as fin bags, 


There are 


MESH BAG Perforated baps can be used to 
rinse all your gar at once in resh water, oF 
to cary small items aboard 3 boat without 
Fear of water ruining the bag. 


DDUFFELAG These can accommodate mart 
ofyour gear, and also have various 
compartments where you can stow small 
items, suchas slates and caine 


FLIGHTS 70 FARAWAY LOCATIONS 
Dive bagage has tobe har-weating and tough, 
spect a several wanses ae often needed 
toveacha dv locaton, 


‘mask bags, tool pouches, and pony-bottle 
pouches. While useful, most of these are 
ot essential if you pack your gear 
careflly into one lange duel bag 


REGULATOR BAG Your rgulatoris valuable, 
and needs its own padded bag. Itcan be 
putin your main bag, but when fing. 
‘ast avers stow it safely in their carry-on, 


‘DRY BAG When you reach the dive site, 
a watertight bag or cases essential to 
protect clothing and electrical equipment, 
Such as cameras, from moisture and al 


ocean 


O 


TRAVEL CASE A secure, rigid sided case 
ves extra protectin to your gear rile in 
transit, Wheels and 3 telescoping hancle 
make transportation easier. 


Gadgets and accessories 


‘There are a host of diving gadgets on the market, including fun items 
such as underwater MP3 players, Other accessories, however, have 
practical uses. Clips and retractors are very useful for securing 
equipment, and may save you the loss of a camera or flashlight, 


DIVER PROPULSION DEVICES that i where allure of the device would 
Underwater scooters, usually referred arly constitute an emergency: More 
toas DPV (diver propulsion vehicles), expensive but tougher, more reliable 
make great toys, but they can be machines are generally not aimed at 


practical and useful, too —for example, the leisure diver but intended for 
when exploring a lange wreck ste, There expeditions, such as cave explorations, 


are two basic types: those that you sit where faire of dhe uni mid-cive 
astride, and those you hold on to, which would be a more serious development. 
tow you along, Its safest to use DPVs Jesboots, made by a California 
only to travel on a horizontal plane. diving company; also propel the diver 
Descending or ascending under power along elorlesl: they comprise a pair 
can be very dangerous, due to rapicl of propellers that attach to your leg 
pressure changes, DPVs ate not cheap, controlled by a switch at your waist 
bt there are less expensive models Jetboots can propel you as fast as 
suitable for general recreational use some DPV, and leave your hands fre 
WER usiNe scooreR 

‘Adler propulsion vehce, 

FDP, aks the efor out 


Df expotng age dive ses. ( 
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Soldering Safety 


+ Ti back long hair and remave or tuck loose clthing, 


+ Use heatsinks fr hea sensitive pars. Provide 
sulfeient cooing ime before removing pars 


+ De not ck solder of of the iron. Fcking can cause 
solder fa spray anil skin or ayes. 


+ Hold the cap end when cutng excess lead so that 
the scrap lead isnot thrown into the ai. 


+ Cut leads evaniy with wire curs 


+ Make sure that leads donot short across other traces or 
leads, 


+ Thoroughiy wash your hands alter handling solder. 
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GADGETS AND ACCESSORIES 


BANDS, CLIPS, AND FASTENINGS 


(cam bands—webbing straps that hla your 
finder to your 8C~areavalable with 3 
umber of diferent buckle mechanisms 
that ensue that the tank is secure and 
hela close to your body, Retractors are 
ery useful fo attaching items, suchas 2 
flashlight or slate, to your BC because they 
pull the tem close o your bed when not 
Inuse Carabiners and boltsnap clips 
(Gs used on dog leashes) are useful for 
attaching equipment securely ta your 
BBC during the couse ofa dive, 


SwrESTOWAGE 
en yu have yout hands ful, 


[ATTRACTING ATTENTION 
There is a range of gadgets that you 
can use to attract your buddys attention 
underwater, Some BCs have a buzzer 
that uses a stall amount of compressed 
air to generate a sound, Slightly more 
lowetech are tank pingers—a piece of 
elastic with « hard plastic ball attached, 
This is slipped around the eylinder and 
can be stretched and released to “ping 


against it, creating a metallic sound that 
travels well ndervter, Shakers are tubes 
filled with metal balls. When agitated, 
these create a clearly audible rate. 


WRITING UNDERWATER 
Slates are handy for mapping dive sites 
for making notes on any unusual species 
encountered om your dive, They are 
rmaade of white plastic, with a matte 


ALLOCKTANK CAM BAND 
Some dve gadgets ae labor saving dees. 
Tank band buckles that canbe tightened using 
Compressed alae 2 useful example 


x 


erator Soringoaded 
tips 


surfice that can be written on with a 
pencil, Flat slates ean be attached to 

a BC or slipped inta a pocket; wrist- 
rmioutted slates are contented to fit 
around your arm. The later a 
especially useful when making technical 
dives with various decompression stops 
yo can read your computer and the list 
of stops fin the same arm. A compass 
fan be mounted on a at slate, enabling 
you to look at navigational notes while 
checking your bearing 


mares 


EQUIPMENT 


New technology 


In the 1950s, development of the scuba unit revolutionized diving, 
and its technology continues to develop apace. Modern equipment 
is sleck, lightweight, and colorful, and advances in the efficiency of 
rebreather systems are transforming diving once again, 


ein aae 
to one another, are client ene 


Jopmient of diver propulsion In the last decade, ebreather technology 
‘hicles (DPVs; ser f\80) that are smaller has became available tothe reereational 
and easier to handle diver, representing the most dramatic 
leap forward in diving equipment since 
the development of scuba isell 
Tn contrast to scuba—an “open 


circuit system that discharges most 
of a diver’ air supply into the water 
With the exhaled breath—rebreathers 
Ieayele the divers exhaled breath, using 
hemicals to remove waste (mainly 
fearhon dioxide) and allowing the 
flier to inhale the gas again. Each 
Trreath uses about 4 percent of the 
foxygen in the inhaled 


fone of the main tasks of a 
rebreather isto maintain oxygen 
Tegel inthe breathing loop, 

generally by adding extra oxygen. 


The breathing observation bubble 
(Bos) Is powered by aneectic motor 
and has atop speed of 25 knots 


NEW TECHNOLOGY a 


Rebreathers using pure oxygen were used mixes rather than pure oxygen, Moder 
by fiogmen in World War I, for whom rebreatherseletronically monitor the 
the absence of bubbles was vital to hide concentration of oxygen inthe ini and 
their presence. Dive depths were limited adjust it o safe levels fora given depth. 
10 204% (mm), at which point pure exygen Rebreathers olfer longer dive times 
becomes toxic, A revolution in rebreather and fewer decompression stops. They 


technology occurred in the mid-1980s, remain eostly, and need carefal 
allowing the use of nitogen-oxygen gas maintenance and specialized training. 
REBREATHER TECHNOLOGY 
Modem rebreathers are divided inta two OW AREBREATHER WORKS 
‘ategories—semi-cosed rebreathers ‘Nchemicaln te scrubbing uni bears 


cp olchsed-ccitetreners condo for cad pa we pore 
(CER. scRscipelasmallquaniyot nen luc’ ote Beng ap 
tahaedgsine the woes whereas (CRs trehlae acmsed ye 

tay dice wath beeen acm saaistiten 
Dol pes Car etaled gs» Eowtohe ol 
seed arta wheter CDs popes 
Theynsensr tal he cayen oie 

eee cesar yacre aes 
ftletontte feces cud Staats 
‘monitar toxicity, which the diver elseeay eee 
Peet conver? Avan 
Reet eae ar, 
se ga os 
cee eee! 

theeflency and sey 

pee taedaer 


Oxygen flow 


ath had gas tw 


Exhale ga low 


Computer display 
‘REBREATHER BENEFTS 
Because gs is cle ina eres, 
you use tup at slower ate than with 
seb gear, ands0canpendlonger 
Andervatr. The consistent igh levels 


(6f0 hep reduce post-de fie 


aa EQUIPMENT 


Equipment assembly 


The gear assembly process is a key part of any dive. During your 


taining, you will be taught the basies of assembling dive gear. With 


exp 


fence and a few simple tips, you can perfect this process and 


make it efficient, rapicl, and—most importantly —consistently safe 


‘THE IMPORTANCE OF PREPARATION toxic sa 


ely before jumping into the 


With clear blue water beckoning, the sea sas important as packing a parachute 
Sun shining, and the dive site awaiting correctly before jumping out of a plane 
yo, you may find that thee i a great 

‘emptaton to rush the gear assembly CHECKING FOR DAMAGE 

process. However, the equipment used The fist stage in assembling your gear is 
far dvi Tes tha lie- to carry out a visual inspection, This is 


support gear, and should be tated with particulary important if the equipment 
tial ta 


a corvesponding level of respect. tie is unfamiliar or rented, Ii 


reasonable to say that putting dive examine the test dates (te A468 fr the 


tay out equipment on Wetthe tankiand on your") Postion the tak wth he 
‘nator eter clan, gt Bc, ifpossible, since pila valve Ong facing he 

fre surface where youcan this lps improve its gia on backplate af the BC, then fasten 

ssembletheearcasly._thetank'smetalsuace. the band aroun 


The springoaded colton 
& the endafthe nase fs on 
tothe infiatr vale 


‘tach the regulator fist [> Pasethe lator hose from your requstr’s fs tage 
stogetothetank.Dernot (see pn.6o~<i) tough the Jake's guldes and straps 

tvetighten the clamp or screw before connecting ita the BC's infor vale, Make sue 

thveadson a IN ft) thevalenas engaged securely wth the hose coupling. 


tank and also the integrity of the 


Onring ve xa). Any nicks oF cus in 


the O-ring mnay lead to serious problems 


during the dive, yet replacing a damaged 
(O-ring before the dive takes only seconds 
Also 


ok for wear and 


regulator hoses, particularly where they 
join the ports of the frst stage. This 


a common pint of strain for regulator 


hoses, resulting in cracks and splis inthe 


hose with sustained! use I the integrity 


fof a hose has degraded, t may rupture 
when the air supply is warned on, 
Check for signs of damage to the 
BG. With regular diving there will 
be inevitable si 


‘of wear and tear 
but be sure to check the integrity of 
the buckles and load-bearing straps, 


These must be completely sound. 


Tum onthe al sup, 
opening the tank’ pla 
valve althe way. Then tu he 

nab 2 quater back 


Testalr supply by breathing) Secure the gear, you are act 
from both your primary and © diving immediately, by tucking ay 


KIT ASSEMBLY as 


[ASSEMBLING YOUR GEAR 
When you are satisfied that your 
equipment isin good ordes,fllow 

the steps below to make it ready. Take 
particular care to ensure thatthe band 
securing the tank to the BC is neither 
to high resulting in the tank possibly 
comming fee), or too low (resulting in 
the pillar vale restricting movement 

of your head during the dive, or actually 
striking it on entry 


secondary ait sources check loose pris inside the BC fr protection. 


Bir qualty and delivery 
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Disassembly 


The end of a dive is an exciting time, and neglecting your dive gear 


at this stage is an easy trap to fall into. ‘Take a lite tim 


to clean and store your equipment properly: not only will it last much 
longer, but everything will be in order at the start of your next dive. 


DEVELOPING A ROUTINE 
As with so many things in diving, routine 
isthe key Many experienced divers attend 
to their gear the moment the dive s 
Finished, andl reyard the dismantling 
rinsing, and storage of their gear as an 
intel part of the dive itsell. This i 
particularly true for diving fom a boat, 
Where a shortage of space frequently leads 


to clutered decks and broken gear 


Shutoff he gas supa, 
‘uring the knob on the 
tank's pllarvae athe way 

offbefvedeassembly. 


Disengage the regulator fst stage om he 
pila valve af the tank, and teeth hoses 
fr the BC by undaing al the cps and tps 


Purge gas rom the sytem 
using the purge buen on 

the egulator to vet any ar 

remaining inthe hoses. 


Diving equipment can costa considerable 
amount of money, so its wort taking a 
few moments to make sure its properly 
dlismantled ancl saely stowed, 

The first stage of disassembly is 
to turn the tank off and pang 
remaining air from the hoses using the 


purge button on the second stage (a 
‘ae pp60-63 
may then be removed fotn the pillar 


The regulator fist stage 


Disconnect the lator nase 

From your 8's inatar 
Valve, andthe nese fromthe 
ys lato, wor, 


oft stage by 
loosening the 
lamp fst. 


Tum the knurled 
caller to unscrew 
the eglator fest 
Stage fom the 
pila ave. 
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valve of the tank, It should take no at any of the point of attachment to 
rote than fager pressure to turn the the first stage. Yo ean then detach your 
clamp or collar any more resistance BC from the cylinder and drain it of any 
indicates that compresed air remains saltwater, Rinse the BC inside and out 
inthe system, You will need to check with fresh water, and inflate it orally 
thatthe tank is completely timed off, to allow quick drying and prevent the 
then purge the hoses again formation of salt crystal inside 

After removing the regulator fist Dive gear must be dried thoroughly 
stage from the tank, use a blast of air between dives ideally by hanging i up 
fiom the tank to dry the dust cap and out of ditect sunlight, Do not store it 
filter Fit he dust cap securely, hen where its compressed or where moisture 
rinse the regulator thoroughly i fresh may accumulate, such asin a boat deck 


Water. Never forget to put the dust eap locker or a diving bag 


fn, otherwise water will enter the 


delicate mechanita of the fist stage 
this io be avoided a all cost 
Hang the regulator up to dy 
cvsuring that the hanging method 


ut strain on the hoses 


Remove the BC fom the 
celine by undoing the 
am bucileon the stop, and 
then ting the BC upwara 


Dain the BC of at 

wate by depeessing 
the dfistar button atte 
end ofthe conugated hase 
Thisallows the waterto, 
escape through the oral 
Infiation pont. 


Equipment maintenance 


Diving equipment is your life-support system underwater, yet many 
divers take a worryingly relaxed approach to maintaining their gear 
A few simple steps will increase the life span of your dive gear, avoid 
the expense of constant replacements, and increase your safety 


TOOLKITS 
[Most divers carry asetof Allen keys, 
screwdrivers, or adjustable wrenches. 
Seuba multi-tools are al 

alternatives that incorporate 
virally every basic toa chat 
a diver might need on a dive 
boat or ata dive ste. These 
include a range of hexagonal 
Allen keys designed 10 it dive 


Scuba muLr-TO0L 
‘useful gt for any dvs, 
ths contains eae for mast, 
stall maintenance obs 


adjustments to hose 
configuration, for example 
are simple, commonly required 
tasks that can be undertaken 
by anyone with such a ki. 
Experienced divers alo cary 


equipment and standard wrenches spare parts with them, This is sensible 
for regulator adjustment, as well as diving practice, and while the range of 
screwdrivers and marlin spike items difes from diver to diver, i usually 


Diving shops alo sell “save-a-dive” includes items such as spare O-rings, 
kits, which consist of a set of lubricants, silicone grease tape, adhesive, an O-ring 
pats, and tools chat can be used in the extractor, spare plugs forthe regulator 
‘majority of equipment-related incidents frst stage, and any spare buckles or 


fon site. O-ring replacement and straps that might be necessary. 
(O-RING MAINTENANCE the O-ring has not degraded, In many 
‘The most disappointing reason for «cases, simply cleaning the O-ring ane 
having to cancela dive isthe lack of the valve groove with a line-fice towel 
spare O-ting for a cylinder. O-ring will solve the problem. Pull the O-ring 
‘malfunction may be indicated by air rough your finers—if you ean fel 
escaping once the regulator i ited, but cracks, it should be replaced. When 
even in the absence of this you should removing an O-ring, never use a sharp 


‘make regular inpections wo cheek that tool, as this is ikely to damage the ring. 


To remove the O-ing fom a cylinders lar“) inspect the O-ing closely and replace iif 
value see pp.68-63), use a spellly any cack ateas are ve. lean the valve 

designed extactortoo|, tema usethe groove wit nse owe then press the nen 

founded end ofatiewrap ar evenaceditcard, ing in cartly wth your fngetips 
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[ADDING A REGULATOR HOSE rmxdels may not have this feature. The 
To add hose to your regulator or high-pressure prom is fr the pressure 
change an existing hose isa simple gauge, while other ports are for a 
process. You must avoid attaching a low- second stage or the inflator hoses. cis 


pressure hose tothe high-pressure port, as worth taking time to ensure thatthe 
thie wall rupee the hove. Mest regulators hose configuration is practical and 


now make this impose by having comfortable, avoid tran on te ase 
tiferent-sized por hough older of the hoses and edhe dag 
g é 
When adding hosel tslc the“) Remove the gro the elt port 
Cone pn how pes). tne pats sig the comets Alene Some 
srenaceny dfeete.or usin ret ave aed ble~tese an 


Sy doubt, consulthe manuacute’s manual, be loosened wih wrench 


f 


wc 


D Attach the hse by simply screwing into /) Exactly the same procedure canbe used 

3 place. Tighten themut witha wrench ofthe to attach futher hoses othe ther ports 
Bppropiate ize—hose nus are softand can and! replace damaged hoses. Aeays check 
aly be damaged by pl. hoses for cracks, ying and abrasion, 


EQuuPMenr MAINTENANCE 
Post ive, wash allot your geain 
lea, fesh water, and check Out amy 
problems you may havent 
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2 A THE DIVING ENVIRONMENT 


Introduction 


When you go diving, you are introducing your body to an alien 
environment, Evolution has not equipped our bodies for the 
underwater world, and you will encounter unusual sensory 
phenomena when you descend into the depths for the first time. 


LIGHT AND VISION "This makes it hard to identify the 
Our eyes are designed to focus in air; dirertion of a sound source: if your 
underwater, our vision blurs unless we buddy signals to you by tapping his tank, 


wear a mask, which puts an aie space in you will hear the sound easily but may 
Front of our eyes, However, ight travels not be able to pinpoint where itis 
rote slowly in water than it does in as, coming from, The range of audible 
andl asi passes through the mask from sounds is also reduced, bat the 


Water to air it bends, causing refaction— underwater environment is not as quiet 

sm optical efect that makes objects asi popularly supposed: you can hear 

appear bigger and closer than they are. the seratching and snapping souncls 
Colors also look different to us as made by fish and crustaceans, along with 


depth increases (er f143). Objects near the sand of your breathing and any 
the utface loo as colorful ae they wold 

abo water, bt as yu go deeper, ist or eras 
reds disappear, then oranges, yellows, Peles Seria 
greens, andl blues, unl all fight is font. fo discern aaa 
olor an be revived by aluninating 

atsubmenged abject with a lablghs 


SOUND AND HEARING 
‘Above the sfc, sci ort ot 
approx 1,150 (850m) persecond, uk“ mae 


underwater it wavels four mes faster, 


‘ANATOMY OF ADWER 
‘he land-based development of 
frame means that your bod 


Inca ae. stch asthe et agi visatetis a 
‘sealeced elena ees tego teting 


boat noise close by: However, you will 
Find ie lficul to communicate verbally 
underwater, even if you remove your 
regulator ad shout, which is why divers 
tse hand signals (ue pol 44-45) 

Sounds made above water do not 


easily penetrate bela the surface, 50 
‘any noises made to alert divers must be 
made underwater, typical recall signal 
fiom a dive boat i to bang on the metal 
ladder om the craft's ster, which, as its 


lower part isin the water, transmits 


Divers ato ref wall inthe Re Sea 
‘A depth increases, phstlaplcl effet 
become more ptound and numerous. 
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HEAT AND PRESSURE 
Witer conducts heat 25 times more 
efficiently than ap, so the human body 
loses heat quickly underwater In extreme 


cases, a diver may lose heat faster than it 


can he generated by their body, leading 
to hypothermia. When diving, it is 
important to always wear therrual 
protection appropriate to the conditions 
The airspaces in the body —no just 
the hangs, but the inner ea, sinuses, and 
sgut—wll he increasingly allected by 
pressure as you make your descent 
This can lead to uncomfortable sensations 
.98-99) that nays be relieved by 
‘equalizing internal and exterual pressure 
‘manually using the Valgalva maneuver 


on seit IE UNDERWATER ENVIRONME: 


Depth and pressure 


“To understand the principles of diving, it helps to have a grasp of basic 


physical laws. When you dive, water exerts pressure on your body, 


and this pressure increases with depth. This simple fact influences 


all aspects of diving, from buoyancy control to safety considerations, 


UNDERSTANDING PRESSURE 
(On land, your body is constantly 
subjected t external pressure fom the 
weight ofall the gases in the mosphere. 
"This called atmospheric presse, and i 
is measured in pounds per square inch, 
(ps) or bar Atmosphere pressure at sea 
level is 17 psi (Varta ig, HID 
pressing on every squat inc (1 kg per 
square centimeter) of your body’ surface. 
This pressure is nt fied i varies sighly 
With weather conditions and decreases 
With ald. At the summit of Mount 

8 1/4248 m), atmospheric 
pressure is only 4.5 pi (03 bar, 

‘When you dive underwater, pressure 
isalo exerted on your body by the weight 
of the water above and around you. 
Because water is denser than aig, the 
pressure generated by just 3 £ (10 m) of 


Everest 


HOW PRESSURE RELATES TI 


‘Because waters much denser than ar, 
pressure increases quick with depth 
Underwater Water cannot be 
‘compressed an transmits pressure 
freely so pressure increases 
cumulatively, and ata constant rate, 35 
‘you dive deeper. Ata depth of33 
Gom) of seawater, absolut pressure 
1s 29.4 ps (2 ba This gure isthe 
sum ofthe pressure generated by the 
atmasphere (147 ps) and by 33 of 
water (14.7 ps. AL 66 fe (2o™m) 
absolute pressures ai.a ps6 bat, 
and soon, sing by 147 ps for every 
daitional 33 fof water depth 

if diving at high attude site, Uke 2 
‘mountain ake, atmospharc pressure 
Isreduced; consequenty, absolut 
pressures lowe, oo. You mast use 
Special dive tables at such sites. 


seawater is equal to that generated by 
all the gases inthe atmosphere above 
sea level. Seawater is denser than fresh 
water, because it comin dissolved 
salts and minerals This increased 


density means that pressure 
slightly faster with depth in seawater 
than in fresh water, 

‘When you dive, you are subject 
to the cumulative weight of both 
stunospherie pressure and water 
pressure. The combined total is known, 
as absolute pressure. Your depth gauge 
translates pressure into an accurate 
depth reading, but its calibrated to 
ignore atmospheric pressure, 50 it 
indicates zero depth when you are atthe 
surface. ‘This is known as gauge pressure. 
Always use absolute pressure to calrulate 
the total pressure ata given depth, 


PRESSURE GRADIENTS 
Normal recreational dives take 
place within soot Goo) 
‘depth range om the 


47 pl (ba) 
at pes 


2p.4psi(a bad 
Absolute pressure 


co 
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HOW PRESSURE AFFECTS GASES 


Inthe 1th century, scientist Robert 
Boyle made an important discovery. 
He found that at = constant 
temperature, the volume of gas is. 
Inversely proportional tothe pressure 
txerted on it~ meaning that 32 
pressure increases, the volume that 
23 gas occupies decreases. This 
Felationship is known as Boyle's law. 
Boyle's ciscovery has important 
Implications for divers, Buoyancy 
devices such as BCs contain bidders 
filed with ar These provide upward 
lito help you oat weigtlssiy 
underwater As you descend, however, 
increasing water pressure compresses 
the airinsde the BC. This means it 
Aisplacesa smaller valume of water, 
and so gonerates less buoyancy see 
‘.97, causing yout sink. You must 
then inject more aint the BCto 
‘boost volume tot former evel. On 
ascent, thie must be released again, 
because as pressure decreases the 
extra ait inside the BC expands, 
‘causing you to become vary buoyant 
land ie foo quick. Fr the same 
Feason you should never hold your 
breath undernater. Compressed air 
Inhaled at depth expands as you 
ascend, and fits not exhaled itcan 
burst dalicate vessesin your lings, 


breed epee sign ume scent 


elmore 
FReeaine sep 


opt wuld expane 


inepems ae 
Soon one! ylame. 


Diving exposes youto 


pressure elects not 
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Breathing compressed gas 


On land, we seldom need to worry about the availability of air, its 
composition, or the pressure itis supplied at, But when you venture 
underwater, things are very different, Being aware of how the living 
environment affects your respiration cycle is of prime importance. 


BREATHING UNDERWATER 
Scuba divers draw breath fron a 
tank of highly pressurized ai, via a 
regulator, The regulator (ve 960-61) 
redlaces the pressure of the air in the 
tank to that of the water around you 
[ambient pressure, allowing it to be 
inhaled safely. As depts increase, s0 
does sunbiemt pressute, caning that 
the regulator must adjust the pressure 
of the air it delivers to match. 

Ais, ike any gs, is compressible, and 
becomes denser when pressurized, This 
rican that at depth you will 
be inhaling more air per 


breathing higher concentrations of both 
gases than you would he atthe surface, 
though the percentage of each in the 
mixture docs not change. Both of these 
gases can have toxic ellects on the body 
when pressurized. Nitrogen entess your 
body’ tsues, and ean have a narcotic 
effect (ef. 100-01). Oxygen is Vital for 
supporting ile, but becomes toxic if 
inhaled in sulficent concentrations. As 
the pressure of the air you are breathing 
rises, there are more and more molecules 
fof axygen packed into each breath you 
take. Beyond a depth of 200 
(60m), theve isa risk that the 


breath than you would at 
the surface (because the 
gas molecules are parked 
in more tightly). Because 
air is mainly composed 
of axyyen and nitrogen, 
this means you will he 


concentration of exyyen in 
pressurized air could have a 


Als mally composed af 
loge, with oxygen farming 
nea 21 percent. ne gases ke 
argon an ea form theemainder 


DEPTH AND AIR CONSUMPTIO} 


Most avers consume approximately 1 cubic foot 
far per minute at the surface, though this ate 
\atiss between individuals, andi also dependent 
‘on how much you exer yoursel, and what your 
‘mental tate i An ansious excited diver wil 
‘consume mare air than a calm one 
Because your regulator supplies you wth denser 
airas you go deeper, your ir consumption wll. 
also increase as you descend, n seawater, yout 
Surface Consumption Rate (SCR) will have daubled 
bythe time you reach a depth of 3 (20 m), 
tnpled by 66 20 m), and soon. There are various 
methods of abaining an accurate calculation of 
‘your SCR which you wl find in you diving 
‘manual. Once you know this you wil be able to 
establish how long the arin diferent sizes of tank 
(filed to maximum operating pressure wl ast at 
<ilerent depths and plan your dive accordingly 
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tosic ffeet on the body leading to 
‘convulsions, loss of consciousness, and 
‘ven death, in extreme cases, 
To get around these probless, 

echnical” divers going beyond the 
limits of normal recreational diving 
see pp 94-95) use special gus mixes. 
"These contain altered percentages of 
‘oxygen and nitrogen, andl ako include 
helium. These mises are used during 
dlves in excess of 165 fe (30m) 


WASTE GASES 
ne by-product of the respiration eye 
is carbon diane. ‘The more you exert 
‘yourself the more carbon dade is 
prodlucel Since your body's breathing 
rellex is rigered by a buld-up of earbon 
oxide in the blood, not by falling oxygen 
levels, overesertion underwater will make 
you fel short of breath, On the surface 
‘your boy wold respon o this by 
‘beathing faster, hs Hashing ont carbon, 
dlioxide. Your regulator, while efficent, 
‘cannot process the same volume of air as 


‘yout can breathe on land. Akvays tet for 


moment if you bein to fel breathless 


Sow, even breathing 
patie promote ow alr 
Fonsumpion and help 
prevent byperentlaion. 


[BREATHING AND BUOYANCY 


‘An object immerse in waters subject 
to an upward thrust equal othe weight 
ofthe waterithas displaced. You will, 
‘nly Moat, therefore, your wight 
less than that ofthe water you dspace. 
itis greater, you wil sink ithe two 
are equal, you wll do nelther—you wil 
have neutral buoyancy. The compressed 
gas you breathe underwater alters your 
buoyancy. When you inhale, the volume 
of your chest gets arger—you displace 
‘mare water without becoming any 
heavier, and so become more buoyant. 
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Pressure and the body 


When you dive, your body is subjected to pressure generated by the 
weight of the water around you. As you descend, you will feel the 
increase in pressure in some of your body's internal air spaces, chielly 
your ears. If you do not act to correct this, you may be injured. 


Tauuzna es 


sr pressure in your hangs and airway is ete os, ding your desent th 


always in equilibrium with external water 
pressure, so pressure ellects are never felt greater than that within, a “squcea 
here, You should barely notice any effect is ereated, which ean cause pain and 


fn your stomach and gut, although you damage, especially tothe eardrum, 

may break wind, especialy on ascent. You must equalize the pressure in these 
"The air spaces in your head, cavities with the ambient pressure of 

however, such asthe ears and sinuses, the water around you as you descend. 


are rigid and cannot be compressed. Equalizing is simple, using a procedu 
When the pressure outside them is that clears the ears called the Valsalva 


THE IMPORTANCE OF EQUALIZATION, = 


he earis ded note outer, mide and nner saps 
tat The eam separates the mile and iwakein 
inner ear fom tease wo andi this frualaton 
membrane thats mos veri to presse 

Changes you do ot euatze au 
descent ase the pressure behind our 
tari —by sending atthe ea rom yout 
throat sour eustachian tubethen he 
arian vl every rptre and ie water 
into your mide er, leading possile 
intecton and ders, Your snes are 
Das f cvs thine bones of your face Echin 
Under nomalrcumstanees they open a 

yournasa passages, bul fyou nave a cad or ry ses 
ongeston caused by alee, they it mucus 

snd become blocked, ale to equal wl cause 
‘ood vesel in the ling ofthe sinuses to 
tuple and bled ns the snes, which 
Gan be ute pata 
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maneuver, You just have co hl never dive with ear plugs or with 
your nose and breathe out against your anything tight oer your ears. Check. 
nostrils. This will ead airfioun your that your hood does not fit to tightly as 
throat through the eustachian tubes into this can hinder efficient equalization, If 
the middle car so thatthe pressure there you have any problems with your sinuses 
becomes equil to that of the water fr ears, eo not attempt to dive, since this 
outside, thus easing the dscomfor. may make them worse. A cold, or any 
This maneuver should also equalize the nasal congestion, may cause blockages in 
pressure in your sinuses, andl in addition your airways andl you will not be able to 


resolve any problems of dizziness or clear your ears and sinuses IF you notice 
vertigo you may be experiencing (asa light nosebleed aera div, this is 2 
balance is aso contolled within your common sign that you have a ald sinus 
cars). Some people get the sane result blockage and you should not dive again 
by simply swallowing repeatedly uni has cleared up, Decongestants 
‘You need to equalize regularly on will not necessarily help once you are 
descent, hut om ascent equalization at depth, and you should not dive while 


should occur automatically. IF you have you are taking them. 
problems equalizing on the way down, 


ascend allie w reduce the pressure SEDER ett ou 
slightly and try again. This equalization fustumdestend how depth alee the haman 
process is vital for comfort when diving: ame, especialy internal cas. 
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Nitrogen and decompression 


When you dive using scuba g¢ 


far, nitrogen gradually ac 


umulates 


in your body, and is released when you ascend. In order for this to 


happen safely, you must plan your dive carefully and employ diving 


procedures that minimize the risk of decompression sickness (DCS) 


GAS ABSORPTION 
Gases are soluble in 
liquids, and dissolve more 
easily when they ate 
pressurized, When you 
breathe compressed air 
underwater, the two main 
es itis composed of 
nitrogen and exygen) 
enter and dissolve in your 


bloodstream. This 
exchange” takes place inthe hangs, 
Via tiny saclike vessels called alveol 
Nitrogen is particularly easly 
absorbed into the blood and! body 


tisues, Vour regul 


or supplies denser 
anel denser air as dept increases (eal 


NITROGEN AND BODY TISSUES 


When you breathe compressed ae 
lundenvate, nitrogen content enters the 
blood and begins to penetrate the body's 
tissues. When you ascend, ambient 
pressure drops and nitrogen starts to come 
‘ut ofthe tissues again your ascent is 
Slow and cantralled, the nogen eenters 
the blood and exits the body harmless, 


Pressurized alr dsolves In load and i 
rntogen content eters issues, especially 
fat areas, wheres temporaly stored 


orion TM 
The longer you spend at 
depth the mare ntogen 
bul up in your ody 


60), which means that 
every breath you take 
is loaded with more 


nitrogen molecules than 
an equivalent breath at 
the surface. This surplus 
of nitrogen rapidly 
accumulates in the tissues of your badly 
If you ascend too quiely, the nitrogen 
in your tissues can reenter the blood 

in the form of harmful bubbles. Tis 
therefore very important for you 10 
‘manage your dive time anel depth 


via your lungs. Ifyou ascent ito fast, 
the escaping nitrogen can form harmful 
bubbles, leading to decompression 

sickness (DCS; see pp.1g2-43).DCS can 
fause minar discomfort the bubbles ae 
lodged under the skin arin the joints, but 
ifthey are in the brain or nervous system, 
itean lead to paralysis or even death 


FORMATION oF NiTROGEN BUBBLES 
Ifpressute drops too qc sing ascent, 
nvogen fms bubbes in the blaodsteam, 
ahh can ead ta decompression ikness. 
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NITROGEN AND DECOMPRESSION 101 


ore 
fener ee 
ccnecestmcnatane” yr ara cmc 


need 10 perform a decompression stop. directly but at depths below 30m (100%) 
"This ie scheculed pause in your ascent it causes divers to make increasingly bad 
that allows nitrogen to dissipate saely. judgments. IF you feel the elfects of 


= narcosis during a dive, 
oo |=] ascend toa shallawer depth 
and the narcosis should 
| rapidly disappear Keep an 
eye on your buddy far 
symptoms of narcosis, such 


as sluggish responses and 
inrational behaviour 


sive pve TABLES 
‘An understanding af the use of 
Give tables is ey element in 
allie taining programs. 


ENT 
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Tides and currents 


‘The tides have a huge impact on the marine life and conditions of 
‘many dive sites, and localized currents can ereate unseen offshore 
hazards, Knowing how tides and currents work and how they affect 
diving procedures is essential for safe diving at any location, 


auaeny naa 
Water levels at the = Soneinn neat 
Sk 

Preece 
eras 
Saree 
Se aarne, Eeaeat ee 
ee ee ee 
ee ees ee 


fiom site to site, bu ts 
olin best at high tide, 
while incoming tides tend 
to bring marine species 
‘loser into shore with 
them, The most important 
tidal event for divers 


HOW TIDES ARE FORMED 
(Te Ents seas ar subject tothe bulge foms on the opposite side ofthe 
gravitational pul ofboth the Sun and the Earth because the water there fs pulled 
Noon. tough the Moon ssmallerthan__ less toward the Moan than the planets 
thesSun,tismich losertothe arth sols feet Asthe Earth fate, the to 
intuenc ls song The gravationl pull opposing bulges of atermave across the 
tthe Moon dais waterinto bulge on the face athe pane, resting two high tides 
Side ofthe planet closest tof counter. and twolou Sein jut ovr 3 Maur 


NEAPTIDES:FRSTAND THIRD QUARTER MOONS SPRING TIES: NEW ANO FULL MOONS 
Wit the Sun and Moon atightanls, high Twice a month the Sun and Moon 

tides ate at tel lawest 25 they are subjetio ae Inline wih the Earth. Thelr combined 
the gawtational pull othe Moon alone butlow —graviatonl pl rats the highest high 
‘ides ate at heirhighest pulled bythe Sun. des, and lon des area their lowest. 


‘TYPES OF CURRENTS 
(Currents ate created by 
win, tides, the rotation 

of the Earth, and the 
confluence of bodies of 
water of dering salinity 
and temperature. Tidal 
currents accu when local 
topography, such as a 
narrow channel, creates an 
area of unusually stag 
flow when the tide is coming 
in (looding) or going out 


(ebbing). These currents can OVERS EXTING SEA 
the powerful enough to carry Plan your entrance and est so that you avald swimming 


way even strang swimmers 
Standing currents are 
permanent currents independent of 
tides, Longshore currents, which Mow 
in one direction along the coast, are 
localized standing currents. There are 
also standing currents in the open ocean, 
such as the Gulf Stzeam, whieh flows 
northward from the Gulf of Mexico, 
driven by the prevailing southwest winds, 
to the mid-North Atlantic, where 
Alvis inta twa lesser currents, 


wave suRGE 
UUnderater topography and weather cantons 
‘can combine to ceate dangerously song water 
ovement whete suf breaks an the shore 


‘gaat the tide The best tine to vfs usualy at sac, 
tide*at high oo tide, when the dal pls weakest. 


Rip currents aceur when incoming waves 
farce the backwash from previous waves 
sideways, The backwash streams along 
the shore unit Finds a route back tothe 
fopen sea, such as a gap ina sandbar, 
and surges out in a strong, narrow 
current, perpendicular to the shore, 

"To escape a rip curren, swim scrote the 
current, parallel to the shore. You may 
Find that trying to swim out of a rip, 
‘urrent leads you into a longshore current, 
Which pushes you back into the rip 
current, If this happens swim out of 

the rip current in the opposite direction. 


Diving skills 


106 (BE owe seas 


Introduction 


Good basie skills are key to being a competent diver, Some 
such as buoyancy control, may seem difficult to mast 
allowing 
sare also safer divers 


technique 
at first, but with pr 
you to relax and enjoy your dives. Skilled div 


tice they will become second nature, 


SUPPLEMENTING YOUR TRAINING only dive once a year on vacation, 
This chapter of the book discusses for even les frequerdy, sai is very 
diving ills, hut is not intended to be, important to keep up to date with your 


replace, a taining manual. diving skills IF you have been away fom 
While it covers the skills and techuiques diving for any lengh of tm, take a 
that are taught inthe basie dive taining refesher course or an easy wal dive 
offered by approved agencies, it must 
not be used in place of any clement of 
that traning There ie no substitute for 
comprehensive dive training with a 
certified instructor, 

Tn this chapter, therefore, we online 
the alle you need in order to bea safe 
and competent diver: Many people 
Knowing hw fo enter the water 
propery wil help you get your 
fie oto a good start. 


usin A coMPRSS 
Don forget to practice navigation sks 

regula, Geting last can wna ve, and 
‘ay hinder your retun toa at ex point 


‘You will find that most of your basi 
skills ae stl familiar to you fier 

break, oF will ame back in due course 
However if you are put ina stress 
situation, you may not he able to react, 
Aqickly and ellectvely i your skills te 
rusty Even experienced divers can 
benefit fom regular practice of basic 
skills, and you should always be thinking 
about hov to improve your equipment 
configuration and technique 


KEEPING SKILLS CURRENT 
A great way of keeping your sills up to 
date isto practice in a pool (ve pp 46 
49), This might not be as much fn as 


getting ont inca the open water, but it 


Diving reqles the 
seo many tems of 
special equipment 
how tuse sey. 
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will certainly provide you with sa 


ewvironment in which to perfect key 
ills such as buoyancy: Regular training 
ina pool or shekered water can help you 
to mect the challenges of open-water 
diving more confidently If your local 
waters are cold andl stormy in winter, 
tse the offseason to brush up dls and 


procedutes Joining a diving club may 


ive you access to a nearby pool, 
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Pre-dive skills 


Good organizational skills will help ensur 


a touble-free diving tip. 
A successful dive begins before you even leave your home, with 
checks on weather conditions and equipment. Even if someone else 


is organizing the dive, make sure you are well prepared and informed. 


GETTING OFFTO A GOOD START 
On the morning of the dive, yet a 


Aetaled, up-to-date weather forecast 
specific to the site you are diving, and 
double-check tide tines if appropriate 


I you don’t fel well 


rake an honest assessment of whether 
yo ae fit to dive that ay es better 


to st out adie than to ee 


underwater and bave to abort, Mneses 


alfecting lang oF circulatory flciency 


Wile a group leader wil take overall charge of 
ako incteate the risk af decompression the die oan you mat take responsi or 
sickues (i p.142)—a very gone reason yourawn fase and equlpmenteadhnes, 
far skipping the dive 


Always cheek your gear 
before you set off on a diving ’ 
trip. Before you leave home 


you must be sure that you 
have everything you need 
tis good practice to make 

a checklist of all the items 
you will need, an keep this 
in your bag, When you arrive 
he sure to transfer all your gear 
fiom the initial mastering 
point tothe actual dive site 
‘or onto the bost y 

living from, All too often, 


divers lave a vital pice of 


DIVING WITH A NEW BUDDY 


Diving abroad often means that 
you wl ave wth strangers. Make 
‘Sure you give the dive organizer an 
honest assessment of your level ot 
ably an interests, 20 they can pair 
You wth a suitable buddy. Even you 


Gon’ know your buddy give them al 
the respect and assistance you would 
fer familar dive partner. 
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gear on the dork, sch as a weight 
belt or mask, and only realize thei 

mistake when the dive boat reaches its 
destination —by which time iti toa late 


DIVING FROM A BOAT 
The boat should have heen booked in 
advance, but even so, it x polite to all 
the skipper again before you arrive 

He or she willbe able to confirms that 


weather and congltions are favorable COMFORT AROAT 
for diving. When you board, check that Remember to bang seasickness ables with you 
lonboat ps est them 24 hous beforehand a 


the boat has adequate fist aid andl salery oh tne: est them 24 pours befrehane 


signaling devices on board, and appear 
tobe in a seaworthy condition, Before get back, Ensure that the skipper reviews 
you leave shore, notify the coastguard or safety procedutes, including the location 
relevant authority—and do not fget to of liejackets, ares, and life ras, and 
inform them of your safe return when you demonstrates the uderwater reall sil 
you have organized your day efficent, you. DIVING FROM THE SHORE 

vallbe abet lax and concenateon geting you are diving from the shore, alsay 
Yourself ready to dive 


check forthe easiest posible access to 


rane your dive ste on arvval (or before) to 
svoidl lang walks clown to the heach wit 
heavy gear ¥ 


to drive to the water’ edge to unload. 


WATCHING THE WEATHER 


Obtain a forecast that includes the 
Wind speed and direction, sea state, 
and visibility fog, mist, et)-Do 
Tot take any risks with diving in 
bad weather-itis betterto mis 
the dive than dive in surging seas 
rin visibility so poor your boat, 
cover will ot be abet locate 

you. You should aso check ide 

ables to establish the timings of 
slack ater: This is rteal when ving 
areas affected by strong tidal currents. 


Rough sees 
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Final checks 


Diving with a partn 
if you encounter problems underwater, For the system to work properly, 
however, you and your bueldy need to conduct your own briefing before 
a dive and check that all equipment is functioning properly 


(or buddy) means that there is someone to help 


MAKING BUDDY CHECKS heck —sit or stand next to your bully 
Just before the start of the dive, get and carefully check each other's gear, 
together with your buddy and assemble following the sequence shown below 
your gear (oe pAitd-25) and putt on, Da not be tempted to rush these vital 
There is no particular order in which to cecks—you may regret it later. They 
lo this, but most ders ind that to avoid ensure that you know how each other's 
overlooking anything, itis useful to gear is assembled, how it works, and that 
develop a routine. When you are both it x funesioning. They also serve a 
suited up aud before either of you enter a double-check that neither of you ha 


the water ou should carry out a buddy overlooked anything befire you dive 


‘Check 85s hat you and your buddy ‘Check that welghts are present and securely 

na where each oer inition and fastened. You and your buddy mustbe 
deflation points are and ensure tha hey ate especialy aware af how each other's weights are 
wothing. Do the same for deysus, fworn. released, Incase ether ders ncapactated 


CCheckhamess ie scute and note where, _/) Checkalr contents gouges ana 

on your buds kt, ey fastening points Greate rom your regulators to 
Snahamess lense clips ae located, and. checkthey ae warking. Test each 
how they are operated other's octopus second stage 


The Importance of Safety 


One of the most important aspect of soldering any stained glass project is to take the proper measures 


to safeguard your health, Soldering involves working with potentially hazardous materials like lead, flux and 
harmful fumes. By observing specific safety precautions and using informed common sense, working in stained 
glass can be a safe and enjoyable past time. The following is intended to serve as a general rule of thumb. 
Since each person and situation is unique, you should use this information as a starting point to help you make 
informed safety decisions concerning your soldering habit: 


Fumes 


Solder only in a well ventilated area, and use an exhaust device that moves solder 
fumes away from your face. It's preferable to exhaust outside (check local/state 
building codes and restrictions on venting to outside air). If you don't exhaust to the 
outside, use a bench top fan or intake device with a replaceable smoke/fume ab- 
sorber made for stained glass artists. It should draw solder fumes into the replaceable 
filter. The filter should be activated charcoal and designed to remove particles 
smaller than 1/2 micron from the air. There are also several OSHA approved respira- 
tors available for fumes. Consider wearing one in conjunction with a venting system, 
especially if you plan on soldering for several hours every day. 


Lead 


Most popular solders used in stained glass are lead based, When you are using them, follow these precautions 
Never eat, drink, or smoke in any area where soldering takes place. 
& Always thoroughly wash your hands after soldering, 


& Make sure your soldering equipment and supplies are kept out of the reach of children. 
¥ Do not 


ard lead or solder scraps into the trash. Find a means or place to recycle them, 


} Never use lead based solders or cames on items that will come in contact with food or children, or will 
be frequently handled. If you are making kaleidoscopes, jewelry or napkin holders, use lead free solder. 

& Consider having your blood lead level checked by your physician on a regular basis to help you monitor 
your handling practices 


If you are pregnant, or considering it, you should check with your doctor before using lead or solder. 


Heat 


Soldering tools operate at high temperatures 


. so these safeguards are important: 
& Wear safety glasses! Solder and flux can “pop” and "spit 
© Solder on a fire resistant surface. Homosote, or dry wall are good . 
Never leave your iron plugged in and unattended. 
Do not overload a wall outlet with too many electric appliances 

Never set your hot iron down on anything other than an iron stand. 


© Replace the cord of your iron if it becomes worn or gets burnt. 
© To prevent burning your fingers, use needle nose pliers or heat resistant gloves to hold small pieces 
Never cut off a grounding prong on an iron plug to make it fit an ungrounded receptacle. 
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BUDDY BRIEFING 
Suiting up provides a good opportunity 


to talk over a dive pl 
Ensure frat that you are both agreed, 
as pair, om the aim andl course of the 
dive, your entry and exit points, and your 
predicted maxim depth and tae foe 
the dive. Check that you bath have the 
required amount of ar for your plan 
including a reseave for emergencies) 


Agree an who wil lead the dive and 


fom whether you wil dive tothe left 
for right of your buddy: Decide on all 
communication signals, including how 
and when you wil signal for dhe end 
fof the dive, ancl om what you will do if 
you become separated. Once you have 
agreed a plan tick to it unless 

it becomes impossible to do sa, I 
circumstances change during the dive 
use hand signals to discuss how, as a 


pair you are going to modify the dive 


Ready to dve? ive each ater ast 

‘once-oerta estan wha lcamying any 
miscellaneous pices of eat, uth aswel and 
slates, and where they ae fastened. When ou 
ye ready dve, make final OK signal. 


FINAL CHECKS m 


PREVENTING FOGGING 


‘Mask fogging avery commen 
inconvenience, and is eaused by lls 
‘on the masks lens allowing matstre 

te bead, The tedtional yay to prevent 
fogging isto rub salva onto th inside 
ifthe lens glass, then ighty rinse cea, 
before puting onthe mask fora dive. 
Antefogeing sprays are also available 


sing a ant 
fogging soray 
ae 
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Entry 


ry site will require a different method of entry, and the easiest 


method possible at each site is the best one to use. In all cases, iis safer 


to enter without large, he 


vy equipment, such as eames 


conditions allow, have them passed to you once you are in the water: 


SHORE ENTRY 
When entering the water from a beach, 
make sure your gear is assembled! and 


‘on your back, then earry your mask 


andl fins to the water's edge. There, put 


fn your fins and mask with your buddy's 


help and wall backward into the wat 
(walking forward with your fins on i 
dllficul). As soon as you are deep 

enough, lower your center of gravity 
by bending down, then start to sim, 
fr in,” out into open water, I there 
is sur make sure your BC is partially 


inflated and wait uni a hig wave 
lee the 


spproaches; lean inta it 


recur surge take you away 


ifentsng trough suf, be ctu otto 
lose your fis as you put them on, Breathe 
rom yourregulstr throughout any. 


CONTROLLED SEATED ENTRY 


This i the easiest method of entry into 
1 pool of from a platform just above 
water level, and an especially useful 
method if you have ficult with 
‘mobility on land or with keeping your 
balance when standing on a Boating 
platform. Ie also enables you ta 
put on your g 


Tum from the wast pace 
Doth hands onthe ard 

surface to ane sige of yout bod, 

ready to take your welght. 


Z using your 
support you, so that you 
turn to facet side 
‘hile easing youselt 
Inthe wate 


aa. 


GIANT STRIDE ENTRY olen am 
Stepping nto the waters a good eatry es 
roethod to se frm large diving boat erent 

or off a dock or plates, provided there esse 


is sulicont dep of water, Partially ia 


inflate your BC, place your regulator in 
your mouth and hold it and your mask 
in place with one hand, and take 

stride out into the wate 


Take a glant side, 

hing your mask 
and regulator n pace 
cp looking foward, 


(On splashdown the 
splayed sclsor 
position of your legs wil 
fusion the impact and 
heep you a the surface, 


tray posiion 
Hold your mask and regulate in placa wth 
tne and and ease yourself backward unt 
Your tanks hanglag over the water 


BUDDY PROCEDURE AND SIGNALS 


‘Aer entering the water, meet onthe 
surface and make an Of signal (hand on 
head or fingertips togethen to shore or 
boat cover One exception to this is 
when making @ negatively buoyant entry 
through strong suface currents. In this 
BACKWARD ROLL ‘case, descend as quickly as possible, 
Use this entry frum stnall boats with a and rainie your becdy of the seated, 
low freeboard (distance fom deck to 
waterline). With your regulator in place, 
chek that your fins are free from, 
obstruction, and chat the water behind 
at Ease yourelf aver the edge 
andl rll over backwards, aiming to hit 
the water fist with your upper back, 
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Descent 


Descending to the seabed is always an exciting experience, but 
while you may want to get there quickly, you must always descend in 
a controlled manner. ‘The method you use will depend partly on the 
site and prevailing conditions, and partly on your own preferences 


MAKING YOUR DESCENT Ati depth of 10 ($m) you shoul 
Having met up with your dive buddy in carry out a bubble check. This involves 
the water follaw the preparatory steps briefly stopping so that you and your 
below: IF you find that you do nor sink, buddy can check each other's equipment 
check that no air remains in your BC. for signs of air leaks —for example, from. 
{and drysuit, if applicable) IF the an incorrectly fitted hose. This will llaw 
problem persis, you probably do not you to eturn tothe surface to resolve 
hhave sufficient weight on your belt (ier the issue before you resume the dive 
7470-71), and should return tothe boat By fixing minor problems ow, you may 
for the shore to get some mare. tis avoid bigger problems during the dive 

1 good idea to note how much weight that could lead to an emergency 

you need each time you ty a different As you descend, you will eel pressure 
equipment configuration—record the in yous ears, Release this regulanly by 
etals in your logbook for reference. swallowing or holding your nose and 


‘Meetup with your buddy on he sue, ve an OK signal o each oer when ead 12 

Well clearafany boat cover using” 2 begin he cv using a “buddy ne oink 
Snoka, remove it, nd switch to breathing yourselves together {seul when one buddy is 2 
fram primary regulators ‘ave, ensure naw tha you are bath attached 


"The “dows signal confirms yourintanion _/) Bath you and your buddy should defiat your 
3 todescend immediatly your buddy is2 C5 and exhale together, so that you became 
ovce ar nenous, reassure them by hold negatively buoyant and stata snk simultaneous 
thei hand an helping tem to descend Ifyou have a problem sinking, address naw. 


DESCENT 15 


blowing against the closed 
nostrils process called 


‘ud pas check each thers 
afr teltale areas blore 


‘equalization” or “e descending fhe. 


clearing” (ue aio ppt 
20), AF yo feel yo are an SMB (ue pp. 74-75) 
ensure before descent that 
the buy i fly inflated 


andthe line i fre, Your 


descending 100 fast, allow 
alte air into your BC 
Your mack will als start ta 


press om your face; relieve cy should stay om the 


this by exhaling gently equatianion same side throughout the 
through your nose If you Pinch yournase and blow at descent to avoid confusion 
are wearing a drysuit, you ‘ntevasto equalize pressure nan tangling inthe line 


‘he shal wth hat ofthe wate, 


will fel the water pressing (On group dives there may 


it against your body. Ease this hy letting already be a weighted guideline in pl 


air into the suit, but not xo much that it attached to a buoy and leading to 
ters your buoyaney too greally—and a wreck or fixed point on the seabed, 


remember to release it aguin on ascent, which wil yive you and your buddy 


a handy point of reference. Do not use 
DESCENT OPTIONS the line to pull yourself dvs, stce it 
Many livers prefer to descen 


dfeetirst may not be anchored securely atthe base 


so that they ca remain face to face with 
their buddy and maintain eye canta. 
This go 
descend quickly through a curzent ad 
therefore have to use your fins 


‘A free descent i where no line is 
sel and you descend freely (head or 
Feetfirst) 10 the seabed. IF you are using 


‘group of cvers meting athe bottom of 2 
fuldeline pve a last “OR sgnal to each other 
before exploring the dve aes 


Breathing underwater 


‘Swimming freely underwater for the very first time can be 
exhilarating, but also potentially unnerving and even frightening. 
Learning and perfecting good breathing techniques allows the 

novice diver to by 


Im and relaxed in this new environment, 


LEARNING TO RELAX sy covsevinc ae 

The sheer thrill of your = Th men phan on 

sey frst ve will cause Arelese abou WA ie and 
yahalee ( the longer your dive wil st. 

andl make you breathe Fist and most importane, 

faster than normal never hold your breath 

You may he alarm underwater, because you 

at how quickly your air wl ru the isk of 

supply runs out, but alice bursting hing Inhale 

afew dives, you wil earn tnd exhale more deeply 


tobe calmer and mo than you would normally 


relaxed, andl your air consumption will do on land. ‘Try to maintain nevtral 


decrease. When you feel comfortable buoyancy (ur gf 14-22), since thie will 
underwater, take afew moments ta decrease your need for leg and arm 
concentrate on your breathing and movements 10 maintain a constant 
remind yourself of the dos and don'ts postion, and thus reduce air 


of underwater b 


hing consumption, Furthermore, avoid 


‘regulator canbe cleared of 
water by simply exhaling. orby 
essing the button onthe 
Tron a purge the wate: 


sneATHING OUT 
ify remove your egg 

shale lw to minimize the 
"kof tang expansion ry 


swimming unnecessarily against 
currents—itis better t go with the owe 
than to waste your air by overeserton, 
Always be aware of where your 
bualdy is and what he or she is doings 
many novice divers lose sight of their 
buddy and rapidly become ansious. 
If there ia problem, stop, breathe, 
snd think before taking action. Acting 
too quickly and without thought could 
lead to panic andl further problens, 
‘Make sure that you are familie with 
your equipment and fully understand 
how it works. You must know exactly 
Where each item is stored 10 avoid panic 
iF things go wrong during a dive—for 
scample, if you lose your regulator or 
your mask begins 1 fill up. Regularly 
practice emergency procedure dil (se 
p).136-43),cther in the pool or in open 
water, to ensure confidence in areal esis 


PLANNING YOUR AIR CONSUMPTION 
On an open-water, fly shallow dive, 
the rule of air consumption ist plan 
{your dive so that you ean carry out your 
escent, exploration, and ascent, and 
Sill surface witha reserve of 725 psi 
(60 bar) 1f you have to come back 
to a given paint wo ext, such as a 
‘guideline or anchor lin, stare 


FREQUENT CHECKS 
Budales shoud regulatly check eachother’ ar 
reserves to mala a god awareness of the 
remaining evel of batt members af he eam, 


your return when you have 1,500 psi 
(100 bar) left If there isa current, isn 
fut against it and swim back with it, 30 
thatthe return is never longer than the 
outward tip, It also wise t svinn back, 
to your poine of entry ar sholine at a 
shallower depth than om the outward 
journey, since this reduces air 
consumption, In dificult environments, 
Follosthe “Rule of Thirds blo) 


‘THE RULE OF THIRDS 


When planning a dive nan 
envionment thats covered 
‘verhead—such as 3 

wreck, cave, or under 
Tee—or when making 
deeper dives, always 
apply the Rule of Thirds. 
‘The rule states that you 
should use a third of 
Yourairfor descent 

2nd exploration, and 

2 thir turing te your 
{uidetine or point of 
‘entry and for ascent 
The remaining thd is 
an emergency reserve. 
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Buoyancy control 


v 
of buoyancy control. Until you achieve this, you will be constantly 
expending effort in order to maintain your position in the water, 


:nt skill for a diver to master is that 


ithout doubt, the most impor 


wasting air resources and distracting you from your dive. 


SUITS AND WEIGHTS. Correct assessment of how much weight 
Wearing any type of exposure suit will you nced ta carry for a given dive is very 
make you more buoyant in the water, imnportant, Spend time conducting 

and thus make it more dificult wo dive. weight tests for different suit and 
Dayruits contain an airspace between equipment combinations, and note your 
the suit fabric and the divers body Findings fr Future use. Remember 
Wetsuits have air cells within their saltwater is denser than fesh water, 0 
neoprene fabic, and sa the thicker yo wil require more weight when you 
the neoprene, the more buoyant you dive iv the sea than in fesh water. 


willbe. The function of weights i to 
counteract the buoyancy your sit gives USING YOUR BC 


you so that, ith your hangs full of air At che start of a dive, you will usually 
but your BC uninflated, you Noat atthe enter the water with your BC inflated, 
correct leyel atthe water's surface as having positive buoyancy allows you 


Empty our BC and ake 2 
deep breath and nod it Flat 
Inan upght poston. fyou 
ae weaing the ight amount 
ff weight, you wl oat at eye 
level tothe watering. Add or 
scar weghts as necessary 
Unt hele achieved. 


coret eel 


BUOYANCY CONTROL 


to float at the surface ffarlesly while 
you meet up with your buddy-—the only 
exception to this i at sites where there 
sre strong surface currents, when itis 
important to get tothe bortorn quickly 

In order to descend, you must be 
negatively buayant, which you achieve 
by dedlaing your BC and exhaling 
see phl14-15), However, a8 you sink, 
yo il inl that your descent rate 
aecelerates as your suit—and the 
remaining ar in your BC—becomes 
compressed, To counteract this, you 
must add air to your BC. WF this has 
you before you have reached the desired 
level, let aie out. Repeat the proces 
letting small amounts of air in and out 
of your BC until you become stationary 
atthe desired depth 

‘When this happens, you wil have 
achieved neutral buoyancy underwater 
a state in which you neither lot nor 


sink. Achieving this perfect equilibrium 


[Aninstructr looks on asa student aver 
Practices in pots se 146-49) an exercise 
fesigned to improve asi buoyancy contol 


of weight ballast and lifting forces means 
you do not waste effort and air using 
your fins to maintain a certain depth, 
When you want to ascend, the same 
control principles apply, but i reverse 
As you go up, the air in your suit and 
[BC expands as external water pressure 
decreases, making you increasingly 
buoyant, and causing you to rise rapidly 


Asitis important to ascend ata slow 


Buoyancy canals ciel 
en cing over delicate 
fora that canbe damaged 
by physical contact 


a. eee 


steady rate (or f28-$1), you'll ced 
to vent ar accordingly as you rise. To 
descend ane ascend as smoothly as 


possible, you must become faiiar with 


how your BC: responds to inputs of a 
anel how quickly it vent at 

Deysuits have independent inflation 
and deflation controls (ie pp54-53). If 
you are diving ina drysuit, the aie spa 
between your suit and your body will 
become compressed, and you will ned 
to inject a litle air into the suit to xvid 
discomfort from being “shrink-wrapped 
by external water pressure. This will 
‘make you more buoyant, so you will 


ned to vent ai fom your BC 10 
comnteract it. On ascent, yo wl ed 
to dump the exe 


= ar fram your drys 


FINE CONTROL OF BUOYANCY 


Small movements up and downto look 


at diferent parts of a reel, for example 
ate best achieved through breath contol 


rather than leting air in and out of your 


BC. Good buoyancy cantsl only comes 


‘ciel ning spe 


Inextreme circumstances, such as being 
caught ina powerful downcurrent, it 
may benecessary—as last resort 
anly—to dump your weight bat. You will 
Instant stato rse up rapidly through 
the water, so be ready fo vent ait rom 
YOUBC to slow your ascent. Breathe out 
‘nthe way up to minimize the askof 
lung expansion injury See p.95) 


with practice, and is worth pesfcting 
Take tim 

practice fine control of buoyancy before 
sou set off exploring. From a neutrally 
buoyant postion on the seabed, slowly 
inhale—you showld rise up andl hover 
just above the seabed. Breathe out 
‘litle you should sink. Practice 


atthe start of each dive to 


breathing in and out and become 
familiar with how ic influences your 
gentle tse and fll. You should be 
able to hover 

control your buoyancy by breathing 
alone, without constantly filing and 


the seabed and 


Seemitsets nina, 


Soldering Irons 


Choosing a Soldering Iron 


There is a lot to consider when you choose an iron for stained glass. The handle should be heat resistant and 
comfortable for you to hold. You may be holding it for several hours at a time, so consider the weight and 

balance of the iron. Carefully check the wattage of the iron that you are considering. It must be able to continu- 
ously generate enough heat to melt all of the types of solder you plan to work with and be compatible with the 
type of construction you use (i.e.-copper, foil, lead came, rebar, etc.). You will need an iron that is at least 60 
‘watts, with chisel type tips, and a way to control the temperature, 


Types of Temperature Controls 


A broad range of soldering irons are available. Most irons, which we will call "conventional iron: 


are made 
with wound wire heaters in a barrel with mica insulation. They are often inexpensive, but they do not offer the 
ability to control operating temperature, A separate temperature controlling device must be used with these 
irons to achieve the best results. There are three types of soldering irons that are easier to use for stained glass 
projects, because they allow you to control temperatures more effectively: 


ae Se 


Irons with temperature Irons used with tempera- Irons with ceramic 
controlled tips. ture controlling devices. heaters. 


Irons with Temperature Controlled Tips 


‘These irons are supplied with an internal regulator in the tip that does not allow 
the iron to exceed a predetermined temperature. An example would be a 600°F 
tip. The iron heats to that temperature then "shuts off.” When heat is required, 
the iron "turns on” again. Tips are available in predetermined temperatures up to 
00°F, These irons are easy for beginners to use, because the temperature is 
automatically maintained for you, however, as your skills increase, you may 
prefer to control the amount of heat yourself for different soldering situations. 
The limited amount of control may become frustrating as your soldering skills increase. With 
this type of iron you will likely encounter "cold spots" where the iron will not melt your solder. 
These cold spots occur when heat is being drawn out of the tip faster than it is being replen- 
ished. You will need an iron with a minimum of 100 watts, 


Ceramic Heating Element Irons 


‘These irons are relatively new to the stained glass trade. They are made with highly 
efficient ceramic heating elements. Like a ceramic room heater, they produce a 
ent temperature using less electrical wattage during operation, When initially 
heating and when reheating during "recovery" periods, they can draw a "burst" of 
power exceeding 100 watts and then efficiently reduce electrical consumption, often Ceramic Heater 
below 60 watts, during the soldering process. The result is efficiency and economy. 


Iron Tip 


cons 


ctpeying your BC. Once you have 
mastered this, you will beable to flat 


at any depth without efor, 


‘TRIM AND WEIGHT DISTRIBUTION 
The position of your weights and 


equipment has an imp 


play in maintaining x 
posture and balance) underwater 

Distribution of weight s key in achieving 
2 good horizontal atu, which makes| 
buoyancy control easier and helps you to 


propel yourself along with the eninimm 


of drag, A streamlined profile also helps 


Thinking about buoyancy as system of 
Intuences tobe harmonized, ater than 
Just weights and BC wil hep you 
perfect heart of moving underwater. 


tecture 


“rlace wth 
‘mts nucies 


posure and ease of movement, 
Which helps to reduce air consumption, 
Experiment with different weight 
systems and stowage points until you 
find a confortable combination that 
helps you achieve the best position in 


the water Some designs of BC allow 


you to stow weight at different point 
not just om a elt, Far example, some 
have special quick-release pouches that 
are desigued to take moderate weight 
(ef). Always check that you 
are able to jettison the bulk of your 


Weight load in case of emergency 


alain bane, 
Tene derma 
"Whar ta sdopt 


cS 
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Moving underwater 


The duration of your dive is limited by your rate of air consumption, 
Which in tun depends on how much energy you expend, Good finning 
technique, buoyancy control, and a streamlined profile will all make 


your movement underwater more energy-ellicie 


EFFICIENT PROPULSION yuna arm use 
Your movement through opacity your legs ony, 
the water should be , Faretrsct omitted 


driven and controled by 
your Teg, IF you watch livers are let down by 
experienced divers, you 
will notice that they use 


a pow 


Finning technique 
There are several 

thei aris very lite dlerent strokes you can 
anel move ellortesly tse, but all should be 


HDuoagh the water, sai carried out with strong, 


ergy, tininniing ai shytnie movements, 

consumption, and avoiding damage filly extending the leg (r legs) with 

to reels and the marine environment, each kick. Uncontrolled thrashing and 
Swvimming with fins should be an incomplete kicks will simply waste 

extremely flicient way of propelling energy. Ibis worth asking your buddy to 

yoursel? through the watey, but many give you feedback on your technique 


even to photograph or film you. You 


ray be surprised at the results 


Scuba diving is mot a race, and the 
faster you go, the les you see. Learning. 
to pace yourself and move ata leisurely 
speed will help you to-relax, and 
a relaxed diver is an ayate 
cfficient, and sae one 


he lees tenuous your 
‘mavements, the le energy and 
iryou wl se, andthe longer 
your dive ibe 


MOVING 


a 


PROFILE AND BUOYANCY 
“Tw achieve the most 
streamlined (and 
therefare most energy- 
efficient) swimming 
positon, you should be 
almost horizngtal in the 
water. Your hips will 

be lightly lower than 
your upper body due to 
tht area being weighted. 
Daring a dive, you should 
look forward and 
downward most of the 
time—raising your head too much will 
lilt your upper body ane make your 
profile less streatnined, 

‘Carrying the correct amount of 
weight is important. Being overweighted 
will drag your hips and lower body 
downward. Swimamning will then require 


‘TYPES OF KICKING STROKES 


‘Swimming with te wrong 
proflle may mean that your fins 
lok up it impating visit. 


sreater effort duc to your 
‘unnatural angle in the 
water, which will produce 
increased drag. You ean 
Improve your profile by 
reporitoning the weights 
in your BC, or refining 
your weight requirements 
live ppt 20). 
‘Achieving neutral 
buoyancy (ee put 18-20) 
isthe key to maintaining 
8 good dive profile with 
ease, and also increases 
your ellcieney: If you are positively 
buoyant, you will be constantly 
swimming downward: if negatively 
buoyant, you will have to svi upward 
all the time or eral along the bottom 
all of which sequire more effort than 
horizontal, neutrally buoyant, swimming, 


With the fate kik (below, alin 
‘movement takes place above the 
body's centerline reducing the 
Amount of water directed 
owrards. This can be useful 
ten you wish to avoid string up 
sediment on the seflogt. The fog 
ck als ideal for use where fine 
sittean ruin visibility if disturbed, 
because it rects thrust horizontally 
behind you. The swimmer kicks 
s0od for power, but uses up energy 
{uickly Most divers ten to drift 
Slightly wheo using the Mutter ick 
orthe swimmer’ kick, because one 
legis slighty stronger than the other 


Bend the knees slighty, shorten the stoke 
ofthe kek, and Keep the hos aly static 
“he stroke ends when the kneels straight. 


FROG Kick 
‘Spread you legs and bing up your ees: 
Rotate yourfias so that the botems othe 
‘blades face behind you. Bring the as 
together inan are, tasting out being. 


Lace youregs salah and hick fam the hips 
wth long stokes. Tis teebnique expos he 
ower in your thigh and hip musces. 
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Exploring and navigating 


Learning how to use instruments and natural features to find your 


way around underwater is important. Accurate navigation will help 


you to reach your planned exit point at the end of a dive, and will 
also help you find and explore features of interest, such as wrecks 


MAPPING THE SITE iF you abyays rely on your buddy to 
Its easy to become disoriented in lead the was, you could find yoursel 
oor visibility, but good navigation skills in trouble if you becurme separate 
will help you find your way, even when ‘On fist entering the water, make 
conditions are against you, Developing mental notes of the surrounding features, 
sch sls wil make you less dependent such as unusual rocks, coral or your 
fn other divers for your awn safety posiion on a wreck ite. As you progress 
-disnaiaanl {hgh the dive, ery to build up a map 
In lesrcondtons, 2 ee all makes an ex 
navigational ference pla Wy remember 
‘since Features a you ga along. Alretion you turned in ration tothe 


of the site in your ming! At every turning 
‘int, note nearby features and which 


XPLORING AND NAVIGATING 125 


Look atthe seabed goog too: rocks MENTALLY MAPPING THE DWE SITE 
often have features or show strata that ‘Reet fook and seabed features, sug. and 
ven shoal of ih canal help yuo oan 


sake merorable ual markers mayen shal offs can 


be epi ta jot notes dasa on slate 
use the Sun as a dveetinal reference 

NATURAL NAVIGATION AIDS (On a morning div, far example, the Sun 

A counpass (1 p126-27) gives the most will be in the east. Take note of which 


accurate directional information, but way the current is running (If you are 

there are also clues in nature. I the water diving close to slack water (we p12. 

is clear and shallow enowgh, orf there 05) at high or low tide, this may chan 
any shadows cast by rocks, you ean by as much as 180° as the tide begins to 


tum) Even if you cannot feel the current, 
READING SAND RIPPLES sou can find visual clues to its elirecion, 


Plankton, for example, drift along with 


‘Sand ripples run parallel tothe shore, at 


eer henathotimeminceed, | be current, so shoals of fish station 
‘utgoing tidal cunents Sand ippies get | themsches facing ito the current so that 
closer together nearer to shore, providing | they can fee om them. Kelp lronds flow 
useful reference point for underwater | in ue dlirection of the current. Exhaust 


navigation. ifthe spacing of sand ripples 
lundemeath you appeats tobe geting 
eet tae tae Get funless you are in a down eurent 
shallow water anda possible ext point. 


bubbles wall se up twvard the sure 


FOLLOWING A REEF 
(On a base reef dive, swan out with the 
reef wall on ove sie of your body aud 
then return with the wall an your other 
side. When diving around a wreck, ty 00 
maintain either a clockwise oF counter 
clockiise motion, especially if the 
wreckage is fragmented. Keep the main 
pat of the wreck to one side of your 


body during the dive, so that you return 


to your starting point ater one circuit 
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USING A HANDHELD COMPASS 
Incase you are separated for any reason, 

both you and your bday should any and 
be confident at using a magnetic compa. 


USING A COMPASS. 
A compass has a circular body aften 
divided into S60-degree increments, and 
a needle that swivel to point to magnetic 
north, Many also have a “beael—an 
futer ring, also masked with increments 
andl the points of the compass that eat 
ba 


This can be used in conjunction with, 


ated independently to the body 
the “direction of travel” arrows (known 
as the “Iubber line 
which is marked on the 
coanpass body, to establish 
the direction you want 
to travel in relation to 
magnetic nor Point 

the uber line in the 
direction in which you 
Wish to travel, then tur 


the beael xo that its “north” marke 
‘matches the direction in which the 


needle pointing. If you ensure thatthe 
rieedle always points tothe north mark, 
as you move in the direction indicated 
by the lubber line you will maintain your 
intended direction. Digital compasses 
work inthe same way, but display te 
information on an LCD, 

A compas isa faily basic device 
but ies easy to use it incorrectly Wiis 


a wricemounted model, ensure that your 


When navigating underwater you can jae 
relate distances by euntng how many fin 
"okes you have made na gen deco, 
or by timing your progres along a couse 


vst is held square ta the ditection of and try to integrate these into your 
travel, and not at an angle It is simpler mental map of the dive site. In slack 


tose a compass mounted on a cansole water, ning how long it takes to get 
br a retraciable lanyard, which can be Rom ne point tothe next gives you 
held out straight in front of you. Use an idea of your position if you return 


both compass readings and environmental along the same compass course 
observations, so that you can correct any Combining this information with depth 


inaccuracies in ether method. Mark readings taken along the way will help, 
reaclings dawn on slate a you 0, you navigate with more accuracy. 
LAYING A DISTANCE LINE be used to search an area: you know 
In low-visbiity envroninents—such as the appresimate postion of a specific 
murky temperate waters—it may be site, natural abject, or artifct, you ean 
recesary to ay lines to aid navigation use a line, in ares of different lengths, 


back to a convenient point. Lines ean alto to wan a laye area of seabed effcenay 


‘nd sold anchor point attach ene a. “) Secure the neta the anchor pln. you have 
Make couple of tums atouna the object for 2 a ree and line you use regulary, ta sping 

eta secu. Donat secur ane a agged clip tothe endoftheline so tat tean wap 

ges tat wl fay r cut tough ‘around the anchor point ad clip back nf isl 


you change heading. 


6-< pre anita 


Ascent 


All good things come to an end, and at some point your dive will 


be over: Ascending at the end of a dive should be 
great care. This is the part of the dive whe1 


vied out with 


decompression sickness 


(see pp.142-43) can develop, so your ascent must not be hurried. 


(WHEN To ASCEND 
Dives ofen end when you 
rear a prearranged time 
to surface, either to meet 
the boat caver oF ta 
sccount for changing tides. 
However, you may decide 
to ascend bef 


thief the 
site proves uninteresting 
jr if you or your buddy are 
cold or tied. You may also 
bre farce to cen if yo ave ey 
725 pai (0 bar ) left in your tank, iF you 
are making a decoanpression dive (ur 
(150-81 and reach the scheduled 

our tank, 
for if problems cause you to abort the dive 


Dive computes (see pp.66-67) help the 
ver judge ascent ate. Some devices ge 
audible wamings ste lint are exceeded 


To askyour buday i they re 
ready to ascend, orf signal 
Your tent ase your thumb 


Before ascent, yout 
and your buddy should 
signal the “Uhumabs up" 
to each other that yout 
are both able and ready 
to ascend to the surface 

If posible, avid 
making a “fee ascent," with no visual 
reference to guide you. Ifyou can falls 
reef wall o a permanent mooring line 
for example, this will give you a natural 
sense of your ascent rate, in addition to 
your computer readings, andl can help 
avid disorientation, Sometimes, though, 
it isnot posible to ascend up a line or 
along a natural fe 
helpful to deploy an delayed surface 


tue, and it can be 


‘Abuoyed ine mored to a wick or seabed 
feature offers one ofthe safest gules fran 
scent, especially ina song cuter 


decompression stops and, in a current, 
can provide something to hold om to, IE 
you do not manage to get hack tothe 
xuldelin, send up a DSMB. 


MAKING YOUR ASCENT 
To start your ascent, slensly breathe in 

br let a litde air into your BC this 
should cause you to tise up. Rive up next 
to, and ideally face-to-ace with, your 
buddy so that you ean cheek each othes’s 
rate of ascent and condition, As ascent 
continues, carefilly monitor the amount 
of air in your BC: (and drys i 
relevant)—the aie will expand as the 
pressure decreases during your ascent, 


marker buoy (DSMB; we p.J30-31)— causing your rate of ascent wo increase 
this will give you a vertical reference and rapidly: Keep one hand on the BC 
also signals your position at che surface. eshaust hose in order to went air from, 


Weall both members of the busy pair 
should carry a DSMB. IF you are diving 
fom a wreck or a site with a guideline, 
alm to get back tothe line for your 
ascent—not only will hat cover know 
where to pick you up atthe surface, but 
the line will assist you in making 


FOLLOWNG A SLOPE 
Ascending neato tual 

Fest, such asa ef fer: 
2 reassuring reference polit 
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its you ascend. You may also need to WARING ASAFETYSTOP 

dlp ar fromm your drysut. You can Gin DNS make «preautnay safe stop 

ee 26 (gm) toa altogen toe the 
i boys tasuesat ste te. 


1, especially to gain 


moment to begin wit, but this will 


be necessary if you are correctly weighted point many divers make a S-aninute salty 

1c positively buoyant, Keep breathing stop, Whether you do or not the last 16 f 

normally and do not hold your breath. (an) to the surface should take another 
A conservative estimate of a safe rate full ninute. If making a decompression 


ascent i 50 (15 un) per minute dive, make all your scheduled sey stops 


et) up to 16 (3m) in depth, At thie and check with your buddys yout 


DEPLOYING AN INFLATABLE BUOY air fiom your second stage, and allows 
Since awent must be conducted in You to ascend up an attached line, Using 
a controlled way, itis helpful to carry them is areal skill, so seek training 

our own portable guideline —an before your first attempt, Remeraber ta 
inflatable buoy, or safity sausage. These reel the line in ax you ascend, since lac. 
highly visible tubes ate launched using line can get wrapped around your gea 


Ww 


et the buoy, wich Paral iate with 2 Hold he resin one hang 

shouldbe atachedtoaveel. 2 small bust of purged air D andi the ote, old 
Unclp he eel fom yousel, fom yoursetopus (See p.és)_ your octopus valve under the 
Taking arent ropit.tostandhe buoy upright. buoys paint 


‘A remarkable feature of ceramic heater irons is they generally reach operating temperature in less than 60 
seconds. Of the three types of noncoventional irons, the ceramic heater type best maintains consistent tip tem- 
perature over extended periods of time. Problems with slow heat recovery generally don't exist. A ceramic heater 
iron offers excellent flexibility and can be used with a temperature controller if you like. 


temperature controller is a device that operates similarly to a light dimmer 
switch. By dialing the control to a higher or lower setting, more or less electricity is 

fed to the iron. This increases or decreases the iron temperature, allowing the tip 

temperature to be controlled. You can establish the maximum temperature without ~ 
changing tips. 

A temperature control/iron combination offers you greater control and < 
flexibility than a temperature controlled tip iron when working with different 
metals and solder mixes. Look for one that is at least 85 watts. Since the flow of 
electricity to the tip is consistent and never completely stops, encounters with cold 
spots are nearly eliminated. A temperature control/iron combination is 
suitable for all types of stained glass construction, 

‘Temperature controllers are generally separate units that the iron 
plugs into, They are small, easy to use and relatively inexpensive. There 
are also irons that have controls built into the handle of the iron, which 
generally cost less than buying an iron and a separate control. Never 
plug an iron into a temperature control unless the manufacturer specifi- 
cally states it is suitable for use with it, 


Stained glass irons are generally sold with a “chisel” style tip. There are a variety of tip sizes and styles available 
for nearly every iron used in the stained glass industry. Different tips can expand the versatility of your soldering 
iron, so select an iron that offers more than one size replacement tip. 


‘The standard tip size that ‘A smaller chisel tip, 3/16" Very small tips, 1/8" or 
comes with an iron is usu- wide, can be useful when narrower, are usually used 
ally from 1/4" to 3/8" wide. soldering small pieces or for decorative soldering. 
This size works well for when soldering in a tight They allow you to create 
soldering either copper foil area, such as a narrow in- very fine details and de- 


or lead came projects. ide part of a kaleidoscope. signs with the solder. 
Itis also very effective for 


decorative soldering. 
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Launch the buoy 
by puring a long 
last of alin th 
Your octopus. Release 
the spoat hain ght 


when the spool 
slachns, Ascend a 
Yourself up. During 
cent, keep one hand 
ready ta vent air from 
Your Bi requled 


Await recovery atthe 
suface fom your boat 
vet, which il have sighted 
the bio atthe tara your 
scent The buoy shouldbe 
let its nied state unt 

You have been covered, 
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Surface skills and recovery 


Once you and your buddy have completed your dive and are at the 
surface, you need to head back to shore or wait to be picked up by 
your boat cover, Always 1 
and your buddy are ba 


member that the dive isn’t over until you 


on dry land or on your dive vessel! 


EXITING ONTO THE SHORE 


1 carmpleting a shore dive, you and your 


buddy should swim to the shore and find 
a sale, appropriate method of getting 
back on to dryland, If you are diving 
fiom a sandy beach, its usually best to 
keep your fins on 
anel wal backward up the beach 
tui you are well ou af the way of 


as long as possible 


any swell Retoving your fins too early SIGNALING TO A BOAT 
fan lead to problems if you are swept Yourdve plan shoud ensure that your boat cover 

‘rows aught when you wll surface. yeu need 
hel icky, out and waves signaling ag. 


lf your feet or back out to sea, since 
yo wil have so propulsion, 

If diving fom a oeky shore, ty 19 SIGNALING TO BOAT COVER 
find an easy route back on tothe rorks, If you are diving from a bost, remain 


Agu, aim to keep your fins om for as close to your buy with your regulator 
long as possible. As you take off your in place and signal to your boat that you 
gear, place i clear of any swell that are OK and awaiting recovery. I there 
could carry it back ito the water isa problem or emergency (ef. 


andl you or your buddy require 


Only emoveyourfins and walk forward when 
taltgthe shallows fe calm sea, oronceyeu oF draw extra attention to yourseles by 
fe tof the way of any sl blowing a whisle, shouting, or waving 


immediate recovery, wave to the boat, 


SURFACE SKILLS AND RECOVE 


a flag. As the boat 
approaches, mave co it 
With caution, keeping 
our distance until you 
have a signa from the 
boat that iis in neutral 
and safe to approach 


EXITING ONTOA. 
BOAT OR RIB 
To get into a rigid 
inflatable boat (RIB), you 
should frst get a hold on 
the boat, ether by a rope or by’ a handle 
fon the side. Make sure your BC is 
inglated, hand your weight belt in first, 
andl then slip out of your BC by 
‘unclippiag one of its sonlder straps 
Keep hold of it until someone from 
the boat can pull iin, along with 
your tank, You should then be able 
to kick with your fis and pall 
yourself up on to the RIB, 
If returning to « hard boat, 
bel fr the ladder and old 
‘nto the bottom, Take 


| standard signal for*t'm OK" 
tthe surface et put your 
hand ontop of your head. 
forming 2 closed ac 


BOARDING A BOAT 
Itisasualy easiest to hand 
up any smal tems es, then 
hoist yoursel up the adder 
esl uted up 

seat care in a swellthe 
ladder will move in the 
water, The skipper or dive 
‘master will probably tll 
yu whether to e-kitin 


the water or ta enter the 
boat wearing your gear 
‘You may be able to hand 
in your weight belt, BC anal tank, bat 
often i is easy enough to remove just 
your fins atthe base of the ladder, hand 
them up to someone inthe boat o hold 
‘onto them, and simply climb the ladder 
fully kitted up. If you feel you are not 
strong enough to do this, let someone on 
board know (preferably before you dv). 
‘Once on the boat, be aware that 
others may be waiting in the water to 
set om board, Stand back let others 
fn, stow your gear quickly and neatly 
‘offer assistance i ti needed. 
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Post-dive and debriefing 


Your dive is over, and there is equipment to be cleaned and stowed, 


and records to write up while your dive is still fresh in your mine, 


Problems may have o 


red during the div 


id questions may 


have arisen that need to be addressed, Now is the best time to do this. 


PRACTICAL MATTERS 
The first post-dive task isto wash your 


‘You need to ensure that it x clean 
an free from mud or sal IF you have 


been diving in saltwater, then this also 
needs to be thoroughly rinsed off before 
the 


arts to corvode metal pars, 
Lange dive boats anlliveaboards usually 


have one facility for washing electronic 


equipment, sich as computers and 


cameras, and another for your BC 


regulator, andl other gear Rinse all items 
thoroughly to remove exces salt and 


sand, which can 6 


ly work itself into 
(O-rings and regulators There may also 
bye facilities on hoard to dry your gear 
before stowing i away ina bag or box 
far your next dive. Make sure yo follow 
instructions and do not leave gear lying 
aroundd—this can lead to loss or damage 
Which may impede your next dive. I 
you are diving fom a rigid inflatable 
boat (RIB) or sinall dive boat, you will 
need to find a water source back on land 
to rinse your gear, and then leave it to 
dlr on stow it for transport 
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ANALYZING THE DIVE 
There will normally be 
some srt af debriefing 
With your dive leader 
afer a dive. This gives 
you an opportunity to ask 
‘questions about the dive 
for example, to identify 
Fish species that yeu did 
not recognize, or discuss 


problems with get, 


configuration, the type 
of suit you were wearing 
and the weights you used 
andl any problems you 
experienced, The log will 
bea valuable reference 
fox future dives, 

Finally; ensure that 
afer every dive you are 
well rehydrated, You will 
hhave expended a high 


navigation, oF currents). VER CLEARING GEAR level of energy and will 
This isa time when you Rising. diving, checking, and aye lost ids. Choose 


cam learn about the ste 
fara future dive and share 
with others ways to improve sl 

You should always ill ina log book 
afier every dive, ecording the depth, 
time, and conditions including visilry 
water temperature, and currents, as well 
as ey features of the dive—detals of 
a wreck, species encountered, equipment 


REACHING THE SHORE. 
ager as you maybe to tak 
attend ta your gear tist. 


stomlag your gear should 
become 2 pastalve routine 


nonlzay sft einks 
ideally, water, to ensure 
that you relydrate your body properly 
Keep your energy levels up, especially i 
you are diving again soon, by having a 
good meal or eating a snack with a high 
energy content. If you are cold afer a 
dive, get warm and dey-—have a hot drink 
andl get out of your wet, f prowl 


LOOKING FORWARD 
If you are planning to make more 

than one dive in the same day, consider 
beforehand what your surface interval 
will he between dives, Aim to da your 
deepest lve fist, aud shallower dives 
subsequently: Make sure you are in 
good shape to dive again—if you have 
become cold of fatigued on the first dive 
it is better to spend time recovering than 


to dive again too soon, 


Taling ta other vrs nthe postive get 
together wl help broaden your knowiedge of 
ding and you may pe up some handy ts. 
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Problem solving 


Diving is a safe sport if you follow the rules, avoid taking unnecessary 


risks, and always dive with a buddy. But that does not mean you will 


never encounter difficulties during a dive. Learning how to anticipate 


and solve problems is part of becoming an accomplished diver: 


KNOW YOUR LIMITS 


perhaps and there may 
One of the most 


the aninor problems 


exciting things about underwater that you 


diving is that no to Ihave to deal with, In 
ives are ever the samme 


Bi 


fm the sanue dive site, 


this unpredictable spot, 
sn consecutive dives 


you must he mentally 

anal physically prepared 

with the same bul 

Will he diferent duc REGULAR SIGNALING 

torchanges in currents, Pema in clase communication with 
our buddy at al times, and signal to 

ach ater regula that you ae Ok 


for every eventuaicy 
Ts minimize the 
likelihood of problems 


and incidents occurring 


visbiliy, and your own, 


atitucde. Some day during a dive, do not 
you wil fel great, and everything will dive without preparation in conditions 
work out perfectly, and other days you with which you are unfamilia, For 
right be tired, havea slight headache, example, if you have never dived in 
a cave, wreek, or under ice, make sure 
that you undergo the relevant taining 
before attempting to do so. Diving 
fs conclions for which you are 
Pe eapeeparc will ead to anxiety 
ef sometimes to panie—and that 
when problems often arse 
The buddy system is important 
for your sfey, hut asa diver you 
rust ultimately tke responsbiliy 
for your own welfare. I you feel 
uneasy during a dive, tell your 
Duddy. and either change or 
hort the die. Never let 
peer pressure push yout 
Deyond your limits ane 
training, even if this means 
that your buddy's dive may be 
unsatisfactory: Buddy compatibility 
is important, since accidents can oxeur 
whens two egos clash. 


Your buddy le your underwater feguard, ut 
Iles twonay clationship-you seo have to 
Support your buddy when problems tse. 


PROBLEM SOLVING 


Confidence, 2 postive mental atude, good 
heath, and good lees of ness are essen 
Ingresients for a safe, success dive 


ANTICIPATING EQUIPMENT PROBLEMS 
Iki rare that equipment fails during 
a dive, but you should nevertheless take 
great care when assembling, toring, and 
servicing your gear. Afterall, this is what 
keeps you alive underwater, soit is worth 
spending time and money on keeping it 
in perfect working order 

‘Consider “what if” situations ahead 
of a dive, and think through how you 
will deal with the fire of any element 
of your gear Do you have a spare if your 
belly is not close by? Your regulator 
should always have an octopus secand 
stage (ae 7), to use as backup in 
your main second stage fl, 


HANDLING INCIDENTS CALMLY 
Many things ean go wrong on a dive, but 
most are minor estes that can be solved 
Without aborting the dive. Exen serious 

probleans can be dealt wih if you remain 
Facused and positive. Be persistent, and 

say “no!” to fare, When you become 
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aware of a problem, stop, think, breathe 
and then act. Whatever happens, do not 
ppanie—remember that your buddy is 
there to help, Make sure you are there 
for your buddy, 100, and be quick 10 
reassure of assist thean if they appear 
disoriented or anxious, 


‘THE INCIDENT PIT 


Mino problems can escalate into major | 
‘anes ifyou donot stay calm and deal wth 
them methodical. imagine that you lose 
your regulator while trying to ease cramp 
Inyaur foot and then fumble as you ty 

to eteveit. you pani, you may inhale 
water, choke, and become diserientated. 
This ype of scenarios known asthe 
“Incident plt"—stay out ofitby thinking 
cleaty and acting methodically. 
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‘TROUBLESHOOTING 
The equipment problems you will 
encounter most commonly will involve 
your regulator, ask, and inflata hose 
IF your regulator comes away from 
your mouth andl you eartot retrieve i 
reach for your octopus second si 
fi) and breathe from it. AF your 
Stops is not accessible for any 1 
signal to your buddy, who should 
you their own octopus to use. Tak 
few breaths frm this to calm dowen and, 


With your buddy's help, locate your main 


regulator and replace it 


Should air start ta ow uncontrollably 
fiom your rgulatog take the regulator 
fut of your mouth and push the purge 
bouton, which should clear any grit that 
ray be jamming the valve open, I dis 
does not work, switch to your octopus 
second stage and signal to your buddy 
that your air supply is running 

more quickly than normal. Monitor 


ANG YouR auDoY 
eassuring physial contact can 
hep calm a disoienied buddy 


‘lost regulators usualy 95/0 ese, but i 
Your bud finding this fut, gta 
$idand, necessary, fer them your octopus. 


your air supply carefully, and ascend 
janmeately with your buddy. Not 

that in very cold fresh water, feeding up 
of the regulator wil probably be the 
cause of any fre-flow; in which cas 
purging wil not help. In this scenario, 
you may need to breathe from your 
buldy’s octopus while peeforming a 
shared-aie ascent together (e p40, 


Some problems are dificut ia solve alone, 
‘and you should not hesitate to alert your 
buddy you need assistance 

SOLVING MASK AND HOSE ISSUES 

If your masks dislrged or starts to fil 
with wate, simply clear it in the 

way. Lean your head back, pres in the 
upper eege of the mask, and breathe 
fut ehrough your nose, The air bubbles 


ormal 


yo exhale wil clear any excess water in 
‘your mask, At depth, this can 
seem daunting, be 


You must be competent at removing your weight 
be undersate, Incase you ned to agust your 
weights ori yourbelt becomes snagged 


prepared to practice this procedure 
wun you are comfortable with it and 
can execute it confidently 

On occasion, you may find thatthe 
inllator bose for your BC or drysuit ie 
to work. Thies usually caused by grit 
becoming lodged in the valve IF 

sary, BCs can be inflated orally 


both underwater ar atthe surface 


LOCATING A LOST BUDDY 
During a div, you may find you lose 
sight of your buddy especially in low 
visbilty conditions, The correct 
procedure sto Took around 
for a minute or ovo, and then 
surface independent. IF your 
Duddy is using a surface marker buoy 
‘ve 7), i will indicate ther poston 
Having located it, you can then fallow 
the line down to Gnd your buddy again, 
I neither buddy nor buoy is visible 
signal to any boat cover to reeever yous 
alert the coastguard if your buddy has 
not appeared after a few minutes, 
Inall probabiligy your buddy wil surface 
shorlly fier you do. You can then decide 
Whether or not to resume the dive 
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FREE AND BUOYANT ASCENTS 
IF you run out of al, ocate your buddy 
and follow the procedure below I yu 
cannot find your buddy; you will need to 
make a rapid “ree ascent” by fining to 
the surface, This can be aided by ditching 

1s but be ready for a sudden 


increase in buoyancy. Breathe out sawly 


during ascent to prevent lung expansion 


injury: U; however, you have a ite ar 
lef, you can make a more coutrolled 
Tbacyant ascent.” Let some air into your 


RC to kik 
your head back to watch for the surface 


tart your ascent, and tl 


Again, breathe out during the ascent. 
Control your ascent rate by venting air 
fiom the BC, but not so much that you 


lose buoyancy, Do not rise any faster tam 


‘Sigal to your buddy tat you ae out afar 
by making a chopping motion at your 
neckwith the flat of your hand 


Your buddy wil offer you her octopus 
econ sage of they have one, 
Separate eglatar tached to a pony batt 


‘When your buddy issue tat you ae 0K 
3nd your breathing has sted, you shold 
leckams and ascend tthe surace 


‘OUT-OF-AIR PROCEDURE WITH BUDDY 
1 you have not kept erack of 
consumption and find that you are out 


of ait, locate your buddy andl ascend 
using thei octopus or pony bottle. I 


no alternate air source is wala then 


bueldy breathe. This involves both divert 
using the same regulator, with each diver 
taking avo breaths before passing t to 
their buddy. This sa complex procedure 
however, that needs to be practiced if it 
isto succeed in a real-life crisis, 


Hold onto one another as you rset0 the 
4 surface. Make any decompression sto 
3s you would do during a normal ascent 


Tron and Tip Maintenance 


The Importance of Proper Care 


Your soldering iron may very well be one of your biggest tool investments, so you will want to do everything 
possible to ensure that it gives you many years of service. Well maintained soldering irons and tips perform 
better and make the job of soldering much easier. Always place your soldering iron in a stable iron stand 
whether it is being used or not. 


The Cord 


Make sure you plug the iron into the correct type of outlet. 
Try not to use an extension cord. If you must, use a heavy duty one. 


{Don't drop or bang the iron. Ceramic heaters are especially easy to crack or break. 
Regularly check the cord for burns or cracks and have a professional electrician replace worn 
cords before using the iron. 


Make sure that the cord is not hanging in such a way that 


an be pulled off of the table. 


The Heating Element 


Do not allow the iron to idle at operating temperatures for extended periods. This could burn out the 
heater element. Unplug the iron or, if you are using a rheostat, turn it down to a low “idle” setting. 


Occasionally, remove the tip and lightly tap the barrel of wire wound heater irons to remove debris. 
If you will not be using your iron for an extended period of time, you may want to store it (after it has 
fully cooled) ina zipper type bag to protect it from corrosion and humidity. 


The Tips 
When you are finished using your iron, remove the tip from the barrel. Removing the tip is essential to 
preventing "seizing" which can occur if itis left in the iron for extended periods. (If your tip seizes, you 
can easily damage the heating element trying to remove it. It is best to return you 
iron to the manufacturer for removal.) 


When reinserting tips, make sure they are properly seated in the barrel. 

‘Never dip your tip into flux in order to clean it. Instead, use a clean damp 
sponge to wipe all sides of the tip periodically as you solder. Doing this removes 
impurities the tip has accumulated from the solder and the environment. It will 
ensure that you are receiving the maximum heat at the tip surface. 

Properly cleaned tips are bright and shiny. If your tip becomes "blackened," you 
can usually remove the buildup with a wet sponge, a tinning block or by gently 
using a brass brush, A “tinning block” (sal-amoniac) is used by placing a small 
amount of flux on the block and rubbing the tip of your hot iron in it. Wipe the tip 
‘on a damp sponge to remove debris. You may need to repeat this several times 
your tip is very dirty.) 


Never use sandpaper or any abrasive material to clean a tip, 
da good quality solder. Use 


©The best way to minimize your tip maintenance is to fi 
one that has high tin content and high metal purity 
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your exhaled bubbles, At the sutfice 
signal to boat cover immediately. IF there 
is no boat, swim tothe shore, Your buddy 
will eed ta be found and, as you have 
ascended without safety stops, you wil 
raced to he monitored for DCS (ve 42) 


MAKING EMERGENCY LIFTS 
IF your buddy is unconscious or injure, 
keep their regulator in thei mouth anel 
perform a buayant lift to get them to the 
surface. This means holding on to your 
buddy's harness. as you ascend, using their 
[BC to adjust buoyancy for both of you, 
Alert any boat cover once at the surface. 
If your buddy isnot breathing, artical 
vensilation (AV) may be needed unt 
medical help arrives, If there is no cover, 
for if you are close to shore, you may 


decide ta tow your buddy to salery, Both 


towing and AV require special raining 
if your dive raining did not cover them, 


a lifesaving course is recommended. 


“SNALING FoR HELP 
Supporting your buddy the 

surface, wave one am Ina wide 
‘cand shout to alert baat cover 


(OVERCOMING PANIC 


Ifyou feel pani coming on, alert your 
buddy, stop moving, and steady your 
breathing. Ifyour buddy panic, reassure 
them with hand signals but observe them 
fram a safe distance since a ailig arm 
an knock your regultor fom your mouth 
‘orinjre you. When they have calmed 

down, hold theirhand or arm, make sue 
‘thle egulatrstaysin place, and remain 
lose unt normal eeathing resumes. 
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Decompression sickness 


If a diver ascends too quickly, the rapid pressure change causes 
bubbles of nitrogen to form in tissues andl blood vessels (ee pf.100-01), 
resulting in decompression sickness (DCS). ‘This condition must be 
watched closely and treated quickly; since in extreme eases its fatal 


DCS SYMPTOMS 
Severe DCS may cause 
iampaired vision and 
balance, convulsions, 


afer a ew hours in mile 
DCS, but with severe DCS 
they will be precursors of 
serious complications, At 
the fist sign of symptoms, 
request ctengency 

smell attention (oun 

the coast guard, i you are 
at sea) and give basic ist 


and even unconsciousness 
‘Niger bubbles ean fra 
under the skin, or become 
trapped in capillaries and 
restrict the blood supply 10 
the hing, sowing aide supply the patient 
Ieahing, lowering blood with 100 percent oxygens 
pressure andcasing keep them warm and il 
shock I abubble enters EMERGENCY OnYGEN (ving down f posible) 

the brain orspinal cord, it IsWtalthatthedve boats provide nonalcoaiefis 
can lead wo parahsis or’ Gryanowem adnintmion gay sports or 

even death, Symptoms rehyrating drinks); nel 
usually appear berween one andl sx hours apply presse to joints to alleviate pain 


aliersurficing, but occasionally da not The patient should be referred for 
manifest themselves until 24 hours later. medical attention and may need 10 be 
‘They stam with minor aches in joints, rated in a recompression chamber. 

rashes, and itching, These will disappear If so, provide those in charge of 


the chamber with the divers symptoms 
and details of the dive. In dhe chamber, 
the pressure i raised until it causes gas 
bubbles in the diver’ tissues 
and blood to shrink. The 
diver is decompressed 
‘under controlled 


conditions, allowin 
any residual nitrogen 
10 dissipate safely 


| A90KING FoR sruProms, 
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Hand signals 


Good communication with your dive buddy is important, not just 


in an emergency, but also to monitor each other's progress, share 


's,and agree when to end the dive. The most 


effective method of communication is to use hand signals. 


USING HAND SIGNALS 
Verbal communication is not an option 
underwater (e .92) unless you are 
wearing a full-face mask, but most 
messages can be conveyed using a 
combination of hand signals and 


drawings on a slate. Using hand signals 


will all you to exchange information 
With your dive buddy and even ask each 
other questions underwater, They ean 
also be reassuring 

Signal to your buddy regulaey 
during clive, as thi will ensue that you 
remain in clowe contact and can easily 
notify each other of any problems that 
ray develop. Repeat any’ sign that i uot 
clear to your buddy, and ackuoysledge 
every signal that he or she makes with 
an “OK” to show you understand. I 


your buddy slows to respond toa 


signal, check that they are OK. IF yo 


are diving at depth, sluggish responses 


may indicate the onset of nitrogen 
narcosis (pp. 100-01), which impairs 
reaction tines and mental acuity 

Siguals are not just limited to 
showing each other how much air you 
have left or highlighting problems. They 
can also he used to inform your buddy 
of interesting dhings you have seen, or 
to alert them to something you are both 
looking fr, such asa panticular marine 
donganism. There are numerous signals 
far marine animals, and you ean develop 
your own within your buddy pair, A 
common example isthe use of straghy, 
upright hand (representing a fin) om top 
of your head, meaning “I've seen a 
shark," Signals for animals like turtles 
anel rays ean be readily improvise 
(QUAL THE StoNAL 
Teak Ila that 9 signal fers 
specially a yousef—fr example, 
atch me"-poit yourself frst. 
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COMMON HAND SIGNALS 


There area numberof standard hand slowly and clea, to ensue that they are 
signals that ate esrentia foal dives, and understand. Use combinations of signals 
you can also improvise new signals with to convey messages more precisely (for 


frends. Always teview signals at the stat’ example, something fs wrong/ can’ clear 
ofa dlve, especialy fyou ae diving with my eat) alow ate some ofthe mast 
new buddy. Give Signals to your auady important and common diving signals 


OkjAreyouOK? Somethings wong Upjletsascend __Down/Let's ga down 
Foran O'with humo TittheMat of our Polatthumb staight Point thumb downward 
fandindexinger. Point hand trom sideto upward with fingers whinge enched 
the other ages up. side, palm down, clenched nafs 


4.500 5100 bu) let 750 psi (Soba) let tam ota air 
Form Fshapewith Make aft, wih palm Makea hotzontal Present fat of han, 
hands taindicate outward tolndeate chopping mation palm outward to halt 
41500 psi femalning. 75a pl remaining. acossbase of neck, Buddy or ater divers 


Stow down ‘Stay/Move together Stay at this depth Wateh/Look 

Move palms slowly Mave ndexfingers Held both hands Pont atyour eyes, then 
downward together together unth—_havzomtaly and move at subject of nee, or 
(hating elbows). touching side by side. one overthe the. sll or another diet 


cold ant dear my eas Feellng breathless 
Hugyouelfwih Polat eartolndiate Ifyou at feeling out af beath and need to rest 
hothamscressed youate having fora moment, you should use the fa of your 
Tolndcate chil fey equaling. hand 1 mimi our chest ising an alin. 
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Developing your skills 


With any skilled pastime, itis important to keep your technique sharp. 
Many divers only dive once a year (or even less frequently), and itis 
easy to forget even basic skills during your time off from diving, 
Honing your skills in sheltered water is a good way to stay proficient 


PERFECTING BUOYANCY inhalations andl exhalations to make the 
Beginners, occasional divers, ancl even upper part of your body rise and fll 
those who dive regulasy will benefit Keep your fins on the bottom: andl your 
fiom practicing key skills in a pool or legs apart, They will act asthe “hinge” 
sheliered water. Buoyancy isthe most of your upward and downward 


Fundamental diving skill of all, so it isa movements. The value of this exercise 
good place to start when reviewing your is tha t trains you to use breathing to 
technique. Refumiiarize yourself with adjust your buoyancy, rather than 
buoyancy control with “Bin pivots,” using controlling it only with your BC. Abo, 
tay ssimuning chrough 

‘hoop with your arms 
folded —this wil test your 
buoyancy control and give 
you an idea of the space 
you can squeeze through 
with your equipment om, 


J Te practice pots, 
breathe in gent and eet 
Your upper body se, Keeping 
Youeflntips onthe Noa Stop 
31245" angle tthe bottom, 


‘Slowly release the alr 
Z your ung ut yeur body 
begins fling. Then, before 
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CCONFIDENCE-BUILDING EXERCISES happen on an open-water dive, but 
Mask clearing is one of the most basic, you are already prepared, you wil be 
yet important, kills in diving, Building able to cope with the situation cally 
coordination and confidence by and effectively. Practice all of these 
removing and replacing your mask, and exercises in a pool or sheltered water 
ven performing tasks without i, will 
improve your diving It will also prepare 
you for minor upsets like your masle 
being accidentally didodged, Begin 
building up your confidence slowly by 
removing and replacing your maskin 
shallow water, befre repeating the 
exercie in deeper water. Repeat while 
swimming, and then try it with your 
regulator 
sseapping masks with your buddy. This 
is simply a variation on the solo exereises 
but aso helps you to develop usefal 
cooperative sil 

‘Giving yourself other hanlcaps 
«can also help improve your confidence 


eamoved. You eat also try 


REDUCED VISIBILITY 
os iver fel uncomfortable swimming with 


underwater Try swinuming with just one they mask removed, but mth pacts Yes 
fin, for example. Losing a fin can become confident performing tasks without 


Toexchange masts, ec on thebotiom “Swap masks with you pare. is much 

facing each other, Give each ther the easlerta keep your eyes open thoughout the 
“OX” signal. then remave your mask, while exchange, but perfecting ths by touch with our 
‘continuing a breathe narmaly fos closed, sa very usefl etarise 


Don each others masks, and blow them /) Adjust the maskorcomf. then open your 

‘lear (seep). ignore any urge you eyes and signal Oko inlcate a sucess 
Feeltohury when puting the maskanIn swap The maske ca then be swapped back 
Paicls, make sure the sap isnot twisted. again for further practice. 
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VARYING THE ROUTINE 
Skis cxercae dnt ba to Wesel 
drills. Tntodcing an clement of fin o 
sctng an objective a matte yo to 
tel fr Longe, Game fo the pono 
sheltered water inelide “hide the man 
which frees you to naigat and search 
wrihout your mask you ean practice 
breath contol by peor simple 
cercies witht eating spperti 
such as etrevng objet fo the 
bear, or swimming high a series eas ene begs ian “OF spa 
hoops extending the course as your 1 gomme sete ance he diver we sang 
nna ngewe tohide the mask hasremoved 


9) the seeker closes his eyes nile the der“) The seeker opens hs eyes ang stats to 
Z inde a came ofthe posite put the maskin, 2 methodely search the pool ttm unt 
and yetums tinal the seekerto start searching, the masks found and replaced. 


REMOVING AND REPLACING GEAR be in front of you, between you and the 
Fauiliarity with your basi gear isa vital tank. Keep the hose for your regulator 
skill. One exercise that helps to foster second stage between your arms 
confidence in this area isto remove (otherwise it may get caught under your 
your scuba unit—that is, your BC and shoulder strap when you put the unit 
breathing apparatus, all fly connected back om). "Then put the scuba unit back. 
and put it back on underwater, keeping on by reversing the operation, 

your regulator in your mouth throughout, For an extra challenge, once you 
This exercise should be carried out at have removed your BC, try removing, 
the bottom of a pool or in sheltered your regulator fram your mouth and 


and if you are a heginuer or swimming away toa distance of about 


n't tied this before, it may be wsefal 304 (10 mi, belore reusrning and 
tohaye an instructor present who can putting your gear back on again, 
‘guide you through the proces. Start by Alternatively try entering the water 


undoing all fastening clips on the front without your gear, chen putting it on while 
of your BC and pall your let arm out eading water, keeping your head aboxe 
of it ist (even if you are left-handed), the surface. This a much more dificult 


using your right arm to pull t around to exercise, and should only be carried out 


your right. The BC jacket should now under the guidance of an instructor. 


eee 


Dive fitness 


iant on your body as well as your gear for a safe 
so make sure both are well maintained. Diving 

regularly helps keep you in shape, but it is impo 
your fitness levels if you go for long periods without diving, 


nt to maintain 


HOW FITNESS AFFECTS DIVING Maintaining a healthy weight for your siae 
Staying in shape reduces some of the is alo advisable. When you dive, nitrogen 
Fisks associated with diving, and makes builds up in the tissues of your body with 
it more enjoyable. Having healthy lungs each intake of breath, and fat retains 
ancl an ellcient circulatory system nitrogen longer than all other tisue types. 
means you wil useless ai s0 dives Therelore. if you are overweight and 
last longer. A good level af breathe rapidly because you are out of 
carciwascuar fines will also help shape, you expose yourself to an 

to prevent panie attacks, which can increased risk of DCS (ie pp. 142-43) 

be triggered by a buildup of carbon Weight loss and gain ean also alter 
dioxide inthe blood. A ft body will your buoyaney. Fat i inherently buoyant 
expel this by-product of respiration so if you have put on or lost alot of 
mote efficiently, reducing that risk, Weight since your lst dive, you must 


General strength is required for iting adjust how much lead weight you carry 
equipment and other incidental tasks, as halls (pp, 12-21), 


older 


Why Do We Use Solder? 


Solder is a combination of tin and lead used to create a strong bond between other metals. Since solder won't 
stick to glass, we apply a copper foil tape (our metal) to the edges of the glass. This is refered to as the 
copper foil method of stained glass construction, Solder is melted over the copper foil, creating a structure that 
holds the pieces of glass together. The other option is to set the glass into channels of lead or metal, and 
solder the channels together. This is refered to as the lead came method. 


The Advantages of Solder 


Some of the advantages of soldering versus other bonding methods are: 
Solders are easy to use and relatively inexpensive 

Low energy is required to solder. 

Properly soldered joints are highly reliable. 

Solder joints are easy to rework or repair. 

Experienced crafipersons can exercise a high degree of control over the soldering process. 
Solder joints age very well. They can last for years, decades and centuries. 


e 


ee 


ee 
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Types of Solder 


Stained glass solders are usually a mixture of tin and lead, designated by two 
numbers representing the percentages of each metal in that specific mix. The first 
number always refers to the percentage of tin, the second is the 
percentage of lead. The most commonly used solders in stained glass 
are 60/40, (60% tin/40% lead) 50/50 and 63/37. "Lead-free" solders 
have no number designation and are a mixture of tin and small 
amounts of other metals. Avoid solders containing antimony, a very 
toxic element. Instead look for lead-free solders containing silver, or 
copper. They are safer and easy to use. (Note they are, however, 
more difficult to patina.) 

In North America, you will 


d solder is generally sold in solid core wire 


stained glass work. Look for solders that are sold as “free of impurities" in the component metals. Impurities 
cum" on your solder bead, degrade soldering iron tips, and interfere with the proper reaction of 
patina chemicals resulting in undesired finishes. 

An important term for solders is the "working range" or "pasty range.” This is the range of temperature 


between which solder transitions from liquid back to solid. 


cause a 


"AURING THINGS THROUGH 
you have any injures or pyslcally weak tas, lt 


those ding with you know before you dv. Dont be 
ara oa far azsstance tis lhe prevent inn. 


DEVELOPING A FITNESS REGIMEN 
There is no quick fx for geting and 
staying fit, Aim to exercise regula 
tailoring your routine to strengthen the 
‘muscles you use most during diving: those 
of your back, legs, shoulders, ane arms. 
IF you do not already exercise regulary, 
seck medical advice before embarking om 
fitness routine, Seart gently with easy 
exercises, and build up slowly, routine 


GOING AGAINST THERLOW 
inning int song curents 
places demands on your leg 
musts and ngs. 
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based om the exercises overleal 
could stat, for example, with ten 
repetitions of each, building up 
10.50, three tines a week, You 
should ako sim to undertake 
regular cardiovascular exercise 
(oucl as walking or eyeling}, fr 
0 minutes two oF three times 


a week to improve your general 
fitness and respiratory health, 

Whatever exercise routine you 
decide to adopt, try to incorporate 
iinta your nora daly routine 
wherever posible. A walk to work 
very day does more good than a monthly 
ayn sesion, Never exercise aftr diving 
“This is time when its important not 
do any strenuous activites — there i sll 
residual nitrogen in your body, ancl this 
ray form bubbles i 


hard, Do some gentle stretches and take 
it eaxy for the rest of the day. Aid hot 
baths or showers after diving, since these 
can also raise your vuluerabilty to DCS, 


PROTECT YOUR BACK, 


Be very careful when caving and 
loading heavy equipment. A poo iting 
technique can result in pulled muscles, 
and possiiy longterm back problems. 
A back injury can spoil a tip, but diving 
with 2 weak backcan alsa be a safety 
Fisk: surface manewers, climbing onto 
boats, and exiting sur, for example, are 
all compromised by weakness inthis 
area. fyour lower backs wunerabl, 
‘onside transferring your weights om 
‘belt toa hamess (see 7.70), 


Loading dive equipment 
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WARMING UP 
Always warm up and stretch 
your thighs, calves, and upper and lower 
hack 

feye minutes gently suevching and 


specially 
before exercising, and spend a 


cooling down afterward. Many sporting 
injuries are caused by failure to waren up 
properly, so treat it as an important part 


of your fitness routine 


ARM AND LEG EXERCISES. 


Basie squats build up strength in your 


legs. Standing upright with your feet 
shoulderavidth apart and your knees 
soft place your hanels an your hips 
ane shift the weight back into your heels 
‘Keeping your head and chest pointing 
forward andl your back stright, bend st 
the hip and knees, aif you were siting 
down ont a cat, Keep your heels on 
the floor; you shoul be able to mee 
your toes, since all your weight is on your 
hacels, Suaighten and repeat, 

Lunges are a mare advanced exercise 
for legs. Stand upright with one foot a 
good suide in ont of the other, with your 


ear nes 
Clover rani buds up 
lung capacity, making snorkeling 
fea ven move eftotss, 


bre | 


The push-up grat altaround eters for 
the upper dy and arms. Beginner can start 
th thei knees resting on he ground, 


hips parallel and your toes forward, Your 
back heel should be off the ground and 
sour font foot la on the floor: Both 
luce should be bent anl yous back. 
straight Drop your body weight toward 
the floor until your front knce i bent at 
2 90° angle. You may have to tk your 


pels forward to get this postion righ 
Rise up and repeat. 

Biceps curls strengthen the biceps 
muscles in the upper arms that are used 
Whenever you lift anything, Using hand 
Weights or a weighted bu, stan! uprigh, 


Practicing anges infront f= miner wl balp 
You to ge the poston af your rant eg ih 
bree diecty aver foot, ben to aight ane 


with your back straight andl knees slightly 
soft, and hold the weights in your hanls 
with your palms facing upward, Without 
rocking or moving your shoulders, bend 
the arms toward the chest and then 

lower, taking care not to lock the elbows, 


EXERCISING YOUR TORSO 
Phat-ups strengthen your shoulder 
upper body and core muscles. Lying on 
your front, bend your knees, curl your 
tocs under your feet, and place your 
Ihandeshoulder-wies apart belone yo 


‘Aways hep you lwer back Maton the Rao 
ever ached Fra harder wero, im you ight 
‘tbow a your knee, and vice ves, 


shoulders. Press your body weight up 
andl dawn from this postion, Keep your 
back staight a all times and your 
ellos positing out to the sides, 
‘Crunches strengthen abdominal 
muscles, which wil help protect your 
lower back. Lying on your back, bend 
your knces slightly and place dhe soles 
of your fet on the floor, Place your 
Fingertips behind your eats andi your 
upper torso and shoulders off the flor 
Hold this for three to five seconds while 
looking forward, then lower and repeat 


184 DIVING SKILLS 


HYDRATION AND NUTRITION 
During dive, you can burn as much 
an aerobic 


energy as you would plays 
spor, such as squash or badminton, ‘The 
recive amount will ary according 10 
your Gines, the temperature of the water, 
ancl any prevaling currents But while iis 
tempting to stoke up on a big fred 
breakfast in preparation fora day’s diving, 
better food choives bere a cive are 
complex carbohydrate, which wil keep 
sou fling filler for louger nel provide a 
steady supply of blood sugar to maximize 
energy levels while you are diving Some 
foods may make you fel uncomfortable 
fm divecommonl, greasy or hot and 
spicy dshes—no these are bes avid 
Aer a liye, you cel to replace the 
energy you have burned with foods that 
ino your blood relatively 
quickly, such as refined carbohydrates: 


Have something to eat within an hour of 
surfacing, possible, Energy-replacement 
Aine ca bea quick ix, but avoid those 
With high callie content 


\Whole-wheat bead legumes, and unrefined 
‘rele ana pasta lease energy sont using 
2 ve ved fut ana nuts make good snack, 


Abe all, the most important thing ie 
to remain well hydrated before and after 
a dive. Your physical performance will 
bre reeuced if you become even milly 
dleydrated, and thie is big ise iF you 
are diving in warm waters where the 
outside temperature is also high, Aim 


to dink at least 2 quarts (liters) of water 


during the course of the day (more if it 
This will help to reduce muscle 
ramps and fatigue, and also helps 
decrease the risk of DCS, 

to give your body a chance 


to recharge. Diving i physirally 


ddemandin 


AVOIDING PROBLEMS 
[is important to get plenty 
of sleep before and alter diving, 


andl if you are run dows, you 


are more ssceptibe to 
If you do have a cou 
should not dive 


atching cole. 
hora cold, you 
jecause some symptoms 


of respiratory ines can prevent you from 
being able ro equalize ane! may increase 
your vulerabily 10 DCS (we pf./90-00) 
Avoid taking decongestants, since thes 


can impair your perfortsance underwater 


Make sure you dink plenty of stl water 
tomalnai god hytation. Tea, cafe, 
nd earbonaed dake ae n stu 


DIVE FITNESS 


FOODS TO EAT WHEN DIVING 


The following ist gives examples ofthe 
kinds offoods its good to include in 
meals and snacks betore and aftera dive 


BEFORE ADVE Muitigain, whole-wheat, 
orrye bread; whole-wheat pasta; sweet 
potatoes: brown ce; oatmeal: bran 
based cereals; legumes and aus; beans; 
leafy vegetables; an plain yogurt. 


AFTER ADIVE Pasta and rice (ealy in 
a salad or low-fat sauce potatoes rsh 
frat; white bread or bagels 


Ietempting to head forthe bar ater day's 
‘ving, bu have something oe, 0, Evan 
standing sil in cld water bus clos. 


So can alcoholic drinks, which are best 
avoided the night belore a dive because 
they can also contribute to debyration, 
Divers sometinies experience min 
ar infections, especialy alter days of 
continuous dving of diving in slightly 
polluted waters, There are various ways 
ar problems, including 
rinsing the ears with fesh water after 
sng an alcohobbase uid 
designed for swimmers ea 


of avidin 
every dive, oF 


Lastly, you should have a regular 
dive medial to cick that you are in 
good enough shape to dive. If benween. 
medicals, there have been any changes 
in your health siuce you last dived, then 
itis always best to have a checkup 


Going diving 
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Introduction 


Becoming a qualified diver is a tremendously exciting experience, but 


the range of choices facing you post-qualil 


ion can be daunting The 


joy of diving is that within one sport lies a host of different specialties, 
all requiring different skills, knowledge, and planning techniques. 


RECREATIONAL DIVING 

Upon qualification, the world of diving 

opens up to you. Whether you become 
sort diver or an advanced 


a casual 
technical dlver with a liking for the more 
extreme elements of the sport, only time 
and experience wil tl 

The broad spectrum of recreational 
diving encompasses many different 
environments and experiences, including, 
reefs, caves and caverns, wreck diving 
ice diving freshwater diving, and night 
diving. There are alo various specialty 
activities in which you can participate 
such as filming and photographs; willie 
anel conservation diving, underwater 
archaeology; and fice diving (diving 
without an air supply), "The majority 


Becoming canfdent enough to conduct your 
wn aves without a guide o instar ies 
‘you sete eedon. always plan and ble dves 
thorough Before eneing the wate. 


of divers find that they derive most 
enjoyment from sampling range of 
dilferent environments andl activities, 
rather than liniting themselves to one 
specific aspect of diving. 

‘Many new divers aim to acquire 
further specializations, pins, and 
‘qaliications from the moment they 
pps their inital ersining course, This 
tung, while understandable, should be 
tempered by the need to gain general 
diving experience. There is no substi 
for time spent inthe water—what was 
fone intimidating becomes fai 
helpful routines stare to emerge, 
skills and salty consciousness 
improve, and knowledge increaseay 
You will also feel more confident 
and! comfortable inthe water 
a you learn to tailor your 
equipment to your awn needs 

Only when you have sexved 
your “apprenticeship” by 
saining experience of different 
vironments and diving skills 
should you make any decisions 
about future specializations 
Without putting in the hours 
underwater, you wil find 
further training andl courses 
more difficult, no matter how 
wel structured and delivered 
they are In addition, the 
more experience you have, 
the more asvare you will be 
of your vin likes, cles, 
and apsinides, allowing you 
to make more informed 
choices for the future 
dlsetion of your diving 
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Fortunately, gaining general diving 
experience ie relatively ean; with dive 
groups and clubs springing up in 
abundance ta meet the sport's growing 
appeal, Furthermore, dlve travel ie 0 
Wel established that almoxt any region 
of the word is now accesible, and 
opportunities to dive exist in virally 
every coastal resort around the word 
A whole range of diving encounters are 
evailable— from a casual beach dive PLOTTING YOUR FUTURE COURSE 
‘Dyough to full-blown expeditions Themore experience you gla the better 
infamed you lle when deciding whether 
ort to pusue a parcular aspect of dng. 
PROFESSIONAL DIVING 
The enjoyment of diving lead some 


all easy to arrange via the Internet or 
through dedicated dive wavel agencies 


i gh 


people to consider i fulltime earcer in 


whieh diving plays an essential par 
Diving professionals range from 
recreational instructors and dive 
‘masters, whose main role isto 


ntroluce others to diving, through 


to military experts, commercial 
specialists, scientific divers, 
fishermen, and underwater 
catneramen and photographers, 
Further skills are always 
needed ta succeed in your 
chosen career —an underwater 
filmmaker, for example, must 
tbe an accomplished camera 
‘operator as well ws a superb 
diver, and an instructor needs 
ood communication and 
teaching sil, in adliion to 
Firsteclass abilities in the water 
Professional diving can 
offer excellent reward 
personal and financial, but 
they ten to be well earned 


oth 


Professionals mast ive in all 
conditions and at all times, 
and the work soften arduous 


andl sometimes dangerous 


Diving under ie etn, bu tsnot 
forbeginac. Th hazard of encased 
surroundings and extreme cld mean 
that special talning le regled 


Identifying your aims 


researching a dive is time well spent. Not only does it 
help you to unearth new attractions and clarify the aims of the dive 
but it is alo likely to heighten anticipation, enhance safety, and 
maximize the pleasure and interest you derive ftom the trip, 


[ASSESSING AIMS 
The nature of dive 
research will vary fin trip 
to tip, but certain core 
issues should always be 


Use magazines, books, and 
apt highlight basi sues 
that you can en investigate in 
‘depth onthe internet 


taken into consideration, 
Hentiving the divers 
is obviously one of the 


discussing qualifications 
and experience levels may 
swell prove invaluable in 
establishing the ial dive 
location and activity 


firs items a be addressed. 


Diving is no, as are 


reimivtalyorc soo OR te up aa wk 
seve ae aL Nn ith making 
inet inthe deel The sre ha you hae te gh mi 


may be extreme for another Time spent photographer preparing to take an 


{TROPICAL CONSIDERATIONS 
When planning topical ives, consider 
the effect of cal weather pattems 
Runoff opieal sins inthe wet 
season fr example, may mpat sty, 


Characteristics of Solder Types 


60/40 Solder: Composed of 60% tin and 40% lead, this solder melts at 
374R, but doesn’t become completely solid until it cools to 361°F, This, 
means it has a "pasty range" or "working range" of 13 degrees. This solder is 
your best choice for copper foil work. The liquid temperature and narrow 
“pasty range” make it easy to form and maintain consistent high, rounded, 
beaded seams. Because of its relatively low melting point, "60/40" solder is 
easy to rework to maintain a smooth finish solder bead. 


50/50 Solder: This is composed of 50% tin and 50% lead. Itis liquid at 
421°R, solid at 361°F and has a pasty range of 60 degrees. This solder will 
produce much “flatter” bead than 60/40. Because of its higher melting 
point, 50/50 solder is often used on the back (or inside) of a stained glass 
project to protect against "melt through" when soldering the front, Because 
it spreads and flattens out, 50/50 solder is often used when soldering lead 
came joints, 


63/37 Solder: This solder is 63% tin and 37% lead. It becomes liquid at 
361°R, and solid at 361°F, with a pasty or working range of 0 degrees. This, 
solder is called a eutectic alloy which means at 361°F, you can go instantly 
from solid to liquid to solid just by applying or removing the heat source. 
‘You will often find "63/37" solder referred to as decorative or quick set 
solder. Itis primarily used to create dimensional effects in the solder itself 
and can be "pulled" and manipulated to produce a variety of textures and 
designs. 63/37 solder also makes an excellent solder to bead up the outside 
rim of copper foiled piec 


Lead-Free Solder: Depending on the specific mix of metals, lead free will 
produce differing liquid, solid, and pasty range temperatures, Check with the 
solder manufacturers for these specifics, Lead-free solders will perform 
similar to a 50/50 mix. Lead-free solders require more practice in order to 
obtain a smooth bead on copper foiled pieces and should not be used on 
lead came projects. Lead-free solder is the most expensive solder, but is the 
solder of choice when constructing pieces that will contact food, that will be 
handled frequently, or that will be used in a child's play area or room. 


Solder Composition Reference Table 


Alloy Tin% Lead% Solid to Liquidat Pasty Range| 


50/50 50 50 361" 421" 60° 
60/40 60 40 361" 374° 17? 
63/37 63 37 361° 361° ? 
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wing WeastTE 
The intemet san lmauable esearch resoure, 
allowing yout accers he opinions and advice 
bf authartatve dive organisations, 


award-winning image of a sunken ship, 
‘when an impatient wreck enthusiast 
swims infront of the camera lens and 
the shot. Establishing the main 
sim of the dive at che outset, or even 
alloeating bud teams with the same 
iteresty should prevent such problems, 
‘When diving witha local pera 
try to check out their credentials. In 
pats of the world there are asocintions 
set up by groups of respectable operators 
to govern the local dive industry: Failing 
that, many tourist boards and even 
government agencies require dive 
operators to tegister—it is always worth 
getting an independent view af your 
potential host from these organizations, 


LOCATION AND TIME 
Conditions can vary greatly along even. 
the most bland section of coastline oF 
Within the most innocuous-Jooking body 
of water Choosing an exact stein 
advance has the benefit of allowing 
very specific research into local ies, 
Key questions ta be answered include: 
What ate the hazards involved? Where 
fare the established entry ancl exit points? 
‘What are the divers likely to encounter 
‘during the dive? What is the tidal range? 
What are the prevailing currents? 

‘The timing of the wip i alsa 
ftmportant. Tides, for example, may 
allect. not only visibility, but also the 


imane life present, as well as entry and 
exit considerations, Maine life will also 
be inluenced by seasonal vatiations, 

1s will water temperatures. Furtherinoe, 
a different range of marine animals may 
Wel be present at night than during the 
day, while boat tralfic andl use of the 
area for other watersports will vary 
throughout the day and the week. Diving 
at the wrong time can make the event 

a disappointing experience. 

‘Salty x the most important area of 
your research, You will need to asses the 
conditions you are likely to encounter: 
waves, currents, depth, temperature 
andthe failies available to you should 
am accident occur. You should not shows 
up at a dive site unless you know the 
exact location of the nearest hospital, 
recompeession chamber, and easualty 
evacuation facilites. Knowing how to 
contact these agencies in an emergency 
is also crucial researching phone 
numbers in the comfort of your own 


homie is infinitely better than tying 


todo iton a rocking boat while caring 
for an injured diver 


The passibliesfrthllag ving tips round 
the wold ae almost endless, ited enlyby 
time, budget, and imagination. 
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Planning a trip 


Armed with the fruits of your research, you will have a clear idea of 
where you want to dive, when you want to go, who you will be diving 
with, and what you will see when you get there. The final task before 
your departure is to plan the trip in as much detail as possible. 


REALISTIC TIMETABLING 
‘Most trips revolve around 
a key moment in time 
the instant when the 
divers enter the water, 


censure that their diving 
iv as stresetree and as 
enjoyable as possible. 


PRESSURE TEST 
Belare you start packing 
your equipment fora dive, 
carry ont a pressure txt. 
This involves riguing the 


This is often determined 
by a certain phase in the 
tide when the diving is 
‘most favorable, oF by the 
desire ta clive at a specific ear toa tank, and 

time of the day or night, ensuing that the seals 
such as when the Sun is PACKING YOUREQUIPMENT and regulators are all, 
high for photography, Chechlstsand outneswil functioning as they ought 
for in the gathering dusk DUP enswethatallyour ao he This also a usefl 
when the ref is ac its SEMTMAKEE HED TMedNe He, oF ensuring that 


most active. A realistic, workable your tank is fill pre wo departing for the 

timetable ie thus vital to achieve such dive site, There is no more sickening 

time-speciie goals sensation than journeying wo a dive sit, 
Devising timetable, uch as the looking out ever perfect conclions 


chart below; by working backward from assembling your dive gear, and turning 
the moment you aim to enter the water on the air to be greeted by a cacophony 
isthe best way tw plan your diving day. of hissing regulators ancl seals—o, 
‘This method is used by many divers to indeed, the tank itself being empry 


REVERSE: 
‘Adiverknaws they must enterthe water fom thisto calculate a eaitc departure 


fat z00 pm to dive during slackwater hour, buldingn.a contingency to ensure 
Between the tides, They work backward aval at he dive sit in good time. 


Enteing the wate 00pm 
Suling up and bud heals 35min 235 pm 
Se inspection and bling yemin 755m 
‘val and pang “omin cae 
Diving se ‘shaw 745 poh 
Teading at Jean “25 pm 
Checking and packing dive gear jenn 75 am 
Contlngeney tine jemin “5 am 


PACKING WITH CARE 
The greatest eause of the postponement 
tor cancellation of dives is forgetting 
pieces of gear. A fook-proof method of 
{guaranteeing that you pack all of your 
equipment isto load yo 


dive bag at home in the order that you 
will he putting it on at the dive ste 
Visualizing yo 

suiting up will ead you to load your dive 


rival atthe site and 


bag in the following sequence: suit, 
boots, knit, weight belt, tan BC, 
regulator, computer, hood, mas, 


ANNING A TRIP 


Far more complicated tips, such as cave des, 
special eaulpment maybe necessary, and this 
‘must be factored ita your planning. 


snorkel fins, gloves, and finally any 
ancillary items (alety sausage or DSMB, 
Aaslight, slate, and son) 

An alternative packing technique iso 
run throughs a eherklst from head to we 
snd again pack your gear in that order 
The lst then runs: hood, mask, snorkel 
suit, regulator, BC, tank, computer, 
lowes, weight bel, knife, boots, fins 

Thete ae innumerable ways 
(of ying 10 ensure that no ites 
‘of equipments fargtten, but 
the mot effective are those that 
are convenient, quickly become 
a habit, and take lit tine 


‘A vealtic timetable wllensure that 
sulting up and briefing onsite not 
tushed, and thal you donot miss your 
window of epportuiy wth te tide 
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Site-specific planning 

Pre-dive research is important, but there is no substitute for a thorough 
assessment of the site on the day of the dive. This may highlight 
issues not raised by your research, and allow you to make adjustments 
to accommodate changes in conitons before the dive starts 


FINALIZING YOUR PLAN 
(Once you know when and where you 
are going to dive, you must devise a 
practical plan for each of the dives you 
‘mean to conduct on the day: Whether 
you are planning far just yourself and a 
Fiend, or fora lanyer group, aways tke 
local conditions into account before 
seating on a final dive plan, 
‘You must addres a number of key 
points in your dive plan. Fist, it should! UNLOADING TE GEAR 
bray define the am of thee, the fst fe ue hat vr em of ge as 
‘Semtrance and ext points, and itg ached before the tip, double-check onsite that, 
focal muc as wchsdsetingan "hres ed 
alternative exit in case the main choice that the dive should be aborted, Your 
isinaccesible. It should also define the plans forthe dive should also identify 
dive’s maximum depth and time, as well any potential hazards that may be 


as decompression restrictions, and encountered. If an incident occurs, what 
should specify the minimum reserve of procedures should be followed? Define 
sir that divers must surface with at the what action to take if divers become 
conclusion of the dive separated in murky waters, this is one 
Depending on the aim of the dive of the most common reasons far dives 


andl the experience of the group, special being aborted, Make sure thatthe divers 

signals may be required. Icis imperative you intend to pair together as buddies 

to select diver recall systems—the siguals share similar interests or levels of 

or sounds that will be sed to indicate experience, so that there are no conflicts 
of interest during the dive. 

Assess local conditions anel examine 
weather reports; worsening weather 
conditions might dictate a move 10. 
more sheltered site nearby; or rule out 
the use of a boat. Finally, ensure that 
the designated shore marshal or dive 
supervisor understands their duties, 
including recording tank pressures 
anel the tines that divers enter the 


Water, and responding o incidents. ==" 
secre ne nive are Provide them with contact details 
esis the tempiation a enteshe waterasqucy Provide mg 
Aeporsble. Aesese te conditions and nepect of local agencies to e informed 4 


thesite, nang te des enty and ext points. in the event of an emergency. 
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itthelps, you can always drow 
simple sand maps to clay the 
route othe ther diver, 


associated with the dive 

At the end of the briefing 
ensure that all the divers 
clearly understand the 
constraints of the dive plan 
anl are fully prepared for 


the dive. After any final 


questions from the group, 


‘THE DIVE BRIEFING 


the dive can hein, 
The final task isto bre the entire dive 


The simple maxim “plan the dive 
cxew: The briefing, which should i 


ally and dive the plan” isan old one, but its 
take place overlooking the dive site, must worth has been proven overtime 
Following it means that all of the divers 


will get dhe mow they can from the dive 


cover all aspects of the dive plan, and 
include wot only ders, but also shore 


marshals deck hands, and anyone else and, importantly, will 


joy it in safery 


By the time you enter he wate, everyone 
Invalved wih the dive should be ul 
wate af the dve parameters. 
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Wreck diving 


Exploring wrecks is for many people—the main reason to dive. This 
activity is particularly popular in countries without coral reels to dive 
on, However, it also has a general appeal, because wrecks give a 
historical context for a dive and demand mastery of special skills 


DIVING ON WRECKS. 
Sunken ships have an, 
obvious attraction as 
sites of archacological 
and historical interes 
‘Acwreck i a time capsule 
fiom a given period, and 
the waters around most 
thousands of them. 
Although most known 
wrecks are meta-hulled 


mission. Historical 
records may give details 
of the events surrounding 
the sinking of the sip. 
Wicks also make far 
good diving because they 
acts artificial ees, 
attracting ll srs of 
matin Bile. Overtime, 
the structure becomes 
encrusted with marine 
aronth, especially lter- 


vessels, nustal conlitions DESCENDING AGUIDELINE. feeders if ities in a tidal 
will sometimes preserve PoPuat wrecks often have stream, Fish expt the 


wooden-bulled ships 


buoy mated to hel 
Siete ta make lation 


safety and shelter that 


dating back hundreds of — Sycue mats wrecks offer: smaller fish 


years. These provide an 
excellent opportunity to examine past 
shipluilding techniques, and sometimes 
hold interesting and unusual aries 

To explore significant wrecks, you should 
be properly rained and, preferably, work 
Within an archaeological organization, 

Information om recent wrecks, stich 

as warships sunk during the two world 
wars is usually really accessible His 
folien possible to research the 
specifications and history of the ves, 
along with details of its exew and 


tend to shoal arounel 
wrecks larger fish, sue as moray or 
conger eel, can hide sly in nooks and 
crannies; and predators, such as sharks, 
may be found i the wreek’s surenndings, 
Ihocause they fed off the smaller fh, 


PREPARATION AND SKILLS. 
Woeck diving can be a fascinating 
activity, but tis not without risks. 
Under no circumstances go inside a 
wreck if you lack appropriate training 
and equipment; the danger of 

‘entrapment is very rea, and 
specialist knowledge ane! sills 
are required to enter wrecks 
safely, Exploring the ouside of 
wrecks is safer, but always treat 
such sites with respect. 


‘AWN TRUK LAGOON, SOUTH PACIFIC 
Week vig is not just about sas; 
crashed arraft and military veiles 
‘aed by sunken vessels provide 
‘qual entvaing atematies. 
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FINNING TECHNIQUE 
Wrecks ofien contain a lt of stati sik 


anel rd, whichis easly distri by 


changes in water currents caused by 
51 visibility 


divers fining overhead. Go 


can suddenly and dramatically change to 


pl? 
Which generates relatively lle turbulence 


Jost ue, s0 using fog kick 


is recommended to minim 
of the sit, The b 


clisruption 
st tne for wreck diving 
is at sack water, but a small current can 


help sweep away any disturbed sit 


USING GUIDELINES 
When you arrive atthe die rit, ensure 


that your be ed to the 


wwreck’s marker buoy. If it doesn't have 
fone, an experienced diver needs to swim 


down and attach a guideline direely 10 


DIVING IN CONANED SPaceS 
‘Wreck penetration ate nates exploring ln 
san, confined spaces. ts not ecommend 
Forthose wih claustophabc tendencies. 


the wreck, to act as a guide for other 
divers to follow, If you intend to return 
to the surface vin the same guide 

it can be usefil to use a distance line 

we 127) t0 help you find your way back 
to the bottom of the guideline, especially 
in poor vise IF you plan to ascend 
fiom another pare of the wreck, deploy 

an inflatable marker buoy (we f.130-30) 


PENETRATING WRECKS, 
When wreck diving, you should carry 


backups of certain pieces of gear, such 


as your eel and your Aasblight, as well 


as an independent air sate, such as 


pny bottle (se 68, in cas 
fF eamergencies. You mast also 


ensue that you fllow the 
Rule of Thitds” oe 11 

with your air consumption —a 
third of your aris used to get 


to the site and explore, a third 


The fog Kick sa gee swimming 
Stoke that mainly causes ubulnce 
Inthe water being and ot below 
You, and sa does not ick up sit 
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to return to the point of entry, ane a 

thir is left in reserve ns a contingency 

Allow extra time atthe endl of the dive 
take any 


unnecessary iss with your dive ime 


to ind the guideline, and do 
depth, or penetration, 


EXPLORATION TIPS 
Its a good idea to investigate the area 
around a wreck, sce artifacts may have 


sptead aver tme and pice 


wreckage 
may have been knockeel off that might 
be of interest, bat take great cate 
Always be aware thatthe structure 


tbh inside and outs 


‘a reck) may 
bbe much degraded and potentially 

dangerous, Wear protective gloves, even 
in warm waters, ax corroded metal eat 
be sharp. Wrecks 


shed, 40 ¢ 


fien heavily 


ry a knife in ease you 


become eotangled in fishing line. You 
also ced a power Masblight (anda 
backup to illuminate your way in poor 
visbiiy; and to signal to your buddy: In 
some very enclosed wrecks, i is advisable 
to wear a helmet and head lamp, 


Caring eta sr and rx alse, and 
‘anhelp to exenave tines and shatan 
fecompession siops. Good ign sources 
and ive plan information are als essential, 


‘THE GOLDEN RULE 


Never rave items frm a wreck. As 
with any artifact, marine ins are more 
Useful to archaeologists when examined 
in situ, and thee context provides more 
Information about the wreck than they 
fre handed in without details of were 
they were located, Worse stile ifthey 
ae lost foreverin a divers personal 
anifact collection. 

stoop ship 


RESPONSIBILITIES WHEN DIVING 
Wrecks are historical ste 


and just as 
you would not remove artifacts from 3 
historical site on land, such as a east 


‘or monument, you should also respect a 


reek and not damage tin any way: Be 
considerate of the enjoyment of thers 
who may dive the wreck afer you. Dive 
responsibly and with care, and do not 
remove anything without being given 
permision todo so, When you find an 
arte, such asa ship's bell, afer a long, 
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hard search, you may feel that you 
deserve to e able to take it away as a 
trophy, hut all such discoveries should 
remain where they were found, or be 
rnisedl by trained archaeologist for 
preservation it museum, 


WOODEN-HULLED VESSELS 
Most of the wrecks that you are likely 10 
explore will be metal-hulled, but wooden 
ships are also preserved under some 
conditions. Avoid touching the wooden 
structure, a its likely to be extremely 
fragile. Historic wooden vessels may 
have heen Iying protected under sand or 
silt for many hundreds of years. IF you 
want to expose parts of the wreckage for 
any reason, you should do so by walking 
your hand over it wo remove th sl, 
creating a current to take the silt away: 


The former US Coastguard cuter eth Tibbetts 
ag sunk deliberately at Cayman Brac to provide 
an atilal ree for divers to expo 


‘Wreck fram the twa world wars can 


provide fascinating dive experiences 
For rita history bus, but remember 
at all times that they may also contain 


live ammunition that eau potentially 
be very dangerous. Never touch 
anything that resembles a stellar mine, 
and research what you ae likly tnd 
fn the wreck before ving 


[ARTIFICIAL REEFS 
‘At some popular dive sites, wrecks have 
been sunk deliberately to provide a safe 
imeresting dive at a reasonable depth far 
recreational divers. Such wrecks quiely 
become colonized by marine ie anel 
provide a fantastic opportunity for diving 
and marine research. ‘They are generally 
1 good place to start wreck diving, since 
the structure will be intact and any 
Ihxzards will have been removed. At 
some wreck sites there are special diving 
tras with underwater display boards to 


Why Do We Use Flux? 


Flux is a chemical compound that is used to promote the bonding of metals by removing the oxide residue 
simultaneously with the soldering process. Most metals left exposed to the air around us react with the air to 
form residue on the surface of the metal, The process is oxidization and the residues are oxides, Each mix of 
metals being joined has a specific flux that best promotes this bonding process. In stained glass, the metals being 
{joined are primarily copper to tin/lead solder and lead, brass or zinc to tin/lead solder. 


Types of Flux 


Selecting the correct flux for your application is as critical as any other step of the soldering proces 
flux will assure less soldering problems and a satisfactory solder bond. The best fluxes do three things: 
‘They remove all the residue that has formed on the surface of the metals you are going to solder. 
‘They prevent oxides from forming while you are soldering. 

Any post-soldering residue they leave 
Fluxes are available in org: jorganic forms. If you touch the flux and your skin seems to have a sensi- 
tivity to one type of flux, an inorganic type for example, try an organic variety. Often you will find that you are 
less sensitive to irritation by using the opposite type flux. Organic fluxes are generally some form of oleic (Fatty) 
acids, while inorganic fluxes are most often zine chloride based, 


he proper 


ie 


noncorrosive and easily cleaned off, 


ic an 


Characteristics of Fluxes 


Liquid flux is the most widely used. It may or may not be water soluble, Water soluble fluxes clean up very 
easily, but are thinner and some have a tendency to evaporate quickly and require repeat applications, Some 
liquid fluxes are thinner than others and haye a tendency to run or spread out from their point of application. 


Gel Flux is generally water soluble and “adheres” well to the surface being 
soldered. Gels tend not to evaporate as readily as liquid flux, but if you apply too 
much, they produce more “spitting” and "popping" as you solder. 


Paste Flux is very thick, stays where it's applied, and doesn't evaporate easily. It's 
effective when soldering 3-D forms such as lamps. Paste fluxes can be difficult to 
clean, Be very careful not to over apply a paste flux as it will also spit and pop. 
leaving pits on your solder seams. 


Getting the Most From Your Flux 


Itis important to keep your flux clean and free of impurities. This will ensure the purest possible solder joint, 
One way to keep your flux clean is to avoid dipping in and out of the original container. Pour out the amount 
you will need for your current project into a separate, smaller container. Don’t leave the flux bottle sitting 
around with the cover off. Never pour leftover flux back into the original container, Fluxes often will produce 
fumes as you solder. Make sure you are aware of and follow the precautions suggested in the health and safety 
section of this guide 
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explain the layout, These may also be 
laminated booklets that you can take 
With you on the dive, which enable you 
to read about the most interesting 
Features of the wreck while om ste 


VIRGIN WRECKS. 
[Every wreck divers dream is to find 
a previously undiscovered wreck —and 
there are certainly sill plemty to be 
found, Before you embark on such a 
search, you should familiarize yoursell 
‘with the law regarding wreeks, and any 
‘wreck you find should be reported 10 
the authorities, Generally speaking, you 
‘ean dive any wreck around the world 
from those that are designated 3s 
ric wrecks andl war graves, which 
restricted! andl require special 
don to dive 
Locating a virgin wreck ean be a 
it Iengghy task, and is ely 
sive. But a modern hardhoat 


maging ofthe seabed, and a GPS 
combined with charts and some 


background research on your par. 
help you hit the jackpot, Many 
sel wrecks are foun in very 
water so make sure you are fly 
fed and appropriately trained 
undertaking deep wreck dives 


Many wrecks sunk during 
Confit re fll war graves 
and may nt be dived 


FINDING OUT MORE 
IF your interes in a wieek: 
goes heyond merely diving 
‘cand you wish to 
enhance your dive by 
finding out more about 
the wreck’ history, there 
are a number of available 
sources of information, 
Good starting points 
include books on wrecks 
in the area that you are 
diving, and using the Internet to da 
some background reseatch, There ate 
numerous websites and forums where 
you can discover more about wrecks, 
and also make contact with other 

divers interested in finding new wrecks, 
Furthermore, local museums may have 
displays of artifacts recovered from 
wrecks in the area, and loeal divers 

and boat skippers may be able to reveal 
information about the history of a wreck 


Ifyou are searching fora particular 
undiscovered wreck, itis important to 
Start your research inthe achive. 
Studying the ship's specications and 
plans wl belp you identify any remains 
that ou fin, and determine whether 
they belong t the subject of your 
search. Its a good idea to take video 
footage of anything you find ona dive, 
asthis i nonintrusive method of 
Fecording the remains, and the footage 


‘willbe ertca in identiying the wreck 
and for showing to experts, 
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Nature and conservation diving 


Recreational divers represent a huge pool of manpower that can 
potentially conuibute to conservation work, Many divers take up the 
sport due to an inherent fascination with nature, and more 

are nw applying their skills to organized conservation projects 


ind more 


DIVING RESPONSIBLY 
Most divers have a certain 
level of kuowledge and 
enthusiasm for marine 


yo il find this 
Vigarously enforced by 
most dive operations 
around the world 
Good buoyancy contra, 
streamlined equipment, 
tnd a respect fr the 
‘varied inhabitants of 
the sea are now widely 
‘aught as the only way 
todive, and asa result 


lie andl the ocean 
environment, and realize 
‘hat along with the dil 
of exploration comes 
responsibility Divers are 
ina unique positon to 
observe the deter 


of busy coastal margins goon PREPARATION even heavily dived 
around the workl and, group af divers ta areas experience less 
with the development of consenation ste distuss the habitat disturbance 
the modern ecotourism —_"etktheywllbe conducting. han they used to, 


eae au ung Re! on 31617) Wel a 


‘monitoring projects range 
fiom casual one-day beach 
tleanups run by loeal diving 
lub, to multi-national 
fperations setting up nature 


NavUR 
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reserves throughout the world. Diving 


hundreds of organizations around the 
World elaiming with varying levels of 
accuracy) to rin projects that contribute 
te scientific knowledge or the 
establishment of marine reserves and 
protected areas. Mast organizations put 
Volunteers through an incense traning 
period before allowing them to take part 
in even relatively simple summpling or 
‘monitoring programs, 


FIRST PRINCIPLES 
There are two principal considerations 
that must be borne in mind by anyone 
Working a a diver on a marine 
conservation project The first is safety. 
You need good diving skils, and enough 


‘Anealy ref tow de Rising global 
Temperatures are haming coral and sighs he 
ths may become less common nut yeas, 


experience tobe able to keep a watchful 
ye on the ever-present factors of depth, 
time, andl potential hazards while 
simultaneously making meticulous 
observations. Enthusiasm for the work 
being undertaken must not distract you 


»* 


Caning out conservation 
work nat ony allows youto 
ve someting back the 
marine environment but 
may ve ou the oppenuity 
Tove el destinations, 
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fiom the normal rules of se diving 
"The second factor ie consideration for 
‘marine lfe. Unless you are working 
under the dieetion af a well-recognized 
conservation group, you must only 
sather data without touching or 
harming the marine environment. 

Both marine alyae and animals should 
be recorded omy in ita 


WORKING TOWARD OBJECTIVES 
Good science starts with a clear means 
to identify the subjeet of the research, 
In the cate of most amateur enthusiasts, 
this means reading up in accurate 
reference works and guides about the 
dive environment in question. further, 

stial part of any observation 
program isthe need tw record data 
tffectively, requiring not only a means 
of noting down resus, but a framework 
of headings and categories that remain 
the saine forthe entre observation 


coRAL MowiTORING PRocRaM 
‘Advanced o potentially invasive echsiques 
Should only be used under the ection of 2 
ecogrized conservation group. 


Conservation, to paraphrase an old 
adage, begins at home. There ae 
‘marine ecology programs in most 
Counties, and interested divers can 


usually find groups in their area that 
Continue to protecting the locl marine 
environment, Search the Internet and 
Specialy diving magazines to find 
Suitable organizations local to you. 


program. Only by combining these 
‘important factors 
identification and consistent record- 
keeping—can you accomplish truly 
effective research and monitoring. 
Repeated observation af species 
populations within a given 

example, can provide invaluable data 
far analysis by research groups, Your 
recordings may help local initiatives, 
for possibly go forward to form part of 
much larger-scale project, in which 


fr 


NATURE 


DIVING ATA MARINE RESERVE 
en ite esearch nto how and why anaes 
Ie protected lad food for thought ta your 


enjoyment af the dive. 


complex statistical techniques may 
be used to draw conclusions wih far 
sgreater significance than you peshaps 
imagined when gathering your data 


EQUIPPED FOR THE JOB 
Although this is the age of the computer 
and of instant global communication 
riost scientific expeditions sil use some 
fly asi equipanent to record data in 
the field. Observation strategies can 
begin with nothing more than a sharp 


Pir of eyes, an underwater slat, and 
‘good guidebook. An additional item 


that can be estremely usfill is 


‘magnifying glass This simple tool 
Igrealy enhances enjoyment and has 
Become essential for many divers around 
the world when diving complex reef 
Underwater photography and 
Videography: if correctly documented 
fean provide potentially valuable 
iiormasion. In an organized program, 


you may receive training in advanced 
Ieehniques, such asthe use of catch 
Hoag, nes, and quadrats, or in ways 
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to ensure that the tanget region is 
sampled effectively such as GP: 
systems and datum lines, Effective 
sampling and observation does not 
necessarily require high-tech gadgets, 
but an effective strategy to ensure 
sults yout 


scientific integrity in the 


achieve i essential, 


‘Should you wish to develop your 
interest in conservation techniques, 
there ae many courses and reference 
‘warts available, Formal qualifications 
‘may be sought at undergraduate and 
postgraduate level, althaugh demand 
For placesis extremely high. obs in this 
area ae also relatively ifcalt to come 
by. However, the rewards for persisting 
inet sci orcosertion wore 


‘The lggeread tute an endangered species 
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Photography and videography 
Since ite daa of diving there has bech terest in eapruingtinages 
of the remarkable ecosystems and animal of the ea. Although 
undervaterpotogreply wat tally a complce proce, advances 
in technology ave ssn it hecome-wn accestble, absorbing patie, 


cay ons 


appetite for images of the underwater 
World. The rapid grow of recreational 
siving. and growing interest in underwater GROWING MOVEMENT 
films among movie audiences spurred Until the early 1980s, underwater 

14s photography and filming was seen, 
sills photography equipment, Akough as the preserve of either the dedicated 


the development of anderwater fin 


the fist underwater film was made in amateur or fll-time professional diver, 
1939 by diving pioucer Hans Hass—an Underwater photography was brought 
insrctional documentary for spear~ to the masses with the development of 


fishermen called Stalking Uiderzater—the the Nikonos series of amphibious 
first tly commercial underwater movie cameras—culminating in the Nikonos 
was made by Jacques Cousteau in 1956, , stil viewed by many as the best 
is feature fl The So World was an underwater camera ever made, 
Oscar-winning sensation that estalshed Underwater filming dil not become 
hin asthe world’s premier underwater a popular pastime until the mnid-19905, 
filmmaker and explore. when digital video cameras came onto 
the market, making moving 
pictures cheaper and 
technically easier for 


amateurs to proxtuce. Di 
imaging also revolutio 
sills photography 
underwater, Small, easy 
use digital cameras with 


STALKING A SUBJECT 
Photographing marine 
underwater requles gull 
rood understanding of 
behavior and habitats 


PHOTOGRAPHY AND VIDEOGRAPHY 77 


‘many astomnated functions have 
smal i simpler for divers to 


record high-quality mag 


their underwater experiences 
Despite thie, the jump 10 
producing profesional standard 
rmaterial remains as great as eve 
Light behaves very diferent 


tunderwater than in ai (ve p83 
andl there are myriad extra factors 
to take into consideration when 
siminy fr truly profesional 


resus, The work that you see on 


the page or the sereen may well CAMERA CONTROL 
have inoved ngthy lansing, Tough ames especialy egal models ae become 
spear eauigpnent anil the ‘one effectively underwater, especially fr video footage. 


specialized sls of a professional 


post-production studio, impeccable diving skill. Addl to this 
However, the same principles that mic some tips o technique when 
side professionals can enhance amateur photographing and filming underwater 
work, You must have knowledge of andl you will be well placed to get the 
the underwater environment and the best from the dazaling iige of camera 


behavior of target animals, andl possess and video gear available to di 


usin uch cRearvety 
‘an undestanding of how ght 
behaves underwater 

to captures mood effec 
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STILLS PHOTOGRAPHY 
"The advent of the digital age as 

seen an explosion in the popularity of 
underwater photography; with more and 
more divers creating images of their 
dives for posterity: However, producing 
good results consistently is a craft, and 
this is what separates the profesional 
fiom the amateur photographer. 


CAMERA SYSTEMS 
Underwater camer 
photography can be divided into two 

"The fist consists of tuly 


systems for sills 


categories. 
amphibious eameras that do uot require 
ss housing to be used underwater, ane 
can also operate on dry land, The 
pioneering Nikonos V camera isa 
famous ecanple of the sype. Amphibious 
cameras ofen have interchangeable 
lenses, and are avaiable in both il and 
digital formats, These highly specialized 
cameras feature oversized controls for 


case of operation underwater. 
The second category, housed 


systems, are conventional eaeras 


in waterproof cases, The cameras 
themselves can be divided into two sub- 
categories: compact devices, and SLR 
(single lens reflex) models 

‘Compacts come ia film and digial 
Formats, and ae ight andl conversent to 
carry andl use. Most models offer fly 
automated focus and exposure contra 
You cannot change the lens on a 
compact, but some have variable focal 
length (zoosn) lenges. Ater-market ace 
fm Tenses that attach tothe outside af 
famera housings are abo availa. 


AARIMAL MAGIC 
Te capture the vant colors of marine creatures 
and envroamets, ou wil ted a purpose 
fesigned suede light system. 


SLR cameras, which are available in 
both digital and film versions, allow 
the use of a range of lenses and olf 
complete creat 

wnctions such as aperture, shutter speed, 


control over key 


anel focus, For this reason they ate 
invariably the choice of professional 

underwater photographers, although 
SLR-compatile ports, housings, and 
lighting systems can be very expensive 


CAMERA HOUSINGS 
oth compacts and SLRs require 

a housing to protect them from water 
damage. These are normally made of 
plastic, though aluminum housings 
are also available for SLRs, Aluminum 
housings are strong and durable bat 
expensive and bulky, and hide the 
camera within, making it harder 10 
operate. Plastic housing are cheaper 
anel allow you to sce the camera, but 
can be less durable. They are especially 
vulnerable to scratches and abrasion, 


KONO CAMERA DGITALcoMPacT Sun caMERA 
‘Amphibious cameras ke the Full automated functions lable fim and ital 
Nkooas Vhaveanintegial” make digtal compacts easy to formats, SURs ar bully but 


wateeresistant housing. te, butlimi creative conta, offer superiorimage cont 
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Sur HOUSING (FRONT ViEM) stati Dove 
Selous Ivesimentsintheironn HET part 
"ight age SLR housings oer 
cee access to ay contr 


‘difise lens placed 
te the sabe softens 
the lige teat. 


COMPACT IN PLENGLAS HOUSING 
The housing features pushbutton 
mechanical cots for takig, evewing 
na even eding Images underwater. 


are tobe unit 


UNDERWATER LIGHTING SYSTEMS systems en use strobes in pairs, 
Lighting is one area where compact mounted om lesile arms to allow the 


digital cameras fll short. Their built-in subject to be lit fom diferent angles. 
Ashes are too close to the lens to ayeid Knowing how to poston strobes to best 
backscatter (we 225}, You can distance advantage and manipulate power stings 


the light source from the lens by using is essential, chough many cameras will 

an aueiiary strobe light, bolted to the automaticaly trigger the strobe to fre 

housing SLR-based andl amphibious for the correct duration for the exposure 
HOUSING 


‘Mantaning a housing i relatively shat 
sraghfonard Oving ney should 

lays checked and he ng BM Oring 
lubieated wih scone grease Make 

2 final visual check before diving 
Housings shoul be nein fresh 
ter s00n a possible 

era dv, Operate the 
‘nechania conrls during 
‘ising to prevent a ull-up 
fsa ests water 
Denevates the housing it 
villain the camera 50 
‘few moments taken fo Newson seen 
prepare and rinse gear can Digta compact in 
preventexpensivedamage. Ri Peigushesing 
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[MAKING FILMS UNDERWATER 
ike unelerwater sills photogs phy 
videography has been revolutionize 
by the advent of digital eamer 
Which are small aud easy to 
compared to fl or analog 

ideo, Basie point-and-s 
underwater videography 

is quite easy with 

consumer-grade digical 

cameras. To advance 

beyond the noviee 

stage, however, you 

ned! special skills 

rote advanced 

equipment, and 

a flue for using video 

editing sofware 


CHOOSING A VIDEO SYSTEM. 
Choice of camera isthe first decision for 
novice videographers. Though analog 
video cameras are sill available, digital 
is now the dominant technology: Digital 
cameras are available in digital tape 
flash media, HIDD (hard disk driv, 

and DVD recording formats. Look for 
cameras with three-chip processors 
(alle 3CCD eames 

red, green, and blue color information 
into separate processing paths, offering 


“These divide 


richer colors than cheaper ane-chip 
rmodels. At the top end of the market 
are cameras with HD (bigh definition) 
imaging which produce video of 

astonishing clare, duc tothe high rte 
at which they scan vial information, 


Prd 


ooh 


‘fordable cameras fot home use usually Feature 
tomatic focus and exposure convo, but may 
Also have some manual options fr sklled uses 


Tobe a good undemater fi 
ake, you need to perfect your 
buoyancy contal and fining 


robust housing wil be 
easary to protec the 
mera fran water 
nage, while a basic 
cervater lighting 
sca is essential for 
capturing good color 
footage, since water 
Slers out various 
colors fom natural 
light as dep 
increases (1 p.183) 


ILMING SKILLS. 
Creating high-quality underwater 
video requires you to do more than 
merely jump in with everything set 
to anomati, pres record, and ln 
thoughout the dive. Many automatic 
systems perforin pootly underwater, For 
example, autofocus becammes inaccurate 
in low-contrast environments, ruling in 
hazy images. Careful manual control of 
facus and manipulation of white balance 
{which sets the baseline for color values 
in eilferent light conditions) are key skill 
‘Your diving skills also must be 
excellent; you need to be a steady 
platform for the camera—camera shake 
is common cause of ruined footage 
The camera and housing should also be 
neutally buoyant they should neither 
sink nor rise underwater) fr eate af 


ADVANCED DIGTAL CAMERA, 
Top-end video cameras have advanced features 
Ie high defntion, mu-nip processing pls 
Image stabilization systems fr sharp images. 


The quality of the solder job can make or break your project, yet it is the step that takes the most practice to 
become good at, Soldering is more difficult than the other steps in stained glass because there are so many 
things that can effect it: the amount of heat, the amount of solder, the type of flux, the rate at which you move, 
gaps in the project, etc. The following step-by-step instructions will give you the basics of soldering. If you are 
{just starting out, you will lear a lot. If you are experienced, you may just find the trick that makes it all come 
together. Great soldering takes a little bit of knowledge and a lot of practice, 


Before You Start 


Preparation is the key to producing a good solder bead. Here are some 
suggestions to help you get of to a great start! 

© Make sure that the foil is seated properly over the glass. 

© Trim all overlaps in the foil using a sharp craft blade. 

© Assemble all the tools you will need so they are at hand. 

© Wear safety glasses. 

& Have a proper ventilation set up. 

© Make sure the foil is well burnished and sealed smoothly to the glass surface. 

© Secure the glass pieces using pins, or squaring blocks made for this purpose before soldering. 
Set aside enough time to solder your entire project all at once. If you don't, dried flux and solder residues on 
the unfinished parts will make further soldering difficult. Flux allowed to remain on a project can compro- 
mise the strength of the solder joints. 


Cleaning Before Soldering 


Sometimes the surface you are going to solder needs cleaning to remove 
ble grime, dirt, residue or oxidization, In this case, use 000 or 0000 
steel wool to clean the surface of copper foil. For lead came or excessive 
oxidation carefully use a soft brass brush, If you won't be able to solder 
your project immediately after it is copper foiled, store it in a plastic bag 
to help reduce oxidation, If you partially solder the project and have to 
stop before itis complete, be sure to clean off all of the flux and store the project in a 
plastic bag until you are ready to continue. You will probably still need to use steel 
wool on the joints when you are ready to solder, but the clean up should be minor. 


Getting Started 


Begin the soldering process by fluxing all intersections of the glass project, Then "flat 
tack" solder these intersections together by using a very small amount of solder and the 
flat face of the iron tip. The solder should lay flat on the intersection and you shouldn't a 
have any beads or bumps of solder on the piece. Hence the name "flat-tack" soldering. 

Now, fill any gaps between the glass pieces by melting solder into them until the 
solder is level with the surface of the glass. If you have large gaps, you can ball up some 
copper foil, with the sticky sides together, and fill the gaps. This will help keep the 
solder from seeping out the other side. 
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Aaa Basic igh 


waco 

Housing with lights 
handling, and you should familiarize 
yoursel’ completely with how your 
camera i aperated,s0 its use becomes 


second nature underwater. 


PRODUCTION AND EDITING. 
Thorough planning isthe seret to good 
‘making, and video should be shot 
with an audience or editor in snind, 
Building a tory around a given dive 

is nota complex proces, but creates 


PRESSURE HOUSING AND LIGHTS 
Housings fal into two catepaies— 
electronic or manual contra, 
The ater use plunges eds, ns, 
and cogs to alow the camera 
fants ta be manipulated fom 
‘outside te haslngs they requ 
toe kl, buthave the advantage 
of aoidng electoni systems tat 
an go wang or shar out nthe 
‘evant thatthe nausng ke looded, 


a target shoot st for the camera uperator 
to work from, and gives the finshed fim 
an engaging narrative. You ean place 


scenes in order and polish the results 
toa professional standard wsing video 
editing software that is commercially 

available for use on home computers, 


EEPInG CLEAR 
While ming, be careful avd causing physical 
stamage othe organisms you have cme fn 
‘Avoid touching, kneeling on, es. 
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KEY PRINCIPLES 
Molern cameras and 
housings allow even 

the novice to achieve 
consistently good 
photographs and video 
Footage. One key 
development of the last 
tem years has been the 
ability 1 immediately 
view the results—even 
during the course af 
the dive—and then 
make adjustments 


sure your Highting 
system oF lens will 
Getting close to the 
subject means greater 
clarity of the resuling 
Jimage, and this one 
of the reasons why 
‘close-up wide-angle” 
is such a popular 
approsch, This uses 
a wide-angle lens at 
lose range, allowing 
the whole subject to 
bie viewed with the lens 


accordingly befor LUNING UP FORA SHOT nly a short distance 
the next shot. But ocd posiioning relative to your qway. Far the sane 


thoughout the 
history of underwater 
photography and videography, certain, 
principles have applied as much to 
hardened professionals as they have to 
happy snappers. Following these simple 
rules can immeasurably immprave even 
your frst forays into photography and 
‘mmaking underwater. 


GETTING CLOSER 
The first principle when shooting 
underwater is to get as close to the 
subject as is feasibly posible. Even the 
most crystal-clear water contains a mass 
of sspencled particles, and even if your 
«yes cannot pick them out, you can be 


Subject an help make sues 
‘Sand ou am the background. 


(close-up) photography 
is oem a good place to star if you ar 


a beginner, siuce clear, well-lit macro 


images are relatively easy to achieve 
For the novice photographer or 
videographer, another excellent principe 
isto remember to take shots with an 
upward orientation. There is nothing 
Worse than viewing an endless series 
of dall blue or green shots where the 
subject is lost in the backround of reef 
or seabed. Shooting upward isolates the 


The shifting light pats encountered 
underwater can make for damale photography, 
butte challenging to expose covecty, 


subject agninst the background of the 
open water, and creates a mote striking 

1, The composition of such shots 
can still include reel or coral, wall or 
reek: however, the subject itself shonld 
be consistently easier to spot 


USING LIGHT SOURCES 
Efecively lighting a subject i one area 
where most amateurs struggle. Kis also 
fone of the areas where modern campact 
digital cameras built-in Dashes wil let 

1 piewure down, IF the light source is 
too close to the lens, particles in the 
ater will refleet the fash directly 

back into the lens. This ereates a 
phenomenon known as “hackscate,” 

A snowstorm effet of white dots on. 

the photograph. One of the most basic 


any sh ar nqusve, but easly alarmed 
00d buoyancy convl wll aon you ta hal 
St unt a subject presents tse 


prerequisites of taking good underwater 
images in anything other than perfect 
underwater conditions is an ability 
positon a strobe away fom the len 
"This allows the flash to come in at an 
jbtuse angle, and helps to prevent 
backscatter from sping a shot. 

These simple principles do not, 
unfortunately, guarantee good images 
every time, but they ate useful for 
anyone starting out in photography 
or flming, Trial and error will help to 
refine your skills ove time, and the best, 
he 
baie, map oF film aya, and enjoy? 


advice i to jump in, remembes 


DEPTH AND COLOR LOSS 
Water absorbs dillerent wavelengths of 
light ae depeh increases, casing images 
taken without ara umination to seem 
washed-out and dominated by be tones. 
Reds fe from visily at a depth of 
10-15 (3-5 m} oranges at 35 f (10 m) 
and yellows around 50 (15 m); by 80 ft 
25 m) greens have almost disappeared, 
anal by 100 (0m) everything appears 
dep blue o black to the naked eye 


Depth 
i 


em 
et, 


in 


sit 


ott . i 


nl“ 


: , 
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Night diving 

"To tang the iden of diving at night nay om aie crc bat 
theres far more toi han just the til of exploring inthe dark, 
Night di 

lie hidden dting the day and only become active at dusk 


1g reveals a whole host of underwater organisms that 


LIGHT AND COMMUNICATION 
ight diving is obviously less 
simple than diving during the day; 
but when properly ganized, 
itis relatively sraightlonward, 

A powerful Hashlight will easily 
light your way and the ereacures 
around you, revealing marine hie 


ints true colors, However, if 
you cover your lablight (neve 

svste it of the balb may blow 
When you turn it hack on), yous 
Will he surprised at how much, 

light these is underwater: Many 
creatures use phosphorescence 
at ight, anel as you move through the 


Water, you wil cause plankton tor 
tiny pulses of light, leaving beautifil 
lowing wakes traling behind you 

The main restrictions compared to 
daytime diving relate to communication, 
not only between divers, but also—and 
perhaps more importantly 
divers and boat cexer Vou will he able 


beeween 


te monitor your budey’s location from 


tis vital that all vers cary a ashlght, 
and at least one other asa backup. Take 
Spare batteries; fusing rechargeables, 
‘make sure they are fully charged, Use 
hand-held lights, not head-mounted 
‘ones: one look a your buddy with a 
head-mounted light wll ruin thei night 
Vision. A glow-stik attached tothe back 
of your sult, while not 

essential, wll increase 

‘your own visibility. 


Handed 


When diving ana cleat, maa ight suc a this you 
may be suprised at jst hw efectvely the Maon I able 
to lumina the underwater environment 


the position of their Mashlight beam, 
Signaling to your buddy can be doe in 
the normal way, but while shining your 
light on t your hand as you make the 
sign. Attract your buddys attention by 
waving your light, hut take great ear 
not to shine tat their face, sce it can 
take as long as 15 minutes for their eyes 
to filly readjust to the near-datkness and 
restore night vision 
“M the surface, avoid flashing your 
light uuless you need to alert the surfice 
cover in an emergency. If you are diving 
fiom the shore, leave alight source 
there—for example, a bright boat light, 
‘ashlight, or beacon. 
find your way back to land ater 
surfacing, Exit points should be marked 
With colorel lights, co dstinguish them, 
fiom any other light sources. 
‘You wil ind that most gauges 

and computers are easily readable 

by flashlight, and just shining the 

beam ditectly on to your gauge will 
‘make it luminous for a while. 


0 you can easily 


‘TAKING PRECAUTIONS 
Night-ivin 
themselves together wit 


bully pairs ofien link 

a short line 
While not essential, this is recommended 
fir novice night divers and in po 
visbiliy IT you are diving on a wreck, 
to which a guideline and buoy ae 
attached, secure a strobing marker light 
to the base of the line soit can be easly 
lo 


a dive ste, opt for something simple, such 


ed in the dark. When choosing 


asa shallow wreck or reef with plenty of 
distinctive features. An interesting 
daytime dive may be worth revisiting to 
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‘Avery ferent "night shit of matinee can 
he seen during octal dives, lhe this 
outlandleh basket sta. 


investigate marine life that emenges at 
night. To minimize the risk of incidents, 


deep since any problems 
will be much batder to cope with inthe 
loom. If diving a more open ste, use 
a surface marker bucy with marker light 
attached to identify tea any beat cover 
Tie careful otto lowe contact wth surtice 
lel mean, 


cover: getting lst at night 


fou are not recovered until morning 


FLASHLIGHT SIGNALS. 


Dring a dive, your torch 


beau will ers your budey 
to your position, You an 
abo make simple signals 
with your Hashliglt beatn 
fon the seabed 0 

bed Atte surice, wave 


your corch vigorously fom, 


= 


nga age cee onthe 
dy tat you ae OK 


— 


-_ 


2 rapld sie to-side movement 
means that yu want to show 
orl your Buddy something, 
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Cavern diving 


Rich with opportunities for dramatic dives, c 


ferns offer a bridge 


between ordinary open-water diving and the far more specialized 


activity of cave diving. Nonetheless, diving in caverns demands 


careful preparation and respect for potential risks. 


(WHAT IS CAVERN DIVING? 
A cavern is a large, enclosed area of 
rock ot coral that of sulicent size ta 
allow a diver to enter and move around, 
These fascinating environments can be 
extremely dramatic, ate ofien ceri lit 
andl may play host tan array of animals 
not encountered ot the open ree 
Unlike the more extreme sport of 
cave diving, in which divers penetrate 
beyond the reach of natural light, in 
cavern diving the exit is always clearly 
Within view: However, cavern diving sll 
cartes inherent risks because the diver 
does not have direct access to the surface 
inthe event of an emergency IF simple 
safety dis are not fllewed at all times, 
there is the potential far very serious 
problems to develop when diving even 


in simple caverns 


CAVERN DIVING EQUIPMENT. 


| Serco 


Abscup 
fash 


SAFETY AND SKILLS 
The first rule of cavern diving is to 
preve 

turning a cavern dive into a cave dive! 


your natural curiosity frm 


The exit should be clearly visible at all 


times—if not direedy in your line of 
sight, then atleast the natural light 

of the cavern entrance should remain 
visible. For many divers, the temptation 
to explore deep into cave systems is 
strong: however, the moment the exit 
is los from view and natural light fades, 
the dive becomes a cave exploration, 
which should not be attempted without 
appropriate equipment and special 
safety and sls taining. 

Certain sills are essential when 
diving langer caverns. Buoyancy control 
is important, particularly when there is 
a sty substrate on the cavern floor 


Ader novrs atte entrance ofa 
freshwater eavern in Austral, Flowing 
base safety ules Is essen a such sites 


Its also advisable to use a fining 
technique known as the fg kick (ve 


A123), This ie gentle, citcular fine 


oke that helps you avid siring up 
sediment, One misplaced kick from a fin 
fan turn a cavern into an impenetrable 
soup of silt and lead to disorientation 
andl panic. For this reason, and as a 
matter of plain common sense, it may 
also be appropriate t tie off a line at 
the entrance of larger eaverns (e127 
te provide a dtect route to the ext in 


CAVERN DIVING pw 


Ader shines light onthe inter af Sea cave. 
Cavers have a mysterious amblence quite 
ferent fom tat f open alving envonmens 
case of reduced visibility. Ie is alo 
strongly advisable not to enter a cavern 


Without local knowledge or a guide 


there may be specific sues about a 
cavern system and the hazards i 
contains—such as seasonal changes ia 
Visibilty—that do not appear in any 
standard dive guidebooks, 
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Ice diving 


Diving under ice might not sound like an attractive proposition, but it 
is a uniquely exciting experience. Visibility is typically excellent beneath 
ice, with soft light filtering through from the world above. Ice diving 
can also take you to breathtakingly beautiful parts of the world. 


UNIQUE ENVIRONMENT Water, soit is not churned up by the 
Ice diving can be done in the sea or wind, andl low light levels under the ice 
in frozen lakes. ‘The aquatic life you also help ta inhibit algal growth, 


encounter wil depend om where you 
are in the would andl wheter you are KNOWING THE ROPES 


ina marine or feskwvater envionment. 1 you are planning to ga ie diving, you 
Visiily is often stunning; the ice Will ned to undergo special training 
provieles a protective layer ver the This will teach you not only the safety 


aspects of diving while tethered on a 


GP | sori Ter wit oc 
pad 


SSA, people to tend ther lines. Ie is advisable 
to have at least one extra person on 


Dro standby. [is standard practice for each 


Fanétwar diver toe tethered separately, and it ie 
Srpuit not advisable to tether two divers ot one 
line, because if anything happens to this 
rope, then bodh divers can be lost, Lines 
should always be tied using a bowline 
knot, which is very secure 


SIGNALS AND SAFETY 
Signaling to your tender isan important 
part of ice diving Since you are diving 
in exteme conditions, itis vital that he 
tor she knows you are OK throughout 
the die. You will learn about giving 
rope signals during training, 

Apart from the obvious dangers of 
diving in an enclosed environment, you 


rust ako be eatefl to monitor your 


cone body temperature, Repeat dives 
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lee divers rey ona surface 
Suppor team (above) for 
Sale aving under the ee 


temperature, You must 
‘only breathe from it 
when submerged, 0 
reduce the risk of iee~ 
should only be flow (an uncontrolled 
undertaken when yout release of sir due 0 
ate fully warmed wp. 
You should also ensure 
that you eat high 
energy; hot food to 


4 frozen mechanism) 
Wis also recommended 
that your primary air 


replace the eallories you unted on 
will burn during the 
dive and in keeping, 


warm aflerward, 


separate fist stages 
ep.) to ensure 


that one will work if 


‘diver fs the fascinating worl 


the other freezes. Your 


SPECIAL GEAR Leese acne welt ylinder will ned 
Ice diving requites Sumas ie nal sae special pillar valve to 
special equipment, You accommodate thi 
Will need an environmentally sealed You will need to wear warm 


regulator set (e 45), which is designed undergarments beneath your drysuit. 
tobe les susceptible to freezing. You will thick neoprene gloves or a pair of 
bbe taught to submerge this in the water waterproof dy gloves (se 54), ana 
before diving o acclimatizeitto the wo thick hoods for extra warmth. 
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Freediving 


Once simply a fishing technique, freediving—dliving using only the 
air carried in the lungs—has become increasingly popular as a sport, 
Extreme athletes now constantly push the perceived limits of human 


performanes 


, diving to remarkable depths on a single breath of ais 


PURE SPORT 
Freediving is not exclusively the preserve 
of the extreme athlete: anyone who has 
sorkeled and duck-lved to explore the 
seabed could deseribe themselves a 
fivediver, making this the 
of all diving disciplines. Many would 
angue that its also the purest form of 
diving. requiring only the minimum 
amount of equipment and relying 
entirely on discipline, courage, and 
physical conditioning 
The roots of fcediving suctch back 

to when the human race took its first 
tentative steps into the sea, elving into 
the water to harvest food and explore 
the seabed, Modern lreediving, by 
contrast, is disciplined sport, with 
recor attempts highly regulated by 
the two governing bodies ADA, 
(Association Internationale pour le 
Développement de 'Apnée) and FREE. 
(Freediving Regulations and Education 

ity. Divers compete in a numberof 


nost accesible 


SUATICEREATH-HOLD COMPETIION 


Divers compete forthe engin of tine they can 
hol ther breath Worle competitors 
an acleve times of ver seven minutes. 


Freediving does nat require much 
equipment, but specialized items, such 
23s streamlined suits and fins of variable 
Aexibity, are used to maximize the 
speed of movement through the water. 
‘Masks with ow internal volume ae also 
useful a they allow divers 

to conserve at that would 

otherwise be used to 

fahale inte a standard 

maski counteract 

mask squeeze 

(ee) 


eategories, 90 of which usually take 
place in a swing pool static breath 
bold —a simple endurance txt with 
ated immersion in a shallow pool 
snd dynamic breath-hold, a test of the 
distance divers can sien using uly 
a single breath. In open water, 
competitors are judged on the depths 
they ean reach and return from safely 
Ficediving naturally carves inherent 
Fisky—the most advanced andl extreme 
tsciplines demand thatthe body's supply 
of exygen is completely used on a dive, 
and losing consciousness always 
a danger, Exploration of treedving 
limits should never be conducted alone 
andl only afer attending one of the 
many introdactory courses available to 
those interested in taking up the sport 


"Tin" the entire perimeter making sure to work some solder into seams that 
intersect the perimeter. (Tinning is the process of coating a surface with a thin 
layer of solder. Apply just enough solder to turn the foil to the silver color of the 
solder.) This creates a "dam" that prevents solder from spilling over the edge 
when you solder the interior seams. 

Next, flux an area you can comfortably finish soldering before the flux 
can evaporate, Start at the top of the piece and work down. This prevents you from dragging your sleeves and 
hands through the flux. 


Running The Solder Bead 
Hold your soldering iron in your writing hand. Position the iron comfortably 
so the face of the iron tip is perpendicular to the seam. If you hold your iron 
like a carving knife you will automatically put the tip in the best position for 
soldering. It will also keep you from "painting" with the iron. You will hold 
the solder in the opposite hand. Start soldering by placing the iron tip down 
on the foil seam with the wider face perpendicular to the seam and 
facing you. Touch the solder to the tip of the iron, just above the 
point where the iron tip touches the copper foil. Allow the solder to 
flow down the tip face onto the seam as you move the iron along the 
seam. Feed the solder at a continuous, even rate to create a consis- 
tent, rounded bead of solder over the seam. This takes practice! 


If you apply too little solder or move too quickly, your seam 
will be flat. To correct this problem, allow the solder to cool, then 
resolder the joint applying more solder. On the other hand, be 
careful not to feed the solder too fast or move the iron too slowly, as, 
this will cause the solder seam to bulge and flow out over the glass, 


Fixing Imperfections | 


If you have too little solder, just add more, being sure to remelt the previous 
solder line as you apply another coat. If you applied too much solder the first 
time, it’s easy to remove the excess with the following procedure. Clean your 
iron tip thoroughly on a sponge. With the iron tip positioned with the flat face 
down, move it across the seam, "pulling" the excess solder onto the glass. 
Clean your tip and repeat the process until all excess solder is removed, 
Another method for removing excess solder is to wait until all the seams have 
been soldered, Then place your project up on edge and run the tip through 
the seam allowing the excess to run off, Lay the piece flat, reflux, and rework 
the seam, adding additional solder as needed. 

When you solder, work slowly enough to produce a good bead, but not so slowly that solder melts 
through seams to the back side of the project. Here's a hint: one way to prevent this is to put damp paper towel 
under your panel before you start soldering. Moving too slow also increases the likelihood of causing heat 
fractures on your glass. 


Other Things To Consider _ 


Always keep your tip clean by frequently wiping all sides of the tip on your damp sponge. Wait momentarily for 
the tip to reheat before continuing to solder. A clean tip maintains proper heat and removes impurities. 
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Afreediving competitor DING BEETS: 
teaches forte tag 

‘hat proves thatthe 
designated target depth 
hasbeen eached—the 
must be presented atthe 
Sue for inspecian 
yaaes 


[competitne depth records are judged 
Inst categories, defined by precise 
parameter such ae the use of weights or 
Fins. n-No Lims"—the eategry in wich 
the highest rte vcard ate set—the 
Aver ragged down bya weighted sled, 
fand acets tothe surface using ana 


ab treedve. 


seo gon) 


Depth obtainabie by 
ompetior inthe 
Scontant eights 
‘ategor which 
Aline house of 


zeae ight ot 
iret ey 
inten ror 
pepe eel 


spots (s00m) 
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Underwater archaeology 


While marine archaeology is mainly confined to the academic and 


sciemtitic w 
wreck has an archaeological in 


seabed and many f 


ld, it could be said that every diver who explores a 
st and responsibility. Both the 
shvvater sites hold compelling historical se 


RULES FOR THE AMATEUR, 
Although every dive has the potential 
to reveal histarie atfacts, targeted 
rmthodical surveying isan altogether 
smote serious busines, as isthe correct 
means of excavating and recording 
any finds, Archaeological divers can 
therefore be placed in one of ta 
dlstint categories—the serious 
professional diving archaealogist, 
and the enthusiastic atnateut, 
Ahongh tis i a field in which 
amateurs can make a very valuable 
contribution, iis essential that they 
oso only through inyalvement in 
an organized project, conducted by 


a secoguiaed and authorized group, Far 
oo many sites have been destroyed, and 
antfuets removed, by what amounts 1 


By taking an artifact fom a dve site, 
‘you destay its integrity and hinder 
forts to lear about past peoples. 

‘And that may nt be the end ofthe 
‘matter. n many pats ofthe world, 

Sites of marine archaeological interest 
ae strictly regulated, The recovery of 
Brats is-quiteighty—taken very 
Serausy, and penalties fr ilgal activity 
and for removing items can be severe. 


Apher used to soe 
eed ata 


and wine, 
ie 


vandalism and theft—the equivalent on 
lanl might be digging a historic site ae 
burial ground without permission, whieh 


is unthinkabl 


of cours, 
There 


any organizations that 
welcome help from amateur volunteers, 
snd will supervise and quide you, The 
{hil of elscovery really does reach a nev 
level whe iti shane with indlvichals 
who understand the fill significance of 
‘find, You may find that more scope for 
joining an organized project exists if you 
fire undertake some taining, perhaps by 
volunteering on digs on land, 

[Learning profesional marin 
excavation and recavery techniques 
can be fascinating forthe amateut, 
Archacolosts oto great lengths to 
avid damaging a surveyed location, 
and even when they’locate an iter 
of interest, try to avoid intesive 
collecting techniques 
or digging 


VATER ARCHAEOLOGY 


WHAT TO EXPECT 


Marine archacological expeditions are 
casually ni 
knowledge has point 


al potential, M 


cause research ot local 


al Position 
equipment has male pinpoint 
ites natch eas 
reaching the site 
a detailed sur 
is generally ist 
carried out 


fe Inspect the remains 
ofa lapanese fighter aca 
hot down nthe Paci 
during Wold War 
This may involve using 


um line (a fixe 


reference line on the 


seabed fram which 
‘measurements are taken) 
‘or pein out agri 


vital, and is usualy conducted through 
photography or exten Sinall 

may take place before a fullacle 
escavaion occurs, with th 


sketching 
test i 
cach find carefully logged, and the finds 
etch 


Preservation and 


themsle or photographed. 


extremely special th Binds 
Marine archacole 
rring-dlo of Indiana Jones, 
requiring organization, attention to 

deta, fine diving sis, and persistence 


fea long way 
fiom the 


caseruu sunvey 
atiulous recording of survey data 
sone way in which amateurs an 


198 GOING DIVING 


Technical diving 


The desire for ever-deeper dives and longer pes 
led to the development of special gas mixtures. The use of these in 
technical diving offers an exciting range of new skills and marine 


ods underwater has 


environments for qualified technical divers to explore. 


PUSHING BACK BOUNDARIES. DCS; sf 42-49), In addition, 
Scuba divers are limited, by simple the increased levels of nitrogen in the 
physical laws, t certain amount of —_blonebsreaan below 165 ft (50 an) ea lead 
time under water (depenclent on the to severe nitrogen marcos (ie fs 100-01} 
depth of the dive) and an overall ‘The exygen content of ai, to, becomes 
maximum depth. Training agencies increasingly tase to the nervous stem 
recommend that recreational divers the deeper you dive (we 9.96.97) 

using compressed air go no deeper Th estendl de times and allo 

than 130-165 ft (40-50 m) Beyond this, exploration 1 greater depths special 
nitrogen ean build up dangerously rintures of gas have been developed in 
quickly in the bods; greatly increasing which the balance of oxygen and nitrogen. 
the risk of decompression sickness has been altered, or that contain new 


amines sgises to lite the impact of either exygen 


poi tr nitrogen. The use of these mises is 


< sop own as technical diving, at involves 
ase allows longer dive ines, and rte 


halos, to reach greater depths. 


thie types of gas mixes nits, which 


EXTENDING DIVE TIMES. 
Normal air is composed of around 
21 percent any and 79 percent 
nitrogen. Nix isa gas misture that 
anda lower nitrogen content than 


sins a higher percentage of oxygen, 


‘normal, allowing longer eve times 
before the diver’ body stotes up toa 
‘much nitrogen, and also reducing 
liver fatigue alter the dive, Nitrox can 

bbe mixed in various proportions, fram 


‘dyer emerges fom the water weaing the 
‘complex equipment equved fer cave ding, 
including tae iled wth spec gue mes, 
and sophisticated dive computers 


itwtempestues t exeme cops 


BEYOND NORMALLIMTS 
‘dvr explores deep within a foded cave 
system. Technleal dng procedures enable 
vert go father han ever before 


22 10 50 percent oxygen, However, 
beyond a certain depth the increased 
‘oxygen in the nitrox mix heeomes toxic 
andl can cause seizures, The me 

‘oxygen in the blend, the shallow 
will accu, For this reason, diving with 
nitrox tequires special training, although 


this 


courses are readily available to 
recreational divers. 


GOING DEEPER 
Diners wishing to travel deeper than 
165 (50m) use either hee or 


trimix, both of which introduce 
heli ito the breathing misture 

Hela contains only helinm and 
oxygen, whereas trimix sa three-gue 
combination of iu, oxygen, anel 
(usually) nitrogen, Heliox is used mainly 
by military and commercial divers, wile 
trimis is more ofien used by leisure divers. 
Both sueceed in reducing the likenood of 
nitrgen marcos (ir 102), csyyen 


TECHNICAL KIT 


Diving at extreme depths orin extreme 
environments, Ike deep caves, requires 
Special gear Technical vers meticulously 
analyze their equipment, and tr to 
‘eliminate weak pints—there i litle 
margin of eror during a deep technical 
five. Te support the extra gas tanks used 
during technical dives, most divers opt 
for hight "wing"stye buoyancy 
compensators (see psa). Tey also 
‘choose high-performance regulators 

that ean handle the task of supplying 
breathing gas at extreme depths. 
Sophisticate ave computers are used to 


ce Macro als 
bas) 


tmnes are metabolized 
during a dve 


Amul 
computer 


toxicity and DCS, 
However, since bela 
comelacts heat six times Faster than ai, 
these mixes can cause the diver to fel 
‘ery cold, Helium is also absorbed rapidly 
into the body. sa lengthy decompression is 
ncessary, Divers wishing to use these gas 
mixes must undengo appropriate taining, 
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Careers in diving 


Lots of people grow to love recreational diving and consider turning 
their passion into a profession. Work in diving is demanding, and 
earnings are often modest, but the personal satisfaction to be gained 


from a career in diving may make the hard work worthwhile. 


GOING PROFESSIONAL 
There are two common factors in the 
lite of any diving professional the work 
is invariably challenging, and there are 


always many more candidates fr jobs 


than there are vacancies: 
‘As a growth sector, the recreational 

diving industry offers the most career 

opportunities. Qualifying asx divemaster 


or instructor with a recognized trans 
that you will be able 10 
work at dive centers in every corner of 
the globe. However, qualified instructors 
ate responsible for the safety of their 


students, and the selection process is 
necessarily a rigorous one. Being a 
highly skilled ver is just ome of the 
‘qualities an instructor must posses 


‘dlverina mechanized preesue suit 
works onthe deep ocean bed, Such obs 
te very demanding and competition for 
new postions is igh 


strong communication skis, maturity 
and in-depth technical knowledge ae 
also requited, Becoming an instructor 
With a commercial agency can also bean 
expensive process, but itis a crucial fist 
step toward gaining work in diving 

may open the doar to a lielong ea 


COMMERCIAL DIVING 
The world of commercial diving covers 
all activities outside of reereational 


instruction, andl includes sient, media, 
andl industrial diving. The last of these 
ats the best-known face of the 
commercial diver —dhe hard-batted 
quanaut working on the rigs and 
Pipelines of the oil industry. The 
demands of the job haye changed from 


= 


repre 


[instructor shepherds 2 
ne sudent hough his st 
ve. Resort guides ae 
ought afer in many ares 
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UNDERWATER WoRKER 
‘Acommercal diver repalsa see fame on 
the ea flor Such obs require advanced 
braledge of marine engineering techn ques. 


the pionecring clays of oi exploration, 

andl today's commercial divers must be 

able to miaster advanced surveying andl SAFEGUARDING THE SEAS 

fginceringaklls while working in the Anav dvr prepares to submerge for mine 
dlerance dls. Miltary dives face dangerous 


most dilfcuk of environments epee es ia ts 


JOINING THE SERVICES in combined spaces or very lw visit 
Miliary and police diving present Demand for diving jobs in the military 
a dlferent set of challenges for the tor police is invariably high, andl only the 


aspiring profesional, often requiring best candidates are accepted alter a 
diving in appalling conditions, such as careful and stiet selection process 


Underwater life 


= 
os 
— 


200 UNDERWATER LIFE 


Introduction 


Oceans cover 70 percent of the world, yet we remain ignorant of 
much of what lives beyond the relatively shallow regions explored by 
humans. The sea is a vast depository of life holding a bewildering 


array of animals and plants, rom the 


assive to the microscopic 


PLUMBING THE DEPTHS but the average depth 
Although the majority fof the acean is in the 
of our planet is covered region of 2.3 miles 


in water, oly about 
16 percent of all known, 
species live inthe sea. 


(3. km), leaving vast 
tracts of our awn planet 
totally unesplored. 

This is more a reflection The coastal fringes 
of our eavn inadequate that are the realm of the 
knowledge than ofa lack 
of diversity in the oceans 
there are undoubtedly 
many thousands of 


recreational diver reveal 
fa wealth of ile, Only two 
percent of known marine 
species live in the open 
tks species king MARNE MEIN ot ‘cea, with the remaining 
‘ange of ifeforms, such as thls 
bizarey panered nudbanch 


in the vastness of open 


percent burrowing, 


sea that we have yet to swimming, scuting, and 


encounter. Much of our crawling over reef rock, 


exploration of the sea has, by necessity, and muddy sea bel, Although 


taken place only in the shallow margins recreational divers are confined to 
around land, The limits of our owen depths of around only 130 f (10 ma), the 
physiology and technology make firse 650 f (200m), ktm by sents 

sustained exploration below $30 f asthe neritic province, host the greatest 


100 m9) both demanding and expensive, — diversity of life in the sea, 


ZONES OF LIFE 


Fourtemperature bands define the basic mostly range fram 39 to 68F (10-20°0). 
ones of marine fe onthe planet. Atthe Subtropical sea form = laosely-efined 
horthem and southern extremities ofthe buler zone around te ropcal sens of the 
Earth athe polar seas, capped with ice. equator, which are the world's warmest, 
These graduate nto temperate seas, which rarely dropping below 68°F (20°O. 


Sea suface temperatures 
‘ary rom eesing pot at 
the poles to mare than 30°C 
(BA inthe tropics 


To achieve a smooth solder line, solder the longest continuous seam possible. Don't start 
or stop a solder seam at an intersection with another seam. As you meet an intersection, 
allow the solder to break or "y" out over the intersecting seam about 1/2" and then return 
to the original path you were soldering in one continuous motion. As you continue to 
solder seams, you will connect these branches, thus preventing pulling out at intersections 
of seams (which is a noticeable sign of a beginner). When you encounter a "V" type joint. 
Solder in a direction that moves up into the "" point, instead of coming down onto the 
point. This keeps a nice clean "v" joint without excess solder obscuring it. Do this by 
soldering up one leg of the "V" and as you approach the apex, drop your iron tip down 
flatter on the glass, so that it crosses over both seams. Then continue solder- 


ing into and out of the point of the "v." 


Avoid a "painting" motion when soldering. Visualize your iron as a magnet Effects of using the iron 
pulling along a metal strip. Maintain a small puddle of solder at the base of the like a paint brush 

as you solder. When two adjacent pieces of glass vary in thickness, ride the 
on the higher piece of glass as you solder. 


A big advantage of using copper foil is that not-so-perfect solder seams can be 
reworked, Allow the seam to cool, reflux it, then resolder. Be careful because 
reworking a seam too many times (more than 2-3) can cause the adhesive on 
the foil to loosen and bubble. 


Solder one side of your project completely, then turn it over and repeat the 
process on the other side. Some of the flux from the first side you soldered 
will have seeped to the other side. You may encounter more "spitting," so use flux very sparingly, To achieve a 
smooth, beaded solder seam: practice! practice! 


Ending A Bead 


When you are ready to end your seam, pull off across the face of the glass making sure 
you are in a liquid section of the solder seam and do not lift straight up. This technique 
leaves a smooth exit point thatis virtually unnoticeable. You may notice that this is the 

same photo used for removing extra solder, It’s not a mistake. The action is very much 
the same. 


Practice! 
Creating perfect solder seams takes practice. One good way is to make a 
practice board. Make sure to include all types of intersections and lines (curvy 
and straight). Foil the piece and flat solder it on the front and back. Practice 
each different soldering technique. When you are finished, you can hold the 
piece vertical and melt the solder off. Now you are ready to start again. Many 
people use the practice board before they start soldering each project, just to 
get the feel of soldering again. 


- a) 


ENDLESS VARIETY 


‘Whter f the perfact medium to suppert 


mamunication, support, and 
reproduction. ‘The lives of cout 
numbers of people worldwide arc 
depencent on the world’s oceans and 
the life they support, which ranges from 


kom to the imaicnse 


bull of the largest animal alive today 
the blue whale ENVIRONMENTAL CONCERNS, 
Types of marine environments and The Sea support countess velnoods, and ils 
peshaps no surpise that overexpiotton acu 
Here, an ofa apprenends sharkianes 


the species that inbbit them vary with 
location around the word, The opera 


reand migratory marine species, traveling 


opportunistic predators. The later, the seas in search of new feeding 


the opportunites as the seasons change 
And although we tend to think 
pl 


over great distances laterally 


so rewarding Closer ta a ‘of migrations takin 


clear waters around the tropics ar 
home to coral reef, the mo there i albo a great vertical 
movement inthe oceans 
Asthe day and night 
change, a range of 
animals migrate through 
the water column, 
veating the largest 
daily movement of 
animals on Earth 


spectacular ofall marine systems 
More temperate coastal 


have richly populated marine 
rests” of kelp— seaweed 


lengths to each the 
sunlit upper teaches 
of the water, 


uci pant 
Wiha massive wingspan of 
tox Rm), Meeaslerylea 
Imagnifent maine spedes. 
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Tropical seas 


If ever there was an image that sums up the magie of diving, itis that 
of a coral reef. Although coral reefs are the most famous feature of 


tropical seas, these warm cl 


wr waters have much more to offer, such 


‘as mangrove swamps, sea-grass beds, and vast tracts of open ocean. 


WARM BELT 
Tropical waters occupy the region within 
the "20°C isotherm” the irregular 
band of water north and south of the 
equator that sedans drops below 68°F 
220°C), Although undeniably appealing 
to the dive, chey actully py 

fonment for marine lie 


ent less 


The warm equatorial sun beats the 

upper layers of the water colum, 
‘eating a marked temperature 
dference between the surface water and 
deeper colder water. Such temperature 
stratification prevents mixing of the 


water column, so nutrients are nat 
pasted up fom deeper water. Marine 
animals and plants have therefore had 
to adape and evolve numerous strategies 
te cope with the lack of nutrients in the 
Water around them, Pethaps the most, 


LIFE ON THE REEF 


‘The diversity of tropical regions is based 
toalarge extent on coral ees, although 
these vary theirdversty depenging on 
location, The reefs with the most vibrant 
‘marine life are found inthe Indo-Pacific, 
With up to 790 coral species playing 
hostta 2,000 fish species. in contrat, 
‘lant coral refs have only 70 coal 
species and about doa ish species 


Stein 


PERFECT SNORKELING CONDITIONS 
By happy chance for dvs, tropical cal reels 
require cleat warm water ih ie seasonal 
‘alton to grow aan optimum ate, 


reiatkable of these is the coral ref, 
Primary production —the formation 
of onganie compounds from inorganic 
rmaterial—is up to 100 times greater 
in coral reel (208) than in open 
twopical water, and although they 
cower only 0.2 percent of the oceans 
‘vironment, they are hotne 1 
25-30 percent af al ish species 


These complex and oten huge 
structures ae bl by he 
Tinie of marine create, 


Pacifica 
a Earth, Their beautifal 
sructure and be 

combined with the splendor ad 
variety of animals dt inbabit 
them, make reels irresistible to 


that many of the words best 
dive stes are foun om 


COASTAL NURSERIES 


ical water he 


are also home 


rear 40 species af 
and shrubs 
in shallows and intertidal 
and they frm 
forests that act as nurseries f 


and open-water fish species, The 


30 species of sea grass form: “macadaws” 


ane 


TROPICAL 


raw ever-increasing numbers of 
development pressures which, 
2 sigican threat to 


ale, os al ea 


in shallow waters that are feeding 


cies. Th 


ne 
een 
nen 
ai oan ea 


isa real concer, riable impacts 
coastal ecology 


e denied crucial are 
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REEFS UNDER THREAT 
Coral reels ywordvide 


causing « phenomenon 
Ikncasn a bleaching, 
ate under intense which i fatal to ree, 
pressure. The cootinued This occurs when 
development of coastal 
regions has caused sty 


water to-run int the 


the coral polyps eject 
the minute algae that 
sustain them asa 
seas, smothering these 
delicate systems, and, BLEACHED CORAL Diving a reef ean 
coupled with the Corl leaching sone ofthe mare he the highlight of a 
cence caused by Yel consequences et gbal 


destructive fishing 


livers ile, but we have 
avery teal responsibilty 


teaming and increased poluton. 


rmcthods, iis thought that up to When exploring reefs not 1 harm or 

‘M0 percent of reefs have been impacted disrupt them in any way. A considerate 

by humankind, There is also evidence approach is vital if we are to preserve 

‘hat rising water temperatures are these wonderfully vibrant ecosystems 
THE CORAL CYCLE. 


Reefs are formed because of the 
extraordinary symbiotic relationship 
between tiny animals—polyps—and 
‘minute algae, Polyps ae colony-forming 
Animals that constuct oral reefs, The 
polyp has a hard exoskeleton made of 
‘alelum earbonatg, and this forms the 
physical structure of ree systems, Mint 
single-celled algae called zooxanthellae 
live within the pop, protected by its hard 
skeleton, and nourished by ts waste 
products In turn, the zooxanthellae 
provide the polyp with eutents and 
‘nygen, which they produce, like plants 
through photosynthesis. This process 
requte ight, which is why tapieal reefs 
ae found onlin waters les than 330 ft 
(Goo m) deep the socalled "photic zone, 
penetrated by sunlight. This relationship fs 
Vital warm, clearwater tends to belo in 
‘nygen and nutrients, but the partnership 


Af elga and polyp creates a highly the coalie 

ficient nutlent eeyeting system, and, bythe cr 

intur, sustains ich aray of marie fife, wn the paRp'ssoR issues | 
Over 90 percent 

af era ets are 

flustered inthe indo " 
acticin. Refs 

donot formon coasts = 


that expeience cold 
or stong cuens, 


ker 
‘one 
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Subtropical seas 


Although then 
as waters too consistently warm to support temperate marine life, but too 
cole for coral reefs to flourish, Also known as warm temperate waters, 
subtropical seas are found in all of the world’s oceans except the Arctic 


is no strict defi 


ition, subtropical seas can be described 


BETWEEN TWO WORLDS, 
Subtropical waters are sandviched 
between tropical ecosystems (generally 
identified by the presence of coral 
reef and mangraves), and the temperate 
zone (identified by col, rch waters 
supporting complex systems such as kelp 
fares), In subtropical marine systems, 
the water temperature is too high t0 
contain large amounts of oxygen and RED GROUPER 
rutrients (ue f#.208-00%, and yet too low These larg predatory share typical ot 
edteranean seas, but ovrshing 
has depleted thet numbers. 


to promote the recycling properties of 
coal reel (ep 204-05, 

"The most popular subtropical areas In terms of their marine lie, there is 
far diving are the Mediterranean and a stark contrast between the Gulf of 
pans of the Gulf of California (also California and the Mediterranean, The 
nowy asthe Sea of Cortez), Other key former is famed throughout the diving 
sites include South Aftica’s Aliwal Shoal world for its big 
(1.239), Fernanda de Noronha (p31) while the latter ia vonewhat barren 


lf the Brazlian coast, andthe islancs system, The cause of this dillerence is 
of Cocas, Malpelo (we 3/9, and Roca their topography: ‘The Mediterranean is 
Parti (e320) in the eastern Pacific. in elfect an isolated bowl of deep water, 


The beauty af the cast and its clear 
waters ae some recompense fara 
reative dearth of marine ie, 


whereas the Gull of California is less 
eniclosed and relatively shallow, with 
water and animals able to move freely 
tan from the Paci 

Plankton, which are at the base 
of the food chain, dive in waters in 
which mixing of the water layers bring 
nutrient-rich deep water tothe surface 
bp Most of the col, 
nutrient-rich water from the Atlantic 
that enters the Mediterranean does so 
through the narrow Straits of Gibraltar, 
creating a plume of colder water that 
extends tothe Sicilian Channel, The best 
dive sites in the Mediterranean fie along 


Various species of this cephalopod 
abe encountered In subtropical 
waters worldwide 


TROPICAL SEAS 


thie plume, Much of the rest of this 
experiences very litle mixing of the water 


column, ancl while the result is very lear 


wate, there slit to suppor ie 


The Gull of California i open at 
the southern end, with the Baja 
Peninsula to the west and the Mexican 
rainland ewer 125 miles (200 kro) ta the 
ast. Much of is Tess than 995 f 
300 m) deep, andl these sballow waters 
are regularly mixed by water entering 
fiom the Paci tothe south andl ar 
rich in marine if. This one of the 
fines locations to encounter large animals 


such as humpback whales and manta ray 
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Temperate seas 


‘The richest of all marine ecosystems, temperate waters are the stretches, 
of ocean between the poles and the tropies, ‘These waters are hugely 
changeable, offering a seasonal range of conditions at any one dive 
site, often accompanied by a variety of visiting migratory species. 


‘THE TEMPERATE ZONE 
Its dlfcul to define the temperate 
zone precisely, beeause major ocean 
currents can artiicilly extend temperate 
Waters into wopical regions, or push 
temperate species into near-polar 

regions, The best definition is perhaps 
found in the temperature range of 

the water true temperate waters rarely 
sink below about 38°F (10°C) ot rise 
above 68°F (20°C), 

"The positioning of the temperate 
zone means that its waters see a greater 
change of conditions from season to 
season than tropical and subtropical 
seas. In particular, the amount of light 


ren rEDER 
The basing shark 
moves though 

‘the water ih ts 
huge mouth open, 


hitting the surface of temperate waters 
varies considerably between winter and 
summer, and this leads t a seasonal 
variation in productivity 
smnownt of life that an ecosystem ean 
support. At the base of the food chain in 
the marine ecosystem are tiny anganisms 
called plankton, which are dependent 
om light and nutrients for grav and 
reproduction. In the winter, when ever 
water near the surface receives litle 
light, conditions are poor for plankton 
‘gow, and so productivity is la 
However, during the stormy winter 
‘months there is considerable mixing of 
‘cold, nutrient-rich deep water with the 


the sheer 
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surface Layer (ee ph214-15), and 
sin spring, when the amount 
of light hiting the surface of the 
water vastly increases, conditions 
are perfec for the grow of 
plankton, Huge spring blooms 
Aevelop, attracting plankton 
feeding species and their 
predators, and the waters become 
Fich in matine life, Prodactivty 
drops again in summer, because, 
even though light eandlions are 
perfect for plankton growth, there 
islinle mixing hergeen the 
surface layer and deeper wate, 
and so nutrients became scarce. 


Temperate seas canbe rougher and colder than topical 
and sbtroplal waters, bu those who brave them ae 
‘evaded by the welth of marine Ife an dep. 


‘TEMPERATE DIVING Faves (210-11) found in certain 
Diving in temperate waters is not the coastal regions, are extremely dramatic 
cxysal-cleas, warm-water experience When dived at optimum times in the 


beloved of the coral ref diver, and 


Feaquites more equipment (ef) than The seasonal blooms of pl 


al regions, However, 


diving in top 


season, temperate waters are vie in le 
nkton draw 


we of migratory species, and also 


some of the localized ecosystems within attract impressive predatory species, 


temperate seas, such asthe majestic 


kelp such as shark andl tana, 


PLANKTON BLOOMS, 


Plankton re fee-loating animals 
(Gooplankton) and plants (phytoplankton) 
atthe base athe marin fod chain 
When environmental conditions are 
‘optima for thei reproduction they can 
Tekh very sah aay lage 
“blooms! of many milion oindvidual 
plankton. Where massive blooms of 
Phytoplankton develop, the sea can 
erally tum geen. 


Oe | 
p 
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UNDERWATER FORESTS 
The forests of giant kelp that grow in 
temperate seas are considered by some 
to be the most impressive marine 
environment of all, Akhongh kelp 
brown alga—is extremely abundant in 
temperate waters throughout the world, 
tue kelp farests are specific tothe areas 
With matine conditions that support che 
sgrawth of to kelp genera: Macnytic 
ancl Nawgsts. These require reasonably 
clear water, degree af water 
movement, suitable substrate making 
up the sea bed, and a maximum 
temperature: most kelp forests will not 
Flourish in water that exceeds fif°F 

20°C) on a regular bass, Some species 


of kelp grow at a phenomenal rate, and 
toa tly calosal size. Maras pyrifea, 


jant kelp can reach in excess of 
165 £ (50 m), and can grow up 10 25, 
in (60 em) ina single day, making it 

the fastest-growing alga on Earth. 

The best areas for the growth af 
kelp forests are off the west coast of the 
US and Canada; inthe Cape region 
fof South Africas in Southern Australias 
along almost the entre length of the 
west coast of South America; around 
much of New Zealand; andl in southern 
Japan, For the diver, the attraction of 
these biological wonders is no simply 


_ 
ial sidensof kelp forests sea ots help 
fontvl populations af sea urchins, which 

let ta muply woud decimate the kp 


the forests themselves, but alsa their 
numerous residents The analogy with 
a terrestrial forest i a good one: activity 
takes place fom the seabed up to the 
canopy, fran specialist mollusks that 
bore inta the kelp isell, throug to 
pelagic animals such as rays that soar 
ugh the upper Teves. Axwell as 
permanent residents, a kelp forest 


provides a nursery for many apen- 
‘ean species andl a hunting ground 
far impressive predators, To dive a kelp 
forest om a day with good visbity 
the sun dapples through the canopy 
overhead isan unmatchable expetience 


Invariably dramatic and teeming with aquatic 
Me kei foreste ae the temperate water 
equivalent tthe busting res of wplcal seas, 


Huge numbers of maine 
‘reatures, age and small 
take theirhome among tela 


Cleanup After Soldering 


After soldering, you will need to remove all flux and solder residues from your solder lines 
and glass, The best cleaners to use are ones that neutralize the acid property of fluxes, To 
properly clean your project, you will need a good flux cleaner, very warm water and a soft 
crub brush, Thoroughly brush the cleaner into every comer of your project, front and 
back. Follow this with a long rinse in clean, warm water and then towel the project dry. 

This step is very important because any flux that remains will continue to react with the 
solder, causing oxidation. If your project looks good afier the initial cleaning, but the 
solder lines have a white or green growth on them after a few weeks, it generally means 
that all of the flux was not removed from the project. You can use 000 steel wool to 
remove the patina and finishing compound and thoroughly clean the project. Then reapply 
the patina and finishing compound. 


A small stiff scrub brush is the Youmay find small pieces An old toothbrush can be helpful 


best way to clean the entire of solderstuck tothe glass. for cleaning in tight intersections 
project. After the initial clean- You can easily remove and right up against the solder line. 
ing, you may find some areas _these using your fingernail, 
that need additional attention. 0 000 steel wool. Be care- 

ful not to scratch the gli 


Occasionally you may find that after applying patina, certain types of glass acquire a “rainbow” effect. This is 
most likely to occur on hot colors, black, white and iridized glass. Itis one of those things that is unpredictable 
and difficult or impossible to remove. You can try to remove it by using a paste made from baking soda, but it 
doesn’t always work. The only way to prevent this occasional problem is to be very careful not to get patina on 
your glass. Use a cotton swab to apply the patina only to the solder lines of the project. If you have this prob- 
lem, itis a good idea to make note of it on any remaining glass, so you can be more careful the next time you 
use that particular gla 


Finishing 


‘After cleaning your project you should use a finishing wax or compound to keep it 
looking it's best. A good quality carnauba wax or pre-mixed wax and cleaner should 
be applied to all of the solder lines. A nice side effect is that the wax also enhances 
the color of the patina making it either rich black or shinny copper. You may find it 
helpful to reapply the wax after a few months. (If you would like to change the color 
of the solder, see the section about patina on page 16.) 
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Polar waters 


Although both the Arctic and the Antarctic conjure up visions of frozen 
desolation, below the ice and water surface lie regions of staggering 
abundance. Possibly the most challenging of all marine environments, 
the polar regions offer many surprises for the intrepid diver 


FROZEN ENVIRONMENT <=> = 


Polar waters ate found in the regions 
around the Arctic and Antarctic, though 
the precise lines of demarcation 

blurred, Where polar waters start and 
temperate waters end varies between the 
poles. Far the Arctic itis the 50°F (10°C 


ahove-water July temperature boundary, 
While Fr the Antatetie iis sen as the 

line of the Antarctic Convergence, BELUGA WHALE 

zone where cold Antarctic waters sink Articdving "saris" provide opportuntis, 


toe wth animale suchas beluga whales 


below warmer northern currents pS pee vere pena 


orl the Antarctic anel Atctie have 


quite consistent water temperatures, above the feng point fr seawater, 
Dhecause the low angle of the sun and the which is 24°F (-1.8°C), Howeve 
reflective qualities of the ice minimize although they may seem smi, the 
the impact of solar radiation, The Antarctic and Arctic are actually quite 


temperature of the water hovers around — different in terms of their physical 
an estremely chilly 32°F (0°C), only just geography and marine ecosystems, 


POLES APART 


‘The plants and animals ofthe Artic 
and Antarctic ater eansiderabiy, 
Situated as they are on opposite sides 
ofthe word. Antarctica has its own 
Species of kil (some seven af them) — 
the small shrimplike creatures that are 
the Bedrock ofthe fod chain here. 
Swarming in huge numbers onthe 
Surface, they draw in 2 host of feeders— 
Including the mighty baleen whales 
luring seasonal migrations. 
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The Antarctic is an isolated 
continent covered largely in ice 
its nearest land masses are over 
1500 mies (1,000 kr) away, ane 
the entire continent is circled 
by an ocean current. The 
Antarctic Circumpolar Current 
is extremely significant, as it 
essentially cus the Antarctic 


Waters off from warmer waters 
farther north, The Arctic, by 
1, ismainly an area of KKEDER 
‘athick Layer Theteare more dving opporunes athe Arctic than ln 
‘Anacie wates. ing unde the ice demands high evel 
of expertise and spell sks See pp. 288-80) 


cocean cavered i 


of ice, bordered by the land 


masses of Narth America, 
Europe, and As 
are afeeted by temperature changes, and fur to insulate them, while behavior 
land runoff and shallow coastal currents. such as migration in the winter months 

rcans the worst conditions are voided. 


ind as such its waters fat content, ane mammals have lubber 


LiFe on THEE The most exrordinary alataons ex, 
The aapation that have even perp the Bh and eves 
sina eto cope with eteme polar of polar waters many hae pel 
civtonmeni are remake, There's “anne prot in thelr ood to 
tendency evar giant —alarger Seep hl at ow ermperstars 

bey ie bop the ele boy se 

wa toxin, ae reine tue RESMELPCAWNGSAALLICERERS 


less pronounced. Fish have a high body mass whlle the Actes gly Roaig lee. 


a” 
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The open ocean 

Only a tiny proportion of the world’s oceans cover the shallows around 
land, Beyond, great tracts of open water plunge to abyssal depths. At 
first glance a featureless marine desert, this is actually a fascinating 
ecosystem containing some of the most impressive marine creatures. 


LAYERED WORLD isnot found in polar waters. Below the 
‘The oceans of the world are divided not thermodline, the temperature continues 10 
only geographical, bu also vertically, fll, but more slesly. Many animals find 
descending through the water column the dramatic change in temperature atthe 
in diince zones defined by temperature, thermocline tresful, and are coined 
Only the upper 650 ft (200 m) ar so are taeither the warmer water above it, 
heated by the Sun, Below this warmer or the deep, cold water below it 

surface layer, the temperature of the "The deeper layers of the ocean are 
Water can fall eramatically with depth in sicher in nunients than the surface layer: 
A layer of water called the thermocline. they are also colder, and so havea greater 
‘This layer of rapid temperature change capacity for holding oxygen, Mixing of 

is present in wopical waters year-round the layers bringing oxygenand nusient- 


and in temperate waters in summer, but rich wate into the surface layer —ean be 


LIFE IN THE OPEN SEA 


Even in remote areas of open ocean, 
‘communities of iving creatures theve, CAUGHT ON CAMERA 

Inthe Sargasso Sea inthe North lati, ‘Openater predators, the this 
avast rotating cuent propels floating blue shar, wl avestgate any 
Sargassum weed in an endless crular new visto tthe enonment. 
procession, The weed supports many 

Invenebrate species and juvenile ish m 
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caused by currents, storms, or 
other natural patterns of water 
sirculation, When the nuttient- 
rich water is hit by suaight, an 
explosion in plankton growth, oF 
bloom,” occurs, creating regions 
of abundance as plankton, 
feeders, and in turn their 
predators, congregate 


LIFE AT THE DEEP END UIE FoR SPEED 
Pelagic animals those of the open With thelr steanilned bodies and powerful sickle 
tcean) have developed remarkable S64 dolphins ate prety designed fo hut 
aes fren the fastest moving pty. 

sdaptatons to suit their demanding prey at ong range, andl investigate any 
feuvironment, Massive vertical migrations object inthe vast terstory fr its food 
take place at night, when marine animals potential. These opportunistic hunters 
‘move into the well-stocked surface layers, include the blue shark, matin, andl tuna, 
hidden under caver of darkness from sotne of the most awesome and beautiful 
‘predators that hunt by sight. However, animals inthe oceans. The cold-blooded 
‘many of the predators of the open ocean tuna can heat its blood to warm is 
boast battery of senses for detecting muscles, allowing deadly burt of speed 
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Freshwater environments 


Branching out from the sea to explore freshwater environments 
opens up a whole new range of dive sites to discover, from Icelandic 
ravine lakes to Mexican caverns or the Florida swamps, each with 
fascinating, freshwater-specific animal and plant life. 


LAKES AND RIVERS. 
‘The fist ching any diver accustomed 
to seawater will notice ina freshwater 
system isthe dllerence in buoyaney 
‘The salt content of seawater—around 
35 parts per thousand makes ie denser, 
snd thus a naturally more buoyant 
ewitonnent for the diver than 
lieshneater, Consequently, you will find 


aa 


that you need to carry considerably less PRNATE PROPERTY 


Jat. The lower salt content aso Same ofthe most scenic ves and lakes are 
privately owned, sis Inpotant ta check 
‘ether permission Is equ before au dive 


rican that equipment sues less 
damage through corrosion 
‘There are a nusuber of logistical and wo avoid decompression issues. Lakes 
safety issues specific to fesbicater diving. are susceptible wo land runoff, and may 
Some of the more adventurous dive sites quickly become murky in poor weather, 
ave high-alinde lakes, and requite the while rivers may’swell rapidly in adverse 
use of special tables ara dive computer conditions, eeating dangerous currents 
Rivers and lakes may alo support 
dlseae, notably Wells disease and 
4 ilharzia, particularly in regions 
of dense human population, 
Despite these drawbacks, 
With some research and 
strategie preparation before a 
dive, local rivers andl lakes ean provide 
a perfecly viable and exciting alternative 
to sea diving. Freshwater systems 
become ani (lacking in oxygen) at 
pth, and subsequently support very 
é elie. This means that shipwrecks do 
oF Moor deveriorate as quickly —becanse the 
‘organisms that would usually destroy 
F tes cannot function—sa deep lakes 
A can offer impressive colletions of well 
JF prose reeks 
Warne on isPLa¥ 
| Freshwaterspects are genera unaccustomed 
“swale eeting wonder opportunites or 
| dose obsevaton and encounters 


Lake NG 
Esploning a feshwaterlke can 
provide fascinating 2nd exhilarating 
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Mammals 


OF the 5,000 spe h, around 2.5 percent are 
found in marine environments. These warm-blooded aquatic animals 
are perhaps among the most charismatic and approachable creatures 
you will encounter on any dive. 


ies of mammals on Eau 


WARM-BLOODED LIVING including the pitnipeds (cals, sa Hons, 
Mammals have a number of features and walruses) and eters; and Sirenia 
that make them unique inthe animal manatees and dugongs. 

kingdom. First, they are warm- 

blooded, sick means that they are WHALES, PORPOISES, AND DOLPHINS 
able to regulate their internal body CCetaceaus spend their entre life in wate, 
temperature. Most are covered in hair even though, ike other mammals, they 
lapant from Cetaceans) and all, except have lange al need to breathe air to 
riouotremes like the duck-billed liye. They ate divided into two main 
platypus, give bird to live young and subgroups —Mysticeti andl Odontocet 
feed hem om milk produced by mike based on their adaptations for 

secreting glands. Atleast three orders feeding Mysticeti are filter 


fof mammals include species that spend feeding baleen whales, such as 
the majority if not all, of their lives in northern and southern right 
water: Cetaceae, which includes whales, whales, umpback whales, 
dolphins, and porpoises: Carnivora anel ble whales. 


SOUTHERN nici WHALE 
Thee ate ew mare Impressive 
sighs than awhale's kes 

breaking the ceear’s surface, 
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ome 
‘SUPREME PREDATOR 

Themaestic ara or ler whales a versatile 
hunter catching afange of prey rm sh to 
sels and even wales and bids, 

Odontaceti by contrast, have teeth and 
include same species of whales and all 
dolphins and porpoises, 


‘AQUATIC CARNIVORES 
Pinnipeds are aquatic mammals that 
spend some time on land, partiulsely for 
breeding ‘There are 33 species, including 
seals and fur seals, ea lions, and walruses, 
‘These carnivorous mammals have 
Webbed fet, enabling them to move on 
land and in the water: With their long 
fiont flippers, fur seals andl sea Bons are 
able 1o walk on all four flippers on land. 
‘Sea otters are the largest 
members of the mustlid or 
weasel family and are most 
commonly found off the coasts 
of California, Alaska, and Rusia, 
Unlike other marine mammals, they 
‘h3Ve no insulating layer of blubbes, 
Ththave the thickest fur inthe animal 
Tingdom, They are one of the only 
‘mammals, other than primates, own 
4o-uee tools, utilizing stones and other 
items to crack open shellfish and pry 
prey from cracks in rocks 


yas 


‘THE SIRENIANS. 
Its rae to encounter manatees (eal 
4300) ane dugongs. These fascinating 
migratory mammals, belonging to the 
order Sirenia, typically reach adult sizes 
fof around 10 fe ($n) in length, and ave 
fiont limbs in the shape of ippers and 
to hindlimbs, Despite their imposing 
size, manatces andl dugongs are plaid, 
herbivorous creatures that spend most 

of their time grazing 


SEALS 


Commonly seen on dives and atthe 
‘water surface, seals tend tebe found 
Clase to shore and inthe more remote 
areas of the word, suchas the Arctic 
and Antarctic, where they can feed and 
reproduce without disturbance. There 
are 18 species, the largest of whichis 
‘the elephant sea, Seals ae efficient 
swimmers, using ther rear 

Mippers for propulsion and 

hele rot Mippers for 


steering. These lively 
‘mammals ae fun 
to swim with but 
have sharp teeth 
and can be 
aggressive during 
the pupping season. 


Hatbor sea 
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Sharks, skates, and rays 


Like other cartilaginous fish (also known as the Chondrichthyes), sharks, 
skates, and rays have a skeleton made of flexible cartilage rather than. 
bone. Collectively known as the elasmobranchs, they have between five 


and seven paired gill openings, and nostrils beneath the snout 


SHARK SPECIES 
There are around 500 known species 

of sharks, ranging in size from the giant 
Whale shark, at up to 65 (20 min 
length, tothe minute lantern shark, 
Which measures just 12m (30 em), All 
sharks have pectoral fins atached bein 
the gil openings, a lange caudal (al) 
fin, and one two dorsal fing 


a hasic body plan that has 
changed very lite in 
hundreds of thonsands 
of years. The jaws 

are lined with many 
rows of teeth, which 
are continually renewed 
roughour dhe shark's ik 
The tough, rough skin of a shark is 
covered by dermal denticles—tiny seales 
that minimize drag (retion with the Sharks have extraordinary sensory 

water) when swimming Sharks propel powers, Their highly developed senses of 
themselves by sweeping their caudal fin smell and taste are used to detect potential 
fiom side t side. Unlike most other fish, ey, andl they have excel 


sharks have no swim bladder, so they ‘In addition, they ean sense changes in 
must ssa continuously of they will sink. water pressure caused by the movement 
They also need to maintain the flow of of other animals using their lateral line 


seawater over their gills so that they can system, This consists of Huililled 

extract axyyen for respiration. channels along th sides of the body that 
are lined with sensory hai 

cells. Sharks cat also detect 


the minute eletrical fields 
produced by other living 
animals, using electrosensory 
organs called ampullae 

of Lorena, which are 
located on the head. 


Leoparo SHARK 
The leopard shark canbe found at 
depts o upto 300 (30m) ands 
often sen hig on sandy batons, 


Lead came construction requires a different soldering technique than that used for copper foil. You can use the 
same iron and flux, but the preparation and actual soldering will differ. You will be soldering only the joints 
instead of running an entire bead. With a little knowledge and some practice, you will be able to make perfect 
solder joints on lead or other metal: 


First, make sure that all joints are in line with each other and butt against each other with 
no gaps. Use a triangle and/or square to check the squareness of the panel and make sure 
that your lines run true across the panel in all directions. Make any adjustments that are 


needed. Thoroughly clean surface oxidation from intersections with a soft brass brush. 


Soldering 


‘The most desirable solder to use when constructing a lead project is 50/50. It 
flows out from the point of contact, leaving a nice joint. Do a "lead" test to check the 
heat of your iron. Allow the iron tip to heat for several minutes, Then, place the flat face 
of the tip on a scrap of lead. If the lead melts, the iron is too hot. Lower the temperature 
or change to a lower temperature tip. (This is where a rheostat iron is great.) Now test 
the tip with 50/50 solder to make sure it can melt it. If it does, your tip temperature 
not, raise tip temperature just until you melt the solder. Recheck the tip temperature and test 
again. Now flux all the joints on your panel. 


Begin by holding the solder on the joint. Move in to the joint across the glass, not 
from across the came. The wide face of the tip should be down toward the joint. Coming 
into the joint over the glass prevents leaving a solder trail on the lead came at one end of 
the solder joint, Techniques like these are the signature of an accomplished craftsperson. 
ae 


adjusted correetl 
on the lead 


Melt only a small amount of solder and move the tip in a slight circular motion 
allowing it to flow out over the joint a distance equal to the width of the came being 
used, Pull the iron tip straight up off the center of the joint. The desired end result is that 
intersections of the lead cames are not visible through the solder and the solder on them 
is smooth, not beaded. You should be able to run a fingernail over the came and into the 
soldered joint without it catching or clicking. Solder the joints on the front of the 
project. Then turn the project over and repeat the same process on the back. 


Finishi 

Lead projects need to be finished by applying a cement. The cement will weatherproof the project and 
secure the glass in the channels. This step is necessary on any came project to ensure a strong, secure panel. 
Cement is easily applied to the panel by using a small scrub brush to work the cement under the channels both 
on the front and back of the project. After the cementing process is complete, whiting sprinkled over the 
entire surface and allowed to absorb excess moisture for a few minutes. Using a stiff brush, vigerously brush 
the lead channels, removing excess cement from the glass. The brushing process allows a natural patina to 
form on the lead, so it is not necessary to apply patina to the project. Allow the project to dry thoroughly, 
usually for a few days, before installing or hanging the project. 
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SHARKS, SKATES, 


AND RAYS 


GER sHaRe 
‘Athough rely encountered, te tiger share 


Igoneofthe mostveacous sha species. 
feeds on age fish, utes, and se bas 
humans pose far more of a threat to 
sharks, with many shark spec 
‘endangered, and some e 


+ curently 
facing 
extinction, due to overishing 


FOOD AND FEEDING 


All sharks are carnivores, but they feed 
ona wide range af prey and use a variety 
of feeding techniques. Fter-Ieeders, 
such as basking, megamouth, and whale 
sharks, sift plankton from the water 
as they swim, Many bottom-vellers, 
including wobbegongs and angelsharks, 
lie camouflaged on the seabed ready 10 
ambush passing fish, while others, sich 
as leopard sharks, fed largely on seabed 
invertebrates, Some species, such as 
Whitest reef sharks, feed cooperatively 
hunting in packs and actively pursuing 
prey. The mako andl the great white shark 
tackle lange prey such as sea, swords, 
ther sharks, porpoises, and sea tres, 
“Although sharks are the top marine 
predators, only a few species are 
potentially dangerous to people, aud 
attacks on humans are rare, In fact 


SHARK REPRODUCTION. 


Duringimating, the male 
uses is elaspers (modified 
extensions to the pelvic ins) 

fo transfer sperm tothe female. 
The majority of sharks, Including 
dogfish and leopard and tiger 
sharks, are vivipareus, giving 
birt to uly farmed offspring. 
Ovipareus (erg laying) species lay 
thelr eggs onthe seabed, where the 
‘embryos are nourished bythe ylk within 


a 


the ege case. Cashark egg cases have 
long tends that twist around objects on 
the seabed, nother species, suchas 
epaulette sharks, sticky laments glue 
the egg cases to a secure site. All young 
sharks fend for themselves from 

birth or hatching 


Spay dogtsh 
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SKATES AND RAYS. 
The 600 skate and ray species share 


many of the features of shark, but have 
he gil sls 


om the underside of the hod. The 


harks, and are greatly enlarged and 
Aartened to form “wings,” while the 
canal fin is reduced oF absent 

Most skates and rays ae bottom 
Avvellers, and are well adapted for life on 
the sealloor. Ther lat bey shape enables 
them to ie on the seabed unnoticed, andl 


and eyes om top of the head. Spiracl 


boreathing holes) behind the eyes enable 
them to “breathe”—take in water to 
extract axygen—when hall-baried in 
the substrate. Most rays and skates eat 


invertebrates, sch as mollusks and 


crustaceans, andl small fish, but some ar 
These large, iter feeding rays sieve mlcoscape 
Plankton rom he water ith thelr lakers, 
Fant ray alo eat smal shoaling i, 


‘amouflages them against the see, 


plank 


flapping is wings. Their tails are usd 


far defense rather than propulsion: the 
atthe hase of their til, 

that can inject venom 
into aggressors, Skates lack this tail barb, 


Skate 


tenel to be more cammn in 
but the main distinction between them 
isin their reproduction, Rays produce live 
young, while skates lay eggs in leathery 
cases often calle “mers pts 


bee 


SPOTTED EAGLE RAY 
Tis species uses is attened, 
lke soto lg up fod 
From the seabed 


DIVING WITH RAYS. 
Mana says with thei elegant, 
ddancelike swimming motion, 
ate perhaps the most popular 
ray species. They are also the 
largest of the rays, measuring 
up o 208 (64m) They 
lien congeeyate at special 


cleaning stations on the reel, 

Where they allow smaller ref fish to pick 
olf their skin, The lapike 

lobes on cither side af the mouth funnel 


tiny parasite 


plankton between their jaws as they swim. 
When notin us, the lobes are coiled up 
to make the ray more streamlined. 
Other types of rays seen during dives 
include guitars, whieh have pointed 
heels and elongated bodies, and electric 
rays, which possess organs that can 
deliver an electric shock to incapacitate 
prey. Torpedo rays can discharge more 
than 200 volis—enough to stun a diver 


Gircaar-bodtied stingy 


ala he treated with caution, since they 


species should 


have venomous batbs at or near the 
base of the til. The sting’ effet can 
be milly painfl to potentially fatal, 
depending om the species. Eagle rays, 
which also have venomous barbs, can be 
identified by their distinctive beak-shaped 
snout, They have powerful enshing 
teeth, large “wings,” and along tai 
Rays are docile animals, and despite 


their selédelense mechanisms, pose 10 
real reat tothe diver if unprovoked, 


Bony fish 


Bony fish, or Osteichthyes, make up about 95 percent of all fish 
species—more than 23.500 in number. These vary in every ocean 
that you will dive in, and there is a wealth of shapes, sizes, and 
colors, and intriguing behaviors and interactions for you to discover 


‘COMMON FEATURES ROLE REVERSAL 
Typical bony fish are Male seahorses have a pouch 
Inaich they incubate the 


sorpetio aeped sat eggs produced by he feral. 


streamlined with a 


muscular tail They have protective scales They 
breathe using gills, 
although a few have 
evolved to use lungs as 
well as gil and they are 
cold-blooded. 

Bony fish are the 
mot diverse and 


1 caudal fin at the base 
fof the til for propulsion: 
a pair of pectoral fin 

just behind the gills, for 
steering: an anal fin just 
below the tal; a pair of 
pelvic fins om the lower 
side; and, normally. one to three dorsal numerous of all the vertebrates, The 


fins on the back. They are covered in carliest fossilized fish remains date fom 
slimy secretion that reduces drag, andl around 895 milion years ago, Al fish 
nearly all species havea covering of have a bony skeleton and a sim. 
NAPOLEON WRASSE 


These lumbering open-water 
files can become reltvely 
tame in requenty ved sites, 


Dladder-—an ar-fled sac that aids 
‘buoyancy: The sexes are separates 
most ly exgp, and ferilization is 
usually external 

‘There are two groups of bony 
fish, The Sarcopteryyi lobe-finned 
fishes), which have a leshy lobe at 
the base of their fins that i leghike 
itn appean 


sce, form a sinall group 
tha includes the cnelacanth and 
Australian lungfish. These ancient fish 
probably gave tse to the amphibians. 
But by far the majority of bony fish 
belong to the Actinopteryti (ray 
finned fishes) These ish have jointed 
bony rays tha support their Ans, ate 
a symmetrical eaidal Bi, 


The species you see will vary 
depending on your location. Fish 
idetfcation ca be rather ike bie 
watching, and many divers make 
checklists of what they have seen om 
cach dive. An identification guide to 
the fish in the area that you are diving 
in will help to identify thea correctly. 
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“SAFETY n MUMBERS 
‘Moving as pat fa age group means that each 
member ef ths shal ef barcuda—2 ray-finned 


Species of bony shi ss ely tobe eaten, 


AWORLD TO DISCOVER 
One of the greatest atractions of diving 
isthe opportunity to observe an amazing 
range of fish species in their natural 
habitat, Bony fish display a wide vatity 


fof color and patterns, expecially thos 
species found around coral reel, As in 
some bird species, the male i often 
brightly colored andl dhe female is rab 
in contrast. A male's vivid coloring may 
be used to attract a female in courtship 
splays, For example, che vivid markings 
of the male cuekoo wrasse became even 


‘more coloefil in spring to attract fas 


(On reefs, you may alo have the 


opportunity to observe some fascinating 
interactions between species, Animale 
such as manta rays andl turtles regularly 
visit “cleaning stations,” where smaller 
fih, such as cleaner wrasse, pick off 
algae, parasites, and dead tissue fom 
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ther skin and even from inside their 
mouths. Anctmonefsh (alo called 
slownfish) are able to live among the 
stinging cells of host sea anemones 
because they secrete a ypecial mucus 
that proteets them from being stung 

In return for their sheltered home, they 
Arup pieces of food and at 
fish that the anemone can feed on 


act other 


AVOIDING PREDATORS. 
YYou!l nce keen eyes to spot same of the 
rman fh species that are camoullaged or 
have unl way of avoiding predators 
Some of these species are so clusive that, 
they have only recendy been discovered. 


asters of ligule include the scorpion 


fish, which hides om ree and is virtually 
indistinguishable from the coral and algae 
that surround it, bur ean deliver 
a nasty tig should you step om it. You 
may encounter flatfih, such as pce and 
‘ounces, when diving in areas with a 
sandy bottom, but many are sa wel 
camouflage to mateh the seabed that 
they are extremely hard to spot. 

"The holes and crevices in many refs 
andl wrecks provide ideal hiding places 


fa fish such as moray and conger cel, 


[ADAPTIVE CAMOUFLAGE 


Bizarrely, fatfsh start of ie with 2 
“norma” sh shape bu then undergo 3 
rmetamorphossnto their characteristic 
flat body frm. One eye migrates tothe 
other side ofthe head the skull deforms, 
And the mauth becomes asymmetrical 
The side ofthe body that sits onthe sea 
floor becomes lighter and the upper 
side becomes darker, camouflaging 


itselfin the color ofthe substrate. 


Thi smal, elagant moray ee rom he indo 
Pais 2 ty ces: although seam to 
‘ape tveatenngy, infact ts simply breathing 


with their slender body shape, large 

‘mouths, and menacing-loo 

Their hiding place is revealed when they 

gape to breathe (hey have restricted il 

opening), Eels have no pectoral 
ruseled 


pelvic fins and use their long, 


bores to dart in and out of their La 


SOCIABLE FISH 
Tn open water you may encounter 
incredibly Large fish like the Napoleon 
wrasse, which can reach a weight of 
‘early 300 I (135 In some areas the 
wrasse have been hand fed so often that 
they ae fiendly toward divers, though 
Feeding then is discouraged. In more 
open water and around wrecks, you will 
see great shoals of fish sch as sardines, 
Dbarvacudla, gasfsh, and mackerel, Such 
cean-going, oF pelagic, fish tend to have 
pale bells, silvery flanks, and dark- 
colored hacks 

prey and predators to pot thet 
Viewed from above, the dasker shade 
blends in with the color of the deep seas 
Viewed from below, the pale coloring 
tnerges with the light fom the sk, 


This makes it harel for 
when 


Reptiles 


Most reptiles live on land, but some are aquatic, notably tw 


terrapins, crocodiles and the related alligators and gavials, and 
sea snakes, These cold-blooded, or ectothermic, animals are mostly 
found in tropical areas, but some live in temperate regions, 


BIRTH AND HATCHING. 
Reptiles are typically viparous (the 
Females lay eggs in which the young 
develop, although a few species are 
veniviparous (the young hatch frm 
eggs within the mother’s body. Egy 
laying reptiles often build a nest in 
Which to incubate their clutch, 

One of the most prolific repiian 
eqg-layers isthe turde (order Chelonia 
which has hard shell that encloses and 
protects its vital organs. The head, tll 
andl flippers protrude, but many species 
can draw them in when threatened, 
Atthough they are air-breathing 
ceatures they only leave the water to 
breed and can lay as many as 200 egus 
in nests excavated in sandy beaches. 
Related to cobras, ea snakes ae venomous, 
but forunatly hey are que ini anf 
unprovoked arena inclined to attack humans, 


‘THE SNEEZING IGUANA 


The any lard that forages forts food 
Inthe sa, the marine iguana has 2 
curius habitoFsneezing” salt. The 
Imarine algae that fornsthe main part | SEA SNAKES AND LIZARDS 

its diet containsa lot ofsait.A land | Aghogls many snakes, suc as the 
Connected tthe nostile removes the a 


ee ieee ne ememen | banded krat swim in dhe sa, they 
Sihetsitby sneering leaviogitstace | usually return to land to breed, The 
white Thi sone ofthe unique yellow-belied sea snake isthe only tru 
adaptations that allows marine iguanas | ea snake, the female giving bir inthe 
Se ile a eee water to up to ten ive young, each about 


10 in (25 erm) long Ke can geen up to 
3¥ (Lm) in length, and is black or 
ddark brown in color with a bright yellow 
underside, This sea snake has spread 


across the Pacific from Southeast Asia ta 
America, and gathers in huge number 
daring the breeding season: a really big 
swarm can stretch for 70 miles (115 ban) 
Marine iguanas, fom the Galapagos 
Islands, are the only lizards that ca 
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tolerate salt water Males may grow 10 
a length of 4 (1.2 m) or more (almost 
half of whieh isthe tai). They are 
harmless herbivores, feeding exclusively 
fom algae growing on rocks near the 
shore. When feeding, they can remain 
submerged for up to at hour, especially 
in the warmer shallows, though dives of 
Five oF ten minutes are more cominon, 


SALTWATER CROCODILES 
"The saltwater crocodile isthe world’s 


largest living crocodile; record lengths 
hhave been up to 28 (7), 

but 13-16 8 (4-5) is more 
common, This isthe most, 


dangerous species of 


crocadile, responsible for most crocadile 
attacks om people Ii fond from 
eastern India and Bangladesh through 
Southeast Asia to Papua New Guinea 
and Australia usually in brackish water 

in wopical estuaries, rivers, and swamps 
“The female lays eggs under a large 
‘mound of vegetation and stanls guard 
‘ver them for about 100 days. When the 
young hatch, she digs them out auc 
artis them to the water. ‘The hatchlings 
then live in nursery groups for about 
eight months, guarded by the adults, 
Tul bresthe ar ke and based 


fepliles. This one has a parasitic 
Temorafiehatached 
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Marine invertebrates 


OF all animal species on Earth, 95 percent are invertebrates 


{animals with no backbone 
but ofien overlooked section of the animal world. Every major 
cntatives. 


forming an incredibly numerous 


invertebrate group has an array of marine repres 


AQUATIC ARTHROPODS, r. 
An arthropod isa type of invertebrate 

that has ts body encased in a hard outer 
casing the exoskeleton) and joined 
appendages. Land-hased anhropods 


include insets and arachnids wherea 


most underwater species are cnustaceans, 
1 group that lads crabs, shrimp, 
lobsters, water leas, copepods, and 
barmacles ‘There are about 39,000 
species of crustaceans, most of which are DRAWING NOURISHMENT FROM THESEA 
Bivale molsks, uch as these mussels, 
feed by fitting erganic mate fom the wae. 


marine, though some live in feshwater 
environments They vaty in size fom the 


massive Japanese spider era with its leg 


span of 12 (3.7m), to4the ny water MOLLUSKS 
‘ea, only about Yuin (0.25 mam) long, Al mollusks, except the octopus, possess 
Bur lage or small crustaceans all haye some form of calcium carbonate shell, 

certain things in comunon. They poses There are thrce major marine classes of 
two pairs of antenna, three pais of this group of invertebrates, Gastropods, 
mouth appendages, and compound eyes with some 550K) species, include 

fon stalks, They alo have dre body hells limpets, sea sigs, and eonchs, 

seqmients—the head andl the thorax, Many posses a shell but some, ike the 


Which are almost abyays ised and sea slug (or nudibranch), have Tost theirs 
covered by a carapace (an outer shield), completely. Bivaves, such as clams, 
and the abdomen. mask, oysters andl scallops, havea shel 
in swo pieces, There are 20,000 marine 
diffeshwater species, the largest being 
clams up to 41 (1.2) acto 
Jjopodls comprise around 
“00 species, inclu 
nautilus, squid, 
ceutetsh, and 
‘octopus. The 
D cephalopods 


Vase Caps 


‘Vase caps are generally made from spun brass. The cap must be very clean of all dirt and oils for the solder to 
adhere, Use 0000 steel wool to clean the areas that you will be soldering. The cap also needs to be quite hot in 
order to achieve a good bond between the solder and the brass. An 
easy way to get the cap hot is to heat it in a hot oven for about 15 
minutes, Use pliers to carefully remove the cap from the oven. 

Center the vase cap on the lamp. Flux all areas you will be soldering. 
(Paste flux is easy to use for this purpose, because it doesn’t drip.) 
Get a small amount of solder on your iron and hold it on the vase cap 
for a minute or so at the area you want to make a connection to the 
lamp. When the cap is hot enough, the solder will spread out instead 
of lumping up. Add more solder to make a connection to the lamp. 
(Some vase caps have a lacquer finish on them. This must be re- 
moved at the areas you need to solder, Use a craft knife to gently 
scrape the lacquer in these areas. 


Spiders 
Spiders are made from brass as well. You can either cut the legs to fit, or bend them. Like a vase cap, you 
need to get the brass quite hot in order to create a good bond with the solder. Unlike vase caps, you can get 
the smaller area of the spider hot enough using just your soldering iron. Simply hold your iron tip on the area 
that you need to solder for a minute or so. Apply flux and a little solder, and continue to heat the spider with 
your iron. When it is hot enough, the solder will smooth out around the spider leg and adhere to the lamp. If 
the solder is globed up, the spider leg isn't hot enough. Continue in this manner for all of the legs. 


Metal Outer Channels 


When attaching a zine, copper or brass edge to a project, use 
this solder technique: Cut the zine, copper or brass came 
vertical members to overlap the horizontal members in a "butt" 
type joint, A butt joint provides structural stability and distrib- 
tutes weight. Before you solder the butt joints, you can use 
masking tape to contain the size of the solder joint. 

Clean and flux these joints and solder them to each 
other using the flat tip of the iron on the metal. The metal 
channel will take a little longer to get hot than copper foil. If the metal is not hot enough the solder will not 
smooth out, The metal frame should be attached to the panel by soldering it to any lead lines that it touches, 

On leaded projects, solder from the outer metal edging onto the lead came, pulling the iron tip straight 
up over the point of intersection when completing the solder joint. This 
simple technique will level the solder smoothly over the joint 

For copper foil pieces, stop your solder bead about 1/4-1/2" 
from the outer edge to allow room for the metal edging to fit onto the 
perimeter of the project. If you forget to do this initially, flatten the 
solder bead so the outer edging fits onto the project. After fitting the 
outer edging material, flux and solder the corners as outlined above. 
Connect the copper foil beads that intersect with the outer edging metal 
by continuing the solder bead into the edging making sure that the 
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include the largest 
invertebrate of all, the 
sant squid, which grows 
toa size of 52 fe (1613) 
Cephalopod ean sian in 
short bursts by squirting 
water from their bois, 
tout many, ike the squid, 
tse undulating fins for 
locomotion, The only 
uelled species of 


cephalopod isthe nautilus 


6,000 species of 
echinoderms, including 
starfish, bate star 
sand dollars, sea urchin 
and sea cucumbers, 


among other 


Most species 


echinodleris reproduce 
eally andl have separate 
exes, Feilization is 

external-the egg and 
sperm are shed into the 


squid and cutlets have water at spawning te 

internal shells andl the CREEPING BEAUTY The floating embryo 

fctopas has no shell tall, Nudbranchs ae coor develope into a planktonic 
mmlluske related othe Ingato ae gece 


ECHINODERMS 
Marine botiom-dvelling invertebrates, 
echinoderms have a hard, spiny skin 


and five-part ral syrumetry, They lack 


a head, ate often brightly colored, and 


are distributed throughout most of the 


world’s seas, There are apprasimately 


UNDERWATER CHAMELEON 
Cutesh are mols that can 
amouflage tenses by chaning 
the ole and texture ofthe si, 


rman garden seal 


reproduce asexually by 
fission (genetic copying of the parent 


Starfish may be circular, pentagonal, 


or the familias star shape, with radiating 
arms, Under each arm ate tiny tbe 


fect, which the animal uses for walking 


MARINE INVERTEBRATES Ea 


"The month ison the underside and the 
h feeds on living and dead animals 
as it moves along rocky surfaces and 


muddy bottoms 

‘Sea urchins, on the other hand, do 
not have arms, Instead, they have a shell 
of tightly fused pla 
They have long, prominent spines that 
proteet them from predators, and have: 


cs farming a sphere 


tube feet on their undersides, which are 
‘wed for locomotion, respiration, and for 
trapping dvifing parties of fy 


CNIDARIANS, 
The cnidarian group of invertebrates, 
which includes the jellyfish se 
anemones, corals, and bydroid,are 
species with one of two basic body 
farms: medusae or polyps. Medusae, 
such as adult jellyfish are bell-shaped 
With tentacles hanging down from the 
‘margins, They tend to be fee-loating 
and solitary Polyps, sueh as 


coral, sea anemones, and hyelra, are 
tubular-shaped anitnals topped with 
tentacles, They frequently fr 
Corals (alo pp. 204-05) ate 
that they depencl on symbiotic algae to 
provide lle-sstaining sugars. Medusae 
reproduce sexually whereas most 
polyps reproduce by asexual fission, 
(Cnidarians are unique in manufacturing 
cellbased stinging mechanisms, called 
cysts, in their tentacles, which are 


al in 


wed to atch prey and in defense 


OTHER INVERTEBRATES 
Comb jellies, which are bell-shaped 
creatures with vertical combs over 
their boris, form another class of 
invertebrates—the ctenophores, The 
5,000 species of spong 

both salt and fresh water belong to the 
phylum Porfera, Finally there are over 
18,000 species of segmented worms, 
Which are lased as annelids, 


es that lve 


PLANTS OR ANIMALS? 


‘Many marin centres stay rooted to 2 
Single spot for life. They posed aclemma 
for early biologists who believed that 
‘mobility defied the animal state; his 
‘apain the camman names of animals 
lke the “iy ofthe sea" in facta crinoid, 
Other stationary animals include polyes, 

sponges, eather stars, and 

annals such a fanworms, They 
ae er feeders, and contain toxins to 
Geter predators. 


Places to dive 


Bes 
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Introduction 


With increasing numbers of dive centers opening up around the 
globe, virtually the entire world is now accessible to the traveling 

diver, Following a few basic travel tips can stand you in good stead. 
when transporting yourself and your dive gear to your destination, 


‘TRAVEL OPTIONS. 

Most vacation destinations in coastal 

regions around the world provide some 

sor of diving faeity. Indeed, the sports 

ow so convenient that you can turn up 

fon the day certification car in band, 

and be decked out from head to toe 

With rented gear, before being guided 

around local dive ites. This one of 

the greatest joys of the spart—the ability 

to visi dilleent parts of the world and jee DMNG 

explore local sites with relaive ease. With many vrs ooking for mare adventure 

Aste up from the more canal tng el companies are feng 

fhallenging experiences, such sealing. 

just-passing-dhrough" diving experience 

isthe dedicated diving vacation, This is Developments in diving equipment oer 

usually arranged through a resortcbased the last decace mean that mos dive 

dive operatos, most of which will una centers worldwide can oflera reasonable 
caliber of gear for rent. With the addition, 


iwraopverion Sm, 2 


Who knows the waters wel 
yo shoul be assuted of a 
reasonable diving experience 
regardless of the location, 
While most dedicated dive 
operators work to a high 
standard, there area few 


rogue operators around, and 
yo shoul be wary of any 
that show & cavalier approach, 
Liveaboards provide an 
even more intense diving 
vacation, These are dive 
vessels designed for long 


trips to mare inaccessible 


‘Aveaboad is essentially a ating ave center, and 3s 
‘uch shoul have athe faction bond to guarantee 
Safety, comfort, ard a memorable dag advertur 


places, and they provide 
nonstop diving throughout the voyage 
Liveaboards often offer supplementary 
courses, such as photography or natural 
history hosted by resident experts. There 
are few marine die destinations on Earth 


that are not accessible via liveaboard 


and for many this isthe finest way 


experience extensive reel systems, emote 


sites or sprang sland groups 
There i also a range of diving 

expeditions available in the modem, 

travel market. Some are conservation 


oriented and others more adventurous, 
such as seeking out big animal encounters 
or spectacular wrecks 

investigate the results and credibility of 
the group coordinating your project, 
since some that claim high ethical 
standards in conservation and research 
fall well shore of expectations, There are 
others, af course, who perform genuinely 
Valuable work, and for many divers this 
isthe most rewarding ane educational 
aspect of their entire diving carcer 


Take the time to 


Most die centers il be able to 
‘ake you out on a Boat and show 
you the bertfthe local dive spate, 


ACES TO DIVE 


TIPS AND PRECAUTIONS quire RENTAL 
Diving overseas involves putting a great Resting gear when you each your destination is 
dil of trust in your host, be it a local _®%€ "ay oflighening your tavel burden and 


cece dicoeren ae ences ata olin pele reaming exes age. 


trip or expedition. Following afew simple stays within your budget, will make your 
rules and precautions will make this a trip more rewarding than simply opting 
less dawning pr 


pect, and may also fr the bestnown sites or the cheapest 


ease the logsiral problem of transporting deals brief period of research ean 

expensive equipment across the world, reap huge rewards and the range of 
Deciding om a destination isthe frst information sources now available makes 

step in planning a succesful trip. Finding this a relatively simple exercise 

«location that really appeals to you, yet Mier identilying the aims of the 


dive trip, and the location to be visited, 
CHOOSING A DIVE BAG the next stage isto choose a host 


operator, Many local tourist horde can 
Wit you can pack your gearin any case 


forbag\you wish, most divers use bags 
Specially designedto stand upto the 
Firs of dive traveling (ee 79). 
Soft bags, such as duffle bags, 
Can fold up and be stashed 
aay atyour destination. 
‘Semiigid wheeled cases 
sake caning easier, but 
they ae less exible 
Rigid bags are heavier, 
but ofer better 
protection for your gear 
Sembigid wheeled bag 


recommend registered operators who are 
know to work toa high standard 

addition, the PADI website (or pp.34-35) 
lists dive operators who have met a series 


of demanding criteria. This independent 
evaluation is invaluable in identifying the 
most professional centers andl bosts 
While rental equipment is generally 
of a good quality; many divers peer 
to travel with their own gear. This is 
prudent, since unfamiliasty with rented 
grat can create an uncomfortable and 
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occasionally unsal) diving esperien 
The diver alo has the assurance of 
knowing that their owen gear fits well, is 
Functional, and has been tested recently 
“Most anes dono lca ler 
excess baggage allowances for dive gear 


the dive industry is lobbying hard for a 
‘more reasonable approach to this sue), 
bt a phone eal in advance of the tip 
fen works wonders—as doex a courteous 
approach when checking in, Carry 

elicate items such as regulators and dive 


in partcula, may be aflected by presse 
‘anges in the hol of the plane 

Spevial diving insurance is vital, 
since you will nat he covered by general 
travel polices. You need cover for damage 
to equipment in transit, medical care 
broad (uch as recompression treatment 
ancl repatriation in the event of a serious 
diving incident. Policies usally cover 
divers to a depth of 100 f (301m) 
than adequate for most trips 


Ifthe na eg of your vip or any wave between 
|slandsInvoives ght on smalacra, check f 
the car inposes ther own ugeage esters 


The costs of ecompresson—iitisavalableat 
all~can be exorbitant, and many chambers wit 
ot teat vets without proof of lasurance 


(On arrival at your target destination, 
iti ahvays advisable to carry outa few 
simple checks when diving with the host 
opetator All dive operators should have 
emergency oxygen supplies appropriate 
to the range and scale of diving they 


provi, as well as first-aid facilities and 


effective communications I is worth 
raking a quick visual inspection of the 
compressor Fality—air certificates 
shouldbe ot display, but i is relatively 
easy to tell a clean, well maintained 
compressor from a neglected one 
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Europe 


Asa dive destination, Europe tends to be greatly unden 
international diving community. With an exe 
and well 


imated by the 


ent diving infrastructure 


tablished resor n 


and travel networks, Europe offers a 
eclectic mix of dive environments and a host of wrecks to explore 


‘TEMPERATE ZONE 
Europe is, on the whole, a region of 
temperate waters, and this provides 
tremendous seasonal variation in the 
matin life around its coasts, The waters 
fof western Europe are cold and rich ia 
nutrients, and historically have been 
some of the richest fishing grounds on 
Earth, Migratory species move around 
the western edge of the continent, many ASHING BOATS AT ALBUFEIRA, PORTUGAL 
Europe's eh stocks have been an impaant 
rezoute fr millennia, bu overfishing has now 
Put the populations af some species a isk 


borne om the undersea highway of the 
Gulf Stream. Consequently, the same 
dive ste can be unrecognizable from, 
winter to summer Europe has long been the scene of 
In diving terms, Europe isa cantinent intense shipping activity fact reflected 
of extremes, with Areti diving to be had in the thousands of wrecks that today 
inthe dramatie Norwegian fjords tothe dot the sabe. These wrecks represent 


north, while subtropical diving can be a history of seafaring itell—thom Viking 
enjoyed in the warm waters of the longships, to all types of fishing vessels, 
Mediterratcan Sea to the sith ane! merchant fleets tht foundered in 

Violent storms. Sunken warships fan 
NORWEGIAN ORD 


Creoles ions of yeas ago the rds Situ all of the continent's navies 


offer excellent ves in cystaear wate, against bear witess to the many wars that have 
2 superb backdrop of snow-capped mountains. ravaged Europe through the ages 


solder adheres securely to the metal edge. 

As you work more with your iron, different solders, lead came, and copper foiled projects, your skills 
will increase. You will quickly develop the techniques that will make you more confident in tackling increas- 
ingly complex projects. 


Hanging Hardware 


‘There are many ways to hang your project. You will want to 
make sure that the method you choose will support the 
weight of the project. You can purchase pre-made hardware 
from your stained glass store, or make your own using any 
type of solderable wire. If you are using wire look for 16 to 
18 gauge. 

Rings can be added to the metal border of the project 
if itis not too heavy. A general rule of thumb is about one 
square foot, Hold the ring with pliers and solder rings to the 
metal border of the piece wherever they allow it to hang 
properly. Just like soldering the channel together, if you don’t allow the metal to 
get hot enough, the solder will not adhere well. This will result in your hanging 
rings failing. 

A stronger type of hardware is made using wire. Twist together four 
strands of 16 -18 gauge wire, leaving a loop at the end. Cut the wire to about 1/ 
2°. Insert the wire into the opening of the metal channel, 
bending the loop the direction you need it to be. Solder the 
hanger to the channel and fill the opening with solder. 

Another option is to make a loop from twisted wire and 
solder it to the front and back of the metal channel, with the 
loop extending above the project. Be sure to solder the hanger 
into an existing solder joint, not just to the channel. This will 
prevent the weight of the project from pulling the channel away from the glass. 

By the way, the joint on the hanger at the right was painted to match the 
brass channel using a gold paint pen. 


Patina 
Solder and lead change color naturally over time, but you can change their color instantly by using patinas. 
‘There are several different formulas producing a variety of colors. Patinas are easy to use. Make sure that your 
project is thoroughly clean and free of solder, flux and cutting residues. Use a brush or soft rag to apply the 
patina to the solder until you reach the desired color. Wash the panel again to remove any patina from the 
glass. 
‘When using antique brass patina, first scrub your solder seams with fine steel wool. Apply the patina 
sparingly with a clean brush, using only a few strokes. Over use will produce a coppery finish. 
‘Never mix patinas and always use proper ventilation and skin protection. 
©To get a nice black finish on brass, add a dash of table salt to a little black patina in a glass or plas 
Mix well, apply and allow to dry. Clean and finish a usual. 


16 inland  :iordabie products youcantust! Mjnland 


‘ne of Europe's mast impressive wrecks 


—— 
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Wreck of the Zenobia 


LARNACA HARBOR, CYPRUS 


A wreck for all grades of divers, the Zmobia offers 


Mecernwean 7 shallow and deep dives, and a range of penetrations 
Fe, from gentle investigations through to technical 
Serovia cXplorations. Readily accessible, this wreck is one 
= of the most popular dive sites in Europe. 
ACCIDENTAL SINKING. 


In fume 1980, the 10,000-t0n Swedish 
pastenger ferry Zomba ran into 
Alfculis off the cnast of Cyprus 

‘A problem with the autopilot caused 
the vesel to heel over and sink over the 
course of several days, giving plemy of 


time forthe passengers to be evaruated, 


but leaving the eango, inluding 135 
tes, to sink with i, 


REVERED WRECK 
The Zembia has become one of the 
most poplar wrecks in diving becanse 
ofits accesibility and the range of 
dives it offers. Divers can access the 
two main vehicle decks, the bridge, 

the accommodations area, and the 
restaurant, More extreme penetrations 
of the wreck include the engine toon, 


The huge deck and holds are tered with 
facinating deb for the sips former fe 
35 ey, Incuing many ntact vehicles, 


ESSENTIAL INFORMATION 


WATER TEMPERATURE 70-79°F(21-26°C) | 
EcomsTen Subtropical 


‘WHEN TO VISIT Divers can vst year 
round, but diving isa its best Between 
March and October. 

‘MUSTSEES Vehicle hold Number One: 
the bridge: the accommodations area. 


although this is a mubilevel, technical 
dive that requires eared planning, 
and waining. While not suitable for 
the novice, such dives are thrilling 
slallenges, For those seeking a more 
sedate experience, the exterior of 

the wreck also provide 

spectacle, with its props, buge ull, and 
superstructute stil in excellent condition, 


a dramatic 
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Medas Islands 


CATALONIA, SPAIN 


‘The Medas Islands offer a glimpse of how 
Mediterranean marine life was in days of old— 
large fish shoals, passing pelagics, densely colonized 
reefs, and fine coral formations. Closely protected, 
the islands have much to ole visiting divers. 


‘CONSERVATION AREA 
‘The Medas Islands were 
granted the status of a 
‘Nanure Reserve in 1988, 
and have therefore enjoyed 
rmiote than 20 years of 
olficial protection. The Bie 
around the islands reflects 
this with perhaps a greater 
bunlance of marine lie 
andl range of species than 
anywhere else inthe 
western Mediterranean, 


fourwano BouND 
DIVING THEISLANDS ‘lve bat prepares to embak onthe shor voyage tothe 
pelts bree ‘sands Divers Rocka the are to enjoy te profusion af maine 


Teste a Lil ile shring in the clea ble waters fe natures 


eastern coast of Spain, the ilands scorpionlish, octopuses, and moray’eels, 
bhenefic from the nutrient rich runoff local residents ince lange shoals of 
fium the nearby’Ter River. In addition, barracuda and bream, and there have 
cold water upwelings on the craggy ever een sightings af cage rays aroninel 
reef around the islands create an the islands. Diving highlights include the 
tsyyen-tich environment that allows famous Dolphin Cave—a 150-1 (46-m) 
‘marine life to thrive. As well asthe usual tunnel set ina rock face-—and the tiny 
Mediterranean species, such as islet of Carall Bernat. Is also 


reassuring to note the return of red 
coral tothe seas around the islands, 
‘natural resource that was for many 
WAER TEMPERATURE 57-77°F 0495°0. | ears exploited by the jewelry industry. 
ECOSYSTEM Subtropical “Though a small fe i levied by the 
sEIDVSTicwata we authorities for diving around the Medas 
the Medas islands fs between March IMlands, the success of the ongoing 

and September. conservation policy justifies 
c= tapito the extra expense 
Carall Bernat red coral 

formations; rare 
sightings of eagle rays 


WATER TEMPERATURE 57-77°F ( 


‘sound he lands 
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Sardinia 


CENTRAL MEDITERR 


AN, ITALY 


WPM A rugged island in the middle of the Mediterranean, 
" Sardinia has a dramatic geological past reflected in 


ifn“ fBee te caverns ancl caves that dot its coast, Athough 
rocky coast 


The sharp reel, dak 
overhangs, and craggy shoreline 
of Sardinia play host to an 
‘unusual array of marine ie for 
the Mediterrancan—a bady af 
water ot purticulaly famed for 
its marine diversity. Sarcinia’s 


ographical postion ne 


that it receives species fom the 
Red Sea tothe eat thought 
tobe duc to animals traveling 
tough the Suez Canal) and 
the Atlantic to the west, Divers LOCAL CHARACTER 
may encounter any af ax The common octopus sane af the kay species found 

off the rocky Sardinian shoreline. This highly lteligent 
Invertebrate isa common sight for ders 


species of wrasse, twa species 
fof groupers, wonderfully 


color sponges and corals encrusting overhangs in Sardinia, such areas of 
rock walls and a unique giant mollusk low light are festooned in thick growths 
called the noble pen shell of red coral, for which the island is 
particularly well oven, 
NETWORK OF CAVERNS. Thete are ako a number of fine 
This coastline i also famed farts caves wrecks to be dived, The hest known 
and caverns. One sytem —Nereo Cave of these is the wreck of the Angelica, 
fom the northwest coast—is particularly x 4,400-ton freighter that ran aground 
impressive, stretching for over 1000 on the island's jagged refs in L9H, 


300 ta). As with all eaves, caverns, and at Capo Faleane, The wreck lies at 
‘a maninuu dept of 65 f (20 m) 
ESSENTIAL INFORMATION so represents a teatively easy dive. The 


shallow location means that wind snd 


WATER TEMPERATURE 66-77°F (19-25°0) 


weather have taken ther tol om the 
EEOSYSTEM Subtopics wreck’ structure aver the years, but the 
‘QHENTOVISIT Sardinia can beaiea | ste is worth a visit should you desire 
Year-sound, but the summer months a change of pace from the sea caverns 
Ofer warmer, more crowded, seas. that dominate Sardinian diving, With 
anaes el ae Nea many attractive beaches and towns along 
rable pen shells; wreckafthe Angelica, the cots, there is much to enjy on 
shore, as well as bencath the waves. 
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Ustica Island 


SICILY, SOUTHERN ITALY 


Ustica Island was described by no less an authority 
than Jacques Cousteau as the most beautiful island 
dive site in the Mediterranean. A tiny volcanic 
outerop off the coast of Sicily, its qualities have 
seen it established as a Marine Nature Reserve. 


‘SMALL IS BEAUTIFUL 
Ustica Iand may ove its undisturbed 
ecosystem tothe fact that it was a penal WATERTEMPERATURE 59-77°F 5-25") | 


ESSENTIAL INFORMATION 


colony unl 1950, tiny island —ichas | Geggyerew Sabvopica 
‘total surface area of 3 sq miles (Bq | Seem SPP _ 
lan)—it is nonetheless one of the most | WHENTOVISIT Diving takes place on 


Ustica Island year-round, but in winter 


significant tes inthe Mediterranean, | tee sand yaround bu 


to the estene that Kaly’s Academy of eee 
Underwater Sciences and Techniques is | MUSFSEES Red coral formations; he 
Colombara Bank: Medico Tunnel 


based here. The volcan origin of the 
island (cen in the name iself—the Latin 
ta translates as a burnt red color} mean TOP DIVES. 


thatthe refs around the iland are (One of the bes sites is Medica Tunnel, 
particularly dramatic—with a craggy off the northwest of the sland, whieh 
tunderwater topography featuring consists of tal pinnacle with tunel 


‘numerous caves, caverns, and overhangs. passing directly throug it. Another site 
siiee Sit of particular note around the island is 
Barracuda shoal in age numbers inthe waters the Colombara Bank—well known for 
off ily, and ae quent sighted by divers its beautiful reefs and aggregations of 
isting the Maine Resene at Usa. large fish, such as barracuda and tuna, 
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The Hebrides 


D 


STERN SCOTLA 


The islands of the Hebrides have the feel of 


Sere genuine wilderness about them, Precipitous 
Habodes lp) mountains plunge into dark bays and craggy lochs, 
fapuoys and white beaches lead to waving kelp forests, 
_clapeageobur kelp 
RICH SEAS around Ste particulny the small 
The topography of the Hebrides lends isdn of An Dui Sget the wrecks 
ise really o abundant marine ie, and rel of the Sound of Mull he 
wih ep wal in the lochs, convoluted famous dives arn Ohan (home 
tocky sels inthe open wate and sng ta one of dhe mont eatalsed and 
Washed in oxygen-rich cold water the the remote Summers. The ast 
sea A eth eek titre 


‘marine life both large and small a fishing vessel that sank i 1991 and 
Notable ste in the region include dives is tll ntact and in good conelion, 


“SURVIVING WILDERNESS 
The characteristic ocy caastlnesafthe 
Hebrides are perhaps one ofthe st iuiy 
il places in the United Kingdon 


EUROPE 


‘TEMPERATE. WATER ECOSYSTEM 


The Hebridean islands provide one of the 
Fichest and mast complet insights into 
the marine life of temperate-water zane. 
Visitor othe islands rocky shores 
include tinerant whale ane dolphin 
Species, ing, conger ee, and a prtusion 
of smaller native fish species. Coloniak 
and encrusting organisms coat the ack 
‘rll, wth anemones an sponges 
Creating colorful and dramatic refs, 
“hese are patrlled by otters—the 
Hebrides is one ofthe few dive sites 

In the Unted Kingdom where these 
fascinating mammals have largely 

‘ken ta these cantons do, 

‘ot pemit diving, the Seotish 

Sealife and Marine Sanctuary near 

(Oban i well worth ait. thas 2 
spectacular aquarium and a busy 

otter and seal sanctuary. 


‘diver examines an undersea wall covered 
ead mens agers and plomose anemones 


In the winter mouths the islands of the including cutdetsh and octopus, coorial 
Hebrides are subject to wild weather nudibranches, and an array of fish species 
and cold water with many dives including some spectacular wrasse 
Dpecoming very demanding due to dark Larger animals encountered in 
water and strong tides. Inthe summer the open seas around the Hebridean 
rionths, the region really comes ta ifs, archipelago, as well as in its many 
With some of the beaches on the more dramatic eaves andl bays, clude both 
remote ilands becoming gateways tothe common ancl the Adantic seal 
absolutely top-class shallow dives. Bortlenose dolphins are regular visitors 
to these shores, as are the mone rarely 
ANIMAL MAGIC seen ros and whit-beaked dolphins 
The shallow reefs just olfshore in the Whale species that can be spotted 
Hebrides are some of the busiest include minke and pilot whales, orcas, 
temperate reefs anywhere in Europe, especially around the islanls of Coll and 


playing host to large elite 


bsand Tiree, and, if you are very lucky, sperm 
Tobsters, various species of cephalopods whales and humpback whales, There ar 
large gatherings of basking sharks late in 

ESSENTIAL INFORMATION the year, though predicting when and 


where these will take place is almost 
WATER TEMPERATURE 46-—64°F (18° 
WAP TEMPERATURE AS SA"F EHO) | snposible. Occasionally, sunfish and 


ECOSYSTEM Temperate leatherback tutles alo vst the region. 
ent VST Dg SEE nis not only the anianals that 

feat but can be story i wine. provide the excitement for divers visting 
| this region, The third largest whitlpoat 
fm Earth can be seen at the Gulf of 


MUSTSHES Ofer; wreck ofthe 
Fainseather Vin the Summer Isles; 
‘an Dubh Sgerin Sky. Gorryvreekan, between the islands of 


Searba and Jura, 


1 


LACES TO DIVE 


Scapa Flow 


ORKNEY ISLANDS, GREAT BRITAIN 
“The most famous wreck-diving location in Europe, 
Scapa Flow is a huge natu 
ialands of Orkney off northern Scotland. Its fame 
stems from the fact that it was the site of the largest 
ship-scuttling action in maritime history. 


harbor amid the 


ANCIENT HARBOR 
Although Srapa Flaw has been used 
as an anchorage since Viking tes WATER TEMPERATURE 46—68°F (8-200 
(the name derives from the Old Norse | Zonta Tempemie 
Staley, “Bay of the Long Ithaaus"), 
fone event ensured its fame in the diving 
world. After World War I, the German 
igh Seas Fleet was impounded in MUSTSEES Wirecks of Koln Kroprine 
Scapa Flaw by the Ales. The feet, Witheim: lames Barrie; Gobernador 


consisting of 79 vessels, was imprisoned | B2/es Basking sharks; seals 
therefor over a year: On June 21, 1919, 


EEOSVSTEM Temperate 


‘WEN TO VISIT Best aivng condltions 
are between March and September 


Admiral Ludwig vou Reate, the four light erusers, and five torpedo boats 
German commanding officer, mistead stil ie on the seabed In adeliion wo this 
a newspaper headline and assumed that fich array of wrecks, the British 


hostilities were about to resume and Admiralty sank 50,000 tons of shipping 
ordered is ships to be sunk by their own during World War I and I as blockships 
crews rather than let them fll nto the in the narrow entrances of the Flaw ta 


hands of Allied forces prevent raids by German subsmatines 
With several other wrecks of varying 

GRAVEYARD OF SHIPS. origins seatered throughout the Flow; 

"The subsequent mass scutling saw the the ste has hecome a mecca fr serious 

majority of the cet sunk, although the wreck divers. Alhough the larger 

Allies managed 10 save 22 vessels by German wreeks ean he demancling 


‘owing chem into the shallows. Several of dives, there are many easier options 
the German ships were salvaged in the for the less experienced, The blockships 
imesvening years, but three batleships, in particular are splendid dives, sitting 
in shallow tidal channels 
washed by cold notient= 
rich waters and teeming 
vith marine ie 
Notable wrecks ia 
Scapa are the Kingpins 
Wile, the Brummer, ad 


RUSTIN peace 
Not al of Scapa Flow’ stale 
‘wrecks lle beneath hee 
Sandy beaces also bear 
wines tothe past. 
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th Ks Among heise qa AWARE 
renowned, and Jthe trawler {During the sgz0s, the British salvage 
ji is a magnificent sight at Firm Cox & Danks ra 

1314 (Wm) —siting almost perfect 
preserved on the sea Moor 


WILD SCAPA stomie weapon 
Source of high-grade metal that is 


Bee Ne he eee pletely free of radioactive pate. 


rane lif, with the shallow wrecks in 
Saage work 


particular playing host to huge nul 
P p Seapaiow 


3 ballen and cuckoo wrasse 
conger eels, octopuses, and heautful 
nudibranch. Larger residents include 
grey seals, dolphins, and basking sharks 
in the summer months, and aleo the 
occasional visting pod of orcas, Thongh 
the wrecks of Scapa Flow ar, naturally 
ity greatest attraction, the marine life 

here is a welcome bonus, 


cuMpse mo Histo 
Diets at Scapa Flow can Inspect the wrchn 


ins af Geman bateships 
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ES TO DIVE 


The Isles of Scilly 


ENGLISH CHANNEL, GREAT BRITAIN 


eens 


Something of a well-kept secret among British 
divers, the Isles of Scilly are a cluster of tiny islands 
that sit at the tail end of the Gulf Stream, Rich 
marine life, ively reefs, and an abundance of 
wrecks make this archipelago a diver’s paradise. 


a 


‘SPARSELY POPULATED 
‘The Iles of Seily (or the Seilies, as 
they are universally kuowen) consist of 
300 granite islands 28 miles (45 km) off 
the southwestern tip of England. Only 
sic ofthe idands are inhabited, and 
even these could harly be described as 
towed, The island ate lowelying and 
very beautiful, with white sandy beaches 
Fnging green islands. 

“The land’ postion in one of the 
worlds busiest shipping channels means 
that wrecks are abundant, The most 


ESSENTIAL INFORMATION 


WATER TEMPERATURE 46-64°F(8-18°C) 
EEOSVSTEM Temperate 


‘WEN TO VISIT Diving is possible yea 
‘ound, although in winter there 
‘can be violent storms 


‘MUSTSEES Inner Gistone 
Rock: Cita and Eagle 
wrecks; gray seals. 


The se88 around he Sells havea clay 
mare ypical af soutnem Fance than southem 
England. Tis makes fr excelct dng 


recent wreck here was the cargo ship 
(Gita, which foundered on March 
1997, leading to a bonanza of fee goods 
far enterprising local. This vessel is ow 
an excellent dive, lying in 115 4 (35 m) of 
lear water By coutrast the wreck of the 
‘Eagle British warship that sank in 1707, 
olfers a glimpse into naval history, with 
cannons still visible on the seabed 


OTHER ATTRACTIONS 
‘As ill as merous wreeks to explore, 
divers ao have accesso splendidly 
Ihusy reels, ane may 
‘even encounter larger 
species sch as seals, 
as well ax seasonal 
vistors, including 
basking sharks. 


Seats are ote encountered by 
‘vers th Salles, 


uble Shooting 


Problem: The solder won't adhere to the foil or came. 


Solutions/Explanations: 


1) Did you apply any flux? 
2) Did you apply enough flux? 
3) Was your iron too cool? 
4) Is the foil or lead came too oxidized for flux to activate the surface? 
A) Buff copper foil with 000 or 0000 steel wool 
B) Clean lead came with brass brush. 


Problem: Solder is melting through to the backside of my project. 


Solutions/Explanations 


1) Your iron is too hot, Depending on what type of iron you are using, either turn the temperature controller 
down or change to a lower temperature tip. 

2) You may be soldering too long in each area. Move on and let the solder cool, Return to those spots later. 

3) The gaps between your glass are too wide. ‘Try to fill the gaps with solder and let it cool. Then go back 
and solder a bead on top of the filled gaps. 

4) Try placing a wet paper towel under the project to provide cooling. 


Problem: My solder is "stiff." Iam unable to get a smooth bead. 


Solutions/Explanations: 


1) Your iron is too cool. Depending on what type of iron you are using, either turn the temperature control- 
ler up or change to a higher temperature tip. 

2) You may not be using enough flux 

3) Is the tip of the iron getting hot? Check to see that the tip is seated correctly down in the barrel of the iron. 

4) Are you "painting" with solder, instead of running a long bead with a steady, even, one directional move- 
ment? This is one of the most common mistakes that beginners make. In order for the solder to create a 
bead, it has to get molten. If you are using the iron as a “paint brush”, the solder is not getting hot 
enough to melt thoroughly. 

5) You may be soldering with just a corner of the iron tip. Check for proper positioning of your iron. 

6) Try a different solder with a lower melting point. 


Problem: My iron seems to be hot, but the solder isn't melting as fast as normal. 
Solutions/Explanations: 
1) Check your tip. Is it loose? 
2) Is your tip too dirty? 
‘A) Clean it on a wet sponge. 
B) Clean it on a tinning block. 
3) Your tip is too corroded or defective. Replace it, 
4) Your rheostat may be malfunctioning, 
A) Plug the iron into the outlet you are using without the temperature controller. If the iron works, the 
controller is malfunctioning. If the iron doesn’t work, the problem may be with the iron itself. 
B) With some types you can check the temperature controller by plugging a lamp into it. Turn on the 
lamp and see if the controller dims and brightens the lamp, 
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The Skelligs 


COUNTY COR 


RELAND 
Two rocks that jut out of the Adantic at the eastern 
end of the Gulf Stream, the Skelligs are a beacon 
for wildlife in the rich seas off southwestern Ireland, 


This has created a world-class dive site in one of the 


finest dive regions to be found anywhere in Europe 


‘TWIN ISLANDS. 
The Skelligs sit 11 miles (15 km) off the 
soutlivestern coast of Ireland, and vse 
almast 700 fe 200 m) above the wild 

Alani waters blows They 
huge rocks—Skellig Michael and Lite 
‘Skellig—around {male (15 kam) apart, 
The eragey faces and reefs of the rocks 
are washed by the waters of the North 


Aulantic Current, a flow of water that 
carves the tail end of the Gulf Stream, 
This brings warm waters from the 
ESSENTIAL INFORMATION 
WATER TEMPERATURE 48-72°F (9-220) 


EcOsvSTEM Tempe 


‘WHEN TO VISIT The best time ofyearto 
dive onthe Seligs fs between April 
and September 


(MUSTSEES The Pinnacle divest; seal 
‘colony gannets on Lite Selig 


rmil-Adantic, accompanied by occasional 


lange species such as dolphins, This 
current is the seeret of the area's riche 


HAVEN FOR MARINE LIFE. 
The rock fies of the Sklligs are coated 
in colorful encrusting onganisms, such as 
anemones, sponges, and dead man's 
Fingers. Every nook and eranny has 

an occupant, with huge edible crabs 
lobsters, conger eels andl rockling all 
jostling for postion, In the kelp rests 
‘wrasse and dogfish lurk, while mackerel, 
andl bass cruise the open waters, Larger 
residents include a heathy gray seal 
colony, as well as visting basking sharks 


The solated, suggesting of kal Michael! 
‘a look inhoepable, bt beneath he waters 
fac, the aes teen wth vibra marine Me 
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Lundy 
BRISTOL CHANNEL, SOUTHWESTERN ENGLAND 
r Lundy Island sits amid the powerful tidal stream of 


the Bristol Channel. Washed constantly by waters 

rich in nutrients, itis host to wonderfully busy reefs 
jane and the occasional larger visitor arriving fiom the 
%E_4 great waters of the Atlantic, to the west 


gi 


PIONEERING RESERVE 
Lying 10 miles (16 kan) off 
the coast of Devon, Lundy 
isa craggy granite outcrop 
approximately 8 miles (5 km) 
in ength. The richness of its 
reef and the abundance of 
marine life saw Lundy established 
asthe fist Marine Nature Rese 
inthe United Kingdom, 
"There are wo distinc Facer 
to Landy—the more exposed 
western shore, which faces the 
swells and storms of the Adantic, 
and the more benign eastern shore 
‘The topography of the granite 
ereates wonderfully dramatic cliffs 
and reefs, with the regular tidal entene 
"movement in the channel bathing The gaping mun of he basking shack nts only 
these rock faces in nutriene-rch water. the thes plankton fr its food. The species ls 
offen encountered off indy in sume 


REEF POPULATIONS 
Divers will encounter an array of British include anglerfish and ved-bandeel fish — 
reef life around the islandl—lobsters, the latter being unique to the island, 


several species of wrasse, huge shoals The island is aso frequently visited 
of bib and pollack, bass, conger eel, and by basking sharks and dolphins during 
bectopus. More unusual Lundy residents sumumer months 

"The wreck of the British warship 
Montague cas be foul om Shutter 
Reef at a depth of 15-30 fe (5-15 my 
A-14,000-.on batileship, it an aground 
ECOSYSTEM Temperate in fog in 1906 while on exercises in the 
‘QHENTOVSIT Vist andy FomApaite” | ‘Bristol Channel, Intensive efforts to 


WATER TEMPERATURE 46~72°F (822°C) 


‘WHEN To VISIT Vist Lay Fam Apri 
September forthe best diving refloa it failed. Although the wreckage 


is scattered and broken, there remain 
‘MUSTSHES Basking sharks and 

Galphins; the wreck ofthe Montague, ‘Piles of armmor plate anid she kelp, The 
Gannets Rock Krall Pins. Montague was armed when it sank, s0 


Dpewase of lve shells 
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Norwegian Fjords 


NORTHWESTERN COAST, NORWAY 


Cold water, ste 


Foxwesan Hotes 
Sener : 
toute some marine life 
Nom ake 
£51 | burthe rev 
WILD COASTLINE 


Nonway's convoluted coast stretches for 


around 14,000 miles (22,000 kan) in a 
series of jagued inlets, bays, and for 
and is dated with over 50,000 islands, 
Norway also has, in Somgufjord, the 

an) and deepest 
4,430 8/1,830 un) ord on Earth, 


longest (140 miles 


There are many great dive sites 


along this gloriously will coastline: one 


of the finest regions and one tht is 


gaining an international reputation far 
the quality of its diving —is Ryylke, 10 
the southwest, Diving the fords requires 
previous experience and competence i 


cold-water diving long withthe relevant 


The plunging wal ofthe lors, bot above 
and below the waters surface, set the tone 
forths miged and beautiful destination. 


p walls, and strong currents may 
not be everyone's ideal diving experience, but for 

, these are ideal conditions. Diving 
the Norwegian fjords is not for the faint-hearted, 
ards are well worth the effort 


ESSENTIAL INFORMATION 
WATER TEMPERATURE 36-68°F (2-20°C) 
ECOSYSTEM Temperate 


‘ahien TO Visit The fords can be dived 
vyear-found, but winter manths can 
present cold, challenging conditions. 


‘MUSTSEES Pulpit Rock: Wjerag Wali 
Lsefind visiting eas 


cold-water gear The topography of th 
Fjords creates steep walls colonized by 


kelp, dead men’s fingers, sponges, and 


some rare deep water corals, Pike 


logis, skate, catfish, andl nurnerous 
crustaceans are particularly abundant in 
Rye. Seasonal highlights include 


migratory Visits from salmon and their 
attendant predators, such as orcas 
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Iceland 


NORTH ATLANTIC 


‘VOLCANIC BIRTH 
Iceland was formed by voleanic action 
fm the Mid-Adntic Ridge, and bias & 

suaface area of just over 38,600 5 niles 
(100,000 sq la), The isla sill 


experiencing an extraordinary level of 
voleanic activity, with 50 eruptions 
recorded in the last 200 years, Iceland's 
coastline is classically volea 
With cragay inlets, dratsatic cli and 
rock formations, and fissured reef 


bring 


“There are wo diving experiences in 
Iceland that are not found anywhere ele 
inthe world. The frst i the legendary 
Surytan hydrothermal vent, whieh rises 
fiom a depeh of 290 (70 m) to within 
5008 (15 an) of the water's surface. Divers 
and indeed fee 


Firing from the vent while enjoying the 


can see the hot water 


ICELANDIC COASTUNE 
The dramatic geological eruptions that gave 
ich to leland are evden nits ragey and 
forbidding cits and wld shoves, 


including the opportuni 
life around a hydrothe 


Born from the depths of the sea itself, leeland is 
still a youngster in geological terms. ‘The country’s 
volcanic past provides some unique dive sites, 


y to explore the marine 
mal yent, 


ESSENTIAL INFORMATION 
(waver rempenaruRe 34-46°F(-8°0) | 
EEOSVSTEM Temperate 
‘tien TO VSI Diving in eel is 
atts bestin summer, between lune 
and September. 
(MUSTSEES Stren hydrathermal vet, 
Sila in Thingvelir National Park, 


diverse invertebrate ancl fish life drawn, 
ina this oasis of warmth in an icy sea 
"The second is Sila, a water-filled ravine 
in Thingvellir National Park. This is 
another dive that gives a marvelous 
insight into Ieland!s fer origins, Part of 
a huge rift in Earth's crust beneen the 
Buta 

plates, Sila is lle with glacial meltwater 
that as ben filtered through lava for 
decals, giving famously 

cexystal-clear visibility 


ian and American continental 
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White Sea, Russia 


NORTHEASTERN RUSSIA 


‘The White Sea is one of the most beautiful of 
the seas of northern Russia, andl the only place in 
Russia where you can dive under the ice. The 
marine environment here is relatively untouched 
by human activity and the diving is superb, 


FROZEN WORLD 


Diving beneath ie is exciting 
anel adventurous, and the 
visibility anything fren 50 
to 165 ft (15-50 m}—ean be 
stunning. The water is not 
allected by waves ue to the 
protection of the ie), and low 
light conditions mean that 
algal growth is minimal. The 
Water in the White Sea, which 
lies across the Arctic Circle 
is frazen fron Novernber unl 
April, ut the best ime to go DENIEN OF THEICY DEEP 
isin mid-March, Any earlier der comes face face with a gorgnocephalus— 
‘% more dramatically, “gorgo's head Dame orm 
fof basket starcanmon inthe White Sea 


and the temperatures are very 
cold, far below zero; any later 


and the ice has retreated and you of nuclbranchs, ancl five species of seals 
cannot get to the best dive sites. The Shoals of tiny comb elysh alsa foram 
Gulf Stream warms some of the an extraordinary sight, the light glinting 
waters frher nom, preventing them off them ina millon tiny rainbows. Tes 
fiom freeaing over possible to encounter beluga whales, and 
sceasionally orcas and Greenland shark, 
RARE ORGANISMS which venture into these waters 
The White Sea offers plenty of lie to see ‘In addition to some great diving 


and photograph fr example, there are there are posibiles of ice snorkeling 
some 80 species of fh, around 30 species in fastllowing rivers and among the 
icchengs and, Joking tothe skis, 
ESSENTIAL INFORMATION. witnesing the stmning beauty of dhe 
stmospheric ps 
the aurora barealis or noriher ight. 
Ako within excursion distance of dive 


nomenon known as 


WATER TEMPERATURE 32°F (-0.5°) at 
the surface to 27°F (-3°C deeper down 


odeeran er sites on the east coast is Star City the 


‘anen To Visit Dhingisbestin mid” | Russian cosmonaut training facility 
March (se aso, above) you can even arrange ta dive atthe 
MUSTSHS Geuge whalesrseaiy «| ‘Mrospace laboratory at the MIR Space 


‘MUSTSEES Beluga whales seals; 
‘mora borealis: cosmonaut faci. Genter, used to prepare cosmonauts for 
the weightless conditions af space 
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Africa and the Middle East 


Acontinent synonymous with adventure and exploration, Aliica offers 
spectacular shark encounters and many miles of unexplored reef 
‘The Middle East boasts the Red Sea, perhaps the most famous of 
all places to dive, with a highly developed dive industry to match, 


AFRICAN HIGHLIGHTS. Run, where gigantic 
South Arica is renowned sardine shoals mewe 
xoaghout che world for slowly up the coast, 
big animal encounters barred by dolphins, 
in particular with the ‘whales, sharks, sea, 
great white sharks of the and gannets, 


CCape—and fr the epic Lying to the northeast 


shark dives to be had off DESERT MEETS Sea of the Aftiean coast are 
al. crisako —-Nmanysitesin Aca, he warm — he magnificently wild 
theseene of one of the BMESEEEPSaESIst2HASN, beaches and reefs of 
greatest spectacles in the Mid landscapectbleacnedreck to, arotique and the 
‘marine world-the legendary Sardine islands off Kenya and Tanzania, Farther 
cme ‘ut to sea lie Mauritius, the Seychelles, 
reese tae ete ase and the Comoros, al lfering diving of 
tole sof corals which play hos ta real quality o reels influenced by the 
2 stunning anay af maine ite, abunclant marine life of the Indo-Pacific 


region tothe east. 


RED SEA RICHES 
“The oustancng gem of the Mile 
ip the Recl Sea, perhaps the mos heavily 
SR sed by of water in the word 
Bs From the northern resort of El 
BNE Ras Mohamed, Sharm El Sheik, 
Pad Dahab, deongh othe wider 
southern sites ike the Brodhers and 
the coast of Sudan, this region 
provides superb ee ving as 
setts varied weeks sueh 
Pa te famous Thorn 
Despite its popular; the 
Rea Sea sill has explored 
regions, and new dive sts 


Continue 19 be opened, so 
4 il always have much to 
attract divers. 


Bcc wees 
pct cen asst 

. eee 
ed 
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LACES TO DIVE 


Gansbaai 


WESTERN CAPE, SOUTH AFRICA 


ie Gansbaai offers a rare chance to see the ultimate 
marine predator, With an island packed with 
breeding seals just offshore, Gansbaai is one of 
‘See the finest locations on Earth to get up close and 


personal with the great white shark, 


SHARK CENTER AWESOME ANIAAL 
Gansbaai initially appears to Great white sharks cruise the cold 
fer lle asa dive destination, with aie rere Be 

1 small harbor an a cky shore that is 

liequently battered by large swells Its growing up to 20 A (6 min length, 

only when the diver stands on the wharf The great white’s notoriety as a man- 
nd squimts into the middle distance that eater, however, isa misrepresentation 
the reason fr this site's global fame of this fascinating creature, about which 
emenges. low island several miles surprisingly litle is known, 

olor is dhe home of 60-90,000 fur 

seals, and proves iesistible tthe great MAIN ATTRACTION 


Whites chat erise this region of South The presence of the sharks has spawned 

Atica. Great whites are one of the a thriving industry, with thillseekers 

‘ocean's most formidable predators, corning from all ver the world ta dive 
with the great whites. Only cage diving, 


ESSENTIAL INFORI is permite with the saa, but iis 
WATER TEMPERATURE 52-65F(acaec) | Pestle to dive within the eal colonies 
WATRTEMPERATURE 52°63°F (797°) | round the island in certain regions 
ECOSYSTEM Temperate that are considered safe by local dive 
WHEN TO VISIT Yearvound sharkacivtyy | operators. Farther afc there ane 
numbers peak May to September. beaut cold-water reefs covered! in 
saying fields of kelp, but there is 
really only one reason why divers visit 


‘MUSTSEES Cage aivng with great white 
sharks at Oye sland, plu seal dives in 
4 few recommended seas, Gansbaai—that most magnificent of 

‘marine predators, the great white shark, 


AFRICA AND THE MIDDLE EAS 


oso 


Aliwal Shoal 


KWAZULU-NATAL, SOUTH AFRICA 


Aliwal Shoal is one of the greatest adventure dive 
) sites on Earth. The excitement begins on the beach, 
\with perhaps the most dramatic surf launch in the 
diving world, and ends with outstanding shark 


encounters above a thriving reef system, 


CROSSROADS IN THE SEA 
Aliwal Shoal is mountain of sandstone 
that juts into the underwater highway 

of the Agulhas Current. The ste is 
renowned for shark encounters, in 
particular the famous ragged-tooth 
sharks that hrk within the caves and 


caverns of the reef, There are also 
amber sharks in great numbers at 
the Fight time of year, as well as more 
‘ocasiomal encounter with tiger sharks, 
and, thinly; there area few rare 
sightings of great whites. However, 
Aliwal Shoal has mitch more t offer 


than shark encounters, since the 


ESSENTIAL INFORMATION 


Se 
WATER TEMPERATURE 65-79°F(19-26°C) 


EEOSYSTEM Subtropical 


‘Wien TO VISIT Ragged oth shakin 
residence rom uly o October, Zambezi 
‘harks can be een October Aoi 


MUSTSEES Raggedtoath sharks; 
Sardine Run migrating whales 


mixture of both warm water ref fish 
andl temperate species creates one of 
the most diverse ref systems in all 

of southern Aica, 


VISITING SPECIES 
Added ta the array of Tie are transient 
vistors, such as migrating humpback and 
right whales, aswell as turtles and huge 
brindle bass. The dive ste i also decdy 
inthe path of the Sardine Run, one of 
the most impressive marine migrations 
anywhere in the world’s oceans. Sardine 
shoals travel more than 1,000 miles 
(1,600 kan) in his great anual exodus, 
Dive boats often encounter heavy sur an thei 
‘ayo Alva Shoal, some distance of shoe. 
{unchingin these conditions i exhilarating. 


LACES TO DIVE 


Sodwana Bay 


WAZULU-NATAL, SOUTH AFRICA 
‘The only coral reef dive site in South Africa, 
Sodwana is set in the heart of a national park in 
northern Natal. The reefs host more than 1,000 
species of fish, as well as impressive transients, such 


as whale sharks, billfish, manta rays, and whales. 


REMOTE REEFS 
Sodvvana lies in a beautifully remote 
region of South Alrica, nestling right up 
against the border with Mozambique to 
the north. Simply gesting to the ste i 
something of requiring 

a journey by fouravheel drive vehile 
‘hough wild bush on bumpy drt racks, 
Althougl the dive industry in Sodwana 
is well established, it also closely 


advent 


rionitored, Only three 
dive centers are allowed to 
operate in the region, co limit 
the number of divers on 

the reef andl so protect 
the 


icate coral 


DIVERSE ATTRACTIONS 
The four established reef aff Sodwana 
are named after their distance from the 
launch site, and are called Two, Fi 
Seven, and Nine Mile Reef: Each offers 
Something slightly dlilerent, ranging 

fiom the mos delicate of hard corals 


ESSENTIAL INFORMATION 


WATER TEMPERATURE 70-84°F (21-29°C) 


EcosvSTEM Topical weet 

‘WHEN To VISIT Vearround diving, but 

Visit October to February fora chance of 

Sighting whale sharks at Sodwana 

‘MUSTSEES Seven Mile Ree: Nine Mile 
Reef, sur launch; whale sharks, 


‘mantas, and other 
Visiting species 


Tes of severat 
Species vt Sodnana 


PPeneounters with large ocean 
‘going species including whale sharks. 
Although the journey to Sodwana is 

a considerable undertaking, the reward 
is nothing less than the finest coral ref 
dives on the continent. 


Despite the fact tha Sodwana Bays fay 
tema, he ste can be busy. De beats often 
Tauneh vith an audlence of waling dives 


Solutions/Explanations: 
1) You are not using enough solder. Reflux your project and add more solder. 

2) You are soldering too fast. Move at a speed that lets the solder bead. 

3) If the bead was there, but disappeared, you may be working too long in one area causing the solder to melt 
through to the other side. Allow the area to cool down before trying again. Another option is to place a 
damp paper towel under the seam you are working on. This will help keep the glass cool, allowing you a 
little more time to work. 

4) Check the type of solder mix you are using. For copper foil work, 60/40 will help produce a higher, more 
rounded bead. Don’t make the mistake of buying 40/60 solder. It has an even longer pasty range than 50/ 


50, and is not recommended for stained glass work. 


Solutions/Explanations: 
1) Do you have large gaps between the pieces you are soldering? 

A) You may have to recut some pieces. 

2) You may be using too much solder causing the seam to bulge over onto the glass. "Pull" or "bleed" the 


excess solder from the seam. 
3) Is the copper foil too wide? This is another common mistake for beginners. Remember that the width of 


the solder seam is determined by the width of the foil. An attractive solder seam is accomplished by using 
a foil that shows about 1/16" on both sides of the glass. 


Solutions/Explanations: 

1) You may have poorly fitting pieces that create different size gaps in your project. Recut these pieces. 

2) Your foil may be applied unevenly on each side of the glass in some places. You may try to correct this by 
trimming the foil with a craft knife. If that does not work, remove the foil and start again. 


Solutions/Explanations: 
1) Your iron is too hot. Depending on what type of iron you are using, either turn the rheostat down or 
change to a lower temperature tip. 


2) You "worked" too long in one location with the iron, 
3) There could have been a small chip or crack in the glass which was expanded when it was heated by the iron. 


Solutions/Explanations: 
1) The solder was applied too cold, so it never fully reached its "liquid state." Turn up the temperature if you 
are using a theostat or change to a higher temperature tip if you are using a temperature controlled tip. 

2) You may not be using enough flux to "wet" your foil or lead and create a proper solder condition. 
3) If you're using 50/50 solder, try 60/40. Because solder crystallizes as it cools through the pasty range, 50/ 
50 is more prone to having a textured look on its surface because of its considerably larger pasty range. 


4) The solder you are using may be of inferior quality. 


AFRICA AND THE SHDDLE EAST im, 261 


Protea Banks 


KWAZULU-NATAL, SOUTH AFRICA 


5 Even within the singularly robust South Affican 
diving community, Protea Banks isa dive site famed 
for thrills A reef cut with deep gullies, overhangs, 
and caverns, and notable for its shark encounters, 
this is not a site for the faint-hearted. 


OW THE PROWL 
The tiger sharks a species 
ute equa sighted around 
Protas Banh, often with 
femora eh int 


CHALLENGING SITE Not only can large munbers of raged 
‘Although Protea Banks does not boast tooth sharks be found here during their 
the dramatic topography of nearby mating season, but there sa strong, 


Aliwal Shoal (e 1.239), it lacks none of powibilty of encountering tiger sharks 
the excitement Indeed, there are many or hammerheads, For several months of 
in the local diving community who the yea, divers can also be confronted 
consider Protea Banks more extreme in mi-water by large nurmbers of the 
than Alival—the reasons being the Zatwbesi sharks. These maguilicent 
depth, the currents, and the teil shark predators follow game fish that arrive 
encounters The top of the ref son during the sumer months. 

average, deeper than Aliwal Shoal, with 

several dives in excess of 100 (30m), 
"The curtents that sweep over the Mat 
reef crest are ako stronger, and several 
of the dives are exhilarating dels over a | ECOSYSTEM Subtropical 
considerable distance of undersea terrain, 


WATER TEMPERATURE 66-79°F(19-26°O) 


‘Wien TO SIT Ragged Toth sharks can 
be seen from ul fo October; Zambezi 
SHARK SPOTTING sharks fom Octaberta Api 

"The final reason Protea Banks is so 


MUSTSEES Ragged oath sharks: 
revered among the dive community Zambez sharkss migrating whales 
in South Alfca ists shatk encounters, 
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Mozambique 


SOUTHEAST AFRICA 


Wracked by decades of civil war, Mozambique was 
once a forgotten destination in world diving, The end 


{oF the confi in 1992 prompted the gral return 


NURTURING SEAS 
The fast-moving waters of the Agulhas 
Current, hich pastes through the gap 
between the east cuast af Mozambique 
and the island of Madagascar, are 

the source of much of Mozambique’s 
sgveat marine diversity The reef in 

this region are teeming wit lie, and 
although the entire coastline has dive 
sites of merit, there are certain regions 
that stand out, including Inhaca 
Island, Ponta do Ouro, the Bazaruto 
Archipelago, and Cabo San Sebastian, 


FAR-FLUNG LOCATION, 
‘Mevanbique is by no means an easy 

dive destination 1 access. Many of the 
sites wo the south of the country require 


waters off one of Affic 


of divers, and revealed the riches that lie in the blue 


's wildest coastlines, 


ESSENTIAL INFORMATION. 
WATER TenPenaTuRe 70-83°F (3-269 | 
EeonsTen Subtropical 


‘Wien TO VISIT Year-round, but conditions 
ate best rom September to March 


‘MUSTSEES Potato bass, ragged tooth 
‘harks; ull sharks; humaback whales; 
hale sharks; manta rays 


1 sturdy four-wheel drive vehirle to cope 
with the dirt and sand roads, and the 
‘solated operators andl resorts ae tucked 
in behind long stretches of deserted 
beach. However, Mazamnbique's dive 
sites offer ample reward. The southern 
region of the country has hecome well 
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== 


known for encounters with huge potato 
bass and ragged-ooth sharks, when 
farther nom, encounters with bull and 
tiger sharks are a distinct possibility 
Humpback whales move through the 
area inthe sutnmer mouths, and the 
fceasional dugang is sighted in the 
shallow estuaries along the coast. 

The Buzanuto Archipelago on 
Mowainbique’s central coast is 
excellent place to see whale sharks, while 
‘nearby Vilnaculos is an exzellent ste to 
encounter manta rays and dolphins 


BRIGHT FUTURE 
‘Mozambique sill has primitive tours 
infrastructure, particularly i the 

regions of the country: Malaria i ao 
significant facto, with mst of the 
country allected at certain ties of 


the year. Nonetheles, Mozambique ie 
‘making tremendous progress 
destination, with the county's diving 
rapidly establishing itself as truly world- 
class, Diving here ean present challenges 
for the intrepid traveles, but the isolation 
and low tourist trafic ean be seen as 
areal advantage in one of Aftra's most 
rapidly developing dive destinations. 


|WAVE.SWEPT WILDERNESS 


Mozambique has over 500 miles 
(G.4go kn) af coastine, much of it 
sparsely inhabited. The southern 
stretches of coast are dominated by 
sandbars, estuaries, and swamps, 
thle the wider north is characterized 
bylong beaches and cis. The entire 
coastline is wemendously dramatic 
land wil, and even the capital Maputo 
has the famous innaaIsland— site 
famed inthe diving wold forts large 
animal encounters—dirctly offshore 
Dolphins, whale sharks, nd manta 
rays al requent this sit 


Sut beaks ona tech o coast 


Engnmous potato bass ae ota found 
patrling te busting res of Nozambique 
This imposing species canbe estremely 
Inquistve, and indiuals 

sften approach ders. 


PLACES TO DIVE 


Seychelles 


STERN INDIAN OCEAN 


The clear waters of th 


chelles teem with 
abundant marine life, and offer those prepared to 
travel a bit farther a range of gentle reef dives on 
the inner islands, The outer islands have big walls, 
wild drifts, and large animal encounters. 


‘A PATTERN OF ISLANDS. 


ESSENTIAL INFORMATION 
The Seychelles archipelago number 

115 alands in toa, although these WATER TEMPERATURE 81-84°F (27-29°0) | 
are spread overa vast area af ocean, ae 


hundreds of mies ff the east coast aoe ee 
of Aftica. The Seychelles is divided into | MHENTOVISI May to October 
the inner islands and the outer islands, | QUSTSEES Large pelagic species nthe 
with dhe ewo groups aver 680 miles ‘Aldabra Group: shallow reefs and 
1,100 Jan) apare. The inner islands marine fe around 

the iner islands, 
including Mahe, dhe main idand i ibs ieerian 
the Seychelle-—sit on a huge natural re Hah 
plat 
around them. As such, diving here tende 


Poder blue tang 


‘m rising fom the deep ocean 


tobe within the 50-1004 (10-30-m)— “Galpagos of 
rage, and takes place on shallow the Indian Ocean’ 
protected reef systems. Farther afield are due to their isolation and diversity of 


the outer islands, including the Aldabras, marine lie. The diving here i more 
a group of isan 


nen as the intense and suitable only for experienced 


divers, The reef cuts and wall erate 


Balmytoplcl beaches are typical of he opportunities for tremendous drives, 
Seychelles Though remote, the islands in which divers are carried along by 


offer tremendous atactons forthe dt underwater currents 
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Mauritius 


WESTERN INDIAN OCEAN 


‘The islands of Mauritius in the Indian Ocean are 
‘a popular vacation destination, but are not well 
known for diving, This is something of an oversight, 
since the islands’ stark volcanic reefs harbor a rich 
ecosystem and offer dives of real quality 


VOLCANIC ORIGINS PLACE IW THe SUN 
Mauritius consists of two island andl The shallow coastal waters and white sands of 
Maurus make a leading vacation destination, 


‘numerous smaller islets, 500 miles brrrtierelerivert dinero 


(G00 ken) east of Madagascar. Alhough 
relatively sinall, the islands have nearly TOP LOCATIONS, 


30 miles (404) an) of unculaing Most diving in Mauritius takes place 
coastline due o the eraguy nature of the on the western coast of the main island: 
suleanic rock that makes up the island the eastern end of the island is exposed 
xroup, The seas are colonized by over to the wind and waves of the ope 
200 species of coral, creating reefs ‘ocean, The Cathedral cayern with its 
inhabited by around 450 fish species— resident porcupine fish isa must-se, 
rich tropical ecosystem, and the Rempart Serpent ste boasts 
huge number of moray els cis 
ESSENTIAL INFORMATION BD) scputecl that 32 species have been seen 


beret}. The region north of the main 
island, however, becoming known as 
ECOSYSTEM Tropical a good spot for encounters with some of 
SRENTOVSIT Diieg les placa the larger pelagi species, with regular 
Mauritius year-round sightings of tuna, wahoo, and marlin 
The remote island of Rodrigues to the 

east olfers a glimpse of some of the 

+ miost pristine reefi—making an 

elo. 


WATER TEMPERATURE 70-82°F(21-28°9) 


‘MUSTSEES The Rempar Serpent and 

Cathedral dive sites; the unspolled rts 

sound Rodrigues Island rei 
excurvon well worth the 


— 


LACES TO DIVE 


The Brothers 


NORTHERN RED SEA, EGYPT 


Spectacular coral gardens have grown undisturbed 
around these two remote pinnacles of rock for 
thousands of years. Only accessible by liveaboard 
(see 237), the Brothers dive site offers steep drop- 
offs and some terrific shark action, 


ISOLATED OUTCROPS: 
The Brothers consist of two large rocks, 
named Lite Brother and Big Brother, 
around {mile (1.6 kan) apart and 

36 miles (1 km) offshore in the northern 
Red Sea. Rising from deep wate, they 
provide dramatically steep walls as a 
Foundation for bustling rel, nl the 
upwellings of nutrient-rich waters and 
svvning currents daw in fish species 
both large and sal 


SHARK SPOTTING 
In addition to the dive 


ry and color 
of the rel themselves, there are some 
tremendous shatk encounters off the 

walls of the Brothers, Common species 


WATER TEMPERATURE 70~84°F (229°C) 
ECOSYSTEM Tropical 


‘Wien TO VISIT Diving akes place on the 
Srothes al ear. 


(MUSTSEES Oceanic whitetip sharks, 
scalloped hammerheads; wreck ofthe 
‘Numidia; (ccasionall) thresher sharks 


REMOTE ROCK 
Big Braher, he larger and more nother af the 
we sands, 30 400" ong an 2951, 
(am) wide, and dominated by a ighthouse 
inthe area include white-tip and gray 
reef sharks, although slver-tips, 
scalloped hammerhead, and oceaniz 
Whitetips are also frequently seen, IE 
you are lucky, you may even encounter 
athresher shark. Its seythe-shaped tail 
fin makes this species an unmistakable, 

if very infrequens, sight. 


(WRECKED ON THE REEF 
As an adliional attraction tothe ste, 
two wrecks the lide and dhe Nami 
sling tothe precipitous sides of Bi 
other: The Nimidia, a former cargo 
vessel, lies at a very steep angle on the 
northern tip of the rock, with whieh it 
collided in L901. Its bow can be foun 
in just 26 B (an) of water but its stern 
lis in the dep, st 262 f (0m) 
Another vietim of Big Brother was 
the Halian supply ship lida, whieh sank 
in 1957 while carrying troops. Almost 
8 impressive as, Nimdia and surprisingly 
intact, Alida is nove heavily colonized, 
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Dahab 


NORTHERN RED SEA, EGYP! 


a The coastal town of Dahab in southern Sinai is 
‘ate ringed by mountains and desert. ‘The inhospitable 
*1n8i/ landscape is in striking contrast to the splendid reefs 


Bette) and coral formations to be found just offshore 


Share Steins 
feds) among which is the infamous Blue Hole 


DESERT HAMLET the top of @ massive shaft that sinks 
Dahab lies on the Gulf of Aqaba, in the 9 
northeast of the Red Sea, only 50 miles of diving through a long passage tothe 


5 (500 mit the vee. The lire 


km) north of the busy dive resort of outer reef at a depd of 165 fe (30 m) 
Sharm El Sheik, Cling 
inva harsh, ard landscape, the town has Blue Hole, ad the conventional wisdom 


nthe shore has caused many divers to perish in the 


a finaly frontier feel 9 i. There are for diving this deep arch is chat it should 
several dive centers in Dahab, offering only be attempted using technical dive 
twaining 1 all levels of abi techniques and equipment (i p.1 94-953) 


DIVING IN DAHAB, ESSENTIAL INFORMATION 
Within a short drive of Dahab are many 7 


WATER TEMPERATURE 70-83" 


excellent sites accesible from the share 
including the Canyon and the Bells ECOSWSTEM Tropical 
Both of these sites are dramatic qEaO ver agua 
samples of the nvisted coral formations | Qahab al yar, with water temperatures 


that seem to characterize this stretch of | high thoughout 
coastline, with deep gles, impressive | qygrges The Ble Hole The Ganon” 
overhangs, arches, and swim-throughs. | and'Te Bes: Gabe El Bint by boat on) 


The legendary Blue Hole ste is actally 


‘diver flows 2 ture respect 
fdetanceas conducts a low tou of 
fone of Dahab's coor ees 


LACES TO DIVE 


Wreck of the Thistlegorm 


NORTHERN RED SEA, EGYPT 
Packed full of artifacts and lying in the clear waters 
of the Red Sea, the Thisegorm is perhaps the most 
famous of all shipwrecks for divers. Its fame comes 
ata price, however, with great numbers of divers, 
clambering through the structure every day. 


‘THE CLASSIC WRECK 
The 
of the global diving community in the 


‘TIME CAPSULE 


Thislegorm est caome to the attention 


1950s, when it was discovered and 
filmed by Jacques Cousteau, However, 
its location remained a secret unt 
1992, when it was rediscoxered by 
recreational divers, and it has since 
bhecome one of the most poplar diving 
wrecks in the Red Sea, 

The Thidlgorm was a World War IL 
armed merchant vessel, 413 6 (126 mi 
in Jeng, carrying supplies to the British 


8th Army in North Affi. Packed with | dver examines mit 
machinery and aasmunition, it was ‘he wredkf the Tislegom 

spotted in the northern Red Sea by Formany years after the Thistlegann was 
‘German bomber on October 6, L941, sunk, Bish vessels would lowe thal lg 
Tivo bombs entered its Number Four | Stay passed its wreck, but today thas 


‘happier ole, having became afcus for 


hold, causing a huge explosion that cut | Sine inthe Red Sea The vessels eal 


itn half it sank immediately with the | ease isis outstanding cago of miltary 

loss of nine souls. ‘equipment, which anges fom Lee Enila 
Mat 3 es, wellington bat, Beafont 

nade creck: trucks, and te Rolls Royce armored cats, 


epee gee 
Inmnyweye tie Thdlgrnicihe RnR ES 
eve wreck. bow esa 50 | araleannes aren bear eset 
{S5mtow te sae nce waters, | Bed bende re 

ted no part othe wes slo 100 

ne descent i aly made de 
mooring ines Ge bythe ide, Once 
ide he wreck her aa coe 
essen Tenet epee wikrwate ue 


WATER TEMPERATURE 68-84°F(20-29°C) 


‘SHENTOVISIT Yearround Tre wreck” | esplote, and the sheer size of the vessel 
best dived from a lvesboard cans that thorough exploration 
I | requites several vss 

"The Thistegom holds a unique place 


(MUSTSEES The captain's bath BSA 
‘motoreycles; locomotive on deck: ‘ 
Bedford trucks; armored cars. in divers’ alfections, though its popularity 


has become a drawback. Its only a five 
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hour cruise away from the Red S 

busy diving center of Sharma el Sheikh, 
in ason it s nat uncommon 

far more than 20 cving vessel to be 


dawn, when there is a chance to see this 
sgrand wreck with few others around, 
although dhs means finding skipp 
who ll eravel through the night 
Along nts densely eloied as 
the 


has approximately 1,000 fish speci 
17 percent of whieh are endetict 

the Red Sea. OF 

Thistlgorm ate lan 

hich lie in wait ready to ambush 
of unsuspecting while 
overhead jack and barracuda sweep the 
superstructute for prey 


‘Adiverhaves above the distinctive deck 
on Piso stem Tee arse 


om» © ig PLACES TO DIVE 


Asia 


The tropical 


gions of this vast continent have always been highly 


praised by divers for the staggering richness of their marine life and 


their glorious reefs, but adventurous 
also beginning to open up to the north: 


ew diving opportunitie: 


even in Siberia, 


REEFS UNDER THREAT 
The geographical span of Asia, the 
largest continent, is reflected inthe vast 
range of diving available. For many 
divers and marine biologists, the 
high Triangle of 
Diversity" —a region in the Indo-Paciti 


that boasts the world’s greatest diversity 


isthe famed 


of coral ancl fish species 
The many thousands of islands of 
the Philippines, Indonesia, Papua New 
Guinea, ane Malaysia ate host to some 
legendary dive sites, with evocative 
names such as Sipadan, Lembeh, 
Tubbutaha, Komodo, ane! Kimbe. Say 
While these ate all dream destinations for 
any diver, destructive ishing techniques 
inthe Indo-Pacific region, such as 


Wit Asia's ets at skit al that ders 
Fellow the les of responsible ef dlvingta 
Conserve then or future generations. 


dynamite and eyanide fishing, ate 
damaging some of these delicate 
ecosystems. Inthe Philipines, only 

& percent of all eels remain unaffected 
by human activity with up t 80 percent 
reported to he impacted beyond recovery. 
aut pristine reefs can sil be found 
in the Indo-Pacific, but when diving on 
these threatened reef systems, be mindlal 
of your responsiilty to minimize any 
impact your presence could have 


‘dive base ona sun kisced 
tropical beach can provide the 
deal “clout spot ater an 
lating dve 


Solutions/Explanations: 


1) You are likely using too much flux. Itis literally boiling when you apply the solder. Wipe some of the flux. 
off with a paper towel and try soldering again. You may find areas that now need a little more flux, be- 
cause you removed too much, 

2) If the spitting only occurs on the back side of your project (or the second side you are soldering), the 
problem is still too much flux, but the cure is different. When you use too much flux on the front side of 
the project, the excess to flows through the panel, so the spitting isn’t as bad as it could be. When you 
use too much flux on the back side of the project, it can’t flow through to the front, because the front is 
already sealed. The obvious cure for this problem is to use less flux the next time. But what about now, 
when you already have too much and can’t remove it from between the glass? The only good solution is, 
to apply your solder, and allow the flux to boil up and out of the seam. (Keep your face as far away from 
the project as you can,) Once it stops spitting, you can remelt the solder and make it look as good as new. 


Solutions/Explanations: 


1) Adhesive from foil may be working up and out onto your glass. This can be caused by poor foiling or 
burnishing of the copper foil, which allowed flux to seep underneath the foil. To correct this use a cuticle 
stick or soft toothbrush to clean adhesive away. 

2) Your iron is too hot, causing the adhesive on the back of the foil to melt and seep out onto the glass. 
Depending on what type of iron you are using, either turn the rheostat down or change to a lower tem- 
perature tip. 

3) If you reworked a seam too often, it may have loosened the foil. Allow the seam to cool to the touch and 
gently press the foil back down to the glass. 


Solution/Explanations: 


1) Hooks and rings should never be attached to just a foiled edge. Attach hooks/rings to vertical seams in the 
piece or at a juncture between a vertical seam and the perimeter. 
2) If there is no vertical seam or intersection, then attach the ring/hook to a horizontal seam in the piece. 


Solution/Explanations: 


1) All of the flux was not washed off of the project after it was soldered. 

2)The project was not sealed with a finishing compound or wax, or it has worn off. Use 000 steel wool to 
remove the patina and any remaining wax. Clean the project thoroughly paying special attention to the 
corners and edges. Reapply the patina and wax, 

3) The project has been exposed to the outside elements. Most waxes are intended for indoor use only. Others 
can be used outside, but must be reapplied regularly. Projects that will be exposed to the elements are 
better constructed using the lead came method. 
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sa ese 


chain fringed by gloriou 
technicolor reels, Dive sites 


throughout the region, 


iuchudting the Maldives, 
the Andaman Islands, andl 
the Similan Islands, are all 


justifiably famed for thei 
extraordinary diversity and PYGMY SEAHORSE 
one both phew ‘rare species found only an Muricta coral in Southeast sla 


below the surface 
However, although much 
of the diving in Asia tends tobe world’s deepest lake, and the La 


concentrated in the tropes, there are reservoir of fresh water on the planets 
some excellent dive sites to he explored surface. Because of its sxe and varying 
further non, One of the most notable depths, Lake Baikal contains a huge 

is Lake Baikal in Siberia, This isthe variety of ecosystems 


LACES TO DIVE 


The Maldives 


INDIAN OCEAN 


Coming to prominence as a dive destination in the 
1970s, the Maldives swifily became established as a 
dream diving location. ‘The extent of the archipelago, 
Maldives “hey and its range of dive sites, ensures that it remains an 
peat essential stop-off at least once in a diver's lifetime. 


RICH ARCHIPELAGO Sa 
"The island of the Maldives are the 


crests of anv undersea mountain range WATERTEMPERATURE 75~84°F (24-29°0) | 
hat plunges over Unies (4) ito | GeggystgN Topical 
the deep waters of the Indian Oce 

"The archipelaga eaten 475 miles 
(764 kan) from north o set, andi 80 
miles (129 kan) across. This vast ‘MUSTSEES Gray reef sharks; 


collection of islands is loosely divided | Hammerhead sharks; manta rays; 
whale sharks; turtles. 


(WHEN TO VISIT Diving takes place year 
round inthe Maldives. 


into 26 major atolls, ad although the 
islands are spread aver 3,000 sq miles 
(98,000 sq km) of ocean, their and mass systems throughout the Maldives that 


covers only 115 5q miles (300 sq lan). there are no less than 25 nature reserves 
“The Maldives offer a huge range and protected areas within the island 
‘of diving activities for those lucky poup, The marine hfe around the 


‘enough 1 visi Such isthe abundance islands is colorful and diverse, and 
‘and delicacy of the xemaskable reef includes over 700 fish species 


‘TOUGH CHALLENGES 


(Tourism and diving are vital tothe economy 
ofthe Maldives, but both industies have 
had to recover from major natural eisasters 
Inthe late zoth and early 2st centuries. 
EINifo~a periadie warming event inthe 
Paci Ocesn had a severe impact in 
1597-98, when the hard coral on many 
reefs was bleached and killed by the sein 
‘ocean temperatures The islands were also 
hitby the 2004 tsunami, which destroyed 
‘much ofthe ours infastuctre, 


Fishing and dving boas ready for 


Diving in the Maldives tends to be 
divided imo éift dives on the outer ree, 
andl dive sites within the ato, The latter 
contain tila, a local word meaning 
1 coral platform rising almost to the 
waters surface, and Kandus, which are 
1 isolated coral outcrops and coral 
“The best eit diving is where euts 
in the coral wal leading to the open sea 
channel tal water thtongh marrow gaps. 
‘Most dives in the Maldives seem to 
include atleast one encounter with 
White-p reef sharks, and there are 
several a ray and black-ip 


heal, 


ref sharks, as well as hammerhead, 
may be seen. E 

‘ys, 100, are regularly encountered 
atthe right ime of year at certain sites, 
with whale sharks also returning to the 
same sites to make the most of seasonal 
Feeding grounds, There are also five 
dllferent species of turtles in the 
‘Maldives, the most common of whieh 
are the green and havsbill urls, 


Je rays and manta 


‘coLoRru coRAL 
‘diver examines soft coal on one af the 


LACES TO DIVE 


Similan Islands 


ANDAI 


NAN SEA, INDIAN OCEAN 
A tiny string of granite islands sitting off the coast 
of Thailand, the Similans are best explored by 

asngtote™| Liveaboard dive boat, but with some of the best 

nan isentsels beaches in Thailand, they have 

Indendreen “0 oth above and below the water: 


great deal to oller 


STONE AND SEA 
"The Similan Islands consist of nine Large 
granite outcrops sitting 10 miles (4 km) 
lf the coast of Thailand. They vse from 
the depths of the Andaman Sea, and 
run for 15 males (24 km) north ta south, 
Although the ishinds do have individual 
‘ames, they are commonly known simply 
by numbers, starting in the south with 
Number | (Koh Hyon), and continuing 
to Number 9 (Kob Bang) in the north, 
"They are characterized by steep 
sranite undersea ells om their western 
shores, with mote gentle slopes to the 
east, where, sheltered from the summer 
‘monsoon vinds, dhe coral growth is 
particularly lush, Over 1,000 fish species 
swarm over feels colonized by a dazzling 
array of soft corals Brightly calored 
species, such as coral grouper, sweetlips, 
snapper, and blue trguerfish are present 
in great numbers and, from October to SHARKSPOTING 


‘May whale sharks and manta rays ane Adve observes leopard shat, hovering 

sia aeNaheeS boe ths beauuly paterne pedo, 

eee : ‘hich equnts the waters ofthe Slane 
The thriving re 


cystems around 


the iands were once threatened by fshing”—the use of explosives to kill 
overfishing as well as “dynamite and collect large numbers of fish—but 
the islands were declared a national park 


ESSENTIAL INFORMATION in 1982, and commercial fishing is now 
banned, The seeping coral Belds of 
CChaistnas Poine are particularly 
ECOSYSTEM Tropical spectacular although they were slghily 
‘SHENTOVISIT Visi the Similan Minas” | damaged in the tsunami of 2004, Other 
beeen October and May notable attractions include a dramati 
ee IE | mmave of huge boulder formations at 
aoe eee Makctotateepan’s | Elephants Head Rock. The Siilans 
Head Rock; Christmas Pin. remain well worth every hour of sea 
crossing requited to vist chem, 


WATER TEMPERATURE 79-84" (26-25°0) 


‘MUSTSEES Whale sharks and manta 


Sime, 


Asia Bos 


Andaman Islands 


ANDAMAN SEA, INDIAN OCEAN 


ISOLATED IDYLL 
‘The Andaman Islands are sprinkled over 
4185 miles (700 Iam) of ocean, and define 
the western edge of the Andaman Sea 
Although the archipelago consists of 

572 islands, only 36 are inhabited. Over 
80 percent of the land mass is covered in 


rin forest, hore to tribes that have had 
very litle contact with the outside 
world —in some cases, note at al 

‘The islanders donot run any 
commercial fishing operations to speak 
ff, and therefore the steep walls and rich 
refi of the region are home to a range 
of lage marine animals in healthy 
populations not encountered anywhere 
lve in the Andaman Sea. 


With ne argescale ishing let, the Andaman 
‘sands have wl preserved reefs stocked with 
2 faschating divest af masne te. 


One of the last great diving wildernesses, the 

Andamans are a truly unspoiled string of voleanie 
ilands in the Bay of Bengal. C! 
and home to some of the last untouched tribes on 


loaked in rain forest 


Earth, they olfer genuine diving exploration. 


ESSENTIAL INFORMATION 


WATER TEMPERATURE &2-B8°F (28-31%) 
EEOSYSTEM Topical 


(WHEN TO VISIT The best ime to vist 
Is betveen November and May 


‘MUSTSEES Gare Island, Passage 
Islan ange manta ray aggregations; 
steep lava was; dogtoath tuna, 


Diving takes place fom November to 
‘May; and can either be from liveaboard 
dive vessel oF through a small number 
of operators based in the islands 
[Notable sites include the outlying islands 
of Passage Island, Narcondam, and 
Barren Island, which have barely been 
dived at all. Expect encounters with 
range of shark species, huge dogiooth, 
tuna, and feeding manta rays. 
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North Sulawesi 


si 
eed 


a nei] 


Indonesia has been termed the “Cradle of 
Diversity” by marine biologists, and with good 
reason, A recent survey counted more than 3,000 

fish species here. Crowning it all is North Sulawesi, 
and the jewel in that crown is the Lembeh Stra 


‘CONSERVATION IN ACTION 
North Sulawesi is formed by the long, 
thin peninsula that juts ont fromm 
Sulawesi Island into the Celebes Sea. 
The marine species diversity of this 
region is unparalleled, a fact recognized 
by the local, who have set up a number 
of reserves, andl by the divers who flack 
here, The catefal approach to the 
sgernment means that 90 percent of 
the coral cover is alive and 

in good condition, 

a remarkable statistic 
considering the presiure 

the remainder of the 
Indonesian archipelago 
experiences from destructive 
fishing methods 


froament here by local 


| 


NATURAL TREASURES 
"The Lembeh Straits isthe channel 
between the 
northern tip of Sulawesi. Its quite a 


island of Lembeh and the 


[MACRO LIFEIN SULAWESI 


‘The magic that draws diver to this area 
Is the extraordinary ange of tiny bt 
beaut ref animals that canbe found 
in the shallow coastal seas off North 
Sclanesi. The sheer diversity of "macro 
life mall marine creatures) here, and 


the sometimes bizare forms it takes, 
has led tothe area being dubbed "God's 
wastebasket.” Dutandish species like 
‘the haiy fogfish make amazing 
photographie subjects. 


Abaiy rssh gaes in the cent 


WATER TEMPERATURE 74-82°F (23-28) 
EEOSYSTEM Topical 


‘WHEN TO VISIT Year-round; optimum 
petiod between May and November. 


‘MUSTSEES Pangulingon; Lejuan I 
Mandolin; muck ving for ghost pipesh; 
amy sea hoses; mimic octopus 


Emeril 
shal bod of wae 
rangg in depth Ee 
Tem) WBA 
Gam 


0 divers need 
c of the large 
vessels that pass regularly overhead, 
as well asthe peridlie strong currents, 
‘Bt while at first glance this may 
sccm merely an unprepossesing 
shipping channel, eloser inspection 
reveals a world of tiny riches 


The Straits have a big natne for small 
things —thie i the finest site in the word 
A iczing the moat aqua 
Aelicate, and unusual inhabitants of 
tropical seas. Diving in the Lebel 
Series goes by the unpromising name 
fof “muck diving" —so called because 
fof the dark sand that covers the 

and the necesity to cksmine tt coach 
far target species during the of 
a dive. But the effort invalved in diving 
here i well rewarded. Mimic octopus 
pyemy sea hore, ghost pipes, lead 
fish, rogfish, and blue-ringed octopus 
‘can all be found here. 


CONSERVATION AREA 
The Bunaken Marine Park is one of th 


Sulawesi, I survounds five island, on 
which a small fishing vila 
and cavers aver 200 sq tiles (750 sq 


ka). The park offers fantastic muck 
diving and also sone tre walls 
the most notable of which are Lekwan I 
anl Mandolin on Bunaken, and 


lie cn 


\orAGE OF DISCOVERY 
‘An indigenous sherman setting out na 

tadiana canoe. Many divers eschew the lar 
‘sulace waters forthe pleasures of muck ving. 


278 tt 


LACES TO DIVE 


Papua New Guinea 


WESTERN PACIFIC 


gue] A location that sill epitomizes diving exploration, 
ae Papua New Guinea offers a hugely exciting 
Po experience forthe intrepid dive tourist. A vast 
region with numerous undived reefs and islands, 
Papua New Guinea isa real adventure. 


OUTER LIMITS world in the late 2c century: Doubles, 
Tor many years, Papua New Guinea others as yet unknown —exst in the 
drew only the very boldest pioneers of rugged Highlands, with much of the 
adventure diving and extreme tourism. main island of New Guinea consisting 
‘Made up of 600 islands the reputation of mountainous rainforest with a 

of this region as a wild and untamed = maximum elevation of 14,760 fh 

part of the world is well founded. Papua (4,500 m). While most visits to Papua 
‘New Guinea has 4 million inhabitants, New Guinea are wouble-fiee, travel after 


divided into 1,000 tribes that speak dark is not advised, and in towns such as 
700 different languages. Spread exer the the capital, Port Moresby, the vsk of 
177,600 sq males (460,000 sq kam) of the robbery and violent rime must be taken 
island group, many of these indigenous seriously ‘Trips are best 
tribes knew nothing of the modern arranged with wel 
World until very recently. with one tbe established diving 
‘nly making contact with the outside operations who ean 

provide guides and 
transportation to the coastal diving 
regions, where dhe Fis are sini 
lower than in poor urban areas, 


PRISTINE REEFS 


“he shallower regions of Papua New 
| Guinea's coastine ae the site of some 
fantastically complex ret formations, 
with perhaps the most famous being 
Kimble ay on the westem coast of New 
Britain. Another dive ste that has galned 
| areputaton or providing particularly 
‘dramatic refs and tremendous dversiy 
| is Easter Feds, in the narthern limits of 
the Coral Sea, This remote site can only 
be reached by ocean going vessels and 


RICH SEAS 
“The good news is thatthe rugged! 
of the land frequently extends 
surface of the water, and Papua 
Guinea is notable for the fact 
seas reach abyssal depths onlya 
distance from shore, This creates 
tuemendous drop-ofls and steep 
Which are inhabited by a be 

array of species. The region has 
the number of fish species as the 
Sea, and ten times the coral 

of the Caribbean, 


‘emains relatively unexplored. 


SUNKEN HISTORY 
In addition to this extraordinary 
diversity, the area has some 

fine wrecks, most of them relics of 


ESSENTIAL INFORMATION 
WATER TEMPERATURE 75 
ECOSYSTEM Tropical 


‘WHEN TO VISIT Diving rakes pl 
vyearin Papua New Guinea 


(MUST SEES Submerged ato at Eastern 


Fields, marine ie in Kimbe Bay, Worl 
Wari tera wrecks in Milne Bay 


Fighting in the region during World War 
I. Rabaul, Kavieng, Loboata, and 
Madang all provide excellent wreck 
diving, with aterafi debris tering the 
bed in certain areas, like Milne Bay 
Diving throughout the archipelago 
is becoming more accessible due ta the 
presence of a number of established 
diving operators in the more renowned 


oe 
oe 


dive sites, and the increasing range of 
liyeaboard operators now pushing into 
some tnily remote regions. Nonetheless, 
there are sill underwater areas of this 
extraordinary island group that remain 
completely unexplored. In a world that 

os to become smaller and sinaller 
with each passing day, i isan exiting 
thought chat such places sil exist for 
usto discover By taking a responsible 
approach to venturing off the beaten 
track, divers can help preserve thie 
region, and by doing sa ensure a steady 
stream of new adventires for many 


Wreckage of airaft ost ding World War 
Ia notable sight inthe waters ff Papua New 
Guinea he aea was the scene of bates 
between Aled and Japanese ores. 


» — 


LACES TO DIVE 


The Philippines 


SOUTHEAST ASIA 
"sig The Philippines undoubtedly offer a world of diving 
Priigntig possibilities. Although destructive fishing techniques 

BA have taken thei toll on many reefs, local legislation 


nara and a realization of the benefits dive tourism can 
k S& bring to the local economy offer a chance of recovery. 
RESTORING LOST REEFS. 


Consisting of 7,107 islands spread over 

116,000 sq alles (300,000 sqm), the 

Philippines comprise one of the most 

bountifl regions on Earth in terms of | SSM Werte ____ 

species diversity. with at least 2,000 \WHEN TO VISIT Best ving conditions 
are between April and November. 


EEOSYSTEM Topical 


fish species recorded throughout the 
archipelago. However, in many areas, | MUSFSEES Tubbutaha Reef Jessie 
complex and delicate reef systems have | Beazley ree; Coron Bay Apo Island; 


bycen almost completely destroyed by Peers Giles 


dynamite and cyanide fishing. A recent 
survey noted that “excellent” refs present in only 4.3 percent of the total 
those classified as having more than reef area surveyed, This isan isue that 


75 percent healthy coral cover 


now the Philippines authorities are, chankfilly 

attempting to address, and certain 
regions now have energetic conservation 
proggratn in place 


LIVEABOARD EXCURSIONS 
The remote Tobbutaha alee 
Beaey Reelin the Sui Sen resin 
relatively undamaged, and provide 
some workd-an dingAl iving at 
Tuba is fom vesoard lng 
ny of the halo ret erate provide 
crcclet snorkeling opportinite. The 
steep wall of Tubbuaba are swept by 
rong current and hae rales 
sity. OF paniular quays Non 
End dv that combines spor and 
sroove ref formations wih some ca 
wal Jade Bealey Ret iy neal 
small of rock ing ro deep 
wale, providing beac fo grouper 
bin ay, brace, and eagle my 
SESE i cues ‘Qual ving cam alo be alm 
fing beach een TePilppnes the Vays, small hse of ands 
topiltobah dersandverdversie, accel via Cebu Cy Malapancia 


vvacaTion Horspor 


Antimony 
An element used in the production of some solders. It should be avoided for use in stained glass. 
Ceramic Heater 
A type of heating element comprised primarily of ceramic, noted as extremely fast heating and efficient. 
Chisel Tip 
A soldering iron tip shaped like a chisel tool. This is the most common shape used for soldering stained glass. 
Chisel tips are made in a variety of sizes, the most common being 1/8”, 1/4” and 3/8”. 


Heat Sink 


A device used to draw or absorb heat being generated by another source. For example, an object being soldered 
acts as a heat sink to the soldering iron 


Decorative Soldering 


Any decorative effects created in solder. These effects are created with a soldering iron, usually with a very 
narrow tip. Special solder, like 63/37 or QuickSet, make it easier to create special effects because it has a “zero” 
pasty range. 


Eutectic Point 


An exact single temperature point at which an alloy goes from solidus to liquidus with no pasty range. For ex- 
ample, the eutectic point of lead and tin is 361° F. This point is obtained only by 63/37 tin/lead alloy. 


Flux 


A chemical agent used to remove compounds from the surface of metals during the soldering process. (See 
organic and inorganic flux.) 


Idle Temperature 


A very low temperature at which the iron is on, maintaining the capabil 
was off or “cold”, This is usually between 200°F and 30°F. 


Inorganic Flux 


A flux comprised of one or more inorganic salt such as zinc chloride or ammonium chloride. Inorganic fluxes are 
more corrosive and conductive than organic fluxes, They are effective on all common metals. 


Leaded Solder 
A material used to join metals comprised of tin and lead. 
Liquidus 
The temperature at which a pure metal becomes completely molten or liquid. 
Mica 
A mineral based material used as a construction component in wire wound type heaters of soldering irons. 
Organic Flux 


Organic fluxes are not as corrosive as inorganic fluxes. They are often used when the surface of the glass may be 
effected by the flux, such as painted glass. 


of a more rapid heat up than if the iron 


has became particulany famous for 
providing one of the most unusual 
ofall shark dives, ata site where 
thresher sharks congregate to be 
groomed” by cleaner fish (ce 
26), Apo Island is fine example of 


progressive conservation project, where 
local people have become involved in 
policing the reef around the island, 


MUCK AND WRECK DIVING 
Farther north at Puerto Galera, readily 
accessible rom Manila, i some of the 
Finest diving in the Philippines, with 
some outstanding “muck diving” 
2279), Palawan als offers some wilder 
tiving, with Coron Bay containing some 
particularly fine Japanese wrecks sunk 
during an atack by US aircraft on 
September 24, 1944 

Barracuda Lake offers a genuinely 
diferent diving experience, requiring 
a short jungle hike that is rewarded by 
an exploration af a system in which 
freshwater sis on top of seawater 
A large barracuda in the lake is sai 
to guide divers dhrough his territory. 


Bos 


hisronic Fino 
‘Adler inspects a weck of the Pilppnes. 
Palawan sland the departure pont fer Caron 
Bay ths extensive Wold War wreck, 


MARINE LIFE 


(The diversity of this archipelago is truly 
remarkable, with 4.499 custacean 
Species, 462 types of mollusks, and 
22 diferent types of beach vegetation. 
Of the 300 known coral species 
worldwide, 8 are found here.This 
biological diversity was recognized in 
1993, when the Tubbataha Reef Marine 
Park was made a World Hertage st 


‘The mandarin sh, ane af over 2,200 fish 
‘pecesecrded nthe Pilppines 


2a2 © paces 10 vive 


Australasia 


The vast coastline of Australia offers superb coral reefs as well as, 
spine-tingling cold-water encounters with giant marine predators, 
New Zealand, to the southeast, is rapidly emerging as a dive destination 
of real quality, with some of the world’s best temperate dive sites. 


BARRIER REEF AND MORE 
Fr the uninitiated, che 


Australia is Ningaloo Reef, 
‘ne of the best locations 
for encountering the 
mighty whale shark, 


notion of diving in 
Australasia i limited 
to exploring the Great 


Iartier Reel which lies [NEW ZEALAND 
fn the northeastern coast The jewel in New Zealand's 
of Australia, One of the diving erown isthe Poor 


most impressive natural Koights Island, which for 

features on the planet, ‘many (including the late 

it iva ste of remarkable Jacques Conseau) ranks as 

spevies diversity the finest temperate-water 
While the fame of voLeanc REEF dive ste inthe world. The 

the reef is filly justified, The temperate reef of New nique topography of the 

i Zealand's Por knights lands: Vn hart arg 
rewarding dive stesin OM WHN CMe maNOE He eaking place t dive 


Australia and New Zealand, East of the with vast shoals of ish swarming ewer 

tourist hotspots of the Great Barrier Reef craggy voleanie refs andl through 

les the Caral Sea, equally beautifel and atmospheric cavern systems. Protected by 

With fabulous marine lie to he een. To both tacoma Maori law and modern 

the south of Australia, the cold waters legislation, the lands are a magnet for 

fof Dangerous Reef and the Neptune divers the wold ove. 

[lands offer thrilling encounters with New Zealand boasts some 

sgveat white sharks. Farther south sills inmpressve wreck, including the world- 

Tasman 

the sparsely populated western coast of Maktail Lermrat. Lis also rapidly 
developing a reputation for providing big 
animal encounters with numerous whale 


there are also many ther site means that this isa 


Thome to hish kelp forests. On. famous Rainbow Warrior andthe dramatic 


species as well as with ionic sharks 
such as the mako and the branze 
‘whaler Ta top it all fl, New 
Zealand aso offers stunning 
scenery, crystal clear rivers 
and springs, and 


magnificent fords 


“sourieen loans 
Te fauna of New Zelen's 
ors nudes ed and ace 
vals, pengulas, ur seals, 
i botenase dolphins 


Great Barrier Reef 


‘QUEENSLAND, AUSTRALIA 


One of the true natural wonders of the world, the 


eae 
4 caind Great Barrier Reef is the longest reef of its kind on. 
BESTA Barth, Home to a spectacular diversity of animal 
SPSS and plant life, recent legislation has granted even 
Sten greater protection for this abundant natural habitat. 
vast Ecosystem 
essentiati 
The Great Barrier Reef is so extensive nronattol 
tht pect a has never ber WaT TewPeATRE 77-84 4-290 


recorded, although itis estimated that it 

stretches for 1,800 mies (2.250 km), and | SOSA Werte ______ 

covers around 135,000 sq miles (350,MK) | WHENTOVISIT The Great Barer Reet 
can be dived throughout the year. 


EEOSYSTEM Tropical 


Ireland, Is made up of 2,008 incvidual | MUSFSEES Ribbon Reefs pariculariy 
reefs, and around 71 coral islands are Ribbon Reet Number so); Cod Hole; 
Pixie's Pinnacle 


4 km) —ahout the same surface ar 


spread along its length 
In broad terms, the Great Barrier 
Reef can he sid tobe divided into two Great Shallow, and the outer ref, 


regions—the inner reef, known as the consistn 


‘of deeper reef systems and 


sloping walls leading to the open s 
beyond. The reef itself is made up 


of over 400 species of coral, ane 
supports around 1,500 species of fish, 
Approximately 4,000 species of mollasks 
inhabit the fas and nooks andl crannies 
ofthe reel, while 23 species of marine 
‘matnmals may be encountered along the 
vast length of this complex ecosystem. 


GLOBAL IMPORTANCE 
(Certain areas of the Great Barrier 
Reef have enjoyed protected! status 
since 1973, when it was established 
‘asa marine park. This was 
enhanced in 1961 when the reef 
was recognized as a World Herta 
Site. More recent legislation has seen 
21 percent of the total area of the 
reef covered by some srt af 


The ange af marin fe nhabhing the 
Gteat Baler Reet staggering ints 
‘vat and splendor, bu avers must be 
Careful nto touch delete coals, 
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ee 


INTO THE REEF 


Certain parts ofthe Great Barer Reet 
have heen noticeably degraded or 
damaged bythe high volume of dive 
traffic This sno great surprise, given 
the delicacy of the ree’ ecasystem and 
the inexpetence ofthe many divers 
explring it. Although there are stil 
some fine cves to be had in these busy 
areas—especill fr those new othe 
sport—many dve operators have moved 
further out ina the ret system, ofeing 
packages on liveaboard boats that allow 
‘more experienced dives to explore 
remote and less spol ste, 


este 
sutgeonish 


protective status —an optimistic sgn for 
the future of vee chat i larger than 
any other coral system, but just as 

vulnerable to misuse and esploitation, 


DIVING IN THE REGION 


There is a mass market for diving the 
Great Barricr Reef, oper 


ing out of 
Cairns and Townsville in day boats 


containing very large numbers of diver 
There have been a number of well 
publicized incidents where divers have 
been missed when boats have departed 
back to 


very well regulated, iti sill worth, 


ore, and although this is now 


fo the larger vesels a least, ensuring 
thatthe correct procedures ate in place 


before diving. The other main divi 


activity on the ref takes place from 
liveaboarels that venture farther afield 
Divers om the reef are asuted of 
reasonable hard coral and colorful fish 
life almost anyosiere along its length 
but there are also a number of notable 
individual sites. Ribbon Reef Number 10 
is particularly sich and diverse, even by 
the Great Barier Reef's high standards 
and isthe location for dive sites such as 


Cod Hole— famous for encounters with 


siant potato cod-—and Pixies Panacle 
renowned fr its diversity of lange 
animal encounters. 


Some ste an the Great Barer Rest have a 
permanent anchoreé abeervatin platoon, 
whieh vistors can vavelt by tour boat. 


286 tt PLACES TO DIVE 


The Coral Sea 


WESTERN PACIFIC OCEAN 


Fe 299) In the early 1970s, the first liveaboard operators 
began to explore the waters to the east of the 
Great Barrier Reef, Here they found the Coral 
Sea—a region of beautiful pristine hard coral 

© formations and precipitous drop-of 


Peas en ESSENTIAL INFORMATION 
‘The Coral Sea exis about 100 nies EERE 


(160 kn east of Tamil, in the territory WATER TEMPERATURE 75-81 (24-27°C) 
of Queensland, Australia Ie stretches for | Gegsestem Topical 
nother 100 males (16D kam, covering an | So MOP __ 
ve of L000 sq miles (42300 sq a) | WHENTOVIT Condions are sable 
Patan eas ee For diving yeac-round, buts lengthy boat 
underes mountsinops that ise fom | MPH Taued each he aes 

great depth, creating atolls, rdges, and | MUSTSEES Cod Walt Watnabe Borie: 
reefs The visibility in the region is some | Matin Reef: manta ays: sea snakes, 

of the best in the diving world. 


ECOSYSTEM Tropeal 


renowned for its big animal encounters, 
‘TEEMING WITH LIFE with tiger sharks and hamunerbeads 
‘The crossing to the Coral Sea through mixing with more abundant species, 
the rough waters of the inner reef ean such as gray reef sharks and white-tips 
be demanding; however, divers with the Manta and! eagle rays are frequently 
budget and time to make the journey seen off the steeper reef walls, while 
are rarely disappointed. The area is sea snakes ean be seen on Marion Reef: 


ets oweuiens 
Bumghead wassecuse over 
the sandy seaioar af he Coat 
Sea. These lng fsh graze in 
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Wreck of the Yongala 


‘QUEENSLAND, AUSTR 


1A 


Soutem Oar 


FATAL STORM 
Lost in typhoon om March 24, 1911 
the Jingla was x 397-4 (109-40) steamer 
carrying 121 passengers north along the 
Queensland coast, All hands were lost 
asi foundered, andl ow it Hsin 100 fe 
80m) of water, listing to stasboard 

but sil resolutely facing is original 
northerly direction of travel. Is isolated 
positon, and the fact that i ay 
tundiscovered for ayer years aller 
sinking, means that it is very heavily 
colonized with marine i 


MARINE SANCTUARY 
The emtte food chain of the coral reef 
is packed into the lens of the Dongola 
short hull. Schools of jack ane trevally 
hunt clouels f baitfish on its port bull 
while in its superstructure lurk turds, 
trout, and huge number 
of sea stakes, Potato cod skull beneath 
the bow of the wreck, and very large 
bull rays nestle in the sand beside the 
wreck, ever watehfal forthe tiger an 
bull sharks that eile out in the blue 
just beyond sight 


ESSENTIAL INFORMATION 


WATER TEMPERATURE 75-82 (24-28°C), 


Ecosystem Topical weet 


‘WEN TO VISIT There is yearround 
diving on the Yongata, but cantons 
‘an be rough from May to August. 


‘MUSTSEES Sea snakes; potato cod by 
the wreek’s bow lays: bull sharks 


“The Jingala isa biological wonder—one of the 
‘most heavily colonized shipw 
amid miles of featureless plains of sandy seabed 
next to the Great Barrier Ree 

hecome a teeming coral reel 


ccks on 


arth, Sitting 


over time it too has 


(OCEAN WILDERNESS 
Divers an encounter potato cod patolng 
the bow section of te Yngota, The wreck 
Isamagne for marie ie, atracting 2 ange 
of species rom sharks to tures. 


PROTECTED STATUS 
Despite the popularity af the Ringale 
wreck among divers, exploration of 
the wreck’ interior i stricdly forbidden 
by Australian authorities under the 
country’s Historie Shipwrecks Act. 
Ianay be, however, that the resident 
population of grouper are protection 
enough, In 2002 it was eported that 
Jong giant yrouper had 
scized a divers head before releasing 
injury 


a 6M 2-m 


him, shaken, but without serio 
shorlly afierward 


a © = PLACES TO DIVE 


Tasmania 


IAN SEA, AUS 


nice far removed 


Tasmania offers a diving ex 
inte 


usmaua” from that of the usual coral reefs and warm waters 
Pe Sjgimg, of Australia. Nonetheless, this tiny island off the 
Tanta” southern coast holds a host of diving possbiltes for 
Heth) those prepared to travel a little farther afield 
Pee ree tisha ase ESSENTIAL INFORMATION 
the immensity of mainland Australia WATER TEMPERATURE 5447 | 


to the north Ht measures only 186 miles | eassSTEM Temperate 


300 ka) from north to south, and 


(WHEN TO VISIT The best ine to vist 
Tasmania for diving between une 
and September. 


is frequently overtooked by divers visting 

Australi distracted by the magnitude 

fof the Great Barrier Reef and the big | September 

loo Reef (MUSTSEES Red handiahy kelp forests 
Englehawic Neck 


animale of Ni 
Tasmanian divers are delighted at 
this rive anonymity, since the island 


fers soane of dhe finest kelp forests on SMALL WONDERS 


Earth and sorne gloriwly colorfl and Of particular note isthe abundance 
diverse cold-water dives. Gurvents rich of smaller animals, such as red hanlish 
in oxygen and autrients sweep up from although the island al plays host to 
the icy waters to the south, giving life numerous penguins, Australian fur seals, 
to wonderflly dense kelp forests and a numberof diferent types of sharks, 
heavy calonized rock wall. and a variety of visiting whale and 
asic eencunsaus Alpin species. This rich diversity 


Fae e eae Mee leayvaiey canbe Teas that divers visting Tasmania 


found nthe kelp forests off acmanla and South Come to appreciate the true breadth 
[Astalia s shape mimics the plant fronds. of Australia’s natural heritage 
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Reef 


Ningaloo 


Ningaio Real 


des 


MAGNET FOR DIVERS 
Ningaloo Reef i 


30 mils (1,200 kam) orth 


ay 
Perth, 


Australia, andl ies al 


remote stretch of coastline 


The diving on the reel is centered 


around the small town of Exmouth 


which doubles daring 


the popula 


whale shark season, as divers lock there 
fiom around the world. Ningaloo Reef 


300 fish species and 200 typ 


Such is the scale of diversity ber 


the integrity of the ecosystem, that 


ESSENTIAL INFORMATION 


WATER TEMPERATURE 


ECOSYSTEM Tropical 


‘Wien To Visit Yearraune 
whale sharks present 


ving, but 


(MUSTSEES Whale shafts; manta ays 
migrating whales; shore dive at Point 
Murat Navy Piet 


however, lies in the abundance of a sin 


A beautiful coral reef stretching for 175 miles 
30 km) off the coast of Western Australia, 


Ningaloo has much to offer the diver. Its fame 


Je animal 


Ningaloo is the whale shark capital of the world. 


was declared a national park 


5s kan) enjoys protected status, 


WEALTH OF WILDLIFE 
Although the whale sharks ate le 
4 July he 


they are replaced by other great 
between May ancl Ot 


huge numbers of manta rays canbe 
Nox 


migrating whales pass along the coast 


seer, ant froma July aber 


In addition, a survey in 1994 counte 
rote than 1,008 dugongs along cis 


ch of eoast—one of the most 


ing whale sharks may distss the, 
niythse wth special ang. 
23s this maine blologs, should do 


LACES TO DIVE 


Poor Knights Islands 


NORTH ISLAND, NEW ZEALAND 


SRRNAGSNY A mystica ect of inland, sacred in Maori legend, 
fslands "uid the Poor Knights lie 14 miles (23 km) off the coast 
esi of North Island in New Zealand, Honeycombec 


remarkable gatherings of marine animals, 


FORBIDDEN LAND 
TThe Poor Knights Islands consist of 
stark voleanic rock pocksmarked with WATER TEMPERATURE 59-75°F (15-24°C) 
overhangs, ridges, caves, and arches. Rese 
The dramatic topography of the islands | “~~ Tempermeree!__ 
evokes their bloody history ax they were | WHENTOVISIT Yearround diving, but 

i rainy season runs rom uly o October, 


ESSENTIAL INFORMATION 
] 


ECOSYSTEM Temperate rect 


the ste of a terrible Maori massacre in 
1820, causing them to be declared tagu | MUSTSEES Gatherings of southern 
forbidden) in Maori la. No one has stingray; Blue Mao Mao Arch; bronze 

set foot on the islands since, and this, terse emcees pes 

combined with marine park status since 

1977, as cteated a wonderfully pristine WEALTH OF MARINE LIFE 

environment both above and below the There are approximately 120 fish species 


waves, which has drawn divers to this around the Poor Knights, bur it isthe 
site fom all over the world, Boats rin slcer mummbers of fish present that are 
to the idands from nearby Whangerai, the main attraction. Vast shoals of 


species such as blue mao mao inhabit 


feworeLocaion the overhangs and caverns around the 


The islands ae any accessible by bat, soviss 
Invalve short voyage aboard one ofthe many islands, while the stark reels ate coated 
‘ve charter boats based onthe malland. in an extraordinary diversity of 


Debris on the surface of a metal which is the result of the reaction with chemicals in its environment. Oxides 
must be removed mechanically (with steel wool or a brass brush) and chemically for proper wetting to occur. 


‘The temperature range which is the difference between the solidus and the liquidus temperatures. This is some- 
times referred to a the “working range”. 


Another name for 63/37 solder, See decorative solder. 


‘The time required for a soldering iron to reach soldering temperature after it has hit a “cold spot”. 


‘The term applied to a soldering iron control which is used to vary the temperature of the heater in the iron, 


Analloy of two or more metals with a liquidus temperature of less than 800" F, 


‘The term used to describe the look of solder when it has been properly applied to a copper foil seam, 


‘The temperature at which a pure metal or alloy goes from liquid to solid (or “freezes"). 


Anelectrical or electronic device into which a soldering iron is plugged, or which is within a soldering iron. The 
device is used to vary the temperature of the soldering iron heater. 


Applying a thin layer of solder to a metal surface. Most commonly used in reference to the copper foil technique. 


A block of sal-ammoniac on which a soldering tip is cleaned and resurfaced with a layer of solder. Itis not actually 
used for soldering, 


‘The process of renewing a soldering iron tip using a sal-ammoniac (tinning) block. 


‘The term used to describe the proper flow of liquid solder, promoted by flux, on the surface of another metal. “Wet- 
ting” is necessary to form a proper soldering joint. 


Soldering iron heaters constructed with heating wires wound in a coil around Mica. 


Ginland  iorabie products you canis! Mjnland 21 


encrusting organisms, with brightly 
colored sponges jostling for postion with 
sea squirts and bryozoans. Thick carpets 
of kelp provide perfect hunting grounds 
for brightly colored wrasse species, 
scorpion fish, and several different types 
ff moray eels In March, the dark 
waters under the Southern Arch host 
hhuge mating congregations of short 
tailed southern stingrays, As well as this 
spectacular annual gathering, uhere is 
also a resident population of bronze 
Whaler sharks, and regular transient 
visitors including orcas, dalphins, and 
several whale species, 

Jacques Coustean was so impressed 
When he visited the Poor Knights in the 
1960s that he described the islands as 


the finest temperate-water dive destination 


fm Earth, and ome of the top ten overall, 

The range of dive sites and sheer 

abundance of marine life provide 

1 compelling argument that this applies 

sas much today as it did then, This is an 
and. 


essential ve site i ising New 


AUSTRALASIA er a 


‘lane wrasse sims a the center of sting 
‘haa of ue mao mao. Te Par Knight lands 
‘ne famaus for thelr abundsnce offi ie 


EXPLORING CAVERNS 


‘The marine life ofthe Poor Knights 
Islands teems ami dramatic underwater 
caves and arches, including the largest 
‘sea eave in the wor—Rikorica Cave 
Visiting divers shoud cary aslights; 
including reliable backup, and ensure 
that basic caver safety rules are 
Followed (see pp.186-8/) 


Ader explores sea eave 
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Wreck of the Rainbow Warrior 


CAVALLI ISLANDS, NEW ZEALAND 
Rove Perhaps no other shipwreck on Earth has the 
poignancy of the Rainbow Warrior. Sunk in an act 
wewzéliie of international espionage that shocked the world, 
it now lies off the Cavalli Islands, in one of the 
se most beautiful regions of New Zealand. 


TRAGIC FATE 
"The conservation vessel Rainbow Warrior 
as moored in Auckland harbor on. 

the night of July 10, 1985. Shordy 
before midnight, ewo explosions 

Fipped throngh it killing the vessel's 
photographer, Fernando Pereiro, This 
senseless act of terrors was traced 

to the Freuch Secret Service, leading to 
iaternational condemnation andl lengthy 
{all sentences forthe wo agents who 
planted the explosives. 


PEACEFUL RELOCATION 
‘The Rainbow Wioviar wreck remained in 
Auclland for many months, before being 
refloated and towed farther north to 
the Cavalli Islands, a beautfil marine 
sonetuary granted sacred status in Maori 
law. Here it was sunk as an artical reef, 
and has become a popular dive site 
"The Rainoxo Hiri is smal vessel, 
and so can easly be covered ina single section is il largely intact eeating the 
dive, It st almost upright on the ilasion that ii sailing across the white 
bottom, an its superstructure rises to sands of the seafloor beneath its hull. 
‘within 50 (15 my) of the surface, with 
the seabed below at 85 f (26m). is how REFUGE FOR MARINE LIFE 
"The Rainbow Warr’ bul is covered 
ESSENTIAL INFORMATION ina multicolored carpet of jewel 
anemones, and the vibrancy of color 
fn display here is remarkable. Is 
ECOSYSTEM Temperate superstructure is now a home Far 


FINAL RESTING PLACE 
‘dive surveys the wreckage ofthe former 
Greenpeace vessel Ralnbow Woror, which was 
baal damaged by 2 violent act of sabotage. 


WATER TEMPERATURE 57-75°F (4-24) 


eg | Mi coon sha 

obese picaaenertarst 

TESTS Serietsctepaarpe” | isthe hap fo Dry Rens 

itentcsumcreraesnge’ | ngs istmescoersinn 

rita ae veo no sene ts bm 30 
2 nee 
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Wreck of the Mikhail Lermentov 


MARLBOROUGH SOUND, NEW ZEALAND 


The gloomy passageways and silty spaces of the 


SHE yo -Mithail Lermentoy ate mute witnesses to one of the 
inal great raysteres of modern sea travel, Sunk under 
weg the strangest of circumstances, it now lies in the 

at cold waters of Marlborough Sound, New Zealand 
RSSGMATIC WHECK. ESSENTIAL INFORMATION 
Th 20,000-on Risin cus Hiner 
Mit! rman was dive hard oni WATERTEMPERATRE 57-72°F u-22°C) 
rekrbyan emprinicedloalaton | Gengyseaengeae 
February 16, 186, Isa ea, eal 
day, and theories ahound as to the factor PRE TO NIT Yertoee, be 


behind the sinking—bibrs alcohol, and SePtember to Aprils best 


espionage have all been blamed at one MUSTSEES Bdge, swimming p00 


time or another, The mystery remains stem; balroom, provided you have the 
Fight gearand level of experience. 


to this day, but dhe wreck represents a 
tremendous diving experience, althongh 


pethaps not one forthe fine bearted, 


DIVING THE LERMENTOV 
Teles om ie starboard side in 120 fe 
37 m) of water, although the sheer sige 
of the vessel means that its port side can 
be reached at only 66 (20/m). Dives 
fom its external superstructure are 
recomended, with highlights 
including the magnificent bow 
the bridge, and the stern 

Far the more adventurous 

there is the famous ballroom, 
although this dive should 

nly be undertaken by those 
with appropriate training 

andl eqipraen (se fl 

70), Marine lie on the wreck 
includes scorpions, conger 

eck, and blue od 

ceasionally pods of orcas 

tut in the Sound sel 


SERIOUS ADVENTURE 
‘alvrexplares in condhions of 
reduced sity, often encountered 
‘onthe Mth Letento, The wreck 
Tesin deep coastal water 
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Oceania 


‘The beauty of the estimated 20,000 islands that make up Oceania 
is unmatched anywhere else on Earth. The region holds tremendous 
riches, particularly for those confident enough to venture olf the 
beaten track to visit the more far-flung islands and re 


WRECK DIVING IN PARADISE UDERwarex WonDERS 
Oceania the cllectve mane fore Teor ent Wines among 
‘andl of the Pacific, generally considered Me Mealthleston the plant are home te 
synonymous wth the Sth Sea Islands "SOnAYshswratss, sneetsh ania 
of Melanesia, Micronesia, and Polynesia 
The region is typified by tranquil beaches 
wth sugarhite sand and swaying pals, 
and, below wate, powerful and intense 
diving experiences, Some of the world's 
most diverse tee are in Micronesia, and 
the fierce fighting that raged through 
much of the teyion during World War IL 
has created some impressive wreck sites, 

‘Truk Lagoon in Micronesia, with 
its array of sunken Japanese ships, was 
Vewedl by many’as the finest of all wreck. 
diving locations unl the establishanent 
of a dive operation on Bikini Atoll in the 
Marshall lands in 1996, From Bikini 
Avoll, divers can explore the remains of 
the fletof ships sunk during the testing 
of byerogen bombs by the US froma 1946, 

Pala has many magnificent dive 


sites, including Blue Corner, a coral 


Fidge that juts out into the acean and 


Many ofthe wor atoll ar located nthe 
Pace Ocean, Mase are cened ae coral ef 
bulls up sound 2 subslding volcanic island 


plunges more than 1,000 6 (300 mi, ane 


popular destination 

the refs remain 
Fr those who have the time to explore 
the remot idan of Oceania, they olfler 
truly original dive experience 


OCEANIA 


Unspole Islands afer the possibilty of 
Fascinating cultural encounters and mae 
Fung dving experiences. 


Palau 


MICRONESIA, SOUTH PACIFIC 


9 Divers constantly argue about what they consider 
riwweraes to be the ultimate dive destination, but Palau 


_ UM will always be a strong contender, Consisting of 
PSE SIH 507 scatere lance, Palas hast all wreck 
MAI caves, and some of the busiest coral reefs on Earth, 


‘AWORLD OF VARIETY DIVING PALAU 
(One of the great draw of Pala isthe Perhaps the most famous of all dive sites 
vast range of diving available. Like other in Palau is Blue Corer, Juting into deep 


‘san yroups in Micronesia, it has water at the western edge of the island 
colorful refs cruised by lange predators chain, thissite has ital: swirling schools 


ane! impresive oceanic species, What of harracuel, patrolling sharks, elegant 
tives Palau the edge over other sites in eagle rays, and busting Napoleon wrasse 
the region is thatthe geology and recent Close to Blue Corner is another highlight, 
history of the ilands have combined to showing olf Palau’s renowned cavern 
create a divers paradise, Caves and diving the Blue Holes, Here, divers 
caverns honeycomb walls and reels eter a vast chamber iluminated only by 
throughout the sland chain; and fierce pillars of light streaming through great 
batiles between American and Japanese gaps inthe reef above. The Temple af 


forces during World War I mean that Doom chamber, founel atthe rear of the 
airraft and shipwrecks abound. Blue Holes, isa more serious dive that 
Palau also has a number of rare requires considerable experience and ski. 
natural phenomena, the most famous The Noor here is tered with the shells of 
boeing Jellyfish Lake. This i a large sea turtles that were unable to find their 


solcanic crater filed with brackish water way out of the chamber and perished 
containing the pulsating forms of over Chandelier Cave in Malakal Harbor is a 
20 millon mastigiajllylsh, To snorkel more sedate alternative for those wishing 
there isa surreal experience to explore an easy cave system, 


RELICS OF CONFLICT ee 


In adtion othe great natural diversity on 
show at Palau, there are many fascinating 
relics rom World War I 

‘One ofthe best shiparecks fom that 
frais that ofthe Japanese let tanker ro, 
‘At as (ism) in length, the ris arge 
and exceptionally well preserved, es in 
‘moderate depths in a lagoon near the 
Central tow of Kor. isting divers 
‘should leo see the wreckaf the Aichi 
Exy-At (codename "ake" seaplane. 
Discovered a decade ag, this wonderfuly 
Intact aia isin shallow water, and is 
an easy dive with many layers of interest. 


‘The wreck ofthe Take seaplane 
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ESSENTIAL INFORMATION 


WATER TEMPERATURE 77-8 


ECOSYSTEM Tropical 


‘Wien To VISIT Year round aving. Rainy 
season between july and Oct 


(MUSTSEES Blue Corer: Blue Holes; 
Jeliyish Lake the wreck of the the 
“ake” seaplane wreck. 


PATTERN OF ISLANDS. 
An aesal view of 

‘ute ols a Pala, 
tinged wth white coral, 
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Yap 


CAROLINE ISLANDS, NORTH PACIFIC 


‘A remote island paradise, Yap has become a magnet 
PR mers, skin cbse cnetrs th mata 
<P However, there i a great deal more to this tiny 
Sjoond “9 Micronesian island, with plenty of sharks on patrol, 
MAM including gray, white-tip, and blacketip reef species. 


PACIFIC IDYLL 
Wich its lush mangroves and rolling green 


hile, Yap les in clear waters that abounel WATER TEMPERATURE Around 82°F 
with tuna andl dolphins. Ie has one of (28°0 yearround 
‘Miconesia's most vibrant indigenous | :cosySteM Topical 


cultures, and retains a genuinely remote 


island fel in all aspects of daly ie Wind VST each bat 


December Aptis best. 
MEETINGS WITH MANTAS (MUSTSEES Mania rays visting leaning 
‘The real anraetion, however, les ‘pallens cies! Yap Cavers 

Dpeneath the waves, Vap is one of the 


very few dive destinations on Earth nibbling them off Divers crouch by 
Where encounters with manta rays are the stations —normally isolated coral 
‘guaranteed, Two shallow tidal channels heads—anel await the arrival of the star 
cut through the islands, and itishere attraction, Manta rays can grow to nore 
‘hat the mantas gather at cleaning ‘han 2,200 Ih (1,000 ky) in weight, and 
stations that dot the sandy’sea floor. At their wingspan can sometimes exceed 


these sites, divers can observe the ativity 20 ft m) ftom tip tip. 
of smaller fish called rempras, which use 
suckers to attach themselves tothe rays PROTECTED ENVIRONMENT 
andl remove invitating parasites by (Other dives in Vap should not be 
cverlooked —there is some tremendous 
shark action heve, and the reefs are i 
pristine condition due toa strcty= 
adhered-to agreement to use tralitional 
fishing techniques. Such forward-thinking 
leilation is of great benefit to beth 
rmrine ie and visiting divers and is 
am admirable example of responsible 
‘stewardship of the seas, Nearly 80 percent 
of the reels around Yap remain uncdived 
due to local conservation by-laws, 
although the remaining 20 percent are 
well worth exploring, 


on THE WING 
Despite her impressive and imposing sie, 
manta ays ate a dole species that fed an 
Imcroscapc plankton ie 
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Bikini Atoll 


MARSHALL 


ANDS, CENTRAL PACIFIC 


Bikini Atoll vies with ‘Truk Lagoon to be the finest 


wreck diving location on Earth. ‘This tiny collection 
of coral islands and lagoons is the site of 
spectacular and dramatic wrecks, with a wuly 


extraordinary story behind their sinking, 


ATOMIC TEST SITE 
As Worle War Il ended andl the Cole 
War began, the US chose a tiny atll at 
wl of the Marshall Islands 
am of nuclear 


the northern 


weapons testing: Ships of varying ize 
made up the bt 
vessels of a dummy fleet, the yast 


nationality ane! vinta 


riajority of which were sunk in tests 

running from 19465 to 1951, Included 

inthe fleet was the US aircraft carrier 

Saratoga 

the largest shipwreck accessible to divers 
Abo at Bikinis the 

Nagat, the Bagship of the Japanese leet, 


weighing 33,040 tons and now 
anywhere on Earth, 


andl the first warship in the world to be 
wns The 


armed with I6-inch last active 


The wreckage ofa naval alraft dstoyed 
dung US nuclear bom ets se at Bk 
‘ll Residual adation has ine dropped to 
neigh levels at tis de st, 


ESSENTIAL INFORMATION 


WATER TEMPERATURE Around 84°F 
(29°C yearound 


EEOSYSTEM Topical 


‘WHEN To VISIT Best time owt Is 
between Apil and September. 


(MUSTSEES The US carer Sortoga, 
nese battleship Naga, 


Japanese batleship, the Nagate saw 
action a late as July 1945, when it was 
attacked by US torpedo bombers. 

The ships lie in deep wate, with 
depths averaging 160-180. 60-5 
Tut with 1,300 or 9 ish species swarming 


ver the stunning remains, the rewards 
are well worth it for divers with sulicient 
twaining and experience. No dive site ean 
llr a more dramatic insight int history. 


Bora Bora 


SOCIETY ISLANDS, SOUTH PACIFIC 


Renowned as one of the most beautiful islands in 


ace 


etn 


by an island at its center 


the Pacific, Bora Bora is a huge lagoon dominated 


The lagoon and the 


surrounding reef provide a dazzling array of dives 


against the stunning backdrop of voleanic peaks. 


PACIFIC PARADISE. 
Bora Bora is part of the Society lands 
andl is located 170 miles (274 kan) 
ortwest of abit. Anatol of sparing 
be 


uty that has long entranced writers 
anel artists like, the main island is only 
6 nnlles (10 km) long, and sits at the heart 


fof a lagoon three times is size, The reel 
around the lagoon has only one navigable 
channel, which is crsctossed by smaller 
channels and gules, most of which 
provide excellent dive sites. 


ABUNDANCE OF LIFE 
Bora Bora’s lagoon and surrounding 
reef are home to a huge variety af 
fish—a recent survey documented 
Bore Boa ls dominated bythe jagged vermalne 
of volcano, and encircled by» gest agen, 
This emote aol is widely considered tebe one 
ofthe most beaut spots on Ext. 


ESSENTIAL INFORMATION 
WATER TEMPERATURE 75-84°F(26-29°0) | 
Ecosystem Topical 
‘Wien VISIT Thanks ta ts balmy 


climate, ving in Bora Bore can be 
enjoyed year ound 


‘MUSTSEES Mania vay encounters a 
Ana sharkedves at Tpit 


500 different species, although the 
real number is almost certainly higher, 
Langer animals encountered on the 
fuer reef and inthe cuts in the atoll 
walls are gray ref sharks, white-tip reef 
shasks, groups of black-tip reef sharks, 
lemon sharks, and slvertips, Numerous 


species of rays can be encountered in 
the central lagoon, including the groups 
of manta rays for which the ste has 
become justly famous. 


Soldering & Desoldering PN 


Soldering/Desoldering Tools & Accessories 


Soldering Station with LCD 

Display, ESD Safe 400 Series 

> High-qualty sensor and heat 
exchange system guarantee 

precise temperature control at the 

foldering tip 

Soldering ron tool heats rapidly from 

room temperature to 350C In 30 seconds 

Suitable for general purpose soldering 

as well as specialized lead-free soldering 

applications 

Sponge and coiled brass tip cleaner ensure a clean soldering tip 

{ree from debris and corrosive material 

Strong, deluxe iron holder provides safe secure place to store 

heated iron between uses 


17400 


Product 0 Description 


Soldering Station with LCD Display, ESD Safe 
405 Series 


> LCD temperature control display with blue 
backlight 

Long lasting, durable high - quality 

ceramic heater 

Sponge and recessed area 

provides a convenient method for 

cleaning the tip 

Sultable for general purpose soldering 

as well as specialized lead-free soldering 

applications 

Safety guard iron holder 


> 


> 


17405 


> 


Product 10 Description 


Soldering Kit - 6pc 


> 40 Watt Soldering Iron heats up to 800° F 
Ideal for use on electrical/electronic 
components, audio equipment, ete. 
Includes desoldering pump for 
removing liquid solder 

Provides basie tools needed for many 
soldering projects 

6 Pc kit comes complete with replaceable fine tip 


> 
> 
> 
> "7501 
ProductO Description 


Soldering Kit - 7pc 


40 Watt Soldering Iron heats up to 900° F 
Ideal for use on electrical/electronic 
components, audio equipment, ete. 


> 
> 


> Includes desoldering pump for removing 
liquid solder 
> Provides basic tools needed for many 
soldering projects 
> 6 Pc kit comes complete with replaceable 
fine tip 17502 


Product 10 Description 


AVEN 


Soldering Iron 80W with Fine Tip 


> Ideal for general purpose soldering applications 
including metal board, tube of large components 


Round, soft grip, non-slip handle ZA 


Durable cord with a 5-foot reach 


Fitted with long life replaceable fine tip, 


> 
> 
> 

17510 


Product 10 Description 


Soldering Iron 40W with Fine Tip 
deal for general purpose soldering — 
Round, sft grip, non-slip handle 
Durable cord witha S-foot reach — 


Fitted with long life replaceable 
fine tip 


vvvy 


Product 10 Description 


N-Series Soldering Iron Tips » 


Long life, lead-free soldering iron tips 
Replacement tips for soldering the 
different components of PCBS 

Five different sizes 

Includes two tips 

For use with 17400 & 17405 ESD Safe 
Soldering Stations with LCD Display 


Product 10 Description 


vv vy 


ee 
Tro-yi-a_|W-ties Seeing io Ton NE 
TW00-No8 | W-Sries Sdering Von Tou NE) 
Twi0o-No-t | W-Sries Sern ton Ton N8-) 
Tw0o-Nos_[W-trieaSdering ton Ton NE) 

C-Series Soldering Iron Tips 

> Long if, lead-free soldering ion tips 


Replacement tips for soldering the different 
components of PCBs 

Four different sizes 

Includes two tips 

For use with 17521 Soldering Iron 40W 


Product 10 Description 


B-Series Soldering Iron Tips 


> Long life, lead-free soldering iron tips 
> Includes two tips 
> For use with 17510 Soldering iron 80W 


Product 10 


Description 


vwsi0-a5: | w-eries Soldering fan Tse (85-1 


AVEN, INC. | 4330 VARSITY DRIVE | ANN ARBOR, MI 48108 


Tel: 734.973.0099 | Fa 


34.973.0097 | www. 
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Wreck of the President Coolidge 


NUATU, SOUTH P 


jaye) A relic of an elegant age of sea travel, the President 


BE Codes x song candate fr the mos exciting 
on a reef in Vanuatu, it hides one of the most 
BEACHED BENEMOTA 


ESSENTIAL INFORMATION 
The Praideat Calf sank on October 26, 


1942 while carrying 4,800 American 
the Pacific during World Wa IL 
stuck Hat 


WATER TEMPERATURE 75-82°F (24-28°C), 


EEOSYSTEM Tropical 


mines, ad by “friendly 


(Wien TO VSiT There is yearraund 
diving on the wreck, 


faces in the area, and when it became 
clear the ship would not make it into 


the nearby hathor of Laganwlle, the IMUSTSHES The Lady the swimming 
captain beached the huge vessel on a oa}; lobby mosaic; the promenade 


reef Here it remains tray, with its ies lamptih de 


stern submerged in 236 8 (72 m) of 

water, although the bow lies ata depth CASUALTY OF CONFLICT 

just 49 (15 a The President Coldge ran aground at Vanuatu 
tag Wri Wari The wreck sil fled wah 

Coron els rom ates. 


DIVING THE CoOLIDGE 
The wrecks accesed directly 
lle 


is a network of passageways and 


fio the shore, Within its 


enormous holds containing the 
paraphernalia ascociated with 
equipping at army for wa 
Although converted for duty as 
a troop ship, there are sil traces 
of its ime as one of thew 


siost luxurious ocean ine 
An essential stop for any clver 


visting this magnificent wreck is 


the statue of the Lady, in one of 
the fist-clase ding rooms, This 
once stood on the mantelpiece 
of the stoking room, but a 
small earthquake dislodged it 
fiom its perch, and i was ater 
moved farther up the wreck, 
Other hight 


ws include the 


promenade deck and a beautiful 


rmostic fauntain, nice the 


centerpiece of a gracious lobby 


02 ot PLACES TO DIVE 


Truk Lagoon 


CAROLINE ISLANDS, NORTH PACIFIC 
Regarded by many as the finest of alll wreck sites, 
“Truk Lagoon is the resting place for an eclectic mix 


© haktason 
bsousn 


of Japanese vesels sunk in a single raid by American 
Ce aircraft in 1944. With many wrecks still in good 


condition, ‘Truk Lagoon offers unforgettable diving 


WITNESS To WAR 
“Truk Lagoom i asive natural tll 
amet 10 mes (65 bam) across ringed [WATER TEMPERATURE 84° (29° 
Uy 140 ies 295 a) of reef and smal 

coal ialands, forming one of dhe largest | SOSSTEM Wop __ 
natural harbors ofthis ype on Earth, | WHENTOVIITYearround dig, bt 
"The presence of 15 lange islands in the | #5350" fom uly to October. 
enter of the lagoon made tan ideal base | MUSTSEES The wrecks of te uta 
far miliary operations, aft not lst on | Maru, Sinko Mou, Sen Fancisco. 

the Japanese Imperial Noy, whieh Mar, and he “Bey” bomber ara 
aman a vat numberof warsips 


EEOSYSTEM Topical 


merchant vessels, and fleet tenders here Such an assembly of enemy vesels 
inthe latter stages of World War H, proved irresistible to American forces, 
in readiness for further deployment, which earred outa daring rae on 


February 17-18, 1944, launching 
150 aircraft from nine aircraft carriers 
beyond the horizon. The rai was a 
complete success, with over 60 Japanese 
vessels sunk in a savage 48 hours, 


DIVING TRUK LAGOON 


Wreck ving in Takis deep, withthe 
majority of the wrecks Ivngin depths of 
{00 f Go m) or more. Local operators 
ar, however, well se un to cape wth 
deep air cving and have established 
tetive ils and techniques to cope 
with repeated deep dives. Nonetheless, 
2 cerain level of qualifeations and 
experience is advisable before diving 
the fascinating wrecks of Tuk Lagoon. 
Contact aca operators for deta. 


Marine ie at Ta 


SECRET SITES 
The “ghost fe 
fon the seabed in 


of Japanese ships lies 
nuk Lagoon, although 
nly $8 of them have been charted. The 
others have been left amare fa 
of looting and ilegal diving (wo dive the 
wrecks in ‘Truk, a local guide is legal 
andl practical necessity), Highlights 
include the Fie Mana, complete with 
ro fighter sircrlt sil in its Holl, ai 
the Sav Francisco Maru —a huge freighter 
With an array of eargo including to 
tanks on its deck, so ontstanding itis 
none as the “Milion Dollar Wreck: 


RELICS FROM THE PAST 
‘Adlver hovers over the ghost remans of 2 

Tapanese ship sunk atl Lagoon Altaf and 
submarine ls fel vic to sell attack here, 


_— 


LACES TO DIVE 


Fiji 
SouTH PaciFic 
: Simply hearing the name “Ti” sosimane up ages 
of an exquisite wopical parade, With 800 nlands 
spravling over 80,000 sq miles (207,000 sq km) of 
creat the realy leans IK te 
wealth of diflerent experiences for the diver 


IDYLLIC ISLANDS. 
Perhaps ome of the most notable 
Features of Fi for the visting 
diver is that only 12 percent 

of the islands inthe 

archipelago are inhabited 

andl 75 percent of the entire 
population ives on just one island, 
Viti Levu, Fj truly allers a wealth of 
diferent diving opportunities around 

a huge variety of reefs, channels, nl 
islands, Coral reels cover a staggering 
5,000 sq miles (15,540 sq kn) they 
include atleast 598 species of coral and 
are homie to aver 121M) species of fish 


UNDERSEA GARDENS. 
[ij is particularly famous for is beautiful 
sofi-caral gardens, the most renowned of 
which isthe White Wallin the Somosoma 
Strait. The regions rich waters mean that 
fer-Zeding invertebrates tive in the 
coral lagoons, Sea fans, whip corals, and 
aa myriad of other species ve for space 
‘on the brllianly colored reef walls, 


WATER TEMPERATURE 79-88°F(26-32°9) 

EEOSYSTEM Tropical 

‘Wien To VISIT Year mung, butthe 

best time to visit Fi is between 

Apriland November 

‘MUSTSEES Somosome Straight, 

and the White Wall, Bena 

{agoon: Naingora Pass. 
owen 


REEF RESIDENT 
Shatks of many species, Including ay 
ree shacks, patrol the soto ets 
oF F's scateredistands 


There are also many spectacular fish 
species in Fijian waters. For the dil 
seeker, thes 
action, The best-known shark dive here 
is known as “Aqua Trek 3-D," alier the 
operator that runs i, and ofers the 


is plenty of large-animal 


opportunity to see up to seven species 
of sharks on a single eve, including bal, 
blark-tip reef, white-tip, and lemon 
sharks, The dive i one of 100 recogniaed 
dive sites in Bega Lagoon —an, 
indication of the sheer variety of diving 
in this beautiful tropical archipelago, 
Happily the area bas been designated 

a Marine Park and enjoys protection 
fun overishing; the small fees asked 

of divers who experience it underwater 


ceavironment ate used 4 help Bune 
conservation measures, Such 
careful stewardship ensures 
‘hat Fis diving will 
remain outstanding for 
years to come. 


OCEANIA ir — 


Tonga 


FRIENDLY ISLANDS, SOUTH PACIFIC 


“Tonga is a dramatic chain of volcanic islands to the 
east of Fj. The grandeur of its scenery is matched 
by one of the most amazing encounters with a 
marine mammal that a diver can have anywhere 

on Earth— snorkeling with humpback whales, 


PACIFIC OUTPOST 
Diving in Tonga is based mainly ia the | 
central island group of Hapa ane! WATERTEMPERATURE 72-869 (2-30°0) | 
in Vava'u faber ta the north, Port of | enseeren opal 
Refage in Viva, whieh far man 
divers hie Gist experience of 
diving contains a particularly fine wreck 
i dhe fren of the Clan Mellin, czech alee 
‘large merchant vesel sunk in the 1920s, | MUSTSEES Humpback whales: Hunga 
Mogi; Mariners Cave; Can Medion, 


ESSENTIAL INFORMATION 


EEOSYSTEM Tropical 


sean | WHENTO VISIT July to October for 
humpback whales; vais typhoon 
Season fam November to Ri 


STAR SITES 
Other sites of note inthe region are fame in the diving world is, howe 
Tuangasika Island, the location of an based an encounters with humpback 
exciting cavern called Mariners Cave, whales, From July through to October, 
andl the steep walls of Hunga Magic around 700 humpback move ita 

an undersea peninsula jutting into the warm waters around the island group, 


blue water from Hunga island, Tonga 


Although local conservation groups da 
not allow seuba diving with the whales 


aan anrcmalsestsmassne uses (0 Minimize disturbance to them), 
aovethe surface. Large numbers of this snorkeling alongside these amazing 


magnificent animal pass by Tonga ezch eat. mammals a unique experience 


The Americas 


As befits a landmass that spans virtually all latitudes of the globe, 
the Americas boasts a staggering range of dive sites. Great ocean 
currents beset both North and South America, combining with local 
conditions to create something for divers of every level of expertise. 


COASTAL DIVIDE reel diving of the 
The coasts of the highest quality, anel are 
North American popular asa training 
continent offer very round for thousands 
dllferen, but equally of divers who try the 
thing, diving sport while ou vacation. 
environments, Ta the The Caribhean 
west, yout can enjoy offers classic coral ref 
rmagaificent wild diving clving: With its well- 
inthe fords of Alaska EASUY EXPLORED developed divin 


tnd Brtsh Colombia, The superb sity andeaim, warm jnfrastrucure, it has 
waters ofthe Carlbbean provide 

explore vast kelp forests watts ofthe Carbean provi Jong been favorite 

olf the California Mestcondnons eres ive destination. To the 


coast, and experience glorious south, in Central Ameria, isthe Belize 

encounters with humpback whales and barrier recf—the longest in the Northern 

Whale sharks in the Gulf of California, Hemisphere. OW the coast of Venezuela 
The eastern cost features wrecks lies Bonaie, in the Dutch Aviles, a 

and raggedtooth sharks on the Outer beacon of marine conservation. Farther 


Banks off North Carolina—the region soul sills the island of Fernando de 
where technical diving made its greatest Noronha off Brazil perhaps the finest 
leaps forward, ‘The Florida Keys prove dive site in the whole of South Ameria, 


SEASAFARL cHANTED FOREST 
Even snrkling ver sandbars inthe Cayman The owetng Kelp forests in the shallow waters 
Islands, west Carabean, can bangyou off California ar among the most beautiful and 


faceto face with fascinating marine animale, biologically cha al marine habs, 


LACES TO DIVE 


Florida Keys 


FLORIDA, UNITED STATES 


‘The Florida Keys are a string of coral and limestone 
‘4S islands stretching 120 miles (193 km) into the Gull of 
att Mexico, For many, this popular vacation destination 


isn Fepresents a first 


PROTECTED ECOSYSTEM 
The Flovida Keys consist of 200 small 
‘sands, the largest of which are 
connected by the 42 bridges of US. 
Highway 1. The importance of the 
Florida Keys asa vibrant marine 
ecosystem was recognized as long ago ax 
1960, with the John Pennecamp Coral 
Reet State Park established as the fist 
ever marine park in the US. More 


ESSENTIAL INFORMATION 


WATER TEMPERATURE 70-84°F (21-29°C) 
EEOSYSTEM Topical 


‘WEN TO VISIT Yearround avin, but 
hurricane season October to November. 


(MUSTSEES Molasses Ree, wreck ofthe 
‘Adolphus Busch Se: the Chast ofthe 
‘ep statue in Key Largo, 


troduction to diving, and there 


are dive sites of real quality and variety here. 


The wreck oa tugboat yng In clear be water 
The Key are famed fr good underster 
sly and exallnt tes forvaling. 


Followed, and the region now boasts 
18 protected areas, providing cover 
‘ut to 3 miles (5 kan) beyond the re 


UNDERSEA ATTRACTIONS 
The reef itself runs parallel to the island 
chain, roughly 5 miles (8 kan) offshore 

As uch, most of the diving here is from 
boats, and there are many experienced 
operators. There are some excellent 
wrecks, as wells classic spur and graove 
reef formations with the outer reef 
inhabited by a diverse range of 
Caribbean species. The shallows inner 
reef also hosts manatees, as well as 
providing a nursery for smaller species 
and huge numbers of wainee divers, 


Crystal River 
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FLORIDA, UNITED STATES 


The Crystal River in northwest Florida is parent to a 


Se” network of channels and tributaries snaking through 
Weseitee che swamps, What draws divers to the region is the 
ete “Guani chance to swim with manatees—one of the great 
WEB OF WATERWAYS 


The Crystal River stems fram a series of 
inland upwellings through porous rock, 
creating natural fikering system that 
results in some af the clea 

Earth, What this mecting of rack and 
Water also creates is & honeycomb of 


caverns, eaves, and tunnels. Although 
these are frequently accupied by huge 


catfish (a rave in themselves), the real 


attraction for the diver isthe presence 
of the West Indian manatee 


GENTLE GIANTS 
These huge and placid animal 
‘measuring up to Mf (3m) long and 
weighing up toa ton and a half have 
been using the shalles pools andl warm 
streams of the Crystal River to feed and 


The stunning cay of he water at stl River 
Stems rom geological condtins in the area 
Such waters ate pesfec fr observing manates. 


ESSENTIAL INFORMATION 


WATER TEMPERATURE 68-21°F (20-27°0) 
EEOSYSTEM Freshwater 


WHEN TO VISIT Crystal River can be 
visited yearsound, but for snorkeling 
with manatees, the best ime is between 
the months of December and Api 
‘MUSTSEES Devs Den, Kings Cavern, 
— swimming with 


breed for thousands of years, Speedboats 
and habitat destruction have exacted 

a terrible toll om the manatees, which 

are now on the endangered list. Diving 
With the manatees is not permitted, but 
nonetheless, snorkeling next to one of 
these huge animals in erystal-lear water 
isa tremendous experience. 


a0 — 


LACES TO DIVE 


Little Bahamas Bank 


BAHAMAS, WESTERN ATLANTIC 


ite ‘The Little Bahamas Bank would appear to be the 

thomas 

tay ‘most unpromising of dive sites—a vast patch of 
Te Bus 


featureless, shallow sand bank. One animal has, 
Mm MRessis however, made this area irresistible to divers 
Dolphin encounters here are uniquely memorable. 


Great Abaco, two of the larger islanels spokes inthe shallow waters ofthe Bank, 


‘Soda wlohe andthe STARS OFTHE SEA 
sccssonal werk Mare I brlatvely uth bnlenve and spt dolphins 
shi de bane bat be guna 
ESSENTIAL INFORMATION sic ih te ae hat ha 
mn he ef The wld ps 
Of delphi have been aerating wi 
izes Tope den fr 20 yon and now a booing 
‘Wien To visit Yearround, but industry has grown up around these 
eT EN ae. | sonaehd teams Any ol 
Se | eerie syemmtact te 
iustsus Spoed dpin seeing | “oti ners who have the pegs 
Sarde to encounter them inthe lene shal 
tear ic sy Bong memor 


WATER TEMPERATURE 75-82"F(24-28°C) 


svivante ‘SMD soldering, PCB cleaning 


SMD Soldering 


‘Your reference guide to soldering with surface mount devices 


Short cut to your reference guides and charts 


1. Introduction to SMD soldering 
2. SMD soldering (prototyping board) 
3. SMD soldering (prototyping PCB socket 2.54mm pitch) 


1. Introduction to SMD soldering 


‘SMD IC stands for surface mount device integrated circuit, or commonly 
known as SMT surface mount technology. Why go into SMD? Small in 
size, light in weight. This is the advantage of smd. Being small, engineer 
is able to design small electronics gadget that people can carry around. It 
is quite obvious that people prefer small mobile phone. 


‘The ultimate advantage will be lower cost to consumer. Being small in 
size, the printed circuit board (pcb) can be small, meaning low cost. 
‘Transportation cost can be reduce because it is now lighter and more 
products can be packed into the same box. Space required is less, 
‘meaning cost saving on the warehouse storage. PCB board is easy to route 
without the through hole, Better signal integrity. Easily assembled by 
‘machine. There is too much advantages. Going SMT is certainly the way 
forward, 


used to build circuits using dual in-line package (DIP or DIL) IC only. 1 
hardly thought of using surface mount device/component (SMD) because 
Lave great doubt that I can solder the fine legs of the IC chip. The pitch 
for the older DIP IC package are 2.54mm, Pitch is the distance between 
‘adjacent pins as illustrated in the picture. Most IC comes with a variety of 
packages. The IC that | know of, offer both the SMD and DIP packages. 1 


hitp:taww sionghoon.comiprojacts!2008-04-22_smd_solderingindex htm 


Edited by Lim Siong Boon, last dated 06-May-09, 


ail gsionaboon.com 
http: //wee, ssongboon 


fechnology evolution, from big to small 


WIA phone small enough to carr 


Eyen smaller phone 


€- 


‘Through hole packages 


ana 
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Bonaire 


DUTCH ANTILLES 


Gaal) For conservationists, Bonaire is a beacon of hope i 
a the Caribbean. More than 40 years ago, the island’s 

authorities realized that good reef management 

could promote tourism and boost the local economy: 


Bonaire is particularly noted for fine shore living. 


FORWARD THINKING in the establishment of a marine park 


Bone i the most eastern land in the that naw encircles the island. This 


ssroup that makes up the Dutch Antilles, extends dawn to 200 (0 
Tehas alas demonstrated an enlightened 


attitude toward conservation, with SANDY SHORES 
protective las fist passed in 1961 Boni offers a wealth of shore diving 
to protect turtle) followed by a steady possibilities, Many clvers simply turn up 


sam of addtional measures over tn the land, ret a ear and go esploring 
subsequent years that eventually resuked The spontancity of this kind of diving 
haya charm all of its awn. As well as 
ESSENTIAL INFORMATION splendidly pristine reels, Bonaire also bas 
PERATURE vy_ba*r n-aneqy ) ‘wo notable wrecks in the Hina Hooke, 


WATER TEMPERATURE 7-84 (25~29°C) er lying at 100 fe (30m, and the 


afr 


ECOSYSTEM Tropical Red Slave, Diving uuider the Tony Pier at 
eran ied Kralendlk, and Salt Pier (on the other 
ddving on Bonaire, but huricane season | side of the isla), is also very rewarding 
begins in the later part ofthe year fete ae 

(MUSTSEES Town Pera iralendik the Dives laa tute in atour 
‘eck ofthe Hilma Hooker. ‘over the ish res of Bonar's 


312 PLACES TO DIVE 


Cayman Islands 


SOUTHERN CARIBBEAN 


The Caymans are three low-lying islands 150 miles 
(240 km) south of 


the water belie the riches that lie beneath: 


uba. Views of the islands above 


steep 
walls, fine reef, and a very shallow dive that 


(is famed among the diving fraternity 


CLEAR WATERS 
The Cayman Islands have two key 
characteristics that make them a classic 


dive area: they lack any mountains oF 


large rivers, and the limestone bedrock 
abworbs water, Consequently there is 
very lite sedimentary runof! from the 
land when it rains, which ensures that 
the visibility underwater is excellent 


ESSENTIAL INFORMATION 


WATER TEMPERATURE 81-84°F(27-29°0) 
ECOSYSTEM Tropical 
‘Wien TO VISIT Diving ales place he 


(Caymans yearround, although huricane 
season stars late in the yest 


(MUSTSEES Stingraysin North 
‘Sound; the manta of 
Bloody 8ay Wall 


Added o this are steep walls, sandy 
lagoons, and Us protected marine lie 
reserves that ensure excellent diving 


REEFS AND RAYS 
The underwater envionment i typified 
by shallow fringing reef extending some 
way from shore, keading to busy ret exests 
and steep drop-ofls. Large pelayies, such 
as manta, eagle rays, and several species 
of shanks, crift past wall characterized by 
heathy fish populations and ich coral 
and sponge growih. The Caymans are 
famous for one particular stingray feeding 
site in North Sound, Grand Cayman, 
where as many as 200 stingrays chister 
around divers in the shallows, 


Stingrays gather tobe fea at 
North Sound. contact ith them 
should alvays be on the tems. 
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Turks and Caicos 


BAHAI 


‘These two tiny island groups atthe southeastern 
Bq eo y island groups 
on 


NAS, NORTHERN CARIBBEAN 


end of the Bahamas chain offer the diver true 
variety within a small area—from safe, shallow 
Iagoona fo steep walls and strong currente—with 
MAA vig animal encounters always possible. 


Gontban Ser 


DIVE PARADISE 
ne Caicos consist of 90, 


of islands on ether side of 
the abyssal Tasks Island Passage. To the 
west are the Caicos Mlands, epitomized 

by shallow lagoons and gente slopes, 

To the east the smaller Turks Islands 
fer access to stunning drop-ofls only 
‘short boat rde from shore although 
both sets of islands do have a range of 
dives within these broad categories, 
catering to the tentative beginner 
through tothe hardened veteran 


PROTECTED STATUS 
There are 33 protected areas within the 
Turks and Caicos, and these islands were 


the first in the entire Caribbean to ban 
spearfshing. As such, the marine life 
here is very impressive indeed, with 
healthy reefs dotted with huge spotges, THRIVING REEFS 
ancl impressive pelagic activity in the Adiverispects gromths of colarfl ube 

panges hich ae a common sight on the reefs 
tthe Tuas and Caco elon 


wr noserbra | Serpe tte ee 


For wreck fins, the remitins of the 


ECOSYSTEM Tropical 
er 
‘WienTO VST Vshthe Tusand cawcos | Eipmion—a British warship that ran 
[aston Nevember and Aigust | around in 1790—olfer a fascinating 

| glimpse into naval history, Cannonball 


MUSTSEES Humpback whale migration, | snd agher relics can tll he found onthe 


Solphin encounter, Nrthwest Paint 
tlves: the Tunnel, seabed around the ste The wreck lies 


Endymion wreck. in shallow water 18 miles (30 kan) 
sont of Salk Cay the site is 


int squirt 
s readily accesible by boat 


a4 oat PLACES TO DIVE 


Cuba 


WESTERN ATLANTIC 


It diel not take long for Cuba’s developing dive 
industry to draw the attention of the international 
diving community. Certain classic sites have been 
well known for years, but Cuba's vast and varied 
coastline has much more to offer traveling divers, 


GIANT COASTLINE 
Cuba is a huge idand 90 miles (155 km) 
sous of Florida, with 3,500 miles 


ESSENTIAL INFORMATION 


WATER TEMPERATURE 75~8:"F (ag-27°C) 

(5,630 km) of coastline boedered by the | eggyeTew Topic 

Gulf of Mexica to the west, the Adantic | SO°SA Werte) ____ 

fd the Caribbean to the | WHENTO VISIT Diving continues year 
‘ound in Cuba, but hriane season 

begins late in the year 


to the north, a 


sou, The seale of the iland i such 

that each of the thter reefs along the | eemsI@eIneyeR 

coast of Cuba exceeds the length of ‘MUSTSEES The Isle oF Youth bll shark 
dlve at Santa Lucia; Cristobal wreck. 


the entire Florida Keys, 


MARINE DIVERSITY encounters to be experienced here, 
Acrecent survey noted over 1,000 fish including some classic shark dives and 
species around Cuba—tremendous large groups of tarpon, 


diversity for eis part of the world 
There are also some excellent bg-animal CLASSIC CUBAN DIVES. 
(Cuba has an abundance of riches in 
terms of dive sites, and some consider 
the diving hereto be the best in 
the world, Diving on the Isle of 
‘Youth is particularly popula, but 
Santa Lucia, Guardalavaca, and 
Santiago de Cuba also offer 
‘excellent dives, The lst of these 
boasts a particularly fine shore dive 
‘with the wreck of the Crstibal Cain, 
‘This former Spanish warship was 
attacked by dhe US navy in 1898, 
during a brief conflict between the 
‘wo counties provoked by the 
sinking of a US ship in Havana 
harbor, The Crivibal Colin was run 
‘aground by is commande, an i 
iow a splendid historical dive site 


Sof corals and sponges growin profusion 
in cuban waters, which erjy unusual high 
livers in marine species. 


Cenotes 


YUCATAN PENINSULA, MEXICO 


A network of flooded caves filled with crystal-clear 


caf jotes offer the novice a chance to dive 


ancin — caverns in relative safety. For the more intrepid, and 


water, the 


appropriately trained, the honeycomb of tunnels and 
NA passages offers advanced exploration opportunities 


GEOLOGICAL WONDER 

In Mexico's Yueatin Peninsula, the INNER SPACE 

best dives are not atthe coast but take Adve surveys the eerie inter of the Cenotes 
{ave network Though the system fers ict 


Place some distance inland, within the cea ehalnge, i aloha ese des. 


hhoneycombed heart of the Earth ise. 


The term “Cenotes” (fom the Mayan has been shaped by rain and river, 


word ‘cuof refers to the entrances to the creating one of the finest eave and 
network of flooded passages and caverns cavern diving locations on Earth, 
that ride this region, 
(Over 60 million years ago, this DIVING THE CENOTES 
entire region was beneath the sea, Although explorations are sill ongoing 


eating tock strata of limestone from in the Cenotes, many of the systems are 

compressed coral and marine organisms, accesible even for navce divers, with 

In the intervening period, this soft rock guides taking groups into vast caverns 
where an exit tothe surface is always 

available if required, Sea diving at 

‘Canein and Coulis available nearby 


WATER TEMPERATURE 66-77°F (19-25°0) 


EEOSVSTEM Freshwater cave (gen ine 


‘WHEN TO VISIT The best ime ofyear Special equipment 

to dive the Cenotes is between helps ensure 

November and March, Safe, enjoyable 
| ae 

‘MUSTSEES Gran Cenot; Car Wash caverns ee (| 
(Cenate; coastal resorts neaby. pp.s86-59. 


as PLACES TO DIVE 


Belize Barrier Reef 


fix Belize isa small Central American country that ha 
Fessecnnerteet its coastline. The Belize Barrier Reet is the lox 


the good fortune to have a true natural marvel off 


earn. in the Northern Hemisphere, and offers a vast 
a range of diving possibilities for all skill levels, 
SECLUDED COUNTRY 


ESSENTIAL INFORMATION 


Belize cavers around 8,80 sq miles 


WATER TEMPERATURE 77-82 (25-28) 


(25,00 a) ancl as 


aly 


EEOSYSTEM Tropical 
its marine lie, and due tothe efforts 


‘Wien TO VISIT Diving in Belize takes 
place yearsound, but the hurricane 
eason begine around October 


gavernment, aver 40 percent of Belize 


| MUSESEES whale sharks at Gladden 


sie anniek auay: Spit, Blue Hole, Shark Ray Al 
lize abso boasts Worle Herita 
Site—the Belize Barrier Reef, Extending along the Iengus of the reef, Aw a 


for 174 rales (280 kam) and vanging from a circular island that surrounds a lagoon, 


$9) (L4 a) 40 19 mes (80 kr) 1s formed when coral reef grow 


ollshor, the reef offers a huge variety around the perimeter of a collapsed 
of divable sites to explore. Thice of the voleano, Linear sand and coral islands 
four atolls in the Caribbean are found! —known locally as cayes—al run 
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along the length of the Barrier Ree, ERO 
ancl provice a base for much of the 

area's dive activity. Of these, Ambergris [ Peshaps the most famous site in Belize 
Gaye isthe most popular location, isthe Blue Hole. Famously explored by 


Cousteau in 1972, this vast caver les 
50 miles (Bok) ofthe east coast of 


DIVING HIGHLIGHTS Belize nthe middle of Lighthouse Reet 
Around 500 fish species swarm over the | is perfectly erelar entrance measures 
reef, incluing five diferent species of | Some 985 Goo.) in ameter, wih the 


cavern plunging toa depth of 40 


biter, Some langr animal peces | q@ampunagtaadenh ofa 


can also be seen, including huge wtih | 25m) beneath The resident poplati 
and manta rays on the outer reef, and | ofthe Blue Hole isan eerie sight for 

stingrays and nurse shasks at Shark Ray | diversvsting the stalactteformations 
Alley. There are also healthy populations | found 130 (40m) below the surface, 


of reef sharks, ns well as manatees (a | aaa Jew ofthe Bue tle | 
(2219) inthe shallow inshore waters and 
fstuaries of the country. 

While the mos famous stein Belize 
is undoubtedly the Blue Hole, the area 
ha a great deal more 1 offer, with 
elassr ree dives, magnilicent spur 
and groove reef formations, and some 
notable seasonal gatherings of big 
animals. At Gladden Spit inthe south 
of the country 


ge numbers of whale 


during the aly para the ear Tse Walesa comet ee feo the 
tnugeocean-going plankion-feders row awnpraracaesbeae taken 
to.asucs as 60 (18m) im lenglh. Sudha dogand aber shaper spi 


sharks meet in Feeding aggregations 


Fernando de Noronha 


WESTERN ATLANTIC 


Petceemag) Rising up trom the wild waters of the Adantic, 
eters 250) miles (400 km) off the eastern coast of Brazil 
(mae is Fernando de Noronha. This tiny group of 
0 voleanie islancls plays host to one of the largest 
resident pods of dolphins on Earth. 
ATLANTIC TREASURE have attracted vers wha nav travel 
The stark island group of Fernando de here from around the world, Some 
Noronha was for many years a welhkepe 14 apecies of shiv, including murs 
secret among the Brazilian diving sharks and yray re sharks, ruse over 
fraternity The sea around he lands dark des, and wo tures a 
plunges to depths of ever 2,500 commonly sighed; one—the hab 
700m), seating rch upwellings and actualy breeds here. The lands have 
swing eurents been a Wosld Heritage Ste since 1981 
aweldeserved stats fortis exciing st 
CLOSE ENCOUNTERS 
Along the ces Hee are seatvely ESSENTIAL INFORMATION 


bare—only 95 fish species have been 
recorded on themn—itis the big animal 
ericounters that have made the ite ECOSYSTEM Subtropical 
famous, Stories of extraordinary 


(waren remeenarure 7 


‘WHEN TO VISIT Diving is best at 


interactions with the huge resident pods | Femando de Noronha between 
of spinner dolphins around the sands | September and March 

wt seaury ‘MUSTSEES Spinner dolphins a ai 
Gree, nutencich Atanlc water break dos Golinios; ray reef sharks at 
gains the rocky shores of Fernando de Laje dos Dols mas. 


Noronha  emate group of islands 
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Cocos and Malpelo 


EASTERN PACIFIC 


of the 


DOUBLE IDENTITY 


Although Cocos and Malpelo are 
generally referred to in the same breath 
by divers he two islands are actually 
250 miles (400 ka) apart Cocos oll 
the coast of Costa Rica, and Malpelo 
olf the coast of Colombia, 


MARINE SANCTUARY 
Rising from the deep waters of the 
Pacific in a series of serrated voeanie 
reefs and craggy pinnacles, the two 
islands provide fantastic opportunity 
to experience larger marine animals 
at clase range. Schooling 
hammerhead, hunting white 
tip reef sharks, patrolling 
silky and Gabipagos sharks 
are all virtually guarantee 
Spotted moray eels are 
present in huge numbers 

andl itinerant visitors include 
whale sharks, mantas, and a 
number of billfish species. Both 
islands have a protected satus 

is a World Heritage Site, and 


Cocos 
lalpelo a 
Colombian Flora and Fauna Sanctuary 


ESSENTIAL INFORMATION 


WATER TEMPERATURE 63-75 17-24") 


EEOSYSTEM Subtropical 
‘WEN To VISIT Conditions are best rom 
‘December ta September 

(MUSTSEES Hammerhead schools 


spotted moray in Malpelo: whitetip 
ref sharks hunting prey 


Considered by many to be among the finest big 
animal dive sites on Earth, the two voleanie islands 
of Cocos and Malpelo sit several hundred miles 
from land amid the wild currents and big swells 
stern Pacific ocean, 


Sharks of may specles 
ongegate in numbers off Cocos 
leona Use of rebreathe (ef 
allows close approaches 


‘TOUGH CONDITIONS 
Diving on Cocas and Malpelo 
is demanding, with big swells, sitting 

currents, occasional limited visibility, and 


shallenging conditions, howe 
immense, given the ample opportunities 
for big animal enconmters, Some shark 
species, especially hammesheads, are 
naturally wary of livers, uta careful 
approach can work wonders, Specialit 
equipment can help, too—rebreathers 
(we f—82-83), which do not create 
bubbles allow the diver to make an 
‘unobtrusive approach and this give 

the best chance for clase encounters, 


m0 oud PLACES To DIVE 


Roca Partida 


COLIMA STATE, MEXICO 


‘This stark voleanic pinnacle rises from the depths of 


si the Pacific 200 miles (320 km) aif the tip of the Baja 
GAM) Penincula, This is truly wild diving, with powerful 
sea tiatttio’ swells, big currents, and large marine species at one 
of the mos isolated dive sites in the word. 
SHEER DIVING 


"The most remote outcrop of the 
Archipelago of Revillagigedo (a gromp 
fof four islands), Roca Patida rises 
starkly from the wild surface of the 
Pacific Ocean, its rugged silhouette 
reflecting the characteristics of the 
reefs heneath, Steep walls plunge into 
deep, dak water, with very litle Hie 
encrusted ot their barren surfaces. 


BOUNTIFUL SEAS 
The rich upwelling from deep water 
around Roca Part provide plentiful 
nutrients snl oxygen Tor circling fish 
shoals, including huge black jacks and 
dense schools of barracuda, These in 
turn attract silky, white-tip,slvertp, and 
hammerhead sharks in great numbers. 
What makes this dive site so special, 
however, are the manta ray encounters, 
“shank encounrens 

Divers at Roca Pica can count on being 
buzzed by many diferent sharks, such as 

‘the normaly shy scalloped hanmemead 


ESSENTIAL INFORMATION 
(warexremvenature 66-77°F 09-25" | 
EEOSYSTEM Subtropical 
‘Wien To VISIT Roca Paria has good, 
year-round diving, but cooler winter 
Waters best For shat divert. 
(MUSTSEES Mania rays: sleeping white 
tip and stversip sharks; black jacks 


which are among the best to be had 
anywhere; these magnificent animals 
almost seem to seck ont divers, resulting 
in some extraordinary interactions, 

"The reputation of Roca Pattida is 
spreading, and itis rapidly becoming 
an iconie stein the eving world. Divers 
willing to make the journey to this 
remote and wild location will ind 
themselves amply rewarded, 


siveate ‘SMD soldering, PCB cleaning 


thought that I will never ever need to use smd packages until one day, 1 
have no more choice. I managed to pick up new circuit designs, and 
discover more and more new IC chips. Most new IC chips design do not 
have DIP packages. You can hardly find one. I realised that in order to 
implement better circuits, | need to learn to use new IC chip. In order to 
use the new chip, I have to find ways to solder smd components. That's 
‘where I venture into the world of sma. 


Nowadays people prefer to use smd, because they are small in size, which 
‘turns out to be cost efficient fabricating small PCB. With smaller PCB, 
space & weight is saved, resulting in lower cost for the 
transportation/distribution and storage. 


Research and research, I got to know from other electronics guru that sma 
is in fact easier to work with than through hole. I try it out and from that 
day onwards, I am in love with smd components. Small to solder, but it 
save me the effort to cut the lead for through hole component. 1 managed 
to store my component using minimum box and space. There are many 
‘many advantage to work with smd. 


Many people might think that you need special tools like a rework station 
or fine tip iron to solder the small smd components with small pitches. 
With the correct technique, you can use your soldering iron to do the 
soldering. In fact mry 60W goot TQ-95 soldering iron has quite blunt tip. 
So thick that most people think that it is not possible to solder smd IC 
‘with fine pitches. Fine tip iron is easy to reach the fine lead, but I find that 
itis not as hot as the same iron with blunt tip. If you prefer fine tp, I will 
recommend hotter soldering iron or those which can allow you to adjust 
the temperature, they can be hot. I managed to solder smd package TOFP, 
SSOP QSOP with pitch as small as 0.5mm. Width of the lead of about 
03mm. 


Dealing with SMD components do not necessary requires you to fabricate 
professional pcb board. You can also mount smd components on low 
ccost prototyping board. To start off implementing smd components, you 
might like to try using the soic package. Quite common at this point in 
time, but may just phase out as what has happened to the dip packaging, 
SOIC has a pitch of 1.27mm, which is exactly half of DIP packages. This 
size is great because I can solder the IC to the same old 2.54mm pitch 
prototyping donut padded board. What I usually do is to cut the donut pad 
into half. Soldered onto each pad is two pins 1.27mm apart 


You can refer to the following article, for further illustration. 


"SMD soldering (prototyping board)” 


With so much advantage there is indeed a disavantage. SMD IC comes 
with many type of packages with different pitches. Unlike DIP IC, the 
pitch is typical 2.54mm. I can easy purchase a prototype board with 
2.S4mm, and almost all the DIP will fit to the board, SOIC package can 
still be mounted onto the 2.54mm prototype board. The rest of the SMD 
IC chip has quite a wide range of completely different packaging. This 
‘make them difficult to start with, without having to fabricate a PCB. 


‘There are actually solution to this. Most IC company usually introduce 
their IC chip together with a prototype board for the IC. 


Another solution will be to use a pre-fabricated prototyping board that 


allows mounting of various smd footprint. You can search for the various 
‘names such as 


hitp:4vww.sionghoon.comiprojacts!2008-04-22_smd_solderingindex htm 


2.54nnn Fite 


= 


SMD packages 


T27awu Pitch 


ductor 


Variou 


distributor for the prototypi 


adaptor 
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Hawaii 


CENTRAL PA 


TFIC OCEAN 


wa “The underwater terrain of Hawaii reflects its 
Henaute’ yyy Volcanic origins, with twisted lava formations and 


steep drop-off into abyssal depths. The oceanic 


nator 
tants {0 island group is world-renowned fr its surfing 
os but offers exceptional diving, too. 
ISLAND PARADISE biarve rock formations that epitrnise 
ia i the worl’ longest sland Hiawais terrain abawe sea level extend 
chain, extending mone than 1,300 miles beneath the water's surface, olering 
2,400 kn), and situated ever 2.500 niles exciting dive opportunities, nl great 
1000 kn) fron the mainland. Ie wildlife encounters, Hawai’ extreme 
comprises cight main islands—each the isolation means i is visited by nomadic 
top of a submerged voleano—as wells species fom the vast expanse of the 
another 124 tiny areas of uninhabited Pacific Ocean. The most notable of the 
land that amount to no more than 3.3q pelagic animals are humpback whales 
niles (8 sq lan). The stark idges and pygmy pil whales, manta rays and 


fceanic white-tip sharks, Humphacks have 
been hunted globally almost 1 extinction, 
and have become rare even inthe waters) 


WATER TEMPERATURE 75-80°F(24-27°O | sequel Hail, Excellent clive sites can be 


EEOSYSTEM Tropical found on the sland of Hasvaii—or Big 
‘QHENTOVIST Yearomnd balwiner | ‘land—at the eastern end of the island 
months! this busy ste ae less crowded, | chain, aswell as Mani, Kauai and Oahu, 


(MUSTSEES Mania ays.atKona Beach: | WAVESWEPT COASTUNE 

pygmy plot whales: Shark's Cove, Oahu; | Hawall les a the same tude as ental 

Molokai Long Lava Tube Bg lland. esc, Clean waters, pure sands and 2 uopeat 
lina a ois sppasl asa dve destination, 


LACES TO DIVE 


Catalina Island 


CALIFORNIA, UNITED STATES 
Lying only 22 miles (35 km) off the coast of 
California is a spectacular island of dramatic 


scenery above the water, and tremendous beauty 


beneath, Catalina Island has been a nature reserve 


| since 1974, with huge rewards for the diver: 


PROTECTED ISLAND 
Catalina Island ie 20 miles (82 kan) in 
length and miles (13 kan) wide, and has 
been onsued by the Wrigley family since 
1919, Avid conservationists, they have 
consistently refised permission for 
development on the island, and now 


16 percent of iti an established natu 
reserve. The rugged topography of the 
island extends belo the waterline, with 
tremendous diving on eragey reels and 


steep underwater pinnacles 


RICH SEAS 
The island is swept by the cold waters 
of the California Current as it moves 
down from British Colombia. This FOREST BENEATH THE WAVES, 

‘ich variety of marine fee supporte bythe 
tant ep stands of Catalina island Garba 
Fh ae familar residents ofthe al 


creates axyyen-rich waters where kelp 


forests lourish some of the larger 


specimens stretch Frum surface to seabed, 


100 8 (30 m) eke. Cruising these their ground as divers approach: 
underwater forests ea wide range of a photographer's dream, ‘The kelp forests 
fish species, the most famous of which are also home to huge black sea bass 
isthe garibald, Fiercely territorial, eagle rays, California morays, and 
these brightly colored fish yl stand ‘swo-spot actopses. The black sea 


ie ‘basis a particulary weleome 
ESSENTIAL INFORMATION, sight, since it was once heavily 
coals ovenfshed but is now making 
SEE ears comeback. Larger residents 
ECOSYSTEM Temperate include the California se bon, 
Sueutoysi7 Ohectiessae aspecies known fr its curiosity 
Yyesrtound off Catia, but winter and willingness to approach 
‘ving canbe very eal dlvers, The occasional blue 


erate shark can be encountered off 


Underwater Park The CCatalina’s shores, rounding 
Famsworth Banks ‘off an exhilarating ist of 


animals waiting to be 


arias ons 
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The Outer Banks 


RTH CAROLINA, UNITED STATE 


z Famed in seafaring lore as the graveyard of ships, the 


Norske, Outer Banks are thought to be the site of up to 5,000 
outer aap i 7 
Wrecwe  shipwrecks, Big ocean currents and an abundance 
L Ose of large pelagic animals combine to make this 
Cam) region one of the most exciting in the diving world. 
HISTORIC WATERS. diving territory. ‘The Outer Banks are 


The Outer Banks ae idemtilied by 
a dramatic chain of islands and 
sandbars that extend for 130 miles 

35 km up the coast of North Carolina 


Within this harrier isa vast area of 


estuary; shallow lagoons, and enclosed 


al emis a crucial 


breeding ground for many fsh species, 


anel 70 percent of the region enjoy 
protected status. The Outer Banks 
beyond the island chain are the real 
draw forthe diver. With three 


fcean currents meeting olf this coastline 
andl the continental shelf only 40 mile 
(65 km) to the eas, this is dramatic 


Despite ts look, the sand tiger hark is 
relatively oc However, ke al age 
preatos it shouldbe tated with respect 


ligered with wrecks —many of theta 
sunk by U-boats in World War II, Many 


of these are home to some of the larger 


residents of he banks, inclu 
raumnerous sind tiger sharks (also known, 


These fete 


as ragged-ooth sharks) 
looking animals are infact quite 


approachable if not prewuked. 


ESSENTIAL INFORMATION 1 


WATER TEMPERATURE 5 


ECOSYSTEM Temperate 


‘WHEN TO VISIT forthe most favorable 
diving conditions, visit te Outer Banks 
between July and September. 


‘MUSTSEES Wirecks ofthe Papoose 
and Proteus; sana tiger sharks 


304 wont PLACES TO DIVE 


The Great Lakes 


CANADA/UNITED STATES 


eS Straddling the border between Canada and the US, 
Ske cea. the five Great Lakes make up the largest expanse of 
fiesh water on Earth, Conditions in the lakes can be 


demanding, but the reward is access to some of the 


bestppreserved wrecks in the diving world. 


WORLD-CLASS WRECKS 
The Great Lakes caver an area of 
95,000 males (246,000 q kan), ane 
ole 


ESSENTIAL INFORMATION 


WATER TEMPERATURE 32~64°F (0-18°C) 


range of diving experiences and 
conditions. Many of the more densely | SM Temperste _ 
populated regions around the lakes have | WHEN TOVISIT Year-round, but narthem 


EcOSYSTEM Temperate 


always been significant industrial zomes | #5 ay Be under ie in winter 
ancl have suffered through pollution and | MUSTSEES Sen coves along Lake 
verexplitation. The water is cad Superior coast; the Arabia and other 


andl visbilty can be limited, although in| Neltereserved wrecks. 


the lower lakes it has improved through || 


the aceidental (and in all other tespeets PRESERVING THE PAST 

tunwanted) introduction of the achra ‘In the early days of diving the lakes, 
rmuusel—a voracious iter-eeder that numerous artifacts were plundered frm 
has cleaned the lakes of algae. There are otherwise pristine wreck sts. This 


many wrecks on the various lake beds, malpractice was quickly stamped out 
The very low temperatures and the lack dhrough the establishment of « numnber 
of salt in the water have kept metal hulls of preserves, Lake Michigan alone hat 


relatively fee of rust, while wooden nine such special areas, covering 1,900 
vessels and even rope can be founel inj mils (4,920 aq kam). Notable wrecks 
a remarkably good state of preservation. throughout the lakes inelude the Arbi, 
ceaiwnalk oat a sailing vessel unk in 1844 andl tll 
ee sacs tiga Wii perfectly intact; the Bermade, sank in 
Dean cimcercceuninme 1870; and the mare contemporary 


Underater resources Mesquite, sunk in. 1989, 
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Vancouver Island 


BRITISH COLUMBIA, WESTERN CANADA 


vp 
JAE eanaon 


for the vi 


CHANNEL CROSSING 
The standard means of 1 


ching 
Vancouver Island i via a ferry froma the 
city itself, 90-minute journey that gives 
you a glimpse of the abundant waters 
of this region, Cold waters are rich in 
faxygen and mutrents, and the channel 
between the island and the mainland 


is no exception, The addition of strong 


tidal movements creates an irresistible 
dra for marine plants aud animals, 
although the diving can be demanding 
st times—far example, in the fast 
running Dodds Narrows chanel 

there is much to make the experience 
worthshile. Oue of the most famous 


id 


residents af these waters i the 
inquisitive giant octopus, although more 


elusive wolf eels, hathor seal, various 


‘whale species (including orras), and huge 
rnumnbers of salmon may also be 
encountered atthe right time of year 
‘Ralvermakes contact with lant 


octopus, a fascinating epeces at 
tives inthe nuten-ien water. 


ESSENTIAL INFORMATION, 


WATER TEMPERATURE 48-64°F 
G80, 


EcOSvSTEM Temperate 
‘Wien To VISIT Year mung, but winter 


can be chil 


‘MUSTSEES Giant octopuses; 
whales: wreck the Saskatchewan; 
‘eds Narrows channel, 


The cold waters and strong tides around Vancouver 
subtcouavie Island create a glorious mix of wildlife, and there are 

also vessels sunk as artificial reefs to add extra interest 
ng diver, Some of the most popular dives 
lie between the island and the mainland. 


ARTIFICIAL REEFS 
The vesel Sautdesan was sunk i 
1907 as anata reef, and has proned 
areal hit with both local and visiting 
divers Its just one of a number of 
dlecomnissiomed warships, all well 
worth a diye, sank off the coast by 

the Antfcial Reef Society of British 
Columbia —a society formed by 8 
of underwater archaeologists i 1990 
to turn warships 


into dive sites 


LACES TO DIVE 


Galapagos Islands 


EASTERN PACIFIC 


‘The Galapagos were known as the Enchanted Isles 


aa oe 


‘Gaga tana 
‘sauny 

pace AMEN 

RUGGED AND REMOTE 


"The Galipagos Islands are named ater 
the Spanish word for “saddle” gulipags 
afer the shape of the shells of dhe giant 
trtases that provided food source fr 
the easly explorers and whaling ships 
that visited the islands. The island group 
consists of LS main island situated 

600 mails (970 hm) off the west coast of 
taco. These star islands, only afew 
nillion years ol, still show the contorted 
tock formations-—wisted rels and pited 
ges caused by thei vleanie bith, 
"These provide an excellent substrate for 
busy marine communities, eplenished by 
the seven ocean eurrents that converge 
‘on this idand group from all dretions 


by early mariners, baflled by the currents that 
swirled around them. The name has changed, 
but the experience remains the same for divers 
fortunate enough to visit this unique archipelago. 


ESSENTIAL INFORMATION 
g eal 
WATER TEMPERATURE 61-81°F(16-27°C) 
EEOSVSTEM Temperate 


‘sien TO VISIT Diving continues year 

round in the Galspagos 

‘MUSTSEES Hammerheads and white 
tips at Wolf and Darwin; whale sharks 
sea lons; marine iguanas; penguins. 


MARINE LIFE 
Although there are only 13 ree€-buileing 
species of coral in the Galapagos, 
‘meaning thatthe refs are stark alfars 
<linging to the dark voleanie rock, the 
life that swarms over them is spectacular. 


The fame of the Gabipagos as a dive 
site isin its gatherings of large marine 
animals, including magnificent schools 
of scalloped hammerhead, Sadly 
overfishing has had a serious impact 

fm shark populations in the waters 
around the islands, and unless 
flrcumstances change, such sightings 
may become increasingly rare, Groups 
of cene-niosed rays and eagle rays are 


regularly sighted off the more exposed 


refi, as well as gatherings of manta rays 


and the occasional whale shark 


UNIQUE SPECIES 
A visit to the Galipagos offers animal 
encounters that cannot be expevienced 
eleewhere. The idands have evolved in 
isolation, and are home to a number of 
remarkable species, Perhaps the most 
fimious of these is the marine iguana, 
although the islands also have colonies 
of the most northerly penguin species 
fon Earth—-the tiny Galapagos penguin 
Tis possible to snorkel with both 

of these species if accompanied by 

a knowledgeable local guide and with 
the right sea conditions 
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WILD GALAPAGOS 


isting Calflora sea ton 
tis not suprising that the Galépagos 
Islands provided inspiration foc Darwin's 
theory af evolution they ae chin al. 
kinds of ite. There are well aver 300 fish 
Specesin the region, including 30 species 
of sharks. Larger residents include 
neatly 0,000 seals and sea lions. 

There are also Goo species of mollusks 
and 100 diferent typ of erabs! 

Large vistors include sperm whales, 
humpback, and Bryde's whales, as well 
23s many species of dolphins. The 
islands ote a naturalst'sparadice 


The beak contours ofthe Galapagos Ielands 
Iight seem to suggest a region devol fife 
The appearance is daceptve, however 
{hives ner both above and below the gren 
ater of he surounding Pcie Ocean, 
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Useful resources 


‘PADI: DIVE SAFETY CHECKLIST 


+ Dyer sl tt tr dep aeofing 
to their ain, eis eve, ad 
pace 


+ Rega of level of tennng, any increase 
in dang dept should besa 


+ Further waning and/or apersion ned 
when ding in a new eye een 


+ Avid nerrightingeaey oat a baoraney 
cock ohne min net open 
Reemener a eae weighing when goig 
from ea fe ae 


+ Hogar tht all wright ptm wed have 2 
‘pick slate anda eck iy far 
Wahis potion. 


+ Always ele erage proces pre 
teow de 


+ Hae ela cal eka nd tay 
shape lor de 


+ snare cottons, urea oily 
etch comida dering» de 


+ Cont etl where appropriate x wee 
lee wchice on prevaing ny sons 


1 Use surlice marker ys an unt decent 
Scr vere appeoi 


+ Atay inform nie whe yo are 
fn and when you rapes tsar, 


Visie worpadi.com 


“AWARE FOUNDATION: TEN 
WAYS A DIVER CAN PROTECT THE 
UNDERWATER ENVIRONMENT 


Divers and snokelere ae abvous 
{baceaors othe undermaterenonment 


1. Dive careflly in ragile aquatic 
Alc at ret iy may ook ke rock 
Pant ay aqua organo re Bae 
{rates tat can be damage or age by the 
freer en be lnryor coon hare 
Snarevet ihe tuck af s honda 
pert ty tht ie ene orgie 
Stacy ar extremely ower By 
Trang el eve 3 al ce, you maybe 
kann dear of nth By bang caf 
You can peeve vesting and longing 
Samper mayo de ae 


2 Streamline yourself 
Mel damage othe erm i done 
sksanay Kap our guage and aerate 
Sore seated they dnt drag ene the el ot 
Ite By eoctling your buoyancy aed ai 
Cavant te eachconl or ater gh paaoes 
tr jour bos, dang pment cers, 
Jou yal ave dase yur ar pve ary 
aie le 


4. Continue your education 
it joann ne mie yur ie 
(urieaary ngeney ental yee 
Afarpeing Bere eng oe ed ek 
test tine waa cell ent cr 
Satacoe ins pool or eter noyborment hat 


‘wot he daage by a ew bump and eaps. 
eter yet, ake adc eration 
‘our sche PADI Sra Reese PADI 
Aventis in Diving progam. of 2 EADL 
Sperly Diver coun AWAILE eos 
‘lve dag rus pote you hh the 
‘ils practice aa races! applcton of 
‘Sorell sel ving eles. 


4. Comer your mput on ai ie 
Mey reso ante pe hen 
Inte woe ears erences Bere ae 
cu lt te pres Ar bse bc 
ed more carina ouree, we may heme 
femelle joc any lane even te 
Sl be cans wt: HE Hanprey oor ioe 
dep cate sre te Ue nial, ecru fing 
$e mating bei nad fad ea hat 
det aly or the pres, arene provoke 
Sepeaie Uehivar os compe 
opin Interac expely te ae 


5, Understand and respect underwater life; 
Tinough spon oan aneate enromnen 
near Hern ders reat nappearance 
Sees Eevee uid id ecg ser Me 
(crates ony appeal pena or 
inanimate eh Using them a "uy Kd 
Satie mitalecon tives al of derocton 
that can dept 2 eal ete aol 

tics deer of ihe pena ooering oe 
‘phoigrapling ter crates Comer aking 
Partin Pet AWARE program to become 
[ioe fin wi the importa faethe 
Therese nar of wore pate 


USEFUL RESOURCES hag wa 


cose Det hat are any vst 
tan be depict of cir eceees short te 
(Clean pee orl a stew 
fea ca phe cation el beauty 
ou wt tr rm yur der wa pies 
tosh brads ad ey you may wa 
Conair udereater pega. 


6. Bean ECO-Tourist 
loca eng chau ps ree 
sank, se nw of te bot tal 
‘meringue armament. Sept he 
‘Saati of rome sens ola lela, 
Stel earn pete tat all anc bate 
cs nwa, mangrove tl ez) 
Sipe end nsttngcorimements De 
te sone one ning oy te ig 
‘nbmehure and aes When plang 3 
Shang tp choowe ECO Tour Operator inna 
SERECD ne and ECO cer ae 

hd sap e Bt AWARE Go ECO 
Spel igs 


Respect the underwater eltural heritage 
Dir tel snurelers ete prog tw acer 
‘oe est are pre of ur etal este 
‘urine het Yn sbold dp eters the 
‘fo fre pert by bg cl las 
‘Sng opty ned rating ek 
reoect. Wreck a serve portant ae 
Sah and oes aga 


1. Report environmental disturbances or 
destruction of your dive ritex 
Dipeaedmertl ar wy point 
enor the bath loa watery lke ad 
‘tl em you teen oe onal depen 
faces Hath of ines ae 
Sosa ortrangrstanee aes the 
‘oe Ser tbe yo depen of tral 
Sot iar exthy 


9, ie a role model 
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sentone ora laste wrapper or eter dei 
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USEFUL CONTACTS. 


‘alning organizations 
Intemational groups ering both basicand 
selalzed die letruction, including tlle, 
‘rganantionebesed onan amateu footing. 


Profesional Assocation of Bive 
Instructors [PADI) 
smepadlces 
PADI America: 301 Thay Stet, Rann 
Santa Maryan, CX 92580-2125 


PADI Eure: Oberwiestrane 9 CHS, 
Henge Strela 


PADI Canad: 107160 Hroadhay Stet, 
Bt Cou. BC VC 28 


[National Ansacintion of Underwater 
Instructors (NAUT 

Worldvide headquarter: PO Bax 1978, 
Tan 60-0818 


ritsh Sub Aqua Club (BSAC) 
Telnet Qn Sth Pie Hoa 
snes Port, Csr, CH FL, UK 
‘nen oe 


‘Sab Aqua Association 
Space Saktons Busines Cente Sefton Lane, 
‘egal epost BBR UR 
wong 


Scots Sub Aqua Club 
‘The Cactara Cmte 0 Bagmare ace, 
Ghaogns 51 40. UK 


‘Scuba Schools International 
23619 Canton Cau Fort Calin, 


World Underwater Federation 
Vin Titans 7 0146 Roma ali 


‘Technical Diving Insermatonal 
[iB Steet, Mae O08 
onesies 


International Anociaion of Nitrox 
tnd Technical Divers 

5 Fg Ro, Ort, Onan, 
KiG ant 
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USEFUL CONTACTS (CONTINUED) Marine Fish Conservation Network 
{a Fenryanin Avene, SE Suite 10, 
[National Ansciation for Cave Washington, DC 20003 
Diving (NACD) wncenmereh arte 
PO es 102, Ginnie, FL 2604 
‘retention [Nautical Archaeology Society 
The Neviral Arey Soy 
AGUG International American Fore Curbrstarl, or Camber Rasd 
Canadian Underwater Certifeations) ——‘Prtsmouth POW OLD, UK 
Wat Ser, and ON swaps ak 


me Whale and Dolphin Conservation Society 
wee Brill Hone 481 Bad Ses 

Chipper, SNUB TL} UK 
Governing bodies 


“The Shark Trust 


Natunal Marine Aquat The Rope Walk 
Conte Phra PLAOLE UR 


Cigatzatons promoting and regulating 
recreational ng sive. 


World Underwater Federation 
Vine Tito 71 0146 Rena ay 


sven ‘Parks Canada (National Marine 
‘ (Conservation Areas af Canada) 

{International Anociation forthe 25 Bay St, Gaia, OC 

Development of Freediving AIDA) RIAU 

Reed Peardeuten | 

(CH I Laan, Svein “Historical Diving Society 

‘rvaldorceerantealong Hotoncal Drang Sicety USA , PO Be 2857 

Soota Maria CADIS 

Frecdiving Regulations and Education wrung 

Ey FREE 

7H NW 1738, Misi, F905 Historical Diving Society UK 

srwectitigheecon swede 


International Association for 

Handicapped Divers ety 

ip fnpeclaore PO en 1, fans Pasa, Wanton 
beanies 


Conservation and heritage organizations 

Chaitable and nonprofit aganizatons 

Promeingrisine wife consent, and Diving medicine and safety organizations 

fHoupslmalvadinaetening arimehertage. Eger advisor groups on dog medine ana 
safety sues. 


(Coral Cay Conservation 
40-12 Omaburgh Sot, Londen Divers Aler Network (DAN) 
AWHND, Ul The Fer Bennet Center 6 Wiest Can 
ccalengon ace, Duran NC 27703 
‘wnlaeralennet ng 
World Wildlife Fund 
1250 Beety-Fath Siet, NW British Diving Safety Group 
PO Ben Lah, Washing DC Wee Qsy Rod Pole, BHI EZ, UR 
mney 
London Diving Chamber 
‘Marine Conservation Society Hip o Stn an St Eat, 
(Gn, Will Busnes Prk lon Rood (0 Gre ad Roc, Sits Wend 
Roce Hereokiae, HRO SND, OK Laon, NWBONH, UI 


seme ry 


itch Divers Marine Life Resewe 
Line Hone Reyeney Cae Uke 
Eu Sir INSP IDS, UK 
seca /doate 


siveate ‘SMD soldering, PCB cleaning 


= prototype adaptor 
- chip adaptor 

- smd prototyping board 

- smd to dip adaptor 

= smd socket 

= smd adaptor 

- smd to 2.4mm converter 
= SMD to DIP converter 

- chip carrier 


‘You can refer to the following article, for further illustration. 


"SMD soldering (prototyping PCB socket 


2.54mm pitch)" 


In prototyping with DIL IC, peb mount IC socket is usually used, so that 
the IC can be removed easily if damaged. Some sockets are designed for 
programming used where the chip can be inserted and remove easily for 
programming purpose. To remove the component, you need not have to 
do de-soldering. Like DIL package, smd also comes with their own IC 
socket, There are many variety of smd packaging, and getting the socket 
for your smd components is not going to come cheap & easy compare 10 
DIL. Therefore 1 usually built prototype without any sockets for smd 
design. After numerous attempts designing and building of circuits, you 
will definitely attain a certain level of confident on your design without 
considering IC socket, Without the socket, cost and space are saved 
significantly. 


SMD IC sockets: 


Se 


‘The headache will come when you really need to removed the smd IC. 
How do you remove the IC fiom the PCB? For de-soldering of smd 
‘component more than 3 leads, you can add in more solder to connect up 
the IC pins heat pins on all the sides of the IC and eventually pull out the 
component. It is easier to use the rework station or IR heater to de-solder 
smd components. The rework station uses hot sir to melt down the solder 
‘on the board. You will need to aim the hot air at the solder joint, 


If you do not have the lurxy of getting the rework station, another 
possible method might be to use a special solder that has lower melting 
point. LowMelt® DeSolder Wire. A lower melting point means that the 
solder will takes a longer time to cool dawn to a solid. This allows you 
‘more time to remove the IC afler heating up the solder. The solder is 
flooded onto the pins of the IC. The pins are heated up together using a 
soldering iron and the smd IC can then be removed easily with a tweezer. 


hitp:taww.sionghoon.comiprojacts!2008-04-22_smd_solderingiindex.htm 
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LLIN. DYNAMIC SYSTEMS INC 
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‘Tum pins designs is of 
better quality 


Various distributor for SMD sock 


Logical com 


Various type of smd packaging 


Be sors 


ity SOIC, ExposedPad™™ 
os) nies easocuaal 


ana 


GLOSSARY an 


HOMIE. Aa ated ater of coral rh 


Glossary ea hese 


HOVLEES LAW Palin stating at 
ABSOLL-TE PRESSURE ‘The tat pum acing |S cnsan tzperatoe, he tlm at 
‘va boc equal othe sam af atm rae | meray ppm ne seen 


so gg, = 

CLAMP EETTING A relat gerbe | BIAACKISH Wor tha io ty 
sees the pla os ty sea a | ete ke a her conten 
yoke that dane eels postion peices 


AIR CONSUMITION ‘Te depltinn of agen} BRLEATHLHOLD DIVING Se fag 
iste righ repaint rae at whch ts ‘ 


ey aderdrng the sea a ie BUBBLE CHECK precautionary vita 
ALIENATE AMESOURCE A welasdans fetes) to her a a ya es, 
trom of rep er of eer 

‘ius und ge tra ceepeely independent | BUDDY A der whn ames an inal dy 
tad lr fcc ne the ber sere fa nce 


my pu cong ny 
ANIBIENT PRESSURE, The tt rae 


tiny om ody ape pl Se ao LDDW LINE A ality ine fr ering bh 
sha pe pai gee 

ANCHOR LINE Arop,cais orn that | BLONANEY An upwatd iat exer om 
inches wihip nie me 2s incre je wchS eea rte 


rat ofthe yer at aw ben pad 
ANOXIA Arnon aaa |e te 
BUOYANCY COMPENSATOR (BC) A jae 


AQUALUNG ‘he itunderter eating | that canbe neds aed al he der 

Apparat iecompred rand atest | conte han, 

‘uly, by Eze agen a 

ques Comer ALIOVANCY CONTROL Manila of 
‘eon gh the te dee ah 3 BC 

ARCHIPELAGO A grap urctain of wants. | au beating 

ARTIFICIAL REE A tum made ates | CAISSON A pesar wateright charber 


Seley sete o cate a wen or ane | ed ounce conurton wk wera: 

CERIIFCATION CARD Action ping 
ASCENT Returning fom dep desrice at | tat er as rel ein el of ne 
‘hen adie Them ster e prtormel | ining wih nea he seco ageci 
‘lyon tt 


AFMOSPHERIC PRESSURE The prune | bya eany of ing coral pss ding sd 
ric by lie active atengice sca | pring a 
ier he weg 18 po 


CORALISLAND Paton of «al fa 


Ing ha hae med aan simeged | red oa tp hte eal ok al a 
BALLAST Lead weight cared nltue he | CORAL REE A mans, matinee der 
Isher ajay of te ie xp a eatery pol sertinn of tie 


cee dicea ‘Slats generat cal ps 
DATUM LINE Aine wed aa fed rfience to 


BEZEL Aroatbly sothed or marked outer | itn an accurate eyo ta 
‘Semper mark hy data po, DECOMPRESSION Returning t maton 
wiwateng € soe apn psy entailed means 


BLDC SHIP A woul unk edertey acne | DECOMPRESSION SCHEDELE A pln 
‘heappares cna nual haberts tar entry to | Sarbanes dato, sd ep of 
fet manic sel teem teapot fon en ne 


322 


DECOMPRESSION SICKNESS 
uty dann pa in aking 
‘ete sans fers ey An 

[oe eran sy DCH a he bn 


DECOMPRESSION STOF A chee pe 
in ne’ mcr ol ges pew eo 


DEHYDRATION A mesial onton ring 


DDELAVED SUREACE MARKER BUOY 
DSB re uy eed ere sr. 
ICS Sted weer det led a 


DEMAND VALVE Se ede 


ETH GAUGE Aa analog orien gage hat 
scant eh! rod rs ges 
read depth 


DESCENT ‘ert  he rice wo ple 


DIN EITTING A serosa ing fr ataching 
2 i ft ig ope alate Alle 
Tage ring res an ln Bg 


DISPLACEMENT The ioe wate 


DISTANCE LINE ine ftned toa berg 
ated deploe wea nate 
pn expen ara on iy 


‘hls rial center ety ale 
‘ogni pan guest al di to 


DIVE COMPUTER dg devie has 
prise ner ka range nro, 
ck nepal erat ate 


DIVE CONSOLE Aa irate pane 
Incorprtig tne pl og an 
socincrabsaconpan rt dnote 


DIVE GUIDE An employee o a dono 
es ail ey ela 


DIVE LEADER ‘The der hy pr hoe 
eat ame the pep 


DIVE MARSHAL A senior diner hse eo 
2 de ep to aa hap, appine 

i planer that camper es 

fv Coan tie an le er el 
errata ang seen 


DIVE PLAN ‘The atin «prope ie 
‘lang dpb, drained gal eney 
Select otis paling crane, 
‘mnie plane 


DIVE SITE, Any eatin weve ding 


DIVESSLATE. A plastica wed Sr making 


the rnc the dees he are atl 
‘ung wih cae othe tac 


DIVESLASTEA A pron qui nat 
‘tent fs pay eater 


DIVING CLUS An nization eng ding 
‘environ sels poisons arcs bat 


{ean abr fr tential Ene cig 
ee Hing bnew an 5 xt 


DIVING SCHOOL, A cst or iturin ia 
Sng ely a ome a. 


DV (Divi PROPULSION Vi8HCL 
A pein ti be en at iy 
2 nero minions eto a he 
‘apleati  ye de 


DRAG Fertil estas tothe mono an 
et teh a 


DRIFT DIVE Ade in whic he ie i 
Pople ang oe bye ue 


DARING A Dekaped ing metal plac 
teen ace pit ietering epee 
your BU daring de 


DROROFY A ting away of he ground or 


panies 


DRYSUTT An four a dsr for wen ey 
{aud waters wach Capped ate nce 
ulin ek, and he gh dee 
fel poet, 


DSM DELVED SURFACE MARKER 
BUOY) Atuhuar by dese in be dpe 


DDUME VALVE One-way ab wed oles air 


DVEMARKERS A fhosscem de design o 
ihe pci fling dnc 


ECOSYSTIAL The terctinns between 


ELNISO Avani heen pa 
‘ned ewer nea ee er 


"Span es othe lat chad 


GLOSSARY 333 


EQUALIANTION ‘The pce of “eearng” the 
tom and ses ei Ue ree eli hem 
Stussy of He water roc the 
‘oy Se ab Tite mate 


EXPOSURE SUIT Any at win by a dv in 
Srnec nea at 


FILTERLFERDER Aw aquatic nial ate 
‘yang minute epnins and he 
Pepe fond rte ee ee war 


FINNING Kirin the rt mally ie 


FIRST STAGE Aap onponent of the gle 
ated ther or de the nk 10 
‘nr ae arom he at pte to the 
st te mba ye de Hakan pie 
Eada st nie BC fe 
{pe dp tii omen he nk 


FOOD CHAIN A ween i emia ea 
Sepemlng on te nent at ne fa 


FOOT POCKET A neo i she that oe 


FREE ASCENT An eon that care 


fr iat ewe ew ye pi 


FREEDIVING form fing in hich des 
sive leper eee teeea 


GAUGE PRESSURE "The surunting water 
Pose a ensured by ane tha snot 
"Ske ample renin eeu 


(GLORNL POSITIONING SYSTEM GS) 
“erie a act ngoe ad Ie prion, 


fea bop athe te chide oa te 
onion of ener a pois gue er 
‘Sending sence der 


HELION A mitre of helium ad oye, 
fering ond tina! dg i 


HYDROSTATIC TESTING A meta 
tesing lnk or eves iy ing wit 
pone woe 


HYPERVENTILATION A medial condi 
‘ued by rps or deep beating ra 


HYPOXIA A mesial comin came y 2 
‘eeey of nye i the man bly 


{LATOR VALVE A manly oprated yale 
ha adits cpr an bey 


KELP FOREST A marie yen tse 
Sor dane gt raced lenge 
the tly amy 


LIVEABOARD A resratonal ding ye 
tapped fo coer cnr ving pe wt 
‘ering pr 


106 HOOK. Arend containing he deta of 


LONGSHOWE CURRENT A eupes rainy 
all otal. 


[MANGROVE Anorid catl e and nt 
pei hari oe ht ye ee kets 
Mg les he ge 


MARINE FARK. An ara en o cone 
She as pty 


AMIASK FOGGING Ming cated te 
‘hig pring a te 


MASK SQUEEZE Dacor eased by 
fneeng Water fear ocing on the GA mk, 
rig art the ee 


area there he bine ecient ae a 
Sancti al ie pepe 


[NEAP TIDE ‘The pn the mony 
Som ae eased, eng he lest 
igh ies and he ghee ae 


NEOPRENE A syahcir rabble 
Sha pps 


NITROGEN NARCOSIS taosiction case by 
‘eating nog a elated pra fms ce 
2 daring dep de) sein i he pares 
‘St rasning ed mt sl, igs of rains 
Sosziy Cty wl peel wing 


SITROX Any mise of nitngen and ye 
pprpared fre a abating et say 
‘hctirspner pcg ae 


OGTOPUS SECOND SIAGE. A rdantane 
dg rare by des acon 
‘enable aursarig we a der whose air 
‘Spt hasbeen dpa 


OVE-GASSING ‘he gradual ene of yes 
special stop] hat have accord = 
‘Seer body rg the coun of dae OFF 
frp Beep rangement ee 


au 


CH ae Apo mart 
Seria teers oe 
Sede! pts ay nt 


O-RING sings aed nea 
snap pe 
Sepacttnd anion och ab be er 
ae 


QVERHANG A poeton fm he ae of 


OVERHEAD ENVIRONMENT Any 
{ving emcee where die seco 
ie chtiers ratte chat ide some 


OXYGEN TOXICITY Ace newons atm 
Shane ase by rating ay a ate 
pe epee i pec 
Taenoreies 


PAIEILAL PRESSURE ‘The prof a angle 
Shoe were eset eal re ga 
itr ge a th lpr 


PELAGIC ANIMALS Creatures hat del in 
‘hes any rather than ont ater 


PILLAR VALVE ‘The abr dha aes 
{ft ie tnd he my fae 


PLANKTON Mini shang 
ink wk rent the ed ce 


PLE penenal arate beacon) A slmenle 


nig err: naling emergency sees 
opie ictome 


POLAISEAS The coll eas ate polar 
(crits ofthe pe, wach yy 
sere or SPE LI: 


PONY ROPTLE A sal ek of beating at 
wan indepen wl, ee or 
‘heyy te i the ers a aang 
Besorniren 


PRESSURE The raion of fc by oe le 
substance gs ominanaer 


REEREATHER A beating appara dat 
reyes ead sy seer ation 
Segall pcan ones cabal 
‘be dner 


[RECOMPRESSION CHAMBER A presne 
‘Gunner ne inte eaten of eng 
Fee dep str 


[RECILESTIONAL DIVING Spr diving 
Sa ple wince a 


REEF WALL A wera te of coral yr 
‘en ace t ep wae. 


[REEL Aponting die med to soe se 
spy tne 


[REFRACTION ‘The change a the rot 
ah or any rpg we) at cor en it 
Pe ee ae mater py bene 


REGULATOR The mectanian that pie 
Treating yas or bathe ier 
‘sertage fron ot ame The 
Fret ae pol tn pare theo ge 
ale sn 


‘ei ital ot) AG iy bat 
‘laracered by + Vp bl otha inflatable 
‘ne runing ann per edge 


{AUP CURRENT A bot mening cure ring 
perpen t the dre cone by he stem 


Nica epee 
Seeccatercaercaraes 
ee 


SAFETY STOP A pezonay pate ina 
Seren hn er 
ae aad nd ve hen 0 
‘thes depo so ast abe wae. 


SALINITY ‘The al content of a ante 


[SCUBA Acoaym fr “elbeotained udervater 
‘eating spaesin” 


SECOND STAGE ‘The par af he mpl at 
rete the psa tne yas pt the 
hepromet ns inctins viet, 


SEMILDIY SUTT A thick wren i 
silat, signe fie i rare, 


SHELTERED WATER A stow bd of 
‘lee pte fen cent and ater 
Gnd, ued fr ooming den en 


SILEING A rapid ehton in unerter 
ty anaes Boe any 
peor sred p 


[SRINSUIT A tin agua pay mae of 
ger deagaed br ain ipl ie 


GLOSSARY 335 


SLACK WATER A pera of reed ater 


|S ute ser uy) Al lable bce 
{he pontine chen on te ace, 
Leng elders Stl ae Ene a 


SNORKELING Sivsnning redo at the 


SG SUANIERSIRLEC PRESSURE GAUGE) 


SPRING TIDE ‘The pt inthe mnie 
tire the bight ig nan ees 
in thes eeu: py ats cer then the 
Sage 


[SPUR AND GROOVE REE FORMATION 
wilh cate of cal ae ep by 
Tone epee 


STANDING CURRENT  coatiaous 
‘Qrina memento Yer gece 
‘psig west, al ia 


[STROWE beacon tht emits higbntesy 
aks fh at sera 


tpl defn ome been gerd 


SWELL ‘The cating enon of se wats 
Eeceat open. 


SWIN-THROUGH A stmesyed ately set 
page eck, here de eet the are 


TANK Aste sonic ose sgn to 
fell cepted pe 


TANK CONTENTS GALGE Av iatrment 
Se ps evening ti a 
Sider prema ange SP) or 
pene age 


TECHNICAL DIVING “The we of pei 
‘eating tres ach Nt, i eed 
‘oda teed een se ve atone 
Iason noua dg 


TEAIFERLATESSEAS Sea fan interedine 
temperature been nd als, ely 


TTESE DATE. The date when a comprosed gue 


THERMOCLISE yer ina bey of ater 
setae any wl” 
de coop wae 


TIAL GNCLE ‘he etic re and of 
shel se vel ase bythe grt 
‘Stearn More an Sir 


TOPOGRAPHY’ ‘The ape wf a eon 


TRIM. eure of ype, Het, sad 
Sheep an (G3 0 


YALSAIVA MANEUVER A met of 
‘anil nctrung pr the nae he 
‘au by ong natal pasa el aig 
‘pst ll eng athe the 


WATER COLUMN “The zoe f yates beeen 


\WEIGHEY SVSTEAL ‘The means by which 
Se lead ballad cee 


WETSUIT An spn made of ep 
‘ne hc ape nh taper we at 


WICKING ‘The abi of sie nin a 
Bb epi ac 


WORKING PRESSURE The neal st at 
‘ican epupoent en sg a epee 


WORLD HERITAGE SITE An ara of matar 
‘ral sneer cy a 


WRECK Rema fap aera her 
‘hls melo the wae 


336 INDEX 


INDEX 
A 


roar 
oma 
rice) 
er 
fae 
Es 
omer 
Sent 155 
ecu 
een waa 


‘See corps 
pepe 
tele remure an 95 
soe pre 
Nia Ret 289 
seer he Sagal 247 


B 


chap able 72.78 
‘cba oe 13 
Balanes 

“le Hsbamas Bank 310 
‘alla Lake 271 
ere alight 72, 73,104 
tence roel eo 7 
eke Hane et 172, 6-47 
“he bend” dconpreion 

eo 

ara ands 273 
Riba At 209 

‘ecoapron Sci 1 
ie Hie, Bele 317 

le incatns 101 

‘Hl of water premure 5, 


ey a 2427 
te mre 
Sealing Oberon abe 
ons 
‘Sry cme 021,16 
octal gece 
teeta aa 2 
mero 
velice 
tama 2 
Pecans 
BSiC ch Sadqua Cy 
peor 
ti 
ig 
Snoneeries 
Wangan 2 
‘tig i 
svn poe 
aon 130 


= kG el 


‘buyaney compar (CS) 
Tad eek 0 
heh for daage 
pblen sing 139 
Lsauesiate ices 
‘nel ding 193 
rar prem 95 
eight dota 12 
‘igh pctte70 


Cc 


Calin 02 
‘Srlge ato 206 
Coe 

‘rat Les $24 
earibydates 


pce near 130 

Beaters, HY 

(Conan bland 112 

Lie Barat Bonk 10, 
(caine land 


Yip 


‘ern dng 72, 106-87 
Bu Hole elae S17 


(oem bland 112 


ployee 200-32 
ERTAUE rh Undenwter 
biden, ering ive 
dips BL 
Sctoquatqen 33 
pment HAS 
ipabermin 3,23 
seeding 10-18 
(oes sals 
ccs 0 1, 
ped er ee 
poe 
Met dpe contr 


Sree 


(tilled any acente 
cae 
(Got, Lani ce 27 
Gost Jaeques 13, 27,2 
‘Sled aempene yits SH 
‘Cryer 09 

fat dee 74 

‘ubeines 129 


D 


Data 267 
mage, checing gear fr 
Dean, on and Chae 24-25 
Sempei 
Soma 1 
veel dng 193 
secs ae 
se dcospocan ep 66 
‘hve compe 2 
err ey 130 
‘bern 154 
‘hed tae ake ye 
nce thon» ine 
skeplaying 150-31 
bypreal 75 
mand ee cn sages 
dah 
ph aus 6,65 
Se en 
heute 
tra ang 194 193 
‘tg enprened i29 
aac ts 
heya conta 118-19 
sing pre 8-9 
water peta ad 33 
upon eat 05 
‘hae dye 33, 38-39, 
seca 8 38 
‘ing eam 
stoning 67 
trea ving 195 
typeof 


338 


NDEX 


ie operates 296-37, 298, 290, 
Dir Populi Devices, 
Sing ble 23 
‘ing labs 
Sing lee 20-25 
‘ing schools 35, 
Sivng ite 4, 30-33 

"pte peri 30 
Shine 215,218, 
So egal 104 
Dracger company 26 
et cies sale mae bay 


aeyaney cota, 120 

inline 33, 
‘Seapets 87 
ach Fae la Company 24 
peerrete 


E 


“sing prewar 94-0, 

promee reter 3 
Baye 

Me Boer 28 
mere sgl 182, 
Engin Chane 20 
cyt wate 112-15 
‘play 99 
Sas 

aoticpating pres 137 

hay epi 


nln ding MA 
cee 
‘tnaemby 6-7 
‘dee compuee 66-67 
‘hg ut 50-33 
Age 72-73 
feeding 190 
fegeal oen -6S 
we vg 18 
parking 10 
Peta 
serie 
eight systems 10-71 

etope 03 

‘pene 297 

(ceed vim ma 47 


F 


een de Nora 206, 318 
Si pot 115,186 


cera diving 17 

ani ecliqae 22 
smi with one Gin 147 
oe 
‘Svigaional aid 125 
friar waters 213 

Shes and rays 222-25 


aes 
bers 
orn 


G 


et 80-81 
Gago, Ee 7 
Ca a 27 
le water prem o8 95 
mores 
eater ving 44 
‘advo 
peta 6 
Gp Oy 26 
‘dame, wraring maa 47 
ine 0,8 
cobras ving 43 
(Great hare Ret 2, 
tuple, dete 115 
fides 11,129, 1 
presen andere 93, 98 


zee ka a 


sera 250-3 tee 
Matte, 5.09 Ms Say 20 tea 0 
Hate Edad 24 tay premade 9 
Neogene -0s | Makino, hace 24 
facies peti vee | male ee BD 
Ita ding 198, |e Ae 0 
Mibinemiy dca ae | K ‘range ings 208 
Nya ing 1-20 | Rake Mone Pd ra (ENS) 
ale ding 15,38, 189 nc ide wie 
vorme geing dae 777 | Carer ama ors maser 
hele reams 5] ae xing omn 135 | ttn Sen 295 
Ptling 139 peseartin a ay i A 
Inydrotatic testing, tanks 68 fend weight 70 ‘clearing water frotn 37, 159 
pasion ‘ering 4-37 tse 
sere ig ore 38-99 | cng wih ly 17 
ceo aera “a he et 
pa we 213 cur ty 8, 
Semicond mn 9 | ac Jo 2 gra rai ems 2 
Wines Anger 1 ecg pce 7 
sce 137 ‘Seba, 7 teal ees 153 
forse Lol Sire a Sederacan 6207 
oa a 275 eatery ‘Ser ch 83 
Sohn tune ec pe 23 we 
instrument consoles 45 ‘eudelines 115, 129 ea Partica 206, 520 
=e seine i Meroe 26-97 
Seay 3 ‘ck hing 168 “ied mont ek 29, 
ieee etinghancy | Rare 28-29 ig 
pein Perio nt 0-32 


‘mpi 38 Ly ‘novi meet 


340 INDEX 


Mocambique 252-63 
MU payers 29 

ips de computes 66 
kiana 

te, APS plage 29, 


N 


RAUL Natal Assiaton of 
saijation ndereatr L127 
pean 
yo, 
aves 
eearttey 
oor Ras bse 290-91 
‘week of Mal Lemont 
‘wreck of Rainhs Mirror 292 
ght ding 108 5 
Singlet 20 
eran compre ae 96 
Senge ace 2 
‘herrigh dnes 150 
‘yeep regu 


ie) 


ekg for age 


Secon 


cts cond sng 4,6, 
tobe proce with 
(OK seal 1, 14,188 
‘preity 26,27 
vie proce wih bey 
Treating camped ys 6 
cea la 
cagevcnmpue rae. 


P 


{cite Ocean 

ii All 299 

oe 206,119 

ip a8 

Php Hae 6-2 

Malpelo 2, 319, 

Tu 26-97 

{sym New Ges 78-79 
vec the dt Coie 
re 


octog equipment 162 
ADI Penionl Asvcaton 
1 Drang Ener 1, 
an 206-97 
nie atacke 11, 150 
Tp New Gina 278-79 
eating 20 
a esto beacons (Le) 


me 

Papin 28-1 
prices 84 
toga 173, 76-85 
Boy dpe lpr 


nile 200, 214 
piped 218, 14 
trip Haigh 73 
Fok 200 
‘avian aid 125, 
‘pen ocean 200-18 


plano ot 
Phophoresrnce 1 
‘topical ses 207 
tener ea 208, 200, 

plang ves 100-03, 

Pri, gay 23 

Prarie 12-18 

Pre ding 197 

‘hor Ress Mans 290-94 

pres 218, 219 

Pree ie 194 

Pct weigh es 70 

reste biting 11, 105, 

preadnechcke 1-11 

prewseney 33 

‘pent Cy, aco 30 

rewre al pre ater 

rere 

prubsohing 130-1 

fees dg 3, 196-97 

Ppl erate 122-24 


Q 


spniicains 32 
Gueemnt 
‘Great Hass Ret 20, 
wreck a he Ying 207 


R 


re arp 
Feehan aight 73 
The Bers 265 
wreck of the hisgoem 
hea 
elie Baie Reef 316-17 
Galipago ands $25.27 
(Great Huser Ret 22, 
acy 252 


svrvante ‘SMD soldering, PCB cleaning 


Low melt solder wire 


* PSoP 


* Dual Row MicroLeadFrame® 


* LOFP PowerQuads 


* MictoLeadFrame® (MLF®) 


MOFP PowerQuad 


* PSVIBGA 


* SuperBGA® 
* TapeArrayi® BGA. 


*1sCSP 


“2 * Ultra CSP 


hitp:taww sionghoon.comiprojacts!2008-04-22_smd_solderingindex htm 


ang 


INDEX aa 


ingalonBet 2A 
ne ae 172 
els, surfare marker toys 4, 
erat, hg 
presse gauges 4 6 
‘yaney compen 35 
heking for age 
Seerkpment of 27 
ee ding 45,199 
peanve tote 162 
pievaing 9 
Seo sae 1, 60-66, 59 
ape 
a nec mcg 
singe 
sya 28 


Er sl aaaribp 
“hog 
psn np 
syne) 1 
spent 
may ens 327 
wae a ome 


Ss 


SAA Sub Agua Anoration 15 
Sreceyaer GT 
igh ding 1 
Pini 


si at3 

Sipps Sta a 

Sewn ord 24 

Suc 
Seti 20 1 

i e203 

“deme 

Seda 

Zeul0 : 
op 

exch netes SER) 

sqeee 

shakers 8 

pea ck cing 
“ign 108,12 

Site mas #7 

soe 
‘ea 9 
meng 199 
‘Sling devers 76-77 


Sdn Land 274 
sinking eos 114 
‘anes prema deen 2 
Heapeei planing 161-65, 
Smeaton Joa 26 
Sana By 260 
tea Banks 261 
Spain 243 
spec pat mis etch 
spl ie 49 
Sponges 205 
SSAC Seon Sub Agua Cj 
S81 ua Scheie 
tata) 33 
seandingeurzets 10S 
sah 232-38, 
til pote 178-70 
Seal rere erate 
sume igh 2 
‘slemee persere goages 
tu) o4 
‘clue wie 206-07 
i nai ans 6, 8 
Swen Neh 276-77 
‘ace mrt ays SA 4, 
colhater ding #4 
prancrenseerecs 
‘DSM #4 7.75, 76, 


302 INDEX 


T 


tae pe 30 
peraneeey 
sie ak hac 
sip gauges, 
eral 
Sega 
rare eae 12 
fing 8 
tak png 
tect ding 193 
type ot 
sechiral ving 158 
pment 193, 
spe gr ie 9,57, 
temperate we 08-11 
temperatures 93 
olde ding 4-45, 


ape 25, 
paper 
pla water 212 
peat ee 208 
sets a 
Thague,reck of 268-0 


ect ip 162 
iter operates 231 


i asin nd 
oe any eget 


see i 5 


UV 


ann, Dgn 25 
unbea aghs73 
United Sie of America 
Cyt River | 
laa Ree 08 
Usiea sane 5 
‘alate naneer 93, 99 
‘Vanco and 123 
mata 301 
Seay 19,10 3 
erate achaesdogy 192 


WwW 


“athens 18 
lensty 94, 110, 206 
ate in 1 

wee pee 
‘lp and 
Tuy heck 119 
‘imag pe 123 
i tae 12 
Fae 2 

‘wheeled dive bags 290 

Yeh 75°77 


Whe Sea 235 
open oceans 14-15 
ise waters 12-13 
Nepal 20 
‘elton wae 206-07 
temperate sea 208-10 
ag ves 161 
tpi see 202-05 
Sele 166 
eng yan compensa, 
‘cmepenters $8 
evden sec ing 
wreck dang ti, 166-71 
Eine 0 
‘eavigutional ads 125 
Fs Nee in 272-9 
ipines 2 
Pd uy 201 
ai io 202 
Scapa Fl 2-9 
Yale 
swntng underwater 81 


XYZ 


ep 200 
Aina wae of 287 
estan ined 15 
Sppens in 3 


ACKNOWLEDGMENTS 303 


ACKNOWLEDGMENTS 


‘Authoc'Acknomledgments 
ent tem monvits 6. wou ane 
nt tage wo 
ar Dv Shon De Secs UE Blea 
hing ammeteiy ohWony walt 
‘Ronan roo sect orgy he 
Immense and ppv dg bok tng 
erm Say Sages Ane, wae io 


Publishers Acknowledgments 
fol terrae hei hk in 
yr LL for eri estes lyn 
Stephen Oe rope sec, Spel hak 
Pesca ier psec cna he 
vee aunt potogape sac n shank 
aoe de 
a rece acne muon 


prem fe poten prot 
Vichy basen ne aa cel Management te 
‘Spt PA aes tee Cony fr poi 
ranacows win cnrated mages 
TSR(TUS, gu ung. Ages Mane Cpe A 
Sense Teensay ne Specaln ether 
Der non ne See tS Canon nrg 2 Ae 
Spm apt, era Bet lan 

ln PD Bo og Fat 
(wetostcam foe ie re manuel Bab 
am esis etn 


Picture celts 
in pemisintopragicethe potas 


‘erring inci ig auny a e 
ing deen Hem Ys pe Sth 
Dmg to uso ag Toy Wests 
"Dane sonst an Burn aan Bot gh 
Una iti pr ura 6 on ron aban 
ostinato ds gb ei 
Dawa pte Dion, nas Pain 0-8 
cc eon Prt s-a9h Dane 
inde gare he No We 
Unde ete New eo Mayan cae 
Ly 9 Ay POPPER, gta Pe 
Usman age ayn Pet se aay 
Pers bay ae cts detmann,s6eDasng 
nie soca afte Cesar 
Sect ond ean Cee Coma 2 ay Gans 
crs bray Ded nega: Cai 
on hoton gt den nerdy Oe 398 
Defcon pc awn ata toon Dears 
Su pp bn Soto ate over angst 9p Aan 
Bessa gua an arta agt ar Cr 4 
“per Disa a Wap naga 
Acheron ps San eye Sees gt 
Nea Mae to as USA TUS eso 
Langage Mares pe sea USA SA apes an 
Sag une pt Bo ros Dos 
ove lat Sh USA a asa Usk 
(TS sabes gate en sat an Cra sabe 
ng td nema 5a 

Dan butan ee 


es apa nes slab sh TS, 
Lang rate sees rhe ne 


Darr ttl Sh (TS ts es La 
{ss rns ame gape yea 
np bees tien eb Cam ost 
(fons Nar gue esse hos 
Hare upto 6b ams 6b 


Tat USA USN pea een Baron 698 
een dantanob Seman or as: ot 
‘yan oan peace AP 
ae AP enti nemo 
‘Grauafoug euces fc an ran 7 be ute 
‘han 7 ae. ose 
Tics hee tn Egopent 9 ack 
Svan ebro res: tA 
itl Pwooram ab Aye ink 
Cate, byw a con et eg 
Danton got bn bron sty Spe) 
Dein ne ae acs cary beam 
Donon rte oon ger tg Del 
Ectmron pe teon bin sae oe 
De Sabet evo se Sho) 
Keane: ssh rs ain ate Sa 


308 AGKNOWLEDG! 


Joe Gough ot lays 38 Dating 
‘inyra ii brnsal im 
Dan sage Lins yap Oa atop 
on: steal el pte ein ain 
nn disor on ton gaan 
Duco gsr ting dey ose et 


Mts yt Den ran, Den Bot 
$y und hn 8 fon ison, gh Ds Buon 
‘ot Dan Barone lyre ek Cleon 
{pie agtlon Seng al amy 
OPH sate ol ay Conon 6K 
Down pray omer yp oC 
mention span mages 
on alt ane maton oy Whe 
srypoun btn spawn Deir abe Pets 
{7 eon cation bei ye 
‘Slept Orn Sob mpenon eagle 
spn ns tn Sn se are 
ste Sen Su al Se ena Se Ses ab 
er Dunant fen Davao stgblsen Se 
Undertitler gh 
on nan ah bn bron ber tts Sh SR 
spt fos 8 One Amare abbas tar ge 
Nope atgeDon ton pte ara, pel Dn 
ton spe ses aoe Scie pr Doig 
‘ines oan 90a Bran saagp On 
asp amg aon Photpapy agtoan 
ano apbtDan tan pp an Suro =n 
Enon pepe stars Amc Ones 
apron iron ah veo aay 
‘eshiStptaloen Sebi sot Stesgh! 
Steer aon sob ica iin. apron Dn 
‘ewe dan T0C€ AEE POLAND ods Pi 
talon arocRan ape anes 
Dasher a0 soon ren spbrOaing 
insite anne arta 
‘Sophos aner ah see Mitre 
‘it amy/ter Barber and Pi a8 
‘Stipa tepaer, ul DoregKniey 
any or seat a 


‘Stn Gage eet ae Daring inden 
amy ang ar Scone apa a 
\ualen Sahin deen rei 
[Epbr Dating tinder 29 ay 
‘alten Danton ss Deng ender 
‘ena an agblenin Oso, rn 
Dasara Sag ov Dotson aye tases 
Sn fons sgt on Occ ab ly 
Dun salina aera i 2gbe 
en aso. pe ay Ws; get Sco! 
San Eni apn Dusan apap se 
Dane mse, pt Tn We, brisk 


“paps tnd Pin 296-327 Dan Baron 369% 
a aten ayes Corte gros 
nan sab set Ose Son ap 
|S ang spt an rn 24 
Dring derek maton 
“indore ork aya ray sb Dan 
aaa myn ser aq Dang 
‘inseriyian ln augh Gaes age Aay 
ent ince ag StcgtjDan Sem, 
“ebony tue arp Ban 
non aaB mye eae ray be 
Dan Bam agosto poi 
“ner enn ae ye Shes 
‘aga nya eager sen 9b 
Dring eden Wana 348 Seah 
Nan ner ae iy Chyna 
non ages Pk apy Pate on 
‘hs ap98 Sot a608 an Stn 60 any 
er bel 36 ay e269 on Doty 
26 Dan uronic ating Amon 
‘ld igen ae Dn Bao ap on ra 68 
an ran be Danas apt Den aroma 
‘Soxhlet Hens satan Dane 
‘emt rrp Bus 7g D Bares tt 
‘a esi sche apse an uriradb s 
Pr ae nite ape fn We aL 

pte lesa Dane mszarg sual toh 
erase arose Ay nk 
Inssonasbloer arora ess ane 
sony Dr ute aape samy 
Iconian om 9g Kindy 
iam s86beOs ton, apron an abe 
Teny hi 389b ty Sane, agee Dan rt 
utes Dane Amn ape fot Die 
‘son pa Cote reenens pes aphrDan 
[ra apyge Do ston aah an Suro apt 
em Gases ge Dy tam ap Kevin ee 
spb oun dato ape Cries estar 
images sober POPPERS, a Amy 
hes: ptr Dar Buran eal = Baton 3 29 
rt. abe Ashen ek Cet ue 
‘Nanya eta yxh ony Whe yoo 
Chav Cmiey porns aon oy Ladson oe 
an ran gop un boon soe seahata ae 
Tohono hmsteten Calera ns 
Pro gab Dn Burn. ihe Amy ingest 396 
Nance ul ed Pt 35a 
(neon peg any lene 
Pesopa geAamy/Banden Cpe 
Popa Am 

‘amy aff Pale gu utr Keer ab 
fei aera Sh ner 
nds iin 39 ay Wil; aa ay iar ot 
ne saben aang Paces 36-9978 
‘Sokpo/n Cope sprain 


gh Wap ong © 9 Deal Wada, 


Mater mages Dating tnderey 


-Sea Survival 


heh NA, 
HA 6\\ Be0) {Oe JK. | \ 
' * Xe yr —_——_ \ \ 


Keith Colwell 


aae 


THE RYA’S COMPLETE GUIDE TO SURVIVAL AT SEA 


Keith Colwell 


Keith Colwell has sailed al his fe, in all sorts of craft from simple sailing dinghies to 
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Although Keith trained as a naval architect and was employed initially as a development 
engineer for a workboal bullder, he has spent most of his career as a yachting jourralist. He 
worked for 22 years as a staff journalist starting as a Technical Reporter for Motorboat and 
Yachting, Technical Editor and then Deputy Editor of Practical Boat Owner before jumping 
ship to become Development Ecitor of Salling Today 


He is now employed by the Royal National Lifeboat Institution as a Divisional Sea Safety 
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a safely acvice service to the boating public. 
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Foreword 
By Mike Golding 


“Sea Survival raining saves lives, itis essential knowledge for the moder offshore skipper. 

The stark fact i, if things do go dramatically wrong onboard, this knowledge can save lives. 
Tiaining for the worst eventuality will make you better prepared and it will give you the confidence 
‘to know that you have planned for every conceivable circumstance when you leave port. The sea 
‘can be a haste and brutal place forthe il prepared, you don't need to be in the Southern Ocean, 
the English Channel or anywhere away from easy access to shore, can quickly become just as 
dangerous and hestie Il things go badly wrong onboard your boat. When Tt comes to survival, 
preparation is everything and all good preparation begins with sold information and sound 
practical training 


Tis book highiights the importance of having the correct safety equipment and wil also give 
you the knowledge of know how and when to use it. Armed with this information andl the right 
equipment every eventuality onboard, no matter how severe, can be met with the determination 
‘and conviction that is the essential mark of every survivor,’ 
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Introduction 


Boating is one of the safest leisure sporting activities. However, in any sport that pushes Us to the 
‘edge of our abilities, there's always a chance of accident or injury. Being propery prepared makes 
Us better able to cope with an emergency and will significantly increase cur chances of survival 


‘This handbook is essential for anyone taking the one-day RYA Basic Sea Survival course and 
the two-day RYA/ISAF Ofishore Safety course. It is also invaluable for anyone who takes a boat 
offshore, 

K. Colwell 

For further information and a list of establishments running RYA Training Courses, 


‘contact the RYA at RYA House, Ensign Way, Hamble, Southampton, SO31 4YA. 
‘Tel 0845 345 0400 Fax 0845 345 0329 
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aive018 ‘SMD soldering, PCB cleaning 


2. SMD soldering (prototyping board) 


‘The prototype board above has pad with 2.54mm pitch and is designed 
for DIL and through hole components. The board is easily available from 
local store. Dealing with smd components on this 2.54mm pitch board is 
not difficult as well. I have been using this board to solder quite a 
‘number of surface mount components. 
= SOIC 

DPAK 

SOT23-6, SOT-3 
- 70-263 


PSOP 


hitp:4wwn.siongboon.comiprojacts/2009-04-22 smd_solderinglindex.him 


High pin count component with pitch less than 127mm. 
will not be suitable to mount onto this board. For passive 
smd component like resistor, capacitor or inductor which 
only have 2 pin, mounting is simpler. Size is not an issue 
soldering onto the board. 


Align the SMD IC to the position on the pad. Mark out the 
ppad for the cutting to be done. 


Use a penknife to cut the donut pad into half, Ensure that 
the half pad does not short circuit using your multi-meter. 
Sometimes the cut may not be deep enough or conductive 
reside between the gap resulting in a short circu 
Remember to ensure that each is proper cut before you start 
to solder. 


Align the smd with your finger or tweezer and begin 
soldering one of the pin. Check if the IC is still properly 
align alter soldering the first pin. If not, heat up the 
soldered pin and realign again. After the ICis align, solder 
all the rest of the pin, If the solder bridge across to the 
adjacent pin, use a soldering sucker to remove the excess 
solder. 


‘The cut between the pad usually make the solder harder to 
bridge across the adjacent pin, Bridging is still possible, 
and itis quite easy to have it removed. 


sna 


CHAPTER 1 : Before you go out 


Inthe UK, HM Coastguard has a free Voluntary Safety Identification Scheme (GGE6). Details about 
your boat are stored ce a database accessible by all HM Coastguard Co-ordination Genires. 

‘A contact number is provided for thase ashore should they becorne worried about you. To jain, 
visit www.moga.gov.uk 


Check the weather forecast and tides. Fariarise yourself with the area you're planning to sail 
‘Ave you and your crew suticiently sklled for the planned trip? Tell somebody ashore where you are 
‘planning to go, when you expect to get there and how many people are on board. Let thern Know 
\when you expect to arnve and what to do if you don’t contact them to tell them of your safe arial 


Many other countries have similar voluntary or compulsory registration schemes, so check ifthe 
ccountty in which you keep your boat has a scheme and how you can join. 


Safety brief 


‘As skipper you should ensure thal everyone on board knows where the satety equipment 
is stowed and how to use it. Tak them through your passage and pilotage as well as your 

Contingency plan should something go wrong. Don't forget the less obvious salety equipment and 
Procedures such as how to drop anchor of haw to read your curent postion off he GPS or chat 


‘Are your crew fariar with boating? Is there 

‘anything you shauld know about them’? Gan 

they swint? Do they have mecical problems 

that you need to be aware of, such as asthma, 

diabetes or angina? As skipper, their safety is 
responsiilly 
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Lifejackets Check condition, lights, when and how to don and inflate 


Harnesses When and where to clip on 

Flares Where stowed and how to fre 

Liferart Where stowed and how to launch and inflate 

Grab bag Where itis, also other items such as water, food etc 


Onboard hazards Boom, winches, cleats, ropes ete 


‘Anchoring procedure 
How to start the engine 

Lifebuoy/dan buoy 

VHF radio Mayday and DSC procedures | 
GPs How to read off a postion 

Bilge pump _ Where and how to use it 

First-aid kit Where it is kept 

Fire extinguishers __Whete, wet type and how to use them | 
Medicines ‘Ae they taking ary medication including ant-seasickness tablets 
Clothing — Spare cating, sunscreen | 
Lookout Tellme what you see and heer; lay nat have seen or heard it | 
Passage Pian Where we are going and contingency plans 


MOB recovery equipment ___Where and how to use it 
Watch rota______When to call the skipper 
‘Can they swim? 

Medical or physical problems? 
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(Clear labels on lockers and a plan of where the safety equipment is stowed will save fme and help 


VHF tip 


Operating procedures for marine-band radios 
vary from set to set Stick a prompt-card in 

« prominent position close tothe set. Make 
‘ure the crew know not only Now to switch 
‘nthe radio — including the correct switch on 
the distribution board —but also how to use 
the DSC distress button (fitted) and how to 
choose Ch 16 and transmit a Mayday, 


‘Your NMSI number and callsign should be 
‘prominertly displayed beside the radio 


recluce panic during an emergency, Place a cony on the dcor in the heads, where crew may find 
the time to study it 


Labeling will assist SAR (Search and Rescue) crew i they need to come aboard during a rescue. 


Make a plan 


Think about what can go wrong and how you can reduce the severity of an incident 
For example, ask yourset: 


What would you do in a range of emergencies? 

How would you go about abandoning ship? 

What you would do if somebody Went overboard and how would you recover ther? 
When should you fre ares or make @ Mayday call? 

What is your contingency plan? 

Talk your procedures through and, where possible, practise them with yaur crew. 
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Clothing 


Do you have the right clothing forthe 
conditions? Take extra and spare clothing with 
you because concitions at sea are more hostile 
than on tan, 


‘Synthetic materials are better at wicking 
moisture away from the skin, Breathable 
waterproois Keep you warmer not only by 
keeping you dry from the outside bul also by 
‘preventing moisture created by your body from 
‘becoming trapped inside the clothing, 


Most marine clothing manufacturers now 
provide layer systems that are better at 
keeping you comfortable in a range of weather 
conaations. 


Cool weather clothing 


sly rece Fat 
reflective tape on hood — 
‘oat eck se 


‘asinine 
ith ames. 


atepool jacket —_ 
on-eease hares cn ~ 
ti et read wrists 


sing govestor__ 
ani eps 


Mojadst cox — 
strap 
mess ine — 


ist waterrolrusers 


ond ano sol — 
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Warm weather clothing 


‘Wars wide barred Fat ant 
peste one wih nek presen, 


Ftcton fron water incesses tte 
reflec he sn. Ue sungassas 
ith 100% UA protection. 


eu apy sun black of SPF 
30/40 or re cn exes shin, 


‘Wars fg temed hits 
Yous, 


Wear deck toes o protect feet om 
ot eck nd sttbing tes. 


Inhot weather, protect yourself from the sun. UV light is reflected by the Sea and will increase the 
‘possibilty of sunburn, Use sun block or higi-factor cream. Don't forget vuinerable areas such as 
tops of your feet, ears and the front of your legs. Long-sleeved shirts and broad-brimmed hats give 
added protection and wrap-around sunglasses reduce glare. 
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Recommended safety equipment for 
sailing yachts: 


Comprensve est ald it ru sient 
owed to use cae 


mi 


or cece 


‘The amount of safety gear you cary depends 
‘mainly on where you are planning to sal 
Here's a selection of recommended equipment. 


Before you start your voyage, leave details with 
‘a shore contact. Check requirements for al the 
countries you are sailing. 


Served fre etinuher for 
ach acconmacton space 
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{nthe UK and Weta the NL offer 
ae stot equipment advisory 
| sence to al boat owners 


www.rnill.org.uk/seasatety 
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Equipment for motorboats 


Mechanica! failure is the main cause of problems in a motorboat. Ensure engines are 
regularly serviced ard checked. Carry sufficient fuol for the proposed voyage. One of 
the main reasons of crew accidents on a motorboat is the helmsman making a sudden 
manoeuvre without informing the rest of the crew, who canbe thrown off their feet 

(or Worse overboard), While motorboats wil carry much of the same equipment as 
sling boals, the lack of rigging and the dependence on mechanical power can bring 
specific problems, 


oto anc and rakad 
cable stowed ey 


a 


Spe fenders nd eps 


Proper ht deck als and ie eck ack ts or 
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wet 
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Fre lahat rs, 


In the UK and ireland the RNL offer 
a free safety equipment advisory 
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Immersion (Survival) suits 
Not usually found aboard most cruising yachts, although increasing in popularity with professional 
yachtsmen and commercial small boat operators, the cold water immersion suit has been 
designed for larger commercial craft. 


‘Since July 2006, an immersion suit is required for every person on board a cargo vessel that 
‘operates in a cold-water area, They are often bulky Which is not conductive to easy stowage 
aboard a small yacht. 


“There are a broad variety of types frorn thick neoprene insulated suis to those that are made from. 
PU-coated nyfon which are siilar to diving or watersports crysuits and require insulated clothing 
to be worn beneath the suit. Both types usually have insulated hoods to minimise heat loss from, 

the head. 


“They require practice to be donned quickly. 


‘Unless built-in buoyancy is provided, a 275N lifejacket (see p.33) must be worn to ensure sufficient 
buoyancy to turn and keep the immersion suit wearer face up, 


Donning an immersion suit 
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svrvante 


‘SMD soldering, PCB cleaning 
Example of building the circuit using surface mount 
component on the prototyping board with 2.54mm pitch 
pads. As shown above, the pins are being wired by fine 
‘wire wrapping wire. The single core wire is very flexible 
and comes in a variety of color, making it easy to identify 
the type of signal being carried by the wire. 


SMD ribbon cable connector being soldered onto the 254mm pitch 


prototype board. 


3. SMD soldering (prototyping PCB socket 2.54mm pitch) 


What you need... 


PIC-200 smd to 2.54mm pitch adaptor 


trom PIG 


~ Surface IC chip (TQFP package) 
+ Surface mount IC adaptor or converter 
+ Soldering Iron 

= Tweezer or Pincer 

+ Solder with flux core 

+ Soldering Flux 

+ Stick for coating flux 


= Wiping paper 
- Tinner 


INTRODUCTION 


In this setup, | am going to solder a surface mount microcontroller (TQFP 44 pins) 
onto a smd adaptor. The adaptor will then be used on the commonly available 
prototyping board, so that I can try out my new design for cireuit control 


TQFP, QFN and SOIC are quite some common footprint for prototyping smd 
microcontroller from 18 to 64pins. This prototyping adaptor pic-200 (on the left) 
that I have is an ideal adaptor for my microcontroller. Converting the smd device 
into 2.4mm, I can easily mount the smd unit onto my 2.54mm pitch prototyping 
board. It is available locally 


Prototyping board with 2.54mm pitch donut pads, 


‘The pic-200 smd adaptor originate from PIC-CONTROL and is well documented. 
Commonly used smd footprint can be found on either the top or bottom side of the 
pb adaptor. These are some of the smd packages that can be mounted onto pic- 
200 adaptor. 


Ic Front Back 
TOFP-44 


hitp:twww.sionghoon.comiprojacts!2008-04-22_smd_solderingiindex.htm ena 


Care and maintenance of boat and equipment 


Fr the safe operation of a boat at sea, i's essential lo inspect and regulerly service not only 
safety equipment but also the boat's machinery, structure and systerns. The smallest failure can 
sometimes be the beginning of a catalogue of problems that can lead to a catastrophe. 
Prevention is far better than cure. 


Follow the example of aircraft plots and check your boat belore departure and put right any problems: 
= Do you have enough fuel? 
‘= Does the engine have sufficient oll and water? 
1+ Is the engine's raw-water ter clear of debris? 
‘= Is there water or cit in the fuel fiter/Water separator? 
‘= Are the engine mounts secure? 
‘= Is there water or oll cr fuel inthe bilge ~ if so investigate where it came from? 
‘+ Are the hoses securely cipped to the skin fitings? 
‘+ Are the seacacks working smoothly, and are softwood bungs 
fastened to them in case the skin fiting fractures? 
Is the steoring te from stitiness or excessive play? 
‘= Are the bilge pumps operational? 
© Are the strum boxes clear of rubbish? 
‘= Are the rigging pins in place at shroud bases? 
© Are the ifjackets operational? 
© Aro the jackstays secure? 
‘© Are the fre extinguishers up to pressure’? 
‘« Isthe anchor ready? 
+ IstheIeratt ready? 
‘+ Is the lfebuoy ready and the ilebuoy ight working? 
‘© Is the dan buoy in place with the flag concestinaed 
(rather than rolled) so that it deploys quickly? 
‘+ Is the handheld VHF charged? Spare charged batteries available? 
‘+ Is the fed VHF working? 
‘+ Aroal the navigational instruments working? 
‘+ Arein-date flares readily to hand’? 


‘Always cary sufficient spares on board — engine oi, fuel fiers, drive belts, water pump impellers, 
hoses and spare fuses. 


Replace any items in the first-aid kit that need replacing, Make sure you have replacernent 
‘batteries for handheld kit and that you have the right tools on board, 
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On saling boats: 

‘+ Cheok the mast for wear or damage. 

‘+ Are the spreaders in their sockets? 

‘» Are the navigation lights working property? 

‘© Are there any loose halyards, damaged 
rigging wires or bent fittings? 


Check the engine instruments. Lift the engine- 
room and floor hatches and check that all's 
‘wel, Look around the deck and up the mast. 
Is there anything becoming loose or that 

has moved into an unusual position? Listen 
‘or unusual noises — they can indicate the 
beginning of something going wrong, 


Flemember to continue to make regular 
checks whilst on passage, 


When a skipper is faritar with their boat they are more likely 1o quickly notice i anything is arniss. 


Keep a log of items that need longer-tecm maintenance, including the dates that equipment such 
as flares, fire extinguishers, Iil)ackets and lferaft require servicing or replacing. Flegularly check all 
safety equipment for signs of corrosion and wear and! tear and make a note of anything that's fikely 
to need replacing in the near futur. 


Many items of safety equipment are rarely if ever used. I's easy for them to be forgatten and 
neglected. However, regular maintenance, servicing and inspections are necessary ta ensure the 
equipment works when you need it, 


Engine servicing must nat be neglected, Engine 
failure is ane of the main reasons for yachts 
(power and sail to founder. 


Put the boat's name or cal sign on all safety 
‘equipment and other items that can float free so 
itis easly identiied f found by the SAR services, 


Tip 

‘Add retro-reflective tape tothe lifebuoy and 
‘danbuoy so that they can be seen more easly 
at night. 
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CHAPTER 2 : Weather 


Marine weather forecasts are widely available. They are broadcast on public and commercial racio 
and by coast radio stations, Navlex, the internet and on Inmarsat. 


“Times for radio broadcasts are shown in an almanac or RYA Weather Forecasts (G5), 


‘Shipping forecast terms 


Strong-wind warning = Average wind expected to be F6 or F7 


“Timing from the time of issue of warning or forecast 


| Gale = Average wind expected to be FB or more 
| 
| Inmient = wit 6 hots, Soon = within 6-12 hous, Later ~ more than 12 hous 
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Good = reater than 5 miles, Moderate = between 2 and 5 miles, Poor = 1,000 metres to 2 miles, 
Fog = less than 1,000 metres. 

| Fair= No significant preciptation 

| Backing = wind changing in an anticlockwise direction 
Veering = wind changing i clockwise direction 

| General synopsis = How, when and where the weather systems are moving 
Sea stats: Smooth = wave height 0.2-0.5m, Slight = wave height 0.5 to 1m, Moderate = wave eight 
4.25-2.5m, Rough = wave height 2.6~4r, Very rough = wave height 4G, 


[pereerieree! 


Steady = change less than 0, 1m in 3 hours 
Rising or fling slowly = change 0.1—1.5mb inthe ast 3 hours 

Fising or faling = change 1.6-3.5mb in the last 3 hours 

ising or falling quickly = change 3.6-Gmb inthe last 3 hours 

ising or fling very rapidly = change of more than 6b inthe last 3 hours 

Now rising, now faling = change from rising or fling or Vie versa inthe ast 3 hours 


| 
| 
‘Typical depression 
| 


{nthe UK, strong-wind weather is usually determined by Allantic depressions formed by low pressure. As 
‘a depression moves across the county, the warm front is caught by the cold front, creating an eccluded 
front. The lower the pressure inthe low, the stronger the winds. 


| Clouds give 2 good incication of the approaching weather High-alltude cirus clouds give an indication, 
that a depression is approaching. As the warm front approaches, the cloud base descends and pressure 
falls, Rain becomes heavier with poor visit, then lightens to crizle, 


‘As the warm front passes, the wind veers and becornes steady and the air pressure settles, 
Visiiliy is moderate. Low-level fracto and altostralus cloud forms overhead. 


‘A cold front approaches and the wind veers sucidenly 2s the front passes over. Heavy rain, possibly 
hall and thunder may occur, Visibility is poor. 


‘Bohind cold front, the pressure rises then levels, Sunshine and showers, visibility good except in 
showers. Cumulonimbus and then Cumuls cloud can be seen. 
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Local winds 
Winds often vary fram forecast due to jocal, 
ffects, 


Wind is slowed by friction with the surface, 
Which is greater over land than sea. 


Wind blowing offshore can be variable in 
rection and strenath, especially when blowing 
off trees, buildings, cifs, valleys otc, 


Advection or sea fog 
(Created when moist air blows over 2 colder 
‘sea, Usually associated, in the UK, with warm S 
‘or SW winds of a depression, Most comman in 
spring when sea temperature is at is lowest. 


Wind backs more over land than sea, if the 
wind is blowing off the land, expect it to back 

as you approach the coast. This may affect the 
‘sea state depending cn the direction of the tide, 


Radiation or land fog 

(Occurs in settied weather in autumn/winter 
‘Created when land cools quickly at night, 
causing moisture in the air to condense and 
{orm fog over land that will drift cut to sea on & 
land breeze. 
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Beaufort scale 


4 Light airs 1-9 knots, 
Fipples 

Sall— drifting conditions 

Power ~fast, smooth planing conditions 


2 Light breeze 4-6 knots 

‘Small wavelets 

SSall— ful mainsail and large genoa 
Power — fast planing conditions 


8 Gentle breeze 7-10 knots 
Occasional crests 

‘Sail —full sal 

Power —fast planing conditions 


4 Moderate 11-16 knots 
Frequent white horses: 

Sall— reduce headsall size 

Power —fast but bumpy planing conditions 


5 Fresh breeze 17-21 knots 
Moderate waves, many white crests 

Sail - eof mainsail 

Power — reduce speed to prevent slarwring 
when going upwind 
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6 Strong breeze 22-27 knots 
Large waves, white foam crests 
SSail— roof main and reduce headsail 
Power — displacement speed 


7 Near gale 28-33 knots 
‘Sca heaps up, spray, breaking waves, foam 
blows in streaks 

‘Sail deop roofed main, smal jb 

Power — displacement speed 


8 Gale 34-40 knots 
Moderately high Waves, breaking crests 
Sail deep roofed main, storm ji 

Power displacement speed, stem waves, 


9 Severe gale 41-47 knots 
High waves, spray affocts visibilty 
Sall—trysal and storm jib 

Power — displacement speed, stern waves 


10 Storm 48-55 knots 
Very high waves, lang breaking crests 
‘Survival conaitions 
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CHAPTER 3 : Preparing for heavy weather 


Motorboats are less likely to find themselves caught in heavy weather since most have the speed 
‘and agilty to find a safe haven quickly or, on langer passages, to route around a storm, Sailing 
Yachts, however, often cannat avoid stormy conditions. 


\Whether under power or sai the folowing guidelines are a sensible precursor to heavy wether: 
+ Stow all gear securty 

Shut lockers and hatches 

© Shut and secure portiights 

© Stow essentials in plastic bags 

+ Turn off seacocks to tlt and sink 

Merk fx cr chart and secure chart to table 

¢ Update log 

‘= Check contingency plans and, i not aready done so, add appropriate waypoints to GPS 
‘= Propare contingency passage plans 

‘= Sal away fom the loo shore 

‘+ Print oF unto out weather lorecast times and fasten to the chart area 
Organise a crew roster. Rest the strongest and most ablo cow frst 
+ Fala meal and prepare sandwiches and flasks of hot rinks 
Drink plenty of water 

«form the Coastguard of your poston and planned course 
‘Tako ant-seasickness tablets 

'» Charge engine batteries 

Check bilges and ensure bilge pumps are working 

Check and wear safety equipment 

¢ Secure cockpit lockers to prevent down-flooding 

«Secure washboards in companionway 

¢  Tappropriate, shut watertight doors 

‘¢ Stow loose items off deck 

«Prepare and secure ancher locker 

Check sea anchor and heavy warps 

Rig and check jackstays 

‘+ Close of deck ventilators 

¢ Check cockpit drains are clear 

© Ifrequired, rig mainsail reefing pennant to third reef 

© Prepare trysail and storm jib 
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“D> 
Good seamanship - Prepared for heavy weathor 


Bad seamanship - Poorly stored gear after heavy wealher 


Shortening sail 


‘As the wind strengthens you will need to shorten sail. Aways shorten sal before you have to 
because it's easier to shake out a reef ifthe conditions allow than to take one in when the wind 
has increased. 


‘The order of shortening sail wil depend on your boat and rig In general, the principle is to shorten 
sail by gradually reducing the headsail and mainsail so that the centre of effort does not move too 
{ar forward or too far aft, This wil keep the boat balanced and ensures sufficiont weather helm is 
maintained, 


"Note that on some boats with stab or jify reefing only two reefing pennants are run, This requires 
the first reefing tine to be reattached to the third or uppermost reefing cringle. Three rect will 
reduce the mainsail by up to 60% of is total area. 


‘While rater headsais can reduce sail area completely, a partially roofed roller headsall is very 
inefficient upwind and wil not provide the proper balance. 


‘Storm sails 


lt wind corcitions inerease, you will need to resort to storm sails comprising of a storm jib and 
trysal. These lower the centre of effort and may help a yacht to be sailed off a lee shore. They are 
made ftom heavy-duty material usually coloured bright-red or luinescent orange so that other 
shipping can more easily see the boat. A storm jb is best set on an inner forestay, this can be a 
rigged temporarily or permanently, 


A trysailis a loose-footed sail. Ils sheet i led aft ether to a spinnaker pad eye or to a stem 
‘mooring cleat. Occasionally it may be atlached to the boom but this is not recommended, 


Depending on type, a tysail can alow for the mainsal to be furled and secured to the boom. 
‘The boom can then be dropped and secured to the deck. A iysall can be hoisted in the mainsal's 
‘rack or preferably in its own track. It must be securely fastened. 


Both sails should be pre-rigged with their own sheets. 


Since the rigging of storm sais differs from that of ordinary sails, i's Important to practise rigging 
‘them in fine weather rather than Waiting uni you really need them. Rig them in advance of a storm. 
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svrvante ‘SMD soldering, PCB cleaning 


QEN-44 


SOIC-28 


m 6 


With a wide range of smd components that can be mounted, itis easier to stock up 
this peb adaptor for future prototyping use. 


Holding onto the side view of the ‘The following article is about getting my smd microcontroller PIC24FJ64G004 
QEN package IC soldered onto this board. After which I will be on my way to do prototyping for my 
new control circuit 


This smd adaptor origined from PIC-CONTROL. For other type of adaptors, you 
can also refer to other manufacturer as mention above, 


click here to 


Buy this SMD Adaptor Now at the PIC-store 


 PlC-store 


<Step > Before soldering, ensure that the soldering pad on the PCB is free of oxidation. 

PCB is usually tinned to protect the capper surface from oxidation. In cases where 
the surface is oxidized, you can try cleaning the surface with a contact cleaner. 
Apply the solution with tissue paper or toothbrush to clean up the contact. This 
solution make the PCB board rather oily, which I don't quite appreciate, 


Contact cleaner :— 


Let us start our smd soldering here, Soldering surface mount component. The first 
important thing to introduce would be the solder, 


There are many type of solder. Choosing the correct solder takes a bit of some 
knowledge too. Leaded or lead free solder? The industries is moving towards Pb 
free components & PCB, calling for unleaded product. Lead is toxin and not 
environmental friendly. I would advise ou to wash your hand after soldering or 


hitp:taww.sionghoon.comiprojacts!2008-04-22_smd_soldering/index htm 74 


Rigged for heavy weather 
Stotr jib is best set on an inner forestay while the trysail replaces the mainsail 
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Breaking waves 


Waves are generated by the fictional effect of wind on the surface of the water, The stronger the 
\Wind, the longer it has blown and the greater the fetch (the distance to shelter from windward), 
the bigger the waves, 


Very steep waves are formed whe 
‘the wind strength increases rapidly 

‘© wind and current oppose each ather — wind against tide 

‘© waves are coming from citferent directions due to @ sudden wind shift 
‘© water bocores shallow 


Waves break when they reach a critical steepness and gravity can no longer sustain their shape. 


‘Compared to thelr size, breaking waves release enormaus amounts of energy and they are often 
sufficient to Knock down and capsize a boat, 


When caught bear-on, a bresking wave the same helght as the beam of the boat is enough to 
turn the boat upside down. 


(Owing to the boat's reduction in moment of inertia, a cismasted yacht is offen more easily rolled by 
a breaking wave than one with a mast 


Avoid areas of breaking waves whenever possible. 


The Argo o Vaitig Sabi wl oper 
‘one oes afte bat. Mary wl ret right 
themgehes nce ered 1 120" 


Abreaking wave the same height as the Many boats will stay upside down after 
beam can capsize the boat. capsize. 
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CHAPTER 4 : Handling heavy weather 


‘Your plan for handling heavy weather needs to take into account: 
‘+ capability of the boat 

© capabilty of the crow 

‘+ severity of the expected weather conditions 

© proximity to land 


‘There are two basic strategies for handling heavy weather: 
1. runtor shelter 
2, ride it out at sea 


Running for shelter 


Choose @ haven that has a sheltered entrance, waves got bigger and steeper as they approach 
shallow water. An opposing tide wil also Increase wave size and steopness. Bigger waves travel 
{aster and ere more fkely to break. When approaching a harbour entrance running with the waves, 
the increasing size of waves can be deceptive. Look behind you for waves catching you up. Good 
‘shelter and a wind with tide can make a flatter sea close in. Radio the Coastquard and harbour 
‘master for advice and to tel them of your intention. 


Riding it out at sea 
Ficing it out at sea needs roam. There are several methods: 


Going to windward (sailing craft) 

‘A good method in strong winds, but only if the crew are relatively strong, isto clase reach across 
troughs, luff (steer) into and over crests and bear away hard to keep the locward side in the water 
land avold a slam. Keep steerage in the troughs or the yacht could end up bear-on to the next 
Wave, Not a method to be used if the crew are ted, in darkness or strengthening winds. 


‘Another option for yachts that do nat behave Wellin stormy winds isto sail siowly upwind. Heavily 
reef the mainsail and set t as flat as possible and as tightly sheeted in as possible so that it acts 
‘as a stacying sal. The headsall is furled, A Ketch or yavil woukd be better using the mizzen rather 
than the mainsail, Adlust the beat's speed so that it is just moving forward, speeding up to miss 
breaking waves. 


Heaving to 

Reduces strain on the yacht and crew by riding waves more easily, making litle or no headway but 
considerable leeway, Boats vary in their abilty to heave to, if properly balanced, a yacht will hold its 
position at about 60 to 70 dogroes off the wind and wil leave 2 slick of calm water to windward, 


‘The method is to tack but keep the headsall backed. Hold or fasten the helm to leeward. Some 


moder designs ate dificult to heave to since their efficient rigs continue to cave them forward 
However, yachts can heave to under storm sails and have a steacfer motion. 
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Going to windward (powered craft) 

‘Motor cruisers can crive straight into head seas but it wil be very uncomfortable for those on 
board, a better way uses a similar approach as saling yachts. Rather than heading directly into the: 
‘waves, dog-leg or tack across the waves, look for gaps between the breaking crests to head into 
and over the wave. If possible, trim the bow down. Use the throttle continuously and carefully 10 
prevent the boat from flying off the wave or from cigging into the trough. 


Going downwind (sail craft) 
Running before the wind wil dramatically reduce the apparent wind speed and greatly reduoe 
slamming, 


However, the mainsail boom may dig into the water and slew the yacht around, so using a tysall 
‘and a storm jib ~ or either on their own ~ may be a better option, 


Going downwind (powered craft) 
‘Tim the bow up and position the boat on the back of a wave. After the wave breaks, drive through 
‘and on to the back of the nex! wave. 


Big waves travel quickly, so keep a good lookout behind for waves catching you up. 
Keop a hand on the throtte and contol the boat speed carefully. You may need to stow dawn to 
‘Prevent brecking through the wave and then speed up to get an the back of the next wave. 


Drogues at sea 
‘Drogues can be used on power or sail craft. They are attached to the stern of the boat and help 
prevent the yacht from being slewed sideways and roled over by breaking waves in a folowing sea. 


Use enough length of ine — 100 mettes or 10x the boats lenth to stop the drague from breaking free 
‘ofthe water and atleast tWo Io three times the wave length. Because othe danger of being pooped 
by waves breaking over the ster, ensure that hatches, lockers and the compenionway are secured, 
Fa drogue isnot available, a length of heavy Warp ether in tne ora loop can be Used, 


‘Spread the load over several cleats and pad areas that are likely to chafe. 


Drogues help prevent broaching and Along loop of trailing warp can also be 
twisting sideways onto the waves. used in a following sea. 
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‘Sea anchors 

Deployed from the bow, and similar in size and shape to a parachute, a sea anchor keeps the bow 
head-to-wind and waves and reduces the possibilty of capsize or pitch-paling. Sea anchors can 
be used on all types of craft but are particularly useful for catamarans and motor cruisers, which 
‘would otherwise turn their sterns towards the waves, 


‘A sea anchor for a 10-metre yacht would be about 4 metres in diameter, As with a ground anchor, 
‘nylon warp or chain and warp will reduce snatching. A sea anchor should be deployed with 
suificient length of warp to ensure it stays submerged, usually about two fo three wave lengths, 
‘which may require sbout 100 metres of warp. 


‘As with drogues and when using the normal anchor, spread the load over several strongpints and 
pad itn areas likely to chafo. 
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Damage control and repair 
Your boat is your best liferaft. Uniess itis about to sink, or is on fe, stay with i It provides the 


‘best shelter, a large target for rescuers 10 see, and contains rore provisions and equipment than a 
lteraft. Be prepared and improvise to keep your boat afloat 


‘The 1979 Fastnet Race 


Winds reached Force 11 during the 1979 Fastnet Race. Over 300 yachts started the 605-mile ace to 
the Fastnet Rock and back. Confused seas added to the ferocious conditions. the twenty-four yachts 
abandoned only five sank. Sadly, fifteen people lost their lives, seven after abandoning to their eras, 


Steering failure 
Intheavy seas damage can be sustained to the steering system up to and Including complete loss 
Of the rudder, so all boats should cary an emergency steering system. If there is damage to the 
steering system, try to attach a temporary emergency tiler to the top of the rudder stock, or 
jury-tig 3 rope and blocks to the rudder quadrant 


‘Twin-engine boats can steer by using the engines separately, Auilary outboard powered boats 
can use the engine to steer and if ted, a bow thruster may be able to point the boat in the 
right direction. 


Ifthe rudder is lost \ 
‘A pre-drilled locker cover or washboard can be \ 
fastened to a spinnaker or whisper pole using 

U-bolts of lashings to create a steering oar 

lor sweep. Use guys from winches to assist in 

steering and to stop the rudder floating 


Help in steering may be possible by dragging 
fs drogue oF bucket on a bridle to one side or 
cother aver the stern. 


Jury rig a steering oar using the spinnaker 
pole and washboard or cabin locker cover. 
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Broken mast 

“Ty to prevent mast breckage by keeping a close eye on standing rlaging. The windward rigging 
is under tension and more Bkely to break — watch out for parting strands and try tacking to reduce 
tension on the shroud, Use a halyard ta reinforce the shroud. A spinnaker pole may give a better 
lead. Watch out for leeward shroud turibuckes that may have vibrated lease before tacking, 


I the mast comes down 

Clear away any broken spars quickly since they may hole the boat. Use cable cutters and a 
hacksaw (before going aut ensure you have plenty of blades), a cartridge cutter or hydraulic cutter 
will cut rod rigging or rigging wire of aver 10mm diameter. Try to keep the spars for jurytigging 

1 temporary mast and sail. The motion of the boat will change and the boat will become more 
susceptie to brecking waves. Advise approaching rescuers if any ines or spars are stil in the 
water. 


Jury rig 

Use lateral thinking to jury-ig a temporary mast. Bulldog gries can be used to shorten and secure 
rigging wire and reinsheets, handybillys and vangs used to hoist or tension spars. Recut the sails 
it necessary, 


Emergency VHF antenna 
‘When the mast breaks itis Ikely the radio antenna will be damaged, Always carry an emergency 
VHF antenna to ensure communications. 


Hatch damage 
To seal a broken hatch use locker 
lids tourriqueted into position 
with @ boat hook or deck brush, 
Battor stil, have pre-dilled hatch 
‘and portight covers ready for 
emergency use. 
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Hull damage 
A relatively small hole can let ina large ammount 
cof water in @ very short time. The amount of 
‘water will depend on the size of hole and its 
depth below the waterline, For example, 3 
75mm (Bin) diameter hole about 30cm (11) 
below the waterine wil lt in about half a tonne 
‘of water in a minute, too much for bilge pumps 
to cope with 


Reducing the area of the hole even by partially 
blocking twill sgnificantly reduce the flow rate. 
Block the hole with any materials you have 
available, braced against the opposite side 

of boat, 


‘An alternative method is to cover the hole from outside using a sail or other waterproof fabric 
cover, Whether this is possible will depend on the postion of the hole, the shape of the hull and the 
weather conditions. 


Make sure the bige pumps are able to reach all parts of the hull, Electric pumps will only continue 
to purnp so long as they have electricity. Engine-driven pumps can shift considerable amounts of 
waler. Ensure manual pumps are operational. All pumps should be fitted with strum boxes (fiters) 
to prevent blockage. 


Attach an appropriste-sized softwood 
bung to each seacock. Ifthe skin 
fiting or hose breaks and a seacock 
has seized, the bung can be used to 
stem the flow, 
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CHAPTER 5 : Lifejackets and Buoyancy Aids 


‘There are a broad range ot Hejackets available on the market from stiff buoyant foam models suitable 
for merchant shipping, o the inflatable bladder types that you wil see demonstrated on commercial 
aitines. Here we have restricted our comments to these commonly availabe to the boat user, 

‘Al new ifelackets sold in Europe rust have a CE mark. Other counties often apply their own 
(Gimilat) standards. An International ISO standard has recently taken effect and will supercede the 
CCE standards as new designs are introduced. The current European standards give buoyancy 
ratings in Newtons (N}: 

EN 993 ($0 12402-5) SON buoyancy ald 5G 
EN 395 (SO 124024) 100 ifejacket 

EN 396 (SO 12402-3) _15ON lifejacket SEE] 
EN 299 (SO 12402-2) 275 lfejacket 


Buoyancy Aids 


Buoyancy aids are not recommended 2s 

life-saving equipment, 

SON buoyancy aids are designed for 
‘competent swimmers as an aid to flotation in 
inshore waters where help Is dose at hand. 
They are suitable for those who expect to 
fal into the water, for example dinghy sailors, 
waterskiers, kayakers etc allowing them 
to.swim easily back to thelr craft, This type 
is comfortable to wear but wil not turn the 
| wearer face-up in the water. I provides Skg 
(111) of tuayancy fram, usually, one or 
‘several layers of closod-coll foam. 


‘Sold in several sizes from chi to XXL, buoyancy aids need to be a snug ft to war property. A simple 
testis to try iting the jacket at the shoulders, i ifts more than 50mm (2 inches) it's too big, 


Lifejackets 


# 10ON lifejackets are designed to keep 
rnon-swirrmers afioat but wil not necessanly 
turn an unconscious wearer face-up. 
Usually made from one or several layers of 
closed:-call fam and provides 10kg or 
222Ib of buoyancy, Like buoyancy aids, they 
‘are sold in several sizes from child to XXL 
and need to be a tight ft to werk properly, 
‘Check for fit by liting the jacket at 
shoulders Ii lifts more than 60mm, 

(2 inches) i's too big, 
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‘2 150N litejacket isthe standard lfejacket, 
providing a minimum buoyancy of 15kg 
(Gall). Suitable for swimmers and non- 
‘swimmers and is arguably the best type 
{or offshore boats, Allhough this type is 
designed to tum an unconscious wearer 
face-up, f there is any air trapped in the 
wearer's waterproof clothing this may 
prevent the jacket from righting the person 
immediately. 


The lifelacket will give @ reasonable chance 
cf survival but will hamper movement when 
fully deployed. Most jackets of this size are 
{g85-inflated; however, bulky all-fosrn or 
foam-and-air jackets are also available. 


¢ 275N litejacket was originally intended 
to provide suticient buoyancy to sett 
right an offshore oll worker wearing an 
immersion sutt and is 2 high-perormance 
lfcjacket, suitable for severe offshore 
conditions. Usually gas-inflated and 
consisting of one or, occasionally, two. 
separate bladders, it has sufficient buoyancy 
= 27 -5kg (60.5b) — to counteract trapped 
al in Waterproof clothing. Sadly, its large 
deployed size can make it dficut for the 
wearer to climb into & ieraft 


Children's lifejackets have equivalent buoyancy ratings to adkits’ ifejackets, for example, 
SON and 150, but with reduced buoyancy ta suit their smaller size. Most have hamesses 
‘and crotch straps built in as standard. t's essential that children wear the correct size 

Iiejacket cr buoyancy aid. Don't buy a lifejacket that is too big thinking they will grow into it 


| Five top lifejacket tips 
‘Cary one lifjacket foreach member of the crew 
«Cary spare ifejckets fr any casualties you may pick un 
Always check your ifejacket before donring 
4 iejackets require reguler maintenance 

Your ifeacket wil only work propery if itis worn correctly 
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‘One of the pad being tinned. 


‘Align smd IC to the respective pad. 


‘SMD soldering, PCB cleaning 


handling pcb board. A soldering fume extractor to vacuum the smoky fume would 
be quite comfortable for your soldering. The smoke is quite choking and a health 
hazard if you breath that in, 


solde 


ume extractor. 


Solder also comes with a variety of metal alloy combination, Nowadays it is 
common in solder core to contain flux. If the solder do not have the flux in the 
core, the flux have to be manually applied onto the metal surface before the 
soldering beginning. The flux cleans up the soldering surface, and also make the 
solder flow rather smooth like liquid. One of the important ingredient to make a 
good solder joint lays in the soldering flux. 


Solder wire also comes in a wide range of diameter to choose from. Generally 1 
use 0.8mm soldering wire roll with flux at the core. Smaller diameter solder wire 
allows you a better control of the amount of solder to apply. For soldering larger 
pins or connector component thicker diameter wire will be preferred. Wire too 
thin is rather troublesome, because you need to feed in a longer length of solder in 
order to solder the large surface/lead. For general purpose PCB board soldering 
0.8mm wire fits somewhere in the middle. Not too thick nor too thin. For smd 
components, diameter smaller than 0.8mm is preferred. Using 0.8mm for smd 


"Be a 
EEE 


1.2mm 1.0mm 0.8mm 0.5mm 


My microcontroller TQFP package has 44pins around the square package. To 
secure the package to the adaptor, | will need to solder one of the pin tothe board 
first. It is important to solder only one pin. In case of mis-alignment, we can 
correct it easly. If more pins are soldered, it will be more difficult to correct any 
alignment. 


Pin 1 of the adaptor pad is first tinned with a layer of solder. A tweezer is then 
used to align the IC chip on the pad. The IC is secure to the board with a slight 
touch from my soldering iron, soldering the IC pin to the pad, 


‘The important factor to consider would be the heat generated by the iron. I prefer 
to use a 60W iron, which still works well in air-con room. A lower wattage or fine 
tip iron will not heat up that well in colder environment. 


Got TQ95 60W 


If you prefer a fine tip, perhaps the soldering station will 
be more suitable. The iron temperature can be adjusted to a higher or precise 


temperature for the component that you want to solder, Component with thick 
metal contact like connector, heat sink, for thick cables should be solder with a 


hitp:tawn.sionghoon.comiprojacts!2008-04-22_smd_solderingindex htm ana 


Gas lifejackots 


Ges ifelackets ere inflated with carbon dloxide (CO,) stored under pressure in a sealed 
metal bottle, The gas is released by piercing the seal, ether manually by puling the toggle or 
‘automatically on immersion in water, 


If fitted with an automatic fring head, i is essential to fit the correct size bottle for the size 
Of lfejacket. Too big a bottle may burst the jacket; too sala bottle wil not fully infiate the 
bladder. The correct size bottle wil fully inflate the jacket in under five seconds, 


‘+ Alifeacket has to be worn outside of clothing. fit inflates undemeath a waterproof jacket, the 
‘wearer's chest will be squeezed making it impassitie to draw breath, 
‘+ Make sure thatthe manuak-nlaion toggle fs avvays avaliable — do not tuck i inside the jacket. 


Types of inflation 


Oral-only inflation (blow air into) 
Inflatable Mejackets that can only be inflated through @ top-up tube are not recommended. Due to 
the physiological effects of felling into cold water, you will not be able to inflate the iteacket. 


‘Manual gas inflation 

tt wil not inflate automatically, the jacket is inflated by the wearer pulling on the toggle. It will nat 
Inflate automatically. The fling mechanism should have some means of indicating f the jacket has 
been fred - often tis as simple as a smal groon clip over the toggle ever. If this is not present, 
Unscrew and check that the seal on the bottle has not been pierced - fin doubt rearm. 


‘Always cary spare gas bottles and clips so that the lfejacket can be immediately rearmed, 


y Check clip is present 


‘Soa Survival Handbook 


Automatic gas/eartridge inflation 


‘There are several ferent designs of automatic gas-inflaton fring heeds that ave various degrees 
of protection tothe cartridge or pil. Automatic operation uses a spring-loaded plunger held in 
place by either @ compacted paper cartridge or a pil. When the cartridge or pil ecomes wet it 
expands or dissolves, releasing the plunger so that it pushes the pin through the gas-bottle sel 


In dition to a manual indicator, autornatic fring mechanisms have & separate indicator to show 
they have not been operated. When donning the Hejackel, check the aulomatc fring head and the 
manual ingicators. If one or other is not present, unscrew and check that the seal on the bottle has 


‘not been pierced, 


(0: onder 


(ret Pe octet 
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Purger 
Compressed png 

‘Wit eactve papa loment 
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While some lfejackets use cartridge style autcheads 
cothers have a simple replaceable bobbin, Although 
ferent makes of Itejackets may appear to 

have identical fring heads they are often not 
interchangeable. Some automatic fring heads can 
fire accidentally i they become excessively wet. 
Keep appropriate spare automatic fring heads 

and gas hotties on board so that every ifejacket can 
be immediately reared. 


‘Standard automatic heads have a limited ite and wil 
‘be marked with an expiry date, 
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‘Hammar automatic inflation 

‘The Hammar system protects the water-sensitive element with @ hydrostatic valve that prevents 
accidental activation by wave splash, heavy rain or spray. The valve opens after two to three 
‘seconds’ immersion at a depth of 100mm (4 inches). This allows water to reach the water-sensitive 
‘element, which dissolves and triggers the pin to pierce the bottle. 


When the jacket is fred marualy the toggle detaches from the fing head, The fring head wil show 
fa green indicator if has not been fred or a red one iit has. Hammer autornetic inflation heads have 
a five-year fe, The replacement date is printed on the fring head, Keep spare rearming kits on board 
0 thal the jacket can be reamed immediately and check they have not passed their expiry date, 
Inflate the lfejacket after re-arrring, to check the head has sesled properly on to the fabric. 
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Lifejacket maintenance and checks 


Regularly check that the gas battle is 
securely tightened into the fing mechanism, 
It itis loose, it may not fre and inflate the 
Jacket. 


Unscrew the bottle and check the seal 
's sii secure. fit has 2 hole init, fits 
replacement bottle. 


Inspect the gas bottle for corrosion, which 
‘can cause small pinholes in the Wiejacket 
bladder. Check that the bottle is the correct 
capacity forthe ifejacket. 


Weigh the bottio on a distal scale to | 
ensure it matches fs gross weight 2s. 
‘embossed on the bottle, A 339 bottle has 
‘8 gr0ss weight around 140g, 


Sea Survival Handbook 


Check the belts are 


Unfold the fejacket and inspect the cover firmly attached to the 
‘and bladder for punctures, cracks and fejacket. Inspect the 
wear and tear, sitching for wear. 


“To detiate, push in the vale in the oral inflation {Ube while squeezing the jacket. Make sure all gas 
's removed before reattaching a new gas oyfinder and repacking. 


Every three to six months 

‘= Femove the gas bottie and inflate the jacket, preferably with an air pump. through the oral 
Inflation tube, 

‘+ Leave the jacket inflated for 24 hours to check that i is airtight. 

‘= When not being used regularly, unfold the jacket and store it on @ wooden clothes hanger. 


Tip 

Not al manufactures a-test their lifejackets at every appropriate stage in its manufacture, so it's 
‘good practice immediately alter purchase ta inflate all new jackets, preferably using an alr pump 
through the oral tube, to ensure the bladder does not leak. 
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Lifejacket fittings 


Some jackets are sold with a number of fitings as standard, for example, the whistle, orl inflaton 
{ubs, retro-retlective tape and gas inflation syste. But other fitings such as the crotch straps, 
lfejacket ight, buit-in safety harness, safety hamess, spray hood and flare pouch, are often 


optional extras. It is recommended to always use a ifejacket fitted with a light, spray hood and 
crotch straps. 
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‘The effect of wind and waves 


‘When at rest in the water, the wearer of lifejacket wil be continuously turned to face the wind 
and waves. While a conscious casualty can cover their airway, an unconscious one will drown from 
waves and spray continually breaking onto their face. 


‘A spray hood, either fitted into the collar of the ifefacket or stored in a separate pouch on the waist 
belt, can be worn over the head or face and will reduce the effects of breaking waves. 
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Donning a gas-inflated lifejacket 


You should be able to put on and fasten your lifejacket in less than 30 seconds, so practise until 
you can, 


It's essential the lifelacket is worn correctly fits too slack the wearer may sip down ar even 
‘out of the jacket while in the water or being lifted aboard a boat. The lifejacket needs to keep the 
sainway as high above the water as possible, Crotch or thigh straps hold the Hfejacket down and 
lift the body up and, therefore, the airway higher above the water. Wear your ilejacket at all imes 
‘when on deck. Once itis adjusted to fit you, Keep your Ifejacket close to hand whien below decks, 
0 that it can be donned quickly. 


Put the jacket on like a waistcoat. Hold the Pull the jacket across your back and put 
jacket the right way up and put your right arm | | your left arm between lef jacket front and 
between the jacket front and the back strap, the bck strap. 

Buddy check 


t's good practice to ask another crew member to check you are wearing the lifejacket corecty. 
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‘Straighten the waist belt and fasten the clip 
at the front of the jacket. Check it is secure, 


| each down ard pul te crotch strap thigh 
straps between your legs and cp it to the 

wast bell. Shorten the straps to ke up the 

slack bul nt so Ugh as fo be uncomfetable. 


\W7a/ 


Adjust the waist bet so that itis a tight fit 
‘when your fist is placed between the strap 
‘and your chest. This wil prevent the jacket 
from squeezing your chest when it inflates: 
|_ and without making it too stack. 


Stow ifejackets where they can be 
reached quickly 


‘= Each crew member to have their own, 
Iiefacket already adjusted to sie 


= Adda coloured tg to make the lifejacket 
‘easier to identity 


© Write your name and the boat's name on 
the back ofthe service label in indelible ink 


Don't think when to put your ifejacket on, 
consider when to take it ff 
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CHAPTER 6 : MOB prevention 


Staying on board your boat is preferable totaling overboard! Cp on. Do nat go on deck 
unnecessarily in heavy conditions and cp on if you must: When moving around remember the 
rule— one hand forthe boat, cne for yoursel, Prevent accidents by clearing away unnecessary 
Clutter and cther hazards. Wear nor-sip shoes or boots andl avoid standing on ropes or sais since 
these can rol or sie underfct. Try to avoid stepping on to smooth wet surfaces such as shiny 
Glassfibre. Wash off oll or diesel spills especialy from sidedecks. 


Feguierly check ietines and stanchions are fim attached, Lifeines should be ready to be 
released or cut easily to aid MOB recovery. A "Granny bar’ atthe mast of a sallng yacht helps to 
steady crew when working atthe mast. 


Ensure the helmsman wams the crew of manoeuvres ~ avoid sudden acceleration or surprise 
tacks or gybes. Look out and warn other crew of larger-than-normal approaching waves, 


Clipping on 


‘There are many factors which determine the need to clip on. 
(On displacement sailing yachts, wear a safety harness or, preferably, 
alifejacket with a built-in safety harness and ‘clip on’ 
Strong attachment eyes should be fitied in the cockpit just, 
‘outside the companionway so that crew can clip on before 
Jeaving the cabin. Other eyes can be fitted in the cockpit so 
that the crew can mave away from the companionway. 
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IC being fixed in position, 


Checking if alignment is correct, 


Flooding the pins with the rest of the solder. 


Pins flooded with solder 


<Step > 


<Step 4> 


‘SMD soldering, PCE cleaning 


higher temperature, The iron should be held on longer, in order to have the 
component fully heated up before any solder is applied. 


Solder Station 


For soldering the IC pin to the pad, you can start off by heating up the pad. Then 
while heating up the pad, touch the IC pin and apply the solder wire directly to the 
pad or IC pin, allowing the solder to flow like liquid. The IC pin is heated last to 
minimize the chance of over heating the pin. If it doesn't flow very well, you can 
manually some flux to the joint. The solder wire should not touch the iron directly, 
because this will vaporize the flux, and solder flow will be restricted, 


Heat up the lead and pad longer allows the solder to flow and form a good joint. 
Not for too long as it can also damaged your IC. You should be able to see the 
solder flow eventually onto the lead & pad. With a bit of practice, you will see the 
difference between a quick solder touch and another one with lead & pad heat up a 
little bit longer. It takes a number of practice to get a good joint with minimum 
amount of heating time. 


‘The soldering iron that I use has rather thick tip, but that does not matter when I do 
soldering for the smd microcontroller, All we do is to flood the pins with solder. 
‘They can be be suck up later. 


‘There is a technology known as ultrasonic soldering. The soldering iron tip has 
this micro vibration which helps the solder to flow more easy without much use of 
flux. It can also solderthose difficult to solder material. The following is one article 
that I found that describe about it. - Soldering the unsolderable. 


Thave applied more flux at this stage. It should have been applied before flooding 
the pin, but it doesn't matter too much. The flux will make the solder rather liquid 
so that it is easier to suck up the excess solder. 


@ 
| 


"— Baker Soldering Fluid 


solder flux paste 


The flooded solder is being heated up, and the excess solder are being sucked up. 


hitp:twww sionghoon.comiprojacts!2008-04-22_smd_solderingiindex htm ena 


In heavy weather, only go on deck if necessary and clip an to @ jackstay. Keep your centre of 
‘ravty low — crawl if necessary, Tel the helmsmian or skipper before going on deck. On saling 
boats go forward on the windward side. 


Use a haress with locking snap hooks, such as Gibb Hooks or Wichard Hooks. A three-hook 
safely hamess allows crew to clip anto the next strongpoint before unciipping. Safety ines should 
have a safety hook at all ends so that the crew can unclip themselves quicily Jackstays may be 
rade trom polyester webbing or stainless-steel wire, webbing jackstays are degraded by sunlight 
0 check and replace them requarly. Wire jackstays can roll underfoot 


Fast boats 
Its advisable not to clip-on to planing or ser-displacement boats, It is better to fall clear since 
being dragged alongside a hul at high speed will cause severe injury. 


SS 


Never clip onto a motorboat when it is moving at speed. 


However. if the boat has stopped or is moving at under 5 knots, you can clip on when going on 
deck, for example, when going forward to drop anchor in heavy weather. Motorboats seldom have 
tays fitted but there Is no reason why they cannot be fited. 
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CHAPTER 7 : MOB 


MOB actions to be taken by crew 


44. Shout ‘man overboard!’ to ler the crew. 

2. Press the MOB button on the GPS. 

3. Throw aif buoy and dan buoy to the MOB. Mark the MOB with a buoyant smoke flare. 

4. locate a crew member to point atthe MOB in the water. 

5. Send a DSC cistress alert and a voice Mayday. 

6. Keep pointing, Don't lose sight of the MOB. 

7. On a salng boat, the skipper vl ask forthe jb to be lowered or fured and the engine started. 

18, Prepare a throwing line. 

‘8. The skipper wil bring the boat alongside the MOB, with the boat pointing into wind and the 
propeller stopped. 

10, Get aline around the MOB and get them aboard. 


(MOB search patterns 


“These search pattems ae fora boat to folow when looking fora man overboard who has been lost rom 
Sight. Press the MOB button onthe GPS receiver as soon as passble afer the person fas overboard 
“Ths wil record a geographical postion and a bearing and stance to that point. 


Press the DSC distress alent, choose ‘MOB! from the menu options and send a voice Mayday, if short 
handed, there may not be time to send a voice Mayday immediately. The MOBis unlikely to be at the 
recorded postion bus it wil provide 2 datum for calculating Where they wil dit due to wind and curent. 


‘Sector search 

‘A good datum is requred. Sector seerch is good for searching sil areas, Mark the datum point with 
‘dan buoy, alife buoy with crogue, a welghted fender or similar, The marker shotid be able to dit with 
the tide but not be blown by the wind. 


N 


‘Go Nerth (000 degree) first (some preter 
0.90 downdht frst but this can make the 
‘sums more complicated). When moving 
‘away frorn the marker, count out loud 

glancing at the marker. When the marker 
is visible for only 60% ofthe time, that is w E 
the distance that indicates the Expected anon 


‘Detection Range (EDA). Measure each latin and stat 
Jeg by counting loud. is suggested that of serch pet 
och legis three times the EDR, At the endl 
of each leg, tum 120 degrees to starboard 
‘and proceed forthe same distance, s 
‘Ad tursare 120 starter On copion t fstseech 


the search is not sucoessfU alter the ‘ta exc ftte by 3 sho ty ted fre 
fist croul,reorientate the search by 30 
degrees to starboard ‘Sector Search 
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Expanding box search 

Inthe datum point isa litle unreliable 
(ora sector search has not proved 
‘successful, an expanding box search 
should be started. 


Usually, the fog length is 75% of the 
EDR, Ifa sector search has been 
completed, this will be the third 
search af the area, in which case it 
is acceptable to use a leg lenath of 
100% EDA, 


For ease of use, it is suggested that 
the headings are North, East, South 
‘and West, Count aloud to measure 
the distance, 


SAR search pattern 
‘To search large areas where the 
position of the casualty is unknown, 
the Rescue Co-ordination Centre 
(RCC) wil task the SAR units to 
‘undertake a parallel search pattern, 
IF lfeboat and helicopter are both 
invatved, thelr tracks are likely to 
be at 90 degrees to each other to 
increase the chances of detection. 
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Sailing yacht MOB manoeuvre 


It will be quicker and safer to use the engine to return to the MOB, But if it won't start or the 
propeller is fouled, use the sails, Make sure the crew are practised in MOB recovery procedures. 


Under sail 
4. Sheet in the mainsail and heave to to sow 
the boat, Pass buoyancy to the casualty 
and mark with a dan buoy. Instruct a crew 

‘member to point at the MOB. Fetrieve 
‘any warps in the water and start the engine. 

2. Ifthe engine is not warking turn onto 
bearvbroad reach and sall away, 

‘3. Sail about five to six boat-lengths from the 
MOB. Do not lose sight of MOB. 

4, Tack, Aim the leeward side of yacht at the 
(MOB or the marker, Let out the headsail 
‘and mainsail sheets. The mainsail should 
flap; if not, bear off downwind to change 
the angle of approach. Point the boat 
back al the MOB unti the mainsail taps. 

‘5. The angle of approach should be a close 
reach so that the sails can be powered 
and depowered. Drop the headsall if there 
's sufficient power fram the mainsail alone. 

6. Filand spill the mainsail and slowly 
approach the MOB. Pick up the MOB to 
leeward, aft of the mast. 


Under power 
414. Shest inthe mainsail and heave to to slow 
the boat. Pass buoyancy to the casualty 

and mark with a dan buoy. Instruct a crew 
‘member to point al the MOB. Retrieve any 
warps inthe waler and start the engine. 

2 Fut or drop the headsai. 

3. Make ready the throwing ne. 

4. Manoouvre the boat downwind ofthe 
MOB, keeping the MOB in sight. 

'8. Approach the MOB into the wind so that 
the mainsail is depowered. Pick up the 
MOB on the leeward side, at ofthe mast. 
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Powerboat MOB manoeuvre 


‘The Williamson Turn is designed to tur the 

motorboat orto a reciprocal ack, 

4. Nolo the compass heading and add 60 
Segees. 

2. Tumto starboard on tothe new course: note 
‘the amount of heim used. 

3, When you reach the heading, tur the holm 
in the opposite drecion al the same rate as 
before. 

4, As you roach the reciprocal heading or yous 
‘see your orginal track the water, straighten 
the whe. 

|. Slow down and look for the MOB, 


Approaching the MOB 

|nrough weather, it wil be best to approach 

‘ror downwind, keeping the bow into the wind, 

‘aking care not to run over the MOB. 

41. Pick the MOB up on the leeward side. 

2 Stop engines when the MOB is alongside, 

3, Use a throw tne f unable to get close to @ 
‘conscious MOB and pull them to the boat. 


Inacceptable concittons, position the boat 

‘across the wind, upwind of the MOB, 

4. Keep the boat sideways-on to the wind and 
‘allow it to blow the boat towards the MOB. 

‘2 Pik the MOB up on leeward side. 

3. Stop the engines when the MOB is. 
alongside. 


‘Note 


tthe helm position son the starboard 
‘sie. to eave the MOB to starboard 50 
‘that they can be seen more easly. 
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MOB recovery methods 
Lifting a person out of the water requires planning and practice. It isa diffcult task, especially for 
short-handed crews. 


It's essential to get the person out of the 
water as quickly as possible. In very calm 
Cconaitions it may be possible to retrieve them 
Using the bathing platform or the ladder at the 
‘ransom. However, in rougher seas this wil 

bo a dangerous place to attempt to recover 

@ MOB, as the casualty is kely to be drawn 
under the stern of the boat and injured. 


How you go about the task will depend on 
how your boat is sot up and how long the 
person has been in the water. Hypothermic: 
casualties should be recovered in a horizontal 
position and handled with care. 


It may be easiest and quickest to launch the fferat, and for a crew member to enter the rat dry 
‘and pul the MOB into the raf. This method Is not without risk and the raft wal not be available 
‘should you need it later in the voyage. Lower either the lowest or bath guardrail wres along the 
side of the boat to ease recovery. 


Crew dealing with MOB recovery should ensure that they are attached to the boat witha safety tne. 
‘One MOB is enough. 


Recovery methods for sailing yachts 


Parbuckle 
The Parbucide is sot on the side of the boat 
The foot is fastened along the gunwale and the 
bead attached either to a handybilly (block and 
tackle) that is attached to a halyard or to the 
halyard alone, 


Lower the Parbuckio into the water and position 
the MOB. 


Heave in on the handyblly — use a sheot winch 
for greator mechanical advantage. 


‘The casualty wil oll inside the parbuckle up 
and on to the sidodeck, 
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‘A small headsail can be used in place of a 
‘purpose-designed parbuckle, However, it wil be 
‘more dificult to get the sail to sink sufficiently 

10 position the MOB in it, Also there's a strong 
possiblity that the MOB wal slip out of the sail as 
they are being brought aboard. 


MOB recovery raft 
Proprietary MOB recovery rafts can also be 
lifted on board using a handypily attached 10 
the halyard or the boom it 


Fastening to the top of the raft is easier than 
attaching to a MOB in the water. The rats 
‘are easy to get into and minimise hydrostatic 
squeeze, 
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Boom lift 
(On yachts with booms not fitted with solid kickers, it may be possible to use the boom as @ 
derrick. The yacht needs to be sufficiently large to withstand liting a MOB on the boom, 


The main sheet, attached with snap shackles at both ends, is reversed and freed from the dock 
fitting, 


Sacken off the kicker and scandalise the boom to an angle of about 30 degrees from the 
‘horizontal. It may be necessary to back up the topping lft with the hala 

‘Attach the bottom of the sheet ether to the MOB'S ifjacket or harness or to @ rescue strop, Place 
the rescue strop around the MOBS chest. 


|Hoave on the mainshost or rodirect the free end to @ sheet winch and lit the MOB into the yacht, 


‘A horizontal it can be achieved by placing an additional safety lanyard or ine behind the knees of 
the MOB. 


Elevator method 
Developed in the United States, the elevator method provides a quick way of helping a conscious 
MOB out of the water. 


‘Aline is attached to @ forward cleat and led aft outside of the guard wires, fed through the headsail 
fairlead to the sheet winch. The MOB stands on the ine as itis winched tight, thereby liting the 
MOB up the side of the boat, In most cases a gccond line wil need to be rigged aver the side of 
the boat for the MOB to hold on to, 


‘Some motorboats may be able to adapt this method by rigging the line from a stem cleat, through the 
‘bow roller and on to the windlass, 


Recovery method for motorboats, 


MOB recovery on a motorboat is more cifficult 
than on sallng yachts due to the lack of rigging, 


Many motor orisers carry @ srl inatable 
dinghy in deits or on snap davis attached to 
the transom bathing ladder. A quick method 
of MOB recovery isto lower the dinghy and 
recover the MOB into the dinghy, Make sure 
holping crew are attached to the boat 


If the MOB is too heavy to it into the dinghy, 
Cone of the sponsons can be dellated and the 
MOB rolled into the dinghy. 
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CHAPTER 8 : Liferafts 


Liferatts are designed should your boat sink or catch fre to get you out of the water and provide: 
shelter fora limited period. Whenever possible, lot the SAR services know you are abandoning to @ 
Fferat so that they know what they are looking for, 


“The quality of lierafts varies enormously. Some products marked as a lferaft may be no more than 
a couple of gas-nflated floats: others provide an acceptable, stable, sheltered environment, Always 
ook inside the canister if buying @ secondhand raft —it has been knovm for unscrupulous seers 10 
replace the raft with bricks! 


Basic leisure rafts 


Usually at the lower enc! of the price scale, leisure feratts are not made to any national or 
International standard or specification, Nor are they approved for any commercial operation, yachts 
ssaling under racing rules er Class Xl craft. The leisure itera is light n weight (easier for launching), 
‘and may or may not have @ canopy, Some may have only one buoyancy chamber and tinima! 
‘survival equipment as standard, But this is better than nothing in an emergency situation. 


Canopy ey ned super 


iil sural equiprent 


‘nly one ae 
puncture iat our pe 


Basic Leisure Liferaft 
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Inflatable Active Survival Craft 


‘A number of offshore racing associations approve some makes of active survival craft as an 
‘alternative fora lfereft. However, most national aulhorities do not accept them as suitable safety 
equipment because there is currently no recognised standard for active survival craft. 


Many are based on an infatable dinghy fited with a liferaf gas inflation 
ssystom and a canopy for shelter. While the craft can be 

rowed or sailed to safety, the lack of ballast packets 
make them unstable in a saway. 


‘Since some areas have minimal rescue 
services, many bivewater sailors design 

their own survival craft, based on an 

inflatable or rigid cinghy wath a-sral rig 

that allows them to effect their own rescue. 
However, these may not always be able to be 
readied and launched as quickly asa iteratt 


Liferaft standards 


SOLAS 
Commercial vessels have been required to cary itrafts built to SOLAS Standards, as detailed 
in Chapter IV ofthe Life Saving Appliances (LSA) code, since 1959. This standard has been 
periodically upgraded and SOLAS rafts are made and tested to high standards and extremes 
cf operating temperatures. They are approximately 30% heavier, tougher and significantly more 
‘expensive than ISAF or |SO rafts. The Standard covers rafts from six-person capacity upwards. 


‘oRc 
The Offshore Racing Congress specification was introduced after the 1979 Fastnet Race inquiry. 
‘Yachts racing under their rules were requited to carry ORC rafts. This has now boon superseded by 
the ISAF Part Il specification up untl June 2007. ORC rafts bust bofore Deceribor 2002 could still be 
fited to ISAF racing yachts. However, this is nc longer allowed. ORC rafts may stil be found on many 
cruising yachts. ORC is also known as ISAF Part | and is in the ISAF Offshore Special Regulations. 


ISAF 
Following the 1998 Sycney-Hobart Race, the International Sailing Federation, (which now oversees 
the majority of offshore sail yacht racing in place of the ORG), developed a specification for lferatts 
similar to the ISO standard, principally as an interim measure while the new ISO standard was being 
completed. Atthough similar there are citferences betwoon ISAF and ISO. The ISAF specification 
came into force on 1st January 2003 and covers rafts of maximum capacities of 4 to 12 persors. 


Note that ISAF specifies that Category 0 (zero) yachts should carry SOLAS rafts. The specification is 
Included in Appendix A part 2 of ISA's Otfshore Special Regulations. (wm. sailing. org/) 
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<Step 


‘SMD soldering, PCE cleaning 


Each pins is being touch up, ensuring that the pin is solder to pad and that they are 
not bridged across to the adjacent pins. 


Now we have got our smd component soldered onto the board. 


‘The flux helps a lot in doing a good solder but it often leaves the board with tiny 
dots of transparent strain, a bit sticky, also known as grease or flux residue. The 
board looks untidy with these tiny bits of grease 


These are the various recommendled cleaning solution for peb. 
= 50% Alcohol + 50% Water 

= Thinner 

- Flux remover 

= Multicore Prozone MCF800 

= Solvent-> Bromopropane; propane, I-bromo-; propyl bromide (Chemical 
Formula: C3H7Br) 


‘Wlcohol MSDS (Material Safety Data Sheet 


‘Thinner MSDS (Material Safety Data Sheet 


MG Chemicals 413B Heavy Duty Flux Remover 


“<7 9 


1 Brush for the crush 


hittp:taww.sionghoon.comiprojacts!2008-04-22_smd_solderingindex.htm sna 


1S0 9650 Small Craft ~ Inflatable Liferafts 
Introduced by the Intemational Standards Orgarisation during 2005, ISO 9650 comprises of 
three parts: 


Partt: Type 1 Liferalts for offshore use subdivided into: 
Group A rafts designed to inflate in temperatures of between ~18 and +65 degrees C. 
Group B rafts that wil inflate between 0 and 165 degrees G (air temperature). 


Part2: Type 2 Liferatts for coastal use. All Part 2 rafts are expected to inflate between 
O.and +85 degrees C. 


Part3: — Matorial to be used in iferaft manufacture 
‘The main ciferences between Part 1: Type 1 and Part 2: Type 2 rafts are shown in the table. Type 


2 rats are, size for size, sightly smaller than Type 1 rafts. Type 1 rafts are more robust than Type 2 
rafts. Type 1 Group A liferafts are recommended for northern European waters, 


1S0 9650 Part 1: Type 1 10 9650 Part 2: Type 2 
Maximum Capacities 4 person to 12 person 4 person to 10 person 
Painter length 9 metres 6 metres 
Withstand dropof 6 metres 4 metves 
Minimum Freeboard 4 person = 250mm 4 person = 200mm, 

6 person+= 300mm 6 persons = 250mm, 


Floor Gep A rafts include thermal floor Optional 


Liferafts built to ISO 9650 Part 1: Type 1 are given @ choice of two equipment packs depending on 


‘expected duration at sea —less than 24 hours and more than 24 hours (see Liferaft packs on p.62). 


ORG, ISAF, [SO 9650 and SOLAS specify that the Meraft's main buoyancy is divided into wo 
‘separate chambers. Each chamber rrust have sufficient buoyancy to Support the maximum 
Capacity of the raft, The chambers must be abble to be topped up with a bellows and have 
prossure-relief valves. Each standard also specifies that the iferaft must have @ canopy. 


Which size raft? 


‘The capacity of the era's should be sufficient to cary all persons on board, However, ifreqularly 
saling short-handed, it may be advisable to obtain two smaler rafts instead of one large raft. AN 
aced advantage being that the smaller rafs wal be lighter and easier to handle. in addition to the 
ballast pockets, a iteraft uses the weight of its crew to keep it stable in waves. For example a boat 
that can carry eight people would have two four-person rafts instead of one eight-person raft if the 
boat was regularly sailed by a crew of only two or four 
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‘Typical leisure raft 


‘There are @ number of mid-range yacht Werafts that do nat meet ORG, ISAF, ISO or SOLAS 
‘standards. Their prices are lower but the qualily of construction is also lower and there are often, 
‘very few fittings included, 


ISAF, ISO 9650 Part 1 and SOLAS. 


Externally there are few cifferences between lerafts built to SOLAS, ISO 9650 Part 1:Type 1 and 
ISAF. However, as 2 guide, SOLAS rafts are more robust than ISO/SAF rafts, which in turn are 
‘more robust than non-standarc rafts 


SOLAS rafts are designed to: 
© withstand exposure for 30 days afloat (compared with 20 days for ISO/ISAR.. 

‘= withstand stowage in temperatures from -30 to +60 degrees C. 

© withstand 2 drop from 18 mtrs and withstand persons jumping repeatedly into them from 4.5 ris. 


‘SOLAS rafis have lined canopies to provide insulation. Fig, 1 is raft that includes the correct 
fittings to meet these standards. 


Pretec rracons on 
Feasarenony 


Fig. 1 
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Canister v Valise 


LLiterafts are supplied in either @ plastic/glassfibre box or in a fabric vase. To protect from water 
damage, most rafts - canister and vaise — are vacuurn-packed in large polythene bags that rip 
‘open when the rat inflates, 


Canister 

The canister is usually made from two perts held together with straps and provides a hard case to 
protect the rat from knocks and sharp objects. The canister is not waterproof but the packaging 
inside should prevent ingress of water. 


Pros = Cons 

‘= Usually casily accessible ‘» More likely to be stolen or washed overboard 
‘= Contents protected from damage = More expensive to buy 

‘= Can be used with an HRU (se8 p.60) ‘Prone to damage from the elements 


Valise rafts 

These need to be stowed in a dedicated weatherproof locker. A valise should never be left 
strapped to an exposed deck or buried deep in a locker under piles of sails, fenders or warps. 
Make sure itis always readily available. 


Pros Cons 
'» Cheaper to buy '» Likely to be damaged by rough handling 
‘+ Easier to move because they have handles —do not throw them on to pontoons 

‘and are ighter in weight than a rigid carister «Harder to deploy because they have to be 
+ Less laely to be washed overboard lifted out of a locker 


'* Cannot be automatically deployed 
‘+ Cannot be left in an exnosed position 
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Liferaft stowage 


A liferat is @ heavy and sometimes awkward 
piece of kt to cary, Apart from the smallest 
rafts, most will require a two-man it. As you 
are likely to need It in a hurry, you need to give 
‘careful consideration as to where to stow 


Ideally, the raft needs to be positioned so that it 
is readily accessible yet is protected from heavy 
‘woather, 


Canister rafts can be deck-rnounted on the 
‘coachroof, in the cockpit, on the bathing 
platform, on the transom or in a purpase-made 
bracket on the pushpit 
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If stowed vertically in a bracket the raft may need 
to be specially packed to prevent the weight of the 
Cylinder damaging the raft material. The canister's 
chain holes ray also need to be repositioned, 


Ouickreease 
tract are critr 


conser 


Maintenance 


Make sure that 2 competent service agent services your Beat at the manufacturer's required 
periods, Most modem rafts are vacuum-packed in lage plastic bags, and if stored correctly 
should extend the service periad to three years. However, there are stil many rafts that need to be 
serviced annually. Gaod service centres wil let you view the frat inflated and check the quality 
‘and amount of equipment packed with the rat, 


Hiring 
In most counties, itis possible to hire a iferat from a Meraft hire centre. Rafts can be rented for 
petiods from as litle 2s a week right through to @ whole season or more, This may be particulary 


Useful for those that sal short-handed with one raft for most of the year and only occasionally with 
a full crew, when two ratts are needed. 
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Hydrostatic release units (HRUs) 


‘Boats can sink within minutes if their hull is breached by even a relatively small hole, Fast craft are 
‘especially susceptible to high-speed impacts and have been known to sink in under 30 seconds! 
Commercial craft are required to fit HRUs to their iferat. 


How an HRU works: 


The HRU automatically cuts the securing strap 
holding the raft in place when the boat sinks to 
a depth between 1 and 4 metres (8 to 13 feel), 
The painter remains attached to the HRU weak 
link and the raft has sufficient buoyancy to float 
to the surface, 


‘As the boat sinks further, it tugs on the painter 
to trigger the inflation system. 
Weak 


The greater buoyancy of the inflated rat is 
sufficient to break the weak lnk and releases 
the painter from the boat. 


Ifthe boat sinks in shallow water it may be 
Necessary 10 release the ieral! manually 
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{t's essential that the HRU is properly installed, because otherwise the raft will not break free and 
inflate. tlustrated below are new and old versions of the disposable Hammar HRU offen used on 
boals. More expensive serviceable units are also available 


‘Senhouse slip 


_— Strong point 


——— Painter 


HRU safety checks 


The Hammar HRU is replaceable unit with two-year lfespan. The expiry date should be marked 
‘on the unit, Replace it when required. 


(Check that no other straps (or padlocks) are used to secure the lfeaft 


‘The ring an the Senhouse slip should be checked periadically lo make sure its free as vibration 
can cause the ring to jam in place, making it cificult to launch the raft manually. 
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Liferaft packs 


Generally the contents of a Wereft will depend on the type of rat: leisure, ORC, ISAF, ISO 9650 or 
SOLAS. Listed on page 63 are the minimurn contents required under each specication. Note that 
ISO 9650 Pert 1: Type 1 rafts have a choice of packs suitable for survival for under 24 hours or 
cover 24 hours. You specify which pack when you purchase or sence the ira. 


‘The standard pack can be supplemented with extra equipment as long as it can fit in. Check 
contents with your service agent. f there is no room for the item you need, add it to your grab bea. 
Carefully consider what you may need for the area you willbe sailing, 


Find aut what you have in your lferaft before you need i. 


Many items inside the raft will have a limited lle —tlares, water, food etc and need to be replaced 
when the raft is serviced, When possible, check the quality of equipment in your raft ~ cheap rafts 
may have poor-quality equipment - for example childrens’ beach spades for paddles! 


‘Sorne raft packs pack equipment that you will need immediately in a separate pack. 


Buoyant safety knife ~atiached with a lanyard and usually found in @ sheath next to the raft 
entrance. Use it to safely cut the painter as close to the yacht as possible; keep the ine, it may be 
useful later 


Bailer — it may be no more than a fabric dish, boots are much more elfective but only as a last 
resort because you will sufer heat loss if they are removed. It's diffcult to ball with the door closed, 
a stirrup pump is more effective, so pack one in your grab bag. The baller can also be used as & 
sick bucket or a toilet - this is safer than leaning out of the doorway. Some iferafts may be fitted 
with an inteoral baler, check manufacturer's usage instructions. 


‘Sponges — the number supplied will depend on the raft pack. They usually come: “at-packed’ and 
«dry. Use one to help dry out the rat. The other should be kept uncontaminated and used to collect 
drinking water by wiping condensation fram inside the raft canopy. 

Paddles — are essential for moving clear of a burring yacht or other hazard and very useful for 
‘manoeuvring to pick up survivors from the water, They are usualy but not always in two parts and 
‘can also be used as a splint for broken limbs. 


‘Whistle ~ this is more effective than shouting. 
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Torches — these usually come packed with only ane sel of spare batteries and bulb or there may 
be two sealed torches so make sure you pack sufficient spares. They are essential for laoking for 
‘other casuaities and for signalling in the der. 


Heliograph (signalling mirror) — easy to use and effective for daytime signaling. Ino sight is 
provided, use your fingers, Hold out yaur arm and put up two fingers between you and the target. 
Direct the sunlight an to your fingers, You can use @ CD to practise with, but be aware that water 
may dissolve the shiny surface, so they are not a suitable long-term alternative, 


‘Anti-seasickness pills — should be taken as soon as possible, preferably betore entering the raft. 


‘Seasickness bag — only one per person is supplied in rafts made to the Standards,using them 
keeps the interior a itie more habitable. 


Flares — are arguably the most important pieces of equipment on the lfeaft. The number and 
type will depend on the type of pack. Meke sure you and your crew are familiar with the triggering 
methods and use of the different types because what are supplied in the raft may be different to 

those on your boat. Keep them dry and do not use them until you are confident they willbe seen, 


‘TPA (thermal protective aid) ~ not found on all rafts, Used to reduce heat loss of wet casualties, 
Use by wringing out their clothes and redressing the casually, then place the casualty in the TPA. 
‘Some TPAS are big enough for two people at one time, 


Repair kit the standard repair kit consists of patches and glue nat dissimilar to those used to 
repair bicycle Inner tubes, needs to be used in dry conditions. Many rafts are now also supplied 
with lferaft repair clamps and/or leak-stopper bungs that can seal holes quickly in wet or dry 
conditions. 


Water ~ if included, will be only haf a ite per person. Supplement this with extra rations oF keep a 
desalinator in the grab bag, 


Food - the type varies but it will be carbohydrate-based and should provide 10,000 joules, 
per person. 


First-aid kit — the contents will vary with the quay of the rat. The SOLAS C kit provides 


‘comprehensive selection of equlpment. Supplement your grab bag with extra medical supplies oF 
‘any specific medicalions you need. 
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‘SMD soldering, PCE cleaning 


a] Flux Remover 


(i onset oP) Mutticore Prozone MCF800 


Besides using chemical, or after using chemical, there may still be some white blur 
stain, Those are flux spread dry up on the surface, Using a hot air blower, or heater 
on the surface can melt the dry up flux, and recover the smooth shiny PCB board 
surface again, Clean away the melt flux immediate after the heat. 


Using alcohol is strongly recommended. Thinner is not suitable for certain 
plastic/material. Care is required when using thinner for cleaner. Using thinner on 
the PCB, copper pads and soldering joint isn't a problem. When use on plastic, you 
are advise to do a trial to ensure that the material is able to with stand thinner 
solution. Flux remover is commercially ready mixed solution, From what I learn in 
the manufacturer website, they are non-flammable chemical solution, 


icin Srp teins ra aie wok a oe Smal Th a 


Chemical comes in different level of grade. A slight different in the chemical 
concentration or purity can results in a large difference in cost. Alcohol can be 
expensive. For pcb cleaning purpose, request for technical grade alcohol. Higher 
grade alcohol is typically used for consumption or lab experiment purpose. Since 
we are using it for cleaning, there is not much advantage in using high quality 
chemical which is expensive. Dickson chemical is specialized in high graded 
chemical for laboratory use. They do sell lower cost technical grade alcohol. They 
are not suitable for consumption but is ok for cleaning application. 


Dickson Chemical selling Technical grade alcohol 


You can easily buy thinner from your local hardware. Typically used for cleaning 
your brushes afterall the wall painting works. 


Non-flammable Flux remover 


click here to 


Buy Cleaning Solution Now at the PIC-store 


E PiGstore 


htp:twwn.sionghoon.comiprojacts!2008-04-22_smd_solderingindex htm nna 


Bellows — used to top up the sponsors an for ilaing the inflatable Noor. Take care roto suck 
up water. Tie the bellows in because if you lose it you will need to top up the tubes by mouth, If 
possible ake en entra pur tem boat 


‘Throwing line and quoit ~ usuily 20 metres long. I you are unable to padle to other casualties, 
tyow the line, I casusiy is unconscious, tie the ne to a rescue swimmer 


Drogue/sea anchor — Deploy this immediately yau sre clear of the stricken vessel. The drague 
wil improve stability, turn the ilratt entrance away fram the wind and waves and slow your rate of 
fit. Be aware that some drogues deploy automaticaly, 


Waterproof notebook — useful for Working out a watch system, Keeping a tab of rationing and 
‘medication, 


Signal card — this shows what the signals from aircraft and ships mean, 


‘Sea survival instructions — a useful reminder of what to do. Supplement them with this book 
kept in your arab bag, 


Radar reflector - deploy this as high as possible. Do not use with a SART since they can 
conflict with each other. 


Fishing kit 


is gives you something to do, Eat fish if you have plenty of water. 


Tin opener — for opening supplies taken from the boat, 


Graduated drinking cup — for ensuring fair sharing of water 
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Grab bag 
The grab bag is designed to supplement the contents ofthe lferatt. Ideally it should float and be 
Watertight. The contents should be stowed in waterproof containers that can be opened with cold 
Wet fingers. 


‘Some sailing-yacht racing rules specly wha you rmust have in the grab bag. 


Frat 


OR ettean en ries 


‘Se Seber io 


Personal toms. 
and protection: 


San gasses 


65 | Sea Survival Handbook 


Burial and alana Ks: 
secs pair 


Fe-cnste pty bage J ‘ytane chemical 
\ Seiten 


wane, ( 
S Lea 


Resmi it jock 


Rescue and navigation: 


Stove cht 


Hordes GPS 


Hance VF 


I some items are normally in use on the boat, make up a teminated ‘grab bag list’ of what to take 
with you, Stow grab bag extras where you know you will be abe to find them quickly, 


Ifyou have time, take the dinghy as wel. 
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or 


‘Twortier system 
Pack a waist-bag (obur-bag) with small items that will make your eventual return to shore easier: 
money, credit card, spare spectacles, personal medication, the boat's papers, passports, hou 
‘and carckeys etc. f rescued by helicopter, you will not be able to take a large case with you. Its 
‘bad enough losing your boat but nat being able to get home, or having to break into your car and 
house will make it worse, 


Personal medication 
andor ler 


House and car keys 
N\ 


Spare spectacles 


Mobile telephone 


Passports and 
‘medical insurance — 
E111 for EU oltzons: 


Driving licence 


¢ either Pounds, 
Boats registration and Credit cards Dollars or Euros 
Insurance papers 
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CHAPTER 9 : Fire Control 


Fire prevention 


‘© Keep the engine bay and electrics clean and tidy 
«© Install the corect size wiring 

«Dont smoke below decks 

‘+ Take care with cooking fats and solvents, 

‘+ Vent the engine compartment (petrol engines) 

‘+ Tur off the gas at source when not needed 

‘= Check the gas system and use a gas alarm 

‘= Ensure all crew know the gas routine 

‘= Fitan automatic extinguisher in the engine compartment 


Fire triangle 


Fires require just three elements to burn, Remove just one of these and the fire will go out. 
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Fire blanket 
(Often overiooked but a very useful 
Piece of safety equipment. Use to 
rather flames on liquid (cooking 
i or people, thereby depriving the: 
fire of air. The blanket also makes a 
{900d protective shield when passing 
close to a fre. DO NOT store directly 
above a cooker. 


Fire extinguishers 


Al new extinguishers are red with a colour-coded area to show the type of exting 


“They aro rated by the types and size of fre for which they are suitable, 
‘A- carbonaceous (wood, glassfibre, upholstery) 


B- flammable liquids 
C- flammable gases 
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‘Sizes are related to a crib of wood for A-type fires and to @ pan of flammable quid for B-type fires, 
2 typical ating is SA/S4B, The higher the number, the bigger the fre the extinguisher can tackle, 


‘Water (A) 

“There is plenty of it around (see) ~ collect it in a bucket (romemibering to fist tea lanyard to the 
bucket), Water ire extinguishers are available, the water will cool the fre but they are large and 
heavy, Do rot use water on liquid, gas, electrical or cooking-ta tes. 


Dry powder (ABC) Blue 

Use on solids, fammatle iquid (petroVdiesel engine fires) and gas fies but net cooking oll itis 
‘messy bul very effective at knocking down flames, however itis suffocating when used in enclosed 
‘spaces, so care must be taken. 


AFFF foam (AB) Cream 
Use on solids, flammable liquid (netrol/dlesel engine fires) but not cooking-oll, gas or 
electrical fires. Foarn can run off sold objects and allow fre to reignite. 


CO* (B) Black 

Used in mariual and autermatic extinguishers although net often found on beats. Use on flammable 
liquid fres but not cocking-oil fires since the biast of gas can cause the oil o splash, De not use 
on people — expanding gas is cold and can cause severe cold bus. 


Automatic extinguishers for engine compartments 
Use a single extinguisher of the correct size for the compartment. 


Halocarbon gas 
‘Anumber of erwitormentally friendly gas extinguishants are ow available (FM 200, FE 36) 
for engine compartments. They are clean to use. 


Micro-powder fine powder extinguishant 
‘Chemically reacts with the fe. 


Dry-powder (ABC) 


Similar to a manual extinguisher. Can be used in naturally aspirated engine compartments. 
Dry powder will damage engines which have turbo - or super-chargers. 
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In the UK boats over 13.7 metres (45 leet are required to fit minimum firefighting ecuipment, 
as prescribed by the Merchant Shipping Regulations Class Xl Vessels. 


Position extinguishers at exits from cabins so that they can be used to provide a means of 
‘escape. Fire blankets need to be easily accessible but not stored above a cooker. Fit an automatic 
‘extinguisher in the engine compartment. 


sree sersneec as EER 


Foire ter galley 


erat or 
‘ine space ot 
the star and 

rman gers 


Ferectin 
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‘Small extinguishers provide a very limited operating time. A tkg dry powder extinguisher wil Ge 
‘about 5 to 6 seconds of extinguisher. 


Flatt 
fer aay 


Ferocatin 
Aura far 
onerear nd 
sine space 

Maintenance 


Fegularty shake dry-powder extinguishers to prevent the powder clumping. Service all 
extinguishers at the prescribed pends. 
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Firefighting 


‘Always keep a clear ext bahind you when fighting a fre: 


ge 


‘Aan the jt frorn @ manual extinguisher at the 
base of the fre, Keep the extinguisher uight. 


Splash rather than throw 
water: Alter puting out 
the fre, use water to cool 
the area and prevent 


)reigniton. 
‘ 
4 4 


‘Avoid opening the engine compartment 
| hatch unless absolutely necessary If you 
have to, crack open the edge of the hatch 
‘and fire a manuel extinguisher into the 
‘compartment 


Protect your hands behind 
the edges of the fre 
ianket. Smother 
clothing using a 

fre blanket, 


= Senda Mayday 
= Use fares 
= Launch the tiferaft 


Ifyou cannot extinguish the fire, prepare to abandon ship: 
‘= Ifyou are not already wearing Ifejackets, put yours on and instruct the crew to do the samme 
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‘SMD soldering, PCE cleaning 


These are other recommendation in the web. Afler researching further, 1 would 
advise not use them, These chemical are of health hazard, Exposure will have 
severe adverse health effects, 


- 50% isopropanol + 50% water 
+ Trichloroethylene 
= Carbon tetrachloride 


Isopropanol (true chemical name) is also known as Isopropyl alcohol or 2- 
propanol. 2- is refer as Iso, Other chemical may starts with 1- refer as N. These are 
some jargon used in the chemical industrial, I managed to learn a few of the terms 
from the vendor. 

‘Trichloroethylene (true chemical name) is typically used for degreasing the metal. 
It is an extraction solvent for oil. Another name for Trichloroethylene is Trielin, 
Based on some read up, they can cause cancer. 

bitpy//wwwanswers com /opicitrichloroethylene 


Carbon tetrachloride can harm our environment, producing CFC which deplete the 
earth's ozone layer. htip://en, wikipedia org/wiki/Carbon tetrachloride 


Initially 1 tried using contact cleaner to clean the stain off. I se cloth or tissue but 
the fabric is often tear by the component sharp edges. Most corners are not easy to 
reach. Later on I tried using a toothbrush, the result is better. 


For mass cleaning job, you can try using the ultrasonic peb cleaner. It is a deep 
metal container for the solution, using micro vibration to shake off the dirt. I have 
never tried on it before, and I believe it is the same machine people used for 
cleaning their jewelry. Basically, you will need to dip the pcb board into the 
solution, and the ultrasonic will be activated to do it's job. The solution used is the 
same as manual cleaning, requiring 3-5 minutes of cleaning, 


— 
Ss) 


Ultrasonic jewelry cleaner 


‘There is also a flux that does not leave residue on the PCB. I found it on the 
internet, and have not try it before. 


INTERFLUX, IF 2005M No-Residue™ flux, pdf file 


htp:twwn.sionghoon.comiprojacts!2008-04-22_smd_solderingiindex htm yona 


CHAPTER 10 : Raising the alarm 


‘Are you in distress? 
‘You are in distress when, in the opinion of the skipper, a vessel (boat, yacht, ship) or@ person is in grave 
‘and imminent danger and requires immediate assistance. 


Flares 


Flares need to be readily accessible. na saling yacht, this usually means just inside the 
‘cempanionway (ligt); in a motor cruiser, beneath or next to the helmsman’s seat with sone more 
in the wheelhouse and sotne on the fyandge (fig. 2), The numiber and type of fares to carry will 
depend on where you plan to sail. Race rules often specify a minimum pack that must be carried, 


Stow flares in a walexproof container lined with sponge foarn or bubble wren, 

‘= Dorot fasten the container's lid so tightly that athers cannot open it 

‘= Handheld white anti-collsion flares need to be immediately avaliable and can be stowed in 
ips in the companionway or next to the helm. Keep flares out af reach of young children, 


Fat 


‘Stow flares where you can get to 
them quickly and easily. 
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Firing flares 


DDitferent makes of flares operate in diferent ways. Find out how to use your flares before you need 


them —Read Before You Need! 


Which distress flare? 
Red handheld flare Red parachute rocket flare 
Burns for atleast one minute Fires to a height of $00 metres 
at 15,000 candela. Visible up ‘oc more and bums for at least 
107 miles. Use day or night. 40 seconds at 30,000 candeta, 

Visibie for up to 28 miles, 

Use day or night 
Handheld orange smoke || Buoyant orange smoke canister 
Produces bright orange smoke Produces bright-orange smoke 


for at least one minute. Visible 
Up to 7 miles. Some handheld 


{or over three minutes. Visible 
upto 7 miles. Use curing 


Personal fare, waterproof. Used 
by divers and FNL crew. Has a 
smoke flare at one end and & 
red flare at the other. Each end 
bums for 18 to 20 seconds. ) 
Visible up to 7 mies. 

Not to SOLAS standard, 


‘smoke flares float and can daylight only. Can be used 
be used to mark a MOB, | | tomark a Moe. 

Use during daylight only, 

Not to SOLAS standard. 

Day/night flare Mini-flare 


Personal al fare fres up to @ height of 
‘60 metres. Comes with up to ten 
cartridges. Bums for up to 8 

seconds. Fie two cartridges in 
succession. Visible up to 15: 

‘miles at night, 10 miles during 

day, Not to SOLAS standard. 
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Aerial distress flares raise the alerrn. Handheld distress flares can be used to raise the alarm but 
‘also to pinpoint your postion. 


Fire all flares with your back to the wind. Find a fir footing before operating the flare. 


oer = 


— 


Parachute rocket flares reach a height of over 300m. For low cloud conditions it may be 
possible to fire the flare at an angle so that it deploys under the clouds. Orange smoke 
flares help to pinpoint your position. 


Firing a parachute rocket flare: 

1, Brace yoursef ina firm position 

2. Back to the wind: 

3. Remove any caps or covers 

4. Check aloft to rake sure i's clear of obstructions such as raging, the flybridge or helicopters 

'5. Note which way up the flare needs to be fred 

6. Remove the safety pin (ited) 

7. Grip the fare frrnly about two-thirds of the way up, the flare wil ecoll when fred 

8, Gently squeeze the tgger upwards until the fare fres 

8, Rocket flares tend to seck the wind. If the cloud level i low, fre at an angle downwind so that 
‘the flare igrites below cloud 
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Handheld flares 

Hold handheld flares over the leeward side at 
‘an angle of 45 degrees to prevent hot ash or 
bburring material from damaging the boat or 
Iferaft. Leather (gardening) gloves can be wom 
to protect the hands. Flares do not extinguish 
in water. you drop a flare it wil quickly burn 
through a iferaft or even a glassfibre or wooden 
ull 


Buoyant orange smokes are activated and then 
dropped into the sea on the leeward side of the 
boat or raft to build up a cloud of smoke, 


Non-distress flares White parachute rocket flare 
Handheld white flares raise awareness /87 Used to tuna the ocal area 
end preat yurposten ober /f at night. Good or searching 
shipning to prevent calfsion if for MOB 

GMDsS- 


‘The Global Maritime Distress and Safety System was fully implemented in February 1999, t 
‘provides an international co-ordinated approach to caling for help and requires merchant vessels 
to carry at least two independent means of radio distress alerting. Leisure craft camry caling 
‘equioment voluntarily. It also provides for urgency and safely communications and for the provision 
‘of navigational and weather wamings. 


‘The type of equipment suggested depends on where you sal. GMDSS divides the world into 
four areas: 

‘Area At — within range af a shore-based VHF Coast Station fitted with DSC (up to 60 miles 
depending on antenna height) 

‘Area A2— within range of a shore-based MF Coast Station fitted with DSC (up to between 100 
‘and 300 miles) 

‘Area A3 ~ between latitudes 70 degrees N and 70 degrees S, 

‘Area Ad — north of 70 degrees N and south of 70 degrees S (the polar regions) 


Equipment covered by GIVDSS includes - VHF, MF/HF SSB (radio tranceivers), Inrarsat A'B, 
Gand M (satelite communications systems), Navtex, EPIRBS, PLES and SARIS, 
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Raising the alarm 


‘Mayday isthe interatiorelly 
recognised word to indicate distress, 


DSC ~ Digital Selective Calling is a 
‘major part of the GMDSS. Ina matter 
‘of seconds, pressing one button 
(correctly) wil alert the rescue services 
and other shipping in the vicinity. The 
alert wil tel them who you are, where 
you are and that you need help. DSC 
should also reduce rautine radio trafic 
con Ch 16 making it easier to hear 
voice distress cals, 


Using a VHF DSC radio 

‘Make sure the radio Is switched on and receiving position information from GPS. Diferent makes 
‘of radio transcever operate in slightly diferent ways but the general approach shown below will 
‘operate most sets. However, rake sure everyone on board knaws how the radio works. 


Lit the cover over the distress button and press and release the distress button once. This wil 
(usually) provide @ menu of types of distress, 


It there's time, select the type of distress that sus your circumstances. 
ress and hold the distress button again for five seconds (the radio will count down) until the call 
is sent, The radio may sound an alarm. Press CLF to stop the auc alarm. The radio wil switch 
‘automatically to Ch 16. Make your voice Mayday call. 


DSC distress calls will be sent automatically every four minutes, for as jong as the radio can do so, 
Lntilan acknowledgement is received 
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Mayday by voice 
Non-DSC VHF radios wil need to be manually 
‘switched to Ch 16, Press the Ch 16 button and 
‘check that the radio is switched to high power 
I not, push the H/L or 1/25 button. 


Now make your voice Mayday call 


‘Atemrinder card next to the radio can help to 
rake sure the right information is transmitted 
In the panic of the moment its easy to make 
rristakes. Try to speak slowy 


MAYDAY MAYDAY MAYDAY 
‘THIS IS... yacitname spoken three tines, 


‘DSC - say your MSI number. 


‘MAYDAY... yacht name 


POSITION Is... give poston nether Lat 
‘and Long or cstance and bearing fom a 
charted object 


NATURE OF DISTRESS - descr brielly 
‘at the problem is, for example, sinking, 
'MOB, boat on fre, stranded, broken down 
close to rocky lee shore etc 


I REQUIRE IMMEDIATE ASSISTANCE 


NUMBER OF PEOPLE ON BOARD. 
= don't forget to include yourself 


FURTHER INFORMATION - ening ese 
that may help rescuers, such as abandoning 
to feat, triggered EPIRB or PLB etc 


OVER - the inwitation to reply 
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‘You should receive a digital acknowledgement from the rescue services or ship, folowed by a 
voice reply. Ino acknowledgement or voice reply is received, check the batteries are on, the set is 
switched on and that Ch 16 and high power are selected. Repeat the procedure. 


It stil no reply, try @ voice call on another Channel ~ Ch 6 or, if you are in shipping lanes, Oh 13. 
Preixing the boat's name with the words "Yacht or 'Motor Cruiser’ helps rescuers know what they 
are looking fr. 


VHF versus mobile phone 

‘Amabile phone can be used to cal for help but is @ poor substitute for a marine VHE radio, the 

reasons being: 

+ VHF radios have a greater range. 

‘+ They raise the alan with alin range who are listening. 

+ SAR services cen determine and home in on VHF transmission, they have a longer battery tile 
‘and can send cistress call in seconds (OSC). 

+ Mobile phones are designed for land use. 

+ They have poor coverage at sea and reduced range. 

+ They only alert the perscn you cal But ina eal emergency a mobile phone is better than noting. 

‘+The emergency senices operator willbe the frst one avale and maybe located anywhere in 
the country. 


Use the National Emergency Services number, in the UK, dial 999 (or 112 throughout Europe, 911 
in the USA) and sk for the Coastquard. 


Satellite mobile phones 

‘Satelite phones are becoming a popular ‘was increasing danger of capsize. By ate 

alteratve to SSB radio. ‘afternoon they decided they needed to call for 
help before things got worse and so set off 


In January 2006, experienced yachtsman 
Fichard Wood and his partner Jet were on 
passage from Nicaragua to Mexico aboard 
his catamaran Eofipse when they were caught 
| instormforce conditions. Wave heights were 
estimated at approaching Sof (Sm) with 
Winds of over 70 knots. The sea anchor had 
been torn to shreds and the tried runing 
dovinwind trig warps and anchors but there 


their EPRB and telephoned HM Coastguard in 
Falmouth (Cornwall, England) on their satelite 
‘telephone. The HM Coastguard contacted the 
Mexican authorities. Mr Woods continued to 
telephone the HM Coastguard every hour to 
check on progress and give a position and 
‘weather update. At 11pm, a helicopter from 
the USS Ford contacted Ecliose and the pair 
‘were lifted to safety. 


‘Sea Survival Handbook 81 


10 


Other Distress signals 


Raising and lowering outstretched arms 


Continuous sounding of hom, 


fr 


‘Morse SOS by light, 


Upside dawn ensign 
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Code flags N ever C 


}- 


oles 
Using a heliograph (mirror or CD) 


‘Anheliograph is a simple way of Grawing attention. Some core with a short stick and string but 
you can also use your hand. Using two fingers as a sight, reflect the light onto the two fingers, 
‘The target wil then see the reflection off the mirror. Practise with a CD but be aware that is 


shiny surface wil cissolve in water. 


“a 
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Divers 


‘A diver on the surface wil indicate 
cistress by waving. They may also have 
raised their goggles onto the top of ther 
head, Don't simply wave back and sail by 
— they are asking for help. 
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‘Need help but you are not in distress 
You can also ask for assistance by making a Pan Pan call on the racio preceded by an Urgency Alert 
(on DSC if fitec), 


By Voice 
PAN PAN (‘roe times) 

ALL SHIPS (Thve0 times) 

THIS IS... name of boat x 3 (+ MIMS! If fitted with DSO) 

POSITION IS... cive position in ether Latitude and Longditude or distance and bearing from a 
charted abject 

NATURE OF PROBLEM | arn broken down and require a tow 

NO OF PERSONS ON BOARD don't {oryet to include yourselt 

OVER 


Let the SAR authorities know as soon as something goes wrong, Don't wait until the last minute 


Code flag V indicates ‘I require assistance’. 


84 Sea Survival Handbook 


sivante ‘SMD soldering, PCB cleaning 


Article relating to removing flux residue: 


+ peb cleaning - Aqueous Cleaning Process.pdf 
- peb cleaning - Flux Removal, nuxx.pdf 

+ peb cleaning - pcb cleaning article.pdf 

- peb cleaning - PCB Cleaning, Printed Cire.pdf 

- peb cleaning - peb washing chemical composite txt 

+ peb cleaning - remove solder flux.pdF 

- peb cleaning - Solvent washing PCB boards pdf 

- peb cleaning - washing the board using alcohol.pdf 

- peb cleaning - PCB cleaning article Inventov S24 03.pdf 


<Step > A close up view of the clean and neatly soldered surface mount IC on the 

prototyping adaptor. Soldering smd components is simple and fast with a bit of 

a practice. Small and easy to clean up. There are too many advantage in working 
2 with surface mount, compared to through hole components. 


This is the end of the short demonstration on smd soldering. I hope these article 
can provide you some insight and confident to start experimenting circuits using 
surface mount components. 


Video available. Please click here, 
# sand soldering mpg (25MB) 
sod cleaning pob.mpe (5 SMB) 


Article on sind soldering, 
= 2010-07 How to Solder Surfuce-Mount Devices. pdf 


click here to 


Buy this SMD Adaptor Now at the PIC-store 


‘Various Chemical Reference: 


Alcohol 70% + Distill Water 30% 
MDX4-4159 
‘TMHFE-71DE 


hitp:4www.sionghoon.comiprojacts!2008-04-22_smd_solderingiindex htm sana 


EPIRBs 

‘An Emergency Pestion indicating Radio Beacon will alert the Rescue Services by sending a 
distress signal via satelites, Two sets of satolites pick up the signals: Inmarsat and Cospas-Sarsal. 
Inmarsat satolitas are in gecstationary orbit. Cospas-Sarsat satelites are in 2 lower polar orbit and 
Circe the earth approximately every 12 hours. 


There are two types of EPIRE: standard and GPS, Both transit a signal on 406MHz, which 
Includes an identification code. 


GPS-enabled EPIRBs also transmit postion information that Inmarsat satellites wil immediately 
download to an Earth station. The position information may come from a built-in receiver or trom a 
link to the vessel's own GPS receiver. 


Standard EPIRBSs’ positions are found using Doppler Frequency Shift theory by Cospas-Sarsat 
satelites. They require two satelite passes before an approximate position can be found. Each 
satelite wil hold and then download data as soon as a ground station comes into range. 


When the EPIRB is activated, it transmits a signal via satellite to an Earth station. The 


Earth station sends it to the appropriate rescue co-ordination centre, who will task a ship 
‘or local rescue services to your position. 
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GPS EPIRB — provides a distress alert immediately and a position within ve minutes accurate to 
100 metres. 


Standard EPIRB — provides a cistress alert mmeciately if the Earth station is within the satelite 
range, and a position to within 3 nautical miles (Skm) within 40 to 120 minutes depending on your 
location. EPIRESs can be activated manually or autoratically on contact with the sea, Float-tree 
versions are also available. Buit to SOLAS standards, they have a battery ie of 48 hours and wall 
float upright 


‘Also built into the EPIRB is a 121.5MHz homing beacon and SAR craft use radio direction finders 
to home into the signal. 


Al 406MHz EPIRBs are required to be registered in the country of their vessel's flag, These 
details are used to check the authenticity ofa distress alert. Batteries need to be repiaced at the 
‘Manufacturer's required date. Check the instructions and make a note of the date they need to be 
replaced - always replace the batteries. 
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PLES 

Personal Locator Beacons, sometimes referred 
tos PEPIRBs, are similar to EPIREs but they 
are smaller and are designed to be wor by an 
‘ndhvidval crew member. Most countries requite 
406MHz PLBSs to be registered, 


‘As with EPIRBs, there are two 406MHz PLB 
types. Both operate with the Inmarsat anc 
Cospas-Sarsat satelites in the same way as, 
EPIRBs: 


= GPS PLB - provides a distress alert 
immediately and a position within fve 
rminutes accurate to 100 metres. 


‘+ Standard PLB — provides distress alert 
immeciately and a postion to within 3 
nautical rites (5km) within 40 to 120 
‘minutes depending on your location. 


‘Aso bull into the PLB is a 121.5MH2 homing 
beacon, SAR craft use radio direction finders to 
home into the signal 


Unlike EPIRBs, PLBs do not float upright. They 
have a battery ile of 24 hours and can only be 
activated manually 
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4121.5 PLBs 
[Designed to be worn by individual crew 
members, 121.5 PLEs can trigger an onboard 
alarm ta warn crew that somebody has gone 
over the side. A radio direction tinier can also 
be used to home in an the MOB. Always tll 
the SAR services if'a MOB may be using a 
121.5 PLB, 


‘The MOB should hold the antenna as high 
2a possible to give the greatest range 


MOB alerting devices 
Proprietary MOB alerting devices thet work on non-SAR rescue frequencies are also availabe, 
‘Some are capable of being linked to the GPS MOB button or an autopilot or may come with an 
appropriate radio direction finder. 


RNLI MOB Guardian 
This is a new Worldwide syste, developed by the UK-based Royal National Lifeboat institution, 
Which continually monitors boat and crew. An onboard transceiver sends regular position and 
Condition data updates via the Iridium satelite system to the INL Operations Centre, I data is net 
received, the RNLI alerts the local rescue co-ordination centre to the vessel's last known postion, 


‘The transceiver alsa includes personal proximity alarms to be worn by each crew member. crew 
‘goes cut of range of the transceiver, it activates an alarm and alerts the RNLI Operations Centre. 


SARTS 

‘A Search-and-Rescue Radar Transponder is 

‘an alert and position-finding electronic device 

that produces a distinctive ‘echo’ an the screen 

of any 9GHe Radar, Previously only used on 

‘commercial vessels’ iferatis, SARTs are now 

avaiable sufficiently small enaugh to be fitted 

as an optional extra in most leisure itera, Fig. 1 Fig. 2 Fig. 3 


(On initial contact with a SART, the radar shows a line of dots giving the range and direction of the 
casualty (ig. 1), As the radar closes on the SART, the dots broaden to ares (fig. 2). When the arcs 
make an almost complete circle the SART is within 1 mile (ig. 3) 
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Range will depencl on the height of the SART and the height of the Radar scanner. A SAR, 
helicopter at 100m (30008) can pick up a SART 48 miles away. A radar scanner 7m above the 
waterine wal ‘see’ a SART al about 6 miles, 


The SART starts transmitting 
when it recelves a radar <> 
‘Signal. Switch off your 
vessel's radar before 
‘abandoning ship, to prevent 
your SART from transmitting 
before rescuers are in range. 


Position the SAT as high 
as possible to achieve the 
greatest range. 


‘SARTS and inflatable radar reflectors contlict 
use only one at a time. 
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CHAPTER 11 : When to abandon ship 


There are two main reasons to abandon 
1. tfyour boat sinks. 


2. If your boat catches fire and the fre cannot be contrelled, 


vi: 


Il there is no grave danger of the boat immediately sinking, then stay with your boat because: 
‘* It caries far more supplies than your ieraft 

‘© [Wil probably offer better shelter from the elements 

‘= You may be able to find a way to jury-rg a repair and improve your conditions 

‘+ It makes a much larger target for rescuers to see 


‘Your boat is full of supplies ~ only leave it fit sinks or catches fire. It makes a much 
bigger target for rescuers to find compared to a liferaft, a huddle of survivors, a single 
person with a ifejacket and/or a dan buoy or a person without a lifejacket. 
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What you need to survive 


‘To ensure your survival you need the correct equipment with the right knowledge and, most 
importantly, a belief and will to survive. The four tenets of survival are protection, location, water 
‘and food. To this end, the survivor requires: 


Equipment 
Personal survival aids 
+ Lie-saving appliances 
+ Grab bag 


Knowledge 
«What equipment you have 
‘+ How to use it properly 
=) Have a strategy ready 


Will to Survive 
+= Bolove you will be rescued 
= Avoid blame 

= Postve attitude 


will survivel 


“The greatest factor in any survival situation is the positive mental attitude of the would-be survivor, 
‘some call tthe wil to survive, There are numerous examples where a sheer determination not to 
be beaten, fo keep going despite the odds hias made the ciference between ife and death. The 
belief that, no matter haw bad the situation, you wil pull through hes to be emphasised to every 

‘casualty;  lieraft ar semi-submerged boat is no place for negative thinking. 


(Obviously, a wil to survive is not ercugh on its own, Training, preparation and a goad understanding 
‘of the factors that wil affect your survival wil bolster that belief, Positive leadership wil also improve 
‘a crew's chances of survival 


Be aware that tiredness, cold, seasickness and injury add to demoralising a crew and that the loss 
Cor death of a crew member can have devastating effects on the survivors’ wil to ive. 
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Tory Bulimore's60-Iootyecht capsized in 60- realise thet he was stil ave Inside the hl so he 
not winds inthe Souther Ocean when it lost_ made several attempts to swim out of the cabin to 
its keel during the Vendée Globe single-harded release his liferaft so that t would fot free next 
round-the-world race in January 1997, 1700 to the yacht. Eac attempt sapped his strength 


miles ftom Perth, Westen Australia, and resulted in two hour of intense shivering 
‘ back his hammeck. But his wil fo survive 
aan shoes He oe eased ae forced him to keep trying, For four days he Hved 


{upside dow) wth Bulimore caught inside the on ited suples of water and chocolate. The 
hull waist-degp n water. Reasing tbat he woud Relat Navy rescued hi, hypothermic 
and detyreted but ave 


have sufficient iro breathe and thatthe boat 
| Was unlikely to sink, Ne assessed his situation 
‘and put together a survival strategy. 


He activate his EPIRE knowing that help would 

take several days to reach him. Although he was 

\wearing a drysul, he realised that he had to 

(get ut of the freezing water: total darkness, 

the managed to jury-ig 2 hammock from cargo 
nets. He was aare that spotter planes may not 


When disaster strikes, 


‘Crew will probably react in one of three ways When a yacht founders: 

= 10 t0.20% will remain calm and be aware of the situation and will respond appropriately 

75% will be stunned and bewildered, they will be unable to judge what to do for the best and 
bbe unable to concentrate on a task 

‘= 10 to 15% wil react inappropriately and may not realise the seriousness of their predicament, 
they may scream, weep or be unable to move 


‘Applied to a crew of six, these figures suggest that there wall be; 

‘» one person Who is able to react effectively 

‘= four who wil need goading to undertake tasks 

‘= one who may completely lose touch with realty and could endanger therefor their colleagues. 


‘A good leader, who may or may not be the skipper, will stay positive, prevent recriminations, 
take slock of the situation and organise and allocate tasks to the survivors. Good planning and 
‘preparation, training and knowledge of what to expect will increase the number of crew who 
react appropriately. 
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CHAPTER 12 : Abandoning ship 


Don't leave your boat untl your boat leaves you! I is packed ful of supplies and useful equipment 


that wl id your sunvival. 


‘A few tasks, carried out before you abandon, may save your beat: emplying water tanks, therefore 
turning them into buoyancy tanks, closing the engine-coolng- water seacock, and disconnecting the 
raw-waler feed and using the engine-coaling system to pump out the bilge. 


Drills for abandoning ship 


Prior to abandonment 
1. Make everybody aware that you are 
preparing to abandon ship. Stay calm. 


2. Activate the EPIRB. Press DSC distress 
button on VHF / HF radio. Make a voice 
stress call 


3. Fre parachute rockets it someone is tikely 
ta be within 30 miles. 


4. Get everyone on board to put on layers of 
warm clothing, Extra dothing will not weigh 
Yyou down in the water. itil, it wil help 
you float. 


Waterproof clothing wil reduce cold- 
water shock and hest-saping Water fos 
‘round your body, Use an immersion suit 
Keeping warm is a priority. 


6. Check everyone has donned lfejackets 
correctly ~ use a buddy system to speed 
things up, Inflate lifejackets before 
entering the water, 


7. Have a drink (non-alcoholic) and take 
anti-seasickness tablets, 


8, Find the grab bag and as many useful 
‘extras as you can lay your hand on. 


9. Standby to launch the leraft in case the 
vessel has to be abandoned quickly. 


Priorities are danning ifejackets, sending 
Mayday, initiating the EPIRB and launching the 
lferaft. Anything else is a bonus. 


DDo not launch the liferaft earlier than you need 
it because i is ificut to hold a raft alongside 
ina rough sea. 
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Launching and entering liferatt 


Prior to taunching the liferatt 
4. Secure the painter to a strongpoint — 
ask another crew member to check the 
knot. A round turn and twa half-hitehes 
|e sufficient but any knot that holds wil do. 


2. Check that the water is clear of debris or 


the raft may be damaged as soon as it 
inflates. 


3. Launch the liferaft to the leeward 
(downwind) side of boat. 


Liferafts are heavy and dificult to manhandle ~ a st-man raft can weigh between 25kg (65Ibs) 
‘and 75kg (165ibs) depending on its quality, ype and contents. Launch them from as near to the 
stowage site as possible, It may need two people to it the lferaft canister. 


Launch the raft to leeward 


Launching the raft to leeward wall provide some protection from the prevailing conditions when 
boarding it 


“The freeboard is ikely to be lower on the leeward side, making the raft easier to board and 
reducing the chanees of the raft damaging itself on the side of the boat. 
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suivante ‘SMD soldering, PCB cleaning 
Cyclohexanone 
Methylethylketone 
ethylacetate, 
Silicon Wacker 
Wacker M4503, General purpose mould making silicon (Using Two Part Silicon Mold Putty to Make Molds) 
huip://www-kirkside.com.au/, Mould Material Specialist 


Propanol, used to clean PCB. (close to white electric oil) 
‘Acetone, remove away ink printed on PVC stickers 
‘n-Hexane (white eletrc ol) 


smd glue for surface mount component mounting / soldering use 
Seal-glo NE series, NE30008, NESS00T, more Seal-glo 


ail gsionaboon.com 


Keyword: surface mount soldering, smd adaptor, smd to 2.S4mm convertor 


hitp:twww.sionghoon.comiprojacts'2008-04-22_smd_soldering/index.htm sana 


However, you may have to move the raft to a safer position ~ for example, because of a 
fire. Take care not to slip and injure yourself or lose yourself or the raft overboard. 
‘Be aware of other dangers such as flogging sails. 


Launching the liferaft 
4, Pul the painter, It's Bkely to be up to 10 metres (33H) long. 

5. When the painter is fully extended, a sharp tug wil trigger the gas inflation mechanism. 
& The raft wil inflate in 30 to 60 seconds. 


You may hear gas escaping during and shortly 
after inflation. This is excess COs being expelled 
through the pressure-relef valves and is normal 
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Launching the Hleraft to windward may make it more dificult to board. Sharp bameckes on the 
bottom of the boat may puncture the iferaft tubes. 


Don't let the iferaftcrift away. n strong Winds it may be too dificult to pul it or even winch it back 
to the boat, leaving you with no raf 


Ifthe rat inflates upside down or capsizes before you can board it, try to right it while stil onboard 
the vessel 


STAY OUT OF THE WATER - COLD KILLS 
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Boarding the liferaft 
Remove sharp abjects betore entering the raft from your person such as keys attached to a belt ofp. 


Ty 10 climb Girectly into the iferaft from the bost. The strongest and heaviest person should board 
the raft first to stabilise it and to help others in, As each person gets in they should move out of the 
‘way of the entrance and balance the raft as the others board. 


‘Avold jumping ifat all possible. You risk injuring yourself or others already inthe raft. Do not jump 
conto the canopy, I you have to jump, the maximum recorimended height is 2 metres 


‘Spread the impact load by holding your feet 
‘sightly apart ang your arms out 


REMEMBER TO LOAD THE GRAB BAG 
AND EXTRAS, 


Leave any injured to the last but one, If they 
enter early, cher peaple may make their injuries 
worse if they land on them. Get the injured 
‘aboard the rat before the last able person 
leaves the boat, 
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Entering the water 


(Only enter the water if you are unable to board 
the raft direct from the boat. 


If possible, enter the water slowly, either by 
lowering yourself on a rope or by using the 
boat's fixed or emergency boarding ladder, this 
il minimise the effects of cold-water shock, 


slow entry is not possible: 


1. Goto the side of the boat where the 
freeboard is least or upwind of fire and 
smoke, 


2. Steady yourself and check below for 
debris and other people. 


3, Inflate your lifejacket 


4, Place one arm over the top of the 
eJacket to prevent it from jumping up 
When you enter the water. 
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6. Use your other hand to cover your airway. 


6. Look ahead to stop you from topping 
forward ~ check the area is clear and 
step olf the side of boat. 


At right or in heavy weather, it may be prudent 
to clp your safety harness to the iferaft painter 
‘and pull yourself along it until you reaich the rat. 


While waiting to get into the raft, hook your arm 
through the iteines fixed around the outside of 
the raft. Cold numb hands wil be unable to grip 
the feline. Do not let go until you are on board 
the rat. 


Put your feet together and enter the 
‘water in an upright postion 


Hold this postion until you have surfaced 
‘and regained control of your breathing, 
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Getting into the Iiferaft from the water 
‘The cumbersome shape of an inflated lfefacket, the weight of wet clothing and the strength 

sapping effects of cold water make it very dificult to climb unsiced into a iferatt from the wate. 
“The strongest and fittest person should enter the raft fist, They can then help others to board. 


Al liferafts have ramps or ladders to aid entry. Partaly defating your lfejacket may meke 


Get @ foothold on the ladder and a firm grip on it easier to reach hancholds inside the raft, 
the hanchold on top or just inside the top tube, especially if wearing a 275N fifejacket 
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Rescuing survivors 
Get casualties into the raft quickly. The two 
strongest survivors should le on either side of 
the entrance and grab hold of the casualty’: 
lfejacket straps and pull them face-fist up and 
into the rat. 


GET EVERYONE OUT OF THE WATER FAST. 


‘Make sure that seri-conscious casualties are 
‘not Iving face-down in the water in the bottom 
Co the rat. Look out for faiing legs. 


(Once you are in the raft, move to the opposite 
side to help Keep the raft balanced. 


Keep @ count of survivors. Continually check 
that none drift away. Communicate with those in 
the water. Help each other. 


Puling casualties in backwards by using their 
Inherent buoyancy and dunking them first is 
slow and difficult and may also injure their back. 
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Righting a capsized raft 
\With the correct technique, one person can right any raft with a capacity of up to 12 persons, 


nerve eto ee |p. 
onthe boat 

Alf 

We 
“Using te tres, move around the =p 


3. 


‘outside ofthe raft to the gas bottle. 
‘There should be a sign or symbol saying 
‘right here’ 


Reach up and find the fine or webbing 
handles on the bottom of the raf 


Pull yourself up on the edge of the raf 


Draw up your knees and place them 
in the fold of the tubes. Use them as a 
fulcrum. Lean back while holding on the 
righting tne. 


Pul the raft over on top of you. 
It's much easier if you can get the wind 
Underneath the rat as you begin t if 


Hold on to the line and stay on your 
‘back. As the raft comes over, keep your 
hand up to create an air pocket under 
the rat 
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7. Use the line o pull and guide yourselt 
‘cut from under the raft. Mind your head 
‘on the gas bottle. 


8. Donat let go of the att. f the wind 
catches it, t will be blown away faster 
than you can swim, 


9. Do not turn on to your front when under 
the raft. The buoyancy in the lfjacket 
wil trap you against the floor. 


[Note that sel-righting rafts are also available. 
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Initial actions 


(Cut the painter with the buoyant safety 
kenife (held in 2 sheath close to the iferat 
entrance), 


Cut it as close to the point of attachment 
to the boat as possible, 


Pullin the line, it may prove to be 
usoful later, 


Paddle clear of the sinking or buming 
vessel to prevent the rat from becorning 
damaged. 


Pick up other survivors from the water. 


CCongregate with other ilerafts and fasten 
them together, 


‘Salvage anything that might be useful 


‘Stream the sea anchor when you are 
‘lear of the vessel, It wil turn the rat's 
entrance away from the wind and waves, 

It wil also improve the rafts stablty 

and slow its rate of dit, Keeping you 

loser to the area where the rescuers will be 
searching, 


Retrieve the canister id and any packaging. 


Pick up any useful flotsam. 
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Surface Mount Soldering Procedure 


We believe that the following procedures describe the simplest way to reliably assemble surface mount components 
without special tools. The only tools required are a pair of fine-tip tweezers, a rosin based flux pen, rosin core solder 
(.025” dia, preferred), and a soldering iron with a small, clean tip. A spool of fine (0,075”) solderwick will come in handy 
if you need to rework connections. You will need isopropyl alcohol, cotton balls, and cotton swabs for cleanup. If you 
have access to hot air rework tools and the skill to use them, feel free to use them instead. 


Solder Component 


PC Board PC Board Pads 


A proper solder joint with fillet 


Proper joints Poor joints 


Placing the component 


Soldering surface mount components is not diff 
cult, but it does require good eyes, a steady hand, 
and a soldering iron with a small, clean tip. The 
illustrations at the left show a proper and a poor 
solder joint. In the proper joint, the flux has 
“wetted” both mating surfaces, allowing the molten 
solder to adhere to both the printed circuit board 
pad and the component lead. In the illustration of 
the poor connection, insufficient heat or flux has 
forced the solder to ball up on the end of the 
component, without making it to the PCB pad. The 
component is not attached properly, and the electri- 
cal connection will be intermittent at best. This 
connection can be salvaged by applying flux and 
heat to the PCB pad to get the solder to flow to the 
area between the pad and the component. 


‘The most important characteristic of your soldering 
iron is that it must be equipped with a small, clean 
tip. If the tip is too large or is covered with oxida- 
tion, creating a well-flowed solder joint will be 
nearly impossible, Wipe your tip on a sponge 
before each joint - it must be shiny and well-tinned 
in order to transfer its heat properly. 


You will find it easiest to work on your board if 
you clamp it in a moveable vise or stick it to a 
‘small block of wood with double-stick tape. This, 
will allow you to rotate the board to whatever angle 
is most comfortable for access to the component 
being installed. If you try to hold the tiny parts at 
awkward angles, you will not have good results! 


‘The first step is to apply a small bead of solder to 
one of the PCB pads for the component to be 
installed (the left-hand pads of R1 and R2 in the 
photo at right). The bead should be approximately 
0.020" to 0.030" high (you may want to reevaluate 
your bead size after you have completed several 
joints). Apply some liquid rosin based flux from a 
flux pen to the solder bead and to the other pad(s) 
for the component, 


‘Next, using a pair of tweezers, pick up the compo- 
nent to be installed and place it over the appropriate 
pads. 


lose the rafts entrance to prevent further 
ingress of wind and water. It will also keep 

‘the warmth in, Entrance closures range from 
heavy-duty zips 10 Velowo fastening to webbing 
ties, Make sure that, whichever system is used, 
the raft entrance can be opened quickly. Use 
slipknots on ties. 


Open the entrance every 20 minutes to allow 
fresh air in. Most pressure-relief valves vent 
‘outside the raft. Ifthe PRVs vent inside the raft, 
‘open the door to let out the fumes. Inhaling CO 
will @ve you a headache. 


‘Maintain the raft by checking for leaks and baling out. Check that the equipment pack is stil 
secured inside the raf, I not check outside the raf; it may stil be afloat and retrievable. 


Remember... 
1. CUT the painter 
2, STREAN the sea anchor 
| 3. cose te door 
MAINTAN the rat 


fia 
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‘Secondary actions 


What to do next 
Be aware that there willbe @ great temptation to collapse into the iferft and relax. Now's nat the time 
10 rest, Get organised belore the cold saps your strength and your ability to use your hands. 


|W anti-seasickness medication has not been taken before boarding 
the raft, open the ileatt pack, find anti-seasickness tablets and 
take them now, Everyone must take one. Even the harciest of 
sailor is ikely fo be sick inside a raft 


‘Be prepared — take out one or two seasickness bags as well. Once 
someone is sick, everyone else is likely to be affected, 


‘Seasickness will cause not only physical and psychological debily 


but also joss of valuable bady heat and fluid. It may also mean the 
sufferer loses their medication before it takes effect. 


The priority naw is to get as warm and as dry as possible, 


Bail out the raft. The baller provided may be no more than a fabric scoop. Some rafts have a sel 
baler fited in the floor that will drain the water automatically. 


‘not, ball aut by hand using the baller and other containers ~a boot, a bucket or the salvaged 
lferaft canister id. Use the portable bilge pump from your grab bag, Be resourceful 
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Use one of the sponges from the ieraft pack to cry the 
floor of the raft. Remember to keep another sponge clean 
for tesh-water collection, 


‘Apply first-aid to thase that require it. Everyone 
's katy to be suffering from varying degrees of 
hypothermia and shock in addition to injuries. 
Look out forthe quiet ones ~ the quietest 
Ccasuatties are ikely to be the worst-injured, 
Calm those that are acting inappropriately, 


Collect sharp objects and weapons ~ knives, 
‘muft-tools ete —that could damage the raft or be 
Used to harm or threaten anyone when rations 
become short and tempers fray ata later date, 


\Wring out wet clothingand 
put it back on, Huddle together 
{for werrnth — doe't be shy! 
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‘Your main heat loss is by conduction through 
the raft floor. Some floors have theemally 
reflective surfaces but others need to be inflated 
with the bellows. Take care not to pump water 
into the flor. Insulation can alsa be provided by 
sitting on salvaged bunk cushions, fenders or, 
conditions permitting, inflated ifejackets. 


ISAF, ISO 9650 Part 1: Type 1 and SOLAS raft packs include a number of TPAS (thermal 
‘protective aids) that will reduce the body's evaporative heat losses. Thick plastic bags, large bin 
liners or the salvaged kiferaft polythene wrapping could also be used. 


KEEP YOUR HEAD WARM. 


Locate the pressure-relief valve stoppers and put them in place to prevent leekage through the 
valves. Check for leaks. Top up the tubes with the pump if necessary. Repair kits wil only work 
'f you can dy the area to be repaired. Use ifeaft repair clamps i the hole Is large, and! ther 
reinfate the tube. 


‘Aleader, who may not be the skipper, will 
‘emerge. It may be the fittest person with the 
‘most sea survival knowledge, Their job is 10, 
make sure everyone betoves they are going 
to be rescued and to organise the orew and 
resources effectively. 


I's important that everyone works 2s part of a 
‘team to increase the chances of survival and 
keep each other's morale up. 


No recririnations ~ there will be plenty of time 
{or that after you've been rescued. 


‘THE WILL TO SURVIVE IS PARAMOUNT. 
KEEP MORALE HIGH. 
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Read! the survival notes in the iferaft instruction booklet to refresh 
your memory. Stow equipment that needs to be kept dy in resealable 
bags. Some rafts will have stowage pockets cn the canopy tube high 
above the water. 


Establish a routine as soon as possible, If there are sufficient crew, put 
‘Wo people on Watch for between 20 minutes and 2 hours depending 
con the weather conditions. Make sure the watch system is fair. 


‘Outside watch should keep a lookout for ships, aircraft, other survivors and dangers. They must be 
full briefed on signaling with fares, helograph and VHF. 


Inside watch should keep the rat inflated, treat and look after 
casualties, collect water, ball Ut eto. 


‘Switch off the feral fight during the day to preserve its power, 
It may seem very dim but to an SAR helicopters or tifeboat's 
Tight-vision goggles it wil stand out for riles. Switch off and 
‘save lifejacket lights - you may be able to use them when the 
raft ight fails 


‘SOLAS rafts have an inflatable radar reflector. Welting the 
‘canopy may also increase the radar reflection range. 


| Do not use a radar reflector and SART at the same time, 


Look ater the handheld VHF, EPIRB, PLB and flares since they are probably your best means of 
Jocation by rescuers. Save the VHF's batteries — remember its range is ited. if conditions allow, 
stand up when using the VHF to increase its range. 


‘Avoid urine retention because it could have serious consequences 
later. Urinate within two hours of boarding, Female survivors may 

prefer to use the baller. Take care not to fallin it urinating out of 
the entrance. Ask other survivors fo hold your lfejacket straps. 


‘You cannot reabsorb urine from the bladder. Urinating wil 
Not increase your rate of dehydration. Ty to get rid of unne 
‘overboard. The smell can cause nausea. Avoid urinating in 
your clothes since cross-infection could cause problems later. 


‘Abowel movement is not uncariman. You will probably not 
‘need to do it again if you are not ingesting food or fi, 
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Protection 


In northern European ard southem Australian waters, the cold is your greatest enemy. The lieraft 
{s designed to help save you from drawring and reduce heat loss by getting you out of the water 
as wall as providing protection from wind chil, 


‘As long as the canopy is providing a good seal from wind and waves, the air inside the raft will be 
warmed by the body heal of the occupants. Therefore the greatest heat lass is from conduction 
through the floor ofthe ra. 


Dry the raft floor tharoughiy. Pools of water wil intensify conductive heat loss, 
Inflatable foors wil need considerable air pressure before providing an air 
‘beneath seated survivors. Better insulation may be provided by sitting on 
jackets, fenders, bunk cushions or anything else you have salvaged. Only 
remove your lfejackets if conditions allow and you are confident that the raft 
is stable, 


Put on a hal, raise your hood, cover your head with a sear or other 
fabric, Your head loses more heat than any other part of your body. 


Once you are insulated from the water, the greatest heat loss wil 
bbe due to evanoration of water from wet clathes. To stop 
this, eemove and wring dry your clothes. Put the damp 
clothes back on and don a thermal protective aid (TPA) 


TPAs reduce evaporative heat losses by containing the water vapour in 
the bag. Once the air inside the bag reaches saturation, no more water 
‘can be abssorbed and evaporation stops. If PAS are not available, use 
bin liners or plastic sheeting, 


FRefloctive blankets are not effective in a cold, wet 
environment. Fadiant heat losses from a cold 

casualty are minimal and the blankets reflectivity 
's reduced to virtually nothing as water vapour 
‘condenses on Its coo! inner surface. 


‘Survival or immersion suits are for extreme conditions and 
provide the best protection against cold. They tend to be bulky 
‘and awkward to put on, particulary in a hurry in a confined 
space, however mary people have survived by using one. 
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For survival, the human body needs water more than food. Tests have shown that person wil ive 
for only seven to ten days without water assuming there is no excessive fic loss but can survive 
for 20 to 30 days without food. 


‘Water and food rationing 


[Dx KK] Kak [De | 
[x pel] | x2 | 13 | D2 Cyt | 
15 [16 | | 18/19 20/21 [> [pap 
z2|23| 24|25 2627 |28| _ papa | pd pe || >| 
23\30 ) FEE 
‘Water Chart Food Chart 


In busy waterways such as these found in northern Europe, tis unfikely a raft wil be adrift for more 
than 48 hours before being rescued. The greatest dangers are drowning and hypothermia rather 
than dehydration or starvation 


Since the human body has @ reserve of water and energy within its tissues, no food or water 
should be taken in the frst 24 hours except by chikiren or conscious injured casualties, who wil 
experience greater Tuid loss. 


1 only minimal water supplies ae avaiable, the 
raion for wale, efter 24 hous, is halle per 
‘person per day. (0.Sperson/ay = just under 1 
pint/persorvéay) 


‘Take a third of 2 ration at sunrise, third at 
‘midday and a third at sunset, When drinking 
Water, Keep itn your mouth for as fong as 
passive fo moisten the membranes. 


“To maintain morale and good harmony, it vital to ensure that food and water rations are issued tay. 
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Water may be supplied inthe lieraft pack. tt 
wil be in sealed sachets. Lise the scissors in 
the first-aid kit and open the sachet carefully. 
Decent ani leftover water into a clean botte 
CF sealable container, Stow an emply battle in 
‘your grab bag to collect leftover water, 


I you have plenty of water, each person may 
drink up to 1 fire per day, 
(tiV/persor/day = about 2 pints/person/day) 


‘Whether you have plenty or virtually none, start 


to collect water from the outset ~ you don't 
know when it might rain again. 


Drink collected water frst ~ because bottled water and sealed-sachet water wil stay fresh for 


longer than rainwater. 


Bo not drink urine. Do not chink seawater, even in a diluted state. Death has been found to occur 
quicker when you drink seawater rather than nothing at all 


Reduce the body's water lass by making the best use of the shade and cooling from the breeze. 


Avoid eating protein-based food (such as 
fish or meat) because digesting them uses 
‘more fluid than they provide. Carbohydrates 
and sugars are better 


‘On 30th July 1945, the USS Mndianapolis wes 
attacked by a Japanese submarine. The ship. 
‘sank in 12 minutes and many survivors ended 
‘up in the water, Rescuers took several days to 
‘each them. Desperately thirsty, some survivors 
drank seawater, 


| They became delirious and started to hallucinate 
‘Some thought that there was an istand nearby 

| and would try to swim off to it, Some claimed 

L ie 


that the ship was not sunk but was just below 
the surface and convinced others to remove their 
lfejackets and swim dow wath them to drink 
‘rom a water fountain. 


fa crew of 1196, i's estimated 900 went 
{into the water, Four days later, only 316 men 
remained alive, While some were lost to sharks, 
‘many were lost due to the effects of cringing 
seawater. 
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Long-term survival techniques 


Sustaining the will to survive and the bel that you will be rescued is essential 
Keep the survivors’ morale high by running a isciptined routine. Fear, panic, despair and 
recriminations will undermine your belie that you will pull through. Knowledge of survival 
techniques and confidence in equipment will nlp you remain calm and postive. 


Lack of water and food will cause fatigue and exhaustion and increase depression, Catching food 
‘can be @ great morale-boaster and wll supply much-needed energy. Rest as much as you can but 
When you are not asleep, keep busy with routine raft duties. Stay optimistic and look forward to the 
future, Discuss what you plan to do when you get ashore. 


Long-term survival techniques revolve around collecting or making Water to drink, fishing, keeping 
the raft inflated and in good order and Keeping watch for potential rescuers. 


COLLECT RAINWATER AT EVERY OPPORTUNITY. 


Baetter-qualty Bferats have @ small rain- 
coatcher fitted to the canopy of the raft. 
{t's important to prepare the canopy 
‘and the collection bottle before the rain 
arrives. Wash built-up salt crystals off 
the canopy and rinse containers with 
‘resh seawater. Use the frst downpour 
to wash off the remaining salt— anything 
YyoU collect during the nial shower 

vill be contaminated and undrinkable. 
Collect the rainwater once the salt has 
been washed off. 


Improvise other means of collecting 
rainwater ~ the canopy's collection 
system is nat large. 


LUnpalatable rainwater can be ingested by ener. Lyn Robertson, a qualified nurse, used the rafts 
bellows as a method for introducing poor-qualiy rainwater for absorption through the gut on her 
family when they were shipwrecked for 37 days in June 1972. 


However, tests have shown that saltwater enemas are not a solution to dehydration. The gut does 
not fiter salt out of the water — only use rainwater, 
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Solar stilt 

‘An inflatable solar stil can be filed and fastened 
alongside the rat, Salt water held in the bottom 
of the stil evaporates and potable Water 
‘condenses on the inside of the tent and runs 
‘down to @ collecting bottle. It can produce 
about 0.75 to 1 fire per day in calm conditions, 
However, rough conditions can cause the 
‘seawater in the bottom of the stl to splash into 
Ihe distilled water making it undriniaable. 


Hand-operated desalinator 

Using reverse osmosis, a desalinator or water 
puter purnp wil remove 98% of the salt from 
‘seawater. It can produce as much as 4 to 5 
litres of crinking water per bour but is hard 
physical work to operate. may, in the heat of 
the day, cause the operator to sweat out more 
\Water than they can make. To make the rost of 
2 desalinator, use it at right when the weather 
iscodler. 


‘Lone sailor Steve Callahan's yacht sank after a 
colison with & whale while ona transaantic 

‘passage fom the Cannes. He abandoned ship 
‘into his frat n his grab bag were 8 pints of 

eter and two solar sfils, Seventy-six days and 
1500 miles later e was picked up by fishernen 
within sight of and, 


What's on the menu 


Bill and Simone Butler survived for 66 days in 
2 Iifleraft by using @ PUR Survive 34 manual 
reverse-osmosis water filter after whales sank: 
their ett yacht Siboney 1200 miles west of 
Panama. 


arching focd boosts survvors’ emotional and physical well-being. Foods high in complex 
carbohydrates are more suitable than protein food such as meat and fish, Protein wil draw water 
from the body while it is being digested. Ideally, the body needs just over a jtve of water a day 

to digest food and dispose of waste matter Ino water is avalable, the survivor should not eat, 
as this will accelerate dehydration. If food is contained in the iferaft pack it will be high-energy 


carbohydrate, similar to a block of dried porridge. 
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With the part in position, solder the other end 


With the part in position, move the soldering iron 
to the solder bead on the PCB pad. Apply a small 
amount of heat from the iron to flow the bead, 
simultaneously lowering the part against the board 
and correcting for any rotational misalignment. 
Remove the iron and allow the solder to cool. 
Inspect the joint — at this point you are not con- 
cerned about the quality of the actual solder joint, 
just the positioning of the component. The part 
should be flush against the PCB, with both ends 
properly contacting the pads. The part should be 
straight, and centered between the two pads. 


Apply a liberal amount of liquid flux (again, a flux 
pen is the ideal applicator) to both ends of the 
component, Heat the currently unsoldered end of 
the component and the adjacent pad with the 
soldering iron, and carefully wipe on a small 
amount of solder. You want a small fillet as shown 
in the earlier illustration, not a large glob of solder. 
Make sure that the solder has flowed onto the pad 
as well as the component lead - don’t be fooled by 
a lump of solder on the end of the component that 
doesn’t flow under the component and onto the 
PCB pad. 


After the second end is soldered, go back to the 
original solder joint and reheat the solder. The flux 
will allow the solder to flow freely, and a good 
fillet should be observed. If there seems to be 
insufficient solder, add a little more. If either of the 
ends appears to have an excessive amount of solder 
(a large blob sticking up above the part) it can be 
removed with solder wick. Apply flux to the blob 
and the wick, position the wick over the blob, and 
press lightly on the wick with your iron. As the 
heat is conducted through the wick the solder blob 
will melt and be drawn off by the wick. You may 
end up removing too much of the solder, in which. 
case you can reapply a small amount of fresh solder 
to the joint, 


After the joints have cooled, inspect them carefully 
to make sure that they are solid and make contact 
with the board. If you have any doubt about the 
quality of the connections, apply more flux and 
reflow the joints until you are satisfied. 


‘The same procedure is also used for installing 
components with three or more leads (transistors, 
ICs, etc,). Start with a bead of solder on one pad, 
position and “tack” the part, then add more Flux 
and solder the remaining leads. Don't forget to 
reflow/improve the first “tacked” connection if 
necessary. 


= Plankton can be caught using an improvised net made from a pair of stockings or tights, 
‘= Barractes will grow on the botiom of the raft and the meat can be extracted and eaten 

‘= Fish can be caught using a harpoon, spear or gaff, or by hook and line. 

‘An improvised spear can be formed by lashing & 
knife to @ paddle, Stove Callahan included a spear 
‘gun in his grab bag, but if you do the same, tale 
‘care not to puncture the rat. 

Flying fish may also land on or in the rat. 

Maurice and Maralyn Bailey adapted the safety pins 
in thelr first-aid Kit to make fish Nooks. On average, 
they landed forty fish a day. 


‘Alain Bombard created hooks from a bone found 
just behind the gill of the Dorado fish. 


Initially, lres can be made from siver pane. After that, most survivors have used the heads of 
the fish they caught as their bait. Poon Lim, who survived for 133 days on a lifeboat, used a dried 
paste of biscull and saliva for his initial bet 


Fluid can be extracted from large fish by sucking their bones and eyes. The fish guts may be more 


‘digestible than the flesh 


‘Some form of chopping board is useful and can 
bbe improvised from the lferat canister, fare box 
or salvaged flotsam. 


Turties ~ Dougal and Lyn Robertson and their family and crew caught 
turtles, Taking care that the creature's beak didn't damage 
thelr inflatable, they sit its throat and drank its blood. 
Immediately to rehydrate. The meat was dried and 
the blood used as a ‘sauce’ 


‘Seabirds — Poon Lim, Steve Catahan and the Baleys all el 
of catching and eating seabirds. Seagulls and booby 

vl often land on the lferaft or can be attracted by a 

baited hook. 
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Keeping cool 


‘While those in cold-water climates wil be concerned about keeping warm, sailors in the tropics, 
‘are more concemed about staying cool and reducing dehydration caused by excessive sweating. 


Methods of keeping cool 

‘Obviously, stay under the canopy or create 
‘shade so that you can stay out of the sun. 
st during the heat of the day and undertake 
routine tasks in the morning andi evening, 


Coo! the rt by wetting the canopy, and keep 
your clothes damp. Reguarly rise them in the 
ea to prevent a buld-up of salt crystals, which 
‘would exacerbate sores, 


In hot, calm weather, reattach the sea anchor to the entrance-side of the raft so that the 
‘wind blows into the raft. 
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During the day, deflate the inflatable floor and sit 
directly on the raft floor, Reintate tat night to 
prevent getting cold, 


Ifyou are in a group of two or more rafts, 
spread the survivors equally between them so 
that each individual has more space to stretch. 


Don't get into the water to cool down; you may not be able to get back into the raft. 
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CHAPTER 13 : Survival in cold water 


Research by Golden and Hervey shows that the body goes through four stages when immersed in 
cold water: 


Length of Time Immersed Risks: 


0-3 minutes Diving reflex end cold shock 

8-80 minutes ‘Swim failure 

‘More than 30 minutes: Hypothermia 

Postimmersion Hydrostatic squeeze, secondary drowning, 
post-rescue collapse (during and after rescue) 


Because the human body loses heat 26 tes faster in wate than in a, immersion in cold water 
‘can be extremely dangeraus. The graph below shows the possible eects of immersion in 10 
degrees C water, Around the UK, sea temperature varies between 5 degrees C and 18 degrees C 
‘The temperature ofthe Mediterranean during the surmer rarely gets above 26 degrees C. 


“Typical change in deep body temperature during immersion 
sree water at 10°C (20°F) fora average cote euioual (F Golden) 
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Diving reflex 


“The living reflex occurs when you frst make 
contact with the water. f the water is not to0 
cold you involuntarily hold your breath end your 
blood circulation and heartbeat siows. However, 
In water 15 dogrees G and belovr, cold water 
‘shock may overcome the diving refle. 


Cold shock 


(Cold shock takes place after tity seconds to three minutes of immersion. Your breathing rate 
increases from around 10 breaths per minute to 60 breaths per minute (hyperventilation, which can 
cause dizziness and confusion). Breath-holding times are fikely to reduce from over @ minute to ess 
than 10 seconds. 


In water of less than 1 degroes C, itis probable that you wil Involuntanly inhale (gasp) even 
‘when underwater. 


Blood! vessels close to the skin shut down causing a sharp increase in blood pressure, which may 
be sufficient, depending on your fitness levels, to initiate a stroke or @ heart attack. 
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Protecting against cold shock 
‘To reduce the likelihood ol cold shock, wear 2 
lfejacket, waterproof clothing and, i possible, 
enter the water slowly. Do not try to swim 
adopt the HELP position (see p66). 


Regular cold showers, baths or sea swimming 
can help to prepare your body for sudden 
immersion in cald water. Tests have shown, 
that atter just one waek of cally cold showers, 
the etfects of cold-water shock can be 
reduced iy 50%, 


The fitter you are, the better able you will bo 
0 withstand cold-water shock. 


You are more likely to crown as a result of entering cold water quickly than you are from hypothermia, 


‘Swim failure 


‘After thres to thirty minutes of boing immersed in cold water, your arms and legs become numb 
‘and your muscles will not function property. Shivering increases and your heat and breathing rate 
decreases, 


Grip strength and co-ordination are significantly reduced. You may find it dificult to use your hands 
for fring flares, donning @ spray hood, setting off a PLB or using a handheld VHF. 


Even fit adult men can find it impossible to it themselves up the side of a small boat and 


rormally strong swimmers may only manage 100 metres before collapsing. This emphasises the 
Importance of wearing a ifjacket and being reafstic about your swimming abilty. 
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Hypothermia 


Hypothermia can occur in water of up to 24 degrees C and sets in as the core body temperature 
crops from 37 to 85 dogrees C. In northern European waters in the summer, your survival ime with 
Clothing and jacket is between two and twelve hours. In winter, it ranges from soveral minutes to 
two hours, The exact length of ime depends upon on the water temperature, sea state, clthing, 
‘gency, fines, health shivering rate and age ofthe person. 


‘What happens? 
“The casualty wil feel cold and their body becomes numb. Intense shivering may stop 2s 

‘the muscles becorne cramped and rigid. Speech will become slurred, nausea wil set in ard 
behaviour will become inetional (similar symptoms to being drunk). The casualty wil ip into 
unconsciousness, increasing their chances of drowning. Heart and breathing rates decrease and 
the pupis wil date, Heart fare is possible when body tomporature drops below 30 degrees C. 


35°C 
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Methods to help prevent the onset of hypothermia 
Before entering the water put on an immersion/survival suit, drysuit, wetsuit or mere clothing and a 


lfeiacket 


\Wear a hat and cover your head with a hood (this also makes you rore visible to rescuers). 
(Once in the water, do not kick off boots and try to remain as stl as possible, adopting the HELP 
position (500 fig. 1), 


Get out of the water ifat al possible, 
‘Avoid alcohol 


Heat Escape Lessening Posture (HELP position) 

‘Asiatic body position reduces heat loss and increases your survival me. Therefore, assuming the 
HELP position is strongly recommended. However, holding this position may not be possible in 
‘anything other than caim conditions, 


Ue with ankles crossed, knees together and logs slightly bent and elbows held close to the body 
vith one hang under the front ofthe litjacket. Hold the other hand up with the palm towards your 
face, covering the mouth and nose to protect the airway from waves and spray. 


In wind and waves, a lifejacket wearer will be turned to face the waves, causing water and spray 
to break continually into their face. The natural reaction is to stabilse their position using their arms 
‘and legs and to turn their body so that the back af the head faces the waves. 


A spray hood helps protect the face when both conscious and unconscious and is highty 
recommended, Put it on as soon as possible, 


fig. 1 
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‘Swimming with a lifejacket 


Avoid swimming if possible, since it increases heat loss, however if itis essential, swim on your 
‘back, Trying to swim on your frant when wearing a lifelacket wastes energy. Swimming by kicking 
‘your legs loses less body heat than swimming with your arms but may not be as effective. 


To reach ather casualties, a iterator a 
sunvival craft in the water: 


= Send a strong swimmer ahead, 
‘connected to the group by a line, or swim 
as. group. 


‘= The crocodile’ may be used to swim as a 
‘group but it can be very dificult to achieve 
inwaves. 


‘© 2 casually is injured or unconscious, 
they should bee placed at the tal of the 
crocodile. 
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Huddle 


The huddle shares body heat, improves morale, 
Supports weaker members of the group and 
increases your chances of being seen by 
rescuers, Use safety harnesses or rope to clip 
yourselves together as soon as possible, while 
your hands are stil functional, 


‘Be aware that in waves some members of the 
huddle willbe facing wind and waves, making it 
impossible for ther to hold their position, 


‘Two person huddle - one person places thelr 
legs around the outside of the other. Take: tums 
to be the person on the outside. 


Group huddle ~ organise the group sa that all use their right hand to hold on and their let hand) 
to cover their irway or vice versa. Place injured or weak casualties in the middle of the huddle 
{and rotate the huddle so that no one has to face wind and waves continuosly. Keap your ankles 


‘crossed and knees tagether to preserve body heat. 
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area How To soldor 
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Electrical Wire soldering For Beginners 
by Randy Glass 


DISCLAIMER. First, soldering can be dangerous. This lesson is not meant to be everything you need to know. Your 
safety is up to you, and you take full responsibility for any damage or injury caused by these instructions, whether as an 
act of omission or commission on your part or mine. Be aware that an improperly soldered wire can lead to fire, loss of | 
vehicles, injury, and even death. By reading and/or using these instructions you take full responsibility and release me 
from all liability. Second, I took these photos as I did the work, pressing the remote control for my camera with one 
finger as I held the soldering pencil in one hand and the solder in the other. | apologize for any images that might be out 
of focus or poorly composed. 


If Yogi Berra ever wrote a book on motorcycles he would probably say, "We seem to spend around forty percent of 
our time taking things apart, and the other seventy-five percent of the time putting them back together.” Some things 
are easy to put together. We use specialized fasteners like nuts, bolts and screws to hold things together that, some day, 
‘we might want to take apart again. But there are some things that, once put together, we would like to know that, to 
some degree, our fastening system is permanent. One of those places is in electrical wiring. When a wire breaks or 
needs to be fastened to a connector or another wire in such a way as to be dependable, then the very best way is to 
solder, 


soldering is a method to attach one metal part to another. It is part of a family that uses molten metal to do this job. 
At the top of the ladder is welding. This is a very high temperature method that actually melts the parts a bit where they 
are attached, along with some other metal, usually in the form of welding rods. Next is brazing. This melts some hard 
metal, usually brass, into the gap between two pieces of metal. Normally, the surface of the material being joined is not 
‘melted in this process, but it gets very, very hot. Finally there is soldering. soldering flows some molten metal between 
‘metal parts at relatively low temperatures, 


For our purposes I am going to speak of the type of soldering that attaches two wires together or one wire to a 
connector- the sort of soldering that any backyard mechanic might need to do when working on any electrical 
component or the wires that connect them together in almost any type of vebicle 


WHY solder? 


Although there are methods that can be used to make these connections without soldering, they are usually inferior. 
soldering does a lot of things: 


1) It Is Strong- You are connecting two metal parts with a liquid metal that becomes solid after it fills the joint and 
cools. When properly done it leaves no voids so the joint is very strong and the wire is well supported, 


2) It Slows or Stops Oxidation - Because solder fills the joint it excludes air and moisture so the metal in the joint will 
not oxidize. This maximizes electrical flow over time. 


3) It Makes An Excellent Electrical Conneetion- because the solder is a conductor it gives the wire more area from 
which it can flow electrons to whatever itis connected. 


4) Non-permanent - Although soldering is very strong, it can be removed and the joint taken apart in the future if 
necessary, 


5) Connectors do Not Need to be Crimped - Those little metal connectors that are designed to be crimped have a 
terrible habit of coming loose as well as breaking the little copper wires in the conductor making a weak joint as well as 
‘one that does not conduct as well as it should. They easily let air and moisture in which causes corrosion and that leads 
to poor and broken connections, 


MATERIAL LIST 


It doesn’t take much to set yourself up as a soldering wizard. Here is a list (numbers refer to image to the left): 


+1) soldering Pencil - Something around 25 to 40 
watts would probably be fine for most electrical 
work. You don't need a huge soldering gun to do 
electrical work. A little smaller is actually better 
than too big, as we shall see, Get a brand-named 
pencil so that down the line you will still be able to 


hip: w6rec.com/duanatomwisolder! 9 


CHAPTER 14 : First Aid 


“The quai of the first-aid fet supplied will vary depending on the quality ofthe Mferaft, The 
SOLAS G first-aid kit provides a broad range of medical items and will be found on meny rafts, 
‘oF can be specified for inclusion, 


‘The contents are shown below. 
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In addition to conventional first-aid equipment, consider what else may be improvised. A lifejacket, 
for example, can be made into an inflatable splint to immobilise the lower leg, or alternatively, use 
two paddles or a plank of salvaged wood, 


For general advice on diagnosis and treatment of casualties reler to the St John’s First Aid Book 
(available from the RYA webshop). The RYA also has a one-day first-aid course for yachtsmmen. 
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Heat exhaustion 


“This isa condition caused by the loss of water and salt from the body, usually as a result of 
physical ewercise in.a hot, moist environment, 


‘Symptoms 
Fatigue, headache, dizziness, nausea, possibly 
vomiting and muscular cramps. 


The skin willbe cold, pale and clammy, the 
pulse weak and rapid, breathing fast and 
shallow. 


‘Treatment 
Remove the sufferer from direct heat and 
ventilate the lferaft. Sponge down their body, 
‘and give sips of cold water with a litle sat. 


Heat stroke 


‘Caused by prolonged exposure to extreme heat or high humility. The body temperature rises 
{due to its inabilty to lose heat through sweating. 


Symptoms 
‘Similar to heat exhaustion except 
that the skin wal look flushed and 
dry, the pulse is rapid and strong 
and breathing full and rapic. 


Treatment 
Sponge down the body, anc 
ive frequent sips of coo), skahty 
salted denks, Help cool the 
sufferer by fanning or exposing 
them to a cooling breeze, 
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Hypothermia 


‘You can become hypothermic in water of up to 24 degrees C. Around the UK, the water 
‘temperature varies between 5 degrees C and 18 degrees C. The temperature of the Mediterranean 
in the summer rarely rises above 26 degrees C. 


Normal coe body temperature is 37 degrees C. Hypothermia is defined to have occurred when the 
‘core temperature drops to 35 degrees C or below. 


Hypothermia may occur in or out of the Water. Liferaft occupants are susceptible due to the thin 
‘material insulating them from the cold water. Casualties that become cold relatively slowly ~ chronic 
hypothermia — such as those in a ifleratt or those in water of temperatures between 20 and 28 
degrees C will require diferent treatment from those who are suffering acute hypothermia from 
becoming cold quickly, such as fang into water below 15 degrees C. 


Chronic hypothermic victims are more likely to be exhausted and unable to regain normal 
CGrculation on rewarming. Acute hypothermic casualties tend to respond well to rewarming and are 
‘soon back to nortnal. 


‘Symptoms 
‘The graph below shows the typical symptoms of a casualty who has fallen nto 10-degree water as 
the body temperature falls, 


“ype change deg ody engesae dungearrscrn 
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Without a thermometer it can be dificult to tell whether a person is cold or hypothermic. According 
to Golden and Tipton, one testis to feel the casuaity’s deep armpit; iit fees ke cold marble, they 
‘re probably hypothermic. 


Inftally, the core temperature wil ise as the blood vessels in the arms and legs contract, forcing 
bbload back to the core. After the effects of cold-water shack have worn off, heart and breathing 
rates wil slow and shivering will start and become more intense as the core temperature fais. 
Extremities become numb. Those in the water wil suffer from swim failure as they become unable 
to control their ims. 


‘Speech will become slured and the casuelly may appear to be quiet and introverted. Nausea may 
bbe present and behaviour may become inational. They will ]ose co-ordination and become mentally 
ow. Chronic hypothermics wil stop shivering as the body nuns out of energy, and may suffer 
cramps. As cooing continues, the victim will become unconscious and, in water without a tiejacket, 
will drown. In raf, they will continue to cool, the heart and breathing rate wil slow and pupils diate, 
When thelr body temperature crops below 30 degrees C, they are in danger of heart flue, 


‘Treatment 
Hypothermia is cificult to treat in a sunaval 
situation, Passive rewarming isthe suggested 
treatment. The aim is to Stop further heat loss 
and give the body a chance to warm up from 
the inside, 


Iv the casualty is conscious and co-operative, 
remove wet clothing, Insulate them with 
blankets and sleeping bags and wrap in plastic 
‘or a TPA. Leave the face exposed, Ensure the 
‘casualty is wel insulated from the ground, deck 
‘or the floor of the raft. The bady wil slavily 
rewarm itself as the internal organs start to get 
‘back to normal 


‘Slow rewarming may also be possible by 
sharing body heat in a ‘buddy system’, 
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Warm drinks may be given to a conscious 
sualty, The hypothermic person can have lost 
‘as much as 2000 calories of heat. 


DONOT: 
‘= Give alcohol 
++ Use hot-water bottles 


‘= Massage/rub areas 

= Handle roughly 

‘= Administer fluid toa semi-/ 
Unconscious person 


Unconscious hypothermic casualties rust be handled very carefully ~ otherwise they may collapse 
and dle. 


‘Active rewarming should only be undertaken by medical professionals, Even with the right 
knowledge, itis untikely to be possible in a ifratt or small yacht 


Note: it can be dificult to tell ita hypothermic casualty’s heart has stopped. Attempting GPR may 
fibrilate the heart and cause death, 


| The isk of crowning is reduced I you re 
\wearing 2 good lifojacket wth a spray hood 


Near-drowning 


‘Symptoms 
Breathing may have stopped or be very 
‘shallow; Ips blue, bluish pallor ofthe face. 
Froth around the mouth, voriting. If conscious, 
the patient may complain of chest pains and 
may be coughing. 


‘Treatment 
Use Expelled Ar Resuscitation as soon as possible (see 6134). Water will be automatically coughed 
Up from the lungs when breathing restarts. If avatable, apply oxygen, Seek further medical help, 


‘ost cing boats cary oygen and may be loser than medical senices. ] 
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‘Secondary drowning 


‘This occurs when a small amount of dity water or seawater is inhaled into the lungs. A cupful is 
‘enough to do it, The water inflames the membranes of the lungs, which react by releasing fuid, 
filing the lungs thereby causing death by secondary drowning, 


‘Symptoms 

Increased chest pain and coughing (possibly with pink froth]. Some people may show sions of 
asthma-type sympioms but many do not. Its ikely fo manifest itself up to 12 hours after the 
incident. Seek medical attention as soon as possible (and certainly before 12 hours) if you suspect 
a casutaty has ingested water into the lungs. 


Heart attack 


Heart attack is always possible for those in a stressful situation. Itis also a possible effect of cold- 
Water shock and hypothermia. It is dificult to tell i a hypothermic casualty’s heart is beating, it 
‘necessary, use CPR or an automatic heart defiritator, 


‘Symptoms 
Vice-tke central chest pain and pain in left or both arms that does not ease when the casualty 
rests; breathessness, gasping for alr, colapse, sudden dlzziness, arey skin, sweating, 


Treatment 
‘Make the casualty as comfortable as possible, apply oxygen if avalable, give angina medicine 
{alycery trinitrate) and/or aspirin (200mg). Monitor and record vital signs. Seek medical advice. 


Panic attack 


(Caused when the casualty has a sudden bout of extreme anwiety. This may be caused by the 
situation the casualty isin or brought on by symptoms caused by other llness. Either way, the: 
effects on the casualty are very real and tightening. 


‘Symptoms 
Rapid breathing (hyperventiation) and a feeling of @ racing heart beat. Muscular tension leacing to 
headache, backache and a feeling af tightness aoross the chest. The casualty may believe they are 
dying and experience trembing, sweating and a dry mouth. 


Treatment 
It possible remove the cause ofthe fear. Reassute them and explain that they are having a panic 
attack. Get them to slow thelr breathing. If they are hyperventiating ask them to breathe into a 

paper bag (use an unused sick bag). Continues to reassure the casualty until they are recovered, 
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Shock 


‘Caused by inury, bums, severe vorriting/ 
aoe, fear, pain or traumatic experience, 


+ Theeffect of shock must not be 
underestimated, it can be fatal. tis caused 
by reduced blood flow to the vital organs. 
‘Movernent can cause fainting and even 
heart falur. 

= Watch out for delayed shock. MOB 
casualties may say they are OK but may go 
into shock 20 ta 60 minutes after recovery. 


‘+ Liferaft survivars are also susceplible — always check on quiet, introverted survivors, who may 
be sullering fram shack. 


‘Symptoms 
Grey or pale skin that is cold but moist with sweat, feeling weak and faint, nausea, weak but rapid 
pulse, shallow breathing and perhaps gasping; thirst, possible unconsciousness, 


Treatment 
Most of the crew will have varying degrees of shock so there is ile you can do in a ieratt. 


Teal obvious wounds such as external 
bleeding and broken limbs. Lie the casvalty 
down with their feet higher than their head, 
Loosen their clothing and if possible put them 
into the recovery position. Moisten lips with 
‘water. Do nat apply hot water bottles. 


Ifthe casualty stons breathing commence ABC - 
cf resuscitation. 
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Severe bleeding 


External bleeding fs obvious and distressing, and can lead to shock, 
“The ails are to stem the flow and minimise the chances of infection. 


Treatment 
‘Cover the wound with a dressing and apply direct pressure, 
Race the wound to reduce blood less, and! bandage the areca, 
‘Keep applying dressings unt the bleeding stops. Support the 
injury fan cbject is embedded in the wound, do not remove 
Provide padding ether side of object. Apply dressings. 


Frostbite 


(On watch, crew may be in danger of frostbite, where local tissue becomes frozen. The areas affected 
are usually the fingers, toes, ears or nose. Prevention is better than cure. Wear gloves, cover the face 
and ears and to be aware ofthe length of watch duties. Exercise and massage can delay the onset 


& 


of cold iniury. 


Symptoms 
The area becomes pale then white, mattled blue and finally bluish black; 
there is sweling and fluid release from damaged cells and loss of feeling. 


‘Treatment 
Remove constricting garment, raise and dry the affected 
area. Warm the hands or feet by puting them under the 
armpits n the goin or between another person's hands. 


‘Do not massage or burst bisters or apply pressure, 


Immersion foot 


known during World War One as Trench Foot, immersion foot is caused by continuous contact 
with a cold and wet environment. 


Symptoms 
Feet become white as local circulation is reduced, 
causing sweling oftisues and numbness. 


Treatment 
[Dry feet, use rapid rewarming, encourage gentle 
exercise and, if possible, give warm drinks. 


‘As the foot warms, it will becorne painful. 


Sea Survival Handbook 


Fractures and dislocations 


Broken bones can be either open or closed fractures. if itis an open fracture, treat as for bleeding 
(p-133) and then immobiise the affected limb. IfTtis a closed fracture or a dislocation, the broad 
aim isto immobilse the limb to make it more comfortable, 


Forlag fractures, the leg can be immobilised by improvising & 
splint from paddles and bandages, rope or strapping 


‘Alifejacket can be used to immobilse the lower leg. Place the 
ankle into the neck of the Kejacket with the lifejacket’s body 
aither side ofthe call. Wrap it gently over the leg and apply 
sSrapping at the top, middle and bottom. Gently inflate the 
jacket by mouth until itis fr. 


‘Seasickness is a debilitating liness that comes on rapidly, especially in the confines of a Heraft, at a 
time when the crew need to be as alert and able as they can be, f possible, take anti-seasickness 
medication betore entering the raft or as soon as possible after boarding the raft. 


‘Symptoms 
‘Nausea and voriting, pale clammy skin, Wishing never to go afloat again! 


Treatment 

“Take anti-seasickness medication in the form 
of hyoscine hydrobramide, If vomiting has. 
already started there is litle point in taking 
‘more, because they are unikely to be ingested. 
{t's also possible that, ial the tablets are kept 
down, serious side effects will be experienced, 
‘Side effects can be drowsiness, dry mouth and 
Dured vision, Excessive doses of seasickness 
pills can produce hallucinations. 
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Do not attempt cardiac massage in a raft unless it has a wooden flor. 


Resuscitation technique 


Before atternpting resuscitation, make the following checks: 
1. Is the casualty responding to you? 

not, check the airway for breathing. 
2. Look at the casualty's chest. Is it moving? 


HV not, tit the head back to open the casualty’s airway. 
Check and remove any obstructions in the mouth, 


Listen at the casualty's mouth for sounds of breathing. Hold your cheek close fo their nose and 
‘mouth and feel for warm air movement. Alternatively, condensation forming on a cold miror or 
‘metal spoon held close to their mouth and nose can also indicate breathing 


Itis now accepted that i breathing is not present, circulation is not present either and that 
resuscitaion should now be attempted, tis assumed that the casualty has suflered a carcéac arrest. 


Pace the heel of your hand in the centre oftheir chest. 
Place the heel of your other hand on top of the frst hand. 
Interlock the fingers. Do not apply pressure over the upper 
‘abdomen or the bottom end of the breastbone (sternum). 


Apply 30 chest compressions at the rate of 100 per minute. 
Tit the head back by placing a finger uncler the chin to 


‘open the casualty’s ainway. Allow the mouth to open but 
maintain chin tf Cas 


Place your mouth aver casualty's mouth to achieve a 
good seal and blew into mouth, 


Watch for the chest rising. Remove your mouth and 
= allow the chest to fall 


‘Repeat the rescue breath. Star chest compressions again 


For non-drowning ~ generally cardiac arrest ~ casualties, give 30 chest compressions to two 


chest compressions, 


For suspected drowning casualties: Check for breathing as for carcioc ares not apparent, 
ve fe rescue breaths folowed by one rinute of chest compressions, continue unl help aves 
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How To soldat 


get replacement tips for it. A chisel tip as seen in 
the pictures that follow is best for most work but 
you might also need a pointed tip for more delicate 
‘work. Those old soldering guns are nice for 
making battery cables, but are generally too large 
for what we are doing. it would be like using @ 
sledge hammer to make a picture frame- it would 
have to be a REALLY big picture frame! 


There are also cordless, rechargeable soldering 
irons available. They generally run about $35-75 
or so. Although these cost substantially more than 
a corded iron, and the replacement tips are more 
expensive as well, there is no cord to get in the way 
‘when working and as they can be carried along on 
trips. These generally have a built-in light as well 
making repairs at night easier. I normally loosen 
the lamp so that it does not light, so the battery lasts 
Tonger in use. 


‘There are soldering tools that are actually little, 
refillable, butane-powered torches with a soldering 
tip at the end which is heated by the flame. As they 
are about the size of a fat ball point pen, they are 
another good way to get a portable soldering tool. 
‘These generally are available for less cost than the 
rechargeable irons mentioned above. I have used 
electric irons to solder around a gas tank on an 
automobile- something that I would never consider 
with one of these 


‘And a soldering Pencil Holder - Most 
soldering pencils come with a holder or a rest as 
seen here, but if not, get one. These metal stands 
are very handy and will help avoid melted parts and 
burned hands and work surfaces. 


+2) solder - Resin core solder is what you want. 
NEVER use acid core solder on electrical 
components. The acid will stick around and 
continue to eat into components and wiring well 
after the soldering job is over. 


Resin core solder can be had in various 
quantities, but I buy the one pound roll for around 
$12-15 which will be a lifetime supply for most 
folks. I use Kester brand "44" Resin Core solder in 
the 031 diameter size, This is about the size of 
mechanical pencil lead and works quite well for 
‘what you will be doing. 


Ituse to be that a standard part of a soldering kit 
was a little tub of flux. This paste would be spread 
on the joint ahead of time to help clean the joint 
chemically as it was heated by the iron. It was, 
necessary as flux-core solder was unavailable, If 
your wires are clean and you are using a quality, 
resin core solder, additional flux is not necessary. 


+3) An Old kitchen sponge or two 


* Tools to work on wires such as a (4) wire stripper 
and a (5) wire cutter, and possibly needle nosed 
pliers and a small vise (not shown), 
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Pre-rescue collapse 


Hypothermic casualties can suffer collapse at the thought of imminent rescue. Although not 
proven, i's beloved that the fedling af overwhelming relief causes chemical changes within the 
‘body, which suddenly reduces blood pressure and so causes the casualty to colapse. 


Circum-rescue collapse and hydrostatic squeeze 


‘Accombination of hypothermia with the sudden 
onset of physical action can result in some 
SUTvvors collapsing and dying while being rescued. 


Immersed casualties are at higher risk. in action 
to the etfects of hypothermia, water pressure on 
the lower limbs squeezes bload flow back into the 
body and is helping to support circulation. 


‘When the casualty is ited vertically from the water, 
the ful fect of gravity creates extra strain on the 
heart. This may lead fo unconsciousness or evert 
death. 


Immersed and hypothermic casualties should be 
treated with great care. if recovering from water 


they should be ited horizontally to minimise the 
‘ravitational effects on the heart 


Post-rescue 


Survivors are not survivors untl they have survived. 


Even after rescue there is @ chance that the survivor will succumb to the effects oftheir ordeal 


This can be due to secondary drowning. Even those that show no immediate signs of aspirating 
seawater should be regularly checked during the hours immediately after immersion, 


Rewarming survivors too quickly may result ina catastrophic drep in blood pressure. Active 
rewarrning needs to be monitored professionally, Take care when taking hypothermic survivors into. 
‘a warm cabin, Avoid warming by a shower or hot bath unless monitored by a medical professional 


Interal bleeding caused when the casualty fell into the water may nat be obvious when 2 


hypothermic MOB is recovered, I the MOB fell heavily, they should be monitored while the body 
rewatrns. Seek medical advice, 
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CHAPTER 15 : Life-saving signals 


‘These signals are used by ships, aircraft or persons in distress to communicate with rescue service 
stations, ifeboats, vessels and aircraft engaged in search-and-rescue operations, Use the most 
suitable signal for the situation and taking info account the prevailing conditions, 
Search-and-rescue unit replies 


These indicate thal you have been seen and assistance will be given as soon as possible. 


ee 


Orange smoke ‘Three white pocket flares 


‘Surface-to-air signals 


‘These are shown by means of lights or flags or by laying out the symbol on the ground or deck in 
highly contrasting colours, 


| coca V eames W 
I require assistance | require medical assistance 
& ame N emecame C 
No or negative Yes or affirative 
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Air-to-surface direction signals 


‘Sequence of three manoeuvres meaning ‘Go in this direction’, May be used to show which way 
10 go to assist another vessel orto indicate direction to a safe haven. 


“NW 0 Siew 


1. plane circles vessel atleast onca 2. plane crosses low, ahead of boat, racking wings 


amet 


{3 plane flies over boat in the direction to go, 


Your assistance is no longer required 


ake: 


Plane crosses low, astem of vessel, racking wings. 
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Shore-to-ship signals 
Safe to land here 
Vertical waving of arms, white flag, ight or flare 


Morse code letter K — dah alt dah 


kK em 


et 


Landing here is dangerous wit) avlton si 


Ms 1 Go this way eal 


Is that indicate cirection of safer landing place 


flare. Putting one fi moving 
In direction of safer landing area with the other 
direction of safer landing 


Horizontal waving 


White fag, font 


May also be shown by Morse code ight or sound 
s- eee = landing here is dangerous 
R- @@MMMB@ — = Iand to the right of your current heading 


L- @@MMB Oe —~I2nd to the left of your current heading 
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Drop a message ‘or rocking wings 


om came 
uy R 


or flashing landing lights on and off twice ‘oF Morse code by light T = dah or R = at dah dit 


= =e 


——e 
Straight and fovel ght or Crcing 

came cameme m= 
(Or Meree code by light R PT 5 i = 
Surface-to-airreplios 


Message understood ~ | will comply 
‘Change course to requited direction ys 
(Or Morse code by light T= gl or code and answering pendant 


ee 


1am unable to comply 
Morse code by light N= lm @ oF code flag N 
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CHAPTER 16 : Rescue 


‘Make yourself as visible as possible. An EPIRE will 
tell the SAR authorties where you are and who you 
‘are, But i's wise not to rely on any one system. 


‘You wil see potential rescuers before they see you. 
Try to make contact with them. Use flares only 
When there's a chance of rescuers seaing them, 
Use a handheld VHF and / ora signaling riror 


But be prepared for disappointment. & comman 
theme of all survival stories s that they could have 
been rescued eattier it only the passing ship had 
‘seen them. 


Don't celebrate eary - they may not be able to 
pick you up and you might have to walla few 
more hours. You haven't been rescued untl you 
fare safely on board the ship or helper. 


Rescue by lifeboat 


I rescued by lifeboat, you'l probably see the boat 
‘searching for you before they see you. Use a 
handheld flare to help pinpoint your postion, 


itis dark, switch on the feral ight and use a 
torch to signal to them. Talk to them on a handheld 
VHF — they wil use their direction finder to homme 
in on you - but help confirm their bearing by teling 
them where you are using @ hand held GPS or 
relative to their direction of travel, ise nautical 
terms. ‘| am on your port bow, half a mil..." etc 


‘Tell them if you have injured casualties or children and the condition of the sunvvors. This will help 
the coxswain make the best plan for their evacuation, Tell them if there are any ropes or hazards 
‘around the raft — it may affect their approach, 


‘As the lileboat approaches, show the crew thal you have a painter ~assurning you cut it at the 
correct point when abandoning ship. The crew will hen be able to secure the raft alongside during 
the rescue. If they throw you a heaving ine, tind a strongpoint and altach it you will not have the 
strength to hold it while they pull the raft in, 


The lifeboat will approach either head- or stern-to-wind to avoid becoming entangled in the sea 
anchor or other lonse lines. 
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Rescue by ship 


\While many professional shins’ crews practise emergency recovery, there are some that may have 
no idea how to go about retrieving survivors from a small boat or iferat. 


It's important to communicate effectively with 
them because it willbe dificult for the captain 
and crew to appreciate the size and etfects of 
the waves on a small vessel or iferat. 


‘Beware — the Bferaft (or boal) can be suicked in 
to 2 lightly loaded ship's propellers. 


Due to exhaustion and the eects of the cold, 
Yyou wil not be in aft state to climb a ship's 
lacider. In the excitement of the rescue, i's easy 
to think you can, There are many reported cases 
where survivors have tned to climb the ladder 
Cony to be lost when they fall off t after climbing 
conly @ few rungs, 


‘The ship may be able to lower a basket or a 
cargo ret to lit everyone: in together. A large net 
can it the whole raft with the survivors inside. 


‘The best option is forthe ship to lower a fast 
rescue craft that will come to the raft and pick 
Lp survivors. The ship wil stand off and create 
alee for the rescue boat to wark. The rescue 
raf, its crew and the survivors will then be 
lifted back an board. This avoids exerting the 
survivors. Remember to take your small grab 
bbag with ID documents ete. 


Hypothermic casualties shoul lie down inthe 
‘esoue boat with their heads towards the stern 
cf the boat. 
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Rescue by helicopter 


‘As with ifeboat rescue, the helicopter may have 
<ficulty seeing you. Ifa 406/121.5 EPIRB or 
PLBis available, make sure i's switched on and 
‘operating. Switch cn the Iferaft lights ~ they 
may seem dim to you but a pilot using night- 
vision goggles will see them clearly, use your 
torch to signal to the helicopter 


Ifyou have one, use a handheld VHF to 
‘communicate with the helicopter. Pilots use 
‘clock notation. For example, ‘We are lying at 
your 4 o'clock’ 


Use orange smoke - during the day — or 
handheld red flares to pinpoint your position. 


Do not fre parachute rocket flares ifthe helicopter is within a short distance, 

‘A rocket flare has the capability to down a helicopter. 

‘At night, bright flare can bind pilot wearing night-vision goggles. It in radio contact, ask betore 
fring a hand-held flare. It probably wll not be necessary 


‘The helicopter crew will instruct you what to do, Do as they say - they are the experts. 


‘Take care not to all crowd to one side of the 
ral or dinghy — the prevaling wind and the 
downdraught of the helicopter may be enough 
to turn the raft over. 
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Most SAR helicopters will ower a winch man 
into the raft. Be aware that some countries’ 

SAR units use diferent methods. Some may = 
hop a rescue diver fst, others may use a 

rescue basket. 


| vores ‘quickly build @ charge of static 
| etectriity, Do nat grab the winch man until he 
has ‘earthed’ into the water, 


I the helicopter is using a ‘hin’ to help guide Ete 
and steady the winch man, hold on to the line 

while the winch man is puled back up to the 

helicopter. Do not tei to the raft, andl make 

sure it does not become tangled with the 

remaining casualies, 


Ifthe winch man suspects a casualty is 
/ hypothermic he will it ther in a horizontal 
= poston either in a stretcher or use a double 
‘srop— one underneath the arms and one 
Under the back of the knees, 
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GLOSSARY 


bear away 


bilge pump 


fairlead 


Gmpss 


turn the boat downwind 
‘pump for removing water from inside hull 


‘an impellor mounted sideways ina tube below the waterine in the bow 
to assist manosuvring 


a fitting to which ropes are attached 
cabin root 

‘physiological reaction to immersion in cold water 
entrance to cabin, generally down steps 

highly visible loat thrown 10 a man overboart 

marked position on which sector search is based 
Involuntary breathing reaction when fang inte cold water 


{funnel shaped canvas device traled from stem to help prevent 
craft trom slewing sideways in folowing sea 


Digital Selective Caling ~ automated VHF racto facity 
Expected Detection Range 


Emergency Postion Incicating Radio Beacon - satalite-based 
location system 


‘metal fiting used to guide rope 
pivet point 

Global Maritime Distress and Safety System 

Global Pesitioning System —satelite-based navigation system 
‘watertight buoyant bag for stowing essential lems for emergency use 
crew support bar around mast 


top edge of hut 
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How To soldat 


* 6) A few bits of insulated wire and an old spade 
connector or two on which to practice. Two or 
three feet of wire will do, 


+7) Heat Shrink Tubing - I rarely use electrical 
tape any more, Heat shrink is really great! I usually 
buy it in three foot lengths in two or three sizes. 
‘This isa sort of memory tubing that, I believe, is 
made by heating a special tubing and stretching it 
and allowing it to cool while still stretched. it 
‘maintains that size. When heat is applied once 
again the tubing will shrink back down to its 
original size, 


*8) Protection for the work surface like an old 
piece of 1/4" plywood about 12" square or such, 
An old piece of counter-top lamination works also, 


* Wicking material (not shown)- You can purchase 
some special copper wick that is used to unsolder 
Joints. This is usually not necessary, but handy at 
times, and inexpensive. 


* Eve protection 
* A Ventilated workspace 

SOME WARNINGS 
in 


A soldering pencil as well as molten solder are both really hot. They will burn you and it will hurt. It can hurt 


alot. Itcan make your skin give off smoke and that smells bad. If left unattended a hot soldering pencil can cause fires, 


melt carpeting, bum workbenches, and make the cat dance like never before. An unsuspecting person can pick up a hot 
soldering iron and get a nasty burn (trust me on this one!). Never leave a soldering tool warming or hot and unattended. 


Additionally, a hot soldering iron can almost instantly melt plastic parts and upholstery ina hurry. Use care when 
soldering as well as when moving the iron to and from the solder joint. If the cord gets caught when moving the iron it 
can easily cause you to drop the hot tool onto something expensive or painful. NEVER place a soldering iron on 
saddles, luggage, body work, painted surfaces, or on or near any heat-sensitive surface, 


LEAD and VAPORS- solder contains a good amount of lead and handling it over a long period of time may have 
negative health consequences. The vapors caused by soldering can, over time, cause health problems as well. Work in 
well ventilated area, 1 usually work out doors and use a fan to blow the vapors away from me. The smoke that is 
given off by the flux in the solder is also not a good thing to breathe. 


MOLTEN METAL - When soldering (and particularly when un-soldering) it is very possible to flick bits of melted 
solder about. As this stuiT is quite hot, even a small drop in the eye can cause permanent damage. Wear eye protection 
and do not wear your good glasses, or wear them under goggles. The dripped solder can melt plastic parts and 
permanently damage auto carpeting as well. Be aware of other folks or critters who may be in the area as well. 


ELECTRICITY - You will be soldering on wires that, if shorted out, could cause a blown fuse, damaged electrical 


components, or melting wires and a fire. Always disconnect the battery when soldering wires on a vehicle and remove 
connectors from heat-sensitive components before soldering on them. 


LETS GO 
I could spend a lot of time talking about how it all works, but jumping right in is the best way to learn how to 
solder and I will explain as I go 


Begin by creating a safe work area. One free of 
clutter, with sufficient light, and protected from the 
soldering iron and melting solder. Set the soldering 
pencil in its stand and plug it in. be sure that the 
cord is placed in a way that it will not be accidently 
pulled or tripped on, upsetting the soldering pencil 


While that is heating up, prepare your sponge. 
Wet it, squeeze out the excess water, then fold it in 
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MMSI number 


rope for raising or lowering sail 
block and tackle 

boring boat to a standstil 

signalling system using mirror to reflect sun's rays 

Heat Escape Lessening Posture ~ position adopted in water 


\winching technique used by SAR helicopters 


device triggered by immersion in water 


condition where water pressure on lower limbs squeezing blood 
back into body is removed, thereby placing strain on the heart 


condition of having body temperature reduced to dangerously low level 
condition caused by continuous contact with cold and wet environment 
‘waterproof insulated emergency survival suit 

International Sailing Federation 

International Standards Organisation 

line at deck level for attaching eines 

makeshift repair, 0. to sails or steering 

ccontral puling boom downwards (also vang) 

downwind direction 

heading into wind 

distress call 

‘Maritime Mobile Service Identities number 


‘man overboard: 
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moment of inertia {force of rotation of boat dependent on weight af mast, keel etc, 


onc Offshore Racing Congress 
painter ‘mooring line attached to dinghy or leratt 
Pan Pan call radio call secking assistance 
parbuckle sling of canvas or rope used for rising objects 
PEPIRE Personal Emergency Position Indicating Ratio Beacon — 
satellite-based location system (see PLB) 
pitch-poling ccapsizing with bow going over stem 
PLB Personal Locator Beacon ~ satelite-based or surtace-based emergency 
location system 
PRV ppressure-relief valve 
reefing pennant rope used to assist in reducing sail 
NL Royal National Lifeboat institution 
roller headsail sail in front of mast set or reduced rom a roller device 
SAR search and rescue 
SART ‘Search-and-Rescue Radar Transponder — alert and position- 
finding electronic device 


scandalise the boom raise the outer end of the boom 


sea anchor pparachute-like device deployed from bow to keep head-to-wind 
and reduce possibilty of capsize or pitch-paling 


seacock ‘valve in hull controling seawater fow into boat 
secondary drowning _physiclogical reaction caused by presence of water in kings 
Senhouse slip release attachment fer straps ete 


shrouds ‘wires holding up the mast at sides of boat 
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signal card 


Williamson turn 


card showing meanings of signals from ships and aircraft 
fitting allowing quick attactmentremoval of rope 

‘solar-onerated device for extracting potable water from seawater 
Safety of Life at Sea Convention 

inflated hull section of inflatable craft 

‘mast fitings guiding rigging from hull to mast head 

ost supporting auarcrail 

steering effectiveness dependent on flow of water past rudder 
mall sail set before mast for storm conditions 

bilge pump fiter 

change direction by bringing the wind around the front of the boat 
rope that holds the boom up when the sail is down 

thermal protective aid — insulated bag-tke suit for casualties 

small loose-footed sal set in place of maineall for storm conditions. 
device for axjusting tension in rigging 

control puling boom downwards (also kicker) 

‘mooring line 


rermovable board al top af companionway to minimise ingress 
‘of water into cabin 


‘manoeuvre by powered crait to tum onto reciprocal track 
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INDEX 


A 
abandoning ship 82-105 
cold, protection against 8 
collecting sharp objects and weapons 95 
crew reaction to 86 
ris 82 
entering the water 86-87 
fire, because of 31,34 
huddle for warmth 68, 95, 109 
keeping cool 104-105 
erat, boarding 65 
Initial actions after 92-93 
secondary actions after 94-97 
from water eB 
eraf, launching 83-84 
lferat, righting capsized 90-91 
location, means of 7 
reasons for 34-36 
rescuing survivors, inIteraft a9 
routing, establishing 7 
saving boat a2 
‘survival, requirements for 35 
advising person ashore 5,10 
anchors 11,12,14 
anchors, sea 23 
in eran 79,81, 92, 104 
‘Australian Navy, Royal 36 

B 
Bailey, Maurice and Maralyn 103 
baling equipment 10, 12, 78, 79, 94 
batteries 10, 12,14 
Beaufort scale 192-133 
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bellows 79, 80 
bilge pumps 11,12, 14,26 
birds, catching and eating 108 
blankets, reflective 96 
bleeding, severe 413 
boat checkist, pre-voyage 4 
sailing boats 19 
Bombard, Alein 103 
bowel movements sr 
Bulimore, Tony 35 
bum-bags at 
bungs, sealing 114,12, 14, 26 
‘buoyancy aids 62 
‘buoys, dan 10, 13,14 
‘eo-eflective tape on 18 
Butler, Bill and Simone 102 
c 
Callahan, Steve 102, 108 
copsizing 20 
care of boat and equipment 1416 
(CDs for signaling 45, 80 
lothing, cool weather 8 
clothing, warm weather 9 
Coastguard, HM 16 
inforring 43 
Rescue Co-ordination 
Centre search procedure 123 
Voluntary Safety Identification 
‘Scherne (C86) 5 
ccolapse, pre- and circum rescue 17 
communication equipment 11,13 


800 also distress situations: alarm, raising: 
racho, VHF 


‘compasses 10 
coo}, keeping 104-105 
crew, knowledge of 5.6 
‘crew reaction to yacht foundering 36 
D 
damage control and repair 24-26 
hatch damage 25 
hull damage 26 
jung 24, 25, 36 
‘mast, broken 25 
nagging, standing 25 
rudder, lost 24 
steering failure: 28 
\VHF antenna, emergency 25 
‘dan buoys 10, 13, 14 
retro-refleative tape on 16 
desalinators, hand-operated 102 
Digital Selective Calling (OSC) 41, 82, 122 
singhies 10, 18, 128 
dislocations 114 
distress situations 
‘alarm, raising 4145 
divers 45 
ose 41, 82, 122 
EPIRES 47-48, 62, 97, 118, 120 
flares see flares 


heliograph (mirror or CD) 45, 79, 60 
Mayday by voice 42-43, 82, 122 


MOB alerting devices 60 
mobile phones 43 
PLES 49-80, 97, 120 
SARTS 50-51, 97 


satelite phones 43 


signals 44 
GMDSS (Giobal Maritime Distress 
and Safety System) 40, 41 
divers in distress 45 
drinking cups, graduated 79, 81 
rinking seawater and urine 100 
rogues, feratt 79, 81 
rogues at sea, use af 22,24 
drowning, near 10 
‘drowning, secondary 17 
E 
Eclipse 43 


Emergency Position Indicating Radio 
Beacons (EPIREs) 47-48, 82, 97, 118, 120 


enemas, water 80, 101 

engine problems 10, 12, 14, 15 

EPIRBs (Emergency Postion indicating 

Radio Beacons) 47-48, 82, 97, 118, 120 

F 

Fastnet Race (1978) 24,70 

fre blankets 10, 13, 29, 31 

fire control 27-31 
fre blankets 10, 13, 29, 31, 
fre extinguishers see fre extinguishers 
firefighting a 
prevention of fre ar 

‘re extinguishers 10, 13, 14, 28-30 
location of 30 
maintenance a 
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types of 28, 28 
automatic 29, 90 
fire prevention or 
first aid 106-117 
bleeding, severe 413 
collapse, pre-and circum-rescue 117 
dislocations 114 
fractures 114 
frosttite 113 
heart attacks 114, 115, 116 
heat exhaustion 107 
heat stroke, 107 
hydrostatic squeeze 417,127 
hypothermia ‘see hypothermia 
immersion foot 14 
nnear-drowning 110 
post-rescue 17 
resuscitation technique 115-116 
seasickness 94,115 

see also seasickness, tablets preventing 
‘secondary drowning 44417 
shock 112 
splints, ifejackets 2s 106, 114 
first le Kit 10, 13, 108 
Weratt 79, 80 
fish, catching and eating 103 
fishing kt 79, 81 
flores 87-40, 118, 120 
accessibility 37 
firing 39 
handheld 98, 40, 118, 120 
in iferatt pack 79, 80 
on- distress 40 
types of 38-39 
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food, catching 101, 102, 103, 
suggested diet 103 
food in iteratt 79, 80, 102 
{ood rationing 99 
foods to avoid 100, 102 
foot, immersion 14 
Ford, USS 4a 
fractures 114 
frostbite 413, 
fuel, suficient 12, 18,14 
G 
gas storage 10,13 
Gibb Hooks 33 
Giobal Maritime Distress and 
Safety System (GMDSS) 40,44 
Golden, F €2, 108, 109 
(GPS, MOB bution 122 
grab bags 11, 13, 81, 82, 85 
small 1,119 
H 
Hammar hydrostatic release unit w 
Hammar lifefacket inflation system 55 
‘harbour entrance, approaching a 
hatch damage 25 
headsails, ober 18 
heart attacks 114,118, 16 
Heat Escape Lessening Posture 
(HELP) position 64, 66 
heat exhaustion 107 
heat stroke: 107 


alicopter, rescue by 120-121 


helicopter, search pattern by 123 
help required (Pan Pan cal 46 
Hervey €2 
hhuciling for warmth 68, 95, 109 
hull damage 28 
hydrostatic release units (HAUs), Meraft 76-77 
hydrostatic squeeze 417,127 
hypothermia 62, 65-66, 95, 108-110 
‘599 also survival in cold water: body heat loss 
acute 108 
chronic 108, 108 
crcur-rescus collapse 117, 126 
pre-rescue collapse 17 
preventing 66, 68, 62, 95, 96, 98 
recovering casualties with 119, 126 
symptoms €2, 95, 108-109 
‘treatment 109-110, 117 
1 
Irmmersion (survival) suits 14 
Indianpols, USS 100 
injured people in iferatts 85, 95 
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5 half and rubber band it about half-way down. 


Pull out about a foot or two of solder from the roll and 
touch it to the tip of the soldering iron. Always apply the 
solder to the flat parts of the tip and not to the sides. When 
the solder melts fairly easily, melt an amount all over the tp. 
‘There will be some smoke from the resin in the solder, 


The solder you bought is actually abit hollow. Inside of the metal there is. 
a channel (or in some eases, channels) that make it sort of like a little garden 
hose. The channel is filled with a resin. When heated it melts and some of it 
burns off. The action of the resin when itis heated helps clean the surface to 
be soldered which helps the solder stick alot better. Unfortunately, the 
‘bumed resins can also leave deposits on the soldering pencil, and over time 
‘will make it difficult to solder. ‘That's where the sponge comes in. After you 
have melted some solder onto the tip (about a quarter inch or so of the thin 
stuff) wipe the soldering pencils tip off on the damp sponge a few times. 


Ifyou examine the tip of the soldering pencil carefully you will 
see that itis now covered with a thing coat of shiny, silver metal- the 
solder. You have successfully "tinned! the tip of the pencil, This 
keeps the metal tip from oxidizing and will assist you in soldering 
from now on. Always do this before starting a soldering job and 
occasionally during a larger job. 


Place the soldering pencil back into its holder and let's prepare the wires. We are going to solder two wires together, 
making believe they have broken or need extending, 

We start by "stripping" some of the plastic insulation away from 
where we want to connect the wires. The thicker the wire the more 
insulation we remove. For most common wires on a motorcycle or 
in car, removing about 3/8 to @ inch works fine. You will get a 


hitp:w6ree.com/duanetomwisolder! ang 
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Useful Contacts 


UK 


Royal Yachting Association 
YA House, Ensign Way, Haribo, 
Hampshire S031 2A 
Telephone: 0645 345 0400 
mal: scmintya.cra.uk 

Web: wrye.cra.uk 


Maritime and Goastauard Agency 
‘Spring Pace, 105 Commercial Road, 
Southampton, Hampshire SO15 1EG 
Telephone: 023 6022 9100 

mai: infoliretimega.gov.uk 

Web: wewwsrogagovik 


FRoyal National Lifeboat institution 
West Quay Rosc, Poole, Dorset, BHI5 1HZ 
Telephone: 0600 328 0600 

mai: seasatetyriorg.uk 

Web: wow iron. ckisesaiety 


‘British Marine Federation 
Marine House, Thorpe Lea Road, Egham, 
‘Suey TW20 8BF 

‘Telephone: 01784 478377 

mal ino@bitshmatine. co.uk 


“The Radio Licensing Gentre 
PO Box 1495, Bristol BS99 30S 
‘Telephone: 0870 243 4433 

‘Web: wei racoicencecentve.co.uk 


CHIRP - Confidential Human Factors Incident 


Reporting Programme 
FFREEPOST (Gi8439), Buiding Y20E, Room G15, 
(Cody Technology Parks, Wely Rosd, Farnborough, 
Harshire GU14 OLX 

Telephone: Freeone (UK only) 0808 100 3237 


Intemational Maritime Organisation 
4’Atert Embarkment, Londen SET 7SR 
Telephone: (120 735 7611 

Emalk publcatios-salesGimo.crg 

Web: vrmwamo.erg 


USA 


US Sailing 
FO Box 1260, 15 Matin Drive, Portsmouth, 
Fiozer1-o007 

“Telephone: 1-200-USSAIL 1 Ext. 1 

Emal info@ussaling.org 

Web: vaw.ussaling.org/salely 


United States Coast Guard Boating Safety 
Web: vav.useabosting ora 


EPIRB registration 


International 
Intemational Beacon Registration Database 
‘Web: winw.06reqisration com 


uK 
The EPIRG Registry 

Maritime end Coastouard Agency 
Pendennis Pont, Castle Drive, Falmouth, 
Conwell TAIT 4W2. 

“Telephone: 01326 211569 

malt: epsbmoga.gov.uk 


usa 
'SARSAT Beacon 

etoral Ossett xrogphore Admintraton, 
NSOF, ESP, 4231 Sullend Road, 

Suitland, WD 20746 

“Telephone: 301.617.4515 

Web: wy beaconregitration.noaa. gov 

ry caling 1-888-212-SAVE 


Australia 
[Beacon Registration Section 

‘AusSAR, Australan Mare Safety Athory (AMSA, 
GPO Bex 2181, CANBERRA CITY, ACT 2601 
“Telephone: 1800 641 792 

Email: 2us,_beecon_query@amsa gov.au 


Now Zealand 
Rescue Co-ordination Centre New Zealand 
FO Box 30050, Lower Mat 6000 

Telephone: +64 4 914 8383 

Email: 406reqstryGrnsa.govt.nz 


Useful Websites 


Safety of Life at Sea Convention 
Webs Wiywlina org 


‘Marine Accident investigation Branch 
Webs wiyw.mab.gov.uk 


First Ald 
St John Ambulance 
Webs wri sa.ory us 


[BBC Health - First Aid 
Web: wiyn.bbc.co.ui/heahivirstsidindx.sht 


RYA Sea Survival Handbook 

Boating is one of the safest leisure sporting activities. However, in any sport 
that pushes us to the edge of our abilities, there's always a chance of 
accident or injury. Being properly prepared makes us better able to cope 
with an emergency and will significantly increase our chances of survival. 


4 
‘This handbook is essential for anyone taking the one-day RYA Basic Sea 
Survival course and the two-day RYA/ISAF Offshore Safety course. It is also 
invaluable for anyone who takes a boat offshore. 


The RYA 

‘The RYA is the UK governing body representing sailing, windsurfing, motor 
boating, power boating and personal watercraft, at sea and on inland waters. 
It works for the good of all who enjoy these activities, campaigning for their 
interests at local, regional, national, European and world level. 


RYA training is recognised throughout the world and every year over 140,000 
recreational and professional sailors take RYA courses and exams. 


This book is one of over 80 published by the RYA, Some relate to 
specific training Courses and are a valuable study and leaming aid, 
Others provide technical, legal or general boating advice, All are 
expertly written, informative and authoritative. 


For information about the RYA's training courses or publications, 
and the valuable benefits of being an RYA member, please visit 
our website at www.tya.org.uk. 


YA the RV ick log and YACHTIAASTER ae 
Teper rae mars othe Royal Yachsg an 74-4. g0s104- 31-4 
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With editorial change. 


Instrument Flying 
Handbook 


2008 


Preface 


This Instrument Flying Handbook is designed for use by instrument flight instructors and pilots preparing for instrument 
rating tests. Instructors may find this handbook a valuable training aid as it includes basic reference material for knowledge 
testing and instrument flight training. Other Federal Aviation Administration (FAA) publications should be consulted for 
‘more detailed information on related topics. 


This handbook conforms to pilot training and certification concepts established by the FAA. There are different ways of 
teaching, as well as performing, flight procedures and maneuvers and many variations in the explanations of aerodynamic 
theories and principles. This handbook adopts selected methods and concepts for instrument flying. The discussion and. 
explanations reflect the most commonly used practices and principles. Occasionally the word “must” or similar language 
is used where the desired action is deemed critical. The use of such language is not intended to add to, interpret, or relieve 
a duty imposed by Title 14 of the Code of Federal Regulations (14 CFR), 


Allof the aeronautical knowledge and skills required to operate in instrument meteorological conditions (IMC) are detailed, 
Chapters are dedicated to human and aerodynamic factors affecting instrument flight, the flight instruments, atitude instrument 
‘lying for airplanes, basic flight maneuvers used in IMC, attitude instrument flying for helicopters, navigation systems, the 
National Airspace System (NAS), the air traffic control (ATC) system, instrument flight rules (IFR) flight procedures, and. 
IER emergencies. Clearance shorthand and an integrated instrument lesson guide are also included. 


‘This handbook supersedes FAA-H-8081-15A, Instrument Flying Handbook, dated 2007. 


‘This handbook may be purchased from the Superintendent of Documents, United States Government Printing Office (GPO), 
‘Washington, DC 20402-9325, or from GPO's web site. 


hip://bookstore.gpo.gov 


This handbook is also available for download, in PDF format, from the Regulatory Support Division's (AFS-600) web 


up: /www.faa.gov/aboutfoffice_org/headquarters,_offices/avs/offices/afs/afs600 


‘This handbook is published by the United States Department of Transportation, Federal Aviation Administration, Airman 
‘Testing Standards Branch, AFS-630, BO. Box 25082, Oklahoma City, OK 73125. 


‘Comments regarding this publication should be sent, in email form, to the following address. 


AFS630comments@f2a.gov 


Record of Changes 


‘The following editorial changes were made tion of FAA-H-8081-15A, Instrument 


Flying Handbook: 


2008 that supersede the 2007 publi 


Page 2-2, corrections made to Figure 2-1. The Airfoil. 
Page 2-3, correction to paragraph concerning induced drag. 

Page 2-7, corrections made to Figure 2-8. Thrust and Power Required Curves. 

Page 2-11, correction to paragraph concerning the coordination of rudder and aileron controls. 
Page 2-12, correction to Figure 2-15. Adverse Yaw 

Page 3-4, correction to Figure 3-3. Sensitive Altimeter Components. 


Page 3-5, correction to Figure 3-6. The loss of altitude experienced when flying into an area where the air is colder (more 
dense) than standard. 


Page 4-2, correction to Figure 4-1. Control Instruments, 
Page 4-3, correction to Figure 4-2. Performance Instruments, 
Page 4-18, correction to Figure 4-25. Control Instruments. 


Page 6-11, correction to Figure 6-12. Flight instrument indications in 


lized constant-airspeed climb. 
Page 6-12, correction to Figure 6-13. Flight Instrument Indications in a Stabilized Constant-Rate Climb 
Page 7-7, correction to Figure 7-7. ADF Tracking Inbound 

Page 7-9, corrections made to Figure 7-8. ADF Interception and Tracking Outbound, 

Page 7-13, correction made to Figure 7-15. CDI Interpretation, 

Page 7-15, correction made to Figure 7-16. Course Interception (VOR). 

Page 7-18, correction made to Figure 7-18. Using DME and RMI to Maintain an Are. 

Page 7-27, correction made to paragraph concerning GPS Components. 


Page 7-41, corrections made to Figure 7-37. P 


jon and Nonprecision ALS Configuration. 


Page 10-12, correction made to paragraph concerning a parallel procedure, 
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feel for how much in a short period of time. When stripping wire be 
very careful not to cut the strands of the conductor. 


‘There are special tools available for stripping wire that can save alot of time. These can be as simple as a carefully 
wielded razor blade to fancy and somewhat expensive automatic strippers. 


Once stripped, twist the strands together into a neat litle bundle, 


‘The exposed wires should look fairly clean and in most cases, shiny, but certainly not green or cruddy. If corroded, 
then the wires should be cut back and re-stripped until clean wire is found. 


Now cut a length of heat shrink tubing off 
about an inch long. It should be ofa large 
enough diameter that atleast two of the wires 
you are soldering can easily fit into it at the 
‘same time. Slide the length ofthe tubing over 
one of the stripped wires- it doesnt matter which 
here, but in real life we would slide it over the 
lower wire or the one which slopes most 
downward away from the joint so it will tend to 
slide out of the way. make sure itis at least 
three or four inches away from the joint, 


Now, twist the two wires together into a tight, neat pair. This is 
important because it helps create a good electrical connection. You 
also do not want any litte wires sticking out. Start by crossing the 
‘wires about mid-strip, crossing them at about 45 degrees or so, and 
twisting in opposite directions. When done, the joint should be 
fairly strong on its own, holding the two wires together tightly. The 
‘connected pair of wires should be in line as if they are a single wire 
and not two joined together. 


It's time to solder. Place the roll of solder on your left (if you are right handed) with a good length of solder hanging 
out of the roll, With the solder in your left hand and the soldering iron in your right hand, check to see that the tip is still 
tinned and shiny. If not, repeat the process with a bit of solder melted to the tip, then wipe the tip off on the sponge. 


Melt a little ball of solder onto the iron... 


hip: w6rec.com/duanetomwisolder! 


Introduction 


1s an Instrument Rating Necessary? 
‘The answer to this question depends entirely upon individual 
needs. Pilots may not need an instrument rating if they fly in 
familiar uncongested areas, stay continually alert to weather 
developments, and accept an alternative to their original plan. 
However, some cross-country destinations may take a pilot 
to unfamiliar airports and/or through high activity areas in 
‘marginal visual or instrument meteorological conditions 
(IMC). Under these conditions, an instrument rating may 
be an alternative to rerouting, rescheduling, or canceling 
a flight. Many accidents are the result of pilots who lack 
the necessary skills or equipment to fly in marginal visual 
‘meteorological conditions (VMC) or IMC and attempt flight 
without outside references. 


Pilots originally flew aircraft strictly by sight, sound, and 
feel while comparing the aircraft's attitude to the natural 
horizon, As aircraft performance increased, pilots required 
‘more inflight information to enhance the safe operation of 
their aircraft. This information has ranged from a string tied 
to a wing strut, to development of sophisticated electronic 
flight information systems (EFIS) and flight management 
systems (FMS). Interpretation of the instruments and aircraft 
control have advanced from the “one, two, three” or “needle, 
ball, and airspeed” system to the use of “attitude instrument 
flying” techniques. 


Navigation began by using ground references with dead 
reckoning and has led to the development of electronic 
navigation systems. These include the automatic direction 
finder (ADF), very-high frequency omnidirectional range 
(VOR), distance measuring equipment (DME), tactical air 
navigation (TACAN), long range navigation (LORAN), 
¢lobal positioning system (GPS), instrument landing system 
(ILS), microwave landing system (MLS), and inertial 
navigation system (INS). 


Perhaps you want an instrument rating for the same basic 
reason you learned to fly inthe first place—because you like 
‘lying. Maintaining and extending your proficiency, once you 
have the rating, means less reliance on chance and more on 
skill and knowledge. Earn the rating—not because you might 


need it sometime, but because it represents achievement and. 
provides training you will use continually and build upon 
as long as you fly. But most importantly it means greater 
safety in flying. 


Instrument Rating Requirements 
A private or commercial pilot must have an instrument 
rating and meet the appropriate currency requirements if 
that pilot operates an aircraft using an instrument flight 
rules (IFR) flight plan in conditions less than the minimums 
prescribed for visual flight rules (VFR), or in any flight in 
Class A airspace. 


‘You will nced to carefully review the aeronautical knowledge 
and experience requirements for the instrument rating as 
outlined in Title 14 of the Code of Federal Regulations 
(14 CFR) part 61. After completing the Federal Aviation 
Administration (FAA) Knowledge Test issued for the 
instrument rating, and all the experience requirements have 
been satisfied, you are eligible to take the practical test. The 
regulations specify minimum total and pilot-in-command 
time requirements. This minimum applies to all applicants, 
regardless of ability or previous aviation experience. 


Training for the Instrument Rating 
A person who wishes to add the instrument rating to his or 
her pilot certificate must first make commitments of time, 
‘money, and quality of training, There are many combinations 
of training methods available. Independent studies may be 
adequate preparation to pass the required FAA Knowledge 
‘Test for the instrument rating. Occasional periods of ground 
and flight instruction may provide the skills necessary to 
pass the required test. Or, individuals may choose a training 
facility that provides comprehensive aviation education and 
the training necessary to ensure the pilot will pass all the 
required tests and operate safely in the National Airspace 
System (NAS). The aeronautical knowledge may be 
administered by educational institutions, aviation-oriented 
schools, correspondence courses, and appropriately rated 
instructors. Each person must decide for themselves which 
training program best mects his or her needs and at the same 
time maintain a high quality of training. Interested persons 


vil 


should make inquiries regarding the available training at 
nearby airports, training facilities, in aviation publications, 
and through the FAA Flight Standards District Office 
(FSDO), 


Although the regulations specify minimum requirements, 
the amount of instructional time needed is determined not 
by the regulation, but by the individual's ability to achieve 
a satisfactory level of proficiency. A professional pilot with 
diversified flying experience may easily attain a satisfactory 
level of proficiency in the minimum time required by 
regulation. Your own time requirements will depend upon a 
variety of factors, including previous flying experience, rate 
of learning, basic ability, frequency of flight training, type of 
aircraft flown, quality of ground school training, and quality 
of flight instruction, to name a few. The total instructional 
time you will need, the scheduling of such time, is up to the 
individual most qualified to judge your proficiency—the 
instructor who supervises your progress and endorses your 
record of flight training, 


You can accelerate and enrich much of your training by 
informal study. An increasing number of visual aids and 
programmed instrument courses is available. The best course 
is one that includes a well-integrated flight and ground school 
curriculum. The sequential nature of the learning process 
requires that each element of knowledge and skill be learned 
and applied in the right manner at the right time. 


Part of your instrument training may utilize a flight simulator, 
flight training device, ora personal computer-based aviation 
training device (PCATD). This ground-based flight training 
equipment isa valuable tool for developing your instrument 
cross-check and learning procedures, such as intercepting and 
tracking, holding patterns, and instrument approaches. Once 
these concepts are fully understood, you can then continue 
with inflight training and refine these techniques for full 
transference of your new knowledge and skills. 


Holding the instrument rating does not necessarily make youa 
competent all-weather pilot. The rating certifies only that you 
have complied with the minimum experience requirements, 
that you can plan and execute a flight under IFR, that you 
can execute basic instrument maneuvers, and that you have 
shown acceptable skill and judgment in performing these 
activities. Your instrument rating permits you to fly into 


vill 


instrument weather conditions with no previous instrument 
weather experience. Your instrument rating is issued on 
the assumption that you have the good judgment to avoid 
situations beyond your capabilities. The instrument training 
program you undertake should help you to develop not only 
essential flying skills but also the judgment necessary to use 
the skills within your own limits 


Regardless of the method of training selected, the curriculum 
in Appendix B, Instrument Training Lesson Guide, provides 
guidance as to the minimum training required for the addition 
of an instrument rating to a private or commercial pilot 
certificate 


Maintaining the Instrument Rating 
Once you hold the instrument rating, you may not act as pilot- 
in-command under IFR or in weather conditions less than the 
‘minimums prescribed for VFR, unless you mect the recent 
flight experience requirements outlined in 14 CFR part 61 
‘These procedures must be accomplished within the preceding 
6 months and include six instrument approaches, holding 
procedures, and intercepting and tracking courses through the 
use of navigation systems. If you do not meet the experience 
requirements during these 6 months, you have another 6 
‘months to meet these minimums. If the requirements are 
still not met, you must pass an instrument proficiency check, 
which is an inflight evaluation by a qualified instrument 
flight instructor using tasks outlined in the instrument rating 
practical test standards (PTS) 


‘The instrument currency requirements must be accomplished 
under actual or simulated instrument conditions. You may log 
instrument flight time during the time for which you control 
the aircraft solely by reference to the instruments. This can 
be accomplished by wearing a view-limiting device, such as, 
a hood, flying an approved flight-training device, or flying 
in actual IMC. 


It takes only one harrowing experience to clarify the 
distinction between minimum practical knowledge and a 
thorough understanding of how to apply the procedures and 
techniques used in instrument flight. Your instrument training 
is never complete; it is adequate when you have absorbed 
every foresceable detail of knowledge and skill to ensure a 
solution will be available if and when you need it 
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and immediately place the soldering iron under the twisted 
wires (if possible) so that the litte ball of solder fills much of the 
‘gap between the soldering pencil and the wire. Since heat rises, 
placing the iron under the joint will heat it faster. The little ball of 
solder works as a heat conductor and will very rapidly conduct the 
hhcat from the soldering pencils tip into the wires. If the ball of 
solder does not seem like it is contacting the wire very well, without 
removing the pencil from the joint, melt just a bit more solder in 
there by feeding the end of the solder wire into the tip. This will not 
only increase the contact area of the solder to the wire but it will 
also add a bit of flux that helps the solder adhere to the wire at this, 
time. 


After about two or three seconds, start to feed solder, slowly at first, into the 
void between the pencil and the wire. You should soon see the solder is flowing, 
into the twisted wires. WHen that happens, increase the feed rate of the solder 
into the joint, and you can now also feed a little into the top of the joint, Don't 
‘move the iron's placement, jut take the end of the solder wire and touch it to the 
tip of the joint. Continue to feed solder until the individual wires are almost 
filled with solder and the entire joint has turned silver. When that happens, stop 
feeding the solder in and immediately but gently remove the soldering iron, 


How long do you wait until feeding in solder? One way to test how long to wait is to touch the solder on top of the 
{joint and wait until that area is hot enough to melt the solder. The amount of time it takes varies with the size of the 
wires to be soldered, the size of the solder, the wattage of the iron, the size of the irons's tip, the ambient air temperature, 
and other factors. Experience will teach you how Iong this takes. 


‘The problem comes from waiting too long and putting too much heat into the joint. When you do that it begins to 
‘melt the insulation on the wires around the joint (you can sce that beginning to happen above at the end of the insulation 
of the green wire next to the soldered joint). That is why I like tho flow the solder in from where the iron's tip touches 
the wire. This is the place that will come up to soldering temperature first, and then the flowing solder will more easily 
flow solder into the joint as it carries heat with it. The larger the wires, the longer it takes and the more important it 
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Human factors is a broad field that examines the interaction 
between people, machines, and the environment for the 
purpose of improving performance and reducing errors. As 
aircraft became more reliable and less prone to mechanical 
failure, the percentage of accitents related to human factors 
increased. Some aspect of human factors now accounts for 
over 80 percent of all accidents, Pilots who have a good 
understanding of human factors are better equipped to plan 
and execute a safe and uneventful flight, 


Flying in instrument meteorological conditions (IMC) can 
result in sensations that are misleading tothe body's sensory 
system. A safe pilot need to understand these sensations and 
effectively counteract them. Instrument flying requires. pilot 
to make decisions using all available resources. 


‘The elements of human factors covered in this chapter 
include sensory systems used for orientation, illusions in 
flight, physiological and psychological factors, medical 
factors, aeronautical decision-making, and erew resource 
management (CRM). 


Sensory Systems for Orientation 

Orientation is the awareness of the position of the aireraft 
and of oneself in relation to a specific reference point. 
Disorientation is the lack of orientation, and spatial 
disorientation specifially refers to the lack of orientation 
with regard to position in space and to other objects. 


Orientation is maintained through the body’s sensory organs 
in three areas: visual, vestibular, and postural. The eyes 
maintain visual orientation. The motion sensing system in 
the inner car maintains vestibular orientation, The nerves in 
the skin, joints, and muscles of the body maintain postural 
orientation. When healthy human beings are in their natural 
environment, these three systems work well. When the 
human body is subjected to the forces of flight, the 
can provide misleading information. It is this misl 
information that causes pilots to become disoriented, 


ding 


Eyes 
Of all the senses, vision is most important in providing 
information to maintain safe flight, Even though the 
human eye is optimized for day vision, it is also capable 
of vision in very low light environments. During the day 
the ors called cones, while at night, 
facilitated by the use of rods, 

Both of these provide a level 
of vision optimized for the 
lighting conditions that they 
were intended. That is, cones 


are ineffective at night and 
rods are ineffective during 
the day. 


Rods, which contain rhodopsin 
(called visual purple), are 
especially sensitive to light 
and increased light washes out 
the rhodopsin compromising 
the night vision, Hence, when 
strong light is momentarily 

troduced at night, vision 
may be totally ineffective as 


the rods take time to become 
effective again in darkness. 
Smoking, alcohol, oxygen 
deprivation, and age affect 
vision, especially at night. It 
should be noted that at night 
oxygen deprivation such as one 
caused from a climb to a high 
altitude causes a significant 
reduction in vision, A return 


back to the lower altitude will 
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not restore a pilot's vision in the same transitory period used 
at the climb altitude, 


‘The eye also has two blind spots. The day blind spot is the 
location on the light sensitive retina where the optic nerve 
fiber bundle (which carries messages from the eye to the 
brain) passes through. This location has no light receptors, 
and a message cannot be created there to be sent to the brain, 
‘The night blind spot is due to a concentration of cones in an 
area surrounding the fovea on the retina. Because there are 
no rods in this area, direct vision on an object at night will 
disappear. As a result, off-center viewing and scanning at 
night is best for both obstacle avoidance and to maximize 
situational awareness. [See the Pilot's Handbook of 


Aeronautical Knowledge and the Aeronautical Information 
Manual (AIM) for detailed reading,] 


‘The brain also processes visual information based upon color, 
relationship of colors, and vision from objects around us. 
Figure 1-1 demonstrates the visual processing of information. 
‘The brain assigns color based on many items to include an 
object's surroundings. In the figure below, the orange square 
on the shaded side of the cube is actually the same color 
as the brown square in the center of the cube’s top face. 


Figure 1-1. Rubik's Cube Graphic 


Isolating the orange square from surrounding influences 
will reveal that itis actually brown. The application to a real 
environment is evident when processing visual information 
that i influenced by surroundings. The ability to pick out an 
airport in varied terrain or another aircraft in alight haze are 
examples of problems with interpretation that make vigilance 
all the more necessary. 


Figure 1-2 illustrates problems with perception, Both tables, 
are the same lengths. Objects are easily misinterpreted in 
size to include both length and width. Being accustomed to 
a 75-foot-wide runway on flat terrain is most likely going 
to influence a pilot's perception of a wider runway on 
uneven terrain simply because of the inherent processing 
experience. 


Vision Under Dim and Bright Illumination 
Under conditions of dim illumination, aeronautical charts and 
airraft instruments can become unreadable unless adequate 
flight deck lighting is available. In darkness, vision becomes, 
_more sensitive to light. This process is called dark adaptation, 
Although exposure to total darkness for atleast 30 minutes is, 
required for complete dark adaptation, a pilot can achieve a 
‘moderate degree of dark adaptation within 20 minutes under 
ddim red flight deck lighting. 


Red light distorts colors (filters the red spectrum), especially 
fon aeronautical charts, and makes it very difficult for the 
eyes to focus on objects inside the aircraft, Pilots should 


Figure 4-2. Shepard's Tables. 


use it oly where optimum outside night vision capability is, 
necessary. White flight deck lighting (dim lighting) should 
be available when needed for map and instrument reading, 
especially under IMC conditions. 


Since any degree of dark adaptation is lost within a few 
seconds of viewing a bright light, pilots should close one eye 
when using a light to preserve some degree of night vision. 
During night flights in the vicinity of lightning, flight deck 
lights should be turned up to help prevent loss of night vision 
due to the bright flashes. Dark adaptation is also impaired by 
exposure to cabin pressure altitudes above 5,000 feet, carbon 
monoxide inhaled through smoking, deficiency of Vitamin A 
in the diet, and by prolonged exposure to bright sunlight. 


During flight in visual meteorological conditions (VMC), 
the eyesare the major orientation source and usually provide 
accurate and reliable information. Visual cues usually 
prevail aver false sensations from other sensory systems. 
‘When these visual cues are taken away, as they are in IMC, 
false sensations can cause the pilot to quickly become 
disoriented, 


An effective way to counter these false sensations is to 
recognize the problem, disregard the false sensations, rely 
oon the flight instruments, and use the eyes to determine the 
aircraft attitude, The pilot must have an understanding of 
the problem and the skill to control the aircraft using only 
instrument indications. 
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The motion sensing system is. 
located in each inner ear in the 
approximate position shown. 


‘Semicircular Canals 


Figure 1-3. nner Ear Orientation. 


Ears 

‘The inner ear has two major parts concerned with orientation, 
the semicircular canals and the otolith organs. [Figure 1-3] The 
semicircular canals detect angular acceleration of the body 
while the otolith organs detect linear acceleration and gravity 

‘The semicircular canals consist of three tubes at right angles 
to each other, each located on one of three axes: pitch, roll, 
‘or yaw as illustrated in Figure 1-4. Each canal is filled with 
a fluid called endolymph fluid. In the center of the canal is, 
the cupola, a gelatinous structure that rests upon sensory 
hairs located at the end of the vestibular nerves. It is the 
movement of these hairs within the fluid which causes 
sensations of motion. 


Because of the friction between the fluid and the canal, 
may take about 15-20 seconds for the fluid in the ear canal 
to reach the same speed as the canal’s motion, 


Figure 1-4. Angulur Acceleration and the Semicircular Tubes 


1-4 


~ Vestibular Nerve, 


‘Toillustrate what happens during a turn, visualize the aircraft 
instraight and level flight, With no acceleration of the aircraft, 
the hair cells are upright and the body senses that no turn 
has occurred. Therefore, the position of the hair cells and the 
actual sensation correspond. 


Placing the aircraft into a turn puts the semicircular canal and 
its fluid into motion, with the fluid within the semicircular 
canal lagging behind the accelerated canal walls./Figure 1-5] 
This lag creates a relative movement of the fluid within the 
canal, The canal wall and the cupula move in the opposite 
direction from the motion of the fluid, 


‘The brain interprets the movement of the hairs to be a turn in 
the same direction as the canal wall. The body correctly senses, 
that a tur is being made. Ifthe turn continues at a constant 
tate for several seconds or longer, the motion of the fluid in 


‘The semicircular tubes are 
arranged at approximately 

right angles to each other, in 
the roll, pitch, and yaw axes. 


Ear Canal 
Eardrum 


Eustachian Tube 


QB @ 


No turning Start of turn 
No sensation. Sensation of turning 
‘8s moving fluid deflects 
hairs, 


Figure 1-5, Angular Acceleration. 


the canals catches up with the canal walls. The hairs are no 
longer bent, and the brain receives the false impression that 
turning has stopped. Thus, the position ofthe hair ells and the 
resulting sensation during a prolonged, constant turnin either 
direction will result in the false sensation of no turn. 


‘When the aircraft returns to straight-and-level flight, the fluid 
in the canal moves briefly in the opposite direction. This sends 
a signal to the brain that is falsely interpreted as movement 
in the opposite direction, In an attempt to correct the falsely 
perceived tur, the pilot may reenter the turn placing the 
aireraft in an out of control situation. 


‘The otolith organs detect linear acceleration and gravity in a 
similar way. Instead of being filled with a fluid, a gelatinous 
‘membrane containing chalk-like crystals covers the sensory 
hairs. When the pilot tilts his or her head, the weight of these 
crystals causes this membrane to shift due to gravity and 
the sensory hairs detect this shift. The brain orients this new 
position to what it perceives as vertical. Acceleration and 
deceleration also cause the membrane to shift in a similar 
‘manner. Forward acceleration gives the illusion of the head 
tilting backward. [Figure 1-6] Asa result, during takeoff and 
while accelerating, the pilot may sense a steeper than normal 
climb resulting in a tendency to nose-down. 


Nerves 
‘Nerves in the body's skin, muscles, and joints constantly 
send signals tothe brain, which signals the body's relation to 
savity. These signals tll the pilot his or hr current position. 
Acceleration willbe felt asthe pilot is pushed back into the 
seat. Forces created in turns can lead to false sensations of 
the true direction of gravity, and may give the pilot false 
sense of which way is up. 


Uncoordinated turns, especially climbing tums, can cause 
misleading signals to be sent to the brain. Skids and slips 
sive the sensation of banking or tilting, Turbulence can create 
‘motions that confuse the brain as well Pilots need to be aware 
that fatigue or illness can exacerbate these sensations and 
ultimately lead to subtle incapacitation, 


@ @ 


Constant rate turn Turn stopped 
No sensation after fluid Sensation of turning in 
accelerates to same opposite direction as moving 
‘speed as tube wall. fluid deflects hairs in opposite 
direction. 


Illusions Leading to Spatial 
Disorientation 

“The sensory system responsible for most of the ilsions 
leading to spatial disorientation is the vestibular system. 
‘Visual illusions can also cause spatial disorientation, 


Vestibular 
The Leans 

A condition called the leans can result when a banked attitude, 
to the left for example, may be entered too slowly to set in 
motion the fluid in the “roll” semicircular tubes. [Figure 1-5] 
‘An abrupt correction of this attitude sets the fluid in motion, 
creating the illusion of a banked attitude to the right. The 
disoriented pilot may make the error of rolling the aireraft 
into the original left banked attitude, or if level flight is 
maintained, will feel compelled to lean in the perceived 
vertical plane until this illusion subsides. 


Figure 1-6. Linear Acceleration 
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Coriolis Musion 
‘The coriolis illusion occurs when a pilot has been in a turn 
Jong enough for the fluid in the ear canal to move at the same 
speed as the canal. A movement of the head in a different 
plane, such as looking at something in a different part of the 
flight deck, may set the fluid moving and create the illusion 
of turning or accelerating on an entirely different axis. 
‘This action causes the pilot to think the aircraft is doing a 
maneuver that it is not. The disoriented pilot may maneuver 
the aircraft into a dangerous attitude in an attempt to correct, 
the aircraft's perceived attitude. 


For this reason, it isimportant that pilots develop an instrument 
cross-check or scan that involves minimal head movement. 
‘Take care when retrieving charts and other objects in the flight 
deck—if something is dropped, retrieve it with minimal head 
‘movement and be alert for the coriolis illusion. 


Graveyard Spiral 
As in other illusions, a pilot in a prolonged coordinated, 
constant rate turn, will have the illusion of not turning 
During the recovery to level flight, the pilot will experience 
the sensation of turning in the opposite direction. The 
disoriented pilot may return the aircraft to its original turn. 
Because an aircraft tends to lose altitude in turns unless the 
pilot compensates for the loss in lift, the pilot may notice 
loss of altitude. The absence of any sensation of tuning 
creates the illusion of being in a level descent. The pilot may 
pull back on the controls in an attempt to climb or stop the 


descent. This action tightens the spiral and increases the loss 
of altitude; hence, this illusion is referred to as a graveyard 
spiral. /Figure 1-7] At some point, this could lead to a loss, 
of control by the pilot. 


Somatogravic Illusion 
A rapid acceleration, such as experienced during takeoff, 
stimulates the otolith organs in the same way as tilting the 
head backwards. This action creates the somatogravic illusion 
‘of being in a nose-up attitude, especially in situations without 
‘good visual references. The disoriented pilot may push the 
aircraft into a nose-low or dive attitude. A rapid deceleration 
by quick reduction of the throttle(s) can have the opposite 
effect, with the disoriented pilot pulling the aircraft into a 
nose-up or stall attitude. 


Inversion Hlusion 
An abrupt change from climb to straight-and-level flight can 
stimulate the otolith organs enough to create the illusion of 
tumbling backwards, or inversion illusion. The disoriented 
pilot may push the aircraft abruptly into a nose-low attitude, 
possibly intensifying this illusion. 


Elevator Illusion 
An abrupt upward vertical acceleration, as can occur in 
an updraft, can stimulate the otolith organs to ereate the 
illusion of being in a climb. This is called elevator illusion. 
‘The disoriented pilot may push the aireraft into a nose-low 
altitude. An abrupt downward vertical acceleration, usually 


Figure 1-7. Graveyard Spiral 
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in a downdraft, has the opposite effect, with the disoriented 
pilot pulling the aircraft into a nose-up altitude. 


Visual Illusions 
‘Visual illusions are especially hazardous because pilots rely 
on their eyes for correct information, Two illusions that lead 
to spatial disorientation, false horizon and autokinesis, are 
concerned with only the visual system. 


False Horizon 

A sloping cloud formation, an obscured horizon, an aurora 
borealis, a dark scene spread with ground lights and stars, 
and certain geometric patterns of ground lights can provide 
inaccurate visual information, or false horizon, for aligning 
the aircraft correctly with the actual horizon. The disoriented 
pilot may place the aircraft in a dangerous attitude 


Autokinesis: 
In the dark, a stationary light will appear to move about when 
stared at for many seconds, The disoriented pilot could lose 
control of the aircraft in attempting to align it with the false 
‘movements of this light, called autokinesis, 


Postural Considerations 


‘The postural system sends signals from the skin, joints, and 
‘muscles to the brain that arc interpreted in relation to the 
Earth's gravitational pull. These signals determine posture. 
Inputs from each movement update the body's position to 
the brain on a constant basis. “Seat of the pants” flying is 


largely dependent upon these signals. Used in conjunction 
with visual and vestibular clues, these sensations can be 
fairly reliable. However, because of the forces acting upon 
the body in certain flight situations, many false sensations 
can occur due to acceleration forces overpowering gravity. 
[Figure 1-8] These situations include uncoordinated turns, 
climbing turns, and turbulence. 


Demonstration of Spatial Disorientation 

‘There are a number of controlled aircraft maneuvers a pilot 
can perform to experiment with spatial disorientation, While 
each maneuver will normally create a specific illusion, any 
false sensation is an effective demonstration of disorientation. 
‘Thus, even if there is no sensation during any of these 
maneuvers, the absence of sensation is still an effective 
demonstration in that it shows the inability to detect bank 
or roll, There are several objectives in demonstrating these 

1. They teach pilots to understand the susceptibility of 
the human system to spatial disorientation, 

2. ‘They demonstrate that judgments of aircraft attitude 
‘based on bodily sensations are frequently false. 

3. They help lessen the occurrence and degree of 
disorientation through a better understanding of the 
relationship between aircraft motion, head movements, 
and resulting disorientation, 

4, They help instill a greater confidence in relying on 
flight instruments for assessing true aircraft attitude. 


Pull out 


Level 


Level skid 


Coordinated turn 


Forward slip 


* 
Uncoordinated turn 


Skid, slip, and uncoordinated turns fee! alike 
Pilots feel they are being forced sideways in their seat. 


Figure 1-8, Sensations From Centrifugal Force 
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A pilot should not attempt any of these mancuvers at low 
altitudes, or in the absence of an instructor pilot or an 
appropriate safety pilot. 


Climbing While Accelerating 
With the pilot’s eyes closed, the instructor pilot maintains 
approach airspeed in a straight-and-level atitude for several 
seconds, and then accelerates while maintaining straight-and- 
level atitude. The usual illusion during this maneuver, without 
visual references, will be that the aircraft is climbing, 


Climbing While Turning 
With the pilot's eyes still closed and the aircraft in astraight- 
and-level attitude, the instructor pilot now executes, with a 
relatively slow entry, a well-coordinated turn of about 1.5 
positive G (approximately 50° bank) for 90°. While in the 
turn, without outside visual references and under the effect of 
the slight positive G, the usual illusion produced is that of a 
climb. Upon sensing the climb, the pilot should immediately 
open the eyes and see that a slowly established, coordinated 
turn produces the same feeling as a climb. 


Diving While Turning 
Repeating the previous procedure, with the exception that 
the pilot's eyes should be kept closed until recovery from 
the turn is approximately one-half completed can create this 
sensation. With the eyes closed, the usual illusion will be 
that the aircraft is diving 


Tilting to Right or Left 
While in a straight-and-level attitude, with the pilot’s eyes 
closed, the instructor pilot executes a moderate orslight skid 
to the left with wings level. This creates the illusion of the 
body being tilted to the right 


Reversal of Motion 
‘This illusion can be demonstrated in any of the three planes of 
‘motion. While straight and level, with the pilot's eyes closed, 
the instructor pilot smoothly and positively rolls the aircraft to 
approximately a 45° bank attitude while maintaining heading 
and pitch attitude. This creates the illusion of a strong sense 
of rotation in the opposite direction, After this illusion is 
noted, the pilot should open his or her eyes and observe that 
the aircraft isin a banked attitude. 


Diving or Rolling Beyond the Vertical Plane 
‘This mancuver may produce extreme disorientation, While 
in straight-and-level flight, the pilot should sit normally, 
either with eyes closed or gaze lowered to the floor. The 
instructor pilot starts a positive, coordinated roll toward a 
30° or 40° angle of bank. As this is in progress, the pilot 
tilts his or her head forward, looks to the right or left, then 
immediately returns his or her head to an upright position 
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‘The instructor pilot should time the maneuver so the roll is, 
stopped as the pilot returns his or her head upright. An intense 
disorientation is usually produced by this maneuver, and the 
pilot experiences the sensation of falling downward into the 
direction of the roll, 


In the descriptions of these mancuvers, the instructor pilot is 
doing the flying, but having the pilot do the flying can also 
bea very effective demonstration, The pilot should close his, 
or er eyes and tlt the head to one side. The instructor pilot 
tells the pilot what control inputs to perform. The pilot then 
attempts to establish the correct attitude or control input with 
eyes closed and head tilted. While it is clear the pilot has no 
idea of the actual attitude, he or she will react to what the 
senses are saying. After a short time, the pilot will become 
disoriented and the instructor pilot then tells the pilot to 
look up and recover. The benefit of this exercise is the pilot 
experiences the disorientation while flying the aircraft. 


Coping with Spatial Disorientation 
To prevent illusions and their potentially disastrous 
consequences, pilots can 
1. Understand the causes of these illus 
constantly alert for them, Take the opportunity to 
understand and then experience spatial disorientation 
illusions in a device such as a Barany chair, a 
Vertigon, or a Virtual Reality Spatial Disorientation 
Demonstrator 


mis and remain 


2. Always obtain and understand preflight weather 
briefings. 


Before flying in marginal visibility (less than 3 miles) 

or where a visible horizon is not evident such as flight 

over open water during the night, obtain training and 

‘maintain proficiency in airplane control by reference 

to instruments, 

4, Donot continue flight into adverse weather conditions 
or into dusk or darkness unless proficient in the use of 
{light instruments. If intending to fly at night, maintain 
night-flight currency and proficiency. Include cross- 
country and local operations at various airfields, 

5, Ensure that when outside visual references are used, 
they are reliable, fixed points on the Earth's surface. 

6. Avoid sudden head movement, particularly during 

takeoffs, turns, and approaches to landing, 


7. Be physically tuned for flight into reduced visibility. 
‘That is, ensure proper rest, adequate diet, and, if flying 
at night, allow for night adaptation. Remember that 
illness, medication, alcohol, fatigue, sleep loss, and 
mild hypoxia are likely to increase susceptibility to 
spatial disorientation, 


8. Most importantly, become proficient in the use of 
flight instruments and rely upon them. Trust the 
instruments and disregard your sensory perceptions. 


‘The sensations that lead to illusions during instrument 
flight conditions are normal perceptions experienced by 
pilots. These undesirable sensations cannot be completely 
prevented, but through training and awareness, pilots can 
ignore or suppress them by developing absolute reliance 
on the flight instruments. As pilots gain proficiency in 
instrument flying, they become less susceptible to these 
illusions and their effects. 


Optical Illusions 


Of the senses, vision is the most important for safe flight. 
However, various terrain features and atmospheric conditions 
can create optical illusions. These illusions are primarily 
associated with landing. Since pilots must transition from 
reliance on instruments to visual cues outside the flight 
deck for landing at the end of an instrument approach, itis, 
imperative they be aware ofthe potential problems associated 
with these illusions, and take appropriate corrective action, 
‘The major illusions leading to landing errors are described 
below. 


Runway Width illusion 
A narrower-than-usual runway can create an illusion the 
aircraft is at a higher altitude than it actually is, especially 
when runway length-to-width relationships are comparable. 
[Figure 1-9A] The pilot who does not recognize this illusion 
will fly a lower approach, with the risk of striking objects, 
along the approach path or landing short, A wider-than-usual 
runway can have the opposite effect, with the risk of leveling 
cout high and landing hard, or overshooting the runway. 


Runway and Terrain Slopes illusion 
‘An upsloping runway, upsloping terrain, or both, can create 
an illusion the aircraft is at a higher altitude than it actually 
is, [Figure 1-9B] The pilot who does not recognize this 
illusion will fly a lower approach. Downsloping runways and 
downsloping approach terrain can have the opposite effect. 


Featureless Terrain Illusion 
An absence of surrounding ground features, as in an 
overwater approach, over darkened areas, or terrain made 
featureless by snow, can create an illusion the aircraft is at 
a higher altitude than it actually is. This illusion, sometimes. 
referred to as the “black hole approach,” causes pilots to fly 
aa lower approach than is desired. 


Water Refraction 
Rain on the windscreen can create an illusion of being at a 
higher altitude due to the horizon appearing lower than itis 
‘This can result in the pilot flying a lower approach. 


Haze 
Atmospheric haze can create an illusion of being at a greater 
distance and height from the runway. As a resull, the pilot 
will have a tendeney to be low on the approach. Conversely, 
extremely clear air (clear bright conditions of a high attitude 
airport) can give the pilot the illusion of being closer than he 
or she actually is, resulting in a high approach, which may 
result in an overshoot or go around. The diffusion of light 
due to water particles on the windshield can adversely affect 
depth perception. The lights and terrain features normally 
used to gauge height during landing become less effective 
for the pilot. 


Fog 
Flying into fog can create an illusion of pitching up. Pilots 
who do not recognize this illusion will often steepen the 
approach quite abruptly 


Ground Lighting Illusions 
Lights along a straight path, such asa road or lights on moving 
trains, can be mistaken for runway and approach lights. Bright 
runway and approach lighting systems, especially where 
few lights illuminate the surrounding terrain, may create the 
illusion of less distance to the runway. The pilot who does not 
recognize this illusion will often fly a higher approach. 


How To Prevent Landing Errors Due to 
Optical Illusions 


‘To prevent these illusions and their potentially hazardous 
consequences, pilots can: 


1, Anticipate the possibility of visual illusions during 
approaches to unfamiliar airports, particularly at 
night or in adverse weather conditions, Consult 
airport diagrams and the Airport/Facility Directory 
(AJED) for information on runway slope, terrain, and 
lighting, 


Make frequent reference to the altimeter, especially 
during all approaches, day and night. 


3. If possible, conduct aerial visual inspection of 
unfamiliar airports before landing. 
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becomes to feed in some solder from the top of the joint as well. Again, experience will teach you when that is, 
necessary, 


How much solder is enough? Too much? The correct amount of solder 
used when the joint is fairly all silver colored but still shows the 

utlines” of the individual strands of wire in the joint. If there is very 
much in the way of copper colored wire showing then you probably didn't 
use enough solder or the wires weren't clean and would not accept the 
solder. If there are big blobs and drips of hardened solder on the joint then 
you probably had either too cool of a joint or used too much solder. 


After soldering, let the joint cool for about thirty seconds to a minute or so before handling. If you were successful 
you should have: 


* A pair of wires tightly joined together 
* The joint between them is very shiny, looking like polished sterling silver. 
* No hardened dribbles or drops of solder hanging off the joint 

No litle wires sticking out ofthe joint 

* A union only slightly larger than each of the wires themselves. 

Ifyou were NOT successful you might see: 


* Large blobs or possibly a long, pointy finger of hardened solder hanging off the joint. Sometimes, after cleaning the 
iron, these can be removed by simply heating the joint until the solder melts, then removing the iron which will pull 
away some of the excess solder with it. This may need to be repeated a few times to remedy the situation 


* Wires that are not soldered together and has movement within it. Re-heat the joint and add some more solder. 


* Melted insulation, This can be so bad that the wires are revealed with the insulation dripping off the wires. At this 
point you will probably need to cut the wires and begin again, or unsolder the joint and add a long piece of heat-shrink 
tubing to cover the exposed wires. 


* Little ends of the copper wires sticking out, These can sometimes be cut off with a wire cutter and/or pressed down, 
with a pair of smooth-jaw pliers, possibly needle nose pliers. 


Now it is time to cover the joint with the heat shrink 
tubing. You DID remember to slide on the heat shrink 
tubing before beginning, didn't you? Once the joint is 
cool enough to touch, slide the tubing so itis centered 
over the joint and gently touch the meaty part of the 
soldering iron's heating element to the center of the 
tubing 


Continue this around the center of the tubing until it 
tightly grips the wire joint, then work outwards until the 
entire piece of tubing has shrunk tightly around the joint. 


hit: w6ree.com/duanatomwisolder! 119 


Figure 1-90 
Runway width illusion 


+ Anarrower-than-usual runway can 

Ps _ cemtedaniusion thatthe arate 
ishigher than it actually is leading 

twalowerapproach. 


+ Awider-than-usual runway can 
éreate allusion that the alcraft is 
lower than it actually is, leading to 
higher approach. 


Figure 1-98 
Runway slopeiilusion 


+ Adownsloping runway can create 
‘the lusion thatthe aircrafts lower 
‘than it actualy i,leading toa 
higher approach. 


+ Anupsoping runway can create 
theillusion thatthe aircraft higher 
than itactually is, leading toa lower 
approach. 


runway ‘Upslopi 


Normal approach 
s<d Approach due to illusion 


Figure 1-9. Runway With and Slope Mlusions 


4, Use Visual Approach Slope Indicator (VASI) or 6. Recognize that the chances of being involved in an 
Precision Approach Path Indicator (PAPI) systems approach accident increase when some emergency or 
for a visual reference, or an electronic glide slope, other activity distracts from usual procedures, 


whenever they are available 7. Maintain optimum proficiency in landing procedures. 


Utilize the visual descent point (VDP) found on many 
nonprecision instrument approach procedure charts 


Physiological and Psychological Factors 


Physiological or psychological factors can affect a pilot 
and compromise the safety of a flight. These factors are 
stress, medical, alcohol, and fatigue. Any of these factors, 
individually or in combination, significantly degrade the 
pilot's decision-making or flying abilities. 


Stress 
Siressis the body's response to demands placed upon it. These 
demands can be either pleasant or unpleasant in nature. The 
causes of stress fora pilot can range from unexpected weather 
or mechanical problems while in flight, to personal issues 
unrelated to flying, Stress is an inevitable and necessary part 
of life; it adds motivation to life and heightens an individual's, 
response to meet any challenge. The effects of stress are 
‘cumulative and there isa limit to a person’s adaptive nature. 
This limit, called the stress tolerance level (or channel 
capacity), is based on the ability to cope with the situation, 


At first, some amount of stress can be desirable and can 
actually improve performance. However, higher stress levels, 
particularly over long periods of time, can adversely affect 
performance. Performance will generally increase with the 
‘onset of stress, but will peak and then begin to fall off rapidly 
as stress levels exceed the ability to cope. [Figure 1-10] 


At this point, a pilot’s performance begins to decline and 
judgment deteriorates. Complex or unfamiliar tasks require 
higher levels of performance than simple or overlearned 
tasks. Complex or unfamiliar tasks are also more subject to 
the adverse effects of increasing stress than simple or familiar 
tasks. [Figure 1-10] 


‘The indicators of excessive stress often show as three types 
‘of symptoms: (1) emotional, (2) physical, and (3) behavioral. 
Emotional symptoms may surface as over-compensation, 
denial, suspicion, paranoia, agitation, restlessness, or 
defensiveness. Physical stress can result in acute fatigue 
‘while behavioral degradation will be manifested as sensitivity 
to criticism, tendency to be argumentative, arrogance, and 
hostility. Pilots need to learn to recognize the symptoms of 
stress as they begin to occur. 


‘There are many techniques available that can help reduce 
stress in life or help people cope with it better. Not all of the 
following ideas may be a solution, but some of them should 
be effective. 
1. Become knowledgeable about stress, 
2. Take a realistic self-assessment, (See the Pilot's 
Handbook of Aeronautical Knowledge). 


3. Take a systematic approach to problem solving. 


4, Develop a lifestyle that will buffer against the effects 
of stress, 


5. Practice behavior management techniques. 


6. Establish and maintain a strong support network. 


Good flight deck stress management begins with good life 
stress management. Many of the stress coping techniques 
practiced for life stress management are not usually practical 
in flight. Rather, pilots must condition themselves to relax and. 
think rationally when stress appears, The following checklist 
‘outlines some methods of flight deck stress management, 


1. Avoid situations that distract from flying the aircraft. 


2. Reduce flight deck workload to reduce stress levels. 
‘This will create a proper environment in which to make 
‘good decisions. Typically, flying involves higher stress 
levels during takeoff and landing phases. Between the 
two generally lies a period of low activity resulting 
in a lower stress level, Transitioning from the cruise 
phase to the landing phase is generally accompanied 
by a significant workload that, if not properly 
accommodated, will increase stress significantly. 
Proper planning and prioritization of flight deck 
duties are key to avoiding events that affect the pilot's, 
capacity to maintain situational awareness. 


Relationship between stress and performance 


LLovel of stress over time 


‘Stress and performance in complex and simple tasks 


Performance 


Level of stress over time 


Figure 1-10. Siress and Performance 


3. Ifa problem occurs, remain calm. If time is not a 
pressing factor, follow the analytical approach to 
decision-making: think for a moment, weigh the 
alternatives, select and take an appropriate course of 
action, and then evaluate its effects. 


If an emergency situation occurs, remain calm and 
use the aeronautical decision-making (ADM) process 
to resolve the emergency. This process relies on the 
pilot’s training and experience to accurately and 
automatically respond to an emergency situation. 
‘Constant training in handling emergency procedures 
will help reduce pilot stress when an emergency 


4, Become thoroughly familiar with the aircraft, its 
‘operation, and emergency procedures. Also, maintain 
flight proficiency to build confidence. 


Know and respect personal limits. Studies have 
suggested that highly experienced pilots have taken 
more chances when flying into potential icing 
conditions than low time or inexperienced pilots. 
Very low time pilots without experience may analyze 
and interpret the likelihood for “potential” flight into 
icing without the benefit of life experience, thereby 
making decisions closely aligned with the compilation 
of their training and recent academic knowledge. 
Highly experienced pilots may evaluate the current 
situation based upon the empirical information 
(sometimes diluted with time) coupled with their 
vast experience. This may lead to a level of greater 
acceptability of the situation because their experience 
has illustrated successful navigation of this problem 
before. Therefore, the automatic decision may be in 
‘error because not all salient facts are evaluated, 


6. Donot allow small mistakes to be distractions during 
flight; rather, review and analyze them after landing, 


7. If flying adds stress, either stop flying or seck 
professional help to manage stress within acceptable 
limits. 


Medical Factors 


A “go/no-go” decision based on a pilot’s medical factors is 
made before each flight. The pilot should not only preflight 
check the aircraft, but also himself or herself before 
every flight. A pilot should ask, “Can I pass my medical 
examination right now?” If the answer is not an absolut 
“yes,” do not fly. This is especially true for pilots embarking 
on flights in IMC. Instrument flying is much more demanding 
than flying in VMC, and peak performance is critical for the 
safety of flight 


Pilot performance can be seriously degraded by both 
prescribed and over-the-counter medications, as well as 
by the medical conditions for which they are taken. Many 
medications, such as tranquilizers, sedatives, strong pain 
relievers, and cough suppressants, have primary effects 
that impair judgment, memory, alertness, coordination, 
vision, and the ability to make calculations. Others, such 
as antihistamines, blood pressure drugs, muscle relaxants, 
and agents to control diarthea and motion sickness, have 
side effects that impair the same critical functions, Any 
‘medication that depresses the nervous system, such as a 
sedative, tranquilizer, or antihistamine, makes a pilot much 
‘more susceptible to hypoxia, 


Title 14 of the Code of Federal Regulations (14 CFR) probibits, 
pilots from performing crewmember duties while using any 
‘medication that affects the faculties in any way contrary 10 
safety. The safest rule is not to fly as a crewmember while 
taking any medication, unless approved to do so by the 
Federal Aviation Administration (FAA). If there is any doubt 
regarding the effects of any medication, consult an Aviation 
Medical Examiner (AME) before flying. 


Alcohol 
14 CFR part 91 prohibits pilots from performing crewmember 
duties within 8 hours after drinking any alcoholic beverage or 
while under the influence. Extensive research has provided a 
‘number of facts about the hazards of alcohol consumption and 
flying. As little as one ounce of liquor, one bottle of beer, oF 
four ounces of wine can impair flying skills and render a pilot 
‘much more susceptible to disorientation and hypoxia, Even 
afler the body completely metabolizes a moderate amount of 
alcohol, a pilot can still be impaired for many hours. There 
is simply no way of increasing the metabolism of alcohol or 
alleviating a hangover. 


Fatigue 
Fatigue is one of the most treacherous hazards to flight safety, 
as it may not be apparent to a pilot until serious errors are 
‘made. Fatigue can be either acute (short-term) or chronic 
(long-term). 


Acute Fatigue 
A normal occurrence of everyday living, acute fatigue is 
the tiredness felt after long periods of physical and mental 
strain, including strenuous muscular effort, immobility, heavy 
‘mental workload, strong emotional pressure, monotony, and 
lack of sleep. Adequate rest, regular exercise, and proper 
nutrition prevent acute fatigue. 


Indications of fatigue are generally subtle and hard to 
recognize because the individual being assessed is generally 
the person making the assessment, as in single pilot 
operations. Therefore, the pilot must look at small errors 
that occur to provide an indication of becoming fatigued. 
‘These include: 

+ Misplacing items during the preflight; 


+ Leaving material (pencils, charts) in the planning 


+ Missing radio calls; 
‘+ Answering calls improperly (read-backs); and 


‘+ Improper tuning of frequencies. 


Chronic Fatigue 
Chronic fatigue occurs when there is not enough time for a 
full recovery from repeated episodes oF acute fatigue. Chronic 
fatigue’s underlying cause is generally not “rest-related” and 
‘may have deeper points of origin. Therefore, rest alone may 
not resolve chronic fatigue. 


Chronic fatigue is a combination of both physiological 
problems and psychological issues, Psychological problems 
such as financial, home life, or job related stresses cause a 
lack of qualified rest that is only resolved by mitigating the 
underpinning problems. Without resolution, performance 
continues to fall off, judgment becomes impaired, and 
unwarranted risks are taken, Recovery from chronic fatigue 
requires a prolonged and deliberate solution. In either case, 
unless adequate precautions are taken, personal performance 
could be impaired and adversely affect pilot judgment and 
decision-making 


IMSAFE Checklist 
‘The following checklist, IMSAFE, is intended for a pilot's 
personal preflight use. A quick check of the items on this, 
list will help a pilot make a good self-evaluation prior to any 
‘light. Ifthe answer to any of the checklist questions is yes, 
then the pilot should consider not flying. 


Mines 
Do I have any symptoms? 


Medication 
Have I been taking prescription or over-the-counter drugs? 


Stress 
‘Am L under psychological pressure from the job? Do I have 
‘money, health, or family problems? 


Alcohol 
Haye I been drinking within 8 hours? Within 24 hours? 


Fatigue 
‘Am [tired and not adequately rested? 


Eating 
Have I eaten enough of the proper foods to keep adequately 
nourished during the entire flight? 


Hazard Identification 


In order to identify a huzard, it would be useful to define what 
hazard is. ‘The FAA System Safety course defines a hazard 
as: “a present condition, event, object, or circumstance that 
could lead or contribute to an unplanned or undesired event.” 
Put simply, a hazard is a source of danger. Potential hazards 
may be identified from a number of internal and external 
sources. These may be based upon several concurrent factors 
that provide an indication and ultimate identification of a 
hazard. Consider the following situations: 


Situation 1 
‘The pilot has just taken off and is entering the clouds. Suddenly, 
there isan explosive sound. The sudden noise is disturbing and 
occurs. the pilot is given a new heading, a climb restriction, 
and the frequency for the departure control. 


Situation 2 
‘The pilot took off late in a rented aircraft (first time flying 
this model), and is now in night conditions due to the delay, 
and flying on an instrument flight rules (IFR) flight plan in 
IMC conditions. The radios do not seem to work well and 
develop static. They seem to be getting weaker. As the pilot 
proceeds, the rotating beacon stops flashing/rotating, and the 
lights become dimmer. As the situation progresses, the pilot 
is unaware of the problem because the generator warning, 
light, (on the lower left of the panel) is obscured by the chart 
cn the pilot's lap. 


Both situations above represent hazards that must be dealt 
with differently and a level of risk must be associated with 
each depending on various factors affecting the flight. 


Risk Analysis 
Risk is defined as the future impact of a hazard that is not 
eliminated or controlled. Itis the possibility of loss or injury 
Risk analysis isthe process whereby hazards are characterized 
by their likelihood and severity. Risk analysis evaluates 
the hazards to determine the outcomes and how abrupt that 
outcome will occur. The analysis applied will be qualitative 
to the degree that time allows resulting in either an analytical 
or automatic approach in the decision-making process 


In the first situation, the decision may be automatic: fly the 
airplane to a safe landing. Since automatic decision-making 
is based upon education and experience, an inexperienced 
pilot may react improperly to the situation which results in 
an inadequate action. To mitigate improper decision-making, 
immediate action items from emergency procedures should 
be learned. Training, education, and mentorship are all key 
factors in honing automatic decision-making skills. 


In the second situation, if the pilot has a flashlight onboard, it 
can be used for illumination, although its light may degrade 
night vision, After changing the appropriate transponder 
code, and making calls in the blind, awareness of present 
location becomes imperative, especially if the pilot must 
execute a controlled descent to VMC conditions. Proper 
preflight planning conducted before departure and constant 
awareness of location provide an element of both comfort 
(reduces stress) and information from which the pilot can 
draw credible information 


In both cases, the outcomes can be successful through 
systems understanding, emergency procedures training, and 
correctly analyzing the risks associated with each course 
of action, 


Crew Resource Management (CRM) 
and Single-Pilot Resource Management 
(SRM) 

Crew resource management (CRM) and single-pilot resource 
management (SRM) isthe ability forthe crew or plot to 
‘manage all resources effectively to ensure the outcome ofthe 
flight is successful. In general aviation, SRM will be most 
often used ands focus ison the single-pilot operation. SRM 
integrates the following 


+ Situational Awareness 
+ Flight Deck Resource Management 
+ Task Management 


+ Acronautical Decision-making (ADM) and Risk 
Management 


‘SRM recognizes the need to seck proper information from 
these sources to make a valid decision. For instance, the 
pilot may have to request assistance from others and be 
assertive to resolve situations. Pilots should understand the 
need to seek information from other sources until they have 
the proper information to make the best decision, Once a 
pilot has gathered all pertinent information and made the 
appropriate decision, the pilot needs to perform an assessment 
of the action taken, 


Situational Awareness 


Situational awareness is the accurate perception of 
operational and environmental factors that affect the flight. It 
is alogical analysis based upon the machine, external support 
environment, and the pilot. It is knowing what is going on. 


Flight Deck Resource Management 


CRM is the effective use of all available resources: human, 
equipment, and information. It focuses on communication 
skills, teamwork, task allocation, and decision-making, 
While CRM often concentrates on pilots who operate in 
crew environments, the elements and concepts also apply to 
ingle-pilot operations. 


Human Resources 
‘Human resources include everyone routinely working with the 
pilot to ensure flight safety. These people include, but are not 
limited to: weather briefers, flight line personnel, maintenance 
personnel, crew members, pilots, and air traffic personnel 
Pilots need to effectively communicate with these people. 
This is accomplished by using the key components of the 
communication process: inquiry, advocacy, and assertion, 


Pilots must recognize the need to seek enough information 
from these resources to make a valid decision. After the 
necessary information has been gathered, the pilot's decision 
must be passed on to those concerned, such as air traffic 
controllers, crew members, and passengers. The pilot may 
hhave to request assistance from others and be assertive to 
safely resolve some situations 


Equipment 
Equipment in many of today’s aircraft includes automated 
fight and navigation systems. These automatic systems, while 
providing relief from many routine flight deck tasks, present 2 
different set of problems for pilots. The automation intended 
to reduce pilot workload essentially removes the pilot from the 
process of managing the aircraft, thereby reducing situational 
awareness and leading to complacency. Information from 
these systems needs to be continually monitored to ensure 
proper situational awareness. Pilots should be thoroughly 
familiar with the operation of and information provided by 
all systems used. Iti essential that pilots be aware not only 
of equipment capabilities, but also equipment limitations in 
order to manage those systems effectively and safely. 


Information Workload 
Information workloads and automated systems, such as 
autopilots, need to be properly managed to ensure a safe 


‘light. The pilot flying in IMC is faced with many tasks, each 
with a different level of importance to the outcome of the 
flight. Forexample,a pilot preparing to execute an instrument 
approach to an airport needs to review the approach chart, 
prepare the aircraft for the approach and landing, complete 
checklists, obtain information from Automatic Terminal 
Information Service (ATIS) or air traffic control (ATC), and 
set the navigation radios and equipment, 


The pilot who effectively manages his or her workload 
will complete as many of these tasks as early as possible 
to preclude the possibility of becoming overloaded by last 
minute changes and communication priorities in the later, 
‘more critical stages of the approach. Figure 1-11 shows the 
margin of safety is at the minimum level during this stage 
of the approach, Routine tasks delayed until the last minute 
can contribute to the pilot becoming overloaded and stressed, 
resulting in erosion of performance. 


By planning ahead, a pilot can effectively reduce workload 
during critical phases of flight. If a pilot enters the final 
phases of the instrument approach unprepared, the pilot 
should recognize the situation, abandon the approach, and 
try itagain after becoming better prepared. Effective resource 
‘management includes recognizing hazardous situations and 
attitudes, decision-making to promote good judgment and 
headwork, and managing the situation to ensure the safe 
outcome of the IFR flight 


Task Management 
Pilots have a limited capacity for information. Once 
information flow exceeds the pilot’s ability to mentally 
process the information any additional information will 
become unattended or displace other tasks and information 


Figure 1-11. The Margin of Safer 


already being processed. This is termed channel capacity and 
once reached only two alternatives exist: shed the unimportant 
tasks or perform all tasks at a less than optimal level. Like an 
electrical circuit being overloaded, either the consumption 
must be reduced or a circuit failure is experienced, 


‘The pilot who effectively manages the tasks and properly 
prioritizes them will have a successful flight. For example, 
do not become distracted and fixate on an instrument light 
failure. This unnecessary focus displaces capability and 
prevents the pilot's ability to appreciate tasks of greater 
importance. By planning ahead, a pilot can effectively reduce 
‘workload during critical phases of a flight. 


Aeronautical Decision-Making (ADM) 


Flying safely requires the effective integration of three 
‘separate sets of skills. Most obvious are the basic stick-and- 
rudder skills needed to control the airplane. Next, are skills 
related to proficient operation of aircraft systems, and last, 
but not least, are ADM skills. 


ADM is a systematic approach to the mental process used 
by pilots to consistently determine the best course of action 
in response to a given set of circumstances. The importance 
of learning effective ADM skills cannot be overemphasized. 
While progress is continually being made in the advancement 
of pilot training methods, airplane equipment and systems, and 
services for pilots, accidents stil occur. Despite all the changes 
in technology to improve flight safety, one factor remains the 
same—the human factor. While the FAA strives to eliminate 
errors through training and safety programs, one fact remains: 
humans make errors. It is estimated that approximately 80 
percent of all aviation accidents are human factors related, 
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‘The ADM process addresses all aspects of decision making 
in the flight deck and identifies the steps involved in good 
decision making. While the ADM process will not eliminate 
errors, it will help the pilot recognize errors, and in turn 
enable the pilot to manage the error to minimize its effects. 
‘These steps are: 

1, Identifying personal attitudes hazardous to safe 

flight; 
2. Learning behavior modification techniques; 


Learning how to recognize and cope with stre 


3 
4, Developing risk assessment skills; 
5. Using all resources; and 


6. Evaluating the effectiveness of one’s ADM skills. 


Historically, the term “pilot error” has been used to describe 
the causes of these accidents. Pilot error means that an action 
or decision made by the pilot was the cause, ora contributing 
factor that led to the accident. This definition also includes 
the pilot's failure to make a decision or take action, From 
1 broader perspective, the phrase “human factors related” 
‘more aptly describes these accidents since itis usually not a 
single decision that leads to an accident, but a chain of events 
triggered by a number of factors, 


‘The poor judgment chain, sometimes referred to as the “error 
chain,” isa term used to describe this concept of contributing, 
factors in a human factors related accident. Breaking one link 
in the chain normally is all that is necessary to change the 
outcome of the sequence of events. 


‘The Decision-Making Process 
An understanding of the decision-making process provides 
a pilot with a foundation for developing ADM skills. 
‘Some situations, such as engine failures, require a pilot to 

sspond immediately using established procedures with a 
little time for detailed analysis. This is termed automatic 
decision-making and is based upon training, experience, and 
recognition. Traditionally, pilots have been well trained to 
react to emergencies, but are not as well prepared to make 
decisions requiring a more reflective response where greater 
analysis is required. Typically during a flight, there is time 
to examine any changes that occur, gather information, and 
assess risk before reaching a decision. The steps leading to 
this conclusion constitute the decision-making process. 


Defining the Problem 
Problem definition is the first step in the decision-making 
process. Defining the problem begins with recognizing that 
a change has occurred or that an expected change did not 
occur. A problem is perceived first by the senses, then is 
distinguished through insight and experi 
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error that can be made during the decision-making process 
is incorrectly defining the problem. For example, a low oil 
pressure reading could indicate that the engine is about to 
fail and an emergency landing should be planned, or it could 
‘mean that the oil pressure sensor has failed. The actions to be 
taken in each of these circumstances would be significantly 
different. One requires an immediate decision based upon 
training, experience, and evaluation of the situation; whereas 
the latter decision is based upon an analysis. It should be 
noted that the same indication could result in two different 
actions depending upon other influences. 


Choosing a Course of Action 
‘Afier the problem has been identified, the pilot must evaluate 
the need to react to it and determine the actions that may 
be taken to resolve the situation in the time available 
‘The expected outcome of each possible action should be 
considered and the risks assessed before deciding on a 
response to the situation, 


Implementing the Decision and Evalu 
Outcome 

Although a decision may be reached and a course of action 
implemented, the decision-making process is not complete. 
Itis important to think ahead and determine how the decision 
could affect other phases of flight. As the flight progresses, the 
pilot must continue to evaluate the outcome of the decision 
to ensure that it is producing the desired result, 
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Improper Decision-Making Outcomes 
Pilots sometimes get in trouble not because of deficient basic 
skills or system knowledge, but rather because of faulty 
decision-making skills. Although aeronautical decisions 
‘may appear to be simple or routine, each individual decision 
in aviation often defines the options available for the next 
decision the pilot must make and the options, good or 
bad, they provide. Therefore, a poor decision early on in 
a flight can compromise the safety of the flight at a later 
time necessitating decisions that must be more accurate and 
decisive. Conversely, good decision-making early on in an 
emergency provide greater latitude for options later on 


FAA Advisory Circular (AC) 60-22, defines ADM as a 
systematic approach to the mental process of evaluating a 
given set of circumstances and determining the best course of 
action. ADM thus builds upon the foundation of conventional, 
decision-making, but enhances the process to decrease 
the probability of pilot error. Specifically, ADM provides 
a structure to help the pilot use all resources to develop 
comprehensive situational awareness. 


Models for Practicing ADM 
‘Two models for practicing ADM are presented below. 


Perceive, Process, Perform 
‘The Perceive-Process~Perform (3P) model for ADM offers 
a simple, practical, and systematic approach that can be 
used during all phases of flight. /Figure 1-12] To use it, 
the pilot will 


+ Perceive the given set of circumstances for a flight; 


+ Process by evaluating their impact on flight safety; 
and 


+ Perform by implementing the best course of action, 
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Decision- 
Making 


Figure 1-12. The 3P Model for Aeronautical Decision-Making, 


In the first step, the goal is to develop situational awareness 
by perceiving hazards, which are present events, objects, or 
circumstances that could contribute to an undesired future 
event. In this step, the pilot will systematically identify and 
list hazards associated with all aspects of the flight: pilot, 
aircraft, environment, and external pressures. I is important 
to consider how individual hazards might combine, Consider, 
for example, the hazard that arises when a new instrument 
pilot with no experience in actual instrument conditions wants, 
to make a cross-country flight to an airport with low ceilings 
in order to attend an important business meeting. 


In the second step, the goal is to process this information 
to determine whether the identified hazards constitute risk, 
which is defined as the future impact of a hazard that is not 
controlled or eliminated. The degree of risk posed by a given 
hazard can be measured in terms of exposure (number of 
people or resources affected), severity (extent of possible 


loss), and probability (the likelihood that a hazard will cause 
a loss). If the hazard is low ceilings, for example, the level 
of risk depends on a number of other factors, such as pilot 
training and experience, aircraft equipment and fuel capacity, 
and others. 


In the third step, the goal is to perform by taking action to 
eliminate hazards or mitigate risk, and then continuously 
evaluate the outcome of this action. With the example of low 
ceilings at destination, for instance, the pilot can perform 
‘good ADM by selecting a suitable alternate, knowing where 
to find good weather, and carrying sufficient fuel to reach 

. This course of action would mitigate the risk. The pilot 
also has the option to eliminate it entirely by waiting for 
better weather. 


Once the pilot has completed the 3P decision process and 
selected a course of action, the process begins anew because 
now the set of circumstances brought about by the course of 
action requires analysis. The decision-making process is a 
continuous loop of perceiving, processing and performing, 


The DECIDE Model 
Another structured approach to ADM is the DECIDE model, 
which is a six-step process intended to provide a logical 
way of approaching decision-making. As in the 3P model, 
the elements of the DECIDE model represent a continuous 
loop process to assist a pilot in the decision-making 
required when faced with a situational change that requires 
judgment. [Figure 1-13C] The model is primarily focused 
oon the intellectual component, but can have an impact on 
the motivational component of judgment as well. If a pilot 
continually uses the DECIDE Model in all decision-making, 
ithecomes natural and results in better decisions being made 
under all types of situations. The steps in this approach are 
listed in Figure 1-13C. 


In conventional decision-making, the need for a decision is, 
triggered by recognition that something has changed or an 
expected change did not occur. Recognition of the change, 
or lack of change, is a vital step in any decision making 
process. Not noticing change in a situation can lead directly 
toa mishap. [Figure 1-13A] The change indicates that an 
appropriate response or action is necessary in order to modify 
the situation (or, at least, one of the elements that comprise it) 
and bring about a desired new situation. Therefore, situational 
awareness is the key to successful and safe decision making. 
At this point in the process, the pilot is faced with a need to 
evaluate the entire range of possible responses to the detected. 
‘change and to determine the best course of action. 


Figure 1-13B illustrates how the ADM process expands 
conventional decision-making, shows the interactions of the 
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Figure 1-134 
Conventional dacision-making process 
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Figure 1-136 
‘The DECIDE Model 


|, Detect, The decision maker detects the { 


et that change has occurred 


“5, Do, The decison maker takes the necessary action, 


Figure 1-13. Decision-Making 


ADM steps, and how these steps can produce a safe outcome. 
Starting with the recognition of change, and following with an 
assessment of alternatives, a decision to actor not act ismade, 
and the results are monitored, Pilots can use ADM to enhance 
their conventional decision-making process because it 
1, Increases their awareness ofthe importance of attitude 
in decision-making; 


‘Teaches the ability to search for and establish relevance 
of information; and 

3, Increases their motivation to choose and execute actions 
that ensure safety in the situational timeframe, 
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Hazardous Attitudes and Antidotes 


Hazardous attitudes, which contribute to poor pilot judgment, 
canbe effectively counteracted by redirecting that hazardous 
attitude so that correct action can be taken. Recognition of 
hazardous thoughts isthe first step toward neutralizing them. 
After recognizing a thought as hazardous, the pilot should 
label it as hazardous, then state the corresponding antidote. 
Antidotes should be memorized for each of the hazardous 
altitudes so they automatically come to mind when needed. 
Each hazardous attitude along with its appropriate antidote 
is shown in Figure 1-14 


‘Macho: | can dit 
ae 
Fesignation: What's the uss? 


Figure 1-14. The Five Anidotes to Hazardous Auitudes: 


Research has identified five hazardous attitudes that can affect, 
pilot's judgment, as well as antidotes for each of these five 
attitudes. ADM addresses the following: 


d 


Anti-authority (“Don’t tell me!”). This attitude is 
found in pilots who do not like anyone telling them 
what to do, They may be resentful of having someone 
tell them what to do or may regard rules, regulations, 
and procedures as silly or unnecessary. However, there 
is always the prerogative to question authority if itis 
perceived to be in error. 

Impulsivity (“Do something quickly!"). This attitude 
is found in pilots who frequently feel the need to do 
something—anything—immediately. They do not 
stop to think about what they are about to do, they do 
rot select the best course of action, and they do the 
first thing that comes to mind, 


Invulnerability (“It won’t happen to me!”). Many 
pilots feel that accidents happen to others, but never 
to them. They know accidents can happen, and they 
know that anyone can be affected. They never really 
foel or believe that they will be personally involved. 
Pilots who think this way are more likely to take 
chances and increase risk. 


Macho (“I can do it!”). Pilots who are always trying to 
prove that they are better than anyone else are thinking, 
“Lan do it—I'll show them.” Pilots with this type of 
attitude will ry to prove themselves by taking risks in 
‘order to impress others. This pattern is characteristic 
in both men and women. 


Resignation (“What's the use?”). These pilots do not 
sce themselves as being able to make a great deal of 
difference in what happens to them, When things go 
‘well, these pilots are apt to think it is due to good luck. 
When things go badly, they may feel that someone is 
‘out to get them, or attribute it to bad luck. The pilot 
will Ieave the action to others, for better or worse. 
Sometimes, they will even go along with unreasonable 
requests just to be a “nice guy.” 
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Attaching An Electrical Connector 


Besides connecting two wires together, soldering is the best way top attach some sort of connector to the end of a 
wire, The connection is strong as well as fairly well sealed against the elements. It works pretty much the same way as 
above. 


Remember when we "tinned! the tip of the soldering pencil? We did this to apply a film of solder to the tip so it 
wouldn't oxidize and thus be able to more easily transfer heat. Now I am going to do the same with a piece of wire. 


Here am applying a good amount of solder ahead of time to this wire 
because I am planning on soldering it to a fairly heavy connector. This way, 
the wire will be "pre-soldered" and easier to attach, and will have less of a 
chance of melting the insulation. 


When soldering a connector to the end of a piece of wire it is 
very helpful to use some sort of vise to hold the connector. A 
small pair of locking pliers or a pair of needle nose pliers with a 
rubber band around the handles to hold the jaws shut works well, 
Here I have locked a pair of locking pliers into a small vise to 
‘work as a "hands-free" holder. This not only allows me to use 
both hands to work but isolates me from the heat of the soldering 
process, 


Remember that the heavy metal pliers will work as a heat sink, pulling heat away ftom the soldering joint, so it 
right take longer to achieve the proper heat level in the joint. That is why I have gripped the connector as far away 
from the area to be soldered as possible, 


Be careful as the pliers may get hot near the tips and you might overheat the wire as well. Be sure to slide the heat 
shrink tubing over then wire BEFORE beginning to solder! If you leave it off and finish soldering, you will be left with 
the soldering job in one hand, the heat shrink tubing in the other hand, and a stupid look on your face. We call this, 
"Heat Shrink Tubing Syndrome." 


Additionally, if you apply too much solder, particularly with a small connector, itis very possible to fill the 
connector with solder and thus make it difficult or impossible for the connector to function properly. There are ways to 


hit: wree.com/duanotomwisolder! 
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Chapter 2 


Aerodynamic 
Factors 
ae 


Introduction 


Several factors affect aircraft performance including the 2 


atmosphere, aerodynamics, and aircraft icing, Pilots need an 
understanding ofthese factors fora sound basis for prediction 
of aircraft response to control inputs, especially with regand 
to instrumentapproaches, while holding, and when operating 
at reduced airspeed in instrument meteorological condi 
(IMC), Although these factors are important to the pilot f 

al flight rules (VFR), they must be even more thorough 
understood By the pilot operating under instrument flight 
rules (IFR), Instrument pilots rely strictly on instrument 
indications to precisely control the aircraft; therefore, 
must have a solid understanding of basic aerodynan 
principles in order to make accurate judgments regs 
aircraft control inputs. 
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Figure 24. The Airfoil 


The Wing 
To understand acrodynamic forces, a pilot needs to 
understand basic terminology associated with airfoils. 
Figure 2-1 illustrates a typical airfoil, 


‘The chord line is the straight line intersecting the leading 
and trailing edges of the airfoil, and the term chord refers 
to the chord line longitudinal length (length as viewed from 
the side). 


‘The mean camber is a line located halfway between the 
upper and lower surfaces. Viewing the wing edgewise, the 
mean camber connects with the chord line at each end. The 
mean camber is important because it assists in determining 
aerodynamic qualities of an airfoil. The measurement of 
the maximum camber; inclusive of both the displacement 
‘of the mean camber line and its linear measurement from 
the end of the chord line, provide properties useful in 
evaluating airfoils. 


Review of Basic Aerodynamics 


‘The instrument pilot must understand the relationship 
and differences between several factors that affect the 
performance of an aircraft in flight. Also, it is crucial to 
understand how the aircraft reacts to various control and 
power changes, because the environment in which instrument 
pilots fly has inherent hazards not found in visual flying, The 
basis for this understanding is found in the four forces acting 
on an aircraft and Newton's Three Laws of Motion. 


Relative Wind is the direction of the airflow with respect to 
an airfoil 


Angle of Attack is the acute angle measured between the 


relative wind, or flight path and the chord of the airfoil 
[Figure 2-2] 
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Trailing Edgt 


Flight path is the course or track along which the aircraft is 
flying or is intended to be flown, 


‘The Four Forces 
‘The four basic forces /Figure 2-3) acting upon an aircraft in 
‘light are lift, weight, thrust, and drag. 


Lift 
Lift ia component of the total aerodynamic force oa an 
airfoil and acts perpendicular to the relative wind, Relative 
wind is the direction of the airflow with respect to an aro 
This force acts straight up from the average (called mean) 
center of pressure (CP), whichis called the center of lif It 
should be noted that is a point along the chord line of an 
airfoil through wich all werodymamic forces are conidered 
to act, The magnitude of lift varies proportionately with 
speed, air density, shape and size of the airfoil, and angle 
of attack. During straight-and-level fight, i and weight 
aie ea 


Figure 2-2. Angle of Auack and Relative Wind. 


Figure 23. The Four Forces and Three Aves of Rotation. 


Weight 
Weight is the force exerted by an aircraft from the pull of 
gravity. It acts on an aircraft through its center of gravity 
(CG) and is straight down. This should not be confused 
with the center of lift, which can be significantly different 
from the CG. As an aircraft is descending, weight is greater 
than lift, 


Thrust 
‘Thrust isa force that drives an aircraft through the air and can 
be measured in thrust and/or horsepower. It is a component 
that is parallel to the center of thrust and overcomes drag 
providing the aircraft with its forward speed component, 


Drag 
Drag is the net aerodynamic force parallel to the relative 
‘wind and is generally a sum of two components: induced 
drag and parasite drag. 


Induced drag 
Induced drag is caused from the ereation of lift and increases 
with angle of attack. Therefore, if the wing is not producing, 
lift, induced drag is zero. Conversely. induced drag decreases, 
with airspeed. 


Parasite drag 
Parasite drag is all drag not caused from the production of 
lift. Parasite drag is created by displacement of air by the 
aircraft, turbulence generated by the airfoil, and the hindrance 
of airflow as it passes over the surface of the aircraft or 
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components. All of these forces create drag not from the 
production of lift but the movement of an object through an 
air mass. Parasite drag increases with speed and includes skin 
friction drag, interference drag, and form drag, 


+ Skin Friction Drag 
Covering the entire “wetted” surface of the aircraft isa thin 
layer of air called a boundary layer. The air molecules on the 
surface have zero velocity in relation to the surface; however, 
the layer just above moves over the stagnant molecules 
below because it is pulled along by a third layer clase to 
the free stream of air. The velocities ofthe layers increase 
as the distance from the surface increases until free stream 
velocity is reached, but all are affected by the free stream. 
‘The distance (total) between the skin surface and where free 
stream velocity is reached is called the boundary layer. At 
subsonic levels the cumulative layers are about the thickness 
of playing card, yet their motion sliding over one another 
creates a drag force. This force retards motion due to the 
viscosity of the air and is called skin friction drag. Because 
skin friction drag is related to a large surface area its affect 
oon smaller aircraft is small versus large transport aircraft 
where skin friction drag may be considerable. 


+ Interference Drag 
Interference drag is generated by the collision of airstreams 
creating eddy currents, turbulence, or restrictions to smooth 
flow. For instance, the airflow around a fuselage and around. 
the wing meet at some point, usually near the wing's root. 
‘These airflows interfere with cach other causing a greater 
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drag than the individual values. This is often the case when 
external items are placed on an aircraft. That is, the drag of 
cach item individually, added to that of the aircraft, are less 
than that of the two items when allowed to interfere with 
one another. 


+ Form Drag 
Form drag is the drag ereated because of the shape of a 
component or the aircraft. If one were to place a circular 
disk in an air stream, the pressure on both the top and bottom 
would be equal. However, the airflow starts to break down 
as the air flows around the back of the disk. This creates 
turbulence and hence a lower pressure results. Because the 
total pressure is affected by this reduced pressure, it creates 
drag. Newer aircraft are generally made with consideration 
to this by fairing parts along the fuselage (teardrop) so that 
turbulence and form drag is reduced. 


‘Total lift must overcome the total weight of the aireraft, which 
is comprised of the actual weight and the tail-down force used 
to control the aircraft's pitch attitude. Thrust must overcome 
total drag in order to provide forward speed with which to 
produce lift. Understanding how the aircraft's relationship 
between these elements and the environment provide proper 
interpretation of the aircrafts instruments, 


Newton's First Law, the Law of Inertia 
Newion’s First Law of Motion is the Law of Inertia. It states 
that a body at rest will remain at rest, and a body in motion 
will remain in motion, at the same speed and in the same 
direction until affected by an outside force. The force with 
which a body offers resistance to change is called the force of 
inertia. Two outside forces are always present on an aircraft 
in flight: gravity and drag, The pilot uses pitch and thrust 
controls to counter or change these forces to maintain the 
desired flight path. Ifa pilot reduces power while in straight- 
and-level flight, the aircraft wil slow due to drag. However, 
as the aircraft slows there is a reduction of lift, which causes 
the aircraft to begin a descent due to gravity. [Figure 2-4] 
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Figure 2-4, Newion's First Law of Motion: the Law of Inertia 
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Newton's Second Law, the Law of Momentum 
‘Newton's Second Law of Motion is the Law of Momentum, 
hich states that a body will accelerate in the same direction 
as the force acting upon that body, and the acceleration 
will be directly proportional to the net force and inversely 
proportional to the mass of the body. Acceleration refers 
either to an increase or decrease in velocity, although 
deceleration is commonly used to indicate a decrease. This, 
Jaw governs the aircraft's ability to change flight path and 
speed, which are controlled by altitude (both pitch and bank) 
and thrust inputs. Speeding up, slowing down, entering 
climbs or descents, and turning are examples of accelerations 
that the pilot controls in everyday fight. (Figure 2-5] 


Newton's Third Law, the Law of Reaction 
Newton's Third Law of Motion is the Law of Reaction, 
which states that for every action there is an equal and 
opposite reaction. As shown in Figure 2-6, the action of 
the jet engine’s thrust or the pull of the propeller lead to the 
reaction of the aircraft's forward motion. This law is also 
responsible for a portion of the lift that is produced by a wing, 
from the downward deflection of the airflow around it. This, 
downward force of the relative wind results in an equal but 
opposite (upward) lifting force created by the airflow over 
the wing. /Figure 2-6] 


Atmosphere 


‘The atmosphere is the envelope of air which surrounds the 
Earth. A given volume of dry air contains about 78 percent 
nitrogen, 21 percent oxygen, and about 1 percent other gases 
such as argon, carbon dioxide, and others to a lesser degree. 
Although seemingly light, air does have weight and a one 
square inch column of the atmosphere at sea level weighs 
approximately 14.7 pounds. About one-half of the air by 
‘weight is within the first 18,000 fect. The remainder ofthe ait 
is spread over a vertical distance in excess of 1,000 miles, 


Air density isa result ofthe relationship between temperature 
and pressure. Air density is inversely related to temperature, 
and directly related to pressure. For a constant pressure to be 
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Figure 2-5. Newion's Second Law of Motion: the Law of 
Momentum 


‘maintained as temperature increases, density must decrease, 
and vice versa, For a constant temperature to be maintained 
as pressure increases, density must increase, and vice versa. 
These relationships provide a basis for understanding 
instrument indications and aircraft performance, 


Layers of the Atmosphere 
There are several layers to the atmosphere with the 
troposphere being closest to the Earth’s surface extending to 
about 60,000 feet at the equator. Following isthe stratosphere, 
‘mesosphere, ionosphere, thermosphere, and finally the 
cexosphere. The tropopause is the thin layer between the 
troposphere and the stratosphere. It varies in both thickness 
and altitude but is generally defined where the standard 
lapse (generally accepted at 2° C per 1,000 feet) decreases 
significantly (usually down to 1° C or less). 


International Standard Atmosphere (ISA) 
‘The International Civil Aviation Organization (ICAO) 
established the ICAO Standard Atmosphere as a way 
of creating an international standard for reference and 
performance computations. Instrument indications and 
aircraft performance specifications are derived using this 
standard as a reference. Because the standard atmosphere is 
a derived set of conditions that rarely exist in reality, pilots 
need to understand how deviations from the standard affect 
both instrument indications and aircraft performance. 


Inthe standard atmosphere, sea level pressure is 29.92" inches 
of mercury (Hg) and the temperature is 15° C (59° F), The 
standard lapse rate for pressure is approximately a 1" Hg 
decrease per 1,000 feet increase in altitude. The standard lapse 
rate for temperature is a 2° C (36° F) decrease per 1,000 feet 
increase, up to the top of the stratosphere. Since all nircraft 
performance is compared and evaluated in the environment 


Figure 2-6, Newton's Thind Law of Motion: the Law of Reaction 


of the standard atmosphere, all aircraft performance 
instrumentation is calibrated for the standard atmosphere: 
Because the actual operating conditions rarely, if ever, fit the 
standard atmosphere, certain corrections must apply to the 
instrumentation and aireraft performance. For instance, at 
10,000 ISA predicts that the air pressure should be 19.92" Hg 
(29,92"- 10" Hg = 19.92") and the outside temperature at-5°C 
(15° C- 20° ©, the temperature or the pressure i different 
than the International Standard Atmosphere (ISA) prediction 
an adjustment must be made to performance predictions and 
‘various instrument indications. 


Pressure Altitude 
‘There are two measurements of the atmosphere that affect 
performance and instrument calibrations: pressure altitude 
and density altitude. Pressure altitude is the height above the 
standard datum pressure (SDP) (29.92" Hg, sea level under 
ISA) and is used for standardizing altitudes for flight levels 
(FL). Generally, flight levels are at or above 18,000 feet 
(FL 180), providing the pressure is at or above 29.92°Hg. 
For calculations involving aircraft performance when the 
altimeter is set for 29.92" Hg, the altitude indicated is the 
pressure altitude 


Density Altitude 
Density altitude is pressure altitude corrected for nonstandard 
temperatures, and is used for determining aerodynamic 
performance in the nonstandard atmosphere. Density altitude 
increases as the density decreases. Since density varies 
directly with pressure, and inversely with temperature, a 
wide range of temperatures may exist with a given pressure 
altitude, which allows the density to vary. However, a 
known density occurs for any one temperature and pressure 
altitude combination. The density of the air has a significant 
effect on aircraft and engine performance. Regardless of the 
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actual altitude above sea level an aircraft is operating at, its 
performance will be as though it were operating at an altitude 
equal to the existing density altitude. 


If a char is not available the density altitude can be estimated 
by adding 120 feet for every degree Celsius above the ISA. For 
example, at 3,000 fect pressure altitude (PA), the ISA prediction 
3 9° C(1S* C- [lapse rate of 2° C per 1,000 feet x3 = 6° C). 
However, ifthe actual temperature is 20° C (11° C more than 
that predicted by ISA) then the difference of 11° Cis multiplied 
by 120 fect equaling 1,320. Adding this figure tothe original 
3,000 fect provides a density altitude of 4,320 fect (3,000 fest 
1,320 feet, 


Lift 


Lift always acts in a direction perpendicular to the relative 
‘wind and to the lateral axis of the aircraft. The fact that lift is 
referenced to the wing, not to the Earth’s surface, isthe source 
of many errors in learning flight control, Lift is not always 
“up.” lis direction relative to the Earth's surface changes as 
the pilot maneuvers the aircraft 


‘The magnitude of the force of lift is directly proportional to 
the density ofthe air, the area ofthe wings, and the airspeed. It 
also depends upon the type of wing and the angle of atack. Lift 
increases with an increase in angle of attack up to the stalling 
angle, at which point it decreases with any further increase 
in angle of attack. In conventional aircraft, lift is therefore 
controlled by varying the angle of attack and speed. 


Pitch/Power Relationship 
‘An examination of Figure 2-7 illustrates the relationship 
between pitch and power while controlling flight path and 
airspeed. In order to maintain a constant lift, as airspeed is 
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Figure 2-7. Relationship of Lift to Angle of Auack. 
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reduced, pitch must be increased. The pilot controls pitch 
through the elevators, which control the angle of attack. 
‘When back pressure is applied on the elevator control, the tail 
lowers and the nose rises, thus increasing the wing’s angle of 
attack and lift, Under most conditions the elevator is placing 
downward pressure on the tal. This pressure requires energy 
that is taken from aircraft performance (speed). Therefore, 
when the CG is closer to the aft portion of the aircraft the 
levator downward forces are less. This results in less energy 
used for downward forces, in turn resulting in more energy 
applied to aircraft performance. 


‘Thrust is controlled by using the throttle to establish or 
maintain desired airspeeds. The most precise method 
of controlling flight path is to use pitch control while 
simultaneously using power (thrust) to control airspeed. In 
order to maintain a constant lift, change in pitch requires a 
change in power, and vice versa, 


Ifthe pilot wants the aircraft to accelerate while maintaining 
altitude, thrust must be increased to overcome drag. As 
the aircraft speeds up, lift is increased. To prevent gaining 
altitude, the pitch angle must be lowered to reduce the 
angle of attack and maintain altitude. To decelerate while 
‘maintaining altitude, thrust must be decreased to less than the 
value of drag. As the aircraft slows down, lift is reduced. To 
prevent losing altitude, the pitch angle must be increased in 
‘order to increase the angle of attack and maintain altitude, 


Drag Curves 


When induced drag and parasite drag are plotted on a graph, 
the total drag on the aircraft appears in the form of a “drag 
curve.” Graph A of Figure 2-8 shows a curve based on thrust 
versus drag, which is primarily used for jet aircraft. Graph B 
of Figure 2-8 is based on power versus drag, and itis used 
for propeller-driven aircraft. This chapter focuses on power 
versus drag charts for propeller-driven aircraft, 


Understanding the drag curve can provide valuable insight 
into the various performance parameters and limitations of 
the aircraft. Because power must equal drag to maintain a 
steady airspeed, the curve can be either a drag curve or a 
power required curve. The power required curve represents, 
the amount of power needed to overcome drag in order to 
‘maintain a steady speed in level flight. 


‘The propellers used on most reciprocating engines achieve 
peak propeller efficiencies in the range of 80 to 88 percent. 
As airspeed inereases, the propeller efficiency increases until 
it reaches its maximum. Any airspeed above this maximum 
point causes a reduction in propeller efficiency. An engine 
that produces 160 horsepower will have only about 80 
percent of that power converted into available horsepower, 
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Figure 28. Thrust and Power Required Curves 


approximately 128 horsepower. The remainder s lost energy. 
This is the reason the thrust and power available curves 
change with speed. 


Regions of Command 
‘The drag curve also illustrates the two regions of command: 
the region of normal command, and the region of reversed 
command. The term “region of command” refers to the 
relationship between speed and the power required to 
‘maintain or change that speed. “Command” refers to the input 
the pilot must give in terms of power or thrust to maintain a 
new speed once reached. 


‘The “region of normal command” occurs where power must 
be added to increase speed. This region exists at speeds higher 
than the minimum drag point primarily as a result of parasite 
drag. The “region of reversed command” occurs where 
additional power is needed to maintain a slower airspeed. 
This region exists at speeds slower than the minimum drag 
point (L/Dy1ax on the thrust required curve, Figure 2-8) and 
is primarily duc to induced drag. Figure 2-9 shows how one 
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Figure 29. Regions of Command. 


power setting can yield two speeds, points 1 and 2. This is 
because at point there is high induced drag and low parasite 
drag, while at point 2 there is high parasite drag and low 
induced drag. 


Control Characteristics 

Most flying is conducted in the region of normal command: 
for example, cruise, climb, and maneuvers. The region of 
reversed command may be encountered in the slow-speed. 
phases of flight during takeoff and landing; however, for 
most general aviation aircraft, this region is very small and 
is below normal approach speeds, 


Flight in the region of normal command is characterized 
by a relatively strong tendency of the aircraft to maintain 
the trim speed. Flight in the region of reversed command is, 
characterized by a relatively weak tendency of the aircraft to 
‘maintain the trim speed, Infact, its likely the aireraft exhibits 
no inherent tendency to maintain the trim speed in this area. 
For this reason, the pilot must give particular attention to 
precise control of airspeed when operating in the slow-speed 
phases of the region of reversed command. 


Operation in the region of reversed command does not imply 
that great control difficulty and dangerous conditions exist. 
However, it does amplily errors of basic flying technique— 


making proper flying technique and precise control of the 
aircraft very important. 


‘Speed Stability 

Normal Command 

‘The characteristics of fight in the region of normal command 
are illustrated at point A on the curve in Figure 2-10. If the 
aircraft is established in steady, level flight at point A, lift is 
equal to weight, and the power available is set equal to the 
power required. Ifthe airspeed is increased with no changes 
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Figure 2-10. Region of Speed Stability. 


to the power setting, a power deficiency exists. The aircraft 
hhas a natural tendency to return tothe initial speed to balance 
power and drag. If the airspeed is reduced with no changes, 
to the power setting, an excess of power exists. The aircraft 
hhas a natural tendency to speed up to regain the balance 
between power and drag. Keeping the aircraft in proper 
trim enhances this natural tendency. The static longitudinal 
stability of the aircraft tends to return the aircraft to the 
original trimmed condition, 


An aircraft flying in steady, level flight at point C is in 
equilibrium. [Figure 2-10] If the speed were increased 
or decreased slightly, the aircraft would tend to remain at 
that speed. This is because the curve is relatively flat and 
a slight change in speed docs not produce any significant 
excess or deficiency in power, It has the characteristic of 
neutral stability. i., the aircraft's tendency is to remain at 
the new speed, 


Reversed Command 
‘The characteristics of flight in the region of reversed command 
are illustrated at point B on the curve in Figure 2-10. If the 
aircraft is established in steady, level flight at point B, lft is 
equal to weight, and the power available is set equal to the 
power required. When the airspeed is increased greater than 
point B, an excess of power exists. This causes the aircraft 
to accelerate to an even higher speed. When the aircraft is 
slowed to some airspeed lower than point B, a deficiency 
of power exists, The natural tendency of the aircraft is to 
continue to slow to an even lower airspeed. 


‘This tendency toward instability happens because the 
variation of excess power to either side of point B magnifies 
the original change in speed. Although the static longitudinal 
stability ofthe aircraft tries to maintain the original trimmed 
condition, this instability is more of an influence because of 
the increased induced drag duc to the higher angles of attack 
in slow-speed flight, 
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Trim 


‘The term trim refers to employing adjustable aerodynamic 
devices on the aircraft to adjust forces so the pilot does not 
have to manually hold pressure onthe controls. One means is 
tocmploy trim tabs. A trim tab isa small, adjustable hinged 
surface, located on the trailing edge of the elevator, aileron, 
or rudder control surfaces, (Some aircraft use adjustable 
stabizers instead of trim tabs for pitch tim.) Trimming is 
accomplished by deflecting the tain the direction opposite 
to that in which the primary control surface must be hel. 
The force of the airflow striking the tab causes the main 
control surface tobe deflected to a position that corrects the 
unbalanced condition ofthe aircraft. 


Because the trim tabs use airflow to function, trim is a 
function of speed. Any change in speed results in the need 
to re-trim the aircraft. An aircraft properly trimmed in pitch 
seeks to return to the original speed before the change. It is 
very important for instrument pilots to keep the aircraft in 
constant trim, This reduces the pilot's workload significantly, 
allowing attention to other duties without compromising 
aircraft control 


Slow-Speed Flight 


Anytime an aircraft is flying near the stalling speed or the 
region of reversed command, such as in final approach for a 
‘normal landing, the initial part of ago around, or maneuvering, 
in slow flight, itis operating in what is called slow-speed 
flight. Ifthe aircraft weighs 4,000 pounds, the lift produced 
by the aircraft must be 4,000 pounds. When lift is less 
than 4,000 pounds, the aircraft is no longer able to sustain 
level flight, and consequently descends. During intentional 
descents, this is an important factor and is used in the total 
control of the aircraft 


However, because lift is requited during low speed flight 
and is characterized by high angles of attack, flaps or other 
high lift devices are needed to either change the camber of 
the airfoil, or delay the boundary level separation. Plain 
and split flaps [Figure 2-11] are most commonly used to 
change the camber of an airfoil. It should be noted that with 
the application of flaps, the aircraft will stall at a lower 
angle of attack. The basic wing stalls at 18° without flaps 
but with the application of the flaps extended (to C..stax 
position) the new angle of attack at which point the aircraft 
will stall is 15°. However, the value of lift (flaps extended 
to the C, stax position) produces more lift than lift at 18° 
on the basic wing, 


Delaying the boundary layer separation is another way to 
increase C,,4ax- Several methods are employed (such as 
suction and use of blowing boundary layer control), but the 


‘most common device used on general aviation light aircraft 
is the vortex generator. Small strips of metal placed along 
the wing (usually in front of the control surfaces) create 
turbulence. The turbulence in turn mixes high energy air from 
‘outside the boundary layer with boundary layer air. The effect 
is similar to other boundary layer devices. [Figure 2-12] 


‘Small Airplanes 
Most small airplanes maintain a speed well in excess of 1.3, 
times Vso on an instrument approach. An airplane with a 
stall speed of 50 knots (Va) has a normal approach speed 
of 65 knots. However, this same airplane may maintain 90 
{knots (1.8 Vso) while on the final segment of an instrument 
approach. The landing gear will most likely be extended at 
the beginning of the descent to the minimum descent altitude, 
(or upon intercepting the glide slope of the instrument landing 
system. The pilot may also select an intermediate flap setting 
for this phase of the approach. The airplane at this speed has 
good positive speed stability, as represented by point A on 
Figure 2-10. Flying in this regime permits the pilot to make 
slight pitch changes without changing power settings, and 
accept minor speed changes knowing that when the pitch is 
returned tothe intial setting, the speed returns to the original 
setting. This reduces the pilot’s workload 


Aircraft are usually slowed to a normal landing speed when 
‘on the final approach just prior to landing. When slowed to 
65 knots, (1.3 Vso), the airplane will be close to point C. 
[Figure 2-10] At this point, precise control of the pitch and 
power becomes more crucial for maintaining the correct speed. 
Pitch and power coordination is necessary because the speed 
stability is relatively neutral since the speed tends to remain 
at the new value and not return to the original setting. In 
addition to the need for more precise airspeed control, the pilot 
normally changes the aircraft's configuration by extending 
landing flaps. This configuration change means the pilot must 
be alert to unwanted pitch changes at a low altitude. 


Plain 
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Figure 2-11. Various Types of Flaps 


If allowed to slow several knots, the airplane could enter 
the region of reversed command. At this point, the airplane 
could develop an unsafe sink rate and continue to lose speed 
unless the pilot takes a prompt corrective action, Proper pitch 
and power coordination is critical inthis region due to speed. 
instability and the tendency of increased divergence from 
the desired speed, 


Large Airplanes 
Pilots of larger airplanes with higher stall speeds may find the 
speed they maintain on the instrument approach is near 1.3, 
Vos putting them near point C [Figure 2-10] the entire time 
the ainplane is on the final approach segment. In this case, 
precise speed control is necessary throughout the approach. It 
‘may be necessary to temporarily select excessive, or deficient 
thrust in relation to the target thrust setting in orderto quickly 
correct for airspeed deviations. 


Figure 242. Vortex Generators 
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si7e018 How To soldor 


get the solder out, but they are generally more difficult (or dangerous) than just chucking it and starting over. To keep 
this from happening: 


* Never touch the area of the connector where you don't want solder to flow 
* Orient the connector with the part where solder shouldn't flow, upwards (or Higher than the end where solder will 
flow). 

* Apply solder sparingly and slowly 

* Use a lower wattage soldering pencil 

* Use a smaller tip on the soldering pencil 


sometimes use two pieces of heat shrink, one 
over the other, shrunk one at a time, in areas where 
extra protection is needed. This is particularly useful 
when soldering a connector to the end of wire. 1 
first shrink a small diameter piece about an inch long 
over the wire up to where it joins the connector as 
shown here. This acts as a strain relief as well as 
insulation, 


‘Notice the small amount of flux on the connector 
ring left over from the soldering process. If you use 
resin core solder, this stuff is harmless to the 
electrical device. It can be brushed off with a small 
wire brush if you wish, 


| then shrink another larger diameter piece about @ an inch long over 
the connector to act as an insulating cover. In the case of something like a 
female spade connector, the entire connector except for the opening can be 
covered and protected in this way. Ifthe heat shrink interferes with the 
connection, simply cut the offending part away with a razor blade being 
careful not to damage anything else including yourself! 


In areas where the joint needs to be protected from corrosion, slather the terminal with petroleum jelly, or the special 
grease for this application. 


Following these directions you will become a "master solderer" in a short period of time. It takes some practice to 
get a feel of how hot for how long with how much solder it takes to create to make a good solder joint, so get some 
scrap wire and practice before attempting to solder on anything important. 


If there are any questions or comments, please fee! free to E-mail me at frem™@enenet.com, 


Note by Duane; If you appreciate articles like this, I suggest that you thank Randy at the email address above. 


More BMW info 
Home page 


http: w6ree.com/duanetomwisolder! 
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For example, a pilot is on an instrument approach at 1.3 
Vsor a speed near L/Dyzqx, and knows that a certain power 
sctting maintains that specd. The airplane slows several knots 
below the desired speed because of a slight reduction in the 
power setting, The pilot increases the power slightly, and the 
airplane begins to accelerate, but at a slow rate, Because the 
ainplane is still in the “flat part” of the drag curve, this slight 
increase in power will not cause a rapid return to the desired. 
speed. The pilot may need to increase the power higher 
than normally needed to maintain the new speed, allow the 
airplane to accelerate, then reduce the power to the setting 
that maintains the desired speed. 


Climbs 


‘The ability for an aircraft to climb depends upon an excess 
power or thrust over what it takes to maintain equilibrium. 
Excess power is the available power over and above that 
required to maintain horizontal flight at a given speed. 
Although the terms power and thrust are sometimes 
used interchangeably (erroneously implying they are 
synonymous), distinguishing between the two is important 
‘when considering climb performance. Work is the product of 
‘force moving through a distance and is usually independent 
of time. Power implies work rate or units of work per unit of 
time, and as such is a function of the speed at which the force 
is developed. Thrust, also a function of work, means the force 
which imparts a change in the velocity of a mass. 


During take off, the aircraft does not stall even though it 
may be in a climb near the stall speed. The reason is that 
excess power (used to produce thrust) is used during this 
flight regime. Therefore, it is important if an engine fails 
after take off, to compensate the loss of thrust with pitch 
and airspeed. 


Fora given weight ofthe aircraft, the angle of climb depends 
on the difference between thrust and drag, or the excess 
thrust. When the excess thrust is zero, the inclination of the 
flight path is zero, and the aircraft is in steady, level flight. 
‘When thrust is greater than drag, the excess thrust allows a 
climb angle depending on the amount of excess thrust. When 
thrust is less than drag, the deficiency of thrust induces an 
angle of descent. 


Acceleration in Cruise Flight 
Aircraft accelerate in level flight because of an excess of 
power over what is required to maintain a steady speed. This 
is the same excess power used to climb. Upon reaching the 
desired altitude with pitch being lowered to maintain that 
altitude, the excess power now accelerates the aircraft to its 
cruise speed. However, reducing power too soon afier level 
off results in a longer period of time to accelerate. 


Turns 


Like any moving object, an aircraft requires a sideward force 
to make it turn, Ina normal tur, this force is supplied by 
banking the aircraft in order to exert lift inward, as well as 
upward. The force of lift is separated into two components, 
at right angles to each other. [Figure 2-13] The upward 
acting lift together with the opposing weight becomes the 
vertical lift component. The horizontally acting lift and its 
opposing centrifugal force are the horizontal lift component, 
cor centripetal force. This horizontal lift component is the 
sideward force that causes an aircraft to turn, The equal and 
opposite reaction to this sideward force is centrifugal force, 
which is merely an apparent force as a result of inertia, 


Horizontal 
‘Component of Lift 


Figure 2413. Forces In a Turn 


‘The relationship between the aircraft's speed and bank angle 
to the rate and radius of turns is important for instrument 
pilots to understand, The pilot can use this knowledge to 
properly estimate bank angles needed for certain rates of 
turn, oF to determine how much to lead when intercepting 


Rate of Turn 
‘The rate of turn, normally measured in degrees per second, 
is based upon a set bank angle at a set speed. If either one of 
these elements changes, the rate of turn changes. Ifthe aircraft 
increases its speed without changing the bank angle, the rate 
of turn decreases. Likewise, if the speed decreases without 
changing the bank angle, the rate of turn increases. 


Changing the bank angle without changing specd also causes, 
the rate of turn to change. Increasing the bank angle without, 
changing speed increases the rate of turn, while decreasing 
the bank angle reduces the rate of turn, 


‘The standard rate of turn, 3° per second, is used as the main 
reference forbank angle. Therefore, the pilot must understand 
how the angle of bank varies with speed changes, such 
as slowing down for holding or an instrument approach, 
Figure 2-14 shows the turn relationship with reference to a 
constant bank angle or constant airspeed, and the effects on 
rate of turn and radius of turn. A rule of thumb for determining 
the standard rate turn is to divide the airspeed by ten and 
add 7. An aircraft with an airspeed of 90 knots takes a bank 
angle of 16° to maintain a standard rate turn (90 divided by 
10 plus 7 equals 16°) 


Radius of Turn 
‘The radius of turn varies with changes in cither speed or bank. 
If the speed is increased without changing the bank angle, 
the radius of turn increases, and vice versa. If the speed is, 
constant, increasing the bank angle reduces the radius of 
turn, while decreasing the bank angle increases the radius of 
turn, This means that intercepting a course ata higher speed 
requires more distance, and therefore, requires a longer lead. 
If the speed is slowed considerably in preparation for holding 
for an approach, a shorter lead is needed than that required 
for cruise flight. 


Coordination of Rudder and Aileron Controls 
Any time ailerons are used, adverse yaw is produced. Adverse 
‘yaw is caused when the ailerons are deflected as a roll motion 
(as in turn) is initiated. In a right turn, the right aileron is, 
deflected upward while the left is deflected downward. Lift 
is increased on the left side and reduced on the right, resulting 
in a bank to the right, However, as a result of producing lift 
fon the left, induced drag is also increased on the left side. 
‘The drag causes the left wing to slow down, in turn causing 
the nose of the aircraft to initially move (left) in the direction 
‘opposite of the turn, Correcting for this yaw with rudder, when 
entering and exiting turns, is necessary for precise control of 
the airplane when flying on instruments, The pilot can tell if 
the turn is coordinated by checking the ball in the turn-and- 
slip indicator or the turn coordinator. Figure 2-15] 
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Figure 2-14. Turns. 


As the aircraft banks to enter a tum, a portion of the wing's, 
vertical lift becomes the horizontal component; therefore, 
without an increase in back pressure, the aircraft loses altitude 
during the turn, The loss of vertical lift can be offset by 
increasing the pitch in one-half bar width increments. Trim 
may be used to relieve the control pressures; however, if used, 
it has to be removed once the turn is complete, 


In a slipping turn, the aircraft is not turning at the rate 
appropriate to the bank being used, and the aircraft falls to 
the inside of the turn. The aircraft is banked too much for the 
rate of turn, so the horizontal lift component is greater than 
the centrifugal force. A skidding turn results from excess of 
centrifugal force over the horizontal lift component, pulling 
the aircraft toward the outside of the turn, The rate of turn 
is too great for the angle of bank, so the horizontal lift 
‘component is less than the centrifugal force. 


‘The ball instrument indicates the quality of the tum, and 
should be centered when the wings are banked. If the ball 
off of center on the side toward the turn, the aircraft is 
slipping and rudder pressure should be added on that side to 
increase the rate of turn or the bank angle should be reduced. 
If the ball is off of center on the side away from the turn, 
the aircraft is skidding and rudder pressure toward the turn 
should be relaxed or the bank angle should be increased. 
If the aircraft is properly rigged, the ball should be in the 
center when the wings are level; use rudder andjor aileron 
trim if available. 


‘The increase in induced drag (caused by the increase in angle 
of attack necessary to maintain altitude) results in a minor 
loss of airspeed if the power setting is not changed. 

Load Factor 


Any force applied to an aircraft to deflect its flight from a 
straight line produces a stress on its structure; the amount of 
this force is termed load factor. A load factor is the ratio of 
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Figure 245. Adverse Yan 


the aerodynamic force on the aircraft to the gross weight of 
the aircraft (c.g.,lifyweight). For example, a load factor of 3 
‘means the total load on an aircraft's structure is three times 
its gross weight. When designing an aircraft, itis necessary 
to determine the highest load factors that can be expected in 
normal operation under various operational situations. These 
“highest” load factors are called “limit load factors.” 


Aircraft are placed in various categories, ic., normal, uti 
and acrobatic, depending upon the load factors they are 
designed to take. For reasons of safety, the aircraft must be 
designed to withstand certain maximum load factors without 
any structural damage. 


‘The specified load may be expected in terms of aerodynamic 
forces, as in turns. In level flight in undisturbed air, the 
wings are supporting not only the weight of the aircraft, but 
centrifugal force as well. As the bank steepens, the horizontal 
lift component increases, centrifugal force increases, and the 
load factor increases. Ifthe load factor becomes so great that 
an increase in angle of attack cannot provide enough lift to 
support the load, the wing stalls. Since the stalling speed 
increases directly with the square root of the load factor, the 
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pilot should be aware ofthe flight conditions during which the 
load factor ean become critical. Steep turns at slow airspeed, 
structural ice accumulation, and vertical gusts in turbulent 
air can increase the load factor to a critical level 


Icing 


One of the greatest hazards to flight is aircraft icing. The 
instrument pilot must be aware of the conditions conducive to 
aircraft icing. These conditions include the types of icing, the 
effects of icing on aircraft control and performance, effects 
of icing on aircraft systems, and the use and limitations of 
aircraft deice and anti-ice equipment. Coping with the hazards 
of icing begins with preflight planning to determine where 
icing may occur during a flight and ensuring the aircraft is 
free of ice and frost prior to takeoff. This attention to detail 
extends to managing deice and anti-ice systems properly 
during the flight, because weather conditions may change 
rapidly, and the pilot must be able to recognize when a change 
of flight plan is required, 


Types of Icing 

Structural Icing 

Structural icing refers to the accumulation of ice on the 
exterior of the aircraft. Ice forms on aircraft structures and 
surfaces when super-cooled droplets impinge on them and 
freeze, Small and/or narrow objects are the best collectors 
of droplets and ice up most rapidly. This is why a small 
protuberance within sight of the pilot can be used as an “ice 
evidence probe.” It is generally one of the first parts of the 
airplane on which an appreciable amount of ice forms. An 
aircrafts tailplane isa better collector than its wings, because 
the tailplane presents a thinner surface to the airstream, 


Induction Icing 
Ice in the induction system can reduce the amount of air 
available for combustion. The most common example of 
reciprocating engine induction icing is carburetor ice. Most 
pilots are familiar with this phenomenon, which occurs when 
‘moist air passes through a carburetor venturi and is cooled. As 
a result ofthis process, ice may form on the venturi walls and 
throttle plate, restricting airflow to the engine. This may occur 
at temperatures between 20° F (-7° C)and 70° F (21° C). The 
problem is remedied by applying carburetor heat, which uses 
the engine's own exhaust as a heat source to melt the ice or 
prevent its formation. On the other hand, fuel-injected aircraft 
engines usually are less vulnerable to icing but still can be 
affected if the engine’s air source becomes blocked with ice 

Manufacturers provide an alternate air source that may be 
selected in case the normal system malfunctions. 


In turbojet aircraft, air that is drawn into the engines creates 
aan area of reduced pressure at the inlet, which lowers the 
temperature below that of the surrounding air. In marginal 
icing conditions (ic., conditions where icing is possible), 
this reduction in temperature may be sufficient to cause ice 
to form on the engine inlet, disrupting the airflow into the 
engine. Another hazard occurs when ice breaks off and is 
ingested into a running engine, which ean cause damage to 
fan blades, engine compressor stall, or combustor flameout, 
‘When anti-icing systems are used, runback water also can 
refreeze on unprotected surfaces of the inlet and, if excessive, 
reduce airflow into the engine or distort the airflow pattern 
in such a manner as to cause compressor or fan blades to 
vibrate, possibly damaging the engine. Another problem 
in turbine engines is the icing of engine prabes used to set 
power levels (for example, engine inlet temperature or engine 
pressure ratio (EPR) probes), which can lead to erroneous, 
readings of engine instrumentation operational difficulties 
oF total power loss, 


‘The type office that forms can be classified as clear, rime, or 
mixed, based on the structure and appearance of the ice. The 
type of ice that forms varies depending on the atmospheric 


and flight conditions in which it forms. Significant structural 
icing on an aircraft can cause serious aircraft control and 
performance problems, 


Clear Ice 

A glossy, transparent ice formed by the relatively slow 
freezing of super cooled water is referred to as clear ice. 
[Figure 2-16] The terms “clear” and “glaze” have been used 
for essentially the same type of ice accretion. This type of 
ice is denser, harder, and sometimes more transparent than 
rime ice. With larger accretions, clear ice may form “horns.” 
[Figure 2-17] Temperatures close to the freezing point, large 
amounts of liquid water, high aircraft velocities, and large 
droplets are conducive to the formation of clear ice. 


Figure 246. Cleur Ice 


Figure 217. Cleur lee Buildup, 


Rime Ice 
A rough, milky, opaque ice formed by the instantaneous or 
very rapid freezing of super cooled droplets as they strike 
the aircraft is known as rime ice. [Figure 2-18] The rapid 
freezing results in the formation of air pockets in the ice, 
giving it an opaque appearance and making it porous and 
brittle, For larger accretions, rime ice may form astreamlined 
extension of the wing. Low temperatures, lesser amounts of 
liquid water, low velocities, and small droplets are conducive 
to the formation of rime ice. 


Figure 2418. Rime ee. 


Mixed Ice 
Mixed ice is a combination of clear and rime ice formed on 
the same surface. It isthe shape and roughness of the ice that 
is most important from an aerodynamic point of view. 


General Effects of Icing on Airfoils 
‘The most hazardous aspect of structural icing sits aerodynamic 
cffects. (Figure 2-19] Ice alters the shape of an airfoil reducing, 
the maximum coefficient of lift and angle of attack at which 
the aircraft stalls. Note that at very low angles of attack, there 
may be little or no effect of the ice on the coefficient of lift 
‘Therefore, when cruising at a low angle of attack, ice on the 
wing may have litle effect on the lift. However, note that the 
ice significantly reduces the Cy s1ax, and the angle of attack 
at which it occurs (the stall angle) is much lower. Thus, when 
slowing down and increasing the angle of attack for approach, 
the pilot may find that ice on the wing, which had litte effect, 
on lift in cruise now, causes stall to occur at a lower angle of 
attack and higher speed. Even a thin layer of ice atthe leading 
cedge of a wing, especially if it is rough, can have a significant 
effect in increasing stall speed. For large ice shapes, especially 
those with horns, the lift may also be reduced ata lower angle 
of attack. The accumulation of ice affects the coefficient 
of drag of the airfoil. /Figure 2-19] Note that the effect is 
significant even at very small angles of attack. 


significant reduction in C, y4,x and a reduction in the angle 
ofattack where stall occurs can result from a relatively small 
ice accretion. A reduction of C,. stax by 30 percent is not 
‘unusual, and a large hor ice accretion can result in reductions, 
‘of 40 percent to 50 percent. Drag tends to increase steadily 
as ice accretes. An airfoil drag increase of 100 percent is not 
unusual, and for large horn ice accretions, the increase can 
bbe 200 percent or even higher. 


Ice on an airfoil can have other effects not depicted in these 
curves. Even before airfoil stall, there can be changes in the 
pressure over the airfoil that may affect a control surface at 
the trailing edge. Furthermore, on takeoff, approach, and 
landing, the wings of many aircraft are multi-clement airfoils 
with three or more elements. Ice may affect the different 
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Figure 219. Aerodynamic Effects of Ieing. 
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clements in different ways. Ice may also affect the way in 
which the air streams interact over the elements. 


Ice can partially block or limit control surfaces, which 
limits or makes control movements ineffective. Also, if the 
extra weight caused by ice accumulation is too great, the 
aireraft may not be able to become airborne and, if in flight, 
the aircraft may not be able to maintain altitude. Therefore 
any accumulation of ice or frost should be removed before 
attempting flight. 


Another hazard of structural icingjs the possible uncommanded 
and uncontrolled roll phenomenon, referred to as roll upset, 
associated with severe in-flight icing. Pilots flying aircraft 
certificated for flight in known icing conditions should be 
aware that severe icing isa condition outside of the aircraft's 
certification icing envelope. Roll upset may be caused by 
airflow separation (aerodynamic stall), which induces self- 
deflection of the ailerons and loss of or degraded roll handling, 
characteristics (Figure 2-20]. These phenomena can result 
from severe icing conditions without the usual symptoms of 
ice accumulation or a perceived aerodynamic stall. 


clsen Wing 
Wing wah Frost 


> wing wan oo 


Figure 2:20. fect of Ice and Frost on Lif. 


‘Most aircraft have a nose-down pitching moment from the 
‘wings because the CG is ahead of the CP. Itis the role of the 
tailplane to counteract this moment by providing a downward 
force. [Figure 2-21] The result of this configuration is, 


that actions which move the wing away from stall, such 
as deployment of flaps or increasing speed, may increase 
the negative angle of attack of the tail. With ice on the 
tailplane, it may stall after full or partial deployment of flaps. 
[Figure 2-22] 
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Figure 221. Downward Force on the Tailplane. 


ce 


Aircraft Nose 
Pitches Down 


Weight 


Figure 222. Ice on he Tilplane. 


Since the tailplane is ordinarily thinner than the wing, itis a 
more efficient collector of ice. On most aircraft the tailplane 
is not visible tothe pilot, who therefore cannot observe how 
‘well it has been cleared of ice by any deicing system. Thus, it 
is important thatthe pilot be alert to the possibility of tailplane 
stall, particularly on approach and landing. 


Piper PA-34-200T (Des Moines, Iowa) 

The pilot of this flight, which took place on January 9, 
1996, said that upon crossing the runway threshold and 
lowering the flaps 25°, “the airplane pitched down.” The 
pilot “immediately released the flaps and added power, but 
the airplane was basically uncontrollable at this point.” The 
pilot reduced power and lowered the flaps before striking 
the runway on its centerline and sliding 1,000 feet before 
coming to a stop. The accident resulted in serious injury to 
the pilot, the sole occupant. 


Examination of the wreckage revealed heavy impact 
damage to the aisplane’s forward fuselage, engines, and 
wings. Approximately one-half inch of rime ice was 
observed adhering to the leading edges of the left and right 
horizontal stabilizers and along the leading edge of the 
vertical stabilizer. 


‘The National Transportation Safety Board (NTSB) 
determined the probable cause of the accident was the pilots 
failure to use the airplane's deicing system, which resulted 
in an accumulation of empennage ice and a tailplane stall 
Factors relating to this accident were the icing conditions and. 
the pilot's intentional flight into those known conditions. 


Tailplane Stall Symptoms 
Any of the following symptoms, occurring singly or in 
combination, may be a warning of tailplane icing: 

+ Elevator control pulsing, oscillations, or vibrations; 

+ Abnormal nose-down trim change; 

+ Any other unusual or abnormal pitch anomalies 

(possibly resulting in pilot induced oscillations): 
+ Reduction or loss of elevator effectiveness; 


+ Sudden change in elevator force (control would move 
nose-down if unrestrained); and 


+ Sudden uncommanded nose-down pitch. 


Ifany of the above symptoms occur, the pilot should: 


+ Immediately retract the flaps to the previous setting 
and apply appropriate nose-up elevator pressure; 


+ Increase airspeed appropriately for the reduced flap 
extension setting; 


+ Apply sufficient power for aircraft configuration 
and conditions. (High engine power settings may 
adversely impact response to tailplane stall conditions 
at high airspeed in some aircraft designs. Observe the 
manufacturer's recommendations regarding power 
settings.); 


+ Make nose-down pitch changes slowly, even in 
gusting conditions, if circumstances allow; and 


+ Ifa pneumatic deicing system is used, operate the 
‘system several times in an attempt to clear the tailplane 
of ice. 


Once a tailplane stall is encountered, the stall condition 
tends to worsen with increased airspeed and possibly may 
worsen with increased power settings at the same flap 
setting. Airspeed, at any flap setting, in excess of the airplane 
‘manufacturer's recommendations, accompanied by uncleared 
ice contaminating the tailplane, may result in a tailplane stall 


and uncommanded pitch down from which recovery may not 
be possible. A tailplane stall may occur at speeds less than 
the maximum flap extended speed (VFE). 


Propeller Icing 
Ice buildup on propeller blades reduces thrust for the same 
aerodynamic reasons that wings tend to lose lft and increase 
drag when ice accumulates on them. The greatest quantity 
of ice normally collects on the spinner and inner radius of 
the propeller. Propeller areas on which ice may accumulate 
and be ingested into the engine normally are anti-iced rather 
than deiced to reduce the probability of ice being shed into 
the engine. 


Effects of Icing on Critical Aircraft Systems 
In addition to the hazards of structural and induction icing, 
the pilot must be aware of other aircraft systems susceptible 
to icing. The effects of icing do not produce the performance 
loss of structural icing or the power loss of induction icing 
but can present serious problems to the instrument pilot. 
Examples of such systems are flight instruments, stall 
warning systems, and windshields 


Flight Instruments 
‘Various aircraft instruments including the airspeed indicator, 
altimeter, and rate-of-climb indicator utilize pressures 
sensed by pitot tubes and static ports for normal operation. 
When covered by ice these instruments display incorrect, 
information thereby presenting serious hazard to instrument 
flight. Detailed information on the operation of these 
instruments and the specific effects of icing is presented in 
Chapter 3, Flight Instruments. 


Stall Warning Systems 
Stall warning systems provide essential information to pilots, 
‘These systems range from a sophisticated stall warning vane 
toa simple stall warning switch. Icing affects these systems 
in several ways resulting in possible loss of stall warning to 
the pilot. The loss of these systems can exacerbate an already 
hazardous situation, Even when an aircraft's stall warning 
system remains operational during icing conditions, it may 
be ineffective because the wing a lower angle of 
attack due to ice on the airfoil 


Windshields 
Accumulation of ice on flight deck windows can severely 
restrict the pilot’s visibility outside of the aircraft. Aircraft 
‘equipped for flight into known icing conditions typically have 
some form of windshield anti-icing to enable the pilot to see 
outside the aircraft in case icing is encountered in flight. One 
system consists of an electrically heated plate installed onto 
the airplane's windshield to give the pilot a narrow band of 


clear visibility. Another system uses a bar at the lower end, 
of the windshield to spray deicing fluid onto it and prevent 
ice from forming. On high performance aircraft that require 
complex windshields to protect against bird strikes and 
withstand pressurization loads, the heating element often is, 
layer of conductive film or thin wire strands through which 
electric current is run to heat the windshield and prevent ice 
from forming. 


Antenna Icing 
Because oftheir small size and shape, antennas that do not lay 
‘lush with the aircraft's skin tend to accumulate ice rapidly 
Furthermore, they often are devoid of internal anti-icing 
or deicing capability for protection. During flight in icing 
conditions, ice accumulations on an antenna may cause it to 
bogin to vibrate or cause radio signals to become distorted 
and it may cause damage to the antenna. Ifa frozen antenna 
breaks off, itcan damage other areas ofthe aircraft in addition 
to causing a communication or navigation system failure. 


‘Summary 
Ioe-comtaminated aircraft have been involved in many 
accidents, Takeoff accidents have usually been duc o file 
to deice or anti-ic critical surfaces properly on the ground 
Proper deicing and ant-cing procedures are addressed in 
two other pilot guides, Advisory Circular (AC) 120-58, Pilot 
Guide: Large Aireraft Ground Deicingand AC 135-17, Plot 
Guide: Small Airraft Ground Deicing 


‘The pilot of an aircraft, which is not certificated or equipped 
{or flight in icing conditions, should avoid all icing conditions, 
‘The aforementioned guides provide direction on how to do 
this, and on how to exit icing conditions prompily and safely 
should they be inadvertently encountered. 


‘The pilot of an aircraft, which is certificated for flight in 
icing conditions can safely operate in the conditions for 
which the aircraft was evaluated during the certification 
process but should never become complacent about icing. 
Even short encounters with small amounts of rough icing 
can be very hazardous. The pilot should be familiar with all 
information in the Aircraft Flight Manual (AFM) or Pilot's 
Operating Handbook (POH) concerning flight in icing 
conditions and follow it carefully. Of particular importance 
are proper operation of ice protection systems and any 
airspeed minimums to be observed during or after flight 
in icing conditions. There are some icing conditions for 
which no aircraft is evaluated in the certification process, 
such as super-cooled large drops (SLD). These subfreczing 
water droplets, with diameters greater than 50 microns, 
occur within or below clouds and sustained flight in these 
conditions can be very hazardous. The pilot should be familiar 
with any information in the AFM or POH relating to these 
conditions, including aircraft-specific cues for recognizing 
these hazardous conditions within clouds. 


‘The information inthis chapter is an overview of the hazards 
of aircraft icing. For more detailed information refer to AC 
91-74, Pilot Guide: Flight in Icing Conditions, AC 91-51A, 
Effect of Ieing on Aircraft Control and Airplane Deice and 
AntiIce Systems, AC 20-73A, Aircraft [ee Protection and 
AC 23.143+1, [ee Contaminated Tailplane Stall (ICTS), 


Chapter 3 a 


Flight Instruments ~ 


Introdtiction 


Aircraftbecame a practical fieans of transportation when 
accurate flight instruments freed the pilot from the necessity 
of mainiaining visual contact with the ground. Flight 
instruments aié crucial t6,conducting safe flight operations 
and itis importint that the pilot have a basic understanding, 
of their operation. The basic flight instruments required 
for operation under visual flight rules (VFR) are airspeed 
indicator (ASD) altimeter, and magnetic direction indicator, 
In audition to these, operation under instrument flight rules 
(UFR) requires a gyroscopic rate-of-turn indicator, slip-skid 
indicator, sensitive altimeter adjustable for barometric 
pressure, clock displaying hours, minutes, and seconds with 
a sweep-second pointer or digital presentation, gyroscopic 
pilch-and-bank indicator (artificial horizon), and gyroscopic 
direction indicator (directional gyro or equivalent, 


Soldering and Desoldering Instruction 


Soldering is defined as "the joining of metals by a fusion of alloys which have relatively low 
melting points". In other words, you use a metal that has a low melting point to adhere the 
surfaces to be soldered together. Soldering is more like gluing with molten metal than anything 
else, Soldering is also a must have skill for all sorts of electrical and electronies work. It is also 
a skill that must be taught correctly and developed with practice 


Remember that when soldering, the rosin in the solder 
releases fumes. These fumes are harmful to your eyes 
and lungs. Therefore, always work in a well-ventilated 
area, Hot solder is also dangerous. Be sure not to let is 
splash around because it will burn you almost instantly. 
Eye protection is also advised. 


The Tools 

Soldering Iron — Even the cheapest of them will do the job. They 
may not last as long, but they do get hot enough to melt solder and 
that is the goal. You only need to make sure that the one you buy 
has a suitable tip on it. The most typical tip is the one that is about 
the size of a 1/8” stereo mini-plug. 


Solder — Get Rosin Core solder. Rosin will help the solder to flow 
onto the wires. Solder comes in different thickness. Buy what is 
appropriate for your job. 


Desoldering Gun — This tool will make life a lot easier when you 
need to rework a previous solder job. 

Solder Wick — Braided copper with rosin coating used to draw sol- 
der off of cireuit boards, 


SMD Rework station— Basically this is a high temp hair dryer 
with special nozzle attached. It heats up entire pins of the SMD 
device so you can remove them. 


The Methods 

Soldering — There is not art to soldering, it takes patience and practice to get it right. If you are 
doing it right, it will be easy and very fast. First, make sure that your soldering iron tip is clean. 
Ifit is dirtier than just a light gray color, you need to clean it. You can do this with sandpaper or 
a Scotch Brite pad. Next, turn your iron on and give it plenty of time to heat up. To test the heat, 
use a piece of solder touched to the tip. If it melts immediately, it is ready 

‘The most common way to mess up a solder job is to let the soldering iron stay on the parts to be 
soldered too long. What this does is oxidize the metal, making it too dirty to attract solder. If you 
are working with a cireuit board, too much heat can damage the board, rendering it useless and 
in need of repair. You should only hold the soldering iron to the parts to be joined for no more 
than 10-12 seconds. Any longer and you will melt insulation on wire or damage a circuit board, 
It has been said that soldering is a two-person job. You need two hands to hold the parts to- 
gether, one hand to hold the iron, and another to feed the solder. The correct method for applying 
solder is to hold the joint perfectly still while heating with the soldering iron. After a few sec 
‘onds, introduce the end of the solder at the point where the iron meets the parts 


Aircraft that are flown in instrument meteorological conditions 
(IMC) are equipped with instruments that provide attitude 
and direction reference, as well a navigation instruments that 
allow precision flight from takeoff to landing with limited or 
1no outside visual reference. 


‘The instruments discussed in this chapter are those required 
by Title 14 of the Code of Federal Regulations (14 CFR) 
part 91, and are organized into three groups: pitot-static 
instruments, compass systems, and gyroscopic instruments. 
‘The chapter concludes with a discussion of how to preflight 
these systems for IER flight. This chapter addresses additional 
avionics systems such as Electronic Flight Information 
Systems (EFIS), Ground Proximity Warning System 
(GPWS), Terrain Awareness and Warning System (TAWS 
‘Traffic Alert and Collision Avoidance System (TCAS), 
Head Up Display (HUD), etc., that are increasingly being 
incorporated into general aviation aircraft 


Pitot/Static Systems 

Pitot pressure, or impact air pressure, is sensed through an 
open-end tube pointed directly into the relative wind flowing 
around the aircraft. The pitot tube connects to pressure 
operated flight instruments such as the ASI. 


Static Pressure 
Other instruments depend upon accurate sampling of the 
ambient still air atmospheric pressure to determine the 


Pit pressure chamber 
‘Static hole 


“Siac hol 


Stati chamber 


Figure 91. Typical Electrically Heated Pitot-Statie Head. 
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height and speed of movement of the aircraft through the 
air, both horizontally and vertically. This pressure, called 
static pressure, is sampled at one or more locations outside 
the aircraft. The pressure of the static air is sensed at a flush 
port where the air is not disturbed. On some aircraft air is 
sampled by static ports on the side of the electrically heated 
pilot-static head. (Figure 3-1] Other aircraft pick up the static 
pressure through flush ports on the side of the fuselage or 
the vertical fin. These ports are in locations proven by flight 
tests to be in undisturbed air, and they are normally paired, 
one on either side of the aircraft. This dual location prevents, 
lateral movement of the aircraft from giving erroncous static 
pressure indications. The areas around the static ports may be 
heated with electric heater elements to prevent ice forming 
‘over the port and blocking the entry of the static air. 


‘Three basic pressure-operated instruments are found in most 
aircraft instrument panels. These are the sensitive altimeter, 
ASI, and vertical speed indicator (VSI). All three receive 
pressures sensed by the aircraft pitot-static system, The static 
ports supply pressure to the ASI, altimeter, and VSL 


Blockage Considerations 
‘The pitot tube is particularly sensitive to blockage especially 
by icing. Even light icing can block the entry hole of the pitot 
tube where ram air enters the system. This affects the ASI 
and is the reason most airplanes are equipped with a pitot 
heating system, 


‘lernate static source; 


Indications of Pitot Tube Blockage 
Ifthe pitt tube becomes blocked, the ASI displays inaccurate 
speeds. At the altitude where the pitot tube becomes blocked, 
the ASI remains at the existing airspeed and doesn’t reflect 
actual changes in speed. 


+ At altitudes above where the pitot tube became 
blocked, the ASI displays a higher-than-actual 
airspeed increasing steadily as altitude increases. 

+ Atloweraltitudes, the ASI displays lower-than-actual 
airspeed decreasing steadily as altitude decreases. 


Indications from Static Port Blockage 
Many aircraft also have a heating system to protect the 
static ports to ensure the entire pitot-static system is clear 
of ice. Ifthe static ports become blocked, the ASI would 
still function but could produce inaccurate indications. At 
the altitude where the blockage occurs, airspeed indications 
‘would be normal 


+ At altitudes above which the static ports became 
blocked, the ASI displays a lower-than-actual airspeed 
continually decreasing as altitude is increased. 

+ Atloweraltitudes, the ASI displays a higher-than-actual 
airspeed increasing steadily as altitude decreases, 


‘The trapped pressure in the static system causes the altimeter 
to remain at the altitude where the blockage occurred, The 
VSI remains at zero. On some aircraft, an alternate static 
air source valve is used for emergencies. [Figure 3-2] If 
the alternate source is vented inside the airplane, where 
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Figure 3-2. Typical Pitot Static System, 


static pressure is usually lower than outside static pressure, 
selection of the alternate source may result in the following 
erroneous instrument indications: 


1, Altimeter reads higher than normal, 


2, Indicated airspeed (IAS) reads greater than normal, 
and 


3, VSI momentarily shows a climb. Consult the Pilot’s 
Operating Handbook/Airplane Flight Manual (POH/ 
AFM) to determine the amount of error. 


Effects of Flight Conditions 
‘The static ports are located in a position where the air at 
their surface is as undisturbed as possible. But under some 
flight conditions, particularly at a high angle of attack with 
the landing gear and flaps down, the air around the static 
port may be disturbed to the extent that it can cause an error 
in the indication of the altimeter and ASI. Because of the 
importance of accuracy in these instruments, part of the 
certification tests for an aircraft is a check of position error 
in the static system, 


‘The POH/AFM contains any corrections that must be applied 
to the airspeed for the various configurations of flaps and 
landing gear. 


Pitot/Static Instruments 

Sensitive Altimeter 

A sensitive altimeter is an ancroid barometer that measures 
the absolute pressure of the ambient air and displays it in 
terms of fect or meters above a selected pressure level. 


Principle of Operation 
‘The sensitive clement in a sensitive altimeter is a stack of 
evacuated, corrugated bronze aneroid capsules. [Figure 3-3] 
‘The air pressure acting on these ancroids tries to compress 
them against their natural springiness, which tries to expand 
them. The result is that their thickness changes as the air 
pressure changes. Stacking several aneroids increases the 
dimension change as the pressure varies over the usable 
range of the instrument. 


Below 10,000 feet, a striped segment is visible. Above this 
altitude, a mask begins to cover it, and above 15,000 feet, 
all of the stripes are covered. [Figure 3-4] 


Another configuration of the altimeter is the drum-type. 
[Figure 3-5] These instruments have only one pointer that 
makes one revolution for every 1,000 feet. Each number 
represents 100 feet and cach mark represents 20 feet, A drum, 
marked in thousands of feet, is geared to the mechanism that 
drives the pointer. To read this type of altimeter, first look at 
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Figure 3-3. Sensitive Altimeter Components 


the drum to get the thousands of feet, and then at the pointer 
to get the feet and hundreds of feet. 


A sensitive altimeter isone with an adjustable barometric scale 
allowing the pilot to set the reference pressure from which the 
altitude is measured, This scale is visible in a small window 
called the Kollsman window. A knob on the instrument adjusts 
the scale. The range of the scale is from 28.00" to 31,00" 
inches of mercury (Hg), or 948 to 1,050 millibars. 


Rotating the knob changes both the barometric scale and 
the altimeter pointers in such a way that a change in the 
barometric scale of 1" Hg changes the pointer indication 
by 1,000 feet. This is the standard pressure lapse rate 
below 5,000 feet. When the barometric scale is adjusted 


to 29.92" Hg or 1,013.2 millibars, the pointers indicate the 


Barometric scale adjustment knob 


pressure altitude. The pilot displays indicate altitude by 
adjusting the barometric scale to the local altimeter setting. 
The altimeter then indicates the height above the existing 
sea level pressure, 


Altimeter Errors 
sensitive altimeter is designed to indicate standard changes 
from standard conditions, but most flying involves errors 
caused by nonstandard conditions and the pilot must be able 
to modify the indications to correct for these errors. There 
are two types of errors: mechanical and inherent. 


Mechanical 
A preflight check to determine the condition of an altimeter 
consists of setting the barometric scale to the local altimeter 
setting. The altimeter should indicate the surveyed elevation 


Figure 3-4. Three-Pointer Altimeter. 
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Figure 35, Drum-Type Altimeter 


of the airport. Ifthe indication is off by more than 75 feet from 
the surveyed elevation, the instrument should be referred 
to a certificated instrument repair station for recalibration, 
Differences between ambient temperature and/or pressure 
causes an erroneous indication on the altimeter. 


Inherent Altimeter Error 
When the aircraft is flying in air that is warmer than standard, 
the air is less dense and the pressure levels are farther apart. 
‘When the aircraft is flying at an indicated altitude of 5,000 
feet, the pressure level for that altitude is higher than it would 
be in air at standard temperature, and the aircraft is higher 
than it would be if the air were cooler. If the air is colder 
than standard, itis denser and the pressure levels are closer 
together. When the sircraft is flying at an indicated altitude 
of 5,000 feet, its true altitude is lower than it would be if the 
air were warmer. [Figure 3-6] 


Cold Weather Altimeter Errors 
A correctly calibrated pressure altimeter indicates true 
altitude above mean sea level (MSL) when operating within 
the International Standard Atmosphere (ISA) parameters of 
pressure and temperature. Nonstandard pressure conditions are 
corrected by applying the correct local area altimeter setting, 


‘Temperature errors from ISA result in true altitude being 
higher than indicated altitude whenever the temperature is, 
‘warmer than ISA and true altitude being lower than indicated 
altitude whenever the temperature is colder than ISA. 
‘True altitude variance under conditions of colder than ISA 
temperatures poses the risk of inadequate obstacle clearance, 
Under extremely cold conditions, pilots may need to add an 


appropriate temperature correction determined from the chart 
in Figure 3-7 to charted IFR altitudes to ensure terrain and 
‘obstacle clearance with the following restrictions: 


+ Altitudes specifically assigned by Air Traffic Control 
(ATC), such as “maintain 5,000 feet” shall not be 
corrected. Assigned altitudes may be rejected if the 
pilot decides that low temperatures pase a risk of 
inadequate terrain or obstacle clearance. 


+ If temperature corrections are applied to charted 
IR altitudes (such as procedure turn altitudes, final 
approach fix crossing altitudes, etc), the pilot must 
advise ATC of the applied correction, 


ICAO Cold Temperature Error Table 
‘The cold temperature induced altimeter error may be 
significant when considering obstacle clearances when 
temperatures are well below standard. Pilots may wish to 
increase their minimum terrain clearance altitudes with a 
corresponding increase in ceiling from the normal minimum 
‘when flying in extreme cold temperature conditions. Higher 
altitudes may need to be selected when flying at low terrain 
clearances. Most flight management systems (FMS) with 
air data computers implement a capability to compensate 
for cold temperature errors. Pilots flying with these systems 
should ensure they are aware of the conditions under which 
the system will automatically compensate, If compensation 
is applied by the FMS or manually, ATC must be informed 
that the aircraft is not flying the assigned altitude. Otherwise, 
vertical separation from other aircraft may be reduced 
creating a potentially hazardous situation, The table in 
Figure 3-7, derived from International Civil Aviation 


Figure 36. The loss of altitude experienced when flying into an area where the air is colder (more dense) than standard, 
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2M 10 20 20 20 
20 5 5 40 40 50 
30 40 50 60 70 80 
50 60 70 90 100 120 
60 80 100 120 130 150 
80 100 120 150 170 190 
“50 60 90 120 150 180 210 240 


Figure 3-7. ICAO Col Temperature Error Table: 


Organization (ICAO) standard formulas, shows how much 
error can exist when the temperature is extremely cold, To 
use the table, find the reported temperature in the left column, 
and then read across the top row to the height above the 
aitport/reporting station. Subtract the airport elevation from 
the altitude of the final approach fix (FAF). The intersection 
of the column and ow is the amount of possible error. 


Example: The reported temperature is -10° Celsius and the 
FAF is 500 feet above the airport elevation. The reported 
current altimeter seting may place the aircraft as much as 50 
feet below the altitude indicated by the altimeter. 


When using the cold temperature error table, the altitude 
error is proportional to both the height above the reporting 
station elevation and the temperature at the reporting 
station. For IFR approach procedures, the reporting station 
elevation is assumed to be airport elevation, It is important 
to understand that corrections are based upon the temperature 
at the reporting station, not the temperature observed at the 
aircraft's current altitude and height above the reporting 
station and not the charted IFR altitude. 


‘To sce how corrections are applied, note the following 
example: 

Airport Elevation 
Airport Temperature 


496 fect 
=50°C 


‘A charted IFR approach to the airport provides the following 
data: 


Minimum Procedure Turn Altitude 1,800 feet 
Minimum PAF Crossing Altitude 1,200 feet 
Straight-in Minimum Descent Altitude 800 feet 
Circling MDA. 1,000 feet 


‘The Minimum Procedure Turn Altitude of 1,800 feet will 
be used as an example to demonstrate determination of 
the appropriate temperature correction. Typically, altitude 
values are rounded up to the nearest 100-foot level. The 
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ight Above Airport in Feet 


20 20 30 40 60 80 
50 60 90 120 170 230 aso 
90 100 150 200 290 390 490 
130 140 210 280 420 570 710 
170 190 280 380 570 760 950 
220 240 360 480 720 970 1,210 
270 300 450 590 890 1,190 1,500 


charted procedure turn altitude of 1,800 feet minus the airport 
clevation of 500 feet equals 1,300 fect. The altitude difference 
‘of 1,300 feet falls between the correction chart elevations of 
1,000 feet and 1,500 feet. At the station temperature of -50°C, 
the correction falls between 300 feet and 450 feet. Dividing 
the difference in compensation values by the difference in 
altitude above the airport gives the error value per foot. 


In this case, 150 feet divided by 500 feet = 0.33 feet for each 
additional foot of altitude above 1,000 feet. This provides a 
correction of 300 fet for the first 1,000 feet and an additional 
value of 0.33 times 300 feet, or 99 feet, which is rounded to 
100 feet. 300 fect + 100 feet = total temperature correction 
of 400 feet. For the given conditions, correcting the charted 
value of 1,800 feet above MSL (equal to a height above the 
reporting station of 1,300 feet) requires the addition of 400, 
fect. Thus, when flying at an indicated altitude of 2,200 feet, 
the aircraft is actually flying a true altitude of 1,800 feet. 


Minimum Procedure Turn Altitude 
1,800 feet charted = 
Minimum FAF Crossing Altitude 
1,200 feet charted = 
Straight-in MDA, 
800 feet charted 
Circling MDA. 
1,000 feet charted 


2,200 feet corrected 


1,500 feet corrected 


900 feet corrected 


1,200 feet corrected 


Nonstandard Pressure on an Altimeter 
Maintaining a current altimeter setting is critical because the 
almosphere pressure is not constant. That is, in one location, 
the pressure might be higher than the pressure just a short 
distance away. Take an aircraft whose altimeter setting is set 
to 29.92" of local pressure. As the aircraft moves to an area 
of lower pressure (Point A to B in Figure 3-8) and the pilot 
fails to readjust the altimeter setting (essentially calibrating 
it to local pressure), then as the pressure decreases, the 
true altitude will be lower. Adjusting the altimeter settings 


compensates for this. When the altimeter shows an indicated 
altitude of 5,000 feet, the true altitude at Point A (the height 
above mean sea level) is only 3,500 feet at Point B. The fact 
that the altitude indication is not always true lends itself to 
the memory aid, “When flying from hot to cold or from a 
high to a low, look out below.” [Figure 3-8] 


A 


Figure 38. Effects of Nonstandard Pressure on an Altimeter of an 
Aircraft Flown int Air of Lower Than Standard Pressure (Airis 
Less Dense) 


Altimeter Enhancements (Encoding) 
It is not sufficient in the airspace system for only the pilot 
to have an indication of the aircraft's altitude; the air traffic 
controller on the ground must also know the altitude of the 
aircraft. To provide this information, the aircraft is typically 
equipped with an encoding altimeter. 


‘When the ATC transponder is set to Mode C, the encoding 
altimeter supplies the transponder with a series of pulses 
identifying the flight level (in increments of 100 feet) at 
which the aircraft is flying. This series of pulses is transmitted 
to the ground radar where they appear on the controller's, 
scope as an alphanumeric display around the return for the 
aircraft. The transponder allows the ground controller to 
identify the aircraft and determine the pressure altitude at 
which itis lying 


‘A computer inside the encoding altimeter measures the 
pressure referenced from 29.92" Hg and delivers this data to 
the transponder. When the pilot adjusts the barometric scale 
to the local altimeter setting, the data sent to the transponder 
is not affected. This is to ensure that all Mode C aircraft are 
transmitting data referenced to a common pressure level. ATC 


equipment adjusts the displayed altitudes to compensate for 
local pressure differences allowing display of targetsat correct 
altitudes. 14 CFR part 91 requires the altitude transmitted by 
the transponder to be within 125 feet of the altitude indicated 
‘on the instrument used to maintain flight altitude. 


Reduced Vertical Separation Minimum (RVSM) 
Below 31,000 feet, a 1,000 foot separation is the minimum 
required between usable flight levels. Flight levels (FLs) 
‘generally start at 18,000 feet where the local pressure is 
29.92" Hg or greater. All aircraft 18,000 feet and above use 
a standard altimeter setting of 29.92" Hg, and the altitudes 
are in reference to a standard hence termed FL. Between FL, 
180 and FL 290, the minimum altitude separation is 1,000 
feet between aircraft. However, for flight above FL 290 
(primarily due to aircraft equipage and reporting capability; 
potential error) ATC applied the requirement of 2,000 feet of 
‘separation, FL 290, an altitude appropriate for an eastbound 
aircraft, would be followed by FL 310 for a westbound 
aircraft, and so on to FL 410, or seven FLsavailable for flight. 
With 1,000-foot separation, or a reduction of the vertical 
separation between FL 290 and FL 410, an additional six 
FLs become available. This results in normal flight level and 
direction management being maintained from FL. 180 through 
FL 410. Hence the name is Reduced Vertical Separation 
Minimum (RVSM). Because it is applied domestically, itis 
called United States Domestic Reduced Vertical Separation 
Minimum, or DRVSM. 


However, there is a cast to participate in the DRVSM program 
which relates to both aircraft equipage and pilot training, For 
example, altimetry error must be reduced significantly and 
operators using RVSM must receive authorization from the 
appropriate civil aviation authority, RVSM aircraft must, 
mect required altitude-keeping performance standards. 
Additionally, operators must operate in accordance with 
RVSM policies/procedures applicable to the airspace where 
they are flying, 


‘The aircraft must be equipped with at least one automatic 
altitude control— 

+ Within a tolerance band of £65 feet about an acquired 
altitude when the aircraft is operated in straight-and- 
level flight. 

+ Within a tolerance band of £130 feet under no 
turbulent, conditions for aircraft for which application 
for type certification occurred on or before April 9, 
1997 that are equipped with an automatic altitude 
control system with flight management/performance 
system inputs. 
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‘That aircraft must be equipped with an altitude alert system 
that signals an alert when the altitude displayed to the flight 
crew deviates from the selected altitude by more than (in most 
ceases) 200 feet. For each condition in the full RVSM flight 
envelope, the largest combined absolute value for residual 
static source error plus the avionics error may not exceed 200 
feet. Aircraft with TCAS must have compatibility with RVSM 
Operations. Figure 3-9 illustrates the increase in aircraft 
permitted between FL 180 and FL 410. Most noteworthy, 
however, is the economization that aircraft can take advantage 
of by the higher FLs being available to more aircraft. 
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“TUsable Fight Lovols 13 Usable Fight Levels, 
Figure 9-9. Increase in Aircraft Permitted Between FL 180 and 
FLUO. 


Vertical Speed Indicator (VSI) 
‘The VSI in Figure 3-10 is also called a vertical velocity 
indicator (VVI), and was formerly known as a rate-of- 
climb indicator. It is a rate-of-pressure change instrument 
that gives an indication of any deviation from a constant 
pressure level 


Inside the instrument case is an aneroid very much like the 
one in an ASI. Both the inside of this aneroid and the inside 
of the instrument case are vented to the static system, but 
the case is vented through a calibrated orifice that causes 
the pressure inside the case to change more slowly than 


38 


the pressure inside the ancroid. As the aircraft ascends, the 
static pressure becomes lower. The pressure inside the case 
compresses the aneroid, moving the pointer upward, showing, 
a climb and indicating the rate of ascent in number of feet 
per minute (pm), 


‘When the aircraft levels off, the pressure no longer changes. 
‘The pressure inside the case becomes equal to that inside 
the aneroid, and the pointer returns to its horizontal, or 
zero, position. When the aircraft descends, the static 
pressure increases. The aneroid expands, moving the pointer 
downward, indicating a descent 


‘The pointer indication in a VSI lags a few seconds behind 
the actual change in pressure. However, itis more sensitive 
than an altimeter and is useful in alerting the pilot of an 
upward or downward trend, thereby helping maintain a 
constant altitude. 


‘Some of the more complex VSIs, called instantaneous vertical 
speed indicators (IVSI), have two accelerometer-actuated ait 
pumps that sense an upward or downward pitch ofthe aircraft 
and instantaneously create a pressure differential. By the time 
the pressure caused by the pitch acceleration dissipates, the 
altitude pressure change is effective, 


Dynamic Pressure Type Instruments 
Airspeed Indicator (AS!) 

‘An ASI is a differential pressure gauge that measures the 
dynamic pressure of the air through which the aircraft is 
flying. Dynamic pressure is the difference in the ambient 
static air pressure and the total, or ram, pressure caused by 
the motion of the aircraft through the ar. These two pressures 
are taken from the pitot-static system. 


UP VERTICAL SPEED 


Figure 3-10. Rate of Climb or Descent in Thousands of Feet Per 
Minute 


‘The mechanism of the ASI in Figure 3-11 consists of a thin, 
corrugated phosphor bronze aneroid, or diaphragm, that 
receives its pressure from the pitot tube. The instrument 
case is sealed and connected to the static ports. As the 
lot pressure increases or the static pressure decreases, the 
diaphragm expands. This dimensional change is measured by 


a rocking shaft and a set of gears that drives a pointer across 
the instrument dial. Most ASIs are calibrated in knots, or 
nautical miles per hour; some instruments show statute miles 
per hour, and some instruments show both. 


Types of Airspeed 
Just as there are several types of altitude, there are multiple 
types of airspeed: Indicated Airspeed (IAS), Calibrated 
Airspeed (CAS), Equivalent Airspeed (EAS), and True 


Airspeed (TAS). 


Indicated Airspeed (IAS) 
IAS js shown on the dial of the instrument, uncorrected for 
instrument or system errors, 


Calibrated Airspeed (CAS) 
CAS is the speed at which the aircraft is moving through 
the air, which is found by correcting IAS for instrument 
and position ertors. The POH/AFM has a chart or graph to 
correct IAS for these errors and provide the correct CAS for 
the various flap and landing gear configurations. 


Equivalent Airspeed (EAS) 
EAS is CAS corrected for compression of the air inside the 
pitot tube. EAS is the same as CAS in standard atmosphere 
at sea lovel. As the airspeed and pressure altitude increase, 
the CAS becomes higher than it should be, and a correction 
for compression must be subtracted from the CAS, 


‘True Airspeed (TAS) 

TAS is CAS corrected for nonstandard pressure and 
temperature. TAS and CAS are the same in standard 
atmosphere at sea level. Under nonstandard conditions, TAS 
is found by applying a correction for pressure altitude and 
temperature to the CAS, 


Some aircraft are equipped with true ASIs that have a 
temperature-compensated ancroid bellows inside the 
instrument case, This bellows modifies the movement of 
the rocking shaft inside the instrument case so the pointer 
‘shows the actual TAS. 


‘The TAS indicator provides both true and IAS, These 
instruments have the conventional airspeed mechanism, 
with an added subdial visible through cutouts in the regular 
dial. A knob on the instrument allows the pilot to rotate the 
‘subdial and align an indication of the outside air temperature 
with the pressure altitude being flown. This alignment causes 
the instrument pointer to indicate the TAS on the subdial. 
[Figure 3-12] 


Figure 3-11. Mechanism of an Airspeed Indicator 
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Figure 342. A true airspeed indicator allows the pilot to correct 
JAS for nonstandard temperature and pressure 


‘Mach Number 


Asan aircraft approaches the speed of sound, the air flowing, 
over certain areas of its surface speeds up until it reaches the 
speed of sound, and shock waves form. The IAS at which 
these conditions occur changes with temperature. Therefore, 
in this case, airspeed is not entirely adequate to warn the 
pilot of the impending problems. Mach number is more 
useful, Mach number is the ratio of the TAS of the aircraft 
to the speed of sound in the same atmospheric conditions. 
An aircraft flying at the speed of sound is flying at Mach 
1.0, Some older mechanical Machmeters not driven from 
an air data computer use an altitude aneroid inside the 
instrument that converts pitot-static pressure into Mach 
‘number. These systems assume that the temperature at any 
altitude is standard; therefore, the indicated Mach number is 


inaccurate whenever the temperature deviates from standard. 
‘These systems are called indicated Machmeters. Modern 
electronic Machmeters use information from an air data 
computer system to correct for temperature errors. These 
systems display true Mach number. 


Figure 3-13. A Machmeter shows the ratio ofthe speed of sound 10 
the TAS the airraft is lying. 
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Most high-speed aircraft are limited to a maximum Mach 
‘number at which they can fly. This is shown on a Machmeter 
as a decimal fraction, /Figure 3-13] For example, if the 
Machmeter indicates .83 and the aircraft is flying at 30,000 
feet where the speed of sound under standard conditions is, 
589.5 knols, the airspeed is 489.3 knots. The speed of sound 
varies with the air temperature. Ifthe aircraft were flying at 
Mach .83 at 10,000 feet where the air is much warmer, its 
airspeed would be 530 knots. 


Maximum Allowable Airspeed 
‘Some aircraft that fly at high subsonic speeds are equipped 
with maximum allowable ASIs like the one in Figure 3-14. 
This instrument looks much like a standard airspeed indicator, 
calibrated in knots, but has an additional pointer colored red, 
checkered, or striped. The maximum airspeed pointer is, 
actuated by an aneroid, or altimeter mechanism, that moves 
it to a lower value as air density decreases. By keeping the 
airspeed pointer ata lower value than the maximum pointer, 
the pilot avoids the onset of transonic shock waves. 


Figure ’-14.A maximum allowable airspeed indicator has a movable 
pointer that indicates the never-exceed speed, which changes with 
altitude to avoid the onset of transonie shock waves 


Airspeed Color Codes 

‘The dial of an ASI is color coded to alert the pilot, at a 
glance, of the significance of the speed at which the aircraft 
is flying. These colors and their associated airspet 
shown in Figure 3-15, 


Magnetism 

‘The Earth is a huge magnet, spinning in space, surrounded 
bya magnetic field made up of invisible lines of flux. These 
lines leave the surface at the magnetic north pole and reenter 
at the magnetic South Pole. 


Lines of magnetic flux have two important characteristies 
any magnet that is free to rotate will align with them, and 
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Figure 3-15. Color Codes for an Airspeed Indicator 


aan electrical current is induced into any conductor that cuts, 
across them. Most direction indicators installed in aircraft 
make use of one of these two characteristics. 


The Basic Aviation Magnetic Compass 
One of the oldest and simplest instruments for indicating 
direction is the magnetic compass. It is also one of the basi 
instruments required by 14 CFR part 91 for both VFR and 
IER flight. 


Magnetic Compass Overview 
‘A magnet is a piece of material, usually a metal containing 
iron, which attracts and holds lines of magnetic flux. 
Regardless of size, every magnet has two poles: a north 
pole and a south pole. When one magnet is placed in the 
Id of another, the unlike poles attract each other and! like 
poles repel 


Anaicrafi magnetic compass, such as the one in Figure 3-16, 
zhas two small magnets attached to a metal float sealed inside a 
bowl of clear compass fluid similar to kerosene. A graduated 
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Figure 3-16.A Magnetic Compass. The vertical line és calle the 


lubber line 


scale, called a card, is wrapped around the float and viewed 
through a glass window with a lubber line across it. The card 
is marked with letters representing the cardinal directions, 
north, east, south, and west, and a number for each 30° 


between these letters. The final “0” is omitted from these 
directions; for example, 3 = 30°, 6 = 60°, and 33 = 330°. 
‘There are long and short graduation marks between the letters 
and numbers, with each long mark representing 10° and each 
short mark representing 5°, 


Magnetic Compass Construction 
‘The float and card assembly has a hardened steel pivot in its 
center that rides inside a special, spring-loaded, hard-glass 
jewel cup. The buoyancy of the float takes most of the weight 
off the pivot, and the fluid damps the oscillation of the float 
and card. This jewel-and-pivot type mounting allows the float 
freedom to rotate and tilt up to approximately 18° angle of 
bank. At steeper bank angles, the compass indications are 
erratic and unpredictable, 


‘The compass housing is entirely full of compass fluid, To 
prevent damage or leakage when the fluid expands and 
contracts with temperature changes, the rear of the compass 
case is sealed with a flexible diaphragm, or with a metal 
bellows in some compasses. 


‘Magnetic Compass Theory of Operations 
‘The magnets align with the Earth's magnetic field and the 
pilot reads the direction on the scale opposite the lubber line. 
Note that in Figure 3-16, the pilot sees the compass card from 
its backside. When the pilot is flying north as the compass 
shows, east isto the pilot’s right, but onthe card “33”, which 
represents 330° (west of north), isto the right of north. The 
reason for this apparent backward graduation is that the card 
remains stationary, and the compass housing and the pilot turn 
around it, always viewing the card from its backside. 


If the solder does not melt immediately and flow onto the joint, pull the solder away and try 
again after a couple seconds longer. If you exceed 10 seconds, pull the iron off and try again after 
it all cools down. You probably didn't have the iron touching enough of the parts to be soldered. 
Sometimes, the parts to be soldered are so big that they conduct the heat away very quickly and 
make it difficult to solder. In this case, it is OK to put some solder on each part individually and 
then put them together later by melting the solder on each one while they are touching. 

Joining Two Wires - Strip off about 3/8" of insulation from the two wire ends to be joined. Place a 
4” length of heat shrink tubing over one wire and push it back so that the heat from soldering 
won't shrink it prematurely. Fold each bare wire end back on itself so that the tip of the wire now 
comes back to the end of the insulation. Link both wires together using the bends like hooks. 
Now, twist the ends of the wires around themselves tightly. This type of connection is called a 
Western Union and it is the strongest method of joining two wires together. Now, heat the con- 
nection with the iron and allow solder to flow over the entire joint. Wait a few seconds for it to 
cool off and then slide the heat shrink tubing down over the connection and heat it with a match 
or heat gun. 

Soldering a Wire to a Circuit Board — This is delicate work that you will do while soldering. Too 
much heat and your board will be damaged. If you are attaching a wire to an existing hole on 
the board, make sure that the hole is clean and free of any excess solder (see de-soldering for 
more detail), The best advice when soldering to a circuit board is to angle your soldering iron 
tip so that it makes good contact with the pad on the circuit board and the wire or part to be 
soldered at the same time, Heat the parts up and touch the solder at the point where the tip 
meets the part and the pad. If the solder does not flow immediately, pull everything off and 
wait for it to cool down and try again later. 
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‘A compensator assembly mounted on the top or bottom of the 
‘compass allows an aviation maintenance technician (AMT) 
to create a magnetic field inside the compass housing that 
‘cancels the influence of local outside magnetic fields. This is 
done to correct for deviation error. The compensator assembly 
has two shafts whose ends have screwdriver slots accessible 
from the front of the compass. Each shaft rotates one or two 
small compensating magnets. The end of one shaft is marked 
E-W, and its magnets affect the compass when the aircraft is 
pointed cast or west. The other shaft is marked N-S and its 
‘magnets affect the compass when the aircraft is pointed north 
or south. 


‘Magnetic Compass Induced Errors 
‘The magnetic compass is the simplest instrument in the 
panel, but it is subject to a number of errors that must be 
considered, 


Variation 
‘The Earth rotates about its geographic axis; maps and charts 
are drawn using meridians of longitude that pass through the 
geographic poles. Directions measured from the geographic 
poles are called true directions. The north magnetic pole to 
‘which the magnetic compass points is not collocated with 
the geographic north pole, but is some 1,300 miles away; 
directions measured from the magnetic poles are called 
magnetic directions. In aerial navigation, the difference 
between true and magnetic directions is called variation. This, 
‘same angular difference in surveying and land navigation is 
called declination. 


Figure 3-17 shows the isogonic lines that identify the number 
‘of degrees of variation in their area. The line that passes near 
Chicago is called the agonic line. Anywhere along this line 
the two poles are aligned, and there is no variation. East of 
this line, the magnetic pole is to the west of the geographic 
pole and a correction must be applied to a compass indication 
to get a true direction. 


Figure 317. Isogonic lines are lines of equal variation. 
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Flying in the Washington, D.C. area, for example, the variation 
is 10° west. Ifthe pilot wants o fly a true course of south (180°), 
the variation must be added to this resulting in a magnetic course 
tofly of 190°. Flying in the Los Angeles, CA area the variation 
is 14° cast. To fly a true course of 180° there, the pilot would 
have to subtract the variation and fly a magnetic course of 166°. 
‘The variation error does not change with the heading of the 
aircrafi; itis the same anywhere along the isogonic line. 


Deviation 
‘The magnets in a compass align with any magnetic field. 
Local magnetic fields in an aircraft caused by electrical current 
flowing in the structure, in nearby wiring or any magnetized 
part of the structure, conflict with the Earth's magnetic field 
‘and cause a compass error called deviation. 


Deviation, unlike variation, is different on each heading, but itis, 
not affected by the geographic location. Variation error cannot 
be reduced or changed, but deviation error can be minimized 
‘when a pilot or AMT performs the maintenance task known 
as"“swinging the compass.” 


‘Most airports have a compass rose, which is a series of lines, 
‘marked out on a taxiway or ramp at some location where there 
isno magnetic interference. Lines, oriented to magnetic north, 
are painted every 30°, as shown in Figure 3-18, 
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Figure 3-18. Uslization of u Compass Rose Aids Compensation 
for Deviation Errors. 


The pilot or AMT aligns the aircraft on each magnetic 
heading and adjusts the compensating magnets to minimize 
the difference between the compass indication and the actual 
‘magnetic heading of the aircraft. Any error that cannot be 
removed is recorded on a compass correction card, like the one 
in Figure 3-19, and placed in a cardholder near the compass. 
If the pilot wants to fly a magnetic heading of 120° and the 
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Figure 2-19. A compass correetion card shows the deviation 
correction for any heading. 


airraft is operating withthe radios on, the pilot should fly a 
compass heading of 123°. 


‘The corrections for variation and deviation must be applied 
in the correct sequence and is shown below starting from the 
true course desired, 


Step 1: Determine the Magnetic Course 
“Truc Course (180°) + Variation (+10°) = Magnetic Course (190°) 


‘The Magnetic Course (190°) is steered if there is no deviation 
error tobe applied. The compass card must now be considered 
for the compass course of 190°. 


Step 2: Determine the Compass Course 
Magnetic Course (190°, from step 1) + Deviation ( 
correction card) = Compass Course (188°) 


NOTE: Intermediate magnetic courses between those listed on 
the compass card need to be interpreted. Therefore to ster a true 
course of 180°, the pilot would follow a compass course of 188°. 


‘To find the true course that is being flown when the compass 
course is known: 

Compass Course Deviation = Magnetic Course * Variation 
= True Course 


Dip Errors 
‘The lines of magnetic flux are considered to leave the Earth at 
the magnetic north pole and enter atthe magnetic South Pole. At 
both locations the lines are perpendicular to the Earth's surface. 
‘At the magnetic equator, which is halfway between the poles, 
the lines are parallel with the surface. The magnets ina compass. 
align with this field, and near the poles they dip, or til, the float 
and card. The float is balanced with a small dip-compensating 
‘weight, soit stays relatively level when operating in the middle 
latitudes of the northern hemisphere. This dip along with this 
‘weight causes two very noticeable erors: northerly turning error 
and acceleration erro. 


‘The pull ofthe vertical component of the Earth's magnetic field 
‘causes northerly turning error, which is apparent on a heading 
‘of north or south, When an aircraft flying on a heading of north 
makes a turn toward east, the aircraft banks tothe right, and the 
compass card tills to the right. The vertical component of the 
Earth's magnetic field pulls the north-seeking end of the magnet 
tothe right, and the float rotates, causing the card to rotate toward 
‘west, the direction opposite the direction the tum is being made. 
[Figure 3-20] 


Ifthe turn is made from north to wes, the aircraft banks tothe left 
and the compass card tilts dawn on the left side. The magnetic 
field pulls on the end of the magnet that causes the card to rotate 
toward cast. This indication is again opposite to the direction 


Figure 3.20. Northerly Turning Error 


343 


———— 


Figure 3.21. The Effects of Acceleration Error 


the turn is being made. The rule for this error is: when starting 
a tum from a northerly heading, the compass indication lags 
behind the turn. 


When an aircraft is flying on a heading of south and begins 
4 turn toward east, the Earth’s magnetic field pulls on the 
end of the magnet that rotates the card toward east, the same 
direction the turn is being made. Ifthe turn is made from south 
toward west, the magnetic pull starts the card rotating toward 
\west—again, in the same direction the tur is being made. The 
rule for this error is: When starting a tun from a southerly 
heading, the compass indication leads the turn, 


In acceleration error, the dip-correction weight causes the end 
of the float and card marked N (the south-secking end) to be 
heavier than the opposite end. When the aircraft is flying at 
a constant speed on a heading of east or west, the float and 
card is level. The effects of magnetic dip and the weight are 
approximately equal. If the aieraft accelerates on a heading 
of east /Figure 3-21] the inertia of the weight hols its end of 
the float hack and the card rotates toward north. As soon as the 
speed of the aircraft stabilizes, the card swings back to is east 
indication. If, while flying on this easterly heading, the aircraft 
decelerates, the inertia causes the weight to move ahead and the 
card rotates toward south until the speed again stabilizes. 


When flying on a heading of west, the same things happen. 
Inertia from acceleration causes the weight to lag, and the 
card rotates toward north, When the aircraft decelerates on a 
heading of west, inertia causes the weight to move ahead and 
the card rotates toward south, 


a14 


ss 


Oscillation Error 
Oscillation is a combination of all of the other errors, and it 
results in the compass card swinging back and forth around 
the heading being flown, When setting the gyroscopic 
heading indicator to agree with the magnetic compass, use 
the average indication between the swings. 


The Vertical Card Magnetic Compass 
‘The floating magnet type of compass not only has all the 
errors just described, but also lends itself to confused reading. 
Itis easy to begin a turn in the wrong direction because its card 
appears backward, East ison what the pilot would expect to be 
the west side. The vertical card magnetic compass eliminates 
some of the errors and confusion. The dial of this compass 
is graduated with letters representing the cardinal directions, 
‘numbers every 30°, and marks every 5°. The dial is rotated by 
a set of gears from the shaft-mounted magnet, and the nose 
of the symbolic airplane on the instrument glass represents 
the lubber line for reading the heading of the aircraft from 
the dial. Eddy currents induced into an aluminum-damping 
cup damp oscillation of the magnet. /Figure 3-22] 


The Flux Gate Compass System 
‘As mentioned earlier, the lines of flux in the Earth’s magnetic 
field have two basic characteristics: a magnet aligns with 
these lines, and an electrical current is induced, or generated, 
in any wire crossed by them, 


Figure 3-22. Vertical Card Magnetic Compass 


‘The flux gate compass that drives slaved gyros uses the 
characteristic of current induction. The flux valve isa small, 
segmented ring, like the one in Figure 3-23, made of soft 
iron that readily accepts lines of magnetic flux. An electrical 
coil is wound around each of the three legs to accept the 
current induced in this ring by the Earth's magnetic field. A 
coil wound around the iron spacer in the center of the frame 
hhas 400-Hz alternating current (A.C.) flowing through it. 
During the times when this current reaches its peak, twice 
during each cycle, there is so much magnetism produced by 
this coil that the frame cannot accept the lines of flux from 
the Earth’s field. 
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Figure 3-23. The soft iron frame of the flue valve accepts the flux 
rom the Earth’s magnetic field each time the current in the center 
coll reverses. This flus causes current to flow in the tree pickup 
coil. 


Figure 3-24. The current in each ofthe three pickup coils changes 
with the heading of the aireraf. 


Butas the current reverses between the peaks, it demagnetizes 
the frame so it can accept the flux from the Earth’s field. As 
this flux cuts across the windings in the three coils, it causes 
current to flow in them. These three coils are connected in 
such a way that the current flowing in them changes as the 
heading of the aircraft changes. [Figure 3-24] 


‘The three coils are connected to three similar but smaller coils, 
in a synchro inside the instrument case. The synchro rotates 
the dial of a radio magnetic indicator (RMI) or a horizontal 
situation indicator (HSD. 


Remote Indicating Compass 

Remote indicating compasses were developed to compensate 
for the errors and limitations of the older type of heading 
indicators. The two panel-mounted components of a typical 
system are the pictorial navigation indicator and the slaving 
control and compensator unit. [Figure 3-25] The pictorial 
navigation indicator is commonly referred to as a HSI. 


Figure 3-25. Pictorial Navigation Indicator (HSI Top), Slaving 
Control and Compensator Unit. 


‘The slaving control and compensator unit has a pushbutton 
that provides a means of selecting either the “slaved gyro” 
or “free gyro” mode. This unit also has a slaving meter 
and two manual heading-drive buttons. The slaving meter 
indicates the difference between the displayed heading and 
the magnetic heading. A right deflection indicates a clockwise 
error of the compass card; a left deflection indicates a 
counterclockwise error, Whenever the aircraft is in a turn 
and the card rotates, the slaving meter shows a full deflection 
to one side or the other. When the system is in “free gyro” 
mode, the compass card may be adjusted by depressing the 
appropriate heading-drive button, 


A separate unit, the magnetic slaving transmitter is mounted 
remotely; usually in a wingtip to eliminate the possibility of 
magnetic interference. It contains the flux valve, which is 
the direction-sensing device of the system. A concentration 
of lines of magnetic force, after being amplified, becomes 
‘signal relayed to the heading indicator unit, which is also 
remotely mounted. This signal operates a torque motor in 
the heading indicator unit that processes the gyro unit until 
is aligned with the transmitter signal. The magnetic slaving 
transmitter is connected electrically to the HSI. 


‘There are a number of designs of the remote indicating 
compass; therefore, only the basic features of the system are 
covered here. Instrument pilots must become familiar with 
the characteristics of the equipment in their aircraft 


As instrument panels become more crowded and the pilot’s 
available scan time is reduced by a heavier flight deck 
workload, instrument manufacturers have worked toward 
combining instruments. One good example of this is the 
RMI in Figure 3-26. The compass card is driven by signals 


Figure 3-26. Driven by signals from a flux valve, the compass card 
in this RMI indicates the heading ofthe aircraft opposite the upper 
center index mark. The green pointer is driven by the ADE 
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from the flux valve, and the two pointers are driven by an 
automatic direction finder (ADF) and a very high frequency 
‘omnidirectional range (VOR), 


Gyroscopic Systems 


Flight without reference to a visible horizon can be safely 
accomplished by the use of gyroscopic instrument systems, 
and the two characteristics of gyroscopes, which are rigidity 
and precession. These systems include attitude, heading, 
and rate instruments, along with their power sources. These 
instruments include a gyroscope (or gyro) that isa small wheel 
with its weight concentrated around its periphery. When this, 
‘wheel is spun at high speed, it becomes rigid and resists iting 
or turning in any direction other than around its spin axis, 


Altitude and heading instruments operate on the principle 
of rigidity. For these instruments, the gyro remains rigid 
in its case and the aircraft rotates about it. Rate indicators, 
such as turn indicators and turn coordinators, operate on the 
principle of precession, In this case, the gyro processes (or 
rolls over) proportionate to the rate the aircraft rotates about 
‘one or more of its axes, 


Power Sources 
Aircraft and instrument manufacturers have designed 
redundancy in the flight instruments so that any single failure 
will not deprive the pilot of the ability to safely conclude 
the flight. Gyroscopic instruments are crucial for instrument 
they are powered by separate electrical or 


Pneumatic Systems 
Pneumatic gyros are driven by a jet of air impinging on 
buckets cut into the periphery of the wheel. On many aircraft 
this stream of air is obtained by evacuating the instrument 
case with a vacuum source and allowing filtered air to flow 
into the case through a nozzle to spin the wheel 


Venturi Tube Systems 
Aircraft that do not have a pneumatic pump to evacuate the 
instrument case can use venturi tubes mounted on the outside 
of the aircraft, similar to the system shown in Figure 3-27. Air 
flowing through the venturi tube speeds up in the narrowest 
part and, according to Bernoulli's principle, the pressure 
drops. This location is connected to the instrument case by 
a piece of tubing. The two attitude instruments operate on 
approximately 4" Hg of suction; the turn-and:-slip indicator 
needs only 2" Hg, so a pressure-reducing needle valve is, 
used to decrease the suction. Air flows into the instruments, 
through filters built into the instrument cases. In this system, 
ice can clog the venturi tube and stop the instruments when 
they are most needed, 
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Figure 3-27. A venturi tube system that provides necessary vacuum 
10 operate key instruments 


Vacuum Pump Systems 
Wet-Type Vacuum Pump 

Steel-vane air pumps have been used for many years to 
evacuate the instrument cases. The vanes in these pumps 
are lubricated by a small amount of engine oil metered into 
the pump and discharged with the air. In some aircraft the 
discharge air is used to inflate rubber deicer boots on the 
wing and empennage leading edges. To keep the oil from 
deteriorating the rubber boots, it must be removed with an 
‘il separator like the one in Figure 3-28. 


‘The vacuum pump moves a greater volume of air than is 
needed to supply the instruments with the suction needed, 
so a suction-relief valve is installed in the inlet side of the 
pump. This spring-loaded valve draws in just enough air to 
maintain the required low pressure inside the instruments, 
as is shown on the suction gauge in the instrument pancl. 
Filtered air enters the instrument cases from a central ait 
filter. As long as aircraft fly at relatively low altitudes, enough 
air is drawn into the instrument cases to spin the gyros at a 
sufficiently high speed. 


Dry Air Vacuum Pump 
As flight altitudes increase, the air is less dense and more air 
must be forced through the instruments. Air pumps that do not 
mix oil with the discharge air are used in high flying aircraft 
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Figure 3-28. Single-engine instrument vacuum system using a steel-vane wet-type vacuum pump. 
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Steel vanes sliding in a steel housing need to be lubricated, 
but vanes made of a special formulation of carbon sliding 
inside carbon housing provide their own lubrication in a 
microscopic amount as they wear. 


Pressure Indicating Systems 
Figure 3-29 is a diagram of the instrument pneumatic 
system of a twin-engine general aviation airplane. Two dry 
air pumps are used with filters in their inlet to filter out any 
contaminants that could damage the fragile carbon vanes in 
the pump. The discharge air from the pump flows through 
a regulator, where excess air is bled off to maintain the 
pressure in the system at the desired level. The regulated air 
then flows through inline filters to remove any contamination 
that could have been picked up from the pump, and from 
there into a manifold check valve. If either engine should 
become inoperative or either pump should fail, the check 
valve isolates the inoperative system and the instruments are 
driven by air from the operating system. After the air passes 
through the instruments and drives the gyros, it is exhausted 
from the case. The gyro pressure gauge measures the pressure 
drop across the instruments. 


Electrical Systems 


Many general aviation aircraft that use pneumatic attitude 
indicators use electric rate indicators andjor the reverse. Some 
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instruments identify their power source on their dial, but it 
is extremely important that pilots consult the POH/AFM to 
determine the power source ofall instruments to know what 
action to take in the event of an instrument failure. Direct 
current (D.C) electrical instruments are available in 14- or 
28-volt models, depending upon the electrical system in 
the aircraft. A.C. is used to operate some attitude gyros and 
autopilots. Aireraft with only D.C. electrical systems can use 
A.C. instruments via installation ofa solid-state D.C. to A.C. 
inverter, which changes 14 or 28 volts D.C. ito three-phase 
115-volt,400-Hz A.C. 


Gyroscopic Instruments 
At ide Indicators 

‘The firs atitude instrument (AI) was originally referred toas 
an aificial horizon, later asa gyro horizon; now it is more 
properly called anatitud indicator. lis operating mechanism 
isasmall brass wheel with a vertical spin axis, spun ata high 
speed by either a stream of sirimpinging on buckets cu into 
its periphery, orby an electric motor. The gyro is mounted in 
a double gimbal, which allows the aircraft to pitch and roll 
about the gyro ast remains fixed in space. 


A horizon disk is attached to the gimbals so it remains in 
the same plane as the gyro, and the aircraft pitches and 
rolls about it. On carly instruments, this was just a bar that 


Figure 3-29. Tvin-Engine Instrument Pressure System Using a Carbon-Nane Dry-Type Air Pump. 
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represented the horizon, but now it is a disc with a Tine 
representing the horizon and both pitch marks and bank-angle 
lines. The top half of the instrument dial and horizon disc 
is blue, representing the sky; and the bottom half is brown, 
representing the ground. A bank index at the top of the 
instrument shows the angle of bank marked on the banking 
scale with lines that represent 10°, 20°, 30°, 45°, and 60° 
[Figure 3-30] 


Figure 3-30. The dial ofthis atte indicator has reference lines 
tu show piteh and roll. 


Asmall symbolic aircraft is mounted in the instrument case so it 
appears to be flying relative tothe horizon, A knob atthe bottom 
center of the instrument case raises or lowers the aircraft 10 
‘compensate for pitch trim changes as the airspeed changes. The 
‘wid of the wings ofthe symbolic aircraft and the dotin the center 
of the wings represent a pitch change of approximately 2° 


For an Al to function properly, the gyro must remain 
vertically upright while the aircraft rolls and pitches around, 
it, The bearings in these instruments have a minimum of 
friction; however, even this small amount places a restraint 
oon the gyro producing precession and causing the gyro to tlt, 
‘To minimize this tilting, an erection mechanism inside the 
instrument case applies a force any time the gyro tilts from 
its vertical position. This force acts in such a way to return 
the spinning wheel to its upright position, 


‘The older artificial horizons were limited in the amount of 
pitch or roll they could tolerate, normally about 60° in pitch 
and 100° in roll. After either of these limits was exceeded, 
the gyro housing contacted the gimbals, applying such a 
precessing force that the gyro tumbled. Because of this 
limitation, these instruments had a caging mechanism that 
locked the gyro inits vertical position during any maneuvers 


that exceeded the instrument limits. Newer instruments do 
not have these restrictive tumble limits; therefore, they do 
not have a caging mechanism, 


When an aircraft engine is first started and pneumatic or 
electric power is supplied to the instruments, the gyro is, 
not erect, A self-erecting mechanism inside the instrument 
actuated by the force of gravity applies a precessing force, 
causing the gyro to rise to its vertical position. This erection 
ccan take as long as 5 minutes, but is normally done within 
2t0 3 minutes, 


Attitude indicators are free from most errors, but depending 
upon the speed with which the erection system functions, 
there may be a slight nose-up indication during a rapid 
acceleration and a nose-down indication during a rapid 
deceleration. There is also a possibility of a small bank angle 
and pitch error after a 180° turn, These inherent errors are 
small and correct themselves within a minute or so after 
returning to straight-and-level flight. 


Heading Indicators 
‘A magnetic compass is a dependable instrument used as a 
backup instrument. Although very reliable, it has so many 
inherent errors that it has been supplemented with gyroscopic 
heading indicators 


‘The gyro ina heading indicator is mounted in a double gimbal, 
as in an attitude indicator, but its spin axis is horizontal 
permitting sensing of rotation about the vertical axis of the 
aireraft. Gyro heading indicators, with the exception of slaved 
gyro indicators, are not north seeking, therefore they must 
be manually set to the appropriate heading by referring to 
a magnetic compass. Rigidity causes them to maintain this, 
heading indication, without the oscillation and other errors 
inherent in a magnetic compass, 


Older directional gyros use a drum-like card marked in the 
same way as the magnetic compass card. The gyro and the 
card remain rigid inside the case with the pilot viewing the 
card from the back. This creates the possibility the pilot might 
start a turn in the wrong direction similar to using a magnetic 
compass. A knob on the front of the instrument, below the 
dial, can be pushed in to engage the gimbals. This locks the 
gimbals allowing the pilot to rotate the gyro and card until 
the number opposite the lubber ine agrees with the magnetic 
compass. When the knob is pulled out, the gyro remains rigid 
and the aircraft is free to turn around the card. 


Directional gyros are almost all air-driven by evacuating 
the case and allowing filtered air to flow into the case and 
out through a nozzle, blowing against buckets cut in the 


periphery of the wheel, The Earth constantly rotates at 15* 
per hour while the gyro is maintaining a position relative 
to space, thus causing an apparent drift in the displayed 
heading of 15° per hour. When using these instrument 

i standard practice to compare the heading indicated on the 
directional gyro with the magnetic compass at least every 15 
minutes and to reset the heading as necessary to agree with 
the magnetic compass. 


Heading indicators like the one in Figure 3-31 work on the 
ssame principle as the older horizontal card indicators, except 
that the gyro drives a vertical dial that looks much like the 
dial of a vertical card magnetic compass. The heading of the 
aircraft is shown against the nose of the symbolic aircraft on 
the instrument glass, which serves as the Iubber line. A knob 
in the front of the instrument may be pushed in and turned 
to rotate the gyro and dial. The knob is spring loaded so it 
disengages from the gimbals as soon as it is released. This 
instrument should be checked about every 15 minutes to see 
if it agrees with the magnetic compass 


Figure 331. The heading indicator isnot north seeking, but must 
be set periodically (about every 15 minutes) to agree with the 
‘magnetic compass 


Turn Indicators 
Attitude and heading indicators function on the principle 
of rigidity, but rate instruments such as the turn-and- 
slip indicator operate on precession, Precession is the 
characteristic of a gyroscope that causes an applied force to 
produce a movement, not at the point of application, but at 
4 point 90° from the point of application in the direction of 
rotation. [Figure 3-32] 


Turn-and-Slip Indicator 
‘The first gyroscopic aircraft instrument was the 
in the needle and ball, or turn-and-bank indicator, which 
hhas more recently been called a turn-and-slip indicator. 
[Figure 3-33] 
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Figure 3-82. Precession causes a force applied to a spinning 
wheel to be felt 90° from the point of application in the direction 
of rotation. 


‘The inclinometer in the instrument isa black glass ball sealed 
inside a curved glass tube that is partially filled with a liquid 
for damping. This ball measures the relative strength of the 
force of gravity and the force of inertia caused by a tum, 
When the aircraft is flying straight-and-level, there is no 
inertia acting on the ball, and it remains in the center of the 
tube between two wires. In a turn made with a bank angle 
that is too steep, the force of gravity is greater than the inertia 
and the ball rolls down to the inside of the turn Ifthe turn is, 
‘made with too shallow a bank angle, the inertia is greater than 
‘gravity and the ball rolls upward to the outside of the turn, 


‘The inclinometer does not indicate the amount of bank, nor 
does it indicate slip; it only indicates the relationship between 
the angle of bank and the rate of yaw. 
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Figure 3-93. Turn-and-Slip Indicator. 


‘The tum indicator is a small gyro spun either by air or by 
aan electric motor. The gyro is mounted in a single gimbal 
with its spin axis parallel to the lateral axis of the aircraft 
and the axis of the gimbal parallel with the longitudinal axis, 
[Figure 3-34] 


Figure 3.34. The rate gyro in both wurn-and-sip indicator anal sara 
coordinator 


‘When the aircraft yaws, or rotates about its vertical axis, it 
produces a force in the horizontal plane that, due to precession, 
causes the gyro and its gimbal to rotate about the gimbal’s, 
axis. It is restrained in this rotation plane by a calibration 
spring; itrolls over just enough to cause the pointer to deflect, 
until it aligns with one of the doghouse-shaped marks on the 
dial, when the aircraft is making a standard rate tur, 


‘The dial ofthese instruments is marked “2 MIN TURN.” Some 
turn-and-slip indicators used in faster aircraft are marked “4 
MIN TURN.” In either instrument, a standard rate tum is 
being made whenever the needle aligns with a doghouse. A 
standard rate turn is 3° per second. In a 2 minute instrument, 


if the needle is one needle width either side of the center 


alignment mark, the turn is 3° per second and the turn takes 
2 minutes to execute a 360° turn, In a4 minute instrument, 
the same turn takes two widths deflection of the needle to 
achieve 3 per second. 


Turn Coordinator 
‘The major limitation ofthe older turn-and-slip indicator is that 
itsenses rotation only about the vertical axis ofthe aircraft. It 
tells nothing of the rotation around the longitudinal axis, which 
in normal flight occurs before the aireraft begins to turn. 


A turn coordinator operates on precession, the same as the 
turn indicator, but its gimbals frame is angled upward about 
30? from the longitudinal axis of the aircraft. [Figure 3-34] 
This allows it to sense both roll and yaw. Therefore during 
‘aturn, the indicator first shows the rate of banking and once 
stabilized, the turn rate. Some turn coordinator gyros are dual- 
powered and can be driven by either air or electricity 


Rather than using a needle as an indicator, the gimbal moves 
dial that is the rear view of a symbolic aircraft. The bezel 
of the instrument is marked to show wings-level flight and 
bank angles for a standard rate turn, (Figure 3-35] 
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Figure 3-35, A turn coordinator senses rotation about both roll 
‘and yaw axes. 


‘The inclinometer, similar to the one in a turn-and-slip 
indicator, is called coordination ball, which shows the 
relationship between the bank angle and the rate of yaw. The 
turn is coordinated when the bal isin the center, between the 
marks, The aircraft is skidding when the ball rolls toward the 
outside of the turn and is slipping when it moves toward the 
inside of the turn, A turn coordinator does not sense pitch. 
‘This is indicated on some instruments by placing the words 
“NO PITCH INFORMATION” on the dial 
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Good soldering and Bad soldering Joints 


Here are some example of Good soldering and Bad soldering joint. 
For Japanese, we often say, “Good soldering joint should look like Mt. Fuji.” 


1 
IL 
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‘Too much soldering 


‘Too litte soldering 


Cold Solder Joints 

Acold joint is a joint in which the solder does 
not make good contact with the component 
lead or printed circuit board pad. Cold joints 
‘occur when the component lead or solder pad 
moves before the solder is completely cooled. 
Cold joints make a really bad electrical con- 
nection and can prevent your cireuit from 
working. 

Cold joints can be recognized by a character- 
istie grainy, dull gray color, and can be easily 
fixed. This is done by first removing the old 
solder with a desoldering tool or simply by 
heating it up and flicking it off with the iron, 
Once the old solder is off, you can re-solder 
the joint, making sure to keep it still as it 
cools. 


Tips and Tricks 


Good soldering 


Cold soldering joints 


ft 


; Vasa, 


Soldering is something that needs to be practiced. These tips should help you become successful 
so you can stop practicing and get down to some serious building 
1. Use heat sinks. Heat sinks are a must for the leads of sensitive components such as 
ICs and transistors. If you don't have a clip on heat sink, then a pair of pliers is a good 


substitute. 


2. Keep the iron tip clean. A clean iron tip means better heat conduction and a better 
joint. Use a wet sponge to clean the tip between joints. 


3. Double-check joints. It is a good idea to check all solder joints with an ohmmeter 
after they are cooled. If the joint measures any more than a few tenths of an ohm, then 


it may be a good idea to re-solder it. 


4, Use the proper iron or temperature. Remember that bigger joints will take longer to 
heat up with an 30W iron than with a 150W iron. While 30W is good for printed cireuit 
boards and the like, higher wattages are great when soldering to a heavy metal chassis. 


Flight Support Systems 

Altitude and Heading Reference System (AHRS) 
AAs aircraft displays have transitioned to new technology. 
the sensors that feed them have also undergone significant 
change. Traditional gyroscopic flight instruments have 
been replaced by Attitude and Heading Reference Systems 
(AHRS) improving reliability and thereby reducing cast and 
maintenance. 


‘The function of an AHRS is the same as gyroscopic systems; 
that i, to determine which way is level and which way is north 
By knowing the initial heading the AHRS can determine both 
the attitude and magnetic heading of the aircraf 


‘The genesis of this system was initiated by the development 
of the ring-LASAR gyroscope developed by Kearfott located 
in Liftle Falls, New Jersey. [Figure 3-36] Their development 
of the Ring-LASAR gyroscope in the 1960s/1970s was 
in support of Department of Defense (DOD) programs to 
include cruise missile technology. With the precision of 
these gyroscopes, it became readily apparent that they could 
be leveraged for multiple tasks and functions. Gyroscopic 
miniaturization has become so common that solid-state 
gyroscopes are found in products from robotics to toys. 


Because the AHRS system replaces separate gyroscopes, 
such as those associated with an attitude indicator, magnetic 
heading indicator and turn indicator these individual systems 
are no longer needed. As with many systems today, AHRS 
itself had matured with time, Early AHRS systems used 


expensive inertial sensors and flux valves. However, today the 
AHRS for aviation and general aviation in particular are small 
solid-state systems integrating a variety of technology such 
as low cost inertial sensors, rate gyros, and magnetometers, 
and have capability for satellite signal reception. 


Air Data Computer (ADC) 
‘An Air Data Computer (ADC) [Figure 3-37) is an aircraft 
computer that receives and processes pitot pressure, static 
pressure, and temperature to calculate very precise altitude, 
IAS, TAS, and air temperature. The ADC outputs this, 
information in a digital format that can be used by a variety 
of aircraft systems including an EFIS. Modern ADCs 
are small solid-state units. Increasingly, aircraft systems 
such as autopilots, pressurization, and FMS utilize ADC 
information for normal operations. NOTE: In most modern 
gencral aviation systems, both the AHRS and ADC are 
integrated within the electronic displays themselves thereby 
reducing the number of units, reducing weight, and providing 
simplification for installation resulting in reduced costs. 


Analog Pictorial Displays 

Horizontal Situation Indicator (HSI) 

‘The HSI is a direction indicator that uses the output from 
a flux valve to drive the dial, which acts as the compass 
card, This instrument, shown in Figure 3-38, combines the 
magnetic compass with navigation signals and a glide slope 
‘This gives the pilot an indication of the location ofthe aircraft 
with relationship to the chosen course 


Figure 3.36. The Kearfott Atiude Heading Reference System (AHRS) on the left incorporates « Monolithic Ring Laser Gyro (MRLG) 
(center), which is housed in an Inertial Sensor Assembly (ISA) om the right 
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Figure 337. Air Data Computer (Collins. 


In Figure 3-38, the aircraft heading displayed on the rotating 
azimuth card under the upper lubber line is North or 360°. 
‘The course-indicating arrowhead shown is set to 020; the 
tail indicates the reciprocal, 200°. The course deviation bar 
operates with a VOR/Localizer (VOR/LOC) navigation 
receiver to indicate left or right deviations from the course 
selected with the course-indicating arrow, operating in the 
same manner that the angular movement of a conventional 
VOR/LOC needle indicates deviation from course. 
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Figure 3-38, Horizontal Situation Indicator (HSD), 


The desired course is selected by rotating the course- 
indicating arrow in relation to the azimuth card by means 
of the course select knob. This gives the pilot a pictorial 
presentation: the fixed aircraft symbol and course deviation 
bar display the aircraft relative to the selected course, as 
though the pilot were above the aircraft looking down. 
‘The TO/FROM indicator is a triangular pointer. When the 
indicator points to the head of the course arrow, it shows 
that the course selected, if properly intercepted and flown, 


takes the aircraft to the selected facility. When the indicator 
points to the tail of the course arrow, it shows that the course 
selected, if properly intercepted and flown, takes the aircraft 
direetly away from the selected facility 


‘The glide slope deviation pointer indicates the relation of 
the aircraft to the glide slope. When the pointer is below the 
center position, the aircraft is above the glide slope, and an 
increased rate of descent is required. In most installations, 
the azimuth card is a remote indicating compass driven by 
a fluxgate; however, in few installations where a fluxgate is, 
not installed, or in emergency operation, the heading must 
be checked against the magnetic compass occasionally and 
reset with the course select knob. 


Attitude Direction Indicator (ADI) 
Advances in attitude instrumentation combine the gyro 
horizon with other instruments such as the HSI, thereby 
reducing the number of separate instruments to which the 
pilot must devote attention, The attitude direction indicator 
(ADI) is an example of such technological advancement. 
A flight director incorporates the ADI within its system, 
which is further explained below (Flight Director System). 
However, an ADI need not have command cues; however, 
it is normally equipped with this Feature. 


Flight Director System (FDS) 
A Flight Director System (FDS) combines many instruments 
into one display that provides an easily interpreted 
understanding of the aircraft's flight path. The computed 
solution furnishes the steering commands necessary to obtain 
and hold a desired path. 


Major components of an FDS include an ADI, also called 
« Flight Director Indicator (FDI), an HSI, a mode selector, 
and a flight director computer. It should be noted that a 
flight director in use does not infer the aircraft is being 
manipulated by the autopilot (coupled), but is providing 
steering commands that the pilot (or the autopilot, if coupled) 
follows. 


‘Typical flight directors use one of two display systems for 
steerage. The first is a set of command bars, one horizontal 
and one vertical. The command bars in this configuration 
are maintained in a centered position (much like a centered 
glide slope). The second uses a miniature aircraft aligned to 
a command cue. 


A flight director displays steerage commands to the pilot on 
the ADI. As previously mentioned, the flight director receives 
its signals from one of various sources and provides that to the 
ADI for steerage commands. The mode controller provides 
signals through the ADI to drive the steering bars, eg. the 
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pilot flies the aircraft to place the delta symbol in the V of the 
steering bars, “Command” indicators tell the pilot in which 
direction and how much to change aircraft atitude to achieve 
the desired result 


‘The computed command indications relieve the pilot of 
many of the mental calculations required for instrument 
flight. The yellow cue in the ADI /Figure 3-39] provides all 
steering commands to the pilot. It is driven by a computer that 
receives information from the navigation systems, the ADC, 
AHRS, and other sources of data. The computer processes this 
information, providing the pilot with a single cue to follow. 
Following the cue provides the pilot with the necessary three- 


Figure 339. Typical Cue That w Pilot Would Follow. 


dimensional flight trajectory to maintain the desired path, 
One of the first widely used flight directors was developed 
by Sperry and was called the Sperry Three Axis Attitude 
Reference System (STARS). Developed in the 1960s, it was 
‘commonly found on both commercial and business aircraft 
alike. STARS (with a modification) and successive flight 
directors were integrated with the autopilots and aircraft 
providing a fully integrated flight system. 


‘The flight director/autopilot system described below is 
typical of installations in many general aviation aircraft. 
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Figure 3-40. Components of a Typical Flight Director System. 


‘The components ofa typical flight director include the mode 
controller, ADI, HSI, and annunciator panel. These units are 
illustrated in Figure 3-40. 


The pilot may choose from among many modes including 
the HDG (heading) mode, the VOR/LOC (localizer tracking) 
mode, or the AUTO Approach (APP) or G/S (automatic 
capture and tracking of instrument landing system (ILS) 
localizers and glide path) mode. The auto mode has a fully 
automatic pitch selection computer that takes into account 
aircraft performance and wind conditions, and operates once 
the pilot has reached the ILS glide slope. More sophisticated 
systems allow more flight director modes, 


Integrated Flight Control System 
‘The integrated flight control system integrates and merges 
various systems into a system operated and controlled by one 
principal component. Figure 3-4/ illustrates key components 
of the flight control system that was developed from the 
onset as a fully integrated system comprised of the airframe, 
autopilot, and flight director system. This trend of complete 
integration, once seen only in large commercial aircraft, are 
‘now becoming common in the general aviation field 


Autopilot Systems 
‘An autopilot is a mechanical means to control an aircraft 
using electrical, hydraulic, or digital systems, Autopilots can 
control three axes of the aircraft: roll, pitch, and yaw. Most 
autopilots in general aviation control roll and pitch, 


Autopilots also function using different methods. The first 
is position based. That is, the altitude gyro senses the degree 
of difference from a position such as wings level, a change 
in pitch, or a heading change. 


Figure 3-41. The S-TEC/Megait Corporation Integrated Autopilot Installed in the Cirrus. 


Determining whether a design is position based and/or rate 
based lies primarily within the type of sensors used. In order 
for an autopilot to possess the capability of controlling an 
aircraft's attitude (ie., roll and pitch), that system must be 
provided with constant information on the actual attitude 
of that aircraft. This is accomplished by the use of several 
different types of gyroscopic sensors. Some sensors are 
designed to indicate the aircraft's attitude in the form of 
position in relation to the horizon, while others indicate rate 
(position change over time). 


Rate-based systems use the turn-and-bank sensor for the 
autopilot system, The autopilot uses rate information on 
two of the aircraft’s three axes: movement about the vertical 
axis (heading change or yaw) and about the longitudinal 
axis (roll). This combined information from a single sensor 
is made possible by the 30° offsct in the gyro’s axis to the 
longitudinal axis 


Other systems use a combination of both position and rate- 
‘based information to bencfit from the attributes of both systems, 
while newer autopilots are digital, Figure 3-42 illustrates an 
autopilot by Century 


Figure 3-43 is a diagram layout of a rate-based autopilot by 
Tec, which permits the purchaser to add modular capability 
form basic wing leveling to increased capability 


In the mid-1970s, visionaries in the avionics industry such 
as Hubert Naimer of Universal, and followed by others such 
as Ed King, Jr, were looking to advance the technology of 
aireraft navigation. As early as 1976, Naimer had a vision 


Figure 342. An Autopilor by Century 


of a “Master Navigation System” that would accept inputs 
from a variety of different types of sensors on an aircraft 
and automatically provide guidance throughout all phases 
of flight. 


At that time aircraft navigated over relatively short distances 
with radio systems, principally VOR or ADE For long-range 
flight inertial navigation systems (INS), Omega, Doppler. 
and Loran were in common use. Short-range radio systems 
usually did not provide area navigation capability. Long- 
range systems were only capable of en route point-to-point 
navigation between manually entered waypoints described 
as longitude and latitude coordinates, with typical systems 
containing a limited number of waypoints 
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Figure 343. A Diagrum Layout of an Autopilot by $-Te. 


‘The laborious process of manually entering cryptic latitude 
and longitude data for each flight waypoint created high 
crew workloads and frequently resulted in incorrect data 
entry. The requirement of a separate control panel for each 
long-range system consumed precious flight deck space and 
increased the complexity of interfacing the systems with 
display instruments, flight directors, and autopilots. 


‘The concept employed a master computer interfaced with all 
of the navigation sensors on the aircraft. A common contral 
display unit (DU) interfaced withthe master computer would 
provide the pilot wth a single control point forall navigation 
systems, thereby reducing the number of required flight deck 
panels. Management of the various individual sensors would 
be transferred from the pilot to the new computer. 


Since navigation sensors rarely agree exactly about position, 
Naimer belicved that blending all available sensor position 
data through a highly sophisticated, mathematical filtering 
system would produce a more accurate aircraft position, He 
called the process output the “Best Computed Position.” By 
using all available sensors to keep track of position, the system 
could readily provide area navigation capability. The master 
computer, not the individual sensors, would be integrated into 
the airplane, greatly reducing wiring complexity 


To solve the problems of manual waypoint entry, a pre- 


loaded database of global navigation information would 
be readily accessible by the pilot through the CDU. Using 
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such a system a pilot could quickly and accurately construct, 
a flight plan consisting of dozens of waypoints, avoiding 
the tedious typing of data and the error potential of latitude/ 
longitude coordinates. Rather than simply navigating point- 
to-point, the master system would be able to maneuver the 
aircraft, permitting use of the system for terminal procedures 
including departures, arrivals, and approaches. The system 
would be able to automate any aspect of manual pilot 
navigation of the aircraft. When the first system, called the 
UNS-1, was released by Universal in 1982, it was called a 
flight management system (FMS). [Figure 


it 


Figure 3-44. A Control Display Unit (CDU) Used to Control the 
Flight Management System 


An FMS uses an electronic database of worldwide 
navigational data including navigation aids, airways and 
intersections, Standard Instrument Departures (SIDs), 
Standard Terminal Arrival Routes (STARS), and Instrument 
Approach Procedures (IAPs) together with pilot input through 
a CDU to create a flight plan, The FMS provides outputs to 
several aircraft systems including desired track, bearing and 
distance to the active waypoint, lateral course deviation and 
related data to the flight guidance system forthe HSI displays, 
and roll steering command for the autopilot/flight director 
system, This allows outputs from the FMS to command 
the airplane where to go and when and how to turn. To 
support adaptation to numerous aircraft types, an FMS is 
usually capable of receiving and outputting both analog and 
digital data and discrete information. Currently, electronic 
navigation databases are updated every 28 days. 


‘The introduction of the Global Positioning System (GPS) has 
provided extremely precise position at low cast, making GPS. 
the dominant FMS navigation sensor today. Currently, typical 
FMS installations require tha air data and heading information 
be available electronically from the aircraft. This limits FMS 
usage in smaller aircraft, but emerging technologies allow this, 
ddata from increasingly smaller and less costly systems. 


‘Some systems interface with a dedicated Distance Measuring, 
Equipment (DME) receiver channel under the control of the 
FMS to provide an additional sensor. In these systems, the 
FMS determines which DME sites should be interrogated 
for distance information using aircraft position and the 
navigation database to locate appropriate DME sites. The 
FMS then compensates aircraft altitude and station altitude 
with the aid ofthe database to determine the precise distance 
to the station, With the distances from a number of sites the 
FMS can compute a position nearly as accurately as GPS. 


‘Aimer visualized three-dimensional aireraft control with 
an FMS. Modern systems provide Vertical Navigation 
(VNAV) as well as Lateral Navigation (LNAV) allowing 
the pilot to create a vertical flight profile synchronous with 
the lateral flight plan. Unlike early systems, such as Inertial 
Reference Systems (IRS) that were only suitable for en route 
navigation, the modern FMS can guide an aircraft during 
instrument approaches. 


‘Today, an FMS provides not only real-time navigation 
capability but typically interfaces with other aircraft systems 
providing fuel management, control of cabin briefing and 
display systems, display of uplinked text and graphic weather 
data and air/ground data link communications. 


Electronic Flight Instrument Systems 
Modern technology has introduced into aviation a new 
method of displaying flight instruments, such as electronic 
flight instrument systems, integrated flight deck displays, and 
others. For the purpose of the practical test standards, any 
flight instrument display that uilizes LCD or picture tube like 
displays is referred toas “electronic flight instrument display” 
and/or a glass flight deck. In general aviation there is typically 
1 primary flight display (PFD) and a multi-function display 
(MED). Although both displays are in many cases identical, 
the PFD provides the pilot instrumentation necessary for 
flight to include altitude, airspeed, vertical velocity, attitude, 
heading and trim and trend information. 


Glass flight decks (a term coined to describe electronic fight 
instrument systems) are becoming more widespread as cost 
falls and dependability continually increases. These systems 
provide many advantages such as being lighter, more reliable, 
no moving parts to wear out, consuming less power, and 
replacing numerous mechanical indicators with a single glass 
display. Because the versatility offered by glass displays is, 
‘much greater than that offered by analog displays, the use 
of such systems will only increase with time until analog 
systems are eclipsed, 


Primary Flight Display (PFD) 


PFDs provide increased situational awareness to the pilot by 
replacing the traditional six instruments used for instrument 
flight with an easy-to-scan display that provides the horizon, 
airspeed, altitude, vertical speed, trend, trim, rate of turn 
among other key relevant indications. Examples of PFDs 
are illustrated in Figure 3-45. 


Synthetic Vision 
Synthetic vision provides a realistic depiction of the aireraft 
in relation to terrain and flight path. Systems such as those 
produced by Chelton Flight Systems, Universal Flight 
Systems, and others provide for depictions of terrain and 
course. Figure 3-46 is an example of the Chelton Flight 
System providing both 3-dimensional situational awareness 
and a synthetic highway in the sky, representing the desired 
flight path. Synthetic vision is used as a PFD, but provides 
guidance in a more normal, outside reference format 
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Figure 3-45. Tivo Primary Flight Displays (Avidyne on the Left and Garmin on the Right), 


Figure 3-46. The benefits of realistic visualization imagery, as 
idlustrated by Synthetic Vision manufactured by Chelton Flight 
Sstems. The system provides the plo a realistic, real-time, three: 
dimensional depiction of the aircraft and its relation 10 terrain 
‘around it 


Multi-Function Display (MFD) 
In addition to a PFD directly in front of the pilot, an MFD 
that provides the display of information in addition to primary 
flight information is used within the flight deck. [Figure 3-47] 
Information such as a moving map, approach charts, Terrain 
Awareness Warning System, and weather depiction can all 
be illustrated on the MFD. For additional redundancy both 
the PFD and MFD can display all critical information that 
the other normally presents thereby providing redundancy 
(using a reversionary mode) not normally found in general 
aviation flight decks. 
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Advanced Technology Systems 
‘Automatic Dependent Surveillance—Broadcast 
(ADS-B) 

Although standards for Automatic Dependent Surv 
(Broadcast) (ADS-B) are still under continuing development, 
the concept is simple: aircraft broadcast a message on 
a regular basis, which includes their position (such as 
latitude, longitude and altitude), velocity, and possibly 
other information. Other aircraft or systems can receive this 
information for use in a wide variety of applications. The 
key to ADS-B is GPS, which provides three-dimensional 
position of the aircraft 


lance 


Asan simplified example, consider air-traffie radar, The radar 
‘measures the range and bearing of an aircraft. The bearing is, 
‘measured by the position ofthe rotating radar antenna when it 
receives a reply to its interrogation from the aircraft, and the 
range by the time it takes for the radar to receive the reply 


An ADS-B based system, om the other hand, would listen 
for position reports broadcast by the aircraft. [Figure 3-48] 
These position reports are based on satellite navigation 
systems. These transmissions include the transmitting 
aircraft's position, which the receiving aircraft processes into 
usable pilot information, The accuracy of the system is now 
determined by the accuracy of the navigation system, not 
‘measurement errors. Furthermore the accuracy is unaffected 
by the range to the aircraft as in the case of radar. With radar, 
detecting aircraft speed changes require tracking the data and 
changes can only be detected over a period of several position 
updates. With ADS-B, speed changes are broadcast almost 
instantaneously and received by properly equipped aircraft 
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Figure 3-47. Example ofa Multi-Function Display (MED). 


Figure 3-48. Aircraft equipped with Automatic Dependent Surveillance—Broadcast (ADS-B) continuously broadeast their identification, 
alittle, direction, ana vertical trend. The transmitted signal carries significant information for other aireraft and ground stations alike, 
Other ADS-exquippesdwircraft receive this information and process it in a variety of ways. Iti possible that ina saturated environment 
(assuming all aircraft are ADS equipped), the systems can project tracks for their respective aircraft and retransmit to other aircraft 
their projected tracks, hereby enhancing collision avoidance. A one ime, there was an Automatic Dependent Surveillance—Addressed 
(ADS-A) and that is explained inthe Pilot's Handbook of Aeronautical Knowledge. 
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Additionally, other information can be obtained by properly Safety Systems 
the United States Where it ix anatared, height above the terrain directly beneath the aircraft. It sends 
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Figure 3-48. An aircraft equipped with ADS will receive identification, altiaude in hundreds of feet (above or below using + or), direction 
of the traffic, and aircraft descent or climb using an up or down arrow. The yellow target is an illustration of how a non-ADS equipped 


aircraft would appear on an ADS-equipped aircrafts display 
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Figure 3-50. An aircraft equipped with ADS has the ability o upload and display weather. 
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Its primary application is to provide accurate absolute altitude 
information to the pilot during approach and landing, In 
advanced aircraft today, the radar altimeter also provides its 
information to other onboard systems such as the autopilot 
and flight directors while they are in the glide slope capture 
‘mode below 200-300 feet above ground level (AGL). 


A typical system consists of a receiver-transmitter (RT) 
unit, antenna(s) for receiving and transmitting the signal, 
and an indicator. (Figure 3-51] Category Il and III precision 
approach procedures require the use of a radar altimeter and 
specify the exact minimum height above the terrain as a 
decision height (DH) or radio altitude (RA), 


Figure 351. Components ofa Radar Alieter 


Traffic Advisory Systems 
Traffic Information System 

‘The Traffic Information Service (TIS) is a ground-based 
service providing information to the flight deck via data 
link using the S-mode transponder and altitude encoder. TIS 
improves the safety and efficiency of “see and avoid” flight 
through an automatic display that informs the pilot of nearby 
traffic. The display can show location, direction, altitude 
and the climb/descent trend of other transponder-equipped 
aircraft. TIS provides estimated position, altitude, altitude 
trend, and ground track information for up to several aircraft 
simultaneously within about 7 NM horizontally, 3,500 feet 
above and 3,500 feet below the aircraft. [Figure 3-52] This 
data can be displayed on a variety of MFDs. [Figure 3-53] 


Figure 3-54 displays the pictorial concept of the traffic 
information system, Noteworthy is the requirement to have 
Mode $ and that the ground air traffic station processes the 
Mode S signal, 


Traffic Alert Systems 
‘Traffic alert systems receive transponder information from 
nearby aircraft to help determine their relative position to the 
‘equipped aircraft. They provide three-dimensional location 


Figure 2-52. Coverage Provided by a Trafic Information System. 


of other aircraft /Figures 3-55, 3-56, and 3-57] and are cost 
effective alternatives to TCAS equipage for smaller aircraft. 


Traffic Avoidance Systems 
Traffic Alert and Collision Avoidance System (TCAS) 

‘The TCAS is an airborne system developed by the FAA that 
operates independently from the ground-based ATC system, 
TCAS was designed to increase flight deck awareness of 
proximate aircraft and to serve as a “last line of defense” for 
the prevention of mid-air collisions, 


‘There aretwo levels of TCAS systems. TCAS I was developed 
to accommodate the general aviation (GA) community and 
the regional airlines. This system issues traffic advisories 
TAs) to assis pilots in visual acquisition of intruder aircraft, 
TCAS | provides approximate bearing and relative altitude 
of aircraft with a selectable range. It provides the pilot 
with traffic advisory (TA) alerting him or her to potentially 
conflicting traffic. The pilot then visually acquires the traffic 
and takes appropriate action for collision avoidance. 


‘TCAS Il is a more sophisticated system which provides the 
‘same information of TCAS I. It also analyzes the projected 
flight path of approaching aircraft and issues resolution 
advisories (RAs) to the pilot to resolve potential mid-air 
collisions. Additionally, if communicating with another 
TCAS Il equipped aircraft, the two systems coordinate the 
resolution alerts provided to their respective flight erews. 
[Figure 3-58] 
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Desoldering 


Desoldering is extremely difficult compare to soldering. In the process of RomBoard installation, 
the parts and circuit board must be in the good shape to re-use them. The tool we use is Desol- 
dering Gun. This device has vacuum pump built in with heater tip. Process of desoldering it self 
is very simple, but there are some tricks to do clean and safe desoldering job. 


Step 1 


[Pr 


Put the desoldering 
gun's tip over to the 
soldering joint. Make 
sure nozzle is 90° an~ 
gle from cireuit board. 


Apply the enough heat 
to melt entire solder. 
Multi-layer board or 
ground pin may take 
while to transfer heat. 


Step 3 


While applying vacuum, 
move the tip around the 
pin to get all the solder of 
around the pin out. At 
— this time, you ean also 
feel pin moves freely, 30 


you know pin is free from 


Step 4 


cireuit board. 


When you can hear air flow 
sound from hole, you should 
be done. Stop applying vac- 
uum and remove the gun 
from the pin. Inspect hole 
and pin. 


When you done with desoldering, the parts that you are trying to remove should move freely. If 
it doesn't, find which pin is still has solder left, and re-apply fresh solder to it and try desoldering 
process again, The multi-layer circuit board require more heat to get solder to melt. Make sure 
pin start to move freely by moving the tip of soldering gun before you apply vacuum to it. 
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Figure 356. A Skywatch System 


Figure 355. Theory of a Typical Alert System. 
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Figure 357. Alert System by Avidyne (Ryan) 
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Figure 358. An example of a resolution advisory being provided 
the plot. In this case, the plot is requested to climb, with 1,200 
Jeet being the appropriate rave of ascent to avoid traffic conflict. 
This visual indication plus the aural warning provide the pilot 
with excellent traffic awareness that augments see and avoid 
practices 

Terrain Alerting Systems 

Ground Proximity Warning System (GPWS) 

An carly application of technology to reduce CFIT was the 
GPWS. In airline use since the early 1970s, GPWS uses the 
radio altimeter, speed, and barometric altitude to determine the 
aircraft's position relative to the ground, The system uses this 
information in determining aircraft clearance above the Earth 
and provides limited predictability about aircraft position 
relative to rising terrain. It does this based upon algorithms 
within the system and developed by the manufacturer for 
different airplanes or helicopters. However, in mountainous, 
areas the system is unable to provide predictive information 
due to the unusual slope encountered. 


‘This inability to provide predictive information was evidenced 
in 1999 when a DH-7 crashed in South America, The crew 
hhad a GPWS onboard, but the sudden rise of the terrain 
rendered it ineffective; the erew continued unintentionally 
into a mountain with stcep terrain. Another incident involved 
Secretary of Commerce Brown who, along with all on board, 
‘was lost when the crew flew over rapidly rising terrain wher 
the GPWS capability is offset by terrain gradient, However, 
the GPWS is tied into and considers landing gear status, flap 
position, and ILS glide slope deviation to detect unsafe aircraft 
operation with respect to terrain, excessive descent rate, 
excessive closure rate to terrain, unsafe terrain clearance while 
not in a landing configuration, excessive deviation below an 
ILS glide slope. It also provides advisory callouts. 


Generally, the GPWS is tied into the hot bus bar ofthe electrical 
system to prevent inadvertent switch off, This was demonstrated 
nan accident involving a large four-engine turboprop airplane. 
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‘While on final for landing with the landing gear inadvertently 
up, the crew failed to heed the GPWS warning as the aircraft 
crossed a large berm close to the threshold. In fact, the crew 
attempted without success to shut the system down and atrbuted 
the signal to a malfunction, Only after the mishap did the crew 
realize the importance of the GPWS warning. 


Terrain Awareness and Warning System (TAWS) 
A'TAWS uses GPS positioning and a database of terrain and 
obstructions to provide true predictability of the upcoming 
terrain and obstacles, The warnings it provides pilots are 
both aural and visual, instructing the pilot to take specific 
action, Because TAWS relies on GPS and a database of 
terrain/obstacle information, predictability is based upon 
aircraft location and projected location. The system is time 
based and therefore compensates for the performance of the 
aircraft and its speed. [Figure 3-59] 


Head-Up Display (HUD) 
‘The HUD is a display system that provides a projection of 
jon and air data (airspeed in relation to approach 
reference speed, altitude, left/right and up/down glide slope) 
‘ona transparent screen between the pilot and the windshicld, 
‘The concept of a HUD is to diminish the shift between 
looking at the instrument panel and outside. Virtually any 
information desired can be displayed on the HUD if it is 
available in the aircraft’s flight computer. The display for 
the HUD can be projected on a separate panel near the 
‘windscreen oras shown in Figure 3-60 on an eye piece. Other 
information may be displayed, including a runway target in 
relation to the nose of the aircraft, which allows the pilot to 
see the information necessary to make the approach while 
also being able to see out the windshield. 


Required Navigation Instrument System 
Inspection 

‘Systems Preflight Procedures 

Inspecting the instrument system requires a relatively small 
part ofthe total time required for preflight activities, but its 
importance cannot be overemphasized, Before any flight 
involving aircraft control by instrument reference, the plot 
should check all instruments and their sources of power 
for proper operation. NOTE: The following procedures are 
appropriate for conventional aircraft instrument systems. 
Aircraft equipped with electronic instrument systems utilize 
different procedures. 


Figure 358. A sixframe sequence illustrating the manner in which TAWS operates. A TAWS installation is aircraft specific and provides 
warnings and cautions based upon time to potential impact with terrain rather than distance. The TAWS i illustrated in an upper left 
window while airerew view is provided out ofthe windsereen. (illustrates the aircraft in relation to the outside terrain while Band 


IG illustrate the manner in which the TAWS system displays the terrain. 15 is providing a caution of terrain to be traversed, while 
provides an illsration of a warning with an aural and textural advisory (ed) 1 pl up. also ilustrates a pilot taking appropriate 
‘ction (limb inthis ase) while [Fslusrates that a hazard is no longer a factor 


3-35 


Figure 360. Head-tip Display 
Before Engine Start 


1 
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Walk-around inspection: Check the condition of all 
antennas and check the pitot tube for the presence 
‘of any obstructions and remove the cover. Check 
the static ports to be sure they are free from dirt 
and obstructions, and ensure there is nothing on the 
structure near the ports that would disturb the air 
flowing over them. 

‘Aircraft records: Confirm that the altimeter and static 
system have been checked and found within approved 
limits within the past 24 calendar months. Check the 
replacement date for the emergency locator transmitter 
(ELT) batteries noted in the maintenance record, and 
be sure they have been replaced within this time 
interval 


Preflight paperwork: Check the Airport/Facility 
Directory (A/FD) and all Notices to Airmen 
(NOTAMSs) for the condition and frequencies of all the 
navigation aid (NAVAIDs) that are used on the flight. 
Handbooks, en route charts, approach charts, computer 
and flight log should be appropriate for the departu 
cen route, destination, and alternate airports, 


Radio equipment: Switches off. 


Suction gauge: Proper markings as applicable if 
electronic flight instrumentation is installed 


ASI: Proper reading, as applicable. If electronic 
{light instrumentation is installed, check emergency 
instrument, 

Attitude indicator: Uncaged, if applicable. Ifelectronic 
flight instrumentation is installed, check emergency 
system to include its battery as appropriate 
Altimeter: Set the current altimeter setting and ensure 
that the pointers indicate the elevation of the aisport 
‘VSI: Zero indication, as applicable (if electronic flight 
instrumentation is installed), 


Heading indicator: Uncaged, if applicable, 


Turn coordinator: If applicable, miniature aircraft 
level, ball approximately centered (level terrain). 
Magnetic compass: Full of fluid and the correction 
card is in place and current. 

Clock: Set to the correct time and running. 

Engine instruments: Proper markings and readings, 
as applicable if electronic flight instrumentation is 
installed. 

Deicing and anti-icing equipment: Check availability 
and fluid quantity. 

Alternate static-source valve: Be sure it can be opened 
if needed, and that it is fully closed. 


17. Pitot tube heater: Check by watching the ammeter 
when it is tured on, or by using the method specified 
in the POH/AFM, 


After Engine Start 


1. When the master switch is tumed on, listen to the 
gyros as they spin up. Any hesitation or unusual noises 
should be investigated before flight. 

2. Suction gauge or electrical indicators: Check the 
source of power for the gyro instruments. The suction 
developed should be appropriate for the instruments 
in that particular aircraft. If the gyros are electrically 
driven, check the generators and inverters for proper 
operation, 


3. Magnetic compass: Check the card for freedom of 
movement and confirm the bowl is full of fluid 
Determine compass accuracy by comparing the 
indicated heading against a known heading (runway 
heading) while the airplane is stopped or taxiing 
straight. Remote indicating compasses should also be 
checked against known headings. Note the compass 
card correction for the takeoff runway heading. 


4. Heading indicator: Allow 5 minutes after starting 
engines for the gyro to spin up. Before taxiing, or 
while taxiing straight, set the heading indicator to 
correspond with the magnetic compass heading. A 
slaved gyrocompass should be checked for slaving 
action and its indications compared with those of the 
‘magnetic compass. If an electronic flight instrument 
system is installed, consult the flight manual for proper 
procedures. 


5. Attitude indicator: Allow the same time as noted 
above for gyros to spin up. If the horizon bar erects 
to the horizontal position and remains at the correct 
position for the attitude of the airplane, or if it begins 
to vibrate after this attitude is reached and then slowly 
stops vibrating altogether, the instrument is operating 
properly. If an electronic flight instrument system 
is installed, consult the flight manual for proper 
procedures. 


6. Altimeter: With the altimeter set to the current reported 
altimeter setting, note any variation between the 
known field elevation and the altimeter indication. If 
the indication is not within 75 fect of field elevation, 
the accuracy of the altimeter is questionable and 
the problem should be referred to a repair station 
for evaluation and possible correction, Because the 
elevation of the ramp or hangar area might differ 
significantly from field elevation, recheck when in 
the run-up area if the error exceeds 75 feet. When 
no altimeter setting is available, set the altimeter 


to the published field elevation during the preflight 
instrument check. 


7. VSI: The instrument should read zero. If it does not, 
lap the panel gently. Ifan electronic flight instrument 
system is installed, consult the flight manual for proper 
procedures. 

8, Engine instruments: Check for proper readings. 

9. Radio equipment: Check for proper operation and set 
as desired. 


10. Deicing and anti-icing equipment: Check operation 


Taxing and Takeoff 


1, Turn coordinator: During taxi turns, check the 
miniature aircraft for proper turn indications. The ball 
or slip/skid should move freely. The ball or slip/skid 
indicator should move opposite to the direction of 
turns. The turn instrument should indicate the direction 
of the tum. While taxiing straight, the miniature 
aircraft (as appropriate) should be level. 


Heading indicator: Before takeoff, recheck the heading 
indicator. If the magnetic compass and deviation card 
are accurate, the heading indicator should show the 
known taxiway or runway direction when the airplane 
is aligned with them (within 5°), 


3. Attitude indicator: If the horizon bar fails to remain 
in the horizontal position during straight taxiing, or 
tips in excess of 5° during taxi turns, the instrument is 
unreliable. Adjust the miniature aircraft with reference 
to the horizon bar for the particular airplane while on 
the ground. For some tricyele-gear airplanes, a slightly 
nose-low attitude on the ground gives a level flight 
attitude at normal cruising speed. 


Engine Shut Down 
When shutting down the engine, note any abnormal 
instrument indications. 
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Chapter 4, Section | 


Airplane: 
Instrument 


Using Analog Instrumentation 


Introduction 


Attitude instrument flying is defined as the control of an 
aircraft's spatial position by using instruments rather than 
outside visual references. Today's aircraft come equipped 
With analog and/or digital instruments. Analog instrument 
systems are mechanical and operate with numbers 
representing directly measurable quantities, such as a watch 
with a sweep second hand. In contrast, digital instrument 
systems are electronic and operate with numbers expressed 
in digits. Although more manufacturers are providing aircraft 
ith digital instrumentation, analog instruments remain more 
prevalent. This section acquaints the pilot with the use oF 
analog flight instruments. 


Any flight, regardless of the aircraft used or route flown, 
consists of hasic maneuvers. In visual flight, aircraft attitude 
is controlled by using certain reference points on the aircraft 
with relation to the natural horizon. In instrument flight, 
the aircraft attitude is controlled by reference to the flight 
instruments, Proper interpretation of the flight instruments 
provides essentially the same information that outside 
references do in visual flight. Once the role of each instrument 
in establishing and maintaining a desired aircraft attitude is, 
learned, a pilot is better equipped to control the aircraft in 
emergency situations involving failure of one or more key 
instruments. 


Learning Methods 


‘The two basic methods used for learning attitude instrument 
flying are “control and performance” and “primary and 
supporting.” Both methods utilize the same instruments 
and responses for attitude control. They differ in their 
reliance on the attitude indicator and interpretation of other 
instruments. 


Attitude Instrument Flying Using the Control and 
Performance Method 

Aircraft performance is achieved by controlling the aircraft 
attitude and power. Aircraft attitude is the relationship 
of both the aircraft's pitch and roll axes in relation to the 
Earth’s horizon, An aircraft is flown in instrument flight by 
‘controlling the attitude and power, as necessary, to produce 
both controlled and stabilized flight without reference to a 
visible horizon. This overall process is known as the control 
and performance method of attitude instrument flying 
Starting with basic instrument maneuvers, this process can 
be applied through the use of control, performance, and 
navigation instruments, resulting in a smooth flight, from 
takeoff to landing. 


Figure 41. Control Instruments 
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Control Instruments 
‘The control instruments display immediate attitude and power 
indications and are calibrated to permit those respective 
adjustments in precise increments. In this discussion, the 
term “power” is used in place of the more technically correct, 
term “thrust or drag relationship.” Control is determined 
by reference to the attitude and power indicators. Power 
indicators vary with aircraft and may include manifold 
pressure, tachometers, fuel flow, ete. [Figure 4-1] 


Performance Instruments 
‘The performance instruments indicate the aircraft's actual 
performance. Performance is determined by reference to 
the altimeter, airspeed or vertical speed indicator (VSI). 
[Figure 4-2] 


Navigation Instruments 
‘The navigation instruments indicate the position ofthe aircraft 
in relation to a selected navigation facility or fix. This group 
of instruments includes various types of course indicators, 
range indicators, glide-slope indicators, and bearing pointers. 
[Figure 4-3] Newer aircraft with more technologically 
advanced instrumentation provide blended information, 
siving the pilot more accurate positional information. 


Procedural Steps in Using Control and 
Performance 


1. Establish an attitude and power seiting on the 
control instruments that results in the desired 
performance. Known or computed attitude changes 
and approximated power settings helps to reduce the 
pilot's workload. 


2. Trim (fine tune the control forces) until control 
pressures are neutralized. Trimming for hands-off 
{light is essential for smooth, precise aircraft control 


It allows a pilot to attend to other flight deck duties 4, Adjust the attitude and/or power setting on the control 
with minimum deviation from the desired attitude. instruments as necessary. 


3. Cross-check the performance instruments to determine 
ifthe established atitude or power setting is providing Aircraft Control During Instrument Flight 
the desired performance. The cross-check involves _Attiade Control 
both seeing and interpreting. If a deviation is noted, 
determine the magnitude and direction of adjustment 
required to achieve the desired performance. 


Proper control of aircraft attitude is the result of proper use 
of the attitude indicator, knowledge of when to change the 


Figure 4-2. Performance Instruments 


ay 


~ 


Figure 43. Flight Panel Instrumentation 
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SMD device soldering and removal 


In the process of RomBoard installation, chance of handling SMD devices is becoming higher and 
higher due to ECU configuration change. 

Soldering of SMD devices are not much different from regular through hole soldering. 
Important thing is positioning of the device is very critical. 

Start with applying little solder to two of the each corner of the pads on the circuit board. 

‘Then, place the SMD device and re-heat a one of the solder you just applied to connect a SMD 
device pin to the pad. Check the position of the device, if position is right re-heat the other end of 
solder to secure the device completely. If you didn’t get position right, re-heat the pin that you 
just soldered and while heating a pin, move the device to the right position 

Once you positioned the device in the right position, apply Rosin Flux to both pins and pads. 
‘This will help your soldering job by keeping solder separate from each pin. 

Here is how the joint on SMD device pin should look like. 


ogee fi. 


QFP and SOP chip PLCC chip 


RomBoard adapter 
socket 


‘Removing SMD device will be the probably the most difficult process. SMD rework station is 
used to do this, Make sure all the pins are completely heated otherwise you will be removing a 
pad from the circuit board along with device. Also, you should note, when you are applying heat 
to the device, some parts around the device is also heated and moves around when you touch. It 
is good idea to take a note of location of the devices near the target device. 


Step 1 

Apply pre-heat from back side of the target device. Keep applying 
heat until you can’t touch the chip. By this time, circuit board 
should have enough heat. 


Step 2 

Apply heat from top of the target device. Nozzle should cover entire 
chip. You can check if chip is free from solder by sliding the nozzle 
left and right. Make sure you don't move other parts. If the chip 
moves freely, it is ready to be removed. 


Step 3 

Remove the chip straight up to avoid making solder bridge between 
pins. Chip is extremely hot! Unless you have skin of steel, avoid 
imitating the picture. 


attitude, and then smoothly changing the attitude a precise 
amount, The attitude reference provides an immediate, direct, 
and corresponding indication of any change in aircraft pitch 
‘or bank attitude. 


Pitch Control 
Changing the “pitch attitude” of the miniature aircraft or 
fuselage dot by precise amounts in relation to the horizon 
makes pitch changes. These changes are measured in degrees 
or fractions thereof, or bar widths depending upon the type of 
attitude reference. The amount of deviation from the desired 
performance determines the magnitude ofthe correction. 


Bank Control 
Bank changes are made by changing the “bank attitude” or 
‘bank pointers by precise amounts in elation tothe bank scale. 
‘The bank scale is normally graduated at 0°, 10°, 20°, 30°, 
60°, and 90° ands located atthe top or hottom of the attitude 
reference. Normally use a bank angle that approximates the 
degrees to turn, not to exceed 30° 


Power Control 
Proper power control results from the ability to smoothly 
establish or maintain desired airspeeds in coordination 
with attitude changes. Power changes are made by throttle 
adjustments and reference to the power indicators. Power 
indicators are not affected by such factors as turbulence, 
improper trim, or inadvertent control pressures. Therefore, 
in most aircraft little attention is required to ensure the power 
setting remains constant. 


Experience in an aircraft teaches a pilot approximately how 
far to move the throttle to change the power a given amount. 
Power changes are made primarily by throttle movement, 
followed by an indicator cross-check to establish a more 
precise setting. The key is to avoid fixating on the indicators 


while setting the power, Knowledge of approximate power 
settings for various flight configurations helps the pilot avoid 
overcontrolling power. 


Attitude Instrument Flying Using the Primary and 
‘Supporting Method 

‘Another basic method for teaching attitude instrument flying 
classifies the instruments as they relate to control function as 
well as aircraft performance. All maneuvers involve some 
dogree of motion about the lateral (pitch), longitudinal (bank/ 
roll), and vertical (yaw) axes. Attitude control is stressed in 
this handbook in terms of pitch control, bank control, power 
control, and trim control, Instruments are grouped as they 
relate to control function and aircraft performance as pitch 
control, bank control, power control, and trim, 


Pitch Control 
Pitch control is controlling the rotation of the aircraft about the 
lateral axis by movement of the elevators. After interpreting 
the pitch attitude from the proper flight instruments, exert 
control pressures to effect the desired pitch attitude with 
reference to the horizon. These instruments include the 
altitude indicator, altimeter, VSI, and airspeed indicator. 
[Figure 4-4] The attitude indicator displays a direct indication 
of the aircraft's pitch attitude while the other pitch attitude 
control instruments indirectly indicate the pitch attitude of 
the aircraft 


Attitude Indicator 
‘The pitch attitude control of an aircraft controls the angular 
relationship between the longitudinal axis of the aireraft and 
the actual horizon. The attitude indicator gives a direct and 
immediate indication of the pitch attitude of the aircraft. The 
aireraft controls are used to position the miniature aircraft 
in relation to the horizon bar or horizon line for any pitch 
attitude required. [Figure 4-5] 


Figure 4-4. Pitch Instruments 
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Figure 48. Auiude Indicator 


‘The miniature aircraft should be placed in the proper position 
in relation to the horizon bar or horizon line before takeoff. 
‘The aircraft operator's manual explains this position. As soon 
as practicable in level flight and at desired cruise airspeed, 
the miniature aircraft should be moved to a position that 
aligns its wings in front of the horizon bar or horizon line. 
This adjustment can be made anytime varying loads or other 
conditions indicate a need. Otherwise, the position of the 
‘miniature aircraft should not be changed for flight a other than 
cruise speed. This is to make sure that the attitude indicator 
displays a true picture of pitch attitude in all maneuvers. 


‘When using the attitude indicator in applying pitch attitude 
corrections, control pressure should be extremely light, 
Movement of the horizon bar above or below the miniature 
aircraft of the attitude indicator in an airplane should not 
exceed one-half the bar width, [Figure 4-6] If further change 
is required, an additional correction of not more than one-half 
horizon bar wide normally counteracts any deviation from 
‘normal flight 


Figure 4-6, Pitch Correction Using the Attitude Indicator 


Altimeter 
Ifthe aircraft is maintaining level flight, the altimeter needles 
maintain a constant indication of altitude. If the altimeter 
indicates a loss of altitude, the pitch attitude must be adjusted 
upward to stop the descent. If the altimeter indicates a gain 
in altitude, the pitch altitude must be adjusted downward to 
stop the climb, (Figure 4-7] The altimeter can also indicate 
the pitch attitude in a climb or descent by how rapidly the 
needles move. A minor adjustment in pitch attitude may be 
made to control the rate at which altitude is gained or lost. 
Pitch attitude is used only to correct small altitude changes 
caused by external forces, such as turbulence or up and 
down drafts, 


Figure 4-7. Pitch Correction Using the Alvimeter 


Vertical Speed Indicator (VSI) 
In flight at a constant altitude, the VSI (sometimes referred 
to as vertical velocity indicator or rate-of-climb indicator) 
remains at zero. If the needle moves above zero, the pitch 
attitude must be adjusted downward to stop the climb and 
return to level flight. Prompt adjustments to the changes in 
the indications of the VSI can prevent any significant change 
in altitude. [Figure 4-8] Turbulent air causes the needle to 
fluctuate near zero, In such conditions, the average of the 
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fluctuations should be considered as the correct reading. 
Reference to the altimeter helps in turbulent air because itis 
not as sensitive as the VSI 


Vertical speed is represented in feet per minute (pm). 
[Figure 4-8] The face of the instrument is graduated with 
numbers such as 1, 2, 3, ete. These represent thousands of 
feet up or down in a minute. For instance, if the pointer is 
aligned with .5 (1/2 of a thousand, or 500 fpm) the aircraft 
will climb 500 fect in one minute. The instrument is 
divided into two regions, one for climbing (up) and one for 
descending (down). 


p VERTICAL SPEED 
JUSAND FT PER MIN 


Figure 4-8. Vertical Speed Indicator. 


During turbulence, it is not uncommon to see large 
fluctuations on the VSI. Itis important to remember that small 
corrections should be employed to avoid further exacerbating 
a potentially divergent situation 


Overcorrecting causes the aircraft to overshoot the desired 
altitude; however, corrections should not be so small that 
the return to altitude is unnecessarily prolonged. As a guide, 
the pitch attitude should produce a rate of change on the VSI 
about twice the size of the altitude deviation, For example, 
if the aircraft is 100 feet off the desired altitude, a 200 fpm 
rate of correction would be used, 


During climbs or descents, the VSI is used to change the 
altitude ata desired rate, Pitch attitude and power adjustments, 
are made to maintain the desired rate of climb or descent on 
the VSI 


‘When pressure is applied to the controls and the VSI shows 
an excess of 200 fpm from that desired, overcontrolling is 


46 


indicated. For example, if attempting to regain lost altitude 
at the rate of 500 fpm, a reading of more than 700 fpm 
would indicate overcontrolling. Initial movement of the 
needle indicates the trend of vertical movement. The time 
for the VSI to reach its maximum point of deflection after a 
correction is called lag. The lag is proportional to speed and 
‘magnitude of pitch change. In an airplane, overcontrolling 
‘may be reduced by relaxing pressure on the controls, allowing, 
the pitch attitude to neutralize. In some helicopters with 
sed controls, no control pressures are apparent. 
In this case, overcontrolling can be reduced by reference to 
the attitude indicator. 


Some aircraft are equipped with an instantancous vertical 
speed indicator (IVSI). Te leters“IVSI” appear on the face 
of the indicator. This instrument assists in interpretation by 
instantaneously indicating the rate of climb or descent at a 
given moment with litle or no lg as displayed in a VSI 


Occasionally, the VSI is slightly out of calibration and 
indicates a gradual climb or descent when the aircraft is in 
level flight. IFreadjustments cannot be accomplished, the error 
in the indicator should be considered when the instrument is 
used for pitch control. For example, an improperly set VSI 
may indicate a descent of 100 fpm when the aircraft is in 
level flight. Any deviation from this reading would indicate 
‘a change in pitch attitude. 


Airspeed Indicator 
‘The airspeed indicator gives an indirect reading of the pitch 
attitude, With a constant power setting and a constant altitude, 
the aircrafts in level flight and airspeed remains constant. Ifthe 
airspeed increases, the pitch attitude has lowered and should be 
raised. [Figure 4-9] If the airspeed decreases, the pitch atitude 
has moved higher and should be lowered. [Figure 4-10] A 
rapid change in airspeed indicates a large change in pitch; 
a slow change in airspeed indicates a small change in pitch, 
Although the airspeed indicator is used as a pitch instrument, 
it may be used in level flight for power control. Changes in 
pitch are reflected immediately by a change in airspeed, There 
is very litle lag in the airspeed indicator. 


Pitch Attitude Instrument Cross-Check 
‘The altimeter is an important instrument for indicating pitch 
attitude in level flight except when used in conditions of 
exceptionally strong vertical currents, such as thunderstorms. 
With proper power settings, any of the pitch attitude 
instruments can be used to hold reasonably level flight 
attitude. However, only the altimeter gives the exact altitude 
information. Regardless of which pitch attitude control 
instrument indicates a need for a pitch attitude adjustment, 
the attitude indicator, if available, should be used to make the 


Figure 4.9, Pic tiuae has lowered 
adjustment, Common errors in pitch attitude control ae: 

+ Overcontrolling, 

+ Improperly using power, and 

+ Failing to adequately cross-check the piteh attitude 


instruments and take corrective action when pitch 
attitude change is needed 


Bank Control 

Bank control is controlling the angle made by the wing and 
the horizon. After interpreting the bank attitude from the 
appropriate instruments, exert the necessary pressures to move 
the ailerons and roll the aircraft about the longitudinal axis, 
As illustrated in Figure 4-11, these instruments include: 


Attitude Indicator 
As previously discussed, the attitude indicator is the only 
instrument that portrays both instantly and directly the actual 
flight attitude and is the basic attitude reference. 


Figure 4-10. Pitch autiudle has moved higher 


Heading Indicator 
‘The heading indicator supplies the pertinent bank and 
heading information and is considered a primary instrument 
for bank. 


Magnetic Compass 
‘The magnetic compass provides heading information and is 
considered a bank instrument when used with the heading 
indicator. Care should be exercised when using the magnetic 
compass ast is affected by acceleration, deceleration in flight 
caused by turbulence, climbing, descending, power changes, 
and airspeed adjustments. Additionally, the magnetic compass. 
indication will lead and lag in its reading depending upon 
the direction of turn. Asa result, acceptance of its indication 
‘should be considered with other instruments that indicate turn 
information, These include the already mentioned attitude 
and heading indicators as well as the turn-and-slip indicator 
and turn coordinator. 


Figure 411. Bank Instruments. 
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Turn Coordinator Turn-and-Slip Indicator 
Both of these instruments provide turn information, 
[Figure 4-12] The turn coordinator provides both bank rate 
and then turn rate once stabilized, The turn-and-slip indicator 
provides only turn rate 


Figure 412. Turn Coordinator and Turt-and-Slip indicator 


Power Control 
A power change to adjust airspeed may cause movement 
around some or all of the aircraft axes, The amount and 
direction of movement depends on how much or how rapidly 
the power is changed, whether single-engine or multiengine 
airplane or helicopter. The effect on pitch attitude and 
airspeed caused by power changes during level flight is 
illustrated in Figures 4-13 and 4-14. During or immediately 
after adjusting the power control(s), the power instruments 
should be cross-checked to see if the power adjustment is as 
desired. Whether or not the need for a power adjustment is 
indicated by another instrument(s), adjustment is made by 
cross-checking the power instruments. Aircraft are powered 
by a variety of power plants, each power plant having 
certain instruments that indicate the amount of power being 
applied to operate the aircraft. During instrument flight, 
these instruments must be used to make the required power 
adjustments. 


As illustrated in Figure 4-15, power indicator instruments 
include: 


Airspeed Indicator 
‘The airspeed indicator provides an indication of power 
best observed initially in level flight where the aircraft 
is in balance and trim. If in level flight the airspeed is 
increasing, it can generally be assumed that the power has 
increased, necessitating the need to adjust power or re-trim 
the aircraft 


Engine Instruments 
Engine instruments, such as the manifold pressure (MP) 
indicator, provide an indication of aircraft performance for a 
ziven setting under stable conditions, Ifthe power conditions 
are changed, as reflected in the respective engine instrument 
readings, there is an affect upon the aircraft performance, 
either an increase or decrease of airspeed. When the propeller 
rotational speed (revolutions per minute (RPM) as viewed 
on a tachometer) is increased or decreased on fixed-piteh 
propellers, the performance of the aircraft reflects a gain or 
loss of airspeed as well 


Trim Control 
Proper trim technique is essential for smooth and accurate 
instrument flying and utilizes instrumentation illustrated in 
Figure 4-16, The aircraft should be properly trimmed while 
executing a maneuver. The degree of flying skill, which 
ultimately develops, depends largely upon how well the 
aviator learns to keep the aircraft trimmed, 


Airplane Trim 
‘An airplane is correctly trimmed when it is maintaining 
desired attitude with all control pressures neutralized, By 
relieving all control pressures, it is much easier to maintain 
the aircraft at a certain attitude. This allows more time to 
devote to the navigation instruments and additional flight 
dock duties. 


7 V0, 
Maite UC 


Ve 
Re 35 7 
NIFOLD 
0 40 


Figure 413. An Increase in Power Inscreusing Airpseed Accordingly in Level Flight 
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Figure 418. Power Instruments 


Figure 416. Tim Insruments 
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An aircraft is placed in trim by 


+ Applying control pressure(s) to establish a desired 
attitude. Then, the trim is adjusted so that the aircraft 
maintains that attitude when flight controls are 
released. The aircraft is trimmed for coordinated flight 
by centering the ball of the turn-and:-slip indicator. 


+ Moving the rudder trim in the direction where the 
ball is displaced from center, Aileron trim may then 
‘be adjusted to maintain a wings-level attitude. 


+ Using balanced power or thrust when possible to aid 
in maintaining coordinated flight. Changes in attitude, 
power, or configuration may require trim adjustments. 
Use of trim alone to establish a change in aircraft 
attitude usually results in erratic aircraft control 
Smooth and precise attitude changes are best attained 
by a combination of control pressures and subsequent 
trim adjustments. The trim controls are aids to smooth 
aircraft control. 


Helicopter Trim 
A helicopter is placed in trim by continually cross-checking 
the instruments and performing the following: 
+ Using the eyelie centering button, Ifthe heicopter isso 
‘equipped, this relieves all possible cyclic pressures. 
+ Using the pedal adjustment to center the ball of the 
turn indicator. Pedal trim is required during all power 


changes and is used to relieve all control pressures 
held after a desired attitude has been attained. 


An improperly trimmed helicopter requires constant control 
pressures, produces tension, distracts attention from cross- 
checking, and contributes to abrupt and erratic attitude 
control. The pressures felt on the controls should be only 
those applied while controlling the helicopter. 


Adjust the pitch attitude, as airspeed changes, to maintain 
desired attitude for the mancuver being executed, The bank 
must be adjusted to maintain a desired rate of turn, and the 
pedals must be used to maintain coordinated flight. Trim must 
be adjusted as control pressures indicate a change is needed. 


Example of Primary and Support Instruments 
Straight-and-level flight at a constant airspeed means that an 
exact altitude is to be maintained with zero bank (constant 
heading). The primary pitch, bank, and power instruments 
used to maintain this flight condition are: 
+ Altimeter—supplies the most pertinent altitude 
information and is primary for pitch 
+ Heading Indicator—supplies the most pertinent bank 
‘or heading information and is primary for bank, 


+ Airspeed Indicator—supplies the most pertinent 
information concerning performance in level flight 
in terms of power output and is primary for power. 


Although the attitude indicator isthe basic attitude reference, 
the concept of primary and supporting instruments does not 
devalue any particular flight instrument, when available, in 
establishing and maintaining piteh-and-bank attitudes. lis the 
only instrument that instantly and directly portrays the actual 
flight attitude. It should always be used, when available, in 
establishing and maintaining pitch-and-bank attitudes. The 
specific use of primary and supporting instruments during 
basic instrument maneuvers is presented in more detail in 
Chapter 5, Airplane Basic Flight Maneuvers. 


Fundamental Skills 


During attitude instrument training, two fundamental flight 
skills must he developed. They arc instrument cross-check 
and instrument interpretation, both resulting in positive 
aircraft control. Although these skills are learned separately 
and in deliberate sequence, a measure of proficiency in 
precision flying is the ability to integrate these skills into 
unified, smooth, positive control responses to maintain any 
prescribed flight path. 


Instrument Cross-Check 
The first fundamental skill is cross-checking (also called 
“scanning” or “instrument coverage”). Cross-checking is the 
continuous and logical observation of instruments for attitude 
and performance information. In attitude instrument flying, 
the pilot maintains an attitude by reference to instruments, 
producing the desired result in performance. Observing and 
interpreting two or more instruments to determine attitude and 
performance of an aircraft is called eross-checking. Although 
no specific method of cross-checking is recommended, those 
instruments that give the best information for controlling the 
aircraft in any given maneuver should be used. The important 
instruments are the ones that give the most pertinent 
information for any particular phase of the maneuver. These 
are usually the instruments that should be held at a constant 
indication. The remaining instruments should help maintain 
the important instruments at the desired indications, which 
is also true in using the emergency panel. 


Cross-checking is mandatory in instrument flying. In 
visual flight, a level attitude can be maintained by outside 
references. However, even then the altimeter must be checked 
to determine if altitude is being maintained. Due to human 
error, instrument error, and airplane performance differences 
in various atmospheric and loading conditions, its impossible 
to establish an attitude and have performance remain constant 
for a long period of time, These variables make it necessary 


for the pilot to constantly check the instruments and make 
appropriate changes in airplane attitude using cross-checking, 
of instruments, Examples of cross-checking are explained in 
the following paragraphs. 


Selected Radial Cross-Check 

‘When the selected radial cross-check is used, a pilot spends 
80 t0 90 percent of flight time looking atthe attitude indicator, 
taking only quick glances at the other flight instruments (for 
this discussion, the five instruments surrounding the attitude 
indicator are called the flight instruments). With this method, 
the pilot's eyes never travel directly between the flight 
instruments but move by way of the attitude indicator. The 


maneuver being performed determines which instruments to 
look at in the pattern, [Figure 4-17] 


Inverted-V Cross-Check 
In the inverted-V cross-check, the pilot scans from the 
attitude indicator down to the tum coordinator, up to the 
attitude indicator, down to the VSI, and back up to the atitude 
indicator. (Figure 4-18] 


Rectangular Cross-Check 
In the rectangular cross-check, the pilot scans across 
the top three instruments (airspeed indicator, attitude 
indicator, and altimeter) and then drops down to scan the 
bottom three instruments (VSI, heading indicator, and 


Figure 417. Radial Cross-Check 


turn instrument). This scan follows a rectangular path 
(clockwise or counterclockwise rotation isa personal choice). 
[Figure 4-19] 


This cross 


ecking method gives equal weight to the 
information from each instrument, regardless of its 
importance to the maneuver being performed. However, this 
‘method lengthens the time it takes to return to an instrument 
critical to the successful completion of the maneuver. 


Common Cross-Check Errors 

A beginner might cross-check rapidly, looking at the 
instruments without knowing exactly what to look for. With 
familiarit 


experience in basic instrument maneuvers and 
with the instrument indications associated with 
them, a pilot learns what to look for, when to look for it, 
and what response to make. As proficiency increases, a pilot 


cross-checks primarily from habit, suiting scanning rate and 
sequence to the demands of the flight situation, Failure to 
maintain basic instrument proficiency through practice can 
result in many of the following common scanning errors, 
both during training and at any subsequent time 


Fixation, or staring ata single instrument, usually occurs for 
‘reason, but has poor results. For example, a pilot may stare 
atthe altimeter reading 200 feet below the assigned altitude, 
and wonder how the needle got there. While fixated on the 


Figure 4-18, Inverted-V Cross-Check. 


Figure 418. Rectangular Cross-Check 
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instrument, increasing tension may be unconsciously exerted 
on the controls, which leads toan unnoticed heading change 
that leads to more errors. Another common fixation is likely 
‘when initiating an attitude change. For example, a shallow 
bank is established for a 90° turn and, instead of maintaining 
sxcross-check of other pertinent instrument, the pilot stares at 
the heading indicator throughout the turn, Since the aircraft is 
turning, there is no need to recheck the heading indicator for 
approximately 25 seconds after turn entry. The problem here 
‘may not be entirely duc to cross-check error. Itmay be related 
to difficulties with instrument interpretation. Uncertainty 
about reading the heading indicator (interpretation) or 
uncertainty because of inconsistency in rolling out of turns 
(control) may cause the fixation. 


Omission of an instrument from a cross-check is another 
likely fault. It may be caused by failure to anticipate 
significant instrument indications following attitude 
changes. For example, in a roll-out from a 180° steep turn, 
straight-and-level flight is established with reference only 
to the altitude indicator, and the pilot neglects to check the 
heading indicator for constant heading information. Because 
of precession error, the attitude indicator temporarily shows. 
a slight error, correctable by quick reference to the other 
‘light instruments. 


Emphasis ona single instrument, instead of on the combination 
of instruments necessary for attitude information, is an 
understandable fault during the initial stages of training. It 
isa natural tendency to rely on the instrument that is most 
readily understood, even when it provides erroneous or 


inadequate information. Reliance on a single instrument is 
poor technique. For example, a pilot can maintain reasonably 
close altitude control with the attitude indicator, but cannot 
hold altitude with precision without including the altimeter 
in the cross-check. 


Instrument Interpretation 
‘Thesecond fundamental skillinstrument interpretation, requires 
‘more thorough study and analysis. Itbegins by understanding 
cach instrument's construction and operating principles. Then, 
this knowledge must be applied to the performance of the 
aircraft being flown, the particular maneuvers tobe executed, 
the cross-check and control techniques applicable to that 
aireraft, and the flight conditions 


For example, a pilot uses full power ina small airplane for a 
‘S-minute climb from near sea level, and the attitude indicator 
shows the miniature aircraft two bar widths (twice the 
thickness ofthe miniature aircraft wings) above the artificial 
horizon. [Figure 4-20] The aigplane is climbing at 500 fpm 
as shown on the VSI, and at airspeed of 90 knots, as shown 
on the airspeed indicator. With the power available in this, 
particular airplane and the attitude selected by the pilot, the 
performance is shown on the instruments, Now, set up the 
identical picture on the attitude indicator in a jet airplane. 
With the same aisplane attitude as shown in the first example, 
the VSI in the jet reads 2,000 fm and the airspeed indicator 
reads 250 knots, 


As the performance capabilities of the aircraft are learned, 
a pilot interprets the instrument indications appropriately 


ex 1090" 


S000 = 


2500 


5-minute climb 


Figure 420. Power and Attinude Equal Performance. 
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Step 4 
After remove the chip, cool down both circuit board and 
chip. 


Clean the pads on the circuit board with desoldering gun, 
‘Do not apply too much heat to the pad. Pad might peel off 
from circuit board. Clean the chip by desoldering gun also. 
Check for any bridge between pins. If the chip has too much 
> protective coating on it, use solvent to clean it up. 


If the pads on the circuit board is too small to use desolding 
gun, try cleaning by solder wick with rosin flux. This may 
take time but it is much better than peeling pads off. 

‘Once again, do not apply too much heat. 


Step 7 

Solder the RomBoard adapter where the chip was, 

| Refer SMD device soldering section for how to solder 
adapter. 


The Final Word 


Soldering, desoldering, and working with SMD device will take some effort to learn, You 
should be relaxed and concentrated when you work. 

Keeping every thing clean (tip of iron, gun, work surface, ete) will help you also. 

Once you get comfortable to work with soldering you may find your own tips and tricks, 
Experience is all bout soldering. 


EOF 


in terms of the altitude of the aircraft. If the pitch attitude 
is to be determined, the airspeed indicator, altimeter, VSI, 
and attitude indicator provide the necessary information. If 
the bank attitude is to be determined, the heading indicator, 
turn coordinator, and attitude indicator must be interpreted. 
For cach maneuver, learn what performance to expect and 
the combination of instruments to be interpreted in order 
to control aircraft attitude during the maneuver. It is the 
‘evo fundamental flight skills, instrument cross-check and 
instrument interpretation, that provide the smooth and 
seamless control necessary for basic instrument flight as 
discussed at the beginning of the chapter. 
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Chapter 4, Section | 


Airplane Attitude 
Instrument Flying, 


Using an Electronic Flight Display 


Introduction 

Attitude instrument flying is defined as the control of an 
aircraft's spatial position by using instruments rather than 
outside visual references. As noted in Section I, today’s 
aircraft come equipped with analog and/or digital instruments, 
Section Il acquaints the pilot with the use of digital instruments 
known as an electronic flight display (EFD), 


The improvements in avionics coupled with the introduction 
of EFDs to general aviation aircraft offer today's pilot an 
unprecedented array of accurate instrumentation to use in 
the support of instrument flying. 


Until recently, most general aviation aircraft were equipped 
with individual instruments utilized collectively to safely 
maneuver the aircraft by instrument reference alone. With 
the release of the electronic flight display system, the 
conventional instruments have been replaced by multiple 
liquid crystal display (LCD) screens. The first screen is 
installed in front of the left seat pilot position and is referred 
to as the primary flight display (PFD). [Figure 4-21] The 
second screen is positioned in approximately the center of 
the instrument panel and is referred to as the multi-function 
display (MED). [Figure 4-22] The pilot can use the MFD 
to display navigation information (moving maps), aircraft 
systems information (engine monitoring), or should the need 
arise, a PFD, [Figure 4-23] With just these two screens, 
aircraft designers have been able to de-clutter instrument 
panels while increasing safety. This has been accomplished 
through the utilization of solid-state instruments which have 
a failure rate far lower than those of conventional analog 


instrumentation, 


However, in the event of electrical failure, the pilot still 
has emergency instruments as a backup. These instruments 
either do not require electrical power, or as in the case 
of many attitude indicators, they are battery equipped. 
[Figure 4-24] 


Pilots flying under visual flight rules (VFR) maneuver th 
aircraft by reference to the natural horizon, utilizing specific 
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reference points on the aircraft. In order to operate the aircraft 
in other than VER weather, with no visual reference to the 
natural horizon, pilots need to develop additional skills. 
‘These skills come from the ability to maneuver the aircraft by 
reference to flight instruments alone. These flight instruments 
replicate all the same key elements that a VER pilot utilizes, 
during a normal flight. The natural horizon is replicated on 
the attitude indicator by the artificial horizon, 


Understanding how each flight instrument operates and 
what role it plays in controlling the altitude of the aircraft 
is fundamental in learning attitude instrument flying. When 
the pilot understands how all the instruments are used in 
establishing and maintaining a desired aircraft attitude, the 
pilot is better prepared to control the aircraft should one 
or more key instruments fail or if the pilot should enter 
instrument flight conditions 


Learning Methods 


There are two basic methods utilized for learning attitude 
instrument flying. They are “control and performance” and 
“primary and supporting.” These methods rely on the same 
flight instruments and require the pilot to make the same 
adjustments to the flight and power controls to control aircraft 
attitude. The main difference between the two methods is the 
importance that is placed on the attitude indicator and the 
interpretation of the other flight instruments. 


Figure 4-21. Primary Flight Display (PFD) and Analog Counterparts, 
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Figure 422. Mulifunction Display (MRD), 


Figure 423. Reversiomary Displays: 
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Figure 4-24. Emergency Back-up ofthe Airspeed Indicator, Atiaule Indicator, and Altitude Indicator. 


Control and Performance Method 
Aircraft performance is accomplished by controlling the 
aircraft attitude and power output. Aircraft attitude is the 
‘relationship ofits longitudinal and lateral axes to the Earth's 
horizon, When flying in instrument flight conditions, the 
pilot controls the attitude ofthe aircraft by referencing the 
‘ight instruments and manipulating the power output ofthe 
‘engine to achieve the performance desired. This method can 
bbe used to achieve a specific performance level enabling a 
pilot to perform any basic instrument maneuver. 


‘The instrumentation can be broken up into three different 
categories: control, performance, and navigation. 


Control Instruments 

‘The control instruments depict immediate attitude and power 
changes. The instrument for attitude display is the attitude 
indicator. Power changes are directly reflected on the manifold 
pressure gauge and the tachometer. [Figure 4-25] All three 
of these instruments can reflect small adjustments, allowing 
for precise control of aircraft attitude. 


Figure 4-25. Controt Insiruments. 
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Figure 4-26. Performance Instruments. 


Inaddition, the configuration of the power indicators installed 
in cach aircraft may vary to include the following types of 
power indicators: tachometers, manifold pressure indicator, 
engine pressure ratio indicator, fuel flow gauges, etc. 


‘The control instruments do not indicate how fast the aircraft 
is flying or at what altitude itis flying. In order to determine 
these variables and others, a pilot needs to refer to the 
performance instruments. 


Performance Instruments 

‘The performance instruments directly reflect the performance 
the aircraft is achieving. The speed of the aireraft can be 
referenced on the airspeed indicator. The altitude can be 
referenced on the altimeter. The aircraft’s climb performance 
can be determined by referencing the vertical speed indicator 
(VSI). [Figure 4-26] Other performance instruments 
available are the heading indicator, angle of attack indicator, 
sand the slip/skid indicator. 


‘The performance instruments will most directly reflect a 
‘change in acceleration, which is defined as change in velocity 
or direction. Therefore, these instruments indicate if the 
aircraft is changing airspeed, altitude, or heading, which are 
horizontal, vertical, or lateral vectors 


Navigation Instruments 
‘The navigation instruments are comprised of global 
positioning system (GPS) displays and indicators, very high 
frequency omnidirectional range/nondirectional radio beacon 
(VORJNDB) indicators, moving map displays, localizer, and 
tide slope (GS) indicators. (Figure 4-27) The instruments 
indicate the position of the aircraft relative to a selected 
navigation facility or fix. Navigation instruments allow 
the pilot to mancuver the aircraft along a predetermined 
path of ground-based or spaced-based navigation signals 
‘without reference to any external visual cues. The navigation 
instruments can support both lateral and visual inputs. 


Figure 427. Navigation Instruments. 
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‘The Four-Step Process Used to Change Attitude 
In order to change the attitude of the aircraft, the pilot must 
‘make the proper changes to the pitch, bank, or power settings 
Of the aircraft, Four steps (establish, trim, eross-check, and 
adjust) have been developed in order to aid in the proces. 


Establish 
Any time the attitude of the aircraft requires changing, the 
pilot must adjust the pitch and/or bank in conjunction with 
power to establish the desired performance. The changes 
in pitch and bank require the pilot to reference the attitude 

dicatar in order to make precise changes. Power changes 
should be verified on the tachometer, manifold pressure 
‘gauge, ec. To ease the workload, the pilot should become 
familiar with the approximate pitch and power changes 
necessary to establish a specified atitude 


Trim 

Another important step in attitude instrument flying is 
trimming the aircraft. Trim is utilized to eliminate the need 
to apply force to the control yoke in order to maintain the 
desired attitude. When the aircraft is trimmed appropriately, 
the pilot is able to relax pressure on the control yoke and 
momentarily divert attention to another task at hand without 
deviating from the desired attitude. Trimming the aircraft is 
‘very important, and poor trim is one of the most common 
‘errors instructors note in instrument students. 


Cross-Check 

Once the initial attitude changes have been made, the pilot 
‘should verify the performance of the aircraft. Cross-checking 
the control and performance instruments requires the pilot 
to visually scan the instruments as well as interpret the 
indications. All the instruments must be utilized collectively 
inorder to develop a full understanding of the aircraft attitude. 
During the cross-check, the pilot needs to determine the 
magnitude of any deviations and determine how much of a 
change is required. All changes are then made based on the 
control instrument indications. 


Adjust 
‘The final step in the process is adjusting for any deviations 
that have been noted during the cross-check. Adjustments 
should be made in small increments. The attitude indicator 
and the power instruments are graduated in small increments 
twallow for precise changes to be made. The pitch should be 
made in reference to bar widths on the miniature airplane. 
‘The bank angle can be changed in reference to the roll scale 
and the power can be adjusted in reference tothe tachometer, 
manifold pressure gauge, etc. 


By utilizing these four steps, pilots can better manage the 
attitude of their aircraft. One common error associated with 
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this process is making a larger than necessary change when 
a deviation is noted, Pilots need to become familiar with the 
aircraft and learn how great a change in attitude is needed to 
produce the desired performance. 


Applying the Four-Step Process 
In attitude instrument flight, the four-step process is used to 
control pitch attitude, bank attitude, and power application of 
the aircraft. The EFD displays indications precisely enough 
that a pilot can apply control more accurately. 


Pitch Control 
‘The pitch control is indicated on the attitude indicator which 
spans the full width of the PFD, Due to the increased size of 
the display, minute changes in pitch can be made and corrected 
for. The pitch scale on the attitude indicator is graduated in 
‘5-degree increments which allow the pilot to make correction 
with precision to approximately 1/2 degree. The miniature 
airplane utilized to represent the aircraft in conventional 
attitude indicators is replaced in glass panel displays by a 
yellow chevron, [Figure 4-28) Representing the nose of the 
aircraft, the point of the chevron affords the pilot a much 
more precise indication of the degree of pitch and allows 
the pilot to make small, precise changes should the desired 
aircraft performance change. When the desired performance 
is not being achieved, precise pitch changes should be made 
by referencing the point of the yellow chevron 


Figure 4-28. The chevron’s relationship to the horizon line 
indicates the pitch ofthe aircraft. 


Bank Control 


Precise bank control can be developed utilizing the roll 
pointer in conjunction with the roll index displayed on the 


attitude indicator. The roll index is sectioned by hash marks at 
0°, 10°, 20°, 30°, 45°, 60° and the horizon line which depicts 
90° of bank. [Figure 4-29] The addition of the 45° hash mark. 
is an improvement over conventional attitude indicators. 
In addition to the roll index, the instrument pilot utilizes 
the turn rate indicator to maintain the aircraft in a standard 
rate tun (3° per second). Most instrument maneuvers can 
be done comfortably, safely, and efficiently by utilizing a 
standard rate turn, 


Figure 428. Bank Control Index Lines 


Power Control 
‘The power instruments indicate how much power is being 
generated by the engine. They are not affected by turbulence, 
improper trim, or control pressures, All changes in power 
should be made with reference to power instruments and 
ceross-checked on performance instruments. 


Power control needs to be learned from the beginning of 
‘light training. Attitude instrument flying demands increased 
precision when it comes to power control. As experience 


increases, pilots begin to know approximately how much 
change in throttle position is required to produce the desired. 
change in airspeed. Different aircraft demand differing 
amounts of throttle change to produce specific performance. 
It is imperative that the pilot make the specific changes on 
the power instruments and allow the performance to stabilize. 
Avoid the tendency to overcontrol. 


One common error encountered with glass panel displays 
is associated with the precision of the digital readouts, 
‘This precision causes pilots to focus too much attention on 
establishing the exact power setting 


Control and power instruments are the foundation for precise 
attitude instrument flying. The keys to attitude instrument 
flying are establishing the desired aircraft attitude on the 
attitude indicator and selecting the desired engine output on 
the power instruments, Cross-checking isthe vital ingredient 
in maintaining precise attitude instrument flight. 


Attitude Instrument Flying—Primary and 
Supporting Method 

The second method for performing attitude instrument 
flight is a direct extension of the control/power metho. 
By utilizing the primary and supporting flight instruments 
in conjunction with the control and power instruments, the 
pilot can precisely maintain aircraft attitude. This method 
utilizes the same instruments as the contral/power method; 
however, it focuses more on the instruments that depict the 
‘most accurate indication for the aspect of the aircraft attitude 
being controlled. The four key elements (pitch, bank, rol, 
and trim) are discussed in detail 


Similar to the control/power method, all changes to aircraft 
attitude need to be made using the attitude indicator and the 
power instruments (lachometer, manifold pressure gauge, 
ete.). The following explains how each component of the 
aircraft attitude is monitored for performance. 


Pitch Control 
‘The pitch of the aircraft refers to the angle between the 
Jongitudinal axis of the aircraft and the natural horizon, When 
flying in instrument meteorological conditions, the natural 
horizon is unavailable for reference, and an artificial horizon 
is utilized in its place. (Figure 4-30] The only instrument 
capable of depicting the aircraft attitude is the attitude 
indicator displayed on the PFD. The attitude and heading 
reference system (AHRS)is the engine that drives the attitude 
display. The AHRS unit is capable of precisely tracking 
minute changes in the pitch, bank, and yaw axes, thereby 
making the PFD very accurate and reliable. The AHRS unit 
determines the angle between the aircraft's longitudinal 
axis and the horizon line on initialization, There is no need 
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Figure 4-30. Pites of the Aircraft 


for means for the pilot to adjust the position of the yellow 
chevron which represents the nose of the aircraft, 


Straight-and-Level Flight 
In straight-and-level flight, the pilot maintains a constant 
altitude, airspeed and, for the most part, heading for 
extended periods of time. To achieve this, three primary 
instruments need to be referenced in order to maintain these 


three variables, 


Primary Pitch 
When the pilot is maintaining a constant altitude, the primary 
instrument for pitch isthe altimeter. As long as the aircraft 
‘maintains a constant airspeed and pitch attitude, the altitude 
should remain constant. 


‘Two factors that cause the altitude to deviate are turbulence 
and momentary distractions. When a deviation occurs, 
a change in the pitch needs to be made on the attitude 
indicator. Small deviations require small corrections while 
large deviations require larger corrections. Pilots should 
avoid making large corrections that result in rapid attitude 
changes, for this may lead to spatial disorientation. Smooth, 
timely corrections should be made to bring the aircraft back 
to the desired attitude. 


Pay close attention to indications on the PFD. An increase in 
pitch of 2.5° produces a climb rate of 450 feet per minute (fpm). 
‘Small deviations do not require large attitude changes, 


Arule of thumb for correcting altitude deviations is to establish 
‘achange rate of twice the altitude deviation, not to exceed 500 
fipm. For example, if the aircraft is off altitude by 40 feet, 2 x 
40 = 80 fect, so.a descent of approximately 100 fpm allows 
the aircraft to return to the desired altitude in a controlled, 
timely fashion. 
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In addition to the primary instrument, there are also 
supporting instruments that assis the pilot in cross-checking, 
the pitch attitude. The supporting instruments indicate trend, 
but they do not indicate precise attitude indications. Three 
instruments (vertical speed, airspeed, and altitude trend 
tape) indicate when the pitch attitude has changed and that 
the altitude is changing. (Figure 4-31] When the altitude is, 
constant, the VSI and altitude trend tape are not shown on 
the PED. When these two trend indicators are displayed, the 
pilot is made aware that the pitch attitude of the aircraft has 
changed and may need adjustment. 


Figure 431. Supporting Instrument 


‘The instrument cross-check necessitates utilizing these 
supporting instruments to better manage altitude control 
‘The VSI and trend tape provide the pilot with information 
regarding the direction and rate of altitude deviations. The 
pilot is thus able to make correction to the pitch attitude 


before a large deviation in altitude occurs. The airspeed 
indicator depicts an increase if the pitch attitude is lowered, 
Conversely, when the pitch attitude increases, the pilot should 
note a decrease in the airspeed, 


Primary Bank 

‘When flying in instrument meteorological conditions, pilots, 
maintain preplanned or assigned headings. With this in 
‘mind, the primary instrument for bank angle is the heading 
indicator. Heading changes are displayed instantaneously. 
‘The heading indicator is the only instrument that displays the 
current magnetic heading, provided that it is matched to the 
‘magnetic compass with all deviation adjustments accounted 
for. [Figure 4-32] 


‘There are supporting instruments associated with bank as 
well. The turn rate trend indicator shows the pilot when the 
aircraft is changing heading. The magnetic compass is also 
useful for maintaining a heading; however, it is influenced 
by several errors in various phases of flight. 


Primary Yaw 
‘The slip/skid indicator is the primary instrument for yaw. 
Its the only instrument that can indicate if the aincraft is 


Figure 432. Primary Bank. 


moving through the air with the longitudinal axis of the 
aircraft aligned with the relative wind. 


Primary Power 
‘The primary power instrument for straight-and-level flight is 
the airspeed indicator. The main focus of power i to maintain 
a desired airspeed during level flight. No other instrument 
delivers instantaneous indication. 


Learning the primary and supporting instruments for 
each variable is the key to successfully mastering attitude 
instrument flying. Atno point does the primary and supporting 
method devalue the importance of the attitude indicator or the 
power instruments, All instruments (control, performance, 
primary, and supporting) must be utilized collectively. 


Fundamental Skills of Attitude Instrument 
Flying 

When first learning attitude instrument flying. itis very 
important that two majorskillsbe mastered, Instrument cross- 
‘check and instrument interpretation comprise the foundation 
forsafely mancuvering the arcraftby ference to instruments 
alone. Without mastering both skills, the pot will not be able 
to maintain precise control of sicraf attitude, 
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‘oldering Tutorial 


Soldering is defined as "the joining of metals by a fusion of alloys which have relatively low melting 
points”. In other words, you use a metal that has a low melting point to adhere the surfaces to be 
soldered together. Consider that soldering is more like gluing with molten metal, unlike welding 
where the base metals are actually melted and combined. Soldering is also a must have skill for all 
sorts of electrical and electronics work. It is also a skill that must be taught correctly and developed 
with practice. This tutorial will cover the most common types of soldering required for electronics 
work. This includes soldering components to printed circuit boards and soldering a spliced wire 
joint. This presentation came from http:/www.aaroncake.net/electronics/solder.htm 


Soldering Equipment 


The Soldering Iron/Gun 
The first thing you will need is a soldering iron, which is the heat source used to melt solder. 
Irons of the 15W to 30W range are good for most electronics/printed circuit board work. 
Anything higher in wattage and you risk damaging either the component or the board. If you 
intend to solder heavy components and thick wire, then you will want to invest in an iron of 
higher wattage (40W and above) or one of the large soldering guns. The main difference 
between an iron and a gun is that an iron is pencil shaped and designed with a pinpoint heat 
source for precise work, while a gun is in a familiar gun shape with a large high wattage tip 
heated by flowing electrical current directly through it. 


<< 


‘A 30W Watt Soldering Iron A300W Soldering Gun 


For hobbyist electronics use, a soldering iron is generally the tool of choice as its small tip 
and low heat capacity is suited for printed circuit board work (such as assembling kits). A 
soldering gun is generally used in heavy duty soldering such as joining heavy gauge wires, 
soldering brackets to a chassis or stained glass work. 


You should choose a soldering iron with a 3-pronged grounding plug. The ground will help 
prevent stray voltage from collecting at the soldering tip and potentially damaging sensitive 
(such as CMOS) components. By their nature, soldering guns are quite “dirty” in this respect 
as the heat is generated by shorting a current (often AC) through the tip made of formed 
wire. Guns will have much less use in hobbyist electronics so if you have only one tool 
choice, an iron is what you want. For a beginner, a 15W to 30W range is the best but be 
aware that at the 15W end of that range, you may not have enough power to join wires or 
larger components. As your skill increases, a 40W iron is an excellent choice as it has the 
capacity for slightly larger jobs and makes joints very quickly. Be aware that it is often best 


Instrument Cross-Check 
‘The first fundamental skill is cross-checking (also call 
scanning"). Cross-checking is the continuous observation of 
the indications on the control and performance instruments. 
It is imperative that the new instrument pilot learn to observe 
and interpret the various indications in order to control 
the attitude and performance of the aircraft. Due to the 
configuration of some glass panel displays such as the Garmin 
G.1000, one or more of the performance instruments may be 
located on an MED installed to the right of the pilot's direct 
forward line of sight. [Figure 4-33] 


How a pilot gathers the necessary information to control the 
aircraft varies by individual pilot. No specific method of 
cross-checking (scanning) is recommended; the pilot must 
learn to determine which instruments give the most pertinent 
information for any particular phase of a maneuver. With 
practice, the pilot is able to observe the primary instruments 
quickly and cross-check with the supporting instruments 
in order to maintain the desired attitude. At no time during 
instrument flying should the pilot stop cross-checking the 
instrumentation, 


Scanning Techniques 

Since most of the primary and supporting aircraft attitude 
information is displayed on the PFD, standard scanning 
techniques can be utilized. It is important to remember 


to include the stand-by flight instruments as well as the 
engine indications in the scan. Due to the size of the 
attitude instrument display, scanning techniques have been 
simplified because the attitude indicator is never out of 
peripheral view. 


Selected Radial Cross-Check 
‘The radial scan is designed so that your eyes remain on the 
altitude indicator 80-90 percent of the time. The remainder 
of the time is spent transitioning from the attitude indicator 
to the various other flight instruments. [Figure 4-34) 


‘The radial scan pattern works well for scanning the PFD. The 
close proximity of the instrument tape displays necessitates 
very little eye movement in order to focus in on the desired 
instrument. While the eyes move in any direction, the 
extended artificial horizon line allows the pilot to keep the 
pitch attitude in his or her peripheral vision, This extended 
horizon line greatly reduces the tendency to fixate on one 
instrument and completely ignore all others. Because of 
the size of the attitude display. some portion of the attitude 
indicator is always visible while viewing another instrument 
display on the PFD. 


Starting the Scan 
Start the scan in the center of the PFD on the yellow chevron. 
‘Note the pitch attitude and then transition the eyes upward to 
the slip/skid indicator. Ensure that the aircraft is coordinated 


Figure 433. 
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ote thatthe altitude and vertical speed tapes are slightly tothe right ofthe pilot's direct forward line of sight. 


Figure 4-34. Selected Radial Cross-Check 


by aligning the split triangle symbol. The top of the split 
triangle is referred to asthe roll pointer. The lower portion of 
the split triangle is the slip/skid indicator. Ifthe lower portion 
of the triangle is off to one side, step on the rudder pedal on 
the same side to offset it. (Figure 4-35 NOTE: The aircraft 
isnot changing heading. There is no trend vector on the turn 
rate indicator] 


While scanning that region, check the roll pointer and assure 
that the desired degree of roll is being indicated on the bank 
scale. The roll index and the bank scale remain stationary at 
the top of the attitude indicator. The index is marked with 
angles of 10°, 20°, 30°, 45° and 60” in both directions. Ifthe 
desired bank angle is not indicated, make the appropriate 


Figure 435. Roll Pointer and Slip( Skid Indicator 
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aileron corrections. Verify the bank angle is correct and 
continue scanning back to the yellow chevron. 


‘Scan left to the airspeed tape and verify that the airspeed is 
as desired, then return back to the center ofthe display. Sean 
right to the altimeter tape. Verify that the desired altitude is 
being maintained. If it is not, make the appropriate pitch 
change and verify the result. Once the desired altitude has 
been verified, return to the center of the display. Transition 
down to the heading indicator to verify the desired heading. 
When the heading has been confirmed, scan to the center of 
the display 


It is also important to include the engine indications in the 
scan. Individualized scan methods may require adjustment 
if engine indications are presented on a separate MFD. A 
modified radial scan can be performed to incorporate these 
instruments into the scan pattern. Another critical component 
to include in the scan is the moving map display located on 
the MFD. To aid in situational awareness and facilitate a more 
centralized scan, a smaller inset map can be displayed in the 
lower left corner of the PFD screen. 


Trend Indicators 
One improvement the glass panel displays brought to the 
general aviation industry is the trend vector. Trend vectors 
are magenta lines that appear on the airspeed and altitude 
tapes as well as on the turn rate indicator. These magenta 
lines indicate what the associated airspeed, altitude, or 
heading will be in 6 seconds [Figure 4-36] if the current 
rate is maintained. The trend vector is not displayed if the 
is no change to the associated tape and the value remains 
constant [Figure 4-37] or if there is a failure in some portion 
of the system that would preclude the vector from being 
determined. 


Airspeed trend indicator 


‘shows airspeed will be 
apaeneiey 126 
seconds. 


Figure 4-36. Airspeed Trend Indicators. 
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Airspeed indicator 
showing stabilized 


airspeed (no trend 
indicator present). 


Figure 47 Airspeed Indicators With No Trend Present 


‘Trend vectors are a very good source of information for the 
‘new instrument flight rules (IFR) pilot. Pilots who utilize 
good scanning techniques can pick up subtle deviations 
from desired parameters and make small correction to the 
desired attitude. As soon as a trend is indicated on the PFD, 
conscientious pilot can adjust to regain the desired attitude, 
[Figure 4-38] 


] Trend indicator shows 

| altitude will be approxi- 
mately 1,780 ft in 6 

\ seconds. 


VSI arrow has moved up. 
to indicate a 1,500 fm 


4,500 fpm + 60 sec = 25 ft 
25 ft per sec x6 sec = 150 
150 ft + 1,630 ft= 1,780 ft 


Figure 438. Alimeter Trend Indicators 


Another advancement in attitude instrument flying is the turn 
rate trend indicator. As in the eases of airspeed, altitude, and 
vertical speed trend indicators, the turn rate trend indicator 
depicts what the aircrafts heading will be in 6 seconds. While 
examining the top of the heading indicator, notice two white 
lines on the exterior of the compass rose. [Figure 4-39] These 
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Figure 439, Horizontal Situation Indicator (HSI) Trend Indicator Elongates Proportionally With the Rate of Turn 


‘two tick marks located on both sides of the top of the heading 
indicator show half-standard rate turns as well as standard 
rate turns. 


In Figure 4-40, when the aircraft begins its turn to the left, 
the magenta trend indicator elongates proportionally with the 


Figure 4-40, HSI Indicator (enlargement) 


rate of turn. To initiate a half-standard rate turn, position the 
indicator on the first tick mark. A standard rate turn would 
be indicated by the trend indicator extending to the second 
tick mark. A turn rate in excess of standard rate would be 
indicated by the trend indicator extending past the second tick 
mark. This trend indicator shows what the aircraft's heading, 
will be in 6 seconds, but is limited to indicate no more than 
24° in front of the aircraft, or 4° per second. When the aircraft 


exceeds a turning rate of 25° in 6 seconds, the trend indicator 
has an arrowhead attached to it 


‘Trend indicators are very useful when leveling off ata specific 
altitude, when rolling out on a heading, or when stabilizing 
airspeed. One method of determining when to start to level 
off from a climb or descent is to start leveling at 10 percent 
of the vertical speed rate prior to the desired altitude. 


As the aircraft approaches the desired altitude, adjust the 
pitch attitude to keep the trend indicator aligned with the 
target altitude, As the target approaches, the trend indicator 
gradually shrinks until altitude stabilizes. Trend indicators 
should be used as a supplement, not as a primary means of 
determining pitch change. 


4.27 


Common Errors 

Fixation 

Fixation, or staring at one instrument, is a common error 
observed in pilots first learning to utilize trend indicators. 
‘The pilot may initially fixate on the trend indicator and make 
adjustments with reference to that alone. Trend indicators are 
not the only tools to aid the pilot in maintaining the desired 
power or attitude; they should be used in conjunction with the 
primary and supporting instruments in order to better manage 
the flight. With the introduction of airspeed tapes, the pilot 
can monitor airspeed to within one knot. Fixation can lead 
to attempting to keep the airspeed to an unnecessarily tight 
tolerance. There is no need to hold airspeed to within one 
knot; the Instrument Rating Practical Test Standards (PTS) 
allows greater latitude, 

Omission 

Another common error associated with attitude instrument 
flying isomission of an instrument from the eross-check. Due 
to the high reliability of the PFD and associated components, 
pilots tend to omit the stand-by instruments as well as the 
‘magnetic compass from their scans. An additional reason 
for the omission is the position of the stand-by instruments. 
Pilots should continue to monitor the stand-by instruments 
in order to detect failures within those systems. One of the 
most commonly omitted instruments from the scan is the 
slip/skid indicator. 
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Emphasis 
In initial training, placing emphasis on a single instrument 
is very common and can become a habit if not corrected 
‘When the importance ofa single instrument is elevated above 
another, the pilot begins to rely solely on that instrument 
for guidance. When rolling out of a 180" turn, the attitude 
indicator, heading indicator, sip/skid indicator, and altimeter 
ned to be referenced. Ifa pilot omits the slip/skid indicator, 
coordination is sacrificed. 


Testrument flying\tecknigues differ acsardiae ois a tia 
type, class, performance capability, and instrumentation, 
‘Therefore, the procedures and techniques that follow need 
to be modified to suit individual aircraft. Recommended — 
procedures, performance data, operating limitations, and 
flight characteristics of a particular aircraft are available in the 
Pilot's Operating Handbook/Airplane Flight Manual 

AFM) for study before practicing the flight maneuvers, 


‘The flight maneuvers discussed here in Chapter 5-1 assume 
the use of a single-engine, propeller-driven small airplane 
\with retractable gear and flaps and a panel with instruments 
representative of those discussed earlier in Chapter 3, Flight 
Instruments, With the exception of the instrument takeoff, all 
‘ofthe maneuvers can be performed on “partial pancl,” with the 
attitude gyro and heading indicator covered or inoperative. 


Figure 5-1. Pitch Auitude and Airspeed in Level Flight, Slow 
Cruise Speed. 


Straight-and-Level Flight 

Pitch Control 

‘The pitch attitude of an airplane is the angle between the 
longitudinal axis of the airplane and the actual horizon. In 
level flight, the pitch attitude varies with airspeed and load. 
For training purposes, the latter factor can normally be 
disregarded in small airplanes, Ata constant airspeed, there is 
only one specific pitch attitude for level flight. Atslow cruise 
speeds, the level flight attitude is nose high with indications 
asin Figure 5-1; at fast cruise speeds, the level-flight attitude 
is nose low. [Figure 5-2] Figure 5-3 shows the indications 


for the attitude at normal cruise speeds. The instruments used 
to determine the pitch attitude of the aircraft are the attitude 
indicator, the altimeter, the vertical speed indicator (VSI), 
and the airspeed indicator (ASI). 


Attitude Indicator 

‘The attitude indicator gives the direct indication of pitch 
attitude. The desired pitch attitude is gained by using the 
elevator control to raise or lower the miniature aircraft in 
relation to the horizon bar. This corresponds to the way pitch 
attitude is adjusted in visual flight by raising or lowering 
the nose of the airplane in relation to the natural horizon. 
However, unless the airspeed is constant, and until the 
level flight attitude for that airspeed has been identified and 
established, there is no Way to know whether level flight as 
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Figure 5-2. Pitch Auiude and Airspeed in Level Flight, Fast Cruise 
Speed. 


Figure §-8. Pitch Atiude and Airspeed in Level Flight, Normal 
Cruise Speed. 


indicated on the attitude indicator is resulting in level flight 
as shown on the altimeter, VSI, and ASI. If the miniature 
aircraft of the attitude indicator is properly adjusted on the 
ground before takeoff, it shows approximately level flight at 
‘normal cruise speed when the pilot completes the level off 
from a climb, If further adjustment of the miniature aircraft 
is necessary, the other pitch instruments must be used to 
‘maintain level flight while the adjustment is made. 


‘To practice pitch control for level flight using only the 
attitude indicator, use the following exercise. Restrict the 
displacement of the horizon bar to a one-half bar width, a 
bar width up or down, then a one-and-one-half bar width. 
‘One-half, one, and one-and-one-half bar width nose-high 
attitudes are shown in Figures 5-4, 5-5, and 5-6. 


An instructor pilot can demonstrate these normal pitch 
corrections and compare the indications on the attitude 
indicator with the airplane's position to the natural horizon, 


Pitch attitude changes for corrections to level light by reference 
to instruments are much smaller than those commonly used 
for visual flight. With the airplane correctly trimmed for level 
flight, the elevator displacement and the control pressures 
necessary to effect these standard pitch changes are usually 
very slight. The following are a few helpful hints to help 
determine how much elevator control pressure is required. 


First, a tight grip on the controls makes it difficult to feel 
control pressure changes. Relaxing and learning to control 
the aircraft usually takes considerable conscious effort during, 
the carly stages of instrument training 


Second, make smooth and small pitch changes with positive 
pressure. With practice, a pilot can make these small pitch 
corrections up or down, “freezing” (holding constant) the 
one-half, full, and one-and-one-half bar widths on the 
attitude indicator. 


‘Third, with the airplane properly trimmed for level flight, 
‘momentarily release all pressure on the elevator control 
‘when becoming aware of tenseness. This is a reminder that 
the airplane is stable; except under turbulent conditions, it 
will maintain level flight if left alone. Even when no control 
change is called for, it will be difficult to resist the impulse 
to move the controls. This may be one of the most difficult 
initial training problems in instrument flight. 


Altimeter 
At constant power, any deviation from level flight (except 
in turbulent air) is the result of a pitch change. Therefore, 
the altimeter gives an indirect indication of the pitch attitude 
in level flight, assuming constant power. Since the altitude 


Figure 5-4. Pitch Correction for Level Flight, One-Half Bar 
Wid. 


Figure 5-6. Pitch Correction for Level Flight, One-and-One-Half 
Bar Width. 
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should remain constant when the airplane is in level flight, 
any deviation from the desired altitude signals the need for a 
pitch change. Ifthe aircraft is gaining altitude, the nose must 
be lowered. /Figures 5-7 and 5-8) 


Figure 5-7. Using the Altimeter for Pitch Interpretation, High 


Allitude Means a Nose-High Pitch Auitude, 


Figure 5-8. Pitch Correction Following Altitude Increase—Lower 
Nose to Correct Altiude Error 


‘The rate of movement of the altimeter needle is as important 
as its direction of movement in maintaining level flight 
without the use of the attitude indicator. An excessive pitch 
deviation from level flight results ina relatively rapid change 
of altitude; a slight pitch deviation causes a slow change. 
‘Thus, ifthe altimeter needle moves rapidly clockwise, assume 
‘a considerable nase-high deviation from level flight attitude. 
Conversely, ifthe needle moves slowly counterclockwise to 
indicate a slightly nose-low attitude, assume that the pitch 
cortection necessary to regain the desired altitude is small. 
As the altimeter is added to the attitude indicator in a cross- 
check, a pilot will learn to recognize the rate of movement 
of the altimeter needle for a given pitch change as shown on 
the attitude indicator. 


‘To practice precision control of pitch in an airplane without 
an attitude indicator, make small pitch changes by visual 
reference to the natural horizon, and note the rate of 
‘movement ofthe altimeter. Note what amount of pitch change 
gives the slowest steady rate of change on the altimeter. Then 
practice small pitch corrections by accurately interpreting 
and controlling the rate of needle movement, 
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An instructor pilot can demonstrate an excessive nase-down, 
deviation (indicated by rapid movement of the altimeter 
needle) and then, asan example, show the result of improper 
corrective technique. The normal impulse is to make a 
large pitch correction in a hurry, but this inevitably leads 
to overcontrolling. The needle slows down, then reverses 
direction, and finally indicates an excessive nose-high 
deviation. The result is tension on the controls, erratic control 
response, and increasingly extreme control movements. The 
correct technique, which is slower and smoother, will return 
the airplane tothe desired attitude more quickly, with positive 
control and no confusion. 


When a pitch error is detected, corrective action should be 
taken promptly, but with light control pressures and two 
distinct changes of attitude: (1) a change of attitude to stop 
the needle movement and (2) a change of attitude to return 
to the desired altitude, 


When the altimeter indicates an altitude deviation, apply 
just enough elevator pressure to decrease the rate of needle 
‘movement. If it slows down abruptly, ease off some of the 
pressure until the needle continues to move, but ease off 
slowly. Slow needle movement means the airplane attitude 
is close to level flight. Add slightly more corrective pressure 
to stop the direction of needle movement. At this point level 
flight is achieved; a reversal of needle movement means 
the aircraft has passed through it. Relax control pressures 
carefully, continuing to eross-check since changing airspeed 
will cause changes in the effectiveness of a given control 
pressure. Next, adjust the pitch attitude with elevator pressure 
for the rate of change of altimeter needle movement that is, 
correlated with normal pitch corrections, and return to the 
desired altitude 


Asatule of thumb, for errors of less than 100 feet, use a half 
bar width correction. [Figures 5-9 and 5-10] For errors in 
excess of 100 feet, use an initial full bar width correction. 
[Figures 5-11 and 5-12] Practice predetermined altitude 
changes using the altimeter alone, then in combination with 
the attitude indicator. 


Vertical Speed Indicator (VSI) 
‘The VSI, like the altimeter, gives an indirect indication of 
pitch attitude and is both a trend and a rate instrument. As 
a trend instrument, it shows immediately the initial vertical 
movement of the airplane, which disregarding turbulence 
can be considered a reflection of pitch change. To maintain 
level flight, use the VSI in conjunction with the altimeter and 
attitude indicator. Note any positive or negative trend of the 
needle from zero and apply a very light corrective elevator 


Figure 6-10. Pilch Correction, Less Than 100 Feet—One-Half Bar 
Low to Correct Alitule Error 


Figure 5-12. Pitch Correction, Greater Than 100 Feet—One Bar 
Correction Initially. 


pressure, As the needle returns to zero, relax the corrective 
pressure, Ifcontrol pressures have been smooth and light, the 
needle reacts immediately andslowly, and the altimeter shows 
little or no change of altitude, As a rate instrument, the VSI 
requires consideration of lag characteristics, 


Lag refers to the delay involved before the needle attains a 
stable indication following a pitch change. Lag is directly 
proportional to the speed and magnitude of a pitch change. 
If slow, smooth pitch change is initiated, the needle moves 
with minimum lag to a point of deflection corresponding, 
to the extent of the pitch change, and then stabilizes as the 
aerodynamic forces are balanced in the climb or descent. 
A large and abrupt pitch change produces erratic needle 
movement, a reverse indication, and introduces greater time 
delay (lag) before the needle stabilizes. Pilots are cautioned 
not to chase the needle when flight through turbulent 
conditions produces erratic needle movements. The apparent 
lag in airspeed indications with pitch changes varies greatly 
among different airplanes and is due to the time required for 
the airplane to accelerate or decelerate when the pitch attitude 
is changed. There is no appreciable lag due to the construction 
or operation of the instrument. Small pitch changes, smoothly 
executed, result in an immediate change of airspeed. 


When using the VSI as a rate instrument and combining it 
with the altimeter and attitude indicator to maintain level 
flight, a pilot should know that the amount the altimeter 
needle moves from the desired altitude governs the rate which 
should be used to return to that altitude. A rule of thumb is 
tomake an attitude change that will result in a vertical-speed 
rate approximately double the error in altitude. For example, 
if altitude is off by 100 fect, the rate of return to the desired 
altitude should be approximately 200 feet per minute (pm). 
If it is off by more than 100 feet, the correction should 
be correspondingly greater, but should never exceed the 
optimum rate of climb or descent for the airplane at a given 
airspeed and configuration, 


A deviation of more than 200 fpm from the desired rate 
of return is considered overcontrolling. For example, if 
attempting to change altitude by 200 fect, a rate in excess of 
400 fpm indicates overcontrolling, 


When returning to an altitude, the VSI is the primary pitch 
instrument. Occasionally, the VSlis slightly out of calibration 
and may indicate a climb or descent when the airplane is in 
level flight. Ifthe instrument cannot be adjusted, take the 
error into consideration when using it for pitch control. For 
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to use a more powerful iron so that you don't need to spend a lot of time heating the joint, 


which can damage components. 


A variation of the basic gun or iron is the soldering 
station, where the soldering instrument is attached to a 
variable power supply. A soldering station can 

recisely control the temperature of the soldering tip 
unlike a standard gun or iron where the tip temperature 
will increase when idle and decrease when applying 
heat to a joint. However, the price of a soldering station 
is often ten to one hundred times the cost of a basic 
iron and thus really isn’t an option for the hobby 
market. But if you plan to do very precise work, such as 


surface mount, or spend 8 hours a day behind a soldering iron, then you should consider a 


soldering station. 


The rest of this document will assume that you are using a soldering iron as that is what the 
majority of electronics work requires. The techniques for using a soldering gun are basically 
the same with the only difference being that heat is only generated when the trigger is 


pressed. 


Solder 


The choice of solder is also important. There several kinds of solder available but only a few 
are suitable for electronics work. Most importantly, you will only use rosin core solder. Acid 
core solder is common in hardware stores and home improvement stores, but meant for 
soldering copper plumbing pipes and not electronic circuits. If acid core solder is used on 
electronics, the acid will destroy the traces on the printed circuit board and erode the 


corrosive flux. 


component leads. It can also form a conductive layer leading 
to shorts. 


For most printed circuit board work, a solder with a diameter 
of 0.75MM to 1.0MM is desirable. Thicker solder may be used 
and will allow you to solder larger joints more quickly, but will 
make soldering small joints difficult and increase the likelihood 
of creating solder bridges between closely spaced PCB pads. 
An alloy of 60/40 (60% tin, 40% lead) is used for most 
electronics work. These days, several lead-free solders are 
available as well. Kester "44" Rosin Core solder has been a 
staple of electronics for many years and continues to be 
available. It is available in several diameters and has a non- 


Large joints, such as soldering a bracket to a chassis using a high wattage soldering gun, 
will require a separate application of brush on flux and a thick diameter solder of several 
millimeters. Remember that when soldering, the flux in the solder will release fumes as itis 
heated. These fumes are harmful to your eyes and lungs. Therefore, always work in a well- 
ventilated area and avoid breathing the smoke created. Hot solder is also dangerous. Itis 
surprisingly easy to splash hot solder onto yourself, which is a thoroughly unpleasant 
experience. Eye protection is also advised. 


example, ifthe needle indicates a descent af 200 fpm while 
in level flight, use this indication as the zero position, 


Airspeed Indicator (ASD) 

‘The ASI presents an indirect indication of the pitch attitude. 

In non-turbulent conditions with a constant power setting and 
pitch attitude, airspeed remains constant. /Figure 5-13] As the 
pitch attitude lowers, airspeed increases, and the nose should 
be raised. [Figure 5-14] As the pitch attitude rises, airspeed 
decreases, and the nose should be lowered. [Figure 5-15] A 
rapid change in airspeed indicates a large pitch change, and 
a slow change of airspeed indicates a small pitch change. 


Constant Airspeed Constant Pitch 


Figure §-13, Constant Power Plus Constant Pitch Equals Constant 
Speed. 
Increased Airspeed Decreased Pitch 


Figure 5-14. Consiam Power Plas Decreased Pitch Equals 
Increasell Airspeed. 


.sed Airspeed-q———— increased Pitch 


Figure 5-18. Constant Pow: 
Decreased Airspeed. 


Plus Increused Pitch Equals 
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Pitch control in level flight is a question of cross-check and 
interpretation of the instrument panel for the instrument 
information that enables a pilot to visualize and control pitch 
attitude. Regardless of individual differences in cross-check 
technique, all pilots should use the instruments that give the 
best information for controlling the airplane in any given 
maneuver, Pilots should also check the other instruments 
to aid in maintaining the primary instruments at the desired 
indication. 


As noted previously, the primary instrument is the one 
that gives the most pertinent information for a particular 
‘maneuver. It is usually the one that should be held at a 
constant indication. Which instrument is primary for pitch 
control in level flight, for example? This question should 
be considered in the context of specific airplane, weather 
conditions, pilot experience, operational conditions, and other 
factors. Attitude changes must be detected and interpreted 
instantly for immediate control action in high-performance 
airplanes. On the other hand, a reasonably proficient 
instrument pilot in a slower airplane may rely more on the 
altimeter for primary pitch information, especially if it is 
determined that too much reliance on the attitude indicator 
fails to provide the necessary precise attitude information. 
Whether the pilot decides to regard the altimeter or the 
attitude indicator as primary depends on which approach will, 
best help control the attitude. In this handbook, the altimeter 
is normally considered as the primary pitch instrument during 
level flight. 


Bank Control 
The bank attitude of an airplane is the angle between the 
airplane's wings and the natural horizon, To maintain a 
straight-and-level flight path, the wings of the airplane are 
kept level with the horizon (assuming the airplane is in 
coordinated flight). The instruments used for bank control 
are the altitude indicator, the heading indicator, and the 
turn coordinator. Figure 5-16 illustrates coordinated flight. 
‘The aircraft is banked left with the attitude indicator and 
turn coordinator indicating the bank. The heading indicator 
indicates a left turn by apparent clockwise rotation of the 
compass card behind the airplane silhouette. 


Attitude Indicator 
‘The attitude indicator shows any change in bank attitude 
directly and instantly and is, therefore, a direct indicator. On 
the standard attitude indicator, the angle of bank is shown 
pictorially by the relationship of the miniature aircraft to the 
arlficial horizon bar, and by the alignment of the pointer with 
the banking scale at the top of the instrument. On the face of 
the standard three-inch instrument, small angles of bank can 
be difficult to detect by reference to the miniature aircraft, 
especially if leaning to one side or changing a seating position 


Figure 6-16. Instruments Used for Bank Control 


slightly. The position of the scale pointer is a good check 
against the apparent miniature aircraft position. Disregarding 
precession error, small deviations from straight coordinated 
flight can be readily detected on the scale pointer. The 
banking index may be graduated as shown in Figure 5-17, 
or it may be graduated in 30° increments, 


‘The instrument depicted in Figure 5-17 has a scale pointer 
that moves in the same direction of bank shown by the 
‘miniature aircraft, In this case, the aircraft is in a left 15° 
bank. Precession errors in this instrument are common 


Figure 5-17. Bunk Interpretation withthe Attitude Indicator 


and predictable, but the obvious advantage of the attitude 
indicator is an immediate indication of both pitch attitude 
and bank attitude ina single glance. Even with the precession 
errors associated with many attitude indicators, the quick 
attitude presentation requires less visual effort and time for 
positive control than other flight instruments. 


Heading Indicator 
‘The bank attitude of an aircraft in coordinated flight is shown 
indirectly on the heading indicator, since banking results in 
turn and change in heading. Assuming the same airspeed 
in both instances, a rapid movement of the heading indicator 
(azimuth card in a directional gyro) indicates a large angle 
of bank, whereas slow movement reflects a small angle of 
bank. Note the rate of movement of the heading indicator 
and compare it to the attitude indicator’s degrees of bank. 
‘The altitude indicator’s precession error makes a precise 
check of heading information necessary in order to maintain 
straight flight. 


‘When deviations from straight flight are noted on the heading, 
indicator, correct to the desired heading using a bank angle no 
greater than the number of degrees to be turned. In any case, 
limit bank corrections to a bank angle no greater than that 
required for a standard rate turn, Use of larger bank angles 
requires a very high level of proficiency, and normally results 
in overcontrolling and erratic bank control. 


Turn Coordinator 
‘The miniature aircraft of the turn coordinator gives an indirect 
indication of the bank attitude of the airplane. When the 
miniature aircraft is level, the airplane is in straight flight. 
When the miniature airplane is aligned with one of the 
alignment marks and the aircraft is rolling to the let or right 
the indication represents the roll rate, with the alignment 
marks indicating a roll of 3° per second in the direction of 
the miniature aircraft, This can be seen in level flight when 
«a bank is introduced either to the left or the right. The turn 
coordinator's indicator will indicate the rolling motion 
although there is no tu being made. Conversely, a pedal 
input to the right or left causes the aircraft to tun momentarily 
about its vertical axis (with no rolling motion) with an 
indication of turn on the turn coordinator. After the turn 
becomes stabilized and the aircraft is no longer rolling, the 
turn coordinator displays the rate of turn with the alignment 
marks equaling a turn of 3° per second. The turn coordinator 
is able to display both roll and turn parameters because its 
electrically powered gyroscope is canted at an angle, As a 
result, the turn-and-slip indicator provides both roll and turn 
indications, Autopilots in general aviation today use this 
instrument in determining both roll and turn information. 
After the completion of a tum, return to straight flight is 
accomplished by coordinated aileron and rudder pressure to 
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level the miniature aircraft, Include the miniature aircraft in 
the cross-check and correct for even the smallest deviations 
from the desired position, When this instrument is used to 
‘maintain straight flight, control pressures must be applied 
very lightly and smoothly. 


‘The ball of the turn coordinator is actually a separate 
instrument, conveniently located under the miniature aircraft 
because the two instruments are used together. The ball 
instrument indicates the quality of the turn. Ifthe ball is off 
center, the aitplane is slipping or skidding. That is, if the 
coordinator's miniature airplane is tilted right and the ball is 
displaced to the right, the aircraft isin a skid. /Figure 5-18] If 
however, the miniature airplane is tilted to the right with the 
ball off-center tothe left, the aircraft is ina slip. (Figure 5-19] 
Ifthe wings are level and the airplane is properly trimmed, 
the ball will remain in the center, and the aisplane will be 
in straight flight. If the ball is not centered, the airplane is 
improperly trimmed. 


_ 


Figure 5-19. Slip indication 


‘To maintain straight- 
the direction of ball 


1d-level flight with proper trim, note 
isplacement. If the ball is tothe left of 
center and the left wing is low, apply left rudder pressure 
to center the ball and correct the slip. At the same time 
apply right aileron pressure as necessary to level the wings, 
cross-checking the heading indicator and attitude indicator 
‘while centering the ball. If the wings are level and the ball 
displaced from the center, the airplane is skidding. Note the 
direction of ball displacement, and use the same corrective 
technique as for an indicated slip. Center the ball (left ball/left 
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rudder, right ball/right rudder), use aileron as necessary for 
bank control, and retrim, 


‘To trim the airplane using only the turn coordinator, use 
aileron pressure to level the miniature aircraft and rudder 
pressure to center the ball. Hold these indications with control 
pressures, gradually releasing them while applying rudder 
trim sufficient to relieve all rudder pressure. Apply aileron 
trim, if available, to relieve aileron pressure. With a full 
instrument panel, maintain a wings level attitude by reference 
to all available instruments while trimming the airplane. 


Turn-and-Slip Indicator (Needle and Ball) 
Unlike the turn coordinator that provides three indications 
(roll, tum, and trim), the tum-and-slip indicator provides 
two: turn-rate and trim. Although the turn-and-slip indicator 
needle provides an indication of tum only, it provides an 
indirect indication of aircraft attitude when used with roll 
indicators such as a heading indicator or magnetic compass. 
As with the turn coordinator (after stabilizing from a roll), 
‘when the turn-and-slip indicator's needle is aligned with the 
alignment marks the aircraft is in a standard turn of 3° per 
second or 360° in 2 minutes. 


‘The ball of the turn-and-bank indicator provides important 
trim in the same manner that the ball in the turn coordinator 
does. Figures 5-18 and 5-19 provide a comparison of the 
two instruments. 


Power Control 
Power produces thrust which, with the appropriate angle of, 
attack of the wing, overcomes the forces of gravity, drag, 
and inertia to determine airplane performance. 


Power control must be related to its effect on altitude and 
airspeed, since any change in power setting results ina change 
in the airspeed or the altitude of the airplane. At any given 
airspeed, the power setting determines whether the airplane 
is in level flight, in a climb, or in a descent. If the power is 
increased in straight-and-level flight and the airspeed held 
constant, the airplane climbs. If power is decreased while 
the airspeed is held constant, the airplane descends. On the 
other hand, if altitude is held constant, the power applied will 
determine the airspeed. 


‘The relationship between altitude and airspeed determines the 
need for a change in pitch or power. Ifthe airspeed is not the 
desired value, always check the altimeter before deciding that 
a power change is necessary. Think of altitude and airspeed 
as interchangeable; altitude can be traded for airspeed by 
lowering the nose, or convert airspeed to altitude by raising 
the nose. If altitude is higher than desired and airspeed is, 


Figure 5-20. Airspeed Low and Altiude High—Lower Pitch. 


low, or vice versa, a change in pitch alone may return the 
airplane to the desired altitude and airspeed. Figure 5-20] If 
both airspeed and altitude are high or if both are low, then a 
change in both pitch and power is necessary in order to return 
to the desired airspeed and altitude. /Figure 5-21] 


For changes in airspeed in straight-and-level flight, pitch, 
bank, and power must be coordinated in order to maintain 
constant altitude and heading. When power is changed to 
vary airspeed in straight-and-level flight, a single-engine, 
propeller-driven airplane tends to change attitude around all, 
axes of movement. Therefore, to maintain constant altitude 
and heading, apply various control pressures in proportion 
to the change in power. When power is added to increase 
airspeed, the pitch instruments indicate a climb unless 
forward elevator control pressure is applied as the airspeed 
changes. With an increase in power, the airplane tends to 
yaw and roll to the left unless counteracting aileron and 
rudder pressures are applied. Keeping ahead of these changes 
requires increasing crass-check speed, which varies with the 
type of airplane and its torque characteristics, the extent of 
power and speed change involved. 


Power Settings 
Power control and airspeed changes are much easier when 
approximate power settings necessary to maintain various 
airspeeds in straight-and-level flight are known in advance. 
However, to change airspeed by any appreciable amount, the 
‘common procedure is to underpower or overpower on initial 
power changes to accelerate the rate of airspeed change. 


(For small speed changes, or in airplanes that decelerate or 
accelerate rapidly, overpowering or underpowering is not 
necessary.) 


Consider the example of an airplane that requires 23" 
mercury (Hg) of manifold pressure to maintain a normal 
cruising airspeed of 120 knots, and 18" Hg of manifold 
pressure to maintain an airspeed of 100 knots. The reduction 
in airspeed from 120 knots to 100 knots while maintaining 
straight-and-level flight is discussed below and illustrated in 
Figures 5-22, 5-23, and 5-24. 


Instrument indications, prior to the power reduction, are 
shown in Figure 5-22, The basic attitude is established and 
maintained on the attitude indicator. The specific pitch, 
bank, and power control requirements are detected on these 
primary instruments: 


Altimeter—Primary Pitch 
Heading Indicator—Primary Bank 
Airspeed Indicator—Primary Power 


Supporting pitch-and-bank instruments are shown in 
Figure 5-23. Note that the supporting power instrument is 
the manifold pressure gauge (or tachometer if the propeller 
is fixed pitch). However, when a smooth power reduction to 
approximately 15" Hg (underpower) is made, the manifold 
pressure gauge becomes the primary power instrument. 
[Figure 5-23] With practice, power setting can be changed 
with only a brief glance at the power instrument, by sensing, 
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Figure 6-21. Airspeed and Altiude High—Lower Pitch and Reduce Power: 
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Primary bank 
‘Supporting pitch 


Figure 5-22. Struight-anu-Level Flight (Normal Cruising Speed) 


rms ih 
—_—_—_—_—_— 


‘Supporting pitch and bank 


Sasooy 
. 36y) 


‘Supporting bank 
Primary bank 


‘Supporting pitch 


Figure 6-28. Siraight-ani-Level Flight (Airspeed Decreasing). 
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the movement of the throttle, the change in sound, and the 
changes in the feel of control pressures. 


As thrust decreases, increase the speed of the cross-check 
and be ready to apply left rudder, back-clevator, and aileron 
control pressure the instant the pitch-and-bank instruments 
show a deviation from altitude and heading. As proficiency 
is obtained, a pilot learns to cross-check, interpret, and 
control the changes with no deviation of heading and altitude, 
Assuming smooth air and ideal control technique, as airspeed 
decreases, a proportionate increase in airplane pitch attitude 
is required to maintain altitude. Similarly, effective torque 
control means counteracting yaw with rudder pressure. 


As the power is reduced, the altimeter is primary for pitch, 
the heading indicator is primary for bank, and the manifold 
pressure gauge is momentarily primary for power (at 15" 
Hg in this example). Control pressures should be trimmed 
off as the airplane decelerates. As the airspeed approaches 
the desired airspeed of 100 knots, the manifold pressure 
is adjusted to approximately 18" Hg and becomes the 
supporting power instrument. The ASI again becomes 
primary for power. [Figure 5-24] 


Airspeed Changes in Straight-and-Level Flight 
Practice of airspeed changesin straight-and-level flight provides 
an excellent means of developing increased proficiency in all 
three basic instrument skills, and brings out some common 


errors tobe expected during training in straight-and-level 
Having learned to control the airplane ina clean configuration 
(minimum drag conditions), increase proficiency in cross- 
check and control by practicing speed changes while extending 
or retracting the flaps and landing gear, While practicing, be 
sure to comply with the airspeed limitations specified in the 
POHIAEM for gear and flap operation, 


Sudden and exaggerated attitude changes may be necessary 
in order to maintain straight-and-level flight as the landing 
gear is extended and the flaps are lowered in some airplanes. 
‘The nose tends to pitch down with gear extension, and when 
flaps are lowered, lift increases momentarily (at partial flap 
settings) followed by a marked increase in drag as the flaps 
near maximum extension, 


Control technique varies according to the lift and drag 
characteristics of each airplane. Accordingly, knowledge of 
the power settings and trim changes associated with different 
combinations of airspeed, gear and flap configurations will 
reduce instrument cross-check and interpretation problems. 


For example, assume that in straight-and-level flight 
instruments indicate 120 knots with power at 23" Hg/2.300 
revolutions per minute (rpm), gear and flaps up. After 
reduction in airspeed, with gear and flaps fully extended, 
straight-and-level flight at the same altitude requires 25" He 
manifold pressure/2,500 rpm. Maximum gear extension 
speed is 115 knots; maximum flap extension speed is 105 


Figure §-24. Straight-and-Level Flight (Reduced Airspeed Stabilized). 


knots. Airspeed reduction to 95 knots, gear and flaps down, 
‘can be made in the following manner: 


1. Maintain spm at 2,500, since a high power setting will 
be used in full drag configuration. 


Reduce manifold pressure to 10" Hg. As the airspeed 
decreases, increase cross-check speed. 


3. Make trim adjustments foran inereased angle of attack 
and decrease in torque 


4, Lower the gear at 115 knots. The nose may tend to 
pitch down and the rate of deceleration increases. 
Increase pitch attitude to maintain constant altitude, 
and trim off some of the back-elevator pressures. 
If full flaps are lowered at 105 knots, cross-check, 
interpretation, and control must be very rapid. A 
simpler technique is to stabilize attitude with gear 
down before lowering the flaps. 


5. Since 18" Hg manifold pressure will hold level 
flight at 100 knots with the gear down, increase 
power smoothly to that setting until the ASI shows 
approximately 105 knots, and retrim. The attitude 
indicator now shows approximately two-and-a-half 
bar width nose-high in straight-and-level flight. 


6. Actuate the flap control and simultaneously increase 
power to the predetermined setting (25" Hg) for the 
desired airspeed, and trim off the pressures necessary 
to hold constant altitude and heading. The attitude 
indicator now shows a bar width nose-low in straight- 
and-level flight at 95 knots. 


Proficiency in straight-and-level flight is attained when a 
pilot can consistently maintain constant altitude and heading 
‘with smooth pitch, bank, power, and trim control during the 
pronounced changes in aircraft attitude. 


Trim Technique 
Proper trim technique is essential for smooth and precise 
aircraft control during all phases of flight. By relieving all 
control pressures, itis much easier to hold a given attitude 
constant, and devote more attention to other flight deck 
duties. 


An aircraft is trimmed by applying control pressures to 
establish a desired attitude, then adjusting the trim so the 
aircraft will maintain that attitude when the flight controls are 
released. Trim the aircraft for coordinated flight by centering 
the ball ofthe turn-and-slip indicator, by using rudder trim in 
the direction the ball is displaced from the center. Differential 
power control on multicngine aircraft is an additional factor 
affecting coordinated flight. Use balanced power or thrust, 
‘when possible, to aid in maintaining coordinated flight. 
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Changes in attitude, power, or configuration will require a 
trim adjustment in most cases. Using trim alone to establish 
change in aircraft attitude invariably leads to erratic aircraft 
control. Smooth and precise attitude changes are best attained 
bya combination of control pressures and trim adjustments. 
‘Therefore, when used correctly, trim adjustment is an aid to 
smooth aircraft control, 


Common Errors in Straight-and-Level Flight 
Pitch 
Pitch errors usually result from the following faults: 


1. Improper adjustment of the attitude indicator’s, 
miniature aircraft to the wings level attitude, 
Following the initial level off from a climb, check the 
attitude indicator and make any necessary adjustment 
in the miniature aircraft for level flight indication at 
normal cruise airspeed, 


2. Insufficient cross-check and interpretation of pitch 
instruments. For example, the airspeed indication is 
ow. The pilot, believing a nose-high attitude exists, 
applies forward pressure without noting that a low 
power setting isthe cause of the airspeed discrepancy. 
Increase cross-check speed to include all relevant 
instrument indications before making a control input. 


3. Uncaging the attitude indicator (if caging feature is 
present) when the airplane is not in level flight. The 
altimeter and heading indicator must be stabilized with 

speed indication at normal cruise before pulling 

out the caging knob, to obtain correct indications in 
straight-and-level flight at normal cruise airspeed. 


4, Failure to interpret the attitude indicator in terms of 
the existing airspeed. 


5. Late pitch corrections. Pilots commonly like to leave 
well enough alone. When the altimeter indicates a 20 
foot error, there is a reluctance to correct it, perhaps 
because of fear of overcontrolling. If overcontrolling 
is the anticipated error, practice small corrections and 
find the cause of overcontrolling. If any deviation is 
tolerated, errors will increase. 


6. Chasing the vertical speed indications. This tendency 

‘an be corrected by proper cross-check of other 

pitch instruments, as well as by increasing overall 
understanding of instrument characteristics. 


7. Using excessive pitch corrections for the altimeter 
evaluation, Rushing a pitch correction by making a 
large pitch change usually aggravates the existing 
error, saving neither time nor effort. 


Failure to maintain established pitch corrections, a 
common error associated with cross-check and trim 
errors. For example, having established a pitch change 
to correct an altitude error, there is a tendency to 
slow down the cross-check, waiting for the airplane 
to stabilize in the new pitch attitude. To maintain 
the attitude, continue to cross-check and trim off the 
pressures. 


Fixations during cross-check. After initiating a 
heading correction, for example, there is a tendency 
to become preoccupied with bank control and miss 
errors in pitch attitude, Likewise, during an airspeed 
change, unnecessary gazing at the power instrument 
is common, A small error in power setting is of less 
consequence than large altitude and heading errors. 
‘The airplane will not decelerate any faster by staring 
at the manifold pressure gauge. 


Heading 
Heading errors usually result from the following faults: 
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6. 
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Failure to cross-check the heading indicator, especially 
during changes in power or pitch attitude. 


Misinterpretation of changes in heading, with resulting 
corrections in the wrong direction. 


Failure to note and remember a preselected heading. 
Failure to observe the rate of heading change and its 
relation to bank attitude 

Overcontrolling in response to heading changes, 
especially during changes in power settings. 
Anticipating heading changes with premature 
application of rudder control. 

Failure to correct small heading deviations. Unless 
zero error in heading is the goal, a pilot will tolerate 


larger and larger deviations. Correction of a 1° ertor 
takes alot less time and concentration than correction 


of a 20° error. 


Correcting with improper bank attitude. If correcting 
10° heading error with 20° of bank, the airplane 
will roll past the desired heading before the bank 
is established, requiring another correction in the 
opposite direction, Do not multiply existing errors 
with errors in corrective technique. 

Failure to note the cause of a previous heading error 
and thus repeating the same error. For example, the 
airplane is out of trim, with a left wing low tendency. 
Repeated corrections for a slight left turn are made, 
yet trim is ignored. 

Failure to set the heading indicator properly or failure 
to uncage it. 


Power 


Power errors usually result from the following faults: 
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Trim 


Failure to know the power settings and pitch attitudes 
appropriate to various airspeeds and airplane 
configurations. 


Abrupt use of throttle, 


Failure to lead the airspeed when making power 
changes. For example, during airspeed reduction in 
level flight, especially with gear and flaps extended, 
adjust the throttle to maintain the slower speed before 
the airspeed actually reaches the desired speed, 
Otherwise, the airplane will decelerate to a speed 
lower than that desired, resulting in additional power 
adjustments. The amount of lead depends upon how 
fast the airplane responds to power changes. 


Fixation on airspeed or manifold pressure instruments 
during airspeed changes, resulting in erratic control 
of both airspeed and power. 


‘Trim errors usually result from the following faults: 
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Improper adjustment of seat or rudder pedals for 
comfortable position of legs and feet. Tension in the 
ankles makes it difficult to relax rudder pressures. 
Confusion about the operation of trim devices, which 
differ among various airplane types. Some trim wheels 
are aligned appropriately with the airplane's axes; 
others are not. Some rotate in a direction contrary to 
‘what is expected 


Faulty sequence in trim technique. Trim should be 
used not as a substitute for control with the wheel 
(tick) and rudders, but to relieve pressures already 
held to stabilize attitude, As proficiency is gained, 
little conscious effort will be required to trim off the 
pressures as they occur. 

Excessive trim control. This induces control pressures 
that must be held until the airplane is trimmed 
properly. Use trim frequently and in small amounts, 

Failure to understand the cause of trim changes. Lack 
of understanding the basic aerodynamics related to 
basic instrument skills will cause a pilot to continually 
lag behind the airplane. 


Straight Climbs and Descents 

Climbs 

For a given power setting and load condition, there is only 
one attitude that will give the most efficient rate of climb. 
‘The airspeed and climb power setting that will determine this 
climb attitude are given in the performance data found in the 
POHI/AFM. Details ofthe technique for entering a climb vary 
according to airspeed on entry and the type of climb (constant 
airspeed or constant rate) desired. (Heading and trim control 
are maintained as discussed in Straight-and-Level Flight.) 


Entry 
‘To enter a constant-airspeed climb from cruising airspeed, 
raise the miniature aircraft to the approximate nose-high 
indication for the predetermined climb speed. The attitude 
will vary according to the type of airplane. Apply light back- 
elevator pressure to initiate and maintain the climb attitude. 
‘The pressures will vary as the airplane decelerates. Power 
‘may be advanced to the climb power setting simultaneously 
with the pitch change, or after the pitch change is established 
and the airspeed approaches climb speed. If the transition 
from level flight to climb is smooth, the VSI will show an 
immediate trend upward, continue to move slowly, and 
then stop at a rate appropriate to the stabilized airspeed and 
attitude. (Primary and supporting instruments for the climb 
entry are shown in Figure 5-25.) 


‘Once the airplane stabilizes ata constant airspeed and attitude, 
the ASIis primary for pitch and the heading indicator remains 
primary for bank. /Figure 5-26] Monitor the tachometer or 
‘manifold pressure gauge as the primary power instrument to 
censure the proper climb power setting is being maintained, If 
the climb attitude is correct for the power setting selected, the 
airspeed will stabilize at the desired speed. Ifthe airspeed is, 
low or high, make an appropriately small pitch correction. 


‘Toenter a constant airspeed climb, first complete the airspeed 
reduction from cruise airspeed to climb speed in straight- 
and-level flight. The climb entry is then identical to entry 
from cruising airspeed, except that power must be increased 
simultancously to the climb setting as the pitch attitude is 
increased. Climb entries on partial panel are more easily 
and accurately controlled if entering the maneuver from 
climbing speed. 


‘The technique for entering a constant rate climb is very 
similar to that used for entry to a constant-airspeed climb 
from climb airspeed. As the power is increased to the 
approximate setting for the desired rate, simultancously 
raise the miniature aircraft to the climbing attitude for the 
desired airspeed and rate of climb. As the power is increased, 
the ASI is primary for pitch control until the vertical speed 
approaches the desired value. As the vertical speed needle 
stabilizes, it becomes primary for pitch control and the ASL 
becomes primary for power control. [Figure 5-27] 


‘Supporting pitch 


Figure 6-25. Climb Eniry for Constant Airspeed Climb. 
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Primary bank 


‘Supporting pitch 


Figure 5-26. Stabilized Climb at Constant Airspeed. 


‘Supporting pitch and bank 
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Primary pitch 


Figure 6-27. Stabilized Climb at Constant Rate 


Preparing To Solder 


Tinning the Soldering Tip 
Before use, a new soldering tip, or one that is very dirty, must be tinned. "Tinning" is the 
process of coating a soldering tip with a thin coat of solder. This aids in heat transfer 
between the tip and the component you are soldering, and also gives the solder a base from 
which to flow from. 

Step 1: Warm Up the Iron 
Warm up the soldering iron or gun thoroughly. Make sure that it has fully come to 
temperature because you are about to melt a lot of solder on it. This is especially important 
if the iron is new because it may have been packed with some kind of coating to prevent 
corrosion. 

Step 2: Prepare A Little Space 
While the soldering iron is warming up, prepare a little space to work. Moisten a little sponge 
and place it in the base of your soldering iron stand or in a dish close by. Lay down a piece 
of cardboard in case you drip solder (you probably will) and make sure you have room to 
work comfortably. 

Step 3: Thoroughly Coat the Tip in Solder 
Thoroughly coat the soldering tip in solder. It is very important to cover the entire tip. You 
will use a considerable amount of solder during this process and it will drip, so be ready. If 
you leave any part of the tip uncovered it will tend to collect flux residue and will not conduct 
heat very well, so run the solder up and down the tip and completely around it to totally 
cover it in molten solder 


Step 4: Clean the Soldering Tip 
Aiter you are certain that the tip is totally coated in solder, wipe the tip off on the wet sponge 
to remove all the flux residue. Do this immediately so there is no time for the flux to dry out 
and solidify. 


Pitch and power corrections must be promptly and closely 
coordinated. For example, ifthe vertical specd is correct, but 
the airspeed is low, add power. As the power is increased, 
the miniature aircraft must be lowered slightly to maintain 
constant vertical speed. If the vertical speed is high and the 
airspeed is low, lower the miniature aircraft slightly and note 
the increase in airspeed to determine whether or not a power 
change is also necessary. /Figure 5-28] Familiarity with the 
approximate power settings helps to keep pitch and power 
corrections at a minimum, 


Leveling Off 
To level off from a climb and maintain an altitude, it is 
necessary to start the level off before reaching the desired 
altitude, The amount of lead varies with rate of climb and 
pilot technique. Ifthe aisplane is climbing at 1,000 fpm, it will 
continue to climb ata decreasing rate throughout the transition 
to level flight. An effective practice is to lead the altitude by 
10 percent of the vertical speed shown (500 fpmy/ 50-foot lead, 
1,000 fpmw/100-foot lead). 


‘To level off at cruising airspeed, apply smooth, steady 
forward-clevator pressure toward level flight attitude for the 
speed desired. As the atitude indicator shows the pitch change, 
the vertical speed needle will move slowly toward zero, the 
altimeter needle will move more slowly, and the airspeed will 
show acceleration. /Figure 5-29] When the altimeter, attitude 


indicator, and VSI show level flight, constant changes in 
pitch and torque control will have to be made as the airspeed 
increases. As the airspeed approaches cruising speed, reduce 
power to the cruise setting, The amount of lead depends upon 
the rate of acceleration of the airplane, 


‘To level off at climbing airspeed, lower the nose to the piteh 
attitude appropriate to that airspeed in level flight. Power 
is simultancously reduced to the setting for that airspeed 
as the pitch attitude is lowered. If power reduction is at a 
rate proportionate to the pitch change, airspeed will remain 
constant, 


Descents 
A descent can be made at a variety of airspeeds and attitudes 
by reducing power, adding drag, and lowering the nose 
to a predetermined attitude. The airspeed will eventually 
stabilize at a constant value. Meanwhile, the only flight 
instrument providing a positive attitude reference, is the 
altitude indicator. Without the attitude indicator (such as 
during a partial panel descent), the ASI, the altimeter, and 
the VSI will show varying rates of change until the airplane 
decelerates to a constant airspeed at a constant attitude. 
During the transition, changes in control pressure and trim, 
as well as cross-check and interpretation, must be accurate 
to maintain positive control. 


Figure 6-28. Airspeed Low and Vertical Speed High—Reduce Pitch. 
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‘Supporting pitch = 
Figure 5-29. Level Off at Cruising Speed 


Entry 
‘The following method for entering descents is effective 
‘with or without an attitude indicator. Firs, reduce airspeed 
to-a selected descent airspeed while maintaining straight- 
and-level flight, then make a further reduction in power 
(to a predetermined setting). As the power is adjusted, 
simultaneously lower the nose to maintain constant airspeed, 
and trim off control pressures. 


During a constant airspeed descent, any deviation from the 
desired airspeed calls for a pitch adjustment. For a constant 
rate descent, the entry isthe same, but the VSI is primary for 
pitch control (after it stabilizes near the desired rate), and the 
ASI is primary for power control, Pitch and power must be 
closely coordinated when corrections are made, as they are 
in climbs. (Figure 5-30] 


Leveling Off 
‘The level off from a descent must be started before reaching 
the desired altitude. The amount of lead depends upon the 
tate of descent and control technique. With oo litte lead, the 
airplane will tend to overshoot the selected altitude unless 
technique is rapid. Assuming a 500 fpm rate of descent, lead 
the altitude by 100-150 fect for a level off at an airspeed 
higher than descending speed. At the lead point, add power to 
the appropriate level flight cruise setting. [Figure 5-31] Since 
the nose will tend to rise as the airspeed increases, hold 
forward elevator pressure to maintain the vertical speed at 


the descending rate until approximately 50 feet abave the 
altitude, and then smoothly adjust the pitch attitude to the 
level flight attitude for the airspeed selected, 


‘To level off from a descent at descent airspeed, lead the desired 
altitude by approximately 50 feet, simultancously adjusting 
the pitch attitude to level flight and adding power toa setting 
that will hold the airspeed constant, [Figure 5-32] Trim off 
the control pressures and continue with the normal straight- 
aand-leyel flight cross-check 


Common Errors in Straight Climbs and Descents 
Common errors result from the following faults: 


1, Overcontrolling pitch on climb entry. Until the pitch 
altitudes related to specific power settings used in 
climbs and descents are known, larger than necessary 
pitch adjustments are made. One of the most difficult 
habits to acquire during instrument training is to 
restrain the impulse to disturb a flight attitude until 
the result is known. Overcome the inclination to 
make a large control movement for a pitch change, 
and learn to apply small control pressures smoothly, 
ccross-checking rapidly for the results of the change, 
and continuing with the pressures as instruments show 
the desired results. Small pitch changes can be easily 
controlled, stopped, and corrected; large changes are 
more difficult to control, 


Supporting pitch and bank. 
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Figure 5-30. Constant Airspeed Descent, Airspeed High—Reduce Power, 
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Figure 5.31. Level Off Airspeed Higher Than Descent Airspeed. 
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Figure 32. Level Off at Descent Airspeed. 


Failure to vary the rate of cross-check during speed, 
power, or attitude changes or climb or descent 
entries. 

Failure to maintain a new pitch attitude. For example, 
raising the nose to the correct climb attitude, and as 
the airspeed decreases, either overcontrol and further 
increase the pitch attitude, or allow the nose to lower. As 
control pressures change with airspeed changes, cross- 
check must be increased and pressures readjusted. 
Failure to trim off pressures. Unless the airplane is 
trimmed, there will be difficulty in determining whether 
control pressure changes are induced by aerodynamic 
changes or by the pilot's own movements. 

Failure to learn and use proper power settings. 


Failure tocrass-check both airspeed and vertical speed 
before making pitch or power adjustments 

Improper pitch and power coordination on slow-speed 
level offs, due to slow cross-check of airspeed and 
altimeter indications. 

Failure to cross-check the VSI against the other pitch 
control instruments, resulting in chasing the vertical 
speed, 

Failure to note the rate of climb or descent to determine 
the lead for level ofis, resulting in overshooting or 
undershooting the desired altitude. 


10. Ballooning (allowing the nose to pitch up) on level 
offs from descents, resulting from failure to maintain 
descending attitude with forward-clevator pressure as 
power is increased to the level flight cruise setting. 


1. Failure to recognize the approaching straight-and-level 
flight indications as level off is completed. Maintain 
an accelerated cross-check until positively established 
in straight-and-level flight 


Turns 

Standard Rate Turns 

‘A standard rate turn is one in which the pilot will do a 
complete 360° circle in two minutes, or 3° per second. A 
standard rate turn, although always 3° per second, will 
require higher angles of bank as airspeed increases. To entera 
standard rate level turn, apply coordinated aileron and rudder 
pressures in the desired direction of turn, Pilots commonly 
roll into tums at a much too rapid rate. During inital training 
in tums, base control pressures on the rate of eross-check 
and interpretation. Maneuvering an airplane faster than 
the capability to keep up with the changes in instrument 
indications only creates the need to make corrections. 


Arule of thumb to determine the approximate angle of bank 
required for a standard rate turn is to use 15 percent of the 
true airspeed. A simple way to determine this amount is to 


divide the airspeed by 10 and add one-half the result. For 
example, at 100 knots, approximately 15° of bank is required 
(100 = 10 = 10 +5 = 15); at 120 knots, approximately 18° 
of bank is needed for a standard rate turn. 


On the roll 
the approximate angle of bank, and then check the turn 
coordinator’s miniature aircraft for a standard rate turn 


use the attitude indicator to establish 


indication or the aircraft's turn-and-bank indicator. Maintain 
the bank for this rate of tur, using the tum coordinator’s 
miniature aircraft as the primary bank reference and the 
attitude indicator as the supporting bank instrument. 
[Figure 5-33] Note the exact angle of bank shown on 
the banking scale of the attitude indicator when the turn 
coordinator indicates a standard rate turn, 


During the roll-in, check the altimeter, VSI, and attitude 
indicator for the necessary pitch adjustments as the vertical 
Iift component decreases with an increase in bank. If constant 
airspeed is to be maintained, the ASI becomes primary for 
power, and the throttle must be adjusted as drag increases. As 
the bank is established, trim off the pressures applied during 
pitch and power changes, 


‘To recover to straight-and-level flight, apply coordinated 
aileron and rudder pressures apposite to the direction of the 
turn, Strive for the same rate of roll-out used to roll into the 
turn; fewer problems will be encountered in estimating the 
lead necessary for roll-out on exact headings, especially on 


partial panel mancuvers. Upon initiation of the turn recovery. 
the attitude indicator becomes the primary bank instrument. 
When the airplane is approximately level, the heading 
indicator is the primary bank instrument as in straight-and- 
level flight. Pitch, power, and trim adjustments are made as, 
changes in vertical lift component and airspeed occur. The 
ball should be checked throughout the turn, especially if 
control pressures are held rather than trimmed off. 


Some airplanes are very stable during turns, requiring only 
slight trim adjustments that permit hands-off flight while the 
airplane remains in the established attitude. Other airplanes 
require constant, rapid cross-check and control during turns to 
correct averbanking tendencies. Due to the interrclationship 
of pitch, bank, and airspeed deviations during turns, cross 
check must be fast in order to prevent an accumulation of 


Turns to Predetermined Headings 
AAs long as an airplane is in a coordinated bank, it continues 
toturn. Thus, the roll-out toa desired heading must be started 
before the heading is reached, The amount of lead varies with 
the relationship between the rate of tura, angle of bank, and 
rate of recovery. For small heading changes, use abank angle 
that does not exceed the number of degrees to be turned. 
Lead the desired heading by one-half the number of degrees 
of bank used. For example, if a 10° bank is used during a 
cchange in heading, start the roll-out 5® before reaching the 
desired heading. For larger changes in heading, the amount 
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Figure 5-33. Standard Rate Turn, Constant Airspeed 
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of lead varies since the angle of bank for a standard rate tum 
varies with the true airspeed, 


Practice with a lead of one-half the angle of bank until the 
precise lead a given technique requires is determined. If 
rates of roll-in and roll-out are consistent, the precise amount 
of lead suitable to a particular roll-out technique can be 
determined. 


Timed Turns 
A timed turn is a turn in which the clock and the turn 
coordinator are used to change heading by a specific number 
of degrees in a given time. For example, ina standard rate turn 
° per second), an airplane turns 45° in 15 seconds; in a half 
standard rate turn, the airplane turns 45° in 30 seconds. 


Prior to performing timed turns, the turn coordinator should 
be calibrated to determine the accuracy of its indications. 
[Figure 5-34] Establish a standard rate turn as indicated by 
the tum coordinator, and as the sweep-second hand of the 
clock passes a cardinal point (12, 3, 6, 9), check the heading, 
fon the heading indicator. While holding the indicated rate 
of turn constant, note the indicated heading changes at 10 
second intervals. Ifthe airplane turns more than or less than 
in that interval, a respectively larger or smaller deflection 
of the miniature aircraft of the turn coordinator is necessary 
to produce a standard rate turn. After calibrating the tum 
coordinator during turns in each direction, note the corrected 
deflections, if any, and apply them during all timed turns. 


‘The same cross-check and control technique is used in making 
a timed turn that is used to execute turns to predetermined 
headings, except the clock is substituted for the heading 
indicator. The miniature aircraft of the turn coordinator is 
primary for bank control, the altimeter is primary for pitch 
control, and the ASI is primary for power control. Start the 
roll-in when the clock’s second hand passes a cardinal point, 
hold the tum at the calibrated standard rate indication (or 
hhalf-standard rate for small heading changes), and begin the 
roll-out when the computed umber of seconds has elapsed. 
Ifthe rates of roll-in and roll-out are the same, the time taken 
during entry and recovery does not need to be considered in 
the time computation, 


Practice timed turns with a full instrument panel and check 
the heading indicator forthe accuracy of turns. Ifthe turns are 
executed without the gyro heading indicator, use the magnetic 
compass at the completion ofthe turn to check turn accuracy, 
taking compass deviation errors into consideration, 


Compass Turns 
In most small airplanes, the magnetic compass is the only 
direction-indicating instrument independent of other airplane 
instruments and power sources. Because of its operating 
characteristics, called compass errors, pilots are prone to 
use it only as a reference for setting the heading indicator, 
but knowledge of magnetic compass characteristics permits 
full use of the instrument to turn the aigplane to correct and 
maintain headings, 


‘Supporting pitch and bank 


‘Supporting pitch -™ 


Figure 6-34. Turn Coorilinator Calibration. 
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Remember the following points when making turns to 
magnetic compass headings or when using the magnetic 
compass as a reference for setting the heading indicator: 
1, Ifon a north heading and a turn is started to the east 
‘or west, the compass indication lags, or indicates a 
turn in the opposite direction, 


Ifon a south heading and a tum is started toward the 

cast or west, the compass indication precedes the turn, 

indicating a greater amount of turn than is actually 
occurring, 

3. When on an cast or west heading, the compass 
indicates correctly when starting a turn in cither 
direction, 

4, Ifon an cast or west heading, acceleration results in 

«north turn indication; deceleration results in a south 

turn indication. 


When maintaining a north or south heading, no error 
results from diving, climbing, or changing airspeed. 


With an angle of bank between 15° and 18°, the amount of 
lead or lag to be used when turning to northerly or southerly 
headings varies with, and is approximately equal to, the 
latitude of the locality over which the turn is being made. 
‘When turning to a heading of north, the lead for roll-out must 
include the number of degrees of change of latitude, plus the 
lead normally used in recovery from turns. During a turn to 
‘south heading, maintain the turn until the compass passes 
south the number of degrees of latitude, minus normal roll- 
out lead. (Figure 5-35] 


For example, when tuming from an easterly direction to 
north, where the latitude is 30°, start the roll-out when the 
‘compass reads 37° (30° plus one-half the 15° angle of bank, 
or whatever amount is appropriate for the rate of roll-out) 
When turning from an easterly direction to south, start the 
roll-out when the magnetic compass reads 203° (180° plus 
+30” minus one-half the angle of bank). When making similar 
turns from a westerly direction, the appropriate points at 
which to begin the roll-out would be 323° for a turn to north, 
and 157° for a turn to south, 


When turning to a heading of east or west from a northerly 
direction, start the roll-out approximately 10° to 12° before 
the east ar west indication is reached. When turning to an 
cast or west heading from a southerly direction, start the 
rollout approximately 5° before the east or west indication 
is reached. When turning to other headings, the Iead or lag 
must be interpolated, 


Abrupt changes in attitude or airspeed and the resulting erratic 
movements of the compass card make accurate interpretations, 
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Figure 5-35. North and South Turn Error. 


of the instrument very difficult. Proficiency in compass turns 
depends on knowledge of compass characteristics, smooth 
control technique, and accurate bank-and:-pitch control. 


Steep Turns 
For purposes of instrument flight training in conventional 
airplanes, any turn greater than a standard rate is considered 
steep. /Figure 5-36] The exact angle of bank at which a 
‘normal turn becomes steep is unimportant. What is important 
is learning to control the airplane with bank attitudes in 
excess of those normally used on instruments. Practicing 
steep turns will not only increase proficiency in the basic 
instrument flying skills, bt also enable smooth, quick, and 
confident reactions to unexpected abnormal flight attitudes 
under instrument flight conditions. 


Pronounced changes occur in the effects of aerodynamic 
forces on aircraft control at progressively greater bank 
altitudes. Skill in cross-check, interpretation, and control is 
increasingly necessary in proportion to the amount of these 
changes, though the techniques for entering, maintaining, and 
recovering from the turn are the same in principle for steep 
turns as for shallower turns. 


Enter a steep turn in the same way as a shallower turn, but 
prepare to cross-check rapidly as the turn steepens. Because 
of the greatly reduced vertical lift component, pitch control 
is usually the most difficult aspect of this maneuver. Unless 


immediately noted and corrected with a pitch increase, the 
Joss of vertical lift results in rapid movement of the altimeter, 
vertical speed, and airspeed needles. The faster the rate of 
bank change, the more suddenly the lift changes occur. If 
a cross-check is fast enough to note the immediate need 


for pitch changes, smooth, steady back elevator pressure 
will maintain constant altitude. However, overbanking 
to excessively steep angles without adjusting pitch as the 
bank changes occur, requires increasingly stronger elevator 
pressure. The loss of vertical lift and increase in wing loading 
finally reach a point at which further application of back- 
ightens the turn without raising the nose. 


elevator pressure 


How does a pilot recognize overbanking and low pitch 
attitude? What should a pilot do to correct them? If a rapid 
downward movement of the altimeter needle or vertical speed 
needle, together with an increase in airspeed, is observed 
despite application of back elevator pressure, the airplane is in 
a diving spiral. [Figure 5-37] Immediately shallow the bank 
with smooth and coordinated aileron and rudder pressures, 
hold or slightly relax elevator pressure, and increase the cross- 
check of the attitude indicator, altimeter, and VSI. Reduce 
power if the airspeed increase is rapid. When the vertical 
speed trends upward, the altimeter needle will move slower 
as the vertical lift increases. When the elevator is effective in 
raising the nose, hold the bank attitude shown on the attitude 
indicator and adjust elevator control pressures smoothly for 
the nose-high attitude appropriate to the bank maintained. 
If pitch control is consistently late on entries to steep turns, 
rollout immediately to straight-and-level flight and analyze 
possible errors. Practice shallower turns initially and learn the 
altitude changes and control responses required, then increase 
the banks as a quicker and more accurate cross-check and 
control techniques are developed. 


‘The power necessary to maintain constant airspeed increases 
as the bank and drag increase. With practice, the power 


Figure 6-37. Diving Spiral 
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settings appropriate to specific bank attitudes are learned, and 
adjustments can be made without undue attention to airspeed 
and power instruments. During training in steep turns, as in 
any other maneuver, attend to the most important tasks first. 
Keep the pitch attitude relatively constant, and more time can 
be devoted to cross-check and instrument interpretation. 


During recovery from steep turns to straight-and-level 
flight, elevator and power control must be coordinated with 
bank control in proportion to the changes in aerodynamic 
forces. Back elevator pressures must be released and power 
decreased. The common errors associated with steep turns are 
the same as those discussed later in this section. Remember, 
errors are more exaggerated, more difficult to correct, and 
more difficult to analyze unless rates of entry and recovery 
are consistent with the level of proficiency in the three basic 
instrument flying skills. 


Climbing and Descending Turns 
‘To execute climbing and descending tums, combine the 
technique used in straight climbs and descents with he various 
turn techniques. The aerodynamic factors affecting lift and 
power control must be considered in determining power 
settings, and the rate of cross-check and interpretation must be 
increased to enable control of bank as well as pitch changes. 


Change of Airspeed During Turns 
Changing airspeed during tums is an effective maneuver 
for increasing proficiency in all three basic instrument 
skills. Since the mancuver involves simultaneous changes 
in all components of control, proper execution requires, 
rapid cross-check and interpretation as well as smooth 


control. Proficiency in the maneuver will also contribute 
to confidence in the instruments during attitude and power 
changes involved in more complex maneuvers. Pitch and 
power control techniques are the same as those used during 
changes in airspeed in straight-and-level flight 


‘The angle of bank necessary for a given rate of turn is, 
proportional tothe true airspeed. Since the turns are executed 
ata standard rate, the angle of bank must be varied in direct, 
proportion to the airspeed change in order to maintain a 
constant rate of turn, During a reduction of airspeed, decrease 
the angle of bank and increase the pitch attitude to maintain 
altitude and a standard rate turn, 


‘The altimeter and tum coordinator indications should remain 
constant throughout the turn, The altimeter is primary for 
pitch control and the miniature aircraft ofthe turn coordinator 
is primary for bank control. The manifold pressure gauge (oF 
tachometer) is primary for power control while the airspeed 
is changing. As the airspeed approaches the new indication, 
the ASI becomes primary for power contral 


‘Two methods of changing airspeed in turns may be used. In the 
first method, airspeed is changed after the turn is established, 
[Figure 5-38] In the second method, the airspeed change is, 
initiated simultancously with the turn entry. The first method 
is easier, but regardless of the method used, the rate of cross- 
check must be increased as power is reduced. As the airplane 
decelerates, check the altimeter and VSI for necessary pitch 
changes and the bank instruments for required bank changes. 
If the miniature aircraft of the turn coordinator indicates a 
deviation from the desired deflection, adjust the bank. Adjust. 
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Figure 6-38. Change of Airspeed During Turn. 
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pitch attitude to maintain altitude. When approaching the 
desired airspeed, pitch attitude becomes primary for power 
control and the manifold pressure gauge (or tachometer) is, 
adjusted to maintain the desired airspeed. Trim is important 
throughout the mancuver to relieve control pressures. 


Until control technique is very smooth, frequent cross-check 
of the attitude indicator is essential to prevent overcontrolling 
and to provide approximate bank angles appropriate to the 
changing airspeeds. 


Common Errors in Turns 
Pitch 
Pitch errors result from the following faults: 


1. Preoccupation with bank control during turn entry 
and recovery. If 5 seconds are required to roll into a 
turn, check the pitch instruments as bank pressures 
are initiated. If bank control pressure and rate of bank 
change are consistent, a sense of the time required 
for an attitude change will be developed. During the 
interval, check pitch, power, and trim—as well as 
bank—controlling the total attitude instead of one 
factor ata time, 


2. Failure to understand or remember the need for 
changing the pitch attitude as the vertical lift 
component changes, resulting in consistent loss of 
altitude during entries. 

3. Changing the pitch attitude before it is necessary. This 
fault is very likely if a cross-check is slow and rate 
of entry too rapid, The error occurs during the turn 
cniry due to a mechanical and premature application 
of back-elevator control pressute. 


4. Overcontrolling the pitch changes. This fault 
commonly occurs with the previous error. 

5. Failure to properly adjust the pitch attitude as the 
vertical lift component increases during the roll-out, 
resulting in consistent gain in altitude on recovery to 
headings. 

6. Failure to trim during turn entry and following tum 
recovery (if turn is prolonged). 


7. Failure to maintain straight-and-level cross-check 
after roll-out. This error commonly follows a perfectly 
executed turn, 

8. Erratic rates of bank change on entry and recovery. 
resulting from failure to cross-check the pitch 
instruments with a consistent technique appropriate 
to the changes in lift. 


Bank 


Bank and heading errors result from the following faults: 


1 


Overcontrolling, resulting in overbanking upon turn 
cntry, overshooting and undershooting headings, as 
well as aggravated pitch, airspeed, and trim errors. 


Fixation on single bank instrument. On a 90° change 
of heading, for example, leave the heading indicator 
‘out of the cross-check for approximately 20 seconds 
after establishing a standard rate turn, since at 3° 
pper second the turn will not approach the lead point 
until that time has elapsed. Make the cross-check 
selective, checking only what needs to be checked at 
the appropriate time. 


Failure to check for precession of the horizon bar 
following recovery from a turn. If the heading 
indicator shows a change in heading when the attitude 
indicator shows level flight, the airplane is turning. If 
the ball is centered, the attitude gyro has precessed; 
if the ball is not centered, the airplane may be in a 
slipping or skidding turn, Center the ball with rudder 
pressure, check the attitude indicator and heading 
indicator, stop the heading change if it continues, and 
retrim, 


Failure to use the proper degree of bank for the amount 
of heading change desired. Rolling into a 20° bank 
for a heading change of 10° will normally overshoot 
the heading. Use the bank attitude appropriate to the 
amount of heading change desired 


Failure to remember the heading to which the aircraft 
is being turned. This fault is likely when rushing the 


‘Turning in the wrong direction, due to misreading or 
misinterpreting the heading indicator orto confusion 
regarding the location of points on the compass. Turn 
in the shortest direction to reach a given heading, 
unless there isa specific reason to turn the long way 
around, Study the compass rose and visualize at least 
the positions of the eight major points around the 
azimuth, A number of methods can be used to make 
‘quick computations for heading changes. For example 
to turn from a heading of 305° to a heading of 110°, 
‘would a pilot turn right or let for the shortest way 
around? Subtracting 200 from 305 and adding 20, 
ives 125° asthe reciprocal of 305%; therefore, execute 
the turn to the right. Likewise, to figure the reciprocal 
‘ofa heading less than 180°, add 200 and subtract 20. 
‘Computations are done more quickly using multiples 
ff 100s and 10s than by adding or subtracting 180° 
from the actual heading; therefore, the method 
suggested above may save time and confusion. 
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Step 5: You're Done! 
You have just tinned your soldering tip. This must be done anytime you replace the tip or 
clean it so that the iron maintains good heat transfer. 


Soldering a Printed Circuit Board (PCB) 


Soldering a PCB is probably the most common soldering task an electronics hobbyist will perform. 
The basic techniques are fairly easy to grasp but its a skill that will take a little practice to master. 
The best way to practice is to buy a simple electronics kit or assemble a simple circuit (such as an 
LED chaser) on a perf-board. Don't buy that expensive kit or dive into a huge project after only 
soldering a few joints. 


Soldering components onto a PCB involves preparing the surface, placing the components, and 
then soldering the joint. 


Step 1: Surface Preparation: 
Aclean surface is very important if you want a strong, low resistance solder joint. All 
surfaces to be soldered should be cleaned well. 3M Scotch Brite pads purchased from the 
home improvement, industrial supply store or automotive body shop are a good choice as 
they will quickly remove surface tarnish but will not abrade the PCB material. Note that you 
will want industrial pads and not the kitchen cleaning pads impregnated with cleaner/soap. If 
you have particularly tough deposits on your board, then a fine grade of steel wool is 
acceptable but be very cautious on boards with tight tolerances as the fine steel shavings 
can lodge between pads and in holes. 


Once you have cleaned the board down to shiny copper you can use a solvent such as 
acetone to clean any bits of the cleaning pad that may remain and to remove chemical 
contamination from the surface of the board. Methyl hydrate is another good solvent and a 
bit less stinky then acetone. Be aware that both these solvents can remove ink, so if your 
board is silk screened, test the chemicals first before hosing down the entire board. 


A few blasts with compressed air will dry out the board and remove any junk that may have 
built up in the holes. 


7. Failure to check the ball of the turn coordinator when 
interpreting the instrument for bank information, Ifthe 
roll rate is reduced to zero, the miniature aircraft of 
the turn coordinator indicates only direction and rate 
of turn, Unless the ball is centered, do not assume the 
turn is resulting from a banked attitude. 


Power 
Power and airspeed errors result from the following faults: 


1, Failure to cross-check the ASI as pitch changes are 
made. 


Erratic use of power control. This may be due to 
improper throttle friction control, inaccurate throttle 
settings, chasing the airspeed readings, abrupt or 
overcontrolled pitch-and-bank changes, or failure 
to recheck the airspeed to note the effect of a power 
adjustment. 

3, Poor coordination of throttle control with pitch-and- 
bank changes, associated with slow cross-check or 
failure to understand the aerodynamic factors related 
to turns, 


Trim 
‘Trim errors result from the following faults: 
Failure to recognize the need for a trim change due 
to slow cross-check and interpretation. For example, 
‘turn entry at a rate too rapid for a cross-check leads 
to confusion in cross-check and interpretation, with 
resulting tension on the controls. 


Failure to understand the relationship between trim 
and altitude/power changes. 

3, Chasing the vertical speed needle. Overcontrolling 
Ieads to tension and prevents sensing the pressures to 
be trimmed off. 


4, Failure to trim following power changes. 


Errors During Compass Turns 
In addition tothe faults discussed above, the following errors 
connected with compass turns should be noted: 

1, Faulty understanding or computation of lead and. 
lag. 

2 Fixation on the compass during the roll-out. Until 
the airplane is in straight-and-level unaccelerated 
flight, itis unnecessary to read the indicated heading, 
Accordingly, after the roll-out, cross-check for 
straight-and-level flight before checking the accuracy 
of the turn, 
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Approach to Stall 


Practicing approach to stall recoveries in various airplane 
configurations should build confidence in a pilot’s ability to 
control the airplane in unexpected situations. Approach to 
stall should be practiced from straight flight and from shallow 
banks. The objective is to practice recognition and recovery 
from the approach to a stall 


Prior to stall recovery practice, select a safe altitude above 
the terrain, an area free of conflicting air traffic, appropriate 
weather, and the availability of radar traffic advisory 


Approaches to stalls are accomplished in the following 
configurations: 

1. Takeoff configuration—should begin from level flight 
car liftoff speed. Power should be applied while 
simultaneously increasing the angle of attack to induce 
an indication of a stall 


Clean configuration—should begin from a reduced 
airspeed, such as pattern airspeed, in level flight 
Power should be applied while simultaneously 
inereasing the angle of attack to induce an indication 
of a stall 


3. Approach or landing configuration—should be 
initiated at the appropriate approach or landing 
airspeed. The angle of attack should be smoothly 
increased to induce an indication of a stall 


Recoveries should be prompt in response to a stall warning 
device or an aerodynamic indication by smoothly reducing 
the angle of attack and applying maximum power, or as 
recommenced by the POH/AFM. The recovery should be 
completed without an excessive loss of altitude, and on a 
predetermined heading, altitude, and airspeed 


Unusual Attitudes and Recoveries 


An unusual attitude is an airplane attitude not normally 
required for instrument flight, Unusual attitudes may 
result from a number of conditions, such as turbulence, 
disorientation, instrument failure, confusion, preoccupation 
with flight deck duties, carelessness in crass-checking, 
errors in instrument interpretation, or lack of proficiency in 
airraft control. Since unusual attitudes are not intentional 
‘maneuvers during instrument flight, except in training, they 
are ofien unexpected, and the reaction of an inexperienced 
or inadequately trained pilot to an unexpected abnormal 
flight attitude is usually instinctive rather than intelligent 


and deliberate, This individual reacts with abrupt muscular 
effort, which is purposeless and even hazardous in turbulent 
conditions, at excessive speeds, or at low altitudes. However, 
with practice, the techniques for rapid and safe recovery from 
‘unusual attitudes ean be mastered, 


‘When an unusual attitude is noted during the cross-check, 
the immediate problem is not how the airplane got there, but 
‘what it is doing and how to get it back to straight-and-level 
flight as quickly as possible. 


Recognizing Unusual Attitudes 
Asa general rule, any time an instrument rate of movement 
or indication other than those associated with the basic 
instrument flight mancuvers is noted, assume an unusual 
attitude and increase the speed of cross-check to confirm the 
attitude, instrument error, or instrument malfunction. 


Nose-high attitudes are shown by the rate and direction of 
‘movement of the altimeter needle, vertical speed needle, and 
airspeed needle, as well as the immediately recognizable 
indication of the attitude indicator (except in extreme 
attitudes). [Figure 5-39] Nose-low attitudes ate shown 
by the same instruments, but in the opposite direction, 
[Figure 5-40] 


ining atte 


Figure 5-39, Unusual Atitule—Nose-High 


Recovery from Unusual Attitudes 
In moderate unusual attitudes, the pilot can normally 
reorient by establishing a level flight indication on the 
attitude indicator. However, the pilot should not depend on 
this instrument ifthe attitude indicator is the spillable type, 
because its upset limits may have been exceeded or it may 
hhave become inoperative due to mechanical malfunction. 
If it is the nonspillable-type instrument and is operating 
properly, errors up to 5* of pitch-and-bank may result and its 
indications are very difficult to interpret in extreme attitudes. 
As soon as the unusual attitude is detected, the recommended 
recovery procedures stated in the POH/AFM should be 
initiated. If there are no recommended procedures stated in 
the POH/AFM, the recovery should be initiated by reference 
to the ASI, altimeter, VSI, and turn coordinator. 


Nose-High Attitudes 
If the airspeed is decreasing, or below the desired airspeed, 
increase power (as necessary in proportion to the observed 
deceleration), apply forward elevator pressure to lower the 
nose and prevent a stall, and correct the bank by applying, 
coordinated aileron and rudder pressure to level the 
miniature aircraft and center the ball ofthe turn coordinator. 
‘The corrective control applications are made almost 
simultaneously, but in the sequence given above. A level 
pitch attitude is indicated by the reversal and stabilization 
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Figure 5-40. Unusual AditudeNose-Low 


of the ASI and altimeter needles, Straight coordinated flight 
is indicated by the level miniature aircraft and centered ball 
of the turn coordinator. 


Nose-Low Attitudes 
Ifthe airspeed is increasing, or is above the desired airspeed, 
reduce power to prevent excessive airspeed and loss of 
altitude. Correct the bank attitude with coordinated aileron 
and rudder pressure to straight flight by referring to the turn 
coordinator. Raise the nose to level flight attitude by applying 
smooth back elevator pressure. All components of control 
should be changed simultaneously for a smooth, proficient 
recovery. However, during initial training a positive, 
confident recovery should be made by the numbers, in the 
sequence given ahove. A very important point to remember 
is that the instinctive reaction to a nose-down attitude is to 
pull back on the elevator control. 


After initial control has been applied, continue with a 
fast cross-check for possible overcontrolling, since the 
necessary initial control pressures may be large. As the rate 
of movement of altimeter and ASI needles decreases, the 
attitude is approaching level flight. When the needles stop 
and reverse direction, the aircraft is passing through level 
flight. As the indications of the ASI, altimeter, and turn 
coordinator stabilize, incorporate the attitude indicator into 
the cross-check 
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‘The altitude indicator and turn coordinator should be checked 
to determine bank attitude and then corrective aileron 
and rudder pressures should be applied. The ball should 
be centered. If it is not, skidding and slipping sensations 
can easily aggravate disorientation and retard recovery. If 
centering the unusual attitude from an assigned altitude (either 
by an instructor or by air traffic control (ATC) if operating 
under instrument flight rules (IFR)), return to the original 
altitude after stabilizing in straight-and-level flight. 


Common Errors in Unusual Attitudes 
Common errors associated with unusual attitudes include 
the following faults: 

1. Failure to keep the airplane properly trimmed. A flight 
deck interruption when holding pressures can easily 
lead to inadvertent entry into unusual attitudes, 

2 Disorganized flight deck. Hunting for charts, logs, 
computers, etc., can seriously distract attention from 
the instruments, 

3. Slow cross-check and fixations. The impulse is to 
stop and stare when noting an instrument discrepancy 
unless a pilot has trained enough to develop the skill 
required for immediate recognition. 


4. Attempting to recover by sensory sensations other than 
sight. The discussion of disorientation in Chapter 1, 
Human Factors, indicates the importance of trusting 
the instruments, 


5S. Failure to practice basic instrument skills. All of the 
errors noted in connection with basic instrument skills 
are aggravated during unusual attitude recoveries until 
the elementary skills have heen mastered. 


Instrument Takeoff 


Competency in instrument takeoffs will provide the 
proficiency and confidence necessary for use of flight 
instruments during departures under conditions of low 
visibility, rain, low ceilings, or disorientation at night. A 
sudden rapid transition from “visual” to “instrument” flight 
can result in serious disorientation and control problems. 


Instrument takeoff techniques vary with different types of 
airplanes, but the method described below is applicable 
whether the airplane is single- or multiengine; tricycle gear 
cor conventional gear. 


Align the airplane with the centerline of the runway with 
the nosewheel or tailwheel straight. Lock the tailwheel, ifs 
‘equipped, and hold the brakes firmly to avoid creeping while 
preparing for takeoff, Set the heading indicator with the nose 
index on the 5° mark nearest the published runway heading 
to allow instant detection of slight changes in heading during 
the takeoff. Make certain that the instrument is uncaged (ifit 
has. caging feature) by rotating the knob after uncaging and 
checking for constant heading indication, Ifusing an electric 
heading indicator with a rotatable needle, rotate the needle 
so that it points to the nose position, under the top index. 
Advance the throttle to an rpm that will provide partial rudder 
control, Release the brakes, advancing the power smoothly 
to takeoff setting. 


During the takeoff roll, hold the heading constant on the 
heading indicator by using the rudder. In multiengine, 
propeller-driven airplanes, also use differential throttle t0 
‘maintain direction, The use of brakes should be avoided, 
except as a last resort, as it usually results in overcontrolling 
and extending the takeoff roll. Once the brakes are released, 
any deviation in heading must be corrected instantly 


As the airplane accelerates, cross-check both heading 
indicator and ASI rapidly. The attitude indicator may process 
to a slight nose-up attitude, As flying speed is approached 
(approximately 15-25 knots below takeoff speed), smoothly 
apply elevator control for the desired takeoff attitude on the 
attitude indicator. This is approximately a two bar width 
climb indication for mast small airplanes. 


Continue with a rapid cross-check of heading indicator and. 
attitude indicator as the airplane leaves the ground. Do not 
pull it off; let it fly off while holding the selected attitude 
constant, Maintain pitch-and-bank control by referencing 
the attitude indicator, and make coordinated corrections in 
heading when indicated on the heading indicator. Cross- 
check the altimeter and VSI for a positive rate of climb 
(steady clockwise rotation of the altimeter needle, and the VSI 
showing a stable rate of climb appropriate to the airplane), 


‘When the altimeter shows a safe altitude (approximately 100 
feet), raise the landing gear and flaps, maintaining attitude by 
referencing the attitude indicator. Because of control pressure 
changes during gear and flap operation, overcontrolling is 
likely unless the pilot notes pitch indications accurately and 
quickly. Trim off control pressures necessary to hold the 
stable climb attitude. Check the altimeter, VSI, and airspeed 
for a smooth acceleration to the predetermined climb speed 
(altimeter and airspeed increasing, vertical specd stable). At 
climb speed, reduce power to climb setting (unless full power, 
is recommended for climb by the POH/AFM and trim). 


‘Throughout the instrument takeoff, cross-check and 
interpretation must be rapid, and control positive and smooth. 
During liftoff, gear and flap retraction, power reduction, and 
the changing control reactions demand rapid cross-check, 
adjustment of control pressures, and accurate trim changes. 


Common Errors in Instrument Takeoffs 
Common errors during the instrument takeoff include the 
following: 


1, Failure to perform an adequate flight deck check 
before the takeoff, Pilots have attempted instrument 
lakeofis with inoperative airspeed indicators (pitot 
lube obstructed), gyros caged, controls locked, 
and numerous other oversights due to haste or 
carelessness, 


Improper alignment on the runway. This may result 
from improper brake application, allowing the airplane 
to creep after alignment, or from alignment with the 
nosewhee! or tailwheel cocked. In any case, the result 
isa built-in directional control problem as the takeoff 
starts 


3. Improper application of power. Abrupt application 
‘of power complicates directional control, Add power 
‘with a smooth, uninterrupted motion 

4, Improper use of brakes. Incorrect seat or rudder pedal 
adjustment, with feet in an uncomfortable position, 
frequently cause inadvertent application of brakes and 
excessive heading changes, 
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Overcontrolling rudder pedals. This fault may be 
caused by late recognition of heading changes, tension 
on the controls, misinterpretation of the heading 
indicator (and correcting in the wrong direction), 
failure to appreciate changing effectiveness of rudder 
control as the aircraft accelerates, and othr factors. If 
heading changes are observed and corrected instantly 
‘with small movement of the rudder pedals, swerving 
tendencies can be reduced, 


6, Failure to maintain attitude after becoming airborne. 
Ifthe pilot reacts to seat-of-the-pants sensations when 
the airplane lifts off, pitch control is guesswork. 
‘The pilot may either allow excessive pitch or apply 
excessive forward elevator pressure, depending on the 
reaction to trim changes. 


7. Inadequate cross-check. Fixations are likely during tim 
changes, attitude changes, gear and flap retractions, 
and power changes. Once an instrument or a control 
input is applied, continue the cross-check and note the 
cffect during the next cross-check sequence. 


8, Inadequate interpretation of instruments, Failure to 
understand instrument indications immediately indicates 
that further study of the maneuver is necessary. 


Basic Instrument Flight Patterns 


Flight patterns are basic maneuvers, flown by sole reference 
to the instruments rather than outside visual clues, for the 
purpose of practicing basic attitude flying. The patterns 
simulate maneuvers encountered on instrument flights 
such as holding patterns, procedure turns, and approaches, 
After attaining a reasonable degree of proficiency in basic 
maneuvers, apply these skills to the various combinations of 
individual maneuvers. The following practice flight patterns 
are directly applicable to operational instrument flying. 


Racetrack Pattern 


1, Time 3 minutes straight-and-level flight from A to B. 
[Figure 5-41] During ths interval, reduce airspeed to 
the holding speed appropriate for the aircraft. 

2. Starta 180° standard rate turn tothe right at B, Roll-out 
at C an the reciprocal of the heading originally used 
atA. 

3, Time a 1 minute straight-and-level flight from C to D. 


4, Start a 180° standard rate turn to the right at D, rolling 
‘out on the original heading. 


Fly 1 minute on the original heading, adjusting 
the outhound leg so that the inbound segment is 1 
minute. 
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Figure 5-41. Racetrack Pattern (Entire Pattern in Level Flight) 


NOTE: This pattern is an exercise combining use of the clock 
with basic maneuvers. 


Procedure Turn 
A procedure turn is a mancuver that facilitates: 
+ A reversal in flight direction, 


+A descent from an initial approach fix or assigned 
altitude toa permissible altitude (usually the procedure 
tum altitude), 


+ An interception of the inbound course at a sufficient 
distance allowing the aircraft to become aligned with 
the final approach. 


Procedure tur types include the 45° turn the 80/260 turn, and 
the teardrop tura, Allof these turns are normally conducted no 
‘more than 10 nautical miles (NM) from the primary airport. 
‘The procedure turn altitude generally provides a minimum 
of 1,000’ obstacle clearance in the procedure turn area (not 
necessarily within the 10. NM are around the primary airport. 
‘Turns may have to be increased or decreased but should not 
exceed 30° of a bank angle, 


Standard 45° Procedure Turn 


1. Start timing at point A (usually identified on approach 
procedures by a fix). For example, fly outbound on a 
heading of 360° for a given time (2 minutes, in this 
example). [Figure 5-42] 


2. After flying outbound for 2 minutes (point B), turn left 
45° to a heading of 315° using a standard rate tur. 
After roll-out and stabilizing, fly this new heading 
of 315° for 40 seconds and the aircraft will be at the 
approximate position of C. 


2. AtB,entera left standard rate turn of 80° toa heading 
of 280°, 

3. At the completion of the 80° turn to 280° (Point C), 
immediately turn right 260°, rolling-out on a heading 
‘of 180° (Point D) and also the reciprocal of the entry 
heading. 


Teardrop Patterns 

‘There are three typical teardrop procedure tus. A'30°, 20°, 
and a 10° teardrop pattern. The below steps indicate actions 
forall three starting on a heading of 360°. /Figure 5-44) 


Ps 


Figure §-42. Standard Procedure Turn (Entive Pattern in Level 
Fligh, 


3. Atpoint C, tum 225° right (using a standard rate turn) 
which will provide a heading of 180°. The timing is 
such that in a no wind environment, the pilot will be 
aligned with the final approach course of 180° at D. 
Wind conditions, however must be considered during 
the execution of the procedure turn, Compensating 
for wind may result in changes to outbound time, 
procedure turn heading and/or time and minor changes 
in the inbound turn. 


At point B (after stabilizing on the outbound course) 
tum left: 


+ 30° to a heading of 330° and time for 1 minute 

+ 20° toa heading of 340° and time for 2 minutes, 

+ 10° to a heading of 350° and time for 3 minutes 

Alter the appropriate time above (Point C), make a 

standard rate turn to the right for: 

+ 30° teardrop—210° to the final course heading 
of 180° (Point D) 

+ 20° teardrop—200" to the final course heading 
of 180° (Point D) 


+ 10° teardrop—190° to the final course heading 
of 180° (Point D) 


80/260 Procedure Turn 


1 


By using the different teardrop patterns, a pilot is afforded the 
ability to manage time more efficiently. For instance, a 10° 


Start timing at point (usually identified on approach pattem for 3 minutes provides about three times the distance 


procedures by a fix). For example, fly outbound ona 
heading of 360° for 2 minutes. /Figure 5-43] 


sat 


Figure 5-83. 80/260 Procedure Turn (Entire Pattern in Level 
Flighy, 


| revo 


Figure 6-44 Teardrop Pattern (Entire Pattern in Level Flight) 
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(and time) than a 30° pattern, Pattern selection should be Pattern IT 
based upon an individual assessment of the procedure turn 


requirements to include wind, complexity, the individual 
preparedness, etc. 


Circling Approach Patterns 
Pattern I 


1 


ALA, start timing for 2 minutes from A to B; reduce 
airspeed to approach speed. [Figure 5-45] 

ALB, make a standard rate turn to the left for 45°. 

‘At the completion of the turn, time for 45 seconds to 
© 

‘ALC, turn to the original heading; fly 1 minute to D, 
lowering the landing gear and flaps. 

ALD, tur right 180°, rolling-out at Eon the reciprocal 
of the entry heading. 


ALE, enter 4 500 fpm rate descent, Atthe end of a 500 
foot descent, enter a straight constant-airspeed climb, 
retracting gear and flaps. 


a 


Figure 5-45. Circling Approach Pattern I (Imaginary Runway) 
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Steps: 
1 


ALA, start timing for 2 minutes from A to B; reduce 
airspeed to approach speed, Figure 5-46] 


ALB, make a standard rate turn to the left for 45°, 


At the completion of the turn, time for 1 minute to 
cS 


ALC, tum right for 180° to Ds fly for 1-1/2 minutes 
to E, lowering the landing gear and flaps. 

ALE, turn right for 180°, rolling-out at F 

ALE entera 500 fpm rate descent. At the end of a 500 
foot descent, enter a straight constant-airspeed climb, 
retracting gear and flaps. 


Figure 5-46. Circling Approach Pattern II (Imaginary Runway). 


displayed and apply 
the aircraft anda 

that cach aircraft make and model flown may require a 
different technique. Aircraft weight, speed, and configuration 
changes require the pilot to vary his orhertechnique in order 
to perform successful attitude instrument flying. A pilot must 
become familiar with all sections of the Pilot’s Operating 
Handbook/Airplane Flight Manual (POH/AFM) prior to 


performing any flight maneuver, 


Chapter 5-11 describes basic attitude instfument flight 
maneuvers and explains how to perform each one by 
interpreting, the indications presented on the electronic 
Tight display (EFD). In addition tonormal flight maneuvers, 
“partial panel” flight will he addressed. With the exception of 
the instrument takeoff, all fight maneuvers ean bepperformed 
oon “partial panel” with the Attitude Heading Reference 
System (AHRS) unit simulated or rendered inoperative 


Straight-and-Level Flight 

Pitch Control 

‘The pitch atitude of an airplane is the angle between the 
longitudinal axis of the aimplane and the actual horizon, 
In level flight, the pitch attitude varies with airspeed and 
load, For training purposes, the latter factor ean normally 
be disregarded in small airplanes. At a constant airspeed, 
there is only one specific pitch attitude for level flight. At 
slow eruse speeds, the level flight attitude is nose-high with 
indications as in Figure 5-47; at fst cruise speeds, the level 
flight atitude is nose-low. [Figure 5-48] Figure 5-49 shows 
the indications forthe altitude at normal cruise speeds 


Figure 5-47. Pisch Auitude and Airspeed in Level Flight, 
Cruise Speed. 


‘The instruments that directly or indirectly indicate pitch on 
the Primary Flight Display (PFD) are the attitude indicator, 
altimeter, vertical speed indicator (VSI), airspeed indicator 
(ASD, and both airspeed and altitude trend indicators. 


Attitude Indicator 
‘The attitude indicator gives the pilot a direct indication of 
the pitch attitude, The increased size of the attitude display 
on the EFD system greatly increases situational awareness 
for the pilot. Most attitude indicators span the entire width 
of the PED screen. 


The aircraft pitch attitude is controlled by changing the 
deflection of the elevator. As the pilot pulls back on the 
control yoke causing the elevator to rise, the yellow chevron 
will begin to show a displacement up from the artificial 
horizon line. This is caused by the AHRS unit sensing the 
changing angle between the longitudinal plane of the earth 
and the longitudinal axis of the aircraft 


The altitude indicator displayed on the PED screen is a 
representation of outside visual cues. Rather than rely on 
the natural horizon visible during visual flight rules (VFR) 
flight, the pilot must rely on the artificial horizon of the 
PED screen, 


During normal cruise airspeed, the point of the yellow 
chevron (aircraft symbol) will be positioned on the artificial 
horizon. Unlike conventional attitude indicators, the EFD 
attitude indicator does not allow for manipulating the position 
of the chevron in relationship to the artificial horizon, The 
position is fixed and therefore will always display the pitch 
angle as calculated by the AHRS unit 


Figure 5-48, Pitch Auitule Decreasing and Airspeed Increasing—Indicates Need to Increase Pitch. 
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Figure 6-49. Various Pitch Auitudes (Right), Aircraft Shown in 
Level Flight 


The attitude indicator only shows pitch attitude and does 
not indicate altitude. A pilot should not attempt to maintain 
level flight using the attitude indicator alone. It is important 
for the pilot to understand how small displacements both up 
and down can affect the altitude of the aircraft. To achieve 
this, the pilot should practice increasing the pitch attitude 
incrementally to become familiar with how each degree of 
pitch changes the altitude. [Figures 5-50 and 5-51] In both 
cases, the aircraft will slow and gain altitude 


‘The full height of the chevron is approximately 5° and 
provides an accurate reference for pitch adjustment. It is 
imperative thatthe pilot make the desired changes to pitch 
by referencing the attitude indicator and then trimming off 
any excess control pressures, Relieving these pressures will 
allow for a more stabilized flight and will reduce pilot work 
load. Once the aircraft is trimmed for level flight, the pilot 


Figure 6-50. Pitch Indications fr Various Attitudes (1° through 


‘must smoothly and precisely manipulate the elevator control 
forces in order to change the pitch attitude. 


‘To master the ability to smoothly control the elevator, a pilot 
must develop a very light touch on the control yoke. The 
thumb and two fingers are normally sufficient to move the 
control yoke, The pilot should avoid griping the yoke with 
a full fist. When a pilot grips the yoke with a full fist, there 
is a tendency to apply excess pressures, thus changing the 
aircraft attitude. 


Practice making smooth, small pitch changes both up and 
down until precise corrections can be made. With practice 
a pilot will be able to make pitch changes in 1° increments, 
smoothly controlling the attitude of the aircraft 


‘The last step in mastering elevator control is trim. Trimming 
the aircraft to relieve any control pressures is essential 
for smooth attitude instrument flight. To accomplish this, 
momentarily release the control yoke. Note which way the 
aircraft pitch attitude wants to move. Grasp the control yoke 
again and then reapply the pressure to return the attitude 


to the previous position. Apply trim in the direction of the 
control pressure, Small applications of trim will make large 
changes in the pitch attitude. Be patient and make multiple 
changes to trim, if necessary. 


Once the aircraft is in trim, relax on the control yoke as 
much as practicable, When pressure is held on the yoke, 
unconscious pressures are applied to the elevator and ailerons 
which displaces the aircraft from its desired flight path. Ifthe 
aircraft is in trim, in calm, non-turbulent air, a pilot should be 
able to release the control yoke and maintain level flight for 
extended periods of time. This is one of the hardest skills to 
learn prior to successfully flying in instrument meteorological 
conditions (IMC). 


Figure 5-51. Pit llusirated at 10°. 
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Step 2: Component Placement 
Aiter the component and board have been cleaned, you are ready to place the components 
onto the board. Unless your circuit is simple and only contains a few components, you will 
probably not be placing all the components onto the board and soldering them at once. 
Most likely you will be soldering a few components at a time before turning the board over 
and placing more. In general it is best to start with the smallest and flattest components 
(resistors, ICs, signal diodes, etc.) and then work up to the larger components (capacitors, 
power transistors, transformers) after the small parts are done. This keeps the board 
relatively flat, making it more stable during soldering. It is also best to save sensitive 
components (MOSFETs, non-socketed ICs) until the end to lessen the chance of damaging 
them during assembly of the rest of the circuit. 


Bend the leads as necessary and insert the component through the proper holes on the 
board. To hold the part in place while you are soldering, you may want to bend the leads on 
the bottom of the board at a 45 degree angle. This works well for parts with long leads such 
as resistors. Components with short leads such as IC sockets can be held in place with a 
little masking tape or you can bend the leads down to clamp onto the PC board pads. 


In the image below, a resistor is ready to solder and is held in place by slightly bent leads. 


Step 3: Apply Heat 
Apply a very small amount of solder to the tip of the iron. This helps conduct the heat to the 
component and board, but it is not the solder that will make up the joint. To heat the joint you 
will lay the tip of the iron so that it rests against both the component lead and the board. It is 
critical that you heat the lead and the board, otherwise the solder will simply pool and refuse to 
stick to the unheated item. The small amount of solder you applied to the tip before heating the 
joint will help make contact between the board and the lead. It normally takes a second or two 
to get the joint hot enough to solder, but larger components and thicker pads/traces will absorb 
more heat and can increase this time. 


If you see the area under the pad starting to bubble, stop heating and remove the soldering 
iron because you are overheating the pad and it is in danger of lifting. Let it cool, then carefully 
heat it again for much less time. 


Altimeter 
At constant power, any deviation from level flight (except 
in turbulent air) must be the result of a pitch change. If the 
power is constant, the altimeter gives an indirect indication 
of the pitch attitude in level flight. Since the altitude should 
remain constant when the airplane is in level flight, any 
deviation from the desired altitude signals the need for a 
pitch change. For example, ifthe aircraft is gaining altitude, 
the nose must be lowered. 


In the PED, as the pitch starts to change, the altitude trend 
indicator on the altitude tape will begin to show a change 
in the direction of displacement. The rate at which the trend 
indicator grows and the altimeter numbers change aids the 
pilot in determining how much of a pitch change is necessary 
to stop the trend. 


As a pilot becomes familiar with a specific aircraft's 
instruments, he or she learns to correlate pitch changes, 
altimeter tapes, and altitude trend indicators. By adding the 
altitude tape display and the altitude trend indicator into the 
scan along with the attitude indicator, a pilot starts to develop 
the instrument cross-check. 


Partial Panel Flight 
One important skill to practice is partial panel flight by 
referencing the altimeter as the primary pitch indicator. 
Practice controlling the pitch by referencing the altitude 
tape and trend indicator alone without the use of the attitude 
indicator. Pilots need to learn to make corrections to altitude 
deviations by referencing the rate of change of the altitude 
tape and trend indicator. When operating in IMC and in a 
partial panel configuration, the pilot should avoid abrupt, 
changes to the control yoke. Reacting abruptly to altitude 
changes can lead to large pitch changes and thus a larger 
divergence from the initial altitude. 


When a pilot is controlling pitch by the altitude tape and 
altitude trend indicators alone, it is possible to overcontrol the 
aircraft by making a larger than necessary pitch correction. 
Overcontrolling will cause the pilot to move from a nose- 
high attitude to a nose-low attitude and vice versa, Small 
changes to pitch are required to insure prompt corrective 
actions are taken to return the aircraft to its original altitude 
with less confusion. 


When an altitude deviation occurs, two actions need to be 
accomplished. First, make a smooth control input to stop 
the needle movement. Once the altitude tape has stopped 
moving, make a change to the pitch attitude to start back to 
the entry altitude. 
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During instrument flight with limited instrumentation, itis 
imperative that only small and precise control inputs are 
made. Once a needle movement is indicated denoting a 
deviation in altitude, the pilot needs to make small control 
inputs to stop the deviation. Rapid control movements will 
only compound the deviation by causing an oscillation effect, 
This type of oscillation can quickly cause the pilot to become 
disoriented and begin to fixate on the altitude. Fixation on 
the altimeter can lead to a loss of directional control as well 
as airspeed contro. 


Asa general rule of thumb, for altitude deviations less than 
100 feet, utilize a pitch change of 1°, which equates to 1/5 of 
the thickness of the chevron, Small incremental pitch changes 
will allow the performance to be evaluated and will eliminate 
overcontrolling of the aircraft. 


Instrumentation needs to be utilized collectively, but 
failures will occur which leave the pilot with only limited 
instrumentation. That is why partial panel flying training 
is important. If the pilot understands how to utilize each 
instrument independently, no significant change is encountered 
in carrying out the flight when other instruments fil 


VSI Tape 
‘The VSI tape provides for an indirect indication of pitch 
attitude and gives the pilot a more immediate indication of a 
pending altitude deviation. In addition to trend information, 
the vertical speed also gives a rate indication. By using the 
‘VSI tape in conjunetion with the altitude trend tape, a pilot 
‘will have a better understanding of how much of a correction 
needs to be made. With practice, the pilot will learn the 
performance of a particular aircraft and know how much 
pitch change is required in order to correct for a specific 
rate indication. 


Unlike older analog VSIs, new glass panel displays have 
instantancous VSIs. Older units had a lag designed into the 
system that was utilized to indicate rate information. The 
new glass panel displays utilize a digital air data computer 
that does not indicate a lag. Altitude changes are shown 
immediately and can be corrected for quickly. 


‘The VSI tape should be used to assist in determining what 
pitch changes are necessary to return to the desired altitude. 
‘A good rule of thumb is to use a vertical speed rate of change 
that is double the altitude deviation. However, at no time 
should the rate of change be more than the optimum rate of 
climb or descent for the specific aircraft being flown. For 
example, if the altitude is off by 200 feet from the desired 
altitude, then a 400 feet per minute (fpm) rate of change 


would be sufficient to get the aircraft back to the original 
altitude. Ifthe altitude has changed by 700 feet, then doubling, 
that would necessitate a 1,400 fpm change. Most aircraft 
are not capable of that, so restrict changes to no more than 
optimum climb and descent. An optimum rate of change 
would vary between 500 and 1,000 fpm, 


(One error the instrument pilot encounters is overcontrolling. 
Overcontrolling occurs when a deviation of more than 
200 fpm is indicated over the optimum rate of change. For 
example, an altitude deviation of 200 feet is indicated on the 
altimeter, a vertical speed rate of 400 feet should be indicated 
‘on the gauge. Ifthe vertical speed rate showed 600 fpm (200 
‘more than optimum), the pilot would be overcontrolling the 
aircraft. 


When returning to altitude, the primary pitch instrument 
is the VSI tape. If any deviation from the desired vertical 
speed is indicated, make the appropriate pitch change using 
the attitude indicator. 


As the aircraft approaches the target altitude, the vertical 
speed rate can be slowed in order to capture the altitude in a 
‘more stabilized fashion. Normally within 10 percent of the 
rate of climb or descent from the target altitude, begin to 
slow the vertical speed rate in order to level off atthe target 
altitude, This will alow the pilot to level atthe desired altitude 
without rapid control inputs or experiencing discomfort due 
to Geload. 


Airspeed Indicator (ASI) 

‘The ASI presents an indirect indication of the pitch attitude. 
At a constant power setting and pitch attitude, airspeed 
remains constant. As the pitch attitude lowers, airspeed 
increases, and the nose should be raised. 


As the pitch attitude is increased, the nose of the aircraft will 
raise, which will result in an increase in the angle of attack 
as well as an increase in induced drag. The increased drag 
will begin to slow the momentum of the aircraft which will 
be indicated on the ASI. The airspeed trend indicator will 
show a trend as to where the airspeed will be in 6 seconds. 
Conversely, ifthe nose ofthe aircraft should begin to fall, the 
angle of attack as well as induced drag will decrease. 


‘There isa lag associated with the ASI when using it as a pitch 
instrument. It is not a lag associated with the construction 
of the ASI, but a lag associated with momentum change. 
Depending on the rate of momentum change, the ASI may not 
indicate a pitch change in a timely fashion. Ifthe ASIis being 
used as the sole reference for pitch change, it may not allow 
for a prompt correction. However, if smooth pitch changes 
are executed, modern glass panel displays are capable of 


indicating 1 knot changes in airspeed and also capable of 
projecting airspeed trends. 


When flying by reference to flight instruments alone, it 
is imperative that all of the flight instruments be cross- 
checked for pitch control. By cross-checking all pitch related. 
instruments, the pilot can better visualize the aircraft attitude 
at all times. 


As previously stated, the primary instrument for pitch is the 
instrument that gives the pilot the most pertinent information 
for a specific parameter. When in level flight and maintaining 
constant altitude, what instrument shows a direct indication 
of altitude? The only instrument that is capable of showing, 
altitude is the altimeter. The other instruments are supporting, 
instruments that are capable of showing a trend away from 
altitude, but do not directly indicate an altitude. 


‘The supporting instruments forewarn of an impending 
altitude deviation. With an efficient cross-check, a proficient 
pilot will be better able to maintain altitude. 


Bank Control 
‘This discussion assumes the aircraft is being flown in 
coordinated flight which means the longitudinal axis of the 
aircraft is aligned with the relative wind. On the PFD, the 
attitude indicator shows if the wings are level. The turn rate 
indicator, slip/skid indicator, and the heading indicator also 
indicate whether or not the aircraft is maintaining a straight 
(zero bank) flight path 


Attitude Indicator 
‘The attitude indicator is the only instrument on the PFD that 
has the capability of displaying the precise bank angle of the 
aircraft. This is made possible by the display of the roll scale 
depicted as part of the attitude indicator. 


Figure 5-52 identifies the components that make up the 
attitude indicator display. Note that the top of the display 
blue, representing sky, the bottom is brown, depicting 
dirt, and the white line separating them is the horizon. The 
lines parallel to the horizon line are the pitch scale which is, 
marked in 5° increments and labeled every 10°. The pitch 
scale always remains parallel to the horizon. 


‘The curved line in the blue area isthe roll scale. The triangle 
‘on the top of the scale is the zero index. The hash marks on 
the scale represent the degree of bank. [Figure 5-53] The 
roll scale always remains in the same position relative to 
the horizon line. 
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Figure 5-52. Attitude Indicator. 


‘The roll pointer indicates the direction and degree of bank. 
[Figure 5-53] The roll pointer is aligned with the aircraft 
symbol, The roll pointer indicates the angle of the lateral axis, 
of the aircraft compared to the natural horizon. The slip/skid 
\icator will show if the longitudinal axis of the aircraft is, 
aligned with the relative wind, which is coordinated fight. With 
the roll index and the slip/skid indicator aligned, any deflection, 
either right or left ofthe roll index will cause the aircraft to turn, 
in that direetion. With the small graduations on the rol scale it 
is casy to determine the bank angle within approximately 1°. In 
coordinated flight, if the oll index isaligned with he oll pointer, 
the aircraft is achieving straight flight. 


‘An advantage of EFDs is the elimination of the precession 
error. Precession error in analog gauges is caused by forces 
being applied to a spinning gyro. With the new solid state 
instruments, precession error has been eliminated, 


Since the attitude indicator is capable of showing precise 
pitch and bank angles, the only time that the attitude indicator 
will be a primary instrument is when attempting to fly at a 
specific bank angle or pitch angle. Other times, the attitude 
instrument can be thought of as a control instrument. 


Horizontal Situation Indicator (HS) 

‘The HSI is a rotating 360° compass card that indicates 
magnetic heading. The HSI is the only instrument that is 
capable of showing exact headings. The magnetic compass 
‘can be used as.a backup instrument in case of an HSI failure; 
however, duc o erratic, unstable movements, itis more likely 
tobe used a supporting instrument. 


In order for the pilot to achieve the desired rate of change, 
is important for him or her to understand the relationship 
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Figure 5-83. Auiude Indicator Showing a 15° left bank. 


between the rate at which the HSI changes heading displays, 
and the amount of bank angle required to meet that rate of 
change. A very small rate of heading change means the bank 
angle is small, and it will take more time to deviate from the 
desired straight flight path. A larger rate of heading change 
‘means a greater bank angle will happen at a faster rate, 


Heading Indicator 

‘The heading indicator is the large black box with a white 
‘number that indicates the magnetic heading of the aircraft 
[Figure 5-54] The aircraft heading is displayed to the nearest 
degree. When this number begins to change, the pilot should 
be aware that straight flight is no longer being achieved. 


Turn Rate Indicator 

‘The turn rate indicator gives an indirect indication of bank. 
It is a magenta trend indicator capable of displaying half- 
standard as well as standard rate turns to both the left and 
right. [Figure 5-54] The turn indicator is capable of indicating 
tums up to 4° per second by extending the magenta line 
outward from the standard rate mark. If the rate of turn has 
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Figure 5-54. Slip!Skid and Turn Rate Ilicator, 


exceeded 4* per second, the magenta line can not precisely 
indicate where the heading will be in the next 6 seconds, the 
‘magenta line freezes and an arrowhead will be displayed. This 
alerts the pilot to the fact that the normal range of operation 
hhas been exceeded, 


Slip/Skid Indicator 
The slip/skid indicator is the small portion of the lower 
segmented triangle displayed on the attitude indicator. This, 
instrument depicts whether the aircraft's longitudinal axis is 
aligned with the relative wind. [Figure 5-54] 


‘The pilot must always remember to cross-check the roll index. 
to the roll pointer when attempting to maintain straight flight, 
Any time the heading remains constant and the roll pointer and, 
the roll index are not aligned, the aircraft is in uncoordinated 
flight, To make a correction, the pilot should apply rudder 
pressure to bring the aircraft back to coordinated flight. 


Power Control 
Power produces thrust which, with the appropriate angle of 
attack of the wing, overcomes the forces of gravity, drag, 
and inertia to determine airplane performance. 


Power control must be related to its effect on altitude and 
airspeed, since any change in power setting results in a change 
in the airspeed or the altitude of the airplane. At any given 
airspeed, the power setting determines whether the airplane 
is in level flight, in a climb, or in a descent. If the power is 
increased in straight-and-level flight and the airspeed held 
constant, the airplane will climb; if power is decreased while 
the airspeed is held constant, the airplane will descend. On 
the other hand, ifaltitude is held constant, the power applied 
will determine the airspeed. 


‘The relationship between altitude and airspeed determines the 
need fora change in pitch or power. If the airspeed is off the 
desired value, always check the altimeter before deciding that 
a power change is necessary. Think of altitude and airspeed 
as interchangeable; altitude can be traded for airspeed by 
lowering the nose, or convert airspeed to altitude by raising 
the nose. If altitude is higher than desired and airspeed is, 
low, or vice versa, a change in pitch alone may return the 
airplane to the desired altitude and airspeed. /Figure 5-55] If 
both airspeed and altitude are high or if both are low, then a 
change in both pitch and power is necessary in order to return 
to the desired airspeed and altitude. (Figure 5-56] 


Forchanges in airspeed in straight-and-level flight, pitch, bank, 
and power must be coordinated in order to maintain constant 
altitude and heading. When power is changed to vary airspeed 
in straight-and-level flight, a single-engine, propeller-driven 
airplane tends to change attitude around all axes of movement. 


‘Therefore, to maintain constant altitude and heading, apply 
various control pressures in proportion to the change in power. 
‘When power is added to increase airspeed, the pitch instruments, 
indicate a climb unless forward-elevator control pressure is 
applied as the airspeed changes. With an increase in power, the 
airplane tends to yaw and roll to the left unless counteracting, 
aileron and rudder pressures are applied. Keeping ahead of 
these changes requires increasing cross-check speed, which 
varies with the type of airplane and its torque characteristics, 
the extent of power and speed change involved. 


Power Settings 
Power control and airspeed changes are much easier when 
approximate power settings necessary to maintain various 
airspeeds in straight-and-level flight are known in advance. 
However, to change airspeed by any appreciable amount, the 
common procedure is to underpower or overpower on initial 
power changes to accelerate the rate of airspeed change. (For 
small speed changes, or in airplanes that decelerate or accelerate 
rapidly, overpowering or underpowering is not necessary.) 


Figure 5-55. An aircraft decreasing in airspeed while gaining 
altitude. tn this ease, the pilot has decreased pitch. 


Figure 5-56. Figure shows both an increase in speed and altitude 


where pitch adjustment alone is insufficient. In this situation, a 
reduction of power is also necessary 
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Consider the example of an airplane that requires 23" of 
‘manifold pressure (Hg) to maintain a normal cruising airspeed 
of 120 knots, and 18" Hg to maintain an airspeed of 100 knots. 
‘The reduction in airspeed from 120 knots to 100 knots while 
maintaining straight-and-level flight is discussed below and 
illustrated in Figures 5-57, 5-58, and 5-59. 


Instrument indications, prior to the power reduction, are 
shown in Figure 5-57, The basic attitude is established and 
maintained on the attitude indicator. The specific pitch, 
bank, and power control requirements are detected on these 
primary instruments: 


Altimeter—Primary Pitch 
Heading Indicator—Primary Bank 
Airspeed Indicator—Primary Power 


Supporting pitch and bank instruments are shown in 
Figure 5-57. Note that the supporting power instrument is 
the manifold pressure gauge (or tachometer if the propeller 
is fixed pitch), However, when a smooth power reduction to 
approximately 15” Hg (underpower) is made, the manifold 
pressure gauge becomes the primary power instrument. 
[Figure 5-58] With practice, power setting can be changed 
with only a brief glance at the power instrument, by sensing 
the movement of the throttle, the change in sound, and the 
changes in the feel of control pressures. 


As the thrust decreases, increase the speed of the eross-check 
and be ready to apply left rudder, back-elevator, and aileron 
control pressure the instant the pitch-and-bank instruments 


show a deviation from altitude and heading. As proficiency 
is obtained, a pilot will learn to cross-check, interpret, and 
control the changes with no deviation of heading and altitude. 
Assuming smooth air and ideal control technique, as airspeed 
decreases, a proportionate increase in airplane pitch attitude 
is required to maintain altitude. Similarly, effective torque 
control means counteracting yaw with rudder pressure. 


As the power is reduced, the altimeter is primary for pitch, 
the heading indicator is primary for bank, and the manifold 
pressure gauge is momentarily primary for power (at 15" 
Hg in Figure 5-58), Control pressures should be trimmed 
off as the airplane decelerates. As the airspeed approaches 
the desired airspeed of 100 knots, the manifold pressure 
is adjusted to approximately 18" Hg and becomes the 
supporting power instrument. The ASI again becomes 
primary for power. [Figure 5-58] 


Airspeed Changes in Straight-and-Level Flight 
Practice of airspeed changes in straight-and-level flight 
provides an excellent means of developing increased 
proficiency in all three basic instrument skills, and brings 
‘out some common errors to be expected during training 
in straight-and-level flight. Having learned to control the 
aisplane in a clean configuration (minimum drag conditions), 
increase proficiency in cross-check and control by practicing 
speed changes while extending or retracting the flaps and 
landing gear. While practicing, be sure to comply with the 
airspeed limitations specified in the POH/AFM for gear and 
flap operation. 


Figure 5-87. Struight-anu-Level Flight (Normal Cruising Speed) 
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Figure 5-59. Siraight-and-Level Flight (Reduced Airspeed Stabilized). 
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Sudden and exaggerated attitude changes may be necessary 
in order to maintain straight-and-level flight as the landing 
gear is extended and the flaps are lowered in some airplanes. 
‘The nose tends to pitch down with gear extension, and when 
flaps are lowered, lift increases momentarily (at partial flap 
settings) followed by a marked increase in drag as the flaps 
near maximum extension, 


Control technique varies according to the lift and drag 
characteristics of each airplane. Accordingly, knowledge of 


the power settings and trim changes associated with different 
combinations of airspeed, gear, and flap configurations will 
reduce instrument cross-check and interpretation problems. 
[Figure 5-60] 


For example, assume that in straight-and-level flight 
instruments indicate 120 knots with power at 23" Hg 
‘manifold pressure/2,300 revolutions per minute (rpm), gear 


and flaps up. After reduction in airspeed, with gear and flaps 
fully extended, straight-and-level flight at the same altitude 
requires 25” Hg manifold pressure/2,500 rpm. Maximum 
gear extension speed is 115 knots; maximum flap extension 
speed is 105 knots. Airspeed reduction to 95 knots, gear and 
flaps down, can be made in the following manner: 


1. Maintain spm at 2,500, since a high powers 
be used in full drag configuration, 


ing will 


Reduce manifold pressure to 10” Hg. As the airspeed 
decreases, increase cross-check specd. 


‘Make trim adjustments for an increased angle of attack 
and decrease in torque. 


Lower the gear at 115 knots, The nose may tend to 
pitch down and the rate of deceleration increases. 
Increase pitch attitude to maintain constant altitude, 
and trim off some of the back-elevator pressures. 
If full flaps are lowered at 105 knots, cross-check, 
interpretation, and control must be very rapid. A 
simpler technique is to stabilize attitude with gear 
down before lowering the flaps. 


Since 18" Hg manifold pressure will hold level 
flight at 100 knots with the gear down, increase 
power smoothly to that setting as the ASI shows 
approximately 105 knots, and retrim. The attitude 
indicator now shows approximately two-and-a-half 
bar width nose-high in straight-and-level flight. 


Actuate the flap control and simultaneously increase 
power to the predetermined setting (25" Hg) for the 
desired airspeed, and trim off the pressures necessary 
to hold constant altitude and heading. The attitude 
indicator now shows a bar width nose-low in straight- 
and-level flight at 95 knots, 


Figure 6-60. Cruss-check Supporting Instruments 
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Trim Technique 
‘Trim control is one of the most important flight habits to 
cultivate, Trimming refers to relieving any control pressures 
that need to be applied by the pilot to the control surfaces to 
‘maintain a desired flight attitude. The desired result is forthe 
pilot to be able to take his or her hands off the control surfaces 
and have the aircraft remain in the current attitude. Once the 
aircraft is trimmed for hands-off flight, the pilot is able to 
devote more time to monitoring the flight instruments and 
other aircraft systems, 


In order to trim the aircraft, apply pressure to the control surface 
that needs trimming and roll the trim wheel in the direction 
pressure is being held. Relax the pressure that is being applied to 
the control surface and monitor the primary instrument for that 
attitude, Ifthe desired performance is achieved, fly hands off. If 
additional trimming is required, redo the trimming steps, 


Anaircraftis trimmed fora specific airspeed, not pitch attitude 
or altitude. Any time an aircraft changes airspeed there is a 
need to re-trim. For example, an aircraft is flying at 100 knots, 
sof 50 rpm will cause the airspeed 
to increase. As the airspeed increases, additional lift will be 
‘generated and the aircraft will climb, Once the additional thrust 
has stabilized at some higher altitude, the airspeed will again 
stabilize at 100 knots. 


‘This demonstrates how trim is associated with airspeed and 
not altitude. IF the initial altitude is to be maintained, forward 
pressure would need to be applied to the control wheel while 
the trim wheel needs to be rolled forward to eliminate any 
control pressures. Rolling forward on the trim wheel is equal 
to increasing for a trimmed airspeed. Any time the airspeed 
is changed, re-trimming will be required. Trimming can be 
accomplished during any transitional period; however, prior 
to final trimming, the airspeed must be held constant. If the 
airspeed is allowed to change, the trim will not be adjusted 
properly and the altitude will vary until the airspeed for which 
the aircraft is trimmed is achieved, 


Common Errors in Straight-and-Level Flight 
Pitch 
Pitch errors usually result from the followin, 


1. Improper adjustment of the yellow chevron (aircraft 
symbol) on the attitude indicator. 


Corrective Action: Once the aircraft has leveled off and 
the airspeed has stabilized, make small corrections to 
ich attitude to achieve the desired performance. 
Cross-check the supporting instruments for validation, 


2. Insufficient cross-check and interpretation of pitch 
instruments. [Figure 5-61] 


Figure 6-61. Insufficient cross-check. The problem is power and not nose-high. In this case, the pilot decreased pitch inappropriately: 
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Example: The airspeed indication is low. The pilot, 
believing a nose-high pitch attitude exists, applies 
forward pressure without noting that a low power setting, 
is the cause of the airspeed discrepancy. 


Corrective Action: Increase the rate of crass-check of ll 
‘the supporting flight instruments, Airspeed and altitude 
should be stabilized before making a control input. 
Acceptance of deviations. 

Example: A pilot has an altitude range of #100 feet 
according tothe practical test standards for straight-and. 
level-light. When the pilot notices thatthe altitude has 
deviated by 60 feet, no correction is made because the 
altitude is holding steady and is within the standards, 


Corrective Action: The pilot should cross-check the 
instruments and, when a deviation is noted, prompt 
corrective actions should be taken in order to bring the 
aircraft back to the desired altitude. Deviations from 
altitude should be expected but not accepted. 


Overcontrolling—Excessive Pitch Changes. 


Example: A pilot notices a deviation in altitude. In an 
attempt to quickly return to altitude, the pilot makes a 
large pitch change. The large pitch change destabilizes 
the attitude and compounds the error. 


Corrective Action: Small, smooth corrections should 
bbe made in order to recover to the desired altitude 
(0.5° to 2° depending on the severity ofthe deviation). 
Instrument flying is comprised of small corrections to 
maintain the aircraft attitude. When flying in IMC, 
4 pilot should avoid making large attitude changes 
in order to avoid loss of aircraft control and spatial 
disorientation. 


Failure to Maintain Pitch Corrections. 


Pitch changes need to be made promptly and held for 
validation. Many times pilots will make corrections 
and allow the pitch attitude to change due to not 
trimming the aircraft. It is imperative that any time a 
pitch change is made; the trim is readjusted in order to 
climinate any control pressures that are being held. A 
rapid cross-check will aid in avoiding any deviations 
from the desired pitch attitude 


Example: A pilot notices a deviation in altitude. A 
change in the pitch attitude is accomplished but no 
adjustment to the trim is made. Distractions cause 
the pilot to slow the eross-check and an inadvertent 
reduction in the pressure to the control column 
commences. The pitch attitude then changes, thus 
complicating recovery to the desired altitude. 


Corrective Action: The pilot should initiate a pitch 
change and then immediately trim the aircraft to 
relieve any control pressures. A rapid cross-check 
should be established in order to validate the desired 
performance is being achieved. 

Fixation During Cross-Check. 

Devoting an unequal amount of time to one instrument 
cither for interpretation or assigning too much 
importance to an instrument. Equal amounts of time 
should be spent during the cross-check to avoid an 


unnoticed deviation in one of the aircraft attitudes. 


Example: A pilot makes a correction to the pitch 
attitude and then devotes all of the attention to the 
altimeter to determine if the pitch correction is 
valid. During this time, no attention is paid to the 
heading indicator which shows a turn to the left 
[Figure 5-62] 

Corrective Action: The pilot should monitor all 
instrumentation during the cross-check. Do not fixate 
‘on one instrument waiting for validation. Continue to 
scan all instruments to avoid allowing the aircraft to 
begin a deviation in another attitude. 


Heading 
Heading errors usually result from but are not limited to the 
following errors: 
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Failure to cross-check the heading indicator, especially 
during changes in power or pitch attitude. 


“Misinterpretation of changes in heading, with resulting 
corrections in the wrong direction. 

Failure to note and remember a preselected heading. 
Failure to observe the rate of heading change and its 
relation to bank attitude 

Overcontrolling in response to heading changes, 
especially during changes in power settings. 
Anticipating heading changes with premature 
application of rudder pressure. 

Failure to correct small heading deviations. Unless 
zero error in heading isthe goal, a pilot will tolerate 
larger and larger deviations. Correction of a 1° error 
takes far less time and concentration than correction 
of a 20° error. 

Correcting with improper bank attitude. If correcting 
10° heading error with a 20° bank correction, the 
aircraft will roll past the desired heading before the 
bank is established, requiring another correction in 
the opposite direction. Do not multiply existing errors 
with errors in corrective technique 


Figure 5-62. The plo hus fixate om pitch and altitude, leaving bank indications anattended. 


9. Failure to note the cause of a previous heading error 
and thus repeating the same error. For example, the 
aigplane is out of trim, with a left wing low tendency 
Repeated corrections for a slight left turn are made, 

trim is ignored. 


Power 
Power errors usually result from but are not limited to the 
following errors: 


1. Failure to become familiar with the aircraft's specific 
power settings and pitch attitudes. 


2. Abrupt use of throttle, 


3. Failure to lead the airspeed when making power 
changes, climbs or descents, 


Example: When leveling off from a descent, increase 
the power in order to avoid the airspeed from bleeding 
off due to the decrease in momentum of the aircraft 
If the pilot wails to bring in the power until after the 
aircraft is established in the level pitch attitude, the 
aircraft will have already decreased below the speed 
desired which will require additional adjustment in 
the power setting, 


4. Fixation on airspeed tape or manifold pressure 
indications during airspeed changes, resulting in 


Trim 


Note the tend line to the left. 


crratic control of airspeed, power, as well as pitch and 
bank attitudes. 


‘Trim errors usually result from the following faults 
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Improper adjustment of seat or rudder pedals for 
comfortable position of legs and feet. Tension in the 
ankles makes it difficult to relax rudder pressures. 
Confusion about the operation of trim devices, which 
differ among various airplane types. Some trim wheels 
are aligned appropriately with the airplane’s axes; 
others are not. Some rotate in a direction contrary to 
expectations, 


Failure to understand the principles of trim and that 
the aircraft is being trimmed for airspeed, not a pitch 
attitude. 


Faulty sequence in trim techniques. ‘Tim should be 
utilized to relieve control pressures, not to change 
pitch attitudes. The proper trim technique has the pilot 
holding the control wheel first and then trimming to 
relieve any control pressures. Continuous trim changes 
will be required as the power setting is changed. 
Utilize the trim continuously, but in small amounts. 
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Step 4: Apply Solder to the Joint 
Once the component lead and solder pad has heated up, you are ready to apply solder. 
Touch the tip of the strand of solder to the component lead and solder pad, but not the tip of 
the iron. If everything is hot enough, the solder should flow freely around the lead and pad. 
You will see the flux melt liquefy as well, bubble around the joint (this is part of its cleaning 
action), flow out and release smoke. Continue to add solder to the joint until the pad is 
completely coated and the solder forms a small mound with slightly concave sides. If it 
starts to ball up, you have used too much solder or the pad on the board is not hot enough. 


‘Once the surface of the pad is completely coated, you can stop adding solder and remove the 
soldering iron (in that order). Don't move the joint for a few seconds as the solder needs time to cool 
and solidify. If you do move the joint, you will get what's called a “cold joint’. This is recognized by 
its characteristic dull and grainy appearance. Many cold joints can be fixed by reheating and 
applying a small amount of solder, then being allowed to cool without being disturbed 


Step 5: Inspect the Joint and Cleanup 
Once the joint is made you should inspect it. Check for cold joints (described a little above 
and at length below), shorts with adjacent pads or poor flow. If the joint checks out, move on 
to the next. To trim the lead, use a small set of side cutters and cut at the top of the solder 
joint. 


Straight Climbs and Descents 

Each aircraft will have a specific pitch attitude and airspeed 
that corresponds to the most efficient climb rate fora specified 
weight. The POH/AFM contains the speeds that will produce 
the desired climb. These numbers are based on maximum 
gross weight. Pilots must be familiar with how the speeds will 
vary with weight so they can compensate during flight 


Entry 
Constant Airspeed Climb From Cruise Airspeed 

‘To enter a constant airspeed climb from eruise airspeed 
slowly and smoothly apply aft clevator pressure in order 
to raise the yellow chevron (aircraft symbol) until the tip 
points to the desired degree of pitch. /Figure 5-63] Hold 
the aft control pressure and smoothly increase the power 
to the climb power setting. This increase in power may be 


Figure 6-69. Constant Airspeed Climb From Cruise Airspeed 
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initiated either prior to initiating the pitch change or after 
having established the desired pitch setting. Consult the 
POH/AFM for specific climb power settings if anything other 
than a full power climb is desired, Pitch attitudes will vary 
depending on the type of aircraft being flown. As airspeed 
decreases, control forces will need to be increased in order 
to compensate for the additional elevator deflection required 
to maintain attitude, Utilize trim to eliminate any control 
pressures. By effectively using trim, the pilot will be better 
able to maintain the desired pitch without constant attention. 
‘The pilot is thus able to devote more time to maintaining an 
cffective scan of all instrumentation. 


‘The VSI should be utilized to monitor the performance of the 
aircraft. With a smooth pitch transition, the VSI tape should 
begin to show an immediate trend upward and stabilize on a 


4 Before procedure 
~ Curront procedure 
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rate of climb equivalent to the pitch and power setting being 
utilized. Depending on current weight and atmospheric 
conditions, this rate will be different. This will require the 
pilot to be knowledgeable of how weight and atmospheric 
conditions affect aircraft performance, 


Once the aircraft is stabilized at a constant airspeed and pitch 
attitude, the primary flight instrument for pitch willbe the ASL 
and the primary bank instrument will be the heading indicator. 


‘The primary power instrument will be the tachometer or the 


manifold pressure gauge depending on the aircraft type. Ifthe 
pitch attitude is correct, the airspeed should slowly decrease 
to the desired speed. If there is any variation in airspeed, 
‘make small pitch changes until the aircraft is stabilized at 
the desired speed. Any change in airspeed will require a trim 
adjustment. 


Figure 6-64. Consiant-Airspeed Climb From Established Airspeed. 


Constant Airspeed Climb from Established Airspeed 
In orderto entera constant airspeed climb, first complete the 
airspeed reduction from cruise airspeed to climb airspeed 
Maintain straight-and-level flight as the airspeed is reduced 
‘The entry to the climb is similar to the entry from cruise 
airspeed with the exception thatthe power must be increased 
when the pitch attitude is raised. /Figure 5-64] Power added 
after the pitch change will show a decrease in airspeed due 
to the increased drag encountered. Power added prior to a 
pitch change will cause the airspeed to increase due to the 
excess thrust 


Constant Rate Climbs 


Constant rate climbs are very similar to the constant airspeed 
climbs in the way the entry is made. As power is added, 


4 Before procedure 
Current procedure 
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smoothly apply elevator pressure to raise the yellow chevron 
to the desired pitch attitude that equates to the desired vertical 
speed rate. The primary instrument for pitch during the intial 
portion of the maneuver is the ASI until the vertical speed 
rate stabilizes and then the VSI tape becomes primary. The 
ASI then becomes the primary instrument for power. If any 
deviation from the desired vertical speed is noted, small 
pitch changes will be required in order to achieve the desired 
vertical speed. [Figure 5-65] 


When making changes to compensate for deviations in 
performance, pitch, and power, pilot inputs need to be 
coordinated to maintain a stable flight attitude, For instanc. 
if the vertical speed is lower than desired but the airspeed is 
correct, an increase in pitch will momentarily increase the 
vertical speed. However, the increased drag will quickly 
start to degrade the airspeed if no increase in power is made. 
A change to any one variable will mandate a coordinated 


change in the other. 


Conversely, if the airspeed is low and the pitch is high, a 
reduction in the pitch attitude alone may solve the problem. 
Lower the nose of the aircraft very slightly to see if a power 
reduction is necessary. Being familiar with the pitch and 
power settings for the aircraft aids in achieving precise 
attitude instrument flying, 


[Supporting pitch and bank 


270. 


Figure 5-85. Constant Rate Climbs. 
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Leveling Off 
Leveling off from a climb requires a reduction in the pitch 
prior to reaching the desired altitude, IF no change in pitch 
is made until reaching the desired altitude, the momentum 
of the aircraft causes the aircraft to continue past the desired 
altitude throughout the transition toa level pitch attitude. The 
amount of lead to be applied depends on the vertical speed 
tate, A higher vertical speed requires a larger lead for level 
off. A good rule of thumb to utilize is to lead the level off 
by 10 percent of the vertical speed rate (1,000 fpm + 10 = 
100 feet lead). 


‘Tolevel off at the desired altitude, refer to the attitude display 
and apply smooth forward elevator pressure toward the desired 
level pitch attitude while monitoring the VSI and altimeter 
tapes. The rates should start to slow and airspeed should 
begin to increase. Maintain the climb power setting until the 
airspeed approaches the desired cruise airspeed. Continue to 
‘monitor the altimeter to maintain the desired altitude as the 
airspeed increases. Prior to reaching the cruise airspeed, the 
power must be reduced to avoid overshooting the desired 
speed. The amount of lead time that is required depends on 
the speed at which the aircraft accelerates. Utilization of the 
airspeed trend indicator can assist by showing how quickly 
the aircraft will arrive at the desired speed. 


‘Supporting pitch until 
‘otired vertical speed 
is achieved, then it 
‘becomes the primary 
instrument for piteh. 


‘To level off at climbing airspeed, lower the nose to the 
appropriate pitch attitude for level flight with a simultaneous, 
reduction in power to setting that will maintain the desired 
speed. With a coordinated reduction in pitch and power there 
should be no change in the airspeed 


Descents 
Descending flight can be accomplished at various airspeeds 
and pitch attitudes by reducing power, lowering the nose to 
pitch attitude lower than the level flight attitude, or adding, 
drag. Once any of these changes have becn made, the airspeed 
will eventually stabilize. During this transitional phase, the 
only instrument that will display an accurate indication of 
pitch is the attitude indicator, Without the use of the attitude 
indicator (such as in partial panel flight) the ASI tape, the VSI 
tape, and the altimeter tape will show changing values until 
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the aircraft stabilizes at a constant airspeed and constant rate 
of descent. The altimeter tape continues to show a descent. 
Hold pitch constant and allow the aircraft to stabilize. During 
any change in attitude or airspeed, continuous application of 
trim is required to climinate any control pressures that need 
tobe applied to the control yoke. An increase in the scan rate 
during the transition is important since changes are being 
made to the aircraft flight path and speed. (Figure 5-66] 


Entry 
Descents can he accomplished witha constant rate, constant 
airspeed or a combination. The following method can 
accomplish any of these with or without an attitude indicator. 
Reduce the power to allow the aircraft to decelerate to the 
desired airspeed while maintaining straight-and-level flight. 
A the aircraft approaches the desired airspeed, reduce the 


4 Before procedure 
Current procedure 


Figure 5-66. The top image illustrates a reduction of power and descending at 500 fm to an altitude of 5,000 feet. The bottom image 


illustrates an increase in power and the initiation of leveling of. 
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power to a predetermined value. The airspeed continues to 
decrease below the desired airspeed unless a simultaneous 
reduction in pitch is performed. The primary instrument 
for pitch is the ASI tape. If any deviation from the desired 
speed is noted, make small pitch corrections by referencing, 
the attitude indicator and validate the changes made with the 
airspeed tape. Utilize the airspeed trend indicator to judge if 
the airspeed will be increasing and at what rate, Remember 
to trim off any control pressures. 


‘The entry procedure for a constant rate descent is the same 
except the primary instrument for pitch is the VSI tape. 
‘The primary instrument for power will be the ASI. When 
performing a constant rate descent while maintaining 
a specific airspeed, coordinated use of pitch and power 
will be required. Any change in pitch directly affects the 
airspeed. Conversely, any change in airspeed will have a 
direct impact on vertical speed as long as the pitch is being 
held constant. 


Leveling Off 
When leveling off from a descent with the intention of 
returning to cruise airspeed, first start by increasing the 
power to cruise prior to increasing the pitch back toward 
the level flight attitude. A technique used to determine 
how soon to start the level off is to lead the level off by an 
altitude corresponding to 10 percent of the rate of descent. 
For example, ifthe aircraft is descending at 1,000 fpm, start 
the level off 100 feet above the level off altitude. Ifthe pitch 
altitude change is started late, there isa tendency to overshoot 
the desired altitude unless the pitch change is made with 
a rapid movement. Avoid making any rapid changes that 
could lead to control issues or spatial disorientation. Once 
in level pitch attitude, allow the aircraft to accelerate to the 
desired speed. Monitor the performance on the airspeed and 
altitude tapes. Make adjustments to the power in order to 
correct any deviations in the airspeed. Verify that the aircraft 
is maintaining level flight by cross-checking the altimeter 
tape. If deviations are noticed, make an appropriate smooth 
pitch change in order to arrive back at desired altitude. Any 
change in pitch requires a smooth coordinated change to the 
power setting. Monitor the airspeed in order to maintain the 
desired cruise airspeed. 


‘To level off at a constant airspeed, the pilot must again 
determine when to start to increase the pitch attitude toward 
the level attitude. If pitch is the only item that is changing, 
airspeed varies due to the increase in drag as the aircraft’s 
pitch increases. A smooth coordinated increase in power will 
need to be made to a predetermined value in order to maintain 
speed. Trim the aircraft to relieve any control pressure that 
may have to be applied. 
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Common Errors in Straight Climbs and Descents 
Climbing and descending errors usually result from but are 
not limited to the following errors: 


1. Overcontrolling pitch on beginning the climb. 
Aircraft familiarization isthe key to achieving precise 
attitude instrument flying. Until the pilot becomes 
familiar with the pitch attitudes associated with 
specific airspeeds, the pilot must make corrections 
to the initial pitch settings. Changes do not produce 
instantaneous and stabilized results; patience must be 
maintained while the new speeds and vertical speed 
rates stabilize. Avoid the temptations to make a change 
and then rush into making another change until the 
first one is validated, Small changes will produce more 
expeditious results and allow for a more stabilized 
flight path. Large changes to pitch and power are 
‘more difficult to control and can further complicate 
the recovery process. 


2. Failure to increase the rate of instrument cross-check. 
Any time a pitch or power change is made, an increase 
in the rate a pilot cross-checks the instrument is 
required. A slow cross-check can lead to deviations 
in other flight attitudes. 


3. Failure to maintain new pitch attitudes. Once a 
pitch change is made to correct for a deviation, that 
pitch attitude must be maintained until the change 
is validated. Utilize trim to assist in maintaining the 
new pitch attitude. Ifthe pitch is allowed to change, 
it is impossible to validate whether the initial pitch 
change was sufficient to correct the deviation. The 
continuous changing of the pitch attitude delays the 
recovery process. 


4, Failure to utilize effective trim techniques. Ifcontrol 
pressures have to be held by the pilot, validation of 
the initial correction will be impossible if the pitch 
is allowed to vary. Pilots have the tendency to either 
apply or relax additional control pressures when 
manually holding pitch attitudes. Trim allows the 
pilot to fly without holding pressure on the control 
yoke, 


5. Failure to learn and utilize proper power settings. Any 
time a pilot is not familiar with an aircrait’s specific 
pitch and power settings, or does not utilize them, a 
change in flight paths will take longer. Learn pitch 
and power settings in order to expedite changing the 
‘light path. 

6. Failure to cross-check both airspeed and vertical speed 
prior tomaking adjustments to pitch and or power. Itis 
possible that a change in one may correct a deviation 
in the other. 


7. Uncoordinated use of piteh and power during level 
offs, During level offs, both pitch and power settings 
need to be made in unison in order to achieve the 
desired results. If pitch is increased before adding 
power, additional drag will be generated thereby 
reducing airspeed below the desired value 


8. Failure to utilize supporting pitch instruments which 
will lead to chasing the VSI. Always utilize the attitude 
indicator as the control instrument on which to change 
the pitch, 


9. Failure to determine a proper lead time for level off 
from a climb or descent. Waiting too long can lead to 
overshooting the altitude, 


10, Ballooning—Failure to maintain forward control 
pressure during level off as power is increased. 
Additional lift is generated causing the nose of the 
aircraft to pitch up. 


Turns 

Standard Rate Turns 

‘The previous sections have addressed flying straight-and- 
level as well as climbs and descents. However, attitude 
instrument flying is not accomplished solely by flying in 
a straight line. At some point, the aircraft will need to be 
turned to maneuver along vietor airways, global positioning 
system (GPS) courses, and instrument approaches, The 
key to instrument flying is smooth, controlled changes to 
pitch and bank. Instrument flying should be a slow but 
deliberate process that takes the pilot from departure airport 
to destination airport without any radical flight maneuvers, 


‘A turn to specific heading should he made at standard rate 
Standard rate is defined as a turning rate of 3° per second 
which will yield a complete 360° turn in 2 minutes. A 
turning rate of 3° per second will allow for a timely heading 
change, as well as allowing the pilot sufficient time to cross- 
check the flight instruments and avoid drastic changes to 
the aerodynamic forces being exerted on the aircraft. At no 
time should the aircraft be maneuvered faster than the pilot 
is comfortable cross-checking the flight instruments. Most 
utopilots are programmed to turn at standard rate. 


Establishing A Standard Rate Turn 
In order to initiate a standard rate tum, approximate the 
bank angle and then establish that bank angle on the attitude 
indicator. A rule of thumb to determine the approximate angle 
of bank is to use 15 percent of the true airspeed. A simple 
‘way to determine this amount is to divide the airspeed by 
10 and add one-half the result. For example, at 100 knots, 
approximately 15° of bank is required (100/10 = 10 + 5 = 
15); at 120 knots, approximately 18° of bank is needed for a 


standard-rate turn, Cross-check the turn rate indicator, located 
oon the HSI, to determine if that hank angle is sufficient to 
deliver a standard rate turn, Slight modifications may need 
to be made to the bank angle in order to achieve the desired 
performance. The primary bank instrument in this case is the 
turn rate indicator since the goal is to achieve a standard rate 
tum, The turn rate indicator is the only instrument that can 
specifically indicate a standard rate turn, The atitude indicator 
isused only to establish a bank angle (control instrument) but 
can be utilized as a supporting instrument by cross-checking, 
the bank angle to determine ifthe bank is greater or less than 
what was calculated. 


As the aircraft rolls into the bank, the vertical component of 
Iift will begin to decrease. [Figure 5-67] As this happens, 
additional 1ift must be generated to maintain level flight. 
Apply aft control pressure on the yoke sufficient to stop any 
altitude loss trend. With the increase in lift that needs to be 
generated, additional induced drag will also be generated. 
‘This additional drag will cause the aircraft to start to 
decelerate, To counteract this, apply additional thrust by 
adding power to the power lever. Once altitude and airspeed 
is being maintained, utilize the trim wheel to eliminate any 
control forces that need to be held on the control column, 


When rolling out from a standard rate turn, the pilot needs 
to utilize coordinated aileron and rudder and roll-out to a 
wings level attitude utilizing smooth control inputs. The 
roll-out rate should be the same as the roll-in rate in order to 
estimate the lead necessary to arrive at the desired heading 
without over- or undershooting. 


During the transition from the turn back to straight light, the 
attitude indicator becomes the primary instrument for bank. 
Once the wings are level, the heading indicator becomes 
the primary instrument for bank. As bank decreases, the 
vertical component increases if the pitch attitude is not 
decreased sufficiently to maintain level flight. An aggressive 
cross-check keeps the altimeter stationary if forward control 
pressure is applied to the control column. As the bank angle is 
decreased, the pitch attitude should be decreased accordingly 
in order to arrive at the level pitch attitude when the aircraft 
reaches zero bank. Remember to utilize the trim wheel to 
eliminate any excess control forces that would otherwise 
need to be held. 


Common Errors 


1, One common error associated with standard rate turns 
is due to pilot inability to hold the appropriate bank 
angle that equates to a standard rate. The primary bank 
instrument during the tum is the turn rate indicator; 
however the bank angle varies slightly, With an 
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Figure 6-67. Standard Rate Turn—Constant Airspeed. 


aggressive cross-check, a pilot should be able to 
minimize errors arising from over- or underbanking, 


2, Another error normally encountered during standard 
rate turns is inefficient or lack of adequate cross- 
checking. Pilots need to establish an aggressive 
cross-check in order to detect and eliminate all 
deviations from altitude, airspeed, and bank angle 
during a maneuver, 


3. Fixation is a major error associated with attitude 
instrument flying in general, Pilots training for their 
instrument rating tend to focus on what they pete 
to be the most important task at hand and abandon 
their cross-check by applying all of their attention to 
the turn rate indicator. A modified radial scan works 
‘well to provide the pilot with adequate scanning of all 
instrumentation during the maneuver. 


Turns to Predetermined Headings 
‘Turning the aircraft is one of the most basic maneuvers that a 
pilot learns during initial flight training. Learning to control 
the aircraft, maintaining coordination, and smoothly rolling 
out on a desired heading are all keys to proficient attitude 
instrument flying, 


EFDs allow the pilot tobetter uilize all instrumentation during, 
all phases of attitude instrument flying by consolidating all 
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traditional instrumentation onto the PFD. The increased size 
of the attitude indicator, which stretches the entire width of 
the PED, allows the pilot to maintain better pitch control 
while the introduction of the turn rate indicator positioned 
directly on the compass rase aids the pilot in determining 
when to begin a roll-out for the desired heading. 


‘When determining what bank angle to utilize when making a 
heading change, a general rule stacs that for a small heading 
change, do not use a bank angle that is greater than the total 
‘number of degrees of change necded. For instance, ifa heading, 
change of 20° is needed, a bank angle of not more than 20° is 
required. Another rule of thumb that better defines the bank 
angle is half the total number of degrees of heading change 
required, but never greater than standard rate. The exact bank 
angle that equates to a standard rate turn varies due to true 
airspeed. 


With this in mind and the angle of bank calculated, the next 
step is determining when to start the roll-out process. For 
example: 


Anaircraft begins a tum from a heading of 030° to a heading 
of 120°. With the given airspeed, a standard rate turn has 
yielded a 15° bank. The pilot wants to begin a smooth 
‘coordinated roll-out tothe desired heading when the heading 


indicator displays approximately 112°. The necessary 
calculations are 


15° bank (standard rate) 
120° 7.5" = 125° 


By utilizing this technique the pilot is better able to judge if 
any modifications need to be made to the amount of lead once 
the amount of over- or undershooting is established. 


Timed Turns 
‘Timed turns to headings are performed in the same fashion 
with an EFD as with an analog equipped aircraft. The 
instrumentation used to perform this maneuver is the turn rate 
indicator as well as the clock. The purpose of this mancuver 
is to allow the pilot to gain proficiency in scanning as well 
as to further develop the pilot’s ability to control the aircraft 
without standard instrumentation, 


‘Timed turns become essential when controlling the aircraft 
with a loss of the heading indicator. This may become 
necessary duc to a loss of the AHRS unit or the magnetometer. 
In any case, the magnetic compass will still be available for 
navigation. The reason for timed turns instead of magnetic 
compass turns is the simplicity of the maneuver. Magnetic 
compass turns require the pilot to take into account various 
errors associated with the compass; timed turns do not. 


Prior to initiating a turn, determine if the standard rate 
indication on the turn rate indicator will actually deliver a 
3° per second turn. To accomplish this, a calibration must 
be made. Establish a turn in either direction at the indicated 
standard rate. Start the digital timer as the compass rolls past 
a cardinal heading. Stop the timer once the compass card 
rolls through another cardinal heading. Roll wings level and 
compute the rate of turn. Ifthe turn rate indicator is calibrated 
and indicating correctly, 90° of heading change should take 
30 seconds. If the time taken to change heading by 90° is, 
‘more or less than 30 seconds, then deflection above or 
below the standard rate line needs to be made to compensate 
for the difference. Once the calibration has been completed 
in one direction, proceed to the opposite direction. When 
both directions have been calibrated, apply the calibrated 
calculations to all timed turns. 


In order to accomplish a timed turn, the amount of heading 
change needs tobe established, For a change in heading from 
120° to a heading of 360 the pilot calculates the difference 
and divides that number by 3. In this case, 120° divided by 
3° per second equals 40 seconds. This means that it would 
take 40 seconds for an aircraft to change heading 120° if that 
aircraft were held in a perfect standard rate turn, Timing for 
the mancuver should start as the aieraft begins rolling into 


the standard rate turn, Monitor all flight instruments during 
this maneuver. The primary pitch instrument is the altimeter. 
‘The primary power instrument is the ASI and the primary 
bank instrument is the turn rate indicator, 


Once the calculated time expires, start a smooth coordinated 
roll-out. As long as the pilot utilizes the same rate of roll-in as 
roll-out, the time it takes for both will not need to be included 
in the calculations. With practice the pilot should level the 
‘wings on the desired heading. Ifany deviation has occurred, 
make small corrections to establish the correct heading. 


Compass Turns 
‘The magnetic compass is the only instrument that requires 
no other source of power for operation. In the event of an 
AHRS or magnetometer failure, the magnetic compass is 
the instrument the pilot uses to determine aircraft heading 
For a more detailed explanation on the use of the magnetic 
compass, sce page 5-21 


Steep Turns 
For the purpose of instrument flight training, a steep turn is 
defined as any turn in excess of standard rate. A standard rate 
turn is defined as 3° per second. The bank angle that equates 
to a turn rate of 3° per second varies according to airspeed. 
As airspeed increases, the bank angle must be increased 
‘The exact bank angle that equates to a standard rate turn is 
unimportant. Normal standard rate tun bank angles range 
from 10° to 20°. The goal of training in steep turn maneuvers 
is pilot proficiency in controlling the aircraft with excessive 
bank angles. 


‘Training in excessive bank angles will challenge the pilot in 
honing cross-checking skills and improve altitude control 
throughout a wider range of flight attitudes. Although the 
current instrument flight check practical test standards (PTS) 
do not call fora demonstration of steep turns on the certification 
check flight, this docs not eliminate the need forthe instrument 
pilot-in-trai 


ing to demonstrate proficiency to an instructor. 


‘Training in steep turns teaches the pilot to recognize and to 
‘adapt to rapidly changing aerodynamic forces that necessitate 
an inerease in the rate of cross-checking all flight instruments. 
‘The procedures for entering, maintaining and exiting a steep 
turn are the same as for shallower turns. Proficiency in 
instrument cross-check and interpretation is increased due to 
the higher aerodynamic forces and increased speed at which 
the forces are changing. 
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Performing the Maneuver 
‘To enter a steep turn to the left, roll into a coordinated 45° 
bank turn to the left. An advantage that glass panel displays. 
have over analog instrumentation is a 45° bank indication on 
the roll scale. This additional index on the roll scale allows 
the pilot to precisely roll into the desired bank angle instead 
of having to approximate it as is necessary with analog 
instrumentation. [Figure 5-68] 


Figure 5-68. Sicep Left Turn 


‘As soon as the bank angle increases from level flight, the 
vertical component of lift begins to decrease. Ifthe vertical 
component of lift is allowed to continue to decrease, a 
pronounced loss of altitude is indicated on the altimeter along, 
with the VSI tape, as well as the altitude trend indicator. 
Additionally, the airspeed will begin to increase duc to 
the lowered pitch attitude. It is very important to have a 
comprehensive scan developed prior to training in steep 
turns, Utilization of all of the trend indicators, as well the 
VSI, altimeter, and ASI, is essential in learning to fly steep 
turns by reference to instruments alone. 


In order to avoid a loss of altitude, the pilot begins to 
slowly increase back pressure on the control yoke in order 
to increase the pitch attitude. The pitch change required is 
usually no more than 3° to S*, depending on the type of 
aircraft. As the pilot increases back pressure, the angle of 
attack increases, thus increasing the vertical component of 
lift. When a deviation in altitude is indicated, proper control 
force corrections need to be made. During initial taining 
of steep turns, pilots have a tendency to overbank. Over 
banking is when the bank angle exceeds 50°. As the outboard 
wing begins to travel faster through the air it will begin to 
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generate a greater and greater differential in lift compared 
to the inboard wing. As the bank angle continues to progress 
‘more and more steeply past 45°, the two components of lift 
(vertical and horizontal) become inversely proportionate 


‘Once the angle has exceeded 45°, the horizontal component 
of lift is now the greater force. If altitude should continue to 
decrease and the pilot only applies back yoke pressure, the 
aircraft's turn radius begins to tighten due to the increased 
horizontal force. Ifaft control pressure continues to increase, 
there will come a point where the loss of the vertical 
componcat of lift and aerodynamic wing loading prohibits 
the nose of the aircraft from being raised. Any increase in 
pitch only tightens the turning radius. 


‘The key to successfully performing a steep turn by reference 
to instruments alone is the thorough understanding of the 
aerodynamics involved, as well asa quick and reliable crass- 
check, The pilot should utilize the trim to avoid holding 
control forces for any period of time. With time and practice, 
a flight instructor can demonstrate how to successfully fly 
steep turns with and without the use of trim. Once the aircraft 
is trimmed for the maneuver, accomplishing the maneuver 
will be virtually a hands-off effort. This allows additional 
time for cross-checking and interpreting the instruments, 


It is imperative when correcting for a deviation in altitude, 
that the pilot modify the bank angle +5° in order to vary the 
vertical component of lif, not just adjust back pressure, These 
two actions should be accomplished simultaneously 


During the recovery from steep turns to straight-and-level 
flight, aft control forces must be varied with the power control 
to arrive back at entry altitude, heading and airspeed. 


Steps: 
1. Perform clearing turns, 


2. Roll left into a 45° bank turn and immediately begin to 
increase the pitch attitude by approximately 3° 10 5°, 


3. Asthe bank rolls past 30°, increase power to maintain 
the entry airspeed. 


4. Apply trim to eliminate any aft control wheel forces. 

5. Begin rolling out of the steep turn approximately 20° 
prior to the desired heading, 

6. Apply forward control pressure and place the pitch 
attitude in the level cruise pitch attitude, 

7. Reduce power to the entry power setting to maintain 
the desired airspeed, 

8. Re-trim the aircraft as soon as practical or continue 
into a right hand steep turn and continue from step 3. 


9. Once the maneuver is complete, establish cruise flight 
and accomplish all appropriate checklist items. 


Unusual Attitude Recovery Protection 
Unusual attitudes are some of the most hazardous situations 
for a pilot to be in. Without proper recovery training 
on instrument interpretation and aircraft control, a pilot 
can quickly aggravate an abnormal flight attitude into a 
potentially fatal accident. 


in between instruments, 


Analog gauges require the pilot to s 
to deduce the aircraft altitude. Individually, these gauges 
lack the necessary information needed for a successful 
recovery 


EFDs have additional features to aid in recognition and 
recovery from unusual flight attitudes. ‘The PFD displays 
all the flight instruments on one screen, Each instrument is, 
superimposed over a full-screen representation of the attitude 
indicator. With this configuration, the pilot no longer needs 
to transition from one instrument to another, 


‘The new unusual attitude recovery protection allows the pilot 
tobe able to quickly determine the aircraft's attitude and make 
safe, proper and prompt recovery. Situational awareness is 
increased by the introduction of the large full-width artificial 
horizon depicted on the PFD. This now allows forthe attitude 
indicator to be in view during all portions of the sean, 


One problem with analog gauges is thatthe attitude indicator 
displays a complete blue or brown segment when the pitch 
attitude is increased toward 90° nose-up or nase-down, 


With the EFDs, the altitude indicator is designed to retain a 
portion of both sky and land representation at all times. This 
improvement allows the pilot to always know the quickest 
way to return to the horizon, Situational awareness is greatly 
increased, 


NOTE: The horizon line starts moving downward at 
approximately 47° pitch up. From this point on, the brown 
segment will remain visible to show the pilot the qui 
way to return to the level pitch attitude. /Figure 5-69) 


NOTE: The horizon line starts moving upward at 
approximately 27° pitch down. From this point on, the blue 
segment will remain visible to show the pilot the quickest 
way to return to the level pitch attitude. /Figure 5-70] 


It is imperative to understand that the white line on the 
attitude indicator is the horizon line. The break between the 
blue and brown symbols is only a reference and should not 
be thought of as the artificial horizon, 


Another important advancement is the development of the 
‘unusual attitude recovery protection that is built into the PFD 
sofiware and made capable by the AHRS. In the ease of a nose- 
high unusual attitude, the unusual attitude recovery protection 
displays red chevrons which point back to the horizon line. 


Figure 6-69, Uiusual Auitude Recovery Protection. Note the brown horizon line i visible at the bottom, 
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Alter you have made all the solder joints, itis good practice to clean all the excess flux residue from the 
board. Some fluxes are hydroscopic (they absorb water) and can slowly absorb enough water to become 
slightly conductive. This can be a significant issue in a hostile environment such as an automotive 
application. Most fluxes will clean up easily using methyl hydrate and a rag but some will require a stronger 
solvent. Use the appropriate solvent to remove the flux, then blow the board dry with compressed air. 


Cold Solder Joints 


"cold solder joint" can occur when not enough heat is applied to the component, board, or both. 
Another common cause is a component moving before the solder has completely cooled and 
solidified. A cold joint is brittle and prone to physical failure. It is also generally a very high 
resistance connection which can affect the operation of the circuit or cause it to fail completely. 


Cold joints can often be recognized by a characteristic grainy, dull gray color, but this is not always 
the case. A cold joint can often appear as a ball of solder sitting on the pad and surrounding the 
component lead. Additionally you may notice cracks in the solder and the joint may even move. 
Below is the shocking image of every example of a bad solder joint you will ever see. It appears 
that this FM transmitter kit was assembled using the technique of "apply solder to iron then drip 
onto joint’. If your joints are looking like this, then stop and practice after rereading this page. Note 
that not a single of of these joints is acceptable, but amazingly, the circuit worked. 


Most cold solder joints can be easily fixed. Generally all that is required is to reheat the joint and apply a 
litle more solder. If there is already too much solder on the joint, then the joint will have to be desoldered 
and then soldered again. This is done by first removing the old solder with a desoldering tool or simply by 
heating it up and flicking it off with the iron. Once the old solder is off, you can resolder the joint, making 
sure to heat it thoroughly and keep it still as it cools. 


Figure 5-70. Horizon line starts moving upward at 27°, Note thatthe blue sky remains visible at 17° nose-down, 


‘These chevrons are positioned at 50° upon the attitude indicator. 
‘The chevrons appear when the aircraft approaches a nose-high 
attitude of 30°, The software automatically de-clutters the PFD 
leaving only airspeed, heading, attitude, altimeter, VSI tape, 
and the trend vectors. The de-cluttered information reappears 
‘when the pitch attitude falls below 25° 


For nose-low unusual attitudes, the chevrons are displayed 
‘when the pitch exceeds 15° nose-down. Ifthe pitch continues 
to decrease, the unusual attitude recovery protection de- 
clutters the screen at 20° nose-down, The de-cluttered 
information reappears when the pitch increases above 15°. 


Additionally, there are bank limits that trigger the unusual 
attitude protection. If the aircraft's bank increases beyond 
60°, s continuation of the roll index occurs to indicate the 
shortest direction to roll the wings back to level. At 65°, the 
PED de-cluters. All information reappears when the bank 
decreases below 60°, 


In Figure 5-71, the aircraft has rolled past 60°. Observe the 
white line that continues from the end of the bank index. 
‘This line appears to indicate the shortest distance back to 
wings level. 


When experiencing a failure of the AHRS unit, all unusual 
attitude protection is lost. The failure of the AHRS results, 
in the loss of all heading and attitude indications on the PFD. 
In addition, all modes of the autopilot, except for roll and 
altitude hold, are los. 
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‘The following picture series represents how important this, 
technology is in increasing situational awareness, and how 
critical it isin improving safety 


Figure 5-72 shows the unusual attitude protection with 
valid AHRS and air data computer (ADC) inputs. The 
bright red chevrons pointing down to the horizon indicate 
a nose-high unusual attitude that can be easily recognized 
and corrected, 


NOTE: The red chevrons point back tothe level pitch attitude. 
‘The trend indicators show where the airspeed and altitude will 
be in 6 seconds, The trend indicator on the heading indicator 
shows which direction the aircraft is turing. The slip/skid 
indicator clearly shows if the aircraft is coordinated. This 
information helps the pilot determine which type of unusual 
attitude the aircraft has taken 


Now look at Figure 5-73. The display shows the same 
airspeed as the picture above; however, the AHRS unit has 
failed. The altimeter and the VSI tape are the only clear 
indications that the aircraft is in a nose-high attitude. The 
one key instrument that is no longer present is the slip/skid 
indicator. There is not a standby turn coordinator installed 
in the aircraft for the pilot to reference. 


‘The magnetic compass indicates a heading is being 
‘maintained; however, it is not as useful as a turn coordinator 
or slip/skid indicator. 


Figure 5-71. Aircraft Rolled Past 60°. 


Figure $72. Unusual Auitude Protection With Valid AHRS 
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Figure 5-73. AHRS Unit Failed. 


Figure 5-74 depicts an AHRS and ADC failure. In this failure 
scenario, there are no indications of the aircraft's attitude. The 
‘manufacturer recommends turning on the autopilot which is 
simply a wing leveler. 


With a failure ofthe primary instrumentation on the PFD, the 
only references available are the stand-by instruments. The 
standby instrumentation consists of an analog ASI, attitude 
indicator, altimeter, and magnetic compass. There is no 
standby turn coordinator installed, 


In extreme nose-high or nose-low pitch attitudes, as well 
as high bank angles, the analog attitude indicator has the 
potential to tumble, rendering it unusable, 


Autopilot Usa; 
‘The autopilot is equipped with inputs from a turn coordinator 
installed behind the MFD screen. This turn coordinator is 
installed solely for the use of the autopilot to facilitate the 
roll mode. Roll mode, which is simply a wing leveler. This 
protection will alway’ be available, barring a failure of the 
turn coordinator (to aid the pilot if the aircraft attains an 
unusual attitude). 


NOTE: The pilot is not able to gain access to the turn 
coordinator. This instrument is installed behind the MFD 
panel, [Figure 5-75] 


Most EFD equipped aircraft are coming from the factory 
with autopilots installed. However, the purchaser of the 
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aireraft can specify if an autopilot is to be installed, Extreme 
caution should be utilized when flying an EFD equipped 
aircraft without an autopilot in IMC with an AHRS and 
ADC failure. 


‘The autopilot should be utilized to reduce workload, which 
affords the pilot more time to monitor the flight, Utilization 
of the autopilot also decreases the chances of entry into an 
unusual attitude. 


Flying an EFD equipped aircraft without the use of an 
autopilot has been shown to increase workload and decrease 
situational awareness for pilots first learning to flying the 
new system. 


Common Errors Leading to Unusual Attitudes 
The following errors have the potential to disrupt a pilot's, 
situational awareness and lead to unusual attitudes. 

1. Improper trimming techniques. A failure to keep the 
rcraft trimmed for level flight at all times can turn 
a momentary distraction into an emergency situation 
if the pilot stops cross-checking, 


Poor erew resource management (CRM) skills. Failure 
to perform all single-pilot resource management 
duties efficiently. A major cause of CRM related 
accidents comes from the failure of the pilot to 
maintain an organized flight deck. Items that are 
being utilized for the flight portion should be neatly 
arranged for easy access. A disorganized flight deck 


Figure 6-74, AHRS ADC Failure 


Figure 5-75. This autopilot requires roll information from a turn coordinator, 
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‘can lead to a distraction that causes the pilot to cease 
ccross-checking the instruments long enough to enter 
an unusual attitude, 


3, Fixation is displayed when a pilot focuses far too 
much attention on one instrument because he or 
she perceives something is wrong or a deviation is 
‘occurring. It is important for the instrument pilot to 
remember that a cross-check of several instruments 
for corroboration is more valuable than checking a 
single instrument. 


4, Attempting to recover by sensory sensations other 
than sight. Recovery by instinct almost always leads 
to erroneous corrections duc to the illusions that are 
prevalent during instrument flight. 


5, Failure to practice basic attitude instrument flying. 
When a pilot does not fly instrument approach 
procedures or even basic attitude instrument flying 
maneuvers for long periods of time, skill levels 
diminish. Pilots should avoid flying in IMC if they are 
not proficient. They should seek a qualified instructor 
to receive additional instruction prior to entry into 
IMC, 


Instrument Takeoff 


‘The reason for learning to fly by reference to instruments 
alone is to expand a pilot's abilities to operate an aircraft 
in visibility less than VFR. Another valuable maneuver 
to leam is the instrument takeoff. This maneuver requires 
the pilot to maneuver the aircraft during the takeoff roll by 
reference to flight instruments alone with no outside visual 
reference. With practice, this maneuver becomes as routine 
asa standard rate turn. 


‘The reason behind practicing instrument takeoffs is to reduce 
the disorientation that can occur during the transitional phase 
of quickly moving the eyes from the outside references inside 
to the flight instruments, 


One EFD system currently offers what is trademarked as 
synthetic vision. Synthetic vision is a three-dimensional 
computer-generated representation of the terrain that lies 
ahead of the aircraft. The display shows runways as well 
asa depiction of the terrain features based on a GPS terrain 
database. Similar to a video game, the display generates a 
runway the pilot can maneuver down in order to maintain 
directional control. As long as the pilot tracks down the 
computer-generated runway, the aireraft will remain aligned 
with the actual runway, 


Not all EFD systems have such an advanced visioning system. 


With al other systems, the pilot needs to revert to the standard 
procedures for instrument takeoffs. Each aircraft may require 
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2 modification to the maneuver; therefore, always obtain 
training on any new equipment to be used. 


In order to accomplish an instrument takeoff, the aircraft 
reeds to be maneuvered on the centerline of the runway facing, 
the direction of departure with the nose or tail wheel straight, 
Assistance from the instructor may be necessary if the pilot 
has been taxiing while wearing a view limiting device. Lock 
the tail wheel, if so equipped, and hold the brakes firmly to 
prevent the aircraft from creeping. Crass-check the heading 
indicator on the PFD with the magnetic compass and adjust 
for any deviations noted on the compass card, Set the heading 
to the nearest 5° mark closest to the runway heading. This, 
allows the pilot to quickly detect any deviations from the 
desired heading and allows prompt corrective actions during 
the takeoff roll. Using the omnibearing select (OBS) mode 
on the GPS, rotate the OBS selector until the needle points 
to the runway heading. This adds additional situational 
awareness during the takeoff roll. Smoothly apply power to 
generate sufficient rudder authority for directional control 
Release the brakes and continue to advance the power to the 
takeoff setting 


As soon as the brakes are released, any deviation in heading 
reeds to be corrected immediately. Avoid using brakes to 
control direction as this increases the takeoff roll, as well as, 
provides the potential of avercontrolling the aircraft 


Continuously cross-check the ASI and the heading indicator 
as the aireraft accelerates. As the aircraft approaches 15-25 
knots below the rotation speed, smoothly apply aft elevator 
pressure to increase the pitch attitude to the desired takeoff 
attitude (approximately 7° for most small airplanes). With 
the pitch altitude held constant, continue to eross-check the 
flight instruments and allow the aircraft to fly off of the 
runway. Do not pull the aircraft off of the runway. Pulling 
the aircraft off of the runway imposes let turning tendencies 
due to P-Factor, which will yaw the aircraft to the left and 
destabilize the takeoff, 


Maintain the desired pitch and bank attitudes by referencing 
the attitude indicator and cross-check the VSI tape for an 
indication of a positive rate of climb. Take note of the magenta 
6-second altimeter trend indicator. The trend should show 
positive. Barring turbulence, all trend indications should 
be stabilized. The airspeed trend indicator should not be 
visible a this point if the airspeed is being held constant. An 
activation ofthe airspeed trend indicator shows that the pitch 
altitude is not being held at the desired value and, therefore, 
the airspeed is changing. The desired performance is to be 
climbing at a constant airspeed and vertical speed rate. Use 
the ASI as the primary instrument for the pitch indication, 


Once the aircraft has reached a safe altitude (approximately 
100 fect for insufficient runway available for landing should 
fan engine failure occur) retract the landing gear and flaps 
while referencing the ASI and attitude indicator to maintain 
the desired pitch. As the configuration is changed, an increase 
in aft control pressure is needed in order to maintain the 
desired pitch attitude. Smoothly increase the aft control 
pressure to compensate for the change in configuration, 
Anticipate the changes and increase the rate of cross-check. 
‘The airspeed tape and altitude tape increases while the VSI 
tape is held constant, Allow the aircraft to accelerate to the 
desired climb speed. Once the desired climb speed is reached, 
reduce the power to the climb power setting as printed in 
the POH/AFM. ‘Trim the aircraft to eliminate any control 
pressures. 


Common Errors in Instrument Takeoffs 
Common errors associated with the instrument takeoff 
include, but are not limited to, the following: 


1. Failure to perform an adequate flight deck check 
before the takeoff. Pilots have attempted instrument 
takeoff with inoperative airspeed indicators (pitot 
tube obstructed), controls locked, and numerous 
other oversights due to haste or carelessness. It is 
imperative to cross-check the ASI as soon as possible, 
No airspeed will be indicated until 20 knots of true 
airspeed is generated in some systems. 


2. Improper alignment on the runway. This may result 
from improper brake applications, allowing the 
aitplane to creep after alignment, or from alignment 
with the nosewhee! or tailwheel cocked. In any case, 
the result is a built-in directional control problem as 
the takeoff starts, 


3. Improperapplication of power. Abrupt applications of 
power complicate directional control. Power should be 
applied in a smooth and continuous manner to arrive 
at the takeoff power setting within approximately 3 
seconds, 

4, Improper use of brakes. Incorrect seat or rudder pedal 
adjustment, with feet in an uncomfortable position, 
frequently causes inadvertent application of brakes 
and excessive heading changes. 


Overcontrolling rudder pedals. This fault may be 
caused by late recognition of heading changes, tension 
on the controls, misinterpretation of the heading 
indicator (and correcting in the wrong direction), 
failure to appreciate changing effectiveness of rudder 
control as te aircraft accelerates, and other factors. If 
heading changes are observed and corrected instantly 
‘with small movement of the rudder pedals, swerving 
tendencies can be reduced, 


6, Failure to maintain attitude after becoming airborne. 
Ifthe pilot reacts to seat-of-the-pants sensations when 
the airplane lifts off, pitch control is guesswork. 
‘The pilot may either allow excessive pitch or apply 
excessive forward-clevator pressure, depending on 
the reaction to trim changes. 

7. Inadequate cross-check. Fixations are likely during the 
trim changes, attitude changes, gear and flap retractions, 
and power changes. Once an instrument or a control 
input is applied, continue the eross-check and note the 
cffect control during the next eross-check sequence. 

8, Inadequate interpretation of instruments. Failure 
to understand instrument indications immediately 
indicates that further study of the maneuver is 
necessary. 


Basic Instrument Flight Patterns 
‘After attaining a reasonable degrce of proficiency in basic 
maneuvers, apply these skills to the various combinations 
of individual mancuvers. The practice flight patterns, 
beginning on page 530, ate directly applicable to operational 
instrument flying 
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Helicopter Attitude 
Instrument Flying 


Attitude instrument flying in helicopters is essentially visual 
flight i 


Flight Instruments 


When flying a helicopter with reference to the flight 
instruments, proper instrument interpretation is the basis 
for aircraft control. Skill, in part, depends on understanding 
how a particular instrument or system functions, including 
its indications and limitations (see Chapt 
Instruments). With this knowledge, a pilot can quickly 
interpret an instrument indication and translate that 
information into a control response. 


Instrument Flight 

‘To achieve smooth, positive control of the helicopter during 
instrument flight, three Fundamental skills must be developed. 
‘They are instrument crass-check, instrument interpretation, 
and aircraft control. 


Instrument Cross-Check 
Cross-checking, sometimes referred to as scanning, is the 
continuous and logical observation of instruments for attitude 
and performance information, In attitude instrument flying, 
an attitude is maintained by reference to the instruments, 
which produces the desired result in performance, Due to 
human error, instrument error, and helicopter performance 
differences in various atmospheric and loading conditions, 
itis difficult to establish an attitude and have performance 


remain constant for a long period of time, These variables 
make it necessary to constantly check the instruments and 


‘make appropriate changes in the helicopter’s attitude. The 
actual technique may vary depending on what instruments 
are installed and where they are installed, as well as pilot 


experience and proficiency level. This discussion cone; 
on the six basic flight instruments. (Figure 6-1] 


trates 


AL first, there may be a tendeney to cross-check rapidly, 
looking directly at the instruments without knowing exactly 


what information is needed. However, with familiarity and 


practice, the instrument cross-check reveals definite trends 
during specific flight conditions. These trends help a pilot 
control the helicopter as it makes a transition from one flight 


condition to another. 


‘When full concentration is applied to a single instrument, a 
problem called fixation is encountered. This results from a 
natural human inclination to observe a specific instrument 
carefully and accurately, often to the exclusion of other 
instruments. Fixation on a single instrument usually results 
in poor control. For example, while performing a turn, there 
is atendency to watch only the turn-and slip indicator instead 
of including other instruments in the cross-check. This, 
fixation on the turn-and-slip indicator often leads to a loss of 
altitude through poor pitch-and-bank control. Look at each 


Figure 6-1. In most situations, the eross-check pattern includes the auitude indicator between the cross-check of each of the ether 


instruments. A typical eross-check might progress as follows: attitude indicator, altimeter, auitude indicator, vertical speed indicator, 


attitude indicator, wading indicator, attitude indicator, and so on. 
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instrument only long enough to understand the information 
it presents, and then proceed to the next one. Similarly, too 
‘much emphasis can be placed on a single instrument, instead 
of relying on a combination of instruments necessary for 
helicopter performance information. This differs from fixation 
inthat other instruments are included in a eross-check, but 00 
‘much attention is placed on one particular instrument, 


During performance of a maneuver, there is sometimes 
a failure to anticipate significant instrument indications 
following attitude changes, For example, during level off 
from a climb or descent, a pilot may concentrate on pitch 
control, while forgetting about heading or roll information, 
This error, called omission, results in erratic control of 
heading and bank. 


Inspite of these common errors, most pilots can adapt well to 
flight by instrument reference aficr instruction and practice. 
Many find that they can control the helicopter more easily 
and precisely by instruments. 


Instrument Interpretation 
‘The flight instruments together give a picture of what is 
happening. No one instrument is more important than the 
next; however, during certain maneuvers or conditions, 
those instruments that provide the most pertinent and useful 
information are termed primary instruments. Those which 
back up and supplement the primary instruments are termed 
supporting instruments, For example, since the attitude 
indicator is the only instrument that provides instant and 
direct aircraft attitude information, it should be considered 
primary during any change in pitch or bank attitude. After 
the now attitude is established, other instruments become 
primary, and the attitude indicator usually becomes the 
supporting instrument 


Aircraft Control 
Controlling a helicopter isthe result of accurately interpreting 
the flight instruments and translating these readings 
into correct control responses. Aircraft control involves 
adjustment to pitch, bank, power, and trim in order to achieve 
aa desired flight path, 


Pitch attitude control is controlling the movement of 
the helicopter about its lateral axis, After interpreting 
the helicopter's pitch attitude by reference to the pitch 
instruments (attitude indicator, altimeter, airspeed 
indicator, and vertical speed indicator (VSI), cyclic control 
adjustments are made to affect the desired pitch attitude. In 
this chapter, the pitch attitudes depicted are approximate 
and vary with different helicopters. 


Bank attitude control is controlling the angle made by the 
lateral tlt of the rotor and the natural horizon, orthe movernent 
of the helicopter about its longitudinal axis. After interpreting, 
the helicopter’s bank instruments (attitude indicator, heading 
indicator, and tur indicator), cyclic control adjustments are 
made to attain the desired bank attitude 


Power control is the application of collective pitch with 
corresponding throttle control, where applicable. In straight- 
and-level flight, changes of collective pitch are made to 
correct for altitude deviation if the error is more than 100 
feet, or the airspeed is off by more than 10 knots, Ifthe error 
is less than that amount, a pilot should use a slight cyclic 
climb or descent. 


In order to fly a helicopter by reference to the instruments, it 
is important to know the approximate power settings required 
fora particular helicopter in various load configurations and 
flight conditions. 


‘Thim, in helicopters, refers to the use of the cyclic centering 
button, if the helicopter is so equipped, to relieve all 
possible cyclic pressures. Trim also refers to the use of pedal 
‘adjustment to center the ball ofthe turn indicator. Pedal trim 
is required during all power changes. 


‘The proper adjustment of collective pitch and cyclic friction 
helps a pilot relax during instrument flight. Friction should 
be adjusted to minimize overcontrolling and to prevent 
creeping, but not applied to such a degree that control 
‘movement is limited. In addition, many helicopters equipped 
for instrument flight contain stability augmentation systems 
‘or an autopilot to help relieve pilot workload, 


Straight-and-Level Flight 


Straight-and-level unaccelerated flight consists of maintaining 
the desired altitude, heading, airspeed, and pedal trim, 


Pitch Control 
‘The pitch attitude of a helicopter is the angular relation of 
its longitudinal axis to the natural horizon, If available, the 
altitude indicator is used to establish the desired pitch attitude. 
In level flight, pitch attitude varies with airspeed and center of 
gravity (CG). Ata constant altitude and a stabilized airspeed, 
the pitch attitude is approximately level. [Figure 6-2] 


Attitude Indicator 


‘The attitude indicator gives a direct indication of the pitch 
attitude of the helicopter. In visual flight, atain the desired 
pitch attitude by using the cyclic to raise and lower the nose 
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Figure 6-2. The flight instruments for pitch control are the airspeed indicator, attitude indicator, altimeter, and vertical speed 


indicator: 


of the helicopter in relation to the natural horizon, During, 
instrument flight, follow exactly the same procedure in 
raising or lowering the miniature aircraft in relation to the 
horizon bar, 


‘There is some delay between control application and resultant 
instrument change. This is the normal control lag in the 
helicopter and should not be confused with instrument lag. 
‘The attitude indicator may show small misrepresentations 
of pitch attitude during mancuvers involving acceleration, 
deceleration, or turns. This precession error can be detected 
quickly by cross-checking the other pitch instruments. 


Ifthe miniature aircraft is properly adjusted on the ground, it 
may not require readjustment in flight. Ifthe miniature aircraft 
is not on the horizon bar after level off at normal cruising 
airspeed, adjust its necessary while maintaining level flight 
with the other pitch instruments. Once the miniature aircraft 
has been adjusted in level flight at normal cruising airspeed, 
leave it unchanged so it gives an accurate picture of pitch 
attitude at all times, 


When making initial pitch attitude corrections to maintain 
altitude, the changes of attitude should be small and smoothly 
applied, The initial movement of the horizon bar should not 
exceed one bar width high or low. [Figure 6-3] If a further 
adjustment is required, an additional correction of one-halfbar 
normally corrects any deviation from the desired altitude, This, 
one-and-one-half bar correction is normally the maximum 
pitch attitude correction from level flight attitude, 


After making the correction, cross-check the other pitch 
instruments to determine whether the pitch attitude change 
is sufficient, If additional correction is needed to return to 
altitude, or if the airspeed varies more than 10 knots from 
that desired, adjust the power. 
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Altimeter 
The altimeter gives an indirect indication of the pitch 
attitude of the helicopter in straight-and-level flight, Since 
the altitude should remain constant in level flight, deviation 
from the desired altitude indicates a need for a change in 
pitch attitude and power as necessary. When losing altitude, 
raise the pitch attitude and adjust power as necessary. When 
gaining altitude, lower the pitch attitude and adjust power 
as necessary. Indications for power changes are explained 
in the next paragraph, 


‘The rate at which the altimeter moves helps to determine pitch 
attitude. A very slow movement of the altimeter indicates, 
a small deviation from the desired pitch attitude, while a 


Figure 6-2. The inital pitch correction at normal eruise is one bar 
width oF less. 


fast movement of the altimeter indicates a large deviation 
from the desired pitch attitude. Make any corrective action 
promptly, with small control changes. Also, remember that 
‘movement of the altimeter should always be corrected by 
two distinet changes. The first is a change of attitude to stop 
the altimeter movement; the second is a change of attitude to 
return smoothly tothe desired altitude. Ifaltitude and airspeed 
are more than 100 feet and 10 knots low, respectively, apply 
power in addition to an increase of pitch attitude. If the 
altitude and airspeed are high by more than 100 fect and 10 
knots, reduce power and lower the pitch attitude. 


‘There is a small lag in the movement of the altimeter; 
however, forall practical purposes, consider that the altimeter 
ives an immediate indication of a change, or a need for 
change in pitch attitude. Since the altimeter provides the 
‘most pertinent information regarding pitch in level flight, it 
is considered primary for pitch. 


Vertical Speed Indicator (VSI) 
‘The VSI gives an indirect indication of the pitch attitude of 
the helicopter and should be used in conjunction with the 
other pitch instruments to attain a high degree of accuracy 
and precision. The instrument indicates zero when in level 
flight. Any movement of the needle from the zero position 
shows a need for an immediate change in pitch attitude to 
relurn it to zero. Always use the VSI in conjunction with 
the altimeter in level flight. If a movement of the VSI is, 
detected, immediately use the proper corrective measures 
to return it to zero. If the correction is made promptly, there 
is usually litle or no change in altitude. If the needle of the 
VSI does not indicate zero, the altimeter indicates a gain or 


loss of altitude. 


The initial movement of the vertical speed needle is, 
instantaneous and indicates the trend of the vertical movement 
of the helicopter. A period of time is necessary for the VSI to 
reach its maximum point of deflection after a correction has 
been made. This time element is commonly referred to as 
instrument lag. The lag is directly proportional to the speed 
and magnitude of the pitch change. When employing smooth 
control techniques and small adjustments in pitch attitude are 
‘made, lag is minimized, and the VSI is easy to interpret. 


Overcontrolling can be minimized by first neutralizing the 
controls and allowing the pitch attitude to stabilize, then 
readjusting the pitch attitude by noting the indications of the 
other pitch instruments. 


Occasionally, the VSI may be slightly out of calibration, 
This could result in the instrument indicating a slight climb 
cor descent even when the helicopter is in level flight. Ifthe 
instrument cannot be calibrated properly, this error must be 


taken into consideration when using the VSI for pitch control. 
For example, if descent of 100 feet per minute (fpm) is the 
vertical speed indication when the helicopter is in level flight, 
use that indication as level flight. Any deviation from that 
reading would indicate a change in attitude. 


Airspeed Indicator 
‘The airspeed indicator gives an indirect indication of 
helicopter pitch attitude. With a given power setting and 
pitch attitude, the airspeed remains constant. Ifthe airspeed, 
increases, the nose is too low and should be raised. If the 
airspeed decreases, the nose is too high and should be 
lowered. A rapid change in airspeed indicates a large change 
in pitch attitude, and a slow change in airspeed indicates a 
small change in pitch attitude. There is very litte lag in the 
indications of the airspeed indicator. If, while making attitude 
changes, there is some lag between control application and. 
change of airspeed, it is most likely due to cyclic control lag. 
Generally, a departure from the desired airspeed, due to an 
inadvertent pitch attitude change, also results in a change in 
altitude. For example, an increase in airspeed due to a low 
pitch attitude results in a decrease in altitude. A correction in 
the pitch attitude regains both airspeed and altitude. 


Bank Control 
‘The bank attitude of a helicopter is the angular relation of 
its lateral axis to the natural horizon. To maintain a straight 
course in visual flight, keep the lateral axis of the helicopter 
level with the natural horizon. Assuming the helicopter is in 
coordinated flight, any deviation from a laterally level attitude 
produces a turn. (Figure 6-4] 


Attitude Indicator 
‘The attitude indicator gives a direct indication of the bank 
attitude of the helicopter. For instrument flight, the miniature 
aircraft and the horizon bar of the attitude indicator are 
substituted for the actual helicopter and the natural horizon. 
Any change in bank attitude of the helicopter is indicated 
instantly by the miniature aircraft. For proper interpretation 
of this instrument, imagine being in the miniature aircraft. IF 
the helicopter is properly trimmed and the rotor tilts, a turn 
begins. The turn can be stopped by leveling the miniature 
aircraft with the horizon bar. The ball in the turn-and-slip 
indicator should always be kept centered through proper 
pedal trim, 


‘The angle of bank is indicated by the pointer on the banking 
scale at the top of the instrument. [Figure 6-5] Small bank 
angles, which may not be seen by observing the miniature 
aircraft, can easily be determined by referring to the banking 
scale pointer. 
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Figure 6-4. The fight instruments used for bank control are the attitude, heading, and turn indicators 


Pitch-and-bank altitudes can be determined simultaneously 
on the attitude indicator. Even though the miniature aircraft 
is not level with the horizon bar, pitch attitude can be 
established by observing the relative position of the miniature 
aircraft and the horizon bar. 


‘The attitude indicator may show small misrepresentations 
of bank attitude during maneuvers that involve turns. This 
precession error can be detected immediately by closely 
cross-checking the other bank instruments during these 
maneuvers. Precession is normally noticed when rolling 
out of a tum. If, upon completion of a tum, the miniature 
aircraft is level and the helicopter is still turning, make a 


small change of bank attitude to center the turn needle and 
stop the movement of the heading indicator. 


Heading Indicator 
In coordinated flight, the heading indicator gives an indirect 
indication ofa helicopter’s bank attitude. When a helicopter is, 
banked, it urns. When the lateral axis ofa helicopter is level, 
it flies straight. Therefore, in coordinated flight when the 
heading indicator shows a constant heading, the helicopter is, 
level laterally. A deviation from the desired heading indicates, 
abank in the direction the helicopter is turning. A small angle 
of bank is indicated by a slow change of heading; a large angle 
of bank is indicated by a rapid change of heading. If a turn 
is noticed, apply opposite cyclic until the heading indicator 


Figure 645. The banking scale atthe top ofthe attitude indicator indicates varying degrees of bank. In this example, the helicopter is 


banked approsimately 15° to the right 
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indicates the desired heading, simultancously ensuring the 
bull is centered. When making the correction to the desired 
heading, do not use a bank angle greater than that required 
to achieve a standard rate turn. In addition, if the number 
of degrees of change is small, limit the bank angle to the 
number of degrees to be turned. Bank angles greater than 
these require more skill and precision in attaining the desired 
results, During straight-and-level flight, the heading indicator 
is the primary reference for bank control. 


Turn Indicator 
During coordinated flight, the needle of the turn-and-slip 
indicator gives an indirect indication of the bank attitude 
of the helicopter. When the needle is displaced from the 
vertical position, the helicopter is turning in the direction of 
the displacement. Thus, if the needle is displaced to the left, 
the helicopter is turning left. Bringing the needle back to 
the vertical position with the eyclie produces straight flight. 
‘A close observation of the needle is necessary to accurately 
interpret small deviations from the desired position. 


Cross-check the ball ofthe turn-and-slip indicator to determine 
if the helicopter is in coordinated flight. /Figure 6-6] If 
the rotor is laterally level and pedal pressure properly 
compensates for torque, the ball remains in the center. To 
center the ball, level the helicopter laterally by reference to 
the other bank instruments, then center the ball with pedal 
trim. Torque correction pressures vary as power changes are 
made. Always check the ball after such changes. 


Figure 6-6. Coordinated flight is indicated by centering ofthe ball 


Common Errors During Straight-and-Level Flight 
1, Failure to maintain altitude 
2 Failure to maintain heading 
3, Overcontrolling pitch and bank during corrections, 
4. Failure to maintain proper pedal trim 
5, Failure to cross-check all available instruments 


Power Control During Straight-and-Level Flight 
Establishing specific power settings is accomplished through 
collective pitch adjustments and throttle control, where 
necessary. For reciprocating-powered helicopters, power 
indication is observed on the manifold pressure gauge. 
For turbine-powered helicopters, power is observed on the 
torque gauge. (Although most Instrument Flight Rules (IFR)- 
certified helicopters are turbine powered, depictions within 
this chapter use a reciprocating-powered helicopter as this, 
is where training is most likely conducted.) 


At any given airspeed, a specific power setting determines 
‘whether the helicoptcr is in level flight, in a climb, or in a 
descent. For example, cruising airspeed maintained with 
‘cruising power results in level flight. Ifa pilot increases the 
power setting and holds the airspeed constant, the helicopter 
climbs. Conversely, if the pilot decreases power and holds 
the airspeed constant, the helicopter descends, 
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If the altitude is held constant, power determines the airspeed. 
For example, at a constant altitude, cruising power results 
in cruising airspeed. Any deviation from the cruising power 
setting results in a change of airspeed. When power is added 
to increase airspeed, the nose of the helicopter pitches up and 
yaws to the right in a helicopter with a counterclockwise main 
rotor blade rotation. [Figure 6-7] When power is reduced to 
decrease airspeed, the nose pitches down and yaws to the 
left. (Figure 6-8] The yawing effect is most pronounced in 
single-rotor helicopters, and is absent in helicopters with 
counter-rotating rotors. To counteract the yawing tendency 
of the helicopter, apply pedal trim during power changes, 


‘To maintain a constant altitude and airspeed in level flight, 
coordinate pitch attitude and power control. The relationship 
between altitude and airspeed determines the need for a 
change in power and/or pitch attitude. If the altitude is 
constant and the airspeed is high or low, change the power to 
obtain the desired airspeed. During the change in power, make 
an accurate interpretation of the altimeter, then counteract 
any deviation from the desired altitude by an appropriate 
change of pitch attitude. Ifthe altitude is low and the airspeed 
is high, or vice versa, a change in pitch attitude alone may 
return the helicopter to the proper altitude and airspeed. If 
both airspeed and altitude are low, or if both are high, changes 
in both power and pitch attitude are necessary. 


‘To make power control easy when changing airspeed, it is 
necessary to know the approximate power settings for the 


various airspeeds at which the helicopter is flown. When the 
airspeed is to be changed by any appreciable amount, adjust 
the power so that it is over or under that setting necessary 
to maintain the new airspeed. As the power approaches the 
desired setting, include the manifold pressure in the cross- 
check to determine when the proper adjustment has been 
accomplished. As the airspeed is changing, adjust the pitch 
attitude to maintain a constant altitude. A constant heading 
should be maintained throughout the change. As the desired 
airspeed is approached, adjust power to the new cruising 
power setting and further adjust pitch attitude to maintain 
altitude. The instrument indications for straight-and-level 
flight at normal cruise and during the transition from normal 
cruise to slow cruise are illustrated in Figures 6-9 and 6-10. 
After the airspeed stabilizes at slow cruise, the attitude 
indicator shows an approximate level pitch attitude. 


‘The altimeter is the primary pitch instrument during level 
flight, whether flying at a constant airspeed or during a 
change in airspeed. Altitude should not change during 
airspeed transitions, and the heading indicator remains the 
primary bank instrument, Whenever the airspeed is changed 
by an appreciable amount, the manifold pressure gauge is, 
momentarily the primary instrument for power control. 
When the airspeed approaches the desired reading, the 
airspeed indicator again becomes the primary instrument 
for power control 


Figure 6-7. Flight instrument indications in straight-and-level flight with power increasing. 
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Figure 6-8. Flight instrument indications in straight-ani-leve flight with power decreasing. 


Figure 6-8. Flight instrument indications in straight-and-level fight a normal cruise speed. 
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Figure 6-10. Flight instrument indications in straight-and-level flight with airspeed decreasing. 


‘To produce straight-and-level flight, the crass-check of the 
pitch-and-bank instruments should be combined with the 
power control instruments. With a constant power setting, a 
normal cross-check should be satisfactory. When changing 
power, the speed of the cross-check must be increased to 
cover the pitch-and-bank instruments adequately. This is 
necessary to counteract any deviations immediately. 


Common Errors During Airspeed Changes 
1, Improper use of power 
2. Overcontrolling pitch attitude 

Failure to maintain heading 


Failure to maintain altitude 


Improper pedal trim 


For any power setting and load condition, there is only 
ne airspeed that gives the most efficient rate of elimb. 
‘To determine this, consult the climb data for the type of 
helicopter being flown, The technique varies according to 
the airspeed on entry and whether a constant airspeed or 
constant rate climb is made. 


Entry 
‘Tocntera constant airspeed climb from cruise airspeed when 
the climb speed is lower than eruise speed, simultaneously 
increase power to the climb power setting and adjust pitch 
altitude to the approximate climb attitude. The increase in 
power causes the helicopter to start climbing and only very 
slight back cyclic pressure is needed to complete the change 
from level to climb attitude. The attitude indicator should 
bbe used to accomplish the pitch change. If the transition 
from level flight to a climb is smooth, the VSI shows an 
immediate upward trend and then stops ata rate appropriate 
to the stabilized airspeed and attitude, Primary and supporting, 
instruments for climb entry ar illustrated in Figure 6-11 


When the helicopter stabilizes at a constant airspeed and 
altitude, the airspeed indicator becomes primary for pitch. 
‘The manifold pressure continues to be primary for power and 
should be monitored closely to determine if the proper climb 
power setting is being maintained. Primary and supporting 
instruments fora stabilized constant airspeed climb are shown 
in Figure 6-12. 


‘The technique and procedures for entering a constant rate 
climb are very similar to those previously described for a 
constant airspeed climb, For training purposes, a constant 
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Figure 6-11. Flight instrument indications during climb entry fora constant-airspeed climb. 
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Figure 6-12. Flight insirument indications in a stabilized constant-airspeed climb, 


rate climb is entered from climb airspeed. Use the rate 
appropriate for the particular helicopter being flown. 
Normally, in helicopters with low climb rates, 500 fpm is 
appropriate. In helicopters capable of high climb rates, use 
arate of 1,000 fpm, 


‘To enter a constant rate climb, increase power to the 
approximate setting for the desired rate. As power is 
applied, the airspeed indicator is primary for pitch until the 
vertical speed approaches the desired rate, At this time, the 
VSI becomes primary for pitch. Change pitch attitude by 
reference to the attitude indicator to maintain the desired 
vertical speed. When the VSI becomes primary for pitch, the 
airspeed indicator becomes primary for power. Primary and 
supporting instruments fora stabilized constant rate climb are 
illustrated in Figure 6-13. Adjust power to maintain desired 
airspeed, Pitch attitude and power corrections should be 
closely coordinated. To illustrate this, if the vertical speed 
is correct but the airspeed is low, add power. As power is 
increased, it may be necessary to lower the pitch attitude 
slightly to avoid increasing the vertical rate. Adjust the pitch 
attitude smoothly to avoid overcontrolling, Small power 
corrections are usually sufficient to bring the airspeed back 
to the desired indication. 


Level Off 


‘The level off from a constant airspeed climb must be started 
before reaching the desired altitude, Although the amount 
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of lead varies with the type of helicopter being flown and 
pilot technique, the most important factor is vertical speed. 
As a rule of thumb, use 10 percent of the vertical velocity 
as the lead point. For example, if the rate of climb is 500 
fpm, initiate the level off approximately 50 feet before the 
desired altitude. When the proper lead altitude is reached, the 
altimeter becomes primary for pitch. Adjust the pitch attitude 
to the level flight attitude for that airspeed. Cross-check the 
altimeter and VSI to determine when level flight has been 
attained at the desired altitude. If cruise airspeed is higher 
than climb airspeed, leave the power at the climb power 
setting until the airspeed approaches cruise airspeed, and 
then reduce it to the cruise power setting. The level off from 
‘constant rate climb is accomplished in the same manner as, 
the level off from a constant airspeed climb. 


A descent may be performed at any normal airspeed the 
helicopter can attain, but the airspeed must be determined 
prior to entry. The technique is determined by the type of 
descent, a constant airspeed or a constant rate 


Entry 
Isirspeed is higher than descending airspeed, and a constant 
airspeed descent is desired, reduce power to a descent 


power setting and maintain a constant altitude using cyclic 
pitch control. This slows the helicopter. As the helicopter 
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Figure 613. Flight Instrument Indications in a Stabilized Constant-Rate Climb, 
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approaches the descending airspeed, the airspeed indicator 
becomes primary for pitch and the manifold pressure is, 
primary for power. Holding the airspeed constant causes the 
helicopter to descend. For a constant rate descent, reduce the 
power to the approximate setting for the desired rate. If the 
descent is started at the descending airspeed, the airspeed 
indicator is primary for pitch until the VSI approaches the 
desired rate. At this time, the VSI becomes primary for 
pitch, and the airspeed indicator becomes primary for power. 
Coordinate power and pitch attitude control as previously 
described on page 6-10 for constant rate climbs. 


Level Off 
The level off from a constant airspeed descent may be 
made at descending airspeed or at cruise airspeed, if this is 
higher than descending airspeed. As in a climb level off, the 
amount of lead depends on the rate of descent and control 
technique. For a level off at descending airspeed, the lead 
should be approximately 10 percent of the vertical speed. At 
the lead altitude, simultaneously increase power to the setting, 
necessary to maintain descending airspeed in level flight. At 
this point, the altimeter becomes primary for pitch, and the 
airspeed indicator becomes primary for power. 


‘To level off at an airspeed higher than descending airspeed, 
increase the power approximately 100 to 150 feet prior to 
reaching the desired altitude. The power setting should be that 
which is necessary to maintain the desired airspeed in level 
flight. Hold the vertical speed constant until approximately 
50 feet above the desired altitude, At this point, the altimeter 
becomes primary for pitch and the airspeed indicator becomes 
primary for power. The level off from a constant rate descent 
should be accomplished in the same manner as the level off 
from a constant airspeed descent. 


Common Errors During Straight Climbs and 
Descents 

1. Failure to maintain heading 

2. Improper use of power 

3. Poor control of pitch attitude 

4, Failure to maintain proper pedal trim 

5 


Failure to level off on desired altitude 


Turns 


‘Tums made by reference to the flight instruments should 
be made at a precise rate. Tums described in this chapter 
are those not exceeding a standard rate of 3° per second 
as indicated on the turn-and-slip indicator. True airspeed 
determines the angle of bank necessary to maintain a standard 
rate turn, A rule of thumb to determine the approximate angle 


of bank required for a standard rate turn is to use 15 percent 
of the airspeed. A simple way to determine this amount is 
to divide the airspeed by 10 and add one-half the result, For 
example, at 60 knots approximately 9° of bank is required 
(60 + 10 = 6, 6 +3 =9); at 80 knots approximately 12° of 
bank is needed for a standard rate tur. 


‘To enter a turn, apply lateral cyclic in the direction of the 
desired turn. The entry should be accomplished smoothly, 
using the attitude indicator to establish the approximate bank 
angle. When the turn indicator indicates a standard rate turn, 
it becomes primary for bank. The attitude indicator now 
becomes a supporting instrument. During level turns, the 
altimeter is primary for pitch, and the airspeed indicator is 
primary for power. Primary and supporting instruments for a 
Stabilized standard rate turn are illustrated in Figure 6-14. If 
an increase in power is required to maintain airspeed, slight 
forward cyclic pressure may be required since the helicopter 
tends to pitch up as collective pitch is increased. Apply pedal 
trim, as required, to keep the ball centered, 


‘To recover to straight-and-level flight, apply cyclic in the 
direction opposite the turn, The rate of roll-out should be the 
ssame as the rate used when rolling into the turn. As the turn 
recovery is initiated, the attitude indicator becomes primary 
for bank. When the helicopter is approximately level, the 
heading indicator becomes primary for bank as in straight- 
and-level flight. Cross-check the airspeed indicator and ball 
closely to maintain the desired airspeed and pedal trim. 


A helicopter turns as long as its lateral axis is tilted: 
therefore, the recovery must start before the desired heading, 
is reached. The amount of lead varies with the rate of turn 
and piloting technique. 


Asa guide, when making a 3° per second rate of turn, use a 
lead of one-half the bank angle. For example, if using a 12° 
bank angle, use half of that, or 6°, as the lead point prior to the 
desired heading, Use this lead until the exact amount required 
by a particular technique can be determined. The bank angle 
should never exceed the number of degrees to be turned, 
As in any standard rate turn, the rate of recovery should be 
the same as the rate of entry. During turns to predetermined 
headings, cross-check the primary and supporting pitch, bank, 
and power instruments closely 


Timed Turns 
‘A timed turn is a turn in which the clock and turn-and-slip 
indicator are used to change heading a definite number of 
degrees in a given time. For example, using a standard rate 
turn, a helicopter turns 45° in 15 seconds. Using a half- 


We are loTalabs and we are a group of Internet of Things enthusiasts that love 
hacking together different devices. Over the past few months we have immersed 
ourself in the wonderful world of hardware! In our journey, we learned the best 
soldering practices around. 


We've been working on many projects (check out our current project 
http://doteverything.co/) and we wanted to share our experience on safely and 
correctly soldering connections! 


Add Tip Ask Question 


Step 1: What Is Soldering? 


Soldering accomplishes a strong bond between two pieces of metal by joining them 
together. In this procedure, a material called solder, an alloy mixture of tin and lead, 
flows over two pre-heated pieces of metal and holds them together. The process is 
similar to welding but differs because when you weld you are fusing and melting 
two pieces together to make one. When you solder you are essentially ‘gluing’ two. 
parts together with molten metal. Most metals with the exception of aluminum, 
white metal and porous cast iron can be soldered. Below, you will find instructions 
and illustrations that show you how to use a soldering iron. 


Add Tip Ask Question 


Step 2: Materials for Soldering 
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Figure 6-14. Flight Insirument Indications in a Standart-Rate Turn to the Left. 


standard rate turn, the helicopter turns 45° in 30 seconds. 
‘Timed turns can be used if the heading indicator becomes 
inoperative 


Prior to performing timed turns, the turn coordinator should 
be calibrated to determine the accuracy of its indications. 
‘To do this, establish a standard rate turn by referring to the 
tumn-and-slip indicator. Then, as the sweep second hand of 
the clock passes a cardinal point (12, 3, 6, or 9), check the 
heading on the heading indicator. While holding the indicated 
rate of turn constant, note the heading changes at 10-second 
intervals, If the helicopter tums more or less than 30° in 
that interval, a smaller or larger deflection of the needle is, 
necessary to produce a standard rate turn. After the turn- 
and-slip indicator has been calibrated during turns in each 
direction, note the corrected deflections, if any, and apply 
them during all timed turns. 


Use the same cross-check and control technique in making 
timed turns that is used to make turns to a predetermined 
heading, but substitute the clock for the heading indicator. 
‘The needle of the turn-and-slip indicator is primary for bank 
control, the altimeter is primary for pitch control, and the 
airspeed indicator is primary for power control. Begin the 
roll-in when the clock’s second hand passes a cardinal point; 
hold the turn at the calibrated standard rate indication, or 
half-standard rate for small changes in heading; then begin 
the roll-out when the computed number of seconds has 
elapsed. Ifthe roll-in and roll-out rates are the same, the time 
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taken during entry and recovery need not be considered in 
the time computation, 


If practicing timed turns with a full instrument panel, check 
the heading indicator forthe accuracy ofthe turns. If executing, 


‘urns without the heading indicator, use the magnetic compass 
at the completion of the turn to check turn accuracy, taking 
compass deviation errors into consideration 


Change of Airspeed in Turns 
Changing airspeed in tums is an effective maneuver for 
increasing proficiency in all three basic instrument skills. 
Since the maneuver involves simultaneous changes in all 
components of control, proper execution requires a rapid 
cross-check and interpretation, as well as smooth contro 
Proficiency in the mancuver also contributes to confidence in 
the instruments during attitude and power changes involved 
in more complex maneuvers. 


Pitch and power control techniques are the same as those 
used during airspeed changes in straight-and-level flight. 
As discussed previously, the angle of bank necessary for a 
given rate of turn is proportional to the true airspeed. Since 
the turns are executed at standard rate, the angle of bank 
‘must be varied in direct proportion to the airspeed change in 
order to maintain a constant rate of turn. During a reduction 


of airspeed, decrease the angle of hank and increase the pitch 
attitude to maintain altitude and a standard rate turn, 


Altimeter and turn indicator readings should remain constant 
throughout the turn. The altimeter is primary for pitch control, 
and the turn needle is primary for bank control. Manifold 
pressure is primary for power control while the airspeed is, 
changing. As the airspeed approaches the new indication, the 
airspeed indicator becomes primary for power control. 


‘Two methods of changing airspeed in turns may be used. 
In the first method, airspeed is changed after the turn is 
established. In the second method, the airspeed change 
is initiated simultancously with the turn entry. The first 
‘method is easier, but regardless of the method used, the rate 
of cross-check must be increased as power is reduced. As 
the helicopter decelerates, check the altimeter and VSI for 
needed pitch changes, and the bank instruments for needed 
bank changes. If the needle of the turn-and-slip indicator 
shows a deviation from the desired deflection, change the 
bank. Adjust pitch attitude to maintain altitude. When the 
airspeed approaches that desired, the airspeed indicator 
becomes primary for power control. Adjust the power to 
‘maintain the desired airspeed. Use pedal trim to ensure the 
‘maneuver is coordinated. 


Until control technique is very smooth, frequently cross 
check the attitude indicator to keep from overcontrolling, 
and to provide approximate bank angles appropriate for the 
changing airspeeds. 


Compass Turns 
‘The use of gyroscopic heading indicators makes heading 
control very easy. However, if the heading indicator fails 
or the helicopter is not equipped with one, use the magnetic 
compass for heading reference. When making compass-only 
turns, a pilot needs to adjust for the lead or lag created by 
acceleration and deceleration errors so that the helicopter 
rolls out on the desired heading. When turning to a heading 
of north, the lead forthe roll-out must include the number of 
dogrees of latitude plus the lead normally used in recovery 
from turns. During a turn to a south heading, maintain the 
turn until the compass passes south the number of degrees 
of latitude, minus the normal roll-out lead. For example, 
‘when turning from an easterly direction to north, where the 
latitude is 30°, start the roll-out when the compass reads 
37° (30° plus one-half the 15° angle of bank, or whatever 
amount is appropriate forthe rate of roll-out). When turning 
from an easterly direction to south, start the roll-out when 
the magnetic compass reads 203° (180° plus 30° minus one~ 
half the angle of bank). When making similar turns from a 
westerly direction, the appropriate points at which to begin 
the roll-out would be 323° for a turn to north, and 157° for 
a tur to south. 


30° Bank Turn 
A turn using 30” of bank is seldom necessary or advisable 
in instrument meteorological conditions (IMC), and is 
considered an unusual attitude in a helicopter. However, it 
isan excellent maneuver to practice to increase the ability to 
react quickly and smoothly to rapid changes of attitude. Even 
though the entry and recovery techniques are the same as for 
any other turn, it is more difficult to control pitch because 
of the decrease in vertical lift as the bank increases. Also, 
because of the decrease in vertical lift, there is a tendency 
to lose altitude and/or airspeed. Therefore, to maintain a 
constant altitude and airspeed, additional power is required. 
Do not initiate a correction, however, until the instruments 
indicate the need for one. During the maneuver, note the 
need for a correction on the altimeter and VSI, check the 
attitude indicator, and then make the necessary adjustments. 
After making a change, check the altimeter and VSI again to 
determine whether or not the correction was adequate. 


Climbing and Descending Turns 
For climbing and descending turns, the techniques described 
previously for straight climbs, descents, and standard rate 
turns are combined. For practice, simultancously tum and 
start the climb or descent. The primary and supporting 
instruments for a stabilized constant airspeed left climbing 
turn are illustrated in Figure 6-15. The level off from a 
climbing or descending turn is the same as the level off from 
a straight climb or descent. To return to straight-and-level 
flight, stop the turn and then level off, or level off and then 
stop the turn, or simultaneously level off and stop the turn 
During climbing and descending turns, keep the ball of the 
turn indicator centered with pedal trim. 


Common Errors Dui 


1g Turns 
1, Failure to maintain desired turn rate 

2. Failure to maintain altitude in level turns 

3. Failure to maintain desired airspeed 

4. Variation inthe rate of entry and recovery 

5. Failure to use proper lead in turns to a heading 

6. Failure to properly compute time during timed turns, 
7 


Failure to use proper leads and lags during the compass 
turns 


8, Improper use of power 


9, Failure to use proper pedal trim 


Any maneuver not required for normal helicopter instrument 
flight is an unusual attitude and may be caused by any one 
or combination of factors such as turbulence, disorientation, 
instrument failure, confusion, preoccupation with flight deck 
duties, carelessness in cross-checking, errors in instrument 
interpretation, or lack of proficiency in aircraft control. Due 
to the instability characteristics of the helicopter, unusual 
attitudes can be extremely critical. As soon as an unusual 
attitude is detected, make a recovery to straight-and-level 
flight as soon as possible with a minimum loss of altitude. 


‘To recover from an unusual attitude, a pilot should correct 
bank-and-pitch attitude and adjust power as necessary. All 
components are changed almost simultaneously, with little 
lead of one over the other. A pilot must be able to perform 
this task with and without the attitude indicator, If the 
helicopter is in a climbing or descending turn, adjust bank, 
pitch, and power. The bank attitude should be corrected 
by referring to the turn-and-slip indicator and attitude 
indicator. Pitch attitude should be corrected by reference to 
the altimeter, airspeed indicator, VSI, and attitude indicator. 
Adjust power by referring to the airspeed indicator and 
manifold pressure 


Since the displacement of the controls used in recovery from 
unusual attitudes may be greater than those used for normal 
flight, make careful adjustments as straight-and-level flight 


is approached, Cross-check the other instruments closely to 
avoid evercontrolling. 


Common Errors During Unusual Attitude 
Recoveries 
1. Failure to make proper pitch correction 


2. Failure to make proper bank correction 


3. Failure to make proper power correction 
4. Overcontrolling pitch and/or bank atitude 
5. Overcontrolling power 

6. Excessive loss of altitude 


Emergencies during instrument flight are handled similarly 
to those occurring during VFR flight, A thorough knowledge 
of the helicopter and its systems, as well as good aeronautical 
knowledge and judgment, is the best preparation for 
emergency situations. Safe operations begin with preflight 
planning and a thorough preflight inspection, Plan a route 
of flight to include adequate landing sites in the event of an 
emergency landing. Make sure all resources, such as maps, 
publications, flashlights, and fire extinguishers are readily 
available for use in an emergency. 


During any emergency, first fly the aircraft, This means ensure 
the helicopter is under control, and determine emergency 
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Figure 615. Flight Instrument Indications for a Stabilized Left Climbing Turn at « Constant Airspeed. 
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landing sites. Then perform the emergency checklist memory 
items, followed by items written in the rotoreraft flight 
‘manual (RFM), When all these items are under control, notify 
sir trafic control (ATC), Declare any emergency on the last 
assigned ATC frequency. If one was not issued, transmit on 
the emergency frequency 121.5. Set the transponder to the 
emergency squawk code 7700. This code triggers an alarm 
or special indicator in radar facilit 


‘When experiencing most in-flight emergencies, such as low 
fuel or complete electrical failure, land as soon as possible. 
In the event of an electrical fire, turn off all nonessential 
equipment and land immediately. Some essential electrical 
instruments, such as the attitude indicator, may be required 
fora safe landing. A navigation radio failure may not require 
an immediate landing if the flight can continue safely. In 
this case, land as soon as practical. ATC may be able to 
provide vectors to a safe landing area, For specific details, 
‘on what to do during an emergency, refer to the RFM for 
the helicopter. 


Autorotations 
Both straight-ahcad and turning autorotations should be 
practiced by reference to instruments. This training ensures, 
prompt corrective action to maintain positive aircraft control 
in the event of an engine failure. 


‘To enter autorotation, reduce collective pitch smoothly to 
‘maintain a safe rotor RPM and apply pedal trim to keep the 
ball of the turn-and-slip indicator centered. The pitch attitude 
of the helicopter should be approximately level as shown by 
the attitude indicator. The airspeed indicator is the primary 
pitch instrument and should be adjusted to the recommended 
autorotation speed, The heading indicator is primary for bank 
in a straight-ahead autorotation. In a turning autorotation, a 
standard rate turn should be maintained by reference to the 
needle of the turn-and-slip indicator. 


Common Errors During Autorotations 
1. Uncoordinated entry due to improper pedal trim 
2. Poor airspeed control due to improper pitch attitude 
3. Poor heading control in straight-ahead autorotations 
4. Failure to maintain proper rotor RPM 
5. Failure to maintain a standard rate turn during turning, 


autorotations 


Servo Failure 
Most helicopters certified for single-pilot IFR flight are required 
to have autopilots, which greatly reduces pilot workload. Ifan 
autopilot servo fails, however, resume manual control of the 
helicopter. The amount of workload increase depends on which 


servo fails. Ifa cyclic servo fails, a pilot may want to land 
immediately because the workload increases tremendously. If 
an antitorque or collective servo fails, continuing to the next 
suitable landing site might be possible. 


Instrument Takeoff 


‘The procedures and techniques described here should be 
modified as necessary to conform to those set forth in the 
operating instructions for the particular helicopter being 
flown. During training, instrument takeoffs should not 
be attempted except when receiving instruction from an 
appropriately certificated, proficient flight instructor pilot. 


Adjust the miniature aircraft in the attitude indicator, as 
appropriate, forthe aircraft being flown. After the helicopter 
is aligned with the runway or takeoff pad, to prevent forward 
‘movement ofa helicopter equipped with a wheel-type landing 
gear, set the parking brakes or apply the toc brakes. If the 
parking brake is used, it must be unlocked after the takeoff 
has been completed. Apply sufficient friction to the collective 
pitch control to minimize evercontrolling and to prevent 
creeping. Excessive friction should be avoided since it limits 
collective pitch movement. 


‘After checking all instruments for proper indications, start 
the takeoff by applying collective pitch and a predetermined 
power setting. Add power smoothly and stcadily to gain 
airspeed and altitude simultaneously and to prevent settling to 
the ground. As power is applied and the helicopter becomes 
airborne, use the antitorque pedals initially to maintain the 
desired heading. At the same time, apply forward cyclic to 
begin accelerating to climbing airspeed. During the initial 
acceleration, the pitch attitude ofthe helicopter, as read on the 
attitude indicator, should be one- to two-bar widths low. The 
primary and supporting instruments after becoming airborne 
are illustrated in Figure 6-16. As the airspeed increases to the 
appropriate climb airspeed, adjust pitch gradually to climb 
attitude. As climb airspeed is reached, reduce power to the 
climb power setting and transition to a fully coordinated 


straight climb, 


During the initial climb out, minor heading corrections 
should be made with pedals only until sufficient airspeed is 
attained to transition to fully coordinated flight. Throughout 
the instrument takeoff, instrument cross-check and 
interpretations must he rapid and accurate, and aircraft control 
positive and smooth. 


Figure 6-16. Flight Instrument Indications During an Instrument Takeoff 


Common Errors During Instrument Takeoffs 
1, Failure to maintain heading 


2, Overcontrolling pedals 


3. Failure to use required power 
4. Failure to adjust pitch attitude as climbing airspeed is 
reached 
Changing Technology 


Advances in technology have brought about changes in 
the instrumentation found in all types of aireraft, including 
helicopters. Electronic displays commonly referred to as 
“glass cockpits” are becoming more common. Primary flight 
displays (PFDs) and multi-function displays (MFDs) are 
changing not only what information is available to a pilot 
but also how that information is displayed, 


Illustrations of technological advancements in instrumentation 
are described as follows. In Figure 6-17, a typical PFD 
depicts an aircraft flying straight-and-level at 3,000 
feet and 100 knots. Figure 6-18 illustrates a nose-low 
pitch attitude in a right turn. MFDs can be configured to 
provide navigation information such as the moving map in 
Figure 6-19 or information pertaining to aircraft systems as 
in Figure 6-20. 


Figure 6-17. PFD Indications During Straight-and-Level Flight 


Figure 6-18. PAD Indications During a Nose-Low Pitch Attitude in a Right Turn 
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Figure 6-19. MED Display of a Moving Mop. 


Figure 6-20. MED Display of Aireraft Systems. 
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Basic Radio Principles 


‘A radio wave is an electromagnetic (EM) wave with 
frequency characteristics that make it useful. The wave 
will travel long distances through space (in or out of the 
atmosphere) without losing too much strength. An antenna 
is used to convert electric current into a radio wave so it can 
travel through space to the receiving antenna, which converts, 
it back into an electric current for use by a receiver. 


How Radio Waves Propagate 
‘All matter has a varying degree of conductivity or resistance 
to radio waves. The Earth itself acts as the greatest resistor 
to radio waves. Radiated energy that travels near the ground 
induces voltage inthe ground that subtracts energy from the 
‘wave, decreasing the strength of the wave as the distance from 
the antenna becomes greater. Trees, buildings, and mineral 
deposits affect the strength to varying degrees. Radiated 
energy in the upper atmosphere is likewise affected as the 
energy of radiation is absorbed by molecules of air, water, 
and dust. The characteristics of radio wave propagation vary 
according to the signal frequency and the design, use, and 
limitations of the equipment. 


Ground Wave 
A ground wave travels across the surface of the Earth. You 
‘can best imagine a ground wave’s path as being in a tunnel 
cr alley bounded by the surface of the Earth and by the 
ionosphere, which keeps the ground wave from going out 
into space. Generally, the lower the frequency, the farther 
the signal will travel. 


Ground waves are usable for navigation purposes because 
they travel reliably and predictably along the same route 
day after day, and are not influenced by too many outside 
factors. The ground wave frequency range is generally from 
the lowest frequencies in the radio range (perhaps as low as 
100 Hz) up to approximately 1,000 kHz (1 MHz). Although 
there isa ground wave component to frequencies above this, 
up to 30 MHz, the ground wave at these higher frequencies 
loses strength over very short distances. 


Sky Wave 
‘The sky wave, at frequencies of 1 to 30 MHz, is good for 
Jong distances because these frequencies are refracted or 
“bent” by the ionosphere, causing the signal to be sent back 
to Earth from high in the sky and received great distances 
away. [Figure 7-1] Used by high frequency (HF) radios in 
aircraft, messages can be sent across oceans using only 50 
to 100 watts of power. Frequencies that produce a sky wave 
are not used for navigation because the pathway of the signal 
from transmitter to receiver is highly variable. The wave is 
“bounced” off ofthe ionosphere, which is always changing 
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due to the varying amount of the sun’s radiation reaching it 
(night/day and seasonal variations, sunspot activity, ctc.). The 
sky wave is, therefore, unreliable for navigation purposes. 


For aeronautical communication purposes, the sky wave 
(HF) is about 80 to 90 percent reliable, HF is being gradually 
replaced by more reliable satellite communication, 


Space Wave 
When able to pass through the ionosphere, radio waves 
of 15 MHz and above (all the way up to many GHz), are 
considered space waves. Most navigation systems operate 
‘with signals propagating as space waves. Frequencies above 
100 MHz have nearly no ground or sky wave components. 
‘They are space waves, but (except for global positioning 
system (GPS)) the navigation signal is used before it reaches 
the ionosphere so the effect of the ionosphere, which can 
cause some propagation errors, is minimal. GPS errors 
caused by passage through the ionosphere are significant 
and are corrected for by the GPS receiver system. 


‘Space waves have another characteristic of concern to users, 
‘Space waves reflect off hard objects and may be blocked if 
the abject is between the transmitter and the receiver. Site 
and terrain error, as well as propeller/rotor modulation error 
in very high omnidirectional range (VOR) systems is caused 
by this bounce, Instrument landing system (ILS) course 
distortion is also the result of this phenomenon, which led 
to the need for establishment of ILS critical areas, 


lonosphere 


Figure 7-1. Ground, Space, and Sky Wave Propogation 


Generally, space waves are “line of sight” receivable, but 
those of lower frequencies will “bend” somewhat over the 
horizon, The VOR signal at 108 to 118 MHz is a lower 
frequency than distance measuring equipment (DME) at 962 
to 1213 MHz, Therefore, when an aircraft is flown “over the 
horizon” from a VOR/DME station, the DME will normally 
be the first to stop functioning, 


Disturbances to Radio Wave Reception 
Static distorts the radio wave and interferes with normal 
reception of communications and navigation signals. Low- 
frequency airborne equipment such as automatic direction 
finder (ADF) and LORAN are particularly subject to static 
disturbance. Using very high frequency (VHF) and ultra- 
high frequency (UHF) frequencies avoids many of the 
discharge noise effects. Static noise heard on navigation 
or communication radio frequencies may be a warning of 
interference with navigation instrument displays. Some of 
the problems caused by precipitation static (P-static) are: 

+ Complete loss of VHF communications, 

+ Erroncous magnetic compass readings. 


+ Aircraft flying with one wing low while using the 
autopilot. 


+ High-pitched squeal on audio, 
+ Motorboat sound on audio, 
+ Loss of all avionics. 


+ Inoperative v. 
system, 


low frequency (VLF) navigation 


+ Erratic instrument readouts, 
‘+ Weak transmissions and poor radio reception, 


+ St. Elmo’s Fire. 


Traditional Navigation Systems 
Nondirectional Radio Beacon (NDB) 

‘The nondirectional radio beacon (NDB) is a ground-based 
radio transmitter that transmis radio energy in all directions 
‘The ADE, when used with an NDB, determines the bearing 
from the aireraft to the transmitting station, The indicator 
‘may be mounted in a separate instrument in the aircraft 
panel, [Figure 7-2] The ADF needle points to the NDB 
ground station to determine the relative bearing (RB) to the 
transmitting station. It isthe number of degrees measured 
clockwise between the aircraft's heading and the direction 
from which the bearing is taken, The aireraft’s magnetic 
heading (MH) is the direction the aircraft is pointed with 
respect 1o magnetic north The magnetic bearing (MB) isthe 
direction to or from a radio transmitting station measured 
relative to magnetic north, 


NDB Components 
‘The ground equipment, the NDB, transmits inthe frequency 
range of 190 to 535 kHz. Most ADFs will also tune the AM 
broadcast band frequencies above the NDB band (550 to 
1650 kHz). However, these frequencies are not approved 
for navigation because stations do not continuously identify 
themselves, and they are much more susceptible to sky 
wave propagation especially from dusk to dawn. NDB 
stations are capable of voice transmission and are often used 
for transmitting the automated weather observing, system 
(AWOS). The aircraft must be in operational range of the 
NDB. Coverage depends on the strength of the transmitting 
station, Before relying on ADF indications, identify the 
station by listening to the Morse code identifier. NDB stations 
are usually two letters or an alpha-numeric combination. 


ADF Components 
‘The airborne equipment includes two antennas, a receiver, 
and the indicator instrument. The “sense” antenna (non- 
directional) receives signals with nearly equal efficiency 
from all directions. The “loop” antenna receives signals 
better from two directions (bidirectional). When the loop 
and sense antenna inputs are processed together in the ADF 
radio, the result isthe ability to receive a radio signal well in 
all directions but one, thus resolving all directional ambigui 

‘The indicator instrument can be one of four kinds: fixed- 
card ADE, rotatable compass-card ADF, or radio magnetic 


Figure 7-2. ADF Indicator Instrument and Receiver. 
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Soldering Iron 


Modeler’s Vise or Frame (optional) 
Solder 
Damp Sponge 


Flux to remove oxides 


Add Tip Ask Question 


Step 3: Prepare Your Workspace 


Make sure your table or bench top is clear and free of obstructions. You will want as 
much freedom as possible to move your hand around and make adjustments. 


indicator (RMI with either one needle or dual needle, Fixed- 
card ADF (also known as the relative bearing indicator (RBI) 
always indicates zero at the top of the instrument, with the 
needle indicating the RB to the station, Figure 7-3 indicat 
an RB of 135°; if the MH is 045°, the MB to the station is 
180°. (MH + RB = MB to the station.) 


‘The movable-card ADF allows the pilot to rotate the 
aircraft's present heading to the top of the instrument so 
that the head of the needle indicates MB to the station and 
the tail indicates MB from the station. Figure 7-4 indicates 
a heading of 045°, MB to the station of 180°, and MB from 
the station of 360°. 


‘The RMI differs from the movable-card ADF in that it 
automatically rotates the azimuth card (remotely controlled 
by a gyrocompass) to represent aircraft heading. The RMI 
has two needles, which can be used to indicate navigation 
information from either the ADF or the VOR receiver. When 
needle is being driven by the ADE the head of the needle 
indicates the MB TO the station tuned on the ADF receiver. 
‘The tal of the needle is the bearing FROM the station, When 
ancedie of the RMI is driven by a VOR receiver, the needle 
indicates where the aircraft is radially with respect to the 
VOR station. The needle points to the bearing TO the station, 
as read on the azimuth card. The tail of the needle points to 
rently on or crossing, 
Figure 7- the MB to the station 
is 005°, and the MB from the station is 185° 


Figure 7.8, Relative bearing (RB) on a fixed-card indicator. Note 
that the card always indicates 360°, or north. In this case, the 
rolative bearing to the station is 135° to the right. Ifthe aircraft 
were on a magnetic heading of 360°, then the magnetic bearing 
(MB) would also be 135°. 
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Function of ADF 
‘The ADF can be used to plot your position, track inbound 
and outbound, and intercept a bearing. These procedures 
are used to execute holding patterns and nonprecision 
instrument approaches, 


Orientation 
‘The ADF needle points TO the station, regardless of aircraft 
heading or position. The RB indicated is thus the angular 
relationship between the aircraft heading and the station, 
measured clockwise from the nose of the aircraft. Think of 
the nose/tal and left/right needle indications, visualizing the 
ADF dial in terms of the longitudinal axis of the aircraft 
‘When the needle points to 0°, the nose of the aircraft points, 
directly to the station; with the pointer on 210°, the station 
is 30° to the left of the tail; with the pointer on 090°, the 
station is off the right wingtip. The RB alone docs not indicate 
aircraft position. The RB must be related to aircraft heading 
in order to determine direction to or from the station, 


Station Passage 
When you are near the station, slight deviations from 
the desired track result in large deflections of the needle. 
Therefore, it is important to establish the correct drift 
correction angle as soon as possible. Make small heading 
corrections (not over 5°) as soon as the needle shows a 
deviation from course, until it begins to rotate steadily toward 
wingtip position or shows erratic left/right oscillations. You 


an 
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Figure 7-4. Relative bearing (RB) on a movable-can indicator By 


placing the aircraft's magnetic heading (MH) of 045° under the 
lop index, the relative bearing (RB) of 135° to the right will also 
be the magnetic bearing (no wind conditions) which will uke you 


tothe transmitting station, 


Figure 7-5. Radio magnetic indicator (RMI, Because the aireraft’s 
magnetic heading is automatically changed, the relative bearing 
(RB), in this case 095°, will indicate the magnetic bearing (095°) 
10 the station (no wind conditions) and the magnetic heading that 
will ake you there. 


are abeam a station when the needle points 90° off your track. 
Hold your last corrected heading constant and time station 
passage when the needle shows either wingtip position or 
settles at or near the 180° position. The time interval from 
the first indications of station proximity to positive station 
passage varies with altitude—a few seconds at low levels to 
3 minutes at high altitude. 


Homing 
‘The ADF may be used to “home” in on a station, Homing 
is flying the aireraft on any heading required to keep the 
needle pointing directly to the 0° RB position, To home in 
ona station, tune the station, identify the Morse code signal, 
and then turn the aircraft to bring the ADF azimuth needle to 
the 0° RB position, Turns should be made using the heading 
indicator. When the turn is complete, check the ADF nes 
and make small corrections as necessary. 


Figure 7-6 illustrates homing starting from an initial MH of 
(050° and an RB of 310°, indicating a 50° left turn is needed 
to produce an RB of zero. Turn left, rolling out at SO” minus 
50° equals 360°, Small heading corrections are then made 
to zer0 the ADF needle, 


If there is no wind, the aircraft will home to the station on a 
direct track over the ground. With a crosswind, the aircraft 
will follow a circuitous path to the station on the downwind 
side of the direct track to the station. 


Tracking 
‘Tracking uses a heading that will maintain the desired track 
to or from the station regardless of crosswind conditions. 
Interpretation of the heading indicator and needle is done to 
maintain a constant MB to or from the station. 


‘To track inbound, turn to the heading that will produce a zero 
RB. Maintain this heading until off-course drift is indicated 
by displacement of the needle, which will occur if there is a 
crosswind (needle moving left = wind from the left; needle 
moving right = wind from the right). A rapid rate of bearing 
change with a constant heading indicates either a strong 
crosswind or close proximity to the station or both, When 
there is a definite (2° to S*) change in needle reading, turn 
in the direction of needle deflection to intercept the initial 
MB, The angle of interception must be greater than the 
number of degrees of drift, otherwise the aircraft will slowly 
drift due to the wind pushing the aircraft. If repeated often 
enough, the track to the station will appear circular and the 
distance greatly increased as compared to a straight track. 
‘The intercept angle depends on the rate of drift, the aircraft 
speed, and station proximity. Initially, itis standard to double 
the RB when turning toward your course, 


For example, if your heading equals your course and the 
needle points 10° left, tum 20° left, twice the initial RB. 
[Figure 7-7] This wil be your intercept angle to capture the 
RB. Hold this heading until the needle is deflected 20° in 
the opposite direction. That is, the deflection of the needle 
equals the interception angle (inthis case 20°). The track has 
been intercepted, and the aircraft will remain on track as long, 
as the RB remains the same number of degrees as the wind 
correction angle (WCA), the angle between the desired track 
and the heading of the aircraft necessary to keep the aircraft 
tracking over the desired track. Lead the interception to avoid 
overshooting the track. Turn 10° toward the inbound course. 
You are now inbound with a 10° left correction angle. 


NOTE: In Figure 7-7, for the aircraft closest tothe station, the 
WCA is 10° left and the RB is 10? right. IF those values do 
not change, the aircraft will ack directly othe station, If you 
observe off-course deflection in the original direction, turn 
again to the original interception heading. When the desired 
course has been re-intercepted, turn $° toward the inbound 
course, proceeding inbound with a 15° drift correction, Ifthe 
initial 10° drift correction is excessive, as shown by needle 
deflection away from the wind, tun to parallel the desired 
course and let the wind drift you back on course. When the 
needle is again zeroed, turn into the wind with a reduced 
drift correction angle. 
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Figure 78. ADF Homing With a Crosswind. 
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Figure 7-7. ADF Tracking Inbound. 
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‘To track outbound, the same principles apply: needle moving 
left = wind from the left, needle moving right = wind from the 
right, Wind correction is made toward the needle deflection. 
‘The only exception is while the turn to establish the WCA is 
being made, the direction of the azimuth needle deflections 
reversed. When tracking inbound, needle deflection decreases 
while turning to establish the WCA, and needle deflection 
increases when tracking outbound. Note the example of 
course interception and outbound tracking in Figure 7-8. 


Incercepting Bearings 
ADF orientation and tracking procedures may be applied to 
intercept a specified inbound or outbound MB. To intercept 
an inbound bearing of 355°, the following steps may be used. 
[Figure 7-9] 

1. Determine your position in relation to the station by 
paralleling the desired inbound bearing. In this cas 
turn to a heading of 355°. Note thatthe station is to 
the right front of the aircraft 


Determine the number of degrees of needle deflection 
from the nose of the aircraft. In this case, the needle’s 
RB from the aircraft’s nose is 40° to the right. A rule 
‘of thumb for interception is to double this RB amount 
as an interception angle (80°), 


3. Tum the aircraft toward the desired MB the number of 
dogrees determined for the interception angle which 
as indicated (in two above) is twice the initial RB 
(40°), or in this case 80°. Therefore, the right turn will 
be 80° from the initial MB of 355°, ora turn to 075° 
magnetic (355° + 80° + 075°), 

4, Maintain this interception heading of 075° until the 
needle is deflected the same number of degrees “left” 
from the zero position as the angle of interception 
(080°, (minus any lead appropriate forthe rate at which. 
the bearing is changing), 


5. Turn left 80° and the RB (in a no wind condition and 
with proper compensation for the rate of the ADF 
needle movement) should be 0°, or directly off the 
nose. Additionally, the MB should be 355° indicating 
proper interception of the desired course. 


NOTE: The rate of an ADF needle movement or any bearing, 
pointer for that matter will be faster as aircraft position 
becomes closer to the station or waypoint (WP). 


Interception of an outbound MB can be accomplished by the 
same procedures as for the inbound intercept, except that 
it is necessary to substitute the 180° position for the zero 
position on the needle. 
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Operational Errors of ADF 
Some of the common pilot-induced errors associated with 
ADF navigation are listed below to help you avoid making 
the same mistakes. The errors are: 

1. Improper tuning and station identification. Many pilots, 
have made the mistake of homing or tracking to the 
‘wrong station 

2. Positively identifying any malfunctions of the RMI 
slaving system or ignoring the warning flag, 


3. Dependence on homing rather than proper tracking. 
This commonly results from sole reliance on the ADF 
indications, rather than correlating them with heading 
indications. 


4. Poor orientation, due to failure to follow proper steps 
in orientation and tracking. 

5. Careless interception angles, very likely to happen if 
you rush the initial orientation procedure. 

6. Overshooting and undershooting predetermined MBs, 
often due to forgetting the course interception angles 
used. 

7. Failure to maintain selected headings. Any heading 
change is accompanied by an ADF needle change. 
‘The instruments must be read in combination before 
any interpretation is made. 

8. Failure to understand the limitations of the ADF and 
the factors that affect its use. 

9. Overcontrolling track corrections close to the station 
(chasing the ADF needle), due to failure to understand 
or recognize station approach. 


10, Failure to keep the heading indicator set so it agrees 
with the magnetic compass. 


(voR) 
‘VOR is the primary navigational aid (NAVAID) used by ci 
aviation in the National Airspace System (NAS). The VOR 
ground station is oriented to magnetic north and transmits 
azimuth information to the aircraft, providing 360 courses 
‘TO or FROM the VOR station. When DME is installed with 
the VOR, itis referred to as a VOR/DME and provides both 
azimuth and distance information. When military tactical air 
navigation (TACAN) equipment is installed with the VOR, 
it is known as a VORTAC and provides both azimuth and 
distance information, 


Figure 7-8. ADF Interception and Tracking Outbound, 
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Figure 7-9. Inercepiion of Bearing. 


‘The courses oriented FROM the station are called radials. The 
VOR information received by an aircraft is not influenced 
by aircraft attitude or heading. [Figure 7-10] Radials can 
be envisioned to be like the spokes of a wheel on which the 
aircraft is on one specific radial at any time. For example, 
aircraft A (heading 180°) is inbound on the 360° radial: after 
crossing the station, the aircraft is outbound on the 180° 
radial at Al, Aircraft B is shown crossing the 225° radial. 
Similarly, at any point around the station, an aircraft can be 
located somewhere on a specific VOR radial. Additionally, 
a VOR needle on an RMI will always point to the course 
that will take you to the VOR station where conversely the 
ADF needle points to the station as a RB from the aircraft. In 
the example above, the ADF needle at position A would be 
pointed straight ahead, at Al to the aircralt’s 180° position 
(tail) and at B, to the aircraft's right 


‘The VOR receiver measures and presents information to 
indicate bearing TO or FROM the station. In addition to the 
navigation signals transmitted by the VOR, a Morse code 
ssignal is transmitted concurrently to identify the facility, as 
‘well as voice transmissions for communication and relay of 
weather and other information. 


VORs are classified according to their operational uses. The 
standard VOR facility has a power output of approximately 
200 watts, with a maximum usable range depending upon 
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the aircraft altitude, class of facility, location of the facility, 
terrain conditions within the usable area of the facility, and 
other factors. Above and beyond certain altitude and distance 
limits, signal interference from other VOR facilities and a 
‘weak signal make it unreliable. Coverage is typically atleast 
40 miles at normal minimum instrument flight rules (IFR) 
altitudes, VORs with accuracy problems in parts of their 
service volume are listed in Notices to Airmen (NOTAMs) 
and in the Airport/Facility Directory (A/FD) under the name 
‘of the NAVAID. 


VOR Components 
‘The ground equipment consists of a VOR ground station, 
which is a small, low building topped with a flat white disc, 
upon which are located the VOR antennas and a fiberglass 
cone-shaped tower. /Figure 7-11] The station includes an 
automatic monitoring system, The monitor automatically 
tums off defective equipment and turns on the standby 
transmitter. Generally, the accuracy of the signal from the 
‘ground station is within 1° 


VOR facilities are aurally identified by Morse code, or 
voice, or both. The VOR can be used for ground-to-air 
communication without interference with the navigation 
signal. VOR facilities operate within the 108,0 to 117.95 MHz 
frequency band and assignment between 108.0 and 112.0 


Figure 7-10. VOR Radial 


Figure 7-11. VOR Transmitter (Ground Staion). 


MEZ is in even-tenth increments to preclude any conflict 
with ILS localizer frequency assignment, which uses the 
‘odd tenths in this range 


‘The airborne equipment includes an antenna, a receiver, and 
the indicator instrument, The receiver has frequency knob to 
select any of the frequencies between 108.0 to 117.95 MHz. 
‘The On/Offivolume control turns on the navigation receiver 
and controls the audio volume. The volume has no effect on 
the operation of the receiver. You should listen to the station 
identifier before relying on the instrument for navigation, 


VOR indicator instruments have at least the essential 
components shown in the instrument illustrated in 
Figure 7-12. 


Approximately 2 degrees 
inthe VOR mode 


Figure 7-12. The VOR Indicator Instrument 


Omnibearing Selector (OBS) 
‘The desired course is selected by turning the OBS knob until 
the course is aligned with the course index mark or displayed 
in the course window. 


Course Deviation Indicator (CDI) 
‘The deviation indicator is composed of an instrument face 
and a needle hinged to move laterally across the instrument 
face. The needle centers when the aircraft ison the selected 
radial or its reciprocal. Full needle deflection from the center 
position to cither side of the dial indicates the aircraft is 12" 
oor more off course, assuming normal needle sensitivity. The 
outer edge of the center circle is 2° off course; with each dot 
representing an additional 2 


TO/FROM Indicator 
‘The TO/FROM indicator shows whether the selected course 
if intercepted and flown will take the aircraft TO or FROM 
the station. It does not indicate whether the aircrafts heading 
to or from the station. 


Flags or Other Signal Strength Indicators 
‘The device that indicates a usable or an unreliable signal may 
be an “OFF” flag. It retracts from view when signal strength 
is sufficient for reliable instrument indications, Alternately. 
insufficient signal strength may be indicated by a blank or 
OFF in the TO/FROM window. 


‘The indicator instrument may also be a horizontal situation 
indicator (HSI) which combines the heading indicator 
and CDI. [Figure 7-13] The combination of navigation 
information from VOR/Localizer (LOC) or from LORAN 
or GPS, with aircraft heading information provides a visual 
picture ofthe aircraft's location and direction. This decreases 
pilot workload especially with tasks such as course intercepts, 
flying a back-course approach, or holding pattern entry. (S 
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Figure 713. Typical Horizontal Situation Indicator (SD. 
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Chapter 3, Flight Instruments, for operational characteristics.) 
[Figure 7-14] 


Function of VOR 
Orientation 


‘The VOR does not account for the aircraft heading. It only 
relays the aircraft direction from the station and will have the 
same indications regardless of which way the nose is pointing, 
‘Tune the VOR receiver to the appropriate frequency of the 
selected VOR ground station, turn up the audio volume, and 
identify the station’s signal audibly. Then, rotate the OBS 
to center the CDI needle and read the course under or over 


the index. 


In Figure 7-12, 360° TO is the course indicated, while in 
Figure 7-15, 180° TO is the course. The latter indicates that 
the aircraft (which may be heading in any direction) is, at this 
‘moment, located at any point on the 360° radial (line from 
the station) except directly over the station or very close to 
it, as in Figure 7-15. The CDI will deviate from side to side 
as the aircraft passes over or neatly aver the station becau: 

of the volume of space above the station where the zone of 
confusion exists, This zone of confusion is caused by lack of 
adequate signal directly above the station due tothe radiation 


Course select pointer 


‘Course deviation scale mn 


pattern of the station’s antenna, and because the resultant 
Of the opposing reference and variable signals is small and 
constantly changing. 


‘The CDI in Figure 7-15 indicates 180°, meaning that the 
aircraft ison the 180” or the 360° radial ofthe station. The TO/ 
FROM indicator resolves the ambiguity. Ifthe TO indicator is 
showing, then itis 180° TO the station. The FROM indication 
indicates the radial ofthe station the aircraft is presently on. 
Movement of the CDI from center, if it occurs ata relatively 
constant rate, indicates the aircraft is moving or drifting off the 
180/360" line. If the movement is rapid or fluctuating, this 
is an indication of impending station passage (the aircraft is 
near the station), To determine the aircraft's position relative 
to the station, rotate the OBS until FROM appears in the 
window, and then center the CDI needle, The index indicates, 
the VOR radial where the aircraft is located. The inbound (to 
the station) course is the reciprocal of the radial, 


If the VOR is set to the reciprocal of the intended course, 
the CDI will reflect reverse sensing. To correct for needle 
deflection, turn away from the needle. To avoid this reverse 
sensing situation, set the VOR to agree with the intended 


Figure 7-14. An HSI display as seen on the pilot’s primary light display (PFD) on an electronic flight instrument, Note that only attributes 


related to the HSI are labeled. 
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Figure 7-18. CDI Interpretation. The CDI as typically ound on analog systems (right) and as found on electronic flight instruments 
(ef, 


Add Tip Ask Question 


Step 4: Turn on the Soldering Iron 


The soldering iron needs to be warmed up properly before it can be used to ensure 
clean application of the solder. Some soldering irons heat up in seconds while 
others take minutes. Turn it on and leave it in the stand for 2-3 minutes to be safe. 


Add Tip Ask Question 


Step 5: (Optional) Secure the Items You Are Soldering 


Because we only have two hands, it would be nice to stabilize the item we want to 
solder. This is where a vice or clamp that can hold your item sturdily would come in 
handy. This is not required, but can greatly increase the ease and quality of your 
solder joints. 


Add Tip Ask Question 


Step 6: Cleaning the Soldering Iron 


A single NAVAID will alow a pilot to determine the aireraft’s, 
position relative to a radial. Indications from a second 
NAVAID are needed in order to narrow the aircraft's position 
down to an exact location on this radial, 


Tracking TO and FROM the Station 
‘To track tothe station, rotate the OBS until TO appears, then 
centerthe CDI Fly the course indicated by the index. Ifthe CDI 
moves off center to the left, follow the needle by correcting 
course tothe left, beginning with a 20° correction. 


When flying the course indicated on the index, a left 
deflection of the needle indicates a crosswind component 
from the left. If the amount of correction brings the needle 
back to center, decrease the left course correction by half. If 
the CDI moves left or right now, it should do so much more 
slowly, and smaller heading corrections can be made for the 
next iteration, 


Keeping the CDI centered will take the aircraft to the station. 
To track to the station, the OBS value at the index is not 
changed. To home tothe station, the CDI needle is periodically 
centered, and the new course under the index is used for the 
aircraft heading, Homing wil follow a circuitous route to the 
station, just as with ADF homing, 


‘To track FROM the station on a VOR radial, you should 
first orient the aircraft's location with respect to the station 
and the desired outbound track by centering the CDI needle 
with a FROM indication. The track is intercepted by either 
flying over the station or establishing an intercept heading. 
‘The magnetic course of the desired radial is entered under the 
index using the OBS and the intercept heading held until the 
CDi centers. Then the procedure for tracking to the station is, 
used to fly outbound on the specified radial. 


Course Interception 
If the desired course is not the one being flown, first orient 
the aircraft's position with respect to the VOR station and the 
course to be flown, and then establish an intercept heading. 
‘The following steps may be used to intercept a predetermined 
course, either inbound or outbound. Steps 1-3 may be omitted 
‘when turning directly to intercept the course without initially 
turning to parallel the desired course. 


1. Determine the difference between the radial to be 


intercepted and the radial on which the aircraft is 
located (205° 160° = 045°), 


Double the difference to determine the interception 
angle, which will not be less than 20° nor greater 
than 90° (45° x 2 = 090°). 205° + 090° = 295° for the 
intercept) 


3. Rotate the OBS to the desired radial or inbound 
4, Turn to the interception heading. 


Hold this heading constant until the CDI center, which 
indicates the aircraft is on course. (With practice in 
judging the varying rates of closure with the course 
centerline, pilots learn to lead the turn to prevent 
overshooting the course.) 

6. Turn to the MH corresponding to the selected 
course, and follow tracking procedures inbound or 
outbound. 


Course interception is illustrated in Figure 7-16. 


VOR Operational Errors 
‘Typical pilot-induced errors include: 


1. Careless tuning and identification of station, 


2. Failure to check receiver for accuracy/sensitivty. 


3. Turning in the wrong direction during an orientation. 
This erroris common until visualizing position rather 
than heading. 

4, Failure to check the ambiguity (TO/FROM) indicator, 
particularly during course reversals, resulting 
in reverse sensing and corrections in the wrong 
direction, 

5. Failure to parallel the desired radial on a track 
interception problem. Without this step, orientation 
to the desired radial can be confusing. Since pilots 
think in terms of left and right of course, aligning the 
aircraft position to the radial/course is essential. 


6. Overshooting and undershooting radials on interception 
problems. 

7. Overcontrolling corrections during tracking, especially 
close to the station. 

8 Misinterpretation of station passage. On VOR 
receivers not equipped with an ON/OFF flag, a 
voice transmission on the combined communication 
and navigation radio (NAV/COM) in use for VOR 
may cause the same TO/FROM fluctuations on the 
ambiguity meter as shown during station passage. 
Read the whole receiver—TO/FROM, CDI, and 
OBS—before you make a decision. Do not utilize a 
VOR reading observed while transmitting 


9. Chasing the CDI, resulting in homing instead of 
tracking. Careless heading control and failure to 
bracket wind corrections make this error common. 
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Figure 7-18. Course Interception (VOR). 
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VOR Accuracy 
‘The effectiveness of the VOR depends upon proper use and 
adjustment of both ground and airborne equipment. 


‘The accuracy of course alignment of the VOR is generally 
plus or minus 1°. On some VORs, minor course roughness 
may be observed, evidenced by course needle or brief flag 
alarm. At a few stations, usually in mountainous terrait 
the pilot may occasionally observe a brief course needle 
oscillation, similar to the indication of “approaching station.” 
Pilots flying over unfamiliar routes are cautioned to be on 
the alert for these vagaries, and in particular, to use the TO/ 
FROM indicator to determine positive station passage. 


Certain propeller revolutions per minute (RPM) settings 
or helicopter rotor speeds can cause the VOR CDI to 
fluctuate as much as plus or minus 6°. Slight changes to 
the RPM setting will normally smooth out this roughness. 
Pilots are urged to check for this modulation phenomenon, 
prior to reporting a VOR station or aircraft equipment for 
unsatisfactory operation, 


VOR Receiver Accuracy Check 
VOR system course sensitivity may be checked by noting 
the number of degrees of change as the OBS is rotated to 
move the CDI from center to the last dot on either side. The 
course selected should not exceed 10° or 12° either side. In 
addition, Title 14 of the Code of Federal Regulations (14 
CER) part 91 provides for certain VOR equipment accuracy 
checks, and an appropriate endorsement, within 30 days prior 
to flight under IFR. To comply with this requirement and to 
censure satisfactory operation of the airborne system, use the 
following means for checking VOR receiver accuracy: 


1, VOR test facility (VOT) or a radiated test signal from 
‘an appropriately rated radio repair station, 


2. Certified checkpoints on the airport surface, 


3. Certified airborne checkpoints. 


VOR Test Facility (VOT) 
‘The Federal Aviation Administration (FAA) VOT transmits 
a test signal which provides users a convenient means to 
determine the operational status and accuracy of a VOR 
receiver while on the ground where a VOT is located. 
Locations of VOTs are published in the A/FD. Two means of 
identification are used. One isa series of dots and the other is 
‘continuous tone. Information concerning an individual test 
signal can be obtained from the local flight service station 
(ESS,) The airborne use of VOT is permitted; however, its 
use is strictly limited to those areas/altitudes specifically 
authorized in the A/FD or appropriate supplement. 


‘To use the VOT service, tune in the VOT frequency 108.0 
MHz on the VOR receiver. With the CDI centered, the 
OBS should read 0° with the TO/FROM indication showing 
FROM or the OBS should read 180° with the TO/FROM 
indication showing TO. Should the VOR receiver operate an 
RMI, it would indicate 180° on any OBS setting. 


A radiated VOT from an appropriately rated radio repair 
station serves the same purpose as an FAA VOT signal, and 
the check is made in much the same manner as a VOT with 
some differences. 


‘The frequency normally approved by the Federal 
Communications Commission (FCC) is 108.0 MHz; 
however, repair stations are not permitted to radiate the 
VOR test signal continuously. The owner or operator of the 
aircraft must make arrangements with the repair station to 
have the test signal transmitted, A representative of the repair 
station must make an entry into the aircraft logbook or other 
permanent record certifying to the radial accuracy and the 
date of transmission, 


Certified Checkpoints 
Airborne and ground checkpoints consist of certified radials, 
that should be received at specific points on the airport surface 
or over specific landmarks while airborne in the immediate 
vicinity of the airport. Locations of these checkpoints are 
published in the A/ED. 


Should an error in excess of *: 


° be indicated through use of 
ground check, or 6° using the airborne check, IFR flight 
shall not be attempted without first correcting the source of 
the error. No correction other than the correction card figures 
supplied by the manufacturer should be applied in making 
these VOR receiver checks. 


Ifa dual system VOR (units independent of each other except 
for the antenna) is installed in the aireraft, one system may 
bbe checked against the other. Turn both systems to the same 
VOR ground facility and note the indicated bearing to that 
station, The maximum permissible variation between the two 
indicated bearings is 4” 


Distance Measuring Equipment (DME) 
‘When used in conjunction with the VOR system, DME makes 
it possible for pilots to determine an accurate geographic 
position of the aircraft, including the bearing and distance 
TO or FROM the station. The aircraft DME transmits 
interrogating radio frequency (RF) pulses, which are received 
by the DME antenna atthe ground facility. The signal triggers 
ground receiver equipment to respond to the interrogating 


aireraft. The airborne DME equipment measures the elapsed 
time between the interrogation signal sent by the aircraft and 
reception of the reply pulses from the ground station. This, 
time measurement is converted into distance in nautical miles 
(NM) from the station, 


‘Some DME receivers provide a groundspeed in knots by 
‘monitoring the rate of change of the aircraft's position relative 
to the ground station, Groundspeed values are accurate only 
when tracking directly to or from the station, 


DME Components 
VOR/DME, VORTAC, ILS/DME, and LOC/DME 
navigation facilities established by the FAA provide course 
nd distance information from collocated components under 
1 frequency pairing plan. DME operates on frequencies 
in the UHF spectrum between 962 MHz and 1213 MHz. 
Aircraft receiving equipment which provides for automatic 
DME selection assures reception of azimuth and distance 
information from a common source when designated VOR/ 
DME, VORTAC, ILS/DME, and LOC/DME are selected. 
‘Some aircraft have separate VOR and DME receivers, each 
of which must be tuned to the appropriate navigation facility. 
‘The airborne equipment includes an antenna and a receiver. 


The pilot-controllable features of the DME receiver 
include: 


Channel (Frequency) Selector 
Many DMEs are channeled by an associated VHF radio, or 
there may be a selector switch so a pilot can select which 
VHF radio is channeling the DME. For a DME with its 
own frequency selector, use the frequency of the associated 
VOR/DME or VORTAC station, 


OnjOsfiVolume Switch 
‘The DME identifier will be heard as a Morse code identifier 
with atone somewhat higher than that of the associated VOR 
or LOC. It will be heard once for every three or four times 
the VOR or LOC identifier is heard. If only one identifier is, 
heard about every 30 seconds, the DME is functional, but 
the associated VOR or LOC is not. 


Mode Switch 
‘The mode switch selects between distance (DIST) or distance 
in NMs, groundspeed, and time to station. There may also 
be one or more HOLD functions which permit the DME to 
stay channeled to the station that was selected before the 
switch was placed in the hold position. This is useful when 
you make an ILS approach ata facility that has no collocated 
DME, but there isa VOR/DME nearby. 


Altiude 
‘Some DMEs correct for slant-range error. 


Function of DME 
A DME is used for determining the distance from a ground 
DME transmitter. Compared to other VHF/UHF NAVAIDs, 
a DME is very accurate. The distance information can be 
used to determine the aircraft position or flying a track that 
isa constant distance from the station. This is referred to as 
a DME arc, 


DME Are 
‘There are many instrument approach procedures (IAPs) that 
incorporate DME arcs. The procedures and techniques given 
here for intercepting and maintaining such arcs are applicable 
to any facility that provides DME information. Such a facility 
may or may not be collocated with the facility that provides 
final approach guidance. 


Asan example of flying a DME are, refer to Figure 7-17 and 
follow these steps: 


1, Track inbound on the OKT 325° radial, frequently 
checking the DME mileage readout 


A(.S NM lead is satisfactory for groundspeeds of 150 
knots or less; start the turn to the afe at 10.5 miles. At 
higher groundspeeds, use a proportionately greater 
lead, 
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Figure 7-17. DME Ave Interception 
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3. Continue the turn for approximately 90°. The roll-out 
heading will be 055° in a no wind condition, 


4. During the ast part of the intercepting turn, monitor 
the DME closely. Ifthe arc is being overshot (more 
than 1.0NM), continue through the originally planned 
roll-out heading, Ifthe arcis being undershot, roll-out 
of the turn ealy 


‘The procedure for intercepting the 10 DME when outhound 
is basically the same, the lead point being 10 NM minus 0.5 
NM, or 9.5 NM. 


When flying a DME are with wind, it is important to keep a 
continuous mental picture ofthe aircraft's position relative to 
the facility, Since the wind-drift correction angle is constantly 
changing throughout the arc, wind orientation is important. 


Figure 718. Using DME and RMI To Maintain an Ave 
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In some cases, wind can be used in returning to the desired 
track. High airspeeds require more pilot attention because of 
the higher rate of deviation and correction, 


Maintaining the arc is simplified by keeping slightly inside 
the curve; thus, the arc is tuning toward the aircraft and 
interception may be accomplished by holding a straight 
course. When outside the curve, the are is “turning away” 
and a greater correction is required. 


‘To fly the are using the VOR CDI, center the CDI needle 
‘upon completion of the 90° turn to intercept the arc. The 
aircraft's heading will be found very near the left or right 
side (270° or 90° reference points) of the instrument. The 
readings at that side location on the instrument will give 
primary heading information while on the arc. Adjust the 
aircraft heading to compensate for wind and to correct for 


) Vary the amount of correction 
according tothe rate of deviation 
and adjust as necessary according 
to the rate of correction 


i trom the il 
ve, and the 
after each tur 


distance to maintain the correct arc distance. Recenter the 
CDI and note the new primary heading indicated whenever 
the CDI gets 2°-4° from center. 


With an RMI, in a no wind condition, pilots should 
theoretically be able to fly an exact circle around the facility 
by maintaining an RB of 90° or 270°. In actual practice, 
a series of short legs are flown, To maintain the arc in 
Figure 7-18, proceed as follows: 
1. With the RMI bearing pointer on the wingtip reference 
(00° or 270? position) and the aircraft at the desired 
DME range, maintain a constant heading and allow the 
bearing pointer to move 5°10" behind the wingtip. 
This will cause the range to increase slightly. 


2. Turn toward the facility to place the bearing pointer 
5-10? ahead of the wingtip reference, and then 
maintain heading until the bearing pointer is again 
behind the wingtip. Continue this procedure to 
‘maintain the approximate arc. 


3. Ifa crosswind causes the aircraft to drift away from 
the facility, tur the aircraft until the bearing pointer is 
ahead of the wingtip reference. If crosswind causes 
the aircraft to drift toward the facility, turn until the 
bearing is behind the wingtip. 


4. Asaguide in making range corrections, change the RB 
10°20" for each half-mile deviation from the desired 
arc. For example, in no-wind conditions, ifthe aircraft 
is 1/2 to 1 mile outside the arc and the bearing pointer 
ison the wingtip reference, turn the aircraft 20° toward 
the facility to return to the are. 


Without an RMI, orientation is more difficult since there is, 
no direct azimuth reference. However, the procedure can be 
flown using the OBS and CDI for azimuth information and 
the DME for arc distance, 


Intercepting Lead Radials 
‘A lead radial is the radial at which the turn from the arc to the 
inbound course is started. When intercepting a radial from 
a DME are, the lead will vary with are radius and ground 
speed. For the average general aviation aircraft, flying arcs, 
such as those depicted on most approach charts at speeds, 
of 150 knots or less, the lead will be under 5°. There is no 
difference between intercepting a radial from an arc and 
intercepting it from a straight course. 


With an RMI, the rate of bearing movement should be 
‘monitored closely while flying the arc. Set the course of the 
radial to be intercepted as soon as possible and determine 
the approximate lead. Upon reaching this point, start the 
intercepting turn. Without an RMI, the technique for radial 


interception is the same except for azimuth information, 
which is available only from the OBS and CDI. 


‘The technique for intercepting a localizer from a DME arc 
imilar to intercepting a radial. At the depicted lead radial 
(LR 223 o LR 212 in Figures 7-19, 7-20, and 7-21), a 
pilot having a single VOR/LOC receiver should set it to the 
localizer frequency. Ifthe pilot has dual VOR/LOC receivers, 
one unit may be used to provide azimuth information and the 
other set to the localizer frequency. Since these lead radials 
provide 7° of lead, a half-standard rate turn should be used. 
until the LOC needle starts to move toward center. 


DME Errors 
A DME/DME fix (a location based on two DME lines of 
position from two DME stations) provides a more accurate 
aircraft location than using a VOR and a DME fix. 


DME signals are line-of-sight; the mileage readout is the 
straight line distance from the aircraft to the DME ground 
facility and is commonly referred to as slant range distance. 
Slant range refers to the distance from the aircraft’s antenna 
to the ground station (A line at an angle to the ground 
transmitter. GPS systems provide distance as the horizontal 
‘measurement from the WP to the aircraft. Therefore, at 3,000 
fect and 0.5 miles the DME (slant range) would read 0.6 NM 
while the GPS distance would show the actual horizontal 


distance of 5 DME. This error is smallest at low altitudes 
andior at long ranges. It is greatest when the aircraft is closer 
to the facility, at which time the DME receiver will display 
altitude (in NM) above the facility. Slant range error is 
negligible if the aircraft is one mile or more from the ground. 
facility for each 1,000 feet of altitude above the elevation of 
the facility, 


‘Area Navigation (RNAV) 
Area navigation (RNAV) equipment includes VOR/DME, 
LORAN, GPS, and inertial navigation systems (INS). RNAV 
equipment is capable of computing the aircraft position 
actual track, groundspeed, and then presenting meaningful 
information to the pilot. This information may be inthe form 
of distance, cross-track error, and time estimates relative to 
the selected track or WP. In addition, the RNAV equipment 
installations must be approved for use under IFR. The Pilot's 
Operating Handbook/Airplane Flight Manual (POH/AFM) 
should always be consulted to determine what equipment is 
installed, the operations that are approved, and the details of 
equipment use. Some aircraft may have equipment that allows 
input from more than one RNAV source, thereby providing 
a very accurate and reliable navigation source. 
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Figure 719. An aircraft is displayed heading southwest to intercept the localizer approach, using the 16 NM DME Are off of ORM. 
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Figure 7-20. The same aircraft illstrated in Figure 7-19 shown on the ORM radial near TIGAE intersection turning inbound for the 
localizer. 
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Figure 7-21. Aircraft is illustrated inbound on the localizer 


Figure 7-22. RNAV Computation 
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VORIDME RNAV 

VOR RNAV is based on information generated by the present 
VORTAC or VOR/DME system to create a WP using an 
airborne computer. As shown in Figure 7-22, the value of 
side A is the measured DME distance to the VOR/DME. Side 
B, the distance from the VOR/DME to the WP, and angle 1 
(VOR radial or the bearing from the VORTAC to the WP) 
are values set in the flight deck control. The bearing from 
the VOR/DME to the aircraft, angle 2, is measured by the 
VOR receiver. The airborne computer continuously compares 
angles 1 and 2 and determines angle 3 and side C, which is, 
the distance in NMs and magnetic course from the aircraft 
to the WP. This is presented as guidance information on the 
‘light deck display. 


VOR/DME RNAV Components 
Although RNAV flight deck instrument displays vary among, 
‘manufacturers, most are connected to the aircraft CDI with a 
switch or knob to select VOR or RNAV guidance. There is, 
usually a light or indicator to inform the pilot whether VOR 
or RNAV is selected. [Figure 7-23] The display includes the 
WP frequency, mode in use, WP radial and distance, DME 
distance, groundspeed, and time to station. 


Figure 7-23. Onboxtrd RNAV receivers have changed significantly 
Originally, RNAV receivers typically computed combined data 
from VOR, VORTAC, andor DME. That is 
now. Today; GPS such as the GNC 300 and the Bendix King KLS 
88 LORAN receivers compute waypoints based upon embedded 
databases and aireraft positional information. 


erally not the case 


Most VOR/DME RNAV systems have the following airborne 
controls: 


1. Off/On/Volume control to select the frequency of the 
VOR/DME station to be used. 


MODE select switch used to select VOR/DME mode, 
with: 


Angular course width deviation (standard VOR 
operation); oF 


b. Linear eross-track deviation as standard (#5 NM 
full scale CDI). 

3. RNAV mode, with direct to WP with linear eross-track 
deviation of +5 NM. 


4. RNAV/APPR (approach mode) with linear deviation 
of #1.25 NM as full scale CDI deflection, 

5. WPselect control. Some units allow the storage of more 
than one WP; this control allows selection of any WP 
in storage. 

6. Data input controls. These controls allow user input 


cof WP number or ident, VOR or LOC frequency, WP 
radial and distance, 


While DME groundspeed readout is accurate only when 
tracking directly to or from the station in VOR/DME mode, 
in RNAV mode the DME groundspeed readout is accurate on 
any track, 


Function of VOR/DME RNAV 

‘The advantages of the VOR/DME RNAV system stem from 
the ability of the airborne computer to locate a WP wherever it 
is convenient, as long as the aircraft is within reception range 
of both nearby VOR and DME facilities. A series of these 
WPs make up an RNAV route. In addition to the published 
routes, a random RNAV route may be flown under IFR if itis 
approved by air traffic control (ATC). RNAV DPs and standard 
terminal arrival routes (STARS) are contained in the DP and 
STAR booklets. 


VOR/DME RNAV approach procedure charts are also 
available. Note in the VOR/DME RNAV chart excerpt shown 
in Figure 7-24 that the WP identification boxes contain the 
following information: WP name, coordinates, frequency, 
identifier, radial distance (facility to WP), and reference facility 
elevation, The initial approach fix (IAF), final approach fix 
(FAP), and missed approach point (MAP) are labeled, 


‘To fly aroute or to execute an approach under IFR, the RNAV 
equipment installed in the aircraft must be approved for the 
appropriate IFR operations. 


In vertical navigation (VNAV) mode, vertical guidance is 
provided, as well as horizontal guidance in some installations. A 
WPisselected at a point where the descent begins, and another 
WP is selected where the descent ends, The RNAV equipment 
computes the rate of descent relative to the groundspeed: on 
some installations, it displays vertical guidance information 
on the GS indicator. When using this type of equipment 
during an instrument approach, the pilot must keep in mind 
that the vertical guidance information provided is not part of 
the nonprecision approach. Published nonprecision approach 
altitudes must be observed and complied with, unless otherwise 
directed by ATC. 
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Because soldering irons get so hot, they oxidize and become dirty quickly. They key 


to reliable connections is clean components so make sure that your soldering tip 
and parts you are joining are clean. To accomplish this, pass the tip of your 
soldering iron on a wet sponge until it shines. 


Add Tip Ask Question 


Step 7: Apply Flux 
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Figure 7-24. VOR/DME RNAV Ruy 25 Approach (Excerp) 


‘To fly to a WP using RNAV, observe the following procedure 
[Figure 7-25] 

1, Select the VOR/DME frequency, 

2. Select the RNAV mode. 


3. Select the radial of the VOR that passes through the WP 
(225°. 

4. Select the distance from the DME to the WP (12 
NM). 


Figure 7-25. AircrafiiDME/Waypoint Relationship. 
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(Cheek and confirm all inputs, and center the CDI needle 
with the TO indicator showing. 


Maneuver the aircraft to fly the indicated heading 
plus or minus wind correction to keep the CDI needle 
centered, 


‘The CDI needle will indicate distance off course of 1 
[NM per dot; the DME readout wil indicate distance in 
[NM from the WP; the groundspeed will ead closing 
speed (knots) to the WP: and the time to station (TTS) 
will read time to the WP 


VORIDME RNAV Errors 
‘The limitation of this system is the reception volume. 
Published approaches have been tested to ensure this is not 
4 problem. Descents/approaches to airports distant from the 
VOR/DME facility may not be possible because, during 
the approach, the aircraft may descend below the reception, 
altitude of the facility at that distance. 


Long Range Navigation (LORAN) 
LORAN uses a network of land-based transmitters to provide 
‘an accurate long-range navigation system. The FAA and the 
United States Coast Guard (USCG) arranged the stations 
into chains. The signal from station isa carefully structured 
sequence of brief RF pulses centered at 100 kHz, At that 
frequency, signals travel considerable distances as ground 
waves, from which accurate navigation information is 
available, The airborne receiver monitors all of the stations 
within the selected chain, then measures the arrival time 
difference (TD) between the signals. All of the points having 
the same TD from a station pair create a line of position 


Figure 7-26. A control pane! from a military aircraft after LORAN 
vas first put into use. The receiver is remotely mounted and weighs 
‘over 25 pounds. ls size is about six times that of the LORAN fully 
integrated receiver. 


(LOP). The sircraft position is determined at the intersection 
of two or more LOPs. Then the computer converts the 
known location to latitude and longitude coordinates. 
[Figure 7-26] 


While continually computing latitude/longitude fixes, the 
compuicr is able to determine and display: 
1. Track over the ground since last computation; 


2 Groundspeed by dividing distance covered since last 
computation by the time since last computation (and 
averaging several of these); 


Distance to destination; 
4. Destination time of arrival; and 
5 


Cross-track error. 


‘The Acronautical Information Manual (AIM) provides a 
detailed explanation of how LORAN works. LORAN is 
a very accurate navigation system if adequate signals are 
received. There are two types of accuracy that must be 
addressed in any discussion of LORAN accuracy 


Repeatable accuracy is the accuracy measured when a user 
notes the LORAN position, moves away from that location, 
then uses the LORAN to return to that initial LORAN 
position. Distance from that initial position is the error, 
Propagation and terrain errors will be essentially the same as 
‘when the first position was taken, so those errors are factored 
out by using the initial position. Typical repeatable accuracy 
for LORAN can be as good as 0.01 NM, or 60 fect, ifthe 
second position is determined during the day and within a 
short period of time (a few days), 


Absolute accuracy refers to the ability to determine present 
position in space independently, and is most often used by 


pilots. When the LORAN receiver is turned on and position 
is determined, absolute accuracy applies. Typical LORAN 
absolute accuracy will vary from about 0.1 NM to as much 
as2.5 NM depending on distance from the station, geometry 
of the TD LOP crossing angles, terrain and environmental 
conditions, signal-to-noise ratio (signal strength), and some 
design choices made by the receiver manufacturer. 


Although LORAN use diminished with the introduction 
of Global Navigation Satellite Systems such as the United 
States’ GPS, its use has since increased. Three items aided 
in this resurgence: 


+ In 1996, a commission called the Gore Commission 
evaluated GPS” long-term use as a sole navigation 
aid, Although GPS was hailed originally as the 
‘eventual sole NAVAID, which would replace the need 
for most currently existing NAVAIDs by the year 
2020, the Commission questioned single-link failure 
potential and its effect on the NAS. For this reason, 
the forecasted decommissioning of the VOR has been 
amencled and their expectant lifecycle extended into 
the future. Additionally, the use of LORAN continues 
tobe evaluated for facilitating carrying GPS corrective 
timing signals. 


+ The GPS is controlled by the DOD presenting certain 
unforecasted uncertainties for commer 
uninterrupted basis, 


Asa result ofthese and other key factors, itwas determined that 
LORAN would remain, In recognition of GPS vulnerabilities 
as a GNSS, there are plans to maintain other systems that 
could provide en route and terminal accuracy such as LORAN. 
‘Therefore as LORAN is further modernized it’s a possibility 
that it may be used to augment GPS and provide backup to 
GPS during unlikely but potential outages. Or if combined 
with GPS and other systems such as newer miniaturized low- 
cost inertial navigation systems (INS), superior accuracy and 
seamless backup will always be available 


LORAN Components 
‘The LORAN receiver incorporates a radio receiver, signal 
processor, navigation computer, control/display, and antenna. 
When tured on, the receivers go through an initialization 
or warm-up period, then inform the user they are ready to 
be programmed. LORAN receivers vary widely in their 
appearance, method of user programming, and navigation 
information display. Therefore, it is necessary to become 
familiar with the unit, including programming and output 
interpretation. The LORAN operating manual should be in the 
aircraft at all times and available to the pilot. IFR-approved 
LORAN units require that the manual be aboard and that the 
pilot be familiar with the unit's functions, before flight. 
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Function of LORAN 
After initialization, select for the present location WP 
(the airport), and select GO TO in order to determine if 
the LORAN is functioning properly. Proper operation is, 
indicated by a low distance reading (0 to 0.5 NM). The 
simplest mode of navigation is referred to as GO TO: you 
select a WP from one of the databases and choose the 
GO TO mode. Before use in flight, verify that the latitude 
and longitude of the chosen WP is correct by reference to 
another approved information source. An updatable LORAN 
database that supports the appropriate operations (e.g., en 
route, terminal, and instrument approaches) is required when 
operating under IFR. 


In addition to displaying bearing, distance, time to the WP, 
and track and speed aver the ground, the LORAN receiver 
may have other features such as flight planning (WP 
sequential storage), emergency location of several nearest 
airports, vertical navigation capabilities, and more. 


LORAN Errors 
System Errors 

LORAN is subject to interference from many external 
sources, which can cause distortion of or interference with 
LORAN signals. LORAN receiver manufacturers install 
“notch filters” to reduce or eliminate interference. Proximity 
to 60 Hz alternating current power lines, static discharge. 
P.static, electrical noise from generators, alternators, strobes, 
and other onboard electronics may decrease the signa 
to-noise ratio to the point where the LORAN receiver's 
performance is degraded. 


Proper installation of the antenna, good electrical bonding, 
and an effective static discharge system are the minimum 
requirements for LORAN receiver operation. Most receivers 
have internal tests that verify the timing alignment of the 
receiver clock with the LORAN pulse, and measure and 
display signal-to-noise rato, A signal will be activated to alert 
the pilot if any of the parameters for reliable navigation are 
exceeded on LORAN sets certified for IFR operations. 


LORAN is most accurate when the signal travels over sea 
water during the day and least accurate when the signal 
comes over land and large bodies of fresh water or ice at 
night; furthermore, the accuracy degrades as distance from 
the station increases. However, LORAN accuracy is generally 
better than VOR accuracy. 
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Operational Errors 
‘Some of the typical pilot-induced errors of LORAN operation 


1. Use of a nonapproved LORAN receiver for IFR 
operations. The pilot should check the aircraft's POH/ 
AFM LORAN supplement to be certain the unit's 
funetions are well understood (this supplement must 
be present in the aircraft for approved IFR operations). 
‘There should be a copy of FAA Form 337, Major 
Repair and Alteration, present in the aircraft's records, 
showing approval of use of this model LORAN for 
IER operations in this aircraft 


Failure to double-check the latitude/longitude values 
for a WP to be used. Whether the WP was accessed 
from the airport, NDB, VOR, or intersection database, 
the values of latitude and longitude should still be 
checked against the values in the A/FD or other 
approved source. If the WP data is entered in the user 
database, its accuracy must be checked before use. 

3. Attempting to use LORAN information with degraded 
signals, 


Advanced Technologies 

Global Navigation Satellite System (GNSS) 

‘The Global Navigation Satellite System (GNSS) is a 
constellation of satellites providing a high-frequency signal 
which contains time and distance that is picked up by a 
receiver thereby. [Figure 7-27) The receiver which picks up 
‘multiple signals from different satellites isable to triangulate 
its position from these satellites. 


Figure 7-27. A wpical example (GNS 480) of a stand-alone GPS 
receiver and display. 


‘Three GNSSs exist today: the GPS, a United States system: 
the Russian GNSS (GLONASS); and Galileo, a European 
system, 
1. GLONASS isa network of 24 satellites, which can be 
picked up by any GLONASS receiver, allowing the 
user to pinpoint their position, 


Galileo planned to be a network of 30 satellites that 
continuously transmit high-frequency radio signals 
containing time and distance data that can be picked 
up by a Galileo receiver with operational expectancy 
by 2013. 

‘The GPS came on line in 1992 with 24 satellites, and 
today utilizes 30 satellites. 


Global Positioning System (GPS) 
‘The GPS is a satellite-based radio navigation system, which 
broadcasts a signal that is used by receivers to determine 
precise position anywhere in the world. The receiver tracks 
multiple satellites and determines a measurement that is then 


Figure 7-28. Typical GPS Satelite Array 


used to determine the user location. {Figure 7-28] 
‘The Department of Defense (DOD) developed and deployed 
GPS asa space-based positioning, velocity, and time system. 
‘The DOD is responsible for operation of the GPS satellite 
constellation, and constantly monitors the satellites to ensure 
proper operation, The GPS system permits Earth-centered 
coordinates to be determined and provides aircraft position 
referenced to the DOD World Geodetic System of 1984 
(WGS-84). Satellite navigation systems are unaffected 
by weather and provide global navigation coverage that 
fully meets the civil requirements for use as the primary 


‘means of navigation in oceanic airspace and certain remote 
areas, Properly certified GPS equipment may be used as a 
supplemental means of IFR navigation for domestic en route, 
terminal operations, and certain APs. Navigational values, 
such as distance and bearing to a WP and groundspeed, are 
computed from the aircraft's current position (latitude and 
longitude) and the location of the next WR. Course guidance 
is provided as a linear deviation from the desired track of a 
Great Circle route between defined WPs. 


GPS may not be approved for IFR use in other countri 
Prior to its use, pilots should ensure that GPS is authorized 
by the appropriate counties, 


GPS Components 
GPS consists of three distinct functional elements: space, 
control, and user. 


‘The space element consists of over 30 Navstar satellites. This, 
group of satellites is called a constellation, The space clement 
consists of 24 Navigation System using Timing and Ranging 
(NAVSTAR) satellites in 6 orbital planes. The satellites in 
cach plane are spaced 60° apart for complete coverage and 
are located (nominally) at about 11,000 miles above the 
Earth, The planes are arranged so that there are always five 
satellites in view at any time on the Earth. Presently, there are 
atleast 31 Block I/ILA/IIR and IIR-M satellites in orbit with 
the additional satellites representing replacement satellites, 
(upgraded systems) and spares. Recently, the Air Force 
received funding for procurement of 31 Block IF satellites. 
‘The GPS constellation broadcasts a pseudo-random code 
timing signal and data message that the aircraft equipment 
processes to obtain satellite position and status data, By 
knowing the precise location of each satellite and precisely 
matching timing with the atomic clocks on the satellites, the 
aircraft receiver/processor can accurately measure the time 
each signal takes to arrive at the receiver and, therefore, 
determine aircraft position, 


‘The control clement consists of a network of ground-based 
GPS monitoring and control stations that ensure the accuracy 
of satellite positions and their clocks. In its present form, it 
has five monitoring stations, three ground antennas, and a 
master control station, 


‘The user clement consists of antennas and receiver/processors 
on board the aircraft that provide positioning, veloci 
and precise timing to the user. GPS equipment used while 
operating under IFR must meet the standards set forth in 
‘Technical Standard Order (TSO) C-129 (or equivalent): meet 
the airworthiness installation requirements; be “approved” for 
that type of IFR operation; and be operated in accordance with 
the applicable POH/AFM or flight manual supplement. 
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An updatable GPS database that supports the appropriate 
operations (e.g., en route, terminal, and instrument 
approaches) is required when operating under IFR. The 
aircraft GPS navigation database contains WPs from the 
‘geographic arcas where GPS navigation has been approved 
for IFR operations. The pilot selects the desired WPs from 
the database and may add user-defined WPs for the flight. 


Equipment approved in accordance with TSO C-115a, visual 
flight rules (VFR), and hand-held GPS systems do not meet 
the requirements of TSO C-129 and are not authorized for 
IFR navigation, instrument approaches, or as a principal 

strument flight reference. During IFR operations, these 
units (TSO C-115a) may be considered only an aid to 
situational awareness. 


Prior to GPS/WAAS IFR operation, the pilot must review 
appropriate NOTAMSs and aeronautical information. This, 
information is available on request from an Automated 
Flight Service Station. The FAA will provide NOTAMS to 
advise pilots of the status of the WAAS and level of service 
available. 


Function of GPS 
GPS operation is based on the concept of ranging and 
triangulation from a group of satellites in space which act 
as precise reference points. The receiver uses data from a 
minimum of four satellites above the mask angle (the lowest 
angle above the horizon at which it can use a satellite). 


‘The aircraft GPS receiver measures distance from a satellite 
using the travel time of a radio signal. Each satellite transmits 
specific code, called a course/acquisition (CA) code, which 
contains information about satellite position, the GPS system 
time, and the health and accuracy of the transmitted data. 
Knowing the speed at which the signal traveled (approximately 
186,000 miles per second) and the exact broadcast time, 
the distance traveled by the signal can be computed from 
the arrival time. The distance derived from this method of 
computing distance is called a pseudo-range because itis not 
a direct measurement of distance, but a measurement based, 
on time. In addition to knowing the distance to a satellite, a 
receiver needs to know the satellite's exact position in space, 
its ephemeris. Each satellite transmits information about its 
exact orbital location, The GPS receiver uses this information 
to establish the precise position of the satelite. 


Using the calculated pseudo-range and position information 
supplied by the satellite, the GPS receiver/processor 
mathematically determines its position by triangulation 
from several satellites. The GPS receiver needs at least four 
satellites to yield a three-dimensional position (latitude, 


7-28 


longitude, and altitude) and time solution. The GPS receiver 
computes navigational values (distance and bearing to 
a WP, groundspeed, etc.) by using the aircraft’s known 
latitude/longitude and referencing these to a database built 
into the receiver. 


‘The GPS receiver verifies the integrity (usability) of the 
signals received from the GPS constellation through receiver 
autonomous integrity monitoring (RAIM) to determine if a 
satellite is providing corrupted information. RAIM needs 
a minimum of five satellites in view, or four satellites and 
a barometric altimeter baro-aiding to detect an integrity 
anomaly. For receivers capable of doing so, RAIM needs 
ix satellites in view (or five satellites with baro-aiding) 
to isolate a corrupt satellite signal and remove it from the 
navigation solution. 


Generally, there are two types of RAIM messages. One 
type indicates that there are not enough satellites available 
to provide RAIM and another type indicates that the RAIM 
has detected a potential error that exceeds the limit for the 
current phase of flight. Without RAIM capability, the pilot 
hhas no assurance of the accuracy of the GPS position, 


Aircraft using GPS navigation equipment under IFR for 
domestic en route, terminal operations, and certain IAPs, 
‘must be equipped with an approved and operational alternate 
‘means of navigation appropriate to the flight. The avionics 
wry to receive all of the ground-based facilities 
appropriate for the route to the destination airport and any 
required alternate airport must be installed and operational. 
Ground-based facilities necessary for these routes must also 
be operational. Active monitoring of alternative navigation 
equipment is not required if the GPS receiver uses RAIM for 
integrity monitoring. Active monitoring of an alternate means 
of navigation is required when the RAIM capability of the 
GPS equipment is lost In situations where the loss of RAIM 
capability is predicted to occur, the flight must rely on other 
approved equipment, delay departure, or cancel the flight. 


GPS Substitution 
IER En Route and Terminal Operations 
GPS systems, certified for IFR en route and terminal 
operations, may be used as a substitute for ADF and DME 
receivers when conducting the following operations within 
the United States NAS, 
1. Determining the aireraft position over a DME fix. This 
includes en route operations at and above 24,000 feet 
‘mean sea level (MSL) (FL 240) when using GPS for 
navigation, 
Flying a DME are. 


3. Navigating TO/FROM an NDB/compass locator. 


4, Determining the aircraft position over an NDBYcompass 
locator. 

5. Determining the aircraft position over a fix defined by 
an NDB/compass locator bearing crossing a VOR/LOC 


6. Holding over an NDB/compass locator. 


GPS Substitution for ADF or DME 
Using GPS as a substitute for ADF or DME is subject to the 
following restrictions: 

1. This equipment must be installed in accordance with 
appropriate airworthiness installation requirements 
and operated within the provisions of the applicable 
POH/AFM, or supplement. 


2. The required integrity for these operations must be 
provided by at least en route RAIM, or equivalent. 


3. WPs, fixes, intersections, and facility locations to be 
used for these operations must be retrieved from the 
GPS airborne database. The database must be current. 
If the required positions cannot be retrieved from the 
airborne database, the substitution of GPS for ADF 
and/or DME is not authorized 

4, Procedures must be established for use when RAIM 
outages are predicted or occur. This may require the 
flight to rely on other approved equipment or require 
the aircraft tobe equipped with operational NDB and/or 
DME receivers. Otherwise, the flight must be rerouted, 
delayed, canceled, or conducted under VFR. 


5. The CDI must be set to terminal sensitivity (1 NM) 
when tracking GPS course guidance in the terminal 

6. A non-GPS approach procedure must exist at the 
alternate airport when one is required. Ifthe non-GPS 
approaches on which the pilot must rely require DME 
or ADE the aircraft must be equipped with DME or 
ADF avionics as appropriate 

7. Charted requirements for ADF and/or DME can be met 


using the GPS system, except for use as the principal 
instrument approach navigation source. 


NOTE: The following provides guidance, which is not 
specific to any particular aircraft GPS system. For specifi 
system guidance, refer to the POH/AFM, or supplement, or 
contact the system manufacturer. 


To Determine Aircraft Position Over a DME Fix: 

1. Verify aircraft GPS system integrity monitoring 

is functioning properly and indicates satisfactory 
integrity, 


If the fix is identified by a five-letter name which is 
contained in the GPS airborne database, select either 
the named fix as the active GPS WP or the facility 
establishing the DME fix as the active GPS WP. When 
using a facility as the active WE, the only acceptable 
facility is the DME facility which is charted as the one 
used to establish the DME fix. If not in 
the airborne database, itis not authorized for use. 


If the fixis identified by a five-letter name which is not 
contained in the GPS airborne database, or ifthe fix is 
not named, select the facility establishing the DME fix 
‘or another named DME fix as the active GPS WP. 


‘When selecting the named fix as the active GPS WP, 
pilot is over the fix when the GPS system indicates 
the active WP. 


If selecting the DME providing facility asthe active 
GPS WP, a ilotis over the fix when the GPS distance 
from the active WP equals the charted DME value, and 
the aircraft is established on the appropriate bearing 


To Fly a DME Are: 


1 


Verify aircraft GPS system integrity monitoring 
functioning properly and indicates satisfactory 
integrity 

Select from the airborne database the facility providing 
the DME arc as the active GPS WP. The only 
the DME facility on which the arc 
is based. Ifthis facility isnot in your airborne database, 
{you are not authorized to perform this operation. 


Maintain position on the arc by reference to the GPS 
distance instead of a DME readout. 


To Navigate TO or FROM an NDB/Compass 
Locator: 


Verify aircraft GPS system integrity monitoring 
functioning properly and indicates satisfactory 
integrity 

Select the NDB/compass locator facility from the 
airborne database as the active WP. Ifthe chart depicts 
the compass locator collocated with a fix of the same 
name, use of that fix as the active WP in place of the 
compass locator facility is authorized, 


Select and navigate on the appropriate course to or 
from the active WP. 
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To Determine Aircraft Position Over an NDBI 
Compass Locator: 


1, Verify aircraft GPS system integrity monitoring 
functioning properly and indicates satisfactory 
integrity 


Select the NDB/compass locator facility from the 
airborne database. When using an NDB/compass 
locator, the facility must be charted and be in the 
airborne database. If the facility is notin the airborne 
database, pilots are not authorized to use a facility WP. 
for this operation 

3. _A pilot is over the NDB/compass locator when the 
GPS system indicates arrival at the active WP. 


To Determine Aircraft Position Over a Fix Made up 
of an NDB|Compass Locator Bearing Crossing a 
VORILOC Course: 


1. Verify aircraft GPS system integrity monitoring 
functioning properly and indicates satisfactory 
integrity 


2. A fix made up by a crossing NDB/compass locator 
bearing is identified by a five-letter fix name. Pilots 
may select either the named fix or the NDB/compass 
locator facility providing the crossing bearing to 
establish the fix as the active GPS WP. When using 
‘an NDB/compass locator, that facility must be charted 
and be in the airborne database. If the facility is not 
in the airborne database, pilots are not authorized to 
use a facility WP for this operation, 


3. When selecting the named fix as the active GPS WP, 
pilot is over the fix when the GPS system indicates 
the pilot is at the WP. 


4. When selecting the NDB/compass locator facility 
as the active GPS WP, pilots are over the fix when 
the GPS bearing to the active WP is the same as. 
the charted NDB/compass locator bearing for the 
fix flying the prescribed track from the non-GPS 
navigation source. 


To Hold Over an NDB/Compass Locator: 


1. Verify aircraft GPS system integrity monitoring 
is functioning properly and indicates satisfactory 
integrity 


2. Select the NDB/compass locator facility from the 
airborne database as the active WP. When using a 
facility as the active WP, the only acceptable facility 
is the NDB/compass locator facility which is charted, 
If this facility is not in the airborne database, its use 
is not authorized. 
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3. Select nonsequencing (¢.g.,“HOLD” or“OBS”) mode 
and the appropriate course in accordance with the 
POH/AFM, or supplement 

4, Hold using the GPS system in accordance with the 
POH/AFM, or supplement 


IER Flight Using GPS 
Preflight preparations should ensure that the GPS is properly 
installed and certified with a current database for the type 
of operation. The GPS operation must be conducted in 
accordance with the FAA-approved POH/AFM or flight 
‘manual supplement. Flighterew members must be thoroughly 
familiar with the particular GPS equipment installed in the 
aircraft, the receiver operation manual, and the POH/AFM. 
or flight manual supplement. Unlike ILS and VOR, the 
basic operation, receiver presentation to the pilot and some 
capabilities of the equipment can vary greatly. Due to these 
differences, operation of different brands, or even models 
of the same brand of GPS receiver under IFR should not be 
attempted without thorough study of the operation of that 
particular receiver and installation. Using the equipment in 
{light under VFR conditions prior to attempting IFR operation 
will allow further familiarization, 


Required preflight preparations should include checking 
NOTAMS relating to the IFR flight when using GPS as a 
supplemental method of navigation. GPS satellite outages are 
issued as GPS NOTAMS both domestically and internationally 
Pilots may obtain GPS RAIM availability information 
for an airport by specifically requesting GPS aeronautical 
information from an automated flight service station 
(AFSS) during preflight briefings. GPS RAIM aeronautical 
information can be obtained for a3-hour period: the estimated 
time of arrival (ETA), and 1 hour before to 1 hour after the 
ETA hour, ora 24-hour time frame for a specific airport. FAA 
briefers will provide RAIM information for a period of 1 hour 
before to 1 hour after the ETA, unless a specific timeframe is, 
requested by the pilot. If flying a published GPS departure, the 
pilot should also request a RAIM prediction for the departure 
airport. Some GPS receivers have the capability to predict 
RAIM availability. The pilot should also ensure that the 
required underlying ground-based navigation facilities and 
related aircraft equipment appropriate to the route of flight, 
terminal operations, instrument approaches for the destination, 
and alternate airports/heliports will be operational for the ETA. 
If the required ground-based facilities and equipment will 
not be available, the flight should be rerouted, rescheduled, 
canceled, or conducted under VER. 


Except for programming and retrieving information from 
the GPS receiver, planning the flight is accomplished in a 
imilar manner to conventional NAVAIDs. Departure WP, 
DP, route, STAR, desired approach, IAF, and destination 


airport are entered into the GPS receiver according to the 
‘manufacturer's instructions. During preflight, additional 
information may be entered for functions such as ETA, fuel 
planning, winds aloft, ete. 


When the GPS receiver is turned on, it begins an internal 
process of test and initialization, When the receiver is, 
initialized, the user develops the route by selecting a WP 
or series of WPS, verifies the data, and selects the active 
flight plan. This procedure varies widely among receivers 
‘made by different manufacturers. GPS is a complex system, 
offering little standardization between receiver models. Itis, 
the pilot's responsibility to be familiar with the operation of 
the equipment in the aircraft 


‘The GPS receiver provides navigational values such as track, 
bearing, groundspeed, and distance. These are computed from 
the aircraft's present latitude and longitude tothe location of 
the next WP, Course guidance is provided between WPs. The 
pilot has the advantage of knowing the aircraft's actual track 
over the ground. As long as track and bearing to the WP are 
‘matched up (by selecting the correct aircraft heading), the 
aircraft is going directly to the WP. 


GPS Instrument Approaches 
‘There is a mixture of GPS overlay approaches (approaches 
with “or GPS” in the ttle) and GPS stand-alone approaches 
in the United States. 
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NOTE: GPS instrument approach operations outside the 
United States must be authorized by the appropriate country 
authority. 


While conducting these IAPs, ground-based NAVAIDs are 
not required to be operational and associated aircraft avionics 
need not be installed, operational, turned on, or monitored; 
however, monitoring backup navigation systems is always 
recommended when available. 


Pilots should have a basic understanding of GPS approach 
procedures and practice GPS IAPs under visual metearological 
conditions (VMC) until thoroughly proficient with all 
aspects of their equipment (receiver and installation) prior 
to attempting flight in instrument meteorological conditions 
(IMC). [Figure 7-29] 


AILIAPs must be retrievable from the current GPS database 
supplied by the manufacturer or other FAA-approved 
source. Flying point to point on the approach does not 
assure compliance with the published approach procedure. 
‘The proper RAIM sensitivity will not be available and the 
CDI sensitivity will not automatically change to 0.3 NM. 
Manually setting CDI sensitivity does not automatically 
change the RAIM sensitivity on some receivers, Some existing 
nonprecision approach procedures cannot be coded for use 
with GPS and will not be available as overlays. 
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Figure 7-29. A GPS Stand-Alone Approach, 
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GPS approaches are requested and approved by ATC using 
the GPS title, such as “GPS RWY 24” or “RNAV RWY 35.” 
Using the manufacturer's recommended procedures, the 
desired approach and the appropriate LAF are selected from 
the GPS receiver database. Pilots should fly the full approach 
from an initial approach waypoint (IAWP) or feeder fix unless 
specifically cleared otherwise. Randomly joining an approach 
at an intermediate fix does not ensure terrain clearance. 


When an approach has been loaded in the flight plan, GPS 
receivers will give an “arm” annunciation 30 NM straight 
line distance from the airport/heliport reference point. The 
approach mode should be “armed” when within 30 NM 
distance so the receiver will change from en route CDI 
(£5 NM) and RAIM (#2 NM) sensitivity to *1 NM terminal 
sensitivity. Where the IAWP is within 30 NM, a CDI 
sensitivity change will occur once the approach mode is, 
armed and the aircraft is within 30 NM. Where the IAWP. 
is beyond the 30 NM point, CDI sensitivity will not change 
until the aircraft is within 30 NM even if the approach is 
armed earlier. Feeder route obstacle clearance is predicated 
on the receiver CDI and RAIM being in terminal CDI 
sensitivity within 30 NM of the airport/heliport reference 
point; therefore, the receiver should always be armed no later 
than the 30 NM annunciation, 


Pilots should pay particular attention to the exact operation 
of their GPS receivers for performing holding patterns and in 
the case of overlay approaches, operations such as procedure 
turns, These procedures may require manual intervention 
by the pilot to stop the sequencing of WPs by the receiver 
and to resume automatic GPS navigation sequencing once 
the maneuver is complete. The same WP may appear in the 
route of flight more than once and consecutively (¢.g., IAWP, 
final approach waypoint (FAWP), missed approach waypoint 
(MAWP) on a procedure turn). Care must be exercised to 
ensure the receiver is sequenced to the appropriate WP for 
the segment of the procedure being flown, especially if one 
for more fly-over WPs are skipped (e.g., FAWP rather than 
IAWP if the procedure turn is not flown). The pilot may need 
to sequence past one or more fly-overs of the same WP in 
order to start GPS automatic sequencing at the proper place 
in the sequence of WPs. 


When receiving vectors to final, most receiver operating 
manuals suggest placing the receiver in the nonsequencing, 
mode on the FAWP and manually setting the course. This 
provides an extended final approach course in cases where 
the aircraft is vectored onto the final approach course outside 
of any existing segment which is aligned with the runway. 
Assigned altitudes must be maintained until established on a 
published segment of the approach. Required altitudes at WPs 
outside the FAWP or step-down fixes must be considered. 
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Calculating the distance to the FAWP may be required in 
order to descend at the proper location, 


When within 2NM of the FAWP with the approach mode 
armed, the approach mode will switch to active, which results, 
in RAIM and CDI sensitivity changing to the approach 
mode, Beginning 2 NM prior to the FAWP, the full scale 
CDI sensitivity will change smoothly from +1 NM to £0.3 
NM at the FAWP. As sensitivity changes from #1 NM to 
40.3 NM approaching the FAWP, and the CDI not centered, 
the corresponding increase in CDI displacement may give 
the impression the aircraft is moving further away from the 
intended course even though itis on an acceptable intercept 
heading. If digital track displacement information (cross-track 
crror) is available in the approach mode, it may help the pilot 
remain position oriented in this situation, Being established 
‘on the final approach course prior to the beginning of the 
sensitivity change at 2'NM will help prevent problems in 
interpreting the CDI display during ramp-down. Requesting 
‘oraccepting vectors, which will cause the aircraft to intercept 
the final approach course within 2 NM of the FAWP, is not 
recommended, 


Incorrect inputs into the GPS receiver are especially critical 
during approaches. In some cases, an incorrect entry can 
cause the receiver to leave the approach mode. Overriding 
an automatically selected sensitivity during an approach 
will cancel the approach mode annunciation. Ifthe approach 
‘mode is not armed by 2 NM prior to the FAWP, the approach 
‘mode will not become active at 2NM prior to the FAWP and 
the equipment will flag. In these conditions, the RAIM and 
CDI sensitivity will not ramp down, and the pilot should not, 
descend to minimum descent altitude (MDA), but fly to the 
MAWP and execute a missed approach. The approach active 
annunciator andjor the receiver should be checked to ensure 
the approach mode is active prior to the FAWP. 


AGPS missed approach requires pilot action to sequence the 
receiver past the MAWP to the missed approach portion of 
the procedure. The pilot must be thoroughly familiar with 
the activation procedure for the particular GPS receiver 
installed in the aircraft and must initiate appropriate action 
after the MAWP. Activating the missed approach prior to the 
MAWP will cause CDI sensitivity to change immediately to 
terminal (#1 NM) sensitivity, and the receiver will continue 
tonavigate to the MAWP. The receiver will not sequence past 
the MAWP. Turns should not begin prior to the MAWP. If 
the missed approach is not activated, the GPS receiver will 
display an extension of the inbound final approach course and 
the along track distance (ATD) will increase from the MAWP 
until it is manually sequenced after crossing the MAWP. 


Missed approach routings in which the first track is via a 
course rather than direct to the next WP require additional 
action by the pilot to set the course. Being familiar with all 
of the required inputs is especially critical during this phase 
of flight. 


Departures and Instrument Departure Procedures 
(DPs) 

‘The GPS receiver must be set to terminal (#1 NM) CDI 
sensitivity and the navigation routes contained in the database 
in order to fly published IFR charted departures and DPs. 
‘Terminal RAIM should be provided automatically by the 
receiver. (Terminal RAIM for departure may not be available 
unless the WPS are part of the active flight plan rather than 
proceeding direct to the first destination.) Certain segments 
of a DP may require some manual intervention by the pilot, 
especially when radar vectored to a course or required to 
intercept a specific course to a WP. The database may not 
contain all ofthe transitions or departures from all runways 
and some GPS receivers do not contain DPs in the database 
Itis necessary that helicopter procedures be flown at 70 knots, 
or less since helicopter departure procedures and missed 
approaches use a 20:1 obstacle clearance surface (OCS), 
which is double the fixed-wing OCS. Turning areas are based 
‘on this speed also. Missed approach routings in which the 
first track is via a course rather than direct to the next WP 
require additional action by the pilot to set the course. Being 
familiar with all of the required inputs is especially critical 
during this phase of flight. 


GPS Errors 
Normally, with 30 satellites in operation, the GPS 
constellation is expected to be available continuously 
worldwide. Whenever there are fewer than 24 operational 
satellites, GPS navigational capability may not be available 
at certain geographic locations. Loss of signals may also 
‘occur in valleys surrounded by high terrain, and any time 
the aircraft’s GPS antenna is “shadowed” by the aircraft's, 
structure (e.g., when the aircraft is banked). 


Certain receivers, transceivers, mobile radios, and portable 
receivers can cause signal interference. Some VHF 
transmissions may cause “harmonic interference.” Pilots 
can isolate the interference by relocating nearby portable 
receivers, changing frequencies, or turning off suspected 
causes of the interference while monitoring the receiver's, 
signal quality data page. 


GPS position data can be affected by equipment characteristics, 
and various geometric factors, which typically cause errors, 


of less than 100 feet. Satellite atomic clock inaccura 
receiver/processors, signals reflected from hard objects 
(multi-path), ionospheric and tropospheric delays, and 
satellite data transmission errors may cause small position 
errors or momentary loss of the GPS signal 


System Status 
‘The status of GPS satellites is broadcast as part of the data 
message transmitted by the GPS satellites. GPS status 
information is also available by means of the United States 
Coast Guard navigation information service: (703) 313- 
5907, of on the internet at htp:/Awww-naveen.uscg, gov] 
‘Additionally, satelite status is available through the Notice 
to Airmen (NOTAM) system, 


‘The GPS receiver verifies the integrity (usability) of the 
signals received from the GPS constellation through receiver 
autonomous integrity monitoring (RAIM) to determine if 
a satellite is providing corrupted information. At least one 
satellite, in addition to those required for navigation, must 
be in view for the receiver to perform the RAIM function; 
thus, RAIM needs a minimum of five satellites in view, or 
four satellites and a barometric altimeter (baro-aiding) to 
detect an integrity anomaly. For receivers capable of doing 
so, RAIM needs six satellites in view (or five satellites with 
baro-aiding) to isolate the corrupt satelite signal and remove 
it from the navigation solution 


RAIM messages vary somewhat between receivers; however, 
there are two most commonly used types. One type indicates 
that there are not enough satellites available to provide 
RAIM integrity monitoring and another type indicates that 
the RAIM integrity monitor has detected a potential error 
that exceeds the limit for the current phase of flight. Without 
RAIM capability, the pilot has no assurance of the accuracy 
of the GPS position. 


Selective Availability. Selective Availability (SA) isa method 
by which the accuracy of GPS is intentionally degraded. 
‘This feature is designed to deny hostile use of precise GPS 
positioning data. SA was discontinued on May 1, 2000, 
but many GPS receivers are designed to assume that SA. 
still active. New receivers may take advantage of the 
discontinuance of SA based on the performance values in 
ICAO Annex 10, and do not need to be designed to operate 
outside of that performance. 
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In soldering it often becomes necessary to use materials called fluxes to help 
remove oxides and keep them absent while you solder. Flux needs to melt ata 
temperature lower than solder so that it can do its job prior to the soldering action. 
There are different methods to apply flux. The method you choose will be 
dependent on the items you are soldering. 


Add Tip Ask Question 


Step 8: Tin the Soldering Iron 


GPS Famitiarization 
Pilots should practice GPS approaches under visual 
‘meteorological conditions (VMC) until thoroughly proficient 
‘with all aspects oftheir equipment (receiver and installation) 
prior to attempting flight by IFR in instrument meteorological 
conditions (IMC). Some of the tasks which the pilot should 
practice are: 


1. Utilizing the receiver autonomous integrity monitoring 
(RAIM) prediction function; 

2. Inserting a DP into the flight plan, including setting 
terminal CDI sensitivity, ifrequited, andthe conditions 
under which terminal RAIM is available for departure 
(Some receivers are not DP or STAR capable); 

3. Programming the destination airport; 


4, Programming and flying the overlay approaches 
(especially procedure turns and arcs); 

5. Changing to another approach after selecting an 
approach; 

6. Programming and flying “direct” missed approaches; 

7. Programming and flying “routed” missed 
approaches; 

8, Entering, flying, and exiting holding patterns, 
particularly on overlay approaches with a second WP 
in the holding pattern; 

9. Programming and flying a “route” from a holding 
pattern; 

10. Programming and flying an approach with radar vectors 
to the intermediate segment; 

11. Indication of the actions required for RAIM failure 
both before and after the FAWP; and 

12, Programming a radial and distance from a VOR (often 
used in departure instructions). 


Differential Global Positioning Systems (DGPS) 
Differential global positioning systems (DGPS) are designed 
to improve the accuracy of global navigation satellite systems 
(GNSS) by measuring changes in variables to provide 
satelite positioning corrections. 


Because multiple receivers receiving the same set of satellites 
produce similar errors, a reference receiver placed at a known 
location can compute its theoretical position accurately and. 
can compare that value to the measurements provided by the 
navigation satellite signals. The difference in measurement 
between the two signals is an error that can be corrected by 
providing a reference signal correction. 


As a result of this differential input accuracy of the 
satellite system can be increased to meters. The Wide 
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Area Augmentation System (WAAS) and Local Area 
Augmentation System (LAAS) are examples of differential 
global positioning systems. 


Sis designed to improve the accuracy, integrity, 
and availability of GPS signals. WAAS allows GPS to be 
used, as the aviation navigation system, from takeoff through 
Category I precision approaches. The International Civil 
Aviation Organization (ICAO) has defined Standards for 
satellite-based augmentation systems (SBAS), and Japan 
and Europe are building similar systems that are planned 
to be interoperable with WAAS: EGNOS, the European 
Geostationary Navigation Overlay System, and MSAS, 
the Japanese Multifunctional Transport Satellite (MTSAT) 
Satellite-based Augmentation System. The result will be a 
‘worldwide seamless navigation capability similar to GPS but 
with greater accuracy, availability, and integrity. 


Unlike traditional ground-based navigation aids, WAS. 
will cover a more extensive service area in which surveyed 
wide-area ground reference stations are linked to the WAAS. 
network. Signals from the GPS satellites are monitored by 
these stations to determine satellite clock and ephemeris, 
corrections. Each station in the network relays the data to a 
wide-area master station where the correction information is, 
computed. A correction message is prepared and uplinked to 
a geostationary satellite (GEO) via a ground uplink and then 
broadcast on the same frequency as GPS to WAS receivers 
within the broadcast coverage area. [Figure 7-30] 


In addition to providing the correction signal, WAAS 
provides an additional measurement to the aircraft receiver, 
improving the availability of GPS by providing, in effect, 
an additional GPS satellite in view. The integrity of GPS is, 
improved through real-time monitoring, and the accuracy 
is improved by providing differential corrections to reduce 
errors. [Figure 7-31] As a result, performance improvement 
is sufficient to enable approach procedures with GPS/WAAS 
lide paths. At this time the FAA has completed installation of 
25 wide area ground reference systems, two master stations, 
and four ground uplink stations. 


General Requirements 
WAAS avionics must be certified in accordance with 
‘TSO-C145A, Airborne Navigation Sensors Using the GPS 
Augmented by the WAAS; or TSO-146A for stand-alone 
systems. GPS/WAAS operation must be conducted in 
accordance with the FAA-approved aircraft flight manual 
(AFM) and flight manual supplements. Flight manual 
supplements must state the level of approach procedure that 
the receiver supports, 
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Figure 7-90. WAAS Satellite Representation 
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Figure 7-31. WAAS Saiellte Representation 


Instrument Approach Capabilities 
WAAS receivers support all basic GPS approach functions 
and will provide additional capabilities with the key benefit 
to generate an electronic glide path, independent of ground 
equipment or barometric aiding. This eliminates several 
problems such as cold temperature effects, incorrect altimeter 
setting or lack ofa local altimeter souree, and allows approach 
procedures to be built without the cost of installing ground 
Stations at each airport. A new class of approach procedures 
which provide vertical guidance requirements for precision 
approaches hasbeen developed to support satelite navigation 
use for aviation applications. These new procedures called 
Approach with Vertical Guidance (APV) include approaches 
such as the LNAV/VNAV procedures presently being flown 
with barometric vertical navigation. 


Local Area Augmentation System (LAAS) 
LAAS is a ground-based augmentation system which uses 
4 GPS reference facility located on or in the vicinity of 
the airport being serviced. This facility has a reference 
receiver that measures GPS satellite pseudo-range and 
timing and retransmits the signal. Aircraft landing at 
LAAS-equipped aisports are able to conduct approaches to 
Category I level and above for properly equipped aircraft 
[Figures 7-32 and 7-33] 


Inertial Navigation System (INS) 
Inertial Navigation System (INS) is a system that navigates, 
precisely without any input from outside of the aircraft, It is 
fully self-contained. The INS is initialized by the pilot, who 
enters into the system the exact location of the aircraft on the 
ground before the flight. The INS is also programmed with 
WPs along the desired route of flight. 
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Figure 7-22. LAAS Representation. 


Figure 7-33. LAAS Representation. 


INS Components 
INS is considered a stand-alone navigation system, especially 
when more than one independent unit is onboard. The 
airborne equipment consists of an accelerometer to measure 
acceleration—which, when integrated with time, gives 
velocity—and gyros to measure direction. 


Later versions of the INS, called inertial reference systems 
(IRS) utilize laser gyros and more powerful computers; 
therefore, the accelerometer mountings no longer need to 
be kept level and aligned with true north. The computer 
system can handle the added workload of dealing with the 
computations necessary to correct for gravitational and 
directional errors. Consequently, these newer systems are 
sometimes called strap down systems, as the accelerometers 
and gyros are strapped down to the airframe, rather than being, 
‘mounted on a structure that stays fixed with respect to the 
horizon and true north. 


INS Errors 
‘The principal error associated with INS is degradation of 
position with time. INS computes position by starting with 
accurate position input which is changed continuously as 
accelerometers and gyros provide speed and direction inputs. 
Both accelerometers and gyros are subject to very small 
errors; as time passes, those errors probably accumulate. 


While the best INS/IRS display errors of 0.1 to 0.4NM after, 
{lights across the North Atlantic of 4to 6 hours, smaller and 
less expensive systems are being built that show errors of 1 
to 2NM per hour. This accuracy is more than sufficient for 
a navigation system that can be combined with and updated 
by GPS. The synergy of a navigation system consisting of an 
INS/IRS unit in combination with a GPS resolves the errors 
and weaknesses of both systems, GPS is accurate all the time 


itis working but may be subject to short and periodic outages. 
INS is made more accurate because it is continually updated 
and continues to function with good accuracy if the GPS has 
moments of lost signal 


Instrument Approach Systems 


Most navigation systems approved for en route and terminal 
operations under IFR, such as VOR, NDB, and GPS, may 
also be approved to conduct IAPs. The most common 
systems in use in the United States are the ILS, simplified 
directional facility (SDF), localizer directional aid (LDA), 
and microwave landing system (MLS). These systems 
‘operate independently of other navigation systems. There are 
new systems being developed, such as WAAS and LAS. 
Other systems have been developed for special use, 


‘The ILS system provides both course and altitude guidance 
to a specific runway. The ILS system is used to execute 
a precision instrument approach procedure or precision 
approach. [Figure 7-34] The system consists of the following, 
‘components: 
1. A localizer providing horizontal (left/right) guidance 
along the extended centerline of the runway 


2 


A glide slope (GS) providing vertical (up/down) 
‘guidance toward the runway touchdown point, usually 
ata 3° slope, 


‘Marker beacons providing range information along 
the approach path. 

4. Approach lights assisting in the transition from 
instrument to visual flight. 


‘The following supplementary elements, though not specific 
‘components of the system, may be incorporated to increase 
ssafety and utility 
1, Compass locators providing transition from en route 
NAVAIDs to the ILS system and assisting in holding 
procedures, tracking the localizer course, identifying 
the marker beacon sites, and providing a FAF for ADF 
approaches. 


DME collocated with the GS transmitter providing 
positive distance-to-touchdown information or DME 
associated with another nearby facility (VOR or stand- 
alone), if specified in the approach procedure. 


ILS approaches are categorized into three different types of 
approaches based on the equipment at the airport and the 
experience level of the pilot. Category I approaches provide 
for approach height above touchlown of not les than 200 feet. 
Category Il approaches provide for approach to a height above 
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Figure 7-34. Instrument Landing Systems. 
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touchdown of not less than 100 feet. Category III approaches 
provide lower minimums for approaches without a decision 
height minimum. While pilots need only be instrument rated 
and the aireraft be equipped with the appropriate airborne 
equipment to execute Category I approaches, Category IL 
and III approaches requite special certification forthe pilots, 
‘ground equipment, and airborne equipment. 


ILS Components 
Ground Components 

‘The ILS uses a number of different ground facilities. These 
facilities may be used as a part of the ILS system, as well as 
part of another approach. For example, the compass locator 
may be used with NDB approaches. 


Localizer 
The localizer (LOC) ground antenna array is located on the 
extended centerline of the instrument runway of an airport, 
located at the departure end of the runway to prevent it from 
being a collision hazard. This unit radiates a field pattern, 
Which develops a course down the centerline of the runway 
toward the middle markers (MMs) and outer markers 
(OMs), and a similar course along the runway centerline in 
the opposite direction. These are called the front and back 
courses, respectively. The localizer provides course guidance, 
transmitted at 108.1 to 111.95 MHz (odd tenths only), 
throughout the descent path to the runway threshold from a 
distance of 18 NM from the antenna to an altitude of 4,500 
fect above the elevation of the antenna ste. /Figure 7-35] 


‘The localizer course width is defined as the angular 
displacement at any point along the course between a full 
“ly-IefAt” (CDI needle fully deflected to the left) and a full 
“fly-right” indication (CDI needle fully deflected to the right). 
Each localizer facility is audibly identified by a three-letter, 
designator, transmitted at frequent regular intervals. The ILS 
identification is preceded by the letter “I” (two dots). For 
‘example, the ILS localizer at Springfield, Missouri transmits 
the identifier ISGE. The localizer includes a voice feature on 
its frequency for use by the associated ATC facility in issuing 
approach and landing instructions. 


‘The localizer course is very narrow, normally 5°. This 
results in high needle sensitivity. With this course width, 
a full-scale deflection shows when the aircraft is 2.5° to 
cither side ofthe centerline. This sensitivity permits accurate 
orientation to the landing runway. With no more than one- 
quarter scale deflection maintained, the aircraft will be 
aligned with the runway. 


Glide Slope (GS) 
GS describes the systems that generate, receive, and indicate 
the ground facility radiation pattern, The glide path is the 
straight, sloped line the aircraft should fly in its descent from 
where the GS intersects the altitude used for approaching the 
FAR, to the runway touchdown zone. The GS equipment 
is housed in a building approximately 750 to 1,250 feet 
down the runway from the approach end of the runway, and 
between 400 and 600 feet to one side of the centerline. 


Figure 7-35. Localizer Coverage Limits, 
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‘The course projected by the GS equipment is essentially the 
‘same as would be generated by a localizer operating on its 
side. The GS projection angle is normally adjusted to 2.5* 
to 3.5° above horizontal, o it intersects the MM at about 
200 feet and the OM at about 1,400 feet above the runway 
elevation, At locations where standard minimum obstruction 
clearance cannot be obtained with the normal maximum GS 
angle, the GS equipment is displaced farther from the approach 
end ofthe runway ifthe length of the runway permits; or, the 
GS angle may be increased up to 4°. 


Unlike the localizer, the GS transmiter radiates signals only 
inthe direction of the final approach on the front course. The 

em provides no vertical guidance for approaches on the 
back course. The glide path is normally 14° thick. At 10 
NM from the point of touchdown, this represents a vertical 
distance of approximately 1,500 feet, narrowing to a few feet 
at touchdown, 


Marker Beacons 
‘Two VHF marker beacons, outer and middle, are normally 
used in the ILS system. [Figure 7-36/ A third beacon, the 
inner, is used where Category II operations are certified. A 
marker beacon may also be installed to indicate the FAF on 
the ILS back course, 


Localizer Course 


Figure 7-36. Localizer receiver indications and aircraft 


displacement. 


‘The OM is located on the localizer front course 47 miles 
from the airport to indicate a position at which an aircraft, at 
the appropriate altitude on the localizer course, will intercept 
the glide path. The MM is located approximately 3,500 feet 
from the landing threshold on the centerline of the localizer 
front course at a position where the GS centerline is about 200, 
fect above the touchdown zone elevation. The inner marker 
(IM), where installed, is located on the front course between 
the MM and the landing threshold. It indicates the point at 
which an aircraft is at the decision height on the glide path 
during a Category II ILS approach, The back-course marker, 
where installed, indicates the back-course FAE 
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Compass Locator 
‘Compass locators are low-powered NDBs and are received 
and indicated by the ADF receiver. When used in conjunction 
with an ILS front course, the compass locator facilities are 
collocated with the outer and/or MM facilities. The coding 
identification of the outer locator consists of the first two 
letters of the three-letter identifier of the associated LOC. 
For example, the outer locator at Dallas/Love Field (DAL) is 
identified as “DA.” The middle locator at DAL is identified 
by the last two letters “AL.” 


Approach Lighting Systems (ALS) 
‘Normal approach and letdown on the ILS is divided into two 
distinct stages: the instrument approach stage using only radio 
‘guidance, and the visual stage, when visual contact with the 
‘ground runway environment is necessary for accuracy and 
safety. The most critical period of an instrument approach, 
particularly during low ceiling/visibility conditions, is the 
point at which the pilot must decide whether to land or 
execute a missed approach. As the runway threshold is 
approached, the visual glide path will separate into individual 
lights. At this point, the approach should be continued by 
reference to the runway touchdown zone markers. The ALS 
provides lights that will penetrate the atmosphere far enough 
from touchdown to give directional, distance, and glide path 
information for safe visual transition. 


Visual identification of the ALS by the pilot must be 
instantaneous, so it is important to know the type of ALS 
before the approach is started. Check the instrument approach 
cchart and the A/FD for the particular type of lighting facilities 
at the destination airport before any instrument flight. With 
reduced visibility, rapid orientation to a strange runway can 
be difficult, especially during a circling approach to an aisport 
with minimum lighting facilities, orto a large terminal airport 
located in the midst of distracting city and ground facility 
lights. Some of the most common ALS systems are shown 
in Figure 7-37. 


A high-intensity flasher system, often referred to as “the 
rabbit," is installed at many large airports. The flashers consist 
of a series of brilliant blue-white bursts of light flashing in 
sequence along the approach lights, giving the effect of a ball 
of light traveling towards the runway. Typically, “the rabbit” 
‘makes two trips toward the runway per second. 


Runway end identifier lights (REIL) are installed for rapid and 
positive identification of the approach end of an instrument 
runway. The system consists of a pair of synchronized 
flashing lights placed laterally on each side of the runway 
threshold facing the approach area. 
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Figure 7-37. Precision and Nonprecision ALS Configuration. 


‘The visual approach slope indicator (VASI) gives visual 
descent guidance information during the approach to a 
runway. The standard VASI consists of light bars that 
project a visual glide path, which provides safe obstruction 
clearance within the approach zone, The normal GS angle 
is 3°; however, the angle may be as high as 4.5° for proper 
obstacle clearance. On runways served by ILS, the VASI 
angle normally coincides with the electronic GS angle. 
Visual left/right course guidance is obtained by alignment 
with the runway lights. The standard VAST installation 
consists of either 2-,3-,4-,6-, 12-, or 16-light units arranged 
in downwind and upwind light bars, Some airports serving 
long-bodied aircraft have threc-bar VASIs which provide two 
visual glidepaths to the same runway. The first glide path 
cenicountered is the same as provided by the standard VASL 


ced Hashing ights (and runway alinment) 


‘The second glide path is about 25 percent higher than the first 
and is designed for the use of pilots of long-bodied aircraft. 


‘The basic principle of VASI is that of color differentiation 
between red and white. Each light projects a beam having 
a white segment in the upper part and a red segment in the 
lower part of the beam, From a position above the glide path 
the pilot sees both bars as white. Lowering the aircraft with 
respect tothe glide path, the color of the upwind bars changes 
from white to pink to red. When on the proper glide path, 
the landing aircraft will overshoot the downwind bars and. 
undershoot the upwind bars. Thus the downwind (closer) 
bars are seen as white and the upwind bars as red. From a 
position below the glide path, both light bars are seen as 
red, Moving up to the glide path, the color of the downwind 
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bars changes from red to pink to white, When below the 
slide path, as indicated by a distinct all-red signal, a safe 
obstruction clearance might not exist. A standard two-bar 
VASI is illustrated in Figure 7-38. 


ILS Airborne Components 
Airborne equipment for the ILS system includes receivers 
for the localizer, GS, marker beacons, ADF, DME, and the 
respective indicator instruments, 


‘The typical VOR receiver is also a localizer receiver with 
common tuning and indicating equipment. Some receivers 
have separate function selector switches, but most switch 
between VOR and LOC automatically by sensing if odd 
tenths between 108 and 111.95 MHz have been selected. 
Otherwise, tuning of VOR and localizer frequencies is 
accomplished with the same knobs and switches, and the CDI 
indicates “on course” as it does on a VOR radial. 


‘Though some GS receivers are tuned separately, in a typical 
installation the GS is tuned automatically to the proper 
frequency when the localizer is tuned. Each of the 40 localizer 
channels in the 108.10 to 111.95 MHz band is paired with a 
corresponding GS frequency. 


When the localizer indicator also includes a GS needle, the 
instrument is often called a cross-pointer indicator. The 
crossed horizontal (GS) and vertical (localizer) needles are 
free to move through standard five-dot deflections to indicate 
position on the localizer course and glide path. 


When the aircraft is on the glide path, the needle is horizontal, 
overlying the reference dots. Since the glide path is much 
narrower than the localizer course (approximately 1.4* from 
full up to full down deflection), the needle is very sensitive 
todisplacement of the aircraft from on-path alignment. With 
the proper rate of descent established upon GS interception, 
very small corrections keep the aircraft aligned. 
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‘The localizer and GS warning flags disappear from view on 
the indicator when sufficient voltage is received to actuate the 
rcedles. The flags show when an unstable signal or receiver 
‘malfunction occurs 


‘The OM is identified by a low-pitched tone, continuous dashes 
at the rate of two per second, and a purple/blue marker beacon 
light. The MM is identified by an intermediate tone, alternate 
dots and dashes at the rate of 95 dot/dash combinations per 
minute, and an amber marker beacon light. The IM, where 
installed, is identified by a high-pitched tone, continuous dots 
at the rate of six per second, and a white marker beacon light. 
‘The back-course marker (BCM), where installed, is identified 
by ahigh- pitched tone with two dots at arate of 72 to 75 two- 
dot combinations per minute, and a white marker beacon light 
Marker beacon receiver sensitivity is selectable as high or low 
‘on many units. The low-sensitivity position gives the sharpest 
indication of position and should be used during an approach, 
‘The high-sensitivity position provides an carlier warning that 
the aircraft is approaching the marker beacon site. 


ILS Function 
The localizer needle indicates, by deflection, whether the 
aircraft is right or left ofthe localizer centerline, regardless of 
the position or heading of the aircraft, Rotating the OBS has 
xno effect on the operation of the localizer needle, although 
itis useful to rotate the OBS to put the LOC inbound course 
under the course index. When inbound on the front course, or 
outbound on the back course, the course indication remains 
directional. (Soe Figure 7-39, ateraft C, D, and E.) 


Unless the aircraft has reverse sensing capability and itis in 
use, when flying inbound on the back course or outbound 
on the front course, heading corrections to on-course are 
‘made opposite the needle deflection. This is commonly 
described as “flying away from the needle.” (See Figure 7-39, 
aireraft A and B.) Back course signals should not be used 
for an approach unless a back course approach procedure 
i published for that particular runway and the approach is, 
authorized by ATC. 


Once you have reached the localizer centerline, maintain 
the inbound heading until the CDI moves off center. Drift 
corrections should be small and reduced proportionately as 
the course narrows. By the time you reach the OM, your drift 
correction should be established accurately enough ona well- 
executed approach to permit completion of the approach, 
with heading corrections no greater then 2°, 


‘The heaviest demand on pilot technique occurs during 
descent from the OM to the MM, when you maintain 
the localizer course, adjust pitch attitude to maintain the 
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Figure 7-9. Localizer Course Indications. To follow indications displayed in the aircraft, tart from A and proceed through E. 
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If you want to know everything there is to know about how to use a soldering iron, 
you'll need to know how to tin. Tinning is the process of coating a soldering tip with 
a thin coat of solder. Melt a thin layer of solder on your iron’s tip. This aids in heat 
transfer between the tip and the component you are soldering, and also gives the 
solder a base from which to flow from. This process may need to be repeated as 
you solder. You will only touch the tip of the soldering iron to the solder when you 
tin. Do not touch the tip of the iron to the solder while you are actually soldering. 


AddTip Ask Question 


Step 9: Start Soldering 


proper rate of descent, and adjust power to maintain proper 
airspeed. Simultaneously, the altimeter must be checked 
and preparation made for visual transition to land or for a 
missed approach. You can appreciate the need for accurate 
instrument interpretation and aircraft control within the ILS 
as a whole, when you notice the relationship between CDI 
and glide path needle indications, and aircraft displacement 
from the localizer and glide path centerlines. 


Deflection of the GS needle indicates the position of the 
aircraft with respect to the glide path. When the aircraft is 
above the glide path, the needle is deflected downward. When 
the aircraft is below the glide path, the needle is deflected 
upward. [Figure 7-40] 


ILS Errors 
‘The ILS and its components are subject to certain errors, 
hich ar listed below, Localizer and GS signals are subject to 
the same type of hounce from hard objects as space waves. 
1, Reflection. Surface vebicles and even other aircraft 
flying below 5,000 feet above ground level (AGL) 
may disturb the signal for aircraft on the approach. 
2, False courses. In addition to the desired course, GS 
facilities inherently produce additional courses at 
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higher vertical angles. The angle of the lowest of these 
false courses will occur at approximately 9°12", An 
aireraft flying the LOC/GS course ata constant altitude 
‘would observe gyrations of both the GS needle and GS 
‘warning flag as the aircraft passed through the various 
false courses. Getting established on one of these 
false courses will result in either confusion (reversed 
GS needle indications) or in the need for a very high 
descent rate. However, if the approach is conducted 
at the altitudes specified on the appropriate approach 
chart, these false courses will not be encountered. 


Marker Beacons 
‘The very low power and directional antenna of the marker 
beacon transmitter ensures thatthe signal will not be received 
any distance from the transmitter site. Problems with signal 
reception are usually caused by the airborne receiver not 
being turned on, or by incorrect receiver sensitivity. 


‘Some marker beacon receivers, to decrease weight and cost 
are designed without their own power supply. These units 
utilize a power source from another radio in the avionics 
stack, often the ADE. In some aircraft, this requires the 
ADF to be turned on in order for the marker beacon receiver 
to function, yet no warning placard is required. Another 
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Figure 7-40. llustrates a GS receiver indication and aircraft displacement. An analog system is on the left and the same indication on 


the Garmin PED on the right 
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source of trouble may be the “High/Low/Off” three-position 
switch, which both activates the receiver and selects receiver 
sensitivity. Usually, the “test” feature only tests to see if 
the light bulbs in the marker beacon lights are working. 
‘Therefore, in some installations, there is no functional way 
for the pilot to ascertain the marker beacon receiver is actually 
on except to fly over a marker beacon transmitter, and see if 
a signal is received and indicated (e-g., audibly, and visually 
vvia marker beacon lights). 


Operational Errors 


1. Failure to understand the fundamentals of ILS ground 
equipment, particularly the differences in course 
dimensions. Since the VOR receiver is used on the 
localizer course, the assumption is sometimes made 
that interception and tracking techniques are identical 
when tracking localizer courses and VOR radials. 
Remember that the CDI sensing is sharper and faster 
on the localizer course. 


2. Disorientation during transition to the ILS due to poor 
planning and reliance on one receiver instead of on all 
available airborne equipment. Use all the assistance 
available; a single receiver may fail 


3. Disorientation on the localizer course, due to the first 
error noted above. 


4. Incorrect localizer interception angles. A large 
interception angle usually results in overshooting, 
and possible disorientation. When intercepting, 
if possible, turn to the localizer course heading 
immediately upon the first indication of needle 
movement. An ADF receiver is an excellent aid to 
orient you during an ILS approach if there is a locator 
or NDB on the inbound course. 


5. Chasing the CDI and glide path needles, especially 


when you have not sufficiently studied the approach 
before the flight. 


‘Simplified Directional Facility (SDF) 
‘The SDF provides a final approach course similar to the ILS 
localizer. The SDF course may or may not be aligned with 
the runway and the course may be wider than a standard 
ILS localizer, resulting in less precision. Usable off-course 
indications are limited to 35° either side of the course 


centerline. Instrument indications in the area between 35° 
and 90° from the course centerline are not controlled and 
should be disregarded. 


‘The SDF must provide signals sufficient to allow satisfactory 
operation of a typical aircraft installation within a sector 
which extends from the center of the SDF antenna system 
to distances of 18 NM covering a sector 10° either side of 


centerline up to an angle 7° above the horizontal. The angle 
of convergence of the final approach course and the extended. 
runway centerline must not exceed 30°. Pilots should note 
this angle since the approach course originates a the antenna 
site, and an approach continued beyond the runway threshold 
‘would lead the aircraft to the SDF offset position rather than 
along the runway centerline 


‘The course width of the SDF signal emitted from the 
transmitter is fixed at either 6° or 12°, as necessary, to provide 
maximum flyability and optimum approach course quality 
A three-letter identifier is transmitted in code on the SDF 
frequency; there is no letter “I” (two dots) transmitted before 
the station identifier, as there is with the LOC. For example, 
the identifier for Lebanon, Missouri, SDF is LBO. 


Localizer Type Directional Aid (LDA) 
‘The LDA isof comparable utility and accuracy to a localizer 
but is not part of a complete ILS. The LDA course width is 
between 3° and 6° and thus provides a more precise approach 
course than an SDF installation. Some LDAs are equipped 
with a GS, The LDA course is not aligned with the runway 
but straight-in minimums may be published where the angle 
between the runway centerline and the LDA course does not 
exceed 30°. Ifthis angle exceeds 30°, only circling minimums 
are published. The identifier is three letters preceded by “I” 
transmitted in code on the LDA frequency. For example, the 
identifier for Van Nuys, California, LDA is I-BUR. 


Microwave Landing System (MLS) 
‘The MLS provides precision navigation guidance for exact 
alignment and descent of aircraft on approach to a runway. 
It provides azimuth, elevation, and distance. Both lateral 
and vertical guidance may be displayed on conventional 
course deviation indicators or incorporated into multipurpose 
flight deck displays. Range information can be displayed 
by conventional DME indicators and also incorporated into 
multipurpose displays. (Figure 7-41] 


‘The system may be divided into five functions, which are 
approach azimuth, back azimuth, approach elevation, range; 
and data communications. The standard configuration of 
MLS ground equipment includes an azimuth station to 
perform functions as indicated above. In addition to providing 
azimuth navigation guidance, the station transmits basic data, 
which consists of information associated directly with the 
operation of the landing system, as well as advisory data on 
the performance of the ground equipment, 


Approach Azimuth Guidance 
‘The azimuth station transmits MLS angle and data on one 
of 200 channels within the frequency range of 5031 to 5091 
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Figure 7-41. MLS Coverage Volumes, 3-D Representation. 


MHz. The equipment is normally located about 1,000 feet 
beyond the stop end of the runway, but there is considerable 
flexibility in selecting sites. For example, for heliport 
operations the azimuth transmitter can be collocated with 
the elevation transmitter, The azimuth coverage extends 
laterally at least 40° on either side of the runway centerline 
in a standard configuration, in elevation up to an angle of 15° 
and to at least 20,000 feet, and in range to at least 20 NM. 


MLS requires separate airborne equipment to receive and 
process the signals from what is normally installed in general 
aviation aircraft today. It has data communications capability, 
and can provide audible information about the condition 
of the transmitting system and other pertinent data such as 
weather, runway status, etc. The MLS transmits an audible 
identifier consisting of four letters beginning with the letter 
M, in Morse code at a rate of at least six per minute. The 
MLS system monitors itself and transmits ground-to-air data 
messages about the system's operational condition. During 
periods of routine or emergency maintenance, the coded 
identification is missing from the transmissions. At this time 
there are only a few systems installed. 


Required Navigation Performance 
RNP is a navigation system that provides a specified level 
of accuracy defined by a lateral area of confined airspace 
in which an RNP-certified aircraft operates. The continuing 
growth of aviation places increasing demands on airspace 
capacity and emphasizes the need for the best use of the 
available airspace. These factors, along with the accuracy of 
moder aviation navigation systems andthe requirement for 
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increased operational efficiency in terms of direct routings 
and track-keeping accuracy, have resulted in the concept 
of required navigation performance—a statement of the 
navigation performance accuracy necessary for operation 
within a defined airspace. RNP can include both performance 
and functional requirements, and is indicated by the RNP type. 
‘These standards are intended for designers, manufacturers, 
and installers of avionics equipment, as well as service 
providers and users of these systems for global operations, 
‘The minimum aviation system performance specification 
(MASPS) provides guidance for the development of airspace 
and operational procedures needed to obtain the benefits of 
improved navigation capability. [Figure 7-42] 


‘The RNP type defines the total system error (TSE) that, 
is allowed in lateral and longitudinal dimensions within 
a particular airspace. The TSE, which takes account of 
navigation system errors (NSE), computation errors, display 
errors and flight technical errors (FTE), must not exceed the 
specified RNP value for 95 percent of the flight time on any 
part of any single flight. RNP combines the accuracy standards, 
laid out in the ICAO Manual (Doc 9613) with specific 
accuracy requirements, as well as functional and performance 
standards, for the RNAV system to realize a system that 
can meet future air traffic management requirements. The 
functional criteria for RNP address the need for the flight paths 
of participating aircraft to be both predictable and repeatable 
to the declared levels of accuracy. More information on RNP 
is contained in subsequent chapters. 


‘The term RNP is also applied as a descriptor for airspace, 
routes, and procedures (including departures, arrivals, 
and IAPS), The descriptor can apply to a unique approach 
procedure or to a large region of airspace. RNP applies to 
navigation performance within a designated airspace, and 
includes the capability of both the available infrastructure 
(navigation aids) and the aircraft 


RNP type is used to specify navigation requirements for the 
airspace. The following are ICAO RNP Types: RNP-1.0, 
RNP.4.0, RNP-5.0, and RNP-10.0. The required performance 
is obtained through a combination of aircraft capability and 
the level of service provided by the corresponding navigation 
infrastructure. From a broad perspective: 


Aircraft Capability + Level of Service = Access 
In this context, aircraft capability refers to the airworthiness 
certification and operational approval elements (including 
avionics, maintenance, database, human factors, pilot 
procedures, training, and other issues). The level of service 
clement refersto the NAS infrastructure, including published 
routes, signal-in-space performance and availability, and air 


traffic management. When considered collectively, these 
elements result in providing access. Access provides the 
desired benefit (airspace, procedures, routes of flight, ete.) 
RNP levels are actual distances from the centerline of the 
flight path, which must be maintained for aircraft and obstacle 
separation, Although additional FAA-recognized RNP 
levels may be used for specific operations, the United States 
currently supports three standard RNP levels: 


+ RNP0.3 Approach 
+ RNP LO 


Departure, Terminal 


+ RNP2.0—En route 
RNP 0.3 represents a distance of 0.3 NM either side of a 
specified flight path centerline. The specific performance 
that is required on the final approach segment of an 
instrument approach is an example of this RNP level. At 
the present time, a 0.3 RNP level is the lowest level used in 
normal RNAV operations. Specific airlines, using special 
procedures, are approved to use RNP levels lower than 
RNP 0.3, but those levels are used only in accordance with 
their approved operations specifications (OpsSpecs). For 
aircraft equipment to qualify for a specific RNP type, it 
must maintain navigational accuracy at least 95 percent of 
the total flight time. 


Flight Management Systems (FMS) 

A flight management system (FMS) is not a navigation 
system in itself, Rather, it isa system that automates the 
tasks of managing the onboard navigation systems. FMS may 
perform other onboard management tasks, bu this discussion 
is limited to its navigation function. 


FMS is an interface between flight crews and flight-deck 
systems. FMS can be thought of as a computer with a large 
database of airport and NAVAID locations and associated 
data, aircraft performance data, airways, intersections, 


Figure 7-43. Typical Display and Control Unit(s) in General Aviation. The Universal UNS-1 (lef) controls and in 


DPs, and STARs. FMS also has the ability to accept and 
store numerous user-defined WPs, flight routes consisting 
of departures, WPs, arrivals, approaches, alternates, etc. 
FMS can quickly define a desired route from the aircraft's 
current position to any point in the world, perform flight 
plan computations, and display the total picture of the flight 
route to the crew. 


FMS also has the capability of controlling (selecting) VOR, 
DME, and LOC NAVAIDs, and then receiving navigational 
data from them. INS, LORAN, and GPS navigational data 
may also be accepted by the FMS computer, The FMS may 
act as the input/output device for the onboard navigation 
systems, so that it becomes the “go-between” for the crew 
and the navigation systems. 


Function of FMS 
At startup, the crew programs the aircraft location, departure 
runway, DP (ifapplicable), WPs defining the route, approach 
procedure, approach to be used, and routing to alternate. This, 
may be entered manually, be in the form of a stored flight 
plan, or be a flight plan developed in another computer and 
transferred by disk or electronically to the FMS computer. 
‘The crew enters this basic information in the control/display 
unit (CDU). [Figure 7-43] 


‘Once airborne, the FMS computer channels the appropriate 
NAVAIDs and takes radial/distance information, or 
channels two NAVAIDs, taking the more accurate distance 
information, FMS then indicates position, track, desired 
heading, groundspeed and position relative to desired track. 
Position information from the FMS updates the INS. In more 
sophisticated aircraft, the FMS provides inputs to the HSI. 
RMI, glass flight deck navigation displays, head-up display 
(HUD), autopilot, and autothrottle systems, 


systems. The Avidyne (center) and Garmin systems (right) illustrate and are typical of completely integrated systems. Although the 


Universal CDU is not typically found on smaller general aviation aircraft, the difference in capabilites of the CDUs and stand-alone 


stems is diminishing each year. 
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Head-Up Display (HUD) 


‘The HUD is a display system that provides a projection of 
navigation and air data (airspeed in relation to approach 
reference speed, altitude, left/right and up/down GS) on a 
transparent screen between the pilot and the windshield. Other 
information may be displayed, including a runway target in 
relation to the nose of the aircraft. This allows the pilot to see 
the information necessary to make the approach while also 
being able to see out the windshield, which diminishes the 
reed to shift between looking at the panel to looking outside. 
Virtually any information desired can be displayed on the 


Figure 7-44. Example ofa Head-Lp Display top) and a Head-Down 
Display (bottom). The head-up display presents information in front 
of the pilot along hisiher normal field of view while a head-down 


display may present information beyond the normal head-up field 
of view. 


HUD if it is available in the aircraft’s fight computer, and 
if the display is user definable. [Figure 7-44] 


Radar Navigation (Ground Based) 


Radar works by transmitting a pulse of RF energy in aspecific 
direction, The return of the echo or bounce of that pulse from 
a target is precisely timed. From this, the distance traveled 
by the pulse and its echo is determined and displayed on a 
radar screen in such a manner thatthe distance and bearing to 
this target can be instantly determined. The radar transmitter 
must be capable of delivering extremely high power levels, 
toward the airspace under surveillance, and the associated 
radar receiver must be able to detect extremely small signal 
levels of the returning echoes. 


‘The radar display system provides the controller with a map- 
like presentation upon which appear all the radar echoes 
of aircraft within detection range of the radar facility. By 
‘means of electronically generated range marks and azimuth- 
indicating devices, the controller can locate each radar target 
\ith respect to the radar facility, or can locate one radar target 
with respect to another. 


Another device, a video-mapping unit, generates an actual 
airway or airport map and presents it on the radar display 
equipment. Using the video-mapping feature, the air traffic 
controller not only can view the aircraft targets, but can see 
these targets in relation to runways, navigation aids, and 
hazardous ground obstructions in the arca. Therefore, radar 
becomes a NAVAID, as well as the most significant means 
of traffic separation. 


In a display presenting perhaps a dozen or more targets, a 
primary surveillance radar system cannot identify one specific 
radar target, and it may have difficulty “seeing” a small target 
at considerable distance—especially if there isa rain shower 
or thunderstorm between the radar site and the aircraft. This 
problem is solved with the Air Traffic Control Radar Beacon 
System (ATCRBS), sometimes called secondary surveillance 
radar (SSR), which utilizes a transponder in the aircraft. The 
ground equipment isan interrogating unit, in which the beacon 
antenna is mounted so it rotates with the surveillance antenna. 
‘The interrogating unit transmits a coded pulse sequence that 
aactuates the aircraft transponder. The transponder answers the 
coded sequence by transmitting a preselected coded sequence 
back to the ground equipment, providing a strong return signal 
and positive aircraft identification, as well as other special data 
such as aircraft altitude, 


Functions of Radar Navigation 
‘The radar systems used by ATC are air route surveillance 
radar (ARSR), airport surveillance radar (ASR), and precision 
approach radar (PAR) and airport surface detection equipment 
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(ASDE). Surveillance radars scan through 360° of azimuth 
and present target information on a radar display located in 
a tower or center. This information is used independently or 
in conjunction with other navigational aids in the control of 
air traffic 


ARSR isa long-range radar system designed primarily to cover 
large areas and provide a display of aircraft while en route 
between terminal arcas. The ARSR enables air route traffic 
control center (ARTCC) controllers to provide radar service 
‘when the aircraft are within the ARSR coverage. In some 
instances, ARSR may enable ARTCC to provide terminal radar 
services similar to but usually more limited than those provided. 
by a radar approach control. 


ASR is designed to provide relatively short-range coverage in 
the general vicinity of an airport and to serve as an expeditious 
‘means of handling terminal area traffic through observation 
of precise aircraft locations on a radarscope. Nonprecision 
instrument approaches are available at airports that have an 
approved surveillance radar approach procedure. ASR provides 
radar vectors to the final approach course and then azimuth 
information to the pilot during the approach, In addition to 
range (distance) from the runway, the pilot is advised of MDA, 
‘when to begin descent, and when the aircraft is at the MDA. If 
requested, recommended altitudes will be furnished each mile 
while on final 


PAR is designed to be used as a landing aid displaying range. 
azimuth, and elevation information rather than as an aid for 
sequencing and spacing aircraft. PAR equipment may be 
used as a primary landing aid, or it may be used to monitor 
other types of approaches. Two antennas are used in the PAR, 
array, one scanning a vertical plane, and the other scanning 
horizontally. Since the range is limited to 10 miles, azimuth to 
20°, and elevation to7°, only the final approach area is covered. 
‘The controller's scope is divided into two parts. The upper half 
presents altitude and distance information, and the lower half 
presents azimuth and distance. 


PAR is asystem in which a controller provides highly accurate 
navigational guidance in azimuth and elevation toa pilot. Pilots, 
are given headings o fly to direct them to and keep their aircraft 
aligned with the extended centerline of the landing runway 

‘They are told to anticipate glide path interception approximately 
10-30 seconds before it occurs and when to start descent, 

‘The published decision height (DH) is given only ifthe pilot 
requests Ifthe aircraft is observed to deviate above or below 
the glide path, the pilot is given the relative amount of deviation 
by use of terms “slightly” or “well” and is expected to adjust 
the aircraft's rate of descent/ascent to return to the glide path. 

“Trend information is also issued with respect to the elevation 
of the aircraft and may be modified by the terms “rapidly” and 
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“slowly” (eg, “well above glide path, coming down rapidly”), 
Range from touchdown is given at least once each mile. If an 
aircraft is observed by the controller to proceed outside of 
specified safety zone limits in azimuth and/or elevation and 
continue to operate outside these prescribed limits, the pilot will 
be directed to execute a missed approach or to fly a specified 
course unless the pilot has the runway environment (runway, 
approach lights, etc) in sight. Navigational guidance in azimuth 
and elevation is provided to the pilot until the aircraft reaches, 
the published decision altitude (DAYDH. Advisory course and 
slide path information is furnished by the controller until the 
aircraft passes over the landing threshold, at which point the 
pilot is advised of any deviation from the runway centerline. 
Radar service is automatically terminated upon completion of 
the approach. 


Airport Surface Detection Equipment 
Radar equipment is specifically designed to detect all principal 
features on the surface of an airport, including aircraft and 
vehicular traffic, and to present the entire image on a radar 
indicator console in the control tower, It is used to augment 
visual observation by tower personnel of aircraft and/or 
vehicular movements on runways and taxiways. 


Radar 


itations 


1. It is very important for the aviation community to 
recognize the fact that there are limitations to radar 
service and that ATC controllers may not always be able 
to issue traffic advisories concerning aircraft which are 
rot under ATC control and cannot be seen on radar. 


2. The characteristics of radio waves are such that they 
normally travel in a continuous straight line unless 
they are “bent” by abnormal atmospheric phenomena 
such as temperature inversions; reflected or attenuated 
by dense objects such as heavy clouds, precipitation, 
ground obstacles, mountains, etc; or screened by high 
terrain features. 


3, Primary radar energy that strikes dense objects will be 
reflected and displayed on the operator's scope, thereby 
blocking out aircraft at the same range and greatly 
weakening or completely eliminating the display of 
targets ata greater range, 

4, Relatively low altitude aircraft will not be seen if they 
are screened by mountains or are below the radar beam 
due to curvature of the Earth, 

5. The amount of reflective surface of an aircraft will 
determine the size ofthe radar return. Therefore, asmall 
light airplane or a sleek jt fighter will be more difficult 
to see on primary radar than a large commercial jet or 
military bomber. 


AILARTCC radar in the conterminous United States and 
many ASR have the capability to interrogate Mode C 
and display altitude information to the controller from 
appropriately equipped aircraft. However, a number of, 
ASR do not have Mode C display capability; therefore, 
altitude information must be obtained from the pilot. 
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‘The National Airspace System (NAS) is the network of 
United States airspace: air navigation facilities, equipment, 
services, airports or landing areas, aeronautical charts, 
information/services, rules, regulations, procedures, technical 

information, manpower, and material. Included are system 
components shared jointly with the military. The system's 
present configuration is a reflection of the technological 
advances concerning the speed and altitude capability of jet 
aircraft, as well as the complexity of microchip and sal 
based navigation equipment, To conform to international 
b aviation standards, the United States adopted the prim: 
ip telements of the classification system developed by the 
SE stcrnational Civil Aviation Organization (ICAO): 


‘This chapter isa general discussion of airspace classification; 
‘enroute, terminal, nd approach procedures; and operations 
Within the NAS, Detailed information on the classification 
of airspace, operating procedures, and restrictions is found 
{in the Acronautical Information Manual (AIM) 
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Airspace Classification 
Airspace in the United States /Figure 8-1] is designated as 
follows: 
1. Class A. Generally, airspace from 18,000 feet mean 
sea level (MSL) up to and including flight level (FL) 
(600, including the airspace overlying the waters 
within 12 nautical miles (NM) of the coast of the 
48 contiguous states. and Alaska. Unless otherwise 
authorized, all pilots must operate their aircraft under 
instrument flight rules (IFR), 


2. Class B. Generally, airspace from the surface to 10,000 
fect MSL surrounding the nation’s busiest airports in 
terms of airport operations or passenger enplanements. 
‘The configuration of each Class B airspace area is 
individually tailored, consists ofa surface area and two 
‘ormore layers (some Class B airspace areas resemble 
upside-down wedding cakes), and is designed to 
contain all published instrument procedures once 
fan aircraft enters the airspace. An air traffic control 
(ATC) clearance is required for all aircraft to operate 
in the area, and all aircraft that are so cleared receive 
separation services within the airspace. 


3. Class C. Generally, airspace from the surface to 
4,000 feet above the airport elevation (charted 
in MSL) surrounding those airports that have an 
operational control tower, are serviced by a radar 
approach control, and have a certain number of IFR 
‘operations or passenger enplanements. Although the 
configuration of each Class C area is individually 
tailored, the airspace usually consists of a surface 
area with a SNM radius, an outer circle with a 10 NM 
radius that extends from 1,200 feet to 4,000 feet above 
the airport elevation and an outer area. Each aircraft 
‘must establish two-way radio communications with 
the ATC facility providing air trafic services prior 
to entering the airspace and thereafter maintain those 
communications while within the airspace. 


4, Class D. Generally, that airspace from the surface 
to 2,500 feet above the airport elevation (charted 
in MSL) surrounding those airports that have an 
operational control tower. The configuration of 
each Class D airspace area is individually tailored 
and when instrument procedures are published, 
the airspace will normally be designed to contain 
the procedures. Arrival extensions for instrument 
approach procedures (IAPs) may be Class D or Class. 
E airspace. Unless otherwise authorized, each aircraft 
‘must establish two-way radio communications with 
the ATC facility providing air traffic services prior 
to entering the airspace and thereafter maintain those 
‘communications while in the airspace. 
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5. Class E. Generally, if the airspace is not Class A, B, 
C, or D, and is controlled airspace, then itis Class E 
airspace. Class E airspace extends upward from either 
the surface or a designated altitude to the overlying 
or adjacent controlled airspace. When designated as a 
surface area, the airspace will be configured to contain 
all instrument procedures. Also in this class are federal 

irways, airspace beginning at either 700 or 1,200 feet 

above ground level (AGL) used to transition to and 
from the terminal or en route environment, and en 
route domestic and offshore airspace areas designated 
below 18,000 feet MSL. Unless designated at a lower 
altitude, Class E airspace begins at 14,500 MSL over 
the United States, including that airspace overlying the 
waters within 12 NM of the coast of the 48 contiguous 
states and Alaska, up to but not including 18,000 feet 
MSL, and the airspace above FL 600. 


6. Class G. Airspace not designated as Class A, B,C, D, 
or E, Class G airspace is essentially uncontrolled by 
ATC except when associated with a temporary contral 
tower. 


Special Use Airspace 
Special use airspace is the designation for airspace in which 
certain activities must be confined, or where limitations 
‘may be imposed on aircraft operations that are not part 
of those activities. Certain special use airspace areas can 
create limitations on the mixed use of airspace. The special 
use airspace depicted on instrument charts includes the 
area name or number, effective altitude, time and weather 
conditions of operation, the controlling agency, and the chart 
panel location. On National Aeronautical Charting Group 
(NACG) en route charts, this information is available on one 
of the end panels, 


Prohibited areas contain airspace of defined dimensions 
within which the flight of aircraft is prohibited. Such areas 
are established for security or other reasons associated with 
the national welfare. These areas are published in the Federal 
Register and are depicted on aeronautical charts. The area is 
charted as a “P” followed by a number (e.g., “P-123”), 


Restricted areas are areas where operations are hazardous to 
nonparticipating aircraft and contain airspace within which 
the flight of aircraft, while not wholly prohibited, is subject, 
to restrictions. Activities within these areas must be confined 
because of their nature, or limitations may be imposed upon 
aircraft operations that are not a part of those activities, or 
both. Restricted areas denote the existence of unusual, often 
invisible, hazards to aircraft (e.g., artillery firing, aerial 
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Figure 8-1. Airspace Classifications 
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‘gunnery, or guided missiles). IFR flights may be authorized 
to transit the airspace and are routed accordingly. Penetration 
of restricted areas without authorization from the using 
or controlling agency may be extremely hazardous to the 
aircraft and its occupants, ATC facilities apply the following, 
procedures when aircraft are operating on an IFR clearance 
(including those cleared by ATC to maintain visual flight 
rules (VER)-On-Top) via a route that lies within joint-use 
restricted airspace: 


1. Ifthe restricted area is not active and has been released 
to the Federal Aviation Administration (FAA), the 
ATC facility will allow the aircraft to operate in the 
restricted airspace without issuing specific clearance 
for it to do so. 


If the restricted area is active and has not been 
released to the FAA, the ATC facility will issue a 
clearance which will ensure the aircraft avoids the 
restricted airspace, 


Restricted areas are charted with an “R” followed by a 
number (e.g. “R-5701”) and are depicted on the en route 


chart appropriate for use at the altitude or FL being flown. 


Warning areas are similar in nature to restricted areas; 
however, the United States government does not have sole 
jurisdiction over the airspace. A warning area is airspace of 
defined dimensions, extending from 12 NM outward from 
the coast of the United States, containing activity that may 
be hazardous to nonparticipating aircraft. The purpose of 
such areas is to warn nonparticipating pilots of the potential 
danger. A warning area may be located over domestic or 
international waters or both. The airspace is designated with 
a “W" followed by a number (e.g., “W-123"). 


Military operations areas (MOAs) consist of airspace with 
defined vertical and lateral limits established for the purpose 
of separating certain military training activities from IFR 
traffic, Whenever an MOA is being used, nonparticipating 
IER traffic may be cleared through an MOA if IFR separation 
can be provided by ATC. Otherwise, ATC will reroute or 
restrict nonparticipating IFR traffic. MOAs are depicted on 
sectional, VFR terminal area, and en route low altitude charts, 
and are not numbered (e.g., “Boardman MOA’). 


Alert areas are depicted on aeronautical charts with an 
“AY followed by a number (e.g., “A-123”) to inform 
nonparticipating pilots of areas that may contain a high 
volume of pilot training or an unusual type of aerial activity 
Pilots should exercise caution in alert areas. All activity 
within an alert area shall be conducted in accordance with 
regulations, without waiver, and pilots of participating 
aircraft, as well as pilots transiting the area, shall be equally 
responsible for collision avoidance. 
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Military Training Routes (MTRs) are routes used by milit 
aircraft to maintain proficiency in tactical flying. These routes, 
are usually established below 10,000 feet MSL for operations 
at speeds in excess of 250 knots. Some route segments may 
be defined at higher altitudes for purposes of route continuity. 
Routes are identified as IFR (IR), and VER (VR), followed by 
a number. MTRs with no segment above 1,500 feet AGL are 
identified by four number characters (e.g.,1R1206, VR1207, 
cetc.). MTRS that include one or more segments above 1,500 
feet AGL are identified by three number characters (e.8.. 
1R206, VR207). IFR Low Altitude En Route Charts depict 
all IR routes and all VR routes that accommodate operations 
above 1,500 feet AGL. IR routes are conducted in accordance 
with IFR regardless of weather conditions. 


‘Temporary flight restrictions (TFRs) are put into effect 
when traffic in the airspace would endanger or hamper air 
or ground activities in the designated area. For example, a 
forest fire, chemical accident, flood, or disaster-relief effort 
could warrant a TFR, which would be issued as a Notice to 
Airmen (NOTAM), 


National Security Areas (NSAs) consist of airspace with 
defined vertical and lateral dimensions established at 
locations where there is a requirement for increased security 
and safety of ground facilities. Flight in NSAs may be 
temporarily prohibited by regulation under the provisions of 
Title 14 of the Code of Federal Regulations (14 CFR) part 99. 
and prohibitions will be disseminated via NOTAM. 


Federal Airways 
‘The primary means for routing aircraft operating under IFR 
is the federal airways system. 


Each federal airway is based on a centerline that extends from 
‘one NAVAID/waypoint/fix/intersection to another NAVAID/ 
‘waypoint/fix/intersection specified for that airway. A federal 
airway includes the airspace within parallel boundary lines 
four NM to cach side of the centerline. As in all instrument 
flight, courses are magnetic, and distances are in NM. The 
airspace of a federal airway has a floor of 1,200 feet AGL, 
unless otherwise specified. A federal airway does not include 
the airspace of a prohibited area. 


‘Victor airways include the airspace extending from 1,200 feet 
AGL up to, but not including 18,000 feet MSL. The airways 
are designated on Sectional and IFR low altitude en route 
charts withthe letter “V” followed by a number (e.g., “V23"), 
‘Typically, Victor airways are given odd numbers when oriented 
north/south and even numbers when oriented east'west. If more 
than one airway coincides on a route segment, the numbers are 
listed serially (e-g., “V287-495-500"). [Figure 8-2] 
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Figure 8-2. Vicwor Airways and Charted IPR Alitules. 


Jet routes exist only in Class A airspace, from 18,000 feet 
MSL to FL 450, and are depicted on high-altitude en route 
charts. The letter “J” precedes a number to label the airway 
(eg. J12). 


RNAV routes have been established in both the low-altitude 
and the high-altitude structures in recent years and are 
depicted on the en route low and high chart series. High 
altitude RNAV routes are identified with a “Q” prefix (except 
the Q-routes in the Gulf of Mexico) and low altitude RNAV 
routes are identified with a “T” prefix. RNAV routes and data, 
are depicted in aeronautical blue. 


In addition to the published routes, a random RNAV route may 
be flown under IFR if t is approved by ATC. Random RNAV 
routes are direct routes, based on area navigation capability, 
between waypoints defined in terms of latitude/longitude 


coordinates, degree-distance fixes, or offsets from established 
routes/airways at a specified distance and direction. 


Radar monitoring by ATC is required on all random 
RNAY routes. These routes can only be approved in a radar 
environment. Factors that will be considered by ATC in 
approving random RNAV routes include the capability to 
provide radar monitoring, and compatibility with traffic 
volume and flow. ATC will radar monitor each flight; 
however, navigation on the random RNAV route is the 
responsibility of the pilot, 


Other Routing 
Preferred IFR routes have been established between 
major terminals to guide pilots in planning their routes of 
flight, minimizing route changes and aiding in the orderly 
‘management of air traffic on federal airways. Low and high 
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altitude preferred routes are listed in the Airport/Facility 
Directory (A/FD). To use a preferred route, reference the 
departure and arrival airports; if a routing exists for your 
flight, then airway instructions will be listed. 


‘Tower En Route Control (TEC) is an ATC program that 
uses overlapping approach control radar services to provide 
IER clearances. By using TEC, a pilot is routed by airport 
control towers. Some advantages include abbreviated filing 
procedures and reduced traffic separation requirements. TEC 
is dependent upon the ATC’s workload, and the procedure 
varies among locales. 


‘The latest version of Advisory Circular (AC) 90-91, North 
American Route Program (NRP), provides guidance to users 
of the NAS for participation in the NRP. All lights operating 
at or above FL 290 within the conterminous United States 
and Canada are eligible to participate in the NRP, the primary 
purpose of which i to allow operators to plan minimum time/ 
cost routes that may be off the prescribed route structure. NRP 
aircraft are not subject to route-limiting restrictions (e.g. 
Published preferred IFR routes) beyond a 200 NM radius of 
their point of departure or destination. 


IFR En Route Charts 


‘The objective of IFR en route flight is to navigate within the 
lateral limits of a designated airway at an altitude consistent 
with the ATC clearance. Your ability to fly instruments 
safely and competently in the system is greatly enhanced by 
understanding the vast array of data available tothe pilot on 
instrument charts. The NACG maintains and produces the 
charts for the United States government. 


En roate high-altitude charts provide aeronautical information 
for en route instrument navigation (IFR) at or above 18,000 
feet MSL. Information includes the portrayal of Jet and 
RNAV routes, identification and frequencies of radio aids, 
selected airports, distances, time zones, special use airspace, 
and related information. Established Jet routes from 18,000 
feet MSL to FL 450 use NAVAIDs not more than 260 NM 
apart. The charts are revised every 56 days. 


‘To effectively depart from one airport and navigate en route 
under instrument conditions pilot needs the appropriate IFR. 
cn route low-altitude chari(s). The IFR low altitude en route 
chart i the instrument equivalent ofthe Sectional chart. When 
folded, the cover of the NACG en route chart displays an 
index map of the United States showing the coverage areas. 
Cities near congested airspace are shown in black type and 
their associated arca chart is listed in the box in the lower 
left-hand corner of the map coverage box. Also noted is an 
explanation of the off-route obstruction clearance altitude 
(OROCA). The effective date of the chart is printed on the 
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other side of the folded chart. Information concerning MTRs. 
is also included on the chart cover. The en route charts are 
revised every 56 days. 


When the NACG en route chart is unfolded, the legend is, 
displayed and provides information concerning airports, 
NAVAIDs, communications, air traffic services, and 
airspace, 


Airport information 
Airport information is provided in the legend, and the symbols 
used forthe airport name, elevation, and runway length are 
imilar to the sectional chart presentation. Associated city 
‘names are shown for public airports only. FAA identifiers are 
shown for all airports. ICAO identifiers are also shown for 
airports outside of the contiguous United States. Instrument 
approaches can be found at airports with blue or green 
symbols, while the brown airport symbol denotes airports 
that do not have instrument approaches. Stars are used to 
indicate the part-time nature of tower operations, ATIS 
frequencies, part-time or on request lighting facilities, and 
part-time airspace classifications. A box after an airport name 
with a “C” or “D” inside indicates Class C and D airspace, 
respectively, per Figure 8-3. D] 


Charted IFR Altitudes 
‘The minimum en route altitude (MEA) ensures a navigation 
signal strong enough for adequate reception by the aircraft 
navigation (NAV) receiver and obstacle clearance along the 
airway. Communication is not necessarily guaranteed with 
MEA compliance. The obstacle clearance, within the limits of 
the airway. is typically 1,000 feet in non-mountainous areas 
and 2,000 fect in designated mountainous areas. MEAs can 
be authorized with breaks in the signal coverage; if this is the 
case, the NACG en route chart notes “MEA GAP” parallel 
to the affected airway, MEAs are usually bidirectional; 
however, they can be single-directional. Arrows are used to 
indicate the direction to which the MEA applies. 


‘The minimum obstruction clearance altitude (MOCA), as 
the name suggests, provides the same obstruction clearance 
as an MEA; however, the NAV signal reception is ensured 
only within 22 NM of the closest NAVAID defining the route. 
‘The MOCA is listed below the MEA and indicated on NACG 
charts by a leading asterisk (e.g.,“*3400"—see Figure 8-2, 
‘V287 at bottom left) 


‘The minimum reception altitude (MRA) identifies the lowest 
altitude at which an intersection can be determined from an 
off-course NAVAID. If the reception is line-of-sight based, 

ignal coverage will only extend to the MRA or above 
However, ifthe aircraft is equipped with distance measuring 
equipment (DME) and the chat indicates the intersection can 
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Figure 8-3. En Route Airport Legend. 


be identified with such equipment, the pilot could define the 
fix without attaining the MRA. On NACG charts, the MRA. 
is indicated by the symbol and the altitude preceded by 
MRA’ (c.g., "MRA 9300"). [Figure 8-2 


‘Te minimum rosing atude (MCA) willbe charted when 
4: Mlgher MEA sone sogmest i apponsld. The MCA. 
aly indicted whens plo is pprchingsoepy cing 
tern, and obstacle cletrance andor signal reception i 
apronised, a this oss, the pot fe rue sate 
arin so the MCA & rectly the He the ntecion 
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‘The maximum authorized altitude (MAA) is the highest 
altitude at which the airway can be flown with assurance 
of receiving adequate navigation signals. Chart depictions 
appear as “MAA-15000.” 


When an MEA, MOCA, and/or MAA change on a segment 
other than at a NAVAID, a sideways “T” 4 is depicted 
con the chart. If there is an airway break without the symbol, 
‘one can assume the altitudes have not changed (see the upper 
left area of Figure 8-2). When a change of MEA to a higher 
MEA is required, the climb may commence at the break, 
ensuring obstacle clearance. [Figure 8-4] 
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Navigation Features 

‘Types of NAVAIDs 

Very high frequency omnidirectional ranges (VORS) are the 
principal NAVAIDs that support the Victor and Jet airways. 
Many other navigation tools are also available to the pilot. 
For example, nonditectional beacons (NDBs) can broadcast 
signals accurate enough to provide stand-alone approaches, 
and DME allows the pilot to pinpoint a reporting point on the 
airway. Though primarily navigation tools, these NAVAIDs 
can also transmit voice broadcasts. 

‘Tactical air navigation (TACAN) channels are represented 
as the two- or three-digit numbers following the three-letter 
identifier in the NAVAID boxes. The NACG terminal 
procedures provide a frequency-pairing table for the 
‘TACAN-only sites. On NACG charts, very-high frequencies 
and ultra-high frequencies (VHF/UHF) NAVAIDs (.g.. 
VORs) are depicted in black, while low frequencies and 
medium frequencies (LF/MF) are depicted as brown. 
[Figure 8-5] 


Identifying Intersections 

Intersections along the airway route are established by a 
variety of NAVAIDs. An open triangle A\ indicates the 
location of an ATC reporting point at an intersection. Ifthe 
triangle is solid, a report is compulsory. [Figure 8-4] 
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Figure 84. Legend From En Route Low Auitude Chart, Air Traffic Services and Airspace Information Section. 
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Figure 85. Legend From En Route Low Attitude Chart 
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NDB&, localizers, and offroute VORs are used to establish 
intersections. NDBs are sometimes collocated with 
intersections, in which case passage of the NDB would mark 
the intersection, A bearing to an off-route NDB also can 
provide intersection identification. A localize course used to 
identify an intersection is depicted by a feathered arrowhead 
symbol on the en route chart, —_e===xxrmwerrg 
If feathered markings appear on the left-hand side of the 
arrowhead, —=—= RK 4 back course (BC) 
signal is transmitted. On NACG en route charts, the localizer 
symbol is only depicted to identify an intersection, 


Off-route VORs remain the most common means of 
identifying intersections when traveling on an airway. Arrows 
depicted next to the intersection Eg indicate the NAVAID to 
be used for identification. Another means of identifying an 
intersection is with te use of DME. A hollow arrowhead <= 
indicates DME is authorized fr intersection identification. If 
the DME mileage at the intersection isa cumulative distance 
of route segments, the mileage is totaled and indicated by 
4 D-shaped symbol with a mileage number inside. 
[Figure 8-4] Approved IFR GPS units can also be used to 
report intersections 


Other Route Information 

DME and GPS provide valuable route information concerning 
such factors as mileage, position, and groundspeed. Even 
without this equipment, information is provided on the 
charts for making the necessary calculations using time and 
distance. The en route chart depicts point-to-point distances 
on the airway system. Distances from VOR to VOR are 
charted with a number inside of a box. {900} fferentiate 
distances when two sirways coincide, the word “TO” with the 
three-Leter VOR identifier appear tothe left of the distance 
boxes, TO PDX. 


‘VOR changeover points (COPS) are depicted on the charts by 
this symbol: [The numbers indicate the distance at which 
to change the"VOR frequency. The frequency change might 
be required due to signal reception or conflicting frequencies. 
Ifa COP does not appear on an airway, the frequency should 
be changed midway between the facilities. A COP at an 
intersection may indicate a course change. 


Occasionally an “x” will appear at a separated segment of 
an airway that is not an intersection, The “x” is a mileage 


breakdown or computer navigation fix and may indicate 
course change. 


the need for holding en route. However, 
published holding patterns are still found on 
charts at junctures where ATC has deemed it 
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necessary to enable traffic flow. When a holding pattern is, 
charted, the controller may provide the holding direction and 
the statement “as published.” /Figure 8-4] 


Boundaries separating the jurisdiction of Air Route Taffc 
Control Centers (ARTCC) are depicted on charts with blue 
serrations. innnnnnnnn. The name 

of the controlling facility is printed on the [fhe 
corresponding side of the division line. Lt 

[ARTCC remote sites are depicted as blue serrated boxes 
avd contain the centr name, secior mae, and the tector 
Frequency. [Figure 84] 


Weather Information and Communication Features 
En route NAVAIDs also provide weather information and 
2236 17218 


serve communication functions. 
When a NAVAID is shown as a 
shadowed box, an automated flight 
service station (AFSS) of the same 
name is directly associated with the facility. If an AFSS is, 
located without an associated NAVAID, the shadowed box is 
smaller and contains only the name and identifier. The AFSS 
frequencies are provided above the 
box. (Frequencies 122.2 and 2: 
and emergency frequencies 121 
243.0 are not listed.) 


HARRISON. 
112.5 HRO 72 


6122.65 


A Remote Communications Outlet (RCO) associated with 


a NAVAID is designated by a thin- 1236 
lined box with te ome PINE BLUFF) 
frequency above the box, and the |116.0 PBF 107 
frequency above the box, and the [1 Near weiss? 
name under the box. Without an —"[jaNESBORO| 


associated facility, the thin-lined 
RCO box contains the AFSS name (JONESBORO 12055) 
and remote frequency. 


Automated Surface Observing Station (ASOS), Automated 
Weather Obscrving Station (AWOS), Hazardous Inflight 
Weather Advisory Service | ccoxsomus 
(HIWAS) and ‘Transcribed (TPINE BLUFF (1) 
Weather Broadcast (TWEB) are [118.9 PBF 80) : 
continuously transmitted over = = 
selected NAVAIDs and depicted in the NAVAID box. ASOS/ 
AWOS are depicted by a white “A, HIWAS by a “H and 
TTWEB broadcastsbya“T" ina solidblackcitcein the upper 
right or left comer. 


New Technologies 

‘Technological advances have made multifunction displays 
and moving maps more common in newer aircraft. Even older 
aircraft are being retrofitted to include “glass” in the flight 
deck. [Figure 8-6] Moving maps improve pilot situational 
awareness by providing a picture of aircraft location in 
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Figure 8-8. Moving Map Display 


relation to NAVAIDS, waypoints, airspace, terrain, and 
hazardous weather, GPS systems can be certified for terminal 
area and en route use as well as approach guidance. 


Additional breakthroughs in display technology are the new 
electronic chart systems or electronic flight bags that facilitate 
the use of electronic documents in the general aviation 
flight deck. [Figure 8-7) An electronic chart or flight bag 
is a self-powered electronic library that stores and displays 
cen route charts and other essential documents on a screen. 
‘These electronic devices can store the digitized United States, 
terminal procedure tharts, the complete airport 
facility directory, in addition to Title 14 of the Code of Federal 
Regulations (14 CFR) and the AIM. Full touch-screen based 
computers allow pilots to view airport approach and area 
charts electronically while flying. It replaces paper charts as, 
‘well as other paper materials including minimum equipment 
lists (MELs), standard operating procedures (SOPs), standard 
instrument departures (SIDs), standard terminal arrival 
routes (STARs), checklists, and flight deck manuals. As with 
paper flight publications, the electronic database needs to be 
current to provide accurate information regarding NAVAIDS, 
‘waypoints, and terminal procedures. Databases are updated 
every 28 days and are available from various commercial 
vendors. Pilots should be familiar with equipment operation, 
capabilities, and limitations prior to use. 


Figure 8-7. Exumple of un Electronic Flight Bag. 


Remove the solder first, then the iron otherwise your solder will get stuck to your 
connection point without the appropriate heat. Make sure the joint remains 
stationary while it cools. 


Add Tip Ask Question 


Step 12: Check to See If the Connection Is Solid 


A smooth, shiny and volcano shaped joint is what you are looking for. If this isn’t 
what you see, you'll need to reheat and feed in more solder. 


Add Tip Ask Question 


Step 13: Warnings 


DO NOT lay a soldering iron down on any surface. A soldering iron should either 


be placed on a stand or sealed with a heat resistant cap after every use. 


Soldering should be completed in a well ventilated area. 


Lead is present in most solders. Be sure to wash your hands after your project, 


or better yet wear gloves. 


Try not to inhale any of the solder smoke that comes off the solder. This is lead 


and can be dangerous. 


The tip of a soldering iron is very hot. Contact with the tip of a soldering iron 
would result in a nasty burn. 
Your soldering iron will perform better if kept clean. A damp sponge can be used 


to clean residue caused by flux material. A very small skim of flux should be 


applied to the iron after the cleaning. 


Terminal Procedures Publications 


While the en route charts provide the information necessary 
to safely transit broad regions of airspace, the United States 
‘Terminal Procedures Publication (TPP) enables pilots to 
guide thei aircraft in the airport area. Whether departing or 
arriving, these procedures exist to make the controllers’ and 
pilots’ jobs safer and more efficient. Available in booklets 
by region (published by NACG), the TPP includes approach 
procedures, STARS, Departure Procedures (DPS), and airport 
diagrams. 


Departure Procedures (DPs) 
‘There are two types of DPs, Obstacle Departure Procedures 
(ODP) and SIDs. (Figure 8-8) Both types of DPs provide 
obstacle clearance protection to aircraft in instrument 
meteorological conditions (IMC), while reducing 
communications and departure delays. DPs are published in 
text and/or charted graphic form. Regardless ofthe format, all 
DPs provide a way to depart the airport and transition to the 
en route structure safely, When possible, pilots are strongly 
encouraged to file and fly a DP at night, during marginal 
visual meteorological conditions (VMC) and IMC. 


Al DPs provide obstacle clearance provided the aircraft 
crosses the end of the runway at least 35 feet AGL; climbs. 
to 400 fect above airport elevation before turning; and climbs 
at least 200 feet per nautical mile (FPNM), unless a higher 
climb gradient is specified to the assigned altitude. ATC may 
‘vector an aircraft offa previously assigned DP; however, the 
200 FPNM or the FPNM specified in the DP is required. 


‘Textual ODPs are listed by city and airport in the IFR 
‘Take-Off Minimums and DPs Section of the TPP. SIDs are 
depicted in the TPP following the approach procedures for 
the airport 


Standard Terminal Arrival Routes (STARS) 
STARs depict prescribed routes to transition the instrument 
pilot from the en route structure to a fix in the terminal area 
from which an instrument approach can be conducted. If a 
pilot does not have the appropriate STAR, write “No STAR” 
in the light plan. However, ifthe controller is busy, the pilot 
might be cleared along the same route and, if necessary, 
the controller will have the pilot copy the entire text of the 
procedure, 


STARS are listed alphabetically at the beginning of the 
NACG booklet. Figure 8-9 shows an example of a STAR, and 
the legend for STARs and DPs printed in NACG booklets. 


Instrument Approach Procedure (IAP) 
Charts 


‘The IAP chart provides the method to descend and land safely 
in low visibility conditions. The FAA establishes an IAP 
afler thorough analyses of obstructions, terrain features, and 
navigational facilities. Maneuvers, including altitude changes, 
course corrections, and other limitations, are prescribed in the 
IAP The approach charts reflect the criteria associated with 
the United States Standard for Terminal Instrument Approach 
Procedures (TERPS), which prescribes standardized methods 
for use in designing instrument flight procedures. 


In addition to the NACG, other governmental and corporate 
entities produce approach procedures. The United States, 
military IAPs are established and published by the 
Department of Defense and are available to the public 
upon request. Special IAPs are approved by the FAA for 
individual operators and are not available to the general 
public. Foreign country standard IAPs are established and 
published according to the individual country's publication 
procedures. The information presented in the following 
sections will highlight features of the United States Terminal 
Procedures Publications, 


‘The instrument approach chart is divided into six main 
sections, which include the margin identification, pilot 
briefing (and notes), plan view, profile view, landing 
minimums, and airport diagram. [Figure 8-10] An 
‘examination of each section follows. 


‘Margin Identification 
‘The margin identification, atthe top and bottom of the chart, 
depicts the airport location and procedure identification, 
‘The civil approach plates are organized by city, then airport 
‘name and state. For example, Orlando Executive in Orlando, 
Florida is alphabetically listed under “O” for Orlando. 
Military approaches are organized by airport name firs. 


‘The chart’s amendment status appears below the city and state 
in the bottom margin. The amendment number is followed 
by the five-digit julian-date of the last chart change.“05300" 
is read, “the 300th day of 2005”. At the center of the top 
margin is the FAA chart reference number and the approving 
authority. At the bottom center, the airport's latitude and 
longitude coordinates are provided, 
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Figure 8-10. Instrument Approach Chart, 
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‘The procedure chart title (top and bottom margin area of 
Figure 8-10) is derived from the type of navigational facility 
providing final approach course guidance. A runway number 
is listed when the approach course is aligned within 30° of the 
runway centerline. This type of approach allows a straight- 
in landing under the right conditions. The type of approach 
followed by a letter identifies approaches that do not have 
straight-in landing minimums. Examples include procedure 
titles atthe same airport, which have only circling minimums. 
‘The first approach of this type created at the airport will be 
labeled with the letter A, and the lettering will continue in 
alphabetical order (¢.g., “VOR-A or “LDA-B”). The letter 
designation signifies the expectation is for the procedure to 
culminate in a circling approach to land. As a general rule, 
circling-only approaches are designed for one of the two 
following reasons: 


+ The final approach course alignment with the runway 
centerline exceeds 30° 

+ The descent gradient is greater than 400 feet per 
NM from the FAF to the threshold crossing height 
(TCH). When this maximum gradient is exceeded, the 
circling-only approach procedure may be designed to 
‘meet the gradient criteria limits. 


Further information on this topic can be found in the 
Instrument Procedures Handbook, Chapter 5, under Approach 
Naming Conventions. 


‘To distinguish between the left, right, and center runways, an 
.”*R,” or °C” follows the runway number (e.g, "ILS RWY_ 
16R”). In some cases, an airport might have more than one 
circling approach, shown as VOR-A, VOR/DME-B, et. 


More than one navigational system separated by a slash 
indicates more than one type of equipment is required to 
execute the final approach (e-g., VOR/DME RWY 31). More 
than one navigational system separated by “or” indicates either 
type of equipment may be used to execute the final approach 
(cg. VOR or GPS RWY 15). Multiple approaches ofthe same 
type, o the same runway and using the same guidance, have 
an additional letter from the end of the alphabet, number, or 
term in the title (e-g., ILS Z RWY 28, SILVER ILS RWY. 
28, or ILS 2 RWY 28). VOR/DME RNAV approaches are 
identified as VOR/DME RNAV RWY (runway number). 
Helicopters have special IAPs, designated with COPTER in 
the procedure identification (e.g., COPTER LOC/DME 251). 
Other types of navigation systems may be required to execute 
other portions of the approach prior to intercepting the final 
approach segment or during the missed approach, 


The Pilot Briefing 
‘The pilot briefing is located at the top of the chart and 


provides the pilot with information required to complete the 
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published approach procedure. Included in the pilot briefing 
are the NAVAID providing approach guidance, its frequency, 
the final approach course, and runway information. A notes 
section contains additional procedural information. For 
example, a procedural note might indicate restrictions for 
circling maneuvers. Some other notes might concern a local 
altimeter setting and the resulting change in the minimums. 
The use of RADAR may also be noted in this section, 
Additional notes may be found in the plan view. 


When a triangle containing a “T” (QP) appears in the notes 
section, the sixport has nonstandard IFR takeoff 
‘minimums. Plots should refer tothe DPs section ofthe TPP 
to determine takeoff minimums. 


‘When a triangle containing an “A” (Q3) appears in the notes 
section, it signifies the sport has nonstandard TFR altermate 
‘minimums. Civil pilots should refer tothe Altemate Minimums 
Section ofthe TPP to determine altemate minimums. Military 
pilots should refer to appropriate regulations. 


When a triangle containing an “A NA (Q\NA) appears in 
the notes area, it signifies that Alternate Minimums are Not 
Authorized due to unmonitored facility or the absence of 
‘weather reporting service 


‘Communication frequencies are listed in the order in which 
they would be used during the approach. Frequencies for 
‘weather and related facilities are included, where applicable, 
such as automatic terminal information service (ATIS), 
automated surface observing system (ASOS), automated 
‘weather observation system (AWOS), and AFSSs. 


The Plan View 
‘The plan view provides a graphical overhead view of the 
procedure, and depicts the routes that guide the pilot from 
the en route segments to the initial approach fix (IAF). 
[Figure 8-10] During the initial approach, the aircraft has 
departed the en route phase of flight and is maneuvering 
to enter an intermediate or final segment of the instrument 
approach. An initial approach can be made along prescribed 
routes within the terminal area, which may be along an arc, 
radial, course, heading, radar vector, or a combination thereof. 
Procedure turns and high altitude teardrop penetrations 
are initial approach segments. Features of the plan view, 
including the procedure turn, obstacle elevation, minimum 
safe altitude (MSA), and procedure track, are depicted in 
Figure 8-11. Terrain willbe depicted in the plan view portion 
of all IAPs if the terrain within the plan view exceeds 4,000 
fect above the airport elevation, or if within a 6 nautical mile 
radius of the airport reference point the terrain rises at least 
2,000 feet above the airport elevation. 
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Some NACG charts contain a reference or distance circle 
with a specified radius (10 NM is most common). Normally, 
approach features within the plan view are shown to scale; 
however, only the data within the reference circle is always 
drawn to scale. 


Concentric dashed circles, or concentric rings around the 
distance circle, are used when the information necessary to 
the procedure will not fit to scale within the limits ofthe plan 
view area. They serve as a means to systematically arrange 
this information in its relative position outside and beyond 
the reference circle. These concentric rings are labeled en 
route facilities and feeder facilities. 


‘The primary airport depicted in the plan view is drawn with 
enough detail to show the runway orientation and final 
approach course alignment. Airports other than the primary 
approach airport are not normally depicted in the NACG 
plan view. 


Koro ip oats pe alton th havior ten 
dotin MSL alitude.Thelargest dat nd suber combloation 
indicates the highest elevation. Ax inverted “V" witha dot 
inthe cevier depicts an clstaco. A\ The highest obstacle 
indkatod wih boler, large version of the sume symbol 
Figure 8.11] 


‘The MSA circle appears in the plan view, except in approaches 
for which the Terminal Arrival Area (TAA) format is used or 
appropriate NAVAIDs (e.g., VOR or NDB) 
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the MSA is noma tsed on he primary omnidirectional 
icity (NAVAID on hich the IAP spedcatd. The MSA, 
depton on th proc chart onsite iy ie er 
ofthe NAVAID asd o deerme the MSA ata, For 
RNAV apache MSA is asd on th runway waypoint 
fosnighrin praca thie waypoint fring 
anproaces For PS approach MSA center acer il 
pete mised approach waypoint. The MSL alitades appear 
inboxes within tcc which’s piel 25 NM ans 
wales erie indeed, The MSA cre heer refers to 
thet ntferof the NAVAID or waypoint sees 
the enero th ere 


NAVAIDs necessary for the completion of the instrument 
procedure include the facility name, letter identifier, and 
Morse code sequence. They may also furnish the frequency, 
Morse code, and channel. A heavy-lined NAVAID box depicts 
the primary NAVAID used for the approach. An “I” in front 
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of the NAVAID identifier (in Figure “AVL’) listed in 
the NAVAID box indicates a localizer. The requirement for 
an ADE, DME, or RADAR in the approach is noted in the 
plan view. 


Intersections, fixes, radials, and course lines deseribe route 
and approach sequencing information. The main procedure 
or final approach course is a thick, solid line A 
DME atc, which is part of the main procedure course, is 
also represented as a thick, solid li A feeder 
route is depicted with a medium line and provides 
heading, altitude, and distance information. (AIL three 
components must be designated on the chart to provide a 
navigable course.) Radials, such as lead radials, are shown 
by thin lines ‘The missed approach track is drawn 
using a thin, hash marked line with a directional arrow. 

wou A visual fight path segment 
appears as a thick dashed line with a directional arrow 
Viaual Fight Bay JAFSare charted IAF when associated with 
a NAVAID of when freestanding. 


‘The missed approach holding pattern track is represented with 
a thin-dashed line. When collocated, the missed approach 
holding pattern and procedure turn holding pattern are 
indicated as a solid, black line. Arrival holding patterns are 
depicted as thin, solid lines. 


Terminal Arrival Area (TAA) 


‘The design objective of the TAA procedure is to provide 
4 transition method for arriving aircraft with GPS/RNAV 
equipment. TAAs will also eliminate or reduce the need 
for feeder routes, departure extensions, and procedure 
turns or course reversal. The TAA is controlled airspace 
established in conjunction with the standard or modified 
RNAV approach configurations. 


‘The standard TAA has three areas: straight-in, left base, and 
right base. The arc boundaries of the three areas of the TAA, 
are published portions of the approach and allow aircraft to 
transition from the en route structure direct to the nearest 
IAB When crossing the boundary of each of these areas or 
when released by ATC within the area, the pilot is expected 
to proceed direct to the appropriate waypoint LAF for the 
approach area being flown, A pilot has the option in all areas, 
of proceeding directly to the holding pattern, 


‘The TAA has a“T” structure that normally provides a NoPT 
for aircraft using the approach. [Figure 8-12] The TAA 
provides the pilot and air traffic controller with an efficient 
‘method for routing traffic from the en route to the terminal 
structure, The basic “T” contained in the TAA normally 
aligns the procedure on runway centerline, with the missed 
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approach point (MAP) located at the threshold, the FAF 5 
NM from the threshold, and the intermediate fix (IF) 5 NM 
from the FAR. 


In order to accommodate descent from a high en route altitude 
to the initial segment altitude, a hold in lieu of a procedure 
turn provides the aircraft with an extended distance for the 
necessary descent gradient. The holding pattern constructed 
for this purpose is always established on the center IAF 
‘waypoint. Other modifications may be required for parallel 
runways, or special operational requirements. When 
Published, the RNAV chart will depict the TAA through 
the use of icons representing each TAA associated with the 
RNAY procedure. These icons are depicted in the plan view 
of the approach, generally arranged on the chart in accordance 
with their position relative to the aircraft's arrival from the 
cn route structure. 


Course Reversal Elements in Plan View and 
Profile View 

Course reversals included in an IAP are depicted in one of 
three different ways: a 45°/180° procedure turn, a holding 
pattern in licu of procedure turn, or a teardrop procedure. 
‘The maneuvers are required when it is necessary to reverse 
direction to establish the aircraft inbound on an intermediate 
or final approach course. Components of the required 
procedure are depicted in the plan view and the profile view. 
‘The maneuver must be completed within the distance and 
at the minimum altitude specified in the profile view. Pilots 
should coordinate with the appropriate ATC facility relating 
to course reversal during the IAP. 


Procedure Turns 


‘A procedure turn barbed arrow indicates 


the direction or side of the outbound course on which 
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the procedure turn is made. [Figure 8-13] Headings are 
provided for course reversal using the 45° procedure turn. 
However, the point at which the tum may be commenced, 
and the type and rate of turn is left to the discretion of the 
pilot. Some of the options are the 45° procedure turn, the 
racetrack pattern, the teardrop procedure turn, or the 80°/260° 
course reversal. The absence of the procedure tum barbed 
arrow in the plan view indicates that a procedure turn is, 
not authorized for that procedure. A maximum procedure 
turn speed of not greater than 200 knots indicated airspeed 
(KIAS) should be observed when turning outbound aver the 
IAF and throughout the procedure turn maneuver to ensure 
staying within the obstruction clearance area. The normal 
procedure turn distance is 10 NM. This may be reduced to 
a minimum of 5 NM where only Category A or helicopter 
airraft are operated, or increased to as much as 15 NM to 
accommodate high performance aircraft, Descent below the 
procedure turn altitude begins after the aircraft is established 
‘on the inbound course, 


‘The procedure turn is nor required when the symbol “NoPT” 
appears, when radar vectoring to the final approach is, 
provided, when conducting a timed approach, or when the 
procedure turn is not authorized. Pilots should contact the 
appropriate ATC facility when in doubt if a procedure turn 
is required. 


Holding in Lieu of Procedure Turn 
‘A holding pattern in lieu of a procedure tun may be specified 
for course reversal in some procedures. /Figure 8-14] In such 
ceases, the holding pattem is established over an intermediate 
fixora final approach fix (FAF), The holding pattem distance 


Figure 8-13. 45° Procedure Turn 
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Figure 8-14. Holding in Liew of Procedure Turn 


or time specified in the profile view must be observed. 
‘Maximum holding airspeed limitations as set forth for all 
holding patterns apply. The holding pattern maneuver is, 
completed when the aircraft is established on the inbound 
course after executing the appropriate entry. If cleared for 
the approach prior to returning to the holding fix and the 
aircraft is atthe prescribed altitude, additional circuits of the 
holding pattern are neither necessary nor expected by ATC, 
If pilots elect to make additional circuits to lose excessive 
altitude or to become better established on course, itis their 
responsibility to advise ATC upon receipt of their approach 
clearance. When holding in lieu of a procedure turn, the 
holding pattern must be followed, except when RADAR 
VECTORING to the final approach course is provided or 
when NoPT is shown on the approach course. 


Teardrop Procedure 
‘When a teardrop procedure tur is depicted and a course 
reversal is required, unless otherwise authorized by ATC, 
this type of procedure must be executed. (Figure 8-15] The 
teardrop procedure consists of departure from an IAF on the 
published outhound course followed by a turn toward and 
intercepting the inbound course ator prior to the intermediate 
fix or point. Its purpose is to permit an aircraft to reverse 
direction and lose considerable altitude within reasonably 
limited airspace. Where no fix is available to mark the 
beginning of the intermediate segment, it shall be assumed, 
to commence at a point 10 NM prior to the FA. When the 
facility is located on the airport, an aircraft is considered to 
be on final approach upon completion of the penetration turn, 
However, the final approach segment begins on the final 
approach course 10 NM from the facility 


Figure 848. Tearilrop Procedure 


The Profile View 
‘The profile view isa depiction of the procedure from the side 
and illustrates the vertical approach path altitudes, headings, 
distances, and fixes. (Figures 8-10, 8-11, and 8-12] The 
view includes the minimum altitude and the maximum 
distance for the procedure turn, altitudes over prescribed. 
fixes, distances between fixes, and the missed approach 
procedure, The profile view aids in the pilot's interpretation 
of the IAP. The profile view is not drawn to scale. 
[Figures 8-10, 8-11, 8-12, and 8-16] 


‘The precision approach glide slope (GS) intercept altitude 
is a minimum altitude for GS interception after completion 
of the procedure turn, illustrated by an altitude number and 
“zigzag” line. It applies to precision approaches, and except 
where otherwise prescribed, also applies as a minimum 
altitude for crossing the FAF when the GS is inoperative 
or not used. Precision approach profiles also depict the GS 
angle of descent, threshold-crossing height (TCH), and GS 
altitude at the outer marker (OM). 


Fornonprecision approaches final descent initiated and 
the final segment beginsat either the FAF or the final approach 
point (FAP), The FAF is identified by use of the Maltese cross 
Symbol in he profile view. 9% [Figure -11/ When no FAR 
is depicted, the final approach point isthe point at which the 
aircraft is established inbound onthe final approach course 
[Figure 8-16) 


Stepdown fixes in nonprecision procedures are provided 
between the FAF and the airport for authorizing a lower 
minimum descent altitude (MDA) after passing an 
obstruction. Stepdown fixes can be identified by NAVAID, 
NAVAID fix, waypoint or radar, and are depicted by a hash 
marked line. | Normally, there is only one stepdown fix 
between the FAF and the MAP, but there can be several 
If the stepdown fix cannot be identified for any reason, the 
minimum altitude at the stepdown fix becomes the MDA for 
the approach. However, circling minimums apply if they are 
higher than the stepdown fix minimum altitude, and acircling 
approach is required. 


‘The visual descent point (VDP) is a defined point on 
the final approach course of a nonprecision straight-in 
approach procedure. A normal descent from the MDA to 
the runway touchdown point may be commenced, provided 
visual reference is established. The VDP is identified on 
the profile view of the approach chart by the symbol “V." 
[Figure 8-12] 


‘The MAP varies depending upon the approach flown. For 


the ILS, the MAP is at the decision altitude/decision height 
(DA/DH). For nonprecision procedures, the pilot determines 


8.21 


THE BASICS OF HOW TO SOLDER 


Soldering Tutorial for Beginners: Five Easy Steps 


Table of Contents: 


= Before you beain 
‘= Step 1: Heat your iron to the appropriate temperature 
= Step 2: Make your connection mechanically stable 

‘= Step 3: Clean the tip of your iron 

= Step 4: Apply heat and solder 

= Step 5: Inspect the joint 

= Common mistakes 


Before you begin 


You will need the following equipment: 


‘A temperature-controlled soldering iron of 25W or more 
AAtip cleaner such as a brass sponge or a wet sponge 
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the MAP by timing from FAF when the approach aid is away 
from the airport, by a fix or NAVAID when the navigation 
facility is located on the field, or by waypoints as defined 
by GPS or VOR/DME RNAV. The pilot may execute the 
MAP early, but pilots should, unless otherwise cleared by 
ATC, fly the IAP as specified on the approach plate to the 
MAP at or above the MDA or DA/DH before executing a 
turning maneuver. 


‘A complete description of the missed approach procedure 
appears in the pilot briefing section. /Figure 8-16) Icons 
indicating what isto be accomplished at the MAP are located 
in the profile view. When initiating a missed approach, the 
pilot wll be directed to climb straight ahead (eg, “Climb to 
2,000") or commence a turning climb to a specified altitude 
(e-, “Climbing right tum to 2,000"). In some eases, the 
procedure will direct the pilot to climb straight ahead to 
an initial altitude, then turn or enter a climbing turn to the 
holding altitude (-., "Climb to 900, then climbing right turn 
10 2,500 direct ABC VOR and hola"). 


‘When the missed approach procedure specifies holding at 
a facility or fix, the pilot proceeds according to the missed 
approach track and pattern depicted on the plan view. An 
alternate missed approach procedure may also be issued by 
ATC. The textual description will also specify the NAVAID(S) 
or radials that identify the holding fix. 


The profile view also depicts minimum, maximum, 
recommended, and mandatory block altitudes used in 
approaches, The minimum altitude is depicted with the altitude 
underscored. 2500 On final approach, aircraft are required 
to maintain an altitude at or above the depicted altitude until 
reaching the subsequent fix. The maximum altitude will be 
depicted with the altitude overscored, 4300 and aircraft 
‘must remain at or below the depicted altitude, Mandatory 
altitudes will be depicted with the altitude both underscored 
and overscored, $800 and altitude isto be maintained atthe 
depicted value, Recommended altitudes are advisory altitudes 
and are neither over- nor underscored. When an over- or 
underscore spans two numbers, a mandatory block altitude is 
indicated, and aircraft are required to maintain altitude within 
the range of the two numbers. [Figures 8-11 and 8-12] 


‘The Vertical Descent Angle (VDA) found on nonprecision 
approach charts provides the pilot with information required 
to establish a stabilized approach descent from the FAF 
or stepdown fix to the threshold crossing height (TCH). 
[Figure 8-17] Pilots can use the published angle and 
cestimated or actual ground speed to find a target rate of descent 
using the rate of descent table in the back of the TPP. 
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Figure 8-17. Vertical Descent Angle (VDA). 


Landing Minimums 
‘The minimums section sets forth the lowest altitude and 
visibility requirements for the approach, whether precision 
or nonprecision, straight-in or circling, or radar vectored. 
When a fix is incorporated in a nonprecision final segment, 
two sets of minimums may be published, depending upon 
how the fix can be identified. TWwo sets of minimums may 
also be published when a second altimeter source is used 
in the procedure. The minimums ensure that final approach 
obstacle clearance is provided from the start of the final 
‘segment to the runway or MAP, whichever occurs last. The 
‘same minimums apply to both day and night operations unless 
different minimums are specified in the Notes section of the 
pilot briefing, Published circling minimums provide obstacle 
clearance when pilots remain within the appropriate area of 
protection. /Figure 8-18] 


Minimums are specified for various aircraft approach 
categories based upon a value 1.3 times the stalling speed 
of the aircraft in the landing configuration at maximum 
certified gross landing weight. Ift is necessary to maneuver 
at speeds in excess of the upper limit of a speed range for a 
category, the minimums for the next higher category should 
be used. For example, an aircraft that falls into category A, 
but is circling to land at a speed in excess of 91 knots, should 
use approach category B minimums when circling to land. 
[Figure 8-19] 


‘The minimums for straight-in and circling appear directly 
under each aircraft category. [Figure 8-19] When there is 
no solid division line between minimums for each category 
on the rows for straight-in or circling, the minimums apply 
to the two oF more categories. 


‘The terms used to describe the minimum approach altitudes 
differ between precision and nonprecision approaches. 


8.23 


ste on 1 so BW 


“puoi fold d VI'BL-B2AB 


ceauez a1 ALGaNE 


“>1qM any H02s9CT'6-B BINBL 


ZAMA (SED) AVNY ——mecisetcsse cso 80 feces TNBVLINIIS30 


ae ao ESS SSE EE 
[Bae [Rae cor frm ana BE ae | oe | eee | sere | ee | eee | ow 
ae See aes 
= ga 
= : 
: Be 2 
. : — : 

og : a 

eves 2 

| (BSSRReear 

7 Siete tele 

SE a 

CES 


THO) sAuNDKG/o@TID 


ZAM (Sd) AVNS 


levasie Yeasd oom wom JIGVL IN3DS3O 


8.25 


5 AUG 2061051 ALG 2008 


viv YWINIW SNIGNY1/SWeal 


VLYC VININIW ONIGNVT/SWaaL 


‘ome muna yy Stop psy “02-8 @anBg 


Saems 


“PAIR ONION. 
‘V1¥a YWINIW ONIGNV1/SW¥3L 


8-26 


Precision approaches use decision height (DH), which 
is referenced to the height above threshold elevation 
(HAT). Nonprecision approaches use MDA, referenced 
to “feet MSL.” The MDA is also referenced to HAT for 
straight-in approaches, or height above airport (HAA) for 
circling approaches. On NACG charts, the figures listed 
parenthetically are for military operations and are not used 
in civil aviation, 


Visibility figures are provided in statute miles or runway 
jsual range (RVR), which is reported in hundreds of feet. 
RVR is measured by a transmissometer, which represents the 
horizontal distance measured at points along the runway. It 
is based on the sighting of either high intensity runway lights 
or on the visual contrast of other targets, whichever yields 
the greater visual range. RVR is horizontal visual range, not 
slant visual range, and is used in lieu of prevailing visibility 
in determining minimums for a particular runway. It is 
illustrated in hundreds of feet if less than a mile (ie., “24” 
is an RVR of 2,400 feet). /Figures 8-19 and 8-20] 


Visibility figures are depicted after the DA/DH or MDA in the 
minimums section. If visibility in statute miles is indicated, 
an altitude number, hyphen, and a whole or fractional 
number appear; for example, 530-1, which indicates “530 
fect MSL" and 1 statute mile visibility. This is the descent 
‘minimum for the approach. The RVR value is separat 
from the minimum altitude with a slash, such as 
which indicates 1,065 feet MSL and an RVR of 2,400 feet. 
If RVR is prescribed for the procedure, but not available, a 
conversion table is used to provide the equivalent y 
in this case, of 1/2 statute mile visibility. (Figure 8-20] The 
conversion table is also available in the TPP. 


When an alternate airport is required, standard IFR alternate 
‘minimums apply. For aircraft other than helicopters, precision 
approach procedures require a 600-feet ceiling and two 
statute miles visibility: nonprecision approaches require an 
£800-feet ceiling and two statute miles visibility. Helicopter 
alternate minimums are a ceiling that is 200 feet above the 
‘minimum for the approach to be flown and visibility of at 
least one statute mile, but not less than the minimum visibility 
for the approach to be flown, When a black triangle with a 
white “A” appears in the notes section of the pilot briefing, 
it indicates non-standard IFR alternate minimums exist for 
the airport. IF an “NA” appears after the “A,” SNA then 
alternate minimums are not authorized. This information is 
found in the beginning of the TPE. 


In addition to the COPTER approaches, instrument-equipped 
helicopters may fly standard approach procedures. The 
required visibility minimum may be reduced to one-half the 
published visibility minimum for category A aircraft, but 


in no case may it be reduced to less than 1/4 mile or 1,200 
fect RVR. 


‘Two terms are specific to helicopters. Height above landing 
(HAL) means height above a designated helicopter landing 
area used for helicopter IAPs. “Point in space approach” 
refers to a helicopter IAP to a MAP more than 2,600 feet 
from an associated helicopter landing area. 


Airport Sketch /Airport Diagram 
‘The airport sketch, located on the bottom right side of the 
chart, includes many helpful features. IAPs for some of the 
larger ainports devote an entire page to an airport diagram. 
Airport sketch information concerning runway orientation, 
lighting, final approach bearings, airport beacon, and 
obstacles all serve to guide the pilot in the final phases of 
flight. See Figure 8-21 for a legend of airport diagram/airport 
sketch features (see also Figure 8-10 for an example of an 
airport diagram). 


‘The airport elevation is indicated in a separate box at the 
top left ofthe airport sketch. The touchdown zone elevation 
(TDZE), which is the highest elevation within the first 3,000 
feet of the runway, is designated at the approach end of the 
procedure’s runway. 


Beneath the airport sketch is a time and speed table when 
applicable. The table provides the distance and the amount 
of time required to transit the distance from the FAF to the 
MAP for selected groundspeeds. 


‘The approach lighting systems and the visual approach lights 
are depicted on he airport sketch. White on black symbols 
@ are used for identifying piot-controlted lighting (PCL). 
Runviay lighting aids are also noted (eg., REIL, HIRL), as 
isthe runway centerline lighting (RCL). /Figure 8-22] 


‘The airport diagram shows the paved runway configuration 
in solid black, while the taxiways and aprons are shaded 
‘gray. Other runway environment features are shown, such 
as the runway identification, dimensions, magnetic heading, 
displaced threshold, arresting gear, usable length, and slope. 


Inoperative Components 
Certain procedures can be flown with inoperative components. 
According to the Inoperative Components Table, for 
example, an ILS approach with a malfunctioning Medium 
Intensity Approach Lighting System with Runway Alignment 
Indicator Lights (MALSR = MALS with RAIL) can be 
flown if the minimum visibility is increased by 1/4 mile. 
[Figure 8-23] Anote in tis section might read, “Inoperative 
‘Table does not apply to ALS or HIRL Runway 13L.” 
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Figure 8-23. IAP Inoperative Components Table 
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Figure 8-24, RNAV Instrument Approach Charts: 


Solder (leaded is easier to work with than lead-free) 
(Optional) Helping hands 
Safety glasses 


Note: molten solder is extremely hot! Irons heat up to around twice the boiling point of water, so be extremely careful. Wear 
safely glasses when soldering. 


Step 


leat your iron to the appropriate temperature 


For through-hole components in a circuit board, you will want 600-700 degrees fahrenheit 


If you're soldering a larger connections, with more copper that's dissipating heat, then you may want a slightly higher temperature. With 
a temperature-adjustable iran you can see what works and adjust accordingly 


Step 


lake your connection mechanically stable 


While your iron is heating up, you can work on making your components stay in place without your help. This Is where your helping 
hands may come in handy. Use them to help you arrange your components to be stable without you needing to hold anything. If you're 
soldering a through-hole component in a circuit board, you can bend the leads of the component into a V-shape so that it stays in place 
flush against the board. For components without long leads, you can use a piece of tape to hold them in place, 


Step 3: Clean the tip of your iron 


RNAV Instrument Approach Charts 
‘To avoid unnecessary duplication and proliferation of 
approach charts, approach minimums for unaugmented 
GPS, Wide Area Augmentation System (WAAS), Local 
Area Augmentation System (LAAS), will be published 
on the same approach chart as lateral navigation/vertical 
navigation (LNAV/VNAV). Other types of equipment may 
be authorized to conduct the approach based on the minima 
notes in the front ofthe TPP approach chart books. Approach 
charts tiled “RNAV RWY XX" may be used by aircraft 
‘with navigation systems that meet the required navigational 
performance (RNP) values for each segment ofthe approach. 
[Figure 8-24] 


‘The chart may contain as many as four lines of approach 
‘minimums: global landing system (GLS), WAAS and LAAS, 
LNAV/VNAV, LNAY, and circling. LNAV/VNAV is an 

strument approach with lateral and vertical guidance with 
integrity limits similar to barometric vertical navigation 
(BARO VNAV). 


RNAV procedures that incorporate a final approach stepdown 
fix may be published without vertical navigation on a separate 
chart also titled RNAV, During a transition period when GPS 
procedures are undergoing revision toa new title, both RNAV 
and GPS approach charts and formats will be published. ATC 
clearance for the RNAV procedure will authorize a properly 
certificated pilot to utilize any landing minimums for which 
the aircraft is certified, 


Chart terminology will change slightly to support the new 
procedure types: 


1. DA replaces the term DH. DA conforms to the 
international convention where altitudes relate to 
MSL and heights relate to AGL. DA will eventually 
be published for other types of IAPs with vertical 
‘guidance, as well. DA indicates to the pilot that the 
published descent profile is flown to the DA (MSL), 
where a missed approach will be initiated if visual 
references for landing are not established, Obstacle 
clearance is provided to allow a momentary descent 
below DA while transitioning from the final approach to 
the missed approach. The aircraft is expected to follow 
the missed approach instructions while continuing 
along the published final approach course to at least 
the published runway threshold waypoint or MAP (if 
not at the threshold) before executing any turns. 
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2. MDA will continue to be used only for the LNAV and. 
circling procedures. 


3. Threshold crossing height (TCH) has been traditionally 
used in precision approaches as the height of the GS 
above threshold. With publication of LNAV/VNAV 

nd RNAV descent angles, including 
graphically depicted descent profiles, TCH also 
applies to the height of the “descent angle,” or glide 
path, at the threshold. Unless otherwise required for 
larger type aircraft, which may be using the IAP, the 
typical TCH will be 30 to 50 feet. 


‘The minima format changes slightly: 
1. Each line of minima on the RNAV IAP will be titled 
to reflect the RNAV system applicable (e.g., GLS, 
LNAV/VNAV, and LNAV). Circling minima will 

also be provided. 

2. The minima title box will also indicate the nature of 
the minimum altitude for the IAP. For example: DA 
will be published next to the minima line title for 
minimums supporting vertical guidance, and MDA 
will be published where the minima line supports only 
lateral guidance. During an approach where an MDA 
is used, descent below MDA is not authorized, 

3. Where two or more systems share the same minima, 
cach Line of minima will be displayed separately. 


For more information concerning government charts, the 
ACG can be contacted by telephone, or via their internet 
address at: 


National Aeronautical Charting Group 
‘Telephone 800-626-3677 
htp://naco.faa.gov/ 
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Chapter 8 ter 9 


> The Ain Traffic 
_T Control System 


Introduction - 

This chapter covers the communication equipment, 

communication procedures, and air traffic control (ATC) 

facilities and services availabe fora flight under instrument 

fight ol {n the National Airspace System (NAS). 
" 


Navigation/Communication (NAV/COM) 
Equipment 

Civilian pilots communicate with ATC on frequencies in 
the very high frequency (VHF) range between 118.000 and 
136.975 MHz. To derive full benefit from the ATC system, 
radios capable of 25 kHz spacing are required (e.g, 134.500. 
134.575, 134.600). If ATC assigns a frequency that cannot 
be selected, ask for an alternative frequency 


Figure 9-1 illustrates a typical radio panel installation, 
consisting of a communications transceiver on the left and a 
navigational receiver on the right. Many radios allow the plot 
to have one or more frequencies stored in memory and one 
frequency active for transmitting and receiving (called simplex 


operation). Itis possible to communicate with some automated 
flight service stations (AFSS) by transmitting on 122.1 MHz 
(elected on the communication radio) and receiving on a 
‘VHF omnidirectional range (VOR) frequency (selected on 
the navigation radio). This is called duplex operation, 


An audio panel allows a pilot to adjust the volume of the 
selected receiver(s) and to select the desired transmitter. 
[Figure 9-2] The audio panel has two positions for receiver 
jon, cabin speaker, and headphone (some units might 
have a center “off” position), Use of a hand-held microphone 
and the cabin speaker introduces the distraction of reaching 
for and hanging up the microphone. A headset with a boom 
‘microphone is recommended for clear communications. The 
microphone should be positioned close to the lips to reduce 
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Figure 9-2. Auli Panel 
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Figure 9-3. Boom Microphone, Headset, and Push-To-Talk 
Switch. 


the possibility of ambient flight deck noise interfering with 
transmissions to the controller. Headphones deliver the 
received signal directly to the ears; therefore, ambient noise 
does not interfere with the pilot's ability to understand the 
transmission. /Figure 9-3] 


Switching the transmitter selector between COMI and 
COM2 changes both transmitter and receiver frequencies. 
It is necessary only when a pilot wants to monitor one 
frequency while transmitting on another. One example is 
listening to automatic terminal information service (ATIS) 
on one receiver while communicating with ATC on the 
ther. Monitoring a navigation receiver to check for proper 
identification is another reason to use the switch panel 


Most audio switch panels also include a marker beacon 
receiver. All marker beacons transmit on 75 MHz, so there 
is no frequency selector. 


Figure 9-4 illustrates an increasingly popular form of 
NAV/COM radio; it contains a global positioning system 
(GPS) receiver and a communications transceiver. Using its, 
navigational capability, this unit can determine when a fight 
crosses an airspace boundary or fix and can automatically 


Figure 9-4. Combination GPS-Com Unit 


select the appropriate communications frequency for that 
location in the communications radio, 


Radar and Transponders 
ATC radars have a limited ability to display primary returns, 
which is energy reflected from an aircraft's metallic structure. 
‘Their ability o display secondary returns (transponder replies 
to ground interrogation signals) makes possible the many 
advantages of automation, 


A transponder is a radar beacon transmitter/receiver installed 
in the instrument panel. ATC beacon transmitters send out 
interrogation signals continuously as the radar antenna 
rotates, When an interrogation is received by a transponder, a 
coded reply is sent to the ground station where it is displayed 
on the controller's scope. A reply light on the transponder 
panel flickers every time it receives and replies to a radar 
interrogation. Transponder codes are assigned by ATC. 


When a controller asks a pilot to “ident” and the ident button 
is pushed, the return on the controller's scope is intensified for 
precise identification of a flight. When requested, briefly push 
the ident button to activate this feature. It is good practice 
for pilots to verbally confirm that they have changed codes 
or pushed the ident button, 


Mode C (Altitude Reporting) 
Primary radar returns indicate only range and bearing from 
the radar antenna to the target; secondary radar returns can 
display altitude, Mode C, on the control scope if the aircraft 
equipped with an encoding altimeter or blind encoder. In 
either case, when the transponder’ function switch isin the 
ALT position the aircraft’s pressure altitude is sent to the 
controller. Adjusting the altimeter's Kollsman window has 
no effect on the altitude read by the controller. 


‘Transponders, when installed, must be ON at ll times when 
operating in controlled airspace; altitude reporting is required 
by regulation in Class B and Class C airspace and inside a 
30-mile circle surrounding the primary airport in Class B 
airspace. Altitude reporting should also be ON at all times. 
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Communication Procedures 


Clarity in communication is essential for a safe instrument 
flight. This requires pilots and controllers to use terms that 
are understood by both—the Pilot/Controller Glossary in the 
Acronautical Information Manual (AIM) is the best source of 
terms and definitions. The AIM is revised twice a year and 
new definitions are added, so the glossary should be reviewed 
frequently. Because clearances and instructions are comprised 
largely of leters and numbers, a phonetic pronunciation guide 
has been developed for both. [Figure 9-5] 


ATCs must follow the guidance of the Air Traffic Control 
Manual when communicating with pilots. The manual 
presents the controller with different situations and prescribes 
precise terminology that must be used. This is advantageous 
for pilots because once they have recognized a pattern 
or format they can expect future controller transmissions 
to follow that format. Controllers are faced with a wide 
variety of communication styles based on pilot experience, 
proficiency, and professionalism, 


Pilots should study the examples in the AIM, listen to 
other pilots communicate, and apply the lessons learned 
to their own communications with ATC. Pilots should ask 
for clarification of a clearance or instruction. If necessary, 
use plain English to ensure understanding, and expect the 
controller to reply in the same way. A safe instrument flight 
is the result of cooperation between controller and pilot. 


Communication Facilities 


‘The controller's primary responsibility is separation of 
aircraft operating under IFR. This is accomplished with ATC 
facilities which include the AFSS, airport traffic control tower 
(ATCT), terminal radar approach control (TRACON), and 
air route traffic control center (ARTCC). 


Automated Flight Service Stations (AFSS) 
A pilot's first contact with ATC is usually through AFSS, 
either by radio or telephone. AFSSs provide pilot briefings, 
receive and process flight plans, relay ATC clearances, 
originate Notices to Airmen (NOTAMs), and broadcast 
aviation weather. Some facilities provide En Route Flight 
Advisory Service (EFAS), take weather observations, 
and advise United States Customs and Immigration of 
international flights. 


‘Telephone contact with Flight Service can be obtained 
by dialing 1-800-WX-BRIEF. This number can be used 
anywhere in the United States and connects to the nearest 
AFSS based on the area code from which the call originates, 
‘There are a variety of methods of making radio contact: 
direct transmission, remote communication outlets (RCOs), 
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ground communication outlets (GCOs), and by using duplex 
transmissions through navigational aids (NAVAIDs). The 
best source of information on frequency usage is the Airport/ 
Facility Directory (A/FD) and the legend panel on sectional 
charts also contains contact information. 


Morse Code 


(ALAM) 
(@RAHVOH) 
(CHARLED) or 
(SARLEE) 
(OELLTAH) 
(ECK.OH) 
(FOKS-TROT) 
(GOLF) 
(HOH-TEL) 
(IN-DEE-AH) 
(WEW.LEE-ETT) 
(KEYLOH) 
(EE-MAH) 
(MIKE 
(NO-VEN-BER) 
(ess-can 
(PAH-PAH) 
(KEH-BECK) 
(OW.ME-O}) 
(SEE-AIR-RAH) 


(mana.co) 
(OUREE FORM 
(ooneerorm) 


(ViKTAH) 
(wiss-Key) 
(ECKS-RaY) 
(WANG-KEY) 
Zoo1L00) 
(wun) 
(700) 
(TREE) 
(FOW-ER) 
(FIFE) 

(six) 
(SEVEN) 
am) 
(N-NER) 
(ZEE-RO) 


Figure 95. Phonetic Pronunciation Guide 


‘The briefer sends a flight plan to the host computer at 
the ARTCC (Center). After processing the flight plan, 
the computer will send flight strips to the tower, to the 
radar facility that will handle the departure route, and to 
the Center controller whose sector the flight first enters. 
Figure 9-6 shows a typical strip. These strips are delivered 
approximately 30 minutes prior to the proposed departure 
time. Strips are delivered to en route facilities 30 minutes 
before the flight is expected to enter their airspace. If a 
flight plan is not opened, it wil “time out” 2 hours after the 
proposed departure time. 


‘When departing an airport in Class G airspace, a pilot receives, 
aan IFR clearance from the AFSS by radio or telephone, It 
contains either a clearance void time, in which case an aircraft 
‘must be airborne prior to that time, or a release time. Pilots, 
should not take-off prior to the release time. Pilots can help 
the controller by stating how soon they expect to be airborne, 
Ifthe void time is, for example, 10 minutes past the hour and 
an aircraft is airborne at exactly 10 minutes past the hour, 
the clearance is void—a pilot must take off prior to the void 
time, A specific void time may be requested when filing a 
‘light plan. 


ATC Towers 
‘Several controllers in the tower cab are involved in handling 
‘an instrument flight. Where there is a dedicated clearance 
delivery position, that frequency is found in the A/FD and 
fon the instrument approach chart for the departure airport. 
Where there is no clearance delivery position, the ground 
controller performs this function. At the busiest airports, pre~ 
taxi clearance is required; the frequency for pre-taxi clearance 
can be found in the A/FD. Taxi clearance should be requested 
not more than 10 minutes before proposed taxi time. 


It is recommended that pilots read their IFR clearance back to 
the clearance delivery controller. Instrument clearances can 
be overwhelming when attempting to copy them verbatim, 
but they follow a format that allows a pilot to be prepared 
‘when responding “Ready to copy.” The format is: clearance 
limit (usually the destination airport); route, including any 


departure procedure; initial altitude; frequency (for departure 
control); and transponder code. With the exception of the 
transponder code, a pilot knows most of these items before 
engine start. One technique for clearance copying is writing 
CRAFT. 


‘Assume an IFR flight plan has been filed from Seattle, 
Washington to Sacramento, California via V-23 at 7,000 
feet. Traffic is taking off to the north from Seattle-Tacoma 
(Sea-Tac) airport and, by monitoring the clearance delivery 
frequency, a pilot can determine the departure procedure 
being assigned to southbound flights, The clearance limit 
is the destination airport, so write “SAC” after the letter C. 
Write “SEATTLE TWO ~ V23" after R for Route, because 
departure control issued this departure to other flights. Write 
"7" after the A, the departure control frequency printed on 
the approach charts for Sea-Tac after F, and leave the space 
after the letter T blank—the transponder code is generated by 
computer and can seldom be determined in advance. Then, 
call clearance delivery and report “Ready to copy.” 


As the controller reads the clearance, check it against what 
is already written down; if there is a change, draw a line 
through that item and write in the changed item. Chances 
are the changes are minimal, and most of the clearance is 
copied before keying the microphone. Still, it is worthwhile 
to develop clearance shorthand to decrease the verbiage that 
must be copied (see Appendix 1). 


Pilots are required to have either the text of a departure 
procedure (DP) or a graphic representation (if one is 
available) and should review it before accepting a clearance. 
‘This is another reason to find out ahead of time which DP is 
in use. If the DP includes an altitude or a departure control 
frequency. those items are not included in the clearance: 


‘The last clearance received supersedes all previous clearances. 
For example, ifthe DP says “Climb and maintain 2,000 feet, 
expect higher in 6 miles,” but upon contacting the departure 
controller a new clearance is received: “Climb and maintain 
8,000 feet,” the 2,000 feet restriction has been canceled. This, 
rule applies in both terminal and Center airspace. 
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Figure 96. Flight Strip. 
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When reporting ready to copy an IFR clearance before the 
strip has been received from the Center computer, pilots 
are advised “clearance on request.” The controller initiates 
contact when it has been received. This time can be used for 
taxi and pre-takeoff checks. 


‘The local controller is responsible for operations in the Class 
D airspace and on the active runways. At some towers, 
designated as IFR towers, the local controller has vectoring, 
authority. At visual flight rules (VFR) towers, the local 
controller accepts inbound IFR flights from the terminal radar 
facility and cannot provide vectors. The local controller also 
coordinates flights in the local area with radar controller. 
Although Class D airspace normally extends 2,500 feet above 
field clevation, towers frequently release the top 500 feet to 
the radar controllers to facilitate overflights. Accordingly, 
when a flight is vectored over an airport at an altitude that 
appears to enter the tower controller's airspace, there is no 
need to contact the tower controller—all coordination is 
handled by ATC, 


‘The departure radar controller may be in the same building 
as the control tower, but it is more likely that the departure 
radar position is remotely located. The tower controller will 
not issue a takeoff clearance until the departure controller 
issues a release. 


Terminal Radar Approach Control (TRACON) 
‘TRACONS are considered terminal facilites because they 
provide the link between the departure airport and the en route 
structure of the NAS. Terminal airspace normally extends 30 
nautical miles (NM) from the facility, with a vertical extent 
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‘of 10,000 feet; however, dimensions vary widely. Class B 
and Class C airspace dimensions are provided on aeronautical 
charts. At terminal radar facilities the airspace is divided 
into sectors, each with one or more controllers, and each 
sector is assigned a discrete radio frequency. All terminal 
facilities are approach controls and should be addressed 
as “Approach” except when directed to do otherwise (e.g, 
“Contact departure on 120.4”), 


‘Terminal radar antennas are located on or adjacent to the 
airport. Figure 9-7 shows a typical configuration, Terminal 
controllers can assign altitudes lower than published 
procedural altitudes called minimum vectoring altitudes 
(MVAs). These altitudes are not published or accessible to 
pilots, but are displayed at the controller's position, as shown, 
in Figure 9-8. However, when pilots are assigned an altitude 
that seems to be too low, they should query the controller 
before descending. 


‘When a pilot accepts a clearance and reports ready for takeoff, 
controller in the tower contacts the TRACON for a release. 
An aircraft is not cleared for takeoff until the departure 
controller can fit the flight into the departure flow. A pilot may 
have to hold for release. When takeoff clearance is received, 
the departure controller is aware of the flight and is waiting 
for a call, All of the information the controller needs is on 
the departure strip or the computer screen there is no need to 
repeat any portion of the clearance to that controller. Simply 
establish contact with the facility when instructed to do so by 
the tower controller. The terminal facility computer picks up 
the transponder and initiates tracking as soon as it detects the 


VA been 160 
and 280 decrees 


Figure 9-8, Minimum Vectoring Altiue Chart 


assigned code. For this reason, the transponder should remain 
‘on standby until takeoff clearance has been received. 


‘The aircraft appears on the controller’s radar display as a 
target with an associated data block that moves as the a 
‘moves through the airspace. The data block includes a 
identification, aircraft type, altitude, and airspeed, 


A TRACON controller uses Airport Surveillance Radar 
(ASR) to detect primary targets and Automated Radar 
‘Terminal Systems (ARTS) to receive transponder signals; the 
two are combined on the controller's scope. /Figure 9-9] 


At facilities with ASR-3 equipment, radar returns from 
precipitation are not displayed as varying levels of intensity, 
and controllers must rely on pilot reports and experience 
to provide weather avoidance information. With ASR-9 
equipment, the controller can select up to six levels of 
intensity. Light precipitation does not require avoidance 
tactics but precipitation levels of moderate, heavy or 
extreme should cause pilots to plan accordingly. Along 
with precipitation the pilot must additionally consider the 
temperature, which if between -20° and +5° C will cause icing 
ceven during light precipitation. The returns from higher levels, 
of intensity may obscure aircraft data blocks, and controllers 
may select the higher levels only on pilot request. When 
uncertainty exists about the weather ahead, ask the controller 
if the facility can display intensity levels—pilots of small 
aircraft should avoid intensity levels 3 or higher. 


Tower En Route Control (TEC) 
‘At many locations, instrument flights can be conducted 
entirely in terminal airspace. These TEC routes are generally 
for aircraft operating below 10,000 feet, and they can be 
found in the A/FD. Pilots desiring to use TEC should include 
that designation in the remarks section of the flight plan. 


Pilots are not limited to the major airports at the city 
listed in the A/FD. For example, a tower en route flight from 
an airport in New York (NYC) airspace could terminate 
at any airport within approximately 30 miles of Bradley 
International (BDL) airspace, such as Hartford (HED). 
[Figure 9-10] 


‘A valuable service provided by the automated radar 
equipment at terminal radar facilities is the Minimum Safe 
Altitude Warnings (MSAW). This equipment predicts an 
aircraft’s position in 2 minutes based on present path of 
flight—the controller issues a safety alert if the projected 
path encounters terrain or an obstruction. An unusually 
rapid descent rate on a nonprecision approach can trigger 
such an alert 


Air Route Traffic Control Center (ARTCC) 
ARTCC facilities are responsible for maintaining separation 
between IFR flights in the en route structure. Center radars 
(Air Route Surveillance Radar (ARSR)) acquire and track 
transponder returns using the same basic technology as 
terminal radars. [Figure 9-11] 


Earlier Center radars display weather as an area of slashes 
(ight precipitation) and Hs (moderate rainfall), as illustrated 
in Figure 9-12, Because the controller cannot detect higher 
levels of precipitation, pilots should be wary of areas showing, 
moderate rainfall. Newer radar displays show weather as 
three levels of blue. Controllers can select the level of weather 
tobe displayed. Weather displays of higher levels of intensity 
‘can make it difficult for controllers to see aircraft data blocks, 
so pilots should not expect ATC to keep weather displayed 
continuously. 


Center airspace is divided into sectors in the same manner 
as terminal airspace; additionally, most Center airspace is, 
divided by altitudes into high and low sectors. Each sector 
has a dedicated team of controllers and a selection of radio 
frequencies, because each Center has a network of remote 
transmitter/receiver sites. All Center frequencies can be found, 
in the back of the A/FD in the format shown in Figure 9-13; 
they are also found on en route chars. 


Each ARTCC’s area of responsibility covers several states; 
‘when flying from the vicinity of one remote communication 
site toward another, expect to hear the same controller on 
different frequencies. 


Center Approach/Departure Control 
‘The majority of airports with instrument approaches do not 
lic within terminal radar airspace, and when operating to 
or from these airports pilots communicate directly with the 
Center controller. Departing from a tower-controlled airport, 
the tower controller provides instructions for contacting the 
appropriate Center controller. When departing an airport 
without an operating control tower, the clearance includes 
instructions such as “Upon entering controlled airspace, 
contact Houston Center on 126.5.” Pilots are responsible 
for terrain clearance until reaching the controller's MVA. 
‘Simply hearing “Radar contact” does not relieve a pilot of 
this responsibility 


If obstacles in the departure path require a steeper-than- 
standard climb gradient (200 FPNM), then the controller 
advises the pilot. However, it isthe pilot’s responsibility to 
check the departure airpor listing in the A/FD to determine if 
there are trees or wires in the departure path, When in doubt, 
ask the controller for the required climb gradient. 
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Figure 9-9. The top image is a display as seen by controllers in an Air Traffic Facility. The one illstraved isan ARTS TIT (Automatedt 


Radar Terminal System). The display shown provides an explanation ofthe symbols in the graphic. The lower figure isan example of 
‘he Digital Bright Radar Indicator Tower Equipment (DBRITE) screen as seen by tower personnel. It provides tower controllers with 
4 visual display of the airport surveillance radar, Beacon signals, and data received from ARTS II. The display shown provides an 
explanation of the symbols inthe graphie 
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Figure 9-10. 4 Portion ofthe New York Area Tower En Rowe List (From the AFD) 
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‘You can check whether your iran is clase to its final temperature by touching your solder to the end of the iron and seeing ift melts, 
When you do this, you'll see some smoke come out. This is not the metal vaporizing, but rather the flux inside of i is burning. Flux is a 
mild acid that eats away at the oxidation layer that forms on the surface af hot metals. Without flux in the solder to clean yaur surfaces, 
you would have a very hard time getting the solder to wet. 


Clean your iran using a brass sponge or a wet sponge to remave any oxidation or excess solder from the tip. Remember to always 
keep vour tip clean while you're soldering. A dirty tip is covered in metal oxides that transfer heat badly and can result in poorly 
siuye joras 


Step 


\pply heat and solder 


FORUM GALLERY 


‘Search entire store here, 


‘Touch the flat part of your iron’s tip to one side of the joint, while feeding solder from the other side of the joint. The idea is to heat up 
the entire joint to the melting temperature of solder, so when you touch the solder to the surfaces it melts right on. The only way you can 
ensure a good electrical connection is by letting the solder flow over the components you're joining. Don't apply the solder directly to the 
tip of the iton. For through-hole components, hold the iron against both the lead and the pad. 


‘Small joints can heat up within a few seconds, but larger joints can take a minute or two. Keep the jaint steady for a few seconds after 
removing the iron, as the solder needs time to cool. Remember that the joint is hot now! don't touch it wth your fingers right away. 


Step 5: Inspect the joint 


Figure 9-11. Center Rudr Displays 


A common clearance in these situations is “When able, 
proceed directo the Astoria VOR...." The words “when abl 
mean to proceed to the waypoint, intersection, or NAVAID 
when the pilot is able to navigate directly to that point using 
onboard available systems providing proper guidance, usable 
signal, tc. If provided such guidance while flying VER, the 
pilot remains responsible for terrain and obstacle clearance. 
Using the standard climb gradient, an aircraft is 2 miles 
from the departure end of the runway before it is safe to 
turn (400 feet above ground level (AGL)). When a Center 
controller issues a heading, a direct route, or says “direct 
when able,” the controller becomes responsible for terrain 
and obstruction clearance. 


Another common Center clearance is “Leaving (altitude) 
fly (heading) or proceed direct when able.” This keeps the 
terrain/obstruction clearance responsibility inthe flight deck 
until aboye the minimum IFR altitude. A controller cannot 
issue an IFR clearance until an aircraft is above the minimum 
IER altitude unless it 


able to climb in VER conditions. 


Ona Center controller's scope, 1 NM is about 1/28 of an inch. 
When a Center controller is providing Approach/Departure 
control services at an airport many miles from the radar 
antenna, estimating headings and distances is very difficult. 
Controllers providing vectors to final must set the range on 
their scopes to not more than 125'NM to provide the greatest 
possible accuracy for intercept headings. Accordingly, at 
locations more distant from a Center radar antenna, pilots 
should expect a minimum of vectoring. 


Figure 


Abilene 134.25 127.45 


Ardmore 132.975 128.1 
Big Spring -133.7 
Blue Ridge -127.6 124.07 


Brownwood —127.45 
Clinton-Sherman -132.45 128.4 
Cumby -192.85 192.02 126.57 
Dublin -195.575 128.32 127.15 
El Dorado -133.875 123.2 
Frankston -13525 134.025 
Gainsville -134.15 12677 
Hobbs -133.1 

Keller -135.275 194.15 
Lubbock -133.35 127.7 
Marshall ~195.1 128.125 
McAlester -135.45 13.2 
Midland (Site A) 133.1 132.075 
Mineral Wells -135.5 127.0 
Monroe ~135.1 

Oklahoma City -1339 192.45 


126.3 


193.25 
126.45 


Paducah -134.55 135 133.35 126.45 
Paris -127.6 
Plainview 126.45 


San Angelo. ~132.075 126.15 
Scurry 135.75 126.725 
Shreveport -135.1 132.275 


Texarkana -134.475 153.95 126.57 

Tyler 135.25 134.025 

Waco -19353 

Wichita Falls —(Site Nr1) - 134.55 132,925 


Wichita Falls (Site Nr2) - 123.5 127.95 
Figure 912. Center Symbology 


ATC Inflight Weather Avoidance 
Assistance 

ATC Radar Weather Displays 

ATC radar systems are able to display areas of precipitation 
by sending out a beam of radio energy that is reflected back to 
the radarantenna when it strikes an object or moisture which 
‘may be in the form of rain drops, hail, or snow. The larger 
the object, or the denser its reflective surface, the stronger the 
return will be. Radar weather processors indicate the intensity 
of reflective returns in terms of decibels with respect to the 
radar reflectively factor (4BZ). 


ATC systems cannot detect the presence or absence of 
clouds. ATC radar systems can often determine the intensity 
of a precipitation area, but the specific character of that area 
(snow, rain, hail, VIRGA, etc.) cannot be determined. For 
this reason, ATC refers to all weather areas displayed on 
ATC radar scopes as “precipitation.” 


AIL ATC facilities using radar weather processors with the 
ability to determine precipitation intensity describes the 
intensity to pilots as; 


1. “LIGHT” (< 30482) 
2. “MODERATE” (30 to 40 dBZ) 
3. “HEAVY” (>40 to 50 dBZ) 
4.SEXTREME” (950.482) 


ARTCC controllers do not use the term “LIGHT” because 
their systems do not display “LIGHT” precipitation 
intensities. ATC facilities that, due to equipment limitations, 
cannot display the intensity levels of precipitation, will 
describe the location of the precipitation area by geographic 
position, or position relative to the aircraft. Since the intensity 
level is not available, the controller states, “INTENSITY 
UNKNOWN.” 


ARTCC facilities normally use a Weather and Radar 
Processor (WARP) to display a mosaic of data obtained from 
multiple NEXRAD sites. The WARP processor is only used 
in ARTCC facilites. 


‘There is a time delay between actual conditions and those 
displayed to the controller. For example, the precipitation 
data on the ARTCC controller's display could be up to 6 
‘minutes old, When the WARP is not available, a secondary 
system, the narrowband ARSR is utilized. The ARSR system 
can display two distinct levels of precipitation intensity that 
is described to pilots as “ MODERATE" (30 to 40 dBZ) and 
“HEAVY to EXTREME” (>40 dBZ), 


ATC radar systems cannot detect turbulence. Generally, 
turbulence can be expected to occur as the rate of rainfall or 
intensity of precipitation increases. Turbulence associated 
with greater rates of rainfall/precipitation is normally more 
severe than any associated with lesser rates of rainfall/ 
precipitation, Turbulence should be expected to occur near 
convective activity, even in clear air. Thunderstorms are a 
form of convective activity that implies severe or greater 
turbulence. Operation within 20 miles of thunderstorms 
should be approached with great caution, as the severity of 
turbulence can be markedly greater than the precipitation 
intensity might indicate, 


Weather Avoidance Assistance 

ATC’s first duty priority is to separate aircraft and issue 
safety alerts. ATC provides additional services to the extent 
possible, contingent upon higher priority duties and other 
factors including limitations of radar, volume of traffic, 
frequency congestion, and workload. Subject to the above 
factors/limitations, controllers issue pertinent information 
on weather or chaff areas; and if requested, assist pilots, 10 
the extent possible, in avoiding areas of precipitation, Pilots 
should respond to a weather advisory by acknowledging the 
advisory and, if desired, requesting an alternate course of 
action, such as: 


1, Request to deviate off course by stating the direction 
and number of degrees or miles necded to deviate from 
the original course; 


2, Request a change of altitude; or 


3, Request routing assistance to avoid the affected 
area, Because ATC radar systems cannot detect the 
presence or absence of clouds and turbulence, such 
assistance conveys no guarantee that the pilot will not 
‘encounter hazards associated with convective activity. 
Pilots wishing to circumnavigate precipitation areas 
by a specific distance should make their desires 
clearly known to ATC at the time of the request for 


services. Pilots must advise ATC when they can 
resume normal navigation, 


IER pilots shall not deviate from their assigned course or 
altitude without an ATC clearance. Plan ahead for possible 
course deviations because hazardous convective conditions 
can develop quite rapidly. This is important to consider 
because the precipitation data displayed on ARTCC radar 
scopes can be up to 6 minutes old and thunderstorms can 
develop at rates exceeding 6,000 feet per minute (fpm). When 
encountering weather conditions that threaten the safety of 
the aircraft, the pilot may exercise emergency authority as 


stated in 14 CFR part 91, section 91.3 should an immediate 
deviation from the assigned clearance be necessary and time 
does not permit approval by ATC. 


Generally, when weather disrupts the flow of air traff 
greater workload demands are placed on the controller. 
Requests for deviations from course and other services 
should be made as far in advance as possible to better assure 
the controller's ability to approve these requests promptly. 
‘When requesting approval to detour around weather activity, 
include the following information to facilitate the request: 
1, The proposed point where detour commences; 


2, The proposed route and extent of detour (direction 
and distance): 


‘The point where original route will be resumed: 
Flight conditions (IMC or VMC); 


Whether the aircraft is equipped with functioning 
airborne radar; and 


6. Any further deviation that may become necessary. 


‘To a large degree, the assistance that might be rendered 
by ATC depends upon the weather information available 
to controllers. Due to the extremely transitory nature of 
hhazardous weather, the controller's displayed precipitation 
information may be of limited value. 


Obtaining IFR clearance or approval to circumnavigate 
hazardous weather can often be accommodated more readily 
in the en route areas away from terminals because there 
is usually less congestion and, therefore, greater freedom 
of action. In terminal areas, the problem is more acute 
because of traffic density, ATC coordination requirements, 
complex departure and arrival routes, and adjacent airports. 
As a consequence, controllers are less likely to be able to 
accommodate all requests for weather detours in a terminal 
area. Nevertheless, pilots should not hesitate to advise 
controllers of any observed hazardous weather and should 
specifically advise controllers if they desire circumnavigation 
of observed weather. 


Pilot reports (PIREPS) of flight conditions help define the 
nature and extent of weather conditions in a particular area. 
‘These reports are disseminated by radio and electronic means 
to other pilots. Provide PIREP information to ATC regarding 
pertinent flight conditions, such as: 

1, Turbulence; 

2. Visibility; 


‘Cloud tops and bases; and 


3 
4. The presence of hazards such as ice, hail, and 


lightning, 


Approach Control Facility 


An approach control facility is a terminal ATC facility 
that provides approach control service in the terminal area. 
Services are provided for arriving and departing VFR and 
IER aircraft and, on occasion, en route aircraft. In addition, 
for airports with parallel runways with ILS or LDA 
approaches, the approach control facility provides monitoring 
of the approaches. 


Approach Control Advances 

Precision Runway Monitor (PRM) 

(Over the past few years, a new technology has been installed 
al airports that permits a decreased separation distance 
between parallel runways. The system is called a Precision 
Runway Monitor (PRM) and is comprised of high-update 
radar, high-resolution ATC displays, and PRM-certified 
controllers. [Figure 9-14] 


Figure 9-14, High Resolution ATC Displays Used in PRM. 


Precision Runway Monitor (PRM) Radar 
‘The PRM uses a Monopulse Secondary Surveillance Radar 
(MSSR) that employs electronically scanned antennas. 
Because the PRM has no scan rate restrictions, itis capable 
of providing a faster update rate (up to 0.5 second) over 
conventional systems, thereby providing better target 
presentation in terms of accuracy, resolution, and track 
prediction. The system is designed to search, track, process, 
and display SSR-equipped aircraft within airspace of over 
30 miles in range and over 15,000 feet in elevation. Visual 
and audible alerts are generated to warn controllers to take 
corrective actions. 


Figure 9-15. Airerafi Management Using PRM. (Note the no transgression zone (NTZ) and how the aireraft are separated.) 


PRM Benefits 
‘Typically, PRM is used with dual approaches with centerlines 
separated less than 4,300 feet but not less than 3,000 feet, 
(under most conditions). [Figure 9-15] Separating the two 
final approach courses is a No Transgression Zone (NTZ) 
with surveillance of that zone provided by two controllers, 
‘one for each active approach. The system tracking software 
provides PRM monitor controllers with aircraft identification, 
position, speed, projected position, as well as visual and 
aural alerts 


Control Sequence 


‘The IFR system is flexible and accommodating if pilots do 
theirhomework, have as many frequencies as possible written 
down before they are needed, and have an alternate in mind 
if the flight cannot be completed as planned, Pilots should 
familiarize themselves with all the facilities and services 
available along the planned route of flight. [Figure 9-16] 
Always know where the nearest VER conditions can be 
found, and be prepared to head in that direction if the situation 
deteriorates. 


A typical IFR flight, with departure and arrival at airports 
‘with control towers, would use the ATC facilities and services 
in the following sequence: 

1, AFSS: Obtain a weather briefing for a departure, 
destination and alternate airports, and en route 
conditions, and then file a flight plan by calling 
1-800-WX-BRIEF. 


ATIS; Preflight complete, listen for present conditions 

and the approach in use. 

3, Clearance Delivery: Priorto taxiing, obtain a departure 
clearance. 

4, Ground Control: Noting that the flight is IFR, receive 
taxi instructions, 

5, Tower: Pre-takeoff checks complete, receive clearance 
to takeoff. 

6. Departure Control: Once the transponder “tags up” 

with the ARTS, the tower controller instructs the pilot 

to contact Departure to establish radar contact 


7. ARTCC: After departing the departure controller's 
airspace, aircraft is handed off to Center, who 
coordinates the flight while en route. Pilots may 
be in contact with multiple ARTCC facilities; they 
‘coordinate the hand-off. 

8, EFAS/HIWAS: Coordinate with ATC before 
leaving their frequency to obtain inflight weather 
information. 

9. ATIS: Coordinate with ATC before leaving their 
frequency to obtain ATIS information. 

10. Approach Control: Center hands off to approach 
control where pilots receive additional information 
and clearances. 

11. Tower: Once cleared for the approach, pilots are 
instructed to contact tower control; the flight plan is 
canceled by the tower controller upon landing, 


A typical IFR flight, with departure and arrival at airports, 
without operating control towers, would use the ATC 
facilities and services in the following sequence: 


1. AFSS: Obtain a weather briefing for departure, 
destination, and alternate airports, and en route 
conditions, and then file a flight plan by calling 
1-800-WX-BRIEF. Provide the latitude/longitude 
description for small airports to ensure that Center is, 
able to locate departure and arrival locations. 

|AFSS or UNICOM: ATC clearances can be filed and 
received on the UNICOM frequency if the licensee 
has made arrangements with the controlling ARTCC; 
otherwise, file with AFSS via telephone. Be sure all 
preflight preparations are complete before filing. The 
clearance includes a clearance void time. Pilots must 
be airborne prior to the void time, 


3. ARTCC: After takeoff, establish contact with Center. 
During the flight, pilots may be in contact with 
multiple ARTCC facilities; ATC coordinates the hand- 
offs. 


4. EFAS/HIWAS: Coordinate with ATC before 
leaving their frequency to obtain in-flight weather 
information. 


5. Approach Control: Center hands off to approach 
control where pilots receive additional information and 
clearances. If a landing under visual meteorological 
conditions (VMC) is possible, pilots may cancel their 
TIER clearance before landing. 


Letters of Agreement (LOA) 

‘The ATC system is indeed a system, and very little happens 
by chance. As a flight progresses, controllers in adjoining 
sectors or adjoining Centers coordinate its handling by 
telephone or by computer. Where there isa boundary between 
the airspace controlled by different facilites, the location and 
altitude for hand-off is determined by Letters of Agreement 
(LOA) negotiated between the two facility managers. This 
information is not available to pilots in any Federal Aviation 
‘Administration (FAA) publication. For this reason, itis good 
practice to note on the en route chart the points at which hand- 
offs occur. Each time a flight is handed-off to a different 
facility, the controller knows the altitude and location—this 
‘was part of the hand-off procedure 
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Airport Advisory Area 
AFSS name] RADIO" 


unico 
“Tairort name] UNICOM" 


‘Ar Route Trafic Contol Center (ARTCC) 
“CENTER” 


‘ApproachyDeparture Control 
“airport ame] APPROACH 
(unioss othorwise advised) 


‘Automatic Terminal Information Service 
(aris) 


Clearance Delivery 
"airport namo] CLEARANCE” 


‘Common Tate Advieory Frequency 


(cTar 


‘Automated Flight Service Station (AFSS) 
“facity name] RADION 


Ground Control 


“Yaiport me] GROUND" 


Hazardous inflight Weather Advisory 
Service (HIWAS) 


MuLTicom 
“(airport name} TRAFFIC" 


Tower 
“airport name} TOWER" 


En Route Fight Advisory Service (EFAS) 
“FLIGHT WATCH 


|AFSS personel provide trafic acvisoros 
to plots operating within 10 miles ofthe 
airport. 


‘Airport advisories from an airport without 
‘an operating contol tower or AFSS. 


En route radar faci that maintain sop- 
aration between (FR fights, and between 
IR fights and known VER tights. Centr 
provide VFR tratic advieorios on & 
Workload permiting basis. 


Positions ata terminal radar facity 
responsible fr handling of IFF fights to 
and from the primary airport (whore 
(Cass airspace exist). 


Continuous broadcast ot audio tape 
prepared by ATC controler containing 
Une rection and veloc, temperature, 
alimeter seting, runway and approach 
In.use, and other information of imerest 
to piois. 


Control tower postion responsible for 
transmiting departure clearances to 
IFA fights, 


CCTAF provides a engl requoncy fer pote 
inthe area fo use for contacting he taclty 
andor broadcasting their positon and 
Intentions to oer pots. 


Provides information and services opis, 
tusing remote communications outlets 
(FCOs) and ground communications 
utets (COs). 


At oner-conirlled airports, a postion in 
‘he tower responstle for controling acrat 
‘taxng 10 anc from the runways. 


Continuous broadcast of foracast hazard- 
‘ous weather candiions on selected 
INAVAIDs. No communication capetiliy 


Intended for use by picts at airports with 
no radio facies. Plots should use st 
announce procedures given in the AIM. 


“LocaY’ controller responsite for opera 
tions on the runways and in Class B, C, 
or alrspace surrounding the airport. 


For inlght weathor information 


Figure 916. ATC Facilities, Services, and Radio Call Signs 


128.6 Miz 


Usted in AFD under the city name; also 
‘on soational charts in airport data block. 


Lstedin AVED and on instrument enroute 
chars. 


Listed in ATED; also on sectional cherts| 
in the communications panel and on 
torminalarea charts, 


Listed in AFD under the city name: also 
‘on gectonal chars in airport data block 
‘and inthe communicatons panel, and on 
terminal ares charts, 


Usted on instrument approach procedure 
chars. 


Listed in AFD: aleo on coctonal charte 
in the alrport data block (followed by & 
‘white C’on a blue or magenta back- 
‘gound).At airports with no tower, CTAF 
{is 122.9, he “MULTICOMT frequency. 


Usted in A/FD and sectional charts, both 
‘under oly name and ina separate kiting 
‘GE AFSS frequencies. Cn sectional chars, 
listed above the VOR boxes, orn sep- 
arate boxes when remete, 


Listed in AIED under ety name, 


‘Black cic with whit" in VOR 
‘requeney box; notation in A/ED airport 
listing under "Radio Aids to Navigation” 


122.9 MHz. 
AIFD shows 122.9 as CTAF, also on 
‘sectional charts 122.9 followed by & 
white Con a derk background, indicating 
CTAF 


Listed in AIFD under ety name; also on 
‘sectional and teminal contol area charts 
inthe alrport data block and communi- 
ccations panel 


420.0 MHz 
(0800-2200 tal time) 


Chapter | 


IFR Flight 


This chapter is a discussion of conducting a flight under 
instrument fight rales (IFR),Italso explains the sources for 
‘light planning, the conditions associated with instrument 
flight, and the procedures used foreach phase of IFR flight: 
departure, en route, and approach. The chapter concludes 
with an example of an IFR flight which applies many of the 


Sources of Flight Planning Information 


‘The following resources are available for a pilot planning a 
flight conducted under instrument flight rules (IFR), 


National Acronautical Charting Group (NACG) 
publications: 
+ IER en route charts 
+ area charts 
+ United States (U.S.) Terminal Procedures Publications 
cree) 


‘The Federal Aviation Administration (FAA) publications: 
+ AIM 
+ Aitport/Faclity Directory (A/FD) 
+ Notices to Airmen Publication (NTAP) for flight 
planning in the National Airspace System (NAS) 


Pilots should also consult the Pilot’s Operating Handbook/ 
Ainplane Flight Manual (POH/AFM) for flight planning 
information pertinent to the aircraft to be flown, 


A review of the contents ofall the listed publications will help 
determine which material should be referenced for each flight. 
Asapilot becomes more familiar with these publications, the 
flight planning process becomes quicker and easier. 


Aeronautical Information Manual (AIM) 
‘The AIM provides the aviation community with basic 
flight information and air traffic control (ATC) procedures 
used in the United States NAS. An international version 
called the Aeronautical Information Publication contains 
parallel information, as well as specific information on the 
international airports used by the international community. 


Airport/Facility Directory (A/FD) 
‘The A/FD contains information on airports, communications, 
and navigation aids pertinent to IFR flight. It also includes 
very-high frequency omnidirectional range (VOR) receiver 
checkpoints, automated flight service station (AFSS), weather 
service telephone numbers, and air route traffic control center 
(ARTCC) frequencies. Various special notices essential 
to flight are also included, such as land-and-hold-short 
operations (LAHSO) data, the civil use of military fields, 
continuous power facilities, and special flight procedures. 


In the major terminal and en route environments, preferred 
routes have been established to guide pilots in planning their 
routes of flight, to minimize route changes, and to aid in the 
orderly management of air traffic using the federal airways. 
‘The A/FD lists both high and low altitude preferred routes, 
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Notices to Airmen Publication (NTAP) 
‘The NTAP is a publication containing current Notices to 
Airmen (NOTAMS) which are essential tothe safety of flight, 
as well as supplemental data affecting the other operational 
publications listed. It also includes current Flight Data Center 
(FDC) NOTAMs, which are regulatory in nature, issued t0 
establish restrictions to flight or to amend charts or published 
instrument approach procedures (IAPS). 


POH/AFM 
‘The POH/AFM contain operating limitations, performance, 
normal and emergency procedures, and a variety of other 
operational information for the respective aircraft. Aircraft 
‘manufacturers have done considerable testing to gather and 
substantiate the information inthe aircraft manual. Pilots should 
refer to it for information relevant to a proposed flight, 


IFR Flight Plan 


As specified in Title 14 of the Code of Federal Regulations 
(14 CER) part 91, no person may operate an aircraft in 
controlled airspace under IFR unless that person has filed an 
IER flight plan, Flight plans may be submitted to the nearest 
AFSS or air traffic control tower (ATCT) either in person, 
by telephone (1-800-WX-BRIEF), by computer (using the 
direct user access terminal system (DUATS)), or by radio 
if no other means are available. Pilots should file [FR flight 
plans at least 30 minutes prior to estimated time of departure 
to preclude possible delay in receiving a departure clearance 
from ATC. The AIM provides guidance for completing 
and filing FAA Form 7233-1, Flight Plan. These forms are 
available at flight service stations (FSSs), and are generally 
found in flight planning rooms at airport terminal buildings. 
[Figure 10-1] 


Filing in Flight 
IER flight plans may be filed from the air under various 
conditions, including: 


1. A flight outside controlled airspace before proceeding 
into IFR conditions in controlled airspace, 


A VER flight expecting IFR weather conditions en 
route in controlled airspace. 


In either of these situations, the flight plan may be filed with 
the nearest AFSS or directly with the ARTCC. A pilot who 
files with the AFSS submits the information normally entered 
during preflight filing, except for “point of departure,” 
together with present position and altitude, AFSS then 
relays this information to the ARTCC. The ARTCC will 
then clear the pilot from present position or from a specified 
navigation fix. 


A pilot who files directly with the ARTCC reports present 
position and altitude, and submits only the flight plan 
information normally relayed from the AFSS to the ARTCC. 
Be aware that traffic saturation frequently prevents ARTCC 
personnel from accepting flight plans by radio. In such 
cases, a pilot is advised to contact the nearest AFSS to file 
the flight plan 


Cancelling IFR Flight Plans 
An IFR flight plan may be cancelled any time a pilot is, 
operating in VFR conditions outside Class A airspace by 
stating “cancel my IFR flight plan” to the controller orait-to- 
ground station. After cancelling an IFR flight plan, the pilot 
should change to the appropriate air-to-ground frequency, 
transponder code as directed, and VFR altitude/flight level. 


ATC separation and information services (including radar 
services, where applicable) are discontinued when an IFR 
flight plan is cancelled. If VFR radar advisory service is 
desired, a pilot must specifically request it. Be aware that 
other procedures may apply when cancelling an IFR flight 
plan within areas such as Class C or Class B airspace. 


When operating on an IFR flight plan to an airport with 


automatically upon landing. If operating on an IFR flight 
plan to an airport without an operating control tower, the 
pilot is responsible for cancelling the flight plan. This can 
be done by telephone after landing if there is no operating 
FSS or other means of direct communications with ATC. 
When there is no FSS or air-to-ground communications are 
not possible below a certain altitude, a pilot may cancel an 
IER flight plan while still airborne and able to communicate 
with ATC by radio. If using this procedure, be certain the 
remainder of the flight can be conducted under VER. It is, 
essential that IFR flight plans be cancelled expeditiously. This, 
allows other IFR traffic to utilize the airspace. 


Clearances 


‘An ATC clearance allows an aircraft to proceed under 
specified traffic conditions within controlled airspace for the 
purpose of providing separation between known aircraft. 


Examples 
A flight filed fora short distance at a relatively low altitude 
in an area of low traffic density might receive a clearance 
as follows: 


“Cessna 1230 Alpha, cleared to Doeville aisport direct, 


an operating control tower, a flight plan is cancelled cernise 5,000." 
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Figure 10-1, Flight Plan Form, 
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‘The solder should have wetted to both surfaces. On pads of a printed circuit board, the solder should be covering the entire pad, and it 
should make a volcano shape between the pad and the lead, indicating good adhesion. Once the jaint is perfect, clip the leads of 
through-hole components. 


‘Common mistakes, or what NOT to do 


Now that we've gone aver what to do, let me tell you what NOT to do. 


Don't put a blab of solder on the iron and then try to transfer it to your joint. This burns away all of the flux in the solder, which prevents 
the flux from cleaning the metal surfaces. Furthermore, i's easy to transfer the solder blob away from the iron without actually making it 
wet to the joint. | guarantee you that this will result in an awful electrical connection, so don't do it 


Basic Tutorials 


Soldering Basics 
Desoldering Tutorial 
Tesla Coll FAQ. 


tinyTesia Assembly Tutorials 


tinyTesla Manual 
Heat Sink Hardware installation 

Main Board's Logic Component Installation 
Low Voltage Driver Board Test 

Main Board's Power Component installation 
IGBT Installation 


‘The term “cruise” in this clearance means a pilot is authorized 
to fly at any altitude from the minimum IFR altitude up to and 
including 5,000 feet, and may level off at any altitude within 
this block of airspace. A climb or descent within the block may 
be made atthe pilot's discretion. However, once a pilot reports, 
leaving an altitude within the block, the pilot may not return to 
that altitude without further ATC clearance. 


When ATC issues a cruise clearance in conjunction with an 
unpublished route, an appropriate crossing altitude will be 
specified to ensure terrain clearance until the aircraft reaches a 
fix, point, or route where the altitude information is available. 
‘The crossing altitude ensures IFR obstruction clearance to 
the point at which the aircraft enters a segment of a published 
route or JAP 


Once a flight plan is filed, ATC will issue the clearance with 
appropriate instructions, such as the following: 
“Cessna 1230 Alpha is cleared to Skyline airport via 
the Crossville 055 radial, Victor 18, maintain 5,000. 
(Clearance void if not off by 1330.” 


(Ora more complex clearance, such as: 
“Cessna 1230 Alpha is cleared to Wichita Mid-continent 
airport via Victor 77, left turn afier takeoff, proceed 
direct to the Oklahoma City VORTAC. Hold west on 
the Oklahoma City 277 radial, climb to 5,000 in holding 
pattern before proceeding on course. Maintain 5,000 to 
CASHION intersection. Climb to and maintain 7,000. 
Departure control frequency will be 121.05, Squawk 
412.” 


Clearance delivery may issue the following “abbreviated 
clearance” which includes a departure procedure (DP): 

sssna 1230 Alpha, cleared to La Guardia as filed, 
RINGOESS departure Phillipsburg transition, maintain 
8,000. Departure control frequency will be 120.4, 
Squawk 0700." 


‘This clearance may be readily copied in shorthand as follows: 
“CAF RNGOS PSB M80 DPC 120.4 SQ 0700.” 


‘The information contained in this DP clearance is abbreviated 
using clearance shorthand (see appendix 1). The pilot should 
know the locations of the specified navigation facilities, together 
with the route and point-to-point time, before accepting the 
clearance. 


‘The DP enables a pilot to study and understand the details 


of a departure before filing an IFR flight plan. It provides 
the information necessary to set up communication and 
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navigation equipment and be ready for departure before 
requesting an IFR clearance. 


Once the clearance is accepted, a pilot is required to comply 
with ATC instructions, A clearance different from that issued 
‘may be requested ifthe pilot considers another course of action 
‘more practicable or if aircraft equipment limitations or other 
considerations make acceptance of the clearance inadvisable. 


A pilot should also request clarification or amendment, as 
appropriate, any time a clearance is not fully understood 
or considered unacceptable for safety of flight. The pilot is 
responsible for requesting an amended clearance if ATC issues 
aa clearance that would cause a pilot to deviate from a rule or 
regulation or would place the aircraft in jeopardy. 


Clearance Separations 
ATC will provide the pilot on an IFR clearance with separation 
from other IFR traffic. This separation is provided: 

1. Vertically—by assignment of different altitudes. 


2. _Longitudinally—by controlling time separation between 
ircraft on the same course. 


3. Laterally—by assignment of different flight paths. 
4, By radar—including all ofthe above. 


ATC does not provide separation for an aircraft operating: 
1. Outside controlled airspace. 
2. Onan IFR clearance: 


a) With “VER-On-Top” authorized instead of a 
specific assigned altitude. 


) Specifying climb or descent in “VFR conditions.” 
©) Atany time in VER conditions, since uncontrolled 


VER flights may be operating in the same 
airspace 


In addition to heading and altitude assignments, ATC will 
‘occasionally issue speed adjustments to maintain the required 
separations, For example: 


“Cessna 30 Alpha, slow to 100 knots.” 


pilot who receives speed adjustments is expected to maintain 
that speed plus or minus 10 knots. If for any reason the pilot 
is not able to accept a speed restriction, the pilot should advise 
ATC. 


At times, ATC may also employ visual separation techniques 
to keep aircraft safely separated. A pilot who obtains visual 
contact with another aircraft may be asked to maintain visual 
separation or to follow the aircraft. For example: 


“Cessna 
traf 


0 Alpha, maintain visual separation with that 
climb and maintain 7,000.” 


‘The pilot's acceptance of instructions to maintain visual 
separation or to follow another aircraft is an acknowledgment 
that the aircraft will be maneuvered as necessary, to maintain 
safe separation. It is also an acknowledgment that the pilot 
accepts the responsibility for wake turbulence avoidance. 


In the absence of radar contact, ATC will rely on position 
reports to assist in maintaining proper separation, Using the data 
transmitted by the pilot, the controler follows the progress of 
ceach flight. ATC must correlate the pilots’ reports to provide 
separation; therefore, the accuracy of each pilot's report can 
affect the progress and safety of every other aircraft operating, 
in the area on an IFR flight plan. 


Departure Procedures (DPs) 


Instrument departure procedures are preplanned instrument 
flight rule (IFR) procedures, which provide obstruction 
clearance from the terminal area to the appropriate en route 
structure and provide the pilot with a way to depart the aisport 
and transition tothe en route structure safely. Pilots operating 
under 14 CFR part 91 are strongly encouraged to file and fly a 
DP when one is available. Figure 10-2] 


‘There are two types of DPs, Obstacle Departure Procedures 
(ODP), printed cither textually or graphically, and Standard 
Instrument Departures (SID), always printed graphically. All 
DPs, cither textual or graphic, may be designed using either 
conventional or RNAV criteria, RNAV procedures will have 
RNAV printed in the title, eg, SHEAD TWO DEPARTURE 
(RNAV), 


Obstacle Departure Procedures (ODP) 
ODPs provide obstruction clearance via the least onerous route 
from the terminal area to the appropriate en route structure. ODP 
are recommended for obstruction clearance and may be flown 
‘without ATC clearance unless an altemate departure procedure 
(SID or radar vector) has been specifically assigned by ATC. 
Graphic ODPs will have (OBSTACLE) printed in the procedure 
title, e.g, GEYSR THREE DEPARTURE (OBSTACLE), 
CROWN ONE DEPARTURE (RNAV OBSTACLE). 


Standard Instrument Departures. 
Standard Instrument Departures (SID) are air traffic control 
(ATC) procedures printed for pilot/controller use in graphic 
form to provide obstruction clearance and a transition from 
the terminal area to the appropriate en route structure. SIDs 
are primarily designed for system enhancement and to reduce 
piloticontroller workload, ATC clearance must be received 
prior to flying a SID, 


ODPs are found in section C of each booklet published 
regionally by the NACG, TPP, along with “IFR Take-off 
Minimums” while SIDs are collocated with the approach 
procedures for the applicable airport. Additional information 
oon the development of DPs can be found in paragraph 5-2-7 
of the AIM. However, the following points are important 
to remember. 

1. The pilot of IFR aircraft operating from locations 
where DP procedures are effective may expect an ATC 
clearance containing a DP. The use of a DP requires 
pilot possession of atleast the textual description of the 
approved DP 


2. Ifapilotdoes not possess a preprinted DP or for any other 
reason does not wish to use a DP, he or she is expected 
to advise ATC. Notification may be accomplished by 
filing “NO DP” in the remarks section of the filed flight 
plan, or by advising ATC. 


3. Ifa DPis accepted in a clearance, a pilot must comply 
with it 


Radar Controlled Departures 
On IFR departures from airports in congested areas, a pilot 
will normally receive navigational guidance from departure 
control by radar vector. When a departure is to be vectored 
immediately following takeoff, the pilot will be advised before 
takeoff of the initial heading to be flown, This information is 
vital inthe event of a loss of two-way radio communications 
during departure, 


‘The radar departure is normally simple. Following takeoff, 
contact departure control on the assigned frequency when 
advised to do so by the control tower. At this time departure 
control verifies radar contact, and gives headings, altitude, and 
climb instructions to move an aircraft quickly and safely out of 
the terminal area. A pilot is expected to fly the assigned headings, 
and altitudes until informed by the controller of the aircraft's 
position with respect tothe route given in the clearance, whom 
to contact next, and to “resume own navigation.” 


Departure control will provide vectors to either a navigation 
facility, or an en route position appropriate to the departure 
clearance, or transfer to another controller with further radar 
surveillance capabilities. (Figure 10-2] 


A radar controlled departure docs not relieve the pilot of 
responsibilities as pilot-in-command, Be prepared before 
takeoff to conduct navigation according to the ATC clearance, 
‘with navigation receivers checked and properly tuned, While 
under radar control, monitor instruments to ensure continuous 
orientation to the route specified in the clearance, and record 
the time over designated checkpoints, 
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Departures From Airports Without an Operating 
Control Tower 

‘When departing from airports that have neither an operating 
towernoran FSS, a pilot should telephone the flight planto the 
nearest ATC facility at least 30 minutes before the estimated 
dparture time. If weather conditions permit, depart VFR and 
request IFR clearance as soon as radio contact is established 
with ATC. 


I weather conditions make it undesirable to fly VER, telephone 
clearance request. In this ease, the controller would probably 
issue a short-range clearance pending establishment of radio 
contact, and might restrict the departure time to a certain period. 
For example: 


“Clearance void if not off by 0900.” 


This would authorize departure within the allotted period and 
permit a pilot to proceed in accordance with the clearance. In 
the absence of any specific departure instructions, a pilot would 
be expected to proceed on course via the most direct route. 


En Route Procedures 


Procedures en route will vary according to the proposed route, 
the traffic environment, and the ATC facilities controlling 
the flight. Some IFR flights are under radar surveillance and 
controlled from departure to arrival, and others rely entirely 
on pilot navigation, 


Where ATC has no jurisdiction, it does not issue an IFR 
clearance. It has no control over the flight, nor does the pilot 
hhave any assurance of separation from other traffic. 


ATC Reports 
Allpilots are required to report unforecast weather conditions 
or other information related to safety of flight to ATC. The 
pilot-in-command of each aircraft operated in controlled 
airspace under IFR shall report as soon as practical to ATCany 
‘malfunctions of navigational, approach, or communication 
equipment occurring in flight: 


1. Loss of VOR, tactical air navigation (TACAN) or 
automatic direction finder (ADF) receiver capability. 

2 Complete or partial loss of instrument landing system 
(ILS) receiver capability 


3. Impairment of air-to-ground communications 
capability 


‘The pilot-in-command shall include within the report 
(1) Aircraft identification, 2) Equipment affected, (3) Degree 
to which the pilot to operate under IFR within the ATC 
system is impaired, and (4) Nature and extent of assistance 
desired from ATC. 


Position Reports 
Position reports are required over each compulsory reporting 
point (shown on the chart asa solid triangle) along the route 
being flown regardless of altitude, including those with 
a VFR-on-top clearance. Along direct routes, reports are 
required of all IFR flights over each point used to define 
the route of flight. Reports at reporting points (shown as an 
open triangle) are made only when requested by ATC. A 
pilot should discontinue position reporting over designated 
reporting points when informed by ATC that the aircraft 
is in “RADAR CONTACT” Position reporting should be 
resumed when ATC advises “RADAR CONTACT LOST” 
or “RADAR SERVICE TERMINATED.” 


Position reports should include the following items: 


1, Identification 


2. Position 
3. Time 
4, Altitude or flight level (include actual altitude or flight 


level when operating on a clearance specifying VFR- 
on-top) 

5. Type of flight plan (not required in IFR position reports 
made directly to ARTCCs or approach control) 
ETA and name of next reporting point 
‘The name only of the next succeeding reporting point 
along the route of flight 


8, Pertinent remarks 


En route position reports are submitted normally to 
the ARTCC controllers via direct controllcr-to-pilot 
communications channels, using the appropriate ARTCC 
frequencies listed on the en route chart. 


‘Wheneveran initial contact with a controller is tobe followed 
by a position report, the name of the reporting point should 
be included in the call-up. This alerts the controller that such. 
information is forthcoming. For example: 
“Atlanta Center, Cessna 1230 Alpha at JAILS 
intersection.” 
“Cessna 1230 Alpha Atlanta Center.” 
“Atlanta Center, Cessna 1230 Alpha at JAILS 
intersection, 5.000, estimating Monroeville at 
1730." 


Additional Reports 


In addition to required position reports, the following reports 
should be made to ATC without a specific request. 
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1, Atall times: 


a) When vacating any previously assigned altitude 
or flight level for a newly assigned altitude or 
‘light level 

b) When analtitude change will be made if operating 
ona clearance specifying VER-on-top 

©) When unable to climb/descend ata rate of atleast 
'500 feet per minute (pm) 


d) When an approach has been missed (Request 
clearance for specific action (to alternative 
airport, another approach, etc.)) 


©) Change in average true airspeed (at cruising 
altitude) when it varies by 5 percent or ten knots. 
(whichever is greater) from that filed in the flight 
plan 


{The time and altitude upon reaching a holding fix 
oo point to which cleared 

2) When leaving any assigned holding fix or point 
NOTE- The reports in (£) and (g) may be omitted 
by pilots of aircraft involved in instrument 
‘raining at military terminal area facilities when 
radar service is being provided. 

h) Any loss in controlled airspace of VOR 
TACAN, ADF, low frequency navigation 
receiver capability, GPS anomalies while using 
installed IFR-certified GPS/GNSS receivers, 
complete or partial loss of ILS receiver capability, 
or impairment of air/ground communications 
capability. Reports should include aircraft 
identification, equipment affected, degree to 
which the capability to operate under IFR in 
the ATC system is impaired, and the nature and 
extent of assistance desired from ATC. 

i) Any information relating to the safety of flight. 

2. When not in radar contact 


a) When leaving the final approach fix inbound 
on final approach (nonprecision approach), or 
‘when leaving the outer marker or fix used in lieu 
of the outer marker inbound on final approach 
(precision approach). 


b) A corrected estimate at any time it becomes 
apparent that an estimate as previously submitted 
is in error in excess of 3 minutes. 


Any pilot who encounters weather conditions that have not 
been forecast, or hazardous conditions which have been 
forecast, is expected to forward a report of such weather 
to ATC. 
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Planning the Descent and Approach 
ATCarrival procedures and flight deck workload are affected 
by weather conditions, traffic density, aircraft equipment, 
and radar availability 


‘When landing at an airport with approach control services 
and where two or more LAPs are published, information on 
the type of approach to expect will be provided in advance of 
arrival or vectors will be provided to a visual approach. This, 
information will be broadcast either on automated terminal 
information service (ATIS) or by a controller. It will not be 
furnished when the visibility is 3 miles or more and the ceiling 
is at or above the highest initial approach altitude established 
for any low altitude LAP for the airport. 


‘The purpose of this information is to help the pilot plan arrival 
actions; however, it is not an ATC clearance or commitment 
and is subject to change. Fluctuating weather, shifting 
winds, blocked runway, etc., are conditions that may result, 
in changes to the approach information previously received. 
It is important for a pilot to advise ATC immediately if he 
or she is unable to execute the approach or prefers another 
type of approach, 


If the destination is an airport without an operating control 
tower, and has automated weather data with broadcast 
capability, the pilot should monitor the automated surface 
observing system/automated weather observing system 
(ASOS/AWOS) frequency to ascertain the current weather for 
the airport, ATC should be advised that weather information 
has been received and what the pilot's intentions are. 


‘When the approach to be executed has been determined, the 
pilot should plan for and request a descent to the appropriate 
altitude prior to the initial approach fix (IAF) or transition 
route depicted on the IAP. When flying the transition route, 
a pilot should maintain the last assigned altitude until ATC 
ives the instructions “cleared for the approach.” Lower 
altitudes can be requested to bring the transition route 
altitude closer to the required altitude at the initial approach 
fix. When ATC uses the phrase “at pilot’s discretion” in the 
altitude information of a clearance, the pilot has the option 
to start a descent at any rate, and may level off temporarily 
at any intermediate altitude, However, once an altitude has 
been vacated, return to that altitude is not authorized without 
a clearance. When ATC has not used the term “at pilot's, 
discretion” nor imposed any descent restrictions, initiate 
descent promptly upon acknowledgment of the clearance. 


Descend at an optimum rate (consistent with the operating 
characteristics of the aircraft) to 1,000 feet above the assigned 
altitude. Then attempt to descend at arate of between S00 and 


1,800 fpm until the assigned altitude is reached. Ifat anytime 
pilots unable to maintain a descent rate of at least 500 fpm, 
advise ATC. Also advise ATC if it is necessary to level off 
at an intermediate altitude during descent. An exception to 
this is when leveling off at 10,000 feet mean sea level (MSL) 
oon descent, or 2,500 feet above airport elevation (prior to 
entering a Class B, Class C, or Class D surface area) when 
required for speed reduction. 


Standard Terminal Arrival Routes (STARS) 
Standard terminal arrival routes (as described in Chapter 
8) have been established to simplify clearance delivery 
procedures for arriving aircraft at certain areas having high 
density traffic. A STAR serves a purpose parallel to that of a 
DP for departing traffic. [Figure 10-3] The following points, 
regarding STARS are important to remember: 
1. All STARs are contained in the TPP, along with the 
IAP charts for the destination airport. The AIM also 
describes STAR procedures. 


If the destination is a location for which STARS 
have been published, a pilot may be issued a 
clearance containing a STAR whenever ATC deems 
it appropriate. To accept the clearance, a pilot must 
possess at least the approved textual description. 


3. Itis the pilot's responsibility to either accept or refuse 
aan issued STAR. Ifa STAR will not or cannot be used, 
advise ATC by placing “NO STAR” in the remarks 
section of the filed flight plan or by advising ATC. 


4. Ifa STAR is accepted in a clearance, compliance is 
mandatory 


‘Substitutes for Inoperative or Unusable 
Components 

‘The basic ground components of an ILS are the localizer, 
slide slope, outer marker, middle marker, and inner marker 
(when installed). A compass locator or precision radar may 
be substituted for the outer or middle marker. Distance 
‘measuring equipment (OME), VOR, or nondirectional beacon 
(NDB) fixes authorized in the standard IAP or surveillance 
radar may be substituted for the outer marker. 


Additionally, IFR-certified global positioning system (GPS) 
‘equipment, operated in accordance with Advisory Circular 
(AC) 90-94, Guidelines for Using Global Positioning System 
Equipment for IFR En Route and Terminal Operations and 
for Nonprecision Instrument Approaches in the United 
States National Airspace System, may be substituted for 
ADF and DME equipment, except when flying NDB IAP. 
Specifically, GPS can be substituted for ADF and DME 
equipment when: 


1. Flying a DME are; 


2. Navigating TO/FROM an NDB; 


Determining the aircraft position over an NDB; 


4, Determining the aircraft position over a fix made up 
of a crossing NDB bearing; 


Holding over an NDB; 


6, Determining sireraft position over a DME fix. 


Holding Procedures 


Depending upon traffic and weather conditions, holding may 
be required. Holding is a predetermined maneuver which 
keeps aircraft within a specified airspace while awaiting 
further clearance from ATC. A standard holding pattern 
uses right turns, and a nonstandard holding pattern uses left 
tus. The ATC clearance will always specify left turns when 
a nonstandard pattern is to be flown, 


Standard Holding Pattern (No Wind) 
Ina standard holding pattem with no winds, [Figure 10-4) the 
aircraft follows the specified course inbound to the holding 
fix, tums 180° to the right, flies a parallel straight course 
outbound for 1 minute, turns 180° to the right, and flies the 
inbound course to the fix. 


Standard Holding Pattern (With Wind) 
A standard symmetrical holding pattern cannot be flown 
when winds exist. In those situations, the pilot is expected 
tw 


1. Compensate for the effect of a known wind except 
when turning. 


2. Adjust outbound timing to achieve a 1-minute (1-1/2 
minutes above 14,000 feet) inbound leg 


Figure 10-5 illustrates the holding track followed with a left 
crosswind. The effect of wind is counteracted by applying, 
drift corrections to the inbound and outhound legs and by 
applying time allowances to the outbound leg, 


Holding Instructions 
If an aircraft arrives at a clearance limit before receiving 
clearance beyond the fix, ATC expects the pilot to maintain 
the last assigned altitude and begin holding in accordance 
with the charted holding pattern. If no holding pattern is 
charted and holding instructions have not been issued, enter 
«standard holding pattern on the course on which the aircraft 
approached the fix and request further clearance as soon 
as possible. Normally, when no delay is anticipated, ATC 
will issue holding instructions at least S minutes before the 
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Figure 10-3. Standart Terminal Arrival Route (STAR) 
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Figure 10-4, Standard Holding Pattern—No Wind. 


Figure 10-5. Drift Correction in Holling Pattern 
estimated arrival at the fix. Where a holding pattern is not 
charted, the ATC clearance will specify the following: 


1. Direction of holding from the fix in terms of the eight 
cardinal compass points (N, NE, E, SE, etc.) 


Holding fix (the fix may be omitted if included at the 
beginning of the transmission as the clearance limit) 
3. Radial, course, bearing, airway, or route on which the 
aircraft is to hold 

4. Leg length in miles if DME or area navigation 
(RNAV) is to be used (leg length will be specified in 
‘minutes on pilot request or ifthe controller considers 
it necessary). 


Direction of tur, if left turns are to be made, because 
the pilot requests or the controller considers it 
necessary. 


6, Time to expect-further-clearance (EFC) and any 
pertinent additional delay information. 
ATC instructions will also be issued whenever: 


1, Ibis determined that a delay will exceed 1 hour. 


‘A revised EFC is necessary, 


In a terminal area having a number of navigation 
aids and approach procedures, a clearance limit may 
not indicate clearly which approach procedures will 
be used. On initial contact, or as soon as possible 
thereafter, approach control will advise the pilot of 
the type of approach to expect. 


4. Ceiling and/or visibility is reported as being at or 
below the highest “circling minimums” established 
for the airport concerned. ATC will transmit a report 
‘of current weather conditions and subsequent changes, 
as necessary. 


5, An aircraft is holding while awaiting approach 
clearance, and the pilot advises ATC that reported 
‘weather conditions are below minimums applicable 
to the operation. In this event, ATC will issue suitable 
instructions to aircraft desiring either to continue 
holding while awaiting weather improvement or 
proceed to another airport. 


Standard Entry Procedures 
‘The entry procedures given in the AIM evolved from 
extensive experimentation undera wide range of operational 
conditions. The standardized procedures should be followed 
to ensure that an aircraft remains within the boundaries of 
the prescribed holding airspace. 


‘When a speed reduction is required, start the reduction when 
3 minutes or less from the holding fix. Cross the holding fix 
initially at or below the maximum holding airspeed (MHA). 
‘The purpose of the speed reduction is to prevent overshooting 
the holding airspace limits, especially at locations where 
adjacent holding patterns are close together. 


All aircraft may hold at the following altitudes and maximum 
holding airspeeds: 


Altitude Mean Sea Level (MSL) Airspeed (KIAS) 
Up to 6,000 feet 200 
6,001 ~ 14,000 feet 230 
14,001 feet and above 265 


10-11 


‘The following are exceptions to the maximum holding 
airspeeds: 

1. Holding patterns from 6,001 to 14,000 feet may 
be restricted to a maximum airspeed of 210 knots 
indicated airspeed (KLAS). This nonstandard pattern 
is depicted by an icon, 

2, Holding patterns may be restricted to a maximum 
airspeed of 175 KIAS. This nonstandard pattern is 
depicted by an icon. Holding patterns restricted to 
175 KIAS are generally found on IAPs applicable to 
category A and B aircraft only 

3. Holding patterns at Air Force airfields only—310 
KIAS maximum, unless otherwise depicted, 

4, Holding patterns at Navy airfields only—230 KIAS 

maximum, unless otherwise depicted. 


5. The pilot of an aircraft unable to comply with 
maximum airspeed restrictions should notify ATC. 


While other entry procedures may enable the aircraft to 
enter the holding pattern and remain within protected 
airspace, the parallel, teardrop, and direct entries are the 
procedures for entry and holding recommended by the FAA. 
‘Additionally, paragraph 5-3-7 in the AIM should be reviewed, 
[Figure 10-6] 

1, Parallel Procedure. When approaching the holding 
fix from anywhere in sector (a), fly to the fix. 
‘Afterwards, turn to a heading to parallel the holding 
course outbound, Fly outbound for 1 minute, turn in 
the direction of the holding pattern through more than 
180°, and return to the holding fix or intercept the 
holding course inbound, 


2, Teardrop Procedure. When approaching the holding 
fix from anywhere in sector (b), the teardrop entry 
procedure would be to fly to the fix, turn outbound to 
a heading for a 30° teardrop entry within the pattern 


<b. 


a 


Figure 10-6, Holding Pattern Entry Procedures, 
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(on the holding side) for a period of 1 minute, then 
turn in the direction of the holding pattern to intercept 
the inbound holding course. 

3. Direet Entry Procedure. When approaching the 
holding fix from anywhere in sector (¢), the direct 
entry procedure would be to fly directly to the fix and 
tum to follow the holding pattern, 


Apilot should make all tums during entry and while holding at: 


1. 3° per second, or 


30° bank angle, or 
3. Abank angle provided by a flight director system, 


Time Factors 
‘The holding pattern entry time reported to ATC is the initial 
time of arrival over the fix. Upon entering a holding pattern, 
the initial outbound leg is flown for 1 minute at or below 
14,000 feet MSL, and for 1-1/2 minutes above 14,000 
fect MSL. Timing for subsequent outbound legs should be 
adjusted as necessary to achieve proper inbound leg time. 
‘The pilot should begin outbound timing over or abeam the 
fix, whichever occurs later. If the abeam position cannot 
be determined, start timing when the turn to outbound is, 
completed. /Figure 10-7] 


Time leaving the holding fix must he known to ATC before 
succeeding aircraft can be cleared to the vacated airspace. 
Leave the holding fi: 

1. When ATC issues either further clearance en route or 
approach clearance; 

2. Asprescribed in 14 CFR part 91 (for IER operations; 
two-way radio communications failure, and 
responsibility and authority ofthe pilot-in-command); 

3. After the IFR flight plan has been cancelled, if the 
aircraft is holding in VFR conditions. 


DME Holding 
‘The same entry and holding procedures apply to DME 
holding, but distances (nautical miles) are used instead of 
time values. The length of the outbound leg will be specified 
by the controller, and the end of this leg is determined by 
the DME readout. 


Approaches 

Compliance With Published Standard Instrument 
Approach Procedures 

Compliance with the approach procedures shown on the 
approach charts provides necessary navigation guidance 
information for alignment with the final approach courses 
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Figure 10-7. Holding Outbound Timing. 


as well as obstruction clearance. Under certain conditions, a 
‘course reversal maneuver or procedure turn may be necessary. 
However, this procedure is not authorized when: 


1. The symbol “NoPT” appears on the approach course 
‘on the plan view of the approach chart 


2. Radar vectoring is provided to the final approach 


3. A holding pattern is published in lieu of a procedure 
tum, 


4, Executing a timed approach from a holding fix 


5. Otherwise directed by ATC. 


Instrument Approaches to Civil Airports 
Unless otherwise authorized, when an instrument letdown to 
an airport is necessary, the pilot should use a standard [AP 
prescribed for that airport. IAPs are depicted on IAP charts 
and are found in the TPP. 


ATC approach procedures depend upon the facilities available 
atthe terminal area, the type of instrument approach executed, 
and the existing weather conditions. The ATC facilities, 
navigation aids (NAVAIDs), and associated frequencies 
appropriate to each standard instrument approach are given 
oon the approach chart. Individual charts are published for 
standard approach procedures associated with the following, 
types of facilities: 


1, Nondirectional beacon (NDB) 

2. Very-high frequency omnirange (VOR) 

3. Very-high frequency omnirange with distance 
measuring equipment (VORTAC or VOR/DME) 


5. Instrument landing system (ILS) 
6. Localizer-type directional aid (LDA) 
7. Simplified ditectional facility (SDF) 
8. Area navigation (RNAV) 

9. Global positioning system (GPS) 


An IAP can be flown in one of two ways: as a full approach 
or with the assistance of radar vectors, When the LAP is flown 
as. full approach, pilots conduct their own navigation using 
the routes and altitudes depicted on the instrument approach 
chart, A full approach allows the pilot to transition from 
the en route phase, to the instrument approach, and then to 
a landing with minimal assistance from ATC. This type of 
procedure may be requested by the pilot but is most often 
used in areas without radar coverage. A full approach also 
provides the pilot with a means of completing an instrument 
approach in the event of a communications failure 


When an approach is flown with the assistance of radar vectors, 
ATC provides guidance in the form of headings and altitudes 
which position the aircraft to intercept the final approach. 
From this point, the pilot resumes navigation, intercepts the 
final approach course, and completes the approach using the 
IAP chart. This is often a more expedient method of flying 
the approach, as opposed to the full approach, and allows 
ATC to sequence arriving traffic. A pilot operating in radar 
contact can generally expect the assistance of radar vectors 
to the final approach course 
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Approach to Airport Without an Operating Control 
Tower 

Figure 10-8 shows an approach procedure at an airport 
without an operating control tower. When approaching 
such a facility, the pilot should monitor the AWOS/ASOS 
if available for the latest weather conditions. When direct 
communication between the pilot and controller is no longer 
required, the ARTCC or approach controller will issue a 
clearance for an instrument approach and advise “change to 
advisory frequency approved.” When the aircraft arrives on 
“cruise” clearance, ATC will not issue further clearance 
for approach and landing. 


If an approach clearance is required, ATC will authorize 
the pilot to execute his or her choice of standard instrument 
approach (if more than one is published for the airport) 
with the phrase “Cleared for the approach” and the 
communications frequency change required, if any. From 
this point on, there will be no contact with ATC. The pilot 
is responsible for closing the IFR flight plan before landing, 
ifin VER conditions, or by telephone after landing. 


Unless otherwise authorized by ATC, a pilot is expected to 
execute the complete IAP shown on the chart. 


Approach to Airport With an Operating Tower, 
With No Approach Control 
When an aircraft approaches an airport with an operating 
control tower, but no approach control, ATC will issue 
a clearance to an approach/outer fix with the appropriate 
information and instructions as follows: 
1. Name of the fix 
2. Altitude to be maintained 
3. Holding information and expected approach clearance 
time, if appropriate 
4, Instructions regarding further communications, 
including: 
a) facility to be contacted 
) time and place of contact, 


©) frequencysies to be used 


If ATIS is available, a pilot should monitor that frequency 
for information such as ceiling, visibility, wind direction and 
velocity, altimeter setting, instrument approach, and runways 
in use prior to initial radio contact with the tower. If ATIS is, 
not available, ATC will provide weather information from 
the nearest reporting station. 
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Approach to an Airport With an Operating Tower, 
With an Approach Control 

Where radar is approved for approach control service, itis 
used to provide vectors in conjunction with published IAPs. 
Radar vectors can provide course guidance and expedite 
traffic to the final approach course of any established IAP. 
Figure 10-9 shows an LAP chart with maximum ATC 
facilities available. 


Approach control facilities that provide this radar service 
‘operate in the following manner: 

1. Arriving aircraft are either cleared to an outer fix most 
appropriate to the route being flown with vertical 
separation and, ifrequired, given holding information; 

2. When radar hand-offs are effected between ARTCC 
and approach control, or between two approach 
control facilites, aircraft are cleared to the airport, or 
to a fix so located that the hand-off will be completed 
prior to the time the aircraft reaches the fix, 

a) When the radar hand-offs are utilized, successive 
arriving flights may be handed off to approach 
control with radar separation in lieu of vertical 
separation, 

b) After hand-off to approach control, an aircraft 
is vectored to the appropriate final approach 


3. Radar vectors and altitude/flight levels are issued 
as required for spacing and separating aircraft; do 
not deviate from the headings issued by approach 
control, 


4. Aircraft are normally informed when it becomes 
necessary to be vectored across the final approach 
course for spacing or other reasons. If approach 
course crossing is imminent and the pilot has not 
been informed that the aircraft will be vectored across 
the final approach course, the pilot should query the 
controller. The pilot is not expected to turn inbound on 
the final approach course unless an approach clearance 
has been issued. This clearance is normally issued with 
the final vector for interception of the final approach 
ccourse, and the vector enables the pilot to establish the 

rcraft on the final approach course prior to reaching 

the final approach fix. 


5. Once the aircraft is established inbound on the final 
approach course, radar separation is maintained with 
other aircraft, and the pilot is expected to complete 
the approach using the NAVAID designated in the 
clearance (ILS, VOR, NDB, GPS, etc.) asthe primary 
‘means of navigation, 
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Figure 10-8. Monroeville, AL (MVC) VOR or GPS Rwy 3 Approach: An Approach Procedure at an Airport Without an Operating 
Control Tower 
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Figure 10-9. Gullport, MS (GPT) ILS or LOC Rwy 14 Approach: An Instrument Procedure Chart With Maximum ATC Facilities 
Available, 
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6. After passing the final approach fix inbound, the 
pilot is expected to proceed direct to the airport and 
complete the approach, or to execute the published 
‘missed approach procedure. 

7. Radar service is automatically terminated when the 


landing is completed or when the pilot is instructed to 
change to advisory frequency at uncontrolled airports, 
whichever occurs first 


Radar Approaches 
With a radar approach, the pilot re 
{guidance from a controller who monitors the progress of the 
flight with radar. This isan option should the pilot experience 
an emergency or distress situation, 


ives course and altitude 


The only airborne radio equipment required for radar 
approaches is a functioning radio transmitter and receiver. 
‘The radar controller vectors the aireraft to align it with the 
runway centerline. The controller continues the vectors to 
keep the aircraft on course until the pilot can complete the 
approach and landing by visual reference to the surface. 
‘There are two types of radar approaches: Precision (PAR) 
and Surveillance (ASR). 


‘A radar approach may be given to any aircraft upon request 
and may be offered to pilots of aircraft in distress or to expedite 
traffic; however, an ASR might not be approved unless 
there is an ATC operational requirement, or in an unusual 
‘or emergency situation. Acceptance of a PAR or ASR by a 
pilot does not waive the prescribed weather minimums for the 
airport or for the particular aircraft operator concerned. The 


decision to make a radar approach when the reported weather 
is below the established minimums rests with the pilot. 


PAR and ASR minimums are published on separate pages 
in the FAA Terminal Procedures Publication (TPP). 
Figure 10-10. 


Precision Approach (PAR) is one in which a controller 
provides highly accurate navigational guidance in azimuth 
and elevation to a pilot, 


The controller gives the pilot headings to fly that direct the 
aircraft to, and keep the aircraft aligned with, the extended 
centerline ofthe landing runway. The pilot is told to anticipate 
lide path interception approximately 10 to 30 seconds before 
it occurs and when to start descent. The published decision 
height (DH) will be given only if the pilot requests it. If 
the aircraft is observed to deviate above or below the glide 
path, the pilot is given the relative amount of deviation by 
use of terms “slightly” or “well” and is expected to adjust 
the aircraft's rate of descent/ascent to return to the glide 
path. Trend information is also issued with respect to the 
elevation of the aircraft and may be modified by the terms 
“rapidly” and “slowly”, e.g., “well above glide path, coming, 
down rapidly.” 


Range from touchdown is given at least once each mile. If 
an aircraft is observed by the controller to proceed outside 
of specified safety zone limits in azimuth andor elevation 
and continue to operate outside these prescribed limits, the 
pilot wil be directed to execute a missed approach or to fly a 
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Figure 10-10. Radar Insirument Approach Minimums for Troy, A. 
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specified course unless the pilot has the runway environment 
(runway, approach lights, ete.) in sight. Navigational 
‘guidance in azimuth and elevation is provided to the pilot 
until the aircraft reaches the published DH. Advisory course 
and glide path information is furnished by the controller 
until the aircraft passes over the landing threshold. At this, 
point the pilot is advised of any deviation from the runway 
centerline. Radar service is automatically terminated upon 
completion of the approach 


Surveillance Approach (ASR) is one in which a controller 
provides navigational guidance in azimuth only. 


‘The controller furnishes the pilot with headings to fly to 
align the aircraft with the extended centerline of the landing, 
runway. Since the radar information used for a surveillance 
approach is considerably less precise than that used for a 
precision approach, the accuracy of the approach will not 
be as great and higher minimums will apply. Guidance in 
elevation is not possible but the pilot will be advised when to 
commence descent to the Minimum Descent Altitucle (MDA) 
or, if appropriate, toan intermediate step-down fix Minimum 
Crossing Altitude and subsequently to the prescribed MDA. 
In addition, the pilot will be advised of the location of the 
Missed Approach Point (MAP) prescribed for the procedure 
and the aircraft's position each mile on final from the runway, 
airport or heliport or MAB, as appropriate. 


If requested by the pilot, recommended altitudes will be 
issued at each mile, based on the descent gradient established 
for the procedure, down to the last mile that is at or above 
the MDA. Normally, navigational guidance will be provided 
until the aircraft reaches the MAP. 


Radar service is automatically terminated at the completion 
of a radar approach, 


No-Gyro Approach is available to a pilot under radar control 
‘who experiences circumstances wherein the directional gyro or 
other stabilized compass is inoperative or inaccurate. When this 
‘occurs, the pilot should so advise ATC and request a no-gyro 
vector or approach. The pilot of an aircraft not equipped with a 
directional gyro or other stabilized compass who desires radar 
handling may also request a no-gyro vector or approach. The 
pilot should make all turns at standard rate and should execute 
the turn immediately upon receipt of instructions. For example, 
“TURN RIGHT,” “STOP TURN.” When a surveillance or 
precision approach is made, the pilot will be advised after the 
aircraft has been turned onto final approach to make turns at 
half standard rate. 
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Radar Monitoring of Instrument Approaches 
PAR facilities operated by the FAA and the military services, 
at some joint-use (civil and military) and military installations 
‘monitor aircraft on instrument approaches and issue radar 
advisories to the pilot when weather is below VER minimums 
(1,000 and 3), at night, or when requested by a pilot. This 
service is provided only when the PAR Final Approach 
‘Course coincides with the final approach of the navigational 
aid and only during the operational hours of the PAR. The 
radar advisories serve only asa secondary aid since the pilot 
has selected the navigational aid as the primary aid for the 
approach. 


Prior to starting final approach, the pilot will be advised of 
the frequency on which the advisories will be transmitted, 
If, for any reason, radar advisories cannot be furnished, the 
pilot will be so advised. 


Advisory information, derived from radar observations, 
includes information on: 

1. Passing the final approach fix inbound (nonprecision 
approach) or passing the outer marker or fix used 
in lieu of the outer marker inbound (precision 
approach). 


2. Trend advisori 


's with respect to elevation and/or 
azimuth radar position and movement will be 
provided, 


3. If, after repeated advisories, the aircraft proceeds 
outside the PAR safety limit or ifa radical deviation is 
observed, the pilot will be advised to execute a missed 
approach unless the prescribed visual reference with 
the surface is established, 


Radar service is automatically terminated upon completion 
of the approach. [Figure 10-11] 


Timed Approaches From a Holding Fix 
‘Timed approaches from a holding fix are conducted when 
‘many aircraft are waiting for an approach clearance. Although 
the controller will not specifically state “timed approaches 
are in progress,” the assigning of a time to depart the FAF 
inbound (nonprecision approach), or the outer marker or 
fix used in lieu of the outer marker inbound (precision 
approach), indicates that timed approach procedures are 
being utilized, 
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Figure 10-11. ILS RWY 7 Troy, AL. 
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In icu of holding, the controller may use radar vectors to the 
final approach course to establish a distance between aircraft 
that will ensure the appropriate time sequence between the 
FAF and outer marker, or fix used in lieu of the outer marker 
and the airport. Each pilot in the approach sequence will 
be given advance notice of the time they should leave the 
holding point on approach to the airport. When a time to 
leave the holding point is received, the pilot should adjust 
the flight path in order to leave the fix as closely as possible 
to the designated time. 


‘Timed approaches may be conducted when the following 
conditions are met: 


1. A control tower is in operation at the airport where 
the approaches are conducted. 


Direct communications are maintained between the 

pilot and the Center or approach controller until the 

pilot is instructed to contact the tower. 

3. If more than one missed approach procedure is 
available, none require a course reversal 

4, If only one missed approach procedure is available, 

the following conditions are met 


a) Course reversal is not required; and 
b) Reported ceiling and visibility are equal to or 
greater than the highest prescribed circling 
minimums for the IAP. 
5. When cleared for the approach, pilots should not 
execute a procedure turn 


Approaches to Parallel Runways 
Procedures permit ILS instrument approach operations to dual 
or triple parallel runway configurations. A parallel approach 
is an ATC procedure that permits parallel ILS approach to 
airports with parallel runways separated by at least 2,500 
fect between centerlines. Wherever parallel approaches, 
are in progress, pilots are informed that approaches to both 
runways are in use. 


Simultaneous approaches are permitted to runways 
1. With centerlines separated by 4,300 to 9,000 feet; 
2. That are equipped with final monitor controllers; 
3. That require radar monitoring to ensure separation 


between aircraft on the adjacent parallel approach 


‘The approach procedure chart will include the note 

Jimultancous approaches authorized RWYS 14L and 14R,” 
identifying the appropriate runways. When advised that 
simultaneous parallel approaches are in progress, pilots must 
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advise approach control immediately of malfunctioning or 
inoperative components, 


Parallel approach operations demand heightened pilot 
tuational awareness. The close proximity of adjacent 
aircraft conducting simultaneous parallel approaches 
‘mandates strict compliance with all ATC clearances and 
approach procedures, Pilots should pay particular attention 
to the following approach chart information: name and 
‘number of the approach, localizer frequency, inbound course, 
glide slope intercept altitude, DA/DH, missed approach 
instructions, special notes/procedures, and the assigned 
runway location and proximity to adjacent runways. Pilots, 
also need to exercise strict radio discipline, which includes 
continuous monitoring of communications and the avoidance 
of lengthy, unnecessary radio transmissions. 


Side-Step Maneuver 
ATC may authorize a side-step mancuver to either one of 
two parallel runways that are separated by 1,200 feet or less, 
followed by a straight-in landing on the adjacent runway. 
Aircraft executing a side-step maneuver will be cleared 
for a specified nonprecision approach and landing on the 
adjacent parallel runway. For example, “Cleared ILS runway 
7 left approach, side-step to runway 7 right.” The pilot is 
expected to commence the side-step mancuver as soon as 
possible after the runway or rumway environment isin sight. 
Landing minimums to the adjacent runway will be based on 
nonprecision criteria and therefore higher than the precision 
‘minimums to the primary runway, but will normally be lower 
than the published circling minimums. 


Circling Approaches 
Landing minimums listed on the approach chart under 
“CIRCLING” apply when itis necessary to circle the airport, 
‘maneuver for landing, or when no straight-in minimums are 
specified on the approach chart. [Figure 10-11] 


‘The circling minimums published on the instrument approach 
chart provide a minimum of 300 feet of obstacle clearance in 
the circling area. [Figure 10-12] During a circling approach, 
the pilot should maintain visual contact with the runway of 
intended landing and fly no lower than the circling minimums 
until positioned to make a final descent for a landing. It is, 
important to remember that circling minimums are only 
minimums. If the ceiling allows it, fly at an altitude that 
‘more nearly approximates VER traffic pattern altitude. This, 
will make any maneuvering safer and bring the view of the 
landing runway into a more normal perspective. 


Figure 10-13 shows patterns that can be used for circling 
approaches. Pattern “A” can be flown when the final approach 


Defining size of areas, rad (7) vary 
with the approach category 


Figure 10-12. Circling Approach Area Radi 


Figure 10-13. Circling Approaches: 


course intersects the runway centerline at less than a 90° 
angle, and the runway is in sight early enough to establish a 
base leg. Ifthe runway becomes visible too late to fly pattern 
"A." circle as shown in “B.” Fly pattern “C” if it is desirable 
to land opposite the direction of the final approach, and the 


runway is sighted in time for a turn to downwind leg. If the 
runway is sighted too late for a turn to downwind, fly pattern 
“D.” Regardless ofthe pattern flowa, the pilot must maneuver 
the aircraft to remain within the designated circling area. 
Refer to section A (“Terms and Landing Minima Data”) in 
the front of each TPP for a description of circling approach 
categories. 


‘The criteria for determining the pattern to be flown are 
based on personal flying capabilities and knowledge of the 
performance characteristics ofthe aircraft. In each instance, 
the pilot must consider all factors: airport design, ceiling and. 
visibility, wind direction and velocity, final approach course 
alignment, distance from the final approach fix to the runway, 
and ATC instructions, 


IAP Minimums: 
Pilots may not operate an aircraft at any airport below 
the authorized MDA or continue an approach below the 
authorized DA/DH unless: 
1. The aircraft is continuously in a position from which 
‘a descent to a landing on the intended runway can 
be made at a normal descent rate using normal 
2, The flight visibility isnot less than that prescribed for 
the approach procedure being used; and 


At least one of the following visual references for 
the intended runway is visible and identifiable to the 
pilot: 


8) Approach light system 
b) Threshold 

©) Threshold markings 

4) Threshold lights 

©) Runway end identifier lights (REIL) 

4) Visual approach slope indicator (VASI) 

2) Touchdown zone or touchdown zone markings 
hh) Touchdown zone lights 

j) Runway or runway markings 


i) Runway lights 


Missed Approaches 

A missed approach procedure is formulated for each 
published instrument approach and allows the pilot to return 
to the airway structure while remaining clear of obstacles, 
‘The procedure is shown on the approach chart in text and 


graphic form. Since the execution of a missed approach 
‘occurs when the flight deck workload is at a maximum, the 
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procedure should be studied and mastered before beginning 
the approach 


When a missed approach procedure is initiated, a climb pitch 
attitude should be established while setting climb power. 
Configure the aircraft for climb, turn to the appropriate 
heading, advise ATC that a missed approach is being 
executed, and request further clearances. 


If the missed approach is initiated prior to reaching the 
missed approach point (MAP), unless otherwise cleared by 
ATC, continue to fly the LAP as specified on the approach 
chart. Fly to the MAP at orabove the MDA or DA/DH before 
beginning a turn, 


If visual reference is lost while circling-to-land from an 
instrument approach, execute the appropriate missed 
approach procedure. Make the initial climbing turn toward 
the landing rumway and then maneuver to intercept and fly 
the missed approach course. 


Pilots should immediately execute the missed approach 

procedure: 
1, Whenever the requirements for operating below DA/ 
DH or MDA are not met when the aircraft is below 


MDA, or upon arrival at the MAP and at any time 
after that until touchdown; 


Whenever an identifiable part of the airportis not visible 
to the pilot during a circling maneuver at orabove MDA; 


3, When so directed by ATC. 


Landing 
According to 14 CFR part 91, no pilot may land when the flight 
visibility is less than the visibility prescribed in the standard 
IAP being used. ATC will provide the pilot with the current 
visibility reports appropriate tothe runway in use. This may be 
inthe form of prevailing visibility, runway visual value (RVV), 
or runway visual range (RVR). However, only the pilot can 
determine ifthe flight visibility meets the landing requirements 
indicated on the approach char. If the flight visibility mects 
the minimum prescribed for the approach, then the approach 
‘may be continued to a landing. Ifthe fight visibility i less than 
that prescribed for the approach, then the pilot must execute 
missed approach, regardless of the reported visibility 


‘The landing minimums published on LAP charts are based on 
full operation of all components and visual aids associated 
with the instrument approach chart being used. Higher 
minimums are required with inoperative components or 
visual aids. For example, if the ALSF-1 approach lighting 
system were inoperative, the visibility minimums for an ILS 
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would need to be increased by one-quarter mile. If more 
than one component is inoperative, each minimum is raised 
to the highest minimum required by any single component 
that is inoperative. ILS glide slope inoperative minimums 
are published on instrument approach charts as localizer 
‘minimums. Consult the “Inoperative Components or Visual 
Aids Table” (printed on the inside front cover of each TPP), 
for a complete description of the effect of inoperative 
‘components on approach minimums. 


Instrument Weather Flying 

Flying Experience 

‘The more experience a pilot has in VFR and IFR flight 
the more proficient a pilot becomes. VFR experience can 
be gained by flying in terminal areas with high traffic 
activity. This type of flying forces the pilot to polish the 
skill of dividing his or her attention between aircraft contol 
navigation, communications, and other flight deck duties. 
IFR experience can be gained through night flying which 
also promotes both instrument proficiency and contidence. 
‘The progression from flying at night under clear, moonlit 
conditions to flying at aight without moonlight, natural 
horizon, or familiar landmarks teaches a pilot to trust the 
aircraft instruments with minimal dependence upon what 
can be seen outside the aircraft. It is a pilot's decision to 
proceed with an IFR flight or to wait for more acceptable 
‘weather conditions. 


Recency of Experience 
Currency as an instrument pilot is an equally important 
consideration. No person may act as pilot in command of an 
aircraft under IFR or in weather conditions less than VER 
‘minimums unless he or she has met the requirements of part 
91, Remember, these are minimum requirements 


Airborne Equipment and Ground Facilities 
Regulations specify minimum equipment for filing an IFR 
{light plan. It is the pilot's responsibility to determine the 
adequacy of the aircraft and navigation/communication 
(NAV/COM) equipment for the proposed IFR flight. 
Performance limitations, accessories, and general condition 
of the equipment are directly related to the weather, route, 
altitude, and ground facilities pertinent to the flight, as well 
sto the flight deck workload. 


Weather Conditions 
In addition to the weather conditions that might affect a 
‘VER flight, an IFR pilot must consider the effects of other 
weather phenomena (e.g, thunderstorms, turbulence, icing, 
and visibility) 


Turbulence 
Inflight turbulence can range from occasional light bumps 
to extreme airspeed and altitude variations that make aircraft 
control difficult. To reduce the risk factors associated with 
turbulence, pilots must learn methods of avoidance, as 
well as piloting techniques for dealing with an inadvertent 
cenicounter. 


‘Turbulence avoidance begins with a thorough preflight weather 
bricfing. Many reports and forecasts are available to assist 
the pilot in determining areas of potential turbulence. These 
include the Severe Weather Warning (WW), SIGMET (WS), 
‘Convective SIGMET (WST), AIRMET (WA), Severe Weather 
Outlook (AC), Center Weather Advisory (CWA), Area Forecast 
(FA), and Pilot Reports (UA or PIREPS). Since thunderstorms, 
are always indicative of turbulence, areas of known and forecast 
thunderstorm activity will always be of interest to the pilot. In 
addition, clear air turbulence (CAT) associated with jet streams, 
strong winds over rough terrain, and fast moving cold fronts are 
‘200d indicators of turbulence. 


Pilots should be alert while in flight for the signposts of 
turbulence. For example, clouds with vertical development 
such as cumulus, towering cumulus, and cumulonimbus are 
indicators of atmospheric instability and possible turbulence, 
Standing lenticular clouds lack vertical development but 
indicate strong mountain wave turbulence. While en route, 
pilots can monitor hazardous inflight weather advisory 


service (HIWAS) broadcast for updated weather advisories, 
or contact the nearest AFSS or En Route Flight Advisory 
Service (EFAS) for the latest turbulence-related PIREPs, 


‘To avoid turbulence associated with strong thunderstorms, 
circumnavigate cells by at least 20 miles. Turbulence may 
also be present in the clear air above a thunderstorm. To 
avoid this, fly at least 1,000 feet above the top for every 10 
knots of wind at that level, or fly around the storm. Finally, 
do not underestimate the turbulence beneath a thunderstorm. 
Never attempt to fly under a thunderstorm. The possible 
results of turbulence and wind shear under the storm could 
be disastrous. 


‘When moderate to severe turbulence is encountered, aircraft 
control is difficult, and a great deal of concentration is 
required to maintain an instrument scan. Figure 10-14] Pilots 
should immediately reduce power and slow the aircraft to 
the recommended turbulence penetration speed as described 
in the POH/AFM. To minimize the load factor imposed on 
the aircraft, the wings should be kept level and the aircraft’s 
pitch attitude should be held constant. The aircrafts allowed 
to fluctuate up and down, because mancuvering to maintain 
constant altitude only increases the stress on the aircraft. 
If necessary, the pilot should advise ATC of the fluctuations 
and request a block altitude clearance. In addition, the power 
should remain constant at a setting that will maintain the 
recommended turbulence penetration airspeed, 


Figure 10-14. Maintaining an instrument scan in severe turbulence can be diffieul. 
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‘The best source of information on the location and intensity 
of turbulence are PIREPs. Therefore, pilots are encouraged to 
familiarize themselves with the turbulence reporting criteria 
found in the AIM, which also describes the procedure for 
volunteering PIREPs relating to turbulence. 


Structural Ieing 
‘The very nature of flight in Instrument Meteorological 
Conditions means operating in visible moisture such as clouds, 
At the right temperatures, this moisture can freeze on the 
aircraft, causing increased weight, degraded performance, and 
unpredictable aerodynamic characteristics. Understanding, 
avoidance, and early recognition followed by prompt action 
are the keys to avoiding this potentially hazardous situation. 


Structural icing refers to the accumulation of ice on the exterior 
of the aircraft and is broken down into three classifications: 
rime ice, clear ice, and mixed ice. For ice to form, there must 
be moisture present in the air, and the air must be cooled to 
a temperature of 0° C (32° F) or less. Aerodynamic cooling 
can lower the surface temperature of an airfoil and cause ice 
to form on the airframe even though the ambient temperature 
is slightly above freezing, 


Rimeice forms ifthe droplets are small and freeze immediately 
when contacting the aircraft surface. This type of ice usually 
forms on areas such as the leading edges of wings or struts. 
It has a somewhat rough-looking appearance and a milky- 
white color. 


Clear ice is usually formed from larger water droplets or 
freezing rain that can spread over a surface. This is the most 
dangerous type of ice since it is clear, hard to see, and can 
change the shape of the airfoil. 


Mixed ice is a mixture of clear ice and rime ice. It has the 
bad characteristics of both types and can form rapidly. Ice 
particles become embedded in clear ice, building a very rough 
accumulation. The table in Figure 10-15 lists the temperatures 
at which the various types of ice will form. 


°C 19-10 Clear 
“10 °Ct0-15°C Mixed clear and rime 
“18°C 020°C Fine 


Figure 10-15. Temperature Ranges for Iee Formation. 


Structural icing is a condition that can only get worse. 
‘Therefore, during an inadvertent icing encounter, it is 
important the pilot act to prevent additional ice accumulation. 
Regardless ofthe level of anti-ice or deice protection offered 
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by the aircraft, the first course of action should be to leave 
the area of visible moisture. This might mean descending 
to an altitude below the cloud bases, climbing to an altitude 
that is above the cloud tops, or turning to a different course. 
If this is not possible, then the pilot must move to an altitude 
‘where the temperature is ahove freezing, Pilots should report 
icing conditions to ATC and request new routing or altitude 
if icing will be a hazard. Refer to the AIM for information 
‘on reporting icing intensities. 


Fog 
Instrument pilots must learn to anticipate conditions leading 
to the formation of fog and take appropriate action early in 
the progress of the flight. Before a flight, close examination 
of current and forecast weather should alert the pilat to the 
possibility of fog formation, When fog is a consideration, 
pilots should plan adequate fuel reserves and alternate 
landing sites. En route, the pilot must stay alert for fog 
formation through weather updates from EFAS, ATIS, and 
ASOS/AWOS sites. 


‘Two conditions will lead to the formation of fog. Either the 
air is cooled to saturation, or sufficient moisture is added 
to the air until saturation occurs. In either case, fog can 
form when the temperature/dewpoint spread is 5° or less. 
Pilots planning to arrive at their destination near dusk with 
decreasing temperatures should be particularly concerned 
about the possibility of fog formation, 


Volcanic Ash 
Volcanic eruptions create volcanic ash clouds containing 
aan abrasive dust that poses a serious safety threat to flight 
operations. Adding to the danger is the fact that these ash 
clouds are not easily discernible from ordinary clouds when 
encountered at some distance from the volcanic eruption, 
‘When an aircraft enters a volcanic ash cloud, dust particles, 
and smoke may become evident in the cabin, often along with 
the odor of an electrical fire. Inside the volcanic ash cloud, 
the aircraft may also experience lightning and St. Elmo's fire 
‘on the windscreen. The abrasive nature of the volcanic ash 
ccan pit the windscreens, thus reducing or eliminating forward 
visibility. The pitot-static system may become clogged, 
causing instrument failure. Severe engine damage is probable 
in both piston and jet-powered aircraft 


Every effort must be made to avoid volcanic ash. Since 
volcanic ash clouds are carried by the wind, pilots should plan 
their flights to remain upwind of the ash-producing volcano. 
Visual detection and airborne radar are not considered 
a reliable means of avoiding volcanic ash clouds. Pilots 
witnessing volcanic eruptions or encountering volcanic 
ash should immediately pass this information along in 
the form of a pilot report. The National Weather Service 


monitors volcanic eruptions and estimates ash trajectories. 
This information is passed along to pilots in the form of 
SIGMET. 


As for many other hazards to flight, the best source of 
volcanic information comes from PIREPs. Pilots who witness 
a voleanie eruption or encounter volcanic ash in flight 
should immediately inform the nearest agency. Volcanic 
‘Ash Forecast Transport and Dispersion (VAFTAD) charts, 
are also available; these depict voleanic ash cloud locations 
in the atmosphere following an eruption, and also forecast 
dispersion of the ash concentrations over 6- and 12-hour time 
intervals. See AC 00- 


Aviation Weather S 


Thunderstorms 
A thunderstorm packs just about every weather hazard known, 
to aviation into one vicious bundle, Turbulence, hail, rain, 
snow; lightning, sustained updrafis and downdrafts, and icing 
conditions are all present in thunderstorms. Do not take off in 
the face of an approaching thunderstorm or fly an aircraft thats, 
not equipped with thunderstorm detection in clouds orat night 
in areas of suspected thunderstorm activity. [Figure 10-16] 


‘There is no useful correlation between the external visual 
appearance of thunderstorms and the severity or amount of 
turbulence or hail within them. All thunderstorms should be 


Figure 10-16. thunderstorm pucks ust about every weather hazard 
Anovn to aviation into ome vicious bundle 


considered hazardous, and thunderstorms with tops above 
35,000 feet should be considered extremely hazardous. 


Weather radar, airbome or ground based, will normally 
reflect the areas of moderate to heavy precipitation (radar 
does not detect turbulence), The frequency and severity of 
turbulence generally increases with the radar reflectivity 
closely associated with the areas of highest liquid water 
content of the storm. A flight path through an area of strong, 
or very strong radar echoes separated by 20 to 30 miles or 
less may not be considered free of severe turbulence. 


‘The probability of lightning strikes occurring to aircraft is 
greatest when operating at altitudes where temperatures are 
between -5 ° Cand 45° C. Inaddition, an aircraft flying in the 
clear air near a thunderstorm is also susceptible to lightning, 
strikes. Thunderstorm avoidance is always the best policy. 


Wind Shear 
Wind shear can be defined as a change in wind speed and/or 
wind direction in a short distance. It can exist in a horizontal 
or vertical direction and occasionally in both. Wind shear can 
occur at all levels of the atmosphere but is of greatest concern 
during takeoffs and landings. It is typically associated 
with thunderstorms and low-level temperature inversions; 
however, the jet stream and weather fronts are also sources 
of wind shear. 


As Figure 10-17 illustrates, while an aircraft is on an 
instrument approach, a shear from a tailwind to a headwind 
ccauses the airspeed to increase and the nase to pitch up with 
‘a corresponding balloon above the glide path, A shear from 
a headwind to a tailwind has the opposite effect, and the 
aircraft will sink below the glide path. 


A headwind shear followed by a tailwind/downdraft shear is 
particularly dangerous hecause the pilot has reduced power 
and lowered the nose in response to the headwind shear. This, 
leaves the aircraft in a nose-low, power-low configuration 
\when the tailwind shear occurs, which makes recove 
difficult, particularly near the ground. This type of wind 
shear scenario is likely while making an approach in the 
face of an oncoming thunderstorm. Pilots should be alert for 
indications of wind shear early in the approach phase and be 
ready to initiate a missed approach at the first indication. It 
may be impossible to recover from a wind shear encounter 
at low altitude, 


To inform pilots of hazardous wind shear activity, some 
airports have installed a Low-Level Wind Shear Alert 
System (LLWAS) consisting of a centerfield wind indicator 
and several surrounding boundary-wind indicators. With 
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Tailwind Shearing to Headwind or Calm 


Headwind Shearing to Tailwind or Calm 


Figure 10-17. Glide slope Deviations Due to Wind Shear Encounter, 


this system, controllers are alerted of wind discrepancies 
(an indicator of wind shear possibility) and provide this, 
information to pilots. A typical wind shear alert issued to a 
pilot would be: 


“Runway 27 arrival, wind shear alert, 20 knot loss 3 
‘ile final, threshold wind 200 at 15” 


In plain language, the controller is advising aircraft arriving 
‘on runway 27 that at about 3 miles out they can expect a 
‘wind shear condition that will derease their airspeed by 20 
knots and possibly encounter turbulence. Additionally, the 
airport surface winds for landing runway 27 are reported as 
200° at 15 knots. 


Pilots encountering wind shear are encouraged to pass along, 
pilot reports. Refer to AIM for additions! information on 
wind shear PIREPs. 


VFR-On-Top 
Pilots on IFR flight plans operating in VFR weather 
conditions may request VFR-on-top in lieu of an assigned 
altitude. This permits them to select an altitude or flight level 
of their choice (subject to any ATC restrictions). 


Pilots desiring to climb through a cloud, haze, smoke, or 
‘other meteorological formation and then either cancel their 
IER flight plan or operate VFR-on-top may request a climb 
to VFR-on-top. The ATC authorization will contain a top 
report (or a statement that no top report is available) and a 
request to report upon reaching VFR-on-top. Additionally, 
the ATC authorization may contain a clearance limit, outing, 
and an alternative clearance if VER-on-top is not reached by 
a specified altitude, 


pilot on an IFR flight plan, operating in VFR conditions, 
may request to climb/descend in VFR conditions. When 
operating in VFR conditions with an ATC authorization to 
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“maintain VFR-on-top/maintain VFR conditions,” pilots on 
IER flight plans must: 


1. Fly at the appropriate VER altitude as prescribed in 14 
CER part 91. 


2 Comply with the VFR visibility and distance-from- 
cloud criteria in 14 CFR part 91 


3. Comply with instrument flight rules applicable to this 
{light (minimum IFR altitudes, position reporting, radio 
communications, course tobe flown, adherence to ATC 
clearance, ete.) 


Pilots operating on a VFR-on-top clearance should advise 
ATC before any altitude change to ensure the exchange of 
accurate traffic information. 


ATC authorization to “maintain VFR-on-top” is not intended 
to restrict pilots to operating only above an obscuring 
‘meteorological formation (layer). Rather, it permits operation 
above, below, between layers, or in arcas where there is no 
‘meteorological obstruction, Itis imperative pilots understand, 
however, that clearance to operate “VFR-on-top/VFR 
conditions” does not imply cancellation of the IFR flight 
plan, 


Pilots operating VFR-on-top/VFR conditions may receive 
traffic information from ATC on other pertinent IFR or 
VER aircraft. However, when operating in VFR weather 
conditions, it is the pilot’s responsibility to be vigilant to see 
and avoid other aircraft 


This clearance must be requested by the pilot on an IFR flight 
plan, VER-on-top is not permitted in certain areas, such as 
Class A airspace. Consequently, IFR flights operating VFR- 
on-top must avoid such airspace. 


VER Over-The-Top 
VER over-the-top must not be confused with VFR-on- 
top. VER-on-top is an IFR clearance that allows the pilot 
to fly VFR altitudes. VFR over-the-top is strictly a VFR 
operation in which the pilot maintains VFR cloud clearance 
requirements while operating on top of an undercast layer. 
This situation might occur when the departure airport and the 
destination airport are reporting clear conditions, but a low 
overcast layer is present in between. The pilot could conduct, 
a VER departure, fly over the top of the undercast in VFR 
conditions, then complete a VFR descent and landing at the 
destination. VER cloud clearance requirements would be 
‘maintained at all times, and an IFR clearance would not be 
required for any part ofthe flight. 


Conducting an IFR Flight 


‘To illustrate some of the concepts introduced in this chapter, 
follow along on a typical IFR flight from the Birmingham 
Intemational Airport (BHM), Birmingham, Alabama to 
Gulfport-Biloxi International Airport (GPT), Gulfport, 
Mississippi. [Figure 10-18] For this trip, a Cessna 182 
with a call sign of N1230A will be flown. The aircraft is 
equipped with dual navigation and communication radios, a 
transponder, and a GPS system approved for IFR en route, 
terminal, and approach operations. 


Preflight 
‘The success of the flight depends largely upon the 
thoroughness of the preflight planning. The evening before 
the flight, pay close attention to the weather forecast and 
bogin planning the flight. 


‘The Weather Channel indicates a large, low-pressure system 
has settled in over the Midwest, pulling moisture up from 
the Gulf of Mexico and causing low ceilings and visibility 
with little chance for improvement over the next couple of 
days, To begin planning, gather all the necessary charts and 
materials, and verify everything is current. This includes en 
route charts, approach charts, DPs, STAR charts, the GPS 
database, as well as an A/FD, some navigation logs, and the 
aircraft's POH/AFM. The charts cover both the departure 
and arrival airports and any contingency airports that will 
be needed if the light cannot be completed as planned. This, 
is also a good time for the pilot to consider recent flight 
experience, pilot proficiency, fitness, and personal weather 
‘minimums to fly this particular flight. 


Check the A/FD to become familiar with the departure and 
arrival airport, and check for any preferred routing between 
BHM and GPT. Next, review the approach charts and any 
DP or STAR that pertains to the flight. Finally, review the en 
route chars for potential routing, paying close attention to the 
‘minimum en route and obstacle clearance altitudes. 


After this review, select the best option. For this flight, the 
Birmingham Three Departure [Figure 10-2] to Brookwood 
VORTAC, V 209 to Kewanee VORTAC, direct to Gulfport 
using GPS would be a logical route. An altitude of 4,000 feet 
meets all the regulatory requirements and falls well within 
the performance capabilities of the aircraft 


Next, call 1-800-WX-BRIEF to obtain an outlook-type 
weather briefing for the proposed flight, This provides 
forecast conditions for departure and arrival airports, as well 
as the en route portion of the flight including forecast winds 
aloft. This also is a good opportunity to check the available 
NOTAMs. 


‘The weather briefer confirms the predictions of the weather 
channel giving forecast conditions that are at or near 
minimum landing minimums at both BHM and GPT for 
the proposed departure time, The briefer provides NOTAM 
information for GPT indicating that the localizer to runway 
is scheduled to be out of service and that runway 18/36 is, 
closed until further notice. Also check for temporary flight 
restrictions (TFRs) along the proposed route. 


After receiving a weather briefing, continue flight planning 
and begin to transfer some preliminary information onto 
the navigation log, listing each fix along the route and the 
distances, frequencies, and altitudes. Consolidating this, 
information onto an organized navigation log will keep the 
workload to a minimum during the flight. 


Next, obtain a standard weather briefing online for the 
proposed route, A check of current conditions indicates 
low IFR conditions at both the departure airport and the 
destination, with visibility of one-quarter mile: 


SURFACE WEATHER OBSERVATIONS, 
METAR KBHM 111155Z VRBOSKT !4SMFG-RA VVO004 
(06/05 A294 RMK A02 SLP140 


METAR KGPT 1111562 24003KT 4 SM FG OVCOO1 08,07 
A2962 RMK A02 SLP033, 


‘The small temperature/dewpoint spread is causing the low 
visibility and ceilings. Conditions should improve later in 
the day as temperatures increase. A check of the terminal 
forecast confirms this theory: 


‘TERMINAL FORECASTS 
‘TAF KBHM 1111562111212 VRBOSKT SM FG VV004 
TEMPOI316 % SM OVCO04 

FM1600 VRBOSKT 2SM BR OVC007 TEMPO 1720 38M 
DZ BKN009 
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FM2000 22008KT 38M -RA OVCOLS TEMP 2205 38M 
-RA OVC025 FM0500 23013KT P6SM OVO025 


FMO0800 23013KT P6SM BKN030 PROB40 10122SM BR 
oVvc030 


‘TAF KGPT 111153Z. 111212 24004KT 4 SM FG OVCOOL 
BECMG 1317 38M BR 0VC004 


FM1700 24010KT 4M -RA OVC006 FM0400 24010 SSM 
‘SCT080 TEMPO 0612 P6SM SKC 


In addition to the terminal forecast, the area forecast also 
indicates gradual improvement along the route. Since the 
terminal forecast only provides information for a S-mile 
radius around a terminal area, checking the area forecast 
provides a better understanding of the overall weather picture 
along the route, as well as potential hazards: 


SYNOPSIS AND VER CLOUDS/WEATHER FORECASTS, 
‘SYNOPSIS... AREA OF LOW PRESSURE CNTD OV AL, 
RMNG GENLY STNRY BRNGNG MSTR AND WD SPRD 
IFR TO ETN. ALF... LOW PRES TROF ACRS CNTR PTN 
OF THE DFW FA WILL GDLY MOV EWD DURG PD. 


NRN LA, AR, NRN MS, 
SWLY WND THRUT THE PD. 16Z CIG OVC006. SCT 
HRA. OTLK... IFR SRN 4 ... CIG SCT ~ BKNO1S 
‘TOPS TO FL250 SWLY WND THRUT THE PD. 172 AGL 
BKN040. OTLK...MVER CIG VIS. 


LA MS CSTL WTRS 
CIG OVCDO1 ~ OVCN6. TOPS TO FL240. VIS 14 -% SM 
FG. SWLY WND. 16Z CIG OVO010 VIS 2SM BR. OCNL 
VIS 3-5SM -RN BR OVC009. OTLK...MVER CIG VIS. 


FL 
CIG BKNO20 TOPS TO FLI80. VIS 1-3 SM BR. SWLY 
WND. 18Z BRK030. OTLK.... MVER CIG. 

AL this time, there are no SIGMETS or PIREPs reported. 
However, there are several AIRMETS, one for IFR 
conditions, one for turbulence that covers the entire route, 
and another for icing conditions which covers an area just 
north of the route: 

WAUS44 KKCI 111150 

DEWS WA 0111150 

AIRMET SIERRA FOR IFR VALID UNTIL 111800 


AIRMET IFR..OK TX LA AR MS AL FL 


‘TS IMPLY SEV OR GTR TURB SEV ICE LLWS AND 
TER CONDS. 


NON MSL HGHTS DENOTED BY AGL OR CIG. 


A recheck of NOTAMS for Gulfport confirms that the 
localizer to runway 32 is out of service until further notice 
and runway 18/36 is closed. If runway 6 is planned for the 
departure, confirm that the climb restriction for the departure 
‘ean be met. 


GPT 12/006 GPT LOC OS UFN 
GPT 12/008 GPT MIRL RWY 18/36 OS UFN 


Since the weather is substantially better to the east, Pensacola 
Regional Airport is a good alternate with current conditions 
and a forecast of marginal VER. 


METAR KPNS 1111502 21010Z 38M BKNO14 OVC025 
(09/03 2973 


‘TAF KPNS 1111522 111212 22010KT 3 SM BR OVCO20 
BECMG 1317 4 SM BR OVC025 


FM1700 23010KT 4SM -RA OVC030 


FM 0400 25014KT SSM OVCOSO TEMPO1612 P6SM 
oveos0 


If weather minimums are below a pilot’s personal minimums, 
a delay in departure to wait for improved conditions is 
a good decision. This time can be used to complete the 
navigation log which is the next step in planning an IFR 
flight. [Figure 10-19] 


Use the POH/AFM to compute a true airspeed, cruise power 
setting, and fuel burn based on the forecast temperatures 
aloft and cruising pressure altitude. Also, compute weight- 
and-balance information and determine takeoff and landing 
distances. There will be a crosswind if weather conditions 
require a straight-in landing on runway 14 at GPT: Therefore, 
compute the landing distance assuming a 10-knot crosswind. 
and determine if the runway length is adequate to allow 
landing. Determine the estimated flight time and fuel burn 
using the winds aloft forecast and considering Pensacola 
Regional Ainport as an alternate airport. With full tanks, the 
flight can be made nonstop with adequate fuel for flight to 
the destination, alternate, and the reserve requirement. 


Next, check the surface analysis chart which shows where the 
pressure systems will be found. The weather depiction chart 
shows areas of IFR conditions and can be used to find areas 
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FLIGHT LOG 
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Figure 10-19, Navigation Log 


of improving conditions. These charts provide information Call an AFSS for an updated weather briefing, Birmingham 

4 pilot will need should a diversion to VFR conditions be INTL airport is now reporting 700 overcast with 3 miles 

required. For this flight, the radar depicts precipitation along visibility, and Gulfport-Biloxi is now 400 overcast with 2 

the route, and the latest satellite photo confirms what the — miles visibility. The alternate, Pensacola Regional Airport, 

‘weather depiction chart showed. continues to report adequate weather conditions with 2,000 
overcast and 3 miles visibility in light rain, 


‘When the navigation log is finished, complete the flight plan 
in preparation for filing with flight service. /Figure 10-20] 
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Figure 10-20, Flight Plan Form. 


Several pilot reports have been submitted for light icing 
conditions; however, all the reports are north of the route 
of flight and correspond to the AIRMET that was issued 
carlier. No pilot reports have included cloud tops, but the 
area forecast predicted cloud tops to flight level 240. Since 
the weather conditions appear to be improving, a flight plan 
can be filed using the completed form. 


Analyze the latest weather minimums to determine if they 
exceed personal minimums. With the absence of icing 
reported along the route and steadily rising temperatures, 
structural icing should not be a problem. Make note to 
do an operational check of the pitot heat during preflight 
and to take evasive action immediately should even light 
icing conditions be encountered in flight. This may require 
returning to BHM or landing at an intermediate spot before 
reaching GPT, The go/no-go decision will be constantly 
reevaluated during the flight. 


Once at the airport, conduct a thorough preflight inspection, 
‘A quick check of the logbooks indicates all airworthiness 
requirements have been met to conduct this IFR flight 
including an altimeter, static, and transponder test within 
the preceding 24 calendar months. In addition, a log on 
the clipboard indicates the VOR system has been checked 
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within the preceding 30 days. Turn on the master switch and 
pitot heat, and quickly check the heating element before it 
becomes too hot. Then, complete the rest of the walk-around 
procedure. Since this will be a flight in actual IFR conditions, 
place special emphasis on IFR equipment during the walk- 
around, including the alternator belt and antennas. After 
completing the preflight, organize charts, pencils, paper, and 
navigation log in the flight deck for quick, easy access. This 
is also the time to enter the planned flight into the GPS. 


Departure 
After starting the engine, tune in ATIS and copy the 
information to the navigation log. The conditions remain the 
same as the updated weather briefing with the ceiling at 700 
‘overcast, and visibility at 3 miles. Cal clearance delivery to 
receive a clearance: 

“Clearance Delivery, Cessna 1230A IFR to Gulfport 

Biloxi with information Kilo, ready to copy.” 


“Cessna 1230A is cleared to Guliport-Biloxi via the 
Birmingham Three Departure, Brookwood, Victor 
209 Kewanee then direct Mindo, Gulfport, Climb and 
maintain 4,000, Squawk 0321.” 


10-31 


Read back the clearance and review the DP. Although a 
departure frequency was not given in the clearance, note that 
on the DP, the departure control frequency is listed as 123.8 
for the southern sector. Since a departure from runway 24 

anticipated, note the instruction to climb to 2,100 prior 
to turning. After tuning in the appropriate frequencies and 
setting up navigation equipment for the departure routing, 
contact ground control (noting that this is IFR) and receive 
the following clearance: 


“Cessna 1230A taxi to runway 24 via taxiway 
Mike. 


Read back the clearance and aircraft call sign. After a review 
of the taxi instructions on the airport diagram, begin to taxi 
and check the flight instruments for proper indications. 


Hold short of runway 24 and complete the before takeoff 
checklist and engine run-up. Advise the tower when ready 
for takeoff. The tower gives the following clearance: 


“Cessna 30A cleared for takeoff runway 24. 
Caution wake turbulence from 737 departing to the 
northwest.” 


‘Taxi into position. Note the time off on the navigation log, 
verify that the heading indicator and magnetic compass are 
in agreement, the transponder is in the ALT position, all the 
necessary lights, equipment, and pitot heat are on. Start the 
takeoff roll, To avoid the 737’s wake turbulence, make note 
of its lif off point and take off prior to that point. 


En Route 
After departure, climb straight ahead to 2,100 feet as directed 
by the Birmingham Three Departure. While continuing a 
climb to the assigned altitude of 4,000 feet, the following 
instructions are received from the tower: 


“Cessna 30A contact Departure.” 


Acknowledge the clearance and contact departure on the 
frequency designated by the DP. State the present altitude 
so the departure controller can check the encoded altitude 
against indicated altitude: 
“Birmingham Departure Cessna 1230A climbing 
through 2,700 heading 240.” 


Departure replies: 
“Cessna 30A proceed direct to Brookwood and resume 


‘own navigation, Contact Atlanta Center on 134.05.” 


Acknowledge the clearance, contact Atlanta Center and 
proceed direct to Brookwood VORTAC, using the IFR- 
approved GPS equipment. En route to Kewanee, VORTAC 
Atlanta Center issues the following instructions: 
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“Cessna 1230A contact Memphis Center on 
125.975." 


Acknowledge the instructions and contact Memphis Center 
with aircraft ID and present altitude. Memphis Center 
acknowledges contact: 


“Cessna 1230A, Meridian altimeter is 29.87. Traffic 
at your 2 o’clock and 6 miles is a King Air at 5,000 
climbing to 12,000.” 


Even when on an IFR flight plan, pilots are still responsible 
for sceing and avoiding other aircraft. Acknowledge the call, 
from Memphis Center and inform them of negative contact, 
with traffic due to IMC, 


“Roger, altimeter setting 29.87. Cessna 1230A is in 
IMC negative contact with traffic.” 


Continue the flight, and at each fix note the arrival time on 
the navigation log to monitor progress. 


‘To get an update of the weather at the destination and issue 
a pilot report, contact the FSS servicing the area. To find 
the nearest AFSS, locate a nearby VOR and check above 
the VOR information box for a frequency. In this case, the 
nearest VOR is Kewanee VORTAC which lists a receive- 
only frequency of 122.1 for Greenwood FSS. Request a 
frequency change from Memphis and then attempt to contact, 
Greenwood on 122.1 while listening over the Kewanee 
VORTAC frequency of 113.8: 


“Greenwood Radio Cessna 1230 receiving on 
frequency 113.8, over.” 


“Cessna 30A, this is Greenwood, go ahead.” 


“Greenwood Radio, Cessna 30A is currently 30 miles 
south of the Kewanee VORTAC at 4,000 feet en 
route to Gulfport. Requesting an update of en route 
conditions and current weather at GPT, as well as 
PNS.” 


“Cessna 30A, Greenwood Radio, current weather at 
Gulfport is 400 overcast with 3 miles visibility in light 
rain, The winds are from 140 at 7 and the altimeter 
is 29.86. Weather across your route is generally IFR 
in light rain with ceilings ranging from 300 to 1,000 
overcast with visibilities between 1 and 3 miles. 
Pensacola weather is much better with ceilings now 
at 2,500 and visibility 6 miles. Checking current 
NOTAMS at GPT shows the localizer out of service 
and runway 18/36 closed.” 


“Roger, Cessna 30A copies the weather. I have a 
PIREP when you are ready to copy.” 


“Cessna 30A go ahead with your PIREP” 


“Cessna 30A isa Cessna 182 located on the Kewanee 
195° radial at 30 miles level at 4,000 feet. 1 am 
currently in IMC conditions with a smooth ride. 
Outside air temperature is plus 1° Celsius. Negative 
icing.” 


“Cessna 30A thank you for the PIREP” 


With the weather check and PIREP complete, return to 
Memphis Center: 
“Memphis Center, Cessna 1230A is back on your 
frequency.” 


“Cessna 1230A, Memphis Center, roger, contact 
Houston Center now on frequency 126.8.” 


“Roger, contact Houston Center frequency 126.8, 
Cessna 12304.” 


“Houston Center, Cessna 1230A level at 4,000 
feet.” 


“Cessna 30A, Houston Center area altimeter 29.88.” 


Arrival 
40 miles north of Gulfport, tune in ATIS on number two 
communication radio. The report reveals there has been no 
change in the weather and ATIS is advertising ILS runway 
14 as the active approach 


Houston Center completes a hand off to Gulfport approach 
control with instructions to contact approach: 

“Gulfport Approach, Cessna 1230A level 4,000 feet 
with information TANGO. Request GPS Runway 14 
approach.” 


“Cessna 30A, Gulfport Approach, descend and 
‘maintain 3,000 feet.” 


“Descend to 3,000, Cessna 30A.” 


Begin a descent to 3,000 and configure your navigation 
radios for the approach. The GPS will automatically change 
from the en route mode to the terminal mode, This change 


will affect the sensitivity of the CDI. Tune in the VORTAC 
frequency of 109.0 on the number one navigation radio, and 
set in the final approach course of 133° on the OBS. This, 
setup will help with situational awareness should the GPS 
lose signal, 


“Cessna 30A your position is 7 miles from MINDO, 
‘maintain 3,000 fect until MINDO, cleared for the GPS 
runway 14 approach.” 


Read back the clearance and concentrate on flying the aircraft 
At MINDO descend to 2,000 as depicted on the approach 
chart. At BROWA turn to the final approach course of 
133°. Just outside the Final Approach Way Point (FAWP) 
AVYUM, the GPS will change to the approach mode and 
the CDI will become even more sensitive. Gulfport approach 
control issues instructions to contact Gulfport tower: 


“Cessna 30A contact Tower on 123.7.” 
“123.7, Cessna 30A.” 


“Tower, Cessna 1230A outside AVYUM on the GPS. 
runway 14.” 


“Cessna 30A Gulfport Tower, the ceiling is now 600 
overcast and the visibility is 4 miles.” 


“Cleared to land runway 14, Cessna 30A.” 


Continue the approach, complete the appropriate checklists, 
cross AVYUM, and begin the final descent. At 700 feet MSL. 
visual contact with the airport is possible. Slow the aircraft 
and configure it to allow a normal descent to landing. As 
touch down is completed, Gulfport Tower gives further 
instructions: 


“Cessna 30A turn left at taxiway Bravo and contact 
ground on 120.4.” 


“Roger, Cessna 30.” 
‘Taxi clear of the runway and complete the appropriate 


checklists. The Tower will automatically cancel the IFR 
flight plan. 
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How To Solder: A Beginner’s Guide 


Learning how to solder w/ proper soldering techniques is 


a fundamental skill every maker should master. In this 
tutorial, we outline the basics of soldering irons, soldering 
stations, types of solder, desoldering and safety tips. 
Whether you're building a robot or working with Arduino, 
knowing how to solder will come in handy. 


FREE EBOOK (PDF) - Learn To Solder Guide (17 
pages) 


What Is Soldering? 


If you were to take apart any electronic device that 
contains a circuit board, you'll see the components are 
attached using soldering techniques. Soldering is the 
process of joining two or more electronic parts together 
by melting solder around the connection. Solder is a 


hitps:iAwww makerspaces.com/how-to-solder! ane 
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perations 


‘Changing weather conditions, ai traffic control (ATC), the 
aircraft, and the pilot are all variables that make instrument 
in unpredictable and challenging operation. The safety 
Wight depends upon the pilot’s ability to manage these 


events related to unforecasted, adverse weather; 
n malfunctions; communication/navigation 


tions; and loss of situational awareness. 


Unforecast Adverse Weather 

Inadvertent Thunderstorm Encounter 

A pilot should avoid flying through a thunderstorm of any 
intensity. However, certain conditions may be present that 
could lead to an inadvertent thunderstorm encounter. For 
example, flying in areas where thunderstorms are embedded 
in large cloud masses may make thunderstorm avoidance 
difficult, even when the aircraft is equipped with thunderstorm 
detection equipment. Therefore, pilots must be prepared to 
deal with an inadvertent thunderstorm penetration. At the 
very least, a thunderstorm encounter subjects the aircraft to 
turbulence that could be severe. The pilot and passengers 
‘should tighten seat belts and shoulder harnesses and secure 
any loose items in the cabin, 


As with any emergency, the first order of business during 
an inadvertent thunderstorm encounter must be to fly the 
aircraft. The pilot workload is heavy; therefore, increased 
concentration is necessary to maintain an instrument scan. 
Ifa pilot inadvertently enters a thunderstorm, it is better to 
maintain a course straight through the thunderstorm rather 
than turning around, A straight course minimizes the amount 
of time in the thunderstorm and turning maneuvers only 
increase structural stress on the aircraft. 


Reduce power to a setting that maintains a speed at the 
recommended turbulence penetration speed as described in the 
Pilot's Operating Handbook/Airplane Flight Manual (POH/ 
AFM), and try to minimize additional power adjustments, 
Concentrate on maintaining a level attitude while allowing 
airspeed and altitude to fluctuate. Similarly, if using the 
autopilot, disengage the altitude hold and speed hold modes, 
as they only increase the aircraft's mancuvering—thereby 
increasing structural stress, 


During a thunderstorm encounter, the potential for icing 
also exists. As soon as possible, turn on anti-icing/deicing 
equipment and carburetor heat, if equipped. Icing can be 
rapid at any altitude and may lead to power failure and/or 
loss of airspeed indication, 


Lightning is also present in a thunderstorm and can 
temporarily blind a pilot. To reduce this risk, turn up flight 
deck lights to the highest intensity, concentrate on the flight 
instruments, and resist the urge to look outside. 


Inadvertent Icing Encounter 
Because icing is unpredictable in nature, pilots may find 
themselves in icing conditions even though they have done 
everything practicable to avoid it. In order to stay alert to this, 
possibility while operating in visible moisture, pilots should 
‘monitor the outside air temperature (OAT). 


The effects of ice on aircraft are cumulative—thrust is, 
reduced, drag increases, lift lessens, and weight increases. 
‘The results are an increase in stall speed and a deterioration 
of aircraft performance. In extreme cases, two to three inches 
of ice can form on the leading edge of the airfoil in less than 
5 minutes. It takes only 1/2 inch of ice to reduce the lifting 
power of some aircraft by 50 percent and increases the 
frictional drag by an equal percentage. 


A pilot can expect icing when flying in visible precipitation, 
such as rain or cloud droplets, and the temperature is 
between +02 and -10° Celsius. When icing is detected, a 
pilot should do one of two things, particularly ifthe aircraft 
is not equipped with deicing equipment: leave the area of 
precipitation or go to an altitude where the temperature is, 
above freezing. This “warmer” altitude may not always be 
a lower altitude. Proper preflight action includes obtaining 
information on the freezing level and the above-freezing 
levels in precipitation areas, 


If neither option is available, consider an immediate landing 
at the nearest suitable airport. Even if the aircraft is equipped 
with anti-icing/deicing equipment, itis not designed to allow 
aircraft to operate indefinitely in icing conditions. Anti- 
icing/deicing equipment gives pilot more time to get out of 
the icing conditions. Report icing to ATC and request new 
routing or altitude, Be sure to report the type of aircraft, and 
use the following terms when reporting icing to ATC: 


1. Trace, Ice becomes perceptible. Rate of accumulation 
is slightly greater than sublimation. Deicing/anti-icing 
equipment is not utilized unless encountered for an 
extended period of time (over 1 hour). 


2. Light. The rate of accumulation may create a problem 
if flight is prolonged in this environment (over 1 
hour). Occasional use of deicing/anti-icing equipment 
removes/prevents accumulation. It does not present a 
problem if deicing/anti-icing equipment is used, 
‘Moderate, The rate of accumulation is such that even 
short encounters become potentially hazardous and 
use of deicing/anti-icing equipment or flight diversion 
is necessary 

4. Severe. The rate of accumulation is such that deicing/ 
anti-icing equipment fails to reduce or control the 
hazard. Immediate flight diversion is necessary. 


Early ice detection s critical and is particularly difficult during 
night flight. Use a flashlight to check for ice accumulation on 
the wings. At the first indication of ice accumulation, take 
action to get out of the icing conditions. Refer to the POH/ 
AFM for the proper use of anti-icing/deicing equipment. 


Figure 11-1. St. Elmo's Fire is harmless but may affect both communication and navigation radios, especially the lower frequencies 


such as those used on the ADE. 


Precipitation Static 
Precipitation static, often referred to as P-static, occurs 
when accumulated static electricity is discharged from the 
extremities of the aircraft. This discharge has the potential 
to create problems for the instrument pilot. These problems 
range from the serious, such as erroneous magnetic compass 
readings and the complete loss of very high frequency (VHF) 
communications to the annoyance of high-pitched audio 
squealing and St. Elmo’s fre. [Figure 1-1] 


Precipitation static is caused when an aircraft encounters 
airborne particles during flight (e.g., rain or snow), 
and develops a negative charge. It can also result from 
atmospheric electric fields in thunderstorm clouds. When 
a significant negative voltage level is reached, the aircraft 
discharges it, which can create electrical disturbances. This, 
electrical discharge builds with time as the aircraft flies in 
precipitation. It is usually encountered in rain, but snow can 
cause the same effect. As the static buildup increases, the 
effectiveness of both communication and navigation systems, 
decreases to the point of potential unusability 


‘To reduce the problems associated with P-static, the pilot 
should ensure the aircraft's static wicks are properly maintained 
‘and accounted for, Broken or missing static wicks should be 
replaced before an instrument flight. /Figure 11-2] 


Aircraft System Malfunctions 


Preventing aircraft system malfunctions that might lead 
to an inflight emergency begins with a thorough preflight 
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Figure 14-2. One example of a static wick installed on aircraft 
control surface to bleed off static charges built up during flight 
This will prevent staie buildup and St. Elmo's fire by allowing 
the static electricity to dissipate harmless 


inspection. In addition to those items normally checked 
prior to a visual flight rules (VFR) flight, pilots intending to 
fly under instrument flight rules (IFR) should pay particular 
altention to the alternator belt, antennas, static wicks, anti- 
icing/deicing equipment, pitot tube, and static ports. 


During taxi, verify the operation and accuracy of all fight 
instruments. In addition, during the run-up, verify that the 
operation of the pneumatic system(s) is within acceptable 
parameters. Its critical that all systems are determined to be 
operational before departing into IFR conditions. 


Electronic Flight Display Malfunction 
When a pilot becomes familiar and comfortable with the 
new electronic displays, he or she also tends to become more 
reliant on the system. The system then becomes a primary 
source of navigation and data acquisition instead of the 
supplementary source of data as initially intended. 


Complete reliance on the moving map for navigation becomes. 
a problem during a failure of one, more, or all of the flight 
display sereens. Under these conditions, the systems revert to 
‘a composite mode (called reversionary), which eliminates the 
moving map display and combines the PFD with the engine 


‘Display Failure / Reversionary Mode 


indicating system. [Figure 11-3] If pilot has relied on the 
display for navigation information and situational awarene: 
heorshe lacks any concept of critical data such as the aircraft's 
position, the nearest airport, or proximity to other aircraft 


‘The electronic flight display is a supplementary source of 
navigation data and does not replace en route charts. To 
‘maintain situational awareness, a pilot must follow the flight 
‘onthe en route chart while monitoring the PFD. Itis important 
for the pilot to know the location of the closest airport as 
well as surrounding traffic relative to the location of his or 
her aircraft. This information becomes critical should the 
electronic flight display fail 


For the pilot who utilizes the electronic database as a 
substitute for the Airport Facilities Directory, screen failure 
or loss of electrical power can mean the pilot is no longer 
able to access airport information. Once the pilot loses the 
ability to call up airport information, aeronautical decision- 
‘making is compromised. 


Alternator/Generator Failure 
Depending upon the aircraft being flown, an alternator failure 
is indicated in different ways. Some aircraft use an ammeter 


3. G1000 PED display in normal mode and in the reversionary mode activated upon system failure. 


Figure 11-4. Ammeter (left) and Loadmeter (righ). 


that indicates the state of charge or discharge of the battery. 
[Figure 11-4] A positive indication on the ammeter indicates 
aa charge condition; a negative indication reveals a discharge 
condition. Other aircraft use a load meter to indicate the load 
being carried by the alternator. [Figure 11-4] 


‘Sometimes an indicator light is also installed in the aircraft to 
alert the pilot to an alternator failure. On some aircraft such 
as the Cessna 172, the light is located on the lower left side 
‘making it difficult to see its illumination if charts are open 
Ensure that these safety indicators are visible during flight. 


‘When a loss of the electrical charging system is experienced, 
the pilot has approximately 40 minutes of battery life 
remaining before the system fails entirely. The time 
‘mentioned is an approximation and should not be relied upon 
a specific to all aircraft. In addition, the battery charge that 
exists in a battery may not be full, altering the time available 
before electrical exhaustion occurs. At no time should a pilot 
consider continuing a flight once the electrical charging 
system has failed, Land at the nearest suitable airport. 


Techniques for Electrical Usage 
Master Battery Switch 

One technique for conserving the main battery charge is 
to fly the aircraft to the airport of intended landing whil 
operating with minimal power. If a two-position battery 
‘master/altemnator rocker switch [Figure 11-5] is installed, it 
can be utilized to isolate the main battery from the electrical 
system and conserve power. 


Operating on the Main Battery 
While en route to the airport of intended landing, reduce the 
clectrical load as much as practical. Turn off all unnecessary 
electrical items such as duplicate radios, non-essential 
lighting, etc, I'unable to tum off radios, lights, etc. manually, 


consider pulling circuit breakers to isolate those pieces of 
equipment from the electrical system. Maximum time of 
useful voltage may be between 30 and 40 minutes and is 
influenced by many factors, which degrade the useful time. 


Loss of Alternator/Generator for Electronic Flight 
Instrumentation 

With the increase in electrical components being installed 
in modern technically advanced aircraft, the power supply 
and the charging system need increased attention and 
understanding. Traditional round dial aircraft do not rely 
as heavily on electrical power for the primary six-pack 
instrumentation, Modern electronic flight displays utilize the 
electrical system to power the AHRS, ADC, engine indicating 
system (EIS), ete. A loss of an altemator or generator was. 
considered an abnormality in traditionally equipped aircraft; 
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Figure 11-5. Double Rocker Switch Seen on Many Aircraft 


however, a failure of this magnitude is considered an 
emergency in technically advanced aircraft. 


Due to the increased demand for electrical power, it is 
necessary for manufacturers to install a standby battery in 
conjunction with the primary battery. The standby battery is 
held in reserve and kept charged in case of a failure of the 
‘charging system and a subsequent exhaustion of the main 
battery. The standby battery is brought online when the main 
battery voltage is depleted to a specific value, approximately 
19 volts. Generally, the standby battery switch must be in the 
ARM position for this to occur but pilots should refer to the 
aircraft flight manual for specifics on an aircraft's electrical 
system, The standby battery powers the essential bus and 
allows the primary flight display (PFD) to be utilized. 


‘The essential bus usually powers the following 
components: 


1, AHRS (Attitude and Heading Reference System) 
2. ADC (Air Data Computer) 

3. PED (Primary Flight Display) 

4, Navigation Radio #1 

5, Communication Radio #1 


6. Standby Indicator Light 


Techniques for Electrical Usage 
Standby Battery 

One technique for conserving the main battery charge is 
to fly the aircraft to the airport of intended landing while 
using the standby battery. A two-position battery master/ 
alternator rocker switch is installed on most aircraft with 
electronic flight displays, which can be utilized to isolate 
the main battery from the electrical system. By switching the 
MASTER side off, the battery is taken offline and the standby 
battery comes online to power the essential bus. However, 
the standby battery switch mast be in the ARM position for 
this to occur. (Figure 11-6] Utilization of the standby battery 
first reserves the main battery for use when approaching to 
land. With this technique, electrical power may be available 
forthe use of flaps, gear, lights, etc. Do not rely on any power 
tobe available afier the standby battery has exhausted itself 
Once the charging system has failed, light with a powered 
electrical system is not guaranteed. 


Operating on the Main Battery 
While en route to the aisport of intended landing, reduce the 
electrical load as much as practical. Turn off all unnecessary 
electrical items such as duplicate radios, non-essential 
lighting, ete. unable to turn off radios, lights, etc., manually, 
consider pulling circuit breakers to isolate those pieces of 
equipment from the electrical system. Keep in mind that 
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once the standby battery has exhausted its charge, the flight 
deck may become very dark depending on what time of 
day the failure occurs. The priority during this emergency 
situation is landing the aircraft as soon as possible without 
jeopardizing safety. 


A standby attitude indicator, altimeter, airspeed indicator 
(ASI) and magnetic compass are installed in each aircraft 
for use when the PFD instrumentation is unavailable. 
[Figure 11-7] These would be the only instruments left 
available to the pilot. Navigation would be limited o pilotage 
and dead reckoning unless a hand-held transceiver with a 
GPS/navigation function is onboard. 


Once an alternator failure has been detected, the pilot must 
reduce the electrical load on the battery and land as soon as 
practical. Depending upon the electrical load and condition 
of the battery, there may be sufficient power available for 
45 minutes of flight—or for only a matter of minutes. Pilots, 
should also know which systems on the aircraft are electric and 
those that continue to operate without electrical power. Pilots, 
can attempt to troubleshoot alternator failure by following 
the established alternator failure procedure published in the 
POH/AFM. If the alternator cannot be reset, advise ATC of 
the situation and inform them of the impending electrical 
failure 


Analog Instrument Failure 


Awarning indicator or an inconsistency between indications 
on the attitude indicator and the supporting performance 
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Figure 11-8. Note the double rocker switch ana the standby battery 
switch inthis aircraft. The standby battery must be armed to work 
correctly; arming should be done prior to departure 


Figure 14-7. Emergency Instrumentation Available to the Pilot on Electronic Flight Instrumented Aircraft 


instruments usually identifies system or instrument failure. 
Aircraft control must be maintained while identifying the 
failed component(s). Expedite the cross-check and include 
all flight instruments. The problem may be individual 
instrument failure or a system failure affecting multiple 
instruments. 


One method of identification involves an immediate 
comparison of the attitude indicator with the rate-of-tum 
indicator and vertical speed indicator (VSI). Along with 
providing pitch-and-bank information, this technique 
‘compares the static system with the suction or pressure system. 
and the electrical system. Identify the failed component(s) 
and use the remaining functional instruments to maintain 
aireraft control. 


Attempt to estore the inoperative component(s) by checking 
the appropriate power source, changing to a backup or 
alternate system, and resetting the instrument if possible. 
Covering the failed instrument(s) may enhance a pilot's 
ability to maintain aircraft control and navigate the aireraft. 
Usually, the next step is to advise ATC of the problem and, 
if necessary, declare an emergency before the situation 
deteriorates beyond the pilot's ability to recover. 


Pneumatic System Failure 


One possible cause of instrument failure is a loss of the 
suction or pressure source. This pressure or suction is 


supplied by a vacuum pump mechanically driven off the 
engine. Occasionally these pumps fil, leaving the pilot with 
‘nopertive attitude and heading indicators. 


Figure 11-8 illustrates inoperative vacuum driven attitude 
and heading indicators which can fail progressively. As the 
‘gyroscopes slow down they may wander, which, if connected 
to the autopilot and/or flight director, can cause incorrect 
movement or erroneous indications. In Figure 11-8, the 
aircraft is actually level and at 2,000 fect MSL. It is not in 
‘turn to the left which the pilot may misinterpret if he or 
‘she fails to see the off or failed flags. If that occurs, the pilot 
‘may transform a normally benign situation into a hazardous 
situation, Again, good decision-making by the pilot only 
‘occurs after a careful analysis of systems. 


Many small aireraft are not equipped with a warning system 
for vacuum failure; therefore, the pilot should monitor the 
system’s vacuum/pressure gauge. This can be a hazardous 
situation with the potential to lead the unsuspecting pilot into 
a dangerous unusual attitude which would require a partial 
panel recovery. It is important that pilots practice instrument 
‘light without reference to the attitude and heading indicators 
in preparation for such a failure. 


Pitot/Static System Failure 


A pitot or static system failure can also cause erratic and 
unreliable instrument indications. When a static system 
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Vacuum Failure 


Figure 11+ 


problem occurs, it affects the ASI, altimeter, and the VSI 
In most aircraft, provisions have been made for the pilot to 
select an alternate static source. Check the POH/AFM for 
the location and operation of the alternate static source, In 
the absence of an alternate static source, in an unpressurized 
aircraft, the pilot could break the glass on the VSI. The VSI 
is not required for instrument flight, and breaking the glass 
provides the altimeter and the ASI a source of static pressure. 
‘This procedure could cause additional instrument errors, 


Avionics equipment has become very reliable, and the 
likelihood of a complete communications failure is remote. 
However, each IFR flight should be planned and executed in 
anticipation of a two-way radio failure. At any given point 
during a flight, the pilot must know exactly what route to fly, 
\what altitude to fly, and when to continue beyond a clearance 
limit. Title 14 of the Code of Federal Regulations (14 CFR) 
part 91 describes the procedures to be followed in case of a 
‘two-way radio communications failure. If operating in VER 
conditions at the time of the failure, the pilot should continue 
the flight under VFR and land as soon as practicable. If the 
failure occurs in IFR conditions, or if VER conditions cannot 
be maintained, the pilot must continue the flight: 

1. Along the route assigned in the last ATC clearance 

received; 
2. If being radar vectored, by the direct route from the 


point of radio failure tothe fix, route, or airway specified 
in the vector clearance; 


rere 


©00000 


3. In the absence of an assigned route, by the route 
that ATC has advised may be expected in a further 
clearance; or 

4. Inthe absence of an assigned route ora route that ATC 
has advised may be expected in a further clearance, 
by the route filed in the flight plan 


The pilot should maintain the highest of the following 
altitudes or flight levels for the route segment being flown: 


1. The altitude or flight level assigned in the last ATC 
clearance received; 


‘The minimum altitude (converted, if appropriate, to 
minimum flight level as prescribed in part 91 for IFR 
operations); or 


3. The altitude or flight level ATC has advised may be 
expected in a further clearance. 


In addition to route and altitude, the pilot must also plan the 
progress of the flight to leave the clearance limit 
1. When the clearance limit is a fix from which an 
approach begins, commence descent or descent 
and approach as close as possible to the expect- 
further-clearance time if one has been received. [Fan 
expect-further-clearance time has nat been received, 
‘commence descent or descent and approach as close as 
possible to the estimated time of arrival as calculated 
from the filed or amended (with ATC) estimated time 
cn route, 


2. If the clearance limit is not a fix from which an 


approach begins, leave the clearance limit at the 
cexpect-further-clearance time if one has been received, 
If no expect-further-clearance time has been received, 
leave the clearance limit upon arrival over it, and 
proceed to a fix from which an approach begins and 
descent or descent and approach as clase as, 
possible to the estimated time of arrival as calculated 
from the filed or amended (with ATC) estimated time 
cen route. [Figure 11-8] 


While following these procedures, set the transponder to 
code 7600 and use all means possible to reestablish two-way 
radio communication with ATC. This includes monitoring 
navigational aids (NAVAIDs), attempting radio contact with 
other aircraft, and attempting contact with a nearby automated 
flight service station (AFSS). 


GPS Nearest Airport Function 

Procedures for accessing the nearest airport information 
vary by the type of display installed in an aircraft. Plots can 
obtain information relative tothe nearest aizport by using the 
PFD, MFD, o the nearest function on the GPS receiver. The 
following examples are based on a popular system, Pilots 
should become familiar with the operational characteristics 
of the equipment to he used. 


108.00 
110.60 


Figure 14-9, The default soft key menu that is displayed on the PED contains a 


key opens a text box which displays the nearest 25 airports 


Nearest Airports Using the PFD 
With the advancements in electronic databases, diverting to 
alternate airports has become easier. Simply by pressing.a soft 
key om the PFD, pilots can access information for up to 25 of 
the nearest airports that meet the criteria set in the systems 
configuration page. /Figure 11-9] Pilots are able to specify 
what airports are acceptable for their aircraft requirements 
based on landing surface and length of runway 


When the text box opens, the flashing cursor is located over 
the nearest airport that meets the criteria set in the auxiliary 
setup page as shown in Figure 11-10. Scrolling through the 
25 airports is accomplished by turning the outer FMS knob, 
which is located on the lower right corner of the display 
screen, Turning the FMS knob clockwise maves the blinking 
cursor to the next closest airport. By continuing to turn the 
knob, the pilot is able to scroll through all 25 nearest airports. 
Each airport box contains the information illustrated in 
Figure 11-11, which the pilot can utilize to determine which 
airport best suits their individual needs. 


Additional Information for a Specific Airport 
In addition to the information that is presented on the first 
screen, the pilot can view additional information as shown in 
Figure 11-12 by highlighting the airport identifier and then 
pressing the enter key 


NRST” (Nearest Airport) softkey. Pressing this soft 
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using a desoldering tool as described below. 


[4 Solder 


ra 


‘Soldering Iron 


f_-Coppar Pad 


Cireult Board eB. 


materpoesa cornet akser 


Soldering Tools 


The good thing about learning how to solder is the fact 
that you don't need a lot to get started. Below we'll 
outline the basic tools and materials you will need for 


most of your soldering projects. 


A soldering iron is a hand tool that plugs into a standard 
120v AC outlet and heats up in order to melt solder 
around electrical connections. This is one of the most 
important tools used in soldering and it can come in a few 
variations such as pen or gun form. For beginners, it's 
recommended that you use the pen style soldering iron in 
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Figure 11-10, enlargement ofthe bax shown nthe lower ight 
of Figure 1-9. Noe tha KGNV would be flashing 
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Figure 14-11. Information shown om the newrest ainport page 


‘port enter) 
Aiport symbol 
Closest cy 


LavLong coordinates 
—— 


Figure 1112. Information shown on the «ditional information 
page that will aid the pilot in making a more informed decision 
‘about which airport to choose when diverting. 
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From this menu or the previous default nearest airport screen, 
the pilot is able to activate the Direct-To function, which 
provides a direct GPS course to the airport. In addition, 
the pilot can auto-tune communication frequencies by 
highlighting the appropriate frequency and then pressing 
the enter key. The frequency is placed in the stand-by box 
of cither COMI or COM2, whichever frequency has the 
cyan box around it 


Nearest Airports Using the MFD 
‘A second way to determine the nearest airport is by 
referencing the NRST Page Group located on the MED. This 
‘method provides additional information tothe pilot; however, 
it may require additional steps to view. [Figure 11-13] 


Navigating the MFD Page Groups 
Most display systems are designed for ease of navigation 
through the different screens on the MFD. Notice the 
various page groups in the lower right-hand corner of the 
MED screen. Navigation through these four page groups 
is accomplished by turning the outer FMS knob clockwise. 
[Figure 11-14] 


Within cach page group are specific pages that provide 
additional information pertaining to that specific group. Once 
the desired page group and page is selected, the MFD remains 
in that configuration until the page is changed or the CLR 
bution is depressed for more than 2 seconds, Holding the CLR 
button returns the display to the default moving map page. 


Nearest Airport Page Group 
‘The nearest airport page contains specific areas of interest 
for the aiport selected. (Figure 11-15} The pilot is furnished 
information regarding runways, frequencies, and types of 
approaches available. 


Nearest Airports Page Soft Keys 
Figure 11-16 illustrates four specific soft keys that allow 
the pilot to access independent windows of the airport pa 
Selection of each ofthese windows can also be accomplished 
by utilizing the MENU hard key 


‘The soft keys and functions are as follows: Scroll through 
cach section with the cursor, then press enter to accept the 


1. APT. Allows the user access to scroll through the 
25 nearest airports. The white arrow indicates which 
airport is selected. The INFORMATION window 
is slaved to the white arrow, The INFORMATION 
‘window decodles the airport identifier. Scroll through 
the 25 airports by turning the outer FMS knob, 


Figure 19-13, The MFD is another means of viewing the nearest airports 


RNWY. Moves the cursor into the Runways section 
and allows the user to scroll through the available 
runways at a specific airport that is selected in 
conjunction with the APT soft key. A green arrow 
indicates additional runways to view. 


3. FREQ. Moves the cursor into the Frequencies section 


and allows the pilot to highlight and auto-tune the 
frequency into the selected standby box. 


4. APR. Moves the cursor into the Approach section and 
allows the pilot to review approaches and load them 
into the flight plan, When the APR soft key is selected, 
aan additional soft key appears. The LD APR (Load 
Approach) soft key must be pressed once the desired 
instrument approach procedure has been highlighted. 
Once the soft key is pressed, the ser sto the 
PROC Page Group. From this page the pilot is able to 
choose the desired approach, the transition, and choose 
the option to activate the approach or just load it into 
the flight plan. 


ational Awareness 


tuational awareness (SA) is not simply a mental picture of, 


aireraft location; rather, itis an overall assessment of each 
clement of the environment and how it affects a flight. On one 


end of the SA spectrum is a pilot who is knowledgeable of 
every aspect ofthe flight; consequently, ths pilot's d 
making is proactive. With good SA, this pilot is able to make 
decisions well ahead of time and evaluate several different 
options. On the other end of the SA spectrum is a pilot who 
is missing important pieces of the puzzle: “I knew exactly 
where I was when I ran out of fuel.” Consequently, this 
pilot's decision-making is reactive. With poor SA, a pilot 
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Figure 11-14, Page Groups. As the FMS outer knob i rated, the 
current page group is indicated by highlighting the specific group 
indicator Notice that the MAP page group is highlighted. 
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Figure 11-18. The page group of nearest airports has been selected. 


lacks a vision of future events and is forced to make decisions 
quickly, often with limited options. 


During a typical IFR flight, a pilot operates at varying levels 
of SA. For example, a pilot may be cruising to his or her 
destination with a high level of SA when ATC issues an 
unexpected standard terminal arrival route (STAR). Since the 


pilot was not expecting the STAR and is not familiar with it, 
SA is lowered. However, after becoming familiar with the 
STAR and resuming normal navigation, the pilot returns to 
aa higher level of SA. 


Factors that reduc distractions, unusual or 


A include: 
unexpected events, complacency, high workload, unfamiliar 
situations, and inoperative equipment. In some situations, a 


loss of SA may be beyond a pilot's control. For example, a 
pneumatic system failure and associated loss of the attitude 
and heading indicators could cause a pilot to find his or her 
aircraft in an unusual attitude. In this situation, established 
procedures must be used to regain SA. 


Pilots should be alert to a loss of SA anytime they are in a 
ive mindset. To regain SA, reassess the situation and 


seck additional information from other sources, such as the 
navigation instruments or ATC. 


11-12 


ARR 123.800 "118.000 


Traffic Avoidance 
Electronic flight displays have the capability of displaying 
transponder-equipped aircraft on the MED as well as the 
inset map on the PFD. However, due to the limitations of the 
systems, not all traffic is displayed. Some TIS units display 

ly eight intruding targets within the service volume. The 
normal service volume has altitude limitations of 3,500 feet 


below the aircraft to 3,500 feet above the aircraft. The lateral 
limitation is 7 NM. [Figure 11-17] Pilots unfamiliar with the 
limitations of the system may rely on the aural warnings to 
alert them to approaching t 


In addition to an outside visual scan of traffic, a pilot should 
incorporate any Traffic Information electronically displayed 
such as TIS. This innovation in traffic alerting reinforces and 
adds synergy to the ability to see and avoid. However, itis, 
an aid and not a replacement for the responsibilities of the 
pilot. Systems such as TIS provide a visual representation 
of nearby traffic and displays a symbol on the moving map 
display with relative information about altitude, vertical 
trends, and direction of flight. [Figure 11-18] 


It is important to remember that most systems display only a 
specific maximum number of targets allowed. Therefore, it 


‘assional runway 
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Figure 19-16. The four soft keys atthe bottom of the MED are airport (A), runveay (B), frequency (C), and approach (D). 
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Figure 11-17. 
Using TIS 


Figure 11 
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Typical Display on Aircraft MED When Using TIS. 


does not mean thatthe targets displayed are the only aircraft 
in the vicinity, The system displays only the closest aircraft. 
In addition, the system does not display aircraft that are not 
equipped with transponders. The display may not show any 
aircraft; however, a Piper Cub with no transponder could be 
flying in the area, TIS coverage can be sporadic and is not 
available in some areas of the United States. Traffic advisory 
software is to be utilized only for increased situational 
awareness and not the sole means of trafficavoidance. There is, 
no substitute for a good visual scan of the surrounding sky 
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Appendix A 


Clearance Shorthand 


‘The following shorthand system is recommended by the 
Federal Aviation Administration (FAA). Applicants for the 
instrument rating may use any shorthand system, in any 
language, which ensures accurate compliance with air traffic 
control (ATC) instructions. No shorthand system is required 
by regulation and no knowledge of shorthand is required for 
the FAA Knowledge Test; however, because of the vital need 
for reliable communication between the pilot and controller, 
clearance information should be unmistakably clear. 


‘The following symbols and contractions represent words 
and phrases frequently used in clearances. Most are used 
regularly by ATC personnel. By practicing this shorthand, 
‘omitting the parenthetical words, you will be able to copy 
long clearances as fast as they are read. 


Example: CAF M+ RH RV V18 140 $0 0700 DPC 120.4 
Cleared as fled, maintain runway heading for radar vector 
to Victor 18, climb to 4,000, squawk 0700, departure control 
frequency is 1204. 


Words and Phrases Shorthand 
Above ABV 
‘Above (Altitude, Hundreds of Fet) 70 
‘Adjust speed to 250 knots 250K 
Advis DZ 
‘ter (Passing) < 
‘Airway (Designation. V26 
Airport A 
Alternate Instructions. oO 
‘Altitude 6,000-17,000 0.170 
And & 
Approach AP 
‘Approach Contol ‘APC 
‘Area Navigation RNAV 
Amiving 4 
AL @ 
Alor Above L 
‘Ator Below cs 
(ATC) Advises cA 
(ATC) Clears or Cleared c 
(ATC) Requests cr 


Back Course 
Bearing 

Before (Reaching, Passing) 

Below 

Below (Altitude, Hundreds of Feet) 
Center 

Clearance Void if Not Off By (Time) 
Cleared as Filed. 

Cleared to Airport 


Cleared to Climb/Descend at Pilot's Discretion 


Cleared to Cross. 
Cleared to Depart From the Fix 
Cleared to the Fix. 

Cleared to Hold and Instructions Issued 
Cleared to Land. 

Cleared to the Outer Marker 

Climb to (Altitude, Hundreds of Feet) 
Contact Approach 

Contact (Denver) Approach Control 
Contact (Denver) Center. 

Course 


Cross 
Cru 
Delay Indefinite 
Depart (Direction, if Specified) 
Departure Control 
Descend To (Altitude, Hundreds of Feet) 
Direct. 
Direction (Bound) 

Eastbound 

Westbound. 

Northbound. 

Southbound. 

Inbound, 

Outbound. 
DME Fix (Mile). 
Each, 
Enter Control Area. 


Estimated Time of Arrival 
Expect 
Expect-Further-Clearance 


Fan Marker: FM 


Final F 
Final Approach FA 
Flight Level. FL 
Flight Planned Route. FPR 
For Further Clearance FEC 
For Further Headings. FFH 
From. FM 
Ground GND 
GPS Approach GPS 
Heading HDG 
Hold Direction) HW 
Holding Pattern oO 
ILS Approach, us 
Increase Speed 30 Knots. 430K 
Initial Approach 1 
Instrument Departure Procedure DP 
Intersection XN 
Join oF Intercept Airwayiet Route/Track oF COUISCeun.3 
Left Turn After Takeoff. 

Locator Outer Marker LoM 
Magnetic M 
Maintain Me 
Maintain VER Conditions On Top VER 
Middle Compass Locator. ML 
Middle Marker MM 
Missed Approach MA 
Nondirectional Beacon Approach NDB 
Out of (Leave) Control Area. x 
Outer Marker. OM 
Over (Station. OKC 
On Course oc 
Precision Approach Radar PAR 
Procedure Turn Pr 
Radar Vector. RV 
Radial (080° Radial) O80R 
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Reduce Speed 20 Knots 
Remain This Frequency 
Remain Well to Left Side. 
Remain Well to Right Side. 
Report Crossing. 

Report Departing, 

Report Leaving. 

Report on Course 

Report Over. 

Report Passing. 

Report Reaching. 

Report Starting Procedure Turn. 
Reverse Course 

Right Tum After Takeoff, 
Runway Heading, 

Runway (Number), 
Squawk. 

Standby 

Straight-in Approach, 
Surveillance Radar Approach 
Takeoff (Direction). 

Tower, 

Turn Left. 

Turn Right 

Until 

Until Advised (By) 

Until Further Advised 
VFR Conditions On Top 
Via. 

Victor (Airway Number). 
Visual Approach 

VOR 

VOR Approach 

VORTAC. 

While in Control Area. 


Appendix B 


Instrument Training Lesson Guide 


Introduction 


Flight instructors may use this guide in the development of 
lesson plans. The lessons are arranged in a logical learning 
sequence and use the building-block technique. Each lesson 
includes ground training appropriate to the flight portion of, 
the lesson. tis vitally important that the flight instructor brief 
the stucent on the objective of the lesson and how it will be 
accomplished. Debriefing the student's performance is also 
necessary to motivate further progress. To ensure steady 
progress, student pilots should master the objective of each 
lesson before advancing to the next lesson, Lessons should 
be arranged to take advantage of each student’s knowledge 
and skills. 


Flight instructors must monitor progress closely during 
training to guide student pilots in how to properly divide 
their attention. The importance of this division of attention 
‘or“cross-check” cannot be overemphasized. Cross-check and 
proper instrument interpretation are essential components, 
of “attitude instrument flying” that enables student pilots to 
accurately visualize the aircraft's attitude at all times. 


When possible, cach lesson should incorporate radio 
communications, basic navigation, and emergency procedures, 
so the student pilot is exposed to the entire IFR experience 
with each flight. Cross-reference the Instrument Training 
Lesson Guide with this handbook and the Instrument 
Practical Test Standards for a comprehensive instrument 
rating training program. 


Lesson 1—Ground and flight evaluation 
of student's knowledge and performance 
Aircraft systems 

Aircraft performance 

Preflight planning 

Use of checklists 

Basic flight maneuvers 

Radio communications procedures 

‘Navigation systems 


Lesson 2—Preflight preparation and 
flight by reference to instruments 
Ground Training 

Instrument system preflight procedures 

‘Attitude instrument flying 

Fundamental instrument skills 

Instrument eross-check techniques 


Flight Training 
Aircraft and instrument preflight inspection 
Use of checklists, 

Fundamental instrument skills 

Basic flight maneuvers 

Instrument approach (demonstrated) 
Postilight procedures 


Lesson 3—Flight instruments and human 
factors 

Ground Training 

Human factors 

Flight instruments and systems 

‘Aircraft systems 

Navigation instruments and systems, 


Flight Training 
Aircraft and instrument preflight inspection 
Radio communications 

Checklist procedures 

Attitude instrument flying 

Fundamental instrument skills 

Basic flight maneuvers 

Spatial disorientation demonstration 
Navigation systems 

Postilight procedures 


Lesson 4—Attitude instrument flying 
Ground Training 

Human factors 

Flight instruments and systems 
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Aircraft systems 
Navigation instruments and systems 
‘Attitude instrument flying 
Fundamental instrument skills 
Basic flight mancuvers 


Flight Training 
Aircraft and instrument preflight inspection 
Checklist procedures 

Radio communications 

Attitude instrument flying 

Fundamental instrument skills 

Basic flight maneuvers 

Spatial disorientation 

Navigation 

Postilight procedures 


Lesson 5—Aerodynamic factors and 
basic flight maneuvers 

Ground Training 

Basic aerodynamic factors 

Basic instrument flight patterns 

Emergency procedures 


Flight Training 
Aircraft and instrument preflight inspection 
Checklist procedures 

Radio communications 

Basic instrument flight patterns 

Emergency procedures, 

Navigation 

Postilight procedures 


Lesson 6—Partial panel operations 
Ground Training 

ATC system 

Flight instruments 

Partial panel operations 


Flight Training 
Aircraft and instrument preflight inspection 
Checklist procedures 

Radio communications 

Basic instrument flight patterns 

Emergency procedures, 

Partial panel practice 

Navigation 

Postilight procedures 
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Lesson 7—Recovery from unusual 
attitudes 

Ground Training 

Altitude instrument flying 

ATC system 

NAS overview 


Flight Training 

Preflight 

Aircraft and instrument preflight inspection 
Checklist procedures 

Radio communications 

Instrument takeoff 

Navigation 

Partial panel practice 

Recovery from unusual attitudes 

Postflight procedures 


Lesson 8—Navigation systems 
Ground Training 

ATC clearances 

Departure procedures 

IFR en route charts 


Flight Training 

Aircraft and instrument preflight inspection 
Checklist procedures 

Radio communications 

Intercepting and tracking 

Holding 

Postflight procedures 


Lesson 9—Review and practice 
Ground Training 

Acrodynamie factors 

Flight instruments and systems 


Attitude instrument flying 
Navigation systems 

NAS. 

ATC 

Emergency procedures 


Flight Training 

Aircraft and instrument preflight inspection 

Checklist procedures 

Radio communications 

Review and practice as determined by the flight instructor 


Instrument takeoff 
Radio communications 
‘Navigation systems 
Emergency procedures 
Postflight procedures 


Lessons 10 through 19—Orientation, 
intercepting, tracking, and holding using 
each navigation system installed in the 
aircraft 

Ground Training 

Preflight planning 

Navigation systems 

NAS 

ATC 

Emergencies 


ht Training 
Aircraft and instrument preflight inspection 
Checklist procedures 

Radio communications 

Departure procedures 

En route navigation 

‘Terminal operations 

Partial panel operation 

Instrument approach 

Missed approach 

Approach to a landing 

Postflight procedures 


Lessons 20 and 21—Cross-country 
flights 


Ground Trai 
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Preflight planning 
Aircraft performance 
‘Navigation systems 
NAS. 

ATC 

Emergencies 


Emergency procedures 
Partial panel operation 

Aircraft and instrument preflight inspection 
Checklist procedures 

Radio communications 

Departure procedures 

En route navigation 

‘Terminal operations 


Instrument approach 
Missed approach 
Approach to a landing, 
Postflight procedures 


Lessons 22 and 23—Review and practice 
Ground Training 

Human factors 

‘Acrodynamic factors 

Flight instruments and systems 
Attitude instrument flying 
Basic flight maneuvers 
Navigation systems, 

NAS 

ATC 

Emergency operations 


Flight Training 
Aircraft and instrument preflight inspection 

Checklist procedures 

Radio communications 

Review and practice as determined by the flight instructor 
Instrument takeoff 

Partial panel operations 

Unusual attitude recoveries 

Radio communications 

Navigation systems 

Emergency procedures, 

Postilight procedures 


Lessons 24 and subsequent—Practical 
test preparation 

Ground Training 

Title 14 of the Code of Federal Regulations (144 CFR) parts 
61, 71, 91, 95, and 97 

Instrument Flying Handbook 

Practical test standards 

Administrative requirements 

Equipment requirements 

Applicant's requirements 


Flight Training 
Review and practice until the student can consistently 
perform all required tasks in accordance with the appropriate 
practical test standards. 


NOTE: Its the recommending instructor's responsibility to 
censure that the applicant meets 14 CER part 61 requirements 
and is prepared for the practical test, including: training, 
knowledge, experience, and the appropriate instructor 
endorsements, 


BS 


s7eo18 How To Solder: A Complete Beginners Guide - Makerspaces.com 


type of soldering iron because it can heat up to 896’ F 


which is extremely hot. 


Soldering Station 


A soldering station is a more advanced version of the 
basic standalone soldering pen. If you are going to be 
doing a lot of soldering, these are great to have as they 
offer more flexibility and control. The main benefit of a 
soldering station is the ability to precisely adjust the 
temperature of the soldering iron which is great for a 
range of projects. These stations can also create a safer 
workspace as some include advanced temperature 
sensors, alert settings and even password protection for 


safety. 


hitps:sAwww makerspaces.com/now-to-solder! ane 


Ba 


Glossary 


Absolute accuracy. The ability to determine present position 
in space independently, and is most often used by pilots. 


Absolute altitude. The actual distance between an aircraft 
and the terrain over which itis flying. 


Absolute pressure, Pressure measured from the reference 
of zero pressure, or a vacuum, 


A.C. Alternating current 
Acceleration error. A magnetic compass error apparent when 
the aircraft accelerates while flying on an easterly or westerly 
heading, causing the compass card to rotate toward North 
Accelerometer. A part of an inertial navigation system 
(INS) that accurately measures the force of acceleration in 
cone direction, 

ADE Sce automatic direction finder. 

ADL. Sce attitude director indicator. 

ADM. Sce aeronautical decision-making. 

ADS-B. Sce automatic dependent surveillance-broadcast. 
Adverse yaw. A flight condition at the beginning of a turn in 
which the nose of the aircraft starts to move in the direction 
‘opposite the direction the turn is being made, caused by the 


induced drag produced by the downward-deflected aileron 
holding back the wing as it begins to rise. 


Aeronautical de 


on-making (ADM). A systematic 
approach to the mental process used by pilots to consistently 
determine the best course of action in response to a given 
set of circumstances, 


AJED. See Aitport/Facility Directory. 


Agonic line. An irregular imaginary line across the surface of 
the Earth along which the magnetic and geographic poles are in 
alignment, and along which there is no magnetic variation, 


Aircraft approach category. A performance grouping of 
aircraft based on a speed of 1.3 times the stall speed in the 
landing configuration at maximum gross landing weight. 


Air data computer (ADC). An aircraft computer that 
receives and processes pitot pressure, static pressure, and 
temperature to calculate very precise altitude, indicated 
airspeed, true airspeed, and air temperature. 


AIRMET. Inflight weather advisory issued as an amendment 
to the area forecast, concerning weather phenomena of 
operational interest to all aircraft and that is potentially 
hazardous to aircraft with limited capability due to lack of 
equipment, instrumentation, or pilot qualifications. 


Airport diagram. The section of an instrument approach 
procedure chart that shows a detailed diagram of the 
airport. This diagram includes surface features and airport 
configuration information. 


Airport/Facility Directory (A/FD). An FAA publication 
containing information on all airports, communications, 
and NAVAIDs. 


Airport surface detection equipment (ASDE). Radar 
equipment specifically designed to detect all principal 
features and traffic on the surface of an airport, presenting the 
entire image on the control tower console; used to augment 


jal observation by tower personnel of aircraft and/or 
vehicular movements on runways and taxiways, 


Airport surveillance radar (ASR). Approach control 
craft's position in the 


radar used to detect and display an a 
terminal area. 
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Airport surveillance radar approach. An instrument 
approach in which ATC issues instructions for pilot 
compliance based on aircraft position in relation to the final 
approach course and the distance from the end of the runway 
as displayed on the controller's radar scope. 


Air route surveillance radar (ARSR). Air route traffic 
control center (ARTCC) radar used primarily to detect 
and display an aircraft’s position while en route between 
terminal areas, 


Air route traffic control center (ARTCC). Provides ATC 
service to aircraft operating on IFR flight plans within 
controlled airspace and principally during the en route phase 
of flight. 


Airspeed indicator. A differential pressure gauge that 
‘measures the dynamic pressure of the air through which the 
aircraft is flying. Displays the craft’s airspeed, typically in 
knots, to the pilot. 


Air traffic control radar beacon system (ATCRBS). 
Sometimes called secondary surveillance radar (SSR), which 
utilizes a transponder in the aircraft. The ground equipment is 
an interrogating unit, in which the beacon antenna is mounted 
so it rotates with the surveillance antenna, The interrogating 
unit transmits a coded pulse sequence that actuates the aircraft 
transponder. The transponder answers the coded sequence by 
transmitting a preselected coded sequence back to the ground 
equipment, providing a strong return signal and positive 
aircraft identification, as well as other special data, 


Airway. An airway isbased on acenterline that extends from 
one navigation aid or intersection to another navigation aid 
(or through several navigation aids or intersections); used 
to establish a known route for en route procedures between 
terminal areas. 


‘Alert area. An area in which there is a high volume of pilot 
training or an unusual type of aeronautical activity 


Almanac data, Information the global positioning system 
(GPS) receiver can obtain from one satellite which describes 
the approximate orbital positioning of all satellites in the 
constellation. This information is necessary for the GPS 
receiver to know what satellites to look for in the sky at a 
«given time. 


ALS. See approach lighting system. 
Alternate airport. An airport designated in an IFR flight 


plan, providing a suitable destination if a landing at the 
intended airport becomes inadvisable. 
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Alternate statie source valve. A valve in the instrument static 
air system that supplies reference air pressure tothe altimeter, 
airspeed indicator, and vertical speed indicator if the normal 
static pickup should become clogged or iced over. 


Altimeter setting. Station pressure (the barometric pressure 
atthe location the reading is taken) which has been corrected 
for the height of the station above sea level 


AME, Sce aviation medical examiner. 


Amendment status. The circulation date and revision 
‘number of an instrument approach procedure, printed above 
the procedure identification, 


Ammeter. An instrument installed in series with an electrical 
load used to measure the amount of current flowing through 
the load, 


Aneroid. The sensitive component in an altimeter or 
barometer that measures the absolute pressure of the air, 
It isa sealed, flat capsule made of thin disks of corrugated 
‘metal soldered together and evacuated by pumping all of 
the air out of it 


Aneroid barometer. An instrument that measures the 
absolute pressure of the atmosphere by balancing the weight 
of the air above it against the spring action of the aneroid. 


Angle of attack. The acute angle formed between the 
chord line of an airfoil and the direction of the air striking 
the airfoil 


Anti-ice. Preventing the accumulation of ice on an aircraft 
structure via a system designed for that purpose. 


Approach lighting system (ALS). Provides lights that will, 
penetrate the atmosphere far enough from touchdown to give 
directional, distance, and glide path information for safe 
transition from instrument to visual flight. 


Area chart. Part of the low-altitude en route chart series, 
this chart furnishes terminal data at a larger scale for 
congested areas. 


Area navigation (RNAY). Allows a pilot to fly a selected 
course to a predetermined point without the need to overfly 
‘ground-based navigation facilities, by using waypoints. 


ARSR. Sce air route surveillance radar. 


ARTCC. See air route traffic control center. 


ASDE. See airport surface detection equipment. 
ASOS. See automated surface observing station, 

ASR. See airport surveillance radar. 

ATC. Air Traffic Control. 

ATCRBS. See air traffic control radar beacon system. 
ATIS, Sce automatic terminal information service. 
Atmospheric propagation delay. A bending of the 
electromagnetic (EM) wave from the satellite that creates, 
‘an error in the GPS system, 

Altitude and heading reference systems (AHRS). System 
composed of three-axis sensors that provide heading, attitude, 
and yaw information for aircraft. AHRS are designed to 


replace traditional mechanical gyroscopic flight instruments, 
and provide superior reliability and accuracy, 


Attitude director indicator (ADI). An aircraft attitude 
indicator that incorporates flight command bars to provide 
pitch and roll commands, 


Attitude indicator. The foundation forall instrument flight, 
this instrument reflects the airplane’s attitude in relation to 
the horizon, 


Attitude instrument flying. Controlling the aircraft by 
reference to the instruments rather than by outside visual 


Autokinesis. Nighttime visual illusion that a stationary light 
is moving, which becomes apparent after several seconds of, 
ing at the light. 


Automated Weather Observing System (AWOS). 
Automated weather reporting system consisting of various 
sensors, a processor, a computer-generated voice subsystem, 
and a transmitter to broadcast weather data. 


Automated Surface Observing Station (ASOS). Weather 
reporting system which provides surface observations every 
‘minute via digitized voice broadcasts and printed reports 


Automatic dependent surveillance-broadcast (ADS-B). A. 
device used in aircraft that repeatedly broadcasts a message 
that includes position (such as latitude, longitude, and 
altitude), velocity, and possibly other information. 


Automatic direction finder (ADF). Electronic navigation 
equipment that operates in the low- and medium-frequency 
bands. Used in conjunction with the ground-based 
nondirectional beacon (NDB), the instrument displays the 
number of degrees clockwise from the nose of the aircraft 
to the station being received. 


Automatic terminal information service (ATIS). The 
continuous broadcast of recorded non-control information in 
selected terminal areas. Its purpose is to improve controller 
effectiveness and relieve frequency congestion by automating, 
repetitive transmission of essential but routine information, 


Aviation medical examiner (AME). A physician with 
training in aviation medicine designated by the Civil 
Aerospace Medical Institute (CAMD). 


AWOS. Sce automated weather observing system, 


Azimuth card. A card that may be set, gyroscopically 
controlled, or driven by a remote compass. 


Back course (BC). The reciprocal of the localizer course 
for an ILS. When flying a back-course approach, an aircraft 
approaches the instrument runway from the end at which the 
localizer antennas are installed 


Baro-i 


ing. A method of augmenting the GPS integrity 
solution by using a non-satellite input source. To ensure that 
baro-aiding is available, the current altimeter setting must, 
be entered as described in the operating manual. 


Barometric scale. A scale on the dial of an altimeter to which 
the pilot sets the barometric pressure level from which the 
altitude shown by the pointers is measured. 


BC. See back course. 
Block altitude. A block of altitudes assigned by ATC to 


allow altitude deviations; for example, “Maintain block 
altitude 9 to 11 thousand. 


Cage. The black markings on the ball instrument indicating 
its neutral position, 


Calibrated. The instrument indication compared with a 
standard value to determine the accuracy of the instrument. 


Calibrated orifice. A hole of specific diameter used to delay 
the pressure change in the case of a vertical speed indicator. 
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Calibrated airspeed. The speed at which the aircraft 
is moving through the air, found by correcting IAS for 
instrument and position errors. 


CAS. Calibrated airspeed, 
CDI. Course deviation indicator. 

Changeover point (COP). A point along the route or 
airway segment between two adjacent navigation facilities 


or waypoints where changeover in navigation guidance 
should occur. 


Circling approach. A maneuver initiated by the pilot to 
align the aircraft with a runway for landing when a straight- 
in landing from an instrument approach is not possible or is 
not desirable 


Class A airspace. Airspace from 18,000 feet MSL up to and 
including FL. 600, including the airspace overlying the waters 
within 12 NM of the coast of the 48 contiguous states and 
Alaska; and designated international airspace beyond 12 NM 
of the coast ofthe 48 contiguous states and Alaska within areas 
of domestic radio navigational signal or ATC radar coverage, 
and within which domestic procedures are applied. 


Class B airspace. Airspace from the surface to 10,000 feet 
MSL surrounding the nation’s busiest airports in terms of 
TER operations or passenger numbers. The configuration of 
cach Class B airspace is individually tailored and cons 
of a surface arca and two or more layers, and is designed to 
contain all published instrument procedures once an aircraft 
enters the airspace. For all aircraft, an ATC clearance is 
required to operate in the area, and aircraft so cleared receive 
separation services within the airspace. 


Class C airspace. Airspace from the surface to 4,000 feet 
above the airport elevation (charted in MSL) surrounding 
those airports having an operational control tower, serviced, 
by radar approach control, and having a certain number of FR 
operations or passenger numbers. Although the configuration 
of each Class C airspace area is individually tailored, the 
airspace usually consists of a 5 NM radius core surface area 
that extends from the surface up to 4,000 feet above the airport 
elevation, and a 10 NM radius shelf area that extends from 
1,200 feet to 4,000 feet above the airport elevation. 


Class D airspace. Airspace from the surface to 2,500 feet 
above the airport elevation (charted in MSL) surrounding 
those airports that have an operational control tower. The 
configuration of each Class D airspace area is individually 
tailored, and when instrument procedures are published, the 
airspace is normally designed to contain the procedures. 
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Class E airspace. Airspace that is not Class A, Class B, Class 
C, of Class D, and is controlled airspace. 


Class G airspace. Airspace that is uncontrolled, except 
when associated with a temporary control tower, and has 
not been designated as Class A, Class B, Class C, Class D, 
or Class E airspace. 


Clean configuration. A configuration in which all flight 
control surfaces have been placed to create minimum drag. 
In most aircraft this means flaps and gear retracted. 


Clearance. ATC permission for an aircraft to proceed under 
specified traffic conditions within controlled airspace, for the 


purpose of providing separation between known aircraft. 


Clearance delivery. Control tower position responsible for 
transmitting departure clearances to IFR flights. 


Clearance li 


The fix, point, or location to which an 
aircraft is cleared when issued an air traffic clearance. 


Clearance on request. An IFR clearance not yet received 
after filing a flight plan 


Clearance void time. Used by ATC, the time at which the 
departure clearance is automatically canceled if takeoff has, 
not been made. The pilot must obtain a new clearance or 
cancel the IFR flight plan if not off by the specified time. 


Clear ice. Glossy, clear, or translucent ice formed by the 
relatively slow freezing of large, supercooled water droplets. 


‘Compass course. A true course corrected for variation and 
deviation errors. 


‘Compass locator. A low-power, low- or medium-frequency 
(LIMP) radio beacon installed at the site ofthe outer or middle 
‘marker of an ILS. 


‘Compass rose. A small circle graduated in 360° increments, 
printed on navigational charts to show the amount of 
compass variation at different locations, or on instruments, 
to indicate direction. 


Computer navigation fix. A point used to define a 
navigation track for an airborne computer system such as 
GPS or FMS. 


Concentric rings. Dashed-line circles depicted in the plan 
view of IAP charts, outside of the reference circle, that show 
cen route and feeder facilities. 


Cone of confusion. A cone-shaped volume of airspace 
directly above a VOR station where no signal is received, 
causing the CDI to fluctuate. 


Control and performance. A method of attitude instrument 
flying in which one instrument is used for making attitude 
changes, and the other instruments are used to monitor the 
progress of the change. 


Control display unit. A display interfaced with the master 
computer, providing the pilot with a single control point 
for all navigations systems, thereby reducing the number of 
required flight deck panels. 


Controlled airspace. An airspace of defined dimensions 
within which ATC service is provided to IFR and VER flights, 
in accordance with the airspace classification. It includes 
Class A, Class B, Class C, Class D, and Class E airspace. 


Control pressures. The amount of physical exertion on the 
control column necessary to achieve the desired attitude. 


Convective weather. Unstable, rising air found in 
cumiliform clouds. 


Convective 


|GMET. Weather advisory concerning 
convective weather significant to the safety of all aircraft, 
including thunderstorms, hail, and tornadoes. 


Coordinated flight, Flight with a minimum disturbance of 
the forces maintaining equilibrium, established via effective 
control use. 


COP See changeover point. 


Coriolis illusion. The illusion of rotation or movement in an 
entirely different axis, caused by an abrupt head movement, 
while in a prolonged constant rate turn that has ceased 
stimulating the brain's motion sensing system 


Crew resource management (CRM). The effective 
use of all available resources—human, hardware, and 
information. 


a 
and glide slope courses may occur when surface vehicles or 
aireraft operate near the localizer or glide slope antennas, 


cal areas. Arcas where disturbances to the ILS localizer 


CRM. See crew resource management. 


(Cross-check. The first fundamental skill of instrument flight, 
also known as: the continuous and logical observation 
of instruments for attitude and performance information. 


Cruise clearance. An ATC clearance issued to allow a 
pilot to conduct flight at any altitude from the minimum 
IER altitude up to and including the altitude specified in the 
clearance. Also authorizes a pilot to proceed to and make an 
approach at the destination airport. 


Current induction. An electrical current being induced into, 
or generated in, any conductor that is crossed by lines of flux 
from any magne. 


DA. Sce decision altitude. 
D.C. Direct current. 


Dark adaptation. Physical and chemical adjustments of the 
eye that make vision possible in relative darkness, 


Decelerat 


mn error. A magnetic compass error that occurs 
when the aircraft decelerates while flying on an easterly 
or westerly heading, causing the compass card to rotate 
toward South, 


Decision altitude (DA). A specified altitude in the precision 
approach, charted in feet MSL. at which a missed approach 
‘must be initiated if the required visual reference to continue 
the approach has not been established. 


Decision height (DH). A specified altitude in the precision 
approach, charted in height above threshold elevation, 
at which a decision must be made either to continue the 
approach or to execute a missed approach. 


Deice. The act of removing ice accumulation from an 
aircraft structure. 


Density altitude. Pressure altitude corrected for nonstandard, 
temperature. Density altitude is used in computing the 
performance of an aircraft and its engines. 


Departure procedure (DP). Preplanned IFR ATC departure, 
published for pilot use, in textual and graphic format. 


Deviation. A magnetic compass error caused by local 
‘magnetic fields within the aircraft. Deviation error is different 
on each heading. 


DGPS. Differential global positioning system. 


DH. See d 


jon height. 
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Differential Global Positioning System (DGPS). A system 
that improves the accuracy of Global Navigation Satellite 
Systems (GNSS) by measuring changes in variables to 
provide satellite positioning corrections. 


Direct indication, The true and instantancous reflection of 
aircraft pitch-and-bank attitude by the miniature aircraft, 
relative to the horizon bar of the attitude indicator. 


Direct User Access Terminal 


system (DUATS). A system 
that provides current FAA weather and flight plan filing 
services to certified civil pilots, via personal computer. 
‘modem, or telephone access to the system. Pilots can request 
specific types of weather briefings and other pertinent data 
for planned flights. 


Distance circle. See reference circle. 


Distance measuring equipment (DME). A pulse-type 

electronic navigation system that shows the pilot, by an 
strument-panel indication, the number of nautical miles 

between the aircraft and a ground station or waypoint. 


DME. See distance measuring equipment. 


DME are. A flight track that is a constant distance from the 
station or waypoint. 


DOD. Department of Defense. 


Doghouse. A turn-and-slip indicator dial mark in the shape 
of a doghouse. 


Domestic Reduced Vertical Separation Minimum 
(DRVSM). Additional flight levels between FL 290 and FL. 
410 to provide operational, traffic, and airspace efficiency 


Double gimbal. A type of mount used for the gyro in an 
attitude instrument. The axes of the two gimbals are at right 
angles to the spin axis of the gyro, allowing free motion in 
two planes around the gyro. 

DP. Sce departure procedure. 

Drag. The net aerodynamic force parallel to the relative 
wind, usually the sum of two components: induced drag 


and parasite drag. 


Drag curve. The curve ereated when plotting induced drag 
and parasite drag. 


DUATS. See direct user access terminal system, 
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Duplex. Transmitting on one frequency and receiving on a 
separate frequency. 


Eddy currents. Current induced in a metal cup or dise when 
itis crossed by lines of flux from a moving magnet. 


EFAS. See En Route Flight Advisory Service. 


EFC. See expect-further-clearance, 


Electronic flight display (EFD). For the purpose of 
standardization, any flight instrument display that uses 
LCD or other image-producing system (Cathode Ray Tube 
[CRT], ete.) 


Elevator illusion. The sensation of being in a climb or 
descent, caused by the kind of abrupt vertical accelerations 
that result from up- or downdrafts. 


Emergency. A distress or urgent condition, 


Emphasis error. The result of giving too much attention 
to a particular instrument during the cross-check, instead of 
relying on a combination of instruments necessary for attitude 
and performance information. 


EM wave. Electromagnetic wave. 


Encoding altimeter. A special type of pressure altimeter 
used to senda signal to the air traffic controller on the ground, 
showing the pressure altitude the aircraft is flying. 


En route facilities ring. Depicted in the plan view of IAP 
charts, a circle which designates NAVAIDs, fixes, and 
intersections that are part of the en route low altitude airway 
structure 


En Route Flight Advisory Service (EFAS). An cn route 
‘weather-only AFSS service. 


En route high-altitude charts. Aeronautical charts for en 
route instrument navigation at or above 18,000 feet MSL. 


En route low-altitude charts. Acronautical charts for en 
route IFR navigation below 18,000 fect MSL. 


Equivalent airspeed. Airspeed equivalent to CAS in 
standard atmosphere at sea level. As the airspeed and pressure 
altitude increase, the CAS becomes higher than it should be, 
and a correction for compression must be subtracted from 
the CAS. 


Expect-further-clearance (EFC). The time a pilot can 
expect to receive clearance beyond a clearance limit. 


FAA. Federal Aviation Administration, 
FAR Sce final approach fix. 


False horizon, Inaccurate vi 


il information for aligning the 
aircraft, caused by various natural and geometric formations 
that disorient the pilot from the actual horizon, 


Federal airways. Class E airspace areas that extend upward 
from 1,200 feet to, but not including, 18,000 feet MSL, unless 


otherwise specified 


Feeder faci 


ies. Used by ATC to direct aircraft to 
intervening fixes between the en route structure and the 
initial approach fix. 


Final approach. Part of an instrument approach 
procedure in which alignment and descent for landing are 
accomplished. 


Final approach fix (FAF). The fix from which the IFR 
final approach to an airport is executed, and which identifies 
the beginning of the final approach segment. An FAF is, 
designated on government charts by a Maltese cross symbol 
for nonprecision approaches, and a lightning bolt symbol for 
precision approaches. 


Fixating, Staring ata single instrument, thereby interrupting 
the cross-check process. 


FL. See flight level. 


light configurations. Adjusting the aircraft control surfaces 
(including flaps and landing gear) in a manner that will 
achieve a specified attitude. 


Flight director indicator (FDI). One of the major components, 
ofa flight director system, it provides steering commands that, 
the pilot (or the autopilot, if coupled) follows. 


Flight level (FL). A measure of altitude (in hundreds of feet) 
used by aircraft flying above 18,000 feet with the altimeter 
set at 29,92" Hg. 


ight management system (FMS). Provides pilot and crew 
with highly accurate and automatic long-range navigation 
capability, blending available inputs from long- and short- 
range sensors. 


Flight path, The line, course, or track along which an aircraft 
is flying or is intended to be flown. 


Flight patterns. Bas . flown by reference to the 
instruments rather than outside visual cues, for the purpose 
of practicing basic attitude flying. The patterns simulate 
‘maneuvers encountered on instrument flights such as holding 
patterns, procedure turns, and approaches, 


Flight strips. Paper strips containing instrument flight 
information, used by ATC when processing flight plans. 


FMS. See flight management system. 


Form drag. The drag created because of the shape of a 
component or the aircraft 


Fundamental skills. Pilot skills of instrument cross-check, 
instrument interpretation, and aircraft contro. 


Glide slope (GS). Part ofthe ILS that projects a radio beam 
upward at an angle of approximately 3° from the approach 
end of an instrument runway. The glide slope provides 
vertical guidance to aircraft on the final approach course for 
the aircraft to follow when making an ILS approach along 
the localizer path. 


Glide slope intercept altitude. The minimum altitude of an 
intermediate approach segment prescribed for a precision 
approach that ensures obstacle clearance. 


Global landing system (GLS). An instrument approach with 
lateral and vertical guidance with integrity limits (similar to 
barometric vertical navigation (BRO VNAV). 


Global navigation satellite systems (GNSS). Satellite 
navigation systems that provide autonomous geo-spatial 
positioning with global coverage. It allows small electronic 
receivers to determine their location (longitude, latitude, and 
altitude) to within a few meters using time signals transmitted 
along a line of sight by radio from satellites. 


GNSS. See global navigation satellite systems, 


Global positioning system (GPS). Navigation system 
that uses satellite rather than ground-based transmitters for 
location information. 
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Goniometer. As used in radio frequency (RF) antenna 
systems, a direction-sensing device consisting of two fixed 
loops of wire oriented 90° from each other, which separately 
sense received signal strength and send those signals to two 
rotors (also oriented 90°) in the sealed direction-indicating 
instrument. The rotors are attached tothe direction-indicating 
needle of the instrument and rotated by a small motor until 
minimum magnetic field is sensed near the rotors. 


GPS. See global positioning system. 


GPS Approach Overlay Program. An authorization for 
pilots to use GPS avionics under IFR for flying designated 
existing nonprecision instrument approach procedures, with 
the exception of LOC, LDA, and SDF procedures. 


Graveyard spiral. The illusion of the cessation of a turn 
while still in a prolonged, coordinated, constant rate turn, 
which can lead a disoriented pilot to a loss of control of the 
aircraft. 


Great circle route. The shortest distance across the surface 
of a sphere (the Earth) between two points on the surface. 


Ground proximity warning system (GPWS). A system 
designed to determine an aircraft's clearance above the Earth 
and provides limited predictability about aircraft position 
relative to rising terrain, 


Groundspeed. Speed over the ground, ether closing speed to 
the station or waypoint, or speed over the ground in whatever 
direction the aircraft is going at the moment, depending upon 
the navigation system used, 

GS. See glide slope. 

GWPS. See ground proximity warning system. 

HAA. See height above airport. 

HAL. Sce height above landing, 


HAT. See height above touchdown elevation. 


Hazardous at 


ides. Five aeronautical decision-making 
attitudes that may contribute to poor pilot judgment: 
antiauthority, impulsivity, invulnerability, machismo, and 
resignation. 


Hazardous Inflight Weather Advisory Service (HIWAS). 


Service providing recorded weather forecasts broadcast to 
airborne pilots over selected VORs. 
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Head-up display (HUD). A special type of flight viewing 
screen that allows the pilot to watch the flight instruments 
and other data while looking through the windshield of the 
aircraft for other traffic, the approach lights, or the runway. 


Height above airport (HAA). The height of the MDA above 
the published airport elevation, 


Height above landing (HAL). The height above a designated 
helicopter landing area used for helicopter instrument 
approach procedures. 


Height above touchdown elevation (HAT). The DA/DH or 
MDA above the highest runway elevation in the touchdown 
zone (irst 3,000 feet of the runway), 


HE High frequency. 


Hg. Abbreviation for mercury, from the Latin 
hydrargyrum. 


HIWAS. See Hazardous Inflight Weather Advisory 
Service. 


Holding. A predetermined maneuver that keeps aircraft 
within a specified airspace while awaiting further clearance 
from ATC. 


Holding pattern, A racetrack pattem, involving two turns 
and two legs, used to keep an aircraft within a prescribed 
airspace with respect to a geographic fix. A standard pattern 
uses right turns; nonstandard patterns use left turn. 


Homing. Flying the aircraft on any heading required to keep 
the needle pointing to the 0° relative bearing position. 


Horizontal situation indicator (HSD. A flight navigation 
instrument that combines the heading indicator with a CDI, 
in order to provide the pilot with better situational awareness 
of location with respect to the courseline. 


HSI. See horizontal situation indicator. 
HUD. See head-up display, 


Human factors. A multidisciplinary field encompassing the 
behavioral and social sciences, engineering, and physiology, 
to consider the variables that influence individual and 
crew performance for the purpose of optimizing human 
performance and reducing errors. 


Hypoxia. A state of oxygen deficiency in the body sufficient 
to impair functions of the brain and other organs. 


IAE See initial approach fix 
TAR Sce instrument approach procedures. 

IAS. Soe indicated airspeed, 

ICAO, See International Civil Aviation Organization 
Ident. Air Tiaffie Control requ 


the button on the transponder to i 
controller's scope 


for a pilot to push 
entify return on the 


IFR. Sce instrument flight rules. 
ILS. Sce instrument landing system. 


ILS categories. Categories of instrument approach 
procedures allowed at airports equipped with the following 
types of instrument landing systems: 
ILS Category I: Provides for approach to a height 
above touchdown of not less than 200 feet, and with 
runway visual range of not less than 1,800 feet. 
ILS Category II: Provides for approach to a height 
above touchdown of not less than 100 feet and with 
runway visual range of not less than 1,200 feet. 
ILS Category IIIA: Provides for approach without 
a decision height minimum and with runway visual 
range of not less than 700 feet. 
ILS Category IIIB: Provides for approach without 
a decision height minimum and with runway visual 
range of not less than 150 feet. 


ILS Category IC: Provides for approach without a 
decision height minimum and without runway visual 
range minimum, 


IMC. See instrument meteorological conditions. 


Indicated airspeed (IAS). Shown on the dial of the 
instrument airspeed indicator on an aircraft. Directly related 
to calibrated airspeed (CAS), IAS includes instrument errors, 
and position error. 


Indirect indication. A reflection of aircraft pitch-and-bank 
attitude by the instruments other than the attitude indicator, 


Induced drag. Drag caused by the same factors that produce 
lift; its amount varies inversely with airspeed. As airspeed 
decreases, the angle of attack must increase, in turn increasing 
induced drag, 


Induction icing. A type of ice in the induction system that 
reduces the amount of air available for combustion. The most 
commonly found induction icing is carburetor icing. 


Inertial navigation system (INS). A computer-based. 
navigation system that tracks the movement of an aircraft 
via signals produced by onboard accelerometers. The initial 
location of the aircraft is entered into the computer, and all 
subsequent movement of the aircraft is sensed and used to 
keep the position updated. An INS does not require any inputs 
from outside signals. 


Initial approach fix (IAF). The fix depicted on IAP charts, 
‘where the instrument approach procedure (LAP) begins unless 
otherwise authorized by ATC. 


Inoperative components. Higher minimums are prescribed 
‘when the specified visual aids are not functioning; this 
information is listed in the Inoperative Components Table found. 
in the United States Terminal Procedures Publications. 


INS. Sce inertial navigation system, 


Instantaneous vertical speed indicator (IVSD). Assists in 
interpretation by instantaneously indicating the rate of climb 
or descent ata given moment wit little or no lag as displayed 
in a vertical speed indicator (VSD). 


Instrument approach procedures (IAP). A series of 
predetermined maneuvers for the orderly transfer of an 
aircraft under IFR from the beginning of the initial approach 
to a landing or to a point from which a landing may be 
made visually. 


Instrument flight rules (IFR). Rules and regulations 
established by the Federal Aviation Administration to govern 
flight under conditions in which flight by outside visual 
reference is not safe. IFR flight depends upon flying by 
reference to instruments in the flight deck, and navigation is 
accomplished by reference to electronic signals. 


Instrument landing system (ILS). An electronic system 
that provides both horizontal and vertical guidance to a 
specific runway, used to execute a precision instrument 
approach procedure. 


Instrument meteorological conditions (IMC). 
Meteorological conditions expressed in terms of visibility 
distance from clouds, and ceiling less than the minimums 
specified for visual meteorological conditions, requiring 
operations to be conducted under IFR. 


Go 
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Soldering Iron Tips 


At the end of most soldering irons is an interchangeable 
part known as a soldering tip. There are many variations 
of this tip and they come in a wide variety of shapes and 
sizes. Each tip is used for a specific purpose and offers a 
distinct advantage over another. The most common tips 
you will use in electronics projects are the conical tip and 


the chisel tip. 


Conical Tip — Used in precision electronics soldering 
because of the fine tip. Because of its pointed end, it’s 
able to deliver heat to smaller areas without affecting its 


‘surroundings. 


Chisel Tip — This tip is well-suited to soldering wires or 


other larger components because of its broad flat tip. 


Image Credit - Sparkfun.com 


Brass or Conventional Sponge 


hitps:iwww makerspaces.com/how-to-solder! ane 


Instrument takeoff. Using the instruments rather than 
outside visual cues to maintain runway heading and execute 
asafe takeoff. 


Interference drag. Drag generated by the collision of 
airstreams creating eddy currents, turbulence, or restrictions 
to smooth flow. 


International Civil Aviation Organization (ICAO). The 
United Nations agency for developing the principles and 
techniques of international air navigation, and fostering planning. 
and development of international civil air transport. 


International standard atmosphere (IAS). A model of 
standard variation of pressure and temperature. 


Inversion illusion. The feeling that the aircraft is tumbling 
backwards, caused by an abrupt change from climb to straight- 
and-level flight while in situations lacking visual reference. 


Inverter. A solid-state electronic device that converts D.C. 
into A.C. current of the proper voltage and frequency to 
operate A.C. gyro instruments, 


Isogonic lines. Lines drawn across aeronautical charts to 
connect points having the same magnetic variation. 


IVSI. Sce instantaneous vertical speed indicator. 


Jet route. A route designated to serve flight operations from 
18,000 feet MSL up to and including FL 450, 


Jet stream. A high-velocity narrow stream of winds, usually 
found near the upper limit of the troposphere, which flows 
‘generally from west to east. 

KIAS. Knots indicated airspeed. 

Kollsman window. A barometric scale window of a 
sensitive altimeter used to adjust the altitude for the 
altimeter setting. 


LAAS. See local area augmentation system. 


Lag. The delay that occurs before an instrument needle attains 
a stable indication, 


Land as soon as possible. ATC instruction to pilot. Land 


without delay at the nearest suitable area, such as an open 
field, at which a safe approach and landing is assured. 
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Land as soon as practical, ATC instruction to pilot. The 
landing site and duration of flight are at the discretion of the 
pilot. Extended flight beyond the nearest approved landing 
area is not recommended, 


Land immediately. ATC instruction to pilot. The urgency 
of the landing is paramount. The primary consideration is, 
to ensure the survival of the occupants. Landing in trees, 
water, or other unsafe areas should be considered only as 
a last resort, 


LDA. See localizer-type directional aid. 


Lead radial. The radial at which the turn from the DME are 


to the inbound course is started. 


Leans, the. A physical sensation caused by an abrupt 
correction of a banked attitude entered too slowly to 
stimulate the motion sensing system in the inner ear. The 
abrupt correction can create the illusion of banking in the 
opposite direction 


Lift. A component of the total aerodynamic force on an airfoil 
and acts perpendicular to the relative wind. 


Lines of flux. Invisible lines of magnetic force passing 
between the poles of a magnet. 


LIME Sce low or medium frequency. 
LMM. Sce locator middle marker. 

Load factor: The ratio of a specified load to the total weight 
of the aircraft. The specified load is expressed in terms of 


any of the following: aerodynamic forces, inertial forces, oF 
‘ground or water rea 


Loadmeter. A type of ammeter installed between the generator 
‘output and the main bus in an aircraft electrical system, 

LOC. See localizer. 
Local area augmentation system (LAS). A differential 
global positioning system (DGPS) that improves the accuracy 
of the system by determining position error from the GPS 


satellites, then transmitting the error, or corrective factors, 
to the airborne GPS receiver. 


Localizer (LOC). The portion of an ILS that gives lefright 
guidance information down the centerline of the instrument 
runway for final approach. 


Localizer-type directional aid (LDA). A NAVAID used 
for nonprecision instrument approaches with utility and 
accuracy comparable to a localizer but which is not a part 
of a complete ILS and is not aligned with the runway. Some 
LDAS are equipped with a glide slope. 


Locator middle marker (LMM). Nondirectional radio 
beacon (NDB) compass locator, collocated with a middle 
‘marker (MM), 


Locator outer marker (LOM). NDB compass locator, 
collocated with an outer marker (OM). 


LOM. Sce locator outer marker. 


Long range navigation (LORAN). An electronic 
navigational system by which hyperbolic lines of position 
are determined by measuring the difference in the time of 
reception of synchronized pulse signals from two fixed 
transmitters. LORAN A operates in the 1750 to 1950 kHz. 
frequency band. LORAN C and D operate in the 100 to 110 
kHz frequency band, 


LORAN. See long range navigation. 


Low or medium frequency. A frequency range between 
190-535 kHz with the medium frequency above 300 
KHz. Generally associated with nondirectional beacons 
transmitting a continuous carrier with either a 400 or 1,020 
Hz modulation. 


Lubber line. The reference line used in a magnetic compass, 
or heading indicator. 


MAA. See maximum authorized altitude, 


‘Mach number. The ratio of the true airspeed of the aircraft 
to the speed of sound in the same atmospheric conditions, 


named in honor of Emst Mach, late 19th century physicist. 


‘Mach meter. The instrument that displays the ratio of the 
speed of sound to the true airspeed an aircraft is flying. 


‘Magnetic bearing (MB). The direction to or from a radio 
transmitting station measured relative to magnetic north. 


‘Magnetic heading (MH). The direction an aircraft is pointed 
with respect to magnetic north, 


Mandatory altitude, An altitude depicted on an instrument 
approach chart with the altitude value both underscored and 
overscored. Aircraft are required to maintain altitude at the 
depicted value. 


Mandatory block altitude. An altitude depicted on an 
instrument approach chart with two underscored and 
overscored altitude values between which aircraft are 
required to maintain altitude. 


MAR See missed approach point, 


Margin identification. The top and bottom areas on an 
instrument approach chart that depict information about 
the procedure, including airport location and procedure 
identification, 


Marker beacon. A low-powered transmitter that directs its 
signal upward in a small, fan-shaped pattern. Used along the 
flight path when approaching an airport for landing, marker 
beacons indicate both aurally and visually when the aircraft 
directly over the facility 


Maximum altitude. An altitude depicted on an instrument 
approach chart with overscored altitude value at which or 
below aircraft are required to maintain altitude. 

Maximum authorized altitude (MAA). A published altitude 
representing the maximum usable altitude or flight level for 
fan airspace structure or route segment. 

MB. Sce magnetic bearing. 

MCA. Sce minimum crossing altitude. 

MDA, See minimum descent altitude. 

MEA. Sce minimum en route altitude 

Mean sea level. The average height of the surface of the 
sea at a particular location for all stages of the tide over a 
19-year period. 

MED. See multi-function display 

MH. See magnetic heading, 


MHz. Megahertz. 


Microwave landing system (MLS). A precision instrument 
approach system operating in the microwave spectrum which 
normally consists of an azimuth station, elevation station, 
and precision distance measuring equipment. 


Mileage breakdown, A fix indi 
that appears on the chart as an “ 
segments of a federal airway 


ting a course change 
sta break between two 


Military operations area (MOA). Airspace established for 
the purpose of separating certain military training activi 
from IFR traffic. 


Military training route (MTR). Airspace of defined vertical 
and lateral dimensions established for the conduct of military 
training at airspeeds in excess of 250 knots indicated airspeed 
(KIAS). 


Minimum altitude. An altitude depicted on an instrument 
approach chart with the altitude value underscored. Aircraft are 
required to maintain altitude at or above the depicted value. 


Minimum crossing altitude (MCA). The lowest allowed 
altitude at certain fixes an aircraft must cross when proceeding, 
in the direction of a higher minimum en route altitude 
(MEA), 


Minimum descent altitude (MDA). The lowest altitude (in 
fect MSL) to which descent is authorized on final approach, 
or during circle-to-land maneuvering in execution of a 
nonprecision approach. 


Minimum en route altitude (MEA). The lowest published 
altitude between radio fixes that ensures acceptable 
navigational signal coverage and meets obstacle clearance 
requirements between those fixes. 


Minimum obstruction clearance altitude (MOCA). The 
lowest published altitude in effect between radio fixes on VOR 
airways, off-airway routes, or route segments, which meets 
obstacle clearance requirements for the entire route segment 
and which ensures acceptable navigational signal coverage 
only within 25 statute (22 nautical) miles of a VOR. 


Minimum reception altitude (MRA). The lowest altitude 
at which an airway intersection can be determined. 


Minimum safe altitude (MSA). The minimum altitude 
depicted on approach charts which provides atleast 1,000 feet 
of obstacle clearance for emergency use within a specified 
distance from the listed navigation facility. 
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‘Minimum vectoring altitude (MYA). An IFR altitude lower 
than the minimum en route altitude (MEA) that provides 
terrain and obstacle clearance. 


‘Minimums section. The arca on an IAP chart that displays the 
lowest altitude and visibility requirements for the approach. 


‘Missed approach. A maneuver conducted by a pilot when an 
instrument approach cannot be completed to a landing. 


‘Missed approach point (MAP). A point prescribed in each 
instrument approach at which a missed approach procedure 
shall be executed if the required visual reference has not 
been established. 

‘Mixed ice. A mixture of clear ice and rime ice. 

‘MLS. Sce microwave landing system. 


‘MM. Middle marker. 


‘MOA. See mili 


ry operations area. 


Moc 


. See minimum obstruction clearance altitude. 
‘Mode C. Altitude reporting transponder mode. 

‘MRA. See minimum reception altitude 

‘MSA. Sce minimum safe altitude. 

MSL. See mean sea level 

MTR. Sce military training route. 

‘Multi-function display (MED). Small sereen (CRT or LCD) 
in an aircraft that can be used to display information to the 
pilot in numerous configurable ways. Often an MFD will be 
used in concert with a Primary Flight Display. 

VA. Sce minimum vectoring altitude 

NACG. See National Aeronautical Charting Group. 

NAS. See National Airspace System 

National Airspace System (NAS). The common network of 
United States airspace—air navigation facilities, equipment 
and services, airports or landing areas; aeronautical charts, 


information and services; rules, regulations and procedures, 
technical information; and manpower and material 


National Aeronautical Charting Group (NACG). A 
Federal agency operating under the FAA, responsible for 
publishing charts such as the terminal procedures and en 
route charts. 


National Route Program (NRP). A set of rules and 
procedures designed to increase the flexibility of user flight 
planning within published guidelines. 


‘National Security Area (NSA). Areas consisting of airspace of 
defined vertical and lateral dimensions established at locations 
‘where there isa requirement for increased security and safety 
of ground facilites. Pilots are requested to voluntarily avoid 
flying through the depicted NSA. When it is necessary to 
provide a greater level of security and safety, flight in NSAs 
may be temporarily probibited. Regulatory prohibitions are 
disseminated via NOTAMs. 


‘National Transportation Safety Board (NTSB). A United 
States Government independent organization responsible for 
investigations of accidents involving aviation, highways, 
waterways, pipelines, and railroads in the United States. 
NTSB is charged by congress to investigate every civil 
aviation accident in the United States. 


NAVAID. Naviagtional aid, 
NAV/COM. Navigation and communication radio. 

NDB. Sce nondirectional radio beacon. 

NM. Nautical mile, 

NOAA. National Oceanic and Atmospheric Administration, 

‘No-gyro approach. A radar approach that may be used in 
case of a malfunctioning gyro-compass or directional gyro. 
Instcad of providing the pilot with headings to be flown, 
the controller observes the radar track and issues control 


instructions “turn right/left” or “stop turn,” as appropriate, 


Nondirectional radio beacon (NDB). A ground-based radio 
transmitter that transmits radio energy in all directions. 


Nonprecision approach. A standard instrument approach 
procedure in which only horizontal guidance is provided, 


No procedure turn (NoPT). Term used with the appropriate 
course and altitude to denote that the procedure turn is not 


required. 


NoPT, See no procedure turn. 


Notice to Airmen (NOTAM). A notice filed with an aviation 
authority to alert aircraft pilots of any hazards en route or at 
1 specific location, The authority in turn provides means of 
disseminating relevant NOTAMS to pilot. 

NRP. See National Route Program. 

NSA. See National Security Area, 

NTSB. See National Transportation Safety Board, 

NWS. National Weather Service. 

Obstacle departure procedures (ODP). Obstacle clearance 
protection provided to aircraft in instrument meteorological 
conditions (IMC). 


ODP See obstacle departure procedures. 


OM. Outer marker. 


Omission error. The failure to anticipate significant 
instrument indications following attitude changes; for 
example, concentrating on pitch control while forgetting 
about heading or roll information, resulting in erratic control 
of heading and bank, 


lusion. A misleading visual image. For the 
of this handbook, the term refers to the brain’s 
misinterpretation of features on the ground associated 
with landing, which causes a pilot to misread the spatial 
relationships between the aircraft and the runway. 


Orientation, Awareness of the position of the aircraft and 
of oneself in relation to a specific reference point. 


Otolith organ. An inner car organ that detects linear 
acceleration and gravity orientation, 


Outer marker. A marker beacon at or near the glide slope 
intercept altitude of an ILS approach. It is normally located 
four to seven miles from the runway threshold on the 
extended centerline of the runway. 


Overcontrolling. Using more movement in the control 
column than is necessary to achieve the desired pitch-and 
bank condition. 


Overpower. To use more power than required for the purpose 
of achieving a faster rate of airspeed change. 


P-static. Sec precipitation stati. 
PAPI. See precision approach path indicator. 

PAR. Sce precision approach radar. 

Parasite drag. Drag caused by the friction of air moving 
over the aircraft structure; its amount varies directly with 
the airspeed, 

PED. See primary flight display 


PIC. See pilot-in-command. 


Pilot-in-command (PIC). The pilot responsible for the 
operation and safety of an aircraft. 


Pilot report (PIREP). Report of meteorological phenomena 
encountered by aircraft 


Pilot’s Operating Handbook/Airplane Flight Manual 
(POH/AFM). FAA-approved documents published by the 
airframe manufacturer that list the operating conditions for 
1 particular model of aircraft. 


PIREP See pilot report. 
Pitot pressure. Ram air pressure used to measure airspeed, 


Pitot-static head. A combination pickup used to sample pitot 
pressure and static air pressure. 


Plan view. The overhead view of an approach procedure on 
an instrument approach chart. The plan view depicts the routes 
that guide the pilot from the en route segments to the IAF 


POH/AFM. See Pilot’s Operating Handbook/Airplane 
Flight Manual. 


Point-in-space approach. A type of helicopter instrument 
approach procedure to a missed approach point more than 
2,600 feet from an associated helicopter landing area, 


Position error: Error in the indication of the altimeter, ASI. 
and VSI caused by the air at the static system entrance not 
being absolutely still 


Position report. A report over a known location as 
transmitted by an aircraft to ATC. 


Precession. The characteristic of a gyroscope that causes an 
applied force to be felt, not at the point of application, but 
90° from that point in the direction of rotation, 
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Precipitation static (P-static). A form of radio interference 
caused by rain, snow, or dust particles hitting the antenna and 
inducing a small radio-frequency voltage into it. 


Precision approach. A standard instrument approach 
procedure in which both vertical and horizontal guidance 
is provided. 


Precision approach path indicator (PAPI). A system of 
lights similar to the VASI, but consisting of one row of lights 
intwo-or four-light systems. A pilot on the correct glide slope 
will see two white lights and two red lights. See VASI. 


Precision approach radar (PAR). A type of radar used 
at an airport to guide an aircraft through the final stages of 
landing, providing horizontal and vertical guidance. The 
radar operator directs the pilot to change heading or adjust 
the descent rate to keep the aircraft on a path that allows it 
to touch down at the correct spot on the runway. 


Precision runway monitor (PRM). System allows 
imultancous, independent Instrument Flight Rules (IFR) 
approaches at airports with closely spaced parallel runways. 


Preferred IFR routes. Routes established in the major 
terminal and en route environments to increase system 
efficiency and capacity. IFR clearances are issued based on 
these routes, listed in the A/FD except when severe weather 
avoidance procedures or other factors dictate otherwise. 


Pressure altitude. Altitude above the standard 29.92" Hg 
plane. 


Prevailing visibility. The greatest horizontal visibility 
equaled or exceeded throughout at least half the horizon 
circle (which is not necessarily continuous). 


Primary and supporting. A method of attitude instrument 
flying using the instrument that provides the most direct, 
indication of attitude and performance. 


Primary flight display (PFD). A display that provides 
increased situational awareness to the pilot by replacing the 
traditional six instruments used for instrument flight with 
an easy-to-scan display that provides the horizon, airspeed, 
altitude, vertical speed, trend, trim, rate of turn among other 
key relevant indications. 


PRM. See precision runway monitor. 
Procedure turn. A maneuver prescribed when itis necessary 


to reverse direction to establish an aircraft on the intermediate 
approach segment or final approach course. 


Profile view. Side view of an IAP chart illustrating the vertical 
approach path altitudes, headings, distances, and fixes. 


Probil 
aircraft 


ited area. Designated airspace within which flight of 
is prohibited. 


Propeller/rotor modulation error. Certain propeller RPM. 
settings or helicopter rotor speeds can cause the VOR course 
deviation indicator (CDI) to fluctuate as much as 6°. Slight 
changes to the RPM setting will normally smooth out this, 
roughness. 


Rabbit, the. High-intensity flasher system installed at many 
large airports. The flashers consist of a series of brilliant 
blue-white bursts of light flashing in sequence along the 
approach lights, giving the effect of a ball of light traveling 
towards the runway. 


Radar. Radio Detection And Ranging. 


Radar approach. The controller provides vectors while 
monitoring the progress of the flight with radar, guiding 
the pilot through the descent to the airport/heliport or to a 
specific runway 


Radials. The courses oriented from a station, 


Radio or radar altimeter. An electronic altimeter that 
determines the height of an aircraft above the terrain by 
measuring the time needed for a pulse of radio-frequency 
cenergy to travel from the aircraft to the ground and return. 


Radio frequency (RF). A term that refers to alternating 
current (AC) having characteristics such that, ifthe current is, 
input to antenna, an electromagnetic (EM) field is generated 
suitable for wireless broadcasting and/or communications. 


Radio magnetic indicator (RMI). An electronic navigation 
instrument that combines a magnetic compass card with two 
bearing pointers typically). Generally, one pointer is for the 
ADF while the other is for an RNAV or VOR navigation 
system. The pointers are typically different colors and of 
different widths for ease of identification. Sometimes a 
function switch is provided to allow the #2 pointer to be 
slaved to either a VOR or RNAV system. The card of the 
RMI acts as a gyro-stabilized magnetic compass (usually 
corrected for north via a flux valve) and shows the magnetic 
heading the aircraft is flying. 


Radio wave. An electromagnetic wave (EM wave) with 
frequency characteristics useful for radio transmission 


RAIM. See receiver autonomous integrity monitoring. 


Random RNAV routes. Direct routes, based on area 
navigation capability, between waypoints defined in terms 
of latitude/longitude coordinates, degree-distance fixes, or 
offsets from established routes/airways at a specified distance 
and direction. 


Ranging signals. Transmitted from the GPS satellite, these 
allow the aircraft’s receiver to determine range (distance) 
from cach satellite. 


RB, See relative bearing. 
RBI. Sce relative bearing indicator. 


RCO. Sce remote communications outlet. 


Receiver autonomous integrity monitoring (RAIM). 
A system used to verify the usability of the received GPS. 
signals and warns the pilot of any malfunction in the 
navigation system. This system is required for IFR-certified 
GPS units. 


Recommended altitude. An altitude depicted on an 
instrument approach chart with the altitude value neither 
underscored nor overscored. The depicted value is an 
advisory value. 


Receiver-transmitter (RT). A system that permits selection 
of aunique channel or frequency whereupon a signal (typically 
communication) can be transmitted and received, 


Reduced vertical separation minimum (RVSM). Reduces 
the vertical separation between flight level (FL) 290-410 
from 2,000 feet to 1,000 feet and makes six additional FLs 
available for operation, Also see DRVSM. 


Reference circle (also, distance irele). The circle depicted 
in the plan view of an LAP chart that typically has a 10 NM 
radius, within which chart the elements are drawn to scale 


Regions of command. The “regions of normal and reversed. 
command” refers to the relationship between speed and the 
power required to maintain or change that speed in flight. 


REIL. See runway end identifier lights. 


Relative bearing (RB). The angular difference between the 
aircraft heading and the direction to the station, measured. 
clockwise from the nose of the aircraft 


Relative bearing indicator (RBD). Also known asthe fixed- 
card ADE, zero is always indicated at the top of the instrument 
and the needle indicates the relative bearing to the station 


Relative wind. Direction of the airflow produced by an object 
moving through the air. The relative wind for an airplane in 
flight flows in a direction parallel with and opposite to the 
direction of flight; therefore, the actual flight path of the 
airplane determines the direction of the relative wind 


Remote communications outlet (RCO). An unmanned 
communications facility that is remotely controlled by air 
traffic personnel. 


Required navigation performance (RNP). A speci 
of accuracy defined by a lateral area of confined 
which an RNP-certified aircraft operates. 


devel 
space in 


Restricted area. Airspace designated under 14 CFR part 
73 within which the flight of aircraft, while not wholly 
prohibited, is subject to restriction, 


Reverse sensing. The VOR needle appearing to indicate the 
reverse of normal operation. 


RE Radio frequency. 


sitive pigments that initiate the 
visual response in the rods of the eye. 


Rigidity. The characteristic of a gyroscope that prevents its 
axis of rotation tilting as the Earth rotates, 


Rime ice. Rough, milky, opaque ice formed by the 
instantaneous freezing of small supercooled water droplets. 


Risk. The future impact of a hazard that is not eliminated 
or controlled, 


RML See radio magnetic indicator. 


RNAY. See area navigation, 


RNP. Sce required navigation performance. 


Runway end identifier lights (REIL). A pair of synchronized 
flashing lights, located laterally on each side of the runway 
threshold, providing rapid and positive identification of the 
approach end of a runway. 


Runway visibility value (RVV). The visibility determined 
for a particular runway by a transmissometer. 
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Runway visual range (RVR). The instrumentally derived 
horizontal distance a pilot should be able to see down the 
runway from the approach end, based on either the sighting 
of high-intensity runway lights, or the visual contrast of 
other objects. 


RVR. Sce runway visual range. 


VY. See runway v 


lity value. 


SA, See sele 


ive availability 


St. Elmo's Fire. A corona discharge which lights up the aircraft 
surface areas where maximum static discharge occurs. 


Satellite ephemeris data. Data broadcast by the GPS 
satellite containing very accurate orbital data for that 
satellite, atmospheric propagation data, and satellite clock 
error data, 


Sean, The first fundamental skill of instrument flight, also 
known as"“cross-check:” the continuous and logical observation 
of instruments for attitude and performance information, 


SDE Sce simplified directional facility 


Selective availability (SA). A satellite technology permitting 
the Department of Defense (DOD) to create, in the interest 
of national security, a significant clock and ephemeris error 
in the satellites, resulting in a navigation error. 


Semicircular canal, An inner ear organ that detects angular 
acceleration of the body. 


Sensitive altimeter. A form of multipointer pneumatic 
altimeter with an adjustable barometric scale that allows the 
reference pressure to be s 


to any desired level. 


si: 


-e standard instrument departure procedures. 


SIGMET. The acronym for Significant Meteorological 
information. A weather advisory issued concerning weather 
ignificant to the safety of all aircraft 


Signal-to-no ‘An indication of signal strength 
received compared to background noise, which is a measure 
of how adequate the received signal is. 


Simplex. Transmission and reception on the same 
frequency. 


implified (SDF). A NAVAID used 
for nonprecision instrument approaches. The final approach 
course is similar to that of an ILS localizer; however, the 
SDF course may be offset from the runway, generally not 
‘more than 3°, and the course may be wider than the localizer, 
resulting in a lower degree of accuracy 


‘Single-pilot resource management (SRM). The ability for 
crew or pilot to manage all resources effectively to ensure 
the outcome of the flight is successful. 


Situational awareness. Pilot knowledge of where the aircraft 
is in regard to location, ar traffic control, weather, regulations, 
aircraft status, and other factors that may affect flight. 


Skidding turn, An uncoordinated turn in which the rate of 
turn 


too great for the angle of bank, pulling the aircraft to 


Skin friction drag. Drag generated between air molecules 
and the solid surface of the aircraft 


‘Slant range. The horizontal distance from the aircraft antenna 
to the ground station, due to line-of-sight transmission of the 
DME signal. 


Slaved compass. A system whereby the heading gyro is, 
“slaved to,” or continuously corrected to bring its direction 
readings into agreement with a remotely located magnetic 
direction sensing device (usually this isa flux valve or flux 
‘gate compass). 


ipping turn. An uncoordinated turn in which the aircraft 
is banked too much for the rate of turn, so the horizontal lift 
component is greater than the centrifugal force, pulling the 


aircraft toward the inside of the turn, 


‘Small airplane. An airplane of 12,500 pounds or less 
‘maximum certificated takeoff weight. 


Somatogravie illusion. The misperception of being 
in a nose-up or nose-down attitude, caused by a rapid 
acceleration or deceleration while in flight situations that 
lack visual reference. 


Spatial disorientation. The state of confusion due to 
misleading information being sent to the brain from various 
sensory organs, resulting ina lack of awareness ofthe aircraft 
position in relation to a specific reference point. 


Special use airspace. Airspace in which flight activities are 
subject to restrictions that can create limitations on the mixed. 
use of airspace. Consists of prohibited, restricted, warning, 
military operations, and alert areas. 


‘SRM. Sce single-pilot resource management. 


ss 


See secondary surveillance radar. 
SSV. See standard service volume. 


Standard holding pattern. A holding pattern in which all 
turns are made to the right. 


Standard instrument departure procedures (SIDS). 
Published procedures to expedite clearance delivery and to 
facilitate transition between takeoff and en route operations. 


Standard rate turn. A turn in which an aircraft changes its 
direction at a rate of 3° per second, The turn indicators are 
typically 2 minute or 4 minute instruments. In a 2 minute 
instrument, if the needle is one needle width either side of 
the center alignment mark, the turn is 3° per second and the 
turn takes 2 minutes to execute a 360° turn. In a 4 minute 


instrument, the same turn takes two widths deflection of the 
needle to achieve 3° per second. The 4 minute tur instrument 
is usually found on high performance aircraft. 


Standard service volume (SSV). Defines the limits of the 
volume of airspace which the VOR serves. 


Standard terminal arrival route (STAR). A preplanned. 
TER ATC arrival procedure published for pilot use in graphic 
andior textual form. 


STAR. See standard terminal arrival route. 
Static longitudinal stability. The aerodynamic pitching 


moments required to return the aircraft to the equilibrium 
angle of attack. 


Static pressure. Pressure of air that is still, or not moving, 
‘measured perpendicular to the surface of the aircraft. 


Steep turns. In instrument flight, any tur greater than standard 
rate; in visual flight, anything greater than a 45° bank. 


Stepdown fix. The point after which additional descent is 
permitted within a segment of an IAP. 


Strapdown system. An INS in which the accelerometers 
and gyros are permanently “strapped down” or aligned with 
the three axes of the aircraft 


Stress. The body’s response to demands placed upon it. 


Structural icing. The accumulation of ice on the exterior 
of the aircraft. 


Suction relief valve. A relief valve in an instrument vacuum 
system required to maintain the correct low pressure inside 
the instrument case for the proper operation of the gyros. 


Synchro. A device used to transmit indications of angular 
‘movement or position from one location to another. 


Synthetic vision. A realistic display depiction of the aircraft 
in relation to terrain and flight path. 


TAA, Sce terminal arrival area, 
TACAN, See tactical air navigation. 
‘Tactical air navigation (TACAN). An electronic navigation 


system used by military aircraft, providing both distance and 
direction information, 


‘TAWS, See terrin awareness and warning system, 
TCAS, See traffic alert collision aoidance system. 
‘TCH. See threshold crossing eight 

‘TDZE. See touchdown zone elevation. 

‘TEC. See Tower En Route Control 


‘Technique. The manner in which procedures are executed. 


‘Temporary flight restri 
imposed in order to: 


ion (TFR). Restriction to flight 


1, Protect persons and property in the air or on the 
surface from an existing or imminent flight associated 
hazard; 


Provide a safe environment for the operation of 
disaster relief aircraft; 
3. Prevent an unsafe congestion of sightsceing aircraft 
above an incident; 
4, Protect the President, Vice President, or other public 
figures; and, 
5. Provide a safe environment for space agency 
operations. 
Pilots are expected to check appropriate NOTAMS during 
flight planning when conducting flight in an area where a 
temporary flight restriction is in effect. 
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‘Tension. Maintaining an excessively strong grip on the control 
column, usually resulting in an overcontrolled situation, 


‘Terminal Instrument Approach Procedure (TERP). 
Prescribes standardized methods for use in designing 
instrument flight procedures. 


‘Terminal arrival area (TAA). A procedure to provide a 
new transition method for arriving aircraft equipped with 
FMS and/or GPS navigational equipment. The TAA contains 
a“T” structure that normally provides a NoPT for aircraft 
using the approach. 


‘TERR. Sce terminal instrument approach procedure. 


‘Terrain Awareness and Warning System (TAWS). A 
timed-based system that provides information concerning 
potential hazards with fixed objects by using GPS positioning 
and a database of terrain and obstructions to provide true 
predictability of the upcoming terrain and obstacles. 


‘TER. See temporary flight restriction. 


‘Threshold crossing height (TCH). The theoretical height 
above the runway threshold at which the aircraft's glide 
slope antenna would be if the aircraft maintains the trajectory 
established by the mean ILS glide slope or MLS glide path. 


‘Thrust (aerodynamic force). The forward aerodynamic 
force produced by a propeller, fan, oF turbojet engine a: 
forces a mass of air to the rear, behind the aircraf. 


‘Time and speed table. A table depicted on an instrument 
approach procedure chart that identifies the distance from the 
FAF to the MAP, and provides the time required to transit 
that distance based on various groundspeeds. 


‘Timed turn. A turn in which the clock and the turn 
coordinator are used to change heading a definite number of 
degrees in a given time. 


TIS. Sce traffic information service. 


Title 14 of the Code of Federal Regulations (14 CFR). 
‘The federal aviation regulations governing the operation of 
aircraft, airways, and airmen 


‘Touchdown zone elevation (TDZE). The highest elevation 
in the first 3,000 fect of the landing surface, TDZE is 
indicated on the instrument approach procedure chart when 
straight-in landing minimums are authorized, 


‘Tower En Route Control (TEC). The control of IFR en route 
traffic within delegated airspace between two or more adjacent, 
approach control facilities, designed to expedite traffic and 
reduce control and pilot communication requirements 


‘TPP. See United States Terminal Procedures Publication. 


‘Tracking. Flying a heading that will maintain the desired track 
to or from the station regardless of crosswind conditions. 


‘Traffic Alert Collision Avoidance System (TCAS). 
‘An aitborne system developed by the FAA that operates 
independently from the ground-based Air Traffic Control 
system, Designed to increase flight deck awareness of 
proximate aircraft and to serve as a “last line of defense” for 
the prevention of mid-air collisions. 


format 


‘Traffic service (TIS). A ground-based service 
providing information to the flight deck via data link using 
the S-mode transponder and altitude encoder to improve the 
safely and efficiency of “see and avoid” flight through an 
automatic display that informs the pilot of nearby traffic. 


‘Transcribed Weather Broadcast (TWEB). Meteorological 
and aeronautical data recorded on tapes and broadcast over 
selected NAVAIDs. Generally, the broadcast contains route 
oriented data with specially prepared NWS forecasts, inflight 
advisories, and winds aloft. It also includes selected current 
information such as weather reports (METAR/SPEC)), 
NOTAMSs, and special notices. 


‘Transponder. The airborne portion of the ATC radar 
beacon system, 


‘Transponder code. One of 4,096 four-digit discrete codes 
ATC assigns to distinguish between aircraf. 


‘Trend. Immediate indication of the direction of aircraft 
‘movement, as shown on instruments. 


‘Trim. Adjusting the aerodynamic forces on the control 
surfaces so that the aircraft maintains the set attitude without 
‘any control input 


TWEB. Sce Transcribed Weather Broadcast. 


‘True airspeed. Actual airspeed, determined by applying a 
correction for pressure altitude and temperature to the CAS. 


UHE Sce ultra-high frequency 


Ultra-hi 
frequencis 


th frequency (UF). The range of electromagnetic 
between 962 MHz and 1213 MHz. 


Uncaging. Unlocking the gimbals of a gyroscopic instrument, 
‘making it susceptible to damage by abrupt flight maneuvers, 
or rough handling. 


Underpower, Using less power than required for the purpose 
of achieving a faster rate of airspeed change. 


United States Terminal Procedures Publication (TPP). 
Booklets published in regional format by the NACO that 
include DPs, STARs, LAPS, and other information pertinent 
to IFR flight. 


Unusual attitude. An unintentional, unanticipated, or 
extreme aircraft attitude, 


User-defined waypoints. Waypoint location and other data, 
‘which may be input by the user, this is the only GPS database 
information that may be altered (edited) by the user. 


Variation. Compass error caused by the difference in 
the physical locations of the magnetic north pole and the 
‘geographic north pole 


VAS 


ial approach slope indicator. 
VDP. Sce visual descent point. 
Vectoring. Navigational guidance by assigning headings. 


Venturi tube. A specially shaped tube attached to the outside 


of an aircraft to produce suction to allow proper operation 
of gyro instruments, 


Vertical speed indicator (VSD. A rate-of-pressure change 
instrument that gives an indication of any deviation from a 
constant pressure level. 


Very-high frequency (VHF). A band of radio frequencies 
falling between 30 and 300 MHz, 


Very-high frequency omnidirectional range (VOR). 
Electronic navigation equipment in which the flight deck 
instrument identifies the radial or line from the VOR station, 
measured in degrees clockwise from magnetic north, along, 
which the aircraft is located, 


Vestibule. The central cavity ofthe bony labyrinth of the ear, 
or the parts of the membranous labyrinth that it contains. 


VER-on-top. ATC authorization for an IER aircraft to operate 
in VER conditions at any appropriate VFR altitude. 
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it did when it was new. You could use a conventional wet 
sponge but this tends to shorten the lifespan of the tip 
due to expansion and contraction. Also, a wet sponge 
will drop the temperature of the tip temporarily when 
wiped. A better alternative is to use a brass sponge as 


shown on the left. 


Soldering Iron Stand 


A soldering iron stand is very basic but very useful and 
handy to have. This stand helps prevent the hot iron tip 
from coming in contact with flammable materials or 
causing accidental injury to your hand. Most soldering 
stations come with this built in and also include a sponge 


or brass sponge for cleaning the tip. 
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VER over-the-top. A VFR operation in which an aircraft 
operates in VER conditions on top of an undercast. 


Victor airways. Airways based on a centerline that extends 
from one VOR or VORTAC navigation aid or intersection, 
to another navigation aid (or through several navigation aids 
or intersections); used to establish a known route for en route 
procedures between terminal areas. 


Visual approach slope indicator (VASD). A visual aid of 
lights arranged to provide descent guidance information 
during the approach to the runway. A pilot on the correct 
{lide slope will see red lights over white lights. 


Visual descent point (VDP). A defined point on the final 
approach course of a nonprecision straight-in approach 
procedure from which normal descent from the MDA to the 
runway touchdown point may be commenced, provided the 
runway environment is clearly visible to the pilot. 


al flight rules (VFR). Flight rules adopted by the 
FAA governing aircraft flight using visual references. VER 
operations specify the amount of ceiling and the visibility the 
pilot must have in order to operate according to these rules. 
‘When the weather conditions are such that the pilot can not 
operate according to VFR, he or she must use instrument 
flight rules (IFR). 


‘Visual meteorological conditions (VMC). Meteorological 
conditions expressed in terms of visibility, distance from 
cloud, and ceiling meeting or exceeding the minimums 
specified for VER. 


YMC. See visual meteorological conditions. 
VOR. Sce very-high frequency omnidirectional range. 

VORTAC. A facility consisting of two components, VOR 
and TACAN, which provides three individual services: VOR 


azimuth, TACAN azimuth, and TACAN distance (DME) at 
one site 


VOR test facility (VOT). A ground facility which emits a 
test signal to check VOR receiver accuracy. Some VOTs are 
available to the user while airborne, while others are limited 
to ground use only 


VOT. Sce VOR test facility 
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VSI. See vertical speed indicator. 
WAAS, See wide area augmentation system. 


‘Warning area. An arca containing hazards to any aircraft 
not participating in the activities being conducted in the 
area, Warning areas may contain intensive military training, 
‘gunnery exercises, or special weapons testing. 


‘Waypoint. A designated geographical location used for route 
definition or progress-reporting purposes and is defined in 
terms of latitude/longitude coordinates. 


WCA. Sce wind correction angle. 


Weather and radar processor (WARP). A device that 
provides real-time, accurate, predictive and strategic weather 
information presented in an integrated manner in the National 
‘Airspace System (NAS). 


Weight. The force exerted by an aircraft from the pull of 
gravity 


Wide area augmentation system (WAAS). A differential 
global positioning system (DGPS) that improves the accuracy 
of the system by determining position error from the GPS 
satellites, then transmitting the error, or corrective factors, 
to the airborne GPS receiver. 


Wind correction angle (WCA). The angle between the 
desired track and the heading of the aircraft necessary to 
keep the aircraft tracking over the desired track. 


Work. A measurement of force used to produce movement. 
Zone of confusion. Volume of space above the station where 


a lack of adequate navigation signal directly above the VOR 
station causes the needle to deviate. 


Index 


A 


above ground level 3-31, 744, 8.2, 
absolute accuracy 
acceleration in cruise flight 
acute fatigue. 

additional reports, 

adjust. 

advanced technologies. 
advanced technology systems. 


adverse yaw. Dell, 
aeronautical decision-making (ADM)I-1, 1-12, 1-15, 
acronautical information manual (AIM), 94, 
agonic line 


air data computer (ADC) 
air route surveillance radar (ARSR) 7-49, 9-7 
air route traffic control center (ARTC) 7-50, 9-4, 9-7, 10-2 
air traffic control (ATC), 1-15, 9-1, H-L 
inflight weather avoidance assistance 9-1 
radar weather displays, 
air traffic control radar beacon system (ATCRBS). 
air traffic control towers. 
aireraft approach categories. 
aireraft control. 
aircraft system malfunctions. 
airplane trim, 
airport diagram. 
airport information, 
airport sketch. 
airport surface detection equipment (ASDE). 
airport surveillance radar (ASR). 
Airport Facility Directory (A/FD). 
airspace classification 
class A through G. 
airspeed color codes. 


7-49, 7-50 
7-49, 9-7 
1-9, 7-10, 8-6, 10: 


airspeed 
indicated 39 
indicator. 4-6, 5-5, 5-37, 6-5 
calibrated 39 
equivalent er 
true, 39 


airspeed changes 
airspeed indicators 
maximum allowable airspeed. 
alcohol 
alternate airport 
alternator/generator failure, 
altimeter 
amendment status. 
analog pictorial displays 
anti-ice 
approach lighting systems (ALS. 
approach to stall. 
altimeter 
cold weather 
enhancements (encoding). 
analog instrument failure 
angle of attack. 
approach azimuth guidance. 
approach control advances. 
approach control facility 
approach to airport 
‘without an operating control tower 
with control tower, no approach control 
with control tower and approach control. 
approaches. 
missed. 
parallel runways 
radar. 
timed, from a holding fix. 
area navigation (RNAV) 
arrival 
atmosphere 
layers of the atmosphere. 
attitude and heading reference s 
attitude director indicator (ADI), 


attitude 


indicator....4-4, 4-5, 4-7, 5-2, 5-6, 5-34, 5-37, 6-3, 6-5 
control, 43 
instrument flying 4-1, 4-21, 6-1 

autokinesis. 17 

automated flight service stations (AFSS) 9-4 

automated radar terminal systems (ARTS) 9-7 

automated surface observing station (ASOS). 8-10 

automated terminal information service (ATIS) nu. 108 

automated weather observing station (AWOS). 8-10 


automatic dependent surveillance-broadcast (ADS-B)3-28 


automatic direction finder (ADF). 3-16, 7-3, 10-7 
function of. 74 
operational errors. 78 

automatic terminal information service (ATIS). 1-15, 8-16 

automatic weather observing system (AWOS) 73 

autopilot systems. 3-24 

autorotations. 6-17 

‘common errors. 6-17 

azimuth card. 74 

B 

back courses (BC) 7-39 

bank control 4-4, 4-7, 4-20, 5-6, 5-37, 6. 

baro-aiding, 7-28 

barometric vertical navigation (BARO VNAV) vu. 8-32 

basic aerodynamics (review of) 2-2 
relative wind 2 
angle of attack 2-2 

basic instrument flight patterns. 5-30, 5-61 

basic radio principles 7-2 

blockage considerations. 32 
indications of pitot tube blockage 33 
indications from static port blockage 333 
effects of flight conditions 33 

c 

calibrated... 


calibrated orifice 
center approach departure contro. 
certified checkpoints, 

changeover points (COPS) 
changing technology 

charted IFR altitudes. 

chronic fatigue 

circling approaches 

circling approach pattern, 

class D airspace. 

clean configuration. 

lear ice... 


SL 
2-13, 10-24 


clearances 
separations. 
clearance delivery 
clearance on request. 
clearance void time 


climbing 
while accelerating. 1s 
while turning 18 
climbs. 2-10, 5-14 
fixation 4-27 
omission 428 
emphasis. 4.28 
‘communication equipment. 9.2 
communication facilities, 9-4 
‘communication procedures 0-4 
communication/navigation system malfunction... 11-8 
compass 
course 3.43 
locator. 7-28, 7-40 
tums 5-21, 5-53, 6-15 
compass rose. 3412, 5.25 
computer navigation fix. 8-10 
concentric rings. 818 
conducting an IFR flight 10-27 
constant airspeed climb 
from cruise airspeed 5-46 
from established airspeed S47 
constant rate climbs. 5-47 


control 
characteristics 
and performance. 
instruments 
sequence 
control display unit (CDU) 
control pressures 
coordinated 
coordination of rudder and aileron controls. 
coriolis illusion, 
course interception, 
course reversal elements 


plan view 8-20 

profile view 8-20 
crew resource management (CRM) 114 
critical areas. 72 
cross-check, 43,420 

common errors. 4-1 
cruise clearance. 10-4 
current induction, 315 


D 
dark adaptation, 


DECIDE model. 
decision height (DH), 3-31, 7-50, 8-21 
deice 
density altitude 
departure 
departure procedures (DPS), Tel, 7-33, 812, 
instrument, 
departures 
airports without an operating control tower 10-7 
radar controlled 10 
descents. 5-16, 5-49 
deviation, 342 


differential global positioning systems (DGPS) 
direct indication 
directional 
distance circle. 
distance measuring equipment (DME) 
components. 
function of. 
diving 
or rolling beyond the vertical plane. 18 
while turning 18 
Dob. 
doghouse 
domestic reduced vertical 
separation minimum (DRVSM) 37 
double gimbal 
drag 
drag curves. 
dry air vacuum pump. 
duplex. 
dynamic pressure type instruments, 


e 
otolith organs. 
semicircular canals 
eddy currents. 
electrical systems. 
electronic flight display (EFD) 
electronic flight instrument systems 
levator illusion, 
emergencies. 


cen route. 10-7, 10-32 
cen route flight advisory service (EFAS), 9-4 
cen route high-altitude charts, 8.6 
cen route procedures, 10-7 


encoding altimeter. 3-7 
entry 5-14, 5-46, 5-49, 6-10 
equipment... fers 
eyes 12 
F 

false horizon. 17 
fatigue 1.12 
featureless terrain illusion 19 
federal airways 84 
feeder facil 8-18 
feet per minute (pm) 46 
filing in flight 10-2 
final approach fix (FAF). 7-23 


final approach waypoint (FAWP), 32 


flight director indicator (FDI) 3.23 
flight instruments. 2-16, 341, 6-2 
flight levels (FL) 3.7 
flight management systems (FMS) 3-25 
function of. 7-48 
flight patterns. 5.30 
flight planning information, sources. 10.2 
flight strips 9.5 
flight suppor systems, 2 
flight path 22,26 
four step process used to change attitude. 420 
flux gate compass. 3-14 
flying experience. 10.22 
fog. 1-9, 10-24 
form drag. 
four forces. 22 


fundamental skills 


of attitude instrument flying, 424 
instrument cross-check. 4-10 
instrument flight 6-2 

G 

glide slope 


glide slope intercept altitude 
global landing system (GLS) 
global navigation satellite system (GNSS) 
global positioning system (GPS) 
components. 
familiarization 
funetion of. 
instrument approaches, 
nearest airport function. 
substitution 
graveyard spiral 
ground lighting illusions 


ground proximity warning system (GPWS) 3.34 
ground speed 719 
ground wave. 7-2 
gyroscopic systems, power sources 3.16 
pneumatic systems, 3.16 
‘vacuum pump systems 317 
gyroscopic instruments 
attitude indicator. 3-18 
H 
hazard identification. 113 
hazardous attitudes. 1.18 
and antidotes, 1.18 


Hazardous Inflight Weather Advisory Service 
(HIWAS), 

haze 

head up display (HUD) 
heading. 

heading indicators 

height above airport (HAA), 
height above landing (HAL). 
height above threshold elevation (HAT), 
helicopter trim. 


3419, 4-7, 5. 


holding 
DME wn 
instructions, 
patterns. 
procedures 
homing 
horizontal situation indicator (HSI) 
buman 
factors. 14 
resources. 14 
1 
IAP minimums 10-21 
ICAO cold temperature error table 36 
ICAO Standard Atmosphere 25 
icing, 212 
types of. 213 
identifying intersections, 8-7 
TER en route and terminal operations. 7-28 
TER en route charts. 8-6 
IER flight plan. 10-2 
canceling, 103 
IER Flight using GPS. 7-30 
illusions leading to spatial disorientation. Ls 
IMSAFE Checklist 113 
indirect indication 64 


induced drag. 23 
induction icing 


1 


inertia navigation systems (INS). 7:36 


components. 37 
errors. 737 
initial approach fix (IAF), 7-23, 8-16, 8-18, 
inoperative components, 8-27 
instantaneous vertical speed indicator (IVSI).....3-8, 4-6 
instrument 
approach capabilities 7-36 
approach systems. 1-37 
ceross-check 4-10, 4-24, 6: 


instrument approach procedures (IAPS). 
instrument approach procedures, compliance with. 
instrument approaches 

to civil airports 

radar monitoring of. 
instrument flight. 


TAT, 8-2, 8-12 
10-12 


instrument flight rules (IFR) 341, 10-1 
instrument interpretation 63 
instrument landing systems (ILS). 737 
components. 7-30 
errors. 748 
function, 7-42 
instrument takeoff, 5-29, 5-60, 6-17 
common errors, 5-29, 5-61, 6-18, 
instrument weather flying. 10: 
integrated flight control system 3.24 
intercepting lead radials 7-19 
interference drag 23 
international civil aviation organization (ICAO)... 2-5, 8-1 
international standard atmosphere (ISA) 25 
inversion illusion, 1-6 
inverted-V eross-cheek, 4 
inverter 3.18 
isogonic lines 3.12 
J 
jet routes. 85 
K 
Kollsman window 34,93 
L 
lag. 


land as soon as possible 
land as soon as practical 
land immediately 
landing. 

landing minimums 
large airplanes. 

Law of Inertia 


Law of Momentum 

Law of Reaction. 

layers of the atmosphere 

lead radial 

leans, the 

learning methods 
control and performance. 42,417 
primary and supporting 42 

letters of agreement (LOA) 9-14 

leveling off. 5-16, 5-17, 5-48, 5-50 


lift 
lines of magnetic flux. 

load factor 241 
local area augmentation system (LAAS). 7-36, 8-32 
localizer (LOC) 7-39 
localizer type directional aid (LDA). 745 


long range navigation (LORAN) 
components. 
function of. 

loss of alternator/generator for electronic flight 


instrumentation 1s 
lubber line 31 
M 


‘mach number. 

‘machmeters 

‘magnetic compass, basic aviation. 
induced errors, 


‘magnetic bearing (MB). 
‘magnetic heading (MH) 
‘magnetism 
‘margin identification 
‘marker beacons 7-317, 7-40, 7-44 
‘maximum authorized altitude (MAA) 8-7 
‘mean sea level (MSL) 10-9 
‘medical factors. 112 
acute fatigue, 112 
aleohol 12 
chronic fatigue 113 
fatigue. 112 
microwave landing system (MLS), 7-45 
‘middle markers (MMs). 730 
mileage breakdown 8-10 
ary operations areas (MOAS) 84 
tary training routes (MTTRs). 8. 


jmum crossing altitude (MCA). 
imum descent altitude (MDA), 
jmum en route altitude (MEA) 
jmum obstruction clearance altitude (MOCA) 
imum reception altitude (MRA) 


minimum safe altitude (MSA) 8-16, 8-18, 
minimum vectoring altitudes (MVAS) 9-6 


minimums section 8.23 
missed approach point (MAP) 7-23 
missed approach procedure 8.23 


missed approach waypoint (MAHWP). 32 
mixed ice. 214 
Mode C. 3-7 
altitude reporting 93 
models for practicing ADM 
perceive, process, perform 17 
DECIDE model, the 17 
monopulse secondary surveillance radar (MSSR).....9-12 
‘multi-function display (MFD). 3-27, 3-28, 11-12 
navigating page groups. 11-10 
nearest airports, using. 11-10 
N 
National Aeronautical Charting Group (NACG) ou 8-2 
National Airspace System (NAS). 81,91 
National Security Areas (NSA). 84 
National Transportation Safety Board (NTSB. 216 
nautical miles (NM), TAT 
navigation/communication (NAV/COM) equipment 
9-2,9.3 
navigation features. 87 
navigation instruments, 42,419 
nearest airport page group, 1-10 
nearest airports page soft keys 1-10 
nerves Ls 
new technologies. 8-10 
Newton's First Law of Motion Law of Inertia 24 


Newion’s Second Law of Motion Law of Momentum..2-4 
Newion’s Third Law of Motion Law of Reaction 2-4 


no-gyto approach 10-18, 
nondirectional beacon (NDB). 73,87 
nonprecision approach. 9-7 
nonstandard pressure on an altimeter. 36 
normal command 2-7 
North American Route Program (NRP). 8-6 
nose high attitudes. 5.27 


nose low attitudes. 
notices to airmen (NOTAM). 


fe) 

obstical clearance surface 

obstacle departure procedures (ODP) 
off-route obstruction clearance altitude (QROCA .....86 


operating on the main battery 115 
operational errors, 7-45 
optical illusions. 19 


featureless terrain illusion 19 


fog. 19 
ground lighting illusions. 19 
haze. 19 
how to prevent landing errors due to optical illusions 
19 
runway width illusion, 19 
runway and terrain slopes illusion. 19 


‘water refraction 
orientation 

oscillation error. 

otolith organs 

outer markers (OMS). 

outside air temperature (OAT) 
overcontrolling 


overpower 
P 
parasite drag. 3 
partial panel flight 6 
performance instruments. 42,419 
physiological and psychological factors 1 
pilot briefing 12 
Pilot's Operating Handbook/Airplane Flight 
Manual (POH/AFM). 33 
pilot/static instruments 33 
pilot/static systems. 3-2 
failure 
pitch control 
pitch/power relationship, 26 
pitot pressure. 32 
pitot-static head. 3.2 
plan view 8-16 
course reversal elements, 8-20 
planning the descent and approach 10-8 
preflight. 10-2 
profile view. 8.21 
pneumatic systems 3.16 
failure 11-7 
POH/AFM. 10-2 
position 
reports, 
postural considerations. 
power. 2-10, 5-13, 5-25, 
control, 4-4, 4-8, 4-21, 5-8, 
settings, 
precession 
error. 5-7,6-6 


precipitation static (P-static) 
precision approach 
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precision approach path indicator (PAPI) 1410 
precision approach radar (PAR) 7-49, 10-17 
precision runway monitor (PRM). 9-12 

RADAR 9-12 

benefits 9-12 
preferred IFR routes. 
pressure 

altitude. 

density 

indicating systems 38 
preventing landing errors due to optical ilusions.....1-9 
primary 

bank, 

pitch 

power, 


primary and supporting method 
primary flight display (PFD). 
additional information for specific airport 
nearest airports, using. 
procedure turn. 
holding in lieu of. 


standard 45°, 
80/260, 
profile view 
propeller icing. 
propelleritotor modulation error 
R 
racetrack pattern 5.30 
radar 93 
limitations. 7-50 
transponders 93 
radar controlled departures 10-5 
radar navigation (ground based) 7-49 
functions of. 7-49 
radials. 7-10 
radio altimeter 3.30 
radio frequency (RF. 716 
radio magnetic indicator (RMI) 3-15, 7-4 


radio wave 
radius of turn 

rate of turns 

receiver autonomous integrity monitoring (RAIM).....7-28 
receiver-transmitter (RT) 3.31 
rectangular cross-check Al 


reduced vertical separation minimum (RVSM) 37 
reference circle. 


regions of command. 
‘normal command. 
reversed command, 
relative bearing (RB). 
relative wind, 
remote communications outlet (RCO) 
remote indicating compass. 
repeatable accuracy 
required navigation performance 
required navigation instrument system inspection. 
reversal of motion 
RNAV instrument approach charts 
reversed command 
reverse sensing, 
shodopsin, 
rigidity 
risk. 
risk analysis. 
RNAV (Sce area navigation) runway width 
illusion 1-9, 1-10 
and terrain slopes illusion. 1-9,1-10 
runway end identifier lights (REIL). 
runway visual range (RVR), 
runway visual value (RVV). 


scanning techniques 
selected radial cross-check, 
selective availability (SA), 
semicircular canals. 
sensitive altimeter 

principle of operation 
sensory systems for orientation. 


servo failure 6-17 
side-step maneuver. 10-20 
simplex. 92 
simplified directional facility (SDF). 745 
single-pilot resource management (SRM) 114 
situational awareness 1-14, 11-11 


skin friction drag, 
sky wave. 

slip/skid indicator. 
slow-speed flight, 
small airplanes 
somatogravic illusion. 


space wave 1 
spatial disorientation -2 
coping with spatial disorientation sal 
demonstration of spatial disorientation. 17 


special use airspace. 82 
speed stability, 2-7 
St. Elmo’s Fire 73,113 
stall warning systems, 216 
standard entry procedures 10-11 
standard holding pattern 

no wind. 10-9 

with wind, 10-9 
standard instrument departure procedures (SID) su... 10-5 
standard rate of turn 2-11, 5-19, 5-51 


establishing, 
‘standard terminal arrival routes (STAR). 
standby battery 
Static longitudinal stability 
static pressure, 
teep turns 
stepdown fixes 
straight-and-level flight. 
airspeed changes. 
power control during 


8-12, 10-9 
11-6 


straight climbs and descents. 5-14, 5-46 

common errors. 5-17, 5-50, 6-13 
stress, 1 
structural icing 2-13, 10-24 


suction relief valve 
synchro, 
synthetic vision 
system status, 
systems preflight procedures 
before engine start 
after engine start 
taxiing and takeoff 
engine shut down, 


17 
315 


T 
tactical air navigation (TACAN), 7-8, 8-7, 10-7 
tailplane stall symptoms, 216 
task management. 15 
teardrop 

patterns. 

procedure. 8.21 
techniques Sl 

for electrical usage 11-5, 11-6 

master battery switch, 15 

operating on the main battery. 11-5, 11-6 
temporary flight restrictions (TFRs) 84 
tension. 4-10, 4-13 
terminal arrival area (TAA). 8.18 
terminal instrument approach procedures (TERPS)....8-12 


‘Terminal Procedures Publications (TPP) 
terminal radar approach control (TRACON). 
terrain alerting systems 

terrain awareness and warning systems (TAWS). 
threshold crossing height (TCH). 
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Solder 


Solder is a metal alloy material that is melted to create a 
permanent bond between electrical parts. It comes in 
both lead and lead-free variations with diameters of .032" 
and .062" being the most common. Inside the solder 
core is a material known as flux which helps improve 


electrical contact and its mechanical strength. 


For electronics soldering, the most commonly used type 
is lead-free rosin core solder. This type of solder is 
usually made up of a Tin/Copper alloy. You can also use 
leaded 60/40 (60% tin, 40% lead) rosin core solder but 
it's becoming less popular due to health concerns. If you 
do use lead solder, make sure you have proper 


ventilation and that you wash your hands after use. 
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Introduction 


Nature moves in the form of a sine wave, be it an ocean 
‘wave, earthquake, sonic boom, explosion, sound through air, 
or the natural frequency of a body in mation. Energy, vibrating 
particles and other invisible forces pervade our physical 
universe. Even light ~ part particle, part wave —has a 
fundamental frequency, which can be observed as color. 


Sensors can convert these forces into electrical 
signals that you can observe and study with an 
oscilloscope. Oscilloscopes enable scientists, 
engineers, technicians, educators and others to 
“see” events that change over time. 


Osciloscopes are indispensable tools for anyone designing, 
‘manufacturing or repairing electronic equioment. n today’s 
fast-paced world, engineers need the best tools avaliable to 
solve their measurement challenges quickly and accurately. 
AAs the eyes of the engineer, oscloscopes are the key to 
‘meeting today's demanding measurement challenges. 

‘The usefuness of an osciloscope is not limited to the world 
of electronics. With the proper sensor, an oscilloscope can 
‘measure all kinds of phenomena. A sensor is a device that 
creates an electrical signal in response to physical stimu, 
such as sound, mechanical stress, pressure, light, or heat. A 
microphone isa sensor that converts sound into an electrical 
signal. Figure 1 shows an example of scientiic data that can 
be gathered by an osciloscope 

Osciloscopes are used by everyone from physicists to repair 
technicians. An automotive engineer uses an asciloscope to 
Correlate analog data from sensors with serial data from the 
engine control unit. A medical researcher uses an oscilscope 
to measure brain waves. The possiblities are endless. 

The concepts presented in this primer wil provide you with 
12 good starting point in understanding osciloscope basics 
and operation, 
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Figure 1. n example of sent data gathered by en sctoscane, 


The glossary in the back of this primer will give yau definitions 
of unfamiliar terms. The vocabulary and multiple-choice 
‘written exercises on oscilloscope theory and cantrols make 
this primer a useful classroom aid. No mathematical or 
electronics knowledge is necessary. 

‘After reading this primer, you will be able to: 

= Describe how oscilloscopes work 

= Describe the differences between various oscilloscopes 

= Describe electrical waveform types 

= Understand basic oscilloscope controls 

1 Take simple measurements 

The manual provided with your oscilloscope will give you 
‘more specific information about how to use the oscilloscope 
in your work, Some oscilloscope manufacturers also provide 
a multitude of application notes to help you aptimize the 
oscilloscope for your application-specific measurements, 
Should you need additional assistance, or have any 
comments or questions about the material in this primer, 
simply contact your Tektronix representative, or visit 
www.tektronix.com. 
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Signal Integrity 


The Significance of Signal Integrity 


The key to any good osciloscope system is its abilty to 
accurately reconstruct a waveform — referred to as signal 
integrlty. An oscilloscope Is analogous to a camera that 
captures signal images that we can then observe and 
interpret. Two key issues le atthe heart of signal integrity 
1» When you take a picture, is it an accurate picture of what 
actualy happened? 
a Is the picture clear or fuzzy? 
1 How many of those accurate pictures can you take per 
second? 
Taken together, the diferent systems and performance capa- 
bites of an oscilascope contribute to its abiity to deliver the 
highest signal integrity possible. Probes also affect the signal 
integrity of a measurement system. 
‘Signal integrity impacts many electronic design disciptines. 
But until a few years ago, it wasn’t much of a problem for 
digital designers. They could rely on their logic designs to 
act lke the Boolean circuits they were. Noisy, indeterminate 
signals Were something that occurred in high-speed designs 
— something for RF designers to worry about. Digital systems 
‘switched slowly and signals stablized predictably. 
Processor clock rates have since multiplied by orders of 
‘magnitude. Comauter applications such as 3D graphics, 
video and server VO demand vast bandwidth, Much of 
today’s telecommunications equioment is digitally based, 
and similarly requires massive bandwidth. So too does 
digital high-defirition TV. The current crop of microprocessor 
devices handles data at rales up to 2, 8 and even 5 GS/s 
(Gigasamoles per second), while some DDRS memory 
devioes use clocks in excess of 2 GHz as well as data signals 
with 35 ps rise times. 
Importantly, speed increases have trickled down to the 
common IC devices used in automobiles, consumer 
electronics, and machine controler, to name just a few 
applications, 
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‘A processor running at 4 20 MHz clock rate may well have 
signals with rise times similar to those of an 800 MHz proces- 
sor. Designers have crossed a performance threshold that 
means, in effect, almost every design is a high-speed design. 


Without some precautionary measures, high-speed problems 
can creep into otherwise conventional digital designs. If a 
circuit is experiencing intermittent failures, or i it encounters: 
errors at voltage and temperature extremes, chances are 
there are some hidden signal integrity problems. These can 
affect time-to-market, product reliabilty, EMI compliance, 
and more. These high-speed problems can also impact the 
integrity of a serial data stream in a system, requiring some 
method of correlating specific patterns in the data with the 
observed characteristics of high-speed waveforms, 


Why is Signal Integrity a Problem? 


Let's look at same of the specific causes of signal dagrada- 
tion in today’s digital designs. Why are these problems so 
much more prevalent today than in years past? 

‘The answer is speed. In the “slow ald days,” maintaining 
acceptable digital signal integrity meant paying attention to 
details ike clock distribution, signal path design, noise mar- 
ins, loading effects, transmission line effects, bus termina- 
tion, decoupling and power distribution. All of these rules stil 
apply, but... 

Bus cycle times are up to a thousand times faster than they 
were 20 years ago! Transactions that once took ricrasec- 
ond are now measured in nanoseconds. To achieve this 
improvement, edge speeds too have accelerated: they are 
Up to 100 times faster than those of two decades ago. 

This is all well and good; however, certain physical reaities, 
have kept circuit board technology fram keeping up the pace. 
‘The propagation time of inter-chip buses has remained 
almost unchanged aver the decades. Geometries have 
shrunk, certainly, but there is stil a need to provide circuit 
board real estate for IC devices, connectors, passive compo- 
ents, and of course, the bus traces themselves. This real 
estate adds up to distance, and distance means time ~ the 
enemy of speed. 
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It's important to remember that the edge speed — rise time ~ 
of a digital signal can carry much higher frequency compo- 
rents than its repetition rate might imply. For this reason, 
some designers deliberately seek IC devices with relatively 
slaw" tise times. 

The lumped circuit model has always been the basis of 

‘most calculations used to predict signal behavior in a circutt 
‘But when edge speeds are more than four to six times faster 
than the signal path delay, the simple lumped model no 
longer applies. 

Circuit board traces just six inches long become transmission 
lines when driven with signals exhibiting edge rates below 
four to six nanoseconds, respective of the cycle rate. 

In effect, new signal paths are created, These intangible 
connections aren't on the schematics, but nevertheless 
provide a means for signals to influence one anather in 
unpredictable ways, 


Sometimes even the errors introduced by the 
probe/instrument combination can provide 

a significant contribution to the signal being 
measured. However, by applying the “square 
root of the sum of the squares" formula to the 
measured value, it is possible to determine 
whether the device under test is approaching 
a rise/fall time failure. In addition, recent 
oscilloscope tools use special filtering tech- 
niques to de-embed the measurement system's 
effects on the signal, displaying edge times 
and other signal characteristics, 
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‘At the same time, the intended signal paths don’t work the 
way they are supposed to. Ground planes and power planes, 
like the signal traces described above, become inductive 

and act lke transmission lines; power supply decoupting 

is far less effective, EMI goes up as faster edge speeds 
produce shorter wavelengths relative to the bus length. 
Crosstalk increases. 

In addition, fast edge speeds require generally higher currents 
to produce them, Higher currents tend to cause ground 
bounce, especialy on wide buses in which many signals 
‘switch at once, Moreover, higher current increases the 
amount of radiated magnetic energy and with it, crosstalk 


Viewing the Analog Origins of Digital Signals 
What do all these characteristics have in common? They 
are classic analog phenomena, To solve signal integrity 
problems, digital designers need to step into the analog 
domain. And to take that step, they need tools that can 
show them how digital and analog signals interact. 


Digital errors often have their roots in analog signal integrity 
problems. To track down the cause of the digital fault, it's 
often necessary to tum to an oscilloscope, which can display 
waveform details, edges and noise; can detect and display 
transients; and can help you precisely measure timing 
relationships such as setup and hold times. Modern oscilo- 
scopes can help to simply the troubleshooting process by 
triggering on specific patterns in parallel or serial data 
streams and displaying the analog signal that corresponds in 
time with a specified event. 

Understanding each of the systems within your oscilloscope 
and how to apply them will contribute to the effective 
application ofthe osciloscope to tackle your specific 
measurement challenge. 
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Waveform shapes reveal a great deal about a signal. Any 
lime you see a change in the height of the wavefarm, you 
know the voltage has changed. Any time there is a flat 
horizontal line, you know that there is no change for that 
length of time. Straight, diagonal lines mean a near 
lange — rise or fall of voltage at a steady rate, Sharp 
angles on a waveform indicate sudden change, Figure 4 
shows common waveforms and Figure 5 displays sources 


of common wavelorms. 
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‘Types of Waves 


You can classify most waves into these types: 
1 Sine waves 

= Square and rectangular waves 

= Sawtooth and triangle waves 

1 Step and pulse shapes 

1» Periodic and non-periodic signals 

1 Synchronous and asynchronous signals 


= Complex waves 
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1e Waves 
‘The sine wave is the fundamental wave shape for several 
reasons. It has harmonious mathematical properties — it is 
the same sine shape you may have studied in trigonometry 
class, The voltage in your wall outlet varies as a sine wave. 
‘Test signals produced by the oscilator circuit of a signal 
generator are often sine waves. Most AC power sources 
produce sine waves. (AC signifies alternating curent, 
although the voltage altemates too. DC stands for direct 
‘current, which means a steady current and voltage, such 
a a battery produces.) 


‘The damped sine wave is a spacial case you may see in 
circuit that oscillates, but winds down over time. 


‘Square and Rectangular Waves 
The square wave is another common wave shape. Basically 
a square wave is a voltage that turns on and ot (or goes 
high and fow) at regular intervals. Its @ standard wave for 
testing amplifiers - good amplifiers increase the amplitude of 
square wave with minimum distortion. Television, radio and 
computer circuitry often use square waves for timing signals 
The rectangular wave is lke the square wave except that 
the high and low time intervals are not of equal length. 

Its particulary important when analyzing digital circuitry. 


‘Sawtooth and Triangle Waves 
‘Sawtooth and triangle waves result from circuits designed to 
control voltages linearly, such as the horizontal sweep 

of an analog oscilloscope or the raster scan of a television, 
The transitions between voltage levels of these waves change 
at a constant rate, These transitions are called ramps. 
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Step and Pulse Shapes 
Signals such as steps and puises that occur rarely, or non- 
periodically, are called single-shot or transient signals. A step 
indicates a sudden change in voltage, similar to the voltage 
change you would see if you turned on a power switch. 


AA pulse indicates sudden changes in voltage, similar to the 
voltage changes you would see If you turned a power switch 
on and then aff again. A pulse might represent one bit of 
information traveling through a computer circuit or it might be 
a gitch, or defect, in a circult. A collection of pulses traveling 
together creates a pulse train, Digital components in a. 
computer communicate with each other using pulses. These 
pulses may be in the form of serial data stream or multiple, 
signal ines may be used to represent a value in a parallel 
data bus. Pulses are also common in x-ray, radar, and 
‘communications equipment. 


Periodic and Non-periodic Signals 
Repetitive signals are referred to as periodic signals, while 
signals that constantly change are known as non-periodic 
signals. A stil picture is analagaus to a periodic signal, while 
‘@ moving picture can be equated to a non-periodic signal 


‘Synchronous and Asynchronous Signals 
‘When a timing relationship exists between two signals, 
those signals are referred to as synchronaus. Clock, data 
and address signals inside a computer are an example of 
synchronous signals, 

Asynchronous Is a term used to describe those signals 
between which no timing relationship exists. Because no 
time correlation exists between the act of touching a key 
on @ computer keyboard and the clock inside the camputer, 
these are considered asynchronous. 
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Telecommunications digital data signals can be displayed on 
an oscilloscope as a special type of waveform referred to as 
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When buying solder, make sure NOT to use acid core 
solder as this will damage your circuits and components. 
Acid core solder is sold at home improvement stores and 


is mainly used for plumbing and metal working. 


As mentioned earlier, solder does come in a few different 
diameters. The thicker diameter solder (.062") is good for 
soldering larger joints more quickly but it can make 
soldering smaller joints difficult. For this reason, it's 
always a good idea to have both sizes on hand for your 
different projects. 


Helping Hand (Third Hand) 


A helping hand is a device that has 2 or more alligator 
clips and sometimes a magnifying glass/light attached. 
This clips will assist you by holding the items you are 
trying to solder while you use the soldering iron and 
solder. A very helpful tool to have in your makerspace. 
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Waveform Measurements 


Many terms are used to desoribe the types of measurements 
that you make with your oscilloscope. This section describes 
‘some of the most common measurements and terms, 


Frequency and Period 
tf signal repeats, it has a frequency. The frequency is 
measured in Hertz (H2) and equals the number of times the 
signal repeats itself in one second, referred to as cycles per 
second. A repetiive signal also has a period, which isthe 
‘amount of ime it takes the signal to complete one cycle. 
Period and frequency are reciprocals of each other, so that 
‘/period equals the frequency and 1/frequency equals the 
period. For example, the sine wave in Figure 8 has a frequen- 
cy of 3 Hz and a period of 1/3 second, 


Voltage 
Voltage is the amount of electric potential, or signal strength, 
between two points in a circuit. Usually, one of these points is 
‘ground, oF zero volts, but not always. You may want to 
measure the voltage from the maximum peak to the minimum, 
peak of a waveform, referred to as the peak-to-peak voltage. 


Amplitude 
Amplitude refers to the amount of voage between two 
points in a circuit. Amplitude commonly refers to the 
‘maximum voltage of a signal measured from ground, oF 
ze10 volts. The waveforrn shown in Figure 9 has an 
amplitude of 1 V and a peak-to-peak voltage of 2 V. 
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Figure 10, Phase sit 


Phase 
Phase is best explained by looking at a sine wave. The 
voltage level of sine waves Is based on circular mation, 

Given that a circle has 860°, one cycle of a sine wave has 
60°, as shown in Figure 9. Using degrees, you can refer to 
the phase angle of a sine wave when you want to describe 
how much of the period has elapsed. 

Phase shift describes the difference in timing between two 
otherwise similar signals. The waveform in Figure 10 labeled 
“current” js said to be 90° out of phase with the waveform, 
labeled “voltage,” since the waves reach similar points in their 
cycles exactly 1/4 of a cycle apart (860°/4 = 90°), Phase 
shifts are common in electronics, 
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Waveform Measurements with Digital Oscilloscopes 
Modern digital osciloscopes have functions that make 

Waveform measurements easier. They have front-panel 
buttons and/or screen-based menus from which you can 
select fully automated measurements. These include ampli- 
tude, period, rise/fall time, and many more. Many digital 
instruments also provide mean and RMS calculations, duty 
cyele, and other math operations. Automated measurements 
appear as on-screen alphanumeric readouts. Typically these 
readings are more accurate than is possible to obtain with 
direct gratioule interpretation. 
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The Types of Oscilloscopes 


Electronic equipment can be classified into two categories: 
analog and digital. Analog equipment works with continuous- 
ly variable voltages, while digital equipment works with dis- 
crete binary numbers that represent voltage samples. A 
conventional phonograph is an analog device, while a 
compact disc player is a digital device. 


COsciloscopes can be classified similarly as analog and 
digital types. In contrast to an analog osciloscope, a digital 
oscilescope uses an analog-to-cigtal carwerter (ADO) to 
cconwert the measured voltage into digital information. tt 
acquires the waveform as a series of samples, and stores 
these samples until it accumulates enough samples to 
describe a wavelorm, The dlgital oscilloscope then 
re-assembles the waveform for display on the screen, as 
‘seen in Figure 14 

Digital osciloscopes can be classified into digtal storage 
cosciloscopes (DSOs), digital phosphor osciloscopes 

{DPOs), mixed signal osciloscopes (MSOs), and digital 
sampling oscilascopes. 

The digital approach means that the osclloscope can display 
any frequency within its range with stablity, brightness, and 
Clarity. For repetitive signals, the bandwidth ofthe digital 
cscilescope is @ function of the analog laandwidth ofthe 


front-end components of the oscilloscope, commonly 
referred to as the ~8 dB point, For single-shot and transient 
events, such as pulses and steps, the bandwidth can be 
limited by the osciloscope’s sample rate, Please refer to 
the Sample Rate section under Performance Terms and 
Considerations for a more detailed discussion, 


Digital Storage Oscilloscopes 

A conventional digital oscilloscope is known as a digital 
storage oscilloscope (DSO). Its display typically relies on a 
raster-type screen rather than the lurninous phosphor found 
in an alder analog oscilloscope. 

Digital storage oscilloscopes (DSOs) allow you to capture 
and view events that may happen only once — known as 
transients, Because the waveform information exists in digital 
form as a series of stored binary values, it can be analyzed, 
archived, printed, and otherwise processed, within the 
oscilloscope itself or by an external computer. The waveform 
eed not be continuous; it can be displayed even when the 
signal disappears. Unlike analog oscilloscopes, digital storage 
oscilloscopes provide permanent signal storage and exten- 
sive waveform processing. However, DSOs typically have na 
real-time intensity grading; therefore, they cannot express 
varying levels of intensity in the live signal 
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Figure 12. Ths sta pocebang achat ot a dy 


‘Some of the subsystems that comprise DSOs are similar 
to those in analog oscilloscopes. However, DSOs contain 
additional data-processing subsystems that are used to 
collect and display data for the entire waveform. A DSO 
employs a serial-processing architecture to capture and 


display a signal on its screen, as shown in Figure 12. A 
description of this serial-processing architecture follows, 
Serial-processing Architecture 

Like an analog oscilloscope, a DSO's first (input) stage is a 
Vertical ampifier Vertical controls allow you to adjust the 
amplitude and position range at this stage. Next, the analog- 
to-digltal converter (ADO) in the horizontal system samples 
the signal at discrete points in time and converts the signal's 
Voltage at these points into digital values called sample 
points, This process is referred to as digitizing a signal 

‘The horizontal system's sample clock determines how aften 
the ADC takes a sample, This rate is referred to as the 


sample rate and is expressed in samples per second (8/3) 
The sample paints from the ADC are stored in acquisition 
memory as waveform points. Several sample points may 
comprise one wavetarm point. Together, the waveform points 
comprise one waveform record, The number of waveform 
points used to create a wavelorm record is called the record 
igger system determines the start and stop 
points of the record. 
The DSO's signal path includes a microprocessor through 
Which the measured signal passes on its way to the display. 
This microprocessor processes the signal, coordinates 
display activities, manages the front panel controls, and 
‘more. The signal then passes through the display memary 
and is displayed on the oscillascope screen, 
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Depending an the capabilties of your oscilloscope, additional 
processing of the sample points may take place, which 
enhances the display. Pre-trigger may also be available, 
enabling you to see events before the trigger point. Mc 
of today’s digital oscilloscopes also provide a selection 
of automatic parametric measurements, simpliying the 
‘measurement process. 


As shown in Figure 13, a DSO provides high performance 
Ina single-shot, mult-channel instrument. DSOs are idea! 
for low-repetition-rate or single-shot, high-speed, mult 
channel design applications. In the real world of digital 
design, an engineer usually examines four or more signals 
simultaneously, making the DSO a critical companion, 
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‘Figure 14, The paral processing artecre fa cg phosphor oslloscape OPO), 


Digital Phosphor Oscilloscopes 

The digital phosphor oscilloscope (DFO) offers anew 
approach to oscilloscope architecture, This architecture 
fenables a DPO to daliver unique acquisition and display 
capabilities to accurately reconstruct a signal 

While a DSO uses a serial-processing architecture to capture, 
display and analyze signals, a DPO employs a parallel-pro- 
cessing architecture to perform these functions, as shown 
in Figure 14, The DPO architecture dedicates unique ASIC 
hardware to acquire waveform images, delivering high 
waveform capture rates that result in @ higher level of signal 
visualization. This performance increases the probabil of 
witnessing transient events that occur in digital systems, 
such as runt pulses, glitches and transition errors, and 
‘enables additional analysis capabiity. A description of this 
parallel-processing architecture folows. 
Parallel-processing Architecture 

‘A DPO's first (input) stage is similar to that of an analog 
oscilascope — a vertical amplifier ~ and its second stage Is 
similar to that of a DSO — an ADC. But, the DPO differs 
significantly from its prececessors following the anaiog-to- 
digital conversion. 

For any osciloscope — analog, DSO or DPO - there is always 
«a holdaff time during which the instrument processes the 
most recently acquired data, resets the system, and waits 
for the next trigger event. During this time, the oscilloscope 
is blind to all signal activity. The probability of seeing an 
infrequent or low-repetition event decreases as the holdott 
time inoreases, 


It should be noted that itis impossible to determine the 
probability of capture by simply looking at the display update 
rate. If you rely solely on the update rate, itis easy to make 
the mistake of believing that the oscilscope is capturing 

all pertinent information about the waveform when, in fact, 
itis not. 


‘The digital storage oscilascope processes captured Wave- 
forms serially, The speed of its microprocessor is a bottleneck 
in this process because it limits the waveform capture rate. 
‘The DPO rasterizes the digitized waveform data into a digital 
phosphor database. Every 1/30th of a second ~ about as fast 
as the human eye can perceive it a snapshot of the signal 
image that is stored in the database is pipelined directly to 
the display system. This direct rasterization of waveform data, 
and direct copy to display memory from the database, 
removes the data-processing bottieneck inherent in other 
architectures. The result is an enhanced “real-time” and lively 
display update. Signal details, intermittent events, and 
dynamic characteristics of the signal are captured in real- 
time. The DPO's microprocessor works in parallel with this, 
integrated acquisition system for display management, 
‘measurement automation and instrument control, so that it 
does not affect the oscilloscope’s acquisition speed. 

‘ADPO faithfully emulates the best display altributes of an 
analog oscilloscope, displaying the signal in three dimen- 
sions: time, amplitude and the distribution of amplitude over 
time, all in real-time, 


vnvrtektanix.convoscilossopas 15 


+ 


03W-8605~! 


qx 


12/10/09 


10:24 AM Page 16 


Prime 


Figure 18. Some 


Unlike an analog oscilloscope’ 
hor, a DPO uses a purely electronic digital phosphor th: 


tabase, This, 
1 pixel in the 


tually a continuo 


iy updated d 


of information for every 


oscilloscape’s display. Each time a waveform is captured — 
in other wards, every time the ascllascope trig 
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s—Itis 
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that represents a screen 


waveform is reinforced with intensity information, while other 


cells are not. Thus, intensity information builds up in cells, 


where the waveform passes most often. 


When the digital phosphor database is fed to the ascillo- 


scope’s display, the display reveals intensified waveform 


rence 


s, In proportion to the signal's frequency of act 
at each point - much lke the intensity grading ¢ 
of an analog oscilloscope. The DPO also allows the display 
of the varying ion on the 
display as contrasting cob 
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veform that occurs on almost every trigger and one that 
ocours, say, every 100th trigger. 
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Mixed Signal Oscilloscopes 
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Digital Sampling Oscilloscopes 
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The Systems and Controls of an 
Oscilloscope 

This section briefly describes the basic systems and controls 
found on analog and cigital oscilascopes, Some controls 
differ between analog and digital oscilloscopes; your oscilo- 
scope probably has additional controls not discussed here. 


A basic oscilloscope consists of four different 
systems - the vertical system, horizontal 
system, trigger system, and display system. 
Understanding each of these systems will 
enable you to effectively apply the oscilloscope 
to tackle your specific measurement challenges. 
Recall that each system contributes to the 
oscilloscope's ability to accurately reconstruct 

a signal. 


The tront panel of an osciloscope is divided into three 
‘main sections labeled vertical, horizontal, and tigger. Your 
osciloscope may have other sections, depending on the 
‘model and type. See if you can locate these front-panel sec- 
tions in Figure 19, and on your asciloscope, as you read 
through this section, 

When using an osciloscope, you need to adjust three basic 

settings to accommodate an incoming signal: 

w Vertical: The attenuation or amplification of the signal. Use 
the volts/div control to adjust the amplitude of the signal to 
the desired measurement range. 

1» Horizontal: The time base. Use the sec/div control to sat 
the amount of time per division represented horizontally 
across the screen 

1 Tigger: The triggering of the osciloscope. Use the trigger 
level to stabilze a repeating signal, or to tigger on a single 
event 
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Common vertical controls include: 
Termination 
~1M ohm. 
~ 50 ohm 

= Coupling 
-DC 
-AC 
- GND 
= Bandwidth 
= Limit 
- Enhancement 
= Position 


= Offset 
= Invert - On/ott 


= Scale 
- Fixed steps 
- Variable 
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Figure 2, AC and DC put couptng 


Vertical System and Controls 

Vertical controls can be used to position and scale the 
waveform vertically, set the input coupling, and adjust other 
‘signal conditioning. 


Position and Volts per Division 
‘The vertical position control allows you to move the waveform 
up and down exactly where you want it on the screen, 

‘The volts-per-civsion setting (usually written as volts/div) is a 
scaling factor that varies the size of the waveform on the 
screen. If the volts/div setting is 5 valts, then each af the 
ight vertical divisions represents 5 volts and the entire 
screen can display 40 volts from bottom to top, assuming a 
graticule with eight major divisions. Ifthe setting is 0.5 
volts/div, the sereen can display 4 volts from bottom to top, 
and so on, The maximum valtage you can display on the 
screen is the valts/div setting multiplied by the number of 
vertical divisions. Note that the probe you use, 1X or 10%, 
algo influences the scale factor. You must divide the volts/civ 
ssoale by the attenuation factor of the probe if the oscilla- 
‘scope does not do it for you. 

Often the volts/alv scale has either a variable gain or a fine 
gain control for scaling a displayed signal to a certain number 
of divisions, Use this control to assist in taking rise time 
measurements. 


Input Coupling 
Coupling refers to the method used to connect an electical 
signal from ane circult to another. In this case, the input 
coupling is the connection from your test circuit to the 
osciloscope. The coupling can be set to DG, AC, or ground. 
DC coupling shows all ofan input signal. AC coupiing blocks 
the DC component of a signal so that you see the waveform 
centered around zero volts. Figure 20 ilustrates this difer- 
ence. The AC coupling setting is useful when the entire 
signal (alternating current + direct current is too large for 

the votts/aiv setting, 

‘The ground setting disconnects the input signal from the 
vertical system, which lets you see where zero volts is 
located on the screen. With grounded input coupling and 
uo trigger made, you see a horizontal ine on the screen 
that represents zero volts. Switching from DC to ground and 
back again is @ handy way of measuring signal voltage levels 
with respect to ground. 


Bandwidth Limit 

Most oscilloscopes have a circuit that limits the bandwidth of 
the oscilloscope. By limiting the bandwidth, you reduce the 
noise that sometimes appears on the displayed waveform, 
resulting in a cleaner signal display. Note that, while eliminat- 
ing noise, the bandwidth limit can also reduce or eliminate 
high-frequency signal content. 
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Bandwidth Enhancement 
‘Some oscillascopes may provide a DSP arbitrary equalization 
fiter which can be used to improve the oscilloscope channel 
response. This fter extends the bandwidth, flattens the 
oscilloscope channel frequency response, improves phase 
linearity, and provides a better match between channels. 

It also dacreases rise time and improves the time domain 
slep response. 


Horizontal System and Controls 

‘An oscilloscope’s horizontal system is mast closely 
associated With its acquisition of an input signal — sample 
rate and record length are among the considerations here. 
Horizontal controls are used to position and scale the 
waveform horizontally. 


Acquisition Controls 
Digital osciloscopes have settings that let you contral haw 
the acquisition system processes a signal, Look over the 
acquisition options on your digital oscilloscope while you 
read this description. Figure 21 shows you an example of 
an acquisition menu, 


Acquisition Modes 
Acquisition mades control how waveform points are pro- 
duced from sample points. Sample points are the digital 
values derived directly from the analog-to-digital converter 
(ADO) The sample interval refers to the time between, 

these sample points. Waveform points are the digital 

values that are stored in memory and displayed to construct 
the waveform. The time value diference between waveform 
points is referred to as the waveform interval 
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‘Common horizontal controls include: 


a Time Base 1 Resolution 
=xy = Sample Rate 

= Scale 1 Tigger Position 
w Trace Separation = Zoom/Pan 

ss Record Length = Search 


‘The sample interval and the waveform interval may, or may 
Not, be the same, This fact leads to the existence of several 
different acquisition modes in which one waveform point is 
comprised of several sequentially acquired sample points. 
‘Additionally, waveform points can be oreatad from a compos- 
ite of sample points taken from multiple acquisitions, which 
provides another set of acquisition modes. A description of 
the most cammanly used acquisition modes fol 
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Soldering Safety 


Now that you know what tools and materials are required, 
it's time to briefly discuss ways of staying safe while 
soldering. 


Soldering irons can reach temperatures of 800’ F so it's 
very important to know where your iron is at all times. 
We always recommend you use a soldering iron stand to 
help prevent accidental burns or damage. 
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‘Types of Acquisition Modes 
1» Sample Mode: This isthe simplest 
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mode. 
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h waveform interval 


sample 
= Peak Detect Mode: The oscilloscope saves the minimum 
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(slow time base 


3 translate into lang wa 

bie to capture fast signal 
between the waveform points i in sample mode, as shown, 
In Figure 22. Peak detect mode is particularly useful for 
seeing narrow pulses spaced far apart in time, as demon- 
strated in Figure 23. 

aH hires mode is a way 
of getting more information in cases when the ADC can 
sample faster than the time base 


EM intervals) and are 
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resolution for low-speed signals. The advantage of Hi Res 
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ena single shot event, 
1» Envelope Mode: Envelope made is similar to peak detect 
in envelope mode, the minimum and 
maximum waveform points from multiple acquisitions 


mode. Howev' 
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Starting and Stopping the Acquisition System 


One of the grea 


st advantages of digital osci 
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0 this end, 
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their ability to store waveforms for later viewing. 
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‘Sampling 
‘Sampling is the process of converting a partion of an 

Input signal into a number of discrete electrical values for 
the purpose of storage, processing and/or display. The 
‘magnitude of each sampled point is equal to the amplitude 
Of the input signal at the instant in time in which the signal 

is sampled. 

‘Sampling is like taking snapshots. Each snapshot core- 
sponds to a specific point in time an the waveform, These 
snapshots can then be arranged in the appropriate order in 
time so as to reconstruct the input signal 

{na digital osciloscope, an array of sampled points is 
reconstructed on a display with the measured amplitude on 
the vertical axis and time on the horizontal axis, as illustrated 
in Figure 24. 

The input waveform in Figure 24 appears as a series of dots 
con the soreen. Ifthe dots are widely spaced and difficult to 
interpret as a waveform, the dots can be connected using 

a process called interpolation. interpolation connects the 
dots with lines, or vactors. A number of interpolation meth- 
ods are available that can be used to produce an accurate 
representation of a continuous input signal 
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‘Sampling Controls 
‘Some digital oscilloscopes provide you with a choice in 
‘sampling method — either real-time sampling or equivalent- 
time sampling. The acquisition controls available with these: 
oscilloscopes will alow you to select a sample method to 
acquire signals. Note that this choice makes no difference 

for slow time base settings and only has an effect when 

the ADC cannot sample fast enough to fil the record with 
‘waveform points in one pass. Each sampling method has 
distinct advantages, depending on the kind of measurements 
being made. 


Contrals are typically available on modern oscilloscopes to 
give you the choice of three horizontal time base modes of 
operations. If you are simply doing signal exploration and 
‘want to interact with a lively signal, you will use the Automatic 
or interactive default made that provides you with the liveiast 
display update rate. f you want a precise measurement and 
the highest real-time sample rate that will give you the most 
measurement accuracy, then the Constant Sample Rate 
‘mode is for you. It will maintain the highest sample rate and 
provide the best real-time resolution. The last mode is called 
the Manual made because it ensures direct and independent 
control of the sample rate and record length. 


Real-time Sampling Method 
Real-time sampling is Ideal for signals whose frequency range 
is less than half the oscilloscope’s maximum sample rate. 
Here, the oscilloscope can acquire more than enough points, 
in one “sweep” of the waveform to construct an 

accurate picture, as shown in Figure 25. Real-time sampling 
Is the only way to capture fast, single-shot, transient signals 
with a digital oscilloscope. 
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Figure 28, Lea’ ans wx intoraaton, 


Linear interpolation connects sample points with straight 
lines. This approach is imited to reconstructing straight- 
edged signals, as illustrated in Figure 28, which better lends 
itsetf to square waves 

The more versatile sin x/x interpolation connects sample 
points with curves, as shown in Figure 28, Sin x/x interpola- 
tion is a mathematical process in which points are calcuisted 
to fli the time between the real samples. This form of inter- 
polation lends itself to curved and inegular signal shapes, 
Which are far more common in the real world than pure 
square waves and pulses. Consequently, sin Wx interpolation 
is the preferred method for applications where the sample 
rate is 8 to 5 times the system bandwith. 

Eq 
When measuring high-frequency signals, the oscilloscope 
may not be able to collect enough samples in ane sweep. 
Equivalent-time sampling can be used to accurately acquire 
signals whose frequency exceeds half the oscilascope's 
sample rate, as ilustrated in Figure 29, Equivalent-time 


alent-time Sampling Method 
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‘Figure 2. Some oscloscepes uae equal-time sampirg to ca 


yas repettve sa 


clgitizers (samplers) take advantage of the fact that most 
naturally ocourring and man-made events are repetitive. 
Equivalent-ime sampling constructs a picture of a repetitive 
signal ly capturing a litle bit of information from each 
repetition, The waveform siowly builds up lke a string of 
lights, iluminating one-by-one. This allows the oscilloscope 
to accurately capture signals whose frequency components 
are much higher than the osciloscope's sample rate. 

‘There are two types of equivalent-time sampling methods: 
random and sequential. Each has its advantages. Randorn 
equivalent-time sampling allows display of the input signal 
prior to the trigger point, without the use of a delay tne, 
Sequential equivalent-time sampling provides much greater 
time resolution and accuracy. Both require that the input 
sighal be repetitive. 
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Figure 30 In sandom equate sareing, he sampling clock uns async 
rly wit the sgl and te ngee 


Random Equivalent-time Sampling 


Random equivalent-time digitizers (samplers) utlize an inter- 
ral clock that runs asynchronously with respect to the input 
‘signal and the signal trigger, as llustrated in Figure 30. 
‘Samples are taken continuously, independent of the trigger 
position, and are displayed based an the time difference 
between the sample and the trigger. Although samples are 
taken sequentially in time, thay are random with respect to 
the trigger — hence the name “random” equivalent-time 
sampling. Sample points appear randomly along the wave- 
form when displayed on the asclloscope screen. 

‘The abilly to acquire and clisplay samples prior to the trigger 
ppoint is the kay advantage of this sampling technique, 
eliminating the need for external pretrigger signals or delay 
lines, Depending an the sample rate and the time window 
of the display, random sampling may also allow more than 
one sample to be acquited per triggered event. However, at 
faster sweep speeds, the acquisition window narrows until 
the digitizer cannot sample on every trigger. Its at these 
faster sweep speeds that very precise timing measurements 
are often made, and where the extraordinary time resolution 
of the sequential equivalent-time sampler is most beneficial 
“The bandwidth limit for random equivalent-time sampling is, 
Jess than for sequential-tine sampling. 
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Sequential Equivalent-time Sampling 


‘The sequential equivalent-time sampler acquires one sample 
per trigger, independant of the time/aiv setting, or sweep 
speed, as ilustrated in Figure 81. When a trigger is detected, 
a sample is taken alter a very short, but well-defined, delay. 
When the next tigger occurs, a smal time increment ~ detta t 
is added to this delay and the digitizer takes another sam- 
ple. This pracess is repeated many times, with “delta t” 
added to each previous acquisition, until the time window is, 
filed. Sample points appear from left to right in sequence 
along the waveform when displayed on the oscilloscope 
screen. 

Technologically speaking, itis easier to generate a very 
short, very precise “delta t" than itis to accurately measure 
the vertical and horizontal positions of a sample relative to 
the trigger point, as required by random samplers. This 
precisely measured delay is what gives sequential samplers: 
their unmatched time resolution. Since, with sequential 
sampling, the sample is taken after the trigger level is 
detected, the trigger point cannot be displayed without an 
analog delay line, which may, in turn, reduce the bandwidth, 
of the Instrument. If an external pretrigger can be supplied, 
bandwidth will not be affected, 
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Position and Seconds per Di 


The horizontal position control moves the waveform left and 
right to exactly where you want it on the screen. 


in 


The seconds-per-divsion setting (usually written as sec/dly) 
lets you select the rate at which the waveform is drawn 
across the screen (also known as the time base setting or 
sweep speed). This setting is @ scale factor. If the setting is, 
‘1 ms, each horizontal division represents 1 ms and the total 
screen width represents 10 ms, or ten divisions, Changing 
the sec/dlv setting enables you to look at longer and shorter 
time intervals of the input signal 

‘As with the vertical volts/div scale, the horizontal sec/aliv 
scale may have variable timing, allowing you to set the 
horizontal time scale between the discrete settings. 


Time Base Selections 
Your osciloscope has a time base, which is usually referred 
to as the main time base. Many osclloscopes also have what 
is called a delayed time base — a time base with a sweep that 
can stat (or be triggered to stat) relative to a pre-determined 
time on the main time base sweep. Using a detayed time 
base sweep allows you to see events more clearly and to see 
events that are not visible solely with the main time base 
sweep. 

‘The delayed time base requires the setting ofa time delay 
and the possible use of delayed trigger modes and other 
settings not described in this primer. Refer to the manual 
supplied with your oscilascope for information on how to 

use these features, 


Zoom/Pan 


Your oscilloscope may have special horizontal magnification 
settings that let you display a magnified section of the 
waveform on-screen, Some asciloscapes acd pan functions 
to the 200m capabilly. Knobs are used to adjust zoom factor 
or scale and the pan of the zoom box across the waveform, 
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Search 
‘Some oscilloscopes offer search and mark capabilities, 
enabling you to quickly navigate through lang acquisitions 
looking for user-defined events, 


XY Mode 
Most oscilloscopes have an XY mode that lets you display 

fn input signal, rather than the time base, on the horizontal 
axis. This mode of operation opens up 4 whole new area 

of phase shift measurement techniques, explained in the 
Measurement Techniques section of this primer. 

ZAxis 

A digital phosphor osciloscape (DPO) has a high display 
sample density and an innate abilty to capture intensity 
Information. With its intensity axis Z axis), the DPO is able 

to provide a three-dimensional, real-time display similar to 
that of an analag asciloscope. As you look at the waveform 
trace on a DPO, you can see brightened areas — the areas 
‘where a signal occurs most often. This display makes it easy 
to distinguish the basic signal shape from a transient that 
eccurs only once in a while ~ the basic signal wouldl appear 
much brighter. One application of the Z axis is to feed special 
timed signals into the separate Z input to create highlighted 
“marker” dots at known intervals in the waveform, 


XYZ Mode with DPO and XYZ Record Display 
Some DPOs can use the Z input to create an XY display 
with intensity grading. in this case, the DPO samples the 
instantaneous data value at the Z input and uses that value 
to qualify a specific part of the waveform. Once you have 
ualiled samples, these samples can accumulate, resulting 
in an intensity-graded XYZ display. XYZ mode is especially 
Useful for displaying the polar patterns commonly used in 
testing wireless communication devices ~ a constellation 
diagram, for example. Another method of displaying XYZ 
data is XYZ record display. In this mode the data from the 
acquisition memary is used rather than the DPO database, 
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Figure 82 Lrirgere slo. 


Trigger System and Controls 


‘An osciloscope's trigger function synchronizes the horizontal 
‘sweep at the correct point ofthe signal, essential for clear 
signal characterization, Tigger controls alow you to stabilize 
‘epelive waveforms and capture single-shot waveforms. 

‘The trigger makes repeliive waveforms appear static on 

the asciloscape display by repeatedly displaying the same 
portion of the input signal. Imagine the jumble on the screen 
that would result if each sweep started at a aifferent place on 
the signal, as llustrated in Figure 22. 

Edge triggering, availabe in analog and digital osciloscopes, 
is the basic and most common type. In adition to threshold 
triggering offered by both analog and digital oscilloscopes, 
many digital osciloscopes offer numerous specialized trigger 
settings not offered by analog instruments. These triggers 
respond to specific conditions in the ineoming signal, making 
it easy to detect, for example, a pulse that is narrower than it 
should be, Such a condition would be impossible to detect 
with a voltage threshold trigger alone. 

‘Advanced trigger controls enable you to isolate specific 
events of interest to optimize the asciloscope's sample 

rate and record length. Advanced triggering capabilities in 
some osciloscopes give you highly selective control. You can 
trigger on pulses defined by ampitude (such as runt pulses), 
‘qualified by time (pulse width, glitch, slew rate, setup-and- 
hold, and time-out), and delineated by logic state or pattern 
{logic triggering). 
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Other advanced trigger functions include: 

= Pattern Lock Triggering: Pattern lock triggering adds 
‘anew dimension to NRZ serial patter triggering by 
enabling the oscilloscope to take synchronized acquisitions 
of a lang serial test pattern with outstanding time base 
accuracy. Pattern lock triggering can be used to remove 
random jitter from long serial data patterns. Etfects of 
specific bit transitions can be investigated, and averaging 
can be used with mask testing, 

1= Serial Pattern Triggering: Serial pattern triggering can be 
used to debug serial architectures. It provides a trigger on 
the serial pattern of an NRZ serial data stream with built-in 
clock recovery and correlates events across the physical 
and link layer. The instrument can recover the clock signal, 
identity transitions, and allow you to set the desired 
encoded words for the serial pattern trigger to capture. 

= A&B Triggering: Some trigger systems afer multiple 
trigger types only an a single event (A event), with delayed 
trigger (B event) selection limited to edge type triggering 
and often do not provide a way to reset the trigger 
sequence if the B event doesn't occur. Modern oscilo- 
scopes can provide the full suite of advanced trigger types 
on bath A and B triggers, logic qualification to contrat 
\when to look for these events, and reset triggering to 
begin the trigger sequence again after a specified time, 
state, or transition so that even events in the most com- 
plex signals can be captured, 


= Search & Mark Triggering: Harciware triggers watch for 
one event type at a time, but Search can scan for muttiple 
event types simultaneously. For example, scan for setup or 
hold time violations on multiple channels, Individual marks 
can be placed by Search indicating events that meet 
search criteria 

w= Trigger Correction: Since the trigger and data acquisition 
systems share different paths there is some inherent time 
delay between the tigger position and the data acquired, 
‘This results in skew and trigger jiter. With a trigger 
correction system the instrument adjusts the trigger 
position and compensates for the difference of delay there 
is between the trigger path and the data acquisition path. 
This wil eliminate virtually any trigger jitter at the trigger 
point. In this mode, the trigger point can be used as a 
‘measurement reference 
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Figure 3. Common tigger yo. 


1 Serial Triggering on Specific Standard Signals FC, Optional trigger controls in some oscilloscopes are designed 
CAN, LIN, ete.) - Some asciloscopes provide the ably _specifealy to examine communications signals as wel. 
to tigger on specific signal types for standard serial dala Figure 33 highights a few of these common trigger types 
signals such as CAN, LIN, FC, SPI, and others. The in more deta. The Intutive user interface avaiable in some 
decode ofthese signal lypesis also avalible on mary ——_scitagcopes also allows rapid setup of trigger parameters 
caclinsoopes toriey. with wide flexibly in the test setup to maximize your 

= Parallel Bus Triggering - Multiple parallel buses can be productivity. 
defined and displayed at one time to easily view decoded 
parallel bus data over time. By specifying which channels, 
are the clock and data lines, you can create a parallel bus. 
clisplay on some oscilloscopes that automatically decodes 
bus content, Countless hours can be saved by using par- 
allel bus triggers to simplify capture and analysis, 
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Trigger Posi 
Horizontal trigger position control is only available on clit 
oscilescopes. The trigger position control may be located 
in the horizontal control section of your oscilloscope. It 
actually represents the horizontal position of the trigger in 
the waveform record, 


Varying the horizontal trigger position allows you to capture 
what a signal did before a trigger event, known as pre-trigger 
viewing. Thus, it determines the length of viewable signal 
both preceding and following a trigger point, 

Digital oscilloscopes can provide pre-trigger viewing because 
they constantly process the input signal, whether or nat a 
trigger has been received. A steady stream of data flows 
through the oscilascope; the trigger merely tells the ascilo- 
scope ta save the present data in memory, 

In contrast, analog asciloscopes only display the signal — 
that is, write it on the CRT — after receiving the trigger. Thus, 
pre-trigger viewing is not available in analog oscilloscopes, 
with the exception of a small amount of pre-trigger provided 
bby @ delay line in the vertical system. 

Prestrigger viewing is a valuable troubleshooting ald. If a 
problem aceurs intermittently, you can trigger an the problem, 
record the events that led up to it and, possibly, find the 
cause, 


Trigger Level and Slope 
‘The trigger level and slope controls provide the basic trigger 
point definition and determine how a waveform is displayed, 
as ilustrated in Figure 34. 


The trigger circuit acts as a comparator. You select the slope 
and voltage level on one input of the comparator. When the 
trigger signal on the other comparator input matches your 
settings, the oscilloscope generates a trigger. 

‘The slope control determines whether the trigger point is on 
the rising or the falling edge of a signal. A rising edge 

is a positive slope and a faling edge is a negative slope. The 
level control determines where on the edge the trigger paint 
occurs, 
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Trigger Sources 
‘The oscilloscope does not necessarily need to trigger on 
the signal being displayed. Several sources can trigger the 
sweep: 
= Any input channel 
= An extemal source ather than the signal applied to an 
input channel 
= The power source signal 
= A signal internally defined by the oscilloscope, from one 
(or more input channels 
Most af the time, you can leave the oscilloscope set to 
trigger on the channel displayed. Some oscilloscopes provide 
a trigger output that delivers the trigger signal to another 
instrument. 
‘The oscilloscope can use an alternate trigger source, 
whether or not itis displayed, so you should be careful nat to 
Lnwittingly tigger on channel 1 while displaying channel 2, 
for example. 
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New triggers are not recognized during the holdoff time. 


Figure 36. Thgger hoot 


Trigger Modes 

“The trigger mode determines whether or not the osciloscope 
draws a waveform based on a signal condition. Common 
trigger modes include normal and auto. 

In normal mode the oscilloscope only sweeps ifthe input 
signal reaches the set trigger point; otherwise (on an analog 
osciloscape) the screen is blank or (on a digital oscilloscope) 
frozen on the last acquired waveform, Normal made can be 
disorienting since you may not see the signal at fst ifthe 
level control is nat adjusted correctly. 

Auto mode causes the oscilloscope to sweep, even without 
a trigger. If no signal is present, a timer in the oscilloscope 
triggers the sweep. This ensures that the display will not 
isappear ifthe signal does not cause a trigger 

In practice, you will probably use both modes: normal made 
because It lets you see just the signal of interest, even when 
triggers occur at a stow rate, and auto made because it 
requires less adjustment. 

Many oscilloscopes also include special modes for single 


sweeps, triggering on video signals, or automatically setting 
the trigger level, 
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Trigger Coupling 
Just as you can select either AC or DC coupling for the 
vertical system, you can choose the kind of coupling for 
the trigger signal. 

Besides AG and DC coupling, your oscilloscope may also 
have high frequency rejection, low frequency rejection, and 
noise rejection trigger coupling. These special settings are 
Useful for eliminating noise from the trigger signal to prevent 
false triggering. 


Trigger Holdoft 
Sometimes getting an oscilloscope to trigger on the correct 
part of a signal requires great skil. Many oscilloscopes have 
‘special features to make this task easier, 

Tigger holdoft is an adjustable period of time after a valid 
{rigger during which the osciloscope cannot trigger. 

This feature is useful when you are triggering on complex 
‘waveform shapes, so that the osciloscope only tiggers on 
‘an eligible trigger point. Figure 35 shows how using trigger 
holdoff helps create a usable display. 


area How To Solder: A Complete Beginners Guide - Makerspaces.com 


Make sure you are soldering in a well ventilated area. 
When solder is heated, there are fumes released that 
are harmful to your eyes and lungs. It's recommended to 
use a fume extractor which is a fan with a charcoal filter 


that absorbs the harmful solder smoke. 


It's always a good idea to wear protective eye wear in 
case of accidental splashes of hot solder. Lastly, make 
sure to wash your hands when done soldering especially 


if using lead solder. 


Tinning The Tip 


Before you can start soldering, you need to prep your 
soldering iron by tinning the tip with solder. This process 
will help improve the heat transfer from the iron to the 
item you're soldering. Tinning will also help to protect the 


tip and reduce wear. 


Step 1: Begin by making sure the tip is attached to the 


iron and screwed tightly in place. 


hittps:sAwww makerspaces.com/how-to-solder! one 
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Figure 6, An oscloscape grace 


Display System and Controls 
{An osciloscope’s front panel includes a display screen and 
the knobs, buttons, switches, and indicators used to control 
signal acquistion and display. As mentioned atthe front of 
this section, ront-panel controls are usually divided into 
vertical, horizontal and trigger sections. The front panel also 
includes input connectors. 


‘Take a look at the oscilloscope display. Notice the grid! mark- 
ings on the screen these markings create the graticule. 
Each vertical and horizontal line constitutes a major division, 
The graticule is usually laid out in an 8-by-10 or 10-by-10 
division patter. Labeling on the asciloscope controls (such 
2s volts/div and sec/div) always refers to major divisions. The 
tick marks on the center horizontal and vertical graticule 
lines, as shown in Figure 38, are called minor divisions, Many 
oscillascopes display an the soreen how many volts each 
vertical division represents and haw many seconds each har- 
izontal division represents, 


Other Oscilloscope Controls 


Math and Measurement Operations 
Your oscilloscope may also have operations that allow 

you to add waveforms together, creating a new waveform 
display. Analog osciloscopes combine the signals while 
digital oscilloscopes create new waveforms mathematically. 
‘Subtracting waveforms is another math operation. 
‘Subtraction with analog oscilloscopes is possible by using 
the channel invert function on ane signal and then using 


& 


XYZs of Oscilloscopes 


Channel 1 Depiay 


ADD Made: Channa 1 
‘and Channel 2 Combined 


Channe!2 Depiay 4 


Figue 37. Acting cuanels 


the add operation. Digital osciloscopes typically have a 
subtraction operation available. Figure 37 illustrates a third 
waveform created by combining two different signals. 

Using the power of the'r internal processors, digital oscilla 
‘scopes offer many advanced math operations: multiplication, 
division, integration, Fast Fourier Transform, and more. This 
advanced signal processing capability can also perform 
functions such as the insertion of a fiter block which can 

be used de-embed the characteristics of the fixture on the 
device under test or implement a fter block with desired 
frequency response such as a low pass fier. The processing 
block is flexible ~ not dedicated; it can perform as an 
arbitrary fiter instead, for example for simulation of 
pre-emphasis/de-emphasis schemes. 


Digital Timing and State Acquisitions 


Digital channels provided by a mixed signal oscilloscope 
‘enable acquisition capabilites similar to those found on logic 
analyzers. There are two major digital acquisition tech- 
niques. The fist technique is timing acquisition in which the 
MSO samples the digital signal at uniformly spaced times 
determined by the MSO's sample rate, At each sample 
point, the MSO stores the signal's logic state and creates a 
timing diagram of the signal. The second digital acquisition 
technique is state acquisition. State acquisition defines 
special times that the digital signal's logic state is valid and 
stable. This is common in synchronous and clocked digital 
circuits. A clock signal defines the time when the signal state 
is valid. For example, the input signal stable time is around 
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the rising clack edge for a D-Flip-Flop with rising edge clack- 

ing. The output signal stable time is around the falling clock 

edge for a D-Fljp-Flop with rising edge clocking. Since the 

clock period of a synchronaus circuit may not be fixed, the 

lime between state acquisitions may not be uniform as its in 

a timing acquisition. 

A mixed signal osciloscope's digital channels acquire signals 

similar to how a logic analyzer acquires signals in timing 

‘acquisition mode. The MSO then decodes the timing acquisi- 

tion into a clocked bus display, and event table which is simi 

lar to the logic analyzer's state acquisition display, providing 

you with important information during debug. 

We have described the basic oscilascope controls that a 

baginner needs to know about. Your oscilascope may have 

other controls for various functions. Some of these may 

Include: 

= Automatic parametric measurements 

= Measurement cursors 

= Keypads for mathematical operations or data entry 

= Printing capabiities 

a= Interfaces for connecting your oscillascope to a computer 
or directly to the Internet 

Look over the other options available to you and read your 

‘oscilloscape’s manual to find out more about these other 

contials, 


The Complete Measurement System 
Probes 

Even the most advanced instrument can only be as precise 
2 the data that goes int it. A probe functions in conjunction 
with an oscilloscope as part of the measurement system. 
Precision measurements start atthe probe tip. The right 
probes matched to the oscilloscope and the device-under- 
test (QUT) not only allow the signal to be brought to the 
‘oscilloscope cleanly, they also amplify and preserve the signal 
for the greatest signal integity and measurement accuracy. 
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Figure 98, Cenae dscns ard ete equte ama a tactr probes, 


To ensure accurate reconstruction of your 
signal, try to choose a probe that, when 
paired with your oscilloscope, exceeds the 
signal bandwidth by 5 times. 


Probes actually become part of the circuit, introducing 
resistive, capacitive and inductive loading that inevitably alters 
the measurement, For the mast accurate results, the goal is 
to select a probe with minimal loading. An ideal pairing of the 
probe with the oscilloscope will minimize this loading, and 
enable you to access all of the power, features and capabil- 
ties of your oscilloscope. 


Another connectivity consideration is the probe's form factor. 
‘Small form factor probes provide easier aocess to today's 
densely packed circuitry, as shown in Figure 38. 

‘A brief description of the types of probes follows. Please refer 
to the Tektronix ABCs of Probes primer for mare information 
about this essential component of the overall measurement 
system. 


(03W-8605-! 


qed 12/10/09 10:24 AM Page 33 


© 


Figure 39,4 pial passe robe wih accessor. 


Passive Probes 


For measuring typical signal and voltage levels, passive 
probes provide ease-of-use and a wide range of measure- 
ment capabilities at an affordable price. The pairing of a 
passive voltage probe with a curent probe will provide you 
with an ideal solution for measuring power. 


Most passive probes have some attenuation factor, such 
fas 10X, 100X, and so on. By convention, attenuation factors, 
such as for the 10X attenuator probe, have the X after the 
factor. In contrast, magnification factors like X10 have the X 
first, 

‘The 10X (read as “ten times’) attenuator probe reduces cir- 
cuit loading in comparison to a 1X probe and is an excellent 
general-purpose passive probe, Circuit loading becomes 
‘more pronaunced for higher frequency and/or higher 
impedance signal sources, so be sure to analyze these 
signal/probe loading interactions before selecting a probe. 
‘The 10X attenuator probe improves the accuracy of your 
‘measurements, but also reduces the signal's amplitude at 
the oscilascope input by a factor of 10. 


& 


XYZs of Oscilloscopes 


Because it attenuates the signal, the 10X attenuator probe 
‘makes it ciffcult to look at signals less than 10 milivalts 
peak-to-peak. The 1X probe is similar to the 10X attenuator 
probe but lacks the attenuation circuitry. Without this circuitry, 
more interference is introduced to the circuit being tested. 


Use the 10X attenuator prabe as your general-purpose 
probe, but keep the 1X probe accessible to measure 
slow-speed, low-amplitude signals. Some probes have a 
convenient feature for switching between 1X and 10X 
attenuation at the probe tip. If your probe has this feature, 
make sure you are using the correct setting before taking 
measurements, 


Many osciloscopes can automatically detect whether you are 
using a 1X or 10X probe and adjust thelr screen readouts 
accordingly. However with some oscilloscopes, you must set 
the type of probe you are using or read from the proper 1X or 
10X marking on the volts/dlv canto. 

The 10X attenuator probe works by balancing the probe's 
electrical properties against the osciloscope's electrical 
properties, Before using @ 10X attenuator probe you need 

to adjust this balance for your particular asciloscape. This 
acjustment is known as compensating the probe and is 
described in more detal in the Operating the Osciloscope 
section of this primer 

Passive probes, such as the one shown in Figure 39, provide 
‘excellent general-purpose probing solutions. However, 
‘general-purpose passive probes cannot accurately measure 
signals with extremely fast rise times, and may excessively 
load sensitive circus. The steady increase in signal clock 
rates and edge speeds demands higher speed probes with 
less loading effects. High-speed active and differential probes 
provide ideal solutions when measuring high-speed and/or 
differential signals 


wnvrtektonix.convosciloscopas $3 


+ 


Oo 


03W-8605-! 


qx 


12/10/09 


10:24 AM Page 34 


Primer 


Figure 40. hp 


Active and Differential Probes 


tr 
make accurate measurement results difficult to 
Signal fidelity and device loading are critical issues. A com- 
plete measurement solution at these high speeds includes, 
high-speed, high-fidelity probing solutions to match the 
performance of the oscilloscope, as shown in Figure 40. 


ing signal speeds and lower-valtage logic families, 
hieve, 


Active and differential probes use specially developed 
integrated circuits to preserve the signal during access and 
transmission to the oscilloscope, ensuring signal int 
For measuring signals with fast rise times, a high-speed 

probe wil provide more accurate resul 


active or different 


as highlighted in Figure 41 
Newer probe types provide the advantage of being able to 
use one setup, and get three types of measurements without 
inections. These probes can make 

amman made measurements 


adjust 


probe tip coi 
differential, single-endad and 


from the same probe setup. 


Logic Probes 


The logic probe shown in Figure 42 offers two eight-channel 
pods. Each channel ends with a probe tip featuring a 
sssed ground for simpified connection to the devioe- 
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Figure 41 Cereal protas can separate common menos ham the signal con 
tnt of nest nada st. n-valige anpetora expec import ae gt 
Figure 42, Loge probes fara mised sgn oxclloseape (MEO smety agtl can 


under-test. 7 


ve coax an the frst ¢ 
colored blue making it easy to identify. The common ground 


uses an 


ftomotive style connector making it easy to create 
custom grounds far connecting to the device-under-test, 
‘When connecting to square pins, 
that attaches to the probe hea 


you can use an adapter 
extending the probe ground 
flush with the probe tip so you can attach to a header. These 
prot 
minimal 


es offer outstanding electrical characteristics with 


pacttive loading 
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Specialty Probes 


In adaition to the previously mentioned probe types, there are 
also a variety of other specialty probes and probing systems. 
These include current, high-voltage, and optical probes, just 
to name a few. 


Probe Accessories 

Many made oscilloscopes provide special automated 
{features built into the input and mating probe connectors. In 
the case of intelligent probe interfaces, the act of cannecting 
the probe to the instrument notifies the oscilloscope about 
the probe's attenuation factor, which in turn scales the display 
80 that the probe's attenuation is figured into the readout on 
the screen. Some probe interfaces also recognize the type 
of probe ~ that is, passive, active or current. The interface 
‘may act as a DC power source for probes. Active probes 
have their own ampiiier and buffer circuitry that requires 

DC power. 

Ground lead and probe tip accessories are also available to 
imprave signal integrity when measuring high-speed signals, 
Ground jead adapters provide spacing flexibility between 
‘probe tip and ground lead connections to the DUT, while 
‘maintaining very short lead lengths from probe tip to DUT. 
Please refer to the Tektronix ABCs of Probes primer for more 
information about probes and probe accessories, 


Performance Terms and 
Considerations 

‘As previously mentioned, an osciloscope is analogous to 
‘a camera that captures signal images that we can observe 
and interpret, Shutter speed, lighting conditions, aperture 
and the ASA rating of the fim all affect the camera's ability 
to capture an image clearly and accurately. 


Like the basic systems of an oscilloscope, the 
performance considerations of an oscilloscope 
significantly affect its abllity to achieve the 
required signal integrity. 


& 
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Normatzed Frequency scl 


Figure 43. Osloscope bande the feqeny a hich asus irout ia 
Is arerustod to 70.7% oft signals vue ample, know a the -3 of pai 


Learning a new skill often invalves learning a new vocabulary, 
‘This idea holds true for learning how to use an oscilloscope, 
‘This section describes some useful measurement and oscillo- 
scope performance terms. These terms are used to describe 
the criteria essential to choosing the right osciloscope for 
your application. Understanding these terms will help you to 
evaluate and campare your oscilloscope with other models. 


Bandwidth 

Bandwidth determines an oscilloscape's fundamental ability 
to measure a signal. As signal frequency increases, the 
capability of the oscilloscope to accurately display the signal 
decreases. This specification indicates the frequeney range 
that the oscilloscope can accurately measure, 

Oscilloscope bandwidth is specified as the frequency at 
which a sinusoidal input signal is attenuated to 70.7% of the 
signal's true amplitude, known as the -3 dB point, a term 
based an a logarithmic scale, as seen in Figure 43, 

‘Without adequate bandwidth, your oscilascope will not 

be able to resolve high-frequency changes. Amplitude will 
be distorted. Edges will vanish. Details will be lost, Without 
adequate bandwidth, all the features, bells and whisties in 
your asciloscope will mean nothing. 

‘To determine the oscilloscope bandwidth needed to 
accurately characterize signal amplitude in your specific 
application, apply the “6 Times Rul. 


scilloscope Bandwidth > Highest Frequency 
Oscilloscope Bandwidth 2 ¢crtponent of Signal 
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keep in mind that higher b ely provide 


monstrated 


rate repr 
in Figure 44 


of enhancing th 
DSP arbitrary 


an be used to improve the oscilo 


his fter extends 


bandwidth, flattens 


nel frequen 


nd provides a better r: 


It also deo rise time 


time: 


domain st 


Rise Time 


In the digital world, rise time measur 


Rise time may nore appropriate pe 


ation when you expect to measure digital signals, 


es and steps. As shown in Figure 4% 


the oscilloscope 


se time required 


use the following equatior 


Fastest Rise Time of Signal 


Oscilloscope Rise Time < 


Note that this basis for oscilloscope tise time selection is 


similar to that for bandwidth. As in th bandlwi 


se of 


achieving this rul 


of thumb may no 


lways be p 


given the extreme speeds of today's signals. Always reme 


ber that an oscilloscope with faster rise time will more 


accurately capture the critical details of fast tr 


tio 


In-some applications, you may know oF rise tim 


signal. A constant alows you to relate the bandwidth and 
rise time of the osciloscope, using the equation: 
Bandwidth i 
Rise Time 


Where k isa value between 0.35 and 0.45, depending 
‘on the shape of the oscilloscope’s frequency response 
‘curve and pulse rise time response. Oscilloscopes with 
a bandwidth of <1 GHz typically have a 0.35 value, 
while oscilloscopes with a bandwidth of > 1 GHz 
usually have a value between 0.40 and 0.45, 
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Logie Family ‘Typical Signal Calculated Signal 
Rise Time Bandwidth 
Tm 208 175 MHe 
‘Mos 150s 230 Mie 
mL Ths 380 ME 
(W0S 400 ps 875 Mi 
EOL 400 ps 35 GH 
GaAs 40ps 875 Gi 


luce inherently faster rise times than 
46, 


Sample Rate 


Sample rate ~ specified in samples per second (S/s) - refers 


how a snapshot or 


uently 


sample of the sign: nes on 


movie 


camera. The faster an oscillose: 


pe samples (Le., the higher 


fetal of the 


the sample rate), the greater the resolution ar 
Tel 


yed waveform and the les 


that critical information 


or events will be lost, as shown in Figure 47. The minimus 
smple rate m: to look 
ha of time. Typically 


ie displayed sample rate changes with changes made to the 


horizontal nt number of 


waveform points in the a waveform record. 


How do you calculate your sample rate requirements? 


The method differs based on the t 


6 of wav 


form you are 
measuring, and the m 


\d of signal reconstruction used by 
the asoiloscope. 
turately recor 


In order to a avoid al 


uct a signal 
the Nyquist theorem states that t 


signal must 


‘am 


nent. 


3 least twice as fast as its highest frequent 


comp 


This theorem, 1 inf 


fever, assume 


record length and 


Since no oscilloscope ot 


record length and, by definition, glitches are not continuous, 
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Figure 47. A ghar saree rate proves tr signal reson, ensutrg that yo 


the rate 


ly insufficient, 


sampling at or 


f highest frequ 


mpo- 


‘onstruction of a signal depends on bath 


the sample rate and the interpolation method use 


the spaces ne samples. Some 


select elther sin (x)/x interpolation for mee 


ing sinus 


ignals, or linear 


interpolation for square waves, pulses and 


ther signal types 


For accurate reconstruction using sin(x)/x 
interpolation, your oscilloscope should have 
a sample rate at least 2.5 times the highest 
frequency component of your signal, Using 
linear interpolation, the sample rate should 
be at least 10 times the highest frequency 
signal component, 


ample rates to 
s to 20 GHz have been optin 


‘Some measuremer 


and bandwiat 


ized for 


captut ngle-shot and tra 


ry fast 


nt 


oversampling up to 6 times the banch 
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Figure 48, A DPO proves an 


sone, Figure 49,4 DP enables a une 


"ange of alent 


Waveform Capture Rate 
Al 


lloscopes blink. That is, they apen thei 


peice Most digital phosphor 


parallel-processing architecture to deliver vastly 
en in Figure 48, some DP‘ 


sllascopes (POs) employ 


second to capture the signal, and close 


greater 


their eyes in between, This is the waveform capture rate, 
wavelorm capture rates. AS 


expressed as waveforms per second (wims/s), While the 
can in just seconds, s 


squire millions of waveform: 


ly increasing the probabilly of capturing intermittent 
or oycle, the ) 
sive events and allowing you to see the problems in your sig sos 


mple rate inci 


ates how frequer 


oscilloscope 


samples the input signal 
waveform capture rate refers to how quickly an oscilloscope 


thin ane wavefor 


ickly. Moreover, the DPO's ability to acquire and 


squires waveforms. 


display three dimensions of signal behavior in real time — 


m capture rates vary 


greatly, depending an the 
fal of the oscilloscope. Os 
nigh waveform capture rates pr. 


insight into signal behavior, and dram, 


amplitude, time and distribution of amplitude over time ~ 


scopes with resus in a superior lve of insight into sighal behavior, as 
gnifcanty more visual 


shown in Figure 49, 
ically increase the 
ckly capture transient Record Length 


probability that the oscilloscope will 


anomalies such as jitter, runt pulses, glitches and transition Record length, expressed as the number of points that 


errors, comprise a complete wavelorm record, determines the 
jata that can be captured 


sscilloscope can store anly a limited number of 


ith each channel 


Since 8 


ples, the waveform duration (time) wil be inversely 


into lang memary, temporarily delivering higher waveform the osciloscope’s sample rate, 


capture rat 


folowed by 


sad times that 


reduce the probabilty of capturing rare, intermittent events, Time Interval — Record Length 


‘Sample Rate 
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Modern oscilascopes allow you to select record length to 
optimize the level of detail needed for yaur application, 

I you are analyzing an extremely stable sinusoidal signal, 
you may need anly a 500 point record length, but if you are 
isolating the causes of timing anomalies in a complex digital 
ata stream, you may need a millon points or more for a 
given record length, as demonstrated in Figure 50. 


Triggering Capabilities 

‘An oscilloscope'’s trigger function synchronizes the horizontal 
‘sweep at the correct point of the signal, essential for clear 
signal characterization. Trigger controls allow you to stabilze 
repetitive waveforms and capture single-shot waveforms, 
Please refer to the Trigger section under Performance Terns 
‘and Considerations for more information regarding triggering 
capabilities. 


Effective Bits 

Effective bits represent a measure of a digital oscilsscope's 
billy to accurately reconstruct a sinewave signal's shape. 
‘This measurement compares the oscilloscope's actual 
error to that of a theoretical “ideal” digitizer, Because the 
actual errors include noise and distortion, the frequency 
‘and amplitude of the signal must be specified, 


Frequency Response 
Bandwidth alone is not enough to ensure that an ascilo- 
‘scope can accurately capture a high frequency signal. The 
goal of osciloscope design is a specific type of frequency 
response: Maximally Flat Envelope Delay (MFED). A. 
frequency response of tis type delivers excellent pulse 
fidelity with minimum overshoot and ringing. Since a digital 
csciloscope is composed of real amplifiers, attenuators, 
‘ADGs, interoonnests, and relays, MFED response is @ 
{goal that can only he approached. Pulse fidelity varies 
considerably with mode! and manufacturer 


Vertical Sensitivity 

Vertical sensitivity indioates how much the vertical amplifier 
ccan amplify a weak signal ~ usually measured in milivalts 
(nV) per division. The smallest voltage detected by a general- 
purpose oscilloscope is typically about 1 mV per vertical 
soreen division, 


XYZs of Oscilloscopes 


Figure 60. Capzuing he igh 
requres righ rsohonsamping (0 


‘Sweep Speed 

‘Sweep speed indicates how fast the trace can sweep across 
the oscilascape soreen, enabling you to see fine details. The 
sweep speed of an oscilloscope is represented by time 
(seconds) per division 


Gain Accuracy 

Gain accuracy indicates how accurately the vertical system 
attenuates or amplifies a signal, usually represented as a 
percentage error 


Horizontal Accuracy (Time Base) 

Horizontal, or time base, accuracy indicates how accurately 
the horizontal system displays the timing of a signal, usually 
represented as a percentage error 


Vertical Resolution (Analog-to-Digital 
Converter) 

Vertical resolution af the ADC, and therefore, the agit osci- 
loscope, indicates how precisely it can convert input voltages 
into digital values. Vertical resolution is measured in bits. 
Calculation techniques can improve the effective resolution, 
as exemplified with hi-res acquiston mode, 
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Figure 61. The MSO proucns 16 negated 


Timing Resolution (MSO) 


‘An important MSO acquisition specification is the timing reso- 
lution used for capturing digital signals. Acquiring a signal 
with better timing resolution provides a more accurate timing 
‘measurement of 
500 MS/s acquisition rate has 2 ns timing resolution and the 
‘Asmaller timing 
nal edge 
uncertainty to 60.6 ps and captures faster changing signals, 


nen the signal changes. For example, a 


acquired signal edge uncertainty is 2 ns, s- 


lution of 60.6 ps (16.5 GS/s) decreases the 


‘Some MSOs internally acquire digital signals with twa types 


of acquisitions at the 


ne time, The first acquisition is with 
standard timing resolution, and the second acquisition uses 
high speed resolution. The standard resolution is used over a 


longer record length while the high speed 
offers more resolution around a narrow point of interest, 2 


ing acquisition 


shown In Figure 51 
Connectivity 


The nead to analyze measurement results remains of 
utmost Importance. The need to document and share 
information and measurement results easily and frequently 


has also grown in importance. The connectivity of an oscillo- 
scope delivers advanced analysis capabilties and simplifies 
the documentation and sharing of results. As shown in Figure 
52, standard interfaces (GPIB, RS-232, USB, Ethermet) and 
iloscopes 


network communication modules enable some o: 


to deliver a vast array of functionality and control 
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=e spacey celgned ta met ter and ye 
y's tghspeed dtl design 
Ivanced oscilloscopes also let you! 

= Create, edit and share dacuments on the oscilloscope — 


all while working with the instrument in your particular 
environment 


= Access network printing and fle sharing resources 


w Acc 


the Windows® desktop 


1umentation software 


= Fun thic-party analysis and di 
= Link to networks 
= Access the Internet 


= Send and receive e-mail 


Expandability 
‘An oscilloscope should be able to accommodate your needs 


as they change. Some oscilloscopes allow you to: 


4117/2018 How To Solder: A Complete Beginners Guide - Makerspaces.com 


Step 3: Wipe the tip of the soldering iron on a damp wet 
sponge to clean it. Wait a few seconds to let the tip heat 


up again before proceeding to step 4 


Step 4: Hold the soldering iron in one hand and solder in 
the other. Touch the solder to the tip of the iron and 


make sure the solder flows evenly around the tip. 


You should tin the tip of your iron before and after each 
soldering session to extend its life. Eventually, every tip 
will wear out and will need replacing when it becomes 


rough or pitted. 


How To Solder 


To better explain how to solder, we're going to 
demonstrate it with a real world application. In this 


example, we're going to solder an LED to a circuit board. 


hitps:iAwww makerspaces.com/now-to-solder! sone 
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Ease-of-Use 


Oscilloscopes should be easy to learn and easy to use, 
helping you work at peak efficiency and productivity. Allowing 
you to focus on your design, rather than the measurement 
tools. Just as there is no one typical car driver, there is na 
‘one typical osciloscope usec Regardless of whether you 
prefer a traditional instrument interface, or that of a 
Windows® interface, iis important to have flexibility in your 
oscilloscape’s operation. 


Many oscilloscopes atfer a balance between performance 
and simplicity by providing the user with many ways to oper- 
ate the instrument. A front-panel layout, in Figure 59, pro- 
vides dedicated vertical, horizontal and trigger controls. An 
rich graphical user interface, as shown in Figure 60, 
helps you understand and intuitively use advanced capabil- 
ties. To 


loot 


-sensitive displays salve issues with cluttered 
benches and carts, while providing access to clear, on- 

screen buttons, as seen in Figure 61. Online help provides a 
convenient, built-in reference manual. Intuitive contrals allow 
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Figure 60. Use apical contol wes 


Fue 61. To 


even occasional asciloscope Users to feel as comfortable 
iloscope as they do driving a car, while giving 
full-time users easy access to the oscilloscope's most 
advanced features, In adcition, many oscillascapes are 
portable, such as the one shown in Figure 62, making the 
oscilloscope efficient in many different operating environ: 
ments — in the lab or in the field, 
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Figure 62. The portabty of many cxcloscopes makes th nt 
mary operating ewwormers 


Operating the Oscilloscope 


This section brietly describes how to set up and start 
using an oscilloscope — specifically, how to properly ground 
the asoiloscope and yourself, set the oscilloscope controls, 
calibrate the oscillascope, cannect the probes, and compen- 
sate the probes, 

Proper grounding is an important step when setting up to 
take measurements or work on a ciroult. Proper grounding of 
the osciloscope protects you from a hazardous shock and 
grounding yourself protects your circuits fram damage. 


Proper Grounding 

‘To ground the oscilloscope means to connect it to an electri- 
cally neutral reference point, such as earth ground. Ground: 
your oscilloscope by plugging its three-pronged power cord 
into an outlet grounded to earth ground, 

Grounding the oscilloscope is necessary for safety. I high 
voltage contacts the case of an ungrounded oscilloscope — 
any part of the case, including knobs that appear insulated — 
it can give you a shock. However, with a properly grounded 
oscilloscope, the current travels through the grounding path 
to earth ground rather than through you to earth ground, 


Grounding is also necessary for taking accurate measure- 


XYZs of Oscilloscopes 


Figure 63, Tcl wrt. grounding sa, 


ments with your oscilloscope. The oscilascope needs to 
share the same ground as any circuits you are testing, 

Some oscilloscopes do not requite separate connection to 
earth ground. These oscilloscopes have insulated cases and 
controls, which keeps any possible shook hazard away from 
the user. 

It you are working with integrated circuits (Cs), you also need 
to ground yourself. Integrated circuits have tiny conduction 
paths that can be damaged by static electricity that builds up 
fon your body. You can ruin an expensive IC simply by walking 
across a carpet or taking off a sweater and then touching the 
leads of the IC. To solve this problem, wear a grounding 
strap, as shows in Figure 63. This strap safely sends static 
charges on your body to earth ground, 


Setting the Controls 

After plugging in the oscilloscope, take a look at the front 
panel. As described previously, the front panel is typically 
divided into three main sections labeled vertical, horizontal, 
and trigger. Your osciloscope may have other sections, 
depending an the model and type. 

Notice the input connectors on your asciloscope — this is 
where you attach the probes. Most oscilloscopes have at 
least two input channels and each channel can display 
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Waveform on the screen, Multiple channels are useful for 

comparing waveforms. As mentioned earlier, MSOs also have 

digital inputs as wel, 

‘Some oscilloscopes have AUTOSET and/or DEFAULT 

buttons that can set up the controts in one step to accom- 

modate a signal. I your osciloscope does not have this 

capability, itis helpful to set the controls to standard positions 

before taking measurements, 

General instructions to manually set up the oscilloscope in 

standard positions are as follows: 

1 Set the osciloscope to display channel 1 

1 Set the vertical vots/lvision scale and position controls to 
mid-range positions, 

= Tum off the variable votts/division 

= Tum off all magnification settings 

t= Set the channel 1 input coupling to DG 

1 Set the trigger mode to auto 

1 Set the trigger source to channel 1 

wx Tum trigger holdotf to minimum or off 

as Set the horizontal time/division and position controts to 
mid-range positions 

w= Adjust channel 1 volts/division such that the signal 
‘occupies as much of the 10 vertical divisions as possible 
without clipping or signal distortion 


Calibrating the Instrument 

In addition to proper oscilloscope setup, period instrument 
self-calibration s recommended for accurate measurements. 
Calibration is needed if the ambient temperature has changed 
‘more than 5°C (@°F) since the last se-calibration or once 

2 week. In the osciloscope menu this can sometimes be 
initiated as “Signal Path Compensation”, Refer to the manual 
that accompanied your osciloscope for more detaled 
instructions. 
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Connecting the Probes 

Now you are ready to connect a probe to your oscillascope. 
A probe, if well-matched to the oscilloscope, will enable you 
to access all of the power and performance in the oscillo- 
scope and will ensure the integrity of the signal you are 
measuring, 

Measuring a signal requires two connections: the probe tip 
connection and the ground connection. Probes often come 
with a clip attachment for grounding the probe to the circuit 
Under test. In practice, you attach the grounding alip ta @ 
known ground in the circuit, such as the metal chassis of a 
product you are repairing, and touch the prabe tip to a test 
point in the circuit 


Compensating the Probes 

Passive attenuation voltage probes must be compensated to 

the osciloscope. Before using a passive probe, you need to 

compensate it~ to balance its electrical properties to a par- 

ticular oscilascope. 

‘You should get into the habit of compensating the probe 

every time you set up your oscilascope. A poorly adjusted 

probe can make your measurements less accurate. Figure 64 

iustrates the effects on a 1 MHz test signal when using a 

probe that is nat propery compensated. 

Most osciloscopes have a square wave reference signal 

available at a terminal on the front panel used to compensate 

the probe. General instructions to compensate the probe are 

as flows: 

1 Attach the probe to a vertical channel 

1 Connect the probe tip tothe probe compensation, ie. 
square wave reference signal 

1 Attach the ground clip ofthe probe to ground 

1 View the square wave reference signal 

1 Make the proper adjustments on the probe so thatthe 
comers of the square wave are square 
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Oscilloscope Measurement Techniques 
‘This section reviews basic measurement techniques. The two 
‘most basic measurements you can make are valiage and 
time measurements, Just about every other measurement is 
based on one of these two fundamental techniques. 


This section discusses methods for taking 
measurements visually with the oscilloscope 
screen. This is a common technique with 
analog instruments, and also may be useful 
for “at-a-glance” interpretation of digital oscillo~ 
scope displays. 


Note that most digital oscilloscopes include automated 
‘measurement tools that simplify and accelerate common 
analysis tasks, thus improving the rellabilty and confidence of 
your measurements. However, knowing how to make meas- 
urements manually as described here will help you under- 
sland and check the automatic measurements. 


Voltage Measurements 


Voltage is the amount of electric potential, expressed in volts, 
between two points in a circuit. Usually one of these points 
is ground (zero volts), but not always. Voltages can also be 
‘measured ftom peak-to-peak from the maximum point of a 
signal to its minimum point, You must be careful to specify 
Which vottage you mean. 

The oscilloscope is primarily voltage-measuring device. 
Once you have measured the voltage, other quantities are 
lust a calculation away. For example, Ohm's law states that 
voltage between two points in a circuit equals the current 
times the resistance. From any two of these quantities you 
can calculate the third using the following formula: 


Voltage = Current 2 Resistance 
Voltage 
Current = i 
Resistance 
Voltage 
Resistance = a 
Current 
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Figure 66. Measure vtlage on th crt eral gatcule ne. 


‘Another handy formula is the power law, which states that 
the power of a DC signal equals the voltage times the cur- 
rent, Calculations are more complicated for AC signals, but 
the point here is that measuring the voltage Is the frst step 
toward calculating other quantities. Figure 65 shows the volt- 
age of one peak (V,) and the peak-to-peak voltage (V,). 

‘The most basic method of taking voltage measurements is 

to count the number of divisions a waveform spans on the 
osciloscope's vertical scale. Adjusting the signal to cover 
most of the display vertically makes for the best voltage 
measurements, as shown in Figure 68. The more display area 
you use, the more accurately you can read the measurement. 


Many oscilloscopes have cursors that let you make waveform 
measurements automatically, without having to cunt gratic- 
lle marks. A cursor is simply a line that you can move across 
the display. Two horizontal cursor lines can be moved up and 
down to bracket a waveform’s amplitude for voltage meas- 
lrements, and two vertical ines move right and left for time 
measurements. A readout shows the voltage or time at their 
positions, 
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Time and Frequency Measurements 


‘You can make time measurements using the horizantal scale 
Of the oscilloscope. Time measurements include measuring 
the period and pulse width of pulses. Frequency is the recip- 
rocal of the period, so once you know the period, the fre- 
quency is one divided by the period. Like voltage measure- 
‘ments, time measurements are more accurate when you 
agjust the portion of the signal to be measured to cover a 
large area of the display, as illustrated in Figure 67. 


Pulse Width and Rise Time Measurements 

ln. many applications, the details of a pulse's shape are 
important. Pulses can become distorted and cause a digital 
circuit to malfunction, and the timing of pulses in a pulse train 
is often significant. 


& 
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Standard pulse measurements are pulse rise time and pulse 
Width, Rise time is the amount of time a pulse takes to go 
from a low to high voltage. By convention, the rise time is 
measured from 10% to 90% of the full valtage of the pulse. 
This eliminates any imegularties at the pulse's transition 
corners. Pulse width is the arnount of time the pulse takes to 
go from low to high and back to law again. By convention, 
the pulse width is measured at 50% of full valtage. Figure 68 
ilustrates these measurement points. 

Pulse measurements often require fine-tuning the triggering, 
To become an expert at capturing pulses, you should 

eam how to use trigger holdoff and how to set the digital 
oscilloscope to capture pretrigger data, as desoribed in the 
‘Systems and Controls of an Oscilloscope section. Horizontal 
magnification js another useful feature for measuring pulses, 
since it allows you to see fine details of a fast pulse, 
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Phase Shift Measurements 


(One method for measuring phase shift ~ the difference in 
timing between two otherwise identical periodic signals — 

Is to use XY mode. This measurement technique involves 
inputting one signal into the vertical system as usual and 
then another signal into the horizontal system — called an XY 
measurement because both the X and Y axis are tracing 
voltages. The waveform that resuits from this arrangement is 
called a Lissajous pattern (named for French physicist Jules 
Antoine Lissajous and pronounced LEE-sa-zhoo). Fram 

the shape of the Lissajous pattern, you oan tell the phase 
difference between the two signals. You can also tell their 
frequency ratio. Figure 69 shows Lissajous pattems for 
various frequency ratios and phase shits, 

The XY measurement technique originated with analog 
oscilloscopes. DSOs may have difficulty creating real-time XY 
displays. Some DSOs create an XY image by accumulating 
triggered data points over time, then displaying two channels 
as an XY display. 
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DPOs, on the other hand, are able to acquire and display a 
genuine XY mode image in real-time, using 4 continuous 
stream of digitized data. DPOs can also display an XYZ 
image with intensified areas. Unikke XY displays on DSOs and 
DPOs, these displays on analag osciloscopes are typically 
limited to a few megahertz of bandwidth. 


Other Measurement Techniques 
‘This section has covered basic measurement techniques 
Other measurement techniques involve setting up the oscilo- 
scope to test electrical components on an assembly line, 
capturing elusive transient signals, and many others. The 
measurement techniques you will use will depend on your 
application, but you have learned enough to get started 
Practice using your osciloscope and read more about it 
Soon its operation will be second nature to you. 
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Written Exercises Part | covers information presented in 


these sections: 
Tis section contains written exercises that cover information 


inthis primec. These are divided into two pars, Part | and = The Osciloscope 
Part, with vocabulary and application exercises for each. Performance Terms and Considerations 


Check how well you have absorbed the information in 
these sections by verifying your responses against the 


answer kay at the end of this section on page 54. Part Il covers information presented in 
sections: 


The Systems and Controls of an Oscilloscope 
= Operating the Oscilascope 


1 Measurement Techniques 


Part | A: Vocabulary Exercise 
Write the letter of the definitions in the right column next to the correct words in the left column. 
Term Definition. 

4. __. Acquistion A. The unt of electric potential ference. 

2. __ Analog B A performance measurement indicating the precision of an ADC, measured in bits. 

3, __ Bandwidth Term used when referring to degree points ofa signal's period. 

4, __. Digital Phosphor The number of times a signal repeats in ane second. 

5, __ Frequency E The amount of time it takes a wave to complete one cycle 

6. __ Giteh F A.tored digital value that represents the voltage of a signal at a specific 
point in time on the dtspley. 

7. __ Period G Accommon waveform shape that has a rsing edge, a width, and afaling edge. 

8. __ Phase HA performance measurement indicating the rising edge speed of a pulse. 

9, __ Pulse | Osciloscope circuitry that controls the timing of the sween. 

10. Waveform Point J An intermittent spike in a crcut 

11. Fise Time KA signal measured by an oscilloscope that only occurs once. 

42.__ Sample Point __L_The asciloscope's process of collecting sample points from the ADC, 
processing them, and storing them in memory 

13. Digital Storage -M_ Something that operates with continuously changing values. 

14, __ Time Base NN Digital oscilloscope that captures 3 dimensions of signal information in realtime. 

18. __ Transient © Digital oscilloscope with serial processing 

16. __ ADC Resolution P Asine wave frequency range, defined by the ~3 dB point 

47. __ Volt Q The raw data from an ADC used to calculate and display waveform points 
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Part | B: Application Exercise 


Circle the best answers for each statement. Some statements have more than one right answer. 


1.With an oscilloscope you can: 
. Calculate the frequency of a signal 
Find matfunctioning electrical components, 
©. Analyze signal detais 
d. All the above. 
2. The difference between analog and digitizing 
oscilloscopes 
1. Analog osciloscopes do not have on-sereen menus. 


bb, Analog osciloscopes apply a measurement voltage 
directly to the display system, while digital asciloscopes 
first convert the voltage into digital values. 


cc. Analog oscilloscopes measure analogs, whereas 
digitizing osclloscopes measure digits. 


4d. Analog oscilloscopes do not have an acquisition 
system, 

3. An oscilloscope’s vertical section does the 
following: 
8 Acquires sample points with an ADC, 
b. Starts a horizontal sweep 
©. Lets you adjust the brightness of the clsplay 
d. Attenuates or amplifies the input signal 

4, The time base control of the oscilloscope 
does the following: 
a. Adjusts the vertical scale 
bb. Shows you the current time of day. 


c. Sets the amount af time represented by the 
horizontal width of the soreen, 


d. Sends a clock pulse to the probe. 
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5. On an oscilloscope display: 


1, Voltage is on the vertical axis and time is on the 
horizontal axis. 


b. A straight diagonal trace means voltage is changing 
ata steady rate. 


c, A fat horizontal trace means voltage Is constant. 
d. All the above, 


6. All repeating waves have the following properties: 
a, A frequency measured in Hertz. 
b. A period measured in seconds. 
c. A bandwidth measured in Hertz, 
. All the above 
7. If you probe inside a computer with an 


oscilloscope, you are likely to find the 
following types of signals: 


a, Pulse trains. 


b. Ramp waves. 
c, Sine Waves. 
d. All the above, 


8. When evaluating the performance of an analog 


oscilloscope, some things you might consider are: 


a, The bandwidth. 
b. The vertical sensitivity, 

. The ADG resolution, 
d. The sweep speed. 

9. The difference between digital storage 
oscilloscopes (DSO) and digital phosphor 
oscilloscopes (DPO) is: 

1, The DSO has a higher bandwith, 


b. The DPO captures three dimensions of 
waveform information in real-time, 


c, The DSO has a color alspiay. 


d. The DSO captures more signal details, 


s7e018 How To Solder: A Complete Beginners Guide - Makerspaces.com 


Step 1: Mount The Component - Begin by inserting the 
leads of the LED into the holes of the circuit board. Flip 
the board over and bend the leads outward at a 45" 
angle. This will help the component make a better 
connection with the copper pad and prevent it from falling 


out while soldering. 


hitps:sAwww makerspaces.com/how-to-solder! ane 
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Part Il A: Vocabulary Exercise 


Write the letter of the defini 


Term 
Averaging Mode 


Cirouit Loading 


Compensation 


Coupling 


Earth Ground 


Equivalent-Time 
Graticule 
Interpolation 
Real Time 


Signal Generator 
Single Sweep 
Sensor 


ns in the right column next to the correct words in the left column. 


Definition 


x 


The unintentional interaction of the probe and oscilloscope with the circuit being tested 
which distorts a signal 


‘A conductor that connects electrical currents to the Earth. 


‘A sampling made in which the digital osciloscope collects as many samples as it can 
as the signal accurs, then constructs a display, using interpolation if necessary. 


‘A sampling mode in which the digital osciloscope constructs a picture of a repetitive 
signal by capturing a lle bit of information from each repetition. 


‘A deviee that converts a specific physical quantity such as sound, pressure, strain, or 
light intensity into an electrical signal. 


‘A test device for injecting a signal into a circuit input. 
A processing technique used by digital oscilloscopes to eliminate noise in a displayed signal. 
‘The method of connecting two circuits together. 


‘A“connect-the-clots" processing technique to estimate what a fast waveform looks ike 
based on only a few sampled points. 


The grid lines on a screen for measuring oscilloscope traces. 
A trigger mode that triggers the sweep once, must be reset to accept another trigger event, 


‘A probe adjustment for 10X attenuator probes that balances the electrical properties of 
the probe with the electrical properties of the oscilloscope, 
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Part Il B: Application Exercise 


Circle the best answers for each statement. Some statements have more than one right answer. 


1. 


To operate an oscilloscope safely, you should: 


1, Ground the oscilloscope with the proper three-pronged 
power cord, 


b. Lear to recognize potentially dangerous electrical 
‘components, 


©. Avoid touching expased connections in a circuit being 
tested even if the power is off, 


d. Allthe above, 
Grounding an oscilloscope is necessary: 

a, For safety reasons, 

b. To provide a reference point for making measurements. 
, To align the trace with the screen's horizontal axis, 

d. All the above, 


. Circuit loading is caused by: 


1 An input signal having too large a voltage. 


bb. The probe and osciloscope interacting with the 
circuit being tested, 


©. A 10X attenuator probe being uncompensated. 
d. Putting too much weight on a circuit. 
Compensating a probe is necessary to: 


8, Balance the electrical properties af the 10X attenuator 
probe with the oscilloscope, 


. Prevent damaging the circult being tested, 
©. Improve the accuracy of your measurements. 
d. Allthe above, 


The trace rotation control is useful for: 
1, Scaling waveforms on the screen, 
b, Detecting sine wave signals. 


c, Aligning the waveform trace with the screen's horizontal 
axis on an analog oscilloscope. 


dd. Measuring pulse width. 
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6. The volts per 


3. The trigger 


ision control is used to: 


a. Scale a waveform vertically. 
b, Position a waveform vertically 
cc. Atlenuate or amplify an input signal 


d. Set the numbers of volts each division represents, 


. Setting the vertical input coupling to ground 


does the foll 


a, Disconnects the input signal from the asciloscope. 
b, Causes a horizontal line to appear with auto trigger. 
¢. Lets you see where zera volts is on the screen, 

4d, Al the above 


necessary to: 
a. Stabilize repeating waveforms on the screen, 
, Capture single-shot waveforms, 


cc. Mark a partiouler point of an acquisition, 


d. All the above. 


1 In normal made the oscilloscope only sweeps once 
and then stops. 

In normal made the oscilloscope only sweeps if the 
input signal reaches the trigger point; otherwise the 
screen is blank. 

cc. Auto mode makes the oscilloscope sweep continuously 
even withaut being triggered, 

d. All the above. 


10. The acquisition mode that best reduces noise 


in a repeating signal 
a, Sample mode. 

bb, Peak detect mode. 

. Envelope mode, 

4, Averaging mode. 
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11. The two most basic measurements you can make 
with an oscilloscope are: 


a, Time and frequency measurements, 
b. Time and voltage measurements, 
©. Voltage and pulse width measurements. 
d. Pulse width and phase shift measurements, 
12. If the volts/division is set at 0.6, the largest 


signal that can fit on the screen (assuming 
an 8 x 10 division screen) is: 


a, 62.5 millivolts peak-to-peak. 
b. 8 volts peak-to-peak. 
©. 4 volts peak-to-peak. 
d. 0.5 volts peak-to-peak 

13. If the seconds/division is set at 0.1 ms, 


the amount of time represented by the width 
of the soreen is: 


a. 0.1 ms. 
b.1 ms, 


. 1 second, 


6 
4.0 ie 
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14. By convention, pulse width is measured: 
. At 109% of the pulse's peak-to-peak (pk-pk] voltage. 
bb. At 50% of the pulse's peak-to-peak (pk-pk] voltage. 
6. At 90% of the pulse’ peak-to-peak (pk-pk) voltage. 
d. At 10% and 903% of the pulse's peak-to-peak (pk-pk) 

voltage. 
16. You attach a probe to your test circuit but the 
screen is blank. You should: 

‘8, Check that the screen intensity is turned up. 


b. Check that the oscilloscope is set to cisplay the 
channel that the probe Is connected to, 


©. Set the trigger mode to auto since norm marie blanks 
the soreen, 


d. Set the vertical input coupling to AG and set the 
volts/aivision to its largest value since a large DC 
signal may go off the top or bottom of the screen. 


. Check that the probe isn’t shorted and make sure 
itis property grounded, 


4. Check that the oscillascope is set to trigger on the 
Input channal you are using, 


4g. All of the above. 


wnvctektonix.convosciloscopas 58 


+ 


03W-8605-S.qxd 12/10/09 10:24 AM Page 54 


Primer 


& Answer Key 


This section provides the answers to all written exercises in the previous section, 


Part IA: Vocabulary Exercise Answers 


a 5D a6 73.0 
2M ed 10.F 14.1 
aP E TH 15.K 
aN a6 20 168 

1A 


Part IB: Application Exercise Answers 


1D 3D 6.0 7A 
2.80 4.6 BAB 8. ABD 
a8 


Part IIA: Vocabulary Exercise Answers 


1G aH 7 10.F 
2A 5B al 1K sa 
aL aD ac 2 


Part IIB: Application Exercise Answers 


7) 5.6 aBC 73.8 
2AB_6ACD 70.0 14.8 
a6 7.0 a) 16.6 
AG 8D 12,6 


SA wuntektronixconvesciloscopes 


a aa 


(03W-8605-! 


-qxd 12/10/09 10:24 AM Page 55 


© 


Glossary 
A 


‘Acquisition Mode ~ Modes that control how waveform 
points are produced from sample points. Some types include 
sample, peak detect, hi es, envelope, average, and wave- 
form data base. 

‘Alternating Current (AC) ~ A signal in which the current and 
voltage vary in a repeating pattern over time. Also used to 
indicate signal coupling type. 

‘Amplification ~ An increase in signal amplitude during its 
transmission from one point to another 

‘Amplitude ~ The magnitude of a quantity or strength of a 
signal. n electronics, amplitude usually refers to either voltage 
or power 

‘Analog-to-Digital Converter (ADC) - A digital electronic 
component that converts an electrical signal into discrete 
binary values. 

‘Analog Oscilloscope ~ An instrument that creates a wave- 
form display by applying the input signal (concltioned anc 
amplified) to the vertical axis of an electron beam moving 
across @ cathode-ray tube (CRT) soreen horizontally from left 
to right. A chemical phosphor coated on the CRT creates a 
glowing trace wherever the beam hits 

‘Analog Signal ~ A signal with continuously variable voltages. 


Attenuation ~ A decrease in signal amplitude during its 
transmission from one point to another. 


Averaging ~ A processing technique used by digital ascilo- 
scopes to reduce noise in a displayed signal 


B 


Bandwidth A frequency range, usually imited by ~3 dB. 


Cc 


Gircuit Loading ~ The unintentional interaction of the probe 
and oscilloscope with the circuit being tested, distorting the 
signal 

Compensation — A probe adjustment for passive attenuation 
probes that balances the capacitance of the probe with the 
capacitance of the osciloscope. 

Coupling - The method of connecting two circuits together 
Girouits connected with a wire are directly coupled (DC); 
circuits connected through a capactor or transformer are 
indirectly (AC) coupled. 


Cursor ~ An on-screen marker that you can align with 


& 


XYZs of Oscilloscopes 


\wavetorm to make more accurate measurements. 


D 


Delayed Time Base ~ A time base with a sweep that can 
start (or be triggered to stat) relative to a pre-determined 
time on the main time base sweep. Alows you to see events 
more clearly and to see events that are not visible solely with 
the main time base sweep, 


Digital Signal - A signal whose voltage samples are 
represented by disorete binary numbers. 


Digital Oscilloscope ~ A type of oscilloscope that uses an 
analog-to-cigital converter (ADO) to convert the measured 
voltage into digital information. Types include: digital storage, 
digital phosphor, mixed signal, and digital sampiing oscilo- 
soopes. 


Digital Phosphor Oscilloscope (DPO) - A type of digital 
oscilloscape that closely models the display characteristics 
of an analog osclloscope while providing traditional digital 
coscilloscape benefits (waveform storage, automated 
measurements, etc.) The DPO uses a parallel-processing 
architecture to pass the signal to the raster-type display, 
Which provides intensity-graded viewing of signal 
characteristics in real time. The DPO displays signals in 
three dimensions: amplitude, time and the distribution of 
amplitude over time, 


Digital Sampling Oscilloscope - A type of cigltal 
osciloscope that employs equivalent-time sampling method 
to capture and display samples of a signal, ideal for 
accurately capturing signals whase frequency components 
are much higher than the osciloscope's sample rate, 

Digital Signal Processing - The application of algorithms to 
improve the accuracy of measured signats. 

Digital Storage Oscilloscope (DSO) ~ A digital oscilloscope 
that acquires signals via digital sampling (using an analog-to- 
digital converter). It uses a serial-processing architecture to 
control acquisition, user interface, and the raster display. 
Digitize - The process by which an analog-to-dligital 
converter (ADG) in the horizontal system samples a signal 

at diserete points in time and converts the signals voltage 

at these points into clgital values caled sample points 

Direct Current (DC) ~ A signal with a constant voltage 
and/or current, Also used to indicate signal coupling type. 
Division ~ Measurement markings on the oscilloscope gratic- 
Ule indicating major and rninor marks 
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Earth Ground ~ A conductor that will connect electrical 
currents to the Earth, 


Effective Bits ~ A measure of a digital osciloscope's ability 
to accurately reconstruct a sine wave signal's shape. This 
measurement compares the osciloscope’s actual error to 
that of @ theoretical “ideal” digitizer 


Envelope - The outline of a signal's highest and lowest 
points acquired over many displayed waveform repatitions, 
Equivalent-time Sampling - A sampling mode in which the 
oscilloscope constructs a picture of a repetitive signal by 
capturing a litle bit of information fram each repetition, Twa 
types of equivalent-time sampling: random and sequential 


F 


Focus ~ The analog oscilloscope cantrol that adjusts the 
ccathode-ray tube (CRT) electron beam to cantral the sharp- 
ness of the display, 

Frequency ~The number of times a signal repeats in one 
second, measured in Hertz (cycles per second). The frequen- 
cy equals 1/period, 

Frequency Response ~ Frequency response curves of an 
oscilloscope define the accuracy in amplitude representation 
Of the Input signal in function of the signals frequency. In 
order to obtain maximum signal fidelity itis important that 
the ascilascope has a flat (stable) frequency response across 
the entire specified oscilloscopes bandwiath. 


G 


Gain Accuracy ~ An indication of haw accurately the vertical 
system attenuates or amplifies a signal, usually represented 
as a peroentage error, 


Gigahertz (GHz) ~ 1,000,000,000 Hertz; a unit of frequency, 
Glitch — An intermittent, high-speed error in a circuit. 


Graticule ~ The grid ines an a display for measuring ascilo- 
scope traces, 


Ground ~ 


1. Aconducting connection by which an electric circuit 
‘oF equipment is connected to the earth to establish 
and maintain a reference voltage level 


2. The voltage reference point in a circuit. 
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Hertz (Hz) - One cycle per seconds the unit of frequency. 
Horizontal Accuracy (Time Base) ~ An indication of how 
accurately the horizontal system displays the timing of a 
signal, usually represented as a percentage error. 


Horizontal Sweep — The action of the horizontal system that 
causes a waveform to be drawn, 


Intensity Grading ~ Frequency-of-occurrence information 
that fs essential to understanding what the waveform is really 
doing. 

Interpolation — A “connect-the-clots" processing technique 
to estimate what a fast waveform looks like based on only a 
few sampled points. Two types: linear and sin x/x. 


K 


Kilohertz (kHz) ~ 1,000 Hertz; a unit of requency. 


L 


Loading ~ The unintentional interaction of the probe and 
cscillascope with the circuit being tested which clstorts 

a signal. 

Logic Analyzer ~ An instrument used to make the logic 
states of many cigital signals visible aver time. It analyzes the 
igital data and can represent the data as real-time software 
‘execution, data flow values, state sequences, ete. 


M 


Megahertz (MHz) ~ 1,000,000 Hertz; a unit of frequency. 


Megasamples per second (MS/s) ~ A sample rate unit 
‘equal to ane milion samples per second. 


Microsecond (jis) - A unit of time equivalent to 0.000001 
seconds. 


Millisecond (ms) ~ A unit of time equivalent to 0.001 
seconds, 


Mixed Signal Oscillascope (MSO) ~ A type of digital ascilo- 
‘scope that combines the basic functionality of a 16-channel 
logic analyzer with the trusted performance of a 4-channel 
gia! phosphor oscitoscope. 
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Nanosecond (ns) ~ A unit of time equivalent to 0,000000001 
seconds, 


Noise — An unwanted voltage or current in an electrical 
circu. 


ie) 


Oscilloscope — An instrument used to make voltage 
changes visible aver time. The word oscilloscope comes from 
“oscillate,” since oscilloscopes are often used to measure 
oscillating voltages. 


Pp 


Peak (V,) ~ The maximum voltage level measured from a. 
zero reference point. 


Peak Detection — An acquistion mode available with digital 
oscilloscopes that enables youl to observe signal details 
that may otherwise be missed, particularly useful for seeing 
narrow puises spaced far apart in time 


Peak-to-peak (V,,,) ~ The voltage measured from the 
‘maximum point of a signal to its minimum point 


Period - The amount of time it takes a wave to complete 
‘one cycle. The period equals 1/requency. 


Phase — The amount of time that passes from the beginning 
of a cycle to the beginning of the next cycle, measured in 
agrees, 

Phase Shift ~ The difference in timing between two other- 
wise similar signals. 


Pre-trigger Viewing ~ The ability of a digital oscilascope to 
capture what a signal did before a trigger event. Determines 
the length of viewable signal both preceding and following a 
trigger point, 


Probe - An oscilloscope input device, usually having a 
pointed metal tip for making electrical contact with a circuit 
element, @ lead to connect to the circuit's ground reference, 
and a flexible cable for transmitting the signal and ground to 
the oscilloscope. 


Pulse ~ A common waveform shape that has a fast rising 
edge, a width, and a fast falling edge. 
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Pulse Train ~ A collection of pulses traveling together. 


Pulse Width - The amount of time the pulse takes to go 
from low to high and back to low again, conventionally 
measured at 50% af full voltage, 


R 


Ramps ~ Transitions between voltage levels of sine waves 
that change at a constant rate. 


Raster ~ A type of display. 


Real-time Sampling ~ A sampling mode in which the 
esciloscope collects as many samples as possible from 
cone triggered acquisition. Ideal for signals whase frequency 
range is less than half the osciloscope's maximum sample 
rate, 


Record Length ~ The number of waveform points used to 
create a record of a signal 


Rise Time — The time taken for the leading edge of a pulse 
to rise fram its low to its high values, typically measured fram 
10% to 90%. 


Ss 


Sampling — The conversion of a portion of an input signal 
into a number of discrete electrical values for the purpose at 
storage, processing and/or display by an oscilascope, Two 
types: real-time sampling and equivalent-lime sampling. 


‘Sample Point - The raw data from an ADC used to calculate 
waveform points, 


Sample Rate — Refers to how frequently a digital oscilo- 
scope takes a sample of the signal, specified in samples per 
second (S/5) 


Sensor— A device that converts a spectic physical quantity 
such as sound, pressure, strain, or ight intensity info an elec- 
tical signal 


Signal Integrity ~ The accurate reconstruction af 4 signal, 
determined by the systems and performance considerations 
of an oscilloscope, in addition to the probe used to acquire 
the signal 


Signal Source ~ A test device used to inject a signal into 
a circuit input; the circuit's output is then read by an ascilo~ 
scope. Also known as a signal generator. 
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‘Sine Wave - A common curved wave shape that is 
mathematically defined. 

Single Shot ~ A signal measured by an oscilloscope that 

nly accurs once (also called a transient event 

Single Sweep — A trigger mode to display one triggered 
screen of a signal and then stop. 

Slope ~ On a graph or an oscilloscope display, the ratio of a 
vertical cistance to a horizontal distance. A positive slope 
increases from left to right, while a negative slope decreases 
{rom left to right. 

‘Square Wave ~ A common wave shape consisting of 
repeating square pulses, 

‘Sweep ~ One horizontal pass of an anlog oscilloscope's elec- 
tron beam from left to right acrass the CRT screen. 


‘Sweep Speed ~ Same as the time base, 


rt 


Time Base — Oscilloscope circuitry that controls the timing 
of the sweep, The time base is set by the seoonds/dlvision 
control 


Trace - The visible shapes drawn on a CAT by the move- 
‘ment of the electron beam, 


Transient ~ A signal measured by an oscilloscope that only 
occurs once (also called a single-shot event) 
Trigger — The circuit that references a horizontal sweep on 
an oscilloscope. 


Trigger Holdoff — A control that allows you to adiust 
the period of tine after a valid trigger during which the 
osciloscope cannot trigger 


Trigger Level - The voltage level that a trigger source signal 
‘must reach before the trigger circuit initiates a sweep, 


Trigger Mode — A made that determines whether ar not the 
oscilloscape draws a wavetorm if t does not detect a trigger. 
‘Common trigger modes include normal and auto. 


Trigger Slope - The slope that a trigger source signal must 
reach before the trigger circuit initiates a sweep, 
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Vertical Resolution (Analog-to-Digital Converter) — 
‘An indication of how precisely an analog-to-cigital converter 
(ADO) in a digital oscilloscope can convert input voltages 
into digital values, measured in bits. Calculation techniques, 
such as hires acquisition mode, can improve the effective 
resolution 


Vertical Sensitivity - An inclcation of how much the 
vertical amplifier can amply a weak signal ~ usually 
‘measured in milivolts (mV) per division, 


Volt - The unit of electric potential ditference. 


Voltage ~ The difference in electric potential, expressed in 
Volts, between two points. 


WwW 


‘Wave - The generic term for a pattern that repeats over 
time. Common types inolude: sine, square, rectangular, 
sawtooth, triangle, step, pulse, periodic, non-periadic, 
‘synchronous, asynchronous. 


‘Waveform — A graphic representation of a voltage varying, 
over time. 


Waveform Capture Rate ~ Refers to how quickly an 
oscilloscope acquires waveforms, expressed as waveforms 
per second! (wim). 

Waveform Point ~ A cigital value that represents the voltage 
of a signal at a specifi point in ime, Wavelom points are 
calculated trom sample points and stored in memory. 

Writing Speed ~ The abilly of an analog oscilloscope to 
provide a visible trace of the movement ofa signal from 

‘one point to another. This abit is restrictive for low-repetition 
signals that have fast-moving details, such as digital logia 
signals 

XY Mode ~ A measuremenbt technique that involves 
inputting ane signal into the vertical system, as usual, and 
one into the horizontal system to trace voltages on both the 
Xand ¥ axis 


Zz 


Z Axis ~ The display attribute on an oscilloscope that shows 
brightness variations as the trace is formed, 
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Contact Tektronix: 

ASEAN / Australasia. (25) 6356 2900 

‘usta, C0800 2286 1205" 

Balkans, Israel, South Ate and other IE Countries +152 675.3777 

Belgium 0800 2955 4805+ 

Brazil +55 (11) 3759 7600 

(Canada 1 (00) 888-3200 

‘Central East Europe, Utraine and the Baltes +152 675.777 

‘Cental Euope & Greece +41 52875.3777 

Denmark: 45 80 88 1401 

Finland +1 82 675.9777 

France 00800 2255 4805° 

‘Germany cose 2258 a8s+ 

Hong Koog 00-820.585 

Inia (2) a0-42022600 

hhaty cosa 2255 283° 

pan 2 (9) 8714-2040 

Lwcemibourg +21 528753777 

Mexico, Cenra’South America & Caribbean 5258) 53.35 1085, 
Middle East, Asa and North Atte +152 87537 

‘The Netherlands C0800 2255 4605" 

Norway #00 16008 

Republic of Cina 400-520-5805 

Poland +41 526753777 

Portugal 20 08 12570 

Republic ot Korea. 82 (3) 8917-5000 

Fussia & CIs +7 (295) 7484900 

‘South Aiea +27 11 206 8960 

‘Spain cos 2255 s+ 

‘sweden 00800 2255 4805" 

‘Switzvand [800 2955 4805" 

Taiwan 1 (2) 2722-0622 

United Kingdom & land 00800 2255 285° 

USA 1 00) 829-8200 


Pop 
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For Further Information 
Tektronix mainains a comershonsiv, constantly xparcing 
calectan of application rote, technical brits and other 
resources to help engineers working on the cuting edge ot 
technciagy Please vst warwtoktronicom 8 
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resistor lead at the same time. You need to hold the 
soldering iron in place for 3-4 seconds in order to heat 


the pad and the lead. 


Step 3: Apply Solder To Joint — Continue holding the 
soldering iron on the copper pad and the lead and touch 
your solder to the joint. IMPORTANT — Don't touch the 
solder directly to the tip of the iron. You want the joint to 
be hot enough to melt the solder when it's touched. If the 


joint is too cold, it will form a bad connection. 


hitps:iAwww makerspaces.com/now-to-solder! vena 
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www.PositiveOffset.com 
Electronic Kit & Parts for Educators, Researchers & Hobbyists 


www.PositiveOffset.com 


30 kHz / 1 kHz Zapper Kit 
with Color Illustrated Instructions 
$50.00 Add to Cart 


Our Zapper Kit contains all the parts necessary to build either a 30,000 Hz 
or a 1,000 Hz Positive Offset Square Wave Frequency Generator Unit. This 
breadboard kit is based on Dr. Hulda Clark's zapper circuit design that was 
recently updated and published in 2003. Copper Pipes and 9 Volt Battery 
are not included in kit. For copper pipes and individual electronic parts, 
click the links in the right column. 


30 k2/1 kHz Zapper Kit 
‘0047 uF Capacitors 
Tu Indudtors 

IK Ohm Resistors 


PositiveOffset.com 


39K Ohm Resistors 
270K Onm Resistors 

555 CMOS Timer 

8 Pin Wire Wrap Socket 
‘Volk Battery Snap. 
Alligator clip Converter 
Alligator Leads 

Aluminum Square 
Banana to Alligator Leads 
Breadboard 

Color Coded Jump Wires 
Copper Pipes 

Nuts and Bolts 

‘Onsorr Taggle Switch 
Red Mini LED 

‘Switching diode 1N914 
Video Instructions 


www.PositiveOffset.com 


VIEW CART 


Hulda Clark Zapper Kit with Color Illustrated Instructions 
$50.00 Add to Cart 


Zapper Kit includes: Breadboard, 555 CMOS Timer, (2) 1K Ohm resistors, 
2.2K Ohm re K Ohm resistor, 39K Ohm resistor, (2) 270K Ohm 
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resistors, (2) .0047 uF Capacitors, Mini Red LED, (9) Color Coded Jump 
Wires, 9-Volt Battery Snap, (2) Alligator leads, and an On/Off Switch. All 
this comes in a sturdy little cardboard box you can use to house your 
finished circuit. The full-color instructions will help you build either a 
30,000 Hz or 1,000 Hz circuit. 


It's So easy to build. No soldering required! Watch the video instructions 
right here (36 minutes). 


+ YouTube video instructions: 9 easy steps to build this circuit 


* Build a zapper Frequently Asked Questions and Answers 
+ Already have electronic parts? Download PDF Instructions 


Remember the Hulda Clark Zapper has not been licensed as a medical 
device by the US FDA. Zapper Kit is sold as an educational tool only, no 
medical claims are intended by the sale of these electronic parts. Our 
Zapper Kit is a great project for a school science fair, or to learn the 
basics of building simple electronics. 


Please note that when ordering electronic parts and kits we can assume 
no liability on the customer's ability to use them. Safety, craftsmanshi 
experience, and ability are the user's responsibility. 


Electronic parts are small and fragile. We can not offer refunds or 
replacements on electronic parts. Buy electronic parts and kits only if you 
believe you can accomplish the work. If you experience difficulty with your 
build, or have little experience in electronics, please order replacement 
parts along with your kit. 


‘The 555 CMOS Timer is the most likely part to need replacement, so it may 
be smart to order extras when building a kit. 


The 555 CMOS Timer is vulnerable to static electricity. If you walk on a 
carpeted floor and the 555 receives a static shock it may burn out and 
need replacement. 


555 CMOS Timers are sold separately for those who want to have several 
at hand during a kit build, or to troubleshoot a circuit that is not working. 
If you are new to electronics, or just want to be cost effective, you may 
want to purchase extra 555 CMOS Timers when building your first kit. We 
can not offer refunds or replacements on electronic parts. 


View Shonnina Cart / Checkout 
‘waw:positivecset.com 
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Customer Service Information 


We accept all major credit cards via our secure shopping cart. We also 
accept checks and money orders through the mail. All packages are 
shipped United States Postal Service Priority Mail with Delivery 
Confirmation. If you have an existing order and would like to track your 
package's Delivery Confirmation, click: USPS Delivery Confirmation. If 
you have any other question or concern about your order, please send an 
email to Customer Service. 
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www.PositiveOffset.com 


www.PositiveOffset.com 
Electronic Kit & Parts for Educators, Researchers & Hobbyists 


Hulda Clark 30 kHz / 1 kHz Zapper Kit 
with Color Illustrated Instructions 
Order Zapper Kit Hi 


Hulda Clark Zapper kit includes: Breadboard, 955 CMOS Timer, 7 resistors: (2) 1K Ohm, 2.2K 
Ohm, 4.7K Ohm, 39k, (2) 270K Ohm, (2) .0047 uF Capacitors, Red LED, (8) Color Jump Wires, (2) 
Alligator Leads, and Soldered Battery Snap/On-Off Switch. All this comes in @ sturdy little cardboard 
box you can use to house your finished circuit. The full-color instructions will help you build either a 
30,000 Hz ar 1,000 Hz circuit. Kit does not include copper pipes. Click here to order copper pioes. 


+ 3O.te/ ute Zap0e0 
Stemming enon 
: Eger 

1 Coopersines 


‘aie Zapsiator 
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PositiveOffset.com 


www.ClarkZapper.com 


VIEW CART 


Hulda Clark Zapper kit with Color Illustrated Instructions 
Order Zapper Kit Hi 


If you are new to building electronics, you may also want to watch the instruction video. The ‘Build A 


Zapper Video' shows how to bulld this Clark Zapper breadboard kit. Watch the video below. (Note: 
There are minor updates to the "Build Your Own Zapper” Kit. We have adjusted the jump wires far a 
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better fit. We have also pre-soldered the 9-volt battery snap to the on/off switch. These updates are 
not shawn in this video, but are clearly described in the kit instructions.) 


It's so easy to build. No soldering required! Watch the video instructions right here (36 minutes). 


‘ 


More Video Instructions 


+ Bulld 2 Zapper, Plate Zapper, Food Zapplcator, and Toothbrush Zappicator 
+ Zapper Kit Frequently Asked Questions and Answers 
+ Already have electronic parts? Download PDF Instructions 


‘The Hulda Clark Zapper has not been licensed as a medical device by the US EDA. Zapper Kit is sold 
‘as an educational tool only, no medical claims are intended by the sale of these electronic parts. Our 
‘Zapper Kit is @ great project for a school science fair, ar to learn the basics of building simple 
electronics. 


Please note that when ordering electronic parts and kits we can assume no liability on the customer's 
ability to use them. Safety, craftsmanship, experience, and ability are the user's responsibilty. 


Electronic parts are small and fragile. We can not offer refunds or replacements on electronic parts. 
Buy electronic parts and kits only if you believe you can accomplish the work. 


‘The 555 CMOS Timer is the most likely part to need replacement, so it may be smart to order extras 
‘when building a kit. 


‘The 555 CMOS Timer is vulnerable to static electricity. If you walk on a carpeted floor and the S55 
receives a static shock it may burn out and need replacement. If you ever touch the 9 volt battery 
backwards to the battery snap, it may burn out the 55S. You may want to protect your 585 by adding 
2 1N8i4 Switching Diode to your kit (diode sold separately). 


555 CMOS Timers are sold separately for those who want to have several at hand during a kit bulld, 
‘or to troubleshoot a circuit that is not working. If you are new to electronics, or just want to be cost 
‘effective, you may want to purchase extra 555 CMOS Timers when building your first kit. We can not 
offer refunds or replacements on electronic parts. 


View Shopping Cart / Checkout 

‘Customer Service Information 

We accept all major credit cards via our secure shopping cart. We also accept checks and money 
orders through the mail. All packages are shipped United States Postal Service Priority Mail with 
Delivery Confirmation. If you have an existing order and would like to track your package's Delivery 


Confirmation, click: USPS Delivery Confirmation. If you have any other question or concern about 
‘your order, please send an email to Customer Service. 
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How bud a Hulda Clarkzapper, NEW 2008 updated circuit 


Order A Hulda Clark Zapper - Order Dr. Clark's Books - Order Electrical Supplies 


Welcome to the Zapper Lab. Here we have the step-by-step instructions for building your 
very own Hulda Clark Zapper, reprinted with permission from the books by Dr. Hulda Clark. 
Dr. Clark has improved her original zapper circuit and published this update in 2003. 
Knowing her readers have varying experience with building electronics, this recent update 
released several different sets of instructions on how to build a zapper, depending on 
one's electronic expertise. 


* The original published Zapper instructions require soldering or twisting the parts 
together. It is best when soldered, which does require some special tools and skill 
These instructions are found reprinted below from Dr. Clark's 2003 update. 

* Anewer, easier to build design employs the use of an electronic breadboard. A 
breadboard does not require soldering, as one can push the electronic components 
into place onto the breadboard to easily build a circuit. Dr. Clark published designs 
for the 30 kHz Zapper, and the 1000 Hz Zappicator to be built on a breadboard. 
The instructions for building both breadboard zapper circuits are at ClarkZapper.net 
along with a nifty on-line video to help guide you through the process. 

* And last, for advanced electricians, Dr. Hulda Clark published a schematic for 
building the updated Zapper (see photo below). 


If you do not know anyone who could put one together for you, you can order a pre-built 
Zapper at the web site, www.ClarkZapper.com. Remember, the Hulda Clark Zapper is not 
a licensed medical device. It has not been tested by the FDA or AMA for use on humans 
or animals. The Clark Zapper can be sold and used only as an experimental device, and no 
claim can be made as to a diagnosis, cure or treatment for any medical condition or 
disease. Dr. Clark's book states to not experiment with a zapper if you are either 
pregnant or wearing an electronic pacemaker. Please be sure to read one of Dr. Clai 

books before using a Hulda Clark Zapper. 


Order A Hulda Clark Zapper - Order Dr. Clark's Books - Order Electrical Supplies 


How To Build A Hulda Clark Zapper 


click here to print the 2003 schematic for building a zapper 


‘waw.zapperiat.com 
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Order A Hulda Clark Zapper 


Instructions for building your very own zapper can be found reprinted 
below from the books by Dr. Hulda Clark. You can get all the parts you 
need at online electrical supply stores such as: PositiveOffset.com. If 
you would rather order a pre-built zapper, just click: Clark Zapper. 


Dr. Clark has released new devices called the Food Zappicator and the 
Toothbrush Zappicator. For the instructions on how to build this new 
type of zapper, visit: FoodZappicator.com and ToothZappicator.com 


NEW! Build A Hulda Clark Zapper Video Instructions 
Nine short videos that take you step-by-step through the process of bullding a Hulda Clark Zapper. 


How To Build A Hulda Clark Zapper 
The Cure For All Cancers © Copyright 1993 by Hulda Regehr Clark, Ph.D., N.D. 
Zapper instructions have been updated for 2003 by Dr. Hulda Clark 


Hints for absolute novices: Don't let unusual vocabulary deter you. A 
"lead" is just a piece of wire used to make connections. When you 
remove a component from its package, label it with a piece of tape. A 
serrated kitchen knife works best, as does a large safety pin. Practice 
using the micro clips. If the metal ends are L-shaped bend them into a 
U with the long-nose pliers so they grab better. Chips and chip holders 
(wire wrap sockets) are very fragile. It is wise to purchase an extra one 
of each in case you break the connections. The "555" timer is a widely 
used component; if you can't locate this one, try another electronics 
shop. 


The Shoebox Way 

This circuit has been improved since the one given in earlier books. A 
resistor has been added that gives every pulse an added Positive Offset 
of 1/4 volt. You no longer need to operate your zapper so daringly close 
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to a Negative voltage. 


Get from Radio Shack, (serial number inc! 


luded to make it easy). 


Order these parts from their web site at: www.RadioShack.com. If any electrical 


parts are unavailable at Radio Shack, visit anoth 


er on-line electrical supplier of 


these items, such as: www.PositiveOffset.com to buy your electrical parts. 


Parts List for the 30,000 Hz Zapper Circuit 


Item 


Radio Shack Catalog Number 


Use Shoebox or Buy a Plastic Project Box 


270-1809 


9 volt battery 


9 volt battery snap connector 


270-324 (set of 5 you need 1) 


lon-off toggle switch 


275-624A micro mini toggle switch 


If not available, choose any toggle switch with holes i 
Shack 275-612 


in the contact points or Radio 


1 K Ohm resistor, brown-black-red-gold 


271-312 (500 piece assortment) 
use 2 


[3.9 K Ohm resistor, orange-white-red-gold 


Use 2 from 500 piece assortment 


[39 K Ohm resistor, orange-white-orange-gold 


From 500 piece assortment 


low-current red LED. 


276-044 


-0047 uF capacitor 


272-130 (set of 2, you need 1) 


01 uF capacitor 


272-131 (set of 2, you need 1) 


555 CMOS timer chip (TLC 555) 


276-1718 (you may wish to buy a 
lspare) 


[Spin wire-wrapping socket for the chip 


900-7242 


These parts have been discontinued at most Radio Shi 


If only 16 pin sockets are available, cut one in half OR leave half empty. Editor's Note: 


jacks. 8 pin wire wrap sockets are 


available at many other electrical supply stores such as: www.PositiveOffset.com 


short (12") alligator clip leads 


[any electronics shop, get 10 


if not available, use 14” length from Radio Shack, 278. 


- 1156 


Micro clip jumper wires 


278-017 (you need 2 packages of 
2) 


If not available, use mini-clip jumper wires 278-016 


2 bolts, about 1/8" diameter, 2" long, with 4 nuts and 
4 washers 


hardware store 


[2 copper pipes, 3/4” diameter, 4" long 


hardware store 


[Sharp knife, pin, long-nose pliers, tape, 4 twist ties or rubber bands. 


Editor's Note: 


The 8 pin wire-wrapping socket has been discontinued at many Radio 


Shacks and readers have asked what to do. 
supply store where 8 pin wire wrap sockets 


We know a great electrical 
are available, as well as 


easy-to-build science kits for making a 30,000 Hz Frequency Generator 
with all the parts listed above in one simple package. 


A Hulda Clark zapper is basically just a common Frequency Generator 
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set at 30,000 Hz, with a 100% positive offset square wave. The cost for 
the electrical parts to build one is about $30-$40 for them all. Visit the 
electrical suppliers at PositiveOffset.com for all your electrical needs. 
They have everything you'd need to build a basic 30,000 Hz Positive 
Offset Square Wave Frequency Generator, and their kit is much easier 
to build than the instructions given below, because it uses a breadboard 
so there is no need to twist or solder wires, you simply push the 
electrical parts into place on the breadboard. -editor. 


Assembling The Zapper 


If you have tools such as a drill, needle nose pliers, and small drill bits, 
buy one of the plastic project boxes on the list, otherwise build your 
zapper in a shoe box, or a box half the size of a shoe box. 


1. You will be using the lid of the shoe box or plastic lid of the project 
box to mount the components. Save the box to enclose the finished 
project. 


2. Pierce two holes near the ends of the lid. Enlarge the holes with a 
pen or pencil until the bolts would fit through. Mount the bolts on the 
outside about half way through the holes so there is a washer and nut 
holding it in place on both sides. Tighten. Label one hole "grounding 
bolt" on the inside and outside. 


3. Mount the 555 chip in the wire wrap socket. Find the "top end" of the 
chip by searching the outside surface carefully for a cookie-shaped bite 
or hole taken out of it. Align the chip with the socket and very gently 
squeeze the pins of the chip into the socket until they click in place. 


4. Make 8 pinholes to fit the wire wrap socket. Enlarge them slightly 
with a sharp pencil. Mount it on the outside. Write in the numbers of 
the pins (connections) on both the outside and inside, starting with 
number one to the left of the "cookie bite" as seen from outside. After 
number 4, cross over to number 5 and continue. Number 8 will be across 
from number 1. The pins are numbered like this: 


BwWNe 
u an o 


5. Pierce two holes ‘2 inch apart very near to pins 5,6,7, and 8. They 

should be less than 1/8 inch away. (Or, one end of each component can 

share a hole with the 555 chip.) Mount the .01 uF capacitor near pin 5 

on the outside. On the inside connect pin 5 to one end of this capacitor 

by simply twisting them together. Loop the capacitor wire around the 
wn zapperia.com 
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pin first; then twist with the long-nose pliers until you have made a 
tight connection. Bend the other wire from the capacitor flat against the 
inside of the shoe box lid. Label it .01 on the outside and inside. Mount 
the .0047 uF capacitor near pin 6. On the inside twist the capacitor wire 
around the pin. Flatten the wire from the other end and label it .0047. 
Mount the 3.9 K Ohm resistor near pin 7, connecting it on the inside to 
the pin. Flatten the wire on the other end and label it 3.9. Mount the 1 
K Ohm resistor and connect it similarly to pin 8 and label it 1K. 


6. Pierce two holes 2 inch apart next to pin 3 (again, you can share the 
hole for pin 3 if you wish), in the direction of the bolt. Mount the other 
1 K Ohm resistor and label inside and outside. Twist the connections 
together and flatten the remaining wire. This resistor protects the 
circuit if you should accidentally short the terminals. Mount the 3.9 K 
Ohm resistor downward. One end can go in the same hole as the 1K 
resistor near pin 3. Twist that end around pin 3 which already has the 
1K resistor attached to it. Flatten the far end. Label. 


7. Next to the 3.9 K Ohm resistor pierce two holes % inch apart for the 
LED. Notice that the LED has a positive and a negative connection. The 
longer wire is the positive (anode). Mount the LED on the outside and 
bend back the wires, labeling them + and - on the inside. 


8. Near the top pierce a hole for the toggle switch. Enlarge it until the 
shaft fits through from the inside. Remove nut and washer from switch 
before mounting. You may need to trim away some paper with a 

serrated knife before replacing washer and nut on the outside. Tighten. 


9. Next to the switch pierce two holes for the wires from the battery 
holder and poke them through. Do not attach the battery yet. 


10. An inch away from the switch pierce two holes 1/4 inch apart. Mount 
the 39 K Ohm resistor on the outside and label it inside and outside as 
"39 K, Positive offset." Flatten the wires on the inside. 


29K @ : e 

POS switch Bat 
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Step 4: Snip The Leads — Remove the soldering iron 
and let the solder cool down naturally. Don’t blow on the 
solder as this will cause a bad joint. Once cool, you can 


snip the extra wire from leads. 


A proper solder joint is smooth, shiny and looks like a 
volcano or cone shape. You want just enough solder to 
cover the entire joint but not too much so it becomes a 


ball or spills to a nearby lead or joint. 


How To Solder Wires 


htps:iAwww makerspaces.com/how-to-solder! sane 
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Now To Connect Everything 


1. Twist free ends of the two capacitors .01 and .0047 together. 
Connect this to the Grounding Bolt using an alligator clip. 


2. Bend the top ends of pin 2 and pin 6 (which already has a 
connection) inward towards each other in an L shape. Catch them both 
with an alligator clip and attach the other end of the alligator clip to the 
free end of the 3.9 K Ohm resistor by pin 7. 


3. Using an alligator clip connect pin 7 to the free end of the 1 K Ohm 
resistor attached to pin 8. 


4. Using three micro clips connect pin 8 to one end of the switch, pin 4 
to the same end of the switch, and one end of the offset resistor to the 
same end of the switch. (Put one hook inside the hole and the other 
hooks around the whole connection. Check to make sure they are 
securely connected.) Connect the free end of the offset resistor to the 
bolt using an alligator clip. 


5. Use an alligator clip to connect the free end of the 1 K Ohm resistor 
(by pin 3) to the bolt. It is the output resistor. 


6. Twist the free end of the 3.9 K Ohm resistor by pin 3 around the plus 
end of the LED. Connect the minus end of the LED to the grounding bolt 
using an alligator clip. 


7. Connect pin number 1 on the chip to the grounding bolt with an 
alligator clip. 


8. Attach an alligator clip to the outside of one of the bolts. Attach the 
other end to a handhold (copper pipe). Do the same for the other bolt 
and handhold. 


9. Connect the minus end of the battery snap connector (black wire) to 
the grounding bolt with an alligator clip. 


10. Connect the plus end of the battery snap connector (red wire) to the 
free end of the switch using a micro clip lead. Attach the battery very 
carefully. Before attaching the battery to its snap connector, cover one 
terminal with tape. After snapping in one terminal, remove the tape to 
attach the other terminal. This is to prevent accidental touching of 
terminals in a backwards direction. If the LED lights up you know the 
switch is ON. If it does not, flip the switch and see if the LED lights. 
Label the switch clearly. If you cannot get the LED to light in either 
switch position, double-check all of your connections, and make sure 
you have a fresh battery. Even if it does light up, check every 
connection again. 


11. Finally tie up the bunches of wire with twist-ties or rubber bands 


wa-zapperiat.com 


aang 


Howto bil a Huda Clerkzapper, NEW 2000 updated circu 
and replace the lid on the box. Slip a couple of rubber bands around the 
box to keep it securely shut. For safer storage, place it inside a larger 
box. 


Note: Having gained this much experience, you may prefer to build your 
next zapper on a piece of cardboard folded and able to fit inside a 
shoebox or plastic electronic project box for more protection. 


* Optional: measure the frequency of your zapper by connecting an 
oscilloscope or frequency counter to the handholds. Any electronics 
shop can do this. It should read between 20 and 40 kHz. The shop 
can also read the voltage (peak to peak) and the amount of 
Positive offset (on the .5 volt-per-division scale). The voltage 
output should be about 8 volts. 


Note: a voltage meter will only read 4 to 5 volts because it 
displays an average voltage. 


Using The Zapper 


1. Wrap handholds in one layer of wet paper towel before using. More 
will reduce the current. Grasp securely and turn the switch on to zap. 
Keep a bottle of water handy to keep them wet. 


2. Zap for seven minutes, let go of the handholds, turn off the zapper, 
and rest for 20 minutes. Then seven minutes on, 20 minutes rest, and a 
final seven minutes on. This is the routine for regular zapping. 


Tell us about your zapper experience at the zapper message board. 
To Visit The Zapper Museum - Click Here! 
Order A Hulda Clark Zapper - Click Here! 
See The ‘Build A Zapper" Video - Click Here! 
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Learn about Dr Clark's latest zapping technique called: Plate Zapping 


Learn about Dr Clark's latest inventions: 
The Food Zappicator and The Toothbrush Zappicator 


Order Electronic Parts at RadioShack.com and Frequency Generator Kits at PositiveOffset.com 


All information is for educational purposes only. These statements have not been evaluated by the FDA. 
Not intended to diagnose, treat, prevent, mitigate or cure disease. Visit www.HuldaClark.com for more 
information on Dr. Clark's Syncrometer™ Science, and the Zapper. Legal Disclaimer Privacy Policy 


www.HuldaClark.com 


The Cure For All Cancers © Copyright 1993 by Hulda Regehr Clark, Ph.D., N.D. 
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KEELYNET 
———————— 


Zapper Schematics 

No claims are made by KeelyNet for any of these plans 

They are provided for informational purposes onl 
KeelyNet 01/10/02 


———— 
Simple Zapper Schematic 
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‘The Research of Dr. Hulda Regehr Clark, Ph. D., N.D. 


Thave recently (9/15/2000) come across the research of Dr. Hulda Regehr Clark, 
Ph. D., N.D. In her books, she states that many diseases, among which are cancer 
and HIV/AIDS, can be cured by the use of, among other things, certain herbs and a 
frequency generator called a "Zapper" that was invented by her and her son. 


Speaking of mothers :), my mother, 62, had fatigue and arthritic symptoms in her 
hands before I found out about and told her about Dr. Hulda Clark, She is a 
seamstress, so the arthritic symptoms hindered her work. After doing the Parasite 
Cleanses and using the Zapper, she doesn't haye to take naps like before and her 
hands are flexible again. She has done the complete Parasite Cleanse only twice 
but she Zaps practically every day. 
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Simple Zapper Information 


‘Schematic updated on 12/21/2001 
Simple Zapper Information text updated on 12/21/2001. 


1 forgot to mention that the Simple Zapper that I'm using has a 1 Megohm 
potentiometer instead of the 2.2k ohm resistor in order to vary the output 
frequency. If you use a potentiometer with the circuit put it in series with the 2.2k 
ohm resistor because the chip gets hot when there is too little resistance. 


The duty-cycle is pretty consistent with a range of 51% to 57%. With the 
oscilloscope's frequency analyzer in storage mode, I hold the Zapper probes and 
put the oscilloscope probes somewhere on my body and then I vary the frequency 
of the Zapper using the 1 Megohm potentiometer. 


‘When testing my body on a spectrum analyzer while using the Simple Zapper with 
an output of around 5 Volts (tested on a DC voltmeter), I noticed that the 
frequencies around 4,000 hz to around 18,000 hz had larger peaks telling me that 
my body at the time was more conductive (less reactive?) and/or less resistive to 
frequencies in this range at the given voltage. 


With my body being more conductive (less reactive?) at these frequencies, I 
believe that there is a better dispersal of the Simple Zapper's output within my 
body. I did this recent test with one Zapper probe in each hand (as opposed to both 
in one hand) and the oscilloscope probes (RCA to 1/4" phone plug adaptor) in my 
mouth near my wisdom teeth with my lips around the RCA ground (like a lollipop). 


‘The oscilloscope's frequency analyzer was in storage mode. With the Simple 
‘Zapper circuit on this page, change the 2.2k ohm resistor to 4.3k ohm if you want a 
~15,000 hz frequency. I have recently built a couple of Zappers with optimized 
‘output frequencies of around 11,000 hz. I haven't tested anyone using the Simple 
‘Zapper other than myself, so there is the possibility that your body's response may 
differ. 


For more information, check out my Simple Zapper webpage at: 


www.members.aol.com/mas1911/index.html 


or for really interesting free circuit schematics: 


www.members.tripod.com/~mas 191 1/zappers20011221 tripod. html 


You can write the Author of Simple Zapper if you have comments or questions. 
———————————— EE 


The following document, written by Luke Parrish, provides instructions on building 
an astable multivibrator in DC pulse mode, identical in output to the Zapper, 
described in The Cure For All Diseases by Dr. Hulda Clark. 
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Plans For Zapper 


This page tells how to make a Hulda Clark-style "Parasite Zapper”. It's a simpler 
and more efficient version, but works just as well. We make no theraputic claims 
for this device. It is for experimental purposes only. We provide a ready made 
version for those who prefer not to spend so much time building it. 


Materials 


- A. CD4069 hex inverter (Radio Shack link 

-1 1M resistor, 1 10k resistor, and 1 1k resistor (Radio Shack link) 
(Resistor color code) 

1000 pF capacitor (Radio Shack link) 


NOTE: The size of the resistors and capacitors can vai 
determine the frequency of the zapper, which doesn't real 
much according to Hulda Clark. 


because they 
matter 


‘The following parts may be substituted according to preference, though 
something similar will be needed: 

- Solderless breadboard (Radio Shack link) 

- 9-volt battery 

- 4 alligator clip-leads sets Radio Shack link 

-2 copper pipes (hand-holds) 


Instructions 


Plug the components into the solderiess breadboard according to the 
following schematic, Make sure none of the wires touch each other. To 
hook up the power, attach an alligator clip-lead to each side of the 
capacitor that stretches from hot to ground. Clip the one that goes to 
hot to the positive terminal on the battery and the one that goes to 
ground to the negative terminal. The two hand-holds are attached with 
the other two clip-leads. (One goes to ground, the other to the end of a 
resistor that goes to pin 12.) 


‘Schematic 


Schematic mot recent opdstedS.17-2001 
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+ 
14 []13 []12 []11 /]10 []9 8 
4069 Hex Inverter 
Oy 
1 3 4 5 6 TA 
10K 1K 3 = 
GND 


1M 1000pF 


Copper electrodes 


‘The above instructions are not the only way to do it. You can, for example, solder 
all the components directly to a 14-pin socket, like we do in our ready made 
version. This is a lot more trouble and more time-consuming for most people, which 
is why we recommend a breadboard. The resistors and capacitor don't all have to 
be the exact sizes mentioned here to make a working Zapper. However, any 
variation in capacitance or resistivity will change the frequency. (There are certain 
limits on how high of frequencies the chip can handle, so don't stray too far from 
the specified values.) If you have an oscilliscope, that's handy to check if it's 
working, 


Ready made Zappers 
—————————————————— EE 


Free plans from Zapperiab.com 
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Here we have the easy step-by-step instructions for building your very own Hulda 
Clark Zapper reprinted with permission from her books (provided below). For 
advanced electricians there is a schematic for building a Hulda Clark Zapper as 
well. If you do not know anyone that could put one together for you, you can now 
order the zapper Hulda Clark uses as described in "The Cure For All Cancers" 
and "The Cure For All Diseases" at: www.SyneroZap.com. The Dr. Clark Zapper 
can be sold only as an experimental device, and no claim can be made by us legally 
as to a diagnosis, cure or treatment for any medical condition or disease. 


Build A Dr. Clark Zapper 


Order A Dr. Clark Zapper 


Instructions for building your very own zapper can be found 
reprinted below from the books by Dr. Hulda Clark. If you would 
rather order a pre-built zapper, just click here. 
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How To Build A Zapper from The Cure For All Cancers: 
The Cure For All Cancers © Copyright 1993 by Hulda Regehr Clark, Ph.D., N.D. 


Get from Radio Shack, (serial number included to make it 
Order these parts: pall their web site at: 
www.RadioShack.com 

___ Black plastic Project Box Radio Shack # 270-1809 

___ 9 volt battery 

___ 9 volt battery clips: Radio Shack # 270-325 

___ On off switch: Radio Shack # 275-6240 

___ 1K Ohm resistor: RS# 271-1321 

___ 3.9K Ohm resistor: RS# 271-1123 

___ low current red LED: RS# 276-044 

____ .0047 uF capacitor: RS# 272-130 

____ .01 uF capacitor: RS# 272-1065 

___ 555 CMOS timer chip: RS# 276-1723 

___ 8 pin wire wrapping socket for CMOS chip: RS# 276-1988 

____ two packs of Microclip test jumpers: RS# 278-017 

___ one pack of 14" alligator clip leads RS# 278-1156C 


Get from any Hardware Store: 
2 Bolts 1/8" diameter, 2" long with 4 nuts and washers. 


2 pieces of %4" copper pipe, cut to 4 inches long each. 


Editor's Note: 


The 8 pin wire-wrapping socket has been discontinued at many 
Radio Shacks and readers have asked what to do. Some say it is 
still available on their website at www.RadioShack.com, if not: 


There are a couple options. One can still get the 16 pin wire- 
wheat config appar im 
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wrapping socket. Pull out the bottom grouping of 8 pins, and you 
now have an 8 pin socket. Just make sure when you plug the 555 
Timer into it, you line it up with the remaining 8 pins. Very 
simple. 


There is also a Low Profile 8 pin socket. The pins are so small 
one must solder to them. 


The wire-wrap socket has long pins for easy twisting onto other 
wires. The low profile is for those that solder electronics. 


If you are soldering your zapper together get the low profile 8 pin 
socket. Since the socket is just a saddle for the 555 Timer, it is 
not a vital part of the circuit. It's just a way to put long or short 
pins on the 555 Timer for easy twisting. If you cannot find one at 
your local Radio Shack, simply get the 16 pin wire-wrap socket, 
and pull out 8 pins. -editor. 


Assembling The Zapper 


If you have tools such as a drill, needle nose pliers, and small 
drill bits, buy one of the plastic project boxes on the list, 
otherwise build your zapper in a shoe box, or a box half the size 
of a shoe box. 


1. You will be using the lid of the shoe box or plastic lid of the 
project box to mount the components. Save the box to enclose 
the finished project. 


2. Pierce two holes near the ends of the lid. Enlarge the holes 
with a pen or pencil until the bolts would fit through. Mount the 
bolts on the outside about half way through the holes so there is 
a washer and nut holding it in place on both sides. Tighten. Label 
one hole "grounding bolt" on the inside and outside. 


3. Mount the 555 chip in the wire wrap socket. Find the "top 
end" of the chip by searching the outside surface carefully for a 
cookie-shaped bite or hole taken out of it. Align the chip with the 
socket and very gently squeeze the pins of the chip into the 
socket until they click in place. 


4. Make 8 pinholes to fit the wire wrap socket. Enlarge them 
slightly with a sharp pencil. Mount it on the outside. Write in the 
numbers of the pins (connections) on both the outside and inside, 
starting with number one to the left of the "cookie bite" as seen 
from outside. After number 4, cross over to number 5 and 
continue. Number 8 will be across from number 1. The pins are 
numbered like this: 
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Begin by removing the insulation from the ends of both 


wires you are soldering together. If the wire is stranded, 


twist the strands together with your fingers. 


Make sure your soldering iron is fully heated and touch 
the tip to the end of one of the wires. Hold it on the wire 
for 3-4 seconds. 


Keep the iron in place and touch the solder to the wire 
until it's fully coated. Repeat this process on the other 


wire. 
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3 6 
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5. Pierce two holes ¥% inch apart very near to pins 5,6,7, and 8. 
They should be less than 1/8 inch away. (Or, one end of each 
component can share a hole with the 555 chip.) Mount the .01 uF 
capacitor near pin 5 on the outside. On the inside connect pin 5 to 
one end of this capacitor by simply twisting them together. Loop 
the capacitor wire around the pin first; then twist with the long- 
nose pliers until you have made a tight connection. Bend the 
other wire from the capacitor flat against the inside of the shoe 
box lid. Label it .01 on the outside and inside. Mount the .0047 uF 
capacitor near pin 6. On the inside twist the capacitor wire around 
the pin. Flatten the wire from the other end and label it .0047. 
Mount the 3.9 K Ohm resistor near pin 7, connecting it on the 
inside to the pin. Flatten the wire on the other end and label it 
3.9. Mount the 1 K Ohm resistor and connect it similarly to pin 8 
and label it 1K. 


6. Pierce two holes ¥ inch apart next to pin 3 (again, you can 
share the hole for pin 3 if you wish), in the direction of the bolt. 
Mount the other 1 K Ohm resistor and label inside and outside. 
Twist the connections together and flatten the remaining wire. 
This resistor protects the circuit if you should accidentally short 
the terminals. Mount the 3.9 K Ohm resistor downward. One end 
can go in the same hole as the 1K resistor near pin 3. Twist that 
end around pin 3 which already has the 1K resistor attached to it. 
Flatten the far end. Label. 


7. Next to the 3.9 K Ohm resistor pierce two holes % inch apart 
for the LED. Notice that the LED has a positive and a negative 
connection. The longer wire is the positive (anode). Mount the 
LED on the outside and bend back the wires, labeling them + and 
- on the inside. 


8. _ Near the top pierce a hole for the toggle switch. Enlarge it 
until the shaft fits through from the inside. Remove nut and 
washer from switch before mounting. You may need to trim away 
some paper with a serrated knife before replacing washer and nut 
on the outside. Tighten. 


9. Next to the switch pierce two holes for the wires from the 
battery holder and poke them through. Attach the battery and 
tape it to the outside. 


Now To Connect Everything 


Twist free ends of the two capacitors .01 and .0047 together. 
Connect to Grounding Bolt using an alligator clip. 


Bend pin 2 and pin 6 together inward, using an alligator clip, catch 
them and connect to free end of 3.9K Ohm (by pin 7). 
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Alligator clip Pin 7 to free end 1K Ohm (near pin 8) 


Using two microclips Pin 8 and pin 4 to one end of switch (use 
hole to attach both microclips). 


Free end of 1K Ohm (by pin 3) to the Bolt using an alligator clip. 


Alligator clip the free end of 3.9K Ohm (by pin 3) to plus end 
(long) of LED. 


Minus end (short) of LED to Grounding Bolt with an alligator clip. 
Alligator clip pin 1 to the Grounding Bolt. 

Alligator clip Black battery wire to Grounding Bolt. 

Micro clip the Red battery wire to free end of switch. 


Hook up the battery, and the light should turn on, click the switch 
if it does not, check connections if LED does not light up. 


Build A 
CLARK ZAPPER! 


Dr. Clark's NEW 
Breadboard Design 
~ NO 

~ SOLDERING! 


"| Just Push 
into the Grid. 


Kits & Parts: 
Attach a long lead wire to the grounding bolt & bolt, and then to 


the copper handles. Wrap handles in paper towel, clip with lead 
wire, wet handle when you are ready to zap.) 


How To Zap 

Wrap handles in wet paper towel, or wet cotton sleeves, and hold 
in each hand. If you have wrist cuffs, run them under water to 
wet them, attach to each wrist. 

Attach handles or wrist cuffs to zapper. 

Turn zapper on, zapping for 7 minutes. 

At end of 7 minute zapping rest 20 minutes. 


Do this a minimum of three 7 minute zapping sessions, with a 20 
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minute break in between each session. Some people zap five 
times in extreme cases. 


Order A Dr. Hulda Clark Zapper - Click Here! 


Learn about Dr Clark's latest zapping technique at: www. PlateZapping.com 


All information is for educational purposes only. These statements have not been evaluated by 
the FDA. Not intended to diagnose, treat, prevent, mitigate or cure disease. 


"EB 
This Circuit designed by Geoff Clark and approved by Dr. Hulda 
lark 


SOTA Instruments Inc. presents... 
"The Zapper” as per Dr. Hulda Clark, Ph.D., N.D. 


Licey 


Low Battery Warning ~30KHZ Square-Wave Output, Output LED 
<7.2Volts OC 50% Duty Cycle, Positive Offset 


Certified and Approved by Dr. Clark's son Geoff Clark, 

Designed & Drawn by Russell J. Torlage, CTech, President, SOTA Instruments Inc. 
Model: ZHC3 Rev 4.0 

Revised: June 9, 1908 aetna 0,58 To 2 


( Copii 20 Tamers he 7 ) 
This schemsbc isnot tobe used tor commercial apercatone wos te exoress wen Dem OTA nstumerts 


If you found this file useful or interesting, 
please consider a donation or a purchase to 


help keep KeelyNet online and providing paypal] 
free information. Even a dollar will help. Sonare 
Others sell it, we prefer to share it, thanks! 


_wawhoelnel.camvbiclog ¥zapper him s010 


100k ohm 1/2 watt Linear taper pot STEREO PHONE JACK 


22uF 35v 


NOTE 
BLACK SPOTS 
‘ON ZENER, 
DIODES FACE 
AWAY FROM 
EACHOTHER 


= 
electrodes plug into jack <p 


SE eee ene © 


you can buy this 
small bread board 
‘on ebay, or at 
radioshack. also 
buy 0 kit of wire 
spacers. Spacers 
are small colored 
length of pre cut 
pre stripped wire 
used for connect- 
ing componets on 
1 bradboard, 
NOTE 
the colors of the 
resistors, and the 
look of other 
‘componets may 
vary with what Is 
shown here. The 
values of the 
componets are 


— + ABCDE FGHI J — + imprtant, 


(3) 9 vole batteries in 
series 


COMPONENT DESCRIPTIONS, SOURCES, AND CURRENT PRICES 
Revision November 24, 1996. Copyright (c) 1991/1999 Robert C. Beck, DSc. 


Note: These data are for theoretical, informational and instructional purposes only and are not to be construed as 
medical advice. Consult with your licensed medical practitioner. Hundreds have been built successfully if duplicated 


exactly as shown. 


F100] Ensure the IC chip U1 
Lu1358 CMOS Operatonal Amp (OF- AMP) chip (gare) ut TEESE) sc wars clen y 
: DoF | The location of Bin #1 is 
Daan wat 5% resistor ALD "1 thown below: 
150 koh 1 wat 5% resistor emt re O07 = 
at "co vane 
100k oe tHw 5% osistor MBEDH |2eieegors [aR Ey oo aero 
‘token Rear taper po, 12 wall Catronics P88 ee ioe 4 & f 
meso f 8 f—enes 
1S0che 14 watt 5% resistor emt | Re ean 
{20 ohn 8 wa 8% ear et Pe la 
0.1 mF 50 V(r higher caramic capacitor a ay | °* NOTE 
a RESISTOR 
22 nF 35. (orhigher elective capactor a 
nee COLORS NOT 
18Vot Zener diodes (NTESOZTA) Se ee ec TO SPEC, 
Bulb, 6.3V 0075.8 ‘Type 7377 Bt heal CHECK 
Bicolor LED RediGreen a RSH 276012 tor S49 RESISTOR 
y COLOR VALUES 
Jack for electrode leads (3.5mm or 18° monphond Jack) @& Rssareastasisa | | 959 
Jack for sitver wire leads (2.5mm or 3/32" mono-phane jack) RSH 274-292 3/$1.59 | J2 on 
375 
‘Alkaline 9 V batteries, 1604 ete. ‘Sfor 
=—_ 4) electrodes: 
1 
3x91Vbatery snaps (cfp-on connectors) RSH 270325 pkg, | 98129 3132x1 
7 stainless steel cotter 
Me wee sotier pins -hardware store- 
Sa 28 ‘Snap pins in half across 
7 the curve. and wrap the 
Lead wite with 3.5 mm plug, 6 ft, Mouser or Calrad Electronics i ) 038 headphone wires com- 
ming from the mono 
Electodes, stetch elastic, Velo, ctton fanel,aligato lips, ee ed phi efeund the-cuné 
Total Cost forall components for improved do-tyoursl project sear | Of each half of the pin. 
J then hou glue into. 


‘All components listed above check your local electronics store. 


place. 
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DISCLAIMER 


This book is a research publication of Borderland Sciences Research Foundation. It consists of our 
MW0O and RCO files which have been put into some semblance of order to preserve the records of 
many people with new and different ideas on how to study the enengetic states of living systems and 
how these systems may be influenced by externally applied energies, and also to allow for further 
experimentation inthis field by competent researchers. Read this book thouroughly before undertak- 
ing any experiments becasue you will find many different opinions, some conflicting, as to how to 
proceed. High frequency electrical apparatus can cause serious shock injury and should only be 
handled by knowledgable, competent people. All experiments are conducted solely at your own risk. 
We disclaim any responsibility for the use ormisuse of any information in this book. While this book 
touches onthe subject ofhumanhealth, alinformation shouldbe considered as anecdotalandshould 
not in any way be construed as medical advice. We are not qualified to give medical advice and the 
use ofthe experimentalequipment and research techniques described inthis bookmay providea false 
sense of security wherein one may neglect professional medical care. Use your brains, Thanks. 


Tom Brown 
Editor/Publisher 
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‘Acdead cell. This diagram shows cell where the chromosomes 
have stopped oscillating, and for this reason have ceased to lve. 
But the chondromes, visible through the opening, continue to 
live an independent life. They are surrounded by a tough 
‘membrane and are multiplying so as to burst open the outside 
‘of the call as a baby chick, when it comes to maturity, breaks 
through the egg shell vo come out. 


Acgroup of dead cells, but not yet destroyed, in which the 
neophsic cells are forming. One can see the transforma 
tlon in the neoplasle tissue. 


Photograph taken during the treatment of Mrs Si who sits 
between the MWO antennas.at Calvary. Behind the patient is 
‘Dr. Marquer, head physician of the hospital, to theleftis Dr Zi. 
assistant, chree voluntary Nurses, & to the right is Georges 
Lakhovsky. 


At eft, Madame C. 
Before Treatme 
Rodent Ulcer in ine 
ner angle of lot eye. 


‘Acright, Madame... 
After Treatment. 
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Hold the two tinned wires on top of each other and touch 
the soldering iron to both wires. This process should melt 


the solder and coat both wires evenly. 


Remove the soldering iron and wait a few seconds to let 
the soldered connection cool and harden. Use heat 
shrink to cover the connection. 


Desoldering 


The good thing about using solder is the fact that it can 
be removed easily in a technique known as desoldering. 
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Excerpts from: 


RADIATIONS 


AND WAVES 


Source of Our Life 


by Georges Lakhovsky, 1941 


‘THEORY OF CELLULAR OSCILLATION 

Before presenting the therapeutic results obtained 
with my multiple short wave oscillator and presented at 
the International Congress of Short Waves in Vienna 
Guly, 1937) it may be useful to give a rapid survey of my 
theory of cellular oscillation which Ihave developed fully 
in amumber of books." 

Alll living cells ate composed of two essential ele- 
ments; the nucleus and the protoplasm in which it is 
bathed, This nucleus is itself composed of many tubular 
filaments: the chromosomes. In addition, hundreds of 
much smaller filaments or chondromes are present in the 
cytoplasm, 

Chromosomes and chondromes are sheathed in an 
insulating substance (cholesterine, resin, fat, plastrin, 
etc.) and contain a liquid-like serum with the same min- 
eral content.as sea water, and consequently aconductor of 
electricity. ‘Thus, these filaments constitute ultramicro- 
scopic oscillating circuits capable of oscillating cleotri- 
cally over a wide scale of very short wavelengths, 

Thave demonstrated in my works that these cellular 
oscillating circuits, chromosomes and chondromes, vi- 
brate cleotrically under the stimulus of electro-magnetic 
‘waves: cosmic, atmospheric and telluric. 

‘Now, many internal and extemal influences may 
upset the oscillating equilibrium of these cells, For 
instance, a variation or change in the field of cosmic, 
telluric or atmospheric waves, a demineralization of the 
organic matter constituting the cellular substance, trau- 
‘mas causing the destruction by shock of the protoplasm or 
the nucleus. 

Thave shown in my books, The Secret of Life and 
especially in The Earth and Ourselves, that every living 
cell draws its oscillatory energy from the field of second- 
ary radiationsresulting from theionization ofthe geologi- 
cal substances of the earth by cosmic radiations. 

But certain natural radiations are particularly toxic, 
especially those originating in geologically-induced geo- 
pathic zones. Many cancer cases have been attributed to 
these toxic radiations which has been proven experimen- 


* ‘The Secret of Life; Contribution to the Etiology of Cancer; 
‘The Earth and Ourselves; Cellular Oseillation; Nature and 
Her Wonders. 


tally, notably in Germany by Dr. Rambeau of Marburg. 
‘Therefore, earth radiations sometimes cause disturbance 
of the cellular oscillatory equilibrium of the organism. 

‘Under these varied circumstances cellular oscillation 
‘may cease; the cell is then dead. But within the dead cell, 
the chondromes sometimes continue to oscillate electri- 
cally on their own natural frequencies, Fortunately, this 
phenomenon occursrarely, orall humanity wouldalready 
have perished from cancer. 

‘The chondromes then envelope themselves inamem- 
brane and continue to oscillate and multiply indepen- 
dently of the cell. They may then becomeneoplasic cells, 


THE RADIO CELLULAR OSCILLATOR 

Tore-establish this equilibrium, Ithought of creating, 
in 1923, a constant compensating field of very short 
tadiations (2 to 10 metre wavelengths) to neutralize the 
action of the disturbing rays, and give the living cell the 
accessary stimulation for a return to its normal oscilla- 
tion. 

To this end, in 1923, I constructed my short-wave 
oscillator, using two triode tubes for very short waves 
made especially for this apparatus. I tried several cross 
leakages for this machine using one or more tubes and 
then multiple triodes with a tube containing oscillatory 
circuits within the bulb. Finally I adopted the oscillator 
with symmetrical cross leakage comprising two triodes. 
‘The oscillating circuits formed a single spiral, branched 
between the two grilles and the two anodes. It was fed 
directly by altemating current from the local supply 
circuit. 

With this short-wave apparatus I was able to cure 
plants inoculated with cancer, For six years at the 
Saltpetriere I observed and checked the effects of these 
short waves, 

Using very low power, from 10 to 12 watts, and a 
limited duration of treatment, I succeeded in curing can- 
cer inhuman beings, but also had to record some failures. 

‘The news of the success of my experiments became 
widespread. In many countries, as early as 1928, they 
began to build short-wave oscillators of considerable 
power producing thermal effects, 

But here was great danger that the chromosomes and 


‘chondromes, whicharebarely ten-thousandth ortwenty- 
thousandth ofamillimeterin thickness, might not survive 
under a high frequency current, They offer much resis- 
tance, evento alow current which is sufficient to dissolve 
and destroy them. 

It is simple to prove this by bringing a small bulb of 
from 2 to 5 volts with a filament of several hundredths of 
millimeter, inserted between metal rods forming anten- 
nas, within the radius of a short wave transmitter. The 
bulb wall ight up and sometimes bum out, ifitis brought 
‘00 near the apparatus, 

Moreover, the chondromes and chromosomes of all 
living cells, which are infinitely finer than the filaments 
of the bulbs, are sensitive centers of thermal phenomena, 
whichmay provoketheirfusion, Undoubtedly this method 
is effective in killing microbes in the organism and in 
neoplasic cells. But it can also destroy millions ofcells of 
healthy tissue in every irradiation. 


‘THE MULTIPLE WAVE OSCILLATOR 

nthe otherhand, Ithoughtitpossibleto obtain better 
results by administering an oscillatory shock to all the 
cells in the organism simultaneously. Such a shock, very 
brief, produced by dampened or weakened electrostatic 
waves, does not provoke thermal and prolonged effects 
and involves no risk of burning living cells. 

I therefore sought to produce an artificial oscillatory 
shock causing a periodic oscillation of the weak or dead 
cells, 

‘At first glance this problem seems physically in- 
solubleas there are approximately 200 quintillion cellsin 
our bodies, each oscillating on its own natural wave- 
length, Theoretically, therefore, we would have to have 
2 different wave length for each cell, so that every cell in 
the organism would oscillate in resonance on its own 
wavelength, 

‘After much research I was able to construct an appa- 
ratus creating an electrostatic field covering all frequen- 
cies from 3 metres to the infra-red, so that every cell can 
find its natural frequency and vibrate in resonance. 

‘We know that in physics, a circuit fed by damped or 
‘weakened high frequency currents creates many harmon- 
ics. Consequently, I conceived an oscillator of multiple 
wavelengths with a broad scale in which every organ, 
every gland, every tissue, every nerve, could find its 
natural frequency. 

To obtain this result I set up a transmitter composed 
ofaseries of circular concentric oscillating circuits inked 
by a silk cord but not contiguous. ‘These circuits are 
stimulated by damped high frequency currents from a 
spark gap. Thus each circuit of the transmitter vibratesnot 
only on its natural frequency, but also on numerous 


harmonics. 

‘Thus, I built an oscillator with all the basic wave- 
lengths from 10 centimetres to 400 metres, that is, all 
frequencies from 750,000 to 3,000,000,000 oycles per 
second. But each circuit also emits many harmonics, 
which, with their basic waves, heir interferencesand their 
effluvia can reach the scale of infra-ted and even that of 
sible light (1 to 3000 trillion vibrations per second.) 

Since all thecells as well as the chondromes oscillate 
precisely at frequencies in that range, they can therefore 
find, in the output of such an oscillator, the frequencies 
‘which cause them to vibrate in resonance, 

‘Youknow theresults l obtained with continuous very 
short waves using triode tubes at a distance, with no 
contact electrode... 

‘As early as 1931, I began using this multiple wave 
oscillator in various Paris hospitals: the Saint Louis, Val- 
de-Grace, Calvary, Necker, etc... Among the many cures 
with this treatment, I will mention especially those of 
vatious cases of cancer which X-ray and radium treat- 
‘ments failed to improve. These patients, cured six years 
ago, havehad norecurrence andarein perfect healthat this 
date, In all pathogenic cases this treatment gives very 
good results, As it does not attack the microbes directly, 
itdoesnot destroy live tissue, butreinforces the vitality of 
the organism by accelerating cellular oscillation. It is 
thereforethereinforced organism that successfully resists 
the microbes and all pathogenic causes. 

So, while X-rays and radium destroy microbes, 
neoplasic cells and healthy tissue at the same time — 
which accounts for the serious accidents which occur 
during and after such treatments -- high frequency radia- 
tions (short waves) applied at a distance and without 
‘thermal effect cure diseases of all kinds, even those of the 
prostate to a considerable degree. 

Whatever the pathogenic cause, the multiple wave 
oscillator reproduced the frequencies necessary to re- 
establish the cellular oscillatory equilibrium. 

In general, itis sufficient to seat the patient, ortohave 
him stand in the radius of the apparatus, before the 
transmitter. The duration of the treatment is usually from 
five to ten minutes, every other day. These figures are 
purely arbitrary, since these radiations reinforcing cellu- 
laroscillation donot produce organic disturbances, what- 
ever the duration of the treatment may be. 

Despite the many cases successfully treated, almost 
without exception, it must be understood that my oscilla 
tor cannot cure all types of cancer in all its stages of 
development. In many cases, when the cancerous tumor 
has already destroyed important blood vessels, my appa- 
ratus is powerless to rebuild that tissue before the fatal 
haemorthage. 


INFLUENCE OF COSMIC WAVES 


ON THE OSCILLATION OF LIVING CELLS 


Part 3, Chapter 1, From La Science et le Bonheur, by Georges Lakhovsky, Paris 1930 
‘Translated by Brigitte Donvez, Edited by Tom Brown 
©1091 SRE, 


‘This part of my study is devoted tothe trials, experimentation 
‘and applications ofthe theory ofthe oscillation of living beings. 

T have assembled here short technical reports about the 
‘processes and methods employed, as well as a collection of al the 
papers read atthe French Sciences Academy aad at various French 
‘and foreign Scientific Societies about oscillatory therapeutics and 
all ts domains of application. 

We intend first to examine succossively the influence of 
‘cosmic waves onthe oscillation of living cells, taking as a concrete 
‘example the influence of solar activity upon the quality of wine and 
vintage, Then we will examine the construction of an electromag. 
netic short-wave generator, such asthe radio-cellular-oscillator for 
thetreatment ofanimal and plant 


intensities inthe reception of electromagnetic waves (see Fig. 1). 
On the other hand, the sua does not only send light, heat and 
actinic (ultra-violet) radiations, but also electromagnetic waves, 
‘especially during the eruptive periods of its promineaces (sun- 
spots). The influence of the sun’s electromagnetic radiation be- 
‘comes obvious if we consider the variations inthe earth's magnetic 
field and the spinning of a compass’ magnetic needle during 
‘magnetic stonms, underthe influence ofthe telluric currents induced 
in the ground. The ionization produced by the sun's radiation also 
genorates atmospherics and statics which disturb radioelectric re- 

‘ceptions. 
<Astrophysicists, notably those of the Meudon Observatoire 
‘under the direction of Mr. 


organisms. 
‘We will later consider the 
applications of the radio-cellu- 
Jar-oscillator, particulary inthe 
‘experimental treatment of plant 
cencer, diathermy and the artifi- 
ial production of fever. 
Concurrently, wo wil i 
ttoduce the application of open 
oscillating circuits to the treat- 
meat of diseases in varios liv- 
ing beings, inthe absence of any 
ther oscillations but those pro- 
duced by the natural cosmic and 
stmosphericwaves. Werwillalso 
review in this chapter the obser- 
vations of scientists and practi- 


Deslandres, have been able to 
‘establish a correlation between 
‘the periodicity of cataolyams on 
‘earth (tidal waves, tides, earth- 
quakes) and that of the recur- 
rence of sun-spots in the earth 
plane (about 27 days). 

We can observe that the 
graphs which render geophysi- 
cal, elecric (fonization, gxs con- 
ductivity, auroraborealis-—north- 
ern lights), magnetic (variations 
of the earth field, compass spin 
ning) and electromagnetic (dis- 
‘turbance in wave propagation, 
‘atmospherics and tellurie para- 
sites) phenomena, as a function 


‘tioners who clinicallyappliedmy oftime,arevery appreciably par- 
oscillating circuits. allel to each other and to the 

Finally we will take up the Fig. | -- Distribution of the highest intensity of ‘curve of solar activity. An 1144 
‘very latest applications of oscil- | electromagnetic waves observed by Mr. Vincent, ‘year periodicity appears on these 
ating circuits to water and liquid ‘as a function of the moon phases. ‘graphs, confirmed by mmerous, 
sterilization, and to the activa- previous observations in the do- 


tion ofthe germinative power of 
plants. 

‘Obviously, the number of these applications, presently lim- 
ited to certain domains, tends to rapidly expand and touch upon the 
various problems presented by therapeutics, biology, agriculture 
and zoology. 

have discussed elsewhere the role played by cosmic radia- 
tions in the development of living beings, dueto the very oscillatory 
nature ofthe cell. Now, asa consequence ofthe earth's rotationand 
the stars’ reciprocal motion, the cosmic and atmospheric radiation 
ficld is not constant, but rather variable. Living beings are subse- 
quently under the influence of these variable cosmic radistions, 
‘whose nature either weakens or strengthens the cell's oscillatory 
balance. 
Thave mentioned elsewhere that the lunar radiation inter- 
{eres with the waves of radioelectric stations. Every week, the 
recurrence of moon phases enables us fo obtain highest and lowest 
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main of meteorology. Inparticu- 
lar certain tropical rainfall patterns show a33 to 35 year periodicity, 
‘three times longer than the previous one. 

Tresearched the extent to which cosmic radiations which 
‘condition physical and meteorological phenomena, also influence 
‘biological phenomena and the development of living beings. 

‘As early as 1801, while cosmic radiations were not even 
‘suspected, Hershel pointed out: “the soercity of vegetation when the 
‘sun has no spots", Starvations recurevery eleven years in India with 
altemances of heat and rain. From 1901 to 1909, the canon Ta. 
‘Moreux noticed thatthe wheat crop in France and in the worldmore 
orless followed the solar activity, so did arthritic conditions, andthe 
nervousness of students and teachers. 

‘Teompared the graphs of the solar activity, as recorded atthe 
Meudon Observatory, with the statistics of wine production in the 
Bourgogue and Beaujolais regions, and I noticed thatthe outstand- 
ing vintages coincided precisely withthe year of recrudescent solar 
activity. 

‘On this topic, Professor 4° Arsonval agreed to present in my 


name at the Academie des Sciences (Academy of Sciences) on 
March 28, 1927, an original report entitled Influence of Cosmic 
Waves On Tue Oscillations Of Living Cells which is entirely 
reproduced here. 


INFLUENCE OF COSMIC WAVES 
ON THE OSCILLATION OF LIVING CELLS 
(Paper by Mr. Georges Lakhovsky, presented on March 
28, 1927 10 the Academie des Sciences (Academy of 
‘Selence) by Professor d'Arsonval.) 


Inmy book The Origin of Life, Radistion and Living Beings, 
that Professor D'Arsouval did me the honor to present to the 
Academie des Sciences (Academy of Science), atthe sitting ofthe 
15th of February 1926, | exposed my theory about the influence of 
(Cosmic) penetrating adistions onliving beings, Asa matter of fact, 
demonstrated thatthe nucleus of each living cell, having the form 
of a tubular filament made of a dielectric matter filled with a 
‘conductive substance, could be compared to an 

oscillating circuit, equipped with self-induc- 


Inaddition,let’s point out thatthe wine of 1811 was called the 
‘wine ofthe comet, and We could ascribe its excellent quality to this 
comet’ sradiation,Itisthesame with white Bordeauxand Bourgogne 
wines. 

‘Tam sure that there are many other biological phenomena 
Which recur periodically after a fow years or a few centuries as a 
function ofthe relative revolution ofthe earth around the stars. Jam. 
‘convinced that all the scourges hich ravaged humanity during the 
Middle-Ages: plague, leprosy, cholera ec...and disappeared there- 
after without traces in other regions will reappear some day, when 
theearth shall oncemore occupy the same positionasthen inrelation 
to the stars, producing thus by interference with the cosmic waves 
the same oscillatory imbalances ofthe cells, which at that time, had 
produced these same diseases. 

Fortunately tll then, thanks to the oscillating circuits andthe 
ew methods that scientific discoveries will put to our disposal 
‘without delay, we'll be in a position to fight victoriously against 
these illnesses provoked by the interference ofthe stars’ radiations, 


tances, electric resistance and capacity. The 
living colls can thus oscillate at very high fe- 
‘quencies under the influence of cosmic radia- 
‘tion emitted by stars. 

Tmade certain to verify the exactness of, 
{hia theory by studying the influence of cosmic 
radiations (sun-spots, comets, interferences of 
stars radiations, etc... on biclogical matter. 

My observationswere based onthe curves 
recorded by the astrophysicist ofthe Meudon 
‘Observatoire, curves which revealed since 1845 
the activities ofthe san-spos, the frequency of 
magnetic disturbances, and the frequency of 
arora borealis — northem lights. 

“These three curvesae apprecicby paral- 


Figure 2 


‘tion between these cosmic radiations, on the one 
‘band, and the development of vita activity inthe 
‘plant and animal domains, on the other. As for 
aay given individual, periods of fatigue and 
illness alternate with periods of health, in the 
‘same Way thereis, for fruit and crops in generat, 
foreach species, years of good quality and years 
of rather mediocre quality. 
‘AS to what concems wine, according to 

‘the documentation established by the Chambers 
of Commerce of the Bordeaux and Bourgogne 
regions, I observed that, from 1845 unl 1915, 
the outstanding vintages corresponded exactly 
tothehighest activity ofthe san-spots, as shown 
by the curves on Figure 2. 

‘The results for red Bordeaux wines are: 
‘Maximum of 1848; outstanding vintages of 1847 

and 1848; 
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Maximum of 1858: outstanding vintages of 1857 
and 1858; 

Maximum of 1869: outstanding vintages of 1869 
‘and 1870; 

From 1880 to 1889: period of phylloxera. 

Maximum of 1893: rather good vintages of 1890 
‘and 1893; 

Maximum of 1906: good vintages of 1906 and 
1907. 


Figure 2 ~ Graph showing the coincidence of outstanding vintages with 
the intensity of the waves emitted by the sun and corresponding to the 
Yariation in intensity: 1) of sun-spots, 2) of earth magnetic disturbances, 
3) of polar lights. The graph has been established for red Bordeaux 
‘wines; the greatest intensities correspond to the outstanding vintages, 
the lesserintensities correspondto the years ofmediocrewines. Wecan 
‘establish a similar graph for the other vintages, notably Bourgogne and 
Beaujolais wines. 


THE RADIO-CELLULAR-OSCILLATOR 
AND ITS APPLICATIONS 


by Georges Lakhovsky 
Part2, Chapter, fom La Selene elle Danheus Pass 1930, 


T demonstrated in the last chapter, how, according to my 
cellular oscillation theory alteration in organic tissues came froma 
Variation in the intensity of the cosmic waves" radiations and from 
‘these waves’ frequency, thus causing the oscillation ofthe cell, 

‘To reestablish the balance of these natural astral fields, the 
radiation of which we can xo more directly influence, than a 
meteorologist can influence the weather, I thought of using a local 
oscillator, generating waves and creating anartfiial and auxiliary 
magnetic field. 

Incidentally, Ishould add tha this methodis analogous the 
methods used in radiotelegraphy, known as heterodyne and super- 
hetorodynemethods, Thesemethodsuse the interferences produced 
between the waves received and the waves generated by the local 
‘senerator at the required frequency and intensity. 

‘About 40 years ago (1890) Professor D’Arsonval advocated 
the treatment of certain illnesses by high frequency electrical 
‘curens, that were atthe time produced in Waves strongly damped 
by means of a Rumor col and a spark gap (arrester) 

My radio-celular-oseillator is a generator of continuous 
waves of very high frequencies, the frst aplication of triode lamps 
1 biological research and pathological treatments. 

‘We know the difficulty of obtaining very short waves, be- 
‘cause ofthe parasitic capacitance present in electronic lamps die to 
the electrodes themselves and, within the bulbs, to tube sockets and 
connective wires. 

‘in 1924, when I studied the possible construction ofa triode 
lamp oscillator for very short waves, shorter than 2 meters, the 
radioclectrical technique, i France and abroad, was stil atthe stage 
‘of long-waves andthe length ofthe so-called short-waves wasin fact 
from 200 to 500 meters. 

‘Therefore, Thad to do my own research in view of studying 
4 type of lamp appropriate to the generation of very short waves. 
‘Thus, [have been led to design lamps with multiple electrodes 
enclosedinthe szme bulb. Thesemultiple lampshavebeenpatented 
fn France! and in Germany*. 

Later, I intentionally abandoned the idea of working this 
patent and preferred to givoit upto the public domain, ina scientific 
sim, so thet no patent claim could oppose disinterested researches 
undertaken fo theradioelectric prophylaxis of diseases, especially 
cancer. 

However, ifthe French industry 4id not engage in the con- 
struction of these multiple lamps, the problem was reconsidered in 
Germany three years later and partly resolved the double o triple 
“multi-valve” by Dr. Siegmund Loewe. 

‘Toreduce connections toa minimum, as well asthe parasitic 
‘capacity between electrodes, t achieve the generation of Waves of 
Jess than 1.5 meters while avoiding low efficiency, deformation, or 
distortion of the wave which would jeopardize the purity of the 
‘transmission and particularly alter the modutation, I proposed inmy 
patenttoenclosethe oscillating circuit and its connections withinthe 
bulb. This invention, which cannot coavenienily be applied to long 
‘waves is, on the contrary, easy to carry out for very short wave 
circuits, of which the bobbins are reduced to several tums of coil, 


1G. Lakkvosky. French patent #601,155 of October 18, 1924 
216. Lakvhosky. Geman patent 427,596 of May 25, 1925 
3. Paeat application in France on May 7, 1927 


evento a fraction of tur, and of which the condeasers havea very 
small capacity (Fig. 3). 
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Fig. 3 -- Triode generator of very short waves, after the original 
<drawing of Lakhovsly’s patent. 


Practically, the oscillating cenit only includes a tum of 
several centimeters in diameter. The only connoctions getting out 
ofthe tube are the feeders, bringing in th plate voltage (anode 
‘oltage) and the heating current (thermo-curent). 

‘These tubes can generato oscillations and transmit them by 
Induetion to outer circuits (erils, loops, antennas). 

‘Beside the practical simplification, the improvement ofthe 
‘ffciency comes ftomthe fact that all electronic elements work with 
thesamedegres of vacuum, Thisis what] observed whea I grouped 
‘within one same glass tubing the bulbs of a 4 triode lamp device 
Gig. 4). The equal distribution ofthe vacuum among the various 
‘lecirodes increases the purity and stabilizes the functioning. 


Fig. 4~- Glass tube T helps maintain thesame vacuumpressure inside 
‘the four triodes ofa classic resonancereceiver. Author’ realization, 


According to this principle, I indicated the possibility of 
‘constructing not only a certain number of simple or multiple 
‘electrical cell oscillators but also all kinds of triodes or electronic 
amps contained in a same bulb. Figure 5, quoted from my patent, 
shows the diagram of a symmetrical oscillator, with double elec- 
‘trodes and filaments connected in parallel. “This oscillator is 
completely enclosed in a same casing. 

AT 


& és 


Fig. 5 ~ According to the original drawing of the author's patent, 
Multiple triode including inside the bulb the connections of @ 
symmetrical short-wave transmitter, with laments set up in paral, 


Figure 6, also taken from my patent, prescats a double, 
symmetrical oscillator of which the filaments are connected in 
series. A possible tuning condenser is anticipated, which would be 
placedin the same vacuumed bulb as the electrodes and turns ofthe 
circuit, 
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Fig. 6 ~ Multiple triode symmetrically connected with filaments in 
series, according to the original drawing of the author's patent. 


Figure 7 shows the case of a double oscillator with a unique 
filament. 
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Fig. 7 ~- Double triode multiple lamp with symmetrical connections 
anda singlefiament,according to the original drawingof cheauthor’s 
patent, 


For long-waves, moreover, I indicated the possibility of 
putting together the cizenits outside the bulb. 

‘These various constructionsare extremely general, Weknow 
tat for all practical purposes Dr. Loewe has only introduced 
resistances and capacitances inside his multiple lamps, reducing 
therefore its use to low and high frequencies amplifications of long 
waves. These amps’ efficiency is bound tobe rather mediocre for 
the following reasons: great connection resistances, strong plate 
voltage (about 160 to 200 vols), and impossibility to stabilize the 
circuits and cause a resonance. 

Onthe contrary, I always anticipated inner couplings through 
bobbins and capacitances ensuring the greatest efficiency. The 
‘eionance is obtained through a variable condenser inside the lamp 
‘nd commanded from outside without any mechanical element. For 
‘example, ifyou use the gravity field, it eufices to place a counter- 
‘Weight on the sliding condenser and to direct the lamp in space, Or 
you can use a magnetic field produced by a magnet or en electo- 
magnet. (Fig. 
1 indicated the means of building an oscillator of good 
ficiency forultr-short waves, with the possibility to tan it into 
whole range of frequencies. 

To resolve this problem on a practical level, before people 
started to prodace multiple lamps, Yused a symmetrical oscillator 
including two triode lamps. It iste radlo-celluls-oscillator which 
used in 1924, tthe wards ofthe Saltpetriere Hospital in Pari, to 
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‘reat andheal geraniums inoculated with experimental plant cancer. 


> 


Fig. 8 — Variable 
sliding condenser 
1M, balanced wich 
a counterweight 
W within a 
odelarp,accord- 
Ingto the original 
drawing in 
author's patent. 


‘The simplified diagram of the radio-cellular-oscillator is 
indicated in Figure 9 (Mesny set-up). 
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Fig. 9~ Simplified diagram ofthe Lalhovsky racio-cellular-osciltor. 


Plates, grid and filaments paralel connected. The grids and 
plates circuits all comprise one turn, These two turns are variably 
coupled between them. Plates and filaments are directly supplied 
with alterating current of the mains by means ofthe appropriate 
‘taasformer. Inthese condition, the transmission of waves tartsas 
soon asthe plug is connected onte the mains. By using a tuning 
‘condenser, one can produce the entire range of waves of a length 
‘comprised between 2 and 10 meters. The supply of alternating 
current creates great number of harmonics with which the oscilla- 
tions ofthe various cells can enter into resonance. The fuadamental 
‘wavelength can moreover be regulated according tothenature ofthe 
cals to be treated 

‘The biological role ofthe zdjo-cellular-oscllator sto rees- 
tablish the oscillatory equilibrium of the living eel, threatened by 
any alteration, and in particular by neighboring microbes, Whea it 
resumes its normal vigor, thanks tothe auxiliary radiation ofthe 
sadio-cellularoscillator, the cell can destroy the microbe itself by 
damping down its pernicious radiations, 

‘The fundamental experiment I presented atthe Saltpetriere 
Hospital demonstrates the functioning ofthe radio-cellular-oscilla- 
tor. It dealt with cancerous plants inoculated according to Erwin 
‘Smith’s method. 

‘This fundamental experiment was the subject, on the 26th of 
July 1924, ofareportto te Societe de Biologie (Society of Biology) 
and i is reproduced here in extenso, from the society's newletter, 


ATTEMPT AT TREATMENT 
OF EXPERIMENTAL PLANT CANCER 
Report to the Society of Biology 
by A. Gosset, A. Gutmann, G. Lakhovsky, J. Magrou_ 


‘We know that we can produce tumors comparable to 
‘animal cancer (Erwin F. Smith)' on various plants, by inocu- 
lating them with the Bacterium tumefaciens. Using this 
methoe?, one of us obtained experimentally a greatnumber of 
tumors. These tumors have an 
indefinite growth; they might par- 
tially necrotize but they only die 
completely when the entire plant 
or at least the branch infected by 
the tumor has succumbed to the 
cachexia. Even when surgically 
removed, these tumors continued 
to proliferate. 

We intend to study, in this 
present report, the influence of 
magnetic waves of great frequen- 
cies, obtained by means of a de- 
vice built by one of us, for thera- 
peuticapplications and following 
histheoretical views?: the Georges 
Lakhovsky Radio-Cellular-Oscil- 
lator. This device generates os- 
cillations of a 2 wave length = 
about 2 meters, and corresponds 
0 150 millions (150,000,000) vi- 
brations per second. 

A first plant (Pelargonium 
‘zonatum) has been experimented 
with a month after its inoculation 
with Bacterium tumefaciens; it 
showedatthatpointseveral, small, 
‘white tumors, ofthe approximate 
volume of a cherry kemel. The 
plant has been exposed twice to 
the radiation, with a24-hourbreak 
and during three hours each time. 

In the days following the 
‘treatment, the tumor continued to 
‘grow rapidly, like the check sample tumors, forming a great 
plurilobate mass. About sixteen days later, after the first 
treatment day, the tumor suddenly started tonecrotize. A few 
days later (about 15 days) the necrosis was complete; the lobes 
of the tumor, retracted and completely dried out, separated 
from the stalk bearing them, through furrows of elmination, 


1. Ewin F Smith, dn Introduction o Bacterial Diseases of Plans, 1st vol, 
Philadelphia and London 1920, 

2, J. Magros, Rewwedepathologiecomparee, March 1924. Two othersoports 
‘willbe soon published in the Revue de pathologle vegetal ed'enoimologie 
‘agricole ai inthe Annales de ITastitut Pasteur. 

3. Georges Lakhovaky, Radio-revue, November 1923 and Conference to 
‘L'Beole Superieure des PT, Bane 2nd, 1924. 
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Fig. 10 — Sight of the tumor of an untreated witness 
‘check sample. ~ Subject: Pelargonium zonaturn Inocu- 
lated April 0, 1924. Weseethe growth ofthe cancerous 
tumor onthe stalk. (Clinique Chirurglcale dela Satpetrere). 


‘and the tumor could be taken off by the slightest traction. The 
ncorosiseffect oftheradiation was extremely elective, limited 
‘only to the cancerous tissues which it followed into the very 
‘depth and root of the tumor; the healthy parts stalk and leaves 
remained unhurt and retained all their vigor. 

A second Pelargonium was treated in the like manner, 
but the time of exposure to the radiations was lengthened 
(eleven 3-hour sessions); 16 days after the fist session, the 
‘tumor it carried started to necrotize and several days later it 
dried out completely. As in the first case, the healthy part 

remained unburt, 


radiation (three 3-hour sessions) 
‘the necrosis of the tumor’s lobes 
followed the same path, 

Sixteen control Pelargoni- 
umsremaineduntreated. Allbore 
‘tumors in full activity which of- 
ten became enormous. 

‘Asasummary, we may say 
that the Pelargonium which be~ 
‘came cancerousafter inoculation 
ofthe bacterium tumefaciensand 
for which a surgical intervention 
could not prevent recurrence 
seemed to heal under the influ- 
cence of the magnetic waves indi- 
cated above. (Clinique Chirur- 
‘gicale de la Salpetriere) 

‘Avery clear conclusion can 
be drawn from this experiment 


that, on the control subjects, in~ 
culated with the Bacterium 
tumefaciens and left untreated, 
‘enormous tumors grew which by 
absorbing the plants’ vital energy 
lead them to a quick and certain 
death, 

‘Onthe other hand, the plants 
treated by the radio-cellular-os- 
cillator, and moreover taken at 
random from among the inoculated subjects, have been healed 
‘quickly and acquired a considerable vitality, as is proven by 
their growth, their continual development andabundant flow- 
ering. 

‘We can see it in the photograph (Figure 12), taken one 
year after the healing of the geranium. 

My theory of cellular oscillation, that I had moreover 
proposed before I realized this experiment, enables us to 
‘understand cancer pathology and to direct its therapy onto a 
new path, 

Cancer, mostly reaching older people, comes from the 
ageing of tissues.as 2 result of the cellsand blood decay. This, 
‘impairing of the cells results from a modification of the 


Fig. 11 Sightofthescar ofthe treated subject. Subject:Pelargonium 
‘onatum, inoculated April (0, 1924 with the Bacterium tumefaciens, 
treated from May 24, to june 14, 1924, during eleven three-hour 
sessions with the Lakhovsky oscilator with antennas, photographed 
aerithealedon uly24, 1924. (Clnique Chirurgicae dela Sapetrere). 


Figure 12 Sight of the treated subject after healing. ~ This 
Pelargonium is no other than the one of Figure 10, treated by the 
Lakhovsky oscilater, on May 24, 1924, healed on the 4th of June, 
1924, and photographed in Jly 1925. As you can see, this plants 
In perfect health and abundant lowered. On the other hand, the 
sixteen inoculated but untreated check samples died long ag0. 


chemical composition due to the contribution of foreign 
bodies which appear astesidues ofthe organism. Suchare, for 
instance, blood haematoblasts, rich in iroa and phosphorus, 
produced by residues of fibrin, leucocytes, and hematites. 
Each cell destruction brings withitasmall massof cholesterol, 
an insulating substance forming the armature of the nuclear 
filament, which later clogs the nucleus, Therefore older 
people firstexperiencea decrease in the number ofactive cells 
and of the white and red corpuscles, which is reflected inthe 
regression of the blood count, and on the other hand, an 
increase of the quantity of mineral (iron, phosphorus, 
‘haematoblasts) and organic (cholesterol) residues. These 
chemical modifications ofthe cell result in the variation of the 
cellular oscillation both in intensity, as a consequence of the 
changes of electric conductivity and resistance, and in the 
radiation frequency, because of the changes of capacitance 
and inductance. 

‘The decayed cell appears like a pendulum with a 
pendulum-bob one could have lengthened, shortened or dam- 
aged. This oscillatory disorder provokes, because of the 
‘excess of cosmic waves, a too rapid cellular division, which 
results in the formation of neoplasins, or cells vibrating at a 
different frequency from the regular frequency of the tissue. 
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For long years, ithas been wondered whether cancer is 
contagious and hereditary, or whether it is caused by a 
microbe, Histological analyses seem to invalidate the exist- 
‘ence ofa microbe, On the other hand, inoculations of cancer 
only succeed, and moreover very rarely, with impaired tissues 
‘composed of abnormal cells, such as certain moles and this 
‘would seen to ruin the hypothesis of contagion and heredity. 

In fact, I believe that the true cancer microbe is the 
‘neoplastic cell which forces the neighboring cells into oscil- 
ating at its own frequency, thus transforming by electromag- 
netic induction, the healthy cells into neoplasms. To prevent 
cancer, isto prevent this neoplastic induction and to give back 
the healthy cell enough vigor to reestablish its oscillatory 
‘equilibrium, 

‘was pleased to observe that, apart from the skepticism 
ofa few, my experiments have been taken up again with great 
success in France and abroad by various scientists and prac- 
‘itioners who understood the future ofoscillation therapeutics, 

It seems appropriate to quote the works pursued in 
Germany by Professor Esau at the Technisch-Psychaliches 
Tnstitut of Tena, 

Although directed toward paths sometimes very differ- 
‘ent from mine, these works present a very clear analogy with 


those I have conducted from the use of a very short wave 
oscillator similar to my radio-cellular-oscillator, 


circuits on which variable plugs can be installed. Another 
device is provided with acircularturn, of which aradial cursor 
allows connection to the necessary position. 
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Fig. 13 ~ Simpliied diagram of Dr. Esau's very short wave oscllator. 


‘The transmitter-receivers used by Professor Esau donot 
essentially differ from the devices I advocated. I indicated 
‘moreover that connections were irrelevant as long as they 
produced the desired very short waves. Professor Esau’s 
connections, which were describedin the technical magazines 
of Dr, Emest Busse, assistant at the Teana Institute’, are 
characterized by the use of a single triode lamp, functioning 
in direct current, The transmitter’s filament (Fig. 13) is 
supplied through a filter preventing high frequency back 
currents, The coilings are simple fractions of turns, as inthe 
radio-cellular-oscillator, which only includes abouthalfa turn 
for each oscillating circuit 

A test receiver (Fig. 14) is provided with square loop 


4. Dr: Best Buns, Die Erzeugung ulraturzar Weller (Radio-Well,No.9, 
1926, p.77. Vienna) 
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Fig. 14 — Simplified diagram of Dr. Esau’s very short wave recelver. 


The works of Professor Esau in the biological domain 
are rather recent, for during the Radio-electrie Symposium in 
Bremen (August 1928)°, he stated that he had been doing 
research, for only a year, on the physiological effects of ultra- 
short waves, ot, according to his definition, very high fre- 
quency waves comprised between a length of 1.50 and 3 
meters, of which I indicated the use in 1924 in my report 
addressed to the Societe de Biologie, reproduced here. He 
indicated then that since July 1928, he successfully con 
structed a very short wave receiver. 

About this subject Professor Esaupointedto the fact that 
the main difficulties came from the electronic lamps, and that 
he had to use foreign lamps, particularly French lamps, which 
are more appropriate for very short waves techniques. I 
indicated earlier that, 4 years before, I had studied and had 
‘these special short-wave lamps built, which were designed for 
my radio-cellular-oscillator. 

shall also point out that a very short transmitter has 
recently been used by Dr. Frantz. Seidel from Vienna, for the 
destruction of bacteria, particularly in the sterilization of 
‘ilk. This subject will be investigated at a later time. 


5. OsearGadamer. Thenlira-shoriwavesand thet fel of pplication. (Der 
Deutsche Rundfont, August 31, 1928, t VI, p. 240, Bedlin.) 

6, Lesonderulia-courte contrales bacterle, (Radio. Welt, January, 1929, 
‘No.4, p- 108, Viena.) 


THE LAKHOVSKY 
RADIO-CELLULAR OSCILLATOR 


a synopsis by Jorge Resines 


‘What youare about to read is my resume of the book La 
‘Science et le Bonheur, Longevite et Immortalite_par_les 
vibrations Science and Good Health, Longevity and Immor- 
tality Through Vibrations ~ by Georges Lakhovsky. More 
specifically, this synopsis encompasses Part IIT, chapters Land 
2, being pages from 137-171 of said work, and whatever T 
‘translate from it will be forwarded by the words “"Lakhovsky 

‘Mr. Lakhovsky begins by indicating the influence of 
heavenly bodies upon all facets of everyday life, from their 
influence upon the cells up to how magnetic compasses are 
affected by magnetic storms originating in the Sun (he refers 
‘thereadership tohisbook LUniversion, published by Gauthier- 
Villars of Paris, France). He says that the French Astronomer 
Mr. Deslandres with his collaborators at the Observatory of 
‘Meudon have established a cycle ofabout 27 days for sunspots 
affecting both tides and earthquakes. This lapse is part of 
another larger cycle of 114 years (or about) that most usually 
forms in tur part of another, larger, cycle of 33 to 35 years. 

‘Mr. Lakhovsky also discovered, as indicated by the 
small circles atthe lunar orbit of Figure 1, that hunar radiations 
provoke interferences with the waves broadcasted from 
tadioelectric stations at said marked positions. 


Figure | T= Earth 
LI = Full Moon 12 = Waning Moon 
13 = New (Dark) Moon L4#= Waxing Moon 


Canying his researches astep further, helped also by the 
eopleat the Observatory of Meudon, he correlated the highs- 
aand-lows of three different factors (to wit: a. Sunspotactivity, 
», Perturbations of Terrestrial Magnetism, and c. Polar Au. 
ora) with the type of wines collected at different French 
tegions. For a single zone and type of wine, his findings are 


shown in Figure 2 (nextpage). Youwill easily notice how the 
highs of the three factors are in coincidence with the best 
collections of wines, with a single exception: the 1880-1889 
period when the grape-wines were massively attacked at 
France by the “‘Phylloxera”* plague. Though Mr. Lakhovsky 
does not explain the reason for this adverse period (when the 
opposite was expected), he does voice his opinion that cellular 
and biological phenomenais periodically affected by thesame 
type of radiations (and the generated-sicknesses they pro- 
duce), proposing at the same time to destroy the scourges by 
overriding the “astrally-produced radiations’ (his words) 
with this “Radio-Cellular Oscillator.”” 

About the basic concept behind his devices, Lakhovsky 
said: "To re-establish the balance of these heavenly fields 
from nature, upon which variations we are ableto act directly, 
unlike Meteorology wisich cannot make weather change, I 
‘willzesorttoalocal oscillating-generator of waves creating an 
auxiliary artificial electromagnetic field. 

“<By the way, Imustadd thismethod is analogoustothat 
employed in radiotelegraphy and known under the names of 
heterodyning and superheterodyning, These procedures em- 
ploy the interferences generated between the received and 
generated waves by a local generator, at the necessary fre- 
quency and intensity.”* 

‘Mr. Lakhoysky states that his inspiration came from 
‘Professor Arsene D’ Arsonval, who in 1890 had put forth the 
opinion that different sicknesses could be eliminated by 
‘means of high-frequency currents, He continues on, explain- 
ing that by about 1924 he studied the possibility of generating 
‘waves under 2metersin length, but that the electronics of said 
period considered *short” only those waves from 200 to 500 
meters. 

Toovercome such a hindrance, Lakhovsky developed 
‘vacuum tube with multiple-electrodes and received two pat- 
ents forit ~ French Patent No, 601,155 granted in October 18, 
1924 and German Patent No, 427,596 granted in May 26th, 
1925—afterwards another scientist ofthat time, Dr. Siegmmund 
Loewe, improved on his ideas and demanded a French Patent 
(on May 07, 1927 (this Patents not indicated aseither granted 
cor not; further investigation is needed here). 
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si7e018 How To Solder: A Complete Beginners Guide - Makerspaces.com 
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also known as desoldering braid. 


RoHS 
8402090, 


Step 1 — Place a piece of the desoldering braid on top of 


the joint/solder you want removed. 


Step 2 — Heat your soldering iron and touch the tip to the 
top of the braid. This will heat the solder below which will 
then be absorbed into the desoldering braid. You can 
now remove the braid to see the solder has been 


extracted and removed. Be careful touching the braid 


when you are heating it because it will get hot. 


htps:iwww makerspaces.com/how-to-solder! sere 


Figure 2 ~ RED BORDEAUX WINES 
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Magnetic disturbances 
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1951, 52,54, 55,56 
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1894 Madlocre year 
1895 Warm & Bary wines 


1872, 13, 74,76, 77 
Average mediocre vineges 


Graph showing the coincidence of outstanding vintages with the intensity of the waves emitted by the sun and corresponding to the 
variation in the intensity: |) of sun-spots, 2) of earth magnetic dsturbances, 3) of polar lights, The graph has been established for 


red Bordeaux wines 


ie greatest intensities correspond to the outstanding vintages, the lesser Intensities correspond to the years 


‘of mediocre wines. We can establish a similar graph for the other vintages, notably Bourgogne and Beaujolais wines. 


‘Toproduce waves “under 114 meters” (bis words), Me. 
Lakhovsky enclosed within a vacuum tube’s glass vessel 
different elements, sis seen in Figure 3. About thisnew type 
of tube, Lakhovsky said: ‘The oscillating circuit does not 
involve but loop witha diameter of several centimeters. The 
nly connections going out of the tube are the supply-wires, 
leading the plate-voltage and the heating current. These tubes 
‘can generate oscillationsand transmit them toextemal circuits 
(Gquare-loop antennas) by induction.” 

I will stop now the synopsis to introduce a personal 
comment: Its not clear on the illustration of Figure 3, WHY 
the filament is connected -- in a controllable fashion as the 
schematic indicates to the loop “'S”; neither do Isee clearly 
indicated whether the tube is one of direct or indirect heating 
and which type of vacuum tube — existing at the time, with its 
specifications of thatera- served asthe foundationto develop 
the tube of Figure 3, and how this was made in both constitu- 
‘ents, procedure of mamufacture, et. 

Neither is it indicated if there was a constitutional 
modification involving a change of material(@) for the new 
type of tube Mr. Lalkhovsky first employed. Ido not want to 
spoil anybody's fun in experimentation, Iam just suggesting 
caution... Let’s go on with Mr. Lakhovsky. 


Another feature employed to ensure a high-quality 
when in use by Mr, Lakhovsky was to puta group ofelectronic 
tubes, as illustrated in Figure 4, directly over these lines, inthe 
same vacuum pump. Asallthe tubes were connected in series, 
When the apparatus was made to work it produced the same 
degree of vacuum within them all, 


Figure 4 
Ly ty bye y= Identical Vacuum Tubes 
T= joining tube 
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‘A further development of hs idea, “extracted from his 
patent” he claims without indicating which one (French or 
German) this is, is the multiple triode illustrated in Figure 5. 
From its analysis we notice that Mr. Lakhovsky adhered to 
electronic theory, which says that electricity is a flow of 
electrons, and in a semiconducting device as the usual vacuum 
tube there is only a single direction of flow, from the **Cath- 
ode” (or negative pole) to the “Anode” (or positive pole). In 
the multiple triode of Figure 5, the filaments are connected in 
parallel. 


Figure 5 

+BT = Positive Filament Voltage 

“HT = Negative High Voltage 
rid Tube No. 1 

= Same for Tube #2 


4HT = Positive High Voltage 
Plate Tube No. | 


A further improvement ofthe device is seen in Figure 6, 
of which Lalchovsky says: “This illustration, also taken from 
iy patent, shows a double and symmetrical oscillator where 
the filaments are mounted in series. Itis also provided for, 
eventually, to place within a condenser 60 located as the 
electrodes and the loops of the oscillating circuit, within the 
same evacuated glass-vessel”. 


P, = Plate Tube No. | 


Figure 6 7 
F, = Flament Tube No. | 


G,= Grid Tube No. | 
Py. Gy Fy = Same for Tube #2 C= Condenser 
“HT = Negative High Vokage  +HT = Positive High Volage 

-BT = Negative Filament Voltage +BT = Postive Filament Voltage 


-HT 
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Figure 7 shows us a double-oscillator with a single 
filament, that is the two lamps of Figure 6 within a single 
vessel and with just one heat-source, 


| remind the readership that all the models of vacuum. 
‘tubes shown so far are for short waves under 2 meters. 
Lakhovsky indicated that to obtain long waves it sufficed to 
place the same elements outside a vacuum tube. 

After saying that everything so far shown were just 
“extremely general things” Lakhovsky said: “One can, 
almost, say that Dr. Loewe just introduced resistances and 
capacities within his multiple-tubes, where performance is, 
Justreduced to amplifying low and high frequenciesupon long 
‘waves. The performance of these tubes is very mediocre 
because of the following reasons: a) Heavy linking resis- 
tances, b) Strong plate-voltages (about 160 to 200 volts), ¢) 
impossibility of coupling circuits and thus producing a reso- 
nance.” 


W.= Weight to move blade “M” 
H= Turning point for the comb- 
nation of “M” with “W" 


&® 


Here, in the former comment, is an apparent contradic- 
tion: Lakhovsky criticized Dr. Loewe for including resis- 
tances and capacities within his multiple-tubes, while at the 


Figure 9 

‘A= a Lakhovshy Triode 

B = another Lakhovsty Triode 

C = Loop associated to Grids 

1D = Loop associated to Plates 

E = Connection to Fllament 

F = Connection to High Voltage of 
Transformer secondary tap S, 

High Voltage tap of AC Transformer 

secondary 

§, = Fllament Voltage ap of AC Trans- 
former secondary 

‘Tr= AC step-up Tranformer with a 
tapped secondary winding 


s, 


same time he did the same! But Lakhovsky’s capacitors are 
different to the common types. 

‘What he did was to “‘separate”’ a variable condenser’s 
blades and to “counterweight” the moving blades, as indi- 
cated in Figure 8, so that the blades would move within the 
fixed armature of the condenser as the whole tube was rotated 
and weight ‘"W”” responded to gravity! He does not indicate, 
‘thus making it an object of personal experimentation on the 
part of the readership, if there was just one or more of these 
special variable condensers. 

Now, in order to produce a wide range of frequencies 
with only two of his special ttiodes, Lakhovsky built the 
‘Radio-Cellular Oscillator” that is shown in schematic form 
in Figure 9, which he used atthe Clinic of Salpetriere in 1924 
to treat and heal Geranium plants which he experimentally 
inoculated with the disease of cancer; itwas mounted, he says, 
according to the ‘“Montage Mesny,” thus indicating that one 
‘man called Mesny originated the setup at that time (this is 
‘another source for research, try finding in old books from 
‘either the °20s or 30s anything made by a Mr, Mesny), 

This is what, on the device, Lakhovsky says: “Plates, 
‘ids and filaments are connected in parallel. ‘The circuits of 
grid and plate have cach a single loop. These two loops are 
coupled variably between themselves, Plates and filaments 
are fed directly from the Alternating Current of the place by 
‘means of the appropriated transformer. Within these condi- 
tions, it is produced the emission of waves because it is 
‘branched the intake of current upon the electrified section, 

“Using, accordingly, a condenser it is possible 10 pro- 
duce the whole spectrum of waves between 2 and 10 meters 
ofwavelength. The supply from AC producesa large number 
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of harmonics upon which can enter into resonance the oscil- 
lations of different cells. ‘Therefore, the fundamental wave- 
Jength can be regulated according to the nature of those cells 
to treat. 

“The biological role of the Radio-Cellular Oscillators 
to re-establish the oscillatory equilibrium in the living cell, 
under threat by any alteration, particularly by aclosemicrobe. 
‘When recovering its normal strength thanks to the auxiliary 
irradiation from the Radio-Cellular Oscillator, the cell canall- 
by-itself destroy the microbe by counter-acting its deleterious 
radiation.” 

‘Mr. Lakhovsky goes on indicating that he established 
the aforementioned concept as the foundation ofhis device by 
first inoculating several plants of Pelargonium zonaturn with 
the Bacterium tumefaciensin orderto generate tumors similar 
to those of animals in plants (his source was: An Introduction 
toBacterial Diseases of Plants by Erwin F. Smith, Londonand 
Philadelphia, 1920). He was helped with inoculating the 
plants by Mr. A. Gosset, Mr. A. Gutmann and Mr. J. Magrou, 
the latter being the one who had more articles published on the 
subject ofplant-inoculation ee the Revue dePathol. Vegetale 
et.d'entomologie agricole and within that the Annales de 
‘Llnstitut Pasteur, by this author). 

‘He then applied his Radio-Celfular Oscillator, using 
‘waves of about 2meters, whichhe equated with a vibration of 
150,000,000 cycles per common-second. He broadcasted the 
oscillator’s output upon the infected plants and got them all 
back to health after a given time. He had already explained 
howhis oscillator worked ois fellow Frenchmen inan article 
adio-Rewue, November 1923) and a conference (given at 
the Evole Superieur des Postes, Telegraphes and Telephones 


Figure 10 


‘on June 2nd, 1924), 

After detailing how the experiment in plant-healing 
progressed and how the plants were healed, he goes on to 
‘explain that — in his conception —- cancer is provoked by an 
“‘aging” of the cells that makes them both reproduce at a 
slower rate and to evacuate a higher amount of wastes. This, 
in combination with radiations coming from space at different 
times, produces an oscillatory disequilibrium in the cells 
resulting in cancer of different types. Mr. Lakhovsky rejects, 
onthe ground ofhistologicalexaminations he performed, both 
the “microbial” theory of cancer and itshereditary transmis- 
sion, 

If you have followed all ofthe writing up to this point, 
‘carefully noting the concepts involved in Lakhovsky’s proce- 
ures, you will remember that: 

(1) His Radio-Cellular Oscillator crested an auxiliary 
electromagnetic field capable of restoring balance to the 
diseased cell(s) and body. 

@ This was done 


‘waves that did NOT comply with what he needed for therapy. 

(5) He included, within his special tubes, a variable 
condenser that could be tuned to the desired capacity by 
‘moving the tube in space so that the internal variable capacity 
‘could generate the coupling needed in therapy. 

Tf all of this has been, so far, an essential group of 
‘conditions necessary to produce the short waves of about 2 
meters, then why ~ as seen in Figure 9 ~ does he place two 
electrified loops OUTSIDE the vacuum tubes of his special 
design’ 

Tncompliance with this “loops outside” line, hegoeson 
‘quoting the works by one of many foreign scientists who, he 
claims, have followed his Line of research: 

Lakhovsky says: “It is convenient to quote the works 
made by Professor Esau at Jena’s Technisch-Physicalishes 
Tnstitut (Germany). If they are directed by ways somewhat 
different to mine, his works show the similitude of using an 
‘oscillator of very short waves similar to my Radio-Cellular 
Oscillator, Professor Esau’s emitters and receivers do not 
differ essentially from the apparatus I champion. I have 
already indicated that the arrangements of constituents are 
indifferent, because they produce the very shortwavesneeded. 

“The setups by Professor Esau — described in the 
Institute's technical magazines by Dr. Emest Busse (see Die 
Exzeugung Ultakurzer Wellen — Research on Ultrashort 
Waves ~ in Radio Welt, No. 49, page 77, Vienna, 1928), 
secretary to the Institute of Jena, are characteristic because 
they employ a single triode working with DC. 

“The emitter’s filament — as seen in Figure 10— is fed 
by a filter preventing the return of high-frequency currents, 
‘Windings are made with simple fractions of tums, as in the 
Radio-Cellular Oscillator, which does not involve but  half- 
‘tum per oscillating circuit. 

“An experimental receiver (see Figure 11) is supplied 
with a circuit possessing a single square-loop, upon which can 
bbe made variable taps. Another apparatus is possessed of a 
single circular-loop upon which aradial cursor allows to take 
just the necessary fraction of circuit. 

“Works by Professor Esau in the realm of Biology are 
very recent, because at the August 1928 Radioelectric Con- 


by means of very short 
‘waves (during the period 
he experimented) of 


Figure 11 


about 2 meters and 
150,000,000 cycles per 
second, 

G) To achieve the 


necessary shortness of 
wave he introduced dif- 
ferentelementswithinan 
‘evacuated glass-vessel, 
thus creating a different 
type of vacuum tube. 

@) He purposely 
indicated that external 
elements created long 
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‘fess of Bremen (see Les ondes ultra-courtes ot leur champ 
application ~ Ultrashort-waves and Their Field of Applica- 
tion ~ by Oscar Gadamer in Der Deutsche Rundfunk — 
German Radio -- of August 31st, 1928, volume VI, page 240, 
Berlin) this author states that after about a year he investigated 
the physiological effects ofuultrashort-waves that is, according 
to his definition, waves of very high frequencies between 114 
and3 metersin length, of which Ihave indicated how lemploy 
them in a 1924 communication to the Society of Biology 
(Note: It is on the inoculation and healing of the Pelargonium 
zonatum, as explainedon page four of this writing). Prof. Esau 
then indicated that, since July 1928, he built a receiver of very 
short waves. 

“‘About this subject, Professor Esau remarked that the 
main difficulties come from electronic tubes, for he was 
forced to use foreign tubes, particularly French ones, that are 
better fitted to the technology of very short waves. I must 
Temind (the readership) that four years before him 1 studied 
and had built these special lamps for short waves, to be used 
in my Radio-Cellular Oscillator. 

“‘Twillalso point out that an emitter of very short waves 
‘has recently been employed by Dr. Franz Seidel of Vienna for 
destroying bacteria, particularly to sterilize milk (see Les 
ondes ultra-courtes contre les bacteries ~ Uitra-short Waves 
Against Bacteria - in Radio Welt ~ Radio World, January 
27th, 1929, No. 4, page 108, Vienna).”” 

We haye two definitely contradictory positions in the 
same chapter dealing with the same type of device: 

(ist) In the paragraph translated under Figure 3 of this 
paper, Lakhovksy emphasized that the elements to produce 
ultrashort waves (under 2 meters) must be inside the tube. 
Figures 3 to 8 are dedicated to showing specific constituents 
for thisspecial type of tube. Though he only speakson Triades, 
there is no reason to suppose he did not experiment with 
‘Tetrode and Pentode tubes (plus others of his own design not 
usually covered in publicly available technical literature). 

(2nd) The formerly-indicated conditions change radi- 
cally when he speaks of his experimental device employed to 
eliminate tumors affecting inoculated plants, this being the 
device of Figure 9 of this paper. Notice how the emitting 
elements in this apparatus are outside the vacuum tube; 
furthermore Mr. Lakhovsky claims that other, similar, devices 
developed by Professor Esau at Jena’s Technisch- 
Physicalysches Institut are based in his “‘internal’ design 
‘when the opposite is quite true! 

Grd) In order to make a better synopsis, Iwent back to 
tead my copy of The Secret of Life, a translation into Spanish 
by M. Aquilar (Madrid, 1929). Therein are explained the 
basics of the Multi-Wave Oscillator but the Radio-Cellular 
Oscillator is NOT shown, It is reproduced in the 1924 
communication to the Society of Biology. Neither source 
mentioned here reproduced the special vacuum tubes, with 
internal constituents, as explained in LaScience ete Bonheur, 
the subject of this synopsis. 


th) In Mark Clement's The Waves that Heal, the 
Malti-Wave Oscillator is explained as: “The apparatus con- 
sists ofa transmitter and a receiving resonator, both arranged 
80 as to set up an electromagnetic field in their immediate 
vicinity.”” The Multi-Wave Oscillator seems, in my opinion, 
derived from the “experimental receiver” of Figure 11 plus, 
those of Heinrich Hertz (as Thave indicated in my Some Free 
Energy Devices, a BSRF publication, quoting directly from 
‘The Secret of Life and introducing complementary informa- 
tion from other sources), rather than from the multiple-tubes 
shown in Figures 3 through 8 of this paper. 

(Sth) Considering everything explained from (Ist) to 
(4th), itis my opinion Mr. Lakhovsky produced several types 
ofapparati, along different lines of research, while pretending 
inhis books that only a single-line of investigation was being 
pursued. 

‘What are the reasons for doing this? There are many: 

(*) Trying to disorient his fellow scientists by covering 
uphisactual intentions and actions, so that the actual secret of 
‘the apparati rested with him. 

(*) Trying tofoil any attempt by the “organised medical 
profession” to steal his “‘secret”” — whatever this could 
actually be, 

(®) Having discovered something thathe wantedto keep 
for himself ia the course of his researches. This is, in my 
opinion, the most likely possibility, for Mr. Lakhovsky's 
researches were well-received in Europe, South Americaand 
Asia before WWII began. Even more, he was outspokenly 
backed by men of science and Academies of great reputation 
and his enemies were very few (outside of the USA, of 


I do not mean to slander him and his researches, I just 
‘Want to indicate the necessity for greater and deeper research 
into what he did from all possible sources of information. 


VERY IMPORTANT NOTE, 

In order to facilitate the understanding of the illustra- 
tions, I have taken a few liberties to aid the non-French 
speaking associates: 

1) Allthe ‘lateral leterings” from Figure 3 to Figure 9 are 
of my doing, they did not exist in the original text. 

@ I changed into English, keeping the true meaning in 
translation, the writing in Figure 2, 

@) [made some additional lettering in some illustrations for 
‘greater understanding: L1 to L4 in Figure 1; Tadded the 
“'C”" in Figure 5, the same “'C”” was added in Figure 6; 
Finally, Iadded the “H” in Figure 8 for greater clarity. 

@ In French the letters “HT” are the abbreviation of 
“Hlaute Tension” that means in English “‘High Volt- 
age’; in Spanish we also use the word ‘“Tension”” in 
electricity meaning “Voltage,” as the French do. The 
letters “BT” stand for “Basse Tension’? which I trans- 
late not as “Low Tension” but as ‘Filament Voltage”” 
for this is the actual meaning. 
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‘The present invention has for its object an appa- 
ratus capable of sending out simultaneously differ- 
ent wave lengths so that among these waves or their 
harmonics there is found almost always one or 
several capable of producing the best effect sought 
for any application whatever. 

‘There is used for that purpose the property of 
‘open circuits having well determined wave length if 
they areexcited by electricimpulses emanating from 
discharges of any source. 

‘The radiating part of the system, producing 
‘waves of various lengths, is therefore constituted by 
a certain number of concentric open rings of differ 
ent diameters, which are maintained insulated by 
any appropriate means. Theserings may or may not 
‘be terminated by small spheres forming capacities, 

‘These rings may be arranged either in the same 
plane or in different planes so as to form any 
surfaces, such as portions of cones, spheres, parabo- 
loids, ellipsoids, etc..., these surfaces being of a 
nature to concentrate the waves in a determined 
direction in the manner of a reflector, for example. 

Theserings may be fed by any producing device 
whatever of high frequency, for example, a combi- 
nation comprising a trembler coil (or any other 
transformer) and a high frequency circuit provided 
with a self-induction coil and a capacity. 

‘One of several points of this high frequency 
circuitis or are connected to the end of one or several 
of the rings forming the radiating apparatus. The 
other rings not connected are excited by induction. 

‘The complete apparatus (coil, high frequency 
circuits, rings, etc....), may be mounted in a box or 
upon a small board capable of sliding along a guide 
or rocking so as to be able to be placed in the most 
convenient position, 

In the accompanying drawing, by way of ex- 


ample, not limitative, there is shown: 

Fig. 1 a diagram of the system, 

Fig. 2 the position of the rings in the form of a 
cone, 

Fig. 3 the apparatus mounted upona foot orbase, 

InFig. | thereis seen at T the transformer or coil 
(P the primary, $ the secondary of this coil), V the 
screw of the trembler, C the condenser the discharge 
of which across the spark gap E produces oscillations 
inthe self-induction coil L1, which inits turn acts by 
induction upon the self-induction coil L1; this self- 
induction coil L2 is connected on one side to the first 
exteriorring a, on the other sideto the following ring 
b. It thus forms an electrostatic field of high fre- 
quency which induces oscillations in the other rings 
6, def. 

Asamodification, L2 may be suppressedandthe 
tings a and b may be connected each to one of the 
ends of L1, 

One of the ends, or even any point of the self- 
induction coils L1 or L2 may likewise be connected. 
to any one of the rings. 

Fig. 2 shows the arrangement of the rings in the 
form of a cone, The open circuits a, b, ¢....f.can be 
constituted by solid conductors. They can also be 
tubular circuits, this being advantageous, since, for 
the same bulk, the radiating surface is larger. Fi- 
nally, the area of the cross section of each of these 
various circuits can vary from one cirouit to the other 
for instance, this area can decrease from the periph- 
ery (ring a) to the center (ring f) of the radiating 
system. 

Fig. 3 shows the apparatus mounted upon a foot 
Aalong which itcan slide, in order tobe placed at any 
desired height and upon a hinge B which allows it to 
‘be oriented upon the horizon. 

Tolaim:— 

1. An apparatus adapted to produce electric 
fieldsofhigh frequency havingmultiple wave lengths, 
comprising a high frequency producing device, a 
series of high frequency radiating circuits consti- 
tuted by concentric insulated split rings of different 
diameters, the split ends being spaced from each 
other and terminating with small spheres. 

2, An apparatus adapted to produce electric 
fieldsofhigh frequency having multiple wave lengths, 


comprising a high frequency producing device, a 
series of high frequency radiating circuits consti- 
tuted by concentric insulated split rings of different 
diameters and terminated by small spheres forming 
capacities, 

3, An apparatus adapted to produce electric 
ficlds ofhigh frequency havingmultiple wavelengths, 
comprising a high frequency producing device, a 
series of high frequency radiating circuits consti- 
tuted by concentric insulated split rings of different 
diameters and arranged in one and the same planethe 
split ends being spaced from each other and termi- 
nating with small spheres, in staggered position as 
regards adjacent rings, 

4, An apparatus of the type described compris- 
ing a base, a plate slidably mounted on said base, a 
support pivoted to the said plate, a series of open and 
insulated, high frequency radiating circuits mounted 
on the pivoted support, and ahigh frequency produc- 
ing device for the excitation of the said cireuits. 

5. An apparatus adapted to produce electric 
fields ofhigh frequency having multiple wave lengths, 
comprising a high frequency producing device, a 
series of high frequency radiating circuits, said 
circuits being open, insulated, and having dimen- 
sions different from each other. 

6. An apparatus adapted to produce electric 
fields ofhigh frequencyhavingmultiplewavelengths, 
comprising a high frequency producing device, a 
series of high frequency radiating circuits arranged 
inthesameplane, said circuits being open, insulated, 
and having dimensions different from each other. 

7. An apparatus of the type described compris- 
ing a transformer, a high frequency energizing cir- 
cuit fed by the said transformer and provided witha 
self-induction coil and a capacity, a series of open 
and insulated high-frequency radiating circuits hav- 
ing dimensions different from each other, and induc- 
tive connection between two of these radiating cir- 
cuits and respectively each of the poles of the 
outgoing element of the high frequency energizing 
circuit. 
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‘This invention relates generally to electric de- 
‘vices excited by electric impulses and more par- 
tloulariy to multiple wave Jength conducting 
and/or producing means, ‘This invention has for 
its primary object the provision of such means 5 
disposed within a vacuum tube or » tube contain 
ing rare gas oF gzses. 

‘My work over a period of more than 20 years 
hhas led ms to the bellef that there is great need 
for means conducting and/or producing raultiple yy 
wave Iongths which may te employed in many 
industrial and medical flelds. Suitable appara- 
‘tus for producing waves of various lengths is dis- 
closed in my U. 8. Letters Patent No. 1,962,565, 
dated June 12, 1934. Embodiments of this eppa- 15 
ratus Reve been in use the world over, Because 
Of the need for simplification in such @pparatus 
‘80 that 1b may be hancy and eastly used by per- 
‘sons Jacking skill in electrical matters, I have 
concluded that by providing one unit which in- 
‘corporates oscillation generating means and an- 
other in which the wave lengths are produced, 
‘the spparatus may be more universally used in 
the treatment of cellular life in therapy, in the 
‘aging or tresting of liquids and tn other néas- 95 
‘trial elds, 

‘Tho present invention desis with those unite, 
preferably combined with one enother and con- 
structed as e portable device and as stated above, 
‘hag for its major object the provision cf a uni: 39 
tary multiple wave length producing and/or con- 
ducting device in the form of a vacuum tube, 

‘The present invention further conternplates 
the incorporation in such a tube, of mesns for 
‘varying the effect of wave lengths, or selectively 
employing the means therefor enclosod in or 
forming part of sald tube, 

‘This invention further seeks to provide a tube 
of the indiszted type incorporating means for 
‘enerating oscillations. 

‘Another object of the invention ts to provide a 
sfngle unit wEien contains an oscillation genera 
tor, which produces waves of definite frequency, 
and further indvetance means ench permitting 


‘ational view of a tube incorporating features of 
mmy taveation, 


Mg, 2 18 similar view of an altemate form 
thereof, 


Fig. 3 fiustrates in n similar manner a modi- 
‘fled form of my invention, 

‘Fig. 4 is fragmentary sectional view of a mod~ 
sMeation made in accordance with the invention. 

‘Fig. 5 is a similar view of another modification. 

Figs, 6 and 7 are sectional views lustraing 
types of wires used in elther of the forms of my 
invention as shown in Figs. 1, 2 and 3. 

Fig. 8 is a partial sectional, partial elevational 
view illustrating a tube incorpcrating » plurality 
of grids ard aclective capacity means for varying 
the effects of sald grids. 

‘Fig. 9 is a similar view of a tube, such as shown 
in Figs. 1 or 2 and incorporating oscillating er 
vibrating means, 

In that form of my invention shown in Fig. 1, 
there is provided sealed preferably transparent 
envelope {0 made of glass or like material affixed 
in the usual manner to a sorew or Edison plug If, 
‘The latter is conventionally provided with a sheli 
terminal (2 and a central terminal 13. ‘The sup- 
Port or seal 14 of the tube serves to hold wires 
se as 18 and {6 whieh connect fo the terminals 

and 13, 

‘Connected to the wires {8 and 18 is a primary 
‘inductance member in the form of a loose coll 
‘which may be disposed axially of the envelope I 
as shown. ‘The upper end of said member (7 
forras a tight wound coll 18 which serves to radl- 
fate the strongest duced wave lengths. 

‘Surrounding the primary inductance member 
17, there are arranged a plurality of separate 
coils of wire each belng of diferent length and 
capacity. ‘Thus, I provide a coll 19 having great- 
est capacity and sticcessive colls 20, 21, 22, 23, 24, 


40 and 25, each having Jess capacity than the pre- 


‘ceding coll. ‘These coils 19 to 25 form secondary 
inductance means each permitting emanation of 


‘8 wave length of different magnitude and value 
than the other, 


emanation of wave lengths of various values. ¢§ I may support the secondary colls in several 
‘The 


structural features of my tnvention also 
form s material part of this diselosure, tae ob~ 
Sects and advantages being attained in structures 
‘uch as shown in the acc.mpanying drawing, 


whick exemplifies the invention, ‘The following go surface of said sleeve, leaving the coll 


specification, based on seld drawing, more clearly 
points out the purposes and advantag s of my in- 
vention. 

Tn the drawing: 


‘ways. As shown, I prefer to provide a dielectric 
member such ag a giass sleeve 26 surrounding the 
Primary. inductance wire member (1 and to 
mount the secondary colls 19 to 28 on the outer 

exposed 
‘at the top thereof. in order to effectively sup- 
port and centralize the glass sleeve 26, 1 provide 
spacing washers 27 and 28 of mice or the ilke, 
top and bottom, and provide 8 supporting eross- 


Fig. 1 in a vertical, partial sectional, partial ele- 8 pleco 29 on the lower portion of the wire 17. 
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‘The tube above described may be employed as 
indicated for the treatment of cellular structures 
by connecting {t to any one of the rings in the 
electrostatic fteld of high frequency, such as 
shown in sald U. 8, Letters Patent No, 1,962,565, 
each of the colls i8 to 25 producing by induc- 
tion a different wave length, as cin be under- 
stood. 

In the form of my invention shown in Fig. 2, 
the envelope 0a is somewhat differently shaped, 
and the wire (1a straight instead of arranged as 
fan open coll. In other respects, the structure 
follows that described with reference to Fig. 1. 

As shown in Fig. 8, there may be arranged & 
plurality of open rings 20, 21, 3 
38, 38, and 40 In frustro-conical form, for'in- 
stance, with the largest of sald rings at the top 
and the smallest one adjacent the bottom. I 
have shown said rings as supported, for instance, 
bby glass posts 41 and 42, said posts being sup- 
Ported on the seal 1¢b, as by a band 43, I pro- 
vide extensions for the terminul wires #82 and 
fa and connect sald extensions 46 and 45 to 
the upper ring 30 and the next lower ring 31, re- 
spectively. 

‘The rings 30 and 31 may become the primary 
‘inductance members, wheress the remaining rings 
constitute the secondary inductance members as 
hbefore set forth. Electric current conducted to 
the eultably spaced rings 30, 31 will cause spark 
48 to be drawn between the rings 30 and I pro- 
‘viding cseillations emanating from electrical dis- 
charges therebetween and causing the radiation 
‘of waves of various lengths within the envelope 
(0p cnd affecting the remaining rings. 

‘tn Figs, 1 and 2, T have shown the secondary 
coils as formed of wires having uniform cross- 
section. Fig. 4 illustrates how such wires may 
‘be made progressively smaller in the succceding 
eolls 18, 20c, and 2c, etc. Similarly, T have 
shown the rings of Fig. 3 made progressively 
smaller in Fig. 5, sald rings being designated by 
numerals 304, 314, 324, 324, 34d and 384, etc. In 
such various manners, the wave length producing 
effect of the secondary coils or rings may be ar- 
rived at. 

‘The secondary colls or rings may be round or 
somewhat flattened wire us shown in Fig, 6 or 
tubular as in Fig. 7, offering m yet greater flea~ 
‘bility of design. 

‘The devices of Figs, 1 and 2 above described 
‘may be incorporated in the system shown in anid 
U. 8, Letters Patent by connecting one of the 
rings a, 0, ¢, d, ¢, or f with plug (1 of Fig. 1, 
‘since either termini 18, 6 ts in contact with 
primary inductance memt ir (7. To this end a 
conductor «not shown) connects such a ring with 
ald plug or socket, 

In Fig. 8, I have shown 2 modification of the 
Invention which comprises a vacuum tube $0 corn 
taining a plate 6/ and « plurality of different 
‘wave lengths producing grids 82, 83, and 84. T 
connect ench grid with @ variable capacity de- 
vice, such as §5, 88, and 61 carried by sald tube 
‘60 and preferably by {ts base support 63, whereby 
ie grids may be selectively conuected into an 
‘operating eiroult (not shown) by means of the 

‘and 69, and the plate 
. Heating or other exciting means may 
be incorporated in the tube in a well-known man- 
ner. This combination tube 60 is desimned to 
replace a plurality of known tubes each operat= 
ing with different ond variable wave length ef- 
Jeet, mare exterlor manipulation at sald base 


0 


c 
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88, end 87 and cutting In one or more of the 
‘grids 82, 58, and 64, 

‘The effect of the spark as produced in the 
form of the invention depicted in Fig. 3 may be 
further utilized in Pig. 9 in which T alco incor~ 
porate a vibrator 62 which produces electrical 
oscillations by a spark intennittently generated 
between the end of the primary inductance mem- 
ber (14 and vibrator armature 64, In other re- 
spects the structure follows that of Fig. 1. 

1 may be noted that any type of spark pro- 
ducing or oscillation generating means may be 
substituted for the vibrator shown. The tubes 
shown in Figs. 3 and 8 may be used in the manner 
described for Fig, 1 by connecting one terminal 
of the base as set forth to produce an induction 
effect. These tubes may be also connected across 
oth terminals with a suitable potential to obtain 
‘the spark effrct, 

Prom the foregoing it may be seen that T have 
provided tubes in various forms for the purpose 
of generating and condustin; mulaple ware 
lengths. Other forms of the invention may be 
Produced within the spirit and scope of the in- 
vention as claimed. 

Having thus descrited my invention, what T 
claim as new and desire to be secured by Let- 
tera Patent, is 

1, A device of the character described com- 
prising © vacuum tube having an envelope and 
base, pritiary inductance means, and @ pl- 
rality of separate secondary inductance means 
of different length for radiating waves of various 
Jengths extending above said primary inductance 
‘means, all sald inductance means being arranged 
‘within sald envelope, 

2. A device of the char-cter described compris- 
ing a vacuum tube heving on envelope and base, 
f primary inductance member axially arranged 
in sald envelope, and a plurality of secondary 
Anductance members spaced apart and independ- 
ent from each other each member surrounding 
fa respective portion of sald primary inductance 
‘member and within the fleld of infuence thereof. 

3. A device of the character described com- 
prising a vacuum tube Laving an envelope and 
dase, @ primary inductance member axially ar- 
ranged in sald envelope, and a plurality of sec 
‘ondary inductance members each surrounding 
the priniary inductance member and within the 
fleld of influence thereof, each of sald secondary 
inductance members having a different wave 
Tength effect than the others. 

4. A device of the character described com- 
prising a vacuum tube having an envelope and 
base, a primary inductance member comprising 
8 pair of split rings in incuctive relation, and 
& plurality of secondary inductance members 

rach comprising split rings, 

5. A device of the character described eom- 
prising a vacuum tube having an envelope and 
base, @ primary inductance member comprising 
pair of split rings in inductive relation, and = 
puurallty of secondary inductance members each 
comprising spilt rings, said Intter rings being ar- 
ranged in different planes and being of different 
length to produce a different wave length effect. 

6. In a device of the character described, 

for producing multiple wave lengths com- 
prising a wire member, enclosing dielectric 
means for sald member, and s plurality of tepa- 
ate wire colls of different lengths on said dl- 
electric means and in the fleld of inductance of 
‘suid wire member, 


‘support brings about change of the capacities 81, 78 7. Tn a device of the character described, 
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‘means for producing multiple wave lengths com- 
prising 2 wire member, enclosing  dlelectzio 
‘means for sald member, and a plurality of wire 
colls on said dielectric ‘means and in the field 


Of inductance of sald wire member, each coll 5 tion 


extending over sald wire member and having 
& different number of convolutions than the 
others, 


8. In a device of the character described, 
means for producing multiple wave lengths 10 
‘comprising two spilt rings in inductive relation, 
and plurality of split rings in inductive rela- 
ton to the two split rings. 

9. Th a device of the character described, 
means for producing multiple wave lengths 1g 
comprising two split rings in inductive relation, 
‘and a plurality of split rings in inductive xela- 
ton to the two split rings, the plurality of rings 
being of smaller diameter than the mentioned 
two rings and each progressively smaller than 99 
the others, 
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10. 0 device of {be sharacter described, 
meena for producing mi ‘wave lengths 
‘comprising two split rings in inductive relation, 
and a plurality of split rings in inductive rela” 
to the two spllt rings, the plurality of rings 
deing of smaller diameter than the mentioned 
two tings and eaen progressively emaller than 
the others, ali of the rings being arranged in. 
frusto-conical disposition, 
11. In  Yacuum tube having a primary in- 


‘The twouneter oacilstor ured by the author 
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LAKHOVSKY'S VIBRATORY CIRCLE 


Author Unknown, Source: BSRF files 
Translated from the German by Bodo Capeller, 1988 


“We owe to magic all progress in physics and chemistry.” 
(Jules Lermina, 1915) 


The Paris professor with the Russian name Georges Lakhovaky claime to capture, 
with eo called open vibratory circuits (circuits oscillants), cosmic waves and pass 
them on to humans (neck antenna) and plants. Healing of people has been verified by 
French and Italian medical practitioners, healing of Cancer injected plants has been 
proven through photographic records. 


The vibratory cireles are manufactured from heavy copper wire with a diameter of 
5-10 millimeters. Those wires 5-8 millimeters in diameter had a more pronounced 
effect than the much thinner variety. The spiral (of the open ended circle), which 
can be single or double, is guided around the plant and is supposed to be insulated 
against its support by “Ebonit” (1). 


Instead of copper wire medical practitioner Dr. Ernst Busse (Garmisch, Germany) 
recommends the use of thin copper tubing: “because of the short wave length of cosmic 
vibration only the surface effect (skin effect) is effective (that means electricity 
is only present on the surface of a conductor, not in the middle) which requires the 
use of maximum surface area. Besides this the tubing is easier to work with and has 
Jess weight. (Private Correspondence 1/10/1953) 


Helmut Friedensdorff (Berlin, Germany) did report already in 1932, from himself 
as well as others, on the effectiveness of an open vibratory circuit against lumbago 
among other ailments. He inserted a simple isolated copper wire into surgical tubing 
and positioned it at the problem spot in a manner that both wire ends did not touch 
@). 


Ganon Smythe of Great Britain did proceed ina similar manner: "The only tools 
required are a one meter length of flexible electrical wire and a sidereal pendulum. 
The insulation is removed at both ends for a length of 2 centimeters, the wire is 
stripped and the wire strands are removed except a single strand. Then the wire is 
aid out on a table and the pendulum is positioned over the wire ends. It will rotate 
over the positive end in a clockwise motion, over the negative end in reverse. Then 
one proceeds to make a knot at the negative end for identification purposes. It 
should be positioned on the left side of the body or in the vicinity of the leg, the 
bare wire pointing to the left. The wire may be installed over the clothing and can 
be braided or fastened with safety pins, the ends should point into the proper 
direction. 


“arthritis in one toe should be treated by using the wire like a stocking holder 
wound around the leg where the knotted end will point to the left. The author makes no 
claims for the healing arthritis but reports a lessening of pain. 


“With severe headaches the wire is wound just above the eye level around the head 
so that the negative end rests over the left temple. 


“Severe coughing is treated with one wire around the throat, another one around the 
abdomen.” 
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A just started cold is reuoved by our associate in a few hours with two wires, 
one with the positive connected to the negative end of the next wire joined as a 2 
meter long wire. "I wound the wire over the shirt under a sweater around the chest 
until I reached under the arm pits and made sure that the negative end is on left side 
of the chest pointing to the left, the positive end pointing the opposite way. 


Smythe published this in a paper many years ago called “The Other Half of 
Medicine". He is supported by the research of a recently deceased friend, Dr. Martin 
of Airaines, France who had been promoted to the medical faculty in Paris in 1932 with 
a dissertation "Diagnostic Radiesthesique en medecine veterinaire" under the tutelage 
of professor Nathering—without an examination! In 1935 a Dr. Girard presented a 
sinilar thesis before the University at Lyon. 


Medical practitioner Arnold Mannlicher (1880-1958) from Salzburg carried in his 
rear pocket an open vibratory circuit which also acted as a cell detector. 


Vibratory circuits proliferated after the announcements by Lakhovsky's discovery 
as “throat antennas, broadcast jewelry and healing chains" in the market place. 1 
cannot say at the moment if they were of the open or closed kind. Apparently between 
the two kinds exists a fundamental difference in their effectiveness, open circuits 
reduce the tension within the body, closed circuits raise it. A closed broadcast 
chain can easily be transformed into an open one when it is opened and is closed with 
an insulator inbetween (rubber band, silk thread). 


The open circuit is nothing new at all. Dr. Beck, former head of the municipal 
children's clinic in Bayreuth says: “the open bronze rings of the Hallstadt area from 
grave sites can be understood as protection against radiation effects very similar to 
the rings worn by the Negro tribes around the arms, legs and throat.” The ancient 
Germans wore "broadcast jewelry"--in order to coin a modern word--an open solar 
spiral. Dr. Heermann has revived this. He writes: “invigorating liver and intestines 
the solar wheel acts like a plated iron spiral with the windings running from the 
center clockwise.” 


Smaller--sown into green material-~is my usual aid in stomach ulcers and swollen 


glands. Underneath his illustration (not shown) the researcher explains: “a spiral 
ending growth rays to the abdomen” (3). 


The never tired Dr. Busse since 1954 has also tried out open rings beside 
vibratory chains and belts. Earlier he replaced acupuncture needies with metal foil 
band aids and states now in a letter dated 4/19/1954: "instead of metal foil one may 
arrive at the same effect by wearing open copper rings on certain fingers and joints. 
When you put a ring that is cut open or manufactured from heavy copper wire on the 
corresponding finger an immediate change of pulse at the radial pulsation can be 
observed". 


One of his associates who experimented with these open finger rings was surprised 
by the achieved results. 


I am very much indebted to this versatile medical practitioner. 


Because copper rings are a tuner (strengthening, invigorating) it was required to 
find a second metal which reduces organic functions. It turned out to be aluminum. 
On closed rings it was already reported in the chapter “Amulets' 4s far as the 
application of aluminum is concerned the welder Herbert Bauer (born 1921) from 
Freiburg, Germany has manufactured many years ago the so called “Zelemente”. 
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According to the description it was recently manufactured fron a three metal alloy 
which reminds of the "seven metal (electrum magicum)" of Hermetic fame. We are 
dealing here with closed chains that are supposed to protect from dangerous radiations 
of technical and cosmic nature and are therefore named radiation protective antennas. 
They look flat and are meant to be moistened in the morning and evening. 


Whatever the effect is of the vibratory circuit on the world of plants has been 
shown in 1905 when sick elm trees were healed on a Hamburg street. 


‘The Vienna engineer Lambert Binder (born 1905) caused, during a growth experiment 
in 1944 on orange trees, accelerated growth by surrounding the tree with an isolated 
wire spool. 


R.E. Esspiau tried out in 1954 the following experiment with the Lakhovsky 
antenna arrangement. He connected the first on a three stalk head of cabbage to free 
standing antenna, the second to ground the third one to water which was replaced every 
24 hours. In less than a week the first buds began to form, within four weeks other 
stalks were formed and developed leaves while a control plant withered away (4). 


PHOTO TEXT: 


Illustration A: This illustration shows a Lakhovsky experiment on a Cancer infected 
geranium plant. The cancerous growth 1s clearly visible. Pelargonium zonatum 
(Geranium) inoculated with Bacterium tumefaciens on April 10th, 1924 and photographed 


June 6th, 1924. It will be observed that the stem of the plant bears a massive 
tumour. 


Illustration B: An astounding discovery by Prof. Lakhovsky: a free standing antenna 
ving manufactured from copper that surrounds the geranium caused the plant to drop the 
cancerous growth (resting on the rim of the container) and made the plant whole again. 
Photographed June 1925. 


Illustration C: The test plant three years later. The antenna ring has completely 
healed the plant and protected it from other damage. To the side are two unprotected 
similar control plants of same age that became victims of the same disease. 
Photographed on March 13, 1928. 


Picture credits: These three illustrations are designated tables II, V, and VII in 
Lakhovsky's Secret of Life. 
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‘THE RUSSIAN LAKHOVSKY REJUVENATION MACHINE 


by Bob Beck 
from the November 1963 Journal of Borderland Research 


In September 1963, Dr. 1.0. Anderson, 
Anderson Research Center DirectorandBSR 
‘Associate, phoned me about a ‘marvelous 
electronic machine" purported to “‘cure”” 
almost any human ailment. I've looked into 
dozens of these “modalities” every year; 80 
with extreme skepticism T gathered instru- 
‘ments and took offto check another possible 
hoax. 

I found a heavy spark-gap Tesla Coil 
inside a four-foot cabinet. This console was 
rigged to circular “antennas” and was par- 
tially shielded inside a home-built Faraday 
‘age in the living room of Dr. Anderson's 
‘friend, Ithada’t functionedin overa decade, 
‘and had been given up by some twenty-odd 
‘medical instrument repairmen and engineers 
‘as unfathomable. 

‘The machine, which had no nameplate 
or other identification, tamed out to be a 
Lakhovsky “Multiple Wave Oscillator”, or 
MWO. Fortunately the present owner had 
found patents and two books describing its 
‘operation. We were able to reconstruct the 
circuitsand after several hours had it operat- 
ing perfectly. The machine was not a hoax. 

Lakhovsky didhis esearch priorto world 
‘War Il and died in 1942, No infringement 
‘can be involved in duplicating Lakhovsky's 
‘work, since his U.S. Patent #1,962,565 ex- 
piredin 195] andisin public domain. Thave 
found from the book The Waves that Efeal 
‘by Mark Clements that MWOs are exten- 
sively used in hospitals in France, Germany 
andTtaly, and although tested in New York 
‘Hospital with fantastic success, MWOs re- 
‘main practically unknown in’ the United 
States. 

‘MDs testing Multiple Wave Oscillators 
reported up to 98% cures of terminal cances, 
arthritis and other “hopeless”” conditions. 
Case histories were complete with before- 
and-after photos, Often rejuvenation was 
demonstrated, not only in human beings but 
in plants and animals as well! 

So, on Sept. 18, 1963, I designed and 
Duilta modern MWO based on Nikola Testa, 
and Lakhovsky’s original work and patents. 
‘The tansistorized instrument ftsintoabriet 
‘case and weighs under 14 Ibs. Experiments 
‘with the MWO on some eighteen volunteers 
have demonstrated almost unbelievable re- 
sults, At this writing, Oct 20th, every single 
subject, including myself, reports fantastic 
‘ins 

‘My mother, age 72, who has suffered 
from hyperteasion and glaucoma for many 
‘years, measured absolutely normal blood 
Pressure the morning after her first treat 


‘ment, And the eye tension, tested by her MD 
the Week following, hed dropped toa lower 
poiatthan inthe previous two years. Another 
‘woman with a long-standing back condition 
says she was permanently relieved in one 15 
minuteexposure. An asthmatic with chronke 
bronchial complications claims he is now 
symplonfive after two exposures and her 
husband with bad dermatological condition 
of soven years history appears to be very 
definitely improved. Perhaps the most dre- 
smaticis Mr. N.V.C. who had broken his log 
sing last December. Because of an old 
polio complication the broken leghad never 
healed and flesh surrounding the fracture 
‘was in a very poor, waxy condition, After 
one exposure be phoned to say he had re- 
gained feeling in the area. The next day we 
thade an “after” photo slide of neatly nor- 
‘mal tissue, 

A rend sufferingallergies oflongstand- 
ing says she can now eat anything and her 
MD admits he as startled by her youthful 
appearanceand newvitality. The Lakhovaky 
literature illustrated many such rejuvens- 
tions as an unexpected side effect of cancer 
cases. Subject’s wrinkles disappeared along 
withthe tumors! 


‘THEORY OF OPERATION 

‘Lahovsky pointed out that all cells ca- 
pable of reproduction contain in their nuctet 
“filaments” of highly conductive material 
surrounded by insulating media, This fla- 
‘ment, which may be the RNA-DNA com- 
plex, isalways in the form of spiral orhelix 
~in other words, acoil. Therefore, each will 
react a5 a tuned circuit if its resonant fre- 
quency can be approximated by an external 
oscillating coil. 

Lakhovsky didn’t carry this to it’s con- 
clusion; however, postulate that by exciting 
the nuclei with electromagnetic energy a 
“charge” can be induced by the long estab- 
lished principle of electromagnetic induc- 
tion. This demonstratively raises tho energy 
level and perhaps the vitality of every cell in 
the field simultaneously. Since each cell is 
‘individual, and of slighty differentphysi- 
cal dimensions, the exciting wavelengths 
must be multiple, and must span a broad 
frequency spectrum. Disthemy machines, 
limited to crystal-controlled single frequen 
cies in the 27.255 MCrregion, can do nothing 
Dut heat the tissue; and yet this approach, 
abandoned by Lakhovsky in the 1930s, can 
stillbe fourd in ‘modem’ doctor's offices! 

‘The Electromotive Force (EMF) pro- 
‘duced by the MWO and induced in the ell 
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nucleus, canraise thecell'smetaboticrateby 
Blectrolysis, and pethaps jog the RNA-DNA 
“memory” and reproductive capabilities to 
theirlevelatanearier, younger age, thus the 
rejuvenation, Even more sublle changes 
right be postulated, such as magnetic *pro- 
aression’” effects 2s evidenced by heavy 
‘water in magnetic fields, 

By contrat, any chemical tea into 
one’s system by mouth orby injection such 
asvitamins, food ormedicins—mustfintbe 
albsorbed in proper solution and ratio with 
unknown tract elements, then be transported 
by the blood to affected tissue only to be 
possibly jected by tho target areas, 

Perhaps in cancer the EMF induced by 
the MWO raises the vitality and memory of 
rarginalcellstonormal reproduction eves. 
Inthe case of othr disease, perhaps acells 
siven higher energy levels can more readily 
throw off affliction. 


A WAVE FOR EVERY BODY CELL 

‘The Multiple Wave Oscillator described 
hereradiates abandwidth ofradio frequency 
(RF) energy from the audio frequencies up 
beyond microwave frequencies. By actual 
‘measurement with standard field streagih 
meters, this vast bandwidth of frequencies 
anditarmonicscan be shown, In fact, bluish 
glow of “brush discharge” surrounds the 
antenna when operating, A fluorescent lamp 
hheld anywhere within several fect of the 
subject glows brilliantly. Within this mul- 
tiple-waverangeo frequencies, everyeellin 
‘thebodycan find its ONEresonsat frequency 
and absorb energy at its own natural wave 
Jength. 

‘Obviously the Electrostatic energy caa- 
‘not penetrate the body. This is knowns the 
“skin effect”. However, the Electromag- 
‘etic component of the energy can and does 
permeate and will induce an EMF in each 
cell, Tt is precisely this energy to which 
Lakhovsky attributes his almost miraculous 

‘Aword of warning, although no delete- 
rious side effects have ever been reported for 
‘human reactions the MWO has input power 
exceeding 35 watts, Itradiates RF interfer- 
ence overa bandpass of 15 Kilocyclesto well 
beyond 250 Megacycles. The Federal Com- 
‘munications Commission has stiff penalties 
forunlicensed transmitters and radio and TV 
interference — not to mention making all 
your neighbors very unhappy. We operate 
‘our machine in a shielded room, and the 
battery input prevents RF interference from 
feeding back into the power line. 

‘The deluxe MWO diagrammed here can 
be built by any intelligent 16-year old with 
readily available electronic parts. I do not 
planto build, manufacture, sell or otherwise 
exploit this device, as my interestispuretyin 


research. Several Associates given this cir. 

‘cuit have successfully constructed MWOs. 
‘We would certainly like to hear from any 
BSR Associates who undertake this project, 
but please do not communicate watil after 
building the unit. I cannot correspond over 
<otails which any intelligent person would be 
able to thresh out with his or her own techni- 
‘al friends, 

‘At one stage we had planned construct- 
ing a much higher-powered unit but the re- 
sulls with the “portable” are so gratifying, 
that Model Two was shelved. Extensivetests, 
are scheduled with plants and animals, and 
every effort is being made to remove any 
clement of “suggestion” from results, A 
physician fiend is cooperating with the 
project by sending a few 
“problem” patients for test. 
Itis much too soon, however, 
to make a finished statement 
‘concerning the MWO's po- 
tential. No cures can be 
laimedevenifobviously dem- 
‘onstrated, since our laws are 
controlied by medical unions 
forbidding the use of the word 
‘except by MDs. But I have 
satisfied myself with nearly 
‘weaty miracles in these few 
‘weeks of tests that the MWO 
‘might well be the most prom- 
ising deviceto come to lightin 
‘many years. 

Thave onerequest, that no 
one building this device ever 
bbe tempted to charge a fee, 
donation, orreimbursemeatof 
‘any kind whatsoever for its 
use. I feel most strongly that 
aay device potentially helpful 
to suffering humanity should 
bbe available completely free 
ofchargetoanyonencedingit. 


CONSTRUCTION TIPS 

My MWO is built on an 
11 x 11% inch plastic pane, 
Componeats extend 3% in, 
below this, so the unit fits 
nicely intoa smallattachecase, 
The 6 volt battery was a 
Sonotone fetimeNickel Cad- 
‘miumunit; however, five war- 
surplus NiCads (1.2 v each) 
Wired in series would be less 
expensive, 

(My first unit used a tran- 
sistorized driver for the Tesla 
Coil but the Ford coil works 
‘equally well, is far cheaper, 
‘but has the disadvantage of 
‘making a buzzing noise. The 
Ford Model T coils may still 


charger 


‘These are made of concentric Alvainan f 


Math colle facing subjects 


be available at Pep Boys storesin California, 
or can possibly still be purchased from J. 
Whitaey & Co., 1917 Archer Ave., Chicago, 
IL 60616. The spark gap was made from 
salvaged tungsten relay contact points about 
14 in. in diameter. (Chevrolet Six timer 
points, 1950, do very well). Therelay spring 
‘arm can be tuned by a Nylon 6-32 screw 
adjusting its natural spring teasion. The gap 
‘mvt be carefully tuned for maximum output 
for every individual, since the subject's ab- 
sorption seems dependent on his body Muids 
and weight. Adjust for maximum sparking at 
‘random: times and intervals between several 
(ofthe inner antenna rings. 
‘Thoautomatic timer, zero to 15 minutes, 
‘the meter, the internal battery charger, the 


RFCeircuits, etc. areallsimply conveniences, 
and may be left out of the eirout without in 
any way subtracting from results. By not 
building in these deluxe features, the entire 
MWO will cost much less to build. Use 
plastic instead of metal screws around the 
high voltage coils. High voltage capacitors 
‘can be tracked down at surplus stores or well 
stocked electronics parts sources. The Tesla 
Coilmustbehand woundasitisnot available 
‘commercially. 

‘Wehave determined experimentally that 
a workable pair of antennas, radiator and 
‘resonator, can consist of 16 concentric rings, 
ranging from an outside diameter of 10-34 
inches down to 1/2 inch. ‘These were con- 
structed by cementing a one-foot square of 


ADAPTATION OF LAKHOVSKY MILTEPLE-MAVE OSCILLATOR, U.S. Patent #1,962,565 
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Antenna 


Original cover providing template 
for aluminum MWO antenna. 


Reynolds kitchen aluminum foil to an 11- 
{inch square of thin fiberglass. The outline of 
each set of circles was carefully scribed with 
sharpened compass, razor or Script bade. 
By scoring or cutting the aluminum foil was 
cut through to the plastic backing and the 
‘waste area strips pulled away before the 
cement hardened. Excess cement was re- 
moved with a solvent. The gaps were then 
‘cut withthe razor, Note that gaps ae alter- 
‘ated in postion each 180%, as per drawing 
‘noriginal cover page, This was drawn from 
‘actual antenna and you can set your com- 
‘ass distances foreach ring from it. Keep 
‘gaps between inner rings narrow to enoou 
‘age random arcing between rings. Trim the 
‘comers from the gaps of the three or four 
outside rings to discourage fixed arcing at 
these places. Also be sue'to clean away any 
bits of foil betweea rings. These also will 
‘cause xed arcing. 

Tn so, the ring second from the outside 
is connected to the high side of the Tesla 
secondary. (Refer to “antenna terminal” on 
original cover page illustration) This i the 
radiator coil. The arcing from thisring othe 
‘outside ring eauses the “shock excitation” 
ofthe fourteen other antenna clement. Since 
each radiator is of éifferent dizmeter, the 
srray spans. broad, multiple-wave segment 
‘of tie Radio Frequency (RF) spectrum. The 
other antenna element, called the Resonator, 
{s connected with a five-foot, high-voltage 
eter wire tothe ground side ofthe TeslacoiL 
secondary. 


PUTTING THE MWO TO USE 

‘Theantennaandresonatorare suspended 
‘from non-conductive supports about thres 
feet apart, such as wooden chairs with no 
ails or screws. The subject of the experi- 
ment, preferably with all metal removed 
from their person, including belt buckles, 
Zippers, hooks, fésteners, coins, hairpins, 
‘earrings, rings, etc, is seated on a wooden oF 
plastic rest between the antenna and resona- 
tor (hung vertically, the foil rings toward tae 
subject. Unless the Resonator is powered by 
separate Tesla Coilitwill notre. Metal on 
the subject will produce eddy currents in the 
field of radio frequencies, reducing their 
effectiveness.) Experiments shotldlast from 
nine to over 1Sminutes, A four-day interval 
between experiments isrecommended. Four 
such experiments over 16 days should suf. 
fice to demonstrate anything. 

‘Warning, two-inch sparks can be drawn. 
from antenna; so keep subject at least thres 
Inches away. Iftouched a mild and harmless 
sting can be felt, HF effects can be demon- 
sirated in a darkened room by holding a 
‘uoresceat lamp anywhere near the subject. 
‘The RF energy will eause the tamp to light, 
although no wires are touching it, Field 


strength measurements read several wats of 
power ftom the audio frequency spectrum to 
‘eyond 250 megacycles. 

‘The illustration to the right is from 
‘Clement’s Waves That Heal, Lakhovsky’s 
illustration ofa living cel. “In the centre is 
a twisted filament which, possessing self 
inductance and capacity, constitutes an os- 
cillating circuit. The similarity to a short 
‘wave circuit is manifest; the filament shown 
here oscillates like a coil having a very small 
umber of spirals.” He quotes Lakhovsky: 
“‘Bvery living being emits radiations", and 
‘adds: “the living cell can thusplay the part of 
a transmitter orreceiver of exceedingly short 
radio-electric waves which give rise to high 
‘frequency currents in the cuits ofthe cel- 
Tular nucleus.” 


‘THE FOLLOWING PHOTOS were kindly furnished by Borderland Sciences 
Research Associates from their own experimental work with the MWO during the 
years of 1964 and 1965. 


‘THE PRINTED-CIRCUIT ANTENNA foilis glued to an | |-inch squareof 1/16th inch 
thick fiberglass. Spray one surface of the fiberglass with Hobby Shop spray glue and 
stretch smooth surfaced kicchenaluminum follacrossit. Press the filon firmly from 
the center out, smoothing out repeatedly witha soft cloth. Any remainingair bubbles 
‘canbe released through 2 small pin hole. The circles are more easily cut if you make 
ajig with a I6-inch square of plywood with a headless nail for a center post. Using 
the antenna pictured on the front cover as a pattern, mark and notch an old ruler 
‘or stick where each circular cuts to be made. This marked guide ruler is mounted 
‘over the antenna on the plywood jig as shown at right. The foil-covered surface is 
‘then turned clockwise with the left hand against the Scripto blade held firmly in the 
successive notches by the right hand. Be careful to cut through thefoil. Ifyou don't, 
in lifting the cutouts afterward, you may also lftor tear the rings. Ifa metal grommet 
is placed in the terminal hole in the second ring this will prevent the high-frequency 
‘are from burning the foil and fiberglass during operation. Copper foil can be used 
for the printed-circuitantenna rings but deposits build up onit from arcing, wherever 
it occurs. There is no deposit buildup on aluminum fol. 


33 


‘THE RADIANT ENERGY of the MWO is 
‘obvious in this three-minute time exposure 
during operation in a darkened room. Note 
the brush discharge of etheric energy all along 
the edge of the outside ring, going three or 
four inches, Look at the random arcing 
between the antenna rings, down to the 
eighth ring! This antenna received full power 
by being mounted on the MWO case, directly 
at the positive end of the Tesla Coll 


AT LEFT IS A TYPICAL EXPERI- 
MENTAL SETUP, with a chair for 
"guinea pig between antenna and reso- 
ator. Beck's original equipment called 
foran 18-inch leadwire fromthe positive 
end of the Tesla coil to the antenna. It 
‘was found that there was too much loss 
‘of power along this wire. The later 
development shownabovehasthe MWO 
set upright, with the antenna mounted 
directly against the positive end of the 
Testa Coil in the case. 


THE INTERIOR HARDWARE 
LAYOUT is shown at right in this 
photo of another MWO, neatly pack- 
aged for an attache case. A. The five Ni- 
Cad batteries, |I-1/4 volts each at full 
power. B. Timer. C. Tesla Coil, D. 
HSVACtransformer (for house current 
operation if desired). E. Spark-gap using 
modified Chevy Six points. F. Model T 
Ford Coil, G, Battery Charger. 
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RECTIFYING THE FORD COIL OUTPUT using a IB3GT or IG3GT high-voltage tube, 

‘To Spark Gap and Condenser ‘Wind 15 or more turns of fairly heavy insulated copper wire 

‘round the middle of the Model T Ford Coil. One lead from the 

RECTIFYING TRE FORD COIL OUTPUT ‘winding goes to the Hi-voltage output of the Coil, and to pin 2 or 7 

ofthe 1B3 tube. The other lead goes to the other pin, as only two 

pins of the tube, 2 and 7, are used in this hookup. The souped-up or 

‘rectified voltage is drawn off the top of the tube to the spark gapand 
condenser. 


i 


MODIFIED VERSION OF THE BECK TESLA COIL 6 wilt 

115 volt house current into the black leads of the iTrailsfornes: 
6 volt transformer, one green lead to the T Coil 
‘negative terminal, the other to an SCR 45 amp Diode 
to make direct current to the Plus terminal of the T 
Coil. A 12-volt currentto the T Coilheatsitup and will 
‘not increase the spark. Radio Shack’s 6.3 volt, 3 amp 
transformer does very well for a power supply. 

‘Wrap 16 turns of insulated hookup wire around 
the middle of the T Coil and feed to pins 2 and 7 ofthe 
1B3 rectifier cube. Feed the plus output of the T Coil 
into pin 2 of 7 of the 1B3 also. 

Hivvoltage from the top of 1B3 goes to Spark plug. 
‘Widen gap of plug to 1/8 inch or more for maximum 
‘output of Secondary coll to Antenna. 

One 10,000 WVDC (Working Volts Direct Cur- 
rent) commercial-type Capacitor, on the plus side, will 
do very well in this circuit. Capacity can be from 0015 + 
+0 .005 microfarads. 

Beck's unable Tesla Primary called for 20 or more 
turns of bare wire for his movable contact but experi- 
‘ence shows that 16 turns of insulated #19 wire for a 
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sparkat Plus end Secondary coil. This is 4-1/4 inches of 
#4 insulated wire, or 4.3/4 inches of #32 insulated 
wire, for 420 turnsmore or less on 1-1/4 inch collform 
6 in. long. The Primary is wound on a 2 or 2M in. coil 
form. ‘There should be heavy insulation between 
Primary and Secondary to prevent power-loss arcing 
between Coils. 

REMEMBER, the goal isa thin blie, or blue-white 
‘spark at least 3/4 inch long at the plus end of the 
Secondary. When fed into the center hole of the 
Antenna it should light up like a Christmas tree, with 
arcing between every ring. Feedingthe coil output into 
the center hole gives more power to the shorter wave 
lengths. We get plenty of the longer wave-lengths from 
other electrical apparatus and from power lines. 

This coil would be a good high-frequency power 
supply for Kirlian Photography. 


Resonator 


Tesle Coil 


Antenna 


‘THE TRANSISTORIZED MWO 
By Gerald W. Steele 


Here is tentative information on the solid-state MYO. I say tentative since 
this is the 3rd version I've built. The first used an automobile spark coil for T2 
but I found this undesirable since it lacked higher frequency harmonics. Even worse, 
the lower frequency ones could be harmful to living systems. 

Version 2 was with a small black and white TV flyback transformer running at 2 
slow (100 pulses per sec.) pulse rate. I eventually sped it up but could never get 
the required 1" spark from the Tesla coil. 

This version uses a color TV flyback and a higher power discharge circuit. 
Nominal lowest frequency is 1.5 Khz though it could go as low as 270 Hz. 

All diodes, SCR, and transistor can be substituted with universal replacement 
types available at electric part outlets. 

As you can see, electronically it is simple. The power metering circuitry in 
the original MWO can also be used here if desired. I've had enough trouble 
waxinizing the output of this device to worry about monitoring the power. 

This device is excellent for use in Kirlian photography several ways: A modified 
circuit could be used for A, for a wide range of pulse rate settings. 

There are two possible voltage sources for Kirlian use, each with unique 
characteristics. First is the output directly from T2 with or without the Tesla coil 
circuitry connected. Second is the Tesla coil output itself. 

Other modifications include rectifying 12's output. The old MWO manual 
recommended the use of a tube rectifier out there are solid state types available. 

Be sure it is a color TV high voltage rectifier. Connect as shown: 
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One question may arise in the builders mind: the need to heatsink SCR. No need. 
Not much heat generated. 

Be sure R3 (or combination of resistors forming it) get ventilation. They get 
hot. 

Always short Cl just after turning off power to work on the device. Remove 
short before reapplying power. ‘The device is perfectly safe if you exercise care. 
R6 is a safety feature, it discharges Cl when turned off - but still short Cl when 
servicing, a standard safety procedure. 

I am making constant improvements. The alternate values given for R3, C5 may 
give greater power at a higher pulse rate. I have yet to try them since 225 watt 
resistors are hard to find and apply. Besides it seems to work quite well as it 
stands. The only complaint one might have is the cost of construction principally 
due to the flyback transformer T2. But scavenging could help here. 

Enclosing the spark gap in a plastic box could reduce its audible noise level. 
Ventilation of the spark gap gives more consistent operation. If the spark gap can be 
physically constructed above R3 the heat will produce air currents giving natural 
ventilation. 

As I said, I am making constant improvements. Its too early to finalize it, but 
perhaps other associates may be interested in constructing and improving it. The 
lack of interrupter contacts gives a high level of reliability and consistent output. 
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Its too early in use for me to comment on its effects except that I think it is 
quite positive. 


CIRCUIT DESCRIPTION: 

The circuit consists of: low voltage oscillator, high voltage capacitive 
discharge generator, and Tesla coil. 

The low voltage oscillator consists of Ql a unijunction transistor operating ae 
a relaxation oscillator. Frequency is variable from 270 Hz to 26 Khz with most power 
generated at 1500 Hz. RI controle this frequency. The DC Power for this circuit 
cones from a voltage doubler on the power transformer low voltage windings. ‘The low 
voltage DC value was chosen to be as low as possible with consistent firing of the 
SR. 

The high DC voltage is rectified and filtered in Cl. Rl is surge protection. 
The high DC voltage charges C5 through R3 until Ql fires SCRl whereby C5 is 
discharged through the primary of flyback transformer T2. DS protects the SCR from 
high reverse voltage transients. 

The secondary of T2 feeds the adjustable shunt spark gap and then through the 
Tesla coil resonating capacitors. Two capacitors are used here due to voltage 
requirements though one 15Kv capacitor could be used. From this point on it is all 
standard MWO fare. 

Transformer T2 is expensive although any used color TV flyback could be tried. 
In all experimentation or adjustment the goal is maximum spark output at the Tesla 
coil secondary. 
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Note: Optional ground for Tesla coil secondary, if it reduces output do not use. 
R3 made from four 25K 10w resistors in parallel. VRI linear taper. Cl may or may 
not be polarized. C6, C7 could be single .0025/15KV capacitor. SCR1, QI and all 
diodes can be standard replacement equivelants. 

MPR Type: TL - TRIAD. 72 - Stancor HO 6246, Thordarson fly. 

Alternate values: R3- 1K ohm, 225 watts; C5 - 1 microfarad, 600v. 
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THE LAKHOVSKY MULTI-WAVE POWER SUPPLY 
by KLARK KENT 


Many of us have read the Borderland Sciences Research Foundation (BSRF) 
publication "The Lakhovsky MWO" in which electrical wizard Bob Beck 
astounds us with tales of wonder. He tells how he was informed of the 
location of an old Lakhovsky Multi-Wave Oscillator that had been declared 
"unfathomable". He was able to reconstruct the circuits and after several 
hours the machine worked perfectly! 


Mr. Beck and fellow experimenter Ed Skilling designed and built a modern 
version of the MNO based upon Nikola Tesla's and Lakhovsky's original works 
and patents. Georges Lakhovsky, a herald of the New Age, was no doubt a 
skilled experimenter and investigator of the Life Energy. This is evident 
by his practical application of Nikola Tesla's famous coil. 


Super Science has updated both Lakhovksy's original and Bob Beck's 
adaptation of the Multi-Wave Oscillator. Looking at the schematic diagram 
an Bob Beck's article, we will eliminate everything but the 12 volt 
battery (or 12 volt power supply), switch, Model T Ford Coil, high voltage 
capacitors, and the Tesla Coil. A large high voltage diode is added to 
rectify the output of the Model T Ford coil which leaves us with a stripped 
down but thoroughly functional MWO power supply. 


12 volt lantern battery----------------------------5, I i % 
+ 
Switch - Loker 


Ford Coil --~. 


Diode, ECG-513, 45kv ---. 


Spark gap - 
Capacitors; .005mfd @10,000 volts -. 


Tesla Coil -------------. 


Resonator antenna connection --------- -- 


Before proceeding further, let's remember that the MWO is an experimental 
device and not for any healing or medical purposes! All experimenters 
should be in at least reasonably good health when building or experimenting 


with this high voltage, high frequency Tesla Coil Multi-Wave Oscillator 
power supply. 
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LET'S BUILD! 


To begin our MWO Tesla Coil power suppl 
Y project, we can a 
needed parts and components. Basie parts tiets > Seige eat 


712 volt power supply; this can be a 12 volt lantern battery available from 
Radio Shack or any plug in power supply rated from approx 2 to 7 amperes. 


~Model T Ford Coil; these old time induction coils are still available from 
J.C. Whitney Co, 1917 Archer Ave, PO Box 8410, Chicago, IL 60680. The MWO 
power supply will work adequately with the Model T Ford coil but a 
transistorized driver for a modern "hot rod" auto ignition coil will 
produce a Tesla Coil power supply with far more power! 


-Switch; the on/off switch can be of any type. There is a switch already 
present on the plug in 12 volt power supply. I prefer to add a second 
switch of the key type, which prevents unauthorized use of the unit and a 
piece of vinyl tubing can be fitted over the metal key to create an 
insulated switch (this is important when turning the unit off). 


-Diode, ECG-513 at 45 KV. The diode rectifies the output from the Model 
T Ford coil or the auto ignition coil by taking out the stray ac signals. 
This diode is a high voltage device rated at 45 Kilovolts (45 KV) peak 
inverse voltage. 


-Spark Gap; an ordinary spark plug works adequately in this application. 

Try wrapping the spark plug in a large piece of vinyl tubing to insulate 
the spark gap. For a better spark gap, use a set of tungsten points. 
Chevy 6 cylinder 1965 model year works well to fabricate an adjustable gap. 


-Capacitors; .005 mfd and rated at least at 10 KV (20 KV is better). 

We buy our capacitors or make them ourselves. I prefer to buy them. Check 
with your local electronic supply house to special order these high voltage 
capacitors; they will not be cheap... An alternative is to scrounge the 
local surplus stores to fabricate high voltage capacitors from several 
capacitors of a lower rating. It is easy to round up some 2500 wvdc 
capacitors with a 5000 volt test rating and .005 mfd capacitance. Wire the 
capacitors together in a series/parallel arrangement to arrive at the 
desired value. Series connections add the voltage rating and lessen the 
capacitance by division of the total number of capacitors in the series. 
Thus four capacitors rated at 5000 volts wired together in series yield one 
20,000 volt capacitor. If the capacitance was originally .005 mfd each, 
now it will be .00125 mfd for the series. Thus we need to connect four of 
the series capacitors together in a parallel arrangement to create one 20 
KV capacitor at .005 mfd. Parallel connections have no effect on the 
voltage rating but parallel connections add the capacitance of each 
individual capacitor. 


CAUTION! Capacitors store electrical energy and can shock even when unit 
is turned off. Be sure to discharge the capacitors before touching them... 
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TESLA COIL 


We make the Tesla Coil ourselves using the basic parameters worked out by 
Bob Beck in his original MWO adaptation from Georges Lakhovsky. The Super 
Science Tesla Coil is a close coupled, liquid filled coil that produces a 
8" spark discharge when driven by a Darlington transistor and "hot rod" 
auto ignition coil setup. 

For making the Tesla Coil, I like to use pve pipe for the secondary coil 
form and acrylic tube for the primary coil form. The acrylic is 
transparent which permits visual inspection of the interior of the coil to 
observe any corona leakage or malfunction. 


For the secondary winding: cut a 1 1/4" outside diameter piece of pve pipe 
seven inches long. For the primary winding: cut a 2 1/2" outside diameter 
piece of clear acrylic tubing (1/4" wall thickness) seven inches long. 
Wind the secondary coil form with #32 gauge bare enameled copper wire so 
that the turns are tightly packed to create a winding approx six inches 
long with a 1/2" gap at either end. Wind the primary coil form with #14 
gauge stranded and insulated copper wire. Wind exactly 18 turns and 
tightly pack them together. The vinyl insulation on the #14 gauge stranded 
wire will provide the correct spacing between turns. 


Place the secondary winding inside the primary winding and use Super glue 
to hold the windings in place. For the terminals of the windings, use 
ordinary banana jacks to create a modular coil with a standard banana plug 
connector system. There will be tremendous electrical stress between the 
primary and secondary windings. We could reduce this dialetric stress by 
using a pancake style primary winding, but the pancake style primary takes 
up a lot of room. To solve the dialetric breakdown between the two 
windings, we insulate the space with liquid mineral oil. The liquid 
mineral oil is self healing should a dialetric breakdown occur. Solid 
forms of insulation such as paraffin wax are useless once a short circuit 
path has been created between the two windings. 


To use the mineral oil insulation system, finish the coil first. Then 
drill a small hole in one end and squirt the oil in using a squeeze bottle. 
Then seal the hole using a piece of acrylic and Super glue. A word about 
Super Glue! This stuff is quite remarkable and is sold in hobby shops that 
specialize in flying, gas powered, model airplanes. Use accelerator to fast 
dry the glue. The brand name of the Super glue is "Gap Filler" and the 
accelerator is "Insta Set" both made by Bob Smith Industries. 


AGH 
VOLTAGE 


SPARK GAP 


Even though an ordinary spark plug will work for a spark gap, we can do 
much better with an adjustable spark gap made from a set of tungsten auto 
ignition points. Chevy six cylinder, vintage 1960's are fine. To fabricate 
the adjustable spark gap, cut the base plate of the point assembly into two 
parts; make the cut near the spot where the two tungsten contacts normally 
meet. You should now have two base sections, with a contact point on each 
section, The reason we cut the base plate is to prevent the high voltage 
from jumping from the connections to the base and bypassing the breaker 
points. File down any sharp points where the base was cut. Mount the two 
tungsten points in such a way that the contact points barely touch each 
other and the base sections are as far apart as possible. Mount the spark 
gap assembly on a small piece of acrylic sheet. Wood is not suitable to 
mount the spark gap because the high voltage current will pass right 
through the wood base, possibly setting it on fire! Use a large nylon bolt 
to mechanically adjust the points. Mount the nylon bolt (Toilet seat bolts 
work well) in the side of the briefcase so that it butts against the spring 
loaded contact arm; this acts as a spark gap adjuster. 


The advantage with an adjustable spark gap is that we can tune the gap 
while the MWO is in operation. The closer the two tungsten points are to 
each other, the faster the frequency of the spark jumping the gap. The 
further apart, the slower the frequency of the spark jumping the gap. 
Typically the Violet Ray Bulb Assembly calls for a fast frequency spark 
gap setting; while the High Power Radiator Antenna or Golden Ratio Antenna 
call for a wider gap spark setting to produce more power. 


One side of the spark gap points will be at "ground" potential; while the 
other side will be at "high voltage" potential. Leave a metal discharge 
point exposed on the high voltage side of the spark gap assembly. We do 
this so that the entire MWO power supply may be discharged with a test wire 
running from the Ground Bus to the high voltage point. This provides a 
quick way to discharge the capacitors before troubleshooting the unit. 
Also, cover the spark gap 

assembly with a visual 

block made from 
translucent acrylic, This 

visual screen will block 

the ultraviolet light 

emitted by the spark 

jumping the gap. Leave 

the sides of the spark 

gap assembly open to allow “ov 3u7 
circulation of air around 
the points; this will 
"quench" the spark gap and 
prevent the jumping spark 
from turning into a 
constant arc. Also, mount 
the cooling fan air intake 
near or directly above 
the spark gap assembly; 
this will serve to further 
quench the gap for better, 
more bouncy performance... 
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555 TIMER AND TRANSISTORIZED DRIVER 


Even though the Model T Ford coil works adequately to power the MWO Tesla 
Coil power supply, we can really do better with a modern "hot rod” auto 
ignition coil. Mallory makes an aftermarket coil for drag racing that puts 
out approx 45 KV. The "MSD Blaster" is another aftermarket auto ignition 
coil that really gets the job done. Even an ordinary UC-15 replacement 
coil with its 30 KV rating will outperform the Model T Ford coil. 


However there is one consideration to using an auto ignition coil as the 
primary high voltage source. Since we are working with 12 volts direct 
current, we need to interrupt or chop the 12 volts going into the auto coil 
to enable it to function as a transformer. The Model T Ford coil had a 
built in interrupter for this purpose. We will make a much better 
interrupter from a 555 timer chip and a high power Darlington transistor. 
The 555 timer chip will chop or interrupt the 12 volts going into the auto 
ignition coil from 130 times per second to 1300 times per second while the 
Darlington transistor handles the power. With the Model T Ford coil we 
were stuck with the fixed frequency of the interrupter (approx 200 Hz). 
With the 555 timer system, we can tune the frequency of the primary high 
voltage from 190 Hz to 1300 Hz. This really makes a difference when we try 
to get maximum performance from our Tesla Coil when it is driving the MWO 
Golden Ratio Radiator Antenna or driving the Violet Ray Bulb Assembly for 
direct stimulation. 


Below is the schematic for the 555 Timer/Transistor Assembly. It is shown 
hooked up to the auto ignition coil. You can hardwire this circuit using 
a Radio Shack #276-162 project board. I use a large heatsink to mount the 
Darlington transistor (RCA 6766) and to mount the 60K ohm tuning 
potentiometer. When the MWO power supply is housed in a briefcase, the 
shaft of the 50K ohm potentiometer can extend through a hole in the side 
of the case. Go ahead & slip a short piece of vinyl tubing over the 
potentiometer shaft both to extend the shaft and to insulate it from high 
voltage. 
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GROUND BUS 

An external Ground Bus is important because it lets us reference the high 
voltage to the zero potential of the Earth itself. Without a true Earth 
ground, the negative side of the circuit can pick up a substantial voltage 
by induction from the high voltage potentials in the circuit. This 
condition is known as a "floating ground" and could result in the 
experimenter getting shocked. The shock itself is harmless, but the 
surprise that an accidental shock causes may lead the experimenter to jump 
back and bump his head! The Ground Bus may be connected by a long wire to 
a cold water pipe or to a steel fence post or to a piece of rebar driven 


into the ground. The Ground Bus is a handy reference point when 
discharging the circuit before troubleshooting. 
SAFETY 


Try to follow the "one hand rule" when actively adjusting the live high 
voltage circuit. This means keep one hand in your pocket or one hand behind 
your back, If an accidental shock should occur, then the electrical current 
does not travel across the heart when the experimenter follows the "one 
hand rule". Another safety procedure is to use a 12 volt lantern battery 
to power the circuit while it is still under construction. Once all the 
problems have been solved, then a more powerful 12 volt supply can be used. 
TESTING THE CIRCUIT 

Let the circuit run in darkness and try to observe any corona leaking from 
exposed high voltage points. There are two good and easy ways to stop high 
voltage leaks. One method is ordinary vinyl tubing: wrap wires carrying 
high voltage in vinyl tubing to absolutely stop them from leaking power 
robbing corona. Auto parts store sell expensive spark plug wire which will 
withstand the high voltages we are dealing with. If you use spark plug 
wire, be sure that it is metal wire, not "radio suppressor” wire (it's 
carbon fiber and impossible to solder or connect to). 

Another good method of insulating high voltage is 100% silicone clear 
caulk! With your caulking gun, apply some 100% silicone clear caulking to 
exposed wires, exposed high voltage points and other places where you can 
observe leaking high voltage corona. 
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LAKHOVSKY 
MULTI—-WAVE 
OSCILLATOR. 


HOW IT WORKS: 

The MWO sets up a high 
voltage oscillating 
electromagnetic field between 
the two antennas. 
Experimental subject sits or 
stands in this field and 
every cell in the body is 
exposed to the resonant 
effect of the multiple waves. 
Just as one guitar string 
will sound when exposed to 
its resonant tone: so will 
each cell vibrate to its 
own natural frequency! 


Modular construction works 
well for the Tesla Coil in 
the Super Science MWO power 
supply. This high voltage 
Tesla Coil can produce a 3" 
spark discharge from the 
smooth HV Discharge Terminal! 
The unit is a versatile 
experimenter's kit that can 
be used for Kirlian 
photography, or to create a 
plasma of Argon gas in the 
Violet Ray Bulb Assembly. 


SUPER SCIENCE 
PO. Box 392 
Dayton, Ohio 45409 “ 
(513) 298-7116 


In this time lapse 
photo, we can see the 
dramatic effect of 
the high voltage 
excitation of each 
ring of the MWO 
antenna! Each ring 
radiates at its 
characteristic 
wavelength and 
frequency to cover 
a range from approx 
200 Hz to 14 Giga Hz! 


Ye adatruit learning system 


Adafruit Guide To Excellent Soldering 


by Bill Ea 
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ANTENNA HOOKUP 


Experimental subject is 
placed within the 
oscillating electrostatic 
field between the two 
antennas which are approx 
4 to 6 feet apart. All 
metal such as heavy belt 
buckles is removed from 
the body. Clothes are 
optional. Sessions should 
last approx 20 minutes; 
skip at least one day 
between sessions to allow 
the body a chance to 
detoxify. 

With the Golden Ratio 
Radiator Antenna, the use 
of the second Resonator 
is not required due to 
the unique "Scalar" 
“properties of this 

design. 


ReDdiA7oR 
ANTEN MA 
WIRE FROM 
CENTER 
HOLE TO 
GROUND. 
Bus 
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From the December 1963 Journal of Borderland Research 


Excerpts from: 


THE WAVES 


THAT HEAL 


The New Science of Radiobiology 
by Mark Clement 
edited with commentary by Riley Hansard Crabb 


Bob Beckhasloanedus acopy ofthe late 
‘Mark Clement's bref, illustrated review of 
Georges Lakhovsky’s Multiple Wave Osci- 
lator showing pictures of antennas, before- 
and-after skin cancers apparently cured by 
the Oscillator, and of cancerous plants re- 
turned to normal health by two means: 1. 
Radio-Cellular Oscillator, and. Single Wire 
Oscillating Circuits. 

““Onthe day Hitler's mechanizedhordes 
drove into Prague 2 hook was published in 
London cuted The Secret of Life by 
Georges Lakhovsky, a Russian-born eng:- 
necr resident of Paris, The book had previe 
ously appeared in French, German, Italian 
and Spanish translations and Lakhovsky's 
‘theories were well known on the Continent 
ongbefore the English Translation was pub- 
lished. 

“The evil designs of the Nazis soon 
‘ave rise to depressing repercussions in all 
spheres of human activity and Lakhnovsky's 
remarkable work was left virtually unnoticed 
in this country (Fagland) by the medical 
profession and the public alike. A few dis- 
ccemingcritics however, expressodtheir views 
with appreciative understanding. The Hos 
pital said ‘Lakhovsky’s theories are so inter- 
esting from the point of view of future devel- 
‘opments that it will repay any keen hospital 
officer to give them his close attention.” 
‘Science Forum said “The admirable transle- 
tion of Lakhovsky’s The Secret of Life will 
be heartily welcomed in progressive circles. 
‘The general theory is one which physicist, 
biologists and medical men cannot afford 19 
‘ignore.’ But these were voices inthe wilder- 
ness andthe field for experimental investiga- 
tion was left open toa few amateurs devoid 
of scientific training and lacking the neces- 
sary resources. 

“The impartial investigation of claims 
of eure of various diseases by un-orthodox 
smethods demands high qualities ofmind and 
character possessed by very fewmen indeed. 
Scientific truth is no respecter of persons oF 
of vested interests, and Lakhovsky’s spec- 
tacular results in the treatment of plants and 
animals and human beings were inevitably 
‘bound to antagonize orthodox practitioners 
and exponents of popular medical cult 

“On the Continent Lekbhovsky's work 
attracted a great deal of attention in scientific 


circles, particularly in Germany and Italy. 
Italian investigators were among the first 10 
study Lakhovsky’s theories and put them to 
‘the test in laboratories and clinics, Ttwas, of 
course, tobe expected that thenew science of 
Radiobiology should make a special appeal 
to thointelloctual heirs of Galvani, Votta and 
Marconi. It is somewhat depressing to ob- 
servo thatin England, the country of Faraday 
and Clerk Maxwell, Lakhovsky’s theories 
have not yet received the attention they de- 


REGENERATING OSCILLATING CIR- 
curs 

““Lakhovsky has beencriticizedbyphysi- 
ists ignorant of biology and by biologists 
‘ignorant of physics! These self-appointed 
‘censors of knowledge soon found they were 
‘confronted with aredaubtable opponent who 
fully realized the value of experimental evi- 
ence. lis publication resulted in causing 
annoyance to the custodians of infallible 
doctrines who made up with carping ver- 
biage what they lacked in clarity of vision 
But Lakhovsky's achievements with his os- 
cillating circuits supported by astonishing 
photographs of regenerated tissues in plants 
‘and human beings could not be exploded by 
rere verbal fireworks, and as evidence acct- 
ulated the skepticism of hostile erties re- 
lapsed into morose silence, 

“The indisputable fact remains that La- 
-novsky was the first experimenter to make 
use fhigh frequency elecro-magaetiowaves 
{n the domain of biology. Thus out of the 
application ofradio-electicity to biology his 
work developed and gradually established 
the foundations of the new science of Radio- 
biology. The first international Congress of 
Radiobiology was held in Venice in 1934. A 
leading authority on elestro-therapy, the late 
De. EP. Cumberbateh, wrote: ‘Although it 
had been frequently observed thatthe short 
Hertzian waves could produce heat at a dis- 
tance from the transmitter the frst scientific 
investigation from a iological point of view 
‘was mae by Lakhovshy and his colleagues 
‘who published paporin 1924 on the effects 
of very short waves on cancer in plants.” 

"When France was occupied by Ger- 
‘man troops, Lakhovsky, being a prominent 
‘anti-Nazi, decided to leave Paris and made 
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hhis way to New York where he died in 1942 
at the age of 73. 

“Inthe United States Lakhovsky’stheo- 
ies were put tothe practical test with typical 
American speed. Noticing that patients 
treated with Lakhovsiy’'s Multiple Wave 
Oscillator showed sions of rejuvenating ap- 
pearance, the possibility of exploiting this 
side-effect proved irresistible to an enter- 
prising ‘beautician’. A. film was made fea- 
turing casesafter treatment with Lakhovsky's 
MWO, which proved to be both interesting 
sand convincing. 

“In New York Lakhovsky was ap- 
prosched by soveral hospitals witha view to 
testing his apparatus experimentally. The 
remarkable results obtained . .. in ¢ large 
‘New York City hospital andalso by a promi- 
‘nent Brooklyn urologist are fully sot out in 
the text. 

“Inthiscountry (England), owingmainly 
tothe inauspicioustimeat which Lakhovsky’s 
‘majorwork was published, very ittleintrest 
thas beea showa on the part of those best 
qualified to judge its merits. The medical 
profession, whose conservatism is the most 
formidable barrier to progress, has been no- 
toriously slack in investigating the mew ra- 
dio-lectrcal methods of testing disease as 
originated by Lakhovsky..”” 

‘Mark Clement's observation on te for- 
‘miduble conservatism of the medical profes- 
sion in 1949 is still true today, Effective 
‘lectronic disgnosisand treatment of disease 
isstilla closed doorhere in Americaas faras 
the AMA is concemed. Those brave MDs 
who have tried to keep medical practice 
abreast of developments in electronic sci- 
ence have been discouraged, if mot actually 
driven out of practice. Dr Abrams is 2 good 
example, with his Oscilloclest, developed 
and proven effective in San Francisco about 
thetimeLekhovsky was developing the MWO 
inParis inthe 1920s, Radical imovations in 
aay line of endeavor are usually thought up 
and prove by rank outsiders. Georges La- 
Khovsky was m0 doctor, but an electrical 
engineer! 

Doctors, with their own pharmacies and 
with massive investments inthe drug inds- 
try, are not likely to show much interest in 
radical new ways for treating human all- 
‘ments, especially ifthe new way isa threatto 
profitable practice; and, 23 long as Ameri- 
‘cans think they can buy health ina pill or a 
shot in the fanny, doctors will continue to 
treatthem with poisonous drigsattop prices. 
‘This is good business, 


BORDERLAND RESEARCH 

‘But for those of us who would like to 
‘keep our bodies as uncontaminated — and as 
healthy ~ as possible, Lakhovsky’s theories 


It is highly significant that about the 
only rays and ray machines approved for 
‘goneral use by the American Medical Asso- 
Cation are the destructive ones of X-rays and 
atomic radiation for the mis-treatment of 
‘cancer. 

“Since Lakhovsky’s oscillating cireuits 
‘Were firstused forthe treatment of eancerous 
‘geraniums, an experiment fully described in 
communications to the French Academy of 
Science, the same method las been success- 
fully applied in Continental hospitals and 
‘aursing homes.” 

Photos of the successful treatment of 
‘cancerous geranium plants are included in 
Clement’s book, along with the pictures of 
the disappearing skin cancers in human be- 
ings. So Clement describes the major fea- 
tures of Lakhovsky’s work in this first chap- 
‘ter, the simple, one-coil Oscillating Circuit 
powered by cosmic rays, and the electric- 
powered Multiple Wave Oscillator. ‘There 
are photos of the Multiple Wave Oscillator, 
‘showing clearly the unique circular anten- 
nas. These were made of metal tubing, 
separated and suspended with silk thread. 
‘The simpler, aluminumn-foil printed circuit 
‘in Bob Beck's adaptation is an easy way to 
‘experiment with the idea 


‘THE OSCILLATING CIRCUIT 
“The diagram on this pageshows where 
the oscillating circuits should be worn, ie. 
round theneck, waist, and above the elbows 
and knees. The effect is intensified if more 
than onecircultis worn. Generally speaking, 
the neck and waist are the favoured sites and 
likely to bring about the best results. 

“In the light of Lakhovsky’s theories 
the fight between the living organism and 
‘microbes is fundamentally a ‘war of radia- 
tions’. Ifthe radiations of the microbe win 
the cell ceases to osciliate and death is the 
ultimate result. If, on the other hand, radia 
‘ons of the cell gain the ascendant the mi- 
‘robe is killed and health is preserved. 


‘THE SECRET OF LIFE (AT THE FORM 
LEVEL) 

“Broadly speaking, health isequivalent 
to oscillatory equilibrium of living cells 
‘whereas disease is characterized by escilla- 
tory dis-cquilibrium, This general principle 
has given rise to a vast number of experi- 
‘ments covering the whole field of biology. 
Plants, animals and human beings have been 
successfully treated by the application of 
Lalhovsky’s oscillating circuits and the 
reader is referred to his major work The 
Secret of Life for a full discussion of this, 
‘important subject. 

‘Those of you who have been studying 
the Kabala with Mrs. Crabb and me must 
have been struck immediately by the meta- 


physical soundness of Lakhovsky’s basic 
theory expressed above, One wonders if this 
Russian escapee from Communism, and from 
‘Naziism, wasn’t indeed a student of the 
Westem Mystery Tradition, perhaps even an 
Initiate! The Tree of Life isthe grounépian 
of our Tradition. On the Tree we show the 
descent and the asceat of power, oscillating 
‘back and forth from left to right and right to 
leftacrossthe Middle Pillar orbalance point, 

‘Now for the final paragraph of Chapter 
One. ‘During recent years observations on 
‘the part of several investigators have estab- 
lished the fact that most animals, including 
insects and birds, emit radiations while they 
arealso sensitiveto the influence of external 
electromagnetic waves. These radiations 
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Single wire oscillating circuits around 
subject's neck, arms, waist and imees. 


‘emitted by all living beings cover an indefi- 
niterange(infiniterange?) and arecharacter- 
izedby amultitude of different wavelengths. 
In the immense range of existing radiations 
‘we can only perceive the luminous octave 
(visible Light) but we know that whole gam- 
uts of radiations exist beyond the narrow 
limits of the visible spectrum. The limita- 
tions of our senses prevent us from perceiv- 
ing radiations of living beings and this sen- 
ary incapacity also excludes from the field 
of directawareness the vast gamut ofelectro- 
‘magnetic waves traversing our atmosphere. 
‘Yet al these radiations and waves exist and 
affect all forms of organic life in various 
maya’? 


DR. RAUL ARAUJO"S REPORT 

Tn Chapter Two Mark Clement gives 
“Medical Reports on Lakhovsky’s Oscillat- 
ing Circuits.” We'll give only one, by Dr. 


48 


Araujo, Physician at the Prophylactic Insti- 
‘tute, Montevideo Uruguay. “In 1929, Dr 
Araujo was suffering from a long-standing. 
infection of the larynx which his eminent 
‘colleagues had failed tocure. While in Paris 
hhemet Lakhovsky who advised him to wear 
‘one of his oscillating circuits inthe form of 
@ collar. Although feeling rather skeptical 
about this unorthodox method of treatment 
Dr. Araujo wore the oscillating cireuit for 
several months with the result that he fly 
recoveredand hashadno relapse since. This 
personal experience led him fo treat his own 
patients with Lakhovsky’s oscillating cir- 
‘cuits. Having treated over 300 patients suf- 
fering from a wide variety of diseases Dr. 

‘Araujo succeeded in curing or greatly im- 
proving cases of rheumatism, asthma, ane- 
mia, neuralgia, gastric ulcer, colitis, glandu- 
lar disturbances, sterility, genito-urinary af- 
fections, general weakness and even cancer. 

Dr. Araujo observed that in cases in which 
Lakthovsky's oscillating circuite appeared to 
ive no definite results there was invariably 
latent infection which required special treat- 
‘ment suchas syphilis, cholecystius, sinusitis, 
pyelitis, dental sepsis,etc...A fullaccountor 
Dr. Araujo’s Report appeared in a mono- 
graph entitled “Cosmic Rays and Oscillating 
Circuits’ by Dr. P. Rigaux, Pari, 1932.” 


CHAPTER THREE, THE MULTIPLE 
WAVE OSCILLATOR 

Most of thishas been well explained by 
Bob Beck in his article in the November 
Joumal, hough we might quote again in 
Clement's own words: “After many experi- 
‘ments Lakhovsky succeeded in constructing 
anapparatus generating an electrostatic field 
inwhich ll fequencies from 3 metres tothe 
inffa-redregion ouldbe produced, Hencein 
this field every cell could find its own fre- 
‘quency inresonance... Thus atype of oscilla. 
{or was obtained givingall fundamental wave 
Jengths from 10 ems. to 400 metres, corre- 
sponding to frequencies of 750,000 to 3 
milliards per second... 

“Since 1931 the Multiple Wave Oxeil- 
lator has been used in most European coun- 
fries and in America for the treatment of 
many diseases including cancer. No contra~ 
indications forthe use of the apparatus nor 
amy hamaful effects on patients have ever 
been reported. ‘This is in striking contrast 
‘with short-wave therapy in general, X-rays 
andradium whose application inthe hands of 
experts has not inffequeatly been followed 
by the most serious consequences...” 

‘Then follow soveral pages of photos of 
before-and-after cancer cures and medical 
reports ffom doctors. This one is typical, 
‘fom Dr. Nicholas Gentile, Chief Radiolo- 
‘ist of the Clinic for Incurables ofthe Apos- 
tolic Ladies of the Sacred Heart of Jesus, 


offer away out ofthe clutches of the medical 
‘ust, Theres litte likelihood tha the AMA. 
‘will support research in this area of elec- 
tronic science for years to come, There is 
‘every probability that there will be murder- 
ous opposition to any attempt to exploit the 
‘MWO on a notional scale, This means that 
‘you will have to build and test your own 
‘equipment, ormake friends with some elec- 
tronic technician — engineer, TV or radio 
repairman ~ and prevail upon him or her to 
build it for you. ‘This is the active kind of 
Dordetland research which requires that you 
getupout of youreasy chairand getto work! 
Ifyou live in an isolated spot, take a mail 
order course in basic radio construction. If 
‘youllive near a high schoo! that hasan adult 
education program, sign up for the evening 
classin radio theory andbench work. Ididat 
Barstow in 1958, so can you. If you want to 
‘eacitizen ofthe New Age youshould make 
some effort tokeep upto date, even ifthe sick 
industry doesn't! 

‘WhatareLakhovsky's general theories? 
Mark Clement sums them up neatly in Chap- 
ter One of The Waves That Heal: 

“The fundamental principle of 
Lakhovsky's scientific system may be 
‘summed up in the axiom ‘Every living being, 
‘emits radiation’. Guided by this principle 
Lakhovsky was able to explain such diverse 
phenomena as instinct in enimals, migration 
in birds, health, disease, and, in general, all 
the manifestations of organic life 

“According to Lakhovsky the nucleus 
of living cell may be compared to an 
lectrcal oscillating circuit, This nucleus 
consists of tubular filaments and chromo- 
somes made up of insulating material and 
filled with a conducting fluid containing all 
‘he mineral salts found in sea water. These 
filaments constitute minute oscillating ci- 
cits endowed with capacity and inductance 
and capable of oscillating according to 2 
specific frequency. They are comparable to 
the circuits, coils and windings of radio re- 
ciel” 

T beliove Clement's comparison of a 
body cell with a radio receiver is only half 
true, The cell can also be compared with & 
radio transmitter when tis releasing energy. 
We are both radio-reveptive and radio-ac- 
tive! Lakhovsky’s theory should be accept- 
able to any occult scientist. The push-pull 
idea, the positive and the negative, the Law 
of Opposites, is basic to all forms and to all 
life at this level of existence. By inductance 
Clement means that radio-clestricity can be 
‘induced or put into every cell of your body. 
By capacity hemeans that each body cll can 
hold acharge ofradio-electricity, just as the 
battery of your car can carry a charge of 
‘electricity. In the case of your body, the 
charge is put in through invisible but very 


real radio waves. These can travel unim- 
peded through any solid object! 

“The living cell can thus play the part of 
‘transmitter orrecoiver of exceedingly short 
radio-electric waves Which give rise to high 
frequency currents in the circuits of the cel- 
Iular nucleus. Now the vibration of an oscil- 
Inting circuit is maintained by radiated en- 
ergy. But where does it come from. 


‘COSMIC RAYS 

“Scientists have established the exist- 
‘ence of highly penetrating waves to which, 
by reason of their universality, they have 
given the name of cosmic rays. These rays, 
generated by the interference of astral radia 
tions, arc capable of traversing dense metals 
and soils to a great depth. Lakhovsky has 
demonstrated the cellular oscillation of liv- 
ing organism is maintained by cosmic 12 
dation. According to him disease may be 
said to result ftom oscilistory dis-equiib- 
‘ium due to ether a deficiency or an excess 
ofcellularradiation. An important factor in 
this connection isthe nature of the soil, A 
reinforcement of cosmic rays takes place on 
soils which are good conductors of electric 
ity such as clay, ferraginous and carbonifer- 
os soils. 


RESONATE IN HARMONY WITH THE 
‘UNIVERSE. 

“To avoid the harmful effects of loss of 
‘oscillatory equilibrium it is necessary to ea- 
sure the regularization of the cosmic field 
round the living organism by filtration. 
Lakthovsky's own explanation of the prob- 
Jem offiltration is as follows: “Theterrostrial 
atmosphere is known to be impregnated by a 
vast range of electro-magnetic oscillations 
ofall wave lengths and intensities as aresult 
of unceasing electrical discharges (thunder, 
etc.). Besides that we know that electric 
motors and other electrical machines create 
in the atmosphere a field of auxiliary waves, 
Moreover, during the past 25 years the earth 
has been flooded with radio-telegraphic, r2- 
dio-telephonic and other waves. Under such 
conditions it is easy to understand why any 
oscillating circuit of any form or dimeasions 
is likely to find in this vast field of waves its 
own resonance with wich it can vibrate 
‘harmoniously. Itis therefore obvious that 10 
‘make any oscillating circuit oscillatethereis, 
‘noneed to have recourse to 2 local generator 
such as the Radio Cellular Oscillator used by 
Latchovsky in 1924 when he first treated and 
‘cured geranium inoculated with cancer. The 
‘oscillating circuit utilized by Lakhoveky in 
his second series of experiments ~ a circuit 
having no artificial source of excitation ~ 
proved equally effectiveincuring geraniums 
rendered cancerous by inoculation.” 

‘Yes, in 1924 Lakhovsky “graduated” 
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from electroniestoredionics! He discovered 
and proved to his own satisfaction that in 
some waysa simple, one-tum coil of wire or 
fibre was as effective the electric powered 
‘Multiple Wave Oscillator. Thesimple Oscil- 
lating Circuit, as Lekhovsky called i, ts 
two advantages over the MWO. It doesn’t 
hhaveto be plugged into a battery or 110 volt 
home power supply, and it broadcasts n0 
interference withradioand TV sets, Itactsas 
a step down transformer for life-positive 
cosmic radiation, 

Clement says that “it must be particu 
larly stressed that only Circuits madein strict 
accordance with Lakhovsky’s directions 
should be used, otherwise the results will 
prove to be entirely negative.” Unfortu. 
nately we do not have Lakhovsky’s diree- 
tions, and Clement certainly doesn’t give 
thet, You are stil fee to investigate this 
typeof research and many have. Ifyou want 
‘to experiment in this area then get yourself 
some copper wire (solid or stranded, re- 
search should be done on both) in various 
Tenet, (8 inches is one wave length which 
has worked well on tomato plants) and make 
them into a circle with the ends overlapping, 
‘but with the metal ends insulated or sepa- 
rated from each other. Lengths can be deter- 
‘mined throughradiestheticmeans (Chats, by 
dowsing) or perhaps in geometric relation- 
ship with the structure of the plant. Consid- 
cring theradionic and radiesthetic viewpoint 
geometric shapes would also have an influ- 
ence andcan be experimented with, Always 
‘use control samples in your cxporimeats to 
see what Works and what doosn’t, 

‘Togetbackto Clement’stext: “Through 
the action of this constant field of radio- 
clectic waves which emanates from the sur- 
rounding atmosphere the oscillating circuit 
ismadeto resonate like an instrument intane 
‘with certain sounds. “Thus the oscillating 
circuit creates a field wihich canalizes and 
filters, soto speak, the cosmic waves neces- 
sary for cellular oscillation, 


‘THE DANGER OF BURNING X-RAYS 

“Furthermore, this filtration isa general 
phenomenon. Ithasbeen discovered, through 
‘he investigations of Lakhovaky, that radia- 
tious such as those associated with ligt, 
ultra-violet rays, X-rays, ete, have the prop 
erty of making cosmicrays act, a it were, to 
the advantage or disnévantage of the cells. 
‘Now the field created by an oscillating cir- 
‘uit is constant and emits a steady and sus- 
tained force. It invariably acts in favorable 
manner on the oscillation of the body cells, 
facilitating by the filtration of cosmic rays, 
regular cellular division, a fact which ex. 
plains the immunity imparted to thecellsand 
their consequent capacity of resistance to 
diseases and microbes, 


Rome, published in the medical review 

ici a XVI, 

"Effects On The Nervous System. Gener- 
ally speaking Thave observed amarkedanal- 
gesic action following the application ofthe 
Multiple Wave Oscillator in all affections 
associated with pain particulary inthe clas- 
sical cases typical of such affections. For 
example, apatientsuffering from cephalagia, 
resulting from violent cranial trauma, for a 
duration of 10 years, was subjected to great 
varicty of treatments, but all in vain, Tae 
patient was definitely cured after 2 months’ 
‘treatment with the MWO. Improvement was, 
‘manifest after only 3 applications.” 

Dr. Gentile also reported the effects of 
‘the MWO onthe Central Nervous System, on 
Chronic Inflammations, on Metabolism, on 
Disorders of the Cardio-Vascular System, 
and on miscellaneous cases. He says he 
adopted the ‘technique of localized irradia. 
tion. Generally speaking, treatment is given 
every 4 days for a duration of 5-15 minutes 
per session. This s the technique witich has. 
sivenme thebest results after ving experi- 
mented with many forms of application. For 
childrea, old people and debilitated women, 
a relatively weaker application is indicated. 
Ifresults are not apparent after 7 or 8 appli- 
cations, I continue until 15-30 applications 
aregivenat therate of single treatment once 
week. Ihavenever observedany iletTects 
from the MWO treatment, woateverthenum- 
ber of applications was in any given case, 
Moreover, the general condition of patients 
{s always improved, even if only tempo- 
rarily, so much so that the patients them- 
selves sometimes insist on having further 
treatments...” 

‘This chapter on the MWO concludes 
with four pages of reports of notable im- 
provement or ewe by American doctors, 
‘Chapter Five is concerned with the remark- 
able results obtained by using the Multiple 
Wave Oscillator on animals. Chapter Six 
contains Lakhovsky’s prophecy that some 
time inthe future diagnosis of disease would 
be obtained by television! hiss something 
‘which Dr. Ruth Drown's Radio-Vision and 
Homo-Vibra Ray instruments have already 
accomplished. 


THE NOVEMBER CONVENTION 
‘TESTING PROGRAM 

‘There Were two Multiple Wave Oscilla- 
tors available. These were generously fir- 
nished by Bob Beck and Ed Skilling, and 
‘were set up in the shielded seance room. 
Only short exposures of from 2 to 5 minutes 
were given, during the Iunch and dinner 
hours oa Saturday and Sunday. In that time 
perhaps 100 people volunteered for tests. 
Until a follow up inquiry is made, no stais- 
tical conclusioncan bemade, or even begun! 


‘A few individual cases reported to your 
Director are worthy of note, including my 
‘own, By mid-moming on Saturday a spinal 
injury ffom my old, hockey-playing days 
‘wasactingup. Doctors havecalledita spasm 
Inthesacro-liacarea, BdSkilinginvitedme 
tos in the rays from the MWO fer a couple 
of minutes while the seance room was being 
readied for testing. Within a minute the 
spasm relaxed completely and the pain was 
gone. This was not a permanent change, of 
‘cours, but tie analgesic effect was certainly 
noticeable, 

‘Mars. Fred Rannenberg, financial seore- 
tary of Hannony GroveandaBSR Associate, 
told me she hed had a sharp pain inthe area 
ofher left hip for over two weeks atthe time 
of the Convention. One 3-minute exposure 
to the rays ofthe MWO removed this com- 
pletely. "When I attended the Grove Board 
‘meeting a week later she said the pain had 
stil not returned. 

‘One Associate did report a negative ro- 
action to the MWO. She attributed it to 
arsenic poisoning. She hada severe case of 
this earlier in the year. When the machine 
‘was turned on she felt a severe pain through 
‘her right side, as though someone had jabbed 
knife into her. It could be that some of the 
Jead poison was stil in her system and the 
stirring of the eels in the mid-section pro- 
duced this reaction. It was endurable, how- 
ever, and she sat out the exposure without a 
murmur, The pain persisted that night and 
she had to put cold compresses on her sdeto 
{get to sleep. The next morning she felt fine 
and was eager to take another exposue'to the 
multiple waves. This time there was no 
negative reaction. 

‘Tac most startling subject ofall was the 
‘woman who had beea awake all Saturday 
night with a migraine headache, an old and 
recurring ailment. By Sunday moraing, Nov. 
10th, she was sick and nauseated. Tt was 
suggestedthatbeforetakinghertoa doctoror 
hospital she be given. a short exposure to 
MWO rays. Within minutes all pain was 
gone and she returned to er cottage to lay 
down and slep like a baby. 


‘THE PSYCHEDELIC EFFECT 

Bd Skilling isthe only I know who has 
stayed in the MWO fleld or rays for longer 
than 15 minutes, While testing and adjusting 
his equipment at his microphone factory 
several weeks ago he deliberately stayed 
between the antennas for anhour. Atthe end 
of that time he was beginning to feel light- 
headed and dreamy he thought it s good 
idea to get out before losing consciousness 
altogether. 

‘Aneven more spectacular possibility is 
the Time-Machine effect in connection with 
rejuvenation. If, as Bob Beck suggested in 
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his article, the MWO tends to take the body 
cell back down the timetrack to a more 
‘youthful, more vital period, what would bap- 
pentoa person who stayed inthe field ofthe 
machine for fourhoure? Wouldhis vibratory 
raiebe speeded upto where he would disap- 
pear completely? Like the hero of 3.6. 
‘Wells’ “Time Machine"? Anybody want to 
try if? It seems, from hints George Van 
‘Tassel has been dropping over the years that 
his Inegraton at Giant Rock, California 
night something ikethis~ifand wheake 
‘gets it working! As Irecall, both George and 
‘the Canadian Saucerian, the late W.B. Smith, 
spoke ofthe four dimensions of electricity: 
1. is the electricity moving in one dretion 
along a copper wire, 2. isthe magnetic field 
sound their, 3.isthostatic chargecrested 
bythe firsttwoertecis,and4isTime—orthe 
“tempc ila” as Smithcaliedt. The Time 
‘Field equates with Space, where conscious- 
ness is everywhere present. Seems to me 
Lakhovsky's Multiple Wave Oscillator is a 
‘ndget which gives us the oppornaity — for 
the fist time ~ of approaching the Taze 
‘Field with scientifically acceptable equip- 
‘ment, operating in knowa frequencies. Ro- 
rember, that with its circular antennas it 
operates on the vortex principle. Each ind 
Vidua! antenna in the group is segment of 
0 degree cone. ‘The 1/2 inch gops, a ater 
nate 180 degrees from each other, conform io 
the alternating principle and give a damped 
or pulsed wave, 


‘THE SPACE AGE EFFECT 

Copies of our November 1963 Journal 
hhave gone all over the world. Each day's 
mail brings new orders. We are confident 
that Lakhovsky’s invention, far ahead ofits 
time in the 1920s and 30s, has been given a 
sew lease on life and will be pushed to its 
ultimate development on every continent. 
‘There will be vigorous opposition from the 
right-wing conservatives and reactionaries. 
‘Their resistance will furnish the platform 
from which electronic*medicine”* willeven- 
tually sweep the world. 

T see the day when a device, similar to 
the MWO, will be a standard part of every 
home bathroom or cleansing center. You 
will consider it as necessary and asroutine to 
fake an electronic showerbath, as to take 
‘waterbath. Home from work, tired, dirtyand 
discouraged, you strip, flip on the MWO 
switch, andwhile shaving, doing yourhair or 
‘whatever re-balance your wholesystem with 
two or three minutes exposure to the puls- 
ing waves from the oscillator as they flood 
the whole room. For the sale ofthe house of 
‘the future it will be as important for the adto 
say “shielded bath with MWO" as it will to 
say “tile bath with radiant heat.”” 

Mr, Skilling told me he was tired and 


“dragged out” aflor processing dozens of 
Volunteer“ guinea pigs” late Saturday after- 
‘noon. Before shutting down the equipment 
‘he satin the nail-less Wooden chair between 
‘theantennas and gave himself athree minute 
shot of pulsed waves. Refreshed and revived 
he looked forward to a good dinner and the 
full evening program, 

don’t know of a better Christmas gif 
‘we could have given the Associates than the 
‘idea and the plans for the Lakhovsky MWO, 
researched and so generously offered us by 
Bob Beck in the true borderland scieace 
tradition, Now it is up to you to carry it 
forward in your own individual way. We 
‘welcome your comments, observations and 
research data as you develop equipment and 
attesting program. 


AND NOTHING HAPPENED! 

"No doubs you are deluged with corre- 
spondence about your articles on the La- 
Kkhovsky Rejuvenation Machine, Since you. 
said ts possible for any intelligent 16-year= 
‘old to build one that is exactly that which I 
have had to rely on. Fortunately, my son is, 
fairly well informed on electronics but obvi- 
ously no expert at his age, 16. He followed 
‘your disgram but instead ofbattery power he 
‘Used an electric train transformer, which he 
assures me, is equally efficient. He also 
found he had to make one change in the 
hhookup of the Tesla Coil. Thave taken four 
‘exposures and the results! ‘Nil!”* 

‘Maybe this lady expected to be rejuve- 

nated backtoher early twenties. As faraswe 
now, no such claims have ever been made 
forthe Lakhovsky gadgets — though itwould 
be interesting if it happened! As for power 
supply to the Model T Ford coil, any 6,8, 19, 
or 12 volt battery or transformer should do, 
depending on what you have available and 
‘where you intend to do your experimenting, 
‘We understand the old Model T magneto 
deliveredas high as 18 voltsto the four coils. 
(One handy source of 6 or 12 volt electricity 
is the cigarette lighter on the dash of te car. 
Plug in there for power when you want to 
‘expose yourself while driving or out ia the 
country. 
“Thad been fighting a virus for several 
‘days and the day after the first exposure! felt 
a great deal better, but the second day I was 
right back where Thad been. Butthat was the 
pattern the virus had been taking. One day 
Ted feel fairly normal, the next miserable 
again. So it is difficult to know if the 
Lakhovsky machine could be credited with, 
the temporary improvement.”* 

‘Thats right, ma’am, some people show 
little or no reaction to the mytogenic waves 
put out by the Lakhovsky instrument. The 
‘esultsareunpredictable. Perhapsthat'swhy 
the research was pushed no further in the 


1930sby authoriticshereintheUnitedSiates. 
You, like most people, think that health can 
‘be bought in a package. Lakhovaky dida' 
agree with this erroneous conclusion, His 
‘theory was that heel isa condition of bal- 
acs of all the forees ofthe body, It health 
is a condition of imbalance caused by your 
aisbehavior. Ifyou continue to misbehave, 
‘any force applied from the outside, whether 
ibe mytogenic waves, manipulation, drugs, 
medicine or surgery, will only bring tempo- 
rary relief, Pain is an insistent teacher, 
‘urging you to change your mind; but if you 
‘can't chango yourmind, how eaa youchange 
your body? 

“One possible reaction tothe exposure 
can report is that I took the first one just 
before going tobed atnight.Ittook me three 
hours to get to sleep. Several things puzzle 
te abot the machine we bave constructed, 
First ofall, although we have experimented 
with a Tesla coil of the size your diagram 
calls for, as well as one almost twice the size 
and strength, we cannot get two-inch sperk 
from the anteana orresonator, 1/2t03/40fan 
inch is the absolute maximurn.”” 

‘The mention of the two-inch spark was 
‘Mr. Beck'serror. 1/2t0 3/4inch arcing is all 
this circuitry will produce and that is ad- 
‘equate to affect notable changes in many 
forms of cell life. More power might pro- 
duce faster changes, and much harm! Be 
reasonable, a living cll isso small as tobe 
‘invisible without amicroscope. Only minute 
amounts of energy are necessary to affect a 
‘ell, to stimulate it orto Kil it 

“Second, underno conditions do we get 
the ‘bluish glow of brush discharge” from the 
sntenna that you mention; although we have 
no trouble lighting upa two-foot fluorescent 
Jamp.”” 

Operate your Oscillator in total darkness 
and you should see some brush discharge at 
some points on the antenna. ‘True this 1e- 
designed equipment puts outnothing like the 
five-inch brush discharge visibleinthephoto 
of some of the original Lakhovsky equip- 
‘ment in Mark Clement's book, “Waves That 
Heal’, and Lakhovsky’s anteana appears to 
boat least two feet across, 

‘But power isnot the answer to balanced 
celllife! Dr, Abrams discoveredthiewith his 
ceacly electronic experiments in Sen Fran- 
cisco in the 1920s. It isthe quality and the 
variety ofthe pulsed waves that counts! In 
any event weaker equipment can be compen 
sated by longer exposure, and this may be 
‘more beneficial to living mater. 

“And thirdly, since we have not con- 
structed any outer shield for the machine, 
such as a Faraday cage of copper screen, 1 
‘have been monitoring the operation on our 
radiosandtelevision. Onthe radio, onenotes 
‘an annoying and loud buzz, but on TLV. 
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‘except for couple of light horizontal lines 
and a very slight hum, there is no serious 
cffect. So I doubt that we're bothering our 
neighbors very mich. In any case, we try to 
use the oscillator very early or very late in the 
day, when few people are using their radios 
or TV, I have sent for Clement's book, 
“Waves That Heal,’ and Lakchovsky’s “The 
Secret of Life’, not only to better understand 
‘what we are trying to work with but also in 
the anxious hope that I will find out way our 
‘machine does not have the affect it appar- 
ently should have.”” 

Letmeassure you, god lady, thereisno 
single cure-all for man’s ils, The elue to 
better health isin the profound statement of 
the Savior of our race: ‘*As a man thinketh 
‘nhis hear, 30 is he."" Pain i til the great 
teacher in the world and will be fora long, 
Tong time to come. Idon't know what your 
physical condition is and it’s none of my 
business; that’s between you and your doo- 
tor, Ifyou have a long history of frustration 
and thwarted ambition, going back to child- 
hood and even into past lives, this mass of 
energy of crystallized thought-forms, is not 
going to be broken up and dissipated over- 
night. Ifyou have consciously and willfully 
flouted Cosmic laws, orhave tumed them to 
your own selfish ends, the consequences of 
‘this misbehavior wil have to be worked ont 
at this evel. The occult scientist calls this 
Fixed Karma. In this connection, one of my 
favorite teachers, Dion Fortune, reminds us: 
“What cannot bo cured must be endured.’” 

Ifthe Lakhovsky oscillator does havean 
analgesicaffect—asitappearste havekadin 
some cases ithas this advantage over pain- 
relieving drugs; it doesnot leave aresidue of 
poison in our already over-loaded liver and 
kidneys! 


WORD OF A SIMILAR INSTRUMENT 
‘UNDER DEVELOPMENT 

‘Werhave a second letter from this same 
lady Associate, also worthy of note in con- 
nection with the Lakhovaky Multi-Wave 
Oscillator. 

“Firstofl, whenmy brother received the 
‘machine we had built for him, using the 
battery indicated inthe schematic, he flt the 
power source might be too weak. It so 
‘happeashebasabusiness contact with one of 
the largest electronic instrument companies 
inthe area where helives. He decided to go 
straight to the president and seok his advice. 
‘With the whole ides placed before him tis, 
‘gentleman said “This is very interesting. I 
‘want you to meet one of our physicists who 
{is working ona very similar instrument” A. 
meeting with the physicist revealed two in- 
teresting pieces of information: fist, the 
physicist had never heard of Lakhovsky or 
his machine; second as soon as this new 


‘instrument was completed, rrangementshad 
beenmadeto testtinalargenearby hospital! 
Is this latter nota cheering bit of news?” 
Both cheering and discouraging. The 
basic principle discovered by Lakhovsky is 
certainly available to the mental probing of 
‘other sincere rescarchers, so let us keep it 
alive by all means. But barring a revolution, 
in the ultr-conservative leadership of the 
‘American Medical Association noclectronic, 
developments will be allowed to threaten the 
high-profit position of the drug industry. 
““Intheirdiscussion of the power source, 
thephysicistsuggested:my brother useawet- 
cell ear battery, #50, 39 plates, 70 A.H. We 
reusing one foo and it makes a much beter 
spark from the antenna, although t still iso 
greater than 1/2 t0 3/4 inch, Tt does seem 
stronger. Of course the machine is not so 
readily portable with such a heavy battery. 
My brother had only one exposure at this, 
“writing buthe reports anoticeable improve- 
‘mentinthe arthritic pain bothering him inhis. 
right arm formonths. On the other hand, the 
report on the use of my own machine is 
somewhat less encouraging. The only posi- 
tive results concern my husband, After his 
firstten-minuteexpostre, withins fewhours, 
‘ painful bursur in his shoulder cleared up. 
He has been subject to off-again, on-again 
attacks of bursitis there for some 15 years; 
for which he had taken medication, short 
Wave, and even X-ray treatments, when the 
attacks were sovere. He has since taken 
another exposure, but neither this nor the 
first one seemed to help an itching-skin al- 
lergy which hasbothered him for some years. 


NOT THE FOUNTAIN OF YOUTH 
EXPECTED! 

“As for myself, Ihave taken at least a 
half-dozen exposures and cannot inal! hon- 
‘sty detect the slightest difference from them. 
T'mnotsureifitis amatte of ‘suggestion’ or 
{desire to prove the capabilities ofthe ma- 
‘chine. On the contrary, Inotice such strange 
‘contradictions as the factthat although Itook 
‘anexposureyyesterdaymoming inthe evening 
the fourth and fifth fingers on my right hand 
‘were painful, ftom some kind of arthritis or 
rheumatism’ Thad never had anything like 
this before. Does it not seem odd that it 
should develop onthe day ofthe exposure?” 

Not at alll Any positive reaction to 
exposure to the mytogenic rays of the Lax 
Khovsky oscillator indicates that it is work 
ing! Mr. Lakhovsky's theory is that the 
‘waves or oscillations excite the cell, causing 
it to release mor energy, also to shake off 
accumulated poisons and/or tensions, If 
‘your system is loaded down with tensions 
‘rom daily living in America if your system 
is loaded down with poisons from processed 
foods and contaminated air and water, you 


‘can expect painful reactions when the junk 
breaks free. [believe that is what sickness is 
the body struggling to get rid of poison. For 
yo things may get wore before they get 


HOW OFTEN AND HOW LONG? 

“With the mention of two successive 
exposures in two days I get to what isthe 
‘most important question in the use of the 
MWO. No onchas explained why exposures 
are suggested at fourday intervals. Is it 
hharmfl or usless to take them more fre- 
queatly? When one is uncomfortable or in 
pain, one is anxious to rid oneself of the 
discomfort as quickly as possible. And to 
hhavo to wait four more days for additional 
{improvement seems unnecessary if there is 
no harm in the exposures. I have exposed 
myself at more frequent intervals and still 
hhave observed no reactions?” 

‘The suggested exposure rate of fifteen 
rminutes every four days exme from Dr. 
Gentile’ extensive researches with Lakhov- 
sky equipment in Romein the 1930s. Thisis 
atypical professiozal approach to treatment 
of disease by doctors. From long experience 
‘with rugs and other proven forms oftherapy, 
they know that it takes time for the human 
organismto adjust itselfto radical changes — 
‘without harming the organism. 

‘Whether oF not this holds tue for the 
operation and effect of the Lakhovsky ma- 
<chineremainsto be proven andyou'Ihaveto 
be your own guinea pig. It's your machine; 
it'syourbody; it's yourlife. Youcan takean 
‘exposure every hour on the hour if you like; 
stay in all day. Who's going to stop you? 
‘This is borderland research and you are a 
‘borderland scientist, looking fornew knowl- 
‘edge which may be of benefitto yourself and 
‘the human race, judging from thelast ines of 
‘your letter. 

“Lam so excited and hopefil of the 
efficacy ofthis MWO machine that I do not 
‘want to leave any avenue unexplored that 
‘may possibly belp in understanding its use 
snd making it freely available to anybody 
can possibly help. May I take this opportu- 
nity fo tell You how tremendously enthusias- 
tic and interesteé Iam in BSRA, not only 
‘what you are trying to do but what you are 
accomplishing, too. From whatyouimply of 
{he financial situation, it seems tobe largely 
2 labor of love and service on your part, for 
‘which you deserve great praise and theheart- 
felt thanks of every BSRA member and oth- 
cexswhose livesthey touch. Please accep this 
very, very small donation of the enclosed 
check, as a symbol of my appreciation.” 

‘The donation is most welcome and will 
‘beput toward the expenses ofcarryingon this 
‘work, also the words of appreciation. The 
lady was also most curious about the La- 
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chovsky circuits, those single bands of wire 
Which are placed around the waist, or knees, 
or ankles, wrist or neck, and seem to have @ 
subtle but very real affect om the wearers. We 
hhave some information on the Lakhovsky 
Cireuitsor Belts from AssociatcA.E, Powell, 
a retired lieutenant colonel of the British 
Indian Army: 


THE OSCILLATING crxcurr 

“The Belts canbe mado by almost any- 
one, for a few cents. At most hardware 
stores, fora few cents per foo, one can buy 
twin electric cable insulated with white rub- 
ber, used for lamps etc. Getthe smaller size 
1/4 inch wide, having 42 strands of copper 
Wire. Sit an end with a knife and the two 
Wires easily tear apart. 

““Forthe button, get white shoet plastic 
sbout 1/8th inch thick, saw it into pieces 
about by 5/8th inches, and drill near each 
end a hole large enough to take two Wires, 
Round the comers of the plastic and bevel 
edges. Thread the wires, from opposite di- 
rections, up through one hold and down 
{hough the other, leaving about half an inch 
projecting beyond each end of the button. 
‘Where a ciruit can be slipped off the body 
without unbuttoning, you may overlap the 
nds ofthe wire beltan inch ortw, bind with 
fine string and smear with Duco cement for 
strength 

“Parallelism andoveriapoftheends are 
important. This builds up capacitance, pro- 
duces inductance and generates an aliemat- 
ing curent. Circuits may be worn, as many 
asyouplease, round chest, waist neck, ars, 
‘wrists, legs, ankles, neck or head eontini- 
ously. Water will do them no harm. 

““Gladly will I supply Circuits, in any 
quantity, with buttons or bound ends. To 
avoid trouble withthe Food and Drag people, 
‘make no charge. Donations, however, are 
cceplable, and go intactinto my Fund forthe 
Sick, Forlong this has been doing fine work 
and I'm sure you will approve. For reasons 
stated I make no claims whatsoever forthe 
Circuits, nd no guarantee or promise of any 
kind. Ifyou want to give them a trial, thatia 
‘wholly your affair.” Col. AE, Powell (Col 
Powell died in March 1968). 


MWO USED TWENTY YEARS AGO 

““Therecent article inthe BSRA Journal 
pertaining to the Lakhovsky Oscillator is of 
special interest to me. First, I am an engi- 
eer, Physician and Surgeon, anda Scientific 
Consultant for the U.S. Government, (Tech- 
nical Intelligence). am not in any manner 
‘snooping for the. . This is com- 
pletely personal. We builtseveral oscillators 
in 1944, These were used in my sanatorium 
in Dallas where we had some startling re- 
sults. As we didnot have the proper facilities 


to research the instruments adequately, we 
‘became more and more conservative. Many 
patients would show reactions, resembling, 
the old fashioned Fu, after a fow days fol- 
lowing exposure tothe oscillator. Irealized 
‘we were using 100 muuch power, o cut the 
level several times with good results; but we 
didnot completely eliminate theside effects. 

‘in 1946 I was sent to Germany forthe Gov- 
‘eramentto explore Electro-biology and Bio- 
‘physics in its application to electro-medical 
‘equipment. I felt it wise to destroy the 
‘machines so injudicious use would not be 
indulged. ‘The possiblities have intrigued 
ime ever since. It looks as though you have 
solved most if not all of the problems in 
volved. Hence my renewed interest. Tae 
‘excess power upset the enzyme complex of 
the body, orassome felt, distorted he double 
‘electric ayers of charge carried on the cells, 
hence allowing for the penetration of vir 
directly intothe cells (viri operatewithin the 
cells ~ bacteria operate between the cells). 
Cells as well as organs function in a force 
eld so mild oscillating currents not only 
‘work through resonancebut seem toregener= 
ate these force fields. Here is where applica- 
tiontocancer can be optimistically explored.”” 

Speak for your own state, Doe! Herein 
California the medical association has de- 
creed that only four forms of treatment for 
cancer arelegal drugs, surgery, burning rays 
and death. 

“Proof of energy flow fom the fingers 
and thumb is here and must be recognized. 
We have demonstrated it by its effect om 
Yeast cells, viewed under the microscope 
(Girwich research), Whether it comes from. 
the conscious rather than the subconscious 
mind is harderto prove, but Iam impelled to 
believeit does. Thismay interest you. Years 
ago we experimented with crystallization, 
Precipitated water vapor to snowflakes in a 
‘chamber with electrodes plantedintwo sides. 
‘When we threw a current nto the chamber at 
4 given frequency the flakes were all the 
same. Changingthe wavelength changed the 
crystallization pattern. ach frequency had 
its own pattern, Here is the explanation of, 
‘nergy absorption by the chemical used, and 
the control of the crystalline patterns by the 
nature ofthe energy flowing.” 

‘Naturopaths are in 100% disagreement 
with the doctor's above explanation of the 
side affects of his use of the MWO oa his, 
patients. fTunderstand the theory correctly, 
according thenatural view ofcold, fu, virus 
infections, ctc., these are attempts by the 
hhuman orgenism to throw off mucous, to 
climinate intolerable accumulations of poi- 
son from the system, Exposure to the field 
created by the MWO tends to raise the gen- 
eral tone of the whole system by stimulation, 
The raised vibrations release an unusual 


amount of mucous and other junk into the 
climination channels, and until this is elimi- 
rated one would have a cold or flu and the 
usual aches and pains which generally go 
with such a condition. 

‘Another doctor stopped by here not long 
ago to tell of his sad experience in trying to 
use spark-aap electronic equipment in his 
‘medical practice ‘for those suffering pa- 
tients not helped by drugs.” This powerful, 
high-frequency machine produced a two- 


finch spark! Every time he turned it on, 
‘everyone in town seemed to know it and the 
phone would ring. Even a Faraday cage 
didn't shield the output of this monster. 
Finally hewas called beforethecountymedi- 
‘cal board to explain what he was doing. The 
‘board presented a staggering combination of 
fatuous conceit and stubbom ignorance. 
“They didn’t want to know anything about 
‘the affects of radio waves on the body and 
ida't care!” 


CURING CANCEROUS PLANTS 


WITH ULTRA RADIO FREQUENCIES 
by Georges Lakhovsky 
From Radio News February 1925 


“Tho new application of short wavo- 
length oscillations described in the following 
axticle” wrotetho BétorofRadio News, “is 
one ofthe most important ever found, and we. 
ae pleased to present to our readers this 
aticle by Mr. Georges Lakhovsky, the well 
‘mown French scientist. The experiments 
described were carried out in collaboration 
with several doctors and scientists of high 
standing and it seems from results obtained, 
thatthe very high frequency reetmeats will 
playanimportantroleinthe future. Wes 
publish na ater issue anotherarticleonthis 
ew aystem together with the effects of ultra 
radio frequencies in the treatment of diseases 
jin human beings." 

Since November 1923 Ihave published 
in various technical and radio pabication, 
several papersinwhich{expained my theory 
‘that th instinct or special feeling, which 
ermitsbirdsto direct themselvesin space, is 
only the results ofthe enssionandreception 
of rays ty living beings. ‘While developing 
thistheory, lexplained how thoroughly Twas 
convinced tha seieace will discover, sme 
day, not only the nate of microbes bythe 
radiation which they produc, bat also a 
method of killing disease baci within the 
‘human body by means of the proper radia- 
tions. 

‘Theresearches Ihavomade bymeans of 
special apparams have shown such results, 
that I believe my theory is correct. This 
theory is tht life is bor from radiations, 
kept going by radiation and suppressed by 
any accident producing the destruction ofthe 
scillatory equilirium, especialy by the 
radiations of certain mierobes, which sup- 
ess those of the weaker cells 

Before going any further in our reason- 
ing, it is necessary, inorder to present the 
facts to the uninitiated reader, to imagine 
‘what oscillations really sre. Themotion ofa 
‘pendulum wil be used for this explanation. 
When a pendulum is displaced from the 
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position of equilibrium, it moves back and 
Tort producing wiat are own as echove 
oscillations, until the energy stored is ex~ 
‘rely exhausted. By means of a motor, a 
spring, or anelectro-magnet, its possibleto 
keepthe motion of the pendulum of constant 
amplitude, producing unéamped oscillations. 
If, on the contrary, the source of power is 
removed, the oscillations die down and its. 
necessary not only to re-apply the power 
sustaining the oscillations, but alsoto furnish 
additional energy to start the pendulum in 
motion. ‘This oscillation of a pendulum re- 
producesexactly whet happensin thecells of 
a living being. 

Ourorgens erecomposed ofcellsformed 
of protoplasm containing various mineral 
tatters and acids, such as iron, chloride, 
Phosphorous.ete, Itisby thecombinatioa of 
these elements thatthe cells detect outside 
‘waves and vibrate continuously at a very 
high ftequency, probably higher than the 
period of X-rays or overall other vibrations 
known and measured today (1925). The 
amplitude of cell oscillations must reach a 
certain value, in order that the organism be 
strong enough to repulse the destructive vi- 
‘brations from certain microbes. 


(COSMIC RAYS AND CELL LIFE 

‘The astrophysicians are actually carry- 
{ng out experiments of great interest on the 
existence of vibrations, which have been 
called penetration rays and of which the 
frequency ishigher than thet of X-rays and of 
the alpha, beta and gamma rays of radium. 
Such rays, according to the theory, are pro- 
‘duced by the earth itself and some others 
‘come from outer space, Some ccuratomes- 
surements have proved the correctness of 
this theory. Therefore, itis quite permissible 
1o believe that these penetration rays, or at 
least some of them, produce the vibratory 


‘motion of living cells and consequently their 
life. 


For instance, Jt us suppose cell vie 
brates ata certain frequency and a microbe 
vibrates ata different frequency; themicrobe 
‘Dogins to fight thecell, and sickness is started. 

IMthecell cannot repel thestronger vibrations 
and ifthe amplitude of is own vibration 
decreases, the microbe gains and its vibra- 
tions in decreasing and stopping those ofthe 
cells, bring dangerous sickness or death. If 
on the contrary, the living cell is stared 
‘vibrating with theproper amplitude by inside 
or ouside causes, the oscillatory attack is 
repulsed, Such is my theory. 

‘Tue problem is somewhat similar tthe 
situation in which a rescuer finds himself 
‘when, coming to heipafrendina dangerous 
situation, finds himself fighting hand to hand 
agains strong aggressor. Therescuer does 
not dare to fire his gun; fearing to harm his 
friend mixed up with the aggressors in the 
relee. Similarly, microbes andhealthy cells 
are exposedtoclectric orradio-ctive action, 
‘hich could bo used to destroy the unwanted 
rays and it is difficult to suppress them 
Without harming or killing tthe same timo, 
thecells which aretobe treated. Infact since 
Pasteur, scientists have been constantly 
searching fermeans of destroying microbes 
The great difficulty with al! methods found 
‘was that in destroying the baclle, the cel 
was attacked to, The expericace gained in 
cancer and tuberculosis treated with radium, 
Xray, or ule-vilet rays, shows how diffe 
‘ult the work of te investigates, 


A RADICALLY NEW METHOD 

‘The remedy in my opinion is ot to kill 
the microbes in contact with the healthy 
cells, but to reinfore the oscillations of the 
cell either directly by reinforcing the radio 
activity of the blood or in producing on the 
cells a direct action by means of the proper 
rays. Daring January 1924 I began to build, 
according to this theory, and with the pur: 
ose of therapeutic applications, an appara- 
‘us which I have called Radio-Celinlas-Os- 
cillator, with the fim belief that the cells 
vibrating at extremely short wave-lengths 
‘would find their own inthe Hertzian waves, 
Which have the properties of producing ex- 
tremely short harmonics. The cell with very 
‘weak vibrations, when placed in the field of 
‘multiple radiations, finds its own frequency 
and starts again to oscillatenormally through 
the phenomenon of resonance. This type of 
vibration which I propose touse, isharmless, 
unlike those of X-rays and radium. ‘Their 
application, therefore, does not present any 
danger to the operator. 

‘exposed in froat of my apparatus, dur- 
ing long periods, a certain number of mi- 
‘robes in culture, which developed them- 
selves normally, 1 myself, have never felt 


the effect of these ultra radio frequencies, 
although I remained for a great many days 
near the apparatus, during the treatment ap- 
plied tothe living cells. Itis only when two 
living beings such as acell and amicrobe, are 
{in contact, that the rays produced by the 
Radio-Cellular-Oscillatorhaveany directef- 
fect upon cellular structure, 


WORK IN A FRENCH HOSPITAL 

‘The experiments Which I eacied out at 
‘the Saipetriere Hospital in Paris, in the ser- 
vice and with the collaboration of Prof. 
Gosset, were made with plants inoculated 
with cancer, and theresults were described in 
paper presented on July 26, lst your, before 
the Biological Society. Thetextofthis paper 
follows. 

“One knows that it is possible to pro- 
dvceby inoculation ofRacterumtumefaciens 
‘inplants tumors similarto those of cancer in 
animals. One of us obtained experimentally 
by this method, a great number of tumors. 
These had various degrees of development. 
‘Some of them dry up partially, but do not die 
catirely until the entice plant or at least the 
limb bearing the tumor dies, Even removed 
by surgical methods, these grew again on a 
sick limb, 

“We propose to describe in this paper, 
the action of electromagnetic waves of Very 
high frequency obtained by means of the 
Radio-Cellula-Oscllator of Georges La- 
Kehovsiy. This apparatus produces wave 
lengths ofthe order of two meters and less, 
corresponding to 150 million cycles per seo- 
ond. A frst plant was submittedto the effet 
ofradiation onemonthafter being inoculated 
‘with cancer; at this time small tumors of the 
size of a cherry stone were visible upon it. 
‘This plant was submitted tothe rays twice, 
forteshourseachtime. Duringthefollow- 
‘ng days, the tamors continued to grow rap- 
{dy inthe same way asthoseonplans, which 
‘nnd not been submited tothe effect of radia- 
tions. However, 16 days after the first reat- 
‘ment, the tumors began to shrink and dry up. 
A fow days later the tumors were eatizely 
dried up and could be very easily detached 
from thelimb ofthe plant by merely touching 
‘them. The drying action of the radio fre~ 
‘quency radiations is selective and affects 
onlythesickpartoftheplant Eventheinside 
sick tissues Were destroyed, although they 
‘were next to healthy cells inthe ceater of the 
limb, showing that the radiations had not 
affected the healthy parts. 

“Another plant was treated in the same. 
‘way, excep that it was exposed 11 times for 
‘three hours each time, tothe radiations of the 
cswilltor. Sixteen days afer he first expo- 
sure the tumors, which were rather lange as 
showm in one of the photographs, began to 
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shrink and dry up and were easily detached 
from the limb exactly as in the first case, 
Again in this case, the healthy parts of the 
plant were not affected in the least. A third 
plantexposedtotheradiations forninehours, 
that i, three treatments of three hours each, 
was cured in the same manner as the two 
others. Sixteen plants also inoculated with 
‘cancer, were left without treatment. They 
‘have tumors in full activity, several of which, 
‘are very large. These experiments show 
conclusively that plants inoculated with can- 
cer ean be treated and cured by means of the 
ultra radio frequency vibrations, whereas 
surgical treatment fails. 

“‘Such are the results of my researches 
‘with plants. At the present time, similar 
‘experiments are being carried out with ani- 
‘alsand itseems tat the effect oncancerous, 
animals isthe ssme as on cancerous plants. 

“T am highly pleased to preseat my 
‘theory and the results of my work ina scien- 
tific review of the United States, this great 
‘country, which bas alwaysbeen inthe eadin 
the fight against this horrible sickness, can- 
cer, and whose sympathy and help [ would. 
sreatly appreciate, 

“in conclusion I wish to call the atten 
tion of the reader to the fact that I have 
obtained very conclusive results not only 
‘with a wave length of two meters, but with 
onger and shorter wave-length. The main 
‘thing is to produce the greatest number of 
harmonics possible.”” 


This February 1925 article from Redio 
‘News magazine shows how long some of 
Lakhovsig’s theories have beea known in 
‘America, Thisatticlewas farnishedto BSRA, 
by an Associate who ad met the Russian- 
French scientist in Now York. Heclaimsalso 
1 have visited several times the New York. 
hospital which setup a research program on. 
the Muli-Wave Oscillator and saw the La- 
Khovsky-type equipment. No information 
‘onthe machine oritseffects could beclicited 
from the hospital authorities and in the early 
1950sthe shicidedroom was dismantled and 
equipment destroyed. 

We feel that Lakhovsiy’s theories and 
ceatly researches should be followed up. It 
should bepublicly proventhathigh-frequency 
‘waves, inthe proper concentrations, do af= 
{fect living organiams in a beneficial way, oF 
that Lakhovsky be deciared an idle dreamer. 
‘Since research ofthis kind falls within the 
purposes of Borderland Sciences Research 
Foundation, Inc., members are encouraged 
to build their own equipment and, in a suit- 
ably shielded or isolated environment, cary 
catheir ownresearch program. Ifyou cannot 


obtain henecessary materials, BSRFmaybe 
able to put you in touch with another border- 
ander who can be of help. Until the medical 
authorities come forth with official approval 
of this radical approach to the state of imbal- 
‘ance or us-health attributed to disease, no 
fone but a fool would go into commercial 
production of this kind of equipment in 
‘America today. It is now said to take a 
‘minimum of $300,000 in research money 
and three years of testing to develop mmedi- 
cally acceptable data. 


HOW DR. JAMISON WAS TRAPPED 

In a letter dated Aug, 29, 1967, Dr. 
Jamison enclosed this news clip from the 
Modesto Bee: “Turlock — Veterinarian 
Stanton L. Jamison yesterday was fined $249 
in Turlock Jadicial District Court after being. 
convicted of three charges stemming from 
his use of an electronic machine to treat 
‘human petients for cancer. A jury of nine 
‘women and three men returned a verdict of 
guilty on one count of practicing medicine 
‘withouta license and two counts of advertis- 
ing 2 device represented to have effect on 
cancer, stomachulcers orbone diseases. The 
decision followed a two dy trial in which 
Jamison defended himself... 

“They Jamison andhisassistant, Marthe 
‘Ann Davis) were arrested Inst December 
following lengthy investigation by Turlock. 
police officersand agents ofthe State Bureatt 
ofFoodandDrug Inspection. The investiga- 
tion began when Police Chief John Viarengo 
requested assistance from the bureau after 
Teaming “the cancer-curing machine’ was 
‘being operated her. 

“During the investigation, Food and 
Drug agents Willis Worley and Harvey Lee 
atrenged several meetings with Jamison on 
the pretense they were interested in purchas- 
ing machines similar to his. Jamison report- 
edly organized a church as a front for his 
‘operation. The facility, located at 200 West 
‘Main St, was known as the Life Aquarium 
Center. Worley and Lee became bishops of 
the church as did deputy District Attorney 
Frank Damzell, J, who prosecuted the case. 
Atte time ofthe investigation, Damrellwas 
‘employed in the State Attomey General's 
office, 

“Worley said Jamison’s intention was 
to open oiher treatment centers throughout 
the state, using his bishops to setup facilities, 
‘underprotection of the church. “This wasthe 
‘most fantastic investigation T've ever been. 
involved in,” said the agent this morning. 

(Yes, itis fantastico think anyonewould 
‘want to give or donate healing services free 
‘When thereare billions to bemade onthe four 
kinds of cancer treatment authorized by the 
Californie Medical Association: Drugs, Sur- 


ery, Radiation and Death, RHC.) 

“Worley points outthe manufacturer of 
Jamison’s machine was convicted of grand 
‘eR two weeks ago in Los Angeies after 
selling asimilarmachineto a Food and Drug 
agent under false pretenses. (This was prob- 
ably Ralph Bergstresser, Burbank, Calif, 
‘who was manufacturing and selling the Bob 
Beck MWO for $250.) 

“Alter Famison’s conviction yesterday, 
Damrell called for imposition of a prison 
term forthe veterinarian. Ifhe had received 
‘he maximum penalty, he coald have been 
sentenced to 18 months in jail and fined 
$1,500. 

<We felt very strongly on ths,” said 
Worley, “because Jamison could easily bo- 
‘come a menace to maay innocent victims 
throughout the stat.” 


MWO IN USE AT INDIAN CLINIC 

“Tam continuing my experiments with 
the MWO andmy experience is that in prac- 
tically all cases there isan aggravation ofthe 
existing symptoms, and previous symptoms 
are brought tothe surface, Hemorrhage was 
seen in another case and trestment was 
stopped forthwith, Thisisoneproblem which 
has to be tackled before MWO can be used 
with confidence. I thik MWO treatment 
should not be giventotubercularcases. Also 
in cases where there is a hemorrhagic ten~ 
dency this would do more harm than good. 

“‘Nouritis seoms to respond nicely to 
this treatment, Sciaticais definitely cured by 
this. Some cases of Rheumatism and Arthri- 
Us are benefited, responding at first but the 
improvement does not last much longer. 1 
cannot understand the reason for this eccen- 
tric behavior. I think there must be some- 
thing with the frequencies.” 

‘Don’t blame it on the frequencies, Doc, 
Dlameiton thepatients who stubbomly clings 
to their fixed ideas and rigid unyielding 
‘mental patterns. We have no evidence that 
‘theradio frequencies ofthe MWO reach into 
the mental world, Each person’s aura is 
loaded with “signatures”, national, family 
and religious concepts hammered into him 
over the years, His creative energies, flow- 
ing fieely down from the higher worlds, 
‘channel through these deeply cut “grooves”” 
inmind and emotions. The health or ith of 
the physical body indicate whether the 
person's ideas are in tune or out of tune with 
Creation. As a man thinketh in his heat, so 
ishe. 

“Can you please let me know what are 
the ranges of frequencies these machines 
have? Havethey been measuredandare they 
the same in all instruments? Is there any 
‘difference in the modelspreparedin he USA 
and France? Which model was tried by 


54 


Lakhoveky in the New York hospital? What 
are the actual frequencies used by him?” 

‘Theonly frequency readings we have on 
‘aa MWO were those submitted by Bob Beck 
originally, from the output of his own ima 
chine. “Tt radiates RF interference over a 
bandpass of 15 Kilocycles to well beyond 
250 Mogaeyecles. This blocks AM, FM and 
‘Television reception for hundreds of yards" 
But so does my electric razor, and I've been. 
using one for years. Iwas told by sailorthat 
clecric razors ae very effective as “scram- 
blets” for knocking out the electronic brains 
‘of guided missiles, and have been so used as 
defensive equipment during missile exer- 
cies on aircraft caries at sea. No one has 
fumished us with RF output figures from 
original Lakhovsky equipment, ether at the 
‘Now York hospital or from Europe. Ifany- 
‘one has these figures [hope they willbe kind 
‘enough o forwardthem toyou. Laldhovsky's 
available technical record is very slim, 

“An Associate waites‘A very good psy- 
chicin Florida gave the following, ina sitting 
devoted othe MWO. Itisaotanywherenear 
developed to its potential. It has unlimited 
amplifications to be made. The use of the 
‘MWO can change the auric field, thus spiri- 
tually it can change the individual. This is 
done with the work ofthe seven rays of ie. 
‘The MWO should be used in conjunction 
with the radionics instrument.” What about 
this radionics instrument? Twould appreci- 
ato it if you can throw some light on this.” 

‘Somy Doc, the punitive hand of the 
‘American Medical Association has driven 
radionics builders and users underground 
here in the United States. No one bat a fool 
like me would stand up on the fring lin, 
England isn’t quite the police state America 
{sand you can get information on radionics 
sndradionics equipment from the Delaware 
Laboratories, in England, and from Bruce 
Copen, in Sussex, England. Radionics ex- 
perts have developed rates fr every organ in 
the body. Equilibrating those rates with 
specific radio frequencies offers an intexest- 
ing field for borderland research. 

“T have tried both the Vitic and the 
Eeman Screens. I am stil continuing my 
‘experiments withthe Beman Screens. Only 
a couple of days back I gaveaset of screens 
to patient who ishaving an encyclopedia of 
complaints. The MWO did not give her 
‘uch improvement heace the change. Ibave 
‘one set of Vitie with me and whenever [feel 
abit out of sorts Ist for ten minutos and get 
backmy vigor. Lam usinga very strong pair 
‘of magnets and a carbon rod 1% inch in 
diameter. After I received the MWO my 
interestin the other two flagged. IthinkT will 
‘have to cultivate them again.” 

Dr. AK. Bhattacharya 
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From the March 1964 Journal of Borderland Research 


ARMY MEDICAL RESEARCH SUPPORTS LAKHOVSKY THEORY! 


That's our headline, and it's derived from news clips loaned to us by an 
Associate. One especially is from the New York “Times” for Friday, Aug. 19, 1960 by 
John Osmundsen. 


The heading says that Radio Microwaves Produce Molecular Changes in Hunen Beings. 
This is merely a repetition of what Georges Lakhovsky proved with his pioneering work 
in Paris hospitals in the 1920s! 


"New and possibly important biological effects of radio and radar waves were 
reported at a three-day scientific meeting that concluded here yesterday. One 
scientist told of producing 'a profound molecular change’ in hunan gamma globulin with 
specific wave lengths of radio waves in the high frequency to very high frequency, or 
VHF range. 


“Alterations so created in the molecules that constitute an important part of the 
body's defense apparatus were accompanied by at least a fourfold increase in their 
biological activity, the scientist said. 'The changes can be produced under widely 
varying conditions of voltage, power, pulse width, and pulse repetition rate, provided 
the frequency is suitable," according to Lieut. Col. Sven A. Bach of the Army Medical 
Research Laboratory in Fort Knox, Ky 


If Col. Bach had been working from Lakhovsky's original theories and equipment, 
he wasn't saying. This is obvious in reporter Osmundsen's next paragraph. 


“This is believed to be the first report of a proven frequency-specific effect of 
radio waves on human chemistry. Dr. Bach's report appeared to cause more comment at 
the conference then almost any other, for the effect of radio frequencies on human 
gamma globulin in the test tube were clearly not a result of heating. 


It was suggested by Dr. Bach that the increased biological activity of the 


molecules as measured against a rabbit serum sensitized to them might have resulted 
from an unfolding of their structure, thus exposing more active spots.” 


YUP, THEY MIGHT EVEN CURE CANCER 


Later in 1960 an electronics magazine revealed even more about the proceedings of 
this Fourth Annual Tri-Service Microwave Conference held in New York. Our news clip 
is only half a page which reveals neither the magazine nor the writer, but about Dr. 
Bach's claim of a four-fold increase in the production of gamma globulin, he says: 


“What does this mean to you? Gamma globulin plays an important part in the 
body's defenses against disease. Speed up its activity fourfold and it may be four 
times as effective a disease fighter. Some day your doctor may give you 'a shot of 
microwave’ to keep you well. 


Dr. Joe Howland of the University of Rochester found that dogs which had been 
exposed to microwaves were able to withstand heavy doses of X-rays far better than 
dogs not so treated. No specific application for this technique is now known, but 
such discoveries frequently lead to undreamed-of advances. 
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"And finally, some evidence has been gathered to indicate that certain kinds of 
cells, under the right conditions, will simply disintegrate -~ fly to pieces ~- in the 
presence of the right radiation. But surrounding cells are unaffected. Could such a 
selective beam ever be used to destroy cancer cells while leaving healthy tissue 
unaffected? Scientists don't yet know.” 


The writer didn't say which scientists he is speaking for, certainly not for 
Georges Lakhovsky, who died in that very same New York City 17 years before the 
Microwave Conference. Before-and-after photos of skin cancer cures effected by the 
Lakhovsky Multi-Wave Oscillator in Paris hospitals in the 1930s show that the Russian 
inventor did know just how selective radio microwaves can be. These pictures are 
reproduced in Lakhovsky's book, "The Secret of Life". 


To continue with the magazine article: “said Col. George M. Knauf, one of the 
foremost experts on the biological effects of microwaves, speaking of these recent 
advances, ‘Our work has progressed sufficiently for us to be fairly certain that the 
beneficial uses to which this energy may be put will greatly outweigh any harmful 
results it may produce in men.‘ All this of course does not mean we should forget 
that uncontrolled microwave energy can be dangerous. But like fire or W-rays, 
microwaves can, when used intelligently and with understanding and respect for the 
hazards involved, be among man's most valuable tools.” 


MULTI-WAVE OSCILLATOR USE IN A NEW YORK HOSPITAL 


Georges Lakhovsky crossed the Atlantic to New York City in 1941, there to observe 
the effects of his MWO under controlled, technical conditions in a New York Hospital. 
A brief report of the positive end beneficial results of MWO treatments is appended to 
the English translation of his book, “The Secret of Life”, by Mark Clement, on page 
201. These treatments were given from July 1st to Aug. 2st and the name of the 
hospital and of each patient are withheld for ethical reasons. 


Patient  ILlness Treatments Results 

Xe Arthritis, both knees wa Good improvement 

0.P. Endocervicitis. Abdominal pain 6 Condition good 

FT. Periarthritis of shoulder 12 Marked improvement after first 
treatment, condition good 

MoM. Osteoarthritis 7 Marked improvement after two 
treatments, stiffness diminished 

WK. General Chronic Arthritis u Slight improvement 

4.0. Arthritis of ankle 3 Results good 

AE. Post-operative fracture 6 Results good 

C.v. Arthritis, both knees 14 Marked mprovement 

M.D. General arthritis 8 Marked improvement 

Ike Epicondylitis of elbow 7 Results good 

D.G. Chronic arthritis 10 No cough, no soreness, marked 
Amprovement 

8.L. General arthritis 10 Marked improvement 

Bum. Arthritis and circulatory 

disturbances 6 Improving 

ML. Arthritis of ankle and knee 7 Improvement, no recurrence 

MB. Arthritis of shoulder 1 Marked improvement 

MLO. Tenosynovitis, hand 6 Improvement 

S48. Arthritis, both knees 7 ‘Tmprovement 
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S.C.N. Congenital hip dislocation 3 Marked improvement 
RL. Fracture, both ulnae. 
Synovitis, both knees 5 No pain 


Additional Cases 


Case 1. G.D., female, aged 25: Patient complained of pain in the cheat and muscles 
of the right arm and back, and constant cough. She did not respond to medical 
treatment and massage. Treatment with Lakhovsky Multiple Wave Oscillator was 
instituted, After the fourth treatment coughing stopped, pain in the chest became 
infrequent, and the tired feeling inthe back disappeared. At the end of 12 
treatments the patient no longer complained of previous symptoms. 


Case 2. M.M., female, aged 51: Patient complained of pain and stiffness in the right 
hip. X-ray examination disclosed a marked narrowing of this articulation associated 
with large spurs at the margin of the acetablum which appeared to ankylose the joint. 
There were proliferative changes in the upper margin of the femoral head. Diathermy 
and massage failed to relieve the pain and stiffness. After 10 treatments with 
Lakhovsky's M.W.0. the stiffness markedly reduced. 


Case 3. F.T., female, aged 38: For two months the patient complained of pain in both 
shoulders. Abduction of the right humerus was limited to 45 degrees. A diagnosis of 
periarthritis was made and treatment with Lakhovsky's M.W.O. was started. After three 
treatments the patient said she felt much better. The improvement continued. After a 
series of 11 treatments the patient did not return. Apparently permanent relief had 
been obtained. 


Case 4. A.B., male, aged 60: Patient gave history of pain in both knees beginning in 
1940. Diathermy and massage for one year gave only slight relief. Treatment with 
Lakhovsky's M.W.0. was instituted. After ome treatment patient stated that he felt 
better. After four treatments patient felt so much better that he took only one 
treatment in two weeks. 


Case 5. M.M., female, aged 42: Patient complained of pain in lower left back and hip. 
X-ray examination of the lumbar spine and pelvis showed calcification at the anterior 
margins of the inter-vertebral discs between the ninth and tenth and the tenth and 
eleventh vertebrae. There was also a slight scoliosis of the lumbar spine. Treatment 
with Lakhovsky's M.W.0. was instituted. After the first treatment patient felt 
better. After the fifth treatment improvement was very marked. Patient did not 
return after nine treatments. 


Case 6- S.N., female, aged 59: Patient complained of pain in the right shoulder and 
inability to extend the arm more than 5-10 degrees, accompanied by severe pain. X-ray 
examination disclosed irregular calcification in the region of the greater tuberosity 
of the right humerus, Treatment with Lakhovsky's M.W.O. was instituted. After one 
treatment patient said she felt much better. The improvement continued steadily until 
10 treatments were completed. 


Case 7. C.P., female, aged 38: Gynecological examination showed uterus slightly 
enlarged and hard. Right para~metrium tender. Diagnosis --Paranetritis. Treatment 
with Lakhovsky's M.W.0. was instituted on July 17, 1941. After four treatments 
patient felt better, and after 12 treatments patient was found to be much improved. 
Examination on Oct. 7th showed the adnexa and parametrium to be painless. Patient 
was considered cured. 
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REPORT OF CASES TREATED WITH LAKHOVSKY'S MULTIPLE WAVE OSCILLATOR BY A PROMINENT 
BROOKLYN UROLOGIST 


The following results were obtained by a prominent Brooklyn urologist whose name 
must be omitted for ethical reasons. He is a Fellow of the American College of 
Surgeons and enjoys a great reputation as a skilled specialist. He treated hundreds 
of patients with Lakhovsky's WO but only a few typical cases can be given here. 


WG. Acute urinary retention 
due to enlarged prostate 2 Retention ceased 
R.B. Bleeding from uterine 
fibroids of two years standing 3 Bleeding ceased 
S.M. ‘Mild multiple sclerosis with 
halting gate 6 Marked improvement, was able to 
run on several occasions 
R.R. Cellulitis of nose with pain 2 Cleared completely after two 
treatments of ten minutes each 
in one day. 
B.T. Acute urinary retention 
due to enlarged prostate 2 Retention ceased. 
$.B. Bleeding from cancer of the bladder 3 Bleeding checked. The tumor 
cleared up nicely and was 
reduced in size when seen again 
on cystoscopy three weeks later. 
J.G. Chronic aczema of Axilla 2 Cleared entirely. 
L.G. Severe pains form duodenal ulcer 2 Greatly improved. 


In addition to the above cases this Brooklyn specialist treated six cases of 
enlarged prostate with nocturnal frequency (three to five times per night). After two 
treatments with Lakhovsky's M.W.0. frequency was reduced “to only once @ night or did 
not occur at all..." 


The above American reports were not included in the first edition of Georges 
Lakhovsky’s “The Secret of Life", published in 1935, but were added by the English 
translator, Mark Clement, to later editions. We are quoting from the 1963 edition 
published by Health Science Press, Sussex, England. Health Research, (P.0.Box 70 
Mokelumne Hill, California 95245) offers this sane book. 


This early (1941) research with the Lakhovsky equipment seems to nave been 
ignored by the American medical authorities, who are still concentrating on cure by 
surgery or medicine. If you want to discover the effects of weak radio waves on 
Living organisms you'll have to dig for yourself. Our BSRA brochure, "The Lakhovsky 
Multi-Wave Oscillator”, will give you some hints about setting up your own research 
program, and is available from headquarters. 


"DOCTORS SAY RADIO TREATMENT IS EFFECTIVE AGAINST ARTHRITIS" 


Apparently some doctors didn't ignore the research work done by Georges 
Lakhovsky. Take this news item from the New York "Post" for Feb. 8, 1962, with an 
Associated Press dateline from Washington, D.C. “A device theoretically capable of 
bouncing radio signals off the moon has yielded highly effective results in the 
treatment of stubborn cases of arthritis and certain other ills, a group of doctors 
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reported today. The machine generates high-frequency, short-wave-length radio waves 
and emits them as pulses lasting only 1/17,000th of a second each. The pulsed 
currents are directed into a patient's body, with e maximum achievable penetration of 
eight inches. 


“Use of the technique in treating arthritis, bone infection after hip operations, 
inflammation of the female pelvie due to gonorrhea and other conditions, and in 
Speeding the healing of surgical wounds was described in reports by Dr. Buclid M. 
Smith of Hot Springs, Ark.; Dr. Dana Street of the University of Arkansas; Dr. Bruce 
Camern of Baylor University; Dr. Marshall Lobell of Harlem Hospital, N.¥.; and Dr. 
Solon N. Blackberg of Chicago. The reports were made last night at a private 
conference to which several Congressmen and Public Health Service doctors were 
invited. Blackberg later told reporters the researchers would like to enlist 
government support for expanded research by thenselves and their investigators. 


"Smith, in his report on arthritis, said the technique had been employed with 
“highly “effective results in 99 out of a series of 100 cases treated by him. 
Declaring that some of the patients treated had arthritis for up to 25 years before 
receiving radioactive treatment. Smith told reporters that "marked improvement” was 
achieved in all cases in from three to six months. 


PUBLIC RECOGNITION OF RADIOWAVE TREATMENT 


This sensational advance in the treatment of human ailments should have been 
welcomed from coast to coast in every newspaper. Dr. Blackberg and his distinguished 
fellow scientists from Baylor, Arkansas and Harlem should have received public acclaim 
from President Kennedy's Dept. of Health and Welfare and from the American Medical 
Association. But only a thunderous silence followed that early 1962 news item ion the 
private meeting in Washington -- until the Aug. 24, 1963 edition of the Saturday 
evening Post! In this national magazine, radiowave treatment of arthritis was branded 
medical quackery in the article “Hucksters of Pain". There Drs. Smith, Street, 
Camern, Lobell and Blackberg had their answer to “government support for expanded 
xesearch". Fortunately, not every American is going to take this kind of libel 
without striking back at the mouthpieces of the vested interests who lend thenselves 
$0 readily to control of the mass mind. Read this news clip from the Los Angeles 
"Times" for Nov. 1, 1963. 


“SATURDAY EVENING POST SUED FOR $7.5 MILLION" 


“New York -- The Saturday Evening Post, still smarting from one of the largest 
libel awards in history, was hit Thursday with another libel suit demanding $7.5 
million. 


"The suit was filed in Federal District Court here by the Diapulse Corp. of 
America, manufacturer of a machine that employs high-frequency waves in the treatment 
of infections and inflammations, including arthritis. The company said it was defamed 
in an article, “The Hucksters of Pain", which appeared in the Aug. 24 edition of the 
magazine. The article dealt with quack remedies for arthritis. The suit secks $2.5 
million in compensatory damages and $5 million in exemplary damages." 
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From the June 1964 Journal of Borderland Research 
LAKHOVSKY OSCILLATING CIRCUITS 


“About eight years ago I sent to the Health Science Press, Sussex, England for 
a little book, “Quick and Free Healing", and also “The Waves That Heal” and found 
that there are healing waves in the air we breathe. I ama sensitive with the 
pendulum. The book told to take an insulated copper wire and find the positive and 
negative ends with the pendulum, so I would know which end to put to the left side 
of my body ~-positive to the right and the ends overlapping. If you can't keep them 
in place, wrap an elastic band around them. For me, the pendulum swings clockwise 
for negative and back and forth for positive. First use of the wire came when I 
skinned my shin with a five-inch gash. The bleeding made me sick and I had to lie 
down. I thought of my wire circuit, got up and put it on just above the knee. It 
always hed taken a long time for sores to heal on my body but this healed in three 
days time and showed only a narrow line about the width of small yarn. This 
convinced me that the oscillating circuit wasn't foolish. 

“I loaned my little books to a high school student that was taking science. I 
thought they would interest him but he made all manner of fun of me, for believing 
such a thing. None of my family are interested in the good things that I have 
learned. I have been a member of BSRA since 1951 and think your journal is the best 
magazine I have ever read. Anyone wanting to learn more about the Lakhovsky 
circuits can write to Col. A.E. Powell. (Now deceased) 

“Forty years ago I was taking treatments from an osteopathic doctor who 
sometimes diagnosed with the pendulum. When I became pregnant he told me he was 
going to discover the sex of my unborn child. He took his gold band ring off, tied 
astring to it and held it over me. It didn't seem to have any definite swing, 
maybe around once and back and forth. ‘That's strange,' he said, 'I've never missed 
yet!" When the baby came there were two, a boy anda girl! I didn't ask him then 
where he learned about the pendulum or what it meant. Yeare afterward I sent to New 
York for one and found that I could ask questions and get yes or no answers that 
satisfied me. A medium told me that the pendulum is spirit controlled and mine was 
controlled by e young girl who was rather mischievous. If you want to put ny 
experiences in the BSRF Journal it is all right with me. I got my education in the 
little red schoolhouse. 1 am 73 years old and still learning. They say you never 
get too old to learn and I find it is very true." Mrs. Earl Holfinger, Piqua, Ohio 


‘A SHOPPED UP MWO" IS DANGEROUS! 

"It is far too early to draw finel conclusions regarding my experiences with 
the higher powered Multi-Wave Oscillator, a word of warning is in order. I powered 
mine with a 250 VA, 10 KV of1 burner transformer. This {s DYNAMITE and could, in my 
opinion, be fatal if too much power is used and I didn't miss it by much. My 
equipment sparks the antenna down to the 4th ring and the resonator to the second, 
with occasionally a week spark to the third. 10 hours after the first high-power 
exposure I felt like running instead of walking (age 72) and walked all around town 
and back, about six miles and no tiredness, whereas tvo miles would tire me before. 
That first exposure was about ten minutes for me and four for the wife (age 75)+ 
Immediate reaction for me was a moderately strong sensation of tingling from head to 
foot for about three hours before I could get back to sleep. None of this for the 
wife. Then, as aforementioned, I felt on top of the world. 24 hours after that, 
however, the wife and I developed the grandaddy of all colds and flu symptoms that 
we'd ever had. I hadn't had any real cold or flu in 15 years. This one dredged 
such an amount of mucus and toxic waste as I'd never seen before in my life. Tt was 
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rough. It lasted two days before it wore off. 

This all had me guessing until your brochure arrived, with the experience of 
your Engineer-Physician Associate. He told that many of his patients developed flu 
symptoms after MWO exposure. His increasing conservatism was well founded. 1 
decided to find out if the doctor's hypothesis of viral penetration would hold up. 
If S0, a second high-powered treatment of equal strength and duration should produce 
much the same flu symptons. But, having wound another coil, I used more power than 
the firet time, sparking antenna and resonator down to the fourth and fifth rings. 
Results: no more flu, only a very slight tingling sensation, no feeling of 
exhilaration as before. Five days later I took another exposure, of seven minutes, 
with a little less power. This one did it. No tingle, no exhilaration, only a 
feeling of rapidly increasing depression, no sleep that night, a rather severe pain 
in the chest and heart region, extremely weak pulse, hardly pep enough to life an 
arm, and a nervous shaking all over. For a while I thought, this is it. It took 
five days for this to wear off and it isn't all gone yet. One night I lay awake 
until three a.m. figuring out how to pep up the MWO still more. Out of the blue, a 
voice clear and distinct and very emphatic: 'This is dangerous!" Again very 
emphatically, "Yes!" Normally I am not the least psychic, clairvoyant or 
clairaudient; so I choose to heed this as a warning fron a discarnate guide or 
guardian." 


Let this Associate's experience be a warning to you, if you feel the urge to 
build a hopped-up Oseiliator, to transform yourself overnight! Bob Beck's original 
article cautions against this and his original equipment falls well within the 
safety tolerances set by the Air Force and the telephone companies for personnel 
working around radar and micro-wave broadcasting and relay equipment. Most of you 
taking part in this research program have built your equipment only in the last two 
ox three months. It would be wise to stick closely to the original design for a 
year before altering it for further research. 


LAKHOVSKY'S ORIGINAL THEORIES ARE SOUND! 


With one or two exceptions all reports in to date show beyond question that 
Georges Lakhovsky's theories are sound: Radio waves do effect living organisms. In 
certain concentrations these waves appear to benefit cell growth, even to stimulate 
it, This BSR Associates have proven to their own satisfaction in only six months 
from the publication of our first article. Now it ie up to others to exploit this 
knowledge vhile we turn our attention to other projects. 


Week dak aka a 
From the July-August 1964 Journal of Borderland Research 
LAKHOVKSY OSCILLATING CIRCUITS 


“The danger of strong reaction to a hopped up MWO, as told in the June Journal, 
reminds me of my experience with the single circuits. Months ago I wrote to Col. 
A.E. Powell and he sent me single circuits to wear around waist, neck etc. This I 
id for two months or so, daily. I'd been under the weather enough to hope for 
benefit. Instead, I had three successive colds -- something I never, never had in 
ny life before, even during the worst of my catarrh years. It never once dawned on 
me it could have been the Lakhovsky oscillating circuits; now I wonder?" 

A California Associate 
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Yes, it had been the experience of others that the apparently powerless 
Oscillating circuit, of only one wire looped around the body, can produce a strong 
reaction on living tissue. A San Fransisco Associate told us during our May trip 
north that she received a wire loop from Co. Powell and wore it to bed that night, 
and forgot about it. Early in the morning she awoke with such a violent pain 
through her middle she thought she'd die! She lay there and stuck it out until the 
pain left and went back to sleep. In the morning she awoke refreshed and ready to 
go, with the oscillating circuit still around her middle. It began to dawn on her 
that this was the cause of the pain, but it also had affected the healing of a long- 
suffered condition. At the time we were there, weeks later, the condition had not 
returned. Certainly no permanent cure of any condition can be expected unless the 
original cause in mind, emotions or spirit is changed, and if a person insists on 
indulging his vices, use of oscillating circuits may only cause needless pain! 


Fak dei tok ik 


From the OCTOBER 1964 Journal of Borderland Research 


HE PREFERS VITIC TO MWiO. 

“Personally, while feeling the passage of the high tension flow from the 
antenna of the Multi-Wave Oscillator, 1 found no beneficial effect. On the other 
hand, the Associate with whom I obtained the MWO realized definite improvement. He 
has kept up the use and told me lately that he is feeling steadily better and lays 
the dmprovement to the use of the outfit. Some years ago I had frequent conferences 
(thru a medium) with one who was said to be Madame Blavatsky. During the course of 
these talks she dismissed the subject of electricity as of little value in 
comparison with a study of magnetism. That in the study of magnetism lay the 
secrets of many valuable matters. I am led to refer to this because I recently 
obtained relief, and apparent cure, from a troublesome irritability of the bladder 
by the use of a magnet. Other treatments had been of no value. I made no report of 
this until the fact was definite. The use of the magnet was experimental and came 
from the suggestions of a Chicago University specialist in the subject, relayed to 
me via various Blomagnetic reports and some correspondence.” 

Associate A.N. Onymous, Dixie, U.S.A. 


This letter from an elderly Associate was dated Sept. 3, 1964. It certainly 
provides an interesting and stimulating commentary on the material in the preceding 
pages of the Journal. Interestingly enough, we've had many reports of successful 
and continued relief of irritating bladder and prostate conditions from exposure to 
the MWO. In the Vitic device we now have a borderland gadget that is far less 
troublesome to build and to operate. How effective it is remains to be proven. 


THOSE LAKHOVSKY CIRCUITS AT WORK 


‘About the Lakhovsky wire circuits, there 1s no other way to account for the 
consistently maintained energy I receive. I wear one all the time as do several 
others I know, all of whom report amazing results. One man past 80 finds it peps 
him up too much, so he wears it intermittently.” 

Howard D. Clark, Yucca Valley, Calif. 


RRR eke ce ke 
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From Jan-Feb 1965 Journal of Borderland Research 
RE WORKED WITH GEORGES LAKHOVSKY 


TA friend of mine sent me your pamphlet describing the Lekhovsky Multiple Wave 
Oscillator. I was the first man that bought this instrument in New York in 1940, on 
the advice of a physician who saw it at a medical congress in Vienna. My young son 
had developed a face lesion. It was diagnosed as tubercular. I was having a joint 
office at that time with a progressive MD. I was practicing dentistry. Her success 
with the MO was phenomenal, but when she began to treat cancer cases the American 
Medical Association got after her and me and revoked our licenses. 1 had translated 
Sone of Lakhoveky's works into English from the French. Professor Lakhovsky came 
often to my New York office. He told me the Pope was using one of his instruments. 
The success obtained in the hospitals was excellent but the reports were suppressed. 
The good professor died of a broken heart. Our case was a regular frameup by the 
AMA, the lawyers and the courts. I was foolish enough to fight the case and spend 
jots of money, not knowing that the AMA controls even the courts and judges. 1 
Still have some copies of the booklet and a photo of my Lakhovsky instrument. If 1 
can locate them I'll send them to you. I sold my instrument to a doctor in Texas 
and left New York state in 1945. I am a licensed Naturopath in Florida and 
Chiropractor in California. Am enclosing § for membership. I belonged to BSRA 
several years ago.” Dr. N.S. Hanoka, Miami Beach, Florida 


Woe ik doe he 


From March 1965 Journal Borderland Research 


‘THE SECRET OF LIF 


“I loaned my copy of Lakhovsky's 'The Secret of Life' to ay chiropractor, also 
your Journal. He had one build and I've been taking treatments from him on the 
Multi-Wave Oscillator. After two treatments I got an awful cold and 1 have never 
blown so much bloody mucous out of my nose. Also, after each treatment, it would 
leave me weak. TI would have to lie down several times a day. There always was a 
reaction but my bad sinus condition has cleared up considerable. I also had trouble 
with my liver and there were so many things that I hadn't been able to eat, for 15 
years or more. Now I can eat them and enjoy them. The MWO is certainly worth 
having and I am improving.” Mrs. A.N. Onymous, Somewhere, Indiana. 


Ahk RAK ee Ree 
From the October 1966 Journal of Borderland Research 


HITTING THE HEALING TRAIL WITH THE MWO 


"It would be appreciated ££ you would put an announcement in the Journal that 
Dr. S-L. Jamison, D.V.M., N.D. (Gr.Br.) announces the opening of a practice of 
naturopathy in Santa Cruz, California. 

"The climate has changed greatly from the old burning-of-books days by the FDA. 
We cannot all stand back and wait for “George” to do something. I have the 
advantage of a lot of training in a legitimate field of allopathic medicine. Only a 
veterinarian would be able to make such @ move and escape retribution for it. A 
regular M.D. would be branded a traitor to his fellows. 

"Ihave moved to Santa Cruz to set up practice as a naturopath, using the 
M.W.0. unit, spiritual healing and diet -- along with naturopathy measures for the 
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healing of old injuries and chronic degenerative diseases. There will be no charge 
if there are no results. Since my fees will have no legal status, this will be made 
clear to the people using the service so they will be under no compulsion to pay, 
even if results are satisfactory! 

“There are no incurable diseases but there are incurable patients! 

“With the MWO We have not gotten uniform results classified by the disease the 
patient had. About two out of ten people do not respond to the MWO unit at all. 
You had just as well breathe on them. I strongly suspect that these people should 
consult an allopathic physician, M.D., as they would be helped better by 
conventional medicine. You might say our cases were selected, as people came to us 
inthe last stages of sheer desperation ~-- conventional methods (including 
chiropractic) having failed. 
ome of these (not many) also do not respond to the MWO. They usually respond 
to spiritual healing methods when this happens. This I have not figured out good as 
yet. Once in awhile an arthritic will claim to have been worsened by the unit. 
This occurs usually in an arthritic with arthritis in a number of joints. One 
treatment seems to break the poison loose in their body, and they fall like the 
weath of hell about two days after. Get them in immediately and run them again, and 
everything is alright. 

“To sum it all up, I have got so I do not care what disease a person has got as 
long as it is not an acute infectious disease, or a recent stroke case. I have been 
afraid to try it on either of these as all we would need is for somebody to fall 
over dead while on the unit and we would be wearing striped suits or breathing HON 
in a gasper chamber. . . The unit regenerates the whole body." $.L. Jamison, D.V.M. 


Rae GEER ak ick 


From the July-Aug 1967 Journal of Borderland Research 
‘A TRANSISTORIZED MHO 


“L would like to compare operational notes with some one who has built one of 
these Mi0s because I question some of the statements made in the original article. 
I'11 just give a brief description of mine and some of the things I ended up doing. 
1 started with aluminum elements but had trouble with the gluing process so ended up 
with using printed circuit boarde so my elements (antennas) are copper. I have good 
arcing between first four rings. Can make ‘em all arc if I bring point of wooden 
pencil near the smallest, but pencil must be held certain way or I'll get knocked on 
my haunches. 

"I ended up with a 9 in. Tesla coil. Tried 7, 6 and 5 but ended up with nine. 
The trouble here was with leakage between primary and secondary. It was terrific 
until I took means to reduce to 2 minimum. The transistorized drive I use is 
partially a hangover from the days of when I used transistorized ignition in ny one 
vehicle. The ignition coil was modified to increase the step-up ratio and since the 
coil was mounted originally in oil, it was a ‘slippery as an eel' project. The 
driver uses 5 transistors plus diode and operates on a source power supply which can 
supply up to 20 volts d.c. The drive seems to function best at about 15 ~ 16 volts. 

“Now for a question. If Mr. Beck, as he indicated in his original article, 
‘reconstructed the circuits’ of an original MWO in a certain man's house, why didn't 
you people publish a diagram and dimensional data on that original piece of 
equipment? That would be a project a man could sink his teeth in. Instead this 
pee-wee MWO which you now say is not much good unless everything arcs. You mean 
arcing all the vay down to the smallest ring?????? When you get your up-dated MWO 
data published, let me know as I would like a copy. R.A. Rieck, Rochester, Minn. 
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Arcing between the first four rings, from the outside in on the MWO antenna, is 
about as good as any we saw when we were researching the instrument in 1964; 90 it 
sounds as though your transistorized NWO -~ the first we've heard of ~~is doing very 
Well and should be putting out enough energy to affect living cells. You any wish 
you had cut aluminum antenna rings after all. For some reason, the arcing between 
copper rings builds up deposits which must be cleaned off periodically. Bob Beck 
didn't offer us a schematic of the original Lakhovsky equipment he saw. He sald it 
was housed in a 300 1b. cabinet. The antennas were of circular-formed pipe rings. 
The outside ring was two feet in diameter. There was a large, separate Tesla Coil 
driving each antenna. This is a professional model designed to impress the patient» 
Zt also probably puts out enough static to antagonize the neighbors for blocks 
around. We believe Bob Beck deserves all credit for grasping the principle of 
multiple wave propagation developed by Lakhovsky during radio's infancy in the 1920s 
and redesigning it into a simpler, smaller device for present-day borderland 
research. 


LATER COMMENT ON THE MO BY MR. BECK 


"The key factor is that the rings MUST arc profusely all around the 
circumference of the outside and THIRD ring simultaneously. There is no effect, 
either on a calibrated Hewlett-Packard field strength meter, or physiologically, at 
the target frequencies if this arcing does not shock-excite the rings. And yet I 
have seen at least three machines that did not have sufficient voltage from the 
Tesla Coil to even drive the outside ring, let alone the third element! It would be 
a shame to invalidate the device because of this. Some of the machines I've seen 
drive the Model T Coil from an A.C. transformer! The obvious fallacy here is that 
the coil's vibrator is a resonant device supplying the make-and-break voltages (and 
magnetic field) to the T coil primary at the designed frequency. Since the 
transformer is on and off 120 times a second, the chances of the T coil points 
‘breaking’ at the precise instant that the 60-cycle house current is at a POSITIVE 
peak is about one in fifty. And even if it fires ‘sometimes’, the T coil is 
modulated with the 120 cycle line (twice the 60 cycle frequency, since each cycle 
has two peaks, both 2 positive and a negative). 

“Try it at 300 mc. and 10 kmc. on a field-strength meter some time. You'll see 
what I mean. The Tesla Coil, incidentally, is just a convenient supply of free 
electrons. The cascade of electrons or ‘high voltage’ breaks down the air's 
resistance (by arcing) and then drives the antenna rings. But if the drive is 
interrupted, the rings may not absorb and resonate properly. At any rate, it is 
difficult to kid the Hewlett-Packard meter, and I'd like to see the original design 
followed, at least for the first year.” 


AN IMPORTANT MODIFICATION 


“The greatest modification to date was the discovery of a box of war surplus 
very high voltage rectifiers in a bin at a Burbank electronics store. ‘The 30,000 to 
60,000 volt selenium stack rectifiers.....eliminates the necessity for a tuneable 
gap, and roughly quadruples the output of the Tesla Coil, also lowers battery drain 
to half.” 
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Turlock, Calif. "Daily Journal”, Dec. 2, 1966: "Dr. Stanton L. Jamison, formerly 
in charge of the state Poultry Pathological Lab here, was arrested yesterday for 
practicing medicine without a license. The veterinarian is charged with using an 
electronic device -- with high voltage sparks crackling and jumping ebout on either 
side of a patient -~with the claim it was benefictal in cancer and bone diseases. 

“after posting $1100 bail, Dr. Jamison defended his machine. He said parts for 
the machine cost less than $50. If someone followed up on the apparatus, he 
claimed, it would be a ‘blessing to humanity'. Police Chief John Viarengo, Lt. 
Bill Ladd and investigators for the California Bureau of Food and Drug Inspection 
took Dr. Jamison into custody in the offices of his Life Aquarian Center in the 
Mercantile Building. Lt. Ladd said a sign reading 'Universal Life Church, Inc.' was 
prominently displayed in the front office. He said four or five agents had been 
‘ordained’ as ministers in the church by telling Dr. Jamison they wanted to become 
preachers. Soon their official ordination certificates arrived in the mail, said 
Lt. Ladd. 

“Police described the apparatus as similar to an electric chair, with four-inch 
metal rings looking like handcuffs hanging over doors to the room. The theory was 
to determine polarity of a patient with a pendulum and then proceed to change 
negative polarity to positive with the 70,000 volt device. Chief Viarengo said 
patients were being treated for a variety of diseases, including stomach ulcers and 
cancer, Investigation into Dr. Jamison's operations started in May, when police 
began receiving complaints from relatives of patients. No money was charged for 
treatment, according to Lt. Ladd, but patients were expected to make donations to 
the church. Dr. Jamison headed the state poultry lab here for a decade. He will be 
arraigned on the charges in Turlock Judicial Court next Friday morning. 

“In a statement released following his arrest, Dr. Jamison said the ‘multiple 
wave oscillator’ picked up by police resembles many electronic gadgets used, usually 
ineffectively, in the past for treatment of many complaints. However, he insisted, 
his oscillator appears to be the exception that proves the rule. 

“The unit suffers from a sort of ‘guilt by association’ with other electronic 
gadgets to the point where serious doubt would be the reaction of any trained 
scientist on first observing it,' he admitted. 'I know that this was my reaction." 
However, he said he suffered continuous pain following a 1962 automobile accident 
and, willing to try anything, tried the unit. It helped him, he insisted, and has 
helped many others. He said the unit had been tested and checked by qualified 
medical men in Burope in the late 1930s. 'Some progressive healer will follow up my 
lead in continuing to develop the electronic unit,' he said.” 


Sok ee dake tee 


From the November 1968 Journal of Borderland Research 
AN, MUO PHENOMENON 


"Please find enclosed § for another year's subscription to your wonderful 
Journal. It has been very enlightening, and I always look forward to receiving it. 
have taken treatments on the MWO for a long time and have been puzzled. Soon 
after I started to take treatments, the hair stopped growing under my arms. I have 
wondered about this and if anyone else has had the same reactions?” 

Mrs. E.H. Piqua, Ohio 


This is new to us! If any of you researchers have experienced or observed a 
similar phenomenon, we'd be glad to hear about it and share it with the rest through 
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the pages of the Journal. The Tesla Coil problem has been solved with the discovery 
of a good commercial coil made by Master Appliances, Marion Indiana. This coil will 
drive one antenna very well. 


ER HR ee ake 
Fron the Jan-Feb 1971 Journal of Borderland Research 
THE PASSING OF CYRIL scorr 


“Cyril Scott, born Sept. 27. 1879 in England, died first week of 1971, so two 
friends here informme. I'm always happy to see one who writes so intelligently 
regarding diet and health, vindicates his ideas by living that long. Not many do! 
BUT, I read in our local paper yesterday of the death of a former neighbor who died 
on llth January at 93, and she knew nothing regarding diet, positive thinking, ete. 
So, where are we? I can't ever make 2 & 2 come to four, woe is me. 

“Two small books come from Muriel Archdale, England, by Cyril Scott, ‘Safe and 
Saner Remedies', and ‘Health, Diet and Conmon Sense’. On page 162 of the latter he 
mentions the George Lakhoveky book, 'The Secret of Life’, memory of which caused Mr. 
Scott to suggest using a copper wire around his middle to a man who was too 
breathless to walk far or uphill. The man wore the Lakhovsky loop for twelve hours, 
had a copious and offensive bowel movement, then on following day and another 
uphill welk, the man was able to keep up with Scott! I found my copper flex soon 
after but it is awkward to keep in place to make sure the negative end is to the 
left. Cyril Scott gives the homeopathic remedies needed, particularly emphasizes 
potassium for cancer. A.F., Santa Cruz, California 


COPPER BRACELET CURES "TENNIS ELBOW" 


News Item from Crosby Golf Tournament at Pebble Beach, California a year ago. 
1/24/70: “Bert Yancey one had to give up golf because of a nervous breakdown. He 
also cane close to quitting the professional tour last year because of a ‘tennis 
elbow'. But he didn't mainly because he found a remedy endorsed by Australian 
tennis pros John Newcombe and Tony Roche. The so-called remedy is a $7.50 copper 
bracelet, otherwise known as ‘The Absorber’ or a 'Voodoo Bracelet”. 

“Yancey wears’ one on his right wrist to correct an arthritic condition in his 
elbow and he has worn {t for the past five tournaments, including the $150,000 Bing 
Crosby National Pro-Am, which he leads by two strokes at 137 going into’ today's 
third round. 

“'L don't know why it works, but it does," said Yancey, a 31-year old former 
West Point cadet who finished third in the 1967 and 1968 Masters and won the Atlanta 
Classic last year. He said a tennis pro in Napa Valley suggested last summer that 
he wear the bracelet and got confirmation from Newcombe and Roche, who have suffered 
from similar ailments, that it would work. 

“Yancey strained his right elbow two summers ago lifting a concrete birdbath in 
the backyard of his home in Tallahassee, Fla. He took a pain-killing drug that 
enabled him to compete in the U.S. Open at Rochester (where he finished third), but 
he was warned that the drug w ‘dangerous...that it gives you ulcers'. 'I never 
got ulcers, but I felt a pull in my stomach. That's when I quit using the drug.’ 

“He said he hasn't needed the pills anyway, since wearing the bracelet. The 
therapeutic effect of the copper, he said, has to do with chemical displacement 
within the body. 'I majored in chemistry while taking pre-med courses in college 
and I think I know enough about copper deficiency in the body to believe that, 
somehow, the bracelet can help me.' 
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“Somebody then pressed Yancey for an answer about what makes the bracelet such 
an effective remedy. ‘I don't know for sure,' he drawled, 'maybe it's all 
psychological.’” 


YANCEY WINS THE CROSBY OPEN 


Sports writers are always looking for a new angle for stories and Bert Yancey 
withstood a spectacular charge by Jack Nicklaus on the final round, with a 65, and 
came in with a hot round of his own a 69, to win the tournament and a cash prize of 
$25,000. Yancey and his Voodoo Bracelet were headlined all over the country. The 
LA "Times" called it a "Copper Caper” in its Jan. 26, 1970 story. 

‘As was to be expected, the medical authorities in desperation had to prepare an 
immediate counter blast of propaganda to keep the public hypnotized. The sales of 
medical snakeoil went down as arthritis sufferers flocked to buy non-medical copper 
bracelets! The “Times” and other metropolitan newspapers willingly cooperated. 
After all, patent medicine advertising is a big source of revenue, and who knows how 
much profitable pharmaceutical stock is owned by the publishers of the papers? 

The “Times medical writer, Harry Nelson, dutifully wrote: “fhe Arthritis 
Foundation, a legitimate group interested in getting better treatment for arthritis 
sufferers (There is a contradiction here, Harry, for medical authorities claim there 
is no cure for arthritis!) refers to copper bracelets as ‘an age-old fraud which has 
no scientific basis whatscever'. Yancey is the latest sports figure to get taken by 
the "copper caper, which the attorney general of New York last summer called 'one 
of the oldest and most vicious swindles’.” 

These opinions by the Arthritic Foundation and the attorney general are of 
course; utterly worthless. They are not based on the results of intelligent 
scientific research, but are based on the profit motive of the medical trust. The 
electrical nature of living cells was established beyond any shadow oaf doubt two 
generations ago, by the sound theories and research of Dr. Abrams in San Fransisco 
and Georges Lakhovsky in Paris. Thousands of supporting tests since then have 
proven conclusively that body cells have polarity, and that in an unbalanced or 
unpolarized condition, disease or injury, the subtle oscillations of a wire coil or 
loop will restore polarity. Sed to say, there is nothing of this in the training of 
medical students today and it is left to Borderland science to carry the torch. The 
honest, straightforward testimony of public figures like Bert Yancey, Tony Roche and 
John Newcombe is ridiculed by the witch doctors of authority for medicine. 


JUST KEEP TAKING YOUR EXPENSIVE PILLS! 


Under orders from above Harry Nelson interviewed Dr. John Calabro, the 
arthritis authority at University of California in Los Angeles, "He points out that 
the bracelets may seem to work because arthritis can improve spontaneously and it is 
easy for the person to associate his improvement with the bracelet. 

"'I tell patients it's OK to wear the bracelet providing they do ali the other 
things I ask them to do,' said Dr. Calabro.” Including, of course, the purchase of 
poisonous pain killers at fancy prices. How much scientific integrity does Dr. 
Calabro have when he and his university accepts fat research contracts from the 
medical trust? Is it any wonder that today's Aquarian Age students are publicly 
questioning the morals and ethics of their professors? They are told that the goal 
of a university is the search for truth -- at least that is what the Chancellore say 
in their public speeches. But when the student gets to the laboratory he finds that 
the search is for profitable products for industry -- or help maintain a well- 
established profit position. 
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LAKHOVSKY BELTS, LOOPS or OPEN CIRCUITS 


“Thank you for the clarification of the Lakhovsky belts described by the late 
Gol. Powell in his publication. I tried what you suggested and after some thought I 
finally understood what he meant and I believe the belts should look like this: 


You might want to try experimenting with flat ribbon cable for these belts or 
coils. It can be bought at most electronic stores and it comes in different widths 
or colors. I am wondering also, is it really necessary to separate the lamp cord 
and use only half of it? Could it not be used as it is, with two strands of copper 
wire, insulated, side by side?” G.B.F., San Fernando, California 


Yes, in our one-loop coils of white insulated lamp cord, we now use it just as 
it cones from the store, without separating the two strands. But you plastic 
‘buckle! or button’ shown above may allow too much slippage; so the ones we make 
for ourselves and for research~minded Associates have separate entrance and exit 
holes for each end of the insulated wire. The white insulated wire seems preferable 
from the hygiene angle, seeing that it is usually worn next to the skin. 


Sok hike hk si 


From the March-April 1971 Journal of Borderland Research 
OUR LOOP-THE LOOP PROJECT 


“It looks to me like the Lakhovsky loops work homeopathically. It's not the 

copper element, per se, but the loop the loops it makes, throwing back into the body 
forces which the body is throwing off. It's an automatic homeopathic prescription, 
each body being its own pharmacist! 
“The Yogi does it when he goes into suspended animation, re-breathing his own 
air, Urine therapy, drinking one's own urine, as described by Armstrong, is 
homeopathic. An ostrich putting his head in the send breathes his own air. 
Breathing into 2 paper bag and re~breathing the contents is a specific cure for old 
age paine and hiccoughs. Dianetics was mental homeopathy, i.e., the original book 
but not no more. Dianetics is re-thinking one's own thoughts. You imbibe your own 
aberrations, attaching like with like. Homeopathy is like a feedback system. Gods 
ate their own offepring. It's Isis picking up the pieces. The smaller the dose the 
more potent the cure. Ete. Ete. 

"Send me two kits of three experimental loops. Maybe I can fatten up on them, 

P.P., Florence, Arizona 
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I read that part in the Journal about the copper wire loop; so today I did 
Loop one around me and sure enough the oscillating motion calmed me down. It sure 
was a sensational feeling because lately at times it got so bad I though I would 
epin off, even though I do the five Rites nightly. On occasion I also experience a 
terrific pain in my left side which forces me to sit down, just 2 great pressure 
especially after standing over the stove preparing meals for maybe three to four 
hours at a time. The customers just couldn't understand how I stood up under 
pressure of serving so many people. Seems like mass production. 

“So with this new item I feel like a@ new person! And I'm going to have you 
send me one of your experimental kits, to see how it compares to what I hooked up on 
myself. Of course I just taped the wire on and this is only about six hours since I 
put it on.” J.M.8., Charleston, South Carolina 


A DEDICATED BORDERLANDER 


“Enclosed is a check for membership renewal and for five sets of experimental 
loops. I want to compare the effects of the Lakhovsky coil with the Japanese-made 
magnetic health bands which 1 sell to my tennis customers. I am very active in 
tennis playing and teaching. The results with this band are very good. 

A.M., Miami, Florida 


BEYOND THE PHYSICAL 


An Associate writes that she had success in “curing” and arthritic elbow by 
wearing a copper bracelet on her wrist. Then the pesky condition showed up in her 
knee! From there is moved to another part of her body. Then it began to dawn on 
her that their Higher Self was trying to tell her something, that the swollen and 
painful joints were an outward manifestation of an inner mento-emotional condition 
of resentment and bitterness over an unhappy marriage. With the cooperation of an 
understanding doctor and more orthodox heat treatments, etc., and a more positive 
and cheerful attitude on her part, the condition was finally eliminated. Tt took 
months to cleanse the system of the accumulated poisons, physical, emotional and 
mental. 


1920's era Violet Ray 
Massager. From the 
BSRF Collection. 


From the Jan-Feb 1966 Journal of Borderland Research 
THE LAKHOVSKY MWO IN INDIA 


"The MWO is giving wonderful service and days are passing and I am gaining some 
new experiences which have not been recorded in the book. I will appreciate if you 
kindly clear some of my doubts. In practically all the cases I am finding 
aggravation after three or four sittings. Do you think that it is due to a sudden 
oscillatory shock that is given to the patient as it so happens when Homeopathic 
medicine is given? I feel that it should have at least been recorded by some one. 
One more question. What is the reason for metals being removed from the person of 
the patient? In case they are not removed will there be any adverse effect? This is 
very vital because here in Bengal there is a custom that the married ladies must wear 
one Iron bangle. They will not remove it under any circumstances. What is the 
remedy for this? 

“I find that the eppetite improves in practically all cases. Rheumatism and 
Arthritis cases are definitely benefitted. In one case a Tumour which is there since 
about 20 years has definitely gone down with only 4 sittings. I am watching the case 
carefully and if the Tumour disappears it will be a great achievement for the NWO. 
Debility 1s markedly reduced in nearly all cases. In a recent case of Spondylitis 
the MWO has done wonderful work. The flexibility was 8-1/2" from the floor which has 
come to 6" after 7 treatments and all the pains have practically disappeared. Due to 
the New Moon and Eclipse there is an aggravation but I hope it will gradually go. 
Asthma cases have not responded so well but I am not yet disappointed with the 
results. It is as yet too early for me to assess the capabilities of the MNO on 
various diseases. As you say I also believe that this instrument will work on all 
persons irrespective of their complaints but still there must be some specific organs 
on which there is more influence of this. 

“Something which I forgot to mention previously, can you tell me whether you 
have seen Hemorrhage as a result of MWO treatment? In at least 3 cases I have seen 
bleeding start where there was no previous history of bleeding. What is it due to? 
In one case there was profuse bleeding after 2 sittings and that has made me a bit 
Rervous. Just now a patient reported that he was getting blood in the sputum even 
though there is nothing in the lungs. In the third case blood appeared in the urine. 
Please give a thought to this as this is a very serious complication if it is caused 
by the MWO." Dr. A.K. Bhattacharya, West Bengal, India. 


The above is a portion of a letter to Associate Al Goeke, Redmond, Washington, 
which Al passed on to me for comment. I thought the rest of you would be pleased to 
know that this East Indian doctor has gotten very encouraging results from the very 
beginning in the use of the Multi-Wave Oscillator. If by aggravation the doctor 
means a sudden release of mucous, heavy cold or flu, this is a sure indication that 
the MWO is working and affecting a release of accumulated poisons in the body. This 
is touched on in our brochure, in the comment from a midwestern doctor which built 
and used such equipment in the 1940's. When he began producing mild flue ~~ as he 
called it -- in his patients, he got scared off! The hemorrhaging by the doctor's 
East Indian patients is more serious but we believe it is still a result of the same 
thing, a sudden releasing of accumulated poisons through the shedding of bad blood. 
We know one oriental who had a heavy nose bleed after the first exposure to the MWO 
field. Apparently orientals, some of them at least, are more sensitive to the soft 
radio wavers than Caucasians living in Americas so the doctor's prescribed treatments 
should probably be somewhat shorter in duration and spaced further apart. 

Yet I well remember the radio technicians in Honolulu, Hawaii. 1 was an 
announcer and producer there for several years. Some of them were of Chinese and 
Japanese ancestry. When repairs were needed on the radio towers, these men wouldn't 
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hesitate to jump on, climb up and work for hours while the station was putting out a 
steady five to ten thousand watts of power. I don't recall any of them suffering any 
ill effects such as internal bleeding. Yet their tools would get so hot because of 
the strong field that they vould have to wear gloves in handling them! It was these 
eddy currents caused by an inert piece of metal in the pulsing field that Bob Beck 
was concerned about. There isn't enough power in the MNO to cause heating in bits of 
metal about the body, if one can't strip down for an exposure. The piece of metal, 
say a zipper or a ring, might reduce the efficiency of the field in that area but we 
didn't worry about this when testing the equipment we had for a short while in 1964. 
I don't think Dr. Bhattacharya should either. The machine seems to produce results 
anyhow. 
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From the March 1966 Journal of Borderland Research 


BASIC NEW AGE PHYSTCS 
‘by Trevor Constable 


(Publication of Dr. Bhattacharya's letter in the Journal, page 20, Jan-Feb 1966 
issue, elicited the following significant comments by Mr. Constable.) 


Aword on Dr A.K. Bhattacharya’s reports concerning the Lakhovsky Multi-Wave 
Oscillator he is using successfully at his West Bengal, India clinic. The results 
are indistinguishable from those systematically recorded and published over a long 
period by the late Dr. Wilhelm Reich, M.D., concerning his “orgone therapy". Reich 
was the discoverer of Primary Energy ~~ pre-material and mass-free ~~ which he named 
Orgone. 

‘The improvement of the appetite, the reversal of rheumatism and arthritis even 
to structural changes, the rapid reduction of tumors and the hemorrhage effects are 
all to be found in Reich's massive clinical literature on orgone therapy. Dr 
Bhattacharya's reports, plus others any my own experiences with the MWO serve to 
confirm my previous evaluation of this unit as published in the Journal over two 
years ago. In essence, the MWO is a device for orgone therapy. It achieves its 
startling results because it is a generator of primary energy, or at least a focus 
for primary energy. 

Any person with a modest extension of physical vision who will observe an 
operating MNO under conditions of indirect, rather dim fluorescent lighting, will see 
for himself that primary energy from the earth's atmosphere (the Orgone of Reich) 
condenses prolifically between the coils of the unit. The concentration is many 
times that which normally surrounds a living organism. 

The basic New Age physics involved, for which we are indebted to Reich, are as 
follows: Wherever secondary energy, i.e. energy obtained from matter in some way, is 
released, primary energy tends to concentrate to extinguish this energy. Secondary 
energy is life-negative, i.e. inimical to the living, a fact which is illustrated, 
in ite ultimate extension, in the lethality of atomic energy. Where so-called “soft” 
radio waves are involved, the antagonism of primary energy to their emission is 
evidently considerably diminished over the violent effects that accompany radioactive 
substances in the presence of primary energy accumulators. 

In the case of the MWO, the tremendous band of frequencies covered results in an 
extreme concentration of primary energy, which also has its frequencies and 
correspondences (the Rates of radionics) with the secondary, electromagnetic 
spectrum. That this effect is achieved with minimal secondary emission is the beauty 
of the Lakhovsky unit. 
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TWO-FOLD FUNCTION OF THE HWO 

In my view, the dramatic results obtained are due to a two-fold function of the 
unit. First, there is the undeniable concentration of primary energy around the body 
of the patient, particularly potent where 2 limb or other readily accessible member 
may be exposed. Secondly, there is the reaction of the specific biological energy of 
the individual organism, from within, to the stimulus of the secondary waves, which 
it rushes to combat. 

Under the laws of primary energy first discovered by Reich, the patient, as a 
living organism, is a stronger vital system than the MWO. Accordingly the patient 
attracts and withdraws the charge of primary energy produced by the device. This is 
in direct contradiction to formal electrical laws, and as such is typical of the 
criteria that rule primary energy. The continued emissions of the Lakhovsky unit 
provide a continuous concentration of primary energy on which the patient draws. 
Just how long this process should be allowed to continue, per treatment, is where we 
run afoul of allopathic (MD) thinking. 

The acquisition of a strong primary energy charge by the ailing organism results 
ina reversal, or at least in the reduction of life-negative, i.e. diseased, 
Processes. Reich found with his orgone accumulators that the reduction of tumors was 
not as great a problem as the auto-infection resulting from the overloading of the 
excretory apparatus. The debris and bacilli from the diminishing tumors must be 
eliminated, and unfortunately, because the excretory apparatus is frequently involved 
in the general putrefaction of which the tumor is the end result, this was the major 
problem in managing such cases, in Reich's experience. 

The medical lectures of Rudolf Steiner, Ph.D., contain one of the master keys to 
successful therapy, particularly appropriate to the use of the MWO. Steiner points 
out that what the ailing organism needs is the significant, vital impulse in the 
right direction, then careful nursing and management as it recovers out of its own 
forces. This was also the view of another genius, the late Dr Ruth Drown, who knew 
from experience how important the first impulse back to health is for the sick 
individual. 

Hence, it seems that the old allopathic urge to convulse the patient with 
therapy, to repeat the massive dose again and again, is something that should be 
resisted in using the MWO, at least where tumors are being dealt with. The idea of 
applying the MWO in daily doses may stand in need of modification. We are all to 
some degree creatures of gross, non-vital thinking that stands behind our allopathic 
medical civilization, and we will need to carefully train and think ourselves out of 
the absurdity that the massive dose 1s the sine qua non of therapeutic success. 


As far as unexpected hemorrhaging from the lungs and similar manifestations are 
concerned, I think the problem is essentially that diagnosis is so inept and 
inaccurate that the physician does not have a true blueprint of his patient. After 
ny years of association with Dr Drown I am sharply aware of the fact that nobody just 
has one ailment or problem, but that we are all bearers of a veritable plexus of 
malfunctions which usually proceed from one primary and obscure root cause. What 
happens with the MWO 1s that the injection of primary energy into an ailing organism 
results in multiple manifestations of the healing {mpulse, and not just a direct 
effect upon the object of our attention ~-which may be a tumor, ulcer or other 
extreme symptom. 

All the effects produced by exposure to MWO units are identical to those 
experienced in orgone accumulator. The healing agency in both cases is primary 
energy, and I hold that this is sono matter what plausible arguments might be 
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advanced to reconcile the MWO with formal theories and thus win the neurotically- 
desired approval of physicists and doctors. It perhaps seems incredible that one can 
obtain the same effects produced by the MNO by sitting in an orgone accumulator, with 
absolutely no electronic apparatus connected to is, but it happens to be so. Try it 
and see! 

MHO experimenters owe it to themselves to study Reich's work in full. As long 
as they wander in these fields, they may as well build into themselves the 
realization that electromagnetic energy has an inevitable and unavoidable and 
inescapable concomitant -- primary energy, I1fe-positive, mass-free energy whose 
criteria and laws are the exact opposite of the energy accepted by formal physics. 
The best testimony to Reich's tremendous contribution to human advancement is that he 
died in a U.S. Federal Prison. As all Borderlanders know, innocent bunblers die in 
bed in their own hones, untroubled by the status quo. 
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From the April 1966 Journal of Borderland Research 


MO SURGERY AT SHASTRI 
"AND RELATED MATTE 
by AI Goeke 


I believe you and the Associates would like to hear the latest comments from Dr. 
A.K. Bhattacharya, Naihati, West Bengal, India on the Beck adaptation of the 
Lakhovsky Multi-Wave Oscillator he 1s using in his clinic there. 


“The other day I had an unique experience with the MNO. I think this should be 
published. I was treating a lady for rheumatism. After four sittings, once a week, 
she had a pain under the tongue and there was some inflammation with pus coming out. 
L asked her to take a further sitting. After about five minutes all of a sudden the 
thing burst inside the mouth and five pieces of stone came out. When I took her 
medical history I found that she had an operation two years before and a bit of 
Salivary Calculi was extracted, but the surgeon had told her that some still remained 
behind. The MWO treatment eliminated the foreign matter which would not have come 
out without an operation. This then paves the way for research with Gall Stones and 
Kidney Stones. I would like to know if anyone else had an experience like mine. 

"This time I can give you some reports about the special attachment you sent. A 
patient was having much pain in the knee and there was swelling. I held the Bulb 
against the knee for five minutes, and after that it was found that the swelling had 
reduced and the pain also was much less. In an asthma case I applied the Bulb on the 
chest for ten minutes. The report is the patient had no recurring attack for two 
days. Yesterday I was having pain in my thigh so I applied the Bulb. In five 
minutes I got wonderful relief. Gradually I am getting the hang of it and I think T 
will be using it more and more.” 


I, too, am using the Argon more and more, and the more I experiment with it, the 
greater I think it is, also the M0. I have had two test cases of young men who, 
after five minutes in the MWO, said they could feel something happening inside their 
heads. Both cases had a history of head injuries. I take it that the MWO 
reactivates a dormant, abnormal condition that perhaps one day would cause trouble. 
Another test case was a mental patient in Texas. The use of the MWO was part of the 
test program which brought about a marked improvement in only nine days. 

Some time ago a BSRA associate spent an evening with me and told of an 
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Building a Soldering Toolkit 

if you are just getting started in Electronics, Ladyada's Electronics 

Toolkit (http://adafru.it/136) (pictured above) is a great kit full of quality tools - including 
everything you need to make great solder joints. if you would rather build your toolkit piece- 
by-piece, read on: 


Choosing a Soldering Iron 


There are many types of soldering irons. For most Adafruit kits and projects, you will want a 
pencil-style soldering iron with 25 watts or more. 


An under-powered iron is a poor investment. It will end up costing you more in ruined kits 
and damaged components. 


+ Itwill take longerto heat the joint, allowing heat to spread to the component being 
soldered - potentially overheating and damaging the component. 

+ Longer heating times will also give more time for oxides to form on the surfaces being 
soldered. This will prevent the solder from flowing and result in a poor joint. 

+ Longer recovery times between joints can result in frustration, ‘cold joints' or both. 


You don't need to spend a fortune to get a good iron. Advanced features such as 
temperature control and interchangeable tips are nice to have, but not essential for 
hobbiest-level work. 
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interesting borderland gadget. People came from miles around to sit in its healing 
radiations. I built one for experimentation and found the results good. A Texas 
Associate says that it works! The original was set in the ground, but I wanted it in 
the house where it would be more convenient, and figured on running a ground wire 
outside; but this is not necessary. I have found that it corrects polarity of anyone 
sitting in the seme room. The one I built radiates out 25 ft. One length of 6" 
stovepipe is used, filled with alternate 2” layers of crushed granite, and of 
charcoal. For a quick charge of energy, touch your foot on wire at lower end and 
hand on wire or xod sticking out of the upper end. I have checked the walls and 
ceilings or rooms (with pendulum) and found them negative. After a few minutes with 
this borderland gadget in a room, the walls and ceilings check positive! Here is 
something that should be shared with Associates. 


Copper Wire 
or Tube 


Granite 
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oe 


QUA) Granite 
staneard [fey ougreret 
ete. 
Length \\ y 
of RGN 
6 in, EAS 
2 ft. i 
Stove 
Pipe 
@ lead 
Wooden 
+1 Base 


fe ony 


ETHERIG CONDENSER 


(Here is our drawing from the rough sketch in Gocke’s letter, of the borderland 
gadget explained above. This is just another of many simple devices which 
concentrate or condense etheric energies of the higher physical sublevels into a 
field or vortex of force available or useful in beneficial amounts to a living 
organism within that field. The drawing is not to scale. The dimensions are not 
critical. It is the relation of the parts that is important. You can consider the 
upper end of the copper wire as positive and the lower end coming out of the base as 
negative, but with the alternating layers of crushed granite and charcoal there must 
be an alternating or pulsating effect. Remember, charcoal is carbon, so this Etheric 
Condenser is a Vitic device, but not nearly so concentrated as the field between the 
Alnico magnets of Vitic. Iron filings sifted in the crushed granite would probably 
increase the power of this thing. This gadget would augment the power of your Eeman 
Screens, if you are using then, by adding extra etheric vitality to the circuit. Add 
long wire leads to the upper and lower ends of the Condenser, so you can hold one in 
each hand while holding the handles of the Zeman Screen leads. Which Condenser lead 
should go to each hand? 1 dunno! This is borderland research and you'll have to 
experiment on yourself, and be you own authority! This is one of the first 
principles of the Aquarian Age into which we are moving at breskneck speed. Now to 
continue Al Goeke's article. RHC) 
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GERMICIDAL EFFECT OF ULTRA-VIOLET LIGAT 


The use of the Argon bulb (General Electric AR-1) as a pain-killer and 
infection reducer is not a new idea. Nikola Tesla used a gas-filled tube or bulb, 
excited by high-frequency current to rejuvenate himself every day in his laboratory. 
40 years ago the RenuLife Electric Co. of Detroit was making and selling such a 
treating device to doctors all over the country. The offered a choice selection of 
vacuum tubes for getting into the body to release rejuvenating, purifying ultra~ 
violet rays. I don't know that their tubes were filled with Argon gas, as is the 
current General Electric bulb. Maybe this is why the GE bulb is so effective. There 
is a greater concentration of ultra-violet light in the most beneficial wave-lengths, 
from pure, excited Argon gas. 

We visited one chiropractor on a trip last year who used an MWO machine on his 
patients, and also uses the Tesla Coil of the MNO to drive the Argon bulb. General 
Electric designed this little gas-filled bulb for use on the regular 115 volt house 
current. As a very dimly burning, ultra-violet night light it is a good spook-chaser 
and can be left on all the time because it uses only pennies worth of electricity in 
amonth! The little bulb has a curved metal plate inside it, as shown here, on which 
you can see a faint, ultra-violet luminescence when it is turned on, in a standard 
light socket. 


BUT, when you put a hundred thousand volts through it from the MO Tesla Coil, 
that Argon gas gets real excited and throws off powerful ultra-violet energy which 
can penetrate into the body and destroy infection and break up tension, inflammation. 
Showers of sparks jump from the surface of the clear glass to the skin unless the 
bulb is held so it touches. Sparks will also jump into your hand unless the socket 
mounting is well insulated. The mounting or socket shown here is the standard rubber 
base with heavy, six-inch leads for outdoor lighting. Our local hardware store sells 
the socket for 39 cents. The Argon bulb needs only one connection -- to the antenna 
lead of your MWO, The black and white leads from the socket can be twisted together 
and soldered to a female Banana Plug. This will take the male connection from the 
Antenna lead. The twisted socket leads can be wrapped with heavy, insulating tape if 
any of the ultra-high voltage gets through to tickle your hand. 

‘The chiropractor who makes use of this in his work asks his patients if they 
have any infected teeth, or a toothache. One five-minute treatment over an aching 
tooth, rubbing the Argon bulb on the cheek over the infected area, stopped a 
toothache for use. It also relieved a throat, sore from too much lecturing. 

General Electric also makes an identical Neon bulb. This gas throws off an 
orange radiation, which would probably give off more of a surface, heating effect 
because of the longer wave-length. You won't find these special bulbs in your local 
stores, probably, but will have to order them through some wholesale dealer, say an 
electric contractor and builder who has the GE catalog of special bulbs. A compact, 
professionally built Tesla Coil can be bought from Edmond Scientific Co, Barrington, 
New Jersey. Tt doesn't put out as much energy as the MWO coil designed by Bob Beck, 
but it will cause the GE Argon bulb to emit considerably more ultra-violet radiation 
than the 115 volt house current. 
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From the MAY-JUNE 1971 Journal of Borderland Research 


‘A HIGH-POWERED MULTI-WAVE OSCILLATOR 


x A HIGH-POWER MULTI-WAVE OSCILLATOR 


Antenna 


4% in. Dia, 
Glass Jar 


Secondary coil, A 

70 turns #23 wire, 

Heavy Insulated 
Formvar 


70 turns #23 wire, 

Heavy Insulated 
Formvar 

Last 2 end turns 

spread out to ¥8 in. 
between turns. 


Primary, 
9 turns 

#18 wire, 
insulated. 


wx 
Single layer wound Sone 
RFChoke to soak up. a (condenser) 


steep wave front 
from condenser dis— 
charge across gap and 
keep it from possibly 
re puncturing insulation 
of end turns of trans- 
former winding. 


<& 10 KV - 250 vA 
Transformer 


}¢ 75 watt lamp 


115 VAC house current 
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“Your brochure article stating that Georges Lakhovsky's original MWO had a 
separate Tesla coil driving each antenna is most interesting. This is in line with 
my experience here in Manila. I find that when livening up both antennas to full 
voltage, to spark each antenna down to the 3rd ring with an occasional slop-over to 
the 4th ring, it is much more effective than when keeping one antenna (or resonator) 
down to near ground potential; and it is least effective when actually grounding this 
antenna -~ as Mr. Beck does -—through a 1/10 MF capacitor! 

“One five minute treatment a week is enough for me and the equivalent of two 15 
minute treatments with only one antenna up to full voltage. However, I drive both 
antennas up to full voltage with only one Tesla coil. It has rather tightly coupled 
primary and secondary windings, wound as an auto-transformer, on a 4-1/4 in. diameter 
glass jar, as per enclosed sketch. 

“The present spark gap is 1/8 inch, a fixed, constant gap, needs no turning with 
variable distances between antennas, subject or no subject. The sparking is much the 
same and the gap is not at all critical, 1/32nd, plus or minus, works just as well. 
Gap electrodes are 1/4 inch tungsten. The present primary circuit capacitor is .0015 
Micro Farads, but this also is not at all critical, can be varied up to .0025 and 
still give much the same sparking and effect on subject. 

“I tried using #28 Formvar wire, heavy insulated, 70 turns each on the 
secondaries, to shorten coil and get tighter coupling, primary to secondary, but coil 
was too short and flashed over from end to end. 

"Just plug it in and use it, no tuning manipulation of any kind required. The 
input of 115 VAC to the 10,000 volt oil burner ignition transformer is only 17 VA 
through the 75 watt lamp as a limiting resistor. Never use more than a 100 watt 
lamp. This is all I can take. More power becomes rapidly depressing. And the full 
250 VA out put of the transformer I once used, with a 5/8 inch spark gap, was nearly 
fatal. It took me four months to get over the effects of it. Pass this info on to 
your Associates.” J. Gilbert E. Wright 


Associates can benefit from this dedicated borderlander's experience, which 
confirms Lakhovsky's warning that healthy cells can be over-stimulated and killed by 
powerful high-frequency waves -- as well by X-ray and radium waves. It may be easier 
to locate Neon Sign transformers of 5,000 to 7,500 volts output as power supplies for 
this MWO, at a cost of $15 to $20. In this case the wattage of the "Limiting 
resistor” electric light could be increased to 150 or 200 watts, or eliminated 
altogether, if it 1s necessary to get enough power to cause random arcing down to the 
third and fourth rings on both antennae. ‘The good doctor says nothing about 
shielding but care should be taken to prevent radio interference from this powerful 
spark. 


“No data is given in the drawing (May-June 71 Journal) on the size of the 
antennas. I would suggest that the outer ring be about 18 inches in diameter with e 
3 inch gap. Alternate down through the rings separating them about 2 inches apart 
and held together with plastic electrical tape. Wire should be #10 bare. The 
secondary leads connects to the second ring from the largest diameter outside ring.” 

George Van Tassel, Giant Rock, California 


An even more spectacular possibility is the Time-Machine effect in connection 
with rejuvenation. If, as Bob Beck suggested in his article, the MNO tends to take 
the body cell back down the time-track to a more youthful, more vital period, what 
would happen to a person who stayed in the field of the machine for four hours? 
Would his vibratory rate be speeded up to where he would diseppear completely? Like 
the hero of H.G. Wells’ 'Time Machine'? Anybody want to try it? It seems, from 
hints George Van Tassel has been dropping over the years, that his Integratron at 
Giant Rock, California might do something like this -- if and when he gets it 
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working! As I recall, both George and the Canadian Saucerian, the late W.B. Smith, 
spoke of the four dimensions of electricity: 1. is the electricity moving in one 
direction along a copper wire, 2. is the magnetic field around the wire, 3. is the 
static charge created by the first two effects, and 4, is Time — or the 'tempic 
field' as Smith called it. The Time Field equates with Space, where consciousness is 
everywhere present. Seems to me Lakhovksy’s Multiple Wave Oscillator is a gadget 
which gives us the opportunity —~ for the first time -- of approaching the Time Field 
with scientifically acceptable equipment, operating in known frequencies. 


BLOPHYSICIST CONFIRMS LAKHOVSKY'S THEORIES! 


LA "Times", March 28, 1971: “The ‘magnetic resonance’ of the nuclei of atoms (in 
living cells) has been used to tell the difference between cancer and normal tissues. 
This resonance is the reaction of the nuclei to electromagnetic energy first its 
absorption and then its emission. The process can be timed. 

“Reymond Damadian, a biophysicist at the State University of New York's 
Manhattan Medical Center, said his achievement may open the way to major advances in 
the diagnosis of cancer in humans... Like other attempts to find a way of making 
early diagnosis of cancer, Damadian's research began with a hunt for significant 
differences between cancer and normal cells. 

“He relied on a law of physics on which nuclear magnetic resonance is based -- 
that the atoms in each element in the periodic table absorb and then emit 
electromagnetic energy on an individual wavelength that is different from that 
absorbed and emitted by the atoms of any other element. In his system, radio waves 
are aimed at atoms in strong magnetic fields. If the wavelength is the right one for 
that atom, the atom will absorb the energy and then emit it, returning to a ‘resting! 
state afterwards. 

“The reactions differ according to the kind of molecule the various atons are 
incorporated in. They also differ when very subtle changes have taken place in the 
molecules. The measure Damadian uses is what is called the ‘relaxation time’ of 
hydrogen atoms in water molecules within the (body) cells... He found that it takes 
longer for protons (nuclei) in cancerous tissue to ‘relax’ than it does for protons 
in normal tissue... The relaxation time of protons in normal liver tissue, as one 
example, was .25 of a second, compared with .86 of a second for cancerous tissue. 

"Damadian's findings confirm the theory proposed by several scientists that 
water molecules in a normal cell are held in a fairly well organized structure by 
electromagnetic attraction exerted by the molecules in the cell. But, it was 
theorized, when a cell begins the uncontrolled growth of cencer, the structure begins 
to collapse because of the cell's increasing disorganization. 

“Damadian thinks the device for detecting cancer in humans (his experiments were 
conducted on mice and mouse tissue) that may come out of his work would be a radio 
frequency coil to emit the electromagnetic waves to be aimed at the atoms in the 
water molecules under study. The device also would include a magnet to create the 
field required for measurement. 

“The coil would be wrapped around the patient while the magnet would be moved 
back and forth over his body. The reading of how long it takes the atomic nuclei to 
relax would be made and then computers would do the matching up and make the 
dlagnosis." 


Interesting, isn't it, how the 1970s researches of biophysicist Damadian 
parallel the pioneering work of electrical engineer Georges Lekhovsky in the 1920s? 
The goals are quite different, of course, in that Damadian only wants to prove the 
existence of cancer so the victim can go on to be drugged, operated or radiated with 
destructive X-rays or Cobalt rays, at fancy prices, a procedure inspired by the 


9 


soulless monsters who guide the American Medical Association from the Lower Astral 
plane. 

The irony of Damadian's proposed diagnostic technique is that it combines two 
electro-magnetic healing procedures. If it is used on sick people, sooner or later 
someone is going to be healed of cancer while being diagnosed! Can you imagine the 
disagreeable shock this would cause in orthodox medical circles? Extensive surgery 
would have to be cancelled. ‘The sale of drugs would be lost. Under these 
circumstances it isn't likely that his diagnostic technique will ever receive the 
approval of the AMA. 

So, borderland science will have to continue to carry the torch of research on 
electro-magnetics in this area, as George Van Tassel is doing with his Integratron up 
at Giant Rock, California. In his newsletter "Proceedings" he gives more details of 
his research program there. We learn that in addition to creating a field of soft, 
high frequency radio waves, and a magnetic field, the Integratron will also bathe the 
subject in an atmosphere charged with negative ions. 


HOPPING UP THE HIGHER FREQUENCIES 

“There is one thing you may wish to try on the MWO. Close the center hole in 
the driven antenna with a washer and screw. Connect this to the driven ring (second 
ting from the outside) with 2 500 mmf condenser, 10,000 volt rating. This increases 
the power of the higher frequencies. I think you will be pleased vith the results. 
Mount the condenser at the back of the antenna. Mankind has been saturated with the 
lower frequencies for years; 60 cycles and their first few harmonics are almost 
everywhere in more than adequate power. Radio, TV, radar, etc. also saturate our 
world but the amount of power available to the average person is very small. In 1942 
Lused to ctre my sinus trouble in minutes by getting close to the transmitter 
section of a radar transmitter. Few get that close, though, and it is a good thing as 
this power can kill. T have seen birds and larger animals killed instantly. Tt can 
happen to humans, too. H.B., Melbourne, Florida 


SEND 


FEW BUTTONS 


“Received the Lakhovsky loops and am pleased to feel the response to the body. 
I wear my belt only at night. I gave one to a friend who was having a problem with 
her leg and anticipating hospital treatment for same and the response was also to the 
good... So all I want now is for you to send me a few buttons so I can make some 
more loops myself and help to lessen some misery around here, for someone. I tried 
to have some buttons made here, but no success.” J.M.S., Charleston, S.C. 


The non-slip loop buttons we make are of 1/16 inch thick, white fiber glass 
plastic. 


MORE POWER NEEDED 
"Enclosed is §. Please send me the magnet assembly with carbon rod (March-April 
71 Journal). Have not had the hoped for results with the loops. Possibly the 
assenbly, which can be used more directly over the research area, will be more 
effective.” M.S., Ellensburg, Washington 
If we've proven one thing in our borderland research, there is no single cure 


for any or all of mankind's ailments. Injury and disease are outward manifestations 
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of an invisible cause, which may involve three or four levels of consciousness and 
extend back two or three lives. You Director has found in over thirty years of 
counselling people on their borderland problems, half of them don't really want to 
get well, they just want to be free of pain so they can go on indulging their vices. 
And by the time the hidden vice surfaces as a disease in some target organ of the 
body, an unhealthy trend has been established in the cell life there. It usually 
requires a strong jolt or shock to reverse this trend, such as a powerful magnetic 
field, a drug, chiropractic, even surgery —- anything to break the negative pattern 
which created the condition. One of the simplest and most effective methods, and 
cheapest, is fasting for a week or two. This gives the system a chance to purge 
itself of all filth. 


OPEN ENDED COPPER BRACELETS 


“Your article on copper bracelets sent me to the typewriter! It is quite well 
known in England and has figured on TV as anklets for racehorses! Open-ended copper 
bracelets sold freely in shops for some years here, but not recently. However, I 
have a copper bracelet from Rhodesia which I wear always, never take it off, and of 
course no arthritis or rheumatism. But I'd like your experimental loops for throat, 
waist and wrist. J.G., London, England 


THE PRO AND THE CON 
“Thanks for the wire rings. Sorry to report no favorable results. My husband 
refused to try. I wore them several nights but seemed to feel even worse afterward. 

It was 2 good experiment. I guess my trouble is psychosomatic.” 
Mrs. A.H., Enid, Oklahoma 


“I want to thank you for sending me the kit of Lakhovsky coils. I especially 
appreciate your taking the time to prepare a larger-than-usual coll for my chest. I 
guess I'm, too young to have any really serious physical ailments -- except for 
insomnia! And the coils eliminated that the first night I wore them to bed!” 

J.T.D, Venice, California 


SoC ee db bie 


From the September-October 1971 Journal of Borderland Research 


UPGRADING CELLULAR ACTIVITY WITH ELECTRO-MAGNETISH 
By Aaron H. Steinberg, Ph.D. 


For too many years now the scientific knowledge of electro-magnetics and its 
positive effects on cell life has been collecting dust and cobwebs on the shelves of 
ignorance, brought on by those special interests who fear the Truth. We are now 
seeing a rebirth, if you will, with scientists both professional and amateur, who are 
reviewing the work of their predecessors and making improvements in the mechanical 
application of magnetic fields. 

In 1969 T visited the USSR to see for myself what and how they were utilizing 
Electro-magnetism. In several country hones for retirees I was most pleasantly 
surprised to see electro-magnetism used daily on most of the old folks. I should say 
young folks since may who claimed to be over 100 years young, looked and acted 1ike 
most people at 50! The main object of the E-M was to reverse the ageing process by 
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altering the cellular structure. I was most anxious to purchase a piece of the 
equipnent, ‘but alas no sale. 

Seek and you shall find has always been one of my dominant characteristics. So 
when I learned that Japan was truly advanced in this field, having been using such 
equipment since 1936, I decided to go there in 1970. I sought out the one company 
that had been most productive in this field. They were most kind and cooperative. 1 
was introduced to several scientists who had done much useful research. Their claims 
were backed up by scientific facts and I was convinced that they had a well 
constructed instrument, simple to use by anyone so desirous. ‘They named their 
equipment The Magnetizer. 

I returned to the U.S. with a Magnetizer and immediately began a research 
program. I can report that the results obtained to date have been most favorable, 
after nine months of experimentation. The magnetic flux generated by the coils can 
be measured accurately over any part of the body, thus determining those areas where 
the flux is penetrating as well as those where it is weak. 

Chemicals and pollution are surely contributing to an unhealthy alteration in 
our cellular activity and human magnetic filed. It will be many years, if at all, 
before this mess can be rectified and controlled. But in the meantime, those who are 
aware and see the danger signals, will not sit by and wait for the clean up, which 
may never happen. Instead they will seek to upgrade their cellular activity so that 
the body's natural resistance may be at peak ohms. There is some indication that the 
aura force centers known as chakras or vortexes are stimulated by electro-magnetisa. 

From the Japanese scientists I learned the following about the effects of 
magnetic flux. It is different from ordinary electric current, which only flows 
along the surface of matter. It is different from X-rays, which do not penetrate the 
bones. The magnetic flux of ultra~long wave generated by the Magnetizer penetrates 
deeply in muscles, fat and bones and has an intensive effect on the nerves. 

Magnetic flux never causes unpleasant sensations in the body, such as pain or 
shock, but instead produces comfortable, warm sensations. These sensations are also 
known as Joule's heat, which strengthens the function of the cell, corrects spasms 
and inflammations. When magnetic flux passes through tissues, a secondary electric 
current called the eddy current is created around the magnetic lines of force in the 
tissue cells, which ionized the protoplasm and rejuvenates the tissues as a result of 
activating metabolism. Furthermore, magnetic flux, in the process of penetrating the 
tissues, works to increase hormone secretions. These maintain youth by providing 
energy as a result of normalizing function of the internal organs. 

Flux strongly stimulates magnetic substances in the blood, like iron. 
Accordingly, the hemoglobin in the blood vessels moves actively, accompanying the 
lymph circulation, when the Magnetizer is turned on. The therapeutic effect is not 
singular but collective, thus eliminating constitutional weakness. 


Soe Rok di dee 


From the May-June 1971 Journal of Borderland Research Clips, Quotes & Comments 


OSCILLATING LOOPS AND COILS 


"I have a necklace which is definitely an oscillating circuit. I'm sure you 
have seen them. They are a wire around the neck instead of a chain. The only thing 
is that they come with a hook arrangement to clasp them. I cut the ends off, and 
vounded them to make a real oscillating circuit. Then, too, I got a pair of earrings 
which are simply coiled wires, like this: 


One of these days maybe I'll have a headache (this is rare), and I will try either or 
both of these. Mrs. C.M., Watertown, Wisconsin 


REMEDIES, HOMEOPATHIC AND ELECTRO-MAGNETIC 


"You might spread the word around that the Copen Vibro-Potentizer actually can 
make any Homeopathic remedy in any potency fron 1X to 10M. 

"Since the medical-industrial complex is trying to destroy Homeopathy and its 
phamacists, those who know of it and are doing research on its remedies would do 
well to get such a machine. It can also make a remedy from a radionic rate. I made 
Skull-Staphylococcus 10M and reduced an intractable sinus infection. The 
possibilities are fantastic and open up a new field in healing. One can make color 
remedies and aura remedies with greater power than radionic treatment of the same." 


From his own research this Associate is suggesting that homeopathic remedies, 
being closer to physical matter than radionic treatment rates, may bring physical 
body changes more effectively. A hundred years ago in Philadelphia, Dr. Pancoast was 
curing practically every known human disease with colored light, either blue or red. 
But he (she?) also prepared color-treated dosages of oil or water for internal use, 
to back up of augment the shining of colored light on the outside of the body. 


“May I remind you thet the Multi-Wave Oscillator requires an antenna without any 
edges, to give efficient radiation. Lakhovsky's original had round bars or tubing 
with spherical ends. Edges lose most of the radiation. In addition the largest ring 
should be based on that fundamental resonance of the human organism, 3.66 meters as 
discovered by Bell Laboratories. This could be a quarter-wave antenna length of .91 
meters or a circle of pi diameter. 

“However, this should be doubled so that the human organism resonance is the 
first octave. Individual resonances vary slightly above and below 3.66 meters. By 
giving lower octave and with the variations supplied by the spark gap a1 wavelengths 
would be reached. Therefore, the outer ring should be 1.82/pi meters. 

“The relative size of the outer rings could be determined by examining one of 
Lakhovsky's original antennas. The outer ring should be fed current at both ends, 
quarter wave style, I believe (to a H.V. Coil) not at the middle of the second ring 
as the Beck antenna does. ‘The frequency of human resonance, 3.66 meters or 
approximately 84.6 megacycles is the key to radionics. [By my calculations, using 
the formula wavelength in meters (3.66 meters) equals (=) the speed of light in 
meters per second (300,000,000 m/s) divided by the frequency in cycles per second, I 
figure the frequency to be 81.97 megacycles. T.B.] The human sample or witness —~ 
blood spot, etc. radiates around that frequency, varying according to the disease and 
the person, I believe. The homeopathic remedy also has a resonant frequency and 
alters the human frequency for better (or worse). In addition there are harmonics 
and possibly sub~harmonics- 

“The resistance rates discovered by Dr. Abrams, followed by Guyon Richards, are 
still valid even though this work was done 50 years ago. The rate for Aqua Marina 
(sea water) put on a Copen V.P. produces a very effective renedy good for almost 
everyone. This rate comes from Richards’ book ‘Chain of Life’, 1934." 

S.M.S., Chicago, Illinois 


We welcome this Associate's observations on the MWO antenna, radionics rates and 


honeopathic remedies. 
Riley Hansard Crabb, editor JBR 1959-1985 


83 


BSRF MWO Update - Issued May 31, 1988 


Compiled by Tom Brown from the BSRF Files 
In consultation with Eric Dollard & other BSRF Associates 
(Contains the complete 1986-87 MWO Update materials) 


As there has been a continuing strong interest in the Lakhoveky Multi-Wave 
Oscillator we felt the need to compile this information into the present book. This 
documentation is the result of @ wide variety of analysie and experimentation with 
the MWO and covers many years of active research. 


There have been many comments made concerning the inherent healing effects of 
the HWO, but as it cannot be stated enough, the device is merely a tool of research, 
of which one may draw their own conclusions as to whether or not the device actually 
has any healing properties. It may be interesting to note that in a personal 
conversation with Dr. Ita Wegman, Rudolf Steiner stated that electricity, magnetism, 
and the force upon which nuclear phenonena is based, are all corrupted ethers. 


We have found through studying Goethe's indications on the phenomenon of Light 
and Color in conjunction with Eric Dollard's high frequency researches that 
electricity is a reflection of the Light Ether. ‘This matter is being discussed 
further in The Journal of Borderland Research, so it is sufficient for present 
reference to say that Light has its two poles, red-yellow and blue-violet. The red- 
yellow pole in nature is longitudinal (direct rays from sun) and the blue~violet pole 
is a progressive type of transverse wave (rounded sky, Reich's KRW wave/blue orgone). 
Electricity has ite two poles, electro-magnetism: red-yellow-hot, (retarded 
transverse); and dielectricity: blue~violet-cold (longitudinal). Hence, there are 
experimental indications that electricity really is a reflection of the Light Ether. 


In light of this trail of thought we quote with permission from a 1986 private 
communication with Trevor James Constable: “The MWO I regard as a false path. The 
cellular stimulation theories sound and seem good because they are mechanistic, and 
therefore sympathetic with the mechanistic weltanschaung. With the MYO you can avoid 
the etheric--or so it seems--and therefore those who feel adrift in the etheric ocean 
cling to things like this. Healing is one hundred percent an etheric problem. Any 
dysfunction or hyperfunction not caused by direct trauma has to be tackled via the 
ether body, and even the direct traumas respond best to etheric correction, such as 
getting the displaced double back into occlusion through the use of arnica 
compresses, etc., etc. In between the MNO antennas, there is a general marshaling or 
focus of light and chemical ethers. Its quite evident even with a minor extension of 
vision. This is the healing agency, not the sparks. The ether rushes to suppress 
the EM activity, and because it is low power, the ether accumulates around the 
spirals and in between them. Any stricken area placed in such a high concentration 
of formative energy, is going to respond with a return towards normal. BUT, why go 
to all that trouble when a simple orgone blanket--a layered structure that can be 
directly applied to a traumatized or dysfunctional area~-does a much more efficient, 
controllable job without that infernal juice. In my time with Ruth Drown, I heard it 
over and over again, and I pass it on to you: keep that 115V juice away from the 
organism. The post material EM energy is life negative, but no one seems to feel 
that they can get results unless they INJECT the alien EM activity into the stricken 
carcass. It's pure ignorance really. My own experience with orgone accumulators and 
blankets leaves me with no other choice but to regard the MWO as superfluous. A good 
rule for any experimenter: If it gets simpler, you are on the right track. Remember 
always Steiner's dictum: “the spirit of man is always healthy!.....it is the 
obstruction or dysfunction in the lower sheaths that distorts the manifestation of 
the spirit and personality via the body.” 
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Basic Irons 

There are many basic pencil style irons that are 
suitable for hobbiest use. But you will need 
one that is capable of heating the joints quickly 
enough. Choose an iron with 25 watts at a 
minimum. 


Better Irons 

An adjustable temperature iron with a little 
more power will give you a bit more control and 
allow you to work faster. The Adjustable 30W 
110v Soldering Iron (http://adafru.it/180) in the 
store is an excellent choice. 


This iron is also available as part of Ladyada's 
Electronics Toolkit (http://adafru.it/136), which 
contains many other essential soldering tools. 


Best Irons 

A professional-style temperature-controlled 
iron with interchangeable tips and 50 watts or 
more of power is a joy to work with. Feedback 
control keeps the tip temperature at precisely 
the level you set. The extra watts speed 
recovery time so that you can work faster. 
Interchangeable tips let you select the ideal tip 
shape for specialized work. 


The 65 watt Hakko FX- 
‘888 (http://adafru.it/303) is an 

excellent professional quality soldering iron. 
The Weller WESS1 or WESDS1 are also 
excellent choices for serious electronics work. 


© Adafruit Industries _https://leam.adafruit. com/adafruit-guide-excellent-s 
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Teo Powe cole 


Photo 1 
"Beck" style MWO from: 
the BSRF collection 
(note: foot plate at lower 
eft goes to ground) 


Photo2 
from the BSRF collection 


(Resonat 
‘be attached at ground) 


Not much more need be said in that vein except that of a reinforcement of 
Trevor's comment. Our present society is not on the path of Nature so therefore some 
people feel the need for a device such as this. Wilhelm Reich discovered how to 
concentrate the living energy of the universe, which he termed the Orgone. The Yogic 
sciences teach us how to accumulate this energy without any outside apparatus, so 
therefore the simpler and more passive a device is, the closer it resembles Nature. 


In the following pages you will find some of the results of MWO experimentation 
and consideration by BSRF and Associates. We hope the information proves useful, but 
again it 1s for research purposes only. We do not recommend the MWO for medical use 
because we are not qualified to give medical advice, nor do we want to create any 
false hope where one may neglect professional health care. We do fully support a 
persons right to investigate and research with devices such as the MWO. No one has 
all the anewers and the MWO is an interesting device which deserves true scientific 
verification or rejection. 


THE BASICS 


The general theory behind the MWO is to excite a concentric ring antenna which 
produces a wide spectrum of radio frequency waves. In this theory it is understood 
that the RNA-DNA coil in the nucleus of every cell has a resonant frequency within 
this range. Just as a tuning fork will ring when an identical fork is struck in 
close proximity, the cells will resonate to their individual frequency pulled from 
the frequency ocean of the NWO. Most people don't consider that there are different 
types of waves and two poles of electricity, and these distinction have not generally 
been noted. 


The antennas on the currently popular “Beck” MO system, serve as simple 
capacitor plates which transmit dielectric waves out of the Tesla Coil (see figure 1 
and photos 1 and 2). The second MWO plate in such a system must be connected to a 
second Tesla coil or to a double pole (half wave) Tesla coil (May-June 1971 JBR), not 
a single pole (quarter wave) Tesla coil as per the Bob Beck/Klark Kent style MWO. 
Action in the MWO antenna is neutralized by the fact that capacitor currents flow 
radially inward and little electron current flows around the loops. Copper plates 
can be oubstituted for the ring antennas. This system operates 1000 times stronger 
if a spark gap exists across the double coil. A description of the action is in 
DIELECTRIC & MAGNETIC DISCHARGES IN ELECTRICAL WINDINGS by Eric Dollard from BSRF. 


Lakhovsky's Multi-Wave Oscillator, as pictured in THE SECRET OF LIFE and 
reproduced here as photos 3 & 4, created a structured electro-magnetic field fed by 
two wires contacting the ends of the outside ring of his antennas. This is obviously 
an end-fire antenna so the component reaching the person is a novel energy needing 
clarification. Several researchers have expressed that Lakhovsky used a quenched 
spark gap which creates damped waves allowing free oscillation in the antenna. A 
Tesla coil is not required since the Multiple Wave Oscillator IS THE COIL. However a 
Tesla coil still can be used as the high voltage power supply. 


Lakhovsky's patents will cover both types of units so it seems as though he 
experimented with both, but the pictures in THE SECRET OF LIFE are an indicator as to 
what he actually used: After having gone over the patents I'm beginning to. think 
that Lakhovsky buried his secret to mislead copycats. That is the purpose for a 
patent, to protect the inventor. The Tube MWO Patent 2,351,055 gives some 
interesting insights into the overall picture of Lakhovsky's work and study of it 
will provide many research leads. 
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Photo3 
Lakhovsky's Multiple Wave Oscillator 


Photo 4 
Lakhovsky’s MWO. Close-up of transmitter in action, showing 
ceffuve (coctic brush). Note this is end-Sre antennz. Regeneration 
‘may have come from novel component at 90°to antenna plane. 


‘LOG PERTODIC ANTENNAS 


Our research indicates that Lakhovsky worked with log periodic antennas and may 
have been the first to use them. The antenna will create a harmonious structure in 
the ether. The Beck style MWO produces a dielectric field 90 degrees out of phase 
with this, and utilizes the dielectric breakdown (arcing) of the field. This is 
basically a radio frequency noise generator and the most popular derivation of 
Lakhovsky's first MWO patent. 


Scaling the rings non-uniformly using correction factors is not needed 
according to log periodic antenna theory (see figure 2 and photos 5 & 6). Lakhovsky 
states that any high frequency radiating circuit will drive the antennas. We are 
striving for waveforms mirroring the harmonic laws of nature. As an example the old 
Yagi antenna has non-uniform distribution of the elements. Log periodic design uses 
the uniform distribution of the elements such as is found everywhere in nature. This 
presents superior MWO performance. Lakhovsky's Speaker and Microphone Patent 
indicates that the log periodic design can be applied to sound as well as radio 
frequency energy. 


LAKHOVSKY'S MWO 


Figures 3 & 4 are a preliminary attempt by Eric Dollard to accurately reproduce 
the NWO system as pictured in SECRET OF LIFE. Figure 3 is a simplified version for a 
single antenna, figure 4 1s a double antenna system. Photo 7 is an experimental 
setup utilizing this design. We feel that Lakhovsky was working with quenched spark 
gaps which produce damped waves in the form of the antenna. This type of circuit is 
needed to power log periodic antennas to create their structure in the ether 
harmonious with the Golden Ratio structure of the human body and life in general. 


This information is not definitive, but is the result of experimental and 
theoretical considerations. We present this so that Borderland researchers can carry 
on with new input. We are not saying that the "Beck/Kent™ models do not work. There 
are many claims that they do, but based on Tesla's theories, rather than Lakhovsky's. 
Figure 1 unit works off of longitudinal dielectric waves (displacement current). 
Figs 3& 4 work off of Transverse electromagnetic waves (Hertzian) and residual 
scalar waves. 


Figure 5 is a low power driver based on the Steinmetz lightning wave, a 
reproduction of the wave naturally occurring in the atmosphere. Values given need to 
be experimented on for optimum pulse formation. A mathematical analysis of this wave 
by Steinmetz is included as an addendum to this book. See DISTRIBUTED SERIES 
CAPACITY. 


GOLDEN RATIO ANTENNA 


Eric Dollard has designed a log periodic antenna based on the Golden 
Proportion, as found in living systems such as plants and animals. These antennas 
are two sided, the first side looking somewhat similar to currently used MWO 
antennas, the second side being capacitive loading (as Lakhovsky mentions, he used 
spheres on the ends of his antenna rings) based on the Golden Ratio. This design can 
be seen in photo 8. These antennas are gold plated to provide direct contact with 
the ether. Their actual size is 12" in diameter. 


88 


coax : 
Re-¥ Figure 3 


2.ccLet jgar 


| 2 


a exp To M.w,o. 
i 
s ecoleer ygee 
RG-& MWOd Power May~June 1 
we. 986 JER 
pas Soe SUPPLY Page 33 : 
SFonmeR 


Action of Lakhovsky setup 


Outer antenna ring ah 
(Crossed hatched lines ? 
indicate plane of antenna) 1 


(end fire antenna, efflave not 
necessary during regular operation) 


Photo7 
Golden Ratio antenna driven by 1919 era 
ouble-phase marble-top medical Tesla Col. 
‘Mid-frequeney D'Arsoaval currents are utilized 
in this arrangement. Setup is as per Figure 3 (above), 
‘and is our understanding ofthe arrangement as utilized 
in THE SECRET OF LIFE. Coil donated to BSRF by 
John Crane from laboratory of Royal R. Rife. 
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The term Golden Mean, Ratio or Section refers to the mathematics of life, which 
is a logarithmic function. This ratio can be found everywhere in nature. It is the 
Sacred Geometry used in the architecture of ancient Greck and Roman temples, the 
Great Pyramid, etc. It has also been concluded by certain Orgonomists that "the 
Golden Ratio is a basic mathematical property of the orgone energy” discovered by Dr. 
Wilhelm Reich. (Journal of Orgonomy, V.8, N.2, Rosenblum, THE COLDEN SECTION). Tt 
is evident from Lakhovsky's MWO Tube patent that he was aware of the Log Periodic 
design. 


The MWO has usually been understood as having to be driven by a high-frequency 
source such as Tesla Coils and neon transformers generate. However, those who have 
locked into Lakhovsky's work know that he used simple wire circles to cure plants of 
cancers, and to make plants grow better in general. The Golden Ratio Antenna is a 
series of Lakhovsky rings because the rear conjugate strips on the antenna close the 
loops and in effect make Lakhovsky oscillating rings which are a complete circuit for 
focusing the ethers. The log periodic (following a logarithmic pattern) antenna 
design carries this effect further and preliminary indications are that the log 
periodic design creates a structure in the ether even without power, in may be an 
orgone accumulator of sorts. Further experimentation in this vein is being 
undertaken. 


Log periodic antennae have the interesting property of creating a virtual (non 
existent but functioning) antenna extending about 1-1/2 times beyond the actual. It 
is also frequency independent and is an excellent antenna for Amateur Radio 
communications. 


The ethers harmonize to Golden Section Mathematics, (as demonstrated by Trevor 
Constable in his PRIMARY ENERGY WEATHER ENGINEERING ON THE HIGH SEAS video), so it 
can be understood that a living organism is a discharge of energy into the Golden 
Section space. We have observed the discharge of sprout energy into living sprouts 
when one of these antennas is directed at them. We found that it makes the sprouts 
grow better. Then we found that simply the pattern makes the sprouts grow better. 
So here we present you with the Golden Ratio Pattern that you can photocopy and use 
for experiments. This pattern may be copied as many times as you like for 
experimentation. We have reports that this pattern keeps the scale out of water 
heaters and fish tanks. 
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Log Periodic — Golden Ratio 
design for research into the 
subtle vibrations from patterns. 


In 1986 Borderland produced a limited amount of Golden Ratio Antennas in copper 
and gold. These were precision engineered Log Periodic antennas, and were quickly 
absorbed into the research network. They can be reproduced if sufficient interest 1s 
generated through thie book. There is an appendix on log periodic antennas in this 
book for those who wish to pursue this interesting subject directly related to MWO 
research. 


‘BUT ~ DO THEY WORK? 


For all the material in this book we still haven't personally seen any solid 
documentation on the results of either type of MWO that could be re-verified as true 
to any investigator. I've seen listings and testimonials, but even the photos in THE 
SECRET OF LIFE look doctored to enhance the cancers (tar can be seen on the wound and 
the hair!). What was Lakhovsky really up to and which type of device works better? 
If anyone reading this knows any more than we do then please drop a line. In 
Lakhovsky's Tube patent he states that his instruments are in use the world over. It 
is important to check out one of his originals first hand, if any readers have access 
to such please drop Borderland Sciences a line. We'll make the information available 
for research. Thanks. 


CONCLUSIONS 


There are no conclusions at this point in time. Borderland has been publishing 
MWO information for 25 years now. This book marks the beginning of a new phase of 
research and development. Perhaps in 1995 after people do some serious research into 
the subject of the Multi-Wave Oscillator can some conclusions be drawn. 


It is important to keep in mind during these researches that just because a frog 
eg will jump when electricity is applied it doesn’t necessarily mean that 
electricity and life are the same thing. If we labor under this (quite common) 
delusion we may as well hope for our television sets to “heal” us of our ills. 
Rather, as astute phenomenological observers, we see that there is a relationship 
between electricity and life and in the understanding of that relationship we can 
come to a clearer comprehension of our place in this manifest universe. 
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Golden Ratio MWO Antenna 
Measurements for reconstruction of 
Golden Ratio MWO Antennas (in inches 
starting from the outside ring). Template 
artwork is shown actual size, 


Ring Qutside Inside Gap 
diamecer diameter 
1) 12.00 07 + 
2 943 846 é 
3) 742 6.66 + 
4 583 523 - 
5) 458 4.10 + 
8) 360 322 : 
7) 283 254 + 
8) 223 200 a 
175 157 + 
1) 138 124 3 
HM) 108 097 + 
12) 08s 076 : 


Front & back strips arethe samewidth. Gap 
fn front ls an 18° triangle, sections on back 
area36*triangla. Backsactions cover gapon 
rings with 9° overlap on each side of ring, 
This provides for capacitive loading of the 


At left 1s a Golden Ratio pattern 
burned into particle board using 
Tesla Coil pictured below, seen 
here discharging into free space. 
Scientist Eric Dollard, builder of 
this coll, has deduced that the 
Golden Ratio is a property of space 
itself. The proportions are decided 
by the amount and type of discharge. 
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Irons to avoid 


In addition to underpowered irons, there are several types of irons to avoid for general 
circuit-board work, 


For emergencies only: 

These irons are handy for occasions when you 
have no place to plug in a regular soldering iron. 
But they are not the best choice for a primary 
soldering tool: 


+ Butane Powered Irons have plenty of 
power but are difficult to control. 

+ Battery Powered Irons are generally 
underpowered for most work. 


Not for circuit board use: 
These tools are not suitable for circuit board 
work: 

+ Torches of any kind are not suitable for 
electronics work and will damage your 
circuit boards, 

+ Soldering Guns are OK for working with 
heavy gauge wires, but don't have the 
precision necessary for soldering 
delicate electronics components 

+ Cold-Heat™ trons inject current into the 
joint to heat the tip. This current can be 
damaging to sensitive electonic 
components. Avoid these irons for 
electronics work. 


Essential Tools and Supplies: 


These tools are the bare-minimum essentials required for soldering: 


© Adafruit Industries _hitps://le 
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: SPIRAL C 


MULTI-WAVE OSCILLATOR 


Let me make it perfectly clear, I 
resent this information for information 
and research purposes only and I make 
no suggestions orrecommendationsasto 
its use for healing or medical purposes 
whatsoever. If you are sick see your 
doctor, Ipresent toyou only what Thave 
learned inmy research and observations. 
Tam not amedical doctor and the infor- 
‘mation I give should be used for educa- 
tion and research only. 


‘Topreface this, Ihavebeen interested 
inand studied and collectedarticlesonthe 
‘unusual sciences for over 30 years and 
hhave built many unusual devices. My 
attention was directed to the Lakhovsky 
M.W.O. by an article given to me by a 
friend. Tread it several times and studied 
itand then putt away, (punched holes in 
itand putt ina notebook). Idon’t know 
why —Ican’ttell you but T couldn't get 
itoutof my mind, so got it out again and 
read it some more ~ this time going 
through it sentence by sentence digesting 
it~ now I was hooked! 

tried to gather all the information 1 
could on the M.W.O., and as usual it 
wasn't easy had to dig. Bottom line, 
I started to build Bob Beck's high power 
‘multi-wave oscillator — I still haven't 
finished it, but will. The more I studied 
the M.W.O. (being an average person ~ 
not an electrical engineer, but a mechani- 
‘cal engineer) it seemed to me, compli- 
cated, difficult, and had to be adjusted for 
each person and circumstance. Looking 
atitnow see that isn'ta true—itwasme. 
Back to square one -- I search for some 
‘way simpler, and out oft came the spiral 
coil M.W.O. 

Tama recent member of Borderland, 
Sciences and I have read many fine ar- 
ticles published in this Jounal. Many of 
the articles are very high-tech and delve 


. Schad 


into the how, where, when and why, and 
that is how it should be if one is to 
research. Questions have to be asked and 
answers have to be found. I am not a 
professional writer and it isn’t one of my 
‘greatest talents, so T ask that you have 
patience with me and I will do my best to 
tell you about my spiral coil M.W.O. 

‘When I was trying to develop this 
spiral coil M.W.0. all T wanted was re- 
sults and I didn’t really care how or why 
it worked, my goal was results, and in 
doingso Itried many things that wouldn't 
have normally tried had I planned each 
step and tried to fight my way through 
with pure brainpower, Inretrospect, Tean 
see that I approached this project with a 
more light hearted attitude and I have 
enjoyed developing and building this 
M.W.O. Butat times I did have problems 
to work out. 

experimented by winding coils, and 
coils, and coils. I got to be the electric 
supply house’ sbest copper wire customer, 
orat leastitseemed that way. Afterboxes 
and boxes of copper coils, Iwas ready to 
throw in the towel and give up -- but 
having the handicap of being stubborn 
like am,  decidedto wind one morecoil, 
so [went out to the garage and wouldn't 
you know it, no more wire. I looked 
‘around and all I could find was some old 
solid strand 16 gauge house wire. It was 
{00 light and flimsy for what I wanted, so 
in desperation I decided to take 2 pieces 
and twist them together to make 1 heavy 
piece of wire. Well -- bingo Imade a 
coil and got a tingle, that did it, After 
winding mote coils and mote coils and 
experimenting I got towhere Tam now, so 
1 present to you the Spiral Coil Multi- 
Wave-Osciltator. 

Warning ~ this unit is deceiving (it 
Just sits there and looks innocent like it 
coulda’t do much), in fact some of my 
friends upoa firstseeingithave laughed at 
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it, andcommented youhave tobe kidding. 
Another friend of mine asked me to help 
him build one — which I did —andhe was 
lying on his bed in his shorts with a sheet 
‘over him and had the unit about 2 foot 
above the bed and he fell asleep for about 
3 hours (he had an infection from awound 
in his leg). When he woke up he had a 
‘White blister on him about the size of a 
nickel ~ he has done this twice, I wam 
you, use it with care, it is more powerful 
‘than it seems. I think he percolated the 
infection up out of his leg, as he is fine 
now. 

‘Now, know someone is going to say 
~-I made mine from an old coat hanger 
‘and hung it off the coiling with apiece of 
string, aud I'll say — gee that's nice, do 
‘what youwish --but ff you want ito work 
and work properly build it as itis, use it, 
experiment with it, and then change it as 
you wish, 

‘Warning ~ persons who have or are 
diabetic should not use this unit, as itmay 
change the blood sugar level in some 
people. Diabetes is one of the few things 
that a M.W.O. will not correct or help. 
Lakhovsky states this in his book THE. 
SECRET OF LIFE. [think [know why 
but I won't get into it now. 

NOTE ~The spiral coils of this unit 
work all the time ~ that is — they never 
stop — they work with or without the 
vibrator, Who said there is no free en- 
ergy? If you put it over a bed with an 
electric blanket, it will charge the blanket 
and you will probably have difficulty 
sleeping. Ifyoudonotswingit farenough 
away from the bed at night it will cause 
‘unusual dreaming, 

As near as I can tell this coil broad- 
‘casts at about 120° angle, although its 
peak energy is centered straight down 
‘rom the small coil. 

Question: i it patented or am I going 
to patent it? Answer: NO~ as faras I’m 
concemnedit’s free toeverybodyandthat’s 
as it should be. 

‘The advantage of using. spiral isthat 
‘one should getall the frequencies upto the 
maximum diameter ofthe outer diameter 
(COD, of the spiral. If you draw a spiral 
‘ona paper and place one point of a com- 
pass at the center, you can choose any 
iameter you wish up to the coil O.D. 
diameter and the scribing diameter will 


{fall some place on the spiral. 

‘This unit can be operated in 6 modes: 
1, The coil only. 

2. The coil plus the vibrator. 

3 The coil pins the vibrator plus the coil 
shocker. 

4, The coil plus he vibratorplus constant 
coil charge. 

5. The coil (no vibrator) 
plus the coil shocker. 

6. The coil (no vibrator) 
plus the constant coil 
charge. 

So asone can see there 
isplentytoexperimentwith 
here, 

‘NOTE ~ I also tried 
connecting a ion generator 
tomine — that really blows 
meaway—tryitifyouhave 
one. 

Ifyou are experiment 
ing withmagnets—be care- 
fulifyouuse them with this, 
unitas some people get bad 
reactions, Ipersonallyhave 
used magnetic water and 
this M.W.O. and have had 
no bad reactions 

Warning ~ although 1 
have —Isuggest you donot 
uusethisonthe headorabove 
the neck, 

Warning--ifyouhave 
aheart problem do not use 
this unit asin some people 
it tends to reduce blood 
pressure and lower the 
pulse or heart rate. 

‘Well — now that I’ve 
scared the hell out of you, if you still want 
to build it I'l tell you the good side, In 
‘most all people who have used it or tried 
it they got a tingle or a feeling of heat 
ight). Most people get a boost ofenergy 
when they use it and it seems to help 
circulation, Tam not sure why. T don’t 
now ifit tends to dilate te blood vessels 
of not. One man that used it can now 
wiggle histoes and he hadn’t beenable to 
do that for about 3 to 4 years. 

Tknow someone will ask whattype or 
kind and amount of energy is emitted by 
these coils and the answer is T do not 
mow, but I do know that it works, I will 
‘eave that to someone who has the proper 


instruments and the know how to checkit, 
sothereisstill alot of work to bedone here 
if someone wishes to do it. Now, before 
someone starts climbing my ladder, let 
me say that I give the creditto Lakhoysky 
— what I did was to modify, update and 
expand upon the base of some of his work. 
‘Youdonothave tobe giftedin the know!- 


‘Srirat Coit MuctipLe Wave OsciLLATOR 


edge of the sciences to build thisM.W.O. 
and do not need special equipment or 
tools, However, there are little tricks that 
Thave leamed that make it easier to build 
that I will give in another article. The 
body orbase of thisunitismade of P.V.C. 
pipe, also the vertical and swing arm, the 
vibrator base and also the drop tube that 
hhangsthe coils. We want aunitthatislow 
{ncost, tough and durable, light in weight, 
corrosion resistant, portable, easy to fab- 
ricate (and repair ifnecessary) and looks 
nice, so we will build our unit out of 
P.V.C. pipe. 

ALL COILS ON THIS MW.O. 
MUST BE RIGHT HAND COILS, IN 
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RELATION TO THE UNIT ANDEACH 
OTHER. If they are not you will get 
negative energy. (I’m not speaking of 
polarity here.) 

Tuse a fish tank air pump (modified) 
—~ (Challenger 1) about $8.50, This pro- 
‘vides the oscillatory motion to the coils 
Pm not in love with it and would like to 
find something better — 
something of higher fie 
‘quency, but it works. If 
anyone has any sugges- 
tions on this I would like 
to hear from them. 

T chose to design the 
unit so it cam access any 
part of the body freely 
without a lot of excess 
adjustments. ‘The body 
‘when lying downisin one 
plane or height (approxi- 
‘mately), so built the unit 
s0 it would extend over a 
bed ortable,addedaswing 
arm, and avertical adjust- 
ment (holesin the vertical 
tube arm and a wood 
dowel or pin stop) — that 
seemedsimpleenough,re- 
member we're trying not 
to get complicated here. 

If you are going to 
build this M.W.O. T 
strongly suggest that you 
eat! Lakhovsky's book, 
‘THE SECRET OF LIFE. 
‘When I finally decided to 
‘ty to build an alternative 
type of M.W.O,, I read 
everything Icould get my 
hands on about the subject. Tread care 
fally and took notes of key points, func- 
tions etc, then T put my books away and 
studied my notes ~ the basics. 

M.W.O. — MULTI-WAVE OSCIL- 
LATOR 

MULTI --meaning more than one or 
many. 

‘WAVE — energy (given off) 

OSCILLATOR ~ ITooked this up in 
Webster's — and simply stated it says — 
‘motion deflected from center to one side 
~-back to center —- deflected to the oppo- 
siteside—backto center, OR— Vibration, 

Now, Lakhovsky inhisbookstatedhe 
‘madean scillatorof I loopor coil of wire 


errata: This page was inadvertantly left out of the book. 


electrical supply house. Ifyou cannot get 
‘bare wire, you will bave to get plastic 
‘costed and strip the coating with a sharp 
Jacicknife, taking carenottonickthe wire, 
‘yourself. 

2. Youneed apiece ofaluminum bar3/16 
X 1-1/2 inces, 20 to 24 inches long. 

3, Youneed a medium size pair of piers. 
4, Soldering iron and acid core solder. 
‘5. Small coil of 19 gauge coated (she! 
lacked) copper wire, 

‘Now—Wwe have 17-1/2 f.of10 gauge 
copper wire, lay it out on a flat clean 
surface and straighten it out taking the 
‘curve out of it and the Kinks and bends. 
Next we needa secure and strong placeto 
fasten the ends of the wire to — like 
‘mailerhitchorbumperofacar ortruckete. 
After you have found a place to secure 
‘your wire, fasten both ends of the wire to 
it as shown in Fig. 

‘Slowly pull the center of he wire so 
that you have 2 pieces of wire, put your 
‘aluminum bar in the loop aad pall tig. 
‘With a pair of pliers close the wire down 
onthe bar tight so that it passes between. 
‘the screws, Pull hard on the wire with the 
bar — it won't break. Start wwisting as 
shown in Fig. 1 ~always keep tension on 
the wire — do not let go of the bat. 
(COUNTER CLOCKWISE). Twist the 
wire, stopping at time, give the wire a 
‘couple of good yanks. NO, itwon'rbreak. 
‘Twist the wire until you have a good tight 
‘vist on it. When you think you have 
twisted it enough ~ twist ita litle more. 
When you get it where you lke it ~ 
SLOWLY backthe pressure offofthe bar. 

Remove | screw on the bar and slide 
‘theloop cutor offofthebar. Unfastea the 
‘wire where you secured it and cut the 
spiral wire as close as possible at secured 
end. Lay the twisted wire down fat. 
‘Measure 3" down from the top of the loop 
‘asshowninFig. 2andmarkitwithapencil 
‘or pen, Hard or tight bend the wires as 
shown in Fig 2, 90 degrees. Grip the 
‘twisted wire at the bend point with 2 pair 
of pliers, and start forming the spiral. 
Continue forming 1 or? loops. Remove 
the pliers, grip the wire and hand form the 
spiral as shown inthe drawing #2. When 
you have formed about 4 loops of the 
‘Spiral, stop and apply light heat tothe coil 
with @ hair dryer or similar device to 
relieve some of the stress in the wite, so 


‘that the loops that you have formed will, 
stay where you have bent them, Repeat 
‘the operationsand continue forming until 
you have your spiral. 

DO NOT BEND END OR TIP IN 
YET. 
Pat your spiral in the freezer of your 
reftigerator for 30 ta 45 minutes, and 
freeze it. This will tend to stabilize the 
‘copper some andrelieve some more ofthe 
stress, 

In Fig. 4 we can see thatif we bend 2 
piece of metal the inside of the curve is 
‘compressed and the outside is stretched, 
this stessis what we are trying to get rid 
of, About now some of you will be 
thinking ~GAD~ be eventells us howto 
hhold the hammer. Tam sure that some of 
‘your who are pro's at metal formaing and 
fabricationcan buildthisthing - WHAM- 
BANG, but please have patience, not all 
are gifted in some of these skills. 

When you have formed your spiral 
and it i shaped as you Want it, hold the 
oop of the spiral with your thumb and 
point fingers at eye level height and sight, 
across the spiral, itshould hang sothat all. 
coilsare level and even with eachother, so 
that it is flat — ifnot form itso itis. Put 
‘the coll in the freezer again, repeat freez~ 
{ng operation several times, this tends to 
‘age harden the coil some. 

‘With a very hot soldeting iron solder 
theend ofthe coll, wash tin warm water, 
dy it, and bend end in as on drawing #2. 
After you bend the tip in, bend it down 2 
Fitle bit so the beat in tip clears the 
‘crossed coil by about 1/4 inch. 

‘Drill 2 small holes in the spiral at 
pointsmarkedon Fig. 6,takingcare notto 
‘broak the drill, use light pressure. Cut 1 
plece of coated coil wire (19 ga) about 4 
V2 feetiong. Push one end of wire (about 
1-1/2inches) up through bottom ofhote in 
spiral, end wrap wind (twisted) loops of 
‘wire to second hole, Straight wrap 1 loop 
at hole are, this locks the standing wie. 
Pall standing wires tight with pliers and 
‘ct standing wires to about 1-1/4 inches, 

RRefteeze spiral and warm to room 
temperature. Sand or remove shellac 
from standing wires downabout 3/4 ofan 
inch, this makes electrical eontact for the 
coll shocker. You have finished the main 
spiral coil. Youbave just done the hardest 
par, the rest of itis easy. Save your 
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aluminum tar; you may want to bald 
other typesand shapes of coils and spirals 
to experiment with. I kave wound and 
tried 2 wire coils, 3 wire coils, cone 
shaped spirals, step spirals, pial with 
Wires atached and hanging dow with 
soldered tips ete. There is no end — you 
‘can experiment to your hean’s delight, 
it's only limited by your imagination. 

In closing, would like to tell you a 
story ~a tue story about a close relaive 
‘who gave me pemission to tell of his 
experience wih my M.W.0., bu prefers 
to remain anoaymous. 1 will not elabo- 
rate, butjuststate the factsastoldtomeby 
him and his ase, 

“This eative tok a tip by car tothe 
southwest part of the U.S. with some 
fiends, Before he left he called me and 
saidthat he would come to California and 
‘would stop to visit with me. This was ia 
the late summer of 1990. After arriving at 
his destination in the southwest, the 
Weather tumed very hot forthe whole 
wesiem US. Due to this extreme hot 
spell, he phoned me and said he was 
returning home and would not come 0 
Califoria. 

‘When [talked to him on the phon 
boforehelef, told him Thad builta Mai 
‘Wave Oscillator forhim and would give 
ittohim whene came to see me, and he 
could take it back with him, He did not 
rake itto Calif. but retunedto hishome 
inthe midwest. After retuming bome he 
became ill and went to see his doctor. 
‘After being checked by his doctor, he bad 
tests, andthe doctors discovered that he 
had Cancer ofthe Jange intestine. When! 
phoaed him and found that he had cancer, 
askedhim ithe wantedtotrymyM.W.O. 
[told im that I could not guarantee that 
itwould help him ~ but [said ~ what do 
youhave tolose. He ssid yes, be wanted 
totry itso I sent tobi 

‘Whenherecsived the M.W.0., twas 
assembled from instructions I sent him. 
He used it twice aday for approximately 
weeks. Hehad additional medical prob- 
Jems, hohaddiabetesandcongestiveheart 
failure plus the enncerplos aback prob- 
Jem. [had made the M.W.O. for bim in 
hopes that it might kelp his back. When 
he Weat back in 6 weeks o see @ cancer 
specialist doctorthey eave him extensive 
tesis and could not find any traces of 


‘ofagiven diameter that overlapped. Also, 
Thave read that it isn't the intensity or 
ower of the unit that is desired, but the 
quality of the signal and also the number 
Of frequencies, signals or waves, as the 
power can be offset by a longer exposure 
time. It seemed obvious that a spiral 
should produce all or most ofthe waves or 
signals desired and that it would be better 
than one loop with a limited signal effect. 
If Lakhovsky could cure cancer in plants 
and people with one loop itis logical that. 
spiral should be even better. OSCILLA- 
TION-- how about inducing it artificially 
~ vibrate or agitate the coil or coils. 

‘This unit produces it’s peak energy at 
12 o'clock at night, but it can be used 
uring the daylight hours too; it’s energy 
diminishes some toward mid-day. 
Lakhovsky stated thisandhe isright. I've 
gottogiveittohim, he didhishomework, 
Exposure rates or time of treatment with 
an electronic double screen M.W.0. is 
said to be 10 to 15 minutes every 3 to 4 
days, Exposure time for a spiral coil 
MW.O. (rule of thumb) is about 20 to 25 
‘minutes or 45 minutes maximum per day, 
or less, depending on what is treated. 

Lalchovsky also stated that he treated 
plants, animals and people with belts, 
collars braceletsetc.,consistingofasingle 
loop of copper wire. From what I can 
gather, if a subject was wearing a 
Lakhovsky coil they never took it off, 

Myspiralcoil M.W.0.ishalfandhalf 
~ part 1 loop + of wire, and part elec- 
tronic, Ifa subject got 1 exposure every 
3 to4 days with a conventional M.W.O., 
it means that the subject's system was hit 
hard or shocked, and it needs time to 
adjust. A spiral coil M.W.O. requires a 
Jongerormore oftenexposure and this can 
beanadvantageasitgivesusmore control 
of the research subject's requirements. 
‘The negative side is that the subjecthasto 
spend more time more often. 

‘There is one unusual thing that Tand 
others have experienced with this unit, 
‘When you first use it the sensation offheat 
or tingling is light and you require longer 
exposure time, like about 25 minutes be- 
fore you feel that you have had enough. 
After you useit for about I to2 weeks you 
will find that after 10 to 15 minutes you 
feel that you have had enough. Simply 
stated Lakhovsky said that a M.W.O. 


activates or excites the cells. It's kind of 
Tike pushing a car, it takes alot of energy 
to get it started, but once it’s rolling it’s 
easier to push. Maybe the body just 
becomes more sensitized to the energy 
after the M.W.O. is used for a while. In 
Lakhovsky’s THE SECRET OF LIFE on 
page 75, “The circuit is subjected to any 
‘kind of electric or magnetic shock it is 
then said that it vibrates according to its 
natural period.”” So, now what do we 
have? 

1. A spiral coil (Providing Multiple 
Frequencies) 

2. Vibrator (artificial oscillation). 

3. Blectrio current (D.C.) (shock to the 
coil) provided by a small transformer 
limited by bulbs tumed on and off by a 
Christmas light blinker or winker. 

NowIsaidpreviously that most ofthe 
unit is made of P.V.C. schedule 40 pipe 
(white). P.V.C. pipe being what itis has 
the tendency to sag if placed in ahorizon- 
tal position, fastened at one end with 
weight suspended at the other end. We 
ccan correct this by inserting a piece of 1 
inch diameter .050 aluminum tubing in- 
side the P.V.C. and gluing it with an 
adhesive or simply by drilling a 1/8 inch 
hole through both pieces and inserting a 
8 sheet metal screw. Remember also 1 
said there were little tricks you can use to 
build it as given above, so before you get 
too anxious to build, wait till T can write 
the HOW TOBUILD article, it may make 
your job easier and you will not have to 
change or rebuild the second time. Tam. 
trying tosave some of youall the mistakes 
Tmade, 

‘The heart of this M.W.O. isthe large 
‘main spiral coil. This coil is in simple 
terms anantenna, Itisadual antenna, that 
is, 2 in 1 as it is a receiving antenna and 
also broadcastingantenna. The antenna 
can be shaped in many forms and still 
retain the right hand spiral. Do we wind 
ittight toward the center and increase the 
spacing as we go out? This configuration 
Thave found best, but other configura- 
tions can be formed to achieve different 
‘effects, Ihave experimented with differ- 
‘ent shapes and some have given unusual 
results, There is still a lot of work that 
‘could be done here also. Twounda3 wire 
coil that was very effective but I had 
problems twisting the copper wire and 
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lost several of them. Twould suggest that 
the first coil you make be a 2 wire twist 
coil. If you want to build the M.W.O, 
‘complete you will have a total of4 coils. 

Large main spiral coll, 

4 small spiral coil (that is mounted 

under the large coil). 

2 straight tube coils. 

We use these coils because they alll 
have independent functions. We are go- 
ing tosqueeze itand milk it forall wecan, 
to get everything we can out of it. The 
‘main spiral coil produces most of the 
waves or energy, however, due to its 
design and nature the inside of the spiral 
‘cannot be wound tight to create small 
oops in the coil, so we will add another 
smaller spiral coil under the large main- 
spiral, this will give usthe higher wavesor 
frequencies we desire. We drill 2 small 
holes in the main spiral and tight wind a 
piece of 19 gauge coated coil wire around 
the twisted copper wire, and pull the wire 
up through the holes, leaving 2 standing 
19 gauge wires. We sand theendsofthese 
and fasten spring clips that hold the tube 
coils, The other end of the tube coil wire 
is connected to a banana plug ~ into a 
receptacle, we connect our coll shock to 
these. 

know there are some of you outthere 
who are like I am, (impatient) and are 
curious and would like to try this to see if 
‘this guy is telling the truth or ifhe is just 
fall of it. Tam aware that the Journal is 
published every 2 months and maybe 
some of you don't want to wait 2 months, 
0 for those of you who are like Tam let 
‘me tell you how to build the main spiral 
coil. This one coil in and of itself won't 
knock you over but you can get started, 
and you can play with it until I can write 
‘the HOW TO BUILD article. This coil 
will emit energy by itself if suspended 
horizontally. Fasten it to something, a 
piece of plastic tube or wood dowel ete. 
‘Try iton your feet as the feet seem to be 
sensitive to these energies. Well ~ bere 
we go. 


HOW TO BUILD THE MAIN 
SPIRAL COIL, 

‘You will need to purchase a few things, 
1, You need 17-1/2 feet of 10 gauge 
Golid) bare copper wire (cost about 14 
cents per foot). You can get this at any 
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cancer. After his tests he phoned me and 
said the doctors could find NO traces of 
cancer whatsoever, Iasked him-- did you 
take any medications whatsoever for your 
cancer? — he said NO. L asked him — did 
you take any radiation treatments for you 
cancer? —he said NO. Tasked him ~ did 
you take anything at all for your cancer? 
he said NO. To this date he has not had 
any return of his cancer. 

Now, where does this leave us? He 
either had spontaneous remission or 
he washelped by the M.W.O. As 
T understand and have been 
told, some forms of cancer 
inthe upper stomach are 
inoperable. My rela- 
tive is the 3rd per- 
son who seem- 
ingly hashadre- 
mission from 
cancer from 
using my 
MWO. T 
do not like 
to use the 
word 
cured 
when 


‘Then there 
is Al Mills who 
builtand useda copy 
ofmy M.W.O. He had 
prostate cancer; he's fine 
now, but we can’t count him 
as he has taken medications for 

it, Thave heard that doctors have said 
that prostate cancer is very difficult to 
treat. Then there also is Simon Lucas 
‘who built my M.W.O. and loaned it to a 
lady who has LUPUS (a cutaneous dis- 
ease due to the tubercle bacillus), He 
said she is feeling and doing much better 
now. I also built a M.W.O. for my 
mother who lives in So. Sioux City, 
Nebraska, across the river from Sioux 
City, lowa. Isentittoher--she couldnot 
assemble it so I flew back to do it forher. 


ANS 


Several years back she was leaving a 
market and caught her foot in a disposed 
plastic bag on the sidewalk, fell and 
broke her hip and leg. The doctors 
repaired it by wrapping screen around 
the bone andadded a few screws and pins 
hhere and there. She was OK for several 
years and then she got to the point where 
the pain was so bad she could walk only 
ashortdis- tance. 


Figure 6 
She has 
used the M.W.O. for about 2 months. 
She called me the other day and said she 
took the bus all over town, did shopping, 
came back, tookherpull cart and did her 
food shopping ~6 locks up and 6 blocks 
back -- and then walked up o the restau- 
rant and got her dinner, all in 1 day and 
she said she feels fine. The doctors gave 
her the choice of pain shots or cutting off 
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her leg -- (ome choice). NOTE -- She 
does not have a coil shocker om her unit. 
In all honesty I have to say that my 
spiral coil M.W.O. does not affect all 
people the same. Thave had no negative 
‘or bad reports to date from anyone using 
it with good common sense and disere- 
tion, There are 2 few people that it does 
not seem to help to any great degree. 
‘There are also some people that it seems 
toalmostworkmiraclesforthem. Iwould 
say of these persons that maybe it was 
‘mental, except that I have been 

fold that some have said — 
“swell, T don’t think the 
damned thing will do 

any good, but I'll try 
it”, Teould go on 
and on but we'll 
eave it at that. 
If you de- 

cide to build 
my M.W.O. 
Twouldwel- 
ome any 
serious 

and hon- 
estexpeti- 
‘mental in- 
putas this 

unit still 

has many 
areas that 
need to be 
explored. 
Sometimes I 


should be the scientists 
Zs and doctors doing what is 
‘being done ~ but I'm not go- 
ing to hold my breath until that 
happens. I guess the only way it’s 
going to get done is for people like you 
and me getting off our backsides and 
getting it done. If enough will work at it 
‘and add a little bit, itl get done. 1 
‘sometimes wonder what the end-run po- 
tential ofmy M.W.0. is, Hovethedoctors 
(God Bless them!), we need them, but I 
wish they were more open minded and 
‘that they were not so profit orientated and 
stigmatizedby their organizations. think 
‘these ideas I present here will help. 


InPart One lexplainedhow the spiral coil 
‘M.W.O. evolved and how I came to build it 
‘and notes onthings Thave learned about itand 
itsuse. Talso explained with drawings howto 
‘build the main spiral coil, For those of you 
‘who wish to build this unit, I have added 
additional drawings and notes 0 you can 
‘build the rest of the cols, base, et. 

Before! begin I would lke to address an 
‘sue that has bothered me for some time, it 
pertains to my M.W.O. and maybe other 
M.W.0's in general. It is a situation or 
fanction that has been ignored by many or all 
butafew. Inmy articlein Pat Isaidal coils 
‘on this unit must be right hand coils. What I 
sm refering to is what Teall RIGHT BAND 
SPIN. lnmy study of Lakhovsky’sand others 
‘work, Ihavonotbeenableto find any informa- 
tion pertaining to direction of spin, although 
he gave very precise directions —how collars, 
bells, bracelets etc, were to bemade. Did he 
‘know and was it his secrot? Was he not tell 
ing? Lakhovsky stated that his M.W.O. 
stimulated the twisted filament or nucleus of 
the cell andthe cel oscillated accordingtoits 
natural frequency. A weak oscillating coll 
‘wouldincreaseits oscillations backtonoemsl. 
‘The question is, do certain oscillations cause 
tho coll to spin right hand or lot hand, or 
clockwise or counterclockwise, ifthe fte- 
‘quencies spin right hand or left hand? Some 
right say — what difference does it make, 
‘The people who use or practice the Five 
‘Tibetan Rites always spin right - never left. 
Sir Lawrence Bragg (Nobel Prize winner) 
iscovered that healthy peoplehave “RIGHT 
HAND” spinning blood. And physicist Dr. E. 
Mersmann discovered that pople expased to 
‘electronic smog have “LEFT HAND” spin- 
ning blood, the same as poople who have 
‘cancer—they also have “LEFT HAND” spin 
‘blood. Maybe ifthe earth spunin the opposite 
direction, lft hand spin blood would be nor- 
mal. So, is left hand spin or right band spin 
important? Yes, [think so. Ihave purposely 
‘made and used left hand coils and thoy made 
me feel sick and ill. There is an instrument 
‘that has been built that emits weak pulsed 
‘electromagnetic waves that causes the blood 
to spinrighthandia peoplewho kavelefthand 
spinblood, however ithe unit isremoved the 
‘Blood will go back to sbnormal efthand spin. 

‘Tryou put yourhand ina bucket of water 


youcaa spinitto therightortothelent—isthis 
Polarity? Does magnetic polarity have an 
effect on matter causing right or left spin? 
Yes, itseemsto, Buthow sbout induced spin 
direction on a non-magnetic or non-electrical 
energy or wave? IfTholdamagnetic compass 
near the spiral coil of my M.W.O., T get 
nothing ~ no needle movement. If Thold a 
pocket radio under thecoil with vibrator and 
‘une it off station, I get static on A.M. from 
bout 80 on down, none above 90 and up, but 
1 don’t think that static is coming from the 
‘vibrator. Warning: I damaged my radio by 
usingiffortestng, Atfist thought itwasthe 
battery, but a new battery did not correct it, 
Somotimes when I turn it on now it dosn't 
‘want to comeoa,by flipping the switch on and 
off several times it thea works. I bad a0 
problem with this radio before I used it for 
testing, 

‘Whatever the answers are, 1 would sug- 
gest you use right hand coils. Look very 
carefully onpages 113 and 114, theseare right 
hand coils in relation to the subject, (ref. The 
Secret of Life). If you build the spiral coil 
‘M.W.O. youwillhave he basicunit. Youcan 
‘experiment and try all types of coils aad 
spirals, as Isai in Part, itis only limited by 
‘your imagination. Ifindit fn and interesting 
‘o try unvsual and weird cols it’s not expea 
sive and you only have to remove couple of 
screws, no big deal. 

have been thinking of building a cheap 
copy of Lakhovsky’s coil of rabe and wire, 
also foil eo of equal size, totes ifthe coils, 
‘when vibrated emit equal energies etc, and 
‘what the differences wouldbe. Itmay answer 
‘the question why some ofthe foll coils don’t 
seem to produce the reslts as good as some 
‘would like, In Lakbovsky's book there are 
pictures of, and he speaks of, the oscillator 
collsof Hertz, Thereisastrikingresemblance 
‘of Lakthovsky’ coils on his oscillator ant. 
to Hertz’s coil. Could he have been influ- 
‘enced by orborrowed the Hertz oxcillator coil 
forks unit — did he expand upon the base of 
Heria’s work for his antenna coil? (interest- 
{ng thought) 

Enough digression -- back to our spiral 
coll building project. Ifyou look at drawing 
#3 you will see that it is self descriptive, 
siving diameters, lengths etc. We make most 
all of our unit out of schedule 40 PVC plastic 
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pipe. Take enough care to make your cuts 
‘square and clean, debur the enés of te tubes 
0 they will slide into the glued slip fittings 
correctly. Now, here comes the stinky part. If 
‘you want your unit to look nce, you wll bave 
toclean the tube, (after cutting), taking offall 
the dit the ink letering ete, Tusea laundry 
‘tub, a small amount of water, laundry deter- 
gent, Comet, and some wet or dry #200 
sandpaper and a lot of elbow grease. 

‘Warning: PVC glue sets fast, in a matter 
of seconds. I put glue on the female fittings 
‘only ~none on the male side, side ittogether 
firmly and whack it with a short piece of 2x 
44, Glu part #7 to part #8 and drill a 5/16 hole 
‘through fitting — this is so you can tighten or 
remove the threaded fitting by inserting a 
phillips screw driver or rod in the hole. This 
rakes your unit portable, 

Gli pieces 1-1-5-4-4, also 3-3-5-44. 

[Now glue part 2 to part 6, also part 3 to 
part 6, 

‘Thread assembly 7-8 (large vertical tube) 
into assemble 2-6-3. 

Wevillstideassembly 11-5-44 onto tube 
#2, batwe will not glucit. Place thisona fat 
table, and adjust tube 8 so it is vertical. 

‘When you get it where you like it, glue 
assembly 33-5-44 to loose tube 3, let this dry 
for 20 minutes, 

‘Now remove assembly 11-5-44, apply 
sluctofitting #5 and glueitto tube #2 on your 
fiat table, You now have the base finished. 

Glue the rest of the tubes and fittings 
together on your table. NOTE: Do not glue 
parts #19 and #20, we leave these loose and 
just set them in place, as we may add some- 
‘hing additional here later. 

‘NOTE: Before you glue tubes #11 and 
#15, cut some one inch diameter 050 aluni- 
‘mim tube fall ength of tubes and slide them 
inside of plastic tubes, this eliminates sag. 
Daila 1 inch hole through plastic tube and 
‘aluminum tube, screw a #8 sheet metal screw 
‘through both tubes. Tube #11 has holes init 
sowecanadjust the height, dillthese? inches 
apart, 9/16 inch holes. We insect a 1/4 inch 
‘wood dowel through fitting #10 and through 
tube #11. 

‘We drill 2 oles in tube #21 and thread 
them 10-24, we fasten our spiral coils and 
antenna to these. The first holes drilled 5/16 
‘of aninch up from the bottom edge ofthe tube 
and the second hole is drilled 3/4 of an inch 
‘fom the first hole. 

‘When you buy your 1-1/2 PVC tbe, get, 
apiece with a flared end, as wo seta reducer 
‘ting init to make a sleeve for the #11 one 
inci tube. To keep tube #11 guided at the 
bottom of tube #8, drill 3 holes atthe bottom, 
‘of tube #11 equally spaced around the diam- 
ter and insert 3 #8 sheet metal screws. 


Parts #9 and #10 will have tobe filed out 
‘ormachined out so the one inch ube will slide 
‘through them. 

Parti#16, the vibrator base, ismade of fst 
stockPVC. Ifyou cannot buy it fiom aplastic 
supply house, cut a couple pieces of 1-1/2 
PVC tube about 3-1/2 inches long, cut them 
again length wise, so you have half tube 
pioces. Placethe half tube pieces between two 
1/8 inch aluminum plates and heat ina stove 
‘oven with a brick or weight on top. Let them, 
‘cool and the plastic will come out flat. Layout 
‘and mark parts on flat sheet and cut out. 

Glue all the pieces of vibrator base to- 
‘gether and fitto tube #15 and glue it tight. A 
‘wood match works wood to lay glue in joints. 

‘Make and fit your motal brace from alu- 
‘minum ornon-corrosivemetal and fasted with 
two-Hf8 sheet metal serews, Cut out part #23, 
fit it to T~#22, deill two holes for banana 
seceptaclesand glue securely, also cordholder 
na. 

‘Make your small spiral coil fom .0625 
Jowcarbonstainless steel heli-areweldiagrod 
~ 36 inches long, do not twist wire, use as is. 
‘Youcan get this from any welding supply; get 


LEGEND. 

USE PY.C. (WHITE) SCHEDULE 40 
Key 

LSLENGTH D=DIAMETER C=CUT 
‘TeTUBE T.E=THREADED FITTING 
PART# DESCRIPTION (in inches) 


12, CL=10 
122, CL*15-1/2, 


NIPPLE-D=1-1/2 THD'D, 
T-D=1-172, CL=28-12 

9. REDUCER D=1-1/2 TO 

I, REDUCER - D=I-1/2 TO | INV. 
I. TD=1, CL=28-172 

12 TR.D=1 NIPPLE 

13. ELBOW-D=1- TR, 

14. CORD HOLDER (ELEC) 

15. T-D=1, CL=20-1/2 

16. VIBRATOR BASE 

17, METAL BRACE 


18. TEED: 
19. 
20. CAP-D=I 
2. 


22. ANTENNA 
23. BeT-G. BANANA RECP, 


4.075 pieces. Also make antenne from same 
‘wire. To make small spiral use the fall engih 
orrod. Startby forming an eye on one end for 
the 10-24 screw. Movedown3 1/4 iachesand 
form spiral same as large spiral coil, also 
bonding end tip in, Put an offset kink in the 
stem so it will pass through the main coil 

“The tube coils are made from #19 shellac 
{nsulatedcoil wire, 12t0 14tums. Itightbend 
1290 degree bend, $0 Thave a | inch long tai, 
place this parallel ona pencil or wood dowel 
and tight wind the coil. Grip the wire tail and 
dowel withapairofpiers. Removete dowel 
and freeze for 30 minutes, war to room 
temperature. Grip the ends of the coll with 
Yyourthumbandmiddle fingernailsandstretch 
the col tothe desired length, reftceze for 30 
‘minutes. Bend longtail of coil 90 degrees and 
fitto banana plug. Trim shorteadto 3/4 inch, 
‘lean and solder pinch clipto col. The pinch 
<lipismade fiom ight gaugohard stainless or 
brass, Blank size is 7/32.x 1-1/4 

‘After you have everything glued and fin- 
{shed puta coat of ato polish on PVC tubes, 
as this Keeps them clean and they will not 
finger mark or get dirty. Also put a coat of 


vaseline on the threaded fittingsso they canbe 
removed easily as they tend to stick. 

If you are, or want to be, the serious 
experimenter type, buy a note book and keep 
records and notes. Keeping a log with dates, 
exposure times, etc, can be avery useful tool 
to compare resulis of different coils ete. I 
‘would weleome earing from you on the use 
of the spiral coil M.W.O,, i.e. your success 
and problems, NOTE: Don't expectresuts in 
2or3 exposures, as this unitismore geatleand 
‘may require a longer time of weoks or several 
‘months to get permanent results. To this date 
Thave nothada single report from anyone for 
over-exposure if used with common discre- 
tion, Thaveused belts, collars, wire loopsete. 
‘with the M.W.O., this seems to multiply the 
energy. Talsohave used a spin magnetic unit 
With a reticular energy filter before and after 
M.W.O. exposure. This seems to work well 
for joint problems. 

Please’ Lou Schad does not manufac: 
ture TSENG Tee aoe bi 
knowledge and experiences agifttothe 
He may be written ol- BSI 


Bae: 
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COIL SHOCKER FOR 


US VAL: 


SCHAD SPIRAL COIL MW.0. ul Soe POOR MANS 
This unitprovidesa D.C. shockto the Uh auwner - COLL SHOCKER 
spiral col. should be built Ina woodbox,  WINKER 
tor grounded metal box fr safety sale as 
wwe use I15V ACC power source. All the [5 VAC: 
wen acrreomety wing us ene 
‘supply, except auto bulb and socket, Get. ~ BIH WINKER 
these from an auto: st jus, z 7. 
but it gives more control. | usea ceramic BATTERY 7 
bare for 40 wate bub. A smaller trans- Sage Stats ELIMINATOR 
former can be used, but | find the 3A-I2V_ a 
best. itis nice to adda handle to the box. q \ TRANSFORMER 
hol the boc and aber bumper fc Sega rye 
lt the bo, and rubber bumper feet 0c. BULB 
‘on the bottom. TOMATCH 
2 ee BANANA TACK: BE. OUTPUT 
To TUBE is 
Cones 
owe, 4 
lp; 4 
TUBE COIL ~ 


TRACING OF SMALL SPIRAL y¢@ COL WIRE ZREQ. 


RREQD. ) VIBRATOR BASE 7 
1REGD. 


Dwe. 5 


1 RE@D. 


Stand 

if your soldering iron does not have a built-in 
stand, you will need a safe place to rest the hot 
iron between uses. A Soldering iron 

Stand (http://adafru.it/150) will keep your iron 
from rolling around and protect both you 

and your work surface from burs. 


Most stand holders come with a sponge and 
tray for cleaning your soldering iron. 


Solder 

Standard 60/40 lead/tin Rosin 

Core Solder (http://adafru.it/145) is the easiest 
type to work with. 


Diagonal Cutters 

You will also need a pair of Diagonal 
Cutters (http://adafru.it/152) for 

trimming component leads after soldering. 


Other Handy Tools and Supplies 


> Adafruit Industries _https://leam.adafruit.com/adafruit-gu 


Page 7 of 35 


This is an update on the work I have 
done on the spiral coil MWO. have built 
and tested several new coils and made 
changes in design of shapes and twist of 
‘the wire and different size of wires ete. I 
have experimented on plants and myself 
for the past several months. 

Inmyarticle inthe Journal of Border- 
Jand Research of March-April 1991, page 
15, figure 1, I stated, to 
twist the wire counter 
clockwise, as I was told 
by someone of authority 
that this was best. Inow 
find after experimenting 
and testing thatthisisnot 
80, Inow twist the wire 
clockwise, causinga left 
hand spin of the wire 
when viewed -- or 
counter clockwise. Ifthe 
wire is twisted in this, 
‘manner it more than 
doubles the energy and 
theplantsandTbothseem_ 
to like it better. If the 
wire is twisted as stated 
‘twill produccenergynot 
only in aspiral shape but 
also in single loop rings 
(overlapped) and also in. 
Just a straight length of 
twisted wire. 


target or a series of one 
looprings oftwisted wire 
of different diameters 
and wire sizes, from 
about linchto 8inch and 
overlapped them about % inch and wired 
them toa X shaped piece of thin plywood, 
and it produces more energy than I need. 
can stay under it only about 7 to 10 
minutes, IfTstay under it longer thaa this, 
Igetover exposure or too much energy in, 
‘my body, and it makes my feet and hands 
tingle, 

‘T made a spiral coil from 1/8 inch 
coppertubing, twistingitlike asolidwire, 
and it produces more energy than a like 


spiralmade from solid wire. [donotknow 
if the energy travels on the inside of the 
tube and the outside also, but the energy 
produced is much more than is required 
for normal use. 

Talso have been experimenting with 
newanddifferent ways to pump or project 
the energy. In my original design I used 
a vibratar to increase the output. I now 


‘Spina Con. Muctipte Wave Oscittator: 


find that with the new coils (twisted as 
stated) that they develop as much or more 
‘energy without the vibrator as the old 
coils did with the vibrator. It seems that 
the field or energy pattem given off by a 
straight (twisted) wire is different than 
‘those of a single loop (twisted wire) shape 
oor spiral shape. 

Tam buildinganew coil thatuses both 
‘and looks like a spider with 8 legs of 
different length, It has 2 single loops 
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(overlapped). One loop is 2-3/8 in diam- 
eterandthe otheris4-1/Bin diameter. The 
‘small loop is centered in the largeloop and 
inthe same plane. [made a wood jig with 
nails for pins to hold them in place and 
soldered twisted straight lengths of wire 
pointing from the center outward. I will 
‘bend the tips of the straight twisted wires 
down 90° producing a shape like a spider. 
T'llet you know ifitis different from the 
spiral coil shape in energy output. 

It now becomes obvious that a spiral 
is not the only configuration that will 
‘generate or collect and broadcast energy 
of ualnown origin. If other shapes or 
designs willalso produce 
energy, istheirourputdif- 
ferent? If so, what are 
‘the differences? Are the 
wave lengths different, 
are there different pat- 
tems to the waves or en- 
ergy? How doesitaffect 
the living organism? 

Whenaspiral or coil 
is placed in front of @ 
reticular energy field it 
producesunusualresults, 
Coils can be combined 
with many other forms 
of energy, magnetics, 
light, audio, vibration 
etc, 

In my artiole I said 
youcan design and build 
‘oils of all shapes and 
types, as it is only lim- 
ited by your imagination. 
It is my personal belief 
that someday someone 
will design and develop 
acoilofanature thatwill 
be highly beneficial to 
‘humanity, we need your 
input, ideas and help, 

If a coil of twisted 
wire was built in a target configuration of 
a series of overlapping loops so as to be 
similar in design toa Lakhovsky coil, and 
‘was powered by a Beck MWO output, 
what would be the results? If a twisted 
wire coil will produce and project energy, 
connecting it to the field of a Beck type 
unit should be interesting. Are there any 
takers? 


‘Lathovaky’snmultiplowaveoscillatorhas 
always intrigued me. 1 tried to build my first 
‘onein 1976 based on Bob Beck's schematics. 
‘These early experiments failed miserably, but 
I remained interested. Ia 1987, I had the 
‘opportunity to see one of Bob Beck's MWOs 
atamecting ofthe Los Angeles Psychotronics 
‘Association. Iam a healer anda sensitive by 
‘ature, and I was looking forward to finally 
seeing the mythical machine in action, Bob 
‘had said that is was a very high power mode! 
and he was right about that. 

‘The unit was of the design that has been 
popular since the 60s; a high voltage spark- 
‘tap transmitter driving an antenna of concen 
twicrings. Bob tumediton andranit forabout 
threeminutes. Itmadea loud zappingnoiseas 
Jundred of sparks jumped from ring toring on 
the antenna. 

was standing in the back of the room, 
about 30 feet from Bob's MWO. 


home with the intention of building one of 
‘Lou's units to experiment with. 
AfterconsideringLou’s designcarefully, 
T decided to make 2 few changes and by late 
May 1991 Ihadmy firstunit. Asittarmedout, 
my unit didnot ook atall like Lou's, butit did 
‘embody the fundamental principles that he 
innovated. ‘These included a spiral main an- 
‘enna that was charged with static electricity 
‘and physically vibrated. Lou’s antenna wes, 
‘complicated to build. I decided to use an 
‘antenna design that I had been developing, 
‘uses for for three years, a spiral based on the 
hiratio that I could have printed right onto a 
circuit board, That solved the problem of 
‘antenna fabrication. Another thing I changed 
‘was the method to induce the physical vibra- 
tions, Lou had used an aquarium pump. It 
‘worked well but was limited to only one rate 
of vibration. I decided that the rate of vibra- 


ing for 4% months or since mid-June. The 
results are preliminary. No cures areclaimed. 
However, all indications point to systemic 
detoxification, energizing and rejuvenation, 
just what you would expect to see from a 
broadly stimulated natural healing process. 

‘The VegaTest procedure is very sophisti- 
cated, It uses a bio-feedback mechanism to 
establish baselines for toxicity level, systemic 
stress and specific organ stress as well asthe 
presence and location of specific pathogens 
‘and types of toxic substances. Toxicity level, 
is measured on a scale of Oto 21, where 21 is 
the most toxic, A “Biological Score” is 
developed from the toxicity values that come 
up and can have from 1 to 6 numbers ranging, 
from I to 21, 6mumbers being themost toxic. 
‘An “Ideal Score” is determined on a scale 
from 1 to 15 where normal for adults on first 
testing range from 7 to 11. Stress on the 
immune system and endocrine system ismea- 
sured on a scale from 0 to 5. 


CASE A is a 21-year old female who has, 
never been treated with other remedies. The 
patient was VegaTested, then received one 20, 
‘minute session with the MWO and thea was, 
retested. (See box insert) These scores sug- 


gestthat even one session can tem 
porarily reduce stress levels sig- 
nificantly and promote datoxifica- 


CASE Bisa 72-year oldmalewith 
‘extrem intraccular pressure, The 
patient received only three ses- 


‘As soon ashe tumed it on Fret 
bast of imitation hit my aura, I | Ideal Score: 8 Ideal Score: 6 

could handle te etheric frying of | Biologia! Score: 19-16-14-12-9 Biologicl Score: 12-108 | fon 
‘ny energy field for only about | 5 Stes wit high numbers Immune System Stress: 
thintyseeondsbeforeThadtoleave |! considered very tox. Endocrine System Stress: 0 

‘the room. When Icame back in, | Immune System Stress: 3 

everyone's energy had been fied. | Endocrine System Stress: 

“Themesting quickly digressedinto 


a break, with everyone talking to their neigh- 
bor. It was quite a sensation! 

Inthiry seconds had become convinced 
oftwo things, First, thisMWO was extremely 
‘damaging tothe subtle energy feldand there- 
foremnist be incapable of promoting systemic 
healing. And second, this MWO must be 
‘unrelated to what Georges Lakhovsky was 
reporting in his book Sooret of Life. 

Since I drew those conclusions back in 
1987, Ihave been confronted with numerous 
testimonials of people gaining benefit from 
this style of MWO. While do not doubt the 
accuracy of these stories, I must admit, I do 
‘not understand by What process the benefits 
derived. 

‘Here is where the MWO languished in 
‘my mind until Lou Schad’s articles appeared 
inthe March/April and May/June 1991 issues 
ofthis journal. Intuitively I felt Louwas onto 
something very important. On a visit to 
Borderiand Headquarters, I had a chance to 
evaluate @ unit Lou had given to Tom, The 
‘nergy coming from the antenna was gentle 
but very penetrating, T'was excited. I went 


tion might be important to look at so my unit, 
‘was made with a variable rate of vibration, 
from 2% vibrations per second upto ebout 14 
vibrations per second. The last changeTmade 
‘was the vertical antenna, Not knowing the 
height I needed for the optimum effect, I 
simply used a retractable replacement an- 
‘enna from Radio Shack, the kind youusually 
‘seoon portable radios. This gaveme a way 10 
‘vary the electrostatic charge on the spiral, by 
raising or lowering the antenna, 

‘By carly June 1991 I had made an ar- 
‘rangement with alocal acupuncturist in town, 
‘to run some clinical tials with the unit. This 
‘medical professional has asked to remain 
‘anonymous and so for the purposes of this 
article, Iwill refer to this person as “John”. 
John sa gifted sensitive and an advanced bio- 
energeticdiagnosticianusing equipment from 
Germany called the VegaTest. Johm also has 
‘had assistance in this evaluation by another 
aifted sensitive who can see auras in vivid 
color and detail. I will refer to this second 
person as “Pam”. As ofthis writing in early 
‘November, their evaluation bas been on-g0- 
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sions with the MWO. The pres- 
sure within the eyes lessened with each ses- 
sion. Pam reported that before the MWO 
‘sessions, the region ofthe eyes and head was 
‘completely dark and devoid of life force. 
‘After the first session, the darkness cleared 
‘about 40%. With the second session, the 
‘darkness cleared about 80% and with the third 
session, the energy around the eyes was com- 
pletely vibrant. 


‘Without going into a lot of specific case 

histories, ornaming diseaseconditionstreated, 

John and Pam are consistently seeing the 

following: 

1. The MWO expands the energy fieldaround 
the body 3 t0 6 feet. 

2, It functions to reduce accumulated stress 

on many levels, 

Itcloarsthe energeticimprintsofillnesses. 

It ills in breaks and cracks in the aura, 

It builds vitality at a very deep level and 

combats fatigue. 

6. Itpromotes the drainage of stale and stag- 
nant life energy down the arms and legs 
and out the hands and feet, Several times 


Pam has seen dark yellow or dark green 
‘energy drain out of acupuncture points or 
‘organs, to be replaced by cleaner and 
clearer colors. 

17. Everyone experienced improvement, re- 
‘gardiess of their condition 


METHOD OF USE FOR THE MWO, (4e- 
veloped by John and Pam during this testing 
period) is as follows: 

1. A person using the MWO should sit in a 
‘comfortable chair with their feet Hat on 
the floor and their hands apart, Iaying on 
their thighs, palms up is best. The chair 
should be about 6 feet from the MWO. 
During the session they should periodi- 
cally rotate their wrists and ankles to help 
promote the draining. 

2. TheMWOshould bestarted atslow vibra- 
tionrates (2-3) andslowlymovedtohigher 
vibration rates (5-9) and then at the end, 
‘movedto slower ones again. Sessions can, 
be from 10 to 25 minutes. 

3. After the MWO is turned off, the person 
shouldremain scated for 10-15 minutes to 
continue to drain while the energy field 


slowly shrinks back from its highly ex- 
panded state. 

4, Rooms where the MW0 is used may need 
to be cleared after its use due to the stale 
energies that drain out. Sun light, fresh 
air, toning, sage or other means may need 
to be employed to keep the MWO session 
oom clear. 


‘THE BSRF MWO PROJECT contin- 
‘esto develop, as this and other articlesin this, 
{issue clearly show. A special thanks to Low 
Schad for his brilliant and original departure 
from the errors ofthe past and showing us the 
‘rue Borderland spirit in action. 

One final note. We at Borderland are 
‘constantly railing against people who invoke 
‘he name of some famous researcher, like 
Rife, Tesla or Lakhovsky, and then sell the 
public a piece of equipment unrelated to the 
original work. This iso better than bait-and- 
‘witch hncksterism and we deplore it. There- 
fore, letusstate for herecord from the outset, 
‘that this new Hlectrostatie MWO is not what 
Georges Lakhovsky was doing, Neither isita 
direct attempt to duplicate his work. Lak- 


hhovsky claimed to have had his units in use 
‘around the world, but after years of research, 
‘we have found no physical evidence of this. 
‘He never published detailed schematics of 
‘aay complete devices. This new MWO is a 
‘modem attempt to address the same problems, 
that Lakhovsky was grappling with, We call 
it a multiple wave oscillator because it is, 
clearly, a device that produces 2 wide spec- 
‘trum of oscillatory emissions simultaneously. 
Lakdhovsky pioncered this line of research, 
‘This unit is not a ““Lakhovsley MWO” but, 
strictly speaking, no other unt sold inthe last 
30 years has been either. 

‘As this MWO is part of en ongoing re- 

‘search project, a limited mumber ofthese units 
‘will be produced and made available to the 
public. 
‘The new BSRF Hlectrostatic MWO is for 
investigational purposes only. It is not a 
‘substitute for professionel medical care andis, 
notindicatedas aspecific cure for any disease 
‘condition. Any suchuse goes directly against 
‘the intent of the manuftcturer. ‘The perfor- 
‘mance characteristics of this device have not, 
‘been established, 


MuttipLe Wave OscILLATOR 


Borderland Sciences Research Foundation is proud to announce that their new Electrostatic Multiple 


Wave Oscilator is now available for investigational purposes. 


TOTALLY NEW APPROACH 


‘This unique Multiple Wave Oscillator uses a specially designed spiral coil that 
is both physically vibrated and simultaneously charged with a safe quantity of 
static potential, unlike designs usinghigh voltage discharges between concentric 
rings. ‘The result is a wide-spectrum wavefront of electromagnetic and 
‘etheric vibrations. It also provides a means to introduce a wide variety of 
‘other subtle influences into the broadcast much like a substance biocircuit. 
‘The Electrostatic MWO from Borderland Sciencesisa versatile investigational 
tool. 


‘The MWO has a wide range of vibratory rates and charge intensities, Itis 
‘acne square foot cube witha Golden Mean SpiralMWO antenna on the front 
‘anda retractable antenna on the top for tuning. Powered with standard AC. 
Constructed using no toxic materials, 


ELECTROSTATIC MWO 
The Electrostatic MWO isa high quality device produced 
in limited quantity for our research network. Interested 
researchers may inquire with BSRFas to currentavailabil- 
ity of units. 
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SUN-ETHER DISC 
By Albert Zock 


The German inventor Oscar Korschelt based his cosmic ether accumulator, German 
Patent #69340, dated July 14, 1891, on the teaching of Wilhelm Weber not realizing 
that it incorporated the implosion principle as well. Weber professed that all 
particles of the ether, having an electrical charge, are circling around solid objects 
without touching then, the molecular particles being negative and the ether particles 
being positive, according to the law of attraction and repulsion. Since a solid body 
attracts ether particles, Korschelt searched for a way to collect, condense and to 
rectify them. 


On a wooden disc with a hole in its center, Korschelt fastened spirals of copper 
wire, on both sides, one wound clockwise and the other, as a mirror image, counter 
clockwise, and connected the ends together through the hole in the center. His 
assumption was that the collected energy would be condensed in the center and then be 
beamed off at a right angle to the disc. He termed the side facing the light positive 
and the other negative. To increase the condensation and lengthen the antenna, 
Korschelt wound small coils like key rings and assembled them like links in a chain. 
He was convinced this device would give additional life energy if the beam was 
directed at the neck of a person in the height where the 18 cranial nerves are leaving 
the ekull, (medulla oblongata). Such a spiral resembles a Nornen coil, which is 
stretched out and is used to eliminate undesirable emanations. 


An application of a Korschelt coil seems to have its merits. In one case a 
relative of an elderly man suffering an acute pneumonia, being already unconscious and 
according to his physician, beyond hope, hung e Sun-Ether Disc over his bed. From 
this moment, his condition improved rapidly. Fourteen days later, he was almost 
normal again. In another case, a Sun-Ether Disc hangs over the door in the waiting 
room of a Naturopath. Every one walking in is amazed over its warmth, and the flowers 
are flourishing like in a green house, even though it is not heated and faces north. 
When asked for the reason, the owner points smilingly to the disc and gladly explains 
how it works and how to build one. 


On a plywood disc with a diameter of 50 cm (20-3/4 in.) are two coils, one on 
each side, wound in 2 mirror image, the front one counter-clockwise and the other 
clockwise, almost on top of each other. Both are connected through the hole in the 
center which has a diameter of 10 mm (6/8 in.). The space between each winding is 15 
mm (5/8 in.). Aluminum wire is best. To make the key rings, take a 4 mm (3/16 in.) 
thick wire, fasten it into an electric drill and wind the armature wire around it 
tightly, by allowing the rotating wire in the drill to do the spinning. Make sure to 
wind the links for the front counter-clockwise and for the back clockwise. Then 
separate every fourth winding and cut it to get the links shaped like key rings. Now 
attach the rings onto one another like a chain. Each link will lengthen the antenna 
and work like an oscillator. Fasten the chain onto the board, using nails or screws, 
but to be accurate, give the chain a light tension so it will not slip off. Twist the 
ends in the hole together, or better, solder them. The counter-clockwise winding for 
the front applies to people living in the northern hemisphere; in the southern 
hemisphere it might need to be reversed. 


In Korschelt's time, some made “beam-handbags” carried on a shoulder strap. The 
material had to be framed to it could not move, then the spiral was embroidered and 
fasted to the inside of the bag, the whole bag measuring about 20 x 20 em (8 x 8 in.) 
and the windings being 1 cm (3/8 in.) apart. Such bags were more powerful than the 
disc. 
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From Mar-Apr 1988 Journal of Borderland Research 


ETHER RADIATING APPARATUS 
An Apparatus For Therapeutic Use Without Direct Or Indirect Suggestion 
Oscar Korschelt of Leipzig. German Patent #69340, July 14, 1891 
Translated from the German by Bodo Capeller, 1986 


This apparatus utilizes the living forces of the ethers for healing purposes. 
The electro dynamic theory of Wilhelm Weber concerning the structure of smallest parts 
Yesults in the insight that all ether is identical with Webers electric particles, 
that all solids rotate around it at a certain distance because of attraction of 
Positive to negative ether particles in relation to solids. Through a corresponding 
arrangement of solids it ought to be possible to condense the diffuse ether and 
redirect it. A similar arrangement has been utilized in the following described 
apparatus which has been named by the inventor "Ether Radiating Apparatus". 

This apparatus can be used for the purpose of increasing the intensity of the 
Power of living ether. The difference between several versions of this apparatus is 
that of shape of materials used. In order to get increased power electric current may 
be used. Since the same appears to consist of positive and negative particles that 
try to find equilibrium, the amount of liberated ether particles within the wiring of 
the apparatus and the diameter of the wire formed ether vortex will increase with the 
spun off ether particles. 

In drawings 1 through 5 an ether radiating device is shown. Within the apparatus 
the arrangement of the metal wiring is formed in a spiral that will cause ether 
particles to spin in a predetermined direction so that the living force can be 
utilized in many ways. 

The version in drawing #3 shows the wire is formed in spiral configuration on 
both sides of plate E and is connected in the center. Through this arrangement the 
ether particles will accumulate in the center of the disk and be thrown forward. In 
order to achieve a longer path for the ether vortex one may utilize a chain instead of 
a simple wire which consists of horizontel displaced links (drawing #5). The disk is 
intended to cause physiological changes in humans (see drawing #1). 

Patent request: An apparatus for therapeutic purposes with direct or indirect 
suggestion consisting of a non conductive disk (E), free standing or installed in a 
tube, where both sides of the disk contain spiral wound wire with the side toward the 
Light exposed as the collector and the opposite the radiating portion. 


Fig Fig. 2 
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‘March-April 1988 JBR, 
VIEW FROM THE BORDERLANDS. 
by Tom Brown 


NATURAL ELECTRICITY 
Emst Lehrs, writing ia MAN OR MAT- 
‘TER aboutearly viewsby Volta and Galvani 
‘on electric fish, provides insight into the 
nature of animal electricity. “The electric 
organ of such a fish consists of many thou- 
sands of litte piles, each made up of very 
great mumber of platos of two different 
kinds, arranged in atemating layers. The 
twokinds differ insuibstance:inonecasethe 
plete is made from a material similar to that 
present in the nervous system of animals: in 
‘the other the resemblance isto a substance 
present ia the muscular system, though only 
‘When the muscles are ina state of decay. In 
this way the two opposing systems of the 
‘imal body seem to be brought bere into 
direct contact, repeated many thousands of 
times. 

“In the elecric fishes, accordingly, 
sensation and will are brought into @ pect 
ar interrelation, For as & result of the 
spatial fixation andthe state of deterioration 
ofits bodily foundation the animal's will- 
pole is related to its bodily foundation in a 
‘manner which otherwise obtains only be- 
tuieen the nervous system and the psycho- 
logical processes o-ordinsted witht. These 
fishes have the eapacity to send out force- 
currents which produce in other animalsand 
in man ‘concussion of the limbs’, or ia 
extreme cases paralysis and even cath. 
‘When contemplated with pure observation 
‘his phenomenon tells us that in eases of 
‘minor strength, this force causes processes 
‘ofa volitional character in bodies affected 
by it. Through stronger effects the organic 
system which serves the will ofthe creature 
involved passesinto disuse, either foratime 
or for good. By describing the process in 
this way We realize that electricity appears 
‘here as metamorphosed animel will, which 
takes this peculiar form because part of the 
animals’ volitional system is assimilated to 
its sensory system ia an exceptional man- 
net. 

“It is known today that what nature 
roveals so strikingly in the case of the elec- 
tri fish is nothing but the manifestation of 
aprincipleat workin thebodies ofall beings 
endowed with sensation and volition — in 
corporeal terms, withthe duality of a ner- 
‘vous and amuseularsystem-—andtherefore 
at work also ia the human body. Opserva- 

ion has showm thatthe activities of these 
‘wo systems in man and animal are accom- 
panied by the occurrence of different elec- 
‘tic potential in different parts of the body. 
Manifold in detail though the relevant ob- 


servations are, they all confirm a definite 
correlation of negative electricity with the 
nerve-and-sense pole (sensation) and of 
positive electricity with the blood-and- 
:ausele pole (voltion).” From MAN OR 
MATTER, © 1958 Erost Lehrs, Rudolf 
Steiner Press, London. 

‘Thus we see that natural electricity is 
formed by processes which can be mirrored 
fn non-living matter. But if we ean have 
aceess to the primary form of the energy 
‘why pursue the secondary, and seekcout that 
“magic frequency’ that will care AIDS, 
cancer, and assorted body clogs that go 
‘under fancy medical names? The answer is 
‘that everyone has their individual path to 
travel. Spiritual healing sometimes takes a 
‘Tong time, while an electronic device may 
gettheperson back onthe track oftheir day- 
to-day life, The spiritual lesson of the 
sicknessis buried forthe future. Blectricity 
{isthe subsensible force, but itis areal force 
with the ability to alter the functioning of 
the human body. 


November-December 1989 
VIEW FROM THE BORDERLANDS 
by Tom Brown 


Mwo NOTES 
‘The work of Georges Lakhovsky continues 
tobe of strong interest. Thave been inves 
‘igatingthe Lakhovsky MWO forabout four 
years now and my views have consistently 
‘changed with new information. BSRF's 
MWO Handbook is getting quite popular! 
However, my views have changed some- 
‘what since doing that book, and eventually 
anew edition will have to beput out to keep 
‘up with the new data, 

‘What was Lakhovsky really up to? 
‘Well, his basic experiments were with cop- 
pet wires which were circled around plants, 
Lakhovsky fet that these rings were acti- 
Yated by cosmic radiation. Lakhovsky was 
extremely interested in subtle energies, such 
as those that guided birds on their migra~ 
tions. Thecopperrings, when placed around 
plants, would heal cancers in the plants, 
‘THE SECRET OF LIFE, Lakhovsky's best 
known book in English shows pictures of 
these experiments. Lalhovsky then moved 
to bring these healing energies to humans. 

Lakhhovsky also intuited the DNA spi- 
ralcoilinthe center ofevery ceillongbefore 
anyone “discovered” it. He felt that a 
propetly generated multiple wave electrical 
field would make the coil in each cell reso- 
nateat ts proper frequedcy, just asa tuning 
fork resonates when its frequency is struck. 
on a nearby similar fork. 

‘Today’sconceptionsofaMauitiple Wave 
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Oscillator (NWO) ate quite diferent from 
what Lakhovsky was really doing. Lak- 
hhovsky tried toreprodce the healing ener- 
gies of the cosmos by electrically energiz~ 
ing coils to produce energy fields which 
apparently regenerated aberant ceils aloag 
the lines of his theories. Lakhovsky first did 
this by producing an antenna, comprised of 
concentric copper tubes the outer one being 
fnergized with two wires ffom his power 
source, Our impression of his antennas is 
that they were log periodic, thats logarith- 
amie in nature (Lakhovsly doesa’t come 
right out and sty tis, but his patents are 
definitely worded to cover such an arrange- 
tment). New data coming in (but not yet 
verified) tells us that these copper tubes 
‘Were filed with one or more ofthe noble 
pats als called ree, or inert gases). 

‘As anyone could pes, these antennas 
‘would be somewhat hard to manufictre. 
Lakhovsky then miniaturized the antenna 
snd inserted it ina gas bulb. His US pateat 
+#2,351,055 says vacuum bulb, but also cov- 
‘erslow presoure gasses. There are two min 
Kyshete, One isthe iog periodic antenna 
{Al higher forms of lf are based on loga- 
rithmic pattems, from ferns to humans. 
Laldhovskcy was creating a structure inthe 
ether which would bring cells into proper 
fanctioning. The others the vet J low 
pressure gas effect, For those who wish to 
Understand the potent effet ofthe vacuum 
on life thea the reading of The Nature OF 
‘Substance by Rudolf Hauschka is required. 
‘Accordingto Walter Russell the noble gas- 
ses are the octave markers inthe harmonic 
spiral ofthe elements, which als exists in 
Togarithmic pattern 

T recently visited with Dr. Norman 
McVea of Stinson Beach, California, 
‘Nocmnan has several high ffequency gas 
tubes built tying to understand what Lake 
hovsky and Royal R. Rife were up to. 
‘Norman has a MWO built of 12 glass con- 
centri rings with various noble gases in- 
serted in them. When we checked it out it 
‘was running at 60 cycles, pulsed at 7.8 
cycles, My recommendation to Norman 
‘was to run the unit with a radio-frequency 
escilator which can bo ted from 1 1030 
‘megacycles, and modulated with a variety 
of sources for research. Norman has pro- 
dived the most unique MWO I've seen in 
‘ourmodern times, andhe is certainly on the 
Fightirack, Heis also workingto reproduce 
‘Rife's high-frequency gas bulbs. 

The key to Royal R. Rife’s frequency 
instruments also theuse ofthenoblegases 
energized at high frequency (possibly 4.5 
rmegacyeles), which were then modulated 
‘with specific musical tones. Lalchovsky's 
mits were energized similariy bu used the 


frequency-independent log periodic anten- 
‘nas, giving abroad band of treatment, rather 
than the specifics of Rife’s units, In many 
Ways these two pioneers were working with, 
the same keys, 


WHlo DUNNIT? 
Rife and Lakhovskcy have another similar 
ity, that is, that people today are building 
equipment obliquely related to their work 
sand offering them as original, or “improve 
ments.” This needs serious examiation, 
‘The last two years has brought on an uader- 
ground cult of s0 ealled “Rife 
Generators.” Thereare hordes ofthese 30- 
called “Rife” units being sold which are 
merely fancy variations of TENS (Transci 
taneous Electrical Nerve Stimulation) de- 
vices. The conception for these units, ust- 
ally producing square audio waves, comes 
from John Crane who knew and worked 
‘with Rife nis later years. Joln hes affida- 
vite from people who swear that they were 
healed from cancers and such by his square 
wave units in the early 1960's. Tt is ex- 
‘temely important to note that Rife’s work 
in the 1930s through the 1950°s was with 
high flequency gas tubes and all his docu- 
mentation covers those units. History is 
rapidly becoming blured in theraceto cash 
{in on people's poor health 

Modem purveyors of the so-called 
“Rife” equipment are meking several er- 
rorst Tho frst is that they elaim that Rife 
developed the use of the square wave gea- 
rators with electrodes. Matis incorrect, it 
‘was John Crane (which makes Crane apio- 
ner of TENS research!), The second is that 
thoy claim that Crane’ equipment wes jak 
and would never work. Maybe the equip- 
meat wasn’t ofthe highest quality (We have 
‘moriginal unitin ourcollection!) but Crane 
does have & lot of signed affidavits, several 
of them in our files, claiming thatthe units 
worked on specific diseases. In general, 
people are being misledin oréerto sel them 
‘equipmentthey probably don'tneed. Thatis 
a bad reflection on the field of electro- 
therapeutic research. 

Perhaps these modem Rife’ (TENS) 
tits have some merit in Killing certain 
types of pathogens. I've spokea with many 
people who were completely dissatisfied 
vith their so-called “Rife” units, and P've 
spoken with two people who bave claimed 
that they have kiled infections such as foot 
rotandherpes. Maybe they do, bu forall of 
thothousands ofdevicesbeing putout where 
{s the documentation? Where isthe proof? 
Thave seen Crane's affidavits ofthe easly 
1960s, but have seen no medical studies 
from anyone, oteven basic notes!!! There 
is obviously a very important bit of work to 


do in researching the effects of pulsed DC 
on the human body. TENS units lil pain, 
that has been clinically documented. ‘The 
claims ofthe so-called “Rife” unitsarejust 
that claims, and unsubstantiated to boot. 
Until any substantial research work is done 
inthis area I would recommend that people 
donot follow themob hysteria which shrewd 
hhucksters have instigated over Royal R. 
Rife’s work, 

Lakhovsky’s story is similar. All the 
units being built today are based on Bob 
Beck's early 1960's interpretation of 
Lakdiovsky’s first patent (1,962,565). Af 
ter four years oflooking at these devices and 
reading Lakhovsiy’ spatentsand books!’ve 
‘come to the conclusion that Bob was misled 
bythe patent, From an electrical engineer"s 
viewpoint Bob’s units make sense, From 
‘the standpoint of understanding subtle ener- 
gies within and surrounding the body the 
Units aremerely RF noise generators which 
have questionable effects on the body, and 
‘most likely interfere with natural energetic 
processes (chi flow, etc.). The Beck MWO 
is a variation of one of Tesla’s electro- 
therapeutic devices, the variation being that 
‘Tesla Wentto greet pains tomake the anten- 
nas sparkcproof, and Beck’s antennas spark 
away. Lakhovsky's units dida’t spark ei- 
ther! 

‘What makes this more interesting is an 
article which appeared some months ago in 
the Health Freedom News, titled Who 
Dunnit? by Mike Brown. Mike givesa weak 
‘case for his view that Lakhovsky was inept, 
that his earlier units didn’t work, and who 
‘needed Tesia to fixthem up and make them 
‘work. Perhaps Mike didn’t notice that 
Lakhovsky’s SECRET OF LIFE, whic he 
sells o promote his units (in the ad follow- 
ing the article), is based on the units he 
claims in the article didn't work! Mike 
refers readers to Tesla’s article High Pre- 


‘quency Oscillators For Electro-Therapentic 
‘And_Other Purposes (Lectures, Patents, 
Articles by Nikola Tesla, Beograd, 1956), 
butfailsto notice thatTesla’sarticle contra- 
dicts what he is doing with his units. I 
wonderhow that article got pastthe editors? 


CORRECT DIRECTIONS: 
Lakhovsky was a brilliant scientist, highly 
regarded on the European continent. His 
‘name comes up in many books, most re- 
cently I found him referenced in Lilly 
Kolisko's AGRICULTURE OF TOMOR- 
ROW. Ife and Tesla met, 'm sureit was 
formore thanto fix poorly engineered units, 
‘There are three types of units that I feel 
should be built for research into this area: 
‘Oneis Tesla’s oscillator circuit. The higher 
quality Beck MWO units, such as those 
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‘built by Klark Kent, can be converted fairly 
‘easily. Use the unit's power supply asis, but 
for antennas use insulated copper plates (or 
spheres, as Tesla preferred for maximum 
cffect) coated with heavy dielectric mate- 
rial such as beeswax. Bliminate the spark- 
ing! A necessary design change for future 
units will beto change the % wave coil to 4 
wave, 

The second is a reproduction of 
Lathovsky’s Tube MWO, It wll take min- 
inturizing the Golden Ratio antennas that 
Eric Dollard designed for the MWO and 
inserting them into low-pressure rare gas 
bulbs, which will then be driven at high 
frequencies. It is my estimation that this is 
the best way to pursue Lakhovsky’s high 
frequency researches. The mathematics for 
the antenna, along with further reference 
materials on log periodic antennas, ae in 
‘The Lakhovsky MWO Handbook. 

‘The third is a reproduction of Rife’s 
original type of equipment being a rare gas 
‘bulb driven at high frequencies, modulated 
‘with musical tones. “This will take RF 
broadcast equipmentand arare gas tube. No 
electrodes! 

It is time that researchers in this area 
‘begin to go in the correct direction. Bob 
Beckmadcanobleeffort inthe early 1960's 
‘with his conception of the MWO, and gave 
‘people something to work with for 25 years, 
‘That phase is definitely over and a new ene 
beginning. 

‘The “Rife generator” craze should be 
stopped now before it takes people another 
25 years to find they've been misled. Seri- 
‘ous research into the effects of pulsed DC 
should be undertaken by those with the 
wherewithal. 

‘And keep it uppermost in your mind 
thatclectrcity isasub-sensible force. Inthe 
bborderland sciences one should look to the 
‘suporsensible, such as Dr. Wilhelm Reich's 
‘orgone energy (Which, by the way, reacts to 
electricity in such away that makes it detri- 
‘mental to the human body), and the human 
vital energy such asi utilized in Biocirouit 
research (as begun by L.B, Eeman). 


Sanuary-Kebruary 1990 JER, 
VIEW FROM THE BORDERLANDS 
by Tom Brown 


THE WONDROUS 
ELECTRICAL FORCES 

Electrical research is a primary area of 
borderland research. While the term “‘oc- 
cult” puts many people off, it should be 
realized that electricity is an occult force 
‘whose effects we only see when equipment 
is properly engineered, Four to five hux- 


ced yearsago one wouldprobably beburned 
atthestakeifitwouldhave been possiblefor 
them to demonstrate electrical devices. 

Electricity is considered by some tobe 

degraded form of the Light Ether, thatthe 
ceric force gets bound up in matter in a 
‘way that itcan be sed. But being bound up 
in matter it provides mankind wit the op- 
tion of using it properly or improperly. 
Many articles on the detrimental effects of 
electric folds have been published, and 
more studies areno doubt underway on this 
{mportanttopic. Thereare also somerecords 
‘ofelecro-therapentic devices that used this 
force forhealing. Tesla envisionedaworld- 
‘wide electrical power system and did the 
basic testingto show himself thatit 
‘was Viable, and needed but to be 
built, “Tesla was a man of great 
intolloctandwasareader of Goethe 
and other great minds, One would 
feelthat he was insome way fail- 
iar with Goethe's Farbenlehre 
(Color theory). ‘The type of elec- 
‘wioity being sent around our globe 
on wires is of a different, lower 
form that that of Tesla transmis 
sion of electricity without wires. It 
{is quite possible that Tesla’ eleo- 
tricity was of a beneficial nature. 
Tesla did research into electro- 
theraputicsandwasmo doubtaware 
of both beneficial and detrimental 
effects. With the power system he 
cavisionod on line wemay nothave 
ended up withthe electrical prob- 
lemweare just beginningtoseethe 
“tip of the iceberg” of 

‘This point needs clarification 

and elaboration beyond what most 
people now imagine. We periodi- 
callymentioncertain aspects ofr. 
Lilly Kolisko's experiments with 
‘tho crystallization of metallic salts 
rising contra gravity. "These ex- 
periments were done to establish 
‘whether or not the planets had any 
ect connection to the metals 0s 
alchemical lore supposed. 

‘Tho connections she investigated are 
Gotd-Sun, Silver-Moon, Mereury-Mereury, 
Gopper-Venus, Iron-Mars, Tin-Jupiter, 
‘Lead Satur, ForexampleDr. Kolisko would 
take gold chloridesolution (1%)andallow 
‘portion of it in alboratory dish to climb 
asegment of blotter paper. As it dried the 
fino details of crystalline form could be 
seen. After many experiments the charac- 
teristic form of each meta’s salt could be 
comprehended, It wes scientifically estab- 
lished that the actions of cosmic bodies 
‘would have direct effects upon the crystal- 
izing actions in the Inb. Gold chloride 


‘would not crystallize properly during sev- 
‘ral solar eclipses that Dr. Kolisko reported 
‘on (1927, 1947). A darkening effect was 
noticed on these slides. 

‘ust recently I came across this in the 
recollections of Dr. Rudolf Hauschka, 
founder of Wala Paarmaceuticals: “In the 
course ofresearchesinto the delicatechanges 
in matter which are revealed in the capil- 
lary-dynamic method, an alaming symp- 
tom came to the fore. At one of the Easter 
‘conferences of the Anthroposophical Doc- 
tors" Working Group in Comburg in 1964, 
Frau Kolisko, the past-master of the capil- 
Jary-dynamic method, spoke on “Gold and 
the Signs ofthe Times.” Inearlier years she 


PLANET EARTH—POST-RADAR 


ta naprecedented condom. 


‘nad demonstrated by means of the Steigbild 
(iteraly rising pictures also known aschro- 
‘matograms) the connections between the 
smetals and the planets, and in particular the 
‘effect on gold of an eclipse of the sun. 
DuringaneclipseofthesunthogolStegbild 
‘which normally glows with beautifl co!- 
‘ors, shows a darkening and the emergence 
of grey formations. Frau Kolisko now 
showed a series of gold Steigbild produced 
in the last years slinost hourly and at al, 
times ofthe day and of the year. Without 
‘exception all of them showed the same 
sinister dark formations which hadappeared 
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avzenment pemested with poled eee: 


‘earlier ia the first half of the century, only 
atthe time of asun eclipse. She closed her 
lecture withaquestionto the doctors,namely 
‘whether, considering the change now in 
gold, they could still be answerable for its 
useasamedicine, There wasno doubtabout 
ity since the middle ofthe century gold had 
become different — it was sick. Or, to 
express it differently, the connection be- 
‘ween the spheres of the sun which stream 
down and the metal which they permeate is 
disturbed.” 


ELECTRICITY: 
‘THE MAIN CULPRIT 
‘The main culprit inthis siclmess of earthly 
amatter is none other than the clec- 
trical environment that has mani- 
fested on this planet. Certainly 
there were radio communications 
going during Dr. Kotisko’s eatly 
experiments, butas this chart from 
Trevor Constable's COSMIC 
PULSE OF LIFE shows, the post 
‘WWlenviroamentwasheavy with 
these signals, culminating in 
today's total ‘saturation point, 
Imagine what the Stelgbifd would 
Ihave shown in previous centuries 
bofore the electrical force began 
its manifestation. 

‘Nuclearprotifeationmustalso 
bbe considered. as adding to this 
‘phenomenon, but electricity is the 
degraded form of the light ether, 
‘whose source the sun is related to 
gold, Walter Russell in ATOMIC 
SUICIDE, indicatesthatthespread 
‘of nuclear energy will destroy the 
stmosphere surouding thisplanet 
and now scientists are scratching 
‘heirheads as the hole inthe plan- 
‘etary ozone layer gets larger. (Of 
course chloroflvorocarbons and 
[New Zealand sheep farts have all 
been blamed for the ozone deple- 
tioa, but nuclear eneray is a pri- 
mary cause.) This atmospheric 
destruction could well ad in out 
ting off gold from its cosmic wellspring of 
life, 

Rudolf Steiner had many insights into 
the truonature of electricity, itsrelationship 
to humanity and its role in our future. Per- 
tineat to the motte at hand let us consider 
the following remarks, a portion of his an- 
swertoa questionaboutelectrical treatment 
of animal fodder: 

“You must consider the whole part 
played by electricity ia Nature .. {0 the 
effect that human beings cannot go on de- 
veloping inthe same way in an atmosphere 
permeated om all sea by electric currents 


and radiations. Tt has an influence on the 
‘whole development of man, ‘This is quite 
true; man’s ner life will become different 
if these things are catied as far as is now 
intended. Itmakesa difference whether you 
simply supply a certain district with seam- 
‘enginesor electrify theralway lines. Steam 
‘works more consciously, whereas electzic- 
fty has an appallingly unconscious intlu- 
ence; people simply do not know where 
certain things are coming from. Without a 
doubt there is a trend of evolution in the 
following direction, Considerhow electric 
lty is now being used above the earth as 
radiantandssconductedelectricty,tocarry 
the news as quickly as possible ffom one 
place to another. This life of men in the 
1idst of electricity, notably radiant olec- 
‘wiity, will presently affect them in such a 
‘way that they will no longer be able to 
understand the news which they feceive so 
rapidly. The effect is to damp down their 
intelligence. Such effects ae already to be 
seentodsy. ven today you can ntice how 
people understand the things that come to 
‘them with far greater difficulty than they did 
2 fow decades ago. 

“tis a remarkable fac that whenever 
somethingnew appears, asaruleinthe carly 
stages itis heraldedas aremedy--ameans of 
healing, Then the prophets gethold oft. It 
isstrange, where anew thing appears, clair- 
voyant perception is ofte reducedto avery 
‘human levell Here isa man who makes all 
sorts of prophecies about the healing pow- 
ersofelectricty, whereno such hing Would 
previously have occurred to him, ‘Things 
become fashionable! No one was able to 
imagine healing people by electricity so 
Tonga electricity was not there. Now-not 
‘because itis there, but because it has be- 
‘come the fashion—now itis suddenly pro- 
laimedasameans ofhealing. Electricity 
‘applied 8 radiant electricity-is often n0 
‘more ameans ofhealing thant would be to 
{ake tiny litle nevdes and prick the patient 
allover with them. Itisnot th electricity 
its the shock that has th healing effect. 

“Now you mist not forget that elec- 
‘city always works onthe higher organiza- 
tion, the head-organizationboth of man and 
snimal; and correspondingly, on the root- 
‘organization in the plant. It works very 
strongly there. If... you pour electricity 
through the foodstufis—you create food- 
stulfs which will gradually cause the animal 
that feeds on them to grow sclerotic, It isa 
slow process; itwillnotbe observed at once 
Electicity will not at first be recognized as 
‘the cause; itwill beascribed to allmanner of 
other things. 

“Blectiity, once and for all, is not 
intended to work into the realm ofthe Kiv- 


ing—it is not meant to belp living things 
especially; it cannot do so. Yourmst now 
‘that electricity is ata lower level than that of 
living things.” (ftom Agriculture by Ru- 
dof Steiner) 

How pertinect and timely these words 
are today on many levels of borderland 
research, EleciricaV/electroniomedicinehas 
the glamorous position on stage at most of 
theconferences, and inmany people’sminds, 
in today’s *borderland” field. People are 
acing to buy instruments which are de- 
signed by electronic engineers with little or 
zo training in the comprehensive constitu- 
tion of humans. Its the fashion! ‘There is 
‘no consideration that true healing comes 
fom the spiritual realms, that the spirit is 
always healthy, and that dis-ease comes 
‘rom a condition where the various subtle 
levels ofthe body are not aligned properly 
withthe physical. 

‘These electrical instruments have the 
potential to produceapparentresultsintreat- 
‘ng disease symptoms. But what ofthelong 
term effects of the subsensible electric cur- 
rent? Considering the alamaing siate of 
affurs viewed through the information just 
‘resented I pose the question to the reader, 
“Do you prefer the natural or the unnatural 
forms of treatment?” Many people flockto 
‘lectronic medicine because they feel that 
‘thepetro-chiemical drigsthatareprescribed 
by the medical establishment are detrimen- 
tal to their long term health. Very possitly 
80, but will eletrcity be any better? What 
about your own vital energy and its relation 
‘0 cosmic lift forces? 

Electrical stimulation ofthe body treats 
4 symptom and fils to allow fer the body's 
natural healing process. As electricity isan 
cexternalized part of humanity's inner voli- 
tional force we can see that there will be 
definite effects from the subsensible cur- 
rent, Butthe effects will be relative andthe 
{nnerhealing process put onsecondarymode, 
Electro-therapy, while cmerging asa viable 
medicine of the future, still ignores the 
‘natural healing process. 

‘This does not mean that we should not 
research electro-therepy. Inwhatmay seem 
‘contradiction to many readers, Iam 100% 
for further research int this area. Itwill no 
doubt be of benefit to many, Our relation- 
ship with electricity is one of the greatest 
‘questions ofourtime, Peopleunconsciously 
we this force, and the results are such as 
those noted by Lilly Kolisko. Electricity is 
intimately connected tothe Life Force, bat 
‘great care must be taken not to confuse the 
two. Electro-therapeutic research helps 
define the boundaries, and thus is of interest 
40 Borderland Researchers, but it certainly 
does not mean I recommend 
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‘Mar-Apr 1990 TBR, 
BERF Bulletin Board 


Mwo QUESTIONS 

‘Your comments re the MWO in the Nov- 
Dee89 JBRareofmuchinterest and raise 
the following questions in my mind: 
1, Willyoubepublishing anyinformation 
by Dr. Norman MeVea? 

2. How can the Kent units now in circula- 
tion be converted to produce a 1/2 wave? 
Perhaps Klark would be willing to pul 
lish an article on this or be willing to do 
the converting for a price. 

3. Has any member ever tried to obtain 
any information on the cireumstances of 
Lakhovsky’s death? About three years 
‘ago a reference librarian made a serious 
effort forme to obtain any informationre 
Lakhovsky, with absolutely no success. 
Perhaps there was an obit in the NY 
‘Times at the time he died, assuming that 
4s where he was at the time. 

4. Where in the world would we obtain 
‘copper spheres like Tesla usod? Perhaps 
‘a member can suggest a source. 

PvP. 

California 


Tn answer to your questions: 
1. Norman McVes has seat us in a bit of 
‘material on his atest oxygen researches. He 
‘has opted for the oxygenation approach 
instead of the electrical. 

2. don't now about conversion of Kent's 
‘units to 1/2 wave, you should check with 
‘him on that. Itwill probably be easier to use 
itas itis — they are good power supplies for 
experimentation - and inthe future engi- 
reer units with more refined outputs. Afar 
reading my column Klark added a rare gas 
tube assembly to his “Rife” units. He has 
always listened to other people and has 
‘constantly worked to improve his units. 

43, Ifany readers have info on Lakbuovsky's 
‘eath, or hs life for that matter, these pages 
sxe open to pursue the mater. 

4, Anybody know where to get copper 
spheres? Tesla also used copper plates 
‘coated with a heavy dielectic. 


‘September-October 1990 JER 
BSRF Bulletin Board 


‘MWO EXPERIMENTS: 
Thave been vory fascinated with your 
Journal. Thank you for the new world 
youhave opened up tome. For thelast few 
‘monthsThave begunto workonanMWO. 

have completed the antennas but 
id not do as well with the Tesla-coll. 1 
decided to buy the ready made coil from 


“<gdmonds”, connected the secondary 
to the center of my antennas and did get 
some action in the form ofa purple glow 
around thethird and fourthsmallerrings. 
Tean only assume that need more power 
tothisunitalthough was “Quite” pleased 
at the limited reaction on my first at- 
tempt. Iwould iketoreach out toafellow 
member who might be able to help me 
with some advice at this point. 

‘Any advice you would send my way 
‘would be greatly appreciated. 
PD. 
New York 


‘Naturally, the quality of output of any elec- 
‘trical device is dependent on not only the 
quality of materials, but also the geometry 
ofstructure and arrangement. Thebetterthe 
coil, the better the antenna, the morerefined 
the flelds willbe that are put out around the 
device, As [have pointed out in the article 
‘mentioned above in my remarks about the 
“Rife” devices, thetypes of *Lakhovsky"” 
MWO's being built today vary quite a bit 
from what Lakhovsky was actually building, 
and using himself. 

Lathovsky used very refined electrical 
designs and probably log-periodic antennas 
‘with both poles of a Tesla coil feeding the 
outside ring in auch a manner that there was 
logarithmic, electro-magnetic structure 
oscillating in space which apparently had 
uite beneficial effects onliving organisms. 

‘The modem variations, based on Bob 
Beck's schematic of 1963, feed one pole 
{nto an antenna (and the other into a second 
antenna), creating a dielectric field, which 
‘when it collapses, due to the rings on the 
antennas, creates unnecessary sparking and 
random radio-frequency noise with ques- 
tionable effects. It is an organic system 
alterant, but is quite different electrically 
from Lakhovsksy’s original equipment. 


Nov-Dec 1990 JBR, 
BORF Bulletin Board 


‘THAT MWO AGAIN 

recently purchased your MWO HAND- 
BOOK. Inthe book are many references 
to the “Golden Ratio”. Iwas unable to 
determine what the mathematical basis 
for the Golden Ratio is. T have other 
‘material which describe the Golden Sec- 
tion, and it is a ratio of 618 to 1. The 
closest I came to 2 value for the Golden 
Ratio is from the MWO antenna data on 
age 188 of your book the ratio appears 
tobe 1.27:1. Could youploase elarify the 
‘mathematicsoftheGoldenRatloantenna? 
B.CS,, California 


+1 recently purchased THE LAKHOV- 
‘SKY MWO HANDBOOK. I am in the 
process of building an oscillator. Ihave 
all the parts except 6Ky .00Smf eapaci- 
tors. No electronic store in Alaska has 
them, or knows how to got them. Iwould 
appreciate it if you would send the ad~ 
dress of elther the manufacturer or an 
electronic store that carries Ky .00Spt 
capacitors. Thave one more question. De 
youknow ofa meter or electronieappara- 
‘tus that measures the amount of energy 
lovel the human body produces? Itseems 
that like fingerprints, all human bedies 
are different in the amount ofenergy they 
‘use or produce, Ifone can coordinate the 
energy level of the osellator to that of the 
body far less damage would be done and 
{far greater healing potential be made. 
SN. 

Alaska 


For the first question, the Golden Ratio 
antenna uses the golden ratio as.a base, but 
it was engineered to conform to other con- 
sderations of antenna propagation. It is 
‘what iscalleda log periodicantenna. These 
antennas are based oathe squareroot of phi, 
that is the inner ring is multiplied by the 
square root of phi to get the next ring, or 
inversoly the outer ring is multiplied by one 
over the square root of phi to get the next 
inner, ec. ‘This provides the Golden Ratio 
mathematics (every other ring is phi re 
tated). 


MWO NEWS FROM FRANCE 
Td like to mention with regard to “Elec- 
tricity the Main Culprit” that just after 
the war, Gurdjieff wrote a chapter in his 
book ALL AND EVERYTHING entitled 
“Beelzebub says that man’s capture and 
subsequent destruction ofelectricity from 
nature is one of the main causes of the 
reduction in the human lifespan.”” And 
you are lucky in the US. In Europe we 
have a 230V system that is for more 
harmful than yours. 

‘A final comment on the MWO which 
seems as popular as ever. When I lived in 
Paris I made the acquaintance of 
Lakhovsky’s son and saw two of the 
MWO's built by his father in operation. 
‘The demonstration was very impressive 
butit didn’t last too long because the old 
‘units interfered seriously with radio and 
television reception in the area. They 
were very big units, about as large as an 
early TV set. Idon'tknow where they are 
now since he later loaned them to friends 
living in the country. 

RC 
France 


12 


‘Very curious quote from Gurdjieff as it 
‘concurs with what Steiner indicated, that 
‘electricity makes living things sclerotic. If 
‘perhaps you wouldn't mind searching your 
‘memory a bit more Ihave a question about 
Lakhovsky's device: You say it interfered 
with radio and television reception. Was 
this from internal spark gaps, or did any uait 
you see arc between antenna coils. The 
pictures in THE SECRET OF LIFE indicate 
‘that the thea necessary spark gaps were 
{interior to the unit, and the pictures of the 
effluvia coming off the antenna are obvi- 
‘ously pictures of corona discharge and not 
arcing s in the units builtin the US today. 
Bob Beck, in his 1963 article on MWO's 
claims he built a unit from an original, but 
his antenna hook-up is quite different from 
‘Lakhovsky's pictures. Many yearsofsearch- 
ing have failed to produce an original unit. 
“The modern units are derived from the most 
obvious derivation of Lakhovsky's first 
‘MWO patent, which is written to both pro- 
tecthis design and cover infinite variations. 
thereof. A detailed account of an original 
‘MWO in action would be of great value in 
this research. 


‘SOUTH OF THE BORDERLAND 
Thaveread Mark Clement’s THE WAVES 
‘THAT HEAL and discoveredalittlepicce 
of information not included in the cur- 
reat edition to THE LAKHOVSKY 
M.W.O. HANDBOOK. In WAVES I 
‘noted a short sentence indicating that one 
set of rings transmits energy through 
space which fallsupon the patient's body 
and (it must be ascertained through ex- 
periment whether this is as I tell here or 
otherwise) later absorbed by the recelv- 
Ing resonator which resonates it for re- 
broadeastingintothopationt’s body. Thus 
the trueLakhovsky MWO, and UNLIKE 
the Beck-reconstructed model, would be 
amore-complex deviceinvolving features 
so-far unthought of. It must be ascer- 
tained what KIND of “receiving resona- 
tor” Lakhovsky employed, ifithad or not 
special constituents not described at any 
of his patents included in the MWO 
HANDBOOK and what other features 
‘could be complementary to both. 
Another feature to be considered, 
‘and which I discovered in the photo on 
page 30 of Clement's book is that there 
are two protruding spheres connected to 
the outermost ring of the Lakhovsky set- 
up. In the copy of the BSRF publication 
I have, these two photographs are re- 
duced and with not the same kind of 
resolution of the work by Clement. Each 
protruding sphere s connected toa cable 
and following the path of least resistance 


These are some other tools and supplies you might find useful when working on soldering 
projects. 


Vise 

A vise holds your work steady as you solder. 
This is important for both safety and sound 

joints. The Panavise Jr (http://adafnuit/151) is 
an ideal size for most Adafruit kits and 
projects. 


Third Hand 

‘A Helping Third Hand (http://adafru.it/291) Tool 
is a good for smaller boards, or to hold things in 
place while terminating or splicing wires. 


© Adafruit Industries _https://leamn.adafruit.com/adafruit-guide-excellent-soldering Page 8 of 35, 


the electrostatic current flows both along 
the metallic path of the outermost ring 
‘and the excesses accumulated from at- 
tracting ether from the environment are 
Projected towards the patient (in the case 
of the transmitter) and collected for reso- 
nating (in the instance of the recelving 
resonator). Alsonotice that thereare two 
“bracing wires” to both keep the 
rings in place and at the same time 
‘ofullllthe90° division determined 
{for Earth by the metric theorems 
which are the foundation of the 
Energy Grid! This adds another 
feature of complexity to the dupli- 
‘cation of the MWO, which carries 
‘heLakbovsky invention, again, far- 
‘ther from the Beck-built model. 
Please mention my paper 
SOMEFREE-ENERGY DEVICES 
for the MWO analysis made is at 
bestvery incomplete, not including 
the feature of non-uniformity the 
true MWO does possess. 
Jorge Resines 
Buenos Aires, Argentina 


Thanks for Your further insights into 
the MWO. I feel tat a continuing 
dialoguewill eventually producemore 
‘evidence as to what type of equip- 
‘ment Lalchovsky used in his success- 
ful researches into cell regeneration 
‘andl how to best reproduce it. The 
resonator antenna setup on 
Lakhiovsky’s original is more com- 
plexthan the Beck MWO, a, lke the 
primary anteana,italsohastwo feeder 
Wites. The two spheres you mention, 
from which brush discharges can be 
seen, have always struck me as the 
nuts that eld the heavy antenna onto 
its stand, Some mechanical contri 
ance was necessary and the miai- 
spheres fitthe bill withthe possibility 

that they may have been further con- 
figured to produce a specific capaci- 
tance, as our evidence indicates that 
Lakhovsky’s antennas were very pre- 
cisely built, probably log periodic 

We have heard that Lakhovsicy was a 
radiethesiest and would dowse the 

sites where be set his equipment up. He was 
certainly into the subtle energies, and the 
French school was very precise in itsradies- 
thetic work, being the source material for 
‘much of Christopher Hills Supersensonics 
‘work. We have an unconfirmed report that 
the original tbe antennas were filled with a 
rare gas such as argon. This would seem to 
both caseas in Lakhovsky’s secondMWO 
patent he reduced the antennas and puts 
‘them into vacuum or low peessare gas bulbs 


(3 the first, this patent is written to be very 
specifically vague). Thiswasmeanttobean 
‘improvement over the original units, and 
probably was. What it tells us is that the 
“Beck” units appear to be far from What 
Lakhovsky was doing and where he was 
going, though because ofmorethan 25 years 
ofpeople building andusing Beck modelsit 


(Gap-spheres, 


Prowruding 
Spheres 


Detail of outer ring on Lakhovsly’s 
original MWO antenna. 
Front view above, side view below 


Protruding 
Spheres 


[bap-sphers} 


hard find information onthe original. The 

“bracing wires” aresuppesedly silk. Their 
angle was probably determined solely by 
‘mechanical function, 

‘Wehave actually comeunder attack for 
our attempts to clarify the MWO story! In 
‘brochure put out by MWO salesman Mike 
Brown, Box 25, Pleasant Hope, MO 65725, 
we come in for the following treatment 
“Then thereare the characters wino, withno 
formal training whatsoever, denigrate tings 
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{sic] they know less than nothing about. 
xe outfit calling itself Borderland Re- 
seatch sent outa bulletin claiming thet no- 
one today is manufacturing a Lakhovsky 
Maltiple Wave Oscillator. ‘These charac- 
ters arrived at their conclusion by compar- 
ingphotos ofa 1935 unitto ones being made 
today. ‘The units don’thave the same exter- 

nal appearance. Quite often people 
with no formal training in electron- 
ics or electricity don’t understand 
that an electronic device and how it 
‘operates are determined by the cir- 
‘uitry contained within tae unit, not 
by the box it comes in.”” My com- 
rmentsare that hereare perhapstings 
‘we don’t know but we do know that 
‘What is inside counts. as much asthe 
‘outside on the MWO. Thave pt five 
years of scrious investigation into 
theMWO andwouldhavetossay that 
‘what we published is the result of 
serious consideration by a number 
of intelligent people~some highly 
trained electrical and mechanical 
‘engineers—interacting andexchang- 
ing ideas, We have published the 
‘evidence to support our coateation, 
aad have in fact stated that if we can 
beshowntobe wrongthen wewould 
like to know, that we have no final 
‘conclusions, just some of the facts. 
A cmdo attempt to belittle BSRF's 
rescatch by ignoring the main facts 
does not change the facts and the 
facts are that the units pictured in 
Lakhovsky’s book THE SECRET 
OF LIFE are quite a bit different 
than the units being built today, in- 
dicated specifically by the antenna 
hookups, from which basic logic 
‘would indicate the need fora diffe. 
‘entinteriorsetup. Athoroaghanaly- 
sis ofthe basi differences between 
‘thetwotypesofunitscanbefoundin 
‘The Lakchovstyy Multiple Wave Os- 
«illator Handbook, edited by my- 
self, Tom Brown (no relation to 
Mike). Mike's brochure then goes 
on to claim that “the equipment 
necessary to rearow ans and legs 
‘canbe purchased at Radio Shack for 
about $10”, that is @ “metal plete, copper 
wire, battery, and 100K-obm to1.5Megobm 
resistor.” Heck, if you can regenerate an 
amputated limb with a only battery and 
resistor then why do we need all the elec- 
tronics in. a MWO just to drive out mere 
cancerous tissue?! 

‘Asa final note on this, ! would like to 
point outthat electricity is system alterant 
‘Whether it alters the system for better or 
‘worse depends on many other factors, in- 


cluding mental status and diet. As Trevor 
Constable pointed out back in the 1960s in 
this Journal, the healing powers attributed 
to the MWO could be caused by the etheric, 
force rushing to suppress the life-negative 
‘lectro-magneticactivity. Itisalso possible 
that any benefits coming from modem day 
‘MWOsarepsycho-tronic in nature—that is 
‘the mind is doing the cure and the instnu- 
‘ment provides a physical anchor for the 
psychic energies. The actual operation of 
the equipment, the sparking and gross elec- 
trical output, is superfluous to the matter, 
other than in convincing the mind that 
someting is happening, 


Jan-Feb 1991 JER, 
BSRF Bulletin Board 


LAKHOVSKY’S ORIGINAL 
‘You ask whether the original Lakhovsky 
‘MWOhad any are between antennacoils. 
don’t remember any but to make sure I 
‘checked up with a friend whe has worked 
‘onthe MWO and knowsit insideout. He 
‘was also presont when I saw the device 
working. He tells me that there is defi- 
nitely no are between coils. The are 
‘occurs inside the machine after the “Ru- 
hmkorffeoit”, Healso saysthat thereare 
‘wo tungsten plates which aredrawn apart 
and brought together manually. 

‘The other thing remember is a sort 
of metal wand with a knob at one ond 
‘whieh is used between the two unite to 
treat people. At the time I saw it, one of 
the persons present had a bad back, The 
‘two MWO antennas were turned on and 
‘wore facing each other about 6 ft apart. 
‘The “wand” was applied to the sore 
back. [seem to remember that it kind of 
gave off sparks, but I’m not sure of this. 
T touched the wand and I could clearly 
feel something coming through. My 
Knowledge of electricity is nil, however, if 
you have further questions, I eould al 
‘Ways try my friend who should be able to 
answer them for you. 

RC, France 


‘Many thanks, 2s this confirms the evidence 
of Lakhovaky’s own pictures used in his 
books. Would yoube so kind as toask your 
friend if i is possible to get a schematic 
(evena rough drawing from memory) of the 
basic layout of the MWO, which we could 
reproduce on these pages, also any antenna 
construction details. Many questions re- 
sain such as what components are in the 
‘metallic bes holding the antennas up, and 
‘such (Eric Dollard finger-dowsed the pic- 
‘ures ofthe tubes and felt it was an arrange- 


meat of capacitors and spark gaps -~ his 
basic MWO diagram, anintelligent guess of 
‘what Lakhovsky was doing, isin this Hand- 
book). A basic schematic would probably 
be the most important piece of information 
todate, Pleaseread on, pothasbeenstirred.... 


‘LAKHOVSKY ANTENNAS. 
I got my Nov-Dec 89 Journal where it 
shows an update on Lakhovsky’s anten- 
vas. On page 181 of SECRET OF LIFE it 
also shows thesame thing. Takeamagni- 
fying glass and you can see it. I disagree 
with all the experts, itseems that they are 
chasing a phantom ghost. Lakhoysky 
gave us all his seerets in his book, all we 
bave to do is read carefully. 

‘He could cure cancer and other all- 
‘ments with a simple piece of copper wire. 
Lalchovsky wasn’t dumb, can youseehim 
telling doctors to cure with a piece of wire 
‘they Would tell him to get ost, so he built 
avery complex machine to impress them, 
also he would have something to sell. I 
think Beck’s machine is close except the 
antenna. Who came up with this alumi- 
‘num foil glued to plastic? That's where 
they fell on their face. Ifyouread page 75 
of the same bookhe repeats VIBRATES3 
times, That's why he hung his rings with 
silk thread, so it wouldn't damp the VI- 
BRATIONS. 

‘Can you imagine a pipe organ with 
copper sirips glued to a board? I have 
‘designed an antenna using copper tube of 
varying sizes held by fish leader that I 
‘think would work fine. I'd bet a penny to 
10bucksthat Georgeused thinwall bronze 
tube as it will resonate better ~ but it’s 
expensive to fabricate. 

Louis A. Schad 
California 


Yup, Tagree that Georges was no dumany. 
His book showsplantcancersthat havobooa 
‘cued viause of asinglecopper wire single- 
coiled around theplant. Hefltthatthepre- 
matter cosmic rays (or what I would call the 
saterial pol ofthe etheric instream) were 
“ringing” the copper coll, ineffestereating 
‘tone tht would heal the plant. I got the 
impression, from studying Lakhovsky’s 
progress towards the vacuum (or low pres- 
‘sure rare gas) patct, that in his equipment 
‘Georges trod to invert the process ~excit- 
ing the ring witha post-material high fre- 
‘quency current that would create a heating 
tone. By using log periodic anteanas (as 
‘would be allowed under the MWO patents) 
vibrant chorus would ring inthe ether, the 
tones, via thestructareoftieantemns, Would 
‘be suck that they couldharmonizs the fane- 
tioning ofthe human body. 
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‘The aluminum foil antennas were de- 
veloped by Riley Crabb, asa low cost way 
for experimenters to make their own anten~ 
‘nas without having to have printed circuit 
boards made, and many folks were quite 
happy with the results. The physical evi- 
‘dence now clesrly indicates that the Beck 
‘unit is quite different from the original 
‘Lakhovsky unit for which the cell regenera 
tion results were recorded. What T have 
termed the “BECK MWO” must stand on 
its own merits and it can lay no elaim to 
Lakhovsky's recorded results. As stated 
several times in the past Beck's device is 
morelike one of Tesla's clectro-therapeutic 
oscillators, except Tesla used copper sphere 
antennas, coated with a heavy dielectric to 
suppress sparking. Beck’s unit would be 
covered under Lakhovsky’s original (and 
very generalized) patent, but research of 
Lakhovsky’s own material shows it is not 
vwihat be used for electro-therapeutic re- 
searches. To excite the atennasin the Beck 
‘maaner will not create the same vibrating 
field that Lakhovsky's antennas excitation 
circuit will. But it does create an electrical 
field that some claim is beneficial toa live 
‘body placed in its proximity. 

it makes much sease that the antenna 
should also vibrate physically as well as 
electrically. Ab. if we simply had an 
original unit to weigh and measure... 

Lot hs sent us in a MWO of his own 
design with a single spiral antenna made of 
two twisted bare copper wires. We will be 
‘running a several part article on construc- 
‘ion and use starting next ise, This unit is 
reminiscent ofthe Sun-Ether disc of Oscar 
Korschelt, circa 1891. Having satin frontof 
a mumber of different operating MWO’s 
over the last six years T have to say that 
Lou's unit is the most exciting thing P've 
ver scen like this. Icould strongly fel the 
effect 10-12 inches away, and there was n0 
clovtrical excitation ofthe antenna, ratherit 
4s physically vibrated. There isa low volt- 
age shocker that can drive the antenna 
through two smaller copper cols. It's easy 
to build and use, simpler than the Beck 
‘units, and should provideborderlanderswith 
‘years of workable idess. Lou will not be 
seling these devices but will provide com- 
plete building plans in the TBR. 

We received & call from Patrick 
Flanagan, He reports that he has a MWO 
ait built by Lakhovsky’s son in Pais. Is 
a litle box with a one tube white noise 
generator and it has a multi-stranded cable 
‘Which wraps around the body. Itshows that 
the evolution of Lakhovsky's device has 
taken 2 different tum among those who 
‘actually knew what he was doing, Thisunit 
is based on the Radio-Cellular Oscillator. 


Also, Klark Kent (of Super Scieace, 
Box 392, Dayton OH 45409) just called to 
say that he has completed a run of Golden 
Ratio antennas ftom the original B.S.RF. 
artwork. These are double sided (with in- 
‘verse gap strips, to simulate the ball capaci 
tanceon theoriginaltube antennas, on back) 
gold plated and are available from Klark for 
$100 each. (These antennas have produced 
beneficial effects on plants without axy 
clectrical excitation. Many experiments 
‘can be done and the results quantified with 
various protocols such as those used by 
Rudolf Hauschka and Lilly Kolisko.) 

There is no doubt that there is a new 
phase of MWO research being undertaken, 
For 25 years people built Beck’s model, 
‘with many people claiming beneficial re- 
sults, and others experiencing nothing but 
no one keeping track of results for evalua- 
tion. Thanks to Bob Beck’s schematic (pub- 
lished by BSF. in 1963) the idea was, 
‘kept alive and now people will have many 
{ideas to choose from in their search for 
‘measurable effects from energies ranging 
‘rom the gross electrical tothe fine etheric. 
‘Thanks to everyone who has interacted oa 
‘this ongoing aspect of our researches! 


EVEN MORE LAKHOVSKY STUKE 
‘Some time ago I bought your excellent 
handbook of the Lakhovsky Multi Wave 
Oscillator and due to pressure of other 
‘things have only just found time to read 
it, Interesting because it parallels some 
research done by myself and friends, or 
should I say we duplicated some of the 
‘original. This was only to be expected as 
‘the entire principle is so outrageously 
simple, too simpleforestablishment minds 
to comprehend. 

T should like to offer a fow ideas 
Which might be of interest and in return 
‘I would be grateful for some additional 
information. 

T helped develop the Betatron now 
‘sold by All-Source Systems, PO Box 596, 
Morton, WA 98356. The Betatron uses a 
‘TVFlyback transformer andis very simi- 
lar to the Master Violet Ray devices. The 
nicest feature Is that the applicator is an 
‘ordinary clear light bulb. Even a burnt 
‘out one will do. There are differences; 
some makes of bulb will not work at all, 
perhaps due to different gas fillings. The 
Betatron can also be used with the La- 
Kchovsky concentric antenna with spec- 
tacular results, ‘This of course has beon 
donein the book’ sarticles although ac far 
as [ know it was not actually copied, but 
‘was an obvious choice of experiment. 

‘have tried out an improvement 
which I did not see in the Handbook or 


anywhere else, perhaps you will be inter 
ested. The Standardcircuit whilst appar- 
cently covering a very wide range of fre~ 
quencies, must, because of its inherent 
fixed inductance andeapacitance have its 
ownnatural fundamental frequency. Our 
Betatron isaround21 Kilocyelos (Irefase 
to-use the meaningless term Kilo Hertz), 
and other units seem tobe asically tuned 
‘to one fundamental even though they do 
stray andproduce an almostinfiniterange 
of harmonics, 
Myfirst improvementistosubstitute 
1 “Jacob’s Ladder” for the spark gap. 
This consists of two 1/4" copper tubes 
spaced 5/32” apart at the bottom and 
‘tapering outwards to 1” at the top then 
abruptly turning out at 1" radius. The 
spark travels up the ladder from bottom 
to top and is extinguished by the sudd 
increase of gap, then begins again at the 
bottom. ‘This sequence takes place at 
about2 second intervals. The whole point 
‘of this is as the spark progresses up the 
adder, the length of the tuned circuit is 
progressively increased, then suddenly 
decreased again ditto repoato, As the 
ladder fs about 9" long the length of the 
tuned primary of the Tesla col Is pro- 
gressively made 18" longer, then back to 
its original length. Thereby resonating at 
infinite numbers of frequencies within Its 
range and delivering virtually the same 
power at all those frequencies 
‘A further improvement on this fea- 
ture isto make the ladder a Spiral Stair- 
ccase by using a solid rigid central eloc- 
‘trode, saya 4" copper tubeand the spiral 
be wound in an ever increasing diameter 
onthe outside, thestartbeing about5/32" 
{gap and vertical to begin with. 
Alternatively the spiral can be the 
inside element wound on a porcelain 
former such as is usod in radiant “bow” 
heaters with a plain copper tube sur- 
rounding it or perhaps a perforated tube 
as used in decorative lighting fixtures. 
‘Thosparkwindsits way around thespiral 
stairease and alters the frequency a¢- 
cordingly. The Spiral Staircase provides 
amuch longer path and more variationin 
frequency range. Ihavenot yet perfected 
‘this andruined a few porcelain formersin 
the process. It requires some exact pro- 
agressive increases in the travelling spark 
gap but there are no serious obstacles. 
Both the Jacobs Ladder and the Spi- 
ral Staircase have the advantage ofeasily 
‘cooling the spark gap. We had experi- 
‘enced problems due to overheating of the 
leetrodes ina fixed gap,even spark plugs 
transmitted the heat to other parts and 
carbonized insulation. The addition of a 


1s 


cooling fan (the low power kind used in 
computers) provides acurront ofair which 
accelerated the progress of the spark up 
the Jacobs Ladder and moreimportantly 
up the Spirat Staircase. The spark is 
sometimes reluctant toleaveits easy path 
at the base of the Indder and even more 
reluctant to wend its winding way up the 
coll, but the air flow does the trick and 
keeps everything cool. 

‘The fan also helps remove Ozone 
from the enclosure. Ozone has the de- 
lightful habit of attacking insulation. Tt 
has also been blamed for respiratory ill 
nesses. Iam skeptical of the latter as I 
have breathed plenty of Ozoneand found 
it exhilarating. 

‘Master Violet Ray even included an 
‘Ozone Tnhaler with its de-luxe modalllt, 
recommended for asthuna, bronchitis ete, 
‘What's more M.D.s used it on their pa- 
tients. Certainly Ozone is about the only 
thing which will quickly digest Carbon 
Monoxide in a hurry and it deodorizes a 
oom when the cat has misbehaved. 

‘The Betatron and Lakhovsky ma- 
‘chine both can beused to destroy trouble- 
some warts and moles, by simply wrap- 
ping a wire around the electrode and 
applying the point of the wire to the 
offending growth. I had some trouble- 
some warts removed in this way by 2 
Dermatologist. It was not until I got 
involved with this project that T realized 
the Dermatologist was using aLakhovsky 
device. 

He anesthetized the area first but T 
hhave since got rid of warts and moles 
without this, Tt eaused some “Discom- 
fort” which as any mother knowsis worse 
‘than mere pain, but it was tolerable. 

T hope the foregoing will be useful 
and willnot bein the leastsurprisedithas 
not already been done, but I would like to 
|mnow what you think of it. 

‘Regarding Spark Coils. I recently 
found at the local Flen Market, 2 smal 
spark coll about 32" overall length 2° 
dia, with a sturdy vibrator assembly and 
turret mounted sideways. It looked ike 
‘small steam boiler in fact. Its labelled 
“Coil, Booster, Battery Operated. Type 
C1, @4Volts DO Spec. #94-32182, Serial 
#96082, order #A,C 27073, Kelipse Avia- 
tion Bendix, NJ. Division of Bendix 
Corp. I don't know what It is for but on 
2 voltsit delivers a lively 3/8" spark. The 
absence of a Zip Code suggests itis fairly 
old, but this is the ideal driver for a 
‘compact tesla coil. T do not know if it 
contains condensers but I added some 
anyway. The adjusting serew has a click 
stop adjustment. Have you come across 


‘one of these? It works well on 6 volts 
which is Just as well as it draws a lot of 
Juice and 8D cells won’t fire it. 

Nowa request for information about 
Lakhovsky Treatment and parts. Please 
Please, On my knees!! Where can I 
‘obtain High Voltage Capacitors as used 


tried all the surplus stores I know of in 
this area butthe highest voltagetheyhave 


is 450, Irecently paid over $50 for a 660 
volt one for a 12 v trailer power supply 
and that was ordered specially from New 
York. HELPII! Teventried makingone 
from instructions in the Boy Electrician, 
a Sunday School prize from the 1930s. I 
used Acrylic 1/8" dielectrics instead of 
‘lass. They worked well for a time but 
soon tracked and failed. I don’t fancy 
using glass plates any way but I desper- 


ately need some HV Capacitors at less 
than Pentagon prices, 

‘Re Treatments. One of the contribu- 
tors to the Handbook reports that treat- 
‘ment with the Lakhovsky Machine re- 
sulted inthe dis-appearanceof underarm 
hair. (The report of decreasing under- 
arm hairis from the Nov. 1968 Journal of 
Borderland Research by Mrs. E.,Piqua, 
bio.) This is very interesting as Tam a 
heavy construction worker, and after a 
hhard day at the office I like to drop tn for 
‘cool beer and fraternize with nice hot 
ladies. However, underarm odor which 
results from my dally exertion and defies 
Right Guard AFTER for 2 hours, is 
Repellant. I did find that shaving the 
‘offending fuzzhelped alot. Tearingit out 
by the roots was even better; itseemed to 
deactivate the sweat glands. 
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After Isprained my shoulder I used 
‘heBetatron all around the jointandhave 
noticed that underarm halr now grows 
much more slowly, and I have much less 
trouble with B.. I used the Betatron 
frequently and the Ozone removes any 
residual stink... 

‘NOW the Big question. Has anyone 
succeeded in using the Lakhovsky ma- 
chino to stimulate hakr growth??? Thave 
hhair like Yul Brynner. Maybe some folks 
‘think its soxy but I find it repulsive and 
‘worst of all it makes me look and feel 20 
yearsolder atleast without ahat. Itseems 
tomethat the machine could wellbe used 
to rejuvenate hair cells since ft eam re- 
verse most other degenerative processes. 
Iisa strange thingthat men whoareshort 
‘on top have an overabundance of super- 
fluous body hair in places where it is 
utterly wasted. 

‘Hasanyone doneanyresearch 
on this subject with the Lakhoy- 
‘sky Machine??? If so please let 
me know. I will be most grateful 
for any information and will of 
courseinform youoftheresults of 
my own experiments. 

It occurs to me that such 2 
phenomenon could well dispense 
with the dally chore of shaving 
and make Gillette obsolete, Tam 
forever disgusted that such a lot 
of life force is wasted growing 
hair onmy ace instead of wherelt 
belongs, On Top! Would be most 
srateful for your ideas. 

‘remember the Master Vio- 
Jet ray being demonstrated in a 
opartment store in tho 1930s, I 
rust have been about 7 years old. 
My mother who was with me 
watched the demonstration andl, 
of course, was fascinated. I said, 
“Oh Mom do buy one, i's just 
‘what you need for your rheuma- 
tism’’, Mother replied, “Ob no, 
‘You just want it to play with”. 
How right she was, Well, n spite 
of all the quack devices which 
‘come and go, Lakhovsky in all his 
forms is still with us, That's rec- 
‘ommendation onough. The AMA 
persecution ofcourse confirms ts 
effectiveness, 

‘A Naturopathic Doctor saw 
‘mewesring acopper bracelet. He 
vas treating me for arthritis, ef- 
fectively with electro therapy etc. 
and asked if T really believed in 
‘the copper. Isnid “No”, then he 
sald “Why wearlt?” “Becauseit 
works.” “He Inughed and said, 


“Look at that green staln on your wrist. 
‘Thal’s copper salts and they are being 
ingested; maybe that's how it works, you 
might have a copper daficiency, well I's 
cheaper than pills.” 

Very Sincerely, 

KVAR,, Washington 


First off, without further ado, let me con- 
agatulate you on taking a stand oa refusing 
touse he word Hertzto designate cycles pet 
second. Why use arumbe-jumbo designa- 
{ors when simple English will do, Teslasaid 
that the acceptance of the Hertzian theory 
‘would come tobe seenby future generations 
4 the greatest aberration of the soieatfic 
‘mind, Ofcourse Teslais probably rollingin 
his grave (et 3600 rpm?) at the modern 
‘therless explanations of electricity. He, 
and others of his day, regarded the (ans. 
‘erse) Hertzian waves asthe “waste” put 
off by coils. The Tesla Coagitudinal wire- 
Jess system would have beon worldwide 
(Gnciuding radio and power), withthe trans- 
verse waves engineered to a minimum, 
whereas the radio we have today, with the 
transverse waves enginoeredtoapeak, fades 
‘out as one goes around a hill ora decent 
distance from the emitting source. This is 
dealt with much more specifically in THE 
‘THEORY OF WIRELESS POWER by Eric 
Dollard. Regarding use ofthe Tacobs Lad- 
erass spark gap, that is an interesting idea 
and thanks for sending it in. As far as your 
hair growth problems go, petheps our other 
readers have further comments. You have 
provided alot of food for thought, thanks! 


HIGH VOLTAGE SOURCES: 
Re: Nov/Dec Journal and inquiry of S\N. 
‘Capacitor GIV (6000¥) .0047 uF (which 
is the standard value, not 0051) available 
(64.90) from: Antique Electronic Supply, 
6221 S. Maple Ave., Tempe, Arkzona, 
£85285, (602) 820-5411, 

Abe 


‘Massachusetts 


Souree for high voltage equipment: Plas- 
tic Capacitors, Inc., 2623 N. Pulaski Rd., 
‘Chicago TL, 60639-2190. Write for cata- 
log @ealer for aboveis NewarkElectron- 
fies), Also recommended is Homemade 
‘Lightning: CreativeExperimentsin Elec~ 
tricity by R.A. Ford, ISBN 0-8306-3576- 
9, TAB Books, Blue Ridge Summit, PA 
17204-0850. Can be ordored through. 
‘your bookstore. 

Simplified Tech Service 

PO Box 21404, Champaign IL, 61825 


In the Nov-Dec 90 issue S.N. of Alaska 
asks abouta 6Kv 005 ufeapacitor. Radio 


‘Shack sells a 2Kv 01 capacitor #272-160, 
‘Three connected inserles willbe 6K.003 
‘uf, another 3 connected in parallel across 
the first three will be 6Ky .006 uf. Six of 
these costs about $3. 

Regarding the MWO, when Hiero- 
taymus lived near me in Ft, Lauderdale I 
asked him about the MWO, He didn't 
recommend it because the broad spec- 
trum of frequencies had both beneflcial 
‘and harmful frequencies which could not 
be separated. 

RB. 
Florida 


‘Thanks forall the input on where to get HV 
‘capacitors, Also, thanks Ron, for Hierouy- 
‘ats’ viewpoint. Withthe Beck style MWOs 
Twould agree, A mass of radio frequency 
noiseis generated. With Lakhovsky’s origi- 
nal units driving structured antennas one 
‘could produce multiple wavelengths of a 
more refinednature. We don'trecommend 
the MWOto anyone, thatisnot our purpose. 
‘This Joumalactsas.aforum to ideas suchas 
these to be explored, and the MWO refuses 
to goawvay, rather interest is growing and it 
is time we closely examine the field. Red 


‘THE BECK MWO. 
MyMWO isa Beck model Ithassuccess- 
fully killed a skin cancer on the back of 
my hand. Yet I am wondering about its 
resonator. There seems to he no action, 
it’s of no use and is as if dead. I did not 
realize that we are having trouble estab- 
Ushing areal Georges Lakhovsky MWO. 
‘This [enclosed] information from Europe 
may help clear up our need. 

DM. 

Bryte, 


‘A good puzzle truly has many pieces, 20 
thanks for your experiences. T never said 
that the Beck MW0s didn't work, but that 
they are not the same as Lakhovsky built, 
‘Theenclosedadwas forradionioandrelated 
‘quipmnt including MWOs from Radionic 
Instrumentation & Research, Dorset, Ex 
sland. Itmay bethat his is theradionic type 
‘of MWO originally old by Copen Labs. 1 
hhonestly don't know a thing about these 
‘MWOs, soany info would be greatly appre- 
ciated especially aschemati. Years ago I 
hhad heard them spoken of disparegingly by 
peoplevho claimed tha they woulda’: work 
because there wasn’t enough power, an ar- 
sgument Inover bought. Itwould eeem that 
the more subtle and refined the energy the 
‘more beneficial itso the aman orgenism. 
‘Thefleldisstilopen fornew ideasand fresh 
impalses... 
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KLARK KENT CHECKS INt 

Just anote to say thanks for the mention 
in the Journal about the availability of 
the Gelden Ratio Antennas from Super 
Science. And also to say that the articles 
on the continuing developments of the 
MWO are mast welcome. Especially in- 
toresting is the comparison of the Beck 
‘MWO fo the Lakhoveky original! 

T have never seen an original Lak- 
hovsky MWO. Only from the patent 
information can we really get schematic 
information, circuit diagrams, antenna 
structures, ete. As you know from all of 
‘he free energy patentscirculatingaround, 
a patent wrapper and drawing is not 
really enough to produce the claimed 
device. Ifit were, then we should have 
many free energy devices in production 
todayt 

‘Several months ago a contact in New 
‘Yorkmadeagenerous offerto procurean, 
‘original Lakhovsky MWO. Ipassed this 
information along to you and to others. 
So farnoonehas come forthto my knowl 
edge with information leading to the 
whereabouts of an original Lakhovsky 
MWO. What this means is that we must 
grope our own way in replicating the 
technology first developed by Lakhov- 
sky. 

‘So I guess I owe Bob Beck a word of 
thanks because he was the one who made 
itpossible for rescarchors to actusllybuild 
a MWO. The information left to the 
‘world by Lakhovsky is (in my opinion) 
‘wholly inadequate to build and construct, 
the device. The patent information is, 
like most patents, Just not adequate 10 
enable someone to replicate the device. 
‘And this brings up the question: Just 
‘ihat constitutes the original Lakhovsky 
MWO? We don't have an original device 
(anda bounty of $100,000 has so far failed 
to produce one). The information given 
inthepatents doesn’treally tellus enough. 

Borderland Sciences can help out by 
continuing to publish articles about the 
MWO which emphasize circuit diagrams 
and construction details. In this way, 
Borderland researchers can redevelop 
‘his important technology. 

Tenclose a letter we received from a 
customer. Since the letter Is of the test 
‘monial variety, it is best not to reference 
{tin the Journal. But thepointis hateven 
a Beck adaptation MWO can seem to 
produce positive experimental resultst 
Klark Kent, Super Science, 

P.O. Box 392, Dayton, OH 45409 


Glad to hear you are open to new research, 
Lakhovsky left much information ~ it just 
never got translated into English. BSRF 
will continually publish the results of ongo- 
ing MWO research, and will always be on 
the lookout for the best information avail- 
able. Hore isthe letter submitted to Klark, 
{rom a person known to us here also: 


Dear Mr. Kent, 
Atlonglast! get around writing to you 
and share some of my experiences 
With the MWO I bought from you. 

‘The unitarrivedonMay 17, 1990 in 
excellentcondition. Your packagingis 
superb. I inspected the unit supert- 
cially but, because of some profes- 
sional problems, was not able to make 
use of it until October. 

Let me comment first on general 
appearance and workmanship. While 
obviously not industrially produced, 
thisisawell-bullthigh quality machine, 
using fine components. Having been 
an electronics engineer part of my life 
(before | became a philosopher), | feel 
‘well qualified to make thatjudgement. 

‘The instructions are generally ad- 
‘equate but I was glad that I did order 
your audio cassette, done by you with 
‘fine dramatic flair, worthy of Chris- 
topher Reeve, who doesresembleyou. 
My suggestion: include the cassette 
with the MWO as a matter of course. 

J used the machine about thirty 
times, sometimes daily, sometimes 
skipping a day or two for 35 min. per 
session, mostly in the High Power 
Radiator mode. 

1 suffered over a period of about 
fifteen years froma mild chronic bron- 
chitis, some coughing in the morning 
with some phlegm, rest of the day just 
fine. The medicine men told me that 
| just have to live with it". Though I 
am 70, | judge myself being in great 
health. 

Now, your machine has definitely 
improved my condition, | know, of 
course, that my testimonial is worth- 
fesstoyou, sinceyoucannotmake,and 
do not make, any health claims. But 
still] thoughtyou might want to know. 

1 do have several radionics ma- 
‘chines (Dela Warr and Copen) but we 
allrealize that thisissympatheticmagic; 
‘great stuff, thought 
With best wishes, faithfully yours, 
NAME WITHHELD 


ELECTRONIC ENTITY REMOVAL 
‘Judging by the letters you receive and 
Print in the BULLETIN BOARD people 


are still experimenting and building 
MWOs. Itshouldbe accepted thatno two 
MWOs will be identical due to different 
‘components, circuits, ete. Also, Lakhov- 
sky did not have some mystical secret that 
isexclusiveto his particular instruments; 
he built one that generated his required 
‘ulti-frequencies and there areno doubt 
‘many ways to effect this. 

ThelargeMWO Ibuiltin 1965 worked 
as well as could expect and, although T 
never use it now, its circuit ean be re- 
‘garded as a basic Testa col, starting out 
with a 12KV neon transformer. Other 
circuits Thave experimented with unfor- 
tunately appeared not to give the same 
results. YourMWO Handbook shouldbe 
‘the starting point for would-be experi- 
‘mentors keeping in mind that most of the 
‘transistorized” models do not have 
enough energy to effect the desired re- 
sults. 

‘Amajor point that never seems tobe 
mentioned Is that the subject should be 
seated ON ANINSULATED PLATFORM 
with the antenna about six inches from 
the back. In this way all the cells of the 
body are raised to thelr full potential fo, 
say, ten minutes during which each cell 
can absorb energy at its one resonant 
frequency. The subject should ground 
himself for an instant before stepping off 
the platform. Then switch off the instru~ 
ment. Ifound this procedure mandatory 
to obtaining positive results and have 
founditodd thatthispointhas never been 
mentioned in the literature. 

might also bring up the very real 
possibility (Alseussed with Riley Crabb in 
‘the past) that atleast part ofthe positive 
results obtained with the MWO could be 
attributed tothe removal ofspirit entities 
by the high voltage involved, Regretta- 
bly, Borderland appears to skirt this Is- 
sue, 

AsThavestated before, the Journal is 
‘an important platform for the meeting of 
‘the minds and I wish you well in your 
efforts, 


Appreciate your input and valuable ideas, 
im certainly opento the possibility that tho 
results obtained from the MWO could be 
attributed to the removal of spirit entities, 
‘This should also bring up the question of 
‘whether or not what is perceived as spirit 
‘euities (negative in this sense) couldbealso 
related to their potential physical anchors, 
i.e, virus and bacteria. Maybe we see the 
same thing but interpret differenty. 

‘As faras using different configurations 
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to achieve multiple wavelengths, different 
arrangements will produce qualitatively dif- 
ferent results, A Freach horn and a clarinet 
‘will show the same frequency for the same 
note played, but the difference in quality of | 
sound should be obvious to all. The major 
difference between the hookup of 
Lakbovsky’s and Beck’s units makes them 
fall into quite separate categories. A silver 
bell rings finer than tn. 


MWO REPORT FROM FRANCE 
finally managed to get hold ofmy friend 
(sce BSRF Bulletin Board, Jan-Feb 1991) 
butheis very, very busy and only gaveme 
some ofthe Information I wanted, 

Firstly, he declined to provide any 
basic layout of the MWO because he say 
no two units were the same. Apparently 
[Lakhovsky experimented all the time and 
each machine was a “one-off” model, 
different from the others. 

‘The origins of the MWO are in Tesla’s 

work, A French professor, Mr. 
D’Arsonval took some of Tesla’s equip- 
ment and modified it. Lakhovsky used 
D’Arsonval’s work to build his machine. 
‘Tesla heard about D'Arsonval’sexperi- 
‘ments and, convinced that D’Arsonval 
‘was stealing his patents, came to France 
with the idea ofstartinglegal proceedings 
against the professor. However, he found 
D’Arsonval so courteous and charming 
that he returned to Ameriea having 
dropped the idea of court action. 

My friend tells me that the whole 
soeret ofthe MWO isin the “diffuseur”, 
‘He further indicated two sources ofinfor- 
mation, both in French. A series ofbooks 
have been written and published by the 
Study Group ‘‘Arkall”” called 
“L’Emergence de I'Enel” dealing with 
all aspests of the MWO. The second 
souree is George Lakhovsky's book 
“Loseillationeollulaire” which hasbeen 
re-edited in Belgtum. Unfortunately, my 
friend did not know the editor, oT eug- 
gest you will have (o contact the Ameri- 
‘can Embassy in Belgium and they should 
Deabletogiveyouaddresses bookshops 
‘here it can be obtained. Apparently, 
thisbook givesallthereferences concern 
{ng the people I have mentioned. 

Pm sorry can’t be more helpful but 
‘the whole question seams to be much 
more complicated that I at first thought, 
Inshort,1’m afraid you will have to wade 
through “‘L’oscillation cellulaire” and 
the “L"Emergence de Enel” to see how 
Lakhoveky himself worked outtheideaof 
the first MWO"s, 

RC 
France 


‘Thank you, your input bas been most valu- 
ableand stimulating. The “aiffaceur” (t= 
erally: loudspeaker or nozzle) would prob- 
ably be the antenna, so the “secret” could 
very well be (as we have intimated over the 
‘years) in his mathematical arrangement —a 
‘much more important consideration under 
Lakhovsky’santenna feedarrangementthan 
with Beck's, 
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MWO CORNER 
Received the Journal yesterday and was 
very excited about the Spiral Coil MWO. 
‘congratulate Mr. Schad on doing avery 
good Job and would submit the following 
‘input for future models. 

1) No aluminium tubing should be 
used. Copper or stecl tubing should be 
used instead. Aluminium is wholly nega- 
tive. It attracts negative radiation like 
hhoney attracts files. In this connection, I 
heard this morning on the British radio 
‘that a “mobile home" site had just been 
devastated in the USA. If Dim right, 
“mobile home” site means trailer park, 
in which there is a huge quantity of Al. 
‘These are prime targets for tornadoes 
and all kinds of negative influence. My 
chief reference for this is Dr. Starbard 
Webb, Box 200, Orangovale, CA 95682. 
She has been studying the subject since 
1936 and has accumulated a mass of data, 
Be patient for she travels a lot in the 
States doing seminars etc. 

2) Therestis from aTibetan lama to 
‘whom I showed the drawing. If you're 
‘wondering what lama would know about 
the MWO I would say that they seem to 
mow abouteverything that matters. For 
instance, in my own field (medicinal 
plants), thelr knowledges not great, itis 
simply colossal, far beyond anything 
mown in the West. The Lama tells me 
that there should be 12 coils, no more no 
less Fig. 6). Tho up" wire (see illustra 
‘tlon) should be five times longer than the 
diameter of the coil. No doubt farther 
information will be forthcoming when 
the whole of the MWO is described, 
‘Yours sincerely, 

RC 
France. 


Giad to hear of your suggestions for further 
research on Lau’s spiral coil MWO. His, 
articles have stimulated a lot of work that 
should provide alot of new ideas overtime. 
eter Lindemann has taken Lou's concept 
‘of physical vibration end is experimenting 


Spiral Coil Multi-Wave Oscillator 


‘ith phiraticed antennasthatarestimulated 
with sub-audiblesound. Also, Loucalledto 
‘ake sure that it was clear that the antenna 
side facing the subject isacounterclockwise 
spiral. It is clockwise from the top. 

Interesting thoughts on the mobile 
homes, which arereverse orgone accumula- 
tors, A few items congruent with your 
‘comments have showed up over the years 
‘nd perhaps we can get more on that in an 
‘upcoming issue. 


LAKHOVSKY COIL INFORMATION 
The following was forwarded to us from 
Health Research, Bax 70, Mokelumne Hill 
CA 95245: 

On Health Research's flyer for THE 
HANDBOOK OF UNUSUAL ENER- 
GIES, the artist shows the copper wire 
positioned incorrectly through the wood 
support. 

Thave made a number of discoveries 
‘which Teven find hard to believe by using 
‘this COILED COPPER WIRE. I oxpect 
towritea booklet on my findings and you 
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may want to represent it in your sales 
catalog. I have proven over and over 
again what Ihave done but, to date, have 
not shared anything with anyone ese. 1 
had to be ABSOLUTELY CERTAIN be- 
fore ‘went public’ 

‘When I first received the books THE 
SECRET OF LIFE and THE WAVES 
‘THATHEAL from you about4yearsago, 
Tnoted carefullyjusthow the copper wire 
‘was COILED around the plant, Please 
‘note thatthe copper wire STARTS from 
INSIDE THE EBONITE and MOVES 
‘COUNTER CLOCKWISE andthen ends 
ABOVE the ebonite.. Ths is shown on 
page 14 of THE WAVES THAT HEAL 
and page 110 of THE SECRET OF LIFE, 

In the past four years I have made 
dozens of experiments and 've gone far 
beyond what even Lakhovsky did or 
thought of. NOW, to prove my point 
about the proper way the copper MUST 
becoiled I deliberately experimented by 
coiling the wire the way you have shown 
it and NOTHING HAPPENED in all my 
‘experiments. That’s whyIKNOW THAT 


1AM RIGHT and it is imporative that 
‘you change your picture to show the cor- 
‘rect way. Im not a scientist of a profes- 
sional person, but IKNOW what I have 
done and you will have to take my word 
for it unless you want to YOURSELF, 
‘conduct the same experiments Ihaveand 
PROVE it to yourself... I have not the 
slightestidea WHY thecopper wire MUST 
becolledthisway butIDOKNOWTHAT 
IF MUST. 

‘You know as well as I that EVERY- 
‘THING in the COSMOS is perfect, exact, 
precise and absolute that the LAWS, 
FORCES, ENERGIES, POWERS, FRE- 
‘QUENCIES, RAYS...andalltherestfune- 
tion flawlessly and annotallowany varia- 
tions even for an instant. Life as we know 
it will cease forever ifeven an INSTANT 
‘change is made by whatever cause. 

T would dearly love to see one of 
Lakhovsky’s BELTS, COLLARS, 
BRACELETS hecalls them OSCILLAT- 
ING CIRCUITS, of course, and although 
the picture on page 63 of WAVES THAT. 
‘HEAL is interesting, 1 am wondering if 
there is more to it that what this artist 
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concept shows. I have yet to experiment 
witha HUMAN BODY asI will need tobe 
very careful to use the RIGHT PERSON 
who will not think that Ihave gone off the 
‘deopend and headed for the funny farm’, 
But Lakhovsky certainly has plenty of 
evidence to show. Ifyou know of anyone 
who has one of the ORIGINAL Lakhev- 
sky oscillating circults, let me know. Its 
imperative that the ‘human’ circuits 
‘MUST be done, and applied, correctly. 
AP. 

Nebraska 
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‘WO RESEARCH 
Five years ago I duplicated the MWO as 
‘best could with my limited knowledge. I 
sealed up the antennas from the book 
WAVES THAT HEAL using copper tub- 
ing of all different sizes and soldering 
brass hex eaps of various sizes on the ends 
after I rounded them off with a grinder. 
‘The outside ring was about 2 ft. across. 

Iwas abletoduplicatetheexactbrush 
discharge atterninthepicture with Tesla 
coil 4" diameter with about 1,000 turns of 
regular hook up wire. 500 turns gave a 
discharge of 2"-3" evenly all around the 
‘outer ring. 1,000 turns gave a discharge 
‘of 5"-6" at the bottom with less and less 
towards the top except for some off the 
two balls at the top, like in the picture, 

I found it necessary fo run two con- 
nections from the feed wire otherwise 
with oneconnection thesparkwould travel 
around the ring and out the other end 
Durning anything used to suspend the 
ring. Two connections eliminated this 
problem forcing all energy towards the 
bottom of the ring like in the picture. 

‘Theresonator was grounded just like 
‘the Beck model to the ground end al- 


120 


though Iused two wires one goingtoeach 
‘end of the outer ring. Even so, at this 
power you could draw a small spark off 
the outer ring and if you turned the unit 
off and on you could hear the resonator 
ring just like it was struck by a small 
hammer. 

Tused a30mA 15,000 volt sign trans- 
former or stronger. These tend to burn 
‘out unless you put the primaries of two in 
serles to share the load and restrict cur- 
rent. Actually, Istartedusinghalfburned 
‘out transformers using mid point ground 
and the good half for 7,500 volts which is 
much safer for the capacitors. Tused two 
005 uf 20,000 volt eapacitors in parallel 
for. 010. Thestationary spark gap was air 
cooled with a small blower fan. 

‘There was no spark between rings. 
‘The side effects from this unit were too 
strongto continue treatments soTamnow 
working on smaller units. After 15 min- 
utes your head would be fall of mucus. 
‘The closer the antennas were to each 
‘other the stronger the effect to the point 
‘of making one Yery nauseous. 

‘Also, did anyone else purchase and 
tost Dr. Charles T. Turley’s square wave 
sound MWO two printed antennas pow- 
‘ered by a sound generator? 

Ss 
Ohio 


‘Thanks for your most helpful input. Would 
‘bemost interested in Dr. Turley’s MWOas 
itmay very wellrelateto Lou Schad’s spiral 
‘coil MWO, presented several issues back, 
‘which worked on physically vibrating the 
‘oil, Peter Lindemannhas picked up on this 
and is experimenting with vibrating the 
antennas with sound waves and through 
othermechanical means. Awholenew field 
of MWO research is opening up and it 
sounds like Dr. Turley is working in the 
samedirection, Pleasesendusany informa- 
tion you may have on this. Thanks. 


From the March-April 1992 JBR 
SRF Bulletin Board 


MWO CORNER! 

Here is a nice present for you and 
Your readers, Some tidbits bout George 
Lakhovsky. [phoned my knowledgesble 
{friend on Sat, 14th Dee, To my surprise 
notonly was heat home buthe invited me 
to spend the afternoon with him the fal- 
lowing day. 

Firstly, i is comforting to know that 
‘herearestill about four original MWO's 
‘within a radius of 200 miles from Paris, 
and the people who have them are likely 
to take good care of them. 

Secondly, from what I ean gather, 
took very great pains with each MWO. 1 
understand now what my friend meant 
‘when he said that each one was different. 
L,would ealeulateallsorts of parameters 
relating tothe place where the MWO was 
fo be used. He would then do the “fine 
funing” with the help, sometimes, of am 
unusual cleric Abbe Breuil. 

L. arrived in France around 1896. 
Ho was a friond of Tesla and when the 
latter came to France the frst person he 
‘wanted to see was L. I don’t know any- 
thing about this early period but two 
eplsodes occurred later which gave L. 
quite a bit of money and enabled him to 
finance his fature research himself. 1) 
During the 1914 war, thoro was a dearth 
of methylated spirits in France and L. 
negotiated supplies, on behalf of the 
Fronch government, with the Russians. 
2) He invented a gadget which was used 
everywhere on the French railways and 
which brought in tidy sums in royalties. 
‘He was thus able to invite tiled people to 
his table, the Count of this and the Duke 
of that and, ofcourse, Abbe Breuil. This 
curious cleric was very well known in 
France, not for saintly endeavors on be- 
halfof the Church ut for his exploration 
ofeaves in search of traces of early mai 
Hebecamethe High PriestofPre-history. 
However, whatinterests us hereisthathe 
was an extraordinary medium. For in~ 
stance, Lat table, would say something 
like this: “Abbe, I've just thought up a 
new design for the MWO (passing him 
the drawings) what do you think of it?" 
And the Abbe might reply: “The 
‘ntenna’s too thick here, you should take 
1 millimetre off and here, you are using 
‘the wrong kind of metal.” In this way, 
‘gradually refined each model, using the 
Abbe’s intuition to verify his own find- 
ings, until he got it as near perfect as 
possible. 

‘What follows is a translation of the 


notes scribbled down by my friend yes 
terday. I offer no comments because I 
‘wouldu’tknowaHertzdipole fT fell over 
‘one in the dark. 

‘These are some of the parameters taken 
into consideration by L. 

1) Diameter: D. 

2) Thickness of the wire of the tube (not 
to be confused with the section). 

3) Distance ‘e”* between the two ends, 
4) Orientation ofthe circuit with respect 
{0 the horizontal plane 29° 70 N), 

5) Kind of circuit. Should it be made of 
‘metal or hollow glass containing chemi- 
ceal salts. 

6) Orientation of the distance ‘e”* with 
respect to the magnetic North, 

7) Study of the terrain: the mineralogl- 
cal, geological, 
geodesicandtec- 
tonic factors. 

8) Study of the 
nature ofthesur- 
face of the cir- 
cuitand whether -- 
andhowitshould D 
be covered. 

I see now that 
what! had taken 


Hertz dipole 
MWO antenna 


for solid rods 


reality hollow tubes. 
Thope that you and your readers will 

find thisinformationinteresting. Itsheds 

a now light on how L. operated. He used 

the pendulum a lot and, as we have seen, 

themediumistie talents ofhisfriend Abbe 

Breuil. My best wishes to yourself and to 

BSRF in 1992. 

RC. 

France 


‘Your input on the MWO project tes 
beenmosthelpfalto everyonetryingto find 
the truth ofthe story, and offer my thanks 
and I'm sure the thinks of BSRF members 
‘the world around. Georges Lakhovsky was 
4 complex individual whose ideas on cell 
regeneration have ignited many a scoking 
mind, Iiseemsasthoughtehad somerathet 
interesting frends also, Nikola Tesi, Pro- 
fessor D’Arsonval, and the curious Abbe 
Breuil! Your friend's comments indicate 
some important factors in Lakhovsky’scon- 
siderations: He was very concerned about 
the orientation towards thenatural energetic 
lines ofthe earth, even considering latitude 
(vhatyouhavetermedthehorizontl plane) 
a8 a determining factor in the energetic 
output of his deviees, He must have been 
aware ofthe interaction ofthe electric out- 
put with the planetary magnetic, electro- 


121 


static and etheric flelds. He was also con- 
cerned about the underlying earth itself. Ja 
his Secret of Life he proposes his theory 
that cancers are more predominant in areas 
Where the soils (such as clays) reflect the 
ccosmic radiation back to the surface, caus- 
ing interference patterns that disrupt the 
body's energetic flows. Its interesting to 
‘ote thethisantennas were constructed with 
all these factors involved. It is also very 
interesting that he relied on the pendulum, 
and the mediumship of Abbe Breuil for his, 
refinements. Lakhovsky was a true border- 
land scientist! Also of note is your point #5 
‘mentioning thehollow glasscireuit contain- 
‘ng chemical salts. Somethingnow to figure 
in our researches. We also have the open 
question of whether or not some of his tube 
‘antennas contained rare gases, which his 
MWO Tube Patent implies by its refine- 

(sin miniaturization. This has been an 
exciting period of discovering what La- 
Ikhovsky was really up to in his vast re- 
searches. Please read on. 


AREAL LAKHOYSKY SCHEMATIC! 

‘This schematic is from a Lakhovsky 
Radio Cellular Oscillator manufactured by 
Laktiovsty’s son in Paris long after the 
‘untimely death his father the early 1940s. 
It shows tat the Lakhovsky’'s owm fumily 
followed thepath of theradio-celular osil- 
Jatorandnot that suggested by Lakiovsky's 
tumto damped electrostatic power supplies 
inhisMWO. Ourmany thanks goto Patick 
lnagan for providing this information to 
SRF. Patrick obtained the unt, removed 
the seal at isk of volding the warranty, and 
provided us with the circuit description you 
see here. Also, a special thanks to Roger 
Modjeski of RAM Tube Works of Santa 
Barbara, California forprovidingthepinouls 
and tube conversion info. AS far as our 
‘extensive research notes show, this isthe 
frstreal, complete schematic ofan working 
Lekhovsky device that has been published 
inthe USI 

‘This unit, which fits ina small box that 
‘can be held in the hand, isa very powerful 
‘white noise generator witha treatment coil 
‘comprising of coax cable which is looped 
around the subject when ia use. The teat 
‘ment coil loop is 1 meter in length, the 
‘center wire and shield are comnected. This 
unitwill interfere with electroniccommuni- 
cation devices upto the satellite TV range, 
and may be illegal to operate under FCC 
rales. The tube is an EL83, a French tube 
(Telefuakenmuanual givesthe Germenau- 
‘ber as P83) whose US equivalent i given 
138 a 6CKS video output peatode, but GE 
never made them. It is very similar in 
function to a 6CL6 which has a different 


Lakhovsky MWO/Radio Cellular Oscillator submitted by Patrick Flanagan 


‘ELASI6CKS PINOUT 
pin 1s grid 2 
pin 2: guid 1 


pin 485: filament 6.3 
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(6CL6 PINOUT 
Ieathode 
289; fist rid 
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damage from continuous-waveradiofie~ 
quencies. But then we see that 
Lakhovsky’s son was still mamfactur- 
ing RCOs after the death of his father! 
‘So we can see that the final conclusion 
has yet tobe drawnas to exactly how the 
original MWOs werebuil, and ofcourse 
‘we would also like to see some actual 
MWO Tubs units that Lakinovsky pat- 
ented, We also see the RCO asa poten 
tial low-cost method of researching 
Lakhovshy’s basic theory of radio-fre- 
quency cell regeneration. This MWO 
Handbook contains the essential keys to 
all our questions and more. Mich re- 
search has to be done and Borderland 
Sciences is willing to help any serious 
researcher who wishes to pursue these 
streams of activity. 

‘The Journal of Borderland Re- 
search is the publication of recordin the 
English language for these and many 
other research subjects. Please join in 


pinout. We provide the pinouts for both. 

‘The $ and 20 tum coils are % inch 
diameter tightly wound with #20 plastic 
‘coated wire, They are air core and all three 
are wound inthe same right hand direction. 
‘They are spaced tightly and arranged ex: 
actly as shown, Varying the physical dis- 
tance between the primary and secondary 
coils would vary the output strength. The 
resistors are 4 watt. The .01 capacitor is 
ceramic at 500 volts. The choke is 33 ji. 
‘The power supply isnot shown, but is im- 
plied by the circuit, 

‘Wehaveno exact detalsoftheinterac- 
tion ofthis generation of Lekhovsky device 
‘with the human system, only that suggested 
by Lakhovsky’s original RCO research and 
its extension through time. This data is 
provided forrescarch purposes andtorecord 
yet another development in radio-biologi- 
‘al research. 

‘We would still be most interested in 
finding the schematic of one ofthe original 
‘MWOs pictured in Lakhovsky's various 
‘publications such as that pictured below 
from his book La Terre Et Nous (The 
Earth and Ourselves), Fasquelle Editeurs, 
Paris, 1933, a it would provide the exact 
antenna feed for the concentric ring anten- 
‘sand other pertinent details, Notethat the 
antennas on this unit stand above the arm, 
unlike the well publicized pictures from 
‘The Waves that Heal and Secret of Life. 
‘This indicates that the protruding epheres 
seen in the detail on those pictures have a 
‘mechanical function, perhaps more impor- 
‘ant than their electrical functioa, though 
with Lakhovsky’s methodology, he would 


certainly incorporate the optimum charac- 
teristics for the main antenna feeds, 
Webave discovered the basicconstruc- 
tion of the Radio-Celiular Oscillator and 
‘mow that Lakhoveky moved from them to 
‘the MWOs with damped electrostatic power 
supplies and concentric ring antennas bo- 
‘cause of the potential for thermal shortwave 


andexchange information withus. With- 
out the help of the many borderiand 
researchers sending us their ideas for over a 
‘quarter of a century this book would not 
‘exist, Thanks to all and best wishes on your 
‘esearcies ~ may they be serious, straight- 
forward, and well documented for others to 
team from, 

‘Tom Brown 


‘The complete Lakhovsky Multiple Wave Oscillator apparatus which creates 
‘an ambient electromagnetic field between its two resonateurs. 
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© Adafruit Industries 
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Solder Sucker 

A Solder Sucker (http://adafruit/148) is a very 
helpful tools for removing excess solder 

or when you need to de-solder a joint. As the 
name implies, this device literally sucks the 
solder out of the joint. 


Solder Wick 

Solder Wick (http://adafru.it/149) is another 
way to clean excess solder from a joint. Unlike 
the solder sucker, the wick soaks up the 
molten solder. 


eam adafrult.com/adafruit-guide-excellent-soldering Page 9 of 35 
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HIGH FREQUENCY OSCILLATORS FOR ELECTRO-THERAPEUTIC 
AND OTHER PURPOSES* 


by Nikola Tesla 


Some theoretical possibilities offered by currents of very high frequency and 
observations which T casually made while pucsuing experiments with alternating currents, 
as well as the stimulating influence of the work of Hertz and of views boldly put forth 
by Oliver Lodge, determined me some time during 1889 to enter a systematic investigation 
of high frequency phenomena, and the results soon reached were such as to justify Further 
efforts towards providing the laboratory with efficient means for carrying on fhe sesearch 
in this particular field, which has proved itself so fruitful since. AS 2 consequence 
alternators of special design were constructed and various arrangements for converting 
ordinary into high frequency cutrents perfected, both of which were duly described and 
are now — I assume — familiar. 

One of the early observed and remarkable Features of the high frequency currents, 
and one which was chiefly of interest to the physician, was their apparent harmlessness 
which made it possible to pass relatively great amounts of electrical energy through the 
body of a person without causing pain ot serious discomfort. This peculierity which, 
together with other mostly anlooked-for properties of these currents I had the honor 
to bring to the attention of scientific men first in an article in a technical journal in 
February, 1891, and in subsequent contributions to scientific societies, made it at once 
evident, that these currents would lend themselves particularly to electro-therapeutic uses. 

With regard to the electrical actions in general, and by analogy it was reasonable to 
infer that the physiological effects, however complex, might be resolved in three classes. 
First the statical, that is, such as are chiefly dependent on the magnitude of electricel 
potential; second, the dynamical, that is, those principally dependent on the quality of 
electrical movement or current’s strength through the body, and third, effects of a distinct 
nature due to electrical waves ot oscillations, that is, impulses in which the electrical 
energy is altesnately passing in more or less rapid succession through the static and 
ynumic forms. 

Most generally in practice these different actions are coexistent, but by a suitable 
selection of apparatus and observance of conditions the experimenter may make one or 
other of these effects predominate. Thus he may pass through the body, or any part 
of the sane, currents of comparatively large volume under a small clectrical pressure, or 
he may subject the body to a high electrical pressure while the current is negligibly small, 
‘or he may put the patient under the influence of electrical waves transmitted, if desived, 
at considerable distance through space. 

While it remained for the physician to investigate the specific actions on the 
corgenism and indicate proper methods of treatment, the various ways of applying these 
currents to the body of a patient suggested themselves readily to the electr 


» Read at the eighth annual meeting of The American Elecco-Therapeutic Association, Buffalo, 
N.Y, Sept. 13 to 15, 1698 
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‘As one cannot be too clear in describing 2 subject, « diagrammatic illustration of 
the several modes of connecting the circuits which I will enumerate, though obvious for 
the majority, is deemed of advantage. 

The first and simplest method of applying the currents was to connect the body of 
the patient to two points of the generator, be it a dynamo or induction coil. Fig, 1 is 
intended to illustrate this case, The alternator G may be one giving from five to ten 
thousand complete vibrations per second, this namber being still within the limit of 
practicability. The electromotive force — as measured by a hot wice insteument — may be 
from fifty to one hundred volts. To enable strong currenis to be passed through the tissues, 
the terminals TT, which serve to establish contact with the patient's body should, of 
courie, be of lange ares, and covered with cloth saturated with a solution of electrolyte 
hhscmless to the skin, or else the contacts are made by immersion, The regulation of the 
currents is best effected by means of an insulating trough A provided with two metal 
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Figs. 1, 2,3, 4. 


terminals TT’ of considerable surface, one of which, at least, should be movable, 
‘The trough is filled with water, and an electrolytic solution is added to the same, until 
a degree of conductivity is obtained suitable for the experiments 

‘When it is desired to use small currents of high tension, a secondary coil is resorted 
to, as illusteated in Fig, 2. I haye found it from the outset convenient to make a departure 
from the ordinary ways of winding the coils with 2 considerable number of small turns. 
For many reasons the physician will find it better to provide a large hoop H of aot less 
than, say, three feet in diameter and preferably more, and to wind upon it a few turns 
of stout cable P. The secondary coil S is easily prepared by taking two wooden hoops h bh 
and joining them with stiff cardboard. One single layer of ordinary magnet wite, and not 
too thin at that, will be generally sufficient, the mumber of turns necessary for the 
patticular use for which the coil is intended being easily ascertained by a few trials, 
‘Two plates of large surface, forming an adjustable condenser, may be used for the 
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purpose of synchronizing the secondary with the primary circuit, but this is generally 
fot necessary. In this manner a cheap coil is obtained, and one which cannot be easily 
injured. Additional advantages, however, will be found in the perfect regulation which 
is effected merely by altering the distance between the primary and secondary, for which 
adjustment provision should be made, and, furthermore, in the occurrence of harmonics 
which are more pronounced in such large coils of thick wire, situated at some distance 
from the primary. 

‘The preceding arrangements may also be used with alternating’or interrupted 
currents of low frequency, but certain peculiar properties of high frequency currents make 

possible to apply the latter in ways entirely impracticable with the former. 

‘One of the prominent characteristics of high frequency or, to be more general, of 
rapidly varying currents, is that they pass with difficulty through stout conductors of high 
self-induction. So great is the obstruction which self-induction offers to their passage that 
it was found practicable, as shown ia the early experiments to which reference has been 
‘made, to maintain differences of potential of many thousands of volts between two points 
<= not more than a few inches apart — of a thick copper bar of inappreciable resistance. 
‘This observation naturally suggested the disposition illustrated in Fig. 3. The source of 
high frequency impulses is in this instance a familiar type of transformer which may 
be supplied from a generator G of ordinary ditect or alternating currents. The transformer 
comprises a primary P, 2 secondary S, two condensess C C which are joined in series, a 
loop of coil of very thick wire L and a circuit interrupting device or break b. The cucrents 
are derived from the loop L by two contacts cc’, one or both of which are capable of 
displacement along the wire L, By varying the distance between these contacts, any 
difference of potential, from a few volts to many thousands, is readily obtained on the 
terminals or handles T'T. This mode of using the currents is entirely safe and particularly 
convenient, but it requires a very uniform working of the break b employed for charging 
and discharging the ‘condenser. 

Another equally remarkable feature of high frequency impulses was found in the 
facility with which they arc transmitted through condensers, moderate electromotive forces 
‘and very small capacities being required to enable currents of considerable volume to 
piss, This observation made it practicable to resort to a plan such as indicated in Fig. 4. 
‘Here the connections are similar to those shown in the preceding cise, except that the 
condensers C C are joined in parallel. This lowers the frequency of the currents, but has 
the advantage of allowing the working with a much smaller difference of potential on the 
tetminals of the secondary S. Since the latter is the chief item of expense of such 
apparatus and since its price rapidly increases with the number of turns required, the 
experimenter will find it generally cheaper to make a sacrifice in the frequency, which, 
however, will be high enough for most purposes. However, he only needs to reduce 
proportionately the number of tums or the length of primary p to obtain the same 
Frequency as before, but the economy of transformation will be somewhat reduced in 50 
doing and the break b will require more attention. The secondary S' of the high frequency 
coil has two metal plates tt of considerable surface connected to its terminals, and the 
current for use is derived from two similar plates ft’ in proximity to the former. Both 
the tension and volume of the cursents taken from terminals TT may be easily regulated 
and in a continuous manner by simply varying the distance between the two paits of 
plates t t and ¢' t respectively. 

‘A. facility is also afforded in this disposition for raising or lowering the potential 
cof one of the terminals T, irrespective of the changes produced on the other terminal, 
this making it possible to’ cause a stronger action on one or other patt of the patient's 
body. 


The physician may find it for some or other reason convenient to modify the 
atrangements in Figs. 2, 3 and 4 by connecting one terminal of the high frequency source 
to the ground. The effects will be in most respects the same, but certain peculiarities 
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will be noted in cach case. When a ground connection is made it may be of some 
consequence which of the terminals of the secondary is connected to the ground, 3s in 
high frequency discharges the impulses of one divecion are genoalypreporclerting 
Among the various noteworthy features of these currents theze is one which lends 
itself especially to many valuable uses. It is the facility which they afford for conveying 
large amounts of electrical energy to 2 body entirely insalated in space, The practicability 
of this method od energy transmission, which is alceady receiving usefal applications and 
promises to become of great importance in the near future, has helped to dispel the 
‘old notion assuming the necessity of a return circuit for the conveyance of clectrical 
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Figs. 5, 6,7 8. 


‘energy in any considerable amount, With novel appliances we are enabled to pass through 
a wire, entirely insulated on one end, currents strong enough to fuse it, or to convey 
through the wire any amount of energy to an insulated body. ‘This mode of applying high 
Frequency cucrents in medical treatment appears to me to offer the greatest possibilities 
at the hands of the physician. The effects produced in this manner possess features 
‘entirely distinct from those observed when the currents are applied in aay of the before 
mentioned or similar ways 

‘The circuit connections as usually made at illustrated schematically in Fig. 5, which, 
with reference to the diagrams before shown, is self-explanatory. The condensers CC. 
connected in series, are preferably charged by a step-up transformer, but @ high frequency 
alternator, static machine, oc a direct current generator, if it be of sufficiently hig 
tension to enable the use of small condensers, may be used with more or less success. The 
primary p, through which the high frequency discharges of the condensers are passed, 
consists of very few tumns of cable of as low resistance as possible, and the secondary 
5 preferably at some distance from the primary to facilitate free oscillation, has one of 
its” ends — that is the one which is nearer to the primary — connected to the ground, while 
the other end leads to on insulated terminal T, the body of the patient is 
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connected. It is of importance in this case to establish synchronism between the 
oscillations in the primary and secondary circuits p and s respectively. This will be as 
a rule best effected by varying the seli-induction of the circuit including, the primary 
loop or coil p, for which purpose an adjustable self-induction e is provided; but ia cases 
when the electromotive force of the generator is exceptionally high, as when a static 
machine is used and a condenser consisting of merely two plates offers sufficient capacity, 
it will be simpler to attain the same object by varying the distance of the plates. 

‘The primary and secondary oscillations being in close synchzonism, the poiats of 
highest potential will be on part of terminal T, and the consumption of energy will 
‘occur chiefly there. The attachment of the patient's body to the terminal will in most 
cases very materially affect the period of oscillation in the secondary, making it longer, 
and a readjustment of the primacy circuit will have to be made in exch case to suit the 
‘capacity of the body connected with terminal T. Synchronism should always be preserved, 
and the intensity of the action varjed by moving the secondary coil to or from the 
primary, as may be desired. I know of no method which would make it possible to subject 
Exe human body to such excessive electrical pressures av are practicable with this, ot 
of one which would enable the conveying to and giving off from the body without 
serious injury amounts of electrical energy approximating even in a remote degree those 
which are entirely practicable when this manner of applying the energy is sesorted to. 
‘This is evidently due to the fact that action is chiefly superficial, the largest possible 
section being offered to the transfer of the current, of, to say more correctly, of the 
energy. With a very rapidly and smoothly working break I would not think it impossible 
to convey to the body of a person and to give off into the space energy at the rate of 
several horse power with impunity, while a small part of this amount applied in other 
‘ways could not fail to produce injury. 

‘When a person is subjected to the action of such a coil, the proper adjustments being 
carefully observed, luminous streams are seen in the dark issuing from all parts of the 
body. These streams are short and of delicate texture when the number of breaks is very 
‘great and the action of the device b (Fig. 5) free of any irregularities, but when the 
umber of breaks is small or the action of the device imperfect, long and noisy streams 
appear which cause some discomfort. The physiological effects produced with apparatus 
of this kind may be graduated from 2 hardly perceptible action when the secondary is 
at a great distance from the primary, to a most violent one when both coils are placed 
at a small distance, In the latter case only.a few scconds arc sufficient to causc 2 fecling 
cf warmth all over the body, and soon after the person perspires freely. I have repeatedly, 
jn demonstrations to friends, exposed myself longer to the action of the oscillations, 
and each time, after the lapse of an hour or so, an immense fatigue, of which it is 
difficult to give an idea, would take hold of me. It was greater than I experienced on 
some occasions after the most straining and prolonged bodily exertion. I could scarcely 
make a step and could keep the eyes open only with the greatest difficulty. T slept 
soundly afterward, and the aftereffect was certaialy beneficial, but the medi 
manifestly too strong to be used frequently. 

‘One should be cautious in performing such experiments for more than one reason. 
At of near the surface of the skin, where the most intense action takes place, various 
‘chemical products are formed, the chief being ozone and nitrogen compounds, The former 
is itself very destructive, this feature being illustrated by the fact that the rubber insulation 
of a wite is destroyed so quickly as to make the use of such insulation entirely 
impracticable. The compounds of nitrogen, when moisture is present, consist largely of 
nitric acid which might, by excessive application, prove hustul to the skin. So far, T have 
not noted injuries which could be teaced directly to this cause, though on’ several 
‘occasions buses were produced in all respects similar to those which were Inter observed 
and attributed to the Rontgen rays. This view is seemingly being abandoned, having not 
been substantiated by experimental facts, and so also is the notion that these rays are 
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transverse vibrations. But while investigation is being tuened in what appears to be the 
righ dren, scientific men are sill a ea. Ths tate of things impedes the progres 
of the physicist in these new regions and makes the already hard tesk of the physician 
still more diffiealt and uncertain, 

One or two observations made while pursuing experiments with the apparatus 
described might be found 2s deserving mention hese. As before stated, when the 
oscillations in the primary and secondary cirauts are in synchronism, the points of highest 
potential are on some portion of the terminal ‘T. The synchronism being perfect and the 
length of the secondary coil just equal to one-quarter of the wave length, these points 
will be exactly on the free end of terminal 'T, that is, the one situated farthest from 
the end of the wire attached to the terminal. If this be so and if now the period of the 
oscillations in the primary be shortened, the points of highest potential will recede 
towards the secondary coil, since the wave-length is seduced and since the attachment 
of one end of the secondary coil to the ground determines the position of the nodal 
paints, that is, the points of least potential, Thus, by varying the period of vibration 
of the primary ciscuit in any manner, the points of highest potential may be shifted 
accordingly along the terminal T, which has been shown, designedly, long to illustrate 
this feature. The same phenomenon is, of course, produced if the body of a patient 
constitutes the terminal, and an assistant may by the motion of s handle cause the points 
of highest potential to shift along the body with any speed he may desite. When the 
action of the coil is vigorous, the region of highest pote and unpleasantly 
located by the discomfort or pain experienced, and it is most catious to feel how the pain 
wanders up and dowa, or eventually across the body, from hand to hand, if the connection 
to the coil is accordingly made — in obedience to the movement of the handle controlling 
the oscillations. Though I have not observed any speci experiments of this 
Kind, I have always felt that this effect might be capable of valuable use in clectro- 
therapy. 

Another observation which promises to lead to much more useful results is the 
following: As before remarked, by adopting the method described, the body of a person 
rey be subjected without danger fo electrical pressures vasty in excess of any proauctle 
by ordinary apparatus, for they may amount to several million volts, as has been shown 

actual practice. Now, when a conducting body is electrified to so high a degree, small 
particles, which may be adhering ficmly to its susface, are tora off with violence and 
thrown to distances which can be only conjectured. I find that not only firmly adhering 
matter, as paint, for instance, is thtown off, but even the particles of the toughest metals 
are torn off, Such actions have been thought to be restricted to a vacuous inclosure, but 
with a powerful coil they occur also in the ordinary atmosphere. The facts mentioned 
would make it reasonable to expect that this extraordinary effect which, in other ways, 
Thave already usefully applied, will likewise prove to be of value in electro-therapy. The 
Continuous improvement of the instcumcats and the study of the phenomenon may shortly 
Jead to the establishment of a novel mode of hygienic treatment which would permit an 
instantaneous cleaning of the skin of a person, simply by connecting the same to, of 
possibly, by merely placing the person in the vicinity of a source of intense electrical 
oscillations, this having the effect of throwing off, in a twinkle of the eye, dust or 
particles of any extraneous matter adhering to the body. Such 2 result brought about in 
practicable manner would, without doubt, be of incalculable value in hygiene and 
would be an efficient and ‘time-saving substitute for a water bath, and particularly 
appreciated by those whose contentment consists in undertaking more than they can 
accomplish, 

High frequency impulses produce powerful inductive actions and in virtue of this 
feature they lend themselves in other ways to the uses of the electro-therapeutist. Those 
inductive effects ate either electrostatic or electrodynamic. The former 
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more rapidly with the distence — with the squate of the same — the latter are reduced 
simply in proportion to the distance. On the other hand, the former grow with the square 
of intensity of the source, while the latter increase in a simple proportion with the 
intensity. Both of these effects may be utilized for establishing a field of strong action 
extending through considerable space, 2s through a large hall, and such an arcangement 
might be suitable for use in hospitals or institutions of this kind, where itis desirable to 
‘teat a number of patients at the same time. 

Fig. 6 illustrates the manner, as I have shown it originally, in which such a field of 
electrostatic action is established, In this diagram G is a generator of curtents of very 
high frequency, C2 condenser for counteracting the self-induction of the circuit which 
includes the primary P of aa induction coil, the secondary $ of which has two plates tt oF 
large surface connected to its terminals. Well known adjustments being observed, a very 
strong action occurs chiefly in the space between the plates, and the body of a person. 


is subjected to rapid variations of poteatial and surgings of cucrent, which produce, even 
at a great distance, marked physiological effects. In my first experiments I used two 
metal plates a5 shown, but later I found it preferable to replace them by two large 
hollow spheres of brass covered with wax of 2 thickness of about two inches. The 
cables leading to the terminals of the secondary coil were similarly covered, so that any 
of them could be approzched without danger of the insulation breaking down, In this 
manner the unpleasant shocks, to which the experimenter was exposed when using the 
plates, were prevented. 

Ta Fig, 7 a plan for similarly utilizing the dynamic inductive effeds of high 
frequency curcents is illustrated, As the frequencies obtainable from an alternator are 
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nat as high as is desired, conversion by means of condensers is resorted to. The diagram 
will be understood at 2 glance From the foregoing description. It only nced be stated 
that the primary p, through which the condensers are made to discharge, is formed by 
2 thick stranded cable of Jow self-induction and resistance, and passes all around the 
hall. Any number of secondary coils sss, each consisting generally of 2 single 
layer of rather thick wire, may be provided. I have found it practicable to use 
as many as one hundred, each being adjusted for a definite period and responding 
to a patticular vibration passed through the primary. Such a plant T have had in use in 
my laboratory since 1892, and many times it hes contributed to the pleasure of my 
isitors and also proved itself of practical utility. On a latter occasion I had the pleasnre 
of entertaining some of the members with experiments of this kind, and this opportunity 
T cannot let pass without expressing my thanks for the interest which was awakened in 
ime by their visit, as well as for the gencrous acknowledgment of the courtesy by the 
Association. Since that time my apparatus has been very materially improved, and now 
I am able to create a field of such intense induction in the laboratory that a coil three 
fect in diameter, by careful adjustment, will deliver energy st the rate of one-quarter 
of a horse power, no matter where it is placed within the area inclosed by the primary 
loops. Long sparks, streamers and all other phenomena obtainable with induction coils 
are easily producible anywhere within the space, and such coils, though not connected 
to anything, may be utilized exactly as ordinary coils. and what is still more remarkable, 
they are more effective, For the past few years I have often been urged to show 
‘experiments in public, bat, though T was desirous to comply with such requctts, pressing, 
work has so far made it impossible. These advances have been the result of slow but 
steady improvement in the details of the apparatus which I hope to be able to describe 
connectedly in the near Future, 

However remarkable the electrodynamic inductive effects. which I have mentioned, 
‘may appear, they may be still considerably intensified by concentrating the action upon 
1 very small space. It is evident that since, as before stated, electromotive forces of many 
thousand volts are maintained between two points of a conducting bar or loop only a few 
ches long, electromotive forces of approximately the same magnitude will be set up 
in conductors situated near by. Indeed, I found that it wes practicable in this manner 
to pass a discharge through a highly exhausted bulb, although the electromotive force 
equired amounted to as much as tea or twenty thousand volts, and for a long time 
1 followed up experiments in this direction with the object of producing light in a novel 
and more economical way. But the tests left no doubt that there was great energy 
consumption attendant to this mode of illumination, at Jeast with the apparatus I had 
then at command, and, finding another method which promised a higher economy of 
transformation, my efforts tuned in this new direction. Shortly afterward (some time 
jn June, 1891), Prof. J. J. Thomson described experiments which were evidently the 
‘outcome of Ione investigation, and in which he supplied much novel and interesting 
information, and this made me return with renewed zea! to ray own experiments. Soon 
ry efforts were centered upon producing in # small spece the most intense inductive 
action, and by gradual improvement in the apparatus T obtained results of surprising 
character. For instance, when the end of a heavy bar of iron was thrust within a loon 
powerfully energized, 2 few moments were sufficient to raise the bar to a high 
temperature. Even heavy lumps of other metals were heated as rapidly 2s though they 
were placed in a furnace. When a continuous band formed of a sheet of tin was thrust 
into the loop, the metal was fused instantly, the action being comparable to an explosion, 
‘and no wonder, for the frictional losses accumulated in it at the rate of possibly ten 
horse power. Masses of poorly conducting material behaved similarly, and when a highly 
‘exhausted balb was pushed into the loop, the glass was heated in a few seconds nearly 
to the point of melting. 
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When I first observed these astonishing actions, I was interested to study their 
effects upon living tissues. As may be assumed, I proceeded with all the necessary caution, 
and well I might, for I had the evidence that in a turn of only a few inches in diameter 
an electromotive force of more than ten thousand volts was produced, and such high 
pressure would be more than sufficient to generate destructive currents in the tissue, 
‘This appeared all the more certain as bodies of comparatively poor conductivity were 
rapidly heated and even partially destroyed. One may imagine my astonishment when 
T found that I could thrust my hand or any other part of the body within the loop and 
hold it there with impunity. More than on one occasion, impelled by a desire to make 
some novel and useful observation, I have willingly or unconsciously performed an 
experiment connected with some risk, this being scarcely avoidable in laboratory 
experience, but have always believed, and do so now, that I have never undertaken 
anything in which, according to my own estimation, the chances of being injured were 
so great as when I placed my head within the space in which such terribly destructive 
forces were at work, Yet I have done so, and repeatedly, and have felt nothing. But 
Tam firmly convinced that there is great danger attending such experiment, and some 
one going just a step farther than I have gone may be instantly destroyed. Fos, conditions 
ray exist similar to those observable with a vacuum bulb. It may be placed in the field 
of the loop, however intensely energized, and so long as no path for the current is 
Formed, it will remain cool and consume practically no energy. But the moment the 
first Feeble current passes, most of the energy of the oscillations rushes to the place of 
consumption. If by any action whatever, a conducting path were formed within the 
living tissue or bones of the head, it would result in the instant destruction of these and 
death’ of the foolhardy experimenter. Such a method of killing, if it were rendered 
practicable, would be absolutely painless. Now, why is it that in a space in which such 
violent turmoil is going on living tissuc remains uninjured? One might say the currents 
cannot pass because of the great self-induction offered by the large conducting, mast. 
Bat this it cannot be, because a mass of metal offers a still higher self-induction and 
is heated just the same. One might argue the tissues offer too great a resistance. But 
this agaia cannot be the reason, for all evidence shows that the tissues conduct well 
enough, and besides, bodies of approximately the same resistance are raised to a high 
temperature. One might attribute the apparent harmlessness of the oscillations to the 
high specific heat of the tissue, but even a rough quantitative estimate from experiments 
with other bodies shows that this view is untenable, The only plausible explenation 
T have so far found is that the tissues are condensers. This only cin account for the 
absence of injurious ection. But it is remarkable thet, as soon as a heterogeneous circuit 
is constituted, as by taking in the hands a bar of metal and forming a closed loop in 
this manner, the passege of the currents through the arms is felt, and other physiological 
effects are distinctly noted. The strongest action is, of course, secured when the exciting 
loop makes only one turn, unless the connections take up a considerable portion of the 
total length of the circuit, in which case the experimenter should settle upon the least 
number of turns by carefully estimating what he loses by increasing the number of turns, 
and what he gains by utilizing thus greater proportion of the total length of the 
circuit. It should be borne in mind thet, when the exciting coil has a considerable number 
of turns and is of some length, the effects of electrostatic induction may preponderate, 
as there may exist a very great difference of potential — a hundred thousand volts 
for more — between the first and last turn, However, these latter effects are slays 
present even when a single turn is employed. 

‘When a person is placed within such a loop, any pieces of metal, though of small 
bulk, ate perceptibly warmed. Without doubt they would be also heated — particularly if 
they were of iron — when embedded in living tissue, and this suggests the possibility of 
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surgical treatment by this method. It might be possible to sterilize wounds, or to locate, 
for even to extract metalic objects, of to perform other operations of this kind within 
the sphere of the surgeon’s duties in this novel manner. 

‘Most of the sesults enumerated, and many others still more remarkable, are made 
possible only by utilizing the discharges of a condenser. It is probable that but a very 
few — even among those who are working in these identical fields — fully appreciate 
‘what wonderful instrument such a condenser isin reality. Let me convey an idea to this 
cffect. One may take a condenser, small enough to go in one’s vest pocket, and by 
skilfully using it he may create an electrical pressure vastly in excess — a hundred times 
‘reater if necessary — than any producible by the largest static machine ever constructed, 
Or, he may take the same condenser and, using it in a different way, he may obtain from 

‘currents against which those of the most powerful welding machine are utterly 
cant, Those who are imbued with popular notions as to the pressure of static 
machines and currents obtainable with a commercial transformer, will be astonished at 
this statement — yet the truth of it is easy to see. Such results are obtainable, and 
casily, because the condenser can discharge the stored energy in an inconceivably short 
tume. ‘Nothing like this property is known in physical science. A compressed spring, 
or a storage battery, or any other form of device capable of storing energy, cannot do 
this; if they could, things udreamt of at present might be accomplished by their means, 
‘The nearest approach to a charged condenser is high explosive, as dynamite. But even 
the most violent explosion of such a compound bears no comparison with the discharge 
or explosion of a:condenset. For, while the pressures which are produced in the detonat. 
jon of a chemical compound are measured in tens of tons per square inch, those which 
may be caused by condenser discharges may amount to thousands of tons per square inch, 
and if a chemical could be made which would explode as quickly as @ condenser can 
be discharged under conditions which are retlizable — an ounce of it would quite 
certainly be sufficient to render useless the largest battleship, 

‘That_ important realizations would follow from the use of an instrament posses- 
sing such ideal properties I have been convinced since long ago, but I also recognized 
carly that great difficulties would have to be overcome before it could replace less perfect 
implements now used in the arts for the manifold transformations of electrical energy. 
‘These difficulties were many. ‘The condensers themselves, as usually manufactured, were 
inefficient, the conductors wasteful, the best insulation inadequate, and the conditions 
for the most efficient conversion were hard to adjust and to maintain. One difficulty, 
however, which was more serious than the others, and to which I called attention when 
T first described this system of energy transformation, was found in the devices neces- 
sarily used for controlling the charges and discharges of the condenser. They were wanting 
in efficiency and reliability and threatened to prove a decided drawback, greatly restricting, 
the use of the system and depriving it of many valuable features, For a number of years 
T have tried to master this difficalty. During this time a great number of such devices 
‘were experimented upon, Many of them promised well at first, only to prove inadequate 
in the end. Reluctantly, I came back upon an idea on which I had worked long before. 
It was to replace the ordinary brashes and commutator segments by fluid contacts. 1 had 
encountered difficulties then, but the intervening years in the laboratory were not s 
in vain, and I made headway. First it was necessary to provide for a circulation of the 
fiuid, but forcing it through by a pump proved itself impractical. Then the happy idea 
presented itself to make the pumping device an integral part of the circuit interrupter, 
inclosing both in 2 receptacle to prevent oxydation, Next some simple ways of maintain- 
ing the circalation, as by rotating a body of mercury, presented themselves. Then I learned 
how to reduce the wear and losses which still existed. 1 fear that these statements, 
indicating how much cffort was spent in these seemingly insigaificant details will not 
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Preparation 


Heat the Iron 
Plug an and/or turn on your soldering iron to 
warm up. if you are using a temperature 


controlled iron, set it to 700F/370C for 60/40 or 
750F/400C for lead-free solder. 


While the iron is heating dampen the sponge 
with a little bit of water. 


Clean the Iron 
Wipe the tip of the hot iron on the damp 
sponge to clean off any oxidation. 


Do not use files or abrasives to clean the tip. tt 
will damage the plating and ruin the tip 
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convey a high idea of my ability, but 1 confess that my patience was taxed to the utmost. 
Finally, though, Thad the sttisfacion of producing! devices ‘which are simple and 
reliable in theit operation, which require practically no attention and which aze capable 
of effecting a transformation of considerable amounts of energy with fair economy. It 
fs not the best that can be done, by any means, but itis satisfectory, and I feel that the 
hrardest task is done, 

‘The physician will now be able to obtain an instrument suitable to fulfil many 
sequirements. He will be able to use it in electro-therapeutic treatment in most of the 
‘ways enumerated, He will have the facility of providing himself with coils such as he 
may desire to have for any particular purpose, which will give him say current or anv 
pressure he may wish to obtain. Such coils will consist of but a few turns of wire, and 
the expense of preparing them will be quite insignificant. The instrument will also 
enable him to generate Réntgen rays of much greater power than obtainable with ordinary 
apparatus. A tube must still be furnished by the manufacturers which will not deteriorate 
and which will alow to concentrate larger amounts of energy upon the electrodes. When 
this is done, nothing will stand in the way of an extensive and efficient application of 
this beautifal discovery which must ultimately prove itself of the highest value, nct only 
at the hands of the surgeon, but also of the electro-therapist and, what is most important, 
of the bacteriologist 

To give a general idea of an instrument in which many of the latter improvements 
are embodied, I would refer to Fig. 9, which illustrates the chief parts of the same in 
side elevation’ and partially in vertical cross-section. The asrangement of the parts is 
the same as in the form of instrument exhibited on former occasions, only the exciting 
coil with the vibrating interrupter is replaced by one of the improved citeuit breakers 
to which reference has been made. 

This device comprises a casting A with a protmading sleeve B, which in a bushing 
supports a freely rotatable shaft a. The latter carries an armature within 2 stationary 
field magnet M and on the top, 2 hollow iron pulley D, which contains the break nroper. 
‘Within the shaft a, and concentrically with the same, is placed a smaller shaft b, likewise 
freely moveble on ball-bearings and supporting a weight E. This weight being on one 
side and the shafts « and b inclined to the vertical, the weight remains stationary as the 
pulley is rotated. Fastened to the weight E is a device R in the form of a scoop with 
very thin walls, narrow on the end nearer to the pulley and wider on the other end. 
A sriall quantity of mercury being placed in the pulley and the latter rotated against 
the narrow end of the scoop, 2 portion of the fluid is taken up and thrown in a thin 
and wide stceam towards the centre of the pulley. The top of the latter is hermetically 
closed by an iron washer, as shown, this washer supporting on a steel rod La disk F of 
the same metal provided with a number of thin contact blades K. The fod L is insulated 
by washers N from the pulley, and for the convenience of filling in the mercury a small 
sctew 0 is provided. The bolt L forming one terminal of the circuit breaker is connected 
hy a copper strip to the primary p. The other end of the primary coil leads to one of 
the terminals of the condenser C, contained in 2 compartment of a box A, another 
‘compartment of the same being reserved for switch $ and terminals of the instrument. 
‘The other terminal of the condenser is connected to the casting A and through it to pulley 
D. When the pulley is rotated, the contact blades K are brought rapidly in and out of 
contact with the stream of mercury, thus closing and opening the circuit in quick 
succession. With such a device it i easy to obtain ten thousand makes and breaks pet 
second and even more. The secondary a is made of two separate coils and so arranged 
that it can be slipped out, and a metal strip in its middle connects it to the primary coil 
This is done to prevent the secondary from breaking down when one of the terminals 
is overloaded, as it often happens in working Réntgen bulbs. This form of coil will 
withstand 2 very much greater difference of potential than coils as ordinarily constructed. 


‘The motor has both field and armature built of plates, so that it can be uscd on 
alternating as well as direct current supply circuits, and the shafts are as nearly as possible 
vertical, so as to require the least cate in oiling. Thus, the only thing which really 
requires some attention is the commutator of the motor, but where alternating currents 
are always available, this source of possible trouble is easily done away with. 

‘The circuit connections of the instrument have been already shown and the mode 
of operation explained in periodicals. The usual manner of connecting is illustrated in 
Fig. 8, in which A, Ay are the terminals of the supply citcuit, L, a self-induction coil 
for raising the pressure, which is connected in series with condenser C and primary 
PP. The remaining letters designate the parts correspondingly marked in Fig. 9 and 
will be understood with reference to the latter. 
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THE MAGNETIC-ARC INSTRUMENT OF S.S. KNIGHT 


by Mark 
Reprint 


L. Gallert 
ted from. 


NEW LIGHT ON THERAPEUTIC ENERGIES, 1976 


Mr. Knight, a chemical and electrical engineer of 
Walnut Creek, California, wasimpressed with the severity 
and persistence of pain suffered in certain types of cancer. 
Realizing that pain is a sensation representative of an 
electrical phenomenon of excessive nerve-current flow, 
hhe decided to experiment to see if there was some way of 
interfering with that nerve flow through artificial im- 
pulses, in the effort to stop or alleviate the pain. 

Towards this end, he developed an instrument com- 
bining several features of electro-therapy: 

1. A wave pulsed at 90 times per minute, taking 
advantage of data obtained from experience with the older 
types Faradic machines. 

2. Arest interval exceeding 75% of the duration of 
each pulsing cycle - enhances the beneficial effect. 

3. Breaking the treatment by mechanical opening of 
‘contacts in such a way as to create an arc at each of the 
pulsing intervals. An arc produces a very wide band of 
frequencies, from those of very low frequency, to the 
highest thatcan bemeasured. Themultiplicity of frequen- 
cies seems to play a part in masking or interrupting the 
sensation of pain. 

4. Aunique feature of the Knight instrument is that 
the arciis broken in a strong magnetic field produced by a 
large, powerful, permanent magnet. This introduces what 
iscalled the “Zeeman effect”, that is,a magnification of 
the arc impulses, and a spreading of frequencies. 

5. Use of very low power output - below 1/100 ofa 
Wat, so that there will be no perceptible heating of tissue 
‘when the complex of impulses from theinstrumentarefed 
to the patient through electrodes applied to the skin, 

Experiments on cases which had been declared termi- 
nal cancer by medical doctors, showed that this devicenot 
only brought outstanding relief of pain in the majority of 
instances, but also produced some surprising ‘‘remis- 
sions" characterized by shrinking of tumour masses, and 
restoration of general health to the patient. 

Dr. CP. Bryant of Seattle, Washington, who used 
these instruments extensively in his practice overaperiod 
of years, declared that with their use he was able to restore 
tohealth 75% of all cancer cases which had not undergone 
surgery, X-ray or radium, and 25% of those cancer cases 
‘which had been subjected to surgery, X-ray or radium, 

‘The Knight family has never represented these instru- 
‘ments as a “‘cancer cure”. The original aim was to find 
some way to relieve the pain of cancer. Reports from 
doctors of apparent cures through use of the instruments 
were received with interest, as well as reports of benefits 


from the application of the instrument to conditions other 
than cancer. 

Mr.S.S. Knight, aman with pronounced humanitarian 
ideals, made the circuit of the instrument available to all 
inquirers and encouraged the building of instruments by 
anyone who wished to copy his circuit and specifications. 
He was keenly disappointed when reports reached him of 
failure, or lack of therapeutic effect from instruments 
constructed by others. It developed that adjustments were 
quite critical, particularly conceming the making and 
breaking ofthearc. Mr. Knight couldtell by lookingatthe 
arcand listening to it, when it was “‘right”’. Itwas difficult 
to develop objective criteria for adjustment of the equip- 
ment. 

A puzzling circumstance, was that the maximum ef- 
fect from Mr. Knight’s instruments was obtained when 
they were new; after a few weeks of use the effect began 
to diminish; after somemonths it was perceptibly weaker, 
and after a year or more, of very little use. Several years 
ago, thereason for the lessening of effect was determined. 
The isolation transformer used to block the direct flow of 
the aro frequencies from the electric line supply (an 
isolation required to eliminate radio interference) was 
being saturated by the magnetism from the large magnet 
surrounding the arc, The more saturated the transformer 
became, the less electricity it passed. The equipment was 
re-designed to place the transformer out of range of the 
field of the magnet. 

‘The instrument can be classed with experimental 
devices, as there have notbeen sufficient tests made under 
controlled conditions to establish with certainty the per- 
centage of cases of various types of cancer that can be 
alleviated, arrested, and perhapscured, butthe teststo date 
indicate at least that this is a promising approach, which 
should be explored further. 

An imitation instrament has been marketed by others, 
using an electro-magnet instead of a permanent magnet, 
Mr. Knight was opposed to this substitution, having a 
number of reasons for believing that the permanent mag- 
netwas preferable, Other changes have also been made in 
constructing these imitation instruments, including the 
type of electrodes. So far as your compiler has been able 
to determine, the instruments using clectro-magnets have 
some valuein relieving pain in a variety of conditions, but 
the effect on cancer seems to be slower and less pro- 
nounced than that obtained from the genuine Knight 
instruments when the latter are functioning properly and 
are in adjustment, 
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Medical Aspects 
Ultra Short Waves 


By C. H. West 


U.S. Palle Health Serve i 


‘Mr. West here describes some of the effects and also some of | 
the dangers of subjecting the human body to powerful ultra 
short wave fields 


© IT SEEMS that the general public 
4s once again taking’ to radio. and 
the art of building at & pastime. The 
amateurs are busy developing the five 
meter band, while the engineers, are 
devoting » goodly portion of thelr time 


137 


to dabbling in the mysteries that the 
tltee short waves have erented. 

On the other hang, medicsscfentifie 
personages are making use of their 
Inedical Imowledge, plus a large por- 
Hon of olectronies, ih efforts to make 
the world a better place to live in with 
fess ‘aches and paina to bother us. 


Many engineers employed in, la 
clectrical Inboratorien have tonde a= 
bie use of their knowledge, pertein- 
Ing to the ultra shore wayen: and have 
consiructed oocillatore ot high Dower 
for the purpose of producing fever in 
the, human body. at wil Its @ known 
fact that fever is nature's. doctor to. 
certain degree, If ftean be produced 
fpletee whore there seo cpaae op a 

ich. fever, the ‘patients chance. for 
Tecovery ahd cure is fer better than 
fombatting tense By infection of mae 
jarie germs, ett, which may produce 
reactions worse then the disease iaeit 

Unknown Qualities 

However, the production of fever by. 
gn oneliator ia simple procedure, but 
Re"tpplication of hese Sigh wave 
speeds io the humen body” is an ene 
Urely diferent matter, “Secondly, the 
output or radiation of an ultra ‘high 
frequency oscillator ‘has never’ been 
completely identified, 

‘Tt seems thee for every known ele- 
ment discovered there are many oters 
{withio—undiscovered. An ilusteation 
Beith fact va Brought, fo light very 
Fecently, in which thevwrites witness 
S'demotatrtion of photo-eletse cll 

"A. double-cell spparatus manufac 
cuted by’ tho Weston Bigetrieal naira 
mene Corporation produced. readings 
In foot-candies from the output cf 
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Short Waves in Medicine 


ULTRA SHORT 
WAVES IN 
MEDICINE 


cations, 


By Dr. FRITZ NOACK 


ROPESSOR ESAU, of the Uni- 
versity of Jena, the well-known 
pioneer in the field of ultra short 
Wwaves, was the one who nearly 

two years ago pointed out that very 

evidently the ultra short wave exercised 

Tbenetclat medicinal effects, 

For further invettigation of this 
effect, small mice were put between the 
condenser plates of the sender; and Le! 

fter some time the mice fll victims to 

@ sort of tetanus, which eventually” Ted 

to death, ‘The result of this fact wes 

that Prof. Esau resolved to commission 

a physician te make « further study of 

the physiological effect of the 

short waves, Naturally the 

Yestigation of medicinal effects requires 

experience in physical “measurement 

Tikewise an “apparatus operating im a 

constant and easily controlled manner. 


Siemens and Halske Interested 
It is gratifying that @ manufacturer 
whieh already possesses very. great ex- 
perience in constructing eleetro-medieal 
Apparatus and which also has the requl= 
site ‘experience in physical mearure 
ments, the prominent firms. of Siemens 
find Halske took up the matter, Now 
this company hae manufactured a first 
ultrashort wave radiation apparalut 
fang recently exhibited it. to a. picked 
feroup of scientists and to the press, 
‘The pictures show the new set which, 
of course, has 19 be considered ax the 
first of an evolutionary series. ‘There 
will still be necessary all sorts of ex- 
Deriments to produce the set in such 
form thst it will correspond to all the 
needs of the ‘medical profession. The 
present set Will, for the time being, be 
‘eed fer the Further stady of the physio. 
logical effect of ultra short waver, Tt 
will be the problem of the doctors to 


— 
One jot the fair 
freetment through 


the nee. by ler 


feral treatments “ave 
isiven for the aver: 
‘ge ailment. 


‘lestrode arm adjurted 
‘yaves passing through 
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Investigate the felds of use and the cor 
ditions under which the set may be used. 


Arrangement of U. 8. W. Generator 
Tn the large shielded box are the resl 
ultra short "wave generator— (actually 
‘esembling'a radio eanamiter) andthe 
parts needed for its operation. The gen 
‘erator ean work on two waves, four and 
fight meters. ‘The wavelength it 
usted by inserting the proper tung 
‘colle. ‘The arm which projects out of 
the apparatus has Inside it two lead 
wires Which convey the otelllations out 
s they are led to the two electrodes, 
sihich are placed at the ends of the ‘wo 
visible supports. 


In the erost-beam at the end of the 
arm is a “tuning” device, which tunes 
the electrode oncillatary circuit exactly 
‘wy the wavelength of the generator, The 
exact tuniog can be red on a meter, 
‘hich is above the arm on the box; this 
shows the direct plate current of the 
transmitter, which, with correct fonine 
of the electrode circuit, ndjuste to 
‘minimum; the value then indicated bY 
‘the meter gives, after calibration of the 
it value for the electrode enerky- 


To be able to adjust the electrodes, 
fs is necessary from one case to a0 
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other, tne elestrode arms are set in ball- 
Joints, To ascertain. whether oscilla: 
Hons ‘are actually present in the lee- 
trode oselllatory sireult, there is on one 
electrode arm a little glow lamp (Neon 
tube), which lights up in the presence 
of oscillations. 


Electrodes Swing on Giant Arm 

‘The arm projecting oat of the appa 
ratos can be swung in all directions Zor 
the better use of the whole unit. To 
‘accomplish this, tis fixed to the box in 
f universal joint, The end eross-plece 
o¢ the arm can furthermore be turned, 


of the box contains the main current 
Switch, as well as a resistor with whick 
the filaments of the tubes are regulated. 
‘The apparates is in fact constructed just 
ike @ vacuum twhe radio tranmiter, 
‘The electrodes may take various forme; 


fn secordance with the most, recent ex- 
perlences, they are ao shaped that they 
o not have to be put firmly against the 
body, but exercise, their effect even in 
the presence of layer of air between 
body’ and electrode. At the same time, 
the remarkable fact may be determined, 
that the thickness of the layer of air 
and the “depth effect” are dependent. on 
‘ach other. 


Advantages of Ulten Short Waves 

‘According to all experiences thus far, 
the medicinal ultrashort wave radiator 
in a sort of dlathormal apparatus; there- 
fore Tt serves to conduct to the part of 
‘he body, or the organ to be treated, 
‘electzic wave energy, which is converted 
{nto heat and thereby exercises a heal- 
ing effect. As compared with the usual 
dlathermal sets (Which operate ona 
‘wavelength of about 600 meters, using 
Tendon electrodes, which have to be pet 
right on the body), the uliva-ohort wave 


set offers a considerably better control 
‘Of the direction in which the heat is to 
be applied, so that one can better reach 
any desired organ than was possible 
before. Furthermore, by changing the 
‘wavelength, one can also adjust for a 
‘efnite deep-lying stratum, Unpleasant 
fecompanying phenemena, whieh result 
‘with the usual diathermal sets, where 
the electrodes donot rest firmly on the 
body, do not occur in the ease of the 
‘tra abort wave radiator. Te is espec- 
Tally tmportant to note that one can now, 
for the first time, perform a “therapy” 
‘or treatment directly on the head, The 
‘operation of the set is very simple, 


Whether, besides the warming of the 
different strate inthe body, stil other 
biological effects occur or can be accom 
plished, with the new ultra short ware 
radiator, is, dt the present time, still a 
matter of question, 


Human Berncs as 


By DR. ERWIN SCHLIEPBAKE, M.D. 


Of the Jena Unieersty Medical Clinic 


‘Acrangument of the apparatus used by Dr. Schllephake fn measure 
ing ant cbverving the eects of aherd waves on the Suman buy, 


‘charged inductive 
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ANTENNAS 


‘ty of powerful radio transmitters, 
they are exposed to a very strong 
electromagnetic Geld. “One - mut 

therefore ask what significance these 


T' human beings romain in the vicin- 


question is justified by the fact that all 
‘other kinds of electromagnetic rays in- 
fluence the human body more or Jess 
strongly, 

‘The character, however, of the reac 
tion Ie diferent, according to the wave- 
Tengths. Radlum rays and X-ray, for 
example, because of the extraordinary 
shortness of the waves andthe high 

tiveness of energy under these con- 
jons, exercise a very strong effect on 
the structure of toms; #0 that serious 
Injuries to the organism ean arise (for 
Instance, under ‘certain conditions, cane 
cet), Less serious are the effects of 
light rays which, however, im the ultea- 
violet part of the spectrum, can still 
occasion serious injuries; while the vi 
Thle light which we perceive is of too 
ow a frequency to injure healthy per- 
sons. There are, however, subjects, 
made sensitive by illness, who sufer 
Serious affections of the skin from strong 
HMlumination. Above the optical. spect 
trum, there follow the infrasred ond 
hheat ‘waves, whose ffect on atoms is 
elatively slight; inthe case of still 
jonger waves only molecular effects are 
to be exnested, “Here swe are entering 
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‘the range of the Hertzian waves, elec 
‘tle waves. in the stricter sense, 
these, the shortest are about half « milli- 
meter (.02-indh) tong, and therefore just 
above the heat radiations, 

‘From direct analogy, it is to bo 
assumed ‘that the shortest of thers 
‘waver must be absorbed by human bod 
jes, asin the case of est rays, and 


DO YOU KNOW — 


What effect short waves have on 
the hair and scalp in general? 
‘Whether the current in the excit- 
ing antenna increases or decreases 
when a person stands in ite field? 
Why? 

GI the person stoops will this affect 
the sending of the antenna current 
meter 

@ Whether ‘cold” or “heat” is pro- 
duced inside the body by an over 
‘dose of the high frequency waver? 
GThe effect of short waver on the 
nervous system? 


this absorption can be actually demon- 
strated, 


Absorption of Radio by the Body 
With apecially-built transmitters, es- 
pecially such as those which have been 
‘described by Kohl, electric waves only 
‘a few centimeters in length can be pro- 
‘duced; these waves ean be reflected by 
mirrors, exactly like Tight rays. If one 
puts the antenna in the focus of @ con 
‘cave misror, then. there is. formed 3 
parallel beat of radiation which can be 
concentrated again in another concave 
mirror. By means of a lens placed in 
the course of the radiation, the ray iz 
Eta person steps into 
tion ceases. Since no re 
by the human body er only = 
very slight one is demonstrable, absorp- 
tion of the radiation must have oceurred; 
this effect is, moreover, demonstrable in 
the cate of other organie substances or 
water. “Unfortunately, not much can yet 
be said about the physiological effec of 
these radiations; the power of the trans- 
mitters of extremely short waves is still 
too low to produce perceptible changes. 
Te a otherwise with the wavelengths 
from three meters up, to the production 
‘of which powers of” several: kilowatts 
can be applied. “Here the above described 
optical phenomena eannot be £0. well 
demonstrated, hecause the diffraction fe 
‘much greater; but absorption by the hu 

man body can be very wel " 
‘When an antenna is inductively coupled 
toa S-meter transmitter, the eacillations 
cam be indicated by a detector even ats 
Considerable distance away. If however, 
2 person pate himself im the place of the 
antenna, ‘the detector responds “much 
more weakly, although the power con 
sumed by the transmitter remains the 


same. Accordingly, a part of the power 


Of must ave been used up ini the body. 


‘The same phenomenon ean be demon 
strated aa follows: a closed or open oo 
Gillation cizcult is inductively “coupled 
with the transmitter (see Fig: 1), The 
ammeter in the clreuit shows a definite 
current strength. “If a person places 
himself om an insulating stool beside it, 
the current in the oscillation elreult ie 
vedueed, ‘This withdrawal of energy, 
however, depends on the length of the 
Yodys for if the subject stoops, oF 
changes to a sitting position, the current 
in the other circuit ‘inereaves (Fig. 2). 
Therefore, it appears as though, by the 
toning of’ the subject, to about helf the 
wavelength, the power tranemitted to 
Him becomes much greater. 


Concent 


Detween two wooden frames, Its height 
‘must be equal to the ‘wavelength, the 
‘opening one and one-half times the wave 
length. 1 
tors, with the transmitting antenna at 
‘ne focus; then the reflected radiation $3 
at the other focus of the ellipse. With 
“dipole” ("Hertsian” antenna) con- 
taining an ammeter, ‘especially. strong 
concentration of energy at this point ean 
be demonstrated. Here a lessening of 
the current In the dipole ie instanthy 
shown If a person steps into the vicinity. 
Since the human body is te be regarded 
essentially ‘as an electrolytie system, 
with regard to the electric wave, and T 
have tried to demonstrate the fect in 
‘the following manner in a model experi- 
ment. 

‘A glass tube, of half the wave's length, 
was filled with an 0.5% sodium chloride 


Dest to use elliptical reflec- pri 


(salt) solution, to which gelatine was 
fdded to prevent convestion. In this jelly 
the temperature was menrured, at di 
ferent places, by thermo-elements. Tt 
was shown that the heating Was great 
fst in the middle and least at the 
being half as strong at the quarter points 
of entire length as it was in the middle 
Since the maximum strength of the cur 
rent is atthe middle, the greatest 
heating ts therefore connected with this, 
Physiological Eifect of Short’ Waves, 
Especially noteworthy, also, was & 
feeling of vibration, which was particu. 
Invly evident if the hand war raised in 
front. We could establich thie soneation 
only at our transmitter, which is op 
erated with 5-cycle alternating current, 
‘There must be, therefore, a direct inf: 
fence on the nervous system. Here too 
We have, therefore, another” proof that 
the ultra-short redio waver exercised an 
offect on the nerves 
i rations are also felt if the 
hand is placed in @ condenser's ‘eld. 
Many persons who remain close to the 
transmitter also experience remarkable 
sensations on the head, near the roots of 
the hair; ‘these are’ Ike a peculiar 
dling, the hair Tikewiee standing up 
a litle. In many subjects we could also 
observe slight increases In bodily tame 
erature, which however did not exceed 
05 of a degree, Centigrade (0.9 degree 
Fahrenheit). Since the body contains 
extremely fine regulators, by which the 
always kept constant, and 
30 the amounts of energy Which 
can be conveyed into the body, even, by 
powerful radio transmitters, give (when 
translated into heat units) only a rela 
ively low number of ealories, this in- 
create in heat Se probably not attribuc 
table to the received energy alone. As 
is to be shown later, nervous effects may 
play an important part In this. 
‘The effect on the nervous system is 


Fig. 2 
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plainly felt by all persons who work = 
Fairly long time with short waves. ‘The 
mnt are diferent with the indie 


ly insensitive, and others who very 
soon complain about the disturbances of 
their health, Usually there is frst an 
increasing sleepiness; they are very tired 
by day, but at night they sleep badly, 
Several timer a night they start out of 
their sleep, and they are tired and sleepy 
in the morning. 

‘These phenomena Increase more and 
moze. Often there are also intensive 
headaches, particularly covering | the 
back of the head. Many persons com- 
plain of digestive disturbances and pre 
ure on the stomach, Most of them are 
furthermore easily excited and irritated, 
being inelined to complaining and to 
violence. This increased oxcitablity of 
‘the nervous system ean algo be shown by 
floctrient state of the merves. 

Effects of the Electrostatic Field 

Hr ie much easier to. atidy these 
changes by using the condenser field. 
Here it is not the electromagnetic wave 
‘which is used, but the electrostatic field, 
‘which always’ accompanies it. Here, how 
fever, the effect may be much’ more 
Strongly concentrated, I have generally 
‘used plates four inches in diameter, be- 
‘tween which the parts of the body in 
question were treated. ‘The field. be- 
‘tween these plates suffices to heat 100 
‘of 2 0.5% sodium chloride (salt) s0- 
lution 5 degrees C. (9° F.) in one minute. 
IE parts of the human body ate intro- 
‘duced into this eld, and the bloed is then 
‘taken from some part of the body (for 
Instance, from the earlobe) on investi- 
zation obvious changes are found. 

‘The namber of red. corpuscles per 
ceubie. millimeter. is very. greatly ine 
creased; i.e, if they formerly amounted 
{to.§ million, the number hes risen to 8 
tillion, ‘The same is true of the haemo- 
globin (a constituent of the blood) and 
‘the white corpuscles, the number of 
‘which likewise increases. But this Is not 
always true to the saime extent, depend- 
fing upon the strength of the radiation 
‘and the place treated. One frequently 
fees instend a lessening of these 
‘amounts, which would therefore corre: 
spond to a thinning of the blood. Like 
‘wise, the albumens of the blocd undergo 
certain changes which T cannot diseuss 
here. 


Tn the case of these strong effects it 
is to be assumed that the tissues of the 
body also undergo changes; which, how= 


ageceged in Greate 
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Human Beings As 
Antennas 


By Dr. Erwin Schliephake, MD. 


‘ever, cannot be directly proved in a sub- 
foot 


Results of Experiments on Animals 
In experiments with animals, on the 
contrary, such changes are plsiniy recog 
ble. “They oceur particularly strong 
projecting parts ef the animals, 
such a in the ears and tips of the tails? 
since there the alecirie field {s distorted. 
‘Very often, one sees, some time after the 
treatment, that the parts in question are 
dying and falling off. In the cage of 
rabbit whose leg had been too strongly 
‘exposed to the electrostatic eld, T o= 
ida complete disintegration of the 
flesh in a ring-shaped region, so that only 
the ‘bone remained; but then, after a 
‘while, that also fell of. 

‘That the nervous sytem of the ank 
mals fg also tnuenced is shown by the 
fact that many of them shudder on the 
‘witching on or off of the field, at a 
time when there can be no question of & 
strong heating effect. 

Also very interesting are the disturb- 
‘ances of the internal hest_ regulation, 
‘which one can produce in animals. 
the region of the neck and the beck of 
the head of @ rabbit are exposed to a 
Umited capacttative eld and the tem 
perature Is afterward measured, one ean 
Soon note @ permanently increased tem- 
perature, which often ‘lasts for some 
‘erks. if a very powerful dose of “icra- 
Giation” is administered the opposite ean 
fceur: the bodily heat falls: more and 
more, often below 25 degrees C. (96° F.), 
until’ these low temperatures are no 
longer compatible with life. At the same 
time, it is. interesting to observe that 
‘almost all animals which have had such 
isturbances of their heat regulation 
feftor a few weeks developed inflamma 
‘lon of the lungs and pleurisy, afterward 
dying. Te seems as though, by the dis- 
turbance of the heat regulation, the re 
sistance’ of the animals to disease hed 
‘suffered greatly; so. that in this path 
throughout the central nervous ayatem 
there was croated a special susceptibility 
‘to colds. On investigating the spinal 


arrow of such animals microscopically, 


serious injuries to the nerve cells have 
been observed. 


Ills Treated by Short 
Waves 
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Dangers and Beneficial Possibilities 
After these experience, T have not 
Aazed to expose entire human beings f0 
‘condenser ela snd inet way pode 
Svfeal ses in temperatare, Fhe re- 
Sponsbiity seemed too erent, “AY the 
Sime time, effective heating of the body 
fen be sccomplished equally well iy 
‘ther wayoy auch as with the well inown 
‘Ayostall “condenser bed" which ean be 
‘nnected to any. diathermal apparates. 
Sth the method ‘previously described, 
aniy_serioos dangers, forthe patents 
treated" would have’ been, conlived ‘up, 
without the possiblity of prodacing 
Tundamentaily new etek. 


On the other hand, the disturbances of 
‘he physical health, which we could ob- 
serve in the field ‘of free ‘adiation of 
Powerful transmitters, have never been 
serious, After a period of recovery of 
4 few weeks, with no irradiation, all ef 
fects have been obszrved to vanish. For 
four years now, T have almost daily 
worked for several hours at a transmit- 
{er with 1% kw. plate distfpation;, and 
the effects, often very unpleasant, hav 

sbvaye gone back & normal om stpping 


In these things the wavelength is alto 
certainly of importance, and in fact we 
have the impression thet the disturb- 
ances to Realth became stronger as the 


If wave was shortened. Anyway, the un- 


pleasant sensations appear much 
‘quicker with a three-meter ‘wave then 
ch longer ones. 

From all these experiences, it is at 
‘any rate clear that treatiment with elec 
trie waves can in no way be Tegarded a3 
always harmless for the human body. Tt 
js plain that their incorrect use ean 
‘ause serious injuries to health. Cer~ 
tainly such injuries are to be expected 
only when the frequencies are very high; 
that is, with ultrashort waves; even then 
there is nothing to fear except with 
fairly high transmitter power, 

‘On the other band, with proper use, 
the short slectrie waves aeem to be 
valuable moans of treatment. According. 
to our experiments to date, with bacteria 
cultures and Infected animals, the germs 
of disease can be killed. There i the 
added point that certain ‘defensive proce 
esses are stimulated i the body. T have 
also already. repeatedly treated human 
beings; and, in about « hundred eases, T 

we been sble to attain an extraordie 
narily quick cure of suppuration (pus 
formation). 
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Tin the Tip 

Apply a small amount of solder to the tip and 
wipe again to tin the tip. You should have a 
thin, shiny layer of molten solder on the tip of 
your iron. 


If the tip is badly oxidized and difficult to tin, it 
can usually be reconditioned with some tip- 
tinning paste. 


Make sure that the joint is clean 
Dirt, oxidation and oily fingerprints can prevent 
the solder from wetting the solder-pad to 
create a solid joint. All Adafruit boards are 
plated to prevent oxidation, but if your 

board appears dirty from storage or handling, 
wipe it down with a little isopropyl alcohol. 


£ Immobilize the Joint 
This is very important! “The parts being joined 


must not move during the soldering process. If 
B there is any movement as the molten solder is 
“4 solidifying, you will end up with an unreliable 


"4 Most through-hole components can be 
immobilized by simply bending the leads on the 
8 solder-side of the hole. 


© Adafruit Industries _https://leam.adafruit.com/adafruit-guide-excellent 


Page 11 of 35 


rea THBORY AND CALCULATION OF TEAISLENT PHENOBNOH & 
RLECTRIC OSCILLATIONS by Charlee Frotess Steitmets, 1320 


CHAPTER Y. 


42, Tu cayty ofa tnnanislon Ye, cal, or ligt-poten 
Uk tener shane ape ne eagut 
enduro goin, rn ert rata const a 
Shug eres waco oft condor ron brn fa ire 
‘ot lajr to layer of tnntrnce cl 

some es uti to ti sunt enpaiy, de 
al py ety inti en an 
st eequen rer itr gap Rot wth weet 
‘stinger mst and oto ace the onda en as 
conatitate a snlcnar neo wi the se Wher the 
‘herent of tect an: sb enoaph a to be opel, 
‘yposiaty, sone diferent cei ots 
‘ee thst ace xpi 

‘ha sili of ch atu Ande hy the scald 
“tig lia tte” 5 ow Magnan 
Mg 80, which cot of rg hi of tn ers 
wh sul stp tne he hol nomected 
iin tin st grand.” ranges i, et 
Serene siggmntally by Yi Tach elt fan 
Aeapeiy Cyan grou, & copay © apna heals 
tent olive este aly very lhl 
Inte 

“Te wrx of lator ds a igh wt anpeson ae 
‘nmin inl ss oro wha hae 

Stocks oe ener rk zaps ante 


rma aon supply lags ow gp ha vague = 


16 however, he mp voltage alerting, the vltage ds 
na lv nr ate th gat he pent ier 
‘hee peter, et the puto ait ete te 
carr they hig Tan hi esti of ptt 
Thos th ore nonr the gh the freq at 
Ube rete he ear erento Ce apc of Ue sie 
estat the gown, "The clanging est opin gry 


usnunuren sess exPacrre 85 


the yes fry ths roi , Ft ay se 
te gat Isom Us ree wl a te 
‘Shganecnmnt of tho eoulanser rma hy fe lent 


| 
‘coocasoec006>) 


gay ng mes 


cee a is host fll hr 
(fst tl irons tt 
‘pans proporLnal to te chung trast of Us vendeasar 


0) By se a may Mg tt 


formed) 1 tho two existe, Cy this potent diference 
Ierotos toward Z, bang, at ach yint proposiona tthe 
‘eotor wom of al te ening cuts, aging grou, of ll 
Uy tide swe eh pe aad gra 

"ise higher ths fegney, i re noms i the pote 
tial grt slag ts deat andthe loner the ttl spy 
‘alge required t brag the waxiour potential gradlant, Beer 
the kee Ly above the duraptive volago, tat ix to ia th 
Asearge Thus auch m slgay etructre is ecriminnting 
regaring fequeny; thats the dsharge vokage with ince 


143 


ae ‘means puevonsiva 
Ing foqueny, dese not rani estan bt daroson wth 
ines af franc, win tn feqeeey Une fil 
Tigh to give wprodaa charging eure Hane high fx 
sqaney altos chars over wh a abvetre at one 
ology Use acne regen 

Tor forte sano af th fate which wakes ch a 

iy sears ml fo gh pote, ere A Te 
‘Trataclony, 109, yp 40,438, UF, 9 428, 

“dh call hcl tres exp ae of great 
intr in Unt probable thas igltning tae ine ae 
fe dug in auth eet Tram te stanee tne by 
fgienng ses Ue loots, ter earacte, nad thedsraptve 
Mg of eit appear cova hat mo poten lierese 
{toot ha slot fsa nigel ns ae caption 
‘Tachangeseros wile or ao of mre probable Uk 
‘aie tol of ematical tb lack of 
{orwily wach soaleatioy, ce te ie ty nate of 

otter ata opal pros 
ih min cop tho cn; al when the potent 
te soma In mp ene he ear vue 
‘eli says Marta ete the min Ups and al 
tally, inf uae must charg, raver th aed 
fal equnbees the pooatial pout. A cluty of ees 
tents iba seves eat th ey wn er 
‘Saline the psnoneoecienheCondr dou rng 
the phn icacge 

‘nly ra tin van br gv in the ellong 

48. Inncteit sting esrb rata, emlustanes, 
Sd sy wal ere eq, ha lg Bghting 
tater ye toga sete a tH 
Fete eave set yor a Ie of de 
"eel, on jer ster vylary 9 = Uh sa 
bonito pr it Teg ropmentg a, tr ie 
hare eed lion, et he ee ur Umi 
fot fcr @ the sei raat pr i el oi 
‘ih or dia lrat Oats enety lates rete 

aan emmy per eg a dee 
“that ienpaty beeen aren en 


etal et i Sets Beat 


piss sires eurserry aw 
min, 1 Unf Ue frasonny of peal ey the 
‘So eta gt ee 

Bor biy adi m7 
‘he dnt pur i gt eel 

Yagt ih a 
whore 

2a, 

ae a 
ort asoate vate 

; 10 VET ESE 

oa o 


yo VaR 


1 ta sta along th seit fon Tin Zeal gr 
(4 dnt yest eran 
fro by Ht he Sat thy, rent 
Simin oe 


“ 
a7 6 
; 
day, 
dave o 
Dirigo 
ah vy 
ah vy o 
ain) neg by 
Rese 6 
whore 
an VVE~ ait o 
ao FRET 
ad a 
fo AGETRTTESS. 


+ soe, Cope, engap 7 


Suintating (10) in @ al iiating the Imaginary expo. 
eta ly dhe anita of gona hneiony, 


Hm Ay oes l= jin f+ A" (oo ff 0,11) 


6 However if «= the taal eth of set fron He tn 
von al tuber of aster pian eter Hie ma 


@ 


= the impr on 
Siting (10 al (19) ot (14) ga 

D = Ag-™ (ous jae) + A (0 + fn fn) 
ant 


co 


ar Atay 


co 


rie 
se th pte 


ves agent gros 


Asn —a-2*- Mone 9 N= [sin fn 
a — 8 


‘rum ation (5), rotting (16) we (bv 


9 
shina hal tor hn es he to liorece 
ie pal 


00 


Tee Te ee 


olen! writ, pte dilerence betwen al 
et ln 


‘Par ani nth ing = 4, 
unter Tighting serester aloe, where 2  begheie 
{i hen hur henge puns fran She nt the 
‘eater wion racing ground, equine (7), (9, 1) 
Sty 


en 
en 
oa 
enon om 
(la oe ins erat nt 
Saag a @) a en 
+9) 
i eaeeon:: ae 
oN azarae 
ant 
foamed: an 
rapt i a ge nee, a 
oo 
oa 
BV RTO hed 
1 Aman, 


spl ning mtr ving the fo 
dowlig nwt Lea bea Gy ee 


144 


Tatas 3 10 mls, 
oom ation (1, 

fo taj ome, 
from elon 2), 

Y= G+ 628910 mo; 
from ein (1, 

(= Tbe ad y = 62.0% 10" mo; 
Irn expt (10, 

+= Oat an = OH; 
rn eatin (1), 


= 00 VE ET os OTE OORT 
fron eration (1, 
Fo ETS ETE OS oe CTT = OED, 


sl reat (18), 


10 SE GET OTT OORT, 


we 
fH ala wl ab 
2 Sa ale 

‘it vl per ep varying ren 290 to 8, 0 pap 
ey win, gi tl wll at 79000 
{ies ncktl lag cy alot mrocnytonr her Ut 
Sie ei nO lng ny ten feo yO 
"hy diese ott was a ng Ms ey ss 
fray fens Leigh shane ial teal of aly 
‘ew hota ylion eT ae eee aap Ue 300 
‘plilow clue 7.8 phe wasn othe shang, 


60 anya wl 
‘sure aa 


‘ee ioacn Tews 3, 1988 


Ham Radio Operators’ High 

Cancer Rate Poses a Puzzle 
TACOMA, wh dp 

Poiana ernie 


‘Sar appear st 
‘pally Ne 


‘eevee 
geen pees Tenet 
‘ave apfeae exces mortar 
tite Foe pe 


De uel Mihan Je of the 


ad Sot 


‘Edin chien roca 
ram tow whee ey 
‘ns cr ft he ree 
1 ol runt 
‘Bl adance wen and ete 
‘Ete ands few year We 
Saveleterevience™ 


He reperad in the Amarin 
settle Oa 


era's something to constter vhtte 
thing # Malet Uave Gsetllaters Just 
“any old" radto Eregueney beondcent 
eneray may not be deviceable. Us 

Ente handbook tn your detective 
ork £0 discover Lathoveky's secret. 


G6" LTS 
ABOTOTA-0F398TA 


-esav0rd SuyGe ou Buysxoass 103 jenUaiod aH PuE 512.095 
‘g AySAOURE'T 10J YOIEIS AMO JO Psooad paysyqnd a1 61 4000 SLL “£OGT Ut unBag “aopepunod 
toreasay s90u12[§ pueLIapiog Jo yofoad oreaSa1 Bujobuo ue st 10FEIT}PSO awn Od esibd OL 


9° * s2v0-abree Va 'TIAVAMHVD * 62¥ XO Od 


“2918111250 
se umony 29}A9p B p2onpoid puE HOM PenySpo sq uM eHpamouy sy 

SHEIIUG  “AISAOHET “TeAuoste.q 10ss9}014 HOROMIA STN oF P2°nPOATL 

fom ARSAOUIET puE yOIEZSo. oBtaderaMT-onDTIe ATED 1} Jo 2uOS popyacad eIS21, FIOM 


wyonuem sedoad © my poridde 239m Ssprey reinoar 40 jemen 
p moy pure “sized aousz3 040] 


sumpgymbs A10yeT >So 0} wHeIT] 2109592 07 SIIP> HAE 
is my & szonpord 


Ziguinox Jo NIVIANO] 


JINOSLOATY NV 
ao1Aed SIME SI 


NEW RESEARCH FINDINGS show that all diseases 
have simple explanations and cures once their tue 
‘cause is known. This book descrbes the causes of 
both common and extraordinary diseases and gives 
specific instructions for ther cure. 


The Cure for all Diseases 


With Many Case Histories 


of diabetes, high blood pressure, seizures, chronic fatigue 
syndrome, migraines, Alzheimer's, Parkinson's, multiple 
sclerosis, and others showing that all of these can be simply 
investigated and cured. 


Hulda Regehr Clark, Ph.D.,N.D. 


Electricity can now be used to kill bacteri 
parasites in minutes, not days or weeks as antibiot 


viruses and 
s require. 


If you have been suffering from a chronic infection or have 
cancer, or AIDS, learn to build the electronic device that will 
stop it immediately. It is safe and without side effects and does 
not interfere with any treatment you are now on. 


The Cure For All Diseases 


© Copyright 1995 by Hulda Regehr Clark, Ph.D., ND. 
All rights reserved. 


Permission is hereby granted to make copies of any part of this 
document for non-commercial purposes provided this page with 
the original copyright notice is included 


Published in the United States by New Century Press 
1055 Bay Blvd., Suite C, Chula Vista, CA 91911 
(619) 476-7400, (800) 519-2465 
www.newcenturypress.com 

ISBN 1-890035-01-7 


Other books by Dr. Clark available from New Century Press: 
The Cure For All Cancers 

Heilverfahren Aller Krebsarten (Cure For Cancers, German) 
The Cure for All Cancers (Japanese Translation) 

The Cure For All Cancers (Korean Translation) 

Heilung ist méglich (Cure For All Diseases, German) 

The Cure For HIV And AIDS. 

The Cure For All Advanced Cancers 


30 29 28 27 26 25 24 23 2221 


Notice to the Reader: 


The opinions and conclusions expressed in this book are 
mine, and unless expressed otherwise, mine alone. The opinions 
expressed herein are based on my scientific research and on 
specific case studies involving my patients. Be advised that 
every person is unique and may respond differently to the 
treatments described in this book. On occasion we have provided 
dosage recommendations where appropriate. Again, remember 
that we are all different and any new treatment should be applied 
in a cautious, common sense fashion. 

The treatments outlined herein are not intended to be a re- 
placement or substitute for other forms of conventional medical 
treatment. Please feel free to consult with your physician or other 
health care provider. 

I have indicated throughout this book the existence of pol- 
lutants in food and other products. These pollutants were identi- 
fied using a testing device of my invention known as the 
Syncrometer.™ Complete instructions for building and using this 
device are contained in this book. Therefore anyone can repeat 
the tests described and verify the data. 

‘The Syncrometer is more accurate and versatile than the best 
1g methods. A method for determining the degree of 
also presented. However at this point it only yields 
positive or negative results, it does not quantify. The chance of a 
false positive or a false negative is about 5%, which can be 
lessened by test repetition. 

It is in the public interest to know when a single bottle of a 
single product tests positive to a serious pollutant. If one doe 
the safest course is to avoid all bottles of that product entirely, 
which is what I repeatedly advise. These recommendations 
should be interpreted as an intent to warn and protect the public, 
not to provide a ally significant analysis. It is my fervent 


hope that manufacturers use the new electronic techniques in this 
book to make purer products than they ever have before. 
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Once you have prepared the your tools and the joint to be soldered, making a good solder 
joint requires just a few simple steps. 


Heat the joint 


Heat the joint with the tip of the iron. Be sure to 
heat both the solder pad and the component 
lead or pin. A small drop of solder on the tip 
will help to transfer the heat to the joint quickly. 
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Preface 


The sick have been held hostage for their money or intangible 
sets since time immemorial. Doctors, even primitive and 
natural healers, surround themselves with mystery as they use 
herbs or chemicals and incantations or “prognoses” to help the 
sick recover. Today, the medical industry (doctors and their 
suppliers and insurers) take a significant amount of the worker's 
earings. Wouldn't it be nice if they could all go back to gar 
dening or some other primitive and useful endeavor? Wouldn't it 
be wonderful if the sick could join them? 

‘The most promising discovery in this book is the effective- 
ness of electricity to kill . bacteria and parasites. Does 
this mean you can cancel your appointment with your clinic: 
doctor? No it does not. Killing your invaders does not make you 
well instantly. But happily, at your next doctor visits she of he 
will be removing drugs, not adding them. 

You might think that such an invention should be quickly 
patented. That was my universal advice. But I chose not to. It 
helps me, my children, and my grandchildren, if you are well. 
The whole world needs to come out of the dark ages of medicine 
and illness. And to learn the true causes of infection and disease, 
‘We must and can usher in the new age of disease-free living. 

No diabetes, no high blood pressure, no cancer, no 
HIV/AIDS, no migraines, no lupus and so on! 

Not a single disease is left unconquerable with this new un- 
derstanding! 
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The Promise 


Step into a new world. 


A world without chronic diseases. 


Step out of your old world. 


Ithas kept you a prisoner. 


Try something new. 


The prison has no walls. It has only lines. Lines that mark the 
ground around you. Inside the lines are your old ideas. Outside 
are new ideas that invite you to step over and escape your 
prison. Dare to try these new ideas and your illness promises to 
recede. In a few weeks it can be gone. 


If you are very ill or chronically ill you must have asked 
yourself many times: why have these problems chosen me? Will 
there never be a way to conquer them? 

You may be quite familiar with your doctor’s explanation of 
your illness or your child's illness. A Coxsackie virus ha 
iered your child's brain causing inflammation (encephalitis) 
there. You pray that your child's immunity will overcome it. You 
may be familiar, but so very helpless against this microscopic 
invader. 

If you had the proverbial 3 wishes they would be: 1) please 
spare my child's life; 2) please make it so my child doesn't have 
permanent damage; 3) please bless and guide the wonderful 
doctors and nurses who are keeping the oxygen tent going, and 
are watching my child's temperature and vital signs 


en- 
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What if you could turn a dial and in 3 minutes kill every 
Coxsackie virus in your child's body? 

What if this had no side effects? 

What if the virus never came back? 

In this book you will learn how to do that. You will a 
learn why your child got encephalitis or other disease and how to 
prevent it forever. 

If this is too mind boggling, just take it a step at a time: First, 
Jearn about the radio-type broadcasting that all living animals do. 
Second, find the “station frequencies” that your particular 
invader(s) broadcast at. Third, learn how to “jam” their 
frequency until they expire: it takes only minutes! 

Finally, learn how to make your own diagnostic and treat- 
ment devices. The instructions are simple enough for anyone. 
Only by putting this power in your hands will it be safe from 
‘government regulation, however well intended. 


so 


Only Two Health Problems 


No matter how long and confusing is the list of symptoms a 
person has, from chronic fatigue to infertility to mental problems, 
Tam sure to find only two things wrong: they have in them 
pollutants and/or parasites. I never find lack of exercise, 
vitamin deficiencies, hormone levels or anything else to be a 
usative factor. So the solution to good health is obvi- 


Simplest Cure 
Electronic and herbal treatment 
Pollution Avoidance 


It's a valiant quest: The quest for health. With optimism in 
‘one hand and determination in the other, you too can work the 


‘THE PROMISE 


miracles for yourself that my clients accomplished in the case 
histories. 

More good news is that it is not expensive. The cost will 
range from a few hundred dollars to only a few thousand in order 
to eliminate both problems and cure your chronic diseases. 


Be A Health Detective 


After curing your own diseases, teach your friends and family 
how it's done. Families are related and their problems are 
related. This should make the task easier. Keep a small notebook 
to become part of the treasured family legacy as much as 
photographs do. If your aunt, father and brother had diabete: 
well as yourself and all were cured after introducing them to thi 
concept and technology, isn't this worthy of notes in your family's 
history? 

Notice what a strong line of inheritance there can be, not due 
to sharing genes but due to sharing a roof, a table, a su- 
permarket, and a dentist! 

Many problems can be disinherited. Cure yourself of retinitis 
pigmentosa, Muscular dystrophy (the “inherited” kind), and 
break down your family's faith in the gene-concept for thes 
diseases. Bring hope to your family by proving di true 
etiology. Bring respect back for your loyal genes that bring you 
hair color, and texture, not hair loss. That bring you eye color, 
not eye disease. Your genes brought you the good things about 
your ancestors, not the bad things. Parasites and pollution 
brought you the bad things. 

Killing all your invaders is just the first step, though. It is 
indeed the life-saving step. But getting well is more than saving 
your life. Next comes the more tedious task of finding their 
sources. Where did they come from? Why did they invade you so 
massively. Why you? 


Apply the solder 
B! Touch the end of the solder to the joint so that 


it contacts both the solder pad and the 
component lead or pin. tt should melt and flow 
smoothly onto both the pin and the pad. if the 
solder does not flow, heat the joint for another 
second or two and try again 


Let It Flow 

Keep heating the solder and allow it to flow into 
tthe joint. It should fill the hole and flow 
smoothly onto both the solder pad and the pin 
or component lead. 


Let It Cool 

Once enough solder has been added to the 
joint and it has flowed well onto both the 
component lead and the solder pad, remove 
the iron from the joint and allow it to cool 
undisturbed. 


Trim the Lead 
Use your diagonal cutters to trim the lead close 
to the board. 


Note: This step applies only to components 
with wire leads. Itis not necessary to trim the 
pins on Integrated circuit chips or sockets. 
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The story of your personal pollution unfolds as in a book. 
Look closely and you see the whole panorama of your numerous 
iny invaders being held at bay by your valiant immune system, 
your white blood cells. You can see what they are fighting 
besides the invaders. Your ill-chosen diet and lifestyle products! 

Your heart may go out to those tiny white blood cells. Never 
again, you may say, will you give them arsenic and mercury and 
lead. Never again, cobalt and asbestos and freon 

‘That great body of wisdom, your body, the same as listened 
to your three wishes, will reward you over and over as you co- 
operate with it, until you have had not 3 but 30 wishes granted, 
each one seemingly as impossible as climbing Mt. Everest. 


+ Your chronic yeast infection can go away 
+ Your hair can stop falling out-might even grow back. 

+ Your body can become pregnant-when you had already 

given up. 

+ Your fatigue c: 
+ Your insomnia 
+ Your warts can fall off. 

+ Your sight and hearing can sharpen. 
+ Your constant hunger can disappear. 


Health isn’t just being free of sickness. Health is feeling 
great, feeling like laughing at funny things. Health is feeling 
grateful to be alive. It is feeling happy to see the sky and to see 
‘growing things and to feel confident in human society's progress. 
Health is remembering the good parts of childhood and believing 
‘you still have a lot of them. 


The Discovery 


‘What makes me think I can find things in the human body that 
a blood test can not? What new technology makes this possible? 
Why is electronic testing superior in many ways to chemic 
methods? What are my claims of electrically killing parasites 
based on? 

In 1988 I discovered a new way to scan a body organ. It was 
electronic. We already can “see” an organ with a sonogram, X- 
rays, computerized tomography (CAT) scan, or with magnetic 
resonance imagery (MRI). These techniques can identify ab- 
normal shapes in an organ without having to explore or gues 
But my new electronic technique can check for viruses, bacteria, 
fungi, parasites, solvents and toxins, and in addition is simple, 
cheap, fast and infallible. Electricity can do many magical things; 
now we can add detecting substances in our body to that list. 

‘The method rests on radio electronic principles. 

If you match, very precisely, the capacitance and inductance 
of an external circuit so that its resonant frequency 
the same as the emitted frequency coming from somewhere el 
the circuit will oscillate. This means there will be positive 
feedback in an amplifier circuit. You can hear it. Like when a 
public address system squeal 

‘The external circuit I use is called an audio oscillator, quite 
easy to build or buy. Your body provides the emitted frequen- 
cies. When you combine the audio oscillator circuit with your 
body, and you hear resonance, then you have detected a match! 
Something in your body matches something in the circuit on the 
test plate, By putting a laboratory sample of, say, a virus on the 
test plate, you can determine if your body has that virus by li 
tening for resonance. Hearing resonance is easy if you're a radio 
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technician or musician. Others must patiently practice. The de- 
tails are given in the Bioelectronics chapter (page 457). 


You do not have to be an expert in anything to lear the 
electronic detection method. But a keen sense of hearing helps. 


In 1988 I leaned a way to put anything on my skin, blind- 
folded, and identify it electronically in a few minutes. I could 
taste something without flavor and identify it electronically. The 
system worked fine for detecting things in the skin and tongue 
Would it be reliable for internal organs, too? 

‘A whole world of discovery lay ahead of me. I wanted to 
know what was in my inner ear causing tinnitus, in my eyes 
causing pain, in my stomach causing indigestion and a thousand 
other things. 

But behind the daily excitement of new dis 
gnawing question lingered in my mind. How is this possible 
without some pretty high frequency energy source, radio fre- 
quency in fact, running through my circuit? My audio oscillator 
was only 1000 Hz (hertz, or cycles per second); radio frequency 
is hundreds of thousands of Hz. And the phenomenon could be 
produced with an old-fashioned dermatron', too, that only puts 
out DC (direct current)-no frequencies at all! 

A high frequency energy had to be coming from somewhere. 
Was it me? Ridiculous! 

But there was a way to test. If my own body was putting forth 
the high frequency energy, it could be bled off and diverted into 
the ground with a correct size capacitor. This should stop the 
feedback oscillations. This turned out to be true; it was stopped. 
But ridiculous kept ringing in my ears and I tried an- 


‘overies, a 


"The dermatron was invented decades ago and made famous by 
Dr. Voll. Establishment science disdained it! 
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other test. If there was indeed radio frequency (RF) running 
through my circuit I should be able to block it with the right snap- 
‘on choke. It did block. I thought of a third test. If this was truly a 
resonance phenomenon I should be able to add a capacitance to 
this circuit and see the resonance destroyed. Then add an 
inductance and see the resonance return. It did just that. I made 
graphs of the relationship between capacitance and inductance. 
‘They were entirely reproducible. 

Then why couldnt I see the RF on my RF oscilloscope? 
Probably because it was high frequency energy, not high energy 
frequency, and I didn't know how to amplify it above the back- 
ground noise level. It was nevertheless not convincing. Yet much 
too tantalizing to ignore. 

I thought of yet a fourth test. If I was really producing RF 
radiation that could be channeled through a circuit, I should be 
able to interfere with it by adding another RF radiation from an 
‘outside source. I added a frequency from my frequency generator, 
first at 1,000 Hz. Now there was no resonance. It interfered. Did 
this mean that my body was not producing radiation at 1,000 Hz? 
Or was my 1,000 Hz radiation being matched and canceled? I 
raised the frequency gradually, from 1,000 to 10,000 to 100,000 
to 1,000,000 Hz. There was no resonance anywhere, and I 
couldn't draw any conclusions. It was 5 o'clock on Sunday 
afternoon, Quitting time. But one last look at my generator 
reminded me that it could reach 2,000,000 Hz and I was just at 
1,000,000. One more quick experiment wouldn't take much time. 
I cranked it to 1,800,000 Hz. And now a resonance screamed out! 
‘Was I “hearing things?” No more interference. I did it over and 
over. Why was it resonating now and not before? Had I arrived 
at my body's own bandwidth (transmission range), and this was 
the reason it no longer interfered? 

I found the lowest frequency that resonated to be 1,562,000 
Hz. All frequencies that I checked (about 2,000) from there up 
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to 2,000,000 (my frequency generator would go no higher) also 
resonated. 

‘A year later I purchased a better frequency generator to 
search for the upper end of my bandwidth. Any frequency be- 
tween 1,562,000 and 9,457,000 Hz could be added to the circuit 
and produce resonance. 


It seemed obvious, then, that the human body broade: 
electrically, just like a radio station, but over a wide band of 
frequencies and very low voltages, which is why it has not been 
detected and measured until now. 


Everything Has A Unique Frequency 


It was a busy year, now 1989. I was determined to find a 
bandwidth for other living things: I found them for flies, beetle 
spiders, fleas, ants. They were between 1,000,000 Hz. and 
1,500,000 Hz; cockroaches were highest amongst insects I tested. 

Then came a dismaying finding. A dead insect had a band- 
width too! Much narrower, and near the top end of the same 
range it had when living, but distinctly present. So it wasn't al- 
together a living phenomenon. 

But if dead things had a resonant bandwidth, then maybe a 
prepared microscope slide of a dead creature could be used, and 
my trips to the garden and telephone calls to abattoirs (for meat 
parasites) could cease. That was a lucky thought. My first slide 
was of the human intestinal fluke, a huge parasite, scourge of 
humanity. I had just found it to be present in the liver (not in- 
testine) of every cancer sufferer I saw. The (dead) adult parasite 
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had a resonant frequency around 434,000 Hz. Slides of that 
parasite's redia resonated nearby (432,000 Hz), as did its other 
stages. 

Dead things still resonated! The entire catalog of biologi 
supply companies, hundreds of specimens of viruses, bacteria, 
parasites, molds, and even toxins, were now available to re- 
search with this new technique! 

Suddenly an idea bolted out of the blue. If a person were to 
hold on to the frequency generator while it was generating 
434,000 Hz, what would happen to the adult fluke, if you were 
infected with it? 

I tested this plan that same week on myself, not with the fluke 
but with Salmonella bacteria and Giardia and Herpes that I 
carried chronically. After a 3 minute treatment, I retested myself. 
I could no longer find them in my organs! There were no 
emissions at their characteristic frequencies. I repeated and re- 
peated. Were they really dead? Maybe they were just numbed or 
were suddenly hiding. But symptoms were gone quickly too, My 
Herpes lesion stopped tingling. It was all too simple and 
unbelievable. 

But was it safe? Within three weeks I had reliable data re- 
garding the necessary level of electrical treatment, It only took 5 
volts for three minutes at the specific frequency. It is not as if you 
had to use house current which would kill you, along with the 
parasite. 


Selective Electrocution 


In twenty minutes (three minutes at six different frequencies) 

a whole family could get rid of this parasite. Cancer cases 

showed that in a few hours the universal cancer marker, ortho- 

phospho-tyrosine could be banished from their bodies by killing 
same parasite. 
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“Incurable” HIV cases lost their virus in a few hours, too. 
Laboratory retesting for HIV came back negative! Most cases of 
pain got immediate relief if I could identify the correct “bug” and 
have its frequency found by the next office visit. This seemed to 
be absolute proof that living things had an essential high 
frequency output of some kind of energy. 

‘What was actually happening to the bacteria or parasites? If I 
could kill something as large as an Ascaris worm or intestinal 
fluke, then perhaps I could kill something even larger, like an 
earthworm or flea, something I could see with my own eyes in- 
stead of having to imagine its demise inside my body. 

Ten minutes at a frequency chosen near the top of their 
broadcast range seemed to anesthetize them. But they didn't di 
Later I checked the body bandwidth (the range of frequencies 
they emit) of each. The earthworms had lost a lot of their band- 
width, both at the top and bottom. The fleas seemed hardier; they 
had only lost a little. However they did not recover, even weeks 
later, from this loss. 

Could it harm humans to douse them with RF frequencies in 
their own bandwidth? Quite probably, if the voltage were high 
enough. There was no need to experiment, though, because the 
parasites we want to kill have characteristic frequencies that do 
not overlap the characteristic frequencies of a human. In fact, 
they are far away (see the chart on page 17), 

‘So my electronic method attacking illness was born. Find the 
resonant frequency of a bacterium, virus or parasite using a slide 
or dead bit. Treat the living invaders inside the human body with 
this frequency and in a matter of minutes they are no longer 
transmitting their own bandwidths—they are dead or sick and 
will be removed by our white blood cells. 

It was a worrisome truth, Perhaps the department of defense 
would use this knowledge and develop super high voltage de- 
vices to kill people (“enemies”) somewhere in the world. But I 
couldn't let sick people suffer. Besides, it would probably re- 
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quire a voltage much like lightning to kill people from a distance. 
Possibly a way could be found to shield yourself from 
frequencies harmful to humans by wearing a choke (inductor) 
coil which suppresses these frequencies. Remember, there was 
no recovery, just a slow death for my experimental animals. It 
must not happen to humans! 

Meanwhile, people must be alerted that they can safely kill 
their invaders and heal their chronic illnesses. Invaders that have 
been increasing exponentially due to lowered immunity in recent 
decades. Possibly this is true for all species on our planet. The 
pollution of the entire biosphere has been increasing and with it 
the prospect of acquired immune deficiency syndrome (AIDS) 
for all of us. 


Remember, though, that the true challenge is not to kill our 
invaders but to regain our health and immunity. 


More than just parasites are making us sick! Pollution is too. 
Selective electrocution rarely makes people completely well 
Sick people always have an environmental factor that must be 
corrected also. 

How do we do that? The ship of “progress”, of increasingly 
complex, processed foods and products, must be turned around 
and simplicity become our goal. Survival is in simplicity of food 
intake, simplicity of life habits. Did Ralph Waldo Emerson 
foresee this when he said “To be simple is to be great”? Or will 
daily parasite and pathogen electrocution become another crutch 
that makes us just enough better that we can continue a detri- 
mental lifestyle? Yet another “Band-Aid” treatment for our po 
soned planet? 


WW 
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Bioradiation 


it now seems obvious that every living 
S its presence like a radio station, the sun, or 
the stars. I have named it bioradiation. 

Perhaps it is the same energy as the Asian chi; perhaps it 
merely related to it. Perhaps it is the energy that runs along the 
\s discovered eons ago by Asian practi 
it is the energy that faith healer 
teachers know how to harness, perhaps not. 

Perhaps it is the energy that psychics perceive and that drives 
‘occult phenomena, perhaps not. 

What is truly amazing is that ordinary persons have discov- 
ered such energy well ahead of scientists. Persons using the 
of Kinesiology, pendulums, radionics, dousing rods and many 
other forms of “strange energy” have no doubt harnessed a part of 
this bioradiation, It is a tribute to the generally high intelligence 
of common people and to their open-mindedness that they 
discovered this energy, in spite of opposition from scientists of 
today. 

Over a century ago the scientists of Europe proposed the 
existence of a “life force” called “élan vitale.” They were 
scored out of existence (and out of jobs). Young scienti 
(including myself) were systematics 
Of course we were also taught that a good scientist was unemo- 
tional, does not scorn ideas, has a completely open mind, and 
does not rule something out until it is disproved to thei 
faction. The youthfulness of college years is so susceptible to 
prejudices of all kinds, and the desire for acceptance is so great, 
that special effort needs to be made to teach neutrality. Or at least 
to distinguish between emotion and fact. Where have these basic 
pedagogic principles gone? I was indeed inspired with the 
phrase “search for truth” but then promptly led down the path of 

search for acceptance.” 


ners. 
and religious 
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I do not know what bioradiation, this electrical broadcast 
from our cells, is made of. Only its frequency was noticed and 
caught (modulated) in such a way as to be measurable. And this, 
frequency, 1,520,000 to 9,460,000 Hz (for a human infant) is in 
the radio frequency (RF) range” 

Anyone who is experienced with RF knows its strange be- 
havior. Not strange in the “unknown” sense but in the amazing 
sense. Circuits don't need to be complete or closed for it to 
travel. Bodies and objects can “pick it up” without being in the 
circuit, These amazing properties are due to the capacitive and 
inductive properties of objects all around us, including our- 
selves. 


Zapping Bugs 


By capping I mean selectively electrocuting pathogens. For 
years I used a commercial frequency generator to “zap” one 
pathogen after another. 

First I made a chart of the frequencies for most of the bacteria 
and viruses in my collection (over 80, see page 561). Then I 
would test the sick client for each one of these, and hope they did 
not have one for which I didn't have a sample. Even persons with 
a simple cold typically had a dozen they tested positive to (not 
just Adenovirus). 

Next it was time to tune in the frequency generator to a dozen 
frequencies for three minutes each. The total process, testing and 
treatment, would take about two hours. They frequently got 
immediate relief. But often the relief would be temporary. What I 
didnt know at that time was that viruses could 


7AM radio broadcasts are from 540,000 Hz to 1,600,000 Hz (slight 
overlap with lower end of human band), FM is 88,000,000 to 
108,000,000 Hz (out of the human range). 
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infect a larger parasite such as a roundworm, Until you killed 
your roundworm and your virus, you would keep getting the virus 
back promptly. 

In 1993 my son, Geoffrey, joined me and we tried a new ap- 
proach. He programmed a computer controlled frequency gen- 
erator to automatically cover all the frequencies populated by all 
the parasites, viruses, and bacteria, from 290,000 Hz to 470,000 
Hz. It spent about three minutes for every 1000 Hz it covered. 
This was more efficient, but it meant spending ten hours being 
zapped. 

‘Again, the results were disappointing. Arthritis pain, eye 
pain, colds were improved, but not completely cured overnight. 
Months later I would find that organisms were transmitting 
Jow as 170,000, and as high as 690,000 Hz. My specimen col- 
lection was obviously incomplete. To cover this larger range, 
spending three minutes for every 1000 Hz, would take 26 hours. 
Still worth doing if it would indeed help all our illnesses. But 
even this method of zapping was not 100% effective for reasons 
yet to become clear. 

In 1994 my son built a hand held, battery operated, accurate 
frequency generator. The purpose was to enable everyone to kill 
the intestinal fluke at 434,000 Hz. with a low cost device. Enough 
benefit would be derived from zapping at various frequencies 
that I thought everyone should know how to make one. When I 
tested it on one of my own bacteria, however, three others at 
much different frequencies died also! This had never happened 
before. When I tested it on others, even though they had dozens of 
pathogens, all were killed! 

‘Subsequent testing showed it was not due to some unique 
design, or special wave form produced by the device. It was due 
to battery operation! 
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Any positively offset frequency kills all bacte- 
ria, viruses and parasites simultaneously 


given sufficient voltage (5 to 10 volts), duration (seven 
minutes), and frequency (anything from 10 Hz. to 500,000 Hz). 


Before this I had always set my commercial frequency gen- 
erator to alternate between positive and negative voltage. Now I 
tried setting it to alternate between positive and zero voltage 
(positive offset). It was just as effective as the battery operated 
frequency generator my son designed. 


Generating positive offset frequencies is the 
best way to kill all pathogens quickly. 


But it takes more than one treatment. 


It takes three treatments to kill everything. Why? The first 
zapping kills viruses, bacteria and parasites. But a few minutes 
later, bacteria and viruses (different ones) often recur. I conclude 
they had been infecting the parasites, and killing the parasites 
released them. The second zapping kills the released viruses and 
bacteria, but soon a few viruses appear again. They must have 
been infecting some of the last bacteria. After a third zapping 1 
never find any viruses, bacteria or parasites, even hours later. 

Why didn't the virus inside the parasite die with the fir 
zapping? It may be because electrici 
things. The body of the parasite shielded the interior. This is why 
my earlier, promising work spending hours on a frequen 
generator gave only partial or temporary improvement—it was 
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only done once, not three times. And it explains why a single 
treatment with a frequency generator or zapper frequently gives 
you a cold! 


Zapping does not kill shielded organisms 


such as those that may be in the middle of your stomach or 
intestines. The electricity travels along the stomach or intestine 
wall, not through their contents, 


So zapping is still not perfect, but can bring such manifest 
relief that everyone should buy or make one. Parts cost less than 
$25.00; the plans are in the next chapter. 


The Bioradiation Spectrum 


Everything emits a characteristic range of frequencies 
(bandwidth), In general, the more primitive the organism, the 
lower its bandwidth. Advanced animals have higher frequencies 
and the range is wider. 
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BANDWIDTH OF BIORADIATION OF ANIMALS 
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Fig. 1 Selected animal bandwidths. 


‘The human range is from 1520 KHz. to 9460 KHz. Pathogens 
(molds, viruses, bacteria, worms, mites) range from 77 KHz to 
900 KHz, Fortunately for us we can work on zapping pathogens 
in the lower ranges without affecting humans in the upper range. 
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BIORADIATION OF TYPICAL PATHOGENS 
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Fig Selected pathogen bandwidths. 


Applying an alternating electrical voltage within an organ- 
ism’s bandwidth injures it. Small organisms with narrow band- 
widths are extinguished quite readily (three minutes at five 
volts). 

Positively offset frequencies can kill the entire range of small 
organisms (viruses, bacteria, parasites) in just seven minutes. 
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Building A Zapper 


Being able to kill your bacteria and other invaders with 
electricity becomes much more of a panacea when you can do it 
all in three 7 minute sessions. No need to single out specifi 
frequencies or to sweep through a range of frequencies one KHz 
at a time. No matter what frequency itis set at (within reason), it 
kills large and small invaders: flukes, roundworms, mites, 
bacteria, viruses and fungi. It kills them all at once, in 7 minute 
even at 5 volts. 

How does it work? I suppose that a positive voltage applied 
anywhere on the body attracts negatively charged things such as 
bacteria. Perhaps the battery voltage tugs at them, pulling them 
‘out of their locations in the cell doorways (called conductance 
channels). But doorways can be negatively charged too. Does 
the voltage tug at them so they disgorge any bacteria stuck in 
them? How would the positive voltage act to kill a large parasite 
like a fluke? None of these questions can be answered yet. 

's are that the intermittent po: 


route, or straightens 
breakdown. Such biologi 


isallowing 
could be answered by 


‘The most important question, of course, is whether there 
harmful effect on you. I have seen no effects on blood pressure, 
mental alertness, or body temperatures. It has never produced 
pain, although it has often stopped pain instantly. This does not 
prove its safety. Even knowing that the voltage comes from a 
small 9 volt battery does not prove safety, although it is reas- 
suring. The clotting of red blood cells, platelet aggregation and 
functions that depend on surface charges on cells need to be in- 
vestigated. But not before you can use it. Your safety lies in the 
short period of exposure that is necessary. Viruses and bacteria 
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disappear in 3 minutes; tapeworm stages, flukes, roundworms in 
and mites in 7. One need not go beyond this time, although no 
bad effects have been seen at any length of treatment. 

The first seven minute zapping is followed by an interm 
sion, lasting 20 to 30 minutes. During this time, bacteria and 
viruses are released from the dying parasites and start to invade 
you instead. 

The second s sion is intended to kill these 
newly released viru acteria. If you omit it, you could 
catch a cold, sore throat or something else immediately. Again, 
viruses are released from the dying bacteria. The third session 
kills the last viruses released 


Do Not Zap If You Are Pregnant 
Or Wearing A Pacemaker. 


These situations have not been explored yet. Don't do these 
experiments yourself. Children as young as 8 months have been 
zapped with no noticeable ill effects. For them, you should weigh 
the possible benefits against the unknown risks. 


‘That is all there is to it. Almost all. The zapping current does 
not reach deep into the eyeball or testicle or bowel contents. It 
does not reach into your gallstones, or into your living cells, 
where Herpes virus lies latent or Candida fungus extends its 
fingers. But by zapping 3 times a day for a week or more you can 
deplete these populations, too, often to zero, 


Killing The Surviving Pathogens 


The interior of gallstones may house parasites 
the zapping. Eliminate this source of reinfection by flushing them 
out with liver cleanses (page 552). 
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Although the center of the bowel contents is often unaffected 
by electric current, which lets bowel bacteria like Shigella, 
Escherichia coli (E. coli) and parasite stages survive, sometimes 
is nearly all sterilized by zapping. This results in considerable 
shrinkage of the bowel movement. Eliminate remaining parasit 
and bacteria with a single dose (2 tsp.) of Black Walnut Hull 
Tincture, Extra Strength (see page 543). 

There is no way of distinguishing between “good” and “bad” 
bacteria with either of these methods. However even good 
bacteria are bad if they come through the intestinal wall, s 
zapping targets mostly “bad” bacteria. The good news is that 
perfect bowel habits often result in a few days. Evidently, the 
good bacteria are benefited by killing the invasive ones. Homi 
made yogurt and buttermilk (see Recipes) are especially good at 
recolonizing the bowel. But it does not seem wise to culture 
yourself with special commercial preparations and risk getting 
parasite stages again when you can become normal so soon 
anyway. If you do decide to take some acidophilus bacteria to 
replenish your intestinal flora make sure you test for parasites 
like Eurytrema first. 

When a large number of parasites, bacteria and viruses are 
killed, it can leave you fatigued. Try to give yourself a low-stress 
day after your initial zapping. But there are no significant side 
effects. I believe this is due to the second and third zapping 
ich mops up bacteria and viruses that would otherwise be 
able to go on a feeding frenzy with so much dead prey available. 

To build your zapper you may take this list of components to 
any electronics store (Radio Shack part numbers are given for 
convenience). 


Zapper Parts List 


tem Radio Shack Catalog Number 
Targe shoo box 
[2 vok battery 
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Svat bailey cps ZIO-aDS (eal FS, you need) 
‘On-Off toggle swich 275-6244 mero mini Toggle swich 

T KG resistor 271-1921 (set of 5. you need 2 

29 KO resistor 271-1925 (eet of 2, you need 2) 

Tow-eurrent red LED. 276.044 of 276.081 o¢ 276-045 

(0047 uF capacitor 272-130 (set of 2, youneed 1) 

(7 uF capacitor 272-1065 (eet of 2, you need TT 

'555.CMOS timer chp 276-1725 (eet of 2, you need 1) 

B pin wire-wrapping socket for | 276-1988 (set of 2, you need 1) Note: Rago 
the chip Shack is discontinuing all wire wrap sockets. 


Find another parts store of use 276-1995 (but the 
lege are much shorter and harder to allach clipe 


to 
shor (12 aligator ip leads [any eleclronies shop, get 6 
Microciip test jumpers 278-017 (you need 2 packagas oF) 


bole, about Ve" ameter, [hardware sore 
long. wth 4 nuts and 4 washers 
Zouppet pipes, Tidiameter, 4” [hardware store 
han ap, ogee pl 
Hints for absolute novices: Dont let unustal vocabulary 
deter you. A “lead” is just a piece of wire used to make connec 
tions. When you remove a component from its package, label it 
with a piece of tape. A serrated kitchen knife works best as does 
a large safety pin. Practice using the microclips. If the metal ends 
are L-shaped bend them into a U with the long-nose pliers so they 
grab better. Chips and chip holders are very fragile. It is wise to 


Ri ik 
Re 39K 

P38 iK 

PA 3.9K 

ci ott 

C2 o0a7it 

Ug Mc1455 e 

LED! 2maLED Red tuo 
Pin1 ground a 
pin 8 power B 


Give this to an electronics person or make it yourself in a shoebox by 
9 the following instructions. 
Fig. 3 Zapper schematic. 
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Assembling The Zapper 


You will be using the lid of the shoe box to mount the 
components. Save the box to enclose the finished project. 
Pierce two holes near the ends of the lid. Enlarge the holes 
with a pen or pencil until the bolts would fit through. 
Mount the bolts on the outside about half way through the 
holes so there is a washer_ ——— 

and nut holding it in place 
on both sides. Tighten. 


Label one hole “grounding | 2 Greunseg bok 
bolt” on the inside and | @ ° 
outside. 


Mount the 555 chip in the 
wire wrap socket, Find the 
“top end” of the chip by 
searching the outside surface carefully for a cookie-shaped 
bite or hole taken out of it. Align the chip with the socket 
and very gently squeeze the pins of the chip into the socket 
until they click in place. 

Make 8 pinholes to fit the wire wrap socket. Enlarge them 
slightly with a sharp pencil. Mount it on the outside. Write 
in the numbers of the pins (connections) on both the outside 
and inside, starting with number one to the left of the 
“cookie bite” as seen 
from outside. After 
number 4, cross over 
to number 5 and 
continue. Number 8 
will be across from 
number 1. 

Pierce two holes ¥ 
inch apart very near 
to pins 5, 6, 7, and 8. They should be less than 1/8 inch 
away. (Or, one end of each component can share a hole 


with the 555 chip.) Mount the 01 uF ca- 


23 


Problems? 
The last page of this guide illustrates a number of common soldering problems with advice 
on prevention and repair. 
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pacitor near pin 5 
on the outside. On 
the inside connect 


pin 5 to one end of | wee peace Storing et 

this capacitor by e soe 18 

simply twisting 
them together. 

Loop the capacitor 

wire around the 

pin first; then twist with the long-nose pliers until you have 
made a tight connection. Bend the other wire from the 
capacitor flat against the inside of the shoe box lid. Label it 
.01 on the outside and inside. Mount the .0047 uF capacitor 
near pin 6. On the inside twist the capacitor wire around 
the pin. Flatten the wire from the other end and label it 
.0047. Mount the 3.9 KQ resistor near pin 7, connecting it 
on the inside to the pin. Flatten the wire on the other end 
and label it 3.9. Mount the 1 KQ resistor and connect it 
similarly to pin 8 and label it IK. 

6. Pierce two holes Vanch apart next to pin 3 (again, you can 
share the hole fr pin 3 if you wish), in the direction of the 
bolt. Mount the other 1 KQ resistor and label inside and 
outside. Twist the connections together and flatten the re- 

the circuit if you 

Mount the 3.9KQ 
resistor downward. One end can go in the same hole as the 
1K resistor near pin 3. Twist that end around pin 3 which 
already has the 1K 
resistor attached to 
it. Flaten the far 
end. Label. 

7. Next to the 39KQ 


qe eae 


for the LED. No- 
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tice that the LED has a positive and negative connection. 
‘The longer wire is the anode (positive). Mount the LED on 
the outside and bend back the wires, labeling them + and - 
on the inside. 


8. Near the top a ae 
pierce a hole for . 
the toggle 
switch. Enlarge | Bot rounding Bat 
it until the shaft] @ e 


fits through from 
the inside. 
Remove nut and G0 
washer — from + 

switch before 


mounting. You may need to trim away some paper with a 
serrated knife before replacing washer and nut on the 
outside. Tighten. 

9. Next to the switch pierce two holes for the wires from the 
battery holder and poke them through. Attach the battery 
and tape it to the outside. 


NOW TO CONNECT EVERYTHING 


First, make holes at the corners of the lid with a pencil. Slit 
each corer to the hole. They will accommodate extra loops of 
wire that you get from using the clip leads to make connections. 
After each connection gently tuck away the excess wire, 

1. Twist the free ends of the two capacitors (.01 and .0047) 

together. Connect this to the grounding bolt using an alli- 
gator clip. 
Bend the top ends of pin 2 and pin 6 (which already has a 
connection) inward towards each other in an L. shape. 
Catch them both with an alligator clip and attach the other 
end of the alligator clip to the free end of the 3.9KQ re- 
sistor by pin 7. 
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Using an alligator clip connect pin 7 to the free end of the 
1KQ resistor attached to pin 8. 

Using two microclips connect pin 8 to one end of the 
switch, and pin 4 to the same end of the switch. (Put one 
hook inside the hole and the other hook around the whole 
connection. Check to make sure they are securely con- 
nected.) 

Use an alligator clip to connect the free end of the other 
1KQ resistor (by pin 3) to the bolt. 

Twist the free end of the 3.9KQ resistor around the plus 
end of the ~~, 
LED. Connect 
the minus end 
of the LED to 
the grounding 


bolt using an — 
alligator clip. 
Connect pin 
number 1 on (As seen tre 
the chip to the the inside.) 
grounding bolt 
with an 


alligator clip. 
Attach an alligator clip to the outside of one of the bolts, 
Attach the other end to a handhold (copper pipe). Do the 
same for the other bolt and handhold. 
Connect the minus end of the battery (black wire) to the 
grounding bolt with an alligator clip. 


. Connect the plus end of the battery (red wire) to the free 


end of the switch using a microclip lead. If the LED lights 
up you know the switch is ON. If it does not, flip the 
switch and see if the LED li 
If you cannot get the LED to light in either switch position, 
you must double-check all of your connections, and make 
Sure you have a fresh battery. 
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11. Finally replace the lid on the box, loosely, and slip a cou- 
ple of rubber bands around the box to keep it securely 
shut. 


Fig. 4 Finished zapper, outside and inside. 

* Optional: measure the frequency of your zapper by con- 
necting an oscilloscope or frequency counter to the hand- 
holds. Any electronics shop can do this. It should read 
between 20 and 40 kHz. 

* Optional: measure the voltage output by connecting it to an 
oscilloscope. It should be about 8 to 9 volts. Note: a 
voltage meter will only read 4 to 5 volts. 

* Optional: measure the current that flows through you when 
you are getting zapped. You will need a 1 KQ resistor and 
oscilloscope. Connect the grounding bolt on the zapper to 
one end of the resistor. Connect the other end of the resistor 
toa handhold. (Adding this resistor to the circuit decreases 
the current slightly, but not __ significantly.) 
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The other handhold 
the scope ground wire to one end of the 
the scope probe to the other end of the 
zapper ON and grasp the handholds. Read the voltage on 
the scope. It will read about 3.5 volts. Calculate current by 
dividing voltage by resistance. 3.5 volts divided by 1 KQ 
is 3.5 ma (milliamperes). 


Using The Zapper 

1. Wrap handholds in one layer of wet paper towel before 
using. Grasp securely and turn the switch on to zap. 

2. Zap for 7 minutes, let go of the handholds, turn off the 
zapper, and rest for 20 minutes. Then 7 minutes on, 20 
minutes rest, and a final 7 minutes on. 

Trying the zapper on an illness to see “if it works” is not 
useful. Your symptoms may be due to a non-parasite. Or you may 
reinfect within hours of zapping. The best way to test your device 
is to find a few invaders that you currently have (see Lesson 
Twelve, page 492, or Lesson Twenty Seven, page 509). Th 
gives you a starting point. Then zap yourself. After the triple 
zapping, none of these invaders should be present. 


Simple Pulser 


If you are ill or want a reliable zapping, make the first model 
However, there is another way to make a zapper if you can not 
afford to build the first model, 

‘An ordinary battery is a source of positive voltage. It is the 
positive voltage that eliminates so many parasites at once, not a 
specific frequency. So although the zapper's frequency is about 
30 kHz (thirty thousand “zaps” per second), even 5 Hz (five 
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“zaps” per second), about as fast as you can tap the battery 
with your hand, is moderately effective! 

You must be connected to both terminals. One will be marked 
+ (positive) and the other ~ (negative). If you simply touch these 
terminals with your wet fingers, nothing much happens. That 
because your resistance to the current starts going up right away, 
so less and less current passes through you. 


- 


{ e ec y 


K 

However if you tap the positive terminal with your wet hand, 
and tap it at a fairly high rate, your body's capacitors come into 
play. Capacitors only take part in the flow of electricity when 
they are charged and discharged. Tapping the terminal starts and 
stops the voltage so capacitors charge and discharge. This kind 
of resistance to current flow is much smaller. 

The faster you tap, the greater the frequency of current puls. 
s kind of resistance becomes. Now you can have 
ined current flow through your body 


. 5 Simple pulser. 
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If you can tap even twice per second (2 Hz) for ten minutes 
without interruption you can give yourself a zapping that is 
moderately effective. Remember to take an intermission of 
twenty minutes and then repeat to avoid catching new viruses. 
After a second twenty minute intermission repeat zapping a third 
time, 


Using The Simple Pulser 


1. Wrap each handhold with ——— 
fone layer of wet paper [¥cher 12) alga Sp baa (rom 
towel. Place each on a |anyelecvonics shop) 
non-conductive surface, [BPR Bes, danete Trg 
like a plastic bag. 
2. Connect the positive battery terminal to one handhold and 
the negative terminal to the other handhold using alligator 
clip leads. 
Dont let the handholds touch, 
Place a clock in front of you to time yourself. 
Pick up the right handhold with your right hand. 
Leave the left handhold on the table. Tap it with your left 
hand, preferably the fleshy part of the palm. You may brace 
yourself with your fingers on the plastic. Keep up a steady 
pace as fast as you are able. 

7. When you get tired pick up the left handhold with your left 
hand and tap with your right hand, Keep changing off with 
the least interruption, 

8. Repeat a second time 20 minutes later, and a third time 20 
minutes after that. 

A single 9 volt battery will wear out rather quickly used thi 
way. Put two together, in parallel, for longer lasting power. Thi 
requires two more short alligator clips. Connect positive termi- 
nals of the batteries to each other, and the negatives also. 


aay 
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The word “parasites” is used in two senses. Everything liv- 
ing on you or in you, not just to perch, but to take its food from 
you is a parasite. No matter what its size, it can be called a 


some way the big worms need to be distinguished from 
the medium-sized amoebae, the even smaller bacteria and the 
smallest of all—viruses. So often the term parasite is reserved 
for the bigger things, from amoebae on up. In this book, the word 


parasite will be used in both ways as usual. You can easily guess 
what is meant. 
Parasitic worms are divided into roundworms and flat- 


worms. Roundworms are round like earthworms even though they 
may be as thin as hairs (threadworms, filaria) or micro- 
lly small (like Trichinella). Flatworms are more like 
They have a way to attach themselves sometimes with 
the head (scolex) like tapeworms, sometimes with a special 


Worms 


Flatworms: Roundworms, 


Tapeworms Flukes Threadworms Pinworms Hookworms 


Worm parasites go through stages of development that can 
look very, very different from the adult 
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Roundworms like Ascaris 


(common cat and dog round- 
worm), are simplest. The eggs C/ 
are swallowed by licking or 

eating a bit of filth. They hatch 

into a tiny larva. The larva treks 

to the lungs. You cough it up and 

swallow it, Meanwhile 
molted a few times, 
crawls to the intes 
becomes an adult, 
in your stool, 

Worms usually have preferred locations. The favorite organ 
for Dirofilaria (dog heartworm) is the heart (even human heart). 
Sometimes the rules can be broken. My tests show Dirofilaria 
can live in other organs, too, if they are sufficiently polluted with 
solvents, metals and other toxins, 

Flatworms like tapeworms are much more complicated in 
their life history. You could eat the eggs accidentally with dirt. 
After hatching, the tiny larva burrows into its favorite organ, 
Your body encases it with a cyst. The white blood cells have 
been taught never to attack your body...and the cyst case is your 
body! So the tapeworm stage has safe residence for some time. If 
you are a meat eater, you could eat such a cyst if it happens to be 
iodged in the meat you are eating! Your teeth break it apart as 
you crunch. The little larva is swallowed and tries to attach itself 
io your intestine with its head. Then it grows longer by making 
segment after segment. The segments with their eggs leave with 
the bowel contents. I often see dog tapeworm of the small variety 
in their human family. 

Flatworms like flukes are also very complicated. The eggs. 
passed out with bowel contents were not meant to be eaten 
such. They were meant to hatch in a pond where snails and 
minnows eat them. The larva grows up in these new 


Fig. 6 Ascaris. 
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Later, the snail sheds them and they attach 
themselves to foliage near the pond. They over-winter in a tough 
metacercarial cyst. An unsuspecting browsing animal now eats 
them. They come out of their metacercarial cyst as a small adult 
and quickly attach themselves to the intestine with a sucker. They 
now have “safe haven” and can go about maturing and laying 
eggs. 

Four common flukes are: human intestinal fluke, human 
liver fluke, sheep liver fluke, pancreatic fluke of cattle. Don't 
let the terms sheep and cattle mislead you. They are all found in 
humans. 


qe 0. 


Fig. 7 (L to R) Human intestinal fluke, pancreatic fluke, sheep 
liver fluke, and human liver fluke. 


The Worst Parasite 


Fasciolopsis buskii is the fluke (flatworm) that I find in 
every case of cancer, HIV infection, Alzheimer's, Crohn's dis- 
ease, Kaposi's, endometriosis, and in many people without these 
diseases. Its life cycle involves six different stages 
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Surface Mount Components 

The previous page showed how to make a good through-hole joint. But more and more 
components are only available in surface mount form these days. Not all surface mount 
packages are easily worked by hand, but there are plenty that can be managed with the 
same basic tools used for through-hole soldering. 


: The SD Card Holder: 


Let's start with a surface-mount part common to several Adafruit kit 


Immobilize the Joint 

Unlike many surface mount components, 
immobilizing the SD card holder is relatively 
easy. There are small pegs on the back that fit 
into positioning holes in the board. Once itis in 
place, solder the four small comer tabs to 
make it permanent. 


Heat the Joint 
Start by putting the tip of the hot iron on the 


solder pad adjacent to the pin. The pad will 
take longer to heat, so we apply most of the 
heat to the pad to start. 


© Adafruit Industries _https://leamn.adafruit.com/adafruit-guide-excellent-soldering Page 17 of 35 
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‘Stage 


Normal Life Cycle 


Expelled with bowel movement onto 
soil. Washed by rain into ponds. 


Tiiractaia 


Hatches from egg in water. Has cilia, 
can swim vigorously and must find 
intermediate snail host in one to two 
hours or may be too exhausted to in- 
vade. 


TRedia 


Develop inside miracidia as lite balls 
until expelled. Those are "mother" 
redia, and each one bears “daughter” 
redia for up to 8 months, all stil inside 
the snail, and living on the fluids in the 
lymphatic spaces. Similarly, daughter 
redia are continually developing cer- 
aria. 


7 Cercaria 


Have a tail, use itto exit from snail and 
swim to a plant. Ifthe snail is feeding 
on a plant, cercaria can latch onto 
plant with sucker mouth and start to 
enoyst (form a "cocoon") within 
minutes. Tail breaks off and swims 
away to dissolve. 


‘B Metacercaria 


Two-walled cyst. The outer wall is very 
sticky. But as you eat the plant it is 
stuck to, the least pressure will break 
it, leaving the cyst in the mouth. The 
“almost unbreakable” inner cyst wall 
protects it from chewing, and the 
keratin-ike coat prevents digestion by 
stomach juices. However when it 
reaches the duodenum, contact with 
intestinal juices dissolves away the 
cyst-wall and frees it. It then fastens 
itself to the intestinal lining and begins 
to develop into an adut 
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6 Adult Lives in your intestine and can pro- 
duce 1000 eggs per bowel movement 
and live many years. 


Fig. 8 Fasciolopsis’ normal life cycle. 


Note that the adult is the only stage that “normally” lives in 
the human (and then only in the intestine). Fasciolopsis depends 
ona snail, called a secondary host, for part of its life cycle. But 
when your body has solvents in it, the other five stages can 
develop in you! 

If propyl alcohol is the solvent, the intestinal fluke is invited 
to use another organ as a secondary host—this organ will 
become cancerous. If benzene is the solvent, the intestinal fluke 
uses the thymus for its secondary host, setting the stage for AIDS. 
Wood alcohol invites pancreatic flukes to use the pancreas as a 
secondary host. This leads to pancreatic dysfunction which we 
call diabetes. If xylene (or toluene) are the solvents, I typically 
see any of four flukes using the brain as a secondary host. If 
methyl ethyl ketone (MEK) or methyl butyl ketone (MBK) are 
the solvents, the uterus becomes a secondary host and 
endometriosis a likely result. 

This is a new kind of parasitism, based on pollution. I call 
the diseases caused by fluke stages in inappropriate locations 
Fluke Disease; it is discussed in more detail later (page 249). 

‘Are tapeworms and roundworms affected by solvents thi 
way, too? This is a fascinating and very important question, 
Search for the answer and help others search for the answer. I do 
not know yet. 
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Pollution 


Pollutants are all the dead things around us that should not get 
into your body because they interfere with its work. As long 
they don't penetrate your tissues, they won't interfere, like plast 
eyeglasses and clothing. But if they are invasive, your body must 
fight to remove them. 

Pollutants can invade your body via the air you breath, the 
foods and beverages you eat, and the products you put on your 
skin, 


The biggest tragedy is not recognizing 
when a pollutant is harming you. 


Two people can use the same face cream. One develops a 
rash, the other does not. The one who did not assumes the cream 
not harmful to them...that they are like a bank vault, impreg- 
nable to that product. A better assumption is that the face cream 
somewhat toxic, as evidenced by the rash that can develop, 
and they escaped the rash only because they had a stronger im- 
mune system. The immune system is like money, paid out of the 
bank vault, for every toxic invasion, When the money is gone, the 
bank (your health) fails. 


Solvent Pollution 


Solvents are compounds that dissolve things. Water is a use- 
ful, life giving solvent. Most other solvents dissolve fats and are 
life threatening, because fats form the membrane wall around 
each of our cells, especially our nerve cell 

‘The solvent that does the most harm is benzene. It goes to the 
thymus, ruins our immune system, and causes AIDS. The next 
worst solvent is propyl alcohol It goes to the liver and 
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ancer in some distant organ. Other major culprits of 
sease are xylene, toluene, wood alcohol, methylene chloride, 
and trichloroethane (TCE). I'll discuss each one later, with the 
ailment it 


Metal Pollution 


chemists know that a mineral in raw element form always 
inhibits the enzyme using that mineral. Copper from the meat and 
vegetables you eat is essential. Inorganic copper, like you would 
get from a copper bottomed kettle or copper plumbing, 
carcinogenic’. Unfortunately, the inorganic form of metals is what 
pervades our environment. We put metal jewelry on our skin, eat 
bread baked in metal pans, and drink water from metal plumbing. 

Another obvious metallic threat is tooth fillings. Mercury 
amalgam fillings, despite the assurances of the American Dental 
Association, are not ometimes the mercury is polluted 
with thallium, even more toxic than mercury! Gold and silver 
seem to have fewer harmful effects, but no one should have any 
pure metal in or on their body, 

Other prevalent toxic metals include lead and cadmium from 
soldered and galvanized plumbing, nickel and chromium from 
dentalware and cosmetics, and aluminum from food and drink 
and cooking pots. 


cans 


SHaleem J. Issaq, The Role of Metals in Tumor Development and 
inhibition. From Carcinogenicity and Metal lons, volume 10, page 61, 
of a series called Metal lons in Biological Systems, edited by Helmut 
Sigel, 1980. 
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Mycotoxins 


Molds produce some of the most toxic substances known, 
called mycotoxins. One small moldy fruit or vegetable can pol- 
lute a huge batch of juice, jam or other product. Although molds 
are alive, and can be killed by zapping, mycotoxins are not, and 
must be detoxified by your liver. 

But because mycotoxins are so extremely poisonous, a tiny 
amount can incapacitate a part of the liver for days! 

Aflatoxin is the most common mycotoxin I detect. It is pro- 
duced by molds that grow on quite a variety of plants. For that 
reason I am always cautioning people to eat only perfect citrus 
fruit, and never drink commercial fruit juice. Of the thousands of 
oranges that go into the batch of orange juice you drink, one is, 
sure to be moldy, and that is all it takes to give your liver a 
setback. 

A heavy dose of vitamin C helps the liver recover quickly. It 
also helps get rid of aflatoxin before it is consumed, right in the 
food container. So keep a plastic shaker of vitamin C powder 
handy and use it like salt on all your food. 

There are thirteen other mycotoxins I have searched for in our 
foods. They are described in the section on moldy food (page 
381) 


Physical Toxins 


Breathing in dust is quite bad for you so your body rejects it 
by sneezing, coughing, spitting up and out. Imagine breathing in 
broken glass particles. They cut into the lungs in a thousand 
places and couldn't be coughed up. They would travel. Imagine 
swallowing a needle or open pin. If the tip was blunt it could 
move through the intestine. But because it is sharp it gets caught 
in your tissue, then works its way deeper and deeper. 
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Would we ever knowingly breathe in broken glass? We are 
justifiably afraid of it in our food or under our bare feet. We are 
unaware that it fills our homes when fiberglass insulation is left 
imperfectly sealed off. Any hole made through the ceiling or 
wall, even if covered with cloth, lets swarms of broken glass bits 
into the house air. Air currents flow inward, into your living 
space. So all holes leading to the attic or insulated spaces must. 
be sealed airtight. Of course, fiberglass should never be used 
home construction, draperies, or around water heaters. The best 
advice is to have it all removed while you are away and then 
vacuum and dust. 

Occasional exposures by house builders working outdoors 
does much less harm. Chronic exposure from a single small hole 
in the ceiling does a lot of harm, leading to cyst formation. And 
that cyst is a perfect place for para: 
multiply. When the intestinal fluke settles there it becomes 
malignant! 


Cancer patients with solid tumors have either fibergla 
asbestos in them. 


Asbestos is another tiny bit, sharp as glass, that moves 
through your body like a swordfish, impaling your cells until it, 
too, gets routed into a cys 
‘We have been led to believe that we no longer have asbestos 
our homes because we have outlawed the fireproofing mate- 
s it was used in, While that may be true, the source I find most 
often is all too prevalent: the clothes dryer belt. As it gets hot the 
belt releases a blast of asbestos particles that are forced through 
the seams of your dryer, and also openings in your exhaust hose, 
by the high pressure formed inside. It is now in your air. 
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Chemical Toxins 


Chlorofluorocarbons (CFCs) or freon is the refrigerant in 
air conditioner and refrigerator coils. CFCs are suspected 
ing the ozone hole above the South Pole. All cancer suf- 
st positive for CFCs in their cancerous organ! I have 
preliminary evidence that it is CFCs that attract other pollutants 
fiberglass, metals, PCBsto form a growing tumor instead of 
allowing their excretion. This would make it a “super car- 
cinogen.”. How could you detect CFCs lea your home? By 
the time your air conditioner or refrigerator needs recharging, 
you have been exposed for a long time. We desperately need an 
inexpensive, in-home test for this unsuspected killer. 

Arsenic is used in pesticide. Why would we poison our- 
selves along with the cockroaches? Is it because we can't see it 
happening? Just as we couldn't see the fiberglass floating in the 
air? Our diligent s 
poisoning in great detail. Then why are we allowed to put it on 
‘our lawns to be carried into our carpets via shoes? 

Polychlorinated biphenyls (PCBs), oily compounds with 
wonderfully useful electrical properties, were ori 
transformers until their inability to break down into less toxic 
our environment was spotlighted. Banned from us: 
T find them in most commercial soap and detergents! 
transformer oil being disposed of by selling it to soap makers? 

Formaldehyde is used to cure foam. As a result, foam fur- 
niture, pillows and mattresses give off formaldehyde for about 
two years after manufacturing. If you sleep with your nose buried 
in a new foam pillow all night, you are risking major lung 
problems 

Every cleanser in your house probably has a toxie warning on 
s label. Every fluid your automobile uses is toxic. Every 
pesticide, herbicide and fertilizer you put on your lawn is 
probably toxic. Every paint, varnish, wax, lubricant, bleach and 
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detergent will send you to the hospital if even a small amount is, 
ingested. Why do we keep them around? See Recipes (page 513) 
for safe, old-fashioned, alternatives. 

If you are ill even after zapping, it is toxins still at work. 
Getting rid of them is a major step toward being well. 


Al 
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| DONT THINK WE SHOULD 


LET HUMANS INTO THE HOUSE. 
WELL GET ALL THEIR Parasites, | YEAH, | JUST CAN'T 
GET RID OF THis, 
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What if you invented a device that could search people for 
the presence of mycotoxins (extremely toxic substances made by 
food molds)? And what if you found that although many people 
had them, those who were sick with a cold always had at least 
‘one of them. Would you ask whether a sudden buildup of 
mycotoxins is what really lets colds develop? Why do some 
people in the same family get the cold while others do not? 


+ What if you found everyone with cancer had the human 
intestinal fluke in their liver, and no one else did? 

+ What if you found everyone with diabetes had the pan- 
creatic fluke of cattle in their pancreas, a 

+ What if you found everyone with em 
tested positive for Fasciola (sheep liver fluke) in their 


liver? 
+ What if you found everyone with asthma tested positive 
for Ascaris in their lungs? 


What if you always found every mysteriously il 
person had some unsuspected parasite or 
pollutant? 


‘The device is the Syncrometer™, and these “what ifs” are all 


true. They forced me to alter my entire outlook on what really 
causes some of our “incurable”, mysterious diseases. 

We used to believe that diabetes was caused by over con- 
sumption of sugars, a cold by a virus you caught from some- 


Apply the Solder 
When the joint is hot, apply solder to the side 
opposite the iron. The solder should melt and 
start to flow into the joint. 


Let it Flow 

Apply just enough solder to ensure a good 
joint, then keep the heat on while the solder 
wicks up between the pin and the pad to make 
a good electrical bond. 


Let it Cool 

Remove the iron and allow the joint to cool 
a undisturbed. 

, 

“v 


Problems? 
The last page of this guide illustrates a number of common soldering problems with advice 
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body, cancer from carcinogen exposure, depression from poor 
parenting. This multicausal concept is what made the study of 
medicine so difficult that only a few could undertake it. And 
every year new syndromes are added to the list of human ill- 
nesses. 

But these diagnoses are based on a description of what 
happening at a particular place in your body. This is like calling 
a mosquito bite behind the ears by one name and a mosquito bite 
behind the knee by another name. If you never see the true cause, 
4 mosquito at work, this system could be excused as somewhat 
sensible. 

‘And, until now, the profession of medicine has made some 
sense, The new truths, however, make the old descriptive system 
obsolete. You can now find the true causes of all your illnesses. 
And you can find them yourself by building the electronic 
diagnostic circuit (page 457)! 

‘Once you have seen a mosquito at work on your body you no 
longer need to go to the doctor for a red, itchy bump. You don’t 
need to search for the correct diagnosis and an appropriate drug, 
You put up screen doors and windows! 

‘Once you have seen how common house dust is implicated in 
the common cold you get rid of the house dust. Once you have 
seen the mold in your food facilitate the cold virus you throw out 
that moldy food. But only seeing is believing. Nothing is left to 
faith. The electronic resonance method described in this book 
will let you see all these things for yourself. 

‘You are not a hapless pawn attacked by bacteria and viruses 
that dart at you from nowhere to make you ill. You are not at the 
mercy of diseases all around you, hoping, by chance, to escape, 
like a soldier hoping to come home from the war. Nature and 
your body make good sense. 

There is no disease that can outwit you if you know enough 
about it. Not even Lou Gehrig's disease! Nor asthma or diabetes. 
Read how the people in the case histories made themselves 


How We REALLY GET SICK 


well. Read why some people failed. You have an advantage they 
did not have. Their instructions were hard to carry out because 
they had to have faith in them. You don't. You can replace faith 
with your own hard headed observations by building the 
diagnostic circuit (Syncrometer). The great convincer is seeing it 
yourself. When you personally find the mold in your peanut 
butter, or Shigelia in your cheese, you have the knowledge, not 
faith, that convinces and guides you. 


All illness comes from two causes, 
PARASITES and POLLUTANTS. 


Only two causes! This is what 
it possible for you to cure yourself. 

We have been taught that illness is largely our own fault. That 
it is due to “catching something”, not eating what we should, like 
roughage or vitamins, or not doing what we should, like dressing 
properly, exercising or going to bed on time. Somehow, it's our 
‘own fault. Either by doing something we shouldn't or not doing 
something we should. When absolutely no fault can be found we 
are told it's in our genes! True inherited diseases are extremely 
rare, Our genes have evolved over millions of years to produce 
healthy humans. Nor are genes that mutate during your lifetime at 
fault, Pollutants, which are known to be mutagens, are the real 
culprits. 

Neither the parasites nor the pollutants in you are “your 
fault”. Notice that other people all around us are doing the same 
things or not doing the same things, and even share our genes and 
don't have our illness. The current concepts on disease causation 
blaming our actions and our genes are simply not logical. 

But until now they appeared logical. Suppose 1000 people 
were bitten by a mosquito or flea, it would always be in a dil 


nplifies the picture to make 
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ferent place, and if you were using the location and effect system 
to diagnose the problem you could have a thousand diagnoses 
listed for them, including a defective gene. Could you be 
persuaded to accept a gene replacement for your red itchy 
bumps? The new gene might be for antihistamine production so 
the welts don't become large, red and hot, or lead to impetigo. If 
you were the research doctor, you might be tempted to alleviate a 
thousand persons’ distress with a new gene. Fortunately, you are 
not and only need to solve your own problems. You can be more 
logical 

After you have found the parasite interlopers hiding in your 
body you can kill them electronically. And after you have iden- 
ified the pollutants stuck in your organs you can stop eating them, 
breathing them or putting them on yourself. In response, your 
body will begin to heal, just as surely as a mosquito bite he: 

Heal from multiple sclerosis, emphysema, myasthenia? Yes! 
Some healing will be swift. Some healing will be slow. Healing 
is not understood. It is much faster in young persons. But fast or 
slow you know it has begun. It will be an exciting adventure to 
watch yourself lose your symptoms and get stronger. 


Self Health 


The entire purpose of this book is to enable you to diag- 
nose and treat yourself for any disease. You have three new 
approaches that make this wish a reality: the understanding that 
only pollution and parasites make you sick, the quick and inex- 
pensive diagnostic circuit that lets you find which pollutants and 
parasites they are, and the zapper or herbal recipe that kills the 
parasites. 
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Wouldn't it be nice not to have to go to the doctor for your 
aches and pains? And not to be dependent on the doctor to diag- 
nose and treat you? 


Self health means keeping yourself healthy. Doing it your- 
self. 


Suppose your doctor has already diagnosed you as having 
‘Atypical Lateral Sclerosis” or “Shoulder-Hip Girdle Metas- 
table Aplasia.” Could you re-diagnose this for yourself so as to 
treat and cure it? And be successful? Why not? You have already 
succeeded in many enterprises. You leamed to talk, walk, read, 
get along with people. These skills took a few years to master. 
Learning to keep well is a new skill. It may take a few years too, 
After you have learned these skills you may pass them on to your 
children, And so a new gift is given to humanity, like the gift of 
music or the art of coo! 


How To Heal 


Your body has been trying to rid itself of its parasites and 
pollutants all your life! It had its own ways. It made stones, it 
made mucus secretions, it made itself toxic dumpsites. The 
were good tactics but now of course, they are no longer neces- 
sary. Can you help your body get rid of these accumulations and 
sweep itself clean again? 

‘Sweeping your liver clean is the most powerful way of 
helping your body to heal itself after the parasites are gone. 
There are thousands of bits of “trash” accumulated in the liver 
bile ducts. They will turn into stones (gallstones) if left in place. 

The kidney, too, has made numerous small stones in its effort 
to keep your body clear of lead, cadmium, mercury and 
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other impassable pollutants. You can assist the kidney to expel 
all these. 

In days, not weeks or months, you can feel the healing effect 
of clearing gallstones and kidney stones from your body. But 
there are miles of bile ducts (50,000 ducts) in the liver; the 
herbal recipes that do this are used over and over, patiently, until 
all, the “t in take several years. 

So, although you can stop your disease very quickly from 
progressing, the healing process may not be complete for years. 

Nevertheless, you are healthy again. This means your pains 
are either gone or greatly reduced. Your organs are functioning 
better. You have a new sense of well being. Your energy is up. 
Your desire to live and accomplish something is back. 

Organs that have been damaged beyond the ability of our 
simple methods to reverse can be treated with the magic of 
modem surgery. Cataracts, bunions, old injuries are examples. 
Possibly, these too, are “stone” formations. But no recipe has 
been found to clear them up simply and in a useful time frame. 


Killing parasites, removing pollutants and clearing gallstones 
and kidney stones from your body is a powerful combination of 
treatments, It is so powerful you can change yourself into a new 
person in half a year. And then go on improving for years more. 


Should you stop taking your prescription medicine while you 
are treating yourself” NO. Wait until you have cured yourself’ of 
the condition that required the medicine. Reduce your medicine 
and eventually go off it. Will your doctor approve? Find one that 
will. Remember that the medicine is buying you the time to cure 
yourself, something to be grateful for. 
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The Road To Wellness 


To review our new understanding of health v Se: 
+ We have only two problems: parasites and pollutants 
Parasites are things that live on us, using up our food and 
giving us their wastes. Pollutants are toxic things in us 
making it difficult for our organs to do their work. These 

two things are responsible for all our other problems. 

* Our bodies have been trying to rid us of these by making 
stones, making secretions, giving us swellings, inflamm: 
tions and benign tumors. We develop deficiencies and 
abilities. 

+ Finally, some permanent damage is done. Our hair turns 
gray, we develop cataracts, the spine bends, nerves and 
muscles die. We weaken, 

Our strategy to undo all this will be a logical one. 

First, we will kill all parasites, bacteria, viruses and fungi 

Second, we will remove the toxic molds, metals and chemi- 
cals in our foods and body products. 

Third, we will clear away and wash away the stones, secre- 
tions and debris already formed, that hinder healing. 

Fourth, we will use herbs and special food factors to hasten 
healing, being very careful to use pure products. (These act more 
quickly when given intravenously but the emphasi 
will be on oral consumption.) 

Finally, for repairs that are beyond our abil 
seek help from health and medical professionals. 

What could be more exciting than finding the tremor is out of 
your arm or the pain is out of your shoulder? Won't it be ad- 
mirable to correct your pulse and your high blood pressure, by 
yourself? What an adventure it could be to get rid of all your 
warts, 
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But getting rid of pain seems like a first priority to me, since 
pain often undermines our morale, our initiative to do things, 
even our interest in getting well! 


Many of our ilinesses are caused by unsuspected sources. | have 
found pigeon tapeworm in humans, for instance. 

Fig. 9 Feed animals out of your yard and away from where 
children play. Their wastes contain pathogens. 
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Pain From Toe To Head 


I would rather die than endure excruciating, unrelievable 
pain, That puts pain at the very top of my priority list. 

Fortunately for us, pain killers are at hand to get us through it 
and buy us the time it takes to solve the real problem behind it. 

The pain killing industry also brought us the addiction in- 
dustry. As we turn to electrical pain killing the need for addicting 
drugs should decline. There are other very useful pain killers: 
cupuncture, massage, listening to music, feedback devices, 
contemplation, hypnotism, and prayer. 

But we will focus on getting rid of the cause of pain and 
healing the organs that are in pain so none of these methods are 
needed. 

Iam not talking about the pain of a broken bone, twisted 
ankle, bee sting or sunburn. I am not talking about the pain of a 
misaligned vertebra or stretch trauma in your leg muscles or arm 
muscles. I am referring to pain that is in one of your organs and 
refuses to go away. For example, arthritis. Other pains are 
headache, foot pain, elbow pain, hip pain, chest pain. All of 
these may have special names like rheumatoid arthritis, cluster 
headache, fibromyalgia, bursitis, tennis elbow and so on, but they 
are all the same phenomenon, 

Knowing that parasites and pollutants are the real culprits, let 
us get right down to the job of finding out which they are, where 
they come from, and how to get rid of them. 

The parasites that cause pain are not the large ones, like 
worms or amoebas. Nor are they the very tiny viruses. They are 
bacteria. Bacteria are the right size to get into the doorways of 
our cells. Our cells try to keep their doorways tight-shut but, of 
course, they have to open to let food in, or hormones, or other 
ignals, If bacteria are swarming around the outside of cells, 
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some will manage to slip into a doorway while it is open. A 
battle begins. The cells refuse to let the bacteria in. The bactei 
refuse to let go of the door latch. There is probably a speci 
electrical attraction between them and an exact physical fit. The 
body's extra forces, the immune system, are called in to help 
quell the invasion, The bacteria multiply as fast as they can, 
There is swelling. There is heat produced. There is pressure 
against other organs. All together it is called inflammation and 
infection. 

‘The answer is not to deinflame with drugs (like the cortisone 
variety). The answer is not to reduce swelling or body tem- 
perature. The answer is certainly not pain killer. The answer is 
to kill the bacteria, (Even this is not the ultimate ans 
must stop the source of the bacteria and your body's invitation to 
be invaded. We will get to this later.) 

So Step One is to search for the bacteria nibbling at our 
painful regions and identify them. This gives us the clue to 
finding their source. Step Two is to exterminate them electri- 
cally. Within minutes they fall out of the doorways to our cel 
Your white blood cells are waiting for them, and will gobble 
them up in a grand feast. 

But, remember, there is another cause of pain, pollutant 
Step Three is to find the pollutants and identify them becaus 
this gives us a clue as to their source. Step Four is to eliminate 
our pollution sources. And the job is done. Pain is gone. 

‘An intriguing question will pop into your head as you search 
your organs for parasites and pollutants. Which came first? 
Pollutants can jam their way into your cell's doorways too. Does 
this allow the bacteria to swim in? Or do the bacteria come first, 
jamming open the doorways so the pollutants can enter? Both 
seem possible. Maybe both events go on simultaneously. Perhaps 
that is why bacteria and pollutants are always seen together. 
Viruses can land on your cell's doorways, too, and cause viral 
diseases, but they are not as often pain producing. 
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You will also notice something, as you keep testing and 
watching over your health. Your body is very good at killing 
bacteria and viruses. Your body kills them faster than a wave of 
a magic wand! The only ones that get away are those that are 
stuck in doorways and ‘channels with pollutants in them! This 
seems like evidence that pollutants do the gate-opening. But it 
isn't proof and we must keep all possibilities in mind. 


Fortunately we do not have to know exactly how parasites 
and pollution make us sick in order to get well. 


Searching For Bacteria 


In order to find which organs have the bacteria and which 
bacteria are present you will need to lea the new technology 
that makes all of this possible. This technology is a simple 
electronic circuit that is capable of trapping frequencies in such a 
way that you can hear them, Your body's frequencies, the fre- 
quencies of bacteria, viruses and parasites are all different and 
can be heard as distinctly as a mooo, baah, tweet, or oink 
coming from a farm yard. 

But do you have to do all that? 

No! You don't. You could simply electrocute all these tiny 
invaders. But how would you know what to avoid in the future? 
If your pain returned how would you know if it was the same old 
bacteria or a new one? 


Learning to test takes the guesswork out of 
diagnosis. 
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My hope is that you will find it all so intriguing, so abso- 
lutely fascinating, that in spite of some chronic pain, you will feel 
compelled to make the searches yourself. Find someone willing 
to help. Trade your information. It is less difficult than learning 
to use a computer. 


What You Will Find 


First we will study and cure pains of all kinds, starting with 
the toes and working our way up the body. We don't need to be 
very specific about the location of the pain since bacteria and 
toxins flow over to nearby locations anyway. 

For each kind of pain, we will look into the causes so you 
can eliminate them, Pain could come back in an hour if you didn't 
know the bacteria were coming from cheese and you had a 
cheese sandwich after zapping (killing parasites electrically). In 
fact, the pain may not have had time to go away before the next 
onslaught begins and you might conclude, wrongly, that this 
method doesn't work. 

Parasites might also come back to your specially painful 
place from a few far away places that are hard to reach by your 
zapper's electrical current. The inside of your eyeball, the testi- 
cle, the interior of gallstones, the middle of a tooth abscess or the 
bowel contents are such places. Your zapper current, because it 
is high frequency, prefers to “go around” these items, rather than 
through them, But with repeated zapping, and herbal parasite 
treatment, you can decimate them, too, and stop reinfecting the 
rest of your body. 
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In fact, it is such knowledge about reinfection and sources of 
our pollutants that is the most important contribution of the case 
histories. 


After dealing with pains we will tum our attention to the 
diseases that aren't pain producing, like diabetes, myasthenia 
gravis and so on. 


Toe Pain 


The ends of your feet get the poorest “service” from your 
blood supply. They are the furthest away. The blood here has the 
most accumulated acid and the least oxygen supply. The body 
produces quite a bit of uric acid and this should, of course, be 
excreted into the bladder by the kidneys. But if the kidneys are 
doing a poor job of this, levels in the body and blood stream rise. 
The blood can only hold so much. It holds even less in acid 
conditions such as the ends of your feet experience. Uric acid 
begins to settle out or precipitate at our feet. 

Hippuric acid, too, is found where pain is found. Hippuric 
is made in large amounts (about I gram/day) by the liver 
because it is a detoxification product, It makes no sense to con- 
sume benzoic acid, the common preservative, since this is what 
the body detoxifies into hippuric acid. Read all labels on food 
you buy. Don't buy any beverages or baked goods preserved with 
benzoic acid. Citric acid is fine. The joints of the big toes are 
favorite places for pain to develop. This is made even worse 
when circulation is poor. Take a cayenne capsule with each meal 
to improve circulation. If you cannot find your pulse just below 
your inner ankle your circulation is poor. 

‘The accumulation of uric and hippuric aci 
feed on them. As bacteria multiply the ti 


invites bacteria to 
ue fights back with 
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inflammation, Now the stage has been set for pain. Some people 
do not have pain although these acids and other deposits are 
present making their joints knobby and unbending. Bacteria have 


not found them yet or haven't multiplied sufficiently 
invade your ti 
If you have toe pain your course of action is th 


2. 


. Diss 


them to 
well. 


sues. Perhaps there are other reason: 


Kill all bacteria possible with your zapper. Repeat daily 
until no further benefit is seen. 

Ive the deposits away. An herbal recipe, quite elabo- 
rate, is capable of doing this. It is called the Kidney 
Cleanse (page 549). Toe deposits are made of the same 
crystals as kidney stones, which is why the Kidney Clean: 
works for toe pain. But because these deposits are far away 
from the kidney, it takes longer than merely cleaning up 
kidneys. It may take six months to make a significant dent 
on these deposits. This will at the same time remove kidney 
crystals so that these are no longer a source of bacteria. 


. Get teeth cavitations cleaned (cavitations are bone infec- 


tions in the jaw where a tooth was pulled; it never healed; 
see Dental Cleanup page 409). This can “magically” stop 
the toe pain the same day as they are cleaned. The effect 
lasts for days afterward showing it is not the dental anes- 
thetic that is responsible. It also teaches you that the bacte- 
ria in the toes can come from the teeth. But pain may return 
s other bacteria find the deposits. 


. Clean the liver of stones using the Liver Cleanse (page 


552). This, too, can give immediate pain relief in the toes 
showing you they are a source for bacteria. Liver cleaning 
may take you two years to complete! Meanwhile your toe 
pain is receding. And, of course, this pays extra dividends 
in health for your body. 
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5. Reduce the acidity in your toes. First, check your a 
with pH paper meant for testing urinary pH, called Ni 
trazine™ paper. Ordinary pH paper, as for fish tanks 
almost as accurate and will serve as well. Tear a Ysinch 
piece and hold it in the urine stream, Early morning is the 
time your urine is most acid. If this reads below 5.5 your 
feet must have been even lower in the night (lower is more 
acid). 


Once deposits start, it is hard to stop them. If they start 
1g at 2 am., they are likely to continue for several hou 
even if the pH goes back up to normal, Your tactic will be to go 
to bed with an alkalizing action, Taking a calcium and magne- 
sium supplement at bedtime, drinking milk at bedtime, using 
baking soda at bedtime are all remedies to be tried. They should 
raise your urinary pH to 6 in the morning, 


Balance Your pH 


Most persons with painful deposits anywhere in their feet 
have a moming urine pH of 4.5! At 4.5 it is safe to guess that a 
Jot has precipitated again in the night. During the day, your body's 
pH swings back and forth. The urine gets quite alkaline right after 
ameal; led the alkaline tide. Three meals a day would 
bring you three alkaline tides. During these periods, lasting about 
an hour, you have an opportunity to dissolve some of your foot 
deposits. But if you allow your pH to drop too low in the night 
you put the deposits back again. The net effect decides whether 
Your deposits grow or shrink. 

To alkalinize yourself at bedtime, choose one of these op- 
tions: 


1. Two oyster shell tablets, equaling 750 mg. of calcium plus 
a magnesium oxide tablet, 300 mg (see Sources). The 
magnesium helps the calcium dissolve and stay in solu- 
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tion, Taking more calcium at one time is not advised be- 
cause it cannot be dissolved and absorbed anyway and 
might constipate you. For the elderly only one calcium 
tablet is advised. Take calcium tablets with vitamin C or 
lemon water to help dissolve (M4 tsp. vitamin C powder; 
adding honey is fine) 

2. One cup of sterilized milk or buttermilk, drunk hot or cold, 

plus 1 magnesium oxide tablet, 300 mg. (adding cinnamon 
is fine). 
If these two remedies work for you, your morning urinary 
pH will come up to 6.0 but if for some reason they don't, 
you need to take more drastic measures. Take the supple- 
ments and milk earlier in the day and reserve bedtime for: 

3. Yap. baking soda in water. This is sodium bicarbonate. 
But don't use baking soda from a store because most brands 
Thave tested are polluted with benzene! (See Sources for 
safe baking soda.) Using a combination of sodium and 
potassium bicarbonate in a ratio of 2:1 is actually a much 
more healthful potion. You can make your own or ask a 
pharmacist to make it for you, Mix two parts baking soda 
and one part potassium bicarbonate (see Sources) in a jar. 
Keep tightly closed. Label it sodium potassium 
bicarbonate alkalizer (this potion is also very useful in 
allergic reactions of all kinds). Take 1 level tsp. in water 
at bedtime. If your pH reaches 6 in the morning continue 
each night at this dose. If it does not, take 1¥atsp. Keep 
watching your pH, since it will gradually normalize and 
you will require less and less. If you are using plain baking 
Soda, instead of the mixture, watch your pH each morning, 
also, so you can cut back when the pH goes higher than 6. 


Persons with a limit on their daily sodium intake must care- 
fully count the grams of baking soda consumed in this way 
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Each tsp. weighs about 2 grams, of which half (I gram or 1000 
milligrams is sodium, The sodium/potassium mixture would only 
give you half as much sodium (Y4gram per tsp.). By comparison, 
the usual daily intake of sodium is about 5 gm., although salt 
eaters consume twice that amount. 

You have done five things to pull the rug out from under the 

bacteria living in and around the deposits in your toes. Now 
when you kill bacteria with your zapper, you can expect the pain 
to go away and stay away. 
i the base of toes may be painful due to a neu- 
and bacteria here are even more painful because 
s the location of nerve centers. If the build-up is large, you 
may prefer some surgical help or a cortisone shot rather than 
wait several years for solid relief. 


Foot Pain 


This kind of pain does not involve as much deposits as toe 
pain and is therefore easier to clear up. But trauma to the foot is 
more important. First, even though your shoes are comfortable, 
change them. Get wider shoes, longer shoes, lower heels. Alter 
nate two pairs of shoes ina single day. In your home take shoes 
off, 

Keep feet very warm. Wear natural fiber socks, not synthet- 
ics. If your circulation is poor, take a cayenne capsule with each 
|. When circulation is moderately poor, your feet get cold 
easily, When circulation is very poor, the heart pulse cannot be 
felt in your feet (take your pulse just below your inner ankle). 
Again: 


+ Get teeth cavitations cleaned (Dental Cleanup, page 409). 
+ Do the herbal Kidney Cleanse (page 549). 
+ Kill parasites and bacteria with a zapper. 
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+ Then clean the liver (page 552). 

* Check body pH in the moming upon rising using Ni- 
trazine™ or other pH paper. Correct it as discussed in Toe 
Pain. If the urinary pH is 7 or higher, it means you have a 
bladder infection. Treat it immediately (page 101). 


If there is any swelling around the foot or ankle, you are 
“holding water.” It may be called edema, This is due to poor 
adrenal and kidney function. The adrenals are located on top of 
the kidneys and together they regulate how much salt and water 
stays in your body. Because they are situated so close together, 
they share their parasites and pollution. When the kidneys form 
kidney crystals the flow 
through the kidney tubes is S} i 
hindered, and less water and 
salt can leave the body. It 
stays in your tissues as A 
edema 

The kidney herb recipe 
will dissolve the crystals. 
But you must remove toxins 
such as metal from tooth 
fillings and kill parasites. 
Continue doing the Kidney 
Cleanse after the original six Fig. 10 Your kidneys with the 
weeks is up until all foot adrenal glands sitting like hats 
pain and edema are gone. on top. The ureters lead to the 
Continue killing your tiny bladder. 
invaders with a zapper 
twice a week. You may need to cleanse the liver several times, 
too, before all the pain and edema are gone. 

‘The supplement, pantothenic acid (see Sources), is particu- 
larly good for feet. Take 500 mg three times a day for several 


60 


PAIN FROM Tok To HEAD 


weeks to see if it helps. Massage and reflexology are also good 
for them. 


Heel Pain 


‘Sometimes heel pain is due to heel spurs, sometimes it is not. 
Heel spurs are due to deposits. The usual heel deposits are uric 
acid and various phosphates. Uric acid deposits become a 
breeding ground for bacteria. The phosphates give the deposi 
rigid structure that is hard to dissolve. You may have to choose a 
pain killer, get specially built “orthopedic” shoes, or stop your 
daily walks to get relief from the piercing pains. These will not 
cure the problem but may “buy you some time” while you make 
basic changes in your lifestyle. 

Stop drinking tea and cocoa because they contain oxalic acid. 
Stop drinking coffee, decaf’, fruit juice and soda pop because 
they are contaminated with solvents. All of these mu: 
detoxified by your body and eliminated by your kidneys 
should spare the kidneys these extra tasks when we wish them to 
clean up heel spur deposits. You must first dissolve the deposits, 
then help the kidneys eliminate them. 

To dissolve them, you alkalinize your body's pH, watching 
over it carefully with pH paper or Nitrazine paper. To help kid- 
neys eliminate them, use the Kidney Cleanse and drink lots of 
water. Only water, not a beverage, helps the kidneys to eliminate. 


Drink a pint of water upon rising in the morning, and a pint of 
water between meals. 


Do not buy “special” water. Use your cold tap water only. If 
you don't like the taste of your own tap water, get it from some- 
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body else’s tap. Use only glass or reused polyethylene jugs. 
Polyethylene is opaque, not clear. It has already lost its plasti- 
cizer into the water that stood in it earlier. (Somebody drank it!) 
Purchased water has traces of solvents from machinery and 
sterilizing equipment used in its bottling. Your own tap water 
not pure (indeed it may have 500 toxic elements), but it never 
contains solvents in amounts I can detect. 


‘Traces of solvents are worse than traces of other toxins, 


Water filters are not the solution. They trap the pollutants 
and then allow a tiny amount to enter the water on a daily ba 
Chronic toxin consumption is much worse for your health than 
periodic surges of toxins. You can use a smali filter, that gets 
changed every month without much risk. This would dechlorinate 
the water, at least, and improve the flavor. The pitcher variety (it 
should be made of hard, inflexible plastic) and the faucet variety 
are listed in Sources. 


Bottled water is popular, 
and tasty, and has appealing advertising, but it is just not safe 
Why is it easier for everyone to spend dollars per day, for the 
rest of their life, buying water instead of insisting that their water 
pipes are metal-free? 


‘Another reason not to drink water from bottles, however 
convenient, is that it is stagnant and is soon contaminated with 
‘our own bacteria from contact with mouth or hands. Staphylo- 
coccus (Staph) and E, coli are commonly seen, The solution 
not to add still more chemical disinfectants, the solution is 


drink from a flowing source, such as our faucet 
carry water, use glass containers; plas 


to 
If you must 
ic is porous and much 
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more difficult to wash clean (sterilizing in a dishwasher is ef- 
fective, though). 

By drinking a total of four pints of water in a day, the kidneys 
will notice the assistance. (Any single herb tea without added 
salt or sweetener counts as water.) The urine will stop having 
any odor and will become very light colored. This is especially 
important while you are dissolving the heel deposits since your 
body is now carrying these in the circulation, 

Killing bacteria with a zapper may give you instant pain re- 
lief and is, of course, beneficial to your body. But you can't ex- 
pect the pain to stay away until the deposits are gone and the 
source of bacteria is also removed. Go after the usual sources: 
teeth and stones. Another source is dairy food contaminated with 
Salmonella and Shigella bacteria. Sterilize all of it by boiling. 
Even the amount put on cereal in the moming or used in 
scrambled eggs is enough to reinfect you! Butter and heavy 
whipping cream also need boiling. Stop eating yogurt and cheese 
which can't be boiled. 

Phosphate deposits are a mixture of three phosphates: 
monocalcium phosphate (CaH2 PO,), dicalcium phosphate 
(CasH PO,) and tricalcium phosphate (Ca; PO,). They are 
formed by eating too much (way too much) phosphate relative to 
calcium, 

Our high phosphate foods are meats, carbonated beverages 
and grain products like rice, cereals, breads, pastas and nuts. 

The body's normal elimination tactic for phosphate is to 
combine it with calcium and magnesium in order to neutralize it 
first. Unneutralized phosphate is very acidic and would burn the 
delicate kidneys. But where shall the calcium and magnesium be 
taken from? Magnesium is often in very short supply since it 
comes from green vegetables in the diet and is not stored up in 
any special organ. So it falls on calcium to be used for this pur- 
pose since it is stored up (in your bones and teeth). 


63 


Common Soldering Problems 
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The Ideal Solder Joint 


The ideal solder joint for through-hole components should resemble the diagram below. 


Wetting Angle: 


40 to 70 degrees ‘Smooth, Shiny 
From horizontal Se Concave Surface 


The photos that follow show some common soldering problems, with suggestions for repair 
and prevention: 
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The acid condition created by phosphates dissolves your 
bones and allows large amounts of bone structure to be washed 
‘out with the urine: this can be directly seen with an analysis of 
urine (you can ask your doctor to order this at a lab). If you catch 
all the urine in a 24 hour period you can measure all the calcium 
you have wasted. You should not lose more than 150 mg 
in a day because this is all you can absorb in a day!" If you do 
Jose more than 150 mg in a day, you are dissolving your bones at 
a fast clip. This also means there is too much calcium in your 
blood and lymph, from dissolving so much bone so quickly. 

Once you have dissolved your bones it is not so easy to put 
the calcium back into them. Your body will try to put it back as 
soon as possible—as soon as your acid condition is gone. But 
four bones can't do this without vitamin D. Vitamin D may 
come from” sunshine and from vitamin D in milk but it isn't that 
imple. Vitamin D must be activated by your kidneys before it 
can go to work! Remember, though, it was the kidneys that had a 
problem in the first place, allowing deposits to form! With old 
kidneys, clogged with crystals, hampered by heavy metal and 
mold toxins, and beleaguered by bacteria and parasites, is it any 
wonder that sunshine and vitamin D fortified milk don't supply 
large amounts of activated vitamin D? It takes large amounts to 
put back into your bones the large amount of calcium that 
dissolved out during the acid state you put yourself in by over 
consuming phosphate food. 

If you can't put the calcium back into your bones promptly 
where is it to go? It may attach itself to tissues that were never 
meant to be used this way. Your arteries fill with “scale,” your 


cium, 


“You absorb 5 to 10% of what you eat. If you eat 1 gram (1000 
mg) you absorb 50 to 100 mg. But you absorb 25-40% if it comes from 
milk! 
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kidneys form calcium phosphate crystals, heels form spurs, joints 
become knobby with deposits. 

Young persons and children, with healthy unclogged kidneys, 
make-that is, activate~ample vitamin D, so even if they consume 
too much phosphate and develop an acid condition that dissolves 
their teeth and bones, they can put the dissolved calcium back 
in its proper place. They don't develop hardened arteries, heel 
spurs, and knobby joints, at least not at first. Their bodies can 
take a considerable amount of abuse without showing it. 

In general, people eat way too much phosphate. Meat eaters 
eat too much meat. Vegetarians eat too much grain, Most eve- 
ryone drinks phosphated beverages. In this way we set the stage 
for hardened arteries, joint disease, calcified tissues that no 
longer have flexibility. We all get kidney crystals that become 
stones. This is aging. All these deposits invite bacteria to live in 
them and on them, creating pain. 


Old age and pain go together as if they were true partners. 
Yet it is just the result of bad food choices. 


Try to undo as much of this false aging as possible. 
1. Reduce your meat consumption. Switch to fish which 
supplies calcium in the tiny bones. It is true, these bones 
are made of calcium phosphate and one might expect, 
logically, to be getting a less effective calcium source. 
Logic isn't necessarily biologically correct. The bones of 
fish work nicely as a calcium source and their phosphate 
content is not too great. Such a diet has worked for many 
primitive societies. Further, I have never seen a case of 
mercury toxicity from eating fish; amalgam tooth fillings are 
our truly signi 


65 


‘THE CURE FoR ALL DISEASES 


2. Reduce your grain consumption. Instead of cereal for 
breakfast, add fruit and reduce the cereal to half. Cut bread 

mn in half. Cut pasta consumption in half. Cut rice 
and corn consumption in half. Eat more bananas and other 
fruits. Eat more vegetables; always choose potato (not 
potato chips) instead of rice or macaroni, Always choose a 
leafy sal 
salad bar ask yourself: is this wheat, rice or com? If so, 
choose potatoes or other vegetables. Choose coleslaw. 
Choose mixed fruit. You don’t need to go off the grains, 
only reduce them to improve your condition, 

3. Take vitamin D as a supplement, Nothing less than 40,000 
units has any real impact by the time there are problems 
This strength is available by prescription only (usually 
50,000 units, which is close enough). To avoid getting a 
polluted product, ask your pharmacist to follow the recipe 
on page 560. (In the past some cases of poisoning by 
overdosing resulted in this regulation. If you overdose you 
will get joint and muscle pain and nausea but it is reversi- 
ble.) Take one a day (not more), for the first three weeks, 
then two a week forever after. 

4, Finally, toss the carbonated beverages right out of your diet 
or make your own (see Recipes). It is not the carbonation 
that is harmful, itis the added phosphate. Drink water, herb 
teas, homemade fruit and vegetable juices, milk or 
buttermilk, 


Milk, like fish, is full of calcium in the form of calcium 
phosphate. Again, logic might speak against the effectiveness of 
this form of calcium. Again, logic is wrong. Evidently, the cal- 
cium and phosphate story must be much more complex than I am 
depicting here. 

Milk works best as a calcium source, in spite of its phosphate 
content, Possibly the lactose and other complexities of 
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composition contribute to this. My recommendation when de- 
posits have formed anywhere in the body, such as heel, toe, ar~ 
teries, joints, is to switch to milk as a beverage. Compare the 
calcium level of your urine before and after the switch (allowing 
several weeks first). Also compare calcium levels in your blood 
serum. It should move towards normal. This means up if it is too 
low (below 9.2). It means down if it is too high (10). If you are 
monitoring the effectiveness of the kidney herb recipe in 
dissolving away your phosphate crystals, notice that drinking 
milk keeps them from reforming. Taking calcium tablets does not! 
‘Taking nothing lets them reform the quickest. 


‘The milk must be 2% or higher in butter fat to be effective. 


With your body fluids at their proper acid level, with your 
kidneys able to flush out acids, with heavy metal toxins no longer 
settling in, with your bone-dissolving stopped, your heel depo: 
can shrink. Bacteria have no place to feed and breed. You 
Kill them several times more with your zapper to catch stragglers, 
And your heel pain becomes history. Be careful not to bruise the 
sensitive tissue with too much walking or running immediately 
after the pain is gone. Wear cushioning socks and well cushioned 
shoes. 


‘Names in the case histories have been changed to ones of the 
same sex, picked at random from a telephone directory. Other 
facts may have been altered in non-essential ways. 


‘Walter Jones, a man of 67, was diabetic for 14 years. His feet and 
upper legs hurt so much for the past 13 years he could barely 
shuffle along now. They were also cold and clammy. The herb, 
juniper berry was added to the Kidney Cleanse recipe to make it 
even more effective for him and he was advised to stop smoking, 
using alcohol, and caffeine. He also started the parasite kiling 
program (at that time an herbal parasite program was being used 
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instead of a zapper) and a liver cleanse that yielded several hun- 
dred small gallstones. Three months from his firs visit his legs 
were better and feet OK, although he still had some trouble waking 
due to pain in upper thighs. 


Dinah Sagun, a minister's wife, had a lot of walking and standing to do 
besides traveling a lot. She had knee surgery 15 years ago to re- 
move deposits but now they were getting bad again. Also her heels 
were sore. My tests showed she had phosphate and oxalate 
deposits in her kidneys. She was started on the Kidney Cleanse 
followed by the parasite program. She stopped using benzene 
polluted items, especially her Chap Stick™. Her diet was changed 
to include milk and leave out store-bought beverages. In 4/2 
months her heel pain was gone along with the bad headaches we 
had not even started to work on. 


Julie Fernandez came with a list of 10 serious problems including foot 
pain and ankle swelling. Her urinalysis showed crystals. My test 
showed they were uric acid crystals. Her parasites included Tri- 
chinella, There was a house cat. Her toxic metal test showed tel- 
lurium and platinum accumulation from metal dentaware and 
arsenic from pesticide. She was to start on a Kidney Cleanse and 
add the parasite program two weeks later. She was to remove all 
roach hives and other pest killers from her house and arrange for 
dental metal replacement. At her third visit, four weeks later, she 
could walk without pain although she stil had Trichinella and ar- 
senic problems. Two months later she was aching all over again 
and her kidneys hurt. She stil had Trichinella and some dental 
work to do. She was to do a 5-day high dose parasite treatment 
and treat the cat also and repeat the kidney cleanse. This relieved 
her pain. 


Dorothy Shelley had numerous pains including foot pain in the arch, 
lower back pain and cramps with her period. She had oxalate and 
uric acid crystals in the kidneys so was started on kidney herbs. 
‘Three weeks later her foot pain and low back pain were gone. 


Paul Longtin had toe cramps, calf cramps, and heel pain. After cutting 
down on smoking, quitting caffeine and soda pop and taking niacin 
(250 mg time release; 1 capsule each meal and upon rising in 
morning) and doing a kidney cleanse, all in three weeks, he was 
much improved and didn't even need his arch supports. 
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Juan Onley, age 58, came for his gout in both feet and one hand. He 
could hardly walk, in spite of soft shoes and pain killer. It started 7 
years ago. He also had prostate pain and couldnt sit comfortably. 
My tests showed his kidneys were full of uric acid, oxalate and 
cystine stones. His prostate was full of Gardnerella and Campylo- 
acter bacteria. His wisdom teeth were harboring plantar wart #4 
virus and Coxsackie B4 virus. Gardnerella often comes with fiuke 
parasites and indeed he had intestinal flukes in his kidney! He be- 
gan with the kidney herb program, then the parasite killing pro- 
gram. It took five months to clear them all. Then he could walk and 
sit without pain. 


Leg Pain In Children 


It is commonly accepted 
as normal(!) in children to 
have pain in the shins or 
calves of the leg. They may 
even be called “growing 
pains.” Children may cry 
with the pain and never teil 
anyone the reason for 
crying. It happens mostly 
after napping. This may be 
caused by cramping of the 
leg or spasms of the blood 
vessels. Lead toxicity is a 
common cause of both. Test 
for the presence of both 
lead and cadmium in the tap 
water. Only your own 
electronic tests are helpful. Fig, 1) All disposable diapers 1 
Water department tes tested had mercury and thallium! 
much too crude. These toxins can be absorbed 

If either poison is through babies’ skin. 
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found, test the water supply from each faucet in the house, in the 
moming, before it has been run. Find the offending sources, 
change the water pipes to polyvinyl chloride (PVC). 

Also search for thallium or mercury in the child's saliva, I it 
is there, remove all dental metal. Stop using all comme 
disposable diapers, dental floss, cotton swabs and bandage: 
they are polluted with mercury and thallium probably from 
manufacturing them in foreign countries where it is legal to 
sterilize with mercuric chloride. Test again, several times, after 
plumbing or dental work has been completed. To relieve pain: 

+ immerse legs in warm water 

+ massage legs gently 

+ give 25-50 mg niacin, not time-release, to dilate blood 

vessels. 


Leg Pain In Adults 


Leg pain in adults is usually associated with cadmium or 
thallium, Cadmium is present in tap water that runs through cor- 
roded galvanized pipes. The cadmium is probably a contaminant 
of the zinc used for galvanizing. Test the water, electronically, 
for cadmium. If you have all copper pipes but there is cadmium 
in the water, there must be a short piece (a Y or a T joint) made 
of old galvanized pipe lurking somewhere. Track it down by 
testing water from all your faucets. 

Cadmium causes the blood vessels to spa 
worse by smoking, that's why the condition is s 
Smoker's Leg. But extremely painful le 
thallium poisoning more than any other cause! 

It is very important to know exactly how toxic thallium is. 
Read the clipping on page 417 right now! 


are due to chronic 
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Where would you ever get thallium? From your very own 
mouth! The mercury in fillings is often itself polluted with thal- 
lium! Replace your amalgam fillings with composite. 


Bandages 


Sanitary napkins and tampons 


Flos ‘Toothpicks (the one on the right is ten 
years old and had no mercury or 
thallium) 


ae lee 
J ol | 


Sel ES ee 


Fig. 12 Do not use any 


commercial personal products, the risk of pollution is to0 
great. 
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Thallium has another source: it is riding along as a pollutant 
in cotton swabs, cotton balls, commercial bandages, toothpicks, 
floss, gauze, sanitary napkins, tampons, disposable diapers, and 
paper towels. Evidently these are being sterilized with mercur 
ch, in turn, has thallium pollution, 


+ Line disposable diapers with a tissue 

+ Line sanitary napkins and pads with a tissue 

+ Use the polyester puff in the top of vitamin bottles in place 
of cotton balls. Twirl some around a plastic stirrer for a 
swab. 

+ Use pieces of tissue and masking tape for bandages. 


Use cheesecothin place of gauze. Use monotilament fish line 2 oF 4 Ib. test) 
for toss 


Fig. 13 Safe substitutes for personal products. 


If you do have thallium in your white blood cells and you 
haven't used toothpicks, etc. earlier in the day, then it is in your 
tooth fillings and you have no higher priority than getting the 
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amalgams out. Find a dentist immediately who will remove 
them, drilling deeply and widely not to miss a speck of it, thereby 


getting the thallium out, too. You cannot cure your leg p: 


without removing thallium. 


Leg Pain Protocol 


Stop smoking. 
Repair plumbing. 

Do dental cleanup and chelate out the mercury and thallium 
that has gotten into your tissues with EDTA (see Sources). 
You will need to find a chelating doctor; ask a friendly 
chiropractor to help you locate one. Or at least take thioctic 
acid 100 mg, (2 three times a day) and vitamin C (5 gm or 
one teaspoon) daily for a month, 

Take magnesium oxide 300 mg (take 1 twice a day). 

Take niacin, as much as you tolerate—time release varie- 
ties are less effective. Try 50 mg with each meal 
Change your diet to reduce phosphate and include 
(sterilized). 

Do the herbal Kidney Cleanse (page 549) followed by a 
Liver Cleanse (page 552). 

Zap yourself on alternate days at bedtime. If this zapping 
makes no difference whatever, your problem is purely 
spasms. But if you get relief, even if it's very short lived, 
you must have killed something. Bacteria must come from 
somewhere. Concentrate your efforts on dental health and 
better diet. 


Jean Booth, age 30, had sore, tired legs and severe three-day head- 


aches. She would get stabbing pains in back of her thighs. After 
we found thallium and mercury in her kidneys she did a Kidney 
Cleanse and got all her metal tooth filings replaced. She then felt 
fine for one year. Suddenly she got fatigue and heavy legs again 
with stabbing pain at the outer thigh. She had seen a neurologist. 
Her chiropractor suggested it was leftover mercury so she came 
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Disturbed Joint 


‘A Disturbed joint is one that has been 
subjected to movement as the solder was 
solidifying. The surface of the joint may appear 
frosted, crystalline or rough. 


Often called a ‘Cold Joint’. They can look similar 
to a true cold joint, but the cause is different. 


Repair: This joint can be repaired by 
reheating and allowing it to cool undisturbed. 


Prevention: Proper preparation, including 
immobilizing the joint and stabilizing the work in 
a vise can prevent disturbed joints. 
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back to us. Indeed, she was toxic with lead, mercury, thallium, but 
her dentist could not find the leftover metal in her mouth. Three 
cavitations were cleaned; she was put on thioctic acid; eight va- 
rieties of bacteria and viruses were Killed with a frequency gen- 
erator and her legs became well again. Our test showed thallium at 
4 teeth, but it was not a big enough deposit to show up on dental 
X-ray. She may eventually choose to have these redrilled. 


Charlie Snelling was a picture of pain: pain 
in arms, elbows, shoulders, wrist, 
hands, chest, low back, legs, knees, 
and feet. He was started on kidney 
herbs and a few pains were reduced. 
He was toxic with cadmium so he 
changed his plumbing to plastic. How- 
ever, he continued to be toxic with 
cadmium and thallium throwing suspi- 
cion on his numerous old tooth filings. 
He got them all replaced and cavita- 
tions cleaned. He used our frequency 
generator to kil beta Streptococcus, 
Pseudomonas, Troglodytella and 
Staphylococcus aureus all of which 
were under one tooth (#15). A year 


Fig. 14 Tooth num- 


later he stil had bouts of leg pain. He bering system. 

still had numerous bacteria under his teeth because the jaw bone 
was not healing. He had not been taking vitamin D, nor magnesium 
nor drinking milk for the necessary calcium. But he had improved 
‘enough to go back to work full ime. 


Victor Abhay, age 16, could no longer play in high school sports be- 
cause of knee pain. It began “with a virus” and high temperature 
two years ago. His knee started to bother him after that. He had 
cysteine kidney crystals and four parasites: Cryptocotyl, human 
liver fluke, Echinococcus granulosus cyst and Echinostomum 
revolutum in his white blood cells. He was to start the kidney herb 
recipe and follow this with the parasite program. Five months later, 
when we next saw him, his knee was fine. 


Kim Murphy, 45, had painful legs, feet and knees. They also were 
swollen and itched. She was parasitized by Trichuris, (dog whip- 
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worm). She also had tapeworm stages (Taenia pisiformis) and 
intestinal fluke in the intestine. She started on the kidney herbs, 
followed by the parasite program. She stopped using zitconium- 
containing products (deodorant) and barium (lipstick). She stayed 
out of bus exhaust. (She knew she was allergic to diesel exhaust.) 
In one month her leg pain and itching were gone; slight swelling 
remained, 


Nancy Tong, 80's, had edematous legs. In fact she could get no 
stockings on. They appeared like pillars with no taper at all. She 
was on diuretic medicine from her doctor. It kept her blood pres- 
sure down but she was losing ground with water excretion. This, 
raised her general toxicity (blood BUN") which made her feel bad 
most of the time. Yet she drank enough water, curtailed her salt, 
used no caffeine and had no really bad habits. She had to wear 
several pads for incontinence. We found she was toxic with cad- 
mium and lead, which were probably responsible for her huge ac- 
cumulation of kidney stones. The metals were in her tap water and 
she was unable to resolve this problem since she lived in a senior 
citizen center. We advised her to move, or to have her tap water 
carried in, but she could do none of these. Although the situation 
was hopeless, she did the kidney cleanse, parasite killing program 
land changed her metal rimmed glasses and wrist watch to plastic. 
‘She gained enough ground from these improvements to be able to 
wear elastic hose and thereby give some physical assistance to 
her body. This encouraged her to do a liver cleanse. She had a 
headache with the cleanse but immediately afterwards she fit into a 
smaller size “Keds’ (elasticized stockings). A half a year from the 
beginning, her legs had taper to them: she didn't even mind 
wearing a dress. 


Fibromyositis and Fibromyalgia 


When pain is widespread, not just in joints or legs but 
many muscles and soft tissues of your body your doctor may call 
it fibromyositis or fibromyalgia. 


SBUN stands for blood urea nitrogen. It is a body waste and is 
normally kept low by the kidneys 
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For bacteria to get all over your body, they must be riding 
along with parasites that get all over your body. Microscopically 
xy roundworms can do this. 


Trichinella is the most common ~F, 
cause of these diseases, but sometimes 
Ascaris larvae or hookworms or Ui 


strongyle larvae are the main culpi 
‘These wormlets bring hosts of bacteria 
with them, — mainly “Sireps” 
(Streptococcus varieties) and 

(Staphylococcus varieties), Z@ 
also “Clostridiums” (Clostridium Fig. 15 Trichinella 
varieties) and ‘Campyls” larvae settled in mus- 
(Campylobacter varieties). The cles 
bacteria are probably the pain causers. By killing all bacteria— 
Staphs, Streps, Clostridiuns and Campyls—using a zapper, you 
may get relief for one hour! 

By killing Trichinella and Ancylostomas (worms) first, fol- 
lowed by the bacteria, you may get relief for several hours. By 
killing the parasites and bacteria in every household member and 
the pets at the same time and by never puting your fingers to your 
mouth, you can expect permanent pain relief. It is interesting to 
speculaie why the other family members, who are also infected 
with these tiny roundworms don't develop fibromyalgia. Pethaps 
the larvae stay in the intestine or go to the diaphragm (causing 
coughing) or the eyes (causing “lazy” eye muscles). Perhaps they 
merely anemia. Trichinella, hookworms and_strongyles 
are extremely difficult to get rid of in a family. 

‘These roundworm larvae undoubtedly cross the placenta into 
the unborn child during pregnancy, too. So they can be 
“inherited.” Try to clear up the whole family before the next 
pregnancy. 
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Clearing up pets of these parasites is even harder. The best 
advice is to give your pets away. They will continue to harbor 
them even though they are on a pet parasite program. It is im- 
possible to stay free of the parasites your pets have: they will 
move to your soft tissues immediately, giving you the bacteria 
and inflammation again. 

The next most important advice is to keep fingers out of your 
mouth (read Hands, page 397). None of these parasites enter 
through your skin (this is in spite of teachings that hook-worms 
enter this way), you must put them into your mouth somehow! 
Consider your mouth off limits to anything but food and kissing, 

Finally, if there is a baby in diapers in the family, be patient. 
When diapering days are over you will have less bowel contact, 
giving you an opportunity to finish your own treatment. Mean- 
while, wash fingernails in Skin Sanitizer (see Recipes) after 
cleaning up children's bowel movements, diapers and yourself. 
Use borax liquid for soap to leave an antibacterial residue on the 
skin, 

Try to identify your parasites before killing them so you can 
be on the lookout for them in the future. Get slides or dead cul- 
tures of various pathogens and search in your white blood cells. 
If you can't do this, at least save a saliva sample of your own; 
keep it frozen or preserved. Also make a saliva sample for your 
pet. This gives you specimens to test yourself for later. You 
won't know which parasite is in this saliva specimen, but if you 
ever test positive for it again you will know you got it back. Then 
zap yourself. 


Brenda Byrd was diagnosed with myofibrositis two years earlier at the 
age of 36. Her blood test showed triglycerides slightly high (152 
mg//DL), indicating the beginnings of urinary tract problems. Her 
urinalysis stated “hazy” (hazy with bacteria or crystals) instead of 
lear urine. It also listed white blood cells, red blood cells, and a 
few bacteria present in her urine. Our tests revealed mercury and. 
numerous other heavy metals distributed in her thyroid, stomach, 
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kidney, lungs, bones and bone marrow. She was also full of beryl- 
lium (usually from “coal oil’) contained in the hurricane lamps she 
kept in every room. She had numerous parasites, including 
Strongyloides and hookworms spread through her body tissues. 
‘She was thrilled to learn how to get her health back and started 
with the dental problem. 


Marcia Cochran, 36, had muscles twitching all over her body. It was 
diagnosed as fibromyalgia. Her joints were tender and her chest 
felt ‘tight.” She had bronchitis twice a year. She was on Amytryp- 
taline™ for muscle twitching and Bentyl™ to calm the intestine 
(spastic colon). She had depression with it and was on medicine 
for that. It all started with fever and chils that she thought was the 
flu but after they went away, she was left wth a tremor. Sometimes 
she felt that litle electric shocks were going through her. She had 
Ascaris and hookworm larvae widespread in her body. She had 
sheep liver flukes in her liver. She was started on the parasite 
program. She was also toxic with PVC and tellurium (dental metal) 
The PVC was traced to plastic storm windows applied to the inside 
of the window and to new shower curtains. Two months passed 
and she had not solved any of her problems. Then she did her first 
liver cleanse and got over 100 stones out. This instantly reduced 
her fibromyalgia to occasional attacks. She was so encouraged 
she decided to go ahead with dental cleanup. 


Joint Pain or Arthritis 


Two main kinds of arthritis are recognized clinically, os- 
teoarthritis and rheumatoid arthritis. In osteoarthritis the joints 
have bacteria left there. In rheumatoid 
arthritis the bacteria come from larger parasites—wormlets ac 
tually living in these joints. The worms are the common little 
roundworms whose eggs hatch into microscopic wormlets that 
travel. 
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Fig. 16 Hookworms, strongyles, and whipworms. 


We have four common roundworms: Ascaris, hookworm, 
Strongyloides, Trichinella, Their life cycle normally direct 
them to travel to the lungs but in some people they travel through 
the entire body, including brain, muscles and joints. More 
research is necessary to explain this. My suspicion is that there 
are toxins, like mercury, thallium, cadmium, lead, as well as 
solvents, distributed through the body, lowering immunity and 
allowing the tiny larvae to reside there. Once the pathway 
(routing) to these organs has been established, it continues to be 
used by other parasites as well. Soon a variety of parasites, their 
bacteria and viruses, and pollutants are all headed toward these 
organs. 


Osteo or Common Arthritis 


When joints are painful it is a simple matter to kill the bac- 
teria with an electronic zapper. Treat yourself with a zapper 
daily until the pain is gone. Maybe it will stay away, but chances 
are the bacteria have a steady source. 

‘The most common source for Staphs and Streps are small 
abscesses in the jaw bone, under and beside old extractions, root, 
nals and mercury fillings. You may get immediate pain r 
just from a dental cleanup, and again disappointment may follow. 
Staphs and Streps are such ubiquitous bacteria, they may come 
not only from jaw bone infections but from gallstones, kidney 
stones and other parasites. The correct treatment for ar- 
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thritis is a complete overhaul of body health: a diet cleanup, a 
body cleanup, and environmental cleanup. 

Start with the herbal parasite program and zapping. Follow 
this with a kidney cleanse, then liver cleanse. If any toxin is 
overlooked, especially asbestos and fiberglass, it is sure to find 
your joints and permit bacteria to return and cause pain. Make 
sure to correct your body acid levels after doing pH measure- 
ments of the urine (page 57), 

Arthritic deposits contain a large amount of phosphates 
combined with calcium. This calcium came from some other 
bone, such as the base of your spine or the wrist. Here the bones 
are getting weaker due to this calcium loss. Calcium was taken 
‘out of your bones for the simple purpose of neutralizing the ex- 
s phosphate in your diet. Reduce phosphate consumption 
‘oda pop, grains) by half, eating fish, milk, vegetabl 
instead, Drink three cups of milk a day. If you are al- 
lergic to milk, do several liver cleanses, switch brands of milk, 
use milk digestant, and use it in cooking and baking. Cheese and 
cottage cheese are not substitutes for milk (the calcium stayed in 
the whey), Dairy products must be boiled before consuming and 
should be no less than 2% butter fat. It takes bile to make calcium 
absorbable, yet milk with less than 2% butterfat does not trigger 
the gallbladder to empty its bile at mealtime. 

If you are not used to dairy products, start slowly and work 
up gradually to the 3 cups a day needed. 


Carol Lachance was diagnosed with arthritis of her back and knees. 
(She had spurs in both places.) She was positive for Trichinella, 
Ascaris and Dirofilaria (she also had pain over the heart). They 
had an outdoor dog. Her blood test showed a high phosphate and 
alkaline phosphatase level showing she was dissolving her bones. 
After changing her diet to include milk, extra oyster shell calcium 
(one a day), magnesium oxide and vitamin Bg, and reducing her 
meat and grain consumption her phosphate level went down to 
normal (below 4). She did the kidney cleanse and liver cleanse as 
well as parasite program but stil had pain. A toxic element test 
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revealed lead in her bones. It was traced to a drugstore variety 
muttvitamin tablet she had taken daily for years. When she 
stopped these and added prescription vitamin D (50,000 units) for 
three weeks to help her bones heal she got relief 


Gail Hildebrand, age 62, had painful arthritic hands and gum disease. 
She had 12 parasites free-loading on her and was toxic with as- 
bestos. This was traced to her clothes dryer. Four months later, 
after killing parasites, her hand pain and gums were much better. 
‘She had the dryer vent taped up tighter and this got rid of her as- 
bestos problem. She started on kidney herbs and in one month 
saw that her enlarged knuckles were beginning to go down. 


Norma Littrell, age 53, came in for her severe arthrts of six years. Her 
knees, shoulders and hands were painful. | explained to her that 
painful shoulders did not belong to the arthritis picture but had a 
gallstone etiology which she could easily fx in a single night at a 
later time (liver cleanse). She also had mid-back, upper back and 
lower back pain; again the upper back pain belonged to the liver 
problem. She had tricalcium phosphate kidney crystals as well as. 
uric acid crystals. She was told to go off coffee (no decaf either), 
decrease her meat and grain consumption (phosphate) and in- 
crease milk and use 
stone ground cornmeal 
products (genuine stone 
ground torillas as well as 
pickled pigs’ feet are high 
in utlizable calcium). She 
started on the kidney 
herbs. In 33 days her low 
back pain had improved a 
lot, she could wash her 
‘own hair again and she 
could sit down and get up 
from her living room floor 
without pain. She was 
elated but we fila 
recommended less stress 
than such exercises for her joints 


Fig. 17 Stone ground corn tor 
high in calcium. 


Patricia Robinson, age 76, had pain in her knees, feet, lower back, 
hands and wrists. Also in her shoulders and upper back which is 
not part of the arthritis 
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picture. She had swollen putty eyelids which is a telltale sign of 
Ascaris. She had heartburn, cold feet and insomnia as well as high 
blood pressure. She was on several medicines. We started her on 
the kidney recipe and omithine (four to eight as needed at 
bedtime) for sleep. We hoped she could stop her Ativan™ drug 
soon. She was to go off coftee, tea and decats. Her hands were 
knotted and misshapen at the joints, also tender. Two months later 
there was litle change; her doctor had put her on Prozac™ and 
she hoped that would do a lot for her (so she stopped the kidney 
herbs) but it didn't. The parasite test stil showed Ascaris and she 
was started on the parasite program. We also found fluoride (from 
toothpaste), iridium, samarium and palladium, all from her tooth 
implanis. She was to remove as much metal as the dentist could 
replace, clean cavitations, and take thioctic acid, 2 a day, to help 
clear metal from her body. In four weeks the sharp pain in her 
back was gone and in three more weeks the pain in her hands was 
gone. 


Lynne Snyder, 72, had pain in every joint and had to be on pain medi- 
cine to keep moving. Her potassium level was very low (3.6—an 
adrenalkidney problem), and she was started on kidney herbs, 
carrot juice, vegetable juice and bananas. In ten days she could 
feel some new energy but her pains were terrible, especially her 
knees. She was taken off tomato juice, cranberry juice, citrus, 
pepper (she was using a lot), and given buttermilk as a beverage 
which she enjoyed. After three weeks of kidney herbs she was 
started on parasite kiling herbs. In another month her arthritis was 
much better. She was not on any pain medicine and could get to 
sleep without it. She thought it was mostly going off pepper that 
helped. 


Rheumatoid Arthritis 


When inflammation and swelling affect your joints, besides 
pain, it is called rheumatoid arthritis. In addition, a blood test 
may reveal “rheumatoid factor” to be present. In this case, the 
common tiny round worms have invaded your joints. These are 
Ascaris, Ancylostomas, Strongyloides, and Trichinella. Their 
eggs are everywhere around us, in dust and dirt and the filth un- 
der fingernails and our own bowel movements. 
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Superior sanitation is your first defense. Rinse fingernails in 
alcohol after cleaning up bowel movements or changing diapers. 
Never, never, tolerate long fingernails in any family member. If 
this discipline can't be enforced, do not allow food preparation 
by “long nails” unless gloves are worn, He or she may not be 
getting ill (yet) from the family parasites, but you are. Of course, 
you can kill them with a zapper (internally, not the ones under the 
nails) but that is after you have been infected. They are ea 
picked up again. It would be wise to zap for roundworms every 
week, just in case. 

Make sure your pet is treated with parasite herbs or by zap- 
per as well. A pet that goes outdoors will quickly (the very next 
day) bring these roundworms into the house again. Give away 
your pets if possible. 

Check for dental problems. Do the Dental Clean-Up (page 
409). Then do a Kidney Cleanse and Liver Cleanse. 

You may relieve your pain and begin to heal immediately 
after zapping but it is wise to do all the health programs, anyway 
Change your diet. Reduce phosphate, start using sterilized milk 
for calcium, Switch to fish from meats. Drink much more water. 
Use only harmless beverages (see Recipes) and foods. Switch to 
toxin-free body products. Live in a non-toxic house. Stay on a 
maintenance parasite program of herbs, and zap regularly. Stay 
on the kidney cleanse for three to six weeks and repeat a one- 
week session every few months to keep removing deposits which 
may also choose these sick joints to settle in, Knees are a 
favorite location for rheumatoid arthritis. Knees are very 
dependent on kidneys, 

To summarize, do everything as for osteoarthritis, empha- 
sizing the roundworm parasites for elimination, 
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Cold Joint 
A ‘Cold Joint’ is one where the solder did not 


melt completely. itis often characterized by a 
rough or lumpy surface. Cold joints are 
unreliable. The solder bond will be poor and the 


Repair: Cold joints can usually be repaired by 
simply re-heating the joint with a hot iron until 


\ ~ P08 the solder flows. Many cold joints (such as the 
[ ( one pictured) also suffer from too much solder. 
oad ‘es 


The excess solder can usually be drawn-off 
with the tip of the iron. 


Prevention: A properly pre-heated soldering 
iron with sufficient power will help prevent cold 
joints. 


© Adafruit Industries _https://lean.adafruit.com/adafruit-guide-excellent-soldering Page 22 of 35 


‘THE CURE FoR ALL DISEASES 


Allergic Arthritis 


A prominent food toxin that is said to affect knees is piper- 
ine, found in the pepper family which includes black and white 
pepper (not cayenne). The Solanaceae family of plants (potatoes, 
tomatoes, eggplant, tobacco!) also has a common “allergen” that 
produces joint pain. Try going off these for two weeks to see if it 
helps. Two more chemicals that can trigger arthritis-like pain are 
hippuric acid and phenylisothiocyanate (PIT). 

Your body makes large amounts of hippuric acid, up to a 
gram a day. It is the product of benzoic acid detoxification by the 
liver. Quite a few fruits contain natural benzoic acid. But we can 
easily triple and quadruple our benzoic acid intake by consuming 
commercial beverages and pastries where benzoic acid is used 
as a preservative. It is indeed a “natural” preservative. All of it 
must be detoxified, though, and this gives us way too much 
hippuric acid. The kidneys are unable to excrete such overloads 
of hippuric acid, so it distributes itself in our organs. I suspect a 
simple mechanism could explain its pain-triggering action: 
hippuric acid molecules could attach themselves to our cell’s 
conductance channels keeping the gates jammed open. This might 
invite bacteria and viruses to enter there. But there are 
hippuric acid-loving bacteria that feed on it. Perhaps hippuri 
acid can cause pain without the help of bacteria. This requires 
further study. It is only sensible for persons with chronic pain not 
to consume benzoic acid (or benzoate) preserved foods. 

PIT is a food chemical found especially in chicken, eggs, the 
cabbage family, peas. PIT is also part of the body's own chem- 
istry, taking place in the liver, and involving detoxification of 
cyanide-containing foods. Many vegetables, notably the cabbage 
family, contain such cyanides, giving them protection from 
insects, disease, and grazing a It can take the liver a 
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week to detoxify a meal full of these cyanides: in the meantime, 
PIT levels are higher in the body. PIT is very reactive. In fact, it 
the chemical used as a general reactant with amino acids in the 
well known Edman degradation reaction, But now, your body is 
the reaction flask, supplying the amino acids. Since all organ: 
supply amino acids, it is no wonder they can all react to PIT, 
giving you multiple allergic reactions and pains. 

If you have any kind of arthritis, stop eating the high-PIT 
foods and clean the liver until you are free of all allergies you 
are aware of, This suggests that the liver is capable, again, of 
detoxifying the cyanides for you in a reasonable time and you 
may eat them again. These foods do have many benefits, of 
course 

Joint pain, or arthritis, was known in antiquity long before 
dogs and cats were household pets and giving us their parasi 
Pigs and horses harbor these roundworms too and may have been 
the source at that time, 

Herbs and treatments that help arthritis are, therefore, plenti- 
ful. Maybe they act by killing roundworms, bacteria, and viruse 
or help metabolize hippuric acid and PIT. Homeopathic 
as well as massage, heat and electronic devices also 
help. With this wide range of effective treatments dating to the 
distant past, why is none of them a permanent cure? The answer 
simple. The common roundworms are everywhere about us 
sanitation is poor, and our civilized lifestyle leads to deposit 
formation that invites bacteria. But knowing this, you can stop 
your pain and remove the causes to become one of the first hu- 
mans to achieve a permanent cure 


Verna Plumb, age 46, was diagnosed with rheumatoid arthritis four 
years earlier. Since then she had been continuously on 
methotrexate™ and prednisone." This had caused her to gain a lot 
Cf weight from water retention. The drugs were no longer effective 
and she would need to do something else very soon. She had the 
typical causes: her body was toxic with mercury and nickel from 
tooth filings. Her kidneys were full of five kinds of 
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stones. She had numerous roundworm parasites including two 
kinds of Ascaris, two kinds of hookworm, Strongyloides and Tri- 
chinella. She would have to clean everything up to get relief. She 
started on the kidney herbs, kiled parasites with a frequency gen- 
erator and in two months noticed her swelling was receding. 


Camille Franklin had hands that were swollen and hot and painful. She 
also had ‘arthritis’ in shoulders and knees. We explained that 
shoulders were not part of the arthritis picture. She could deal with 
that in a single evening, soon. She also had bone spurs at sinuses 
which needed surgical removal. Her kidneys revealed tricalcium 
phosphate crystals. She was given a diet change: onto milk, fruits 
and vegetables, off other beverages, less meat and grains. She 
was started on kidney herbs. In five weeks all the swelling and 
redness and heat was out of her finger joints. 


Thigh Pain 


Inner thigh pain often stems from the sciatic nerve which 
suffering pressure at the lower back. If this is so, chiropractic 
adjustments should help. The correct treatment, after killing 
bacteria electronically, is to clean up the entire kidney area using 
the kidney herb recipe, 

If this is not the correct explanation, (and you're not getting 
pain relief) you may have a trauma—perhaps you overstretched 
your leg in some exercise. The minor trauma invited bacteria to 
settle there and give you pain. 

If the pain recurs after clearing it several times, there must be 
a chronic source of bacteria, Since the kidneys are already 
cleaned, consider the teeth, as well as recurring parasites, and 
the liver. Clean the liver every two weeks until 2000 or more 
stones have appeared and no more appear. This could take 1-2 
years. Be patient, Do a dental clean up. Keep killing the bacteria 
so they can't spread. And, of course, let the painful leg rest. 
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Hip Pain 


Hip pain is always due to bacteria. In fact, these bacteria 
regularly come from two sources: the kidneys and the teeth. This 
simplifies the treatment since neither of these places takes a long 
time to clear. 

Start yourself immediately on the kidney cleanse (page 549) 
to clean your kidneys. Continue on the recipe until the dental 
cleanup has been completed. Both must be clean together to stop 
exporting bacteria to the hip. 

The dental cleanup could take several weeks if extensive 
work is required. During this time, kill all parasites electroni- 
cally. Keep killing bacteria, especially Staphs, Streps, Clos- 
tridia, Campyls. 

The dental problem is not always on the same side as the hip 
pain, The jaw may be very fragile and porous, full of invading 
bacteria. Cleaning these cavitations may give immediate pain 
relief in the hip (proving the bacterial source). But getting the 
jaw bone to heal by taking up calcium again is not guaranteed by 
the cleaning process. 

Give your jaw bone every chance to heal: 

+ Start taking vitamin D (40,000 to 50,000 u.), every day for 
three weeks from the day of the dental work or before 
After this, take it twice a week forever. Do not take more. 

+ Take vitamin C (1+ gm a day) and B, (250-500 mg a day) 
for healthy gums. 

+ Get one gram of usable calcium in your daily diet. 


Bone Strengthening 


Vegetable calcium can't be dissolved by our stomachs 
(ruminants, like cows, can dissolve it—they have an extra 
stomach loaded with special bacteria who do the actual retriev- 
ing of calcium). Tablet-form calcium can't be dissolved well 
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either, especially as we age. We need predissolved calcium if a 
little is to go a long way. 

Primitive people who lived on fish or stone-ground meal ate 
4-6 grams of calcium a day." Even if only 20% of this got 
solved, they would still have about 1 gram of utilizable calcium 
for themselves. Chances are good they dissolved even more, 
since they were young (life expectancy was less than 50 years), 
Their skull remains show beautiful, ree teeth. They lived 
‘outdoors, mainly, so getting enough sunshine-derived vitamin D 
was not a problem. Their natural diet supplied enough vitamin By 
to protect them from UV (ultraviolet) damage from sunshine 
exposure. 

But these are civilized times. Our lives are stretched into old 
age, when our stomachs no longer produce enough acid to kill 
bacteria, nor to dissolve the minerals in our food. So they need to 
be dissolved for us. Milk is a beverage where the calcium hi 
already been dissolved by the other ingredients. The lactic acid 
in milk formed during digestion gives the calcium the correct 
chelated structure for absorption by the intestine. Even the 
participates in calcium absorption. Milk also contains phosphate, 
but not too much to be useful. I recommend milk 
source to heal the jaw bone after and before dental work. You 
need 1+ grams a day. One quart of milk has 1 gm (1000 mg) of 
utilizable calcium. You absorb only 250-400 mg. The rest is 
excreted and eliminated. Only the absorbed calcium can heal 
your jaw bone. Use milk in cooking as well as a beverage. The 
calcium in it is indestructible. 

Bones are not made of calcium alone. Magnesium i 
tial. Since magnesium is more soluble and easy to assimilate than 
calcium, the tablet form (magnesium oxide, 300 mg, see 


sen- 


Read Nutrition and Physical Degeneration by Weston A. Price, 
DDS first published in 1939. At least, gaze at the pictures. Ask your 
library to buy a copy, available from Price-Pottenger Nutrition Founda- 
(800) 366-3748. 
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Sources) will do. If you are not absorbing the magnesium it will 
stay in your intestine and act as a laxative. If this happens acidify 
your stomach during meals: always add fresh lemon, vinegar, or 
vitamin C to your food or drink to help digest milk and dissolve 
minerals for you. Boron (3 mg. once a day) and manganese (15 
mg. once a day) are additional bone hardeners. 

When your diet is improved, your dental problem is cleared, 
and your kidneys are clean, your hip pain will stay away and you 
can stop thinking about hip replacement surgery. 


Mary Hammond, 48, had two painful hips. She was diabetic and 
drinking five cups of coffee a day. She had Staphylococcus 
aureus infections under three teeth that she no longer had. After 
going off caffeine (caffeine may spread bacteria by making tissues 
more permeable) and getting some dental work done, her right hip 
stopped hurting. When cavitations were cleaned, her left hip 
stopped hurting too, but after a week the pain returned. She stil 
had parasites and their bacteria to kil. She had solvents to elimi- 
nate and a kidney cleanse to do but she was quite enthusiastic and 
enjoyed showing off how well she walked. 


Groin Pain 


Lymph nodes are situated here, as well as in armpits and 
around the neck. Lymph nodes are your best friends. They are 
hives of activity. Your white blood cells “nest” here. Lymph 
nodes sample your body fluids (lymph) at these locations, much 
like the water department and health department sample our milk 
and water, making sure they are pure and sterile. Of course, they 
never really are. But your white blood cells keep working. at it 
‘They are busy removing impurities like zirconium and titanium 
and pathogens like bacteria and viruses. 
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When an especially challenging dose of 
parasite or pollution arrives at the node, it 
enlarges, in order to handle the bigger 
sized task. This enlargement can be felt. It 
may press against other organs and you feel 
the pain of pressure in the groin. This 
should alert you, of course, to the danger. 
Kill the parasites and pathogens immedi- 
ately with your zapper. Start the 
cleanse. Stop using toxic product 
eating toxic food. If you are being effec- 
tive, the lymph nodes will begin to shrink 
in a few days, relieving the groin pain. If it 1] 
does not come back, you probably elimi- 
nated the main Butif it recurs, try to. rig. 18 Your Iymph 
diagnose it accurately. Test yourself for nodes are your best 
HIV and AIDS and then to pet saliva, dairy friends: 
products and other disease specimens. Stop 
reinfecting from humans or pets or dairy food. Assist your body 
by cleaning up your dentalware, and environment. Check all 
supplements for toxins before using them on a daily basis. (If they 
show up in your white blood cells a few minutes after eating 
them, there is a toxin.) If your groin pain doesn't go away, you 
probably missed something! 

There are other causes of groin pain, though, such as hernia. 
A physician will help you identify it. Have it surgically repaired. 
The Shouldice Hospital’ has the best surgical record and will 
disclose their statistics! You won't even need full anesthesia 
there. 


Pain from the ovaries is often felt near the groin. Sometimes 
a large cyst in the ovary puts pressure on the sensitive nearby 


*Shouldice Hospital, 7750 Bayview Ave. Box 370, Thornhill, On- 
tario, Canada L3T-4A3, telephone (416) 889-1125. 
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organs. The formation of cysts, cystic ovaries, is a common 
condition of cats, too, Obviously, something is not right in the 
ovaries. 

Ovaries make hormones: progesterone and estrogen. If 
bacteria (like Gardnerella, syphilis, gonorrhea) are living there, 
the ovaries are handicapped and may under-produce or over- 
produce some hormone. The first treatment should be to kill 
especially the flukes. Then kill all other parasites and 
ly Gardnerella and enteric bacteria which can 
migrate easily from intestine to ovary. In spite of all this, the cyst 
may not shrink. In order to shrink the cyst you must determine 
what is filling the cyst. Then stop filling it. The cyst will 
eliminate itself and shrink. 

Many kinds of pollution can fill an ovarian cyst. Test for 
CFCs and PCBs. Gold is another favorite. Particulate pollutants 
like asbestos and fiberglass are often put into cysts by your body, 
Your body is wise. If these can't be eliminated through the 
kidneys or bile, it will at least keep them all together (in the form 
of a cyst) the same way a toxic dump spares the rest of the 
landscape. As long as you are adding to it, it cannot get smaller. 
Fortunately, your loyal white blood cells are trucking toxins 
away from your cysts every minute of every day and night. All 
you need to do is stop adding. Remove dental mental, clean up 
your body, diet, and environment. 

You will notice shrinking of cysts in three weeks. What you 
actually notice is absence of pain, implying shrinkage. Mean- 
while pain relief by killing bacteria, herbal ovarian assistance 
(try wild yam), chiropractic, pain killers are all useful. De- 
congest the area by means of a kidney cleanse. If your cyst does 
not shrink you have missed the pollutants. After it does shrink, 
stay on a regular program of parasite killing, herbal or elec- 
tronic, and improved lifestyle. 
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Ovaries may be giving you pain even without a cyst present. 
By cleaning up parasites and pollutants you can eliminate it 
quickly; much more quickly than when a cyst has formed, 

Synthetic hormones (Provera,™ Premarin,™ Ogen,™ etc.) 
are often used to clear up ovary problems of various kinds. Don’t 
continue to use them when the need no longer exists. Although 
they have low toxicity, there are disadvantages such as the need 
for liver detoxification, and risk of heavy metal pollutants. 
Cancer acceleration has been seen when taking estrogens 


Low Back Pain 


We have been told that lower back pain originates 
herited weakness of the spine at its base because we humans 
walk upright instead of on four legs. And we have been told that 
the bony hooks that keep the spine aligned are flatter in some 
families, making it harder for them to hold the spine together. We 
are also told that “proper exercises” could have kept this part of 
‘our bodies strong so lower back pain could be avoided. 


in an in 


These theories become obsolete when, with- 
out surgery or exercise or change in posture, 
lower back pain can be made to disappear 
quickly and permanently. 


Acupressure massage and chiropractic can __bring 
“miraculous” relief. The most severely crippled lower back pai 
sufferer can shuffle lamely into a chiropractor's office and walk 
out normally, without pain or painkiller after treatments. So al- 
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though there has been slippage of disc or spine, apparently it 
goes back into place rather easily. 
If muscle relaxation is the clue, we must ask why these 


your whole body spasms and flinch 
a sliver or bit of broken glass is in your shoe. If you remove 
these objects, the leg can walk normally. 

Onxalic acid erystals are as sharp as broken glass. 
kidney cleanse (page 549) to dissolve them and other stones. All 
lower back pain can be cured by removing the sharp crystals in 
the kidneys. It takes about three weeks to dissolve them. In some 
very severe cases, it may take six weeks. 


Whether you have suffered a year or 20 years, the permanent 
cure is only weeks away. 


Our bodies make eight or more different kinds of kidney 
The oxalic acid variety is associated with sharp stab- 
bing pains. In its effort to eliminate this extremely vicious acid 
your body neutralizes it with calcium first to make calcium ox- 
alate. Your kidneys can keep a bit of calcium oxalate in solution. 
but not a Jot. The excess hardens into crystals. A glass of regular 
or iced tea (not herb tea or green tea) has about 20 mg* of oxali 
| way too much for kidneys to excrete. Tea is a toxic drink, 
very high in ox- 
sa beverage (as cocoa). 
Children should never drink tea or cocoa. Their delicate 
kidneys should not be faced with the daily burden of excreting 
large amounts of oxalic acid. And calcium used to neutralize 


“Taken from Food Values 14th ed. by Pennington and Church, 
1986, 
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s a precious nutrient. It should be 
dren’s bone development. 


Kinds. And by combining them into a grand herbal mixture you 
can be dissolving all varieties at the same time. 

Wherever oxalate crystals have formed, a particular bacte- 
rium, Proteus vulgaris, can be found. Does that bacterium 
somehow thrive on oxalate crystals? Or even help them form? 
Does Proteus itself contribute to lower back pain? Is lower back 
pain in reality two pains in one—the sharp jabbing of glass-like 
particles plus the inflammatory effect of bacteria? Fortunately, 
you can kill Proteus vulgaris electronically. 

By using your new diagnostic skills, you can test your kid- 
neys for crystals, The kidney stone varieties I have tested for are 
calcium oxalate, uric acid, cysteine, cystine, monocaleium 
phosphate, dicalcium phosphate, tricalcium phosphate. All 
these varieties can be dissolved by the herbal mixture. But all 
can be formed again in a week! 

To prevent oxalate formation stop drinking oxalic acid 
(eating oxalate rich vegetables is not significant—spinach, chard, 
thubarb and sorrel all have their place in the diet). Also take 
magnesium and Bg supplements (as directed in the kidney 
cleanse) 

To prevent phosphate crystals from forming, reduce phos 
phate consumption and drink milk as a calcium source. Keep 
your kidneys squeaky clean with herbs and copious water 
drinking. After drinking one quart of sterilized milk, two pints of 
water, one-half glass of homemade fruit juice and one-half glass 
of vegetable juice, there is little desire for additional beverages. 

Thave no understanding of what may cause eysteine or eys- 
fine stones (the genetic theory does not explain them either, 
considering that people without cystinuria make these stones 
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Since they are sulfur-containing, and I have seen them appear 
after taking sulfa-drugs, it may be wise to avoid use of suf 
drugs if you have a choice, or go on the kidney cleanse after 


Rosie Zakar, age 30, came to see us because her mother was cured 
of lower back pain so severe she could do no housework for 30, 
years. Rosie had the usual crystals in her kidneys: oxalate, urate 
land phosphates. She was started on the kidney herb recipe. In 
three weeks she was so much better she would have missed her 
appointment if she had not wanted to cure her digestive problem 
and fatigue too. 


Vera Vigneauit, age 32, came mainly for help in getting pregnant but 
she already had lower back pain and mid-back pain. If she had 
gotten pregnant before clearing this up, she might have developed 
eclampsia and high blood pressure which are kidney-related 
disorders. She was started on kidney herbs for these. She chewed 
‘um a lot and had bleeding urns. She stated her bad teeth were 
hereditary (meaning other family members had bad teeth also) 
For this she was instructed to stop chewing gum, start drinking 
three glasses of 2% milk a day and take a vitamin A&D perie. She 
was to floss her teeth once a day. (All floss varieties are polluted 
with mercury and thallium. Use monofilament fish line, 2 to 4 I. 
weight.) Immediately atter flossing she was to brush them with a 
new very soft toothbrush with five drops of 177% food grade 
hydrogen peroxide. She was to avoid brushing teeth with metal 
filings to reduce erosion. She was to brush them a second time 
without flossing first, this time with five drops of white iodine 
(potassium iodide) made up by the pharmacist, again avoiding the 
metal. She had only oxalate kidney stones and was to stop drinking 
regular tea, replacing it with single-herb teas. In five weeks her 
‘gums were better although she was stil chewing a litle gum and 
the "peroxy” had been too painful for her to use. Her low back and 

id-back pains were gone too. 


Gerhard Rogers, age 39, came for his lower back pain and leg 
cramps. He had mono, di and tricalcium phosphate crystals in his 
kidneys. His diet was changed to reduce phosphate (meat, cereal, 
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breads, pasta, carbonated beverage) and increase calcium and 
minerals. He was to drink three glasses of 2% milk a day and to 
start the kidney herb recipe. In 25 days he had only minor im- 
provement. He stil had phosphate crystals. He was afraid to drink 
milk because he had heard so many bad things about it. He was 
told to boil first to eliminate these "bad things”. A toxic element 
test showed a buildup of copper, arsenic, cobalt, cadmium, lead, 
thallium, vanadium and radon. This could easily explain his leg 
cramps, headaches and sleep problem, too. The arsenic came 
from pesticide, cobalt from detergent, thallium and copper from 
tooth filings. The vanadium was fixed by having the gas pipes 
tightened, and radon could be reduced by improving ventilation 
under the house. He was thankful for the information and set about 
leaning up his body and environment. 


Alberta Mellos age 52, came in for lower back pain and upper back 
pain. It was explained to her that lower back pain was simply due 
to tiny stones cutting into her tissues but upper back pain was due 
to gallstones. She could clear her low back pain first. The kidney 
test showed she had oxalate and cysteine crystals. She was 
started on the kidney herb recipe. Nineteen days later she arrived 
with a cold but stated that her low back pain was gone. 


Glenn Dirk, age 62, called on the telephone to say his urination had 
stopped, probably due to kidney stones. This had happened once 
before and now he was in a panic. He started our kidney herb 
recipe the same day and passed 117 stones the same night with- 
out bleeding or enough pain to need painkiller. After this, he could 
focus on his prostate enlargement and pain with sitting. He had 
intestinal flukes and other stages in his prostate gland as well as in 
tis intestine. He also had Clonorchis (human liver flukes and their 
eggs) in his prostate. He had carbon tetrachloride methyl butyl 
ketone and TC Ethylene from food pollution accumulated there too. 
After stopping grocery store beverages and kiling parasites with a 
frequency generator, he could urinate normally, freely and without 
pain 
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Lower Abdominal Pain 


‘The lower abdomen on the left side has the sigmoid colon as 
comes down and bends. This is a favorite location for larger 


all kinds and their attendant bacter s 
they produce gas and pain. Sometimes they live perfectly quietly, 
seemingly in harmony with us 

Moving the bowel more frequently expels them repeatedly 
and prevents their numbers from getting very high. Nature may 
help you with this by setting up diarthea, Diarthea is your clue 
that intestinal freeloaders are present. 


‘The small intestine leads 
into the colon at your 
lower abdomen on the 
right side. At the junction 
is the ileocaecal valve that 
prevents backwash, and 
the appendix. The 
ascending colon goes up 
your right side then 
becomes the transverse 
colon that crosses your 
abdomen at the belly 
button level. The colon 
descends on your left 
side, leading into the 
‘sigmoid. Fig. 19 Colon. 


E, coli and Salmonella and Shigella are “enteric” (they live 
in your bowel) ba an give you severe abdominal dis- 
tress and pain. In fact, you can become a chronic sufferer. They 
can live on hands and under your fingernails, so reinfection from 
yourself is the most important source. Never, never touch your 
fingers to your lips. Most importantly, don't try to stop 
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your frequent bowel movements. 
‘They will stop on a dime when your 
parasites and bacteria are dead and 
‘gone, 
Other sources of E. coli are 
personal water bottles, other peo- 
ples hands, hands that have changed 
baby diapers or cleaned bathrooms. 
Hands do everything. To | i 


eliminate their threat of reinfection, 
cut out the section on hands (page 
397) and paste it on your refrig- 
erator. 


Stomach Pain Fig. 20 Keep personal 


Our dairy foods are polluted — Water bottles sterile. 
with Salmonella and Shigella bacteria. It is impossible to 
operate a dairy without getting some cow manure into the milk. 
Although udder wash contains antiseptic it does not kill all 
manure bacteria. Later, when milk is pasteurized, many heat 
sensitive bacteria are killed like the “friendly” streps and 
staphs, but not all the harmful Salmonellas and Shigellas. Some 
survive to colonize the milk, then later infect the consumer. Only 
milk that is sterilized is safe. A commercial source of sterilized 
(safe) milk can sometimes be found on the shelf (unreftigerated). 
If it had any bacteria, it would not survive shelf life for more than 
one day! 

You may not notice any discomfort from drinking milk, 
buttermilk, or eating yogurt without sterilizing it. Your stomach 
acids may be strong enough to kill them, or your liver able to 
strain them out of your body fluids and dump them, dead, into 
your bile ducts. Or they may live quietly in some part of the 
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bowel where you feel no effects. Sterilize all your dairy foods by 
heating at the boiling point for 10 seconds, even if you have no 
symptoms. 

If_you are intolerant of milk it doesn't mean that_you are 
deficient, but that you are unable to kill any Salmonellas 
and Shigellas. These, in turn, can make you lactase deficient via 
frequent diartheas. You can correct this situation by not eating 
any more bacteria. Give your body clean food, as intended by 
nature. Don't eat any deli foods, don't eat salad bar food or res- 
taurant food unless it has been baked or cooked. Never eat 
chicken or red meat at restaurants. They are not thoroughly 
cooked. 

‘As soon as a new abdominal pain or discomfort, or a gassy 
condition appears, zap bacteria and try to eliminate your bowel 
contents. Use the herb, Cascara sagrada (follow directions on 
label) as a laxative, or Epsom salts if necessary. Also start the 
Bowel Program (page 546). 

If you have chronic abdominal problems, make sure you 
eliminate the bowel contents two or three times a day. There are 
herbs that can kill enteric bacteria, known to our ancestors of 
various cultures, Echinacea was a treasured herb of American 
Indians. Goldenseal is another favorite. Turmeric can kill E. 
coli and some Shigellas. Fennel can also kill some. But a single 
dose of Black Walnut Tincture Extra Strength seems to do the 
most. Make it yourself if possible (see Recipes, page 543). 

If your body has lost its ability to kill Salmonellas and Shi- 
gellas, all the antibiotics and herbs and good bowel habi 
not protect you from these ubiquitous bacteria. You could a 
how you lost your natural protection from them. There is ev 
dence that common antibioties that kill Streptococcus and 
Staphylococcus varieties are responsible. 

A fraction of your bowel bacteria should be the friendly 
Strep. lactis and Staph. epidermidis. After repeated doses of 
penicillin-like ant (that you may be taking for your strep 


an- 
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throat) they are eradicated along with the “bad” Strep. pnewmo- 
niae bug. No amount of acidophilus culture (which contains a 
tive Lactobacillus) can replace these Streps or Staphs 

In mice, it takes a million Salmonella bacteria to start an in- 
fection. Afier giving them streptomycin, it only took 10 bacteria 
to infect them!” Your intestines are similarly handicapped after 
antibiotics, and allow even very small amounts of Salmonella 
and Shigella to escape and multiply! 

Try to get some natural killing power back. This means im- 
proving the stomach's ability to produce acid and the liver's 
ability to make bile. In turn, this means getting the toxins out of 
the stomach and cleaning the liver. Certain toxins accumulate in 
the stomach when the liver and kidneys can't keep up with 
elimination. Arsenic is a prominent stomach toxin. Get all 
sources of arsenic removed. Freon is another stomach toxin, 
Switch to a non-Freon containing refrigerator. 

The metals from dentalware: mercury, silver, copper, thal- 
lium, first are swallowed and then land in the stomach. Clean up 
your dentalware. Toxins you inhale such as asbestos, formalde- 
inyde, fiberglass, also are coughed up and swallowed to accu- 
mulate in the stomach. Test for them and clean up your 
environment. Any stomach can recover a significant part of its 
function by cleaning it up. Even though you regain your tolerance 
toward minute bits of filth in dairy products, do not go back to 
unsterilized milk products. 


Appendicitis 


‘The lower abdomen on the right side has the valve that sep: 
rates the small intestine (ileum) from the large intestine 


®Sherwood L. Gorbach, M.D., Perturbation of Intestinal Microfiora, 
Vet Human Toxicol 35 (Supplement 1) 1993. 
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(caecum) called the ileocaecal valve. It is a common trouble 
spot because large parasites can attach themselves behind it and 
keep themselves safe from elimination. (A parasite's biggest 
worry is your elimination.) It is a favorite location for pinworms 
in children, It is near this point where the appendix attaches and 
this, too, is a favorite location of pinworms. With an appendix 
full of pinworms and their bacteria, is it any wonder when it gets 
inflamed and causes pain? 

Appendicitis refers to inflammation of the appendix. Often, 
the pain isn't felt over the appendix but over the navel (this is an 
example of pain being caused at one location but felt at another; 
it is called referred pain). If there are any suspicions of appen- 
dicitis, zap pinworms and all enteric parasites and bacteria i 
mediately. Because the current does not penetrate the bowel 
contents very well, zap every day for two weeks and take 2 tsp. 
(asp. for children) Black Walnut Hull Tincture Extra Strength 
one time. Make sure bowel movements are regular after this (see 
the Bowel Program, page 546, for hints) and hands are washed 
after bathroom use and before eating. Keep fingernails short for 
the whole family. 

If appendicitis does not clear up it can lead to a burst appen- 
dix, spewing the dreadful contents into the abdomen. Kill pin- 
worms and roundworms and enteric parasites regularly (once a 
week) in children. Keep pets on a regular diet of parasite-killing 
herbs. 


a 


Urinary Tract Pain 


Urinary tract infections, including bladder, kidney, and ure- 
thral infections, are easier to clear up than to test for. Start by 
drinking a half gallon of water a day. Put yourself on the kidney 
herb recipe (page 549). This will dissolve the tiny crystals 
where bacteria hide and multiply 
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Common urinary tract pathogens are Gardnerella, Proteus, 
Trichomonas, Campylobacters, E. coli, and Salmonellas. Sex 
will give you an instant dose of your partner's urinary tract bac- 
teria, Make sure both of you clean up the urinary tract by zapping 
and doing the Kidney Cleanse. 


Irritable Bowel Syndrome(IBS), 
Colitis, and Spastic Colon 


are all conditions that combine parasite and bacterial prob- 
nn allergic trigger. If dairy foods trigger yours, you can 
ply Salmonella or Shigella 
infection. Boil all dairy foods, stop eating ice cream, cheese and 
yogurt which you cannot boil. If eating lettuce triggers your 
stinal attack, but other roughage does not, it may be a true 
allergen and cleaning the liver will eventually cure it. Apples, 
cinnamon and other “allergic” foods can be salvaged the same 
way. Wheat “allergy” is due to the pancreas being full of 
pancreatic flukes, wood alcohol, Kojic acid (a mycotoxin), and 
gold. 

Alll these bowel diseases are quite easily cured by killing all 
parasites, bacteria, and viruses. Since reinfection is such a big 
problem, give your pet away until you are completely cured. 
Have your pet on the herbal parasite program before bringing it 
back. Clean up your diet, dentalware and environment. Your 
abdomen will be happy once more and grateful to you for your 
Kind attention, Remember that zapping does not penetrate into the 
bowel contents. It kills only the outside layer of pathogens. For 
this reason you should zap daily for several weeks. For this 
reason, too, I recommend the Bowel Program (page 546) and 
Black Walnut Hull Tincture Extra Strength even though you may 
have gotten immediate relief from zapping alone. 
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Crohn's Disease 


is somewhat more serious because the sores are higher up in 
the digestive tract. This is because sheep liver fluke and pancre- 
atic fluke are commonly the main parasites and these live in the 
pancreas and liver. They often spill over into the upper intestine. 
Salmonella and Shigella are always part of the picture, too, 
are various amoebae and fungi. The treatment is the same, kill all 
parasites and remove all pollutants, especially wood alcohol in 
commercial beverages. Healing of the digestive tract is very 
quick, often in a week. Reinfection is very quick too, if the rule 
about cooking dairy foods is not observed. Keep up meticulous 
hand sanitation. 


Michelle Whorton had stomach pain at the middle of her abdomen, not 
related to eating. She had occasional very bad diarrhea and also 
daily headaches. She was started on the kidney herbs for other 
reasons. Her diarrhea disappeared! We found she had Ascaris 
(probably in her stomach where they cause indigestion and in- 
flammation). She zapped them with a frequency generator set to 
408 KHz for three minutes at 10 volts. She was to be very careful 
with sanitation since they owned a number of farm dogs. Next seen 
after six weeks, she stated that all her previous problems were 
gone but she had a different pain in the mic-lower abdomen that 
{got worse during her period and sent pain shooting down both 
legs. 


This turned out to be uterine in origin, but not endometriosis. Her 
uterus was full of asbestos, arsenic, gold, silver, titanium, propyl 
alcohol, benzene, styrene, toluene and carbon tetrachloride. This 
would invite any bacteria toward it 


Mark Lippman, age 51, came in for his iritable bowel syndrome, hop- 
ing we would find Giardia and put an end to it quickly. Actually, he 
had intestinal flukes, beginning to invade the liver. He also had 
propyl alcohol built up in his body giving him a precancerous con- 
dition that needed immediate attention. The flukes were killed in 
twenty minutes, along with Ascaris (he had swollen eyelids). He 
was allergic to milk as could be expected with so much interfer- 


103 


Overheated Joint 
Sage | At the other extreme, we have the overheated 


joint. The solder has not yet flowed well and 
the residue of bumt flux will make fixing this 
joint difficult. 


Repair: An overheated joint can usually be 
repaired after cleaning. Careful scraping with 
the tip of a knife, or little isopropyl alcohol & a 
toothbrush will remove the bumt flux. 


Prevention: A clean, hot soldering iron, 
proper preparation and cleaning of the joint will 
help prevent overheated joints. 
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ence with digestion. He was immediately better and did not need to 
come back. 


Billy Henry, a 9-year-old boy, had diarrhea daily and stomach aches. 
He also wet the bed. There was an indoor pet dog and a bird. 
Electronic testing showed he had two kinds of Ascaris and pi 
worms. His young body also had a buildup of benzene, moth balls, 
and carbon tetrachloride that he was eating, drinking, and 
breathing. His bed wetting stopped after killing parasites with the 
herbal program. His other problems recurred until he was older 
‘and could stop licking his fingers when eating, 


‘Tom Ochs, age 36, had chronic stomach problems, alternating consti- 
pation and diarrhea, was labeled “lactose intolerant” after an 
elaborate test, and finally had been diagnosed with irritable bowel 
syndrome. Actually, he had Ascaris, besides other smaller para- 
sites. He was also toxic with cesium from drinking beverages out of 
clear plastic bottles. This frequently causes depression and he was 
happy to understand his mood changes. After changing to purer 
food and products and kiling his parasites, he did not need to 
‘come back. Five months later he was able to drink all the milk he 
wanted, no longer had sinus problems and lost his IBS. 


Rex Callahan, age 5, had dark circles under his eyes, numerous ear 
infections until tonsils were removed and tubes put in, and many 
strep throat infections. Clinically, he was found allergic to dust 
mites, pollens, and animal dander. His skin got “rashy’ if he drank 
too much fruit juice. He had frequent diarrhea. We found he had 
Ascaris parasites. They were not difficult to clear and he was soon 
‘a new person. 


David Falls, age 52, had stomach pain and numerous health problems 
stemming, no doubt, from his diagnosed Crohn's disease. He be- 
came allergic to the sulfa drugs commonly used in this disease. 

We found he had sheep liver flukes and all their developmental 
stages in his blood and intestine. He was put on the herbal parasite 
program which he found difficult to follow. Nevertheless, in three 
months his bowel was nearly normal and the pain in his intestine 
much less. 


Edward Marsili age 7, had bouts of stomach pain. He had intestinal 
flukes and a build-up of benzene in his body. This would seriously 
lower his immunity and ability to fight off tiny parasites. He was 
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using a product containing an herbal oil that was polluted with 
benzene. His parasites were quickly killed with a frequency gen- 
erator and he was put on the herbal parasite program. One month 
later his stomach felt much better, but he still had an occasional 
stomach ache. Testing showed hookworm and rabbit fluke. His 
benzene was now gone so the tendency to “pick up everything” 
was gone too. Staying on a child's maintenance parasite program 
would protect him. 


Kim Johnson, almost two years old, had lots of ear infections. It started 
at eight months so the mother took her off cow's milk and wheat. 
This stopped her ear infections until mid-winter. She had to be 
back on antibiotics and a few months ago the doctor began 
discussing tube implants with her since she was still on antibiotics, 
(six months). Another ear, nose and throat doctor agreed with this 
pinion, but was willing to wait until Autumn. The baby had been 
passing a lot of undigested food and was unhappy. They were 
vegetarians. The baby nursed. Our test showed pancreatic fluke 
infestation; this would easily lead to bad digestion, especially of 
milk and gluten in wheat. Fortunately, she was nursed throughout, 
in spite of going to daycare. Simply kiling the parasites (in both 
mother and baby) solved both problems and she did not need to 
come back. The ear infections were probably caused by bacteria, 
and viruses brought in by the parasites. 


Cynthia Prout, age 36, brought her three children because of their 
poor health. They all, including herself, had stomach problems, a 
lot of allergies, asthma, ear infections, and milk intolerance. One 
boy, age 8, was intolerant of both milk and wheat and hadn't had 
them for years. He was infested with two kinds of Ascaris and 
pancreatic flukes. His sister, Nola, had itching legs and headaches 
besides; she was toxic with bismuth and antimony (trom shampoo 
fragrance and laundry fragrance). She also showed a build up of 
vanadium, implying a gas leak in the home. The youngest, age 5, 
had frequent stomach aches and vomiting. It was a simple matter 
to kill Ascaris electronically at 408 KHz and the pancreatic fluke 
with all its stages (421 through 434) after which the children did 
fine. 


Sofia Sobel had extreme ulcerative colitis although she came for her 
headache. She had been on Prednisone for a month with no relief. 
We found she had the three large flukes plus Chilomastix, dog 
whip worm, and amoebas in her intestine (but not in body organs). 
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‘There were several house dogs. Her stomach and intestines were 
much too sensitive to accept parasite herbs, or in fact, anything— 
anything except slippery elm powder. This herb (1 tbs. made into a 
paste first with water and then drunk as a beverage three times a 
day) paved the way for acceptance of two oyster shell calcium, 
‘one magnesium and one zinc tablet. Her blood test showed high 
phosphate levels since she was dissolving her bones to get cal- 
cium. She added sodium alginate ("4 tsp. to a cup of vegetable 
broth soup) twice a day to help her tolerate the parasite killing 
herbs. Her children were given VMF (vermifuge or parasite killing) 
syrup. By the 12th day of the parasite program she no longer 
needed colitis medicine; her bowel movements were down to twice 
‘a day, soft and formed, but stil witha little blood streaking. She 
loved the alginate mixed with slippery elm. She was able to eat 
fruits and vegetables but agreed to stay off wheat and com until 
her liver was cleansed. In another week she was free from all 
abdominal complaints except a heaviness over the uterus, possibly 
due to two missed periods. The thought of pregnancy put her in a. 
panic. She was instructed to induce her period (Emmenagogue, 
see Recipes). She was sure she wanted her period, not a 
pregnancy and this seemed to be her God-given right. Three 
weeks later she had a flare up of colitis due to Salmonella in food; 
it also gave her a urinary tract infection. This time she took 
Quassia herb to kill invaders in addition to the maintenance 
parasite program which she had begun to neglect. She had been 
very busy, had lots of energy and wasn't on medications. She 
treated her urinary tract infection with betaine-hydrochloride (to 
acidity the stomach), began using plastic utensils to reduce her 
nickel intake (see Prostate Pain, page 124)) and drank a lot of 
water. This experience taught her valuable lessons that she was 
eager to learn, benefiting her family and herself immensely. 


Rebecca Goetz, age 53, had ulcerative colitis and her husband had 
Crohn's disease. She had been on Azulfidine™ and Flagyl™ fre- 
quently. Her parasites were only intestinal flukes and their stages, 
land Endolimax, an amoeba. It was a simple task for her to clear 
her problems by killing them and by sterilizing her dairy foods. 
Wes, her husband, had three surgeries to remove sections of 
bowel due to Crohn's disease. He now had a colostomy but was on 
‘Advil™ for pain in the rectal area. He could hardly sit. He had been 
tried on anti parasitic medicine (Cypril™ and Flagyi™) but 
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they did no good. He had intestinal flukes and all their reproductive 
stages in his body, also pancreatic flukes, Capillaria roundworm, 
and Diphyllobothrium erinacea scolex. We interrupted his testing 
at that point. His kidneys were full of phosphate crystals— he ate 
no dairy products. He was started on half-doses of kidney herbs 
and only part of the parasite program in view of his colostomy and 
possible diarthea. Two weeks later we continued testing, finding 
pinworms, Haemonchus, Leishmania tropica, Paragonimus, 
Sarcocystis, Stephanuris and Trichuris (whip worm) Quassia 
was added and doses increased. His blood test showed a high 
thyroid hormone level (T4), contributory to over activity of his 
bowel He was started on goat milk, vitamin C (3 gm. daily) and Bie 
shots. He was given magnets to sit on for pain. He was toxic with 
‘cadmium, from his old tooth filings. But in five weeks he could sit 
comfortably without pain pills. There was less blood in the stool 
Dental work would bring him his next big improvement. 


Benito Villamar, a middle age man, had severe side pain for several 
weeks. He was also gassy. He had sheep liver fluke and stages in 
his thymus and intestine. The thymus is under the top of the 
breastbone and is a very important organ of immune function. tt is 
easily damaged by benzene. He did, indeed, have benzene ac- 
cumulated there. He was given a list of benzene-polluted products 
to avoid and was started on the parasite kiling herbs after kiling 
the flukes instantly with the frequency generator. Two weeks later 
his side was very much better, his benzene was gone and he was 
‘eager to rid himself of lower back pain, which he also had. 


‘Al Vickers, age 9, had stomach aches, headaches, a constantly runny 
nose and asthma. He was on Slo-Bid™ medicine and alleray 
treatment. He had a sleep problem. He also had two dogs, one rat 
and two hamsters. The dogs and he had high levels of Ascaris. He 
was zapped for Ascaris and the four common flukes (without 
testing). He was put on vermifuge syrup and Rascal capsules. This 
ended his problems and began a new chapter of better care for his 
health by his parents. 


Tim Metton, age 16, had several colitis attacks yearly, requiring hos- 
pitalization, from third grade to the present. He also drooled con- 
stantly, needing to spit a lot. (This is due to mercury toxicity from 
amalgam filings. It is better to spit out the mercury than to swal- 
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low it.) He had intestinal flukes at a high level for which he was 
started on the parasite program. One month later he was very 
much better. He had only one diarrhea session since the last visit 
But he still had sharp pains under both buttocks (probably due to 
kidney stones). He had been an iced tea drinker and had numer- 
ous oxalate and cysteine crystals deposited. He was appalled that 
‘a. common beverage could be so harmful 


Central Abdominal Pain 


can be coming from the uterus, bladder, or bowel. It is diff 
cult to tell which is the source. The first step is to simply kill 
enteric (bowel) free-loaders and get into good bowel habits. Gas 
and bloating should be gone. If this isn’t the solution to the pain 
there may be special bladder parasites with their bact 
Schistosomes prefer to invade the bladder wall. In fact, very 
many parasites temporarily invade the bladder because the body 
trying to excrete many of them. The whole family should be 
cleared of these same parasites. Kill them by zapping. Pets 
should not be kept indoors since they have many of these para- 
sites, too, and they are easily transmitted to us. 


Interstitial Cystitis 


is one of the most painful conditions described by clients 
Schistosomes are the real perpetrators but after the bladder wall 
is weakened, other parasites and their bacteria and viruses ac- 
cumulate here too. To regain your bladder’s health all toxins must 
be cleared as well. Dental metal, environmental toxins, including 
radon, asbestos, formaldehyde, must be cleaned up. The diet, 
body products and home should be carefully searched for toxins, 
Schistosomes are easily zapped but easily picked up 
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off toilet seats and doorknobs. Always wash hands after toilet- 
ing: a single droplet reinfects you! 


Uterine Pain 


Endometriosis 


Many a woman's dreams 


ave been shattered by her inability 
to have a child. Endometriosis is often the cause. It starts with 
painful cramps at period times. They get worse and worse until 
pain killers are necessary just to get out of bed and move about 
the house, There are flukes in the uterus! Large intestinal flukes in 
a rather small organ! Did they migrate to the uterus from the 
intestine or did they develop there from eggs? 

sheep liver fluke is seen there. Once an avenue to 
ied, numerous other parasites move in the 
same direction: Clonorchis, the human liver fluke and even 
Eurytrema, the pancreatic fluke, can invade the uterus wall. Why 
have they taken up so abnormal a living place? Because the 
is the green light for flukes. 
disarms your organs so they are left helpless against fluke stages 
left there by the blood and lymph. Stop eating solvent-polluted 
foods. There are solvents in all cold cereals. Make cooked 
cereal. There are solvents in purchased drinking water. Drink 
from your cold kitchen faucet. There are solvents in grocery store 
bread, grocery baked goods and cholesterol-reduced foods. Eat 
none of these. Buy baked goods and bread at your local bakery. 
Stay away from “low cholesterol” foods. There are solvents in 
decaffeinated and other powdered mix: 
nothing except milk from the grocery store 
does not have solvent pollution. The hormones, antibiotics and 
udder wash can be tolerated—solvents cannot. 
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Beverages and powdered mixtures sold at health food stores 
are no exception. Use no powdered mixture intended for weight 
loss or weight gain, nor vitality supports, nor dietary supple- 
ments. They are all polluted. Some solvents (I often see methyl 
ethyl ketone and methyl butyl ketone) 
cumulate in. This sets the stage for endomet 
problems. Where there are large parasites, 
crowd in, All bring their own bacteria and viruses. Gardnerella, 
especially, is found in cases of endometriosis, ovarian cysts and 
menstrual problems. The flukes evidently travel from the uterus 
to other parts of your body cavity, distributing bits of the uterine 
lining as they go. Once this distribution has occurred, can the 
bleeding (regular menstrual bleeding) at these extra sites ever be 
stopped? 


It stops immediately when the flukes are dead! 


Your body knows how to clean up after dead flukes and does 
the job perfectly. You can be free of pain in time for your next 
period. Zap to kill the four common flukes, Gardnerella, all 
other common parasites, and urinary tract bacteria (common ones 
iclude Proteus, Salmonella, Campylobacter, Chlamydia, 
Trichomonas). Avoid reinfection by avoiding solvents! It is im- 
possible not to pick up parasites. If your uterus has solvent in it, 
they will find their way to it in a day. Without solvent, they will 
not. 

The solvents will leave by themselves. Help your body get 
rid of them with vitamin Cand B) (3 grams and 300 mg. re- 
spectively, daily, see Sources). 

To heal the uterus so it no longer attracts paras 
internal pollution besides. solvents 
dental metal that has piled up and environmental toxins such as 
asbestos, arsenic, fiberglass, and formaldehyde. Gold and silver 
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are especially attracted to the uterus, Don't wear gold rings or 
any metal jewelry touching your skin anymore, and, of course, get 
all metal out of your teeth. Never try to get pregnant before you 
have cleared up endometriosis. 

The advice given by obstetricians to get pregnant to solve 
your pain problem is most unwise. Indeed, pregnancy changes 
your body's metabolism and without periods you get pain relief. 
But it seems much too risky to grow a baby in an infested, pol- 
luted uterus. Fear of birth defects is an intelligent fear. Be careful 
not to get pregnant while you are killing parasites and getting 
mercury removed from your teeth. 


Healing si 
gone, 


all the parasites and pollutants are 


Joanne Biro, age 22, had severe cramping pain with her periods, di- 
agnosed as endometriosis. She had adult intestinal flukes and the 
cercaria stage in her uterus. She had a xylene (solvent) buildup in 
both her brain (cerebrum and cerebellum) and uterus. She was 
started on the herbal parasite program following the kidney 
cleanse. Her next period was pain free. A check up showed she 
was free of flukes but had thallium in her immune system. Dental 
cleanup was next on her agenda. 


Denise Leyva, 22, was on birth contro! pills to control the growth of 
endometrial tissue. She had laser surgery previously. She had 
hexanedione and methyl butyl Ketone buildup in her uterus sup- 
porting the intestinal fluke and its eggs in the uterus. There were 
also some sheep liver flukes and human liver fluke stages therel 
‘She was advised to stop eating cold cereals and commercial bev- 
erages and kill the parasites immediately. She had no recurrence. 


Anita Pierce, age 32, had numerous surgeries for her endometriosis. 
She also had chronic fatigue syndrome, and several allergies. She 
had two beautiful poodles in her home. She could not part with 
them so she gave them the pet parasite herbs faithfully. She had 
intestinal flukes, tapeworm stages, Ascaris and various other 
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flukes in the uterus. She had all her dental metal removed and 
home detoxified. Her body was teeming with Nocardia and Epstein 
Barre Virus (EBV). In spite of repeatedly killing the flukes and 
bacteria with a frequency generator and making herculean efforts 
she was no better off eight months later. She was unable to solve 
the problem of reinfection from her dogs. 


Christine Solton, age 27, had extremely heavy and painful periods and 
didn't stop bleeding between periods. A large cyst had been seen 
by X-ray in the uterine wall. She also had constant bladder pain. 
Both problems kept her in the bathroom most of the time (90 vis- 
its/day). She had the intestinal fluke in her uterus (probable cause 
of cyst) and Schistosoma haematobium (bladder parasite) 
throughout her body. She was started on the parasite program and 
in one week her bladder pain was under control but bleeding (from 
the cyst in uterine wall) continued. Schistosomes are very 
contagious, probably even from toilet seats and the house dust of 
an infected person. She had them again three weeks later. This 
time she zapped them and got instant relief. Her bladder and 
uterus were both full of propyl alcohol, tooth metal, fluoride, cobalt, 
Zirconium, aluminum, antimony, cadmium, and formaldehyde. She 
was delighted, though, to understand her problem and made the 
dental appointment. 


Contraception 


There is an excellent pamphlet available at health food 
stores, called Wild Yam for Birth Control Without Fear'’ that 


informs that 3 capsules taken two times a day provides reliable 
(perfect) contraception provided you give it a two month head 


start, Also, an emmenagogue recipe is on page 546, 


The Silent Cervix 


The cervix is a big “trouble spot” for women just as the 
prostate is for men. It seldom lets you know with pain, however, 


‘°willa Shaffer, published by Woodland Health Books, PO Box 
1422, Provo, Utah 84603. 
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that bacteria or parasites or toxins are present, Sometimes a brief 
needle-like pain does alert you to something going on there, but it 
is easy to miss. The cervix is constantly secreting a little bit of 
mucous and this helps it stay clean but why give it mercury and 
copper and gold to secrete? Many a fertility problem has been 
solved by stopping the toxic pollution of uterus, ovaries, and 
cervix. Clean up your dentalware and clean up your diet and 
environment. 

Kill parasites and bacteria regularly, every week, with the 
herbal recipe or by zapping. You should have no pain with men- 
struation, no bloating, fatigue or headaches. A PAP smear test 
should always be “good”. If it isn't, hurry to the rescue of your 
cervix. 


Menopausal Symptoms, Hot Flushes, PMS 


Insomnia, irritability, PMS (pre-menstrual syndrome), de- 
pression, anxiety, nervousness, are all not to be expected at and 
after menopause. They may certainly be caused by hormone 
imbalances. It is these imbalances that are not normal. 


NO menopausal symptoms are normal 


After the ovaries are done with their cycles of estrogen and 
progesterone production, the adrenal glands’ hormone produc- 
tion was meant to “kick in” and make up any deficit. 

During your fertile years, you were meant to have a peak of 
100 picograms/milliliter (pg/ml) of estrogen on day 9 and day 
22 of your cycle. Progesterone, on the other hand, only peaks 
‘once, on day 22, and it should reach a level 20 to 100 times as 
high as estrogen! After this ends, your adrenals can still keep 
your hormone levels regulated. Typical values are 20 pg/ml 
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Insufficient Wetting (Pad) 
These two joints both show signs of insufficient 


wetting of the solder pad. The solder has 
wetted the leads nicely, but it has not formed a 
good bond with the pad. This can be caused by 
a dirty circuit board, or by failing to apply heat 


to the pad as well as the pin. 


Repair: This condition can usually be repaired 
by placing the tip of the hot iron at the base of 
the joint until the solder flows to cover the pad. 
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Prevention: Cleaning the board and even 
heating of both the pad and the pin will prevent 
this problem. 


eam adafrult.com/adafruit-guide-excellent-soldering Page 25 of 35 
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strogen and, again, 20 to 100 times as 
Keeping these two hormones in balance is just as important as 
the actual amounts. 20 pgJ/ml estrogen is enough to prevent 
menopausal symptoms including hot flushes, and to give you 
heart protection and bone density protection. Taking synthetic 
hormones usually gives you exactly such levels. But if your own 
adrenal glands can supply them, surely it is a better approach. (A. 
blood test can tell you your levels; do it on day 21, 22 or 23 
before menopause, after menopause the day is not critic 


much progesterone 
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Fig. 21 Estrogen and progesterone levels (pg/ml). 


Why aren't your adrenals producing them? Because they are 
hampered by parasites and pollutants! Kill all the parasite 
bacteria and viruses, especially Gardnerella, Proteus, Chlamy 
dia, Campylobacter, Neisseria, Treponema, Salmonella. Use 
the zapper. 

Notice that these are also the favorite urinary tract bacteria! 
This makes good sense, because the adrenal glands sit right on 
the kidneys and would be geographically close to the kidney 
bacteria. To avoid getting them back, do a kidney cleanse (page 
549) to remove all crystals where they might hide. 
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After this, hot flushes can be suddenly gone. If not, continue 
the cleanse. Meanwhile, do some permanent lifestyle improve- 
ment, Start drinking two pints of water between meals plus water 
and milk (sterilized) at mealtime. 

Don't drink cranberry juice with its copious hippuric acid 
and its solvent pollutants. You won't need such insufficient help 
after cleaning up your body, dentalware, and environment. Be- 
sides giving you a better hormone supply, your newly revitalized 
adrenals will get you through stress in better shape and keep your 
blood pressure normal, 

If bacteria are not kept down they will begin to invade other 
organs. Gardnerella goes to ovaries to feast on the corpus luteum 
after ovulation. This keeps the corpus luteum from making enough 
progesterone and PMS results. 

Menstrual problems and PMS, in general, although they may 
not be pain-causers, are a sign that all is not well with the uterus 
and ovaries. Go on a cleanup program. Kill your invaders with 
herbs or the zapper. Clear up your toxi 
dental metal and environmental sources 

Don't be surprised by a pregnancy! This is not the time to get 
pregnant, though. If you wish to get pregnant, clean up your body 
first, being very careful to prevent pregnancy during this time. If 
this is not under your control do your dental work first. Since 
every cleanup job increases your fertility, it is best to get the 
mercury, thallium, copper and nickel out of your body before 
your risk of conception is raised further by making other 
improvements. Many an amalgam replacement job had to be 
halted in the middle due to pregnancy! Couples just couldn't 
believe they could have a child as a result of cleaning up their 
bodies so they were careless in spite of my warnings! A dentist 
will not take out mercury during pregnancy. 

Nicole Truett, 40ish, had PMS before her periods. She was a returning 

‘student and couldn't afford to feel emotionally upset. She also had 

recurrent yeast infections, Herpes and panic attacks. She com- 
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plained that her thinking was weird, although she was an excellent 
student (she got her birth date wrong on our office forms!) She 
had high levels of mercury and we suggested dental work imme- 
diately. Two months later she was feeling much better and had all 
metal removed but was experiencing a slight return of symptoms 
which panicked her. She stil had E. coli and Bacillus anthracus at 
four tooth locations, giving her chronic sinus symptoms. She 
needed her cavitations cleaned. Four weeks later she described 
how she had gotten immediate emotional relief after two cavitations 
were done. Our solvent test showed methyl butyl Ketone, benzene 
and carbon tetrachloride (which we found in her Mountain Valley 
Arkansas Spring Water). They were lowering her immunity giving 
recurrent Herpes and yeast problems. These disappeared in a 
week. She was so happy to find the cause of her problems and yet 
0 angry at the nature of the cause that she planned to write to the 
water company. We need more such environmental activists. 


Monica Koziol was on Ibuprofen™ for menstrual cramps. She also got 
‘a severe sugar craving and minor depression and headache with 
her period. She was toxic with sitver, copper, platinum, mercury 
and lead. She also had hookworms, pinworms, human liver fluke 
and cat liver flukes infesting her. A hormone test showed very low 
estrogen (57.6 pg/ml) probably due to all these interfering factors. 
‘She had all the metal from her filings replaced and kiled parasites 
with the herbal recipe. This gave her regular normal periods for 
several months. She decided to get pregnant but couldn. A follow- 
up showed she was full of parasites again. She had stopped the 
maintenance parasite program. She resumed it and began kidney 
and liver cleanses to get longer lasting benefits 


Barbara Ashby, age 43, had suffered for 1 years from menstrual 
pain, She had oxalate crystals in her kidneys and was started on 
the kidney cleanse. She followed this with the parasite program 
and dental metal replacement. Then she cleaned her liver and after 
three cleanses (she got over 1,000 stones the first timel) she said 
she felt great again. 


Terri Entzminger, age 16, had a long list of health problems including 
painful ovaries and painful periods for which she was put on birth 
control pills by her doctor. She had several bacteria in her genital 
tract: Neisseria gonorrhea, Plasmodium cyano, Staphylococcus 
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aureus (also at tooth #28 which had a plastic filing), Streptococ- 
cus pyogenes (also at tooth #28). A parasite test showed intestinal 
fluke adults in the uterus, not in the intestine or liver. There were 
also fluke cercaria here. She was started on the parasite herbs. 
Three weeks later there was no improvement. She had a rabbit, a 
dog and a hamster. She was to get them all onto the pet parasite 
program. Her diet was changed to exclude solvents. Six weeks 
later her periods were “great”, she did not need the pill and she 
was keeping the whole household on a maintenance program 
kiling parasites. Three weeks later she had cramps again. This 
time it was sheep liver fluke in the uterus. She probably got them 
from the snails in her fish tanks. She was off the maintenance 
program and drinking caffeine free cola again. This would fil her 
with solvents that make fluke disease possible. She killed them all 
with a frequency generator and decided to be more vigilant over 
parasites as long as she was such an ardent animal lover. 

‘Azar Moya, 67, was on Premarin™ and Provera™ for hot flushes and 
‘emotional extremes, Synthroid™ for the thyroid, Xanax™ for 
nerves and sleep problems, something for diarrhea and something 
for depression. In five months she needed none of it. She had 
done a liver cleanse by then and got a commode-tull of stones 
(about 1,000), she had changed her plumbing, got rid of the water 
softener, killed parasites and cleansed her kidneys. She still had 
sinus problems and some arthritis and was planning dental metal 
replacement and cavitation cleaning to clear them up too. 


Infertility 


An ominous sign in any species, infert 
other disease or “problem.” 

When birds’ eggs don't hatch their species is doomed. So we 
leaned from the DDT experiment humans did with birds in the 
1960's. The DDT changed the thickness of their egg shells so they 
cracked when the mother bird sat on them. All changes are 
experiments whether intentional or unintentional. Nature by itself 
produces sweeping changes, too, such as droughts, wind 


lity is not just an- 
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storms, fires, ice ages, but usually living things had time or mo- 
bility to adapt to them, When there wasn't time, and they couldn't 
run away, the species went extinct. 

‘Are we humans an exception to this rule of adapt or perish? 
Nobody feels more helpless and hopeless than the infertile cou- 
ple. They can not run away, time is limited, and obviously ad- 
aptation is not occurring. More likely their lineage will perish. 
The couples’ only wish is “ ld, now.” Surely, it 
their birthright, as it is any living creatures’, to reproduc 

Can we relax with the assurance that our intelligence, through 
the arm of science, will always rescue us? Are test tube 
fertilizations, fertility drugs, Cesarean sections, incubators for 
premature babies all triumphs for science? No, they are signs of 
reproductive failure for the human species. 

When the concem is overpopulation of this planet, repro- 
ductive failure might seem less ominous. Maybe it's no worse 
than the natural way any species curbs its growth rate. Maybe 
only those who can survive parasitism, pollution and immune 
deficiency should survive in order to strengthen the species. But 
when reproductive intervention becomes a necessity, not an op- 
tion, surely the danger signal is present as it was for the DDT'd 
birds who saw cracks develop in their eggs. The 
reproductive failure is not to find ever more arti 
conceive, to give birth, and to care for damaged babies. The 
solution is to fix the old fashioned way; to safeguard the natural 
way. 

If you are unable to conceive or to provide viable sperms use 
an intelligent approach. Remove the obstacles. The obstacles 
are parasites and pollutants, the same enemies of health we 
have seen before. 

Kill all large and small parasites with a zapper and the 
herbal parasite killing program. Don't try to keep a pet parasite 
free, give it away. Living close to another species is a luxury you 
can't afford at present. The pet can live with its parasite: 
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you can't, Remember to kill bacteria and viruses too, especially 
Gardnerella, Neisseria, Treponema, the ancient enemies of hu- 
man reproduc 


Is it safe to kill parasites 
if you might be pregnant? 


The electronic way of killing parasites is safe if you use a 
frequency generator. The frequencies of parasites and bacteri 
are far away from human frequencies. The treatment with each 
frequency is short. There are no side effects. 

‘The zapper has not been tested and should not be used 
during pregnancy. 

The herbal way of killing parasites has been used by pregnant 
women without bad effects but this is not enough safeguard. I 
recommend waiting until the baby is born if at all possible. The 
treatment is long and intense, The growing baby is exposed 
continuously to herbs. Perhaps this is preferable to the toxins 
produced by parasites. You must use your own judgment. 
Obviously it is wiser to take a chance on herbs than to take a 
chance on inheriting AIDS or “genetic” diseases. 

Part two of regaining your reproductive freedom to have a 
child is removing pollutants. Gold, silver, copper and mercury 
can accumulate in the reproductive organs, wrecking the delicate 
hormone balance between estrogen and progesterone, or 
wrecking the motility of sperm Research has not been done to 
search for dental metal in the uterus, ovaries and testicle of in- 
fertile couples. You can do this research yourself. Slides of 
ovary tissue cost less than $10.00 as do other parts of the repro- 
ductive system. Search for dental metal yourself. Remove all 
dental metal from your mouth, and replace it with metal-free 
composite. Extract teeth with root canals. 
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A Word Of Warning! 


Be extra careful with contraception during the dental cleanup. 
You could get pregnant the very next day! This is no joke. It is a 
serious hazard to conceive a child while mercury is loose and 
rampant in your body from the removal process. It may be a 
higher risk than leaving it untouched. If you are pregnant no 
dentist will want to finish the job of mercury removal! Don't try 
to get pregnant yet. 


You may have tied fertility pills, in vitro fertilization, and 
other methods for getting pregnant over a ten year time period, all 
to no avail. Then you start cleaning up your body and taking your 
mercury out and suddenly you are pregnant before the job is 
complete! It may seem unreasonable and illogical to have to be 
careful after ten years of no worries, but play it safe. 

If you fail to observe this warning and do get pregnant too 
soon, you may pray for miscarriage. Otherwise, take vitamin C 
and thioctic acid and hope for the best. Men should add daily 
Zine and arginine (60 mg. and 450 mg, respectively) to their di 
ets, Both men and women should add vitamin E (200 mg.), a 
prenatal multivitamin and multimineral tablet, eat freshly grown 
vegetables for folic acid, and add vitamin C (at least a gram 
daily, see Sources). No other supplements! Supplements pol- 
luted with heavy metals or solvents do more harm than good. If 
you are not sure of their purity, test one by eating it and searching 
for it in your immune system five minutes later. If itis there, it is 
harmful; eat no more. 
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Nausea 


of pregnancy is the scourge of expectant parents. After 
waiting hard and long for the desired pregnancy, the mother-to-be 
feels rotten, salivates and gags at the thought of food, and wants 
no more sex. Maybe sex is ill-advised during pregnancy, no 
matter how reassuring the male or male-oriented obstetrician is! 
Maybe salivation is actually mercury excretion being altempted 
by the body. Maybe nausea is all about keeping toxins out of the 
body and away from the developing child. These are intriguing 
bilities, worthy of your research expertise. 


A few decades ago the treatment for nausea was a weekly Be 
and B,2 shot. Ask your obstetrician for this to see if it helps. 
‘An older, herbal remedy was cinnamon tea: 2 ths. cinnamon 


(bark or powder) in 2¥acups boiling water, steeped for 10 min- 
utes, Strain and add honey to taste. Dose: 44 cup three times a day 
before meal 

Nausea invites starch eating—pasta, potatoes, rice and bread. 
Starches can absorb. Perhaps they absorb the noxious substances 
causing nausea, Make sure you add vitamin C to grains. In any 
case you must still eat additional nutritious food to grow your 
baby. In spite of craving a pickles/chocolate pudding/carbonated 
beverage lifestyle, you must eat mainly good food. Craving can 
take strange turns. Search for the taste you crave in good food 
and in long forgotten childhood foods. 


These are all the fertility cas 
were left out in order to hide failure. Asses 
yourself: 


I saw in a year's time, None 
the success rate 


Domilita Renshaw and her husband had been trying for six years to get 
pregnant. Both had been tested and treated in assorted ways. 
Domilta’s period was irregular, a sure sign that all is not well in 
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the area of reproduction. | gave them the usual warning about not 
risking pregnancy during their deparasitizing and depolluting pro- 
cedures they both would be going through. Her hormone test 
showed slightly high (125 pgimi) estrogen levels for day 22 (if it 
really was day 22!) and higher stil if it was not yet day 22! Obvi- 
ously, something was iiitating the ovaries into overproduction of 
estrogen. She had oxalate and urate crystals and was put on the 
kidney herb recipe. She was switched to milk (3 glasses 2% a 
day) as her primary beverage besides water. She was toxic with 
nickel (dental metal) which would invite hordes of urinary tract 
bacteria, dangerously close to the ovaries. She made her dental 
appointment. She had sheep liver flukes and was started on the 
parasite program. She broke out in hives from a new hair spray 
polluted with praseodymium which got into her ovaries. She pre- 
pared to clean her liver for her frequent hives. Then she called to 
cancel her next appointment because she was pregnant (four 
months from first visit). Fortunately she had one visit with dentist 
completed. Nine months later she had a beautiful perfect baby. 


Lindy Maloy and her husband had been trying for eight years to have 
their second child. They all had Ascaris, including, of course, their 
house dog. They wormed the dog monthly and did not want to part 
with it since they did not believe it mattered. They used the pet 
parasite program, but five months later she had higher Ascaris 
loads than ever. She also could not rid her uterus of intestinal fluke 
stages in spite of killing them with a frequency generator and using 
the parasite herbs. She remained full of solvents, bacteria and 
platinum from dentalware. Her endometriosis continued. They gave 
up. 

Rosemary Peterson, age 33, had been trying to get pregnant for 
fourteen years. She had seven laparoscopies for endometriosis 
and very hard cramps with her period. She had intestinal flukes 
and sheep liver flukes in her uterus. There were sheep liver flukes 
and human liver flukes in her liver. There were intestinal fluke redia 
and cercaria in her saliva. The solvents in her uterus were methyl 
butyl ketone, acetone, carbon tetrachloride (from drinking store 
bought water), styrene (from drinking out of styrofoam cups), 
xylene (from carbonated beverages) and decane (from 
cholesterol-reduced foods). She also had a chronic yeast infec- 
tion, treating it constantly with Nystatin". She Killed the flukes and 
yeast electronically before leaving the office and started her- 
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self on the parasite program and diet restriction. She got pregnant 
immediately, and did not return, 


Elisabeth Tran, age 37, had tried to get pregnant for five years. She 
did get pregnant recently, on a special “gift” surgery program, but 
lost it. Her ovaries and uterus were toxic with mercury and thallium 
{rom polluted dental alloy. She also had barium and titanium in 
them, probably from lipstick. We did not see her again, we hope 
she solved these problems. 


Christopher Gravely, a young man of 26 and Frederica, 22, promised 
faithfully not to get pregnant until their cleanup was complete. He 
was found by his doctor to have slow moving (low motility) sperm. 
He was robust and healthy looking but suffered a lot from low back 
pain—a clue to swarms of bacteria in the lower abdomen. An 
electronic search of his testicles and prostate (which had been 
infected once) revealed iridium, platinum and yttrium. This impli 
cated tooth metal. He was also started on kidney herbs. Eight 
months later he had completed all his tasks, his low back and pain 
with urination had stopped, and this encouraged him to continue 
with his fertility program. We started him on thioctic acid two a day 
and zine (60 mg.) two a day, switched him to an electric razor so 
he wouldn't have to use any chemicals on his face, and recom- 
mended that he ventilate his garage which was attached to the 
house, to reduce fumes in his home. 


Meanwhile, Frederica, his wife, was also checked for toxic ele- 
ments. She had antimony (from mascara) in her ovaries and 
breasts. She had sensitive painful breasts during her periods 
which were quite irregular. She also had indium and gallium, dental 
alloys in the ovaries and breasts. She, too, was started on the 
kidney herbs and instructed to get metal tooth filings replaced. 
‘After two months they canceled their appointment. Frederica was 
pregnant! Not for long, though, and a wiser couple retumed a few 
months later. Frederica finished her dental work. Both started the 
parasite program. Frederica's periods became regular. She was 
started on thioctic acid (one a day) plus zinc, (one a day), until 
her first missed period. Twelve months later they sent me their 
baby's picture: he was two months old. 
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Ginger Hart had been trying for three years to get pregnant. After an 
‘endometrial biopsy, a D&C," and laparoscopy she was diagnosed 
with "inadequate corpus luteum.” We found her ovaries toxic with 
nickel and europium from tooth filings and strontium from 
toothpaste. She was delighted to understand her problem and set. 
about correcting it. 


Marjory Davis, age 28, had been on the “pill” (synthetic hormones) a 
long time but was off now and couldn't get pregnant. She actually 
{ot pregnant about one year ago but lost it at one month. A toxic 
element test showed her ovaries and uterus were full of berylium 
(gasoline and coal oil), gadolinium and gallium, The metals are 
alloys of gold used in dentistry. She wore a lot of jewelry, just loved 
her chains, necklaces, rings, etc. But she agreed to go off all 
‘except two rings which did not have these alloys. To reduce fossil 
fuel fumes in the house she removed all gas cans and the lawn 
mower from the attached garage. They parked the cars outside. 
‘She was started on kidney herbs and promised to use con- 
traception until she was done. She was to drink three glasses of 
2% milk a day and take a magnesium tablet and stop drinking 
other beverages. Three weeks later her husband canceled her 
appointment because she was too embarrassed and delighted to 
call hersett. 


Prostate Problems 


If urination is not complete, so you must soon go again, es- 
pecially in the night, it is suggestive of pressure on the urethra 
from an enlarged prostate gland. Keeping a little urine from being 
voided is conducive to bladder and kidney infection, too, 
because bacteria soon find this “free food.” 

The prostate collects toxins as if it were a designated dump 
te, especially for nickel. Urinary tract bacteria quickly find 
“their” metal, nickel. Any supply of nickel will attract bacteria 


"'A surgical procedure, called dilation and curettage, meaning di- 
late the bladder with air and scrape away the inner lining. 
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quickly as crumbs and cheese attract mice. Urinary tract 
bacteria are making use of your urea as their food. To digest it, 
they first break the urea molecule apart into two ammonia 
molecules. It is the ammonia smell of the urine that 


bodies do not make ammonia. Only bacteria can do this 
digestive enzyme is called urease. In order to do its job, th 
enzyme requires the element nickel. 

Nickel is plentiful in the soil which is undoubtedly where 
these bacteria belong, breaking up and utilizing the urine and 
droppings left there by animals. They perform an essential task in 
our environment, destroying animal excrement and thereby 
cleaning-up the soil around us. What folly it is to load ourselves 
up with nickel so that in one short hop from the earth they are 
residing in us! Bacteria are all around us doing their valuable 
jobs. We cannot stop associating with bacteria. We were not 
meant to feed them, however. If we did not supply them with 
nickel, as if we were just another patch of earth, they could not 
gain a foothold in our urinary tract and then to the prostate. 

How can we rid our bodies of nickel? This is the challenge 
Are we eating dirt? A small amount of dirt can't be avoided on 
our food. But we can stop sucking on nickel as if it were a lol 
pop. Our spoons, forks and knives are made of nickel! Stainle: 
steel is 8% nickel! Does it really come off as you eat? When you 
stick a knife into the mayonnaise jar, it ied in a few 
s. Try it. The mayonnaise has reacted with the metal 
loosening the nickel. When you smear the knife over your bread, 
this film comes off and you eat it. If you were to put the knife in 
your mouth, now, you could taste the metal. You will later wash 
ihe knife but not before you have eaten enough nickel to supply 
all the bacteria in your body with the daily allowance of their 
ssential element, nickel. Nickel is not our essential mineral. 
Even plants keep their nickel levels very low. But due to 
pollution of animal feed with it, even a hen’'s egg now has 3 
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meg/100 gm of nickel in it.” To produce a nickel-polluted egg, 
the chicken must be polluted. 

Especially infants and children should never be given metal 
cups or cutlery. They need all their immune power to combat the 
barrage of new bacteria and viruses that is emerging in this age 
of AIDS. Nickel is part of dirt and belongs there, not in our pots 
and cutlery. 

Another large source of nickel is metal dentalware. It is used 
to harden gold! If you suffer from prostate problems, remove 
metal from your dentalware. Nickel is used to make bridges, gold 
crowns, retainers, amalgams. Exchange it all for plastic ware and 
composite buildups (see Sources for more dental information). 
Stop eating and cooking with metal utensils; use old fashioned 
wooden or sturdy plastic cutlery instead. Always use a plast 
knife for butter or mayonnaise. Never buy foil-wrapped butter. 

Nickel is fat soluble and is stored in your skin fat temporarily 
when a surge of it enters the body. Your skin oils may be loaded 
with nickel causing “allergies” in the skin, Male pattern baldness 
is such an allergy. The sweat tries to excrete it for you. Always 
wash off your scalp sweat to help with this excretion. The skin 
oils dissolve nickel from metal jewelry (sometimes leaving your 
skin with a greenish black color) and transport it into your body. 
Don't wear metal jewelry. Earring posts should be plastic. Metal 
watches and metal rimmed glasses should be replaced with all 
plastic types. Metal rings should be replaced. After lowering 
your total body nickel levels and your prostate disease is only a 
memory, you might notice scalp hair returning to sparse areas. 
Search around the edge of the hair line for the first returnees. 

Bacteria cannot live in the prostate without nickel being pre- 
sent, You can cure your prostate problems with the simple tactic 


"Food Values by Pennington and Church, 1985 
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of stopping nickel pollution of your body. Notice that you get a 
fresh attack after accidentally using metal cutlery in a restaurant 
or eating mayonnaise-style salad with a metal spoon stuck in it. It 
might be wise to take a histidine capsule (about 500 mg., one a 
day for three weeks, see Sources) when this happens. Histidine 
anickel chelator. Taking zine is helpful too (60 mg. two times 
a day for a month). Possibly, the nickel was poisoning zinc 
enzymes. Read about the benefits of flaxseed, too, but remember 
to test every product for pollutants before accepting it as a 
supplement. 

Prostate problems of all kinds clear up when bacteria are 
zapped, the Kidney Cleanse is done, dental cleanup is done, and 
the Bowel Programis followed 


Richard Traylor, age 71, had suffered from prostate and urinary tract 
disease for three years. Scar tissue had to be removed occasion- 
ally from prior treatments of them. He was started on the kidney 
herbs and in two weeks (13 days) he had a considerable im- 
provement in urine flow. At his follow-up visit we searched for 
toxins. He had radon, chromate, yttrium and strontium in his genital 
and urinary tract. He got rid of his water softener (such salts are 
polluted with chromate), toothpaste (strontium source) and opened 
the crawl space vents (source of radon). This cured these 
problems in less than two months. It also cured his stomach ulcers 
for which he had to take medicine. He was so pleased he decided 
to install a crawl space fan and pursue a parasite program and 
dental heaith just to see what extra health improvements he might 
get 


‘Omer Whitney, age 45, had always been a strong, healthy, hard 
worker. He could now barely walk, due to weakness and pains of 
several kinds; his prostate problems began several years ago. Our 
tests showed 4 kinds of kidney stones. He was started on only half 
‘a dose of the herbal recipe to give them a chance to dissolve more 
slowly. One month later he still had some stones although his leg 
cramps were already gone. At this time we found Ascaris (both 
kinds) which he killed with a frequency generator. We also found 
carbon tetrachloride and pentane (in decaf beverages) built up in 
him; also gasoline and TCE. He was considera- 
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bly improved five weeks later and was quite eager to improve 
further. A toxic element test showed he was full of copper, ant: 
mony (from mineral ice massages), cobalt (aftershave), zirconium 
(deodorant), thulium (vitamin C fortified orange drink) and mercury 
(very high, from tooth filings). He planned on cleaning all of it out 
of his body and regaining his lost strength. 


Harvey Van Til, age 35, came in for his prostate and testicle swelling 
which began shortly after a vasectomy. He ached over the front 
right side of his abdomen. He was started on the kidney herbs and 
in four weeks he had eliminated his oxalate crystals and felt 
considerably better. We next found the adult intestinal flukes and 
human liver flukes in his prostate gland! After killing them immedi- 
ately with a frequency generator and getting instant relief of pain, 
he got his own device and did not need to retum. 

Clayton Gamino, 26, had pain during urination which he interpreted as 
a left-over from a prostate infection he once had. He got all the 


metal out of his mouth, and did a kidney cleanse. A half year later 
he had no remaining pains and was able to father his first child. 


Side Pain 


Pain on the right side can 
come from problems at the 
leocaecal valve or the appen- 
ix or the large intestine itself. 
an also come from the liver m 
which is higher up but is 4 

side. Pursue it as an in- 

al problem first, killing 
parasites and bacteria and 
normalizing bowel movements 
with the Bowel Program If the ope on your right side with the 


pain persists, especially if it  paipladder tucked inside. The 
reaches up the side to the 
left lobe is smaller. 


ne 


Fig. 22 The liver has a large 
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middle of the waist, itis probably due to the liver. 

The liver is a large organ, mostly on the right side of the 
body, but with a smaller lobe on the left side. It is the chem 
manufacturing plant for the body. It pulls in the food from the 
intestine (that you ate hours ago) and makes your body's chemi- 
cals from them. Toxic items are changed chemically into non- 
toxic items that the kidney is able to excrete into the bladder. 
Fatty things must be made water soluble for them to leave with 
the urine. The liver also makes bile and sends toxic items along 
with it to the intestine through the bile ducts. The bile enables 
calcium and fat to be absorbed. If the liver isn't getting much bile 
to the intestine, fat is left in the bowel contents and the feces will 
float in the toilet bowl. That is your clue to bile duct blockage. 
le is bright green, Mixed with intestinal contents it turns the 
bowel movement dark brown. If the bile is not arriving in the 
intestine the bowel movement will stay light colored, even 
yellow or orange. This is another clue to bile duct blockage. 
Over a quart of bile should exit the body each day. Since bile 
loaded with cholesterol this daily excretion of bile is a major 
method of keeping cholesterol levels low. If the bile ducts are 
choked with debris so only half as much (often only a cup instead 
of a quart!) bile is produced and excreted you can expect 
cholesterol levels to rise, and digestion to be bad. When food 
nt promptly digested and absorbed the ever present, ever-ready 
bacteria will grab it for themselves. 


Taking cholesterol-lowering drugs should be reserved for 
cases where natural excretion cannot be regained. 


: coli and other intestinal bacteria, which do no harm in 
moderate numbers, can overgrow in a few hours to give you 
bloating, gas and pain. Your body produces no gas. Only bacte- 
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ria can produce gas. If your side pain is accompanied by bloating 
and gas, you know you have a digestive problem. And that this 
digestive problem stems from a congested liver if the pain is 
directly under it or over it, or if the feces are light colored or 
your cholesterol levels are high. Not everybody has all the 
symptoms. 

To clear the clogged passages of the bile ducts, you simply 
do the liver cleanse (page 552) over and over until the problem 
is gone. There is one catch. If there are living parasites in the 
bile ducts, they will not let the bile ducts clear themselves. They 
are stuck fast to your ducts as a tick can be to your skin, They 
must be killed before they will let go. Zap them all, or you may 
use the herbal parasite program, staying on a twice a week 
maintenance program. Only after parasites are dead (after day 20 
if using the herbal program) will you get a lot of “green stuff” 
and be able to clear “stones” out of your bile ducts. Only one 
large duct at a time will clean itself. We have hundreds of larger 
ducts and thousands of tiny ducts feeding into the larger ones! 
Stay on a schedule of cleansing the liver every two weeks 
(unless you are ill) until your side pain is gone, your digestion is 
normal, and you are bouncing with energy. You may also lose 
some weight, but only if you are overweight. 

Remember that a clogged liver 
does not necessarily give you pain by 
itself. It is more likely the bacteria in 
the gall bladder and bile ducts, 
causing inflammation there and in 
your intestine, that cause pain. Don't 
wait till pain occurs over the liver. 
Use whatever clues you can to diag- 
nose your clogged condition. Or just 
assume it is clogged. Do the cleanse, 
and see if you get any stones out. It 
can never hurt and can help a lot. 


Fig. 23 Gallstones. 
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Bruce Heam, 40ish, had severe side pain for several weeks and was 
rather gassy. He had seen a clinical doctor who found him in good 
health. But we found sheep liver flukes in the intestine and in the 
thymus! The thymus is an immunity-giving gland, so anything in 
the thymus is a very serious matter. He also had benzene in his 
thymus (inviting AIDS). He quickly switched from drinking soda to 
drinking milk. He went off everything in the benzene ist. He killed 
the flukes electronically and started on the parasite program. Three 
weeks later the benzene was gone, his side was very much better 
and he could begin a kidney cleanse for his low back pain. He 
hadn't cleansed his liver yet! His improvement was probably due to 
improving his immunity which then controlled the bacteria. 


Midabdomen Pain, Stomach Pain 


wver from your right side to the left side at 
labdomen. This is also the location for the bile duct to join 
your small intestine. Most midabdomen pain comes from either 
the colon or the bile duct connections. Kill parasites and bacteria 
by zapping or with the herbal recipe. Improve your digestion 
with diet clean up (off moldy food, boil dairy products). 
Sometimes the midabdomen pain stems from the stomach itself. 
‘The valves at the top and bottom of the stomach are meant to 
keep the food in, The valve at the top where the stomach joins the 
esophagus is a favorite location for bacteria, 

‘You seldom feel them here though. This is just under your 
breastbone. They do their work quietly. Eventually, the tissue 
there is so weakened, the valve can't ightly and food is al- 
lowed to go back up the esophagus. This is called reflux and you 
may be told to sleep with your head elevated and to eat small 
meals, especially at bedtime. You may be given Reglan,™ a 
drug to help empty the stomach faster. Digestive enzymes will 
help empty the stomach, too, but may harbor molds. The real 
solution is to kill the bacteria in this area and 
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keep them from reinvading it. Start by killing the Salmonellas 
and Campylobacters (zap them), 

Within a day or so, 
however, the area can 
be re-invaded. Some 
bacteria are coming 
from your teeth! Some 
come from the liver! 
Often both sources are 
supplying bacteria to 
the stomach. The 
stomach allows a little 
bile to enter at the end 


Fig. 24 Stomach, esophagus, 
of each meal, this is diaphragm, gallbladder. 
normal. But if the bile 


is full of live parasite stages and bacteria they may try to colo- 
nize the stomach, too. If there is insufficient stomach acid to kill 
them or if there is an accumulation of toxin in the stomach, they 
will get a foothold. Then they can burrow down deep to escape 
acid. Eventually, an ulcer can develop. 


Stomach Ulcer 


Often, such an uleer is painless. 

You are, therefore, not alerted to the parasites’ presence until 
they have established themselves in good hiding places. Taking 
antacids, of course, works in their favor. The solution for both 
stomach pain and stomach ulcers is to kill parasites and bacteria, 
followed by dental and liver clean ups. One very common toxin 
that accumulates in the stomach is the pesticide arsenic. You 
inhale it right along with the flies and roaches you may be trying 
to kill with arsenic-laced pes 
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Other inhaled toxins are fiberglass, asbestos, formaldehyde 
and freon. Your nose and mouth mucous traps a lot of the 
whereupon you swallow them and they glide into the stomach. 
Tooth bacteria and tooth metal get into the stomach the same way 
You simply swallow them. 

Clean up your air, don't use any pesticides (see other methods 
in Recipes). Your dentalware may be cleaned up in a few dental 
visits but the liver cleanses must go on for a year or two before it 
reasonably clean. You may get pain relief in a few weeks but 
this should not derail your intention to revitalize yourself 
completely with a cleaned liver and stomach. 


Hiatal Hernia 


When bacteria have spread 
to the diaphragm and weak- 
ened it, along with the upper- 
stomach valve, food is a 
lowed to get pushed up right 
through the diaphragm. Pres- 
sure in the abdomen from pig, 25 Hiatal hernia. 
overeating or sitting in an easy 

chair pushes it up. Walk after eating. Empty the stomach before 
going to bed. Dont sit in recliners. Very many of us, about 25% 
have a small hiatal hernia, It only hurts if itis inflamed. Work at 
clearing the inflammation first, to get pain relief. In time, the area 
will strengthen and the hernia itself may get smaller. 


Jeffy, 3 months, had been screaming a lot ever since birth. He was 
very gassy. He could not be put down without starting to cry. He 
was congested and had colds. He was on mother’s milk exclusively 
80 his chronic Salmonella infection must have come from 
‘someone who was a carrier, possibly his mother, although she 
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Insufficient Wetting (Pin) 
This solder in this joint has not wetted the pin at 
all and has only partially wetted the pad. in this 


case, heat was not applied to the pin and the 
solder was not given adequate time to flow. 


Repair: This joint can be repaired by re- 
heating and applying more solder. Be sure that 
the tip of the hot iron is touching both the pin 
and the pad. 


Prevention: Even heating of both the pin and 
the pad will prevent this problem. 
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had no symptoms. The mother had platinum and tellurium in her 
milk (Salmonella can be transmitted in milk but this was not 
checked). The solution was to clean up the mother’s milk by getting 
the dental metal out of her mouth, and washing hands before 
nursing. Jeffy's father had an Ascaris and intestinal fluke infesta- 
tion. Itis quite possible the baby had these also, giving him a nasty 
tummy ache in addition to the gas pains. The baby's older sister 
had screamed and cried the first nine months, too, so the parents 
were told it was a “familial thing.” She also had ear infections, 
colds and a flaky patch of skin occasionally. She, too, had 
Ascaris. They were very pleased to be able to clear up the whole 
family’s problems by killing parasites and removing toxins. 


Ruby Adair, age 14, filed a page with her symptoms. She was also 
chronically fatigued and had consumed enough antibiotic to fill a 
room.” She had shooting pains from under her feet up her legs. A 
quick check revealed mercury and thallium in her immune system. 
Instead of being dismayed, this news filed her with hope for re- 
covery. She arranged for dental metal replacement. Then she re- 
lated her stomach “story”. While at a wedding, a year ago, she 
began vomiting with diarrhea. She thought it was the stomach “flu’ 
but she didn't recover for six months and had to miss school. The 
psychologist thought it was emotional. She was still oly attending 
school one hour a day. We found Fasciolopsis, the intestinal 
fluke, in her stomach wall as well as in her intestine. She started 
the parasite program and in three weeks her appetite was back, in- 
somnia was gone, fatigue was better and a significant improvement 
was evident. 


Respiratory IlIness 


Asthma 


is a very old disease described in the ancient literature. The 
only progress we have made to date with this disease is to give 
drugs to soothe the symptoms. 

‘Asthma is associated in all (100%) cases with tiny Ascaris 
larvae. As soon as eggs hatch (in the stomach, immediately after 
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scopic larvae travel to the lungs, not 
. Imagine the distress of lungs full of tiny worms! 
‘One tries to cough them up, of course, but in our misguided effort 
to be polite we teach children to swallow anything they cough 
up! Some swallowing is inevitable and the young worms are 
back in the stomach, this time to set up their housekeeping in the 
intestine. Some never leave the stomach, causing children 
stomach aches and, of course, a large entourage of bacteria 
which, in turn, have their viruses. 

Most cases of Ascaris infestation also show Bacteroides 
fragilis bacteria which, in turn, carry the Coxsackie viruses 
(brain viruses). Whether or not these bacteria or viruses will 
thrive in you depends on whether you make a good home for 
them, namely have low immunity in some organ. The preferred 
organs for Bacteroides are liver and brain (brain tumors always 
show Bacteroides). The preferred organs for Coxsackie viruses 
appear to be tooth abscesses and brain. 

Not everybody with Ascaris develops asthma, even though 
they always go through a lung stage. Does it depend on the age of 
the person when the infection develops? Or how many Ascaris 
are present? Or the time of year when lung infection is present? 

That innocent cough of early childhood should not be ne- 
glected, as simply “croup.” At the first sign of a cough, use a 
frequency generator set to 408 KHz, the frequency for Ascaris, or 
use a zapper. Pay extra attention to washing hands before meal 
Pay extra attention to the animals nearby. Kill their Ascaris with 
a zapper and keep it up daily or put parasite killing herbs in their 
food. 

Asthma sufferers become alllergie to many air pollutants such 
as pollen, animal dander, smoke. The production of histamine in 
the lungs and the vast interconnectedness of histamine to allergies 
has been well studied scientifically. Although invasion by worms 

known to result both histamine production 
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and high eosinophil counts (over 3), and asthma clients typi- 
cally have both, they are not routinely checked for worms 
clinically! They are simply given drugs to enable better breath- 
ing. More and better (though toxic) drugs have been developed. 

But you can put an end to your asthma by terminating your 

Ascaris infection. Then wash your hands and fingemails with 
grain alcohol, and let no more filth past your lips. Wear plastic 
gloves for a week to break a nail biting or finger sucking habit. 
For children wash hands before eating anything, even between 
meals; keep fingernails short. 
S, pigs and horses all get Ascaris, Never, never let a 
child clean up any vomit or mess left by an animal. This could 
lead to massive infection, the kind that could result not only in 
asthma but seizures. Kill the worms in animal messes before you 
clean them up too. Never use your dustpan or broom. Use 
cardboard, newspaper or anything that you can afford to throw 
away with the mess. Squirt povidone iodine (available at drug 
s) on the mess-even if it’s outside-and cover with salt be- 
fore cleaning up. Discard it in outside trash. Wash your hands 
with grain alcohol, paying special attention to fingernails. If you 
are a food preparer, you could infect the whole family if you 
don't wash carefully. 

If there is an asthmatic in your family, the whole family 
should be treated for Ascaris with a zapper or with the herbal 
parasiticides. Even after everybody including the pets have been 
treated, pets should not be allowed in the bedroom of the asth- 
matic person, Asthma is more than parasitism. It is also an al- 
lergic reaction, to the pet and to other inhaled bits of matter. 

Clean the air. Smoke of any kind, fragrance and chemicals of 
any kind, all household cleaners, polishes, and so forth should be 
removed. Store essentials in the garage, not the basement, since 
basement air rises. Clean up the whole house. Persons who must 
use hair spray or nail polish should do so outside in the summer 
and in their own rooms with the doors closed in 
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winter. Use a chlorine filter for the water, especially at the 
shower. Install central air conditioning if possible, with maxi- 
mum filtering (but never with chemicals added to the filter and 
never with a fiberglass filter) at the furnace. A room air filter 
(not fiberglass) is next best. Use it for an hour in the bedroom 
ahead of bedtime so the air currents can cease. Just moving dust 


around is worse than leaving it there. Never do dusting when an 
asthmatic is in the house. Lungs heal quickly when the air is clean 
and there is no reinfection. The best place to recover is outdoors 


away from trees and bushes or indoors 
air conditioning (free of asbest 
fiberglass, pet dander). 

‘As your asthma lessens, reduce your inhalers, but always 
keep them on hand. When you suddenly need them, try to identify 
your source of reinfection or allergens. Use this experience 
wisely. Try to understand the recurrence of your asthma, Keep 
notes. It may take half a year with a dozen recurrences to finally 
Jean and conquer! It will feel great to breathe without spraying 
yourself and taking medicine. If it comes back a year later, figure 
‘out what is happening that’s seasonal. A pine tree near the house, 
a flowering bush, the first mown grass? Stay away from the 
until you are completely healed. 

‘There are traditional herbs for helping lungs. Grow your own 
comfrey and garlic. Make mullein tea from the dried herb 
Sources). Read herb books for more help. Dry some for winter 

se, being careful to do it right and not let it mold, 


with total pollution-free 
formaldehyde, arseni 


Suzanne Carlyle, 45, had asthma from infancy. She was currently on 
‘Albutesol™ spray and tablets daily. Now she was beginning to have 
arthritis too. She was given arginine to replace caffeine. She had 
two species of Ascaris and was allergic to cats and other animals. 
‘She was started on the herbal parasite program after kiling 
Ascaris, Bacteroides and Coxsackie viruses with a frequency 
generator. Her lungs showed kerosene, carbon tetrachloride, 
mineral oil, benzalkonium (from udder wash, she was also mik 
sensitive), aluminum from her cookware, and aluminum sili- 
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cate from her salt. She had two extra lung parasites: Paragonimus, 
a lung fluke, and Pneumooystis. She was immediately improved 
after cleaning up these sources and canceled her future 
appointment, 


Cay Wenkert, 63, had asthma for many years for which she took 
Proventii™, but this gave her such bad side effects she had to stay 
home now and not venture out. Her lungs were full of benzalkonium 
(toothpaste), arsenic (ant poison under kitchen sink), zirconium 
(deodorant), and nickel from tooth metal. She had dog heartworm 
in her lungs(!), in addition to her heart where she sometimes felt 
pain. She had Ascaris and Naegleria, mycoplasma, Endolimax 
and the intestinal fluke in her lungs! She coughed up blood, after 
her doctor had diagnosed bronchiestasis recently, meaning her 
lungs were not capable of sweeping out the daily refuse we all 
breathe in. In spite of killing these and cleaning up her 
environment she got no improvement. She repeatedly got 
parasitized. She had four or five root canal teeth which she was 
unwiling to have pulled. Hopetuly, the tradeoff between teeth and 
health will soon begin to look poor. 


‘Amy Newberry, 41, had recently begun to have asthma attacks. She 
had been on cortisone but now was on inhalers through the day 
(two putts Ventilin™ 3x/day, plus three putts Intel™ 3x/day plus 
four puffs Asthmacort™ 3x/day). She was often hospitalized for 
attacks. She also had stomach trouble and sinus problems (had 
pneumonia recently). She had Ascaris larvae, Endolimax, Naegle- 
riaand Acanthocephala in her lungs! She also had arsenic and 
palladium (tooth metal). Going onto homeopathic medicine for 
stuffiness helped her avoid some hospital visits. It took several 
months (5 visits) to track her arsenic source to the bedroom car- 
pets (stain resistance!). After steam cleaning it herself and doing a 
liver cleanse (after first kling parasites) she was amazed at her 
improvement. She had not been to the hospital in a month and was 
only using inhalers preventively. She planned to get dental work 
done. She got all her former health back. 


Laura Brewster, 25, lived in a very old house. The slightest exertion 
would give her an asthma attack. She frequently got pneumonia, 
too. Her lungs had berylium (coal oil) and asbestos, and two 
parasites, Paragonimus (\ung fluke) and Ascaris. She got rid of al 
the old fashioned lamps and candles in the house, but could not 
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find the source of asbestos. She got rid of the attacks but her 
‘cough and pneumonia bouts will continue until she moves from that 
house. 


Brett Wilsey, 70, was congested most of the time, had chronic sinus 
problems, was getting allergy shots for dust and mold, and was on 
several inhalers for his asthma plus emphysema. He had asthma, 
for eight years. He had oxalate, urate, and all three phosphate va- 
riety crystals in his kidneys. He was started on kidney herbs. His 
blood test showed high “total carbon dioxide” or “carbonate” 
showing that his air exchange was not good. His potassium was 
low, showing that his adrenals couldn't keep his electrolytes 
(sodium, potassium and chloride) regulated, in tum, giving him 
muscle weakness. His LDH was very high, showing that his heart 
muscle) was in distress, too. Fortunately, his RBC was slightly 
elevated, to help with oxygen delivery. (See Anemia page 285). His 
eosinophil count was high, as is the rule for asthmatics since they 
all have Ascaris worms. Besides Ascaris he had pancreatic and 
intestinal flukes in his lungs(!) plus Heterakis (a chicken 
roundworm), human hookworm, and Prosthogonimus, another 
fluke. He was started on the parasite herbs. Two weeks later he felt 
a lot better although he stil had some Ascaris. He was toxic with 
barium and hafnium (which were traced to his dentures) nickel, tin, 
rhenium. He stopped using commercial “denture-soak.” His wife 
stopped using hair spray and they started leaving the car out of the 
garage and walked around to the front door, instead of using the 
attached garage. He also started drinking homemade comfrey tea. 
This made him fee! stil better. 


When he removed his watch he got rid of his nickel source. Nickel 
has an affinity for lungs (as well as prostate and skin). He was now 
down to one puff of inhaler instead of two, only four times a day 
instead of hourly. He could breathe deeper than before. Then the 
lead in his water was found and traced to a single “sweated” joint 
in the pipes. He was started on food grade hydrogen peroxide, 
working up a drop at a time; now his cough became ‘productive’, 
he was coughing up a lot. 


He got the plumbing fixed and did a liver cleanse after which his 
fatigue lifted. He couldn't stop laughing and joking about the 
emphysema’ he was so worried over earlier. 
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Bea Kames, 49, had asthma from childhood when she also had ec- 
zema. She was presently on several medicines plus allergy shots 
and antibiotics for it. She was toxic with antimony although she 
used no eye makeup and europium, tantalum, and gadolinium from 
dental metal. She also had hand swelling in the morning and was 
started on kidney herbs. She killed her intestinal flukes (in the 
intestine) and Ascaris in her lungs and was not seen for half a 
year. When we eventually saw her, she said her asthma had been 
“wonderful.” She was faithfully controlling parasites with the 
maintenance program and occasionally drinking kidney herb tea. 


Cynthia Prout's whole family (mentioned previously) had asthma. She 
was told it was inherited. The three young children and herself 
were on inhalers, nose sprays, cough syrups and antibiotics. Nola, 
age 10, also had ear infections and numerous allergies. Lewis, 
age 8, was a slight, nervous boy; he had been off wheat and milk 
for many years due to intolerance. Irwin, age 5, seldom went with 
the family due to his frequent stomach aches and the fact he could 
vomit without notice. The mother and two children who were with 
her (Irwin stayed home) had Ascaris infection and Lewis also had 
pancreatic flukes. Their home was toxic with vanadium, namely, a 
gas leak. The parasites were quickly killed and gas leak repaired. 
‘The whole family got well and canceled their next appointment. 
‘Some inherited disease! 


Asthma is just one of our common respiratory problems. The 
's are always a combination of Ascaris and other parasites 
with pollutants (allergies) 


caus 


Bronchitis, Croup, Chronic Cough 


+ In bronchitis the bronchioles are the site of the problem. 

+ In croup it’s further down, 

+ In cases of chronic little hacky coughs it may be heart- 
worm! 


Bud Portillo, 62, worked on earth moving machines. He frequently had 
‘a "bronchial virus” or “bronchial infection.” He was always cough- 
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ing. He had Ascaris infestation and arsenic pollution in his home. 
He also had palladium toxicity from tooth filings. As soon as they 
removed the mouse bait from their home, tore down the hallway 
wallpaper (arsenic source) and changed wells (the well water had 
arsenic in it from seepage!) and killed parasites, his cough was 
gone. He also finished his dental work. All this took six months. 


Gene Mizell, age 4, was constantly clearing his throat. His parents 
wondered if it was a “nervous habit.” He had two species of As- 
caris living inside his small body. He was started on a small dose 
of parasite herbs immediately, stirred into a daily dose of VMF 
syrup (see Sources). He also had PCBs, aluminum silicate, lute- 
tium from recent painting in the house and xylene and toluene 
solvents. He was switched off soda pop and onto milk. We saw him 
five weeks later. He had gone through three treatments with 
vermifuge syrup. His throat clearing was gone, as well as his 
hacky cough and the blue circles around his eyes. He stil had 
PCBs, which they later cleared by switching off detergent. 


Carmen Castro, 30ish, had a chronic cough without being ill. She also 
had some heart irregularity. She had Dirofilaria (dog heartworm) 
and Loa loa. There were no indoor pets. After killing the parasites 
with a frequency generator and starting on the parasite herbs she 
was still coughing a bit but her pulse was down to 80 (from 120). 
She stil had toluene, TC Ethylene solvents and mercury, platinum 
and lead in her body. Then a gas leak developed in their home. 
‘She used moth balls and painted a room. After this she had to be 
(on antibiotics for her extreme cough. This time she had myco- 
plasma, Haemophilus and influenza. She killed these electroni- 
cally and her coughing stopped. Until she gets the dental work 
done she will continue to pick up new infections. 


Hope Feldman, 57, had been coughing for half a year. She had seen 
many doctors including a reflexologist. She had mycoplasma and 
alpha strep at tooth #17 (lower left wisdom tooth). As soon as 
these were killed with a frequency generator her cough stopped. 
‘She was advised to wear turtleneck sweaters for extra warmth over 
her bronchii and get a cavitation cleaned at tooth #17. 


Teresa White, 37, had bronchitis several times each winter and was 
put on antibiotic for the whole season to keep it from breaking out. 
Her lungs were loaded with tantalum from dental metal, cobalt from 
detergent and thulium from her vitamin C. She had taken 
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herseff off milk, thinking it might be a factor, and used an air 
cleaner but without results. As soon as she had the tooth metal 
replaced with plastic (in less than a month) she could go off anti- 
biotics and also was rid of a chronic sinus condition, but still had a 
bronchitis bout. She had Ascaris larvae in her lungs and phos- 
phate and oxalate crystals in her kidneys. Her diet was changed to 
include milk and fish, magnesium, lysine (500 mg one a day), 
vitamin Bs and a vitamin A+D capsule. She started on the kidney 
cleansing herbs and then the parasite program. In another month 
the whole problem was gone. Wisely, she got ready to cleanse her 
liver. 


Craig Stewart, 2, had a history of respiratory problems. He had been 
‘on Ceclor™ and Ventilin™ for a long time: he had pneumonia the 
previous year. He had whip worm ( Trichuris) infesting his intestine 
which was promptly killed with parasite herbs (as much as his 
parents could get down him was effective). He was toxic with as- 
bestos. When the clothes dryer belt was changed to a U.S. variety 
(imported belts contain asbestos which flies into the air when the 
dryer is used), Craig's health turned around. 


Doris Gumb, 26, was on Isoniazid™, Tussionex™ and Rifodin™ for 


tuberculosis. It started with coughing. She was down to 98 Ib. in 
weight. Her lungs were toxic with berylium (coal oil fuel), mercury, 
uranium, and tellurium. She began by clearing all toxic items from 
her house and basement and then bringing an air sample for 
testing. She also had Ascaris larvae in her lungs and pancreatic 
fluke in her pancreas. In three weeks she was coughing less and 
producing less with each cough. The “clean” air sample still had 
uranium, tellurium, mercury and beryllium. She had no metal tooth 
filings, though. In the next three weeks she found a hole in the 
floor to the crawl space. It was letting up uranium dust and radon. 
‘The mercury was traced to the carpet in a child's bedroom. After 
throwing it out, her sputum cleared up and she was on the way to 
recovery, although we never found the source of tellurium. 


Breast Pain 


Although lumps and cancer in the breast produce no pain, 
they sometimes do give you little warming twinges. These 
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s into the breast from the armpit or from any diree- 
gone in a second, leading one to believe it couldn't be 
s. If the breast has any unusual sensations, painful or not, 
investigate immediately. 

Test yourself for cancer. (You may use a specimen of 
mother's milk as a cancer test since this has mitotic stimulants in 

{see Curing Cancer page 331). If you have purchased a slide 
of breast tissue (mammary gland) you can search your breast for 
cancer. If not, but you find “mother’s milk” in your white blood 
cells, assume it is Cancer and clear it up immediately. 

If you don’t have cancer, search for the pollutants giving you 
these twinges of pain. Search for your deodorant, cosmetics, and 
soap in your white blood cells. Search for dental metal. The 
breasts are often full of nickel. Nickel is quite soluble in fat and 
the breast is mainly fat. Nickel is one of the top carcinogens 
listed by researchers. It could even explain the high incidence of 
breast cancer. But titanium and barium from cosmetics, as well 
as asbestos and fiberglass are also quickly accumulated in the 
breast. Clean up your dentalware and body products. Check for 
exposed fiberglass. Change your dryer belt. Buy a new non-CFC 
refrigerator. Never try to get rid of these pains with pain killers; 
let the pains show you whether the clean up has been complete. 


Breast Sensitivity 


Breast sensitivity can be quite uncomfortable to the point of 
not being able to wear a bra, especially near period time. It may 
be due to high estrogen levels; this is also conducive to breast 
lumps and breast cancer. Most of your estrogen is produced by 
the ovaries before menopause and later by the adrenal glands. 
Too high estrogen levels plague the modern woman. Certain 


143 


Insufficient Wetting 


(Surface Mount) 

Here we have three pins of a surface mount 
component where the solder has not flowed 
onto the solder pad. This is caused by heating 


his is easily repaired by heating the 
solder pad with the tip of the iron, then applying 
solder until it flows and melts together with the 
solder already on the pin. 


Prevention: Heat the pad first. 


> Adafruit Industries _https://learn.adafruit.com/adafruit-gu 
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food molds, particularly zearalenone, causes __over- 
estrogenization, It affects men too. I have found it in popcorn and. 
corn chips! And brown rice. Stop eating these. Eat white rice. If 
you make cooked cereals be sure to add vitamin C to them before 
‘cooking (1/8 tsp. per cup), to detoxify food molds. I do not know 
whether taking vitamin C with your popcorn would detoxify 
zearalenone. Don't risk it. The excess estrogen compounds must 
be detoxitied by the liver. Yet, the liver may be incapable of this 
because you ate yet another food mold! See the section on moldy 
food (page 381). 

Over-estrogenized women are over-emotional, seemingly on 
a roller coaster of enthusiasm and despondence. They can de- 
velop a high pitched voice, that almost sounds squeaky. High 
enough estrogen levels are important for fertility but too high 
levels can cause infertility. Your body is eager to set the level 
just right, if only you will clean up the ovaries of parasites and 
pollution, Don't stop your clean up until the breast feels normal 
again throughout your cycle and you don't feel over-emotional, 
even just before your period. 


Breast Lumps 


Breast lumps may or may not be painful. If you feel one, don't 
wait to be more certain, don't wait to analyze it with tests, don’t 
wait for a doctor's diagnosis or a mammogram. Obtain a 
frequency generator or zapper and zap yourself immediately. 
Also do the herbal parasite program immediately (page 338). 
Your body often turns the breast into a collecting station for 
toxic wastes that have been drawn downward from the top of 
your body. From your head where shampoo and hair spray and 
cosmetics leave their daily deposits, from your dentalware with 
its constant supply of heavy metals, from neck and armpits where 
cologne, deodorant and soap leave their toxic residues. The 
lymph nodes under the armpit and the region above the 
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breast, collect it all and let it slip into the breast where it is bun- 
dled up in a cyst. Perhaps the kidneys are clogged so toxins are 
forced to go to a designated dump site instead of out through the 
bladder. Do a kidney cleanse. Don't rest until all your breast 
lumps are gone. They will begin to shrink in three weeks if you 
are removing the correct toxins. Even radon and asbestos go to 
the breast, so be meticulous with your cleanup. 

When the platelet count (in a blood test) is very high (over 
400) there is quite a tendency to form cysts or lumps since 
platelets make your blood clot. The platelet count goes up when 

asites are present. Maybe your blood is attempting to clot 
for fluke stages which may be 
why breast lumps often become cancerous. If yours is over 300, 
it should be 250,000/cu mm) start patrolling parasites regularly. 
Stopping the use of caffeine and taking vitamin E (400 u. a day) 
are helpful in recovery but don't rely on these minor measures, 
Breast lumps definitely invite breast cancer. 


Leslie Yeager, age 37, had breast soreness and “fibrocystic lumps’. 
‘She had cerium and nickel accumulated in her breasts. They 
Cleared up in weeks after her dental metal was gone (she simply 

er). Later she replaced it with a partial made of 


Kari Pfeifer, age 36, had numerous cysts in both breasts and uterus. 
Her estrogen level was too high (187 pg/ml on day 22 of her cycle; 
the day of testing is important since it varies through the cycle). 
Her breasts were full of beryllium (coal oil from hurricane lamps) 
and radon. After these toxins were removed, all her breast lumps 
got smaller. After she did the kidney and Liver Cleanse, the lumps 
got softer and breasts were no longer painful. She had several root 
canals which filed her breasts with numerous bacteria, mainly 
Histoplasma cap (root canals develop infection around 
themselves). After starting her dental cleanup and killing bacteria 
with a frequency generator, all her breast lumps disappeared. 


Claudia Davis, age 41, had breast soreness ever since a mammogram 
two years earlier. She had numerous other pains and indigestion. 
‘She had intestinal flukes in her intestine and fluke eggs in 
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her blood: a dangerous situation. They might land in the breasts 
and start developing there. This is how cancer begins. But she did 
not have cancer yet. She had a buildup of niobium from polluted 
pain killer drugs and thulium from her vitamin C. She had 
‘Salmonella and several other bacteria in her white blood cells, 
which accounted for digestive problems. In eight weeks she had 
cleaned kidneys, killed parasites and gotten rid of her heavy met- 
als. Her breast pain was better and a lump on her eyelid had also 
disappeared. 


Stephanie Nakamura, 68, had six surgeries to remove breast lumps, 
‘going back to youth. Her recent mammogram was O.K. Her 
breasts were toxic with cadmium, lead, gold, radon, uranium, gal- 
lium, silver. Our tests showed she had kidney crystals and she was 
started on the kidney cleanse. She was given vitamin E, (400 units 
daily), sodium selenite (150 mog daily) and vitamin C (1 or more 
grams daily). Her triglycerides were also very high showing again 
that she had kidney problems. She was given magnesium (300 mg 
daily), vitamin B, (250 mg daily) and lysine (500 mg daily). She 
killed parasites and cleaned up everything except gallium, siver, 
mercury, gold, cadmium. These must have come from her gold 
crowns. Her dentist advised against removing these and 
proclaimed they had nothing to do with her developing glaucoma, 
arthritis and stomach ulcers. It was a tough decision for her and 
she made the wrong choice. Perhaps if she had been up for the 
next breast surgery she would have gotten those “gold” crowns 
replaced with composite too. 


Heart Pain 


Pain over the heart region is usually quite real, even though 
an EKG does not find any abnormality. The most common cause 
Dirofilaria, heartworm of dogs. It often begins as a pain just 
above the heart but spreads itself over the whole heart region, 
Kill it with your zapper. Parasite herbs can also be effective. If 
you did kill them, the pain often intensifies for a day before it 
leaves. Then the pain should be completely gone 
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Heartworm is very easy to pick up again. If you have had 
heartworm, you should no longer keep a dog for a pet. Give it 
away. 

Another heart parasite, Loa loa, is also a filarial worm and 
may be the causative factor. Both Dirofilaria and Loa loa can be 
obtained as 


heart from the grocery store or snippets of beef heart (make sure 
to sample all 4 chambers) will do. 

Follow up on your heart, even when no pain remains. These 
tiny heart parasites have stages that you may not be able to pur- 
chase in slide form and therefore can't test for. These stages, if 
not killed, will become adults so a maintenance parasite killing 


program, herbal or electronic, is essential. Virtually all dogs 
have Dirofilaria in spite of monthly medicine to kill it. They pick 
it up immediately after their last treatment for it and can give it to 
you again. The only way to live safely with pets is to give them 
parasite killing herbs daily in the feed. 

Other heart problems such as irregular beat and mitral valve 
prolapse can clear up along with the pain. Or they may be due to 
bacteria (see Heart Disease, page 318) 


Meredith Zackman, age 53, came for her diagnosed cardiomyopathy 
(heart disease). She owned a beautiful, old, very big dog, and of 
course she would never part from him. We knew she would lose 
her battle against heart disease. She had both Dirofilaria and Loa 
‘0a which we killed instantly with a frequency generator. She was 
on Lanoxin™, Furosemide™, Captopril™ and Metoprolol. We 
found she also had Cytomegalovirus, Staphylococcus aureus, 
Streptococcus pneumoniain her heart. The Staph bugs were also 
in tooth #17. She had copper in her heart (from tooth filings) and 
cobalt and PCB from her detergent. There was zirconium from her 
deodorant and fiberglass from somewhere. Her pulse was typically 
in the 90's. Eight days later, after her dental work to replace metal 
was done her pulse was normal (low 70's), both worms were gone 
and she felt much better. But she still carried four bacteria, five 
viruses and two tapeworm stages: Taenia solium 
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scolex in the spleen (she had chronic pain there) and Taenia 
pisiformis in the liver. She was started on Rascal (an herbal com- 
bination) for these. Six days later she had all of her problems back 
including Loa loa. She repeated everything, then she had to go off 
her heart medications because they lowered her blood pressure 
and pulse too much. She started the dog on the parasite program 
but continued to be heavily laden with parasites and bacteria that 
always found their way to her heart. She purchased her own fre- 
quency generator and was quite faithful with dog treatments. She 
may outlive her dog and then regain her health, finally. 


Bruce Walby, age 42, had chest pain for three years. We found he 
had Dirofilaria and Loa loa in all four chambers of his heart. When 
he zapped them, the pain left a day or so later. 


D’Ann Fonties, age 22, had a lot of chest pain but was told by her 
doctor it was simply “gas bubbles”. She also had a serious diges- 
tion problem. She had Dirofilaria, high levels of styrene (from sty- 
rofoam drinking cups) and benzene. This information delighted her 
and she planned to change her habits. 


Sheila Osborn, age 27, had chest pain when she lifted objects. Her 
pulse was slightly elevated (81) and slightly irregular. She had Di- 
rofilaria. Five weeks after starting the parasite program she was 
feeling much better but stil had the chest pain. This time she had 
Loa loa (but not Dirofilaria) 


Wendy Lewellen, age 28, had a chronic cough and chest pain at mid- 
sternum (the sternum is the bone attached to the ribs and runs up 
the middle of the chest). She had Dirofilaria in one chamber of her 
heart (right auricle). She had xylene and toluene solvents which 
‘came from her daily beverage, Mountain Dew.™ She was also full 
of asbestos from her trips to do laundry nearby (this could not be 
proved, but when she switched laundromats, the asbestos went 
away). Two months later, after kiling parasites, she was free of 
heartworm and her cough and chest pain were almost gone. She 
was probably healing very slowiy due to the asbestos which was 
sill present. 

Lupita Cline, a young mother, had a chronic hacky cough and 
irregular heart beat. She had Dirofilariain all chambers of her 
heart and Loa (oa in her blood but not in her heart. She had 
carbon tetrachloride, propyl alcohol, hexanedione, toluene, and TC 
Ethylene 
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buildup from drinking Pepsi™ and Mountain Dew." Her pulse was 
slightly elevated at 80. There were no pets in the house. She was 
started on the parasite program and two months later was rid of 
her heartworm but now had Loa /oa in her heart and was stil 
coughing a bit. She was full of platinum, mercury and palladium 
from tooth metal as well as vanadium from a gas leak in her home 
and paradichlorobenzene from using moth balls. She was on ant- 
biotics for a “bronchial infection” and was happy to learn about a 
better solution. 


Slow Pulse/Syncope (Passing Out) 


Mason Heckler, 30s, was a mechanic by trade and could not afford to 
ppass out on the job. Yet, it had been happening off and on for 10 
years. He had acquired high blood pressure in his teens! This was 
‘soon followed by an extremely slow pulse (50 beats/mm). No 
medicine worked (he had been tried on many) so he was on none. 
Then he got high blood pressure, it was 160/80 currentty. He also 
had constant chest pain around the left nipple. He had heartworm 
and was started on the herbal parasite program. He never had a 
dog. In five weeks his pulse was 72; the parasite was gone. | pre- 
sume his syncopes were due to sudden blood pressure changes 
or missing a few heart beats in a row. He began the kidney 
cleanse next to lower his blood pressure. 


Chest Pain 


is a tightness or just a little pain at the middle of 
ally under the breastbone, you may be merely 
having an allergic reaction. You might be feeling little spasms 
coming from the esophagus, and reaching up toward the throat 
from gallstones. You might also have HIV/AIDS disease which 
has a similar symptom over the sternum, So it is very important 
to pay attention to even a minor symptom in the chest. 

1g out HIV disease ranks first in importance. Search for 
a microscope slide with 
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the dead virus on it as a test specimen (see Sources). Or pur- 
chase a set of slides representing all the stages of Fasciolopsis 
buskii. Without this parasite you can't get the HIV virus. Purchase 
a slide of the thymus gland or make your own specimen of throat 
sweetbreads. Check yourself for benzene buildup in the thymus. 
(See Using The Syncrometer page 462.) 

If you have neither the benzene nor the parasite stages, you 
have no risk. Your chest distress is due to something else. Im- 
prove your air quality so that your lungs are not in distress. Thi 
includes radon, chlorine (from the bleach bottle under the sink), 
colognes, room fresheners as well as the usual pollutants 
(asbestos, arsenic, formaldehyde, fiberglass, freon). 

If you feel waves of pain reaching up to your throat, you 
probably have a gallstone stuck in a bile duct. Epsom salts can 
relax that bile duct in 20 minutes. Take a tablespoon in %4cup 
water but only on an empty stomach or you may feel quite ill 
Taking a large dose of valerian herb (6 to 8 capsules) may also 
buy you a little time by relaxing the duct. If you do get relief, you 
can be sure it was a spasm of some kind. The magnesium in 
Epsom salts relaxes spasms. I would recommend cleaning the 
liver (page 552) a number of times to try to dislodge the sticking 
gallstone. The instructions for liver cleansing advise you to kill 
parasites and cleanse the kidneys first. But if your throat p: 
severe enough, you might just zap and go ahead with it at once, 


Upper Back Pain 


‘The main pain may be a dull ache over a shoulder blade, or 
between the shoulder blades or running right through you from the 
front to the back of the chest. These are all gallstone pains 
coming from the liver! Get yourself ready to clean them out. 
Clean the kidneys first, kill all the parasites that might be re 
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siding in the bile ducts and blocking them (flukes, pinworms and 
roundworms) and get onto a maintenance parasite program. Then 
mark your calendar for your first liver cleanse. Even if your first 
cleanse gives you only a dozen bits of green “stuff” you have 
done well; you have accessed the bile ducts. The pains will 
probably be “magically” gone the next day, but they might start to 
return in two days. The bile ducts are having spasms again due to 
the remaining stones. 

After you have cleaned out 1,000 or more, you will get per- 
manent relief. Repeat every two weeks, unless ill, until the upper 
back pains are gone, permanently. If chest pain or upper back 
pain is severe, try going off your favorite high fat food (ice 
cream, butter, cheese). Also try taking 6 valerian capsules, 4 
times a day including bedtime to relieve the spasms. 


Shoulder Pain 


Some shoulder pain is called bursitis and some is 
thritis. But it always derives from stuck gallstones in the 
ducts of the liver! You can prove this by taking a tablespoon of 
Epsom salts in S4cup water at 6 p.m, instead of supper and on an 
empty stomach (or you may feel quite ill). If some of the pain 
subsides then you have evidence as to its true cause, because 
Epsom salts reiax the bile duct valve 

Get started cleaning the liver (page 552). By the time you 
have chronic or acute shoulder pain you have about 3,000 
Stones! Count them roughly, as they float in the toilet after the 
liver cleanse so you know how much progress you have made 
toward the final goal. Don't start cleaning the liver until you have 
killed parasites and spent three weeks cleaning the kidneys 
though. This improves elimination of liquid toxins so a liver 
cleanse is promptly cleaned up for you. 
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What emerges from the liver is the most contaminated mess 
imaginable, full of bacteria and viruses and parasite eggs and 
stages (all dead we hope) of every kind. It needs prompt clearing 
from your body. The diarrhea sees to the bowel elimination. But 
some toxins can only pass through the kidneys. Kidneys should be 
clean and capable of doing the job. Remember it is unwise to 
clean the liver before all parasites are dead, especially flukes, 
because they produce a substance that inhibits any action of the 
bile ducts! 

You are only one day away from freedom of shoulder motion 
and sleeping on your side again, Permanent improvement, though, 
depends on progress with your total stone count. Your bursiti 
can return in a few days or a few weeks. Be patient. You may 
only cleanse once in two weeks, and not if you are ill. After six 
cleanses you can be quite sure of being relatively pain free. 

Between cleanses use valerian capsules to stop the spasms. It 
takes 6 capsules 4 times a day to be effective. 

Typically only some bile ducts are spasming, and typically 
those ducts have a single fatty food trigger. Stop eating the high 
fat food you consume the most (it's probably your favorite). If 
that hasn't helped in two days choose a different high fat food to 
omit. The most common culprits are ice cream, potato chips, 
salad dressings, cheese, butter, cream, and milk. 

Perhaps the pain is actually caused by bacteria living in the 
blocked bile ducts and invading the shoulder. This point has not 
been clarified. Using your zapper or frequency generator does no 
good for this pain. Only liver cleaning brings your shoulders 
back to their youthful mobility 


152 


PAIN FROM Tok To HEAD 


Upper Arm Pain 


Excruciating pain in the upper arm soft tissues can keep your 
arm hanging straight down for fear of worsening it with motion 

Magnets of high strength (2x5000 gauss) taped to your arm, 
under your sleeve, can get you through the day. Also try valerian 
capsules (6 capsules four times a day). Go off all fat in the diet to 
let the spasm subside. Then start your liver cleanse at 6 p.m. If 
you used pain killer drugs during the day, the cleanse may not 
yield anything but i's worth a try anyway. You might be lucky 
and pop out the chief culprit stone. If not, you should wait several 
days before trying again; this time avoid pain killers the day of 
the cleanse. Be sure to zap parasites the day before or earlier. 


Peggy Patton, age 60, had shoulder pain and painful feet in addition to 
aching all over. The aching was due to Trichinella which both she 
and her husband had. It took six months on the parasite program 
before it stayed away. She had clay colored stools, evidence of 
bile duct blockage. Then two liver cleanses cured her shoulder 
pain, nausea and remaining pains. She started gardening again 
and immediately picked up hookworms and Trichinella again. But 
she leamed to sanitize her hands with grain alcohol after washing 
away dirt and this kept her parasites in check. 


Jessica Atkinson, a middle age school teacher, developed a pain in the 
right cheek quite suddenly. She also had pain over the right mid 
abdomen and tight side at the waist but X-rays and scans showed 
nothing (she had been X-rayed three times). She struggled for 
seven years to stay employed. She was having severe pain attacks 
over the liver and described her stool as almost white after these 
attacks. She cleaned her liver at least 30 times before she related, 
‘one day, that her joy in living had returned. Her gallstones were 
exceptionally large (V@ x % inch). Eventually the abscesses in her 
upper teeth were found, clearing up her cheek pain and protecting 
the liver from recurrent infections from these bacteria. Only then 
did she get permanent and complete pain reliet 
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Solder Starved 


Asolder starved joint simply does not have 
enough solder, It may make good electrical 
contact, but it is hard to verify by inspection. In 
any case, it is not a strong joint and may 
develop stress cracks and fail over time. 


Repair: Re-heat the joint and add more solder 
to make a good strong joint. 
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Lisa Mattie, 72, had her right arm hanging limply by her side. it was so 
painful she bent forward to let it hang straight down. But in seven 
months she had done 6 liver cleanses, getting over 3,000 stones 
out. All pain was gone although some numbness in that arm per- 
sisted. She could also stop using Tums™, stop coughing, and no 
longer was bothered by her hiatal hernia 


Elbow Pain 


One variety of elbow pain is due to an inflamed tendon there; 
sometimes called “tennis elbow.” It is not due to playing 
tennis or any other arm use, The inflammation is caused by a 
liver full of stones and parasites, especially flukes which 
manufacture a chemical that affects tendons. Kill all flukes and 
cleanse the liver for quick relief. Using your elbows while they 
are inflamed is traumatic to them, like working with a sore 
thumb. Don't play tennis or do other arm exercises until they are 
pain free. 

Parasites consume large amounts of your vitamins and min- 
erals. Give yourself vitamin A (25,000 u daily), zine (60 mg. 
daily), and B, (250 mg twice a day) until the pain is gone. 


Wrist Pain 


‘Tendons passing through the wrist can become inflamed from 
the unnatural chemicals produced by fluke parasites in the liver. 
Using the wrists to work further traumatizes them (injures them) 
making it harder for them to heal. A small hole between the 
tendons lets the nerve and blood vessels through into the hand. 
Fluke parasites also make chemicals that thicken tendons. When 
tendons at the wrist thicken, they can squeeze down on the nerves 
and blood vessels until the hand or fingers feel numb. If you have 
pain at the wrist or numbness in your hands, 
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parasites and cleaning the liver may give you the permanent cure. 
Wearing a wrist bandage or support can help reduce trauma 
damage to the wrist while it is healing, 

Numbness of hands, without wrist pain, is more often due to a 
brain problem with parasites and pollutants. Lead, mercury, fluke 
parasites are the usual culprits. 


Thumb Pain and Hand Pain 


can be due to liver parasites. Get yourself ready for a liver 
cleanse. If the pain goes away beforehand, while you are on the 
you had deposits in your joints. You 
in your hands. Read the information on 
arthritis (page 78) to protect yourself. 


Finger Pain 


This is pain in a joint, often accompanied by some enlarge- 
ment or knobbyness of the joint. It is not hard to recognize these 
as deposits of the same kind as we saw in the toes. You can test 
yourself to identify the variety. Uric acid and phosphates are the 
‘commonest types. Read the section on toe pain (page 55) for 
detailed instructions. You can greatly reduce your finger joint 
deposits and the size of the knobs. In six weeks after starting the 
Kidney cleanse and changing your diet, the knobs may already be 
shrinking. A large magnet (5000 gauss—used only as directed) 
may bring pain relief but only dental cleanup and environmental 
cleanup will give you lasting improvement. 


155 


‘THE CURE FoR ALL DISEASES 


Back Of Neck Pain 


The back sides of the neck seem to be highways that run 
between the teeth and liver. Both contribute to pain at the back of 
the neck. Pulling an infected tooth or cleaning a cavitation can 
bring complete relief, only to retum the next time a tooth is 
extracted. Extractions should be followed by cleaning out the 
cavity created so an infection can't start here. Cleaning the liver 
can also bring immediate relief, only to find pain and stiffness to 
retum months later. You must cleanse many times for permanent 
relief. 

An allergic reaction to potatoes and tomatoes can express it 
self in neck pain too, When the liver can no longer detoxify the 
chemicals (solanine, etc.) in this food family they are free to 
roam the body with the circulation. Perhaps they prefer to attach 
themselves at a particular neck site and cause inflammation here. 
Perhaps an injury was already there, beforehand. Whiplash i 
often blamed for back-neck pain and indeed chiropractic ad- 
justments can bring total relief, Perhaps the trauma of whipla 
first invited all of these contributors. Merely killing bacteria with 
a zapper is not long lasting. But dental cleanup plus liver 
cleansing is. 


Front Neck Pain 


Lymph nodes under the jaw strain your body fluids of the 
head, removing bacteria and toxins. They are sometimes called 
“neck glands.” If the stream of bacteria is endless such as when 
they are coming from a hidden tooth infection, the lymph nodes 
will enlarge to do a better job. They will also try to remove toxic 
metals, mouthwash, and toothpaste for you. 
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To see what is affecting 
your lymph nodes, purchase a 
Slide of lymph nodes. Since 
we have lymph nodes in many 
in the body, you 
single out the neck 
study. So you will 
get to see all the toxins af- 
fecting lymph nodes every- 
where: PCBs in your 
underwear being removed by 
groin lymph nodes, lead in 
your intestinal lymph nodes je 26 Lymph node neck glands 
from the water you are | 

drinking, mercury in your neck lymph nodes from amalgam 
fillings. Eliminate all these. Don't rest as long as any of your 
glands are enlarged. 


2 


i 


Roland Sanford, 23, had minor pain and a lot of stiffness along the 
sides of his neck His arms had some numbness. He only had one 
metal tooth filing but his whole body was toxic with samarium, be- 
ryllium, indium, copper, cesium, and mercury. When it was re- 
placed, his neck pain and numbness got better. 


‘Audrey Doyle had severe neck pains she attributed to sitting all day 
and sleeping in her wheelchair. She had to take pain killers to get 
to sleep at night because they were so bad. She knew eating 
cream and butter made it worse but she had no will power, she 
said. After a liver cleanse, getting “thousands” of tiny stones, she 
was free of it.. for one day! But it was enough to convince her and 
she was determined to be off pain killers. 


Temporal Mandibular Joint (TMJ) 
Problems 


Pain at the angle of your jaw is not due to a poorly fitting 
joint. It fits perfectly but the muscles nearby are pulling it out of 
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joint with their frequent spasms. There is always a hidden tooth 
infection present. Ask the dentist to search for hidden tooth in- 
fections and to clean your cavitations (you will need to find an 
alternative dentist, and read Dental Cleanup, page 409). Begin 
immediately to heal these bone lesions with vitamin D (40,000 to 
50,000 units once a day for 3 weeks, followed by 2 such doses 
per week forever), milk-consumption for calcium, and a 
magnesium oxide tablet. (See bone healing, page 87). 

Kill pinworms with a zapper or frequency generator in your- 
self and family members twice a week and keep everyone's fin- 
gemnails short for extra hygiene in the family for a month to 
prevent reinfection. Pinworms can cause tooth grinding and 
contribute to TMJ dysfunction. For extra muscle relaxation, take 
two magnesium tablets at bedtime and valerian capsules. 


Tooth Ache 


Before the pain becomes acute and excruciating, kill bacteria 
of the mouth, including “tooth decay” and “tooth plaque” 
frequencies (see frequency list, page 561). Make your dental 
appointment immediately. If zapping bacteria several times in a 
few hours relieves pain enough to get you through the night or 
past the weekend, do not delay a single day. Zapping does not 
reach into the middle of an abscess—it circles around, s 
bacteria are left to repopulate. 

Try to understand the problem. If there are teeth with root 
canals near the location of pain, extract them. The toxic materials 
of the root canal jeopardize your total body health. Removing 
them always helps and may let the jaw heal normally where they 
were extracted. Since the pain is caused by a bulging infection 
pressing on a jaw nerve, and because each tooth has a related 
organ(s) it is especially important to clear up all infections to 
protect these organs. 


some 
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These relationships are not understood yet. Finding that teeth 
have the same tissue frequency as some distant organ sheds a 
litle light on the situation, Until the meaning and function of thes: 
frequencies is understood we can only guess that they interact 
somehow. Bacteria have taken advantage of this common 
resonance and have invaded both organs. 

Heart infection by Staphylococcus aureus is an example. It 
a common heart bacterium, causing much of our heart ailments, 
particularly mitral valve disease and irregularity problems. They 
always derive from teeth, whether present or missing! After 
wisdom teeth are extracted, the hole left in the jaw frequently 
does not heal, it picks up Staphylococcus aureus from the mouth 
and a chronic infection is started. For this reason it seems ill 
advised to pull wisdom teeth if it isn't necessary 

Another heart bacterium, Nocardia, can originate in the teeth. 
Nocardia can also invade the brain and nerves. Persons with 
Parkinson's disease always harbor quite a population of 
Nocardia. Zap all these bacteria before and after your dental 
visits. Remember that killing bacteria in itself is not a panacea, 
Pain and body damage will return unless you do the proper re- 
pair and cleanup work. 


Throat Pain 


Recurring sore throats are always improved by removing 
dental metal and root canals, and by cleaning up hidden tooth 
infections. This is essential for a permanent solution, Bacteria 
and viruses that cause sore throats are thriving in hiding places 
under and around dental metal. It is quite difficult to reach the 
center of such places (abscesses) with electric currents. Even if 
you could, you would reinfect the very next time you ate non- 
Sterile food! Zapping is not a substitute for cleaning up your 
dentalware 
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Keep your neck warmer than would be perfectly comfortable, 
gargle with hot water to bring in extra circulation. Use zinc 
tablets (60 mg. see Sources) twice a day; suck on them before 
swallowing. Afier cleaning up dentalware you may never have 
another sore throat! 

Children with recurrent sore throats usually do not have a 
dental problem. They invariably have an air pollution problem, 
Asbestos, formaldehyde, fiberglass, Freon and arsenic are the 
chief culprits. Clean these out of the house. Eating moldy food is, 
especially conducive to respiratory illness. The immunity drop 
can last for weeks! Go off the moldy suspects to raise your 
family's resistance. 


Eye Pain 


is caused by parasites. 
The eye is a favorite 
location for many para- 
sites, including Giardia, 
amoebas, —_ hookworm, 
chistosomes, 
Toxoplasma, and innu- 
merable others. The eye 
has two large bodies of 
watery fluid: the aqueous 
humor and vitreous 
humor, where no blood ight travels through the comea, through 
traverses to bring in extra the aqueous liquid, the lens, and then the 
white blood cells when vast vitreous humor, finally striking the 


the need arises. It has its super sensitive spot on the retina, called 
‘own protective devices, the macula. 

like tears, but some Fig. 27 Eye. 

parasites, like 

Toxoplasma, have overcome all the body's 
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defenses and regularly invade the eye if they get into the body 
somewhere, 

We get Toxoplasma from cats; the infectious 
feces. 

Toxoplasma infection could be the beginning of a lifetime of 
eye disease due to weakening of the eyes at an early age. 
Toxoplasma also invades the brain, frequently causing a dull 
ache or pressure at the back of the head. Trichinella is another 
common eye parasite, invading the eye muscles, so that a muscle 

weakened and doesn't allow perfect alignment of the two eyes 
Dogs and cats are the source of these. 


tage is in ¢: 


There should never be a cat box in the house. 
Never let a child near a cat box. 


By killing all the large parasites plus a few bacteri 
(Staphylococci, Chlamydias, Neisserias) the eye can become 
pain free in a few days. If pain returns, you missed something or 
reinfected yourself, Everyone in the family including pets needs 
to be treated for all the parasites. No indoor pets should be kept 
by a person of low immunity, since infecting yourself daily and 
then killing parasites daily is not a solution, 

Herpes of the eye is not a single actor. The true host of this 
virus is a larger parasite, possibly a tapeworm stage. Tapeworm 
stages should be killed with an herbal preparation, Rascal, or 
with a zapper. (Not with a frequency generator. Only a zapper 
can kill all the segments and eggs at once, leaving nothing alive 
to wander about and find a new tissue to invade.) 


Mary Rauch, age 60, fled a page with different pains and problems. 
Even her eyes had a dull ache around and behind them, some- 
times reaching to the back of the head. Her teeth hurt when she 
ate and she had been getting Biz shots once a week for 36 years 
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for pernicious anemia. She was full of Ascaris, amoebas and pin- 
worms which kept her legs twitching and jerking in bed at night, 
even waking her up. She was so much better after the kidney 
cleanse and parasite program she was eager to cleanse her liver. 
Before two months had passed her eye pain was gone. 


Jessie Healy, middle aged and in good health otherwise, had carried 
the anxiety of having inherited retinitis pigmentosa for forty years. 
Now her drivers’ license was in jeopardy due to fast progression of 
her disease. Numerous heavy metals had accumulated in her 
retina, including cerium from dental floss, arsenic from pesticide, 
tin from health food brand deodorant, PCB from skin salve, cobalt 
from dish detergent and indium from tooth metal. She had eight 
parasites in the retina including Toxoplasma from association with 
cats years ago. Removal of dental metal alone arrested the disease 
process. Two years later she was slightly improved and stil driving 
her car. 


Macular Degeneration 


Dolores Bollapragada, 50ish, had suffered from clinical ergot poison- 
ing in the past which put her in a coma for several weeks. Ergot is 
a grain (especially rye) fungus, very toxic to the liver. Its byprod- 
ucts are used in migraine medicine. She had overdosed, some- 
how. Perhaps her liver never recovered. It no longer detoxified 
solvents for her, allowing them to accumulate in her retina. There 
she had propyl alcohol, benzene, carbon tetrachloride acetone, 
butyl nitrite, styrene, gasoline, wood alcohol, paradichlorobenzene 
(moth balls), pentane, methylene chloride and decane. She 
stopped snacking on cold cereal through the day. She had many 
habits and products to change. But she was determined to salvage 
her sight. She did 


Headache and Migraines 


Headaches can take the joy out of living. They can lower 
your motivation level so low that you don't even want to do 
anything about them! People with daily headache deserve our 
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deepest sympathy since they must carry on with life's daily duties 
in spite of it, Often, no medicine helps. Although there are 
common headaches, sinus headaches, migraines, and others, the 
causes of all overlap a great deal. 


Tooth infection, urinary tract infection, bowel problems, and 
a wormlet, Strongyloides are the common causes. 


There are also allergic connections which include milk, eggs, 
citrus and salty foods. But the allergy-approach is difficult to put 
to practice. It is almost impossible to stay off these foods for 
Jong time periods. Eliminating bacteria and Strongyloides leads 
to a permanent solution. 

Possibly the parasite wormlet comes first, since even young 
children can suffer with migraines. Strongyloides i 
scopically small threadworm that horses are plagued with, but 
humans and our pets pick it up easily. Every migraine sufferer 
(100%) has high levels of this tiny worm. Perhaps it is really the 
special bacteria it brings with it that cause the blood vessels to 
seep or to spasm in the brain, causing pain. Zap it immediately. 

Bacteria hidden under a tooth filling or root canal or in a 
space where once a tooth was pulled can be the cause. Staphylo- 
coccus aureus is a favorite, but various Clostridia, Streps and 
are ofien seen, too. You don't feel pain from this small 
because the pressure isn't building up inside it. It ha 
found a way into your body-namely, your brain!-so no pressure 
builds up to alert you. Find an alternative dentist with experience 
cleaning cavitations and finding small hidden abscesses. If you 
get immediate relief from dental work, only to lose ground again 
later, the abscess may have formed again (they are notorious for 
forming again). Go back to the dentist. Irrigate the dental wound 
site with white iodine (potassium iodide, 12 drops) or Lugol’s (6 
drops) to M cup water using a curved-tip syringe. 


a micro- 
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Too Much Solder 

This might be a perfectly good joint, but we 
can't tell for sure. itis entirely possible that this 
blob of solder wets neither the pin nor the pad 
and is not a reliable electrical connection. The 
best evidence of proper wetting (and good 
electrical contact) is a nice concave surface as 
< onthe joint on the far left. 


Repair: Its usually possible to draw off some 
of the excess solder with the tip of a hot iron. in 
extreme cases, a solder-sucker or some 
solder wick can be helpful as well. 
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Do not use iodine if you know you are allergic to it. 

The colon is always a thriving mass of bacteria. It should be 
emptied at least twice a day to keep their levels down. Use the 
simple herb, Cascara sagrada, senna tea, or magnesium oxide 
tablets (2 to 3 a day) to help you eliminate frequently if your own 
regularity is lacking. 

Gallstones in the liver and a congested liver are sources of 
bacteria, too. Do several liver cleanses and note the effect. 

Is it the toxins made by bacteria or the inflammation from the 
bacteria or wormlets themselves that produc: 
Certainly, one can eat the toxins by themselves 
yogurt, cheese, wine, sour cream and develop “royal” headaches. 
Stay away from these tyramine containing foods. Boil all your 
dairy foods to prevent Salmonellas and Shigellas from 
swimming into your beleaguered brain. Don't eat dairy foods that 
can't be boiled for ten seconds. 

Begin by killing all Strongyloides and other parasites, bacte- 
ria and viruses with a zapper. Hopefully, this will only leave a 
few stragglers behind in abscesses, gallstones and the colon 
contents. If the colon bacterium, E. coli, is your headache cause, 
start the Bowel Program, Search for the source of your E. coli in 
food or polluted water. Stop reusing water bottles. Most people 
get their Strongyloides back in a few days from pets, other fam- 
ily members, and themselves! Zap every day for three weeks. Try 
to “clean up” family members and pets. Never let a horse or pet 
salivate on you. Never put your fingers in your mouth. Always 
sanitize your hands with grain alcohol after using the bathroom. 

‘To summarize the steps to cure migraine headaches: 


1. Kill Strongyloides and bacteria by zapping. 
2. Do the herbal kidney cleanse. 

3. Clean up dentalware. 

4. Do the Bowel Program. 
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5. Boil all dairy foods. 
6. Do liver cleanses. 


This has never failed to substantially reduce migraine inten- 
sity and frequency, 

Headaches are also caused by toxins in your environment; 
pecially things you breathe in. Household gas is the most 
common offender. You don't smell it after you get used to it! Gas 
pipes are notoriously leaky. Conducting gases through pipes with 
joints in them, where gases could escape, must be the most 
ludicrous of all modern “conveniences”. Would you try to 
conduct water through pipes with holes in them? You would soon 
see the water on your kitchen or bathroom floor. But gas doesn’t 
Jand on the floor, it doesn't make a puddle, so you, the consumer, 
are left helplessly believing you don't have leaks. Every gas pipe 
that has a seam should have a clear plastic boot around it 
containing indicator compound to let it be known when gas 
escaping. Other methods could be invented to make the gas utility 
safe. As you will see from the case histories, very many persons 
are living in a cloud of poisonous gas. 

The telltale element is vanadium. When your vanadium test 
is positive, you have a gas leak that your body found, even though 
the gas company may not. Many gas companies use outmoded 
equipment to search for it. Four out of five gas companies mit 
the gas leak. Health Departments and building contractors use 
modern equipment that detects even the tiniest leak; call them. 

If you are a headache sufferer, fixing the pipes is not good 
enough. Switch from fossil fuels to electric. There will be many 
dividends. (Remember not to use candles as part of your life- 
style, nor to be a smoker.) Your air needs to be clean: clean of 
perfumes and colognes, clean of potpourri and air freshener 
clean of air sprays, pesticides, formaldehyde, freon, carpet and 
car odor, fireplace lighter, and of wood smoke. 
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Janette Donovan, age 52, had migraines every day but could not tol 
erate any medication for it. She walked about ‘like a zombie” most 
of the time. She frequently had vomiting with them. She was gassy, 
had pain in her right groin for many years and chronic bladder 
leakage. Our kidney stone test showed urate crystals. Her 
urinalysis also showed urate crystals and a slight amount of blood, 
obviously chronic urinary tract infection. The parasite test showed 
Strongyloides, Trichuris and Fasciolopsis buskii in the intestines. 
Her heavy metal test showed beryllium. This was tracked down to 
hurricane lamps that once held coal-oil in them— i filed her house 
air unbeknownst to her. Thirty five days later she had done an 
herbal parasite kiling program, done the kidney cleanse, cleared 
out the hurricane lamps and all fuel containers. Her headaches 

re “more like pressure” now than pain. She stil had 
Strongyloides. Four months later she had some headaches still but 
not migraines. They were down to once a week. Three months 
after that she had done a liver cleanse and gotten abut 3,000 
stones out! She was stil getting some headaches. She tested 
positive to Histoplasma and Coxsackie virus #4 (a common brain 
virus) probably stemming from dentalware. She had many root 
canals and couldn't decide what to do. Keep her teeth and risk 
return of migraines; or get partial dentures. After eight months of 
indecisiveness she was back up to ten headaches per month, 
although not migraines. 


Patsy Olsen, age 30, had migraines daily, frequently with vomiting, 
‘She had Strongyloides as well as Ascaris, and other bowel para- 
sites as did her husband and two children. She couldn’ tolerate 
any medication and had to give herself an enema daily for consti- 
pation. The whole family was put on parasite kiling herbs. A gas 
leak was found and fixed and the baby's diapers were changed to 
non fragrant. Ten months later, the whole family stil had Strongy- 
loides. By one year she was experiencing a couple of good days 
‘month although she stil had Ascaris, Coxsackie viruses, and 
various tooth-related bacteria. Her two and a half year old had 
swollen neck glands, was toxic with bismuth from disposable 
diapers but did not have Strongyloides. The eight year old was 
also toxic with the lotions and fragrance of baby-stuft in the home; 
she was constantly congested and coughing but became free of 
Strongyloides in six months. After another ten months (the baby 
had been 
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potty-trained meanwhile) the mother began to have headache-free 
days. 

Donald Schaible, age 14, had migraines, learning disabilities and se- 
vere acne. The parasite test showed Strongyloides, hookworm 
and Ascaris. In spite of being on the parasite program two weeks 
and zapping, he still had Strongyloides. 


Kenneth Jones had migraines for thirty five years and had tried all the 
new medications. They worked for a while, then stopped helping, 
but he continued taking them anyway. He usually went to the 
‘emergency room for the really bad ones, once a week but lived 
with the constant daily variety. There were two house dogs. They 
and the whole family had Strongyloides. After cleaning up an as- 
bestos problem, kiling parasites for five months and clearing kid- 
neys of urate stones, he was down to two to three mere headaches 
‘a week. Two months later, he was getting migraines again; they all 
had Strongyloides again. With renewed efforts, one month later 
his bad headaches were down to one a month, although his low 
level chronic headache persisted: they had the dogs on a strict 
schedule of parasite kiling herbs as well as themselves. He had not 
been to the emergency room for a month, 


‘Angelina Gander, age 46, had daily headaches, not migraines. She 
also had persistent urinary tract infection and sinus infection. She 
was put on the herbal parasite program and four weeks later was 
much better. She also lost her chest pain due to heartworm and 
regained her milk tolerance. 


Gracie Arlington had a boy age 6 who wet the bed, a girl age 8 with a 
behavior problem at school. She was stressed by an unfaithful 
‘spouse and thought she should go back to school for a Nursing 
degree so she could support the family. But she was getting two or 
three migraines a week in addition to colitis attacks which she 
feared would make her unable to study. The two cats, a dog, the 
children and herseff all had Strongyloides, Ascaris, and a variety 
of other intestinal parasites. The humans were promptly zapped for 
parasites and the boy was dry that night for the first time in his life. 
‘A few nights later he was wet again. This time the animals were 
zapped and put on the pet parasite program and the children’s 
toileting was carefully supervised. When she dropped her extreme 
vigilance over all, they all relapsed. After a year of trying, they 
gave away their beloved dog, put the cat box in the porch 
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and the mother did the cleaning herself but nothing prevented re- 
lapses. A half year later, her six year old son asked if he could 
launder his own sheets and blankets. This request broke her heart 
and she planned to give away one cat. Even with only one cat, the 
ics behavior and grades fluctuated extremely, the mother had a 
migraine a week and the boy wet. During a vacation the mother 
loaned the last cat, (her cat) to which she was very endeared, to a 
friend, to see if it made a difference. The boy never wet again, the 
girl made straight A's, and the mother's headaches became sinus 
headaches. Some intensive dental work cleared these up. She 
brought her Nursing diploma to our office two years after begin- 
ning. She should have had another diploma for Intelligent Par- 
enting. 


Earache 


Earache is particularly common in children. Bacteria, mainly 
Streptococcus pneumoniae, have built up to a high level. Zap 
them. They were probably introduced by some larger parasite. 
But why did they multiply and thrive in your child's ear? There 
must have been food for them and protection from the immune 
system. Probably the Eustachian tubes are full of mucou 
providing habitat. The mucous is present because some air toxin 
irritating the sensitive linings. Clean up the air: not ju 
asbestos, fiberglass, formaldehyde, freon, and arsenic, but per- 
fumes, fragrant school supplies, potpourri. 

Being housebound, as in winter, makes the air-toxin problem 
worse. Use summer time to strengthen your child for the winter— 
spend summer outdoors. Always wash hands a lot. Stay away 
from moldy food. Give small doses of niacin (25 mg., niacin 
thins mucous so it can run away) along with vitamin C (250 mg.) 
at bedtime. 

Putting in “tubes” is a short term solution that is better than 
perpetually staying on antibiotics, but neither should be neces- 
sary. 
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To hasten healing, as soon as earache is suspected put room 
temperature olive oil in both ears, tug the earlobe to let bubbles 
out, and stopper them with cotton wool salvaged from vitamin 
bottles (other types are polluted with mercury). Put on a light bat 
that covers the ears. 

When adults get earache, the Streps are hiding under tooth 
fillings and in gallstones. Clean up these two sources and zap. 

Drinking non sterile milk adds Salmonellas and Shigellas to 
the Strep ear infection! Small wonder milk is thought to make 
people mucousy. The ears must now battle them, too. Even a few 
bacteria consumed in milk can start a whole colony if bowel 
bacteria have been disturbed by antibiotics. If your child has 
become “allergic” to milk or gets mucousy, remove cheese and 
ice cream-not milk-from the diet. Even cheese can be eaten if 
baked as in pizza or casseroles. Milk must be boiled. Try to 
reduce the child’s Salmonella sensitivity by avoiding unneces- 
sary antibiotics. Keep immunity high by avoiding moldy food! 


Ear Noises And Ringing 


This is also called tinnitus. A hissing or buzzing sound 
heard in one or both ears. It can be continuous or pulsing off and 
on, It can be as loud as roaring. 

Tinnitus is caused by three things acting in partnership: toxic 
elements, an allergy to salicylates (the aspirin family) and a 
bacterium Streptococcus pneumoniae (the pneumonia bug). This 
“bug” can be carried in the chronic state after a bout of 
pneumonia or what seems to be a head-cold. It is always present 
in earache. It is easily activated by exposure to cold wind or 
drafis and certain toxic substances. For this reason I recommend 
keeping the ears warm in winter by keeping them covered or 
wearing a cotton plug or ear-mufs. The Strep bug can also cause 
Meniere's syndrome, congestion, loss of balance and 
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chronic sinus problems. Often an antibiotic of the penicillin 
family helps immediately, then loses its effectiveness. Thi 
shows you that bacteria are involved but cannot be truly van- 
quished with antibiotics 

Streptococcus pneumoniae often hides in pockets under in- 
fected teeth and in holes left where teeth have been pulled— 
an be found by alternative 
Strep also resides in the 


liver; clean them out with liver flushes. 

Certain foods and many medicines 
cine and lozenges contain salicylate. 

To cure the tinnitus we must stop using aspirin or any high 
level source of salicylates. We must also stop the exposure to 
certain toxic elements—lead, beryllium, zirconium, benzalk- 
onium. They are present in the air at gas stations and in many of 
‘our body lotions, soaps and salves. Switch to safe varieties. 
Niacin tablets, such as 100 mg, taken three times daily is another 
treatment, intended to increase the blood supply to the inner ear. 
Taking a thyroid tablet, by prescription, often helps too, 

‘These methods never fail to improve tinnitus but a complete 


especially cough medi 


Wiliam Thall, 47, had a headache daily and was on pain medicine for 
it daily. He had tinnitus, a loud humming noise in the right ear. He 
had Shigella (producing nerve toxins) and Borellia (Lyme disease 
virus). He had Gaftkya, a respiratory bacterium under two wisdom. 
teeth (right side). He also had Campylobacter and Anaplasma 
{growing on him somewhere. He had Strongyloides too. He was 
toxic with vanadium (gas leak) and asbestos. After ten weeks he 
had two cavitations on the right side of his jaw cleaned, he had 
been on the parasite program and his tinnitus was gone, (he stil 
had occasional headaches indicating he stil had some Strongy- 
loides), 


Billie Scott, 26, had a history of ear problems, and lots of headaches. 
‘She was started on the kidney cleanse. Then she added the 
parasite program including their two dogs. She had a cyst in her 
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left buttock, due to PCBs traced to the well water. She stopped 
using this well and switched off detergents for laundry and dishes. 
She switched off soda pop, onto milk. In 3% months her tinnitus 
was gone and the cyst was shrinking, 


Larry Pelegrini, 59, had tinnitus in both ears but was otherwise a 
strong, tall, intelligent person, who cared for sick people, whether 
family or not. As soon as he saw how simple it was to kill invaders, 
with a frequency generator, he bought one. Preventing their recur- 
rence was his big challenge since he had neither the means nor 
insurance to do dental work. He was toxic with aluminum, copper 
and PCBs. After switching to borax for all washing purposes, he 
got rid of aluminum and could feel his memory improve. The kid- 
ney herbs cleared him of uric acid and oxalate and he felt more 
supple. He had to go off his favorite beverage to get rid of pentane 
and methyl ethyl ketone. Twice a week he killed two dozen 
parasites and bacteria, that just seemed to pop up from nowhere, 
in order to feel better and reduce his tinnitus. But he lived alone, 
had to cook, garden, take care of animals and his sick friends 
which gave him a lot of parasite exposure. Sometimes he would be 
toxic with arsenic (a new pesticide he tried out) or vanadium (gas 
leak) but mainly it was tooth fling metal. If only this wonderful man 
could afford his dental work: what a blessing to society he could be 
for a long time to come. 


Scalp Pain 


Infection anywhere in the head can cause sensitive scalp and 
scalp pain, Even a common cold can cause bouts of scalp pain. 
Clean up your dentalware and environment. 

Lumps on the scalp are often called sebaceous cysts, actu- 
ally this is where your body has sequestered PCBs 
(polychlorinated biphenyls, extremely hazardous, now banned in 
the USS,, but often a pollutant in detergents.) Get rid of them by 
switching off detergents for all purposes. See Recipes for 
dishwasher liquid, dishwasher detergent, and laundry detergent 
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Explanations for many of these “mysterious” diseases be- 
come rather obvious when you see a common parasite, or 
pollutant, or both consistently show up in case after ¢: 


Diabetes 


All diabetics have a common fluke parasite, Eurytrema pan- 
creaticum, the pancreatic fluke of cattle, in their own pancreas. It 
seems likely that we get it from cattle, repeatedly, by eating their 
meat or dairy products in a raw state. It is not hard to kill with a 
zapper but because of its infective stages in our food supply we 
can immediately be reinfected. 

Eurytrema will not settle and multiply in our pancreas with- 
out the presence of wood aleohol (methanol). Methanol pollution 
pervades our food supply—it is found in processed food 
including bottled water, artificial sweetener, soda pop, baby 
formula and powdered drinks of all kinds including health food 
varieties. I presume wood alcohol is used to wash equipment 
used in manufacturing. If your child has diabetes, use nothing 
out of a can, package or bottle except regular milk, and no 
processed foods. 


By killing this parasite and removing wood alcohol from the 
diet, the need for insulin can be cut in half in three weeks (or 
sooner!) 


Be vigilant with your blood sugar checks. The pancreas with 
s tiny islets that produce insulin recovers very quickly. Even if 
90% of them were destroyed, requiring daily insulin shots, half 
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of them can recover or regenerate so insulin is no longer nece 
sary. The insulin shot itself may be polluted with wood alcohol 
(this is an especially cruel irony—the treatment itself is wors- 
ening the condition). Test it yourself, using the wood alcohol in 
automotive fluids (windshield washer) or from a paint store, as a 
test substance. Try different brands of insulin until you find one 
that is free of methanol. 

Artificial sweeteners are polluted with wood alcohol! In- 
stead of helping you cope with diabetes, they are actually pro- 
moting it! Do not use them. 

Drugs that stimulate your pancreas to make more insulin may 
also carry solvent pollution; test them for wood alcohol and 
switch brands and bottles until you find a pure one. You may not 
need them much longer, so the extra expense now may soon 
reward you. 

Many persons can detoxify the amount of wood alcohol that 
pollutes our foods. They do not have a food mold, Kojie acid, 
built up in their bodies as diabetics do. I have found Kojic acid 
coffee, and potatoes with gray areas inside. Do not eat dis- 
colored potatoes or peels, even if cooked or baked. Being able to 
detoxify a poisonous substance like wood alcohol should not 
give us the justification for consuming it. All poisons are bad for 
us, Do not consume them. 

‘All diabetic persons also carry a virus, HA virus in the pan- 
creas. This virus grows in the skin as a wart but is 
widely in the body such as in the s 
creas. It is not necessary to kill this virus since it disappears 
when the pancreatic fluke is gone. The HA virus undoubtedly 
belongs to the pancreatic fluke. The question can be asked: Does 


bacterium, s 
perpetrator. 
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While recovering from diabetes, it is very important to check 
your blood sugar every day. Improvement is so rapid, you may 
suddenly be over-insulinized by your next shot. Cut down your 
dose to suit your actual need. 


There are additional aspects to diabetes that have been 
studied by alternative physicians. For instance, allergy to wheat 
and other grains containing gluten is common, Perhaps the pan- 
creas and its islets would heal much faster if grains were out of 
the diet for a while. Perhaps the 50% improvement that is con- 

stently possible just by killing parasites and stopping wood 
alcohol consumption could be improved further by a month of 
grain-free diet. Eating fenugreek seeds has been reported to 
greatly benefit (actually cure) diabetes cases. Are they a specit 
fluke killer, virus killer, or neither? It seems like a good idea to 
add this to your diet if you are a diabetic. Wood alcohol 
accumulates in the eyes, and there is a connection between 
betes and eye disease. Bilberry leaves are an herbal treatment 
for both diabetes and weak eyes. Do they help by counteracting 
wood alcohol or detoxifying Kojic acid? Make a tea for yourself, 


Chromium is another must for diabetics 
day). It helps insulin enter your cells. 

Gold is attracted to the pancreas. Heavy metals should be 
removed from dentalware including all gold crowns and no metal 
should be worn next to the skin as jewelry, including all gold 
items. 


Blythe Jenkins was on Micronase™ (5 mg) daily for her diabetes but 
she stil had a moming blood sugar of 183. She had pancreatic 
flukes and sheep liver flukes in her pancreas, vanadium (a gas 
leak) in her home and cadmium in her water (old pipes). After kill 
ing parasites and cleaning kidneys her morning blood sugar was 
down to 148. She also got rid of her hot flushes, groin and leg 
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pain. This encouraged her so much she did the rest of her body 
cleanup and could go off her medicine completely. 


Robert Greene, age 65, had been on insulin five years already, getting 
two shots a day (25 u each), and even this was not controling his 
blood sugar which was 288 in the moming. He was raised to 30 
units without much improvement. His legs and feet were too painful 
to walk without a walker to lean on. He had Loa loa in his 
pancreas. (This is another example of a parasite going to the 
wrong’ location, this time the pancreas instead of the heart. | be- 
lieve the solvent makes this possible.) Also mumps virus, HA wart 
virus, mycoplasma, flu virus, chicken pox virus, Adenovirus and 
Shigella, all making their home in his pancreas! This was possible 
because he had wood alcohol accumulated there, from drinking 
various beverages and using artificial sweetener. As soon as he 
stopped this practice and Killed everything with a frequency gen- 
erator his blood sugar fell below 100 in the morning and he had to 
reduce his insulin to 20 units. He was also on chromium 200 meg 
(2 three times a day). Meanwhile, he cleared 2,000 stones out of 
fis liver. He could now walk well again and decided to take a part 
time job. The whole process took one year. 


Ralph Dixon, age 72, had been switched to 30 units of insulin, once a 
day, after six years on pills for his diabetes. He still had a fasting 
blood sugar of 242. He had the pancreatic fluke and a host of 
bacteria and viruses in his pancreas. He had a poodle. After killing 
the pathogens and cleaning his kidneys, his blood sugar dropped 
's0 he cut his insulin to 25 units (blood sugar was at 111) Soon he 
had to cut it to 20 units. He was also on chromium 200 mog (2 
three times a day), manganese 50 mg. (one a day), fenugreek 
capsules (2 a day), and bilberry leaves, each supplement by itself. 
He also lost his angina and fatigue with all this body-cleaning. But 
if he went off the maintenance parasite program he would promptly 
get a spike in his blood sugar, showing how easy it was for him to 
reinfect and how new parasites would immediately find his 
pancreas. 

Melissa Bird, 54, had major illnesses including heart disease (2 an- 
gioplasties), numerous other surgeries and diabetes. She took 15- 
18 units of insulin once a day. Besides pancreatic flukes in her 
pancreas, she also had intestinal flukes there(!) plus widespread 
Ascaris. She also had warts and candidiasis. Fortunately there 
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were no pets. Her parasites were instantly eliminated with a fre- 
quency generator and she was started on kidney herbs for her 
other problems. Seven weeks later she stated she had to cut down 
her insulin because her morning blood sugar had dropped to 90. 
Then she eliminated the decafs and artificial sweetener that were 
giving her wood alcohol, started the parasite herbs and did a liver 
cleanse. The day after the liver cleanse her blood sugar went up to 
164 but was completely normal after that (under 100) and she did 
not dare take any more insulin or pills. We advised her to keep 
monitoring her blood sugar and be very, very vigilant and to please 
stop smoking 


John Angert, 65, was not on any medicine in spite of his diabetes. He 
was too embarrassed to tell us his blood sugar. He had a long list 
of other health problems, too. He was toxic with thulium (vitamin C) 
and palladium (from tooth filings). He had a variety of parasites. 
Aiter doing some dental work and parasite killing his fasting blood 
sugar dropped to a normal 98. But his leg cramps kept returning in 
spite of doing a kidney cleanse. Only after changing his diet to 
include milk did the phosphate crystals stay away and eliminate his 
cramps. 


Comelius Edens, age 33, came for his diabetes, although he also had 
fatigue, digestion problems, and headaches. He had numerous 
other minor symptoms like chest pain over the heart, soreness in 
testicles, etc. His diabetes was only diagnosed one year ago. he 
was on insulin (Humulin™ 20 long acting plus 6 regular units) in the 
morning. He often omitted the evening dose which should be 14 
long plus 6 regular. This brought his fasting blood sugar down to 
166 in the morning. 


He had pancreatic flukes in his testicles besides in his pancreas. 
His aflatoxin level was very high; he was told to stop eating grocery 
store bread, eat bakery bread only. He had silver, nickel and very 
high levels of gold-probably all three coming from his gold crowns. 
he was to have them all replaced with composite. He had fiberglass 
in his pancreas. Wood alcohol was present in large amounts in his 
pancreas as expected. He was to stop drinking all store bought 
beverages, whether frozen, powdered, or ready to drink. He did 
not test positive to benzene, propyl alcohol, Salmonellas, 

Shigellas, or E. coli. But he had Staph aureus growing at high 
levels in his pancreas. The usual source for this is in teeth, 
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's0 he was told to ask his dentist to search for cavitations and clean 
up hidden tooth infections while replacing the gold crowns. He was 
to find the exposed fiberglass and seal it off. He was to zap 
parasites every other day for 1 month. His supplements were 
vitamin C (1 tsp. with each meal for constipation; then 1 tsp. daily), 
vitamin B-50 complex (2 per day), thioctic acid (2 per day). He 
was to start the Kidney Cleanse recipe for his testicle problem, and 
after 6 weeks do a Liver Cleanse. He was to follow up with us in 3 
weeks, after dental work was completed. He never returned. Four 
months later we received a phone call he was too embarrassed to 
make himself. He needed no insulin and was doing fine. Another 3 
months later he was still doing well, and off insulin 


Prediabetic 


Alyce Dold, 64, came because she was worried about her blood sugar 
‘and chest pain. Indeed, a blood test showed her fasting blood 
sugar to be 136, just beginning to show insufficient insulin produc- 
tion by her pancreas. She had pancreatic flukes and wood alcohol 
there. Also mumps virus and HA virus. She had six more solvents 
accumulated due to eating raisin bran and other cold cereals each 
day. She was glad to be forced off this routine: she switched to 2 
eggs every other day with biscuits or bread (not toast) and cooked 
cereal in between. Her chest pain was due to dog heartworm and 
Staphylococcus aureus bacteria that originated at teeth #16, 17, 

1, 32. The worms and Staph were killed with a frequency gen- 
erator. She was referred to a dentist for cavitations and started on 
kidney herbs. Two weeks later, there was stil a tle residual heart 
pain due to Staph; dental work was not yet done. She was given 
chromium (600 meg per day) to help her insulin regulate sugar. 
Her LDH (See tests) was still high from the recent heart stress, no 
doubt. But she had accomplished a lot and planned to get it all 
done. 


Diabetes Of Childhood 


The problem is the same for diabetes of childhood as for 
diabetes of later onset, but much easier to clear up, provided the 
whole family cooperat 
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Wesley Evanco, age 6, had his onset at age 11 months. Prior to that 
he had chicken pox and his baby shots. He had pancreatic flukes 
and their reproductive stages in his pancreas as well as wood al- 
cohol. He had no other solvents accumulated. The problem was 
clearly due to these two enemies of his small body. Wesley's fa- 
ther did not have pancreatic flukes but his mother had very high 
levels, along with wood alcohol. She had to clear hers up before 
Wesley could recover. She chose not to. She couldn't believe the 
connection. Our most persuasive efforts were not successful. We 
hope Wesley can forgive us all in due time. 


Herpes 


‘The Herpes family of viruses includes Herpes Simplex Virus 
(HSV) 1 and 2, Epstein Barre Virus (EBV), shingles or Chicken 
Pox (Varicella zoster), Cytomegalovirus (CMV) and some 
newly discovered oni 

Herpes simplex virus 1 is the virus that breaks out around or 
inside the mouth. We call it a cold sore because it often follows 
a cold in childhood. As children, we may get HSV 1 once or 
twice each winter. When they come more often the child's im- 
munity is low. Adults who get repeated attacks also have low 
immunity (this is obvious from a blood test where the white 
blood cell count is less than 5,000 per cu mm). 

Herpes simplex virus 2 breaks out in the genital area, Iti 
often blamed on promiscuous sex but I believe it has quite 
ferent origins. 

I believe the virus is introduced to our bodies by another 
large parasite. Perhaps it is pinworms, or Ascaris. Perhaps iti 
tapeworm stage, picked up from dust and dirt. 

Thave some evidence that it is released from dog tapeworm 
stages when these are being killed by your immune system. It is 
probably the same tapeworm stage as releases the Adenovirus 
(cold virus) which would explain why children frequently get 
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“cold sores” during or afier a cold. (See Curing The Common 
Cold, page 357.) 

Nevertheless, you would not get sick from these viral re- 
leases unless your immunity was lowered. 

Herpes lives in your nerve centers (ganglia) and it is from 
here that you can be attacked after the initial infection, Evidently 
your immune system can destroy them as quickly as they emergé 
But a meal of aflatoxin or other moldy food suddenly “gag 
your white blood cells and lets a viral attack happen. 

The viruses can also be “triggered” which lets them out of 
hibernation (latency) to multiply and travel along the nerve fiber 
s that put these nerve centers to 
idden cold and heat, trauma from chafing and friction, 
Never drink water with ice cubes in it, Never eat hot soup with a 
metal spoon, Don't tweeze hairs. 

Begin your prevention program by raising the immunity of 
your skin; this means removing all toxins from the skin. Use only 
natural lotions, softeners, cleansers on your skin made from 
recipes in this book. Health food brands are not superior. This 
will get rid of nickel, chromate, titanium, zirconium, aluminum, 
and benzalkonium from your skin and probably your whole body! 
Do laundry with borax and washing soda, only, to eliminate 
commercial detergent as a source, to0. 

‘As soon as you feel that warning tingle or sensation of Her- 
pes, Zap or use a frequency generator at 293 and 345 KHz (HSV 
1) or 360 and 355 KHz (for HSV 2). Immediately take a cayenne 
capsule and 8 lysine tablets (500 mg each). The cayenne slows 
down travel of the virus along the nerve. 

Attacks probably occur when the triggers act at the same time 
as an immune drop occurs. Immune drops happen frequently due 
to eating moldy food. Of course, mercury in amalgam tooth 
fillings keeps immunity chronically lowered. Many persons 
report they stopped breaking out with Herpes 1 after 
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replacing their amalgams. Stopping wearing tight synthetic un- 
derpants helps reduce Herpes 2 out breaks. 

When you get an outbreak, mop up a droplet of the blister 
fluid and prepare it as a specimen for yourself. If you search for 
it in your white blood cells when your attack is over, it will not 
be found because it is in hiding inside your nerve cells. Zapping 
does not reach them inside your own cells. Nevertheless, you can 
totally eliminate them by repeated zapping provided you kill 
them at their earliest warning. Evidently, they haven't multiplied 
yet, so gradually their numbers go down, 


Even after you have been Herpes free for a long time, stick to 
your preventive principles. Avoid the trigger foods, peanuts, and 
‘chocolate, or be ready to zap. Avoid cold wind or direct sunlight 


‘on your face. Don't eat abrasive or acid foods like popcorn, nuts, 
toast, crackers, candy, citrus. Although you may stop the virus in 
s tracks by zapping, healing the lesion takes time. Keep the skin 
softened with a cornstarch or sodium alginate recipe (see 
Recipes). 

A lysine mush helps too: crush a lysine table with a large 
wooden spoon, add a pinch of vitamin C powder and a pinch of 
Zine oxide. Save part of this mixture for later use. Wet a small bit 
of it with a few drops of water to make a paste. Apply to lesions. 


Bazezew Hailey, 38, started breaking out in the genital area after a 
period of antibiotic use. She was started on lysine (500 mg, 8 a 
day), cayenne caps (one with each meal). She was to fill her pre- 
scription for Zovirax™ from her doctor, though. By the time she 
had it filed, the next day, her lesion had stopped enlarging, and 
she could reduce her supplements. Her skin was full of mercury, 
lead, strontium, aluminum. Her white blood cell count was low, 
showing low immunity. Her ratio of segmental to lymphocyte white 
blood cells was low, evidence for a chronic viral condition. Her 
bone marrow contained lead and radon. She stopped using tooth- 
paste (strontium), salt, deodorant, detergents (aluminum). She got 
the metal out of her mouth and eliminated her radon problem by 
‘opening crawl space vents. The lead source was never found, but 
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after she moved to a new house it went away. Herpes 2 stayed 
away. A year later she stil hadn't opened the Zovirax™ bottle. 


Fatigue 


Fatigue, whether minor or extreme, is always associated with 
blood sugar disturbances. The more disturbance, the more 
fatigue. We have three organs that do most of the sugar regu- 
lating: our adrenals, the liver, and the islets in the pancreas. In 
severe fatigue, that keeps you partly bedridden, all three organs 
are heavily parasitized. Epstein Barre Virus (EBV) is running 
amok in your body, as a rule, even when clinical culture 
techniques cannot find your frequency generator and 
Syncrometer you can find it emitting at 380 KHz. Killing the 
viruses is not as important as killing the larger parasites and 
getting your organs functioning for you again. The viruses will go 
away by themselves. 

The liver's role in blood sugar regulation is to get it out of 
storage when needed. When sheep liver flukes have taken up 
residence they're spewing their chemicals as well as their own 
bacteria and viruses into your circulation; it is surprising that the 
liver has any sugar in reserve and can function at all, Sheep liver 
flukes are commonly seen in fatigue syndrome cases. 

The adrenals (the outer layer called the cortex) help to 
regulate the blood sugar in a complex way. Some adrenal factors 
influence the thyroid which is another energy-related organ. Both 
adrenals and thyroid have toxic buildups in fatigue cases! Their 
work is hampered, 

The heart of sugar regulation is in your pancreas in the tiny 
islands of cells that secrete insulin, called the islets of Langer- 
hans. Here we always find the pancreatic fluke in residence. It 
actually breeds there when wood alcohol accumulates in it, 
‘Wood alcohol is a common pollutant of food, even in artifi 
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sugar which is often recommended to replace real sugar and 
spare the pancreas. There is wood alcohol in store-bought 
drinking water, fruit juice, powders meant to be stirred into bev- 
erages, even if they are health food varieties. It's probably being 
used to clean tubes and hoses in the manufacturing plant. The 
only beverage you can safely buy (not safe unless you sterilize it, 
though) at a grocery store is milk. Make your own beverages 
using recipes in this book, 


28 Bottling equipment should be rinsed with ethyl (grain) 
alcohol, not propyl alcohol or wood alcohol. 


Your first step toward curing your fatigue syndrome is to kill 
the pancreatic fluke and all other living invaders of the pancreas, 
liver, adrenals and thyroid. Use a zapper. Drink milk or 
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Solder Bridge 


The left two solder joints have melted 
together, forming an unintended connection 
my between the two. 
= 4 
Repair: Sometimes the excess solder can be 
# drawn off by dragging the tip of a hot iron 
J between the two solder joints. If there is too 
: § much solder, a solder sucker or solder wick can 
SN help get rid of the excess 


™= Prevention: Solder bridges most often 
happen between joints with too much solder to 
begin with. Use only enough solder to make a 
good joint. 
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buttermilk for several days afterward to provide lactic acid for 
the “good” bacteria to feed and recover on. 

Your second step is removing metal from your mouth, par- 
ticularly gold. Gold from teeth and jewelry readily goes to the 
pancreas! Do everything in the Easy Lifestyle Improvements 
chapter. 

‘Your energy can bounce back in a few weeks by attending 
your liver, adrenals and pancreas. Help these organs heal and 
grow strong again. Avoid food molds (read Moldy Food, page 
381). The most powerful assistance to the liver is a cleanse. This 
will eliminate liver viruses such as EBV and Cytomegalovirus 
(CMV). Be patient. Do it on a schedule until you have over 2,000 
stones out. Take vitamin C at least 3 gm/day, to help both liver 
and adrenals. Take B and B, to help adrenals and kidneys. Take 
glucose tolerance factor, chromium (two 200 meg tablets 
3x/day). See Sources for all of these. Take these supplements for 
three weeks, then cut the dose in half, and take on alternate days 
only, as a hedge against possible pollution in these 

Although your energy may be normal in three weeks, you are 
at higher risk for fatigue than the average person. Reinfection 
with anything will put the new parasites right back where the old 
ones were. Other bacteria, solvents and toxins will head for the 
pancreas, liver and adrenals again because these are weakened 
organs. It could take two years to build your health to its 
previous level, but is well worth it to have youth, initiative, and 
beautiful appearance again. Going back to school is a good use 
of your time when your initiative has returned but your physical 
strength is stil not up to housework or a job. When your energy 
comes back to you, it is tempting to overwork: to clean the whole 
house or to get into some gardening. 
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It is better to be moderate today 
than in bed tomorrow. 


Anyone who has suffered from Chronic Fatigue Syndrome 
(CFS) or recurrent EBV has learned that lesson well. 


June Timony, age 38, was diagnosed with Chronic Fatigue Syn- 
drome), EBV and Candida around 1¥% years ago by her family 
doctor. She also had a thyroid problem and a high estrogen level 
(165 pg'ml). She had severe depression at times. Our test showed 
her body was full of bismuth (fragrance) and silver (tooth filings) 
especially in the ovaries. She cleansed her kidneys and killed 
parasites but could not make up her mind to do the expensive 
dental work. 


Janice Brown, age 21, had EBV with chronic fatigue and depression 
along with a dozen more symptoms. Her skin, kidneys, breasts, 
brain, ovaries and pancreas were all loaded with mercury, platinum 
and other metals. She was full of radon and bus exhaust and the 
plumbing was shedding cadmium. Rather than do all this she and 
her husband decided to move. Before the moving date arrived she 
had cleansed kidneys, killed parasites and done dental work and 
was feeling noticeably better. Then they moved. She immediately 
was very fatigued again and worried that the move had been in 
vain. This time she had a liver full of Salmonella and a retum of 
phosphate crystals in her kidneys. But it was easy to clear up and 
it was a very useful lesson to her to avoid unsteriized dairy 
products. She was much more careful after this 


Dee Safian, age 36, came especially for her low energy. She had EBV 
once. It left her extremely nervous. We advised going off caffeine 
but not substituting for it by drinking decafs. Her tissues were full 
of arsenic from pesticide; her urinalysis showed kidney crystals 
and her eosinophil count was high 5.5% (parasites). She had 
sheep liver flukes and stages in her pancreas due to a buildup of 
wood alcohol there. In four months after killing parasites and doing 
a kidney cleanse she was much improved. 
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Josefina Linzer, age 32, came for her fatigue and depression. Her 
tissues were full of arsenic, PCBs, chromate (eye makeup), mer- 
cury, yttrium, radon and terbium. She needed tooth metal re- 
placement but could not schedule it immediately. She had Ascaris 
and pancreatic flukes in her pancreas and reacted to sugar in her 
diet quite strongly, so avoided it. She also had Strongyloides and 
Trichinella, She Killed all these with a frequency generator and 
started on the kidney herbs. Her wood alcohol buildup was coming 
from carbonated beverages. She went off. In 6 weeks she had 
done everything except the mercury removal and was feeling much 
better. 


Brigette Dawn, age 21, had Chronic Fatigue Syndrome with EBV, 
along with other problems. She cleaned her home and cleansed 
kidneys, killed parasites, and did two liver cleanses. Still the fatigue 
would return two days later. Meanwhile, though, her infertity 
problem got solved (she got pregnant) and this encouraged her to 
continue the battle against fatigue after the baby was born. 


Hector Garcia, age 14, was getting gamma globulin injections every 
three weeks for his chronic fatigue syndrome. He had pancreatic 
flukes in his pancreas, sheep and human liver flukes in his liver 
and intestinal fluke in his intestine. He had a buildup of benzene, 
propanol, and carbon tetrachloride as well as aflatoxin from his 
granola breakfasts. He also had Candida and measles in his white 
blood cells. He killed parasites with a frequency generator and 
went off the solvent polluted items in the propyl alcohol and ben- 
zene lists. He immediately (in 20 days) fett much better. 


Dana Levi, age 16, had chronic fatigue syndrome and dizziness; he 
was not in school. He had pancreatic fluke in his pancreas, sheep, 
human and intestinal flukes in his liver! Both benzene and propyl 
alcohol were present in his immune system. As soon as the para- 
sites were killed (with a frequency generator) and he changed a lot 
of his products, he felt better but soon lost his improvement. At the 
next visit, our tests showed a buildup of vanadium (from burning 
candies in his bedroom). When he stopped this, he was better 
again for a while only to relapse again. His propyl alcohol level was 
up as was aflatoxin. But getting a taste of normal energy gave him 
the determination to get himseff welll He embarked on a liver 
cleanse program and still more careful food selection. 
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Dennis Dillard, age 16, was beginning to do poorly at school due to 
fatigue. He had to stop athletics although his regular doctor pro- 
nounced him well. He was also getting chronic sinus infections. His 
lungs and trachea had accumulated seven heavy metals: va- 
nadium, palladium, cerium, barium, tin, europium, beryllium. His 
fasting blood sugar was low (73 mg/DL) and LDH very low (90 uL; 
it should have been 160). The body makes LDH in response to 
lactic acid levels. When the muscles aren't making much lactic 
acid from their normal metabolism, LDH levels wil fall too. Was he 
developing a muscle disease? The gas leak was fixed (vanadium), 
the garage was sealed off from the house to eliminate barium and 
beryllium but the other toxic elements came from his dental 
retainer. As soon as his retainer came out, and they stopped using 
flea powder on their dog, his energy became normal and sinuses 
cleared up. A year later he still had not been ill. 


Evelina Rojas, age 12, was having extreme fatigue with mood problems 
and sudden fevers. She killed Ascaris and sheep liver flukes with 
the parasite program but promptly got them back due to a benzene 
buildup | believe due to using products containing an herbal oil 
Her high levels of Streptococcus pneumoniae (cause of fevers), 
Staphylococcus aureus and Nocaraia could not be eliminated until 
her three baby teeth (with root canals) were pulled. After that, she 
was wel. 


Elaine Perkins, 48, came specifically for her low energy and nervous- 
ness. She was toxic with arsenic, a substance that replaces en- 
ergy with nervous excitement and exhaustion. She also had a 
backlog of antimony (using baby oil), aluminum, rhenium (hair 
spray), benzalkonium (toothpaste) and radon. In four months, she 
had the arsenic and three other toxins eliminated and already had 
more energy. 


Neil Youngblood, 53, was so fatigued, he had to brace himself even 
while sitting. A blood thyroxin level (Ti) of 1.0 instead of the normal 
7.5 mog/DL explained his fatigue. He had a mouthful of assorted 
dental metals which were accumulating in the thyroid, inviting 
viruses, particularly CMY, into it. He had to be on four grains of 
thyroid to feel near normal. After he had all his tooth metal 
removed, he only needed one grain to feel O.K. This encouraged 
him to clean up more of his body. 
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Scott Pennington, S0ish, was on thyroid medicine for his hyperthy 
roidism. He had been on iodine-radium earlier. He had the mirac- 
iia of the intestinal fluke, sheep liver fluke, and pancreatic fluke in 
his thyroid! Adult human liver flukes were also there! His thyroid 
was toxic with iridium, nickel, tellurium and mercury (metal tooth 
filings) and decane, TC Ethylene and pentane solvents. He had 
been drinking a great deal of regular tea, which let oxalate crystals 
deposit in his kidney and slow down the excretion of toxins. The 
parasites were killed with a frequency generator, he changed his 
diet to get rid of solvents. in two weeks he was feeling better, had 
more energy and better sleep. This encouraged him to do the 
dental work. 


Skin Problems 


Sebaceous Cysts 


Your body, in its wisdom, keeps toxins together and out of 
harm's way by making a cyst out of it. All the sebaceous cysts I 
have seen are filled with polychlorinated biphenyls (PCBs). 

Get rid of PCB sources in order to clear PCBs from your 
body. This can take 6 to 12 months. Change all detergents (for 
dishes, laundry, and body use) to borax and/or washing soda, 


Commercial detergents are 
wonderful cleaners... 


but are unquestionably toxic. Whether you have cysts or not, 
it is always a good idea to use borax and washing soda instead. 


If you have a particularly visible cyst, try to poultice it to the 
surface. Washing away some of it would be a great help to your 
Read herb books on poultices or just take whatever wild 
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leaves you can gather; make a mush out of them with a blender, 
mix with honey or homemade skin softener to make it spread like 
peanut butter and cover the cyst with it night and day, covered 
with a piece of plastic. The wetness has drawing power. The 
plant juices have other benefits. If you can't poultice and must 
rely on kidney excretion, be sure to take kidney herbs at the same 
time, 


Skin Rash 


Rashes can be caused by many 
follow a logical pattern. It may be due to: 


igs. To find the cause, 


+ HIV 
+ Yeast and Fungus 
+ Allergy 


* Childhood Diseases (rubella, etc.) 


HIV is the most alarming possibility. Eliminate it first by 
testing for it. It’s often too early for a clinical test to be positive 
for HIV, so use the Syncrometer (page 457). I often see the rash 
disappear within days of eliminating the virus. 

Probably the most common cause of rash is yeast. Candida 
has a resonant frequency of 384-388 KHz. If you test 
, stop all commercial soap and detergent for all possible uses. 
Zapping Candida may drive it away for a few days. The fung 
is hosted by another parasite but finds your skin quite 
for a home, at least while your skin immunity is low. It may be 
low from wearing metal jewelry, having metal tooth fillings, 
aluminum (from lotions “and soaps), cobalt (from_ shaving 
supplies), and zirconium (from deodorant.). When all these are 
removed, the skin will dry up quickly in open air or under a heat 
lamp. 

In babies’ skin, immunity is low from diaper chemicals 
(mercury and thallium), wipes, and soap and detergent chemi 
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cals. Tight fitting, mercury treated diapers 
are a modem atrocity. Always line them 
with a tissue and keep them loose fitting. 

‘The skin that has rash or fungus should 
be dried with paper towels, unfragranced 
and uncolored, in order not to contaminate 
the cloth towels, and thereby transport the 
tiny infectious spores to other skin loc: 
tions. You may use skin healers. 

Only the skin healers given in Recipes 
are safe to use. Keep them refrigerated 
when not in daily use. Commercial lotion: 
including health varieties, all contain toxi 
.gredients, 

Many adult rashes are due to allergie: 
Allergy to nickel is common, the reaction is Fig. 29 Tight dia- 
easiest to see under rings or watches. The pers are a modern 


metal is pulled into the body for “ arocity, forcing 
elimination. Since nickel is used by so many jpercury and thal- 
bacteria, especially urinary tract bacteria, it Jium into the 

doesn't get eliminated, it gets taken up by — haby’s sponge- 
bacteria. It also piles up in kidneys, —jike skin. 


adrenals, bladder and prostate where 
bacteria thrive on it. Strangely, it also accumulates in the male 
scalp (and in women's scalps who have male pattern baldness). 

Allergy to strawberries, perfume, deodorant or chlorinated 
water, however different they are, can all be expressed the same 
way, in a rash. The liver has refused (been unable) to detoxify 
the chemicals in these items and allows them to circulate in the 
body. Not for long, though, since great damage could be done to 
brain and other tissues. Mercifully, the skin grabs these chem 
ls into itself. Ultimately, it must still be removed. The allergic 
reaction and your immune system come to your ski 
although bringing you discomfort. 


's rescue, 
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Why didn’t the liver detoxify the chemicals given to it? The 
answer is based on a simple experiment. Try cleaning your liver 
(page 552) several times or until 1,000 bits of refuse have been 
washed out of the bile ducts. This relieves the back pressure on 
that part of the liver, and allows it to do its work again. The 
physiological details are not understood. Fortunately, the results 
are instantaneous. The day before the liver cleanse you would 
never eat a strawberry or peanut for fear of a reaction. A few 
days after the cleanse, your body “knows” which food it might 
tolerate and as you try a bit, you notice no reaction, no rash Thi 
simple experiment suggests that the liver couldn't detoxify these 
foods because of the refuse in its duct 
Each liver cleanse “cures” a different set of allergies sug- 
gesting that the liver is compartmentalized—different parts 
having different duties. It follows that by getting all the stones out 
all your allergies will disappear. Experience shows this to be 
true, although it can take two years to carry out such a program. 
Meanwhile, avoiding the offensive food or product is very 
important. It is quite destructive to bathe the brain in strawberry 
chemicals or your toes in maple syrup chemicals. Stay off al- 
lergy-producing foods and products even if you can tolerate a 
little or can be “desensitized” to them with shots or homeopathic 
methods. Use these methods for relief, not license to continue 
using items that tax your body 
Certain childhood diseases produce a rash and this can be 
suspected disease with a slide or 


culture of it. Then use a zapper to 
parasites that may have brought it in. 


I both the bug and any larger 


Hives 


Sometimes your body will break out in hives instead of a 
rash, Again, gallstones in the liver and gallbladder are responsi- 
ble. Do the Liver Cleanse. 
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Acne 


The more severe cases of acne cover parts of the body as 
well as face and can pit the face so badly there is hardly any 
clear skin left. 

In ten days you can reverse this, so most of the skin is beau- 
tifully clear. There are bacteria involved and skin oils of youth 
feed these bacteria. Acne has been extensively studied by scien- 
lists. Pethaps the true culprit was too big to be seen with a mi 
croscope or too small (antigen) to be recognized or just too 
unimaginable. I inevitably find Trichinella, one of the four 
common roundworms that infect humans. 

Test yourself to Trichinella with the slide called “larvae in 
tissue.” Search for it in your skin. It is generally believed to re- 
ide in muscles, especially the diaphragm, but in acne cases it is 
in the skin. 

If you only have a frequency generator, set it at 404.5 KHz 
and at neighboring numbers, extending 5 KHz.on each side, to be 
sure to include all eggs and other molt stages. Or zap. 


Psoriasis, Eczema 


Psoriasis and eczema are both caused by Ascaris. Their 
molting chemicals are quite allergenic; perhaps itis these that are 
affecting the skin. Since pets pick these worms up daily, there is 
chronic reinfection in families with pets. Keep zapping. 


Bernadette McNutt, 34, had acne on her back, chest and face. She 
had been treated since teen age with ultraviolet ight, Retin A, and 
antibiotics. She already had a history of shingles and fungus, two 
more skin conditions. Her skin was toxic with strontium and her 
kidneys had cadmium, silver and beryliium deposits inhibiting ex- 
cretion. She had only one parasite, extremely high levels of Tri- 
chinella. Her children were also infected as was the cat. In spite of 
using parasite herbs for months she got no improvement unti the 
baby was out of diapers. Then she cleared up. 
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Royce Hamilton, 17, had acne so dense on his face there was no good 
spot the size of a dime anywhere. He had it about one year. His 
urinalysis showed "amorphous" crystals (stones of all kinds) and a 
trace of protein. He had Trichinella worms throughout his organs. 
He was very fatigued. He was started on kidney herbs so there 
would be good excretion after killing the Trichinella. His thyroid 
and kidneys were full of zirconium and titanium from all the lotions 
he used for his skin. He didn't need deodorant. Evidently even his 
armpit bacteria had been affected. It took four months to clear his 
Trichinella although there were no young children or pets in the 
house. His face was beginning to heal, but three months later he 
had a recurrence, although his parent was not a carrier. After thi, 
he cleared it up again and his face looked as beautiful as a child's. 


Evan Knight, 36, had psoriasis at elbows and knees from age 9 but 
now it was spreading to his fingers and scalp. He occasionally had 
bronchitis and putty eyelids, indicative of Ascaris but at the time of 
his visit he had Trichinella fuke stages and Echinostomum in his 
skin. He was started on the parasite program and in three weeks it 
was clearing instead of advancing. He switched to milk for his 
beverage to raise his immunity and removed the arsenic, 
formaldehyde and thulium (from his vitamin C) by doing the 
necessary cleanups. 


Gerry Chastain, 41, had a red nose, erupted along the sides. He had 
been on sulfa drugs and Emycin.™ He had Leishmania tropica. 
He killed it in the office with a frequency generator and got imme- 
diate improvement but four weeks later it was back. He had four 
solvents buit up in his body: benzene, TCE, TC Ethylene and 
hexanedione. This situation would make recovery impossible since 
he was no doubt reinfecting himself. He also had titanium, platinum 
and siver accumulated in his tissues and needed to replace his 
dentalware before expecting a permanent cure. 


Floyd Oldham, 50s, was getting pimples on his nose. His whole face 
was red and flushed looking. His bowels were loose and he had 
some urinary urgency. He harbored two kinds of Leishmania (bra- 
ziliensis and tropica). He Killed the Leishmanias with a frequency 
generator and started himself on the kidney herb program. Five 
weeks later the pimples were gone but general redness had 
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Lifted Pad 

This photo shows a solder pad that has 
become detached from the surface of the 
circuit board. This most often occurs when 
trying to de-solder components from the 
board. But it can result simply from overworking 
the joint to the point where the adhesive bond 
between copper and the board is destroyed, 


Lifted pads are especially common on boards 
with thin copper layers and/or no through- 
plating on the holes. 
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reappeared. The Leishmanias were stil gone but this time he was 
toxic with cobatt 


Cobalt is known to promote skin cancers and also heart di 
ease. This was discovered decades ago when an outbreak of 
heart disease occurred in England. It was traced to a pub (where 
they all partook) where cobalt was added to the beer to make the 
foam rise higher! In fact, the foam will just stay in place like a 
hairdo, if you add cobalt. It was made an illegal additive. 
Gradually, it has crept back into consumer's products: first toilet 
cake (blue), then window washer (blue), then dishwasher deter- 
gent, and now even mouthwash. If you see a blue colored prod- 
uct, stay away from it. It accumulates in the heart and skin, 
People with skin cancers often have cobalt build up. 


Floyd stopped using all these products and cleared up again. 


Grethe Driscoll, middle aged, wore tons of make up, so skillfully applied 
that scars from a face lift could never be detected. When she had 
minor breakouts, which usually occurred while away on a trip, it 
seemed like a catastrophe. She tried everything available but could 
not get to her parasite herbs until she was back home several 
weeks later. After one week on them (5 day high dose plus 
maintenance) her complexion was perfect again. 


Crofton Thorton, 15, had an embarrassing case of acne. He had As- 
caris, hookworm and Strongyloides (he also had migraines) all re- 
acting in the skin. He stopped drinking commercial beverages that 
gave him solvents. He killed parasites electronically and with herbs 
and got a considerable improvement. But he stil had Strongyloides 
‘one month later. Nevertheless, he had seen the connection and he 
knew it was just a matter of persistence to a clear complexion, 
Note, he should have had Trichinella—did | miss testing for it? 
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Warts 


Could we get warts from playing with toads in childhood? 
We don't play with toads anymore. Yet we get warts. We don't 
know how we get them. But afier learning how to get rid of them, 
you will probably know how you got them. Not all warts are the 
same. In fact, they might all be different: each one is made up of 
5 or 6 different viruses, not just one as we had believed. 

Peel a tiny fragment off one of your warts. Prepare it for 
testing by placing it in a small bottle. Add a few tsp. filtered 
water and a 4 tsp. grain alcohol, Label it with the location you 
got it from: like “left middle finger knuckle, “First, search your 
body for other locations of this wart (organs that test positive to 
your sample). You can easily find them in your skin, of course. 
But also search electronically in your liver, spleen, muscle 
stomach, heart, pancreas. Notice how often they are present in 
the pancreas. The pancreas seems to be a wart-virus heaven. 
Are they in the islets or the rest of the pancreas? 

Without a zapper, you will need to find the frequency of each 
virus to completely destroy it. Attach your frequency generator 
and search between 400 and 290 KHz. When you find its 
resonant frequency, kill it by treating yourself for three minutes at 
10 volts from a frequency generator. Will your warts fall off? 

In a few days one or two of your warts will begin to shred 
After a week you may lose one or two completely, and find that 
several more have become smaller. The remainder are un- 
changed. Continue to identify and kill them, Notice that they are 
not necessarily gone from the pancreas or other organs at the 
same time as they are gone from the skin. Perhaps warts are not 
the benign entities we have believed them to be. They may, in 
fact, ride into the body on some common bacteria, like Salmo- 
nella, or common parasite like pinworms or tapeworm stag 
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Zapping doesn't reach all the viruses in a wart either. It takes 
repeated zappings to start the shredding and gradual 
warts, 


Guy Laird, age 11, had warts on his lips besides fingers. His job was 
feeding the three outdoor dogs. He was full of Ascaris. He had 
Taenia pisitormis and Taenia solium bladder cysts in his liver. 
‘These were shedding viruses into Guy. He was started on Rascal 
for six weeks (this was before the zapper was invented). Maybe his 
benzene buildup was responsible for letting so many parasites 
(and their viruses) survive and multiply in his body. He stopped. 
using toothpaste, killed Ascaris (408 KHz) and some flukes (434 to 
421 KHz) and improved his diet. All except one wart came off 
(without bleeding). He was given different chores, too, to reduce 
his contact with animals and their parasites. 


Georgiana Mills, a middle age music teacher, broke out with warts all 
over her hands, at least 30 in total. A few months later she was 
diagnosed with bone cancer; she always wondered if there was a 
connection. She cleared up her cancer and killed her viruses and 
bacteria with a frequency generator. Nearly all her warts disap- 
eared. But her indoor pet brought new parasites daily, especially 
‘Moniezia tapeworm stages. With each Moniezia infection (about 
‘once a month) she got new warts. She was never able to clear 
them completely 


I concluded that each wart is actually composed of 3 to 6 vi 
ruses and these viruses are distributed throughout our bodies! 
How satisfying to be able to rid our bodies of them, once and for 
all even in internal organs. There is a catch, Small remnants of 
some warts do not disappear in spite of killing most of them. 
More accurately, they disappear and then reappear in our internal 
organs, Could this suggest to us their true origin? Could it be a 
tapeworm stage? 
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Tapeworm Stages 


Our bodies harbor numerous stages of tapeworms. But not the 
tapeworm itself, which may belong to a dog, cow, or pigeon. 
‘Tapeworms lead complicated lives, much like insects with their 
‘erpillars, larvae, larval molts, pupae and eventual adults 
Tapeworms shed eggs with the bowel movement of the animal 
host. The eggs blow in the dust and reside in the earth. A vege- 
tarian animal nibbling vegetation near this filth, or licking dirt 
and dust off its coat, swallows the eggs. Humans, too, eat plenty 
of filth by licking their fingers. As children we all eat dirt simply 
by eating with unwashed hands. 

The Jewish society discovered the great importance of 
washing hands before eating, thousands of years ago. But many of 
us choose to ignore truths that seem old fashioned. In our own 
relatively short life times we cannot see the whole picture as 
well as the prophets and seers of ancient 
cultures could. We eat plenty of dirt and 
along with it, the eggs of tape-worms. 
Dog and cat tapeworms are most 
prevalent, but sheep, cow, pig, and sea- 
gull tapeworms are also common. 

There is hardly a predator species in 
existence that doesn't have its own char- 
acteristic tapeworm, Whatever animal 
species you live near, or once lived near, 
you probably swallowed some of its filth 
and some tape eggs. The eggs hatch in 
your stomach and the tiny larvae burrow 
into a neighboring organ without any 
consideration that this is your stomach 
wall or spleen or muscle. The larva's 
plan is not to grow into a long worm— 
that can wait. The larva must simply 


Fig. 30 Some cys- 
ticercus varieties 
(types) have multiple 
heads. 


197 


‘THE CURE FoR ALL DISEASES 


survive until you can be conveniently eaten! A wolf or a tiger 
will surely come along! In bygone days it did. 

The larva is about 4 inch long, surrounded by a “sac of wae 
ters,” like a tiny water balloon, Looking very closely at this sac, 
called a eysticereus, we see a head (scolex), complete with 
hooks and suckers, turned inside out, inside a bladder. 

‘As the tiger's teeth bite down on the 
icercus, the pressure pops it out. The 
head is now right side out with hooks 
and suckers ready for action, Now it 
grows in the tiger! 

It quickly hooks into a loop of intes- 
tinal wall so it can't be swept away and 
begins its growth into a regular long 
adult tapeworm, The tiger is the true or 
primary host. We were merely the sec- 
ondary or intermediate host. Why does 
the adult tapeworm prefer the tiger instead of us? Only Mother 
Nature knows. But the best way to get to a carnivore is through 
prey 

You can find these larval cysts in your organs using slides of 
the cysticercus stage of various common tapeworms. Search in 
your muscles, liver, stomach, pancreas, spleen, intestine and 
even brain. You will not find even little bits of them in your 
white blood cells. My explanation for this curious finding is that 
the tapeworm leaves no debris to be cleaned up by your white 
blood cells. Evidently your body builds a cyst wall around the 
larva to tightly encase it and prevent toxins and debris from 
entering your body. Thus your white blood cells are not alerted 
in any way. Of course, the larva is much too big to be devoured 
by tiny white blood cells anyway. Yet, it seems that if a pack of 
white blood cells had attacked the larva just as soon as it hatched 
from the egg they would have been able to devour it. Perhaps it 
enlarges too rapidly. Perhaps our white blood cells are 
preoccupied. In any case, we begin to load up on tapeworm 


Fig. 31 Emerged 
cysticercus. 
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stages from infancy and by the time we are middle aged we have 
dozens tucked away in our organs. 

Some do die in the course of time, Perhaps their true secon- 
dary host is a rabbit or a mouse instead of a human, The short life 
span of these other hosts might mean that the life span of the 
eysticercus is also quite short, not 40 years! When they die, the 
white blood cells do clean them up and we e them in our 
white blood cells at this time. It can take several weeks for the 
eysticercus to be completely gone by this natural method. During 
this time, we become ill! Numerous bacteria and viruses spring 
up, as if from nowhere, in our organs 

Don't be surprised if you are testing yourself during illness to 
find a tapeworm or two in your white blood cells! It is well 
worth searching for at such a time. Help your body dispatch the 
tapeworm stages all together with your zapper. A frequency 
generator is bound to miss some. Some cysticercus varieties 
consist of many heads, and each head has even more heads inside 
! These might have different resonant frequencies. Only killing 
them together has the desired effect. Remember bacteria and 
viruses are released by killing tapeworms, so always follow 
with a second zapping in 20 minutes, and a third zapping 20 
minutes after that. Only then can your tapeworm-related illness 

sappear. 

If you do nothing, your body will be kept busy killing bacte- 
and viruses as the tape cysticercus wears down and eventu- 
ally dies. You may not wish to identify all of them (but at least 
search for Adenovirus, the common cold) and just note where 
you are being attacked: your nose, throat, ears, lungs, bronchi. 
Internal organs are attacked too. It seldom takes more than three 
weeks, though, for your body to clean up a tape stage even 
without any help from a zapper. The attendant illness will be 
gone by then, too. 

‘Watching these events in your body gives you insight into the 
very powerful forces at work, called immunity or body de- 
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fense. The body “knows” a great deal more than we have sur- 
sed. There is yet so much to discover. 

What initiated the death or dying process of the tapeworm 
stage in the first place? Has your body been trying all along and 
finally succeeded? Has the cysticercus reached the end of its life 
span naturally’ Have its (the tapeworm’s) own viruses and bac- 
teria gotten the upper hand and killed it? Did it accidentally ab- 
sorb something that killed it? 

By taking a herbal combination, Rascal, you can soon find a 
tapeworm stage in your white blood cells where you could not 
find it earlier. It is now dead or dying. This proves the effec- 
tiveness of Rascal, even though it is slow. 

Since we all eat dirt and inhale dust that is laden with dog 
feces or other animal excrement, we all harbor tapeworm stages, 
although none may be present in our white blood cells. Are they 
harming us? Perhaps they are living out their lives as quietly as 
they can in our organs, the way mice or ants try to live in our 
dwellings. Yet, when tapeworm stages are being killed, either 
spontaneously by your body or with a zapping device, we see an 
assortment of bacteria and viruses spread through the body, 
including the common cold. 

Getting rid of the tapeworm stages in your organs seems a 
very worthwhile goal. Since each of us has been associated with 
dozens of animal species in our past, we probably have dozens 
of varieties of tapeworm stages in us. I cannot identify more than 
a handful due to lack of prepared slides. You can find them 
without identifying first, though, by 
frequencies. Their emissions are often extremely weak, po 
due to being encased in a cyst. Search between 510 KHz and 410 
KHz. You may wish to “track” them for a while before killing 
to search for identical frequencies in your 
saliva. Or you may wish to dispatch them as rapidly as 


‘mop up” after your tapeworm killing by zapping 
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again to kill bacteria and viruses that have been released from 
the tapeworm, 

You may be disappointed not to feel any different after rid- 
ding yourself of numerous tapeworms and their pathogens. Evi- 
dently, the tapeworm stage itself doesn't make you sick; it 
simply there like a wart is there, without making you 
viruses can make you sick. Depending on which virus itis, 
make you very sick or not sick at all. Different viruses 
different organs. And some of these turn into warts! 


The Flu 


Influenza is a virus that belong to 
us as humans or to a larger par 2? It is easily 
transmitted from person to person and in less than a year can 
spread across the planet. Some flu examples are Influenza A, B, 
C and Swine flu. 

However, much that is called “flu” is actually caused by a 
bacterium, either Salmonella or Shigella. If someone in your 
family is “catching” a flu, test their saliva for the presence of 
dairy products, implicating the Salmonellas and Shigellas. Also 
test for influenza A, B, and C. Children’s “flus”, especially when 
is a fever, are usually due to Salmonellas. Even after 
can take an hour for the symptoms and fever to go 


raight to the refrigerator and throw away all dairy 
s. Throw away all milk, cheesecakes, buttermilk, cream, 


first, and save the uncontaminated food. Use the sick person as a 
subject, searching for foods that appear in her white blood cells 
(or search their saliva sample for the food offender). If the flu is 
“going around” your neighborhood, you might wish to tell 
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some of your neighbors which foods you found were contami- 
nated. They may have purchased the same food! Obviously, when 
a contaminated shipment of dairy products arrives in your 
grocery stores, quite a few people will be consuming it, setting 
the stage for a “bad flu” that “goes around”. 

Why can some people eat contaminated food without getting 
sick? Maybe their Salmonellas don't multiply rapidly. Maybe 
their stomach acid is strong enough to kill most of them. Maybe 
their bowel movements are frequent enough to expel them 
quickly. Maybe they haven't been on frequent treatments with 
anti-strep antibiotics. The answer is not known yet. After a seri 
ous bout with Salmonellas or Shigellas the body does not com- 
pletely clear itself of them. They stay in hiding somewhere. When 
a new batch of bacteria arrives, even though very sparse, as in 1 
tbs. of milk, the two subtypes can hybridize and produce a much 
more vigorous offspring. This is called virulence. You are made 
much sicker by more virulent subtypes of bacteria. You may have 
diarrhea, vomiting, illness. Especially if you believe you have 
lactose intolerance,” pay attention to Salmonella and Shigella. 

If your flu is due to an influenza virus, kill it with your zap- 
per. Some family members may prefer to take a homeopathic flu 
“remedy” such as Oscillococcinum™ or Flusolution.’™ Others 
may take herbs. These probably act by prying the viruses out of 
your cells’ gateways and channels so the white blood cells can 
easily devour them, 

But flu due to Salmonella is not easily zapped away. Re- 
member, the zapper current does not penetrate the bowel con- 
tents, which is exactly where Salmonella lives! Besides zapping 
to clear them from your tissues, you must eliminate them from the 
bowel by using the Bowel Program (page 546). 

Lugol’s iodine solution (see Recipes) can qi 
rid of Salmonella throughout the body. Use 6 drop: 
from an eyedropper) in Yaglass of water four time 


quickly get 
small drops 
a day. If no 
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more Salmonella is consumed, it will be vanquished in a day or 
two. 
If your flu brings you a fever, use Lugol's. 


Fever 


Fevers are there to help your body fight the invaders...up to a 
point, Don't use a fever medication unless the body temperature 
‘goes over 102°, and then only enough to bring the fever down a 
bit. 

Most fevers, especially “fevers of unknown origin” are due 
to Salmonellas and Shigellas. Your body may be young and 
strong enough to kill them but not strong enough to kill an e 
erlasting supply of them coming from dairy foods you eat on a 
daily basis. Stop eating salads at restaurants immediately. Stop 
eating food made by others’ hands unless it is sterilized. Stop 
eating dairy foods until you have cooked them. Stop eating those 
that can’t be cooked. 


Sam Ellis, age 7, had two episodes of severe abdominal pain with fever 
lasting two weeks. He got hyperactive with milk products, had a 
frequent cough and stuffy nose. (Here the picture is quite clear. 
‘The milk products were bringing him Salmonellas, Shigellas and 
other bacteria which grew in his intestine to produce pain. But why 
only Sam and not his brothers?) Sam had a buildup of benzene 
from using bathroom soap containing a special herbal oil. Sam 
also had hookworms, intestinal fluke, and rabbit fluke, probably 
due to his lowered immunity from the benzene. Then his mother 
boiled Sam's milk, removed the polluted soap (she planned to use it 
herself!) and killed his parasites with the parasite herbs. His fever 
went away and stayed away. He said he enjoyed all this because 
now he “could play after schoo!” without a stomach ache and he 
wasn't being sent to the nurse's office because of a fever. Notice 
the bacteria causing the temperature went away by themselves, 
probably due to the return of his normally strong immune system. 
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Repairing a Lifted Pad 

it may not be pretty, but a lifted pad can usually 
be repaired. The simplest repair is to fold the 
lead over to a still-attached copper trace and 
solder it as shown to the left. If your board has 
a solder-mask, you will need to carefully scrape 


off enough to expose the bare copper. 


Other alternatives are to follow the trace to the 
next via and run a jumper to there. Or, in the 
worst case, follow the trace to the nearest 
component and solder your jumper to the leg 
of that. Not exactly pretty, but functional. 


Stray Solder Spatters 

These bits of solder are held to the board only 
by sticky flux residue. If they work loose, they 
can easily cause a short circuit on the board. 


Repair: These are easy to remove with the tip 
of a knife or tweezers. 


| 


Z 
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Jalene McCormick, 46, had been passing lots of kidney stones 
(hundreds) for years and had a temperature most of the time for 
which she was on antibiotics. It took her six months on our kidney 
herb recipe to dissolve and pass so many they no longer showed 
up on X-ray, and to stop making them. Then her fever left, not to 
return 


Kristen Jane Johnson, a young mother, had recurrent fevers and fa- 
tigue but, besides EBV, her doctors found no cause. We found 
HIV virus and a lot of bacteria and parasites. The fever-causing 
bacterium was Salmonella. To stop her Salmonella attacks she 
had to raise her immunity besides boiling all dairy products. Moldy 
foods (pasta) and lunch meats (benzopyrenes) were the source of 
liver toxicity. Each new Salmonella attack immediately invaded the 
liver so a vicious cycle was set up. When she stayed meticulously 
on the parasite program, meticulously off unsterilized dairy prod- 
ucts, and meticulously off benzene-polluted items, she cured her- 
self of fevers and night sweats and the HIV infection. Perhaps in 
two years the liver will have recovered enough to kill Salmonella 
that enter it, but she is not taking any chances till then. 


Although Kristen was eating food polluted with both Sal- 
monellas and Shigellas she only “picked up” Salmonella, never 
Shigella! Why is that? In contrast, people with multiple sclerosis, 
“pick up” Shigellas, not Salmonellas. 


Multiple Sclerosis & Amyotropic 
Lateral Sclerosis 


Multiple sclerosis (MS) is a disease of the brain and spinal 
cord. It is called lateral sclerosis if the disease is mainly in the 
spinal cord. 

It is caused by fluke parasites reaching the brain or spinal 
cord and attempting to multiply there. Any of the four common 
flukes may be responsible, Kill them immediately with your 
zapper or a frequency generator (434 KHz to 421 KHz). They 
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cannot return unless you reinfect yourself. Stop eating meats, 
except fish and seafood. All meats are a source of fluke parasite 
stages unless canned or very well cooked. Pets and family 
members are undoubtedly carriers of the same flukes, although 
they do not show the same symptoms. Give away your house 
pets. Don't kiss your loved ones on the mouth. Make sure your 
sex partner has also been freed of fluke parasites 

The most important question you must be able to answer is 
why did these parasites enter your brain and spinal cord? When 
the brain contains solvents, it allows flukes to multiply there. The 
solvents, xylene and toluene are common brain solvents always 
seen in MS cases. Evidently these solvents accumulate first in the 
motor and sensory regions of the brain, inviting the parasites to 
these locations. 

Xylene and toluene are industrial solvents used in paint and 
thinners. It is also a pollutant of certain carbonated beverages (I 
found it in 7-Up,™ ginger ale and others that I tested). Stop 
drinking them. 

Al MS cases I have seen also harbor Shigella bacteria in the 
brain and spinal cord. These come from dairy products. They are 
manure bacteria, Be absolutely meticulous about sterilizing dairy 
products. Even one tsp. unsterilized milk added to scrambled 
eggs could reinfect you. Not even heavy whipping cream or 
butter is safe without boiling. Kill bacteria every day with a 
zapper. Shigellas produce chemicals that are toxic to the brain 
and spinal cord. Eliminating Shigellas brings immediate im- 
provement. 

All large paras 


s like flukes have their own entourage of 
bacteria and viruses. Perhaps it is these that initiate the brain’s 
reaction, which is inflammation and scar tissue formation in the 
outer covering of brain cells and nerve fibers. Perhaps it is the 
fluke stages themselves. Your brain is trying desperately to heal 
these lesions, only to be assailed by a fresh batch of solvent and 
Shigellas and another generation of parasites and pathogens. 
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The other pollutant associated with MS is mercury from 
dental metal. The mercury that is constantly released in the mouth 
does not all get excreted by the kidneys or eliminated by the 
bowels. Some of it travels up to the brain and gets into the spinal 
cord as well. You will be able to eliminate and excrete more 
mercury by doing a kidney and liver cleanse. The mercury may 
itself be polluted with thallium which is even more toxic. For 
this reason mercury removal should be done extra thoroughly to 
be sure no thallium has been left behind. 

If you are concemed about MS-like symptoms, purchase 
slides of the brain regions, cerebrum, and cerebellum. Or pur- 
chase pork brains at the grocery store and snip out a portion of 
the sensory lobe and cerebellum. Prepare these as test substances 
(sterilize your hands afterward). Test your daily foods and body 
products for their presence in these brain areas. Also test for 
parasites, bacteria (especially Nocardia and Shigella) and other 
pollutants such as arsenic and pesticides. If the disease (tremor 
and lack of sensation) has not progressed too far, you can cure it. 
In all cases you can stop it from progressing further by cleaning 
up dentalware, the environment and diet. 


Brandi Rainey, age 34, of Amish religious culture, was diagnosed with 
MS four months earlier after an MRI confirmed it although she had 
symptoms for many years. She was told she had inherited a gene 
for it and that Amish folk are particularly susceptible to MS for 
reasons of inbreeding. She had a constant pain running down the 
side of her neck, and headache. Her legs were getting too heavy 
to get up stairs. Our tests showed her brain was full of scandium 
(tooth metal alloy) and fluoride (toothpaste). Her vision was getting 
worse; her eyes were full of wood alcohol. She lost no time in 
getting dentures: there were no teeth that could be saved. She had 
several bacteria growing in her jaw bone: Strep G (sore throat 
bacteria), Staphylococcus aureus (this was raising her pulse to 
‘over 100), Clostridium tetani (causes great stress), and Shigella 
(produces nerve toxins). She killed these with a frequency gen- 
erator. Five weeks later the pain and stiffness in her neck were 
gone, her pulse was down to 100, her periods were free of pain 
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land her hands seemed to shake less. She was put on the parasite 
program plus thioctic acid (2 a day) and histidine (500 mg, one a 
day to keep nickel levels down)and advised to cook and eat with 
non metal. Four weeks later her pulse was down to 80, her legs 
were much better. She zapped four remaining bacteria. Two 
months later the numbness and tremor had left; her legs stil felt 
tired and her hands sometimes shook but she was quite reassured 
that MS would not claim her life. Nor had a gene betrayed her. A 
half year later she was walking and working normally, doing liver 
cleanses and keeping up her vigilance against parasites and 
pollutants 


Kendra Welch, 58, was diagnosed with MS a year ago, by MRI. She 
went to a chelating doctor and this cleared up her temporary 
ischemic attacks (T.I.A's) which were occurring daily. But she had 
lost her balance, eyesight was getting worse, her feet and hands 
stung. Her sister also had MS but nobody else in the family did 
which baffied her doctor. Her brain tissue was full of barium, 
europium, gadolinium, and platinum. These are dental alloys, al- 
though barium could come from bus exhaust (she wore no lip- 
stick). She was advised to have all metal removed from her mouth 
immediately. Two days afterward she came into the office without 
any neurological symptoms. She stated she was afraid to stop her 
new health program, though, and this was good policy. 


Lynne Ceretto, age 15, was diagnosed with an “MS-like syndrome" by 
MRI. She had intestinal flukes and stages, human liver flukes and 
Trichinella in the brain. She had no tooth filings. But there was 
benzene in her thymus keeping her immunity low. She also had 
propane and asbestos in her brain from leaky pipes and a worn 
washing machine belt. She, too, was told she had a “bad” gene. 
‘She was barely able to walk with help. It took several months to 
track down the source of benzene—the drinking water. Sometimes 
it was polluted; sometimes it was not! When the pump was oiled, 
‘some of it dripped onto the cement platform. Rain washed it to the 
center and down the pipe in the well. They eagerly removed the 
platform, found the oil on the water surface, cleaned everything up 
carefully, until no benzene could be found which put her on the 
road to recovery. A year later she had recovered further. 


Norma Luellen, a young mother, had tingling, numbness and weakness 
on the entire left side of her body. She was in process of 
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linical tests for MS. Her body was full of pentane, possibly from 
her workplace since 12 other persons working there also had MS 
(such a situation should make our government eager to jump at 
investigations)! She had intestinal flukes and their stages, not in 
the intestine or liver or thymus, but in her brain! We found her 
home air toxic with bismuth too, probably from cosmetics. In spite 
of staying on the parasite program she got reinfected with sheep 
liver fluke, probably from eating hamburgers. She was not able to 
stop her carbonated beverage habit and frequently showed xylene, 
acetone, methylene chloride in addition to pentane in her white 
blood calls, 


Shannon Synder, age 44, had been getting more numb over her whole 
body for several years and was presently considered by her 
doctor to have MS. Her muscles twitched all night, making sleep 
impossible, and her hands shook. She had intestinal flukes in the 
brain (cerebrum and cerebellum) but none in the intestine! The 
brain also had wood alcohol from drinking Diet Coke.™ She also 
had bismuth (cosmetics), palladium, copper, samarium, and 
tellurium (tooth alloys) in her brain. She began to improve enough 
tobe off Prednisone by her 10th day of the parasite program 


Erica Blake, age 41, was diagnosed with MS two years earlier although 
her symptoms went back 13 years. She was on Prednisone™ but 
her balance was geting so bad she had to be in a wheelchair. 
Chelation treatments kept her from deteriorating further. Her brain 
was full of gasoline; she used to work at a gas station and now was 
getting it from the attached garage. Her hands and feet were 
completely numb. She had 5 root canals extracted and a few days 
later was able to stand. She could now walk with a cane. She had 
human liver flukes, sheep liver fluke and Trichinellas and dog 
tapeworm stages in her cerebellum (motor control center). After 
killing parasites and starting to take thioctic acid (4 a day) and 
cleaning up her environment she improved enough to drive a car 
again, walk without a cane in her home. She regained enough 
feeling in her hands and legs to do her housework, too. 


Kurt Nielsen, age 43, was told he had peripheral neuropathy. His feet 
were so numb he had to look at the clutch to drive. Also both hands 
were numb. He was full of kerosene and benzene possibly from 
fuel oil that he pumped for a living. There were fluke stages 
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in his brain and a dozen bacteria and viruses. He also had mer- 
ccury and thallium in his immune system which came from tooth 
filings. However, he had all his metal filings replaced two years 
earlier! He thought there was no mercury left in his mouth! Actu- 
ally, he had little bits (called tattoos) left somewhere. And they were 
giving him the classical symptoms: numbness of hands and feet 
and gradual destruction of his nervous system. His peripheral 
neuropathy was due to thallium poisoning. The dentist couldn't find 
tattoos, and he was left in his predicament. (This was before | 
found mercury and thallium sources in many personal products.) 


Duncan Wood, a middle age father of 5 young children, could still 
slowly shuffle along when he artived. He could not raise his arms 
to eat. He had uncontrolled inappropriate laughter every minute. 

He was diagnosed with MS two years eatfier and told he had a 
“bad” gene. The fact that one child was beginning to show similar 
symptoms strengthened their belief in the gene theory. Ten days 
later his inappropriate laughter stopped; he could get his right hand 
to his face, he walked twice as fast and had very litle tremor 
remaining. Strong chelating treatments obtained at a Mexican 
clinic had drawn much of the mercury and thallium out of his brain. 
He killed the flukes and Shigella bacteria electronically and 
stopped consuming unboiled milk. The brain solvents, xylene and 
toluene were removed quickly, too, as well as asbestos. His fast 
improvement showed them how important it was to remove the 
source of these pollutants in his home. 


‘Two days later he regressed considerably which made him fee! 
quite depressed, since his chelating treatments had not stopped. 
Was there stil an unknown factor? It was a retum of Shigella 
bacterial He had inadvertently eaten a non-sterile dairy food: milk 
added to soup when it was already done cooking! This was a 
valuable lesson. Nothing else had returned. He was away from the 
asbestos and xylene from the workshop at home. He zapped the 
bacteria again and applied greater vigilance to eating only 
sterilized dairy foods. He recouped his losses in one day. 


Then they scheduled their dental work, which had already been 
done once two years ago! He had leftover mercury and thallium, 
Now, selecting a dentist with experience in finding tattoos and 
leaning cavitations made much more sense to him than it had 
before. He also planned to do a kidney and liver cleanse after re- 


209 


‘THE CURE FoR ALL DISEASES 


tuming home. And to stay out of the workshop until the asbestos- 
containing bett had been replaced and the furniture painting had 
been moved to a different building. 


Shigella also causes irritability and depression, a frequent 
problem for MS cases. 


High Blood Pressure 


High blood pressure is one of the easi 
without resorting to drugs. 

‘The most important change to make is to stop using caffeine 
as in coffee, tea, or carbonated beverages. Don't use decaffein- 
ated coffee or tea either because of the solvent pollution in them. 
Switch to hot milk or hot water if a hot beverage is desired, or 
any of the beverages given in the recipe section. If being without 
caffeine leaves you fatigued, take an arginine tablet in the 
momning (500 mg). 

Blood pressure is mainly controlled by the adrenal glands 
which s on top of the kidneys. Whatever is af- 
's probably affecting the adrenals 
they're so close to each other. You must find out what itis. 

You could do your search in the kidneys since kidney tissue 

available in grocery stores. Adrenal tissue is available on mi- 
croscope slides. What will you find? Probably cadmium. 

Search for the cadmium source in your drinking water! 
‘Cadmium comes from the metal pipes. In fact, you could scrape a 
galvanized pipe to get a cadmium test substance. Conducting or 
storing drinking water in containers of metal is as foolish a 
practice as eating food off the floor. Water picks up everything it 
touches simply because it is wet! You may not see what it picked 
up any more than you can see if it has picked up sugar or salt. 
The cadmium and other metal is dissolved in the water. The 
older the pipes the sofier, more corroded they are, and the 


st problems to correct 
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more metal is picked up as the water rushes by. If you find 
cadmium in your hot or cold water, you will never be able to 
filter it out. Nor should you switch to bottled water. The amount 
of cadmium in your clothing from doing laundry with this water 
is already too much for your adrenals and kidneys, 

Change your galvanized pipes to PVC plastic. If you believe 
you already have plastic pipes or all copper (which leads to leu- 
kemia, schizophrenia and fertility problems) you will need to 
search every inch of plumbing for a very short piece of galva- 
nized pipe left in the system! A piece as short as a 2 inch T or Y 
can be causing all the trouble. 

The toxicity of cadmium, in fact, the high blood pressure 
connection, has been known a long time. After finding the cad- 
mium start on the kidney cleanse. You might miss the cadmium 
problem if you don't attend to it first. Also remove all metal from 
your mouth, 

All (100%) cases of high blood pressure I have seen could 
be easily cured by eliminating cadmium and other pollutants, 
followed by cleansing the kidneys. 

To test whether you still need your blood pressure medicine, 
wait until your pressure is down to 140/90 or better. Then cut the 
dose in half. Check it again next day. If it has climbed back up 
you are not ready; go back to %4or a full dose of medicine. Try 
again a few days later. If your blood pressure stays down, cut 
your medicine in half again (you are now down to ¥4 the regular 
dose) and see if your blood pressure stays improved. 

When you are down to 130/80 go off completely. But stay on 
the kidney herb recipe. At 120/80 try yourself on a few shakes of 
sea salt. The amount of salt eaten, once the pressure is down, has 
little influence. In fact increasing salt intake improves energy 
without raising blood pressure. Take no more than one teaspoon, 
a day (2,000 mg sodium), total, including cooking. Better yet, 
make a salt that is a mixture of sodium and potassium chlorides 
(see Sources). Mix it for yourself in a 1 to 1 
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ratio or whatever your taste can accept. The sodium portion 
could be sterilized sea salt (test and make sure it has no alumi 
num silicate in it first). 

Mold toxins have specific kidney effects! Especially T-2 
toxin, found mostly in dried peas, beans and lentils. Rinse these 
thoroughly first, throw away shriveled ones, and add vitamin C 
to the cooking water. All cases of serious kidney disease show a 
build up of T-2 toxin. Be extra careful to avoid moldy food (read 
Moldy Food, page 381). 


Bala Cuzmin, age 72, had high blood pressure for ten years but the 
upper (systolic) pressure remained high in spite of various medi- 
cines that were tried. She had three kinds of kidney stones and 
only one functional kidney. She stopped using caffeine, switching 
to arginine tablets to get over the let-down. Her diet was changed 
to reduce phosphate and add calcium, and she took magnesium 
and Vitamin Bs to assist the kidneys. She was very anemic and 
her mean cell volume (MCV) was high due to Ascaris infestation. 
She killed parasites, cleansed kidneys but saw no drop in blood 
pressure which stayed at 150 to 170 systolic. Her adrenal glands 
were choked with copper and platinum. She had all the metal in 
her mouth replaced and promptly saw a blood pressure drop to 
145-1 50. Three months later it was at 128 to 133 on half her 
medicine. She had not been tested for T-2 toxin yet, nor changed. 
her copper water pipes. 


Sabrina Patton, 66, had a long list of health problems, including high 
blood pressure for six years. She was on Corgard™ and diazide 
drugs which kept it down to 140-160/74-80. She had phosphate 
crystals in her kidneys and was started on kidney herbs and a diet 
change to include milk and exclude soda pop. She had high levels 
of mercury and copper in her immune system. She was feeling so 
much better after the kidney cleanse that she decided to remove 
her last filings and replace her bridge, too, since it was shedding 
ruthenium, On her way home from the dentist, her ears stopped 
ringing and soon her blood pressure was down to 126/68. She was 
stil on half a dose of drugs because she was too afraid to go off 
entirely. But when her pressure stayed down she found the 
courage to go off completely. This gave her the energy she wanted 
to play basketball with the grandchildren again. 
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Rolf Ehrhart, 61, had 80% blockage of heart arteries and high blood 
pressure for which he was on a Hydropres™ patch, Tenormin™, 
and Logo!" (diuretic). He had phosphate and uric acid crystals in 
his kidneys. He was started on kidney herbs followed by the para- 
site herbs. His Ascaris and flukes were zapped. He stopped using 
store-bought beverages. Then he could cut back on his medicines, 
measuring his blood pressure daily to guide him. After seven 
weeks it was down to 140/85, so he decided to do without 
medicine, a bit early. He was also getting chelation therapy and 
was now able to walk 2-4 miles a day. His next chore, which he 
approached gladly, was removal of all metal from his mouth. 

Len Gerald, 45, was on Vasotec" for high blood pressure. He was 
constantly sleepy; his blood test showed a low thyroid level in spite 
of being on Euthyroid." He was started on kidney herbs followed 
by parasite herbs. In two weeks, barely into his program, his blood 
pressure dropped. He had to go off his blood pressure medicine. It 
stayed at 126/80. He stil had some Ascaris and other health 
problems but was highly motivated to clean them up, too. 


Glaucoma 


In glaucoma the pressure in the eyeball gets too high, putting 
pressure on fragile retina cells that do your seeing. The first 
question to ask is: “Is my blood pressure too high?,” because 
there is a link between high blood pressure and elevated eyeball 
pressure. 

Your blood pressure should be 120/80. Your doctor may 
140/85 is “not high.” He or she is kindly refraining from giving 
you drugs until this level of pressure is reached. It is your tip-off, 
though, that something is not right and you should correct it now, 
when it is easy, and before other damage is done. Read the 
section on high blood pressure (page 210) to learn how to reduce 
it by going off caffeine, checking for cadmium poisoning from 
your water pipes, and cleansing the kidneys (page 549). Even 
though your doctor has explained how the tiny tube draining your 
eyeball is too narrow, you should ask: was it” not 
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All of the Above! 

Don't panic, Take your time, Most joints can be 
repaired with patience. If the solder refuses to 
‘flow the way you want it to: 

1. Stop and let the joint cool. 

Clean and tin your iron 

Clean off any burt flux from the joint. 
Let the iron come back up to 
temperature. 

5. Then reheat the joint and try again. 


2. 
3. 
4. 
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too narrow before high blood pressure struck? Simply getting 
your blood pressure to normal is sufficient help for beginning 
‘glaucoma. 


‘Antonia Guerrero, age 51, had glaucoma for five years and was dete- 
riorating rapidly. She cleansed her kidneys, Killed parasites and 
changed her diet to the anti-arthritic one since she also suttered 
from arthritis in her hands for ten years with painful enlarged 
knuckles. She didn't get relief from taking aspirin. She got rid of 
her asbestos toxins by bringing her own hair blower with her to the 
hairdresser. After seven months she had pain relief for her arthritis 
(without aspirin) and her glaucoma was pronounced stable by her 
ophthalmologist. 


Tooth Decay 


The strongest part of our body structure is our bones. The 
strongest bones are our teeth. How can they decay? We must look 
at the enamel, dentine and root of the tooth as well as the bone 
they rest in for some answers. 

‘Scientists have already searched very hard and long for an- 
swers. But their work is hampered by commercial interests that 
try to shape the results. Since commerce determines which re- 
search can be done (that is, paid for) sacred territory can be ig- 
nored. For example, the effects of sugar-eating, gum-chewing, 
tooth brushing, fluoridation, tooth filling materials and diet can 
be ignored if it interferes with product sales. Trivial studies such 
as comparing shapes of toothbrushes, studying the chemical 
sition of plaque, and studies of bacterial structure and 
are done instead. Studies “at the molecular level” do not 
threaten existing industries. 

Important research has lapsed since the 40's and 50's. Per- 
spective on tooth health was sound and clear in the mind of Dr. 
Weston Price in the 1930's. His scientific studies stand as a bea 
con even today because truths, once found, do not change. He 
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traveled the world over in search of good teeth. Anywhere and 
anytime he found them, he described the people who had them. 
This is excellent science. It lets you draw the conclusions. He 
described what he saw in a book, titled Nutrition and Physical 
Degeneration.'’ They came to these conclusions from the fol- 
lowing observable facts: 
1. Skulls of primitive peoples who lived along coastlines, 
such as Peruvians, Scandinavians and various islande 
and whose staple foods included fish daily, showed perfect 
teeth; not a single cavity in a lifetime. They had strong 
bones that didn't break even once in a lifetime of 45 years. 
Skeletal structure was fully developed, meaning the jaw 
bone was not undershot or cheek bones squeezed together, 
forcing the teeth to grow into a smaller than ideal space 
Consequently, there was room for the wisdom teeth, and no 
need to crowd the remainder. They saw no crooked teeth or 
unerupted wisdom teeth. The authors estimated a daily 
consumption of 4 to 5 grams of calcium in their fish 
containing diet. 

Our daily consumption of less than 1 gram calcium daily is 
small by comparison, Our wisdom teeth erupt poorly, our other 
teeth are often crooked. But today bad teeth go shamefully un- 
heeded because we don't need to chew our food, we can lap it 
(ice cream) or suck it, or gum it (applesauce). 

2. These primitive peoples got all the calcium, magnesium, 
phosphate, boron and other bone builders they needed 
imply from eating (fish) bones. Mexican peoples got 4 to 
6 grams of calcium a day from stone-grinding of corn for 
their staple, tortillas, instead of from fish. 


"Sit is still available from the Price-Pottenger Nutrition Foundation, a 
non-profit organization that seeks to keep his observations alive. Their 
address is PO Box 2614, La Mesa, California 91943, (800) 366-3748. 
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Where do we get our calcium? Milk is our only supply. One 
quart supplies one gram. There is little excuse for a carnivorous 
society like ours to regularly throw away the bones of its food 
animals in view of our dire shortage. It leaves us dependent on 
milk alone. Milk has so many disadvantages. It is impossible to 
milk a cow by machine and not get a few manure bacteria, Sal- 
monellas and Shigellas, into the milk. These bacteria are not 
completely killed by pasteurization the way more susceptible 
bacteria are. It takes boiling temperature to kill all of them. Why 
isn't milk sterilized? Water was sterilized for human consumption 
in distant decades. Chlorination of water is not ideal but it did 
sterilize the water. Milk could be sterilized by boiling or flash- 
heating. 

Milk has other disadvantages: dozens of antibiotics, both by 
feed and by shot, bovine growth hormone, chemicals added in 
milk processing, the bad effects of homogenization, and allergy to 
milk. Yet, in a choice between milk drinking and bone loss, one 
must choose the milk. This would not be necessary if bones were 
properly salvaged-ground to powder and added back to the meat 
where it belongs-to offset the acidifying effect of the phosphate 
in meat. One gram of calcium is not much bone (¥atsp.) but it 
requires a whole quart of milk. Bone powder added back to 
‘ground meat, soups, stews could greatly improve our tooth decay 
problem, bone density problem, and skeletal growth problems. 


Softened teeth set the stage for decay; 
bacteria do the dirty work. 


Zapping bacteria does not kill them all. The zapper current 
does not reach into abscesses under metal filled teeth or around 
Staphylococcus aureus, which we are constantly 
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stuffing in our mouths as we lick our fingers, finds an immediate 
hiding place in a crevice where it can't be zapped. Many other 
bacteria hide here, too: those that cause ear ache, sore throats, 
bronchitis, stiff knees, joint disease. You can try zapping all the 
Clostridia, Streps and tooth decay or plaque bacteria. But the 
only way to successfully eliminate them is to pry them out of 
hiding and wash them away. This is a job for the dentist (see 
Dental Cleanup page 409). 

Strep. mutans is considered to be the bacterium that c 
tooth cavities. I have found it in milk, evidently another pas 
teurization escapee. All the more reason to sterilize dairy prod- 
ucts. 


Frannie LaSalle, 52, was getting compression fractures in her spine, 
but the weak bone condition was evident in her mouth (many teeth 
were loose—they could be jiggled!). Her gums were red and. 
inflamed. A low thyroid condition (she needed 2/4 grains a day of 
thyroid—in one day the normal body goes through 5 grains of thy- 
roid products) contributed to this. Her blood phosphate level was 
high (4.7 mg/DL—should be below 4.0) and her alkaline phos 
phatase was 205, also high, showing she was dissolving her bones 
(including tooth sockets) at a rapid pace. Her whole system was 
too acid, as could be seen in elevated CO, levels (28, when 23-30 
is normal) 


Only the major minerals, sodium, potassium, calcium and magne- 
sium can have an impact on this major disturbance. The dentist 
said she had to have all her teeth pulled and replaced with den- 
tures. Her kidneys showed all three types of calcium phosphate 
crystals. She drank no milk. She had only three weeks before her 
oral surgery appointment. She was started on Ye cup 2% milk, 6 
times a day plus 50,000 units of vitamin D (a prescription dose) to 
make sure she absorbed all the calcium. She also took magnesium 
oxide (300 mg. once a day) and vitamin B: 500 mg (one a day). 
‘She was started on the kidney cleanse to help activate the vitamin 
D and to help the adrenal glands make estrogen. Her estrogen 
level (5.2 pg/ml) was too low to get the calcium deposited back into 
her bones. She was also given licorice herb for their estro- 
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gen-like action to help with this and vitamin C, 1 gram (1,000 mg) 2 
to 3 aday. 


Her mouth care was to be as follows: potassium iodide (white io- 
dine, made up by dissolving 88 gm potassium iodide in one l- 
ter/quart water). Purchase a new very soft toothbrush. Use no 
toothpaste or store bought floss. Use 2 Ib. or 4 Ib. (the 4 Ib. is 
coarser) fish line (rinse first). Brush twice a day; floss only once at 
bedtime before brushing. Use 6 drops of food grade hydrogen 
peroxide for daytime brushing. Use 6 drops of potassium iodide for 
nighttime brushing. Use no mouthwash, chewing gum, candy. In 
three weeks her teeth could not be jiggled. Her dentist was as- 
tonished (but was not interested in how she achieved this). In six 
weeks her mouth looked normal and she could chew some foods. 
Her vitamin D was tapered as follows: Take 6 a week for the first 
week (miss one day). Take 5 a week for the second week (miss 
two days). Take 4 a week for the third week. Then 2 a week in- 
definitely. She never lost a tooth. 


Muscle Diseases 


There are a variety of muscle wasting diseases, thought to be 
genetic in their cause. Yet, what could be more easily inherited 
than a parasite? Persons living together share food, living hal 
refrigerators, and parasites. Their shared genes indeed give them 
similar susceptibilities but if we take muscle parasites away, 
muscle diseases “magically” disappear. 

OF course, there is no magic involved. It is actually hard 
work, Hard work to rid the whole family of parasites that are 
shared and possibly were present even at birth, Parasites that 
normally don't go to the muscles. For example liver flukes and 
intestinal flukes. They belong in the liver and intestine! Yet, in 
le disease they show up and reproduce themselves in the 
The reason for this becomes clearer when you see that 
certain solvents have accumulated there. Heavy metals, bacteria, 
and viruses have accumulated there, too. The host's muscle 
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instead of kidney and bowel, have taken on the duties of toxic 
dumping grounds. Could it be that the regular routes of elimi- 
nation were overwhelmed? Or did the muscles, traumatized by 
these unusual parasites, invite the toxins? A tantalizing ques 

But in seven minutes you can methodically kill everything and 
anything that is alive in your muscles and shouldn't be there. Zap 
until you are free of all parasite invaders. Your muscles will feel 
lighter afterward. 


Muscular Dystrophy 


xylene and toluene are 
These also accumulate in brain 
and nervous tissue! (See Alzheimer's page 269 and multiple 
sclerosis, page 204). Could it be that these solvents are actually 
present in the nerves of the muscles? 

Fortunately these solvents will leave your body, by them- 
selves, in five days after you stop consuming them! Stop drinking 
store bought beverages, including water and powders that you 
and including health food varieties. Water claims and health 
food powder claims sound as convincing and strong as a twelve 
inch plank to walk on, But if the plank leads out over the side of 
ip, would you walk it? 

Throw all your possible sources of solvents out. Flavored 
foods are the chief offenders (cold cereals, sweets and candy 
too). But of course, you should check in your basement or at 
tached garage for cleaning solvents. Places where painting 
done or automobiles are worked on should be off limits to you. 

If you've been wondering whether you have muscular dy: 
trophy, which I consider to be a fluke disease, search your mu: 
cles electronically. Use prepared slides of flukes along with a 
sample of hamburger meat to represent your muscles. If flukes 
have already taken up residence in them, you should diagnose 
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yourself as “Positive”. If not, but other parasites and toxins are 
present, you have pre-muscular dystrophy. 

Also, the likelihood of finding thallium is quite high, judging 
by the case histories 


Mel Rickling, age 18, had been seeing a specialist for bouts of mus- 
cular weakness for several years, but no diagnosis was given. His 
condition was not yet severe enough although it was difficult for 
him to raise an empty glass or get upstairs. It began at puberty, 
not too long after his first mercury tooth filing. He had asthma in 
childhood. The flukes attacking his muscles were liver fluke, in- 
testinal fluke, and pancreatic fluke. Other parasites in his muscles 
were Leishmanias, several dog tapeworm cysts, and pinworm. 


He also had assorted bacteria in his muscles. The solvents propyl 
alcohol, benzene, toluene, and xylene were accumulated there too. 
COrtho-phospho-tyrosine (cancer test) was already positive. His 
doctors had not searched for cancer in their biopsies. His drinking 
water contained lead and since he had lived in one house since 
birth he was probably drinking lead every day of his life. He also 
had high levels of mercury and some thallium accumulated in his 
muscles; these came from the tooth filings in his mouth and could 
explain why his problems began after his fist filing was put in. 


His flukes and other large parasites were killed immediately with a 
frequency generator. He was started on the herbal parasite pro- 
gram to prevent reinfection. His diet and body products were 
changed to exclude solvent pollution. He could have no commer- 
cially prepared beverages except milk which needed to be boiled to 
kill bacteria. In twelve days his daily stomach pains were gone, so 
he was able to eat more and gain some much needed weight. The 
rash on his face was gone, the pain at his right side was gone, his 
muscle twitches were gone, his joints no longer ached and his 
mood was much better. The whole family was put on the parasite 
program and Mel was scheduled for dental cleanup. The plumbing 
repairs removed lead from the water and he was soon able to walk 
upstairs, in fact run upstairs. 


‘A young man, seeing himself regain normalcy, wants nothing more 
than to lead a normal life” which includes reckless behavior. But 
after several warnings from his muscles he stuck to his re- 
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strictions and gained the weight he wanted in order to participate 
in athletics. 


Myasthenia Gravis 


is probably a fluke disease. Some chemical, possibly coming 
from the fluke, may affect the acetylcholine receptors, thereby 
causing an allergic reaction so they become inefficient. This 
most noticeable in the eyelids. They droop from lack of strength 
to lift them. 

‘The thymus is often involved, too. The thymus is extremely 
sensitive to benzene and with so much benzene pollution in our 
products and foods (pollution from gasoline is negligible by 
comparison), you will probably find benzene accumulated there. 
Search the thymus and the muscles for parasites, bacteria and 
tooth metal as well as toxins in the foods eaten daily. Kill in- 
vaders twice a week with a zapper or stay on an herbal parasite 
program until all danger of recurrence is past (one to two years). 

Clean up dentalware, diet and environment. Keep no indoor 
pets since any new parasite, however tiny, will surely find the 
niche left behind by the flukes and give you a new myasthenia 
gravis-like disease. The whole family must be parasite-free to 
protect the member with myasthenia gravis. But it is a task easily 

-omplished and desirable in its own right, so discuss your plan 
immediately with family members. Don't delay. The flukes don’t 
waste a single minute. They go right on feeding and breeding. 


Carmen Opsal, age 37, was told by her specialist she had her myas- 
thenia from birth since she didn't have the strength to nurse. She 
had pancreatic fluke stages throughout her body. Her plan was to 
start on the parasite killing program, clean her kidneys, remove 
toxic elements, kill bacteria and clean her liver. Long before she 
accomplished this, in one month, she was feeling better and had 
return of her strength on some days. She stil had the solvent, 
methylene chloride, from drinking “pure” orange juice and praseo- 
dymium from eating foil packaged foods, also thulium from her 
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brand of vitamin C. She was full of auto exhaust and nickel from 
dental metal. There was hafnium from nail polish and hair spray 
and zirconium from deodorant. She planned to get rid of it all, and 
never need to return. 


Universal Allergies 


If minor allergies are due to a disabled liver, then extreme 
allergies must be due to an extremely disabled liver. This is the 
case for persons suffering from “universal” allergies, namely 

verything”, like the lacquer on floors, plastic chairs, the 
neighbor's flowers, and the grocery store. 


Fig. 32 Sheep liver flukes. Black threads in toilet are indicative 
of fluke remains 
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They have more than merely clogged bile ducts. They have 
the sheep liver fluke living in the bile ducts! A tip-off to this 
situation is allergy to wool and wool fat (lanolin). A few flukes 
might not be noticed but a liver full of flukes that spill over into 
the intestine can give the worst case of allergy imaginable. 

Sometimes the body manages to kill them with its own re- 
sources (maybe you ate something even too toxic for them!) They 
come through the bowel in a torrent. In the water of the toilet 
bowel they explode, spewing their infectious eggs all over in 
little black threads. Because these look like hairs, you may 
believe you passed “things with black hairy legs.” These are 
actually burst flukes with black strings of highly infectious eggs. 
Why some people are literally taken over by these flukes 
unclear, Amongst sheep, only certain sheep will be severely 
affected, being called “liver-rot.” The disease in animals has 
been extensively studied. 

Kill flukes with a frequency generator (434-421 KHz) or 
zapper. Come to the aid of the liver by avoiding food molds, 
removing dental metals, stopping chronic Salmonella infection 
and finally cleaning the kidneys and liver. 


Environmental IlIness 


is another name for “universal” allergies. When more than a 
few flukes are present in the liver, they keep the liver from doing 
major job: detoxifying all the food and chemicals that are 
taken into your body. 

Different parts of the liver have different detoxifying jobs. 
‘One part detoxifies plastics and solvents, another part detoxifies 
perfumes and another newsprint ink, and so on, Foods have 
natural chemicals that need detoxification. By changing our food 
constantly we avoid overburdening any one of our detoxifying 
mechanisms. This is probably the basis for wanting differ- 
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HAND SOLDERING TUTORIAL FOR FINE PITCH QFP DEVICES 


Scope 


This document is intended to help designers create 
their initial prototype systems using Silicon Lab's 
TQFP and LQFP devices where surface mount 
assembly equipment is not readily available. This 
application note assumes that the reader has at least 
basic hand soldering skills for through-hole solder- 
ing, The example presented will be the removal, 
Cleanup and replacement of a TQFP with 48 leads 
and 0.5 mm lead pitch. 


Safety 


Work should be done in a well-ventilated area, Pro- 
longed exposure to solder fumes and solvents can 
be hazardous. There should be no presence of 
sparks or flames when solvents are in use, 


Materials 


The right materials are key to a good solder job. 
The list below are the recommendations from Sili- 
con Labs. Other materials may work, so the user 
should feel free to substitute and experiment. The 
use of organic solder is highly recommended, 


Required 
1. Wire wrap wire (30 gauge) * 


2. Wire strippers for wire wrap wire * 


3, Soldering station - variable temperature, ESD- 
safe. Should support temperatures 800°F 
(425°C), This example uses a Weller model 
EC1201A. The soldering wand should have a 
fine tip no more than 1 mm wide. 


4, Solder - 10/18 organic core; 0.2" (0.5 mm) 
diameter 


5. Solder flux - liquid type in dispenser 

6. Solder wick - size C 0.075" (1.9 mm) 

7. Magnifier - 4X minimum, An inexpensive 
headset OptiVISOR by Donegan Optical Co. is 


used for this example. 


8, ESD mat or tabletop and ESD wrist strap - both. 
grounded 


9. ‘Tweezers with pointed (not flat) tips 

10. Isopropyl Alcohol 

11, Small stiff bristle brush for cleaning (nylon or 
other non-metallic material). Cut off hair to 
approximately 0.25" (6 mm) 

* Required for device removal only. 

Optional 

1. Board vise to hold printed circuit board 


2. Dental pick (90 degree bend) 


3. Compressed dry air or nitrogen to dry boards 


Rev. 1.1 12/03 


Copyright © 2003 by Silicon Laboratories 
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ent food at each meal and different meals each day. We somehow 
“know” when we're ready for the same food again. 

Less extreme forms of allergy can be due to other flukes in 
the liver, such as human liver fluke (Clonorchis), or just plain 
clogging with numerous cholesterol crystal 

‘Anything that is lodged in the bile ducts obstructs the flow of 
bile. This causes back pressure in that part of the liver so it 
produces less bile. 

The bile duct system is a gigantic tree with lots of intercon- 
necting branches. Remember how “stringy” liver can be when 
you buy it in the grocery store. These strings are bile ducts. When 
‘one is obstructed, others take over its job. But when a whole 
section of the liver gets obstructed and it can't detoxify a whole 
set of chemicals you dare not get those chemicals into you again, 

What if you do? These chemicals go coursing all over your 
body! They are taken up by various organs. The brain has special 
protection, called the blood brain barrier. But this can get 
broken by parasites that burrow. Now chemic: 
through the brain. Some attach themselves and cause an “ 
reaction”. Beryllium, from “coal oil,” kerosene and gasoline 
attaches itself to the brain easily. Then other things attach 
themselves to the beryllium! 

The extreme form of allergies simply requires killing the 
sheep liver fluke and other flukes inhabiting the liver. They tend 
to overflow the liver and inhabit the intestine, too. In this case, 
you might actually see some in the bowel movement after killing 
them, They won't let go of you as long as they are alive. 

They have two attachments to hold onto you, yet, they are not 
difficult to kill, even with herbs. Use the herbal parasite recipe 
(page 338), zapper, or a frequency generator. 

Sheep liver flukes might actually be breeding, that is, multi- 
plying in the liver of the hyperallergic person. This is not normal. 
Sheep liver flukes “should” only spend their adulthood in 
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‘our bodies. When the baby stag: 
(instead of in minnows or snails) there is undoubtedly a specific 
solvent involved. Environmentally ill persons have quite a few 
solvents accumulated in their organ tissues. Which one enables 
the sheep liver fluke to go through all of its development in the 
human is not known yet. 

Obviously, the extremely allergic person, should remove all 
solvents from their diet and environment. Begin with eliminating 
propyl alcohol and benzene. The same products have other 
solvents too. It is processing of foods that puts solvents into 
them. Go completely natural. Dairy products are free of solvents, 
except for some cheeses. Remember to boil them to get rid of 
bacteria. Salt, olive oil, butter, and honey are free of solvents, 
With electronic technology, you can find solvent free products. 
Otherwise, if it didn't grow or you didn't make it from scratch, 
you must assume it has solvents! Cook from scratch, make your 
‘own pasta, bread, fruit juices, beverages. 

Often, but not always, persons with sheep liver fluke, have a 
specific allergy to lanolin, a sheep product. Since lanolin is 
widely used in other products, this becomes a very broad range 
allergy. Such persons “can get no fat” at mealtimes or wear no 
wool without a considerable reaction. The allergy to lanolin 
does not disappear the day the flukes are all dead. But cleaning 
the liver with several liver cleanses (page 552) after killing 
parasites will start the recovery process. 

Which comes first, the flukes or the solvents? That can’t be 
answered. But what happens next is easily seen. The more fluke 
the less able the liver is to detoxify solvents. The more solvents 
the better able the fluke is to multiply. A vicious cycle is set up 
that accelerates the illness. 

Perhaps neither of these came first. Perhaps something else 
poisoned the liver so both solvents and flukes are given a home 
your liver! Such a powerful liver poison would be a food 
mold: aflatoxin, cytochalasin B, sterigmatocystin, zearalenone, 
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ochratoxin, sorghum mold, griseofulvin, citrinin, T-2 toxin, Ko~ 
jie acid, ergot and others. Avoid food molds—see Mold Free 
Diet, page 365. The diet must be quite limited at first, to allow 
“regain” its detoxifying capability. 

imed that environmentally ill persons have 
had their dental metal replaced by metal free composite. Thi 
includes gold. Gold accumulates in the pancreas, another organ 
of digestion. This may mean choosing partial dentures. Read the 
section on healing the jaw and Bone Strengthening (page 87) to 
ensure this move brings you success. 

The liver is a versatile organ. It can regenerate itself but it 
won't if food molds block regeneration. Given half a chance it 
will become like new. After killing parasites do the liver cleanse 
(page 552). If it has been a month or more since you killed para- 
sites, then go on a high dose parasite herb treatment the week 
before, or zap. Don't use the herbs the day of the cleanse. With 
‘one major allergy gone after each cleanse and by timing liver 
cleanses two weeks apart, it takes only six months to have a rea- 
sonably normal life again. You can endure indoor air again, 
on plastic chairs, read newspapers, wear cotton clothing and 
leather shoes without reacting. You must still be patient and 
careful as you take back the world for you to live in. 


Delores Flores, 53, was brought by her husband to the driveway in 
front of the office. There she put on her mask and advanced to the 
‘outdoor bench. She did not dare to come in. Without doing any 
testing her condition was obvious. She must start kiling liver 
parasites. But it seemed too simple to be believable. And she knew 
she'd be allergic to the parasite killing herbs (this was before the 
Zapper). She decided to do nothing, 


Patricia Humphry arrived wearing an industrial painters’ mask. It 
smelled rubbery. Her winter boots smelled moldy. And a faint soent 
of mothballs came from somewhere. Even her car had an engine 
problem, spewing exhaust fumes into the driveway. | suggested 
she begin with some basic reading material on allergies. She did 
not return either. 
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Arlene Kelly, 50ish, could eat no fat—not the tiniest snippet. But at 
‘Thanksgiving she allowed herself a little gravy. The consequences 
were swollen eyelids, swollen face, swollen throat: quite a 
dangerous situation. After killing Ascaris and the flukes, and 
cleansing the liver (all in time for Christmas) she dared a litle pie— 
and got along quite welll 


Alcoholism 


When the portion of liver that detoxifies ethyl alcohol (the 
drinking kind) is hampered you are at risk for alcoholism. The 
other contributors to alcoholism are beryllium and ergot. Per- 
haps there are even more contributors. 

Beryllium is plentiful in coal products such as “coal oil”, and 
in gasoline to which kerosene or coal oil has been added. Fuel 
for “hurricane lamps” is a common offender, filling the air with 
beryllium. Liver blockage can force beryllium to circulate 
through the body; if it happens to attach itself to the addiction 
center of the brain, you're in a heap of trouble. Beryllium is very 
reactive. Any other allergen coursing by can react with it. If th 
happens to be alcohol-the drinking kind-you will be alcoholic 
unbeknownst to you. 

When the liver is quite disabled, there may still be alcohol 
coursing through your body the day after you drank even a little 
bit! It is bound to find the beryllium stuck to the addiction center. 
Together, they turn the brain into a uncontrolled machine. 
Neurotransmitters are released that shouldn't be; others not re- 
leased that should be. Mood is affected in a typically “alcoholic” 
way. Depression may be lifted—or caused! 

Alcoholic persons should remove all fossil fuels from their 
environment, and never choose a career that exposes them to 
paint, cleaners, or automotive products. They should do liver 
cleanses until 2,000 stones or more are out. 
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OF course, they should never touch a drop of alcohol: not 
even the Black Walnut Hull Tincture in the herbal parasite pro- 
gram, The aqueous recipe should be made for them. Since alco 
hol is produced anyway, in the body, the liver should never be 
poisoned by molds, especially ergot: the very mold that is 
abundant in alcoholic beverages! Alcohol and ergot interact to 
make each more toxic, 

To help the brain recover its neurotransmitter status, take 
glutamine (500 mg.), 2 B-50 complex, and niacinamide (500 
mg—to help detoxify ergot), with each meal. 

To prevent alcoholism, protect your liver from food molds, 
especially ergot. Add vitamin C to nuts, pasta cereals, grains and 
even alcoholic beverages! Avoid fossil fuel pollution of your 
home by switching to all electric utilities. 


Alcohol Addiction 


There are many definitions of addiction. My definition is 
based on the special brain toxins, beryllium and ergot. 

The brain has a region called the addiction center. If thi 
center is stimulated it produces pleasure-chemicals. It 
fully controlled so that not too much pleasure or happiness can be 
experienced. 

When a toxic substance, beryllium, is inhaled it circulates 
with the blood to the brain and may land at the addiction center. 
The more beryllium is inhaled the bigger the chance that it will 
‘occupy the addiction center. The brain cells in the addiction 
center have receptor sites for glutamate (the same glutamic acid 
that comes from the protein in our food). Normally, glutamate 
activates the addiction center. But when beryllium has “stolen” 
these seats, the glutamate is powerless to activate the joy and 
happiness center. The result is a low level chronic depre 
The more beryllium there is to clog the receptors the worse the 
depression. Giving glutamic acid does not help but giving glue 


care- 
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tamine does! Addicted or depressed persons should take glu- 
tamine, no less than 3 grams (3000 mg) a day. It comes in 500 
mg. tablets. It is completely harmle: 
When we drink alcohol or put it on the skin (as in mouth- 
h, tinctures, medicine) or produce it by fermentation in the 
testines (Candida produces alcohol) a substance, salsol, is 
formed. Salsol reacts with beryllium, If the beryllium is in the 
pleasure center it reacts with it there. This reaction has the effect 
of activating the cells! Now a large amount of pleasure-chemi 
can be released. The amount is larger than normal because so 
many clogged cells are activated together. This explains the 
alcohol “high”. In all the alcohol-addicted persons I studied, 
salsol was present, along with beryllium, on the receptor sites 
normally activated by glutamate (or NMDA or kainate). As we 
removed the beryllium we saw that the salsol also disappeared. 
The solution to alcoholism is to avoid ergot contaminated 
food and avoid beryllium inhalation. We also remove the brai 
beryllium using thioctic acid. Stopping the use of alcohol may 
save a life or career but does not correct the problem Even after 
30 years of abstinence, I still see the beryllium present in the 
addiction center and the salsol, derived no doubt from endoge- 
nous sources, still attached to the beryllium. This is why the ad- 
diction is never gone even after years of abstinene: 
If any member of the family is, or was, addicted to alcohol 
the house should be searched for beryllium sources. Hurricane 
lamps or antique lamps are the most common sources. Remove 
them permanently. Washing does not clean them. Remove all 
solvents, cleaners, lighters. Switch to a butane lighter. The air 
should be tested for beryllium. The garage door to the hous 
should be permanently closed, and the car and lawnmower kept 
‘out of it, Addicted persons should not be painters! Nor walk into 
a dry-cleaning business. Soon you will see a more cheerful 
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disposition in the addicted person and this will be rewarding for 
the whole family. 


Miguel Alcomn's wife cleaned up the environment for Miguel, whose 
alcoholism was 30 years long. Even lighter fluid was removed. The 
garage was sealed off from the house. She added vitamin C to his 
meals so he didn't have to “take anything”. She was very careful 
about moldy grains. He lost his preoccupation with drinking after 
killing parasites. She believes he is not sneaking any. Our hats are 
off to her. 


Seizures 


are always caused by tiny Ascaris larvae in the brain. 

I suppose they find their way to the seizure center by acci 
dent. It is not normal for them to be in the brain, they typically 
travel between the stomach and lungs. Ascaris eggs are present 
everywhere in animal filth. Dogs, cats, horses and pigs all get 
Ascaris. Their excrement dries and flies about in the dust, but 
mostly it resides in the soil. Children playing in the dirt cannot 
help but pick up Ascaris eggs. The eggs hatch in the stomach and 
the tiny larvae, microscopic in size, travel first to the lungs. Here 
they go through a molt. This causes some coughing. 

Whenever a child coughs for part of the day do not assume it 
is harmless. Use a frequency generator set to 408 KHz, or use a 
zapper. Children should be treated for Ascaris anyway, whether 
coughing or not, once a week. The tiny larvae are in the cough up. 
Children should not be taught to politely swallow this. They 
could be swallowing their own future seizures, asthma, or 
eczema. Teach children to use tissues for all spit up. The lungs 
are doing what they can to rid the body of these invaders. Your 
intelligence must cooperate with your lung: 

Ascaris do not come sweet and clean in themselve 
bring their own bacteria and viruses. One of these bacteria 
Bacteroides fragilis. Bacteroides needs a host like Ascaris s 


230 


NON-PAINFUL DISEAS! 


can be oxygen-free. Such a requirement is 
anaerobic meaning “must have absence of ai 

Being transported to the brain inside Ascaris larvae is 
probably the means by which Bacteroides gets into the brain. 
Brain abscesses and brain tumors usually have Bacteroides fra- 
gilis growing there. Brain tumors will not shrink unless all the 
parasites, bacteria and viruses are dead. Bacteroides, in tun, are 
big enough to house thousands of viruses. Two common viruses 
seen with Ascaris are Coxsackie B; and Coxsackie B,. Perhaps it 
is the toxins of the Ascaris larvae or Bacteroides or Coxsackies 
that induces the seizures. Maybe it is something else about the 
infestation that induces them. But by killing Ascaris, Bacteroides 
and Coxsackies (zapper or frequency generator at 408, 325, 364, 
362.5 KHz) you have eliminated the first essential link in the 
chain of developments that causes seizures. 


termed obligatory 


yystem. But the wormlets are already too 
big to be eaten by white blood cells. The brain fights back by 
producing inflammation. 

Inflammations are intended to attract calcium so a wall can 
be built around the intruders. Inflammations are negatively 
charged regions so the positively charged calcium can find it 
way to the inflamed site. But lead and mercury are also pos 
tively charged! Perhaps this is how these toxie metals are at- 
tracted to the brain, All metals are positively charged. Perhaps 
this is their fateful poisonous attraction to living things. Perhay 
they do not poison when no inflammations are present! In seizure 
cases we see many tooth metals in the brain, These must be 
removed so the inflamed site can heal. 

Other toxic substances have also found their way to the in- 
flammation at the seizure center: vanadium from leaking 
household gas; PVC from new carpets; titanium from face 
powder; zirconium from deodorant; asbestos from the clothes 
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dryer belt or hair blower; lead from tainted drinking water. Do a 
‘good clean up of your environment. 

Solvents accumulate here, too. Especially toluene and xy- 
lene. These are found in paint (persons with seizures should 
never be around fresh paint) but are also found in trace amounts 
in carbonated beverages. A person with seizures should drink no 
commercial beverages: see the Recipe section for homemade 
carbonated and other beverages. There are several other specific 
brain irritants that accumulate at the seizure center. 

The food fungus, ergot, is always seen in seizure cases. Per- 
haps it can act alone to produce seizures. Afier all, seizures are 
an ancient malady, existing long before chemicals and solvents 
were manufactured. 

MSG, which is monosodium glutamate should never be used 
in food. It was already banned in infant food in Europe a decade 
ago. Why are we still allowing it? Are our children not as 
precious? Healthy adults may tolerate it better than young 
children. But what about sick adults? Specifically, adults with a 
brain illness? Glutamic acid is a natural constituent of protein in 
our foods. And the sodium glutamate it must form in the body 
does no harm, But MSG is not biologically produced. It is lab- 
made. Lab-made amino acids are not the same as biologically 
made. Perhaps it is these “isomers”, perhaps it is the simple 
overdose of a natural thing that is brain-toxic. Whatever the 
mechanism, MSG should not be consumed by anyone, let alone a 
seizure sufferer. Fortunately, you can ask at restaurants, where 
(not whether) MSG is used so you can avoid these foods. 

BHT and BHA, standing for bishydroxytoluene and bishy- 
droxyanisole are food preservatives and also seizure triggers. 
They are often put on the boxes of cereals, rather than the cereals 
themselves, so the cereals can be pronounced preservative-free. 
Imagine how much the box must be drenched with to prevent 
oxygen leakage into the interior? 
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eizure trigger is a perfectly natural sub- 
stance, malyin. Malvin is the natural dye found in grapes, 
strawberries, plums and blueberries. Stop eating strawberry and 
‘grape jam or juice. Chickens and the eggs they lay, have lots of 
malvin too, stop eating chicken and eggs. 

Here are foods relatively free of malvin: artichokes, aspara- 
gus, almonds, barley, beans of all kinds, green beans, broccoli, 
Brussels sprouts, cantaloupe, celery, nectarines, citrus, date 
mango, pears, kiwi, pineapple, Granny Smith apples.'* 


To Summarize 


To stop your seizures on a dime, and not have another one: 
Avoid malvin in food. Eat nothing colored red or blue, 
chicken, eggs, MSG, BHA & BHT. Boil all dairy product 
or don't eat them. 

2. Avoid ergot in food. Eat no whole grain products; take 


niacinamide 500 mg three times a day to help the liver 
detoxify tiny bits in other foods. 
3. Kill Ascaris, Bacteroides and Coxsackie virus and stay on 


‘a maintenance program of killing them. Avoid reinfection, 
It would be wise to have only outdoor pets. 
4. Replace dental metal with metal-free plastic (See Dental 
Clean-up). 
5. Clean up the home environment and body produc 
substances. 
6. Keep your fingers sanitary: spray them with 10% grain al- 
cohol or vodka after bathroom use 
You can often tell by how you feel whether you are near to 
having a seizure. But some people get no warning. Don't take 


of toxic 


“Taken from A Guide to the Identification and Treatment of Bio- 
catalyst and Biochemical Intolerances, 1988 by J. A. Krohn, Los Ala- 
mos Medical Center, 3917 West Road Suite 136, Los Alamos, NM 
87544. 
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4, Optical inspection stereo microscope 30-40X 


Figure 1. Some of the materials to get started... 


Figure 2. clock-wise from left: 4X magnifying headset, solder wick, 
wire wrap wire, stiff cleaning brush, wire strippers, 
and pointed tweezers 
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chances. Keep your drugs with you, even though you no longer 
need to take them, Drugs like Tegretol™ and Phenobarbital™ 
tell that you're better, try reducing 
your drug dosage slightly. See how you manage. If you have a 
breakthrough seizure you could fall and break a bone. Don't take 
chances. Even a year after your las should carry your 
medicine with you and have some in your house. This is becau 

is SO easy to pick up Ascaris again. The highway to the brain— 
eizure center-is still open. They will travel it again. It might 
only take two days from the time of accidental swallowing of 
animal filth, to having little larvae in the brain, Use a frequency 
generator every day at first, or zap daily to guard against this, 
Notice that killing parasites the first time may actually start a 
seizure coming. Simply stop zapping if you feel one coming. Do 
shortened zapping until you can tolerate a regular treatment. Have 
someone with you while zapping. 

Say good-bye to seizures forever. But don't forget your su: 
ceptibility. I believe you should be extra careful for two years. If 
you have a recurrence, repeat the whole procedure. This time it 
should be curable in a single day. 


Doug's mother was distraught when she brought him, age 8 months. 
Her doctor only seemed sympathetic with her purpose to keep the 
baby's temperature down the next time he catches a cold. But her 
doctor had referred her to the county social worker. She had been 
completely honest with her doctor, because she was that kind of 
trusting person. Since her baby had only experienced one seizure 
(which was during a fever), she didn't see why her beautiful first 
bom child should be on medicine "the rest of his life”. She wanted 
her baby to be perfect. But the social worker had called her, talked 
about ‘the law” and being an unfit mother. She was all apart. The 
baby was supposed to be on Phenobarbital™ twice a day. Our 
tests showed Doug had Ascaris plus lead toxicity. He was also 
getting home made strawberry and grape juice. She promised to 
put the three cats outdoors, keep the baby off the floor, keep 
Doug's fingemails short and always wash his hands before eating 
The parasites were easily kiled. The lead was spo- 
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radically present in the water. She planned to move, and until then 
would fer all the drinking water so her breast milk would be free 
of ittoo. His diet was changed to eliminate eggs, chicken and the 
red and blue fruits. We recommended leaving the state in order to 
be able to peacefully raise her child. We promised to treat her 
child free of charge if another seizure should occur. Two years 
passed and we heard she was doing fine with her child. 


Clara Scruggs, 50ish was losing control over her seizures and had to 
be hospitalized while a new medicine was tried. It changed her 
personality (again!) which upset her husband, too. She was started 
on the herbal parasite program but could only increase by one 
drop of Black Walnut Hull Tincture a week, instead of daily, since 
each new increase would give her a seizure. In half a year she 
was fairly free of seizures in spite of being off drugs. After each 
seizure, a checkup showed she had picked up Ascaris again 
sometimes with additional parasites. She could not bear to put her 
cat outside; Boots had been a friend in need many times. When 
she finally got Boots onto a regular parasite program she improved 
enough to go to church and church events again. When Boots 
finaly ‘wanted out” she didn't mind. She decided to do a liver 
cleanse—this, too, gave her two seizures the next day but paid big 
dividends in other ways. She eventually improved to an incidence 
of one small seizure (‘spacey” time or incoherent speech) in two 
weeks. 


Chun Yee, age 28, has been on Dilantin! from age 15. Now he was 
up to five pills a day and it didn't control his seizures. Any activity 
would trigger it. He was put on a low malvin diet and started on the 
kidney cleanse. His blood test showed he was anemic with a high 
MCV (104 cu microns), suggesting the Ascaris worms were using 
up all his vitamin B:2 too. In six weeks he was down to one or two 
seizures per week, although he had not yet started the parasite 
program. He had berylium built up in him, probably from a 
kerosene heater. When the pets and family were all treated for 
parasites he had no more breakthrough seizures and could cut his 
medicine in half which gave him much more energy. He was no 
longer in danger of losing his job. 


Shiresse Nobel, age 7, was having minimal seizures but the mother did 
not want to start her on medicine. Shiresse had high levels of 
mercury in her body, although she had no tooth filings. The whole 
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family cleared their Ascaris infestation and in three weeks the sei- 
ures were gone but aggressive behavior remained. There was 
mercury in the air of some rooms but it was not in the paint. The 
bathroom was the worst. When everything in the bathroom was 
removed, the air cleared and so did Shiresse’s behavior problem. 


Drew Seaton, age 8, had his first seizure lasting nearly a minute. The 
parents were very fastidious and extremely conscientious about 
diet and habits. They were distraught. They all had Ascaris. A 
baby was stil being diapered. Drew had arsenic (pesticide under 
kitchen sink), formaldehyde (some remodeling) and PVC (a new 
carpet) accumulated in his body. The carpets had to be steam 
cleaned to get rid of the arsenic. He was started on parasite herbs 
at once, since he was on medication that would shield him from 
having another seizure while killing Ascaris. Two weeks later eve- 
rybody, except the mother, was free of Ascaris. In another two 
weeks they were all free and had cleaned up house toxins. They 
dared to stop his medicine. This let Drew's former happy person- 
ality come back to everyone's delight. Two years later there was 
stil no recurrence. 


Cosmo Maser, 30ish, was in a hospital across the country. He was 
having continuous seizures, although he had been there a week. It 
seemed impossible to transport him but, against doctors orders, 
they got him into a station wagon. He had nothing to eat or drink 
that had any malvin in it (he ate four very well done hamburgers, 
plain, with lettuce on his trip) and his seizures stopped immedi- 
ately. They felt a bit sheepish upon arrival 20 hours later since he 
Could sit up, could tell his own story and no longer looked ill. He 
was without medication, too. They had left in a hurry. They imme- 
diately removed all the metal from his mouth; this cleared his 
mercury problem. He was started on parasite medicine and 
weathered the small seizures each increase gave him. He could 
return home in five days with his new diet and thioctic acid daily as 
a supplement. He occasionally had a seizure (2 a month) until they 
moved away from the busy street below their apartment. About a 
year later he could hold a job and go off Social Security support. 


236 


NON-PAINFUL DISEASES 


Weight Problems 


Overweight is not the same problem as obesity. In fact, I do 
not have the answer to either problem, only a part of the answer. 

In obese women, the ovaries, pancreas and thyroid are all 
involved. Perhaps the adrenals, the brain satiety center, and the 
liver are also involved. Maybe it's as simple as gold accumula- 
tion in all these places. Perhaps it is bacteria in all these places. 
‘When you weigh close to 300 pounds obviously some organ isn't 
working right. Try several things, but not a starvation diet 

‘The cause is not eating too much. Try removing all gold: gold 
teeth, gold jewelry and gold rings. Replace them with non metal 
After removing the gold, pull the remaining gold out of 
your tissues with thioctic acid (2 or 3 a day for several months). 
Make sure kidneys are able to excrete the gold instead of making 
s by doing a kidney cleanse. Gold accumulates in the 
s, the brain (possibly in a control center here) and the 
some infertility here). Also try clearing the body 
of all bacteria and parasites by regularly using a zapper. Use the 
Bowel Program (page 546) to evict the last of the Shigellas. Be 
very careful to avoid nonsterile dairy products. Try cleansing 
your liver by doing liver cleanses. Get 3,000 stones out. 

Make sure you are getting enough nutritious food; make carrot 
and vegetable juice; use no commercial beverages. Avoid moldy 
food—don't take risks. If all these measures bring your weight 
down to the level of mere overweight give yourself good grades 

Overweight is a low energy condition. Your food is being 
turned into fat instead of energy. The decision not to make energy 
is being made in the liver mainly, but pethaps other organs as 
well. 

Try cleaning the liver (page 552) until no more stones come 
out: get at least 2,000 stones. Notice that as the liver gets 
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cleaner you get more and more energy right after each cleans. 
Some cleanses have a dramatic effect. Others do not. This sug- 
gests that a certain part of the liver is the responsible part. Soon 
after the cleanse-within a week-the same old lassitude sets in. 
But during these few days notice how your body feels. It fee 
light. Your abdomen feels tight, like it's a part of you again, 
You're mind isn't on food throughout the day. It's very easy to 
lose weight, in fact you may lose five pounds in these few days 
without dieting or exercising. Definitely, your long-lost weight 
regulation is back in force. But then it vanishes. Fortunately, a bit 
of the weight loss stays with you, and by repeating cleanses (only 
‘once in 2 weeks, though) you can shed the pounds you want and 
gain energy in a permanent way. It is probably the way nature 
intended. 

Try increasing your bowel movements. Notice how cats and 
dogs seem to derive energy from emptying their bowels. A cat 

its litter box; after emptying its bowels and carefully 
covering it up, it jumps from the box and runs away. It now has 
its playful mood. A body chemical, acetylcholine, plays a role 
in emptying the bowels. Acetylcholine is a necessary operator 
for many of our muscles. Is there a disturbance in our acetyl- 
choline metabolismin overweight conditions? 

Coax your body to release more acetylcholine, at least in the 
intestines, by using a herbal laxative like Cascara sagrada. Other 
varieties are useful, too, but don't use a drug laxative: it burdens 
the liver more. Try to have three bowel movements a day. 

Shigella bacteria can cause dreadful constipation. Immedi- 
ately, the body feels sluggish, abdomen feels disconnected or 
hanging out. A nameless hunger sets in. Keep a close watch on 
dairy foods to make sure they are sterile. Zap when in doubt and 
do the Bowel Program. 

Exercise helps as long as you keep at it. Strict dieting works 
as long as you keep doing it. But there's the problem. When you 
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stop, you lose ground, It doesn't solve the problem of an ineffi- 
cient body metabolism. 

Raising thyroid levels helps but this can be dangerous. 
Raising thyroid levels naturally, by removing toxins is a very 
effective method—provided it was low to begin with. Over- 
weight people often have a low body temperature, showing that 
the thyroid is involved: it is under producing. But giving the 
body extra thyroid doesn't solve the thyroid's problem. It 
only temporarily solves the rest of the body's problem, The 
thyroid will have viruses and heavy metals in it. The metal i 
your mouth drains downward to the stomach passing very clos 
to the thyroid. Perhaps its iodine uptake is inhibited. The chlorine 
in water and bromine in bread may inhibit iodine uptake by the 
thyroid, too. After all, they are all halogens. Stop eating bleached 
bread and filter out the chlorine in your water. If this raises your 
body temperature you could expect better weight control. 

The traditional herb, Fucus, was used to treat thyroid prob- 
Jems (and overweight) in days when herbs ruled medicine. 
Herbalists made a point of discouraging use of plain iodine. Fu- 
cus, they said, was much more effective. See Recipes. 

If all these measures don't work for you, at least you have 
improved your health trying. 

‘There are some advantages of being overweight. Overweight 
people seem to weather illness better. They laugh more. But one 
look in the mirror or at the scales ruins it, Put away the long 
mirror and scales. Don't ruin your whole life over it. Make a 
reasonable effort and then let go. Enjoy your stay on this planet. 

Underweight can be just as difficult as overweight to cor- 
rect. Once the stomach has been trained to say “full” or “full 
enough,” even after a few mouthfuls, itis difficult to heal. Sal- 
‘monellas in the stomach wall are often seen. Giardia and other 
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common parasites, that don't belong in the stomach, are seen here 
in cases of underweight. 

The stomach is invaded by bacteria and parasites when it 
immunity is low. The common culprit is tooth metal draining 
down continuously into the stomach. Remove every bit of mouth 
metal. Don't cook or eat with metal. Stimulate your appetite with 
B-vitamins. And, again, the liver plays a role. If it is toxic with 
mold, it may say “ 

‘A stage of cancer illness is called 
cachexia. The victim believes he or she is eating enough. They 
may not even have a poor 
appetite. Yet weight | 
drops steadily. This. > —= 
metabolic problem has 
been studied scien- == — 
tifically. A chemical, jm 
hydrazine sulfate 
(prescription only), can 
reverse it to some de- 
gree. Use 65 mg three 
times a day for 30 da 7 ot } 
Perhaps a lesson taken | | | i | 
from cachexia metabo. “= ¢ +" 
lism could be applied to Fig. 33 J found all calorie boosters 
obesity. For the cachexia 10 be polluted with wood alcohol. 
sufferer, life would end Make your own. 
sooner if high calorie supplements were not used. But don't use 
canned “calorie boosters”. They are polluted—often with the 
very solvent that makes the condition worse. Instead, make an 
eggnog: Ycup boiled milk, % cup boiled whipping cream, a raw 
egg (exterior carefully washed), 1 tsp. olive oil, a banana, honey, 
cinnamon, cloves, nutmeg to taste. Mix all in a blender. Drink 1 
cup a day. Vary it daily to keep it interesting. 
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If all this fails, give yourself credit for achieving health im- 
provement and shift your focus to a different project. Under~ 
weight is not all bad either. 


Sleep Problems 


All big animals sleep, but some sleep by day instead of night. 
‘When humans do this, that is, work the night shift, they don't feel 
as well. Humans need about seven hours of sleep out of the 
twenty-four. Younger ones sleep more; newborns sleep much 
more. When we are deprived of sleep we are grouchy, think less 
clearly next day and have less energy. In spite of lots of research 
at “sleep labs” sleep problems are not understood, except for 
sleep apnea. Breathing should be even. When breaths are missed 
it is called apnea, It is especially disturbing when a baby shows 
apnea. 


Sleep Apnea 


Since breathing is regulated by acid levels in the blood and 
s influenced by air quality, air toxins should be searched for 
first, Cigarette smoke is an air toxin, Vanadium from a gas leak 
i$ a very serious air toxin and can go unnoticed. Do your own 
checking since gas companies give wrong answers four out of 
five times. Ask a home construction company to check for gas 
leaks or the Health Department, PVC from new carpeting may be 
polluting the air. Arsenic from “treated” carpets and drapes and 
furniture also pollutes. Asbestos from clothes and hair dryers 
may be the toxin responsible. Perhaps even fiberglass, 
formaldehyde, or freon, 

‘Adults with sleep apnea show swollen throat tissues: not 
necessarily pain. This makes the air passage smaller; long gasps 
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of air are taken to try to make up for the mi 
carbon dioxide build up. 

Swelling of the throat is a common allergic reaction. The 
possibility of allergy should get second consideration after air 
quality. Drug reactions, even in a nursing baby, where only the 
mother is using a medicine could be the problem. Allergy to 
food, chemicals has been suggested, as well as a simple lack of 
vitamin C (implicating mold and medicine which consume v 
tamin C in the detoxification process). 

A third possibility is infection. Many bacteria and viruses 
can cause throat swelling. Redness of the throat is a telltale sign. 
It doesn’t necessarily hurt. Kill all invaders with a zapper and try 
to understand the basis of low immunity in the throat, 

Keeping metal in the mouth constantly, is a cause of low 
throat immunity since it must drain past the throat 

If you snore, you can deduce that your throat is swollen, even 
if you don't have sleep apnea. Pursue all three possible causes 
(air toxin, allergy, infection). 

Overweight and obesity have been emphasized as causes. 
This may apply to some cases but certainly not to babies, 

‘Whatever you do, don't do nothing. Keep removing bad things 
until you find the cause of irregular breathing. 


sed oxygen and the 


Chester Fannon, 5Oish, was quite overweight and wore a mask at night 
with an air blower to assist his breathing. He had been referred to 
a sleep center for sleep apnea. He had extreme dryness of his 
throat at night and some hearing loss in one ear. He was toxic with 
arsenic (roach killer), bismuth (cologne), tin (toothpaste), and 
thallium (polluted dentalware). He was infested with both species of 
Ascaris and had a hacky cough. He had four solvents 
accumulated in his tissues. He was growing nine pathogens: 
Mycoplasma, Haemophilus int., Streptococcus pneu, A-strep, 
Nocardia, Staphylococcus aureus, Bacillus cereus and Flu virus, 
over half of them in his throat. These were killed with a frequency 
generator and a general cleanup was done. After two teeth were 
pulled he no longer needed his mask, he no longer had apnea. 
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Peter Day, middle age, was set for throat surgery in a few days. He 
had a couple of scary nights when he thought he was dying and 
couldn't risk many more nights with his obstructed airways. He was 
overweight. His throat was red and swollen, although he felt 
nothing. He never even had colds. His diet was completely 
changed, to things he rarely ate (bananas, milk, soup, oatmeal) 
and off things he ate daily (hamburgers, fries, tea, pancakes with 
genuine maple syrup). In two days, his throat was quite clear, the 
tissues having become unswollen. Maybe it was the molds in the 
maple syrup, maybe it was the oxalic acid in the tea, or something 
else he could not detoxify in these foods. He was certainly happy 
not to live the rest of his life with an artificial voice box. 


Insomnia 


Another sleep disturbance is waking in the night and not 
being able to go back to sleep for hours. Or not being able to get 
to sleep. 

[believe these problems are caused by a high ammonia level 
in the brain, This belief is based on two observations. Ornithine, 
an ammonia reducer, induces a wonderful sleep in sleep- 
deprived persons. It is also observed that after killing parasites 
which produce ammonia, sleep is much improved. Our metabo- 
lism does not produce ammonia, We produce urea which is ex- 
creted by the kidneys along with water and then called urine. 
When we are parasitized, our metabolism is burdened with am- 
monia, though, made by the parasites. We have to turn it into urea 
in the liver and kidneys so we can excrete for them. But this can’t 
be done in the brain! The brain lacks an essential enzyme, 
ornithine carbamyl-transferase, for this bit of biochemistry. The 
brain was never meant to be parasitized or infected and has no 
defense. Most of our parasites come from animals we associate 
with. We weren't meant to live with horses, cows, sheep, pig 
monkeys dogs and chickens nor to come in 
contact with dozens more at a 200. We do so at our own peril 
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Figure 3. Solder wick and 
wire wrap wire 


Figure 4. ESD safe soldering station with fine tip wand. 


This one is Weller model EC1201A 


Figure 5. Optional equipment includes a PCB vise and 
an inspection microscope 7-40X 
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It is known that ammonia is a strong brain irritant. In fact 
person can be awakened from a coma by being made to smell 
ammonia “smelling salts.” Ornithine reacts with ammonia, 
mopping it up like a sponge. Arginine, another amino acid, also 
reacts with ammonia, but does not put you to sleep. So there 
more to insomnia than mere inability to reduce ammonia levels 
Arginine results in alertness and therefore should be used in the 
moming, when needed. Omithine, given at bedtime, may take “2 
hour to do its magic. Both are perfectly safe, since they are 
natural to your body, and a food constituent. 

Start by taking two omithine capsules (each 500 mg.) on the 
first night. Take four the next night. Take six the night after and 
choose the dose you like best. Sometimes it takes five days to 
atch up” on everything that needs to be done for the brain and 
get you sleeping. Meanwhile, of course, you are planning to kill 
your parasites and be done with insomnia in the most effective 
way of all. 

‘Another sleep aid is herbal. A couple of herbs, valerian and 
skulleap, are known for such action. The mechanisms are not 
understood and this makes for nonuniform action, Some persons 
sleep well with them, others do not. Simply try them to find out. 
We are all so different in our metabolism details, we respond 
differently to herbs. But it is a blessing that the mechanism is not 
understood, Herbs, a tradition that precedes civilization, need to 
be forever off limits for intervention by government agencies 

‘Tryptophane, another amino acid, is about twice as power- 
ful as omithine, but was taken off the market a few years ago. 
Some persons taking it daily were seen to become quite ill and 
some deaths ensued. Since tryptophane had been used in prior 
years without noticing toxicity, something unusual should have 
een suspected. My tests showed extreme pollution of trypto- 
phane capsules, They contained PCBs, mercury, ruthenium, 
strontium, praseodymium, aluminum, and benzalkonium. I can 
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only speculate that a mixing vat broke, dumping its precious load 
‘onto the floor—but it was salvaged. Or that the mixing vat wasn't 
cleaned thoroughly from it's last use. 

Persons with illness due to taking tryptophane developed an 
extremely high eosinophil count in their blood test—an index of 


the first place! Were these unfortunate victims seeing the 
the result of their tryptophane use? This tragic event should have 
led to a discovery of the heavy pollution, a revelation of the 
industrial manufacturing process, and a safeguarding against any 
repetition. It has not been done (certainly not publicly). 

Foreign countries’ manufacturing processes do not come un- 
der U.S. scrutiny or jurisdiction, although some imported prod- 
uucts must pass tests. There are no safeguards against repetition of 
the tryptophane experience. It behooves us to demand safe 
supplements and medicines. It is not the list of ingredients that 
informs. Lot analysis, after bottling, would give us the necessary 
safeguard. The presence of filth contamination and toxins cannot 
be completely avoided but the consumer can make informed 
choices if he or she knows it is there. Disclosure, of course, is 
the bane of the manufacturing business. Interest rate disclosure 
was the bane of the money lending business. Such important 
matters can't be left to “self-regulation” policies. The consumers 
must simply demand to know what they are consuming. 


Ruby Adair, 14, ached all over, had ringing in her ears, sinus problems 
land chronic fatigue. She couldn't get to sleep, ever; and had been 
half a year out of school already. She had intestinal flukes in her 
stomach. In three weeks she had eliminated them with parasite 
herbs and she could go to sleep naturally 
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Yeast Infections 


‘The most common yeast in humans is Candida albicans. 
Candida has always been around, It flies in the air, searching for 
a place to land and reproduce. It can invade a variety of human 
tissues like the mouth (called thrush), skin (including some kinds 
of diaper rash), vagina, and the digestive tract. We all have some 
yeast in our digestive tract, but when it gets out of hand, it's 
led candidiasis. 

Yeast is a fungus. It needs dampness to survive and sugar to 
grow. 

Our immune system, white blood cells, are capable of eradi 
cating yeast provided it isn’t growing too fast. And provided the 
white blood cells aren't immobilized or preoccupied with 
something else 


Diaper Rash 


‘A baby’s rash is an example of the white blood cells being 
preoccupied. When chemicals are used in the diaper, the white 
blood cells go afier the chemicals and let the yeast grow. Drying 
the baby’s skin helps since the yeast must have dampness. This 
should be done with air, sunlight and a heat lamp, not with more 
chemicals! Certainly not with cortisone containing salves that 
further reduce the immune competence of white blood cells. 

Use a heat lamp for five minutes at a time, several times a 
day. Switch to cloth diapers; do not bleach them with chlorine 
bleach, the residual chlorine trapped in the cloth is a chronic 
irritant, setting the stage for another rash and future chlorine- 
allergy. Cloth diapers should be sterilized, not bleached. Use the 
hottest water your laundry system is capable of producing. Add ¥2 
cup borax for the washing process. If you have homemade 
Lugol’s iodine (made by your pharmacist or by yourself, see 
Recipes), add a tsp. to the wash or rinse. Vinegar is a yeast in- 
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hibitor, add it to the rinse. Dry diapers at the hott. 
to kill, Kill all the yeast spores in the diapers, 

To strengthen the baby’s skin against future infection, do not 
put chemicals on the skin. Do not use any soap, fragrance, bath 
oil, ointment or lotion, Do not use cotton balls or baby wipes. Do 
not give a daily bath. Wash bottoms gently, with borax followed 
vitamin C rinse. Vitamin C is acid and is our natural healing 
sting on a broken skin surface. Use it as dilute as 
sary to be tolerated. Zine oxide is another natural healer 
away the iron that fungus and bacteria need 
for their reproduction. Never use commercially available zine 
compounds though, simply purchase your own zinc oxide 
powder, mix it with cornstarch and keep in a large old salt 
shaker, dust it wherever there is moisture or fungus growth, 


st setting. Dry 


Treat Yeast or Fungus the Same 


Other fungus growths, li 
a worm at all), athlete 
similarly eradicated: 

1, Deprive the fungus of moisture. 

2. Deprive the invaders of iron, 

3. Deprive the fungus of sugar. 

4. Strengthen the skin's immune power. 

5. Strengthen the skin's healing ability. 


Tinea (crotch itch), ringworm (not 
foot, along with Candida, can be 


It may be impossible to deprive the fungus of moisture, for 
example if your feet sweat and you must wear socks. Take your 
socks off as soon as you are at home, treat your feet with a heat 
lamp. Use zine oxide or cornstarch to powder and dry the skin, 
Boil your socks when laundering. Dry them to tinder-heat (too 
hot to touch). Launder with borax only (soaps and detergents 
contain aluminum which pollutes the skin). Rinse skin with v 
tamin C water. It takes all these measures used simultaneously 
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to clear up athlete's foot fungus. And great persistence. They may 
have developed a foothold underneath the toe nail where a steady 
supply of moisture, iron and sugar is available to them. 
Nevertheless, your white blood cells will eventually gobble them 
up if you let them 

In thrush (yeast infection of the mouth) you must again outwit 
its growth by doing everything possible at 1e. Eat no sugar, 
drink no fruit juice, stay off antibiotic. Avoid trauma like eating 
abrasive foods (crusts, popcorn, nuts, lozenges) or sucking on 
things. Floss teeth only once a day (using monofilament fish line), 
followed immediately by brushing with white iodine (or Lugol’s, 
but this may temporarily stain). Hydrogen peroxide is not strong 
enough. Remember to sterilize your toothbrush with grain alcohol 
or iodine. You may also rinse your mouth with Lugol’s (6 drops 
to % cup of water). Or apply 6 drops directly to the tongue and 
rub it in lightly with your lips. 


Do not use Lugol’s iodine if you have been told you are al- 
lergic to iodine. 


Kill Candida daily with a frequency generator or zapper. 
Since reinfection is constant, you must co1 


treatments given to permanently cure yourself of fungus disease. 
Since Candida grows right into your living cells (which you 
ig!) you cannot kill 


are not attacl 


all at once, Only surface 
fungus can be a s or electrical “zapping”. 
But as the top layer ig the next layer, you will 
make progress. It will take a month of daily treatment to clear it. 
Clearing up fungus at one location but not another will not 
bring you a permanent cure, either. Damp locations like under the 
breasts, under the belly fold, groin and crotch need to be 


248 


NON-PAINFUL DISEASES 


kept dry with comstarch daily. Keep it up long after it seems to 
be cured. 


Fluke Disease 


Flukes, or flatworms, have a complex life cycle with many 
stages. Although sheep, cattle, pigs and humans can be “natural” 
hosts to the adult stage, the other stages are meant to develop 
‘outdoors and in secondary hosts. When fluke stages other than the 
adult are able to develop in us, I call it fluke disease. 

Or, when an adult that “normally belongs” to another species 

able to develop in us, I also call that fluke disease. Or even 
with adult flukes in their “normal” host, when they move from the 
organ that they “normally” colonize to other organs in the body I 
call this fluke disease, too. 

Four fluke varieties engaged in this extra territorial pursuit 
are the intestinal fluke, sheep liver fluke, pancreatic fluke, and 
human liver fluke 

‘As you can see from their names, have studied them 
well, and know exactly which animals are the “normal” hosts, 
and which organ in that animal is the adult fluke’s “normal” 
home. Fluke disease is when any of these is “wrong. 

Flukes don’t have eyes to see with or legs to walk with, so 
how can they find and travel to the organ they want in the middle 
of your body? Scientists do not know for sure. However 
concluded from many scientific studies that the liver fluke, Fas- 
ciola, for example, has no trouble seeking out and colonizing the 
liver. 

Here are some examples of what can happen when flukes go 
“wrong: 

+ Adult flukes (any of the four mentioned) in the uterine wall 
causes cramping and bleeding when it is not men- 


ientis 
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strual period time. If an adult crosses the wall to the inside 
and then manages to get out through the fallopian tubes to 
the abdominal cavity it takes some endometrium with it— 
causing endometriosis 

+ If adults develop in the kidneys, it can cause lupus or 
Hodgkin's disease 

+ If adults complete their cycle in the brain, Alzheimer’ 
disease and multiple sclerosis result. 

+ If the intestinal fluke (Fasciolopsis buskii) becomes adult 
in the liver it causes cancers of many (hundreds) kinds. 

+ If the pancreatic fluke completes its cycle in the pancreas it 
leads to diabetes. This is not an example of flukes straying 
into the wrong organs, but of having its stages reproducing 
where they never could before. 

+ If flukes develop in the thymus, immunity is lowered. If it 
happens to be the intestinal fluke, HIV (Human Immu- 
nodeficiency Virus) is released there. In tun, HIV invades 
other tissues, like penis and vagi 

+ These four flukes can also invade the muscles, causing 
dystrophies. 


na. 


As dissimilar as we always thought these diseases to be, it's 
‘obvious to me that they are but one disease—fluke disease 


Considering the size of these flukes (adults are ea 
ble), itis not surprising that they can quickly lay waste a humau 
organs. Yet a human is big and makes a valiant effort to kill the 
stages, block access to tissues and otherwise battle them, 

But only the human's intelligence can be counted on to defeat 
them. The intelligent approach is to discover what enables these 
mighty monsters to do their reproducing in our bodies instead of 
the pond with its snail/minnow secondary hosts. 
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Flukes and Solvents 


‘The explanation I have found for two of these flukes is the 
presence of solvents in our bodies. The presence of isopropyl 
alcohol is associated in 100% of cancer over 500 cases) 
with reproduction of the intestinal fluke stages in a variety of 
organs causing cancers in these organs. 

The presence of benzene is associated in 100% of HIV cases 
(over 100 cases) with reproduction of intestinal fluke stages in 
the thymu: 

The presence of wood alcohol is associated in 100% of dia- 
betes cases (over 50 cases) with reproduction of pancreatic fluke 
stages in the pancreas, 

‘The presence of xylene and foluene i iated in 100% of 
Alzheimer cases (over 10 cases) with the reproduction of intes- 
tinal fluke stages in the brain. 

Much more work needs to be done to examine the relation- 
ship between fluke reproduction, the solvent and the chosen or- 
gan, But it seems probable that the solvent allows it all to 
happen. And our intelligence, to save us, must find a solution, 

Stopping use of these solvents seems to me to be the most 
urgent advice. 1g which foods and products are polluted 
with them is the first step. It is imperative that you test everything 
you use or eat for solvent pollution. The Synerometer makes that 
task. Ideally, we should all pool our results, adding to the 
body of knowledge I have begun. 

In my observations, when the big sources of solvents are 
stopped, the body's levels go back to zero. In other words, the 
minute amounts that we inhale here and there do not accumulate 
to the point of serious damage. We have to eat, drink or absorb 
them on a daily basis to injure us! So where can they come from? 

The sources of benzene and propyl alcohol that I found are 
given in special lists (page 354 and 335). The sources of wood 
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alcohol are not as well known, but include commercial bever- 
ages, cold cereals, artificial sweetener, vitamins, and drug: 
Other solvents are even less studied. But a pattern is emerging: 
foods and products that require sterilization of bottles and ma- 
chinery to fill these bottles are polluted with propyl alcohol or 
wood alcohol. Foods and products containing flavorings or oi 
are polluted with benzene. Let the buyer (you) be wary! Test your 
‘own products if possible. If not, do not purchase them. 

There are many other flukes and many other diseases. Are 
there other fluke/solvent/disease trios? Has fluke disease been 
going on for a long time or is it a recent phenomenon? Certainly 
cancer is 100 years old, so is the use of propyl alcohol. Diabetes 
is quite old as an illness, too, and so is its associated solvent, 
wood alcohol. But HIV, AIDS and Alzheimer’s are recent dis- 
eases. Should we conclude that benzene, xylene and toluene were 
used much less in the past? 

Fluke diseases could be eradicated with some simple ai 
tions: monitoring of solvents in foods, feeds and products. 
Hopefully, this will begin. It is in the interest of the consumer to 
have her or his own independent way of monitoring too. 
Chemical ways can be devised, besides the electronic way pre- 
sented in this book. Imagine a small test strip like a flat toothpick 
which tums color when in contact with propyl alcohol. Keep a 
pack in your pocket and never be unknowingly dosed again...ll 
in tomorrow's world. 


Flukes Not Alone 


There are other families of parasites. The roundworms and 
tapeworms are gaining ground too. Are they associated with 
solvents? Or with yet undiscovered factors? Are they changing 
their life cycles to take advantage of our lowered immunity? 
‘These are important questions. But you are armed with excellent 
technology. The answers will be found. 


252 


NON-PAINFUL DISEASES 


And along with answers there will surely develop a new in- 
dustry. An industry that not only proclaims purity for its products 
but provides the proof to your satisfaction, 


Burning And Numbness 


Burning sensations in the skin let you know that nerves are 
involved. Mercury is the most common offender. Mercury may 
have started the trek of a host of other toxins as well into your 
nervous system: pesticide, automotive chemicals, household 
chemicals, fragrance and even food chemicals. Some people can 
get a burning sensation after a car trip, some when exposed to 
perfume, some when walking down the soap aisle in a grocery 
store. When the affected nerves don't go to skin but instead go to 
an organ like toes, you might feel a toe cramp or finger cramp 
instead, Remove your mercury sources. 

Burning skin is an ancient malady—maybe even the basis of 
concepts like “hell.” St. Anthony's fire was caused by ergot 
(food fungus) ingestion. Molds don't necessarily come singly. 
Maybe other mold toxins can go to your nerves, too (see Moldy 
Food, page 381). Maybe the mold toxins interfere with pan- 
tothenic acid used by your body, because giving pantothenate 
(500 mg three times a day) can sometimes relieve the condition 
and, of course, good for your body. 

Monosodium glutamate (MSG) can cause burning, espe- 
cially of the face and lips. Sometimes swelling occurs too. MSG 
is used as a flavor enhancer. It was found decades ago to be a 
brain toxin and was taken out of baby food. But what about 
adults? Especially those who already have a brain problem. 
Throw it all out of your kitchen. Ask at restaurants which foods 
have it. 
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Procedure 

‘The following procedures cover the replacement of 
a TQFP 48 pin device with 0.5 mm lead pitch. The 
lead shape is the standard gullwing associated with 
JEDEC standard QFPs. This procedure section is 
divided into three parts: 

A. Part Removal 

B. Board Cleanup 


C. Soldering a new device. 


If you are soldering parts to a new printed circuit 
board, skip part A and refer to the new board 
cleanup section in part B. 
A. Part Removal 


Preparation: 


+ Board with IC to be removed is mounted in a 
holder or vise. A PCB holder/vise is optional 
but itis required that the PCB is held steady for 
the part removal. 

+ The soldering station is warmed up to 800°F 

(422°C) and the solder tip is clean. 

ESD precautions have been taken. 


Figure 6. Ready to get started 


Begin by wetting all the leads with flux to enhance 
the initial solder wicking cleanup. Wick up solder 
as much as possible from the QFP leads. Be careful 
not to scorch the PCB board with prolonged solder 
heat. 
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Numbness has a similar cause. Numbness of fingers or feet 
has become quite common since thallium and mercury toxicity 
has spread so widely. 

If you have burning and numbness, can multiple scleros 
(MS) be far away? Remove all the metal in your dentalware 
immediately, replacing with composite (see Dental Cleanup, 
page 409). Hopefully, your immune system is still strong enough 
to clear the bacteria growing around the metal and in pockets in 
the jaw. Check and clean cavitations. Start your jaw healing with 
the milk, magnesium, vitamin D diet. Use thioctic acid to help 
clear your tissues of remaining metal (3 to 6 a day) 

‘The most common nervous system bacterium is Shigella. Its 
beginning can already be seen in cases of burning and numbness, 
It is deeply entrenched in cases of MS. Three kinds of Shigella 
are readily obtainable on slides: Shigella dysenteriae, Shigella 
flexneri, Shigella sonnei. Shigella flex causes depression and 

itability. All can cause gas and bloating. Zapping doesn't kill 
all of them because they inhabit the bowel. You must empty your 
bowels frequently, two or three times a day. And do the Bowel 
Program until all symptoms are gone. Be very careful not to put 
contaminated dairy food in your mouth again. Boil all 
products. They must be at boiling point for 10 seconds. Thi 
includes cheese, cottage cheese, buttermilk and regular milk. Eat 
only home made yogurt or home made buttermilk. Butter and 
whipping cream need this treatment, too. Never use raw dairy 
products 
Nana Hughes, 48, had numbness of the whole right arm, hand and 
right side of her head: it was particularly bad in the last four 
months. She was toxic with PCBs, titanium and dysprosium (paint). 

‘She was on thyroid, Xantac™ (for stomach) and chlorazipate 

medicines. We also found dog heartworm (she had chest pain 

‘over the heart). She started on the parasite program, stopped 

using nail polish, and stopped all detergents for dishes or laundry. 

In three weeks her numbness was greatly reduced. She still had 

titanium buildup from dental metal (a partial bridge). See- 
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ing she was on the right track, she stopped use of MSG in her 
food, switched from concocted beverages to milk and cut down on 
her smoking. She brought her arm pretty near to normal. 


Maria Santana, 45, had numbness in both arms; they would tingle and 
“go to sleep” a lot. It was spreading to one leg. Her muscles were 
toxic with thallium. it was in some very old pesticide, stil effective 
and stil in use in the house. It was also in the well water, probably, 
from pesticide seepage. She went off all commercial body 
products, did a kidney cleanse and killed parasites. She had diff- 
culty getting rid of Prosthogonimus but in two months she had 
everything cleaned up. Her legs, arms, sleep problem, urinary tract 
problems were all gone and she could focus on her last problem, 
digestion. 


Candy Donaldson, 44, had numbness from her shoulder to the wrist of 
one arm, it started a year ago. She was toxic with iridium, lithium 
and vanadium from a gas leak. She was advised to stop caffeine 
use and switch to milk (her calcium level was low: 9.0 mg/DL) and 
‘a magnesium tablet (300 mg daily). Her triglycerides were high, 
implying a kidney problem. She had urate and phosphate crystals 
in her kidney. She decreased the phosphate in her diet (meat, 
nuts, grains, soda pop) and started the kidney cleanse. When the 
{gas leak was fixed, both her lithium and vanadium toxicity disap- 
peared. In six weeks she had also killed parasites and her periods 
became regular for the first time. An ovarian cyst had disap- 
eared, too, as checked by ultrasound. Soon her PMS was gone, 
including hot flushes. After four months she had done three liver 
cleanses and suddenly her numbness improved. After a few more 
there was no numbness at all 


If cleaning cavitations brings you immediate improvement 
you know that these bacteria were part of the problem. Have 
them checked again if problems return; dental bacteria are noto- 
rious for returning. If kidney cleansing makes it worse for a da 
and then better, you know kidney bacteria are partly responsible. 
If liver cleanses (page 552) make matters worse for a day and 
then better, you know bacteria are entrenched in the liver. 
Continue cleansing until none of these sources exist any longer. 
Kill all bacteria at least once a week electronically. Burning and 
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numbness can be cured, not just arrested. In other words, your 
nerves can be cleaned up and healed, 


Depression 


All persons I have seen with clinical depression had small 
roundworms in the brain, Is it any wonder the brain can't make 
enough neurotransmitters or gets them out of balance? The usual 
worms are hookworms (Ancylostoma), Ascaris of cats and dog: 
Trichinellas and Strongyloides. 

Although it is commonly believed that hookworms penetrate 
the skin when walking barefoot on earth, this appears to be a 
negligible route. The important routes are eating animal filth and 
inhaling filthy dust. Our pets pick these worms up daily. We get 
them and give them in constant exchange with our pets and family 
members. Diapering babies is an especially hazardous, though 
necessary, business. Letting little children clean up after their 
‘own bowel movements is even more hazardous. Hands should be 
sanitized with grain alcohol after dealing with bowel contents, 
whether your own, your child's, or an animal's. If you clean up a 
messy diaper and then your hands well with soap, then go to 
make the chopped salad for dinner, you're sure to give each 
family member a dose of whatever the baby has. It was hiding 
under the fingernails. Animals clean up the easy way: they simply 
the youngster's bottom. But, we humans are not strong enough 
to take on a dose of bottom with each meal. We must sanitize 
our hands. 

Cleaning bathrooms is also dangerous. Wear gloves. If no- 
body suffers from depression, you can use bleach (stored in the 
garage) to disinfect the stool, otherwise use alcohol (50% grain 
alcohol). Keep doorknobs and faucet handles wiped with alco- 
hol, too, 
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If you suffer from depression use your zapper to immediately 
Kill these four roundworm species: Ancylostoma, Ascaris, 
Trichinella and Strongyloides. 

Other family members should be cleared of these four worms 
on the same day or as close to it as possible. Reinfection always 
‘occurs. In the depressed person, the microscopic parasites travel 
immediately to the brain. In others, they may simply reside in the 
intestine or lungs or liver, or other organs. Pathways (routes) to 
the brain have become established for the depressed person. 
‘These must heal before there is any tolerance to reinfection. 

Solvents and other toxins, also in the brain, slow down or 
prevent healing. For this reason the depressed person should do 
the Four Clean-ups. 

The bacteria of the Shigella family are always seen in de- 
pression cases. Kill all Shigellas and avoid reinfection by boil- 
ing dairy products and not eating those that can't be boiled. Go on 
the Bowel Program (page 546). Do not eat deli food or hand 
prepared salads at salad bars. Finally, do the Liver Cleanse, re- 
peating every two weeks. Depression, even of long standing, can 
lift within days after the brain finally has its territory to itself. 
Look in the mirror and smile at yourself for your success in 
vanguishing your invaders. Never again, let these creepy crawl- 
to the happiness-center of your bi 


Manic Depression 


This variety of depression is associated with Strongyloides, 
as the main parasite in the brain, Plus chlorine as an allergen! 
Strongyloides is the same worm that causes migraines and other 
severe types of recurrent headache. It probably depends on 
where these tiny worms have set up their “housekeeping” which 
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symptoms you get: manic depression or migraines. Maybe chlo- 
rine is the deciding factor. 

These tiny wormlets can pass the placenta into the unborn. 
fetus. Is it any wonder that these brain disturbances seem to be 
inherited? Of course, there is ample opportunity to simply eat 
them off hands, other people's hands, and off floors during 
childhood. The amazing truth is that some family members do not 
get infected with it or at least do not get by itis 
very difficult to eradicate Strongyloides in a whole family and 
thereby let the depressed person get well. It is, in fact, impo: 
ble if there is a pet or other animal connection. Getting rid of the 
chlorine allergy is also very challenging. Step one is to zap all 
parasites. 


I usually see an accumulation of bromine as well. Since 
bromine, fluorine and chlorine are all halogens, maybe getting 
too much of any one could saturate the liver's ability to detoxify 
chlorine. Stop eating brominated (bleached) bread. Stop taking 
drugs containing bromides. That is the easy part. You must also 
stop even washing your face in chlorinated water (use a pure 
carbon filter system). You inhale it as you wash. Never drink it 
or use it for any purpose. Of course, there should be no bleach 
container in the house, even when tightly closed; nor should 
bleached clothing be worn, 

Do the Four Clean-ups. Sometimes the cloud lifts and the 
mind clears on the way home from the dentist, Recovery can be 
very rapid—less than a week. And recurrence just as rapid when 
a tiny bit of chlorine is inhaled or drunk. But your careful vigi 
lance pays off. In half a year you can expect no recurrence. 

Humans, it seems, must lick fingers with the same compulsion 
that cows lick their noses and cats lick their rears. The single, 
significant advance in human hygiene would most assuredly 
be stopping the hand to mouth habit. We must always eat with 
utensils. And never leave a bathroom without wa: a 


mos 
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it necessary. Together with the new pollutants, 
heavy metals, parasites will overtake us unless we change. 

Dont go off lithium and other medicines until your doctor 
agrees you are ready, about a half year. After this, make sure you 
still keep it handy. Although you may be free of manic depression 
a day, reinfecting yourself weeks later will attack your brai 
like a hurricane; it has not yet healed, the routes are open. Be 
patient; healing will happen as it did for these happy persons. 


solvents, and 


Lena Constantine, age 39, had a history of migraine, TMJ, heavy clot- 
ting with periods and numerous pains but it shouldnt have made 
her try suicide 1% years ago. She was put on Prozac™ afterward. 
‘She was parasitized by intestinal flukes (in the intestine), dog 
whipworm, Strongyloides and human liver flukes. She was started 
on a parasite program and kidney cleanse. This made her feel so 
{good she took herself off Prozac™ and landed in the hospital for 
reasons she couldn't remember. After 42 days spent there she got 
out, wiser than before. She set to work again, leaving no detail 
undone, because she could remember how good it felt to be free 
of depression (not drugged out of it). Three months later she stil 
had Strongyloides (she had a cat) but she did her first liver 
cleanse anyway. She got over 500 stones out. Her depression was 
gone. She substituted 4 ornithine and 2 ginseng capsules daily 
(more if tension was not relieved) for Prozac and cured her 
problem. 


Mona Zabala, 33, was extremely depressed over her job. She was full 
of mercury, arsenic, PCBs, chromate from eye liner, wood alcohol 
from drinking colas and she had Ascaris, pancreatic flukes, Tri- 
chinellas and Strongyloides. She thought she was a hopeless 
case. But in less than three months, when only half her clean-up 
chores were done, she was already saying positive things about 
her job. 


Acey O'Hara, a young graduate student, was very careful to avoid junk 
food, caffeine, fragrance, and body products because he had 
learned the hard way that he didn't tolerate them. When “crying” 
depression hit him he was not only surprised but angry that his 
good health habits “hadn't paid off.” He was buying his drinking 
water; it came in clear plastic containers. He had cesium in his 
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tissues and brain. When he switched back to plain tap water 
(fitered in small quantities) the depression lifted in a week and he 
was no longer crying over anything, 


Leisa Underwood, 46, was clinically depressed and in therapy. She 
believed it was due to going through menopause. She had a heavy 
burden of Strongyloides but no other worms. Only one of her two 
dogs had Strongyloides (saliva test) and the cat was free of them 
also. She was full of cesium (from drinking refrigerator water) and 
vanadium (from a gas leak). In two months she had accomplished 
the impossible: all pets and herself were free of Strongyloides, 
they had repaired three gas leaks and her depression was just a 
memory. 


Roland Greeley was diagnosed as manic depressive a few years ago 
‘and was put on Ativan™ and Prozac." This controlled him but did 
not relieve depression. He had a prominent tremor. He had 
Ascaris and sheep liver fluke stages in the brain. Also Trichinella, 
Strongyloides and human lver fluke stages. Styrene (from styro- 
foam cups), methyl ethyl ketone (beverage) and carbon tetrachlo- 
ride were in his brain also, probably setting the stage for parasite 
reproduction. He had high levels of mercury and silver but highest 
of all-throughout his body-was chlorine (from bleach and tap 
water). In four weeks he had all the metal removed from his mouth. 
He stated that this “unchained” him. He could already tell on his 
way home from the dentist that something special had happened. 
His depression was simply gone ‘the way you lift a blanket off a 
bed’. He resolved to clean up his whole body and recover from his 
illness using logical methods, like ours. Staying away from regular 
chlorinated water was a fine challenge to his resolve but with whole 
house fitering now avaitable he may have done it 


Darren Knox, age 48, had been on Thorazine™ for 36 years but was 
recently changed to Desyral™ and Valium'™ and lithium. He had 
Ascaris and hookworm and two dozen more assorted parasites 
including fluke stages. His brain was also hosting Bacteroides and 
Nocardia. All parasites were killed in half an hour by frequency 
{generator at his first visit whereupon he immediately announced 
himselt free of depression; better than the last eight years. He had 
many metals in his brain, also chlorine. In four weeks his tremor 
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was way down, after dechlorinating his tap water. His depression 
never came back after dental work was done. 


Schizophrenia 


Much more mold toxin was seen in schizophrenic families 
than in other kinds of illness. They usually had four or more kinds 
of mold toxins at the same time, meaning that one toxin was not 
detoxified before the next was already eaten. It may reflect on the 
liver as much as the food selected. The initial injury, though, to 
the liver may have occurred in early childhood. 

Schizophrenia does not require mercury or other dental metal 
pollution for its expression. This pattern is logical when it is 
seen that young children can have s 
is an ancient illness, being described in some very old literature, 
before dentistry existed, But parasites existed. And moldy food 
existed. And copper existed! 

Ergot is always seen in sick persons. Other mycotoxins are 
also present, including sterigmatocystin, cytochalasin B, and 
aflatoxin. As the mycotoxin panorama changes, brain symptoms 
can change from compulsive hand washing to paranoia or from 
hearing voices to meanness in disposition, 


It is my belief that the current increase in violent crime in 
USS. society can be attributed to the especially high levels of 
mold consumption in foods and beverages, with the resultant 
effect that behavior erupts into violence with almost no provo- 
cation, merely some frustration. It would not be difficult or ex- 
pensive to experiment with a mold-free diet in our prisons. 


A bacterium, Mycobacterium phlei, may also be a cause be- 
cause I have seen a high correlation between it and schizophre- 
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nia cases, What its specific effects are, I don't yet know. This 
bacterium may be hiding under teeth. It is also seen in dogs 

Shigella bacteria from nonsterile dairy foods are part of the 
problem, too, They produce brain and nerve toxins resulting in 
irritability, depression, anger. In fact, anger can be so intense, it 
erupts in violence, 

Lead and copper are commonly seen in schizophrenia suf- 
ferers. The usual source for these is the household water 
(household plumbing may have lead solder joints). Change 
plumbing to PVC, then take thioctic acid (100 mg, twice a day). 

Parasites always found in schizophrenia are hookworms (4 
Ancylostoma varieties) in the brain. 

Instructions: 

1, Stop eating all grain products, nut products and syrups 

immediately. 
2. Sterilize all dairy products. 
3. Search for lead and copper in the water. 
4 commercial beverages, including bottled 


5. Zap the parasites in the whole family for three days, fol- 
lowed by repetitions twice a week. 
6. Eliminate Shigellas with the Bowel Program (page 546). 
7. Give away pets. Schizophrenia is too serious to risk rein- 
fection. 
8. Do the dental cleanup (page 409). 

The need to zap repeatedly arises from reinfection, Nothing 
needs to be killed twice. But reinfection from self, family mem- 
bers, pets and food happens every hour. One cannot rely on 
zapping to stay well. Do a thorough diagnostic search of all 
foods eaten at the last meal, the water drunk, the air breathed. 
Only when all these are clean, will the brain heal. 

When can you eat grains again? When you are well. Find a 
cereal or pasta that has no mold. Test it for the mold frequencies 
(77, 88, 100, 126, 131, 177, 188, 232, 242, 277, 281, 288, 295 
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KHz). Search especially for ergot (295). Remember, ergot makes 
lysergic acid diethylamide (LSD), not a good thing for a 
schizophrenic brain. Honeys, too, have ergot. Ergot takes longer 
(up to 20 minutes) to detoxify with added vitamin C. (Read the 
section on Moldy Food, page 381). If you become ill again after 
starting grains, go off again. Take 500 mg. niacinamide 3 times a 
day to speed up ergot detoxification by the liver. Avoidance is 
much easier. 

Healing of the brain is very rapid; in less than one week 
feelings and behavior are more normal. Perhaps there are herbs 
that hasten healing; considering how old the illness is, there must. 
surely be several useful herbs. But considering that herbs, too, 
can be moldy, be very careful to search for molds electronically 
before using any herbs. Blue vervain, sage, and ginseng are herbs 
worth trying. 

A question may have popped into your mind as well as mine. 
If the whole family is eating moldy food, why aren't they all 
schizophrenic? In fact, family members usually do suffer from 
some symptoms that are similar to the victim, But every person's 
collection of parasites and pollutants is unique. Certainly, the 
whole family should obey the moldy food rules, in order to 
function better. 


Autism 


Childhood brain disorders suggest an inherited genetic de- 
fect. Yet numerous parasites and pollutants are able to pass into 
the unborn child through the placenta. Even some bacteria and 
viruses can, 

Lead accumulation is always seen in cl 
‘Was it acquired before birth? 

Mercury can be transmitted from mother to ct 
mercury fillings were not removed before pregnancy, have them 


\dren with autism. 
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geet. 


Figure 7. Apply flux; wick excess solder from pins 


Next, strip off approximately 3 inches of insulation from a piece of the 30 gauge wire wrap wire, Cut the 
wire at a comfortable 12 inch length or so. 


Figure 8. Wire stripping 
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replaced as soon after delivery as possible (never during preg- 
nancy since the removal itself causes a surge of heavy metal to 
enter the body), 

The common tiny worms such as Ascaris, hookworm, 
Strongyloides and Trichinellas easily enter the brain, They are 
present in dirt. Dirt enters buildings via shoes. Shoes carry ani 
mal filth, Don't let children put their own shoes on until they have 
learned to avoid touching the soles. Don't let your child crawl on 
the floor of a public building, even though it looks glossy. Don’t 
set shoes on furniture or table! A preferred habit is to leave 
shoes at the door. 

Once wormlets have found a pathway to the child's brain it 
difficult to reroute them. They must all be killed repeatedly since 
there is daily reinfection from putting hands in mouths. All fa 
members should kill these parasites weekly to protect the cl 
with autism, When lead and parasites are gone consistently for 
several weeks the pathway to the brain heals and reinfection no 
longer sends them to the brain and your child can resume a 
normal life. 

Thave not treated enough cases to point to a particular para- 
site or pollutant. For this reason you must do a total cleanup: 
body, environment, dental, diet (especially solvents and molds). 


Leon Dickson, age 10, appeared normal at birth but he crawled and 
walked late. At age 3% he began having seizures and was also 
diagnosed with autism. (Seizures are caused by Ascaris larvae, 
they probably began the routing to the brain). He was started on 
Phenobarbital" by his clinical doctor; switched to Dilantin™ then 
‘two other drugs were tried. Now he was on Tegretol™ plus Depa- 

te.™ The mother used no anti nausea medicine during preg- 
nancy, no caffeine, no alcohol or nicotine, not even a single 
aspirin. In spite of his medicines he seemed to have headaches, 
continued to have seizures which disturbed his sleep and he wasn't 
ttying to talk. He vomited a lot. He would take no pills or drops (no 
herbs even mixed with honey) and our frequency generator 
method was not discovered at that time. He couldn kill his para- 
sites and Shigellas. His brain was full of thallium (not mercury!) 
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besides the roundworm larvae. He must have gotten this from Q- 
tips™ or cotton balls or some other mercury-sterlized product. 
Leon's favorite food was grilled chicken which he ate nearly every 
day, as well as two eggs a day. 


His diet was changed to exclude chicken, eggs, bacon, chips, 
preservatives and colors in foods, grape jelly and strawberry jam. 
‘One month later he had not improved, nor had they been able to 
kill his parasites with the herbal recipe. The diet change was ex- 
tremely difficult; he was screaming for his favorite junk food and 
the whole family was upset over his restrictions. But we encour- 
aged the mother to stick to her purpose, get a different baby-sitter 
who would obey her, and to try to get some parasite herbs and 
thioctic acid (100 mg. daily, stired into honey, to take out lead) 
down him. The first week the new baby-sitter succeeded in getting 
him to take thioctic acid. He had only one seizure that week. This 
encouraged the mother to enforce the parasite program and the 
diet rules. He became attentive in one month and tried to voice 
sounds. 


The problem with eggs is that they are contaminated with 
Salmonellas. [ find, however that itis the outside of the eggshell 
and the carton that is contaminated. The safe way to handle eggs 
is to remove them and return the carton to the refrigerator, then 
wash the eggs and your hands before cracking them. Eggs also 
contain malvin, a known seizure trigger. 


Kirk Peeples, age 5, did not have any words yet but he would point to 
‘something and voice IM-M-M to mean he wanted it (usually food). 
He was in a special school and “doing well.” He had the brain toxin 
MSG, and antioxidants BHT and BHA accumulated in him. In other 
words, his liver was not able to detoxify these common food 
chemicals. At that time, | had not found the mold toxins yet; | would 
now surmise that they were responsible for the liver's disability 
Besides going off these food additives he was “desensitized” to 
them with homeopathic drops by an alternative allergist. The result 
was immediate. In one week he tried several new sounds and 
managed his first word: “box.” After kiling parasites with the herbal 
program over a four week time period he could speak 19 words. 
‘The parents were bewildered with joy. They cleaned the toxins out 
of their home so thoroughly, there 
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was no place to sit and nothing familiar to eat. But their son could 
say things and the parents loved each new sound as i it came 
from a newbom baby. In two months he was saying two-syllable 
words and putting phrases together. He needed us no more (he 
was on homeopathic thyroid drops, t00). 

Geoff Berkely was diagnosed autistic. He went about his business of 
‘examining everything in the office without a word. He was infested 
with both species of Ascaris (there was a pet dog) and was started 
on the herbal parasite program: just a little less than the adult 
doses. (Children's’ syrups are not as effective.) He was toxic with 
mercury, too. He had 2 or 3 "baby" root canals. These were to be 
pulled out. He was also taken off food color, MSG, chicken and 
eggs. The parents accomplished allthis very quickly and called to 
say their child had become normal but they didn't want us to 
spread the good news to the “autism” club they attended for fear of 
criticism for doing unorthodox things. Only in the USA could such 
thinking occur! 


Digestion Problems 


Burping, bloating, and being gassy are signs that your di- 
gestion isn't perfect. What has gone wrong? Burps are gases e 
caping upward. Bloating is due to bubbles of gas causing 
re. Your body does not make gas! Gas can only be made 
acteria. The immediate conclusion is that bacteria are 
growing in your digestive tract (stomach and intestines) that 
should not be allowed to do so. They are likely to be the common 
enteric (digestive tract) bacteria: Salmonellas, Shigellas, E. 
coli, Bacteroides fragilis. 

You may wish to identify them before killing them with the 
zapper. Or you can sweep through the whole bacterial and viral 
range killing all with a frequency generator. The good effects can 
be felt in an hour, although the last gases may take days to get rid 
of. Salmonella and Bacteroides fragilis are two bacteria that can 
eat bile, and can do without oxygen, so they are com- 
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monly seen in the liver. Bacteroides probably escaped from i 
roundworm host, Ascaris. Salmonella probably came with non- 
sterile dairy food. 

If you have an intestinal problem involving digestion or pain, 
start immediately to boil all dairy foods. Stop eating those that 
can’t be boiled: cheese sandwiches, yogurt, ice cream. It must be 
boiled for 10 seconds. The bacteria are in the liver because your 
liver attempted to strain them out of your blood and lymph in 
order to kill them with bile. Instead, they tured around and “ate” 
the bile, turning it brown as evidence. Now, every time the liver 
lets down bile into the intestine (and stomach), a population of 
these bacteria goes with it. The intestine becomes a seething 
mass of bacteria, bubbling away as they produce CO., SOs, H:S, 
CO (carbon dioxide, sulfur dioxide, hydrogen sulfide, carbon 
monoxide). Some of these gases are quite toxic 

Help your liver expel its bacterial overload with liver 
cleanses (page 552) until all the bile is a beautiful bright green, 
This is evident as dark brown bowel movements. Without the 
green color of bile added to your intestine, the bowel movement 
remains light colored, such as tan, yellow or orange! By stopping 
eating polluted food, killing bacteria and cleansing the liver, 
digestion becomes normal again, 

Of course, there must be enough acid in the stomach and di- 
gestive enzymes produced to make good digestion possible. 
Otherwise, leftover food goes to feed the waiting bacteri 

Persons with a chronic digestion problem may also find they 
harbor lead, cadmium, or mercury in the intestine! This is very 
good in a sense. Your body has kept these toxins in the intestin 
preventing it from getting into your vital organs. The bad new: 
that their presence in the intestine could start an intestinal 
the intestine would inhibit your immune 
system (here the white blood cells are in clumps called Peyer's 
patches), from gobbling up the “bad” enteric bacteria, Maybe 
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the “good” bacteria found your intestine too toxic to live there, 
Clean up your dentalware. Search for lead and cadmium in your 
drinking water. After improving your lifestyle, continue to do 
liver cleanses. Keep your goals high: a flat tummy that feels en- 
ergetic, no burps or gas 

Stomach ache (page 98) and hiatal hernia (page 133) are 
also digestive problems but are dealt with under pain. (See 
lower abdominal pains, page 97, 


‘Alan Barth had his two young sons with him. One of them had a very 
sensitive stomach, a poor appetite, wanting nothing but sweets or 
chips to eat. The 16 year old had aches and pains that were 
keeping him out of sports. The father had a tonsil problem; they 
swelled if he drank milk. One problem was obvious. Their milk was 
tainted with Salmonellas and Shigellas, setting up throat problems 
for the father, stomach problems for one child and a pain 
syndrome for the other child. Boiling all their milk, not bringing raw 
chicken into the house (Salmonella Source) and stopping eating 
yogurt and cheese was the solution. There were traces of lead in 
their tap water and the house air had vanadium in it, announcing a 
{gas leak. They were all heavily parasitized. When these problems 
were cleaned up, the whole family’s health improved. 


Kae Nakajima, middle age, had a history of ulcers and stomach prob- 
lems. She took a lot of Zantac" and Tagamet™ over the years. 
‘She was drinking coffee, tea and colas. She had Ascaris and 
cadmium in her stomach. Five months later she had cleaned up 
everything except dentalware and was feeling very good. She 
didn't need any medicines. She still had arthritis and sinus prob- 
lems but felt so encouraged she had the dental work scheduled. 


Sven Lippencott, age 4, had been tube fed for several years due to 
weak stomach action. He was quite underweight for his age. He 
had a population of intestinal fluke in his stomach along with arse- 
nic (pesticide). The rest of the family also had intestinal flukes. 
Ater kiling parasites and washing the upholstered furniture, Sven's 
appetite went up so he ate more by mouth and grew immediately. 
But he soon picked up Ascaris and cat liver fluke (there was an 
indoor cat). Then the whole family got intestinal flukes again. They 
all, including Sven, drank carbonated beverages ad 
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libitum (whenever they wished). With both parents working it would 
not be possible to discipline the habit. Sven had wood alcohol, 
methyl butyl ketone, hexanedione, methylene chloride and toluene 
buildup making his recovery hopeless. 


Alzheimer's 


What was once a rare disease has become a household word 
because it now affects so many. Two new pollutants of the brain, 
inviting an old parasite to a location it would not normally be, is 
the explanation, The new pollutants are solvents that seek the 
brain, 

Xylene and toluene are pollutants of popular beverages, de- 
caffeinated powders and carbonated drinks. At first, the body can 
detoxify these but with a steady stream of solvent arriving, 
detoxification slows down and parasites begin to build up in the 
brain, Common fluke parasites which we eat in undercooked 
meat and perhaps get from our pets, can now reach the brain and 
multiply there. 

Other toxins are also present, such as aluminum, mercury, 

freon, thallium, ca 
heimer's sufferers (100%). This is undoubtedly part of the true 
cause. Did it come before or after the parasites? 
Whatever the answer, your job is clear. Remove every bit of 
aluminum from the food and environment. Throw out the pots, the 
aluminum foil, the cookie sheets, the tea ball. Throw out the 
kitchen salt, the pickles, the baking powder. Buy things made 
with baking soda (not baking powder), use a plastic salt shaker, 
buy salt without added aluminum. Stop using commercial soaps 
and lotions. Make the soap recipes in this book. Finally, tape 
over all aluminum handles in the bathroom and elsewhere (e.g. 
the walker) with masking tape. Then find a chelating doctor to 
help remove aluminum from the brain. Also use thioctic acid 
(100 mg; take 2 three times a day). 
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Kill the four common flukes with the first frequency genrator 
or zapper you can get your hands on. Prevent reinfection from 
meats and pets. Stop all commercial beverages, including water. 
‘The processing has left xylene and toluene in them. They are not 
put in intentionally. For the same reason, health food beverag: 
are similarly polluted. Only milk is safely bought from the store, 
You must still sterilize it, however. Make your own fruit juice 
Select beverages from the list of recipes given. Drink water from 
your cold water tap, filtering it with a small pure carbon filter as 
in a filter pitcher (see Sources). 

‘As much as xylene and toluene are brain-seeking solvent 
Shigella is a brain-seeking bacterium. The symptoms it c: 
are not always the same since they depend on the location of 
infection. Sometimes they cause tremor, sometimes loss of bal- 
ance, sometimes speech problems. But they are very serious 
problems. Kill Shigellas every day at bedtime with your zapper. 
Start the Bowel Program (page 546). When improvement is 
lasting you know you have stopped reinfecting from your own 
bowel or from polluted dairy product 

Remove dental metal and use thioctic acid as a help to clear 
tissues of metal. Use vitamin C (3 grams) and By (300 mg) to 
assist the liver with detoxification. Use B complex (2 a day) to 
assist the liver generally. Avoid food molds; ergot especially has 
strong mental effects (see Moldy Food, page 381). 

Start a kidney cleanse (page 549) as soon as you can. Follow 
this with a liver cleanse (page 552). Clean up environment and 
diet. Your beloved family member or friend with Alzheime 
can regain her or his mental function to a considerable degree. 
Most important is stopping the mental deterioration before it 
not reversible. 


Lisa Anne Reed, 60ish, was tentatively diagnosed with Alzheimer's 10 
years ago. She needed complete care at present but was able to 
walk (could disappear quickly) and eat. She could occasionally 
say her name. Her brain had intestinal flukes and their eggs and 
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was toxic with aluminum (cooking pots) and aluminum silicate 

(salt). One week later she still had the parasites because nobody 
could skillfully give her the parasite program. She was also toxic 
with benzene so reinfection was occurring, In addition she was 
toxic with bromine (from brominated bread?), chlorine (chlorinated 
water?) lithium, bismuth, vanadium, and tungsten, all known to have 
strong brain effects. She was also toxic with moth balls and iridium, 
She harbored Naegleria, another brain parasite. In another week 
there still were no changes due to inability to administer the 
treatment. 


Isabelita Urtord, 77, was in a wheelchair, brought by her two daughters 
who took turns caring for her. She was on Clanopin™ medicine, 
did not try to speak and needed total care, including feeding. She 
had been ill about seven years. She had intestinal flukes and their 
stages in her brain (the cerebrum) as well as intestine. She also 
had isopropanol solvent, aluminum, chromate and high levels of 
arsenic in her body. She was given the parasite herbs plus in- 
struction to get rid of solvents and metals but the plans could not be 
carried out. The parasites could not be killed without considerably 
more help than was available. She was a dear, sweet person. The 
daughters were highly motivated but were overwhelmed with the 
size of the task. 


Beth Hamm, 60ish, arrived led by her ever-vigilant, ever-caring hus- 
band. She was started by medical doctors on EDTA chelation to 
remove aluminum from her brain. My tests showed aluminum, 
toluene, sheep liver flukes, asbestos and Shigella bacteria. The 
parasites and bacteria were zapped immediately and her husband 
began the difficult task of excluding non-sterile dairy products from 
the diet provided. In four days she was able to walk by herself, 
knowing where she was going. She could finish a short sentence 
and comply with directions to sit down and get up. Then she had a 
set back—she had acquired Salmonellas in the brain from a bit of 
dairy food that had slipped by his attention. She was given Lugol's 
and she improved further. In ten days she was a new person; an 
interview of twenty minutes length did not reveal Alzheimer 
symptoms. Will she be able to hold on to her gains? Only if the 
aluminum and asbestos are removed from her home environment, 
his vigilance with dairy food keeps up, and she stays on a 
maintenance parasite program. But her husband appeared intent 
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on her recovery. She is a person again. And there seems to be a 
delightful companionship. 


Ruben Camberos was brought by his wife and a friend for Alzheimer's. 
‘The first day he arrived, the intestinal flukes in his brain were 
found and kiled. He was started on EDTA chelation. They were 
warned about non sterile dairy foods. His Shigella was zapped. 
Four days later he spoke his first meaningful sentence: it was 
three words long. He could pay attention to the appointment 
proceedings. Two days after that he was reading a newspaper. 
This was utterly shocking to his wife. In another three days, he 
could hold a conversation consisting of very short sentences. 
Larger ones became hopelessly garbled. He was started on orni- 
thine (4) and valerian capsules (6) at bedtime: this produced a 
beautiful nights sleep (especially for his caretakers!) and his days 
were less agitated. There were stil setbacks later but his wite was 
determined to get him well 


Dementias, Memory Loss 


Memory loss is progressive with age but not due to aging. 
‘There are plenty of nonagenarians and centenarians with clear 
and good memories to prove that age is not the deciding 
factor in the dementias. Why do some people deteriorate much 
sooner? Could you prevent personal deterioration of mental 
abilities? You probably can. You will know it by noticing 
memory improvement. Telephone numbers that left you with no 
recall, unless you wrote them down, number by number, now 
form groups as you hear them, and you can jot them down the 
way you always did! This is a good sign of memory improv 
ment. Your writing can improve. The jagged, crooked, 
ned words can be smoothly written again! You can remember 
s that happened earlier in the day and talk about it later, at 
mealtime. You can finish your thoughts in conversation. 
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Mental deterioration of the elderly is not as complicated as 
generally believed. Although circulation and blood pressure play 
arole, the effect of toxins is much greater. The action of ton 

greater in age than in youth, The same polluted water and food 
s disorientation in the elderly when it only gives a young 
person a stomach ache. 


caus 


The liver’s detoxification capability may be the real issue. 
Indeed, the liver may age, in accordance with the calendar date, 
Perhaps the liver is the only truly aging organ. It may even de- 
termine your life span. The answer, then, is to stop giving it toxic 
substances and shortening your life span. 


As the liver is less able to detoxify them, common toxins are 
allowed to roam the body with the circulation, doing harm to all 
the organs. The brain feels disoriented or dizzy; there is memory 
loss. At first, the liver can “catch up” its work and finally clear 
the toxin for excretion, But, eventually, it can't catch up or keep 
up. The body, notably the brain, is bathed in toxic chemicals that 
interfere with its functioning. Now, the elderly person must use a 
cane for stability, must walk very carefully not to fall, must write 
everything down to remember it, calls people by their wrong 

s, can't “find” the right words to speak with, can't finish 
sentences, must write on a calendar to keep the days straight, 
starts talking to themselves to help think of things, develops 
s and unsteady gait, acquires a passive personality, loses 
weight, gets stooped, stops reading the newspaper. 


All these signs of aging (dementias) can be reversed by sim- 
ply removing the common toxins with which we are already 
familiar. 
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Feed the wire behind and under the leads on one side of the IC as shown in Figure 9. 
—s _ 


Figure 9. Wire with one side anchored to nearby component 


Solder tack (anchor) one end of the 3 inch wire to a nearby via or component on the PCB. The anchor 
point should be in a location similar to that should in Figure 10. 
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Of primary significance are food molds. These cause brain 
hemorthages. Clean up diet, mouth, body, environment, very 
meticulously, 

Of course, an elderly person cannot bring these changes to 
herself or himself. If you have a loved one with symptoms of 
aging, and this person is willing to cooperate with you, you can 
honestly promise them numerous improvements. Spend a good 
deal of your effort on persuasion since living longer or being 
healthier may not seem worth giving up a coffee and doughnut 
breakfast. On the other hand, they might respond to the goal of 
needing fewer pills, getting into their own apartment again or 
becoming freed from a walker. 


‘Walter Heffern, 64, had been to various neurologists but could not find 
any help. He appeared to have the same kind of mental deteriora- 
tion as his mother, but at a much earlier age. He couldn't under- 
stand an ordinary conversation; he constantly spoke about winning 
money, walked hesitantly and had to be left undisturbed to 
accomplish anything—even eating and dressing. He needed a lot 
of care. We found he had Ascaris larvae in the brain—in the 
cerebrum, where you think. He also had Acanthocephala, Dipe- 
talonema (a chicken roundworm), amoeba (Entamoeba histo- 
Iytica) and Fischoedrius in the thinking part of his brain. He had 
been in the pouitry business all his life: his mother probably shared 
this exposure, as well as other lifestyle habits that gave them 
solvents and pollutants besides parasites. He had constant ringing 
in his ears, this could affect hearing an ordinary conversation. He 
had a water softener that would have supplied a daily dose of 
‘aluminum to the brain, too. There always were dogs in the house. 
Perhaps the marvel is that he was no worse off, a tribute to human 
strength in general. 
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This chapter is a tribute to Jimmy, Nazy, Michele, Suzanne, 
Marlena and all the others who achieved excellence with daily 
care-taking of Mary Austin, deceased at 97. 

It's true that we have to die sometime. But why die before our 
life span is up? If many people can live to 100 years, then surely 
the human life span, not three score and ten, Some 
think the true human life span is closer to 140 years! 
And that we all lead shortened lives. The shortening is due to 
failure of some organ in us. Other organs are dependent on the 
ling organ and begin to so. When the brain fails, death 
‘occurs, sometimes in five minute: 

If we knew which organ is failing, we could come to its ai 
sistance and prevent the collapse of the whole body. Often 
easy to see which organ is failing. But whether this is the true 
beginning of the body's problems we cannot know. Before death 
there may have been appetite loss. Before the appetite loss there 
may have been a broken hip. Before the broken hip, dizziness, 
Before the dizziness a blood pressure or blood sugar problem. 
Before these, an episode of “flu” or a dental “repair.” Sometimes 
we know what started it all. But often we don't. Just make a gue: 
and begin somewhere, 


Diet 


If your aging friend or relative is in a home for the elderly, 
you may be able to persuade him or her to choose a diet that is, 
wiser than the average diet people eat there. This can help a lot. 
Just stopping drinking the coffee, decaf, iced tea and carbonated 
beverages that are served, and switching to the recipes in this 
book could get them off some of their medicines. 
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The beverages to encourage are sterilized milk and hot wa 
ter—delicious with whipping cream, honey and cinnamon. Thi 
gets them away from solvents, oxalic acid and caffeine. 

Old age is not a time when you “no longer need milk.” Cal- 

jum lo: in old age. Milk has the organic form of 
cium, chelated with lactic acid, and it has the cream to pro- 
mote absorption. For this reason, milk should never be reduced 
in fat content (not less than 2%). The cream is necessary to im- 
prove calcium absorption. 

In old age it is downright dangerous to be taking many cal- 
cium tablets. The stomach does not have the acid necessary to 
dissolve them. They pass into the intestine, disturbing its function 
and acid levels. With tablets, too, one must be c 
dosages, while food is self limiting. No elderly person would be 
able to drink more than one cup of milk at a time. This contains 
250 mg. of calcium, 

Milk, however, requires stomach acid to curdle it as the fi 
step in digestion, If there is not sufficient acid, it will pas 
‘gested into the intestine, causing new problems. We mi 
the elderly when they say milk gives them gas or other trouble: 

Having the milk warm to hot helps in getting digestion started 
in the stomach. Milk served hot with cinnamon accomplishes two 
purposes: it will stimulate acid secretion and the cinnamon is an 
insulin aid. Milk served hot with honey adds the nutritive value 
of honey, displacing the need for other unnatural sweets. The 
meal should always include something sour to curdle the milk. It 
does not have to be added to the milk; it can simply be included 
with the meal somewhere. 

Lemon juice or vinegar can be put in certain foods but the 
most reliable way to get it into the diet is to put 1 tablespoon into 
the water glass along with a teaspoon of honey. This gives the 
water a “sweet and sour” flavor, enough to make it interesting 
throughout the meal. The fresh lemon juice or white dis 
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tilled vinegar and a honey dispenser that is easy to use should 
always be on the table. Bring these two items to your loved one 
at the “home” if it cannot be provided regularly and reliably. Pop 
in at mealtime to check up on it. Powdered vitamin C (¥4 tsp.) is 
another useful acid if the first two are not effective enough. 

The lemon and honey habit, alone, can add years (healthier 
years) to an elderly person. The extra acid taken with lunch and 
Supper (the stomach has its own best supply of acid in the 
moming, for breakfast) improves overall digestion and helps 
dissolve the calcium, magnesium, iron, zinc, manganese, and 
other minerals in the food so they can be absorbed. 

‘The habit of using vinegar and honey in water as a beverage 
was made famous by Dr. Jarvis in his book Folk Medicine, 
1960. He recommended apple cider vinegar for its extra potas- 
sium. In those days, vinegar was made of good apples. Now, all 
the regular vinegars have mold in them. The toxin, patulin, in 
moldy apples has been carefully studied by scientists. It taints the 
vinegar as well as apple juice and concentrate made from them. I 
have not tested patulin to see if it can be detoxified by vitamin C. 
‘We must use only white distilled vinegar, even though it lacks 
potassium, aroma and popularity. Using a variety of honeys can 
make up for the need to vary the flavor. Get orange blossom, 
linden blossom, buckwheat, wildflower, and sage honey, besides 
clover blossom, 

But honey is not perfect food. It usually has ergot mold, a 
very serious toxin, To detoxify the ergot, you simply add vitamin 
C to the honey as soon as it arrives from the supermarket. This, 
gives it plenty of time to react with the ergot before you eat it. 
Bring your “fixed” honeys to the home, 

If your elderly loved one has not tolerated milk in years, start 
with the vinegar and honey beverage, or lemon and honey, and be 
patient until that is accepted. Then add only % cup milk to the 
day's diet, (in the moming, on homemade cereal). Go up 
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very gradually and only when digestion allows it. Of cours 
milk must be sterile. 

If it is not sterile, the final warming will only inci 
bacterial count. You must be sure of its sterility. Boil the milk 
yourself, Near-boiling is not hot enough. It must be heated until it 
bubbles up and almost goes over the container for ten seconds 
Use a non-metal pot that holds one to two quarts. You may throw 
away the skin, Then cool and refrigerate. Supply it to the home, 
too. 

Milk that is marketed in paper containers that need no re- 
frigeration has been sterilized; itis safe. 

‘Once the body, even an aged body, finds a nutritious food that 
does not cause troubles of its own, it asks for more. Your loved 
‘one will accept it and drink it without forceful coaxing, if there is 
no problem with it. As long as your loved one tries to avoid 
drinking it, your challenge is to find the problem and solve it. It 
is not a matier of taste or habit. It is a matter of digestibility and 
lack of toxicity. When your loved one is drinking three cups of 
milk (or buttermilk or whey) a day and three cups of water, there 
will be no room (nor request) for the usual coffee and tea and 
other bad beverages. 

We all must die of something. But it needn't be a stroke, or 
heart failure, or cancer. Choose what seems to be the most 
pressing problem to work on, Common problems that plague the 
aged are brain problems, incontinence, bad digestion, diabetes, 
tremor, weakness, feeling cold, sensitivity to noise, losing the 
sense of taste and smell, hearing loss, insomnia, kidney and heart 
failure 


Increase Oxygen 


Brain problems include memory los 
dementia (calling things by inappropt 


s, communication deficit, 
ate names and saying 
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inappropriate things). The brain is simply not getting enough 
‘oxygen and food to work right. It is like having a pocket calcu- 
lator with rundown batteries: it will give you wrong answers 
(without telling you they are wrong). Not enough oxygen to the 
brain is the main cause of memory loss, inability to find the right 
words, getting words mixed up and not being able to speak in 
sentences. You can prove this by providing oxygen from a tank; 
modern equipment is very easy to use and inexpensive. If your 
loved one responds well to a few hours of oxygen, you have 
proof of the problem. 
How can you increase oxygen in the brain? 

1, Open the blood vessels wider. 

2. Increase pressure of blood running through the blood ves- 
sels. 

3. Raise the oxygen level in the air that is breathed. Les 
bon dioxide, tobacco smoke and auto exhaust. All th 
including a gas leak from the pipes in the house, compete 
with oxygen. 

4, Increase the oxygen delivery system to the brain by raising 
hemoglobin levels. Cure anemia and low iron levels. 

5. Raise oxygen saturation of blood by keeping body acidity 
down, 

6. Correct a slow ani 


regular heart beat. 


Niacin 

Open blood vessels wider by giving niacin, Give it early in 
the moming, upon rising, as soon as the feet are set on the floor. 
Keep it at the bedside, use small capsules or tablets and combine 
this chore with water drinking. The water should not be cold and 
should have nothing added to make it a beverage. (Drinking 
water within minutes of sitting upright may also move the bowels 
soon.) A 250 mg. time-release niacin tablet (see Sources) is a 
good choice. The elderly have _ litle ef- 
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fects. Even the niacin-flush, which reddens the face and neck is 
welcomed since it gives a sensation of warmth. 

The flush is intensified by giving hot liquids or acids (even 
vitamin C) to drink. The flush is reduced by giving cold liquids. 
‘The opening of blood vessels by niacin only lasts a few hours. If 
you see it has a good effect on your loved one, give several a 
day. Do not use a prescription variety, since they are polluted 
with heavy metals; use only the brand in Sources, or a brand that 
you have tested pure. You can freely experiment with niacin to 
find the best dosage and variety; it is not toxic in this amount; but 
the size of the tablet should not tur it into an unpleasant chore, 
Reduce it if it seems too large to swallow. Don't cut tablets in 
half, the rough edges can scratch the throat. 

Hawthorn berry is an herb that opens blood vessels, par- 
ticularly to the heart. Carefully watch the effect on blood pres- 
sure when using it. 

Food mold, particularly er- 
got, has the opposite effect of 
niacin, Brain blood vessels are 
made narrower, cutting down 
the oxygen supply. Ergot is a 
common contaminant of grains: 
don't provide rye or 
pumpernickel breads or crack- 
ers, Don't provide wine or 
other alcoholic beverages; they 
are too contaminated with er- 
got and aflatoxin, Narrowing — Fig. 34 Alcoholic beverages 
the blood vessels in the brain contain ergot and aflatoxin. 
can lead to stroke. If you not Add vitamin C (1/8 tsp.) upon 
an attack of dementia coming, opening and wait 10 minutes 
try a niacin tablet (100 mg, not for it to act. 
timed release) immediately. 
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TIA’s, Strokes and Purpura 


Sometimes, the elderly person is aware of the onset of a 
brain attack; they may see stars or peculiar shapes or lose vision 
temporarily. These are called temporary ischemic attacks 
(TIA's), Immediately give a 100 mg tablet of niacin, 1 gram vi- 
tamin C, and a B-complex in this order of importance. 

TIA’s are caused by spasming in the brain blood vessels. If 
this causes them to spring a tiny leak somewhere, a part of the 
brain will not get its usual oxygen and nourishment. A stroke 
results, 

The spasming was probably caused by sorghum molds. 
Cooking during the manufacturing of sorghum syrup kills the 
mold but its toxic byproducts (mycotoxins) are still present. 
Other syrups may have sorghum added, polluting them, Brown 
sugar is also polluted with sorghum molds, but fortunately you 
can detoxify this mold with vitamin C as usual. Mix well % tsp. 
powdered vitamin C with each new (1 Ib.) box of brown sugar. 

Purple patches, like bruises, on the hands or arms of an eld- 
erly person are called purpura, and is also caused by sorghum 
molds. It weakens blood vessels so they break easily. 

When an elderly person has purpura or TIA’s and the mold 
source isn’t obvious, you must track it down. Test in a saliva 
sample for all the sweetenings used recently (at least an hour 
ago). At the very least, keep notes on all the sweeteners being 
used. Look for a common one at the next attack. Never let the 
trigger food be eaten again. 


Blood Pressure 


Increase blood pressure if it is habitually too low. Blood 
pressures below 110 may prevent strokes but ruin the quality of 
life. Low blood pressures are often due to toxins from foods. But 
severe salt deprivation in the diet can also cause this. If the 
adrenal glands are not conserving salt properly, too much so- 
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dium is allowed to leave the body with the urine, resulting in low 
sodium levels in the blood and a blood pressure drop. Adrenal 
performance is improved by taking the kidney herb recipe. 

‘The kidney herbs (page 549), at half dose level (Vcup a day 
instead of a whole cup) can be given daily for three weeks and 
then on alternate days indefinitely. Be very careful to keep the 
herbal tea sterile by reheating. Elderly people seem to sense the 
improvement given by kidney herbs. Try other kidney herbs from 
ne to time: shave grass, cedar berries, juniper berries, 
butcher’s broom, cornsilk, None interfere with drugs. Re- 
member, they also have a diuretic effect. Be prepared to use ex- 
tra paper padding in underwear to help catch the extra urine 
output. The first few nights may be disturbed by extra urination. 
Interpret this positively. 

After the blood pressure comes up to 115 (systolic) mental 
performance will be greatly improved. Don't try to bring it up to 
120 since this raises the stroke potential without giving you much 
improvement in performance. Use an electronic device to 
measure blood pressure, one with a finger cuff, not an arm cuff 
which can itself induce broken blood vessels. Purchase a device 
that needs no adjustments of any kind and has automatic cuff 
tension control (see mail order catalogs if your pharmacy does 
not have one). 


Air Pollution 


Improve the quality of the air by lowering the pollution level. 
Check into carbon dioxide, carbon monoxide, fumes from a gas, 
stove pilot light, auto exhaust from an attached garage or nearby 
highway, arsenic from household pesticide, PVC from new 
plastic curtains or carpeting, formaldehyde from wearing new 
clothing before washing it, asbestos from hair dryers, freon from 
a refrigerator, fiberglass, and chlorine from running tap water. 
Some of these displace oxygen, some are simply toxic to 
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the body and Jungs. Clean up the air according to the general 
principles of environmental cleanup (see Four Clean-ups, page 
409) 

For the elderly pay special attention to chlorine in the air. 
Shower water puts a lot of chlorine into the bathroom air which 
then distributes itself through the rest of the house. Notice 
whether your elderly person goes into the bathroom in fair shape 
mentally but comes out confused, unreasonable. Not every day's 
chlorine exposure will have the same effect. Trust your judgment, 
Attach a carbon filter to the shower head (see Sources). Purchase 
a variety that has very simple-to-replace cartridges. Figure out 
how long it should last and write the date for replacement on the 
‘outside of it for your own convenience. 


INTO | our 
When into and out of the bathroom is a different performance 
‘suspect chlorine. Put a filter on your faucets. 

Fig. 35 Chlorinated water can cause mental problems. 


Washing hands and face in chlorinated water can give off 
enough chlorine to trigger a manic episode in a manic-depressive 
person, Certainly, it is enough to cause mental ef 
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fects in an elderly person. Of course, the chlorine bleach bottle 
should not be kept under the sink. It should be kept in a closed 
plastic bag in the garage. It should not be used while the elderly 
person is in the house and never for his or her laundry. Use 
chlorine-free bleach. 

Don't pollute the air with fresh flowers, potpourris, or room 
fresheners. These can induce a dizzy spell. 

Room air conditioners may have a fiberglass filter! This fills 
the house with tiny particles of glass to be breathed by every- 
body. The body makes tumors out of them in order to stop them 
from cutting through your tissue. Replace the filter with a foam 
sheet. This sheet is 1/8 inch thick and washable. I have not found 
these types of foam filters to emit formaldehyde. 

Room air filters are not the answer to polluted air. Removing 
the pollution source is. Air filters may remove some of the toxic 
elements but by blowing the air (and dust) around vigorously the 
remaining toxins are made much more vicious in their effect. The 
noise of a filter motor and fumes it may put out itself adds misery 
to the simple job of breathing. Using a non-fiberglass filter at the 
furnace is a better idea 

Make sure all fragrances are removed from the air, even 
though family members “like” them. They don't belong in air. The 
Jungs treat them like toxins to be coughed up or removed by the 
Kidneys and immune system. This includes colognes, scented 
tissues, soap and shampoo and shaving supplies. If you can walk 
into the bathroom blindfolded and know you're in the bathroom, 
it's not clean enough. Everything in the bathroom pollutes the air 
of the whole house. People who must use fragrance should apply 
it outdoors to keep the indoor air less polluted. 
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system of tiny rafts called red blood 
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cells. They were meant to be an exact 
shape and size to fit the most oxygen 


molecules onto them. 


Each red blood cell is shaped like a Fig. 36 Red blood 
doughnut without the hole. This fits alot ¢ells, top and side 
more oxygen, O2, than round balls view. 
would. Yet, if there isn't enough vitamin By>, the dimple isn't put 
into them to make them doughnut shaped. This reduces the body's 
oxygen supply and the disorder is called “pernicious” anemia. 
‘The changed shape of the red blood cells is reflected in a bigger 
volume called mean cell volume (MCV). The correct volume for 
red blood cells is about 90 cubic microns. Many elderly persons 
have a MCV over 100! 

Thave seen pernicious anemia to be associated with Ascaris 
infestation. Kill Ascaris on a frequency generator (408 KHz) or 
zap. The source of Ascaris is usually a pet, owned in the p: 
Once infected, the tiny worms do not leave your body on the 
own. The infestation may date back to childhood. What ar 
for the bone marrow whose job it is to make red blood cells to 
have enough vitamin By: again! What does Ascaris do with your 
Bj? Br: is a beautiful rose colored vitamin, Some worms are 
actually pink from absorbing your By3! Giving By: shots is the 
current clinical treatment for B,) deficiency. Killing Ascaris 
twice a week by zapping and taking Bz lozenges (see Sources) is 
a better solution. (If your loved one is getting shots, make sure 
that no isopropyl alcohol is used on the skin beforehand. Provide 
vodka yourself in a small pocket flask or 70% grain alcohol for 
this purpose. Unfortunately, the shot itself may contain traces of 
this harmful solvent—take a sample home for testing.) 
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Other kinds of “anemia” can deprive your elderly person of 
oxygen. A low red blood cell count (under 4.4 million/mm’) is 
the “garden” variety. Sometimes iron levels are low and can ex- 
plain the low red blood cell count. Sometimes they are not. 


Most regular anemias, including low iron levels, are associ- 


ated with hookworm infestations, 


Kill all Ancylostomas along with Ascaris twice a week. It is 
not wise to take iron pills, even if they do raise hemoglobin lev- 
cls, except in life-threatening situations. Remove the tiny crea 
tures that cause microscopic bleeding instead. Iron in the form of 
pills is too easily snatched up by bacteria who also need it, 
making them more virulent to the body. Use grain alcohol rinse in 
the bathroom to kill Ascaris and hookworm eggs under fi 
gernails. Don't have pets in the house or keep them on di 
parasite killing herbs. 

It takes nutritious food to build the blood back up to its 
normal hemoglobin level. Eggs and meats (all very well cooked) 
are the richest sources of iron and other minerals used in blood 
building. B, and other vitamins are also involved and can be 
given as a B-complex (see Sources). Do not use black strap 
molasses as an iron source, or any molasses, since it contains 
toxic molds. (The molds could be detoxified with vitamin C the 
same way as honey. However, I have not tested enough molasses 
for solvents and you cannot risk these.) In the past, when the 
nutrient properties of molasses were discovered, the molasses 
manufacturing was a small, carefully conducted business. Now it 
has molds which cause platelet destruction, (purpuric spots) 
internal bleeding, and immune failure. 
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Acid Levels 


Oxygen must first jump onto its raft, the hemoglobin, in the 
Jungs. Later, in the brain, oxygen must jump off again to enter the 
brain cells. A difference in acid levels makes this possible. Acid 
levels operate the latching system that decides whether oxygen 
will be attached to hemoglobin or let go! Acidity unlatches 
oxygen. There should be no a i 
attach here. Sometimes, the entire body is too a 
asthmatics, arthrities, especially, suffer from total body acidity. 
‘Acid was meant to be removed from the blood and loaded 
into the stomach at mealtime for digestion. When this isn’t hap- 
pening, it was meant to be shipped out of the body with the urine. 
But the kidneys may be doing a poor job because they are 
clogged with tiny crystals and because not enough water is drunk, 
so the body's acid levels rise. You can test total body acidity by 
measuring the pH of the morning urine. It should not be under 
(more acid than) 5.5. If the body acid level is too high, help the 
kidneys excrete it by adding more water to the diet and more 
minerals to neutralize the acid. The main minerals for this 
purpose are calcium and magnesium. 


Increase Minerals 


Adding water to the diet could be the most difficult of tasks if 
your elderly loved one “doesn't like it.” Calcium should be in the 
Form of milk, magnesium as a tablet. When tablets cannot be 
swallowed; use magnesium oxide powder (see Sources). Use 1/8 
tsp. added to cooked cereal, soup, stew, pudding. Magnesium, 
being a mineral, does not get destroyed as vitamins may. You can 
add it anywhere in the diet where it won't be tasted. Notice how 
calming it is to have extra magnesium in this gradual way. And 
how much better the sleep is at night. 
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When water “doesn’t taste good,” there is probably a valid 


reason. The body may be trying to reject chlorine or other toxins 
in it, In this case, filter it with a small all-carbon unit that is 
changed right on sched- 
ule, A_ plastic pitcher 
(not clear plastic or 
flexible plastic) with a 
carbon pack fitted into 
the top is best. Sterilize 
it once a week by putting 
‘a cup of water and one 
tbs. of grain alcohol in it 
and tuming it upside 
down so the filter can 
soak for 15 minutes. 
Flush out the alcohol 
with two pitchers of 
water. Make sure the 
temperature suits the 
person, Temperature can 
mean everything to the 
never-thirsty person. 
Don't allow ice cubes, 
however, nor beverage 
making, with the essen- 
tial water. Adding lemon 
or vinegar (white dis- 
tilled) and I tsp. honey is 
probably the best way to 
stimulate both thirst and 
appetite. 

When blood is properly oxygenated it takes on a bright red 
color, unoxygenated blood is more purple. A chelation doctor 
can easily see the state of oxygenation, 


é 
Fig. 37 Water pitcher with filter. 
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Chelation 


Chelation is a powerful way to quickly improve oxygenation 
of blood. The most important rule to observe, though, is to take 
the treatment slowly. Especially if ethylene diamine tetra 
acetate (EDTA) is being used to remove heavy metals, it 
portant to take the treatment over a two hour time period. Mini 
doses may be given in a shorter time. Generally, you are in 
charge of the flow rate, Discuss it with the nurse. Weekly 
chelations can correct many problems of the elderly that no other 
treatment could, 

Because of hostility from insurance companies who do not 
wish to add another cost to their ledger and doctors indoctrinated 
with misinformation, bad publicity is given to this wonderful, 
life-prolonging mode of treatment. Clinical doctors who have no 
time to really investigate the statistics of chelation treatments and 
for whom this is purely competition may feel antagonistic to 
these treatments. Your loved one should not be the one who must 
suffer from medical politics. Go to see for_yourself what 
chelation is all about. The receptionist should be glad to show 
you around. The secret is to talk to the patients themselves. They 
are usually sitting around a room, eating their lunch and reading 
as their IV's drip. The pulse, blood pressure and blood chemistry 
is also carefully monitored. Sit down with them to find out their 
stories. Get a realistic picture of benefits and costs. 


im- 


Pulse 


The pulse reflects the heartbeat. A slow pulse can give weird 
brain symptoms besides great fatigue. The cause is usually a drug 
that is being taken to correct a fast pulse! Check with the nurse. 
Read the insert included with packaging for all drugs used. The 
drugs responsible are usually “beta blockers”, 
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used for the purpose of smoothing out the heart beat, that is, 
making it regular. Often the drug can be changed. 

Less than 60 beats per minute will lead to trouble. For a 
young person it is a good sign to be as low as 60, provided no 
‘drug is involved. But for the elderly it does not reflect a strong 
athletic heart beat. 

‘The heart is made of four separate “chambers” or compart- 
ments each pulsing in tum. They are like four horses pulling a 
wagon. Unless they pull evenly, the wagon feels jerky, and 
regular. The wagon will wear out sooner with jerky pulling. To 
smooth them out you simply slow them down. Apparently they 
sense each other better and can pull evenly now. 

‘A heart that is beating 100 times per minute, not unusual for a 
weak old heart, can be so irregular that it misses every fourth 
beat. That creates a terrible deficiency of oxygen. Imagine your 
four cylinder car or lawnmower missing one out of four engine 
strokes! Beta-blockers have some quite undesirable side effects 
but heart regularity has a higher priority. So drugs are the im- 
mediate choice. Later, when heart health is improved, the heart 
will beat regularly without drug use. In the meantime, watch over 
the pulse. When the pulse drops below 60 the new danger is 
slowness. Take the pulse daily when a new drug has been added, 
or when you are working on heart health, without getting your 
loved one anxious about it. 


Heart Health 


To improve heart health, the first steps of course would be to 
g0 off caffeine and to kill parasites and bacteria. This alone 
could drop the pulse from 120 to 80 in a few days. Obviously, 
the need for a drug is gone. Cut the drug dosage in half immedi- 
ately. Don't wait for a doctor's appointment to O.K. it. If you 
waited another day the pulse could be below 60. 
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Many common bacteria, especially Staphylococcus aureus, 
choose the heart as their favorite location. Their nesting pl 
though, will be under a missing tooth in the jaw (cavitation). 
Heartworm and Loa loa are two very common heart parasites 
You can have all these killed in a day, without side effects and 
your heart is once more free to beat regularly. Don't take a 
‘chance on over-medicating. As soon as the beat is regular and 
under 100 per minute, reduce your heart drugs. Stop them when 
you are regular and under 80. Fatigue will leave and the brain 
will work better. 

Raising potassium levels slows the pulse. Try to do this with 
diet by eating more potassium rich food and by conserving on 
potassium losses. The adrenals are in control of losses. Give 
them a thorough cleaning. The adrenals are situated right on top 
of the kidneys where all toxic things are being excreted. Being 
this near to the urinary tract will result in shared toxins. Urinary 
tract bacteria, small kidney stones, moldy foods and metal from 
dentalware are the chief offenders. Switch to composite tooth 
fillings. Use non-metal jewelry. Cook and eat with non-metal 
ware, Don't handle metal unconsciously throughout the day 
Aluminum objects that must be touched should be wrapped in 
masking tape: this includes walker, shower door, bathroom sup- 
ports. 

Door knobs, taped walker handles, and cane handles should 
be wiped daily with a grain alcohol solution. 


Treat the adrenal glands to 5 supplements 


1, Vitamin C: shake some into all foods that can absorb a bit 
of the sour taste, even cooked cereal and vinegar water. 

2. Pantothenic acid: 500 mg., one daily. 

3. Bg: 250-500 mg. daily 
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4. Folic acid: 800 meg. daily. 
150 mg. daily. These are minimum dosages. 


If no capsules or tablets can be swallowed put a three day 
supply in a heavy plastic bag. Pound with a hammer; then roll 
finer with a big glass jar. Use about 1/3 of the mix each day. If 
you are trying to do all this in a nursing home, feed it to your 
loved one while visiting. Put the powder mix in a plastic (not 
styrofoam) cup, add honey and stir until you get a paste. Feed the 
paste directly by spoon, Often the elderly prefer it this way in 
order not to bother with pill taking at meal time. Remind them it 
will turn the urine yellow 

When the brain problems are corrected for an elderly person, 
be sure to relate the improvement to him or her. Improvements 
should not be dismissed lightly. Keep notes. This encourages the 
elderly, letting them know their existence and quality of life is 
important to you. Improvements are not merely steps to yet 
further improvements. Enjoy each bit of progress; it is often too 
subtle for your loved one to notice even when it is glaringly 
obvious to you. Before and after a chelation treatment can show a 
dramatic change in mood, energy, appetite and communication 
ability, yet get no comment from your loved one. Point it out 
explicitly so your loved one can look forward to it, too. 

Aging is no fun. The elderly long for a brisk gait, laughter, 
and a picnic at a park again, They dwell on dying, though, be- 
cause they know it isn't far away and wonder what to do about it. 
They dare not talk about it because it is too painful a subject for 
the loved ones. And the immediate problems are too pressing to 
allow much contemplation of future problems. Talk about aging 
in its positive aspects. Let your loved one express feelings about 
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Incontinence 


plagues most elderly persons. It begins to plague women 
much earlier—afier childbirth, for instance. Surgically shortening 
the bands that hold the bladder in position (called bladder 
“ifting”) can give temporary relief, but the surgeon may be the 
first to tell you that it is a temporary fix. Still, it is so shocking 
not to be able to run a few steps or sneeze or cough without 
wetting the underwear, that anything seems better than doing 
nothing. Surgeons will tell you that the bands have been 
“overstretched.” 

The real reason why nothing, not even surgery, is permanent 
is that the support bands are weak. Bacterial invasion causes 
sium levels (due to excess 
's more weakness. When 
you kill bacteria (and Schistosomes and Ascaris and other para- 
Sites that bring in bacteria) and blood potassium levels go up, the 
problem is solved. Overnight you may throw those pads away. 
Even though you needed three pads to be “safe” you will not 
need any. Whether you have killed bacteria permanently 
determines whether you have permanently cured the condition. 
Make sure all dairy foods are absolutely sterile, Ask that the milk 
be boiled for ten seconds and other foods that can't be sterilized 
are not on the menu, like sour cream. Sour cream has too much 
tyramine to be safe. Tyramine is a bacterial by product that is 
quite toxic; it is rather high in aged cheese, also. With the food 
bacteria, Salmonellas and Shigella, out of the way and para: 
being killed regularly, you can focus attention on the adrenals 
which control potassium levels. 


Be careful not to rave about the foods that your loved one 
cannot eat. 
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Hold the loose (non-anchored) end of the wire with tweezers in close proximity to the device as shown in 
Figure 11. 


jure 11. Side 2 anchored and ready for solder heat 


You will now need to simultaneously apply solder heat and pull the wire away from the QFP, pulling at a 
slight upward angle from the board surface. Apply solder heat beginning at the lead closest to your twee- 
zers, As the solder melts, gently pull the wire away from the QFP while continuing to move the solder 
heat from pin to pin to the right. You should not pull very hard. Pull as the solder melts, Do not leave the 
solder heat on any lead for more than necessary. The first lead will take the longest to heat, and after the 
wire gets hot, solder on the other leads will melt quickly. Excessive heat will damage the IC device and 
the PCB pad, The removal of 12 pins from a 48TQEP should take about 5 seconds total. Signs of exces- 
sive heat are: 


+ Melted plastic on the IC device 
+ PCB pads that lift off 
+ Brown scorch marks on the PCB 


With one side of the QFP completed, repeat the same procedure on the other three sides of the QFP. Cut 
off the dirty part of the wire wrap wire or use a new piece for each side. Dispense flux again for each side. 
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Eating more potassium in food is a good nutrition project. 
Bananas are the top choice. Fresh fruit salad and baked potatoes 
and soup also provides a lot. Mixing potassium salt with regular 
salt, half and half, for the shaker is another easy trick, even if you 
only use it in cooking where the taste cannot be detected. 
Potassium by prescription is often used by clinicians to conserve 
body potassium during diuretic use. This need not be stopped (if 
the pills are not polluted) although taking potassium pills is less 
useful than salting it in because the adrenals will let any big dose 
escape anyway. A sign of too much potassium is a slow pulse. 

It may be necessary to wear some kind of incontinence un- 
derwear, Try to avoid them at night, though, so the skin can 
breathe freely. Bring a commode near the bed for the night, rather 
than diapering your loved one (but don't call them diapers; say 
“underwear”). Absorbent pants of all kinds are heavily 
chemicalized. This is absorbed by the skin and adds to the toxin 
level. Less will be absorbed if you powder the skin with com- 
starch first. Use them minimally and line them with tissue or 
paper towel. Chair and bed pads, too, are chemicalized. Don't sit 
on them with bare skin, To facilitate getting to the commode 
quickly in the night, dress the elderly in a short night shirt, no 
pajamas or long gown, Bed socks on the feet help with warmth, 

Wash the body parts daily, around the urinary and rectal 
outlet, using borax water. Follow with 5% grain alcohol. Put 
washcloth in laundry after a single use. Nothing, not even brain 
improvement, impresses and encourages an elderly person as 
much as seeing the incontinence lessen. This bit of progress will 
put him or her solidly on your side. When they believe in you, it 
makes your task more rewarding. Remember to enjoy and cele- 
brate your achievements together; don't make a grim business out 
of it. 
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Bad Digestion 


with its excessive gas and burping is another plague of the 
elderly. They would rather not go to church nor visita friend than 
embarrass themselves in that way. 


Chewing 


It all begins with the stomach although chewing food well is 
essential for really good digestion. Dentures should fit perfectly 
so the mouth does not develop sores. Using denture cream is not 
a good substitute for correct fit and is to: 
often toxic, even containing mercury in its 
plastic can seep! Such toxins lower the immunity of the mouth 
and throat and stomach since it all flows down into the stoma 
in the mouth permit s to be 
. If your elderly loved one has a red-looking mouth or 
throat, instead of pink, an infection is going on in spite of no 
coughs and no complaints. 

It will do no good to keep zapping bacteria when reinfection 
.0 easy. First kill the bacteria in the dentures by soaking in 
70% grain alcohol. Then test the dentures for toxins. Soak the 
dentures in water for several hours. Rinse and soak again in fresh 
water. Repeat a third time to insure that any toxin found came 
from the dentures, not the saliva, Save this water for testing. 
Search for heavy metals in the denture water. If you find any, you 
know the dentures are toxic! Get new ones, made of uncolored 
methacrylate (see Dental Cleanup, page 409), 

‘The denture-soak should kill bacteria each night. Plastic hi 
tiny pores where bacteria can hide. Use 70% grain alcohol which 
you make yourself or plain vodka which is about 50% alcohol. 
Since alcohol evaporates and is expensive, use a wide mouth jar 
with close fitting non-metal lid for all this. Fish them out with 
your toothbrush so it gets sterilized too. It only takes 
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minutes to kill everything. Commercial denture cleaners are much 
more toxic than grain alcohol; don't use them. 

Use food grade hydrogen peroxide or salt water to brush 
teeth in your mouth, never toothpaste. Toothpaste has toxic 
metals (tin, fluoride, strontium) besides benzene pollution. See 
the section on brushing teeth (page 532) for details and sources. 
If you are responsible for this daily chore, use homemade floss 
(2 pound to 4 pound nylon fish line) first; then brush. If your 
loved one is seated they may be able to handle the brush by 
themselves, giving them pride in the achievement. 

If an elderly person refuses or can't wear dentures, provide 
food that is soft and without chunks since this decides whether 
the stomach can digest it. The stomach is the weak point of the 
digestive process for the elderly because nearly all don't produce 
enough acid to get the job done. 


Stomach Acid 


The body produces hydrochloric acid (HCL) which gets 
pushed into the stomach from the blood! The enzyme, carbonic 
anhydrase, a zine enzyme, is involved. Not many ways are 
known to stimulate this whole process. Drinking water before 
meals stimulates it in unknown ways but is hard to do for the 
elderly. Next best is to provide acid. 

Because strong HCL would dissolve teeth it is not available 
as a solution to aid digestion. Ask a pharmacist to make a 1% 
HCL solution and use 10 drops of it in a beverage at mealtime 
once a day. HCL as a tablet (“Betaine HCL”) is available but 
doesn't have enough HCL in 

Using a lemon or vinegar and honey beverage helps with di- 
gestion although this provides citric or acetic acid, not hydro- 
chloric. These acids are completely metabolized so they don't 
add to the body acid level. But the fact that it is not hydrochloric 
means that it can't kill bacteria and parasites in the stomach 


296 


PUSHING BACK AGE 


like regular hydrochloric acid could. The stomach becomes a 
haven for Salmonellas and other bacteria and this is the biggest 
digestive plague of the elderly. Salmonellas dig deep into the 
stomach wall, safe from antibiotics and stomach acid and aren't 
washed away with the food. When they take over the region near 
the top of the stomach, it weakens the esophageal sphincter and 
food keeps coming back up a bit—a most uncomfortable 
development, especially after supper or when lying down. 

When the Salmonellas spread out further to invade the dia- 
phragm around the sphincter, the diaphragm weakens, and lets a 
bit of the stomach up through the hole. 

This causes hiatal hernia distress. Don't settle your loved 
one in an easy chair after supper. This presses the stomach up- 
ward and the food up, too. Leave them sitting at the table a while, 
then walk a bit, to get the food down lower. The food will sink 
lower if some of it can leave the stomach at the lower pyloric 
end. But if Salmonellas are entrenched here, too, the lower end 
does not have enough action to push the food through the valve. 
Drugs like Reglan™ are given to speed this up. 

‘What helps most is getting digestion completed. This sets up 
the natural cues for emptying. Digestive enzyme tablets have been 
in popular use to help digestion, But they may not be safe since 
they have not been sterilized. Always try the vinegar and honey 
method first. Coughing during eating is a sign that the diaphragm 
is irritated (by a hiatal hernia). If drinking water starts the 
coughing, omit it at the beginning of meals. Work in sips during 
the meal, 


Salmonella and Shigella 


Some Salmonella infections can bring dizziness to your eld- 
erly person, Dizziness is another plague of the elderly, keeping 
them from going shopping, getting to church and even from getting 


around their own homes. Drugs such as Antivert™ are 
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given but only take the edge off the problem. Feeling dizzy can 
make your loved one home bound and stuck to a walker for every 
move. 

Salmonellas, along with Shigellas, produce very toxic sub- 
stances that cause dizziness. There are three common Salmonella 
varieties: Salmonella enteriditis, Salmonella paratyphi, and 
Salmonella typhimurium (386, 380, 354 KHz). Kill Salmonellas 
daily for a month by taking Lugol’s iodine (6 drops in a half cup 
water, after meals and bedtime, see Recipes). Unfortunately, this 
will not kill Shigellas; follow the Bowel Program (page 546) to 
get them, 

During this time set up a system of sterilizing all dairy 
products (see Milk, page 425) since this is the source of rein- 
fection. Set up a system of rinsing fingers (and fingernails) in 
10% grain alcohol in the bathroom. Deli food and restaurant 
salads carry Salmonellas and Shigellas, too. Kill them, rou- 
tinely, after eating such food due to necessity. A warm stomach 
full of food at a neutral pH is just the right culture condition for 
these bacteria, It's like putting yeast into a bowl of warm water, 
flour and sugar. In half an hour it is overflowing with growth. 

Once Salmonella is entrenched in an organ it is difficult to 
eliminate. Only an electric zapper can kill them all (in an organ, 
not the bowel). If your body has the right conditions (like a low 
acid stomach) to let them grow you dare not swallow another 
one! Shigellas arrive with dairy foods, too, but prefer the lower 
intestine as their headquarters. Indigestion that starts right after 
eating is probably due to Salmonellas. If your indigestion comes 
in the night, this suggests Shigellas, since they've had time to 
reach their favorite place further down. 

Campylobacter and E. coli, other digestive bacteria, are 
sometimes the culprits. The Bowel Program is effective against 
these also, Besides getting digestive improvement you get mental 
improvement, less depression, less dizziness, less irritabi 
after clearing these up. Remember that eating bacteria and 
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killing them later will not solve the problem. Stopping eating 
them will 


Other Clues 


Digestion problems that remain after eliminating bacter 
be diagnosed in a rational way. Ask these questions 
+ Is the stool orangish-yellow, or very pale, instead of 
greenish brown? If so, bile isn't getting delivered to the 
small intestine from the liver. 
s there abdominal pain? (More about this on page 97). It 
may be due to Ascaris, flukes, or other parasites. 
+ Is there constipation? This will let wastes accumulate, all 
the longer for bacteria to thrive on them. 
+ Is there bloating? This is due to gas made by bacteria. 
+ Does the stool float? If so, it must be lighter than water and 
contain fat or a great deal of undigested material. 


Liver Bile 


Bile is necessary for digestion. Absorption of fat and calcium 
depends on bile mixing with the food. When fat isn't absorbed, it 
s in the intestine. Fat is lighter than water; it makes the stool 
Feces should not float. When the stool floats you can 
assume that calcium isn't being absorbed either, leaving the 
blood in a deficit which will be taken from the bones. 

If the stool floats or is orangish in color prepare your elderly 
person for a liver cleanse (page 552) to clear a bile duct of ob- 
struction. They get quite fond of these cleanses and will ask to 
have one. Liver cleanses are completely safe, even for persons in 
their 80's. One of the stones pictured on page 554 came from a 
woman age 97. The general rules apply to the extremely elderly: 
Kill all parasites first by zapper if possible, otherwise by 
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herbal parasite killing. Do a kidney cleanse (page 549) 
using half a dose instead of the regular dose, for three to six 
weeks. Attend your loved one in person for the liver cle: 
have a commode at bedside, protect bedding from accident: use 
paper underwear if necessary. Share the joy of getting gallstones 
‘out painlessly with your loved one; let them see and count them if 
they wish before you flush them (use a flashlight). 

Be extra careful with the skin cleansing. Hot water soothes 
and heals. Use starch skin soother to dispense onto the wet paper 
towel, besides borax solution and alcohol, Don't use ordinary 
soap. The starch skin softener gives the smoothness of soap, and 
prevents the pain of friction. An elderly person may have no 
diarrhea at all with the Epsom salts! Evidently the body absorbs 
all the magnesium so eagerly, none is left in the intestine to 
absorb water and create diarrhea. It is especially important 
though to rehydrate your elderly person after a diarthea. Thi 
time they do not balk at water consumption, The liver cleanse, it 
seems, gives them new thirst as well as new appetite. But it 
doesn't last long. As the stones from the far comers of the liver 
move forward, they compact into larger stones and plug the duct 
again. Their previous symptoms return, Try to give a clean 
‘once a month until the dark color of the stool returns and it no 
longer floats, 

The benefits of a liver cleanse will last longer if valerian 
herb is taken the day after the cleanse and from then forward. It 
may be preventing spasm of the bile ducts. Use 2 oz. of the herb 
(cut) in 3 cups water. Simmer for 5-10 minutes, let settle or 
strain, Add honey to sweeten, Give a few ths. every 4 hours (or 6 
capsules) for several days followed by a daily dose at bedtime. 
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Constipation 


If constipation is a problem, use an herbal product rather than 
a drug until you have removed the cause. Cascara sagrada (half 
dosage) or prunes work for many people. Adding roughage to 
the diet is a good solution but often doesn't work. If you try bran, 
you should add vitamin C and boil it, first, because it is very 
moldy. But even eating tree branches for supper won't move a 
bowel that has the wrong bacter 

Bacteria are part of the cause; and part of the result! Cons! 
pation the bacteria level which causes further consti- 
pation! You may solve the constipation problem immediately by 
zapping. Even though this kills some “good” with some “bad” 
bacteria, no harm is done. The stool is recolonized in one to two 
days, 


\creases 


Poop Your Troubles Away 


Two bowel movements a day are the minimum necessary for 
‘good health. The first one should be in the morning. The morning 
cup of water, drunk at the bedside has the magical ability to 
move the bowels. Cold water may fail. But the water effect only 
works in the early morning. Waiting until after breakfast may not 
work. Notice the energy lift your loved one gets from this most 
primitive body cleanse. Take advantage of this to exercise them, 
Go immediately for the morning walk. This might be the only 
time of day they can enjoy their walk. 


Walking and liver cleansing are the most health-promoting 
ivities you can do for your loved one. 


Make walking as essential as eating, Walking is not merely 
walking about the house or shopping. Walking should be done 
‘outdoors. Walking is a brisk exercise, done as speedily as pos: 
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ble and lasting at least Your. Only if the weather doesn't allow 
‘outdoor walking can an indoor walk be substituted. Don't let your 
elderly person choose whether they will walk that day. To 
overcome resistance, find a cheerful neighborhood person will 
ing to do this task for pay. The need to respond to a new stranger 
energizes the elderly more than your persuasion can. 


Sugar Regulation 


Diabetes is a common development in the elderly. If your 
loved one is already on a pill for beginning diabetes, take this 
your challenge never to let it get worse. It is not a chronic meta 
bolic deterioration. It is a destruction of the pancreas 
(specifically the islets) by the pancreatic fluke which is attracted 
to the pancreas by wood alcohol. Zap flukes and eliminate wood 
alcohol as described in the section on diabetes (page 173). 

Use no artificial sweetener and no beverages besides milk, 
water and the recipes given in this book. This is one regimen 
your loved one will not resent. They are well motivated to pre- 
vent the need for giving themselves daily shots of insulin, Use 
this motivation to acquire the taste for new foods and beverages. 


Elderly Person’s 7 Day Diabetic Diet 


Daily supplements: 4 chromium (200 meg. each), 1 or 2 B- 
50 complex, vitamin C (1,000 mg. or M4 tsp.). Take with food. 


Breakfast 


Choose any one; they need not be in order. 

1, Two eggs, (replace carton and wash hands and eggs before 
cracking), wheat-free, corm-free bread, not toasted (special 
breads can be found in the freezer section of natural food 
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stores), with butter and 1 tbs. orange blossom honey. 1 
peeled pear, raw, with whipping cream. One cup hot milk 
with cinnamon, 

2. Old fashioned oats, with 1/4 tsp. cinnamon and 1/8 tsp. 
vitamin G stirred in just before serving. Mix whipping 
cream with sterilized milk to make a “half n half” for the 
cereal. 1 ths. honey. 1 banana. One half cup milk, one half 
glass water with honey and vinegar. 

3. Fried potatoes with 2 eggs (use only butter, olive oil or 
lard), 1 cup hot or cold milk. A quartered orange (wash the 
orange before quartering). 

4. Cream of rice, with homemade “half n half” or whipping 
cream, cinnamon and vitamin C stirred in. 1 cup milk, 1 
banana, 

5. Cottage cheese, cooked in covered skillet to sterilize. Add 
chives or peeled fruit (not canned). Wheat-free, corm-free 
bread, or rice bread with 1 tbs. honey. 1 nectarine or piece 
of melon. 1 cup hot milk. Water with vinegar and honey. 

6. Pancakes or waffles with butter and eggs (no sweetening). 
Fruit (peeled), hot milk, water. 

7. Fruit cup, large bowl of peeled, chopped mixed fruit with 
whipping cream and 1 tbs. honey and rice bread or other 
wheat-free, corn-free bread with unsalted butter. I cup hot 
milk with cinnamon, 

Remember, all honey must be pretreated with vitamin C. All 
fruit is peeled and free of blemishes and soft spots. All milk, 
cream, butter must be sterilized for 10 seconds at full boiling 
point, Butter must not be “raw”. Get wheat-free, corn-free bread 
at a natural foods store 


Lunch 


It is better to have most of the day's calories in the middle of 
the day than at the end, Arrange for dinner at noon if possible. 
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Note that in the following pictures, the old IC device is not being saved, There is slightly more heat being 
applied here than necessary to speed up the process. This result is some melted plastic and missing gull- 
wing leads. These are visible in the pictures that follow. If you are trying to save the IC being removed, 
then you must be very careful to apply as little heat as possible during the removal process such that the 
QEP leads remain intact in the plastic QFP body. This will require some experimentation with solder heat 
settings and timing, 


tee 


Figure 12. Hold tweezers close to device 


Figure 14, Side 2 almost complete 


Rev. 1.1 9 


SILICON LABS 


‘THE CURE For ALL DISEASES 


Dinner 


Choose any one. 
1, Green beans with potatoes, meat dish, cabbage apple salad, 
water with lemon juice and honey, 1 cup hot milk. Water. 
Fresh green beans, especially fava beans contain a sub- 
stance that is described in old herbal literature to be espe- 
cially beneficial to diabetics. Don't overcook them—it 
might harm this substance. 
For the same reason, don't use canned green beans. If 
“fresh” isn't possible, choose “frozen” but rinse the 
chemicals off before cooking. Potatoes (not overcooked), 
peeled to make sure there are no blemishes (contain mold 
and pesticide) can be cooked with the beans. Cook with 
onions and oregano for flavoring. Add fresh chopped 
parsley to the sauce or butter for both green beans and 
potatoes. Fresh parsley has special herbal goodness (high 
‘h potassium, diuretic.) 

The meat should be overdone. “Fast food’ 
plopped from the freezer into the boiling grease which 
browns the outside nicely but can easily leave the inside 
undercooked. Meat must never be “rare.” There should be 
no redness near bones! Canned meat is safe from parasites 
but may have smoke flavoring added (contains benzopy- 
rene) or nitrates. Avoid these chemicals. Avoid MSG too 
Whenever a meat dish is not accepted, substitute sardines. 
Let them choose from a display of six kinds. Purchase the 
flip-top cans to avoid eating metal grindings from the can 
opening proce: 

Cabbage for salad should be chopped fine enough to be 
digestible. Add finely chopped apples (peeled) and a few 
apple seeds and whipping cream for the dressing. 
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‘Sweet things are reserved for dessert. Since a diabetic's 
tissues are not absorbing sugar, they crave it more and 
more. As the diabetes improves they crave it less. For des- 
sert, serve 1 tbs. of honey to satisfy this craving without 
endangering their blood sugar regulation. It can be used in 
the hot milk or in other ways. Undercooking the vegetables 
also helps slow down the sugar release. Never serve 
mashed potatoes for this reason. 

The drinking water should always have a little vitamin C, 
lemon juice or vinegar added, and 1 tsp. honey if desired. 
Asparagus, potato, raw salad, fowl dish, fruit, water with 
vinegar and honey, | cup hot milk. 

‘The asparagus can be fresh or canned. Bake the potato: 
not in aluminum foil, not baked until fluffy. Don't let the 
skin be eaten, Use genuine butter, only, or a homemade sour 
cream dressing (see Recipes). Fresh chopped chives may 
be added but no regular sour cream since this is very high 
in tyramine, a brain toxin. 

The raw salad should be chopped small enough to be 
edible by dentures. Use homemade salad dressing with a 
preference for oil and vinegar styles. 

The fowl dish should be very well done, never “fast 
food”. 

For dessert, fresh fruit chunks dipped in a homemade 
honey sauce (honey, water and cinnamon). Less sweets are 
consumed if you dip the fruit rather than pour the sauce 
over. Limit the total to I ths. honey. Don't serve grapes or 
strawberries due to the intense mold problem. 

Soup, sandwich, fruit, hot milk, water. 

Soup should be homemade from scratch. Add bones and 1 
ths. vinegar (white distilled) or a tomato to the kettle to 
ensure some calcium leaches out of the bones. A fish 
chowder serves this purpose very well, too. 
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The sandwich has lettuce, real butter, and whatever else 
tastes good (no cheese, bacon bits or condiments). The 
bread is wheat-free, cormfree, stored in freezer. Home- 
made salad dressing can be added. 

The fruit may be chopped with whipping cream, cinna- 
mon and honey sauce (not more than 1 tbs. honey). 

‘The water may be plain if there was vinegar in the soup. 

4. Fish, green beans, potatoes, other greens, fruit, hot milk, 
water. 

Fried or baked fish is served with lemon or lime. Green 
beans are served with a cheese sauce so a lot will be eaten. 
(Cheese sauce: add milk, olive oil to a block of cheese 
Melt and cook at least 10 seconds.) Serve au gratin pota- 
toes or scalloped potatoes or any kind of potatoes that will 
be enjoyed. The extra greens can be beet greens, collards, 
mustard greens or spinach served with a favorite dressing 
to make sure it’s eaten, (No croutons or bacon bits, though.) 

Never serve dessert if the plate has not been cleared. 
Your loved one isn't hungry enough. If appetite is very 
poor, sweets will only worsen the problem. Try to change 
the menu to stimulate the appetite. Acid foods stimulate; 
spices and B-vitamins (especially B,) stimulate; hot foods 
stimulate. Much appetite is controlled by the liver and 
brain. Toxins at either location (especially food-derived 
toxins) tell the body to stop eating. Suspect food molds 
first, bacteria and chemical additives next. 

5. Asparagus, meat dish, white rice (brown rice contains 
mold), coleslaw, milk, water, ice cream. 

‘A hot meat dish (no pasta, no wheat flour, no regular 
gravy) can be fried, cooked or baked, but not grilled. As- 
paragus is fresh, frozen or canned. Rinse if frozen. Fix it 
differently than last time. Season rice with parsley and 
minimal salt and pure herbs like thyme; no MSG or mixed 
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seasoning, make butter sauce. Dessert is homemade ice 
cream (see Recipes). 

Fish or seafood hot dish. Green peas or peas and onions 
Peeled sweet potato with butter (not canned). May switch 
sweet potato with rice on asparagus day. Sliced tomatoes 
or cucumber or other raw vegetables with or without 
dressing. Milk, 1 tbs. honey (can be used on sweet potato). 

Chili or stew with unlimited rice-bread and butter. If chili 
produces gas, stay away from it, Serve no canned varieties. 
Grated carrot salad with stewed raisins added and heavy 
cream. Milk, water as usual, Blueberry pie, sweet potato 
pie, custard pie. 


If more bread is requested, provide a wheat-free, corn-free 


variety; but limit bread eating to “after main dish” eating. If not 
enough milk is drunk: make custard pudding or rice pudding so 
the daily amount (3 cups) is consumed, 


Supper 


1 


Tuna with salad dressing or tuna salad (no pasta), Non- 
wheat raisin bread (from natural foods store) and butter. 
Milk, water. 

Custard, cooked greens, baked potato. Rice-bread and 
butter. Herb tea with milk added (single herb only, not 
mixed herbs). 

Vegetable soup, homemade, from scratch. Leftover meat 
sandwich with rice-bread (no deli or cold cuts or luncheon 
meat). Milk, water, 

Baked squash with butter, rice pudding with cinnamon, 
raisins, and honey. Canned salmon or sardines with wheat 
free, com free bread. Milk, water. 

Chili or stew leftovers with wheat free, corn free bread. 
Custard pudding sweetened with honey, and nut- 
meg/cinnamon mix. Milk, water. 
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6. Sardines and rice bread or other wheat free, corn free 
bread. Homemade tomato juice with celery, strained. Milk, 
plain water. Pie a la mode (homemade pumpkin or squash 
pie and homemade ice cream), 

7. Potato salad. Leftover meat dish and beans, stewed toma- 
toes, squash. Baked apple with cinnamon, cream and honey. 
Milk, water. 

Many diabetics lose 50 points (mg/DL) of blood sugar i 
few days on this diet. This is why: there is less bread than a di 
betic would prefer. There is very little cheese (it must always be 
boiled in a sauce to sterilize). There is no fruit or vegetable juice 
except homemade, and not much of that because it crowds out 
milk and water. If your elderly loved one can't eat all this, make 
sure there are no snacks consumed between meals that are for- 
bidden, 

‘There is no pasta anywhere. Pasta is mold-ridden, Even after 
cooking, it may be toxic. There is no wheat or corn bread. The 
menu is heavy on green beans and asparagus and cinnamon. If by 
chance, your elderly person hates these and starves themselves to 
get your sympathy, add a lot more potatoes and rice (never 
brown) to raise calories 

There is no sweetening other than honey (5 kinds). There are 
no syrups or sugars. Honey is self limiting—the taste for it is all 
gone after 1 ths. Not so for other sugars. The heavy use of cream 
and butter is offset by no deep fat fried food and little cheese. 

Keep in mind that this diet may reduce the need for insulin 
almost immediately. You may have to cut it in half! But how 
would you know this? The morning blood sugar test is essential 
to keep track of changing circumstances. Don't neglect it. Be 
careful not to use rubbing alcohol when making the finger stick 
(use vodka or grain alcohol). Your elderly person will feel 
all worthwhile (doing without coffee or pie) if one less insulin 
shot is needed or if they can go back on tablets instead of insu- 
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lin, Or even just the knowledge they are staying well controlled 
and will never have to take insulin shots. Remember to give 
yourself the credit for a fine accomplishment when your loved 
‘one's diabetes improves. 


Diabetic Supplements 


Several supplements are especially good for diabetics: 

+ Fenugreek seeds, 3 capsules with each meal. 

+ Fresh vegetable juice made of raw green beans and carrots 
(Yeup total) 

+ Bilberry leaves. Maybe they have something in them that 
helps detoxify wood alcohol, since bilberry leaves are 
good for eyes, too. Get in capsules or make a tea. 


Diabetic Eating Out 

Since the rules are always somewhat relaxed when “eating 
out” a diabetic loved one will badger you to go out with them. If 
rules are sure to be broken, calculate it into the rest of the day so 
you can compensate for it. 


Extra Diet Tips For The Elderly 


Food should taste good. 

Eating is a fundamental pleasure of living. In old age there is 
no other pleasure that can equal enjoyment of food. It is a time 
when we long for the foods of our own childhood, too. Ethnic 
foods often had to be given up when children were raised 
(switched to hot dogs and pizza) but with this diversion gone, a 
return to family food would be most welcome and most healthful. 
Ethnic foods were made from scratch. And they certainly were 
made at home where cleanliness and “persnickitiness” are at 
their finest! A speck in the batter gets noticed. Not so in a 
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commercial mixing vat. Pots and pans are sanitized with hot 
water, not chemicals. 

Good advice is to return to old fashioned home cooking: with 
flour and butter, lard and cream, homemade pasta, olive oil 
oup, coarse cereal grains and plain fruit, Gone are the fruit 
flour mixes, crackers and sweets that fill grocery shelves. 
‘What about convenience? Old fashioned cooking took most of the 
day. It does take 3 or 4 hours to make a soup from scratch. But 
you then get 3 days off! Each day you reboil it, itis sterile again, 
Or freeze half of it (take the potatoes out first). It does take a 
whole morning to make pasta or some ethnic dish. Freeze it in 
plastic sealed containers so the delicate flavor isn't spoiled. 
Baking homemade bread is automated now. Do at least this much 
to get away from the mold-ridden grocery store loaves. Make 
your own ice cream and nut butters. They last many days and free 
your schedule. 

Time is the great inhibitor but if you have the means or the 
help, the best advice, nutritionally, is a return to old-fashioned 
cooking and recipes. Use your new insights to improve them 
where you can, Don't use your mother's aluminum ware; use her 
enamel ware or the new glass and ceramic ware. Don't use her 
copper-bottomed tea kettle or gold-rimmed cups or “silver”. Use 
her wooden spoons, glass glasses, and plain dishes, her wooden 
and straw bowls and enamel pots and pans. 


Salt 


Should you avoid salt? No. But a good salt rule is to either 
cook with it or have it on the table, but not both. Use aluminum- 
free sea salt, and make sure the salt is sterilized by heating five 
minutes at 400°F in a glass pie plate to kill mold. (Sea gulls fly 
over the salt flats where sea salt is gathered. Their droppings 
provide a medium for mold.) 
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Fig. 38 Sea salt flats are often roosting places for sea gulls. 


The best salt is a mixture of 1 part of your aluminum-free, 
sterilized sea salt and 1 part potassium chloride (another kind of 
salt, see Sources). Potassium ousts sodium (salt) from your body, 
so you can use twice as much of this kind of salt! Also, the extra 
potassium helps lift fatigue and has other benefits. 

Always use a non-metal salt shaker with a closable lid to 
keep out moisture. Don't put rice in your salt because it invites 
mold. 

Since you, the cook, know where the salt is, (mostly in soups 
and stews), don't serve as much of these when there is heart and 
kidney illness or high blood pressure. Don't put salt in cereal, 
cooking vegetables, or other dishes. Just leave it out! Use herbs 
instead. Tip: encapsulated herbs stay fresher and are more 
potent. Fenugreek and thyme are the most beneficial of the 
common cooking herbs. Just open a capsule and season. 
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Tremor 


‘Tremor is 


symptom, not a natural part of aging. The nerves 
controlling the hands and arms are poisoned. The nerves 
originate in the brain where the poison has accumulated. What is, 
the poison? Did it happen long ago? No! It could have happened 
as long as two weeks ago but not longer! 

Tremor is the result of ongoing poisoning! It is important to 
find the poison as soon as you can since the rest of the body will 
soon be affected, too. Search your memory for the new things that, 
happened in the last two weeks. It is a herculean task but only 
gets harder each day, so keep notes as you ask: Is there new 
carpeting? Is there a new furnace? Is there a different water 
supply? Is there a new hair dresser? Did somebody bring a vase 
of fresh flowers? Is there a new laundry person? Was the place 
sprayed for insects? Is there a new medicine (drug) or supple- 
ment? Was remodeling done? Is there a new food? 

The list is endless and the situation looks hopeless because 
so many new things can happen in two weeks. 

Rather than asking individual questions like these, let's ask 
only five general questions and have the assurance that one of 
them will catch the culprit. 

1. Is itin the air? This will catch insecticide, flowei 
all together. 

2. Is it in the water? 

3. Is it in the medicines or supplements? 

4. Is itin the clothing? 

5. Is it in the food or on the dishes? 

To answer each question, test the item using your Syn- 
crometer searching technique. Make a test substance. Then search 
a saliva sample for it. 

To test the air, take a dust sample off the kitchen counter or 
table (this gives you fresh dust). Pick up the dust with a few 


carpets 
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wipes by a small, two inch square of damp paper towel. Place in 
a resealable baggy. 

To test the water, make samples by putting about a tsp. of hot, 
cold, or filtered water into a resealable baggy with a bit of paper 
towel in it. Try to get the first morning water before it has run 

To test the medicines and supplements put one of each in re- 
sealable baggies 

To test clothing (laundry) use a bit of it, (such as a sock) 
rolled up tightly. 

Testing food is the biggest job. If there are leftovers in the 
refrigerator or freezer, this helps. You can combine all the lefto- 
vers in a single baggy. Frozen things don't need to be thawed for 
testing. Still, the chance of missing a food culprit is quite high. 
Be sure to test everything eaten in a two week time period: un- 
usual things like popcorn, candy, crackers, cookies, health foods 
and special powders. A consolation is that you will find a num- 
ber of bad foods that are not necessarily the tremor causes but 
which cause other health problems. 


Tremor Remedies 


1, Let us imagine that the air (dust) s 
(resonates with the saliva sample). What 
toxic? These are the biggest suspects: 

+ CFCs (from leaking refrigerant, check refrigerator and air 
conditioner by removing them from the house and retesting 
the dust after three days, or simply buy a non-CFC variety) 

+ vanadium (from leaking house gas from a fuel line— 
repair) 

+ arsenic from pesticide (switch to boric acid) 

+ solvent from a lamp or can of lighter fuel (take them out of 
the house) 


imple proves toxic 
it in the air that is, 
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+ chlorine from water (use carbon filters; remove bleach 
bottles) 
tos (clothes dryer belt) 
+ paint thinner, carpet cleaner (remove from house) 
+ fiberglass from bare insulation somewhere (fix holes in 
ceiling or wall) 
+ formaldehyde (new foam bedding, new fabric or clothing) 

2. Suppose the water proves toxic (appears in your white 
blood cells); search for lead, copper, and cadmium, Although 
municipal water tests occasionally detect small amounts of pro- 
pyl alcohol, benzene, or wood alcohol, I have never detected 
them—you need not search for them. 

3. If the medicines are toxic just change brands. Your 
pharmacist can help you find a replacement brand. Find which 
ones are toxic and stop using them. (Don't use up any of the 
polluted pills or supplements.) They do more harm than good. 

4. If the clothing or dishes are toxic (appear in the saliva), 
suspect 

* cobalt + PCB + aluminum 

Stop all detergent use. Use borax, or washing soda, or use 
paper plates and plastic cups (not styrofoam). 

5. If the food is toxic, suspect 

+ food molds + aluminum + bacteria 

Don't eat that food any more. 

6. Any bacterium or toxin that invades certain brain centers 
can cause tremor, The most common culprits are Shigella, mer 
cury, thallium and arsenic. Try to identify these for your sake as 
well as your loved one. 

The Salmonellas and Shigellas will have come from some 
food. Be sure all dairy foods, including butter and whipping 
cream, are sterilized. Parasites come from meats. Be sure no un- 
dercooked or fast food meats are eaten. Kill all bacteria, viruses 
and parasites with a zapper. Sterilize fingernails with grain al- 
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cohol to prevent reinfection. Use Lugol’s (see Recipes) and the 
Bowel Program (page 546) to clear them up. 

Bacteria, coming from teeth and jaw (bone infections, called 
cavitations) may not seem as recent as two weeks. Indeed, they 
may have been there for ten years. But something recent may have 
aggravated them, so they now can enter more easily into the 
blood and brain. You may never find out what caused this. It 
wisest to check this possibility with a dentist before doing weeks 
of other testing. See a dentist who can find and clean cavitations. 
Do dental repair according to the principles described in the 
dental section. 


Going after a tremor problem in this logical 
way always finds the cause of tremor 


whether its a simple short attack or a situation of long 
standing tremor with head shaking and drooling. If your situation 


is extra difficult, you will at least improve it and stop its 
progression. This includes Parkinson's cases. 


In cases of Parkinson’s disease I often find the bacterium 
Clostridium tetani, well known for causing stiffness. It hides 
under tooth fillings, t00. 

Remember, there is a consolation for doing all this work. 
When you find the culprit, you not only will be stopping the 
tremor, you will be improving a lot of other conditions along the 
way. Conditions like hesitant speech, shuffling walk, getting up 
stiffly and slowly from a chair. These are extra dividends for 
your loved one, And you have learned which things to avoid for 
yourself too 
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One more thing, don't take no for an answer. 


If the problem is a drug, don't accept “No, it can't be 
changed.” Everything can be changed. Go to higher levels of 
authority. Doctors are very understanding and sympathetic with 
your intent. If the problem is leaking house gas, don't accept “We 
can't find a leak,” implying there is none. Go to a building 
contractor or the Health Department. Their equipment is better. If 
you get nowhere, change to electric utilities. If the problem 
auto exhaust, don't accept “But we have to use the kitchen door to 
the garage, because it's cold outside.” Conveniences vs. tremor is 
no contest. Everyone benefits by excluding auto fumes from the 
house. Lock the door and cover it with plastic. By the time you 
have identified the culprits (probably 20 hours of work) surely 
you have won the right to make changes. 

Often others are not impressed. Even when the tremor lessens 
and the elderly person plainly states they feel better, family 
members may disregard your recommendations. Get tough! It's 
your loved one. You have something at stake too. Be sympathetic 
with negative responses. But very firm. Make their choices clear: 

+ Either the inside door to the garage gets sealed off or the 
cars and lawn mower get parked outside and anything 
containing gasoline or solvents gets put in a detached shed. 

+ Either the girls use their hair dryers in their bedrooms with 
the door closed or you'll get them all new ones that don't 
contain asbestos. 

+ Either the clothes dryer gets a new belt or it is taped se- 
curely shut and the laundry is dried on the line or taken to a 
Laundromat, 

+ Either the plumbing gets changed (to plastic) or each faucet 
in the house gets a filter. (If your plumbing is corrod- 
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ing, not even filters are a good idea—you would have to 
change them every week!) 


Weakness 


should not be taken for granted in the elderly. Especially if 
they themselves complain about it. It isn't normal for them. 
Sometimes they will describe “spells” of weakness. This is an 
important clue. Check the pulse immediately. Count for 30 beat 
at least. Are there missing beats? There should not be! Missing 
two beats in a row certainly can produce a weak or “sinking” 
spell. The brain and body need every pulse of blood sent out 
right on time. 

Check into caffeine use first. Take it all away. Caffeine 
speeds up the heart; then the overworked heart has to “take time 
out” for itself by missing a beat. Don't switch to decafs because 
this introduces solvents and new problems. If no other natural 
beverages appeal, serve hot water with cream and cinnamon, 
After stopping caffeine use ask: Is the pulse too slow or too fast? 
The pulse should be between 60 and 80 beats per minute. 

If it is lower than 60, a medicine may be at fault. Ask the 
clinical doctor about it immediately. A slow pulse could cer 
tainly bring about weakness. A young athlete may have a slow 
pulse legitimately, due to having a very strong efficient heart, but 
your elderly person does not fit this category. The cause must be 
ound. 

If the pulse is quite high, over 100 perhaps, this will wear the 
heart out much sooner than necessary. Ask why it is beating so 
fast? A probable answer is that it is so weak that it has to beat 
faster to keep up with its job of circulating the blood. What is 
making the heart so weak? 
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Heart Disease 


When the heart is enlarged, the valves don't quite close 
where they should, making the work harder for it and weakening 
it. It may be called “congestive heart failure.” Why is it en- 
larged? Possibly because it is so weak! Yes, it becomes a 
vicious cycle, getting worse and worse. But you can break into 
this cycle and get it all reversed again. The real culprit is para- 
site invaders and toxic pollutants. 

The most common parasite heart invaders are Dirofilaria, 
heartworm “of dogs” and Loa loa, another small filaria worm. At 
one stage these worms are so tiny that they can slide through the 
smallest blood vessels. They are very contagious. Even persons 
who don't live with a house dog can pick up heartworm. Loa loa 
is thought to be a tropical parasite but it is alive and thriving in 
the USA! The source of Loa loa seems to be tapeworm stage 
this is not a certainty. 

Both heartworm and Loa loa are very easy to kill with a 
zapper and both are very easy to pick up again. Treat your eld- 
erly person twice a week if there is any heart problem. It makes 
no difference that the house dog is getting monthly preventive 
treatments for heartworm. They pick it up daily and have thirty 
days to develop it and give it to others between treatments. 
Killing the dog's parasites twice a week with a zapper would be 
very helpful to you. These heart parasites may not cause any 


an s 


pains, yet disturb the rhythm or the pulse of the heart and cause it 
to enlarge. 
Staphylococcus aureus is a bacterium hiding out in far away 


places like pockets left under teeth when they were extracted or 
along root canals. Make sure extractions heal and don't leave 
permanent cavitations where bacteria can live. Ask a dentist fa- 
miliar with cavitations to do a mouth search. Once the mouth 
source is cleaned up, the bacteria do not come back to the heart 
(after one last zapping). If they do, go back to the dentist! 
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Killing these three invaders (heartworm, Loa loa, Staphylo- 
coccus aureus) should cure an irregular heart beat immediately 
(within a day). 

If the elderly person is on a heart-slowing drug, check the 
pulse twice a day after zapping to make sure it doesn't drop too 
low. They may need to be off their heart medicine. Nobody will 
notice the relief of going off this medicine as much as you. The 
sunshine breaks out! Your loved one can smile again at little 
things! Even interest in sex returns so watch out! Life is nor- 
malized when drugs, especially beta blockers are gone. (Other 
heart medicines, such as Digitoxin,™ don't have this depressive 
effect. They are used to make the heart beat stronger, not to affect 
the rate of beating.) 


‘The pulse should be around 70 beats per minute and perfectly 
regular. 


If it isn't, there is 


Il something wrong. Get rid of toxic body 
products and house pollutants. Test your air for gas leaks 
frequently. Gas heat, gas stoves and gas water heaters are noto- 
riously leaky. Weather changes, namely temperature changes 
make pipes expand or shrink—leaving cracks! The gas is toxic 
and a small amount can't be smelled. What a predicament! De- 
nous house gas to our homes in pipes that are not 
an archaic practice. Especially when the blood test 
shows a high “total CO," level, near the upper limit, search for 
an air pollutant like house gas or auto fumes. And read the 
tions in this book on pulse (page 289) and brain problems (page 
278) very closely for more things to check. 

With the heart regular again, it will be much stronger, too, 
since it doesn't have to work against itself. This strength is nec- 
essary to push the blood into the farthest “corners” of the body, 
especially the hands and feet, and warm them up! If your loved 
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one constantly has cold hands or feet, try to improve circulation, 
Dissolve phosphate crystals with the kidney herb recipe. Give 
niacin (page 279). Give cayenne capsules (one with each meal), 
Blood thinning drugs to improve circulation are dangerous—use 
only if the doctor insists. Monitor blood clotting time if your 
loved one is on a thinner. 


Heart/Kidney Relationship 


A strong heart is necessary, 100, to push the blood through the 
kidneys. Often a kidney problem is linked to the heart disorder. 
Kidneys are made of tubes that get finer and finer. It takes 
pressure, namely strength, to push the blood through them so 
wastes and extra water can be let down the kidney tube. Think of 
the kidneys as a colander full of tiny holes of various sizes that 
Jet certain things through them but not bigger things. These holes 
are constantly being adjusted by the adrenals which sit right on 
top of the kidneys and “supervise” 

If the elderly person is not producing four cups of urine in a 
day (24 hours), it is not enough. The body cannot get enough 
cleansing action from less than four cups. More liquid must be 
consumed. If most of the urine is passed in the night this reflects 
on unhealthy kidneys. Use the kidney herb recipe—but only half 
a dose (so it will take six weeks instead of three to see good 
effects). As the tiny “colander” holes open up there is freer flow 
and many more trips to the bathroom result. The urine los 
awful odor (no ammonia, acetone and bacteria!) and gets a clear 
look that shows no sediment. Now that water and wastes (urea 
and uric acid and other acids) can leave the body quickly through 
more holes, it takes less pressure from the heart to get blood 
pushed through the kidneys. This brings relief to the heart 
because its work is easier. The heart and kidneys work together. 
Like horse and wagon the heart provides the power and the kid- 
neys follow. 


320 


PUSHING BACK AGE 


This is why heart medicine and diuretics are commonly given 
together. Diuresis (urine flow) helps the heart and a stronger 
heart helps the kidneys. Similarly, they fail together. In the old 
days this was called dropsy. Urine that should have left the body 
is backed up in the tissues. Sometimes it shows up in pockets that 
hang like giant oranges from the ski 


Even (especially) when the strongest diuretics (Maxzide™, 
Lasix™) fail to work, even when coupled with strong heart 
medicine (Digitoxin™), the kidney herb recipe can bail you out 


of the emergency. 


The secret is in the varied actions of different herbs. This 
makes them work together. Be very careful to keep the herb tea 
sterile by reheating every fourth day. Freeze unused larger 
amounts. If too much is drunk at once, especially on the first day, 
a stomach ache can develop and a pressure felt in the bladder 
that is most uncomfortable, Go extra slow on the first few days, 
even though you find it quite tasty, so there is no discomfort (only 
lots of bathroom visi 


Diuretics 

As soon as urine is flowing better, blood pressure may drop. 
Keep track of this twice a day with a modem electronic finger 
device (not an arm cuff that itself can break blood vessels). Cut 
down on drug diuretics gradually, using only ¥idose the first day, 
then Yadose, then Yi dose. The amount of urine produced or the 
weight of the person can be used to assess how effective your 
method is. Your goal is to not need any drug diuretics. Again, 
mood will improve dramatically when diuretic drugs are 
removed for your loved one. The sense of humor comes back: 
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be prepared for some new jokes and new laughter. Give yourself 
good grades for this accomplishment. 

Don't throw out the drug diuretics. After being off them for a 
while, they become more potent again. So if an emergency 
(sudden edema) should arise they could again be useful, 

With a parasite and pollution-free heart and a low-resistance, 
freely flowing kidney, some reserve strength will soon be built 
up. Weak spells are gone and forgotten. Your loved one is 
walking better, needing less sleep, and a “golden age” finally 
arrives. It is free of pain, free of medicine, free of shots and 
doctor visits, free of dementia, free of the dreadful weakness that 
demands so much help. They are free to enjoy family and friends 
again, Seeing themselves gain strength and be able to do more for 
themselves gives the elderly a sense of pride. 

Give them the credit for improving their health. When they 
balk at having to take herbs or vegetable juice, remind them of 
the days they were on a handful of pills and still had heart fai 
ure, pain and kidney disease. 


Feeling Comfortable 


If all this improvement doesn’t warm up their feet or hands 
(feel them yourself) put extra socks on, Warming up their feet 
ight have the effect of warming up hands, too. But if it doesn't, 
raise the room temperature. 

Being forced to feel cold is an undeserved misery of the 
aged. 

Others must accommodate to the elderly's need for body 
warmth, The thermometer does not tell all. Comfort is paramount 
for each of us. Younger persons can undress for comfort. The 
elderly can't make changes for themselves. Usually, by the time 
they are complaining of cold, they have suffered a long 
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time, feeling too guilty to request a temperature hike. Ask your 
loved one. They will appreciate it. A shawl, a lap-blanket, 
woolen sweater, long underwear and fleecy thermal outerwear 
help a lot. But if your hand still senses cold feet, the thermostat 
must still go higher. Cold body temperature is an invitation for 
fungus and viruses to multiply. Viruses escape into the body 
daily. Don't give them the advantage. 


Do you find if warm in here? That's OK, Mom, | don't mind, 


Fig. 39 Too hot and too cold. 


But unless all these things are tried, don't raise the tempera- 
ture. It is much healthier to be warmly dressed and breathe cool 
air than to be lightly dressed in an 80°F room. The heart, espe- 
cially, benefits by the cooler air temperature 

reason, it is important to have air conditioning during 
son. Keep your elderly person warmly dressed, away 
from air conditioner or fan drafts, but keep it cool. As cool as 
their body temperature and comfort will allow. Don't seat an 
elderly person under a fan in restaurants. The blowing air not 
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Figure 19. QFP removal a second before completion 
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only chills them, but brings filth in dust that blows in the air 
currents, Bacteria and viruses are soon to follow. 

Being comfortable, knowing you are there to care for them, 
brings out the best in your elderly person. They might get well 
enough to long for a genuine relationship again. And put you to 
the test, The test of listening. This can be very rewarding if they 
are still able to communicate and distill their life experience into 
wisdom for you. If you can listen and be interested in their 
tillations or their ramblings their longing for relationship will be 
fulfilled, There's just one catch, if the new found interest in 
communication can't be expressed. If they haven't communicated 
much for a long time, it would be easy for you to miss a simple 
fact. They can't hear! 


Hearing Loss 


‘The hearing deficit in an elderly person is always much 
greater than they or you realize. Try to understand these com- 
munications: 


What you What they think What thoy 
(caregiver) say person respond 
hears 
“Teak atthe sun] “Look at some: Whata stupid san: Tenn 
shine, isntita | thing, isnt ita | tence. But she wants | (Meaning, 
nice day rice bay?” an answer. So here yes." 
goes. 
“Wail have such a | “Have a,.700k™ | Rock whal? Tm notin a 
nice walk rocking char. better 
not say anything 
“What Rnd of soup] “What Wad at | Thaven' sed a hoop Tor | “don know. 
should! make?" | hoop should | | embroidery fora long 
make? time. Why Is she 
cigging that up. | better 
say | don't know. 


Don't let this ruin your relationship. It takes the fun out of 
their life as much as yours. Get hearing aids. 
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Don't ask your loved one if they need a hearing aid. The an- 
swer may be “I'm not deaf.” You can go about it more persua- 
sively. Every time you talk, come quite near to the person's ear 
and speak loudly. They can see that you must come near. If they 
are fighting against the whole business, they will say things like, 
“You don't have to shout. I can hear you.” (It's what you're saying 
that's wrong!) 

Arrange for a hearing test. It is free. That will appeal. The 
results of a hearing test, as it is told by a salesperson, is much 
more persuasive than you can be. Let the salesperson use his or 
her special talents to sell your loved one on hearing aids. But you 
make the choice on quality. Both you and your elderly person 
deserve the best tone quality that is made. Plus a regular cleaning 
service. Most companies do offer this but don't tell the customer 
because of the dreadful amount of time it would take if 
everybody took advantage of it. You take advantage of it 
Clogged hearing aids are the most troublesome feature of any of 
them—and never mentioned! Make it a rule to buy your batteries 
at the same hearing aid office where they are cleaned free of 
charge. This repays them and serves the elderly best. Hearing 
loss is too subtle to leave to chance; have the hearing aids 
cleaned each time you buy fresh batteries (about three months 
Take your loved one to a nurse for ear cleaning every six mont 
after hearing aids are begun. Wax and debris accumulate behind 
the aid because the channel is stopped up. 

With hearing aids that hear, and kidneys that flush and a heart 
that beats strongly, your elderly person may choose to attend 
concerts again, go to church or gatherings—and leave you out of 
the picture. Give yourself good grades for this achievement. Get 
them incontinence pants, get regular taxi service. Do whatever it 
takes to get your loved one out into the world again! 

If the excitement of a night out keeps him or her from sleeping 
use ornithine and valerian capsules. They are good 
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for the health anyway. Hot milk and a piece of cake (homemade, 
never chocolate) may do as much. 

But if insomnia is the rule, not the exception, you need to go 
after it as a special problem. 


Insomnia 


is always associated with high levels of parasites and bacte- 
ria, This leads me to believe it is their waste products, namely 
ammonia, that really causes insomnia, Read the section on In- 
somnia under Sleep Problems for more on this (page 243). 

A sound sleep refreshes as nothing else can. Your elderly 
person will have more energy throughout the day and a better 
mood if sleep was good. 

Of course you must guard against daytime napping if nights 
are sleepless. Sleep at night is more important than sleep by day. 
They are not equal. Try to turn your loved one’s cycle back to 
night-time sleeping if it has become turned around by bad kidney 
function (frequent urination at night) or too much daytime 
napping. Sleep can be disturbed by taking vitamins at bedtime 
too. Sleep is enhanced by taking magnesium. Limit bedtime 
supplements to magnesium, ornithine, valerian (6 capsules) taken 
with hot milk. 


Healthful Habits 


If your loved one had his or her way, they would drive the 
car forever, wear the same cosmetics forever, smoke or chew 
tobacco forever and eat their favorite dessert forever. 

But if you are the caretaker, you know that some things must 
stop. You also know that gentle persuasion is useless; it merely 
erodes your relationship. Here are a few tips. 
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1. Ask your loved one to ask their doctor (clinical doctor or 
trusted medical advisor) the following question: “Would it 
be better for my lungs to stop smoking?” Be present so the 
question does not turn into “Will smoking a few cigarett 
once in a while kill me?” Hearing it from the doctor 
what's needed. 

2. Don't ever purchase something you believe is detrimental 

to your elderly person. Whether it's coffee, cigarettes, beer 

or lipstick, say “That is something I can't buy for you; it’ 

against my principles.” Don't be surprised if you cave in a 

few times to some super ruse they use on you, But the next 

time, have your answer ready. 

Let your family and other caretakers know you are no 

longer supplying these items (the car keys, the wine bottle, 

the codeine-containing pain pills). Try to get cooperation. 

Discussing it with your loved one may do more harm than 

good. If they start the discussion, you end it. This is not a 

task for the timid! Afier it's done, you'll wonder what was 

so difficult. 

4, Don't buy a wheelchair if your loved one can still walk 
with your help. Stay with a cane as long as possible. Then 
the walker. Stay with a walker as long as possible. Then 
your personal help. Once a wheelchair has been accepted, 
ihe last bit of exercise, walking, is lost. Fight against it, 
Hide it in a far away closet 


Aging is necessary but chroni Iness and 


pain are not. 


If you have managed to free your loved one from having to 
take pills or from certain disabilities that would soon require 
pills, you can give yourself great credit. Pethaps you, too, will 
find the needed natural help when you are aged and have lost 
your authority and your way mentally. Our lives are all fore- 
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shortened, much like the life of a domestic steer's. Does a captive 
animal learn from seeing its companion disappear? It does 
nothing to escape its fate. Should we accept our fate with the 
same docility? None of us can remember how things were in 
precivilized times. We are eager to believe the present is the be: 
time that has ever been. The steer, too, has its feed provided, it 
water provided, its shelter for the night provided, seemingly the 
best time it ever had. Pethaps the price we pay for civilization, 
like the steer’s price, is simply too high. There must be other 
ways. Asa society, we should search for our lost longevity. 


Not Old Yet 


For persons merely over 40 and not ill a most important rule 
: don't overdo. 

I's easy to injure tendons and muscles by pulling or 
stretching them too far. Don't try, with almighty determination to 
open a jar. Leave it for stronger hands. Don't try to stretch a 
gigantic stretch to reach something on a high shelf, Wait for 
someone taller to come along and reach it down for you. Don't do 
exercises, that have left you with strains in the past. Do different 
exercises. Don't do new exercises, with a determined approach; 
start moderately; stay moderate. If you start a new job that uses a 
foot, leg, hand or wrist a lot, more than it was used before, even 
though it's in ordinary use, it can feel injured. These stresses and 
strains invite bacteria toward themselves. Bacteria from the liver 
or your own intestines find these strained tissues immediately 
and intensify the pain. Kill the bacteria with a zapper, cleanse the 
liver, and start the Bowel Program if this has already happened 
to you. 
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Don't knee! on the floor to do some cleaning job. Don't sit on 
the floor at a gathering. Don't let your grandchildren take “rides” 
‘on you. Don't bend over as far as you can to pick something up. 
Let your family know you are aiming to reach 100 years in 
healthy condition. 


Super Longevity 


We should be able to live to 140 years of age. Middle age 
might begin at 65, old age at 90. What is the clue to long life? 
Surely it is keeping all your cells healthy so they can coordinate 
the constant tasks of nourishing themselves, removing their 
wastes, plus whatever job that cell was meant to do. 

Since your cells divide and therefore start again at age zero, 
even though you are 90, why do you age at all? Only the nervous 
system does not divide. Is it the nerve that ages then, and decides 
death for each of us? 

It would never do to live forever. It would clutter the planet. 
Are evolutionary forces at work preventing this? But we have 
never cluttered the planet yet. So how could evolutionary forces 
have “learned” to establish death to prevent overpopulation? 
Living to age 140 is not living forever. Wisdom comes with age. 
Wisdom would ty well. Perhaps wisdom is 
needed more than ever for humans to survive. Part of the human 
tragedy is war. Wisdom gathered from a knowledge of history, 
might help end wars! But history can't be gathered and under- 
If centenarians can't think well or 
s are lost. Longevity seems 
‘ompanied by health! 


TVe OUF SO. 


a very useful trait if only it were a 
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Dying 


Although it can't be avoided it can be helped. Dying alone is 
the most barbaric of all society's practices. 

Itis still like death in the forest amongst chimpanzees. Unable 
to feed, to run, to call for help brings pain, fear, loneliness and 
finally, death. When your loved one is in the mood to talk about 
dying, listen. Especially if it is about their own imminent death. 
This doesn't obligate you to carry out any of their wishes. When 
death approaches the important thing is simply to be there. They 
may not have requested this, out of a sense of guilt or masochism, 
or plain dementia. But it is the most primitive of needs, the same 
as having a loved one nearby during childbirth. It is just a 
presence that counts. How can you be there if you have a job or 
are attending a family's needs? itis a time of great fn 
you. All your hard work and suc 
‘grand failure! 

The good news is that it need not be you who attends your 
loved one every minute of the last week. Pay for someone to 
sit—someone who is recognized. But arrange for immediate 
privacy when you return, No matter how much your loved one 
admonishes you to go about your business, you will know when 
you share the final minute that your presence helped. The lone- 
iiness of the last coma, the last silence is unspeakable. Give 
yourself the reward of knowing you shared the pain, fear and 
Silent cry for help. 
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Cancer is no longer the deadly disease it once was. In fact, 
you can clear it up in less time than it takes to get a doctor's ap- 
pointment for a check up. If you notice a lump or think you might 
have cancer, don't rush to see a doctor first. Rush to clear it up, 
yourself, first. By the time your doctor's appointment arrives, you 


‘can be sure of a negative test. 


Another Fluke Disease 


Cancer is so easily cured because it is a parasite-caused dis- 
ease. Kill the parasite and you have stopped the cancer. This 
does not mean you have also stopped being ill. If the cancer 
damaged your ovaries or prostate, you still must heal these or 
gans, The Ca-125 or PSA test will not drop to normal unless you 
begin to heal them. These markers reflect the condition of the 
organ, not its malignant nature. Remember that killing a mosquito 
does not remove the lump it caused. That will take its course. It 
will heal beautifully if you let it. But if you scratch it mercilessly, 
it will take longer. Removing toxins from the affected organs lets 
them heal 

Fortunately for us, cancer is not like a fire, unstoppable 
once it has started. It takes only 7 minutes to zap all the parasite 
adults and their stages which cause your cells to multiply. 

The responsible parasite is Fasciolopsis buskii, the human 
intestinal fluke, a flatworm. It is a human parasite although it 
can also parasitize other species. It normally lives quietly in the 
intestine. (The goal for all larger parasites is to live quietly. Af- 
ter all, your demise is their demise.) They were meant to pass 
their thousands of eggs with your bowel movement, outside, to 
some pond where snails live. But when the eggs hatch before 
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they leave your body and are allowed to continue their devel- 
‘opment inside you, the setting is right for cancer to develop. 

If the fluke eggs and other stages go through their develop- 
ment in your breast it can become breast cancer. If it is in the 
prostate it can become prostate cancer. And so on. Each different 
kind of cancer means the developmental stages of the intestinal 
fluke are present there. Only one more thing is needed to bring 
about an avalanche of reproduction, so that hundreds of little 
larvae turn into hundreds more in a short time: a growth factor. It 
makes them multiply and your cells are similarly affected. ‘This 
growth factor, ortho-phospho-tyrosine (and possibly, also, 
epidermal growth factor and insulin-dependent growth factor) 
really begins your cancer. 


Teamed With A Solvent 


The good news is that this growth factor, which is 
for cancer to develop, cannot be made, without the presence of 
an abnormal solvent, propyl aleohol (or more exactly, isopropyl 
alcohol). 

Without taking in propyl alcohol you could never get cancer. 
It takes two things, together, to give you cancer: propyl alcohol 
and the human intestinal fluke parasite. 

Since it takes a frequency generator (3 minutes at each of 
434, 432, 427, 425, 423, 421 KHz) or zapper mere minutes to 
Kill the fluke and its stages you will be stopping the production of 
growth factors immediately. 


Zap yourself every day for three seven minute 
periods, until after you are completely well. 
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After killing the flukes, those growth factors already formed 
will disappear in one hour. Your malignancy is stopped. It cannot 
return unless you infect yourself with the parasite again! 

Getting rid of propyl alcohol is also a simple task. Once you 
have stopped using it, the last remnants leave your body within 
three days, 

‘We must marvel at the body's wisdom and capabilities for 
restoring health. You are not permanently damaged by this large 
and hungry parasite. Given half a chance your body will throw 
the rascals out and restore order in your tissues. 

Read the list of foods and products that are polluted with 
propyl alcohol. It is not, of course, usually on the label. If it is 
sed as an ingredient, it is on the label, easy for you to avoid. It 
the pollutants not appearing on the label that pose sinister 
hazards, 


All the store 
bought shampoo | 
tested had propyl 
aloohol. Health 
brands were no 
‘exception 
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B. Board Cleanup 
New PCBs 


For mounting a device to a new PCB, the amount 
of cleanup should be minimal. On a new PCB, 
there should be no solder on the pads. Brushing 
the pads with isopropyl alcohol (Figure 33) and 
drying the board should be enough preparation to 
begin the mounting procedure, 


Reworked PCBs 


‘The following section is the cleanup sequence that 
follows the QEP removal in the previous section. 
After removing the device, the solder pads will 
need cleanup. The idea is to clean the pads so that 
they are flat and free or solder and flux, Solder 
wick the pads until they are flat and dull. A clean 
pad appearance should be a dull silver color. 


_ 
Figure 20. Pads after QFP removal procedure 
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All bottled water 
is polluted with 
antiseptics from 
the bottling 
procedure. This 
is a main source 
of propyl alcohol. 


laced with propyl p iis 
alcohol. Use the | y ve al 
recipes inthis | O} 


book to make |= rel 
your own, ‘ ain 


Cosmetics are 


Fig. 40 Products with propyl alcohol. 
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Propyl Alcohol Polluted Products 


THROW THESE OUT 


even if propyl alcohol is not listed on the label! 


+ shampoo, even health bottled water, distilled 


brands water, or spring water 

+ hair spray and mousse + rubbing alcohol 

+ cold cereals, even + white sugar (brown is. 
“natural” granolas OK if detoxified) 

+ cosmetics (make your + all shaving supplies in- 
own) cluding aftershave 

+ mouthwash + carbonated beverages 

+ decaffeinated coffee, + store-bought fruit juice, 
Postum™, herb tea including health food 
blends (single herb teas brands 
are OK) 


+ vitamins, minerals and 
supplements (unless you 
test them) 


Tear out this page, put it on your refrigerator, and make a 


copy to stick on your medicine cabinet. Remember propyl alco 
hol is also called propanol, isopropanol, isopropyl alcohol and 


rubbing alcohol. You won't drop dead from getting propyl 


alcohol, but your cancer will flare up with each small addition. 


‘THE CURE FoR ALL DISEASES 


Avoid the entire list, meticulously. Even using one of thes 
like your favorite shampoo or bottled water, will result in 
failure. Your body will continue to make human chorionic go- 
nadotropin. (hCG) and the pathology will remai 
“indeterminate”—not cancerous but not well, either. If you have 
learned the new bioelectronic technology described in this book, 
you can test all your foods and products for isopropyl alcohol. 

When you find a beverage that is free of propyl alcohol, it 
may have other pollutants. Xylene and toluene invite parasites to 
the brain, Wood alcohol invites them to eyes and pancreas. The 
diseases caused by these are not as frightening, perhaps, as 
cancer, but entirely avoidable. For this reason, I suggest in thi 
book that you go back (actually “forward”) to self made prod- 
ucts, unprocessed food and a limited number of tested supple- 
ments. 


Getting Well After Cancer 


The ravages of cancer must be healed once the malignancy 
has been stopped. This is where carcinogens play a role. The 
Jung lesions will not heal unless cigarette smoking, freon, as- 
bestos, and fiberglass exposure is stopped. Carcinogens were 
thought to be the cause of cancer. Actually, they drew the cancer 
to the organ. Nickel draws cancer to the prostate. Barium found 
in lipstick draws cancer to the breast. And so on. 

The following toxins can be present in any organ! I consider 
these to be our most serious threat. Starting with the worst, they 
are: 

1, Freon (same as CFCs or refrigerant). I have not found a 
single person to be entirely free of it, including persons 
without cancer or disease. But in cancer sufferers it is al- 
ways concentrated in the cancerous organ, and facilitates 
the accumulation of other toxins. This makes your refrig- 
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erator, if it leaks even micr 
hazard in the country! 

2. Copper from water pipes. All ¢: 
accumulation in the cancerous tissue. This 
the second greatest hazard. 

3. Fiberglass or asbestos is present in about 25% of the 
cancer victims I see 

4, Mereury as in tooth fillings. 

5. Lead from solder joints in copper plumbing. All colon 
cancer sufferers test positive. 

6. Formaldehyde as in foam bedding and new clothing. 

7. Nickel usually from dental metal. Most prostate cancer 
sufferers test positive. 


opically, the top cancer 


makes plumbing 


AL first, tumors are benign—what a relief to find your tumor 
was benign, Its true nature is still unknown, but it contains freon, 
other toxins, and later propyl alcohol! Since tumors are often 
large, many centimeters in diameter, and toxins do not occupy 
much space, there is much unidentified substance. These tumors 
can multiply and enlarge, as in fibrocystic breast disease, all 
without being malignant, But what a convenient place for baby 
stages of the fluke to hide out and multiply, safe from your 
immune system. After being colonized by fluke stages, the tumors 
become malignant. Eventually they also become infected when 
metastasis sets in, 


All malignancies have the same two fundamental causes: 
intestinal flukes and propyl alcohol. Whether you have a thab- 
domyosarcoma or a mesothelioma or melanoma, you can cure it 
quickly, never to return, 
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Herbal Parasite Killing Program 


Flatworms, roundworms, protozoa, even bacteria and viruses 
are remarkably easy to kill using a combination of zapping and 
this herbal program. Thus it is not just for cancer, but a general 
treatment that can benefit almost every illness 


1, Black Walnut Hull Tincture Extra Strength (see Reci- 
pes, page 543): 
Day 1: (this is the day you begin; start the same day you 
receive it) 
Take one drop. Put it in Yeup of water. Sip it on an empty 
stomach such as before a meal. 


Day 2: Take 2 droj 
Day 3: Take 3 droy 
Day 4: Take 4 drops in Yup water sa 
Day 5: Take 5 drops in cup water sa 
Day 6: Take 2 tsp., all together in 4 cup water. Sip it, don't 
gulp it. Get it down within 15 minutes. (If you are over 150 
pounds, take 24sp. Do not take more than 3 tsp. because no 
additional value has been observed.) 


s in Veup water sa 
s in Veup water sa 


This dose kills any remaining stages throughout the body, 
including the bowel contents, a location unreachable by 
electric current. The alcohol in the tincture can make you 
slightly woozy for several minutes. Simply stay seated un- 
til you are comfortable again. You may put the tincture in 
lukewarm water to help evaporate some of the alcohol, 
but do not use hot water because that may damage its 
parasiticide power. Then take niacinamide 500 mg to 
counteract the toxicity of the alcohol. You could also feel 
a slight nausea for a few minutes. Walk in the fresh air or 
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simply rest until it passes. You may add more water or 
honey or a spice to make it more palatable. 


For a year: take 2 tsp. Bla 
Strength every week or until your illness is but a hazy 
memory. This is to kill any parasite stages you pick up from 
your family, friends, or pets. 


Family members and friends should take 2 tsp. every other 
week to avoid reinfecting you. They may be harboring a few 
parasite stages in their intestinal tract without having symptoms. 
But when these stages are transmitted to a cancer patient, they 
immediately seek out the cancerous organ again. 


You may be wondering why you should wait for five days 
before taking the 2 tsp. dose. It is for your convenience 
only, You may have a sensitive stomach or be worried 
about toxicity or side effects. By the sixth day you will 
have convinced yourself there is no toxicity or side 
effects. 

Going faster. In fact, if you are convinced afier the first 
drop of the restorative powers of Black Walnut Hull 
Tincture Extra Strength, take the 2 tsp. dose on the very 
first day. 

Going slower. On the other hand, if you cringe at the 
thought of taking an herb or you are anxious about it’s 
safety, continue the drops, increasing at your own pace, 
until you are ready to brave the decisive 2 tsp. dose. 


2. Wormwood capsules (should contain 200-300 mg of 
wormwood, see Sources) 


Day 1: Take 1 capsule before supper (with water). 
Day 2: Take 1 capsule before supper. 
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Day 3: Take 2 capsules before supper. 
Day 4: Take 2 capsules before supper. 


Continue increasing in this way to day 14, whereupon you 
are up to seven capsules. You take the capsules all in a 
single dose (you may take a few at a time until they are 
all gone). Then you do 2 more days of 7 capsules eac! 
After this, you take 7 capsules once a week forever, as it 
states in the Maintenance Parasite Program. Try not to 
get interrupted before the 6th day, so you know the adult 
intestinal flukes are dead. After this, you may proceed 
more slowly if you wish. Many persons with sensitive 
stomachs prefer to stay longer on each dose instead of 
increasing according to this schedule. You may choose 
the pace after the sixth day. 


3. Cloves: 
Fill size 00 capsules with fresh ground cloves; if this size 
is not available, use size 0 or 000. In a pinch, buy gelatin 
capsules and empty them or empty other vitamin 
capsules. You may be able to purchase fresh ground 
cloves that are already encapsulated; they should be 
about 500 mg. Grocery store ground cloves do not work! 
Either grind them yourself or see Sourc’ 


Day 1: Take one capsule 3 times a day before meals. 
Day 2: Take two capsules 3 times a day. 

Days 3, 4, 5, 6, 7, 8, 9, 10: Take three capsules 3 tim 
day. 

After day 10: Take 3 capsules all together once a week 
forever, as in the Maintenance Parasite Program. 


Take ornithine at bedtime for insomnia. Even if you do not 
suffer from insomnia now, you may when you kill parasites. 
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Parasite Program Handy Chart 


Strike out the doses as you take them. 


Black Walnut Hull] Wormwood Capsule | Glove Capsule Dose 
Tincture Extra ose (200-300 mg) (Size 0 oF 00) 
Strength Dose 

Day | ops 1 time per day, | capsules 1 me per [capsules 3 imes per 
lke betore areal’ | day, on empty stom | day, ike at mealtime 

‘ach (betore meal) 

i 7 7 Tait 

2 2 1 22.2, 

3 3 2 33.5 

4 4 2 3.3.9) 

3 3 z EEE 

6 Bee. 3 3.3.9 

7 Towonee a week z 3 

@ 4 3.3.5 

3 5 33. 

10 5 3.3.3 

11 6 3 

2 6 Now ence a week 

13 2p. T 

74 7 

15 T 

16 7 

7 Tow once a week 

1 z 


‘At this point you do not need to keep a strict schedule, but 
instead may choose any day of the week to take all the parasite 
program ingredients. 
Continue on the Mai 
to prevent future reinf 


tenance Parasite Program, indefinitely, 
tion 


Maintenance Parasite Program 

YOU ARE ALWAYS PICKING UP PARASITES! 
PARASITES ARE EVERYWHERE AROUND YOU! YOU GET 
THEM FROM OTHER PEOPLE, YOUR FAMILY, 
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YOURSELF, YOUR HOME, YOUR PETS, UNDERCOOKED 
MEAT, AND UNDERCOOKED DAIRY PRODUCTS 
source of the intestinal fluke is under- 
cooked meat. After we are infected with it this way, we can give 
it to each other through blood, saliva, semen, and breast milk, 
which means kissing on the mouth, sex, nursing, and childbearing. 

Family members nearly always have the same parasites. If 
one person develops cancer or HIV, the others probably have the 
intestinal fluke also. These diseases are caused by the same 
parasite. They should give themselves the same de-parasitizing 
program. 

Do this once a week. You may take these at different times in 
the day or together: 


1, Black Walnut Hull Tincture Extra Strength: 2 tsp. on an 
empty stomach, like before a meal. 

2. Wormwood capsules: 7 capsules (with 200-300 mg 
wormwood each) at once on an empty stomach. 

3. Cloves: 3 capsules (about 500 mg. each, or fill size 00 
capsules yourself) at once on an empty stomach. 

4, Take ornithine as needed. 


‘Black Walnut Hull] Wormwood Capsule | Clove Capsule Dose 
Tincture Extra | Dose (200-200 mg) {Size 0 of 00) 
Strength Dose 

Day Time per day, on | capsules Time par | capsules 1 ime par 
empty stomach | day, on empty stom- | day, on empty stom: 

‘ach ‘ach 

i 2p. 7 E] 

2 

3 

4 

3 

é 

7 

@ 2p. z z 

a 
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TH 


72 


13 


74 


1 2s z z 


‘and so_| on 


The only after-effects you may feel are due to bacteria and 
viruses escaping from dead parasites! Be sure to zap after taking 
your maintenance parasite treatment. After-effects also let you 
know that you did indeed kill something. Try to discover how 
you might have picked up parasites and avoid them next time. 


Pet Parasite Program 


Pets have many of the same parasites that we get, including 
Ascaris (common roundworm), hookworm, - Trichinella, 
Strongyloides, heartworm and a variety of tapeworms. Every pet 
living in your home should be deparasitized (cleared of para- 
sites) and maintained on a parasite program. Monthly trips to 
your vet are not sufficient. 


You may not need to get rid of your pet to keep yourself free 
of parasites. But if you are quite ill it is best to board it with a 
friend until you are better. 


Your pet is part of your family and should be kept as sweet 
and clean and healthy as yourself. This is not difficult to achieve, 
Here is the recipe 


1, Parsley water: cook a big bunch of fresh parsley in a quart 
of water for 3 minutes. Throw away the parsley. After 
cooling, you may freeze most of it in several 1 cup 
containers. This is a month's supply. Put 1 tsp. parsley 
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Figure 21. Solder wick to remove solder on the pads 


Figure 22. Repeat for all pads 


If any pads become loose from the PGB, use a dental pick or other pointed object to re-align the pad 
(Figure 23 and Figure 24). 
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water on the pet's food. You don't have to watch it go 
down, Whatever amount is eaten is satisfactory. 


All dosages are based on a 10 pound (5 kilo) cat or dog. 
Double them for a 20 pound pet, and so forth. 


Pets are so full of parasites, you must be quite careful not to 
deparasitize too quickly. The purpose of the parsley water is to 
keep the kidneys flowing well so dead parasite refuse is elimi- 
nated promptly. They get quite fond of their parsley water. Per- 
haps they can sense the benefit it brings them. Do this for a week 
before starting the Black Walnut Hull Tincture. 


2. Black Walnut Hull Tincture (regular strength): 1 drop 
on the food. Don't force them to eat it. Count carefully 
Treat cats only twice a week. Treat dogs daily, for in- 
stance a 30 pound dog would get 3 drops per day (but work 
up to it, increasing one drop per day). Do not use Extra 
Strength. 

If your pet vomits or has diarthea, you may expect to see 
worms. This is extremely infectious and hazardous. Never let a 
child clean up a pet mess. Begin by pouring salt and iodine’ on 
the mess and letting it stand for 5 minutes before cleaning it up. 
Clean up outdoor messes the same way. Finally, clean your han 
with diluted grain alcohol (dilute 1 part alcohol with 4 parts 
water) or vodka. Be careful to keep all alcohol out of sight of 
children; don't rely on discipline for this. Be careful not to buy 
isopropyl rubbing alcohol for this purpose. 

Start the wormwood a week later. 


'S “Povidone” iodine. topical antiseptic, is available in most drug 
stores 
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3. Wormwood capsules: (200-300 mg wormwood per cap- 
sule) open a capsule and put the smallest pinch possible on 
their dry food. Do this for a week before starting the 
cloves. 


4. Cloves: put the smallest pinch possible on their dry food. 

Keep all of this up as a routine so that you need not fear your 
pets. Also, notice how peppy and happy they become. 

Go slowly so the pet can learn to eat all of it. To repeat 

+ Week 1: parsley water. 

+ Week 2: parsley water and black walnut. 

+ Week 3: parsley water, black walnut, and wormwood, 

+ Week 4: parsley water, black walnut, wormwood, and 


cloves. 
Parsloy —] Black Walnut | Wormwood] — Glove Cap- 
Water | Hull Tincture | Capsule Dose | sule Dose 
Dose (size 0.0r 00) 
Teaspoons on | ape on f005, | epen capa, | open capsule, 
teod | cats twice per | putsmaliest” | "put smalest 
week 09s. | pinch on od | pen on ood 
aly 
7 Tornoe, 
based on sie 
z er more i 
3 Tar mre —| Tor mare, 7 
based on size 
a Tarnow [Ter more 7 7 
Sand | Tormore | or more 7 7 
onward 


Parasites Gone, Toxins Next 


Healing is automatic when you clean up your body tissues 
Killing parasites and bacterial and viral invaders is fundamental, 
Removing toxins which invite them into your organs is even more 
fundamental 
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How do you know which toxins are responsible for your 
cancer? Unless you use a Syncrometer to test, you can not know. 
So learn to use a Syncrometer, it will save your life. 

The only other alternative is to move to a safer environment. 
Go on vacation, Stay in hotels less than ten years old (so the 
plumbing hasn't started to corrode) but not in new construction 
(give the carpets time to outgas). Do not have a freon containing 
refrigerator in your room. Do not use the hair drier they supply. 
Do not let them spray your room with anything. Launder the 
sheets and towels yourself at a Laundromat with borax and/or 
washing soda. Don't hesitate to drink the municipal water. Get 
busy with your dental cleanup. 

‘When you get better on vacation, let that be your inspiration 
to move from your home. All of the toxins come from a civilized 
lifestyle, Resolve to leave it behind. Select a warm climate 
where you can spend your time outdoors in the shade most of the 
day. Have no refrigerator, air conditioner, clothes dryer, hair 
dryer, new clothing, detergent. Check that the plumbing is rela- 
tively new and that no pesticide is being used. Make the Easy 
Lifestyle Improvements (page 397). Throw away non-essential 
health supplements (unless tested) and drugs. The risk is greater 
than the benefit. 


Watch For Bacteria 


In the later stages of cancer the tumors are more and more 
infected with the common bacteria Salmonella, Shigella, and 
Staphylococcus aureus. Killing parasites prepares a feast for 
these ubiquitous bacteria. Now, more than ever, must you stay off 
dairy products (except for boiled milk), do the Bowel Program, 
take Lugol’s. Remove Staphs by doing the dental cleanup (page 
409). Don't delay. 
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Help Your Family, Too 


If you had cancer, your whole family should be freed of in- 
testinal fluke parasites to protect you! They may not be getting 
cancer (yet!) but your closeness puts you at risk. Kissing on the 
mouth could reinfect you. Request that family members zap 
themselves and take at least one 2 tsp. dose of Black Walnut Hull 
Tincture Extra Strength while living with you. 

Pets, too, can be a source of cancer fluke stages (in their 
drool). They get propyl alcohol from their feed. Use unflavored, 
uncolored feed for them to minimize pollution from processing. 
Add 1 tbs. vitamin C powder to the top of a 5 Ib. bag; it will 
stick to the pellets as they pour out. Zap your pet along with 
yourself by holding them and touching a bare spot such as nose or 
paw. 

Never eat rare meats or fast food chicken, Parasite stages 
survive heat up to the boiling point, If you have taken a risk, zap 
yourself as soon as you get home to minimize the damage. 

Cancer could be completely eliminated in the entire country 
if laws required testing for solvents in animal feeds and human 
food and products. Presently it is allowed in the United States 
Code of Federal Regulations (CFR) (see page 428)! 

Another reason for propyl alcohol pollution (and other pol- 
Jutants) in our food are the chemicals used by manufacturers to 
sterilize their food handling equipment. 


21 CFR 178.1010 (4-1-94 Edition) Sanitizing solutions. 

Sanitizing solutions may be safely used on food-processing 
equipment and utensils, and on other food-contact articles as 
specified in this section, within the following prescribed condi- 
tions: 

(a) Such sanitizing solutions are used, followed by adequate 
draining, before contact with food. [Note rinsing or drying is 
not required!) 
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() The solutions consist of one of the following, to which 
may be added components general recognized as safe and com- 
ponents which are permitted by prior sanction o approval 

[Now comes (1) through (43) permissible sterilizing solu- 
tions, including several with isopropyl alcohol, like:] 

(25) An aqueous solution containing elemental iodine (CAS 
Reg. No. 7553-56-2), potassium iodide (CAS Reg. No. 7681- 
11-0), and isopropanol (CAS Reg. No. 67-63-0). In addition to 
use on food processing equipment and utensils, this solution may 
be used on beverage containers, including milk containers and 
equipment and on food-contact surfaces in publi eating places 

[Then in paragraph (c)( 19) the exact concentration of the 
iodine is specified. Nowhere is the concentration of the 
isopropanol specified. It can be as strong as desired. | 

Fig. 41 U.S. regulations on sterilizing solutions. 


Even if there were regulations governing removal of sani 
tizing solutions, the overwhelming truth is missed: that nothing 
can ever be completely removed after it has been added. Or 
perhaps the lawmakers didn’t miss this fact. Perhaps they be- 
lieved that small amounts—too small to measure with an ultra- 
violet spectrophotometer-could surely do no harm, 

Meanwhile, protect yourself by avoiding propyl alcohol. And 
by observing 2 extra rules: 


1. Never eat moldy foods. 2. Always take vitamin C. 


Aflatoxin 


A common mold found on bread, nuts and fruit and in beer, 
apple cider vinegar and syrups, produces aflatoxin. This is what 
prevents you from detoxifying tiny bits of propyl alcohol that get 
into your body! 

Buy bakery bread or bake your own, Roast nuts after washing 
in vitamin C water to destroy aflatoxin and then store in re- 
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frigerator. Keep moldy fruit out of the refrigerator where the 
spores can spread. Use only white distilled vinegar. Use honeys 
instead of syrups and even add vitamin C to them. 


Vitamin C helps your body detoxify all the 
mold toxins I have tested, including aflatoxin. 


Keep powdered vitamin C in a salt shaker. It belongs on the 
table with salt and pepper, and at the stove. Put it in everything 
possible, from cereal to soup to rice (1/8 tsp. is enough). Besides 
this take 1/8 tsp. powdered 
vitamin C with each meal (500 
mg). 

Developing cancer is a 
chain of events. This explains 
why it is a disease of aging 
For ten years or more you poi- 
soned your body with freon, 
fiberglass, asbestos, mercury, 
lead, copper, etc. You con- 
tinually ate moldy food (chips, 
nuts, etc.) which was toxic to 
the liver. But the liver regen- 
erated the pieces that died. 
Eventually a mold toxin pre- 
vents the liver from regener- 
ating. Your aflatoxin-ed liver 
then lets propyl alcohol build 
up after using it, You use more 
and more propyl alcohol. Somewhere, over the years, you pick 

intestinal fluke in a hamburger or from a pet or person, 
s inevitable. 


Fig. 42 Keep both salt and vi- 
tamin C powders in closable 
plastic shakers. 
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But pull out any one of the links in this chain and cancer 
impossible. Pull them all out for a return to good health, 
So cure yourself, prevent reinfection, heal the damage and go 
through life without this sword hanging over you. 
Over 100 consecutive case histories of cured cancer vie- 
tims are the subject of another book"® along with more detailed 
ions and suggestions, 


instru 


"8 The Cure For All Cancers, by the same author, New Century 
Press 1993, 


Curing HIV/AIDS 


HIV and AIDS disease are very similar to cancer. That is 
why cancer is so often seen with HIV/AIDS. It is caused by the 
same parasite but the solvent is benzene instead of propyl alco- 
hol. 


HIV stands for 
Human Immunodeficiency Virus 


AIDS stands for 
Acquired Immune Deficiency Syndrome 


Many researchers believe HIV causes AIDS. I observe them 
both caused by parasites and solvents! 


When the body can no longer detoxify benzene it soon may 
not be able to detoxify propyl alcohol. Food mold, at the base of 
the propyl alcohol problem, is also at the base of the benzene 
problem, Zearalenone, a mycotoxin I find in popcorn, corn chips, 
and brown rice specifically inhibits detoxification of benzene. 
None of us should be eating these foods untested. 

Several common mold toxins inhibit the immune system, too, 
specifically those white blood cells that are supposed to eat and 
destroy viruses. Consequently, the HIV virus cannot be checked 
is introduced in the body. 

Benzene goes to the bone marrow where T-cells are made, 
and to the thymus where T-cells are programmed, two big blows 
to the immune system. 

Benzene, a most unthinkable pollutant, is widespread in ex- 
tremely small amounts. But when benzopyrenes are added, the 
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total is entirely too much for the liver and it begins to accumulate 
in your thymu 


Fig. 43 Grilled food has benzopyrenes as do hot dogs and 
“smoke flavored” foods. 


Benzopyrenes are made right in your food by direct flame- 
heat. Grilled food, smoked food, hot dogs and lunch meats with 
moke flavor” all have benzopyrenes—even toast has it. Food 
fried in a skillet does not (even if you burn it black!). As the 
thymus deteriorates from its benzene burden so does your im- 


munity, 


Without benzene in your body 
you can't get AIDS. 
Without the intestinal fluke in your body 
you can't get HIV. 


After killing the parasite and its stages the HIV virus will be 
gone in 2 hours, almost as quickly as the cancer marker, ortho- 
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phospho-tyrosine. It is not nec: 
365 KHz. 

But the AIDS is not gone. This depends on removing benzene 
from your body and keeping it out of your body. Keeping it out 
on alternate days or 5 days of the week will not suffice. It must 
be out consistently. Only then can your thymus and bone marrow 
recover. 

‘As your thymus recovers your immunity returns. Immunity to 
all the diseases that lurk at very low level in our bodies. They 
are already in us. We have accumulated them in a lifetime, 
Mumps, measles, chicken pox, CMV, Staphylococcus aureus, E. 
coli, are all there. Until now they have been controlled-kept 
down-by an ever vigilant immune system. If this system fails you 
are an easy target for any and all of these invaders. 


ary to zap the virus itself at 


Method Of Treatment 


As soon as you find you are HIV positive, don't panic. It was 
inevitable. It is also inevitable for many others with unex- 
plainable risk factors. If you have a source of infection with the 
intestinal fluke and at the same time a source of benzene, HIV and 
AIDS are a logical result. You must stop the source of both 

Purchase or make a zapper or use somebody's frequency 
generator (434 KHz to 421 KHz giving 3 minutes to each KHz). 
Kill your flukes immediately. Take vitamin B2 immediately to 
help detoxify benzene (three 100 mg. tablets 3 times a day, 9 
altogether). Zap daily until you feel completely well: no night 
sweats, no coughing, no symptoms of any kind. 

Remember parasites are all around us. We pick them up 
daily. And your weakened immune system lets everything gain a 
foothold in your body. Avoiding benzene will restore your 
immunity. Use the benzene pollution list to guide you. 
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Figure 23. Clean pads but one pad is slightly crooked 


Figure 24, Pad straightened out 
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Benzene Polluted Products 


THROW THESE OUT 


Your health is worth more than the fortune you spent on them! 


+ Flavored food, yogurt, + Vaseline products 
jello, candies, throat loz- (Noxzema™, Vick's™, Lip 
‘enges, store-bought cook- ‘Therapy™), chap stick, 

s, cakes hand cleaners 

* Cooking oil and shortening + Vitamins and other health 
(use only olive oil, butter supplements, unless tested. 
and lard) 

+ Bottled water, whether + Rice cakes, even the plain 
distilled, spring, mineral, ones, 


cluding lubricated condoms 


+ Cold cereal, including + Baking soda and corn- 
‘granola and health brands starch (see Sources) 
+ Toothpaste, including + Soaps, hand creams, skin 
health brands creams, moisturizers 
+ Chewing gum + Flavored pet food, both for 
+ Tee ereamand frozen yo- cats and dogs 
gurt + Bird food made into cakes 
+ Pills and capsules. At least xu Ps 


a third of all I test are 
polluted. This includes 
herbal extracts and pre- 
scription drugs. Test yours 
and switch brands until you Fig. 44 Mexican made candy 
find a safe one. with no benzene. 


CURING HIV/AIDS 


It is impossible for me to have tested 
every batch of every food and product, 
but So many test positive you simply can 
not risk any of the foods and products on 
the list. 

Lear to use the Syncrometer to do 
your own testing. While you are leam- 
ing, observe the rules perfectly. There is. | 
no half way measure with benzene. Take 
an attitude of over-compliance, not a3. 
“getting away” with as much as possible. Fig. 45 Pollutants are 
Over-compliance can bring back radiant in unlikely places 
health, strength you never knew you had, 
a beautifull normal body again! You will be able to resume your 
n, professional life, personal relationships, 
free of the sword hanging over you. You will not be infectious to 
anybody. Let over-compliance enthuse you. 


Fig. 46 Every brand of popcorn and com chips I tested had 
zearalenone contamination. 


‘There are 2 extra rules that help eliminate benzene buildup: 
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1. Never eat moldy or grilled foods including popcorn, corn 
chips, grocery store breads, pasta, nuts, alcoholic bever- 
ages, toast, brown rice (white is OK). 

2. Always take Vitamin B2 (three 100 mg tablets three times a 
day) and vitamin C (1/8 tsp. with each meal). 


Plan For The Future 


After you are well again, you may wish to indulge in some 
philosophy. How did an obscure virus-a snail virus!-become a 
human virus? This is not so bizarre. After all, rabies virus comes 
to us from animals, and many encephalitis viruses come from 
mosquitoes. How did HIV spread so rapidly? How did a 
pollutant as dangerous as benzene get to be in our very food? Are 
other parasites getting set to spring on us? What must be done to 
protect ourselves and loved ones from future disasters? Would 
getting away from fossil fuel be a big answer? Would getting 
away from preoccupation with chemistry be a big answer? 
Would more disclosure of industrial practices be an answer? 
Should the government agencies responsible for food and product 
safety be depoliticized? Should public inspection of food 
manufacturing be a right? Should disclosure of foreign origins of 
food ingredients be mandatory? Would communicating with other 
cancer and AIDS survivors be useful? The computer age would 
make communication possible. Communication leads to answers. 
Answers might lead to new policies. Policies supported at the 
‘grass roots level can bring about change. 

Over 50 case histories of cured HIV vietims are the subject 
of another book’? along with more detailed instructions and 
suggestions. 


"The Cure for HIV and AIDS, by the same author, New Century 
Press, 1993. 
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Curing The Common 
Cold 


Sometimes you can zap Adenovirus, the common cold virus, 
at 393 KHz for three minutes with a frequency generator and be 
rid of your cold, magically, in five minutes. But magic and luck 
are not really responsible for this. And most of the time the cold 
will reappear a few hours later. 

Homeopathy, too, can immediately banish your cold symp- 
toms. The reason is not mysterious either. But, this time, the cold 
reappears later in a different location. Choose the right 
homeopathic remedy for that, and you can chase it away again. 


Tapeworm Stage or Mites 


The fascinating story of how we really “catch” a cold kept 
me spellbound for a year. I was hot on the heels of Adenovirus 
wherever it might be in my body. Sometimes I saw it; sometimes 
I didn't. Sometimes I had cold symptom es I didn't 
Sometimes I could zap it; sometimes it did no good. 

It is now apparent to me that Adenovirus isn't our (a human) 
virus at all! It belongs to other parasites. Parasites as varied as 
tapeworm stages and mites. Perhaps it belongs to many other 
parasites, as well. My evidence comes from a tapeworm stage, 
cysticercus of Diphyllobothrium erinacea, the mites Sarcoptes 
and Dermatophagoides, and our own colon bacteria, E. coli. 

The tapeworm stage flies in the dust as eggs, you can trap 
these by setting out a pint jar with a little water in it, In three 
days’ time you are likely to find its frequency near 487 KHz in 
your jar. You are also likely to find it on your kitchen sponge, 


som 
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since you wipe up dust each day. To test it, place it in a plastic 
bag, wet it thoroughly and search from 510 KHz downward, one 
KHz at a time. The various tapeworm stages emit between 510 
and 440 KHz, 

If you have a household pet, you will always be able to find a 
tapeworm stage in your sponge or in a dust sample you collect 
from the table or kitchen counter in the morning. Gather dust with 
a damp bit of paper towel, put it in a plastic bag. Then wash your 
hands or you may accidentally eat some. 

This, of course, happens to every household member. Eating 
the dust off the tables, inhaling the dust, and eating off surfaces 
wiped by the kitchen sponge happens to everyone. And everyone 
itches” colds. If you search for Adenovirus, though, in your 
dust sample, it isn't there! 

Similarly, you can search for the mites in your house dust. 
Search near the frequencies given for them. There is a good 
chance you will have one that is not given, because the list is so 
incomplete. Name it after yourself. Compare notes with others; 
maybe it is common, maybe it's a rare one. Again, you will not 
find Adenovirus beeping its characteristic frequency out of your 
mite specimen. Why not? Possibly, it is too faint; it must multiply 
and create a loud chorus before you can hear it. But multiply it 
will, if given a chance, in you. You must, of course, first eat or 
inhale the dust. 

Then the tape eggs hatch into the cysticercus stage, which 
promptly gets to the liver. Sometimes it gets to other organs, like 
the muscles, the spleen, the pancreas. Presumably the liver 
screened it out of the blood originally. 

Soon you will zap them, wherever they are. If you are using a 
slide specimen of cysticercus you can locate it in your body. If 
you are only listening to its beeps, you can't. If you can do both, 
you may be able to see which organ allows the virus to replicate 
after it emerges. Maybe only the respiratory organs do; maybe 
they start to replicate in the organ where they emerge, such as 
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the liver and then get to the respiratory tract. This is a fascinating 
avenue I have not yet explored. 

Mites are inhaled or swallowed or both, just as tapeworm 
eggs are. They are on your kitchen sponge, and in any food or 
dishes that stand uncovered anywhere in the home. Never drink 
water from a glass that has “stood out” all day. After finding one, 
you will notice it beeping in you for several days. Then the beep 
disappears; presumably the mite is dead. 

The tapeworm stage beeps may disappear in a few days, too, 
presumably dead. Except in cases of disease. Muscles that are 
diseased will take in the newcomer and allow it to survive add- 
ing to the parasites and pollutants already there! Evidently the 
immune power of such diseased locations is way down. 


On the day that the mite stops beeping, 
the day it dies, Adenovirus appears! 


Not many Adenovirus at first. You will need to search sev- 
eral times during the day to find it in your white blood cells. 
(And you have no symptoms, yet, either!) Is it a coincidence that 
Adenovirus appeared directly after a tapeworm stage or mite 
died? 

You can find out by waiting until a time when you have a 
tapeworm stage or mite and no Adenovirus. Then kill. your 
tapeworm stage or mite by zapping for seven minutes. Within 
minutes after that, the beeping of the tapeworm stage or mite is 
gone and Adenovirus can be heard, loud and clear at 393 KHz! 
And minutes later you may feel a stuffy nose, a slight cong. 
developing, a certain head feeling that is different. You are 
itching” a cold! 

Will you really get this cold? Will 
cold of the usual kind? After seeing 1 


become a full blown 
happen dozens of times 
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after killing a mite or tapeworm stage I concluded that Adenovi- 
rus really belongs to them; the virus is scuttling its dying host 
like people jumping off a sinking ship into the ocean, Our bodies 
are the ocean for them, They too, immediately swim and search 
for a hospitable island. Our respiratory tract is such an island; 
perhaps other organs, too. 


Yes, this “baby cold” will develop into a full blown col 


but only if, you have a mold in you! 


Molds and Colds 


This is part two of the cold story. You may have Adenovi- 
ruses quietly slipping into your blood stream and tissues from a 
tapeworm s you inhaled, or £. coli bacteria that 
stra ues, and which is being slowly killed by 
your immune system. Your immune system can keep up with them 
quite easily provided you don't have a mold in you at the same 
time. The nce of the mold is that it lowers your 
immunity, specifically and generally. 


Mold eluded, is health improved. 


This has already been studied extensively for a number of 
food molds. There are a variety of ways that mold toxins lower 
immunity. Some simply kill white blood cells. Others seem to 
“bind and gag” them so they just can't go about eating viruses. 

So with mold toxins present, Adenovirus, fleeing the dead 
tapeworm stage, mite, or E. coli is not gobbled up. It has time to 
get to its favorite organ and enter the cells there. It may get in 
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your lungs if they're full of arsenic or formaldehyde, in your 
throat if it’s full of mercury from your fillings, in your spinal cord 
if it's full of thallium, Sometimes you feel the viral att 
sometimes you don't. 

When E. coli is the source of your Adenovirus, a question 
pops up. Why don't you have a perpetual cold, since these ba 
teria are always in your colon...and should be! As long as E. coli 
stays dutifully in your colon, no Adenovirus is seen. But as soon 
the colon wall to invade your body, your white 
Is pounce on them. After this, Adenovirus appears and 
again you are catching a cold. They may go to your internal or- 
‘gans where you don't feel them. 

One place you do feel an attack is in your respiratory tract: 
Jungs, bronchi, sinuses, nose, Eustachian tubes, inner ear, eyes or 
head. And the size of the attack depends on whether you recently 
ate moldy food. 

Human food (in general, in the U.S.) is very, very moldy. We 
do not taste it because manufacturers have been using more and 
more flavorings in food. This covers up small amounts of mold 
or “off” flavor. Measures to reduce mold are not effective 
enough. 

Bread is a good example. Calcium propionate is added to 
bread-stuff to inhibit molding. Thats fine. But then the bread is 
encased in plastic to hold in moisture and keep it “fresh”. The 
moisture acts to incubate mold spores and overwhelms the in- 
hibitor. Vinegar is used instead of calcium propionate in some 
breads but, again, the plastic ruins its effectiveness. 

Another good mold inhibitor is lime water. This is used in 
making tortillas, None of the old fashioned tortillas (made with 
just corn, water, lime) that I tested had any mold, even without 
propionate added! Other tortillas made of flour and calcium 
propionate frequently had molds. 
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Fig. 47 This Mexican bread has no molds. It is made from 
white, unbleached flour and is not wrapped in plastic. 


Bread is such a staple we must correct its mold problem 
immediately. The two likely sources for the mold spores are: in 
the flour to begin with, or just flying about the bakery and landing 
on the newly baked loaves. Bread flour in the grocery store is 
quite free of mold spores, so maybe it is the bakery that needs to 
change. Perhaps it is not possible to bake 24 hours a day in the 
same building, year after year, without bits of flour and moisture 
imulating in the millions of tiny cracks and crevices that all 
buildings have and germinating mold. Yet bread from small 
neighborhood bakeries does not have mold! 
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Only buy fresh bread not wrapped in plastic. 


As soon as you feel a cold coming, ask yourself: what did 
you eat recently that might have been moldy? Cold cereal, hot 
cereal, bread, crackers, cookies, rice, other grains, fresh fruit, 
store bought frui -yrups, pasta, honey? This takes up 
a large part of any person's diet, even in a single meal. The 
answer is yes, no doubt you ate moldy food recently 

So you can't catch a cold directly from some sneezy com- 
panion, or E, coli, or tapeworm stages, or mites. You have to eat 
moldy food first. This lowers your immunity, allowing any 
Adenovirus to invade your weakest tissues. If that happens to be 
your respiratory system, you get classic symptoms. (Those same 
“cold” symptoms can be caused by bacteria, for which 1 have 
preliminary evidence of arriving in a similar fashion.) 

‘As fascinating as this whole story is, the bottom line is: how 
can you stop a cold, in record time? 


The Cure 


Remember, zapping does not kill your cells. So anything 
hiding in them will not be harmed by the electric current either. 
Viruses live inside your cells while they reproduce. You can 
only kill the outsiders: those stuck in your cell gateways. The rest 
will be killed by your own cells in time. Not much time. Five or 
ix hours at most. Your cells do it with mucous secretion, 
inflammation and other unknown ways. So zapping is an 
nperfect solution. 

Using a frequency generator to electrocute Adenovirus (393 
KHz for three minutes) is not effective either because you are 


363 


AN114 


B. Soldering a new QFP 
The pads on the PCB should be clean and free of any solder. 


Carefully place the new QFP device on the PCB using tweezers or another safe method. Make sure the 
part is not dropped as the leads can be easily damaged, 


‘Align the part over the pads using a small pick or similar tool to push the part, Get the alignment as accu- 
rate as you can, Also, make sure that the part is oriented correctly (pin 1 orientation). 


Figure 26. QFP aligned 
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not killing the mites and tapeworm stages at the same time, and 
the Adenoviruses are coming from them. 
The best advice to stop a cold is to: 

1, Eat sterile food for 24 hours. Follow the Mold Free Diet 
on page 365. Do not eat one questionable item. 

2. Take vitamin C (10 grams or 2 tsp.), a B50 complex (2 
tablets), and niacinamide (3 500 mg tablets) to help de- 
toxily the mycotoxins already in you. See Sources. It will 
still take five or six hours for your white blood cells to re 
cover their ability to capture viruses, for the “gag” to wear 
off. 

3. Zap for seven minutes, killing all viruses, tapeworm stages 
and mites together. Wait twenty minutes to let viruses and 
bacteria in the dead larger parasites emerge. Zap a second 
time for seven minutes to kill those viruses and bacteria. 
Wait twenty minutes to let any viruses infecting the killed 
bacteria emerge. Zap a third time for seven minutes to kill 
the last viruses. 

4. Now you need only wait for your tissues to decongest and 
stop making mucous, etc. 

5. Immediately start the Bowel Program (page 546) in case 
yours is an E. coli cold. You can't, and wouldn't want to, 
kill all the bacteria in your bowel. Zapping kills the escap- 

though, to give a bit of relief, and the Bowel Program 

stops th ive E. coli 

6. Do additional zapping as time permits until the Bowel 
Program has stemmed the invasion, 


In five or six hours your cold could be gone. 


Of all these measures, stopping mold consumption is the 
most important. If you eat peanut butter now, your cold will 
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return with a vengeance. If you eat cheese it will add Salmonella 
to your illness and you may develop a fever. Your own immune 
system is the most powerful cold killer, so stop handicapping it. 

Test yourself for the presence of molds to see if you are ai 
complishing your goal. The various molds I have tested had these 
emitting frequencies: 77, 88, 100, 126, 133, 177, 181, 188, 232, 
242, 277, 288, 295 KHz. 

In about five hours, some relief will be felt. The time it takes 
depends on how much mold you ate. But if you stop immediately 
and eat only perfectly safe food, your illness will be over in the 
shortest time. Shorter than merely zapping. 


Mold Free Diet 


Stick to this for 24 hours, even if you feel better much sooner. 


Before starting to cook sterilize your kitchen sponge 
(microwave it for three minutes), and wash hands 


Breakfast 


+ 1 or2 eggs any style. The egg carton and egg exterior have 
Salmonella on them, so remove the eggs, replace the 
carton, wash the exterior of the eggs and then your hands 
again before cracking them. You don't want a Salmonella 
infection added to your cold. 

+ Hash brown potatoes 

+ Pancakes or waffles with artificial maple syrup made with 
brown sugar and vitamin C, 

+ 1 cup herb tea with vitamin C, cinnamon, or other spice. 
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+ Water with a tsp. of vinegar and honey. 


Lunch 


+ Soup without noodles, without rice or any grain product. 

+ Homemade biscuits or bakery bread with butter. 

+ Homemade pudding or custard, all ingredients well 
cooked. 


Supper 


+ Well cooked fish or seafood (canned O.K., like sardines, 

almon and tuna). 

+ Fresh green vegetables, in perfect condition. 

+ Cooked vegetables with olive oil and salt (pure, see 
Sources). 

+ Canned beans, any variety 

+ Baked or boiled potato (don't eat skin) with olive oil and 
salt ed on page 310. 

+ Hot water with whipping cream and cinnamon. 

+ A perfectly unblemished banana, 

+ Water with lemon, 


You can “mix and match” these safe foods. If you get a hefty 
dose of mold at the outset of your cold, the toxicity lasts quite a 
Jong time. Repeat the diet the next day and the next until you are 
well. In animal experiments reported by scientists, toxicity from 
mold usually lasted three weeks. Sometimes the real damage was 
only seen after three weeks! Keep up your vigilance. When you 
decide to take some risks, make sure vitamin C has been added 
to the new food and mixed with it thoroughly. 
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Fig. 48 Goods baked in a panaderia (Mexican style bakery) 
never tested positive to molds. 
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Prevention 


What is the best way to prevent a cold? Stop eating moldy 
food. We were never meant to eat rotting, spoiling food. We 
were meant to be repelled by the bad odor, the bad appearance, 
the bad taste. Our parents were supposed to teach us in childhood 
to distinguish between good and bad food. This system no longer 
works. By mixing spoiled food with good food, by adding 
flavors and changing the food consistency, parents can’t 
distinguish substandard foods, nor te ildren to. 

We rely on government agency ce beef grades, 
expiration dates, approved food colors and additives. And when 
they fail? We land in a debacle such as the present one, where 
large segments of society are ill with uncontrollable behavior 
(called crime), suffer from hormone imbalances and sexual dis- 
turbances, are sidelined by chronic fatigue and new illness. But 
the greatest social disaster is lowered immunity—AIDS. 

We cannot individually control the destiny of our species. 
But we can get ourselves out of the path of the falling human tide. 
‘We can dissent. We can say NO to rotten moldy food. 

What about exposure a cold? Won' you catch one if you're 
a roomful of coughing, si 
with a coughing, sneezing person? Or you drink from the same 
glass as a person with a cold? Or your child plays with the same 
toys as sick children? 

Yes, you will catch the virus, but you won't get 
are tracking Adenovirus using the electronic techniques 
book, you will see that it infects you immediately after eating 
coughed-on food. It stays in you about twenty minutes. Then it 
disappears, evidently eaten up by your white blood cells, pro- 
vided there is no mold toxin in you. But if you do have a mold 
toxin in you, the virus spreads, multiplies and gives you a cold! I 
have oniy followed Adenovirus behavior. There are numerous 
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other “cold bugs” left for you to track. Each illness in your family 
could provide you with a specimen to research. 

This throws light on self infection, too. When we cough into 
our hands and then eat with them, we self-infect. But it only 
makes us sicker if we harbor molds. 


Curing Symptoms 


Cold symptoms alone can be cured much faster than the cold. 
Taking drugs proves that. Most of the drugs on the market can 
cure some symptoms in less than one hour. But not without a 
price, such as a harmful side effect. 

Homeopathy can cure cold symptoms too, without side ef- 
fects. There are three or four favorite homeopathic remedies for 
colds and eight or nine less common ones. To use them you read 
the symptoms listed and take the remedy with the closest match. 


Homeopathic Remedy | For These Symptoms 
‘Aconitum ‘early cold wih fever headache. hoarse cough 
lium clear runny nose wih burning of lps or eyes. 
‘rserioum sneezing cold ontal headache. tickling cough 
Beladonna: Tigh fever cold with flushed face. throbbing head 
Kalb: thick post nasal drip, colored discharge, sinus 
headache 
Spongia croupy cough 


Fig. 49 Starter set of homeopathic remedies. 


There are lots more remedies with fascinating symptoms to 
try to match with your own. Books suggest that you start with a 
6X or a 12X remedy, but success is more certain with 30X. Use 
three remedies simultaneously. If you get total relief at some 
point, stop. If the cold has moved or won't budge, try another set 
of three after an hour. Don’t take them within 15 minutes of 
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food or anything else. Homeopathy makes very interesting 
reading. 

Homeopaths say they stimulate the immune system specifi- 
cally. My results show they do much more. They go right to the 
gateways of your cells and evict the tiny parasite, bacteria or 
virus stuck to the latch and trying to get in. Your immune system 
would be able to gobble them all up if they weren't gagged by the 
food mold you ate. 

Different homeopathic remedies go to different tissues, so 
you can only clear one tissue at a time. If you plan on trying thi 
for yourself, order the set of cold remedies listed above (see 
Sources). The homeopathic method would be a beautiful cold 
cure if it weren't for the mold intrusion, 

Herbs, too, can cure symptoms rather quickly. Elderberry 
tea mixed with peppermint is cited in herbal textbooks and it 
could probably do a lot if it weren't for the mold immuno- 
suppression. If you plan on trying these start with a set of thyme, 
fenugreek, sage (for throat). Since both herbs and homeopathic 
remedies work on the principle of ejection, they c ich 
other. Maybe the last one to arrive takes over. TI 
field for you to explore. 

Ultimately, the length of time your own white blood cells are 
bound and gagged decides how soon you are really cured of your 
cold. Remember taking vitamin C (10 grams or more) helps 
detoxify the molds. If you find a recipe that works for everybody 
in less than five hours, be sure to let everybody know. 


True Origins Of Viruses 


Your body can eliminate any virus in a short time, such 
hours or days. It can even keep up with a steady stream that 
coming from tapeworm stages! 
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Let us apply these new insights to several diseases we are 
familiar with. Let us speculate what could really be happening. 
Epstein Barre Virus (EBV) is a mysterious disease because 
spite of building up antibodies, it attacks repeatedly. I only see 
EBV if the person also has Eurytrema (pancreatic fluke) in the 
pancreas. When the fluke is gone, I no longer find EBV in the 
white blood cells. This suggests that the virus comes from the 
fluke. As each fluke dies and is finally removed, the body's white 
blood cells can catch up with the viruses and you begin to feel 
better again, which can be as quick as one day. But reinfection 
with an EBV-carrying Eurytrema (plus a wood alcohol 
containing beverage to allow the fluke to go to the pancreas) can 
spark the next recurrence. 

Shingles is a recurrence of chicken pox. I always find As- 
caris in persons with shingles! Unfortunately, killing the Ascaris 
does not cure shingles. Herpes Zoster (the shingles/chicken pox 
virus) is known to hide in nerve cells. Pethaps Ascaris facilitates 
it's release, or simply suppresses the immune system in a way 
that allows it to suddenly multiply. 

Polio was once a scourge. At that time, we can theorize that a 
new large parasite was making its appearance. Was a new 
animal association taking place in the early 1900's? Life w: 
\deed becoming more urban with horse manure on all streets 
Owning a dog for a house pet was becoming an acceptable life- 
style. Could the tapeworms of thes Is give us a tapeworm 
stage that hosts polio virus? Many polio sufferers also had mi- 
graines. These are caused by Strongyloides, a horse threadworm. 
Does Strongyloides host polio virus? 

‘The HIV virus infects us during the time the inte: 


al fluke, 


Fasciolopsis buskii, is being hosted. Persons test negative to 
HIV shortly after the fluke and its stages are eliminated. 
Coxsackie viruses give us some of our encephalitises. I never 


see Coxsackie viruses without the bacteria, Bacteroides 
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fragilis, and I never see Bacteroides fragilis without Ascaris (a 
roundworm) I conclude that one lives inside the other! 

We may be deriving viruses from all the roundworms, flukes, 
tapeworms and bacteria that infect us! It would be a fascinating 
study, simply to examine each of the: searching 
for their viruses with an electron microscope. They could also be 
searched for using immunologi 

Fortunately, your health improvement does not need to wait 
‘on such studies. Your electronic technique can detect them in 
your body long before you are made ill by them. You don’t need 
io know their hosts in order to stop hosting them yourself. 

It is a time of great change for this planet as pollution spreads 
from pole to pole. The growth of industrial activity, mining, 
chemical manufacturing, the food “industry”, and personal hal 
like smoking have spread new chemicals to every corner of the 
globe. The element polonium, which is radioactive and in 
tobacco smoke, is harmful to human lungs, but may not be harmful 
toa small lung parasite, like Pneumocystis carni 

Benzene, which is a solvent and extremely harmful to hu- 
mans, may not be harmful to fluke parasites living within us. 
Propyl alcohol facilitates the intestinal fluke but is toxic to us. 

Parasites are doing abnormal things. Is this because of 
pollution? 

The tables are gradually being turned against us in favor of 
our parasites and pathogens. Such large changes are called 
evolutionary. Is the human species doomed, or will some of us 
“adapt”. Will some of us survive fo pass on our “better” genes to 
a new population of cancer-resistant, AIDS-resistant, Alz- 
heimer's-resistant, etc-resistant humans? How many of us will 
die trying? 


The common cold should not be so common! 
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Body Wisdom and Why 
Bad Food Tastes Good 


Don't let yourself eat junk food just because your body craves 
something in it. Try to figure out what it is your body craves. 
Could it be fat? Could it be salt? Could it be starch? 


Salt 


If it’s salt, you might also love popcorn and other salty food. 
This implicates the adrenal glands. Maybe they're letting too 
much salt (sodium chloride) leave the body through the kidneys. 
Maybe they're letting too much potassium chloride through, too. 
A diuretic pill could certainly have a similar effect. 

Help the adrenal glands do their job of regulating sodium and 
potassium chloride by cleaning them up. Let salt-hunger be your 
signal to do a kidney cleanse (page 549). This will clean 
adrenals too. Even a slight drop in sodium and potassium chlo- 
ride in the blood (body fluids) can make you too fatigued to tie 
your own shoelaces. 

Remember, when your body craves potato chips, it craves 
something in the potato chips. If you let yourself eat highly salted 
food while you're giving the adrenals a clean up, at least add 
potassium chloride to your diet. Make yourself a mixture of equal 
parts of sodium chloride and potassium chloride. Part of salt 
hunger is actually potassium hunger. Let your body (your taste) 
decide on the amount of potassium chloride to add. Maybe one 
part potassium chloride to two or three parts sodium chloride is 
a better mixture for you. Afier mixing, store it in the original 
containers (re-label them) to prevent caking. If you put 
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‘Adjust the soldering station temperature to 725°F (385°C). Put a small amount of solder on the tip of the 
solder iron, While holding down the aligned QFP with a pick or other pointed tool, add a small amount of 
solder flux to the comer leads in two opposite corners, While still holding the part down with the pick, 
solder down two opposite corner leads on the QFP. Do not worry about excess solder or shorts between 
adjacent leads at this time. The idea is to anchor down the aligned QFP with solder so it does not move, 


Figure 27. Aligned QFP ready for solder anchoring 


Re-check the QFP alignment after soldering the corners. If necessary, make adjustments or remove and 
start over to get good QFP to PCB alignment, 


Figure 28. Aligned QFP with corners soldered down 
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it in an ordinary salt shaker, it will cake soon. Use a shaker with 
a lid that closes. 


Fats 


Maybe you like French fries because of the fat. If you deprive 
yourself of the “good” normal greases that come from plant or 
animal sources which would ordinarily make up 25% of your 
calories, of course you'll crave grease. But what a bad trad 
Now you are getting lab-made (hydrogenated) grease with a non- 
biological structure, and loaded with the carcinogen nickel. 

So if you're body tells you that you need grease, go back to 
olive oil, butter, cheese (baked only), lard, avocados, nuts and 
nut butters (homemade only) and seeds. Humankind has been 
eating these natural fats long before cholesterol was vilified. The 
key to cholesterol control is not fat avoidance, but a liver 


cleanse! 


Starch 


If switching to natural greases doesn't satisfy your “fat-tooth”, 
maybe its the potato in the French fries that your body craves. 
Plain, pure starch, Do you also love bread and pasta (more pure 
starch though very inferior to potatoes)? Pure starch 
to digest and has a large adsorptive capability for toxi 
if any family member should accidentally eat something 
poisonous, drinking cornstarch will quickly mop it up and keep it 
stuck so it can't enter your tissues. (This doesn't work for all 
poisons.) By craving pure starches, your body could be telling 
you about a need to improve your digestion (liver disorders) or 
io eat and breathe less toxic things. 
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Maybe a stomach-full of baby Ascaris is telling you to eat 
only food that doesn't need a lot of acid: "just potatoes, bread and 
pasta, please, and skip the sauce.” Ascaris inhibits acid pro- 
duction by the stomach, This can result in an aversion to meat. 

It doesnt take much acid to digest pure starch and get it on its 
way out of the stomach, And out of the stomach means relief: 
relief of the pressure on the diaphragm and liver, heartburn, that 
too-full feeling, and other digestive disturbances 


Sugar 


Your body runs on sugar. If you are short on sugar it will tum 
fat into sugar. If you are short on both, it will tun your muscles 
into sugar. However eating more sugar doesn't cure the crav 
You have to find out why you are so short, in spite of eating it. 
The first thing to try is 1 mg chromium (five 200 meg tablets, 
see Sources) per day. If you still crave sugar after a week the 
problem is something else. Perhaps you have pancreatic flukes 
upsetting your sugar regulation. Kill them and go off commercial 
beverages that may contain wood alcohol. Sugar regulation is 
very complex, but these two approaches help most of the time. 


ig. 


Dislikes 


Respect your body's opinion when it says, “No, I don't want 
to eat that.” Our education about nutritive value of food may be 
sound but there are other facts to consider. We should take a 
lesson from nursing babies: when they refuse to nurse, there 
something unpalatable in the mother’s milk. Usually the mother 
has eaten onions or members of the cabbage family. The baby 
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tries it once, and leams to reject it immediately. The baby’ 
in its wisdom, does not want the baby to eat what it can’t 
properly digest. The mother may feel: “Now, this breast milk is 
good for you and drink it you must, or you shall go hungry.” 
Unfortunately, this works for 2-year-olds and up. They are forced 
to eat carrots, peas, and other vegetables; vegetables that taste 
terrible, (modern agriculture has ruined the flavor). They alone 
taste the bitterness of PIT, a cyanide-related chemical, and very 
difficult for the liver to metabolize. Broccoli and onions may 
bur the tongue with its sulfur-containing acids, Green beans, 
onions, garlic, eggplant, all have unique chemicals in them. If you 
ild are not ready to eat them, avoid them carefully, so 
chemical. 

The more mold a child eats, inadvertently, in peanut butter, 
bread, potato chips, syrups, the less capable the liver is of de- 
toxifying foods. This will certainly increase the “pickiness” of a 
child's appetite. If your child has too many foods on her or his 
personal “off list”, let this signal you to improve liver function. 
Stop the barrage of chemicals that comes with cold cereals, 
canned soup, grocery bread, instant cheese dishes, artificially 
flavored gelatin, canned whipped cream, fancy yogurts and 
cookies or chips. Move to a simpler diet, cooked cereal 
honey, cinnamon and whipping cream (only 4 ingredients), 
(boiled), bakery bread, canned tuna or salmon, plain cooked or 
fried potatoes with butter, and slices of raw vegetables and fruit 
without any sauces, except honey or homemade tomato sauce, to 
dip into. 

It is frustrating to cook “a fine meal” for the family and find 
everybody likes it except Ms. Picky. The good news is that she 
can usually think of something she would rather eat. If it's nu- 
tritious, be thankful. If i's not say No. 

‘Adults should hide their junk food, including everything off 
limits to children, Don't “hide” your junk food in the refrigerator 
and lower level cupboards! Treat’ yourself as well as your 
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child. If a food tastes bad, don't eat it. If you crave it, try to un- 
derstand the message 


Outwit The Cravings 


Here are some examples. Suppose you crave these items: 


+ Pickles. They supply vinegar and are often loved by per- 
sons with little acid in their stomachs or a lot of yeast 
(vinegar is a yeast inhibitor). Start drinking water with 
lemon juice or vinegar and honey. 

+ Bacon. The fat soothes the stomach and slows down di- 
gestion. Switch to butter and cream, with meals. 

+ Sugar coated cereals. Loved by persons with disturbed 
sugar regulation. Kill parasites, avoid wood alcohol, use 
chromium tablets and a lot of cinnamon, 

+ Crunchy munchies. Your jaw and teeth want some work to 
do. Try salads, an apple, raw sunflower seeds (beware of 
moldy seeds, nuts and dried fruit). 

+ Ice cream. Ice cold food stimulates the thyroid; loved by 
low thyroid persons. Clean up the thyroid by doing dental 
work and liver cleanses. 

+ Caffeine-laced beverages. Stimulate many body tissues, 
raise blood pressure. Loved by low energy people. Do a 
general body and environment cleanup. (There are people 
who say coffee puts them to sleep. Insomnia has better 
solutions than caffeine, though.) 

+ Candy. The more you eat the more you crave because 
chromium is being used up as you eat it and yet it is nec 
essary to utilize more sugar. Give yourself chromium 
(GTF) tablets totaling 1 mg. (1,000 meg.) a day and watch 
your sugar craving shrink. 

+ Pretzels. You want salt plus crunch. 
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+ Potato chips. You want salt, grease, starch and crunch. No 
wonder they are so popular! 


If your body still has its wisdom, or most of it, why can't it 
detect the mold in peanuts, crackers and bread for us? There is a 
und reason, Our food manufacturers have gone to great 
to fool our native senses. Salt and sugar, roasting and 
flavoring, do most of it. 

Your body is accustomed, natively, to interpret sugar, salt, 
and flavors as “good, good, good.” Of course, the mold is “bad, 
bad, bad.” But when you mix them, what is your body to read? 
The “goods” always win; manufacturers don't stop until they do. 
More flavorings are added. The result is that you can be eating 
rotten moldy food without knowing it, 

Food that is predominantly concocted can't be interpreted by 
your body wisdom. You must use your second-best ally, your 
intelligence. 

How would you interpret these situations, taken from real 
life: 


+ An elderly person can't stand butter, wants and enjoys 


Id prefers canned spaghetti for the real thing. 

+ A child wants to eat only sweets, everything else must be 
coaxed down, 

+ A young man needs 

+ A young man with serious mental illnes 
gallon of Mellow Yellow™ a day. 

+ A child wants ketchup on everything. 

+ A pregnant woman puts herself on a pickled pigs feet and 
white bread diet. 


beer to enjoy a cook-out. 
drinks half a 
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Back To Normal 


Body wisdom was not meant to substitute for parental 
teaching. They must both be there, But when there is conflict, 
trust your wisdom, Will you ever get your primitive body wi 
dom back and enjoy vegetables, fruit, simple styles of cooking 
and baking them? Yes, to a considerable extent. You'll hold your 
nose at all seeds and nuts and most flour (they smell so rancid), 
You'll back away from cookies and cakes, especially icing (they 
taste like you imagine shortening tastes). You'll retreat from deep 
fat fried foods: the dripping grease will just undo the appetite 
You'll say “No thanks” to canned food and metal cutlery (you can 
taste the metal now). You'd have to force yourself to eat grocery 
bread (it's so doughy and sour smelling). Wheat germ smells 
terrible (rancidity). Even vitamin tablets may smell awful. 

Has life been ruined, now that plain potatoes and butter taste 
good? Your body wisdom has returned. You are the true gourmet. 
Itis as different as corn on the cob is from the canned variety. 
Perhaps you are “spoiled” now by eating un-rotten food. Accept 
the charge with humor and dignity—as long as you're not 
expected to eat any more spoiled, moldy food. 


Toxic Food 


Grilled food develops benzopyrenes in it that are very toxic. 
In an age of lowered immunity, it makes little sense to de- 
liberately poison the food with benzopyrenes. Especially for 
children, who will be faced with new viruses and parasites in 
their lifetimes, Will they be able to overcome them or succumb at 
middle age? Only the strength of their immune system decides 
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Benzopyrenes must be detoxified using the liver’s valuable 
benzene-detoxification system. With so many benzene-polluted 
items, there is hardly enough detoxification capability to get it all 
taken care of. NAD enzymes (the N stands for niacin) come into 
play too. These are essential for alcohol detoxification. If you 
have consumed alcohol, like a can of beer, NAD enzymes must 
be shared between the alcohol in the beer and the benzene in the 
beer. It takes longer to detoxify both the benzene and alcohol, 
The time delay is a time of lowered immunity and facilitates a 
growth spurt for parasites and pathogens 

Foods that are raised to very high temperatures, made po: 
ble with a microwave oven, produce benzopyrenes. Ordinary 
bread-toasters can do this too! Old fashioned toasters had a layer 
of metal separating the bread from the wires. Toasting bread in a 
frying pan or a stove top surface protects it too, But your stove 
grill, whether electric or flame, will produce benzopyrenes in 
your food unless there is a separating wall between them. 

It does not matter what kind of fuel is used, the benzopyrenes 
develop due to lack of shielding between the food and heat 
source. A metal wall between them absorbs some of the heat 

Do not burn your food in a microwave oven. Since the tem- 
perature may go higher than your regular oven, you can produce 
benzopyrenes. Your regular oven is thermostated so that it cannot 
go higher than it states. Baking and browning is never done 
above 425°F, This is your safety feature. If anything in your 
microwave has turned dark brown or black or has melted pla 
throw it out! 

‘Supplements that help your body to detoxify the benzopyrenes 
are: 

1, Niacin or niacinamide. These are NAD-builders. Take 50 
mg with each meal. 
2. Vitamin B, (riboflavin). Take 50 mg with each meal. 
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For unpolluted vitamins see Sources. 
It would be wise to teach children the habits that maximize 
their immune strength. Avoiding food toxins that are specifically 
immune-lowering is most important. Besides the benzopyrenes, 
certain mold toxins and solvents do this and are found in foods. 


Moldy Food 


Everything that’s animal or vegetable can get moldy. While 
living things are alive, the mold attackers can be held at bay. As 
soon as they are dead, molding begins. First it molds; then bac- 
terial action sets in. This is what makes things biodegradable. It 
a precious phenomenon, It does away with filth—in an exqui- 
manner. Without mold and decay the streets of New York 
would stil be full of horse manure from the days of the horse and 
buggy and our lakes too full of dead fish to swim in. 
its molds; every fruit has its molds; tea and 
ave their molds; as do all herbs, and vegetables. 
Nuts have their molds; nuts grown in the ground (peanuts) are 
especially moldy because the earth is so full of mold spores. But 
the wind carries these spores high up into trees, and even up to 
the stratosphere. Molds are not very choosy. They have their 
preference for certain plants and conditions, But the same mol 
can grow on many plants. This is why aflatoxin, for instance, 
found not just in your cereal, bread and pasta but in nuts, maple 
syrup, orange juice, vinegar, wine, etc. Where is it not? It is not 
in dairy products or fresh fruit and vegetables, provided you 
wash the outside. It is not in meat, eggs, and fish, It is not in 
water. 

Although I find aflatoxin in commercial bread, I do not find it 
in carefully screened wheat that has had its discolored, shriveled 
js removed before using it for making bread, cereals 
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and noodles. It is not in baked goods bought at bakeries, left open 
to air. Evidently the system of wrapping baked goods in plastic 
keeps moisture trapped and starts the molding process. In spite of 
adding mold inhibitors, American bread-stuff is far inferior to 
Mexican baked goods in which I do not find aflatoxin! 

Here is some good news for cooks: if you bake it yourself, 
adding a bit of vitamin C to the dough, your breads will be mold 
free for an extended period (and rise higher), 


Aflatoxin 


What is so important about molds? Some of them produce 
very, very toxic chemicals wherever they grow. They produce 
s known to exist. Aflatoxin is one 
of these, My tests show it is always present in cancer patients; in 
other words it has built up due to the body's inability to detoxify 
it in a reasonable time. A great deal of research has been done on 
aflatoxin. Any library would have more information. 

Aflatoxin reaches the liver and simply kills portions of it. 
After a hefty dose the liver is weakened for a long time— 
possibly years. Hepatitis and cirrhosis cases always reveal afl 
toxin, The liver fights hard to detoxify aflatoxin and manage its 
‘own survival. It manages for 2 to 3 weeks; then a portion of it 
succumbs. So the toxic effects of a dose of aflatoxin aren't even 
noticeable for several weeks! And without a taste or smell to 
guide you, how would you know to stop eating the moldy peanut 
butter or spaghetti? The answer is: 


make and bake things for yourself 
test the things you dearly love but can't make 
treat things that are treatable for molds 
throw the rest out of your diet 


BERH 
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Treatments mentioned in the industrial research journals are 
hydrogen peroxide, strong alkali such as lime-water, metabisul- 
fite (a common reducing agent) and high heat. I have tried heat 
and vitamin C, which is also a reducing agent. 

Just heating a food to the boiling point does not kill the 
molds. Boiling for many minutes at a higher temperature or 
baking does kill them (but not ergot, another mold) and also de- 
stroys aflatoxin they produced and left in the food. For foods you 
can’t heat that high, for example nuts that are already roasted, or 
vinegar, vitamin C comes to the rescue. I suppose it acts a lot 
like the bisulfite; chemically destroying the mold toxin 
molecules. 


Eradicating Aflatoxin 


Simply sprinkling vitamin C over roasted nuts is not effec- 
tive because the molds have penetrated the surface. Rinse the 
nuts in water first (a lot of mold is removed in this simple way). 
Cover the nuts with water, add about 4 tsp. vitamin C powder 
(for a pint of nuts) and mix. Let stand for 5 minutes. The water 
penetrates the nuts, taking the vitamin C with it and detoxifies 
them, Pour off the water and dry the nuts in the oven at low heat. 
(Don't burn them or you will make benzopyrenes.) 

Rice and pastas can be demolded partly by cooking and 
partly by adding vitamin C before or after cooking. There is no 
need to add so much it affects the flavor. Brown rice is espe- 
cially moldy. 

Vinegars can simply have 
refrigerator, 

Honey can be warmed and treated the same way (M4 tsp. per 
pint). 

Bread cannot be salvaged. Switch to bakery breads or 
homemade. Use it up in a few days, left in its paper bag. Or slice 
and place in a plastic bag in the freezer. 


min C added and placed in the 
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Now you are ready to solder all the leads. Add solder to the tip of the soldering iron, Dispense flux over 
all the leads to keep them wet. 


Touch the solder iron tip to the end of each QFP lead until the solder is seen running up the lead. Repeat 
for all the leads. Add small amounts of solder as needed to the soldering iron tip. Again, do not worry if 


you see some solder bridging as you will clean that up in the next step. 


When soldering, keep the soldering iron tip parallel with the pins being soldered to prevent excessive sol- 
der shorts. 


JIM 


Figure 29. Keep iron tip parallel to pins being soldered 
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Since all foods have both their own and others’ molds, there 
must be thousands of molds. Very many have been studied be- 
sides aflatoxin producers. 


Zearalenone 
Zearalenone, an anabolic and uterotrophic metabolite, is fre- 
quently found in commercial cereal grains and in processed 
foods and feeds, and is often reported as causative agent of 
naturally occurring hyperestrogenism and infertility in swine, 
poultry and cattle.” 


What this means is, in animals, “zear” looks likes extra e 
trogen to the body. Does it affect humans the same way? Are high 
a problem for us? I find nearly every breast 
Fh estrogen level for years before the 
cancer is found! It starts females maturing too early, too. It could 
cause PMS, ovarian cysts and infertility. Not everybody gets all 
of these effects. And what is the effect on men and boys of eating 
an estrogen-like mycotoxin in their daily diet? This female 
hormone could have a drastic effect on the maturing process even 
small amount 
Zearalenone ("zear") and aflatoxin both have immune low- 
ering effects. Zearalenone can induce thymic atrophy and 
macrophage activation’? If you have low immunity (low T- 


© Bottalico, A. Lerario, P., and Visconti, A., Production of 
Zearalenone, Trichothecenes and Moniliformin By Fusarium Species 
From Cereals, In Italy. From Toxigenio Fungi, Vol 7, edited by H. 
Kurata and Y. Ueno, copublished by Kodansha Ltd, Tokyo and El- 
sevier Science Publishers B.V., Amsterdam, 1984, page 199. 

© Luster, Mil, Boorman, GA., Korach, K.S., Dieter, M.P., and 
Hong, L. 1984. Myelotoxicity toxicity resulting from exogenous estro- 


gens evidence for bimodal mechanism of action. Int. J. Immunophar- 
macol. 6:287-297, 
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cells, low white blood cell count, and so forth), immediately go 
off moldy food suspects. 

“Zeat” is the mycotoxin that prevents you from detoxifying 
benzene, Every AIDS sufferer I see has a crippled ability to de- 
toxify benzene; they also have zear! 

‘The main zear sources I have found so far are popcorn, corn 
chips, and brown rice. But it was absent in fresh com, canned 
corn, corn tortillas, and white rice, making me wonder how it 
gets in our processed com products. 


Sterigmatocystin 


Sterigmatocystin 
(’sterig”) is plentiful in 
pasta. Emphasize baked 
pasta dishes, not boiled. 
This raises the temperature 
much higher than boiling. 
Better yet, make your own 
pasta with a pasta maker. 
U.S. bread flour is quite 
free of mold; the mold in 
our pastas must come from 
using inferior quality flour. 
Always add vitamin C to Fig. SOAU U.S. brands of pasta I 
pasta before or after cook- "sted had mold, including health 
ings food brands like the one shown 
here (left). No Mexican brands of 
pasta, like the one pictured 
(right), had any molds. 
A food mold that causes strange feelings and behavior is er- 
got. Although laws regulate the amount of ergot allowed in 


Ergot 
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foods,” this is not enough protection. Ergotoxins, for example 
LSD, are active in extremely minute (less than a microgram, 
about one thousandth of a fly speck) quantities. They are not 
destroyed by heat and are especially toxic to children, I found 
traces in cereals, whole grain breads, wines, and honey. It can be 
detoxified by adding vitamin C but takes longer; about 10 
minutes. Detoxify all your honey as si it arrives in your 
house. Warm it slightly and add vitamin C (1/8 tsp. per cup). Stir 
with wood or plastic. 

Ergot toxicity could explain “Jekyll and Hyde” behavior in 
children, commonly attributed to fact, the 
mechanism, inability by the liver to keep up with detoxification, 
fits well into the “allergi has undesirable 
behavior, try going off the moldy food suspects for three weeks 
(cold cereals, nuts and nut butters, store bought breads and baked 
goods, syrups). Substitute cooked cereals, bakery breads, 
potatoes, and honeys. Add vitamin C to honey, pasta and cooked 
cereals. Pancakes and waffles made from scratch would be O.K. 

Combining alcohol with ergot is more toxic than either 
alone. Alcohol seems to drive the toxin deeper into your tissues, 
Thave found ergot and aflatoxin in beer and wine! Perhaps some 
of the bizarre behavior and speech of intoxication is really due to 
the mold-alcohol combination. By delaying alcohol detoxifi- 
cation, the mold could even be responsible for deaths “due to” 
alcoholism. It would be safer to brew your own alcoholic bever- 
ages. Start with pristine fruit. Or at least add vitamin C (1/8 tsp. 
per cup) to the store bought container you are consuming. 

Older children and adults are quite susceptible to ergot too. If 
bizarre behavior shows up, such as saying mean and cruel things, 
expressing unusual, irrational thoughts, feeling emo- 


Canada allows one ergot grain per 300 grains of #3 or #4 wheat. 
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tionless or unreal, try the same diet changes, but put alcoholic 
beverages, soy s ces, and other grain derived 
foods on the “off” list. Try this diet on yourself if you have a 
temper or crying spells or frequent colds! Ergot can make you 
hearing voices of command or threat. Ergot also 


Fig. 51 All cold cereals I tested were full of mold toxins 
(besides solvents), health food varieties were worst. 
causes seizures! 


Cytochalasin B 


Cytochalasin B (“cyto B’) is another immune lowering fun- 
gus. I find it mostly in pasta, It stops cells from dividing. Dead 
portions of the liver cannot regenerate as they otherwise would 
afier a toxic encounter! 
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Kojic Acid 


Kojic acid is a mycotoxin that appears to be responsible for 
wood alcohol build up. In other words, the toxic effect prevent 
you from detoxifying wood alcohol. This leads 
‘damage, invites pancreatic fluke infestation, and typically results 
in diabetes. I find it in potatoes; don't eat potato skins. If you are 
a potato lover fix your own so you can peel them and remove any 
gray parts, I have also found it in regular coffee 


T-2 Toxin 


T-2 toxin is a mold I have found in all cases of high blood 
pressure and kidney di It is present on dried peas and 
beans but it can be detoxified in 5 minutes by adding vitamin C to 
the water they are soaked in, Remember to throw away imperfect 
ones, first. 


Sorghum Molds 


Sorghum and millet carry these. Don't buy sorghum syrup. 
Rinse millet in vitamin C water before cooking, or add vitamin C 
to the cooking water. 

These mold toxins cause hemorthaging, appetite loss, and 
inability to swallow. Elderly people are more ¢: oned 
than others; their hemorrhages show up as strokes and purple 
blotches on the skin, 


Patulin 


the major fruit mold toxin, It is present in most common. 
fruits if they are bruised. It is particularly hazardous since the 
mold that produces it can actually grow in your intestine in 
patches. At these locations, bowel bacteria, E. coli and Shigella, 


388 


Bopy WISDOM AND WHY BAD Foop Tastes Goop. 


can climb through the colon wall to invade you. These bacter 
are then free to spread to regions of injury and tumors. 

If you have cancer or bowel disease go off fresh fruit 
(bananas and lemons are OK) for a few weeks. Then choose your 
fruit meticulously. Peel everything so you can see and avoid 
every bruise. Also take a 2 tsp. dose of Black Walnut Hull 
Tincture Extra Strength. This kills these bowel fungi. But you can 
reinfect with a single soft grape. 


Mold Avoidance 


We should be much more critical of our food. 

Crackers are notoriously moldy. Never let your child eat 
s in the oven from left over bakery 
lust sprinkle with cinnamon, 

Dried fruits are very moldy. Soak them in vitamin C water. 
Rinse and bake to dry again. Then store in the refrigerator or 
freezer. When fresh fruit gets overripe, don’t quickly bake it or 
preserve it. It’s too late. 

Peanut butter (store bought) and other nut butters can't be 
detoxified by adding vitamin C due to the mixing problem, even 
if you stir it in thoroughly. Make your own. Making your own 
peanut butter is a great adventure (see Recipes). Mix it with 
home made preserves, honey, marmalade, not very homogen: 
ously so the bright colors and individual flavors stand out 
contrast. Having three or four such spreads in the refrigerator 
will give your children the right perspective on food— 
homemade is better. Store bought jams are sweeter and brighter 
in color but strangely low in flavor and often indistinguishable 
from each other. Let your children eat the polluted foods that 
friends and restaurants serve (but not rare-cooked meats) so they 
can experience the difference. Their livers are strong enough to 
detoxify occasional small amounts, 
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Tea is quite moldy if purchased in bags. Although I used to 
recommend single herb teas (tea mixtures have solvents), I can 
now only recommend single herb teas from fresh sources in bulk 
(See Sources). This also gets you away from the benzalkonium 
chloride and possibly other antiseptics in the bag itself. When 
you get them, store them in their original double plastic bag. 
‘These herbs are so fresh, you'll only need half as much to make a 
cup of tea. Use a bamboo strainer (non metal). Bake the strainer 
occasionally or put through the dishwasher to keep it sterile. 


Fig. 52 Packaged herb tea is moldy and polluted with solvents 
Get yours in bulk from an herb company. 


It comes as a surprise that pure, genuine maple syrup has the 
deadly aflatoxin and other molds. You can ofien see mold 
yourself, as a thin scum on the surface or an opaque spot on the 
inside of the glass afier the syrup has stood some time, even in 
the refrigerator. Some mold spores were in it to begin with, 
Others flew in. After some time they grew enough to be visible. 
In my testing, aflatoxin can be cleared with vitamin C but sterig 
and others need to be treated with a high temperature as well 
Fortunately, this is easy to do with a syrup. Heat to near boiling 
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while in the original jar with the lid removed. Keep refrigerated 
afterwards. 

Artificial maple flavor 
did not have benzene, propyl 
alcohol or wood alcohol, 
nor molds. Turbinado sugar 
had none ofthese 
contaminants either. Brown 
sugar had sorghum mold. 
White sugar had propyl 
alcohol pollution. You can 
make your own syrup, 
safely, with artificial flavor 
and turbinado sugar. Of Fig. 53 Three safe flavorings. 
course, you'll be missing the taste and nutritional minerals pro 
vided by the natural maple product but in a contest between nu- 
tritional value and toxicity, always choose the safe product. 

‘The mold in our hot cereals can be spotted. Pick out all dark 
colored, shriveled bits. This represents most of it. Add honey, 

it's cooking—this raises the boiling temperature 


and salt while it 
and detoxifies more. At the end, turn off heat and add a sprinkle 
of vitamin C powder. Rolled oats never showed molds in my 
testing, although they have their characteristic fungi, too. Don't let 
grains mold on your shelves simply from aging. Nothing should 
be more than six months old. Remember you can't see or smell 
molds when they begin. Molds must have a degree of moisture. 
As soon as you open a cereal grain, put the whole box in a 
plastic bag to keep moisture out. This keeps out Weevils too, s 
‘you won't have to put the box in the freezer later to kill them. 

Anything that is put in the refrigerator or freezer and then 
taken out develops moisture inside. Store cereals in kitchen 
cupboards or the freezer. 
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No government agency can test for all of these mycotoxins in 
all of our foods. Production and storage methods must be better 
regulated so as to be fail-safe. Simply sending inspectors out to 
look into the bins at grain elevators is not sufficient. Crusts of 
mold, sometimes several feet thick, that form on top of grain bins 
can be simply shoveled away before the inspector arrives. The 
humidity and temperature of stored grain should be regulated, 
requiring automated controls. This would soon be cost effective, 
too, in terms of reduced spoilage losses and higher quality prices 
earned. I believe that zear, aflatoxin and ergot require special 
regulations. Products that are imported should be subjected to the 
same tests as ours, Test results should be on the label. 


Getting Away From Grains 


In view of the many molds that are grain-related, and because 
these cannot be seen or smelled in pastas, breads, cold cereals, it 
would be wise to steer away from grain consumption. Always 
choose potatoes, because it is a vegetable instead of a grain, if 
you have a choice. The potato appears on your plate the way it 
was harvested. Whereas grain was hulled, stored for quite a long 
time, perhaps degerminated (the bran and germ picks up 


Fig. 54 Don’t eat the green on the potato. 
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mold the fastest). Then it was mixed with assorted che 
(fumigation, anti oxidants), each polluted in its own way, pack- 
aged again and stored again. Grains have a more tortuous history 
than potatoes that simply get sprayed. 

The spray isn't simple, of course. Scrub it off under the tap. If 
potatoes weren't heavily sprayed they'd be sprouting in the 
stores. The spray accumulates in the eyes. Cut away all the eyes, 
By the time you have done this you may as well have peeled 
them, But no blemish, no cut, no dark spot inside may be left for 
you to eat. Don't buy potatoes that show a tint of green on them 
ithe green color is due to scopolamine; itis toxic). Red potatoes 
have different chemistry that doesn't produce the green toxin, buy 
these often, Store potatoes out of the light, to slow down the 
greening process. They are still a nutritious, vitamin C-rich 
food—provided you dont fry them in  benzene-polluted, 
hydrogenated grease! 


Potatoes have their 
molds but they are 
nicely visible. And 
washing and_ peeling 
does away with them. 
Old literature advises 
that potatoes should be 
harvested by 
moonlight so the green 
drug isn't produced in 
the white varieties. 
Fig. 55 Potato harvest of the future. With modern 
mechanized harvesting 
this should pose no problem. But perhaps this must await the age 
of robots. 
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After soldering all the leads, wet all the leads with flux to enhance the solder wicking cleanup. Wick up 
solder where needed to eliminate any shorts/bridging. 


Figure 31. Wicking Solder #2 
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Pets Teach Health Lessons 


Dogs don't eat hay and cats don't eat fruit. This is not simply 
due to their inability to digest them, Nor to training. Their body 
wisdom guides them, But we can trick them into eating corn and 
soybeans by adding the flavors they like and thereby defeat their 
wisdom the same way we defeat ours. A concoction is made for 
them that is called “complete nutrition” and we feed this meal 
after meal, day after day, a most unnatural situation. The liver is 
deluged with the same set of pollutants time after time and never 
gets a rest. Humans still obey their body wisdom about varying 
their meals. This gives the liver a chance to catch up with 
detoxifying one pollutant while the new one builds up. If the liver 
is absolutely unable to handle something, you are informed quite 
quickly with an allergic reaction to the food. 

Cats and dogs with their monolithic diet get no opportunity to 
reject food (except by vomiting or starvation). It is not surprising 
they are getting cancer with increasing frequency, a situation 
where the liver can no longer detoxify isopropyl alcohol, a 
common pollutant in their food. 

Should we go back to the old days and make their food for 
them? Yes, they deserve pure food, they deserve variety. Table 
scraps would be much less toxic for them than their commer 
feed. But what if they like and prefer their mon 
-omplete”, polluted diet? If our food was doused 
with sugar for breakfast, lunch and supper, we wouldn't care 
much about what was under the sugar either. And we'd continue 
gar, sugar the way a pet might want its favorite 
food and nothing else. Such is the deception of flavorings. 

All change should be brought about slowly and with kindness 
for animals and humans alike. Learn what makes a good pet diet. 
Cats and dogs are both meat eaters. Cook chicken in a pressure 
cooker to kill all parasites. Put portions in the freezer. Add table 
scraps, dressed with a little butter, cheese or lard, 


ic 
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Don't wash the pet dishes with your own—dishwashers don’t 
reach the boiling point. Serve fresh water daily. Standing water 
picks up bacteria. Don't let food get more than a day old in the 
dishes. It picks up molds. Don't feed pets at the table, keep them 
‘outdoors during mealtime. 

After your pets have stopped eating propyl alcohol polluted 
food and are not getting propyl alcohol in their shampoos, there 
is no way they can get cancer. Whatever cancer they have will 
clear up by this change in diet and by giving them the pet parasite 
program, 

Now they are back to a natural state and do not host human 
flukes. What a relief it is not to worry about reinfection from 


your pets. 
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changed you 
are back to an automatic way of doing something. By selecting 
wise habits your improved lifestyle pays you back for the rest of 
your life. 


Living Hand To Mouth 


Hands do everything. They pick up things from the floor. 
They handle money. They touch other peoples’ hands. They clean 
up bottoms. They touch all kinds of door knobs. And then they 
pick up food to eat. Some people even lick their fingers when 
they're sticky or just to turn a page! 

‘What is on the hands that you don’t want to eat but can't see? 
Bacteria and viruses from coughing and sneezing into your 
hands! And eysts! Cysts are the “eggs” made by parasites. Cysts 
are so tough not even bleach kills them. They hide under our 
fingernails when we wash our hands. Then we eat them along 
with our food. This is called oral-fecal route. They hatch in the 
stomach and go to the intestine to live. 

To stop reinfecting yourself the little cysts under the 
need to be killed. Food grade alcohol solution kills them. Buy 
Eyverclear™ or Protec (potable) alcohol and make a 5% solution 
(add % cup of 95% alcohol to a quart of water). Keep it in a 
small pump bottle at the sink. After using the bathroom and 
washing your hands, treat your fingernails with alcohol. Pump 
alcohol into one palm. Put the fingernails of the other hand into 
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it, Scratch a bit, Pour it into the other palm and do the remaining 
fingernails. Rinse. 


+ Don't eat with your hands! Use a fork. 

+ Never eat food off the floor! 

+ Always wash hands after petting an animal! 

+ Never touch the bottoms of shoes! Keep shoes off couch or 
bed or chair. 

+ Always cough or sneeze into your clothing or a tissue, not 
your hands, 

+ Keep your fingers out of your mouth. Don't lick your fingers 
to turn pages or open plastic bags. 


Sick persons need a 50% alcohol solution, Add Yacup 95% 
alcohol to Yacup cold tap water or buy plain vodka, 80 to 100 
proof. Pour the vodka into the pump bottle. Be careful that no- 
body tries drinking it. If there are teenagers in the house, add a 
hefty dose of cayenne to it 

Lugol's iodine will also sterilize your hands. However most 
commercial Lugol’s is polluted with isopropyl alcohol. Ask your 
pharmacist to make it from scratch for you (there are only two 
ingredients and water, see Recipes). Then make a solution to 
wash in (1 tsp. to a quart of water). This can stain some things. 
Do not use “tincture of iodine.” 


Better Laundry Habits 


Boil your underwear. In long-ago days, all sheets, towels, 
table cloths, and underwear were separated and boiled. 

With the convenience of our electric washing machine, we 
tend to overlook the fact that underwear is always contaminated 
by fecal matter and urogenital secretions and excretions. Mixing 
these with socks and towels and dishcloths is all right if you are 
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going to kill everything anyway. But if you don't kill them, as in 
cold water washes, you are mixing the yeast, parasite eggs, 
bacterial spores, and fungus from underwear with all the other 
clothing you and your family wear. An enlightened system would 
be to add an antiseptic to the wash or rinse cycle. Lime water 
(calcium hydroxide) or iodine based antiseptics seem obviously 
simple methods to accomplish this. In the absence of this 
protection, use dryer heat to do your sterilizing. Underwear 
should be dried until too hot to handle. 

Bleach can kill a lot, but doesn't kill Giardia spores and a lot 
of types of fungus. Don't rely on bleaching. Besides, your skin 
absorbs it from clothing, it is quite toxic to you, and can cause 
mental effects. 

Commercial detergents are polluted with PCBs and have 
cobalt added. Both of these are easily picked up through your 
skin, Use washing soda and borax in the wash cycle. They do 
not clean quite as well as modern detergents, but there is less 
static cling, eliminating the need to put more chemicals in your 
dryer. For spot removal use homemade bar soap. 


Better Kitchen Habits 


Once a day, sterilize the sponge or cloth you use to wipe 
up the table, counter tops and sink. This little piece of contami- 
nated cloth is the most infectious thing in the house, besides the 
toilet. It's more dangerous than the toilet because you do not 
suspect it. Sometimes it has a slight odor at first, which may 
warn you, but most pathogens do not have an odor! As we wipe 
up droplets of milk, we give the milk bacteria, Salmonellas and 
Shigellas, a new home to multiply and thrive in. We add crumbs, 
picking up molds this way. We add dust, picking up parasite eggs 
and stages. They all feed on the milk and food residue. 
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‘As the counter and table and stove get wiped “clean” a film 
of contamination is left everywhere. A few varieties may die but 
most of them don't. The general moisture in the kitchen is enough 
for them to survive. The cloth or sponge recolonizes the kitchen 
and dining room table several times a day. 

No doubt, the last thing you do before leaving the kitchen is 
squeeze it dry with your hands. Now all the pathogens are on 
your hands! 

Where do your fingers go? To your mouth to remove a hull or 
bit of something from your teeth. Or to eat a last bite of 
something. Or to turn a page of the telephone directory. You have 
just eaten a culture sampling from your own kitchen sponge. In 
two hours they are already multiplying in the greatest culture 
system of all: your body! You have given yourself your next sore 
throat, or cold or headache. The worst possible habit is to wipe a 
child's face and hands with the kitchen cloth. Or to have a handy 
towel hanging from the refrigerator handle. 

To sterilize the sponge: drop it into a 50% solution of grain 
alcohol at the end of each day. Keep a wide mouth glass quart jar 
handy just for this. Keep the jar tightly closed and out of the 
reach of children, Dunk your sponge and plop it onto the sink. If 
you stand it on end in the sink it will partly dry overnight. 

Another way to sterilize the sponge or cloth is to microwave 
it, after wetting it, for 3 minutes. Any shorter time simply warms 
and cultures the pathogens and multiplies them. Or boil the cloth 
like our grandparents did. Drying out the dish cloth helps kill 
many-but not all-pathogens. It takes three days of drying to kill 
all! Another strategy is to use a fresh cloth or sponge each day, 
putting the used one to dry until laundry day 


During the day, set the sponge on end to start drying and slow 
down culturing. 
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Don't eat food directly off the counter top or table top. 
You wouldn't slice a tomato or egg directly on the counter top. It 
would pick up something: some little particle of dust or dirt. 
Treat bread the same way. Always on a new clean surface, such 
asa plate. The counter and table top have on them whatever is in 
the kitchen dust and on the wipe cloth. Dust is always falling! 
And the sponge is always culturing. Don't eat the dust! 

Keep the cutting board sterile like dishes. Wash it the same 
way and keep it in the cupboard. 

Keep food containers closed. Milk or water glasses are 
picking up dust as soon as you set them out. Dust is everywhere. 
Every step on the carpet sends up a puff of dust. Vacuuming 
sends up a hurricane of dust and distributes bathroom dust to the 
kitchen and kitchen dust to the bedrooms. So if one person has 
brought in a new infection, the whole family is exposed to it in 
hours via the dust. 

It is very helpful not to eat the new infectious pathogen. 
Breathing it is not so damaging. Our noses collect such pathogens 
and we blow them out again. Touching the infected person 
very damaging either; the pathogens can't get through our 
and since we wash hands before eating we are not at great risk of 
infection this way. But eating the pathogen is 100% effective in 
infecting us. The new pathogen is in the dust. The newly 
contaminated dust drops into your ready and waiting glasses on 
the table and the open foods. Of course, there is no defense if 
somebody should cough or sneeze at the table. 

Teach children to cough and sneeze into a suitable col- 
lecting place like a tissue, not their hands. Pathogens live 
bountifully on hands. Hands not only provide moisture but often 
food from the last meal, Hands are second only to the dish cloth 
in contamination level. If you must cough or sneeze and a tissue 
is not within reach fast enough, use your clothing! That's what 
clothing is for—to protect you. Cough and sneeze into your own 
clothing; this protects the cougher and sneezer, as well as eve- 
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rybody else. A sleeve is handy for children. The inside of your 
‘T-shirt for T-shirt wearers. The inside of coat for suited persons. 
The inside of the neck line for dresses. Of course, paper is best, 
but in emergency use cloth. Never, never your hands unless you 
are free to immediately dash into the washroom and clean the 
contamination off your hands. 

Teach children this old rearranged verse: 


It you cough or sneeze or sniff 
Grab a tissue, quick-quick-quick! 
‘And if you're siting at the table 
Do it in your sleeve if able. 


Better Housekeeping 


Throw out as much of the wall to wall carpeting as you can 
bear to part with. It is injurious to everyone's health, even though 
it's comforting to bare feet and looks pretty. 

Carpets clean our shoes. Modern shoes, with their deep 
bring in huge amounts of outdoor filth which settles deep 
down into the carpets. In spite of vacuuming every week, the filth 
accumulates. 

‘Vacuum the carpets when the children, the sick and elderly 
are out of the house. The dust raised and distributed throughout 
the house isn't just dirt, i's infectious dirt. It lands on tables and 
counters. These get wiped with a cloth or sponge and then ap- 
plied to dishes. The dust in the kitchen falls on open food and 
into open containers. 

Clean carpets with a “steam cleaner”. When you see how 
much filth is in the water and realize how much dirt you were 
living with, you might be willing to trade in the “beauty” of 
carpets for the cleaner living of smooth floors. Don't add chemi 
cals (commercial cleaning solutions) to the steam cleaning m: 
chine; these chemicals leave a residue in the carpet which dries 


402 


Easy LIFESTYLE IMPROVEMENTS 


and flies up into the air to add to the dust. Popular stain re: 
tance treatments contain arsenic. Cobalt, which adds “lustre” to 
carpets, causes skin and heart disease after it has built up in your 
organs. Use borax instead of detergent. Use boric acid to leave a 
residue that kills roaches and fleas (but not ants). Add vinegar 
that leaves a residue to repel ants. Nothing controls fleas 
reliably, except getting rid of the carpets and cloth furniture 
(keep pets out of bedrooms). Removing all the borax is what 
brings luster to the carpet. Use citric acid in the rinse water for 
this purpose. Adding lemon peel to the rinse also adds luster and 
ant deterrence. Just drop the whole lemon in the tank so it can’t 
block the hoses. 

Fleas and other vermin in the carpet simply crawl below the 
wetness level when you wash the carpet. Spraying a grain alco- 
hol solution with lemon peel in it (it needs to extract for a half 
hour) on the damp carpet will reach and kill a lot of these, to- 
gether with the residual bacteria, The damp carpet lets it spread 
evenly and reach all the crevices. 

We are trapped in our dwellings. Primitive peoples were 
mobile. This got them away from accumulations of filth and 
rubbish in their living space. Much living was done outdoors, the 
cleanest space of all. 

Now, air conditioning has made indoor living more com- 
fortable. But also has added new hazards. The strong currents of 
air blow the dust about continuously. Molds and bacteria that 
grow right on the air conditioning unit get blown about for all to 
hale. Never, never use fiberglass as a filter or to insulate your 
ir conditioner around the sides. It is a carcinogen. And the 
danger of freon escaping from a tiny leak is another major health 
hazard. 

Forced air heating systems are undesirable, too. All dirt 
brought into the house by shoes gets circulated throughout the 
house by forced air systems of heating or cooling. Old fashioned 
radiant heat from radiators or a stove did not distribute the 
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Hand inspect the board using 4X magnification (or higher) for shorts or marginal solder joints, Solder 
joints should have a smooth melt transition between each device pin and the PCB, Rework any pins as 
needed 


Figure 32. Visual Inspection 


After the inspection passes, it is time to clean the flux off the board. Dip the stiff bristle brush into alcohol 
and wipe in the direction of the leads. Use moderate, but not excessive pressure. Use liberal amounts of 
alcohol and brush well between the QEP leads until the flux disappears. 


Figure 33. Isopropyl Alcohol and stiff brush used for cleanup. 
Brush only in direction of leads 
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dust so effectively. A return to linoleum floor covering for 
kitchen and bathroom and hardwood for other rooms would be a 
‘good step of progress for a health conscious society. Mopping, 
instead of the vacuum cleaner, keeps dirt to a minimum. Throw 
rugs at doors and bedside, easy to clean, would “catch the dirt” 
as was the original intention, Carpets were intended to help keep 
filth out of the air. These smaller rugs should be laundered 
weekly. 

Fumiture should be wood, cane, or plastic, with cushions to 
soften the impact. These can be washed weekly if the covers are 
removable. Modern cloth furniture with its foam interior is a 
repository of filth and fumes and a constant source of infectious 
dust. 


This old fashioned setting is more progressive than our carpeted, 
modem homes. 
Fig. 56 Smooth floors allow every bit of dust to be removed. 


Dust your furniture with a damp paper towel. You are picking 
up and removing highly infectious filth (Ascaris and pinworm 
eggs, pet parasites, “dander” and house mites). Instead of 
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distributing these from room to room, throw the paper towel 

away after each room is done. Use plain water or vinegar water 

(50%), not a chemical combination which further pollutes the air. 
Clean windows with vinegar water, too. Use a spray bottle. 


This principle tempting to leave some of them out. 
If you must keep the juicer or dishes outside of cupboards, keep 
them covered or placed upside down so they don't catch dus 
Even inside cupboards, store them upside down. When using the 
“good” dishes or glasses, that haven't been used in a while, wash 
them first 


Windows Open Or Closed? 


In places like Chicago where you can smell the air as you 
approach the city, it is wiser to keep your windows shut. You 
can’t breath the industrial “soup” all day and night and expect to 
stay healthy. Of course, it all enters the houses anyway. Central 


around the house. Keep the vents to the bedrooms closed to re- 
duce the air turbulence there but leave the cold air return open. 
Clean the vents in other rooms each week along with floors and 


If you believe the air is free of highway exhaust and indus- 
trial smoke open the windows every day. This will let some of 
the indoor toxins blow away. Asbestos, fiberglass, freon, radon 
and plain dust can be reduced to a minimum by keeping windows 
open. If you are ill, sit outdoors (on the porch) as much as you 
can, Escape to a suitable climate that makes this possible. 
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Just a few decades ago, many people had summer living 
quarters that were different from winter living quarters. Gone 
was all the accumulated infectious dust of half a year of habita- 


Fig. 57 Moving into the summer kitchen got you away from the 
‘accumulation of filth from winter! 


Don't have a basement where you stockpile toxic items. 
Basements invite mold, mice and radon besides toxic things. 
Fumes travel upward where you live! Keep your toxic things in 
the attic. If there is no attic, store them in the utility room. Close 
off the ventilation between utility room and the rest of your 
house. If you have none of these, perhaps because you live in a 
itizen community or condominium, don't keep any toxic 
things stored anywhere. Don't save any leftover paints, solvents 
or cleaners. Buy such small quantities that you can afford to 
throw it all away when you are done with them. 
Live on top of the earth as was intended by nature. 
Never have a basement room “finished” for actual living 
space. Don't buy a house that has a “lower level” built into the 
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earth. This will be the most polluted and dangerous room in your 
house. If you are ill, move out of such a room. There is no way 
that it can be “cleaned up”. Move to the other end of the house 
and furthest away from an attached garage door. 


What Kind Of Heat 


The worst is coal. The best is none, Breathing 
during the beginning of the industrial age may have brought the 
new lung diseases: tuberculosis (TB), and pneumonia. It may 
also have worsened alcohol addiction (beryllium. toxicity), 
Choose electric heat if possible. Even though electricity is based 
on other fuel consumption, you don't have to breathe those fumes 
directly. 

‘Wood stoves can be made safe by making sure the chimney 
works properly. Never use a lighter fluid. Don't fill the house 
with smoke when stoking. 

Minimize your use of fossil fuels in every way you can. 


Getting Rid of Mites 


We do not tolerate external parasites like bedbugs, lice, 
ticks, leeches. Bedbugs were once a scourge amongst northern 
Europeans. I remember our parents spraying for them (kerosene) 
in the bedroom. This only “controlled” them. What eliminated 
them was a law against sale of used mattresses. Lice were 
originally “controlled” by frequent washing, louse combs, and 
ironing the seams of clothing. What eliminated them was the 
cutting of long hair as a societal practice. But what about mites? 
‘They live with us and other animal 
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Mites are too tiny to see, 
tiny enough to ride on a dust 
particle as if it were a magic 

They resemble in- 
Chiggers are really 
Mange in animals is a 


live on our dander (scales 
dead skin) 

Get rid of their breeding 
beds, cloth covered 
and soft sofas. Humans 
leave enough dander behind : 
HREM Om Fig. 58 Mite 
in these places to support 
these ultra small insects, Cover mattresses with plastic covers, 
Use throws on easy chairs and sofas and wash them often, Never 
allow a pet into the bedroom or the dust will have tapeworm 
eggs as well as mites. Throw out rugs that have been pet-beds. 
Spray the air with a mist of 50% grain alcohol before vacuuming. 
If you have an illness wear a mask to vacuum. Deep, soft, wall to 
wall carpets compromise an ancient concept: everything should 
be washable and cleanable, without throwing the dirt into the air 
for humans to inhale. Vacuuming a carpet blasts mites and tape 
eggs into the air. Never shake bedding or rugs where the dust 
will blow back into the house behind you. 

Mites don't bite us but we inhale them as they float in the ever 
present dust in our homes. The mucus in our lungs traps them and 
in a few days they die, only to release a drove of Adenoviruses 
(common cold virus) in us. 
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Four Clean-ups 


Chronic health problems are not due to exposures of the past. 
They are ongoing. Your body is constantly fighting to remove 
pollutants. In order to stay sick, you must be constantly 
resupplied! These four clean-ups-dental, diet, body, home-are 
aimed at removing parasites and pollutants at their source. Only 
then can your body heal 


Dental Clean-up 


section on dentistry was contributed by Frank Jerome, 


Dr. Jerome: The philosophy of dental treatment taught in 
America is that teeth are to be saved by whatever means avail- 
able, using the strongest, most long lasting materials. Long-term 
toxic effects are of little concern. The attitude of the majority of 
dentists is: whatever the American Dental Association (ADA) 
says is OK, they will do. 

‘A more reasonable philosophy is that there is no tooth worth 
saving if it damages your immune system. Use this as your 
guideline. 

The reason dentists do not see toxic results is that they do not 
look or ask. If a patient has three mercury amalgam fillings 
placed in the mouth and a week later has a kidney problem, will 
she call the dentist—or the doctor? Will they ever tell the de 
about the kidney problem or tell the doctor about the three 
fillings? A connection will never be made. 

It is common for patients who have had their metal fillings 
removed to have various symptoms go away but, again, they do 
not tell the dentist. The patient has to be asked! Once the patient 
begins to feel well they take it for granted, and don't make the 
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connection, either. If everybody's results were instantaneous, 
there would be no controversy. 

Find an alternative dentist. They have been leading the 
movement to ban mercury from dental supplies. Not only mer- 
cury, but all metal needs to be banned. If your dentist will not 
follow the necessary procedures, then you must find one that 
will. The questions to ask when you phone a new dental office 
are: 


1, Do you place mereury fillings? (The correct answer is NO. 
If they do, they probably don’t have enough experience in 
the use of non-metal composites.) 

2. Do you do root canals? (The correct answer is NO. If they 
do, they do not understand good alternative dentistry.) 

3. Do you remove amalgam tattoos? (The correct answer is 
YES. Tattoos are pieces of mercury left in the gum tissue.) 

4. Do you treat cavitations? (The correct answer is YES. By 
cleaning them.) The complete name of cavitations is al- 
veolar cavitational osteopathosis. ‘They are holes 
(cavities) left in the jawbone by an incompletely extracted 
tooth. A properly cleaned socket which is left after an ex- 
traction will heal and fill with bone. Dentists routinely do 
NOT clean the socket of tissue remnants or infected bone. 
A dry socket (really an infected socket) is a common result 
These sockets never fully heal. Thirty years after an 
extraction, a cavitation will still be there. It is a form of 
osteomyelitis, which means bone infection, 


Ninety percent or more of dental offices will not be able to 
answer ANY of the above questions correctly. If you allow the 
work to be done by a dentist who does not understand the im- 
portance of the above list, you could end up with new problems. 
Find the right dentist first even if you must travel hundreds of 
miles. There are 6,000 to 10,000 dentists who should be able to 
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help. Some can do part of the work and refer you to a specialist 
for the rest. Five hundred to one thousand of these dentists can do 
it all 

Normal treatment cost is about $1,000 for replacement of 6 to 
8 metal fillings including the examination and X-rays. For people 
with a metal filling in every tooth, or for the extraction of all 
teeth (plus dentures), it may be up to $3,000 (or more in some 
places). 

Remember, the simpler the treatment, the better. If the 
dentist says that he or she can change your metal fillings to 
plastic but it would be better to crown them, say “NO!” 


juidelines For A Healthy Mouth 


you have What to do 
Metal filings ‘change to plastic flings: 

Inlays and onlays ‘change to plastic filings: 

Crowns (all types) ‘change to plastic crowns 

Bridges ‘change to plastic crowns, partials 
Metal partials ‘change to plastic partials(Fiexite™) 
Pink dentures ‘change to clear plastic 

Porcelain denture teeth_| change to plastic denture teeth 
Badly damaged teeth | become extractions 

Root canals become extractions 

Braces and implants | avoid 

Cavitations need to be surgically cleaned 
‘Temporary crowns use plastic 

Temporary filings. use Duralon™ 


Fig. 59 Dental replacements. 
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The guidelines can be summarized as: 


1, Remove all metal from the mouth, 
2. Remove all infected teeth and clean cavitations. 


Dr. Clark: Removing all metal means removing all root ca 
nals, metal fillings and crowns. Take out all bridge work or 
partials made of metal and never put them back in. But you 
may feel quite attached to the gold, so ask the dentist to give 
you everything she or he removes. Look at the underside. You 
will be glad you switched. 


The top surfaces of tooth filings are kept glossy by brushing (you 
swallow some of what is removed). Undemeath is tarnish and foulness. 
‘Ask to see your crowns when they are removed. 

Fig. 60 Tops and bottoms of some metal crowns. 
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The stench of the infection under some teeth may be over- 
whelming as they are pulled. Bad breath in the morning is due 
to such hidden tooth infections, not a deficiency of mouthwash! 

All metal must come out, no matter how glossy it looks on 
the surface. Metal does not belong in your body. It is an un- 
natural chemical, Do this as soon as you have found a dentist 
able to do it. Find a dentist with experience and knowledge 
about this subject. It is more than replacing acknowledged cul- 
prits like mercury-amalgam fillings. This is metal-free 
dentistry. Only metal-free plastic should be put back in your 
mouth. 

Dr. Jerome: If your dentist tells you that mercury and other 
will not cause any problems, you will not be able to 
change his or her mind. Seek treatment elsewhere! 

Your dentist should do a complete X-ray examination of your 
mouth, Ask for the panoramic X-ray rather than the usual series 
of 14 to 16 small X-rays (called full mouth series). The 
panoramic X-ray shows the whole mouth including the jaws and 
the sinuses. This lets the dentist see impacted teeth, root frag- 
ments, bits of mercury buried in the bone and deep infections. 
Cavitations are visible in a panoramic X-ray that may not be seen 
ina full mouth series. 

The cost of removing metals should be viewed in the proper 
light. It took years or decades to get into your present condition, 
When you do a lot of dental repair in a short time, it can seem to 
be costly. Unfortunately, many people are in a tight financial 
position because of the cost of years of ineffective treatment, 
trying to get well. 

Your dentist may recommend crowning teeth to “protect” or 
strengthen them. Unfortunately, the very concept of crowning 
teeth is flawed. First, the enamel is removed from a tooth to 
prepare for the crown, This is permanent and serious damage! 
Many teeth, up to 20%, may die afier being crowned and will 
need to be extracted. For this reason, you should only get 
REPLACEMENT crowns and NO NEW crowns. Your metal 
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Dry the board with compressed dry air or nitrogen. If this is not available, let the board dry for 30 minutes 
or more to let the alcohol evaporate under the QFP. The QEP leads should look bright and there should be 


no flux residue. 


Figure 34. Clean and Pristine 


Re-inspect the board for workmanship. Rework any leads if needed. 


Figure 35. Stereo zoom inspection station (7X to 40X magnification) 
helps to inspect solder joint workmanship 
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crowns can be changed to pl 
left under the crown.) 

If you have many crowns, you should have them all removed 
sible. But you should not spend more than two 
chair at any one time. That is too much 


c. (Remember, no metal must be 


stress for your body. 

Dr. Clark: Don ‘t accept intravenous (IV) treatments 
during amalgam removal. Both IV bags and the supplements 
used in them are polluted with propyl alcohol, benzene, and 
wood alcohol. 


Dr. Jerome: It is quite all right to have temporary crowns 
placed on all teeth that need them in the first visit. You may then 
go back and complete treatment over the next 6 to 12 months. Itis, 
common to find a crowned tooth to be very weak and not worth 
replacing the crown, particularly if you are already having a 
partial made and could include this tooth in it. 

Dr. Clark: We are accustomed to thinking that plastic is 
metal-free. This is wrong. The original dental plastic, methyl 
‘methacrylate was metal-free. But modern plastic contains 
metal, The metal is ground up very finely and added to the 
plastic in order to make it harder, give it sheen, color, etc. 

Dr. Jerome: Dentists are not commonly given information on 
these metals used in plastics. The information that comes with 
dental supplies does not list them either. Most dentists never look 
at a dental materials book after they graduate. The ADA, 
however, has a library full of such information.”’ 

Dr. Clark: There are many lanthanide (Rare Earth) metals 
used in dental plastic. Their effects on the body from 
dentalware 


= Call the American Dental Association at (800) 621-8099 (linois 
(800) 572-8309, Alaska or Hawaii (800) 621-3291). Members can ask 
for the Bureau of Library Services, non-members ask for Public Infor- 
mation. 
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have NOT been studied. Yet their cancer-promoting ability is 
known in many cases.”? Only metal-free plastic is safe. 

Dr. Jerome: These are the acceptable plastics; they can be 
procured at any dental lab. 


+ Plastic for dentures: Methyl Methacrylate. Available in 
clear and pink. Do not use pink.” 

+ Plastic for partial dentures: Fle 
and pink. Do not use pink. 

+ Plastic for fillings: Composite Materials. This is the mate- 
rial that has been used in front teeth for 30 years. It hi 
been used in back teeth for 10 years. There are many 
brands and there are new ones being marketed constantly. 
The new ones are very much superior to those used 10 
years ago and they will continue to improve. They do, 
however, contain enough barium or zirconium to make them 
visible on X-rays. There are no alternatives available 
without these metals, 


™ Available in clear 


Dr. Clark: Composites with barium are not good, but 1 
haven't seen enough barium toxicity from fillings at this time to 
merit advising extraction instead. Hopefully, a barium-free va-~ 
riety will become available soon to remove this health risk. 

Dr. Jerome: Many people (and dentists too) believe that 
porcelain is a good substitute for plastic. Porcelain is aluminum 
oxide with other metals added to get different colors (shades). 
‘The metal DOES come out of the porcelain! It has many technical 
drawbacks as well. Porcelain is not recommended. Some- 


2 Thulium and ytterbium have been studied for their tumor-seeking 
ability. See page 321 in the book METAL IONS in BIOLOGICAL 
SYSTEMS, Vol. 10, Carcinogenicity and Metal lons. Editor Helmut 
Sige! 1980 

3 The pink color is from mercury or cadmium which is added to 
the plastic. 
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times the white composite fillings are called porcelain fillings 
but they are not. They also require more tooth structure to be 
removed. 

If you have a large bridge, 
tic bridge because it isn't strong enough. A large bridge mi 
replaced with a removable partial (Flexite™), 

‘The methods used to remove metals and infections are tech- 
1 and complicated. See dental information in Sources. 

Dr. Clark: I'd like to. thank Dr. Jerome for his 
contributions to this section, and his pioneering work in metal- 
free dentistry. I hope more dentists acquire his techniques. 


cannot be replaced with a plas 
t be 
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Horrors Of Metal Dentistry 


Why are highly toxic metals put in materials for our mouths? 
Because not everyone agrees on what is toxic at what level. Jus 
decades ago lead was commonly found in paint, and until 
recently in gasoline. Lead was not less toxic then, we were just 
less informed! The government sets standards of toxicity, but 
those “standards” change as more research is done (and more 
people speak out). You can do better than the government by 
dropping your standard for toxic metals to zero! Simply remove 
them, 

‘The debate still rages over mercury amalgam fillings. No one 
disputes the extreme toxicity of mercury compounds and mercury 
vapor. The ADA feels that mercury amalgam fillings are safe 
because they do not vaporize or form toxic compounds to a 
ignificant degree. Opponents cite scientific studies that 
nplicate mercury amalgams as disease causing. Many dent 
advocate mercury amalgam fillings simply because they are ac- 
cepted by the ADA, which they believe protects them from 
malpractice litigation. Why risk your health and life on their 
opinions? Remember everything corrodes and everything seeps, 
so amalgams must too. 
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Cadmium is used to make the pink color in dentures! Cad- 
mium is five times as toxic as lead, and is strongly linked to high 
blood pressure. 

Occasionally, thallium and germanium are found together in 
mercury amalgam tooth fillings. Thallium causes leg pain, leg 
weakness, and paraplegia. If you are in a wheelchair without a 
very reliable diagnosis, have all the metal removed from your 
‘mouth, Ask the dentist to give you the grindings. Try to have them 
analyzed for thallium using the most sensitive methods available, 
possibly at a research institute or university, 

I was astonished to find thallium in mercury amalgans! It 
couldn't be put there intentionally, look how tox: 


TEJS00 HR:3 
‘THALLIUM COMPOUNDS 
‘Thallium and its compounds are on the Community Right To 
Know List 


‘THR: Extremely toxic. The lethal dose for a man by inges- 
tion is 0.5-1.0 gram. Effects are cumulative and with continuous 
exposure toxicity occurs at much lower levels. Major effects are 
‘on the nervous system, skin and cardiovascular tract. The periph- 
cral nervous system can be severely affected with dying-back of 
the Iongest sensory and motor fibers. Reproductive organs and 
the fetus are highly susceptible. Acute poisoning has followed 
the ingestion of toxic quantities of a thallium-bearing depilatory 
and accidental or suicidal ingestion of rat poison, Acute 
poisoning results in swelling of the feet and legs, arthralgia, 
vomiting, insomnia, hyperesthesia and paresthesia [numbness] of 
the hands and feet, mental confusion, polyneuritis with severe 
pains in the legs and loins, partial paralysis of the legs with 
reaction of degeneration, angina-like pains, nephritis, wasting 
and weakness, and lymphocytosis and eosinophilia, About the 
18th day, complete loss of the hair on the body and head may 
‘occur. Fatal poisoning has been known to occur. Recovery 
requires months and may be incomplete. Industrial poisoning is 
reported to have caused discoloration of the hair (which later 
falls out), joint pain, loss of appetite, fatigue, severe pain in the 
calves of the legs, albuminuria, eosinophilia, lymphocytosis and 
optic neuritis followed by 
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atrophy. Cases of industrial poisoning are rare, however. Thal- 
lium is an experimental teratogen [used to induce birth defects, 
for study]. When heated to decomposition they [sic] emit highly 
toxic fumes of TI [thallium]. See also THALLIUM and specific 
compounds. 


Fig. 61 Thallium excerpt. 


Thallium pollution frightens me more than lead, cadmium and 
mercury combined, because it is completely unsuspected. Its last 
major use, rat poison, was banned in the 1970s. Every 
ient I tested was positive for thallium! One current 


to mercury the mercury will stay liquid at lower temperatures, 
Are mercury suppliers then providing the dental industry with 
tainted amalgam’? 

‘The cancer causing or carcinogenic action of metals has been 
studied for a long time, although it doesn't get attention by our 
regulatory agencies. A scientific book on this subject. was 
published in 1980.” One table from this book is shown on page 
431. We can see that chromium and nickel compounds are the 
‘most carcinogenic metals. Nickel is used in gold crowns, braces, 
and children’s crowns! 

Note that the form of the metal is very important. For instance 
chromium is an essential element of glucose tolerance 


% Dangerous Properties of Industrial Materials, 7h ed. by N. 
Irving Sax and Richard J. Lewis Sr., Van NOSTRAND, Reinhold NLY. 
1989, 

5 The title is Carcinogenicity and Metal lons. It is volume 10 of a 
series called Metal lons in Biological Systems, edited by Helmut Sigel 
‘A university chemistry library should have this book. It has a fascinat- 
ing chapter on the leukemias by two scientists from the Academy of 
Sciences of the USSR, E. L. Andronikashvili and L. Mosulishvili. Their 
brillant work and discussion was largely responsible for my pursuit of 
the whole subject of cancer. 
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factor, but most of its other compounds are extremely toxic. In 
general, xenobiotic compounds (foreign) are 
to be avoided! Metal doesn't belong in our 
foods or in our bodies, 


Dental Rewards 
After your mouth is metal and infection- 


4P__ Fee notice whether your sinus condition 

ear-ringing, enlarged neck glands, headache. 

© enlarged spleen, bloated condition, knee pain, 

Fig. 62 More {0% pain, hip pain, dizziness, aching bones 
and joints improve. 

Keep a small notebook to write down 
these improvements. It will show you which symptoms came 
originally from your teeth. Symptoms often come back! So go 
back to your dentist, to search for a hidden infection under one or 
more of your teeth, or where your teeth once were! That infection 
can be the cause of tinnitus, TMJ, arthritis, neck pain, loss of 
balance, and heart attacks! 

Dentures can be beautiful. Of course, plastic isn't natural, but 
itis the best compromise that can be made to restore your mouth. 
At least it isn't positively charged like metals: it can't set up an 
electric current nor a magnetic field in your mouth, all of which 
may be harmful 

Do not be swayed 
by arguments that plastic - 
is not as strong as metal. 4 ~." 
You see dentures 
everywhere and they 
seem strong enough to 
eat with. You will be 
told that “noble” metals 
like gold and platinum 


dental metal. 


<a 


=~ 
x 


Fig. 63 Beautiful plastic mouth. 
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and silver are OK, that they are “inert” and do not corrode or 
seep. Nothing could be more untrue. You may be keeping them 
glossy by the constant polishing action of your toothpaste, But if 
you look at the underside, the view is frightful. Everything 
tarnishes and everything seeps. You wouldn't expect even a 
gold or silver coin that 
was dropped in a foun- 
tain 50 years ago to be 
intact. AS metal corrodes 
your body absorbs it! 
In breast cancer, es 
pecially, you find that 
metals from dentalware 
have dissolved and ac 
cumulated in the breas 
They _will_leave _ the 
breast if you clear them out of your mouth (and diet, body, home). 
The cysts shrink and are simply gone. No need to do surgery! 


Fig. 64 Ugly metal in mouth. 


Diet Clean-up 


Breakfast 


Cook your cereal from scratch. Don't eat cold cereal; it has 
numerous solvents and molds. Buy hot cereals that say “no salt 
added,” like cream of wheat, steel cut oats or old fashioned 
ats,”* millet, corn meal, cream of rice, or Wheatena. Cook it 


Rolled oats have 235 mog nickel per serving of 4 ounces, picked 
Up from the rollers, according to Food Values 14th ed. by Pennington 
and Church, 1985. | have only found nickel in the "one-minute" or 
tant variety of oats, however. 
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with milk to add nutritive value. Add your own (non-aluminum) 
salt and a pinch of vitamin C before cooking. Make granola from 
a recipe (see Recipes). Use honey, or brown sugar. Add raisins 
that were soaked for 5 minutes in vitamin C water. Use whipping 
cream or butter (both boiled) if you need to gain weight. Isn't this, 
a delicious way to start your day! Add cinnamon to flavor, or 
frozen fruit and honey. 


Fig. 65 Unpolluted breakfast cereals. 


Or start your day with fried potatoes, an egg, and glass of 
milk. Don't worry about cholesterol since you will be doing liver 
cleanses anyway. (We have been told that eggs carry Salmonella 
bacteria. I found Salmonellas only on the outside shell and the 
egg carton—never inside! Could the researchers have 
accidentally transferred the bacteria from the shell to the inside 
while they were testing?) 

‘The milk should be 2% or more butterfat because the calcium 
in milk cannot be absorbed without at least this much fat. Eat 
homemade yogurt and add honey or homemade preserves 
yourself. You need 3 cups of a milk product each day. Home- 
made buttermilk is fine. If you don't tolerate milk, and get diar- 
thea from it, try a milk digestant tablet to go with it. Start with 
only 44 cup at a time. Do not choose chocolate milk. There is no 
substitute for milk; calcium tablets are not satisfactory. Vegeta- 
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ble matter, although high in calcium, does not give you available 
calcium either, unless you buy a juicer and make vegetable juice 
out of it. Eating fish can give you a lot of calcium, but itis in the 
tiny bones hidden in the fish. Don't try to remove them. Canned 
salmon has a lot of calcium; tuna does not. On a day that you eat 

sh, you would not need milk. Goat milk is probably better than 
cows’ milk, but more difficult to get used to. 


Lunch 


Cook your food from scratch. Don't start with cans or pack- 
ages or frozen items to make some recipe. In fact, don't bother 
with any fancy recipes. Just cook two or three vegetables for 
Junch and eat them with butter and salt or homemade sauces. 
Bread and milk rounds it out, plus fruit (not canned or frozen). 
Soup is a nice change. Cook it with all the vegetables you can 
find. Don't start with a can or packet or cube. Use a bit of onion 
and genuine herbs to give it zest. Thyme and fenugreek, together, 
make a flavorful combination you can purchase in capsules. Just 
pull apart and season. 

If all this is too much work, make fresh vegetable juice once 
a week and freeze enough so that you can have a daily nutritious 
meal just by pouring a glass of it, together with bread and yogurt 
or milk, 


Never diet during illness 


This is a rule based on common sense. A weight-loss diet 
must wait at least two years. 


Bake your own bread! I found aflatoxin in commerci 
bread after just four days in my bread box, but none in homemade 
bread even after two weeks! Aflatoxin is a most potent 
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carcinogen and immunosuppressant. Aflatoxin is the toxin in your 
diet that keeps you from clearing propyl alcohol from your body 
(see 382)! Aflatoxin is a substance made by mold; bread starts to 
mold on the grocery store shelf. Don't buy plastic-wrapped 
bread. Don't ever salvage moldy food, whether it is fruit, breads 
or leftovers in the refrigerator. Throw them out. Buy a bread 
maker. It can do everything, including baking the bread. Use 
unbleached (unbrominated) flour and add Ytsp. vitamin C 
powder per loaf to help retard mold further (it also makes the 
bread rise higher), 


Supper 


Cook your supper from scratch. Emphasize fish for animal 
food, not beef, pork, turkey or chicken, Don't buy bread crumbs, 
use your own, Don't buy batter, make your own, Use genuine 
eggs, not substitutes. Wash your hands after handling raw meat or 
eggs. 

Make your own salad and salad dressing out of olive oil, 
fresh lemon juice or white distilled vinegar (apple cider vinegar 
has aflatoxins), honey, salt and herbs to flavor. If your digestion. 
sn't strong enough for raw vegetables or fruit, make juice. Get a 
sturdy juicer and make your juice about half carrot juice and half 
from vegetables like celery, squash, lettuce, and broccoli. Make 
your own tomato sauce with pure herb seasoning, not from ajar 
or can (home canned foods are fine, of course, as long as they are 
not made in a big aluminum pot with aluminum-containing salt) 

Cook real potatoes, not instant varieties. Peel them to get rid 
of Kojic acid (mycotoxin) and scopolamine (the green part) 
Make mashed potatoes from scratch, with milk, not box potatoes, 
nor chips nor French fries. Chips and fries were made in 
chemical grease called “hydrogenated.” There is a large amount 
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of nickel in hydrogenated fats.”” Fry your potatoes in butter, lard 
or olive oil. Find butter that is not wrapped in foil and is not 
salted. Salt your own butter, using aluminum-free salt.”* Don't 
wrap potatoes in foil to bake, coat with butter or olive oil. Don’t 
ceat the peels, 


Eat no meat that hasn't been cooked as 
thoroughly as if it were pork. 


Other animals are as parasitized as we, full of flukes and 
worms and Schistosomes in every imaginable stage, and if the 
blood carries these, would we not be eating live parasites if we 
eat animals in the raw state? We have been taught to cook thor 
oughly any pork, fish or seafood. Now we must cook thoroughly 
any beef, chicken or turkey. It must be at cooking temperature 
(212°F or 100°C) for 20 minutes. Freezing is not adequate. 
Canned meats are safe from living parasites, but are not 
recommended due to added chemicals. 


Beverages 
Drink 6 kinds of beverages 
+ milk + vegetable juices 


+ herb teas 
+ homemade (see Recipes) 


77 444 mog/100 g. Taken from Food Values 14th ed. by Penning- 
ton and Church, 1985, 

3 Salt has aluminum in it to keep it from caking. Buy salt that has 
magnesium carbonate as its anti-caking agent. Sea salt must be baked 
for 5 minutes at 400°F to destroy molds. Or buy chemically pure salt 
(see Sources) 
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This means getting off caffeine. And if you are already fa- 
ued, this means you might be even more fatigued for a short 
. You might have headaches from withdrawal, too. But they 
will only last 10 days. Mark your calendar and count off the 
days. Take headache medicine, if necessary, but make sure it 
does not contain caffeine. For energy, to replace caffeine, take 
one arginine (500 mg, see Sources) upon rising in the moming 
and before lunch. Soon you won't need it. 

Cutting down on coffee, decaf, soda pop and powdered 
drinks won't do. You must be completely off. They contain very 
toxic solvents due to careless, unregulated production methods. 
Much is imported and can't be sufficiently regulated. 

Even though grain (drinking) alcohol is the recommended 
substitute for propyl alcohol, that doesn't mean you may safely 
drink it, It is inadvisable to drink any form of alcohol at least 
until you are fully recovered. 

1. Milk: 2% or higher, drink three 8 oz. glasses a day. Al- 
ternate brands. Buttermilk will do. Homemade yogurt is fine. 
Goat milk is also fine. Start with '4 cup and increase gradually, if 
you are not used to it. If you do not drink milk because it gives, 
You more mucous, try to drink milk anyway. If you have other 
reactions, like diarrhea, try milk digestant tablets (available at 
health food stores). Milk is too valuable to avoid: there are many 
unwanted chemicals in most brands of milk, but itis solvent-free, 
mold-free and very nutritious. The only exception should be for 
serious symptoms, like swelling, colitis, flu, or chronic diarrhea. 

But all milk, whether goat or cow, is contaminated with 
Salmonella and Shigella bacteria as well as fluke parasite 
stages, Cattle are immunized against Salmonella but it does not 
prevent its persistence in the bowel. All these are very harmful, 
Pasteurization does not kill all of them. Only heating to a rolling 
boil makes milk safe. To do this in the easiest way, pour I or 2 

{to an enamel double boiler or microwavable glass 
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jar. Stay in the kitchen while the heat is on. When the bubbles 
have risen to indicate boiling, tum off the heat. You may throw 
away the “skin”. Pour into glass jar and refrigerate. Another easy 
way is to use a pressure cooker that holds several pint jars of 
milk. All dairy products that have only been pasteurized are still 
contaminated. Ultrapasteurization does not improve matters. 
Dairy products that cannot be sterilized should not be consumed. 
It may be possible to find ster 
the store shelf—not in the refrigerator; if it wasn't sterile it 
would go foul in a day! Canned milk has solvent pollution, 
Powdered milk has both solvent and bacterial pollution. 

2, Water: 2 pints. Drink one pint upon rising in the morning, 
the other pint in the afternoon sometime. The cold water faucet 
may be bringing you cadmium, copper or lead, but it is safer than 
purchased water, which inevitably has solvents in it. Let it run 
before using it, Filters are rather useless because water pollution 
comes in surges. A single surge of PCB contaminates your filter. 
All the water you use after this surge is now polluted, So you will 
be getting it chronically, whereas the unfiltered water cleans up 
again after the surge passes. Until you can test your own water 
for solvents, PCBs and metals, no expensive filter is worth the 
investment. An inexpensive pure carbon filter that is replaced 
every month may improve your tap water. Inflexible plastic 
pitchers fitted with a carbon filter pack are available (see 
Sources). Never buy filters with silver or other chemicals, even 
if they are just added to the carbon. Keep the filter sterile by 
soaking in diluted grain alcohol weekly. 

3. Fruit juice: fresh squeezed only. Some stores make it 
while you wait. If they freeze some of it, you could purchase the 
frozen containers. Bottled fruit juices have traces of numerous 
solvents, as do the frozen concentrates, as do the refrigerated 
‘ones, don't buy them You have to see it being made, but watch 
carefully: I recently went to a juice bar where they made every- 
thing fresh, before your very eyes. And I saw them take the fruit 
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right from the refrigerator and spray it with a special wash “to 
get rid of any pesticides,” then put a special detergent on it to 
clean off the wash! So instead of getting traces of pesticide, I got 
traces of propyl alcohol!” Another grocery store had a machine 
that squeezed the oranges while you watched. But if you did not 
watch them filling the jugs, you missed seeing them add a 
tablespoon of concentrate, from a bottle out of sight, to give it 
better flavor. It still qualifies as “Fresh squeezed 100% orange 
juice,” but thanks to that concentrate it now has toluene and 
xylene in it! Best of all, buy a juicer, select completely unbruised 
fruit, wash with plain water, and make your own juice (enough 
for a week—freeze it in half pint plastic bottles). For stronger 
flavor, leave some of the peel in the juice. 

4. Vegetable juice: fresh or frozen only. If you or a friend 
would be willing to make fresh juice, this would be much better 
than purchased juice. Start with carrot juice. Peel carrots (don't 
scrape them, it's too easy to miss small dirt spots) and remove all 
blemishes carefully, then rinse. Drink Yglass a day. After you are 
accustomed to this, add other vegetables and greens to the juice 
to make up half of it. Use celery, lettuce, cabbage, cucumber, 
beet, squash, tomato, everything raw that you normally have in 
your refrigerator. Then drink one glass a day. 

5. Herb tea: fresh or bulk packaged. Tea bag varieties are 
moldy. Buy a non-metal (bamboo is common) tea strainer. 
Sweeten with honey or brown sugar with vitamin C added, 

6. Homemade beverage. If you will miss your coffee or 
decaf, try just plain hot water with boiled whipping cream 
Sweeten with honey. Please see Recipes for many more sugges- 
tions. 


9 Yes, | took a sample of the wash to test. 
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Horrors In Commercial Beverages 


Commercial beverages are especially toxic due to traces of 
solvents left over from the manufacturing process. There are 
solvents in decaffeinated beverages, herb tea blends (not single 
herb teas), carbonated drinks, beverages with Nutrasweet™, fla 
vored coffee, diet and health mixes, and fruit juices, even when 
the label states “not from concentrate” or “fresh from the or- 
chard,” or “100% pure.” 

It is allowable to use solvents to clean machinery used in 
bottling (please look again at page 347)! It is also allowable to 
se solvents to make spice oleoresins, which are used as fla- 
voring. 


21 CFR 173.240 (4-1-94 Edition) Isopropyl Alcohol. 
Isopropyl alcohol may be present in the following foods un- 
der the conditions specified: 
(a) In spice oleoresins as a residue from the extraction of 
spice, at a level not to exceed 50 parts per million. 
(b) In lemon oil as a residue in production of the oil, at a 
evel not to exceed 6 parts per million. 
(©) [Discusses its use in hops extract. 


Here is a summary of other solvents mentioned: 
Solvent Allowable residue Paragraph 
in spice oleoresins  in21 CFR 
‘Aeatone a0 PPM 174210 
Eylene dichloride m0 PPM 173290 
Methyl aleahol 50 PPM 174250 
Matiylene chloride 20 PPM 174255 
Hexane 25 PPM 173270 
Tictoroetylene 20 PPM 174290 


Fig. 66 Lawful uses of solvents in food. 


I have found all these solvents and others in commerci 
beverages! Some of the solvents I have found are just too toxic to 
be believed! Yet you can build the test apparatus yourself 
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(page 457), buy foods at your grocery store, and tabulate your 
‘own results. I hope you do, and I hope you find that the food in 
your area is cleaner than mine! Remember that the Syncrometer 
can only determine the presence or absence of something, not the 
concentration. There may only be a few parts per billion, but a 
sick person trying to get well cannot afford any solvent intake. 
For that matter, none of us should tolerate any of these: 


+ Acetone in carbonated drinks 

+ Benzene in store-bought drinking water (including di 
tilled), store-bought fruit juice (including health varieties) 

+ Carbon tetrachloride in store-bought drinking water 

+ Decane in health foods and beverages 

+ Hexanes in decafs 

+ Hexanedione in flavored foods 

+ Isophorone in flavored foods 

+ Methyl butyl ketone and Methyl ethyl ketone in flavored 
foods 

+ Methylene chloride in fruit juice 

+ Pentane in decafs 

+ Propyl alcohol in bottled water, commercial fruit juices, 
commercial beverages. 

+ Toluene and xylene in carbonated drinks 

+ Trichloroethane (TCE), TC Ethylene in flavored foods 

+ Wood alcohol (methanol) in carbonated drinks, diet drinks, 
herb tea blends, store-bought water, infant formula 


If you allowed a tiny drop of kerosene or carpet cleaning 
fluid to get into your pet's food every day, wouldn't you expect 
your pet to get sick? Why would you not expect to be sick with 
these solvents in your daily food? I imagine these solvents are 
just tiny amounts, introduced by sterilizing equipment, the 
manufacturing process, and adding flavor or color. Flavors and 
colors for food must be extracted somehow from the leaves or 
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bark or beans from which they come. But until safe methods are 
invented, such food should be considered unsafe for human 
consumption (or pets or livestock!). 


Fig. 67 Some unsafe beverages. 


Food Preparation 


Cook your food in glass, enamel, ceramic or microwavable 
pots and pans. Throw away all metal ware, foil wrap, and metal- 
capped salt shakers since you will never use them again. If you 
don't plan to fry much (only once a week), you might keep the 
Teflon™ or Silverstone™ coated fry-pan, otherwise get an 
enamel coated metal pan. Stir and serve food with wood or 
plastic, not metal utensils. If you have recurring urinary tract 
infections, you should reduce your metal contact even further; eat 
with plastic cutlery. Sturdy decorative plastic ware can be found 
in hardware and camping stores. Don't drink out of styrofoam 
cups (styrene is toxic). Don't eat toast (many toasters spit 
tungsten all over your bread and make benzopyrenes besides). 
Don't buy things made with baking powder (it has aluminum) or 
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baked in aluminum pans. Choose goods made with baking soda 
and sold in paper or microwavable pans. Don't run your drinking 
water through the freezer or fountain or refrigerator. Don't heat 
your water in a coffee maker or tea kettle. Don't use a plast 
thermos jug (the plastic liner has lanthanides) the inside must be 
glass. Don't drink from a personal water bottle (it begins to breed 
bacteria) unless you sterilize it daily. 

Why are we still using stainless steel cookware when it 
contains 18% chromium and 8% nickel? Because it is rustproof 
and shiny and we can't see any deterioration. But all metal 
seeps! Throw those metal pots away. Get your essential minerals 
from foods, not cookware. 

Never, never drink or cook with the water from your hot 
water faucet. If you have an electric hot water heater the heating 
element releases metal. Even if you have a gas hot water heater, 
the heated water leaches metals or glues from your pipes. If your 
kitchen tap is the single lever type, make sure it is fully on cold 
for cooking. Teach children this rule. 


is impossible to remember everything about every food, but 
in general do not buy foods that are highly processed. Here are a 
few foods; see if you can guess whether they should be in your 
diet or not. 


breads Yes, but only from a bakery, and never 
wrapped in plastic. 

toast No. It has benzopyrene and tungsten. Yes, 
if made on a cookie sheet or in a frying 
pan 

cheese Yes, if used in baked dishes. 

chicken ‘Only if cooked for 20 minutes at boiling 
point, as in soup, or canned (never pre- 
pare raw chicken yourself) 

wine with dinner_| No, 
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peanut butter | Yes if you grind it yourself and add ¥ tsp. 
vitamin C powder as you grind. 


cottage cheese _| No, it can't be sterilized easih 


desserts Yes, but again, only if favored with safe 
extracts. 
Tice Yes, if vitamin Gis added before cooking, 


Use white only, brown is too mold) 
Yes, with homemade sauce and vitamin C. 


Jel-o™ No, it has artificial flavor and color. 

egg dishes Yes, but not ‘imitation’, cholesterolree or 
cholesterol-reduced varieties. 

fish, seafood _| Yes! 

‘Soy foods (tofu) | No. Ifs the extensive processing that taints 
it. 

‘SOup Yes, if seasoned only with herbs (no 
bouillon cube). 

‘sugar Yes, turbinado or brown if treated with 
vitamin C. 

herb tea Yes, if not in a bag and not in a mixture of 
herbs. 

‘cheesecake Yes. 


Fig. 68 Some good foods 


Choose brands with the shortest list of ingredients. Alternate 
brands every time you shop. 
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Fig. 69 All breads I tested had mold if they were in plastic. 


Dining Out 


Restaurants (excluding fast food) are generally quite safe to 
ceat at, Here are some do’s and don’ts; 

Do carry your own aluminunefree salt and vitamin C powder 
with you. 

Do ask for plastic cutlery. 

Do drink the water if from the tap. 

Do ask for boiled, not just steamed, milk. 

Don’t eat or drink from styrofoam If getting food “to go,” get 
it in clear plastic containers, or ask them to line the styrofoam 
container with paper or plastic wrap, and line the styrofoam cup 
with a plastic baggy. 

Don’t use their ketchup and condiments (they have been 
standing out too long). 

Here is a list of things that are generally safe to order: 
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pancakes, French 


Don't use their imitation syrup (has 


toast, waffles benzoate), use honey instead. 

eggs ‘Any style except soft boiled and 
scrambled. The white should be solid 

hash browns: lightly fried, not deep tried 

SOUP ‘Only if nothing else is available. (It 


probably came in a can and was 
‘cooked in an aluminum pot and is full 
of aluminized satt) 


‘vegetarian sand- 
wiches 


But no Soy products (too processed). 


baked or boiled po- 
tatoes 


Use only cheese sauce, bring your 
‘own satt, don't eat the skin. 


cooked vegetables 


Broccoli, Brussels sprouts, Deets, com, 
‘squash, and so forth 


vegetable salads 


Don't eat the croutons, bacon bits, and 
anything that doesn't look fresh. 


vegetarian dishes 


But no soy ingredients and or Sauces. 
Fresh ketchup OK. 


bread and biscuits 


‘White only, not toasted, not 
“cholesterol-free” varieties. 


Tish and seafood 


“Anything but deep fried (the olf may 
have benzene) is fine: baked, steamed, 
fish cakes, seafood cocktails, etc. 


Mexican food ‘Any of the numerous baked dishes. 
Chinese food Except dishes with tofu or MSG. 
fruit cup ‘With honey and cinnamon 


‘uit pies, cobblers 


But not with ice oream (every flavor 
has benzene). 


Temon or ime me- 
ringue pie 


Indulge yourself 


Fig. 70 Good restaurant foods. 


‘As you see your symptoms disappear, one after another, you 


will feel the magic of hea 


g. Many sick persons have 50 or 


more symptoms to start out! They could fill two sheets of paper, 
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‘one symptom to each line. It can be quite shocking to see a list of 
all your symptoms. 

‘Sometimes a new symptom appears as fast as an old one 
disappears. The coincidence makes it tempting to believe that 
‘one symptom turns into a different one. But it is not so. If a new 
symptom appears, it is ise another pathogen has become 
vated due to a new toxin. Try to identify the new item. Stop 
ising any new food, supplement, or body product, even if it is a 
health variety, and see if it goes away. 


Body Clean-up 


We are living in a very fortunate time. We are not expected to 
all look alike! The 60'S brought us this wonderful freedom. 
Freedom to dress in a variety of styles, use make-up or no make- 
up, jewelry or no jewelry, any kind of hair style, any kind of 
shoes. 

You will need to go off every cosmetic and body product that 
you are now using. Not a single one can be continued. They are 
full of titanium, zirconium, benzalkonium, bismuth, antimony”, 
barium”, strontium, aluminum, tin, chromium, not to mention 
pollution solvents such as benzene and PCBs 

Do not use any commercial salves, ointments, lotions, 
colognes, perfumes, massage oils, deodorant, mouthwash, 
toothpaste, even when touted as “herbal” and health-food- 
type. See Recipes for homemade substitutes. 


®° Breast cancer cases show titanium, zirconium, benzalkonium, 
bismuth and antimony accumulation in the breast. 

S" Barium is described in the Merck Index as "Caution: All water or 
acid soluble barium compounds are POISONOUS." 10th ed. p. 139 
1983, 

® This element goes to bones. 
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People are trying desperately to use less toxic products. They 
seek health for themselves. So they reach for products that just 
list herbs and other natural ingredients. Unfortunately, the buyers 
are being duped. The Food and Drug Administration (FDA) 
requires all body products to have sufficient antiseptic in them, 

Some of these antiseptics are substances you must avoid! But you 
won't see them on the label because manufacturers prefer to use 
quantities below the levels they must disclose. And by using a 
variety of antiseptics in these small amounts they can still meet 
sterility requirements. The only ingredient you might see 
“grapefruit seed” or similar healthy-sounding natural antisept 
This is sad for the consumer of health food varieties. 


+ have seen rocks sold as “Aluminum-Free Natural De- 
odorant”. You rub the rock under your arms. It works be- 
cause the rock is made of magnesium-aluminunysilicate. 

+ Men's hair color has lead in it. 

+ Lipstick has barium, aluminum, titanium, 

+ Eye pencil and shadow have chromium, 

+ Toothpaste has benzene, tin, and strontium. 

+ Hair spray has propyl alcohol and PCBs. BEWARE! Stop 
using it today. 

+ Shampoo, even health varieties, has propyl alcohol! 
BEWARE! Stop using it today. 

+ Cigarettes have lead, mercury, nickel and Tobacco Mosaic 
virus. 

+ Chewing tobacco has ytterbium 


Some of the unnatural chemicals listed are present because of 
residues in the manufacturing process, but others you will 
actually see listed on the label! 

Propyl alcohol and wood alcohol are present because the 
tubing used to fill the bottles is sterilized and cleaned with them. 
Ice cream machines are “oiled” with a gel containing pe- 
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troleum products. This could explain why I always find benzene 
in ice cream. 


Fig. 71 Examples of commercial “food lube.’ 


How can propyl alcohol in shampoo get into your body in 
significant amounts? The skin is more absorbent than we realize, 
and time and time again I see cancer victims who have gone off 
every body product except their favorite shampoo. They harbor 
propyl alcohol until they make that final sacrifice. It is better to 
switch shampoos than to not need any due to radiation and 
chemotherapy! 

See Recipes for easy-to-make, natural cosmetics. But you 
might consider just stopping them all. Especially if you're going 
on vacation. 

Use nothing that you wouldn't use on a new-born baby. This 
a permissive age. You will be the only one feeling “naked.” 
Others won't even notice. Don't forget advertising is aimed at 
you, even if other people's eyes are not! 

Don't even use soap unless it is homemade soap (see Reci- 
pes) or borax straight from the box. Borax was the traditional 
pioneer soap. It is antibacterial and can be made into a solution, 
It is also a water softener and is the main ingredient in non- 
chlorine bleach. Borax can remove grease, too, and some stains. 
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But even borax is 
not natural to 
your body and it i 
s therefore wise 

to use as little 
necessary. See 
Recipes for anti- 
bacterial borax 
soap. 


Dishes and clothing are primary source of 
PCBs. 
Fig. 72 Detergents with PCBs. 


homemade soap pure borax 
Fig. 73 Safe soaps. 


Don't use toothpaste, not even health-food varieties. To 
clean teeth, use plain water or chemically pure baking soda 
(see Sources)—but dissolve it in water first, otherwise it 
is too abrasive. Or brush with hydrogen peroxide food 
grade, not the regular variety (see Sources). Don't use 
floss; use 2 or 4-pound monofilament fish line. Floss has 
mercury antiseptics (with thallium pollution!). Throw away 
your old toothbrush—solvents don't wash away. 

Don't use mouthwash, Use saltwater (aluminum-free salt) or 
food grade hydrogen peroxide (a few drops in water). 
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Don't use hair spray. 

Don't use massage oils of any kind. Use olive oil. 

Don't use bath oil. Take showers, not baths, if you are strong 
enough to stand. Showers are cleaner. 

Don't use perfumes or colognes. 

Don't use commercial lotions or personal lubricants. 


Stop Using Supplements 


Stop using your vitamin supplements. They, too, are heavily 
polluted. This is the saddest, most tragic part of your instructions. 
Thave found solvents, heavy metals and lanthanides in 90% or 
more of the popular vitamin and mineral capsules and tablets 1 


‘The capsule in the foreground is a notorious tryptophane capsule. It 
had the following pollutants: PCBs, mercury, ruthenium, thulium, 
strontium, praseodymium, aluminum, benzalkonium. 

Fig. 74 Some polluted supplements. 
test. These substances will do more harm in the long run than the 
supplement can make up for in benefits. 
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Most of the varieties of vitamin C that I have tested are 
polluted with thulium! Until all vitamins and minerals and other 
food supplements have been analyzed for pollutants, after they 
are encapsulated or tableted, they are not safe. We need more 
disclosure on our products. No manufactured product is pure. We 
can't expect that. But at least we should be able to tell what 
impurities we are getting, and how much. 

It is possible to do detailed analy- 
sis of foods or products at a reason- 
able price. Look at the bottle of 
common table salt, sodium chloride, 
that is used by beginning chemistry 
students to do experiments. It must be 
thoroughly analyzed for them because 
minute impurities affect their results 
(Those minute impurities, like lead, 
affect you, too.) Look at the label on 
the bottle in the picture. Even after all 
these tests, the cost of laboratory salt 
is only $2.80 per pound.” Fig. 75 Pure salt. 

It is most important not to be 
fooled by ingredient claims, like 
“made from organically grown vegetables”. Sure that's great, but 
the analysis J trust would be done on the final, cleaned, cooked 
and packaged product on the shelf. The package is a major 
ingredient. 

Toxic solvents like decane, hexane, carbon tetrachloride and 
benzene will get more flavor or fat or cholesterol out of things 
than metabolizable grain alcohol. Of course, the extraction 
ls for washing out the solvent later. But it can't all be 
washed out, and a detailed analysis on the final product would 


Sodium 
Chloride 


* You will pay about $8.00 per pound (Spectrum Chemical Co.) 
for USP (United States Pharmaceutical) grade. But the same analysis 
is done on the cheaper grades, and my point is that the analysis is 
cost effective enough that it should be done on our daily foods. 
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give the public the information they need to make informed 
choices. 


All supplements must be tested for purity by 
yourself. If this cannot be done, 
don't take them. 


Polluted supplements do much more harm than good. Get 
your super-nutrition by juicing vegetables of all kinds and making 
inerbal teas 


Safe Supplements 


There are, no doubt, 
lots of safe supplements to 
be had. The problem is 
knowing which they are. 
The nature of pollution is 
such that one bottle might 
be safe, while another of 
the same brand is not, In 
view of this, as I found a 
polluted bottle, I stopped 
using any more of that 
brand. That is why I am Common salt for student use is thor- 
reduced to recommending oughly analyzed for pollution. The label 
only the ones in the S¥@s you the final “Actual Lot Analysis” 
of the product. It is not expensive. 
Sources at this time. 
a Fig. 76 Laboratory salt label. 
Vitamin C, in cry: 


form, is a must in your lifestyle. It helps the liver, and possibly 
other organs, detoxify things. It also helps retard mold, and 
perhaps even destroys aflatoxins! Keep some next to your 
refrigerator so it is handy when you put away groceries. Add 1/8 
‘sp. 0 —smaple.~— syrup, -—vinegar, cooked 


al 
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cereal, fruit juice, leftovers. Have 44 tsp. (1 gram) with each 
meal. 

Vitamin B,, 100 mg. This is the vitamin that helps detoxify 
benzene! Take one to three a day. While recovering from AIDS 
you need 3 tablets three times a day. 

Vitamin B,, 250 mg, and B-complex, 50 mg. Undoubtedly 
these help the liver and kidneys in many ways. One a day. 

‘Magnesium oxide, 300 mg., is another must. Take one or two 
a day. It is a major mineral; all of our cells need lots of it. Only 
leafy vegetables provide it. 

Hydrogen peroxide, food grade. It is advantageous to kill 
bacteria and viruses to some extent every day. Hydrogen per- 
oxide lets you do this. It should never come in contact with metal, 
including its container or metal tooth fillings. If you get a few 
drops on your skin it may turn white and sting, but does no harm, 
so simply wash it off. Instructions for its use come with the 
product. 

Herbs. These are excellent supplements, both in bulk and 
but not extracts, concentrates, or 
are many books that describe their us 

Thivctic acid or lipoic acid. Presumably this chelates (traps 
ation) heavy metals, and helps the liver in 


from 100 mg. per day. I find it outstanding, and give itt many ill 
persons, even when not mentioned in the case histories. It comes 
as a 100 mg. capsule (see Sources). I use it at doses from one 
capsule, 3 times a day, to 2 capsules, 5 times a day. I have seen 
cts at these dosages, even in very sick persons. 
‘Lugol's Iodine Solution (see Recipes) is. old-fashioned 
“iodine.” Iodine has a distinctive trait: it hangs up on anything 
and everything. In fact, it attaches itself so quickly we consider 
everything it touches as “stained.” This is just the property we 
want to make it safe for use. The amount you use is immedi- 
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ately hung up, or attached, to your mucous and can not be quickly 
absorbed into the blood or other organs. It stays in the stomach. 
And for this reason it is so useful for killing vicious bacteria like 
Salmonella 


Do not take Lugol’s iodine if you know you are 
allergic to iodine. It could be fatal. 


Six drops of Lugol's solution can end it all for Salmonella. If 
you have gas and bloating, pour yourself Vaglass of water. Add 6 
drops of Lugol’s (not more, not less), stir with wood or plastic, 
and drink all at once. The action is noticeable in an hour. Take 
this dose 4 times a day, after meals and at bedtime, for 3 day: 
a row, then as needed. This eradicates even a stubborn case of 
Salmonella 

Notice how calming 6 drops of Lugol’s can be, soothing a 
manic stage and bringing a peaceful state where anxiety ruled 
before. 

Lugol's is perfectly safe (if not allergic) to take day after day, 
when needed, because of its peculiar attaching property. It 
s in the stomach, reattaches to everything in proximity. 
Doomed are all Salmonellas; doomed also are eggs of parasites 
that might be in the stomach (cysts). 

Naturally, one would not leave such medicine within the 
reach of children. Also, one would not use anything medicinal, 
including Lugol’s unless there were a need, like cancer, AIDS, or 
bowel disease. When the gas and bloating problem has stopped, 
stop using Lugol’s. If one or two doses of Lugol’s cures the 
problem, stop. Store it in a perfectly secure place. In the past, 2/3 
of a teaspoon (60 drops) of Lugol’s was the standard dose of 
iodine given to persons with thyroid disease. Six drops is small 
by comparison. 


443 


Revision History 


Rev. Date Contributor 

01 September 2005 _L. Wyard-Seott Updates to reflect changed 
Capstone Design Course for- 
mat and new de/soldering 
equipment 

0.0 Jamary 2004 VJ. Si 


eben, L. Wyard- Creation, 
Scott, E. Tiong 


‘THE CURE FoR ALL DISEASES 


‘Turmeric and fennel are herb: 
They can eradicate invasive E. coli and Shigella bacteria! They 
are completely harmless, and are part of the Bowel Program. 
Other supplements. The concept of supplementing the diet is 
excellent, but the pollution problem makes it prohibitive. Use 
only supplements and brands recommended in Sources, although 
the best approach is to test them yourself with your Syncrometer. 
can't guarantee the brands in Sources will stay pure. If in doubt, 


leave it out 


used as cooking spices. 


Home Clean-up 


This is the easiest task because it mostly involves throwing 
things out. Hopefully your family and friends will jump to your 
assistance, 

+ The basement gets cleaned. 

+ The garage gets cleaned. 

+ Every room in the house gets 


Your Basement 


To clean your basement, remove all paint, varnish, thinnei 
brush cleaners, and related supplies. Remove all cleaners such 
as carpet cleaner, leather cleaner, rust remover. Remove all 
chemicals that are in cans, bottles or buckets. 

You may keep your laundry supplies: borax, washing soda, 
white distilled vinegar, bleach and homemade soa 
keep canned goods, tools, items that are not chemicals 
move your chemicals into your garage. Also move any car tires 
and automotive supplies like waxes, oil, transmission fluid, and 
the spare gas can (even if it is empty) into your garage or discard 
them, 
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Seal cracks in the basement and around pipes where they 
come through the wall with black plastic roofing cement. In a few 
days it will be hard enough to caulk with a prettier color. Spread 
sheet of plastic over the sewer or sump pump. 


Your Garage 


Do you have a garage that is a separate building from your 
home? This is the best arrangement. You can move all the 
basement chemicals into this garage. Things that will freeze, such 
latex paint, you may as well discard. But if your garage is 
attached, you have a problem. Never, never use_your_door 
between the garage and house. Walk around the outside. Don't 
allow this door to be used. Tack a sheet of plastic over it to slow 
down the rate of fume entrance into the house. Your house 
like a chimney for the garage. Your house is taller and warmer 
than the garage so garage-air is pulled in and up as the warm air 
in the house rises. See the drawing. 
In medieval days, the 

bam for the animals was 
attached to the house. We 
think such an arrangement 
with its penetrating odors is 
unsavory. But what of the 
‘gasoline and motor fumes we 
are getting now due to 
parked vehicles? These are 
toxic besides! This is even 
more medieval. 


Fig. 77 Garage fumes. 


If your garage is under your house, you cannot keep the 
pollution from entering your home. In this case, leave the 
and lawnmower outside. Remove cans of gasoline, solvents, ete. 
Put up a separate shed for these items, 
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Special Clean-up for Freon (CFCs) 


Because I consider Freon to be the top health hazard in our 
home, I recommend turning in your refrigerator for a non-CFC 
variety. Dispose of all spare units. Remove window air condi- 
tioners or test the dust in your home (page 485) for Freon. Have 
conditioning system checked. Dispose of old pres- 
Even one whiff is too much. It never leaves the 
body because the body has no detoxification methods for it! 

Only one useful reaction with Freon comes to mind. Freon is 
thought to be responsible for the ozone “hole” at the South Pole. 
Would Freon react with ozone supplied to your body and thereby 
become biodegradable? Indeed, it does! But only if you drink it 
ozonated water. Other ozone routes, as intravenous or rect 
have not been observed to be as effective. 

If you are following your progress with the Syncrometer, you 
will see that Freon now appears in the liver for the first 
(Before this, it was marooned in the parathyroids, thymus 
other organs.) You may also detect a feeling like indiges 
You must come to the assistance of your liver. Even ozonated 
Freon is extremely burdensome to the liver. 

‘A combination of herbs (Liver Herb Drink in Recipes, page 
552) rescues the liver from its plight, and prevents the indiges- 
tion, After drinking liver herbs you will see that the Freon now 
appears in the kidneys. Yet it is marooned there unless you assist 
them, Take the kidney cleanse to assist the kidneys so they can 
finally excrete the Freon into the urine. 

It's an elaborate detoxifying program and usually takes six to 
eight weeks to get most of the Freon out. Afterward, continue the 
programs at one fourth dosage for half a year. 

Forane is one of the new refrigerants. Although toxic, at least 
I observe it in the liver directly, suggesting that your body is 
capable of handling it. Remember your new reftigerator will 


surized cans. 
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still be using a toxic coolant, and it would be best to keep it out- 
side or at least vented to the outs 


Special Clean-up for Fiberglass 


Fiberglass insulation has microscopically small bits of glass 
that are free to blow into the air. When house drafts pull it into 
the air you will inhale them. They cut their way through your 
Jungs and organs like millions of tiny knives, spreading through 
your body, since there is no way out for them. You smell nothing 
and feel nothing. This makes it a very sinister poison. Your body, 
though, recognizes these sharp, pointed bits and tries to stop their 
spread by sequestering them in ¢: 

Most solid malignant tumors contain fiberglass or asbestos, 
another glass-like particle. In nearly all cases a hole can be 
found in the ceiling or walls, leading to fibergl lated parts 
of the house, When these holes are sealed in an air-tight manner 
the house air no longer is positive for fiberglass. Covering with 
paneling is not sufficient. Check your dwelling for uncovered 
fiberglass. Repair immediately. Search for small screw holes 
intended for pictures, or electric outlet plates that are missing. 

Also remove fiberglass jackets from water heater and fiber- 
glass filter from furnace. Replace with foam or carbon, Best of 
all, hire a crew to remove it all from your home, and replace in- 
sulation with blown-in shredded paper or other innocuous sub- 
stance. 

Never bi 


a new house using fiberglass for any purpose. 


Special Clean-up for Asbestos 


The biggest source of asbestos is not building materials! It is 
the clothes dryer belt and hair dryer! To be safe, remove the belt 
from your dryer and check to see if it says “Made in USA” on 
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the belt itself. If so, it is OK. If not, it is imported, and probably 
contains asbestos. Exchange it for a USA belt (see Sources). 

Hair dryers, too, may be imported and shed asbestos. It is 
especially hazardous to be aiming a stream of hot asbestos right 
at your face! If you can't find a safe model (see Sources), or are 
unsure, don't use any. If you have cancer or are ill, no one in the 
house should use an unsafe hair dryer. 

Turn off radiators and electric heaters and cover them with 
big plastic garbage bags, or paint them, or remove them. They 
give off asbestos if their paint is old 


Your House 


To clean the house, start with the bedroom. Remove every- 
thing that has any smell to it whatever: candles, potpourri, soap: 
mending glue, cleaners, repair chemicals, felt markers, cologne: 
perfumes, and especially plug-in air “fresheners”. Store them 
the garage, not the basement. Since all vapor rises, they would 
come back up if you put them in a downstairs garage or 
basement. 

Do not sleep in a bedroom that is paneled or has wallpaper. 
They give off arsenic and formaldehyde. Either remove them or 
move your bed to a different room. Leave the house while this is 
being done. If other rooms have paneling or wallpaper, close 
their doors and spend no time in them. 

Next clean the kitchen, Take all cans and bottles of chemicals 
‘out from under the sink or in a closet. Remove them to the garage. 
Keep only the borax, washing soda, white distilled vinegar and 
homemade soap. Use these for all purposes. For exact amounts to 
use for dishwasher, dishes, windows, dusting, see Recipes. 
Remove all cans, bottles, roach and ant killer, moth balls, and 
chemicals that kill insects or mice. These should not be stored 
anywhere. They should be thrown out, Remember to check the 
crawl space, attic and closets for hidden poisons also. 
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To keep out mice, walk all around your house, stuffing holes and 
cracks with steel wool. Use old-fashioned mouse traps. For 
cockroaches and other insects (except ants) sprinkle handfuls of 
boric acid“ (not borax) under your shelf paper, behind sink, 
stove, refrigerator, under carpets, etc. Use vinegar on your 
kitchen wipe-up cloth to leave a residue that keeps out ants. Do 
this regularly. To wax the floor, get the wax from the garage and 
put it back there. A sick person should not be in the house wi 
house cleaning or floor waxing is being done. 

Remove all cans and bottles of “stuff” from the bathroom. 
The chlorine bleach is stored in the garage. Someone else can 
bring it in to clean the toilet (only). Leave only the borax soap, 
homemade soap, and grain alcohol antiseptic. Toilet paper and 
tissues should be unfragranced, uncolored. All colognes, after 
shave, anything you can smell must be removed. Family members 
should buy unfragranced products. They should smoke outdoors, 
blow-dry their hair outdoors or in the garage, use nail polish and 
polish remover outdoors or in the garage. 

Do not keep new foam furniture in the house. If itis less than 
one year old, move it into the garage until you are well. It gives 
off formaldehyde. So does new clothing; it is in the sizing. Wash 
all new clothes before wearing. If you have a respiratory illness, 
move all the clothes in the clothes closet out of your bedroom to 
a different closet. 

Do not use the hot water from an electric hot water heater for 
cooking or drinking. It has tungsten. Do not drink water that sits 
in glazed crock ware (the glaze seeps toxic elements like 
cadmium) like some water dispensers have. Do not buy water 
from your health food store that runs through a long plastic hos 
from their bulk tank (I always 


™ Boric acid is available by the pound from farm supply stores and 
from Now Foods. Because it looks like sugar keep it in the garage to 
prevent accidental poisoning, 
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ble clear plastic). Also ask them how and when they clean their 
tank, Best is to observe that it is done with non-toxic methods. 

If your house is more than 10 years old, change all the gal- 
vanized pipe to PVC plastic. Although PVC is a toxic substance, 
amazingly, the water is free of PVC in three weeks! If your hou 
has copper pipes don't wait for cancer or schizophrenia to cl 
a family member. Change all the copper pipe to PVC plastic 
immediately. If the pipes are not accessible, ask a plumber to lay 
an extra line, outside the walls. This is less expensive, too. 

If you have a water softener, by-pass it immediately and re- 
place the metal pipe on the user side of the softener tank. Sof- 
tener salts are polluted with strontium and chromate; they are 
also full of aluminum, The salts corrode the pipes so the pipes 
begin to seep cadmium into the water. Afier changing your pipes 
to plastic, there will be so little iron and hardness left, you may 
not need a softener. If the water comes from a well, consider 
changing the well-pipe to PVC to get rid of iron. While the well 
is open, have the pump checked for PCBs. Call the Health 
Department to arrange the testing. If you must have softening after 
all this, check into the new magnetic varieties of water softener 
(although they only work well when used with plastic plumbing). 

The cleanest heat is electric. Go total electric if possible. If 
‘you must stay with gas, have a furnace repair person check your 
Furnace and look for gas leaks before the heating season starts, 
Dont call the gas company even though it is free. The gas com- 
s 4 out of 5 leaks! The Health Department does not 
; call them! House builders and contractors are also re- 
liable in their gas leak detection, 
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Unnatural Chemicals 
And where I found them... 
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PCB's LEAD 


CHROMIUM 


FIBERGLASS. 


CFC’s (FREON) 


{rom insulation behind holes in ceiling or uncovered 
outlets, water heater jackets, stuffed around fans 
and aie conditioners, insulation 


in in air in spray 
reltigerators conditioners cans 
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MERCURY and THALLIUM 


THULIUM 


dn tooth fillings, sanitary napkine, 
‘oothpicks, cotton swabs 
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Fig. 78 Our future, unless we act. 
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Bioelectronics 


The most important electronic device to make or buy is a 
zapper—a compact pulse generator operating from a common 9 
volt battery whose output is about 30 KHz, It kills all para 
bacteria, viruses, molds, and fungi even though their individual 
resonant frequencies are either higher or lower (50 KHz to 900 
KHz). Building a zapper is described in an earlier chapter. 

‘The next most useful device to have is a Syncrometer.™ It 
lets you diagnose yourself and monitor your progress until you 
are cured. It consists of an audio oscillator circuit with your 
body as part of the circuit. Utilizing samples of parasites or 
pollutants, it lets you test for them in any product or body tissue. 
I include a design that you can make yourself. 

A third very useful device is a frequency generator. You 
can use it to electrocute individual organisms, or together with 
the Syncrometer™ to find an organism's particular frequency. 
You need one that operates in the parasite, bacteria and viru 
ranges, from 50 KHz to 900 KHz. It must also be able to select a 
particular frequency, like 434 KHz, quickly and accurately. 
Frequency generators are available for as little as $300.00, but it 
is worth paying a little more to get a digital display of the fre- 
quency. 


Making A Syncrometer 


This is an audio oscillator circuit in which you include 
yourself by means of a handhold. You listen to the current in your 
cuit with a loudspeaker. Other oscillator circuits will work, 
too. A lot of fascinating opportunities present themselves with 
this concept. 
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I have previously published three ways to build the Syn- 
crometer circuit. Here is the circuit diagram: 


PNP 


hendhold 
test ples 
4700pt moly cap 
Amid 16v cap 
2N2007 PNP 
‘min output transt 8-900, 
180 25 res 
2 AA batteries 
‘speaker (like Radio 
‘Shack 277-1008C) 


Fig. 79 Syncrometer schematic 


If you are not an electronics enthusiast, you can still assemble 
a Syncrometer using a hobby kit, No soldering is required. Here 
what you need: 


Making a Hobby Kit Syncrometer 


Hem Radio Shack Cat. No. 
200 in One Electronic Project Lab by | 28-262 

Science Fair 

‘3 AA 11 volt batteries 


In The Cure for all Cancers and The Cure for HIV/AIDS. 
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‘Aligator clip test jumpers You need 2 
Handhold. A four inch length of % 
inch copper pipe, like for plumbing. 
These dimensions are critical to 
assure maximum skin contact. 
Probe. A banana plug. Precision Min: Hook 
Test Lead Set (contains 
two, you only need one) 
278-1160A 


Pencil, new. 


Fig. 80 Syncrometer parts list. 


in the 200 in One Electronic 
Project Lab. Ittakes about 10 minutes. 


Later, when you use the probe to press against your knuckle 
you may find getting the right sound is painful. In this case try 
substituting the .005 microfarad capacitor for the .01 microfarad 
capacitor in the circuit. 


Attach the Probe. The Archer Precision Mini-Hook Test 
Lead Set has a banana plug for the probe on one end and a mini- 
hook on the other end for easy attachment to the circuit. Tape a 
Jong, new pencil to the probe to make it easier to hold. Connect 
the Probe to middle post of the primary side of the transformer (it 
also connects to the negative battery post). You will not be using 
the two connections the instructions tell you to hold. 

‘Attach the Handhold. Clip the Handhold to one end of an 
alligator clip test jumper, and clip the other end to the base (B) 
of the transistor used in the circui 

Attach an alligator clip to the post of the transformer that 
connects to the two capacitors. This will go to the test plates. 

Final test. Turn the control knob on and keep turning the 
potentiometer to nearly the maximum. (This reduces the resis- 
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tance. The schematic has a 150 ohm fixed resistor in place of the 
ometer.) Make sure you have good batteries installed. Test 
the circuit by briefly touching the Probe to the Handhold. The 


check that your alligator clips are not bending the s 
Is so much that other wires attached there are loose. 
Finally, turn switches OFF. 


Making Test Plates 


This is the box you attach to the basic Syncrometer circuit. It 
has test plates to put your test substances and tissue samples on, 
‘The wiring in it is arranged so that you can test for a toxin in a 
product, as well as search in yourself. This means you can search 
for Salmonella in the milk or cheese you just aie, not just for 
Salmonella in your stomach. 

Only if the resonant frequency of an item on one plate 
equal to the resonant frequency of an item on the other plate will 
the entire circuit s the two 
plates have something in common. By putting a known pure 
sample on one plate you can reliably conclude the other sample 
contains it if the circuit resonates. 

You may build a test plate box into a cardboard box (such 
a facial tissue box) or a plastic box. Here are the instructions for 
the cardboard box model. 


Test Plates Parts List 


+ Stiff paper. 

+ Aluminum 

+ A facial tissue box is easiest. A plastic project box, about 
7” x4” x 114’ makes a more durable product, but requires a 
drill, and you should discard any metal lid it comes with. 
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+ 3 bolts (tapered heads) about 1 inch long, 1/8 inch diameter 
and 6 washers and nuts to fit. 

+ toggle switch with OFF-ON posit 

+ Alligator clip test leads. 


Test Plates Assembly 


Cut two 3-1/2 inch squares out of stiff paper such as a milk 
carton, Cover them with 4¥inch squares of aluminum foil, 
smoothed evenly and tucked snugly under the edges. You have 
just made yourself a set of open capacitors. Turn the box upside 
down and draw squares where you will mount them at the ends of 
the box. Don't actually mount them, to save wear and tear on 
them, until the rest of the box is complete. 

Mount the ON OFF switch on the front of the box, underneath 
the right hand plate. Line it up so ON is downward and OFF is 
up. (An electronics shop can determine this for you at the time of 
purchase.) Label the box with ON and OFF signs. 

Two bolts will be reserved for the plates. The third bolt is 
used as a terminal where the current from the oscillator circuit 
will arrive. Make a hole on the side of the box, near the left hand 
plate and mount the bolt so it sticks half way inside and halfway 
outside the box. It does not matter whether the head is inside or 
outside. Tighten it there with a nut on each side of the box. Label 
it TERMINAL. It merely means connecting place. 

Mark the center of each square that you drew and each ca- 
pacitor you built. Pierce first with a pin; follow with a pencil 
until a round hole is made at the center. Mount each plate with a 
bolt, fastening it below with a nut. Washers are optional, 

The left side connection (terminal) gets attached to the left 
plate (bolt) with an alligator clip. Use another clip to attach the 
same left plate (bolt) to the ON OFF switch (there are two con- 
nections, use either one). Finally attach the ON OFF switch 
connection you didn't use to the right plate (bolt). Make sure the 
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connections at the switch are not touching each other; you might 
st this. 

should be checked carefully to make 
sure they are not touching others accidentally. But if you leave 
the box open so you can see any problems and use clear tape 
around connections to prevent accidental touching to the wrong 
connection, it should work OK. 

Finally, trace your current. It comes in from the Syncrometer 
at the main terminal on the left. It is brought to the left plate. 
When the switch is ON it is simultaneously brought to the right 
plate. Notice that the plates are not connected to anything else. 
‘They are simply capacitors, letting current in and out momen- 
tarily and at a rate that is set by the frequency of the oscillator 
circuit, about 1,000 hertz. This frequency goes up as the re 
tance (of the circuit or your body) goes down. 

‘The probe and handhold allow you to include yourself in the 
Syncrometer circuit. You grasp these when testing. This makes 
‘you part of the circuit. 

The speaker lets you “listen” to the current, As resistance 
drops, current goes higher and frequency goes up. As frequencies 
go higher in the circuit, pitch goes higher. You will be comparing 
the sound of a standard “control” current with a test current, 


Using The Syncrometer 


Fill a saucer with cold filtered tap water. Fold a paper towel 
four times and place it in this ly wet. 

Cut paper strips about 1 inch wide from a piece of white, 
unfragranced, paper towel. Dampen a paper strip on the towel 
and wind it around the copper pipe handhold to completely cover 
it. The wetness improves conductivity and the paper towel keeps 
the metal off your skin, 
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+ Start with the test plate switch at OFF. 

+ Tum the control knob (potentiometer) on, and to near 
maximum, 

+ Touch each plate with the probe, while holding the copper 
pipe with one hand. Only the left plate should give you a 
sound from the speaker. Tur the test plate switch ON. 
Now both plates should give you a sound when the probe 
touches them. 

+ Tum the test plate switch OFF ag 

+ Pick up the handhold, squeeze it free of exc 

+ Pick up the probe in the same hand, hol 
between thumb and forefinger. 


water. 
t like a pen, 


Dampen your other hand by making a fist and dunking your 
knuckles into the wet paper towel in the saucer. You will be 
using the area on top of the first knuckle of the middle finger or 
forefinger to lean the technique. Become proficient with both. 
Immediately after dunking your knuckles dry them on a paper 
towel folded in quarters and placed beside the saucer. The de- 
gree of dampness of your skin affects the resistance in the circuit 
and is a very important variable that you must lear to keep 
constant. Make your probe as soon as your knuckles have been 
dried (within two seconds) since they begin to air dry further 
immediately. 

With the handhold and probe both in one hand press the 
probe against the knuckle of the other hand, keeping the knuckles 
bent. Press lightly at first, then harder, taking one half second, 
Repeat a half second later, with the second half of the probe at 
the same location. There is an additive effect and you get two 
chances to listen to the current. All of this takes less than two 
seconds. Don't linger because your body will change and your 
next probe will be affected 
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Soldering Technique 


This guide is intended to give 
the reader desires to pursue advanced soldering techniques, there are several 


an introduction to basic soldering technique. IF 


books as well as technical institut 
of soldering, 


that offer detailed courses in the area 


1.1 Required Tools 


Before discussing soldering techniques, one should must set up a “soldering 
work station”. The following is a list of tools for a typical soldering station, 
See Appendix A for pictures of the varions parts listed below. 


1. Variable temperature soldering iron: used for applying heat to 
joints during the soldering process, 


Damp sponge: for cleaning soldering iron tip. 


3. Rosin-core solder: to electrically and mechanically bond a compo- 
nent to the PCB. 


4, Wire cutters or side cutter: for trimming component leads and 
stripping insulation from wires. 


5. Needle nose pliers: for holding, placing and shaping components. 


6. Desoldering pump and/or desoldering braid: for removing sol- 
der. 


7. Scotch tape and/or a “Third Hand”: for securing components, 
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‘Subsequent probes are made in exactly the same way. As you 
develop skill, your probes will become identical. Plan to 
practice for one or two hours each day. It takes most people at 
least twelve hours of practice in order to be so consistent with 
their probes that they can hear the slight difference when the 
circuit is resonant, 

For reference you may wish to use a piano. The starting 
sound when you touch down on the skin should be F, an octave 
and a half above middle C. The sound rises to a C as you press to 
the knuckle bone, then slips back to B, then back up to C-sharp as 
you complete the second half of your first probe. If you have a 
multitester you can connect it in series with the handhold or 
probe: the current should rise to about 50 microamps. If you have 
a frequency counter the frequency should reach 1000 Hz. You 
should arrive at C-sharp just before the probe becomes painful 

Two things change the sound of the probes even when your 
technique doesn't change. 

1, The patch of skin chosen for probing will change its prop- 
erties. The more it is used, the redder it gets and the higher 
the sound goes when you probe. Move to a nearby location, 
such as the edge of the patch, when the sound is too high to 
begin with, rather than adjusting the potentiometer. 

2. Your body has cycles which make the sound go noticeably 
higher and lower. If you are getting strangely higher sounds 
for identical probes, stop and only probe every five 
minutes until you think the sound has gone down to stan- 
dard. This could take five to twenty minutes. Lea this 

igher sound so you can avoid testing during this period. 

You may also find times when it is impossible to reach the 
necessary sound without pressing so hard it causes pain. You 
may adjust the potentiometer if that helps. 
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All tests are momentary. 


This means less than one second. It is tempting to hold the 
probe to your skin and just listen to the sound go up and down, 
but if you prolong the test you must let your body rest ten minutes, 
each time, before resuming probe practice! 


For our purpos 
points. 


it is not necessary to locate acupuncture 


Resonance 


The information you are seeking is whether or not there is 
resonance, or feedback oscillation, in the circuit. If there is the 
test is YES (positive). You hear resonance by comparing the 
second probe to the first. You can never hear resonance on the 
first probe, for reasons that are technical and beyond the scope of 
this book. You are not merely comparing pitch in the two probes. 
During resonance a higher pitch is reached faster; it seems to 
want to go infinitely high. 


higher, as your skin reddens or your body changes cycle. Thes 
effects are not resonance. 

Resonance is a small extra hum at the high end of the probe. 
As soon as you hear it, stop probing. Your body needs a short 
recovery time (10 to 20 seconds) after every resonant probe. The 
longer the resonant probe, the longer the recovery time to reach 
the standard level again. 

Using musical notes, here is a NO (negative result): F-C-B- 
C# (first probe) F-C-B-C# (compare, it is the same sound). Here 
is a YES (positive) result: F-C-B-C# (first probe) F-D (stop 
quickly because you heard resonance). In between the first and 
second probe a test substance will be switched in as described in 
lessons below 
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It is not possible to produce a resonant sound by pressing 
harder on the skin, although you can make the pitch go higher. To 
avoid confusion it is important to practice making probes of the 
same pressure. (Practice getting the F-C-B-C# tune.) 


Making Pure Water for Testing Purposes 


Since the water you purchase is likely to have solvents in it 
and since your tap water may be polluted with heavy metals and 
ince your (or a store's) filtration system may be clogged, it is 
important to make your own pure water. 

Purchase a “filter pitcher” made of hard, opaque plastic, not 
the clear or flexible variety (see Sources). Fill the pitcher with 
cold tap water, only, not reverse osmosis, distilled, or any other 
water, since solvents do not filter out as easily as heavy metals, 
The filter should be made of carbon only. To make test sub- 
stances, use fresh water in the pitcher and pour. 

If your water has lead, copper or cadmium from corroded 
plumbing, the filter will clog in five days of normal use. So use 
this pitcher sparingly, just for making test substances and for 
operating the Syncrometer. 


Lesson One 


Purpose: To identify the sound of resonance in the circuit. 

Materials: Potentized (homeopathic) solutions. Prepare 
these as follows: find three medium-sized vitamin bottles, glass 
or plastic, with non-metal lids. Remove any shreds of paper 
sticking {0 the rim, Rinse well with cold tap water. Then rinse 
again with filtered water. 

Pour filtered water into the first bottle to a depth of about ¥ 
inch, Add about 50 little grains of table salt using the tip of a 
plastic knife. This is a “pinch.” Replace the lid. Make sure the 
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outside is clean, If not, rinse and dry. Now shake hard, holding it 

snugly in your hand, Count your shakes; shake 120 to 150 times. 

Use elbow motion so each shake covers about an eight inch 

distance. Shaken samples are different from unshaken ones, that's 

why this is so important, When done label the bottle on its side 
and lid: SALT #1. Wash your hands (without soap). 

Next, pour about the same amount of filtered water into the 
second and third bottles. Open SALT #1 and pour a small 
amount, like 1/4 to 1/2 of a teaspoon (do not use a spoon) into the 
second and third bottles. Close all bottles. Now shake the second 
bottle the same as the first. Clean it and label it SALT #2. Do the 
same for the third bottle. Label it SALT #2 also and set aside for 
Lesson Four. 

These two solutions have unique properties. SALT #1. al- 
ways resonates. Use #1 to train your ear. SALT #2 should 
resonate. Use #2 to hear when you (your body's internal re: 
tance) have returned to the standard level. 

1, Tur the Syncrometer ON. 

Place the SALT #2 bottle on the right test plate. 

Start with the plate switch OFF. 

Make your first probe (F-C-B-C#). 

Flip the plate switch ON, taking only one half second. 

Brace your hand when switching so it is a fast, smooth, 

operation. 

6. Make the second probe (F-C-B-C#). Total probe time is 2% 
seconds. Count it out, “a thousand and one (done with first 
probe) a thou. (done with switching) a thousand and one 
(done with second probe).” 

7. The result should be a NO (negative). If the second probe 
sounds even a little higher you are not at the standard level. 
Wait a few more seconds and go back to step 3. 

8. If the first result was NO, remove SALT #2 and put SALT 
#1 on. Put the test plate switch back to OFF and repeat the 
test. This time the circuit was resonating. Learn to hear the 


467 


‘THE CURE FoR ALL DISEASES 


difference between the last two probes so that a resonant 
probe can be terminated early (reducing rest time). 

9. The skin must now be rested. When SALT #1 is placed in 
the circuit there is always resonance whether you hear it or 
not, Therefore, always take the time to rest the skin. 

10. How can you be sure that the skin is rested enough? Any 
time you want to know whether you have retuned to the 

tandard level, you may simply test yourself to SALT #2 

(just do steps 3 through 6). While you are learning, let your 
piano also help you to learn the standard level (starts 
exactly at F). If you do not rest and you resonate the circuit 
before returning to the standard level, the results will 
become aberrant and useless. The briefer you keep the 
resonant probe, the faster you return to the standard level. 
Don't exceed one half second when probing SALT #1. 
Hopefully you will soon hear resonance within that time. 
This lesson teaches you to first listen to the empty plate, then 
to SALT #2, to check for standard state. Then to compare the 
empty plate to SALT #1 to check for resonance. In later lessons 
we assume you checked for your standard level or are quite sure 
of it. 


Practice hearing resonance in your circuit every day. 


White Blood Cells 


Checking for resonance between your white blood cells and a 
toxin is the single most important test you can make. 

Your white blood cells are your immune system's first line of 
defense. In addition to making antibodies, interferon, inter~ 
Jeukins, and other attack chemicals, they also “eat” foreign sub- 
stances in your body and eliminate them. By simply checking 
your white blood cells for toxins or intruders you save having to 
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check every other tissue in your body. Because no matter where 
the foreign substance is, chances are some white blood cells are 
working to remove it, 

It took me two years to find this ideal indicator, but it is not 
perfect. Tapeworms are a notable exception. They can be en- 
cysted in a particular tissue which will test positive, while the 
white blood cells continue to test negative. Also, when bacteria 
and viruses are in their latent form, they do not show up in the 
white blood cells, Fortunately, in their active form they show up 
quite nicely. Freon is an example of a toxin that is seldom found 
in the white blood cells; but typically, the white blood cells are 
excellent indicators of toxins 


Making a White Blood Cell Specimen 


Obtain an empty vitamin bottle with a flat plastic lid and a 
roll of clear tape. The white blood cells are not going into the 
bottle, they are going on the bottle. The bottle simply makes them 
easy to handle. Rinse and dry the bottle. Make a second specimen 
ona clean glass slide if available. Squeeze an oil gland on your 
face or body to obtain a ribbon of whitish matter (not mixed with 
blood). Pick this up with the back of your thumb nail. Spread it in 
a single, small streak across the lid of the bottle or the center of 
ide. Stick a strip of clear tape over the streak on the 
s hang over the edge and you can ea 
see where the specimen was put (see photo). Wipe the lid beside 
the tape to make sure all white blood cells are covered. For the 
slide, apply a drop of balsam and a cover slip (see Sources). 
Both types of preparation will give you identical results. The 
bottle type of white blood cell specimen is used by standing it on 
its lid (upside down) so that the specimen is next to the plate. 
The lid is used because it is flat, whereas the bottom of most 
bottles is not. 


469 


‘THE CURE For ALL DISEASES 


Lesson Two 


Purpose: To add a white blood cell specimen to the circuit 
and compare sound, 
Method: 


1 
3: 
3 


Tum the Syncrometer ON. 
Start with test plate switch OFF. 

Place the white blood cell specimen on the left plate. Place 
some junk food in a plastic baggy on the right plate. 

Eat some of the junk food. 

After Vaninute listen to the current. Flip the plate switch ON 
and listen again. 

If the circuit is now resonating, the junk food is already in 
your white blood cells. It is toxic 


Take vitamin C and a B-SO 
complex to clear it rapidly; it may 
have had propyl alcohol or ben- 
zene in it, Test every 5 minutes 
afterward to see how long it takes 
to clear out. 


Lesson Three 


Purpose: To determine the 
purity of the filtered water you are 
making. 


Fig. 81 Bottle with white 
blood cells taped on top. 


Method: Pour a few tsp. of filtered water into a bottle or 
plastic bag. Place your white blood cell specimen on one plate 
and the water sample on the other. Listen to your circuit. Taste 
your filtered water. After Yaminute, listen to your circuit again, 
just as in Lesson Two. If it appears in your white blood cells at 
any time you can conclude the water is not pure. You must have 
pure water available to you before continuing. 
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Lesson Four 


Purpose: To determine your percent accuracy 
resonance. 
Materials: The SALT #1 and SALT #2 solutions you made 
for Lesson One. 
Method: Move the SALT #1 and SALT #2 labels to the 
bottom of the bottles so you can not tell which bottle is which 
1, Tur the Synerometer ON. 
2. Start with the test switch OFF. 
3. Mix the bottles up, select one at random, and place it on the 
right plate. 
4. Listen to the current. 
Flip the plate swit 


listening for 


6 s s 

SALT #2. Check the bottom, Remember to rest after the 

SALT #1, whether or not you heard resonance. 

7. Repeat steps 3 through 5 a number of times. Work toward 
getting three out of three correct. Practice every day. 


Trouble shooting: 

a) If you repeat this experiment and you keep getting the 
same bottles “wrong”, start over. You may have accidentally 
contaminated or mislabeled the outside of the bottle, or switched 
bottle caps 

b) If you get different bottles wrong each time, the plates 
may be contaminated. Wash the outside of the bottles and rins 
with filtered water and dry. Wipe the plates very gently too, with 
filtered water and dry. Or replace the plates. 

c) If all the bottles read the same, your filtered water is 
polluted. Change the filter. 


471 


‘THE CURE FoR ALL DISEASES 


Preparing Test Substances 


It is possible to prepare dry substances for testing such as a 
piece of lead or grains of pesticide. They can simply be put ina 
plastic bag and placed on the test plate. However, I prefer to 

place a small amount (the size of a pea) of the substance into a Y% 
‘ounce bottle of filtered water. There will be many chemi 
reactions between the substance and the water to produce a 
number of test substances all contained in one bottle. This 
simulates the situation in the body 

Within the body, where salt and water are abundant, similar 
ctions may occur between elements and water. For example, a 
strip of pure (99.9% pure) copper placed in filtered water might 
yield copper hydroxide, cuprous oxide, cupric oxide, copper 
dioxide, and so forth. These may be similar to some of the 
reaction products one might expect in the body, coming from a 
copper IUD, copper bracelet or the copper from metal tooth 
fillings. Since the electronic properties of elemental copper are 
not the same as for copper compounds, we would miss many test 
results if we used only dry elemental copper as a test substance 


re 


Impure Test Substances 


It is not necessary to have pure test substances. For instane: 
a tire balancer made of lead can be easily obtained at an auto 
service station. Leaded gasoline and lead fishing weights 
make good test substances for lead. There is a disadvantage, 
though, to using impure test substances. You are including the 
extra impurities in your test. If your lead object also has tin in it, 
you are also testing for tin, Usually, you can infer the truth by 


leaded gasoline, fishing weights and tire balancers and all 3 are 
resonant with your kidneys, you may infer that you have lead in 
your kidneys, since the common element in all 3 items 
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lead. (You will learn how to specify a tissue, such as your kid- 
s, later.) 


(See Sources). Your pharmacy, a cl 
store, or biological supply company 


The biggest repository of all toxic substances 
store and your own home. 


You can make test substances out of your hand soap, water 
softener salt, and laundry detergent by putting a small amount 
(1/16 tsp.) in a Younce glass bottle and adding about 2 tsp. fi 
tered water. (Or for quick testing just put them dry or wet i 
sealed plastic baggy.) Always use a plastic spoon. 

Here are some suggestions for finding sources of toxic 
products to make your own toxic element test. If the product 
solid, place a smail amount in a plastic bag and add a tablespoon. 
of filtered water to get a temporary test product. For permanent 
use put it in a small amber glass bottle. If the product is a liquid, 
pour a few drops into a glass bottle and add about 2 tsp. filtered 
water. Keep all toxic substances in glass bottles for your own 
safety. Small amber glass dropper bottles can be purchased by 
the dozen at drug stores (also see Sources). Seal your test bottles 
with tape for safety and to prevent evaporation, 


a 


a 


Aflatoxin: scrape the mold off an orange or piece of bread; 
wash hands afterward. 

Acetone: paint supply store or pharmac} 

Arsenic: 1/16 tsp. of arsenate pesticide from a garden shop. A 
snippet of flypaper. 

Aluminum: a piece of aluminum foil (not tin foil) or an 
aluminum measuring spoon. 
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8. Safety glasses: for e 


e protection. These are mandatory in the lab. 


9. Magnifier: to provide more detail during intricate work. A magnily- 
ing glass is convenient, but an illuminated magni 


er is better. 


10. Light source: to preve 


eye-strain, 


11. Ventilation: to extract and dispel fumes generated d 
dering process. 


ring the sok 


12. Flux: to clean components and PCB pads. 


13. Acid brush: to assist in the removal of flux residue, 


Prior to soldering it is a good idea to have all components organized 
as it will make populating the PCB more efficient. Make a BOM (bill of 
materials) for the PCB, and ensure before soldering that the components 
have been collected. The schematic and PCB layout will also be referred to 
when populating the board. 


1.2 Important Soldering Tips 


‘The following tips provide a quick guideline on how to make proper joints. 


Cleanliness: All parts, including the soldering iron tip, must be clean and 
free from grease, oxidation and contamination, Solder does not flow 
over contaminated areas; moreover, solder is repelled by dirt, Severe 

jent when solder begins to “bead”. A cor 

source of contamination is oxidation. Old components and copper 
boards will often have an oxide layer that prevents a good solder joint. 

Ensure all components have shiny leads and the PCB has clean traces. 

An abrasive such as a blue or pink eraser, emery paper, or stell wool 

ed layer from the PCB board and 


contamination is ev 


can be used to remove the oxid 
components, 


‘Tinning: In addition to being clean, the soldering iron tip must also be 
tinned (coated with solder). Tinning the tip allows solder to flow on 
the c nts more quickly rather than the soldering iron tip itself. 
Tinning involves adding a few millimetres of solder to the tip and 

ing and rotating the tip on the damp sponge to reveal a shiny 

surface on the tip of the soldering iron: a thin layer of solder will 
coat or “tin” the tip of the soldering iron, When done soldering, 


then 
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Aluminum silicate: a bit of salt that has this free running agent 
init 

Asbestos: a small piece of asbestos sheeting, an old furnace 

asket, 1/4 inch of a clothes dryer belt that does not say 

‘Made in USA”, or a crumb of building material being 
removed due to its asbestos content (ask a contractor). 

Barium: save a few drops from the beverage given clients 
scheduled for an X-ray. Lipstick that has barium listed in 
the ingredients. 

Benzene: an old can of rubber cement (new supplies do not 

Asp. of asphalt crumbs from a driveway. 

piece of coal; a few drops of “coal oil” or lamp 


ea few drops of antacid with bismuth in it 
Bromine: bleached “brominated” flour. 
Cadmium: scrape a bit off a galvanized nail, paint from a 


Cesium: scrape the surface of a clear plastic beverage bottle. 
CFCs (freon): ask an electronics expert for a squirt from an 
old aerosol can that used freon as a cleaner. (Squirt into 
water, outdoors, put the water in a sample bottle.) 
Chromate: scrape an old car bumper. 
Cobalt: pick out the blue and green crum 
sample of cobalt containing paint should 
Chlorine: a few drops of pure, old fashioned Clorox. 
Copper: ask your hardware clerk to cut a small fragment off a 
copper pipe of the purest variety or a % inch of pure copper 


s from detergent. A 


suffice, 
™ 


teaspoon of rye grains, or rye bread. Add grain al- 
cohol to preserve. 

Ether: automotive supply store (engine starting fluid), 

Ethyl alcohol (grain alcohol): the purest “drinking” alcohol 
available. Everclear™ in the United States, Protec™ 
(potable) in Mexico. 
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a fragment from insulation. 

Fluoride: ask a dentist for a small sample. 

Formaldehyde: purchase 37% at a pharmacy. Use a few 
drops only for your sample. 

Gasoline: gas station (leaded and unleaded). 

Gold: ask a jeweler for a crumb of the purest gold available 
or use a wedding ring. 

Kerosene: gas station, 

Lead: wheel balancers from a gas station, weights used on 
fishing lines, lead solder from electronics shop. 

Mercury: a mercury thermometer (there is no need to break 
it), piece of amalgam tooth filling. 

Methanol: paint supply store (wood alcohol). 

Nickel: a nickel plated paper clip, a washed coin. 

Patulin (apple mold): cut a sliver of washed, bruised appl 

PCB: water from a quarry known to be polluted wit 
builder or electrical worker may know a source). 

Platinum: ask a jeweler for a small specimen, 

Propyl alcohol: rubbing alcohol from pharmacy (same as 
propanol or isopropanol). Use a few drops only, discard 
the rest. Do not save it, 

PVC: glue that lists it in the ingredients (polyvinyl chloride) 

Radon: leave a glass jar with an inch of filtered water in it 
standing open in a basement that tested positive to radon 
using a kit. After 3 days, close the jar. Pour about 2 tsp. of 
this water into your specimen bottle. 

a dab of silicon caulk. 

isk a jeweler for a crumb of very pure silver. Silver 
solder can be found in electronics shops. Snip the edge of a 
very old silver coi 

Sorghum mold: 1/8 tsp. sorghum syrup. 

Styrene: a chip of styrofoam. 

uurchase a tantalum drill bit from hardware store. 


475 


‘THE CURE FoR ALL DISEASES 


Tin: scrape a tin bucket at a farm supply. Tin solder. Ask a 
dentist for a piece of pure tin (used to make braces 

Titanium: purchase a titanium drill bit from a hardware store. 

Toluene: a tube of glue that lists toluene as an ingredient. 

‘Tungsten: the filament in a bumned out light bulb. 

Vanadium: hold a piece of dampened paper towel over a gas 
stove burner as it is tured on, Cut a bit of this paper into 
your specimen bottle and add 2 tsp. filtered water. 

Xylene: paint store or pharmacy. 

Zearalenone: combine leftover crumbs of three kinds of com. 

is of popcorn, 


positive result would mean that a barium-containing lipstick 
positive and a barium-free lipstick is negative. 

A chemistry set for hobbyists is a wonderful addition to your 
collection of ‘test specimens. Remember, however, the as- 
sumptions and errors in such a system. A test for silver using 
silver chloride might be negative. This does not mean there is no 
silver present in your body; it only means there is no silver 
chloride present in the 

You are bound to mis xxins; don't let this discourage 
you. There is more than enough that you can find. 

The most fruitful kind of testing is, probably, the use of 
household products themselves as test substances. The soaps, 
colognes, mouthwash, toothpaste, shampoo, cosmetics, bread: 
dairy products, juices and cereals can all be made into test 
specimens. Put about 1/8 tsp. of the product in a small gla: 
bottle, add 2 tsp. filtered water and %4 tsp. grain alcohol to pre- 
serve it. For temporary purposes use a plastic baggy and water 
only. If you test positive to your household products in your 
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white blood cells you shouldn't use them, even if you can not 
identify the exact toxin, 

For a list of toxins and solvents 
tances see Sources for 


pure subs 


Making Organ Specimens 


To test for toxic elements or parasites in a particular organ 
such as the liver or skin, you will need either a fresh or frozen 
sample of the organ or a prepared microscope slide of this organ. 
Meat purchased from a grocery store, fresh or frozen, provides 
you with a variety of organ specimens. Chicken, turkey, beef or 
pork organs all give the same results, You may purchase chicken 
gizzards for a sample of stomach, beef liver for liver, pork brains 
for brain, beef steak for muscle, throat sweet breads for thymus 
tripe for stomach lining. Other organs may be ordered from a 
meat packing plant. 

Trim the marrow out of a bone slice to get bone marrow 
Scrub the bone slice with hot water to free it of marrow to get a 
bone specimen. Choose a single piece of meat sample, rinse it 
and place it in a plastic bag. You may freeze it. To make a dura- 
ble unfrozen sample, cut a small piece, the size of a pea, and 
place it in an amber glass bottle (¥40z.). Cover with two tsp. 
filtered water and % tsp. of grain alcohol (pure vodka will do) to 
preserve it. These need not be refrigerated but if decay start 
make a fresh specimen. 

Pork brains from the grocery store may be dissected to give 
you the different parts of the brain. Chicken livers often have an 
attached gallbladder or piece of bile duct, giving you that extra 
organ. Grocery store “lites” provides you with lung tissue. For 
kidney, snip a piece off pork or beef kidney. Beef liver may 
supply you with a blood sample, too. Always wash hands and 
rinse with grain alcohol after handling raw meat. 
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I use Y20z amber glass bottles with bakelite caps (see 
Sources) to hold specimens. However, plastic bags or other 
containers would suffice. After closing, each bottle is sealed 
with a Parafilm™ strip to avoid accidental loosening of the cap. 
You may use masking tape. 

To make a specimen of skin, use hangnail bits and skin 
peeled from a callous, not_a wart. A few shreds will do. Re- 
member, they must be very close to the test plate when in use; 
add 2 tsp. filtered water and 44 tsp. grain alcohol. 


Making a Complete Set of Tissue Samples 


My original complete set was made from a frozen fish. As it 
thawed, different organs were cut away and small pieces placed 
in bottles for preserving in filtered water and grain alcohol. In 
this way, organs not available from the grocery store could be 
obtained. The piece of intestine closest to the anus corresponds 
to our colon, the part closest to the stomach corresponds to our 
duodenum, The 2 layers of the stomach and different layers of the 
eye, the optic nerve and spinal cord were obtained this way. 

‘Another complete set of tissue samples were obtained from a 
freshly killed steer at a slaughter house. In this way the 4 
chambers of the heart were obtained, the lung, trachea, aorta, 
vein, pancreas, and so forth. 


Purchasing a Complete Set of Tissue Samples 


Slides of tissues, unstained or stained in a variety of ways for 
microscope study give identical results to the preparations made 
by yourself in the ways already described. This fact opens the 
entire catalog of tissue types for your further study. See Sources 
for places that supply them. 
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Fig. 82 Some purchased parasite and tissue slides. 


You now have a set of organ samples, either fresh, frozen, 
preserved or on slides. You also have a set of test substances, 
whether chemical compounds, or elements, or products. Your 
goal is to search in your own organs and body tissues for the 
substances that may be robbing you of health. 


Keeping yourself healthy will soon be an easy, daily routine. 


Body Fluid Specimens 

Each of these fluids should be prepared by putting about 4 
tsp. in a Yoz amber glass bottle. Add about 2 tsp. filtered water 
and 44 tsp. grain aleohol for preservation. Undiluted specimens 
do not work for reasons that are technical and beyond the scope 
of this book. It is important nor to shake the specimen, but to mix 
gently. 


Urine. It is desired to have a pure, uninfected urine sample as 
a tissue specimen. Since this cannot be proved with cer 
tainty, obtain several urine samples from different persons 
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whom you believe to be healthy and make several test 
specimens in order to compare results. Label your speci- 
mens Urine A (child), Urine B (woman), Urine C (mine), 
and so forth. 

Semen. A sample from a condom is adequate. Aged speci- 

(sent by mail, unpreserved and unrefrigerated) work 

so. Use one to ten drops or scrape a small amount 
with a plastic knife, 

Blood. One to ten drops of blood should be used. Clotted or 
chemically treated blood is satisfactory. A blood smear on 
a slide is very convenient. 

Milk. Cow's milk is too polluted with parasites to be useful, 
Electronically, a dead specimen is equivalent to a live 
specimen, so that pasteurization of the milk does not help. 
A human milk specimen is preferred. 

Saliva. Use your own, if you have deparasitized yourself and 
test negative to various fluke stages. Otherwise find a well 
friend or child. 


Specifying a tissue is the most powerful investigative 
technique in your arsenal. Any of your tissue samples can be 
tested for any of your toxic substances. 
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You Can Now Test Three Different Ways! 


When you test with a substance on one plate and nothing on 
the other, you are searching your entire body for that substance. 
Such a test is not very sensitive. 

By putting a tissue sample on the other plate you are testing 
for the substance specifically in that tissue, and this is much more 
sensitive. The tissue need not be the white blood cells. To find 
mercury in your kidneys you would use a mercury sample on one 
plate, and a kidney sample on the other. The technique is the 
same as when you use white blood cells. 

If you put a substance on each plate, a resonating circuit 
means the two samples have something in common. For example, 
if you have mercury on one plate and some dental floss on the 
other, a positive result indicates mercury in the floss. 


Lesson Five 


travel through your body. 

Materials: Prepare a pint of brown sugar solution (white 
sugar has propyl alcohol pollution) using filtered water. Use 
about | tsp. brown sugar, 1/8 tsp. vitamin C (to detoxify sorghum 
mold), and a pint of filtered water. Do not shake it; gently mi 
Make a sample bottle by pouring about inch into a clean used 
vitamin bottle. Rinse and dry the outside of the sample bottle. 
Finally wash your hands with plain water. 

Method: 

1. Test your skin for the presence of brown sugar, 
newly made sample bottle and your skin specimen. It 
should not be there (resonate) yet. 

2. Prepare a paper applicator by tearing the corer from a 
white unfragranced paper towel. Fold it to make a wick. 

3. Dip the paper wick in the pint of sugar water and apply it to 
the skin of your inner arm where you can rub freely. 
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Rub it in vigorously for about 10 seconds (otherwise it 
takes minutes to absorb). Leave the shredded wick on the 
skin and tape it down with a piece of clear tape about 4 
inches long (this increases the time you have to work). 
Quickly wash your fingers. 

4, Place your s ue specimen on one plate and the sugar 
specimen bottle on the other plate. 

5. Probe for resonance every 5 seconds. As soon as you hear 

plying that the skin has absorbed the sugar 
solution (which may take a full minute), replace the skin 
specimen with one of liver and listen for resonance again, 
There should be none, yet 

6. Alternate between the skin and liver. Soon the skin will be 
clear and the liver will resonate. Also check the pancreas 
and muscles to see how quickly sugar arrives there. 

7. Check white blood cells and kidneys. It should not appear 
here (unless it is polluted with a toxin). 

8. Afier five to ten minutes the sugar will be gone from all of 
these tissues and your experiment is ended. Wash your arm 
with plain water. 


resonance, 


Notice that you have only a few minutes to get all your testing 


Lesson Six 


Purpose: To verify the propyl alcohol and benzene lists. 
Method: We will use the Syncrometer to test for a toxin in a 
product. Assemble the products named in the propyl alcohol list 
(page 335) and benzene list (page 354)...as many as you can find. 
Also make sample bottles of benzene and propyl alcohol. 
1, Place the propyl alcohol test substance on one plate and 
your products, in turn, on the other. 
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2. Listen to the current with only one of the plates in the 
cuit. Then listen with both plates in (the test plate switch 
ON). This method can detect one part per quadrillion in 
concentration. It is not as sensitive as the skin test (Lesson 
Five), 

3. Repeat, with the benzene test substance. 

Even tiny amounts of solvents are toxic! They must not be 
consumed or be left in our environment. 

Thave found that too many unsuspected products test positive 
to benzene. This is such a global tragedy that people must protect, 
themselves by using their own tests. Rather than assurance 
regulatory agencies should provide the consumer with cheap and 
simple tests (dip sticks and papers so we need not lug our 
Syncrometers around). Even if some test should fail, not all tests 
would fail to find an important pollutant like benzene. It would 
come to public attention much faster than the present debacle has. 


herb ices; 7) food zapper; 8) Benzene, 
test stlks; 9) heavy metals and lanthani 


Fig. 83 Table of the future. 
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Soldering Guidelines (Solder0) Revision 0.1 
1.3 Preeautions 3 


tinning the iron is required to protect the tip from oxidation 
thereby dramatically increasing its life. 


‘Temperature: Ensure that both the component leads and the PCB’s cop- 
per layer are heated at the same time, The soldering iron tip should 
contact both the component and the PCB pad. ‘This will ensure that 
each surface is relatively close in temperature resulting in a good joint 
If there is a temperature difference between the two surfaces, the sol- 

ill form a “dry” joint, Soldering irons are typically set around 

650 Fahrenheit, depending on the lead-tin ratio of the solder being 

used. Too mmch heat causes excessive “sputtering” of flux, and too 

little doesn’t melt the solder in a timely manner. 


Duration: The duration that the iron is in contact with the component 
and PCB is dependent on the size of the joint and your soldering iron 
temperature. For the typical PCB through-hole joint, it should take a 
few seconds to heat the joint and apply the solder. This will require 
practice, so don't expect to be fast if you are a beginner. Excessive heat 

ail seconds in duration) will damage sensitive semiconductors. If 

is a concern, use a heat sink attached to the component leads: 
sometimes as simple as an alligator clip. These concerns an sometin 
he avoided by soldering sockets instead of the semiconductor itself. 


Adequate solder coverage: If too little solder is applied, the joint will 

not make a secure connection and will cause erratic behaviour. How- 
applied, the joint may bridge with adjacent 
electrical shorts. How much solder to apply comes 
Figs. 1.4 through 1.7 show good and bad solder joints 


ever, if too nmch solder i 
Joints resulting 
with experie 


eusitive de- 


Handling: Most modern electronics systems contain static 
vies, Use proper handling procedures to minimize the likelihood of 
damage: grounding wrist-straps, grounded soldering irons, grounding 
mats, ete. 


1.3. Precautions 


Soldering Irons get very hot (600-800°F, 315-425°C), please ensure you fol- 
low precautions during use. Basie safety precautions are listed below. 


* Never leave your iron turned on while unattended. 
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Lesson Seven 


Purpose: To test for the presence of aluminum in your brain 


Materials: An aluminum measuring spoon, a tsp. of free 
flowing aluminized juare inch of aluminum foil, a pack- 
age of pork brain from the grocery store, kept frozen. (Other 
animal sources will do). Or a stained slide of cerebrum, cere- 


bellum or other brain tissue. 
Method: 
1. Cut a piece of brain tissue (about 1 tsp.) and place in a 
plastic bag. 


2. Place the aluminum samples in separate plastic bags. Add 
filtered water to each, about 1 tbs. Keep all surfaces and 
your hands meticulously clean (do not use soap). 

3. Place the aluminum sample on one plate and the brain 
sample on the other plate. 

4, Probe for resonance. If the circuit resonates you have alu- 
minum in your brain, 

5. If your aluminum specimen actually has cadmium or copper 
in it, you are also testing for these in your brain. Repeat the 
aluminum test with other aluminum objects. If they all 
resonate, you very, very likely have aluminum in your 
brain. If you can, test yourself to cadmium and copper, 
separately. If you don't have these in your brain, the 
aluminum test result is even more likely to be correct 

6. Of course, it would be desirable to have absolute certainty 
about this. To achieve this, purchase pure aluminum or an 
Atomic Absorption Standard, These are available from 
chemical supply companies 


If you do have aluminum in your brain, where is 
from? 


coming 
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7. Leave your purest aluminum test substance on one plate, 
and replace the brain sample with these items, testing them 
one at a time, Remember to rest after each positive result, 

+ a teaspoon of cottage cheese or yogurt taken from the top 
of a container of a foil-capped variety 

+ a piece of cream cheese or butter that was wrapped in 
foil 

+ achip of bar soap or a bit of hand lotion 

+ apiece of cake or rolls baked in an aluminum pan 

+ apiece of turkey skin or hot dish that was covered with 
aluminum foil 

+ anything baked with baking powder 

+ a carbonated beverage from an aluminum can 


Alternative Lesson: 

To test for dental metal in your tissues. Use a piece of amal- 
gam from an old tooth filling. This tests for the rest of the alloys 
in amalgam fillings as well as mercury. If you can't get a piece of 
mercury amalgam, use a mercury thermometer (don't break it, just 
put the bulb on the plate). Choose tissues like kidney, nerves, 
brain, liver, in addition to white blood cells 


T have never dissected human tissues and subjected them to 
confirmatory laboratory tests. It seems reasonable that because 
skin and tongue are directly provable, that other tissues work 
similarly, 


Testing the Air 

Fine particles and gas molecules that are in the air stick to the 
dust and eventually fall down onto the table, kitchen counter, and 
other places. Every night a film of dust accumu- 
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lates, even though you can't see it, To test for air pollutants, 
gather some dust. Wipe the kitchen table and counter with a 
dampened piece of paper towel, two inches by two inches 
square, Place it in a resealable baggie. Do not get old dust, like 
from the top of the refrigerator or back shelves, because it does 
not represent the current air quality. 


Testing Someone Else 


Seat the person comfortably with their hand resting near you. 
Choose the first knuckle from the middle or first finger just like 
you do for yourself. Since you are touching this person, you are 
putting yourself in the circuit with the subject. 

To exclude yourself, you need to adi 
A coil of about 10 microhenrys, worn next to the sl 
well and is easily made. Obtain insulated wire and wrap 24 turns 
around a ball point pen (or something about that size), closely 
spaced. Cut the ends and tape them down securely. Keep it in a 
plastic bag, even when in your pocket. A commercial inductance 
of 4.7 microhenrys, worn touching your skin also works well. It 
can be worn on a string necklace. (Remember to remove the 
necklace when testing yourself.) The inductance acts as an RF 
(radio frequency) choke, limiting the alternating current that can 
flow through you while testing another person. 

Test your inductor in this way. Repeat Lesson One with the 
coil next to your body. No resonance, even to SALT #1, should 
‘occur. If it does, make the coil bigger. Remove the inductor when 
‘you are not testing others. 


Lesson Eight 


Purpose: To detect aluminum in the brain of another person. 
Materials: same as previous lesson, you wear the inductor. 
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Method: 
Place the aluminum sample on one plate and the brain 
sample on the other plate. 

2. Give the other person the handhold, You use the probe. 

Hold their finger steady in yours. 

Probe the other person for resonance. The first probe is 

with only one plate in the circuit. The second is with both 

plates in the circuit. Resonance implies there is aluminum 
in the person's brain. 


Saliva Testing 


This may become your most useful test. The saliva has in it a 
bit of almost everything toxic that is in you. But it is not the first 
tissue to cary the HIV virus or a bit of a tapeworm stage 
Nevertheless, Salmonella in your liver, mercury in your kidneys, 
aluminum in the brain all show up in the saliva, too. And saliva 
can be sent by mail or stored in the refrigerator. It should be 
frozen for long storage to prevent mold invasion. Or it may have 
grain alcohol added to preserve it. This test is not as sensi 
on present in the circuit, though. 

va specimen, place a two inch square piece of 
white, unfragranced paper towel (tear, don't cut) in a lightweight 
resealable baggy. Hold the open baggy near your mouth. Don't 
touch the paper towel with your fingers. Drool or spit onto the 
paper towel until half of it is damp. Zip it shut. Before testing, 
add enough filtered water to dampen the whole piece of paper. 


e as 


Lesson Nine 


Purpose: To search for shingles or Herpes. 
Materials: A saliva specimen from the person being tested; 
they may be thousands of miles away. Also a specimen of the 


487 


‘THE CURE For ALL DISEASES 


virus. This can be obtained from someone else's lesions—one 
droplet is enough, picked up on a bit of paper towel. The whole 
thing, towel and all, can be pushed into a glass bottle for pre- 
serving. Water and alcohol should be added. It can also be put on 
a slide, Herpes, homemade. A homeopathic preparation of the 
virus does not give accurate results for this kind of testing, due to 
the additional frequency imposed on it by potentizing. (However, 
homeopathic preparations can be used if the potency matches the 
tissue frequency where it resides. Hopefully, some way of using 
homeopathic 

Method: Place the s s unopened baggy on 
one plate. You may wish to open it briefly, though, to add enough 
filtered water to wet all the paper and add % tsp. grain alcohol to 
sterilize or preserve it, 

Place the virus specimen on the other plate and test 
(ike Lesson Six). A positive result means the person has 
Herpes. 

The main disadvantage of saliva testing is that you do not 
know which tissue has the pathogen or the toxin. You can only 
conclude that it is present. Usually this is enough information to 
carry out a corrective program. 


Surrogate Testing 


Although saliva testing is so easy, itis also possible to use an 
adult as a surrogate when testing a baby or pet. The pet or baby 
is held on the lap of the surrogate. A large pet may sit in front of 
the person. The handhold is held by the surrogate and pressed 
firmly against the body of the baby or pet. It can be laid flat 
against the arm, body or leg of a baby and held in place firmly by 
the whole hand of the adult. The paper covering should be wet. 
For a pet, the end is held firmly pressed against the skin, such as 
between the front legs or on the belly. The other hand of the adult 
is used for testing in the usual way. The 
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adult must wear an inductor for surrogate testing as well as you, 
tester, 

An ill or bedridden person may be tested without inconven- 
ience or stress. He or she rests their whole hand on the skin of 
your leg, just above the knee. A wet piece of paper towel, about 
4 inches by 4 inches is placed on your leg, to make better contact. 
‘You must use an inductor for yourself with this method. You may 
now proceed to probe on your hand instead of the ill person's. 


Lesson Ten 


Purpose: To test for cancer. 
Materials: Ortho-phospho-tyrosine. Here are four ways to 
obtain some: 

1, Order a pure sample from a chemical company (see 
Sources). Place a few milligrams (it need not be weighed) 
in a small glass bottle, add 2 tsp. filtered water and % tsp. 
grain alcohol. 

2. Alll persons with cancer have ortho-phospho-tyrosine in 
their urine as well as in the cancerous tissue. It is seldom 
found in other body fluids. Obtain a urine specimen from a 

friend who has active cancer. Freeze it if you can't prepare 
it immediately. Keep such specimens well marked in an 
additional sealed plastic bag. Persons who have recently 
been treated clinically for cancer are much less likely to 
have ortho-phospho-tyrosine in the urine. 

Urine cannot be considered a chemical in the same way as 
a sugar or salt solution. Urine is a tissue and has its own 
resonant frequency as do our other tissues. If combined 
with another tissue on the test plates, it will not resonate as 
if a solution of pure ortho-phospho-tyrosine were used. To 
an ortho-phospho-tyrosine specimen, you must: 


use urine a 
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a) Pour a few drops of urine into your specimen bottle 
b) Add about 2 tsp. of filtered water 
©) Add a few drops of grain alcohol 
Gently mix, do not shake. Rinse and dry the outside of the 
bottle. Label it “urine/cancer”. 

3. Cancer victims also have other growth factors being pro- 
duced in their bodies. These are the same as can be found 
in mother’s milk—for example, epidermal growth factor 
and insulin-like growth factor. Obtain a sample of mother's 
milk and use it to make another test substance for cancer. A 
few drops is enough. 

4. There is still another way to prepare an ortho-phospho- 
tyrosine test sample. Common snails from a fish tank or 
outdoor snails are the natural hosts for Fasciolopsis buskii 
(human intestinal fluke) stages. The stages will produce 
ortho-phospho-tyrosine when the snails are fed fish food 
polluted with propyl alcohol. Over half the fish food cans I 
purchased had propyl alcohol pollution, Buy several 
brands of fish food. Test them for propyl alcohol and ben- 
zene. Obtain some snails, put them in a tank, feed them 
propyl alcohol polluted fish food. (Feed a separate group 
of snails benzene polluted fish food to obtain samples of 
HIV.) Afier two days put each snail in a zipped plastic bag, 
and test them individually against someone diagnosed with 
cancer or their saliva, The snails that the person t 
positive to have ortho-phospho-tyrosine. Put these sn: 
the freezer to kill them humanely, then crush them and place 
in a specimen bottle with 50% grain alcohol to preserve 
The bottles can be kept sealed and at room temperature. 
Similarly, your benzene snails can be tested agains 
one known to be HIV positive. Any snails that test positive 
can be used to prepare an HIV test specimen in the same 
way. The fish food must_be tested for both benzene 


some- 
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and propyl alcohol pollution, and separated appropriately. 
or you run the risk of making specimens that have both 
ortho-phospho-tyrosine and HIV. 


Method: 

1, Test for cancer by placing the test sample you just made 
(any of the four) on one plate and a white blood cell sample 
on the other plate 

2. If you resonate with both samples in the circuit you have 
cancer. Immediately, search for your cancer in your breast, 
pros lungs, colon, and so forth, 

3. To be more certain, test yourself to the other kinds of test 
samples. You should not resonate. 

‘As you know by now, you can confirm the cancer by testing 
yourself to propyl alcohol and the human intestinal fluke in the 
liver. You should eliminate propyl alcohol from use, and zap all 
parasites. Keep testing yourself for cancer until it is gone. It 
should take less than one hour. Also continue to test yourself for 
propyl alcohol and the intestinal fluke in the white blood cells; 
make sure they are gone. Also test yourself for aflatoxin and 
freon. 


Lesson Eleven 


Purpose: To test for HIV. 

Materials: Purchase a few milligrams of Protein 24 antigen 
(a piece of the HIV virus core) or the complete HIV virus on a 
slide (see Sources). You may use the vial unopened if only one 
test specimen is needed. To make more specimens, use about 1 
milligram per Younce bottle. Add 2 tsp. filtered water and Yi 
grain alcohol. Or prepare an HIV specimen from snails 
described in the previous Lesson. 

Method: Search in the thymus (throat sweet breads), vagina 
and penis for the virus because that is where it will reside al- 
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most exclusively for the first year or two. If you don't have those 
tissue specimens, you could search in urine, blood, saliva, or 
white blood cells, but only a positive result can be trusted. Als 
search for the human intestinal fluke and benzene in the thymus. 
OF course, a positive test in these tissues is very significant. If 
you are positive, zap parasites immediately. You should test 
than an hour. Remove benzene polluted items 
from your st yourself to several varieties of 
popcorn, brown rice, and com chips as an indication of 
zearalenone, which must be eliminated in order to get well. 
Follow up on yourself every few days to be sure your new found 
health is continuing. Test yourself for freon. 


Lesson Twelve 


Purpose: To test for diseases of all kinds. 

Materials: Use slides and cultures of disease organisms. 
Homemade preparations of strep throat, acute mononucleosis, 
thrush (Candida), chicken pox, Herpes 1 and 2, eczema, shin- 
gles, warts, measles, yeast, fungus, rashes, colds, sore throats, 
sinus problems, tobacco virus, and so forth can all be made by 
swabbing or scraping the affected part. A plastic spoon or bit of 
paper towel works well. Put a small bit on a slide. Add a drop of 
balsam and a cover slip. Or put the towel in a bottle, add water 
and alcohol as described previously. Microscope slides can 
greatly expand your test set (see Sources). 

Method: Test yourself for a variety of diseases, using your 
white blood cell specimen first. Then search in organs like the 
liver, pancreas, spleen. Notice how many of these common ill- 
nesses don't “go away” at all. They are alive and well in some 
organ. They are merely not making you sick! 
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Lesson Thirteen 


To test for AIDS. 

Materials: Benzene sample, slides of tissue samples like 
thymus, liver, pancreas, penis, and vagina. Also a collection of 
disease specimens such as the ones used in the previous lesson. 

Method: Search in the thymus for benzene. If it is positive 
throughout the day, you are at risk for developing AIDS, although 
you may not be ill. Search other tissues for benzene. The more 
sues with benzene in them the more serious the situation. 
Immediately search all your body products and foods for 
benzene. 


Stay off benzene polluted items forever. 


Tally up the diseases you tested positive for in Lesson 
Twelve. Test at least ten. If you had more than half positive you 
already have AIDS. (50% is my standard, you may set your own; 
an ideal standard for defining a healthy person should be 0% 
positive.) 


Lesson Fourteen 


Purpose: To test for aflatoxin. 

Materials: Do not try to purchase a pure sample of aflatoxin; 
it is one of the most potent carcinogens known. Having it on hand 
would constitute unnecessary hazard, even though the bottle 
would never need to be opened. Simply make specimens of beer, 
moldy bread, apple cider vinegar, and any kind of peanuts using 
a very small amount and adding filtered water and grain alcohol 
as usual 

Method: Test yourself for these. If you have all of them in 
your white blood cells and the liver then you very, very proba- 
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* Turn the soldering iron off when it is not being used. If the iron is left 
on for long periods of idle time, the soldering iron tip will be destroyed 


through oxidat 


Eye protection must always be worn when soldering. Hot flux ean spit 
up and into an unprotected eye. In the Capstone Design Lab, use 
of eye protection is mandatory. 


‘¢ If the cord of the soldering iro 
will ensure it is replaced. 


damaged, inform the lab staff who 


* Never set the soldering iron down on anything other than an iron 
stand. 


‘* To prevent burning your fin; 
gloves, or a third hand tool to hold smalll pieces. 


use needle nose plie 


° Fan ng of all materials used during 
the soldering process. This includes solder, flux, alcohol, and desol- 
dering braid. Each has a Material Safety Data Sheet (MSDS) and can 
be found in the lab or online, “Safe Operating Procedures” are found 
posted on the wall close to the soldering faciliti 


iarize yourself with the safe han 


1.4 How to Solder Through-Hole Components 


‘Most of the soldering done in the Capstone Design Lab is through-hole. A 
through-hole joint is a type of soldering jo which the component joins 

with the PCB pad through a physical hole in the board. The following steps 
{ll illustrate how to make a proper through hole solder joint on a PCB. 


1. Ensure that the printed circuit board and all components are cl 
Cleaning ean be achieved with a mild abrasive and/or the apy 
of flux. 


2. Plug in the soldering iron, turn it on, and let it warm up for 2-3 
mutes. 


3. Wet the soldering station sponge with the water provided in the lab. 
Do not wet the sponge in the bathroom or the water fountain. 


4, Clean the tip of the soldering iron and tin it with solder. 
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bly have aflatoxin built up. Next, test your daily foods for their 
presence in your white blood cells. Those that test positive must 
be further tested for aflatoxin. Notice the effect of v 
aflatoxin in your liver. Find a time when your liver 
aflatoxin (eat a few roasted peanuts from a health food store and 
wait ten minutes). Take 1 gram vitamin C in a glass of water. 
Check yourself for aflatoxin every five minutes. Does it clear? If 
not, take 5 or 10 grams vitamin C. How long does it take? 


Lesson Fifteen 


Purpose: To test for parasites. 

Method: If you test positive to your pet's saliva, you have 
something in common-a parasite, no doubt. You must search your 
muscles and liver for these, not saliva or white blood cell: 
because they are seldom seen in these. Zap yourself for parasites 
until you no longer test positive to your pets' saliva. 

‘Tapeworms and tapeworm stages can not (and should not) be 
killed with a regular frequency generator. Each segment, and 
probably each scolex in a cysticercus has its own frequency and 
might disperse if your generator misses it. Only zapping kills all 
and is safe for tapeworms, 

Be sure to treat your pet on a daily basis with the pet parasite 
program. 


Lesson Sixteen 


Purpose: To test for fluke disease 

A small number of intestinal flukes resident in the int 
may not give you any noticeable symptoms. Similarly, sheep 
liver flukes resident in the liver and pancreatic flukes in the 
pancreas may not cause noticeable symptoms. Their eggs are 
shed through the organ ducts to the intestine and out with the 
bowel movement. They hatch and go through various stages of 


ne 
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development outdoors and in other animals. But if you become 
the total host so that various stages are developing in your or- 
gans, you have what I term fluke disease. I have found that 
cer, HIV, diabetes, endometriosis, Hodgkin's dis 
Alzheimer's disease, lupus, MS and “universal allergy sym 
drome” are examples of fluke disease. 


You can test for fluke disease in two ways: electronically 
and by microscope observation. 


Materials: Cultures or slides of flukes and fluke stages from 
a biological supply company (see Sources) including eggs, 
miracidia, redia, cercaria, metacercaria, Body fluid specimens to 
help you locate them for observation under a microscope. 

‘Method: Test for fluke stages in your white blood cells firs 
If you have any fluke stages in your white blood cells you may 
wish to see them with your own eyes. To do this, you must first 
locate them. Place your body fluid samples on one plate, your 
parasite stages on the other plate, and test for as many as 
were able to procure, besides adults. After finding a 
electronically, you stand a better chance of finding it physi 
with a microscope. 


Lesson Seventeen 


Purpose: To see how sensitive your measurements can be. 
(How much of a substance must be present for you to get a 
positive result?) 

Materials: filtered water, salt, glass cup measure, 13 new 
glass bottles that hold at least 4 cup, 14 new plastic teaspoon 
Your skin tissue sample, paper towel. 

Method: Some of the best measurement systems available 
today are immunological (such as an ELISA assay) and can de- 
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tect as little as 100 fg/ml (femtograms per milliliter). A milliliter 
is about as big as a pea, and a femtogram is 
1/1,000,000,000,000,000th (10°) of a gram! 

1, Rinse the glass cup measure with filtered water and put one 
half teaspoon of table salt in it, Fill to one cup, stirring with 
a plastic spoon. What concentration is this? A teaspoon is 
about 5 grams, a cup is about 230 ml (milliliters), therefore 
the starting concentration is about 22.5) gm per 230 ml, 
or 01 gm/ml (we will discuss the amount of error later). 

2. Label one clean plastic spoon “water” and use it to put nine 
spoonfuls of filtered water in a clean glass bottle, Use 
another plastic spoon to transfer one spoonful of the .O1 
gmi/ml salt solution in the cup measure to the glass bottle, 
stir, then discard the spoon. The glass bottle now has a 1 in 
10 dilution, and its concentration is one tenth the original, 
or 001 gm/ml 

3. Use the “water” spoon to put nine spoonfuls of filtered 
water in bottle #2. Use a new spoon to transfer a spoonful 
of salt solution from bottle #1 to bottle #2 and stir briefly 
(never shake). Label bottle #2 ".0001 gm/ml”. 

4, Repeat with remaining bottles. Bottle #13 would therefore 
be labeled *,000000000000001 gm/ml.” This is 10° 
gm/ml, or 1 femtogram/ml. 

5. Do the skin test with water from bottle #13 as in Lesson 
Five. If you can detect this, you are one hundred time 
sensitive as an ELISA assay (and you should make a bottle 
#14 and continue if you are curious how good your 
sensitivity can get). If you can not, try to detect water from 
bottle #12 (ten times as sensitive as ELISA). Continue until 
you reach a bottle you can detect. 


Calculate the error for your experiment by assuming you 
could be off by as much as 10% when measuring the salt and 
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water adding up to 20% error in each of the 13 dilutions. Thi 
a total error in bottle #13 of 280%, or at most a factor of 3. So 
bottle #13 could be anywhere from 0.33 to 3 femtogram/ml. If 
you can detect water from bottle #13, you are definitely more 
sensitive then an ELISA, in spite of your crude utensils and in- 
expensive equipment! Note that the starting error of using 2.5 gm 
instead of 2.3 gm only adds another 10% error. 

If you want to calculate how many salt molecules you can 
detect, select the concentration at the limit of your detection, and 
put 2 drops on a square inch of paper towel and rub into your 
skin, Assume one drop can be absorbed. If you can detect water 
from bottle #13, you have detected 510,000 molecules (10° 
fy/ml divided by 58.5 gm/M_ multiplied by 6.02x10" 
molecules/M divided by 20 drops/ml). Water in bottle #12 
would therefore have 10 times as many molecules in one drop, 
and so forth, Even if your error is as much as a factor of 2 
(100%), you can still get a good idea of what you can measure. 

Atomic absorption standards start at exact concentrations; it 
is easy to make a more exact dilution series with them. When 
testing for iridium chloride by this skin test method, I was able to 
detect 3025 molecules! 

‘Troubleshooting: 

Always extend your set until you get a negative result (this 
should happen by at least bottle #18). If you always “detect” salt, 
then you shook the bottle! 

Never try to reuse a bottle if you spill when pouring into it. 
Get another new bottle. 


Sensitivity of Pollutant-In-Product Testing 


Get some slides of Salmonellas and Shigellas and find some 
milk that tests positive to at least one. Make a dilution series of 
the milk up to bottle #14, being careful not to shake the bottles. 
Start with 2 drops of milk in bottle #1. Use an eye dropper to 
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deliver 2 drops to subsequent bottles. Begin testing at bottle #14, 
using the slide that tested positive. You will learn to search by 
frequency later. My sensitivity was routinely around bottle #12, 
for a variety of pathogens. It was the same for toxic elements 
starting with standard solutions, about 1000 yg/ml, showing this 
method is less sensitive than skin testing. 


Microscopy Lesson 


Purpose: To observe fluke stages in saliva and urine with a 
microscope. 

Materials: 

a, A low power microscope. High power is not needed. A 
total of 100x magnification is satisfactory for the four 
common flukes, Fasciolopsis, sheep liver fluke, human 
liver fluke and pancreatic fluke. 

b. Glass slides and coverslips 

c. A disposable eye dropper. 


Fig. 84 Microscope, slides and coverslips. 
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d. For sanitation purposes (wiping table tops, slides, micro- 
scope and your hands) a 50% to 70% alcohol solution (not 
rubbing alcohol!) is best. Dilute 95% grain alcohol 7 parts 
alcohol plus 3 parts water. Vodka or 76% grain alcohol 
can be used undiluted. 

e. Formaldehyde, 20%. Formaldehyde 37% is commonly 
available at pharmacies. Dilute this with equal parts of 
filtered water to get 18146, which is close enough to 20%, 
for the purpose of “fixing” (killing) the specimens. Store in 
a glass bottle in the garage, away from sunlight. Label. 
Specimens that are fixed properly do not lose their life-like 
appearance. 

f Iodine solution. This is only useful for the urine specimens. 
Lugol's iodine and tincture of iodine are both useful. Ask a 
pharmacist to prepare Lugol’s Iodine Solution for you, as 
follows: 

+ 44 grams (102) iodine crystals 

+ 88 grams (3 0z) potassium iodide crystals 
Dissolve both in 1 liter (quart) filtered water. This may 
take a day of frequent shaking, 


Method for saliva: 

1. Pour the 20% formaldehyde into a small amber bottle or 
other receptacle to a depth of about 1/8 inch. Keep tightly 
closed. 

2. The person to be tested is asked to salivate into the bottle 

so the organisms are immediately “fixed” without under- 
going cooling first. The total volume should be about 
double the original amount of formaldehyde used. Make a 
mark on the container so the subject knows how much to 
produce. The resultant concentration of formaldehyde will 
be about 10%. 

3. Shake the bottle a few times. Set it aside for 24 hours to 
settle (less if testing is urgent). 
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4, With a dropper, draw up some of the bottom settlings. Put 
one drop on a slide and apply a coverslip. 

5. View under low power of microscope. Compare object 
you observe with specimens obtained on slides from 
logical supply companie: 

Note: Persons with HIV and moderate AIDS will show about 
one to ten parasite stages per slide. It requires several hours of 
searching. Persons with HIV and severe AIDS show 10 or more 
fluke stages per slide; this makes the task of finding them much 
easier. Persons with terminal untreated cancer have many more 
fluke stages than relatively well persons. 


io- 


Method for urine: 

1, Prepare bottles of formaldehyde fixative ahead of time. Put 
about 4 to Yainch of 20% formaldehyde in each. Keep 
tightly closed. 

2. Add freshly voided urine from cancer or HIV sufferers to 
the formaldehyde in approximately equal amounts, resulting 
in a 10% formaldehyde solution. Shake immediately. Let 
settle several hours. The sediment has a higher number of 
fluke stages. Cancer victims with cervical or prostate 
cancer will show higher numbers of stages in urine than 
other cancer types. 

3. Staining the slide is optional. It helps to outline fluke stages 
slightly. Prepare Lugol's solution as described above. 

Slides may be stained in either of these two way: 

+ Put a drop of “fixed” urine on a slide. Add a drop of 
50% Lugol’s (dilute 1:1 with filtered water). Apply 
coverslip. 


*6 Urine that has cooled even slightly below body temperature does 
not show miracidia and reaia in their original shapes. 
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+ Put a drop of “fixed” urine on a slide. Apply cov- 
Add 1 to 3 drops of 50% Lugol’s to edge of 
coverslip and allow it to seep in 

Note: persons who have been treated for cancer or HIV using 
any of the known drugs may show only 1 to 2 fluke parasite 
stages per drop of saliva or urine. For this reason, you may need 
to search through 20 or more slides to find flukes. Very ill per- 
sons may show up to 10 parasites per drop (slide).. 


‘Taking Pictures Of What You See 


You may be unsure of what you see even if you have the 
microscope slides of labeled flukes and their stages to study and 
compare. In real life, they vary so much in shape and size that 
absolute identification is difficult without experience. Unfortu- 
nately in a few hours, just as you are getting proficient, your 
magnificent specimens will be drying out and unfit for observa- 
tion. To preserve them longer you can seal the edges by painting 
around the coverslip with fingernail clear enamel. Or dribble hot 
sealing wax along the edges and then place them in sealed plast 
bags (one per bag). Melt sealing wax in a metal jar lid. Make an 
applicator from a piece of coat hanger wire bent in the shape of a 
small square to fit around the coverslip and a handle. 

Or take photographs. To take pictures of what you see under 
the microscope you will need a photomicrographic camera, 
which costs $200.00 and up (see Sources). It is easy to use. Re- 
member to label your pictures so you know which slide they 
came from, 

Even photographs do not scientifically prove identity of 
parasite stages, but it is very good evidence. Proof would require 
that the saliva or urine sample could be cultured and seen to 
produce the known parasite stages. 
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Using A Frequency Generator 


Frequency generators come in all sizes and costs and capa- 
bilities. If you can purchase one that reads out the frequency for 
you in numbers (digital type) and lets you produce a fraction of a 
kilohertz by turning a dial, it meets your most elementary needs. 
It should also be possible to set it on positive offset (100% 
positive) and still give you 5 volts. Then it can be used as a 
zapper. You should also be able to select a sine wave or square 
wave. 

‘The advantages of having a frequency generator are that you 
can do your own diagnosing. You can find, in a few minutes: 


1. Which invaders you have by dialing in to their frequencies. 
2. At what frequencies you are broadcasting to the world. 
3. What frequencies are used by other living things. 


The Theory 


Every living animal and every cell type produces its own 
frequencies and responds to these frequencies as well. We may 
speak of frequencies but we really mean waves, waves of en- 
ergy. All waves have a frequency associated with them, so it’s 
not really misleading to say frequencies when we really mean 
waves. 

When the animal is alive it produces them, when it is dead it 
still responds to some of them. It is like the opera singer and the 
glass goblet. The opera singer produces frequencies in the air. 
The goblet responds to them because of its structure, not because 
it's alive. The goblet “picks up” on that particular frequency of 
sound because its own “resonant” frequency is exactly the same. 
If the singer sings loud enough the _—_goblet. 
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shatters from the vibrations set up in it. An identical goblet, made 
of plastic, would not have the same resonant frequency. 

There is not merely a structural and chemical difference 
between the living and non living. Living things are transmitting 
energy of some unique kind. And with your simple device, you 
will be able to trap this energy. And measure its exact frequency. 
This is not the same as understanding its makeup and source. We 
must leave that to others. But we can observe and use our 
observations to track down bacteria and other parasites. We can 
track down pollutants, We can measure our health quantitatively 
and perhaps in the future predict life expectancy. 


ee 


‘The Syncrometer at lefts attached to the handhold. The frequency 
generator at right is also clipped to the handhold. 
Fig. 85 Setup for finding resonant frequencies. 


‘The Syncrometer traps the frequencies that match the ones in 
the material on the test plates and delivers them to an audio 
speaker in a range that you are able to hear. Instead of test ti 
sues or pathogens, we are now going to use pure test fre- 
quencies! Remarkably, few things have _ overlapping 
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5. Insert the component into the holes. Ensure that the component is 
secure by taping the component or by using a third hand. Optionally, 
the component leads can be elinched as shown in Fig. 1.1. This tech- 
nique, however, is not recommended for two-sided boards as the flow 


of solder to the component side is restricted. 


Figure 1.1: Clinched Component Leads 


6. Apply the soldering iron tip to one side of joint making contact with 
the component lead and the board copper foil, ensuring that both are 
heated up to the same temperature as shown in Fig, 1.2 and Fig 1.3 


Notice the tinned tip in Fig. 1.3. 


7. Slowly add a few millimetres of solder to the other side of the joint 
DO NOT apply solder to the soldering iron tip. If enough heat was 
applied to the PCB pad and component wire, the solder will flow freely 
onto the joint 


Solder Wire Soldering tron Tip 


Component Lead 


Copper Feil 


PCB 


Figure 1.2: Method of Soldering Through Hole Joints 


8. Remove the solder when the joint is suitably covered as shown in 
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frequencies, making this technique extremely useful for identi- 
fication, even without a specimen! 


Lesson Eighteen 


Purpose: To search for the intestinal fluke in your body by 
listening to its broadcast frequency at 434 KHz. 

Method: Turn on the frequency generator, select a frequency 
a short distance above the one you are interested in, like 438 
KHz, turn the voltage (amplitude) down to less than one volt. 
Select sine waves. The lead coming from the frequency generator 
will have two connections, usually red and black (ground). We 
will not use the black (ground), just tape it out of the way. Pick 
up the handhold and probe in the usual way. Attach the red lead 
coming from the generator to your handhold. This makes two 
wires attached to your handhold. Although there is nothing on the 
test plates, they must be connected as usual with the switch at 
OFF (one plate is still ON). 

Turn the Syncrometer ON. Probe yourself as usual. Your 
body's waves are being sent to the capacitor (plate) in the test 
plate box. The frequency from the Syncrometer is sent there, too. 
And now the 438 KHz waves from the generator are being sent 
there as well. Three different frequencies are mingling on the 
plate! If the two from your body and the generator are the same, 
the circuit will oscillate, and you will hear resonance. Turn the 
generator to 437 and probe again, Next, 436. 

Sometimes, you can hear the resonance start to build. Con- 
finue on. 

Next try 435, Then 434, 

If your body is emitting a frequency of 434 KHz. (coming 
from a live intestinal fluke inside you) it will be reinforced by 
the generator's 434 KHz. The reinforcement will put oscillations 
or resonance in the circuit, the same as you are accustomed to 
hearing with the Syncrometer. If there was none, you don't have 
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the intestinal fluke anywhere in your body. Confirm this by 
starting at 430 KHz and working your way up. 

If you hear resonance, you do have it. You may wish to verify 
this independently using a prepared slide of the fluke. Kill your 
flukes immediately as described in the next lesson. 


Lesson Nineteen 
Purpose: Killing the intestinal fluke with a frequency gen- 


erator. 

Materials: A frequency generator, two handholds with alli- 
‘gator clip leads for them. 

Method: Wrap a single layer of paper towel over each of the 
two handholds. Wet them under the tap; squeeze out excess 
water. Clip them to the red and black wires of the frequency 
generator. (We use both wires for this purpose.) Dial up 434 
KHz, Set the amplitude (voltage) at 10 volts. Grasp the hand- 
holds in each hand and hold on for three minutes. That is all. You 
have killed whatever tiny invader has a resonant frequency the 
same as the setting on the generator. Remember to zap all the 
stages, too; see Pathogen Frequencies. 

If your frequency generator has a positive offset capability, 
you can use it like a zapper, and a single session will kill all 
pathogens, provided it is 100% offset and can give at least 5 
volts at this setting. When using this technique, the generator can 
be set to any frequency from 2 KHz to 800 KHz, and you should 
go for 7 minutes. But even a small percentage of negative voltage 
will ruin this effect and do more harm than good! To be certain 
your generator is set correctly it would be best to observe the 
‘output on an oscilloscope. 

Experiment with other voltage settings. Ni 
one volt is also effective. 


that less than 
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Lesson Twenty 


Purpose: To find the bandwidth of a small living animal. 

Materials: A fly, beetle or other insect, Syncrometer, fre- 
quency generator. 

Discussion: Persons using a Syncrometer might have already 
tried putting a small insect on one of the plates. The circuit 
always resonates when you join the circuit at the handhold and 
probe. Even the tiniest ant placed in a glass bottle or plastic 
baggy will resonate the circuit. Unless it is too far away from the 
plate. If it has climbed up the side you will lose the resonance. 
At least one foot must be touching the bottom of the bottle. If the 
animal is dead this ceases. Obviously the living thing is affecting 
the circuit differently before and afier death. Is it some kind of a 
wave form energy? To find its frequency you must add another 
frequency that will reinforce or interfere with the frequency 
already on the plate. Adding the generator frequency does just 
that. 

Method: Use the same method as described in the last Les- 
son; however for an ant or fly, start at 1,000 KHz and proceed 
upward in big steps like 10 KHz. Use the right test plate which is 
controlled by the ON-OFF switch. Always listen to the current 
with the switch OFF, first, then ON. Move the frequency up and 
repeat. Continue until you hear resonance. Stop immediately 
Rest your skin and go back down to the nonresonant frequency 
region. Move up in smaller steps this time. Repeat and repeat 
until you feel sure you know just where the resonance begins, But 
where does it end? 

Start testing well above the suspected range taking big steps 
downward until you reach a resonant frequency. Rest and repeat 
until you find the upper limit of resonant frequencies. Record the 
bandwidth, for example, 1009-1112 KHz. 
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Lesson Twenty One 


Purpose: To see if similar living things interfere with each 
other when put on the plate together. 

Materials: Two identical living insects or very small living 
things. 

‘Method: Find the broadcast range of each one separately and 
then together on the plate. 

Note: Identi ing things do not interfere with each oth- 
cers’ frequencies. 


Lesson Twenty Two 


Purpose: To see if different living things interfere with each 
other when put on the plate together. 

Method: Find the lower and upper end of the broadcast 
range of two different living things, such as a fly and a beetle or 
2 kinds of flies or beetles. Then put them on the plate together. 
Notice there is no resonance in the accustomed range for either of 
them, They are interfering with each other on the plate 

Now add the 2 lower ends, then the two upper ends. Also 
subtract the 2 lower ends, then the two upper ends. For example 
imagine two insects, one with a spectrum of 1000 to 1090 KHz, 
the other with a range of 1050 to 1190 KHz. Adding the lower 
ends gives us 2050 KHz. Subtracting the lower ends gives us 50 
KHz. Adding the upper ends gives 2280. Subtracting the upper 
ends gives 100. Now search for resonance at 50, 100, 2050, 
2280 KHz. (These last two may be outside the range of your 
frequency generator. Choose more primitive life forms which 
have lower frequency bandwidths to stay within your limit.) 

Notice that you hear resonance at exactly these frequencies 
and not above or below them. This is evidence for modulation of 
the frequencies: namely fusing them together. 
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Lesson Twenty Three 


Purposes To find your own bandwidth of emitted frequen- 


“Materials: A frequency generator that goes up to 10 MHz. If 
yours only goes to 2 MHz you can still investigate the lower end 
of your band. 

Method: You do not need to put yourself on the plate, since 
you are already there by being in the circuit at the handhold. 
However, if you are measuring someone else, they can simply 
touch the plate with a finger. Attach the frequency generator to 
the circuit at the handhold. 

Since human adults begin to emit at about 1560 KHz, start 
searching at 1550, going upward in 1 KHz steps until you hear 
resonance, 

Younger or healthier humans start emitting at a lower fre- 
quency and sometimes end at a higher frequency. In other words, 
they broadeast on a wider band. 

‘Very young infants begin their band at about 1520 KHz. 
Could you ever regain this ability? 

Most adults terminate at 9375 KHz. 

By eliminating molds from my diet, killing as many parasites 
and removing as many toxins as I became aware of, I have been 
able to expand my bandwidth from an initial 1562-9457 KHz in 
1990 to 1520-9580 KHz in 1994! I hope this challenges you to 
accomplish a health improvement reflected in an even broader 
bandwidth for yourself. 


Lesson Twenty Four 


Purpose: To find the effect of a variety of things on the lower 
end of your spectrum, such as body temperature, eating, time of 
day, rainy weather, feeling sick. Notice that you may not change 
for weeks at a time, then suddenly see a shrinking of your 
bandwidth. You may assume you have eaten a mold. 
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Search for mold frequencies from 75 KHz to 295 KHz. Or test in 
your liver with mold samples. If this is positive go on a mold 
free diet—watching carefully for mold in your white blood cells. 
Even after removing the mold from your diet, so that no molds 
appear in your white blood cells, notice that your bandwidth 
does not recover. It regularly takes 2-3 weeks for mine to 
recover. 

Surely, this sheds light on the poisonous effect of eating bad 
food. 


Lesson Twenty Five 


Purpose: To find an emission spectrum using a saliva sam- 
ple. 

Materials: A regular frequency generator. 

Method: Search for the bottom of the resonant frequency 
band as in the previous lesson, 

‘You may store it in the reftigerator for a few weeks without 
seeing a change. After that the band begins to shrink. 


Lesson Twenty Six 


Purpose: To observe the effect of dying on the bandwidth. 
Method: Freeze the insect you tested in Lesson Twenty to 
kill it humanely. Repeat the search for its bandwidth. Note the 
bandwidth has become very narrow. 
Note the bandwidth also depends on the accuracy of your 
particular frequency generator. 


Lesson Twenty Seven 


Purpose: To find unknown invaders of your body. 

Method: Start at 900 KHz and proceed down to 77 KHz in 1 
KHz steps, to search for all pathogens. If you find a resonating 
frequency, go to the Pathogen Frequency Chart (page 561) to 
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identify likely candidates for it. Verify the identity of the invader 


by using a slide or culture specimen, If your pathogen remains 
unidentified, add it to the chart, This lets you determine whether 
the next illness is new or a recurrence of this one. Or just kill it, 
Use the frequency generator at one pathogen's frequency 
‘Wait ten minutes and retest all of the ones you found. Only that 
one will be gone. Now zap, wait ten minutes, and test again for 
all of the ones you found. Notice they are all gone. After one 
hour, search yet again for the pathogens you had. Any that are 
back must have come from an internal source not reached by the 
zapper current, like from the bowel or an abs 


Lesson Twenty Eight 


Purpose: To observe the action of a positive offset frequen 
on a very small animal, Does the animal die or is it jus 
incapacitated? 

Materials: A slug or small earthworm, 

Method: Place the small animal in a plastic container like a 
cottage cheese carton. Add a few tsp. of water to wet the bottom. 
Attach a metal teaspoon to each of the generator clips. Place 
them on opposite sides in the carton and fasten with tape. Set the 
‘generator to positive offset at a frequency of about 30 KHz and 5 
to 10 volts. Experiment with different voltages and compare 
effectiveness. Measure the time it takes for the animal to seem 
lifeless. You may try to revive it by keeping it for some time in 
the presence of food. Retest its emission band. 


Lesson Twenty Nine 


Purpose: To kill the bacteria in dairy produ 
Materials: A glass of regular pasteurized milk, a carton of 
cottage cheese. A zapper. 
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Method: Search for Salmonellas and Shigellas first in the 
milk and cottage cheese, Search by frequency, using the chart, or 
with slides of these bacteria. If you don't find any, search 
ferent dairy foods until you find some bacteria. Attach metal 
teaspoons fo the red and black leads of the generator. Place them 
inside the milk glass or cottage cheese carton, across from each 
other. Secure with masking tape. Attach the zapper. Zap them for 
7 minutes. Remove the electrodes and wait 5 minutes. Test again 
for the same bacteria. They should be gone (but the food is not 
safe to eat due to the metal released from the teaspoons). 

These experiments point to some exciting possibilities. Per- 
haps water supplies as well as foods and medicines could be 
sterilized this way. Pethaps sewage could be treated more effi- 
ciently, electrically. Best of all, maybe you could protect your 
self from unsanitary products. If you do decide to explore this 
possibility, remember not to put metals in your mouth or food. 
Nor to use currents greater than 10 milliamps, or for longer than 
10 minute 


Sil 
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There are many commercially available function generators 
that can meet your needs. Two are shown here. 


Fig. 86 Function generators. 
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Recipes 


Read old recipe books for the fun and savings of making your 
‘own nutritious food. Change the recipes to avoid processed 
ingredients. Here are some I found. 


Beverage Recipes 


Anything made in your own juicer is fine. Experiment with 
new combinations to create different flavorful fruit and vegetable 
juices. Consider the luxury of preparing gourmet juices which 
satisfy your own individual palate instead of the mass-produced, 
polluted varieties sold at grocery stores. Remember to wash all 
fruit, including citrus before juicing. This removes the ever- 
present pesticides and common fruit mold. 


Lemonade 


1 cup fresh lemon juice, 1 cup honey, 1Yaquarts water. Bring 
honey and water to a boil if you plan to keep it several days. 
‘Then add lemon juice and store in the refrigerator. 


All honey and maple syrup should have vitamin C added to it 
as it arrives from the supermarket. Warm it first; then stir 
in 4 tsp. per pint. 


Fresh Tomato Juice 


Simmer for Yshour: 12 medium-sized raw, ripe tomatoes, 4 
cup water, | slice onion, 2 ribs celery with leaves, Vbay leaf, 3 
sprigs parsley. Strain these ingredients, Season with: 1 tsp. salt 
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Figure 1.3: Method of Soldering Through Hole Joints. [$] 


Fig. 14. The goal is to get the joint to be a “fillet”: a curve as shown 
in Pig, 1. 


9. If the PCB is double-sided, the solder should flow through the hole 
around the component lead and make a bond on the component side 
of the board (opposite to the side that the solder was applied). If this 
“wicking” does not occur, the hole may be undersized, clinching eould 
be blocking the solder’s path, or the component lead is not clean, 


10. Remove the soldering iron and allow the joint to cool naturally. 


Component Lead 


Copper Foil Solder Fillet 


Figure 1.4: Good Solder Joint - Solder Fillet 


11, Cut the lead of the component, if necessary. 


Fig. 1.6 and Fig. 1.7 below are pictures showing good and bad solder 
joints. 
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(aluminum-free), % tsp. paprika, Yatsp. honey. Serve thoroughly 
chilled. Makes about 4 servings. 


Fresh Pineapple Juice 


Peel a pineapple. Remove all soft spots. Cut it into cubes. 
Extract the juice by putting the pineapple through a food grinder 
or a blender. There will be very little pulp. Strain the juice and 
serve it on ice with sprigs of mint, Makes about 1cups of juice. 
Mix the pulp with an equal amount of clover honey and use as 
topping (kept in freezer) for homemade ice cream (below), 
pancakes, or yogurt 


Maple Milk Shake 


For each milk shake, blend or shake together: 1 glass of milk 
and 2 tablespoons maple syrup. 


Remember, all milk gets boiled. 


Yankee Drink 


Mix together 1 gal. water, 3 cups honey, Yacup fresh lemon 
juice or distilled white vinegar, and 1 tsp. ginger. 


Hot Vanilla Milk 


‘Add one inch of vanilla bean and one tsp. honey to a glass of 
milk and bring to a near boil. You may add a pinch of cinnamon 
or other pure spice. You may even use vanilla extract (see 
Sources). 
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Red Milk 


Equal parts fresh carrot juice (use a juicer) and sterilized 
milk. Save the carrot pulp for salads and soups 


C-Milk 


Milk can absorb a surprising amount of vitamin C powder 
without curdling or changing its flavor. Try ¥tsp. in a glass of 
cold milk. 


My Own Soda Pop 


Excellent for stomach distress. Put 1 tsp. citric acid, 2 tbs. 
vegetable glycerin (see Sources), 2 tbs. honey, and 1 lemon, 
juiced by hand, into a quart jar and fill with cold water. Refrig- 
erate until ready to use. Then add 1 tsp. baking soda (chemically 
pure only, see Sources) and shake a few times, keeping the lid 
tight. Pour over a few ice cubes. Many variations are possible: 
other fruit concentrates, made in the blender, can be used along 
with some lemon juice; for example, 2 blended whole apples 
(peeled), blended pineapple, orange or grapefruit. Always add a 
bit of lemon to give it zip. You may add a pinch of ginger or 
other pure spice 

Note: The amount of sodium in ¥atsp. baking soda is .476 
grams. If you have heart disease, high blood pressure, or edema, 
use potassium bicarbonate instead. Ask your doctor what an ac- 
ceptable amount of sodium or potassium bicarbonate is. I would 
suggest limiting yourself to one glass of soda pop a day, even if 
you do not have heart dise 

Another Note: the citric acid kills 
bonation brings relief. 


bacteria, while the car- 
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My Own Super C-Pop 

An excellent way to get lots of vitamin C into a child and 
relieve stomach distress at the same time. Squeeze 1 slice of 
Jemon and I whole orange into an 8 ounce bottle that has a tight 
lid. Add 1 tsp. vitamin C powder (ascorbic acid), % tsp. citric 
acid, and 2 tbs. vegetable glycerin (you may also experiment 
with honey for sweetness). Fill the bottle to the top with cold 
water. Then add Ytsp. chemically pure baking soda and close 
tightly. Shake briefly and serve immediately. 


Half And Half 


Mix equal parts whipping cream and milk or water. Boil and 
chill. 


Buttermilk-C 


Stir I tsp. vitamin C powder into a glass of milk. Add a pinch 
of potassium chloride. Additional seasoning may be pepper and 
herbs. Stir and enjoy. 


Food Recipes 


Despite the presence of aflatoxins, benzopyrenes, and sol- 
vents in many foods, it is possible to have a delicious and safe 
diet. Many persons need to gain weight, and with the emphasis in 
today's society on losing weight, consider yourself lucky in this 
respect. Help yourself to lots of butter, whipping cream, whole 
milk, avocados, and olive oil. Make your own preserves and 
baked goods, including breads. Remember, when you are 
recovering from a major illness it is essential not to diet to lose 
weight. You must wait two years after you are recovered to try to 
lose weight. 
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Daily Foods 


Dairy products should contain at least 2% fat to enable you 
to absorb the calcium in them. 


All milk should be sterilized 


by boiling it for 10 seconds. If it makes mucous, you already 
have a chronic respiratory infection. Try to clear this up. 


Change brands every time you shop to prevent the same 
pollutants from building up in your body. 

If frying or cooking with fat, use only olive oil, butter or 
lard (the BHT and BHA preservatives in lard are OK except for 
seizure sufferers). Mix them for added flavor in your dishes. 
Never use margarine, Crisco™ or other hydrogenated fats. Do 
not cook over flames or grill, even when electric. 

Eat lots of fresh fruits and vegetables. Wash them off only 
with cold tap water, not commercial food “wash”. Scrub hard 
with a stiff bristled brush, Then cut away blemishes. Always 
peel potatoes, apples, and carrots. Modern dirt is full of chemi- 
cals and is toxic to you, 

Be sure to drink plenty of plain water from your cold faucet 
throughout the day, especially if it is difficult for you to drink it 
with your meals. If you don't like the taste of your own tap water, 
try {0 get it from a friend with newer plumbing. Use a poly- 
ethylene (opaque) water jug from a grocery store to transport it. 
Never drink water that has been run through a water softener or 
copper plumbing or has traveled through a long plastic hose. 
Don't drink water that has stood in a container for a day. Dump it 
and sterilize the container. To further improve flavor and to 
dechlorinate attach a small faucet filter made of carbon only. Or 
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buy a filter pitcher (see Sources). Don't drink water that has 
stood in the filter pitcher very long, either. 

Because commercial cold cereals are very convenient, but 
have solvents, here are two replacements. 


Two Granolas 


7 cups rolled oats (old fashioned, not quick) 
1 tp. salt 
1 cup wheat germ (fresh, not defatted) 
Ye cup honey 
Ye cup sunflower seeds, immaculate quality 
Ye cup milk (no need to sterlize, itis being baked) 
Ye cup melted butter 
1 cup raisins, rinsed in vitamin C water 

Mix dry ingredients together. Mix liquid ingredients and add 
gradually, while tossing until thoroughly mixed. Place in large 
ungreased pans and bake in slow (250°) oven. Stir occasionally, 
baking until brown and dry, usually 1-2 hours. Store in airtight 
container in freezer. 


6 cups rolled oats 
Ys cup raw wheat germ 
1 cup sesame seeds 
1 cup sunflower seeds (raw, unsalted) 
1 tsp. cinnamon 
Ye cup melted butter 
Ys cup honey 

Preheat oven to 250°. Toss all ingredients in mixing bowl. 
Spread thinly on a baking sheet and bake 20-25 minutes. Stir 
often in order to brown evenly. When golden, remove and let 
cool. Makes 12 cups. 

If you would like to add nuts to your granola recipes, rinse 
them in cold tap water first, to which vitamin C powder has been 
added (“4 tsp. per pint). This removes aflatoxins, 
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Peanut Butter 


Use fresh unsalted roasted peanuts—they will be white on the 
first day they arrive at the health food store from the distributor. 
(Ask when they will 
arrive.) Or shell fresh 
roasted peanuts 
yourself, throwing 
away all shriveled or 
darkened nuts. Grind, 
adding salt and vita- 
min C (4 tsp. per 
pint) as you go. For 
spreadability, espe- 
cially for children, Fig. 87 Light colored, roasted peanuts 
grind an equal in the shell had no aflatoxin. 
volume of cold butter along with the peanuts. This improves 
spreadability and digestibility of the hard nut particles. This will 
probably be the most heavenly peanut butter your mouth has ever 
experienced. 


Sweetening and Flavoring 


Brown Sugar. Although I am prejudiced against all sugar 
from a health standpoint, my testing revealed no benzene, propyl 
alcohol, wood alcohol. However it does contain sorghum mold 
and must be treated with vitamin C to detoxify it. Add 44 tsp. to a 
1 pound package; knead until well mixed, 

Maple syrup. Add vitamin C to newly opened bottle, 44 tsp. 
to retard mold. Keep refrigerated and use promptly. 

Flavoring. Use maple, vanilla (both natural and artificial), 
and any pure spice. They are free of molds and solvents. 

Honeys. Get at least 4 flavors for variety: linden blossom, 
orange blossom, plain clover and local or wild flower honey. 
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Add vitamin C to newly opened jar to detoxify ergot mold (M4 tsp. 
per pint). 

Jams and jellies. They are not safe unless homemade. 

Fruit syrup. Use one package frozen fruit, such as cherries, 
blueberries or raspberries. Let thaw and measure the amount in 
cups (it might say on the package). Add an equal amount of 
clover honey to the fruit, Also add 4 tsp. vitamin C powder. Mi 
it all in a quart canning jar and store in the refrigerator. Use this 
on pancakes, cereal, plain yogurt and homemade ice cream too. 
Use to make your own flavored beverages in a seltzer maker or 
to make soda pop. If you wish to use fresh fruit, bring it to a boil 
to sterilize. Use it up in a few days or boil to sterilize it again. 


Note for diabetics 


Diabetics must not use artificial sweeteners. Nor can they use 
all the sweeteners listed. Try stevia powder instead. 


Preserves 


Keep 3 or 4 kinds on hand, such as peach, pineapple, and 
pear. Peel and chop the fruit. It should not have any bruises. If 
you use a metal knife, rinse the fruit lightly afterwards. Add just 
enough water to keep the fruit from sticking as it is cooked 
(usually a few tablespoons). Then add an equal amount of honey, 
or to taste and heat again to boiling. Put in sterile jars in 
reftigerator. Make marmalade the same way, slicing the fruit and 
peel thinly. Always add vitamin C powder to a partly used jar to 
inhibit mold. Never use up partly molded fruit by making 
preserves out of it. Throw it out. 
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C Dressing 


Ye cup olive oil 
4 cup fresh lemon juice or white distilled vinegar 
1 tsp. thyme, fenugreek or both (capsules are freshest) 
1 tsp. vitamin C powder 
Ye sp. brown sugar 

Combine the ingredients in a clean salad dressing bottle. 
Shake. Refrigerate. The basic recipe is the oil and vinegar in a 
2:1 ratio. After mixing these, add any pure spice desired. Or add 
fresh tomato chunks for creamines 


Cheese Sauce 


Add milk to cheese in equal amounts. Gradually heat to 
boiling while stirring. Add more of either to obtain the desired 
consistency. Boil 10 seconds. Use immediately 


Sour Cream-C 


2.cups heavy whipping cream, previously boiled 

Yatsp. citric acid 

Yatsp. vitamin C powder 

11tsp. fresh onion juice or other seasoning (optional) 
Stir until smooth, refrigerate 2 hours. 


Yogurt 


Buy a yogurt maker. Be sure and use boiled milk. 


Soups 


All home made soups are nutritious and safe, provided you 
use no processed ingredients (like bouillon), or make them in 
metal pots. Use herbs and aluminum-free salt to season. Always 
add a dash of vitamin C or tomato juice or vinegar to draw out 
calcium from soup bones for you to absorb. 
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Fish and Seafood recipe 


Any kind of fish or seafood is acceptable, provided it 
well-cooked. Don't buy food that is already in batter. The sim- 
plest way to cook fish is to poach it in milk. It can be taken 
straight from the freezer, rinsed, and placed in 44 inch of mil 
(unboiled is fine) in the frying pan. Heat until it is cooked. Turn 
over and repeat. Throw away the milk. Serve with fresh lemon 
and herbs. 


Baked Apples 


Peel and core carefully. Remove all bruises (this is where 
the patulin is). Cut in bite-sized pieces, add a minimum of water 
and cook or bake minimally. Add a squirt of lemon juice when 
done. Serve with cinnamon, whipping cream and honey. 


Ice creams 


from the grocery store are loaded with benzene and other 
solvents. Fortunately there are ice cream makers that do every- 
thing (no cranking)! Or try our recipe which uses a blender. Be 
sure not to add store bought flavors, except vanilla or maple. 


5 Minute Ice Cream 


(Strawberry) Use 2 half pints of whipping cream, previously 
boiled, 1 package of frozen strawberries (about 10 oz.), and 2 
cup clover honey. Pour frozen strawberries into blender. Pour 
whipping cream and honey over them. Blend briefly (about 10 
seconds), not long enough to make butter! Pour it all into a large 
plastic bowl. Cover with a close fitting plastic bag and place in 
freezer. Prepare it a day ahead. Try using other frozen fruits, such 
as blueberries and cherries. Keep a few berries out of the 
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blender and stir them in quickly with a non-metal spoon before 
setting the bowl in the freezer. There are many ice cream recipes 
to be found in old cook books. Avoid those with raw eggs or 
processed foods as ingredients. You may add nuts if you rinse 
them in vitamin C water. 


Cookies, cakes and pies 


Bake them from scratch, using unproc 
simple recipes from old cook books. 


d ingredients. Use 


Seven Day Sample Menu 


Because processed foods have many toxins, you must cook as 
much from scratch as possible. So for convenience sake, keep 
your meals simple in preparation. You may want to prepare 
ahead and refrigerate your dressings and toppings. Or you could 
make a hot soup for dinner, refrigerate, and eat the leftovers for 
lunch. Don't save leftovers more than two days. Make sure they 
are covered. Try baking several potatoes at one time, refrigerate 
and put them in a salad the next night. Variety is the spice of life, 
so combine the allowed foods in the most creative ways you can 
imagine. And don't forget herbs and spices; leam to use them 
from old cook books. 


Breakiast Tanck Dinner 
Day | Granola and honey | Fresh ground peanut | Orange roughy fah 
wath mik, half hall or | butter and presowe | Fresh green beans with 
whipping cream sandwich butter 
1 cup fresh squeezed | Soup Baked potato with Sour 
fruit juice Mile Cream-C topping o fresh 
Water Water chives 
Mik Pie (homemade) 
Mile 
4 cup fresh squeezed or 
frozen vegetable juice 
Water 
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1.4 How to Solder Through-Hole Components 


os 


Figure 1.5: Good Solder Joint, [5] 
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Figure 1.6: Joint Examples, ['] 


Excess 


Figure 1.7: Joint Examples, (2] 
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Day | Egg (imi is2) Bagel (rom barony) | Homemade bean oF Tei 
Fried potatoes Sour Croam-C soup 
4 glass mik Tomato Sardines 
Peppermint herb tea | 1 cup vegetable juice | Dinner rll and buttor 
Fresh orange juice | Water Salad 
Milk Homemade dressing 
Ice cream (homemade) 
Water 
Day | Cream of Wheat "Tuna sanawich with | Baked sweet potato with 
cooked with raising | olives and butter butter and sweetening 
and mike Soup Fresh broccoli with 
Banana Mile cheese sauce 
Peppermint herb tea | Water Bread and butter 
Ye cup mike Chopped, peeled pear 
Water {and whipping ceeam 
1 cup vegetable juice 
i 
Water 
Day 4 | French teastwih | Avocado and sour | Lobster or sautted 
‘maple syrup cream sandwich shrimp 
E00 Ys cup vogetabie juice | Fresh asparagus 
Homemade grapetrut | Bread and butter Potatoes, any syle 
Iuice Water Ye cup vegetable juice 
Mic Water 
Water Mil 
Day 5 | Cooked carcar (Gold patato Salad with |_1 can sardines or salman 
1 glass milk C Dressing In easy-open can (can 
Sliced banana with | Soup ‘openers shed metal) 
whipping cream and | Y2 cup vegetable juice | Salad of lettuce, tomato, 
honey Custard ‘lves, avocado with 
1 glass water Water homemade dressing 
Mile Bread with butter 
Ice-cream (optional) 
Ye cup vegetable juice 
Water 
Mil 
Day 6 | Egg andhomemade | Homemade peanst | Gourmet paza: home 
biscuit with honey and_| butter sandwich baked bread topped with 
butter Yecup vegetable juice | olive ol sliced tomato or 
tc Mile homemade sauce, grated 
Frat juice Water cheese, sardines of 
(vomemade) ‘anchovies, chopped 
Water vegetables, garic and 
Salad 
Mile 
Water 
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Day7 | Pancakes Salmon sandwich] Stitry vegetables 
Banana or chopped | (rom fip top can) | rocco, carrots, cab 
‘rat with eream Ye cup vegetable juice | bage. in ove oll and 
ic Mile butter 
Water Water Bread and butter 
Pie (optional) 
Mile 
Water 


Remember, take vitamin C and B-complex with each meal, 


Too Sick To Cook, Too Tired To Eat 


Pick three meals from the sample menu that need no cooking 
and eat them every day 


Recipes for Natural Body Products 


You can use just borax (like 20 Mule Team Borax™) and 


washing soda (like Arm & Hammer Super Washing Soda™) for 
all types of cleaning including your body, laundry, dishes and 
your house! You don't need all of those products you s 
‘commercials for each special task! 

Even if you have dry skin, difficult hair or some other u 
requirement, just pure borax will satisfy these needs. A part of 
every skin problem is due to the toxic elements found in the 
soaps themselves. For instance aluminum is commonly added 
a “skin moisturizer”. It does this by impregnating the skin and 
attracting water, giving the illusion of moist skin. In fact you 
imply have moist aluminum stuck in your skin which your 
immune system must remove. While borax won't directly heal 
your skin or complexion, it does replace the agents that are 
causing damage, so that healing can occur. 


525 


‘THE CURE FoR ALL DISEASES 


Borax Liquid Soap 


Empty 1 gallon jug 
1/8 cup borax powder 
Plastic funnel 


Funnel the borax into the jug, fill with cold tap water. Shake 
a few times. Let settle. In a few minutes you can pour off the 
clear part into dispenser bottles. This is the soap! 

Easier way: use any bottle, pour borax powder to a depth of 
a Vanch or so. Add water. Shake. When you have used it down to 
the undissolved granules, add more water and shake again. Add 
more borax when the undissolved granules get low. 

Keep a dispenser by the kitchen sink, bathroom sink, and 
shower. It does not contain aluminum as regular detergents and 
soaps do, and which probably contribute to Alzheimer's disease. 
It does not contain PCBs as many commercial and health food 
varieties do. It does not contain cobalt (the blue or green gran- 
ules) which causes heart disease and draws cancer parasites to 
the skin, Commercial detergents and non-soaps are simply not 
safe. Switch to homemade bar soap and borax for all your tasks! 
hibits the bacterial enzyme urease and is therefore an- 
acterial, It may even clear your skin of blemishes and stop 
alp from itching. 


For Laundry 


Borax (Yacup per load). It is the main ingredient of non- 
chlorine bleach and has excellent cleaning power 
colors. Your regular laundry soap may contain PCBs, aluminum, 
cobalt and other chemicals. These get rubbed into your skin 
constantly as you wear your clothing. For bleaching (only do this, 
occasionally) use original chlorine bleach (not “new improved” 
or “with special brighteners”, and so forth). Don't use chlorine if 
there is an ill person in the house. For getting out 
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stubborn dirt at collars, scrub with homemade bar soap first; for 
stains, try grain alcohol, vinegar, baking soda. 


For Dishes 


Don't believe your eyes when you see the commercials where 
the smiling person pulls a shining dish out of greasy suds. Any 
dish soap that you use should be safe enough to eat because 
nothing rinses off clean, Regular dish detergents, including health 
brands, are now polluted with PCBs. They also contain harmful 
chemicals. Use borax for your dishes. Or use paper plates and 
plastic (not styrofoam) cups. 


In The Dishwasher 


Use 2 tsp. borax powder pre-dissolved in water. If you use 
too much it will leave a film on your dishes. Use vinegar in the 
rinse cycle. 


In The Sink 


Use a dishpan in the sink. Use Yi cup borax and add a mini- 
mum of water. Also keep a bit of dry borax in a saucer by the 
sink for scouring. Don't use any soap at all for dishes that aren't 

easy and can be washed under the faucet with nothing but 
running water. Throw away your old sponge or brush or cloth 
because it may be PCB contaminated. Start each day by steril- 
ing your sponge (it harbors Salmonella) or with a new one 
while the used one dries for three full days. Clean greasy pots 
and pans with a paper towel first. Then use homemade bar soap. 
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y 


Fig. 8 Make a bottle of borax liquid to fill your soap dispens- 
ers and shampoo bottle. Use citric acid to rinse and condition. 


Shampoo 


Borax liquid is ready to use as shampoo, too. It does not 
lather but goes right to work removing sweat and soil without 
stripping your color or natural oils. It inhibits scalp bacteria and 
stops flaking and itching. Hair gets squeaky clean so quickly Gust 
a few squirts does it) that you might think nothing has happened! 
You will soon be accustomed to non-lathery soap. Rinse very 
thoroughly because you should leave your scalp slightly acidic. 
Take a pint container to the shower with you, Put 4 tsp. itr 
(not ascorbic) acid crystals (see Sources) in it. For long hair us 
a quart of rinse, Only eitrie acid is strong enough to get the borax 
out, lemon juice and vinegar are not. After shampooing, fill the 
container with water and rinse, Rinse your whole body, too, 
ince citric acid is also anti-bacterial. All hair shampoo 
penetrates the eye lids and gets into the eyes although you do not 
feel it, It is important to use this natural rinse to neutralize the 
shampoo in your eyes. (Some — people have 
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stated that citric acid makes their hair curlier or reddens it. If thi 
undesirable, use only half as much citric acid.) Citric acid 
conditions and gives body and sheen to hair. 


Hair Spray 

I don't have a recipe that holds your hair as well as the bottle 
of chemicals you can buy at the store, Remarkably a little lemon 
juice (not from a bottle) has some holding power and no odor! 
Buy a 1 cup spray bottle. Squeeze part of a lemon, letting only the 
clear juice run into the bottle. Fill with water. Keep it in the 
refrigerator. Make it fresh every week. Spraying with just plain 
water is nearly as good! For shinier hair, drop a bit of lemon 
peel into the bottle, 


Homemade Soap 


‘A.small plastic dishpan, about 10” x 12” 
‘glass or enamel 2-quart sauce pan 

1 can of lye (sodium hydroxide), 12 ounces 
8 pounds of lard (BHT and BHA are OK here) 
Plastic gloves 

Water 

1. Pour 3 cups of very cold water (refrigerate water overnight 
first) into the 2-quart saucepan. 

2. Slowly and carefully add the lye, a little bit at a time, stir- 
ring it with a wooden or plastic utensil. (Use plastic gloves 
for this; test them for holes first.) Do not breathe the vapor 
or lean over the container or have children nearby. Above 
all use_no metal. The mixture will get very hot. In olden 
days, a sassafras branch was used to stir, imparting a fra~ 
grance and insect deterrent for mosquitoes, lice, flea: 
ticks. 
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3. Let cool at least one hour in a safe place. Meanwhile, the 
unwrapped lard should be warming up to room temperature 
in the plastic dishpan. 

4, Slowly and carefully, pour the lye solution into the di 
with the lard. The lard will melt. Mix thoroughly, at least 
15 minutes, until it looks like thick pudding. 

5. Let it set until the next morning; then cut it into bars. It will 
get harder after a few days. Then package. 

If you wish to make soap based on olive oil, use about 48 

‘ounces, It may need to harden for a week. 


Liquid Soap 

Make chips from your homemade soap cake. Add enough hot 
water to dissolve. Add citric acid to balance the pH (7 to 8). If 
‘you do not, this soap may be too harsh for your skin, 


Skin Sanitizer 

Make up a 5 to 10% solution of food grade alcohol. Food 
grade alcohols are grain (ethyl) alcohol or vodka. Find a suit- 
able dispenser bottle. Mark it with a pen at about one tenth of the 
way up from the bottom. Pour 95% grain alcohol (190 proof) to 
this mark (for 50% grain alcohol or vodka make your mark one 
fifth of the way up). Add water to the top. Keep shut. You may 
add a chip of lemon peel for fragrance. 

Use this for general sanitizing purposes: bathroom fixtures, 
knobs, handles, canes, walkers, and for personal cleanliness (but 
use chlorine bleach for the toilet bow! once a week). Always 
clean up after a bowel movement with wet toilet paper. This is 
not clean enough, though. Follow with a stronger damp paper 
towel. This is still not clean enough; use a final damp paper 
towel with skin sanitizer added. After washing hands, sanitize 
them too, pouring a bit on one palm and put finger tips of the 
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other hand in it, 
Rinse with water. 


cratch to get under nai 


repeat on other hand, 


Do not use this recipe, nor keep any bottles of alcohol in the 
house of a recovering alcoholic. 


Deodorant 


Your sweat is odorless. It is the entrenched bacteria feeding 
on it that make smells. You can never completely rid yourself of 
these bacteria, although they may temporarily be gone after 
zapping. The strategy is to control their numbers. Here are s 
eral deodorants to try. Find one that works best for you: 

Vitamin C water. Mix 4 tsp. to a pint of water and dab it on. 
Then dab on comstarch. 

Citric Acid water. Mix % tsp. to a pint of water and dab it 
on. Then dab on cornstarch. 

Only a few drops of these acids under each armpit are ne 
essary. If these acids bum the skin, dilute them more. Never ap- 
ply anything to skin that has just been shaved! 

Corn starch. Many people need only this. Dab it on. 


i 


Use only unpolluted cornstarch (see Sources). 


Baking soda has been deleted as a deodorant because ben- 
zene was found in some boxes. 
Lemon juice. This acid is not as strong, use what you need. 
Pure alcohol (never rubbing alcohol). The food grade alco- 
hols are grain alcohol and vodka. Dab a bit under each arm 
and/or on your shirt or blouse, then dab on comstarch, If the al- 


cohol burns, dilute it with water. Be very careful not to leave the 
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bottle where a child or alcoholic person could find it, Pour it into 
a different bottle! 

Pure zine oxide. You may ask your pharmacist to order this 
for you. She or he may wish to make it up for you too, but do not 
let them add anything else to it. It should be about 1 part zinc 
oxide powder to 3 parts water. It does not dissolve. Just shake it 
up to use it. Afier you get it home, you can add comstarch to it to 
give it a creamy texture. Heat 3 tsp. cornstarch in 1 cup of water, 
to boiling, until dissolved and clear. Cool and add some to the 
zinc oxide mixture (about equal parts). Store unused starch 
mixture in the refrigerator. Only make up enough for a month. 

Alcohol and zine oxide. This is the most powerful deodor- 
ant. Apply alcohol first, then the zinc oxide, then dab on com- 
starch, 

Remember that you need to sweat! Sweating excretes toxic 
substances, especially from the upper body. Don't use deodorant 
‘on weekends. Go to the sink and wipe clean the armpits like our 
grandparents did. Often, just plain cornstarch is enough! The: 
homemade deodorants are not as powerful as the commercial 
varieties-this is to your advantage. 


Brushing Teeth 


Buy a new toothbrush, Your old one is soaked with toxins 
from your old toothpaste. Use only water or chemically pure 
baking soda if you have any metal fillings. Put a pinch in a glass, 
add water to dissolve it. Use food-grade hydrogen peroxide (see 
Sources) if you have only plastic fillings. Dilute it from 35% to 
174% by adding water (equal parts). Store hydrogen peroxide 
only in polyethylene or the original plastic bottle, Use 4 or 5 
drops on your toothbrush. It should fizz. nicely as oxygen is 
produced in your mouth. Your teeth will whiten noticeably in 6 
months, Before brushing teeth, floss with 4 or 2 pound mon- 
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filament fish line. Double it and twist for extra strength. Rinse 
before use. Floss and brush only once a day. If this leaves you 
uncomfortable, brush the extra times with plain water and a 
second “water-only” toothbrush. Make sure that nothing solid, 
like powder, is on your toothbrush; it will scour the enamel and 
give you sensitive teeth, especially as you get older and the 
enamel softens. Salt is corrosive—don't use it for brushing metal 
teeth, Plain water as good. 


For Dentures 


Use salt water. It kills all germs and is inexpensive. Salt 
water plus grain alcohol or food-grade hydrogen peroxide makes 
a good denture-soak. 


Mouthwash 


A few drops of food grade hydrogen peroxide added to a 
le water in a glass should be enough to make your mouth foam. 
and cleanse. Don't use hydrogen peroxide, though, if you have 
metal fillings, because they react. Don't use regular drug store 
variety hydrogen peroxide because it contains toxic additives. 
Health food store varieties contain solvents from the bottling 
process. See Sources. Never purchase hydrogen peroxide in a 
bottle with a metal cap. 

For persons with metal tooth fillings, use chemically pure 
st plain hot water. A healthy mouth has no odor! 
shouldn't need a mouthwash! If you have breath odor, search 
for a hidden tooth infection or cavitation. 


Contact Lens Solution 


A scant cup of cold tap water brought to a boil in glass 
saucepan, After adding “4 tsp. aluminum free salt and boiling 
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1.5 How to Solder Surface-Mount Components 


xperience and skill than through 
jor to at- 


Surface mount soldering requires more 
hole. It is recommended that one practices with through-hole p 
surface mount 


tempting any surface mount soldering. As the name suggest 
involves soldering a component to either the top or bottom surface of a PCB. 
Depe 
(finer pitch), making the soldering more susceptible to solder bridges, ete 

Figs. 1.8 and 1,9 show examples of good surface-mount solder joints. 


ing on the footprint, the pads are usually a spaced closer together 


Figure 18: Surface Mount Good Solder Joint, [6] 


face Mount IC with Good Solder Joints 


Figure 1.9: 


to the throngh-hole method. 
alignment on the PCB 


‘The actual soldering of the joints is sim 
, is maintaining the part’s 
pads. A good technique is outlined here: 


One difficulty, howev 


1. Align the component on the PCB pads. This can be aided with the 
use of tweezers and dental picks. 


Secure the component to the PCB by applying a small amount of 
pressure onto the top of the component using a small slot serewdriver 
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again, pour into a sterile canning jar. Refrigerate. Freeze some of 
it, 


Lip Soother 


For dry, burning lips. Heat | level tsp. sodium alginate plus 1 
cup water until dissolved. After cooling, pour it into a small 
bottle to carry in your purse or pocket (refrigerate the remain- 
der), Dab it on whenever needed. If the consistency isn't right for 
you, add water or boil it down further. You 
soother by adding some lysine from a crushed tablet, vitamin C 
powder, and a vitamin E capsule to the alginate mix. If you have 
a persistent problem with chapped lips, try going off citrus juice. 


Foot Powder 


Use a mixture of comstarch and zine oxide poured into a salt 
shaker with a lid. Add long rice grains to fight humidity. You 
may also try arrow root or potato starch. If you don't have zinc 
oxide use plain cornstarch. 


Skin Healer Moisturizer Lotion 


1 tsp. sodium alginate 
1 cup water 

Make the base first by heating these together in a covered, 
non-metal pan until completely dissolved. Use low heat~it will 
take over an hour. Use a wooden spoon handle to stir. Set aside, 
‘Then make the following mixture: 


YAtsp. Vitamin C (ascorbic acid) (You may crush tablets) 
YAtsp. lysine (crush tablets) 

2 ths. pure vegetable glycerin 

2 vitamin E capsules (400 units or more, each) 

1 tsp. apricot kernel ol (olive oil will do) 
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1 tbs. lemon juice from a lemon or % tsp. citric acid (this is optional) 
1 cup water 

Heat the water to steaming in a non-metal pan. Add vitamin C 
and lysine first and then everything else. Pour into a pint jar and 
shake to mix. Then add the sodium alginate base to the desired 
thickness (about equal amounts) and shake. Pour some into a 
small bottle to use as lip soother. Pour some into a larger bottle 
to dispense on skin. Store remainder in refrigerator. (See 
Sources for sodium alginate, vegetable glycerin and apricot ker- 
nel oil. Sodium alginate is also available in capsule form at some 
health food stores.) 


Other Skin Healers 


Vitamin C powder (ascorbic acid, not the same as citric 
acid). Put a large pinch into the palm of your hand. With your 
other hand pick up a few drops of water from the faucet. Rub 
hands together until all the powder is dissolved and dispensed. It 
may sting briefly. Do this at bedtime, especially for cracked, 
chapped hands. Include lips if they need it. 

Vitamin E oil. Vitamin E oil from Now Foods was not 
polluted at the time of this writing, but for the future it would be 
safer to rely on capsules. Snip open a capsule and rub into skin. 

50% Glycerin. Dilute 100% vegetable glycerin with an 
equal amount of water. This is useful as an after shave lotion. 

Vitamin C liquid. Mix 4 tsp. vitamin C powder in one pint 
water (crushed tablets will do). This is useful as an after shave 
lotion and general skin treatment. 

Apricot Kernel Oil. This is a very light oil, useful as an after 
shave lotion and general skin treatment. 

Cornstarch (see Sources). Use on rashes, fungus, moist or 
irritated areas and to prevent chafe. 

Combining several of these makes them more effective. 
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Dry skin has several causes: too much water contact, too 
much soap contact (switch to borax), low body temperature, not 
enough fat in the diet, or parasites. 


Massage Oil 


Use olive oil. It comes in very light to heavy textures. Pick 
the right one for your purpose. Alginate mixtures can be used 
instead of, or added to, oil. Starch solutions are good, too. 


Sunscreen Lotion 


Purchase PABA (see Sources) in 500 mg tablet form. 
solve | tablet in grain aleohol or vodka. Grind the tablet first by 
putting it in a plastic bag and rolling over it with a glass jar. It 
will not completely dissolve even if you use a tablespoon of the 
alcohol. Pour the whole mixture into a 4 ounce bottle of home- 
made skin softener. Be careful not to get the lotion into your ey. 
when applying it. A better solution is to wear a hat or stay out of 
the sun, Remember to take PABA as a supplement, too (500 mg, 
one a day) 


Nose Salve 


(When the inside of the nose is dry, cracked and bleeding.) 

Pour “asp. pure vegetable glycerin into a bottle cap. Add ¥ 
tsp. of water. 

Applicator: use a plastic coffee stirrer or straw; cut a slit in 
the end to catch some cotton wool salvaged from a vitamin bottle 
and twist (cotton swabs, cotton balls and wooden toothpicks are 
sterilized with mercury which in turn is polluted with thallium). 
Dip it into the glycerin mixture and apply inside the nose with a 
rotating motion. Do each nostril with a new applicator. 
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Quick Corn Starch Skin Softener 


4 tsp. com starch (see Sources) 
11 cup water 
Boil starch and water until clear, about one minute 


Cornstarch Skin Softener 


1 tsp. lysine powder or 8 tablets, 500 mg each 
1 tsp. Vitamin C powder (ascorbic acid); or 8 tablets, 500 mg each 
8 tsp. comstarch (see Sources) 
Vitamin E, 1 capsule 400 mg 
Y4tsp. apricot kernel oil (optional) 
11 cup water 

Boil starch and water until clear, about one minute. Add 
other ingredients and stir until dissolved. Cool. Pour into dis- 
penser bottle. Keep refrigerated when not in use. Apply after 
washing dishes and after show 


After Shaves 


Vitamin C. ‘4 tsp. vitamin C powder, dissolved in 1 pint 
water. 

Apricot kernel oil. 

Vegetable glycerin, Equal parts glycerin and water or to suit 
your need. 


Personal Lubricants 


Heat these together: 1 level tsp. sodium alginate and 1 cup 
water in a covered non-metal pan until completely dissolved, 
Use very low heat and stir with a wooden spoon handle. It takes 
a fairly long time to get it perfectly smooth. After cooling, pour 
0 a small dispenser bottle. Keep the remainder refrigerated. 

Or, mix and heat 4 tsp. comstarch and I cup water until 
completely dissolved in a covered saucepan. Use non-metal 
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dishes and a non-metal stirring spoon. Cool. Pour some into 
dispenser bottle. Refrigerate remainder. This is many person's 
favorite recipe. 


Baby Wipes 


Cut paper towels in quarters and stack in a closable plast 
box. Run tap water over them, drain the excess, Add 1 tsp. grain 
alcohol and/or borax liquid on top. Close. Put a dab of the Quick 
Comstarch Softener recipe on top of each wipe as you use it. 


People Wipes 

Vv tsp. powdered lysine (you may crush tablets) 
tsp. Vitamin C powder (you may crush tablets) 
4 cup vegetable glycerin 

1 cup water 

Prepare wipes by cutting paper towels in quarters. Use 
white, unfragranced towels that are strong enough to hold up for 
this use. Fold each piece in quarters again and stack in a plastic 
zippered baggy. Pour the fluid mixture over the stack and zip. 
Store a bag full in the freezer to take on car trips. If you want to 
keep them a month or more, add 1 ths. grain alcohol or vodka to 
the recipe. 

For bathroom use, dampen a roll of paper towels under the 
cold tap first. Then pour about ‘4 cup of the mixture over the 
towel roll around the middle. Store in plastic shopping bag or 
stand in plastic waste basket. 
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Recipes For Natural Cosmetics 


Eye liner and Eyebrow Pencil 


Get a pure charcoal pencil (black only) at an art supply store. 
Try several on yourself (bring a small mirror) in the store to see 
what hardness suits you. You may need to wet it with water or a 
vitamin E perle first. Don't put any chemicals on your eyelids, 
since this penetrates into your eye. To check this out for yourself, 
close your eye tightly and then dab lemon juice on your eyelid. It 
will soon burn! Everything that is put on skin penetrates. 
Otherwise the nicotine patch and estrogen patch wouldn't work. 
Not even soap belongs on your eyelids! Charcoal pencils are 
cheap. Get yourself half a dozen different kinds so you can do 
different 

You could also use a capsule of activated charcoal. Empty it 
into a saucer. Mix glycerin and water, half and half, and add it to 
the charcoal powder until you get the consistency you like. Use a 
brush for eyelashes; use a finger for eyebrows. 


Lipstick 
Beet root powder (see Sources) 
100% vegetable glycerin 

Combine 1 tsp. vegetable glycerin and 1 tsp. beet root pow- 
der in a saucer. Stir until perfectly smooth. Then add Yatsp. of 
vitamin E oil. Snip open vitamin E capsules or buy vitamin E oil 
(see Sources). Very thick olive oil can be substituted. Apply 
liberally with your finger or a lipstick brush. Do not purse or rub 
your lips together after application. To make the lipstick stay on 
longer, apply | layer of lipstick, then dab some com starch over 
the lips, then apply another layer of lipstick. Store in a small 
glass or plastic container in the refrigerator, tightly covered in a 
plastic bag. 
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Face Powder 


Use cornstarch from the original box. You may also try arrow 
root starch or potato starch, Use your fingers or a tissue to apply 
because applicators can carry bacteria 


Blush (face powder in a cake form) 


Add 50% glycerin to cornstarch in a saucer to make a paste. 
Slowly add beet root powder to the desired color. Use part of a 
charcoal capsule to darken it, if desired. A drop of food grade 
alcohol will also darken it, To make 50% glycerin, add equal 
parts of glycerin and water. Try to make the consistency the same 
as your brand name product, and you can even put it back in your 
brand name container. 


Recipes For Household Products 


Floor Cleaner 


Use washing soda from the grocery store. You may add borax 
and boric acid (to deter insects except ants). Use white distilled 
vinegar in your rinse water for a natural shine and ant repellent. 
Do not add bleach to this. For the bathroom floor use plain 
bleach water—follow the label. Never use chlorine bleach if 
anybody in the home is ill or suffers from depression. Use grain 
alcohol (1 pint to 3 quarts water) for germ killing action instead 
of chlorine. 


Furniture Duster and Window Cleaner 


Mix equal parts white di 
spray bottle, 


illed vinegar and water. Put it in a 
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Furniture Polish 


‘A few drops of olive oil on a dampened cloth. Use filtered 
water to dampen. 


Insect Killer 


Boric acid powder (not borax). Throw liberal amounts be- 
hind stove, refrigerator, under carpets and in carpets. Since boric 
acid is white, you must be careful not to mistake it for sugar 
identally. Keep it far away from food and out of children's 
reach, Buy it at a farm supply or garden store (or see Sources). It 
will not kill ants. 


Ant Repellent 


Spray 50% white distilled vinegar on counter tops, window 
sills and shelves and wipe, leaving residue. Start early in spring 
before they arrive, because it takes a few weeks to rid yourself 
of them once they are established. If you want immediate action, 
get some lemons, cut the yellow outer peel off and cover with 
grain alcohol in a tightly closed jar. Let stand at least one hour. 
Use 1 part of this concentrate with 9 parts water in a spray bottle. 
Mix only as much as you will use because the diluted form loses 
potency. Spray walls, floors, carpets wherever you see them. The 
Jemon solution even leaves a shine on your counters. Use both 
vinegar and lemon approaches to rid yourself of ants 

To treat the whole house, pour vinegar all around your 
foundation, close to the wall, using one gallon for every five feet. 
s. Reapply every six 
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Flower and Foliage Spray 


Food-grade hydrogen peroxide. See instructions on bottle. 


Moth Balls 


I found this recipe in an old recipe book. Mix the following 
and scatter in trunks and bags containing furs and woolens: lb, 
each rosemary and mint, % Ib. each tansy and thyme, 2 ths. 
powdered cloves. 


Carpet Cleaner 


Whether you rent a machine or have a cleaning service, don’t 
use the carpet shampoo they want to sell, even if they “guarantee” 


that it is all natural and safe. Instead add these to a bucket (about 
four gallons) of water and use it as the cleaning solution: 


Wash water Rinse water 
173 cup borax %4 cup grain alcohol 
2 tsp. boric acid 
%4 cup white distiled vinegar or 
4 tsp. citric acid 


Borax does the cleaning; alcohol disinfects, boric acid leaves 
a pesticide residue, and the vinegar or citric acid give luster. If 
you are just making one pass on your carpet, use the borax, 
alcohol, and boric acid. Remember to test everything you use on 
an unnoticed piece of carpet first. 
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Black Walnut Hull Tincture 


This new recipe is four times as strong as the previous one, 
so it is called Black Walnut Hull Tincture Extra Strength. 


Your largest enamel or ceramic (not stainless steel, not aluminum) 
‘cooking pot, preferably at least 10 quarts 

Black walnuts, in the hull, each one stil at least 50% green, enough to 
fill the pot to the top 

Grain aloohol, about 50% strength, enough to cover the walnuts 

Yatp. vitamin C 

Plastic wrap or cellophane 

Glass jars or bottles 


The black walnut tree produces large green balls in fall. The 
walnut is inside, but we will use the whole ball, uncracked, since 
the active ingredient is in the green outer hull 
se the walnuts carefully, put them in the pot, and cover 
with the alcohol. Sprinkle on half the vitamin C. Seal with plasti 
wrap and cover. Let sit for three days. Pour into glass jars or 
bottles, discarding walnuts, and divide the remaining vitamin C 
amongst the jars. If the glass jar has a metal lid, first put plastic 
wrap over the top before screwing on the lid. Potency is strong 
for several years if unopened, even if it darkens. 


You have just made Extra Strength Black Walnut Hull 
Tincture. It is stronger than the concentrate made with just a few 
black walnuts in a quart jar (my earlier recipe), because there 
are more walnuts per unit liquid. In addition, you will not dilute 
it before use (although when you take it, it will usually be in 
water). 
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An index finger resting on the end of the screwdriver provides enough 
force to secure the deviee. 


3. Solder one of the corner component leads to the PCB pad. 
4, Align the remaining pads and solder the opposite corer PCB pad. 
5. Solder the remaining pads in a pattern that does not build-up too 


much heat in the device. 


1.6 Wire Connectors and Headers 


When PCBs are manufactured they often have connectors to peripheral 
devices. These connectors are like other components in how they are soldered 
onto the PCB. However, the plug that matches the connector usually also 
requires some soldering. Please note that with very few exceptions, 
the wire used for cabling is stranded (rather than solid-core) due 
to its higher strength and flexibility. Below are procedures for a few 
of the more common plug types. 


1.6.1 Crimp Connectors and Pins 
1. Strip off about lcm of the wire insulation. 


2. Place the exposed wire into the erimp-style connector or pin. The wire 
should just barely show coming out the other side, Some crimp pins 
have two crimping areas ~ one for the stripped wire 
the wire with the in 


\d the other for 


lation. 


3. Crimp the connector with the appropriate crimping tool. Note that 
the connectors are colour coded to settings on the crimping tool, try 
and mateh the correct colour. 


4, As added insurance, apply solder to the joint to solidify the connection. 


Before crimping all pi th one 


wre that it fits successful 


tor housing, start 
into the housing. If the crimp is made 
too tightly, or otherwise mis-shaped, the pin may no longer fit. 


and 
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When preparing the walnuts, rinse only with cold tap water. 
You may need to use a brush on areas with dirt. If you are not 
going to use all of them in this batch, you may freeze them in a 
resealable plastic bag. Simply refrigerating them does not keep 
them from turning black and useless. The pot of soaking walnuts 
should not be refrigerated. Nor does the final tincture need any 
refrigeration 

Exposure to air does cause the tincture to darken and lose 
potency. To reduce air exposure, fill the pot as much as possible, 
without touching the plastic wrap, while still keeping a snug 
fitting lid. Even more importantly, the glass jars or bottles you 
use to store your tincture should have as little air space as 
possible, without touching the plastic wrap on top. A large jar 
should be divided into smaller ones when you are ready to use it. 
The idea is not to have partial jars, with a lot of air space, sitting 
for longer than a month or so, 

There are several ways to make a 50% grain alcohol solu- 
tion. Some states have Everclear," 95% alcohol. Mix this half 
and half with water. Other states have Everclear that is 76.5% 
alcohol. Mix this three parts Everclear to one part water. Yet 
another method is to buy vodka that is 100 proof. This is already 
50% alcohol. 

Remember, never use any kind of purchased water to make 
tincture, 


Black Walnut Hull Tincture (Regular Strength) 


This is the potency I used originally. It is included here in 
case you prefer it or wish to treat a pet. The Extra Strength recipe 
four times as potent as the original recipe, so it must be diluted 
in quarters. (Similarly, if you have a lot of the Regular Strength 
left and want to use it in place of Extra Strength, simply take four 
times as much.) 
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Grain Alcohol, about 10% 


Mix one part extra strength tincture with three parts of the 
10% alcohol. Store in glass containers same as described above. 
There are several ways to make a 10% grain alcohol solu- 
tion. Some states have Everclear," 95% alcohol. Mix this one 
part Everclear to nine parts water. Other states have Everclear 
that is 76.5% alcohol. Mix this one part Everclear to seven parts 
water. Yet another method is to buy vodka that is 100 proof 
(50% alcohol) and mix one part vodka with four parts water. 


Black Walnut Hull Extract (Water Based) 


Because you do not know how commercially available ex- 
tracts were made, and may not be able to test for solvent pollu- 
tion, itis wisest to make it yourself! 

This recipe is intended for alcoholic persons: cover the 
green balls in the 10 quart (non-metal) pot with cold tap water. 
Heat to boiling, covered. Turn off heat. When cool, add vitamin 
C, cover with plastic wrap, and the lid. Let stand for 1 day. It 
will be darker than the tincture. Do not dilute. Pour into freezable 
containers. Refrigerate what you will use in two days and freeze 
the rest. Add vitamin C after thawing or during refrigeration (Yi 
tsp. per quart). 

For use: in programs calling for Extra Strength Black Walnut 
Hull Tincture use four times as much of this water based recipe 
(8 tsp. instead of 2 tsp. Extra Strength). 


Important Note: do not use bottled or purchased water to 
make this tincture or you could pollute it with benzene! 
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Quassia recipe 


Add 1/8 cup quassia chips to 3 cups water. Simmer 20-30 
minutes. Pour off 1/8 cup now and drink it fresh, Refrigerate 
remainder. Drink 1/8 cup 4 times/day, until a total of Yscup of 
chips is consumed. Flavor with spices. 


Emmenagogue (Menstrual Period Inducer) 


Here are four herbs that can each bring on your period. They 
can be started anytime but the most-effective time is before your 
next calculated period time (count days as if you never missed a 
period). 


1 oz sassafras bark 
1 oz rue (cut) 
1 02 marjoram herb 
1 oz blue cohosh root 
4% cups boiling water 

‘Add the herbs to the boiling water and turn down to simmer, 
covered, for 20 minutes. Do not boil. Strain and refrigerate in 
sterile glass jar. Pour one cup for yourself in the moming. Let 
warm to room temperature, and sip between meals, making it last 
until supper. 


Bowel Program 


Bacteria are always at the root of bowel problems, such as 
pain, bloating and gassiness. They can not be killed by zapping, 
because the high frequency current does not penetrate the bowel 
contents. 

Although most bowel bacteria are beneficial, the ones that 
are not, like Salmonellas and Shigellas, are extremely detri- 
mental because they have the ability to invade the rest of your 
body and colonize a trauma site or weakened organ. These same 
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bacteria colonize a cancer tumor and delay healing after the 

malignancy is stopped, 

Another reason bowel bacteria are so hard to eradicate is 
that we are constantly reinfecting ourselves by keeping a reser- 
voir on our hands and under our fingernai 

+ So the first thing to do is improve sanitation, For a serious 
problem, use 50% grain aleohol (100 proof vodka) in a 
spray bottle at the bathroom sink. Sterilize your hands after 
bathroom use and before meals. 

+ Secondly use turmeric (2 capsules 3 times a day, this is the 
common spice) which I find helps against Shigella, as well 

E, coli. Expect orange colored stool. 

+ Third use fennel (1 capsule 3 times a day). 

+ Fourth use digestive enzyme tablets with meals as di- 
rected on the bottle. (But only as long as necessary, be- 
cause these frequently harbor molds.) 

+ Fifth use a single 2 tsp. dose of Black Walnut Hull 
‘Tincture Extra Strength, Add it to a Yglass of water and 
sip over a 15 minute period. Stay seated until any side 
effect from the alcohol wears off. 

+ Sixth take Cascara sagrada capsules if constipated (start 
with one capsule a day, use up to maximum on label). 
Remember to drink a cup of hot water upon rising in the 
moming. This will begin to regulate your elimination. 


It can take all six to get rid of a bad Shigella problem 
week. Afterward, you must continue to eat only sterile dairy 
products. Note that the Kidney Cleanse is often effective with 
bowel problems. Try it also. 

You will know you succeeded when your tummy is flat, there 
is not a single gurgle, and your mood improves! 
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Constipation Tea 


Constipation is often caused by E. coli and Salmonella from 
dairy foods, or from killing “good” bowel bacteria with antibi- 
tics (killing a few by zapping actually restores good flora). Eat 
foods that restore the body's good bowel flora: vegetables, ster- 
ilized milk (the milk sugar is essential), lots of water. 

‘There are a lot of remedies for constipation, but many people 
enjoy this tea: 


1 ths. senna tea leaves 
Yetsp. mint leaves 


Boil for one minute in a quart of water, add a dash of vitamin 
C and brown sugar to taste. Sip through the day to avoid 
ache”. It can take years for the body's flora to “right the 
after an antibiotic session, be patient. 


Weight Reduction 


Here are two ancient herbal recipes for obesity. I have not 
personally determined their effectiveness. 


Fucus 
20z Fucus vesiculosus, cut (see Sources) 
3 cups cold tap water 

Boil for 15 minutes, covered. Cool. Dose: M4 cup four times a 
day on an empty stomach. After one week increase dose to Vcup. 
You may add any flavoring desired. 

Watch the pot carefully as it comes to a boil. If it boils over, 
you will have a month of stove-cleaning to do. The odor of Fu- 
‘cus boiling is wretched. So is the taste. Maybe garlic (fresh) 
would improve it. 


Fennel 
1 02 fennel seed (crushed or powdered is fine) 
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8 cups cold tap water 
Boil water, pour over herb. Steep 30 minutes. Strain. Add 4 
z honey (optional). Drink one cup each day. 


You could take them both together, along with the Bowel 
Program, to be more successful, but the best single weight re- 
ducer is the Liver Cleanse. 


Kidney Cleanse 


% cup dried Hydrangea root 
Y cup Gravel root 

Y cup Marshmallow root 

4 bunches of fresh parsley 

Goldenrod tincture (leave this out of the recipe if you are allergic to it) 
Ginger capsules 

Uva Ursi capsules 

Vegetable glycerin 

Black Chery Concentrate, 8 oz 

Vitamin B6, 250 mg 

Magnesium oxide tablets, 300 mg 


Measure Y cup of each root and set them to soak, together in 
10 cups of cold tap water, using a non-metal container and a non- 
metal lid (a dinner plate will do). After four hours (or overnight) 
add 8 oz, black cherry concentrate, heat to boiling and simmer 
for 20 minutes. Drink 4 cup as soon as it is cool enough. Pour the 
rest through a bamboo stra 
several freezable containers. Rel 

Boil the fresh parsley, after rinsing, in 1 quart of water for 3 
minutes. Drink % cup when cool enough. Refrigerate a pint and 
freeze | pint. Throw away the parsley 

Dose: each morning, pour together %cup of the root mixture 
and Yacup parsley water, filling a large mug. Add 20 drops of 
goldenrod tincture and 1 ths. of glycerin. Drink this mixture 
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in divided doses throughout the day. Keep cold. Do not drink it 
all at once or you will get a stomach ache and feel pressure in 
your bladder. If your stomach is very sensitive, start on half this, 
dose. 

Save the roots after the first boiling, storing them in the 
freezer. After 13 days when your supply runs low, boil the same 
roots a second time, but add only 6 cups water and simmer only 
10 minutes. This will last another 8 days, for a total of three 
weeks, You may cook the roots a third time if you wish, but the 
recipe gets less potent. If your problem is severe, only cook them 
b 


After three weeks, repeat with fresh herbs. You need to do 
the Kidney Cleanse for six weeks to get good results, longer for 
severe problems 

Also take: 


+ Ginger capsules: one with each meal (3/day). 
+ Uva Ursi capsules: one with breakfast and two with supper. 
+ Vitamin B6 (250 mg): one a day. 
+ Magnesium oxide (300 mg): one a day. 

Take these supplements just before your meal to avoid 
burping, 

Some notes on this recipe: this herbal tea, as well as the 
parsley, can easily spoil. Heat it to boiling every fourth day if it 
is being stored in the refrigerator; this resterilizes it. If you ster- 
lize it in the morning you may take it to work without refriger- 
ating it (use a glass container). 

When you order your herbs, be careful! Herb companies are 
not the same! These roots should have a strong fragrance. If the 
ones you buy are barely fragrant, they have lost their active in- 
gredients; switch to a different supplier. Fresh roots can be used. 
Do not use powder. 
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+ Hydrangea (Hydrangea arborescens) is a common flow- 
ering bush. 

* Gravel root (Eupatorium purpureum) is a wild flower. 

+ Marshmallow root (Althea officinalis) is mucilaginous and 
kills pain, 

+ Fresh parsley can be bought at a grocery store. Parsley 
flakes and dried parsley herb do not work. 

* Goldenrod herb works as well as the tincture but you may 
get an allergic reaction from smelling the herb. If you know 
you are allergic to this, leave this one out of your recipe 

+ Ginger from the grocery store works fine; you may put it 
into capsules for yourself (size 0, 1 or 00). 


There are probably dozens of herbs that can dissolve kidney 
ind stones. If you can only find several of those in the 
recipe, make the recipe anyway; it will just take longer to get 
results. Remember that vitamin B, and magnesium, taken daily, 
can prevent oxalate stones from forming. But only if you stop 
drinking tea. Tea has 15.6 mg oxalic acid per cup”. A tall glass 
of iced tea could give you over 20 mg oxalic acid. Switch to herb 
teas, Cocoa and chocolate, also, have too much oxalic acid to be 
used as beverages. 

Remember, too, that phosphate crystals are made when you 
eat too much phosphate. Phosphate levels are high in meats, 
breads, cereals, pastas, and carbonated drinks. Eat less of these, 
and increase your milk (2%), fruits and vegetables. Drink at least 
2 pints of water a day. 


5” Taken from Food Values 14ed by Pennington and Church 1985. 
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Cleanse your kidneys at least twice a year. 


You can dissolve all your kidney stones in 3 weeks, but make 
new ones in 3 days if you are drinking tea and cocoa and 
phosphated beverages. None of the beverage recipes in this 
chapter are conducive to stone formation, 


Liver Herbs 


Don't confuse these liver herbs with the next recipe for the 
Liver Cleanse. This recipe contains herbs traditionally used to 
help the liver function, while the Liver Cleanse gets gallstones 
out. 


6 parts comfrey root, Symphytum officinale (also called nipbone root) 
6 parts tanner’s oak bark, Quercus alba (white oak bark) 

3 parts gravel root, Eupatorium purpureum (queen of the meadow) 
3 parts Jacob's staff, Verbascum thapsus (mullein herb) 

2 parts licorice root, Glycyrrhiza glabra 

2 parts wild yam root, Dioscorea villosa 

2 parts milk thistle herb, Silybum marianum 

3 parts walnut bark, Juglans nigra, (black walnut bark) 

3 parts marshmallow root, Althea officinalis (white mallow) 

1 part lobelia plant, Lobelia inflata (bladder pod) 

1 part skulleap, Scutellaria lateritlora (helmet flower) 


Mix all the herbs. Add Yecup of the mixture to 2 quarts of 
water. Bring to a boil. Put lid on. Let sit for six hours. Strain and 
drink 1¥scups per day. Put the strained herbs in the freezer and 
use them one more time. 


Liver Cleanse 


Cleansing the liver of gallstones dramatically improves di- 
gestion, which is the basis of your whole health. You can expect 
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your allergies to disappear, too, more with each cleanse you do! 
Incredibly, it also eliminates shoulder, upper arm, and upper 
back pain. You have more energy and increased sense of well 
being. 


Cleaning the liver bile ducts is the most powerful procedure 
that you can do to improve your body's health. 

But it should not be done before the parasite program, and for 
best results should follow the kidney cleanse and any dental 
work you need. 


Itis the job of the liver to make bile, 1 to Iquarts ina day! 
The liver is full of tubes (biliary tubing) that deliver the bile to 
one large tube (the common bile duct). The gallbladder is 
attached to the common bile duct and acts as a storage reservoir. 
Eating fat or protein triggers the gallbladder to squeeze itself 
empty after about twenty minutes, and the stored bile finishes its 
trip down the common bile duct to the intestine. 

For many persons, including children, the biliary ubing is 
choked with gallstones. Some develop allergies or hives but 
some have no symptoms. When the gallbladder is scanned or X- 
rayed nothing is seen. Typically, they are not in the gallbladder. 
Not only that, most are too small and not calcified, a prerequisite 
for visibility on X-ray. There are over half a dozen varieties of 
gallstones, most of which have cholesterol crystals in them. They 
can be black, red, white, green or tan colored. The green ones get 
their color from being coated with bile. Notice in the picture how 
many have imbedded unidentified objects. Are they fluke 
remains? Notice how many are shaped like corks with 
longitudinal grooves below the tops. We can visualize the 
blocked bile ducts from such shapes. Other stones are compos- 
ies-made of many smaller ones-showing that they regrouped in 
some time after the last cleanse. 
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1.6 Wire Connectors and Headers 10 


Figure 1.10: Colour Coded Crimp Connectors 


Figure 1.11: Crimp connector without shrink wrap, [1] 


1.6.2 DB Connectors (Solder Cup Type) 


1 
2 


4: 


. Slide the shrink wrap over the j 


Strip off about Smm of the wire insulation. 
Tin the wire, 
Slide shrink wrap on the wire, 


Place the wire into the DB - connector solder end. 


. Apply the soldering iron tip to the connector and wire. 


Apply a few millimetres of solder until the joint is adequately covered. 


Let the joint enol. 


int and heat the shrink wrap with 
a heat gun (or other heat source) until the wrap shrinks around the 


1.6.3. Joining Two Wires 


Slide shrink wrap on one of the wires. 


‘Tin or coat each wire with some solder. 


. Join the wires in a way that provides a good mechanical connection 


(such as twisting together) and apply the soldering iron tip and some 
solder. 
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At the very center of each stone is found a clump of bacteria, 
according to scientists, suggesting a dead bit of parasite might 
have started the stone forming. 

‘As the stones grow and become more numerous the back 
pressure on the liver causes it to make less bile. Imagine the 
situation if your garden hose had marbles in it. Much less water 
would flow, which in turn would decrease the ability of the hose 
to squirt out the marbles. With gallstones, much less cholesterol 
les 


Fig. 89 These are gallstones. 


Gallstones, being porous, can pick up all the bacteria, cyst 
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way “nests” of infection are formed, forever supplying the body 
with fresh bacteria, No stomach infection such as ulcers or in- 
testinal bloating can be cured permanently without removing 
these gallstones from the liver. 


Cleanse your liver twice a year. 


Preparation. 

+ You can't clean a liver with living parasites in it. You 
won't get many stones, and you will feel quite sick. Zap 
daily the week before, or get through the first three weeks 
of the parasite killing program before attempting a liver 

. If you are on the maintenance parasite program, 
you are always ready to do the cleanse. 

+ Completing the kidney cleanse before cleansing the liver is 
also highly recommended. You want your kidneys, bladder 
and urinary tract in top working condition so they can 
efficiently remove any undesirable substances incidentally 
absorbed from the intestine as the bile is being excreted. 

+ Do any dental work first, if possible. Your mouth should be 
metal free and bacteria free (cavitations are cleaned). A 
toxic mouth can put a heavy load on the liver, burdening it 
immediately after cleansing. Eliminate that problem first 
for best results. 


Ingredients 

Epsom sats ‘tablespoons 

Olive oil half cup (ight olive oils easier to get 
down) 

Fresh pink grapefruit T large or 2 small, enough to squeeze 
2183 to 3/4 cup juice 
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‘Omithine 40 8, to be sure you can sleep. 
Don't skip this or you may have the 
‘worst night of your lite! 

Large plastic straw: To help drink potion. 

Pint jar with Fd 


Choose a day like Saturday for the cleanse, 
able to rest the next day. 

Take no medicines, vitamins or pills that you can do without; 
they could prevent success. Stop the parasite program and kidney 
herbs, too, the day before. 

Eat a no-fat breakfast and lunch such as cooked cereal with 
fruit, fruit juice, bread and preserves or honey (no butter or 
milk), baked potato or other vegetables with salt only. This al- 
lows the bile to build up and develop pressure in the liver. 
Higher pressure pushes out more stones. 

2:00 PM. Do not eat or drink after 2 o'clock. If you break this 
rule you could feel quite ill later. 

Get your Epsom salts ready. Mix 4 ths. in 3 cups water and 
pour this into a jar. This makes four servings, ¥4cup each. Set the 
jar in the refrigerator to get ice cold (this is for convenience and 
taste only). 

6:00 PM. Drink one serving (%cup) of the ice cold Epsom 
salts. If you did not prepare this ahead of time, mix 1 ths. in Yécup 
water now. You may add 1/8 tsp. vitamin C powder to improve 
the taste. You may also drink a few mouthfuls of water 
afterwards or rinse your mouth, 

Get the olive oil and grapefruit out to warm up. 

8:00 PM. Repeat by drinking another “cup of Epsom salts. 

You haven't eaten since two o'clock, but you won't feel hun- 
gry. Get your bedtime chores done. The timing is critical for 
success; don't be more than 10 minutes early or late. 

9:45 PM. Pour Yacup (measured) olive oil into the pint jar. 
Squeeze the grapefruit by hand into the measuring cup. Remove 
pulp with fork, You should have at least Yscup, more (up to % 


ince you will be 


556 


RECIPES 


cup) is best. You may top it up with lemonade. Add this to the 
olive oil. Close the jar tightly with the lid and shake hard until 
watery (only fresh grapefruit juice does this). 

Now visit the bathroom one or more times, even if it makes 
you late for your ten o'clock drink. Don't be more than 15 minutes, 
iate. 

10:00 PM. Drink the potion you have mixed. Take 4 omi- 
thine capsules with the ips to make sure you will sleep 
through the night. Take 8 if you already suffer from insomnia. 
Drinking through a large plastic straw helps it go down easier. 
You may use ketchup, cinnamon, or brown sugar to chase it down 
between sips. Take it to your bedside if you want, but drink it 
standing up. Get it down within 5 minutes (fifteen minutes for 
very elderly or weak persons). 

Lie down immediately. You might fail to get stones out if 
you don't. The sooner you lie down the mote stones you will get 
‘out. Be ready for bed ahead of time. Don't clean up the kitchen, 
As soon as the drink is down walk to your bed and lie down flat 
‘on your back with your head up high on the pillow. Try to think 
about what is happening in the liver. Try to keep perfectly still 
for at least 20 minutes, You may feel a train of stones traveling 
along the bile ducts like marbles. There is no pain because the 
bile duct valves are open (thank you Epsom salts!). Go to sleep, 
‘you may fail to get stones out if you don't 

Next morning. Upon awakening take your third dose of Ep- 
som salts. If you have indigestion or nausea wait until it is gone 
before drinking the Epsom salts, You may go back to bed. Don't 
take this potion before 6:00 am, 

2 Hours Later. Take your fourth (the last) dose of Epsom 
salts. Drink ¥cup of the mixture. You may go back to bed. 

After 2 More Hours you may eat. Start with fruit juice. Half 
an hour later eat fruit, One hour later you may eat regular food 
but keep it light. By supper you should feel recovered. 
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How well did you do? Expect diarrhea in the moming. Use a 
flashlight to look for gallstones in the toilet with the bowel 
movement. Look for the green kind since this is proof that they 
are genuine gallstones, not food residue. Only bile from the liver 
is pea green. The bowel movement sinks but gallstones float 
because of the cholesterol inside. Count them all roughly, 
whether tan or green, You will need to total 2000 stones before 
the liver is clean enough to rid you of allergies or bursitis or up- 
per back pains permanently. The first cleanse may rid you of 
them for a few days, but as the stones from the rear travel for- 
ward, they give you the same symptoms again. You may repeat 
cleanses at two week intervals. Never cleanse when you are ill. 

Sometimes the bile ducts are full of cholesterol crystals that 
did not form into round stones. They appear as a “chaff” floating 
on top of the toilet bow! water. It may be tan colored, harboring 
millions of tiny white crystals. Cleansing this chaff is just as 
important as purging stones. 

How safe is the liver cleanse? It is very safe. My opinion i 
based on over 500 cases, including many persons in their sev- 
enties and eighties. None went to the hospital; none even re- 
ported pain, However it can make you feel quite ill for one or 
two days afterwards, although in every one of these cases the 
maintenance parasite program had been neglected. This is why 
the instructions direct you to complete the parasite and kidney 
rinse programs first. 


CONGRATULATIONS 


You have taken out your gallstones without surgery! I like to 
think I have perfected this recipe, but I certainly can not take 
credit for its origin. It was invented hundreds, if not thousands, of 
years ago, THANK YOU, HERBALISTS! 
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This procedure contradicts many modern medical view- 
points, Gallstones are thought to be formed in the gallbladder, not 
the liver. They are thought to be few, not thousands. They are not 
linked to pains other than gallbladder attacks. It is easy to 
understand why this is thought: by the time you have acute pain 
attacks, some stones are in the gallbladder, are big enough and 
sufficiently calcified to see on X-ray, and have caused in- 
flammation there. When the gallbladder is removed the acute 
attacks are gone, but the bursitis and other pains and digestive 
problems remain. 

The truth is self-evident. People who have had their gall- 
bladder surgically removed still get plenty of green, bile-coated 
stones, and anyone who cares to dissect their stones can see that 
the concentric circles and crystals of cholesterol match textbook 
pictures of “gallstones” exactly. 


Lugol’s Iodine Solution 


It is too dangerous to buy a commercially prepared solution. 
certain to be polluted with propyl alcohol or wood alcohol 
Make it yourself or ask your pharmacist to make it up for you 
‘The recipe to make 1 liter (quart) 


44 gm (11% ounces) iodine, granular 
‘88 gm (3 ounces) potassium iodide, granular 


Dissolve the potassium iodide in about a pint of the water. 
‘Then add the iodine crystals and fill to the liter mark with water. 
It takes about 1 day to dissolve completely. Shake it from time to 
time. Keep out of sight and reach of children. Do not use if 
allergic to iodine. Be careful to avoid bottled water for prepar: 
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Vitamin D Drops 


1 gram cholecalciferol (see Sources) 
10 cups olive oil 


Mix in a non-metal container. It may take a day of standing to 


dissolve fully. Refrigerate. Ten drops contain 40,000 iu. Use 
within a year. 
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Living creatures emit a range of frequencies, also called 
bandwidth. As they age, the bandwidth shrinks. When they die 
sometimes all that is left is a single frequency. 

Most of the organisms listed below are dead on commer- 

ially available and prepared slides (see Sources for biologic: 
supply companies). However they still exhibit a 5 KHz band- 
width, probably due to testing with a frequency generator that 
was only accurate to 100 Hz, and also due to using more voltage 
than necessary (like when a powerful radio station comes in al 
‘own frequencies and ones nearby, too). Some testing was done 
with a more accurate frequency generator at a lower power level 
so some bandwidths are reported much more narrowly. 

If the same person retests the same specimens with the same 
equipment within a few days, the results will be absolutely 
identical (within 1 Hz) 90% of the time. Why a few of the results 
will not be identical is not known. However different people, 
and even the same person at different times of the year, can 
shift by as much as 3 KHz 


‘Some specimens have more than one range listed; this may be 
characteristic of the organism or may be due to having an 
undocumented organism on the same microscope slide. 

Blank locations represent organisms for whom there are 
prepared slides available, but whose bandwidth has not been 
determined. 
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Bandwidth Of Organism Families 


In general, the smaller the organism the lower the frequent 
and narrower the bandwidth. This chart shows the major families 
studied and where they fall in the spectrum. 


Frequency (KHz) 
o 200 © 400 «= 600001000 


Slime Molds 


Molds, 
Mycotoxins 


Bacteria, Viruses 


Protozoa, Round 
worm, Flatwm 


Warts 


Mites 


Fig. 90 Chart of bandwidths for organism families 


Mold, Mold Toxin Frequencies 


Oia aS a Ha RR ae 
‘Arcyria [8 

‘Aflatoxin AE Tycogata [125 

‘Cytochalasin 6 77st ‘Stemonitis [211 

Ergot 296 

Griseotulvin 2a 

‘Sorghum syrup 277 

‘Sterigmatocystin 88,96, 738,125 

Zearalenone 100, 
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Bacteria and Viruses 


Including locations where I commonly found them, 


Low Freq]High Freq [Use freq gen for 
(cH) | iitzy [3 min @ 

[Acetobacter acetl 

[Adenovirus cea Ee 

[Adenovirus (2nd ranga) 37145 [38680 

[Agrobacterium tumefaciens 

[Alcaligenes faecalis 

[Alpha streptococcus mea [sas4 [380.575 

[Azobacter chroococcum: 

Bacillus anthracis HGS [EOS [05 364368 

[causes anthrax in cattle tooth 

Bacillus anthracis 2nd range) Ee EE 

Bacillus anthracis Grd range) 359.4 (3705) 

Bacillus anthracis spores 286.35 [291.45 [308 

Bacillus cereus 3736s [areas [3745 

Bacillus megaterium 

Bacillus slerothermophilus 

Bacillus subtilis spores 

Bacillus subliie var. niger 37S [S871 [0S 3BOSTS 

Bacteria capsules (capsular svaln) [41605 [41875 [417.5 

Bacterial capsules 357.6 [362.4 [360 

Bacteroides fragilisfound wih common [3243 [325.0 ]25 

roundworm Ascaris 

Bacteroides fragilis 2rd range) a ED 

Beta streptococcus (oi) 360-8 [387.4 [385 

Blepharisma 405.65 [40745 [4065 

Bordetella pertussis meas [maz [sat 

whooping cough” (ooth) 

Borellia burgdorferi Lyine disease [97885 [3820 |3a0 

Branhamella (Neisseria) catarrhalis [3948 [396.7 _]96 

(has hole at 398) 

Brucella aborlus 

[Cabbage Black ROT 

[Campylobacter fetus smear 3a __[a7o8 [368 

[Campylobacter pyloridie 352.0__[a57.2 [355 

[Candida albicans (pure powder) a a 

[common yeast 

[Caulobacter vibrioides 

[Central spores (bacillus smear) 37S | S7E6S [376 

[Chlamydia trachomatis 379.7 [383.95 [381 

[Clostridium acetobutylicum e286 [991.15 [309-387 

[Clostridium botulinum (oath) 3610/6485 [362 

[causes food poisoning 
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1.7 Testing Connections i 


Figure 1.12: DB Connector with shrink wrap, [7] 


4. Let the joint cool. 


5. Slide shrink wrap over the joint and heat the shrink wrap with a 
heating gun or a heat source until it the the wrap shrinks around the 


joint. 


Figure 1.13: Two wire joint insulated by shrink wrap, [4] 


1.7 Testing Connections 


After completely soldering a component to a PCB, it is good practice to 
enstire connectivity between the component wire leads and the PCB pads 
they are soldered to. A DMM (Digital Multi-Meter) is sufficient to deter- 
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[Clostridium perfringens 


[Clostridium perfringens spores Fe ES 
[Clostridium septicum 36205 [265.6 [364 
[Clostridium sporogenss 

[Clostridium tetani (\ooih) causes tranus 

[Corynebacterium diphtheriae (oom) [310 244 Bae 
[causes diphtheria 

[Corynebacterium pseudodiphthericum 

[Corynebacterium xerosis Ties [see [S160 
[Coxsackie virus 8-1 3608 366.1 [364 
found with Bacteroides traglis 

[Coxsackie virus 8-4 Teas [RET [6S 
found with Bacteroides traglis 

[Coxsackie virus B-4 2nd range) eS (564 

[Crthidia fasciculata 

[Cytomegalovirus (CHV) antigen wes [aos [ae 
[Cytophaga rubra 428.1 [492.2 [400 
Diplococous aiphih 35735 [264.0 _[36t 
Diplococcus pneumoniae 351.65 [26845 [965.360 
Eikanella corrodens 379.8 [aaa [302 
Enterobacter aerogenes intestinal 37 *(a74 74 
pacterum 

Epstein Barre virus (EBV) 372s [aaaas [300.375 
Erwinia amylovora 3472 [352.1 [350 
Erwinia carotovora 368.1 [a77.0__[a73 
Escherichia coll (E. cal 5/358 356555 
intestinal bacterium 

Escherichia coli (E-col) @rd range) [352 [355 

[Gattkya tetragena aes [3528 [350 
causes respiratory infections 

[Gardnerella vaginalis, Eco a a 
ovarian and genta act infection 

Haemophilus influenzae Rea [meat [sae 
bacterial meningitis, infects joints 

Hepatitis 8 antigen ass [eas [ae 
Herpes simplex 1 2125 [e905 [2025455 
Herpes simplex 1 (2nd range] 345.35 [345.75 

Herpes simplex 2 (resh emear) 3539 [262.9 [360.355 
Herpes Zoster shingies 4166 [202 [ata 
Histomonas moleagridis (iver) 37655 [a7e7 [377 
Histoplasma capsulatum 296.3 [20485 [302 
HIV 365 [365 35 
influenza A and 6 (Wu shot) 3132 [seas [300.515 
Tron Bacterium Sphaerotlus 

Klebsiella pneumoniae causos aes [a0KS [ATT ATS 
Klebsiella pneumoniae Grdrangs) [aes [aie 
Lactobacillus acidophilus tooth) 3605 [35165 [9S 
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Leptospira Interrogans sprochote WSO |e 
Cumpy Jaw 
Measles antigen ws [a7ao [374 
Micrococcus luteus 
Micrococcus roseus: 
Mumps antigen Ws [peas [aE 
Mycobacterium para TE 
Mycobacterium phiel aes [aos [TOT 
Mycobacterium smegmatis 
Mycobacterium tuberculosis (infec | @3055 [442 Aa 
nodule) causes tuberculosis 
Mycoplasma EEN EZEEZ 
Mycoplasma (ange) 3275 [349.3 
Noisseria gonorrhea causes govormiea [333.85 [336.5 [S94 
Neisseria sicea 
Nocardia asteroides Teas [SS (EB. 08 
found in Parkinson's Disease 
Nocardia asteroldes (2nd range] 37 [a7 
Propionobacterium acnes 363,75 [289.0 [387 
us mirabilis 2058 [26.0 [2245 
us mirabilis 2nd range) 345.95 [352.1 
us vulgaris urinary act pathogen [408.75 [41645 [47333608 
us vulgaris (2d range) 333.75 [538.15 
us vulgaris (rd range) 3o72 [3095 
Pseudomonas aeruginosa His [as |S 
found in open wounds. 
Pseudomonas fluorescens 
Respiratory syncytial virus, Tess [aS [580 
Rhizobium leguminosarum 
[Salmonelia enteriditis iniesinal nection] 329 [25 ay 
[Saimonelia paratyphi 36505 [370-1 [368-385 
[Salmonella typhimurium 3e2.3 28685 [355.208,300 
food poisoning, nervousness. apathy 
[Serratia marcescens miss [a51 [557 
[Shigella dysenteriae ivestnal problems [390.089 |390.089 [390 088 
[Shigella flexneri depression 3e4__ (394 398 
[Shigella sonnel invades tumors ae [ae 38 
[Sphaerotilus natans 3864 [20308 [391 
reas [sae [560 
[Spirilum sinuosurt 
Spirllum volutans 
[Spores in bacteria spore stain 
[Staphylococcus aureus (cultura) a7ea7 [sao 
[Staphylococcus aureus (slide) source's [381 [381 7ea81 
tooth infection, causes abscesses, heart 
disease, invades tumors 
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Siapnyiococoas operas 
Streptococcus mits sae Ysera foie 
ig noc, tot fection, abecesss, 
Streptococcus pneumoniae causee [S556 [5702 Tuas 
 Staptovoccus pyogenes (oot —— [605 —[o73 —ar3 
Streptococcus sp group (oot) [2ss.16 —[ssaas [ota 
Sub ternal spares bac. meat ——[as-1s — [00585 
Terminal spores Bacilus smear 
Treponema pallidum causes syphis [oes —[oa7a [oar 
raglodyiols sbrassar S735 [sass — TS 
Troglodvila abrassari Zod range) [416.9 —[aoaz 
Tattonels dpa 30175 — fans 2 — [06 
Vibrio (photobactviun) Hache 
Roundworms, Flatworms, One- 
celled Animals 
Ton righ Fea [TORT se 
Freq [iki |treq. gon for 3 
foray min at those 
frequencies 
 Reanthaneaba cubarsont 
Reanthocophat 
naplasna margin Ea NO 
Anaplasma atginale Badvangoy—|iis3 [tor 
fAncyostoma brazllense(adul se76 [anes — a0 
Anejlostoma cannon eat [oes Hoos 
aneyostona dudansie Hale 
Anguilla ace 
Astaristarvas Tang ors —aoas aor 
cron oundvor of als and dogs 
cars lumbicaldos mand aan 
Asearismagalocephata (male) RS [a0 08 
Babes Bgemina 
Babesia tans Smoar 
Batata col yale teases aes 
Balaniiium sp. rophozoies (rom 
guinea pig) parasite ciate 
Besnolla (ung sect) poaraan se [sees 
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[Gapilaria hepatica (iver sect) aoa [aaoes [a8 
[Chilomastix eysts (rat) [308-85 |380.7 [389-426 
[Chilomastix eysts (rat) 2nd range) lao5.2  |aa7-a 
[Chilomastix mesnill(rophozoites) same 
[Chilomonas, whole mount fasa.75 a0 398 


[Clinostomum metacercaria 


[Clonorehis metacereariae 


[Clonorchis sinensis bao [aoa [aor 
[Clonorchis sinensis e998 

coppincatjar eapas et [soos |aTeO [aT 
Didinium 

Dientamoaba fragilis laoras [a060s [a0 


Dipetalonema perstans (micromaria 
human blood) 


Dirofilaria immitis dog hearworm laoa-15 _|ati.ts [40a 
Echinoporyphium recurvatum js1a.55_|a2a9 [421 
Echinostoma revolutum 1425.5 —_|aza.es [409 
Eimeria stiedae 

Eimeria tenella 

Endamoeba gingivalis wophozolte_[aaa8 [aan [aa 
Endolimax nana wophozoites and cysts [304.25 [997.1 [306.832 
Endolimax nana trophozoites and eysts [420.5 — [499.25 

(2nd range) 

Entamoeba coll cysts 

Entamoeba coll trophozoltea lsero [woos [56 
Entamoeba histolytica tophozole [381.1 __[3a7.8 [385 
Enterobius vermicularis 120.95 [e263 [40a 
Eurytrema pancreaticum 420.35 |420.9 [424 
Euryirema pancreaticum stages 

Fasciola hepatica leona [ara [a5 
Fasciola hepatica corcariae ia23.8 —[aa06 [407 
Fasciola hepatica eggs lao2.0|aa76 [405 
Fasciola hepatica metacorcariae 

Fasciola hepatica miracidia leon 7s azar [aoa 
Fasciola hepatica rediae, 1420.6 —_|a27.5 495) 
Fasciolopsis buskil adult leer. 7 [aa5.3 [aoe 
Fasciolopsis buskll eggs. iao7.95 95.45 [494 
Fasciolopsis buskll eggs unincubated 

Fasclolopsis corcariae laos [aes [a 
Fasciolopsis miracidia lao735_[aas2 [aoe 
Fasclolopsis rediae laor.a aso [402 
Fischoedrius elongata laan.75 aaa [4a 
[Gastrothylax elongatus. asi. [457.1 [485 
[Giardia lamblia (\rophozoTtes) laaie aes [a0 
[Giardia lamblia cysts: 

[Gyrodactylus la7a75_|aet.e [300 
Haemonchus contortus fa86.8 —]a055 [390 
Haemoproteus 
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Hasstle sig. Wicolor (adult aaa [ass [aS 
Heterakis 

Hypodereum conoideum laos [aos [AT 
Tedamoba butschiil trophozoites and 43785 [448.5 [445,402 
leysts 

Todamoaba butschil wophozoltes and [39615 [40875 

leysts (2nd range) 

Leishmania braziionsis 1a00.05 ass [40a 
Leishmania donovani fa98.0 —|402.65 | 400) 
Leishmania mexicana’ 1400.2 —|aoa.e 402, 
Leishmania tropica [aoa [407.4 | 405, 
Leucoeytozoon, fae7.45 402.58 [400 
Loa loa, fa60.557_|960.551 [361 
Macracanthorhynchus aaa. aan [aaa 
Metagonimus Vokogawal iaa7.35|4a.1 [440 
Monocystis agils 

Myxosoma la0a6 areas [aia 
Naegleria fowler fa86.9 —]a6a.35 [362 
Naegleria fowlerl (brain sec) 

Necator americanus (infect larvae) 

Notocotylus quingeseralis 

[Onchocerea volvulus (tumor) woes aaa [aa 
Paragonimus Westermanil adult lear 8 [a5a2_[as2aa7 
Passalurus ambiguus aoa. [aaa [aan 437 
Polomyxa carolinensis 

Plasmodium cynomolgi lars [aoa [aoe 
Plasmodium falciparum sivear la23a—_jaraa [a7 
Plasmodium vivax smear 408.15 |4as.1 [442 
Platynosomum fasiosum adult 

Pheumocystiscarnil (lung) 1a05.75_|a0at8 [207 
Prosthogonimus macrorchis(eggs] [396-85 _|404.75 [407 
[Sarcina lutea 

[Sarcocystis. 1as05s A505 [a2 
[Sehistosoma haematobium lara__—_|a7a 473 
[Schistosoma japonicum e995 

[Schistosoma mansoni ESS ES] 
[Stephanurus dentalus (ova) las738 [aaa [ast 
[Stigeocionium ja0a25 [ats 25 [41207 
[Strongyloides (Wariform larva) [se8.¢ [4020 [400 
[Strongyloides parasitic females 

FToxocara (eggs) 

[Toxoplasma (human strain) [3550 550 [355 
FTrichinella spiralis (muscle) [403.05 [405.57 [4045 
[Trichomonas muris 

Trichomonas vaginalis la7a.0 —_|aen6 [37 
Trichuris sp. (male) [se8.3|408.s [406 
Trypanosoma brucel la232 [aaa [409 
[Trypanosoma eruzi (brain tesue) laeo.2 _[aes.65 [46s 
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[Trypanosoma equiperdum aoa6 aS 25 [AOE 
Trypanosoma gambiense_ fa03.75_|a08.7 [396 
Trypanosoma lewis! (blood smear) |42a.5 4260 [425 
Trypanosoma rhodesiense 423.5 _|a2e.5s5 [406 
Urocieidus jaaza5 #500 ——[aar. 


Wart Frequencies 


(Most of these are from homemade slides.) 


Tow | High] Use freq gen 
Freq__| Freq_| tor3min@ 

Wart BS 402__| 406 —_| 404 

‘Wart CC 426 | 40235 _| 430, 

Wart FR #585 | 404.75 | 462 

Wart HA 4348 | 444.1 | 442497 

Wart HGR 236.9 a40.55 | a6 a7 

‘Wart human papilloma plantar 408.7 | 406.75 | 405, 

‘Wart human papilloma virus 202s [410.7 | 407. 

Wart J 416.75_| 422.4 | 420 

Wart L arm a6 | 315.95_| 344 

‘Wart papilloma cervix smear 404.05 | 404.6 | 4045 


Tapeworms 


Tapeworms are segmented. The first segment is the head, 
called the scolex. Tapeworms grow by adding a new segment to 
their body. 

Tapeworms can have very large bandwidths (range of fre- 
quencies), and it varies by the length of the specimen! It is as 
each new segment has a unique, and slightly lower, frequency. 

Do not use a frequency generator to kill tapeworms. If you 
accidentally kill middle segments instead of working your way 
up from the bottom, you may conceivably promote dispersion! 
Use only a zapper. 
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Low Freq_[Wigh Freq 


[eysticercus fasciolars 36.4 [44005 
Diphyllobothrium erinacel (Wansonl) (ecolex) [407.25 [487.55 
Diphyllobothrium erinacel eggs 

Diphyllobothrium Tatum (ecolex) aes 

Dipylidium caninum (proglotd composite) [430.55 
Dipylidium caninum (seolex) [a51.95 
Echinococcus granulosus: A516 
Echinococcus granulosus (cysts) eat 15 
Echinococcus granulosus (e998) 

Echinococcus multilocularis CS CEES 
Heterophyes heterophyes 

Hymenolepis cysticercoldes: a7 [ABTS 
Hymenolepis diminuta 245. lagi. 75 


Hymenolepis diminuta ova 


Hymenolepis nana eggs. 


Moniezia (scolex) lass 4052 
Moniezia expansa (composite) 30:35 [465.2 
Moniezia expansa eggs. 

Multiceps serialis aaa STS 
Pigeon tapeworm: 

Taenia pisiformis (eysioarcus) lara [aa 
Taenia pisiformis eggs (ova) 65.2 [468-7 
FTaenia saginata (eysticercus) 76.5 [481.05 
FTaenia saginata eggs 

FTaenia solium (cysticercus) on ais 
FTaenia solium (scolex) Ce CCT 


Taenia sollum eggs 


Mite Frequencies 


‘These are the organisms that cold viruses ride in with! 


Te Kz 
‘Demodex folliculorum folie mite —| 682 
Dermatophagoldes dust mite 707 
Meal mite Tie 
‘Omnithonyssus Ord mie a77 876, 
‘Sarcoptes scabel ich 75 
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Miscellaneous Frequencies 


rc 
Biue-greon Alga 256 
Bryozoa eristatalla 26 
Mucor mucedo 288 
Rhizobium mellot! 30 
Rotifer TE 


It's easy to make homemade slides when you or a family 
member is ill. Finding out the frequencies of these illnesses helps 
you identify them (use the Pathogen Frequency Chart) and also 
iets you know if you are chronically getting them back. 


Unidentified pathogens: Tow [High 
Freq_| Froq 
‘Reoid views HAC 395.8 | 305.8 
Fungus EW 362.0 [3649 
Fungus JWE. 397.2 | 400.75 
Tooth decay e435 | 3872 
Tooth decay (N) 367.8 | 375.05 
‘Tooth decay (N) (and range) 32695_[ 331.5 
Tooth decay (N) (Sr range) 2932 [2974 
Tooth plaque | ‘378.8 | 383.05 
Tooth plaque | (ond aga) 294.7 | 208.25 
“Tooth plaque I (3d range) 2a3.1_| 2382 
Tooth plaque i 84.95 | 387.05 
Tooth plaque il Gnd range] 278.75_| 264 
“Tooth plaque I (Sed range) 21218 [218 
Tooth plaque it (4th range) 340.15 [3448 
“Tooth plaque i (Sih range) 305.5 | 310.35 


Toxic Elements 


Although not living, solvents and toxins must exhibit char- 
acteristic frequencies, otherwise how could the Syncrometer 
detect specific ones? This needs further exploration. 

Most of the toxic elements I use are metals, heavy metals and 
lanthanides. But some are not; examples are PCBs and for- 
maldehyde. 
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Some important elements are missing, like iron, zinc and 
manganese. This is because I never could find them present in the 
white blood cells, and I finally gave up searching for them. 

Below is a list of the 70 or so toxic elements I use. Most of 
them were obtained as Atomic Absorption Standard Solutions 
and are, therefore, very pure. This prevents mistakes in ident 
fying a toxin. They were stored in ounce amber glass bottles 
with bakelite caps and permanently sealed with plastic film since 
testing did not require them to be opened (they get close enough 
to the frequency field). The exact concentration and the solubility 
characteristics are not important in this qualitative test. The mai 
sources of these substances in our environment are given beside 
each item, 


TToxle Substance Sources 
‘Aatoxin 6 ‘eer, bread, apple oder vinegar, moldy Tat mule 
‘Aluminum. cookware, deodorant, lolions, soape 
‘Aluminum silicate | salt, waler softener 

‘Antimony Tragrance i fotions, colognes 

“Arsenic pesticide, “Wealed” carpet, walpaper 
‘Asbestos clothes dryer bel, har blower, pal On adios 
Barium Tipstick, bus exhaust 

Benzalkonium Toothpaste 

chloride 

3.4 Bonzopyrene Tame Gooved T0006, 10ast 

‘45 Benzopyrene lame cooked foods, toast 

Beryllium hurricane lamps, gasoline, dentures, Kerosene. 
Bismuth colognes, lotions, antacids 

Boron 

Bromine Bleached “brommated Tour 

‘Cadmiunn galvanized waler pipes, ol tooth ings 
‘Cerium tooth ings 

‘Cesium clear plastic botles used for boverages 
‘Chlorine Trom Chiowox™ bleach 

‘Chromium cosmetics, waler softener 

‘Cobalt detergent, blue and green body products 
‘Copper ‘oath flings. water pipes 

Dysprosium pant and varnish 

Erbium packaging for food, pollutant in ils 

Europium tooth lings 

Europium oxide Tooth lings, catalyie converter 
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Fiberglass, dust from remodeling or balding nsulaton 
Formaldehyde Toam in maliresses and Turnure, paneling 
‘Gadolinium tooth ings 

‘Gallium tooth rings 

‘Germanium with thallium in Tooth ings (palutant) 
Gold Tooth ings 

Hatnium hair spray. nail polish pollutant a pls 
Holmium ‘usually found in presence of PCBs 
Tdium tooth ings 

iridium Tooth mings 

Lanthanum ‘computer and printing supplies 

Lead solder jin in water pes 

Tithium iting suppies 

Lutetiuny paint and varish 

Mercury tooth ings 

Molybdenum ‘auto supplies 

Neodymium pollutant in pits 

Nickel tooth lings, melal glasses Frames 
‘Niobium olulant in pis fol packaging for 160d 
Palladium tooth filings 

Platinum Tooth ings 

Polychlorinated detergent, hairspray, saves 

biphenyl PCB 

Polyvinyl chloride | glues, bulding supple, leaking cooling eysiam 
acetate (PVC) 

Praseodymiurh polutantn pile 

Radon cracks in basement Gomenl, waler PbS 
Rhenium spray starch. 

Rho Tooth rings 

Rubidium tooth filings 

Futheniur Tooth ings 

‘Samarium tooth lings 

‘Seandium tooth ings 

‘Selenium 

‘Silver Tooth rings 

‘Sodium fluoride Toothpaste 

‘Strontium toothpaste, waler sollaner 

Tantalum Tooth ings 

Tellurium tooth ings | 

erbium pollutant gis 

Thallium acetate pollutant in- mercury tooth Hinge 
Thorium nitrate earth (dust) 

Thullum pollutant in many brands of Viamin © 
Tin Toothpaste 

Titanium oath flings body powder 

Tungsten: electric waler heater, toaster. Fal euler 
Uranium acetate earth (dust 

Vanadium pentoxide | gas leak in home, candles (rot necessary W) 
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1.8 Milled Board Soldering 12 


mine connectivity; many DMMs include an at 
failing this, measure the joint resistance, 


ple connectivity setting, but 


1.8 Milled Board Soldering 


Inlab 
milling technique involves eutting out the PCB tracks and pads from the 
copper-elad board, 

Due to its construction, a 


\anufacture of PCBs uses a technique known as “milling”. The 


illed PCB is susceptible to solder-bridging 
across the milled grooves, particularly when an excess of solder is used. 
nding a short caused by a bridge is a difficult task, particularly when 
solder joints exist. To this end, make a I 
connections and then test for bridges using a multimeter. 


may ed number of solder 


1.9 Post-Soldering Cleanup 


1.9.1 PCB Cleanup 


‘The flux left behind by rosin-core solders, or perhaps as part of the clean- 
ing process, needs to be removed from the PCB. Due to the flux’s sticky 
nature, dirt gathers and contributes to short-cireuiting problems. The most 
frustrating part of this situation i: 
immediately. Weeks, or even years later, a short can develop. 

To remove flux, alcohol is used. Apply the alcohol liberally and then 
brush away with an acid brush, starting at the center of the PCB and 
working out toward the edges. This is a time-consuming task, but a clean 
board is well-worth the effort, 


that a short does not necessaril 


occur 


1.9.2. Work Area Cleanup 


The importance of keeping your work area clean cannot be emphasized 
enongh. When clear of obstructions and garbage, handling a hot solde 
ing iron is safer. The soldering proc 
stances which are known to have ill-effeets in h 
work-area surfaces with a moist paper towel will help red 
ination, When you are done soldering, wash your hands with soap and 
water to get rid of contamination. The primary concern here is accidental 
ingestion of the eh 
Operating Procedures, posted in the lab’s soldering area. 


ss itself involves chemicals and sub- 
the 
‘ome conta 


als. For more information, please refer to the Safe 
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Yiterbium polutant in pile 
Yetrium pollutant in-pile 
Zirconium deodorant, toothpaste 


Solvents 


This is a list of all the solvents I use together with the main 
source of them in our environment. These are chemicals, very 
pure, obtained from chemical supply companies, unless other- 
wise stated. Those marked with an asterisk (*) were the subject 
of a recent book The Neurotoxicity of Solvents by Peter Arlien- 
Soburg, 1992, CRC Pre: 


‘Solvent Toure 

Tri, Trichiore ethane” | Tavored foods 

ice} 

2,5-Hexane dione” Tevored 0d 

2 Butanone™ Tevored foods 

{methyl ethyl ketone) 

‘2 Hexanone™ Tavored Tod 

(rmothy butyl ketone) 

‘2 Methyl propanol 

2 Propanol (prop alcohol) _| see the propyl alcohol ist 

‘Reatone store-Dought drinking water, CoTd Coreals, pat 
food, animal feed 

“Reatonylacetone Tevored foods 

(2.5 hexanediono) 

‘Benzene See the bonzone lat (page 354) 

Butyl nite 

‘Carbon tetrachloride ‘lore bought inking water, cold careals, pat 
food, animal feeds 

Decane: health food cookies and cereals 

Denatured aleohor ‘obtained rom pharmacy 

Diehioromethane™ sore-bought orange juice, herb tea blends 

{methylene chloride) 

“Gasoline regular leaded | oblaipod al gasoline salon 

‘Grain aleohol 95% effyl alcohol oblained at Tquor Sore 

Hexanes™ decaffeinated beverages. 

isophorone Tevored foods 

Kerosene oblained at gasoline Slaton 

Methanol (wood alcohol) | colas,ariicial sweeteners. infant formula 

Mineral oll Totions 
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Mineral spirits Gbiained from paint sire 
Paradichlorobenzene maihballe 

Pentane decaffeinalod baverages. 

Petroleum ether in some gasoines 

‘Styrene™ styrofoam dishes 

Toluene™ store: ought drinking Water, COW Corea 
Trichloroethylene™ Tevored fos 

(TCEthyiene) 

Xylene" lore bought danking water, cold coreals 
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Pathogen Frequency Chart 


Use this 


art if you know the frequency and wonder what the 


pathogen might be. 
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al 
nh 
SERRRER ERS 


CEEREREEREEE 


scar, =v, y= yas = paaste one caled animale). = taper 
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sme mo, m= mol, b= bctria, v= ius, y= eae p= paras one-calldsnial) = apeworm, 
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agen toe 

cerra au a tt 
omc Saat Sa i 

Focumte Sat eat fn 

Fosupecrae Sauk at he 

Cuoco Beak a 

Sliema pate Seat dae be 
Somes te fad 
Foveaucegas a fea ‘ 
(Sceycangan ee 

Sheena at See f 
wom Se oe ‘ 
Seances Sak Se i i 
Sotcmgue Seat Sue 

Sanna eek a Mt 
cette ae dee fe 


me mo, m= mol, b = Batra, v= ius y= eae p= paras on-call ania) = apewom, 
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+ lime mold m= mol, b= Batra. v= ves, y= BOE 9 = pra [anal arial) = tapeworm 
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Sources 


This list was accurate as this book went to press. Only the 
vitamin sources listed were found to be pollution-free, and onl 
the herb sources listed were found to be potent, although there 
may be other good sources that have not been tested. The author 
has no financial interest in, influence on, or other connection with 
any company listed, except for having family members in the Self 
Health Resource Center. 


Note to readers outside the United States of 
America: 


Sources listed are typically companies within the United 
States because they are the ones I am most familiar with. You 
may be tempted to try a more convenient manufacturer in your 
‘own country and hope for the best. I must advise against this! In 
my experience, an uninformed manufacturer most likely has a 
polluted product! Your health is worth the extra effort to obtain 
the products that make you well. One bad product can keep you 
from reaching that goal. This chapter will be updated as I be- 
come aware of acceptable sources outside the United States. Best 
of all is to learn to test products yourself, 


Tem ‘Source 


‘Amber bottles, Ye ounce | Drug store, Continental Glass & Plastic, 
Inc. (large quantities) 


‘Apricot Kemel Oi Now Foods 
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‘Arginine 


Now Foods, Jomar Labs’ 


‘Artemesia (wormwood) 
seed 


RH. Shumway 


Baking Soda (sodium 
bicarbonate) 


‘Spectrum Chemical Co. 


Beet root 


‘San Francisco Herb & Natural Food Co. 


Belts for clothes dryer 


Three that tested negative to asbestos 
are: Maytag™ 3-12959 Poly-V belt, 
Whirlpool™ FSP 341241 Belt-Drum Dr. 
(replaces 660996), and Bando™ V-Belt 
‘A-65. Bando American makes other belts, 
some of which might be the right size for 
your dryer. Call for a dealer near you, 
make sure it says "Made In Americ 
right on the belt 


Black chery concentrate 


Health food store 


Black Walnut Hull Tincture 


‘Self Health Resource Center, New Action 
Products 


Borax, pure 


Grocery store 


Boric acid, pure 


Now Foods, health food store, pharma 


Cascara sagrada 


Natures Way, health food store 


Chemicals for testing, 


‘Aldrich Chemical Co., Spectrum 
Chemical Co., ICN Biomedicals, Inc. 
(research chemicals only, including 
genistein), Boehringer Mannheim 
Biochemicals (research only) 


Cholecalciferol ‘Spectrum Chemical Go. 

Citric acid Now Foods or health food store 

Cloves ‘San Francisco Herb & Natural Food Co. 
(ASK for fresh) 

Comstarch Lady Lee is the only unpolluted brand 


found so far 


Dental information 


Tooth Truth, by Frank J. Jerome, 
available from New Centuty Press. 


EDTA 


‘Spectrum Chemical Co. 


Electronic parts 


‘A Radio Shack near you. 


Empty gelatin capsules 
size 00 


Now Foods, or your health food store 
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Filters, pure charcoal 


Pure Water Products (pitchers), Seagull 
Distribution Co. (faucet, shower, whole 
house) 


Flaxseed oll 


‘Omega Nutrition USA, Inc. 


Fucus 


‘San Francisco Herb & Natural Food Co. 


Ginger capsules 


Now Foods 


Goldenrod tincture 


Dragon River Herbals, Blessed Herbs 


Grain alcohol Liquor store, as vodka, Everciear™ 
Gravel root (herb) ‘San Francisco Herb & Natural Food Co. 
Histidine '500 mg from Jomar Labs 


Homeopathic remedies 


Dolisos America, Inc., and others 


Hydrangea (herb) 


‘San Francisco Herb & Natural Food Co. 


Hydrogen peroxide 35% 
(ood grade) 


New Horizons Trust 


lodine, pure ‘Spectrum Chemical Go. 

Lugol's iodine For siide staining (not internal use) from 
‘Spectrum Chemical Co., and farm animal 
supply store. For intemal use must be 
made from scratch. 

Tysine Bronson Pharmaceuticals 


Magnesium oxide 


Bronson Pharmaceuticals 


Marshmallow root (herb) 


‘San Francisco Herb & Natural Food Co. 


Microscope slides and 
‘equipment 


Carolina Biological Supply Company, 
Ward's Natural Science, Inc., Southern 
Biological Supply Company, Fisher-EMD 


Microscopes 


Carolina Biological Supply Company, 
Ward's Natural Science, Inc., Edmund 
Scientific Co. 


Mik Thistle Hert companies. 

Mullein tea ‘San Francisco Herb & Natural Food Co. 

Niacin 100 mg or 250 mg time release, Bronson 
Pharmaceuticals 

Omithine Now Foods, Jomar Labs 


Ortho-phospho-tyrosine 


‘Aldrich Chemical Co. 


Ozonator 


‘Superior Health Products, LLC 


P24 antigen sample 


Bachem Fine Chemicals Inc. 


PABA (para amino 
benzoic acid) 


Bronson Pharmaceuticals 


Pantothenic acid 


Bronson Pharmaceuticals 
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Desoldering Technique 


Desoldering may be required for several reasons: 
‘* a component may have failed 
¢ a wrong part was installed; 
* design modification necessitates a change; or 


« if'a board contains expensive components that ¢ 


be salvaged. 


Whatever the reason, there are three common techniques to remove sol 
der from a joint: using a desoldering pun is wick, or desolder- 
ing iron. 

Regardless of the method 
during removal, then a lot of t 
using wire cutters to trim off all the pins of a through-hole IC so th 
be removed individually makes the removal process much easier. In most 
cases, avoiding damage to the PCB is of paramo 


if it is permissible to destroy the part 
ne and effort can be saved. Fo 


tance, 


2.1 Solder Pump/Sucker 


A desoldering pump is exactly what it sounds like: a pump that sucks up sol- 
der, Usually the pump is spring-loaded and provides a recoil when released 
‘The four steps below outline how to desolder a joint using a desolde 
pump. 


1. Prime the desoldering pump. This involves depressing the desoldering 
pump spring, The pump will click when correctly depressed. 
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Peroxy 


‘See Hydrogen peroxide. 


Photo-micrographic 
‘camera and film 


Ward's Natural Science, Inc. 


Potassium bicarbonate 


‘Spectrum Chemical Co., or pharmacy 


Potassium chloride 


Now Foods, Spectrum Chemical Co. 


Potassium iodide, pure: 


‘Spectrum Chemical Co. 


Rascal 


Kroeger Herb Products, New Action 
Products (as Raz-Caps) 


Sait (sodium chloride), 
pure 


‘Spectrum Chemical Co., get USP grade 


‘Sodium alginate 


‘Spectrum Chemical Co. or health food 
store 


Stevia powder 


Now Foods 


Tea 


‘San Francisco Herbs, buy in bulk, any 
single herb variety. 


Thalium, homeopathic 


Dolisos America, Inc. 


Thioctic acid (also called 
lipoic acid) 


Maypro Industries 


Uva Ursi 


Natures Way or health food store 


Vanilla extract 


Durkee’s™ or Mexican brands 


Vegetable glycerin 


Now Foods or health food store 


Vitamin B Complex. 


Bronson Pharmaceuticals 


Vitamin Be ("iboflavin) 


Nutrition Headquarters (250 mg), or 
Bronson Pharmaceuticals (100 mg) 


Vitamin Be 


Bronson Pharmaceuticals, EDOM Labs 


Vitamin Bs lozenges 


Bronson Pharmaceuticals 


Vitamin C (ascorbic acid) 


‘Self Health Resource Center 


Vitamin D 50,000iu 


From dentist, by prescription, or see 


Recipes. 
Vitamin E capsules Bronson Pharmaceuticals 
Vitamin E Oil Now Foods 


‘Washing soda (sodium 
carbonate) 


Grocery store 


Water filter pitchers 


Pure Water Products 


‘Wormwood capsules 


‘Self Health Resource Center, Kroeger 
Herb Products, New Action Products 


Zine 


Bronson Pharmaceuticals 


Zinc oxide 


‘Spectrum Chemical Co. 
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Aldrich Chemical Co. 
P.O. Box 355 
Milwaukee, WI 53201 
(414) 273-3850 


Bachem Fine Chemicals Inc. 
3132 Kashiwa St 

Torrance, CA 90505 

(810) 539-4171 


Bando American Inc. 
1149 West Bryn Mawr 
Htasca, IL 60143 
(800) 829-6612 
(630) 773-6600 


Blessed Herbs 
109 Barre Plaines Rd. 
‘Oakham, MA 01068 
(608) 882-3839 


Boehringer Mannheim 
Biochemicals 

‘9115 Hague Rad. 

P.O. Box 50414 
Indianapolis, IN 46250 
(800) 262-1640 

(317) 849-9350 


Bronson Pharmaceuticals 
Div. of Jones Medical Industry 
1945 Craig Road 

P.O. Box 46903, 

St. Louis, MO 63146-6903 
(800) 235-3200 retail 

(800) 525-8466 wholesale 


Carolina Biological Supply Co. 
2700 York Rd. 

Burlington, NC 27215 

(800) 334-5551 

(919) 584-0381 


Continental Glass & Plastic, Inc. 
841 West Cermak Ra. 

Chicago, IL 60608-4582 

(312) 666-2050 


Dolisos America, Inc. 
3014 Rigel Ave 
Las Vegas, NV 89102 
(800) 365-4767 
(702) 871-7153 


Dragon River Herbals 
PO Box 74 

Ojo Caliente, NM 87549 
(800) 813-2118 

(605) 583-2118 


Edmund Scientific Co. 
101 E. Gloucester Pike 
Barrington, NJ 08007 
(856) 573-6250 


EDOM Labs, Ine. 
860 Grand Boulevard 
P.O. Box 780 

Deer Park, NY 11729 
(616) 586-2266 

(800) 723-3366 


Fisher Scientific EMD 
485 S. Frontage Rd, 
Burr Ridge, IL 60521 
(800) 955-1177 
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ICN Pharmaceuticals, Inc. New Action Products (CANADA) 
Biomedical Division PO Box 141 
3300 Hyland Ave. Grimsby, Ont. L8M4G5 Canada 
Costa Mesa, CA 92626 (800) 541-3799 
(714) 545-0113 (716) 873-3738 
(800) 854-0530 
New Century Press 
Jomar Labs 1055 Bay Bivd., Suite C 
251-B East Hacienda Avenue Chula Vista, CA 91911 
Campbell, CA 95008 (800) 519-2465 
(800) 538-4545 (619) 476-7400 
(409) 374-5920 
New Horizons Trust 
Kroeger Herb Products 53166 St. Rt. 681 
(wholesale) Reedsville, OH 45772 
‘805 Walnut St. (800) 755-6360 
Boulder, CO 80302 (614) 378-6366 
(800) 225-8787 
(803) 443-0261 Now Foods 
(for retail cal:) 395 Glen Ellen Road 
Hanna's Herb Shop Glen Ellen, IL 60108 
5684 Valmont Ra. (630) 545-9098 
Boulder, CO 80301 
(800) 206-6722 (Omega Nutrition USA, Inc. 
6515 Aldrich Rd. 
Maypro Industries Bellingham, WA 98226 
2700 Westchester Ave. (800) 661-3529 
Purchase, NY 10577 
(914) 251-0701 Superior Health Products, LLC 
13549 Ventura Bivd 
Nature's Way Sherman Oaks, CA 91423 
10 Mountain Springs Pkwy (800) 700-1543 
Springville, UT 84663 (818) 986-9456 
(800) 962-8873 
(801) 489-1500 Pure Water Products 
10332 Parkview Ave. 
New Action Products (USA) Westminster, CA 92683 
P.O. Box 540 (800) 478-7987 
Orchard Park, NY 14127 
(800) 455-6459 
(716) 662-8000 
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R. H. Shumway 
P.O. Box 1 
Graniteville, SC 29829 
(803) 663-9771 


San Francisco Herb & Natural 
Food Co. 

1010 46th St. 

Emeryville, CA 94608 

(800) 227-2830 wholesale 
(610) 601-0700 retail 


Seagull Distribution Co. 
3372 Baltimore St. 

San Diego, CA 92117 
(858) 483-0264 


Self Health Resource Center 
1055 Bay Blvd., Suite A 
Chula Vista, CA 91911 
(800) 873-1663 

(619) 409-9500 (USA) 
(780) 475-2403 (Canada) 


Southern Biological Supply 
Company 

P.O. Box 368 

MoKenzie, TN 38201 

(800) 748-8735 

(901) 352-3337 


Spectrum Chemical Co. 
14422 South San Pedro Street 
Gardena, CA 90248 

(800) 772-8786 

(810) 516-8000 
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Ward's Natural Science, Inc. 
5100 West Henrietta Road 
Rochester, NY 14586 

(716) 359-2502 

(800) 962-2660 


Finale 


Thope you have come to the same happy conclusion that I did 
a few years ago! That we humans don't have hundreds of different 
maladies and disturbances. We only have two! Things that 
crawl or climb into us. And toxins: unnatural chemicals that we 
unknowingly inhale or consume. 

The living things are both large and small: from worms we 
can see, to microscopic bacteria, viruses and fungi. The non 
living things are pollutants in our air, food, dental metal and body 
products. Taking in a lot of pollutants hampers the body's ability 
to kill and get rid of the invaders. And so, gradually, as we get 
older or sicker, the body's invaders get the upper hand and take 
over. Don't be discouraged if you have lupus, cerebral palsy, 
ithosis, or any complex-sounding disease. Every san 
example of the same process. 

The good news is that our body can reclaim its sovereignty 
by throwing the rascals out. We must assist by throwing the 
pollutants out. Fortunately, we don’t have to do the whole job 
ourselves, we only need to assist. Our body has miraculous 
powers to clean itself up. 

By reducing chronic disease to two problems, it becomes 
manageable. Ill health, even aging, can be reversed. Health 
comes back and rewards you. 

With the new electronic insights and technology, our parasit 
invaders can be vanquished with the closing of a switch. 
Preventing reinfection is the bigger challenge. Similarly, pollut- 
ants can be uncovered in as short a time as days, short enough to 
turn any sick, even terminal, sufferer’s verdict around before 
tragedy occurs. 

The tragedies of surgery, organ replacements, radiation, 
chemotherapies, doses of drugs, even death can be avoided. Re- 
versing illness and turning into a shining example of your for- 
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mer healthy self could be the most exciting adventure of your life. 

Killing your invaders is an easy matter: you simply purcha: 
or build the device that can do that and take the proper herbs. 
Cleaning up dentalware is under your control, too—a finan 
expense not beyond your reach, hopefully. Trading your body 
products for unpolluted varieties is a job but not insurmountable. 
Cleaning your environment may be the stumbling block. If you 
can’t unpollute your air, water, carpets, furniture, move. Move to 
a healthier dwelling! Get rid of it all. Like a cat that moves her 
kittens to a safer place, just move. 

The healthiest house is no house. If you have been quite ill, 
move far enough south to avoid heating and cooling. Sit outside 
in the shade all day. Use your new wisdom and sharp eye to 
choose a new dwelling as free of pollutants as you can, No re- 
frigerator indoors. No window air conditioner. No fiberglass 
insulation. No fossil fuels. No attached garage. No carpets or 
stuffed furniture, no foam bedding, no fresh paint, no pesticide, 
Go primitive. Health is primitive. You were born primitive— 
with health. Even if you weren't, you can undo much of the 
“inherited” damage. 

Don't listen to the new doomsayers, who persuade you 
nothing can be done unless a gene is replaced. Your genes have 
been reliable for millions of years. Genes are the most reliable 
of all biological chemicals in your body. They are not faulty. 
They are hampered in their tasks. They are commandeered by 
metals and other species’ genes. Those of parasites, bacteria, and 
viruses. They wouldn't be there if pollutants weren't there. They 
allow invaders into the most jealously guarded recess of your 
being: your genes. But now you can throw the rascals out and 
reclaim your territory. It is not new genes that you need. You 
simply need your own genes back on the job, directed by your 
‘own body, working for you. 
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‘abdominal pain, 8, 203, 268, 299 

abscess, 54, 79, 135, 183, 158, 159, 
163, 164, 216, 231, 510 

‘Acanthocephala, 138, 274, 566 

‘calc acd, 296 

‘acetone, 122, 162, 208, 220 

acotycholine, 21, 238) 

‘acidophilus, 21, 100, 564, 576 

‘acne, 167, 192, 199, 194 

‘acupuncture, 51, 465 

‘Adenovirus, 13, 176,178, 199, 357, 
358, 359, 960, 361, 363, 368, $63, 
877 

‘adrenal gland, 60,118, 114, 143, 210, 
212, 27, 281,291, 973 

aflatoxin, 38,177, 180, 186, 25,261 
280, 248, 349, 281, 382, 383, 384, 
386, 390, 392, 4221 491, 493, 494, 
519 

AIDS, 11, 35, 36, 90, 19, 126, 131, 
149, 252, 351, 352, 353, 356, 968, 
372, 385, 442, 443, 458, 499, 500 

ai conditioner, 40, 284, 313, 929, 246, 
403, 446, 590, 

al titer, 197, 284 

albuminuria, 417 

‘alcoholism, 227, 228, 229, 290, 386 

‘akkaline phosphatase, 80,217 

akaline ide, 87 

allorgy, 85, 102, 105, 107, 111, 126, 
135, 138, 140, 168, 168, 175, 190, 
191, 216, 222, 208, 204,225, 226, 
242, 246, 258, 286, 495, 553, 558 

‘aluminum, 37, 112, 197, 141, 171, 180, 
181, 187, 189, 212, 244, 247,268, 
271, 274, 205, 310, 311, 314, 415, 
421; 428, 424, 430, 491, 433, 434, 
485, 436, 438, 439, 450, 461, 473, 
484, 485, 486, 487, 514, 521,525, 
526, 529, 542 

‘aluminum silicate, 37, 198, 141, 212, 
an 

alveolar cavitational esteopathosi, 410 
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‘Alzheimer's, 83, 218, 250, 252, 269, 
270, 272, 372, 495, 526 

‘amalgam, 37, 65,71, 107, 115, 157, 
180, 409, 410, 413, 414, 416, 417, 
418, 475, 485 

amalgam tatoo, 410 

‘Ametiean Dental Association (ADAY, 
37, 408, 414, 416 

amino acid, 85, 232, 244 

‘ammonia, 125, 243, 244, 220, 306 

‘amoeba, 108, 274 

‘Ancylostoma, 256, 257, 262, 966, 578 

‘anemia, 76, 162, 278, 285, 286 

anesthesia, 90, 

angina, 176, 417 

‘animal dander, 104, 195 

‘animal food, 125, 347, 574 

ankle sweling, 68 

‘ant repollent, 540 

antibiotic, 134, 141, 170, 181, 248, 548 

antimony, 105, 112, 123, 128, 140, 
187, 435 

antiseptic, 98, 344, 399, 436, 449, 

‘aorta, 478 

appendilis, 101, 268 

‘appendix, 87, 101, 128 

appetite, 134, 240, 268, 275, 288, 202, 
‘200, 306, 276, 279, 288, 417 

‘apple cider vinegar, 277, 348, 423, 499, 
572 

apricot kernel ol, 834, 535, 537 

arginine, 120, 197, 210, 212, 425 

arm, 49,51, 118, 153, 184, 254,255, 
262, 321, 481, 482, 488, 531,363, 
576 

armpit, 9, 143, 144, 193, 531, $92 

arsenic, 4, 40, 68, 96, 100, 103, 110, 
132, 137, 198, 141, 160, 160, 162, 
188, 171, 185, 186, 187, 193, 206, 
236, 242,259, 268, 271, 282.313, 
314, 961, 403, 448 

artraigia, 417 

artis, 81, 78, 80,81, 82,83, 84, 85, 
86, 117, 197, 146, 151, 155, 214, 
268, 419 

aria! sweetener, 173, 176, 177, 252, 
202, 520, 574 


asbestos, 4,88, 80,81, 91, 100, 103, 
108, 110, 133, 197, 138, 142,143, 
145, 148, 150, 167, 168, 170,207, 
209,210, 214, 281, 271, 282.314, 
‘316, 336, 337, 49, 447, 448, 474, 


a2 


‘Ascaris, 10, 32, 43, 76,78, 78, 80, 82, 


86, 103, 104,105, 107. 111, 122, 


127, 134, 195, 126, 197, 


140, 141, 142, 162, 166, 
179, 186, 187, 182, 193, 
212,218, 227, 280, 281, 


235, 236, 242, 256, 257, 


264, 266, 267, 268, 274, 
283, 298,343, 871, 372, 


566, 578 


ascorbic acid, 516, 534, 535, 637, 584 
‘aspirin, 168, 170, 214, 264 


138, 138, 
167. 176, 
194 196, 
233,234, 
259,260, 
285,288, 
2375, 404, 


asthma, 43, 44, 105, 107, 135, 136, 


137, 498, 199, 140, 20, 
athlete's foot, 247, 248 


‘Atomic Absorption Standard, 484, 572 


‘atrophy, 384, 418 
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‘Atypical Lateral Sclerosis, 47, 


‘autism, 263, 264, 266, 


‘auto exhaust, 222, 279, 282, 316 


B 


back pain, low, 68, 81,96, 
‘back pain, upper, 81, 86, 151, 553, 588 


123, 131 


Bacteroides traglis, 135, 230, 231, 


266, 372, 563, 576 


baking powder, 269, 490, 485 
baking soda, 57, $8, 269, 431, 438, 


515, 516, 627, 532, 539 
baldness, 126, 190 


bandwidth, 7,8, 10, 16, 18, $06, 508, 


509, 561, 562 


barium, 75, 123, 199, 143, 187,207, 
1415, 435,436, 474, 476 


bath ol, 247, 438 


boot, 147, 368, 429, 424, 47 
oer, 194, 327, 348, 378,980, 986, 


499, 572 
beet root, 539, 540 


Dbonzalkonium. 137, 138, 170, 180, 


187, 244, 290, 435, 439 


bbonzoie acid, 55, 84, 583 
bbonzopyrene, 304, 431 


borylium, 78, 124, 138, 142, 148, 187, 
186, 170, 187, 192, 204, 227, 228, 
229, 236, 407 

beta blocker, 289, 319 

BHA, 232, 239, 265, 517, 520 

BHT, 282, 233, 265, 517, 529 

bilo, 47, 48, 80, 88, 91, $8, 100, 129, 
130, 131, 132, 180, 181, 152, 153, 
191, 223, 224, 266, 267,298, 300, 
477, 553, 584, 585, 586, 557, 558, 
550 

bile duct, 47,48, 98, 129, 130, 131, 
150, 151, 152, 188, 181, 223, 224, 
299, 300, 477, 559, 557, 558 

bioradiation, 12,13 

beth control pil, 111, 116 

bicth defect, 111, 418 

bismuth, 105, 166, 185, 208, 242, 271, 
425, 474 

black cherry concentrate, 549 

Black Walnut Hull Tincture, 21, 101, 
102, 228, 295, 398, 338, 341, 242, 
344, 345, 947, 389, 543, 544,545, 
547, 582 

bladder, 85, 60, 101, 108, 12, 124, 
129, 130, 145, 166, 190, 196, 198, 
293, 321, 550, 552, 555, 559 

bleach, 40, 150,246, 256, 258, 260, 
284,314, 397, 437, 444, 449, 526, 
520, 540, 572 

bloeding, 95.96, 110, 112, 196, 248, 
286, 536 

bleeding gum, 95, 

bloating, 108, 118, 128, 254, 266, 299, 
443, 546, 555, 

blood pressure, 19, 49,75, 82, 95,115, 
148, 148, 210, 211, 212,218, 273, 
275, 280, 281, 282, 289, 311, 321, 
377, 388, 417, 515 

blood sugar, 173, 178, 176, 177, 178, 
182, 187, 275, 305, 208 

blood test, 5, 77,80, 82, 106, 107, 
114, 138, 145, 178, 178, 213, 235, 
245,319) 

blood vessel, 68,70, 154, 163, 279, 
280, 281, 282, 218, 221 

body lotion, 170 

‘bone cancer, 196 

bone infection, 6, 78, 315, 410 

bone marrow, 78, 181, 285, 351, 269, 
“77 

bone spur, 88 

Borolia, 170, 863, 577, 


boric acid, 13, 403, 449, 540, 541, 
542 

boron, 215, 

bowel, 20,21, 32, 4, 6, 84,77, 82, 
83, 97, 98, 101, 102, 103, 104,108, 
108, 128, 129, 152, 163, 166, 163, 
197, 202, 219, 223, 224, 238, 254, 
256, 267,270, 298, 301, 331, 338, 
364, 388, 989, 425, 443, 494, 510, 
520, 546,547, 548, 558 

bowel disease, 102, 389, 443 

‘bowel movement, 21, 34,35, 77, 82, 
83, 88, 101, 106, 128, 129, 197, 202, 
204, 238, 256, 267, 301, 331, 434, 
520, 558 

Bowel Program, 88, 101, 102, 127, 
128, 164, 202, 297, 238, 254,257, 
262,270,298, 318, 328, 346, 964, 
444, 546, 549, 

braces, 418, 476 

breast, 142, 143, 144, 145, 146, 295, 
382, 236, 337, 342, 376, 384, 420, 
495, 476, 491 

breast cancer, 149, 145, 992, 284, 420 

‘breast mik, 295, 242, 376 

breastbone, 107, 131, 149 

bromine, 238, 258, 271 

bronchiestasi, 198 

bronchitis, 78, 140, 141, 198, 217 

bbuming, 186, 253, 254, 369, 534 

burping, 285, 550 

bursitis, 51, 181, 152, $58, 559 

butyl nite, 162 


Cc 


cachexia, 240, 

cadmium, 87, 47, 68, 70, 74, 75, 78, 
96, 107, 112, 146, 175, 185, 192, 
210,211,218, 267, 268, 268, 314, 
415, 418, 426, 449, 450, 466, 484 

caffeine, 67, 68,75, 83, 117, 137, 145, 
185, 210, 212, 213, 255, 259, 364, 
276, 290, 17, 977, 425 

calcium, 87, 63, 64, 65, 66, 67. 74, 80, 
81, 83, 87, 88, 83, 94,86, 106, 128, 
158, 212, 215, 216, 217, 231, 255, 
276, 277, 287, 299, 305, 361, 399, 
421,517, 521 

calcium propionate, 961 

call cramp, 68 


Campylobacter, 68, 76, 110, 114, 170, 
298, 562, 576, 577 

‘Candida, 20, 185, 186, 189, 228,246, 
247, 248, 492, 569, 577 

candidiasis, 176, 246, 

candy, 181, 218, 219, 313, 354 

carbon dioxide, 138, 242, 267, 278, 
282 

carbon fiter, 258, 270, 283, 314,405, 
426 

‘carbon monoside, 267, 282 

‘carbon tetrachloride, 6, 103, 104, 116, 
122, 127, 187, 148, 162, 186,260, 
440 

carbonic anhydrase, 286 

carcinogen, 40,44, 374, 403, 423, 

cardiomyopathy, 147 

cardiovascular, 417 

carpet cleaning tid, 429 

Cascara sagrada, 98, 164, 298, 301, 
547, 582 

cat Iver fuko, 116, 268 

cavitation, 117, 141, 156, 281.410, 533 

cayenne, 85, 58, 84, 180, 181, 920, 
398 

corcaria, 4, 111, 117, 122, 495 

Cerebellum, 111, 206, 208, 484 

cerebral palsy, 588 

cerebrum, 111, 208, 208, 271, 274, 484 

cerium, 145, 162, 187 

cervix, 112, 113 

cesium, 104, 187, 258, 260, 449 

cheese sauce, 308, 434, 524 

chelation, 213, 271, 272, 288, 288, 202 

chemotherapy, 437 

chest, 81,74, 78, 148, 148, 150, 151, 
467, 17, 178, 192, 254 

chest pain, 51, 148, 149, 151,167, 
177.176, 288 

chewing gum, 95, 218 

chicken, 84, 98, 126, 139, 147, 176, 
179, 233, 238, 265, 266, 268,274, 
347, 353, 371, 894, 423, 424, 431, 
477, 492 

chicken pox, 176, 179, 353, 371, 482 

chiropractic, 86, 91, 92, 156 

‘Chlamycia, 110, 114, 563, 577 

Chloride, 37,70, 72, 138, 162, 208, 
221, 269,311, 373, 390, 428, 428, 
‘440, 478,476, 497, 516, 873,574, 
5a 
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Heat the joint from one side with the soldering iron tip. Wait 1-2 
seconds until the solder begins to melt from the soldering iron heat. 


3. Put the pump tip on the other side of the joint. Don’t be afraid to 
actually touch the joint, 


Figure 2.1: Desoldering with a Solder Pump, [5] 


4. Press the desoldering pump spring-release button to suck up the solder. 


This procedure should be repeated if the joint has a significant amount 
of solder. If done correctly the joint should eventually look as shown in 
Fig. 


shown below. 


2.2 Desoldering Braid/Wick 


A desoldering braid removes solder from a joint using a technique known 
as “wicking”. Desolder braid is a piece of material that sponges up molt 
solder by capillary action that draws solder away from the joint the braid 
‘The following procedure outlines the basic steps involved in desoldering a 
joint using desoldering braid. 


Chlorine, 187, 150, 238, 246, 257, 258, com, 66, 81, 106, 144, 218, 282, 202, 


260,271, 282, 283, 288, 314, 437, 08, 306, 307, 308, 351, 355, 256, 
‘449, 526, 830, 540 361; 378, 985, 384, 420, 434, 460, 
Chlorofuorocarbons (CFCs), 143, 313, 476, 492, §32, 537, 539 
446 comstarch, 181, 247, 249, 284, 954, 
choke, 7,11, 486 374, 831, 832, 534, 537, 540 
cholesterol, 109, 122, 129, 130, 224 corpus luteum, 118, 124 
374, 421, 432, 434, 440, 53, 554, cortisone, 52, $9, 138, 246 
558,559) cosmetics, 87, 143, 144, 208, 326, 
tvomium, 37, 176, 178, 184, 302, 378, 385, 437, 476, 572 
377, 418, 431, 435, 496 cottage cheese, 80, 201, 254, 432, 
Conic fatigue syndrome, 111, 186 485, 510, 511 
cigarette, 336, Coxsackie virus, 1,2, 135, 187, 166, 
cinnamon tea, 121 283, 371, 864, 576, 877 
‘culation, 55, 58, 63, 156, 160, 182, cramp, 68, 111, 249, 253 
273, 220 craw space vents, 127. 181 
cirmhosis, 382, 589 Crohn's disease, 33, 104, 106 
ive acid, 403, 515, $16, 521, 528, Grotch ite, 247, 
520, 836, 542, croup, 135, 140, 
Clostridium, 76, 206, 315, 63, 564, crown, 411, 413, 414 
877 Gryptocoty, 74 
clothes dryer belt, 99, 142, 232, 914, cullery, 126, 127, 378, 430, 433 
47, 474, 572 cyst, 82, 38, 34, 39, 74, 90.91, 92, 
clotting, 19,258, 920 112, 145, 170, 171, 188, 188, 198, 
cobalt, 4,96, 112, 128, 141, 147, 162, 200, 255 
489, 194, 314, 399, 474, 526 cysteine, 74, 94, 96, 108 
coffee, 61, 81, 82,89, 174, 210,268, eysticercus, 197, 198, 198, 200, 987, 
274, 275, 278, 308, 327, 335, 377, 358, 494 
‘381, 388,425, 427, 428, 491, 596 cystine, 68, 94 
cold coreal 108, 111, 162, 178, 28, ‘Cytochalasin B, 387, 562, 576 
252, 235, 376, 386, 387, 392, 420, Cytomegalovirus (CMV), 147, 179, 184, 
518,574,575 ‘564, 578 
cold sore, 178, 180 
colitis, 105, 108, 107, 167, 425, D 
cologne, 144, 242 
Colon, 78, 87. 131, 164, 397, 957, 961, 


docatfinated, 108, 210, 268, 395, 428, 
974,575, 

decane, 122, 162, 188, 440, 
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1. Place the desoldering braid over the joint. 


2. Press the desoldering braid onto the joint with the soldering iron tip. 
This will apply heat to the desoldering braid and the joint allowing 
the molten solder to flow. 


3. Wait for the solder to melt, The solder should flow onto the braid and 
away from the joint. 


Figure 2.3: Desoldering with a Solder Wick, [§] 


id. There 
removed: 


4. Cnt off the solder coated portion of the desoldering br 
should be no copper visible in the portion that i 
braid is very expensive. 


2.3 Desoldering Iron 


Using a desolder available with higher-end soldering stations, is sim- 


tially a solderi 


ilar to using a solder sucker. The desoldering iron is ess 


iron with a built-in vacuum, 


1. Make contact between the iron and the joint to be desoldered, ensuring 
the vacuum opening is not blocked, 


2. Once the solder on the joint has become molten, depress the button 
on the iron to activate the vacuum. 


It is very important for the life of the desoldering iron that the vacuum, 
ry session of use, Please ask the lab personnel 
for a description of the cleaning procedure, 

al soldering iron, the desoldering iron tip should be tinned 


before and after every use. 


assembly be cleaned after e 
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With an audio oscillator circuit and a trained ea, you 
‘way that no one has done before-electonically 


Leads To New 


In every case ofthe “mysterious” disease diabetes, you find the no-so-mysterious parasite 
Eurytrema, and te fatty consmon pollutant wood alcohol. Every case! And never in healthy 
people! Similarly in cancer, HIV, Alzheimer's, endometriosis, to name a few, you can find 
sgecific parasites and/or pollutants at work 


And New Cures... 


‘You don’t need dangerous, expensive prescription drugs to get rid of the causes of your 
illness. Once you know what you are fighting you ean pick herbal, electronic, or avoidance 
rethedls, Except forthe cost of dental work, you ean get well For under $100! 


And New Hope... 


Follow the advice inthis book preventvely, and never worry about your health again! Get 
your whole family well and keep thera well Stat teday! 


n deteet parasites and pollutants in a 


coveries... 
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to find the answers. Hulda Regehr Clark hegan ber sties in 
biology atthe University of Saskatchewan, Canada, where she 
was awarded the Bachelor of Arts, Magna Cum Laude, and 
the Master of Arts, with High Honors. Afier two years of 
study at MeGill Univesity, she atended the University of 
Minnesota, studying biophysics and cell physiology. She 
received her Doctorate degree in physiology i 1988. fn 1979 
she left government funded research and began private 
‘onsuling os a fll ime bass. Six yeas later she discovered 
r an electonie technique for scanning the human body. Today 
she puts her methods, results and conclusions before you. 

Wi Read and recover. 
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| would like to dedicate this book to the families 
of children on the spectrum the world over. 


May all of our children 
find the healing that they need. 


~ Kerri 


This book is dedicated to my Dominick. 
I love you forever; thank you for being our angel. 


~Kim 
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2.4 Removing Components Effectively 


‘To remove a component with little or no damage to the PCB or component 
takes practice and patience. Often when removing a component, PCB pads 
and tracks may be damaged by “lifting” off the board. Below are some tips 
that may be useful when removing components from a PCB. 


‘* Desolder all joints pertaining to a component prior to removal. It may 
be necessary to go over the joints several times before all the solder is 
» patience 


removed. Practi 


* Use pliers and gently pull on components while applying heat to the 


end can help with this. 


joints. The assistance of a f 


d tracks will be 


* Do not pull with force, because the PCB pads 
damaged. 


‘* Do not try and remove components by prying them. 


‘* Do not try to push the component out of the holes with the soldering 
tip. This will certainly lift the copper pad off of the PCB and ruin the 
iron tip. 


* In order to get better thermal conductivity between the iron and the 
solder joint, it is sometimes effective to add a small amount of solder 


One of our fans currently working towards recovery 
thanks to the protocol, 
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‘About the Author 


Foreword 


Ax not the one described by Kanner in 1943, but the one that we see 
today diagnosed in I of 50 kids is a combination of immune disorders 
that need to be treated biomedically. There is a lot that we still need to 
understand about why and how these immune dysfunctions affect our kids’ 
development, causing near complete impairment of their social interaction 
and communication. 


There is a long, hard road ahead to fully comprehend the integrated 
system that comprises “autism,” but our kids cannot wait. It takes more 
than just medical, professional, or even scientific interests working hard 
day and night to find a suitable and effective solution to help our kids. 
It takes drive, passion, and guts to do the right thing; to hear and read the 
overwhelming stories of parents from all over the world and not turn our 
backs, but help. It takes an eternal and extreme will to help, even when your 
own child is on the spectrum. 


Kerri’s protocols have been indispensible to the full recovery of many of 
the kids in our Curando el Autismo (CEA) Foundation. These protocols 
represent a readily available and effective solution to alleviate most of the 
pathogenic insults to the immune system. Years from now, when “autism” 
diagnoses do not exist, when we find ourselves fully knowledgeable about the 
now mysterious immune-brain-behavior connection, | will remember Kerri 
not only asa friend but as one of the first courageous leaders that dared to 
change the path for our ill kids. She goes against all odds, sharing knowledge, 
experience and simply making it happen. 


~ Lorna B. Ortiz, PhD. 
President of Curando el Autismo, CEA 


“Based on parent reports, the prevalence of 
diagnosed ASD in 2011-2012 was estimated to 
be 2.00% for children aged 6-17. This prevalence 
estimate (1 in 50) is significantly higher than the 
estimate (1.16%, or 1 in 86) for children in that age 
group in 2007." 
National Heath Stanscs Reports 


Number 65, Po. 2 - March 20, 2013 
woru.cde.gavinchs/data/nhsrinhsr086 pal 


Preface 
by Kimberly MeDaniel 


Darkness cannot drive out darkness; only light can do that. 
Hate cannot drive out hate; only love can do that. 
~ Martin Luther King, Jr. 


Welcome to the Second Edition of Healing the Symptoms Known as Autism! 
We are absolutely thrilled to share with you the latest protocol updates and 
everything else that has happened since May, 2013. 


You may be thinking: Why a second edition so soon? Our first edition gave 
us the structure to explain the protocol, and a foundation to build on, This 
book has already helped many families around the world, and in fact some 
parents read it and recovered their children without even contacting us until 
afterwards! Keep in mind that when it was released in May, 2013 it was 
absolutely up to the minute, but as We mentioned, this protocol will continue 
to evolve until we have something that is consistently recovering people on 
the spectrum of all ages. As of January 2014, we again are sharing the latest 
updates, as well as a whole lot more information that we hope will be as 
interesting and beneficial to you as it was to us. 


Here are some of the exciting new additions: 


+ Olive Kaiser of www.GlutenSyndrome.net has written a section on 
gluten and its role in molecular mimicry and autoimmunity. Since 
many of you are not new to the autism community, a gluten free diet 
for your children is nothing new. However, you may be interested 
to find out just how damaging gluten can be for folks who are off the 
spectrum as well. 


+ Scott McRae has contributed a chapter on CDH (Chlorine Dioxide 
Holding [Solution]). A new method of preparing chlorine dioxide 
that many families are now using with success. This gives us an even 
wider variety of preparations available to accommodate the needs 
of our families. 


The Kalcker Parasite Protocol chapter now has some beautiful 
charts that spell out the timing of all the components for the 18 
days a month that a child will be on the parasite protocol. Thanks to 
Dan Bender, lot of the confusion surrounding how to make it all fit 
will be cleared up. You will also find years of lunar calendars to make 
it easy to see when the protocol is active. You won't have to check 
Google again to see when the full or new moon is coming. 


The “Worm Whisperer” Robin Goffe shares with us part of her 
journey towards healing for her 19-year-old son. Her advice is for 
the Extreme Cases—Self Injurious behavior, aggression, violence, 
etc. If you are the parent of an older child on the spectrum, or a 
child who displays these behaviors, or you know someone who is 
living with a child like this, you owe it to yourself to read Robin's 
suggestions. They are full of hope and wisdom. 


The one and only Marco Ruggiero, lead researcher on GcMAF, (Gc 
Macrophage Activating Factor—an immune system supplement) has 
written an entire chapter on GeMAF and its applications for autism. 
A must read 


Last but not least, a whole new crop of testimonials that will make 
you cry. If after reading this book you still have doubts about 
giving this protocol a chance, | highly recommend you revisit these 
testimonials. If | had to pick one part of the book that was absolute 
favorite, this would be it. It may be because | collect a lot of them, 
and usually have a little correspondence with the families to get their 
permission, and genuinely get to feel their excitement, their sense 
‘of accomplishment when they see their child start to heal, and not 
to mention their endless gratitude for being able heal their own 
children, 


| pray that all of these testimonials find their way to the people 
who need them and as a result children stop suffering because their 
parents see them reflected in those words and understand that if 
other children can heal, their children can as well 


To me, there is nothing more real than hearing from someone that 
thas walked a mile in your shoes. There is nothing more inspiring that 
to hear someone say,"I know it’s possible, because I did it, | lived it, 
and | am here to tell you about 


Preface xi 
The families that courageously walked this path and then took the 
time to share their stories are pioneers and heroes to their own 
families and to our entire community and beyond. They are blazing 
a trail for others to follow and countless lives will benefit from their 
diligence, fortitude and dedication. The stories of healing come from 
all over the world... from children and adults of all ages. We hope 
that they move you as much as they moved us. We are eternally 
grateful for the service these families have provided to humanity and 
thankful that they were generous enough to take the time out of 
their lives to pay it forward and share. 


+ The book now as an extensive index making it much easier to use 
asa reference. 


As of this printing, families are healing their children with autism using this 
protocol in over 58 countries! Our Facebook groups have over 3,500 
members in many of these countries. CD officially knows no borders. It is 
absolutely thrilling to us that people are coming together with the common 
goal of healing their children themselves, and to help others do the same! It 
fills our hearts with joy to be a part of this and to be able to see and feel the 
love that is shared every single day. 


The development of this protocol has been a growing grass roots effort, in 
sharp contrast to how modern medicine usually works, The reason for this 
is clear: Modern medicine has not really helped to heal autism and may very 
well be part of its cause. While we don't have any double blind studies to rest 
on, we do have a slew of anecdotal evidence, which may not mean much to 
those in the arena of modern medicine or modern science, that doesn’t make 
it any less real. Time and time again, our results—children dropping ATEC 
points—are being duplicated by families all over the world. For a family who 
is using this protocol, there is absolutely nothing more real than watching 
their child come back to them. Ask any autism parent what they would rather 
have... long-term double-blind study published in a peer reviewed journal... 
or a healthy child. My money's on the latter. 


As exciting as itis to be a part of this, and as wonderful as itis to hear about 
gains and read uplifting testimonials, we know there are still families working 
to heal children that are very sick, and our groups share the highs as well as 
the lows. Kerri will tell you that some months are better than others and the 
gains ebb and flow. | urge you to read and reread the testimonials. These are 
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real stories of real healing and if you haven't already | invite you to believe that 
your child can be one of the success stories in those testimonial pages. 


All of our families are proving what many were told was impossible: Children 
with the symptoms known as autism can heal! This grass roots movement 
is creating a paradigm shift in the way the world views healing from autism. 
The second edition of this book will be translated into at least 13 languages 
including Spanish, Portuguese, French, Flemish, German, Czech, Norwegian, 
Arabic, Polish, Italian, Hungarian, Bulgarian and Serbian. This is exciting. This is 
real. And, this is a living protocol. Every family that uses it every single day is 
helping to shape the future and heal the children who are affected today, and 
quite possibly prevent children from becoming affected tomorrow. For this 
we are eternally grateful, 


Here's to you and the continued healing of humanity, 


Cov 


Terminology & Units of Measure 


‘Throughout this book we talk about “CD;" which is an abbreviation for chlorine 
dioxide, a well-established oxidizer. Chlorine dioxide is also often referred to 
as MMS, which is the common name given to it by Jim Humble, the man who 
discovered various applications of chlorine dioxide. There are many books, 
videos, blogs and articles using the name,"MMS," which is surrounded by a fair 
amount of controversy. We choose to not get tangled into that debate since 
our focus is on helping our children recover from autism. For us, our only 
concern is that (1) it is safe for our children, and (2) that it works. Based on 
extensive use of CD on thousands of children with autism, we can confidently 
say that both those statements are true. If this were not So, this book would 
not exist. 


Units of Measure 


‘Throughout this book we talk about various measured treatment components 
and containers using fluid volumes and weights. Since this book primarily 
addresses a US audience, we sometimes talk about measures in the US system 
of pounds and fluid ounces; while also using the internationally recognized 
metric system, which is frankly... easier to use. 


‘The common abbreviations of measure you will see throughout this book 
include: 
1 = ter (volume) 
mg = miligram (weight) 
snl = milter (volume) 
b= pound (weight) 
lbs = pounds (weight) 
pm 
fo2. 


parts per milion (concentration) 


fluid ounce (volume) 


‘ot wl oz. = not weight ounce (weight) 


For easily measuring small amounts, syringes (without needles) are a great tool. 
Don't bother going to a chain store pharmacy... they won't sell them to you 
without a prescription. Instead, check your local medical supply store, animal 


Chapter 3 


Glossary 


BOM: Bill of Materials, which contains a list of all components and values 
contained on a particular PCB. Used as a “shopping li 


Desoldering Brai 
tion. 


A material used to remove solder with capillary ac- 


Desoldering Pump: A device used to remove solder with a swift vacunm 
action. 


Flux: Cleans the surfaces that are being heated by bringing contaminants 
to the surface. Most solders include flux in their core, For excessive 


contamination use a flux pen. 


Footprint: The spacing pattern or layout of pads for a particular compo- 
nent or integrated chip, as used on a PCB. 


PCB (Printed Cireuit Board): A fibreglass board upon which copper 
traces are laminated to make connectior components, 
‘The copper traces serve as flat wires connecting various components. 


between variou 


Shrink Wrap: A tube that fits over a wire, that when heated shrinks to 
ulation and support for the joints 


provide 
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supply store, private pharmacy or protocolsupplies.com. Cost: Surprisingly 
dirt cheap. The complete set of five below cost about $1.00 in Mexico—less 
than most candy bars—and not much more in the US. Note: Some brands of 
syringes have printed on scales that easily rub off, especially if your hands are 
a little oily. To prevent from losing the markings, cover the scale with some 
clear tape or clear nail polish. 


When it comes to accurately measuring larger volumes, you can buy a set of 7 
Polypropylene Graduated Cylinders. Of course this is not a requirement. You 
can use common kitchen measuring utensils, but these are more accurate and 
easier to read. If you decide to get them, avoid those with printed on lettering 
(it rubs off). Raised lettering is best, although sometimes a bit difficult to read. 
Typical cost on ebay™ or Amazon® for a set is around $25USD. The sizes 
range from 10ml to 100ml. You can also buy individual cylinder sizes made 
of plastic or glass. 


il 


Acknowledgements 


Gratitude makes sense of our past, 
brings peace for today, 
and creates a vision for tomorrow. 
~ Melody Beattie 


Thank you to my Mother who taught me by example the value of volunteerism 
and to help others who are less fortunate. Thank you for always telling me 
that lam the best and that | could do anything. | believed you :) 


Thank you to my husband of nineteen years for supporting me on this journey. 
‘As challenging as it is, you have always stood by me. You are the love of my life, 
and father of the sweetest boys on the planet. Thank you for giving me the 
strength to be strong enough to do a mammoth job. It would not be possible 
without a pillar of your magnitude. 


Thank you to Alex, the best big brother in the world who supports and enjoys 
what we do as a family and who sees the big picture. | couldn't be prouder 
than lam of you. | am so grateful you chose me as your Mom, and you chose 
to be on this journey with me, the road less traveled. | love you forever! 


Thank you to Patrick for bringing to our family a higher good. You are an 
angel. You have brought light to all who meet and know you. Thank you for 
choosing me to be your mother. You and your brother have taught me more 
about myself and about life than I could have ever dreamed. | am grateful to 
you and I Love You more than words can say. Through me, you have given 
people their lives back. You have forever changed the face of autism. 


Thank you to Linda for giving me my sister and one of my greatest friends. 


Thank you Slimmie for your support, love and dedication, you are my BFF and 
we speak the same languages. Thank you for the support of my projects and 
always having me look prepared, 


Lorna, thank you for supporting me, believing in me, trusting me, being faithful 
to your heart, and for being one of the most honest people | have ever known. 
You are my sister of the heart and I love you very much. 


xvi 


Susan Wiseman, thank you for offering your connection on that day when | 
most needed it. That one act of humility changed the future forever. | will 
never forget what you did for me. 


Norrah Whitney, thank you for pointing me toward the direction of recovery, 
and explaining to me what | needed to do. You are without a doubt my first. 
angel on this journey. 


‘Ana Meckes, thank you for being another much needed angel and teaching me 
how to advocate for my son. | have not stopped ever since. 


Anju, thank you for being my friend, for sharing with me, and for believing in 
me. You are a unique treasure, 


Pina, thank you for helping and supporting me, we will be friends forever. | will 
always remember what you did for me, the clinic, and the kids. 


Kenny, thank you for you excellent books full of sage advice and making 
biomed user friendly. Most of all, hank you for sharing fever therapy with us. 


Carolina, Yamileth y El Jefe... gracias por apoyarme, defenderme y creer en 
mi, Son amigos en todo el sentido de Ia palabra. Estoy orgullosa de ustedes, 
moviendo montafias con el amor que solo una familia puede tener por un 
hijo....y ustedes lo han hecho por un pais. Les quiero mucho. 


Bob Sands, thank you for seeing something special in me, thank you for taking 
me to meet Bernie and Mrs. Rimland. That day changed my life forever. Thank 
you for giving us the best hyperbaric chamber in the world. With that chamber 
we have seen so many miracles. 


Jim, you have brought light to many and hope to all who have had the fortune 
to know the miracle that is CD (Chlorine Dioxide). | am grateful to you every 
day of my life. | have witnessed first-hand the miracle that is autism recovery. 
Thank you for staying the path that has never been easy. But itis as you say, 
“The right thing to do..." | love you. 


Andreas, my dear friend, thank you for your dedication, your research and 
for your willingness to help, You are the science, the reason and the truth 
that is chlorine dioxide, the molecule that has the power to save humanity. 
Thank you to you and Miriam for your unfailing support over the years. Your 
contributions to the world of autism are changing the way the world views 
autism forever. And the lives of so many children are now recovered thanks to 
your contribution to The Protocol, Without you both, these recoveries would 
not have been so abundant. 


Acknowledgements xvi 


Dan Bender, thank you for seeing the big picture and for giving so generously 
of yourself to help us help children with autism. Your selflessness has allowed 
this protocol to reach more families all over the world. Thank you for making 
the second edition of this book a reality, we never would have gotten it off the 
ground without you. 


Thank you Michael Harrah for standing by me and working tirelessly to share 
the information that has had such a positive effect on so many families all over 
the world, Your wisdom and know-how have been invaluable to me in this 
book, our website and forums. You were a friend when | most needed one. | 
am grateful that you are in my life. 


Dr. Bernard Rimland, even though you have left us all too soon, you moved 
mountains while you were here. Thank you for letting me train as a DAN! 
Clinician, and for allowing us to translate the protocol to Spanish. Thank you 
for giving us Infantile Autism in 1964, changing forever the thinking that autism 
was caused by the refrigerator mother. And setting into motion biomedical 
interventions for healing our children I wish we had more like you. | try to 
think “What would Bernie do?” and | usually get the answer. Always helping 
and always available, Humility. You set the standard for humanitarian, 


Thank you to all the families on our forums for blazing a trail for others to 
follow and fighting for the health of your children every single day. You are an 
inspiration. 


To all the Mods; Ginette, Caryn, Joy, Alison, Heidi, Michael, Pam, Katya, 
Carolina, Nilesh, Mirena, Robin, Debbie, Sue, Susan A., Brandi, Don, Clint, 
Maggie, Claire, Amber, Dawn, Naomi, Maryann, Susan R., Stacey, Jessi, Lina, 
Boris and Susanne, Olive, Dana, and Pat, for being the best mods in the 
world, Your help changes lives for the better each and every day. This is 
for you: 


Its in our interest to take care of others. Self-centredness is opposed to 
basic human nature. In our own interest as human beings we need to 
ay attention to our inner values. Sometimes people think compassion is 
only of help to others, while we get no benefit. This is a mistake. When 
you concern yourself with others, you naturally develop a sense of self 
‘confidence. To help others takes courage and inner strength. 

~The Dabi Lama 


Thank you Joy for sharing with Alison that you had heard about CD for autism 
through the seminar that Jim had in the Dominican Republic. That gesture 
opened the gates to the north and from there to everywhere. You are a 
special healer. 


xviii 
Teri and Ed Arranga, thank you for the platform and for helping so many 
families find what they need for their children, and never blinking, even when 
it gets really scary. 


Thank you Doll, for a much-needed distraction from autism when I really need 
it most. BFFs are good at doing that. 


Thank you to the Mansours, for believing in my projects and me. Your support 
made this book and our website possible. 


Thank you to the various proof readers who helped with that fun process, 
including Michael Harrah, Pam Gotcher, Joy Whitcomb, Charlotte Lackney, Don 
Kalland, James Beyor, Cathy Fuss, Jeremy Horne, Ph.D., Luane Beck, Candace, 
Andreas Schreiber, Olive Kaiser, Susan, and Clint Melanchuk. 


Thank you Mads, for your website magic and our beautiful logo. 


Thank you Carolyn Unck for helping get this book into shape and all your 
support and advice 


Thank you Marco and Stefania for thinking out of the box and preserving the 
truth because it works, 


Thank you so much Pam Gotcher for going above and beyond everyday to 
make sure our readers get their books! 


Thank you Scott McRae, Brenda McRae,and Charlotte Lackney for contributing 
the CDH chapter. This new method of preparation has already been beneficial 
to many of our families, and is an exciting new addition to this book. 


The purpose of life is to contribute 
in some way to making things better. 


~ Robert F: Kennedy 


Alex Rivera, Kim McDaniel (Kerri's sister), & Patrick Rivera 


Introduction 


Autism is Avoidable, 
Treatable and Curable 


Your body's ability to heal is greater 
than anyone has permitted you to believe. 
~ Anonymous 


Crresustons on finding this book, and welcome to the world of autism 
recovery. This book comes to life as more and more children with an 
autism diagnosis respond and recover in more than 5B countries around the 
globe. This book gives families a do-it-yourself guide to an Autism Spectrum 
Disorder (ASD) recovery program with answers all in one place. 


I have, on my ASD recovery journey with my son Patrick, personally been 
frustrated with the lack of information and answers leading to lost time and 
money. For example, when I first knew that Patrick was no longer developing 
“normally” (in 2003), | was unable to get a diagnosis. Seven years, dozens of 
interventions and hundreds of thousands of dollars later I was still searching 
for pieces to Patrick's autism puzzle. 


I learned over the years of many people recovering their children using 
various protocols and interventions, and I looked into all of them. Some gave 
us improvements but not recovery (most specifically for Patrick, diet). Some 
gave us nothing. 


My goal with this book is to alleviate that frustration and loss of time and 
money for other parents. 


I became interested in chlorine dioxide (CD) in 2010 but | was unable to find 
any information about using it with autism on the Internet. Since | knew that 
almost every child with autism suffers from similar pathogens (viruses, bacteria, 
candida, and parasites), heavy metal toxicity, inflammation and allergies | 
researched those conditions in combination with chlorine dioxide—removing 
“autism” from my vocabulary. 


| realized with further research that CD would be excellent for curing the 
symptoms collectively known as autism, When Patrick was first diagnosed in 
2004, his Autism Treatment Evaluation Checklist (ATEC) score was 147 and after 
six years of biomed he was at a 63. (The diets made the biggest difference in 
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those initial dropped ATEC points). 2/4 years of CD later he is at a 21. CD 
hhas made all the difference in his life, in my life, and in so many lives around 
the world. 


| brought CD to my Defeat Autism Now! style Clinic in Puerto Vallarta in 2010. 
Today more than 115 children globally have lost their diagnosis of autism 
(meaning an ATEC score of under 10 points). Additionally, thousands of 
children around the globe have dropped points on their ATEC and are moving 
towards recovery, 27 children in less than I year in Venezuela alone lost their 
diagnosis of autism with a combination of diet, CD, and ocean water to the 
surprise of the doctors who diagnosed them in the first place. Many of those 
same doctors are now looking at CD for other patients. 


Itis my dream that every family ofa child with autism be given this information 
so that they can decide for themselves whether they want to give it a try. 


This book is a protocol for all of us. Some of you may be completely new 
to autism recovery; some of you may be a veteran like me and/or parents of 
older children and adults on the spectrum. This protocol works for even the 
classic"“non-responders” and for those who are so close to recovery yet can't 
seem to get through the door. This book is for you. CD helps the body heal 
the symptoms we call “autism” across the board—it is an equal opportunity 
healer. 


| know from experience that an autism diagnosis is devastating on many 
levels. The initial regression of a neurotypically developing baby takes away 
eye contact, speech, and the emotional connection between parent and 
child. Then, when strange new behaviors such as flapping, squealing, rocking, 
spinning or even self-injurious behaviors appear, you know in your deepest 
mommy (or daddy)-gut that your child was not born like this. It seems to take 
forever to get the truth about what happened to your happy, healthy baby. It 
takes even longer and is more confusing when you have to figure out how to 
heal that sick child. Far too many “health” providers in the autism field are 
focused on making money so we can't blindly trust anyone. We must do our 
‘own homework. The journey itself is a lot of trial and error coupled with 
misinformation. 


Many supposed “autism experts” don’t know much about recovery, or the 
effective order of treatments and end up costing our children time and the 


parents money. The less time a child spends chronically ill, the easier and 
faster it is to recover them, Not to mention the child spends less of their 
lifetime suffering the physical, emotional and mental effects of autism. 


| feel that all parents who begin this protocol should expect a full recovery from 
autism because this protocol treats what causes this diagnosis, Our research 
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indicates that every person with a diagnosis of regressive autism has virus, 
bacteria, candida, parasites, heavy metals (biofilm), inflammation and allergies. 
This protocol handles every one of these issues, and that’s why it has been so 
successful. Some recover faster than others, But, every day we are one step 
closer to the end of autism. 


How do you know if the protocol is working and how long does it 
take to see results? 


‘The Autism Treatment Evaluation Checklist (ATEC) is our measure. The 
ATEC is an online survey that evaluates the severity of a child on the spectrum. 
For more information see Appendix 4, page 447. Many families notice changes 
from day one, while others take longer: You will get results when you correctly 
apply the interventions in this book in the proper order and without breaks. 


this book? 


What are the results you can expect from the protocols i 


I would love to say that everyone who follows the protocol will get their child 
down to an ATEC of 10 or less—what we call a recovery—and we have 115 
of those already. The majority of those I'm in contact with report substantially 
significant improvements, even if they have not reached recovery. In the case 
of my son Patrick, he started at 147 in 2004 and has come down to 26. I'm 
optimistic as | continue to search for further answers, and will continue to 
share what I find. 


If you are not getting results and have gone through this book including the 
Frequently Asked Questions (FAQs) and troubleshooting, please contact me 
through the forum at... 


www.cdautism.org 


there are always tweaks we can make to keep moving towards recovery. 


I recommend you read this book straight through in the order that it is 
written as that is the order in which it is to be applied. Jumping around the 
interventions can lose time for your child and waste money for you. Doing 
interventions in the correct order, when your child is ready for them, is the 
best to way to achieve recovery. Diligence and perseverance win the race 
every time. 


My mission is to share with whoever is interested, the blessings that | have 
received. If the information presented here feels right and resonates with you, 
then please, give ita try. It might just be what your child needs. 
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This book in a nutshell: 


If you want the best chance at recovery, here's the overview of how to do it 


1. The Diet: Eliminating gluten, dairy, soy, sugar, and toxins, to stop 
inflammation and reduce the overall toxic burden. 


2. The CD Protocol to kill pathogens while using a multimineral like ocean 
water. 


3. The Kalcker Parasite Protocol. 


4. Explore and implement other potentially synergistic supplements to aid 
in speech facilitation, neurotypical behavior and/or seizure reduction. 


5. Consider gentle chelators. 


6. After 3 parasite protocols and consideration of all above steps, find a 
hyperbaric chamber (1.75ata). 


7. Consider adding in GMA. 


It is important to consider all of the pieces of information in Chapter 14, 
‘Miscellaneous Information You Should Know (page 323) and apply them from the 
beginning when they make sense for your child, You also may find the Summary 
of Protocols in Appendix 12 a good resource when you do not have time to 
reread a chapter to find something specific. 


On the right is what we call the Stairway to Recovery. Joy Whitcomb, one of 
our amazing moms, came up with this so you can see just how each step rests 
on the previous steps, and without them you would not reach the top step... 
RECOVERY! 


Author's Note: It is never my intention to “change someone's personality” 
or take away their character by healing autism. | see it quite the opposite. 
When children start to recover, their personality starts to shine through. The 
behaviors that we saw before (spinning, flapping, squealing, smearing feces, 
auto aggression, lining things up, tantrumming, etc.) are not personality traits 
but symptoms of a sick body. These symptoms start to disappear once the 
body begins to heal and our children can express who they really are through 
smiles, eye contact, words, gestures, etc. They can show us what they need 
and want and play an active role in their own lives. It is my dream that 
every child has the opportunity to mature and choose the life they want for 
themselves, and be responsible for making their own decisions. | truly believe 
this is possible for all of our children and adults on the spectrum, and | want 
families to have the opportunity to offer healing to their children, 
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Throughout this book we have used the pronoun “he” when referring 
in general to “a child on the spectrum.” This is not to alienate families 
with girls or Women on the spectrum. It is simply a question of fluidity 
To use helshe or hisihers every time we chose to use a pronoun seemed 
cumbersome, so therefore we are using “he” or “his” throughout the book. 
We chose “he” rather than “she” because autism is five times more common 
among boys than among girls. As of March 2013 the CDC revealed the results 
of a new study conducted during 2011 and 2012 which surveyed 95,000 
families and estimated the prevalence of autism at | in 50 children. 


The acronym DAN! is no longer applicable to Defeat Autism Now!, as it 
belongs to Divers Alert Network. The acronym has been used in several places 
in this book as several of the personal anecdotes are from a time when its 
use was still appropriate. Today, a “DAN! Doctor” could be defined as a 
practitioner who received training through the network formerly known as 
Defeat Autism Now!. 


Stairway to »—a_—p> [Recovery 


Step 7: GcMAF 


‘Step 6: HBOT (1.75ATA) 


Step 5: Gentle Chelators such as 
BioChelate and Bentonite clay. 


Step 4: Add possible supplements for 


speech, seizures, ett. 


Step 3: Kalcker Parasite Protocol (12-18 months) 


Step 2: Chlorine Dioxide (CD) Protocol. Implemented 
adually until full dose is reached. Administered orally, 
yough enemas and baths, 


Step 1: The Diet’ GFCFSF + Remove certain fruits; Evaluate & 
Temove certain supplements, especially those that interfere with 
Chlorine Dioxide. 
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Everything yields to diligence. 


~ Antiphanes 


IMPORTANT NOTICE 


Please keep in mind that the protocols in this book are 
still evolving, and will continue to be improved as new 
discoveries are made. We will release new editions to 
incorporate those new discoveries. The topics of CDS 
& CDH are particularly new and rapidly evolving. This 
book is current as of January 2014. Please be sure to 
check this book's website for important corrections 
and updated information beyond this and subsequent 
editions: 


HealingTheSymptomsKnownAsAutism.com 


Chapter 1 


Kerri’s Story 


“The impossible is now declared possible as soon as you agree to it. 
It just a flip of the mind, letting go really, nothing more.” 
~ Stuart Wilde 


“ That happened, what did you do to Patrick?” That was the first thing 

my husband asked me when he first saw our son, after returning 
from a weeklong trip. This was just five days after our youngest son Patrick 
received his last vaccine—the DPT (diphtheria-pertussis-tetanus) + Hepatitis 
B + Influenza B (what is known in Mexico as the Pentavalente) on the 13th of 
August 2002 at two years and one day old 


That question was the first of many to propel us down our path paved with 
autism. | told Memo (my husband) that we shouldn't worry. The nurse 
mentioned that we could expect a fever, or he could be listless. These were 
completely normal reactions. Contrary to what she said, what we observed 
during those first days and weeks were loss of eye contact, flapping, toe 
walking, high-pitched marine noises along with excessive drooling—drooling 
that would soak the front of his clothing. 


Patrick had also lost all of the speech he had acquired; Mama, Pa, agua (water in 
Spanish), letters of the alphabet, numbers...all of it. The only thing he wanted 
to do was watch videos while running back and forth in his bedroom squealing 
the “ambulance sound,” flapping and banging his gut, and drooling through all 
his clothes. 


Not being well versed at the time in these problematic symptoms, we chalked 
it up to a case of the terrible twos. But these particular terrible twos led 
to loss of sleep for Patrick as well as the rest of the family, antibiotic use for 
green nose and eye mucous, and raging diarrhea that was so acidic it would 
burn his skin upon contact. This would be the story for the rest of the third 
year of his life. 


The first of many to associate Patrick's behavior with autism would be my 
great aunt. She mentioned to me that she believed Patrick had autism after 
observing him at a family get together in April of 2003 while we were visiting 
relatives in Chicago. It was the most ridiculous thing | had ever heard, 
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Nevertheless, | went home that evening and immediately Googled the 
symptoms of autism. Laid out on the website were symptoms like spinning 
objects, lining up objects, self-injurious behavior, lack of socialization, and 
several other factors that I felt in no way described my son. | dismissed the 
comment, and continued to watch my son display strange behaviors, without 
understanding why. 


| was back in Chicago a few months later in July. While going out for a run, | 
saw a girlfriend of mine who has a child the same age as Patrick. We stopped 
to chat and she asked me how he was doing. | said,"fine.” She asked me if he 
was talking yet. | told her he had developed language, but since March he had 
Jostall the vocabulary that he had previously acquired. My girlfriend looked at 
me and said “Oh...” with a look of concern on her face. | asked her, "What's 
wrong? What does that mean?” Now I was extremely nervous. “Well,” she 
said reluctantly, “loss of language is a red flag for autism.” There was that 
word again. | told her that we had already gone through all that, because by 
then | had taken Patrick to a neuro-pediatrician in Guadalajara, a psychologist. 
with a huge center in Guadalajara, and a local psychologist in Puerto Vallarta. 
All three of these experts had told me that he was fine; they didn’t see any 
problems with his development. 


| started on my jog.and about halfway through, it hit me that Patrick did have 
autism, so | sprinted home, sat down at the computer and went to the Autism 
Society of America’s website and found a checklist of 16 symptoms of autism. 
The directions said if your child had 12 or more than most likely he has 
autism, Patrick had exactly 12, Looking back, he most likely had 14 or more, 
but | wasn't ready to see those just yet. 


That same day I called his pediatrician in PuertoVallarta and | told her I thought 
my son had autism, and she told me,"No, | have never seen anything like that 
in your son, but bring him and | will take another look.” When we went in she 
observed him. She said that he didn’t line things up, he didn't hit his head, he 
‘would still come to me, he was ‘playing’ with some toys in the waiting room, 
so therefore my son didn’t have autism. 


The pediatrician told me to go home that day to wait for him to straighten 
out. All the experts told me he was the way he was because he was the 
baby of a bilingual family that—according to them—traditionally produces 
late talkers; his parents and brother were all late talkers. He was spoiled. He 
had a nanny. And, he's a boy—boys are late talkers, etc., etc, The pediatrician 
successfully tallted me out of the diagnosis once again. 
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‘As nothing was wrong, that fall we put Patrick into a kindergarten. His teacher 
would tell me Patrick isn’t doing this activity or that, and I replied that we had 
taken him to see all the specialists, and he was just a late talker. She was super 
sweet about it and every few months she would make a comment to me 
because she saw him drastically different from his classmates. 


Then one day it happened, | got a call from the director of the school saying 
that her friend, a neuropsychologist was in town from the United States, 
and she would like her to see my kids. At 6pm on March 12, 2004 I had 
an appointment with this neuropsychologist. | had already figured that this 
woman wanted to see Alex, my older son because he hadn't been doing well at 
school. He hadn't been sleeping well since Patrick hadn't been sleeping, which 
led to some poor performance in school. | had already gotten the news that 
Patrick was fine, so When she started focusing on him and his behaviors | was 
slightly confused. We sat down in his classroom, and she started asking me if 
he always... runs in circles, flaps, drools excessively, squeals like a dolphin, etc., 
(we actually used to joke that his mother must have been a dolphin). After 
that, told her how we had already gone to all of these specialists and they 
said he was fine, 


| was tired of getting the run around, and then everybody asking me what was 
wrong with my kid when he was just taking some extra time getting going. 
That's when she said to me,"!I can't believe they didn’t tell you your son has 
autism.” 


These words changed my life forever, Of course | asked her if she could 
be wrong, and she said, sure there exists a possibility, but she had done her 
post grad in autism, had seen hundreds of cases and this diagnosis was her 
professional opinion. That opened the floodgates for a river of tears that 
didn’t end for years to come. 


Being a positive person, | asked her what | should do. She said," would like 
to introduce you to a group of psychologists that are in town.” The next day 
| went with her to a hopeless place, with hopeless people and | asked her if 
this is something that we can cure, and she said,"No, you can do therapy with 
these psychologists, and that's it” Children are born with autism and they will 
die with it, was the basic sentiment. | knew for sure that my son was NOT 
born with autism. He was the smartest, bright-eyed baby ever,and we had the 
photos and the videos to prove it. He was not born the ghost of a child that 
we had now. | knew that | would keep searching until I found something else 
for Patrick. | became proactive and never returned to that place. 
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The very next day | saw another girlfriend and she mentioned that she had 
a book on ADD and autism, so | immediately picked up the book and it was 
all about diet. Gluten-free, casein-free to be specific, and | decided to start it 
right away. Truth be told, Patrick's diet was horrible, he had self-restricted to 
only dairy and wheat. Bread products and cheese were his staple foods, but 
the good news was he still ate potatoes. Even as an autism novice, | knew 
I couldn't take him to a fast food chain because those fries were coated in 
gluten. We started off with just homemade fries with sea salt, because that 
was the only thing left on his diet that he would eat. After three days of being 
on the diet he said three words, the first three words he had said in over a 
year. I knew we were onto something. 


The next week | ran into a friend from tennis, | really didn't want to say hi, 
because | was really depressed, but | heard a voice saying to me“I’s not about 
the road but about smelling the flowers along the way.” So, | forced a smile on 
my face, and went to say hi to her in my great depression. Well, she started 
to complain about her week, so I listened patiently, and then I told her about 
my week; Thursday my identity was stolen on the Internet, Friday my son was 
diagnosed with autism, and Saturday my dog of 14 years had to be put to sleep. 


When she heard all this she turned off her car and told me how sorry she 
was. She said that she would put me in touch with her friend that had opened 
the Early Autism Center in Toronto, Canada. When | woke up the very next 
morning, | had a long email from Norah Whitney waiting in my inbox. She 
would turn out to be the first of many autism angels in my life, 


| received a lot of precious information from that email, But what was maybe 
the most important detail for me was that what had happened to my son 
was an effect of all the vaccines he had received, he wasn't born with autism, 
as | knew. | also hadn't caused this, and I needed to start letting go of some 
of my guilt, Norah also told me that we can treat autism and I needed to 
immediately contact a DAN! Doctor, and Dr. Bobby Newman, Board Certified 
Behavior Analyst and Licensed Psychologist. Norah said that they were the 
best, and that this group of DAN! Doctors were curing autism. 


| got in touch with everybody and that same month we started our own 
Applied Behavior Analysis (ABA) program. | also took Patrick to the States to 
see his first DAN! Doctor. When I got back home from that trip I had bought 
nearly $5,000 (US) of supplements and injectables. That didn’t mean | knew 
how to use them, and by no means was | watching my son improving before 
my eyes. This was June of 2004, and we went through the rest of that summer 
with some supplements, other biomedical interventions, and 40 hours a week 
of ABA therapy. 
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That fall, some friends mentioned to me that their father was receiving 
chelation in San Diego, and | had just heard someone else saying that chelation 
was working for kids with autism, due to their extreme metal toxicity. By the 
end of the evening | had the phone number for the clinic that was providing 
his chelation, When | called for information, they told me that they referred 
all of the children’s chelations to Dr. Woeller in Temecula California, so | 
made Patrick an appointment. In March of 2005, | took the whole family to 
Temecula to see Dr Woeller, because basically nothing was happening with the 
supplements | had been giving to Patrick. | knew I needed to keep exploring 
other avenues. 


Several thousand miles and various tantrums later, we arrived at Dr. Woeller's 
office. | told the receptionist that we had come to see Dr. Woeller. To my 
chagrin she said,”No, you have an appointment with some other doctor; Dr. 
Woeller isn’t even in town right now.” My husband was sure | had messed up 
the appointment and was extremely upset with me. Meanwhile, Patrick was 
screaming, crying and taking his clothes off in the waiting room, They finally let 
us through to speak with the other doctor and after going through Patrick's 
autism we explained that we wanted to chelate. We had the understanding 
at that point that his autism was coming from the mercury in the vaccines. 
She told us point blank that we couldn't do everything at once, and before we 
could chelate we would have to clean up his gut. | flew home with my family 
totally deflated. We started on the impossible journey of cleaning the gut. 


My first ever autism conference turned out to be AutismOne in late May of 
2005. | meta lady who was a rescue angel for Generation Rescue,and | told her 
I wanted to chelate my son with those DMPS drops, which were fashionable 
at the time. She told me that when it came to my son's recovery | shouldn't 
take no for an answer. | had to advocate for my son, and not let myself get 
pushed around. With that wisdom, | called Dr. Woeller’s office again and told 
them | wanted my appointment with Dr. Woeller himself, and | would not be 
given the run around. The manager listened to me and said that she would 
put me through to him. After a long c'onversation, Dr: Woeller agreed to take 
Patrick’s case and that he would help me chelate my son. He agreed with me 
that it was silly to think that we could have the gut completely under control 
before beginning chelation. Eventually | got the DMPS drops for Patrick that 
Thad so coveted, and I felt we were back on track. However, after about six 
months of using the drops we still saw no change. 


Flashback to that same AutismOne conference, where | had attended a lecture 
about the Specific Carbohydrate Diet and the removal of all grains from the 
diet—a diet that helped Patrick inch forward minimal improvement by 
minimal improvement. 
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In November of 2005, | had a phone consult with Dr Woeller, and having 
been disappointed with the transdermal DMPS | decided to ask if there was 
anything new in the world of autism. The answer that would end up changing 
all of our lives was hyperbarics or HBOT (hyperbaric oxygen therapy). 


| learned that there was a really nice man by the name of Bob Sands in San 
Diego who owned a corporation that manufactured hospital grade hyperbaric 
chambers. | phoned Bob's office because Patrick was going to need 40 sessions 
right away, and | wanted to check prices and see if there was a package discount 
for hyperbarics. The answer was yes, in fact there was a discount. | scheduled 
Patrick's HBOT, and took both of my kids to San Diego, where we stayed for 
20 really long days to get Patrick his first 40 sessions of hyperbarics—two a 
day—everyday, morning and night. 


During that time, my husband and mom would call and ask me if Patrick 
was better, but he was still naked in front of the TV, jumping up and down, 
flapping and squealing. It wasn’t until we got back home that he began to 
pronounce the first syllables of all of the words for things he wanted, like 
" for apple. We considered hyperbarics a great success, but like | said that 
wasn't until a couple of weeks after we finished the 40 sessions. That's when 
‘we really began to see the changes in Patrick. Bob always says that HBOT is 
the gift that keeps on giving: you can see benefits for up to two months after 
you finish your sessions. 


Meanwhile, Bob and | hit it off right away. He had a real jovial and family- 
oriented atmosphere in the clinic. | told him my story and how I wanted to 
help people know that autism is avoidable, treatable and curable. I shared with 
him that there was no information, much less Biomed or autism recovery in 
Mexico (and most of Latin America). | wanted to help people and to share 
with people that there is a lot we can do to help our children heal. 


The very next day he walked into the office and changed the course of my 
life forever. He told me that he was in fact friends with Dr. Bernard Rimland, 
“Bernie,” the Grand Godfather of Biomedical treatment for autism, and the 
author of Infantile Autism, Dislogic Syndrome, and the founder of the Autism 
Research Institute. | told Bob that meeting Bernie today, would be akin to 
having met Mick Jagger when | was 15. He then announced that we would be 
having lunch with none other than Bernie himself and Mrs. Rimland. For the 
first time in my life, | admitted to Bob that | was so excited that I didn't know 
what to say. Bob told me that when it was my turn to say something that | 
should ask Bernie “What can I do for DANI?” 
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In a tizzy | ran over to Marshall's, the discount retailer; bought a new suit, 
hose, and even a pair of high heels. The next afternoon, | put on my new 
ridiculous clothes, ditched my kids with my friend's maid, and hopped in Bob's 
Jag to meet Bernie and Gloria (Dr. and Mrs. Rimland}—an absolute dream 
come true. When we arrived at their favorite restaurant, | was completely 
overdressed. Gloria ordered a salad, and the guys had tilapia because Bernie 
didn’t really like vegetables. The conversation ranged from Kinotakara 
patches, to the difference between soft-sided hyperbaric chambers and hard 
hyperbaric chambers. 


I waited until there was a lull in the conversation and I went for it, | asked him 
what could I do for DANI, and he said | should translate the DAN! Protocol 
and take it to all of Latin America. His words left me totally dumbfounded. 
Had | heard right? Latin America? | was thinking my town of Puerto Vallarta, 
or maybe Jalisco, (the state we lived in) and maybe in my wildest dreams all of 
Mexico, but this was much bigger than | had imagined. At this point, though 
there was no stopping the momentum that we had started. Within months 
we translated the Protocol to Spanish, and donated it to the Autism Research 
Institute, for dissemination throughout Latin America. Much later | would 
find out that one of my dear friends, Yeroline, would heal her son from autism 
Using the translation of the DAN! Protocol, as well as others. 


During that same trip my husband and | spoke to Bob about buying one of 
his chambers for the not-for-profit autism clinic we were planning on opening 
in Puerto Vallarta, The plan was to run the clinic on a non-profit basis, but 
anchor the clinic by charging the public for their sessions in the chamber, 
allowing all the profits to pay for children with autism to go for free in the 
chamber. 


It was a green light all the way. We deposited the money for the chamber in 
March of 2006, and it arrived on October 31,2006. AutismO2—Hyperbaric 
Clinic officially opened its doors on Dec 1, 2006. We threw a party for the 
inauguration, invited friends, family, Patrick’s therapists, and our local priest 
came to Bless This House. We all wore white, and in honor of Patrick, who 
was our motivation for opening the clinic, we all had on nametags that said 
Kerri—Patrick’s Mom, Memo—Patrick’s Dad, etc. It was a special evening for all 
of us, but me especially. as it solidified what would be the path that | would stil 
be walking as | write this book seven years later. 


The clinic had a Sand’s Hyperbaric Chamber, an allopathic physician with a 
specialty in Hyperbarics, 2 psychologists, 2 hyperbaric technicians, and me, to 
initially meet with the parents. As for the chamber, we always knew that it was 
going to help a lot of kids with autism, but it has helped a lot of others as well. 
The chamber was what gave language back to Patrick in 2006. 
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Later that same year we sent our allopathic doctor with our naturopathic 
hippie doctor to Ixtapa, Mexico for a hyperbaric conference, where they 
serendipitously met Dr. Gluseppina Feingold, (Dr. Jo) a DAN! doctor using 
hyperbarics for children with autism. As soon as our guys got back to Puerto 
Vallarta they started insisting that I had to contact her because she is curing 
kids with a protocol that included hyperbarics. Never one to waste time, | 
emailed her immediately, but at the time | didn’t know she wasn't an email 
person and, because | am just not a phone person, we didn't connect. 


Fast forward to January 2007, my husband, Memo, was buying a 1951 Desoto 
on eBay. We had to pay for the Desoto with a check, and therefore started 
to talk to Bryan, the seller of the car. During their conversation, Memo, my 
husband, said to Bryan “If you don’t want to sell, because it's worth more 
than your selling price | will understand.” Bryan had already decided to let it 
go, but at the same time he was interested in where the car was going, what 
Memo did for a living, etc. Memo told him about our life in PuertoVallarta,and 
the classified ad magazine business that he owns. That's when Bryan stopped 
him and said,"*I've heard of that magazine!” 


It turned out that this Bryan was a nurse who works with a doctor who does 
hyperbarics and heals kids with autism. Well, that piqued Memo’s interest, so 
he told Bryan about Patrick's autism and then Bryan says you must call Dr. 
Jo, yes, the very same Dr. Jo that our clinic doctor had met months earlier at 
the Hyperbaric Conference in Ixtapa. So, I called her immediately and when 
she answered | said who | was, and | told her Bryan told me I had to call her. 
| asked her if she believed in God and she said yes. | went on to tell her that 
in September she had met with my clinic's doctor and how | had emailed, but 
never heard back. At the time, Dr: Jo had been receiving so many emails that 
sometimes she couldn't get to all of them. 


Finally we had connected, and we hit it off right away. | immediately told her 
all about the clinic and Patrick, hoping that she could come to Vallarta. She 
told me that | had to go see her in New York first, and we would get Patrick 
some treatment. So off we went to freezing cold New York in March of 2007. 


We immediately started treating Patrick with IV chelation. The theory at 
the time was the main factor causing autism were heavy metals coming from 
vaccines that were damaging the methylation pathways. During my daily treks 
to DrJo’s office I finally met Bryan, the owner of the Desoto that my husband 
bought on eBay. We started talking about my clinic and what we could do 
collaboratively if Bryan were to move there. Bryan had already been in 
nursing for almost 30 years and was an expert in ozone and other alternative 
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therapies. He told me he was ready for some changes, and we were very 
interested to have someone of Bryan's caliber and relaxed personality to join 
us at the clinic. 


Within a week of my return to Puerto Vallarta Bryan came for his first visit, 
to see if he could call Vallarta home, Two months later he came back with all 
of his equipment to set up his office. We were a great fit, and Dr: Jo would fly 
down from time to time to help out with patients. 


From 2007 to 2008 we were treating Patrick with IV chelation on top of 
his regular GF/CFISF, diet, supplements, and hyperbarics. In May of 2008, | 
met a mom who had recovered her autism spectrum child with homeopathy. 
Almost immediately | started working with a world class homeopath from 
June 2008 to May 2009, but I didn't see anything to make me feel that the cure 
to autism was down that path. That same year | met a doctor doing the Yasko 
protocol, and she had some ideas, so we gave it a try from August 2009 until 
the end of May 2010. At that point, Patrick honestly looked worse than before 
we had started giving him 80 supplements a day. 


By now | had become disenchanted with Defeat Autism Now! based megavitamin 
protocols. A precious few of the families that we helped recovered their 
children with diet, supplements, chelation and hyperbarics. However, the 
overwhelming majority still had an autism diagnosis after tons of work by 
their parents, and usually a lot of money spent on supplements and treatments. 
| started feeling like it was a fraud, telling people to follow this protocol, which 
I knew wasn’t going to be enough to recover most of the kids. That's not to 
say that we weren't seeing vast improvements, but counting all of the children 
that we worked with, only two children recovered, 


By July of 2010, | was totally disillusioned and befuddled and | didn’t want 
to continue doing what | was doing the way | was doing it. So, | asked the 
Universe/God/Angels—whoever was listening, for help. If my mission truly 
was to help families recover their children from autism then | was going to 
need a tool to work with. One that was available on every continent and that 
was affordable to everyone, because what we had just wasn’t doing the job. 


No magic voice came, thank God! Because that would have really freaked 
me out. However, | started to remember these colorful little bottles of 
chlorine dioxide that | never used. I decided to research their use on Google. 
Disappointingly, there was absolutely nothing on the Internet about autism 
and Miracle Mineral Solution (MMS) aka chlorine dioxide (CD). So | started 
thinking about what autism is made up of. So, 1 Googled chlorine dioxide 
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with virus, bacteria, candida, heavy metals, blood brain barrier, allergies, and 
inflammation. The evidence was overwhelmingly positive, which showed me 
that CD could treat all of the components that make up autism. | had hope 
once again. 


| was especially interested because at the clinic, we specialize in oxidative 
therapies such as hyperbarics and ozone. As chlorine dioxide is more benign 
than what we were already using, | decided to investigate further. 


No side effects except a possible Herxheimer reaction; which is not a side 
effect of chlorine dioxide itself, but can happen with any detoxification 
protocol. | decided to speak to my husband and son Alex, who were also 
excited. The next day at the clinic, my husband's best friend's cousin and his 
wife were getting out of the chamber. | said, "Hi!" and she immediately said 
to me,"'m taking CD.” She didn't say “Hit” or “Kerri!” just,"'m taking CD’ 

‘That was the definitive moment for me—my Aha! moment. | told her | had 
been researching it for weeks, and | was extremely interested. She was having 
great results, so my husband said he would try it first. If after three days on 
the drops he was still alive then we would start Patrick on them. 


| contacted Jim Humble, discoverer of CD. | was hoping he would help me 
to better understand how to dose CD for children with autism. | explained 
to him that there was nothing on the Internet for kids. He helped me do just. 
that. He gave the following recommendations: 1 drop 8x a day for children 
under 25ibs, 2 drops 8x a day for children under SOlbs, and 3 drops 8x a day 
for children under 100 Ibs. He told me that the more doses that we can get 
in one day the better, 8 doses are the minimum. 


That first week Patrick vomited (classic Herxheimer reaction), because | went 
too fast with the dosing. On the Internet, the only protocols I found gave high 
doses a few times a day, and as I found that week low and slow doses all day 
was the way to go. However, despite the Herxheimer reaction | caused Patrick 
(through lack of a low and slow dosing protocol) he was still noticeably better. 
Seven days later my son had improved eye contact and was asking for things 
that he had never requested in his life. At 9pm he looked me straight in the 
eye and said,"I want bed.” With my jaw hanging open in disbelief, | followed 
him upstairs to his room. When we got there he turned to me and looked 
me straight in the eye again and said," want take bath.” | knew | was not 
dreaming, and | had really just heard that. After his bath he looked me straight 
in the eye and said “I want brush teeth” and the whole time we brushed his 
teeth he was giggling... so | asked him what he wanted and he said, “I want 
“kanket"” so | said,"*blanket” and he repeated,"blanket, yes” and ran to the bed, 
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and jumped on it to enjoy the blanket, He had never jumped into the bed in 
his life before that. This was the first seven days on CD. | was blown away. 


By September of 2010, every person that was previously only using herbs or 
medications to kill viruses, bacteria, candida and other pathogens was about 
to hear about CD. That's when things really started to happen. 


Back in 2007, | learned how Dr.Anju Usman was having great success with her 
biofilm protocol. She concluded that virus, bacteria, candida, parasites, and 
heavy metals are all joined together in the biofilm (more on this in Chapter 5, 
starting on page 117). And when | saw that CD killed pathogens and neutralized 
heavy metals and so many other things that make up the core of autism, | 
knew we would kill a lot of birds with one stone. | was also hoping to sidestep 
a few pharmaceutical pieces of the biofilm protocol, ie. antifungals, antibiotics, 
antivirals and be able to use something with no side effects (a Herxheimer 
reaction is different than a side effect). 


I was in the process of discovering how we could use this extremely 
inexpensive oxidizer that is available all over the World to help the body heal 
from autism, The other important part of CD is that you don’t need to take 
your child somewhere for treatment, as in the cases of hyperbarics, ozone 
or IV chelation... there is no doctor needed, or trips to visit doctors in other 
countries. It's as simple as taking a supplement and you modify your dose 
depending on what you feel and see. Basically, any family with access to the 
internet, diet, CD and a few choice supplements can heal their child with 
autism, 


After having limited success with my son on different biomedical treatments, 
even with the best doctors in the world, it was time for a change. With CD 
we are attacking the biofilm all day as CD destroys the electron shells of the 
different molecules making up pathogens, therefore releasing toxins into the 
bloodstream. This release of toxins is the principal reason one must go slow 
and build up the dose, to avoid a Herxheimer reaction as so many of these 
children are very toxic. If we kill too many pathogens at once, too many 
toxins enter the bloodstream. The body will immediately look to eliminate 
them, most notably through diarrhea and vomiting. This is unpleasant and 
totally avoidable, 


CD is so benign you can use it on your skin, hair, ears, eyes, orally, rectally, 
vaginally, inhaled, etc. At the doses we use CD in aqueous solutions; it is not 
detrimental to healthy cells. It specifically targets pathogens due to their 
negative charges. Once I understood the basics, and Patrick was still improving, 
| started to share with others to understand how to use CD. Very quickly we 
were having success that many other clinicians weren't having, Kids on the 
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spectrum were improving, some started recovering, and we had to sit up and 
take notice. | was blown away again, 

In November, a child recovered and then in December another child 
recovered. Their families took them to psychiatrists and their doctors to 
have their diagnosis removed. These were the very important first steps that 
convinced me that this is something that we must continue to do. We started 
to spread the word that this was an inexpensive treatment modality available 
in every continent of the world. 


With my background in biomed I learned that you watch for reactions while 
you load the dose. Low and slow is the rule. We arrived at the one-drop at 
a time dose and as kids recovered, parents shared their stories with other 
parents and more and more people started using it. It was very grass roots. 


This is when the explosion happened. | started to think that this might be the 
missing piece of the puzzle that we had been looking for. In all seriousness, 
there is no one cure for all kids with autism, which is why each child's protocol 
and path to recovery is different. While we have seen great success with CD 
today I keep working to discover new modalities that help these children heal 
as non-invasively as possible. Now that we had had success in the Spanish- 
speaking world, | needed to share these treatments with families of children 
with autism all over the world. 


Around this time something very interesting started happening with the CD 
enemas... parasites; more specifically roundworms were coming out with the 
CD enemas of the parents and their children using the Protocol. Today I have 
hundreds of photos, which Were sent to me from parents all over the world 
(first world and third world nations) who have seen worms passed in stools. 


At the moment laboratory testing is woefully inadequate, but a keen 
veterinarian can easily check for the presence of parasites in a stool sample 
using a high-powered microscope. The children who have had stool samples 
reviewed by microscopy have come back positive. Pinworms, roundworms, 
tapeworms and hookworms are the most common findings. Stool analysis 
done by laboratories have consistently come back negative even when worms 
have clearly been seen and photographed and seen under the microscope. In 
fact, one mother | know sent in a live, moving worm that her child had passed. 
The result? Negative for parasites! At this point it is simply not enough to 
trust a coprological analysis when looking for parasites. 
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Dr. Andreas Kalcker and Miriam Carrasco have been instrumental in this 
piece of the puzzle and have designed an amazing parasite protocol that has 
already helped many children including Patrick. In October of 2011, Andreas 
gave me the first parasite protocol and families in Spain, Mexico, Venezuela 
and others throughout Latin America began to use it. We'll talk about it in 
depth in Chapter 8, page 165 and how it has affected my life as well as the lives 
of so many other families with children on the spectrum. 


In January of 2012, | got in touch with Teri Arranga and I was invited to speak 
at AutismOne in May of 2012. This would be the first time | would present at 
‘AutismOne in English, and obviously the first ever presentation on CD. After 
eight years of biomed and six years of helping families in Latin America | would 
be flying above the radar, knowing full well there would be a tradeoff. While | 
would reach families all over the US, for the first time | would end up taking a 
lot of flak in the blogosphere. We survived! 


‘When I first came across CD in 2010 and began to watch it work it's miracles 
with autism, | expected parents, doctors and professionals who dealt with 
autism to be excited. | assumed they would begin to do research as to how 
and why the chlorine dioxide molecule was healing/curing autism. Much to my 
chagrin, many people were disinterested. Some even went so far as to say that 
what | had seen was impossible or that CD was toxic. Well, to that | would 
say that healing/curing autism with a toxic substance is impossible. Since then 
a handful of some of the best doctors in the world have become interested 
(that number is growing) and quite a few parents are taking note, Hundreds 
in fact went to my presentation at AutismOne. Several told me in hindsight that 
they had thought about not attending because the title of the presentation 
sounded too good to be true... 40 Children Recovered in 21 Months. 


The people who did attend were pleased with the information and many began 
the Protocol. However, what was to happen the days and weeks after my 
presentation blew my mind and was absolutely beyond my wildest nightmares. 
Some parents attacked me in print and on the Internet. | received threatening 
and accusatory emails filled with hate speech and foul language. 


In most cases these emails and blogs were from anti-biomed parents. Others 
in the biomed movement told me not to worry, that these people were 
notorious for doing this sort of thing to others. They jump on the newest 
and brightest intervention in order to get their time in the limelight. Stealing 
attention away from the treatment, altering the truth, and in some cases lying 
to people about what is happening just to get other parents up in arms. Never 
could I have imagined anything like what transpired. However, as time passed, 
so did the threats, negative blog posts, etc. 
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Update for 2014 


One of my favorite quotes states: 


“All truth passes through three stages. First, it is ridiculed. Second, it is 
violently opposed. Third, it is accepted as being self-evident.” 


Fortunately, the 2013 AutismOne conference was a totally different 
experience—which may indicate we are slipping into that third stage. In May 
of 2013, we were at 93 recoveries, and during my presentation at AutismOne, 
some courageous parents took the stage with me to share their children’s 
stories of healing and recovery. There were no attacks. As the first edition 
of this book launched at the conference, many of our wonderful moderators 
were on hand to answer questions, and assist parents who were interested 
in getting started. | had a book signing along with the pleasure of meeting 
many parents | had up until then only known through email or Facebook. 
By January 2014, the first edition had already sold thousands of copies. If you 
searched for “autism” in the category of “books” on Amazon, it was showing 
up in various positions of the first two pages of over 10,000+ results, with 
the majority being five-star reviews. If you changed the order to “Average 
Customer Review.” it was in the top 10, sometimes in position #1. 


This has always been a grassroots parent driven movement, and today help is 
available in 7 languages online to answer questions and offer support. As with 
anything, if you attract enough attention, you will also attract some “haters,” 
however CD has already earned itself a place in the treatment modalities that 
are healing the symptoms known as autism. 


CDS (chlorine dioxide solution) was introduced in the first edition, as we 
were still hoping that it was something better than it turned out to be. It was 
a better tasting and more tolerated form of CD, and stil remains an excellent 
preparation choice for those who are extremely sensitive, and have trouble 
tolerating even one drop of classic CD. However, we found that over the long 
haul, only one child so far has recovered with strict CDS use—the other 114 
were with classic CD. 


In this edition we are introducing Chlorine Dioxide Holding [Solution] (CDH). 
When this preparation technique was introduced it was touted as something 
similar to CDS... having a better taste, is better tolerated, along with less 
Herxheimer reactions. However, there is one big difference; CDH still 
contains a small amount of the raw materials required for the preparation 
of CD (sodium chlorite and citrichhydrochloric acid). On the other hand, 


Kerri’s Story 15 
CDS was chlorine dioxide gas ONLY dissolved in water. That small amount 
of raw materials in the CDH preparation may be what makes the difference. 
After 90 days of CDH use with over 70 families, it has not failed. Gains have 
not plateaued, and parents seem to be having an easier time increasing their 
children’s dose, without any Herxheimer reactions. Another amazing thing 
about CDH is that the natural sweetener Stevia can be added to improve the 
flavor, while the potency of the dose does not change. This can be a game 
changer for kids that have taste aversion to classic CD. It should be noted that 
not all brands of Stevia are created equal and there may be some that can't be 
used. We are still testing various brands, 


CDS and CDH have both earned their place in methods of chlorine dioxide 
preparation, thus allowing more people to benefit from the healing properties 
of CD who might not have otherwise been able to tolerate it. 


People are always interested to know how my son Patrick is doing, and | am 
happy to share a little bit about what has been going on in his life lately. This 
past August 2013, Patrick turned 13. | had expected him to be recovered by 
now; however, we are still working towards a full recovery. He is better every 
month and his current ATEC is somewhere between 22 and 24. Patrick is 
very social, he loves a party. This Halloween, my sister threw a party and it 
was 11:30pm before he was finally ready to go home. He also loves spending 
time with his family. Every night he tells me,"I love you Mommy, gimme kissy.” 
That is not only his way of telling me he wants a kiss, but that he wants me to 
come spend time with him before we go to sleep, 


He has been preparing his own food in the kitchen, and while he has always 
liked to help chop, his being able to place his selection in the toaster oven 
and heat it himself is new. We didn't show him how to do this. He decided 
on his own that he would heat and serve himself his dinner one day. Another 
major advancement is that he is now able to clean himself after toileting, 
which is something he always asked for help with before. He will even wear 
headphones when listening to YouTube videos or watching DVDs if someone 
has to make a phone call, 


We don't have any conduct issues, and if no one told you I had a son with 
autism, and you saw us out, you would never know. Apraxia remains the 
biggest factor delaying Patrick's recovery. That said, Patrick does communicate 
more than ever, and attempts more language than ever before. 


‘As far as where | see this movement heading in the future, I believe that if 
truth does pass through 3 stages then we have finally entered the third stage 
of “self-evidence”” The CD Protocol has now recovered 115 children (as of 
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Figure A.3: Desolder Pump 


Figure A.4: Desolder Braid 
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December 2013); is used in 58 countries; and has already helped over 5,000 
people on the spectrum, with more and more being added every day. The 
power of social media allows for parents to share with other parents their 
successes with the protocol, thus forming a stronger bond. Parents in the 
autism community trust other parents above doctors, and rightfully so. 


At this point we are breaking many stereotypes associated with healing 
autism. For example, we now know that after the age of 9, recovery is still 
very possible (a 31 year old man is nearing recovery as | write these words). 
You do not have to be rich to recover your child from autism. You do not have 
to speak English—there are Facebook groups in 7 languages and this book will 
be translated into at least 13 languages. We now know that autism is not a 
psychological disorder. It is biomedical... viruses, bacteria, candida, parasites, 
and heavy metals cause the behaviors that lead to an autism diagnosis, Once 
you remove what is causing the symptoms, you can remove the diagnosis. 


| witness on a daily basis what was not supposed to be possible: the healing 
of autism. 


The future is bright, and it is up to us to share it! 


Best in health, 
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Jim, Andreas and myself in Venezuela where 2 of the most 
amazing women in the world have a foundation to help Venezu- 
ela heal from the autism epidemic. | am so grateful to Yamileth 
Paduani and Carolina Moreno for their foundation and hard 
work. 28 recovered children from their foundation with this 
protocol in their first year of service. Thank you ladies. ! am so 
proud to be your sister of the heart. 


Ty reading and healing 
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Yes We Can!!! 


Without faith, nothing is possible. With it, nothing is impossible. 
~ Mary McLeod Bethune 


Bw: we embark on the path of healing autism, it may provide you some 
comfort and encouragement to hear from those who have gone before 
you. 


Some of the parents of the children who lost their diagnosis through this 
Protocol were generous enough to share a photo of their children along with 
"thank you note.” You will see that a couple of the older children wanted to 
write their own notes and share their success with the world. 


@) ‘My son gets to 
play little League! 
Thanks to ATEC of 4, 


autism IS treatable! 
THANK YOU 


‘OMG! Im still rubbing My 
eyes. Nathan just played wth 
‘cars appropriately! He pushe 
‘them along while saying, ‘vroom 
vroom!" Until now, he would 
simply mouth, spin or tap toys: 


-Week 5 of MMS 
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ool they had 


Faday in my son's 5 
an *T Can Run” day 
‘and to collect food 
in our community. 


couldn't make it 1 
walk around a track, This year he 


vin 2 miles.. Whhaattt? 7 months 
's and 6 months treating 


Last year he 
mile - they run / 


on mim: 
parasites. 


F love you Miss Kerri, 


Thank you for givi 
Matthew giving me CD. 


Wow! Here is something to be grateful for! Tt wa 

do my son's one year ATEC doing MMS (7 monthe detoung, 
parasites) and his score was...drum roll please..15! You read 
it right, a 15! Tam tearing up right now writing this. My son 
is 14 years, 4 months old. He was at a 27 when we started, 
then went Up to a 34 when we started treating parasites — 
(behaviors worsened), then down to 21 three months ago 

‘and now a 15) Thank you so much Kerri! Without you, whe 
knows where he'd be. ee 


Before MMS we were able to get my sons atec score 
down to.a 24. Although he mainly functioned as a 
“neurotypical” child, he still would have behavioral problems. 
He was easily agitated and would struggle with some anxiety 
and OCD. We were constantly battling yeast, constipation, 
metals and come to find out, parasites! We began MMS 
very slowly. We noticed his moods were improving. He was 
smiling more and over all just really pleasant to be around. 
We decided to retake his atec after only I month. It 

was a shocking 4!!! It dropped 20 points in 1 monthil! We 
have our boy back and will forever be gratefull We will 

be starting the parasite protocol this month and looking 
forward to an atec of Ol! 
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| 


T jagFwanted to share that today my daughter said a full 


‘sentence! 


‘che normally only makes two word sentences and of fe? 
one fers and stammers, with a lot of ‘articulation problems. 
‘My husband came home after a week away for work and she 
oy cip'fo himas he sat at the computer and she said: "T 
want... to sit with daddy.” 

‘had in the bathtub (Tm doing the MMS steambath os both my 
And in ne ghing right now), she turned Yo her brotner ‘and 
kids ore ak brother, cup." and she held the plastic cup fe front 
sn orare has never been this coordinated and ‘present’, nor 
Grticulate. Iam 50 grateful. 

Even though we still have.a long way f0 go, 1 feel ii 
weight has been lifted off my shoulders. 

“Thank you for your hard wor! 


ike a huge 


Thank you for helping 
me to rescue my son, 
God bless you 

Kerri Riveral 


My son is at a three: 
‘ -day camp with 100 

have provided all his food, and go up to oe se sioner i 

tc. ter tan hae son his oom epi 

era te ea iy in his life! I have no were ther 

1e Lord for bringit i ‘ 

ete inging me Kerri Rivera 

for giving me and my family the strength to never eae 
tle bird had taken fight... thanks be 10 God! i 
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Thank you God 
for your fidelity, 
thank you my 
beautiful girl for 
giving me your 
gaze and your 
smile every day, 
thank you Kerri 
McDaniel de 
Rivera for 
walking with me. 


Hello, I'm Silvia, Alejandro’s mom, we live in Spain. I was 
giving MMS to my son for 10 months without seeing any 
changes. Kerri told me that I wasn't doing something 
Might. and that was correct, Being the warrior shes, 
she made me tell her everything I was giving Alejandro 
and she got it, Alejandro drank pineapple juice all day 
long, he would take more than aliter a day and that made 
the MMS not work, I stopped giving him pineapple juice 

2 months ago, and he is a new chide, He pays attention, 
his comprehension is almost 100% I must Soy ny bebe 
did not speak, but with this he started saying: "Come’ 

on, mom!" “My mommy” All this because T started giving 
him the MMS as I should. I want to say NO juice near 
MMS because it anulls its effectiveness. T thank God 
for putting Kerri in my path, My son improves everyday, 
slowly but you can see that he is saying goodbye to his 
little world. Thank you Kerri for being in our lives and for 
making us see the light. Also thank you JIM HUMBLE for 
giving hope to our lives. 


i MN 


| Thank God for putting Kerri Rivera in our path, 
and giving us our prince back, totally recovered. 


‘My Son turned 12 today - hooray! This is truly the very first time 
since his 1st birthday that my heart didn't shatter into a million 
pieces because it's another year down the road, and still so far 
away from recovery! He decided that he was staying at home 
today to play with his birthday toys, he told his teacher (several 
times over), and when she asked if she could take the day off 

too, he said "noooooll. When his grandpa called from Holland to 
sing Happy Birthday, he sat quietly listening with a smile on his 
face - the usual is “no singing!" Besides that - here's my brag for 
the day - his teacher told me that she had to move him and his 
best class buddy away from each other because they were copying 
each other's workll! YAHOO - we were SO excited - yes I know, 
we're crazy, but hey - if it's typical, I don't care what it looks like, 
I WILL TAKE ITI! Tf you think this is weird, you should've seen 
me when he bit a child when he was 3!! I want to encourage you 
all today, look for the small things, check in with the people who 
are in contact with your kids and keep a journal of the changes. 
You will be amazed at how much we miss, because we spend every 
waking moment watching over them! I feel SO blessed! 
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Dear Kerri 
Thank you so much for bringing our son's smile 
tto if. The happiness you see in these eyes 
comes from listening to you and your amazing 
protocol 
We were stunned when his ATEC dropped 
18 points in 3 weeks, and has now reached a 
staggering 1 from the original 36 in less than 
one year. 
| thank God every day for having me in that 
AutismOne lecture in 2012 where you opened 
‘my eyes to what else we could do to help him. I want every parent out 
there to know this is a real Protocol with real results 
Thank you again and God Bless everything you do for our Chiidren. 


You Rock! Love Maryann 


Greetings from Monterrey. 
Just to let you know, we went to visit you in Puerto Vallarta on 
June 21st, and my child started treatment in July with MMS. 
As of today my san eats almost all on his own, and wipes his 
‘mouth whenever he needs to, For about a month now he has 
been doing funny things: like covering up his cards when we 
play as if to hide them, if he sees me squatting on the floor 

hhe runs over and jumps on me, He shows expectation on his 
face when he knows that I am coming to tickle him. He hides 
behind a wall when we play hide-and-seek. 

In both of the institutes where he goes they have told me 

he is able to pay attention for longer periods of time, his 

way of being has changed, and they have also said that his 

eye contact is much better. According to his therapist he is 
now a candidate for speech therapy because he is able to pay 
attention, 

For us, Kerri, this is a miracle come true, to see our son 
waking up little by little and to see him eat all on his own. 
Thank you so much for sharing all of this with us. 
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Since starting MMS my daughter's play skills improved, C6) 
she actually looks into my eyes and gives me eye contact 


which means a lot. She started answering questions, more 

engaging and now I started to feel as if the end of the tunnel 
is not too far. Lam so grateful to Kerri for showing me a way 
to recover my child, GOD BLESS, 


You are the angel 
that God sent us. 


Autism is curable! 


Thank you 5 
Godmother Kerri 
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Figure A.5: Third Man 


26 


Chapter 2 


I cannot believe it has been 5 weeks since we spoke on 
the phone. 

My Son turned 22 yesterday. He actually opened each 
birthday card, and read the inside. We always knew he 
could read, but he Never showed an interest in opening 
cards or gifts. He had some interest in his gifts last 
night. He has been wearing only light grey shirts for 5 
years, This week he wore a blue one and a charcoal grey 
shirt. 

Looking straight at me, and asking for what he wants. 
No real bad effects yet. We are on 22 drops as of 
today. 2 enemas a day 300ml - 8 drops - ocean water in 
the morning. 

Thave attached 2 pictures from this week, I think these 
are worms, 

Can T hope that he can get better?... After all the 
treatments we have been through?... well Iam. I think, 
what will T-do with my time when he is better (possibly 
recovered)?... Iwill yell from the roof tops and 
dedicate myself to helping other families. Is this what 
Iwas meant to do? My purpose? I would love it! 


I love you jvery much, 
your Godson Gabriel 
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My family and I are 
very grateful to Kerri 
Rivera for making 
available the CD 
protocol to treat ASD 
which has recovered 
myself and made a 
huge difference to 
thousands of kids and 
families all over the 
world, 


CD can recover even a teenager like me whom 
others had given up on. Of all the bio-medical 
interventions, CD cost the least and made the 
biggest difference. 

Muchas Gracias por salvar mi vida Kerri. 
SeESOESEOEOeOee5erees>- 


| This is Benjamin. 4 years 5 months old, 
current atec of 4 and dropping weekly :) 
Diagnosis atec at 3 years 2 months was 
134, Atec when starting CD protocol was 
18 and was stagnant after full on bio-med/ 
diet intervention, Dropped all Supps except 
melatonin when starting protocol and 
obviously can't be happier with that decision, 
Thank you to Kerri Rivera of course for 
giving me a way to save my baby boy... We will 
continue with protocol until atec = O :) 


28 Chapter 2 


My sons started using MMS exactly 2 and a half months 
{90 and we saw improvements almost immediately. my twins 
attention got better just days after we started the treatment 
‘and at 10 days after starting my son Juan Pablo started calling 
‘me mom! He has never done that before. (Neither of my twins 
were verbal, meaning they were not able to speak a single 
word.) A few days later Jesus Alejandro said "Mom, water" 
while pointing to the fridge, it was shocking for me. 


‘My two sons can now say 4 or 5 words and their communication 
skills have gotten a lot better, even if it's not verbal they 

are very good at expressing what they want. There is a 

lot of improvement in comprehension, following orders and 
‘accomplishing small tasks, they react when you say their 
‘names, they are controlling their bowel movements, and in 
general their whole quality of life has gotten so much better 
since they started with MMS, 


T know we have a long road to go but we are on the right track 
and I trust that thanks to the science that discovered the 
great effects of this wonderful formula for our children with 
‘autism we will recover them, as it truly does detoxify! 


Ing. Artebys Cedefio 
Mother of Jesus Alejandro and Juan Pablo 
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Dear Godmother Kerri, 
How can we ever thank 
‘you enough for crushing 
autism out of To's life? 
We now have a smart, 
happy, helathy boy that 
has great confidence in 
himself! 

We are forever grateful 
to youll! 


We started using MMS a month ago. We are not even 
at the full dose yet but have been seeing some amazing 
gains. 


T took my son to the mall about a week ago because it is 
one of his favorite things to do. When we got home he 
did something he has NEVER done before. He came up 
to me, hugged me and said "Thanks". Wow. 


Two days ago my husband had to go to the local farm 
supply store because something broke in the barn. So 
we asked my son if he wanted to go and he literally 
jumped off the couch and excitedly came with us. While 
‘he was there he picked out a couple of books he was 
interested in and a couple of smalll vehicle toys, When 
we got home I was helping him with his coat and boots 
he said “you're great mom”. Never have I ever had 
spontaneous comments like this and the only thing I 

can attribute it to is the MMS because we stopped 
everything else. This gives me inspiration to continue 
the protocol and I look forward to what the future holds 
for my son and our family. 


Thank you Kerri! 
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If it were not for 
you Kerri, my mother 
would still be worried 
about my future. 


You are my Guardian 
Angell! 


Autism is curable! 


Thank you Kerri 
Gracias Kerril 


ist told me today that 
is speech therapist tol 
hi ie irerces are so muesli nese) . 
ized, also his ability to conve 
re forth and also his concen es have 
Ye 
i di! S00000000..... Yay! 
Oh, before we went fo see his speech 
therapist he said: Mummy, my speec! 
getting so much better! 
Yup, he said that! He knows! 


can't believe it! I just did my daughter's ATEC 


and in one month it dropped from 72 to 48ill Tam so 


shocked! Is this a dream? We revised the scores 
over and over with m 


husband and accepting that 
some of our answers could be just very positive 


feelings, still the improvement is hugell Iam so 


Prankful Kerri Riveral I have no words!! Tam praying 
this is not a dream! THANK YOU SO MUCHIIN T 


believe there is more to come but right now I am so 
much in shock! 
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T have to post our Sunday gain, my daughter is and 
always has been an sensory overload, those of you who 
deal with this know that teeth brushing, hair combing 
Snd showers can be torturous for child AND parent. T 
fiterally dread washing her hair. She screams so loud 
‘she could break the windows. She smacks her wet 
thighs s0 hard that they've been bruised for years. 

‘This morning she gets in the tub, sits down and sees 

me roll my sleeves up (which is usually the moment she 
Toses her mind because she knows I'm about to grab the 
‘shower head), she stood up, looked me dead in the eye, 
‘smiled at me and said °R, shower". I began to wet her 
hair down, still convinced that the screaming was about 
to begin any minute, I started shampooing and she said 
“well done” I smiled and said “VERY we'll done baby’. 

My husband peeked in to see why it was so quiet and she 
lobked at him and said "Daddy shower", smiling from ear 
fo ear as to say Tm taking a shower Daddy’... what a 
great way to start our Sunday. HUGE, HUGE deal for 
for and for us, I feel like I finally exhaled today. MMS 
rocks and so do all of youll! Happy Sunday :-)))) 


Dear Kerri, 


Thank you SO MUCH for helping us with our dat y 
complicated health issues. The CD/PP estecal aoe m 
daughter to sleep through the night, for the FIRST rime in 7 
years! One month on the parasite meds, she began sleepi 
perfectly and has slept perfectly ever since! ig 


We are FOREVER gratefull Also, the 
‘more her pathogen load decreased 

‘on the pratocel, the more foods she 
would eat and LTKE! @' 
My daughter eats SALAD now! AND 
will try any food I give her, I thank 


you from the bottom of my heart and 
will be forever gratefull 4 


With love, 42 


The WHOLE Clark Family! 
On 


ee | =. 
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Iwas cured, 
Yes we can. 


I love you 
very much 
Godmother 
Kerri! 


‘My son had a great week - yesterday we went bawling as a 
family. It's difficult with him to notice gains sometimes because 
he is really close - his ATEC was a 7 last time I did it and the 
changes in him may be subtle and harder to notice. While we 
were bowling he was calm (despite the loud music, lights and 
commotion) he sat in between his turn watching everyone, (and 
the music videos playing) knew when it was his turn and cheered 
for me (I was beating my husband at the time - lol). He carried 
his ball down the lane and. swung it with one arm - omg!! It was 
the most NTT have seem him! He now is a brown belt in Tae 
Kwon Do and this was the first time he was able to swing the ball 
~Tused to have to carry the ball to the ramp, help him lift it 
‘and count to 3 for him to push the ball. He was diagnosed 
hypotonic at 3.5 years, MMS and PP are what helped him get 
some strength, energy and endurance. I increased his MMS by 
a drop about 2 weeks ago and we are also ramping up on GcMaf. 
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Great FUA moment today. My son took his first 
ever lesson.... swim lessons, He did amazingll! 
Followed all instructions, waited in line, smiled, 
talked, and let the instructors help him. 
‘Amazing.... I cried almost the entire time. At 
one point he smiled, waved, and said hi mommy.” 


Thank you 
Kerri! 

Because we 
followed the 
protocol with 
obviously great 
results. 
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My son has continued to improve on 
his handwriting and his anger has 
melted away. ‘We had an IEP today 
and we lost 2.5 hours of services 
because he has done so well he does 
not need those services. They were 
Surprised at how well he is doing. 
And he fed his little brother Soup 
tonight to get him to eat his dinner. 


Thank you Kerri for 
helping us to recover our son! 
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I'm Number 102! 
Thank you for giving 
me a chance at a 
future 

Kerri Rivera! 


su yyy 6 
eat 


of receiving my | bve yous 

On very rare occasion he wil say I love you to me. 

Well by now you know where this is going 

Ths worn nas woking pst noe if we OVE 


| wasn’t at first sure what he said as he didn’t shout it, So | 
casted him, what was that? 


He repeated, | love you. 

| said thank you son, | love you tool! 
Wait for it. 

Bammity bam bam BAMI 


Celebrating every Ittie big thing Appreciating my 3 favorite 
‘words. Loving every minute of every day Even loving those 
big red lps this morning knowing he is detoxing.. 


Solde! 


re} 
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% Our son was quickly slipping 
away from us. We were lost. 
This protocol gave us direction 
% and ultimately brought our son 
back to us, He looks at us with 
smiling eyes and tells us he 
loves us. He has a full childhood 
now. Words could never convey 
the magnitude of our gratitude, 
for Kerri and all who support 
her efforts to make a future 
for our kids, See Gunnar's full 
testimonial on page 378. 


Gracias Madrina Kerrill | now have an ATEC of 10! 


Yes We Can!!! 

We started the DAN 
protocol when our 10 
year old daughter was 18 
months old and remained 
on it for 9 years. 
Before starting CD, 
our daughter appeared 
neurotypical, but she 
was heavily dependent 
on supplements and her 
progress had stagnated 
for a few years. She 
had a distended belly, 
poor growth, severe 
constipation, anxiety, 
a touch of OCD, and 
focus/concentration/ 
fogginess issues. 


Her ATEC before starting CD was 24, Just 26 days later, her 
ATEC is 7. A17 point drop in 26 days! We haven't even had time 
to do a parasite protocol or a 72/2 weekend yet! Her belly is 
much flatter and her anxiety, minor OCD, and focus issues are 
greatly improved! We're going to keep her on CD and I plan on 
starting the protocol myself this week. Asa friend said, "DAN 
got her to third base and CD brought her home!" 


My son just saw me reading 
this page, and asked what CD 

Autism was. | told him it was the medicine 
he’s taking He said, "I think my autism is gone. 
How do you know someone has it still?” 
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Spiro and Peter ( year old twins) 

After years of doing many interventions for our twin boys, and 
having moderate success at best, we learned about CD. It took about 
@ year before we felt comfortable enough to try it. | can honestly 
say that, it is the BEST intervention that we've used We started 
CDS in mid duly 2013. In the 4 short months that we've been using 
CDS and now CD, we have had more gains in every area, than in 

the last 6 years of doing so many different treatments. What I love 
about this protocol, is the simpicity of it, ess is more, and that was a 
huge change in thinking for me. 

dust to give you an idea on how well our boys are doing, here are 
their ATEC scores so far: 


Spiro: He was number 100 to recover on the “Healing Train” and the 
Ast child to recover using CDS. 

ATEC prior to starting CDS - 22. 

ATEC one month after starting CDS - 16. 

ATEC two months after starting CDS - 9 

Peter: He was pre verbal prior to CDS and now uses single words 
and the odd 2 word combination to communicate, Well on his way to 
healing. 

ATEC prior to starting CDS - 69. 

ATEC one month after starting CDS - 55 

ATEC two months after starting CDS - 46. 

We finaly know, deep in our hearts, that our boys are well on 
their way towards “true healing” We don't have that stress and 
anxiety about what the future holds anymore. We finally feel ike 
we can breathe easier, and that day by day, the gains keep coming 
consistently. The gains stay, and that feels better than anything 
Thank you, to my FB friends who introduced me to MMS and to 
Kerri Rivera who we have such admiration and respect for. | 
thank GOD everyday that we were fortunate enough to find 

out about this treatment. Our boys are coming back to us and 
their beautiful personalities are emerging. We now look to the 


future with such HOPE. Kerri, we will forever be grateful to you 
XOXOXOXOXOXOXONOXOXO 
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Whoa... My severe kid walked in the door 
and wrapped his arms around my neck 
and gave me a normal hug for the first 
time in his life (6.5 years). Ummm... This 
is crazy, He wiped his butt for the first 
time EVER... no prompting, no asking! I 
wasn't even in the room with him! When ‘ 
T got excited and asked, "Did you wipe???’ 
T swear to GOD... I heard "Yeah, Mom! 
Kid's never said a word ever. Could be 
dreaming, but WOW!!! What a day!l! 


Please share your experiences! 


Testimonials are one of the best ways to share your 
experiences with this protocol. Perhaps you learned 
about it by reading or watching a video testimonial? 


If you don''t tell us your experiences, we can't share 


them or take action on issues that need improving or 
correcting... 


Send your testimonials to: 


testimonials@cdautism.org 


Also, let us know if we are free to publish your 
testimonial, with or without your name. 


More miracles & testimonials starting on page 358 
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Step 1 - The Diet 


“Let food be thy medicine and medicine be thy food.” 
~ Hippocrates 


fl could choose the one part of The Protocol that would be the single most 

important piece of the recovery puzzle it would be—The Diet. By The Diet, 
I mean the dietary plan that | recommend to all of the families that want to 
start The Protocol. It is a combination of the classic gluten-free, casein-free, 
and soy-free diet along with the elimination of sugar, corn syrup, coloring, 
preservatives, and other harmful foods. The Diet is the basis for the rest of 
The Protocol; similar to laying the foundation of a house that the rest of the 
structure will rest on. Adhering to The Diet is critical to the effectiveness of 
the rest of The Protocol. 


When a family of a child with autism comes to see me, the first thing they 
want to know is: 


What can I do to help my child? 


| always, always start with The Diet. In fact, | send them away after that first 
meeting with hope that they will be able to recover their child, but only if 
they commit to The Diet 100%. | explain to the families that they must think 
about food the same way their great grandparents thought about food. In 
generations past, food came directly from the Earth, with little processing. 
Fruits, vegetables, nuts, and meats were dietary staples for our great 
grandparents and they should be for our children as well. We must think 
whole foods and not preeessedteeds. There is no point in going from regular 
junk food to gluten-free/casein-free junk food! 


After my first meeting with a family, they leave with the list of permitted 
foods and | have them email me when they have a week straight with zero 
exceptions or “errors” in The Diet. That is where the parents who are truly 
hungry for recovery are separated from those who are interested in having 


someone else “fix” their child for them. 
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One of two things generally happens during that first week. In the first 
scenario, | get an email from an ecstatic mother or father saying,"I can barely 
believe it Johnny slept through the night for the first time in years,” or “Johnny 
had a normal bowel movement,” or “Johnny said two new words yesterday!” 
That's what I hope for. 

The second scenario is... | never hear from the family again. There may have 
been tantrums, or an adjustment period related to The Diet that proved too 
much for them, and they decided to pursue another avenue. That's not to say 
that everyone sees a miracle, or that there's no middle ground. Some of the 
results are less obvious, such as more eye contact or less redness in the face, 
but generally speaking, we see positive changes. Any change is a good sign. The 
Diet is only the first piece of the puzzle. We must continue from here, layering 
in interventions until we get the desired, end result. 


Bless you! When my son was 3 years old he was 
es cia? RisperdoP and Clonazepam. can you beleve 
Ht? Obviously I never gave them fo hin, it hurt me to see 
my chid “drugged” 2 days after starting the det he sept 
through the night, the sparkle is back in his eyes.| can't wait 
to start with MMS, | am so happul! 


Throughout this book “miracles,” which are actual emails and forum posts from 
parents about their children’s improvements, have been set in text boxes (lke the 
‘one above) and placed in the chapters that they accent. Please note that as many 
of these miracles were collected some time ago the contributors have used the term 
‘MMS instead of CD. Due to time constraints it was impossible to request permission 
from these contributors to change the acronym of MMS to CD in their testimonials. 
‘MMS and CD are the same substance. Where the acronym MMS is used please 
know that chlorine dioxide is the substance being discussed and is responsible for 
the healing. 


Author's note: I'm not against all prescription drugs, especially those 
necessary to bring about healing. However, | don't condone medicating a child 
with drugs, masking the symptoms known as autism, So, when | see an email 
like this, | know we've got a great chance to heal that child because we have a 
parent who has committed herself to healing her child, and who is excited to 
see what changes the next tool will bring. 

Your child's doctor may not have heard of The Diet or may be misinformed of 
its benefits. The references section at the end of the book lists several studies 
and articles discussing dietary intervention for ASD’s. You can use them as a 
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jumping off point for your own study. If you are consulting with a doctor, itis 
important to choose someone who is familiar with autism and the recovery 
of autism, 


Many doctors do not have time to study up on what's new in autism recovery 
and if they have zero recoveries then they are in dire need of overhauling their 
protocols, Another major problem in the mainstream medical community is 
gigantic egos. If what we are doing is not working to recover our children, then 
we need to look at what we are doing and why we are doing it. Let's check 
our egos, update our protocols, and look at what has worked for families who 
have recovered their children, 


Researchers at the New Jersey Medical School's Autism Center found that 
“children with autism were more likely to have abnormal immune responses 
to milk, soy, and wheat than typically developing children,” which is published 
in a chapter of Cutting-Edge Therapies for Autism 2011-2012, by Siri and 
Lyons." In addition, interest is growing in the study of the link between autism 
and gastrointestinal (Gl) ailments. Siri and Lyons also relate a study by the 
University of California, Davis Health System, where they found that children 
with autism born in the 1990s were more likely to have gastrointestinal 
problems, including constipation, diarrhea, and vomiting than children with 
autism who were born in the early 1980s. 


If your doctor is uninformed, or tells you there is no evidence to prove that 
The Diet will help your child, do the research for yourself since only you are in 
charge of your child's diet. Heck, why not do The Diet? It doesn’t cost you any 
money and it just might help your child heal. Whether he eats cheesy puffs 
or fruits and vegetables will ultimately come down to you. You are the one 
with the money in your pocket. The only way to know for sure if your child is 
going to be one of the individuals who recovers with The Diet, is to try. It can 
take gluten six months or more to be removed from the microvilli or “shag 
carpeting” of the small intestine. As | mentioned previously, some children 
have obvious changes in two to three days, but even if your child's evolution 
is taking a little longer than most, DO NOT GIVE UP! At the writing of this 
book, | have helped about 5,000 or more families of children with autism; all 
of the children who have lost their diagnosis, as well as those coming close to 
recovery, have used varied protocols depending on their symptoms. The one 
thing that they all—unequivocally—have in common is: The Diet! 


In my opinion, it makes litte difference what other interventions you apply to 
your child if you can't manage The Diet 24/7/365. Hyperbarics, chelation, ABA, 
etc.,simply will not have the desired effects if you are still feeding “drugs” (aka 
garbage foods) to your child. 
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Why do | say drugs? Because that is what gluten and casein become in the 
bodies of our children on the spectrum; more specifically, gluteomorphin 
{also called gliadorphin) and casomorphin, which are similar to morphine. 
Gluteomorphin and casomorphin are produced in the gut due to improper 
digestion of peptides (as we will explain more in detail later). In a person with 
“leaky gut syndrome” (increased intestinal permeability), they are able to leave 
the intestine and cross the blood-brain barrier where they act exactly like 
morphine or heroin, Would you purposely give your child street drugs? NO! 


(Once we have this information and understand the severity of this issue, we 
have a responsibility to our children to do better. We must take away the 
foods that are keeping them ill. Invite your family and your child's school to 
help heal your child's ailing body. Explain that they can no longer give your 
child these items, and that if they do, it’s like giving them a dose of morphine. 
If it sounds drastic... that’s because it is! 


Researchers have found an abnormal amount of these undigested peptides 
(gluteomorphin/casomorphin) in the urine of children with autism, proving 
their existence in the body. Among others, Dr. Knivsberg and colleagues in 
Norway have found that urine samples from people with autism, PDD, celiac 
disease, and schizophrenia contained high amounts of the casomorphin 
peptide? Similarly, Gliadorphin (gluteomorphin) has been verified by mass 
spectrometry techniques to be present in unusual quantities in urine samples 
of children with autism? 


Do The 


it! 


There are still plenty of food options that are permitted. I promise you—your 
child won't starve! We have included some recipes in Appendix 15 on page 
513 to get you started, The Diet is absolutely the most important piece of the 
puzzle. If we can’t remove what is directly linked to brain and gut inflammation, 
as well as immune-allergic reactions to offending foods, it is nearly impossible 
to heal a child on the spectrum. I have personally never seen a family recover 
a child without dietary intervention. That's not to say it hasn't happened, but 
| have never seen or heard of it. 


Like | said before, when we started with my son Patrick, his only legal food 
was homemade French fries. So that’s what he ate. Little by litle he began to 
accept more foods. | assure you, the adjustment period will fade and they do 
eat. Stop the cycle of inflammation and addiction, Only then will your child 
begin to heal, and once your child starts to feel better he will accept more 
foods. 
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In the case of my own son, his acidic diarrhea and sleepless nights stopped the 
week we started The Diet. From that moment on I was hooked, not only on 
The Diet, but also on biomedical treatments for curing autism. | have never 
looked back. | strongly encourage you to experience The Diet for your child, 
or even as a family. It is an amazing thing, 


thought the folowing might encourage some of you who 
Perce tently made bg detary changes for your kids and 


he. "probably wasn't allergic” to what | had 
Ct a iy week later with the test results 
Gnd an apology, and a long Ist of other things he was 


Some other tips include the following: 


Review Your Child’s Supplement List 
Is your child taking 30+ supplements 
a day? We will talk more about 
this throughout the book, but this 
protocol is geared towards eliminating 
excesses and not about supplementing 
deficiencies. It's important to carefully 
review your child's supplements. In 
order to maximize the benefits from 
this protocol consider removing any antioxidants, (they kill CD—more on 
that in Chapter 5, page 88), calcium, magnesium (which feeds the biofilm), as 
well as iron and By, (which are favorite foods of parasites). Supplements for 
increasing speech, reducing seizures, enzymes, and probiotics obviously have 


2 


Introduction 


Soldering is a process used for joining metal parts to form a mechanical or 
electrical bond, It typically uses a low melting point metal alloy (solder) which 
is melted and applied to the metal parts to be joined and this bonds to the metal 
parts and forms a connection when the solder solidifies. It is different to welding 
in that the parts being joined are not melted and are usually not the same material 


as the solder. 


Soldering copper pipe Sheet metal fabrication 


Figure 1 — Different Types of Soldering 


Soldering is a common practice for assembling electrical components and 
wiring. Although it can be used for plumbing, sheet metal fabrication or 
automotive radiator repair the techniques and materials used are different to 
those used for electrical work, This document is intended to provide guidance 
on the safe working methods and proper tools and techniques for soldering of 


electrical components. 


Index Introduction RN 


Soldering 2016 
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their place in individual protocols. B)2, while known to feed parasites, has 
also been known to greatly boost speech in some children. If your child saw 
benefits in speech from Bn, it may be worth keeping in, As always, these are 
decisions that each family has to make for their child on an individual basis. 


Ifa certain supplement proved beneficial to your child, then don't remove it 
(the exception being antioxidants and the other aforementioned supplements). 
The goal of this step is to remove unnecessary supplements as they are most 
likely feeding parasites and creating “excess noise” in the body. Anything that 
is not serving a purpose needs to be eliminated. 


Keep a Journal 

Keep a record of the foods you have removed and those you have added 
in, Then, take note of the types of reactions you observe: rash, more or 
less hyper, more or less stimmy (self-stimulatory behavior), sleep patterns, 
frequency and consistency of bowel movements, tantrums, acceptance of 


new foods, eye contact, language, 
etc. Write everything down so that 
you can follow any relationships 
or patterns that will allow you to 
identify when something is working, 
or when it is not. Record these 
observations in a notebook because 
it helps guide us, especially those of 
us who are stressed, frazzled, and 
sleep deprived. 


Don’t Stress About Raw Foods 
or Perfectly Balanced Meals... Yet! 

When you are first transitioning, feed your child whatever legal foods he/she 
will eat. We are taking baby steps. Once your child is on The Diet 100% you 
can start adding in new foods, bite by bite, if necessary. 


Do the ATEC 


Keep track of your progress with the ATEC checklist (see page 447), which 
you can find at... 


www.autism.com/index.php/ind_atec 
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This is an excellent way to see how you are doing. Every time that you begin 
a new intervention, it's a good idea to do the ATEC, and then repeat it every 
three months or so to see how your child is evolving. Sometimes our children 
are recovering right before our very eyes and we don't even know it. The 
ATEC can be used to measure the effects of all new interventions, not just 
The Diet. 


Using the ATEC is a great way to measure improvement. Many of us are tired, 
burned out, or don't have the best memory. A formal questionnaire can help 
us to discern when an intervention is working or not, and it only takes about 
seven minutes to fill out. SeeAppendix 4, page 447 for a sample survey and more 
information about ATEC. 


Always Read Labels 

Read the label on the back of all packages—not 
just the one on the front that says gluten-free” 
Many times they have sugar, yeast, carrageenan, 
or other items that are not allowed. We must 
know what we are putting into our children’s 
bodies. If you can’t pronounce it.. you don't 
want to put it into your child. Be careful of 
hidden offenders like malt, natural flavors, 
artificial flavors, whey, and numbers (red 40, 
E-441), etc. 


Have a Support System 

It doesn’t matter whether it is a friend, family member, rescue angel, 
or neighbor. Have a shoulder to lean on. Autism recovery is a marathon not 
a sprint, and no one should have to go it alone, There are so many amazing 
parents out there who have walked this path and are willing to help newbies! 
As of this writing we have several public forums open, including. 


www.cdautism.org 
and 
www.facebook.com/groups/AutismCD 
This is an excellent resource for finding the latest info, protocol changes, and 
share hope andlor frustration with parents all over the world who are walking 


the same path. Don't forget to sign up for our newsletter as well by visiting 
the home page at www.cdautism.org! 
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Take it One Day at aTime 


Defeatist thinking will only harm 
your resolve to help your child “I 
can't do this for the rest of Johnny's 
life!” or “How will | get through this 
year?” are defeatist thoughts. Go 
hourby-hour or minute-by-minute, 
and know there are victories every 
day in the world of autism. We 
must draw strength from those 
victories, even when they aren't our own. Both this book and my website have 
a section of miracles and testimonials (see Chapter 2, page 19 and Appendix 1, 
page 357),whicharereal correspondence |have received from parents describing 
the advances their children have made as a result of doing The Protocol. We 
receive these miracle emails and forum posts every day, but we had to pick 
and choose which ones to share in the book. You will also see them sprinkled 
throughout the chapters of this book. Take some time to read them, know 
that children are recovering every day, and believe your child can be next. 
If something doesn’t go as planned, wake up the next day and know that, THIS 
IS the first day of autism recovery. 


Why Does My Child on the Spectrum Need to 
Go on a Gluten-Free/Casein-Free/Soy-Free Diet? 


As I said before I have never seen a child recover without The Diet. The 
following information comes from www.gfefdiet.com and explains why The Diet 
is so important for people with autism. 


Scientific studies have shown the presence of high levels of peptides derived 
from casein and gluten proteins.‘ The digestion process is considered 
“normal” in terms of protein digestion for most people, as they make smaller 
particles called peptides that are further broken down into amino acids. 
However, in people diagnosed with autism it is more difficult to properly 
digest some of these proteins, thus allowing them to enter the blood directly 
as peptides. This often happens due to a lack of enzymes that help with the 
optimal assimilation of food and can be a factor in causing exaggerated bowel 
permeability (aka, leaky gut syndrome). This results in poor digestion, which 
facilitates the entry of these harmful proteins directly into the bloodstream, 
where they can cross the blood-brain barrier. 
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Leaky gut syndrome has been attributed to many causes including viruses; 
Candida; gluten, which produces zonulin,a protein thought to cause leaky gut; 
amongst other things. 


Gluten-containing foods may destroy the digestive system if they are consumed 
excessively or are introduced too early into a child's diet. Wheat is hybridized 
through artificial processing, resulting in inadequately prepared grains. 
Casein-containing foods may also destroy the digestive system because they 
are pasteurized and/or homogenized. These processes may result in damage 
to the enzymes that break down gluten or casein, thus causing incomplete 
digestion of these proteins. 


Recently, Dr. Andreas Kalcker introduced us to the theory that the inability 
to properly digest these proteins may stem directly from parasites in the 
intestinal tract. These parasites may contribute to a leaky gut and thereby play 
a role in the development of allergies towards gluten, casein, soy, etc. 


Gluten is found primarily in wheat, rye, barley, oats, spelt, malt, most breads, 
cakes, muffins, cereals, flour tortillas, pizzas, pastries, and donuts, ete. Gluten 
is also found in food starches, semolina, couscous, malt, some vinegars, soy 
sauce, teriyaki sauce, flavorings, artificial colors, and hydrolyzed vegetable 
proteins. Casein is contained in milk from cows, sheep, goats and any or their 
derivatives such as yogurt, butter, ice cream, or cheese. No form of cow's milk. 
may be consumed as it causes inflammation and mucous. Even if the product 
claims to be lactose free, cream free, or casein free—it is not allowed. 


Improperly digested gluten and casein fragments can both enter the 
bloodstream and cross the blood-brain barrier, Because of their opioid 
properties, these peptides can react with opiate receptors in the brain to 
cause effects similar to those of an opiate drug such as heroin or morphine.” 
These opiates are called gluteomorphin (or gliadorphin) and casomorphin, 
and can react with some parts of the brain, for example, the temporal lobes, 
which are actively involved in the process of the integration of language and 
hearing. Interestingly, these are two of the areas most affected by autism. 


Besides their effects on the brain, opioid-forbidden foods cause inflammation 
in the gut and brain. When a child has an allergy to a food—in this case gluten, 
casein, and/or soy, etc—as it enters the body the immune system sees it as an 
invader and reacts by trying to protect the body from the substance. 


The first time the body is exposed to a food allergen, the immune 
system makes antibody-specific immunoglobulin E (IgE) against the 
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allergen. Ig£ antibodies circulate in the blood and adhere to types of immune 
cells called mast cells and basophils. Mast cells are found in all body tissues, 
especially in the nose, throat, lungs, skin, and gastrointestinal tract (Gl). 
Basophils are found in the blood and in tissues that have been swollen due to 
an allergic reaction. 


The next time the body is exposed to the same food allergens, the allergen 
binds to IgE antibodies that bind to mast cells and basophils. These connections 
between allergens and antibodies direct the cells to release large amounts of 
chemicals, one of which are histamines. After the liberation of a histamine by 
an activated mast cell, the permeability of the vessels near the site increases. 
Therefore, the blood fluids (including leukocytes, which are also involved in 
immune response) enter the area causing inflammation. Histamine release also 
causes the release of cytokines and inflammatory mediators by leukocytes. 
These chemicals, in turn increase the inflammatory response. 


Welcome to The Diet! 

Now that we've covered the science behind The Diet, it's time to get started. 
First, make sure you complete an ATEC and save the results so you have a 
baseline score. Next, prepare a shopping list based on the following allowed 
items. 


Author's Note: Organic products are better but not required. 


Permitted Foods 


Protein: 
+ Beef 
+ Chicken 
+ Eggs 
+ Fish (small not large size) 
+ Pork 
+ Turkey 


+ No processed meats or cold cuts (hot dogs, bologna, etc.) 
+ No shellfish (preferably—full of toxins) 
Eruits: 
+ Most fresh fruits are permitted (except citrus, mango, pineapple, kiwi 
and limit berries). 
+ Frozen fruit without added cream or sugar. 
+ NO canned fruit (nothing canned ever). 
+ Be careful of dried fruit as it may contain sugar. 
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Author's Notes: 


Juice is not permitted on this protocol as it has proven time and time again 
to annul CD and cost families precious time and money. The amount of fruit 
necessary to make a glass of juice also causes it to be high in sugars, albeit 
natural,and they can still affect the immune system. Children on this protocol 
need to drink water and generally speaking most former juice drinkers 
transition from drinking flavored beverages to water without much issue. If 
your child must drink a flavored beverage it would be acceptable to blend and 
strain or juice one apple, for example, and add it to some water and if you 
choose you can sweeten it with stevia (SweetLeaf® or KAL® brands are ok). 


Fruit should not be consumed after a meal as a dessert due to its rapid 
digestion. If it is eaten after other more slowly digested foods (i.e. meat, 
grains, etc.),it can ferment in the stomach, causing bloating, gas, or discomfort. 
Fruit is best eaten before a meal or separate from meals. 


Vegetables: 
+ All vegetables!!! 
+ Including French fries, however, not frozen fries or fries from fast 
food chains; these are often coated in flour. 
Author's Note: | don't condone the prolonged use of potatoes, as they 
convert to sugar in the body. However, it was the only “legal” food my son 
would eat when we began the GF/CFISF diet, 


Nuts: 


+ Almonds + Hazelnuts 
+ Cashews + Walnuts 
* Coconut + Plus, they all make great milks! 


+ Amaranth + Rice 
+ Buckwheat + Sorghum 


+ Corn + Tapioca 
+ Millet + Xanchan gum 
* Quinoa 


Author's Note: | prefer a grain free diet for autism recovery,especially if your 
child suffers from “grain brain” (addiction to grains, undesireable behaviors 
and/or inability to concentrate after eating grains). If your child seems to 
be addicted to carbs, ie. fruits and starches, you may want to consider the 
Ketogenic diet or the Rosedale diet. 
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Even though these grains are allowed, they can be difficult to break down, and 
can easily ferment in the intestinal tract due to excessive Candida overgrowth, 
bacteria, and parasites. 


Beans: 
+ All beans—EXCEPT soy + Navy 
+ Garbanzo + Peanuts 
+ Lentils 

Sweeteners 


+ Stevia (This is the best of all the sweeteners, but make sure it does 
not contain erythritol—a sugar alcohol!) 
+ Agave syrup 


+ Honey 

+ Maple syrup (natural/real—not made from corn syrup) 
+ Xylitol 

+ NO piloncillo (unrefined sugar) 

+ NO sugar 


Author's Note: Honey is allowed, however, it can create insulin spikes. 


Prohibited Foods List 


After working with thousands of families, and conducting independent 
research, it is my personal opinion that the products on the following list. 
should be avoided if your intention is to heal autism: 


+ Acetic acid (E260) 
+ Artificial flavoring 

+ Artificial sweeteners 
+ Bouillon cubes 


+ Bread 
+ Cacao/Cocoa 
+ Candy 


+ Cane sugar 
+ Carrageenan 


+ Catsup 
+ Chocolate milk. 
+ Coloring 

+ Corn flakes 


+ Corn syrup 

+ Cow's milk in any form (even lactose-free milk products) 
+ Flour tortillas 

+ Gelatin 

+ Malt 

+ Margarine 
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Mayonnaise 

Microwave popcorn 

MSG (Monosodium Glutamate) 
(8G goes by many names—too numerous to mention here. A detailed 
lists available at www ruthinlabeling orghiddensources hen!) 

Natural flavoring 

Noodle soup 

Oatmeal (except for Bob's Red Mill GF oats) 

Pasta 

Children’s nutritional shakes 

Play-Doh” 
(Contains gluten—Gluten-Free Dough is available at 
wwwdiscountschoolsupply.com) 

Preservatives 

Processed meats (hotdogs, ham, sausage, cold cuts) 

Sodas 

Soylfruit beverages 

Soy milk 

Soy sauce 

Sports drinks 

Sugar 

Yeast 


NO Cow's Milk: 


Not casein free 
Not lactose free 

Not organic 

Not raw 

Not evaporated 

No No No cow's milk! 

Sorty, no goat's milk either! It too has casein. 

All cow’s milk, regardless of what is removed from it, causes mucous 
production in the body. This, in turn, provides an ideal environment 
for pathogens. 


I you're thinking that once you go GF/CF/SF + that your child will starve, trust 
me they won't! The list of foods they eat may get shorter, but they will keep 
eating. As | mentioned earlier, my son Patrick ate homemade French fries 
for the first three weeks of The Diet until he began accepting different fruits, 
nuts, and chicken again, but we did it.. we transitioned. What I have seen in 
my own son, and in other children, is that when they begin to get healthier 
in the weeks and months after starting The Diet, they become more open to 
accepting new “legal” foods. 
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Wow. quite amazing Kerri. - 
‘ +” and have 

Ihave always beleved that “you are what you ea 
been very careful with what | give to my kids, so their det 
except for the occasional ice cream, 


out candes when someone offers hin 
n't ike them. He is not into sweets 
at al, thank God 
But I must say this det is just what he needed! Yau! 


There are a few loopholes to the above list. If you make your own catsup, 
mayonnaise, etc. with items from the permitted foods list, then your child can 
obviously eat those foods. The list refers to those items that come from the 
grocery store that contain white sugar, preservatives, and other problematic 
ingredients. 


There are many items on the forbidden foods list that don’t contain gluten, 
casein, or soy. Here is the explanation behind a few of those items: 


White refined sugar: Refined sugar has been found to reduce immune 
system function as well as contribute directly to obesity and Type Il diabetes. 


The following list is excerpted from Suicide by Sugar® 


+ Sugar can suppress your immune system. 
+ Sugar upsets the mineral relationships in the body. 
+ Sugar can cause juvenile delinquency in children. 


+ Sugar eaten during pregnancy and lactation can influence muscle 
force production in offspring, which can affect an individual's ability 
to exercise. 


+ Sugar can cause hyperactivity, anxiety, inability to concentrate and 
crankiness in children. 

MSG: An excitotoxin that can literally “excite neurons to death” We need 

all of our neurons! 


‘Yeast: Feeds Candida and other fungi. 


Carrageenan: Contributes to inflammation in the body and studies have 
linked it to colon cancer in rats.” 
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Artificial sweeteners containing sucralose: In making sucralose, the 
chlorine in the sweetener bonds to carbon, producing a chemical known as 
a chlorocarbon, “According to physician and biochemist, Dr. James Bowen, 
chlorocarbonsare never nutritionally compatible with our metabolic processes 
and are wholly incompatible with normal human metabolic functioning’ 


Processed Meats (hot dogs, ham, cold cuts, and sausages): The fats 
found in these meats may contain high amounts of toxins such as heavy metals, 
pesticides,and herbicides. In addition, processed meats contain sodium nitrite, 
which can harm the liver and pancreas. They may also contain corn syrup and 
flavoring 


Natural Flavoring: The exact definition of natural flavorings & flavors from 
Title 21, Section 101, part 22 of the Code of Federal Regulations is as follows: 


The term natural flavor or natural flavoring means the essential cil, 
coleoresin, essence or extractive, protein hydrolysate, distillate, or any 
product of roasting, heating or enzymolysis, which contains the flavoring 
constituents derived from a spice, fruit or fruit juice, vegetable or vegetable 
Juice, edible yeast, herb, bark, bud, root, leaf or similar plant material, meat, 
seafood, poultry, eggs, dairy products, or fermentation products thereof, 
whose significant function in food is flavoring rather than nutritional." 


Basically if you start with a natural ingredient, you can process or manipulate 
it any way you choose. No matter how many chemicals or solvents are added 
it will be labeled as a “natural flavor 


Notice they can come from meat, seafood, dairy, and wheat, etc., can also 
contain MSG. 


Coloring: Food dyes have been linked to allergic reactions, hyperactivity in 
children, and even cancer. Red No. 2, for example, was banned in 1976 after 
it was suspected to be carcinogenic. Red No. 40, in a number of tests, was 
shown to damage DNA in mice. 


When we are dealing with children on the spectrum, their immune systems are 
already compromised, and their detox pathways can be blocked or impaired. 
The idea is to decrease their burden with life-giving, nutritious foods, rather 
than add more stress to a body that is already maxed out. 


Corn Syrup/High Fructose Corn Syrup: Simply because corn is a 
permitted food does not mean corn syrup/HFCS are “legal” Both of these 
shut down the immune system, as refined sugar does. They are chemically 
similar in composition. There is much controversy surrounding the use of 
mercury in the refining process, and how much if any, is in the final product.'* 
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1 Soldering Printed Circuit Boards 


Soldering may be used to join wires or attached components to a printed circuit 
board (PCB). Wires, component leads and tracks on circuit boards are mostly 
made of copper. The copper is usually covered with a thin layer of tin to prevent 
oxidization and to promote better bonding to other parts with solder. When 
soldering bare copper wires they are often “tinned” by applying molten solder 


before making a joint. 


Hand soldering components on PCB Industrial oven for surface mount 


Figure 2 — Different Types of PCB Soldering 


RN Soldering Printed Circuit Boards Index 


2016 Soldering 
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I wanted to update you on everything with my daughter: 


We had a mishap 2 days ago. A substitute teacher 

gave my daughter a reguar granola bar and a flavored 
beverage containing sucralose. You know what Kerri 
when she came home from school that day she was in 
her own world and was ignoring me. | knew right away 
‘she had something she shouldh’t have had Iwas angry. 
‘and saddened by what | was witnessing Is there anything 
‘we should do since she had those 2 items that she’s not 
‘supposed to have. Or just continve to move forward?” 


After a while on the det it becomes obvious when an 
infraction happens, if you are present when it happens 
{ou can give an enzyme to heb break down the food, if 
‘hot, we move forward and earn haw to prevent it from 
happening in the future. 


Common Errors: 
“It’s no big deal if we break the diet every once in a while.” 


Not True! Every time you break the diet, further inflammation is caused 
in the brain and gut. When gluten and casein proteins are not properly 
broken down, the resulting peptides reach the brain as gluteomorphin and 
casomorphin. It takes three days for casein to be eliminated by the body, 
but months for gluten to be eliminated by the body. 


“My child can drink milk as long as it doesn’t have casein.” 


Not True! As long as the milk comes from a cow, your child cannot drink 
it. It doesn’t matter how it's labeled. If it comes from a cow it's off limits 
Cow's milk can provoke the body to produce mucous thus providing an 
ideal environment for pathogens which can cause chronic inflammation, 


“The allergy panel says my child isn’t allergic to gluten or casein, 
therefore he can eat them.” 


Not True! If your child has autism, or is on the spectrum, he must avoid 
gluten, casein, and soy. You should also observe your child carefully after 
adding a new food, or a food he hasn't eaten in a while. In one particular 
case, even though the child didn't test positive for an orange allergy he 
continued to produce symptoms of an allergic reaction whenever he ate 


Step | -The Diet 87 


one, We must remember that the body is changing constantly and that 
any test is only good for a couple of months, if at all. 


Ihave seen the same story repeated over and over again with mangoes, 
oranges, bananas,apples,and corn, ete. Observing the conduct of your child 
after consuming a food you suspect he may have an allergy/intolerance to 
is the best way to measure whether the food is acceptable or not. As our 
children move towards healing, foods that at one point produced allergy- 
type symptoms can be tolerated without an immune system response. 


“My doctor says that autism has no cure, and that the diet doesn’t 
work.” 


Not True! Run from any doctor who says he will take your money even 
though he feels that autism is incurable. The first question you need to ask 
a doctor is: 


“How many children have your recovered from autism?” 
If the answer is zero, keep looking! 


The Diet is free—no one earns money if your child is on The Diet—so do it! 
You have nothing to lose, and everything to gain. However, if you choose 
not to do it, you may further lose the health or your child. Commit 100% 
to The Protocol, and your child may be one of the next recovery stories. 


had what can only be described as a miraculous 
i opto the GE/CE/SF det. Since starting a weeks ago, 
1 the bumpy red areas on his face dsappeared, tantrums 
went from about a 10 to a 2, and diarrhea is al but gone. 


“We tried the diet, but Johnny didn’t get any better.” 
The Diet is only one piece of the puzzle. However, it is the foundation of 
everything we are going to do. Without maintaining The Diet, itis difficult 
to know which intervention is actually helping. 
Candida will be dying and a reaction to The Diet may be a Herxheimer. 
We must go beyond the diet to heal autism, but diet is the first piece of 
the recovery process. 
When | receive an email complaining that a child isn’t getting better | ask 
for a detailed list of exactly what the child is eating. | always find errors 
in parents’ application of the GF/CFISF + diet. What | typically uncover is 
that The Diet did not fail but that the application was flawed. 
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“I should remove gluten and casein from my child’s diet gradually.” 


Not True!!! Remove them from the diet immediately and watch your child 
improve before your very eyes. Foods that cause IgG or IgE allergic 
reactions cause many other problems in the body including inflammation 
and psychotic behaviors, in response to gluteomorphin and casomorphin. 
The sooner you can remove these foods the faster your child will recover. 


ved 
‘As soon as we started working on the diet, my son recel 
‘a devebpmental evakation, although he was a0 months old 
fhe results were that of a chid of 15 months 4 months 


points, has eye conta 
close to being recove 

bit. He is occasionally ner 
the most important thing is 


ital test and my son is 
Sel carver age) even n sone ars SY PESO 
4H And this is only with the diet because he hasn‘t taken any 


supplements, jst a probiotic that was ineffective 


“A gluten-freelcasein-freelsoy-free diet is good enough.” 


It's Not! Like | said before, | always find errors when a parent goes 
step-by-step with me through their child's diet. The list on page 52 is a 
detailed list of what our children should not eat under any circumstances. 
Many of these foods contain neurotoxins/excitotoxins. These foods can 
negatively affect developing and mature nerve tissue. Keep them out of 
your child's diet. 


Beyond GF/CFISF + 


Sometimes, The Diet as explained is not enough and we need to go beyond it. 
If your child suffers from constipation, diarrhea, or seizures it is recommended 
to do a period on the Specific Carbohydrate Diet™ (SCD™). The following 
text was sourced from the website... 


www.breakingtheviciouscycle.info 


by Elaine Gottschall. A complete list of references is also available at that 
website. 


Step | -The Diet 
The Specific Carbohydrate Diet™ has helped many thousands of people 
with various forms of bowel disease and other ailments vastly improve 
their quality of life. In many cases people consider themselves cured. It is 
1 diet intended mainly for Crohn's disease, ulcerative colts, celiac disease, 
diverticulitis, cystic fibrosis and chronic diarrhea. However itis a very 
healthy, balanced and safe diet that has health benefits for everyone. The 
foods that are allowed on the Specific Carbohydrate Diet™ are based 
‘on the chemical structure of these foods. Carbohydrates are classified by 
their molecular structure, 


The allowed carbohydrates are monosaccharides and have a single 
‘molecule structure that allow them to be easily absorbed by the intestine 
wall, Complex carbohydrates which are disaccharides (double molecules) 
and polysaccharides (chain molecules) are not allowed. Complex 
carbohydrates that are not easily digested feed harmful bacteria in our 
intestines causing them to overgrow producing by products and inflaming 
the intestine wall. The diet works by starving out these bacteria and 
restoring the balance of bacteria in our gut. 


Autism & GI Problems 


Altered intestinal permeability was found in 43% of autistic patients, 

but not found in any of the controls (Harvard University). Intestinal 
permeability, commonly called “leaky gut”, means that there are larger 
than normal spaces present between the cells of the gut wall. When 
these large spaces exist in the small intestine, it allows undigested food 
and other toxins to enter the blood stream. When incompletely broken 
down foods enter the body, the immune system mounts an attack against 
the “foreigner” resulting in food allergies and sensitivities. The release 

of antibodies triggers inflammatory reactions when the foods are eaten 
again, The chronic inflammation lowers IgA levels. Sufficient levels of IgA 
are needed to protect the intestinal tract from clostridia and yeast. The 
decreasing IgA levels allow for even further microbe proliferation in the 
intestinal tract. Vitamin and mineral deficiencies are also found due to the 
leaky gut problem. 


In a healthy intestinal tract the small intestine and stomach are not 
inhabited by bacteria. When the flora balance in the colon is lost, the 
microbes can migrate into the small intestine and stomach, which 
‘hampers digestion. The microbes compete for nutrients and their waste 
products overrun the intestinal tract. One of the toxins produced by yeast 
is actually an enzyme that allows the yeast to bore into the intestinal wall, 
The yeast also produce other taxins such as organic acids, which can alsa 
damage the intestinal wall. 


Bacterial growth in the small intestine destroys enzymes on the intestinal 
cell surface, which prevents carbohydrate digestion and absorption. 
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The last stage of carbohydrate digestion takes place at the minute 
projections called microvili, Complex carbohydrates that have been 
broken down by the enzymes embedded in the microvilli can be absorbed 
properly and enter the blood stream. But when the microvilli are 
damaged, the last stage of digestion cannot take place. At this point 
only monosaccharides can be absorbed because of their single molecule 
structure. 


[In the small intestine, the body should absorb the nutrients needed 
from what is eaten. But in the case of malabsorption, the undigested 
carbohydrates left in the small intestine cause the body to draw water 
into the intestinal tract. This pushes the undigested carbohydrates 

into the colon where the microbes can feast on it. This allows for even 
‘more proliferation of the unwanted microbes and continued increase in 
‘malabsorption problems. 


Low intestinal carbohydrate digestive enzyme activity was found in 43% 
of patients with autism. (Horvath) Recent studies point out that ongoing 
carbohydrate malabsorption keeps the digestive system constantly 
weakened, leading to systemic disorders. Suspected carbohydrate 
malabsorption should be treated to ward off further damage to the body's 
digestive system. (GSDL) 


‘Most intestinal microbes require carbohydrates for energy. The Specific 
Carbohydrate Diet™ limits the availabilty of carbohydrates. By depriving 
these microbes of their food source, they gradually decrease in number. As 
the number of microbes decreases so do the toxic by-products they create. 


The Specific Carbohydrate Diet™ (SCD™) is intended to stop the vicious 
cycle of malabsorption and microbe overgrowth by removing the source 
of energy from the microbes, The SCD™ allows simple monosaccharides 
that do not need to be broken down in order to be absorbed. 


By following the SCD™, malabsorption is replaced with proper absorption. 
Inflammation is decreased and the immune system can return to normal. 
Once the immune system is returned to adequate levels, it can begin to 
keep in the intestines microbes in proper balance. 


The SCD™ allows simple carbohydrates, but prohibits complex 
carbohydrates. The diet is started by following an introductory diet, which 
consists of a limited selection of foods. After the introductory diet, the next 
stage of the diet allows many more foods, but requires that all fruits and 
vegetables be peeled, seeded and cooked in order to make them more 
easily digested. Raw fiuits, vegetables, nuts and seeds are added to the 
diet later. To properly follow this diet, tis imperative to read Breaking the 
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Vicious Cycle by Elaine Gottschall. The book details the progression of 
allowed foods as well as providing many delicious recipes."** 


Salicylates/Phenols 


Phenol is a naturally occurring chemical found in many of the foods we eat, such 
as fruits and vegetables, nuts, and in bioflavonoids and cartenoids (carotene, 
lutein, lycopene, xanthophylls, and zeaxanthin), ete. Phenols can be found in 
toothpaste, hair dye, and disinfectants, etc. Many foods have phenols, and they 
are impossible to avoid completely. Salicylates are a subgroup of phenols, 
related to aspirin. There are several kinds of salicylate, which plants make as a 
natural pesticide to protect themselves from insects,fungi,and harmful bacteria. 
Foods high in natural salicylates are tomatoes, apples, peanuts, oranges, cocoa 
(chocolate), red grapes, coffee, all berries, and peppers, to name a few. 


You may also need to consider a low salicylate and/or phenol diet, as many 
children on the spectrum may have issues with these items. The following was 
sourced from www.scdlifestyle.com. 


Dr Feingold is probably the most widely known individual to study this 
chemical, as he developed what is now referred to as the Feingold Diet. 
He started out in the 1960s as a pediatrician and allergist studying 
children’s negative reactions to aspirin. Through his work, he found that 
‘many other dietary chemicals were causing physical and even behavioral 
reactions in his patients. He developed the Feingold Diet to eliminate all 
food additives, colorings, and salicylates. 


Why Do People React to Them? 


Ina normal body that has the correct levels of sulphates and liver 
‘enzymes, phenols and salicylates are easily metabolized. The body utilizes 
what it needs from the chemicals and properly disposes of the rest. 
through the bowels. In those whose levels are not normal or in the case 
of “leaky gut syndrome”, intolerance to this chemical family can occur 
rather quickly. 


‘Many people with gut issues such as yeast/bacteria overgrowth or 
digestive diseases can develop salicylate intolerance as a result of “leaky 
gut” syndrome. Leaky gut is a result of various digestive problems and 
‘occurs when the small intestine becomes too damaged to properly 

filter the size and types of food particles or chemicals that enter the 
bloodstream. [For more on leaky gut syndrome see http:!/scdifestyl. 
com/2010/03/the-scd-diet-and-leaky-gut-syndromel] When these 
improper particles are allowed to repeatedly enter the bloodstream the 
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body tries to get rid of them by triggering an immune system response. 
Because phenols/salicylates are so common in most foods, a person with 
a leaky gut will have much higher than normal levels of these chemicals 

in their blood and can very quickly develop intolerance’s to these specific 
particles. 


Why Can Phenols Affect Children on the Autism Spectrum 
More Than Others? 


Research by Dr. Rosemary Waring at the University of Birmingham found 
that children on the autism Spectrum have low levels of the enzyme 
phenol-sulfotransferase-P (the enzyme that breaks down the phenol and 
amine families, also known as PST) and the substrate it uses; sulfates. 
Sulfates are a key tool that the body uses in the process of detoxification 
and break down phenols such as salicylates. Without normal levels of 
sulfates in the body, the sulfotransferase enzyme cannot do the task it 
was created to do: metabolize salicylates. So there are two problems with 
PST deficiency: low sulfate levels and low enzyme levels. PST deficiency 
alone can cause problems in children (remember phenols are normal) 
but factor in any intestinal damage resulting in leaky gut along with it and 
your child's body can easily be overwhelmed. The end result is a salicylate 
intolerance and the subsequent physical and behavioral reactions that 
come with it 


Reactions Caused by Phenols 


Salicylates stimulate the central nervous system in people that react to 
them. This can often bring with it an emotionally extreme high followed 
by a very low, low. Other reactions to the phenol family can occur 
anywhere from immediately after consumption up to 48 hours after 

the consumption of the chemical, depending on the immune response. 
Physical reactions can include: dark circles under the eyes, red face/ears, 
diarrhea, headache, difficulty falling asleep at night, night waking, and in 
some cases excessively tired and lethargic. Behavioral symptoms of a 
reaction can be: hyperactivity, aggression, head banging or other self- 
injury, and even inappropriate loughter. Hyperactivity is more common in 
children’s reactions, while adults generally experience symptoms similar to 
chronic fatigue.'* 


For additional information on leaky gut syndrome you may wish to look at 
(search for) Dr. Peter Osborne: 


www.glutenfreesociety.org 


If your child suffers from self-injurious behaviors limit these foods that are 
moderate to high in phenols: 
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+ Almonds + Colored fruits + Pineapples 
+ Apples + Dates + Powdered chili 

+ Avocados + Food coloring pepper 

+ Bananas + Honey + Processed meats 
+ Cacao + Mangos + Raisins 

+ Cantaloupes + Mint + Strawberries 

+ Cherries + Oranges + Tangerines 

+ Cider vinegar ~*~ Oregano + Tomatoes 

+ Coconut oil + Peanuts 


For more information on this you can visit: 


www.sedlifestyle.com 
and 


www.feingold.org 


She’s quite the book worm and has an impressive collection 
which includes classic favorites such as Brown Bear, Llama 
Llama Red Pajama, Barnyard Banter and Goodnight Moon... But 
lately, she has been drawn to her Mama’s new favorite read.. 
Perhaps she is hoping that someday her story of recovery will 
be told to 
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Gluten Syndrome 


For many parents of children on the spectrum, having their children on The 
Diet is something that is second nature to them. However, as more and 
more people are using the protocol in this book to heal their own health 
ailments we have decided to include the following section on how gluten 
can negatively affect many more than just the autism community. You will 
get a very interesting look into how the immune system works and why so 
many sufferers have misunderstood gluten syndrome. Thank you Olive for 
contributing to our understanding of the subject. 


Molecular icry 
What It Is & How It Relates to the Gluten Syndrome 
by Mrs. Olve Kaiser 


Who am I? 


1am a married stay at home mom, blessed with a wonderful husband and 
seven fantastic kids. In 2003, after decades of searching, we learned about 
gluten reactivity through our daughter's nursing school training and eventually 
confirmed that we are a gluten syndrome family. Our daughter and my 
husband had the most obvious symptoms, but we all had manifestations and 
antibodies. Additionally our oldest son reacted to his MMR vaccination and 
probably other shots, which added high functioning ASD/ADD to the mix,and 
he developed type I diabetes at age 19. Two other sons had various shades 
of ADD/ADHD. My own school age vaccinations in the 1950's may have led 
to repeated bouts of strep throat until l reacted to a strep antibiotic injection 
about age 10. | developed PANDAS from that reaction (Pediatric Autoimmune 
Neuropsychiatric Disorder Associated with Streptococcus). What a struggle! 
Decades later it has responded somewhat to diet changes and now the CD/ 
parasite protocol. | give thanks to God for His guidance along the way. 


How did I get into tl 


We tested for gluten syndrome (we called it celiac disease back then) using 
standard tests recommended by celiac experts and received confusing results. 
Then, our daughter had a troubling experience with a gluten challenge that did 
not match the celiac story we'd been taught. | delved into medical literature 
and networked extensively with the gluten syndrome community looking for 
help. In that desperate discovery and prayer process | found practitioners and 
researchers who stepped outside the “villi damaged celiac only” box. They 
were able to explain why we received, in the midst of obviously gluten-induced 


community and this health project? 
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incidents, false negative results from our celiac blood tests and villi biopsy. 
Those tests significantly led us astray and eventually | put up a website... 


www.TheGlutenSyndrome.net 


.-to warn others of discrepancies we stumbled upon in the diagnostic process. 


What is Molecular Mimicry? 


Molecular mimicry is a recognized medical theory which explains very nicely 
why gluten reactions may potentially inflame and damage so many different 
parts of the body, leading to very different symptoms in different people. It 
also clarifies why gluten antibodies may cross react with other foods and 
infections, and why it only takes a small exposure to trigger them. 


When we understand molecular mimicry we are better equipped to deal with 
tempting social situations. Gluten syndrome has its own rules, which do NOT 
make sense unless this concept is understood. 


The following is a brief introduction to Appendix 5, page 449, which goes into 
much more detail, along with references, about the following questions: 


1, How does the gluten syndrome reaction actually damage our 
bodies? 


Molecular mimicry. The molecular structure of gluten resembles the 
molecular structure of many of our body tissues. When the immune 
system attacks gluten it may also attack body tissues that “look like” 
gluten. Even if you do not read the other detailed answers, learn the 
details for this question on page 450. 


2. Does gluten always damage the villi of the small intestine as the 
celiac story teaches? Many other tissues such as thyroid, pancreas, 
liver, joint, brain, nerves, heart, bone, blood vessel walls, etc., are 
involved in ti ‘order. Does all that other damage only arise 
from poor nutrient absorption from injured gut villi? 


No, according to published research, many researchers and practitioners 
believe the villi are not always damaged in an autoimmune gluten reaction. 
Where there is no villi damage, injury to other organs CANNOT be 
due to nutrient deficiencies caused by villi damage. Molecular mimicry 
provides a mechanism for direct autoimmune gluten damage to many 
other tissues and organs when the villi are fine, OR other tissues/organs, 
including vili, may be directly damaged through molecular mimicry. 
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2 Types of Solder 


There are different types of solder used for electrical work. They are broadly 
classified as tin/lead solders or lead free solders, Tin/lead solders have been used 
for many years because of their ease of use however they have been phased out 
of commercial use due to the harmful effects on humans and the environment. 
Tin/lead solder is still available and is used by “hobbyists” and other non- 
commercial users as it is still easier to use than lead free types. When using 
tin/lead (or leaded) solder there are additional safety precautions that must be 


observed, 


Different gauges of solder wire Solder composition is labelled 


(Lead free on left) 


Figure 3 — Different Types of Solder 


Index. Types of Solder RN 


Soldering 2016 
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Dr. Vojdani’s abstract in his editorial The Immunology of Gluten Sensitivity 
Beyond the Intestinal Tract, supports that the villi are not always injured. 
To quote his editorial abstract, “Evidence has been accumulated in 
literature demonstrating that gluten sensitivity or celiac disease can exist. 
even in the absence of enteropathy [gut/villi damage], but affecting many 
organs.” 


3. I don’t have damaged villi, and my tTG/gli 
negative, but | feel so much better gluten-free. Why? 


in tests were 


The tests were likely false negative. That is very common. As gluten 
digests, it breaks into more pieces than we have tests developed to check 
them, and the immune system makes a separate antibody for each piece. 
Standard tests only check 2-3 antibodies. You may have others (Cyrex 
Labs tests 28 antibodies). Your villi may be fine, but you may be injured 
somewhere else—for example: thyroid, nerves, heart, etc. 


4. Why do many gluten syndrome patients not only react to wheat, 

barley, and rye but also at times to other foods, particularly oats, 

milk, corn, soy, egg, yeast, coffee, sesame, rice, chocolate and others? 
These foods “look like” gluten closely enough in their structure that the 
immune system may mistake them for gluten. This situation may also 
cause your gluten antibodies to run high after you go gluten-free. The 
immune system may misrecognize other foods, such as yeast, corn or milk, 
and others for gluten because they resemble gluten molecularly. 


5. The diet seems excessively strict? Why does 
gluten to start a reaction? 


take so little 


(Our perspectives are skewed. We accept that miniscule amounts of venom 
injected by a bee sting, or a tiny exposure to peanuts in allergic individuals 
can set off immediate life threatening allergic reactions. Many medications 
are contained in very TINY pills, but they have powerful effects in our 
bodies. Immune gluten reactions are also that sensitive. “Crumbs matter.” 


6. Why do many people react to gluten, proven by antibody tests, 
but they have few or no warning symptoms for a long time and then 
they crash with something serious, usually autoimmune? 
Gluten is famous for slowly injuring nerves by molecular mimicry, and 
in many cases, the nerves are silenced by that injury. The patient does 
not realize there is a problem until the tissue or organ that those nerves 
supply begins to fail, 


7. Why do so many of us react to gluten today, when for centuries 
most people appeared to be fine with wheat, barley, rye and oats? 
After all, wheat and barley are mentioned positively in the Bible and 
other historical documents. 
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Today's gluten is altered, violently, by nuclear radiation and chemical 
mutation within the past 60 years®, plus our toxic and poorly nourished 
bodies do not have optimal digestive capabilities to break it down. Weak, 
toxic, leaky body barriers/membranes, particularly leaky gut, set the stage 
for gluten induced molecular mimicry. 


*Nina Federoff, Mendel in the Kitchen 


8. Why do specialists and researchers insist that the gluten-free 
diet must be life long? Can't we heal this problem and go back to 
our beloved wheat bagels, croissants, and brownies? 


‘Our scientists still insist that gluten-free is a strict lifelong commitment. 
agree. For me it is not worth playing with today's wheat. There is 
something strange and unpredictable about it. The memory B cells in 
the immune system never forget what the enemy “looks like”, and fresh 
exposure retriggers antibodies. 


9. Traditional peoples soaked andlor sprouted their wheat berries 
and then made sourdough bread with them. Does that process 
alter the gluten sufficiently for gluten syndrome patients to safely 
consume this bread, particularly spelt or einkorn? 


No. These processes and ancient wheat grains do make the bread more 
digestible, but not gluten-free and still unsafe. 


10. Should | substitute all the gluten foods I routinely eat with 
gluten-free substitutes? 
No, not routinely. The gluten-free community finds that they are still 
mainly expensive high carb processed food (ie, junk food). 


11. What are gluten withdrawals? 
‘Occasionally, gluten breaks into specific “pieces” in the gut that resemble 
opiate drugs. When a person goes gluten-free, they may experience 
‘temporary, but unpleasant, withdrawal symptoms for a few days as these 
pieces disappear from the blood stream. 


12. What are the risks of formal gluten challenges? 


Many patients avoid these challenges. Occasionally a patient tries the 
gluten-free diet for an extended period of time and then the patient or 
doctor decides to run tests to confirm gluten reactivity. The standard 
advice to restart the production of antibodies is to consume gluten 
products 4 x per day for 4-6 weeks, and then run the standard blood 
test, followed by a villi biopsy if the blood work is positive. This is called 
a gluten challenge and has created some very dramatically unhappy 
reactions, some of them neurological/psychological. 
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Please see Appendix 5 (page 449) and www.GlutenSyndrome.net for 
more info and references. When we understand molecular mimicry our 
understanding of the gluten syndrome comes into focus. It explains why 
gluten-free diets and beyond are important tools to reduce inflammation 
and promote healing, As time goes on, gluten-free diets are easier to 
manage in public, tests are better and social awareness has grown. The 
Just Eat Real Food movement and others play into healthy gluten-free 
dining with wonderful recipes that avoid processed foods and incorporate 
healthy fats and nutrient density. This is a happy, encouraging era as we 
watch our children heal and adults find better stability in the midst of a 
health crisis. Bon Appetit!!! 
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The Diet - FAQs 


The following FAQ's were printed with permission from gfcfdiet.com: 


Slight changes were made to match the formatting of this book; however, the 
content remains unaltered. Please visit gfefdiet.com for complete list of the 
references contained within the following text. 


1, My doctor has never heard of any of this and she is extremely 
skeptical. I'm embarrassed to tell her I'm considering this approach. 
What do you think? 


‘Skepticism is a good thing in a medical doctor or scientist. However, 
since there is preliminary evidence to support this safe, non-invasive 
intervention, it is up to you to educate her, state your wishes, and 
ask for her support. For a doctor, it is better to wait until all of 
the data is published in peer-reviewed journals before advocating a 
treatment. However, for a parent, it is reasonable to want to help 
one’s child without waiting for all of the results of the “double-blind 
placebo” studies. Because this approach does not include any unusual 
‘supplements, invasive drugs,or expensive treatments, your pediatrician 
should be supportive. Explain that you would like to try this for a few 
weeks, and agree that you will be objective about recording your 
child's progress while on the diet. 

If you feel that you need to support your case legally with 
the scientific and medical documentation that is currently 
available, please see the medical links at www.gfcfdiet.com or at 
wwwautismndi.com. 
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2. What is casomorphin? 
Casomorphin (or caseomorphin) is a peptide derived from casein, a 
milk protein. Casein is one of the major proteins in the milk of all 
mammals including cows, goats, and humans. When casein is digested 
properly, it breaks down into large peptides like casomorphin, and 
should then be broken down further into smaller amino acids. 


However, Dr. Reichelt in Norway, Dr. Cade at the University of 
Florida, and others found that urine samples from people with autism, 
PDD, celiac disease, and schizophrenia contained high amounts of the 
casomorphin peptide in the urine In its peptide form, casein has 
opiate properties similar to morphine, and may plug into the same 
opiate receptor sites in the brain, Researchers have found that these 
peptides may also be elevated in other disorders such as chronic 
fatigue, fibromyalgia, and depression based on anecdotal reports of 
symptom remission after exclusion of wheat and dairy. 


3. What is gliadorphin? 


Gliadorphin (also called alpha-gliadin or gluteomorphin) is a substance 
that resembles morphine. Ordinarily this is a short-lived by-product 
from the digestion of gluten molecules (found in wheat, barley, rye, oats, 
and several other grains). Gliadorphin is very similar to casomorphin. 
Gliadorphin has been verified by mass spectrometry techniques to be 
present in unusual quantities in urine samples of children with autism, 
and are believed by many to be a central part of the system of causes 
and effects that cause autistic development. 


The most probable reasons for the presence of these molecules are: 
+ One or more errors in the breakdown (digestion) process caused 
by enzyme deficiency and/or 


+ Abnormal permeability of the gut wall (that would allow these 
relatively large molecules to enter the bloodstream from the 
intestine in abnormal quantities). 


4. 1am confused about allergy vs. 
our children may be sensi 


69 


tolerance. I understand that 
ive to corn, soy, and other foods as wel 


as gluten and casein. Does this mean that they will eventually start 


turning these foods into the morphine+ 
were the case, would they show up as an allergy on a RAST test? 


ike compounds too? If this 


Or 


were our children always allergic to these foods (a regular allergy 
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that may cause behavioral changes in our children), and we just 
didn't know because the gluten and casein were hiding the allergy? 


To a traditional physician or allergist, “allergy” is used to describe 
a reaction of the IgE part of the immune system, resulting in hives, 
swelling, or breathing problems. However, the words “allergy” and 
“intolerance” are often used to describe any inappropriate reaction 
to foods or substances that should normally be harmless to the body. 


There are at least three different ways that a child with autism may 
have a problem with foods that contain gluten or casein, and it's 
important to understand the distinction: 


1. An IgE ALLERGY commonly results in skin problems, hives, 
swelling, and breathing problems, etc. This can be tested using a skin 
test or blood test. 


2. An INTOLERANCE (usually mediated by the IgG or IgA part of 
the immune system, or by an enzyme insufficiency such as lactose 
intolerance) has more varied or vague symptoms like discomfort, 
stomach problems, sleep problems, joint pain, ear infections, or 
hyperactivity and behavior problems. Sensitivity to these substances 
can be tested with an ELISA blood test. 


3. PEPTIDUREA (peptides in the urine) is caused by the inability of 
the body to properly break down certain proteins. It is hypothesized 
that certain peptides, notably from milk and wheat proteins, are 
plugging into the opiate receptor sites of the brain and disrupting 
brain and nervous system function. Urine testing for this is still 
experimental, and many parents believe that the best way to find out 
if this is what is causing a child's autism is a strict trial period on the 
GFICF diet. 


On the GFICF diet, gluten and casein are avoided because they are 
strongly suspected of having a direct pharmacological effect. When 
these proteins are only partly broken down, some of the resulting 
fragments can be strikingly similar to morphine, and act in more or 
less the same manner: (This type of reaction can co-exist along with 
a classic type of allergy towards the same foods.) 


Recent research indicates that protein from both corn and soy may 
also contain some molecular sequences that could, if the patient 
has an enzyme deficiency, be broken down into something closely 
resembling opioid peptides. Even spinach protein has been found to 
have some opioid activity. 

Products made from soy or corn will also often contain metabolic 
end products made by microscopic organisms like bacteria, molds, 
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o other fungi. Some of these are suspected of being harmful to a 
small number of people who are genetically predisposed to autism, 
The amount of danger will depend on individual conditions AND on 
the quality of the corn or soybeans used in the production process 
Soy OIL (lecithin) may be worse than most other soy products since 
this product will look and taste okay, even when made from moldy 
raw material,and since it is commonly made from the “bottom grade” 
of the harvest. 


‘Some people also think that one of the natural pigments in corn (lutein) 
may cause problems for reasons that are not properly understood 
(see:"Sara’s Diet"). This must be regarded as highly speculative, 


I don't think my child has allergies, or that allergies could cause 
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is completely comprised of milk, cheese, cereal, pasta, and bread. If 
I take these away, I'm afraid he'll starve. 


ism. Why should I try removing foods from his diet? 


Although parents have been reporting a connection between autism 
and diet for decades, there is now a growing body of research that 
shows that certain foods seem to be affecting the developing brains 
of some children and causing autistic behaviors. This is not because 
of allergies, but because many of these children are unable to properly 
break down certain proteins. 


Milk and wheat are the only two foods my child will eat. His diet 


There may be a good reason your child “self-limits” to these foods. 
Opiates, like opium, are highly addictive. If this “opiate excess” 
explanation applies to your child, then he is actually addicted to those 
foods that contain the offending proteins. Although it seems as if your 
child will starve, if you take those foods away, many parents report that 
after an initial “withdrawal” reaction, their children become much 
more willing to eat other foods. After a few weeks, most children 
surprise their parents by further broadening their diets. 

Isn't milk necessary for children’s health? 

‘Americans have been raised to believe that this is true, largely due 
to the efforts of the American Dairy Association, and many parents 
‘seem to believe that itis their duty to feed their children as much milk 
as possible. However, lots of perfectly healthy children do very well 
without it. Itis calcium children need, not milk. Cow's milk has been 
called “the world’s most overrated nutrient” and “fit only for baby 
cows.” There is even evidence that the cow hormone present in dairy 
actually blocks the absorption of calcium in humans. 
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Be careful. Removing dairy means all milk, butter, cheese, cream 
cheese, and sour cream, etc, It also includes product ingredients 
such as “casein” and “Whey.” or even words containing the word 
“casein.” Read labels—items like bread and tuna fish often contain 
milk products. Even soy cheese usually contains caseinate. 


For more information on dairy-free living, there's a very good book 
called Raising Your Child Without Milk by Jane Zukin. Another great 
book called Don't Drink Your Milk by Frank Oski (the late head of 
pediatrics at Johns Hopkins and author of Essential Pediatrics). This 
book cites the results of several research studies that conclude that 
mill is an inappropriate food for human children. It is available for 
$4.95 from Park City Press, PO Box 25, Glenwood Landing, NY 11547, 
ISBN #0671228048. 


8. How do I know which foods he's allergic to? 


Try an allergy elimination diet. For example, keep common allergens 
out of his diet for a few days and then re-introduce them, one-by-one. 
If you see symptoms, either physical or behavioral, try again in a few 
days, By being systematic you will be more certain of which foods 
are causing problems and correctly rule them out. Two excellent 
resources, probably available at your library, are Doris Rapp's book, Is. 
This Your Child, and William Crook's, Solving the Puzzle of Your Hard to 
Raise Child. 


9. Aren't eggs dairy? 


Many years ago, most of us were taught that eggs and dairy were part 
of the same section of the food pyramid under “dairy” However, they 
are not. Eggs are free of any dairy. Dairy can be from cows, sheep, or 
goats, The eggs we eat are normally from chickens. Dairy and eggs 
happen to be side-by-side in the refrigerator section of the grocery 
store, which may add to the confusion. 


10. What do I do when we go to a party or out to another person’s 
house and are trying to maintain my child on a GFICF diet? At times 
we find it impossible to catch him before he ingests something he 


shouldn't. 
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It is a good idea to bring some favorite GF/CF goodies with you. Keep 
them hidden until that moment of “competition.” Show the surprise 
treat to your child before your child eats one of the gluten and/or 
casein laden foods. Bring more than one goodie to be on the safe 
side. Also, there are two small pamphlets that are great for handing 
out to friends and family members that give a simple explanation for 
your child's special dietary requirements. These are: “Alternative 
‘Treatments for Children Within the Autistic Spectrum: Effective, 
natural solutions for learning disorders, attention deficits, and autistic 
behaviors,” by Deborah Golden Alecson, and “Leaky Gut Syndrome: 
What to do about a health threat that can cause arthritis, allergies, 
and a host of other illnesses,” by Elizabeth Lipski, M.S.,C.C.N. Both of 
these books cost $3.95 each and can be found at health food stores. 
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11, Do we need to worry about gluten-containing lotions, 


shampoos, and toothpaste being absorbed through the skin? 


Nicotine patches, birth-control patches, and other transdermal 
applications of medications are proof that the skin does absorb many 
things (and pass them to the bloodstream). However, the molecules 
in gluten are too large to pass through the skin, according to John 
Zone, MD (a dermatologist quoted in the Spring 2003 issue of Living 
Without magazine). 


Most often the problem occurs from hand to mouth (ie. touching 
colored modeling dough and then touching one’s face), which is a good 
reason to avoid giving our kids much access to anything that poses 
a threat, If your child's school has a sensory table, you can request 
that it be filled with rice or dried beans, instead of macaroni or gluten 
grains. Likewise, we suggest that you volunteer to be the “Play-Doh” 
parent” and keep the classroom supplied with a safe version that you 
don’t have to worry about. 

We are not too concerned about shampoo, unless you have a child 
who js likely to try to drink the stuff. But toothpaste is an entirely 
different matter, since some of itis likely to be ingested, rather than 
spit out. 


12, I'm already worried about my chi 


's_ nutrition, and his 


“allergies” are causing me to further reduce his choices. If apple 
juice and bananas are the only fruits he will eat, and he’s reacting to 


them, how is he supposed to get by? 


m4 Chapter 3 


Fruit contains water, sugar, fiber, and vitamins. If he will not eat other 
fruits then he needs to get these things from other sources. 


13. 1am wondering if anyone else is having problems with school 
and keeping them on the diet? | have sent a note saying: “Please 
don't give my son dairy, wheat, corn, or soy." Today I came in and 
they were giving him Popcorn! 


My kid doesn’t eat ANYTHING that isn't sent from home. He's almost 
ten now, and this policy has been good for him because succumbing 
to temptation outside of the house has simply never been an option. 
I don’t think it would occur to him to take food from anybody without 
our permission. 


We always made sure there are backup snacks and birthday party 
treats at school for emergencies. | think the school has always taken 
this seriously because they can see how seriously we take it. 


We once got a note from a mom who said that her son had been 
strictly GF/CF for months without an improvement. | asked what he 
was eating, and she gave me a long list including expensive GF pre- 
packaged products. Then she ended her letter by saying,""Of course, 
that’s just what he gets at home. | have no idea what he gets in his 
school lunch, or what they're using for food reinforcers in his ABA 
program” 

Definitely try this—you might see a real difference. 

14, What percentage of children will respond to dietary 

intervention? 

DAN! doctors used to try to be conservative about this, and say at 
least a third of children, and then, after seeing more patients, they 
said two thirds. Now that they have seen hundreds or thousands of 
patients, most tell us that they believe that almost every ASD child 
will benefit from this diet. Many will need further modifications (i. 
removing grains or sugar) before the full benefits are realized. 
However, age plays a big part in how quickly results will be seen. We 
can probably say that the response will be dramatic in more than two 
thirds of the children under three, and perhaps more subtle, but still 
helpful, in at least two thirds of older children. We think those are 
pretty good odds. 
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Some Additional FAQs... 

Kerri, yesterday the therapist was playing with Play-Doh” with my 
daughter. She could not resist eating it. We tried very hard to stop 
her with no luck. In the end we had to stop her from playing with 
People say this is due to a zinc deficiency. Do you know if this is 
correct? Will giving her Zinc stop her from wanting to eat Play- 
Doh”? If yes, how much should I give? 


She is not eating Play-Doh” because of a zinc deficiency. Play-Doh” 
contains wheat. She is addicted to gluteomorphin, a by-product of her 
‘eating gluten, which is contained in Play-Doh”. So, she broke her diet. She 
cannot touch nor eat Play-Doh”. 


‘What exactly is Candida? 


Candida albicans is an opportunistic fungus (or form of yeast) that is the 
cause of many undesirable symptoms ranging from fatigue and weight gain, 
to joint pain and gas. 


The Candida yeast is a part of the gut flora, a group of microorganisms 
that live in your mouth and intestine. When the Candida population starts 
getting out of control it weakens the intestinal wall, penetrating through 
into the bloodstream and releasing its toxic by-products throughout the 
body. 


‘What Causes Candida Overgrowth? 


Candida is an opportunistic pathogen that can rapidly take over when a 
person is under a course of antibiotics. Antibiotics destroy beneficial gut 
flora but have little effect on Candida, giving this normally harmless yeast, 
the chance to take over dominance of the gut environment very quickly. 

Babies born via C-section, or to mothers who were treated with IV 
antibiotics during labor are especially vulnerable to the ravages of Candida 
overgrowth. This is because they are not exposed to a healthy balance of 
gut flora on the way through the birth canal prior to the moment of birth. 


disaccharides, or double sugars, are present in many carbohydrates 
including ALL grains—not just gluten containing ones. An inflamed, 
imbalanced gut overridden with Candida is unable to digest double 
sugar molecules completely because the lack of beneficial gut flora has 
compromised the function of the enterocytes. 

According to Dr. Natasha Campbell-McBride MD, author of Gut and 
Psychology Syndrome, and one of the key scientists at the forefront of gut, 
restoration research today, enterocytes are the cells that reside on the 
villi of the gut wall and produce the enzyme, disaccharidase, which breaks 
down the disaccharide molecule into easily absorbed monosaccharide 
molecules. When the enterocytes are not nourished and strengthened 
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3 Types of PCB 


Printed circuit boards (PCBs) are populated by electronic components and these 


may be “surface mount” or “through-hole” types. 


3.1. Through-Hole Components 
As the description “through-hole” suggests, the leads of the component are passed 
through holes in the PCB and then soldered to a “pad” on the reverse side of the 
PCB. Soldering is accomplished by heating the component lead and PCB pad with 
a soldering iron and melting solder wire into the joint, This type of construction was 
common from the 1960's until early 2000's and is still used by hobbyists and in 


small scale production where manual assembly is preferred, 


3.2. Surface Mount Components 
Commercial circuits are mostly of the surface mount type as these are cheaper to 
make, more compact and easier to automate assembly. For surface mount 


construction the component’s pads are on the same side of the PCB as the 


component and the component connections sit onto these pads. Soldering is 
accomplished by applying solder paste onto component pads on the PCB, placing 
the component onto the paste and then heating the entire assembly to melt the 
solder. Commercial assembly uses ovens to heat the boards. Hobbyists can also use 
surface mount components and soldering can be accomplished by applying solder 


paste and melting with a hot plate, s 


all oven or soldering iron, Some surface 


‘mount joints can be soldered using a soldering iron and solder wire. 


‘Through-hole PCB Surface mount PCB 
(non-component side) (component side) 
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properly by adequate beneficial flora, they become weak and diseased 
and may even turn cancerous. Unnourished, enterocytes cannot perform 
their duties of digesting and absorbing food properly.'*"” 


The critical importance of the enterocytes to health cannot be overstated! 


Weak and diseased enterocytes also have trouble digesting starch 
molecules, which are very large molecules that consist of hundreds of 
monosugars, connected in long branchlike strands. People with weak 
digestion due to Candida overgrowth and messed up enterocytes have 
a terrible time digesting these complex molecules leaving large amounts 
of it undigested—the perfect food for pathogenic yeasts, bacteria, and 
fungi like Candida to thrive upon. Even the starch that manages to get 
digested results in molecules of maltose, which is—you guessed it—a 
disaccharide! This maltose also goes undigested due to a lack of the 
enzyme disaccharidase and becomes additional food for Candida. 


We are a few days into the diet. Can someone comment on what 


they send to daycare with their kids for snacks? Our daycare is nut 
free as well. We are ok for lunches but what should we take for 
snacks. The gluten-free pretzels, etc. we were taking he can’t have 
now because of yeast and soy. 


Here a few suggestions: Hard boiled eggs, cut up raw veggies and fruit, 
air popped popcorn, apples, bananas, dried fruits (with no sugar added). 
Also you can join“CD/CDS MOMS WHAT IS MY KID EATING TODAY” 
Facebook group. You can find more ideas there. 
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An Introduction 


to Chlorine xide 
‘by Jim Humble 


“Condemnation without investigation is the height of ignorance” 
-Albert Einstein 


Jim Humble, the man behind chlorine dioxide for healing, was kind enough to write 
the following introduction to our CD section... 


| just can't tell you how pleased and proud 

Jam that Kerri has developed protocols 
using chlorine dioxide as the main ingredient 
to bring health and normalcy to many children 
who had the symptoms called autism. Their 
resulting healing is one of the greatest stories 
of this and the last century. Kerr's ability to 
look at something new and to evaluate the 
value of the new item without being totally 
affected by the dictates of present established 
medical science is truly rare. Kerri decided 
to do something since modern medicine has 
yet to come up with a reasonable priced globally available solution to the 
problem of autism that yielded good results. Medical science says that autism 
is incurable, that millions of children have to be left to suffer and live without 
reaching their potential. At this writing 115 children have recovered, hundreds 


more are near recovery and thousands have had documented improvements 
as a result of being treated with Kerri’s protocol. 


Here are some basic points: 


Chlorine dioxide (the molecule) was discovered in 1814, with many giving 
credit to Sir Humphrey Davy for its creation, and today several patents exist 
for healing various ills with it (see list on page 85). 


MMS (Master Mineral Supplement) — | rediscovered chlorine dioxide in 1996 
and since then more than 1,020 people have traveled from more than 95 
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countries to the Dominican Republic, Mexico, and other countries, to be 
trained in its use. By our estimation, more than 10 million people worldwide 
have used chlorine dioxide. 


The highest cost of a set of bottles of sodium chlorite + activator is less than 
$25 for 4 ounces of each. This means that almost any place in the world the 
average dose of chlorine dioxide is less than 4 cents, or less than $.40.a day or 
$25 for 2 months. In most places it is even less than that. So far there is no 
one in the world who can't afford it or who wouldn't be able to get it merely 
by asking if they can’t afford it. 


The chlorine dioxide molecule is the weakest of all oxidizers used in the 
human body and thus has very little effect on human cells. This molecule 
has the unique ability to recognize and oxidize (kill) harmful bacteria. Hans 
Christian Gram,a scientist of the 19th century, discovered that most harmful 
bacteria have a negative charge. He was able to dye positive and negative 
bacteria two different colors. His techniques are still used in laboratories and 
universities. All oxidizers, including chlorine dioxide, have a positive charge 
that will attract and kill negatively charged bacteria while repelling positively 
charged bacteria. Chlorine dioxide is thusly able to kill bad bacteria without 
destroying the good bacteria. This is simple high school science; like charges 
repel and unlike charges attract! 


Most chemicals and many foods in this society are tested to determine their 
poison index, which is designated by giving them a toxicity number known as 
Ls». Sugar, table salt, butter, arsenic, cyanide, vinegar, wine, Clorox, window 
cleaner, and dozens of other household and industrial chemicals are rated as 
to their toxicity by force feeding 10 rats with the food or chemical in question 
until 4 of them die. The amount of chemical or food that it takes to kill 5 of 
the 10 rats determines the LDss number. Every chemical has a toxic rating 
and is indicated as an LDsy number. All chemicals are toxic in large enough 
quantities and there are a lot of unlucky rats in our society. 


There has never been a recorded death caused by ingestion of chlorine 
dioxide or sodium chlorite in humans. In the case of chlorine dioxide, it would 
take 1000 times more chlorine dioxide than is used in a daily treatment dose 
to reach a toxic dose for a human being. The following information is from 
the Toxicological Profile for Chlorine Dioxide and Chlorite (published by the USS. 
Dept, of Health & Human Services) which contains LDs» toxic numbers for 
chlorine dioxide along with documentation that no deaths have been caused 
by chlorine dioxide (Emphasis in italics is the author's): 
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‘No information was located regarding death in humans following oral 
exposure to chlorine dioxide or chlorite. Shi and Xie (1999) indicated that 
‘an acute oral LDso Value (a dose expected to result in death of 50% of the 
dosed animals) for stable chlorine dioxide was > 10,000 mg/kg in mice.? 


| should say something about bleach as a number of critics insist that MMS 
(chlorine dioxide) is a bleach and thus is a poison. Chlorine dioxide, the 
chemical that is MMS, has never been used domestically as a bleach for cleaning 
toilets. It is an industrial bleach when used 4000 times more concentrated 
than MMS, It is never used for bleaching purposes in the homes of people of 
this world. 


Legally, ethically, morally, and logically, if any item does not have the 
characteristics of a particular item, it cannot be said to be that kind of an 
item. This means that a chemical that does not have the characteristics of 
bleach cannot be called bleach. So chlorine dioxide solution being 4000 times 
weaker than that of bleach cannot be called bleach. This is a fact accepted in 
courts of law of the world. 


I sincerely hope you will take the time to understand the basics of chlorine 
dioxide as explained here, Any time one has helped someone overcome the 
symptoms of autism he has helped save a life, as those suffering from the 
symptoms of regressive autism are not living their full lives. The end result 
of learning this data is that the time may come when you will need chlorine 
dioxide to save your own life or that of a loved one. 


Arc{bjsftop Jim Humble 
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A message from Kerri to Jim Humble 


“With all my love, respect and gratitude. You have swum 
against the current for so long, and | am so fortunate 
that you waited for me. | will continue to recover these 
generations of children that are the victims of a senseless 
epidemic. As you have done, | will do. We can’t change 
the past, but the future is ours. You have brought light to 
where there once was none.” 
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Step 2 - Chlorine Dioxide (CD) 


“All truth passes through three stages. Firs, itis ridiculed. Second, it is 
Violently opposed. Third, it is accepted as being self-evident” 
~ Arthur Schopenhauer 


C (chlorine dioxide) is the most amazing intervention that | have 

ever tried with my son. It by far packed the biggest punch in the 
shortest amount of time—we saw the positives in under a week with no side 
effects! (A Herxheimer reaction is nota side effect) After seven days on CD, 
my son was looking at me in the eyes and requesting non-preferred activities 
using four word sentences. | have never, with any other intervention, seen 
‘a change in my son come about so quickly, especially since Patrick was your 
typical non-responder before CD. 


The chlorine dioxide 
molecule (CD). 


Why CD for Autism? 
‘We know that the symptoms known as autism are caused by: 
* Viruses + Heavy Metals 
+ Bacteria + Inflammation 
* Candida (yeast) + Food allergies 
+ Parasites 


CD catapults children into recovery because it kills these exact things. As 
of this writing, over three years since we started using CD in our protocol 
to heal autism, 115 children have lost their diagnosis. Thousands of children 
around the world are healing, and that means their families are healing as well, 
and for this | am eternally grateful. 
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CD has confirmed my faith and has shown me time and time again that autism 
IS curable. My life has changed since the day my son was able to look me 
in the eyes, smile, and request things. I could not keep information of this 
‘magnitude a secret. | absolutely had to share it with anyone who would listen. 


CDis very affordable as you can purchase a two to three month supply from 
multiple worldwide suppliers on the Internet for around $25USD. The cost 
difference between the CD Autism Protocol and a megavitamin/supplement 
based biomedical protocol for a family living without insurance (or in a third 
world nation) could be the difference between recovering their child and not 
recovering their child. The results are also vastly different, 


You can think of CD as a shortcut to recovery because it kills all pathogens 
with one shot. Hypothetically, you could use antibiotics, antifungals, and 
antivirals to get the same results; however, you could also cause damage due 
to harmful side effects from these products (liver and kidney stress, etc.). Also, 
antibiotics, antifungals, and antivirals can only target certain bacteria, viruses, 
and fungi. CD targets all types of pathogens based on their electrical charge 
and pH. The particular strain is irrelevant. 


CD causes no side effects, leaves no toxic residues, and causes no liver damage. 
It causes no new stress to already stressed bodies. Everything else we use to 
kill pathogens leaves something behind. For example, antibiotics also kill your 
beneficial bacteria, and antiviral use comes with contraindications and side 
effects. CD is gone from the body one hour after your last dose, leaving no 
trace behind. We dose hourly throughout the day because CD is only active 
in the body for up to one hour. We must continue to dose if we want to stop 
the proliferation of pathogens and eliminate them from the body. 


A few children with autism in Venezuela recovered using only CD, The Diet, 
and a probiotic. That doesn’t happen every time, but it can, 


False Information and the Fear it Creates 


The most common reason that families have told me they are afraid of trying 
CD is because of false propaganda. The FDA, anti-biomed parents, and others 
have claimed that MMS (Jim Humbles term for a weak concentration of 
chlorine dioxide in aqueous solution) is a “poison,” comparing it to chlorine 
or chlorine bleach, which it is not. 
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If you are interested in a deep dive into the science behind chlorine dioxide 
therapy (also known as MMS), please spend some time on Dr. Andreas 
Kalcker's websites... 


www.medicasalud.com 


mostly in Spanish, though it has a few pertinent documents in English, and... 
www.andreaskalcker.com 


Also check Jim Humble's website: 


www.jimhumble.org 


There, you can also find a forum (G2Cforum.org) of people discussing the use 
of CD (MMS) for the healing of a multitude of ailments. 


Inanutshell,chlorine (Cl) and sodium hypochlorite (NaOCI,aka chlorine bleach) 
are as different from chlorine dioxide (CIO;) as “required-forslife” oxygen 
(Q:) and “will-damage-the-lungs” ozone (O;) are different from each other. 
Chlorine (Cl) and sodium hypochlorite (NaOCl) destroy pathogens through 
“chlorination,” while chlorine dioxide (CIO,) destroys pathogens by “oxidation.” 
The by-products of chlorination can bond with other molecules and form 
potentially carcinogenic trihalomethanes. The only byproducts of oxidation by 
chlorine dioxide are two neutral oxygen atoms and a chlorite ion, which can 
bond with sodium in the body to form table salt (NaCl). 


Laundry Bleach 
OR 


Chlorine Dioxide ‘SNOT 


Pool Chlorine 
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Your doctor is most likely not a chemist, and may or may not be fluent in the 
language of oxidizers. If you are working with a doctor, please take the science 
to them when you speak with them about adding CD to your child's protocol. 
The best thing we can do for our sick children is to make informed decisions. 
Understanding the difference between chlorine and chlorine dioxide, or 
chlorine bleach and chlorine dioxide may mean the difference between your 
child recovering or not. 


have shared this with thousands of families around the globe whose children 
have used chlorine dioxide in very dilute aqueous solutions, and NONE have 
had any injuries from CD. Sure, we have had discomfort in the form of a 
Herxheimer reaction. This is something we have learned to minimize, and 
can often be prevented by going low and slow. | have learned that what may 
appear negative at the outset, often turns out to be a healing crisis that leads 
to incredible gains in the long run. 


Many of the first world children who have done the CD protocol have done 
it in parallel with other autism protocols. They have had regular blood, urine, 
and stool tests and generally test healthier while using CD than before they 
started. CD is fortifying immune systems, improving liver function, reducing 
bacterial and viral loads, Candida markers, and inflammation. 


‘dust dd round of blood tests on my son, 
Liver Function Test best ever after # months of MMS. 


Critics also frequently cite the fact that sodium chlorite and chlorine dioxide 
can be used for industrial bleaching processes, as a way to frighten parents 
out of using it. Just because a substance has the power to remove color, 
or bleach something, doesn’t mean it’s “bleach.” Lemon, sunlight, hydrogen 
peroxide, and toothpaste all remove color from textiles, We would never 
call toothpaste bleach, even though it's capable of removing color, nor would 
we call sunlight bleach, even though that's what it can do to your clothes if 
you leave them outside long enough. From here we can draw a very similar 
analogy to using chlorine dioxide for health. The dilutions we are using for 
internal consumption in aqueous solution (water) are very weak. Day one 
starts with just one drop in eight fluid ounces of water. 


The 1984 study, Controlled Clinical Evaluations of Chlorine Dioxide, Chlorite and 
Chlorate in Man, found no deleterious effects when taking a concentration 
of up to SOppm over several hours a day for three weeks.’ As Jim Humble 
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mentioned (see page 79), the concentrations used for industrial purposes are 
are thousands of times more concentrated than what families have been 
Using for their children on the spectrum. 

Any substance can become toxic if taken in too high a concentration—even 
water? Chlorine dioxide is no exception. We always increase CD dosages, 
low and slow,and have a respect for the power that chlorine dioxide can have 
over pathogens, always resisting the urge to ramp up our dosing too quickly 


MMS 68 Days ago ahd my son's ATEC has 
pet yary 30-28. Now that’s MIRACLEM He is So 
‘much more ‘with us” and lm seeing improvements day 
isst so much more fun to be with now) He dd have a 
plateau, but is back on track. We have only done 4 enema 
to date, but they made a big difference! Baths do as wel 
Jean wait to see what he is ike on his 4th birthday 


39 days away) 


Chlorine Dioxide was discovered in 1814 by Sir Humphrey Davy as an effective 
disinfectant. Since then, numerous companies have patented its use for countless 
applications, including food and health, 


The following is an excerpt from Jim Humble’s Nov 21,2012 newsletter: 


Dr: Andreas Kaleker spoke of patents obtained by different multinational 
pharmaceutical companies, to cash in on this product or to prevent it from 
being marketed. 


Some of those patents include: 


+ Nontoxic Antiseptic (Pat 4035483/1977) 
+ For combatting human amoebas (Pat.4296102/1981) 
+ Against dementia caused by AIDS (Pat.5877222/1999) 
+ For curing all types of illness of the skin (Pat 4737307/1988) 
+ For disinfecting live blood (Pat. $019402/1991) 
+ For curing injuries more rapidly (Pat. $855922/1999) 
+ For all types of oral care (Procter & Gamble) 
(Pat. 6251372B1/2001) 
+ Against infections caused by bacteria (Pac. 5252343/1993) 
+ For treatment of severe burns (Pat.4317814/1982) 
+ For the regeneration of bone marrow (Pat. 4851222/1989) 
+ Treatment of Alzheimers, dementia etc, (Pat. 8029826B2/2011) 
+ To stimulate the immune system in animals (Pat. 6099855/2000) 
+ To stimulate the immunological system (Bioxy. Inc.) 
(Pat. 58305111/1998) 
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4 Flux 


For electrical soldering both solder wire and solder paste contain flux. This helps 
to clean the surfaces being soldered and prevent oxidization of the hot solder. 


‘The composition of the flux will vary depending on whether it 


s in a paste or 
wire, leaded or unleaded solder. Solder wire usually contains a flux called 
“rosin”, Most fluxes will produce fumes when the solder is heated and these 
fumes are likely harmful to your health. For occasional soldering it may be 
sufficient to have a well-ventilated workspace but for longer or repeated 
exposure a fume extractor should be used. Solder flux can also cause solder to 


spatter and eye protection should be worn when soldering. 


Fumes produced when soldering Workstation with 


fume extraction system 


Figure 5 — Fumes and Fume Extraction Systems 


Index Flux RN 


Soldering 2016 
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“The danger that may occur is if one mistakenly used a highly concentrated 
form. Highly concentrated forms of virtually every substance can cause 
death. In his conference, Dr. Andreas Kalcker points out that 70g of even 
plain table salt can cause death. 


‘There have been thousands of reports worldwide of excessive doses of MMS 
being ingested, however, with the hundreds of millions of tons of this substance 
used each year worldwide for water purification, preservation of vegetables, 
sterilization of slaughtered meat, and hundreds of other uses, there has never 
been a report of a death caused by ingestion of chlorine dioxide, 


This proves chlorine dioxide to be one of the safest products known. 


There are many products that contain chlorine dioxide (CIO;) that are 
currently approved by the Food and Drug Administration (FDA) in US. They 
are manufactured by Frontier Farmaceutical,Alcide, Bioxy, and others for skin and 
oral care. A number of these product names are listed below:* 


+ DioxiRinse™ Mouthwash 

+ DioxiBrite™ Toothpaste 

+ DioxiWhite™ Pro Teeth Whitener 

+ WhiteLasting™ Maintenance Gel 

+ BioClenz™ Dental Unit Waterline Cleaner 
+ Penetrator™ Periodontal Gel 

+ Simply Clear™ Acne Treatment: 

+ DioxiWhite™ Home Teeth Whitener 

+ Cankers Away™ Canker Sore Cure 

+ DX7™ Skin Protectant Gel 

+ Periodontitis Treatment 

+ DioxiSmooth™ Facial Exfoliant 

+ Gingivitis Treatment Surface Disinfection 
+ Fire Fighter™ Burn Pain Reliever 

+ DioxiGuard™ Spray Disinfectant 

+ Naillt™ Nail Protector 


Chlorine Dioxide is an Oxidant... 
But aren’t Antioxidants Good for Us? 


In 1954, Denham Harman published an article called the “Free Radical 
Theory of Aging” claiming antioxidants would slow the aging process. 
However, he later found that mitochondria determined life span, and that 
antioxidants do not enter the mitochondria, and subsequently published the 


Step 2 - Chlorine Dioxide (CD) 87 
“Mitochondrial Theory of Aging;"* in 1972. The “Free Radical Theory of 
Aging” is still responsible for billions of dollars in antioxidant supplement 


sales a year, While writing this book, a fascinating article was published in 
the journal Open Biology by Dr. James Watson (of Watson and Crick) called 
“Oxidants, antioxidants and the current incurability of metastatic cancers.” 


‘Watson sets forth a hypothesis that links the presence of antioxidants in the 
body with late-stage (metastatic) cancer: He points out that some successful 
cancer treatments use “free radical” molecules to treat cancer—the very 
same molecules that antioxidants attack and kill. Watson urges his readers 
of the new paper to consider the following: “Unless we can find ways of 
reducing antioxidant levels, late-stage cancer 10 years from now will be as 
incurable as itis today."* 


The following was excerpted from the same article in Open Biology.* Please 
see the original document for references contained within the text. 


Free-radical-destroying antioxidative nutritional supplements may have 
‘caused more cancers than they have prevented. 


For as long as | haye been focused on the understanding and curing of 
‘cancer (I taught a course on Cancer at Harvard in the autumn of 1959), 
well-intentioned individuals have been consuming antioxidative nutritional 
supplements as cancer preventatives if not actual therapies. The past, most 
prominent scientific proponent of their value was the great Caltech chemist, 
Linus Pauling, who near the end of his illustrious career wrote a book with 
Ewan Cameron in 1979, Cancer and Vitamin C, about vitamin C’s great 
potential as an anti-cancer agent [52]. At the time of his death from prostate 
cancer in 1994, at the age of 93, Linus was taking 12 g of vitamin C every day. 
In light of the recent data strongly hinting that much of late-stage cancer's 
Untreatability may arise from its possession of too many antioxidants, the 
time has come to seriously ask whether antioxidant use much more likely 
‘causes than prevents cancer. 


Allin all, che by now vast number of nutritional intervention trials using the 
antioxidants -carotene, vitamin A, vitamin C, vitamin E and selenium have 
shown no obvious effectiveness in preventing gastrointestinal cancer nor in 
lengthening mortality [53]. In fact, they seem to slightly shorten the lives 
fof those who take them. Future data may, in fact, show that antioxidant 
use, particularly that of vitamin , leads to a small number of cancers that 
would not have come into existence but for antioxidant supplementation, 
Blueberries best be eaten because they taste good, not because their 
consumption will lead to less cancer 
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Don't Oxidants Cause Oxidative Stress? 


Not necessarily. Dr. Andreas Kalcker presented us with another theory 
explaining why oxidative stress is caused by pathogens and parasites rather 
than oxidants. If you take an oxidant such as CD, it is likely to upset the 
parasites living in the intestinal tract, causing them to defecate. Waste from 
‘worms can contain many toxic substances including MDA (malondialdehyde), 
formaldehyde, and ammonia, These toxins are known to cause oxidative 
stress.°!!" When parasites are present in the body they are releasing these 
toxins, even if we don't kill them, Parasitic presence in the body is responsible 
for many of the symptoms known as autism, 


Oxidants themselves are not directly responsible for oxidative stress in the 
body. However, they can exacerbate oxidative stress, which can cause parasites 
in the body to release toxins. The solution is to get rid of the parasites. Please 
see Chapter 8 for an effective Parasite Protocol. 


Chlorine Dioxide & Antioxidants 


Although antioxidants have their place in personal health and are common 
in many foods and supplements, they cannot be taken at the same time with 
chlorine dioxide—they negate each other. This is why vitamin C, juices, and 
other antioxidant containing foods are prohibited in The Diet. 


imonicl to MMS: For those of you new to the group 
So ef the MMS protocd | wanted to tel yo abavt 
te. |was afraid at first, but we decided to try MMS_ Within 
3 weeks my son went from an ATEC of 36 to 18! That 
‘was amazing. Then we were afraid of the enemas We said 
ho way, we would ist do oral MMS. OF course, after seeing 
“others progress here we decided 10 do them He would 
down! Then for months we agonized over the PP. We were 
ofraid of it. We were scared of the meds, everything finaly 
we decided to try it too We are in the midde of our first 
PP and our son, who used to hit, kick, bite and scream at me 
over the smalest thing al the time, has row been a perfect 
jou When he gets mad itis over quickly and does not escalate 
jnto world war 3. Abo these bumps he had on his face have 
‘ceared up along with his attitude! So if you are unsure. oF 
MMS ie | was, here is one more testimonial of just how good 
the protocol realy is Thanks Kerri and all the other moms 
that came before me! 
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Herxheimer Reaction (Die-Off Reaction) 


There are many stories on the Internet about the “side effects” of CD. The 
definition of a side effect is: 


The unintended or secondary effects of a substance. 


When people describe what they believe to be side effects of CD, they are 
actually talking about a Herxheimer reaction, Jim Humble's original chlorine 
dioxide (MMS) protocols called for higher doses per hour ramped up much 
faster than we titrate up for autism. In some cases that resulted in nausea, 
Vomiting, and/or diarrhea. Critics of CD claim that a Herxheimer reaction, 
which is the result from ramping up too quickly, is the body's reaction to being 
‘poisoned’ by chlorine dioxide 


This is absolutely not the case, as the aforementioned study by Judith 
R. Lubbers and colleagues found that when healthy individuals were given 
minimal doses of chlorine dioxide in increasingly higher concentrations, no 
deleterious effects were noted? 


A Herxheimer reaction indicates that the patient is suffering from an overload 
of pathogens/toxins. If the person taking CD has a fair amount of pathogens, 
the rapid killing of these invaders produces excess toxins in the bloodstream. 
It is these substances that the body wants to rid itself of in short order. 
People with autism often have impaired methylation cycles that reduce their 
ability to eliminate toxins, making it even more difficult to handle an influx of 
toxins, So LOW AND SLOW is the way to go. 


Children with autism typically don’t (or can’t) tell you they have nausea. 
However, discomfort may be visible from seeing that they're eating less, their 
eating habits have changed, or they're more listless than usual. That's usually 
a sign of detox, and in which case, we won't give the child any more CD that 
day. Detox is great, it's what we want, but without stressing the body further. 
‘We need to stay just beneath a Herxheimer reaction. 


‘A Herxheimer reaction can present itself in many forms including: 


+ Blisters + Fatigue + Hiccups 
+ Bloating ‘Flatulence + Nausea 

+ Burping + ‘Flushing + Runny nose 

+ Chills + Headache + Sleep changes 


+ Diarrhea + Heart Burn = + Vomiting 
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If any of these symptoms appear, suspend the remaining doses of CD for the 
rest of the day. The following day, return to the number of doses given when 
the child was stable, which is usually the dose that was given the day prior to 
the Herxheimer reaction. 


To mitigate a Herxheimer reaction from chlorine dioxide, you can give 
vitamin C or orange juice, as either one of these will cut the effects of CD 
immediately. To help bind the excess toxins you may want to try activated 
charcoal, bentonite clay, (be aware that these both can cause constipation), or 
burbur (a liquid detox extract). 


Using Chlorine Dioxide for Autism 


As | developed this protocol, it became clear to me that we needed to focus 
on excesses causing the symptoms of autism, rather than deficiencies caused 
by them, In the autism biomed world, we are accustomed to supplementing 
deficiencies (low iron, low B,,,low calcium, etc.), without questioning why the 
deficiency exists in the first place (ie., presence of pathogens/parasites). 


‘As soon as a family completes one week on The Diet, we get right into CD. 
Everyone starts with the “baby bottle” method, one drop of CD in eight fluid 
ounces of water; which makes the first day's dose 1/8 of a drop at a time. We 
have greatly minimized Herxheimer reactions by using this method, but it 
remains very important to monitor your child while they are using chlorine 
dioxide. It's very important to go low and slow. Every drop we give is helping 
to heal our children. 


What is Chlorine Dioxide (CD)? 
Refer to the diagram on the right for a visual overview. 


You can't actually buy CD. You have to make it. Fortunately, it's not a big deal. 
Ifyou can make coffee... you can make CD, which stands for chlorine dioxide, 


Chlorine dioxide (CIOz),is a gas produced through a chemical reaction when 
two liquids, sodium chlorite (NaCIO;) and an acid (such as hydrochloric acid 
(HCI) or citric acid (C.HyO;)), are mixed. The acid brings the combined pH 
level below five, causing the sodium chlorite to become unstable and release 
chlorine dioxide (CIO;). 


If any of this sounds complex, it isn't. Go through the following explanation 
and don't get bogged down by the chemical symbols. 
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Conceptual Overview of 
Chlorine Dioxide (CD) 
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Sodium Chlorite (NaCIO,) 
This is the first chemical you must have to make CD. 


You can get it in one of two forms: 


+ Sodium chlorite liquid in water: 
+ Ifyou are beginning, get a starter kit of this. 


+ Expect to pay about $20-$30 for a4 fl.oz. bottle set (usually 
includes acid activator). 

+ 22.4% sodium chlorite solution (from 28% technical grade 
sodium chlorite salts). 

+ Recommended: Buy quart or liter sized quantities of liquid 
once you understand the principles. 


+ Sodium chlorite powder or flakes: 
+ FOR ADVANCED USERS ONLY! 
+ Cheaper in the long run. 
+ Recommend buying 5 Ibs. of flakes/powder for a cost of about 
$100-$200. 
+ Look online or check with your supplier for mixing 
instructions. 


+ Avoid buying 90% sodium chlorite flakes. You want 80%. 
Most suppliers that sell liquid also sell flakes. 


+ NEVER mix any acid directly with powder/flakes! 


What's the 28%? 22.4%? 


This is not a critical thing for you to worry about unless you are mixing your 
‘own. But here is the jist: sodium chlorite powder is not 100% sodium chlorite. 
It’s usually 80% sodium chlorite and 20% salt and other inert ingredients. 
When diluted in water, you end up with 28% solution of powder, but only 
22.4% is sodium chlorite. Labels usually show one or both of these numbers. 


Sodium Chlorite Flakes vs. Powder 


Sodium chlorite flakes and sodium chlorite powder are the same thing. The 
resulting physical consistency may vary by different manufacturers. We've 
even seen clumps of powder. It’s still the same chemical. The important part 
is that it is technical grade, and 80% of the powder/flakes should be sodium 
chlorite (NaCIO,). Mixing info is at: www youtube.com/watchv=t0CBXVm9QVE. 
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Acid - The Activator 


To produce CD, you must add the second chemical, which is a food acid, to 
the liquefied sodium chlorite (22.4% solution in water). Chlorine dioxide gas 
is produced when the pH of the sodium chlorite goes below five. We call 
the acid used to lower the pH of sodium chlorite an “activator” because it 
activates the sodium chlorite to produce the chlorine dioxide. 


There are several activators to choose from. These are food acids in that they 
are commonly found in food preparations, or are actually food: 


+ Hydrochloric Acid (HCI) 
+ The same acid found in your stomach, and therefore, the 
most biocompatible option. 
+ Working concentration is between 4% and 10%. 


+ Available on the market in liquid concentrations of 4%, 5%, 
10%, 32%, 35%, and 37%. 


+ Any concentration over 10% must be reduced to a working 
concentration of between 4% and 10%. See Appendix 7, page 
471. (Note: We use 4% for CD and CDH; & 10% for CDS.) 

+ Only available in liquid form. 

+ Citric Acid 

+ Commonly available around the world. 

+ Often found in soft drinks to give them a tangy flavor. 

+ Some people have problems tolerating this acid. 

+ Usually used in 50/50 concentration by weight mixed in water. 

+ Available in liquid and powder form, 

+ Inexpensive; can be purchased online. 


+ Lemon or Lime Juice 

+ Consider this an emergency alternative to be used if the first 
‘two choices are not available. 

+ Can be found in most stores carrying produce. 

+ Should be from pure, organic and freshly squeezed lemons 
(or limes). 

+ Relatively weak acidity requiring five drops of lemon juice to 
every one drop of sodium chlorite solution. 

+ Substantially longer activation time. 

+ Lower ClO; output. 
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‘The amount of acid used, and the length of time you wait to dilute the mixture, 
will depend on the acid activator and its strength. The following chart gives 
you an idea. 


Activator Strength Ratio Time 
Hydrochloric Acid 10% 41 40 secs 
Hydrochloric Acid 4% 41 60 secs 
Citric Acid 50% ast 60 secs 
Citric Acid. 33% or 35% 41 60 secs 
Lemon Juice Pure 4:5 120+ secs 


You are unlikely to be using lemon juice, but we've included it here for 
completeness. 


Families should use whichever activator is available to them depending on 
where they live and what they have access to. All kids are different, so if 
yours doesn’t respond well to 4% HCl, by all means, try citric acid, or vice 
versa 


Ifthe HCl you purchased is anything other than 4% or S%, then see Appendix 7 
for instructions on reducing concentration. 


If you are using one of the two most commonly available activators, then you 
are likely to be using a 1:1 mixing ratio (1 drop sodium chlorite + 1 drop 
activator). 


In the case of 10% citric acid or pure lemon juice, you would be using five drops 
of activator to one drop of sodium chlorite, and waiting about three times 
as long as if you were using one of the newer, more concentrated activators 


When you first start out, you should buy a starter kit and get familiar with 
the chemistry. A starter kit usually comes in two bottles of four fluid ounces 
each, 

1, Sodium chlorite, (4 fl.oz.) 

2, Activator (hydrochloric acid or citric acid), (4 fl.oz.) 
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The bottles look something like those shown in the diagram on page 91. Getting 
the hydrochloric acid activator is slightly preferable. 


You will also need an 8 fl, oz. baby bottle. This is a handy tool for storing a 
day's worth of CD doses with the added benefit of having marks that show 
how much it contains, Glass bottles are much better than any kind of plastic 
bottle. Lifefactory.com (shown on the right) produces a bottle we especially 
like. It is made of silicon-covered glass and has a reliable top. This particular 
bottle is marked as having a capacity of nine fl. oz., but we use it up to only 
eight fl.oz. Plastic should only be used for lids; avoid bottles with metal tops. 
Over time, CD will oxidize metals so they can't be used. 


Another item that most people have at home is a shot glass or wine glass 
that tapers down in the middle like a“U” shape. This will be used to mix the 
chemicals and the tapered shape insures that even as few as two drops will 
find each other. You can also use a cup with a flat bottom, but must tilt it so 


both solutions pool together. 


A:standard shot glass with a “U” shaped bottom is the preferred 
mixing container for CD & activator. A glass baby bottle, such as 
the one made by Lifefactory® is the ideal dosing bottle. 


‘Terminology of Available Products 


There can be a bit of confusion for some as to what to look for and buy. The 
following chart shows the actual chemical, and some of the common names 
found on the label. There may be other names we are not aware of, In most 
cases, the chemical and its strength are identified on the bottles. 
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5 Soldering Irons 


Soldering irons come in many varieties and sizes. Soldering irons may be 
electric, gas powered or externally heated. Most common types are electric. 
Simple electric soldering irons have no controls and you simply plug them in 
and wait for them to heat up. Their temperature is regulated by the power of the 
heating element and heat loss to the environment, Some soldering irons have 
temperature controls which allow the user to set a desired operating temperature 


for the soldering iron. This 


useful if the soldering iron is being used for 
different types of solders which have different melting points or if the soldering 
iron is being used for other purposes such as heating heatshrink. It also 
introduces a problem if the user does not set an appropriate temperature for the 
work, solder can be overheated and decompose. Hotter is not better! A 
temperature of around 320 °C works well for 60/40 leaded solder. Some 


temperature controlled soldering irons use interchangeable 


to change the 


temperature at which they operate, 


‘A range of electric soldering irons Choose an iron appropriate 


for your task! 


Figure 6 — Types of soldering irons 


RN Soldering Irons Index 


2016 Soldering 


96 Chapter 5 


Common Activators & Their Various Names on the Market 
Chemical ‘Common Names 
Sodium Chore Ghiofine Dionide — Part 1 (Punter) 
Master Mineral Selution 
Miracle Mineral Solution 
Miracle Mineral Supplement 
MMs 
MMS Drops 
NMS Solution 
MMS Water Purlication Drops: 
MMs 
Nacioz 
NNatrumebiort (German) 
Pathogen Biocide 
Sodium Chiorite 28% 
Water Purification Drops 
Water Purifcator 
Hydrochloric Acid ‘Aativator 
Chlorine Dioxide ~ Part 2 (Activator) 
MMS Activator 


Giviehad ‘avalon 
Cire Acid — 20% 

Citic Acid — 50% 

NMS Activator 


Checklist for Preparing a CD Dose 
‘Assuming you have received the starter kit, it's time to make your first dose. 
Here's the check list of what you now should have on hand before you begin: 


Q. Bottle of sodium chlorite solution (28% sodium chlorite salts / 22.4% 
sodium chlorite) 

Bottle of acidic activator (hydrochloric acid or citric acid) 

A clean and dry shot-glass with a“U" shaped bottom. 

8 fl.oz. glass baby bottle. 

Distilled or reverse osmosis water (filtered water will do, but no 
alkaline water!) 


oooo 


A Few Points Worth Noting! 


Looking at the short checklist above, it should be apparent that this is not 
going to be rocket science. Nevertheless, a few pointers are in ord 


+ In the past, people who used CD for various things would mix a fresh 
batch each time they took CD. This involved a lot of extra work that 
could be avoided by producing one batch big enough to last the entire day. 
For this exercise, we are assuming you are starting out and going to do 
things low and slow. We are going to produce 8 fl. oz. of water solution 
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containing one drop of CD, with the intention of your child consuming 
one fl.oz, of water (containing 1/8 drop of CD) eight times throughout 
the day. 


+ When you mix sodium chlorite solution and the acidic activator, you are 
mixing equal drops of each substance (unless you are using one of the less 
concentrated activators mentioned earlier). 


+ CD doses are measured in drops of sodium chlorite. So one drop of 
sodium chlorite + one drop of activator = one drop of CD. 


+ On your first day, start with one drop of sodium chlorite and one drop of 
activator (in other words—ONE drop of CD). 


+ Ifyou put in too many drops of one solution or the other, start over with 
a clean and dry shot glass. 


+ Abatch of CD is good for 24 hours. However, you must keep the cap on 
tight! 


+ Keep the bottle with the daily CD batch out of direct sunlight. A brief 
exposure won't ruin it, but it will become weaker. Why? The chlorine 
dioxide gas will come out of the water and sometimes form a cloud in 
the air pocket of the bottle. No need to worry if you see the cloud—it's 
a. common occurrence, 


Vincent taking his hourly dose, 
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Preparing Your First One drop CD Batch for the Day 


Start by filing the baby bottle with 8 fl oz. (237ml) 
of water (distilled or reverse osmosis) 
NO alkaline water! 


Place 1 drop of sodium chlorite solution into 
the CLEAN and DRY shot glass. 


Pl 


Add I drop of acidic activator (hydrochloric 
acid or citric acid) to the shot glass containing 
the drop of sodium chlorite. The number of 
drops may be higher if you are using a weaker 
activator. See chart on page 94. 


Now wait the appropriate time for the mixture 
to react (see chart on page 94). You should see 
the color change from clear to slightly yellow. 
If there were more drops in the shot glass, the 
color change is more noticeable. You are also 
likely to notice the chlorine-like smell coming 
from the shot glass. Remember, this is NOT 
chlorine, but rather chlorine dioxide. 


After the activation time has passed, pour a 
little water from the baby bottle into the shot 
glass and let it mix. This mostly stops the 
chemical reaction and insures you get most of 
the mixture out in the next step. 


Lastly, pour all of the watered down mixture 
in the shot glass back into the baby bottle, and 
seal it tightly with the cap—don't leave it sitting 
open for any length of time. Think partially used 
soda pop and how you would want to keep that 
closed. 
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Voli! You have just produced your first batch of CD! 


This is now a ONE drop batch, that makes EIGHT hourly doses—each 1/8 of 
a drop in strength. If your batch is larger: your hourly dose is stronger: 

+ 2 drop batch = 8 hourly doses of 1/4 drop 

+ 4 drop batch = 8 hourly doses of 1/2 drop 

+ 8 drop batch = 8 hourly doses of I drop 


This bottle has 
some extra room. 
Labeled having 
9 fl oz capacity. 


9floz 
8floz 
Tfloz 
6floz 


1 drop 5 floz 


of CD . 
in 8fl oz Afloz 


(237ml) 3floz 


of water, 


2floz 
1floz 
Ofloz 
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Oral Protocol for CD in 
Autism Spectrum Disorders (ASDs) 


In the previous exercise, you learned how to prepare the dose for Day One. 
Children and adults all start by taking only one drop of CD divided into eight 
hourly doses. On Day Two, you make a batch of two drops sodium chlorite 
plus two drops activator and mix that into eight fluid ounces of water. Increase 
this dosage by one drop per day, unless you see a Herxhelmer reaction (see 
page 89 for more information), 


The chart on the right allows you to determine the estimated full oral CD 
dose based on the weight of the individual. This gives you an idea of the 
maximum goal number of drops per day for your child. Once the child has 
been at the full suggested dose for several months, we may need to increase 
again, by a few drops, to prevent a plateau. 


Important Note: Some children can't go up by one drop each day and 
need to go slower. A child may have a relatively higher toxic load, or he may 
be extremely sensitive. Whatever the case, resist the urge to try to get to 
full oral dose as quickly as possible. This is not a race! Some children need 
to spend a few extra days at the same dose to avoid a Herxheimer reaction 
Even if you must remain at one level for a few days or more does not mean 
you are making no progress. Whatever the level of dosage, you are detoxing 
the body. 


When you get within two to three drops of your child’s maximum dose by 
‘weight, go ahead and spend three days at each dose, while carefully observing 
your child, moving up only when your child is stable. For example, if the full 
dose is 16 drops in the 8 fl.oz. (237ml) baby bottle, stay at 14 drops for a few 
days to see how that dose level is tolerated, and then increase every third day 
till reaching the full dose. If the person is better at a drop or two below the 
calculated full dose, go back to that lower dose that they tolerated best. 


‘a fascinating appointment with my son’s functional 
sacogtt Sara ths third Occ today, which cearly 
‘showed that previously under-stimulated parts of his brain are 
“waling up’ | told our doctor about CD very carly on and he 
beleves that itis THIS that is having such a huge impact on 
brain. He got quite emotionel and said ‘every time you get a 

Keep doing what you're doing, 


worm, you are saving your son. Fe 
erie clearly ant autistic. He's pasoned. Goosebumps! 
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Estimated Full Oral CD Doses by Weight 


Use these numbers as a guide only. You may need to go up by as much as 0% or more aver the 
indicated drops. Read chart as: POUNDS / KILOGRAMS ~- DROPS OF CD (per @ fl oz. water) 


Tas8 | eae | soms-28 | Taue220 | wara—ce | Foee—a7 
2aza | eaza7 | tooms2 | sare2—2o | arama | 267 
aie8 | eae? | wows | suena | versa | 212067 
2ais—9 | esaata | vaas—2 | vos | i7ao—e | 2tae7—a7 
zara—a | eeao—ta | woaa7—2a | soma | a77m0—e | 2177 
soe | e7e0te | ia72s | iaves—ao | ivami—o | cine_a7 
aiet0 | eaGite | vosaes2s | zea | ions | Zener 


eoare | sosae—25 | iaes—a0 | 1e0m7—e | 217mea7 


Toae—19 | torle—25 | vaaos—a0 | tave2a4 | 2169908 


a ee 


7ama1@ | Toasa—25 | vaees—a0 | veaea—aa | 2207100—a8 
7aaa19 | Tois0—26 | varie7—a1 | teaea—as | 22vi00—a8 

75026 Tastee as | 222710128 

Tas 25 asia as | 22a101 8 

Tas 26 aries as | 224710228 

wraise—26 | 1sii6e—a1 | Teares—a5 | 2250208 

Tans20_| Wes226 | tea0s01 | taoes 6 | 22nn0s_e 

7eR6—20 | Teiss26 | wsHes—a1 | v90ms—as | 227030 

woae—2 | uivsa—ar | ieuro—a1 | i975 | 228nca—ae 
waao13_|_evar—21_| nessa | isro—a1 | te2i7—as | 22anosae 
wea | aura | veisesar | ieairi—a2 | Toalee—as | 200no+—ao 
weirs | eaae—21 | voeio7 | ierti—a2 | towee—a5 | 20in0s—a9 
a7zita_|_earez1_| t2es—or | ssarz—a2 | sosme—ae | zan0s_a0 
waza | anno | i2zesa7 | iearrea2 | vesiee06 | 2aar0s—a0 
wea | aste72 | tauee—or | sore—a2 | t97ms—a6 | Zn06—a0 
soza4 | a7mez2 | tawse—28 | teura—2 | v9amo—6 | 2asno7—a0 
sizss15 | sanoze | tane7—2s | tearss2 | rov06 | zsano7—a0 


Baza t6 | eond22 | T0678 | vewrs—a2 | aoe | 27/080 


sazawts | soni | teresa | terse | zoveae | 2aan0e0 


wazats | svai—za | t2nse—2e | rears—a | 2o2e2—ae | zanicea0 
ee ee ee ee 
Beas16 | saNoza | tanee—2e | tenre—a | oama—ae | avi00—a0 
5726-16 | owaaza | tav6e—28 | teare—aa | zosma—ae | 2aami0—a9 
wae —16 | osmaza | teaeo—2s | verre | aoema—a7 | eanio—a9 
Ee veme2a | TeNeo—2s | torre | 2076 a7 

waz? | e7manza | tawersan | aries | zoem—ar | 2esnn—a0 
e128 oanaze | taset—20 | raresss | zoows—a7 | axoniz a0 
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Serving Cup Dilution 


Don't have your child drink out of the baby bottle. Pour the hourly dose into 
a separate cup and add extra water if needed, Make sure to add water to 
each dose to ensure that there is a minimum of one fluid ounce of water 
per activated drop of CD. However, there is no maximum amount of water 
for dilution, To be absolutely clear about this, note the following chart which 
assumes eight fl. o., daily batches containing eight hourly doses. 


Drops of CD in Batch Hourly Dose ‘Min. Water Dilution 
7 Tear Tad ounce 
2 218 dp id ance 
2 don ‘id ounce 

wearen ‘ad once 
5 Bdrm had ance 
z eiaon Thad ones 
Teen ‘Thad ounce 
y Taop 
a 118 raps 
0 128 raps 
0 138 drops 
2 18 rope 
3 758 ops 
1 Tee ops EEE 
6 178 reps Ba eunces 
6 2arope Bs eances 
7 2 drops "a ounces 
22 ape 
rm 208 dope 
Ey Bale dope 
a 258 drops 
2 268 drops 
z 27 cops 
2 Stops 
25 Ti coe ere 
28 320 drops hua ounces 
a 330 dope Tad ounces 
28 SAB drops fis ounces 
7 SB drops er 
20 38 dope ‘ua ounces 
" B78 dope Thadouces 
2 tops Tas ounces 
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CD is active in the body for about one hour and, as result, hourly doses give 
us the best progress. This is difficult on school days, but we recommend that 
you dose two to three times before school and the rest after to distribute the 
pathogen-fighting more evenly. Eight doses a day is the minimum requirement, 
but the more you can fit in the better. Try to dose every hour as much as 
possible. 


I Cases: “The Double Dos: 


Spe 


‘As a child goes through the detox process, they may exhibit conduct which 
can include hyperactivity, anxiety, OCD, aggressiveness, and night wakings. In 
these cases,a double dose is 2 fl.oz. (60m) of the baby bottle given at once. 
For example, if your child receives one drop per fluid ounce of the baby bottle 
method, they will be receiving 2 drops. Let's say for example your child wakes 
up at lam, give them a double dose. If your child is still awake at 2am, give 
another dose, The most common scenario is that after 1 or 2 double doses, 
the child will fall back asleep. This helps oxidize the toxins from the die-off. 
During the day if your child has a tantrum or other issues with conduct, we 
can double dose every hour as well 


CD has two functions with pathogens; one is that is oxidizes the pathogen 
itself, and the second is that it oxidizes the toxins released by the pathogens 
while they are living, dead, or dying. 


Advanced Protocol ~The Enema! 


In early 2011, we added enemas to the protocol to kill the pathogens causing 
dysbiosis in the large intestine (we didn’t know about parasites yet). We 
wanted to get the chlorine dioxide into the blood stream so it could kill the 
biofilm that exists in the blood. In this way, the blood can carry the CD past 
the blood-brain barrier to kill pathogens in the brain 


When we are detoxing, it is absolutely critical to keep the colon moving and 
avoid the reabsorption of toxins through the intestinal walls. Enemas allow us 
to do just this. Some toxins can exit the intestine through the intestinal wall 
(more so if leaky-gut syndrome is present), and cross the blood-brain barrier, 
therefore affecting cognition and behavior. When we cleanse the colon, we get 
those out before they can cross into the brain, and we detoxify the lymphatic 
system, liver, and gallbladder. 
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The Enema Stigma 


When | say the word enema to a family new to the protocol, | often hear 
things like"! could never do that!,” or “My son would never let me do an enema.” | 
assure you it's not traumatic as it has been hyped up to be. Modern society has 
gotten away from it, but for millennia, cleansing the colon was considered part 
of daily hygiene. Enemas were mentioned in the Vedas, the Bible, and by the 
Mayans. The reason for doing CD enemas is NOT for relief of constipation 


Of course, when constipation is present, CD enemas can relieve the cause of 
constipation. 


Great news! First enema today. oa 
that we did and the first thing he 

stinger the Pee ae Mommy! IT WORKEDI" hahaha He i 
3b used to sitting on the tolet and having such a hard time. Poor 
‘thing, he was so happy that IT WORKED! 

He felt so 
‘And he even said he wants to do it again tomorrow. 
much better and ate so much more for dnner with an empty 
stomach | think he got rid of stuff that was there for ages! His 
fhonmy is row soft and not hard as usual Quite amazing and tt 
dh’t bother him at all ae 

1 + day to 

Today his molar hasn't bothered him so a perfec: 
The anemas His appetite has gone vp qute a bt. He: as seldom 
asked for food before and now he asks a few times a day for 
Something to eat The det is going wonder fuly and he. is now use 
{fo the change of foods He asks about cheese and mik but I try 
to tal about something ee to dstract him so he eventualy fore 
asking hahaha He hasn't gotten upset about food he wants 
he can't have) not even once. YAY! 


| would like to clear up one thing here before we get in the mechanics of the 
enemas. More than one person has asked in the blogosphere, “If Kerri Rivera 
loves enemas so much, why doesn't she do them on herself???" As a matter of fact 
Ido! I have done my own enemas for years, so has my husband, my sister, and 
plenty of the parents using this protocol for their children. We understand 
the benefits of a fit colon, and have no problem applying our own enemas or 
going for a colonic from time to time, 


Actually, | would strongly advise you to practice on yourself. That way you 
know from first-hand experience that this is really no big deal. You will also 
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discover how much better you feel after cleaning out your colon,and you will 
understand when your child feels better as well. 


When to Start Giving Enemas 
Enemas should be started when the child reaches full oral dose. 


However, if your child suffers from constipation you can add enemas and 
baths on day one (see page 113), before you get to the full oral dose. However, 
alternate them on opposite days or opposite ends of the day. 


Frequency of Enemas 

I recommend enemas no less than once every other day. You may need to 
do them more often, particularly if you see parasites coming out. Doing as 
many as four in a day is not uncalled for if each one results in parasites being 
released, Some of the older children seem to pass a lot of parasites in one 
day, typically in or around a full or new moon. 


Timing of Enemas 

I your child is going to school, avoid giving an enema in the morning since they 
may need to visit the toilet a few times after. If the child is homeschooled or 
too young or sick to attend, the timing is up to you. Ideally, do the enema after 
the child has a bowel movement. 


Enemas — What You Need 

The first thing you are going to need is some kind of a 
large plastic, liquid measuring container. Glass is not 
recommended since it can get knocked over and break in 
the confines of a bathroom. 


You will also need all the same things you used for making CD batches: 
+ Water. Use reverse osmosis, filtered, or distilled. 
DO NOT use tap water or alkaline water! 
+ Sodium chlorite solution 
+ Acidic activator 
+ Shot glass 


+ Natural lubricant (coconut oil or any other simple food oll). NO 
perfumed baby oil or chemical lotions such as Petroleum Jelly or K-Y° 
Jelly. 


+ Enema kit (see your options on the following page) 


Adjustable temperature soldering stations | __ Different tips set the temperature 


for this station 


Figure 7 — Types of soldering stations 
5.1 Tips 


Heat is transferred from the tip of the soldering iron to the joint by thermal 
conduction enabled by metal to metal contact between the tip and joint. The tips 


of soldering irons come in variou: 


‘apes and sizes to enable the best contact to 
be made, Most tips are either conical or chisel shapes. The shape is largely a 
personal preference and you can use whichever type works best for you. The size 
of the tip should be selected to allow the tip to be placed against the joint being 
soldered without interfering with adjacent parts. The tip should be large enough 
to conduct sufficient heat into the joint to allow the solder to melt and flow 
properly. The choice of tip size is not a precise calculation and a “normal” size 


tip will work for most joints on a PCB. 


Index Soldering Irons RN 


Soldering 2016 
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Enema Options (Most to Least Preferred) 
Gravity Bag or Bucket with hose 


ce) 


= a 


—~ A 


+ Holds plenty of quid 
+ Gan be refiled without taking it down 
+ Flow is easy to control 

+ Can be hung an a doar 

+ Gan be used fer both enema and dauehing 
+ PIC indolor: Folds for easy travel 

+ PIC indalor: Has valve 

+ PIC indolor: Two sizes of eathetors 


‘Bucket doosn' fold for easy travel 


Enema / Douche Bag / Hot Water Bottle 


Holds plant of liquid 
Flow is easy to contol 

‘Can be hung on a door 

Can be used for both enema and douching 
Easy travel 

Has two sizes of cathotors 


+ Can't be refiled without taking down 
+ Usually made of rubber, which tends to dry out quickly, especially from CD. 
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Syringe & Catheter 


Pros 


+ Flow is easy to contro! 

+ Can be used for both enema and 
doueting 

+ Good for small children 


+ Holds only 60mi-t40m! 

+ Need mee than one. 

+ Have to swap them out to go be- 
yond the capacity af ane syringe. 

+ The graduations rub off easly 
(suggest putting clear shipping 
tape over them to protect the 
markings i they are important to 
you) 


Enema Bulb 


= Portable 

+ Can be used for both enema and 
douching 

+ Good for “implants” of mebendazole 


+ Volume too small for an affective treat- 
ment. 

+ Hard ta clean inside 

+ Garr tl if det ison the inside. 

+ Hs only about 200m 


Fleet Enema (Last Resort) 


Pros 
+ Cheap 
Can fin itin most pharmacies 
+ Portable 
+ Gan be used for both Enema and 
Douching 


* Volume too small fr an effective 
treatment 
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Enema Kits 


As shown in the previous two pages, here are your enema kit options listed 
from best to less than good. Prices are estimates in US Dollars and are likely 
to be higher outside the US: 


eketetck PIC Indolor Gravity Bag (~$15-$30) 
detedede’s Enema Bucket (~$5-$10) 

elects: Multipurpose Enerna/Douche Bag/Hot Water Bottle (~$15-$30) 
Aebeksin’y 100mI+ Syringes plus Catheter (~$5-$10) 

» Enema Bulb (~$5-$15) 

r Fleet Enema (emptied out) (~$5-$15) 


You must have a separate enema kit for each person doing enemas. This 
insures that you are not cross-contaminating parasites. 


In my own home we have recently started using the PIC Indolor enemal 
douche bag. This has made the process faster, and we can tolerate more 
water before feeling full and desiring to release the enema. This is probably 
the most practical kit, especially because of the built-in shut-off valve. The 
enema bucket is a close second, but the sliding clamp that comes with it 
doesn't last long and breaks easily. You can always just kink the hose and 
control the flow that way. 


The multipurpose enema/douche/hot water bottle type is a good option, but 
it is usually made of rubber, This material often goes bad over time and CD 
just speeds up that process. Rinse it out several times before and after use to 
insure that no breakdown or CD residue is left. Don't use if you notice the 
rubber becoming brittle. 


Even two-year-olds still use about 400 to 500m! in an enema. The intestine is 
long. Parents with small children sometimes like the 100ml syringe/catheter 
method. The enema bulb or fleet enema are not really practical for our 
purposes due to the small volumes they hold. However, if you want to get 
started right away, they are usually available in most major pharmacies. 


You can find syringes, catheters, gravity bags, multipurpose enema/douche 
bags on various online sites, pharmacies and medical supply stores around 
the world. 
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Preparing and Administering the Enema 


Make all your supplies easily accessible in your work area before bringing your 
child in the bathroom, If this is your first time and you are working out the 
process, you may wish to ask your spouse or someone else for assistance. 
It’s a good idea to do a dress rehearsal without the child, to insure that it 
goes smoothly when the child is present. Once you and your child have the 
process down, it will be easy. Being prepared is the key to success. 


Please note: The eight fluid ounce baby bottle is NOT involved in any way 
with enemas! 


1, Ideally, time the enema just after a bowel movement. 


2, Start by washing your hands to insure you are not introducing 
any new bacteria into the colon. Everything you are working with 
should be clean. Wearing gloves and a face/surgical mask is HIGHLY 
recommended. 


3. Assuming you are using one of the suggested gravity bags, find a good 
and stable location to hang it up. The best location really depends on 
your particular bathroom’s layout and where you are going to place 
the child during the procedure. I hang mine from a towel hook in the 
bathroom, or you can use the shower curtain rod. The idea is to have 
the bag/bucket about three feet (~one meter) over where the enema 
will be administered. Most parents put a towel on the floor of the 
bathroom and lay their child on the towel (smaller children can lay 
across your lap). 


4, Refer to the chart below and measure out the appropriate amount of 
water for the individual receiving the enema. The ratio is two drops 
of CD per 100ml of filtered warm water. 


‘AgelSize ‘Water Volume 
Child 72 Liter (600m) 


‘Adolescent 7 Liter (700m) 
Teen/Adult | upto 2 Liters (200ml) 


5. Don't add any CD yet. The next step is to heat the water to body 
temperature (98°F | 37°C). The water should feel warm to the 
touch—NEVER hot! Similar to the temperature of milk in a baby 
bottle... test it on your wrist. If you are concerned about getting the 
temperature right use a quality thermometer. Be aware...many cheap 
thermometers are notoriously inaccurate! 
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6. After the heating step, pour the water back into the big measuring 
cup. 


7. Referring again to the chart on the previous page, prepare a CD 
mixture in the clean dry shot glass that's appropriate for the volume 
of water needed. For example, if you have an adolescent and are 
preparing one liter, then you will need to mix 20 drops of sodium 
chlorite and 20 drops of acidic activator to end up with 20 drops 
of CD! Note: The most important part of the enema is the water. 
Resist the urge to add more than two drops per 100ml of water. 


8. After the appropriate activation time, pour the concentrated CD 
from your shot glass into the large measuring cup. You may want to 
rinse out the shot glass with some water from the large mixing cup 
so you get all the concentrated CD solution into the water. 


9. The bag/bucket should now be in its working location with the hose 
firmly attached, Place the end of the hose so it is over the top of the 
bag/bucket. A clothes pin can come in handy to hold it up over the 
bag/bucket. Now, fill the bag/bucket about 3/4 full with the CD water 
mixture you just prepared. 

10. Make sure the hose is filled with water. You may want to let a bit run 
‘out into the sink or some other container and then clamp it. The 
bucket type enema has a plastic clamp for this purpose. The bag type 
has a valve where the catheter attaches. What you don't want is for 
there to be a bunch of air in the hose that then is transferred into the 
colon. 

11. If all of the above is ready, it is time to bring your child into the 
bathroom, 


12. Explain what you are going to do. Some parents say that they are 
going to put the catheter in his bottom, and that it has “special water” 
in it to help him feel better. One little boy called it “butt medicine” 
While another called it “butt wash.” We recommend you say that 
you are the only person who is allowed to give this to him. Just say 
Whatever you need to say to explain what is happening, 

13. Ifthe child is on the floor (on a rug or towel), they should lie on their 
stomach. If the child is small then laying them on your lap is best. You 
can also have them in a dogey position on the floor. 

14, Place one or two drops of coconut oil (or similar) on their anus so 
the area is well lubricated. 
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15. Now take the hose and gently insert the tip, (one to two inches is 
plenty—more is not necessary) as the sphincter muscle will hold the 
tip of the catheter in place. If you are having any problems getting the 
catheter in, then you may need to add a bit more oil and/or adjust the 

angle. 


16. Release the clamp or open the valve to allow the liquid to flow. 
The goal is fill & release—NOT fill & hold. We are imitating the 
colonic process that is made up of gallons of water, yet in the home 
environment. 


17. Your child will most likely hold the contents on their own—they will 
squeeze hard so as not togo.” This kind of happens naturally. 


We do a fill and release method. The first part of the enema is usually stool. 
After that, we usually see parasites and or biofilm. 


It's a learning experience and as time goes on, you will get the hang of it. 


Quote “Ilike the enemas. 
from a teenager using the Protocot “like 
Before them lam mad But then when I get one, | feel better: 


‘My mad leaves in my poop. 


Syringe/Catheter Method 


Before | started to use the gravity bag, the syringe/catheter method was my 
favorite, We have 2 YouTube video on our channel that shows how to fill 
the syringes and switch them out while using the catheter. If you don't have 
access to that video here is an explanation on how to do it: 

1, Fill a bowl with body temperature filtered water and fill your 


syringes. If your child uses 500ml for an enema, fill all five syringes 
and dump out whatever water is still left in the bowl. 


2, Squirt all the water from the syringes back into the bowl. You now 
have exactly 500ml of purified water. 


3. Activate your drops of CD ina clean dry shot glass. If you are using 
ten drops, activate them and then use the water from your bowl to 
stop the activation process. 


Pour the contents of the shot glass back into the bowl. 
Refill your syringes with the activated CD solution, 


Lubricate the tip of your catheter with coconut oil, and attach the 
first syringe. 
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Note: If you wish to preserve the graduation marks on the syringes, cover 


them with some clear plastic shipping tape. The printed on marks are often 
easily rubbed off and the tape will prevent that. 


Fleet Enema Method 


The third option for enemas is to use a Fleet enema, which can be purchased 
at any drug store. This method is acceptable if you don't have access to the 
other items but want to start immediately as, generally speaking they are easy 
to find. An enema bulb is a fancy fleet enema without being prefilled with 
saline solution. Skip step one if that’s what you are using: 


1. Dump out the contents of the enema (basically saline water). Since 
a Fleet enema only holds 137ml, two drops of CD are the maximum. 


number you can add. To use more water, empty additional Fleet 
enemas. 


2. Activate your two drops of CD and dilute them with filtered water 
(not tap water). 


3. Funnel the activated CD solution back into the Fleet bottle. Insert the 


applicator and squeeze the bottle until all or most all of the contents 
are empty. 


Comments & Suggestions from Parents 


Most people are surprised at how well this goes. Some parents have asked 
if they can do the Protocol without the enemas, and I say yes, but why? The 
results are just that much better with them. Enemas have, in fact, been around 


for thousands of years, and colon hydrotherapy is becoming a growing trend 
in autism recovery. 


was realy intimidated at first by the enemas 
The speroe/cathater apten, however, is brillant. es 
the tp wp with coconut ol, attach a filed syringe, nd ase 
‘my son to put it in He's Zand very low verbal He sta 
inserting the tip by himself maybe on our 3rd or 4th enema 
with this system and I would depress the syringe. few 
months later of every other day ishl enemas, and he’s doing 
the suringe depressing part himself, All| dois filand swap 
syringes out We are row to 11 100mi syringes, with 55 
releases per enema (4 months into enemas) He requests 
‘enemas frequently on days | don't plan to give him one by 
(getting the box of supples and handing it To me. 
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Here are one mom's enema guidelines: 


Be low-key about it, your attitude sets the tone. Have all your enema 
gear ready to go and in the bathroom for when the moment strikes. 
Put a nice, fluffy, washable blanket on the floor; bring in iPad, iPhone, 
whatever occupies your child for a few minutes. I've been doing my 
son's enemas after an afternoon poop if I get one because I figure it is 
easier as he is already in the bathroom, the bowel should be emptier, 
leaving more room for CD. Also the one time I did an enema close to 
bedtime, | swear he was up for an extra hour, however, another child 
‘might have the opposite reaction. | kneel on the floor, lay a beach towel 
cover my lap, lay my son across me so he’s on the ipad, pull his knees 
up a bit and then in it goes. You can put coconut oil on the anus or on 
the tip of enema. I ask my son to count to try to hold it in. (On the 
4th enema, we only got to 40 seconds.) Then plop them on the toilet, 
and there you go. 


If possible, start the enema while lying on the left side, then rolling to 
the right. In this way, more water is able to reach the colon. (However, 
this may not be possible for all children.) 


CD Baths 


Taking a bath with CD is another good way of detoxing your child. The 
CD gets into the pores and helps with skin rashes common with autism 
detoxification. This additional process can be added when you start with the 
enemas after reaching full oral dose, but avoid giving the child a CD bath right 
after an enema. 


CD baths are done on non-enema days, unless you are doing daily enemas, in 
which case they are done on opposite ends of the day. 


Enemas Every Other Day 
‘Sun Mon Tue Wed Thur Fri Sat 
Enema Bath Enema Bath Enema Bath Enema 


Enemas Every Day 
(Enemas can also be in the morning and baths at night) 


‘Sun_| Mon | Tue | Wed | Thur Fri Sat 


Morning | Morning | Morning | Morning | Morning | Morning | Morning 
Bath | Bath | Bath | Bath | Bath | Bath | Bath 
Evening | Evening | Evening | Evening | Evening | Evening | Evening 
Enema | Enema | Enema | Enema | Enema | Enema | Enema 
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‘The CD baths can go from as low as 10 drops to as high as 80 to 100 drops; 
it just depends on the person, and the size of your tub. With younger/smaller 
children we start with ten drops. Since we're doing baths every other day, 
start with ten drops on Monday, 11. drops on Wednesday, and 12 drops on 
Friday. Just keep going up until you get to 20 drops. The bigger and older the 
person is, the more drops they can tolerate. 


Fill the tub to a level that maximizes skin contact. 


If they start getting nauseouslistless or have loose stool, you should back 
down and find out what their signature dose is on the baths. Some people 
who have suffered from chronic constipation have done CD baths with up to 
100 drops and had a BM during the bath or immediately after, without the use 
of drugs, laxatives, or suppositories. 


CD Steam Bath 


Inhalation of CD for children is generally impossible, because you just can't tell 
a child, especially a child with autism, ‘just inhale a little bit.” That's not going 
to work. So we do the following: 


In a bathtub, with the bathroom door and windows closed, plug the drain, put 
20 activated drops on the floor of the tub, and turn on a hot (to tolerance) 
shower water. The steam will bring the CD into the air, making a really nice 
steamy bathroom. 


When the tub is full, turn it off and place the child to soak in the water 
for 20 minutes. This way, the child is absorbing it through their skin as well 
as inhaling it through the air. This technique creates a very dispersed, low 
concentration dosage. I've seen a lot of children that were going back and 
forth to the hospital, getting steroid injections and lots of antibiotics due to 
bronchitis, coughs, asthma, etc.,and it was rounds and rounds. This is how this 
particular method of steam baths came to be a very gentle way of inhaling 
the CD. It works beautifully; particularly if the child has a really bad cold and 
is congested, do the oral, enemas, and steam baths. Steam baths are great for 
asthma, flu, first signs of a cold, runny nose, coughing, etc., putting an end to 
running to the hospital or pharmacy. 


CD Foot Baths 


Sometimes it is impossible to give a CD bath, and in some places not all homes 
have bathtubs. To remedy this you can use a CD foot bath. Fill a small plastic 
container with hot (to tolerance) water and add your activated drops of CD. 
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If you have a smaller child, start with ten activated drops, and work up from 
there. If you have a larger child or an adult, start with 20 drops and go up. 
Soak feet for 20 minutes every other day, alternating with enemas, or opposite 
ends of the day if using daily enemas. 


72/2 Protocol (Weekend Protocol) 

When we give a child eight oral doses of CD throughout the day we are killing 
more and more pathogens. But at night when we sleep, the pathogens don't. 
So in order to get ahead of them, we can dose throughout the night. Imagine 
the progress we can make if we don’t give them the chance to gain strength 
overnight! 


Hence, the 72/2 Protocol, which involves giving one dose of CD every two 
hours for 72 hours straight—including the middle of the night. Here are some 
additional thoughts and guidelines: 


+ Start protocol when you pick up your child from school on Friday. 

+ Give them the last 72/2 dose when you drop them off at school on 
Monday. 

+ Avoid giving CD enemas or CD baths during this protocol, UNLESS 
they are dumping parasites, in which case you might need to reduce 
the amount of CD on both the oral and enema dose to insure the 
child doesn't have a Herxheimer reaction. 

+ Why not give hourly doses during the day at the usual dose? It's 
simply too much if you are doing it all night as well. 

+ Watch for improvements on Tuesday or Wednesday each week. 

+ Ideally, get your spouse or significant other to help with every other 
nightly dose. 


The key is to observe your child and their reactions to the various treatments 
while keeping the pressure on eliminating the pathogens. You can do this 
every weekend or not at all. Some families are so happy with the results that 
they dose throughout the night for months on end. 


Ocean Water 


This protocol concentrates on excesses and not deficiencies. While we are 
using CD to reduce pathogen populations and heavy metal toxicity in the body, 
we need to remineralize the body. Remineralization is extremely important 
as vital nutrients may be lost along with toxins while detoxing. Children with 
autism are often mineral deficient to begin with due to these same pathogens 
and parasites, as well as gut dysbiosis which can prevent adequate nutrient 
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5.2. Tip Contamination and Cleaning 


‘The thermal conduction from the tip to the joint may be inhibited by 
contamination on the tip, This contamination can be formed by burnt solder flux 
or oxidized solder. To make best thermal contact the tip should be cleaned using 
atip cleaner(!). Two types are a wet sponge or a brass wire wool. The wet sponge 
removes the contaminated material when the tip is wiped across it, the water in 
the sponge cools the solder and the mechanical abrasion removes the 
contamination leaving a thin coating of clean solder on the tip. This method can 
cause the tip temperature to dip momentarily. The brass wire wool type removes 
the contamination by mechanical abrasion and bonding contaminated solder to 
the brass. The tip is pushed into the brass wool and when it is withdrawn the tip 
is clean with a thin coating of solder. You must not “wipe” the tip on the brass 
wool type because the springiness of the brass wool may flick molten solder 
which may cause burns to people or objects. You should never “flick” excess 


solder from the soldering iron as this may also cause burns or damage. 


Tip contaminated with old solder and Brass wool type tip cleaner 


burnt flux 


Figure 8 — Dirty tip and brass wool cleaner 


RN Soldering Irons Index 


2016 Soldering 
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absorption. We need to fortify our cells and tissues so that they can overcome 
the deficiencies and eventually return to a state of vitality. 


Ocean water has helped us achieve mineralization and has led to increased 
brain connectivity; not to mention the parasites hate it. The importance 
of ocean water to this protocol cannot be understated. On page 388 of the 
Testimonials appendix you will see before and after lab tests proving that this 
protocol, when used correctly, can correct imbalances. More than one family 
has reported healthy nails, hair and skin as well as appropriate growth and 
weight gain, 

We've all been taught that drinking salt water from the ocean is dangerous. 
Let me make it clear: We are not advocating drinking glasses full of straight 
ocean water nor water mixed with table salt, That would most likely make 
anyone sick, since it would be too much salt for the body. Rather, we are 
talking about diluted ocean water. Also, there is no comparison between real 
ocean water and just taking plain salt and mixing it into a glass of water! 


The ocean is a complete source of minerals that are bioavailable to the human 
body. | prefer ocean water to any synthetic minerals, since the body easily 
recognizes and assimilates it 


Ocean water contains trace amounts of over 74 bioavailable elements 
including: 


+ sodium + fluorine + iodine 
+ iron + potassium + magnesium 
+ selenium + chromium + manganese 
+ sulfur + zine + copper 

+ calcium + silicon + phosphorus 
+ molybdenum + chlorine + bromine 

+ cobalt + vanadium + gold 

+ boron + nickel + etc, 

+ silver + lithium 


We can use water directly from the ocean (diluted to 25%) and drink this 
to remineralize ourselves. However, the water must be from clean locations 
where schools of small fish swim and/or near ocean vortices. These locations 
provide safe and clean ocean water from which we can harvest. Most of us 
do not have access to oceans. Fortunately, clean ocean water is available 
commercially from multiple vendors online. 


For further information about how and why ocean water is specifically 
beneficial to all of us, please research Rene Quinton’s work on how he healed 
the sick using ocean water. 
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Using Ocean Water with CD 

You can add ocean water in before starting CD, or after reaching full CD 
dose. We use a one part ocean water plus three parts drinking water mixed 
together (1:3). Ifwe take too much ocean water, we can get loose stool. Start 
low and slow, Sml ocean water mixed with 1Smi drinking water and go up to 
tolerance 


Use the following chart as a rough guide: 


Pure Purified 

Size When Ocean Water | Water Total Volume 
Start at 5ml 15ml 20m! 

child 

Goto 30ml 90m! 120m 
‘Adolescent Start at 10mi 30m 40m 
Goto 50ml 200m! 250ml 
te I Adult Start at 15mi 45m 60m 
feitidaasrs Goto] __75mi 225ml 300ml 


Ocean water should be given three times a day, with the first dose being given 
in the morning, after the first dose of CD. You want to separate the dose of 
ocean water from doses of CD by at least five minutes. Larger children can 
take anywhere from between 70 and 120ml, depending on the child. Some 
adults take up to a cup (plus dilution water) per day. It is important to watch 
for loose stool/diarrhea when you are increasing the dose of ocean water, 
as that will be an indicator that the person is at their upper limit. The ratio 
of ocean water to drinking water is 1:3 (one part ocean water to three 
parts drinking water). It is important to stay under diarrhea. So we need 
to add slowly, and to tolerance. If someone suffers constipation, with the 
right amount of ocean water that will quickly change. So low and slow as we 
increase the ocean water. 

Some parents have reported that their children will not drink ocean water, 
even when diluted, due to its salty taste. You can try adding a little flavored 
SweetLeaf® Stevia, or if necessary adding it into a beverage or soup. As some 
ocean water purists say, heating it kills some qualities of the ocean water. 
Nevertheless, your child will still be receiving all of the minerals. 


Biofilm 

(One of the pioneers in autism recovery, Dr. Anju Usman gave the autism 
community one of the critical pieces of the puzzle—biofilm. The following 
information is used with permission from her presentation, Gut Biology and 
Treatment. 
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What is Biofilm? 


A biofilm is a collection of microbial communities enclosed by a matrix 
of extracellular polymeric substance (EPS) and separated by a network 
of open-water channels. Their architecture is an optimal environment 
for cell-cell interactions, including the intercellular exchange of genetic 
material, communication signals, and metabolites, which enables diffusion 
of necessary nutrients to the biofilm community. 


‘The matrix is composed of a negatively charged polysaccharide substance, 
held together with positively charged metal ions (calcium, magnesium, and 
iron). The matrix, in which microbes in a biofilm are embedded, protects 
them from UV exposure, metal toxicity,acid exposure, dehydration, salinity, 
phagocytosis, antibiotics, antimicrobial agents, and the immune system. 


Ok, so in layman's terms, these are microbial (bacteria, Candida, virus, etc.) 
communities that have a protective layer around them, which makes them 
100 to 1000x harder to kill than if they did not live in these protected 
communities." 


Why are they so hard to get rid off 


+ Microbes impart genetic material to one another to maintain 
resistance. 

+ Colonies communicate with one another through the use of quorum 
sensing molecules. 

+ Colonies fail to express OMP (outer membrane proteins)."* 


These colonies are fairly amazing in their development. They communicate 
with each other, share genetic material to prolong their own survival, and 
don't express outer membrane protections. This last statement is very 
important to understand. This is the main reason that the immune system 
doesn’t attack these colonies, they don't express themselves as a threat, 
and therefore the immune system, which in many children with autism is 
already compromised, is not able to detect or eliminate them. 


In addition to this we must be careful with what supplements we choose to 
give to our children. Some supplements and nutrients may inadvertently 
feed the biofilm. “When trying to kill bugs, if you take calcium, you may 
not be making headway,” Usman said. “Calcium, iron, and magnesium 
block our efforts to dismantle the biofilm.” 
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Why CD Works on Biofilm 


The microorganism communities attach to surfaces (in many cases the gut), 
and are held together by polysaccharides (sugars/carbohydrates) and by 
iron, calcium, and magnesium. EDTA is a known chelator, and can therefore 
break the bonds (iron, calcium and magnesium) that hold the matrix together. 
Neither an antibiotic alone nor a chelator alone was effective against a staph 
(bacterial) biofilm. However, when combined, EDTA broke the bonds exposing 
the bacteria to the antibacterial agent, allowing the body to expel the biomass. 


Chlorine dioxide oxidizes inorganic compounds by effectively removing their 
charges. Here is how it works: Fey+, Cart, and Mgr+ are positively charged 
ions that hold the negatively charged matrix together. When these substances 
are oxidized by CD, the bacteria are then exposed to the CD which can 
oxidize (Kill) the bacteria, allowing the body to finally expel the biofilm mass. 


Many parents using chlorine dioxide orally, and with enemas, have found 
biofilms in their children’s stool. Biofilm can look thick, mucousy, cloudy, 
whitish, greyish, sometimes like pantyhose, etc. 


There is some more interesting information available through the AutismPedia 
about Dr. Usman’s work with biofilm. 


pointe! when 
our a unt yesterday and to all our surprise 
pe ee thet for Lyme it was negative. dust 3 months ago 
dnd before starting MMS she was testing Very postive for 
it He was pleased with the outcome. Thank you so much 

tyour gudance and we owe this to the miracle of MMS and 
(pur eedication to hebjing me with my questions I realy realy 
aeprecate your heb in bringing us one step closer to the cure. 


Also, this article “Lyme-Induced Autism Conference Focuses on Biofilm and 
Toxicity" by Mary Budinger discusses the effects of pathogens present in the 
biofilm for Lyme disease and autism. The following is a notable quote from 
the aforementioned article by Dr. Stephen Fry of Fry Labs, which explores the 
possible pathogenic causes of chronic disease 


1 could be barking up the wrong tree, but maybe not. Remember that we 
used to think stomach ulcers were caused by too much acid production. 
Then Barry Marshall and Dr. Rabin Warren turned medical dogma on 

its head by proving that a bacterium was the cause. The pair identified 
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the bacterium H. pylori and proved how it causes inflammation, then 
ulcers. Maybe in 10 years we will be smart enough to know that the 
‘auto’ in ‘autoimmune’ actually means pathogen and the whole concept of 
autoimmunity will change. Chronic inflammation is chronic infection. In 
autoimmune disease, my model is that there is a chronic inféction that 
cannot be eliminated, thus the immune system is always switched on. 
The self antibodies are due to opoptosis and death of host cells with host 
immune response. 


| couldn't agree more, and am so grateful that we have CD to combat 
pathogens, and restore the body to a state of health. 


Mitochondrial Dysfunction 


Children on the spectrum are also more likely to have mitochondrial 
dysfunction than neurotypical children of the same age group. The following 
is an excerpt from Science Daily.* 


Children with autism are far more likely to have deficits in their ability to 
produce cellular energy than are typically developing children,a new study 
by researchers at UC Davis has found. The study, published in the Journal 
of the American Medical Association JAMA), found that cumulative 
damage and oxidative stress in mitochondria, the cells energy producer, 
could influence both the onset and severity of autism, suggesting a strong 
link between autism and mitochondrial defects. 


“Children with mitochondrial diseases may present exercise intolerance, 
seizures and cognitive decline, among other conditions. Some will 
manifest disease symptoms and some will appear as sporadic cases,” said 
Cecilia Giulivi, the study's lead author and professor in the Department of 
Molecular Biosciences in the School of Veterinary Medicine at UC Davis. 
“Many of these characteristics are shared by children with autism.” 


Dysfunction in mitochondria already is associated with a number of other 
neurological conditions, including Parkinson's disease, Alzheimer's disease, 
schizophrenia and bipolar disorder. 


Mitochondria often respond to oxidative stress by making extra copies 
of their own DNA. The strategy helps ensure that some normal 
genes are present even if others have been damaged by oxidation. The 
researchers found higher mtDNA copy numbers in the lymphocytes 
of half of the children with autism, These children carried equally high 
numbers of mtDNA sets in their granulocytes, another type of immune 
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cell, demonstrating that these effects were not limited to a specific cell 
type. Two of the five children also had deletions in their mtDNA genes, 
whereas none of the control children showed deletions.'° 


In our MMSAutism webinar, Dr. Andreas Kalcker mentions that CD changes the 
mitochondrial membrane electrical potential."” This leads to increased power 
in every cell in the body, including immune system cells. The mitochondria are 
the electric generator or “powerhouse” of each cell. When we turn off this 
electrical generator, cancer can develop. If the cell cannot produce electrical 
energy through oxidation it will use fermentation, 

In practice, what | have seen is that children who suffered from lack of 
energy, listlessness, and other symptoms that can be related to mitochondrial 
dysfunction have perked up with the use of CD. They are able to do exercise 
again, walk without having to be carried, and can cognitively sustain activities 
without tiring. You will see a few testimonials mentioning “mito issues” at the 
end of the book. It is wonderful to think that this is another means by which 
CD can help people on the spectrum heal. 


ATEC Statistics 

Through some of our Facebook groups we have been collecting ATEC data 
for the past year. Just to give you an idea of what others are experiencing in 
terms of test results, here are some statistics: 


+ 246 parents have given us 2 ATEC scores. Of those, the average 
drop between ATECI and ATEC2 is 15 points. We take ATEC data 
quarterly, so in general that drop is in three months or less. The 
more impacted a child is the bigger their initial drop — kids starting 
with an ATEC over 100 averaged a 26 point drop between ATECI 
and ATEC2. 

+ Ofthose 246 ATEC reports, we had 32 children (13%) gain in points 
in the first quarter, The average gain among those 32 was 7 points. 
All 32 reported ATEC scores three months later, and 29 of them 
dropped points between their ATEC2 and ATEC3 scores. Further, 
13 of those 29 dropped enough points to put them at or below their 
ATECI starting number. Which means at the 6 month mark, only 19 
out of 246 (or 7%) had gained points. 93% of children who do this 
protocol have improved their ATEC score at the six month mark. 


+ We have now had 163 parents provide four consecutive ATEC scores 
{encompassing one year on the protocol). Of those 163, the average 
ATEC drop between ATECI and ATEC4 was 24 points. 
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* Of those 163,a total of 9 or 6% reported an increase in ATEC score 
between ATECI and ATEC4. The average increases was 6 points. 
94% of children who do this protocol have improved their ATEC 

score at the one year mark. 


+ Ina Facebook group collecting ATEC data, we have 25 recoveries as 
defined by the ATEC dropping to 10 or under in a year. So we have 
a rate of 15% recovery as defined as ATEC score under 10 in the 
parents who have taken this protocol through one year. 


‘Thus showing that the longer they are on the protocol the more points they 
lose. 


Although we all would like to see “high level” statistical research done, this 
is no doubt a major step in the right direction, and demonstrates that the 
protocol does work. But, research takes money. 


DOs & DON'Ts of CD for Autism Recovery 


DO review all current supplementation that your child is taking and 
remove all supplements which contain any antioxidants including 
vitamin C, vitamin E, vitamin A, vitamin K, ALA, Coenzyme Q,, and 
colloidal silver as these will neutralize the CD, rendering it ineffective. 


DO consider removing supplements that include iron and vitamin By» 
‘These are principal foods for the parasites, which explains why many 
children are low in them. If you are seeing a chronic iron or vitamin By 
deficiency, revisit the parasite chapter. These levels should normalize 
When parasites are no longer consuming nutrients. 


DO use the Baby Bottle Method in an eight-ounce glass bottle with a 
completely sealing lid and start at one drop, regardless of weight. 
Increase by one drop/day, until you reach the optimal dosage. 


DO dose frequently throughout the day. The less time we leave the 
pathogens to proliferate the better. Do a minimum of eight doses 
a day, but try to get in more doses if possible. Go for 16 in cases of 
PANS/PANDAS and acute situations like colds and flu. 


DO activate CD for the proper amount of time for the acid you use. HCI 
and citric acid both activate sodium chlorite in 60 seconds. 


DO supplement minerals using ocean water. 
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DO completely avoid the following: citrus fruits, corn syrup, fruit juices, 
green tea, pineapple, vitamins C, E,A, and K. Only give coconut milk 
and coconut water a minimum of one hour after the last CD dose at 
night so they will have no chance of affecting the CD. Coconut milk 
and coconut water are very alkaline 


DON’T give fruit juice of any form—not fresh, organic, homemade or 
store bought. 


DON’T give highly antioxidant foods including chocolate (cacao/cocoa), 
coffee, green tea, kombucha, citrus fruits, pineapple, mango, or 
kiwi, Berries (if you have to give them at all) can only be given 
at night, one hour after the last CD dose. 


DON’T mix anything but water with your CD drops. 


DON’T give CD with food. 


DON’T use a vitamin C shower water filter—yes, there is such a thing 
to neutralize chlorine in tap water. Unfortunately, it also 
neutralizes chlorine dioxide. 


CD Troubleshooting Checklist 


Before you decide that CD isn't working for your child please take a look at 
following list of common errors. If it looks like you are doing everything right, 
but you aren't seeing gains, please, before giving up, use one of the support 
options shown in Appendix 17, page 521. You are NOT alone! We have a 
network of parents who are ready and willing to help you. 


Q Are you preparing your CD in a clean, dry shot glass, or other type glass 
container that insures both chemicals are mixing? 


Q Is the CD mixture turning yellowish brown? There should be a chlorine- 
like smell. If there isn't, something is not right. Perhaps you have bad 
or incorrect chemistry? Maybe the supplier did something wrong in 
preparing the solutions. 


Q Are you using the correct ratio of sodium chlorite to acidic activator 
drops? See chart on page 94 for the correct mixture ratio depending on 
the type and concentration you are using, 
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Are you allowing the correct activation time before dilution with water 
after mixing the sodium chlorite and acidic activator? See chart on 
page 94 for the minimum activation time you must wait for the chemical 
reaction to occur. 


Hf you question the potency of your CD, then you may wish to test its 
strength. See Appendix 6, page 467 for testing information. 


Is your CD or activator cloudy or not changing color after they are 
mixed? If so, there is something wrong with one or both chemicals. 
Check with your supplier. 


Did you leave your baby bottle solution in direct sunlight? A brief 
exposure to light is no big deal, but if you left it in a hot car for an hour, 
it may have lost potency. 


Are you keeping the same baby bottle solution for too many hours? It 
should be used on the day it was prepared. 


Are you giving antioxidant supplements or a multivitamin containing 
antioxidants? Vitamin C, vitamin E, etc., should not be given. Cod liver 
oil and fish oil supplements in general have lots of antioxidants to keep 
them from spoiling. Make sure those are out as well. Mixing any of 
these will cancel out the effect of the CD—and the vitamin. You CAN 
give them a few hours apart. 


Have you checked all your labels of supplements and foods to make 
sure they don't contain antioxidants? 


Have you removed all juices and all citrus fruits from the diet (including 
oranges, pineapple, mango, kiwi)? Berries (if you have to give them at all) 
can only be given at night, no less than one hour after the last CD dose. 


Are you dosing CD 30 minutes apart from food, as a minimum (one 
hour is optimal, but not always possible)? Grazers do 15 minutes and 
we dose CD 16 times a day. 


Are you mixing anything with your CD, such as baking soda, juice, etc.? 
The only thing you can add into your dose of CD is more water! 


Are you using alkaline water to prepare your CD? Alkaline water kills 
CD. Some expensive water filtration systems are designed to produce 
alkaline water, which we must totally avoid! 
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Are you breakingThe Diet? Could there be dietary infractions at school 
or with relatives while you're not there? 


Q Are you dosing so high that you are detoxing your child too fast and 
getting a Herxheimer reaction? Some people need to increase every 
three days—NOT every day. 


Q Are your doses too low to accomplish anything? 


Q Are you giving too few doses of CD? We need a minimum of eight 
doses per day or more. 


Have you started the Kalcker Parasite Protocol? If you have done three 
Parasite Protocols (PP) it is time to start looking into supplements, 
chelation, HBOT, GeMAF etc. 


Frequently Asked Que: 


ns (FAQs) 


Can I use less than one ounce (30ml) of water to administer a dose 
of CD? 


‘One ounce of water, or more, is best. You can always add more water, but 
at least an ounce is the minimum per drop. 


We have been on the Protocol and are at five activated drops of 
CD in the baby bottle. My son’s “usual” autistic symptoms got 
exacerbated to the maximum. He has horrible constipation, 
stimming, scripting, and he seems to be in a bad shape. Our target 
dose is 15 drops. What should I do? 
The general protocol is to wait with CD enemas and CD baths until one 
is at their full target oral dose. His negative symptoms are probably from 
reabsorption of toxins from his unpassed stool. You need to resolve his 
constipation to stop this vicious cycle. You can administer CD enemas 
and CD baths on consecutive days. This should help the constipation, and 
flush the toxins out of his system, Then, once he is stable you can resume 
slowly titrating up to full dose. 


‘What should | do if my child can handle “double doses” 
of the baby bottle) all day with no herxing? 


(two ounces 


If your child is taking “double doses” all day, then it is NOT a double 
dose—it's his actual dose! Depending on his gains and what else you are 
folding into your protocol you can consider going up from there, 
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6 Ovens and Hot Plates 


For surface mount soldering the heat is usually applied to the whole PCB and all 


components soldered at the same time, For commercial work this is done in large 


ovens, often with conveyors to move the boards through the oven. For small 


scale work simple infrared ovens are available. Another technique uses a 


hotplate. The same considerations for temperature apply, although because the 


heat source does not come into contact with the solder or flux, contamination is 


less likely. Time and temperature are considerations with these methods as the 


components are exposed to the high temperature for the period required for the 


solder paste to melt and flow. 


Infrared oven for surface mount 


soldering 


Hotplate for surface mount soldering 


Figure 9 — Oven and hot plate used for surface mount soldering 


Index Ovens and Hot Plates 


RN 
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Is 72/2 only if you have done the parasite protocol? We are full oral 
dose but won't do PP until next full moon. 
You can do 72/2 protocol before the Parasite Protocol, but you must have 
reached full dose of CD. 


We are really struggling to get in enough doses of CD with school. 
We do well to get in 8; we really need more (way, way more). Night 
dosing is not an option (he won't go back to sleep; our mornings 
start early enough around here as it is), nor is coming to school 
during the day to dose him (we both work). Advice? 


Some parents are dosing every 45 minutes to get in their doses when they 
are with their children, However, we need to be killing pathogens around 
the clock. It is not possible to be effective at killing pathogens when we 
are giving them 16 hours without a dose of CD. You need to get I to 2 
doses in before school starts. Then get the other 6 (ideally more) in after 
school is over and in the evening. 


My child hates the flavor of CD. Can I give Stevia with CD to improve 

the taste? 
We recently discovered that some brands of Stevia are compatible with 
CD, CDS and CDH (ie, SweetLeaf® & KAL® brand)—it doesn't reduce 
the potency. However, past tests were not so positive, Some added 
ingredients may be why this was so in our initial tests. Try to use only 
pure Stevia or check with the Facebook groups on what others are using 
successfull. 


Preliminary tests show that some brands of Stevia can be 
used with CD to improve taste without losing potency. The 
two brands we have tested in-house are SweetLeaf’ and KAL®. 
Some of our moms report having successfully used flavored 
versions of SweetLeaf®. 
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‘When you say do two back-to-back baby bottles of 11 drops... you 
mean do a total of 22 drops in 16 hours? Correct? I'm going slowly 
up on oral CD because of behaviors. If | go from 11 to 22 drops 
overnight, won't he have strong detox and behaviors? 


This is spread out over 16 hours or more, such that every 60 minutes itis 
the same amount. Itis different than putting 22 drops in 8 fl.oz. Behaviors 
associated with bacteria (PANDASIPANS) are often reduced with the 
tolerated dose spread over longer periods of time. Remember that CD 
is only active in the body for about one hour. 


My child seems very uncomfortable. What should | do? 


Ifyou see a detox like this, stop dosing for the day. The next day, return to 
the last dose when the child was stable, Pathogens are dying and toxins 
are being released into the bloodstream on their way out of the body. 
This causes discomfort in some people. 


How do you know if I should go past full oral dose of CD? 


‘A Herxheimer reaction will be your biggest indicator if you have gone 
too far. If you have reached full oral dose and it seems like your child has 
plateaued, please schedule a consult with Kerri to discuss your options. 
Note: The full oral dose chart (page 101) is only a general guide and not a 
one size fits all. 


Is an hour enough time to separate CD neutralizers from the CD 
dose? 


CD is only active in the body for about one hour, however, supplements 
like vitamins A, C, E, K and ALA, CoQI0, and GSH (glutathione) need to 
be avoided. Also, orange juice, pineapple juice, and other high antioxidant 
fruits are a problem even after one hour. So, the best thing to do is 
eliminate everything that kills the CD. If not, it is pretty much like not 
using CD. [have seen it too many times and it's not worth it. Antioxidants 
destroy CD. There is no period of time that is safe to use antioxidants 
with CD. 


| know you have to start the parasite protocol on a certain day of 
the month, but how about the first dose of CD? 
You can start giving CD any day of the month. That said, it might be easier 
to start on a weekend, or a day when you will be with your child all day to 
make sure to get in all of their doses, and keep an eye on them to make 
sure they tolerate it well, ie. no Herxheimer reaction. 
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What is 72/2? 


722 is when you give a dose every two hours around the clock for 72 
hours. We use a baby bottle and a half to get through the night hours. 
This can be added in once you are comfortable at your full oral dose and 
have added in enemas and baths. See page 115 for more information 


Do you recommend 72/2 for everyone? 


Once a child is at 100% of their target oral CD, enema, and baths then 
they can do a 72/2 weekend. They are exhausting for the parents, but 
some kids do wonderfully. A lot of families get a nice boost. But, if you do 
a couple of weekends and you don’t see anything afterwards, then forget 
it. The benefits are usually seen two to three days after the 72/2 is over. 


My son suffers from constipation. Can I start the enemas before | 
get to his full oral dose? 


Anyone who suffers constipation needs enemas right away. These can be 
combined with oral doses, Still start low and slow, but it is important to 
get the bowels moving with any detox protocol. When constipation is 
present, we do not wait to start enemas. 


What is the maximum amount of water to use with enemas? How 
many times do you hold and release? 


First of all, we don't encourage holding. Rather we do a fill and release, 
which is kind of a home colonic. If your child can hold for a few seconds 
without fuss, then great. The number of cycles depends on the results 
of each. If all you are getting out is water, you may be finished, unless 
the person is seriously constipated. The amount of water really depends 
on the individual's size and the number of cycles administered. My basic 
philosophy is: Any enema is a good enema. So, even if not much comes out, 
you are still getting some water and CD in. 


first place? And, is it a good or a bad thing that it is coming out? 


Mucous is always a sign of inflammation and can contain pathogens and 
parasites. Mucous gives a home to pathogens. The inflammation and 
mucous can be caused from the allergies and pathogens. It is common to 
‘See mucous come out in the beginning of the enemas since our children 
have so much intestinal dysbiosis. 
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‘What is a good enema method for a 17 year old boy? Iam having 
trouble understanding the enema part of the book. The video in 
the file really helps, but | am having a hard time imagining doin; 
‘on my son. How do other people with older children do it? Can 
be self-administered eventually? Kerri mentioned a gravity bag, so 
you don’t have to keep changing syringes. Has anyone tried that? 
‘Where do you get the bag? 


Here is some advice one mom gave to another mom on one of our 
boards: 


‘My son is 14 and tends toward constipation. I had done suppositories in the 
ast to help him have a bowel movement. So, told him that the enema was 
“fanny medicine” to help him have a BM and make him better. | started with 
Just showing it to him after a BM after I wiped him. Then, I just put it next to 
his anus the next day. Then closer every day. He was stil constipated so just 
inserting the tip would help him poop and then later | was able to push the 
liquid with him standing next to the sink and it would run all down his leg. After 
several weeks of ths, t was a full moon and he could not poop at all and was 
lying on his bed in pain, | said let's try it here because it will really help you. 1 
got out a hundred towels and did it right there and he pooped. It was a slow 
process over two months but now we do them AM and PM always right after 
the shower. I counted over 20 feet (of parasites) coming out this last PP. And 
that is just what I could see. I don't dig just pull out obvious ones that are a foot 
long. Main advice is keep calm with soothing voice and have tons of patience 
‘and keep telling your son how much you appreciate his patience too. I also tell 
him this will get rid of his autism. He is non-verbal but said with RPM that he is 
mad he has autism. Also, the soft tip is key. I use syringes because they go fast. 


My son is not having daily bowel movements. What should I do? 


Do CD enemas every day until the stools normalize to daily. If you 
absolutely cannot do enemas, use CD baths in high doses (50+ drops 
depending on the size of the tub). Ocean water in high doses will move 
the bowels as well. Castor oil also helps. 


1am scared of the CD enemas. Will CD harm the intestinal lining? 


CD stays active only for about one hour and can gently, but effectively 
remove biofilm and kill pathogens in the intestine. Our society has shied 
away from this healing method in the last few decades. However, CD 
enemas have been proven to be positive turning points in the treatment, 
time and time again. Lots of kids will actually ask for enemas, as they 
provide them relief and comfort. If you are nervous, apply an enema to 
yourself first. You will see it is no big deal, and feel more at ease applying 
fone to your child. Some parents have shown their higher functioning 
children how to apply their own enemas, so no one has to be there, and 
to make them feel more comfortable. 
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What is the difference between colonics and enemas? 


Colonics cleanse the entire length of the colon while enemas cleanse the 
lower part of the colon. Colonics involves multiple infusions of water into 
the colon, while enemas involve a single infusion of water into the colon 
(which can be repeated). With colonics, fecal material leaves the body 
via. a tube. Colonics normally involves going to an office and receiving 
assistance by a trained colonics hydrotherapist, while enemas are free and 
done in the privacy of your own home. 


Ihave never done an enema before. How do you administer it? 
There are several positions that work well, but there will be one that 
works best for the individual. The enema instructions are on page 109. 
Some examples would be on all fours or lying on your left side on a towel, 
or a small child could lay across your lap. 


Enema clean up question: What are we boiling? What are we 
spraying with Everclear? What are we throwing away? 
After you are finished looking for worms you can throw away any plastic 
plates/forks you may have used. Pour boiling water on your specimen 
collector, enema nozzle and catheter. Then spray with Everclear grain 
alcohol. If you are using syringes, you may pour boiling water over them 
as well. 


How far do I need to insert the catheter for an enema? 


Not very far at all; one to two inches is plenty. The anal sphincter is about 
one inch past the anus. As soon as the catheter passes this muscle, it will 
hold it in place and there is no need to go further. 


What is intestinal biofilm supposed to look like? 
Biofilm is fluffy, cloudy, and mucousy in appearance. There are no rules 
on the color. It can look like pantyhose, But, it is usually mucousy and a 
cloudy whitishigrey color. 


How far away should we be doing enema from food? If we miss the 
morning enema, can I give it right after lunch? 
They can go together; there is no need to separate enemas from food. 
Any enema is a good enema, 


I'm having trouble with my syringes (for enemas). One plunges 
really smoothly, but the other two are almost impossible to move. 
Do I need to grease them up somehow before each use? How do 
you clean them? 
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use Everclear grain alcohol to clean them, but note, it will dry out rubber 
parts. You can use coconut oil to lube the plunger gasket. 

Is it normal to see black specks coming out after using enemas? We 

saw white specks for a couple of days too. 

Black specks can be heavy metals. Oxalates are known to bond to metals 
and would come out with metals. White dots are generally parasite eggs. 

Does ocean water need to be refrigerated after opening? 


No it does not, itis fine at room temperature. 


If |harvest my own ocean water do I have to sterilize it? 
No. Sterilizing is not necessary or desirable in our experienc—we don't 
want to denature it. Pouring it through a coffee filter to remove any 
potential particulate matter is fine. Do NOT use charcoal filters (such 
a5 a Brita® water filter), because they will alter the characteristics of the 
natural ocean water. Just make sure to collect the water far from any 


harbours or large river outlets. 


I bought pure sea water 
drink. Would this be beneficial for killing par: 
goodness back into the body? 


Actually, it does both, 


ce a great mineral 
es or just putti 


How do I avoid feeding the pathogens? 


CD kills pathogens. I would use CD to rid the body of pathogens rather 
than try not to feed them, 


Is it possible to use CD, CDS, or CDH during pregnancy? If 
how much can be used? 


is ok, 


CDICDS/CDH are not advisable during pregnancy or nursing. 


Can | add CD to breast milk to the bottle to help the baby detox? 


CD must be given in water, Mixing breast milk and CD will reduce or 
potentially cancel out the potency of the CD. 


How many drops go in a CD bath? 


It depends on the weight of the child (20-100 drops). If he is a little guy 
I might start at 10 or 15 activated drops and work up over the course of 
the following couple of weeks. The size of your tub also plays a part. The 
bigger the tub, the more CD you are going to need. See page 113 for more 
information. 


132 Chapter 5 


I've heard that some people mix CD directly in capsules and then 
swallow them. Can we use that on our children? 


NO! Nota good idea! Since many children with autism can't speak, they 
won't be able to tell you when the capsule gets stuck. CD needs to be 
diluted in water before taking as instructed in this chapter. 


Can | use warm water instead of cold water to store CD and how 

Jong will it remain potent mixed in the baby bottle? 
CD is a gas dissolved in water and therefore has to be preserved in a 
sealed container. If not, it will lose its potency, similar to how soda goes 
flat if the cap to the bottle isn’t screwed on tight. Colder is better because 
the CD will gas out quicker at higher temperatures. If you have doubts 
about CD potency, get the Lamotte CIO; test strips to be sure. See 
Appendix 6, page 467 for more information. 


Are purified, di 


They are different. However, we can use purified, distilled or filtered 
water, But, alkaline water should never be used! 


led and filtered water all the same tl 


Must the activated CD water mix be store 
no-BPA plastic bottle with an airtight cap ok? 


a glass bottle, o1 


| prefer glass to any plastic. Over time, chlorine dioxide can degrade 
plastic, and that means you or your child will be consuming it. Yes, the 
bottle needs to remain sealed. Plastic is acceptable for lids only! Metal 
lids should never be used because they quickly rust, even if covered with 
a plastic coating. 


Is it a problem to transfer one ounce of CD to a steel bottle briefly 
before drinking it? 
‘That is fine for a transfer, but | wouldn't store CD in a steel bottle. 


Is the GFICFISF “clean” diet essential to the CD protocol? My 
son doesn’t have bad reactions and I just do not see how we could 
implement it. 
A healthy, clean diet is very important to the healing process. 
Unfortunately, our “standard diet” is filled with preservatives, colorings, 
and other potentially harmful chemicals. When the goal is to heal, the 
diet is necessary. Dairy especially can cause inflammation and mucous 
production. Mucous provides protection to parasites. 


What is a good CD-friendly multivitamin? 


Al multivitamins have antioxidants. What we need to supplement during 
detoxification are the minerals. Ocean water has 90 bio-available minerals, 
and it is what | prefer for this protocol. 
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Are there other specific foods, veggies or fruits that need to be 
led in addition to juices? 


When you are following the CD Protocol, all antioxidants need to 
be avoided, Chocolate is a strong antioxidant. As far as vitamins are 
concerned; A, E, K, and ALA are off limits. High antioxidant supplements 
such as curcumin have also been a problem for many people. In the 
case of vitamin D, it is not an antioxidant, but it has caused aggression in 
previously calm children. Therefore, as a supplement, it must be used with 
care, if at all. 


Vegetables and legumes which are high in antioxidants have not shown to 
be very detrimental to the effects of CD. However, citrus fruits, pineapple, 
mangoes must be avoided. Berries are best given at night, one hour after 
the last dose of CD, if you must give berries. Juice, any sort of fruit juice, is 
completely prohibited, Not only can the antioxidants involved kill CD, but 
the high sugar content (albeit natural) shuts down the immune system, 
which is already impaired in children with autism. 


Can our kids drink anything other than water for the duration of 

the CD protocol or just not drink juices down with the CD? 
Some people are not used to drinking water and find it difficult. Some 
people drink nut milks or rice milk. On occasion, some folks put a piece 
of fruit in the blender with an apple and blend it, strain it, water it down 
and have that sometimes. Juicing is taking 5 apples to make a glass of juice 
and that is a lot of sugar (albeit natural) as well as a lot of antioxidants. 
Antioxidants kill CD and sugar slows the immune system. You want to 
totally avoid alkaline water. 


Can | use rice milk to give the CD instead of water? 


Water is what we need to use to give the CD. If you are giving CD mixed 
with another beverage you are reducing its potential. By combining CD 
with liquids other than water we will not get the desired results. Rice 
milk might be okay, but you would need to test how it affects the potency 
of the CD. You can get the LaMotte High Range Chlorine Dioxide Test Strips 
(#3002) at www.amazon.com. This way you can see for yourself how 
mixing CD with any beverage affects its potential. However, | do not 
recommend putting CD in anything but distilled/purified water. 


Can I give my cl 

apple)? 
Anything that is very nutritious to the human body is nutritious for the 
pathogens/parasites, So, a healthy green drink is very healthy for the 
pathogens. If you are giving “green” juices make sure they are not loaded 
with sugar from apples, carrots, etc. In my opinion, itis preferable to avoid 
these for the first few months of the Parasite Protocol (PP), at least. 


fresh pressed green juices (celery, kale, cucumber, 
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Can I use coconut and almond milk with CD? 
You can drink coconut and almond milk 60 minutes after your last dose 


of CD, but | would not combine anything other than purified water with 
the dose of CD. 


Can my child drink coconut water if he is taking CD? 


If you want to give your child coconut water, give it one hour after your, 
child's last dose of CD, at night, before bed. 


Does lemon interfere with CD, even after it is cooked? 


Yes, in some cases. A family of a child who suffered from SIB noticed a 
direct correlation with lemon use in their meals with the return of his SIB. 
I would avoid it at all costs. 


My son barely drinks anything, especially all at once. This is why we 
have been unsuccessful with detox programs. Is CD different? 


You should make sure that your child is well hydrated, but for the CD 
alone one ounce (30m)) of water is sufficient. | find that it is easier to 
drink CD cold rather than at room temperature. Also, if the smell is a 
problem, put the dose in a plastic syringe and squirt it right into your 
child's mouth. This prevents them from having to smell it before they 
swallow it, Enemas are a great tool for hydration, 


My child’s appetite has changed since starting CD. Is this normal? 
Yes. On average larger kids tend to slim down, while thinner kids tend to 
gain some weight. 

Can | give green tea or kombucha while taking CD? 


That is out of the question in my humble opinion. Green tea is high in 
antioxidants and caffeine. Kombucha is similar. | don’t know exactly how 
long the antioxidants in either one are active in the body, so with autism, 
if we are looking for healing, avoid them both, 


al Nut 


Can | use ori eda™ with CD? 


Nutriiveda™ is derived from whey, a dairy product. In humans, all dairy 
causes inflammation and mucous, which provides a protective refuge for 
pathogens. That makes this product contraindicated for this protocol, 
plus it contains antioxidants. 


Can I use Chia seeds with CD? 


Yes. But do not mix them directly into the CD. 
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How do I dose my child when he/she is at school from 8:30 am to 3 

pmt I work full time so “dropping in to dose” is not an option. 
Give a dose upon waking, one at the door of the school at 8:30 and the 
third dose of the day at 3pm at the door of the school. The last dose of 
the day is at bedtime, there should be at least four hours between school 
pickup and bedtime to get in the other four doses. Once you get the 
hang of it, itis not that hard, it just takes a little getting used to and some 
prior planning. 


‘What should | do if my son goes away for 5 days with school? Do 
you think it is possible to prepare a bottle of CDS for 5 days and he 
takes only one portion each evening? 


It’s not ideal, but better than nothing. 


My son is refusing the CD. What do | do? 
Have you tried adding more water with the dose, using cold water, using 


a syringe or a straw? Here is some advice from a Mom whose daughter 
refused oral CD: 


We just went through a REALLY rough patch with my daughter when she 
absolutely refused to take oral CD, and | know it gets super stressful for both 
you and your child if you try to force it... I had to respect her as clearly she 
was telling me in her own way, “Mom, this does not make me feel good!” for 
whatever reason and after maybe a week we were back on track. During that 
time I was able to give her a few doses (dropped from 14 drops of CD to 5) 
here and there, during really good moments. For example, in the bath or swing 
that she loves and I think that helped her associate CD with feeling better again. 
You WILL be back on track in no timell!!! Good luck! Keep calm and dose on! 


1am on 30 activated drops/day with my teenage boy. The taste is 

simply horrible. He refuses to drink his doses. What should | do? 
You can dilute your baby bottle as far as a liter bottle if necessary: it will 
not impact its effectiveness. Obviously, one dose will be more like a half 
a cup or a full cup in this case, However, be mindful of your conversion 
rate so that you get your dosage right. Cold water helps with the taste. 
You can add approved Stevia brands to cover the taste of CD. See page 126. 


If the country I live in doesn’t have glass baby bottles, can I use a 
plastic bottle? 
No, do not use plastic for storing CD. If the cap is plastic, we can live with 
that. In almost any country you can find a glass water bottle (with a plastic 
cap). You can use a shot glass to measure out eight ounces, and even 
mark them on the outside of the bottle with permanent marker. Many 
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7 Desoldering 


Ifa part that has been soldered needs to be replaced it needs to be “de-soldered”. 
Depending on the part and type of joint it may be possible to simply re-melt the 
solder and remove the part, or it may be necessary to remove the solder from the 
joint so the part can be freed. Some methods for removing solder are solder wick, 
solder sucker or de-soldering tool, Solder wick is a copper braid which is applied 
to the joint and heated with a soldering iron, As the solder in the joint is melted 
it is drawn into the solder wick like a sponge and is removed from the joint. A 
solder sucker is a spring loaded syringe or rubber bulb, The tip of the solder 
sucker is placed near the joint as the joint is melted by a soldering iron, When 
the sucker is operated a vacuum is created which draws the molten solder from 


the joint into the body of the sucker, A de-soldering tool is a type of soldering 


iron with a hollow tip and is connected to a pump or vacuum source. The tip of 


the de-soldering tool is placed onto the joint, typically over a component lead, 
and once the solder has melted the pump is operated to draw the molten solder 


away. 


Solder wick, syringe type sucker, Hot tweezers or Hot air nozzle are 


vacuum de-soldering tool options for SMDs 


RN 


Figure 10 — Desoldering tools and tweezers for surface mount devices 
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parents in Venezuela do this,as neither glass baby bottles nor LifeFactory” 
bottles are available in their country. NEVER use a Stainless steel (or 
other metal) bottle or container! 


Do you think this Protocol could work for a child who already has a 
low ATEC score (18)? 


Yes. | started with a 12-year-old, who last February 2012 had an ATEC of 
18, He did not budge from there after years of biomedical interventions. 
He could not stop with fears, phobias, anxiety (all parasitic in nature) and 
we started him on CD in February 2012 and the Parasite Protocol in June 
2012. His ATEC is now a one! 


My son’s ATEC is not going down as | had hoped it would by now. It 
has hovered around 65 the past few ATEC's. I think it is probably due 
to the fact that if | am not home my husband often forgets to give 
him his doses or his PP meds. Does anyone have any suggestions on 
how to stress the importance of this protocol to him? 


The following responses are from moms on our public Facebook group: 


You will never know what following the protocol will do for your son until you 
follow the protocol. When I first started the protocol a little over a year ago, I 
remember | had been using a special juice that so many people were raving 
about and I was paying $140 monthly for this miracle juice and I really wanted 
to keep in in my son's protocol. | asked my husband to give it to my son at 4 
am when he got up, and that was 4 hours before he would get any CD doses.. 
how could that effect our results? The juice was given 4 hours before starting 
CD for the day, we were following the protocol exactly otherwise, and even doing 
the enemas. Well, nothing happened, nothing, until about 3 weeks later when I 
said, wel let's stop the juice and see... BAM! Immediately my son's ATEC results 
dropped and he blossomed. I mean not only did his constant pacing stop, but 
his eyes lit up, he not only started taking more, more, more but even his laugh 
changed to a typical sounding teenager's laugh. It was incredible. His ATEC 
dropped instantly and kept dropping, 68, 25, 13, 7,5,3. It's a 6 today but this a 
super bad new moon for him. You will never know until you follow the protocol 


We have also seen our son stop pacing, stop suffering minute to minute, in the 
beginning we made our mistakes, missed a dose, didn’t get this or that done, we 
now stick to it, the cumulative effect of staying on protocol means the difference 
in drops in ATEC scores and staying the same or going up, it did for us anyway. 
I could fee! the slipping, we are still working on getting this right, it isan evolving 
protocol that requires the entire family’s buy in. | have kept my son home from 
school to make sure he is dosed properly but that’s just us. In November he 
is supposed to begin going to school ull days, if they do not dose him correctly, 
| will hire a homeschool teacher, that's how important this is. You will not get 
your child well, Kerri told us 16 doses a day, he got better, she told us to start 
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‘enema's earl, that made a big difference, we started our first PP before he was 
at full dose, its all made a huge difference, email her, keep watching your child 
to see what's working, this protocol works, it may take time, but what is the 
<alternative???? 


‘My husband is not good about giving meds either. When I'm gone my older girs 
give it [text them reminders. Sometimes setting a timer can help. I also set all 
of the meds that go along in a morning and night dose daily case. Often when 
1 organize it all for them it's much easier for the meds to be given properly and 
in time. 


My child has horrible nasal congestion. Can CD help? 
Yes, you can use CD and make nose, eye,and eardrops. Put one activated 
drop of CD into one ounce of water. Use one drop of the mixture in the 
nose (eyes or ears) every 15 minutes till symptoms disappear. NOTE: DO 
NOT USE PURE ACTIVATED CD WITHOUT DILUTING IT! 


You can also do a steam bath, which is done by closing off the bathroom 
(windows and door shut), and putting 20 activated drops on the floor of 
the tub, Run hot shower water on top of the drops until the tub fills; he 
air will be full of CD smell. Now, turn off the shower, put the child in the 
water to soak for 20 minutes, where he will breathe the light CD air. 


Is there a seasonal-allergy protocol for using CD? | suffer from 
extreme itching in my eyes, redness, puffiness, sneezing, sinus 
congestion etc. Will CD provide relief quickly or does it need to be 
used over a long period of time? 
Being on full CD, ocean water and the parasite protocol the allergies 
should begin to fade away. 


Can | try the CD ear protocol if my child has not started oral doses? 


Yes! Please start the eardrops, if there is an infection, every hour until 
the symptoms disappear. If you catch an infection at the onset of its 
symptoms, give one drop of the mix every 15 minutes. We have seen 
earaches clear up in a couple hours. In any case, work towards a full oral 
dose, at least one drop eight times a day to combat the infection on all 
fronts. The eye, ear, and nose protocols are all the same: one activated 
drop of CD in one ounce of water in a sealed dropper bottle. Apply one 
drop of this mix every hour until symptoms diminish. 


Can CD help arthritis? 


Absolutely! CD is amazing for arthritis. Include CD baths in your routine. 
Use CD in conjunction with DMSO. 
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‘Our son has a runny nose and sneezes a lot, but has no fever. He 
hasn't been sick in well over a year! I'm wondering if it is from d 
cD. 
This sounds like a very typical die-off reaction. Monitor his progress, 
make sure he is hydrated, and continue with the Protocol. If his reactions 
remain manageable, you don’t need to back down or change much. This 
could also be parasites, depending on whether the symptoms are chronic, 
etc. 


Has anyone seen kids who had never been sick start get 
they heal? 
Yes, it means immune system is waking up and fighting back against the 
crud they've been carrying around for a long time, It's called a healing 
crisis and is not uncommon and is actually a good thing, 


ig sick as 


Does CD, CDS or CDH work on HIV? Also, are there any 
contraindications of CD and HIV drugs? 
We do not focus on HIV or its treatment and therefore we cannot give 
you a definitive answer. Anecdotally, there are many testimonials that 
indicate CD having a positive impact on the disease. In addition, we have 
spoken to doctors in various parts of the world who use CD to treat their 
HIV/AIDS patients and have positive results from what we understand, 


Can | use CD in a Netti pot when doing an ear, eye or nose wash? 


No. Do not use a Netti pot with CD. Instead, use the steam bath method 
See page 114 for more information, 


I'm wondering if CD can be used in a nebulizer? With our daughter's 
chronic mycobacterium issues, we can never get rid of the cough. | 
thought maybe it would be helpful to get it into her lungs or is this 
not safe? 


Try a steam bath. Inhaling CD directly has to be done very delicately. 
This is why the steam bath is recommended, as the particles have time to 
disperse into a very large area rather than being inhaled directly. Some 
people are using humidifiers with 35 drops of CD per gallon. See page 114 
for more information, 


What supplements do I need to avoid while using CD? 
Antioxidants (vitamins C, E,A, K,ALA, and CoQI0) need to be avoided 
because they kill CD. We avoid iron and vitamin B12 because parasites 
feed on these. So if you do not have something in place to kill pathogens/ 
parasites, like CD, then the majority of your supplementation goes to 
strengthening the parasites instead of your child. 
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1 really don't understand something basic... Vitamin C in food. 1 
know not to give citrus or mangoes. Also, kiwis are rather high in 
vitamin C. If my child eats a kiwi or other high vitamin C containing 
food, how long does this impact CD? When will it wear off? 


Kiwis and other fruits high in vitamin C are a tough call. We do our best 
to avoid the biggest offenders. Unfortunately, | have seen families lose 
months because they continued to give fruit juice or supplements high 
in antioxidants. As soon as these were pulled, their children began to 
improve. A few years ago, a popular omega high in antioxidants became 
popular for autism. Families that | was helping all over the world noted 
regression in their children. As soon as we figured out what the common 
thread was, and pulled that supplement, the improvernents began again, 
but it was a nightmare. To answer the second part of your question, | 
don’t know exactly how long vitamin C from a natural fruit source lasts in 
the body. A few different websites estimate up to 24 hours. 


We have been using gluthatione every day and modified citrus 
pectin as a binder. Are those compatible with CD? 


Gluthatione is a very powerful antioxidant and cannot be used as a 
supplement with CD. Modified citrus pectin is fine. 


Ihave heard that CD helps with oxalate problems. Is that true? 
Rompepiedras (RP) is very effective against oxalate-crystal formation. 
There are connections between parasites and oxalate problems, which 
this protocol seems to be helping. Ridding the body of parasites helps 
with high oxalates. 


I know that CD neutralizes heavy metals. What does that actually 
mean? What is the difference between chelating and neutralizing? 


The mechanism of how CD neutralizes and removes heavy metals such 
as mercury is not clearly known (or understood). However, a number of 
recovered children have had heavy metal burden tests performed before 
and after the use of CD, and their heavy metal burden dropped. We also 
know of an adult in our circles who was extremely toxic with mercury 
and was able to normalize his levels after all other medical interventions 
had failed him, 


CD enough and we don't need to chelate? 
For many it is not necessary to chelate while on CD. There are some 
children though who do IV chelation and CD at the same time. This 
method seems to have good results; there are big metal dumps, when 
administering chelation challenge testing. As time goes by, we add 
interventions until we reach recovery. 
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Are all chelators compatible with CD? 


In many cases there is no need to do both. To answer your question, 
EDTA is fine as well as DMSA and DMPS with CD. 


You may want to consider Bio-Chelat™, bentonite clay or zeolite clay. 
These are great light chelators. 


We have tried every biomed option available, but nothing has 

helped. What makes CD different? 
Biomedical treatments in general provide large amounts of antioxidants. 
CD is an oxidizer and kills all pathogens in the body. The premise is that 
once your body does not have to feed and house pathogens, it will work 
much better and will heal. This protocol focuses on excesses and not 
deficiencies, which in itself makes it different from many other biomedical 
interventions. With CD and the Parasite Protocol we are eliminating the 
pathogens and parasites that cause the symptoms known as autism. 


Most biomedical interventions seem to be only applicable to small 
kids. Does CD work on“‘older” kids, teenagers or young adults? 
Of course! Families with older teens and adults have had success. The 
body wants to heal at any age be it 7 or 70! This year, two 17-year-olds 
lost their diagnosis through the use of CD as part of their biomedical 
protocols. A 32-year-old male is doing excellent on the Protocol as well. 
Time will tell, nd parent/caregiver dedication is the key to success. 


How long should I do the protocol to see if it is working for us? 
Within 30 days you will know. Ifyou do the Protocol 100%,andin the order 


laid out here you should see improvements. Some see improvements 
with their first dose! 


Has anyone had an increase in PANDASIPANS stuff while on CD? 
Our ATEC didn't budge this time around and it is mainly due to the 
OCD and other PANDAS stuff that has increased. | get in 16 doses 
‘on weekends, but not on weekdays—maybe I get in 12 on a good 
day during the school week. Has anyone done anything to treat this 
PANDAS stuff? 


Parasites typically coexist with bacteria, so it is very important to treat 
bacteria and parasites at the same time, It is extremely important to get 
in 16 doses a day, whether you get in doses earlier in the morning, or send 
doses to school. Also, many children with PANDAS/PANS need to be 
treated month long for parasites. If you are giving a probiotic, you can try 
doing a period without it and see if you child does not improve. We must 
keep in mind that if you are seeing parasites coming out with the enemas, 
we may not be seeing gains until we have eliminated a good number of 
the parasites living in the body. The toxins that they excrete—living and 
dead—can also cause some of the behaviors we relate with PANDAS/ 
PANS. 
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Has anyone seen elevated liver enzymes while on CD? 
Liver enzymes will not be high from CD. | have watched people do the 
liver enzyme tests for two years and the kids are in the normal range. 
However, when they are dumping worms or doing parasite meds is when 
we may see the enzyme levels go up. Within a couple of weeks they 
go back to normal, in the handful of times that | have seen them go up. 
Mebendazole and Combantrin® are non-systemic, and therefore are 
not absorbed; they basically travel through the intestinal system and are 
eliminated in the stool and urine. 


My son still has a lot of mercury (DMSA provocation). Is it possible 
that the level can go down from using this protocol? How long 
should I wait before testing him again? 


It is very common for the heavy metal load to go down. If you want to do 
labs, you can do them in three to four months. 


How young is too young for CD? 
There is no age that is too young. If a baby is showing signs of cold/flu, 
etc., you can start with the baby bottle method, one drop in 8 fl. oz. of 
water, so they are getting 1/8 of I drop per dose. The protocols are based 
‘on weight, 


(Ok we have had my son on this protocol for 11 months now. We 
started at an ATEC of 82 and had a dramatic decrease right away. 
Our second score was 26! Now we have had 3 consecutive ATECs 
of 33, most points being in the speech category. Where should I go 
from here? More diet changes and or supplements? We have been 
GFCFSF for years, considering going grain free next. We already 
use omegas and ocean water, and have done nine parasite protocols. 


It may be time to look into hyperbarics or GcMAF, as you have The Diet, 
CD and parasite protocol firmly in place. If these 2 options are not 
financially possible, you need to look at the speech supplement list. Go in 
order, and see if your child doesn't see gains from some of those. You can 
also look at chelators. Also, please check that your omega does not have 
any antioxidants in it, as that will be killing your CD. 


normal to see diarrhea in the beginning of the CD protocol? 


| consider there to be two types of diarrhea, One is the water faucet, 
Which we want to avoid. If you see water faucet diarrhea, stop for the day, 
and give a lower dose of CD the next day, when you start up again. The 
other type of diarrhea is loose, unformed stool, which is normal during 
detox. As the body is attempting to eliminate the excess toxins quickly, 
the digestive process will speed up, and not all of the excess water will 
have a chance to be absorbed through the intestinal tract, causing loose 
stool. 
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How do you move CD through inspections at the airport? 
Don't carry concentrated sodium chlorite and activator bottles into the 
cabin. They must go into your checked luggage. Make sure each bottle is 
tightly sealed. Double bag each bottle SEPARATELY and place at opposite 
ends of your luggage but not right up against the sides. You may wish to 
stick each bottle into a pair of socks as extra protection. Surround each 
bottle with plenty of clothes to insure they will be protected if the bag is 
roughly handled. According to TSA regulations, you can bring aboard up 
to 3.4 fl.oz, (100m)) of a liquid in your carry-on luggage, which can hold 
3 doses from your baby bottle batch. 


Can | use CD as a toothpaste? Should I use regular toothpaste in 
addition? 


use CD spray (ten drops of activated CD per ounce) on the toothbrush 
first. Then, brush the teeth, and follow with fluoride-free toothpaste. CD 
is great for healthy teeth, tongue, and gums. 


Is it okay to go swimming when on CD? I worry about the chlorine. 


They do have a molecule in common; however one has nothing to do with 
the other. Some doctors don't let ASD kids swim in chlorinated pools. 
But, as far as taking CD goes, the chlorine in the pool will not deactivate 
the CD in your body, nor react with it. A child on CD can swim in a 
chlorinated pool, just as a child not on CD can swim in a chlorinated pool. 


Can I give colloidal silver with CD? 


No. Colloidal silver is active for up to 24 hours in the body. and will lower 
the potency of CD. Therefore the two are not compatible. 


Where is the autism clinic in Venezuela? 


Puerto Ordaz, Fundacion Venciendo el Autismo. Carolina Moreno is the 
president and one of my best friends. Her email is venciendoelautismo@ 
hotmail.com. We have over 36 recovered children there. It is wonderful. 


My son has been sick and has really bad diarrhea. Can we skip the 
enemas for a few days or still do them? 


We don’t use enemas just for constipation, but for overall colon irrigation and 
health. CD kills pathogens in the colon, and thereby helps heal autism. As 
the sickness causing the diarrhea is most likely pathogen induced, CD enemas 
will continue to kill these pathogens and help your son get over this acute 
situation faster. 
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My daughter just drank undiluted CDS, What do I do? 
First, get her to drink plain water right away. Next, give orange juice or 
Vitamin C to neutralize the CDS, Give burbur or activated charcoal to 
mop up the toxins that were released. Considering the strong taste, it is 
unlikely she would have consumed very much 


Can CD be harmful? 


In the past 3 years that families have been using CD for autism, we have 
not seen any children or adults harmed by using this protocol correctly. 
Liver enzyme tests, nutritional tests, metal porphyrins tests, etc., have 
consistently shown improvement in the health of the children. Since Jim 
Humble started using chlorine dioxide for health, no one has died from 
ingesting CD (or MMS). The story that is often shared around the internet 
from Vanatu, concerning a Woman who unfortunately passed away, was not 
attributed by the coroner to be the result of ingesting chlorine dioxide. 
There was another case of a 25-year-old male who attempted suicide 
with 10g (nearly the contents of a four ounce bottle of sodium chlorite 
at 22.4% solution) of sodium chlorite (inactivated CD). He developed 
methemoglobinemia, which he received treatment for, but survived his 
suicide attempt. That said, as we have mentioned before... anything used 
incorrectly or recklessly can harm you. Water, table salt, etc. The reason 
we outlined the protocol in such detail is to prevent mistakes and help 
families use it responsibly to recover their children with autism. 


Does clay or bentonite clay interfere with CD? How far apart should 
it be taken from CD? 
One hour apart from CD is fine. | use diatomaceous earth about ten 
minutes apart from a CD dose. 


Is ibuprofen ok to take while doing CD protocol? 
We have never seen a drug that was contraindicated with CD. Always 
consult your physician for prescription contraindications. 

Is it ok to add Epsom salts to a CD bath? 

We do not use epsom salts baths in this protocol. We use CD baths. See 
page 113. 


Is it ok to take SAMe (S-adenosylmet 
all antioxidants, but not sure about SAMe. 


ine) with CD? I took out 


No, it contains magnesium and vitamin C. For a mineral supplement, we 
take Ocean Water. Vitamin C kills the CD. Magnesium feeds biofilm, and 


therefore is counterproductive to our goals of healing. 
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Can I use DMSO in a CD enema to help drive the CD into the 


Warning: Never use DMSO in an enema! Never introduce it into the 
body rectally. Ifit is applied rectally, t will carry toxic fecal matter into the 
bloodstream through the intestinal wall, 


How do | use DMSO? 
Every chance you can, apply DMSO to a clean body for 20 to 25 minutes 
and let it soak in. Apply it to affected parts first then remove rings/jewelry 
to cover all parts of the hands. Allow it to dry while applying to another 
body area (ie. right arm, left arm, right leg, left leg). Apply to clean skin 
with clean hands. Use natural fiber clothing if it is going to come in 
contact with the DMSO, which can dissolve synthetics. Dr. Stanley Jacob 
has proven that DMSO brings about healing of rheumatoid arthritis,and it 
is great for migraine headaches, etc. You can research his work at... 


www.dmso.org 


or find a DMSO retailer at... 
www.protocolsuppliers.com 


‘The 99% pure stuff is best, but never use that strength on the skin directly. 
It must be diluted to 70% or less for topical use. 


Does DMSO neutralize CD? 


No, it does not. However, DMSO has not proven itself to be a tool for 
autism recovery. In general, we use it for self-injurious behavior (SIB). 
The"S” in DMSO (dimethyl sulfoxide) is “sulf” as in sulfur. Many children 
with autism have a spirochete (amongst other pathogens), which feeds on 
sulfur. We saw many setbacks when adding DMSO. It is used on a case- 
by-case basis. 
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cDS 


Another Way of 


Delivering Chlorine Dioxide 


There is more than one way to skin a cat. 
~ Seba Smith 


n October 2011, | received an email from Jim Humble. After a visit with 

Dr: Andreas Kalcker, he had some fantastic new information for healing 
autism. Jim wanted me to fly to the Dominican Republic to see him yet again 
that year so he could share this new information. 


The big news surrounded the creation of Chlorine Dioxide Solution (CDS)—a 
new method of producing and using chlorine dioxide; substantially different 
from the CD mixing process we were using (described in Chapter 5). Jim was 
excited about all of the great things that Andreas was developing. 


Andreas was contacted by a cattle farmer who was frustrated by the health 
problems of newborn calves he was receiving. These calves were suffering 
from infections, diarrhea, ear problems, cysts, coccidiosis, bovine respiratory 
syndrome, etc. His yearly veterinary drug bill was around €28,000, not 
including the cost of feed. The farmer had heard about the wonders of MMS 
in humans and wondered if it might help his animals as well. 


Andreas thought, “Sure! Why not?” However, he quickly learned that cattle 
were very different from humans when it came to their digestive system. 
Cattle digest through fermentation, which CD disrupts, so he had to find a 
way to bypass their digestive system and go directly to their blood stream. 
But, that idea had another big problem. The pH of standard CD was too acidic 
and therefore not compatible with the calves’ blood stream. Injecting even 
dilute CD caused great pain and could result in damage to the veins. There 
had to be another way! 


After much thought and research, Andreas came up with a distillation process 
to extract the chlorine dioxide—the key ingredient—from the CD mixture 
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8 Hazards involved in soldering 
8.1 Heat 


Although solder has a relatively low melting point this temperature is more than 
high enough to cause serious burns to people or objects. It is important to hold 
the soldering iron only by the insulated handle, never touch the heating element 
or tip when the soldering iron is on, The soldering iron will remain hot for some 
time after it is turned off so always check that it has cooled down before touching 
it, e.g. if changing the tip. When you are not soldering always keep the soldering 
iron in a proper holder so that you don’t touch it accidently and it doesn’t heat 
or bum other objects such as the benchtop. Don’t hold parts being soldered with 
your hands as these will also be heated when being soldered, Don’t flick molten 


solder from the soldering iron or wipe the tip on brass wool type tip cleaners. 


If using a hot plate for surface mount soldering do not touch the hot plate, Use 
utensils such as pliers to place and remove PCB’s from the hotplate. If using hot 
air tools for soldering, de-soldering or rework, do not direct the hot air stream 


jow the PCB to cool before 


onto yourself or other people. If using an over 


handling or use utensils. Don’t place hot PCB’s on temperature sensitive 


surfaces, 


If burns occur they should be treated by holding under cold running water for 
several minutes and assistance sought if burns are severe. Incidents should be 


reported. 


8.2 Toxic materials 


Leaded solder contains lead which is a harmful material. Use of this 


pe of 
solder will probably involve handling it and your skin may become contaminated 
by it. Although it is unlikely that the lead can be absorbed directly through your 


skin it may be i 


gested indirectly if it is transferred by handling food whilst your 
skin is contaminated. Always wash your hands thoroughly before eating or 


handling food, 


Solder flux creates fumes when heated during soldering which may be harmful 


if inhaled. Use a fume extractor to avoid inhaling fumes. 


Index Hazards involved in soldering RN 


Soldering 2016 
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so it would not contain any sodium chlorite or acidic activator. He named 
the resulting liquid Chlorine Diaxide Solution (usually abbreviated CDS). Note: 
CDS can still contain trace amounts of sodium chlorite and whatever acidic 
activator used to produce it, but usually not enough to be an issue. 


This new CDS solution was injected into the 800 cattle with very positive 
results. The animals health improved and the vet bill dropped like a rock. 


Inone case, the farmer called Andreas abouta particularly sick cow. Headvised 
him on a dosage, but apparently the farmer misunderstood the instructions 
and gave the cow 10 times the recommended amount. The result? The 
cow was a bit “high” with ears and tail standing up, but subsequently became 
healthy with no ill effects from the accidental overdose. 


On the human side, CDS also solves the problem some people have with 
sensitivity to citric acid as well as the taste of CD. Not having the original 
chemicals (sodium chlorite/citric or hydrochloric acid) in CDS makes a big 
difference for some. Another advantage of CDS was a drastic reduction in 
Herxheimer reactions. 


After a long weekend in the Dominican Republic, we went home with new 
information to try out with Patrick. 


| began by swapping out drops of CD for milliliters of CDS. Initially, didn't 
notice improvements or regression, but I did notice that Patrick was waking 
earlier and having a less profound sleep. After about 30 days of trying the new 
miracle | began to think that,"If it ain't broke, don't fix it” So we went back 
to the original CD that had given us all of the recoveries and improvements. 
Patrick went back to sleeping very well and I never looked back. | was a 
confirmed CD user and CDS, for me, had no obvious advantages. 


A little over a year later, Jim was at our home, and on December 26th, 2012, 
his new assistant showed up from the Middle East to help him. She could be 
called the “CDS poster child.” We differed on this topic right away. But, she 
was very insistent. She asked me why I didn’t like CDS and I told her. So, she 
told me that | had been using “unstabilized” CDS and now they “stabilize” the 
cps. 


When the CDS is “stabilized” (with some sodium chlorite added back into 
the CDS liquid), it gives an extra kick, such that when the chlorine dioxide 
molecule oxidizes a pathogen, there is sodium chlorite on hand to react with 
the acid that is created by the death of the pathogen. The result is more 
chlorine dioxide released on the spot. 
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I decided to try stabilized CDS with Patrick. We arrived at his full dose based 
on tolerance. His sleep has been perfect. He sleeps as any pre-teen should— 
like a rock. And, he has great energy all day long. | can say that there was 
no noticeable difference over the four months that he was taking CDS, from 
the days when he took CD. However, he is a little bit “lighten,” as if he has 
no cares in the world. It seems as if something that might have made him 
uncomfortable no longer bothers him, Little by little, a few families switched 
to CDS to see if their children did better, worse, or as well as they did with 
cD. 


After a couple of trial months with about 20 families, | think that it is safe 
to say that CDS has its place in the buffet of different methods of chlorine 
dioxide administration. We still have the original CD, made with citric acid 
or HCl. Now, we have CDS and CDH (Chapter 7). Today, we no longer use 
stabilized CDS, as | feel that CDS is only for hypersensitive individuals and to 
be used only until they can switch over to CD or CDH. Whatever formula 
we choose, it will help to heal the body of unwanted pathogens, and helps 
with parasites as well as heavy metals. Each person is different, and it is up 
to us as parents to observe and decide which method of chlorine dioxide 
administration is best. 


You are in no way encouraged to switch to CDS if what you're doing with 
CD is working for you. For some people it may be better, but as of now, only 
one of our recoveries has come from CDS—all the rest are from CD. Some 
children may try CDS and come to realize that CD is still better for them. 


When to Use CDS 
CDS is used when someone just can’t get past 1 drop divided in 8 fl. 0z., over 
a day without experiencing a Herxheimer reaction. This allows us to get past 


the road block and still detoxify the body. Eventually, we want to go back to 
the standard CD Protocol which | believe to be more effective. 


This is not a common situation, but it does occur. 


Making vs. Buying CDS 

Most people are a bit concerned about making CDS since it involves a 
distillation process where you produce chlorine dioxide gas and then cause it 
to go into water. When Andreas first came up with making CDS, it involved 
two containers, a hose, heat and lots of ventilation. There are still lots of 
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Videos on YouTube explaining that original process. However, there is now a 
much better, easier and safer way to produce CDS at home. So, if you see a 
CDS making video or read instructions that talk about using a hose—forget 
it! The new process is much easier and safer and doesn’t involve any heat nor 
hoses. 


There are some online sellers of CDS, but the cost of it is high and making 
your own is simple. It just takes a little effort in learning the process and 
having the right equipment. In addition, by making your own, you will have a 
better understanding of the behavior of chlorine dioxide. 


Some Important CDS Points 


When it comes to CDS, itis all in the concentration of chlorine dioxide in 
water; measured in parts per million—abbreviated ppm. 


When buying or making your own, the goal is to end up with a bottle of CDS 
having a concentration strength of 3,000ppm. This bottle should ideally be 
made out of glass and kept in the refrigerator. You never use this concentrated 
solution directly. It must be diluted. 


When we say, for example, use 10ml of CDS, we mean mix 10ml of 3,000ppm 
CDS with whatever indicated amount of water, and use that diluted mixture 
for the indicated purpose. 


Make sure you read and understand Appendix 6, page 467 which explains 
more about concentration and measuring ppm. 


There are several names attributed to this new, better and simpler method of 
making CDS, such as: 

+ The Shot Glass Method 

+ The Overnight Method 

+ The New Method 


There are some demonstrations on YouTube showing this new method along 
with write-ups on various forums. These methods use a plethora of different 
containers having different shapes and sizes. The specific tools used to produce 
CDS can have a significant impact on the concentration. 


It should also be noted that the concentration strength is reduced every time 
you open the CDS source bottle as chlorine dioxide gas escapes the liquid 
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and evaporates into the air space above the liquid. When you open the source 
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container, some of the chlorine dioxide gas escapes. So, the strength of a half 
full CDS bottle can be substantially less than what you started off with when 
the bottle was full. This is similar in concept to a pop bottle that loses its fizz 
if not used up quickly 


To substantially reduce the evaporation of the chlorine dioxide gas, the 
CDS source bottle should be stored in the refrigerator, which stabilizes and 
significantly reduces the amount of CD gas escaping the CDS solution. But, 
no matter what the temperature, some gas will always escape and reduce the 
concentration each time the bottle is opened. A narrow neck bottle helps 
maintain the integrity of the CDS for longer periods. 


It is better to store the concentrated source CDS in smaller 300ml bottles 
than keep it in a larger one liter bottle. That way you use up what is in one 
bottle faster with less concentration loss. A good storage bottle is shown and 
described on page 160. 


The New CDS Making Method —The Basic Concept 


First, let's go over the basic principles of the CDS making process and then 
we will go into details. 


We start with two containers (both ideally made of glass). One container 
is larger and has some kind of a lid that can be tightly closed, The other is a 
smaller container having NO lid. The relative size of each container is such 
that the smaller container fits comfortably inside the larger container while 
allowing the lid to properly close on the larger container when the smaller 
one is inside. See page 151 for an example of a well-made glass kit distributed 
by wps4sale.com. 


The large container is then partially filed with fitered/distilled water. The 
level of water must be low enough so as to not overflow into the smaller 
container if itis placed into the partially filled larger container. The photos on 
page 151 show the concept of the two bottles visually. 


Now that you have the basic idea, let's make some CDS... 
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Using the Overnight CDS Generating Kit 


The following directions assume you have the glass Overnight CDS Generating 
Kit (1000 m)) from wps4sale.com (as shown on page 151). Youare of course not 
required to use their kit. However, based on our own experience of looking 
high and low for a good one, theirs has the key features: 


+ Made of glass 

+ Smaller glass fits inside of larger container AND 1000mI of water 
inside the big container will not flood into the smaller container 
once placed inside. 

+ Lid fits tight and no gas escapes during the chemical reaction time. 

+ Lid is plastic NEVER USE METAL LIDS! 


Note: There are plastic CDS kits that work. You may be able to find a 
combination of containers made of plastic but not glass where you live. In 
fact, | made a YouTube video where I show how to make CDS using a plastic 
container. Just understand that chlorine dioxide will deteriorate plastic 
containers over time, so it should be avoided. Even if you have to use a plastic 
jar to make the CDS, store the final product in glass. The less time the CDS 
is in plastic, the better! As for lids, we have no choice. Only use plastic lids. 
Metal lids will oxidize VERY rapidly! Even metal lids with a plastic coating on 
the inside will deteriorate. 


Steps to Making CDS: 


1. Start by pouring one liter of distilled or reverse osmosis water into the 
large glass container. The water should be around room temperature. 


2. Place the empty dessert cup inside the large container making sure no 
water spills into the cup. 


3. Measure 75ml of sodium chlorite solution (22.4% NaCIO; in water) and 
pour into the dessert cup, while being careful not to spill any sodium 
chlorite into the water surrounding the cup. 


4, Measure 75ml of 10% HCI or 50% citrie acid solution and pour into 
dessert cup. 


5. IMMEDIATELY screw on the lid to the large container while being careful 
to not jiggle the container which could potentially cause the CD solution 
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wpsdsale.com sells this Overnight CDS Generating Kit that 
produces 1 liter of CDS at 3,000ppm from 75m of sodium 
chlorite plus 75m1 of activator. The only part not made of glass 
is the plastic lid. The glass dessert cup is sized just right to fit 
inside the larger glass jar with enough room left over for 1 L of 
water that won't overflow into the dessert cup. 


to mix with the surrounding water. Make sure the cover is tightly screwed 
down so as to not have any leaks. If you smell chlorine dioxide (beyond 
the little that escapes while you are putting on the lid) then something is, 
wrong with the lid and/or container. 


6. If you did everything correctly you should see the CD solution turn a 
dark amber/brown within about a minute (see below) and notice that the 
water starts to turn a light yellow several minutes later It is also normal 
to see bubbles form in the dessert cup. It is normal for the pressure to 
change during the chemical reaction. We find that citric acid produces a 
vacuum and HCI can produce a pressure at first and then a vacuum. 


7. Cover the kit with a towel to reduce its exposure to light. It doesn’t have 
to be in a pitch black location, but it definitely should not be in direct 
‘sun light. Feel free to check it from time to time and see how the colors 
change. Of course keep this kit out of the reach of children or anything 
that could disturb it. | keep mine in the cabinet overnight with a towel 
ont. 


8 When the color in the dessert glass matches that of the surrounding 
water, the chemical reaction is complete. There is no harm in waiting a bit 
longer—nothing more will happen. This usually takes from 12-24 hours 
depending on room temperature and the strength of the acid used. 
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After the sodium chlorite and activator mix, the color will 
quickly turn a dark amber, almost black color (left). After about 
12 hours, the color of the solution in the dessert cup and that 
of the water surrounding it should be identical (right), which 
indicates the chemical reaction has completed and the CDS is 
ready to be poured into a storage container. 


9. Have your glass storage bottle(s) clean and ready to receive the CDS 
solution. 


10, Before opening the kit make sure your work area is well ventilated. 
Perform the steps that follow outside or have the door and/or window 
open nearby. Having a fan lightly blowing any gas that escapes away from 
you is a good idea. 


11, Slowly open the container being careful to not jostle it which could cause 
the CD solution to mix with the freshly made CDS. If the chemicals mix, 
you will have to start over again, so be carefull You will most likely smell 
the chlorine dioxide gas that was sitting in the air space when you first 
open it. This is normal, hence the need for good ventilation. 


12, Slowly remove the dessert cup while being careful to not spill its contents 
into the CDS. Immediately dispose of the contents in the toilet and rinse 
off the dessert cup. 


13, Now pour the CDS into the storage bottles while being aware that some 
chlorine dioxide gas will come out of the water into your working area. 


14, Tightly seal the storage bottle(s) and place in the refrigerator. 


CDS: Another Way of Di 
Note: 10% HCI is the recommended activator when making CDS. However, 
you can also use 4% of HCl, but the reaction time will be slowed down. It 
may take as much as a full day before the color of the CD solution and the 
water match. 
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Dosing CDS 


‘As mentioned earlier, CDS is particularly well-suited for unusually sensitive 
individuals who cannot tolerate even low doses of CD. 


Start with a baby bottle filled with 8 fl. oz., of water and add Iml of CDS. This 
will provide eight doses of 1/8ml. If all is well on the first day, increase to 
2ml on the second day. Each day you increase by one milliter. Increase the 
amount based on tolerance. If the person is having a problem with a certain 
level of CDS, then go down to where they were fine and stay there a few days 
before increasing again. 


Tolerance is the key here, Once you can no longer increase you have reached 
that person's full oral dose of CDS. 


Slowly Switching Back to CD 


(Once you have found the full oral dose where they are stable and cannot go 
higher, it is time to fold CD back in. 


The goal of using CDS is not to replace CD, but rather do some fundamental 
detoxing so you can bring CD back and reach full oral dose of CD. 


This is accomplished by taking out one milliliter of CDS and replacing it with 
| drop of CD. For example, if the individual can tolerate 20 milliliters of CDS, 
then an ideal transition would be represented in the chart on page 154. 


Cf course this chart represents an unlikely scenario where everything goes 
exactly as desired. However, it does demonstrate what we are striving for— 
switching out CDS for CD and continuing to increase the dose of CD as 
described in Chapter 5 (page 81). 


To accomplish this process effectively requires careful observation of your 
child and making decisions as to when you can go up; when to hold; and when 
to back down, 
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Hypothetical CDS to CD Transition 

Transition Day | CDS mmillilters | CD indrops Comments 
7 20 0 Tast CDS only day 
z 72 7 “Tansiion stars 
3 78 z 
4 a7 3 
5 16 4 
@ 15 5 
7 74 6 
z 3 7 
9 2 @ 
70 a 
i 70 70 Transition 
2 2 i continves 
73 a 72 
4 7 73 
3 = 74 
8 5 5 
7 4 76 
78 3 a7 
8 2 78 
20 7 8 
a 0 20 Transition completes 
Zz o ai 
2 o 2 CD ineoases 
24 0 Zs each day 
2 o 24 

CDS Enemas 


CDS enemas can be useful for sensitive individuals when starting the protocol. 
Follow the same enema instructions in Chapter 5,page 103, keeping in mind that 
Iml of CDS has a relative strength of approximately 60% of 1 drop of CD. 
With that in mind you can work up to 40ml of CDS per liter of enema water. 


Chapter 7 
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“The progressive development of man is vitally dependent on invention. It 
is the most important product of his creative brain.” 
~ Nikola Testa 


this protocol is constantly evolving, and until every person with autism 

recovers, we will continue to search for things to add or tweak to the 
protocol so we reach that goal. A few months before the release of this 
second edition, was made aware of a new method of CD preparation, known 
as Chlorine Dioxide Holding (solution) or simply CDH. 


CDH can almost be described as a hybrid between classic CD and CDS. 
Where CDS has no raw material left in the final product, but only chlorine 
dioxide gas dissolved in water, CDH contains some raw material (similar to 
classic CD) along with the chlorine dioxide in the final product. This new 
process allows the sodium chlorite to react with the acid for a significantly 
longer period of time, thereby reducing much of the remaining amount of 
unactivated sodium chlorite and activator. Some people cannot tolerate citric 
acid so CDH is usually made with 4% HCI. Initial reports indicate that CDH 
is better tolerated than CD. 


Another interesting benefit of CDH is that it appears to mix well with the 
permitted natural sweetener stevia (SweetLeaf® brand) without reducing the 
potency of CDH. This can help children who have an aversion to the taste of 
CD. Many families have also reported that they were able to increase their 
child's dose without producing a Herxheimer reaction, in contrast to classic 
CD. Older children and severely affected children have benefitted as well 
from the CDH preparation; you can read more about that on page 221. 


Currently, this new method is being used by a relatively small group of families 
(around 70 as of November, 2013). Many of them are reporting that CDH 
continues to produce results for their children on the spectrum, and they are 
seeing even better things than before 
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83 Spattering 


Solder and flux can spit or spatter when heated. Always wear eye protection 


(safety glasses) when soldering. 
8.4 Electrical Safety 


Electric soldering irons are plugin appliances and must have a current safety test 
tag. The test will confirm that the soldering iron conforms to electrical safety 
standards and has not been damaged at the time of the test. Before use you should 
visually check that the soldering iron does not have damage such as melted 
insulation on the lead, broken or cracked handle or exposed conductors. Don’t 


use damaged equipment and report the damage 


For electrical safety the exposed metal parts such as the tip and heating element 
are earthed, Don’t solder on any live equipment as contact with the earthed tip 


may cause damage to the equipment or soldering iron, 


RN Hazards involved in soldering Index 


2016 Soldering 
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‘As with all new things, itis important to test with a diverse group of families 
over a long enough time period to make sure that gains are sustained. So we 
ask that you please keep in mind that CDH is literally the bleeding edge of this 
protocol. While we are excited to share a new option with you, the decision 
to use CDH must not be taken lightly. If you are doing well with classic CD 
you may never need to use CDH. Consider the old saying, “If it ain't broke, 
don’t fix it!” Of the 115 children who have lost their autism diagnosis, 114 
have done so with CD and 1 with CDS. So far, 0 with CDH (4 months in use 
for ASD). | expect this number to change soon as we are seeing good things 
from CDH. Time will tell. Stay tuned. 


Scott McRae, his wife Brenda, and Charlotte Lackney have been pioneers in 
developing the CDH method. The following section is written by Scott where 
he discusses how CDH evolved along with detailed instructions on how to 


prepare and use it. 
«Kk © 


M y wife, Brenda, and | first learned about CD early in 2009, through Bhante 
Vimalaramsi, an American born Buddhist monk. He's now a very close 
friend of ours, and even as I'm writing this, I'm at a meditation retreat which 
is based upon his understanding of the open-minded, experiential teaching of 
the Buddha. 


After receiving our first set of CD bottles from an online seller, we started by 
trying to get to 15 drops of CD activated with lemon juice for 3 minutes, twice 
a day, which was the protocol at the time. Though we gave it a good effort, we 
couldn't get past 6 drops before vomiting and having diarrhea, and this caused 
Us to initially stop taking CD. Then, after moving to Jakarta, Indonesia (Brenda's 
home town), | experienced almost monthly illnesses, which | believe was due 
to being in a new and tropical part of the world (I'm from San Diego, CA), 
riding in public transportation twice a day and teaching in a school of over 300 
students. After a year and a half of constantly being sick, | remembered our 
bottles of CD which we had fortunately brought with us from the US, and | 
started on Protocol 1000. By that time, Protocol 1000 had been developed to 
be what it is now—3 drops of CD (activated for 20 seconds with 50% citric 
acid) per hour,8 times a day—and so | decided to do the 3 week cleanse. By 
doing the cleanse, | experienced a huge improvement in my health. Not only 
did | immediately stop getting sick, but | also felt that my energy level had 
increased by about 25%! Obviously, I was excited by these great results and 
so was my wife because she had started taking CD again as well. However, 
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Scott & Brenda McRae from Jakarta, Indonesia 


even though our results were great and our experience was far better than 
before with the old,"*try to get to 15 drops twice a day protocol,” we still 
were having some nausea and bouts with diarrhea when we took CD. This 
was especially true at the times when we felt the symptoms of a cold or 
flu and tried to take more than the 3 drops doses in order to overcome 
it. Still the results we were getting with CD on Protocol 1000 outweighed 
the nausea and diarrhea that we experienced and so we continued using it, 
especially when we felt some sickness coming on. 


After taking CD for about a year in this way, CDS hit the CD world. Being the 
experimental type, | decided to give it a try. After searching all over Jakarta 
for the plastic tubing for a couple of days and finally finding it, | made our first 
batch of CDS. We both tried CDS for about six months but found it to be 
less effective than CD, so we stopped with CDS and went back to CD and 
Protocol 1000. 


Nevertheless, there were 2 things | really liked about CDS: (1) it NEVER 
caused us any nausea or diarrhea, and (2) it was so easy to use since it was 
pre-made (no mixing of chemicals before each use). The main thing for me 
was not having any more nausea because I really disliked feeling sick. So, | 
started thinking about CDS and my experience with making it and | came 
to the conclusion that possibly, the reason why CDS wasn't nauseating was 
because there wasn't any unactivated sodium chlorite in the solution—it was 
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just chlorine dioxide dissolved in water. | remembered that when I made CDS 
myself, even after the activation process had gone on for an hour in a heated 
condition, if | stirred or swirled the activation chamber bottle, more ClO: 
would still come out of it. This got me to thinking... if the chemical reaction 
between the sodium chlorite and the 50% citric acid solution used to make 
the CDS was still able to produce more chlorine dioxide after an hour in a 
heated condition, then surely the 24 drops that | was using to make my daily 
CD dosing bottle weren't being fully activated after just 20 seconds. 


Therefore, | decided to increase the activation time and tried it out on myself 
first and then my wife (aren't | considerate?). We both found there was no 
longer a nausea problem, even when taking more drops per hour than we had 
ever taken before. 


Since | was in an experimental mode, | decided to see if | could make larger 
quantities of concentrated CD all at once to make it more convenient. | 
mixed equal amounts of sodium chlorite and 50% citric acid in a bottle, let it 
activate for about a minute, and then added a specific amount of hot water to 
further encourage the activation process. In the end, | had a total of 140 ml of 
this concentrated CD solution. Later, | found that hot water wasn't necessary 
and that room temperature water worked even better because there was less 
CLO, gas lost in the process. 


The finished chemistry was indeed very strong and still didn't cause any nausea, 
so | was compelled to post my discovery on the Genesis Il Forum. I named it 
7 Day Fridge MMS (CD) because it provided a 7 day supply of Protocol 1000. 
The ingredients added up to 140 mi, so each 20 ml was 1/7th of the total, or 
a one day supply of “pre-activated” CD similar to Protocol 1000. This made 
taking CD every day really easy. Just pour out 20ml of the new concentrated 
solution into a water dosing bottle, and then pour out 1/8th of the bottle 
every hour into some water in a glass, and drink it. 


The 7 Day Fridge MMS (CD) method worked great for my wife and me, Others 
on the Forum also tried it and liked it. In addition, | gave it to some people at 
the school where I work to overcome their colds (usually overnight) as well 
as other diseases within a short time. 


About 18 months later, Charlotte, my Forum friend, began testing the 7 Day 
Fridge MMS (CD) process to determine the actual CIO; content using her 
Sensafe™ Chlorine Dioxide Photometer. Over several months, we worked 
together to further refine the 7 Day Fridge method. The result of all of our 
testing and refinements is this new and exciting CDH product. 
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‘The final formula to produce CDH using the 1 Bottle Method came out to be: 


22 parts water 91.6% 
1 part sodium chlorite 42% 
1 part HCI (4%) or Citric Acid (35%) 4.2% 


Total Solution 100% 


| believe this new way of making CD will be of great benefit to humanity 
because it will allow people to gradually double or even triple the amount of 
CD they can take with little or no stomach upset. By increasing their doses 
to higher levels, people will be able to overcome CD treatable diseases more 


‘quickly than ever before. 


‘As with any new technology, more changes and developments are likely. 
For example, we now know that CDH tastes much better if activated with 


hydrochloric acid instead of citric acid 


Producing CDH Using the One Bottle Method 


Making CDH is really quite simple. You can use any size of bottle, and produce 
any quantity you wish, as long as you follow the basic instructions and keep 
the proportions the same. However, before diverting into different quantities, 
it is recommended you follow these directions exactly to insure you have the 
process down correctly. 


Note the following volume equivalents: 


Fluid Ounce (U.S.) Approximate Equivalents 


30ml = 1 fl.oz. US (2Tablespoons) 
660ml = 22 fl.oz. US 
720ml = 24 US fl.oz.US 


750m! 25 US fl.oz. US 
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Equipment Needed 


‘One 750ml (25 fl. oz. US) glass bottle with an airtight cap. DO 
NOT use a metal cap (even if it is lined with plastic). The best 
caps are plastic or even a synthetic cork in good condition. A 
common 750ml wine bottle is ideal for this as you can get them 
colored to reduce possible UV exposure (the darker the better). 
But,a colored bottle is not absolutely necessary and using a clear 
cone will allow you to actually see the chemical reaction as it turns 
from clear to yellow. 


Three 240ml (8 fl, oz. US) bottles ideally made of 
colored glass to protect the CDH from UV light 

(the darker the better), but colored bottles are 

not absolutely necessary. You can also use smaller 

bottles if you like—these are just used to divide up 

the resulting 720ml of CDH into smaller bottles to 

help retain the ClO; concentration while opening and 

closing the bottles during dosing. Schweppes™ sells 

6-packs of Ginger Ale, Club Soda and Tonic Water in 

10 fl. o2. glass bottles with plastic lids that are great 

for this purpose, and hold 300ml easily. Only the Ginger Ale is in 
a colored bottle (green), the others are clear. 


One measuring cup or graduated cylinder to accurately measure 
liquid in either milliliters or fluid ounces. 


Ingredients Needed 


Ingredients should be at room temperature—not cold. If CD and/or activator 
are right out of the refrigerator make your water warmer to offset, or allow 
ingredients to warm up before using. 


660m! of distilled or purified water at about 70° -90°F (21°-32°C). 


30ml of sodium chlorite (22.4% solution) near room temperature 
or slightly above. 


30ml of 4% Hydrochloric Acid (HCl) or 35% Citric Acid (C,H,O;) 
near room temperature or slightly above. 


Note: The amounts indicated above add up to 720mI, while the wine bottle 
easily has room for an additional 30ml and more, Refer to the chart on right 
if you wish to produce a different batch amount. 
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The CDH Formulation Table 
and Different Acid Concentrations 


What if you have 10% Hydrochloric acid or 50% Citric Acid (very common)? 
(Or, you wish to use a different size of bottle? Not a problem. These acids can 
still be used. However, the formula changes accordingly. 


The table below is a great tool for determining the formula for a given bottle 
size. To use the table, start by circling the size of the bottle you wish to 
fill in the left most column, Next look at the acid you have and its labeled 
concentration. Match that with one of the 4 options across the top. Below 
the matching acid/concentration you will find the 3 formulation numbers for 
water, sodium chlorite (labeled “SC"), and whatever acid you are using. Just 
go down the appropriate 3 columns to where the bottle size line intersects 
and you will have the numbers you need. Substitute these numbers in the 
following preparation instructions if your situation calls for it. 


CDH Formulation Table 
(Applies f the One Bottle Method of making CDH ONLY!) 
SC=Sodium Chlorte / HCI=Hydrochloric Acid / CA=Citic Acid 


Dg a MEY TAR 
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Preparation Instructions 


Follow the steps of mixing ingredients in this order (assuming you are using 
the 750ml glass bottle): 


1. Pour 660m! of purified water into the 750ml glass bottle. 
. Add 30ml of sodium chlorite to the 750ml glass bottle. 

3. Add 30ml of 4% HCI or 30mI of 35% citric acid to the 750m! glass 
bottle. 

4, Immediately cap/cork the bottle tightly so that no CIO, gas can 
escape and give it a good shake to thoroughly mix the ingredients 
(and a few more times later on if possible) 

5. Store the bottle in a dark place with a temperature of 70°F to 
90°F (21°C to 32°C) for 12 to 24 hours or more (24 hours or 
longer if you're in a cold environment—below 70°F (21°C). 

6. After the storage time has passed, place the bottle of CDH into 
the refrigerator (not the freezer) and allow it to cool down for 
3+ hours before opening it for the first time. The temperature 
of the solution should be no more than 51°F (10.5° C). Note: If 
you are using a significantly smaller bottle, cool down time can be 
reduced because the smaller volume of solution will cool faster. 

7. Finally, pour the CDH from the 750m! bottle into the smaller 
bottles, cap tightly and keep refrigerated until ready to use. The 
smaller bottle are easier to dose from and they also help reduce 
the number of times gas can escape and reduce the potency of 
the solution. 


Using CDH 


The CDH is now ready for use. Each milliliter of CDH solution contains 1 
pre-activated drop of CD. It can be used for ANYTHING that CD is used 
for; viruses, bacteria, yeast, parasites, heavy metals, enemas, tub baths, gums & 
teeth, skin care, infections, etc. 


When used orally, each Iml of CDH should be added to at least 30m of water. 
You can add even more water if you notice slight throat irritation with higher 
doses. If taste is an issue, a little bit of stevia may be added to each dose to 
improve taste by sweetening it. Some of the moms are adding SweetLeaf” 
Natural Stevia Sweetener to their daily bottle and report no negative impact 
on ppm level. 


Although CDH is strong, it has shown to be gentler on folks who have issues 
with nausea when using traditional CD. You should be able to start at whatever 
drop dose you were on with CD and switch to an equivalent milliliter dose 
of CDH and gradually increase to tolerance. Typically, people are able to take 
2 to 3 times as much of CDH as traditional CD, without experiencing nausea, 
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‘The CDH bottle should be kept refrigerated and only taken gg 
out to extract doses. Since 720ml is a fairly large quantity 

that may take many days to finish, i's a good idea to take the 

720 ml and divide it up into 3 smaller 240ml bottles (720m! 

+3 = 240ml) so you won't lose much of the ClO; each time 

you open the bottle. By doing this, you will conserve as much 

of the ClO, as possible. It's also easier to extract doses from 

‘a smaller bottle using a syringe or pipette, 


Also, keep the CDH bottle out of direct or indirect sunlight 
to prevent loss of CIOz. If you make a dosing bottle for the 
day, it’s best to keep it cold, but it is not absolutely necessary. 


A little note about taste: Most people who complain about 
the bad taste of CD,CDS or CDH (which does not have any taste at low doses) 
are actually reacting to the smell of the CIO, which can lead to developing a 
long-term aversion to any of the treatment solutions. So, if you can minimize 
the gas floating around your nose, you will have an easier time with drinking 
the CD, CDS or CDH dose. To accomplish this, Charlotte suggested avoiding 
the use of a cup or wide mouth drinking bottle. Instead, use a bottle with a 
small opening such as a common water bottle (preferably made of glass). Of 
course, if the smell doesn’t bother you, this is a moot point, but at least you 
have this litle trick if it does. 


Well, that's all you need to know to get started on this great new way to make 
and use CD. May this new CDH formulation bring you and your family much 
health and happiness. 


Scott McRae 
Jakarta, Indonesia 
November, 2013 


en 


We appreciate Scott, Brenda and Charlotte's contribution to the variety of 
ways to produce and use chlorine dioxide. Be sure to check the Facebook 
groups and forums for the latest developments on CDH. 


Some of you may feel overwhelmed by what you just read. So, let me give 
you my “Easy-Peasy” single paragraph method of making CDH: | take a 600m! 
Lifefactory™ bottle, put in 550ml of water; add 25ml of sodium chlorite; 
followed by 25ml of 4% HCI (or 50% citric acid). Leave it 12 hours in a 
cabinet, after which it goes in the fridge for 2 or more hours. Done! © 


Healing & beating autism. 
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Step 3 
The Kalcker Parasite Protocol 


All of our fathers had a treatment for parasites as a part of their cultural 
practice. We have gotten away from this because of our reliance on modern 
practice. We would do quite well to relearn the ways of our ancestors in this 
‘area and keep ourselves in relatively good health always 

~ Chief Two Trees 


he word “parasite” comes from the Greek word meaning,“one who eats 
off the table of another” Parasites, to Ancient Greeks, were those who 
sat at another's table, and paid for their meal with flattery. 


‘As | mentioned earlier in the book, very interesting thing started happening 
with the CD enemas. What we had previously believed to be mucous or 
biofilm coming out with the enemas, turned out in many cases to be worms 
(helminths) (aka parasites)—in rare cases they were still alive and wiggling 
in the toilet! We believed the most common were Ascaris lumbricoides 
(roundworm). However, what we are now seeing more and more appear to be 
rope parasites, potential new species of helminth discovered by Dr. Gubarev, 
Dr-Alex Volinsky, and coworkers (submitted January 14, 2013). DNA testing 
is the only way to definitively say, but at $25,000 USD for each analysis, with a 
minimum of 100 test cases, it is rather cost prohibitive at the moment.! 


In addition to Ascaris and rope parasites, parents have also seen hookworms, 
pinworms, tapeworms, and flukes, among others. This is an extremely 
important piece of the puzzle for so many of our children. We have been 
led to believe that in first world nations, parasites are not a problem. This is 
absolutely not the case. 


A well washed parasite. You can almost feel the texture. 
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Andreas Kalcker, 
co-author of the 
Kalcker Parasite Protocol 


Miriam Carrasco Maceda, 
co-author of the 
Kalcker Parasite Protocol 


| was honored to have Dr. Andreas Kalcker and Miriam Carrasco Maceda 
share a chapter from their upcoming book, Parasites: The Silent Enemy.Andreas 
explains the importance of lifelong deworming, and shares with us a protocol 
that has helped many children and adults become healthier; and for some 
children on the spectrum was the last piece added that led them to recovery. 
The version included here has been tailored specifically for children and adults 
with ASDs. The original protocol can be found at: 


www.andreaskalcker.com/ 
index.php/en/health/parasite 


Very few details have been changed, but it is important to note that the 
Parasite Protocol here is what has been proven to help many of our children 
on the spectrum, including many of the recovered children. 


Thank you Andreas and Miriam for your valuable contributions to this 
movement, selflessly sharing your findings,and for always taking the time to help. 
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HOWTO DETECT AND 
TREAT A PARASITIC INFECTION 


Parasitic infections are more common than most people think, and may or 
may not result in serious health problems, We may be infected with multiple 
types of parasites, which vary in size and location, on or in the body. 


Parasites can be classified as either microparasites, such as malaria that are 
only visible under the microscope, or large macroparasites such as round or 
flat intestinal worms (roundworms, tapeworms, etc.). These can be seen by 
the naked eye, and can reach great sizes. Internal parasites are found, not only 
in the intestines, as is generally thought, but anywhere in the body, including 
the lung, liver, muscle, stomach, gallbladder, brain, blood, skin, joints, and even 
in the eyes 


In recent history, the great migratory movements of the human population via 
rapid transportation and widespread trading have shortened the distances that 
previously had separated people and diseases. Formerly localized diseases have 
thus become universal ailments. Parasites previously confined to very specific 
geographical areas now appear in other locations, far away from their initial 
homelands. Unfortunately, conditions typical ofthe lower socioeconomicstrata, 
(under which a large percentage of the global population lives) tend to favor 
the transmission of diseases and parasites. 


A high percentage of the world population suffers from infections by parasites, 
which the WHO (World Health Organization) estimates are responsible for 
15 million child deaths annually. In addition to the great cost represented 
by deaths, chronic and persistent infections have increased as parasites have 
developed multiple mechanisms of evasion and resistance to specific immunity. 
This allows them to circumvent and cancel the host immune response. 


Persistent parasitic infection in human hosts leads to chronic immune reactions, 
which can result in tissue damage and altered immune regulation. Ninety 
percent of the world population is infected with one or more parasites, and 
up to five different types may coexist in the same host. 


This situation becomes dangerous when the internal balance within the host 
is upset, the number of parasites skyrockets, and the host begins showing 
signs of serious illness that may even result in death. However, in some cases, 
parasitic worm infections do not result in disease, in fact, a number of carriers 
are found to be healthy. 


168 Chapter 8 


Areally good look into a parasite. You can see the actual 
intestines of the parasite. Also known as a helminth. 


The same parasite (as above) from a different angle. 
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Considering that most people are not even aware of their infections, parasites 
have become silent killers, claiming the lives of many unsuspecting victims 
going about their lives oblivious to the danger. Some doctors in Western 
Europe and the USS. seem unwilling to even contemplate that we may be 
infected. 


‘Taking into account the recent increase in travel, immigration, and trade across 
continents, it is not hard to see how the problem has now become magnified 


to an alarming level. Parasites, especially the modern “toxifie 
well be causing many of the rare diseases now becoming more prevalent, as 


versions, may 


well as other recently identified or growing problems such as chronic fatigue, 
fibromyalgia, and arthritis. 


The most common verminosis (infestation with or without obvious 
symptomatology of disease caused by parasitic worms) is intestinal. People 
who have them not only suffer from a large quantity of lost nutrients (absorbed 
by the parasites), but also from perforations made by worms in the digestive 
tract that can open the door to various infections and possible autoimmune 
deficiencies. Intestinal worm infections are very common and can affect 
everyone, not only people with poor hygiene habits. Helminths (worms) are 
transmitted by ingesting the eggs or larvae of parasites, which then hatch in 
the intestinal tract. 


A parasitic infection or reinfection can be acquired through one or more of 
the following avenues: 


> From more or less direct contact with an infected person (fecal or sexual). 


> From self-infection, for example, through anal-hand-mouth contact. By 
scratching the anal area, eggs can become lodged under the fingernails. 


From congenital transmission (mother to fetus). 
From commonly contaminated objects. 
From soll contaminated by human or animal excrement. 


vvvy 


From eating contaminated raw or undercooked meat. 
> From eating raw fish, 
In some countries, raw fish is included in traditional foods. We can avoid the 


consumption of the larvae or worms by freezing the meat or fish for at least 
twelve hours, depending on temperature. 
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A great photo of a dead parasite, believed to be the Ascaris 
lumbricoides, or possibly a rope worm in the “seaweed” stage. 


A very good look at how long some helminths are. The 

‘more worms the people pass, the healthier they get, and the 
improvements come faster and faster. This child passed a lot 
of parasites in the beginning. Then after a few months was no 
longer passing them and now has an ATEC score of 5. Meaning, 
he no longer has the diagnosis of autism. 


This is the parasite that measured 32 inches. 
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[feels] =) 


Brrr 


Another long, well washed parasite for the collection. The road 
to recovery is paved with many dead parasites. Adios Autism... 


This is a 32-inch parasite that a young boy passed. He went on 
to have a great day after getting this out. 
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These are rope parasites as confirmed by Dr. Alex Volinsky. 


60cm long worm (Oct 1, 2013) from child; 6 months on CD; 2 
drops every 1-2hr; no parasite protocol; 1tbisp DE; 2-3 vials of 
Quinton. 
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r 


This 33 inch parasite (aka “Chester”) was discovered by a 
woman using the protocol on herself. 


The bubble visible in this photo leads us to believe this is a late 
stage rope worm. 
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After passing this 
parasite, the child 
went on to have 

a fabulous day at 
school. It is so great 
to feel good and 
healthy. 


The FDA recommends freezing and storing [fish] at -4°F (-20°C) or below 
for seven days (total time), or freezing at -31°F (-35°C) or below until solid 
and storing at -31°F (-35°C) or below for 15 hours, or freezing at -31°F 
(-35°C) or below until solid and storing at -4°F (-20°C) or below for 24 hours 
is sufficient to kill parasites. FDA's Food Code recommends these freezing 
conditions to retailers who provide fish intended for raw consumption. 
Note: These conditions may not be suitable for freezing particularly large fish 
(eg thicker than six inches)? 


> From drinking contaminated water. 


> From consuming contaminated vegetables or fruits. Often we eat 
poorly washed (parasite infested) vegetables or fruits. There is a common 
misconception that vegetables from organic farming are free from any 
problems, pesticides, or chemicals. The danger is that the eggs or larvae of the 
‘worms reach the farm soil through animal waste, decomposed forms of natural 
compost, and manure (fertilizer) added to the field. There are eggs, such as 
Ascaris lumbricoides, which can survive in soil under extreme temperatures 
for five years. Itis very important to perform a thorough cleaning of fruits and 
vegetables, and never eat anything raw and straight from the ground, however 
healthy it may seem. 

> From parasite infested animals. Parasitic infections are very easy to spread 
by contact with pets. Veterinarians are quick to insist upon the quarterly 
deworming of our animals, but there are steps we must take on our own to 
avoid contamination. 
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Parasites come in all shapes and sizes. Of course, they can 
also come out in pieces. 


Suggested: Deworm your pet at least every three months for life,as directed 
by your veterinarian. During the first month, it should be done every week. 
Prevent pets from eating raw viscera. If animals eat raw meat or raw bones 
the best option is to freeze the food in advance for at least 12 hours (See 
citation above). If the deworming treatment is working, the animal will expel 
the worms in the feces or vomit, which must then be burned or buried, during 
the eight-day treatment. 


‘Avoid being licked in the mouth by animals as they are in direct contact with 
feces, soil, and their own anus. When petting an animal, wash your hands with 
soap and water before eating or handling food, as the eggs of the parasites 
remain in the animal’ hair. 

Do not walk barefoot or with open toe shoes in soil or sand, 


} Avoid Hippotherapy (horseback riding) 


Symptoms of Parasitic Infections 


The different types of worms and toxic waste produced by parasites in our 
body may cause the following common problems: 
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Parasites come in all 
sizes. Some are very long. 
These get washed with 


hot water for photos. This 
way we get the best look 
at them. 


Blood Disorders & Blood Parasite Diseases 


Parasites absorb essential nutrients from the body, such as iron, vitamin Bra, 
and sugars, which may result in certain blood disorders. In addition, some 
diseases are known to be caused by blood parasites: 


Blood disorders: 


+ Anemia 
+ Dizziness 
+ Hypoglycemia 
+ Weakness 


Blood parasite diseases: 
+ African Sleeping Sickness 
+ Babesiosis 
+ Chagas Disease 
+ Malaria 


Fatigue: 


The toxic waste produced by the parasites themselves (including ammonia 
and psychoactive substances), can stress the detox organs and cause disorders 
of the central nervous system such as: 
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Chronic fatigue syndrome (CFS) 
Cold in the extremities 
Dizziness 

Extreme weakness 

Internal cold 

Lethargy 

Low energy 

Night waking 

Restless sleep 


Gastrointestinal Symptoms 


‘Abdominal pain or tenderness 
Blood in stool 

Burning in the stomach 

Chronic constipation 

Chronic diarrhea or diarrhea caused by poor absorption of food 
Colitis 

Cramping 

Cravings for greasy foods and sugary foods, lots of carbs and bread, 
fruit, fruit juices, alcohol, or vinegar 

Digestive problems 

Distended belly 

Eating more than normal but still feeling hungry 

Excessive bowel movements 

Fever 

Frequent vomiting and nausea 

Gas and bloating (noted after eating) 

Hemorrhoids 

Irritable bowel syndrome (IBS) 

Intestinal irritation 

Intestinal obstruction 

Leaky gue 

Malabsorption syndrome 

Mucous in stool 

Pancreatitis 

Passing a worm in stool 
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Growth Problems, Weight, & Appetite 


Parasites usually live without being detected by the host. They rob the body 
of many of the essential nutrients in the food consumed. Many overweight 
people, who are infected with parasites, go hungry for lack of essential nutrients, 
causing them to eat in excess due to their parasitic infection. Furthermore, 
depending on the type of infestation, many people are malnourished and 
cannot gain weight. The following is a list of some possible symptoms: 


Incl 


ren: 
+ Poor growth 
+ Poor physical and intellectual development consistent with their 
biological age 


jren and adults: 


+ Chronic burping 

+ Craving white flour products; cookies, cakes, pastries, etc. 

+ Feeling hungry after a meal 

+ Inability to gain or lose weight 

+ Long-term obesity 

+ Loss of appetite 

+ Obsession and/or compulsion to eat sweets or very specific foods 
(wheat, sugar, dairy) 

+ Ravenous appetite 

+ Uncontrollable hunger to eat more than usual 

+ Weight gain (specifically around the time of the full moon) 

+ Weight loss 


Mood Problems & Anxiety 


Toxins that are released by parasites can irritate the central nervous system. 
Anxiety and nervousness are often caused by parasites that migrate throughout 
the body. Some of the problems caused are: 


+ Anger and irritability 
+ Anxiety 

+ Confused thinking (brain fog) 
+ Depression 

+ Disorientation 

+ Forgetfulness 

+ Lack of coordination 

+ Mood swings 
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+ Nervousness 
+ Obsession 
+ Restlessness 
+ Slow reflexes 


Muscle & Joint Pain 


Parasites can travel almost anywhere in the body. When they migrate to the 
joints and the muscles they can cause cysts and inflammation. These can often 
be mistaken for arthritis and/or muscle pain. 


Toxins from parasites can also accumulate in the joints and muscle tissue 
causing: 


+ Chest pains 
+ Fibromyalgia 

+ Joint pain 

+ Muscle cramps 

+ Muscle spasms 

+ Numbness of the hands or feet 

+ Pain in the back, thighs, or shoulders 
+ Pain in the navel 

+ Rapid heartbeat 

+ Restless leg syndrome 

+ Seizures 


Children 

iren with ASDs) 

Parasites can be found in the body in asymptomatic and symptomatic stages. 
The former are usually found in adults. Symptomatic stages occur mainly in 
children, in whom we can often observe the following: 


+ Anorexia 
+ Anxiety 

+ Bruxism (teeth grinding) 
+ Cramping 


+ Diarrhea that alternates with periods of constipation 
+ Excessive Flapping 

+ Growth retardation 

+ Headaches 

+ Inability to gain weight 

+ Itching/Burning/Picking of the anus 

* Nasal itching and/or anal urticaria (hives/rash) 

+ Nervousness and irritability, 
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+ Nose Picking 
+ OCD (Obsessive Compulsive Disorder) 
+ Rage 
+ Smearing feces 
+ Unexplained laughter or weeping 
+ Verbal stims 
+ Weight loss 


Tapeworms, and some other parasites, have an affinity for Biz and iron. 
Therefore, lab results that show deficiencies in By: and/or iron can be 
indicators of parasitic infections." Due to its size, the tapeworm consumes 
enormous amounts of food that it obtains by taking the child's food. This can 
affect the child's normal development. 


‘Treatment is simple, but it requires that the head of the tapeworm be removed, 
otherwise it will continue to grow. Tapeworm treatment is separate from this 
protocol and usually requires niclosamide. However, the only way to be sure 
the head has been removed is to identify it in the stool. 


Respiratory Disease 


‘The passage of larvae through the respiratory system or larval invasion in the 
Jungs may cause symptoms such as: 


+ Acute bronchitis 

+ Asthma 

+ Drowsiness 

+ Dyspnea (shortness of breath; air hunger) 
+ Chroniclirritative cough 

+ Pneumonia 

+ Shortness of breath or respiratory failure 


Sexual & Reproductive Disorders 


Immune dysfunction as a result of a parasitic infection can lead to: 


+ Candida - yeast infections 
+ Cysts and fibroids 

+ Erectile dysfunction 

+ Fluid retention 

+ Male impotence 

+ Menstrual problems 

+ Premenstrual syndrome 

+ Prostate problems 

+ Urinary Tract Infections 
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Skin Disorders & Allergies 


External parasites (lice, bedbugs, scabies, etc.) that penetrate the skin can 
cause itching, redness, and/or rashes etc. However, internal parasites can be 
responsible for skin disorders as well. Parasites create toxic metabolic waste, 
and because the skin is the largest organ, the body tries to eliminate them 
through it, resulting in many skin problems. 


Some symptoms may include: 


+ Allergies (to foods, dust, mold, etc.) 
+ Anal itching 

+ Brittle hair 

+ Crawling sensation under the skin 
+ Dermatitis 


+ Dry hair 
+ Dry skin 

+ Eczema 

+ Eruptions 
+ Hair loss 

+ Itchy nose 
+ Techy skin 

+ Jaundice 

+ Psoriasis 

+ Skin ulcers 
+ Sores 

+ Swelling 


+ Urticaria (hives; skin rash) 


Sleep Disorders 


The body reacts to parasites during rest periods because at night is when 
parasites are most active. Nocturnal awakenings are common, especially 
between 2 and 3am, when the liver tries to rid the body of toxins produced 
by parasites. This in turn may produce: 


+ Insomnia 

+ Teeth grinding 

+ Bedwetting 

+ Drooling while sleeping 

+ Sleep disturbances - multiple awakenings during the night 
+ Restless sleep 
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Other Problems Associated with Parasites 


Bad breath 
Blurred vision 

Body odor 

Breathing problems 

Chronic infections: viral or bacterial 


Circulatory problems, numbness in the extremities, difficulty in 
moving 


‘Cough or coughing up blood 
Difficulty swallowing 

Excessive salivation 

Fever 

Fluid build-up or retention during the time of the full moon, 
Low immune response 

Peritonitis 

Sensation of a foreign body or discomfort in the throat 
Swollen eyes 


Weight gain during the full moon, 


Blood Analysis 


The following markers may be present when a person is suffering from a 
parasitic infection or the resulting allergies: 


‘Anemia/low iron 
Elevated immunoglobulin (IgE) 

Elevated eosinophils (The eosinophil is a specialized cell of the 
immune system, more specifically itis a proinflammatory white blood 
cell. According to the Registry for Eosinophilic Gastrointestinal 
Disorders (REGID), their known functions include movement to 
inflamed areas, trapping substances, killing cells, antiparasitic, and 
bactericidal activity, participating in allergic reactions, and modulating 
inflammatory responses.) 

High ammonia 

High oxalates 


Low vitamin Br 
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Measures in the Home Environment 
to Prevent Reinfection 


It is important to treat all people and pets that live in the same environment 
to prevent someone from infecting others. Reinfection occurs via underwear, 
bedding, towels and household items such as children’s toys or animals that 
have been in contact with eggs. It is important to wash all clothing that has 
contact with intimate body areas at a temperature not below 60°C (140°F). 


All bed linen and underwear must be washed daily (or to the extent possible) 
while performing anti-parasitic therapy. Affected individuals should not share 
their swimwear with other members of the family, and should use a separate 
cloth to wash his anal area. It is best to sleep wearing both underwear and 
pants to avoid involuntary scratching during the night. This will prevent 
infection through anal-hand-mouth contact because by scratching the anal 
area, eggs can become lodged under the fingernails. Keep pets away from the 
place of rest of their owners, such as beds, sofas, blankets, and cushions. 


Thoroughly wash fruits and vegetables in water and soak them in CD or 
CDS solution for a few minutes. Clean the sink with alcohol, as the eggs of 
many parasites are immune to the pH of normal cleaning products such as 
soap or bleach. It is important to note that parasites do not leave any kind 
of immunity behind in the host, therefore, once cured, the person who has 
suffered can suffer from them again, The only surefire method of killing the 
eggs of Ascaris lumbricoides is in water above 60°C (140°F) or with 96% grain 
alcohol (Everclear). 


Evolutionary Cycles 
of Intestinal Parasites 


Although there are many more, here is a description of the three most 
common types of intestinal parasites that can be found in developed countries: 


Ascaris Lumbricoides (Roundworm) 


Ascaris reproduce quickly, as a single female can lay up to 200,000 eggs each 
day. This parasite is very common, especially in damp conditions, and when 
hygiene measures are inadequate. It can affect the entire population, but 
mostly affects children, seriously disrupting their development and growth. 
It’s so infectious that the WHO estimates that there are about 700,000,000 
people infected worldwide, of which around 60,000 cases end in death per 
year, mainly children. 
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Parasite eggs reach the duodenum through the mouth of the host. Gastric 
juices rid the eggs of their shells and release the larvae. These larvae, which 
are highly mobile, penetrate the duodenal mucosa and migrate to the liver. 
From there, they continue their migration to the heart, reaching the lungs 


through pulmonary circulation, and finally become trapped in the pulmonary 
capillaries. Here, the larvae break the thin walls of the capillaries and penetrate 
the alveoli, bronchioles, and bronchi at which point they are able to travel up 
through the pharynx. Once the eggs pass the epiglottis (see diagram above), 
the larvae are swallowed such that they return to the duodenum, where they 
complete their maturation process. This process takes approximately two 
to three months to complete; therefore we calculate that to find ourselves 
completely parasite free, the initial treatment should be done for at least 12- 
18 months, possibly longer. From there on out, you may only need to follow 
a routine deworming two to four times a year. 
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Keep in mind that eggs are expelled through the feces (human or animal) into 
the environment where they can survive even in harsh conditions, favoring the 
persistence of the parasite. They are resistant to low temperatures, desiccation, 
strong acids, soaps, chlorine, formaldehyde (pH between 2 and 11.5), and can 
live in planted soils for five or more years, creating a “parasite hotbed” that 
makes them almost indestructible. Once dry, they are transported through 
the air, fly in air currents like dust that can be inhaled and/or swallowed 
We have recovered eggs from nasal mucus, paper currency, potting soil, dust, 
and in indoor airborne particles, etc. 


Taenia Saginata and Taenia Solium (Tapeworm) 
Taenias reach humans when humans eat their eggs, by the consumption of 
tissue from infected cattle or pigs. In infected animals, the larvae are encysted 
in the muscle tissue. If the infected animal is consumed, development may 
proceed in the human digestive system. Humans are hosts for T. saginata 
(beef tapeworm) and T.solium (pork tapeworm). The tapeworm is considered 
to be solitary, because usually no more than four species are found in 
any one individual host. The danger of this parasite is that the larvae can 
migrate to the brain, or other vital organs (cysticercosis). Tapeworms may be 
detected by identifying segments in the host's stool that the worms discard 
as they grow. However, tapeworms may go undetected for many years, living 
asymptomatically within their host. 


According to classification, they can vary in size ranging from 2 to 12 meters 
in length. They consist of a head called the scolex, which attaches to the 
intestine by means of suction cups, and a body consisting of repeating units 
called proglottids. A single Taenia can grow from 1,000 to 2,000 proglottids, 
depending on the type. A tapeworm produces an average of 720,000 eggs per 
day. 


worms (Enterobius Vermicularis) 


Humans are considered the only host of what are commonly called pinworms 
(Enterobius vermicularis). This type of worm is the most typical in the family 
because it propagates easily, It is common for children to become reinfected 
in schools, through contact with others, or through anal-hand-mouth contact. 
Pinworms have an elongated shape, are whitish in color, and are about 1em 
long. They inhabit the large intestine of humans. Female pinworms leave eggs 
around the anus. Once deposited, the eggs are infectious for a period of up 
to 20 days. Once in the intestine, it takes between five and eight weeks to 
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develop into adult worms. The most important symptom is intense itching 
that occurs in the anal area, especially at night. In women, inflammation of the 
vulvar area is very common, 


A pinworm infection is, generally speaking, not very serious. Unlike other 
parasites, they infect only humans. Transmission from person-to-person 
happens by handling clothing, bed sheets, towels, and environmental surfaces 
(such as curtains, carpeting) contaminated with pinworm eggs, which are so 
light that they are able to become airborne, A small number of eggs can be 
integrated into air particles that when inhaled follow the same developmental 
process as ingested eggs. Enemas are extremely useful in removing this 
parasite from the large intestine. 


Graham's method is a simple method of detection. Just after waking and 
before a bowel movement, press a piece of tape against the anal folds. The 
tape will catch the remains of eggs and/or parasites that are situated there. 
With the naked eye we can see small worms no more than an inch long, 
but with a microscope, many transparent eggs from females and even other 
species may be seen, 


The Importance of Lifelong Deworming 


‘Once we begin the process of deworming, we should recognize that we must 
‘maintain this habit of cleaning for the rest of our lives to enjoy good health. 
It is common among people who have pets, to follow the recommendations 
of their veterinarians, and deworm their pets every three months. It is 
interesting to ask why family physicians do not give the same advice to humans. 
Perhaps some physicians ignore this information, or simply do not consider 
it important to eliminate these pests, which are just as harmful to people as 
they are for animals. 


It is true that many parasites are not endemic or common outside certain 
climates, but human migration and global marketing of food products have 
facilitated the spread of many parasitic pests silently. It is important that 
we understand the lifecycle of each parasite, from birth to death including 
reproductive and death stages. This information is crucial for the complete 
elimination of the parasite. For example, in the case of intestinal parasites 
treated here with this protocol, some can live in the host for up to ten years, 
as in the case of a single Taenia, while others may remain in the host for a 
lifetime, reproducing again and again, as in the case of the pinworms or the 
well-known Ascaris. 
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The Kalcker Parasite Protocol & Lunar Cycle Timing 


In the modern civilization in which we live, we have lost touch with much of 
the ancient wisdom of the past. One of the things we have forgotten is how 
the natural cycle of the moon influences many of nature's routines. This is 
especially true for the behavior of parasites. They are known to sync their 
life-cycle with that of the lunar cycle. Your child may demonstrate extreme 
behaviors on certain lunar cycle days... especially on the full moon and 
sometimes even the new moon. 


Therefore, to maximize effectiveness, this Parasite Protocol is specifically 
timed to the lunar cycle. Appendix 10, page 477 provides an easy reference 
for you to look up the days to perform the Parasite Protocol, which is 
administered over 19 days—numbered 0 to 18—each month; starting three 
days prior to the full moon and continue during the waning moon. This period 
of the moon's cycle is very effective for deworming because many nematodes 
(parasitic worms) travel back into the intestine to mate at this time, 


Length of Treatment 


This protocol is not a one-time treatment. You should plan for at least 12 to 
18 months to insure you have purged multiple parasite life-cycles and continue 
beyond 12 months if your child is still expelling parasites. 


Building on CD 


This protocol builds on what you have already learned using CD. During 
treatment, it is absolutely necessary to continue CD dosing, CD baths and 
CD enemas. 


‘Tape Worms 


This protocol is specifically designed for the deworming of large intestinal 
parasites, especially round nematodes such as Ascaris. It is effective for 
most nematodes, but may not be effective against tapeworms. In the case 
of infestation by Taenias, the recommended treatment is Niclosamide, the 
preferred medication due to its low toxicity. 


Components of the Kalcker Parasite Protocol 


This protocol uses some of what you have already learned and should already 
be doing, along with a set of ingredients you will need to have on hand before 
you start (shown in bold below). Here is an overview list of the items you 
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will need to have on hand, and the items are described in detail on the pages 
that follow: 


+ Meal time (1,2, 3) 

+ CD/CDS (4-19) 

+ CD Baths (20) 

+ CD Enemas (21,22) 

+ Ocean Water (23, 24,25) (see page 115) 

tomaceous Earth (26,27) 

+ Lepidium Latifolium Extract (Rompepiedras) or 
‘Chanca Piedra (Stone Breaker) (28,29) 

+ Pyrantel Pamoate (Combantrin®) (30, 31) 

+ Mebendazole (32-36) 

+ Castor Oil (37) 

+ Neem (39, 40) 

+ Probiotic (usually THERALAC”) (41) 


Check the following website for the latest information on where to find these 
products: 


www.ProtocolSuppliers.com 


You may have noticed one or more numbers in parenthesis following each of 
the previous items, such as“(40)" for the probiotic. The timing of what to give 
when, is covered in great detail in the daily charts starting on page 198. These 
numbers match those found on the daily sample charts to make it easier for 
you to connect the dots and also be able to identify related notes under each 
chart. They have nothing to do with the quantity/dosing of any substance. The 
use of these numbers allows us to comment on specific items and when and 
where they come into play as shown on the daily sample charts. 


We now detail each one of the items on the list above and discuss what 
you need to know about them and how to acquire them (including their 
associated numbers on the charts). 


Meals (1, 2,3) 


Obviously meals are part of everyone's day. The purpose in mentioning them 
here is that many of the following steps are related to meal timing. Some 
actions of ingredients are taken before breakfast, others during or after. 
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In our example charts, we make some assumptions which include: 


+ Breakfast (1) is at 7:30am 
+ Lunch (2) is at 12 noon 
+ Dinner (3) is at Spm 


CD, CDS or CDH (4-19) 


As you learned in Chapter 5, you continue to dose CD (or CDS/CDH) as 
before during the Parasite Protocol. Nothing changes in that regard with the 
Parasite Protocol building on top of those steps already in place, 


The sample charts assume your child is going to school, and so you may not 
be able to administer doses of CD during his school day (7-12) unless you are 
home-schooling, in which case you are encouraged to give hourly CD doses, 
even if the total exceeds 8 for the day. 


CD Baths (Optional) (20) 


Our sample charts assume you administer a CD bath just before bedtime. 
See pages 113 for more information about CD baths. 


CD Enemas (21,22) 


Ideally give your child a CD enema in the morning (21) and another one in the 
evening (22). However, if your child is going to school,a morning (21) enema 
may not be a good idea due to the possibility of an “accident.” Therefore, 
consider the morning enema optional, but the night time enema a must do! 
See page 103 for more information. 


Ocean Water (23, 24, 25) 


Supplementing ocean water minerals is important to support the body through 
the detoxification process. See page 115 for more information on ocean water. 


Dosing: 


(23) A dose of ocean water should be administered upon waking, but five 
minutes apart from CD dosing. 


(24) One dose of ocean water immediately after school (or at lunch time if 
at home). 


(25) One dose of ocean water, 15 minutes before or after dinner. 
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Diatomaceous Earth (DE) - Food Grade (26,27) 


Diatoms are unicellular plants 
that existed by the trillions in 
‘our oceans over 300 million 
years ago. They are encased 
by a cell wall that is made of 
silica. When diatoms die, this 
microscopic coating deposits 
at the bottom of oceans, Over 
time, they pile up in banks 
forming deposits thousands 
of meters in size. With the 
receding of the oceans, these deposits have been uncovered. Through 
compression, and ultimately fossilization, these silica deposits have given rise 
toa chalk rock called diatomaceous earth. 


DE is an inert, nontoxic compound, which contains a number of minerals 
such as manganese, magnesium, iron, titanium, calcium silicates, and others 
Properly ground, the skeletons of microscopic diatoms become sharp silica 
needles, harmful to parasites, fungi, yeast, worms, and amoebas. However, 
these needles are harmless to humans and other warm-blooded animals. 
Although it is safe to consume diatomaceous earth continuously, the best 
method (as with everything else) is to allow for periods of rest. During the 
18-day treatment, take two teaspoons (Sml) twice a day. 


Dosing: 3 to | teaspoon twice a day for smaller kids, | teaspoon three 
times a day for adults and bigger kids. Mix with a little water and drink. Given 
on days I through 18. DE mixes well with water but never dissolves. Stir 
the DE/water slurry vigorously and drink immediately before the DE settles 
to the bottom. Some people take heaping tablespoons in water, but larger 
amounts are not necessary. DO NOT take dry! 


Note: In rare cases, DE can cause constipation, which can usually be managed 
by reducing the dosages to 1/2, 1/4 or even I/8th of a teaspoon, If that 
doesn’t resolve the issue, remove DE from the protocol and continue with all 
other directions. 


Source & Cost: Search online for “Food Grade Diatomaceous Earth.” Buy 
at least | pound and expect to pay about $20 more or less. Better yet, buy a 
five pound bag, which will reduce your cost per pound. DE does not expire 
or degrade, but should be kept in a dry container. Note: Diatomaceous Earth 
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is often used as non-toxic element in poo! filtration systems. You DO NOT 
want to use this kind of DE since it has been processed. Only get “Food 
Grade” Diatomaceous Earth! 


Lepidium Latifolium Extract 
(aka Rompepiedras or Pepperwort) or 
Chanea Piedra (aka Stone Breaker) (28, 29) 


Lepidium Latifolium (Rompepiedras) and Chanca Piedra (Stone Breaker) both 
break up hard substances in the body. The reason we use it in this protocol is 
two-fold: It breaks up the protective outer coating of parasites, and annihilates 
oxalates, which many of our kids have an abundance of because oxalates are 
produced by parasites. 


Note #l: It is often simply referred to as“RP” in our discussion forums. 


Note #2: If you are having trouble finding this particular ingredient, don't let 
its absence stop you from starting the protocol with all other ingredients. 


Dosing: 15 drops for a 100 pound child mixed in with the diatomaceous 
earth/water. Use seven drops for smaller children. 


Source & Cost: You have a choice of two herb extracts; Lepidium Latifolium 
Extract (aka Rompepiedras or Pepperwort) and Chanca Piedra (aka Stone 
Breaker). One US source is www.mightyguts.com, which sells a SOml dropper 
bottle of Pepperwort for about $30. A primary manufacturer in Europe 
is Soria Natural from Spain that labels their product Rompepiedras, while 
they also have an English labeled box that says Pepperwort. They both show 
Lepidium Latifolium on the box. 
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Pyrantel Pamoate (30, 31) 
(Trilombrin/Combantrin”) 


Pyrantel pamoate is a broad spectrum anthelmintic, which works by causing 
@ neuromuscular block that produces spastic paralysis of the parasite, and 
its subsequent expulsion by intestinal peristaltic action, without excitation of 
the parasites or encouragement of their migration. Pyrantel pamoate acts 
over a short duration, and tends to be completely eliminated from the body 
in the feces and urine within three to four days. Pyrantel pamoate is poorly 
absorbed from the gastrointestinal tract, and approximately 6 to 8% total is 
found in the urine, with the remainder in the feces. The recommended dose 
is one daily dose of 10 mg per kilo. 


Pyrantel pamoate is incompatible with the use of piperazine, because the 
‘two substances neutralize each other. Thus Pyrantel pamoate should not be 
combined with pumpkin seeds, which contain piperazine, or with antiparasitic 
drugs that contain piperazine in their formulation. 


Dosing: Pyrantel pamoate is given only twice during one cycle of the parasite 
protocol; once during breakfast on day one (30), and again during breakfast 
on day five (31). Dose is based on weight and calculated by multiplying your 
child's weight in kilograms times 10mg of pyrantel pamoate. To make it easy, 


refer to the following chart: 


Pyrantel Pamoate (Trilobrin/Combant 
Pounds Kilograms 


Pyrantel pamoate (often just referred to as Combantrin®) is available in three 
forms: 
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+ Liquid: where each milliliter contains a certain number 
of milligrams. For example, one available formulation 
contains 144mgiml. So a 100Ib child would take 3m. 

+ Tablets: where each usually contains 250mg. 

+ Capsules: where each usually contains 250mg. 


You will have to read the label or the particular product you acquire and 
determine the milligrams to use. 


Source: Combantrin® is available by prescription in the US. Most other 
countries have it available over the counter. 


The preferred source of pyrantel pamoate is a compounding pharmacy, as 
to avoid coloring and flavoring. If you are unable to find it without coloring/ 
flavoring then I would personally use mebendazole for the entire 18 days 
rather than risk giving your child an ingredient which may cause regression. 


Note #1: Some brands of Combantrin® include mebendazole. You want the 
stand-alone Combantrin®! 


Note: #2 Pumpkin seeds should not be consumed with pyrantel pamoate 
because they neutralize its effects. 


Mebendazole (Vermox"/Lomper®) (32-36) 


Mebendazole is a drug used in treating diseases caused by helminths (parasites 
of the gastrointestinal tract). This drug prevents the parasite from using 
glucose, which results in a decrease in energy and therefore death of the 
parasite 


Mebendazole is a non-systemic drug which means it is only absorbed, to a 
limited extent, in the gastrointestinal tract (approximately 5 to 10%). However, 
if it is consumed with fatty foods then more absorption occurs. 


Approximately 2% of the administered mebendazole is excreted in the 
urine, while the remainder is excreted in the feces. The appropriate dose of 
mebendazole may be different for each patient as it depends on the type of 
parasite causing the infection The most frequently recommended dose is 
100mg for children, 200 mg for adults, two times a day for seven of the first 
nine days of the Protocol. 


Adverse effects from mebendazole are generally rare due to its poor absorption. 
However; it may cause nausea, vomiting, abdominal pain,and diarrhea. Normally 
these effects are in fact a result of the release of toxins from the very death of 
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the parasite itself. Anti-parasitic drugs can be administered very effectively by 
diluting them in water, putting the mixture in a small bulb enema, and inserting 
the anally. This is especially suitable in the case of oxyuriasis (pinworms). 
Read more about this “implant method” on page 220. 


Dosin; 


Note: Indicated weights should only be considered a rough guide, 


Small Children (20-40Ibs.): Days 2, 3, 4, 6, 7,8 & 9 — Take as little as 25mg 
of mebendazole with breakfast and dinner, and do NOT do a blitz on Day 9. 


Children (41-70Ibs.): Days 2,3,4, 6,7, & 8 — 50mg with breakfast and dinner. 
‘On Day 9 they can take SOmg, S0mg and 25mg. 

Adolescents (71-100Ibs.): Days 2, 3, 4, 6, 7, & 8 — 100mg during breakfast 
and 100mg during dinner. Day 9 is “Mebendazole Blitz Day” where you 
administer ONE 200mg dose during breakfast; ONE 200mg dose at lunch; 
and a final 100mg dose at dinner. 


‘Teens & Adults (101 Ibs. and up): Days 2, 3, 4, 6, 7, & 8 — 200mg during 
breakfast and 200mg during dinner. Day 9 is"Mebendazole Blitz Da 
you administer ONE 500mg dose during breakfast and no dose at lunch or 
dinner for the remainder of the current cycle. 


Source: Mebendazole is available by prescription in the US and over the 
counter in other countries. 


Note #1: Some brands combine mebendazole with Combantrin®. You want 
the stand-alone mebendazole! 


Note #2: Mebendazole is mostly sold in tablet form, but it is also available 
in liquid, DO NOT buy the liquid form—stick with the tablets! | have seen 
horrible reactions from the “inert” vehicles used in the liquid products. 


Castor Oil (37) 


Castor oil is extracted from the seed of a plant called Ricinus communis 
(“Higuera del diablo”). Its seeds 


contain between 50-80% cil, 
which has a high content of 
ricinoleic acid, which has excellent 
reed laxative and purgative properties. 
Once you begin anti-parasitic 
treatments, spastic paralysis may 
‘occur in some parasites and many 
together may form a “knot” of 


worms that can cause intestinal obstruction. Itis important to help your body 
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purge them by using castor oil. Castor oll should be taken in the morning, 
two hours after breakfast and other medications. If your child goes to school 
they take it as soon as they walk in the door from school. A typical dose for 
a child is 1/2 tsp to 1 tsp, or up to tolerance. The adult dosage is 15 to 30m! 
(two tablespoons), two hours after breakfast and other medications. If you 
experience any intestinal distress, mineral purgatives such as Epsom salts, or 
vegetable purgatives such as senna leaves, can be used. 


Castor oil is also available in gelcaps for those who dislike the taste. 


Dosing: Theamount to administer varies and really depends on the individual's 
tolerance. A good starting point is / teaspoon for smaller children and up 
to two tablespoons for larger children and adults. Only experimentation will 
determine the right amount, if castor oil causes diarrhea. 


Source & Cost: Readily available in liquid form at most pharmacies in the 
laxative section. Usually under $10 for 1602. Also available online. 


Neem (Azadirachta indica), Caps or Tea (38, 39) 


The neem tree is a great natural inheritance of mankind. References in 
Sanskrit scriptures and ayurvic medicine practices indicate the use of neem 
since ancient times in Hindu medicine. Even today, Hindus living in rural 
areas call the neem tree the “village pharmacy” for its ability to alleviate 
many diseases and is currently endorsed by authorities in India for its use in 
medicinal preparations. Neem is one of the purifying and detoxifying plants 
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with the greatest potential. Neem has been used to combat all forms of body 
parasites, external and internal parasites alike. To prepare neem, boil four 
leaves (normally the contents of an envelope) in one liter of water for five 
minutes. Drink the tea throughout the day over the course of each parasite 
protocol. 


Dosing: Neem is given each parasite protocol from day 10 through Day 18. 


You have a choice of caps or tea. | prefer caps over tea because the taste is 
strong and unpleasant, so some kids will buck drinking tea. 


Caps (assuming 475mg each): An adult takes six in a day, three times two caps 
at meal times. 


Follow the directions on the bottle. Give a full dose for teens and adults 
100 Ibs.and over. Small children receive '/ to ¥ dose. 


fusing caps, give one dose during breakfast and one dose at dinner. 


TTea: Give four doses throughout the day. Prepare a tea from the leaves, one 
tea bag in one liter of water (add stevia if needed to cover some of the bitter 
taste). One tea bag usually contains approximately four leaves. If using loose 
leaves, then make one liter of tea with four neem leaves. If using crushed 
leaves, then use approximately one slightly heaping teaspoon, 


Neem Tea Dosing 
wwignorrenon | aul Anon 

20-34 Ibs 100 ml 
35-49 Ibs 200 mi 
50-64 300 mi 
65-84 400 mi 
85-109 500 ml 

110 and over 600 mi 
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Source & Cost: Neem capsules cost about $8 for 10x 475mg caps. Look 
in your local health food store. One popular brand in the US is Nature's Way®. 
BioPure™ sells a product called Neem Synergy which contains a few additional 
herbs that do not affect the neem. 


Neem tea can be purchased in bags or as dried leaves. 
THERALAC? (Probiotic) (40) 


THERALAC® is a probiotic that should be given / guy 
during the parasite protocol to help reestablish 

good gut flora. Ideally it is rotated every other 

month with THERALAC® TruFlora®, 


The key reason for recommending THERALAC® 
over other probiotics is explained in this 
paragraph excerpted from their website: 


THERALAC® probiotics survive transit through the harsh acidity of the 
stomach and arrive alive in the intestinal tract. THERALAC’s ACID PROOF™ 
technology utilizes sodium alginate from seaweed in a unique formulation 
that assures survival at pH 1.6 for 90 minutes, the most severe stomach 
‘acid conditions normally experienced, Other probiotics that claim acid 
resistance are tested at pH 2.5 — 3.0, or >10 times less acidic than pH 
1.6 — not a fair test. THERALAC’s ACID PROOF? technology is protected 
by US Patents 7,122,370 and 7,229,818. This technology goes beyond 
resisting stomach acid and involves keeping the probiotic cells together 
in a viscous alginate-gel moving in group-force, not as separate individual 
cells lke other probiotics, deep into the intestinal tract while retaining key 
formula ingredients, LactoStim® and Sodium Alginate in close proximity. 


Dosing: One capsule of THERALAC® is given each and every night at 
bedtime, irrelevent of age/weight. This probiotic is also to be given outside of 
the 19 Parasite Protocol days. 


THERALAC® can be given at the same time as CD if your child swallows 
capsules. However, if you are using the THERALAC® powder form then give 
it at least five to ten minutes after the last CD dose of the night. See their 
website for more information about the powder form. 


Special exception: Some people do not tolerate probiotics, in which case we 
have no choice but to leave them out. In some of these cases, sauerkraut and 
fermented veggies may help to cultivate beneficial bacteria. 


Source & Cost: Amazon carries “THERALAC® 30 caps by Master 
Supplements Inc.” for $37. 
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Sample Parasite Protocol Daily Calendar 


To assist you in understanding the Parasite Protocol and how it changes from 
day to day, we have prepared the following visual set of daily charts showing 
how all the pieces fit together. To prepare this set of charts, we made up the 
following times for example purposes only: 


Your child's awake time is between 6am and 10pm. 
+ Breakfast is at 7:30am 

Your child goes to school, which starts at about 9am 
+ School is out at about 2:30pm 

+ Dinner is at Spm 


As stated earlier, each dose or activity is labeled with a unique number. Those 
numbers relate to notes below each chart AND they match longer descriptive 
notes in the previous pages. 


You are encouraged to copylenlarge the blank chart in Appendix 9 (page 475) 
and workout your real-life schedule based on these example charts, 


Refer to the lunar calendar (Appendix 10, page 477) for the exact days the 
protocol should be followed, as well as to get an idea of behaviors related to 
parasites around the full and new moon. 
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Day 0 (3 days before Full-Moon) 


‘Groakfast Lunch & Diner 


‘Atleast 8 CD doses throughout the day, preferably more, atleast 30 to 60 min- 
utes away from food. 


(CD Bath at the and ofthe day 
Enema inthe maming (optional and in the evening (mandaton), 
3 doves af acean water atleast S minules away from CD. 
Probiotic al the end af the day 
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Day 1 (2 days before Full-Moon) 


Day 1 Notes: 
12,3 | Breakfast, Lunch & Dinner 


4-19 [Atieast 8 CD doses throughout the day, preferably more, a least 30 0 60 min- 
utes away trom food. 


EY (CD Bath at the end af the day, 


21,22 | Enema in the momning (optional) and in the evening (mandatory). 


25-25 | Sdases of acaan water atleast § minutes away from GD. 


26-29 | Diatomaceous Earth and Lepidium Latfolium with breakfast and dinner 
30 ase of Combanirin with breakfast 

737 ___ | Castor ol 7 hour aller breakfast or immadialy upon ralumn frm school 
0 Prabialicatthe end of the day 
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Day 2 (1 day before Full-Moon) 


é S/s/#, 
? af E/E ETE o fee 


‘Breakfast Lunch & Dinner 


‘Atleast 8 CD doses throughout the day, preferably more, atleast 30 0 60 min- 
utes away from food. 


(CD Bath at the end ofthe day 


nama in the morning (optional) and in the evening (mandatory). 


doses of acean water atleast 5 minutes away from GD. 


Diatomaceous Earth and Lepidium Latfolum with breakfast and dinner 


‘Small Child Dasa: 100mg Mebendazole with breakfast and dinner. 
Teen/Adult Dose: 200mg Mebendazole with breakfast and dianer. 


Probiotic al the end af the day 
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Day 3 (Full-Moon) 


12,3 Breakfast, Lunch & Dinner 

4-18 [Atieast 8 CD doses throughout the day, preferably more, atleast 30 1 60 min 
utes away trom food. 

20 ‘CD Bath al the end ofthe day. 


21,22, | Enema in the momning (optional) and in the evening (mandatory). 
25-25 | a dases of acean water atleast § minutes away from CD. 
26-29 | Diatomaceous Earth and Lepidium Latfolum with breakfast and dinner 


32,33 | Small Child Dose: 100mg Mebendazole with breakfast and dinner 
‘Teen/Adult Dose: 200mg Mebendazole with breakfast and dinner. 


737 __ | Castor alt hour ater breakfast or immediately upon return fram school 
0 Prabialic atthe end of the day 
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Day4 


‘Breakfast Lunch & Dinner 


‘Atleast 8 CD doses throughout the day, preferably more, atleast 30 to 60 min- 
tes away from food. 


(CD Bath at the and ofthe day 
Enema inthe morning (optional and in the evening (mandatory), 


7 doses of acean water atleast 5 minutes away fom CD. 


Diatomaceous Earth and Lepidium Latfolum with breakfast and dinner 


‘Small Child Dose: 100mg Mebendazole with breakfast and dinner. 
Teen/Adult Dose: 200mg Mebendazole with breakfast and dinner. 


Probiotic al the ond af the day 


Chapter 8 


Breakfast, Lunch & Dinner 


=19 | Atteast 8 CD doses roughout the day, preferably mare, atleast 20 f 60 min- 
utes away trom food. 

Ey (CD Bath at the end ofthe day 

21,22 | Enema in the morning (optional) and in the evening (mandatory). 

725-25 | Sdases of acean water atleast § minules away from CD. 

26-29 | Diatomaceous Earth and Lepidium Latfolium with breakfast and dinner 

4 Dose of Combantrin with breakfast (NO Mebendazole today/) 

737] Gastar oi 7 hour alter breakfast or mnmadally upon retumn frm school 


Probiaic al the end of the day 
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Day6 


12,3] Sreaktast Lunch & Dinner 

4-19 [Atleast 8 CD doses throughout the day, prerably mare, atleast 30 fo 60 min- 
utes away from food. 

20 (CD Bath at the end ofthe day 

21,22 | Enema in the moming (optional) and in the evening (mandatory). 

23-25 | 3 doses of acean water atleast § minutes away from CD. 

26-28 | Diatomaceous Earth and Lopidium Latfolum with breakfast and dinner 

32,33 | Small Child Dose: 100mg Mebendazole with breakfast and dinner 
TTeen/Adult Dose: 200mg Mebendazola with breakfast and dioner. 

o Probiotic al the end af the day 
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Day 7-Notes: 
12,3 Breakfast, Lunch & Dinner 


4-19 [Atieast 8 CD doses throughout the day, preferably more, atleast 30 1 60 min 
utes away trom food. 
20 ‘CD Bath atthe end of the day. 


21,22 | Enema in the momning (aptional) and in the evening (mandatory). 
25-25 | a dases of acean water atleast § minutes away from CD. 
26-29 | Diatomaceous Earth and Lepidium Latfolum with breakfast and dinner 


32,33 | Small Child Dose: 100mg Mebendazole with breakfast and dinner 
‘Teen/Adult Dose: 200mg Mebendazole with breakfast and dinner. 


737 | Castor al 7 hour alter breakfast or immediately upon return fram school 
0 Prabialic atthe end of the day 
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Day8 


Day 8 - Notes: 
‘Breakfast Lunch & Dinner 


‘Atleast 8 CD doses throughout the day, preferably more, a least 30 to 60 min- 
Lutes away from food 


(CD Bath at the and ofthe day 
Enema inthe morning (optional and in the evening (mandatory), 

7 doses of ocean water atleast 5 minutes away from CD. 
Diatomaceous Earth and Lepidium Latfolum with breakfast and dinner 


‘Small Child Dose: 100mg Mebendazole with breakfast and dinner. 
Teen/Adult Dose: 200mg Mebendazole with breakfast and dinner. 


Probiotic al the ond af the day 
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Day 9 (Mebendazole 
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Day 10 


Day 10-Notes: 


‘Groakfast Lunch & Dinner 


‘Atleast 8 CD doses throughout the day, preferably more, atleast 30 to 60 min- 
Utes away from food. 


(CD Bath at the and ofthe day 


Enema inthe maming (optional and in the evening (mandatory), 


7 doses of acean water at least § minutes away from CD. 


Diatomaceous Earth and Lepidium Latfolum with breakfast and dinner 


‘Sart dosing Neem Caps with breaklast and dinner. Musing ta, 4 doses tough 
fut the day. 


Probiotic atthe end af the day 
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Breakiast, Lunch & Dinner 


4-19 [Atieast 8 CD doses throughout the day, preferably more, atleast 30 1 60 min 
utes away trom food. 
20 ‘CD Bath atthe end of the day. 


21,22 | Enema in the morning (eptonal) and in the evening (mandatory). 
25-25 | a doses of acean water atleast § minutes away from CD. 

26-29 | Diatomaceous Earth and Lepidium Latfolum with breakfast and dinner 

736,39 | Neem Caps with breakfast and dinner, using tea, 4 doses throughout the day. 
0 Probialic al the end of the day 
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Day 12 


im /#, 


12,3 | Sreavfast, Lunch & Dinner 


4-19 | Atleast 8 CD doses throughout the day, preferably more, atleasi 30 to 60 min- 
utes away from food. 
20 (CD Bath at the and ofthe day 


21,22 | Enema in the moming (optional) and in the evening (mandatory). 


25-25 | S doves of acean water at least 5 minules away from CD. 


26-29 | Diatomaceous Earth and Lepidium Latfolum with breakfast and dinner 


737 | Castor alt hour alae breakfast or mmadiatly upon reluen fron school 
36,39 | Neem Caps with breakfast and dinner. using twa, 4 dases throughout the day. 
cy Probiotic al the end af the day 
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Day 13 Notes: 
12,3 | Breakfast, Lunch & Dinner 


4-19 [Atieast 8 CD doses throughout the day, preferably more, atleast 30 1 60 min 
utes away trom fod 
20 ‘CD Bath atthe end of the day. 


21,22, | Enema in the morning (eptonal) and in the evening (mandatory). 
25-25 | a doses of acean water atleast § minutes away from CD. 


26-29 | Diatomaceous Earth and Lepidium Latfolum with breakfast and dinner 
736,39 | Neem Caps with breakfast and dinner, using tea, 4 doses throughout the day. 


0 Probalical the end of the day 
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Day 14 


Day 14- Notes: 


12,3 | Sreavfast Lunch & Dinner 


4-19 | Atleast 8 CD doses throughout the day, preferably more, atleast 30 to 60 min- 
Lutes away from food. 

20 (GD Bath at the and ofthe day. 

21,22 | Enema in the moming (optional) and in the evening (mandatory). 


25-25 | 3 doves of acean water at least 5 minutes away from CD. 
26-29 | Diatomaceous Earth and Lepidium Latfolum with breakfast and dinner 

36,39 | Neem Caps wih breakfast and dinner, using tea, 4 dases throughout the day. 
0 Probiotic atthe end of the day 
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12,3 | Breakfast, Lunch & Dinner 


4-19 [Atieast 8 CD doses throughout the day, preferably more, atleast 30 1 60 min 
utes away trom fod. 
20 ‘CD Bath atthe end of the day. 


21,22 _| Enema in the morning (aptional) and in the evening (mandatory). 
25-25 | a doses of acaan water atleast § minutes away from CD. 

26-29 | Diatomaceous Earth and Lepidium Latfolum with breakfast and dinner 

737 | Castor ol? hour after breakfast or mnmadatly upon ratum from school 

738, 39 __| Neem Caps with breakfast and dinner. using twa, 4 doses throughout the day. 
cy Prabiaic al the end of the day 
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Day 16 


12,3 | Sreakiast Lunch & Dinner 

4-19 | Atleast 8 CD dases throughout the day, preferably more, atleast 30 to 60 min- 
Lutes away from food. 

20 (GD Bath at the and ofthe day 

21,22 | Enema in the moming (optional) and in the evening (mandatory). 

25-25 | 3 doves of acean water at least § minutes away from CD. 

26-29 _| Diatomaceous Earth and Lepidium Latfolum with breakfast and dinner 

36,39 | Neem Caps wih breakfast and dinner, using tea, 4 dases throughout the day. 

0 Probiotic atthe end of the day 
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Day 17 - Notes: 


12,3 [Breakfast Lunch & Dinner 

4-18 [Atleast 8 CD doses throughout the day, preferably more, atleast 30 1 60 min 
utes away trom food. 

20 ‘CD Bath atthe end of the day. 

21,22 | Enema in the morning (eptonal) and n the evening (mandatory). 

25-25 | a doses of acean water atleast § minutes away from CD. 

26-29 | Diatomaceous Earth and Lepidium Latfolum with breakfast and dinner 

736,39 | Neem Caps with breakfast and dinner, using tea, 4 doses throughout the day. 

0 Probialical the end of the day 
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Day 18 


12,3 | Sreakiast Lunch & Dinner 


4-19 | Atleast 8 CD dases throughout the day, preferably more, atleast 30 to 60 min- 
utes away from food. 
20 (CD Bath at the and ofthe day 


21,22 | Enema in the moming (optional) and in the evening (mandatory). 
25-25 | 3 doves of acean water atleast 5 minutes away from CD. 


26-29 | Diatomaceous Earth and Lepidium Latfolum with breakfast and dinner 
737 | Castor alt hour alae breakfast or mmadiatly upon reluen fron school 

36,39 | Neem Caps with breakfast and dinner. using twa, 4 dases throughout the day. 
cy Probiotic al the end af the day 


218 Chapter 8 
Parasite Protocol Off Days 


Days"“19” through to the next “Day 0” are “Off Days” where you 
discontinue parasite meds and herbs. Here's a simple chart showing 
what to continue doing and what to stop during this off time: 


Continue with these: ‘Stop these: 
(CD 7 CDS 7 CDH Dosing Diatomaceous Earth 

(CD /CDS7 CDH Baths Lepidium Latifolium’ 

(CD / CDS / CDH Enemas Pyrantel Pamoate (Combantrin®) 
(Ocean Water Mebendazol 

Probiotic, Neem 


Of course this represents a hypothetical case and your situation may 
call for taking other meds or supplements. 


Detection of Parasites in Stool 


It is necessary to detect the parasites by observing the stool carefully. For 
that we use a small plastic basin, and a plastic stick or fork for examination. 


Author's Note: One of the moms who is a part of our forum came up with 
some guidelines for processing your child's stool for parasite identification. 
She calls it, Everything You Wanted to Know About Sorting Through Poop” 
Here are her suggestions: 


Supplies: 
+ rubber gloves 
+ paper plates 
+ plastic forks (plastic sticks, chop sticks, or plastic back 


scratcher) 
+ apen 

+ acoin 

+ toilet hat 


I like to use a plastic “toilet hat" also known as a specimen collector 
or a specimen collection unit, which goes under the toilet seat and 
collects the stool before it sinks into the bottom of the toilet (available 
on Amazon.com), 
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The Collection: 


When your child poops, it is collected in the toilet hat (specimen 
collector). After I get my child cleaned up and taken care of, | remove 
the toilet hat from the toilet and put the specimen on a paper plate 
with my plastic fork. | have a look for anything interesting and then 
transfer that part to a clean plate using my trusty plastic fork, | 
discard the remainder of the specimen into the toilet, flush and put 
that dirty paper plate in the bathroom garbage. (We now line with 
kitchen garbage bags, and | change it after each of these poops.) On 
the clean plate with the suspected worm, | may add a bit of water 
and swish it around to get the worm cleaner. | then may transfer 
the worm to a third plastic plate to get a clear picture. On the clean 
plate with the washed worm, | write the date, and the initials of the 
person the worm came from. If you need help identifying the worm, 
place a penny next to the worm (for size context), snap a picture, and 
mail the image to kerri@cdautism.org, (Kerri collects the photos for 
documentation purposes, so send those worm pictures). Then flush 
the worm and put all paper plates, gloves, and fork in garbage and take 
it outside. Now, you can go find out what your child has gotten into 
while you were doing all this. 


Clean Up: 
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Use HOT water (60°C/140°F), and sterilize with 96% (180 proof) grain alcohol 


(Everclear), 
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Microscope 

Itis very useful to have a microscope for diagnosis because it enables you to 
see both the small parasites that may appear in the blood, as well as eggs or 
larvae in the feces. This way we are more accurately able to determine if the 
number of parasites decreases. A simple microscope that costs about $100 is 
suitable for this kind of identification. The easiest method to determine what 
you see is to compare your sample to images you find on Google. This way 
you can enlarge the images, see various samples from different angles, and get 
a much wider variety of samples than if you were comparing a sample with 
many textbooks, 


Bulb Enemas (aka “Implant”) 


To prevent anal itching from pinworms, night wakings, etc., you can use a bulb 
enema or small catheter/syringe with a dilution of SOmg of mebendazole in 
10 to 1Sml of water for small children, or 100mg of mebendazole in 15 to 
20ml of water for larger children/teens/adults. The best way to do this is to 
introduce the medication together with the water in the rectum immediately 
before bedtime and hold overnight. If you are using the “implant,” a morning 
enema is mandatory. 


‘Otma of Mebendazole with a0mi of water. He 
Se ee ee Ot right Before bed. Next day a ton of 
worms came outll Better yet he started singing songs with 
a tune - 3 afferent songs over the last 2 days and courting 
an his frgers very purposefuly His aie at schoo said he oid 
‘amazing today - no behaviors, very focused, better articula 
and better social interest. 
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The Worm Whisperer 


The following words of wisdom are from a mom who has earned the nickname 
The Worm Whisperer (although her ability to destroy parasites may make the 
Worm Ninja more apropos). Her dedication and diligence have not only made 
the difference in the life of her son, but countless other children who are 
what she calls “extreme cases.” The information presented here may be the 
difference between an older/aggressive child living with their family or going 
to a group home for the care that their family is no longer able to provide 
them. Thank you Robin, for being a pioneer and for never giving up. Thank 
you for having the guts, the know-how, and the generosity to share what you 
have learned with those who need it most. 


Extreme Cases by Robin Goffe 


This section is for older children who may be violent, self-injurious, destructive, 
physically aggressive, high risk andlor bedridden, 


Some families have children who are older when they first start treatment. 
My son was 18 years old. We call ourselves the “last chance” group. We say 
this because our children have lived their whole lives infested, unbeknownst to 
us, Our children lived as happy, relatively easily manageable, learning-disabled 
children: perhaps slightly annoying with their routines of movie dialogue 
scripting or attachment to Disney movies, maps, or little known facts. They 
were mostly friendless but pretty easy to take care of. However; during the 
hormonal teen years, things took a grave turn. We may have chalked up their 
newfound solitude to just giving up socially for lack of friends. They did not 
fit in. We had no idea that something else was brewing. The hormones within 
them began to have a bitter war with the parasites living inside them, and a 
war would soon break out. Their mental state would diminish considerably. 
What we are faced with are grown, strong children who are mentally ill and 
violent, self-injurious, and destructive. Some have even become so ill that they 
had to stay in bed. 


This “last chance” is an opportunity to try ONE MORETHING before putting 
them in a group home;to give them away—for their own safety and the safety 
of their families 


These things that | am going to share with you are unique to the standard 
treatment outlined in the book. It is a more aggressive treatment because it 
is needed. Our children are so highly infested that it is shocking to tell you 
what we have found. There is a lot to do, but there is a method, It is time 
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The Goffe family. 


consuming and it is a lot of work. But here I will outline what we did to get 
our son from an aggressive, self-injurious, destructive young man to one who 
has regained patience, language, understanding, and reasoning; but best of all, 
the opportunity to remain in our home. With continued treatments, he has 
the hope for a future:a job perhaps, and maybe even a family of his own. 


Beginning treatment for the older child and especially one who is aggressive, 
self-injurious, violent, and destructive is one done starting low and slow. 


Day one = one drop. 


kept a very detailed journal, and | will simply tell you what we did. | will tell 
you what worked for us and what did not. | will also tell you what | shared 
with others that worked for them as well. | am not a physician. | am not a 
chemist. | am a mother in love with my son and his utmost comfort was my 
main concern. My only goal was to clear his parasites. | had no idea that the 
things | learned by digging through his stool for 9 months would eventually 
give me the nickname,"The Worm Whisperer.” Although intestinal parasites 
have been around longer than man,and they are smart enough to live within a 
human being lifelong, they can go completely undetected. I was ready to plot 
out a war against them. By the beginning of our 9th month of treatment, | 
estimate that | had cleaned and examined 35 pounds (16 KG) of solid parasites. 
Hard to believe? | have 80% of them photographed. The last two months in 
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jars total seven pounds and a running total of the combined length will be 
at over 200 feet (61 meters), at the publishing of this book. There is not a 
classroom in the world that can teach what I learned in my bathroom day 
after day in latex gloves and a hospital mask. There was a fan blowing on me 
to manage the stench and by the third week my gag reflex was under control. 


examined the parasites, the pieces, how did it die? What was my son feeling 
at the time? Was he violent? Sweating? Slapping his legs from the pain of 
the parasites moving around and torturing him from the inside? I needed to 
eliminate these worms without allowing them to cause my son pain as they 
were killed. | had no idea the monsters I was to face. 


In March of 2013, we started our son on one drop of chlorine dioxide. One 
of the most feared things that the parents of adult sized children face is the 
dreaded enema. It is just not something that most of us grew up with as 
standard care. But even so, my husband and I knew it was something that 
made sense. There are toxins inside these kids. They must be flushed out. 
The bowel is the way out. So on the very first day and the very first drop, we 
also explained to our severely autistic child that we were going to help his 
belly feel better, Our son, by this time, was so severe in regression that | can 
only best explain him as non-human. He was no longer speaking, unable to 
react to us, had stopped answering to his name, and could no longer contain 
the saliva in his mouth. He walked with a 12-inch drool hanging from his 
mouth. He ate like an animal, glaring at us. He was frequently violent: jumping 
on cars and denting them in, kicking down fences and destroying property. 


This was the child that we were going to start giving enemas to. If we could 
do it, anyone can. 


Each day we went up a drop; two drops on day two, three drops on day three, 
and so on, He was edgy and tired. We went for walks, as per usual, to deal 
with his aggression, but by day seven he began to have a runny nose and had 
a great deal of fatigue. We were so happy since we knew this was a sign to 
look for: that the immune system was kicking in. He slept for about 15 hours 
as we woke him and dosed him every hour and by the next morning there 
were about 25 white, hairy, thin looking objects in his stool. We knew these 
were worms and that we had our answer. After three weeks we began to 
see 4-6 inch parasites in all shapes and sizes, yet the aggression continued, It 
was here that | learned that what we were experiencing was POWS (Pissed 
Off Worm Syndrome). By this point we were at 13 drops, and while we 
were killing the smaller parasites, we were only pissing off the larger ones. 
The parasites do not like their environment disturbed, and subsequently they 
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cause distress to the host. Parasites excrete ammonia, (possibly, leading to 
hyperammonemia and possibly seizures), morphine, and a meth-like substance. 
As these toxins enter the body, they can also cause aggression and anger. We 
had many possessions broken during these tantrums. We stopped valuing 
material objects. 


Itwas here that we were told about—double dosing. So even though our son 
was getting about the equivalent of two drops an hour, if we saw increased 
aggression, OCD or self-injurious behavior we would give him four (see page 
103 for an explanation of double dosing). Ifhe did not calm down, we gave him 
another four drop dose. This was the perfect return attack for the parasites. 
Within a few moments the aggression settled. His red face and wild eyes 
diminished, and we had made it past another hurdle. 


We used the double dose method dozens and dozens of times over the 
following months, and this helped tremendously to curtail the aggression 
caused by the parasites. 


By the third week of treatment, we were concerned about the time during 
the night that our son would not be getting doses. So for the next six months 
our family had a dosing schedule, dosing additionally at midnight, 2am, 4am and 
picking back up to hourly doses from 6am to 10pm. This schedule was shared 
by not only my husband and I, but also our son’s siblings,who would also set 
their alarms and take their turns, while we all rotated lack of sleep. 


By the second month we found that our son’s behavior not only changed 
around the full moon but the new moon as well. The standard protocol uses 
mebendazole over the full moon, However, with the older, more aggressive 
children we have had success with including mebendazole over the new moon 
cycle as well. These mini mebendazole courses feature shorter bursts of 5-6 
days each, over the new and full moons beginning four days before each. We 
also deemed it necessary to start earlier in the moon phase than with the 
younger kids, since the infestation was greater, and the parasite movement 
occurred earlier, causing behaviors sooner. 


For the child that has aggression, every parent must remember that the 
behavior is parasite related. During treatment you will see a variety of behaviors 
stemming from the parasites attempting to control their environment aka— 
the host. We found that increasing the frequency of the dose dampened the 
violence and aggression. It can be difficult to trust your child who is lost in a 
rage. You feel deceived and hurt. Those were our frequent emotions as well. 
It does pass. It took about 4-5 months for the rages to stop. They happened 
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everywhere and were happening even on the toilet while trying to expel the 
parasites. Have a plan, Music worked very well for us. So did reading books. 
Find something to distract, and always give soothing, comforting tones. We 
frequently told our son how much we loved him and we rubbed his head and 
back. These herxing behaviors may be avoided through the use of a new 
method of preparing CD called CDH (see Chapter 7, page 155 for more info 
on CDH). 


CDH: This new preparation method has really been a huge asset for the 
older kids that need to go higher in drops. At around 20 drops, the volume of 
the regular CD became unpleasant, making some children nauseous. My son 
was one of them. With the CDH preparation, | firmly believe that the older, 
tough-nut children will have more success with getting to the appropriate 
levels needed to start expelling the larger parasites. It is my personal belief 
that the amount needed in many of the non-seizure older kids with aggression, 
Violence, self-injury, and destruction to be between 75-100ml of CDH daily 
This amount may have a connection to the voltage needed in order for the 
mitochondria in the white blood cells to be given the power to not only kill 
the parasites, but to also destroy the bacteria. The job is two-fold, and must 
be done quickly as once the parasite is dead, the bacteria want to devour 
them immediately. | say these things because I have seen the condition of the 
parasites every day. | found that if| can kill the parasite with the least amount 
of disturbance or preparedness by the parasite, then there is no time for them 
to fight back and cause herxing. The bacteria also come into play and must be 
dealt with. Higher amounts of CDH kill both, without so much as a frown or 
a concern on the face of my son. 


Stevia: | found that by adding the sweetener stevia to the CDH, the process 
can be more pleasant and does not affect the properties or effectiveness of 
the dose. As proven by Lamotte ClO, test strips (see page 467 for information 
on using the test strips). 


Humidifier: In the beginning months, the infestation level is so high that 
nightly doses may have to be sacrificed in order to start breaking down the 
will of the parasites. It is not about seeing them every day, but slowly and 
consistently breaking their will. The constant aggressive irritation of the CDH 
will kill parasites, stopping them from making gains. There is another layer of 
nighttime treatments, and that is the humidifier. We fill a cool air humidifier 
that holds one gallon of water, and put 35 drops of activated CD (NOT CDH) 
and let it run all night near our son’s head. This too was a method we used 
for maximum parasite elimination. 


Step-by-step instructions 
for making (and unmaking) 
the perfect solder joint. 

By Joe Grand 
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The two key parts of soldering are good heat distribution and 
cleanliness of the soldering surface and component. With practice, 
you'll become comfortable and experienced with the process. 

In this primer, I'll explain how to solder a component onto a printed 
circuit board (PCB). I'll also provide desoldering tips and show you how to 
remove a surface-mount component from a printed circuit board using a 
Chip Quik kit. And I'll show you how to remove a component by removing the 
solder in a way that won't damage the components or the circuit board. 


Protogray by Joe Gare 


Reprinted with permission rom Hacuare Hacking, copyright 2004, Synaress Publishing, ISBN: 1.932265-83.6 pp. 34-00. 
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Spices and Herbs: It is urgent that we work constantly with our older 
kids to rid the body of parasites and pathogens. We have found that for kids 
that can easily swallow pills filling empty gel capsules with the recommended 
herbs and spices in this chapter under Other Medicinal Plants (page 231) 
helpful. We have found great results by filling the gelcaps with the variety 
mentioned there: black walnut, ginger, rue, wormwood, and yarrow and giving 
‘two to four different ones with each meal as a toxic feast to the parasites. 
Don't narrow your selection to those mentioned here—get them all. There 
is no plan or pattern. Use any combination. 


Colonics: Professional colonics have been an important addition to healing 
and cleansing parasites in our older kids. We started these a few months after 
our son was accustomed to the routine enemas. This has been a wonderful 
addition, and we try to do at least one weekly. Some places will allow you to 
do inserts, and we have taken our CDH there working up to 50-100ml CDH 
with great success. 


Limiting Undesirable Behaviors 


Probiotics: If you are using probiotics and your child is aggressive or 
becomes aggressive after restarting the probiotics, consider removing them as 
a first step. There could be such a high infestation rate that the child's system 
does not distinguish between good bacteria and bad bacteria, 


Enemas: CD enemas should start on day one of treatment for the aggressive! 
older child. Since they have such a high rate of infestation, it is necessary to 
clear the pathogens on a continuing cycle from the very beginning. Please 
follow instructions for enemas starting on page 103. 


Diatomaceous Earth (DE): In some children, the DE may shred the larger 
parasites to death, causing them to spew additional toxins into the child's 
body, which results in herx symptoms. Discontinuing DE for a few months 
may help to ease the distress, and give a cleaner kill 


Salt Baths: There are times that the body is unable to pull out the toxins 
fast enough. Be careful about killing too fast (dosing without or not enough 
enemas). If you have done enemas, and there still seems to be distress, you 
can buy a 40-pound bag of plain pool salt, take 9 pounds of salt and put it 
into a hot bath. Allow the salt to dissolve and have the child soak for one 
hour. If the child sweats during the bath, this is a good sign, as it shows toxins 
are being pulled out. Do not use Epsom salts. They contain magnesium. 
Magnesium feeds parasites as well as biofilm. Plain pool salt is cheap, and helps 
to remove toxins 
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Dandelion Tea: This is an incredible detoxing source as well. There have 
been times that our son was in and out of a salt bath all day drinking dandelion 
tea to get the built-up toxins out. This is a tea ready made by Traditional 
Medicinals® (traditionalmedicinals.com).. 


Tips on What to Expect During the Parasite Elimination 
Intestinal parasites have been on Earth longer than humans. Their plan is to 
find a host, and to continue to create life. They have the home advantage by 
living inside of your child. There are many things that I have learned while at 
war with them. They have a plan and so should you. 


tuations We Have Come Across 


Peetox: As you kill the parasites, they are alerted that you have taken away 
their joyful life. Asa result, they do things to the host to show their displeasure. 
One of the things the parasites do is to spew toxins, including a morphine-like 
substance that can cause your child to not feel that he needs to urinate or that 
he is urinating. Naturally, this can lead to accidents. This is not the child's fault, 
but only a part of the parasite elimination process. One of the most difficult 
things we did was to put our 18-year-old son in adult diapers. It was heart 
breaking because it felt that we were moving backwards instead for forwards. 
However, this was only temporary, and for his own dignity. Especially if they 
g0 to school; perhaps being in diapers for a while is the answer. Our son was 
in and out of them for about two months. This does end, 


Sleepytox: As you are going higher in drops, the CD is assisting the immune 
system to get the parasites out. It will take a lot of energy to do this. 
Remember, your child is the host and there is a war going on! Sometimes, 
your child may be tired for days. Our son slept for nearly the entire summer 
at the beginning of his treatment. Allow the rest they seek. Now our son gets 
higher doses of CD on the weekends, and he is very tired and sleeps then, too. 
By Monday morning, we can usually get a big fat rope worm after our efforts. 
Sleepytox is great because you can get a lot done on your home “to do” list. 


Behaviors/OCD/Tics: Some may become alarmed because their child 
starts having behaviors that they did not have before treatments, or they feel 
that the behaviors have gotten worse. Parasites have a plan. It is to stay 
alive and to procreate. They want their eggs to return back into a host to 
repeat the cycle. So, you may see behaviors of playing with feces, touching 
their anus to their mouth, trying to put their fingers into your mouth or 
another person. There are finger and nail chewing, and spitting. These are all 
parasite controlled behaviors. We have found that eliminating parasites helps 
to minimize this behavior and it will eventually subside, There may also be 
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a mineral deficiency attached as well. We have found that giving PLENTY of 
‘ocean water can help to tame these behaviors. Our 19-year-old son gets over 
200ml OW mixed with 400ml spring water per day. 

POWS (Pissed-Off Worm Syndrome): POWS presents itself when 
you have been dosing, and your child seems weepy, is pacing, and/or unhappy. 
Sometimes it is really that you have pissed off the worms, but are not killing 
them. Always check with Kerri regarding your concerns. But many times the 
answer is to go up in drops not down. You need to kill them—not piss them 
off, or they will ight back. 

Clear Zone: This time period can be about five to seven days before the 
full moon; once infestation is brought down after six months or more of 
treatment. You may be able to start seeing glimpses of your child being lucid. 
This is a good time for an ATEC test. 


High Volume Eating: Often times, the kids reach a point where they realize 
that they have been starving. The parasites have been taking a bulk of their 
nutrients, causing their mental deficiencies. They may even be eating non-stop 
all day. It is tough to juggle the timing and effectiveness of the CD with the 
continued eating. Allowing the child to eat high volumes of food while dosing 
with CD will still kill the parasites, but the CD levels may not be high enough 
to avoid a herx. Though the parasites may be killed the CD level may not be 
high enough to also kill off the bacteria eating the dead parasite. One solution 
‘we found was to give our son homemade bone broth with ocean water many 
times a day. This will help to replace the lack of nutrients, meanwhile reducing 
the overeating enough to continue the CD without risking a herx reaction. 


Weight Loss: Our son lost 50 pounds during the first seven months of 
treatment. He was very over weight at 5'9” and 200 pounds. The weight loss 
brought concern to people who had not seen him for long periods. During 
this time | estimate that 35 pounds was solid parasites. His stomach was very 
bloated, as was his face. Our children are full of parasites and pathogens (ie., 
yeast, bacteria, etc.), and all of these things can make them gain weight or be 
bloated. Our son is now in the normal weight range for his height, and has a 
flat stomach. 


Night Terrors: During the night you may see that your child has trouble 
settling down, or they may wake in the night screaming your name. They 
may even do night walking, possibly leaving out the front door in a sleepwalk 
state. We saw these behaviors years ago,as our son was heading into a higher 
infestation level. Now that we are on the healing end, many of the behaviors 
return as sort of a rewind, The behaviors that came into play going down the 
ladder are sometimes repeated heading back up the ladder to wellness. We 
feel that our son was experiencing separation anxiety, and the recognition that 
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he had total control again. This new gained independence may be frightening. 
Ata point, our son entered the peetox stage (see above). He had no feeling or 
sensation to urinate, so he was put into adult diapers. As our son's infestation 
rate decreased, the normal behaviors like waking in the night and feeling the 
urge to urinate returned. Then, as he would get up to go to the bathroom, 
he would suddenly stop, and feel perhaps lost and afraid to continue this 
task alone. He would scream out or wander around whimpering. Although 
night wakings were disturbing, we found them to be a necessary passage for 
bringing our son to reality. In order to give comfort, at night we continued 
the CD humidifier, as well as CD ear and nose drops. Many times a CD bath 
before bed was calming as well. 


Emotional Blindness: Because the toxins that the parasites excrete are 
substances that have the effects of morphine, ammonia, and histamine, these 
toxins can cause emotional confusion in your child. They may be confused 
by your laughter, smiles, and affection. Your positive and loving encounter 
may be perceived as threatening or challenging. Your smile may bring a rage. 
Any spoken words by you no matter how soothing they may be, could be 
perceived as a confrontation. This is difficult on both parent and child, as the 
child may see you as a threat and perhaps even as mocking them; while you as 
the parent feel rejected in your affections. Many times the child's behaviors 
evolve into a stoned-out loss of reality and presence. These are all related to 
the toxic build up and defense of the parasites. Their motivation is to remain 
in the host; they show their displeasure to the discomforts we have given 
them in our elimination attempts. Many times during these episodes, we have 
found it best to avoid words or eye contact, but rather to offer double doses 
as outlined by Kerri,and keep a calm environment, We have found that these 
toxic levels can be lowered through salt baths and dandelion tea. 


Despite the behaviors that may be brought on by a parasite protocol, the 
results are amazing. In our family we are finally getting our son back. | 
would recommend staying the course. As we know, these kinds of parasitic 
infestations in immune-comprised children will not go away on their own. 
Children do not “grow out of” worms. In fact, the worms will continue to 
grow inside of them. The following parasites were expelled by my older son, 
by making the aggressive modifications aimed at older children. By removing 
these parasites we are seeing the first stages of recovery. The jars on the 
following page represent seven pounds of worms in less than two months, 


Yours in healing, 
Robin 


7 Ibs. of 35 Ibs. (total) of the parasites extracted in 9 months 
(160 feet in total above). 


39+ inch long worm. 
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Other Medicinal Plants 


Author's Note: The following information is extremely powerful for our 
continued health and well-being. However, these plants and foods ALONE 
have NOT been proven to heal autism. Rather, follow the 18-day deworming 
protocol presented starting on page 187. When this is done for 12-18 months 
it has proven to be an important part of the protocols that have led to the 
recovery of many children. With that in mind, some parents of older children, 
and aggressive/self-injurious children have started to implement a few of 
the plants and foods listed below, in addition to the aforementioned 18-day 
protocol. In many cases, these additions have led their children to increased 
gains through increased parasite elimination, 


A number of other plants are also effective for deworming. If, after three 
months of treatment, the problem persists we can change the type of plant, 
or repeat any plant that was effective in previous months. We can use them 
in combinations, mixing several plants at once, or take them individually. Plant 
formulations that should be considered are alcoholic extracts, in oil or by 
infusion, and include the following plants: 


Clove (Syzygium aromaticum) 
Common Rue (Ruta graveolens) 

Dandelion (Taraxacum officinale) 

Gentian Root (Gentiana lutea) 

Mint (Mentha sativa) 

Mugwart/Common Wormwood (Artemisia vulgaris) 
Pomegranate Root Bark (Punica granatum L) 
Southernwood (Artemisia abrotanum) 

Sweet Wormwood (Artemisia annua) 
Sweetflag/Calamus Root (Acorus calamus) 

Tansy (Tanacetum vulgare) 

Walnut shell (Juglans) 

White Fraxinella (Dictamnus albus) 

+ Yarrow (Achillea millefolium) 


Preventative Food & Diet 


There are groups of foods that should be avoided if you have a parasitic 
infection. For example, dairy products in general, refined sugars (sucrose, 
fructose, corn syrup), flour (especially refined), and overly sweet foods in 
general, The list of foods and plants below promote good internal balance of 
the body, hence becoming our allies. With good production of stomach acid, 
a normal level of healthy bacteria, and proper bile production, it is impossible 
for parasites to survive for long. Worms need an acidic environment that 
comes from the breakdown of sugars and putrefaction from the ingestion of 
unhealthy or processed foods. It is very important to eat raw vegetables and 
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fruit juices, which provide us with enzymes and other elements necessary to 
protect us. 


Choucroute/sauerkraut (fermented cabbage in salt). 


Many people have low levels of stomach acid, which is the cause of many 
intestinal problems, because the body is unable to defend itself against 
intruders. Sauerkraut juice or cabbage/sauerkraut is one of the most powerful 
stimulants for your body to produce stomach acid. The use of unpasteurized 
fermented foods (water kefir, soy sauce, miso, etc.) is highly recommended for 
its stimulation of the beneficial bacterial flora that is responsible for generating 
control over parasites. Take a few spoonfuls of cabbage juice before meals, 
or better yet sauerkraut juice, because it will do wonders to improve your 
digestion. 


Author's note: | do not recommend soy, in any form, for anyone with an 
ASD. 


Garlic 


Garlic, eaten regularly,turns the stomach and intestine into a lethal environment 
for parasites, providing constant protection. Garlic is the quintessential home 
remedy to eliminate intestinal parasites naturally. It has been used by many 
different cultures such as Chinese, Greek, Roman, Indian, and Babylonian. 


Garlic is still in use today by practitioners of modern medicine, It is used 
both fresh and as an oil. The simplest treatment is to eat three cloves of garlic 
every morning, or take a teaspoon of garlic oil. Alternatively, mix crushed 
garlic in a little cold water and drink the mixture immediately. Another recipe 
is to cut and crush four cloves of garlic, place them in milk, and allow the 
mixture to sit overnight. Take the liquid while fasting the next day. 


Pumpkin Seed 


Pumpkin seeds contain a substance called piperazine. It acts by paralyzing the 
parasites, which allows them to be removed easily. 

We can find piperazine commercially in pharmacy drug formulations or 
naturally, as we said, in the seeds of the pumpkin. This traditional method of 
deworming has been used around the world since man can remember. There 
are several effective traditional formulas, below we describe one of them: 
Use one cup of peeled and mashed pumpkin seeds (about 80 seeds), Mix 
them with coconut water and two tablespoons of honey. Take the mixture 
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over three hours on an empty stomach. Do not eat during this three-hour 
period. At the end of the three hours, take castor oil in order to quickly 
eliminate the parasites. 


Papaya and Papaya Seeds 


Papain is a digestive enzyme contained in papaya that is capable of breaking 
down the outer layer of adult parasites. The milky juice of unripe papaya is a 
powerful agent for destroying roundworms. The adult dose is one tablespoon 
of fresh green papaya juice, an equal amount of honey, and three or four 
tablespoons of hot water. Two hours later, administer a dose of castor oil 
mixed with warm milk. This treatment should be repeated for two days if 
necessary. For children seven to ten years of age, half of this dose should be 
administered. For children under three years of age, one teaspoon (Sm) of 
the mixture is sufficient. 


Papaya seeds are also useful for this purpose as they are rich in papain and 
caricin, For every tablespoon of crushed, fresh seeds, add an equal amount of 
honey. Take the dose of one teaspoon (Sml) daily in the morning or at night 
on an empty stomach for ten days, rest five days and repeat the cycle three 
times. We recommend the use of a purgative 


Ginger 
Ginger not only helps to combat intestinal parasites but also reduces nausea 
and can help calm nerves. For hundreds of years, fresh ginger has proven to 
be highly successful in destroying intestinal worms. The most common way to 
consume ginger is raw or by infusion. Ginger extract may also be sprinkled 
on a variety of foods. 


Propol 


Propolis is a resin like substance gathered by bees from the bark and leaf 
buds of trees, to help disinfect, build and maintain their hives, Propolis has 
been used for at least 3,000 years. Its use dates back to the Egyptians and 
the Romans, and remains in use today. To the Greeks we owe the name pro, 
meaning “before” and polis, meaning “city.” This translates as “defenses before 
the city," or “defender of the city.” Thanks to the antibiotic action of propolis, 
which protects against the activity of viruses and bacteria, the hive is one of 
the most sterile places known to nature, 


Many scientific studies have proven the antiparasitic activity of propolis, 
therefore it is recommended for treatment of: Giardia, amoebas and 
roundworms,and also for intestinal infections caused by gram-positive bacteria. 
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Take propolis, diluted in water or fruit juice, for treatment of parasites, for 
seven days, on an empty stomach. Use Propolis standardized at 30% in either 
propolis tincture or capsules. Take three drops per kilo of weight, or three 
capsules one half-hour before each meal. A seven-day treatment cycle should 
include seven days on, followed by seven days off; repeat three to five times 
to ensure complete elimination of parasites or bacteria. Repetition of the 
treatment is essential to halt bacterial reproductive cycles. By repeating the 
treatment at least three times, the effective elimination of parasites is ensured, 
The benefits of propolis are that it has no side effects, is well tolerated, and is 
highly effective. 


Pomegranate Bark 
Pomegranate bark contains an alkaloid known as punicine, which is highly 
toxic to earthworms. It is used by decoction of the root bark, stem, or 
fruit, The root bark is preferable because it contains a greater quantity of 
the alkaloid than the bark of the trunk. This alkaloid is also highly toxic to 
tapeworms. A cold decoction of root bark, preferably fresh, should be given 
in quantities of 90ml to 180mI three times per day (for adults), with one-hour 
intervals between cups. A purgative should be taken after the last glass. For 
children, a dose of 20mI to 60ml is appropriate, A decoction is preferably used 
to eliminate solitaires (tapeworm, Taenia Solum), 


Carrots 


Carrots are another effective home remedy for eliminating intestinal parasites 
in children, The chemical constituents of carrots attack pests by preventing 
their development. It is one of the most effective natural treatments for 
children, when given a small cup of grated carrots each morning until the 
problem desists, 


Condiments 
Seasoning plants are also powerful weapons to keep in mind in our everyday 


cooking. Since time immemorial, mankind has used them to control parasitic 
diseases. The following are most interesting because of their effects: 


+ Cayenne 
+ Cinnamon 
+ Cloves 

+ Paprika 

+ Pepper 

+ Tarragon 
+ Thyme 


+ Turmeric 
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Thank you Andreas and Miriam for sharing what | know will be very 
enlightening, not only to the families of children with autism, but to people all 
over the world suffering from mysterious symptoms consistent with parasitic 
infections. | want to share one interesting tidbit about parasite infections 
before we get into the FAQs on parasites and the parasite protocol. 


“We have a tremendous parasite problem right here in the USS. It is just not 
being addressed - Dr. Peter Wina, Chief of Patho-Biology in the Walter Reed 
Army Institute of Research in 1991. (The problem existed in 1991, and with 
modern globalization parasites are more prevalent than ever, yet they still not 
being addressed. 


Parasite Protocol FAQs 


1 showed my family practitioner pictures of the worms we have 
found. He thinks they are not a parasite, but just mucous. How can 
Ibe certain? 


It can be difficult to identify parasites, and most general practitioners are 
not trained to do so. Some parents have success with a local vet, who 
analyzes samples in their office. As a crude test, you can pour boiling 
hot water onto your specimen. If it falls apart, it is probably biofilm or 
mucous. If it withstands the wash, itis probably a parasite. Unfortunately, 
most stool analyses are notorious for false negatives. If you put hot water 
‘on parasites, they do not dissolve. Mucous dissolves in any water—hot 
or cold, 


Is it ok to do the Kalcker Parasite Protocol during pregnancy? 


No. Don't do any kind of detox or parasite protocol while you are 
pregnant or nursing. Any detox will release toxins into the blood stream 
that could potentially negatively impact the developing fetus or nursing 
baby. If you are planning on getting pregnant, it would be advisable to do 
whatever detox or deworming procedure before pregnancy. 


‘When is it appropriate to stop the parasite protocol? In other words, 
does every child on this protocol need both the CD and the other 
parts of the Parasite Protocol or are there some that only need 
CD? This is a critical question since these are two protocols joined 
together and not every child may need both. We have done the 
Parasite Protocol and have never passed parasites so | am uncertain 
about my child. 
Usually the Parasite Protocol is repeated for 12-18 months, sometimes 
less. The most important thing is to make sure that there are no fertilized 
eggs left that could hatch at a later date. As it is very difficult to know 
if there are remaining eggs, it is important to complete the 12-18 month 
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treatment. The Parasite Protocol is a complete protocol heavily researched 
to achieve the best results. The Parasite Protocol in conjunction with CD 
has been shown to be one of the most effective methods to heal regressive 
autism. Parasites are cyclical and need to be treated as such. You continue 
with the parasite protocol until no more parasites are seen—be that in 
behavior or actually in the stool, 


What does the process of worms toxifying the brain look like? 


Ascaris lumbricoides (roundworm), for example, produces at least five 
different toxins: Malondialdehyde, ammonia, histamine, formaldehyde, 
and morphine. Malondialdehyde is responsible for oxidative stress, and 
is mutagenic.” Ammonia, which can lead to hyperammonemia, can be 
responsible for seizures, tremors, flapping, poor coordination, growth 
retardation, combativeness, lethargy, and other symptoms. Comparing 
hyperammonemia with the symptoms known as regressive autism 
yields overwhelming similarities. Formaldehyde has been shown in some 
laboratory studies to affect the lymphatic and hematopoietic systems. 
Morphine inhibits nerve reactions and slows intestinal peristalsis. It also 
keeps the immune system from finding parasites, and from doing anything 
about them, This is a reason we often can’t identify parasites. We only 
find parasites when the infection is acute, not chronic. This is because IgE 
or IgM reactions are altered by morphine, Histamine can lead to chronic 
inflammation in the body. 


As a family, we expect to be doing the CD and parasite protocols for 
some time. How do we know when to stop? Should we wait until 
we have a few months of no symptoms? 


‘We do it until full recovery is reached. 


We have been doing full oral dose CD and the Parasite Protocol. 
We are seeing some amazing changes, but we don’t see worms. Are 
we doing something wrong? 


CD affects parasites of different sizes. You may be clearing parasites that 
would be undetectable to the naked eye, or nematodes that are very small 
and therefore hard to detect in the stool. 


Why is my child so deficient in vitamins? 


As a general rule, most children with autism are deficient in vitamins. In 
the first place many pathogens feed off of vitamins intended for the host, 
and helminthes especially love BI2 and iron. Since many of us, especially 
those of us living in cold climates, do not receive enough sun, we are 
deficient in vitamin D. Calcium is used by the body as an antagonist for 
acid inflammation; all acidity in the body is compensated by calcium, and 
therefore it is usually low with the kids on the spectrum. As our children 
heal, these deficiencies fade and homeostasis returns. 
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| just gave mebendazole, Not pyrantel this AM. What should I do? 


Don't stress. Tomorrow is a new day, and you can begin again. Give 
mebendazole tomorrow as that is tomorrow's scheduled dose. 


Aren’t there some parasites that are good for us and help our 
immunity and gut healing? 


A parasite is defined as a living being that is dependent on a host for 
survival, to the detriment of that host. 


For those of you that continue the parasite protocol thru the new 

moon, how many days do you stay on it? We are now 3 days past 

the new moon. 
Some people treat month long. The Kalcker protocol itself is 18 days 
long. Each family has to find a protocol that suits them. Some folks use 
mebendazole 3 days before the new moon, the day of, and three days after. 
Other families use herbal remedies on the off days. If you consult with a 
healthcare provider, this would be a question to ask them. Each child is 
unique and has different needs when it comes to treating parasites. 


Why are live worms not digested? Poisons? 
Live helminths are protected by a glucosoid mucous with positively 
charged ions, making them resistant to stomach acid, or digestive fluids. 
When they die, the mucous separates from the helminth, leaving them 
‘open to digestive enzymes. We often see the mucous, as well as semi- 
digested helminths, in the stool of people using the protocol 


Does everyone in the family need to do the parasite protocol at 
the same time? With or without CD, enemas, diatomaceous earth, 
Rompepiedras/stone breakers, and castor oil? My (neurotypical) 
daughter take the anti-parasitic drugs, mebendazole, and 
pyrantel pamoate, but not these other parasite protocol ingredients, 
which is why I ask. 
Your entire family needs to do the protocol at the same time, or you 
risk reinfection, Neurotypical family members should do as much of 
the protocol as possible. If someone will only take the meds, so be it. 
However; I feel the more the better. 


Do I need to separate the neem from CD? 


‘Yes, | give neem with food, and would separate from CD by at least an 
hour, 


If | don't see any worms, does that mean my child doesn’t have 
parasites, or are we just missing the eggs? 
Just because you don't see parasites doesn't necessarily mean you don't 
have any. For example, Toxocara canis or Toxocara cati, which are very 
‘common in our pets (and can infect humans as Toxocariasis), are not 
expelled in fecal matter. Some families on the protocol did not see actual 
worms until month seven, 
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To what extent do the rest of us need to do the CD protocol? Is it 
the same as our ASD children? And, is it necessary to do the whole 
nine yards with the full Parasite Protocol for the whole 12 months? 
Are there any shortcuts for healthier individuals? 


All of the family members, including pets, need to be on anti-parasite 
treatment for a year and thereafter lifetime maintenance is best. As 
mentioned before, with neurotypical family members, you do as much 
as you can, but the anti-parasitic medications are crucial to preventing 
reinfection 


Is diatomaceous earth a binder and therefore must it be given apart 
from food, medication, and supplements? 
No. It is not.a binder. It is fine to give with or without food, and does not 
affect medication or supplements. 


Do you have to do the Protocol forever if you are fully recovered or 

is there a maintenance plan? 
When the child gets to where you want him, you can start to pull things. 
Then, we do maintenance dosing of CD; one dose on Monday and one on 
Thursday. We do the Parasite Protocol for a week every three months 
since we live in a world of parasites. It is good preventative medicine for 
all, Ocean water isalso good for all of us. See Chapter 13 (page 319) for the 
complete maintenance plan. 


Does CD kill parasites? 
Yes. CD kills amoebas, Giardia lamblia, and other smaller parasites. CD 


does not kill the larger macroparasites due to their higher oxidative 
stress resistance, 


When is it ok to start the parasite protocol prior to reaching full 
dose of CD? 


Healing autism is a marathon not a sprint. The point is to heal with the 
least amount of aggravation. Therefore, you should be at a full dose of 
CD before starting, and have added in enemas and baths. If you are seeing 
Herxheimer reactions then don't start yet. Obviously, everyone must 
make his or her own decisions. 


Where in the gut do helminths live? Do CD enemas (300 ml) reach 
them? 
It depends on the type of helminth. There are more than 300 different 
helminths so they could be in many different places. However, most live 
in the small intestine. Some lay their eggs in the rectum. The size of the 
person will dictate how high an enema will reach. 
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Do you tell your kids that they have worms? Do you show them? 
Are they scared? My son is very interested about everything in the 
world and asks 4,000 questions a day. What do | tell him? 


How to handle this situation is unique to each and every family. There is 
no right or wrong answer here. The following are some suggestions we 
have received from families on the protocol: 


Nope. My husband was just telling me a story from when he was a kid about 
<another kid who got teased all the time about having worms. He still remembers 
it So,no I will not tell my kids. 


My kids (ages 10 & 7) know about worms because we have talked about 
their Lyme disease and other symptoms for a long time. I think it helps them 
understand why they feel grumpy or sick and why the enemas help. But, think 
every child is different. The risk is that they might tell their friends, I tell them 
that it is private information and that pretty much everyone has worms but 
some people have more and get sick from them. And, I told them that even 
‘mast doctors don’t know this but slowly people are learning and getting smarter 
about this and a good diet, etc.... My boys like to see the big ones, and try for 
new records. They like to show their brother the records. | think that's a boy 
thing 


Ihave a 10 year-old, and | tell him that we have parasites. | have not showed 
him anything, | ask him to leave the room before I start to sort the poo. ;) 


My son had another bowel movement FULL of worms, pinworms— 
and I mean hundreds. This is only our second day on CD (1/2 drop 
in 8 fl. oz.) so a bit thrown to the deep end. Has anyone else had a 
start like this? How did everything go from there on? 
| have seen it a handful of times. | get VERY excited about this. Everyone 
has autism a bit differently. But, if we see worms early, in many cases the 
recovery begins early too. That may be the case for your child. 


Junderstand that even organic produce needs to be washed properly. 
‘What is the best way to wash my fruits and vegetables? 


The Ascaris eggs are resistant to UV, and can withstand a pH from 2 to 
11.5. Eggs are killed by heating to approximately 60°C (140°F). Spray 
your fruits and veggies with CD spray. 10 drops per | fl.oz., of water, no 
need to rinse off, 


Anyone notice a huge growth spurt after starting the parasite 
protocol? 
Many parents have reported their children resumed growth as well as 
Weight gain, No real surprise considering they are getting back what the 
parasites were taking from them, 
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Do we need to treat our pets if they are taking heartworm 
medication? 


Yes, heartworm medication does not address intestinal parasites, which 
can infect us and our children, We need to deparasitize our pets, as well 
as ourselves. 


Cascara sagrada is not the same thing as castor oil and is not part of the 
protocol. An alternative solution to liquid castor oil is to buy castor oil in 
softgels. You will need many but it does solve the taste problem, 


My sonis very high inTrichinella spiralis, which is a roundworm from 
undercooked meat or pork. It’s supposed to be rare in the US, so 
I'm wondering how my child would have picked this up. Any ideas? 
No undercooked meat here for the kids, and we don’t eat pork. 


At this moment we have not seen a relationship between Trichinella spiralis 
and autism. It may be a multi-parasitic infection, or a misdiagnosis. Apart 
from the standard protocol, your child might need something else. I would 
consult the practitioner for the appropriate dosage, and only if your child 
has a definite Trichinella spiralis diagnosis. 


How do we know if there are parasites in the brain, and what can 
we do about it? 


Parasites in the brain are very rare. (According to the CDC, Cysticercosis 
is a parasitic tissue infection caused by larval cysts of the pork tapeworm. 
These larval cysts infect brain, muscle, or other tissue, and are a major 
cause of adult onset seizures in most low-income countries. An individual 
acquires cysticercosis from ingesting eggs excreted by a person who has 
an intestinal tapeworm,)* Larvae can be seen on a scan. Many people 
assume that the problem causing behavioral issues, or mental issues, must 
be located in the brain. However, the problem likely exists elsewhere. If 
the blood contains toxins, this will affect the brain, For example, if you 
ingest too much alcohol, your brain, nervous system, etc. will be affected, 
but the problem is not in the brain itself. We can think the same way 
about parasites. The chemicals that they produce will have effects on the 
brain, however, rarely will the parasites be located there. 


Do parasites cause autism? If so, why doesn’t every child with 
parasites have autism? 


Regressive autism has been called parasitological vaccinosis by Dr. 
Andreas Kalcker. This is a cross reaction between a child with parasites 
that receives certain vaccines. Further research is needed for a definitive 
answer. 
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‘Why don't normal lab tests find parasites? 


Generally speaking, lab tests need to find living creatures or eggs. The 
eggs are only present certain days of the month, and even on those days 
they won't necessarily be present in a particular stool sample. Living 
worms are extremely rare in stool because they are generally passed only 
‘once they die. They are very good at avoiding being excreted in stool. 
Furthermore, if they die internally, they can be partially or fully digested 
within our bodies before being expelled. 


Are some labs better than others? Is it worth taking a stool sample 

to a vet if they send it out, or only if they look under a microscope? 
We haven't found a lab that consistently finds parasites. Metametrix™ 
has identified parasites, but in our experience and the experience of the 
families | have helped, we have not found a lab that is consistent. It is only 
worth sending a sample to a vet if they are identifying parasites with a 
microscope. 


Combantrin’® is available in tablet and liquid form. Which is better? 


I hate the liquid and never use it. It may have added colors and flavors. If 
you absolutely can't find it without additives, would use only mebendazole 
instead of using pyrantel with additives. 


Why are there no systemic drugs in the protocol? 
They are not needed with this Protocol.Treating parasites without systemic 
drugs is much safer and easier on the body. The suggested treatments 
using mebendazole and pyrantel pamoato are nearly unabsorbed by the 
body, meaning that we do not add more toxins to an already overloaded 
body. 


When does a child need systemic drugs? 
This is necessary only for certain parasites like cysticercosis, which is 
caused by tapeworms, hookworms, Trichinella spiralis (from pork), or 
other hard to kill helminths. These may be identified by a blood test. The 
practitioner may prescribe systemics depending on the situation. 


Should I start on the new moon if my child’s behavior declines then? 


The full 18-day Kalcker Parasite Protocol always starts before the full 
moon. However, some parents have found that by treating parasites for 3 
days over new moon that they are able to get through the new moon as 
well as the full moon with limited issues if any. 


Is there a time in the moon calendar, where it is normal that there 
are no worms in the stool? (We don't have any at new moon.) 


Further research is necessary to determine this definitively. 


Hero Guy taking a peek at The Protocol 
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Step 4 - Other Supplements 


“One of the first duties of the physician is to educate 
the masses not to take medicine.” 
~ William Osler 


M* of the families that followed this Protocol, and recovered their 
children, used a combination of these additional supplements along with 
CD. Each supplement combination is completely unique, depending on the 
symptoms of the child, and how the child reacts to each intervention. If 
after The Diet, full CD Protocol, and three Kalcker Parasite Protocols we are still 
dealing with an autism diagnosis, then families start adding in supplements. 
This section is about “unfinished business.” | like to do three Kalcker 
Parasite Protocols before adding back in supplements because parasites love 
supplements, especially vitamin By: and iron 


| feel when we supplement deficiencies in children with underlying parasitic 
infections, it can result in resistant parasites. We aren't making the child 
healthier; we're making the parasites healthier and stronger. If significant 
supplementation does little or nothing to change lab values in subsequent 
blood, urine, and stool tests, then it’s fair to say that we have a flaw in our 
approach. Pathogens and parasites can cause vitamin/mineral deficiencies. By 
killing them, instead of feeding them with additional supplementation, we are 
focusing on the root cause of the symptoms that we call autism, 


When I came back from our first Defeat Autism Now! doctor visit, | had 
thousands of dollars in supplements that I did not know how to use. We kept 
going to different doctors hoping to find the one that had the answer. At one 
point, Patrick was on a protocol, given to me and supervised by a doctor, which 
called for 70+ different supplements a day. He looked worse during the entire 
nine-month period that we followed that protocol. In hindsight, all those 
years of supplementation made it harder to eliminate Patrick’s pathogens. 
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That is why this protocol focuses on the excesses instead of the deficiencies 
for children with an autism diagnosis. If by eliminating the excesses of viruses, 
bacteria, candida, parasites and heavy metals, we can see a reduction in the 
symptoms known as autism, then eventually we can reach full healing 


‘Commonly, when a new family contacts me, they send me a list of all the 
supplements their child is taking. I frequently see lists of 30+ supplements that 
may be combined in ways that negate their effects. For example, probiotics 
are given in the morning with breakfast, or GABA with food. Both are 
incorrect, probiotics go alone at night right before bed, and GABA is always 
taken without food. If there is a legitimate reason for a certain supplement, 
then it absolutely must be given correctly or it's just excess noise in the body, 
and more stress on the detox organs. 


The following list of supplements can be considered after The Diet, ocean 
water, CD, and three months of the Kalcker Parasite Protocol (except probiotics 
and enzymes which may start day one). This chapter is to be used as a 
starting point for your own research on these supplements. This list contains 
references and the websites used in this research with some of the more 
pertinent information about products. 


Probiotics 


The vast majority of the families who have recovered their children with 
this Protocol have used THERALAC® brand probiotic. It is a prebiotic plus 
probiotic in a capsule that can withstand stomach acid, which allows it to pass 
to the small intestine, where the beneficial bacteria are needed. THERALAC® 
contains three lactobacillus and two bifidobacterium strains. 


The paragraph below was slightly modified from www.theralac.com where 
you can find more information, Please visit their site for details on references 
contained within the text.' The following two paragraphs were taken from 
different sources, and help explain benefits of THERALAC®, specifically for 
children on the spectrum. 


Probiotics are defined as: “Live microorganisms that when 
administered in adequate amounts confer a health benefit to the host” 
(World Health Organization 2001). According to the International 
Probiotics Association (IPA), the benefits of probiotics can include 
reduction in diarrhea caused by antibiotics and rotavirus, alleviation 
of symptoms of lactose intolerance, alleviation of symptoms of food 
and skin allergies in children, reduction of recurrent ear and bladder 
infections, and other positive indications. 
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How Does THERALAC" Benefit My Immune System? 


THERALAC"s five probiotic strains work in unison to support the 
mucosal immune system on the intestinal surface; activation signals 
are then sent to the body's systemic immune system. This is a gentle 
and controlled process because THERALAC"’s strains are beneficial. 
Essentially, the immune system is put on alert so that it is ready to 
act quickly if there is an appearance of pathogenic microorganisms.* 


Many children with autism have chronic digestive problems. In fact, 
gastrointestinal symptoms in autistic children often first appear in 
conjunction with initial changes in emotion and behavior during the 
onset of autism, leading researchers to suspect gut-brain connection.? 


Normally, proteins are digested in stages by enzymes; first to peptides, 
and then to smaller amino acid components, which are absorbed into blood 
capillaries in the gut mucosa. The larger peptides are generally unable to 
cross this mucous membrane barrier, if they do, however, they can act as 
opioids affecting neurotransmitters in the brain causing abnormal behaviors 
and/or activity. These incompletely digested peptides—known as exorphins, 
casomorphins, and gluteomorphins usually come from milk proteins such as 
casein, or from wheat (gluten), and are structurally similar to morphine. The 
formation of excess peptides in the gut is possibly associated with sub-optimal 
enzyme activity, or an insufficient supply of enzymes required to breakdown 
these peptides. So if we repair the imbalance of beneficial bacterial organisms 
in the gut and the gut lining, while killing the pathogens causing the dysbiosis, 
we have the opportunity to heal children with autism. Probiotics can be used 
to improve the quality of the gut mucosa.* 


In addition to aiding in the repair of the gut lining and improving digestion, 
there is also evidence that probiotics can help with detoxification of heavy 
metals such as toxic mercury. 


The paragraph below was taken from the presentation “Gut biology and 
Treatment” by Dr. Anju Usman: 


Emerging literature is showing the beneficial effect of oral probiotics 
‘on mood and anxiety symptoms. In a double-blind, placebo controlled 
randomized parallel group study, daily use of probiotics reduced 
psychological distress. A number of studies have shown the anti- 
anxiety effects of probiotic use in patients with medical conditions.* 


ma SOLDER 


NG 


SOLDERING A RESISTOR TO A CIRCUIT BOARD 


BEFORE YOU START 

Inspect the leads or pins for oxidation. f the metal 

surface is dull, sand with fine sandpaper until shiny 

{Im addition, use the sandpaper to clean the oxidation 
ess solder from the soldering iron tip to ensure 


ample shows the step-by-step process 
to solder a through-hole component to a printed circult 
(PCB). | used a piece of prototype PCB and 


i 

"A cance: mpm oa sey 

| precautions Improper handing ofthe soldering on 
{an ead to burns o ther physieal injuries, Wear safety 

‘orgies and other protective cating when working 

{Wi solder tools. ith temperatures hovering around 

4700°F the tp af the soldering ro, melten solder, and 


soldering equlpment away trom flammable materials 
‘and objects: Be sure to tur of the ron when Its not 
Inuse and store it properly in its stand. 


a single resistor. 


i 
1 
i 
1 
Hl 
i 
1 
‘lux can quickly sear through clothing and skin. Keep { 
1 
1 
1 
1 
i 


1L Bend and insert the componentleads 
Into the dasired holes on the PCB, Flip 
the board tothe other side. Slightly bend 
the lead you'll be soldering ta prevent 
the component from falling out when the 
‘board fs turned upside down. 


2. To begin the actual saldering pracess, 
allow the tip of your iron to contact both 
the component lead and the pad on the 
clreuit board for about I second before 
feeding solder to the connection. This wll, 
allow the surface to become hot enough 
{or solder ta flow smooth. 


3. Next, apply solder sparingly and hold 
the ion in place until solder has evenly 
coated the surface. Ensure thatthe solder 
flows all around the 2 pieces (component 
lead and PCB pad) that you're fastening 
together. 
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Don't put solder directly onto the hot 
Iron tip before it has made contact with 
the lead or pad; doing sa can cause a cold 
solder joint (a common mistake that can 
prevent your hack from working properly). 
Soldaring is a function of heat, and ithe 
pieces aren't heated uniformly, solder 
‘may not spread as desired. Acold-solder 
Joint will loosen overtime and can build 
Lp corrosion 


‘4. Whenit appears that the solder has 
flowed properly. remave theron trom the 
area and wait afew seconds for the solder 
tocool and harden, Donat attemat to 
‘move the campanent during this time, 
“The solder jaint should appear smoath 
{and shiny, resembling the image above. 
lf your solder joint has a dull finish, reheat 
the connection and add mate solder. 


'5. Once the solder joints in place, snip 
the lead to the desired length. Usually, 
yyu'lsimply cut the remaining portion 

‘of the lead that isnt part ofthe actual 
solder joint. This prevents any risk af short 
circuits between leftever component leads 
on the board, 


6. Here's a completed soldering example, 


246 Chapter 9 
Dr-Vincent Young, University of Michigan (2009): “the gut ecosystem 
needs to be preserved and that changing the ecosystem through 
stresses such as antibiotics could irreversibly change the ecosystem, 
with deleterious effects” Dr. Young has studied the effects of 
antibiotics on the microbes in our gut. He found that mice when 
given particularly strong antibiotics completely wiped out all their 
normal gut microbes. Even more striking, clostridium species and 
fungal species are then able to overgrow without the bacteria there 
to fend them off. 


There is no doubt in my mind that probiotics helped get my son's gut back 
in order, helped improve my own health, and that of thousands of families of 
children on the spectrum. Probiotics should be given without food, directly 
before bedtime. This way, they have the entire night to proliferate in the small 
intestine where they are needed. 


Special note for those with PANDAS/PANS: We have received some 
reports where some PANDASIPANS andlor older children were becoming 
violent and having more SIBs while on probiotics. Be observant and watch for 
behavior changes when adding probiotics. In addition, know that we may need 
to remove them for a period of time! 


Omega-3 & Omega-6 Fatty Acids 


‘Omega-3 and omega-6 fatty acids are polyunsaturated fatty acids and are 
considered essential fatty acids. Essential fatty acids must be consumed 
because your body cannot produce them. They are important for brain 
development, immune system and cardiovascular function, and normal 
metabolism. Omega-3 and omega-6 fatty acids are commonly found in marine 
and plant oils. While a healthy diet often provides adequate supplies of both, 
supplementation is sometimes necessary. 


‘Omega-3 fatty acids also help to regulate energy levels, as well as normalizes 
blood sugar levels. They help improve concentration as well as mental 
vividness. Using omega-3 fatty acid supplements helps with anxiety, mood 
swings, and depression, They are especially significant in the treatment of 
autism. The entire body benefits from ingesting omega-3 fatty acids; from 
physical development, to relaxation from anxiety and jitteriness, to developing 


brain cells; all of these aspects can aide in the treatment of autism 
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(Omega-6 fatty acids promote healthy brain function and assists with skin and 
hair growth, bone development, and metabolism. A healthy balance of omega-3 
and omega-6 fatty acids promotes heart health and minimizes inflammation. 
Omega-6 may also be used to treat allergies, eczema, osteoporosis and 
premenstrual syndrome.” 


Unlike omega-3 fatty acids, excessive consumption of omega-6 fatty acids 
can have negative effects. Therefore, their consumption must be monitored. 
(Omega-6 fatty acids, in large quantities, can promote inflammation in the body 
that may lead to flare-ups of eczema, acne, and the aches and pains associated 
with arthritis. It is recommended that you maintain about a 4:1 ratio of 
omega-6 to omega-3 fatty acids. 


Some research has been done that suggests improvements in overall health, 
cognition, sleep patterns, social interactions, and eye contact when children on 
the spectrum were given an EFA (Essential Fatty Acid) supplement ® 


Furthermore, another study showed the positive effects of EFA’s on dyspraxia 
(a motor disorder frequently associated with cognitive, behavioral, and social 
challenges). The participants showed improvements in reading, spelling and 
behavior during the treatment period.” 


I have personally found that | really like omegas from YES™ Supplements. 
Dr. Brian Peskin has some very informative videos on YouTube discussing the 
merits of vegan versus animal based omega sources. | highly recommend you 
have a look for yourself. My own son, and many other children have built up 
to taking one tablespoon, two times a day. 


L-carnitine 


L-carnitine is vital amino acid that promotes healthy neural levels of 
acetylcholine, an important neurotransmitter that aids memory and proper 
brain function, Research suggests that an L-carnitine deficiency may be 
implicated in a number of conditions, including ME/CFS (chronic fatigue 
syndrome), diabetes, Alzheimer's, dementia, and autism. 


L-carnitine is composed of two essential amino acids, lysine and methionine. 
It is produced in the liver and kidneys and is contained in most cells of the 
body. It is required for the proper metabolism of fat and helps with mental 
concentration, and energy production. It transports long-chain fatty acids 
across the mitochondrial membrane so that they can be burned to produce 
energy. 
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A clinical trial studying the use of L-carnitine as a potential therapy for autism 
demonstrated the children taking L-carnitine showed improvements in their 
ability to relate to people, body use, adaptation to change, listening response, 
verbal communication, sociability, sensory/cognitive awareness, and health! 
physical behavior. There are a few articles that may be helpful for a better 
understanding of the importance of this amino acid. Check out an article by 
Henke Schultz,"L-carnitine helps kids with autism, study finds” and another by 
Emily Singer, "Defects in carnitine metabolism may underlie autism” 


The average dose for L-carnitine is anywhere from 250-1000 mg per day with 
food, depending on weight and reactions. 


GABA 


GABA (gamma-aminobutyric acid) is an amino acid and a neurotransmitter 
{a type of chemical responsible for carrying information from one cell to 
another). It is produced naturally in the body, but is also widely available 
in supplement form, Manufacturers claim that GABA supplements can help 
boost the brain’s GABA levels and, in turn, treat anxiety, stress, depression, 
and sleep problems. 


The GABA system acts as something of an information filter to prevent the 
nerves from becoming over stimulated. It has long been suspected that this 
filtering process is compromised in many autistic children. Impairment of the 
GABA system could overwhelm the brain with sensory information, leading 
to many of the behavior traits associated with autism. GABA is also believed 
to play a key role in the early development of the brain."° 


GABA is also involved with the production of endorphins in our brain, which 
make us feel positive and upbeat. GABA can reduce stress, relieve anxiety,and 
increase alertness. GABA can be helpful for behavior, language, and possibly 
even seizures. 


GABA is used for control of seizure activity and works on the same receptors 
as the drug Keppra®. GABA is also useful for speech, helps facilitate language 
in nonverbal children, and improves language in children that are beginning to 
speak. 


If you are going to give GABA to your child, the max is 5,000 mg per day, 
divided into two doses, one in morning and one at night, always on an empty 
stomach. In the evening, GABA can be given 15 minutes after your last dose 
of Chlorine Dioxide, with your probiotic. | start at 250 mg two times a day, 
one in the morning and one at night. I then titrate up the dose daily or every 
other day if everything looks good. If you observe sleepiness or irritability it 
is a good idea to back down. 
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5-HTP (5-Hydroxytryptophan) 

S-HTP. also known as oxitriptan, is a naturally occurring amino acid. It is 
a chemical precursor to the neurotransmitters, serotonin and melatonin 
from tryptophan. 5-HTP works in the brain and central nervous system by 
increasing the production of the chemical serotonin. Serotonin can affect 
sleep, appetite, temperature, sexual behavior, and pain sensation. 


From Saving Eli: One Family’ Struggle - Vitamin Research Products website: 


While not clearly understood, researchers know that serotonin 
pathways are disturbed in autism, contributing to sleep disorders and 
mood. Tryptophan has been shown to help but has been banned by 
the FDA since 1989. We found that 5-HTP helped immensely, calming 
tantrums and increasing communication with our son.!! 


S-HTP is used between 50 mg and 200 mg, divided into two doses, morning 
and evening with food. | have seen it help children with autism for attention, 
focus, sleep, and cravings 


L-theanine 


Lttheanine or gamma-glutamylethylamide or 5-N-ethyl-glutamine, is an amino 
acid commonly found in tea. Theanine is able to cross the blood-brain barrier, 
and is reported to have positive effects on mood, stress, and cognition 


The following is excerpted from the L-Theanine website: 


Many people experience stress on a daily basis and are looking for 
natural and safe ways to manage it. For thousands of years, it has been 
suggested that drinking green tea will make one relaxed. Recently this 
relaxation effect was found to be true and works because of an amino 
acid called L-Theanine which is found in the tea. Clinical research 
will show that ingesting up to 200mg of L-Theanine will promote the 
creation of the very important “anti-stress” neurotransmitter in the 
brain called GABA or gamma-aminobutyric acid. This results in a 
relaxed, clear and alert mental state. 


‘When used in the correct amounts in supplemental form, L-Theanine 
may: 
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+ Reduce Stress 
+ Reduce Occasional, Simple Nervous Tension 
+ Promote Relaxation without Drowsiness 
+ Promote Mental Clarity and Focus 
+ Promote Positive Mood 
+ Promote Alertness 
+ Promote Learning and Memory 
+ Help Prevent Jitters Caused By Caffeine 


Ihave found that when we can reduce these symptoms in individuals with 
ASDs we can get an increase in speech, learning, focus, concentration, and 
attention, L-Theanine is given with GABA upon waking, and can also be given 
at bedtime if needed, always without food. You can work up to 200 or 250mg! 
day. 


Pycnogenol” 


Pycnogenol? (pic-noj-en-all) French maritime pine bark extract acts as a potent 
blend of antioxidants, itis a natural anti-inflammatory, stimulates generation of 
collagen and hyaluronic acid and help with natural dilation of blood vessels by 
supporting production of nitric oxide.” 


Pycnogenol” is not a supplement | tend to use very often, because it is an 
antioxidant, and therefore cannot be combined with chlorine dioxide. 
However, in some people it has proved necessary and helpful for speech and 
reduction of seizures. It should be given in the morning with food at a dose 
between 25 and 400 mg/day depending on need. Pycnogenol” may not be 
suitable for children who are sensitive to phenols. 


L-Carnosine 


L-Carnosine is a dipeptide of the amino acids beta-alanine and histidine. It is 
highly concentrated in muscle and brain tissues. 


L-Carnosine is believed to stimulate the frontal areas of the brain, resulting in 
overall improved levels of functioning. More and more research shows that 
the frontal lobes and temporal lobes in the brain control emotion, epileptic 
activity, cognitive, expressive speech, and abstract thinking. Studies have shown 
Carnosine to improve language, socialization, and overall level of functioning 
in individuals within the autism spectrum. It has also been shown in studies 
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to have anti-seizure properties without the side-effects of prescription anti- 
seizure medications. 


Research indicates it prevents the formation of the beta amyloid plaque that is 
found not only in neurological conditions such as Alzheimer's, Parkinson's and 
autism, but also in the eyes in degenerative eye conditions and in the pancreas 
in diabetes. It is a neuroprotectant, with a study indicating it reduced severity 
of damage in stroke patients."* 


Chez and coworkers found that after eight weeks on L-carnosine, children 
showed statistically significant improvements on the Gilliam Autism Rating 
Scale (GARS). They relate this to the likely ability of L-Carnosine to enhance 
neurological function, perhaps, in the enterorhinal or temporal cortex.!* This 
enhancement in neurological function has led to speech in many of the families 
that | have worked with. 


I have also seen L-Carnosine help reduce seizures in some children and 
increase language in others. It is given twice a day with breakfast and dinner 
at a dose of 200 to 400mg, 2 times a day. If you note hyperactivity, remove it. 


Taurine 
‘Taurine is an amino acid,a chemical that is a required building block of proteins. 


Taurine is found in large amounts in the brain, retina, heart, and in blood cells 
called platelets. It can be consumed through eating meat and fish. 


Autism and Low Taurine 


“Are You Dangerously Deficient in Taurine”* explores possible problems 
associated with a taurine deficiency. Among the problems noted in the article 
is autism and low taurine levels. In the article, Leonard Smith MD writes 
about the benefits of taurine, some of which can be of interest to people 
dealing with autism spectrum disorders: 

+ Brain and nervous system function 

+ Helps eliminate toxins 

+ Stabilizing the brain (can be effective in treating seizure disorders) 
Taurine, like all amino acids, must be given without food. The maximum dose 
is between 500 and 1,500 mg. 
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DMG 


DMG, or dimethylglycine, is an amino acid that can be found in many common 
food items like meats (especially liver), various grains, and beans. It has been 
classified as a type of amino acid that is closely linked to vitamin B. 


There have also been interesting developments in the use of a DMG 
supplement for children with autism. Because many children who have autism 
are unable to tolerate eye contact, and some have problems forming complete 
sentences and thoughts studies investigated whether an increase in DMG 
consumption could help to alleviate many of these problems. In fact, the 
study found that when children with autism were given supplemental DMG 
they appeared less frustrated and showed a marked increase in their speaking 
and cognitive abilities."” At present, this research remains novel and therefore 
further investigation is necessary to determine what the long-term effects of 
DMG supplementation might have on children on the spectrum. 


The following paragraphs were excerpted from Defeat Autism Now!"® 


Dimethylglycine (DMG) for Autism 


For over 20 years ARI has been hearing from parents who have tried 
DMG on their autistic children. In many cases remarkably good 
results have been seen, especially in enhancing speech. In some cases, 
drug-resistant seizures have been stopped by DMG. (See New England 
Journal of Medicine, 10-21-82, pgs 1081-82). 


There is an extensive research literature on the safety and health 
benefits of DMG. Many studies have shown that DMG enhances the 
effectiveness of the immune system, improves the physical and athletic 
performance of humans and other animals (e.g. race horses) and has, 
all in all,a very wide range of beneficial effects. It is very safe. I have 
seen no evidence of any toxic or significant adverse effects. 


Many parents have reported that, within a few days of starting DMG, 
the child's behavior improved noticeably, better eye contact was seen, 
frustration tolerance increased, the child's speech improved, or more 
interest and ability in speaking was observed, 


A full dose of DMG is 900 mg per day, taken without food upon waking, 
However, it is best to start at a lower dose and slowly work up to 900 mg 
over a week or so. If you see an increase of hyperactivity (which is rare), 
reduce the dose. If no improvement is seen within a month I would switch 
toTMG. 
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TMG -Trimethylglycine (Betaine Anhydrous) 


TMG (Betaine anhydrous} is a chemical that occurs naturally in the body, and 
can also be found in foods such as beets, spinach, cereals, seafood, and wine. 


How does it worl? 


A form of betaine called betaine anhydrous helps in the metabolism of 
homocysteine, a chemical involved in the normal function of many different 
parts of the body, including blood, bones, eyes, heart, nerves, and the brain, 
Betaine anhydrous prevents the buildup of homocysteine seen in people who 
have problems with its metabolism from birth.”” 


The following is excerpted from the Autism Canada Foundation.” Please visit 
their site... 
www.autism.org 


for full references contained within the text. 


The benefits of taking DMG or TMG range from behavioral changes, reduction 
of seizures, and decreased obsessive-compulsive behaviours to improved 
language. DMG and TMG have been reported from thousands of families to 
be quite beneficial to many individuals with autism. 


Research on humans and laboratory animals has shown that DMG and TMG 
enhance the effectiveness of the immune system. Some children and adults 
with autism have seizures, and there are published reports of decreases in 
seizure activity as a result of DMG. A double-blind placebo-controlled study 
by Drs. Shin-siung Jung, Bernard Rimland, and Stephen M. Edelson involving 84 
participants documented a significant decrease in behavioral problems. 


It should be noted that some kids tolerate DMG but not TMG. TMG is 
given upon waking without food, in a dose of 500mg. If DMG didn't yield 
improvements in language, then we switch to TMG. 


FAQ's 


There are times when I do see undigested food in my son's stools. 1 
am particularly concerned. He never complains of stomach pains. 
But I do see some at times, especially cashews. Should I bother with 
an enzyme? Or is it better without one. If so, which brand? 


| love enzymes. Kirkman has one with Isogest®, 851/180 is the number, 
and its broad spectrum. Also, Biofilm Defense” is great for dissolving the 
biofilm. A number of the parents online have used Ness” enzymes Gastric 
comfort formula #601 very successfully. 


254 


How should I administer THERALAC'? 


Chapter 9 


The best time to administer probiotics is at bedtime. Children's 
THERALAC® is a granular formula so you can sprinkle it on yogurt or 
mix it into a smoothie and still obtain the same benefits! So how do you 
take it? We recommend that you take a level 1/4 teaspoon and fold it 
into yogurt, applesauce, or food of a similar consistency and let it sit for 
a minute. This is to keep the granules as close together as possible, thus 
allowing our acid proof gel matrix to form around the product. Visit the 
THERALAC® website for more info: 


www.theralac.com/childrens-theralac.aspx 


‘Supplement Dosing Overview 


Empty Stomach (ES) 


& Night 


Supplement | Dose Time ofDay _| Empty Stomach Es 
Probiaics Tea Before Bed ES 
Omega ' With any meal 
Omega-6 1 Tbsp 13x /day We 
With any meal 

L-camtine | 250-1000mq/day | Wih.any me Wr 
Upt=2500mq | Upon waking 

GABA 2xiday & at bedtime ES 

Edd 30-200mg | Moming & Evening WF 
“Theanne | Workup to200- | Momings or 

balk 250mgiday Mornings & Nights ES 

cpogenay ) 25-409 a dayas = 

Pyenagenal | 240na2 Moming Wr 

200-4001 
Lecamosine | 220-4900 | oming & Evening WF 
Morning, Noon 
Taurine | 500-1500mg/day rane Es 
ONS S0oma/aay Moming es 
TMG s0oma/day Moming ES 
Enzymes 1 cap wimeals ‘Momning, Noon Wr 


Chapter 10 


Step 5 - Chelation 


Ss: let's say we're clipping along; full Diet, CD, Kalcker Parasite Protocol, 
‘and we've added in whatever supplements the child specifically needs and 


the child still has autism. Recovery is still not a reality.. yet! At this point, its 
time to look at chelation. 


Why use Chelation for Autism? 


Chelation became very popular in the world of autism about a decade ago, 


when things were heating up around the Thimerosal/Autism connection. 


Today, many of our children are still metal toxic. Metal challenges (testing that 


shows metals in urine) from any of the thousands of children whose families 


I have helped show the same thing—extremely high levels of mercury, lead, 


aluminum, as well as sometimes tin, cadmium, and other metals. 


These heavy metals can come from various sources such as: 


Coal burning power plants. According to the EPA, coal-fired 
power plants in the United States emit about 48 tons of 
mercury into the air every year, where more than half of this 
mercury falls within five miles of the plant itself, When it 
reaches the water, microorganisms consume it and convert it 
into a substance called methyl mercury. 

Drinking water 

Our food supply 

Cookware 

Deodorant 

Beauty products 

Dental amalgams 


Vaccines, etc. 


Heavy metals are known to accumulate in different parts of the body 
including organs, bones, joints, and the brain, etc. Metal toxicity can provoke 


DESOLDERING 


SMD REMOVAL WITH CHIP QUIK 


BEFORE YOU START 


ea rubbing alcohol pad to remove any residue from 
pads are clean 
and free of cuts or solder jumps before proceeding. 

ed component from 


e solder pads. Verify that the sold 


Desoldering, or removing a sol 


circuit board, Is typically trickier than soldering because 


you can easily damage the device, th 
surrounding ea 


smove the part Is the Chip Quik SMD Removal Kit, 


9m In the following 


For surface mount devices 


rep-by-step © 


cult beard, oF 


PLEASE READ through this example completely before 
attempting SND removal 
the device, be careful not to scratch or damage any of the 
‘surrounding eomponents o 


ran actual device, When removing 


ull up any PCB traces. 


i 

' 

i 

' 

i 
‘THREE PRIMARY FUNCTIONS OF FLUX i 
»» Cleans metal surtaces to assist the flow of filer metals (solder) | 
over hase metals (device pins). 1 
+» Assists with heat transfer from heat source (soldering iron) t 
to metal surtace (device pins). i 
» Helps in the removal of surface metal oxides (created by i 
onvgeninthearwenthemeta aches nigh tompectt).— | 
' 


1 The frst step is to assemble the syringe, 
which contains the no-ciean flux. Simply 
Insert the plunger into the syringe and 
push down to dispense the compound. 

The flux should be applied evenly across all 
the pins on the package you'l be remov 
Ing. Flux is a chemical compound used 
to.assistin the soldering or removal of 
lactronic components ar other metals.) 


2. Once the flu is evenly spread over the 
pins ofthe target device, the next stop is 
toapply the special Chip Quik allay to 

the device. This step is just ike soldering 
~2pply heat to the pins of the device and 
the alloy at the same time. The alloy has 

‘2 melting point of approximately 300°F, 
which is quite low. You shoulda't have to 
heat the alloy with the soldering iron for 
very long before it begins to melt. The 
‘molten alloy should flow around and under 


the device pins. Starting at one end of the 
device, simply heat and apply the alloy. 
Repeat for the ather side(s) ofthe device. 


‘3. Fluxwillhelp ensure a nice flow of the 
alloy onta the device pins. Make sure 

the alloy has come in contact with every 
single pin by gently moving the soldering 
iron around the edges ofthe device. Avoid 
touching nearby components on the PCB 
with the soldering an. 


4. Now that the alloy has been properly 
applied to al pins ofthe device, i's time to 
remave the device from the board. After 
‘making suee that the allay is till noten by 
reheating allof it with the soldering iron, 
ently side the camponent off the board 
You can use a small jeweler’ fat-tip 
screwdriver to help with the task. Ifthe 
device is stuck, reheat the alloy and wagele 


the part back and forth tohelp the alloy 
flow underneath the pads of the device 
‘and loosen the connections 


5. The final step in the desoldering process 
is to clean the circult board. This step 
is important because it will remove any 
Impurities left behind rom the Chip Quik 
kitand get you ready for the next step, 
First, use the soldering iron to remove 
‘any stray alloy eft on the device pads or 
‘anywhere else an the circuit board. Next 
apply a thin even layer of flux to all ofthe 
pads that the device was just soldered 
‘0. Use the included aleahol swab ar a 
flux-remover spray to remove the flux and 
clean the area, 


‘6. The desoldering process is now com 
plete. The surface-mount device has been 
Femoved and the circuit board cleaned, 


| | Faso. sip_sotePines Fines 3 
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inflammation, kill neurons, cause behavioral changes, affect the thyroid 
and other master glands, lower T-cell counts, and cause a myriad of other 
symptoms. Furthermore, new research shows that fluoride in drinking water 
makes the aluminum that we ingest more bio-available. As was reported in 
the journal Brain Research, the combination of aluminum and fluoride causes 
the same pathological changes in brain tissue found in Alzheimer’s patients.’ 


Many children with autism also have impaired methylation cycles. The result 
of this impairment is an inability of the body to rid itself of excess metals, 
thereby prolonging chronic illness. 


What exactly is methylation? 

Methylation reactions are those that involve the transfer of a methyl group 
from one compound to another. The methylation cycle is the name given to 
a biochemical pathway that contributes to a range of crucial bodily functions, 
including: 


+ Detoxification 

+ Immune funetion 

+ Maintaining DNA. 

+ Energy production 

+ Mood balancing 

+ Controlling inflammation 


Impairments or mutations on the methylation cycle can lead to problems with: 
+ ASD's 
+ Alzheimer’s 
+ Diabetes 
+ Allergies and Asthma 


An overload of toxins (including heavy metals), can contribute to the 
impairment of the methylation cycle, and if the methylation cycle is impaired 
the body is unable to detoxify as needed, therefore creating a Vicious catch 22. 


We need to help our children’s bodies rid themselves of their excess metals 
as part of the healing process. Dr: Usman has shown us that heavy metals are 
present in the biofilm, and Dr: Klinghardt has shown that removing mercury 
can be directly related to a reduction in chronic infections* 


Let's get those metals out! 
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What exactly is Chelation? 


Chelation is a process used to rid the body of heavy metals. It is described as 
a chemical process in which a substance (chelator) is used to bind molecules, 
such as metals or minerals, and hold them so that they can be removed from 
the body. 


Some of the most common chelators used in the world of autism at 


EDTA 


This is an amino acid that attracts lead, other heavy metals, and some minerals 
from the bloodstream and expels these toxic elements in the urine. EDTA 
works to remove excess lead from the body, but itis not specific to mercury 
or methyl mercury as are DMSA or DMPS. It can be taken orally, by rectal 
suppository, or IV. 


DMSA 


This is an FDA approved drug that can be used in children when lead toxicity 
is suspected, however it can also be effective at removing other heavy metals 
including mercury and arsenic. It can be taken orally, transdermally, or given 
as a suppository. 


DMPS 


DMPS is given to remove mercury from the body. It can be given IV, 
intramuscularly, subcutaneously, transdermally, or by suppository. 


Patrick has been prescribed all of these at different points of his life, and I can't 
say that | saw miraculous results during the time that I used them. However, 
some families have seen results, and this is something you may want to discuss 
with your doctor. After years of using chelators, and seeing other families 
use chelators, | have opted for a gentle approach. | like to use two products: 
bentonite clay baths and Bio-Chelat™. These products are strong enough to 
help the body rid itself of heavy metals, but have not been shown to stress the 
liver or provoke undesirable detox symptoms. 


Knowing now that metals are in the biofilm, I feel it is short sighted to focus 
solely on metals or heavy metals rather than all the pathogens in the biofilm. 


Bentonite Clay Baths 


Bentonite clay is sedimentary clay composed of weathered and aged volcanic 
ash, Bentonites are more widely known as healing clays used for detoxing, 
cleansing, and drawing out impurities. They are used in many everyday 
products such as toothpaste, antacids, and cosmetics. 
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Indigenous people have used bentonite clay for centuries; Dr. Weston A. Price 
in his book,"Nutrition and Physical Degeneration.” stated that when studying 
the diets of native tribes he examined their knapsacks. Among the tribes 
examined in the High Andes, in Central Africa and the Aborigines of Australia, 
Dr. Price reported that some knapsacks contained balls of volcanic ash clay, a 
little of which was dissolved in water. 


Bentonite is known as “swelling clay” When bentonite clay absorbs water 
and swells up, itis stretched like a sponge. Toxins are drawn into these spaces 
through electrical attraction and bound. In fact, according to the Canadian 
Journal of Microbiology, bentonite clay can reportedly absorb pathogenic 
viruses, as well as herbicides and pesticides. 


(One of my personal favorites has been Even Better Now®'s product available at: 


www.evenbetternow.com 


“EBN® Cleansing Clay is 100% pure sodium bentonite clay which 
has the highest cation exchange capacity (CEC of 98-107 meq/100g) 
of any bathing clay that we tested on the market. This clay is high 
purity air-classified sodium bentonite, selectively mined, consisting of 
micronized particles, which is a free-flowing powder. EBN® Cleansing 
Clay is 100% pure, hypoallergenic, and free of viruses, bacteria, yeast, 
and mold, as well as having a high cation exchange capacity.” 


There are other quality clays on the market, but EBN® tests every batch for 
heavy metals when it comes in. No, I do not receive financial gain from the 
company. 


Bio-Chelat™ 


Another product | really like for gentle (low and slow) chelation is Bio- 
Chelat™. This is a German product containing a minimal amount of EDTA, 
which is FDA approved as a food substance. According to a clinical trial 
carried out in Germany: 


The therapeutic value of the Bio-Chelat™ in the context of other 
chelators thatare currently on the markets seen as follows: Chelators 
work relatively fast, but they are also very strong with a relative high 
washout of important trace elements and a high degree of specific 
side effects. Bio-Chelat™ works much gentler than most common 
chelators. 
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Although during the treatment a significant decrease of the body's 
heavy metal ion load was seen, this is accomplished without greatly 
disturbing the mineral and trace element relationships. The reduction 
of zinc should be looked at with caution and may easily be corrected 
throughout the treatment! 


Ihave seen very positive changes in many of the children who added in either 
bentonite clay baths, Bio-Chelate™, or both. As with any other intervention, 
add them separately while closely observing your child. Keep a log to record 
any changes, progress, or reactions you observe. Even if you don't see anything 
right away, | would keep using the products for a minimum of three months. 
Again, since they work LOW and SLOW changes may not be apparent at the 
outset, but that doesn’t mean they are not helping to heal your child's body. 


use the CD baths every other day and then two times a week | do bentonite 
clay baths. | don't do the CD bath and the bentonite clay bath on the same 
day. | do them at opposite ends of the week. 


Three days or so later, we'll add in the Bio-Chelat™. Again, follow the 
instructions on the package, and you can always start low and work your way 
up. Since Bio-Chelat™ doesn't alter the CD, the drops can be added to a 
single dose of CD. In addition, since the drops have no flavor; it is suitable to 
add them to water or any other drink your child might consume throughout 
the day. 


Common Errors in Chelation: 


Urine analysis without provocation: 


Many families will do urine analysis to see if there are heavy metals present. If 
you have not done any chelation (oral or intravenous) you really don't get a 
good picture of what kinds of metals are actually in the body. Simply because 
the metals don't show up in urine, doesn’t mean they are not present in the 
bones, the intestinal tract, the brain, and organs, ete. If we don’t do any sort 
of provocation, we may end up with a false negative, leading a family to believe 
that their child is not metal toxic, when in fact they are. Bentonite clay baths 
and Bio-Chelat™ are gentle enough that they will not cause any harm to a 
child (metal toxic or no) but can greatly help reduce the heavy metal load, as 
well as other toxins in the body. 


260 Chapter 10 
Healing the gut before starting chelation: 


A doctor once told me that we had to heal the gut before we could start the 
chelation process. However, in the children that | have seen recover, probably 
up to the last month before they recover, their gut might still not yet be 
perfect. For example, one of the little girls that recovered continued to suffer 
from constipation at 30 days before she lost her autism diagnosis. However, 
at this stage something seemed to switch, she started having regular bowel 
movements and within 30 days she lost her diagnosis 


Basically we're healing the intestines as we're chelating, as we're healing 
everything else. They are all parts of the puzzle. | would never put chelation 
before the CD or parasite protocols. However, it's definitely something 
that’s part of our road when, after these other approaches, children have not 
yet recovered, At some point after we have the CD, ocean water, parasite 
protocol and some supplements is when we can add in chelators. It's not 
like I'm saying, “Oh we'll talk about that in a couple of year 
children recovered in less time. It’s like a marathon, we keep the pace, never 
lose our heads, or break into a sprint. 


" We want our 


Do not chelate with constipation: 


If the child suffers from constipation, it's really important that we start moving 
the intestines when we're using chelators. There are a few options open to us 
for moving the intestines. | have found that the most effective is through the 
use of CD enemas. If your child isn’t having a daily bowel movernent, | would 
do an enema once a day. If you absolutely can't do enemas, get that child in a 
CD bath. We're finding that 50 to 100 drops in a bathtub is allowing children 
who previously had constipation to have bowel movements. 


There are a few children/adults on the protocol that will not do enemas, or the 
parent will not. Whatever their situation may be, we have to get the bowels 
moving again. In this case, we do 50 to 100 drops in their bath water along 
with their max oral dose every day. The result has been that they're having 
regular bowel movements. That's one way we can move it along and then you 
can keep chelating. It’s really important to have a daily bowel movement with 
any kind of chelation because otherwise the toxins are simply reabsorbed 
through the intestinal wall, whether they're heavy metals or other pathogens. 
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IV chelation is not the only means by which to cure autis 


I think at one point between 2006-2008, we were all focused on the 
problem in the world of autism being the heavy metals, because there was 
mercury/Thimerosal in the vaccines. We had to get the mercury out of our 
children. Well, part of the problem is they're not detoxing. As mentioned 
before, methylation cycles are impaired in children on the spectrum. | met a 
young girl whose parents were both allopathic doctors and they really believed 
at that point, as most of us did, that heavy metals were the problem with 
autism. If we could get the heavy metals out then they would recover. The 
parents did 122 IV chelations and their child never improved. At this point | 
have lost touch with them, but these are things that we have to learn along 
the way. | know now that it is NOT just about chelation, and why metals are 
NOT the only important piece. All of the pieces play a role and likely interact 
to cause autism in our children, There is a symbiotic relationship between 
the viruses, bacteria, candida, and parasites that exist in the biofilm. Since CD 
can break down biofilm and kill the pathogens living in it,as well as neutralize 
heavy metals, it has been a very powerful tool for us. 


Doing a blood test to look for heavy metals: 


Generally speaking, within three days of heavy metals entering the bloodstream, 
the body will deposit the heavy metals into tissues, organs, and eventually 
bones. For this reason, a blood test is not the best place to look for heavy 
metals in children with autism. Unless the child has very recently been 
exposed to heavy metals, we are unlikely to see elevated levels of heavy metals 
through a blood analysis. 


The articles at the end of this book (Appendices 13 & 14) will provide further 
insight as to why chelation can be so important for our children on the 
spectrum. 


Chapter 11 


Step 6 - Hyperbarics 
by Bob Sands (Introduction by Dr. Beatrice Golomb) 


“What Oxygen is to the lungs, such is hope to the meaning of life.” 
~ Emil Brunner 


We were fortunate enough to have the amazing Bob Sands write this chapter 
on hyperbarics explaining its importance in healing ASD's 


Note: Throughout this section of the book, the author, Robert Lyne-Sands 
uses the actual names of the people with whom he came in contact with. In 
some instances it is with their permission, in others it is not. The accuracy of 
quotations, opinions expressed within this chapter, and the names used are 
solely the responsibility of Robert Lyne-Sands. Great care has been taken to 
remain within the bounds of current journalistic integrity and practice. 


Robert Lyne-Sands new book, OXYGEN: The First Medicine,Volume 1 CANCER, 
is expected to be released January 2014, 


Robert Lyne-Sands author of the Hyperbaric section of the book, 
with one of his young patients, getting ready for a session. 
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Robert Sands is one of only about five licensed manufacturers of hyperbaric axygen 
therapy (HBOT) machines in the US, with extensive experience in clinleal hyperbaric 
treatment, whose expertise willbe an exceptional asset to this project. He has designed 
and manufactured HBOT machines for the US, Australia, Britain, Thailand, and many 
father nations, for navalimiliary use, civilian diving use, and medical use. He has the 
theoretical understanding of HBOT therapy that derives from intimate invalvement in the 
process of designing and manufacturing these machines. He has the practical experience 
thae derives from running a set of HBOT centers, and personally overseeing greater than 
20,000 hours of HBOT sessions over 35 years. 
“= De Beatrice Golomb, MD, PhD. 
Professor of Medicine, UCSD 2011, 


Beatrice Alexandra Golomb, MD, PhD (Pl) is singularly qualified to lead this study. She has 
expertise in GW! including outhorship of four RAND reports related to GWI29-31, and work 
in the scientfic literature. She has been a member, since its inception, of the Department of 
Veterans Affrs Research Advisory Committee on Gulf War Veterans’ lnesses, and served as 
Scientific Directo ofthis Commitee. As a licensed internist, she i 0 primary are physician fora 
panel of ~280 veterans, including GWY, at the VA San Diego Healtheare Cente. 


ecently,| sought the answer to something that was puzzling me. My friend, 
Dr. Bernard Gunter, is a revered and renowned psychologist in his eighties 
and, if anyone would know the answer, Bernard would. 


“Does God, Great Spirit in the Sky,The Universe or whatever unseen deity you 
worship give you freedom for personal choices or is everything predestined?” 


Bernard's eyes twinkled. He was never in a hurry to answer a question. In my 
mind, Dr. Bernard Gunter is sort of the American version of the Dali Lama. 


He thought for a moment, selecting his words carefully, and then replied, 
“Funny you should ask that—just the other day I was talking with Eckhart 
Tolle and asked him that very same question. Tolle replied, ‘God allows you 
to think that you have free will and free choice—and you do, by and large. 
However the roadmap is laid out for you beforehand?” 


Just as | suspected. 


Dr. Bernard Rimland, Kerri Rivera, and the Hand of God. 


On January 20th, 2006, a tall, glamorous woman walked into my San Diego 
clinic; her name was Kerri Rivera, She had brought her small five-and-a-half- 
year-old son, Patrick all the way from Mexico for hyperbaric oxygen therapy. 
The little fellow was absolutely gorgeous, but had a vacant stare and made no 
eye contact with any adult, rarely even with his mother. Day after day Patrick 
spent time in the chamber. 
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Kerri explained to me that Patrick developed normally for almost the first two 
years of his life. Then, to comply with vaccine regulations, Patrick received the 
DPT, HepB, and Influenza B (Pentavalente) vaccines in one day. Patrick fell into 
a complete zombie-like state after the injections. By the time Kerri arrived in 
San Diego, she had already done her homework. She blamed the vaccinations 
and had already undertaken the task of healing her son. 


After her own experience with autism, Kerri wanted to help people and she 
was already doing the DAN! Protocol, etc.,as Dr. Rimland has done so much 
for the children and she had a lot of respect and admiration for him and his 
work. 


(One day, | walked into the clinic and told her,"We're having lunch with Bernie 
tomorrow. Get a babysitter” At that point, totally shocked, she said,"Oh my 
God, yes, but I don’t have anything to wear!” 


“Trust me, what you have on would be just fine.” A flustered Kerri rushed 
off to purchase some dressy clothes—she was, after all, a woman originally 
from Chicago. The very next day, we were sitting with Bernie and his wife 
Gloria in a quaint little restaurant, The Green Tomato. If the reader wishes to 
see that day, just go to your computer and look up Bernie on Wikipedia and 
there you will see Kerri in her black business suit (http://en.wikipedia.org! 
wiki/Bernard_Rimland). 


Over lunch, Bernie and Kerri bonded immediately. None of us at the table 
realized that Bernie was suffering from cancer and had less than a year to live. 
Driving the short distance back to my clinic | made the observation to Kerri 
that | suspected she was about to become a scientist, and no longer just a 
trophy wife. “Be careful,” I warned her,"Bernie Rimland's mantle will be heavy 
on your shoulders.” 


Kerri turned her face toward me and said,“ will carry that mantle willingly 
and with honor." 


After a few days, Bernie told me that he thought Kerri had what it takes 
to carry the torch and help families heal their children with autism. 
| saw a lot of Bernie in the next nine months. He would come down to the 
clinic for regular hyperbaric treatments because it eased the pain of his cancer. 
Just before his death, he told me,"I will not die before I have found the reason 
for and defeated autism.” But die he did on November 21, 2006, at the age 
of 78. 


Building Your Own 
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As | drove to Bernie's grave, | anticipated many, many people lining the way 
with some hundreds even thousands thronging the memorial park, similar 
to Giuseppe Verdi's funeral, in 1901, where 200,000 people gathered. At his 
graveside, the thousands of mourners spontaneously burst into the “Slaves 
Chorus” from his Opera, Nabucco. 


| was stunned upon arriving. Probably less than thirty or so weeping caregivers 
of children with autism were present at the burial, along with Gloria and 
Bernie's three children, WHERE WERE ALL THE PEOPLE, THE MOTHERS 
AND FATHERS, THE RESEARCHERS AND SCIENTISTS? | asked myself. It 
was my first Jewish funeral and | think that the booming sound of the shovel 
{ull of earth that | threw down onto his plain casket made me look heavenward 
and ask,"God, where are you now?” 


| drove home, eyes unfocused with tears, and stone eggs of the birds of 
unhappiness in my heart, stopping only to purchase two fine bottles of wine 
to toast Bernie. | knew one would not be enough. Arriving at my house, | 
found the fine crystal goblet my Mom had left me, filled it, and played Neil 
Diamond's, Morningside over and over, with each playing, another glass, held 
high to Bernie. 


Momingside 
The old man died 
And no one eried 

They simply tured away 


And when he died 
Ho lot a table made of nails and pride 
‘Ad with his hands, 

He carved these words inside 
‘For my children’ 


Moming light 
Morning bright 
1 spent the night 
With dreams that make you weep 
Morning timo 
Wash anay the sadness 
From these yas of mine 
For | recall the words an old man signed 
‘For my children’ 


‘And the logs were shaped with his hands 
‘And the top made of oaken wood 
And the children 
That sat around this great table 
Tauchod it with ther laughter 
‘Ah, and that was good 
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‘Momingside 
‘An old man died 
And no one cried 
‘Ho surly died alone 
‘And truth i sad 
For nat a chilé would ela the gift he had 
The words he carved became his epitaph 
‘For my children’ 


In fact, as | sit here writing this, | play Diamond's melody and listening to the 
words makes my heart swell and my eyes become damp. 


The morning after Bernie’s funeral, hung-over and miserable, | pondered: Did 
my beloved friend Bernie die feeling that he failed? | now doubt it for he had 
passed his mantle to carry on his search for the cure without fear, without the 
need for accolades and rewards and to do so with integrity. | did not know it, 
but before his passing, Bernie and Kerri had been in communication. Bernie 
had given her permission to translate his Defeat Autism Now! Protocol into 
Spanish, Kerr's other language, as well as other tasks. 


In review, | now see God's Hand at work—and it started one afternoon 
at the Green Tomato. Thus, my question to my friend on free will versus 
predestination right at the start of my notes on this section. 


Brain overload and frozen fingers. 


At the time, when Kerri asked me to write this section of her book about 
hyperbaric oxygen therapy and the treatment of challenged children, my mind 
went into overload. Why? Kerri was (in my view and that of others) the 
most efficient and effective health scientist with a high normalization rate of 
challenged children (autism, etc.). With her own hospital-quality hyperbaric 
oxygen center, Kerri had first-hand knowledge that to normalize such an 
afflicted person required a lot more than some trips in a oxygen chamber or 
some Silver Bullet response from a pharmaceutical company. 


My brain whistled like an express train rushing through a tunnel. 
I thought of the dozens of children that hyperbaric oxygen therapy has helped 
at my different centers. Some of the little guys were so badly damaged they 
would repeatedly punch at their own head, or chewed on their own wrists. 
I'm thinking of Marco as | write this. Ten years later, he still punches. A clearly 
defined casualty of a hotshot thimerosal vaccination, normal until three, his 
parents Won a multimillion-dollar lawsuit against Big PHARMA. There has 
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been some progress over the years; but it will be a matter of unrelenting 
attention to Marco. 


| remember another little guy; a handsome, articulate smiling boy of about 
12 years of age named Chase. Meeting him and his parents, you would never 
know he had autism or ADHD. Chase was a “runner."When his treatment in 
the chamber was over, he would promptly disappear out of the clinic doors. 
Eventually, Chase would be carted back down by one of the upstairs nurses 
“Chase” by name and chased by nature. 


After one such session in the chamber, he rocketed out and into the restroom 
of the clinic. I was sitting at the controls when he came back. Chase climbed 
up onto my knee and said,"I love you Bob;” and he rubbed his hands across 
my face. From the terrible odor | knew in an instant what was all over my face 
and my lips. Chase had used his hands instead of toilet paper and bypassed 
the washbasin on the way out. 


“Oh goodness,” came from his horrified mother. “He got you. | am so sorry. 
It is one of his favorite jokes.” 


“Not to worry,” | said,"! have eaten and tasted this in a variety of forms most 
my life.” So, whenever I hear somebody say, “Sands is not a Doctor so he 
doesn’t know s—t from Shinola," | think of Chase. 


Normalizing kids is so rewarding, 
but you have to take a chance on s**t. 


My fingers were not ready for the keyboard as | tried to wade through dozens 
of experiences with these children, my own personal experiences, and finally 
adding input from experts in the field of pediatric abnormalities. (Many of 
these experts became my close, personal friends as the years went by.) 


For any parent or caregiver to delve into all of the opinions and conclusions of 
the so-called experts, itis a bewildering journey through a lot of contradictory 
and self-serving educated guesses and erroneous assumptions. To arrive 
at something that the reader will identify with, and believe in, | have to go 
way back. After 70 years on the face of this planet, | have reached certain 
conclusions about the treatment of children that enables me to write this 
section. Mind you, I'm not stuck in my ways and | am open to change my 
thoughts and conclusions as the science improves on treating children with 
autism, 
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Little Patrick Rivera, Little Bobby Sands 
Something in Common? 


Here is something that | doubt my adult children even know about. In 1947, 
polio was raging throughout Australia. | was seven years of age and had 
developed a sore throat and fever. My father, a wealthy man, called the very 
best doctor to my bedside—yes physicians did make house calls in those 
days. I can even remember the doctor's name, Dr. Bradfield. His father had 
been the engineer that designed the Sydney Harbor Bridge. My dad, with all 
of his money drew a lot of water in those days and could get almost anything 
he wanted. Bradfield came in and examined me briefly; after all he had other 
house calls that night. 


Bradfield told my Mom and Dad that he did not think | had polio, but 
perhaps diphtheria and that I should spend time in isolation in the infectious 
disease hospital overlooking Botany Bay, “just in case” The next morning 
an ambulance came and, in spite of my fear, pleading, misery, and tears they 
carted me away, The three-hour journey became a six-hour journey. The 
ambulance broke down outside the Sydney airport. | remember looking 
out of the rain spattered window and seeing the aircraft clearly visible over 
the fence. We sat on the side of the road for almost two hours before the 
replacement ambulance came to transport me, and my journey continued to a 
huge colonial building complex, built by convicts and perched on rolling, green 
lawns that looked down onto the Pacific. The complex was known as, The 
Coast Infectious Disease Hospital, which later became Prince Henry Hospital. 
I was terrified and clutched my teddy bear, Threadbare, under the blankets. 
Threadbare became my only friend for the next four months, and a glimpse of 
airplanes over the fence became an enduring memory of the trip. 


My parents were already there and had obviously filled out all of paperwork. 
Inever got to say goodbye to them since it was an infectious disease hospital. 
As they walked past a big hopper window, they paused momentarily and Mum 
waved through the window. | saw them maybe three times in the next four 
months when the nurses wheeled my bed up against the window that looked 
ut into the hall. They would tap on the glass and smile at me but because 
my father was quickly bored, after about five minutes they would wave and be 
gone for another couple of weeks. It was a long way for them to travel. 


The night of my arrival, team of doctors and nurses arrived and they rolled 
me onto my side. Full syringes lay on a tray;in those days they were glass with 
little thumb and finger holes on each side and each needle was reused and 
supposedly resharpened before their next use. This meant that the needles 
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were thick and long. One-by-one these needles were inserted into my upper 
thigh on the left-hand side. The pain was agonizing and I'm sure I screamed 
and screamed. | remember at least three nurses holding me down. At seven, | 
was just a little fellow. There had to be at least 20 of these very large syringes. 
Checking the history books, believe that they were mostly penicillin and sulfa 
drugs. | might add, it was already known to Doctor Bradfield that | was highly 
allergic to sulfa and remained so for my entire life. 


The next morning, when | awoke, | found that | was paralyzed from the feet 
up to just under my arms. Threadbare was my only friend for the next four 
months. The days all blurred together. One thing | do remember vividly is 
that | used to deliberately wet the bed. | did so only when a lovely red-haired 
nurse with a band of freckles across her nose was on duty. This nurse was 
kind and gentle, probably in her twenties. After she had changed the sheets, 
she would stroke my cheek and tell me that everything was going to be okay 
and not to worry about wetting the bed. The other older nurses scolded any 
of the other pediatric patients if they had an accident. At some point later, 
my gentle nurse told me that | really did not need to wet the bed to get her 
attention. | soon stopped and | still got a cuddle from her. Such a display of 
care and affection was unknown to me from my parents back at home. 


After that stay in the hospital, | was never the same. | know that there was 
constant discussion amongst my family members that | should be placed in 
some sort of an institution because my behavior was“contrary and stubborn’ 
| was either talking my head off, trying to make my family love me, or distant, 
and as such, | was said to be “uncooperative.” Soon after; | was placed in a 
Hogwarts-style boarding school. 


Could that childhood experience have made me what lam today, forever alone, 
but rarely lonely? As the years ticked by, to my surprise (and I think everybody 
else's), the school counselors found that | had a genius IQ. Amongst the 1,200 
boys, | was second from the top. 


After seventeen years of treating so-called challenged children, I have yet to 
find one that was not as smart as a whip in something, 


| managed to burn every social bridge at the boarding school, thrown out 
of every special social club at Newington. On Saturday afternoon, after 
mandatory sports such as Cricket or Rugby, the other boarders would get 
to do things they wanted like billiards, photography, or gardening (these were 
clubs that you had to apply for and join). However, | had been expelled from 
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each of them so | wandered alone each Saturday afternoon and finally picked 
the lock on a large room-sized cage full of Sulfur-Crested Cockatoos and 
other Australian parrots. | would sit alone with them and be jeered at by the 
boys in the garden club that were planting and weeding. Within weeks, these 
birds would happily climb all over me, enjoying my company. The birds loved 
me, but the boys and masters did not. To me, it was a two-way street. Animals 
made better friends than people. Eventually some of the other boys would 
come and beg to be allowed to accompany me into the cage so they too could 
have that same privilege. 


Do not get the wrong impression of my beloved Newington College 
in Sydney Australia; even today | dream of the sanctuary of that place. 
It was better than what | had with my family back home. 


The really curious thing is that my mind had blotted my hospital stay out, or 
had hidden it in some black cabinet in my brain where the really bad things 
are kept to allow me to get on with the reality of NOW. | remembered the 
illness and isolation only when Kerri asked me to write this. The details have 
returned with clarity: the old iron beds, the smiling face and freckles of my 
favorite nurse, being cold at night, the colors on the wall, the distant sight of 
the ocean through a window on the other side of the big ward, the frame of 
the window so far away that it looked like a painting hanging there. If | close 
my eyes as | write I can see it now. 


I now ask myself,"Is this the way children with autism feel?” 


I don’t know. What I do know is that my old friend and confidant, teddy bear, 
is sitting on the desk as | write this. | reach out to rub Threadbare’s head and 
a great calmness washes over me. The little fellow is 64-years-old now and 
there is a great competition amongst my adult children to see who gets him 
after I die. 


Botched diagnosis 
The incorrect pharmaceutical response. 


With almost 40 years of working in medicine behind me, and now in my 
retirement, | do know that neither diphtheria nor polio were the problem. 
The suffocating “Bull Neck” or the “Strangling Angel of Children,” diphtheria, 
had not happened to me, nor did the withered limbs of poliomyelitis set in 
after paralysis, 
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Simply put, Dr. Bradfield cocked it all up in a big way by guessing, not taking 
enough time and arriving at the wrong medical response on his visit. The 
relentless attack on me with sulfa drugs caused paralysis, which was probably 
what is commonly known today as Guillain-Barré Syndrome, a disorder 
affecting the peripheral nervous system. Ascending paralysis, weakness 
beginning in the feet and hands and migrating towards the trunk, is the most 
typical symptom; the disease is usually triggered by an infection. 


It sure sounds similar to what happened to little Patrick, and probably to the 
reader's challenged child as well. 


Migrating to America in 1990 with my tribe of offspring. 


| arrived in the United States over twenty years ago. If the reader is interested 
enough, a quick look at a funny but classy “roast” presentation is on YouTube. 
You can find it by searching “Robert Lyne-Sands” on YouTube. 


After completing the United States Navy transportable chamber development 
project, arrived in swank, Pacific Palisades, on the outskirts of Los Angeles; 
living amongst all of the Hollywood greats. | was going nuts with boredom 
and became the “Bob Clampett” of the area; jogging down the leafy streets 
| always said Gudday to any celebrity. | rarely remembered their names but 
knew their faces. They never replied on the first go past, but then I would jog 
backwards, keeping pace with them (big stars like Madonna always ran with 
a group of minders) and | would yell out “I said Gudday. My goodness, your 
‘manners are appalling” | might add, it was not just me; they never ever nodded 
to each other when their paths crossed either. 


Around this time, | opened the very first freestanding hyperbaric oxygen 
therapy center. It was more or less hidden away in Santa Monica on 6th 
Street. Tucked away in what used to be an old motel, you could almost refer 
to it as a “speakeasy” center, akin to something from the days of prohibition, 
where you had to knock on the door three times before being let in. I would 
only treat people who had been referred by another patient. Most of these 
people were from the entertainment industry in Hollywood, many with the 
HIV virus, and lots of folks with chronic fatigue syndrome. 


The kiss of death in Hollywood is to be known to be ill. Hyperbaric oxygen 
therapy works so well that the word soon got around, and | was inundated 
with patients, some famous and well-known, and others just hardworking folk 
in the movie industry. Thus, | ended up being known for some years as "Mr. 
Oxygen,” and because of the remarkable effects of HBOT, | befriended many 
of these celebrities, who subsequently invited me as their guest to many of 
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the big Hollywood functions (the only one that I missed was the Academy 
Awards). 


One of the first of these talented people that became my close friend was 
Harold Michelson. Harold was an award-winning art director working out 
of DreamWorks. He was suffering the aftermath of a mild stroke. His wife 
Lillian had told me that her Harold loved crossword puzzles, but since his 
stroke he would put the across answer in the down column. This caused him 
immense frustration since his answer was usually correct, just in the wrong 
place. Five treatments in the little chamber were all it took for Harold to get 
his verticals and horizontals in the right place. The big thing that he noticed 
was that his blood pressure stabilized, his lung problems normalized, and he 
needed less medication for his diabetes. 


Harold still stood well over 6-feet-tall, hough stooped with old age. We hit 
it off immediately because Harold had a quick wit and loved a good laugh. 
The stories and banter between us were constant, Harold was extremely 
talented yet self-effacing. He really was a hero in the truest sense of the word. 
As young man, he made over 40 flights across the English Channel to bomb 
Germany. As navigator, Harold sat in the nosecone of the B-17 and either 
froze with the cold on the trip or froze with fear when making the lower-level 
bombing run. “Bob, | was so frightened of the flak from the antiaircraft fire 
from the Germans on the ground. As the puffs of smoke would erupt around 
the front of the aircraft, shrapnel would pierce plexi-glass windows in front of 
me. | would hold the navigational map in front of me and try to believe that 
the thin paper would stop the lethal fragments.” 


The first challenged child to be 
treated in a hyperbaric chamber—Emily. 


I need to jump forward in time for a moment before getting back to Harold 
Michelson and his wife, Lillian. 1 went back into production of hyperbaric 
chambers after | realized the great need for hospital-grade dispensing of 
oxygen to the public. There were no rules preventing me from doing this even 
though I'm not a physician. All my patients needed was a prescription from a 
registered physician; that was the easy part. My first center was in San Diego. 


In the first few months of patient treatments we received a call from a father 
in Canada, His daughter, Emily, had cerebral palsy. The father had read that 
hyperbaric oxygen therapy would perhaps help his litte girl normalize, and so 
when he asked me what | thought I gave him my usual answer, "I do not know, 
Jam not a physician.” And then | added,"! would hate for you to waste your 
money on a trip from Canada to San Diego if it doesn’t work” 
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The father replied,"I have two choices. | can go to England where there is 
snow on the ground or I can come to San Diego. It is an easy choice to make.” 


So father and daughter duly arrived. Emily was the most delightful child. 
When she walked through the door she had a crash helmet on, knee guards, 
and wrist-guards to prevent serious injury when she would crash, face first, 
into the floor. We learned a lot in the first ten days of treating Emily. One of 
the first things was the fact that fathers can never properly do a good job on 
their daughter's hair. | felt for the father since Emily had lots and lots of hair 
and was never still for a moment (I have a few daughters myself). Emily would 
arrive looking like a rag doll; her little blonde head would have pins, bits of 
string and ribbon through it. So the very first task of our nurses would be to 
grab Emily (usually tearing around the clinic), and comb her hair out to make 
her more presentable. 


Now, the really big thing that we noticed was that on day ten she arrived at 
the clinic without any of her body armor. Yes, she still “toe-walked” because 
her heels did not touch the floor. To compensate, she would park her little 
fists against her chest, push her elbows out to keep a center of gravity, and 
rush around the clinic. On day 1 father and daughter spent five hours at the 
San Diego Zoo without the usual body protection. Emily never lost balance 
or tumbled even once. Follow-up visits over the last 17 years find that Emily 
is living a normal life. Yes, she still has some walking problems, but never 
needed to undergo the mutilating surgery that was recommended to her by 
her Canadian doctors. During 20 days of hyperbaric oxygen treatments in San 
Diego, something had changed in Emily's brain, 


Likely the most important introduction in my life... 
The Great-Spirit-in-the Sky's (God’s) hand at work. 


Listening to the improvements that little Emily had made, Harold Michelson 
was both enchanted and excited. 


“Did you know that Lillian and | have an autistic son? We need to introduce 
you to a couple of people in San Diego. Dr. Eric Courchesne, who runs the 
autism research center for the University of San Diego, known as the Autism 
Center of Excellence or ACE.” 


Lillian chimed in and said,"I really must call them about you. Eric is a gem and 
his wife Rachel is also a research doctor. They work side-by-side and will be 
so helpful.” 
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With Emily's positive results, and more children making gains at the center, | 
called the Courchesne couple at the ACE and offered to provide them with 
the use of a $150,000 hospital-grade hyperbaric chamber for one full year. 
There was no response to my offer. 


While you may imagine that the UCSD-ACE Research Center is located in 
some lofty center of learning, itis in fact to be found in a delightful millionaire’s 
village known as La Jolla in Southern California, a block or so from the Pacific 
Ocean. On the top floor of a three-story building, an elegant balcony ran 
across the front of the building, while red and white umbrellas and tables make 
it look more like a posh restaurant than a research center. 


I waited about a month and called again and repeated my offer of a hyperbaric 
chamber, operated by trained technicians for a year, or whatever time it took 
to make a decision on efficacy, at zero cost to the ACE. About an hour after 
making the second call, my secretary told me that a Dr. Rachel Courchesne 
was on the line and needed to speak to me on an urgent matter. | picked up 
the telephone, anticipating a good conversation but this is the way that it went, 
all one-way at me. Dr. Rachel was in fine fury and, looking back, the only way 
| could have put a word into that conversation would have been to fold the 
word flat and slip it into the tirade, sideways. She told me that it was amateurs 
such as myself that muddied the scientific waters of autism research and that, 
essentially, should crawl back into whatever hole I came out of. 


She made it clear to me that the mission of the ACE was to perform research 
to find a cure with pharmaceuticals. In fact, the ACE receives funding from 
drug companies, and that | should not bother them again. | was taken aback, 
to say the least. 


A decade later, Dr. Eric is apparently doing fine work. For example, in his 
recent research, quoted widely in the media, he has found that the frontal 
lobes of an autistic child's brain is abnormally large. This is an observation, 
perhaps useful in the future, but only time will tell. But does it matter to you 
the reader whether this is so? Maybe yes, maybe no, so let's hold off on that 
sort of thing until we get into the scientific part of the book. 


Let's get back to Dr: Rachel's harangue of me. In my mind, there is no doubt 
about the fact that for her,at least, it was all about the money and the potential 
for a patented silver bullet for Big PHARMA. If successful, a drug company 
could charge you a huge amount of money to heal your child with autism, At 
worst, there would be the ability to raise more money for research despite 
scant evidence of clinical results on children. 


For your convenience Apress has placed some of the front 
matter material after the index. Please use the Bookmarks 
and Contents at a Glance links to access them. 
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‘An example of this ability to raise money on a potential medical marketplace is 
the fact that in the year 2012, the National Institute of Health (NIH) allocated 
$100 million over a five-year period to a bunch of ACE research across the 
United States. So much for Lillian's glowing endorsement of Dr. Rachel. 


However, the Michelson’s other introduction proved to be a link in the chain, 


Autism research with integrity—Dr. Bernie Rimland. 


“A dear friend of ours, Dr. Bernard Rimland, also has a research center in 
San Diego which he calls Defeat Autism Now!, or DAN! for short. Bernie's 
son, Marc, is a true autistic savant. The movie with Dustin Hoffman and Tom 
Cruise, Rain Man, was modeled around Bernie and Gloria's son. Bernie was 
the technical advisor for the film. You must meet Bernie.” 


Lillian was especially grateful and fond of Bernie and his wife, Gloria. Back 
in the early 1950s, autistic children were attributed to cold, hard, heartless 
mothers. Many psychologists and psychiatrists agreed with the "Emotional 
frigidity” hypothesis, which suggested that the mothers were the cause of what 
‘we now know as autism. A lot of children in the United States were taken by 
force from their parents, and placed in isolated institutions to “protect” them 
from their parents. Bernie Rimland alone stood against this hypothesis; after 
all Bernie did have degrees in psychology, including a PhD. In fact, it was Bernie 
that took away the shame, the blame,and the guilt of many loving parents who 
were bullied into believing labels put upon them by the so-called “learned.” 


Driving forces behind autism research centers. 


Unlike the La Jolla location for the ACE, Bernie's Autism Research Institute 
(ARI) was about five minutes drive from my San Diego hyperbaric oxygen 
dispensary; two minutes of freeway, quick turn into Adams Avenue, and I had 
arrived. Again with an erroneous assumption, | had thought that Bernie’s ARI 
would be similar to the ACE La Jolla location. In fact, | drove past Bernie's 
place three times before | found it. An unassuming, clay-colored, converted 
storefront, with a little sign on the front door that said, “Autism Research 
Institute.” | knocked on the door and walked in. Instantly, the smell of 
antiquity and old books overwhelmed me and beguiled me, ike something out 
of a Harry Potter movie. Stacks of papers were high on the floor almost in 
a willy-nilly fashion. A gentleman dressed in a checkered shirt came towards 
me. “Bob Sands? The Michelson's said to expect you.” He peered over his 
glasses and gray whiskers at me. In that one glance, we created a bond of 
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friendship that lasted for more than a decade. At least once or twice a month 
we would lunch together along with his wife, Gloria; always two blocks from 
his Center,at the Bleu Boheme, Bernie and Gloria would carefully examine the 
menu and then they would both look out and recommend,"Let's all order the 
fried green tomatoes.” 


Bernie was interested in clinical results. He would turn over any stone that 
would perhaps unlock the mystery of autism, When I first met Bernie, I in 
850 children born in the United States was afflicted with this mysterious 
and terrifying disorder. As | write, autism spectrum disorders have spiked 
to | child in every 88. So when the phone rang at the ARI, Bernie would 
often answer it and ask many questions, if the person believed that they had 
found a cure or a clue. He never discarded anything, in stark contrast to my 
encounter with Dr. Rachel at the ACE in La Jolla. | once listened in when he 
spoke with a lady who believed that you could cure autism by filling crystal 
glasses to different levels and rubbing your fingers around the edges to create 
pure tones. 


Bernie put the telephone down and said to me, ‘It could be worth looking 
into. Music does create new neuronal wiring in small children, for example, 
or a mother singing to a child.” | had already mentioned to him that when a 
child with autism was in the chamber, if you played unfamiliar sounds such as 
whale songs, or bagpipes, the unresponsive child would often brighten up and 
look around. 


“Maybe new neuronal connections are being established,” Bernie pondered as 
he rubbed his whiskers. 


In those days, | worked on weekends. If | wanted to chat with Bernie, Sunday 
was the best day. No staff to answer the telephone, so he always did. | once 
asked him whether he took a day off and his response was succinct: 


“When autism takes a day off so will I” 


Bernie, a $2.6 million donation and his ARI. 


Now, here is the most interesting of Bernie Rimland’s driving forces—to me 
at least. It was not about dollars or ego, not in the slightest. 


‘At that time, | was also friends with another Bernie, the renowned 
anthropologist, Dr. Bernard Aginsky. To avoid confusion between the two 
Bernie's | will refer to him as Dr.Aginsky. He was in his late 90s at the time,as 
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rich as Croesus. For many years, he had leased the penthouse of the La Jolla 
Shores Hotel, right on the beach of one of the most desired parts of Southern 
California, Again, like most of my friends, Dr. Aginsky was a humble man and 
thought nothing of his wealth other than as a means of accomplishment. Out 
of the blue, one day in my office, Dr. Aginsky looked at me thoughtfully and 
then asked," have $2.6 million and I want to give it to somebody that would 
make a difference. Can | give it to you?” 


immediately thought of Bernie and the children with autism and the nonprofit, 
status of the Autistic Research Institute. “Hold that thought Dr-Aginsky. | will 
give you an answer in a couple of days.” 


A couple of days later, Bernie and | were traveling to take part in a medical 
internal review board. | was wearing a shirt with French cuffs and a silk tie 
Bernie had on his usual checkered shirt, He confided in me once that he had 
to make a choice between wearing a tie or trimming his Santa Claus-gray 
beard. The beard always won. Wondering about his shirts, | respectfully asked 
him whether he ever received a salary from his ARI 


“Good gracious. | could never pay myself a salary from ARI funds and 
donations. You must remember that | am on a full Navy pension so it would 
be wrong to double dip”” 

After the meeting, as we traveled back along the |-405 to San Diego, broached 
the subject of Dr: Aginski’s offer of a $2.6 million donation for the Autism 
Research Institute. Bernie looked out the window for a few moments and 
fiddled with his beard, | could see he was calculating in his head, He turned 
to me and said,""We have so much money in the ARI at this time, donations 
and such, that | think that amount of money could be used elsewhere. Find 
another recipient” 

Dr. Bernard Aginsky, a widower, passed away in January 2000. | have no idea 
where his donation ended up. I do know whether Bernie Rimland ever had 
a second thought about not taking that money. He never mentioned our 
conversation again. 


DAN! changing to parallel other autism research. 

Research casts money. Bernie usedhis resources wisely and was notinterested 
in empire-building. He just wanted to find the cause and the answers. Bernie 
cured kids. 

On the anniversary of his death, went to his Kensington ARI center. | had two 
bottles of good wine, a bunch of wine glasses, and a whole lot of chocolates. 
| walked in and was astonished. The whole tenor and tone of the place had 
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changed. The clutter was gone. Bookshelves were neat and organized. The 
smell of scholarly interest in documents and old books had evaporated. It 
was as if the ghost of Dr. Bernard Rimland seemed to have moved to another 
place completely. The staff were delighted to see me, and happily munched 
on the yummy chocolates that I had brought for them. | commented on the 
neatness and the vast changes that | observed. One of the staff shrugged her 
shoulders, grimaced, and said, 

“You have no idea just what changes have taken place, and what is about to 
happen.” 

‘An example of the transformation in attitude is exemplified by an offer for 
inflatable, aka soft-sided, chambers for DAN! while Bernie was still alive. One 
day, he called me up and explained to me that a group was coming to do a 
presentation on these soft chambers, and suggested that | plant one of my 
staff at the ARI to listen to the blurb from the manufacturer, Oxyheal. My 
secretary, Crystal was waiting amongst Bernie's staff to greet the technicians, 
doctors, and such that accompanied the owner of the company. They arrived 
at the ARI, set up the inflatable chamber, and gave their sales pitch, extolling 
the virtues of hyperbarics at low pressure and at a low cost. 

Crystal reported back to me that Bernie looked dour during the presentation 
and asked,“What would happen to this with a razor blade?” Bernie and | 
discussed the concept of inflatable chambers the next time he was at my 
center,after he had finished his treatment in a chamber. He was not convinced 
about the soft-sided chambers. 


“I worried that the scientific data that they quoted was all from hospital quality 
chambers, I think you are correct Bob, the physics do not hold up. I could not 
recommend this device to parents for their children.” 


The “discovery” (observation) of God’s gunpowder + Bernie 
Rimland and Kerri Rivera. 


Throughout history, air was taken for granted. You just breathed in and out 
and there it was; bugs and birds flew in it, mostly useful to keep your floors 
and ceilings apart. Even in this day and age, many folks think of it in the same 
way. 

Let's revisit what is now called the Age of Enlightenment, the 17th and 18th 
Centuries. About 1774, the kindly and soft spoken clergyman/scientist Joseph 
Priestly and his close friend Benjamin Franklin. They spent time drinking coffee 
together once a week in a London coffee house along with other scientists 
Together they realized that air was actually a mixture of gases, but mostly 
nitrogen and oxygen. Priestly and Franklin could kill a mouse in a glass jar 
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in less than five minutes by depriving it of one of those gasses. Put the poor 
little mouse in a glass jar with a lit candle (which consumed the oxygen) and 
the flame of life in the mouse departed by about the time the candle went out. 
Using precise scales, Joseph Priestly and the French chemist Antoine Lavoisier, 
gave oxygen its name. It could be weighed on a scale just like you would 
weigh out a cup of rice. Each unseen gas has a weight. Baros is the Greek 
word for weight, Words that we are familiar with come from this: barometer, 
barometric pressure, and hyperbaric (as in hyperbaric oxygen therapy, hyper 
meaning more than and baric meaning weight of the gas). 


Weigh oxygen? 


The weight of air (mixed oxygen and nitrogen) is 14.7 pounds per square 
inch at sea level. Most folks like me would prefer to use the word pressure, 
however, the math is easier if we use the doctors measure (the same as that 
used in measuring blood pressure — millimeters of mercury or mmHg). An 
average blood pressure measure is typically 120/80 mmHg. Let's look at it this 
way; if air at sea level is 760 mmHg, then 20% of that air (oxygen) is 20% of 
that amount. So multiply 760 by 0.20 and you will realize that vital, life-giving 
‘oxygen going into your lungs is about 150 mmHg. 


Oxygen - You cannot see it, or smell it but you have to “eat 
a kilogram of it each day to stay alive. 


Make no mistake. If you take a substance into your body, ALL of your 60 to 
90 trillion cells will be affected. Snort it, chew it and swallow it, breathe it, 
or inject that substance and it will have a positive or negative effect on your 
whole body. Cells “consume” the substance. Another word for consume is 
“eat” We will discuss this process, known as oxidative metabolism shortly 
and, especially how to produce stem-progenitor cells. 


Eat oxygen? 


(Oxygen is a cellular food, The adult human consumes approximately 0.6 kg of 
oxygen each day (about 1.2 pounds). We can live about three weeks without 
the food that we chew and swallow, survive three days without water, but we 
can only live approximately three minutes without oxygen, Body cells start to 
die—the brain is the most vulnerable, Even a minute or so without oxygen 
can cause permanent damage, 


Don't worry about the earth running out of oxygen, Back in the 1700s 
Ben Franklin and Joe Priestly also discovered the fact that sunlight on green 
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vegetation produces oxygen—a process called photosynthesis. They showed 
this with the mouse and candle in the glass jar. As the candle flame seemed 
to flicker, about to go out and the mouse lay, apparently dead, if there was a 
sprig of a green plant, both the candle and mouse came back to life. All of the 
oxygen that you are going to eat in the next 24-hours is replaced by just one 
square meter of grass producing oxygen through photosynthesis during that 
same length of time. In populated areas, where there is not much greenery, 
life-sustaining winds carry oxygen over the oceans and hills to all humans and 
animals. 


Captain Cook, Joseph Priestly, Bernie Rimland, and Kerri 
Rivera—Explorers 


Before we stop talking about Joseph Priestly, he made another observation 
about gas and this applies to our subject of autism, Bernie, and Kerri. 


Living next door to a brewery, Priestly was intrigued about the gas given off 
by the fermentation of beer in the barrels. He put a dish of water under the 
vent-pipe coming out of the barrel. When he tasted the water it was full 
of refreshing bubbles we now call fizz. In 1767, Priestly discovered how to 
carbonate a liquid. He taught the Navigator, Captain Cook, how to carbonate 
water and, thinking that drinking that bubbly water would prevent scurvy, 
Cook set sail with it in 1772. It did not prevent scurvy, but, just like Bernie 
and Kerri, everything is worth investigating. 


‘We now know that any gas becomes soluble if it is concentrated or made 
thick. In this instance, the gas was an extremely light gas known as carbon 
dioxide (yes, the stuff we breath out and, unlike the 21% oxygen, there is 
only about .033% of carbon dioxide in the air we breathe). However, if you 
concentrate it to 100% some of it melts into the water and becomes carbonic 
acid, as is the case with soft drinks. Pop the lid and the acid turns back 
into carbon dioxides gas, forming little bubbles in the liquid. Joseph Priestly 
should have patented his observation. Ten years or so later, Joseph Schweppes 
patented the process in Germany and most folks think of him, not Priestly, 
when they have a gin and tonic. 


Thereby hangs another Newtonian rule about gas that cannot be changed. 
"Gas under pressure becomes soluble in a liquid according to its density (or 
thickness).” — Henry's Law. 
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And this is how oxygen works in a hyperbaric chamber — 
Newtonian Gas Laws 


Stay with the soda can thought and the thicker gas melting into the sugary 
drink. When a human climbs into a hyperbaric oxygen chamber, we substitute 
oxygen for carbon dioxide. Believe it or not, you do not feel squashed by the 
pressure other than you have to “pop” or equalize your ears. Humans are 
mostly water and other fluids that cannot be compressed like a gas. What 
is happening in the chamber is that the oxygen (it should be 100% oxygen) 
is being made thicker or concentrated. And, ust like the soda, Henry's Law 
kicks in. The oxygen melts and the body supersaturates with oxygen. 


Another curious thing about a well-oxygenated body is that it becomes slightly 
alkaline. Your powers of hydrogen (pH) read about the same as seawater, 
which is alkaline because of the dissolved oxygen in it. Yes, even fish need their 
daily meal of oxygen! 


‘The word “saturate” comes from the Latin word meaning"to completely fill” 
Since only our red blood cells (RBC) carry oxygen, they are almost always 
full of oxygen in a healthy human. The little pulse-ox device that clips on 
your finger when you are in hospital almost always reads 99% unless you are 
anemic. 


It takes between one and three minutes for each RBC to leave your heart, 
make its complete circuit,and be back in your lungs for its next load of oxygen 
Remember that Henry's Law also applies here, therefore, oxygen is a gas in 
your lungs but turns into molecular oxygen when it enters your body's fluids. 
This is so complex that there is no chemical symbol for it, but rest assured, 
your body's cells feed on it with a great appetite. (More on oxidative cellular 
metabolism shortly) 


Supersaturate? 


When you fill a glass of water to the brim, it is full or saturated. Right? Yes 
Holding it under the faucet and running more water into the glass will only 
mean that the water slops over the edges. The glass is still full. However, 
this is not the case with any gas, particularly oxygen breathed in by a human. 
Sure, just like a glass of water, oxygen can be measured by volume, but there is 
plenty of room to over-fll our bodies with oxygen—supersaturated. 
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To illustrate a complex process, let's paint a simple picture—An underground 
subway system. 


Think of your lungs as a subway station. Passengers get off the carriages and 
others get on. In this instance, remember that air is made up of (for easy 
math calculations) 80% nitrogen and 20% oxygen. Visualize each gas molecule 
of either type as a gas-person, The body is already full of nitrogen at sea level 
and since it does nothing at all (itis inert), the nitrogen-people just come in 
and out your lungs. However the oxygen-people are dynamic and bustle to 
climb on board the little red-blood-cell carriage (which has a special oxygen- 
people magnet—an iron molecule), and away the red blood cell rushes with 
the oxygen-people ready to jump off to the hungriest of the body's cells. 


Since Henry's Law allows a gas to melt into clear fluids (and our body has 
lots of clear fluids), there is a whole lot of room to add more oxygen-people. 
For example, if we barred entry to our lungs of the nitrogen-people (simple 
to do—just put on a mask and breath oxygen out of a 100% oxygen tank), 
then our lung-subway station would have five times more oxygen-people and 
that would mean that we increased the oxygen-people with each breath from 
160 mmHg to 760 mmHg. Remember that they are dynamic, and that each 
red-blood-cell carriage has an oxygen magnet in it. The thick crowd oxygen- 
people all bustle to get onto that carriage, through the wet soapy surfactant in 
the wall of your lungs, even though it was already full. 


Essentially, the oxygen-people fill the red-blood-cell carriage, and into the 
plasma where they are quickly swept along in that clear plasma fluid. Then, 
when even more oxygen-people continue to crowd on back at the subway 
station (i.e. the lungs), the plasma, which normally does not carry oxygen- 
people (molecular oxygen), then needs to put the overload of oxygen 
somewhere, From here the oxygen-people go out through the rail tunnels 
(le. the circulatory system) and into the clear fluid (ie. interstitial fluid) that 
bathes our body cells. As this fluid fills with oxygen, it dumps it off into 
the body's largest water compartment—the body's cells (the intra-cellular 
compartment). These cells now have a veritable feast of oxygen available. 


About 90 minutes after you startbreathing 100% oxygen, youare supersaturated 
with five times the normal amount of molecular oxygen. No, you do not swell 
up since we are talking about molecules in existing body fluid, not added 
fluid. Curiously, if you put the little pulse-ox back on your finger, it would 
still only read 99% since it is just measuring the oxygen in your red blood 
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cells. However, using high-tech oxygen measuring equipment (transcutaneous 
coxiometry), you can even measure molecular oxygen in your urine, saliva, and 
tears—something once thought impossible, 


Now comes the hyperbaric chamber part. You climb in, the door is shut, and 
100% oxygen floods in, The technician can look at the physician's prescription 
and increase the thickness of the gas in that chamber. Double the thickness 
(le. weight or pressure) to 1520 mmHg; ninety minutes later you will climb 
out of that chamber with ten times the number of oxygen-people (molecular 
oxygen) in your body. Or, put another way, since your body's cells are going to 
consume (eat) that additional oxygen, this is the only way you can increase the 
‘weight of oxygen-food available in a 24-hour period. One hundred percent 
pure oxygen at sea level and you will “eat” between just under half a kilogram 
to just over one kilogram of oxygen. 


The deeper/thicker the oxygen is in the chamber the more you get. In fact, 
following Dalton’s Universal Gas Laws, by doubling the pressure, you can 
actually get your daily oxygen meal at almost two kilograms. 


Now the nifty thing about oxygen supersaturation. 


Unlike many pharmaceuticals that are weight dependent, (too much of a 
certain drug will sicken or kill a smaller patient, not enough of the same 
drug and there will be no therapeutic benefit to the patient) with hyperbaric 
‘oxygen no individual can suffer from an “overdose” of oxygen, regardless of 
whether the patient is a mouse, rabbit, horse, or human. Alll climb out of the 
chamber, (depending on the pressure/thickness of oxygen they were treated 
at) with the same amount of molecular oxygen in their body. Not one person 
has suffered from an “overdose” of oxygen. 


Our oxygen dispensary centers have treated, according to their physician's 
prescription, tiny babies, the elderly, and everyone in between; we have never 
seen a negative side effect. Instead, we have observed clinical positive effects 
for all. 


What happens when we actually give people an extra “oxygen feast” by putting 
them in the chamber? Again, an extremely complicated process has to be 
simplified for understanding. However, before making things simpler we must 
first look at the science, Chatelier's principle predicts the effect of a change 
in conditions on a chemical equilibrium, The principle is named after Henry 
Louis Le Chatelier, who observed that if a chemical system at equilibrium has 
a change in concentration, temperature, volume, or partial pressure then the 
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equilibrium shifts to counteract the imposed change and a new equilibrium 
is established. Any change in the status quo prompts an opposing reaction in 
the responding system. 


Time to change just a couple of words for better understanding. Let us start 
with the word equilibrium and now call it“the way it was.” We can also use 
that term for status quo and counteract can be changed to “pushing back.” 
So what is really being said here is, if we change something in any chemical 
environment it will push back hard to be the way it was. Now it is time to 
make things even easier. 


We are all chemical systems. 


‘We have already mentioned cola in a can and advised against giving it to 
anybody, your child or yourself, because of the acidity of the liquid in the soda. 
But there is an even more compelling reason—the sugar. There are 39 grams 
of sugar, about ten teaspoons of sugar; in one can of soda. Would you feed 
your child that much dry sugar? 


“Come on,” you might think to yourself, "No way. It does not taste that 
sweet” It is true. The manufacturers of sodas use a lot of phosphoric acid 
to disguise the sickly sweetness of the drink. If you still doubt this, take an 
ordinary penny, or an egg and put it in a glass full of cola overnight. Within a 
few days, you will find all tarnish removed and instead a bright, shiny penny;the 
eggshell will be soft and pliable, all its protein dissolved. 


Visualize what happens when you allow your small child a glass of cola (or 
any soda drink). Your little kid becomes supercharged, bouncing off the wall, 
and for some time you cannot get the child to sit still. In other words, your 
child has become hyperglycemic, Too much sugar, of any sort, whether it 
be corn fructose, beet or cane sugar, the results are the same according to 
Chatelier's principle. Remember, we are all chemical systems and by adding 
all of the sugar to a small child's body, all of the cells in that body will push 
back to return to the way they were before the additional sugar. The most 
efficient way to return to this state is to increase physical activity, causing cells 
to consume all of the additional added sugar. 


Run, baby, run! 


Another way, of course, is to rely on the body to use its own chemicals to 
burn off the sugar. This is predominantly the job of the hormone insulin. If 
an adult drinks a lot of soda each day (or even has one gin and tonic, which 
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has about half as much sugar asa soda) and does not increase physical activity, 
diabetes eventually sets in as the body become insulin exhausted, unable to 
produce more. Then the risk of blindness in old age, amputations, and other 
terrible consequences may become a reality. 


The process of cells using the nutrients we consume is called cellular 
metabolism. Overloading cells with nutrients that we do not need such as 
excessive raw sugars (or even food that is easily converted by the body into 
glucose) and fats, results in obesity: your brain will become sluggish. Now,add 
extra oxygen and your body will certainly consume it. This is called oxidative 
metabolism. The added oxygen will push all cells into overdrive; repair cells 
use the added oxygen to work harder in an effort to restore their state prior 
to entering the hyperbaric chamber. Repair cells help get rid of the toxins, 
acids and, excess/unneeded sugars. 


After people have been in a hyperbaric chamber, healthy adults comment 
on the fact that their brain is working more efficiently. Memory becomes 
vivid and problems are easier to solve. This state is commonly known as the 
“cappuccino” effect or “brain brightening” 


As for small children with autism, almost all of them have a neuronal oxygen 
transport problem. So the additional feast of oxygen actually makes the good 
cells, the repair cells, work harder for just a little while after the treatment. 
This increase in oxidative metabolism dissipates after a couple of hours, but 
that little bit of improvement lasts: brain cells wire up into complex circuits, 
blood vessels within the brain become robust, and stem cells are produced. 
(More on that shortly.) 


This is why all oxygen treatments need to take place over consecutive days 
There is no point in attending one hyperbaric treatment and then not following 
it up for another week, Sort of like a seed sprouting from the earth, With 
each treatment, the positive changes begin to accumulate, and positive results 
are visible with the passing days. 


Can oxygen therapy alone cure autism? 


The short answer is no; it cannot. | make this statement based on the 
treatment of scores of challenged children that have come to my centers 
across America, and in other parts of the world. Something more is needed — 
an interdisciplinary approach. 
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How many treatments in the chamber does a challenged 
child need to be part of that recovery program? 


As noted earlier, we treated our first challenged child, Emily, in one of my 
centers in the United States, Just one treatment per day at 2 ATA, the 
pediatrician’s decision, made a vast difference to little Emily. Then along came 
a physician, Dr. Paul Harch, a very bright health scientist. He came to the 
conclusion 15 years ago that two 60-minute treatments each day at 1.75 ATA 
for 20 days could cure children with autism. He was so sure of himself that 
he even took out a patent on that protocol. 


Iwas nonplussed and puzzled. | did not think that you could patent a natural 
phenomenon such as the effects of hyperbaric oxygen therapy or gravity. Of 
interest is the fact that the Supreme Court came to the same conclusion in 
2012 with what is now known as the “Prometheus” ruling. In essence, the 
courts had taken all of the enforceable teeth out of Dr: Harch's protocol. This 
is not to say that there isn’t some merit in the treatment pressure, nor is it 
to imply that Dr Harch was ignorant of the science of hyperbaric rights in the 
therapy. So my centers took notice of the fact that he is a physician, and for a 
little while at least, we did use the Harch protocol on children. 


While our little patients saw useful and positive results, there was never a 
normal recovery by any of the children in that 20-day double ride. This left a 
lot of the parents disappointed, some angry at what they felt were false claims 
about hyperbaric oxygen therapy, and rightfully so. 


It is significant to note that Dr. Harch, and other clinicians, no longer use 
the two treatments a day protocol for challenged children, and he no longer 
claims that recovery is possible in just 20 days. 


Now, onto our wonderful Jennifer; the ballet dancer and champion ice-skater. 
Her mom, Vickie, a bright spirit and highly intelligent woman (actually that 
describes the whole family), independently arrived at the conclusion that diet 
was a most important part of the normalization program, All together, over 
a 12-year period, Jennifer had 135 rides in the hyperbaric chamber. She ice 
skated at 2am (when the rink was clear), and focused on diet. In a nutshell, 
while the extra oxygen was feeding one side of cellular metabolism in spurts 
of 20 treatments at a time, Jennifer's cells were getting the correct diet of 
nutrients on the other. All of Jen’s cells were giving off the right amount of 
heat and energy, particularly her repair cells. 
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Bernie and Kerri proved scientifically that the addition of proper nutrients, 
combined with the removal of deleteriousitoxic foods is probably more 
important than hyperbaric oxygen therapy for children and young adults on 
the spectrum. Yes, the oxygen boost helps propel the patient to “normal,” but 
the other nutritional changes are really the rocket fuel. It isa long journey, not 
all that expensive, and certainly worthwhile, 


When a hyperbaric chamber 
is not a hyperbaric chamber. 


One final comment about treating neuronal disorders at 1.75 ATA pressure 
is of utmost importance; this is that 100% oxygen is essential to the protocol. 
Since Dr. Harch arrived at this treatment depth, there have been thousands 
of inflatable chambers, so-called mild hyperbaric chambers, sold in the United 
States and around the world. These are not the same as hospital grade, hard- 
sided chambers. These bag-chambers do not deliver the needed 100% oxygen. 
In my opinion, at the very best, if you modify them (against FDA rules) you will 
only get 34% oxygen. 


What have we learned thus far? Time for a review and then THE BIG SECRET 
REVEALED! 


+ Oxygen cannot be seen, but we can weigh it. 

+ Our bodies “eat” oxygen every day because it is a food for our cells. 

+ The only way we can get additional oxygen is in a hyperbaric chamber. 

+ This is because any gas becomes soluble and melts into a fluid (ie. 
Henry's law); the same reason we can carbonate soda drinks. 

+ Ina single treatment in a hyperbaric-oxygen-therapy chamber, we 
cannot overdose (and | have never witnessed any negative side 
effects). 

+ With the extra oxygen feeding the cells, our bodies get a boost of 
energy, particularly the repair cells, 

+ For oxygen in the chamber to be effective, it must be 100% oxygen. 
Inflatable chambers do not deliver 100% oxygen. 

+ Hyperbaric oxygen therapy alone will not cure autism, but it does 
make a big difference. 

+ There is no such thing as a “one-size fits all” treatment protocol in 
a hyperbaric chamber that works for all patients. For example, twice 


a day in the chamber for 20 days will make some difference but not 
necessarily “normalize” a challenged child. 
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Did you miss the big secret? 

It was already mentioned about one page back—the discoveries of Bernie and 
Kerri, Let us repeat the secret for you and then push the edges of their really 
stunning discovery that is backed up by the latest science. 


Bernie and Kerri proved scientifically that the addition of the proper nutrients, 
in the absence of offending foods, in addition to eliminating pathogens and 
parasites, are most likely more important than hyperbaric oxygen therapy for 
children and young adults. Yes, the oxygen boost helps propel the patient to 
“normal” but the other dietary interventions are really the rocket fuel. Not 
to mention freeing the body of offending pathogens/parasites which wreak 
havoc on the body. It is a long journey, not all that expensive and, certainly 
worthwhile 


Nutritional “paddin; 
production of proge! 


” Hyperbaric oxygen therapy and the 
‘or and stem cells. 


‘When a baby is growing inside its mother, it has progenitor cells and stem 
cells. The function of these cells is considered to be, as yet, undecided. 
Although studies continue to elucidate exactly which mechanisms are 
involved in determining the fate of these cells, it is generally accepted that 
their surrounding cells will dictate their development. For example, the big 
arteries that crisscross the chest area make a decision sooner or later to turn 
into a heart with all of its compartments. Then, as development moves on 
different parts of the baby appear. These are called progenitor or stem cells. 


There are various estimates on how many different types of cells the developed 
human has in total; however, itis predicted there are somewhere between 210 
and 300. Mind you, when the baby takes its first breath of air, all but about 
four of these different cell groups stop reproducing. For example, the brain, 
with all of its neuronal pruning and circuitry needs about 20 year’s worth of 
stimulation to properly wire all of the connections. Surprisingly, a lot of the 
neurons will be shed or “pruned” since they will not be put to use in the adult. 
However, neuroplasticity allows new skills to be added or repairs to be made 
to and by the brain in a lifetime. 


However, medical scientists have now realized the great need for progenitor 
or stem cells (cells that can make decisions to replace worn or damaged cells 
within the body), and the search is on for these decision-making cells. Many 
scientists are looking for something they can patent and as a result are missing 
the point that it is already here. Or they are ignoring it, because but they 
cannot patent it. 
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{cis called hyperbaric oxygen therapy. 


Penn Study Finds Hyperbaric Oxygen Treatments Mobilize Stem Cells 


Science Daily — According to a study to be published in the 
American Journal of Physiology-Heart and Circulation Physiology, a 
typical course of hyperbaric oxygen treatments increases by eight- 
fold the number of stem cells circulating in a patient’s body. Stem 
cells, also called progenitor cells are crucial to injury repair. The study 
currently appears online and is scheduled for publication in the April 
2006, edition of the American Journal, 


Stem cells exist in the bone marrow of human beings and animals and 
are capable of changing their nature to become part of many different 
organs and tissues. In response to injury, these cells move from the 
bone marrow to the injured sites, where they differentiate into cells 
that assist in the healing process. The movement, or mobilization, 
of stem cells can be triggered by a variety of stimuli including 
pharmaceutical agents and hyperbaric oxygen treatments. Where as 
drugs are associated with a host of side effects, hyperbaric oxygen 
‘treatments carry a significantly lower risk of such effects. 


“This is the safest way clinically to increase stem cell circulation, far 
safer than any of the pharmaceutical options,” said Stephen Thom, 
MD, PhD, professor of emergency medicine at the University of 
Pennsylvania School of Medicine and lead author of the study.” This 
study provides information on the fundamental mechanisms for 
hyperbaric oxygen and offers a new theoretical therapeutic option 
for mobilizing stem cells.” 

“We reproduced the observations from humans in animals in order 
to identify the mechanism for the hyperbaric oxygen effect,” added 
Thom. “We found that hyperbaric oxygen mobilizes stem/progenitor 
cells because it increases synthesis of a molecule called nitric oxide in 
the bone marrow. This synthesis is thought to trigger enzymes that 
mediate stem/progenitor cell release.” 


Nutritional padding: It has long been known that when hyperbaric oxygen 
therapy is applied, existing cells, the good ones, the repair cells, turn the body 
into its own pharmaceutical company, providing the right sort of chemicals 
at the right time, Above all, there is a dramatic increase in the production of 
the molecule called nitric oxide from the bone marrow. Probably the best 
way of describing the addition of hyperbaric oxygen therapy, as an adjunct 
to the correct nutritionals, is simply by putting fuel onto an already existing 
smoldering fire. Out of the glow of embers and smoke you will see a vigorous 
combustion as your fireplace heats up and the flames appear. 
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Now imagine other ingredients that have yet to be discovered as beneficial. 
For example, stem cells that repair the damaged brain of a person with autism. 
It could be that adding external stem cells to the recipe of recovery and 
normalization, with simple nutritional low-cost padding, and putting the little 
patient in the chamber would be a faster way of achieving what all parents 
want for their children—to eventually become fully functional and independent 
adults. 


All of this by just a little bit of nutritional padding and helping the body to rid 
itself of pathogens/parasites. 


Now, it is time to turn back to Kerri so she can tell you what she has seen 
when hyperbaric oxygen therapy is added to the correct nutritional padding, 
along with chlorine dioxide to keep pathogens under control, That is the big 
secret to helping your child through the challenges that living in this century 
have visited upon you. 


eo « © 


‘As Bob mentioned, | have seen miracles happen when hyperbaric oxygen 
therapy was applied to a child who is ready. Two girls, in particular, lost their 
diagnosis completely within weeks of completing treatment in the chamber. 
‘As | mentioned before, hyperbaric oxygen therapy gave my own son his speech 
back. Before his first 40 dives he had several single-syllable sounds, but after, 
he began stringing words together to request his favorite foods. 


Today we are seeing that one dive a day at 1.75 ATA (atmospheres absolute) 
for 90 minutes at depth is better than two 60-minute sessions were first 
prescribed for Patrick seven years ago. Every three months after the first 
treatment of 20 sessions, apply ten sessions of 90 minutes, each at 1.75 ATA, 
until your child is recovered, 


Alot of parents ask when is a good time to do hyperbarics. To this I reply that 
we must first have diet and chlorine dioxide totally under control, and be at 
least three months into the Parasite Protocol. At that point its time to start 
looking for a chamber. 


Make sure to do an ATEC before your child's hyperbaric oxygen therapy 
sessions, and repeat two months after the sessions are over; the results will 
be obvious. 


Autism 


This is my Asperger son Tobias, 10 years old, and 
me... when we received the book this summer. 
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Step 7 - GcMAF & Autism: 
State of the Art & Future 
Perspectives for a Natural Cure 


‘by Marco Rugeiera, MD, PhD. 


“The voyage of discovery is not in seeking 
new landscapes but in having new eyes.” 
~ Marcel Proust 


| family and | have been in biomed for so long, that there aren't too many 

interventions we haven't already tried. A few years back, Dr. Usman 
mentioned to me that GcMAF might be something good for Patrick. She 
explained that GcMAF is a human protein that occurs naturally in a healthy 
body. Itis a special supplement that replaces the missing part of the immune 
system, and also acts as the body's 
own internal medicine. 


Based on her recommendation, we 
ordered a vial, and applied it for 
about two and a half months. | saw 
less obsessive compulsive eating, but 
when the vial ended and I hadn't seen 
amazing results, | wasn't extremely 
motivated to continue. Not only 
that, funds were scarce, so continuing 
really wasn't an option. 


‘Two years went by and | spoke to Dr. Usman again. She said we really should 
give it four to five months before making a final decision. So, we scraped 
together the money for a second order. We started again in November of 
2012, and reached full dose by December, 26th 2012. Seemingly, as time went 
on, Patrick started to do new things. 
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By springtime of 2013, Patrick's BFF's mom was saying how well he was doing, 
and reminded me that during the prior month Patrick had not been doing the 
things that he was now doing. As | write this in October of 2013, all of my 
money now goes to GCMAF ©) 


One of the things that | feel makes GcMAF so exciting is the fact that it helps 
regrow dendrites in a matter of hours after it is injected. The dendrites are 
the very things that got fried when mercury entered our children’s bodies. 
With the help of GcMAF, we are now able to restore what was lost. Not to 
mention, GcMAF boosts the immune system, which we have come to find is 
often sorely lacking in people with ASD's. 


Many people have asked me if GcMAF is now an official part of the protocol. 
When working towards recovery, | feel that we need to try everything at our 
disposal that has been proven to heal autism—in the correct order, or course. 
GcMAF fits that description. According to www.gcmaf.eu, “As of February 
2013, on the American National Library of Medicine alone, 142 eminent 
scientists from 8 nations have published 59 major GeMAF research papers, 
which can be viewed on the US Government's Pubmed system.” There is now 
enough research to prove that GcMAF has secured its place as a powerful 
biomedical intervention for healing autism. Therefore, after three months 
on the Kalcker Parasite Protocol, it is time to start thinking about adding in 
supplements, HBOT and GcMAF. 


We are blessed to have the one and only Dr. Marco Ruggiero, the lead GcMAF 
researcher, write the remainder of this chapter about this substance, it's 
benefits and applications in autism and beyond. 


The information he presents is extremely important because I feel that GcMAF 
is the future of medicine—today. What other intervention boasts a cancer 
recovery rate of 80% None! Dr: Bradstreet is reporting 85% responders and 
15% recovery rate from autism with GeMAF# 


Imagine adding GcMAF to the protocol already outlined in this book at the 
right moment (after working down some of the pathogen load), we should 
start seeing even higher rates of recovery than 15%. | look forward to seeing 
what transpires during the upcoming year as more families add GcMAF to 
their children’s protocols. | am excited for more and more people to lose 
their autism diagnoses. 
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For the past 20 years, Dr. Marco 
‘uggiero has worked on the vitamin D 
jaxis, a metabolic pathway that includes 
the ‘vitamin D binding protein-derived 
jerophage activating factor or GoMAF 
the past 3 years he has published studies 
jon the immunotherapeutic effects of 
IGoMAF in cancer, HIV/AIDS, chronic 
syndrome and neurological 


farco Ruggiero holds @ PhD in Molecular 
fedical Doctor specializing in Clinical Radiology and 


1 
is a professor of Molecular Biology at the Department of Experimental and 
Clinical Biomedical Sciences of the University of Firenze, Italy 


He served in the Army as Medical Lieutenant with specific training in 
chemical, biological and nuclear warfare. He worked at Burroughs Welcome 
Co. North Carolina, USA publishing a seminal paper with Nobel Laureate 
Sir John Vane and, subsequently, at the National Cancer Institute of the NIH 
in Bethesda, working with Dr. Stuart A. Aaronson and Dr, Peter Duesberg. 


Since 1992, he holds the chair of Molecular Biology at the University of 
Firenze where he leads a research group of about 10 researchers. He 
has published more than 150 peer-reviewed scientific papers on signal 
transduction in a variety of experimental and spontaneous pathologic system 
related with cancer, chronic kidney disease, chronic fatigue syndrome and 
neurological conditions. 


he role of nutrition in the treatment and eradication of the symptoms of 

autism is well established and other chapters of this book treat this topic 
in detail. What is far less known is the fact that certain natural components 
of the diet, certain nutrients, have profound effects on all the systems that are 
affected in autism and in particular on the brain and the immune system, Their 
effects are so dramatic that for about 20 years, these natural components have 
been labelled as “drugs” even though they are essential parts of our bodies, 
just ike hormones or neurotransmitters. | am referring here to the family of 
molecules that is known as GeMAF, an acronym that stands for Ge-protein- 
derived Macrophage Activating Factor. 


GcMAF has been the object of intense research in the past 20 years for 
its therapeutic role in cancer, autoimmune diseases, and HIV infection (for 
review, see: Anticancer Res. 2012 Jan;32(1):45-52). But, only one year ago, in 
2012, its dramatic effects on the eradication of the symptoms of autism were 
published in a prestigious peer-reviewed scientific journal (Autism Insights 
2012:4 31-38). 


In this chapter | shall provide an overview on GcMAF with particular reference 
to its therapeutic role in autism and to the future perspectives deriving from 
the basic and applied research that is revolving around this fascinating molecule. 


Introduction 


xiv 


We're surrounded by electronics these days. Did you ever wonder how it all worked? Do you know just, 
enough about electricity to be dangerous? Would you like to learn more? Then this book is for you. 

There are many excellent textbooks on how electricity works. This is not one of them. This book 
helps you get started learning about electricity and electronics by showing you how to set up your own 
electronics laboratory. You might have guessed that from the title. 

Along the way, several simple exercises are presented to show you some basic concepts about 
how electricity works in the real world—not just in a lecture hall. By the time you get done reading this 
short book, you'll have a good idea of where to begin and what kinds of tools and components you might 
need, and you'll have some excellent advice about how to keep it all organized, 

‘Once you've got your own space set up to perform your electronic experiments, the sky is the 


limit 
Here's what you have to look forward to in this book, one chapter at a time. 


Chapter 1: Planning Your Electronics Workshop 


Your very own electronics laboratory is a great place to build, repair, invent, and lear more about 
electronics. We seem to be surrounded by electronics more and more every day. We can easily become 
dependent upon them, without even understanding how they work. Having your own electronics lab 
can help you gain some control over your electronic minions. Here you can learn about their inner 
mysteries, including how to repair them when possible or, better yet, improve them with your own. 
custom modifications. You can also turn your own ideas into reality by building electronic circuits from 
seratch, 

‘What will you need to plan your lab? What if you already have a basic understanding of 
electronics and the beginnings of a workshop at your disposal? This chapter helps get you going in the 
right direction. 


Chapter 2: Building Your Tool Chest 


You're going to need some tools in your lab, as well as the skills to use them effectively. This chapter will 
get you started, 

Ifyou're starting from scratch, don’t worry. There's not a whole lot you absolutely must have to 
get started. Some basic hand tools and a place to keep them organized is all you will need. You don’t 
even have to spend a lot of money at first. As you progress in your hobby, you will most likely want to 
add to your tool chest and upgrade some of those tools. Electronics can be the perfect hobby because it 
can take up (1) all your spare time and (2) all your discretionary income. What more could you ask for? 
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A Brief History of GCMAF 


The first publication on GcMAF in a peer-reviewed journal indexed in 
the US National Library of Medicine is dated 1994 (J Immunol. 1994 May 
15;152(10):5100-7). In this article,a group of researchers from the Department. 
of Biochemistry at the Temple University School of Medicine in Philadelphia, 
USA, described the effects of a protein, defined as GcMAF.on rat macrophages. 
Macrophages are key elements of the immune response and the research 
group led by Dr, Nobuto Yamamoto, the first author of this paper, showed that 
GcMAF activated these cells. Given the central role of macrophages in the 
control of all immune responses, GcMAF was considered a powerful regulator 
of the immune system and the research on GcMAF initially was focused on 
its immune-stimulant properties. In fact, one year after the initial observation 
on rats, Dr. Yamamoto, who in the meantime had moved to the Laboratory 
of Cancer Immunology and Molecular Biology of the Albert Einstein Cancer 
Center in Philadelphia authored a paper suggesting that a defect in endogenous 
GcMAF production contributed to immunodeficiency in AIDS patients (AIDS 
Res Hum Retroviruses. 1995 Noy;11(11):1373-8,. Consequently, he provided 
GcMAF to Medical Doctors treating HIV patients and, 14 years later, after 7 
years of follow-up, he published a seminal paper describing eradication of HIV 
infection through GcMAF administration (J Med Virol. 2009 Jan:81(1):16-26). 


Immunodeficiency, however, is not unique to HIVIAIDS and, back in 1996, 
Yamamoto and colleagues, hypothesized that deficient endogenous GcMAF 
production was responsible for the relative immunodeficiency that is typically 
observed in cancer patients (Cancer Res. 1996 Jun 15;56(12):2827-31). Quite 
logically, this observation of 18 years ago, led to the proposal of administering 
GcMAF to cancer patients with the goal of empowering the immune system 
that in turn would fight the cancer growth. This approach is known as 
“immunotherapy” and it is much older than GeMAF since, in modern times, it 
stems from the observation of Dr. William Coley in 1891. However, it could 
be argued that the idea of stimulating the immune system to fight diseases 
is even older since, as it is stated in this recent article,"...cancer regresses 
when associated with acute infections such as bacterial, viral, fungal, protozoal, 
etc. Acute infections are known to cure chronic diseases since the time of 
Hippocrates...” (Indian J Cancer. 2011 AprJun;48(2):246-51). 


Whatever the case, administration of GeMAF to patients with metastatic 
advanced cancer proved efficacious and there are now scores of papers 
published in the peer-reviewed literature describing the dramatic therapeutic 
effects of GcMAF in all types of experimental or spontaneous tumors. 
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Nowadays, the interest for GcMAF in the immunotherapy of cancer is so 
high that the prestigious scientific journal “Oncolmmunology” dedicated the 
cover of its August 2013 issue to GcMAF. The molecular rendering of GcCMAF 
is on the left of the cover with a caption linking it to an article by Thyer and 
colleagues published in the same issue and describing successful treatment of 
advanced cancer patients (Figure 1). 


Oncoimmunology 


Figure 1 


Source haps: wwwlandesbioscence comijournals/encoimmunclogylencoimmunology 2-8 pal 


Consecration of GcMAF in the Olympus of science, however, occurred a 
few days later, on September 14, 2013, when another article by Thyer and 
colleagues was published in “Nutrients”, an international, peer-reviewed open 
access advanced forum for studies related to human nutrition (Nutrients. 
2013 Jul 8;5(7):2577-89). In fact, this article describing the effects of GcMAF 
on human breast cancer cells, was ranked in the top 5% of all articles ever 
tracked by Altmetric. The Altmetric score is a general measure of the 
attention that an article, book or dataset has received online and reflects 
the quantity of attention received as well as the quality of that attention. By 
the time that the GcMAF was ranked in the top 5% of all scientific articles 
ever tracked, Altmetric had analyzed 1,510,524 articles across all scientific 
journals. Therefore, we may safely state that in this chapter we are describing 
one of the hottest topics in today’s world science (Figure 2). 
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Figure 2 

The interest for the therapeutic effects of GeMAF in a variety of conditions 
derives from the early observation by Yamamoto and colleagues in 1995, who 
showed elevated level of serum alpha-N-acetylgalactosaminidase (Nagalase) 
in the serum of AIDS patients. Nagalase is an enzyme that deglycosylates 
(degrades) the precursor of GcMAF that is the circulating Ge-protein, also 
known as vitamin D-binding protein (AIDS Res Hum Retroviruses. 1995 
Nov;1 1(11):1373-8). This results in the loss of GcMAF precursor activity and 
consequent dysfunction of the immune system. Increased Nagalase activity, 
however, is not observed uniquely in AIDS patients. For example it was 
demonstrated that the increase of Nagalase activity in the serum of cancer 
patients is due to the fact that cancer cells release Nagalase and, therefore, 
Nagalase activity reflects tumor burden, aggressiveness and progression of 
the disease. Consequently, determination of Nagalase activity is currently 
proposed as a reliable way of evaluation of cancer severity (Cancer Lett. 2009 
(Oct 8;283(2):222-9). 


In short, in cancer, HIV/AIDS, and in many other chronic conditions, elevated 
serum Nagalase, degrades Gc-protein that is the precursor of GcMAF 
Therefore, GeMAF is not produced inside the body to a sufficient extent and 
this leads to immunodeficiency. Serum Nagalase, however, does not degrade 
GcMAF and this justifies the administration of exogenous GcMAF in all those 
conditions where its endogenous production is insufficient due to elevated 
‘Nagalase activity. 
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Until 2002, it was thought that GcMAF exerted its effects only on macrophages 
and that its therapeutic efficacy was due to stimulation of macrophages that 
in turn would attack and destroy cancer cells as well as virus-infected cells. In 
2002, however, a novel effect of GcMAF was described. Kanda and colleagues, 
working at the Department of Molecular Microbiology and Immunology, 
Division of Endothelial Cell Biology, Nagasaki University Graduate School 
of Medicine, Nagasaki, Japan, published a paper, co-authored by Yamamoto, 
describing the inhibitory effects of GcMAF on angiogenesis (J Natl Cancer 
Inst. 2002 Sep 4;94(17):1311-9.). Angiogenesis is the process of building new 
blood vessels that provide the tumor mass with the required supply of blood 
and nutrients that it needs to grow and metastatize, Therefore, since 1971 it 
was postulated that inhibition of angiogenesis could be a successful strategy 
to deprive the growing tumor mass of its supply of blood and nutrients (N 
Engl J Med. 1971 Nov 18;285(21):1182-6). While there are scores of inhibitors 
of angiogenesis, some of which in use in the therapy of cancer, GcMAF offers 
the advantage of performing more than one anticancer effects;in fact, not only 
it inhibits tumor-induced angiogenesis (Cancer Immunol Immunother. 2011 
Apr:60(4):479-85), but it also stimulates macrophages that attack and destroy 
the cancer cells (Nutrients, 2013 Jul 8:5(7):2577-89).. 


If these combined anticancer effects were not enough, in 2010 Gregory and 
colleagues, working at the Department of Ophthalmology and Visual Sciences 
of University of Kentucky in Lexington, Kentucky, USA, demonstrated that 
GcMAF directly inhibited proliferation and metastatic potential of human 
prostate cancer cells (PLoS One. 2010 Oct 18;5(10):e13428). Slightly more 
than one year later, we were able to demonstrate that GcMAF not only 
inhibited proliferation and metastatic potential of human breast cancer cells, 
but it also reverted their neoplastic phenotype; in other words, cancer cells 
treated with GeMAF became normal (Anticancer Res. 2012 Jan;32(1):45-52). 


On the basis of the peer-reviewed scientific literature quoted above, we can 
now state that GcMAF exerts multiple effects that are responsible for its 
efficacy in anticancer therapy: 


1, It stimulates macrophages that attack and destroy cancer cells, as 
originally postulated by Yamamoto and colleagues. 


2. It inhibits tumor-induced angiogenesis thus depriving the growing 
tumor mass of blood and nutrients. 
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3. Itdirectly inhibits cancer cell proliferation and metastatic potential 
and it retro-transforms cancer cells into normal healthy cells. 


Given this plethora of effects on cancer, it is no wonder that the majority of 
GcMAF research has been focused on its anticancer properties. There are, 
however.a few research articles suggesting that GcMAF might exert also other 
biological actions with therapeutic implications. In addition to the studies on 
HIV and AIDS quoted above, GcMAF has received attention for its potential 
role in the therapy of bone disorders (Blood. 1996 Oct 15;88(8):2898-905), 
and autoimmune diseases such as Lupus Erythematosus (Clin Immunol 
Immunopathol. 1997 Mar:82(3):290-8). 


Despite these scanty evidences on the possible role of GeMAF in conditions 
other than cancer and AIDS, it was not until 2012, however, that GcMAF 
proved dramatically effective in the therapy of autism. 


GcMAF & Autism 


GcMAF, being derived from Gc-protein, also known as vitamin D binding 
protein, belongs to the so called “vitamin D axis”, a nutritional metabolic 
pathway described in detail in a recent review (European Nephrology, 
2011;5(1):15-9). My research group had been working on the vitamin D 
axis since 1996 (Epidemiol Prev. 1996 Apr-Sep;20(2-3):140-1), that is since the 
beginning of GcMAF research. Just like our colleagues in the USA and Japan, 
we were mainly interested in the role of the vitamin D axis in bone metabolism 
and cancer (Radiol Med. 1996 Nov;92(5):520-4. Oncol Res. 1998;10(1):43-6). 
Therefore, it came as a surprise when Dr Nobuto Yamamoto first mentioned 
to me the effects of GcMAF on neurodegenerative diseases such as Parkinson's 
and Alzheimer's diseases. 


In the hot summer of 2010 we visited Dr: Yamamoto in his hometown of 
Philadelphia, and we had the honor and the pleasure to spend two very intense 
days with this old-style exquisite gentleman, Dr.Yamamoto gave us a detailed 
history not only of his decade-long research activity, but also of the entire 
field of immunotherapy, starting with the pioneering work of Dr. William 
Coley at the end of the nineteen century. During these intense and fruitful 
talks, Dr. Yamamoto mentioned the dramatic effects that he had personally 
observed by administering GcMAF to a patient suffering from Parkinson's 
disease. According to Dr. Yamamoto, the effects had been almost immediate 
and dramatic up to the point that he himself was amazed, Regrettably, he 
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had been unable to clinically document the case and, therefore, this remained 
an anecdote. From this anecdote, however, an entire new field of GcMAF 
research was about to rise; that is the study on the role and implications of 
GcMAF in treating neurologic and neurodegenerative disorders. 


The first solid evidences for a role of GcMAF in treating a neurodegenerative 
disorder were simultaneously presented by Dr. Paul Cheney and Prof, Kenny 
de Meirleir at the meeting of the International Association for Chronic 
Fatigue Syndrome and Myalgic Encephalomyelitis (CFS/ME) held in Ottawa 
in September 2011. A few days later, in collaboration with Dr: Paul Cheney, 
we presented in Padova, taly,a study demonstrating that food-based GcMAF 
dramatically improved the symptoms of CFS/ME, and this work was published 
in the official journal of the Italian Society of Anatomy and Histology, one of 
the oldest and most respected European scientific societies, founded at the 
beginning of the twentieth century (It.J.Anat. Embryol.Vol. 116,No 1, 2011). 


CFS/ME is a complex disorder that shares many features of autism. In fact, it 
is characterized by immune system dysfunction, widespread inflammation, and 
multi-systemic neuropathology (J Intern Med. 2011 Oct;270(4):327-38. InVivo. 
2013 Mar-Apr:27(2):177-87). Dysfunction of the immune system involves 
abnormal functions and distributions of T lymphocytes, B lymphocytes, natural 
killer cells,and monocyte/macrophages (Nihon Rinsho. 1992 Nov;50(11):2625- 
9. Brain Behav Immun, 2012 Jan;26(1):24-31). The etiology of CFS/ME, just 
like the etiology of autism, is still unknown and multiple factors are thought 
to be responsible for its onset and progression, thus lending credit to the 
hypothesis that both etiology and pathogenesis are multifactorial (J Intern 
Med. 2011 Oct;270(4):327-38). Heavy metal exposure and viral infections are 
among the factors that contribute to CFS/ME etiology and pathogenesis, and 
a role for human endogenous retroviruses has been recently hypothesized (In 
Vivo. 2013 Mar-Apr:27(2):177-87). Both chronic heavy metal exposure and 
Viral infections are considered responsible for the immune system dysfunction 
and neuropathology that are typical of CFS/ME (Med Hypotheses. 2012 
Sep;79(3):403-7. In Vivo. 2013 Mar-Apr:27(2):177-87). 


In addition to these areas of overlapping, it had been noticed by Doctors 
treating autism and/or CFS/ME, that in several families the two conditions 
are often associated with parents of autistic children suffering from CFS/ME. 
Interestingly, this happens also in families with adopted children with autism, 
thus lending credit to the hypothesis that environmental or infectious factors 
may contribute to both conditions. 
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Whatever the case, it had been observed that CFS/ME patients had elevated 
levels of serum Nagalase together with a number of immunological alterations, 
and it was hypothesized that they could benefit from GcMAF treatment. The 
results presented in Ottawa and in Padova confirmed this assumption and 
ever since immunotherapy with GeMAF is a stronghold of CFS/ME treatment. 


At about the same time, Dr. Bradstreet, a leading authority in the field of 
autism, began to study the levels of Nagalase in autistic children and their 
responses to GcMAF treatment. The results obtained in a first cohort of 40 
subjects were reported in a seminal paper published in 2012 (Autism Insights 
2012:4 31-38). This paper represents a turning point in the understanding of 
autism pathogenesis and treatment. 


The first significant finding is the observation that the average level of 
‘Nagalase in autistic subjects was more than two folds higher than the normal 
level, thus lending credit to the hypothesis that immunodeficiency or immune 
system dysfunction is a hallmark of autism. The second finding, probably the 
‘most important in recent years, is the observation that GcMAF treatment 
significantly improved the symptoms of autism and this improvement was 
associated with a decrease of Nagalase levels. 


The therapeutic response to GcMAF was statistically significant and showed 
the typical bell-shaped curve that is expected when a biologically effective 
treatment is at work. About 15% of subject did not respond; this means that 
their symptoms were not ameliorated by GcMAF treatment. However, more 
than 15% of children responded so dramatically that all the symptoms of autism 
were eradicated in a matter of weeks up to the point that the children could 
no longer be defined as “autistic.” According to the very word of the authors, 
in the children in this group, “This response was demonstrated at school, 
during therapies, home and outside the home as substantial improvement to 
the point that many or most of the criteria of autism were no longer present.” 


The remaining 70% of children were distributed according to the so- 


called Gaussian distribution in the groups showing “slight, 
“considerable” improvement. 


moderate,” or 


This paper demonstrated for the first time that GcMAF treatment was able to 
eradicate the symptoms of autism in a matter of weeks, thus reinforcing the 
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idea brought forward in many chapters of this book that autism is a curable 
condition indeed, 


Quite obviously, the dramatic results obtained by Dr. Bradstreet did not go 
unnoticed and, in April 2013, he presented further results at the First GCMAF 
Immunology Conference held in Frankfurt, Germany. According to Dr. 
Bradstreet, as the time of follow-up and the number of subjects increased, a 
shift toward the right (that is the “best") part of the curve could be observed. 
This means that the percentage of those showing “considerable” to “very 
considerable” improvement increased. 


From the point of view of the general practitioner; the issue could be 
considered closed: GcMAF cures a significant percentage of autistic children 
now and that figure is rising. 


However, since | am a researcher in addition of being a Medical Doctor, 
the successes of Dr. Bradstreet in treating autism and the research papers 
published by Immuno Biotech laboratories are in the middle of an exciting 
series of observations that are leading to a completely new understanding of 
how GcMAF works and what autism truly is. 


In fact, the undisputable efficacy of GcMAF in treating autism raises a number 
of questions on the mechanisms involved at the cellular and molecular levels. 
‘The most important questions are: 


1, The efficacy of GeMAF in curing autism is due only to its immune- 
stimulating effect? 


2. Oris GeMAF acting directly also on neurons as it does on cancer 
cells? 


3. Does GcMAF revert the neuro-anatomical alterations that are 
typical of the autistic brain? 


4, Why a certain number of autistic subjects do not respond to 
GcMAF? 


5. Can we devise strategies to have these non-responders respond? 


6. Can we devise strategies to further improve this already dramatic 
therapeutic effect? 
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The Effects of GCMAF on Human Neurons 


GcMAF is a protein and, as such, it was thought that it would stimulate cells 
from the outside. In other words, until 2013, it was conjectured that, on their 
external surface, cells had a receptor that bound GcMAF and conveyed the 
signal to the inside of the cell and, ultimately, to the nucleus and the DNA, 
thereby modifying the cell behavior. However, despite 20 years of research, 
such a receptor for GeMAF had not been identified. And this might appear 
truly odd considering that the entire human genome had been sequenced, that 
is studied in every single detail, more than 10 years ago. 


In our first publication with Dr:Yamamoto, presented at the XVIII International 
AIDS Conference in Vienna in 2010, we had demonstrated that the response 
to GcMAF in human mononuclear cells (that is macrophages) was dependent 
on polymorphisms (that are the individual variations among humans) of 
the vitamin D receptor (VDR) gene. This observation was not surprising 
considering that vitamin D, its receptor, and GcMAF all belong to the vitamin 
Danis. 


In order to further investigate this relationship between GcMAF and the VDR 
‘we began studying the molecular assembly of GeMAF that is the “shape” that 
the molecule assumes in its physiological conformation. Having done this, we 
looked for complementary areas in the GcMAF and VDR molecules and... 
voila! The two molecules complemented each other as two elements of a 
puzzle. 


We published this observation in the"Nutrients” paper that is now in the top 
5% of all articles ever tracked, and the picture of the two molecules interacting 
with each other is in the front cover of the Oncolmmunology August 2013 
issue. The molecular mechanisms through which GeMAF and VDR interact 
and the consequent complex web of intracellular signaling are topics for 
specialists and rather difficult to divulge; the basic point, however, is that we 
had demonstrated how is it possible that GcMAF exerted so many different 
effects that can be exploited to treat a number of diseases so different from 
each other. 


From this observation we deducted that all cells having the VDR would have 
responded to GcMAF and, given our interest for the effects of GcMAF in 
neurological conditions such as autism and CFS/ME, we began our study on 
human neurons, In fact, human neurons express (i. "have”) the VDR and 
therefore, they are candidate to be stimulated by GcMAF. 
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We cultured human neurons in Petri dishes and we challenged them with 
ultra-pure GcMAF; in this type of experiments there were no other variables. 
That is, there were only neurons and GcMAF; the cells of the immune system 
or other molecules were not involved. By doing so, we would have been 
certain that whatever effect we observed, this was due uniquely to GcMAF 


‘As | have shown at the congress “Curando el Autismo” in San Juan de Puerto 
Rico in August 2013, GeMAF at extremely low concentration significantly 
increased neuronal cell viability and metabolic activity. These effects on cell 
Viability were associated with dose-dependent intracellular CAMP production 
(CAMPis an intracellular second messenger). This means that GcMAF increased 
the production of energy inside human neurons and made them more active, 
more viable, Increased viability and metabolic activity following GcMAF 
stimulation as well as CAMP formation were accompanied by morphological 
changes, meaning that stimulated neurons changed their shape. 


In the absence of GcMAF, human neuronal cells under the microscope 
appeared as small, relatively undifferentiated cells with large nuclei. After 24h 
stimulation with GcMAF, neurons showed a significant change in morphology 
that was consistent with the induction of neuronal differentiation and increased 
connectivity. The cytoplasm was enlarged and cytoplasmic elongations could 
be observed. After 72h incubation with GcMAF, these morphological changes 
were more evident and well differentiated cells could be observed. 


After incubation with GeMAF the cells appeared to establish contacts with each 
other. Taken together these results indicated that GeMAF increased neuronal 
cell viability, metabolic activity and differentiation, with the first effects being 
observed at 24h. Itis worth noticing that the assay that we used to determine 
cell viability, measured mitochondrial activity, and mitochondrial dysfunction 
is known to be hallmark of ME/CFS (Int J Clin Exp Med. 2012;5(3):208-20), 
and possibly of autism as well. Therefore, the effects of GcMAF that we 
observed explain the reason why GcMAF is so effective in CFS/ME and autism; 
it counteracts the molecular alterations that are the pathogenetic basis of 
both conditions. 


I wish to spend a few words here on the effects of GcMAF on neuronal 
connectivity. It is well assessed that this is one of the basic alterations in the 
brain of autistic subjects; neurons do not establish contacts with each other 
and therefore the neurological signal cannot be transmitted from one area 
of the brain to another thus causing a “disconnection” (Rev Neurol. 2012 
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Chapter 3: Components 


You're going to need some components to play with, as well as the knowledge to use them effectively. 
This chapter will introduce you to some of the bits and pieces that make up modern electric and 
electronic circuits. You'll also learn a litte bit about how to identify components from their appearance 
and markings, when available. 

‘Once you've got an idea about what these parts do in a circuit, you'll learn a little more about 
how to measure their electrical properties and put them to use. You'll also be shown what nor to do, in 
some select examples. 


Chapter 4: A Portable Mini-Lab 


Having a portable (or at least (transportable) electronics lab comes in handy in several circumstances, 
Maybe you don’t have a place (yet) for a permanent home for all that equipment. Maybe you need to 
bounce at a moment's notice, heading olf on electronic adventures at the drop of hat. Or maybe you 
like to keep everything where you can find it in a hurry, without having to rummage through shelves and 
boxes, looking for just the right tool or component. 

Whatever your motivation for wanting a portable lab at your disposal, this chapter should help 
‘you get started. 


Chapter 5: The Cozy Corner Lab 


You don’t need an entire garage or extra office for a functional laboratory for your electronic endeavors. 
I's certainly nice if these areas are available to you, but you might be surprised at how much you can do 
in just a small space, if you set it up properly and maintain it with determination, 


Chapter 6: The Small Group Lab and Classroom 


The first part of this book deals with how to get along with electrons and make them do your bidding. In 
this chapter, you'll explore a completely different topic: other people, and how to get along with them. 

‘You might not ever figure out how to get them to do your bidding, but at least you can keep 
them from stealing your tools. Maybe. 


Appendix A: Getting Started with Tool Building 


Once you've become comfortable in your lab and had time to play with a few circuits, you might start to 
notice that some of the “tools" you've been using are just simple electronic circuits themselves. Good 
examples are power supplies and meters. These are great tool-building projects because you can see 
useful results early. 

This appendix takes a look at building a couple of simple electronic tools that might be of use in 
‘your lab. Hopefully you will develop a better understanding of how these tools work. ideally, you will 
progress from the basic question of "Does it work?" to the more involved questions of "How well does it 
‘work and what can I do to improve it?” 


xv 
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Feb 29:54 Suppl 1:531-9). GcMAF re-establishes neuronal connectivity by 
stimulating the formation of what are called “cytoplasmic elongations” that 
are like small “arms” that protrude from the neurons and establish contact 
with each other as if neurons were tending arms to “touch” each other and 
exchange information. 


In Figure 3A, human un-stimulated human neurons in culture can be observed; 
they are small and roundish, After stimulation with GcMAF (Figure 3B), they 
are much larger because increased energy production leads to increased 
protein synthesis in their cytoplasm. But, perhaps more important, they have 
a highly irregular, elongated, triangular, shape with spikes that touch each other. 
The areas of contact between the two neurons can be clearly observed in the 
central part where they establish connecting bridges. Please notice that both 
pictures were taken with the same magnification. 


Figure 3 
A 


These observations provide an answer to the first two questions raised by 
the article published by Dr. Bradstreet: the therapeutic effects of GcMAF in 
autism can be ascribed to at least two different actions of GCMAF. On one 
side, it rebalances the immune system that is typically dysfunctional in autistic 
subjects; on the other side, it directly stimulates human neurons increasing 
their metabolic activity and their connectivity. But, as it always happens in 
research, these “answers” led to other “questions”: does GeMAF cross the 
blood brain barrier? That is, does it arrive to the neurons of the central 
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nervous system? Before challenging this question further, however, let's 
proceed with order and let's try to provide an answer to the other questions 
that were raised by the Bradstreet’s paper. 


GcMAF and the Neuro-Anatomical 
Alterations of the Autistic Brain 


If the etiology of autism is still undefined, the pathogenesis and the brain 
alterations associated with autism are better understood. Several studies 
using sophisticated imaging techniques demonstrated that there is atypical 
structural brain connectivity within cortical white and grey matter and it is 
postulated that such an alteration of brain connectivity may represent one of 
the principal neural substrates underlying autistic symptoms (PLoS One. 2013, 
Jun 18:8(6):267329. Proc Natl Acad Sci U SA. 2013 Jul 22.). 


The observed atypical brain connectivity is localized to particular areas of the 
brain and the alterations in the fronto-temporal regions are associated with 
the severity of social and repetitive symptoms of autism (Proc Natl Acad Sci U 
SA.2013 Jul 22.). Atypical brain connectivity in autism is also associated with 
reduction of grey matter volume in different areas of the brain (Cerebellum. 
2013 Apr 10). In the bilateral superior temporal gyrus significantly decreased 
functional connectivity was accompanied by the strongest trend of grey matter 
volume decrease (PLoS One. 2013 Jun 18;8(6):e67329), thus reinforcing 
the hypothesis that study of grey matter volume may provide indication of 
functional connectivity 


However, the studies on brain connectivity and grey matter reduction quoted 
above were conducted with sophisticated Magnetic Resonance Imaging (MRI) 
equipments using complex softwares. Because of their cost and complexity, 
these techniques are not suitable for routine examination and this appears 
to be in contrast with the need to provide the general practitioners with the 
instruments to study autism. In fact, given the current epidemiological trend, 
it is highly probable that even primary care providers will see with increased 
frequency a patient with autism spectrum disorder in their clinic (Curr 
Probl Pediatr Adolesc Health Care. 2013 Jan;43(1):2-11). This consideration 
prompted us for the search of accessible methods to study brain alterations 
in autism and to study the response to different treatment including GCMAF. 


To this end, we developed an easily accessible method to study the brain 
cortex using transcranial ultrasonography. This technique was first applied 
to the diagnosis and treatment CFS/ME a syndrome that, as we know, share 
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neuropathological similarities with autism (Toxicology. 2008 May 2:247(1):61- 
72). In particular, we proposed to use ultrasounds to study the grey matter 
in the temporal lobe, and to evaluate signs of neuronal layer disorganization 
and brain inflammation (Med Hypotheses. 2012 Sep;79(3):403-7). It is worth 
noticing that these same neurological alterations, i.e. minicolumn structural 
changes and inflammation are frequently observed in autism (Front Immunol. 
2013 Jun 10;4:140, doi: 10.3389/fimmu,2013.00140. Print 2013). Therefore, we 
hypothesize that ultrasounds could be used in autism in order to study the 
brain alterations that have been described using more sophisticated and less 
accessible techniques. 


First of all, we assessed the safety of the technique; to this end we used sub- 
thermal ultrasounds. These are considered inherently safe and have been 
used for fetal imaging in utero, and virtually every part of the body, including 
brains of newborn babies through fontanelles. Their inherent safety and any 
lack of correlation with the onset of autism have been confirmed by meta- 
analysis of thousands of cases. A recent randomized controlled trial on over 
1.400 cases demonstrated beyond any reasonable doubt that there is no link 
between the prenatal ultrasound scans and the autism phenotype (J Autism 
Dev Disord. 2012 Dec;42(12):2693-701), 


Then, in a collaborative work with Dr. Bradstreet, we decided to focus our 
attention on the temporal cortex in order to compare our results with 
those already published by Hameroff and colleagues and by ourselves using 
this technique (Med Hypotheses. 2012 Sep:79(3):403-7. Brain Stimul. 2013 
May;6(3):409-15). In addition, having to choose a particular area of the brain 
for this initial study, the temporal lobe was particularly interesting because 
of its accessibility to ultrasounds and its involvement in the pathogenesis of 
autism (PLoS One. 2013 Jun 18;8(6):e67329. Print 2013). 


In the typical adults subject, meninges appeared as a well-organized array 
of layers of about 2.6 mm thickness. The meninges were separated from 
the cortex by a structure that shows echogenic and morphological feature 
consistent with the sub-arachnoid space. The cortex of the temporal lobe 
appeared as a well-organized array of alternate, hyper-echogenic/hypo- 
echogenic, layers. The thickness of the cortex was 5.0 mm. This value of 
thickness and the anatomical positioning of the probe led us to hypothesize 
that we were observing the temporal areas designated by von Economo as TG 
and TE, ie. those areas involved in the control of eye movements and balance 
in standing position (area TE), social behavior, mood and decision making 
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(area TG) (von Economo C. Temporal lobe. In: Triarhou LC, editor: Cellular 
structure of the human cerebral cortex. Basel; 2009. p. 114-132). It is worth 
noticing that the layers within the column-like structure of the healthy subject 
appeared well-organized and parallel to each other. 


However, the images obtained in a representative autistic subject showed that 
the thickness of the cortex of the temporal lobe was significantly reduced, 
as it had been observed with MRI (PLoS One. 2013 Jun 18;8(6):e67329. Print 
2013). Other images showed a concomitant increase in the spinal fluid in 
the sub-arachnoid space that was twice as much as in the healthy subject. 
These findings are consistent with the very recent observation that infants 
who developed autism spectrum disorder had significantly greater extra-axial 
fluid characterized by excessive cerebrospinal fluid in the sub-arachnoid space 
(Brain. 2013 Jul 9.) 


Taken together, the results obtained in autistic subjects demonstrate that 
our technique was able to visualize the excess extra-axial fluid in a manner 
comparable to MRI; however, at variance with MRI, the observation with 
ultrasounds was immediate and intuitive and could be easily performed with 
no discomfort during a routine examination. 


Another finding that we observed was a relative disorganization of the 
neuronal layer arrangement in the temporal cortex of autistic subjects. It was 
possible to observe that the neuronal layers had a different orientation and 
that there Were black areas of about 0.4 mm that could represent areas of 
poor connectivity. 


Since this technique has been applied only recently to the study of autism, 
there is no statistical analysis indicating whether GcMAF or any other effective 
treatment can reverse the anatomical alterations that we have observed in the 
brain of autistic subjects. Therefore, there is no sound scientific answer to 
this question; there are only some anecdotic evidences suggesting that this 
might indeed be the case. Autistic subjects treated with GcMAF and showing 
considerable clinical improvement showed a normal brain anatomy. Future 
observation will tell whether these anecdotic evidences have a statistical 
meaning. 


Ultrasounds, however, in addition to their role in early diagnosis and follow-up, 
might also have a role in the therapy of autism and in particular in improving 
the response of those subjects who do not appear to benefit from GcMAF 
treatment. 
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GcMAF Non-Responders 


‘As odd as it may appear to non-researchers, the presence of non-responders is 
often the best assurance that we are dealing with a real biological phenomenon 
and not with placebo effects or worse. In fact the bell-shaped curve presented 
in the article by Bradstreet and colleagues it typical of any effective treatment 
and it confirms the validity of the results. This having said, however, there is 
the need to provide an answer to those who do not respond. And, in the 
effort of providing an answer to non-responders, improvements in the overall 
efficacy of the treatment for everyone will eventually follow. 


‘At the moment, there are two hypotheses that could help explaining why 
certain subjects do not respond to GcMAF in terms of improvement of 
symptoms of autism. 


The first hypothesis is related with the VDR gene polymorphisms. As we 
proposed at the AIDS conference in Vienna in 2010, and later published in 
2012 (J Nephrol. 2012 Jul-Aug;25(4):577-81), the individual responsiveness to 
GcMAF depends on the individual variations (polymorphisms) in the VDR gene. 
In other words, there are subjects harbouring variants that are associated 
with little or no response. However, this lack of response is relative and not 
absolute. In fact, it has been observed with vitamin D that these individuals 
respond to higher doses of the vitamin, thus indicating that the VDR is “less” 
responsive, but still functioning. This would mean that the so-called non- 
responders might need a higher dose or a longer time of GeMAF treatment 
to obtain the desired therapeutic effects. Prolonged observation of a higher 
number of cases will tell whether this hypothesis is correct. 


The second hypothesis is closely associated with the first one as well as with 
the question briefly outlined in a preceding section: “does GcMAF cross the 
blood brain barrier?” In a recently submitted paper, we proposed that the 
interconnection between GcMAF and VDR signaling is responsible for the 
transport of GcMAF through the blood brain barrier. In fact, transport of 
macromolecules across the blood brain barrier requires both specific and 
nonspecific interactions between macromolecules and proteins/receptors 
expressed on the luminal and/or the abluminal surfaces of the brain capillary 
endothelial cells (Int J Cell Biol. 2013;2013-703545. doi: 10.1155/2013/703545). 
Since VR signaling appears to enhance brain to blood transport at the 
blood brain barrier through both genomic and non-genomic actions, it can 
be hypothesized that the interaction between GcMAF and VDR (Nutrients. 
2013 Jul 8:5(7):2577-89. doi: 10,3390/nu5072577) may favor GcMAF transport 
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into the brain. This means that subjects with a less responsive VDR because 
of unfavorable genetic variants, would also have a less efficient transport of 
GcMAF to the brain, 


This latter consideration, however, opens the way to a possible solution that 
might also help increasing the effectiveness of GcMAF in those who already 
respond to it. 


In fact, now that we know the physiological molecular assembly of GcMAF, we 
can design specific GcMAF molecules that are more efficient in crossing the 
blood brain barrier and, therefore, are more effective in treating neurological 
conditions such as CFS/ME and autism, These molecules exploit the fatty acid 
binding site in the GeMAF molecule, and use one of the most beneficial fatty 
acids, oleic acid, the basic component of olive oil, to target brain cells 


Most interestingly, GcMAF/oleic acid molecules do not only stimulate human 
neurons with a much higher efficiency than GcMAR, but they also regulate 
glial cell metabolism. Glial cells are the connective tissue of the brain and glial 
cell dysfunction is involved in the pathogenesis of autism. In particular, glial 
cell dysfunction seems to be responsible for the neuronal underconnectivity 
typical of the autistic brain (Neuron Glia Biol. 2011 May;7(2-4):205-13). In 
short, we can postulate that the development of these novel GeMAF/oleic 
acid molecules will prove beneficial not only for the GcMAF non-responders, 
but also for improving the therapeutic efficacy of GcMAF in all neurological 
conditions where GeMAF treatment is indicated. 


In addition to these novel, more physiological, brain-targeted, molecules, there 
are other strategies that can improve GcMAF transport into the brain with 
consequent increased therapeutic efficacy. Just a few days ago, in a journal 
dedicated to advanced radiological research, it was published a report 
demonstrating that ultrasounds, just like those described in the preceding 
section, transiently open the blood brain barrier. This phenomenon is exploited 
to favor transport of chemotherapeutic drugs into the brain of individual with 
brain tumors and it proved safe and efficacious after extensive testing 


(On the basis of this observation, one could devise a simple treatment protocol 
using the same ultrasound system that is currently used for transcranial 
ultrasonography. In analogy with what is performed to deliver chemotherapeutic 
drugs to brain tumors, ultrasounds could be used to facilitate the transport of 
GcMAF through the blood brain barrier and to focus its delivery into those 
areas of the brain that are known to be altered in autism. 


312 Chapter 12 
In this manner, during a regular examination, the health professional could 
exploit our technique to assess the neuro-anatomical alterations in the autistic 
brain and to deliver GeMAF to those areas. The use of more physiological, 
brain-targeted GcMAF molecules that can be administered sublingually, would 
greatly improve the efficacy of the treatment and it will most likely reduce the 
percentage of the so called non-responders to GcMAF. 


Asnotedabove,however.the use of ultrasounds to treat neurological conditions 
is not completely new. In fact, we and others have demonstrated that non- 
thermal ultrasounds have significant effects on mental states (Brain Stimul 
2013 May;6(3):409-15), modulate neurotransmission (Neuropsychobiology. 
2012:65(3):153-60), cardiac frequency and blood pressure and improve 
skeletal muscle strength (The Journal of liME, vol. 6 (1), p 23-28, 2012). These 
effects can be observed with ultrasounds alone, that is in the absence of other 
treatments. 


In a protocol for the treatment of autism and CFS/ME, we propose to use 
four ultrasonographic technique together with timely administration of 
sublingual GeMAF/oleic acid molecules. In this manner, we are able to exploit 
the direct effects of ultrasounds on the neuronal microtubules (Brain Stimul. 
2013 May;6(3):409-15), together with the ability of ultrasounds to favor the 
transport of GeMAFloleic acid into the brain and, more precisely into those 
areas where the neuroanatomical alterations are observed. 


What is GcMAF? 
A drug, a hormone, a natural component, a nutrient? 


How to define a molecule that is formed every time a wound is licked? This 
is the most evolutionary conserved protective behavior in animals, humans 
included. The enzymes in the saliva convert the Ge-protein in the blood that 
is on the wound into active GeMAF that prevents infection of the wound and 
promotes repair (PLoS One. 2013 Jul 18;8(7):e69059). 


For many years researchers considered GcMAF only a key regulator of the 
immune system because of its activity on macrophages and its denomination 
reflects this early conjecture, However, as it often happens in science, the 
original denomination of a molecule proves incorrect with the passing of 
time and the accumulation of scientific evidences. Vitamin D is a notable 
example; it is not an vitamin and it does not contain any amine group (even 
though the suffix “vita” applies, in that it is indispensable for life). Now it is 
rightly considered a hormone produced by the body and, to be more precise, 
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a secosteroid hormone that has a mechanism of action similar to that of 
classical steroidal hormones. GcMAF being a part of the vitamin D axis might 
soon become another example of scientific mistabeling. In fact, we now know 
that it exerts its actions in many other cell types in addition to macrophages 
and that its role go well beyond activation of macrophages. 


And even though there are no doubts that it is a powerful stimulant of the 
immune system, it would not be surprising to realize that this might not be its 
most relevant physiological role. In this respect, GcMAF shares the destiny 
of its precursor, the Gc-protein. Gc-protein is a serum alpha 2 glycoprotein 
composed of a single polypeptide chain, structurally related to serum albumin, 
that performs a variety of actions in several cell types. It is synthesized in 
the liver and has been detected on the surface of several cell types, yolk sac 
endodermal cells, and some T lymphocytes. In B cells, it participates in the 
linkage of surface immunoglobulins. In addition to vitamin D,it binds actin and 
acts as an actin scavenger. These characteristics are of paramount importance 
in human pathology since actin is the most abundant protein in eukaryotic 
cells and it is a major cellular protein released during cell necrosis that may 
cause fatal formation of actin-containing thrombi in the circulation if the actin 
scavenging capacity of Gc-protein is exceeded. Not surprisingly, therefore, 
several studies suggest an association between Gc-protein and resistance 
or susceptibility to chronic obstructive pulmonary disease, thyroid diseases, 
diabetes, multiple sclerosis, and sarcoidosis (for a review on Gc-protein and 
the vitamin D axis, see: European Nephrology, 2011;5(1):15-9). 


From these considerations it derives that the potential indications for GCMAF 
‘treatment might be far too numerous than those currently envisaged. And also 
this parallels the fate of vitamin D, once thought only to prevent rickets and 
now involved in almost all aspects of human physiology and pathology up to 
the point that a (serious) scientific article on this subject was entitled: “Does 
vitamin D make the world go ‘round’?” (Breasted Med 2008; 3: 2392-50, 


Apart from issues of biomedical terminology, it is now emerging the concept 
that GcMAF is an essential component of that nutritional pathway that is the 
vitamin D axis. It is not a case or a coincidence that the article on GcMAF 
that has received the greatest attention was published in a scientific journal 
named “Nutrients”. With the proceeding of research it is becoming apparent 
that GcMAF participates in such a variety of physiological events that each 
proposed definition is limited. 


But, if we accept the concept that GcMAF is a natural nutrient, indispensable 
for brain and immune system development and function (and possibly for 
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many more essential physiological events), two questions spontaneously 
arise: “Where do | find it in nature?” and “How can I consume it?” 


The second question already has an answer: now that the physiological 
molecular assembly of GeMAF is known, there are on the market several 
GcMAF products that can be used sublingually or simply eaten. Modern 
biotechnology has reproduced the physiological conformation of GcMAF so 
that it can be absorbed in a natural way without recurring to intravenous 
or intramuscular injections. GeMAF injections are reserved for those cases 
where a strong and rapid stimulation is required. 


The other question is more intriguing and leads to the final section of this 
chapter. 


My Own Personal Experience with GcMAF 


As it happens in many people of my age exposed to the radiations from the 
Chernobyl incident, I have several thyroid nodules. Being a radiologist, it was 
easy for me to perform ultrasonography on my thyroid and what | saw on 
the screen was not nice. In addition to small lesions in my right lobe, in my 
left lobe | observed a massive mixed (solid and cystic) protruding nodule 
substituting for most of the lobe. The anterior-posterior diameter was about 
3 cm, whereas the longitudinal diameter was greater than the length of the 
probe (4 cm). The structure was grossly inhomogeneous with cystic areas 
and hypo-reflecting areas alternated with iso- or hyper-reflecting areas. The 
margins bordering the residual normal thyroid tissue appeared well defined 
with an area of edema (inflammation) surrounding the nodule. The blood 
vessels were located around and inside the nodule and few or no blood 
vessels could be observed in the large hypo-reflecting areas suggesting the 
presence of metabolically inactive tumor tissue, Consistent with these findings, 
laboratory tests showed signs of immunodeficiency and anemia. And, it has 
been reported that anemia is among the predictive elements of malignancy in 
thyroid nodules (Tunis Med. 2002 Sep;80(9):536-41). 


It was immediately clear to me that | needed a powerful stimulant of the 
immune system as wells as an anticancer agent, and GcMAF was my first 
thought. However, at that time, GcMAF was synthesized only in academic 
research laboratories and it was not available on the market as the pure, highly 
active, quality controlled product that we know today. Therefore, we decided 
to look for natural sources of GeMAF. 
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We already knew that GcMAF is naturally formed when a wound is licked 
because saliva contains the enzymes that convert blood Gc-protein into 
active GeMAF. Licking my thyroid, however, quite obviously, was not an option. 


Because of these hindrances, we hypothesized that GcMAF could be obtained 
through a natural food fermentation process that exploits the characteristic 
of certain microbial strains to produce the enzymes that convert food Ge- 
protein into GcMAF (Hollis and Draper, 1979). According to our hypothesis, 
fermented food-derived GcMAF would activate the macrophages widely 
diffused in the walls of the entire gastrointestinal tract and, in particular, in the 
Waldeyer’s-Pirogov tonsillar ring (or pharyngeal lymphoid ring). Our first goal 
was to assess the feasibility of obtaining natural GcMAF through home-made 
food processing procedures. To this end, we devised a strategy to prepare a 
fermented food product using those microbes, known to mankind for their 
healthy properties for millennia, that express the enzymes involved in GcMAF 
synthesis (Hollis and Draper, 1979). 


After having prepared this fermented food at home, | began consuming it on 
a daily basis. 


Since at that time we too considered GeMAF mainly for its immune-stimulating 
properties, the first objective was to assess the efficacy of this procedure 
on certain markers of immunodeficiency, the so called CD4 lymphocytes. 
The general public became familiar with CD4 lymphocytes because of their 
involvement in HIV infection and AIDS, and CD4 cell number is considered 
a reliable marker of immune system function, The role of CD4 cells in 
the immune system has been widely popularized up to the point that the 
‘webpage of the AIDS Authority of the Government of the United States of 
America states;“CD4 cells or T-cells are the “generals” of the human immune 
system, These are the cells that send signals to activate your body's immune 
response when they detect “intruders,” like viruses or bacteria. Because of 
the important role these cells play in how your body fights off infections, it's 
important to keep their numbers up in the normal ranges. 


In our observation, the reference laboratory considered normal value for 
CD4 cell count 500 - 1500 cells/iL. Before consumption, my CD4 count was 
low, close to the threshold of AIDS definition (372 cells/iL). CD4 count rose 
from the abnormal value of 372 to the normal value of 609 cells/yiL after three 
weeks of consumption of the fermented food that I had prepared. Such an 
increase continued up to eight weeks with CD4 cell count reaching 853 cells! 
uL. After many years, they are still in the normal range. 


CHAPTER1I 


Planning Your Electronics 
Workshop 


Are you interested in electronics? Would you like to set up your own “electro lab” to conduct amazing 
experiments, build crazy gizmos, and repair or modify your existing electronics? Then this book is for 
you! 

Your very own electronics laboratory is a great place to build, repair, invent, and learn more about 
electronics. We seem to be surrounded by electronics more and more every day. We can easily become 
dependent upon them, without even understanding how they work. Having your own electronics lab 
can help you gain some control over your electronic minions. Here you can learn about their inner 
mysteries, including how to repair them when possible or, better yet, improve them with your own. 
custom modifications. You can also turn your own ideas into reality by building electronic circuits from 
seratch, 

What will you need to plan your lab? What if you already have a basic understanding of electronics 
and the beginnings of a workshop at your disposal? This chapter helps get you going in the right 
direction, 


What to Expect 


This book can’t teach you everything about electronics, and it doesn’t try. That would take several 
lifetimes. What it can do is introduce you to the tools and the skills you will need to set up your own 
electronics lab. This will include a very basic introduction to electricity, a little bit of theory, some safety 
tips, and a whole lot of example projects. It’s a great starting place. Where it will lead you is mostly 
determined by you and what you're wanting to do with electronics. 

If you're already familiar with electricity and electronic concepts, there is still plenty of fun and 
interesting stuff waiting for you to explore. The field of electronics itself is constantly expanding. From 
the time this book was written to the time that you've finished reading this sentence, many advances will 
have occurred in both our understanding of electronics as well as the development of new applications 
and electronic devices. This is one of the many things that makes the study of electronics so interesting 
and exciting. 

Every lab is different. Your lab will reflect not only your immediate electronics goals but also your 
personality. Feel free to pick and choose from all the ideas presented in this book and add in some of, 
‘your own. The repair shop and the design studio are necessarily going to be arranged differently. There 
really is no right or wrong way to go. 

Even the best laid plans, so the saying goes, end up somewhere unexpected. When planning your 
electronics lab for the first time, or for the tenth time, keep in mind that your interests, resources, and 
reasons for wanting to work on electronics are going to change over time. Please feel free to reinvent 
‘yourself and your lab as conditions permit. You might also be forced to reconsider your priorities when 


The trend toward normalization of blood parameters was observed also in 
other abnormal haematological values. My values (low or abnormal) changed 
as follows: 


Before ‘After 


Consumption | 3Weeks | Normal Values 


Red Blood Cells 


(c106/uL) 455 485 46-62 
Haematocrit, % 429 459 40-52 
Haemoglobin, g/d 148 15.6 13-18 
Platelets/uL 165,000 206,000_[ 140,000 - 440,000 


The neutrophil cell count decreased from 77% to 55% in about 12 weeks, 
indicating a normalization of parameters suggestive of a pro-inflammatory 
state, Overall, the observed changes in haematological parameters were 
consistent with those positive modification of immune responses in humans 
that might represent the potential mechanism by which food fermented by 
probiotic bacteria confer health benefits. 


Being a researcher, | am very well aware that this report is a mere anecdote 
that, in the era of evidence-based medicine, has low value or is not even 
considered to be medical evidence. However, a very recent study on the 
evaluation of clinical practice challenges the deprecation of stories like that 
reported above. Thus, it is well known that some studies present large and 
impressive statistics obtained from many observations while others report a 
small number of noteworthy events,as we did in this study. However, according 
to this authoritative epistemological approach, “all of these stories become 
evidence of what works in medicine” (J Eval Clin Pract. 2011 Oct;17(5):920-6). 


Conclu: 


ns. 


In August 2013, a paper published in the very prestigious American Journal 
of Immunology reported a series of clinical cases successfully treated with 
GcMAF (Am.].Immunol., 9:78-84.2013). Among these, there were pathologies 
already known to be responsive to GcMAF treatment, such as cancer, autism, 
and CFS/ME. Other neurodegenerative diseases such as multiple sclerosis 
and amyotrophic lateral sclerosis, however, had not been treated with GcMAF 
before, and this is the first report on such a successful treatment. This paper, 
together with all the other recognitions reported above, places GcMAF as 
one of the most effective tool to fight diseases that were considered incurable 
until very recently. 
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In other chapters of this book it is clearly stated that autism IS curable, and 
the successes of GcMAF in curing autism further strengthen this concept. 
‘What is emerging and what | hope to have been able to convey, is that GcMAF 
is not an exogenous drug that“fixes” some problem, but rather a very natural 
component of our body that is essential for,at least, brain and immune system 
development and function. In many conditions, including autism, GcMAF is not 
produced to a sufficient extent and therefore it has to be administered from 
the outside. With the advent of a courageous little biotech company that has 
perfected the synthesis of natural, fully physiological, GcMAF molecules that 
can be eaten, GeMAF treatment will become all the more and flexible to fit 
the individual needs. Eventually, GcMAF will become part of an integrated 
nutritional plan as it was intended by nature during evolution. 


Consistent with this concept, | wish to conclude with an example from the 
realm of nature, 


According to the Genetic Science Learning Center of the University of Utah, 
“Some mother rats spend a lot of time licking, grooming and nursing their 
pups. Others seem to ignore their pups. Highly nurtured rat pups tend to 
grow up to be calm adults, while rat pups who receive little nurturing tend 
to grow up to be anxious. It turns out that the difference between a calm 
and an anxious rat is not genetic—it's epigenetic. The nurturing behavior of 
a mother rat during the first week of life shapes her pups’ epigenomes. And, 
the epigenetic pattern that mom establishes tends to stay put, even after the 
pups become adults.” 


It seems that licking their pups while breastfeeding in the first week of life 
is the decisive factor; in the saliva there are the enzymes that convert milk 
Gc-protein into GeMAF. What is more natural than this? 


eo « © 


Subcutaneous GcMAF has been available through FIRSTIMMUNE for several years. 
Their website is: 


www.gemaf.eu 


They now also produce a sublingual version of GeMAF called GOleic. They also have 
Bravo probiotics, and more. Please visit their website for more information. 


“If you're not stubborn, you'll give up on experiments 

too soon. And if youre not flexible, you'll pound your 

head against the wall and you won't see a different 
solution to a problem youre trying to solve.” 


~ Jeff Becos 


Founder of Amazon 


Chapter 13 


Beyond Recovery: 
The Maintenance Plan 


“Success is not final, filure is not fatal 
it is the courage to continue that counts. 
'~ Winston Churchill 


We see these questions on our boards from time to time: 


Will my son have to take CD for the rest of his life? 
or 
Will we be sorting through poop forever? 


‘The answer is No! 


Once your child has recovered, you can move to the maintenance phase. 
Since we live in a toxic world, itis important to continually detox the system, 
and keep the body free of parasites. While this can look different for every 
child and every family, the following are some general guidelines designed to 
keep our kids healthy once they are recovered, 


Diet 


While some families go back to giving their children foods that aren’t permitted 
here, many do not. Wheat, dairy, and soy aren't “healthy” foods for any of us 
to be consuming. After reading Olive Kaiser's section on gluten, you may have 
a tough time giving your child any bread products ever again, That said, once 
the gut is healed, it should be able to tolerate many of these foods again, to 
the extent that a “healthy” person would 


cD 


Even into the recovered stage of autism, many of the families keep using 
CD (oral, baths, enemas) to reach an ATEC of zero... or until there are no 
behaviors left from the autism, Once that is accomplished, then a maintenance 
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plan of one oral dose on Monday and one oral dose on Thursday is enough 
‘Typically, such a dose is 3 drops for children and 6 drops for adults—all in 
cone dose on each of thase 2 days. However, each family does this a little 
differently depending on weight and what the optimum dose was while on the 
{ull protocol. 


The more | learn about how toxic our planet is (i.e. GMOs, toxins in the ait 
drinking water, parasites in the environment, etc,), the more | realize how 
critical it is to be on a at least a limited long-term detoxing program. This is 
especially true for someone who was, or may still be immunocompromised. | 
do believe that once a child recovers from autism, their immune system can 
do the job that it was designed to do. However, healing takes time, and every 
case is different. Some people ask me if recovered children still take CD once 
recovered—and to be honest—many do not. 


Parasite Protocol 


It is impossible to avoid parasites in our world. As Andreas and Miriam 
explained to us, their larvae are nearly indestructible in nature and can live for 
years. A strong immune system, as well as sufficient stomach acid, may prevent 
a parasitic infection from taking hold in the body. To make sure, it is best to 
do a"mini protocol” every 3 months. You can do the full 18 days every 3rd 
month or a I-week mini version—whichever you prefer. 


Other Supplements 


While ocean water is necessary when detoxing with CD, it is extremely 
beneficial to all of us as our soils are almost completely devoid of nutrients 
and are contaminated with heavy metals and toxins. Also, it has been theorized 
that many GMO crops are lacking in nutrition as well. The 90 bioavailable 
nutrients in OW can certainly go a long way in keeping our bodies healthy. | 
especially love that it helps with conductivity in the brain. And, it is conducive 
to speech and cognitive function as well. 


Depending on each individual's needs it may behoove a family to keep giving 
MCT oil or Vegan 3,6,9 omegas. Certain supplements may still be required if 
there is a history of seizures 


Chelation 


Gentle chelators like Bio-Chelate™ can continue to be used into the recovery 
phase as heavy metals are present in our air and water. 
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Hyperbarics 


Nothing brings down inflammation quite like a hard hyperbaric chamber. 
However, 10 to 20 sessions can be very cost prohibitive for some families, 
making it a very personal decision as to whether or not to continue with 
HBOT after recovery, 


GcMAF 


| never felt better than when I did a course of GcMAF injections on myself. 
Energy went up and so did my ability to concentrate. Again, GcMAF is a fairly 
expensive intervention and that will factor into each family’s decision as to 
whether to keep using it. or not 


Ina nutshell, | would at least continue with CD two times a week, and a mini 


parasite protocol every 3 months, just as a preventative, Staying healthy is as 
important as getting healthy. 


YEAH so just took an ATEC. We have officially 
ne on the pees for 1 months now and finishing 
up our 11th PP. ATEC of THREEMmIM 57 to 3 in 
12 months. Henry's speech is what is keeping us from 
0. He has great conversation with people that are 
patient and don’t interrupt him so we are so chse 
toa BIG ZERO! 57 to 3 in 1 monthslll Far cry 
from the severe autism diagnosis he got at 25 years 
‘old Here is to the doctor that told me my son should 
be medicated, would never speak, and wil probably 
need to be institutionalized | hope YOU never say 
those things to another personlll_ All you need is hope, 
determination, and LOVE. 


Chapter 14 


Miscellaneous Information 
You Should Know 


“Always bear in mind that your own resolution to succeed 
is more important than any one thing.” 
~ Abraham Lincoln 


Seizures 


rn estimated 40% of children with autism suffer from some form of 
AL Seizures can be absolutely terrifying for both child and family 
and deleterious to the health of a child who is already suffering from various 
issues. | have talked to many different professionals about seizures and in turn 
have heard just as many different opinions on why this happens. Many doctors 
are unsure, while some simply don’t express their opinions, Some say it is a 
virus in the brain or heavy metals, inflammation, or pathogens/parasites. In a 
presentation by Dr. Andreas Kalcker; he stated that high levels of ammonia in 
the body can cause seizures and the high levels of ammonia in the body come 
from parasites. Since we know that CD kills pathogens/parasites, neutralizes 
heavy metals, and helps to reduce inflammation, it is not surprising that we 
have noticed reduced, or even eliminated seizure activity in children with 
seizure disorders that use CD in combination with the Parasite Protocol. 


MCT (medium chain triglyceride) oils, which come from the Ketogenic 
Diet out of UCLA, are also a very important piece to healing the body and 
eliminating seizure disorders, There is plenty of information on the Internet 
that discusses the results of people (on the spectrum and otherwise) using 
MCT oils for seizure disorders. 


The following is a list of things that parents on The Protocol have used 
successfully to reduce/eliminate seizures in their children. 


+ cD 
+ Parasite Protocol 
+ MCToil 
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+ GABA 
+ Hyperbarics at 1.75 ATA 
+ Ketogenic diet 
+ SCD diet (grain free) 
+ L-Carnitine 
+ PSP with magnesium 
+ L-Carnosine 
+ Taurine 
+ DMG 
+ Pycnogenol” 


The first four in this list have proven to be the most important and have 
shown consistent results. If you have a child suffering from seizures, you 
would be wise to review and consider these interventions immediately. The 
others have also proven very helpful and can be added in one-by-one, (always 
leaving three days between each new supplement) while you watch for a 
decrease in seizures. 


When we introduce GABA, we increase the dose daily in search of the 
appropriate dose for the individual. While establishing the correct dose for 
one intervention it is not appropriate to add in other supplements. Watch 
out for sleepiness or undesired behavior with GABA. In these cases, would 
personally discontinue its use,as with everything there is not one formula that 
is right for every child. Similarly. if you see hyperactivity or undesired behavior 
with DMG discontinue its use. 


All of the above supplements/interventions have proven very important for 
eliminating seizures, in different combinations, for different families. Whether 
the seizures are grand mal (tonic clonic) or petit mal (absence), they start to 
fade away as a result of the Protocol. 


Sometimes, when a family starts corresponding with me,their child may already 
be taking some of these supplements, and they continue to do that. They may 
have already taken some of these and seen no improvement. Some other 
families live in parts of the world where these supplements are unavailable, 
and in that case we focus on CD and killing parasites 


As | mentioned, a critical piece for some of the children with seizures has 
been the implementation of the Parasite Protocol, This has also led to a 
reduction or cessation of seizure activity in many children with seizures. 


Interestingly, once some moms were made aware of the parasite/seizure 
connection it was easy to time seizure activity/anxiety/aggression to full and 
or new moons. As Dr. Andreas Kalcker talked about in the parasite section, 
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the full moon period is when parasites are mating, many in the gastrointestinal 
tract, and therefore “wormy behaviors” (anxiety, SIBs, depression, tantrums, 
aggression, and teeth grinding to name a few) will generally be higher around 
that period, New moons can also cause an increase in these behaviors. 


Children who have a seizure disorder or are self-injurious need to avoid 
food coloring, eggs, tomatoes, pork, and chocolate. When adding in the 
supplements for the seizures that we listed above, follow the same rules as 
before, never adding more than one supplement every three days, and always 
carefully observing and keeping track of any and all changes in your notebook 
so we know what causes what. 


After starting anti-parasitics with the help of her daughter's doctor, one 
veteran mom introduced the CD protocol; a combination that has been 
extremely beneficial for her daughter, who suffered from frequent grand mal 
(tonic clonic) seizures. 


Her Advice: 


Most of my understanding of how parasitic infections can lead to seizures involves 
my own tracking of seizure activity patterns in my daughter, which coincided with 
‘new moon and full moon periods. Then, since MOST doctors want references to 
what they feel are'reliable sources’ I started by Googling “NIH parasites seizures.” 
which brought me ta: 

ncbi.nlm.nih govlpubmed/18754958 

Helminthic parasites and seizures. (Epilepsy. 2008] - PubMed - NCBI 

| would scrongly suggest that you document patterns of seizure activity against 

the Farmer's Almanac of Full Moons (you can even look up past Full Moons) and 
marry that information with info from sites lke the one above. Also, ! would highly 
recommend you hunt down a pediatric infectious disease specialist in your local 
area (start by researching pediatric staf at local hospitals) and bring with you all 
information/insight to your first appointment. 


Her Testimoni 


From her very first drop of activated CD in early July 2012 (actually her very first 
‘one-ighth drop to be exact), | witnessed an improvement in my daughter. Within 
about two hours of drinking her first ounce of the activated CD water solution 
(one activated drop of CD mixed into eight ounces of water), | witnessed her sitting 
still in our kitchen and observing me in such a way unlike she had ever done before. 
She was calmly observing me instead of running around the kitchen. She was taking 
‘my actions in. She was studying me. Her eyes were focused on me, rather than 
constantly scanning everything else in the room. Both her facial expression and 

her body language were calmer than | had ever witnessed before. She was more 
focused, more centered. She appeared content. 


This change that I witnessed in her was so noticeable and so sudden, that I couldn't 
help but think co myself,"“So this must be why the first word in MMS is Miracle.” It 
was that amazing of a change in those moments, 
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other factors in your life exert themselves. That being said, stay tuned for “A Cautionary Tale” at the end 
of this chapter. 

‘Some configurations are more appropriate for certain endeavors, and nothing replaces the right tool 
for the job. This book should at least give you an idea of what is involved and get you pointed down the 
right road. 


It Starts with a Plan 


Most of the decisions you'll make when planning your laboratory will depend on what you're interested 
in doing there. Having a good plan at the beginning is like having a clear map when taking along 
journey. It helps you from getting lost and also is handy for figuring out when you've arrived, 


Note f you fal to plan, you plan to fal 


Remember, at this point in the game, you don’t have to make any final decisions about what you 
‘want to be able to do in your lab. This book is all about illustrating possibilities and giving you the 
information and advice necessary to branch out into the areas that hold the most interest for you. 


A Broad Outline 


Here's what you need to get started: a little time, a small amount of space, some basic tools, and a few 
components. Those are the boring parts. The fun stuff includes your ideas, goals, and inspiration. 
Combine all that with some fundamental information about how electricity and electronics work, and 
‘you're in business. 


A Little Time 


Like any good hobby, setting up your electronics lab and conducting experiments there is going to take 
up some of your time. For some, this is the main reason for getting started in electronics and building a 
lab: a place to escape, unwind, and tinker with ideas, prototypes, and complex systems. Maybe it’s your 
job. Maybe it’s your passion. Perhaps it’s a bit of both, 

You're going to need time to plan and build your lab. This book will spell out several specific 
arrangements for various-sized labs, but they are just examples and not hard-and-fast rules. More time 
‘will be required for obtaining the proper tools and materials that you will use there. Time will be spent 
not only doing things in your lab, but also in just shinkingabout doing things in your lab. For example, 
‘you might build a clever little gizmo that ought to do a simple task, only to lind out that it refuses to 
‘work. You might need to spend a litle bit of time thinking of ways of testing it to find out where the 
problem lies, This is sometimes called troubleshooting or debugging. 

This is the basis of the scientific method. To help understand how something works, you first form a 
theory that would explain its behavior. Next you prepare one or more experiments that will demonstrate 
the accuracy of your theory. The experiments are conducted and their results are analyzed. Ifthe results 
are in agreement with your theory's predictions, then your theory is more than likely correct. Ifnot, you 
‘may need to modify or extend your theory to accommodate the behavior observed. All of these things 
take time, which helps explain why we don't have jet packs or time machines yet. 
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Shortly after those incredible moments, my daughter went on to eating contently 
and then jumping on the neighbor's netted trampoline. She has enjoyed the 
neighbor's trampoline for years; yet on that particular day. only a few hours after 
her first drink of a tiny amount of CD, | noticed something quite diferent in her 
behavior. As | observed her from the windows of our house, | could see that she 
was jumping less chan usual and instead looking around a lot more. She was calmly 
looking around at the neighbors’ houses, down at some birds in the grass, up at the 
trees, the clouds, etc. Ie was all as chough she was perhaps truly noticing them for 
the first time. She had glanced at these things before that day, sure, but she never 
before appeared to be studying them in the manner she was in those moments 

‘on the trampoline that july afternoon. She did engage a bit in some of her tic-like 
spitting movements with her mouth while on the trampoline, but to nowhere near 
the intensity, nor duration that would more typically have consumed her prior to 
that day. 


‘When she came back into the house after using the trampoline and observing her 
world, lasked her,“why were you spitting out there?” To my surprise, she then 

very calmly replied, "because it’s sensory.” Wow! She truly was more connected 
somehow to her world than ever before. Something good was happening to my 
girl—only hours after drinking one-eighth of a drop of activated CD with one ounce 
of water. From those moments on I felt encouraged in my heart and soul that CD 
could possibly be a very important catalyst toward improving my daughter's health 
and well-being. 


With the help of a caring local doctor, we had already begun some trials of anti- 
parasitic medications on our daughter in early May 2012, prior to starting CD, in 
response to behavioral struggles that had been consistently intensifying around full 
moons every month. (Later, we noticed new moon behavioral intensities as well) 
‘We had seen some improvement with antiparasitic medication, yet CD seemed to 
somehow boost our daughter toward further improvements that much quicker. In 
fact, our daughter's ATEC score before starting CD measured 79 on July 8th, 2012 
(che day before starting CD), but as of September 30th had dropped down to 55 
(only two and a half months later). 


Now, in early December 2012, our daughter still appears to be on an overall upward 
trend of improving health and stability attributable to the synergy of CD and anti- 
parasitic medications. Natalie’ interpersonal skills have improved, her growth rate 
has improved, her focus has improved, and her frequency of seizures has lessened. 


In fact, at this writing she is 53 days seizure free, which is quite an improvement 
considering before she was on a terrifying pace of grand mal (tonic clonic) setzures 
occurring every 2-3 weeks. These are very dangerous, life-threatening events. 

Her seizures were rapid onset, heading toward grand mal within seconds. They 
could happen anywhere, ie. while in her car seat coming back home from a Dr's 
appointment, while driving away from Costco, while running in the backyard playing 
with the dog, or swinging high on the swing set in the backyard with a neighbor 
girl, Yet another occurred while wading in the lake (with life vest on), another hit 
while in our neighbor's four-foot swimming pool with me and her brother. She 
was right next co me, walking around and then suddenly, she was in the throes of a 
rapid-onset grand mal seizure that required me to lift her out of pool into her NT 
(neurotypical) brother's arms. May these be the last my daughter ever knows of 
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I is our hope that, in time, CD will be able to take on the lead role as the primary 
health-support for our daughter, if not, perhaps even someday the sole healthcare 
‘support to her. Were looking forward to the days when we may be able to remove 
or reduce many, or perhaps even almost all,of her current supportive medications 
(ie. antibiotic, antiviral, anti-seizure, etc.). With the caring support of parents of The 
Thinking Moms' Revolution, as well as some excellent local doctors, we suspect that 
our daughter’: life will continue to improve. In the almost 14 years of caring for our 
daughter in her various states of medical fragility, we have never ever had this much 
Hope. We feel fortunate to have been swept up into this Revolution and embraced 
warmly by so many Thinking Moms who are also in the process of working toward 
more healing for their children. Working to heal illness is so much nobler than 
working to mask illness, wouldn't you agree? God Bless Jim Humble, Andreas 
Kaleker, Kerri McDaniel de Rivera and all the TMR families! 


UPDATE: January 30th, 2013 


00 am so thankful for Kerri and her whole ‘crew’. Thanks to Kerri for bringing 
CD toall of our kids on the spectrum worldwide. My Natalie is now OFF of 

her former roller-coaster ride of prescription anti-fungals, OFF of her former 
roller-coaster ride of prescription antibiatics, OFF of prescription antiviral, OFF 

of prescription low-dose naltrexone, etc. Her belly distention has disappeared, 
she's gained weight, she's gained height and she’s now almost 103 days seizure free 
(as of 6:16pm tonight). She still has a ways to go toward more improvements, but 
‘she's happily climbing up from bottom of the trenches; she’s climbing up from what 
seemed like the very bottom of the abyss that vaccine injury/injuries had placed her 
in. Thank you Kerri, Andreas Kalcker Jim Humble and all of the moderators on the 
supportive websites!!! 


UPDATE: February Ist, 2013 


My Natalie's long run of 105 seizure-free days has ended. After being off of Albenza® 
less than 24 hours, BOOM! a grand mal (tonic clonic) seizure occurred yesterday 
evening. This same thing happened the last time we stopped Albenza®, sooo0o 
were not sure if i's withdrawal related or parasitic activity related. Were going to 
closely watch her behaviors this week for signs of parasitic burden. We put her on 
Allnia® now, just to give her some sort of parasitic coverage while we wait to likely 
restart Albenza®, soon. She did fine on Alinia® 200mg BID in the past. Ill keep you 
all posted, but for now we unfortunately need to restart the clock on my Natalie's 
‘selzure-free days’ tracking. I'm bummed, but thought | should keep you in the 
loop on this:as I've been sooooeo excited over the past three months about her 
freedom from seizures, which I believe was due to the synergy of CD and Albenza®. 
Il couch back iffwhen we learn more. 

UPDATE February 2nd, 2013, 

OK. so, just wanted to kind of round out this long thread a bie with my thoughts, 
for whatever they're worth: | realy truly suspect that perhaps too sharp of a drop 
off ack of weaning) from the systemic med, Albenza® lead to the seizure. Natalie 
is stable right now on a low-dose interim of Alinia® 200mg BID for now until all 
insurance approvals are in for the delivery of more Albenza®. This leads me to 
believe that the several courses of Albenza® over the past months likely HAS 
lowered her overall parasitic load/burden fairly well thus far (it’s a pretty broad- 
spectrum antiparasitic, from what | understand). However, I don't think for a 
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‘minute that Natalie's broad spectrum antiparasitic medicine needs are finished. For 
this reason, we'll resume Albenza® as soon as were able. 


Although further discussion/negatiation between myself and Natalie's pediatric 
infectious disease doctor is required, my thought is that she may need an entire 
year on Albenza. However, certainly in the future, whenever we stop Albenza®, 
Tm going to plan for a slow weaning off period so as not co disrupt Nat's delicate 
nervous system. Also,|'m kind of thinking that perhaps if our kids ‘wig out’ when 
CD is eventually dropped that maybe we've nat lowered the overall parasitic 
burden enough, as yer co allow their immune system to ‘kick in gear’ and properly 
function??? I don't know, obviously, just theorizing with the brain matter God has 
given me. 

SUMMARY & UPDATE FOR SECOND EDITION: December Ist, 2013 


From birth to age 7 years, my daughter Natalie unfortunately had her share of health 
and developmental struggles. Her diagnoses began with ‘Failure to Thrive’ shortly 
after birth, followed thereafter by a Mitochondrial Encephalopathy Partial Complex 
III Deficiency diagnosis by age 7 months, then Hypothyroidism as well as global 
developmental and cognitive delays obvious from there. Despite significant medical 
and developmental challenges, Natalie entered a Kindergarten designed for the ‘mild 
cognitively impaired’ (formerly referred to as educatably mentally impaired EMI’) 
with daily opportunities for mainstreaming with the typical Kindergarten classroom 
next door: After a fall 2005 Flu shot early in that same Kindergarten year; however, 
all bets were off. She regressed very rapidly in every way: medically, developmentally, 
and behaviorally. Within months of that shot, a laundry list of additional diagnoses 
began to form: Sensory Integration Disorder, Autism, Epilepsy, PAN.D.AS. PANS. 
and Combined Immune Deficiency, to name a few. After much study by a large 
team of educational specialists, Natalie was reclassified by school professionals by 
the following April of 2006 to the ‘SXI" category of disabilities (Severely Multiply 
Impaired), having deteriorated terribly from her former classifications of POHI 
(Physically or Otherwise Health Impaired) and'Cl' (Cognitively Impaired) within 
only months of that Flu shor. Her significant healthcare needs and behavioral 
challenges since have necessitated assignment of a one-on-one Para-educator to 

her case, even while she's been schooled within high adult-to-student ratio basic 
‘education special- needs classrooms over the past several years. 


In 2011, between the ages of 12 and 13,1 began to notice patterns of apparent 
PANS. flares in Natalie, which seemed to coincide with the New Moon and Full 
‘Moon weeks. When I began to study this phenomenon a bit more closely, also 
recognized a pattern of seizure activity that tracked these timeframes as well. In 
reading about potential parasite activity thac is thought to link to the New Moon 
and Full Moon timeframes, | requested anti-parasitic medications for Natalie. 
Thankfully, local Pediatric Infectious Disease doctor kindly accommodated my 
request. Each time that the doctor prescribed various anti-parasitic medications 
for Natalie, she would improve, The improvements were noticeable both at school 
and at home. It was incredible to witness. However, each and every time that she 
was off of such medications, she would regress back to her former state of illness 
(displayed primarily by significant behavioral regressions). So, we found that we 
needed to try to keep her on various anti-parasitic medications more often than 
off of them, in order for her to enjay overall improved health and neuropsychiatric 
stability. Even so, there was still some sort of physiological strain tha she was very 
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definitely experiencing, but we were unable to decipher what it could be. This was 
frustrating, of course; to witness her continued rollercoaster of ups and downs in 

health and her various psychiatric disturbances each month. 

Ie wasn't until a friend suggested we get Natalie started on CD, that the health and 
behavioral ‘rollercoaster ride’ began to show signs of smoothing out. In July 2012, 


Natalie in 2006 (left) and in 2013 (right) 


after her first drink of CD (only one-eighth of a drop), Natalie began to show initial 
signs of relief from whatever it was that was still ailing her. Her connectedness and 
overall psychological state of being changed within hours of that first one-eighth 
drop of CD. After that first day, we of course then continued with a very slow and 
conservative ramp-up of CD (orally then baths, then enemas) alongside various anti- 
parasitic medications and all of the components of the Kalcker PP (with frequent 
swap out of Mebendazole with Albendazole, predominantly). With each passing 
month over the past sixteen months, we've been able to witness improvements 

in Natalie; perhaps a bit more slowly than some of the younger and/or potentially 
less health-compromised kids that Kerri’s protocol has healed, but improvements 
nonetheless. Before CD, Natalie's ATEC score was a 79. As of this writing, her 
ATEC score is a 39. Even more astounding to us than that improved ATEC score 
hhave been the changes witnessed thus far in her overall health status and health 
regimen. Here isa list of some of the improvements that | can very easily recall as 

I write this (there are likely many more that | could comment upon, if| had more 
time): 


Daily prescription anti-fungal medications no longer needed. 
Daily prescription antibiotic medications no longer needed. 


Daily prescription antiviral medication no longer needed. 


eee 8 


Daly prescription LDN (low dase naltrexone) immune modulator removed. 
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5. Daily prescription Leucovorin removed without ill effects noticed, as well as 
several other daily supplements that might have been ultimately not helpful. 

6, Prescribed Immune Globulin (weekly subcutaneous, formerly monthly 
intravenous for years) removed. 
Distended belly gone & improved posture (no longer hunched over). 
Formerly very frequent tongue sores/lesions lessening more & more, 
Seizures formerly as high as every 17-21 days in her worse times;now she's 
enjoyed seizure-free stretches as high as 105 days (3.5 months) followed shortly 
thereafter by a seizure-free stretch of 168 days (5.5 months). Prescription 
anti-seizure medication reductions have also been enjoyed as well as fewer 
headaches resultant of those reductions 

10. PANS. flares controlled with the combination of CD and anti-parasitic meds. 
Neuropsychiatric symptoms of flares very dramatically declined 

11, Overall appearance of improved health, improved language and interpersonal 
skills, mproved attentiveness (per Neurology’ opinion at recent appointment). 

12. Improved stamina and strength (core, legs, etc.) noticed at Special Needs 
Performance Cheerleading practices, physical therapies, ete. Her ability to 
peddle adaptive bike has aso improved. 

13, No more nose bleeds, no more ear infections, no more apparent seasonal 
allergies, ewer headaches (as noted above). 

14, Incredibly improved sleep and need for naps only once in a while now (as 
opposed to formerly daily) 

15. Improved groweh rate and normalized appetite 

16. Improved language (more descriptive words, more sentences). 

17, Healthierlooking skin overall softer, less dry. improved color & ability ta tan 

18. Improving oral muscular abilities, able to swallow pills/apsules. 

19. Capable of successful dentist appointments and now even Orthodontist 
appointments, with calm and ease, 

20. Increased success rate during therapies (Speech Therapy, Occupational Therapy, 
Physical Therapy, etc). 

21. Less righty overall fewer transition issues, cooperates more often than she 
ever used to. 

With all of che well-documented improvements noticed in Natalie at home, at 

school and in doctors’ offices, | don't have the same level of fear as other parents 

might surrounding our open use of CD, as Natalie's doctors are all well informed 

and quite supportive. We've also formally notified her social worker (both verbally 

at a home meeting and in writing) of our use of Kerri’s CD Protocol (including 

Kalcker’s Parasite Protocol and of course a GFCFSFIlow sugar diet) while under 

Natalie's local medical team’s support and medical monitor. Were ‘out of the closet’, 

£0 t0 speak, when it comes to our use of CD for improving Natalie's health. Its 

been quite obvious to Natalie's doctors; actualy, that Kerri’s protocol has been 

extremely complementary to their medical efforts for improving Natalie's health and 

overall quality of life 
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There's of course no way to predict with certainty how far my sweet Natalie will be 
able to ultimately improve via this protocol, but based upon what we've witnessed 
thus far, I do feel that her current best hope for continued improvement lies within 
the pages of this book;as these healing strategies of Kerri Rivera's have brought 
Natalie toward more health (physical, neuropsychiatric, emotional and even some 
initial cognitive improvements) than any other medical effort attempted since her 
2005 Flu shot injury. All other medical efforts for Natalie over the years, | feel, 
perhaps only temporarily patched her severe illness. Kerri’s methods actually work 
to attack disease, kill it and remove it. Yes, that's right. Eight years after Natalie's 
tragic rapid spiral downward, its now finally a time of healing for Natalie. Thank you, 
Kerri Rivera, for all of your help given to our girl and to so many children around 
the world. 


Self-Injurious Behaviors (SIBs) 


Self-injurious behaviors (SIBs) can be absolutely devastating for families 
with children on the autism spectrum. Common self-injurious behavior 
includes: headbanging, hand biting, pinching, slapping head/ears, eye poking, 
hair pulling, scratching/rubbing, throwing one’s body on the floor, etc. The 
horror of watching your own sick child further inflict pain onto himself, and 
the helplessness of not knowing what to do to help him is heartbreaking. | 
have met with families through the clinic who have had terrifying episodes 
of SIBs in front of me as well as at home, and many of these families as well 
as others are now using the Protocol to help their children with very good 
results. 


There are many theories as to why some children have SIBs. The article 
“Self-Injurious Behavior” by Stephen Edelson on ARI's website discusses 
several different theories and supporting research? The theory that most 
fits what I see on the ground is that of pain alleviation. Many of our kids 
are in chronic pain and cannot tell us. Sadly, we haven't always had answers 
to help them. 


If we follow this thinking, and assume that many of these children suffer 
from severe gastrointestinal pain, or headaches (supported by head banging, 
gut clutching, etc.) we can hypothesize that much of this pain can come 
from pathogenic overload, parasites wreaking havoc on the body and the 
resulting inflammation, 


Families applying CD in combination with the Kalcker Parasite Protocol are 
reporting a dramatic reduction in SIBs in their children. | believe there is 
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an important connection to be made here, as we eliminate pathogens and 
parasites SIBs decreases. More research is needed, but for families facing 
the horrors of self-injurious behavior, this combination could be of great 
value. (More testimonies on decreased SIB's can be found in Chapter 2, 
and the Miracles and Testimonials section at the end of the book starting 
on page 357.) 


Prior to starting CD, we had tried almost every autism 
biomedical protocol We saw several DAN and Gl specialists 
‘and numerous other practitioners. We spent tens of 
‘thousands of dollars on consutts, supplements, diets, medicine 
and medical procedures not covered by insurance. My 
daughter either had no response or negative ones and she 
continued to get worse. She developed extreme self-injurious 
behaviors that progressed to the point of her needing to 
be restrained several times a day in an attempt to prevent 
her from pinching or biting herself unti she drew blood. 
Her body was covered with bruises and cuts. She would also 
pull out big chimps of her hair. She would be up for hours 
‘screaming in the night with these behaviors She was 
severely malnourished despite the fact that two registered 
deticians had deemed her daily caloric intake adequate, She 
was 14 years od and weighed a little over 70 pounds | 
honestly did not think that CD would be any different than 
anything else we had ever tried but figured things could not 
get much worse. 


Since starting CD her self-injurious behaviors are almost 
‘entirely gone. She went from having to be restrained 
‘almost daiy to once in the last 5 months. Her former 
multiple daly 45 minute self-iniorious tantrums are now a 
few minutes of crying or protest and happen once a week 
if at all. We have noticed gains in language and cognition (30 
point drop in her ATEC score) After years of fluctuating 
between loose stools and constipation, she is now regular and 
has gained almost 10 pounds She seeps through the night 
and we are able to take her places that we would have- 
ever dared to before. If my daughter can make gains this 
drastic in 5 months at age 14, | can’t wait to see what the 
future holds. 


dulie, Colorado, USA 
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PANS, PANDAS and PITAND 


PANS stands for Pediatric Acute-onset Neuropsychiatric Syndrome. It 
encompasses PANDAS (Pediatric Autoimmune Neuropsychiatric Disorder 
Associated with Streptococcal Infections) and PITAND (Pediatric Infection 
‘Triggered Autoimmune Neuropsychiatric Disorders), where PANDAS is a 
subset of PITAND. Dr. Susan Swedo, Chief of Pediatrics & Developmental 
Neuroscience Branch at the National Institute of Mental Health (NIMH), and 
her research team identified a subtype of QCD in children during the 1990s 
that is triggered by infection. Streptococcal infection has been most studied; 
however, any infection can trigger this condition? 


Ihave run across these diagnoses a lot since | have started helping families in 
first world nations. There seems to be an overlap in some autism and PANS/ 
PANDASIPITAND cases. | have heard that around 25% of children with ASD's 
also suffer from PANS/PANDAS, and/or PITAND. Some practitioners would 
put that figure even higher. However, since further research is needed, and 
this field is still developing it is impossible to say for certain at the moment. 


According to the International OCD (Obsessive Compulsive Disorder) 
Foundation some of the symptoms of PANDAS/PANS may include: 


+ Acute sudden onset of OCD. 

+ Challenges with eating, and at the extreme end, anorexia. 

+ Sensory issues such as sensitivity to clothes, sound, and light. 

+ Handwriting noticeably deteriorates. 

+ Urinary frequency or bedwetting 

+ Small motor skills deteriorate - a craft project from yesterday is now 
impossible to complete. 


+ Tics 
+ Inattentive, distractible, unable to focus and has difficulties with 
memory. 


+ Overnight onset of anxiety or panic attacks over things that were no 
big deal a few days ago, such as thunderstorms or bugs. 

+ Suddenly unable to separate from their caregiver or to sleep alone. 

* Screaming for hours on end. 

+ Fear of germs and other more traditional-looking OCD symptoms. 


I know several moms who have been able to reduce/control/eliminate their 
children’s symptoms with CD. In fact families began to eliminate the antibiotics 
that they were using as they reached full dose of CD. | am by no means 
suggesting anyone reduce or remove a prescription medication without a 
doctor's supervision. | am simply reporting on what | have witnessed. 
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We know that CD kills bacteria, so we could hypothesize that CD could have 
a similar effect on the PANS/PANDASIPITAND symptoms that an antibiotic 
would. What has worked in these cases is upping the number of doses of CD 
given a day so as to kill pathogens around the clock. For PANDAS/PANS/ 
PITAND use two baby bottles a day. If your max dose is eight drops in an 
eight ounce bottle, and a PANDAS flare presents, prepare two baby bottles 
with eight drops in each and give one dose every hour over the course of 16 
hours. Some families are doing 16 doses a day even if there is no flair and the 
child is doing excellent. 


As noted previously, in the absence of research, we cannot recommend doing 
nothing for these children. Their suffering is intense and the risk of long-term 
damage cannot be ignored. We also do not know if some of these children 
remit spontaneously later in adolescence. We do not know if some of them 
grow into adults with the most treatment resistant OCD due to permanent 
basal ganglia damage. While we research those questions, offering treatment 
options at the local level, especially in the first few months after onset, could 
be critical to the long term success for these kids.* 


We parents are pioneers in the research surrounding PANS/PANDAS/ 
PITAND, so it is critically important that we document what we are doing 
with our children and what is working for them. In fact,A MOM was the first 
to discover the connection between strep and OCDItics. Her child was the 
first documented PANDAS child. Dr. Susan Swedo reinforces that physicians 
should listen to what the mothers have to say! Speak up to your doctor, 
share your findings, join our forum to learn,and share what is working for you. 
Parents are driving the biomed movement (and always have) for ASDs as well 
as PANSIPANDASIPITAND. In fact Dr. Bernard Rimland was a parent and the 
first to suggest biomedical interventions for people on the spectrum. We as 
parents can help countless other families by sharing our experiences. 


You will find more info on PANS/PANDAS/PITAND at: 


www.pandasnetwork.org 


and 


ocfoundation.org/PANDAS 
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Fever Therapy 


Dr. Kenneth Bock and Nellie Sabin, in their groundbreaking book The Road to 
Immunity: How to Survive and Thrive in a Taxic World, explain how to use fever 
therapy and how it is an incredible tool for healing* When a mom emails me 
to tell me her child has a fever, it tells me that the immune system is reacting 
to an invader, and we have an excellent opportunity to kill pathogens in the 
body. Having a fever is part of an effective immune response. This is also 
true in infants as well as small children, Using over-the-counter (OTC) fever 
reducers interferes with the body's own ability to fight infection. 


This section was excerpted from the aforementioned book. 


Fever has long been recognized as an important tool in the process 
of healing. The process of heating the body is called “hyperthermia.” 
Hyperthermia, or ordinary fever, can be very effective against cancer 
cells, various pathogens, or invading organisms that cannot “tolerate 
the heat” Hyperthermia may not kill all pathogens in the body, but 
‘may reduce the number of invaders in the body to a manageable 
level for the immune system, Hyperthermia may also be responsible 
for stimulating the immune system to produce cytokines i.e.antibody 
production, and release of toxins from fat cells. 


CHAPTER 1 = PLANNING YOUR ELECTRONICS WORKSHOP 


A Little Space 


You don’t have to start out with a cavernous underground bunker for your electronics lab. If you already 
hhave one, that's great. You might have an extra classroom available, some unused warehouse space, or 
‘an empty bench ina garage. 

Then again, you might only have a comer of the dining-room table, and then only between 
mealtimes. That's plenty of room when you're just getting started! Once you learn more about 
electronics, and especially when you learn more about what itis that you want to do with electronics, 
then you can start looking for a more permanent home for your toys, tools, and spare parts. 

The main points that will be stressed throughout this book when planning and working in your 
space are safety, good lighting, and organization, in that order. 


+ Yourlab needs to be relatively safe for you, and very safe for your visitors and 
neighbors. The “Go Away!" sign on the door does not guarantee that you will be 
free from curious visitors, pesky and otherwise. People are naturally attracted to 
the creative and mysterious activities going on in your lab. 


‘+ Be prepared to buy, build, or borrow more lighting, because you're going to need 
it. Proper lighting improves the quality of your doodlings and tinkering 
‘enormously. You might think you already have enough light, and unless you were 
a photographer in a previous life, you don't. (Photographers understand that you 
‘can never have too much light) 


+ Anorganized lab is a productive lab. Don't waste time looking for parts or tools, 
‘when it would have only taken mere moments to put them in their proper places 
in the first place. A place for everything, and everything in its place. You get to 
decide where all these tools and bits get to live, so spend some time and do it 
wisely. 


These three tenets will be repeated throughout the book, so you might as well get used to hearing 
about them. 


Basic Tools 


You really don’t need a lot of tools to get started, There is a tendency to want to be ait overprepared 
before tackling any new project, but it really isn't necessary when it comes to planning and building a 
new electronics lab. This is also true when sorting out a lab that’s gone badly out of control. 

You're going to be working with wire quite often. Claude Debussy has been quoted as saying that 
music is the space between the notes. It's the connections between the various electronic components 
that make the magic happen in an electronic circuit, in the same way that its the relationships between 
people that make their lives so interesting. 

The connections between all the various imaginable electronic components almost always start out 
as bits of wire. These connections can then be optimized into copper traces etched on a printed circuit 
board or even as metallization links in an integrated circuit. You're going to be working with a lot of 
‘wires in this hobby, and that usually boils down to two basic hand tools: wire cutters and wire strippers. 

‘Awire cutter does what it says and says what it does: it cuts wire. A wire stripper is a more 
specialized tool that helps remove the outer layer of insulation from a wire, Ever more specialized 
versions of both tools abound, Some tools aim to perform both tasks at once, while never perfecting the 
art of either. 

Resist the temptation to use your teeth for cutting and stripping wire. If you're caught in a situation 
without proper tools, use your fingernails. They grow back faster than teeth, 
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What Temperature Constitutes a Fever? 


According to Dr. Robert Sears, the following are normal temperatures in 
children over 3 months.” 


Normal temperature: 97° to 99° F (36° to 37.2° C) 
Low-grade fever: 99° to 100.9° F (37.3° to 38,3° C) 
Common fever: 101° to 103.5" F (38.4° to 39.7° C) 
High fever: 103.6° F (39.8° C) 


Fever Therapy in Practice 


If your child develops a fever, it is not a failure of the body that needs to be 
corrected, but a mechanism that brings the body closer to healing. Rather 
than administer an OTC remedy to reduce fever, apply a cool, damp washcloth 
to the forehead and neck, replace them as they warm, and let the body do its 
job. Some parents put damp socks on their child's feet. 


During a fever you can dose orally, as well as do one CD bath and one CD 
enema in one day. Keep dosing CD every hour (16 to 24 doses a day), unless 
the person stops eating. Even if you must reduce the number of drops, even 
if you are only giving one drop, keep dosing every hour. CD baths, as well as 
baths in general, are also your friend if your child has a fever. Some parents 
have given several baths throughout the day while a fever is present with 
great results. Bath the child if the fever spikes. Always be vigilant that the 
temperature does not rise too high or too fast so as to cause febrile seizures, 
we have to use common sense and trust our instincts. Bath and keep a cool 
damp wash cloth going 24/7 until the fever pases. 


According to the National Institute of Neurological Disorders and Stroke 
febrile seizures are convulsions brought on by a fever in infants and small 
children. The majority of children with febrile seizures have rectal temperatures 
greater than 102° F Approximately 1 in 25 children (4%) will have one 
febrile seizure. Although febrile seizures can be frightening to parents, the 
vast majority of febrile seizures are fast and harmless. There is no evidence 
that short febrile seizures cause brain damage. Large studies have found that 
children with febrile seizures have normal school achievement and perform as 
well on intellectual tests as their siblings who don't have seizures® 


If your child has a febrile seizure, experts recommend that you try to stay 


calm, keep the environment around your child safe (place them on the floor 
if they are not, and clear objects out of the way), and allow the seizure to 
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resolve spontaneously without restraint. Try to look at your watch so you will 
know how long the seizure lasted. Do not put anything in your child's mouth 
as it may break, obstructing their airway. 


Skin Issues 


Thave been hearing about skin issues right and left: rashes, hives, redness,acne, 
eczema, psoriasis, pustules, etc. It is very easy to assume that since skin is on 
the outside of our bodies that these reactions are caused by exterior factors 
(Le. irritation from a detergent, mold, etc.). However, the skin is our largest 
detox organ, and many pathogens seek exit through the skin causing many of 
the above conditions. 


The scenario that | keep hearing is the following: We just started the Kalcker 
Parasite Protocol. Little Johnny has a rash with white heads on his legs. 
What do | do? When the families keep up with the parasite protocol, and 
continue dosing daily with CD these eruptions disappear, and this is generally 
‘accompanied by improvements in behavior, or hyperactivity/anxiety. 


We need to think about skin issues as outward manifestations of inner toxicity, 
and use our protocols accordingly. Skin issues can be a good indicator that 
something is being flushed from the system, or something needs to be flushed 
from the system. The Kalcker Parasite Protocol combined with CD tends to 
eliminate skin issues at the root. 


The following paragraphs were excerpted from leakygut.co.uk, written by Dr. 
Gloria Gilbere ND DA hom PhD’: 


Experts agree that most chronic skin disorders, specifically psoriasis, is 
the external manifestation of the body's attempt to eliminate internal 
toxins that have accumulated within the lymphatics and blood stream 
by “seeping” through intestinal walls in a condition known as leaky 
gut syndrome. 


In working with clients around the world, the protocols that have been 
most effective are those that include repairing the intestinal walls by 
first beginning a protocol to eliminate candida yeast and parasites. 


The most effective cleansing protocol is obtained by clearing out 
these “uninvited” health-depleting microorganisms in order to release 
the accumulated pressure on the liver and the intestines—allowing 
free passage and thus reduction of overall toxic load. 
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The following paragraphs, authored by Dr. Edward F. Group Ill, DC, ND, 
DACBN, DABFM, were excerpted from parasite-cleanse.com/intestinal- 
parasite-symptoms.htm!™®: 


‘Symptoms of Intestinal Parasites Related to Skin 


The presence of intestinal parasites, at times, manifest as allergies, 
tumors, and various other skin conditions, 


Intestinal parasites cause the human body to release hormones and 
immune system defenders, which in turn irritate the skin and cause 
various skin conditions such as acne, hives, rashes, itching, weeping 
eczema, ulcers, swelling, sores, lesions, blisters on lips, and dermatitis. 
Italso deprives the skin of its usual glow. 


Intestinal parasites cause irritation and inflammation in the stomach 
making it difficult to digest certain types of foods. The presence of 
undigested food particles in the stomach causes the body to produce 
increased levels of eosinophil, an immune system defender. These 
eosinophils inflame the body's tissue and cause skin rashes. 


Intestinal parasites trigger the body's immune system to develop a 
tumorlike mass known as granuloma to encase parasitic larvae or 


eggs. Granulomas usually develop in the colon, rectal wall, lungs, liver, 
peritoneum, and the uterus. 


Btw, you were bang on re his allergies and PP paraste 
protocol He had this horrible red ip thing because of food 
alergies. He would make it worse by rubbing it- It woud get 
vealy bad After first PP Parasite Protocall- NO MORE RED 


LIP ISSUES! 


Families often tend to panic when dealing with sudden “unexplained” skin 
issues. If you are seeing chronic or acute skin issues | think there is enough 
evidence to look towards parasites as the main or at least a contributing 
culprit. Therefore, if we work towards removing the parasites causing the 
symptoms, rather than treating the symptoms topically we can expect an 
alleviation of the symptoms. 


If you are seeing acute or chronic skin issues and you have not started a 
Parasite Protocol, would suggest you revisit the parasite chapter and go over 
the recommendations with your healthcare provider. Keep dosing CD, in 
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some cases upping the dose has helped resolve the issue faster, and in the case 
of severe irritation using a CD spray topically can provide relief (10 activated 
drops per ounce of water in a spray bottle) and a CD bath can also help. | 
have seen most, if not all skin issues resolved with CD and/or the Kalcker 
Parasite Protocol. 


Healing Adults with Autism 


Common thinking in the biomed community and the autism community at 
large is that autism is only “curable” or “recoverable” up to a certain age. | 
have heard that two to nine years old is the “golden window” for autism, and 
that after nine years of age improvement would be possible, but not recovery. 
The neural pathways would be set, the damage done, and the child would 
retain the autism diagnosis for life. 


Not anymore. This year a 15-year-old recovered from autism, as well as two 
17-year-olds. In addition, | am helping an amazing mother of a 31-year-old with 
autism that began the Protocol and for the first time in 28 years was seeing 
real progress with her son. In fact that young man's ATEC score dropped 
from a 65 to somewhere in the 20s in his first three months on The Protocol. 
I want to prove that autism recovery is possible at any age. It may take longer, 
and the road may prove more challenging, but it’s already happening. Families 
that have been using biomedical interventions for more than ten years are 
finding the Protocol and sharing their gains 


Older children and adults on the spectrum start the same way as the little 
kids—clean up the diet first,and then on Day one of CD, give one drop in eight 
ounces of water over eight doses throughout the day. It is so important to 
start low and slow even with adults because they have often been chronically 
ill much longer than young children and have deep rooted pathogenic and 
parasitic infections. This means that when we start giving CD they might 
experience a detox reaction considering the amount of pathogens that will 
be dying. 


Working with Neurotypical Adults 


(Can CD benefit parents and other adults not on the spectrum? Absolutely. 
You can literally find thousands of testimonials on the Internet (Jim Humble’s 
website, wwwjimhumble.org or www.curezone.com, etc.) on people who 
successfully detoxed, or healed a myriad of illnesses using CD. 
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Many parents who have seen improvements in their children have decided to 
use CD, or the Kalcker Parasite Protocol for themselves. I have done CD oral, 
baths, and enemas on myself, especially when I feel“something coming on” and 
with great results. 


It’s important to keep in mind that just because we weigh more than our 
children doesn’t necessarily mean we should jump in and go to full dose from 
one day to the next. The best way to start an adult who may have 40 or SO+ 
years of accumulated toxins/pathogens/parasites is low and slow. Use the 
baby bottle method and start day one with one drop spread out over eight 
doses and go up from there. Chart your progress, see how you feel, go low 
and slow. When we as adults use the protocol it can be great for us, but also 
a window into how our children are feeling. 


I love to see a mom or dad begin CD with their child. Both begin at one 
drop on day one in eight ounces of water, 1/8 or a drop per dose, for eight 
doses throughout the day. Starting with our children gives us a much better 
understanding as to how our child is feeling, and when we up the dose how 
that feels as well. This includes enemas. Once parents see how good they can 
feel after an enema, it helps garner confidence, if we had doubts about using 
them for our children. Applying our own enemas can help to remind us just 
what a powerful tool they are for healing. 


Many of the parents doing the protocol for themselves write me to tell me 
about their remission from fibromyalgia, chronic fatigue syndrome, Lyme 
disease, life-long constipation, etc. 


We all do the parasite protocol in my house so as not to re-infect my son, 
as parasites can be highly contagious. Last year I did a round of parasite 
medications prescribed to me by a doctor. During the course of treatment 
elt a tremendous amount of anxiety and some depression (feelings | had 
never felt before) right before I passed worms, | can assure you it felt awful. 
That experience motivated me to encourage parents to get these invaders 
out of their children’s bodies. 


As soon as | started passing worms and detoxing more with CD, | started to 
feel good again. The cough that | had had on-and-off for years miraculously 
disappeared. Seriously, go low and slow, a toxic body can only process so 
much at a time, Too much too fast can cause headaches and diarrhea. The 
way I see it, there is no need for that, listen to your body and go at whatever 
pace you need. Don't just*push through,” low and slow wins the race. Always 
remember to drink water when doing any sort of detox! 
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Tax on a Marriage 


During the first five years after an autism diagnosis married couples face an 
estimated 80% divorce rate, and a 90% chance of divorce beyond the tenth 
year of marriage. My family was almost a statistic. Even before we had a 
diagnosis, our family was suffering. Due to Patrick’s constant screaming and 
tantrums, he wasn’t sleeping at night, and that meant that no one else was 
sleeping either. He had also stopped being the affectionate baby that he was 
for the first two years of his life, which was emotionally challenging for all 
of us. We were all over stressed and sleep deprived, not to mention having 
symptoms of post traumatic stress disorder (PTSD). 


IF could give any advice to families dealing with a new diagnosis it would be 
to start The Protocol and CD immediately. The sooner the affected family 
member starts to heal, so will the rest of the family, similar to the sun coming 
out after a storm—this too shall pass. 


Financial Stress 


Not only is an autism diagnosis emotionally stressful on a marriage, but it can 
be extremely financially stressful as well. The Protocols outlined here can be 
extremely cost effective, even if including ocean water. Recently, one of the 
moms using The Protocol did some calculations comparing what she spent 
previously (see table on page 342) using another biomedical intervention with 
many supplements, etc., to what she spends now (see table below). 


The Protocol - Estimated Cost 


Reorder 
Price | Schedule 


co reatte | $22 “ime 


Product Size 


Diatomaceous Earth 25m | $8 ame 


Rompepiedras som | saa “ame 


Vortex Ocaan Water S40 ime 


THERALAC® $36 ime 


Natures Way’ Neem soo | 18m0 


Pyrantal Pamoate (Combatrin*) $35 “éme 


NOW? Castor Oi 323 | tt6mo 


Mebendazale $28 “sme 


TOTAL $127.73 
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Defeat Autism Now! based Protocol - Estimated Cost 


Reorder | Current Gost 
Teas ca SELL 70 
Cai PRT 20 [$89.00] “Tesks_| $78.00 
Ceprix™ 30 [$1600 “weeks [$10.50 
Cyiaors™ To [ 379.00] 573.00 
Paar eek 20ceps | $2200 | timo $6.00 
Dw 3 [s600 | “Tae [0 
Douglas B Congiax 60 [$21.00 | “vema—[ $2100 
Douglas Coad s—[ $881 | “amo —[ 1250 
Enhansa™ TSOeaps | $5800_| 1775 days | $2500 
Enzymedica Viesop™ | 120caps [832.1 [1/4months] $8.00 
Garden oftie Probioies | 61g [S317 | timon [$52.17 
Gi Revive 225g [85200 | —timen [35200 
Homocyesieine Supreme | 60 caps_| $20.00 | ‘Témonihs | $5.00 
Kean Digestive Enzyme | 200 caps | $60.00_| Wamonihs_[ $20.00 
Kiana VE 300_—[$13.65_| iiemenins | — $0.84 
‘aire Mutiviamin 1e0__[_ $28.00_[ 1smonhns [$800 
Terie Tox [$50.00] months | $7500 
Magnesium 240-1325 | Wenenths- [$7.00 
Wetagerics AGoSe™ 60 | $53.00_| ‘v4monns | $8.00 
Ta Tiss Tod [$2500 [mons [$800 
NOE Tez | $60.00_| vemonths [$1500 
NeuroProu patie | $140.00_|-alamonths | $3500 
NewroScincs Aipaia 60 | $58.00 | months | $25.00 
Neuroscience EndoTrax | Tbatie [$27.00 | zimontn [$54.00 
NeuroSsiones Kavinass | 120 —[$68.00_| Wamonihs_| $32.50 
Tew Beginnings Copper 30m [$20.00 | Tear [$178 
NOW MCT S2oz_|817.00_| Temonths | $260 
Nubiote GSE Toa [$1559 | amon | $300 
Os 30 | $60.00 | ‘mons | $30.00 
OxjallGtatione Gream | jar | $3800_| ‘months | $16.50 
Pharmax Cod ver Boe | $1353 | _timen | $1338 
Source Naturals 85 (p5p) | 240 | $1500 | Temonhs | $260 
Source Naturals Evening 

Primrose Oil ‘3 30 $7.45 V6weeks $4.97 
Source Naturals Gaba 700g [$1800 Wamonihs [$450 
Source Naturals Lysine 200 | 81000 | ‘time [$1000 
Source Naturals Quercin_ | 200 | $250 | ‘Tamonhs | __ $8.25 
Speak EFA co__| $4200 | 15!month | $63.00 
TheaNiAa so | $54.00 | timonn | $58.00 
Therabiote 720 [$68.00 W2monmns_[ $35.00, 
Teaver J a0 eaps_|_$28.00_[ i/émontns | $7.00 
ViBi2 sho “ref | $45.00] ‘amonths | $15.00 
Wobonzyime= 720 —[$60.00—[-iamonihs_| $30.00 
TOTAL $894.91 
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Tips for a Non-Toxic Home 


Many of our children on the spectrum have chemical sensitivities, and even if 
they don't it’s wise to limit their exposure to toxins during the healing process 
as much as possible. Toxins are not good for anyone at any point in their life. 
‘The benchmark investigation “Bodyburden: The Pollution in Newborns” by 
the Environmental Working Group!" (see Appendix 13, page 499) explains why 
this is so important for children with developing brains and immune systems. 
The following is a list of products to use instead of toxin filled, name brand 
cleaning products. 


Floor cleaner: Add one cup of white vinegar and baking soda to a bucket 
of water (add a squirt of liquid soap if you like). 


Air Freshener: To remove odors from carpets spread on baking soda and 
then vacuum the carpet. Simmer cloves and cinnamon as air freshener. 


Removing Toilet odors: Borax 


‘Trashcans: Spread baking soda in the bottom, then spray to disinfect with 
a solution of borax and water. 


Dish soap: | use liquid dishwashing soap and white vinegar to cut grease. If 
you buy dish soap make sure its biodegradable. 


Disinfectants: Borax with water is an excellent disinfectant, or spray CD. 


Laundry detergent: Soak the clothes for an hour in borax soap before 
putting into the washer. 


Oven Cleaner: Dissolve two teaspoons of liquid soap (not detergent) and 
‘two teaspoons of borax with enough warm water to filla spray bottle. 


Windows and Mirrors: Club soda in a spray bottle 
Toilets andTubs: Baking soda with apple cider vinegar 


96% Alcohol: Kills parasites on enema catheters, etc., and is great for 
cleaning bathrooms. 


leos 


Thave had many parents ask me if | think it is a good idea that their child 
watch “Genius Baby” or other videos that are supposed to help with their 
development. I do not believe these videos to be appropriate for a developing 
brain, Studies were done in Cuba that found that excessive TV watching 
before three years of age can cause the symptoms of autism, When the TV 
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was removed from the children that presented symptoms of autism, the 
symptoms disappeared. They also reported that TV watching could cause 
neurological discharges in the brain. 


| can also tell you that the only time my son stims or flaps is when he is 
allowed to watch TV. When he was younger, and deep in the throes of autism, 
the only thing he wanted to do was watch TV, while running back and forth 
and squealing. Any other activity was met with screaming and tantrums. He is 
much more interested in other activities now, and easily transitions from one 
to the next, including school. However, he still requests to watch YouTube in 
the evenings when all of his activities are complete, and that is truly the only 
time he flaps his hands anymore. To me it is very obvious that TV is a source 
of over stimulation for him. However, it is hard to deny him a truly preferred 
activity, especially when he enjoys videos on cooking and foreign language! 
The least amount of screen time (TV, computer, iPad, etc.) the better, however, 
we do what we can, 


Therapy Options: 
‘ABA is not the only therapy for children with autism. 


Many parents worry because ABA/IBI is either not available, or not affordable 
to them. | firmly believe that something is better than nothing. At the same 
time, | have seen many children recover without any ABA or IBI. Here are 
some of the options that have worked for families in conjunction with the 
protocol: 


+ ABA - Applied Behavior Analysis 

+ Occupational Therapy 

+ DIR® Developmental - Individual Difference, Relationship-based 
Model 

+ Floortime Therapy 

+ TEACCH - Treatment and Education of Autistic and Related 
‘Communication Handicapped Children 


+ Son-Rise® 
+ PROMPT - Prompts for Restructuring Oral Muscular Phonetic 
Targets 


+ Sensory Integration Therapy 
+ RPM - Rapid Prompting Method 
+ Supportive Typing 


Miscellaneous Information You Should Know 345 


There are many other options not mentioned here, Human interaction is key 
for our children on the spectrum to find joy with us in our world. 


Ihave known many families to have varying degrees of success with all of 
the above therapies. Some are better for younger children and some 
for older children. Depending on the areas most lacking in your child's 
development, you can investigate any one of these types of therapies 
Families in many countries where insurance doesn't cover any type 
of therapy have had to be trained themselves in how to apply therapy. 
Sometimes an aunt, sister, cousin, or neighbor steps up to help out. 
No ONE therapy has been fundamental to all of the recovered children and for 
that reason | say something is better than nothing when it comes to therapy. 


Even household chores can be therapeutic and task oriented. Simply because 
a person has autism doesn’t mean they can't have responsibilities and learn 
new skills while helping out in the home, 


Aword on laboratory testing 


I can't stand to watch people waste money that they could be using for healing 
their children through various interventions on laboratory testing, If you have 
all the money in the world, and want to chart your child's progress through 
laboratory testing, so be it However, the rest of us sometimes have to choose 
between expensive testing and treatment. So many families have come to me 
after spending thousands of dollars they didn't have on testing to tell me their 
child has viruses, bacteria, and candida. Am | surprised? Never. | have yet to 
see a child with regressive autism that does not have pathogens/parasites. No 
matter which pathogens are present, we use CD. 


Testing for parasites is woefully lacking at this time, and in fact, the only 
practitioners who have consistently diagnosed parasites have been veterinarians 
and practitioners of alternative medicine (also Metametrix labs have identified 
parasites in some cases). 


Generally speaking, if a child doesn't have viruses, bacteria, yeast, parasites, 
heavy metals and allergies they don’t have autism. 


CHAPTER 1 = PLANNING YOUR ELECTRONICS WORKSHOP 


Tip Use the right tool forthe job. Knowing which tool i the right too is haf the battle. 


Ifyou're performing detailed work on smaller circuits, you might benefit from having some small 
needle-nosed pliers, a small vise, clip, or helping- hands jig, and possibly a magnifying glass. 

‘A popular and handy skill in the electronic arena is soldering, Soldering is the process of making 
electrical and mechanical connections. This is done by heating the items to be joined together and 
adding solder. The solder melts and fills in all the gaps between the items being joined. Once cooled, the 
solder forms a solid, conductive link, 


Note Soldering is similar to welding, with the exception that welding actually melts the parts being joined. 


A suitably sized soldering iron and the right kind of solder are indispensible for many projects, 
including repair, prototyping, and production. Picking up the skill o make quality connections is 
obtained in the same way as all worthwhile skills: with lots of practice. 

Besides these basic fabrication tools, you will also want some test and measurement equipment. 
These are devices used to measure various aspects of electrical circuit behavior. These range from the 
very simple, such as voltage meters, current meters, and continuity testers, to the very exotic (and 
sometimes expensive), which include oscilloscopes and various logic, network, and signal analyzers. See 
the Appendix for information about building your own simple test equipment for your lab. 

This is just a quick summary of the kinds of tools you might want in your electronics lab. Chapter 2 
goes into much more detail about the tools you will probably need or want in your lab, as well as the 
skills needed to operate them safely and effectively. 


Fundamental Components 


As mentioned in the previous section, you're more than likely going to be wiring up various contraptions. 
and rewiring others. This is probably going to involve a lot of wire, 

For small voltages and currents, small-gauge insulated copper wire is often used. It's easy to handle, 
cut, and splice. This can be done with mechanical connectors such as wire-nuts or screw terminals, as 
‘well as with soldering. 

Back in the day when computers were all connected using fat cables, lots of tiny wires were bundled 
up into cables and snaked all over a typical desktop computer installation. With the increasing 
popularity of wireless devices, those fat, juicy cables are lying around, discarded, unwanted, and just 
‘waiting to be harvested for their valuable conductors. You can also buy various kinds of wire in all colors 
and sizes from most hardware stores and from online suppliers. 

Now consider the types of projects you'll be working on: 


+ Ifyou're most interested in building your own lighting, you're going to want some 
lightbulbs, sockets, and LEDs, or whatever lighting technology appeals most to 
‘you. Don't forget that you're also going to need switches, knobs, dimmers, 
housings, plugs, and more wire. 
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Final Thoughts 


If you knew how powerful your thoughts were 
you would never think a negative thought again. 
~ Peace Pilgrim 


That would be your message to families of children with autism who 
have just read the book, but not started the protocol? 


Do not wait! Get started now! Autism is Avoidable, Treatable and Curable! 
You don't have to spend fortunes on lab testing, imported foods nor 
supplements. Even if the medical community can't decide if your child has 
autism, PDD-NOS, ADHD, Asperger's, PANDAS, etc.... don't wait! Start the 
diet. Even if you cannot do more than that, it will help. Some children have 
lost their diagnosis with just diet. There are parents all over the world doing 
biomedical protocols for autism, get together with them, join the forum at... 


www.cdautism.org 


or the CDAutism Facebook group. The Internet helps us all to be close and 
share information. Don't let anyone tell you the diet doesn’t work, just keep 
going and don't stop. There is never an excuse to not do what is right for your 
child. “Their future depends on our courage.” 


The final chapter of this book is yet to be written. Until the day we have 
recovered every victim of regressive autism, there is no success. Just progress. 
Here | have expressed what | have seen and what the road of autism recovery 
has brought to me. | have learned a lot and continue to learn. Our children 
need us to keep learning and searching until we find what unlocks them from 
their autism. Not everything works for everyone, However, | have seen that 
this protocol works for most. Especially when it is done exactly as it should 
be. If you have found this book you have an advantage that | did not have with 
my son, When | first learned of Patrick's diagnosis | lost precious time and 
money that | didn’t have to lose, trying interventions that didn't yield results. 
In the nine years that my son has been in recovery | have yet to come across 
another protocol that has helped as many children to recover from autism 
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in such a short amount of time—less than three years, to be exact! As of 
the date of this writing in May of 2013, 93 children have lost the diagnosis of 
autism and every month more and more are recovering. 


Please remember that if your journey is autism you will never walk alone. | 
am here too. Just one click away... 


www.cdautism.org 


I wish everyone who is ill to have the fastest recovery possible from whatever 
it is that ails them. 


To be continued... 


Dr. Andreas Kalcker, Kerri Rivera, Jim Humble, 
in Puerto Vallarta, Mexico 2012. 
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Healing Beyond Autism. 


When TRUTH is found, understood and accepted is when we realize it 
was not even close to what we thought it would be. 
~ Miriam Delicado 


s Jim Humble has been proving for many years, chlorine dioxide is a 

molecule capable of healing many common ailments. When combined 
with the other elements of this protocol, in the correct order, it has shown 
to be even more effective. We have decided to include this bonus chapter 
because itis time to start sharing this information with everyone, as pathogens 
and parasites are the root cause of many of the diseases that are causing 
suffering in our world today. 


As parents saw improvements in their children’s health from the protocol, 
some of them decided to use it on themselves as well. Similarly to when the 
flight attendant tells you to put on your own oxygen mask first before helping 
others, it is important to take care of yourself if you want to be able to help 
your children heal, grow, learn and mature, 


Over time, parents who followed in their children's footsteps started to have 
some undeniable gains in their own health. This was an added bonus many 
didn’t expect, and we couldn't resist sharing their stories with you. 


After reading the parasite chapter, you may have been surprised to see how 
many common symptoms can be caused by parasitic infections. Imagine what 
would happen if we could get this information into the hands of people who 
have seen many doctors, used various drugs, and applied countless protocols 
for years while only masking the symptoms of the underlying cause. So, there 
should be no surprise if going after the real cause was life changing in real 
ways. 


The following testimonials are a small sample of how some of these people's 
lives have been changed. Serious afflictions such as Lyme disease, fibromyalgia, 
chronic fatigue syndrome (CFS), depression, cancer, and chronic infections, 
are just some of the conditions that improved or completely cleared 
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up. By cleaning up toxic pathogens and parasites, as well as removing foods 
that feed these invaders, it should be no surprise that disease triggering 
inflammation is reduced so true healing can take place. 


| am so excited for you to read these, and | know that some of you will 
recognize yourselves here. Please know that healing is possible! We have 
a public Facebook group called CD Health where adults using the protocol 
for themselves can share questions, doubts and success stories. | highly 
recommend that you check it out if you are looking for support or some 
guidance getting started. 


Testimonials Beyond Autism 


After we saw our son recover from ASD using CD, | 
tried CD myself and it helped me recover from Lyme 

and its co-infections. Some of our extended family heard 
about our success and they have had very good results 
using CD for treating Hypertension, Diabetes and Liver 
problems. My younger NT son used to bang his head 

in sleep since he was born, CD has now resolved the 
problem. I think anyone who tries CD sincerely, can only 
benefit in treating so many hard problems. One very 
beneficial side effect I have seen with CD is the resolution to seasonal allergies and 
improvement in the immune system to the point where kids do nor fall sick or catch 
colds. In this regard CD is much better than yearly flu shots which have so many 
toxic elements in them and still do not protect adequately. 


Nilesh 


To say | was anxious about the impending birth of Baby #2 is an understatement. | 
felt like | had failed our first born on so many levels and was a mess believing thac Id 
do the same for our new daughter. 

Bur alas, she was born a perfect and healthy baby girl. So was Callum, our son, but 
unlike Lila who had zero interventions, Callum had antibiotics from my labor, the 
Vitamin K shot, Hi, and DTaP. And ic was the DTaP vaccine at 15 months thac took 
the shine from our sweet boy's eyes. 

We discovered Kerr's protocol when Lila was 3 months old and more worries 
cropped up about how to best protect her from the die off that was going on in our 
house. 

‘Ar S-months, she developed an eczema patch underneath her chin, became 
chronically constipated, and her normally cheerful disposition became irritable. 

As soon as she hit the 20-Ib mark, | started giving her 20 drop CD baths, low dose 
oral CD, and 3 drop CD/150 mL water enemas. To my horror and surprise, Lila 
started passing 1” baby roundworms almost daily. 

In a family with both NT and ASD children, the NT child always has some type 

of quirky behavior. Now we know why! Parasites do not only affect the ASD 
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population, they affect everyone. Having CD in my tool chest gives me the power to 
prevent so many things that may have been in my daughter's future. 

Don't be afraid to treat your babies! Her eczema is gone and she's pooping 
regularly once more. 


I write and share my story in that it might help or save someone else’ life. That it 
‘may just be the key co help someone see what may be what is happening for them 
as it was and is happening to me. If it helps just one person onto their path to 
recovery and health then ic will have been worth sitting down at this computer and 
sharing i. 


For the past 10 years or so my world has been collapsing in on me, and getting 
‘smaller and smaller, and accelerating the past 5 years. | have felt as if! were under 

a thick coffee mug on the edge of a table about to fall off. On a scale of 0 to 20 
with 0 being death and 20 being fully alive and cognizant, I fele as thought | was at 

3 staring at 0. For the past S years at least I have done so much research, listened 
to so many radio interviews, done so many different modalities, bought so many 
products, paid a loc of money to different therapists, ate weeds, made my own 
concoctions, etc. My mother would always say to me wow you should be so healthy 
to which I would reply no mum, actually | am not. I began feeling like a phony. I ate 
real good took all the right stuff, ot plenty of rest foraged for my own food and 
spring water, got exercise, walked barefoot, etc, but always felt exhausted and looked 
worse and worse. | was fighting with everyone it seemed and chasing people away 
including family. 


Four months ago my wife decided we should go away on a weekend getaway and 
relax. We fought the whole drive up there and when we gat there she threw me my 
room key and said youre on your own. | spent the whole weekend in bed and on 
the trip home we both decided to end our 20 year relationship and marriage. | was 
good with that and looking forward to being on my own. | was finally chasing the 
last person who mattered to me away. 


‘Aweek later an angel came into my life. | have been listening to oneradionetwork. 
com for the last § years and on this day Patrick Timpone had a lady by the name 
of Kerri Rivera on and she spoke about how she was curing kids with autism and 
that the kids had parasites. | looked up the symptoms of autism and realized I 

hhad quite a few of them. | immediately began the mms enema protocol which she 
recommends. | could not believe whac then came out of me. | kept this up for a 
week and still there was no let up with the amount of parasites, biofilm, and who 
knows what coming out of me. Afeer a week of this and seeing no let up on what 
was coming out of me, and having just done an mms enema I laid on my bedroom 
floor and the grief just poured out of me. My wife came in and lay down next to 
‘me and just held me. | knew then that something had changed, that my life and my 
‘marriage were now on a healing path. That the pain, the toxins and parasites were 
‘now leaving my body. 

I has now been just over 3 months and there has been no let up on what has been 
coming out of me. If] were to have scooped it all up and put it in a jar !am sure 
it would fill a one gallon jar with hardly any water in it | now feel | am at about a 9 
wich 20 in my sights. | thank God that this info came into my life and I took action 
fon it. It has saved my life and my marriage. | love my wife, and cannot imagine not 
having her with me, And I love my life and am looking forward to nat only getting 
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to the 20 mark but what is beyond the 20. What is possible when one’s brain is at 
full capacity and not being inaundadated with toxins? Much love and appreciation 
{goes out to Patrick Timpone at oneradionecwork.com, Kerri Rivera and her work 
wich autistic kids (adults too Kerri), and to Andreas Kalcker. Thank you all for 
showing me and pointing to the keys I needed to free myself from what has been a 
nightmare. 


A big part of my healing has been reviewing my life and realizing that this has been 
going on for most of it and answers so many questions | have had. As a child 
‘growing up | had pain in my stomach and what the doctors eventually did was take 
‘out my appendix, which most of us know now is needed to keep the healthy flora 
jn our intestines. And they told my parents that it was all in my head. So whenever 
I complained about stomach aches and pains was told that it was all in my head. 
School was a nightmare for me, as socially | felt | didn’t fic in or belong, and a lot of 
easy concepts that most others got, | just couldn't get. | always had the feeling like 
I was missing something. | felt as though | was stupid or something just wasnt right 
with me. I now know there are many just like me. The words Autism, add, adhd, 
‘ocd, etc were not a reality back then. And | know those are just words or diagnosis 
of toxins and parasites. Get rid of the toxins and parasites and the diagnosis goes 
away. Easy peasy. Thank you all for listening to this chapter of my story. look 
forward to many more chapters in my life story. Please feel free to pass this along 
to anyone who it may help. Much love. 


—Bruce 


‘When starting the protocol for my son's Autism, | 
decided to do it along with him. 

I was suffering from Hypothyroidism, Adrenal 
Fatigue, a Hormonal Imbalance, and Severe Anemia. 
My cortisol was at a 3. One week into the protocol, 
my cortisol was at a 14, and my iron levels were 
normal without supplements. My thyroid medication 
dosage was decreased twice. My vitamin levels were 
all normal. My uterine fibroid cysts were completely 
‘gone after a few months on the protocol. | continue 
to see improvement in my health. This protocol has 
been a Godsend for my family. 


—Maggie Kaye 


CD has been life changing for my 18 year old son who has autism and Lyme, 
although his ATEC today is only a 3, down from a 68 at the start of cd, but | never 
thought it would be so instrumental in my dad's life also. 


My dad, William, has a malignanc melanama in his eye and has received radiation for 
treatment for the last few years. | talk about cd all the time but they never took 
this treatment seriously at least for anything besides autism until now. My dad gets 
terrible ear infections that he sometimes has to go to the hospital for. They tell him 
teach time that he has “swimmers ear” and they give him abx, sometimes it seems to 
work, sometimes not, and he goes back to the drs or hospital for more abx...over 
and aver. Recently he was leaving here for his 7-hour trip home, and he was very 
worried that he would not make it home with the painful infection that had begun, 
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and he would have to stop on the way and visit a strange hospital. So | mixed up 
‘some cd, and told him to drop a few drops of the ed mixture in his ear periodically 
on his way home. To his surprise, the infection cleared up by the time he got home 
and there was no need to even call a doctor. 

Of course, my secret plan is to get him on the cd protocol to finally deal with the 
tumor in his eye and that’s the plan we have started. Whether he uses it and shrinks 
the tumor and saves his life with cd or not, he's a true believer now that cd cures 
infection. 


Thave been taking CD and the parasite protocol for § mo.,and here are my 
observations. | have had long-term chronic sinus issues which has caused sever 
sleep problems, Also, a few months ago, | had a severe toothache in the upper 

left area. The dentist examined and found no fault with the tooth, even though 
there was severe swelling in che area. The infection originated from my sinus, and 
by taking my CD regularly hourly, was quickly solved. (My hourly CD doses were 
compromised by travel) I have also noticed improvement in my sinus condition, 
resulting in better sleep, although I have not fully recovered yet. Right now my 

sleep is somewhat interrupted by peetox. | will continue CD and PP for the 18 mo. 
Previously; had used several naturopaths, with either negative results or limited 
results that disappeared when the medications were discontinued. So far |am happy 
with CD and would recommend it to people to try. 


—Ed Canada. 


A friend started eardrops with her 13-year. 
old pug 3 weeks ago. The pug Lucy was 
almost deaf from ear infection after ear 
infection, on constant drops, had seizures. 
‘Afeer 3 weeks on CD eardrops, went to the 
vet, no ear infection, hearing is improving! 


Winning! 


Since I was a child, | had been anemic and reading the book "Healing the symptoms 
known as autism" on the Parasite chapter, | saw that anemia is a sign of parasite 
infection. Since my son is taking CD | also took CD to know how my son feels and 
maybe cure my anemia. I had no problem going up to 24 drops in less than 2 weeks. 
| stopped taking my iron pill after I month of taking CD. | also did parasite protocol, 
as I do not want co reinfection my son. Since, I stopped taking my iron pill Inever 
hhad any dizzy spells and | feel great. 

used to wake up at night too to use the bathroom, now with CD no more 

night waking. In 2009, | was informed by my Doctor that | need to go and see a 
specialist as there was some suspicious stuff in my Pap Test and if not removed it 
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can lead to cervical cancer. | was booked in the hospital for the procedure. After 
taking CD reaching full dose, | had been discharging this horrible smell ike rotten 
egg, whenever I urinate. It took about a month before it stopped. Whatever that 
was, CD cleansed me and I think that discharge is related to my diagnosis on the 
pap test result. | am very grateful for CD for giving me my health back. | am still 
continuing taking CD as | want to be healthy and I will also try co complete the 
Parasite protocol for 12 months, | just finished my Sth PP and have been seeing lots 
of parasites mainly pinworm and ascaris. Now, | know the root cause of my anemia 
especially. I would encourage people to try the Protocol and see where the healing 
leads you. Thanks to Kerri Rivera, im Humble,Andreas Kalcker and people who 
used the CD before me as you gave me courage to use the CD. 


—G.M, Canad 


‘Two days before our first set of ed bottles arrived (we bought it to start Kerri 
protocol with our autistic daughter), our son (6) gor sick with scarlet fever. We 
didn’t give him antibiotics because we just finished our research on cd and were 
‘excited to use it instead. My sons face was swollen and red, he had a moderate 
fever and rash all over his body. After the first dose of I activated drop of cd within 
‘one hour his swollen red face subsided completely and in the evening the fever was 
gone. His rash got dry and after 3-4 days it was not visible anymore. Our physician 
told us that scarlet fever without antibiotics lasts up to three weeks. We were 
done within 4 days, without damaging his gut flora, as it would have using antibiotics. 
CD has taken care of many infections in our family since then and most important 

= brought our daughters ATEC down from 100 to 46 in nine months. I'm beyond 
grateful for its discovery. 


For the past six years, my life has been plagued with anxiety/fear, depression, 
pressure in my chest, making it dificult to lay flat and sleep, bloating which caused 
‘me to look 7 months pregnant and which made my abdomen very tight and 
uncomfortable. Headaches, weight gain, sore joints, no energy, fibromyalgia pain, and 
dizziness causing me to feel drugged and off balance. 

The anxiety and fear were debilitating literally making it impossible for me to sleep. | 
‘would go night after night not sleeping, just dead on my feet suffering with so much 
anxiety and very frightened wondering what in the world was wrong with me. 
‘When Kerr's book, Healing The Symptoms Known As Autism came into our lives, 

| read it wanting to help or autistic son. I soon realized | had so many of the 
symptoms that | needed to do the protocol. 

I started on the cd taking a very small amount, 2 drops every hour, about 12 doses 
per day, and worked up co between 60 and 90 drops a day, | also took ed baths and 
did enemas. | increased the ed every day by just a drop or two. Very soon | started 
to calm down significantly. | started sleeping! | started losing weight! For about 5 
weeks I thought | had died and gone to heaven. In two months | lost 20 Ibs. 

But when my anxiety started coming back | set up a consultation with Kerri. | 
learned | needed to begin the parasite protocol ta kill the parasites, The cd just 
killed the little ones. 

With Kerri’s help in several consultations I was able to tweak the protocol in 

her book and apply it to me for my personal needs. | started on low doses and 
increased it for what | needed to sleep. 
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AAs of today I have only been taking Mebendazole, the medication that kills parasites, 
for 3 and a half weeks. sleep at night. Some nights are a lle choppy but I get 4-5 
hours of sleep. Iam not depressed. My emotions are not all over the place. I am 
coping. I'm functioning without sever headaches, only mild ones. still have bloating 
but notas severe. | fee! like | will ive and that | am not dying anymore. | hardly ever 
feel depressed, 


To date | take 200mg Mebendazole at breakfast, lunch, dinner and bedtime, plus a 
200mg implant right before | get into bed. The implant has been the turning point in 
‘my healing. (Consult with Kerri for directions regarding the implant) | also take 2 
neem tea capsules with each meal. Also, one dose of Combantrin everyday at lunch 
I take castor oil as needed each day 1-2 Tablespoons to keep things moving, plus a 
ced bath at bedtime, 150 drops soaking for 20 minutes. 

‘Trying co differentiate what is die-off and what are actual symptoms from the 
parasites is challenging. Pay close attention to how you feel after you do or take 
something, After an hour note how you feel. Worse, better? You have to listen 

to your body. Consult with Kerri often and keep her informed by email, You may 
have to tweak the protocol every few days so write everything down, day, time, how 
much, how you feel etc 

All of my symptoms are not gone 100% but they have greatly improved. The anxiety, 
Which was the worst and most debilitating symptom, is the greatest improvement | 
have had, | know I will be able to heal completely and get my life back. I have just 
begun!! I have had so much progress in just a few short weeks that | still cannot 
believe it!! And..1 have lost 2 more pounds!! 

Thank you Kerri for all of your love, support and guidance!! | could not have 
attempted this without your knowledge and help!! You are an angel!!! 1AM 
HEALING!!! 


Your devoted friend, Marcie 


My mother 84 yrs of age- who has dementia was very, very serious last week. Her 
lungs were filled with mucous and she could not spie i¢ out. We thought this was the 
end and my sister invited the priest to bless her. The doctors suggested that | place 
her in a hospice, but I refused! They also offered antibiotics, but | bought some CDS 
and gave it to her every hour. | placed a humidifier with 40 drops of activated CD 
by her bedside day and night. And massaged different parts of her body with CD 
and DMSO, soaked her feet just once in CD as itis difficult. She cant sit straight. To 
everyone's surprise she made it through. just a little bit more to clear up! Thank you 
everyone for sharing wonderful tips on loving and caring for our loved ones! This is 
a wonderful extended family! love the CD!!! 
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CHAPTER 1 = PLANNING YOUR ELECTRONICS WORKSHOP 


‘+ Ifyou like to work with things that move, you're going to need motors, relays, 
solenoids, servos, and fans. You'll probably be needing some gears, pulleys, 
chains, belts, shafts, and couplings, along with connectors, switches, controllers, 
position sensors, and more wire. 


‘+ Ifyou're into making lots and lots of sound, you'll be needing speakers, 
headphones, microphones, pickups, transducers, transformers, amplifiers, 
connectors, jacks, plugs, and, you guessed it, more wire. 


‘+ Are computers and digital devices more to your liking? Be thinking about getting 
‘yourself a wide variety of chips, microcontrollers, software, cables, sockets, 
connectors, and still more wire 


Now you've got an idea of some of the different components you might want to have on hand, 
depending on what kind of inspiration happens to strike. You're going to need a place to keep all these 
different parts sorted. This will play a big part in the overall planning phase of your lab. Maybe your old 
fishing tackle box has enough room for your basic hand tools and enough secret compartments to hold 
an interesting variety of components. On the other end of the spectrum, maybe you need to start 
thinking about some industrial-grade shelving units or pallet racks. Now is the time to think about all 
these factors and start making the right kind of plans to help make your lab a successful one. 

‘Again, this is just a quick summary of some of the types of components you might want to work on 
in your lab. Chapter 3 is going to take you much farther into understanding many of the more common 
electrical and electronic components that you are likely to encounter in your lab. 


Ideas 


Admit it: you've already got some ideas for cool projects that you'd like to be working on in your own 
electronics lab. That's great! You're well on your way to making those dreams a reality. 

The best possible thing you could do with your ideas is to write them down somewhere. It can be as. 
simple as a sketch on a piece of scrap paper or as formal as a complete set of project documentation. The 
important thing is that you actually get the idea across using either words or pictures in a form that you 
will be able to revisit in the future. This will be of immense benefit to you, as well as anyone else that 
might be interested in your ideas. 

It’s also a great idea to keep a log as you work on your projects. That's the perfect place to jot down 
those ideas as they come popping out of your brain. Be as detailed as you can be. You will thank yourself 
later. 

Even if you don’t already have a backlog of ideas jostling for your attention in the lab, it's still a good 
idea to keep a log and explore the things that interest you. Leonardo da Vinci kept detailed notebooks on 
almost every possible subject. Anything that interested him got written down, sketched, or diagrammed 
in his notes. Even today, people are still getting inspiration from his doodles (see Figure 1-1) 
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| want to thank all of those who were kind enough to share their personal 
stories with us. There are many more, but you get the idea. | am so excited 
for you to read them, and | know that some of you will recognize yourselves 
here. It just goes to show that healing challenging illnesses is possible, We 
have a public Facebook group called CD Health where adults using the 
protocol for themselves can share questions, doubts and success stories. | 
highly recommend that you check it out if you are looking for support or 
some guidance getting started. 
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More Miracles & Testimonials... 


The only limits you have are the limits you believe. 
~ Wayne Dyer 


T: date, 115 children have lost their diagnosis of autism by using CD and 
some or all of this Protocol, Autism IS curable! 


This section is comprised of testimonials, miracles, and short blurbs on gains 
made by children using The Protocol. In many cases, these are candid emails 
from parents to Kerti sharing their joy at their child healing. These were 
gathered over the past 3 years, and have come from families all over the world. 
Some were translated by the parents of the child to English, and some were 
translated by my sister or |. We have done our best to honor these exactly 
how they came to us, unless a correction was needed for clarification, these 
were not edited, Many are anonymous for the protection of the families and 
their children. Names were used when permission was given. These families 
were generous enough to share their experiences with all of us to spread 
hope and joy, as well as to prove that children all over the world of all ages are 
healing from the symptoms know as autism. Please enjoy and share. 


Please note that many of these testimonials were collected some time ago and 
therefore some contributors use the term MMS instead of CD. Due to time 
constraints it was impossible to request permission to change the acronym of 
MMS to CD in their testimonials. As we mentioned previously, MMS and CD 
are the same substance, Where the acronym MMS is used in the following 
testimonials please know that chlorine dioxide is the substance responsible 
for the healing. 


We have added many new testimonials since the first edition came out. Those 
new testimonials are located at the end of chapter 2 and continue on the next 
page, followed by those appearing in the first edition. 
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45. Things | wish Id known before starting this protocol: 
* My son would drop juice and pick up a water regimen immediately. 

My son would sleep through the night every night. 

My son would not be constipated again. 

* My sons ATEC score would be halved in 7 weeks. 

My son's speech would be at age level 

My son wouldn't need his daly rx med again. 

My son would be excited about and participate in his birthday 

celebration. 

My son would come into the bathroom and say 

butt" unprompted. 


'm ready to wash my 


My son would drink ocean water. 
My son would get acclimated to school and would initiate conversation 
with his peers. 

My son's dark circles under his eyes would disappear. He would start to 
ook and act like a healthy boy, and others would take notice. 


My son would be affectionate, tell me he loves me, crack jokes, and be 
‘connected to me like never before, 


The people who opposed our diet and protocol choices would be 
unable to deny that this works and we're on the right track. 

My marriage would be saved by rolling our sleeves up and eackling this 
together. 

| would find a way to heal my own ailments. 

The future is bright 


46, My son with autism is 31 years old. Although he is fully verbal, he had a lot of 
issues: SIB, Aggression, he was not able to sleep. We have been trying different 
kinds of protocols since he was 3 years old. Unsuccessfully. | heard about Kerri 
Rivera and the CD Protocol last September: We started right away. We were 
continuously in touch with Kerri who kept giving us the faith, chat even at that 
‘old age itis possible to heal and even recover: In September, when we stared CD 
hhe had an ATEC of 87,4 months later we measured 63, and now, after 8 mounts, 
he has an ATEC of 28 There are some SIB's and aggression left, But it happens 
nly rarely. If we could get rid of it, my son would be recovered. He became an 
interested young man, his memory improved. He keeps giving proper answers 
to my questions, something he never did before. I can see his real personality 
now: he became a nice, lovable, open-minded young man from a very sick raging, 
roaring, screaming, suffering boy. There are no words to say thank you to Kerri 
to show us the end of the tunnel. think I'm on the best way to recover my 
31-year-old son! 


Mark, 31, Hungary 


47. Dear Kerri, lam very grateful to you for your benevolent service of helping to 
recover kids with Autism like myself.You have really improved the quality of lives 
of many hopeless kids. really feel the difference naw that my ATEC score is a 
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and | am still making inroads in executive functioning and social skills. Without 
someone like you, we would have not known about CD and it would have taken 
several years to cure me solely with chelation. By that time, | would have been 
ut of high school and probably in a community college taking rudimentary 
general education courses and would have had a bleak future ahead of me. But 
‘now, | am doing well in school and am taking college level courses.And | am not 
the only one in my family that has had benefitted from using CD. My brother 
used to have mild seizures in the form of head banging and most of that has now 
stopped. My father has used it because he contracted Lyme’s disease twice.And 
‘my grandparents have used it to treat Alzheimer's, Diabetes, Blood pressure and 
Hepatitis C. So again, I cannot thank you enough for everything you have done 
that has not only changed my life forever but has made a profound difference in 
the lives of others afflicted with Autism. 


My seventeen-year-old son was a healthy happy baby until he received 
vaccinations at age three. The day after the vaccinations he began having horrible 
anxiety problems. Day by day he lost skills and regressed. He developed 
problems with fine and gross motor skills,and social skills, memory and sensory 
Integration. He also had muliple learning disorders and struggled in school. He 
spent all of his time in his room by himself and he did not make eye contact. 
We tried many interventions to try and help him. Biomedical interventions, 
antibiotics, cherapies homeopathy and Biofeedback all had limiced benefits for my 
son. The only thing that helped him some was a gluten free, casein free, sugar 
free diet. While reading Healing the Symptoms Known as Autism we learned 
that most of the interventions we tried did not work because we were feeding 
the parasites that were causing my son's autism with vitamins and supplements 
While | was watching videos about Chlorine Dioxide | came across a video 

of Kerri Rivera talking about the protocol she uses with autistic children. As 
watched the video everything began to make sense and I knew the protocol 
would help my son, 

We bought Kerri’s book Healing the Symptoms Known as Autism, gathered 

the supplies and my whole family started the protocol. To our amazement we 
saw improvements in my son overnight. We had taken the ATEC test for my 
son right before we started the protocol and it was a 43. In just one month 

cof Kerri’s protocal my son's ATEC dropped to a 5! We will continue with the 
protocol for the recommended time and we expect to see my son’s ATEC drop 
to zero before we finish, 

His social skills, motor skills, thinking, behavior, attention span and stimming have 
all improved immensely. His sleep patterns, digestion, physical appearance and 
Weight have also improved tremendously. 

Kerri Rivera's book gave us the tools we needed to reach in and pull my son 
away from the grip that autism had on him, We will forever be grateful to Kerri. 
She devotes her life co helping children with autism and always has an open 

line of communication for anyone who needs help. She is the voice for so many 
children that don’t have a voice. Thank you from the bottom of my heart! 


28, 


FUAL! BIG moment...crazy morning, ughhh we miss the Bus I was so mad 
because my other daughter had preschool at 9:30 so my morning was a mess, 
hhad to leave in Pj and make them eat breakfast in the car...but then in our way 
to school my son saw a School Bus passing by our side and said “school Bus is 
gone, L is sad” OMG OMG OMG....did he just said this 30 words sentence????? 
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(actually 7 words but seems like 30 to mel!) Ok.. WAIT then I get to school 
not mad anymore, | walked with him still in shock, I couldn't believe what | just 
heard...and when he saw the line of kids by the wall he point at them and said 
“my friends” OMG OMG OMG....ok WAIT...then we get there and he takes 

the teacher hands, gives me a kiss and said “bye mommy” OMG OMG OMG 
WAIT then the teacher ask him L, remember back pack by the wall, so he goes 
to the wall with his back pack in his back and does exactly what he was ask to 
dolll! OMG 

FUA...THAT'S RIGHT... 223 days in this Protocol, searching poop, dosing, 
enemas, writing in his food diary every little ching he eats, therapies ABA, speech, 
caccupational, hours hours of work, hard work..al just to witness this miracle 

of healing..to see him think, react, analyze a situation, be happy, spontaneous 

and smare by himself (no prompt or reinforcer necessary)... THANK YOU 

Kerri Rivera since the first day | found you in YouTube I have never stopped 
believing...| LOVEYOU WITH ALL MY HEART!!! YES COMADREEEEE!!!! I can 
feel it..we are close..it's happening... so happy | missed the Bus this morning. 

this is the best day in my son's way to recovery so far!!! 

HOPE FOR ALL!!! 


50. My son is 23 and we have tried many, many approaches to heal him aver the 
years. Typically we would see some initial progress, but then the rate would 
slow down and he would plateau again slipping further and further behind. 
Lyme disease and co-infections, as well as various viral, fungal and metabolic 
issues complicated everything. We had to resort to psych meds, even, for his 
depression, anxiety and mood disregulation. 
We started Kerri’s protocol in the summer of 2012, and had to cut the number 
of drops again and again to something he could tolerate, since he has MTHFR 
genetic issues with detoxing, until he was at 1/64th of a drop per dose. By 
October 2012, he was at full dose and after two weeks, began to talk about 
learning to drive, to offer to do a chore at home, to draw again. So it has been 
about a year for us, and the improvements are continuing, his ATEC score went 
from 77 pre-meds to 11 now, and our lives are all much better thanks to this 
book and Kerri’s dedication to the cause of healing the children. Please, if you are 
reading this, don't be afraid to try one more thing! 


51. My son started Kerri’s protocol 10 months ago. At the time we started the 
protocol he was doing a home based therapy program for 60 hours a week. We 
did not send him to school because he was not able to handle all of the outside 
stimulus, unable to follow directions, and unable to communicate effectively, He 
stimmed mast of his day and only spoke in 2-3 word sentences to get needs met 
only. When he started the protocol his ATEC was 57. Ie quickly dropped and the 
improvements were mind blowing. In 5 months time his ATEC was a 9. Today 
at 10 months after starting the protocol his ATEC is a FIVE!!! He now attends 
school with out any kind of extra support and exceptions made for him. He is 
truly just one of the other children. | have been volunteering in his school and | 
have had 5 different office people tell me that he stops and greets them on his 
way to different specials (pe, library, ar, gardening). They told me he initiates the 
{greetings and says: hello, good morning, buenas noches, and all with a big smile on 
his face. | have even been told by 2 of them that he greets them by name. Did | 
‘mention that he leaves the classroom on his own to go to specials??? Yep, my one 
time *severely autistic* child finds his name and places it in that specials category 
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basket, leaves the classroom and goes to specials on his own???? When he is done 
with specials he goes back to his classroom and does his work. Holy CRaP!!!! A 
dream come true. 


ThankYou Kerri! 


52. My 6 year old son's ATEC went from 45 co 22!!! Wow I knew he was doing 
better but more then half! 


Thanks Kerri Riveral! 


53. I'don'e know what to chalk it up to--we just finished our 3rd PP and did our 2nd 
shot of GcMAF on Saturday~but my 9 y/o son has started taking pictures with 
‘my iPhone. They are not just random shors;he is finding objects or angles and 
taking pictures. They are FASCINATING! He has also figured out how to use the 
reverse feature, and has taken a series of self-portraits, which he flips through 
and says to himself“Who's that?” 


54, My [6:year-old son is doing great on your CD protocol. ATEC down from 89 to 
37. Best thing that ever happened after doing 8 years biomed with him. 


55, We started CD with my precious 5 year old'O-ster’ in June 2013. Some of the 
completely new developments we have seen since we started... He is aware 
of how to burp and toot, and thinks itis funny. He is apologizing for things he 
does wrong. Even a day later, he will remember and apologize. He goes to the 
bathroom on his own. He is completely pottytrained, even at night. He does 
household chores happily. He sent people on my contact list emails that said 
‘Ive my mommy! He has better problem-solving, more motivation to draw 
pictures. Ifhe gets messy, he just goes to the bathroom and washes his hands and 
‘wipes off his shire by himself without saying anything. He dresses himself. He 
does somersaults (just a few months aga, it was impossible for him to even get in 
somersault position), can open baby gates, can get in crab walk position, can jump 
off of furniture with both feet. He greets us when we come home and is excited 
to see us. He MISSES us when we are gone and talks about it during the day. 
He's making up 4 line rhymes. He cares what he wears and picks out his clothes! 
He is not running back and forth as much, We have normal trips to restaurants. 
I can leave our front door open now,and nat worry that he will run away. He 
tries to help put our dog in his crate and fetches with him. He wants to come 
‘with me if leave che house to go somewhere. He will now eat almost anything 
I put on his plate, He used to vomit at the mere thought of things like GF pasta 
or rice, and he wouldn't allow any food on his plate to touch another type of 
food on his plate. He will now eat bowls full of tomato sauce, onions, burger, 
rice, garlic and peppers all mixed together. Our family can eat dinner together 
now. Ino longer have to make separate meals. He even eats raw peppers! 
He yells ‘watch me!’ and does things like diving onto the bed or jumping off of 
something. He looks at cloud formations to see what pictures he sees in them. 
Last week he heard a toddler erying in Target. He wondered why the child was 
crying and wanted to go find her. He misses his litte sister when she is not at 
home. He wants her to play with us when we are playing. He is completely 
aware of what is going on now. He is much more aware of danger. He notices 
the weather, There is a sense of calmness about him that he did not have before, 
His tantrums are much less severe and much less frequent. | was supposed to be 
his aide this year in preschool, but | have been able to just drop him off at school. 
There are many more new things that he is saying and thinking and doing. 
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(Our quick biomed history- He regressed after vaccines at 12 months. Starting 
at 18 months of age, he was gfcfsffor I year, then scd for almost 3 years. It feels 
like we have tried everything with supplements over the last 4 years. Some 
things helped a litle, But nothing really tackled his pathogen load, even though 

hhe was on an awesome diet. His ATEC was 66 in Dec 2010. Low dose chelation 
brought it down to 33 in 3 months. The ATEC stayed at 33 for 2.5 years. We did 
112 rounds/weekends of low dose chelation during that time. ATEC June 2013 
was 34 (before starting CD), July 2013 was 30, October 2013 was 20! We are on 
‘our way down. This is che first time that | have physical proof that we are getting 
rid of the pathogens that have controlled and poisoned his body and brain for 
most of his life. Ie feels so good to finally help him. 1am hoping to write our 
complete recovery story in Kerri’s next book. I thank God that we saw Kerri at 
AutismOne, 


56. Nick texted me yesterday for the first time, on his own."Hi from Nick” - chats a 
2013 FUA fo sho.—Alison 
(chis texe was accompanied by an ATEC drop from 69 at 6 years old to 14 at 8.5 
years) 

57. Yesterday my son told me | worried too much, | said you worry too much Too 
Noah! He responded, my hair is red, yours is gray, so who is the worrier, hahaaa! 
The windshield wipers keep wiping away the autism, what's staying around it 
seems, is completely lucid speech and unbelievable comebacks! He never could 
say things like that before, not at all, he really was in there somewhere. 


5B. Something really beautiful is going on in our household right now...Caleb is 
totally blossoming socially on every level. There is a calmness in his body. He is 
alert, responding to his name, sharing his toys with other kids, wanting to give 
affection without prompting, soothing Lilia when she is crying rather than batting 
at her We even have gotten a few spontaneous silly phrases!!! Oh baby, oh baby, 
‘oh baby!!! We are on our way!t!!! 


59. We started the diet on the Ith of March, CD on the following week.Adam 
started to ask questions in April. Since then he keeps asking continuously...His 
ATEC dropped down from 49 to 38, 

Tunde, Hungary 


60. OMG OMG OMGIIN! My son is singingl!! He was ZERO verbal... [mean 
‘ZERO! His shadow teacher told me a week ago that he started to mimic, | said 
to myself"yeah he was babbling and she thought he is mimickingl..” Yesterday 
she told me he started to sing and | said to myself, "Yeah right, she is absolutely 
illusionist or exaggerating!!!" She knew I will not believe her because he is just 
humming ac home! So she sent me a video which was a shock for us. He is 
singing the song “A is for apple, a a apple...B is for ball,b b ball...C is for catcc 
cat...D Is for dog, d d dog.” I don't have enough words to thank you and thank 
Kerri Rivera and this incredible protocol!!! Thank you for saving my child. xoxo 


61, _..My son is doing his first CD PP. We picked him up from preschool he was 
extremely happy. Hugs & kisses. Then..runs up to a classmate and touches his 
shoulder and says,"bye Johnny”, runs to another classmate and says,"bye Kevin.” 
Then he skips to the car. These improvements in his socialization is new. We are 
so pleased and | wanted to pass along these social gains with you all. His atec at 
start is $8, 
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62. My little sweetpea is almost 4..and completely NON VERBAL...upon picking her 
up from therapy today, her teacher said she was having a great last few days. 
and both therapists said her eye-contact has been different..Jike in a really good 
‘wayll! I've also noticed her looking at me...traight into my eyes for what seems 
like forever..almost as if she has never seen me before?! They also said that 
she has been looking at them and has been opening her mouth trying to make 
sounds..as ifshe wants to say something very badly..but can't..but with a lot 
of prompting..she did say “Hit".all | know is that somewhere in there is this 
amazing person waiting to be let out! | often worry if we are ever gonna make 
it. finances and healing your family can be very overwhelming..especially on one 
income. But for the lave of my daughter we just cannot give up..feeling very 
hopeful and blessed today..and very grateful that something is finally working. 


63. Hi Kerri, 
I wanted to write and thank you for discovering and sharing your protocol. This 
protocol has saved my almost S-year-old son. 

My son suddenly started having absence seizures that would freeze his breath. 
From the day he had his first noticeable seizure, he was hospitalized every seven 
‘weeks for uncontrollable status epilepticas,a life threatening condition. They 
‘would pump him with seizure meds,Ativan, and Valium for hours before the 
seizures would finally stop. 

Since starting CD five months ago my son has not been hospitalized once. He 
‘went ten weeks seizure free. He had a few mild seizures that he brought himself 
out of without any exera medications. He currently broke this record and has 
‘made it another thirteen and a half weeks seizure free. I true miracle. 

Everything we searched for to treat his Lyme disease in the past would either 
‘cause seizures or not help to prevent them and I now know why.As you 
predicted after starting your protocols we discovered that he not only has Lyme, 
he is also incredibly loaded with parasites. So much so, that it scares me to think 
cof what may have happened to him if we didn't find you. 

I'm so amazed to watch him subtly emerge. Since we started, he went from 
saying about 20 words to saying 69 words, along with two and three word 
‘combinations, and over the past month he has begun to answer simple questions. 
His vestibular system has gotten much better; he'll actually swing. He just started 
jumping off curbs. His eye contact is perfect. He's gained two pounds in the past 
three months, something he hasn't’ done since being diagnosed with failure to 
thrive at a year old. He is playing with his three year old sistersit's so adorable to 
watch them chase each other around the house, hug, chase each other, hug, get 
in the dog crate together, hug, take turns pushing each other in their wagon, and 
kick the ball back and forth, Last night the three of us played catch together for 
over 10 minutes. 'm so happy for her to have her brother to play with. 

This protocol changed his life, my ife,and our family’s life. 

There are no words to thank you enough for all your help along the way ~ he's 
con his way. 

Love, Love, Love 

Update:as of December 3rd, 2013 this litle guy is 18 weeks seizure free! 
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64. My name is Dawn. Below is a shortened version of what we've been through 
prior to and since Kerri Rivera coming into our lives and changing our family 
forever. 

Jam Noah and Eli's mom, caregiver, advocate etc. that's been my job for 17 
years. Prior to having children with special needs | had a career that I loved and 
my plan was to continue my career, how deluded I was, my life has been forever 
changed by my children and their symptoms as my entire existence over these 
years has been co save my son. 

My son Noah born August 19, 1996 has struggled and suffered with what is now 
known as the symptoms of autism. His symptoms began at 8 months of age wich 
a rare blood disorder known as neutropenia, he had a low white blood count. As 
he continues to improve, I too, along with our entire family seem to be healing 
as we bore witness to his daily struggles of self injurious behaviors, aggressions 
and rages, learning disabilities, speech and auditory delays, 2 steps forward and 4 
steps back. 

Healing the symptoms know as autism with the Chlorine Dioxide and Kaleker 
Protocal have been a cathartic exercise for me as well,no amount of therapy 
would have soothed my soul like witnessing my son’s return from the daily brink 
of death. 

My hopes and dreams for my son dashed with vaccines before he was old 
enough to speak. I'm 50 this year, however I'm older then those years, and my 
views and outlook on life have changed forever. Imagine fighting for my son’ life 
against those trusted factions of our society supposedly put in place to protect 
Us, ie,, government agencies, churches, schools, teachers, principles, school 
boards, doctors, hospitals. 'm changed forever by the daily battles, but somehow 
they are small now in comparison to the beast of the symptoms that ravaged 

my boy with red hair, often referred to by me as my favorite Martian. As he 
continues on his healing path, so do those of us who have loved him so dearly, 
despite his outwardly awlwardness, he is the innocent victim left to suffer for 
what is often referred co as the “greater good”, he's responsible for so much 
‘more in my life then just the symptoms known as autism. 

Ie was a Saturday morning in May of 2003. Noah, at the time 6 yrs. old, had slept 
with us because of seizures on and off through the night. Like so many times 
before, | was very concerned he would go ‘status epileptus’,a state of continuous 
seizures, He ate cantaloupe for breakfast that day. I remember ic vividly even 

II years later. His seizures would come about every 20-25 days. First he would 
complain of a stomach ache, and I could hear the gurgle of his stomach. They 
usually lasted a few minutes and then went away. This day, the Saturday before 
Mother's Day. he didn’ come out of the seizure. We administered his anti- 
seizure medication but it didn't work. We called 911, che fourth such callin 
Noah's brief life. When EMS arrived, El, hen 3 years old, ran to his bedroom 
upstairs. I remember the technicians working on stabilizing Noah, They ripped 
the shire from his body as they worked on him and carried him out to the 
ambulance. As | followed them to the ambulance I happened to look back to 
‘see Eli watching from his upstairs window as they placed his brother in the 
ambulance. He stood motionless, Darryn scooped him up and followed us as we 
drove swiftly through traffic co Texas Children’s emergency room, about 25 miles 
away. I remembered thinking, why don't people heed the right of way? | looked 
back as they worked on Noah. His seizures continued until we arrived at the 
hospital. Once we arrived he was taken straight to the ER, ICU room, where 
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four doctors began to work on him. Darryn and Eli arrived as | stood next to 
the bed while the doctors worked to save his life. | took Eli out of the room and 
‘we sat in a chair looking in at what was happening. His eyes were as big as I have 
ever seen them and he sat perfectly silent in my lap, we colored. | overheard 
the doctors explain to my husband that they were having problems stopping the 
seizure. They waned permission to use a drug that could stop his heart. Darryn 
asked if here were any other options. The doctor shook his head. He asked 
‘what they would do if the heart stopped. The paddles. So he was given the 
drug. No heart stoppage. His breathing became shallow and the seizures finally 
stopped after 6-7 straight hours. A couple of hours later Noah woke up in his 
hospital bed, connected to monitors and the lke, in a drugged stupor. By this 
time my parents had arrived (like so many times before) and had taken Eli home, 
Darryn stood next to Noah's bed rubbing his chin nervously. Noah asked if he 
could use the restroom. Darryn said yes, and in the next second Noah leapt 
from the bed, almost a perfect swan dive, toward the floor. Luckily, Darryn was 
there to catch him. Noah's life was saved twice in the same day. After the drugs 
‘wore off, he was released from the hospital. Noah missed a week of school 
while he learned to walk again. 

I never knew the impact this had on Eli until Father's Day that same year. About 
a month after the seizure we planned to attend with some friends one of those 
‘workshops at Home Depot where the kids make a gift for Dad. He was excited 
to do the workshop. As we approached the stare we naticed the local fire 
station had an area of the parking lot roped off for tours of ambulances and fire 
trucks. Eli became frightened and started crying, and began backing up. finally 
screaming and contorting. This from a child that hadn't given us a peep of trouble 
before. | had co leave our friends standing in the parking lot as my second son 
became inconsolable. At the time ic hadn't occurred to me that he remembered 
the incident with his brother just a month prior. He too suffered, and sadly he 
‘was 3 years old at the time, unbeknownst to me, Eli has probably remembered 
‘more then | realize even today. 

Noah had his first seizure in March 1998 at 18 months of age, shortly after 

a round of vaccines. (His doctors continually assured us that vaccines had 
rnathing co do with Noah's problems, but | know otherwise.) Seizures were not 
Noah's only problem, however. He was diagnosed with neutropenia (the lack 

cof neutrophils or a type of white blood cells) in 1997. He has suffered from 

acid reflux for as long as we can remember. He was hospitalized for 4 days at 

4 years old for a roto-virus infection, something most children get through at 
hhame in a couple days. He had a cyst removed from his thyroid. His tonsils 
‘were removed due to frequent infections. In 2005, he was diagnosed with Lyme 
disease. In 2008 his pediatrician discovered his blood was missing carnitine, a 
key component for the body's metabolism. We took him to a specialise who 
diagnosed him with mitochondrial disease. His seizures stopped after we started 
giving him medication for the carnitine deficiency. But his behavioral symptoms 
‘continued and even worsened which always indicated a deeper underlying illness 
plaguing Noah. But what? 

Early in 2013 Noah began to show some psychiatric symptoms that frightened 
us to the point we had to consider putting him in a home. He had frequent 
panic attacks (all day, minute to minute), tics, and sudden bursts of outrage over 
insignificant things. He often didn't make sense while speaking, and secluded 
himself in his bedroom. He fantasized uncontrollably about his videos, and spoke 
over and aver about what we were going to do about the characters (not what 


CHAPTER 1 » PLANNING YOUR ELECTRONICS WORKSHOP 


Figure 1-1. Sketches and notes for a “lying machine" by Leonardo da Vinci. Photograph by Arnaud 25 
(publicdomain), via Wikimedia Commons. 


\Writing down your ideas also helps you pick which projects you want to work on first. I just isn't 
possible to work on all of them atthe same time! Narrowing down thelist helps get you focused and lets 
‘you concentrate all of your talents and energies on the most important projects 

‘When you're just beginning, the “most important projects” are the ones that provide the most 
positive reinforcement in the shortest amount of time. Plan a few simple, straightforward projects with a 
high probability of success at first. You can become more ambitious and take greater risks when you've 
built up a good reserve of self-confidence and techniques. Remember, the only experiments that fail are 
the ones from which you don’t learn anything. Sometimes learning how norte do something is just as 
important as learning how to do it correctly. 


Goals 


The best way to tur great ideas into spectacular projects sto havea plan. Set some achievable goals for 
Yoursel When youre first startng, don'tbe afraid to take those baby steps. You have to craw before you 
fan telepor. 

Project planning sts ow artform, anda darkand mysterious artit can be sometimes. really 
helps to have ceariy defined goals and expectations early ina project Otherwise, how wil you know 
‘when you're finshed? 

“Any large, complex problem or project canbe broken dawn into smaller, more manageable 
subprojects Unfortunately, tis can be cared too far. You don't need oreiivent the whe! everytime 
Yyoustarta new projec There's a saying that suggests, Don't buld anything you can buy." The 
Counterpoint co this wisdom isthe equally ancient saying, "Don't buy what You can bull.” You have to 
be the judge as to which one apples best o you and your situation, 
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we would do if we were in the stories). He had repeated events of unrealistic 
fears. We took him to see an energy medicine specialist. The energy medicine 
protocol involved various supplements and dietary changes, as well as electrical 
pulses co adjust his body voltage (an approach similar to acupuncture). During 
tone of our visits we learned of MMS, which this doctor indicated could be used 
in small doses to treat colds. Symptoms improved, but very litte. But then they 
worsened again dramatically. We took him to his pediatrician who diagnosed 
PANDAS, and prescribed antibiotics. This helped but only temporarily. His 
psychiatrist prescribed anti-anxiety medications, wich only marginal results. He 
was unable to attend school through all of this, and needed someone by his 

side constantly. His pediatrician prescribed Albenza thinking parasites may be 
involved (despite a negative stool test). This improved his behaviors some 

but only marginally. There was also the side effect of hair loss. Noah became 
completely bald, like a cancer patient. 

To see your son regress into psychotic behavior is something no human can ever 
imagine. Facing people everyday as they watched Noah regress and comment, it 
was a slow slip and then suddenly he was in a dive toward insanity. | felt he was 
slipping away. | scoured the Internet for answers. I had heard of Kerri Rivera 
but thought antibiotics were the only treatment for my son, lke the vaccines, 
Thad been told by doctors that the only treatment for Lyme was antibiotics. 
emailed her and she answered immediately to “start the protocal” We began 
the CD protocol in june 2013. The protocol takes complete dedication, it 
requires steadfast commitment, and it's the best gift | have ever given Noah. | 
have learned so much about illness and ics roots through treating my son with 
the protocol. 

Noah's behavioral symptoms started to improve immediately. He had fewer 
and fewer tics and outbursts. He was noticeably calmer. He now answers the 
phone, takes messages, and helps me scan food items at the grocery store. He 
even got behind the wheel of our car for a practice drive in the school parking 
lot. He asks a lot of questions. So much has improved in such a brief time, Prior 
to the CD protocol | scored Noah as a 38 on the ATEC test. Since then, he has 
improved to an 8. Darryn (Noah's Dad) scored Noah a 55 before we started, 
and two months after beginning it was a 22. It's amazing that a few brief months 
‘ago we were considering having him put him into an institution. Although we try 
not to think too far in advance, now we can hope our son can someday lead the 
normal life he was meant to. 

| can't help one final story about Noah. Yesterday he asked me what autism 
was. We've never explained to him that he has it, because he would not have 
been able to understand it even if we tried. While I searched for an answer, he 
said “you know, Mom, Sponge Bob couldn't get his boating license because of 

his autism.” | belted out a foud laugh and said “Ok. Noah, you know you have a 
litle bic of autism too.” And he said “Yes Mom, know that,” and smiled. 

While he still has much to make up, years of lfe to regain, experiences to live, 
we're so pleased and grateful co Kerri and the others responsible for these 
protocols for these improvements, his life is being restored. | would encourage 
anyone to follow the protacols as closely as possible and do not delay. Ic is 

so fitting that the only opportunity I've ever been given to tell alittle of what 
my family has been through would be afforded to me by the very person that 
actually saved my son...she gains nothing from what she has done for us, except 
the knowledge that she saved a boy's life that she has yet to meet, by saving my 
son, she has saved my family. 
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65. Shay is doing so well ics surreal. In the past week the balance has shifted so that 
he is now recovered more of the time than not. He is having a 2-4 hour block 
‘every day or two where he is back in his old state (weeping, raging, zero-to- 
flipout, shrieking, obstinate, defiant, OCD, mean, potty-mouthed, etc.). The rest of 
the time he is lucid, has perfect mental clarity is as funny as can be, does his math 
‘quickly, has perfect handwriting, gets along with his sister, is generous, expresses 
himself clearly, plays well, understands how others feel, etc. It is a mind blower 
Kerri 
Although Shay doesn't have the awareness to know when he is in the autistic 
state, he is now clearly aware when he is in the recovered state. He comes up to 
‘me and says quietly,"Mom, ics gone again. Do you think it will come back” I tell 
him yes, chat it will be like chis for a while, coming and going, until one day ic will 
be gone and it won't come back. Shay and | have been discussing which “number” 
he is going to be in the line of children that recover. :) He is also planning a big 
“Goodbye Autism” party for himself. 


Bella is getting over her meltdowns much more quickly. Sometimes | say “no” to 
something and then flinch, waiting for the screaming, but ic’s small, or sometimes 
she cries and gets over it within minutes. This is a big improvement for her. In 
her own words, she has noticed that she feels less anxious. 


66, We started the protocol 9 months ago. My son had 2, 3 horrible days every 
‘month. He wouldn't stop crying all day long, and he could not get any sleep at 
night. After talking co Kerri, we realized that chese terrible days were always the 
days of the full moon. We saw improvement straight after the first PRAfter 6 
‘months, all of the bad behaviors were gone. realized that the PP helped my child 
to improve month by month. 

And to prove that itis net only me who can see the changes, my son's therapist 
from school told me the other day:"Well, when is full moon again? So that you 
‘would start the Mebendazol? [love when he gets it, he is doing so well with it. 
‘Staring atec in February was 50, now his atec is 34. Thank you so much, Kerri! 
Betti, Hungary 


67. Weare celebrating 3 months on CD and 2 PP’s done! Our lctie angel has (or 
I should say had) extreme ADHD..we are not seeing much of that anymore. 
(Our life altering issue is her lungs. This child has undergone over 35 surgeries 
in 8 years. 17 of those to surgically remove mucous from her lungs. She is 
hospitalized every 6 weeks with pneumonia. We have O2 in our hame. She even 
had a pore placed for IV meds at home. Our life has revolved around illness. In 8 
years the docs have done every test in the book to figure out the cause. We've 
turned up nothing. In July, we flew to NYC co see a medical mystery doctor. He 
told us ies all nutritional and had us do some parasite testing. The testing turned 
up zilch, but thanks to Jean Marie, we ended up here. Long story short, we are 
‘making huge strides. We are not there yet, but to give you an idea, normally her 
pneumonias take 4 months to clear, this time it was only one month! She's only 
needed one antibiotic in 3 months, normally i's 8 antibiotics in 3 months. She's 
doing better in school too, which is just a bonus. Today she came home and told 
ime she was able to run in gym, something she hasn't done for years! Thank you 
Kerri Rivera and Jean Marie and all che mods for welcoming us ¢o this group and 
for helping us to take back this childs life. Bless i! Bless all of you! 
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68. 30 days of gratitude, Day 4... am thankful for an evening alone with my son. 
[es rare that we have time together alone. He jumped on the bed and danced 
around while | packed for my trip in the morning, talking and singing the whole 
time. The dinner table was lonely by ourselves so we decided to eat in front of 
the fire said, “This is fun, isn't it?” and he said,"! love this and I love you, Mom" 
‘Moments like this were non-existent before our journey brought us to Kerri 
Rivera who is an angel on earth, She gave us the direction we needed to heal our 


69. lobserved my kiddos at school today. Get this.....my once severely autistic 6 
year old choose and received a Spanish lesson that lasted 27.5 minutes (I timed 
ig). The whole lesson he was sitting on his bottom, following instructions, answer 
questions correctly (in Spanish), smiling, great eye contact, and really enjoying his 
time with the Spanish teacher: FUA to the max! This time last year Henry was 
speaking in I-2 word sentences to get needs met. Now he is talking in complete 
sentences in English and Spanishi!!! 


70. In the past, if gave Nate a hug and cold him I loved him, he would sort of hug, 
ime back, awkwardly jutting his backside out (to reduce physical contact) and 
patting me on the back and saying," love you, too.” He would then escape as 
soon as possible. 

‘After a few days of being on 7 drops (last week) Nate approached me with 
full eye contact, threw his arms around me, gave me a prolonged bear hug and 
spontaneously said," love you, Mom”. | hugged him back and we stood there, 
just enjoying the moment, while I quietly balled my eyes out. 


Thirteen years. had waited 13 years for that moment. 
And now he has been doing it almost every day since that first hug. 
This alone is the world. 


71. There's a lot of people jumping on the “Thankfulness Train” this time of year. 
Here's my contribution. There's only one major thing I can think of this year that 
am thankful for: Of course, there's so much to be thankful for, but one thing that 
really stands out. That would be this protocal. God led us to see Kerri Rivera 
‘at Autism One this year. | only went because it was basically the one thing | 
didn't know much about. The day before Kerri presented, | saw my friend Laura 
at Karaoke Night (so fun by the way!) She told me she was doing CD and I'm 
pretty sure I looked at her like she was crazy! Saw Kerri the next day and I was 
hooked. We started the protocol June 3rd, Laura got me in this group. Thank 
‘you Laura, for your patience with me and for letting me know about this group! 
Thank you, Debbie who has talked to me many times about the protocol, about 
‘my son's aggression, reassuring me that things will get better and they have! 
‘Much, much better: We still have further co go, but there is light at the end of the 
tunnel. My four kids and myself are doing the protocol. We all have Lyme. We 
are all feeling so much better: We are no longer spending thousands of dollars a 
month on empty treatments. We are getting our lives back; our finances under 
control, and my son with autism went from an ATEC of 47 to 20 in four months. 
Thank you and love you all,And to Kerri Rivera, there are no words. Thanks and 
love isn't enough. You can be assured of my prayers for you, Patrick and your 
family for life. Thae's the least I can do for all you have done for all of us. 
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72. Small progress this week! My son had his ABA therapy yesterday and at the end 
the therapist gives him a “high five” before he leaves. The therapist asked my 
3-year-old normally non-verbal son for a “high five”. My son looked at him, gave 
hirm a high five and said “HIGH FIVE!" plain as day. My husband almost fell over 
sideways in shock! He also put his toys away without being asked to, and that too 
is a big change. CD is the best 


73. We have been on the protocol since Aug 30th of this year Weve dane one PP. 
My DS is 8 with severe apraxia and autistic. 
ATEC: 4/2013: 62 starting some biomed 
ATEC: 8/15/2013: 51 before CD 
ATEC: 10/6/13: 24 
‘Some WOW moments for us so far: 

* Playing soccer with other kids at school three weeks after the start of 
the protocol. *Really “on” in conversations..adding information when we 
didn’ chink he was listening because he was playing on his iPad. 

* Talking about other things in his day besides Minecraft or Plants Vs 
Zombies: 

* Going from a battle with homework that would last over three hours 
to picking him up at daycare with his homework already finished. And 
correct That he did on his own, 

* His ST saying he is able to follow three step directions better and was 
able to talk/ask Who and What questions for nearly the entire hour. 
actually had to tell the ST what we are doing because it was obvious to 
her it was more than just diet. 

He's just happier. Were all just happier 


74, We came back from our Intensive in December of last year on a high. After 
‘a week with the Son-Rise® team, Jordan was saying 20 different words; he was 
‘more confident, and more mature. He had such an amazing time learning and 
growing. Every morning he would take his facilitator by the hand and walk him’ 
her into the playroom. He really grew up that week. | loved watching him grow 
through love and laughter. What an amazing, wonderful thing to witness. 

We, also, learned at our [AHP appointment that Jordan was reading at about 

a third grade level. What a trip! The evaluator held up a paragraph for Jordan 
to read. It was so fast I didn’t even have time to read it. Then, she held up a 
question for him to read, then, sheet with the answers. She, then, asked him to 
point to the answer and he did. He was three for three. My son taught himself 
to read. What?! We were, also, very surprised to find out that between running 
our Son-Rise® program and incorporating exercises from IAHP.Jordan improved 
433% from September to December. WOW! 

Between the two experiences on the east coast, | felt like I didn't know my own 
son, | always believed he can accomplish anything and yet | had tremendously 
underestimated his ability. | was so excited to get home and start his program. 

| knew that if we focused and put everything into his therapy for two years, he 
‘would be ready to go to mainstream kindergarten. 

I was so excited; I was beyond hopeful; | believed he was on his road to healing. 
(On Christmas Eve, Jordan was crouching down and just froze there. | called his 
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name, no response. Iran over to him and noticed his lips were turning blue. 
Immediately, | tipped him over, hit him on the back and did a swipe in his mouth 
to get out what he was choking on. There was nothing there, but he gasped for 
air and began breathing again. Did he just have a seizure? 

January 15 has become a day I will never forget. We woke up to Jordan throwing 
up and he didn’t want to get out of bed. He just wanted to sleep; he must have 
caught the flu and needed to sleep it off? Finally, around 10am he got up and 

ran around the house like nothing was wrong so we began therapy. While | was 
in the playroom with him we were jumping on the trampoline and he suddenly 
stopped and looked at me with a panicked look on his face and reached out for 
me. Clearly, jumping was too active for his upset stomach so | brought him to 
the family room with Kaiyan and my helper 

Suddenly, he looked off and froze again. He then threw up again and passed out. 
(Oh shit, he just had a seizure, and another one, and another one, and another 
cone. All the while staying unconscious. | brought him to the ER where he slept 
and had another mild seizure. While he was passed out they gave him a CT head 
scan to make sure there wasn'ta bleed or something in his brain. Everything 
was fine. 

Shortly after,he woke up. He was playing, running around the ER as if nothing 
had happened. He went through what little water | had brought and was asking 
for food and water. A good sign, | thought. The ER wouldn't allow him to eat or 
drink anything “just in case”. Anyone who knows anything about seizures knows 
that ne food and drink could very well cause a seizure...and it did. 

This time the ER Doctor went into full-blown panic mode, probably because she 
saw what happened. They began trying to get blood out of him. On a good day 
this is almost impossible. Now, they are trying on a kid that didn’t have any fluids 
in his system to help expand the veins. 

And so it went, needle poke, dig around in the arm searching for 2 vein, Jordan 
would hald his breath from the pain and have a seizure, Seizures are typically 
the brains way of trying to get oxygen; che pinpricking was inadvertently inducing 
seizures because of the breath holding. This went on for two hours: needle poke, 
dig, hold his breath, seizure. They poked him 27 times: in his neck, head, ankles, 
thigh, anywhere they could think of. 

This of course wasn't enough. They insisted on doing a spinal tap to check for 
‘meningitis, which we had been declining all day. Now they are telling us that the 
way he had been seizing for the past two hours is classic for meningitis and not 
doing ic could be fatal. They crunched him in the tightest ball they possibly could 
and held him so tight he couldn't move...or breath. After the fifth poke, | began 
to get faint and had to sit down. They didn’t know what they were doing. When 
I sat down I could really see how they were holding him and asked if he was 
breathing. The nurse looked down and said, "he's blue, get the oxygen” and they 
put oxygen near his face. 

immediately thought, “they're kiling him. They don't know what theyre doing.” 
That's when | reached out to every FB group I'm on and asked for prayers. That 
was the only thing that was going to save him, 

When they finally. ler him go he had the worst seizure he's had to date. He was 
actually convulsing. As they went for blood the 28th time, | told the nurse that’s 
‘enough. This has gone on far too long. She agreed, ran and got the Dr, they 
Wheeled him into to the CPR room, and called for a crash cart.| think | said, 


“what the fuck?” She said it's “just in case”. 
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They proceeded to get a drill and dil a hole through his shin and into his 
shinbone so they could put in an 1O (IV into the bone). They pumped him fll of 
all kinds of drugs and, at long lst, drew blood. 

He looked up at me with a longing in his eyes and reached out for me. | went 
over and put my hand on his chest and he passed out. He was transferred 

by ambulance to our local children's hospital; we were allowed to fllow the 
ambulance but couldnt ride with him. He remained unconscious uni he arrived 
into his private room at the hospital 

The frst thing he did when he woke up was reach out for my hand and give me a 
iss. My ile boy! 

The blood chey had finally taken revealed low electrolytes and bicarbonate at a 
Ie-threaening low level. Screaming and crying can drop bicarbonate, which he 
did for two hours inthe ER lack offoad and drink can drop bicarbonate levels, 
‘which fe wasn't allowed to have in the ER. Low bicarbonate levels can cause 
seizures. Whata recipe for disaster! 

The hospital ran every test they could think of and no reason was found for the 
low bicarbonate or the seizures. We came home after five days followed by 
several folow up appointments over the next two weeks. Everything seemed to 
check out fine unt I brought his labs to his DAN (Defeat Autism Now) Dr, she 
Tooked at the blood test, pointed ra something and sid "Lyme, every ie | see 
this in one of my kids, is Lyme.” 

We had the (one of many) $800 tes atthe best lab in hopes we wouldne get 

a false negative, which s very common with Lyme. Jordan came back positive! 
Now we had something to go on. I was excited to finaly have an answer to 
wha was going on with my Itle boy. Lyme is known for seizures and abnormal 
dlectrolyte level. 

We scheduled an appointment wth a Lyme Literate Medical Doctor (LLMD) 
and were ready ta stare healing our guy. Two days before the appointment. we 
woke up to jordan vomiting. He didnt want co get out of bed. He finaly did and 
ran around ike nothing was wrong and then he had another seizure. We were 
told to take him for blood tests immediately the nexc time he had a seizure. We 
took him to his DAN Dr.an hour away, but knew they would be able to get his 
blood without difficulty. We went to lunch, came home, he had seizure, turned 
blue, threw up, passed out, had a seizure, curmed be, chew up pasted out, had a 
seizure, curned blue, threw up, passed out. His DAN Dr: just happened to call to 
check on him in the middle ofthis and told us to get him to the hospital before 
he had a heart attack. We went to the ER 

And so the story goes every seven weeks TO THE DAY, seizure, turn Bue, vomit, 
pats out, seizure turn blue vomit pass out, admitted tothe hospital where he 
Was pumped fl of rugs for hours to try and stop the seizures, and they ran 
the same tests over and over again, The hosptal didnt think he had Lyme even 
with a positive test and thought that seizures every seven weeks tothe day was 
a coincidence, although, they could sil nt ofer any explanation 

We tried treating him with ABX that the LLMD prescribed. One teaspoon 

and he had a seizure, turned blue, threw up, passed out, had a seizure, turned 
blue, chrew up,and passed out. This time the Valum | administered did stop the 
seizure cycle, most likely because it was induced from the ABX and not part of 
his regular seven week seizure cycle. He had multiple mild seizures every day for 
two weeks from that one-teaspoon, 
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Clearly, ABX were not going to work. | emailed with a woman who coauthored 
the book, “The Lyme Autism Connection” and tried the homeopath that she 
used down in San Diego. This was defintely working with decoxing, but it wasn't 
helping with the seizures. He went from seven weeks to the day to three weeks 
to the day. This treatment was working on opening Jordan's detox pathways 50 
his body could rid itself of the Lyme. I liked the idea of treating this way, but the 
process could take four years. | didn't want Jordan having what che neurologist 
told us were life-threatening seizures for four years. I was desperate to find 
something to help him. 

We knew what was wrong, but needed something safe to treat him. Nothing 
was covered by insurance and we were running out of money. | had lost hope. 
Every treatment seemed to make him worse and I couldn't bear to see my boy 
suffer the way he had been for the past six months. | didn't know what to do, 

| lceraly, got on my knees and prayed for help every night. In the same week, 

‘a woman who attended the same Son-Rise” start-up emailed me about a newly 
discovered treatment she was doing. | had signed up for a Lyme conference that 
‘mentioned the same treatment, and | had signed up for an autism telesummit 
that unbeknownst to me had Kerri Rivera as one of the speakers. (Kerri is 

the woman who discovered this treatment for autistic kids.) | emailed back 

and forth with Kerri | posted on the FB group, trying to get all my questions 
‘answered. I was terrified to treat Jordan with anything given his seizure history. 
Then, he was hospitalized again for uncontrollable seizures and I realized | 
couldn't let fear get in the way of helping him. | started the day we were home 
from the hospital ata really low dose that Kerri recommended. She has held my 
hand through this process to help prevent him from having any seizures. 

Since we started in May, he went 10 weeks seizure free and had several mild 
seizures that he brought himself out of without any extra medication and NO 
hospital. He is currently at a record-breaking IS weeks seizure free. 

Through this treatment we have learned that in addition to Lyme he has three 
different visible parasites. He is loaded—he passes more parasites than most of 
the teenagers in the FB group. It scares me to think what would have happened 
to him if we weren't led to this treatment. Thank God for Kerri Rivera sharing 
what she has learned and being so gracious and generous with her time. 

1'm incredibly grateful we attended the Son-Rise” Intensive before all of this 
began. His team of facilitators created a base for him that continued to blossom 
even through this tumultuous year. Coupled with the parasite treatment, 
Jordan has gone from 20 to 90 words—he's picking up new words almost daly. 
His balance is amazing, his muscle tone is getting better, and he understands 
everything. Even more exciting, he's playing interactively with his sister. He is on 
the road to recovery. 

We are finally able to start picking up the pieces of where we left off back in 
December, | felt stuck:I had PTSD; needed help believing we can move past 
(what | had deemed) the horror of this year. The first thing I did was turn to 
Son-Rise®:| started having monthly dialogue sessions with Bears (Barry Neil 
Kaufman)—the co-founder of Son-Rise®, which has been incredible. This is one 
of those times that happen in life that can make you a better person or break 
‘you. Bears is guiding me to be better. | just arrived back from another Son-Rise® 
training where I realized that staying in fear and being nervous about getting 
excited or anxious about feeling hopeful again will prevent me from being the 
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bridge co healing that I want to be for Jordan. | felt a relaxation that I haven't felt 
all year. I've been wound real tight, waiting, being on the look out for that next 
This year has had a huge impact on Kaiyan as well. She'd see her brother sick 
and then her mommies would disappear. I'm noticing she's wound pretty tight as 
well. Her favorite moments are when the entire family is together. I'm hoping 
talking with her about what happened and spending mare one on one time 

with her will help. She asks daly is Jordan throwing up. is he having a seizure? 
She doesn't really know what itall means, but is really aware it's not good. She, 
recently, said she wanted to have autism. After I explained to her that autism is 
why Jordan isn’t talking or riding a bike, she decided she didn't want autism. She 
‘wants to be a boy and insists on wearing Jordan's clothes almost daily. | think it's 
her way of healing and feeling included in the process. 

We've been doing Son-Rise” again and it feels great. | do feel like we have some 
time to make up for since this year has been spent dealing with health issues 
rather than cognitive issues so we are working up to having a full ime program, 
having quarterly consultations, and doing another Intensive. 

‘Son-Rise” and Kerris protocol’s are net only bringing our son back, they're 
bringing me back. 


75. Healing From Autism 
Hospital birch, bottle fed, fully vax until age 4. Digestive disorders beginning at 
age I. Low tone, speech and language delay. Mild early education interventions. 
GF since age 2, GF Soy free, sugar free since age 4. Majority of autism symptoms 
presented in 2013;in the fall of 2012, our son did not qualify as being in need of, 
special education, and thus, could not attend school in our district at al, 

Long winter days in a tiny home had me sending him out to play, in our tiny 
backyard, which had a patch of grass and a bush, under which small animals and 
birds lived. In his boredom, he sprinkled the dirt all over himself; his head, face, 
lathes, shoes, on several different days. 

Later in the early spring, che symptoms of autism appeared mare and more 
obvious: disobedience, disinterest in sitting for a story or coloring, lost interest 
in puzzles of more than 24 pcs, jumping on and off furniture for hours, despite 
scoldings and time-outs. Sudden relapse in bedwetting. Then by summer, the 
symptoms were very obvious: longer tantrums, rages, anger issues, hitting, 
fighting, a mean spirit; running out of the house without permission, with no 
respect for danger or regard for safety. Weepiness, hypersensitivity to touch, 
suddenly repeating the same phrase, over and over all day Lost balance and 
coordination, bumping into walls and furniture, stubbing toes. Shoulder shrugging, 
all day, but not able to stop or say why he was doing it. Lost dexterity—could 
not put cards in a box. Lost organizational skills—could no longer put toys or 
clothes away. Extreme nighttime drooling and bedwetting. The need for sameness, 
and co have all food served cold. He frequently did not seem ta be in his right 
mind. 

In desperation, | asked a group of special needs moms for advice, and ordered a 
handful of books on Autism, including Healing the Symptoms of Autism by Kerri 
Rivera. 


Ie was the best money | ever spent. 
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I read the book thoroughly, ordered the supplies and began the CD Protocal 
con July 8, 2013. Starting ATEC: 46. We ramped up slowly on drops, serving 
doses 8 times per day. My san has had two low dose/partial PP's, co minimize 
the emotional meltdowns, the gas and discomfort. | did not realize how very 
deficient in minerals he was, and did not give him enough ocean water. Now 
order the big 10-lter jug of ocean water, so lam not tempted to be stingy. 

He needs more than 100 ml ocean water per day for his digestive system to 
handle the parasite dumping during the PP His previous digestive trouble was 
unexplained chronic constipation, since age one, and that is realy linked to 

his high need for the OW. Incerestingly his doctors had all sid to keep giving 
Miralax,and that he might possibly need that laxative every day for the rest of 
his life. We stopped the laxative when we started the CD program, and began 
the enemas right away. When I sifted the stool and saw the number of parasites, 
understood finaly why he couldn't poop well on his own for the last 4 years, 
despite diet interventions. We are looking forward 

‘to PP #3, in which | hope to ramp up to full dose on all components. 

Poop sifting revealed what 6 pediatricians and 2 Gl specialists could not tell us. 
(Our son is infected with at least 6 different kinds of parasitic flukes and 3 kinds 
of parasitic worms. His stool has had a very large amount of sediment, with odd, 
tiny, but defined shapes.A search for "rodent and avian parasites" reveals photos 
of very tiny creatures. 

| just completed his ATEC at Kerris request: November 12, 2013:he now scores 
210, with a I in language, 2 in social, and 7 in health 

What does his recovery look like? We enrolled our son in a small private school 
this fall, with one teacher for 6 students, no aide. He now memorizes poems, 
Bible verses, and songs. He sings, knows his alphabet and all the sounds of the 
letters, and can count to 47 with precision, He shows kindness to others, is 
‘mindful of safety, and has glowing reports from his NT school. He sits with me 
for stories, and brings books to ‘read’ to his baby sister, He is not literate quite 
yt, but enjoys word search games, where he can complete levels and advance 
to more challenging puzzles. Twice now he has played the word search game 

con Leap Frog for 45 minutes. He has regained his balance and coordination. 

‘The rages, anger, and shoulder shrugging disappeared within the first 10 days on 
CD.He identifies printed numbers and letters, and does well in math, phonics, 
penmanship and reading class. He is learning to write numbers and letters in 
cursive, and follow directions on drawing worksheets. He operates the TV and 
DVR unaided, recording and watching programs he chooses. 

He is happy: he has a patience and joyfulness about life chat was previously 
lacking. He tells me jokes, and now has the coordination to operate a hand 
puppet while speaking for the puppet!! He is thougheful and obedient. He has 
regained fine and gross motor skills, and motor planning skill 

There are still improvements we hope for: further speech, language, and 
vocabulary improvements. Social graces. More improved digestive health; can 
see that he still has parasites in his stool. We will continue the CD Protocol, 
and we look forward to further healing. Thank you all for your support and 
encouragement. 

The CD Autism Program has done more than cure our son of his brief affliction 
with Autism: ic addresses the pervasive, underlying gut disorder and parasite 
issues that have plagued him all his life. Where complex testing in expensive 
medical centers has failed, a simple home health program succeeds. Thank you 
Kerri Riveral! 
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76. Well..we too did an ATEC! Our son was 11.5 when we started the CD Protocol 
July 2012 First fully loaded (All PP meds on board) was November 2012 
VERY First ATEC: Jan. 2006 124 
ATEC in July 2012: 64 
ATEC August 2012: 52 
ATEC Oct. 2012:48 
ATEC Dec. 2012:45 
ATEC May 2013: 40 
ATEC August 2013:39 
ATEC NOV.2013:33 
J actually did one myself as | have done throughout all the previous, but | had 
hubby do one and combined and divided by the 2! Resulting in the 33! Oddly, 
its the “SPEECH” that remains consistently around 14 & 15 throughout ALL of 
these! All the others continue to go down! We've had some ups and downs, but 
with continued evacuation of some MIGHTY big worms...we continue to see 
‘major gains! 
This is the ONLY Protocol that has EVER given us the progress we've seen in 
cone year's time let alone in 6 months! Thank you Kerri Rivera and especially 
Patrick Rivera for being such pioneers in this journey to recavery! You are 
SOOO loved and appreciated beyond words! Tank you for never giving up! 
Thank you for giving so much, and bringing healing to our son! He's come a long 
‘way, but we have a ways to go! But with the progress he's making... honestly feel 
ic will seem like nothing from where we've come! 
Again THANK YOU! XOXOXO! 


77. We had a great day today. For the first time, he joined me in throwing something 
ata targee (blocks at carpet circles). He laughed and smiled and pulled me 
to play with him better than he has in weeks. | heard a lot more sounds and 
approximations today. When | couldn figure out what he was saying, he kept 
trying until | did 
My favorite part of the day, and I know this is odd, was when his head collided 
‘with my mouth. | exclaimed in pain and he was clearly worried/empathetic. 
He kept trying to get close to see my lip and giving me kisses. I've seen him 
concerned before but never that clearly empathetic. 


78, Just wanted to share that on 21/8/13 my sons ATEC was 46, just redid because 
‘we're at the start of our first pp & his score has come down to 31! The big 
improvement came after introducing CD enemas 3 weeks ago.Although he’s 
been on oral CD for about 2 months, it was always the case that if| missed 
2 dose within 1/2 hour he'd be sensory, inflexible, super-anxious, shouting, 
aggressive etc & I'd have to syringe it down him but within 10mins of dosing the 
lightswitch would flick on & he'd be in control & a calm, loving boy again. Since 
the 3 enemas | gave him 3 weeks ago (only 3 because then his brother had one, 
panicked, screamed & totally freaked out my 4yr old who up til chen had said 
he liked them be they made him feel good afterwards) his personality has been 
shining through again, there's less panicl/anxiety, less sensory issues & there's 
ro ‘reaction’ if| miss a dose or more of CD. I've seen mare improvements this 
‘week, on Monday he decided co sit down & colour & proceeded to colour neatly, 


CHAPTER 1 = PLANNING YOUR ELECTRONICS WORKSHOP 


Do you have lots of time and very litle money? This is good news! "This helps simplify the decision- 
making process enormously. Design and build everything yourself, from scratch. This can include your 
own tools as well as custom-made components. The trick to this approach is not get lost in all the 
inevitable details that will arise. 

No time to spare, but there's a bit ofa budget available? This is likewise good news. With few 
exceptions, there's someone out there that's willing to part with just what you need for a reasonable 
price. The trick here isto find them and make that connection. 


Inspiration! 


Remind yourself what your inspiration is. What initially prompted you to start thinking about building 
your own electronics lab? Why did you want to get into electronics as a hobby ora career in the first, 
place? Do you even remember? 

It really helps to have a firm grasp on what your underlying motives are (or were) when faced with 
the challenges that regularly present themselves along the way. While it's true that some things just need 
doing, does it really have to be you that does them? Could you farm out some of the work and still feel a 
sense of satisfaction in the completion of the project? Or do you feel the need to take the do-it-yourself 
mind frame to its utmost limit? 

Whatever your inspiration is, or wherever it came from, do your best to keep it in your sights while 
pursuing your dreams and goals. It makes it that much more satisfying when you eventually attain them, 


How Electricity Works 


There are two ways to go about learning how electricity actually works. The first involves just a whole 
bunch of fascinating theoretical information about atoms, electrons, fairies, and dragons. The second 
‘way is to just assume that it does indeed work, and spend Some time actually putting it to work. 

You don’t need to know everything about electricity to have fun with it.A passing understanding is 
sulficient to get you started. As your technical requirements grow more elaborate, you will find yourself 
going back to revisit some of the basic concepts, until your comprehension is sufficient to carry you 
forward, 


The Theoretical Approach 


The prevailing theories about how electricity works center around the orbits of negatively charged 
subatomic particles called electrons. Electrons are quite small, even when compared to individual atoms. 
Electrons normally whiz around the nucleus ofthe atom, which is usually made up of other subatomic 
particles called protons and neutrons. The exception is hydrogen, whose most common isotope has only 
a single proton and no neutrons. Protons have a positive electrical charge and neutrons have no 
electtical charge. 

When an atom has a balance of protons and electrons, itis said to be electrically neutral. Ifan atom 
hhas more electrons than protons, it has a negative electrical charge. Conversely, if there are more 
protons than electrons, the atom has a positive charge. An atom that has either a positive or negative 
electrical charge is called an ion. 

While flying round and round the nucleus, electrons tend to cluster into well-defined orbits, or 
shells. The innermost shell of an atom can hold as many as2 electrons. Once this orbit is “ful,” up to 8 
‘more electrons can be accommodated in the next larger shell. The next shell holds up to 18 electrons, 
and the one after that can contain up to 32 electrons. After that, the shells get smaller again, stepping 
back down symmetrically from 18 t0 8 to 2. 
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inside the lines - he was so pleased with himself! (He used to colour so neatly 
but about 6 months ago his colouring became scribbly & he frustrated that he 
couldn't do it neat anymore). Then tonight, when I asked him to hop out of the 
bath, HE DID! He stood up, stepped out & as | handed him a tawel he took it & 
said ‘thank you mummy’ and wrapped himself in it & walked out - all completely 
relaxed - lke it was usual!!! WWWOOAHAHH! Yes! He has never done this, 

ics always tantrums, always arguing, needs to bathe longer, has to be made to get 
‘out, refuses to step out, has to be lifted, needs me or hubby to wrap & dress him, 
& usually all while panicking, crying, demanding, arguing or screaming because 

its cold, different, he doesn't want to, it’s not right etc. just can't believe what 
happened tonight! I'm still astounded. Is like the Finlay we ‘know’ isn't Finlay & 
now we're beginning to see who he really is! 

So I'm REALLY excited about our Ist pp.We'e already seeing full moon 
behaviours & although cough it's been great to see them because it's a reminder 
cof what Finlay was like every day until 3 weeks ago! 

He's already healing. It's sooo exciting! Thank you Kerri - may God bless you & 
all che children on this protocol. Healing, here we come! 


79. True Hope by Maggie Kaye 
Most people don't know that babies are born with about 100 milion brain cells. 
That is more cells with more connections than there are stars in the galaxy! 
This is dificule to piceure when you consider an infant's brain only weighs about 
12 ounces at birth, about 25% of i full size. But, there is a logical explanation 
for this: Brain cells; like the brain itself, have yet to grow.As neurons (brain cells) 
mature, they become larger, stronger, and form tentaclevlike branches that form 
synapsis (connection and communication) with other brain cells. Brain growth is 
directed by neural activity. The neural activity of the cerebral cortex (the largest, 
‘most complex part of the brain) molds the way a child will think, behave, and 
acheive. 

Conventional wisdom long held the belief that the human brain cannot change. 
that it is hard-wired at birth, Scientists today have proven that this is not the 
case. They have found that the brain is malleable. It has the ability to change 
shape, size, number of branches, number of connections, and even the strength 
of its connections over time. The potential growch, or neuroplastisty (neuro 
‘means neurons or brain cells, plastic meaning changable) is far-reaching. A birth, 
the brain is simply a blueprint of what ic will become, No one can predict the 
amount of growth chat a brain has yet to acheive. 

For the parents of a child with Autism, the diagnosis can be devastating. But, the 
biggest and most harmful blow can come from the prognosis:There is no cure. 
Kenn and | were given a diagnosis of an Autism Spectrum Disorder for our son, 
but we were not given this prognosis. In fact, the word “Autism” was avoided 
at our son's diagnostic evaluation until the therapists heard us say it first, and 
realized we were comfortable with the word. For many parents, a diagnosis 

Is the end al, be all.For far too many parents, the words “No cure” are scary 
and harmful. We did not hear these words nor would we have accepted them 
as truth if we had.We do not want to change our son,We want him to be his 
best self, We are not looking for a cure. We are in search of treatment and 
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healing for his symptoms. We know and understand that a Therapist is not God. 
A Therapist cannot predict the future for our son. He or she can simply assess 
‘where Gunnar is developmentally and give us options for a treatment plan for 

a healthy, successful future. Our son's diagnosis was not an ending. It was simply 
the begininning of a journey through a world of strength, challenges, support, 
opposition, and the love of a parent that cannot ever be fully defined. 

(Our son, Gunnar was born with an Autoimmune disorder, Hypothyroidism. He 
‘was tested at birth, was diagnosed, and has been treated by an Endocrinologist 
since he was three days old, We were not upset by the Hypo diagnosis, but 
rather ready for the course of action to regulate all of Gunnar’s bodily systems. 
What did surprise us was the constant shrugging off of our concerns over our 
son's developmental delays and gastrointestinal symptoms over the last few 
years. We were continually disappointed by the compartmentalization of our 
‘son's physical and mental challenges by every Pediatrician and Specialist we saw. 
To us, Gunnar's symptoms all had to be as connected as are all of his body parts. 
But, we were treated as if our concerns were dumbfounded. ..as if digestive, 
behavioral, and physical challenges were not interewined. 

Let's be clear...The brain does not function in isolation. It is a team player: It 
‘needs vital nutrients and informational input to perform at optimum levels. To 
fill these needs, the brain relies heavily on complex interactions between the 
immune, endocrine, and gastrointestinal systems. Gunnar, like so many other 
children on the Autism spectrum, suffers from gastrointestinal issues uncluding 
chronic constipation, diarrhea, and abdominal discomfort. Scientific studies and 
countless parent reports are pointing to gut inflammation caused by casein, 
sluten, and soy in our foods. Gunnar has shown clear physical and behavioral 
reactions to these foods, and improvement in these areas with the removal of, 
Gluten, casein, and soy from his diet This is not an allergy from the perspective 
ofa traditional allergist. This is what is called a T Cell Inflammatory response. 
The use of a gluten, casein, and soy free diet as a means of treatment for Autism 
symptoms has gotten mixed responses. Many parents and doctors who deal with 
‘Autism, Immune, and Endocrine disorders rave about it's benefits, including me 
and my husband. Stil others call ic"junk science”. Clearly, if someone is looking 
purely at one body part at a time, they will not be open to the truth that the 
body and brain are codependent. I, personally, have been challenged by the choice 
tc follow this diet for my own thyroid disease and for my sons Autism. | was 
even told on an online support forum that the GFCFSF diet is “fake science” and 
is causing “false hope" for parents of children on the Autism Spectrum. 

False Hope? 

This may be one of the biggest oxymorons I've ever heard. This ranks right up 
there with “God Hates”. cannot say what causes people to be so oppositional 
to our choice to follow this eating plan. Perhaps the resistance to this way 

of eating is due to a simple misunderstanding of the leaky gut syndrome that 
plagues so many children on the Autism Spectrum. This leaky gut syndrome does 
not cause food allergies. lt causes food sensitivities. 

In food allergies that many parents are famillar with, che symptoms arise 
immediately in the form of hives, watery eyes, sneezing, or difficulty breathing. 
They can even produce life-threatening anaphylactic shack. Only about 10% of 
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autistic kids have this type of allergy. Some 85% of children with Autism have 
food sensitivities. Rather than immediate physical symptoms, these sensitivities 
produce and inflammatory response that results in more subtle mental and 
behavioral symptoms that can take anywhere from 6-72 hours to appear. The 
brain's primary fuels are oxygen and glucose which are manufactured from 
nutrients in our food supply. It only makes sense that we get out of our brains 
what we put into our bodies. 

When it comes to the treatment of any neurological disorder, many parents and 
doctors focus solely on the obvious cognitive impairments and fail to realize 
that correcting their child or patient’s underlying intestinal imbalances can;and 
cften does, lead to significant overall improvement. Leaky gut syndrome which 

is sa prevalant in children with Autism Spectrum Disorders causes a long list of 
vitamin and mineral deficiencies because the inflammation process damages the 
various carrier proteins normally present in healthy Gl systems, Our plan is to 
treat our son from the inside out; Reduce the inflammation, test for vitamin and 
‘mineral deficiencies, provide necessary supplements, test for toxin poisoning and 
remove if necessary, provide therapy as needed, and set Gunnar up for the best 
possible outcome. When you feel better, you perform better. Who can argue with 
this rationale? 

Many people have differing opinions on what does and doesn't work for families 
facing Autism. There is a saying in the Autism community, “If you have met 

‘one child wich Autism, you have met one child with Autism" There is a broad 
spectrum with severe to mild physical and behavioral symptoms. One person's 
treatment protocol might not work for another person. | am not judging what 
thers choose to do to treat their child, | am simply sharing what has worked for 
us chus far: lam not searching for or promising a cure, | am finding a treatment 
for and healing the symptoms that affect our son. Whether or not you agree 
with how my family and I choose to approach this journey does not change the 
‘outcome. If we have helped one person understand this complex neurological 
disorder, we have helped spread understanding, and that makes us happy. And, 

if you are a family facing Autism and don't know which avenue of treatment to 
pursue first, our advice is: Go with your gue. 


80. Recovery #107 
Having a sick child isa full time job. Even when they are well, your mind is filed 
with ways to keep them from getting sick again, ways to improve their current 
state, ways to help others who were where you were just a short time ago. [eis 
my hope to do all three. 

‘Autism entered my life a few years ago, but I didn't recognize it. My son, Gunnar 
was three when my husband and I realized he wasn't progressing as he should. 
He wasn't asking why, what, where, or when questions. He wasn't growing. He 
was lining up his trains and ears, screaming if we touched one of them. Gunnar 
was oppositional and refused to go into a crowded place. He didn’t look anyone 
in the eye, and it seemed to make him uncomfortable to try. He had several 
sensory issues such as covering his ears when music played, even when the 
volume was low. He had an aversion co touch and would often yell, "auch!" when 
someone touched his arm softly: He was constipated. He smeared his feces on 
the wall. He often woke in che middle of the night screaming. My husband or | 
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‘would find him in the fetal position and he couldn't or didn't respond when we 
asked what hurt. Gunnar went ballistic when we tried to wash or cut his hair or 
brush his teeth. He was indifferent to me leaving for work, and what was most 
painful for me, he ran and hid when I returned, He didn’t much care for his own 
‘mom and that was heart breaking for me. 

We also noticed some regression. Gunnar stopped showing interest in potty 
training. He went from saying,"Gotta go pee pee!” to not even recognizing he'd 
soiled his pants. He started refusing foods he previously enjoyed. He went from 
using several words in succession to not speaking more than two words strung 
together. He started to be extremely picky when it came to the foods he would 
teat and spent most of his time at the dinner table staring out of the window. We 
were losing our son, 


(Qur san was born with an autoimmune condition, Hypothyroidism. He started 
taking medication just chree days after he was born. Initially my husband and 
[interpreted some of our son's Autism symptoms as side effects from his 
‘medication dosage fluctuations.After all, we voiced our concerns to his Pediatric 
Endocrinologist, nd she assured us he was fine. She said the medication was 
likely making him lethargic. She said boys took longer to potty train.As time 
‘went on, Gunnar's symptoms multiplied and worsened, and other caregivers took 
notice and shared their concerns.At our son's next Endocrinologist appointment, 
I insisted on a referral for a developmental evaluation, 

(Qur son was diagnosed with an Autism Spectrum Disorder in January of 2013. 
He was 4 years old. immediately went into research mode reading everything 

I could get my hands on that was related to healing Autism. Two weeks after 

his diagnosis, we started a gluten, dairy, soy free diet and saw digestive issues 
disappearing. The night-waking was going away. He turned toward us when we 
called his name. He spoke in short sentences, requesting to watch a movie or eat 
a snack. 

A month after Gunnar’s diagnosis we had further testing done to see where he 
was on the spectrum. When we showed up for the appointment, the diagnostic 
eam was impressed with our son's progress. He responded when they asked 
him co poine to specific items, and he had no trouble matching items together. | 
remember thinking he was much smarter than Id realized. Clearly the problem 
wich our son was physical. 

The test results showed Gunnar's speech and language to be at a 23 month 

old's level with his gross and fine motor skills not much further along. We were 
determined to heal our son and scheduled an appointment to have all kinds of 
testing done including food allergies, comprehensive stool analysis, and genetic 
‘mutation tests. These results showed that our son was sick with food allergies, 
leaky gue caused by an overgrowth of bacteria, and pathogens. We knew what we 
were up against. We were on the right track with diet, but had to find out how 

to get rid of the bacteria and pathogens. In my research, | stumbled upon the CD 
forum. It was the first treatment program that made complete sense to me. 

We received the book in June. It was the first book our son ever showed 
interest in, He kepe saying, "This is it!" and, "This book is the best!” He didn't 
want to put the book down. My husband and I looked at each other with tear- 
filed eyes. We knew Gunnar was right; this was i. 
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We started the CD Protocol immediately.,just five months after our son's 
diagnosis. His starting ATEC was an 80. Immediately we saw regular bowel 
movements, diminished dark circles under his eyes, and healthy skin coloring. 
Gunnar began to sleep through the night. Four days into the protacol, our son 
started taking turns and sharing with other kids. hat night; he danced at 2 
‘graduation party. Every day his vocabulary impraved, 


Four weeks into the protocol, our son no longer needed his thyroid medication 
he'd been on his entire life. He started using the bathroom unprompted. He 
dressed himself unprompted, He brushed his teeth on his own, Gunnar didn't 
‘mind getting his hair cut. He began to engage in reciprocal conversation, 

Seven weeks into the protocol, we saw so many behavioral improvements; we 
decided to take the ATEC test again. Gunnar’s score was a 40. Ie was cut in half 
in seven weeks! Eight weeks into the protocol our son celebrated his Sch 
birthday. le was the first time he showed anticipation for a party. He was excited 
to open his gifts and thanked everyone individually. Normally, Gunnar would run 
and play by himself when guests came over. He had always covered his ears and 
yelled,"Stop singing!" at previous parties. Gunnar was happy when everyone sang 
Happy Birthday to him. He was healthy and present. It was one of the happiest 
cays of our lives. 


‘Twelve weeks into the protocol, our son started mainstream preschool. All 
previous attempts to take him to school resulted in anxiety and complete 
‘meltdowns. He started speaking in complete sentences and his speech was 
relevant to the situation, He started showing interest in books. Fifteen weeks 

in, our son read his own bedtime story with na help. He picked out his own 
Halloween costume. He brought hame his artwork and proudly showed ic to 

us. His teachers continually voiced their pleasure at his progress. His speech 
therapist said he was at age level for speech and language. (chats 3 years worth 
of progress!) 

‘Twenty-four weeks into che protocol, our son's ATEC score is a 10, He continues 
0 go to mainstream preschool and is interested in learning. He is reading 

a variety of books. He is counting in English and Spanish. He knows his US 
‘geography, and does puzzles that are advanced for his age. He asks questions. His 
speech is appropriate and relevant with continued improvement in vocabulary 
and articulation. He loves to sing, dance, and paint. Our son is smart, funny, and 
very affectionate. He spontaneously hugs and kisses me and tells me he loves 
me.And the best part of all? When I come home from work, Gunnar yells, 
“Moooommmmyyyy!”, runs up to me, jumps into my arms, and wraps his licle 
arms around my neck. | have my son back. 

| could never sufficiently thank Kerri Rivera for all of her selfless help. She and 
her team of parents give freely of their time and energy to bring kids and their 
families out of the depths of Autism. Ic is my hope to pay it forward.All children 
deserve a healthy childhood. If you are holding this book, you are likely in the 
position my family was in just 10 months ago. This is the way to turn your 
feelings of desperation into determination. Ths is the way ta change the future 
for your family. This is the way out of Autism, 


—Maggie Kaye 
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81. Ok, my brother is 17 and started CD at the end of october. We are on 9 drops 
as of today. Non verbal. My mom called me crying and my brother said “I want 
snack please.” My mom asked if he wanted something and he “no, no, no." He 
got hs yogurt (df) out and said “thank you.” This is just so amazing. Thank you 
God for putting us on this path and around so many amazing warrior parents to 
help us with our journey. Happy healing to all! 


82, At the age of 3 our son was absent. He talked a lot... to himself. Scripting. It 
‘was almost impossible to get him to look into our eyes when we spoke to him. 
He almost never answered back, and when he did, it was scripting again (from 
a show on TV or a movie he was into.) He played by himself. He refused to 
potty train. He would wake up in the middle of the night crying and holding his 
‘stomach but was unable to tell us what was wrong. He stopped eating whatever 
‘we put in front of him and seemed to only want fruit snacks, American cheese, 
hot dogs, chicken nuggets and fries. And thats it. He didn't seem to be growing 
anymore, both physically and mentally. He seemed to be slipping away from 
us. You could see it in his eyes. Those eyes that were pointed off ina different 
direction. I was gradual..pard to notice right away. But definitely a change, and 
not one we were happy with. 

Up until this time he was progressing like any other child. He ate well. He slept 
well. He played well. Was even starting to potty train. A typical child. But not 
anymore. Then there was the diagnosis. Autism, No parent wants to hear that, 
but we knew. Every parent knows what I mean. You just know. And at this point 
‘we (as parents) have to make a choice. 

We can choose to do nothing. Just live with it. We can listen to our doctor, or a 
specialist in the field. You know, someone who claims to know everything about 
you and your child in the 5 minutes they spend with you. Or you can talk to 
‘other parents. Parents that spend every moment with their children. Not just 

a few minutes every six months. You can network. You can research. Ask whats 
working for them, or more importantly what's not. 

‘We chose the latter, and because of this our son is recovering. He looks into 
‘our eyes. He asks questions. He sleeps at night. He's potty trained. He sers the 
dinner table with his older sister and asks to be excused when he's done eating. 
He’: in pre-school now and plays with all of the other kids. He calls them by 
name. He draws. He paints. He reads books. He does all of the things a typical 
five year old does. 

‘Our son is recovering, and I need to give two heartfele thanks for this. The first 
to my wife for the countless hours of reading and research she did immediately 
following our sons Autism diagnosis. She is an incredible woman who refuses 

‘to give up on anything. Ever. She refused to believe that we had to accept 

what was handed to us. She knew in her heart and mind that we could make a 
difference. We just had to do it. Because of this determination, she found Kerri 
Rivera, whom is the next person | want to thank. She is a true pioneer, someone 
‘who refused to keep thinking inside the box, someone who is helping families 
like ours all over the world. 

"We have the world at our fingertips. Every book, every encyclopedia for us 

to read at our local library, in our own homes, and now on (most) of our cell 
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phones. It's a beautiful tool for us to use. Use it. Do your own research. Talk 
Wich parents. Find out what works and do it. 


The only thing | really have to say about Kerri’s book and the protocol it explains 
is thavit works. We have our son back. 


—Kenn Kaye, Father of Gunnar Kaye 


83, Last night, my 19 year old son came out into the kitchen, picked up a purple 
straw from the dish drainer, and pretended to play it like a clarinet with great 
enthusiasm. Pretend play. For the first ime in 19 years. 


84, We've been playing the “healing game" with my son for some time, (7 years 
II months old) but we've never realy healed anything. To be honest we've 
never known what we were up against..until now. Like everyone here, my 
child is very sick. He doesn't grow, he has maldigestion and malabsorption 
issues and he’s chronically constipated. His history of constipation is long and 
extensive. ANYTHING that disrupted his gut flora would result in this extreme 
constipation; whether it was a cold, new food, treating the Gl. To say he has 
leaky gue is a tremendous understatement. So, when we started Kerris protocol 
6/15 my biggest health markers for initial healing were growth and for him to 
poop daily on his own. With his history being what itis I wasn’t surprised to see 
hhe was instantly constipated. How could he not be? We are killing pathogens and 
parasites like gang busters, We started enemas on day two and have done them 
daily. But an amazing thing is happening! He is healing. He has grown two inches 
in these last three months and he starting to poop on his own. BTW, these aren't 
just lame little poops they are total TROPHY poops. They are soft, formed, have 
no undigested food and there is lors (I'd show you a picture but we barely know 
each other) 

Yep..Its taken 3.5 months to get here, but is little; fragile and damaged body is 
doing what itis supposed to do. 

Trust the process... Its not easy; t's not always fast. There will be ups and downs. 
But, my gosh, watching the body heal is an extraordinary thing. It's nothing short 
ofa miracle. 


85. Hi Kerri, 
| started my son on the CD last night. I'm taking it with him. 
‘Wall, for one, fee! fabulous. My lungs are clearing up, the low-level depression | 
felt is evaporating. Wow!!! 
I've noticed some subtle changes in my son. He is more “with us" in the world 
and not looking out the window at cars quite as much. Also litte less flapping 
his hands, 
He and I have been doing a ketogenic version of the GAPS diet (no sweet 
vegetables, no dairy, no sweeteners) since January of 2013, and I think that's why 
we've been so successful with the CD! :) 
| was thinking of upping it to two drops per 8 oz bottle--one for him, one 8 oz 
bottle for me, 
am hoping that Sulfur is Ok to still give him. We used to cut it with Kombucha, 
but that is now a no-no. 


Thanks and Huzzah! 
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86, Ryan is the first of our 3 children to recover. Ryan was not considered autistic 
by most standards but did scare a 19 on the ATEC test prior co starting the 
CD protocol. He is 9 years old and has been in mainstream classes without 
an IEP. We did hold him and his twin brother back one year prior to starting 
kindergarten so they could have more time to heal from Lyme Disease which we 
hhad been treating since they were 4. 
Ryan was a healthy baby but | did notice after saying his first words at the 
appropriate age, he stopped talking a few months later. (I now know that is a 
symptom of autism!) And both he and his brother were very late with language 
despite knowing their alphabet ata very young age. Ryan did eventually talk but 
‘was often hyperactive and had a hard time sitting still n class or at the dinner 
table, It was often hard to get his attention and to get him to listen to requests. 
He was constipated since he was a baby and was a very picky eater: | dreaded 
‘mealtimes because it was so hard co get him to eat. We often had to spoon-feed 
food into his mouth even when he was 7 years old. Treatment for Lyme Disease 
helped many of his symptoms but he still had some remaining symptoms such as 
‘weakness, stomachaches, seeing orange and blue spots at night (more noticeable 
in the dark), nightmares, bedwetting, difficulty falling asleep and early awakening, 
and averly emotional and irrational behavior. These symptoms worsened 
dramatically when our house well water became contaminated with parasites 
and bacteria. It took us two years to figure out that the water was the cause of 
our deteriorating health. During this time, Ryan became unable to play sports or 
have play dates without melting into irrational tantrums when things didn't go his 
‘way. When playing mini golf,he refused to finish the round after getting a score 
of "10" on one hole and had a crying tantrum. In cennis class, he would sit down 
fon the court and start crying if he didn get to hit as many balls as the other 
children on the court with him. We didn’t even attempt to put him in team 
sports for fear that he would mele down and storm off, refusing to play the rest 
of the game. 
Then we discovered CD and Kerri’s protocol, and his and our lives changed 
forever. Within three weeks of taking CD, Ryan’s ATEC dropped to an 8. This 
improvement was the difference in Ryan being able to play sports. He was able 
to play on a baseball team and while he did get angry if he struck out or made an 
error,| was there with a dose of CD and that would keep him from a complete 
meltdown. As the season continued, Ryan's emotions became more and more 
stable and normal. His energy increased greatly and now after 6 months on the 
protocol, Ryan is playing three different sports, taking piano lessons and excelling 
in above grade level reading and math. His ATEC is a 3 but we will continue until 
ie is 0. His first report card since starting the protocol was the best of his life. 
We were most excited to see that his scores for behavior and attention were 
above expectations. Last year, these same scores were all below expectations 
because Ryan was so hyperactive and unable to focus due to the parasites. Ryan 
still sees a few orange spots at night but they are diminishing and we know 
they will be gone so long as we stick with this protocol until he is completely 
healed. We are so grateful that Kerri blazed the way for us all by developing this 
protocol. I have been searching for the past 7 years for a way to fully heal my 
children and the CD was the last but most significant piece of the puzzle for us. 
We will be forever thankful to you Kerri! 
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87. [first heard about CD, then called MMS, to treat autism in May 2012 and wanted 
to try it out with my then 10-year-old son. I bought supplies, and did the then- 
current protocol for a few months, but then school ended and summer vacations 
started and I put CD on the back burner or did it very sporadically. My son 
was verbal and high functioning, but still had lots of autistic behaviors. His ATEC 
score in 2012 was 27. 


| started reading about CD again in the summer of 2013. This time there was 
more information out there. Kerri had wricten her breakthrough book and lots 
of facebook friends in the autism community were mentioning it. | bought the 
book and dove in, first using my old supplies (CD with citric acid) then buying 
HCl and trying that. My son did very well with the new protacol, starting low 
and getting to full dose around the time of his 12th birthday at the end of August. 
| started seeing worms before we even started our first Parasite Protocol! 

When | started the Parasite Protocol and added in ocean water, things kept 
getting better! No set-backs or regressions. School was seemingly much easier 
for my son. He was in a mainstream class with resource room help for reading 
and writing for the second year, but this year, math homework was no longer 
taking several hours, but 20 minutes! His reading comprehension was improving 
as well, nd more importantly, | didn’t worry about hearing about behavioral 
issues anymore! 

I wanted to complete three months of CD before | took another ATEC. When 
[filled in out in November, at the start of our third Parasite Protocol, | was 
shocked to see a score of 7! My son had dropped 20 points from his 2012 
score! Seeing the single digic scare was so amazing! My son had been diagnosed 
with autism at age 2 / and there were no options given to me at the time. An 
carly IQ test given by a speech therapist had shown he was mentally retarded 
and that was that. However, | looked into everything I could, and was not going 
ro give up on my son. So glad I didn't! Nine years of autism, but the beginning of 
his 12th year marks the end of it | know his ATEC score will be 0 soon! 


88, “thank you for your help in recovering me” 


This is what my son just typed to me this morning an his iPad with the app we 
use for supportive typing! 


Thank you Kerri & Patrick for all you have done and continue to do! 


Without you BOTH, we would NEVER be in the place we are right now. 
HEALING & RECOVERY! 


Just know you are LOVED! 
—Melissa in Indiana 


89. Sophia was born on March 9, 2006. She was a typical happy baby who slept well 
and seldom got sick She met all of her developmental milestones and laughed 
and made great eye contact. When she turned one just after her vaccines she 
became violently ill and vomited with fever for 2 days straight. After that she 
was never the same, her smile was rare and words were gone. When she was 
nineteen months after more shots, we took her to an ear doctor out of concern 
that she was not responding to her name or speaking clear words. Her hearing 
‘was tested and we were told she was fine and to give her time. After a few 
‘months of no change her pediatrician determined that she was developmentally- 
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delayed and had all the symptoms of Autism. We were stunned and unprepared 
for this news. | went into warrior mode and ended up with a DAN dr, who 
started her on lots of supplements after initial lab results showed heavy metal 
toxicity and high amounts of intestinal yeast. We followed the program and 
advice of this dactor for the last 4 years with the only change being dietary 
fluctuations. Sophia did improve but hit a plateau where no new gains were 
‘made in the last year or so,5o in May 2013 her DAN doctor suggested that we 
do another round of stool testing after a urine acid test showed bad bacteria 
overgrowth and terrible mito issues. Her comment to me was “this kid’s DNA 

is so messed up, | haven't seen a test this bad since the 1990's." This was after 
thousands of dollars and too many supplements to count.! was done at that 
point. There were no answers there obviously. I came across this protocol on 

1a Facebook page for autism parents and purchased Kerr's book in September 
2013. | immediately knew that this was the answer for my daughcer | had a gut 
instinct that she would be healed . We started the diet immediately and CD just 
after. My daughter had been a juice addict before this and I was worried about 
her taking the CD and being able to drink the water. This was only an issue for a 
day or so.| have not missed a day of giving her 8 or more doses. We get up very 
early and dose her ocean water and 2 CD doses before school. On weekends we 
are doing 16 doses/day. In the second week we started seeing some herxheimer/ 
die off, very sleepy followed by fevers. This is when the transformation started! | 
followed the fever protocol and did enemas and she got better. She also had an 
episode around week 7 of very red throat and fever which we double dosed for 
and resolved, We have seen a withdrawn, self -focused child with litte interest 

in the world outside of herself disappear and turn into a child interested in 
friendship with peers, reading books and understanding the story (huge!),and 
‘having relevant conversation with great eye contact. She gets all A’ at school and 
has made a complete turnaround with behavior. We have so much hope for her 
future and she is blossoming into a beautiful, happy girl! 


90, Here are a few of the emails | mentioned from my son's therapist in regard to 
‘whae’s happening at therapy! :) 
This is an email from the exact day | restarted the CD, which was August 21 of 
2013, 
We discovered a new game today. He was being a turkey and running up the hall 
to try to get around me to get places he wasn't supposed to go. | started singing 
(co the tune of rolling down the river) about whatever he was doing “walking, 
walking, walking down the hallway" "jumping, jumping jumping down the hallway” 
climbing, climbing, climbing up the ladder. He thoughe ic was hilarious, especially 
‘when I'd change in the middle of a verse “running running, jumping down the 
hallway. 


Your son's therapist 


Great day today! Vail seems to be understanding first, then sequencing and I 
think | finally have a bribe for him--he loves our fish. 


Also, he made a friend today. One of our other prs was playing in the gym and 
he was watching him, imitating him a litle and said his name 2x! 

Your son's therapist 

We tried to play the game and he wasn't interested. Instead we ended up 


CHAPTER 1 = PLANNING YOUR ELECTRONICS WORKSHOP 


Each unique combination of electrons and protons represents one of the chemically distinct 
elements. Each element has its own particular chemical characteristics, and cannot be further 
subdivided by conventional chemical or mechanical means. Toward the end of the periodic table, which 
arranges all the known elements into meaningful rows and columns, you'll start to find some exceptions 
to the shell symmetry. These heavier elements, however, don't usually turn up in most electronics labs, 
so we'll not be spending a lot of time there. 

Individual atoms can combine into more complex structures called molecules. One popular 
‘molecule is water, which is made up of two hydrogen atoms and one oxygen atom. Each of the hydrogen. 
atoms has a single electron. The oxygen atom has eight electrons. The first two electrons in the oxygen, 
atom occupy the first shel, leaving six electrons in the next outer shell. That leaves two “open” places in 
the second shell, which is where the two electrons from the two hydrogen atoms come into play. The 
electrons are shared by the three atoms, linking them all together and forming a covalent bond. Water 
hhas vastly different physical properties than either hydrogen or oxygen. 

It’salso possible to bump an electron out of orbit around a nucleus. When this happens, the atom 
becomes an ion and is electrically positive. This makes it especially attractive to any loose electrons that 
happen to be in the vicinity. This is because electrons are negatively charged, and in the case of electrical 
charges, opposites attract. This movement of electrons is how an electric charge flows through a 
substance. 

‘Some materials are very good at slinging those electrons around, and as such are called good 
conductors of electrical energy. Examples of good conductors are copper and silver. Some materials 
resist the flow of electrical charge, and can be used as insularors. 

‘An important concept to understand about the flow of electricity is that it is based on the 
movements of tiny, negatively charged particles, This is referred to as the flow of electron current, but this 
termis rarely used. For some reason, the more popular, or conventional, idea of electric current flow is, 
from the more positive point to the more negative point in a circuit. This is referred to as conventional 
current and is the standard used throughout this book. 

The fairies and the dragons come into the picture when you start to look any deeper into how the 
building blocks of matter are actually (or allegedly) constituted. The previous quick summary of how 
electricity works covers less than 1 percent of the physics needed to understand even how basic atomic 
principles operate. Even then there are various schools of thought as to how, exactly all that tiny stuff 
‘works together to produce rainbows and cousins and moon rocks. A proton, once thought to be an. 
indivisible elementary particle is now thought to be built out of a “down” quark and two “up” quarks. 
There are also “strange” and “charmed” quarks flitting about, along with an entire pantheon of 
mythological particles. Go figure. 

Now all of that fascinating information only scratched the surface of how electricity works. 
Electricity does a lot of work for us. We use it for lighting, heating, motion; just all kinds of things. 
Electronicsis where we start to get into some really bizarre physics involving semiconductors, 
transistors, computer chips, and other miracles of the modern age. Explaining even the basic ideas 
about how electronics works is way beyond the scope of this little book. I's certainly possible to learn 
and understand it, but for the purposes of setting up a lab and building some example projects, we can 
just assume that it does indeed work. We can start from there and have some fun with it. 

Ifyour curious mind just can’t stand not knowing how electronics works, the interwebs are your 
friends, and so are the helpful folks at your local library. 
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pushing the fisher price horse, sheep, goat, and cow off the treehouse. He 
would “randomly” produce sounds which we took for requests for the animal 
associated, Then we would give him the animal “requested.” Reviewed his sound 
cards and he produced the /n/ and /h/. Coulda sworn he said go a couple of. 
times, and mom said she heard a whispered “home.” Listen and be watchful for 
whispers! Oftentimes children with apraxia can get one system working but 

not the other; ie. articulate with no sound, or yocalize with intonation and no 
articulation, like when he says “ah uh 00” for “I love you." Yep, he does that! 


Cheers! 


91. Hi had to share this moment today, just wish daddy wouldn't have missed it! 
Well, we were seeing daddy off for work this evening, when Vail decided that he 
wanted to go run around in the grass. cold him we needed to put on socks and 
shoes and then we could play outside. He walked straight to the door, we walked 
in| poinced at his socks and shoes, and FOR THE FIRST TIME EVER (always 
knew he could, just to stubborn co do it unless he really wants too!) he promptly 
walked over, picked up his socks and shoes and turned and handed them to me!!! 
{all che while doing ic with an attitude!!!"lol) 

This is Just from MOM to therapists.) 

CD and Kerri have been life changing for our entire family. We now can give 
Vail choices, usually of two items. For example I showed him ewo pairs of pants 
and asked which he wanted to wear, and he grabbed one pair and started to 
put chem on even though he was still in his pj’. showed him two shires, and 
he picked a shirt. Same thing with his shoes and socks, he is able to choose 
now on his own. | look forward everyday to him doing something differently 
cor completely new, and he almost always does now!!! This was not possible for 
(CDI! THANK YOU KERRI!!! WE LOVE YOU FOR SHARING AND FIGHTING 
THE FIGHT!!! 

Love, 

—The parents of Vail 


92. Best day of the entire school year! My son initiated verbal interactions 5 times 
today and responded to his teacher in a group over 5 times, WITHOUT A 
SINGLE PROMPT! Most days his TA is poking him to pay attention and ask 
cother kids for directions, rather than an adult, all day long! She is tracking these 
interactions as they are his IEP goals. 


93. Casey is a young man who is 17 years old today. and the estimated ATEC score 
from 2006 is from when he was 10 years old. Proving once again that recovery is 
possible at any age. 


ATE 
Casey H, ATEC History Estimated | StartCD__3 months _Smonths 
ao/sa/zooe| 5/6/2013] e/6/zea3] 11/6/2003 
fT Speech/Language/Commanication q 7] 7 7 
i, Sociabity a4} a 3| | 
|. Sensory/Cognitive/Awareness 25| 13| q 5] 
Iv, Health/Physica/chavior 2 al 3 
LroTAL ATEC SCORE: 53 2 2 
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94. Daniel - beginning ATEC June 2013 - 101.Today ATEC Nov 12, 2013 - 44! We 
are thru our 3rd PP and starting speech supplements. Speech, by far, has been 
the hardest thing. In all other areas he is under “10” on the ATEC! Kerri Rivera 
‘words are coming. This week alone he is saying “Hi” and “Bye” and trying to say 
thers. | can’t wait to hear“! love you Mom"! You are the Bomb Diggicty Kerri 
Weall love you! 

UPDATE: December 3rd, 2013 

| officially want to tell the world that my son, Daniel, who has autism is nonverbal 
no more! He is starting to talk. Praise God! This battle has been the struggle of 
‘my life, Buti have learned to trust God, be patient, and enjoy the journey! Where 
some take a lot for granted regarding their children, | have been waiting almost 

7 yrs to hear his beautiful vaice! And thank God he has one! Autism is treatable 
and there is hope! 


95. We had a super exciting trip, we went to a therapist on the 28th who teaches 
Rapid Prompting Method. We have tried since by daughter was diagnosed to get 
her to speak, but haven't had any luck yet, she is now 11. We thought we would 
give RPM a try to see if the therapist could get her to communicate, 

We nor only found out that she is able to make correct choices, but can actually 
SPELL! Her very first word that she spelled was CLOUD! 

Later on in the session the therapist asked her what her favorite color was...she 
spelled out PINK! 

| was sitting on the floor in awe...For the first time in 11 years, | finally know 
‘what my girl's favorite color is...it was surreal. it was amazing... she is so smart, 
but had no way of lecting us know... am 00000000 proud of her! 


96. Diagnosed at 20 months old in August 2011 
Started supplements under Dan in September 2011 
Started CD / PP on July 1, 2013, after seeing rope in stool 
Starting ATEC on July 1, 2013, was 46 
Present ATEC 22 
Gained 5 pounds from July Ist to present! 
Too many improvements to list!!! 
‘Also doing GeMAF which has also helped......but, believe GcMAF may have 
helped more with the viral load. I suspect this because we actually started IV 
GcMAF in January 2013, before CD . Huge gains with GcMAF but after 35 shots, 
her gut was still a mess and GeMAF definitely didn’t help with the gut. Found 
Kerri in July 2013, and began our healing journey. 
The following lab results are proof of just how well the child described above 
is doing since starting the protocol. Here is what her mom had to say: 
“The original cest was taken last August of 2012, which showed a deficiency in 
almost everything despite the fact that my daughter had been on supplements 
for over a year at that point. The re-test was just taken October 2013, only 4 
‘months after CD / PP and removal of ALL supplements. Wow!” 


You can see in the second test that her high viral titers were reduced as well, 
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97. Meeting a Rescue Angel 
The way OUT of AUTISM 
My 5 year old little daughter, Anna's story has been long and paved with lots of 
suffering and doubt, compared to her age, but prayers have always helped us in 
‘our journey. We are aware that it may take years to get out of the dark depths 
cf Autism but now we know we are going in the right direction. Finally! Thanks 
to Kerri Rivera, the Rescue Angel of so many suffering children. She showed us 
the way out! 
‘We have wasted so much time by trying to face the fact, that unfortunately there 
is a problem with our perfectly healthy-born daughter. After the consultation 
with many doctors, they first suspected a hearing problem. As the result of this, 
she went under many surgeries and antibiotic-treatments, which made her state 
worse mentally and physically as well. The medical professionals could not find 
any evidence of physical abnormalities, so they choose the easy way out, the one 
word diagnosis of Autism! Dear Mom, please accept it, you cannot do anything 
about it. Try some developmental therapies, but do not put your hopes hight 
Ie is very hard to accept the unexplainable. Whar does autism mean? If 
‘you google it, you will find the verdict immediately: “Autism isa lifelong 
developmental disability characterized by impaired social interaction and 
communication, and by restricted and repetitive behavior” How is it possible 
that a perfectly developing child changes overnight? She stops saying the words 
she said before; she stops paying attention when called by her name and simply 
forgets some of her skills she knew so well before. How can one accepr that? 
For us, it was impossible. We took up the gauntlet! 
We spent so many sleepless nights on the Internet searching for solutions, o be 
shortly shocked to learn that in the US, there is a totally diferent concept and 
approach to autism. A group of medical professionals and scientists are proving 
the crucial role of environment and vaccines in the rapid rise of autism, accepting 
{genetics as not the single cause but a factor of susceptibility to the disease. 
More and more so called DAN (Defeat Autism Now) clinics and practitioners 
are treating children on the spectrum all over the world with different 
biomedical interventions with various success rates. Whichever methad one 
chooses in their realm, the base line to alli a strict diet, especially free from 
gluten, casein and sugar. There is no way out without eliminating these from the 
diet of an autistic child 
We immediately changed her diet from a bread and butter with chocolate milk 
style to a much stricter one. The first items to remove were sugar gluten and 
casein, but these were shortly followed by potato, rice, corn and all artificial 
additives. We slowly changed to SCD (Specific Carbohydrate Diet). A few days 
into the diet and Anna slept through the night, and what's more, the painful 
‘eczema spots that had been on her face since she was a baby have shortly 
disappeared, Parallel with the diet modifications we also started the DAN 
interventions. We spent a fortune on lab testing, supplements and to see a DAN 
practitioner in Germany. Unfortunately none of these brought us significant 
improvements. 


Bur | knew and believed that there has co be a solution, 
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And yes! I cannot keep it to myself and I would like to spread the word 
happily, powerfully and self-confident, chat there is a solution! This year in 
‘August, | have found the presentation of Kerri Rivera on the internet. Autism is 
preventable, avoidable, treatable and curable.” 

At the beginning “Kerri Rivera rose against the wind rather than with it when, 
after a frustrating slew of hits and misses, her youngest son, Patrick, was 
diagnosed with autism nine years ago. He was two at the time, Surrounded 

by licerally no local expertise or any type of peer support circle, she did what 
‘most mothers would do: She became informed and invalved in the biomedical 
‘community. le was through the Autism Research Institute (www.autism.com),a 
non-profit organization dedicated to autism research, diagnosis and treatment 
for the past 40 years, that she learned about a specialized biomedical protocol 
inyolving a special diet and supplements, physical therapy, applied behavioral 
analysis, chelation and hyperbaric treatment. There was light for Patrick, Kerri’s 
son at the end of the tunnel.” 

But Kerri did not stop here! As she told me, she felt thar there was a missing 
piece to the autism puzzle. A huge piece! It shortly turned out to be the MMS 
piece. She developed MMS protocol which can be done at home. Following 
Kerri’s protocol, 68 children lost their autism diagnosis in che past two years! 
This result is outstanding, considering the fact that this is said to be an incurable 
disease. 

The day | saw her presentation I e-mailed her and I got an answer within a half 
an hour. Kerri Rivera's MMS protocol is the missing piece of the puzzle to cure 
autism,ADHD, asthma, allergies, seizure disorders. Even mothers of children 
‘with Down Syndrome have reported improvements with this protocol 

My whole family was in Mexico in August. We spent two months with the 
person, who is also a mother of a child with autism, who sacrificed part of her 
life to help others. For free, out of faith, humanity and love. Approximately 8-900 
children are following Kerri’s protocol currently all over the world. The protocal 
is avallable for everybody and can be done at home (www.mmsautism.com). 
Anna is getting better every day. Although we have heard very promising sounds 
from her, speech is not developed yet. However she has improved a lot in the 
last 3 months in many other areas like mood, communication, learning ability, 
focus and attention span are all better and she started pointing. There were no 
signs of these at the beginning of the summer 

We are fully aware that there is still a long journey ahead of us, but now we 
know we are on the right track. Thanks to God and Kerri Rivera to guide us to 
recavery! 


98. Hi Kerri, 
PLEASE use our testimony. MMS kept my daughter's PANDAS under control 
after switching from Silver Hydrosol BUT the biggest is the PP's (parasite 
protocols) in combo with MMS. She began sleeping through the night, THEN, 
sleeping in her own room after sleeping in our room fer 9 months. THEN she 
began putting herself to sleep for the first time in 7 years. We always laid with 
hher--her WHOLE life--I KNEW it was NOT “behavorial”, knew it was due to 
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something going on interally, AND NOW, we read, kiss,and WALK QUT of her 
room! Its SURREAL really Seriously SURREAL! 

‘Aso, she was a chronic chewer, nose picker. Almost GONE! Peaks at new and 
full moon, BUT goes away. She was chewing about 20 straws a day before PP! 
Mangling them! UNREAL! | have pics ofthe straws...cant even recognize them 
as a"straw" once she was done with them. CLEARLY parasites. CLEARLY on 
the right erack. NO other interventions. Except for how the MMS PP protocol 
is outlined MINUS Rhompe etc..and Neem. NO sleep intervention supps etc. 
None. 


99. Favy is my God sent angel. He is 4 years old and since he was born he came 
to change lives, to make families stronger and to help others forgive.As many 
of your stories, everything was “perfect” (besides of milk intoleration, delay 
speech and sleeping problems) the rest was great, milestones on time.. Then 
gradually after 13to 18 month something was clearly wrong, we loose him and 
then the bomb: diagnosed in Puerto Rico by a developmental pediatrician and a 
neurologist as PDD-NOS on December 6, 2010. 
We moved fast and start the diet GFCFSFYF no sugars. Etc Thanks to CEA 
‘non. profit organization who help parents with kids with autism. Soon we saw 
positive changes, then probiotics and a natural ant fungal. Difficult days... But 
always seeing litte good things. On march 2011 | met an angel: Kerri Rivera and 
we start MMS protocol!! Then we start to see the ight! We moved to FL and 
they diagnosed him (now I know he was having a die off when reevaluate ) he 
‘was diagnosed as Autism. For me , not a big differences, stil in the spectrum and 
hae stil sick! We need to cure him! 
After MMS the big changes came and still coming!! 
first from 2 to 4 hours straight per night to 6to 9 straight during night plus a nap 
during day!!! Eye contact was much better and he had less tantrums. He learned 
fast 3 signs to communicate. He was more happy. | didn't see more great results 
because I was using Mms incorrectly for almost a year (with juice, antioxidants 
and vit ¢) When a couple of months ago I started doing it right just water and 
no vit € nor antioxidants etc) he started to improve again and better. After a lot 
of efforts, dedication, patience and hours of hard work, with Kerri Rivera MMS 
protocol Favy to improved in many areas. 
This is all he have improved: 
Educational: 

* Respond to his name when called and say his name when ask. 

* Recognize people: Mommy, Daddy, Sister, Teachers, Therapists, friends 
Name and identify some body parts: eyes, nose, mouth, ears, belly, feet 
Recognize some animals (Ipad application or tv) :cow, horse, duck, 
chicken, zebra turtle. 

* Recognize some colors: blue, yellow, purple, red. 

* Recognize and count 1-10 (can repeat 11, 13) 

* Recognize and/ or use some common objects: plate, spoon, fork, bottle, 
chair pants, shirt, shoes, backpack, lunch box, blanket, pillow, tv, Books, 
some toys, bal cars. 

* Stack objects like blocks, books 
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* Match pictures, objects or things. 
* Color independently but refuses, he can trace but hand over hand. 
Social / Emotional: 
* He enjoyed for the first time his birthday Party, he was happy! He 
‘opened his presents and show emotions!!! 
He is beginning to interact more with others. 
He can follow direction of I step and some cases of 2. (clean up your 
plate to the sink and push your chair) 
He is affectionate : kisses, hugs, eye contact is better 
Wave and say bye. 
Greet with a good morning or good night. 
Pray around and with others: chase, tickles, peek-a-boo, 


Dancing and imitating some song rituals like:The wheels on the bus, If 
you are happy, head shoulders knees and toes, and some in Spanish too. 
Throw, push, blow, pull jump, run, walk, o up and down stars, limb, 
‘open, close, zp, unzp, 
He can watch an ABC DVD seated or lay down , dancing or repeating. 
He can be seated for almost 5 to 8 minutes with his favorite books 
He enjoys to go to playgrounds, o up and down slide or swing. 
He enjoyed the trick or treating this year, going house to house picking 
candy and wore all night his costume: 
Comunication: 
* I think ths is the area of more improvement. From 0 to almost 35 

words and different ways to label, request, interact and communicate! 
He can answer questions with yes or no (yeah- nah) 
He signs (modified) more, all done, juice 


He can use 3 words ata time (mommy water please, mommy come 
here, I love you, mommy jpad please, mommy hungry, eat) 


Say independently—not all of the sound clear but very similar sounds. 
‘Mommy 

* Dada 

* On 

Yes(yeah) 

* No (nah) 
Please (peas) 

* Allddone (ah dah) 
More (mor) 

* Water (at-ter) 
0 

* Four 

* Three 

* Tickles 


CHAPTER 1 = PLANNING YOUR ELECTRONICS WORKSHOP 


A Practical Approach 


An easier way to think about electricity is to skip over why it flows and concentrate on howit flows. 
That's what we'll be doing in the remainder of this book, for the most part. 


Note Electricity flows in a circle. 


Any continuous flow of electrical current travels ina circle. There are exceptions to this broad 
generalization, but most of the example circuits encountered in this book will have a definite circular 
arrangement, if you know how to look for it 

Here are some technical terms that will be used throughout this book. You don’t have to memorize 
any of them right now (there will norbe a test), but you should at least take a glance at them so you know 
where to come back when you want to know more. 


Circuit A circuitis anything that forms a continuous loop or circle. The term 
circuitis formed from the same Latin word that means circle or wheel. 


Amps. The intensity of an electrical current is measured in units called amperes, 
‘named after André-Marie Ampere. This is usually shortened to amp in popular 
usage. The symbol for amperage in a circuit is / (for intensity), while the unit is 
abbreviated A. For example, you could say that the intensity ofthe electrical 
current (1) in a circuit was measured to be 3.754 (amperes). Electrical current is 
measured with an ammeter: 


Volts: The voltage in a circuit is the measure of the difference in electrical 
potential, or how much work it could do. The unit of voltage is the volt (V), 
‘named after Alessandro Volta, This is sometimes referred to as pressure or 
tension. For example, a “high-tension wire” means a high-voltage line, not 
necessarily one that has been pulled really, really tight. Voltage is, not 
surprisingly, measured with a voltmeter. 


Watts: Electrical power is measured in watts (W), named after James Watt. The 
easy way to calculate watts, or the amount of energy that is converted into work 
(cither useful or not) is to multiply the voltage across the circuit by the current 
flowing through the circuit. For example, ifa 12V battery is connected to a 
lightbulb that draws 2A, the bulb converts the electrical energy into both light 
and heat (mostly heat) to the tune of 24W (12V x 2A = 24W). 


Ohms: The resistance to the low of electrical current is measured in olims, 
named after Georg Ohm. A resistoris a simple electronic component that 
exhibits a fixed resistance to the flow of electrical current. The symbol for 
resistance is Rand the unit of measure is the capital Greek letter omega, ©. 
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Zebra (eebah) 

Turtle (coelo) 

Uh ob! 

Oh No! 

I Love You! 

Under 


When Prompting or Repeat: 


Ty (toete) 
Dvd (dededah) 

of 

Come (she) 

Itch (each) 

Scratch (ach) 

Bubbles (babah) 

Bye (bah) 

Swing (win) 

Push (pah-sh) 

Five (hi) 

Nine (nun) 

Ten (cn) 

Baby 

Bie (buh) 

Purple (por-po) 

Yellow (ye-y0) 

Chase (ch sound) 

Play (ay or pah) 

He can imitate some animal sounds lke tiger horse and wol. 

He make choices between to objects. (laying, dressing eating) 
Independent Functioning (he needs some prompting) 

He eats independently with spoon and clean up after finished. 

He can drink ofa regular cup. 

With piceures or social stories he can transition to diffrent activities, 
He is showing understanding of routines and rules. (dvd or toy stay 
hhome,2 minutes and we are all-done) 

He can pul up and down is pants (multiple prompt) 

He can put his shire on but need assistance to take it off. 

He can pick up and put on hamper his clothes. 

He can put his shoes (crocs ) independently and cooperates with other 
ype 

He move furniture to reach what he wants. 
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Health: 
Favy still in the Gluten, Casein, Soy, Yeast, Antibiotics and Hormones free diet. He 
is trying new textures, flavors and consistency in a variety of food allowed. 
He is drinking more water: MMS help us every time he have a cold, a mosquito 
bite aor nasal allergies. Is the best product we can ever find! 
We are excited about all he learned, do and know during this last year because 
of the use of the protocol of MMS.We are proud of his efforts, but we still have 
areas to improve. We will continue with MMS, diet and wil start che parasite 
protocol with faith because MMS Rocks!!! 


We love you Godmother Kerri! God Bless you and your Family. 


100. Conversation at pick up: 
‘Aide:"What did you spike his breakfast with this morning? I've never seen him 
like this!” 

Me:*smile*“Oh glad he had a good day”..in my head..three dases of MMS 
before drop off. 

This child is going to figure out he has wings and start to 
‘SSSSOOOOAAAARRR!!! 


TOI. Ihave a 4-year-old son on the autism spectrum and MMS has been the most 
effective treatment we have tried for him. He had bad eczema on his legs 
for over a year that | was never able to get rid of. We tried diet, medication, 
cream and nothing seemed to clear it up. Within 2 weeks of starting MMS it 
‘was completely gone and has not returned. My son has made great strides 
in the past 5 months of being on MMS and the parasite protocol. He is more 
interactive wich all the members of the family talking more, and becoming more 
successful with his OT goals. 


102. Kerri; hank you all for your great job. Because through the Webinar—Autism 
and MMS—the information has come to me and gave me the strength to starca 
treatment. 


103. Hi Kerri, 
My wife and | did an ATEC on 8 year old son and ie came in at 7. Wow. 
Were learning so much from you about how this whole recovery thing works. 
The child's health takes three steps forward then two steps back then three 
steps forward then two steps back..but over time that one extra step forward 
seems to slowly add up. His pee is smelly again but, as you taught us, i's pee-tox 
and this is a good thing. His focus is stil a bit of a challenge at school and he still 
‘won't shut up :-) but we are feeling that he truly is slowing getting better. 
We've got a ways to go yet but we feel that we are truly moving forward. Thanks 
‘50 much for all of the help you've given us and any help you might be able to give 
in the future, 


104. My son is 19 years old. We started MMS in July. For 2 months my son did not 
sleep. The end of August at full oral dose we started the baths.At night you 
could see he was uncomfortable. I don’t know how we did it but we talked 
him into doing enemas. My husband does it. They induce him to have a bowel 
Before enemas my son would have nights where you heard him walking back and 
forth from his bed to the toilet. In the morning | would say you had a bad night 
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last night, what was your problem? He would spell constipation. He doesn't 
seem to be doing this since the enemas. 

(On Saturday 11-10 our son went to the first day of the season Special needs Ice 
Hockey. He is just learning. There were no problems with him about anything. In 
fact for the first time he put on his hockey gloves without objecting, which we 
hhave been trying to do the last 2 years. He followed directions from a volunteer 
‘on the ice, using his hockey stick to hit the puck back and forth to him and 
owards the goal. When hockey was over we went outside and hung out at 

the car and did nothing for about 20 minutes and had a dose of MMS. He did 
not care one bit. He entertained himself by watching the sea gulls. He was not 
impatient. 

Next we walked over to the bowling alley, which is next door to the ice rink. 

He participated in special needs bowling. They have the bumpers up so the 

kids don't get gutter balls. My son actually chrew some balls that didn't hit 

the bumpers. There were times in che past where every ball he threw hie the 
bumpers. Again there was not a single problem, incident, or signs of agitation 
from him while we were there, This is the first time in his lfe where we were 
able to go from one activity to another and not have an upset. He enjoyed 
himself. 

What was really interesting was that he usually stims with a container of 
pumpkin seeds when he is in the car or at the bowling alley. This Saturday he left 
the container of seeds at home and not once did he even ask for them while we 
My son asks for a heating pad, which he has been doing for years. We wonder 

is ic worms that have been causing al chis pain for him? We would love to 
climinate the pain, the repetitive behaviors, and the prompting through self-help 
and activities. He does lay around a lot. Everything he does is at a slow pace. 

He lacks stamina and speed for appropriate activities. 


105. Hi Kerri, my daughter's first atec was 85. We just did it again and itis now 5S!) 
2) (approximately 2 months on MMS) 


106. Hi Kerri, 
| just wanted to let you know that we are up to 30 drops per 8 oz bottle 
and now I'm seeing some new things. He used future tense this morning (he 
sticks larry boys super suction ear to his window and waits for him to fal) This 
morning he said “Larry boy will fal” Usually when he falls he says in his high 
pitched voice “are you ok”. Today when Larry Boy fell he said in a deep 1] year 
old voice “ouch”. I just burst out laughing. 


107. Dear Kerri, 


In the spirie of giving thanks, wanted to say how deeply grateful lam to you 
land your amazing work with mms and recovering children. | have never fele such 
hope for my san and such joy sifting through poop!!! 


What a truly tremendous gift you have given us al. 
Sending love and Thanks 


108. My son is getting tiny bit more normal every dayl!! I could kiss youll!!! 
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109. There was once a day not too long ago when all my son would do is scream and 
cry. Ne wards at all. No communication. Today he asked me “mommy who holds 
up the clouds so they don't fal?” :) xoxo love that question! It means so much!! 
‘Autism is big. But God is bigger!! Don't give up ladies! God led us to mms & to 
Kerri for a reason! 


110. Kerri is fabulous. She is very loving and supportive and will do anything to help 
our daughter recover: Using her MMS and parasite protocols have resulted in 
ur eleven year old girls ATEC scores dropping by half in less than sixth months. 
She is fully connected and much more responsive and affectionate. She herself 
is now motivated to succeed! We look forward to full recovery through Kerri’ 
guidance. 


IL. I think we are over the initial die off hump!!! We are getting good reports from 
school about better focus and independence. Also, my son shampooed and 
combed his hair independently this morning. He even used a Q tip in his ears! 
I only asked him to try and shampoc by himself. He rewarded me with che 
combing and Q tip! Awesome mms! 


Thank you again! 


112. Tam so grateful to have found youl! MMS here in our house is a MUST and my 
boy gets better by the day because of it. 


113. 6 months ago, my son was on antibiotics for PANDAS, he was suffering with 
OCD and anxiety, as well as completely distracted - le a zombie....his teachers 
‘came out one day with tears in their eyes because my son said he feels like 
‘monsters are inside his head and they are scaring him! They were so worried 
about him, as we all were! 

We started MMS in April. My son got up to full dose relatively quickly and we 
added in MMS baths and MMS enemas and then I pulled the antibiotics—cold 
turkey! I was emailing Kerri at the time and was afraid to stop the antibiotics. 
She guided me and gave me the confidence thar was needed! As suggested by 
Kerri, we also did night dosing of MMS. This really helped my son. Keeping a 
constant flow of MMS was the key. 

My son is flourishing! He is HAPPY and confident. His focus has increased 
greatly! Since the start of the new year, he has had great day reports everyday 
in school! SO many gains in all areas! His coordination and strength have 
improved - he can do 1 sit ups (In June he couldn't do 1) He was chosen as 
‘Student of the Month in his Tae Kwon Do school (he is now a purple belt). The 
best news to report is his ATEC is now a 10!!! 

Our family is so grateful to Kerrill! This protacol has made the BIGGEST impact 
con my son's recovery! 

Thank you so much Kerri - My son's Fairy Godmother!!! 

Xoxoxo 


1114. I was praying for a new direction to go in to heal my boy. literally woke up the 
‘next morning with a link to Kerr's presentation in my inbox fram a friend whose 
daughter is making beautiful gains with mms.We are on day 3 here and things are 
going great, | am so excited! Thank you! 
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IIS. Yes, my son is making real progress - slow and steady but real progress. The 
MMS & Parasite Protocol has been very beneficial for him..chat's why | am trying 
to stick to it very closely. Also, | have wanted to tell you that one of the best 
things that we have ever done for my son is the enemas!!! He is a gut kid with 
chronic constipation and your enema program has really improved his daily life. 


Thanks again for all of your help and guidance—always truly appreciated! 


116. Hi,'m the mother of Lizbeth Hernandez Saray Miramontes and | want co share 
my testimony in case it is useful to you. 
My 13-year-old daughter started The Diet in January 2012, in June the full 
‘moon protocol to deparasite and withinin two months, she expelled a worm. 
This helped her regain 8 kilos of weight. (She was 10 kilos underweight when 
beginning the protocol) Her attitude has changed completely from being very 
passive and low energy, she began to smile and be more activ. 
Thank you and God bless! 


TI7. From the ATEC at wwwautism.com 
Total Score:5 
|. Speech/Language/Communication: 1 
USociabilty: I 
Ill Sensory/Cognitive Awareness: 2 
IV. Health/Physical/Behavior: 1 
Started at 56 score in March. 
Fm still having problems in environmental awareness, because in his mind 
sometimes he is Super-Hero (he wants to help to all the people in disasters, his 
‘own words). Sometimes he is eating portions like me, not such big portions but 
he is burning calories in the swimming classes. His meals are so healthy. 


So, my homeopathic doctor told me (and recommends me) to wait until January 
next year to start the PP He wants to see the effects of MMS, Probiotics and 
some homeopathy that he will provide at the end of this month. 

We continue using as | said MMS,Theralac, GFCFSF diet, NAET and ABA 
therapy. am so happy to share it with you. 

Hugs my dear God Mother 


118. My daughter is doing well on the MMS. Her ATEC went from 53 to 26 


in three months. The special education teacher at her school was very 
impressed with how well she is doing. She told me to keep doing whatever it 
was that I was doing, because it is working! 


Thank you for your help. 


119. Kerri, good day 
| wane to tell you about the progress of my child, the treatment began in July and 
the progress that we have seen is: 

-He has gone from not wanting to eat ANYTHING, TO EATING BY HIMSELF 
SITTING DOWN he grabs his spoon and he cleans his mouth every time he 
gets dirty 
* He has stopped wearing a diaper, and goes to the bathroom by himself, 
almost like any other typical child. 
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* He lets people other than my wife and | hug him. 
* He now gives hugs and has started imitating a few other things. 
* He can now obey simple instructions that he couldn't before...n0, pick 
it up, get down, get up, give me your hand, etc. 

‘At the institute where he receives therapy they have told us chat they 
are seeing great improvement in his eye contact, as he now focuses his 
vision more clearly on an object. 

He still will not play with other children, but at least he is where they 
Thank you for everything and we are together in this fight day after day, winning 
‘small battles everyday to win the war. 

God bless 


120. My son was a non responder. We worked with a DAN! Dr. for 14 years. We did 
the DAN! protocol tirelessly with very, very litle gains. Did 3 years of ABA and 
2 of SonRise. Did the diet. Still do the diet. We started the MMS protocol in 
April of this year. My son has had more gains since April of this year than with 14 
years of DAN protocol combined. My local children’s hospital specialist told me 
to put my son ina home and forget I ever had him. What a jerk. We pressed on 
and | could write a book about the gains since April. My son's Dr said he had two 
near impossible "tough nut kiddos to crack open...one being my son.” Well, MMS 
‘works. If my son can improve | know yours can tao. Whatever you have to do to 
do enemas, and get him to drink it..do it. My son is drinking 35 drops a day. Trust 
‘me, itis yuck. But he understands that if he drinks i, it makes the autism go away 
and he slams it down and says, "yuck." He totally knows lam helping him and 
cooperates. Be encouraged, 


121. Hi kerri, 
We're now at 1/4th of a drop per oz and today my daughter for the first time 
EVER answered a‘Where is..’ question. | was putting aut the garbage and when | 
‘came back in | remembered | had forgotten to put away a black marker 
and when | found i was missing, | could only hope the property damage would 
rnat be too bad this time. | checked the living room and the kitchen but could not 
find any traces and meanwhile my daughter had taken the photo camera 
and was taking pictures of herself in the mirror. Amazingly she seemed to have 
‘a way better understanding of the thing. | asked her twice where the black 
‘marker was,and after the second time she pointed towards the kitchen and said 
“There.” 

SHE HAS NEVER DONE THIS BEFORE! | checked the kitchen and found the 
black market next to the fruit. The pears, melon and mango all had black circles 
and stripes. | was a bit overwhelmed | should say. 

Thank you, thank you, thank you for never having given up your search! 


122. My son Fernando Latin is 8 years old and was diagnosed at age 3 and half. When 
I started chis struggle with autism all the relevant studies were performed. We 
Visited a neurologist, psychologist and a gastroenterologist, he began taking 
the supplements according to DAN! protocol, but the list of pills he was 
taking was increasing and my boy was restless.Then | went to a homeopath, 
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the treatment worked a litle but it was so expensive | couldn't continue, it is 
needless to say how much money and time | spent on appointments and tests, 
plus the hyperactivity problem was growing each day. Until God put in my 
path an extraordinary friend MARIA CAMPERO and she talked to me about 
1 foundation in Port Ordaz "VENCIENDO EL AUTISMO” FOUNDATION 
(Carolina, amileth and all chat beautiful eam) they brought Kerri Rivera to 
fecture here in Venezuela, on 04/02/201 1.1 will never forget these words AUTISM 
|S PREVENTABLE, TREATABLE, AND CURABLE.A new hope that a mother's 
heart never looses... In that conference she also talked about MMS and its 
benefits | was lucky Kerri evaluated my child, | started giving him MMS plus some 
supplements and have won this since: 

* Better pronunciation, for example he used to say Dowg and now he says 
Dog. 
He obeys orders 
Spends more time sitting. 
Evacuates normally with no bad smell. 
He stopped biting his clothes. 
He stopped making noises like: wii yi 
He stopped playing with his hands. 
We go somewhere and he is relaxed, 
lf we take a picture, he looks at the camera, 
* He is more aware of his environment. 
* He is improving a lot and really fast with his ABA therapy 
These are all the benefit I've seen with my son after starting with the MMS, 
know there isa lot to do but know a have real hope. Some advice for parents 
that are starting this road: please accept what is happening. inform yourselves. 
| always think that to get your children through this you need the four-legged 
table: 

* Diet 


* MMS, Supplement treatment 


Therapy 
Help at home 

I've always asked God to give me enough wisdom ta help my child and to put 
me in a direction were | could find people that can help me, and believe me he 
has listened: Venciendo al Autismo Foundation, Kerri Rivera, my sons therapist 
Milagros Alcanta, Danny her teacher-shadow, Maria Campo,a woman not only 
committed to her son but to all of those who she can help and guide me, 
including Marilyn Aparcedo and her team.All of them are my bases to keep going 
and as Kerri and Carolina say:This is an endurance test and there is no giving up! 
have nothing but thanks these wonderful and professional people, Thank you! 
Norkis Pinto, El Tigre—Venezuela, 


123, Alexander was a normal baby until he was 6 months old, after that he suffered 
‘a change that, when we got home from work it was like no one came in, he was 
very uneasy, we talked to him but he didn’t seem to care, first we thought chat 
he didn't listen, the pediatrician and neurologist recommended hearing tests, 
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‘we did them and his results were normal. he pediatrician also recommended 
2 psychiatrist but | though it was very early for that so I took him to a 
psychologist, but he didn't diagnosed him, instead he referred me to a psychiatrist 
specialized in autism, and with a simple test he confirmed the suspicions: your 
child has autism and this has no cure, rake him to special classes and therapy. 

I quickly signed him to a special camp and school, but they they just took my 
‘money and my sacrifice to travel 60 Kilometers daily they didn't do what they 
promised, they charged me triple just to give me a diagnosis and | believe he 
did't even receive therapy. In my despair I went to the internet, | made an 

email account, a facebook page and started to look for parents that were going 
through the same things | was, then I contacted a Dominican mom living in 
Puerto Rico and she told me about Kerri Rivera and the diet She told me that 
Kerri was the person to go to about this and Kerri answered immediately and 
asked me if my boy was on the diet and I said he was only 50% and she told me 
that if | wanted my boy to get better | had to de 100% so I wrote her back when 
I was doing the diet entirely She gave me the first three supplements MSI, 
THERALAC AND QUINTON WATER. Everything has been so dificult to get 
but ifyou persevere you get want you're looking for. | got the MMSI but | was 
seared because of the strong smell of chlorine but | gave it to him with faith, 
took it and my youngest baby girl started taking it. She had had a cold for about 
a month and ie disappeared, Alex started to get better in every aspect but the 
biggest changes began 15 days ago, since | give him his MMSI treatment | start 

at o'clock and finish at 12 at night. On weekends | start at 1 and I complete 

12 doses of one drop mixed with citric acid and give him that daily. My 3 year 
and 4 month old baby boy is saying his first words. He is more connected, pays 
attention, he is aware of what happens to him and he is more loving than ever. 
11am so happy; | thank God, Kerri Rivera, Zeneida, Cynthia. But | mainly thank 
MMSI, because with a supplement so cheap, 'm getting my son back, the one 
that Autism wanted to steal from me. 


124, Juan Eduardo is 9 years old and he was diagnosed with Autism at age 2. It has 
been a long road in which we have tried everything. 7 years after trying and 
falling, in April of this wonderful 2011 we started in the right way. MMS came 
0 our lives. uan Eduardo was a self-centered boy and with a lot of fixations 
to objects. His improvement in schoo! has been slow, but in 5 months he has 
improved what he improved in 5 years. MMS in our lives has been wonderful, 
despite the hyperactivity and lack of sleep at the beginning of the protocol, the 
life of Juan Eduardo and our lives have changed drasticaly in a very positive way. 
He will stare regular school at the beginning of nex year. He is a happy boy, he 
sleeps al night, he talks a lot more even if there is a long way to go, his quality 
of life is so much better. He shares with whoever is around him, a lot of times 
he surprises us with his qualities. He has adapted to the MMS in a great way. We 
took the panel viral cest and the results were amazing, there was no virus. When 
I saw the great positive effects the MMS has made, | started to do protocol 1000 
for maintenance with 100% success. Last year | suffered from several episodes of 
flu in which | had to take antibiotics, but this year I feel excellent, Thank God and. 
Kerri and MMS I haven't been il! thank God, Kerri for putting you in our lives; 
I'm sure he has given back everything you selflessly have done for everybody. 
The smiles and looks in our children’s eyes are priceless. Thank you Kerri and Jim 
Humble.A big hug. 


125 Yes, Ihave increased the drops. Honestly, since we last spoke, he has had some 
of his best days...super happy. He actually read a book on his own on the way to 
school this morning. Seems very calm. Thank you. 
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126. Hello Kerri! | have not written you in some time. | must tell you I have already 
been using MMS for two months. We have seen a lot of improvement. He 
suddenly speaks, says single words. If sing a song or the vowels, he tries to 
imitate me, although icis still not very clear. But he tries to imitate. He smiled 
back at me when | smiled at him.And so those are several chings.Tantrums are 
also less. 


127. She is doing excellent! Every day we see small but important progress. am not 
sure if she has noticed the changes in herself, the best will be when she starts 
school and classmates and teachers can give me their opinions. Family members 
have also commented on the changes we have seen in her. 

She is also answering questions about what she wants...With yeah, nah or the 
sign for all done with and then says dddon! 

Now she wanted to see Mickey and told me tectull and I showed her the movies 
and she said “ickey!" :) We are communicating! 


128. We area family that lives in a country where living is not easy at all. he maternal 
death rates and child deaths are very high, and there is hardly any chance of 
getting access to special medical treatments and therapies. Our son started to 
show signs of autism since he was 2 years 8 months old, He had begun speaking 
but at that moment he stopped talking, he started to shew no expression with 
his eyes, to roll around trees, to scream and to tantrum, and to not allow contact 
with anyone. Litle by little he started to be very hyperactive and to have serious 
sleeping problems (he didn’t want to wake up and he could not go to sleep at 
night). 

The start of my son's autism went along with colds, severe coughing and 
infectious diarrhea. Our son's teacher had always had excellent reports 

about our son's behavior, but since this severe cold with synovitis in his hip, 

the transformation begun. Since then, che awful diagnosis and the absence of 
‘guidance led us to an abyss. Our son presented total absence of self, almost 

no language, hyperactivity and many sicknesses. 6 months went by in which he 
‘met with a real parade of doctors and therapists that gave us bad treatments, 
bad diagnoses and almost no information, our life became a living hell. We went 
into a state of denial in which we didn't wane to see anything on the Internet 
regarding Autism. In that time our son had been diagnosed with severe sinusitis, 
complications with his adenoids, and limitations that he developed because of his, 
hearing capacity 

By the end of the year 2007, I alone broke the pact | had made with my husband, 
and started to search the Internet and found Yeroline Ruiz's page where she 
commented about the biomedical protocol through which she had gained her 
son back in months. Little by litte I tried to convince my husband, who at the 
beginning was completely reluctant to the possibilty, but by December 2007 

we made our first order of supplements and quelators (magnetic clay from the 
United States). The supplements took forever to get to us and when they arrived 
we gave them to our son without any clue or guidance and hardly any diet. The 
results were horrible, he got worse and worse, and this lasted about 8 manths. 
During this time the therapists gave us a terrible prediction about our son's 
future. Our family problems were also getting worse and the only guide we had 
was Yeroline and the Curando el Autismo foundation. Thank God we didn't give 
up and we passed the hard times. 
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We eliminated some of the food thar is forbidden in the protocol and we started 
to use Enzymes. Our son started to improve, his health got a lot better and we 
stopped visiting traditional doctors and I decided to take care of his treatment, 
the process was not easy because there aren't even the basics for the protocol 
in my country, from the flour co the milk, everything is realy hard to get. 
Obviously a DAN! doctor or supplements are unthinkable. However even if his 
health had improved, the Autism symptoms were still present, the speech therapy 
did not help and sometimes even made it worse. With a lot of effort we brought 
Rosa Dominguez (Tomatis Therapist) and we begun applying this technique to 
our son.The economic effort was very big but the results were worth it, he 

‘was more in control of his body, the clearest sign of this was the control of his 
sphincter that happened almost magically. His language also improved even if he 
still didn’t use it socially, but litle by lice we verified that our son had no sign 

of retardation compared to other kids his age. Even with the improvement, the 
tantrums, frustration and limitations of his language remained, we decided then 
to make a new effort and traveled to Panama to the Stem Cells Institute to make 
a stem cell transplant. 

(Our debe was huge, and despite the effort our baby showed two contrary 
signs:a positive one that was that our boy was completely connected to his 
environment (he is never outside of the world anymore) and a negative one: he 
became aggressive. He had never shown aggression, auto-aggression or violent 
behavior, but from the moment the anesthesia was applied these began. 

(Our child started hieting himself when things didn’t go his way and he bit other 
people out of frustration. We remained on our path with despair because we 
could not see the light. We tried hyperbarics for 70 days in a row, eginotherapy, 
and others. In 2011 we came across Puerto Rico's CEA conference and we found 
Kerri’s topic and the SCIA topics very interesting. We decided to do the SCIA 
tests and we confirmed that our boy also had virus and an inflammation even 
though his immune system didn't seem very affected. Because of our country’s 
limitations we couldn't complete the SCIA tests but then we had a lead on how 
to stare a new journey.Alll we needed was a doctor that could apply the SCIA 
protocol, 

But then there was a miraculous day in which we saw Kerri’ talk and hope grew 
Inside us, we contacted her immediately and she answered immediately too, with 
{good will and all the indications as to how give him MMS and how to apply the 
protocol. After two weeks we started seeing a change in our son. Eye contact 
‘was way better; he speaks fluid sentences and gives structure to his words. 

We are now three weeks into the protocol, we can see almost no aggressions 
and tantrums, we teach him leteers and he recognizes them, reads and writes his 
‘name (he does ie with some difficulty) his receptive language is %100 active, he 

is very loving, specially with me. (His mom), he hugs me and kisses me and tells 
ime he loves me, We know we still have a lot to go but I'm certain chat we will 
‘make it. My son has now Borderline Autism: his connection with the world is 
total. We are stil thinking about doing all the SCIA tests bur just to find out our 
child Is cured.The light and hope that Kerri and the MMS have given us does not 
compare to anything. Thank God! Kerri is a blessing in our lives! 


(CHAPTER 1 = PLANNING YOUR ELECTRONICS WORKSHOP 


Safety 


Make no mistake: electricity can kill you. It bears repeating, as well as emphasis. 


Warning Electricity can kill you. 


Working safely with electricity is ike working safely with a sharp knife for example. A good knife isa 
useful oo. Life would be cumbersome and erude (not to mention short) without good tls However, 
‘when using any tools is important to understand their proper use and operation. The same goes for 
lect 

The point heres not to be overdramatic about the dangers of electric. Billions of people are safely 
and peacefilly coexisting with electricity, largely due to wise safety rules and well-designed electrical 
appllances. However, there are three major ways that you can be armed when working around 
tlecticity, and tis important that you be aware of them 


+ Your body uses tiny amounts of electricity to send nerve impulses to and from 
your brain. Sending relatively giant shocks of electricity through your body is a 
‘good way to stop your heart irom beating or your lungs from breathing. You need 
to keep doing both of those things, so be careful 


+ Since your body is not a very good conductor of electricity, it converts the 
electrical current into heat, which can produce very damaging burns, both on the 
inside and the outside of your body. 


+ Additionally, many electrically related injuries are sustained while trying to ger 
‘away (i-e., your body's involuntary reflex when exposed to dangerous voltages). 


‘Yet working safely with electricity is easy. Observe the following rules and you'll be relatively safe, 
both in your lab and outside of it: 


Always assume a circuit is “live.” Electrical devices can retain lethal voltages even, 
‘when completely disconnected from power. 


‘+ Don’t work with high voltage (more than 36 volts) unless you're specifically 
trained. Reading this book does nor mean you're “specifically trained,” even if you 
read it twice. 


+ Don’t short-circuit batteries (ie., deliberately connect the positive and negative 
terminals together). Even very small batteries can hold dangerous amounts of 
power and can produce enough heat to burn you. Even worse, it can start a fire, 
‘which is yet another unpleasant way to die. 


+ Be careful when using metal (conductive) tools around battery terminals so that 
you don’t accidentally short the terminals together or to other circuitry. 


+ Don’tassume other people are aware of these dangers. 
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129. This email was after an ATEC drop of 64 to 4 
This is truly AWESOME! He lacks in the “Speech/Language/Communication” 
area the most! 
I honestly thoughe when I was filing this ATEC out that he would have regressed 
because | ust thought he might have. seems everything elze we have EVER 
done it is always to0 good to be true! Ie actually is not this time! Praise the 
Lord Jesus Christ! \o/ I even had my oldest daugheer give her thoughts on the 
questions too so that I doubled checked myself regarding his behavior etc..you 
know to make sure Iwas not out of touch! :) 
Wee definitely have a ways to go, but | have never had my son at this level of 
‘awareness’ before! We are doing RDI (Relationship Development Intervention) 
and have been since Feb. 2011..he' made great gains with i, but he is FLYING 
now only because of the MMS!! 
Melissa, IN, USA 


130. Hello, my name is Silvia and I have a 5-year-old son named Ricardo who was 
diagnosed with Autism 2% years ago. From that moment he has been on a 
sglucen and casein free diet and a therapy routine that help him day by day. Three 
months ago I met Kerri Rivera and the Venciendo el Autismo Foundation, and 
started giving Ricardo MMS. From thar moment on he has improved significantly, 
his language is better and his behavior is a lot more controlled, plus with the 
biomedical treatment he goes to the bathroom regularly this makes me very 
happy because he was always constipated. 


Silvia Morales — Caracas. 


T3I. Since | was a baby | was a very sick child. remember | had many 
gastrointestinal problems, made my mom's life miserable with all the diarrhea 
land vomiting .. couldn't gain weight and I had no appetite. All this accompanied 
me for many years; the diarrhea became chronic constipation, fluid retention and 
dry skin, 

All of this without knowing I had a serious problem, until | gave birch to my first 
child. The constipation was a nightmare, my baby got ill, when I fed him breast 
milk he would get a rash, and then he had convulsions for about 20 seconds, 
when | fed him again the same would happen but now the convulsions lasted for 
nearly a day. The doctors didn’t know what was going on either. In one of my 
researches | ran into a page that talked about Autism and Candida being one of 
the main causes, this is when I find out that my son had chronic candidiasis and 
that he got ic from me when I breast fed him. | tested my child and myself and we 
both had Candida, and I have had i since I was a baby. 

(One day | heard about the existence of a woman named Kerri Rivera who is 
devoted to helping children with Autism and I contacted her and she gave me all 
the help to treat my child. | will be forever grateful. She talked to me about the 
MMS and how to give ic co my son. | also started taking itand in a matter of days 
had a white layer in my tongue, ic was the Candida getting out. | have gained my 
energy back, the headache | had in the mornings is gone, | feel vivid and almost 
all che Candida is gone. I've been with MMS for a month and I've never felt so 
satisfied with a treatment. This simple and yet powerful remedy has given my 
health and family back and with this I can assure, by my own experience that 
MMS works. 
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132. Hi Kerri, want to tell you that Erik has started with the speech therapist, and 
psychologist, when she finished the session with Erik, l asked if she thought that 
Erik could still be diagnosed with autism. She looked me in the eye and said, 
autism? Are you sure that he was correctly diagnosed? | found her the forms and 
she told me today Erik has eye contact, he socializes, and is cooperative. She 
said he does seem small for his age, and that we were going to have to work 
con strengthening the muscles of his mouth and the tongue as well because they 
are very week. She said that nat chewing would affet che development of one’s 
language, and Erik has only been chewing for 8 months, which started after we 
did the chamber with you in Mexico, That was the answer she gave me, and that's 
something, the fact that she told me that this is not autism is really something, 
even though she doesn't want to contradict the diagnosis they gave two years 
ago.The truth is, !am so glad he has come to improve, and that is since you 
KERRI have started to help my child. e's been a year since we started with the 
MMS protocol and the improvements have been incredible, he still lacks language 
as he mispronounces many words, but the warst is over: You can publish ths if 
you want, thank you very much for all your help. 


Kisses 


133. We had first formed stool at 4 drops. It was so inspiring. Since then somedays 
‘we have formed stool, some days we have loose stool but I relate this to detox 
= I can clearly see his gut healing. His expressive speech hasn't changed yet but 
he obviously understands much, much better and is able to follow complex 
‘comands like "come and give me one teaspoon from the drawer” or "go and put 
this in the dishwasher” or "wait for daddy to get out the baby from the car and 
then you can lock the door and put on the alarm”: Things like that, that were 
unthinkable before. | hope he will go beyond his few words soon and will begin 
to talk. 
Although speech is the thing that interests me most of all, perhaps the most 
impressive thing that MMS brought to us all of a sudden is the sense of smell - 
our boy never seemed to feel any smell, good or bad, in his entire life. He got this 
sense a week ago, We are thrilled - something is waking up in his brain, perhaps 
‘some pathogens in some part of his brain or in his nose or whatever died and 
now he is able to sense a smell. Things are getting moved. 


Thank you Kerri. 


134, My son is 8 1/2 years old. Ihave spent six years and well into six figures to 
help my son. While | would see gains, nothing was really moving him forward, 
Three months with MMS, DE and ocean water; the junk that is coming out of 
him is both horrifying and thrilling. | think he is finaly starting to feel better, and 
because he feels better he is more with us. He is trying so hard to speak and 
‘everyday he is saying at least four new words. He also watched a movie and 
laughed at a funny part! 


135. We started MMS 68 Days ago and my son's ATEC has dropped from 50- 
23... Now that's a MIRACLE!!! He is So much more “with us” and I'm seeing 
improvements daily. He is just so much more fun to be with now:) He did have 
1 plateau, but is back on track. We have only done 4 enemas to dace, but they 
‘made a big difference! Baths do as well: I can’t wait to see what he is like on his 
4th birchday (still 39 days away), 


Kelly, CA, USA 
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136. Is it just an amazing day or is the MMS already working? Its just day I! | know 
people say that once your child starts talking, they never stop, but holy cow. 
Today in the grocery store, ic took me 3x’s longer to shop because he was 
talking about everything he saw around him and needed a response on all of it 
from me! So unlike anything we have ever experienced with him before. Could it 
really be the MMS already? Also, potty training has been going well (slow & and 
steady), but today he didn’t need much prompting! Many times, he just stopped 
what he was doing and ran to the bathroom to go all by himself! This is amazing, 
because he never stops a preferred activity to go potty! When i thought ic had 
been too long since he went last and said "its time to go potty.” he just ran in 
there and peed, washed hands etc. No tantrums or weight dropping, he just 
ran in and went! God is answering my prayers! :) Il keep you posted on what 
happens tomorrow! 


137. You know Kerri, |had co email you directly | waited until today to retake my 
son's atec..just did his first Parasite Protocol and did the 72/2 hr this weekend, 
so waited a few days to pass by before we did..so this atec was based SOLELY 
fon this past monday, tuesday & today. | got an 11, hubby got a 13.so average: 12. 
(he was 32 before MMS, then 27 after 3 weeks of MMS...now 12) had to email 
you to thank you b/c well..because. What is there really to say :) cant think of 
the right words really :) thank you?? not really enough if u know what i mean :) 

Bur to think i was going to skip your presentation atl bic | thought it's too 
{good to be true. But you caught my attention when you started tearing up as you 
{got up on stage :) you were the only person/speaker to show emation like that. 
AND have NOTHING TO SELL ON YOUR TABLE :) You were there only for our 
children...getting nothing back in return! ;) | know I've been emotional, but I'm 
prego and my sons getting better so cut me some slack :) 

I'm SO grateful for all you do Kerri. If there is something | can do in return, 
Please let me know. | know you have a lot on your plate. You have a heart of gold: 
such a giving, compassionate person. a “rare-ity” (this word is in my dictionary!) 
You & Patrick are always in our prayers. I seriously want to go visit you in 
Mexico wimy family so my son can meet you when he's recovered. | told my 
hubby & he's up for i hehe :) 

Anyways, long email but really just wanted to let you know how well he's doing 
and to ‘thank you’. It blew my mind after | got the results. He stil has issues in 
socialization and getting his vocab/speech up to his 4 year old level | think much 
of that will change as he learns English better: he'll interact better with his peers. 
Thank you Kerr’ from the bottom of me & husbands heart :) You are loved & 
covered in prayer.) 


138. We started to see a setback in January with our I year 8 month old girl. Until 
this date she had had a normal development, like her sisters (she is our third 
child) but then, she stopped talking, she just screamed and twirled. She would 
‘wil like 20 times a day for no reason until she got dizzy and she fell to the 
‘ground. She didn't look at anybody in the eyes and could be behind a curtain 
hours comparing her toothbrushes: she wasn't hungry nor asked for her milk, we 
had to push the food into her mouth so she would eat it. was desperate so | 
went in toa forum and a friend from Venezuela told me to look for Kerri Rivera 
in my country so | did. She immediately answered and gave me hope, since the 
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three doctors | had seen before cold me that Autism had no cure, that all we 
could do is to teach her how to survive and be a litte bit more independent. 

| found my hope in Kerri I read the testimonies on her page and sent her a 
‘message that she answered right away. She told me to do the diet, remove 

zilk and everything else, | went to her clinic and within a week of the diet 

Abby could look at me and smile (she had stopped doing that long ago) When 

I went to her clinic Autismo2 in Puerto Vallarta she looked at Abby with all che 
patience in the world, she gave me MMS, the supplements and all the hope in 
the world, Everything was new to me but I had faith chat | was in the right place 
and from that moment on, while always counting on Kerri’s advice, my baby girl 
started to get much better. Her first ATEC was 95 and a year and a half afeer 
ics a 15. My girl now smiles, ralks, dances, she obeys and stopped screaming, her 
only tantrums are of a normal girl her age. | did hyperbarics and am still doing 
MMS, supplements and deworming her. She is now diagnosed with Pervasive 
Developmental because the Autism symptoms are gone. She doesn't run from 
cone place to another, she plays, looks for other kids to play with and has friends. 
The only thing lefe is for her to establish a conversation, and to put together the 
‘words to make sentences, but I know she is going to make it. 

(Once she sat down on ant hill and a bunch of ants bit her, we had to go to the 
hospital and the doctors gave her cortisone and she was seriously ill now when 
2 bug stings or a mosquito bites she tells me where ic bit her, and she asks me to 
apply a calendula ointment that | use for the mosquito bites. She sets the table 
and can eat by herself, she doesn't use a diaper anymore, we can go shopping or 
to parties and she is well behaved, chere is no more tantrums or fixations, this 

is wonderful! | know there is a long way to go, 've been in this fight for a year 
and a half, but with KERRI RIVERA’S HELP I will rescue my baby from autism, 
‘even though some say that Autism has no cure I know it does. Kerri has been a 
blessing for our lives and I thank God for putting her in my path, 


Thank you Kerri, have no way to repay what you have done for Abby. 


139. Our 10 year old son, Ben, showed symptoms of autism since he was an infant. 
Until he was 6, he never connected normally with family or peers.As his mother, 
ached for a hug, co be called Mommy,” or for a lingering look of love. | never 
got them, 

Until he was diagnosed with autism at age five, | was utterly befuddled. What 
‘had | done? What was wrong with Ben? Why didn't he want to play with other 
children? Why did he drool endlessly, laugh constantly for no reason, and bolt 
from play dates and parties with no warning? Why was he constantly lethargic, to 
the point where we called him “the playdough bay?” 

Ben was always happy. dwelling far from us, in his own perfect litle heaven. My 
husband and I were depressed, even despondent, despite attempts at gluten- 
free, casein-free diets, ABA therapy, and many supplements, because we saw no 
substantive and lasting changes in our child. 

Finally we found the Son-Rise Program®, which brought Ben back to us.After 
three-plus years of a mostly full-time Son-Rise Program, Ben became highly 
interactive, engaged, and interested in his peers. That alone was a palpable 
imiracle.As we say in Hebrew, Dayeinu! That would have been sufficient. But we 
‘constantly experienced regressions back into autistic symptoms. For no apparent 
reason, and despite endless biomedical interventions, including the DAN! 
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protocol—to the tune, | might add, of tens of thousands of dollars, multiplied 
‘over four to five years—Ben would suddenly revert to autistic behaviors, and we 
would lose contact. He became once again non-responsive, uninterested in family 
cr peers, and seemingly unable to connect. Only the day before, he had been 
orally connected, 

‘After being on the SCD and GAPS diets, and finding even them ineffective to 
alleviate these regular and devastating returns to autism, we were advised by 

Dr. Campbell-McBride that it sounded to her as if Ben had parasites.A friend of 
‘mine who was also a Son-Rise mom had mentioned to me that she and another 
Son-Rise mom friend of ours were trying something called "MMS." When | heard 
the words for which the acronym stood, I gave an internal scoff."Master Mineral 
Solution? Is this a joke?” 

{can tell you, in all seriousness, that now, five and a half months into our MMS 
autism protocol, MMS is definitely no joke. Since starting MMS, we have seen 
nothing but progress in Ben. We are still doing GAPS, but avoiding foods we 
know Ben cannot yet digest. Ben's ATEC score has dropped from 43 when we 
started MMS to a startling 20.We are seeing sustained, natural, unsolicited and 
consistent eye contact, like never before. Ben is consistently responsive, certainly 
‘on par with most 10 year old boys. He is playing hackey in our driveway with 
friends. He is solicitous of others, and compassionate when others are hurt in 
any way. He is funny, expressively loving, and eager to please and be loved. It 
makes me cry to write this. wanted this so badly, and now, with MMS leading 
the other interventions, | have what | prayed for 

We are not perfect on the MMS. Ben isin his first year of school post-Son-Rise, 
and dosing during the school day is not easy. But we are tremendously hopeful 
and excited. 

I truly believe, as Kerri Rivera has often said, that parasites are the missing 

piece of the autism puzzle. Like so many other warrior parents, we have done 
everything. But everything minus one was not enough for Ben. Now, think we 
truly have the tools, and it is only a matter of time, faith, and lave, to fully and 
permanently recover our beloved Ben. 


140. Caitlin has been on the MMS protocol for 3 months now. Caitlin is now off her 
100 plus supplements a day that were the glue holding her together so to speak, 
with no regression. She is happier; more affectionate and focused. She no longer 
has a distended belly. She used co have terrible smelling gas on a daily basis and 
very foul smelling bowel movements. This is gone! She has increased muscle 
tone (has a diagnosis of low muscle tone and bilateral hip anteversion). She has 
been seizure free as well! She continues co make slow but steady gains in her 
reading and math skills at school. She isn't conversational in her speech yet but 
‘an comment on things and express her wants in longer and more elaborate 
sentences. She is falling asleep faster and sleeping longer: 


TAI. Eczemall 
‘At last my son (4 yrs) is living now without eczema, he was born with severe 
eczema all over his body, we used every allergic cream and med and even the 
‘magical Dead Sea Clay but it didn't work, but now after using mms and pp 
(parasite protocal) for 2 months... TS GONE!! Thank you MMS!!" 

Thank you! 
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142. This isthe story of our son who is 4 years and 9 months old today. Our story 
is a desperate struggle to defeat Autism, che same struggle that a lot of families 
are going through to free their sons and daughters. Guillem started to have ear 
inflammation and laryngitis when he was a few months old and we medicated 
him with antibiotics, he had his vaccines according the vaccine calendar, and by 
the time he was 9 months old he was showing signs of Autism. He would put his 
fingers in his throac until he choked, he would hie his head on the wall and he 
‘was always mad, his tantrums were frequent, longer and more intense, he started 
to look at the lights and to twirl with no sense, he showed less interest in people 
day by day and he would get really mad if someone said anything to him. He was 
hyperactive, couldn't stop running and going up and down the stairs. The nights 
‘were terrible t00, he didn't sleep well and woke up screaming as loud as he 
could plus he could not say a word. 

My father and my brothers blamed me for this; they said that my boy wanted 

to dominate me and to get my attention. | had a hard time recognizing that ic 
‘wasn't this, that my boy had something else. Once | accepted it | spent hours 
and hours reading on the Internet, and I read about the gluten-free diet and that 
‘was our first step. When Guillem was 2 and half years old we changed the diet 
and it worked. Guillem started to respond to orders, there was less screaming 
and his first words appeared. Three months into the diet we contacted Kerri, 
this has been a key moment in our history, because she has been our guide to 
get our son out of this long tunnel. The first thing she did was to check what 
our son was eating, | thought that | was doing a perfect diet but I wasn't there 
‘were some foods with sugar, soy and additives, the next thing we did was to talk 
abour the supplements and MMS, but I was very scared to use it and it wasn't 
until three months later the day Guillem turned 3 that I started giving it to him. 
Now we have been using MMS for a year and 9 months. We give him MMS daily 
and every weekend we can but minimum one weekend a month we do the 

7212. His improvement was amazing, his language got better, his dressing skills, 

he learned how to use the bathroom, his sleep was normal, and the screaming 
‘was almost gone. The next step was to start with the MMS enemas, every enema 
‘made Guillem more alert, more present, we started with the enemas 4 months 
after starting with the MMS. We saw that the enemas expelled a great amount of 
biofilm and the more he expelled it, he more abilities Guillem gained back, saw 
the importance of healing the intestine and that has been my obsession since. 
The next important step was the sessions in the hyperbaric chamber his first 
sessions were at age 3 and 9 months, and the changes we saw were mainly in 
the obsessions he had, he paid much more attention co everything, his social 
skills were very affected but after this he made his first friend. Now we do 
hhyperbarics with seawater every three months. Another piece in the puzzle were 
the parasites but with Kerr's help we've been on the protocol against parasites 
for 7 months and every deworming cycle our son improves. know that we have 
to keep fighting but | also know that we are closer to the exit. Now Guillem 
sings, he plays with his brothers, we go to the movies, we do puzzles, we paint, 
and he is very happy, he has learned to spell his name and he walks joyfully down 
the street telling you about his day. He goes to school, plays football and more 
importantly, we are a family again. 

For all of this we are deeply thankful to Kerri, because she has always been there 
for us, without Kerri and MMS aur story would be completely different, so we 
owe them EVERYTHING. | know that we will someday say Guillem is cured, and 
all the other children with Autism can say that too, 
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UPDATE: As of December, 2012 Guillem no longer has a diagnosis of autism, 
here is an email his Mother sent to Kerri when she knew he had recovered: 


KERRI!!! 
My son has an ATEC of 10!!! 

| have it repeated several times because | did not believe i. 
have copied it below...'m going to have it framed! 


The truth is that this Christmas we have enjoyed our whole family, we've been 
t0 the Zoo, to the fair, and during family meals he was very well behaved and 
enjoyed the Magi and the magic of Christmas. Christmas last year was totally 
different. For al chis we give infinite chanks! There are not enough words to tell 
‘you how we feel! Without you our story would be different. We will continue 
working to get to zero! 


A big hug! 


143. I started with MMS on April 2012, 1 was afraid but had a lot of faith. I did the 
ATEC for my son and it was 92. He could net use the bathroom alone nor say 
‘a single ward. The day I started | thought there was nothing different, but when 
we were at the beach on vacation I noticed that when I called his name he would 
turn, and come to where | was.Alll this with one drop! Before that day | always 
had to stand up and find him so he would pay attention to me. He wouldn't look 
at me but he would listen to instruction. Days went by and when we came back 
from the beach he went straight to the bathroom... I couldn't believe it Isat 
down and asked my self WHAT IS THIS? What happened? And | silently chanked 
God and Kerri. This was decisive for me to continue.After this he improved day 
by day, after 5 weeks his ATEC had gone down to 76 points. 
I made a few mistakes at the beginning because I didn't know the protocol very 
well, and wanted to rush things. Again, Kerri with her infinite patience and love 
for others led me to the right path, and | started to see more, way more. 
My son started writing, he knows his letters, he reads some words (he has 
memorized them) he is great in che bathroom, he listens, his eye contact has 
improved significantly his last ATEC was last month and it was 60 points. | know 
we have a long way to go, but | every month there is improvement and even 
though there are some bumps and setbacks the good things overcome the bad. 
My som has also started saying words, names of movies, he can say over 100 
words (names of movies or things he likes). Some will chink it doesn’t mean 
anything to know the name of a movie but for me, ic is to know how my son's 
voice sounds and that, is priceless. Now my next goal is to hear him say "MOM" 
~Myrna Sterling, Mother of Gianmarco, age 5. 
Myrna is the president of the GM foundation for Autism 


144, My wife and I have always been fond of traveling, getting to know different 
cultures and people, this is why we had our little one we decided t 0 keep 
traveling but to adapt to his rhythm. 

When he was 9 months old he went on his first international journey. Everything 
was perfect, he was the happiest baby on the plane, he played with che people in 

the seats behind us, the stewardess wanted to stay with him to play.all the plane 

ride went along perfectly. 
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‘Something happened between his 15th and I8th month, his smile was gone, we 
no longer had happiness in our home, only nerves and less language. Maybe the 
excessive vaccines were destroying his immune system and leaving the door 
open for parasites to take hold. 

When he was 18 months we went on a second trip and it was an absolute 
nightmare. He wouldn't stap crying and screaming on the plane, he didn't want 
to play with anybody. We spent a few days getting to know this new place while 
cour baby fell further into this abyss in front of our astonished eyes. 


‘Something was wrong, and after an episode of auto aggression we knew that this 
‘was not normal.After watching a couple of videos on the Internet we started to 
understand, and we went to a psychologist who didn't give us a diagnosis because 
our son was so young. 

Later on we went to a neuro-pediatrician who also used the excuse of our son's 
young age to dismiss us, and finally a last doctor who didn't explain anything 
either. 


Not even our family listened because they thought we were exaggerating We 
were left alone and our biggest aly was and stil isthe Internet. 

Aer the medical failure and their “anti-dagnosis" we took the best and most 
Important decision of our ives, that was not to listen to any of the diagnoses, 

or to wait another 6 months to be called by the neuro-pediatrcian again. We 
started down this road without an offal diagnosis but with all the symptoms 
and behaviors tha define autism. 

We started withthe casein, gluten and soy free diet with no experience on how 
to doit and our baby sufered awful withdrawal symptoms We couldn’ believe 
what we were seeing his nervousness and aggression took us to our limits After 
2 few days on the det his tantrums went down lee by lle untl he was stable. 
But we needed something else because everything was out of control this is 
when we went back ro the Internet. 

After three months of filse doctors and pseudo medical experts we found Kerri 
Rivera 

She gave us hope, and filled us with confidence, but most importantly she 

vas clear with us from the beginning. Everything she told us vas logical and 
everything made sense as to why it was done so we trusted her without a 
‘moments doubt. 

He got better and better everyehy Kerri told us how to do the ATEC and what 
it meant. Our first result was 57 points wien he was 2 years old, which was 

very high for us because of his young age. We have been doing everything Kerri 
suggests, improving the det. and using everything she recommends, and the 
results have been spectacular right now he is 2 years and 10 months ol, his 
ATEC is 8 and he is doing great. Our goal isto have him at O,and I'm certain that 
once we free his intestines of all the parasites, he willbe a strong, healthy and 
happy boy 

He doesn't have any behaviors lke the ones he had one year ago, now he smiles 
again, he talks and asks for things, he plays alot and he is happy. 


This was possible thanks to his Godmother Kerri 
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Kerri, you have done and given us everything in exchange for nothing, and that is 
your defining quality as a human being and as a person. 


Every day you give hope to all that YES WE CAN defeat Autism and now we 
have a lot of puzzle pieces to complete our puzzle. We may find a new one soon 
because there are a lot of people investigating and that makes us feel alive, to 
fight againse the entire circus that has sprung up around this problem. 

I would recommend that if anyone is not seeing progress in their children, to 
come to Kerri,and try everything she says word for word. She has done ic all 
and has the best investigators and doctor on her side. The ones that aren't 
intimidated by the absurd laws of the upper echelon, those who only want our 
children to be sick all their lives so they can sell medicine co us. 

We will keep up the fight. 


145. Hi Kerri, just got the third MMS Autism newsletter, and I tell you it couldn't 
hhave arrived at a better moment. For the last few days my nephew has had a 
strange infection, he was hospitalized and the doctors couldn't figure how to 
fight it because ic was resistant to many antibiotics. I told my brothersin-law 
about MMS and he started using it.After two days my nephew was healed, he 
doctor asked me for a little so he could examine it, and his answer was that 
the way MMS functions is amazing, he couldn't believe that such a simple and 
powerful product hasn't come out to the public eye. 


146. My husband and I were on the couch having our morning coffee and my son 
‘ame bolting out of the room and ran up to my husband's face and said..”Oh 
Hi Daddy, I'm back!” And then ran back to his room..this is our once in a while 
‘word’ little man. After 3 nan-progressive PPs (parasite protocols) the 4h one 
was a charm.A nightmare, but quite an eliminator... Lots of Worms Gone! And he 
is slowly coming back..we are seeing it in fact he is even reassuring us that he "is 
back”. 
~The previous email was accompanied by an ATEC drop from 95 to 35 in 6 
months. 


147. Dear Kerri, 
Ie a pity I don’t speak English and that's why | can't write you on my own. 
Currently. lot of good things are happening to my son (31 years old). have 
followed all your advice and as a result he has completely calmed down. | have 
fearned to prepare CDS at home with the help of jim Humble’s video. The CDS 
Is a 600 ppm solution; my son drinks 30 ml per day with the feeding bottle 
‘method. suppose this is the daily dose for a person of his weight. We are past 
the third PP and preparing for the fourth one. 

Unfortunately | won't be able to attend the congress in Prague, since I can't find 
anyone to look after my son. Ifit were in the summer I would risk going by car 
and taking him wich me, 

am very grateful for your attention to our life and progress and for your help 
in curing my son, God bless you for helping children with autism by sharing your 
knowledge and experience with the world, will try co give a regular account an 
the progress of my son. | have no doubt he will be cured, too. 
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148. Three more tiny little gains on our step by step path to recovery...yesterday 
Nick got a haircut and did not cry at all AND was relaxed enough that ic was the 
first time it wasn't like a sheep shearing, he actually got co get a litte style (so 
cute!) Also, he was doing some pretty terrible screaming in the car in the parking 
fot at Whole Foods while I tried to find a parking space (I wanted to scream too) 
and I let him know he scared me. When we got into the store he spontaneously 
said “I'm sorry" -total first! Lastly, He has requested a hug from me three times 
recently - HUGE new thing and I love it. Thank you MMS and Kerri 


149. Thank you Kerri. For all of your help, answering my emails, and for all chat 
you're doing to help all of us, help our kids!!! | was at a breaking point. Nothing 
‘was helping her anymore, her organs continuing to get worse, hadn't grown 
in 4 years, and had become JeckyllHyde this past 4 years...A violent, raging 
Hyde being increasingly present more and more each year, each month. | 
knew something had a hold of her all these years. And it amazes me how 2 
endocrinologists, 3 pediatric GI specialists, and many other doctors had no clue. 
Thank you for ALL you are doing to get the truth out there. You are an angel!!! 
Merry Christmas - xoxo 


150, Puerto Ordaz, November 4th, 2011 
My name is Carolina Moreno and my husband is Rafael Colmenares, we are the 
lucky parents of a litle 6 year-old whose name is Ana Victoria, she came to this 
‘world co give us the world’s greatest lesson, through her we have learned the 
real value of life, to be steadfast, and brave. We learned that it’s our job to fight 
for our dreams if we want to accomplish them, and over all we've learned that 
God is who holds us up and gives us the strength and tools to move forward. 
My journey with Autism began the 27th of march of 2007, my daughter Ana 
Victoria was 23 moths old, her initial development was normal, but litle by litle 
she stopped talking, she didn't understand anything, she didn't miss her parents, 
she didn’t play with other children or even her toys, she didn't like to be kissed 
or hugged, she acted as she was deaf but we didn’t know that all this were 
symptoms of autism. It wasn't until the day that we went to a neurologist in our 
area, that someone told us that this was Autism, an incurable condition, and that 
our daughter would have ic all her life. Ie was a very hard moment for uscall of 
‘ur plans to be a happy and healthy family went down in a matter of hours. 

As parents we didn't want to give up, after recovering from the horrible news, 
‘we began looking for information on how to help Ana Victoria. In our country of 
Venezuela there were 4 specialists in Autism and they were all using the gluten 
and casein free diet, viaamin therapy, as well as expensive tests performed in 

the United States to check candida and bacteria. Thanks to them | learned how 
important the diet was to get Ana back from Autism, without it, recovery would 
be impossible. 

We did some testing through Great Plains labs, and the results indicated candida, 
bacteria, inflammation and much more .We started with Ketazol and Flegyl. My 
daughter was taking up to 400 mg of Ketazol even though she was barely three 
years old. Now with everything I've learned I can not believe that a physician 
‘could prescribe such a high dose to a child who is only 3 years old and weighs 
only 16 kg. That alone should be punished and criticized 


CHAPTER 1 » PLANNING YOUR ELECTRONICS WORKSHOP 


Lighten Up! 


Nowit's time to have a little fun with electricity, don't you think? While it's important to keep safety in 
ming, it’s just as important to be curious and willing to try new things. Don't let the (important) safety 
rules immobilize your creativity. Use these rules, like any tool, to leverage your enjoyment of this fun 
and exciting hobby. 

Let's start with a simple circuit that is almost guaranteed to lighten things up. Let's take apart a 
flashlight (or torch for you metric types) and see how it works. 

Furst, find a typical household flashlight. The flashlight in Figure 1-2 was purchased for $3, and it 
included two new D-cell batteries. Put the batteries in the lasblight and make sure it lights up when you 
tur on the switch. Ifthe bulb is burned out or the batteries are dead, then this experiment is not going 
to be much fun atall, 


Figure 1-2. typical household flashlight will be the victisn subject of our first electrical experiment, 


‘Once we've established that the flashlight works as intended, we can begin the experiment. 


u 
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However, | fele hat | wasn't doing the right thing, years passed,Ana Victoria was 
5 and her comprehension and attention levels were very low, my husband always 
thought there had to be something else we could do! 


(One day my dear friend Carolina Garcia talked to me about Kerri Rivera's blog, 
she told me that it explained the reason for the supplements and the hours they 
had to be taken, for example that the antifungals had to be given away from food 
and the pro-biotics worked better if they are given at night.After I read her blog 
and visited her website in July 2010 I called the Clinic Autism02 and Kerri Rivera 
herself answered me. explained my daughter's case, and she asked me to give 
her an opportunity to help, and ifin 2 months we didn't see anything different 
Wich our daughter we could continue doing what we always did. I told my 
husband and we agreed to try.I felt a great sense of peace when when Kerri told 
me,"I'm here, and | promise I will walk with you until we recover your daughter” 
In August Ana Victoria was on Kerri’ full protocol and in November God gave 
‘me the opportunity co go to Puerto Vallarta, México.An entire month in ths city 
were my daughter received the hyperbaric chamber treatments, we started with 
MMS, plus we got together with Kerri at her home every night with pen and 
paper, she explained to us step by step how we could heal our children. From 
that moment a beautiful friendship was born between Kerri and I 

This is when | understood that Autism is caused by a weakness of the immune 
system and this brings as consequences; viruses, bacteria, candida, intestinal and 
brain inflammation, food allergies and contamination with heavy metals, and that 
ic is necessary to attack every aspect to be able to heal autism. 

The 23rd of November AnaVictoria Started to take MMS and in 30 days of 
treatment we noticed the firsts changes. My daughter’s stools were consistent; 
there were no food residues or foul smells. When I came back from Vallarta | 
was full of new knowledge and a lot of MMS bortles,Ana Victoria had already 

a very well defined protocol and the best thing was that it wasn't a long lst of 
supplements, only 7, MMS and Theralac. Everyone in my family noticed a great 
change in our daughter, better eye contact, controlled hyperactivity, she started 
saying her first words with sense and purpose; want park please, | want food 
please, | want to sleep. She was doing much better in therapy and at school.Anica 
had begun her way back to the world she lefe when she was 1 and half years old. 


When | saw this improvement in my daughter | decided to share my experience 
With other members of my community and it was there with my dear friend 
Yamileth Paduani and her husband Alejandro Teran that Fundacion Venciendo el 
‘Autismo was born. Mr.Alejandro asked if Kerri could come to Venezuela and talk 
to parents in a simple way so everyone could understand that Autism is curable. 
Kerri was delighted to accept the invitation and in only 7 moths of work we 

had 2 conferences and many evaluations and nowadays there are 700 kids on 
Kern's protocol that is: casein, soy, gluten and sugar free diet, some supplements 
depending on every child, MMS and Theralac. The results are very positive and 
there hundreds of families that have started with their children’s recovery. 

Then came the great discovery of the parasite protocol, for me, it was the 
missing piece in my daughter's puzzle. The first few months of the PP were severe 
(fever, laughter, hyperactivity) and many worms in her stool. However, after all 
these worms came out out I saw how her mind cleared, and month by month we 
waited for the full moan to deworm 
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‘Ana Victoria is now improving very quickly she isa girl chat enjoys being with her 
family the park,a day out, she goes to school and she says to me that at school 
she now does her work in silence without crying, when I arrive home she greets 
‘me with a smile, she runs to me and calls me Mom, she tells me what she wants 
and what she doesn't, she can use the computer like an expert, she takes her 
own shower and dresses herself, she even picks out her clothes, she knows when 
Christmas is coming and that there will be gifts. Mer therapists and her shadow 
teacher are really happy to see how Anita is progressing day by day. 
Yesterday we were all atthe table eating lunch ...and she points with her finger 
Papa's food, Mama's food and Ana Kikota's (Victoria's) food... yummy. 
heeheehee. My husband and | were laughing with excitement and happiness. 
‘Some time ago we fele that speech would be nearly impossible for Ana Victoria. 
My advice: do not be afraid of MMS... be afraid of autism: that which is 
unforgiving and has the power to destroy lives and families if we don't attack it 
We are grateful to God because He has never abandoned us and has always 
given us the strength and tools to fight and to believe that it is possible to 
recover our children. We thank God for putting Kerri in our path and we ask 
God to bless her everyday for having such a big and nable heart, she who is 
always helping others in a selfless way.We also thank Jim Humble and Andres 
Kalcker for helping us find che missing piece in this great puzzle that is Autism. 
We can do it!! 
To all of you, many sincere thanks for helping the children in my country. 
Blessings, 
Carolina Moreno, President of Fundacion Venciendo el Autismo. (The Defeat 
‘Autism Foundation) 
Venezuela. 


151 


Goad Day, first ofall | want to thank God for giving me all the necessary tools 
to be able to help my son, Jesus Soto who is 8 years old today. Jesus was born 
‘normally with no complications, loved by his parents and family, everything was 
going fine, but when he turned 18 months old he became ill laryngitis, and fever, 
amongst other things. 

He was diagnosed with Autism at age 3.As a worried mother, took him to 

the psychologist because I observed several behaviors that were nat normal. 
After the terrible diagnosis we started to take him to a specialist after specialist, 
they were all very good doctors, his DAN! doctor in Venezuela, and my sons 
gastroenterologist were very helpful. met a very special friend Mayerling 
‘Aparcedo who brought the ABA method to Venezuela. My son had many 
improvements but we still felt that we needed something else. spent my time 
fon the internet finding out as much as I could until I found Kerri Rivera that 
‘without even knowing me helped me via Internet, talked to me about MMS and 
about the supplements and how to take them. My friend Caralina Moreno had 
the joy to travel to Puerto Vallarta and wrote to me from there, telling me that 
MMS was helping a lot of children.The 14th of December | ordered my first 
MMS and the 27th of January it arrived to my country, from that date on my son 
is taking MMS. 

The 2nd of April Kerri arrived to Venezuela and I went to see her, | took all the 
tests | had and she checked them, after only two months of taking MMS his viral 


418 Appendix 1 


oad went down to near normal levels, and his liver profile showed no problems. 
I made some adjustments that day and | continued with the treatment seeing 

a lot of improvement in his language, socialization, understanding of things, his 
hyperactivity has gone down and the laughter for no reason stopped. I'm very 
happy with the results and now all the family is taking MMS. 

\'m very grateful to God for putting my husband in my life, as he has been a 
very special part of this battle that we are winning, | also want to thank our 
family, Kerri, Carolina, Yamileth, Mr. Alejandro and everyone from the Fundacién 
Venciendo al Autisma, 

Yours truly, 

Maria Campero 


152. My baby girlYuliangel Nazareth Quijada Montero was diagnosed with autism 
when she was one and a-half years old. From that moment she was given a 
treatment to allow her to sleep and to control her tantrums: “Risperdal” which 
had absolutely no effect | gave her up to three pills before bed and even them 
nothing happened, I was just damaging her brain. She didn’t sleep night or day 
was worried because she screamed all the time and she hit herself. 

The 2nd of April 2011 | attended the conference of Fundacién Venciendo el 
Autismo, where | heard for the first time chat Autism had a cure. Kerri explained 
ina very simple way how I could cure my girl, even chough | didn’t have all 

the economic resources necessary for her treatment, the Foundation helped 
‘me with a part of the treatment, MMS and multivitamins. From there I started 
noticing changes, with a lot of sacrifice and effort my girl was on a strict casein, 
soy and gluten free diet. When I started giving her the MMS I would give her 
72/2 on weekends and then | noticed that there was a lot of mucus in her stool, 
from there she started talking, she slept the entire night, and took naps in the 
afternoon, she pays attention, she knows how to count and all the colors with 
only three years of age. For me MMS is a miracle, since | started giving it to her 
she is a very healthy litte gir, with no colds or any of the diseases she used to 
have, she is now considered to be very high functioning (14 pts. on the ATEC 
scale) with MMS, Vitamins, and the diet my child is getting out of the Autism 
spectrum. She does not go to therapy because of my finances but my sister 
Yenitze Montero interacts a lot with my girl, and her grandparents Raiza and 
Julian help me a lot with the diet, my nephews Jesus and Luis are also helping me 
with the home therapy and of course her dad and me fill her with love and care. 
My daughter is healthy, she has meaningful speech, she recognizes herself, she 
sleeps well with no pills and we are all very happy with the results. God Bless 
the entire team at Fundacion Venciendo el Autismo, especialy Kerri Rivera for 
bringing MMS to my country, ic is absolutely miraculous. Blessings. 


Yarliana Montero and Jonatha Quijada 


153. Martin is 6 years old, weighs 19 kilograms and is diagnosed with severe non- 
verbal Autism, He was diagnosed when he was 2. 
He almost made no progress with therapy, when he turned 4 everything seemed 
to be lost, but when he was 5 we tried a new therapy and he started to say a 
few words, He also got very sick almost everyday, he coughed a lot, had an ear 
inflammation and fever, he couldn't go to school. 
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He started taking MMS the 29th of June 2011, when he was only taking two 
doses of one drop and two drops every third day has intestines were not moving 
and he had a psychotic attack (something that I've never seen before) and this 
lasted 2 hours. 

Children with Autism are severely intaxicated so his reaction to the MMS 

was very clear.After 15 days of taking 8 takes of a drop a day Martin stopped 
‘coughing, he is more alert, connects all the time, his expression changes, he 
started to make friends, he starts to play with the computer, hear from 

school that he'll be a preschooler because all the improvement he has had 

and that he didn't have all year. (I was almost going to get him out of school) 

hhe was atcending school with a shadow teacher but had no apparent social 
communication or increase in cognitive capabilities. 

This past October, in a meeting with his team of therapists, | asked them all what 
they thought about Martin’s improvements and they were very happy, | asked 2 
of his speech therapists who have worked with him for more than three years, 
“Did Martin have severe autism?” “Yes.” They both responded. "And now?" | 
asked them."Noooo” they both agreed. The rest of the team, who have only 
known Martin for a few months looked at each other, and said that they could 
not imagine Martin like that. 

The path out of autism is scary, but MMS is giving us great jay and hope. 

Martin has not been sick anymore, the last time he was sick, before MMS, we had 
to. admit him to che hospital, his cough was so bad that he was vomiting non- 
stop. 

First off we give thanks to God, we thank Jim, Andreas, my dear Kerri who guides 
‘me with all her love, and to every single mother that isin this scruggle. | also 
thank Mr: Luis from Buenos Aires,Argentina who has made it easy for me to get 
MMS; he is a wonderful human being who helps those in need, 

We are on the way to full recovery for Martin, 'm sure of that. 


154, So I just redid my daughter's ATEC. She was a 71 a month and a half ago and is 
now a 601! | thought she was making nice improvements but it realy set in when 
I saw her score. Some things that have changed for her are now she is pooping 
con the toilet every day and telling me. She used to just go every few nights in her 
diaper. There's no more diarrhea, she's not constipated, she's sleeping great. She is 
just starting to show signs of imaginative play and a big one for us is that she just 
learned to blow. She couldn't blow no matter what we did to try to teach her: 
Now she's gor it. Hopefully more good things to come. 


155. My now 8-year-old daughter was dx with autism at 18 months old, Started GF/ 
CCF diet and started with a DAN! She slowly made progress with speech, had 
a few words, few 2 and 3 word sentences, and despite having autism, she was 
always a happy, calm, sweet little girl. Shortly after her 3rd birthday, she “changed 
She became more of a Jekyll / Hyde personality and all progress in speech 
and improvements in eye contact and sociability started to fade. Seemed like 
everything we did was just like yo-yoing back and forth between improving, and 
then crashing yet once again. 
Last year at this time, we had just left the doctor we had been taking her to. For 
years she was on antivirals, antifungals, antibiotics on and off, SSRI's,Tenex, and 
‘when her violent SIB had become so bad the second year into treatment with 
him, he put her on Abilify. SSRI's and the Abilify did nothing for her except make 
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her behave worse. Neither did any of the other things he had her on.The first 
year she was doing pretty good, but possibly because the antivirals were acting 
‘as an anti-inflammatory. She always had chronic constipation with loose stools/ 
diarrhea. Nothing helped that either: We finally left chat doctor who yelled at 

us in his office for 20 min straight in front of my daughter, Because he did not 
like that I had been challenging him on all of this for the past 6 months. | was 

no longer going to let him put the blame on us and everyone else... that her 
ABA and speech therapists didn't know what they were doing, and telling us 
she acted out this way because we didn't know how to give proper time outs 
or how to correctly give “pep talks” at bedtime. | was convinced that she had 
PANDAS/PANS and/or parasites that were causing her ever increasing SIB, loss 
of al progress she had made in speech over the past 4 years, and the fact chat 
she had not grown in 4 years... not gain 1 pound, feet did not grow at all,and 
she only grew 1/2 inch in height in chat 4 year span. We had taken her to a very 
well respected endocrinologist the previous summer who ran all the tests. Could 
find nothing wrong as to why she wasn't growing. But he decided to put her on 
HGH anyway. Thankfully, we left and decided not to give her the HGH. We also 
took her to one of the best Ped Psychiatric doctors at UCLA who specialized 
in autism that summer. He observed her, her SIB happened right there in his 
office for him to see. He said her SIB is coming from pain, discamfort, something 
‘medical going on inside, most likely stemming from her gut. He suggested we get 
her scoped upper and lower. So we did.The only thing that came up was on the 
Upper endoscopy, and that was that she had esophageal gastritis. So the Gl dr 
gave her Nexium. 

All the parasite stool tests we had done over the years had always come back 
neg except for one at age 3 came back with Giardia, But that was it So last 
January, when we had finally lee chat her doctor of 3 years, her liver AST and 
ALT were at 130 and 135, her Creatinine (kidneys) were severely elevated at 

‘a dangerous level, she now had hypothyroidism, and after testing her cortisol 
thru blood and saliva we discovered she was barely making any at all. She had 
dark circles under her eyes, grinding her teeth for 3 years now, and agitated 
beyond belief ALL the time. Mind you when we started with him 3 years prior, 
her thyroid, liver, and kidneys were all in normal range. She did have dark circles, 
‘many many food allergies, some SIB, but nothing compared what we were dealing 
with now, or what was to come. 

So now, what to do. We took her to a very highly recommended Pediatric GI 

in Los Angeles who was very nice. Listened to what we had to say. Ran the 
most sensitive and comprehensive stool analysis. Came back with nothing at all 
Then took her to the head of pediatric Infectious Disease at Cedars Sinai. She 
obviously had her mind made up before she even walked in the door. She saw 
the word AUTISM on my daughter’s chart, and that was it. showed her every 
blood and stool test, explained the not growing at all for 4 years despite all the 
endocrinology labs said everything related to growth was in normal range, her 
severe SIB, She said to us.."| know you want 0 help your child. You want to find 
something “medical” that has caused her autism so you can fix it. But the truth 
is, your daughter has autism. You need to accept that, and take her to a pediatric 
psych dr who can help her wich these SIB's. There are lots of meds that can 
help her be calmer.” Had she not listened to one damn word I told her!!! All the 
‘meds we had tried in the past did nothing, already took her to a psych dr who 
specialized in autism telling us something internal was wrong. She would not 
run any blood tests, or any other kind of Infec Disease tests. So with that, my 
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husband, my sister, and I completely dumbfounded started to walk out. The dr 
then had the nerve to say.."She hasn't been vaccinated since 18 months (she was 
7 here) Ler’s get her caught up right now before you go. can give her 6 vaccines 
today.” | looked at her and said you have gat to be crazy! | am not giving my very 
sick child vaccines full of the poisons that did this to her.” 

Soa month later we started with doctor who “gets it." Who listens, and creats 
parents with respect. Values their opinions.And the networking I had been 

doing for the past 6 months on a few different bio-med autism groups with 
‘other moms was paying off. The moms are the ones who KNOW! That's how 
| found my daughter's current doctor and how | found Dr Maile Pouls last June 
to help her with nutritional and metabolic healing. Dr Pouls ran a $100, 24 hour 
collection urine analysis, and we found out she had severe malabsorption, Ph 
was too Alkaline, she was catabolic, extremely electrolyte and mineral deficient, 
severely Vit C and D deficient, and had severe bowel toxicity. Working with 

Dr Pouls and her new doctor lead them to suspect parasites/worms. | was 
encouraged to look into mms, but of course | had heard nothing but bad things 
lke ic’ bleach. I was very hesitant to try it, But I researched it, and sought out 
ther moms on Facebook who were doing it. he toxins from the parasites had 
completely taken over her body and brain. She was SIB almost all day, every day 
by now: It was pure hell. We thought we were going to lose our minds it was 

so bad. We had stopped taking her anywhere but school and drs appointments 
for the past 2 years because she would just suddenly out of nowhere, for no 
reason, violently freak out and there was no way to help her calm down. Her 
doctor said she's so toxic, and her body is so sick that she can't detox. That 

the mms will not only help kil but will neutralize the toxins and help her calm 
down. So we started mms, and | could not believe how much calmer, happier, 
and more present she was in just a week. MMS is literally saving her life,and 
bringing her back to us. Before starting mms, we did just parasite meds like Alinia 
and Mebendazole. The parasite meds alone did not help her, even though she 
was dumping worms, but she was still completely psychotic, and getting mare 
crazy and manic every day. Since starting mms she has dumped hundreds of 
worms, some 10-12" long, ascaris eggs, TONS and TONS of the shedded skins 
of the worms, tons of liver flukes, and hundreds of tapeworm segments. We 

hhad not done any PP yet. This had all been with MMS only! We actually started 
Albendazole for treating tapeworm about a month ago and saw immediate 
improvements with it Ie really seems like this is her biggest beast right now to 
deal wich 

These are her labs from before MMS, nd after starting MMS: 

2/7/2012 - one month after leaving scumbag dr of 3 years 

AST = 79ALT = 108 Creatinine = 1.24 EOS = 11.2 Sed Rate = 9 


~ Started MMS 11/23/2012 ~ 


1ysn2012 
AST = 73 ALT = 64 Creatinine = 1.32 
1/15/2013 
AST = 61 ALT = 60 Creatinine = 1.30 
2/27/2012 


AST = 51 ALT = 42 Creatinine = 0.92 EOS = §.1 Sed rate = 12 
Ref Range for AST is [15 - 46] ALT is [3 - 35] 
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Ref Range for Creatinine (kidney) is [0.60 - 1.20] Shows how well kidneys are 
working Anything close to or over the 1.20 is considered to be of serious 

Ref Range for EOS (eosinophils) is [0.00 - 3.0] * High EOS are always seen with 
parasites 

Ref Range for Sed Rate (marker for inflammation) is [0 - 10] 

Her doctor said her Sed Rate is likely high because when kiling off pathogens 
‘and detoxing, inflammation will o up temporarily 

So I say never give up. Don‘ listen to doctors who don't listen to you. Kerri 
thank God you saw those bottles of MMS at the clinic that day and asked what 
they were.And that you bought some out of curiosity and tried it. And that you 
selflessly have taken what you've learned and experienced, and shared it. Given 
so much of your time to help others, to help heal and recover their kids. You are 
truly an amazing person We finaly have the answers to our daughters autism 
after almost 7 years of numerous doctors and specialists, so many tests 50 
much money and valuable time wasted...and now we finally have real hope..real 
results, We know without a doubt she is going to get healthy, which will in turn 
sive her the happy joyful life back that she once had before she gat“autism." ~ 


156. Teday was just wonderfull We have been on MMS since 12/1] and this is our 
second round of Ivermectin from our Dr; just started today. My son has been 
very rigid lately, But not today. For the first time in over 6 months we went to 
the park and had a great time (no stimming), then we were able to run an errand 
and pick up books from the library. (he usually gets upset unless we do one 
specific route in the car), Felt like a regular mom running kids to the park and 
cone errand, So lovely!!! 


157. Justa testimonial to MMS. For thase of you new to the group and still unsure of 
MMS protocol | wanted to tell you about us. was afraid at first, but we decided 
to tery MMS, Within 3 weeks my son went from an ATEC of 36 to 18! That was 
amazing. Then we were afraid of the enemas. We said no way, we would just do 
oral MMS. of course after seeing others progress here we decided to do them. 
He would calm down! Then for months we agonized over the PPWe were afraid 
of it. We were scared of the meds, everything. Finally we decided to try it too. 

We are in the middle of our first PP and our son, who used to hit kick, bite and 
scream at me over the smallest things all the time, has now been a perfect joy. 
When he gets mad ic is over quickly and does not escalate into world war 3.Also 
these bumps he had on his face have cleared up along with his attiude! So if you 
are unsure of MMS lke I was, here is one more testimonial of just how good the 
protocol really is. 

Thanks Kerri all che other moms that came before me! 


158, Dear Kerri and the readers, 
| would lke to say that we started giving MMS to my son Filip, autistic/PDD NOS, 
When he turned 5 years old, after having tried lots of things (diet, many different 
supplements, HBOTT, some sort of behavioral therapy Teach and ABA), we have 
seen enormous changes already in the first month. 

Thad heard about MMS froma mom of an autistic child. I started reading about 
jt, But was not impressed by the comments | read on the internet. I contacted 


More Miracles & Testimonials... 423 


few mums that | knew from the Son-Rise programme in the US and they have 
reassured me that it works miracles. 


I was however very sceptical of MMS, as I have read so many “negative” 
comments on the internet. Ths is why I decided to start it myself for a few 
‘months co see what would happen to me.Also,| had to figure out how | was 
gonna dose MMS 8 - times a day, when lam working 10 hours a day and Filip Is 
going to the kindergarden. 

In fact, | was just feeling great when | started using MMS. 

I wanted to start with my son when on holiday, but my husband displaced MMS 
bottles by mistake. was so mad. have only found them the last day when we 
‘were returning home. | have immediately decided to give one drop to Flip before 
‘we started to drive. I need to underline that my husband was very sceptic. Flip 
‘would at that time speak, but it would mostly be scripting and rarely would he 
say things in context. Otherwise he also had other autism symptoms- tantrums, 
no friends, low muscular tone, no drawing, obsessive occupations (in Filp’s case 
‘watching cartoons and reading books), no sense of danger, wandering out, nose 
picking, scratching but, toe walk etc, But suddenly Filip started commenting 
everything in the car, asking questions, observing the things he would see 

from the car ete. Me and my husband looked at each other and my husband 
commented" Maybe it is working afterall”. 

Filip’: ATEC was 48 at the time we started.At start, my motherin-law helped 
‘out in dosing and we were able to dose 8 times a day. Filip’: ATEC fell co 32 the 
first month. Unfortunately, my mother-in-law read some horrible stories on the 
internet and the FDA's advice was detrimental for her decision to stop dosing 
Filip, even though she was seeing wonderful results, she was scared and said that 
she is only believing the official medicine, admicting that the official medicine has 
nothing to offer our son, 

| was very disappointed, but continued to dose as much as | could, however not 
reaching the recommended 8 times a day. was therefore only able to dose 4-5 
times a day. started telework on Friday's in order to at least get 8-10 doses in 
‘on Fridays, Saturdays and Sundays and 4-5 doses the rest of the week. My son 
was great in November (che volunteers warking on Son-Rise with Filip were 
‘commenting on unprecedented success), but his ATEC only fell co 28,1 would say 
due to low dosing the progress was slower. Filip was having some hard times in 
January, when he was more hyperactive.At that time we have also introduced the 
‘GeMaf injections, which could have added to Filips hyperactiveness. 

But since two weeks now Fillp is back to his shape. He is so communicative, 
uses unseen vocabulary, amazes us every day, he started drawing without being 
prompted, communicates with everyone, was invited to a birthday from a girl 

at the kindergarden, started to dress without prompting, started to tell me: 
Common mummy, hurry up, let's go." or “Where are you mummy? What are you 
doing?” or when he occasionally wakes up during the night" Is it day already? 
or | should not go on the street, because a car can hit me" or" Daddy, you 
are not sad, you look angry” or just yesterday when he draw a picture in the 
kindergarden he said to his teacher “I want to show it to my mum”. The list 
‘goes on and on and every day | have to thank the all mighty for having led me to 
Kerri and to the MMS protocols. | know we are on the right path to recovery 
and | am not scared of the future any more.And, finally, ust did his ATEC to 
check out his ATEC- itis 16!!! LOVE IT! LOVE IT}!!! 


Kerri, thank yout!!! 
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159. My daughter has had really bad SIB for over 4 years. We've been in the ER for 
massive goose-egg bumps on head, and she always had severe bruising on her 
tailbone and spine from dropping herself down, bute first and legs in a"W" 
position, onto the floor and then would fling and flail herself into walls, tables, 
furniture, bang her head on all of the above and the floor, a rage like she was the 
girl from the Exorcist. Nothing could stop it. I just had to run its course..like a 
tornado, Comes out of nowhere, and it will disappear when it’s ready to. Nothing 
can stop it. 

But after starting MMS, ic was 80% better right away.Then after 3 weeks it 
started coming back. For a month it was really bad again, and we could not move 
up past 2 drops without her going crazy. Then after you had us switch to the 
HCI, she was remarkably better in about 5-6 days. She has had a few “episodes” 
in the past 2 weeks, but now they can last 30 min max, where before mms they 
would last anywhere from 15 min - 2 hours literally non-stop. The year before 
starting mms, there were times | had to lay her on the bed or couch and just 

sit on top of her like on her butt so she couldn't hurt herself.| would just lose 
strength after about 30-45 min of trying to hold her. 


160. Hey everyone! Just wanted to give a positive report about the HCl activator. My 
son is 12, non-verbal, very hyper and lots of food intolerances.| got mine in the 
mail coday, ave a quick 3 drop dose co my son before he went out the door to 
school, noticed he was a bie more compliant and calm than usual after school. 
have given 2 more doses since coming home and he has been doing his usual, but 
he is much more calm today than he has been in months!!! gave him a snack 
and he took it and started co eat and I told him:can you say thank you mom? and 
hhe actually responded with a sorta grumbled "graaaa mooooom” which was to 
me“thanks mom.” 


61. Thanking God for Kerri Rivera and happy here too. My 15 y/o is in the chorus 
of his HS play. He has to do 5 costume changes, his own hair and makeup and 
several song/dance numbers, which he did perfectly on opening night! He is 
not your typical MMS/autism kid. He was pretty much recovered, starting with 
biomed at age 2.5, until age 11 when he hit puberty and he started getting rigid 
and anxious. We had some supplements going and were starting to look at stem 
cells when we found Kerri. He is not on the strict MMS protocol but takes it 
‘when he can and does PP and enemas each month, He is so much better since 
starting this last August! So thankful forall the info and support from this group. 


162. Hi Kerri, 
Last week I contacted you regarding our 8 year old son and his focus issues and 
the disappearing act his mathematical skills have taken, and we've done our best 
follow through on your advice to up the number of doses to 16 per day. | visiced 
‘my son's Integrative Medicine doctor this morning, who has been his biomed 
doctar for the last 3 or so years to do a live cell microscopy, and to see if he had 
any ideas about the focus issues our son has been having. | told my son’s doctor 
in detail what we've been up to over the last 10 months (MMS Protocol, Parasite 
Protocol) and he took it all in 
When he looked under the microscope he was shocked to see that our son's 
nasty dysbiosis issues were gone! He told me that he's had almost no luck 
completely getting rid of dysbiosis in a case like my son's. The yeast beast is 
gone! He still has evidence of leaky gut but the drainage looks great. He was 
50 excited, our 20 minute scheduled visie eurned into 40 minutes as he wanted 
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to know all about what we did so he can find a way to use it in his practice. He 
also remarked that you must be one bright lady to come up with the protocol, 
but we already knew that.:-) He had us fil out an ATEC when we first visited 
him back in 2010 and our son was at 55. He dropped into the 30's when we 
started him on Carnitine but the MMS protocol has brought him down to the 

6, The doctor also naticed the distinct lack of autistic behaviours, so it’s nice to 
{get some outside feedback to help confirm what we are showing on the ATEC. | 
asked him directly if he thoughe we should change anything at this point and was, 
direct...don’t change anything keep going. And so we continue on our quest for 
the zero ATEC.:) About two years ago we did a chelation challenge test (DDI) 
and found our son extremely high in lead and so we proceeded with IV chelation 
at chat time. He ants us to do a chelation challenge test ta check the metals 
status just co rule out lead and the possibility that metals might be still at che 
heart of our son's lack of focus and more ADHD like symptoms. 

He wants me to send him some information on your MMS protocol. He 
attempted to use chlorine dioxide about 10 years ago and found that he couldn't 
get the results that you are getting. I'll snd him to MMS Autism website but can 
include your contact info (email)? 

Thank you for being so patient with us and everyone. As you know full well 
‘when ic involves your own kid the emotions come out and it’s hard to remain 
logical 


163. Drum roll 
I have been dying to share. 
Been off MMS for a few weeks..AND HOLY SMOKES we are ALLLLL 
GOOD! 
Summary. 
My daughter—PANDAS—MAJOR sleep issues—fluctuate between diarrhea and 
constipation 
Me—Acne—horrible—and nail fungus 
ALL GONE ALL 
NOBODY could EVER, ever, ever tell me why | broke out so much esp. with our 
squeaky clean diet. 
First PR OMG ic was REALLY bad—worst ever—and became cystic—painful— 
s0 for SURE worse before better in my case BUT believed in protocol and KEPT 
GOING. 
By month 4, GONE and yee to return 
Fungus—gone in month I, never to return 
My daughter: 
Wel,you know, AMAZING!!! 
YOU, Kerri, YOU helped me figure out FINALLLLLY after a zilln docs, WHY 
MY KID could NOT SLEEP! EVER! 7 LONG years... ong long—exhasuting 
years—and it was PARASITES NO DOUBT in my mind! Month 1 of PRlicrally 
lke a light switch, SLEEPING —faling asleep ON HER OWN—{not with a circus 
routine to ‘get her ta sleep") AND staying asleep ALL NIGHT LONG! UNREAL! 
This is HUGE! 
[AND bye bye PANDAS (Siver/Aloe nipped it, MMS maintained her gains, 


CHAPTER 1 » PLANNING YOUR ELECTRONICS WORKSHOP 


We don't need most ofthe pieces ofthe flashlight body. Let's take it apart and have a look inside. 
1. Open the flashlight be unscrewing the end with the lightbulb init. 
2. Remove the batteries. Set them aside for the moment. We'll use them in a bit. 
3. Remove the plastic retainer that holds the bulb in the reflector. 
4, Take out the bulb. 
5. 


‘Well need to replace the wiring that was contained within the flashlights body. 
Find a short piece of wire 8" to 12" long. A specialized jumper wire with alligator 
clips on the end was used in the photos for this exercise, but almost any kind of 
‘wire will do, See Figure 1-3. 


Figure 1-3, All the pieces you'll need to light up the bulb. 


6. It you're using plain, insulated wire, you'll need to remove a small it oft from 
both ends ofthe wire to expose the conductor, or metal wire part inside. 


7. This step can be tricky. Try to hold both batteries in one hand, along with the bulb. 
‘The batteries need to be pointed in the same direction. If this is too hard todo, try 
it with just one battery. 


12 
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BEAUTIFULLY!) SO | do believe in our Siver Aloe protocol for PANDAS, 100% 
worked for us! AND MMS. Both, 

AND since OFF MMS, my daughter is 100% pooping NORMAL—OMG firs time 
in her WHOLE LIFE!!! (on MMS ie was sell fluctuating.) 
AND she is eating things she would have NEVER ever touched! EVER! Raw 
veggies, nus, erying EVERYTHING I make... unreal..his is HUGE too... che 
“healthier” you get, your tastes DO change...and one becomes less “picky” 

| have learned that SOME probiotics can literally throw a child into a PANDAS 
rage--and also broughe back MY symptoms—lterally within 12 hours of 
consuming. (Like “Regarding Caroline” posted) This clearly happened to 

us. Mental note: NOT all prob’s are appropriate for everyone. We react ta 
fermented food—so | am going to experiment with no prob’s and with THeralac 
__ONLY THeralac BTW 

Now, 

We are back to silverlaloe, daly as prevention 

Wee wil sill ake DE (prevention) 

Vie D3 

Trace Mineral Drops 

Enemas as needed 


AND | am going to go BACK to the herbs for 3 months around full moan “just 
CANNOT WAIT to meet you in person, THANK YOU, and share our story 
with EVERYONE that will “hear me 

Again, my daughter did not have ‘autism’ per se, but autoimmune issues, meaning 
that, perhaps, her treatment protocol is'shorter’ then someone who is “more 
sick’ etc. f that makes sense. 


We also did a boat load of work prior to this. Meaning diet in place, for instance, 
for 4 years already—so healing began. This was the final layer for us.TThe frosting 
con the cake!!! 

Thave 2 brand new bottles of MMS in my cabinet :) AND will ALWAYS have it on 
stock! 

With MUCH LOVE and respect to you Kerri 

-Jeni, IL, USA 


164. My daughter was born Sept 9 2010 and she had pretty good health until she had 
15 months, she was able to say five to ten words by then, she had all her vaccines 
‘on time as recommended by our pediatrician, and she was really lovely and happy 
but suddenly every start to change slowly, we noticed she start losing the words 
she had learned, she use to wave people saying hi, and suddenly she was not 
interested on waving anymore and she start co isolate herself little by litle to 
the point she stop being a happy girl, she barely looked at us and we started to 
worry about it, anyway, | believe the first thought every parent may have think in 
this very same situation is that her personality is different than other kids and is 
something temporal 
When she had 18 months we went to the regular doctor check and they asked 
Us to get the opinion of a development pediatrician since her social and language 
skills were behind the expected, and this started the worst nightmare ever. 
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Ie seems like every single development pediatrician has a waiting list huge enough 
to have more than a couple months totaly scheduled, we called on May and 

the first available appointment was 4 months later, we called like 4 or 5 of the 
recommended pediatricians and institutions buc it was all che same thing, but we 
finally got a pediatrician, not form the recommended list, but he made room for 
us in a couple of weeks and we were able to see him in a couple of weeks. 

The diagnostic was mild autism, the recommended treatment was ABA therapy 
and the follow up was going to be I year later since he did not have may 
expectations of positive changes in the next 6 months, we were devastated by 
this, my wife was in denial, and I started our journey to recovery the very same 
day, | started researching and suddenly | found tons of informacion about autism 
and people who claimed to have recovered their children from autism, 

| sent emails everywhere and I never imagined | would have such a great 
response from every person I wrote extending me a helping hand on all my 
ddoubrs with the most sincere and honest recommendations, 2 or 3 days later | 
found Autismo2.com website and | saw all the videos availabe. 

I bought 3 or 4 books on amazon, | saw many hours of recordings and seminars 
in Spanish and English, and | was amazed about some kids losing their diagnostic, 
but also about how they were affected by heavy metals, bacteria, viruses and all 
sort of things. 

At the beginning | thought my daughter could not be sick, she has never had 

a single cold, how come? but a home heavy metal screen test gave us the first 
clue, and some lab tests confirmed the very same problems all our kiddos share, 
mercury levels on the roof, candida, yeast, you name ic. 

I started the GFCFSF diet the first weekend after her confirmed diagnosis and 
just one week later we started noticing changes, then I started with baths wich 
bentonite clay, and noticed more improvements, we also started ABA on July, 
and little by icele our daughter started to improve, ater on we introduced MMS 
baths, Quinton water, DE, probiotics, and she improved every day. 

Thonestly believe that the early diagnosis and prompt reaction from our side 
played a big role on her fast recovery It happened that we never canceled the 
first appointment that was made with the most recommended development 
pediatrician, by then we were looking for a second opinion and a new evaluation 
due to her huge improvements, we never imagined this pediatrician will say what. 
Although my history with this disease or condition has been very short nobody 
knows how much pain, stress and suffering had caused to our family, we now 
enjoy our daughter more than ever when we see her playing with her old sister 
and taking away every single concern we had, we continue keeping an eye on her 
development but she is doing really well, wish nothing more than every single 
‘mother | have hear on the discussion groups | follow have the very same results 
‘we have had with all the guidance from such smart and courageous parents like 
Kerri Rivera and many others that shed us the light on our darkest night. 

am more than grateful with all of those parents, | would do anything on my 
reach to help them, we need to help every single kid and family that goes 
through this disease to recover our kids. 

UPDATE: 

I'm very happy to forward the last ATEC from my daughter, caday we came from 
her 2 year check up with the new pediatrician and she found her pretty well, she 
just cold us” les pretty hard to believe she was diagnosed with mild autism keep 
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doing whatever you are doing, since | would say she is acting like a regular kid for 
her age.” 

I would say that keeping in mind that most of her ATEC score is on the Language 
section, for a 2 year old and from what we came from she is on her way to full 
recovery (Previous ATEC was 55, at chis writing was a 23) 


165. | found Jim on the Internet 2 years ago, and | immediately started Jim's protocol 
for MMS. Unfortunately we were so loaded with mercury, so when I reaches 
8 drops of mms,and my son 2 drops (after more than 2 months on slow 
upgrading) we were really sick, again. All the heavy metals that where released 
with mms could not get out of us.That’s when I found zeolites, and that was our 
way back. 
Now, two years later, my arthritis is gone, and now I know it was mms that killed 
the clostridium bacteria that | had been carrying since | was 13 (lam 52 now). 
6 months ago my son fell off his bike and got an open wound. It was infected 
and some hours later the blood was black in his hand. Now I had a choice, to go 
to the dactor and give him antibiotics, which | knew would kill the bacteria but 
make him worse, or do it my own way. | gave him 2 x 3 drops of mms, and the 
bload was ok in some hours, | thought. Some days later he started to wave his 
hhand.I thought he had eaten something else that he could not digest, but it got 
worse.After 4 weeks he was not only waving/flapping both his hands, but also his 
hhead.Then | started get suspicious. | tested him for bacteria (I use a Rayonex PS 
10 for testing, bioresonance) and | found Clostridium botulism. 
Now I had a choice again.| had a fully booked week, but his father came and 
took him home to his island, where they could use MMS every day and be in a 
calm environment. He got 2 x 3 drops of mms, for 6 days.After 3 days his father 
called and said “Eva this is scary, the flapping is getting worse” And I smiled and 
calmed him down, the bacteria are dying and the toxins are being released, | said 
The zeolites took care of the toxins, and after 4 week he was ok again. 
My lesson in this was, apart from the clostridium toxins, chat | also found an 
imbalance in my son on Condrogenesis with the Rayonex. When | was 13 
| stepped on a rusty nail, The blood was poisoned in the foot, but I did not 
dare tell my parents.After 3 days the whole leg up to my knee was black. | got 
antibiotics, of course.At 18 | was diagnosed arthritis in my knee. | chink | had 
small amounts of bacteria left, as my son had, and the toxins from clostridium 
bacteria degenerates the cartilage near the infection. After some years one 
develop arthritis. I did, but ics gone now! 


Eva, Sweden 


166. Drum rall please....my son is I7 years old. He's been on mms for 5 months 
now, I'm so excited I don't even know, could it be 6? | think we started late July. 
He started with a 63.....he is now a 7. He went from 63 to 25 in just a few 
weeks, then a 13 a couple months later, now a 7. fee! like I'm cheating every 
time. I go back and look, argue with myself, nitpick...but whether he's a 5,7 or 9, 
it’s nothing shore of a miracle because just one year ago, he was WAY over 100. 
The ATEC is not perfect, not even close. There are things that the ATEC does 
not show.All that is true, but ths is incredible improvement that no doctor | 
know would have ever been able to accomplish. Been there, did that, spent the 
425K+, 

And no, i's not just MMS, but that has been the main treatment and everything 
else we do supports MMS and general health because | believe that in the end, 
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it's battle between your immune system..and all that’s attacking it. We are 
winning and | sure do wish they would STOP CALLING IT AUTISM. That alone 
sures so many. 

Here's a little background on my son: Matthew was very high functioning from 
age 6-12. That was after diet since 3, floortime play therapy, some aba, AIT, VIG, 
chelation for a year, OIG, years of infusions of glutathione, vitamin C, B-com, 
etc..immune stuff. Then he did very well GFCF ages 6-12, ran track (very well), 
2nd degree black belt, boxing lessons, etc... hen puberty hit, and what | did 

not know about, Lyme and co-infections RAGED, and for around 3 years, | lost 
him cognitively, worse, worse, worse.At 15, he was like an advanced Alzheimer's 
patient, ADVANCED, he had lost ALL short-term memory, it was horrible, he 
struggled to think and could not. 

He became more and more violent; choking me, kicking me, did I say he was a 
blackbelt? Even though he lost everything cognitively like the ability to answer a 
question, those karace skills popped back into his head and he nearly killed me. 
really close a couple times. 

That was a year ago when his ATEC was over 100. So, here's what worked: 1 
Low amylose diet helped with the constant urinating. (he acted like a diabetic 
and had 14 of 16 PANDAS symptoms so auto-immune) 2 Biofeedback helped 
‘calm him some. 3, Cholestyramine helped him psychologically - | could see him 
clear up mentally in minutes. (chemical/mold/dust sensitivities big time) By this 
time, his doc had him on Ketamine for pain. 4. PEMF (pulsed electromagnetic 
field device) stopped the pain in 6 weeks, gat him off of Vicodin, which was not 
‘working anyway at double doses, and all the Ketamine. I hated drugging him. 
Got him off the psych drugs over 6 months time. Then he got a lot better but 
‘communication did not really come around until 5. MMS. BAM. Big improvements 
in communication and PERSONALITY. Wich MMS, even his laugh changed to a 
typical sounding teenager's laugh, and for the first time in years, he can sit still 
and stop pacing, pacing pacing..the parasites were eating him alive...and now 
‘more recently| know 6. Hydro-colonics is taking us to another level of clear 
communication. Now there's lots of spontaneous language. 

| write things on Facebook so that | can remember and maybe write a book one 
day. I don't care how bad things get, believe me, your kids can get better and its 
amazing, they really do store up allthis info that you didn’t chink was there. Ic is 
there, and they will share it with you one day. 

hope one day Matthew can share his perspective with others. It's just that it 
has taken a very long time for us to help him understand that the things he did 
back then were not in his control so I'm careful not to talk about it. For months 
he would out of the blue apologize and feel cerrible, over and over. Then there's 
‘memories of his dad losing italso..protecting me. 

Thankfully, Matthew has blacked out or forgotten a lot of it. He did say he 
remembers being locked in his room. We had co turn the lock around and 
sometimes lock him in there. Bad memories. We were all traumatized. But not 
anymore. He is a different person today but he's always been the sweetest boy | 
know. | knew that, even back then. One day, he'll probably talk more about it. 


167. Hi Kerri, 
First of all a HUGE big thank you for what you are doing with our children! My 
‘daughter has been on MMS two weeks now and she is like a differene child!!! 
Every day she gers better..By leaps and bounds. She WILL be one of your 
recovered ones ;) 
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My daughter has now been on MMS for three weeks. ATEC down from 78 to 44. 
This 1S a miracle. We have been in absolute desperation for almost three years 
trying to figure out what in the world is going on with our child, After hundreds 
of thousands of dollars, experts all over the world, LA, New York, San Fransisco... 
land nothing would work. Minor improvements but nothing that I could say 
really worked. Everyone always agreed that she probably does not have “autism” 
but whac is making her behave that way?!?!! So a long story short...f | could | 
would wrap my arms around all of you helping my daughter and so many others 
through MMS until | was sure you truly understand what your dedication means 
and that you are saving lives. literally <3 This is by far the biggest thing chat has 
ever happened to my family. We are forever thankful 


UPDATE #2 


I sent you my daughter's ATEC a week ago but redid it today. We started MMS in 
December and I decided | will do the test every month. Here are the results, 4 
more points gone!!! In 1 month from 78 to 40...Almost half off!!! Her team is 
blown away ;) all we need now is that language score to come down...Kerri my 
goal is co have her recovered by All!!! 


Updace #3 


We are seeing such amazing improvements every single day. I think the true 
testament is the daily feedback from people working with her who do nat know 
we are doing MMS. Here is part of a note from her SLP“ her communication 

con the whole is truly remarkable- words, iPad, eye contact..everything is 
improving!!! So exciting. Has anyone told you lately that your daughter is a 
superstar? You should be so proud.:)" And | am. 


(Our main challenge has always been anxiety and today we had a breakthrough on 
that front. Instead of clinging to me for her dear life when | separate from her at 
school she took her friends hand, waived AND said goodbye and walked away. 
Here is the best part, she then turned her head, waived and gave me the biggest 
smile . Her face at that moment is forever engraved ta my heart. 


Also for the first time EVER my son was able to have a friend come over from 
school in our car without her having a major meltdown, Instead she shared her 
iPad with the friend to show him her program and use it TOGETHER! 


Honestly I think our major challenge at the moment is for the rest of the family 
to heal with her...We had lost all hope and settled for life with Autism. We can 
now look at the future very differently and actually look forward to it! Love our 
new life 


UPDATE #4 
Thave never really posted gains but this is too huge not to share. We started 
MMS 3,5 months ago and at that point I could hardly take my daughter to 

the grocery store.And even if | did it was a guaranteed meltdown. Well we 

just got home from a two week long vacation that included travel by air time 
difference, different language, going from hat weather to freezing temps and piles 
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of snow, totally different foods, nothing but strangers to her, visit after visit ro 
new places...The list goes on and on.The BEST part - the vacation was full of 
‘excitement, fun, laughter and happiness every single day I have to pinch myself 
to believe this is my life after such a short time on MMS. Thank you all for your 
support and guidance have my life back and can't wait for the furure now! We 
still have a looooong way to go but we'll get there. 

Today is a wonderful day already 


168. MMS Works! 
[es my number one pathogen fighter. Our family continually suffers from Strep, 
‘my son specifically from Pandas. MMS remains and continues to keep our strep 
symptoms at bay. have used everything for our bacterial flares (Abx, herbals, 
supplements even homeopathics) and nothing has worked so effectively like MMS 
does for us. 

Recently I changed over to the HCL activator and within in a few days we heard 
iy severely apraxic son's first WORD “Mama” Its been just over a month on 

the HCL activator and he is now stringing two words together!! MMS is a huge 
part of our recovery protocol. | feel relief beyond measure that I found a post on 
MMS and decided to try it, and mostly I'm immensely grateful to Kerri for putting 
the MMS protocol together and for her love for our kids. 


169. We just had a good meeting with all of Amor’s teachers and therapists. In the last, 
few months there has been big jumps in Amor's cognitive skills. 
used to worry that Amor might have dyslexia. | never pushed her to read even 
if was behind her peers. | know frustration will only make things worse, Her'x’ 
and'e,’b' and’ were always mixed up.| have been observing this mix up for the 
past 2 years. Early this year; her speech therapist agreed that dyslexia might be an 
issue and we were ready to start studying dyslexia management. 


However, Amor now shows interest in reading both phonics and sight words. She 
‘can answer letter names and sounds precisely. The same speech therapist now 
says that we shouldn't look at dyslexia anymore. It might have simply been a mix- 
up as part of early learning. Amor's dyslexia issues in 2 years all of a sudden went 
away in 2 months? 

‘Amor is also doing well with number recognition and improving in one-to-one 
correspondence. This is something her former speech therapist (back in Japan) 
‘was working on for a year..with little progress. 

All these seem so simple but these are great strides from someone who has 
vision issues. Amor also wears glasses. 

IF I were to plot Amor's improvements with time, the biggest jumped occurred in 
the past few months, which of course can easily be explained by MMS. 

MMS clears the gut of bad bacteria, yeast and parasites.All these affect sensory 
processing thus inhibiting the child’ ability to understand her environment and 
people around her. Clean the gut, remove autism..in Amor's case, remove GDD. 
We are also running a son-rise lifestyle program. Le. we don't put fixed hours 
into her program but use the son-rise attitude and son-rise her in the weekends. 
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170, Luca came into our lives july 26, 2010, he was premature, but all my kids were 
born in week 35, so | was not surprised. He was perfect, | have thousands of 
Videos of him looking into my eyes, smiling, playing with his sisters, following 
daddy to the door when he was ready to leave ta work and saying bye bye. He 
walked at one, and was a perfect little baby. is hard to know exactly when he 
changed but | can tell you when | started to get worried, and saw him behaving 
differently. had a neighbor the same age as my son, and when they got together 
to play | was surprised at how my neighbors son followed simple directions and 
looked into my eyes every time | called his name. When I had play dates with my 
friends all the moms were so relaxed, and while they were talking and kids were 
playing with toys,1 was always chasing Luca and trying to keep him in the same 
room because he was not interested in toys or playing with other kids. 

My first trip to the Zoo with my three kids was a disaster, Luca didn't want to 
move from the Monkey's area and had his first mele down, all over the floor 
screaming and crying. remember seeing all the families with kids the same age 
‘as my son,and seeing how they understood, and paid attention to what their 
mothers or fathers were saying. For me that was enough to feel for the first time 
something was not right, and it was not that | was a bad mother, | knew deep in 
my heart it had nothing to do with discipline. 

| enrolled him ina school thinking that would help. The first day when I picked 
him up the teacher said they needed to move him with the babies because he 
was not ready for the 2-year-old class. That day I came home just knowing - and 
despite all my family, friends, husband and Pediatrician chinking I was crazy, we got 
him evaluated and the rest is history. On November 15th, 2012 ic was official and 
we got the papers. Classic Autism, by thac time we had read so much, watched 
hundreds of videos and searched every day on the Internet for interventions, 
schools, therapy etc. 

remember | wanted to start ABA the same day that I gor the diagnosis, but the 
waiting lst was really long and we would have to wait. So we waited and started 
an early intervention program in the Kent District. Surprisingly, | think we took 
the diagnosis realy well; we just wanted co help him as soon as possible. 

‘After the first month | stopped asking for a miracle or cure. even asked all 
family and friends to do the same. needed to accept it!!! My miracle was already 
here, My husband wanted to do the Gluten free diet and I was not even 100% 

in agreement...why?? He is such a blessing; let our miracle eat whatever he 
wants!!! I agreed co do the diet anyway, But wasn't really interested. I just had the 
feeling my husband was not “getting IT” or accepting autism = our new precious 
miracle. Now | can recognize and see clearly | was in total denial too. | was so 
afraid to let anybody know, even myself, chat | didn't want this for Luca. | tried 
and tried and tried, but a voice inside of me was not in peace. I spent a lot of 
time crying and looking for recovery videos on YouTube, imagining Luca being 
‘one of them, and was fascinated with those stories. 

Then one day I found Kerri Rivera's conference in Bulgaria, it was a 
“Godcidence,” like my father always says) | wasn't looking for MMS, | didn’t 
know anything about that. | remember I watched the conference 3 times, and | 
felt butterflies for the first time since I got the diagnosis. Ie was lke that voice 
was finally quiet and listening co every single word! “I want this.” 

| did my homework and found a lot of negative information about MMS but | 

did not care...that yoice was so strong that | knew, the same way I knew about 
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Luca being autistic, that this was something | needed to explore. looked for her 
in FB and to my surprise she answered me in minutes, when | asked her about 
the testimonies she connected me with some moms with recovered kids, REAL 
‘moms that decided to believe too.After I saw pictures from before and after 
and reading about their journeys | felc Hope!!! | knew deep in my heart this was 
the way and the path we should take. So | got my case together and when | was 
ready I talked to my husband about i. 


Ie was easier than | expected, we wanted so badly to recover our son!!! It was 
rat an easy process but finally after almost 3 months | GOT IT... WE GOT 

IT.. THERE IS NOTHING WRONG TO WANT THIS, that is ALL we wane for 
Lucal!!! For the first time I recognized my kid’s autism was not a blessing, he was 
sick; GI problems, extreme constipation, food issues, sensory problems..and that 
voice (God voice) sounds really clear and loud; I NEED TO HELP MY KID TO 
RECOVER!!! 


(On February 18th we started a Dietary Intervention with all Kerr's 
recommendations, the one diet that we were doing was full of sugar and 
‘carbohydrates, so we started to be really serious about all the food choices. 

We kept a very detailed food diary and ordered the MMS. By March 12th when 
our bordles arrived at our doorstep we were ready to start Kerri Rivera's Baby 
Bottle Protocol, March 13th we did our first bottle and that same day | asked 
Luca to look for a bal in the other room, and give it to me,and he did. 

Te was like he was sleeping soundly, and then he woke up. He was extremely alert 
and he was looking in a differenc way.At first | thought | was crazy, but then my 
husband noticed it too and the changes keep coming. He improved dramatically 
inall his therapy sessions, his waiting time, sitting at the table, responding to 
‘commands, pointing, eye contact, everything improved! 

Kerri recommended doing an ATEC when we started back on February 18th, 

0 | did, his score was 64 points. By April Ist he dropped 20 points! He now 
follows simple directions, plays with his sisters, recognizes them by name, hugs 
‘me and says mommy and daddy, has close to 200 words, and every day is a 
surprise for us. 

I'm proud to say my son is on his way to RECOVERY AND HE WILL RECOVER, 
HEWILL BE RECOVERED!!! 'm loving Kerri Rivera's Protocol, I'm loving my 
kid dropPing 20 points in his ATEC in a month, I'm loving searching his diaper, 
and inspecting his poop finding parasites, | know it seems impossible but | truly 
get excited! (Probably some mothers would understand) I'm loving this side of 
the picture FULL of hope. HOPE. | don't think I can leave this road now, | don't 
think I want my son to live in his “perfect” world and not in mine...I'm a fighter 
and thanks to Kerri I'm a believer ... HAT...is the blessing right there HOPE 
AND FAITH IN GOD ISALL | HAVE AT THE MOMENT... Luca is really special, 
but its not the autism that makeS him special, autism sucks!!! Overcoming it 
and all the obstacles he encounters every day, and doing what he is doing now is 
‘what makes him THE MOST SPECIAL KID ON THE PLANET, HE ALWAYS WILL 
BE SPECIAL TO ME NO MATTER WHAT, AUTISM OR NOT....1 see it in his 
eyes now, he is a fighter like me, he is telling me what to do, recovery is sooooce 
in the picture!!!" | can actually see ie!! 'm a HAPPY Mom!!!iiinnni 
“Alma 
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171. Teday is a wonderful day already. My daughter got up to her alarm, cook a 
shower without help, got dressed, packed her lunch, woke up her sisters, and is 
now getting breakfast for everyone ready. It amazes me how independent she is 
becoming, and how much our life is changing because of her new independence. 
She is 10 and we started MMS in Sept. She had done 5 PP and following the 
PANDAS protocol the last week after emailing Kerri Rivera last weekend with 
concerns about eye fluttering. She is also on Fish oil garlic, Magnesium, and 
GABA. Before she was very hyper, spacey, a lot of language, but not using it 
correctly She was extremely impulsive, and would fixate on object to play with 
and ignore others. Now she does reciprocal play, she talks back and forh with 
her friends, she cracks jokes that are now actually funny. She is focused with her 
school work and not hyper - except in typical situations. 

This week my husband forgot to pick her up to take her to therapy and she 
came to my classroom to tell me haw irresponsible he was, and that she was 
disappoinced in his inconsistent behaviors. | had to laugh, but at the same time | 
was so proud as | explained to her the whole situation because we where having 
1 fabulous discussion about life. She is doing so well. hank you to all of you who 
have restored some of my hope that there is a cure. 


172. We are now in our 7ch month of using MMS (CD) and in our 4th year of treating 
BD, our son, who was diagnosed Autism. Our first week of MMS (CD) brought 
con a skill hat we had spent years trying to accomplish, over night potty training. 
Week | of MMS (CD) and B.D. was out of pull-ups and in underwear We weren't 
even close to full dose and already seeing positives. We knew we were on to 
something big at this point. One month later, we all witnessed my son blow out 
his birthday candles and open birthday gifts. Probably the first time he knew this 
event was a birthday and it was meant for him.As a gife to him, we took a trip to 
Disneyland. Not only did B.D. walk the entire park at our side, but he never once 
cried, whined, or objected to anything on the trip. Prior to this, he had to be in a 
stroller or wagon at all times. 

B.D‘ skills continued to flourish over the next few months. We enrolled B.D. 

in swimming lessons hoping he would feel comfortable without a life jacket on 
and clinging to an adult. This hope turned into a major accomplishment. B.D. 

hhas passed all Beginner levels in swimming and is now on to Intermediate. He 

is now swimming unassisted in the deep end of the pool! | used to hold my 
breath during his sessions hoping he wouldn't do anything that would scare the 
ther kids in the pool. | sill hold my breath, but now I'm at the end of my seat 
recarding him as he's giving every single bie of effort to learn from his instructor 
and pass another level! 

Just the other day, we went to a birthday party chat was held in a warehouse 
{ull of screaming kids, loud music, inflatable jumpy houses and slides. This place 
‘can over stimulate just about anyone! In the past, my son would vocally stim, 
‘cover his ears,run behind the jumpers where the generators are (trying to turn 
them off) and require me, or his Dad to keep him engaged with the rest of the 
kids. Well, not anymore! He blended right in with the rest of the kids! Not a 
single stim, didn't cover his ears, stood in lines, listened and followed the rules 
and instructions, stood in lines and PLAYED with the other kids. His Dad and | 
‘were able to hang out with all the other parents, watching him run and whiz by 
with all che other kids as if that is how it has always been, Only ic hasn't. He has 
come so very far in the past 7 months. We have a 6 year old son who no longer 
hhas sound sensitivity, loves co eat whatever is placed in front of him, DRINKS 
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tons of WATER, has manners, shows empathy, is careful and aware of other 
kids (especially babies and toddlers), making progress academically, and so very 
affectionate. B.D. isn't recovered... YET, but we expect it to happen now more 

than ever. We have co put our shades on because the end of the tunnel just got 
‘loser and brighter! 


173. My husband and | were told to come to the 2nd grade assembly this morning. 
They gave awards to 2 kids in each of the 4 second grade classes. One was for 
outstanding in academics, and the other was for most improved in Self Control, 
which is the “character trait of the month” for the whole school. Kayla was given 
the award for most improved in Self Control in her class! She walked up and 
got her award and stood up there with the other kids holding theirs. Up until 
2 few months ago, she would have violent, self-injury tantrums at school every 
day... throughout the day, lasting anywhere from 10 - 90 min, She could never get 
through a class singing performance without losing it and taneruming, screaming 
through the whole thing. Her teacher came up to me on Wed, and said she just 
‘can't get over how happy my daughter is lately, and that all the teachers and staff 
In the school have really noticed too, FUAI!! I'm so proud of my girl! 


174, Our third child (K) was diagnosed with moderate autism at 21 months of 
age. K was very ill. He suffered from vomiting and diarrhea mixed with severe 
constipation for years.At first, we began every intervention we could afford. The 
first step was removing all gluten, caseine and soy. We saw a decrease in stimming 
behaviour and an increased ability to learn.We implemented many vitamins and 
B12 injections, cranio sacral cherapy, anti-fungals, HBOT and an even stricter diet 
removing all artificial colours, flavours, preservatives and most sugar. Our son 
‘was making slow but steady gains.ABA therapy continued from when he was 
‘wo until just this past March (4.5 years). K was seeming much better but despite 
these gains, was never close to “normal”. 

In July of 2012 a friend suggested MMS.| did my research and so it began. In 
three days K started to sleep through the night. After less than one week at a 
very low dose, K stopped the constant verbal scripting and obsessive speech- 

his most evident sign of autism. In that same week he began dressing himself 
independently. In che coming months, K's ATEC began dropping steadily. He 
began to make jokes, initiate social interactions, shaw empathy, cope with noise 
and busy places and best of all- understood safety. The risk of him running away 
‘was a memory. We could go places and he would stay near us. Teachers and 
Educational assistants were raving about his progress, unaware of the protocol 
‘we had begun, His most significant changes happened after a three months of the 
Parasite Protocol, using mms, Vermox, rompepiedras, neem and diatomaceous 
earth. Through enemas, he expelled worms as long as 24 inches to my husband 
and family doctor's disbelief What K expels in his stool now looks normal and 
ordinary. 

His ATEC in July 2012 was 46.Ten months later he has a score of 6 

He is undecipherable within his classroom and amongst his peers. He laughs, 
plays and acts like any other child his age. His academics are at par with his peers. 
(Our san does not appear to have autism anymore and only a trained eye would 
suspect that he ever had it to begin with. We thank Kerri Rivera, her Facebook 
{group for all their support and MMS for being the final, and most significant leg in 
‘ur sons’ journey to recovery. 


Maria A., Ontario Canada 


CHAPTER 1 » PLANNING YOUR ELECTRONICS WORKSHOP 


8, The positive end of the battery has a small cap on it. Touch the bottom point ofthe 
bulb to the top of the battery. 


9. Now, using your other hand, connect the wire from the bottom of the battery tothe 
metal base of the bulb. 


10. The lightbulb should stat to glow. See Figure 1-4. 


© Caution if you have a super-bright bulb, it can get hot. Don't burn yourself! 


Figure 1-4. The completed circuit, showing the glowing bulb. Electricity is flowing! 


Several important things are going on inthis very simple circuit. Electrical currents flowing, producing 
Useful work (in this case, light). Can you see the “circle"? When you break the circuit, the bulb stops 
‘lowing. This is exactly how the switch inthe flashlight body works. Peek inside the flashlight and see if 
‘you can tell how it works. By connecting and disconnecting the wire, you can make the bulb flash. If you 
‘only use one battery, the bulb turns on, but is nat as bright. Why do you think that happens? 


13 
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175. My severe autistic boy has been now doing wonderfull! This protacol has 
completely changed my life!! He's been dumping tons of parasites since we 
started MMS about three months ago were now in the second pp..he's now 
much calmer more happier!! His ATEC dropped down from 80 to 48 in three 
‘months only..that was truly amazing he is now gaining weight, | fee! like 'm 
getting my child back to normal again!! | wish I could tell the whole world how 
Kerri Rivera has changed thousands of people's lives!!! God bless u Kerri for all 
your hard work to help others!!! 


176. My son Nick started MMS just after his 7¢h birthday. Within 6 months he had 
cut his ATEC score in half from 66 to 37. Nick showed speech gains from the 
very first drop of MMS after having made no changes in speech for two years. 
Really, Nick hadn't made any improvements at al for two years. He was in a total 
stall until we began MMS.We raised Nick's oral dose of MMS very slowly taking 
‘two months to get to his target dose and never experienced die off that was 
unreasonable. Three significant changes are obvious in Nick's health at this point; 
he has been off of his Mitochondrial cocktail (for several years he has had blood 
labs pointing towards Mito dysfunction) for over 8 months and we haven't seen 
any of the lethargy that used to concern us so much, he was able to wean off of 
his seizure medication for his absence seizures and we haven't seen any return 
of seizure activity, and his thyroid appears to be beginning to shift from his long 
standing diagnosis of hypothyroid. The nicest changes we see are in the vibrancy 
of his health and how happy he is! His eyes sparkle and he has lots of energy for 
the day. He is no longer sitting on the couch staring out the window waiting for 
someone to figure out how to help him feel better. Since beginning MMS, every 
day Nick shows us just a litte bie more of the boy that he is underneath the veil 
of autism and sickness, He tells us what his favorite things are, what he wants to 
do,and his sense of humor is coming shining through. MMS has given me a ton of 
hope that we just might get our boy back!” 


177. After 7 years of biomedical treatments, numerous therapies, and more doctors 
than I care to think about, our son, who was diagnosed with autism, could speak 
a full sentence, was potty trained, and could finaly go co the mall and movie 
theater without screaming and putting his hands over his ears. 
Victory??..yes.-however, we knew we had so much farther to go. You see, as your 
child gets older, you realize that he is missing the key things in life that are crucial 
for independence. Our son had become “stuck” if you will he was not socially 
‘maturing, and still lacked empathy, mature connections with peers, and proper 
communication with teachers and the other adults in his life. He would sell yell 
when he didn't win a game, and he did not always react in an age appropriate 
‘manner, if something did not go his way. 

My research went on as always...searching, searching, searching...we were not 
getting anywhere with his current doctor, and I knew that we had to change our 
‘current plan for treatment. 

A good friend of mine called me to tell me about a new product that some of 
our warrior mom friends were trying. The letters MMS were spoken to me for 
the first time in March of 2012. My son was 11 years old and | was desperate 
for help. he first thing | asked was,"How much does it cost?" $25.00..what?? It 
can't be! We have spent our life savings, and now | am looking at something that 
cost less than a night out for dinner?? | decided to check it out! 


More Miracles & Testimonials... 437 


| emailed Kerri Rivera and told her that I wanted to start the MMS autism 
protacol,and I'll never forget her quick response..”YIPEE”, she said, let me know 
if you have any questions, | am here for you, 

I read, studied, and called my friend about twenty times over the next couple of 
cays, and then we began the next chapter in our journey. 

About three weeks into the protocol, our son seemed calmer, as well as aware 
of others on a more mature level..we were excited! Once he was at full dose, 
‘we began, baths and enemas, and he continued to improve. Our next move was 
to try the 72/2 protocol, which is giving MMS every two hours around the clock 
for 72 hours. 

Well, ic was as if someone had kicked our sons maturity clack into high gear We 
saw HUGE gains! 

“Hey mom, like your dress..you look really nice today"... WHAT? 

“111 ery chat new kind of chicken for lunch”... WHAT? 

“1 feel like I'm beginning a new life”.. WHAT?! 

“It’s OK that I didn't win the race, | had fun". WHAT? 

I wanted to call the Good Morning America Show and say, LOOK AT WHAT MY 
SON IS DOING! 

He also began to grow and put on weight for the first time in three years! He 
put on 10 pounds and 2 shoe sizes in about 2 months! 

The gains continue to come, and our boy is coming alive...recovering...fnally 

it's here! My eyes well up with tears as I write these words..the words | have 
dreamt about for eight long years. 

He celebrated his 12th birthday on January 3rd, and has cold us that 2013 is 
going to be the best year of his life..YES..i¢ is! 

He is our angel, our fighter, our miracle. Thanks be to God for MMS! 

We are blessed and forever grateful~ 


178. Once upon a time there was a litle boy who had a strange mind, he hooted and 
he danced and he did not learn like the other children around him. So, he was 
‘sent to a special school, For his whole educational life he was separated, because 
he could not express correctly the answers put before him. 

As he grew older he seemed sad and very much in pain. He appeared to try to 
stop the pain by clawing at his face and arms. He also stopped talking. We, his 
‘mom and dad, were very sad. 

Then an angel came into our lives and told us of a magic pation. 

"But said the angel." You must give him the pation every hour of the day and 
night for him to be better.” 

‘So the little boys’ mom and dad have been doing that now for 9 weeks and 4 
cays. Every hour, 

Now in those hours the mom and dad still cry. Some, because the little boy has 
been hurting for so long, and... now they know why. But they also cry because 
they see that their litle boy is not hurting like before. They are happy for his 
healing, and that he does not claw at his body any more. 

And they are also happy because their little boy is talking again.And he is 
laughing. And the things that he knows surprise them. We thought he was not 
fearning...curns out he was. 
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179, Feeling really good still about my Natalie's progress from the combination of 
anti-parasitic medication, the supportive components of the PP and CD (HCL 
version). Natalie is about 63-64 Ibs and she takes 2 drops of CD an hour both 
‘at home and at school. We don't wake her for CD in the middle of the night; but 
if she wakes for the restroom or something, then we give her another 2 drops 
(we just keep it pre-mixed in the bathroom near her bedroom). CD has been the 
single most important catalyst to Natalie's improvements/healing over the past 
10.5 months; utilizing all chree modes of delivery (oral, baths and enemas). Kerri 
having escorted CD into the ASD community is like a Miracle, in my opinion. 
Sorry... don't mean to be corny nor impose my Beliefs on anybody else; but | 
sometimes find it hard to contain my Joy now and I get chills just thinking about 
all of the children now feeling better and/or beginning to feel better and better 
with CD. Before CD, it was hard to feel Hope for my special little Natalie; who 
was formerly suffering very extreme PANS flares and re-flares monthly as well 
as rapid-onset grand mal (tonic clonic) seizures every 2.5-3 weeks on top of her 
ASD and global developmental disabilities. Now Natalie's PANS flares’ iwhen 
they occur are waaaayyy less intense and better-controlled/snufffed out’ with 
CD than the former roller-coaster of oral antibiotics that her Drs had tried for 
years, her seizure activity is decreasing significantly and we've even begun a slow 
reduction in her anti-seizure med Lamictal ODT. We're optimistic that Natalie 
will be able co remain stable on less and less of that med, as we feel it might be 
causing her some nasty side effects. Our Hope for her is that she might even 
be able to come fully off of Lamictal ODT, as we continue CD and PP for her. 
Time will ell: While she's still a ‘work in progress’ [Note: She's 14 years old 
and been ill since infancy and it's a bit harder to heal longterm infection(s) and/ 
or infestation(s)], we do see lowering ATECS in Natalie's future and brighter 
and brighter days, Patience is a virtue. So Grateful. hank you Kerri and all 
‘you supportive Moms & Dads. More and more healing to come to ALL of our 
children! 


180. Hi Kerri, 
Thank you for helping my daughter, age 15, recover from Autism. Thank you for 
the MMS/CD program and the support to carry it out. Here is a summary of 
her recovery: 
June 19, 2012 Atec=52 
Started with MMS slowly. adding one drop a day 
GFICFISF diet 
Ie took her I 1/2 months to get to full dose. 
Noticed improvement in physical health & behavior 
Began parasite program 
Sepr. 18, 2012 Aces 
Continued with 6-8 doses/day & baths 
More improvements 


School discontinued IER because she was doing so well academically and socially 
January 15,2013 Atec=19 
My daughter, who is not vaccinated, comes down with Chicken Pox 


No one at school ar in community had it before her: It appears to be an isolated 
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Ie may have been in her system and released as parasites died? 


Fever of 108 dees oro necks as th up othe Chin Px 
cared ike he immune stem woke up! After chickenpox, huge guns! Tha i 
when we noticed she was recovered! e or 


April 25,2013 Acec=6 
Yeah! 


Please share your experiences! 


Testimonials are one of the best ways to share 
your experiences with this protocol. Perhaps 
you leamed about it by reading or watching a 
video testimonial? 


Ifyou don't tell us your experiences, we can't 
share them or take action on issues that need 
improving or correcting... 


Send your testimonials to: 


testimonials@cdautism.org 


Also, let us know if we are free to publish your 
testimonial, with or without your name. 


It’s in our interest to take care of others. Self-centredness is 
opposed to basic human nature. In our own interest as human 
beings we need to pay attention to our inner values. Sometimes 
people think compassion is only of help to others, while we get 
no benefit. This is a mistake. When you concern yourself with 
others, you naturally develop a sense of selfconfidence. To help 
others takes courage and inner strength. 


~ Dalai Lama 
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CD Autism Worldwide 


Since September of 2011 over 5,000 families in 58 countries have 
used CD to help with an autism spectrum disorder. Here is a list of 
all the countries who have at least one family using CD to help heal 


the symptoms known as autism. 


www. CDAutism.org. 


This list is constantly updated at 


+ Argentina 
+ Australia 

+ Austria 

+ Belgium 

+ Bolivia 

+ Brazil 

+ Bulgaria 

+ Canada 

+ Chile 

+ China 

+ Colombia 
+ Costa Rica 
+ Cuba 


+ Czech Republic 
+ Dominican Republic 


+ Ecuador 
+ Egypt 

+ England 

+ France 

+ Germany 
+ Ghana 

+ Greece 

+ Hungary 
+ India 

+ frag 

+ freland 

+ aly 

+ Japan 

+ Jordan 

+ Kenya 


Kuwait 
Malaysia 
Mexico 
Montenegro 
Morocco 
New Zealand 
Norway 
Panama 
Peru 
Philippines 
Poland 
Portugal 
Puerto Rico 
Qatar 

Russia 
Scotland 
Singapore 
Slovakia 
Slovenia 
Somalia 
South Africa 
Spain 
‘Swaziland 
Sweden 
Tanzania 
Turkey 
United Arab Emirates 
United States 
Venezuela 


Ifyou are using CD for autism in a country not listed above please email us so 
we can add you to the list... kim@cdautism.org 


Conformity is the jailer of freedom and the enemy of growth. 
~ Robert F. Kennedy 
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AutismOne on Healing Autism: 


Accidental Cure by Optimists 
‘by Simon Yu, MD 


Accidents happen. We accept the reality of them as is and we 
usually move on. On the other hand, accidental discovery is 
another story. For some people, they ask questions like, “why 
me?” Or keep asking for a deeper meaning: Is this really an 
accident or a message to understand? An accident is a fertile 
ground to find out if you are a pessimist or optimist. 


Tom Jacobs, story teller from Kansas City, recently told a story 
about a pessimist and optimist: Two sales men were assigned 
to Africa in the early years of the shoe industry to sell their 
shoes. One week later, one salesman telegrammed to his boss, 
“Business situation in Africa is hopeless. Nobody wears shoes’. 
On the other side of the continent, the other salesman excitedly 
telegrammed to his boss, “Unlimited potential in Africa. Nobody 
wears shoes!" 


don't know about you but | would rather be an optimist. | always 
encourage my patients to look at the bright side and be cautiously 
optimistic no matter how grim their conditions might be. Hope is 
a powerful driving force to promote healing. Pessimists do not 
call themselves pessimists. Just realists. 


Today, | saw a 77 year old patient with a history of chronic 
pulmonary fibrosis, bronchiectasis and rheumatoid arthritis with 
a recent diagnosis of stage one bladder cancer. She has been 
depressed and joined a cancer support group because of feeling 
a sense of hopelessness. 


After a long discussion, | told her how lucky she is that her lung 
and rheumatoid conditions have been stable and she has only a 
relatively benign early stage of bladder cancer. | told her if you 
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are going to have cancer, this is the kind of cancer to have and 
she should be thankful. All of a sudden, her doom and gloom 
mood was lifted with a broad smile. The rest of our session was 
uplifting. 


The AutismOne 2013 conference was held in Chicago during 
Memorial Day weekend. | was invited to give a talk on parasites, 
allergies, and autism. Autism is not my field. | usually see adults 
as an Internist. However, beginning in 2012, | have been seeing 
autistic children with rather interesting responses. In May 2013, 
| wrote an article about a medical hypothesis of a relationship 
between parasite infection and autism in preparation for my 
lecture for the AutismOne conference. 


| attended a full day of lectures and was awestruck by the 
thousands of autism parents from all over the country attending 
the lectures. Multiple lectures were conducted by many autism 
specialists at the same time covering a large variety of topics. 
This conference was driven by a grass roots movement of parents 
with a hope to help their children. Here is a short synopsis of the 
lectures. 


Dr. Anju Usman, MD from the Chicago area covered gut-brain 
connection and biofilms by pathogens in the gut. Symptoms such 
as depression, anxiety, poor attention and focus, and obsessive 
compulsive behaviors may be related to the delicate balance of 
bugs which produce a mucous slime known as biofilm. 


Andreas Ludwig Kalcker, Ph.D. Bio-Physicist from Spain, who 
studied under German bio-physicist Fritz Albert Popp, Ph.D., 
discussed parasites in depth. He demonstrated a successful 
treatment for more than 65 children around the world with his 
parasite protocol over a one year period 


Kerri Rivera, from Mexico, one of the main leaders of the group 
running the AutismOne conference, showed many cases of 
successfully treated autistic children including her child. She has 
been using chlorine dioxide in conjunction with diet, nutritional 
supplements, detox, and hyperbaric oxygen. 


By the time | presented my medical hypothesis on parasite infection 
and autism, they had already had numerous discussions about 
parasites and had been saying all along how parasite infection 
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might be one of the major underlying problems for autism that 
has been overlooked. | felt like | was repeating what had already 
been presented, 


Dr. Andreas Kalcker and Kerri Rivera collaborated using chlorine 
dioxide for two years with prescribed parasite medications, 
albendazole and pyrantel pamoate, to tum around autistic 
children. Professionally, | have no experience using chlorine 
dioxide on my patients. The difference with my therapy was that | 
was using acupuncture meridian assessment as a guide to detect 
and treat parasites. 


If what they are reporting is even partially true for these autistic 
children, itwould be a major breakthrough in the autism community. 
Some of the audience was crying in excitement but some were 
skeptical and saying it sounded too good to be true. | could feel 
the excitement of the audience but also a sense of fear that Kerri 
Rivera and Andreas Ludwig Kalcker will be attacked by special 
interest groups. Chlorine dioxide is too inexpensive to a fault. 


Is this an accidental finding leading into an accidental cure for 
autism? It is too early to tell but any chronic medical conditions 
like cancer, heart disease, diabetes, arthritis, Alzheimer’s 
dementia, or autism seems driven by epigenetic influences from 
environmental toxins, parasites, hidden dental problems, and 
faulty diet and nutrition. 


| spent several hours with Andreas Kalcker after our lectures 
were over. We found a common ground for treating parasites: 
his experience as a bio-physicist and my experience as a military 
medical officer. Few people truly understand and are aware of the 
magnitude of parasite problems. This man was very passionate 
to rescue these children from the scourge of autism. 


Kerri Rivera just published a book called [Healing the Symptoms 
Known as Autism]. | just finished the book. This book is for 
everyone but especially for both autism parents and all medical 
professionals involved in the care of autistic children. The book 
contains much important information that is not available in the 
main stream autism community. 


Most pediatricians might be sympathetic but they are rather 
pessimistic regarding the care of autistic children. Andreas Kalcker 


CHAPTER 1 = PLANNING YOUR ELECTRONICS WORKSHOP 


u 


Environmental Impact 


Youaffec your environment every day and your envionment affects you, as wll As you learn more 
tout eleconics and all th interesting and Wonderful things it can teach you, be mindful of what Kind 
of ral you're leaving behind for others ocean up. 

‘A good way to get a feel for your environmental impact isto take a look at your garbage. It doesn't 
sound tha interesting or fun, but it ileach you alot about yourself and your habits. What are you 
throwing away? Could you have found either another use fort, or peshaps another home? Ist going to 
bea nulsance to someone else, or even worse, ahtzard? 

‘A good example is the use of “disposable” batteries. We used batteries (technically cells bu that 
distinetion willbe spelled out in more etal in Chapter 3) in our very first experiment. We buy new 
batteries and plug them into our devices, and when they nin ou of power we take them out and trove 
them away, Where do they go? How do they then interact withthe envionment? They dom ust "go 

"Disposable batteries ae very convenient. They are generally inexpensive, compact, self-contained, 
and reliale, This convenience, however, comes with a price alls own. Consider sing rechargeable 
batteries whenever possible in yourlab, They cost alittle more than thelr disposable counterparts, but 
can easily and cheaply be refilled with lectrical goodness over and over again 

‘You should alse be aware of any hazardous materials that you use or store in your lab, For example, 
lead is very common material used in many electrical devices even though its ure is being reduced 
‘worldwide, tis found in older technology rechargeable batteries solder, and printed cicult boards, 

Some ofthe chemicals used to etch printed circuit boards can be dangerous if not used, stored, and 
disposed of properly. Take the time to understand what, exactly, you te working with when Vou te 
conducting your experiments in yout laboratory. 

Tust ike the captain ofa seagoing vesel, you'r in charge of what happens in yourlab, With this 
authority ome important responsiblites that rest squarely upon your shoulders Please take these 
responsbiltesseiousy 


Budgeting 


How much is all this stuff going to cost? A lot of it depends on how creative you want to be in stocking 
‘your lab with tools and parts. 

If your budget is small, then start small. IF your budget is nonexistent, then you'll just have to start 
even smaller. You should generally approach acquisitions for your lab under one of these three 
headings: 


© Buyingnew 
+ Finding used 


‘© Harvesting or recycling 


Buying New 


Buying everything new is obviously the most expensive approach, at least from the money side of i. 
What a lot of people fail to take into account is that their timeis also a very valuable commodity. Try to 
balance the one with the other, as befits your particular situation. 

Except for the folks in the most dreadful of hurries, it always makes sense to shop around for the 
tools, equipment, and components that you are going to need in your lab. You'll find that alot of 
*professional-grade” equipment carries an enormous price premium compared with “consumer.” or 
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and Kerri Rivera are true optimists in the midst of skeptics and 
pessimists. They see unlimited potential for the cure for autism 
based on diet, nutrition, and parasite eradications using chlorine 
dioxide and parasite medications. If you want to know more 
about autism and what is possible, | highly recommend reading 
[Healing the Symptoms Known as Autism] by Kerri Rivera. The 
book explains in detail the Kalcker parasite protocol. 


Dr. Simon Yu, M.D. is a Board Certified Internist. He practices 
Internal Medicine with an emphasis on Alternative Medicine to 
use the best each has to offer. For more articles and information 
about alternative medicine as well as patient success stories, and 
Dr. Yu's revolutionary health book Accidental Cure: Extraordinary 
Medicine for Extraordinary Patients, visit his web site at... 


www.PreventionAndHealing.com 


..0F call Prevention and Healing, Inc., 314-432-7802. You can 
also attend a free monthly presentation and discussion by Dr. 
Yu on Alternative Medicine at his office on the second Tuesday 
each month at 6:30 pm. Calllto verify the date. Seating is limited, 
arrive early. 


Appendix 4 


Autism Evaluation 


Treatment Checklist (ATEC) 


The next page contains a copy of the original Autism Evaluation Treatment 
Checklist (ATEC) developed by the late Dr. Bernard Rimland, the founder of 
the Autism Research Institute. We are not suggesting you use this particular 
copy. It is only included here for those not familiar with the evaluation so 
you have an idea what the ATEC involves since we mention it throughout this 
book. 

The survey consists of a series of questions to be answered by a parent 
about what they are observing in their child's CURRENT behavior. It is not 
uncommon for both parents to take the survey separately and compare/ 
average the scores 

The best way to take the survey is online at the Autism Research Institute's 
website. Here is the direct link to the current survey: 


www.autism.com/index.php/ind_atec_survey 
‘After completing the questions, a score is generated that can range from 0. 


to 180. 0 means no autism while 180 would mean that the answer to every 
question was in the most negative extreme. 


We consider a child recovered from autism if their score is between 0 and 10. 


You are encouraged to complete an ATEC before starting the Protocol, and 
every 3 months thereafter so you can clearly see the progress you are making, 
Also, please share your results with us; we collect data on the children whose 
parents follow the Protocol as explained in this book. Send your name, date of 
the survey, general location (city, state, country) and score to: 


atec@cdautism.org 
If you have a history of ATEC results while on the protocol, please include 
them all, 


NOTE: Do not send questions to this email address! You are unlikely to get 
any response from this address! Itis just a collection point. 
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Autism Treatment Evaluation Checklist (ATEC) [=== 
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MOLECULAR MIMICRY 
What It Is 
& 
How it Relates to 


The Gluten Syndrome 
by Mrs. Olive Kaiser 


fer readingtheshortanswersin The Diet Chapter (page64), weunderstand 

(simply) the basics of how some of these departments of the immune 
system function. It is easier to grasp how, through molecular mimicry, gluten 
can damage so many different tissues in different people, and sometimes cause 
other foods that look like gluten to also be reactive. Before we go any further, 
I would like to thank the following professionals for their contributions to 
our family’s well-being and a wider understanding of the gluten syndrome 
and other related topics. If you would like to conduct further research into 
this topic, the body of work that the following professionals have contributed 
would be a great place to start. There is so much more to learn. 


Dr. Alessio Fasano, MD, shook America awake on gluten awareness in 
the 1990's and in 2003 published a landmark paper! on one small subset of 
the gluten syndrome, villi damaged celiac disease. That study provided the 
impetus that brought gluten awareness to the table (or sadly, OFF many 
tables) across our nation 


Dr. Thomas O'Bryan, DC, Functional Medicine, and international gluten 
syndrome educator - www.thedr.com. Dr. O'Bryan is my functional medicine 
doctor. He taught me much of what I learned about gluten and other topics 
and led me to his mentor, Dr: Aristo Vojdani. Later Dr. O'Bryan’s amazing 
research review seminars on gluten contributed hugely to my knowledge base 
and bolstered my confidence to manage our new lifestyle in a then difficult 
social era. 
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Dr. Aristo Vojdani, PhD., MsC, Immunologist, CEO owner of 
Immunosciences Lab, Los Angeles, CA. Dr. Vojdani is also chief scientific 
advisor of Cyrex Laboratories, Phoenix, AZ. Dr. Vojdani has published nearly 
150 excellent research papers.°* They fit the community like a glove. 


Dr. Rodney Ford, MD, pediatric gastroenterologist, NZ, grasped the extent 
of neurological injury,’ and"silenced nerves phenomenon." This compellingly 
suggests why many of us do not recognize symptoms of gluten damage until 
we are in deep trouble. This builds on the previous work of Dr. Marios 
Hadjivassiliou, Professor of Neurology, Sheffield, UK.” 


Dr. Kenneth Fine, MD, gastroenterologist, Dallas, Texas, owner of an 
investigative research lab, Enterolab (www.Enterolab.com). His lab ran the 
only accurate gluten antibody tests our family received back in 2004. 


Without the courage of these astute researchers, we would still be wandering 
in the dark. Thank you all, and other individuals who thought outside the box. 
Kerri you are one of those thinkers. Thank you! 


Lastly, special thanks to LuEllen Giera, my support group leader, for leading 
me to Dr. O'Bryan and Dr.Vojdani. 


1, What is Molecular Mimicry? How does gluten damage us? 


The structure of gluten resembles the structure of many of our body 
tissues. When the immune system attacks gluten or partly digested 
“pieces” of gluten it may also attack body tissues that “look like” those 
pieces of gluten. There may also be other processes that we do not yet 
understand, 


‘What is gluten? - Gluten is a stretchy protein found in some bread 
grains. The problematic types are found in wheat, barley,and rye, and now 
early research suspects possibly rice, corn and oats (Dr. Peter Osborne, 
DC, CCN, wwweglutenfreesociety.org). 


‘What are proteins? - Proteins are a class of materials found in living 
tissues, such as hair, nerves, enzymes, etc. Molecularly, all proteins 
look like necklaces of beads strung into various color sequences. The 
different sequences make the proteins different, and the “colored beads" 
represent 22 separate amino acids. Our digestive system uses enzymes 
to cut up these necklaces into single beads so they are small enough to 
cross the gut wall properly and be restrung into new proteins. See image 
on page 452. 
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Unfortunately, many folks today are toxic and poorly nourished and do 
not have strong digestion, so the gluten “necklaces” may never completely 
break down. As weaker bonds between the beads break, “pieces”, called 
“peptides,” of gluten are formed. Gliadin is a well known gluten piece and 
there are many others. 


Our immune system - has “departments” to protect us in various 
ways, including IgA, IgG, IgE, gM, IgD and others. IgE can cause immediate 
allergic reactions to bee stings or peanuts, etc. IgA, IgG and IgM may 
react more slowly with less drama. They all manufacture “workers” or 
“soldiers”, called antibodies, each custom designed to patrol our bodies, 
looking for the bead sequence of one particular enemy. When they find 
that bead sequence, they “tag or stick onto” it. Our killer white blood cells, 
interpret the antibody tag as a condemned sign and know to surround 
and destroy that protein. 


Han antibody test lists "Gliadin — IgA","Gliadin — IgG", and’Gliadin — IgM" 
it means the test checked for gliadin antibodies in the IgA, IgG and IgM 
departments. If the antibodies are high it means the immune system is 
does not like gliadin and is working to destroy it. 


Weak, leaky barriers - Our gut wall and other barrier membranes 
such as the skin, lung, placental, and blood brain barriers are held together 
with “tight junction proteins” that act like velcro. Inflammation, parasites, 
gluten, medications, infections, electrosmog, etc, may damage the “velcro” 
‘or open them up too much. Substances may slip through them into places 
they should not be and cause trouble. 


Unfortunately if the gut wall does not hold together well, ie. is “leaky”, 
pieces of incompletely digested gluten strings (and others) may slip 
through and run into the immune system—our dutiful “guard dog” on 
the other side, Due to their too-large size “he” may raise the alarm, The 
invader strings are “frisked out" ie., examined. If they are rejected, one 
‘or more of the immune departments make matching antibodies to “tag” 
them so the killer cells know to go after them. 


It is at this point more problems may arise. A gluten antibody may “run 
by” a natural body tissue, for example a nerve in the heart. It may see in 
that innocent nerve tissue a sequence of “beads” that matches or partly 
matches the gluten sequence it was designed to “tag” and stick to that 
section of the nerve protein instead. This, unhappily, attracts killer cells to 
the misidentified nerve, resulting in autoimmune injury to the nerve. This, 
is molecular mimicry. 
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Other foods and proteins beside gluten may also initiate molecular mimicry 
when they prematurely cross a leaky gut, and may prompt allergies (IgE) 
or intolerances (IgA, IgM, or IgG). However specialists agree that gluten’s 
particular “bead” (amino acid) sequences are uniquely guilty in their ability 
to upset the immune system and instigate molecular mimicry between 
“their” antibodies and our tissues. 


Molecular mimicry can take place between non-food proteins and body 
tissues also. Infectious microbe sequences such as strep, for example, are 
believed to partially match, (in the case of strep), heart and joint proteins 
and so injure the heart muscle or valves, and (rheumatic) joints. Ditto is 
suspected for root canal and cavitation infections that may circulate and 
injure specific tissues, including the heart. Flu microbe sequences can 
resemble gluten and may trigger or surface gluten syndrome. There are 
numerous other examples of mimicry between infections, foods and body 
tissues 


Consider the image below. An antibody may be made to seek the shorter 
“bead” sequence of a gluten piece that crossed the gut wall, but it might 
also recognize a similar sequence, a partial match, in the longer nerve 
protein sequence. The antibody “tags” or “sticks to”, the part of the nerve 
tissue that matches the gluten piece that it seeks. 


Gluten Peptide (and antibody) Sequence 
'Note:the diferent colors represent differen amino acids 
ns oo 
Nerve Sequence 


It gets more complicated, but eventually the victim tissue is attacked by 
killer cells on an ongoing basis. This process may be slow but stealthy. In 
time, the nerve may malfunction and the organ it serves may also begin 
to fail; for example, heart failure, This is termed autoimmunity. The body 
attacks its own tissue 


Molecular mimicry can occur in hundreds of places in the body since 
gluten can break up into numerous pieces having amino acid sequences 
that partly match many of our natural tissues. This may explain why gluten 
syndrome presents so differently in different people.? 


Once this process starts, like elephants who never forget, the memory 
B cells that manufacture the antibodies never forget the sequence of 
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the “invader” gluten pieces. If gluten is removed, antibody manufacture 
eventually stops, but any time the immune system sees even a tiny amount 
of that protein sequence, antibody production is retriggered. This is why 
specialists insist the gluten-free diet is strict and lifelong. 


Gluten removal stops production of the initial antibody, which decreases 
the inflammatory process significantly. Literature shows the gluten-free 
diet may reverse or improve many serious conditions, but it may not 
always arrest an advanced autoimmune disease, Prevention is key. 


Example: Once a ball is pushed down a hill, further pushing will only 
send it downhill faster, but it will roll on its own. To correlate, molecular 
mimicry between the gluten antibody and victim tissue starts the ball 
rolling. Removal of gluten stops pushing the process, and the sooner the 
better, The longer the exposure’, and to other factors as well in a triad 
of autoimmunity (a. environmental stress, toxins, infections, etc.;b.a faulty 
blood brain barrier;and c, susceptible genetics), the higher the chance of 
autoimmune disease. 


Dr-Vojdani comments, "If it is detected early enough and steps are taken 
early enough the condition may be reversed. If any condition is advanced 
enough you can reach a point when simple removal may not be enough. 
Autistic children generally have autoimmune reactivity rather than full- 
blown autoimmune disease, which is why they show great improvement 
upon the removal of gluten.” 


2. Does gluten always damage the villi of the small intestine as the 
celiac story teaches? Many other tissues such as thyroid, pancreas, 
ts, brain, nerves, liver, bone, etc. may be involved in 
this disorder. Does all that other damage arise due to poor nutrient 
absorption from injured gut villi? 


No, according to published research many researchers and practitioners 
now believe the villi are not always damaged in an autoimmune gluten 
reaction? Where there is no villi damage, injury to other organs cannot 
be due to nutrient deficiencies caused by villi damage. Molecular mimicry 
provides a mechanism for direct autoimmune gluten injury to many 
other tissues and organs when the villi are fine. It is also possible that 
several tissues and organs, including vill, may be injured and then nutrient 
deficiencies from poor villi absorption may affect other areas. 


Dr.Vojdani's abstract in his editorial, The Immunology of Gluten Sensitivity 
Beyond the Intestinal Tract supports that the villi are not always injured. To 
quote his editorial abstract, “Evidence has been accumulated in literature 
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demonstrating that gluten sensitivity or celiac disease can exist even in the 
absence of enteropathy” [gut/villi damage],"*but affecting many organs. 


3. Ido not have damaged villi, and my tTG/gliadin blood tests were 
negative, but I feel so much better gluten-free. Why? 


The tests were likely false negative. That is very, very common, As gluten 
is processed in the digestive system, it can break into more pieces than 
we have tests developed to check them, and the immune system makes 
an antibody for each separate piece. The test probably missed your 
antibodies because they were different from the one or two the test 
checked. Many patients have proven this because they received negative 
results to the standard test, and then found a number of positive gluten 
related antibodies when they ran a more comprehensive panel. Cyrex 
Laboratories (www.cyrexlabs.com), runs 28 gluten related antibodies in 3 
areas of the immune system, 


Your properly performed biopsy was probably negative because likely 
your gut vill are fine.” Your gluten injury may have targeted other organs 
or tissues, not the villi* For instance, if gluten has damaged the heart, 
snipping intestinal villi will not help find the heart injury. Damage in either 
place is not ok. 


More detail on False Negative Tests 


The blood and saliva tests - Standard celiac blood and saliva tests only 
check tissue transglutaminase IgA, (TG — IgA) as an initial screener. Most 
doctors give up if that test is negative. However, the literature shows that 
standard tTG-lgA tests are only elevated when the villi are completely 
destroyed. Dr.Vojdani finds that form of tT is often not found in other 
gluten injured tissues. Therefore the standard tTG-IgA test is a poor 
screener for most patients, and returns many false negatives. More forms 
of tT have now been discovered. 


Doctors might also order a standard test for deamidated gliadin IgA 
and possibly IgG. Unfortunately these tests also have a miserable failure 
rate for picking up gluten syndrome because many patients have other 


ifthere I vil damage ice possible forthe biopay to misitifthe damage patchy or further down 

‘the duodenum than che wl samples are taken. Mase good "gluten aware” gustroancerologsts 

‘ae a number of samples to uy to avoid this possibly. 

* cis possible hae very early vill damage may slowly accumulate fong before it shows up 
fon a pathology repore An elevated IEL coun (intraepthelal Iymphacyte, an eary sign of 
inflammation) ofthe vil issue indicates this process is underway. Ask the gastroenterolopst co 
speci tae the pathologist do an IEL count 

+ Lam careful to speciythe"Will ofthe gut". There may actualy be gut damage, but not to the 
wil: There are many types of tissue in the gu suchas nerves for instance. The vill maybe ie 

‘bu ei stl possible that some other gut ussue may be damaged by molecular mimicry or other 

processes we do not yet understand. For instance. che nerves tha contel peristalsis (wave 

tke gut motion) are injured, ic coud resule in chronic constipation 
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antibodies beside those two. The gluten “string” can break up into many 
other pieces, plus other “departments” of the immune system may react. 


Villi biopsy vs. positive antibodies for diagnosis? - To add insult to 
injury, even if antibodies are discovered, many celiac, villi focused specialists 
may still insist that the villi biopsy is the final word for “celiac” diagnosis 
and they trust a negative villi biopsy over positive antibodies. Many folks 
have positive antibodies and suspicious symptoms, including improvement 
upon gluten removal, but no apparent villi damage. Their doctors assure 
them they can eat gluten! This is a serious mistake for many patients. 


More on the villi biopsy — By now it is easy to understand why even 
properly performed villi biopsies are only useful for the relatively small 
subset of patients in which the villi of the duodenum are injured. Most 
patients do not happen to have damaged villi, Their damage is somewhere 
else in their body, other organs, nerves, etc.,or some enzyme or functional 
item has been damaged by gluten antibodies. Scientists such as Dr-Aristo 
Vojdani** do NOT recommend villi biopsies for gluten syndrome 
diagnosis (there may be other reasons to scope the gut, such as tumors, 
etc). Dr. Vojdani explains that if there are elevated antibodies to gluten, 
the immune system is screaming “I do NOT want this substance! | am 
manufacturing antibodies to tag and destroy it” That is sufficient reason 
to remove gluten from the diet. It is less expensive to check an extensive 
array of gluten antibodies than undergo an endoscopy anyway, and is much 
less invasive. 


4, Why do many gluten syndrome patients not only react to wheat, 
barley, and rye but also sometimes to other foods, particularly oats, 
milk, corn, soy, egg, coffee, sesame, yeast, chocolate and others. 


These foods have similar amino acid sequences to gluten. Now that 
we grasp molecular mimicry, this is logical. The immune system may 
misrecognize them for gluten, causing cross reactions which may keep 
the gluten antibodies running high even on a gluten-free diet. Happily, 
this does not always occur. Cyrex labs, Array # 4, checks a list of cross 
reactive and gluten substitute foods, IgA and IgG. 


5.The diet seems excessively stri 
gluten to start a reaction? 


t? Why does it take so little 


We understand that miniscule amounts of bee venom, or peanut, can 
trigger emergency allergic reactions, and very tiny medication pills can 
cause major effects on our bodies. This is also true of gluten reactions, 
both immediate allergic IgE, and delayed IgA, IgG, and IgM? “Crumbs 
matter.” The difference is that delayed reactions are not as obvious as the 
allergic reaction. They may go unnoticed for hours to decades, but may 
be a long, slow, serious process. Their lack of drama robs these reactions 
of the compliance respect they deserve, 


CHAPTER 1 = PLANNING YOUR ELECTRONICS WORKSHOP 


“hobby-grade” alternatives. This is generally to be blamed on the fact that there is a correspondingly 
enormous amount of money to be made in the field of electronics. 

New components are almost always more desirable to use, especially when you're looking at a 
production environment and you need to make sure everything produced is of the highest possible 
quality and reliability. New, unused components are also more appropriate when conducting complex 
experiments, as this helps to reduce, if not eliminate, many variables in the testing and analysis phases. 
You don’t have to worry that someone (probably you) might have “borrowed” some parts for a quick fix 
orsome other temporary usage and then surreptitiously replaced them back in inventory, having 
possibly compromised them in some unseen way. 


Finding Used 


A prudent way to fill up a new lab, especially when first starting out, is to look for bargains on used tools 
and components. This is especially true of the fixtures, shelves, cabinets, benches, and other furniture 
that belongs in a lab. 

Tools wear out. Tools are replaced. This is a fact of life when you're in the business of working with 
tools. The good news is that “one man’s trash is another man's treasure.” If we consider the possibility of 
‘women participating, we get three more potential combinations, all of which can end up ina win-win 
situation, 

Many used tools can be retrofitted and placed back into service in your lab. On the other hand, there 
are alot of tools that are simply used up and can not feasibly be brought back into useful service. Either 
their repair is cost prohibitive or they are no longer supported by their original manufacturers. 

‘Another factor working in favor ofthe patient and observant collector of discarded tools is the 
inevitable march of progress, What was shiny and top-of-the-line a year ago might be intolerable or 
insufficient next year, from the standpoint of the original purchaser. Many bargain opportunities arise 
from this simple understanding, 

This can sometimes be applied to the purchase of components that have never been used, but have 
been sitting somewhere waiting for their chance. A commonly used phrase to describe these parts, 
which are often sold at a discount, is mew old stock (NOS). Sometimes these parts are sold this way 
because of overstock or because a manufacturing run was cancelled or cut short. 


Harvesting or Recycling 


There's an absurdly large amount of perfectly good equipment, tooling, fixtures, and components sitting 
ut there, looking for a new home. A lot of companies, as well as individuals, either outgrow their 
present fittings or turn toward other interests and endeavors. This can be an excellent opportunity to 
acquire the furnishings you need to populate your lab, 

‘On the other hand, please don't go crazy. You don't have to pick up every discarded appliance or 
chair you see sitting by the roadside. Why pay rent for something you can easily and cheaply obtain 
‘when you actually need it? Are you really wanting to pay the heating and air-conditioning bill for that 
box full of odd-sized capacitors that are probably past their prime? Don’t fall into the trap of the false 
economy when it comes to bargain-hunting for your lab. The most important ingredient in your lab is 
‘you. Leave a little room to move around a bit. 

Another factor to keep in mind is shelf life. Notall parts (or tools) last forever, especially when not 
being used. Batteries are the worst. You can prolong the shell life of nonrechargeable batteries by storing 
them in your refrigerator, as this slows down the electrochemical processes within them that produce 
the electricity. Even solar panels will wear out with either constant use or constant disuse, although this 
can take years to happen, 
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6.The silent syndrome - Why do many people react to gluten, 
proven by antibody tests, but they have few or no warning signs, or 
seemingly unrelated symptoms they do not recognize or connect 
with their diet for a long time. Then they crash with somet! 
serious, often or usually autoimmune? 


Gluten is famous for slowly injuring nerves* by molecular mimicry, and 
in many cases the nerves are silenced by that injury.* The patient does 
not realize there is a problem until the tissue or organ that those nerves 
supply begins to fail, Furthermore some areas of the body do not contain 
many pain nerves, so we may not feel the damage. Slow silent damage is 
understood in other diseases. Heart damage, cancer,and aortal aneurysms 
are examples of conditions that develop silently and then suddenly flare. 
Prevention is best. 


For years, celiac literature recognized 2 neurological conditions, peripheral 
neuropathy and gluten ataxia. In the wider perspective of gluten syndrome, 
nerve damage may be one of the most important areas of injury’ 


Dr. Rodney Ford, MD, suggests in his book, The Gluten Syndrome: ls Wheat 
Causing You Harm, that this is primarily a neurological disease’, injuring and 
in some cases silencing nerves, compromising the health and function of 
the tissues they serve. This idea was reinforced by an astute observation 
made by Dr. Ford of one of his patients, an elementary school child who 
had not achieved bowel control. After she went gluten-free, the problem 
resolved. Dr: Ford realized the child now recognized the signal to visit 
the toilet, and accidents were avoided. The nerves in the lower bowel 
apparently “woke up” once the antibodies that injured them disappeared, 
This is an interesting and logical theory to explain “silent gluten injury”, 
and it fits the community. Here is an abstract of Dr. Ford's published 
paper which discusses a possible widespread neurological focus:* 


‘The Gluten Syndrome: A Neurological Disease, Ford 
‘Hypothesis: gluten causes symptoms, in both celiac disease and non-celiac gluten- 
sensitivity, by its adverse actions on the nervous system. Many celiac patients 
experience neurological symptoms, frequently associated with malfunction 
of the autonomic nervous system. These neurological symptoms can present 
in celiac patients who are well nourished. The crucial point, however, is that 
spluten-sensitivity can also be associated with neurological symptoms in patients 
who do not have any mucosal gut damage (that is, without celiac disease). 
Gluten can cause neurological harm through a combination of cross reacting 
antibodies, immune complex disease and direct toxicity. These nervous system 
affects include: dysregulation of the autonomic nervous system, cerebella ataxia, 
hypotonia, developmental delay, learning disorders, depression, migraine, and 
headache. If gluten is the putative harmful agent, then there is no requirement 
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to invoke gut damage and nutritional deficiency to explain the myriad of the 
symptoms experienced by sufferers of celiac disease and gluten-sensitivty. This 
is called “The Gluten Syndrome,”= 


7. Why do so many of us react now, when for centuries most people 
appeared to be fine with wheat? After all, wheat is spoken of 
positively in the Bible and many other historical documents. 


There may or may not be a conclusive answer to this question, but a few 
factors may play a role. 


a. Many folks have higher toxin levels now, their nutritional status is 
worse, and digestive strength is weaker. 


b, Today's wheat is different. Gluten grains have been subjected to a 
lot of changes, some genetically violent, according to Nina Federoff, 
a pro GMO scientist. She asserts in her book, Mendel in the Kitchen, 
that gluten grains were altered with nuclear radiation and chemical 
‘mutation by the 1950's - 1960's.” Recently astash of old blood samples 
from that era, stored in a freezer by the military, were checked with 
standard celiac antibody tests. The incidence of positive antibodies 
was much less in those samples than is typically found in the general 
public today. 


c. Wheat seed is sometimes treated with mercury. Might this play into 
unintended results? 


8. Why do specialists and researchers insist that the gluten-free diet 
must be life long? Can’t we heal the gut and go back to our beloved 
wheat bagels, croissants, and brownies? 


Our scientists insist that gluten-free is a strict lifelong commitment. 
The memory B cells in the immune system never forget what the enemy 
“looks like.” Today's gluten is a violently altered substance according to 
the very scientists who defend genetic alterations.” It is not worth playing 
with today's wheat. There is something strange and unpredictable about 
it. Even if a leaky gut has healed, future circumstances, toxins and stress 
‘might injure it and retrigger the syndrome, perhaps silently. Researchers 
say gluten creates leaky gut for a few hours in everyone. 


Particularly since gluten appears to be the “bad boy" that predisposes 
to other intolerances, | prefer to walk away for life and concentrate on 
other nutrient dense foods. However it is wise to consume whole foods 
rich in B vitamins, (ex., liver or bee pollen), and silica (the herb horsetail, 
“equisetum hymale” species, is a source,) as gluten grains contain those 
nutrients. 
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9. Traditional peoples soaked and/or sprouted their wheat berries 
and then made sourdough bread with it. Does that process alter the 
gluten sufficiently for gluten syndrome patients to safely consume it 
today, particularly organic spelt and einkorn? 


No. These methods make bread more digestible, but the fermented 
products and ancient gluten grains still contain gluten and can trigger 
reactions in research trials. Even if there are no visible reactions, silent 
injury cannot be ruled out without long term research. Additionally, the 
preparation process before fermentation is completed is definitely gluten 
based, so significant cross contamination issues come into play in the 
kitchen, Healing the gut is a challenge. Other areas crop up that need 
cleanup too, such as the parasite issues. Gluten specialists advise us to go 
gluten-free, stay that way, and move on. 


10. What are gluten withdrawals? 


Rarely, a few days to a few weeks after going gluten-free, or after being 
glutened, a patient may experience a few hours to a couple of weeks of 
a parade of varied and unusual symptoms including dizziness, black pit 
depression, crying, physical or emotional exhaustion, even as in difficulty 
getting up to use the rest room, and other odd symptoms. In severe 
cases they may experience an inability to socialize, make eye contact, 
make decisions or hold a normal conversation. Children or teens may 
act out in extreme ways during this situation. Often patients cannot bring 
themselves to discuss this experience afterward. However, a patient 
reluctantly described her experience 2 years later as “encountering 
an empty white board with nothing on it” The rest of life around her 
seemed to be“across the Grand Canyon.” This appears to be a temporary 
crisis that resolves anywhere from a few hours to a couple of weeks 
or so according to folks who contact me about them. It is assumed 
that this phenomenon is due to particular pieces of gluten strings called 
gluteomorphins with amino acid sequences which resemble opiate drugs. 
‘When these gluten pieces disappear from the blood stream the patient 
may experience “withdrawal,” very much like a drug withdrawal. Another 
theory for why this may happen involves changes in blood flow to the 
brain that may create a temporary neurological crisis. Autistic children 
may suffer these withdrawals and may take longer to stabilize, but they 
usually make nice gains after the crisis passes. Happily, once withdrawal is 
over the patients are usually much better, and they are VERY vigilant with 
their diet, 


In the rare event that this type of reaction might occur, family and friends 
of the person do well to understand that the person may (or may not) be 
able to prepare their own food, for instance, but not be able to verbally 
communicate much, make eye contact, hold a conversation, answer 
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questions, and may be uncharacteristically snappy particularly if others 
attempt to communicate with them. Family members may wish to be 
quietly and unobtrusively nearby until the person passes through this 
stage. If the patient has children to care for, help may be needed, and also 
solitude, rest, and simply prepared “real” nourishing food that is gluten- 
free and easy to digest such as bone broth. Probiotics or old fashioned 
fermented raw veggies or sauerkraut from the refrigerated section of the 
health food store may be helpful. Family and friends should not take the 
person's temporarily withdrawn personality personally. 


For details on these unstudied rare reactions, or if you need support 
during a crisis, see... 


www.theglutensyndrome.net 
JAdverse_reactions.htm 


..0F contact me at jka8168@sbeglobalnet. | collect testimonials, so feel 
free to contribute if you have experienced this type of reaction. We hope 
these reactions will eventually be studied 


11, Should I replace all the gluten foods I routinely eat with gluten- 
free substitutes? 


No, most gluten-free substitutes are still mainly expensive processed 
food (aka junk food). For the first few weeks it is normal for newbies 
to look for substitutes to replace their “old gluten friends” and it helps 
them make the very real emotional transition, but there are better, more 
nutrient dense food choices. The substitutes are still high carb, (potato, 
corn, tapioca, rice), and most contain sugar, processed gums, GMOs and 
ingredients that do not help us get well. We may actually eat more of 
them BECAUSE they are gluten-free. Additionally they are expensive and 
not always easy to prepare at home. 


Many experienced gluten-free folks gradually wean themselves off a 
constant diet of the rather junky substitutes in favor of other real 
unprocessed foods, such as meat, eggs, veggies, fruits, nuts, fermented 
vegetables, bone broths, and so on according to their digestive abilities. 
The gluten-free substitutes become the occasional treat, such as pizza 
crust. Gluten free families are wise to find the healthiest GF versions of 
just the items they miss the most, and skip the rest. For example, at our 
house, | had served gluten spaghetti for years, but when | dropped that 
habit, no one noticed. However, my husband wanted his breakfast toast, 
so we found a gluten free brand he liked and continued that tradition. 
Each family works out these adjustments for themselves 
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Lettuce wraps are crunchy and yummy instead of sandwiches. Hamburger 
patties without the bun but with onion for the onion lovers, are stil tasty 
and they feel better afterward. In our family we now use watermelon or a 
watermelon basket for birthday “cake”, complete with candles and a bow 
in the summer. Fruit pizza with a nut flour or nut/date crust, avocado 
chocolate or other dairy-free or fruit based pudding for the sauce, and an 
artistic fruit/coconut topping works for parties. There are lots of ways to 
celebrate happy healthy gluten-free, junk free birthdays. 


12, Warning! Formal gluten challenges for testing purposes ~ risky! 


A word of caution. Antibody tests must be performed while the patient 
is still consuming gluten or shortly after going gluten-free. Sometimes 
doctors advise patients who are already gluten-free to go back on gluten, 
4 slices a day for 4-6 weeks to restart the antibodies for testing purposes. 
Patient experience has shown that once the system is fairly clean of gluten, 
going back to perform a formal gluten challenge for testing purposes may 
be risky. The secondary reactions for some individuals can be significant, 
particularly neurologically. Challenges have been known anecdotally to 
trigger psychological black pit crashes, fibromyalgia, and other organ 
injury. Autistic children may have a hard time when they just go gluten- 
free initially or consume gluten accidentally. A planned challenge for them 
may be very unwise. 


13. Intermittent infractions (aka cheats) are seriously unwise and 
may increase injury.'° 


This is not a fad, or cheater’s diet. The gluten-free diet is a medical diet to 
treat or control serious autoimmune, inflammatory, and often neurological 
diseases. There is no room for casual infractions, Research suggests 
that repeated, intermittent cheats, even every few weeks, over time may 
actually influence mortality rates.'° This is not a reason to avoid the diet, 
but to take it seriously. Once the strictness of the diet is embraced the 
patient or family adjusts and discovers that it is doable. Gluten-free food 
bars, nuts, a packet of gluten-free soy sauce, and GlutenEase™ or other 
brands of DPP IV enzymes are good to keep in the glove compartment 
or backpack to handle emergencies. NOTE: DPP IV (pronounced DPP 
4) digestive enzymes help break down gluten but they do not stop a 
reaction and are NOT a reason to cheat. However if there is a possibility 
of exposure it makes sense to take them for whatever help they might 
afford. In the case of a confirmed gluten exposure, take the enzymes, keep 
the bowels moving, stay calm and deal with it. Worry and drama makes 
everything worse 


14, Discrepancy -The celiac focus uses villi biopsy for diagnosis. The 
wider perspective relies on positive antibodies or improvement on 
the diet. Question? How did villi damage become the gold standard? 
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The first place the medical profession found conclusive damage by gluten 
in the 1950's 60's was to the villi of the gut. After the endoscopy tool 
was developed, villi damage and subsequent healing upon gluten removal 
could be observed. They concluded that gluten damaged the villi. This 
was true, The particular subset of cases they scoped had villi damage, but, 
their conclusion that the villi were the only target of damage for everyone 
with gluten syndrome was too narrow according to research today? In 
most patients the target damage was NOT the vill, but the bones, joint 
lining, heart, thyroid, pancreas, liver, brain, almost any organ, blood vessel 
walls, nerves almost anywhere in the body, and so on. The patients might 
even have injury to multiple tissues, BUT NOT NECESSARILY ALWAYS 
TOTHE VILLI. When the villi biopsy was declared the gold standard for 
gluten syndrome diagnosis, it cut out most of the patients who were 
reacting to gluten. Snipping villi does no good if the damage is in the 
thyroid or brain. For the next 60 years very few patients were prescribed 
a gluten-free diet because most of them did not have damaged villi, (or 
the doctor never thought to look at all). Their gluten-induced injury was 
somewhere else in their body, so they were never diagnosed. 

15. Discrepancy - The villi damaged celiac disease story teaches 

that celiac disease is autoimmune and much worse than “non 

autoimmune” non-celiac gluten syndrome (NCGS). The wider 
gluten syndrome perspective teaches that both are autoimmune 
and serious.** 


A significant disagreement exists over the autoimmunity of non-celiac 
gluten syndrome (NCGS). In the beginning, antibodies to gluten could 
not be found in NCGS patients, therefore it was assumed that NCGS 
was not autoimmune. However, Dr-Vojdani insists NCGS IS autoimmune. 
‘The NCGS patients have plenty of antibodies, just different ones than the 
standard tests check. His tests, which check and find more antibodies," 
the illnesses these patients develop, and recoveries or improvements on 
the diet all prove his point. He also asserts that NCGS can indicate a gut, 
wall in worse shape than the celiac villi damaged subset?™ The damage 
is simply somewhere else, not to the villi. See the link below for diagrams 
of these reactions, and compare the condition of the gut wall in the celiac 
diagram with the gut wall in the gluten intolerance diagram. 


www.TheGlutenSyndrome.net/ 
VojdaniDiagrams.htm 


© D-Vojdant’s research found several more ferms af both eTG, and gladin ancbodes, (alpha. 
amma, omeya),gluteomorphin,glutnins, and others. His salva and blood panels check 12 
Separate anabodies in 3 dflerent immune dapartments and 2 mediums, ctaing 28 gucen 
‘laced anubodies. The ewo panels. run together nearly always find anlbadies if hey are present 
In the pation. cranslating to far fewer fase negatives. 
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This disagreement fosters confusion among NCGS patients that villi 
damaged celiac disease is the “big bad boy” to avoid (true, it is bad), but 
that NCGS is less severe, not autoimmune. This translates in real life 
to gluten birthday cake for the Friday night party and then back on the 
gluten-free bandwagon Saturday morning,"so | won't eventually develop 
villi damaged celiac disease.” Yes, that could happen also, particularly if 
the person seesaws on the diet, but the notion that NCGS is not as 
bad as villi damaged celiac disease is a misunderstanding according to 
Dr-Vojdani2** To repeatedly seesaw off and on gluten indiscriminately 
is unwise according to medical literature,!® and community experience. 
Gluten exposure needs to be an accident, which happens occasionally 
even to the most vigilant. Casual cheats are a more risky mindset, usually 
meaning “more frequent.” Take it seriously, nerves, blood vessels, and 
organs are precious. 


Gluten Tests with a Good Track Record 


Some families cannot afford to test or good tests are not available. In the 
case of autism this protocol and most others require gluten-free and that is 
the end of the matter. Kerri takes this position partly due to cost and the 
miserable record of false negatives that standard tests return. The protocol 
does not work without the diet. Period, 


Some adults are also willing to go gluten-free without a test. Their bodies 
tell them what they need, they listen, and are happy to find answers. Social 
pressure does not sway their decision or ability to comply. 


In many other situations, a positive test is very meaningful. It gives patients 
confirmation that gluten-free is right for them, silences critics,and helps them 
comply with the diet. In the case of children it provides proof to the other 
parent, grandparents, therapists, doctor, etc. It may also come in handy if the 
child turns into an invincible teen who doubts he ever needed the diet in 
the face of pizza and beer, ditto for his future spouse and in-laws. The catch 
is that the test must be adequate. A false negative misvalidates the skeptics. 
These are decisions every individual or family must evaluate for themselves. 
‘Thankfully there are test panels with good track records now. 


Absolutely, regardless of any test result, if the body is able to communicate a 
reaction to gluten or its removal, then that is the final answer. Be grateful and 
go gluten-free. 


This testing section is for those who wish to test for their own confirmation 
or social support. 
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NOTE: If a patient has been ill for a very long time it is possible for the 
immune system to be so worn out that few antibodies are manufactured. 
Lower antibody counts might show a false negative but not prevent injury 
to innocent tissues. Also, due to the wide variety of antibodies a patient 
may happen to make, it is possible to run any antibody panel and miss those 
particular antibodies. The more antibodies that are checked the less likely 
this may occur, but should be considered in the event of a negative test that 
the patient or practitioner questions. In this case a gene test may be helpful. 


Enterolab - Stool and 1 part gene tests 


For 10 years Enterolab’s mail in home collection research stool test stood in 
the gap for thousands of patients who received false negative standard tTG 
and gliadin blood tests. It has saved many lives, and gave our family the social 
confirmation we needed. This unpublished research test checks stool for 
tTG-IgA and gliadin-IgA only. The use of stool as the testing medium appears 
to pick up those antibodies most of the time, much much more often than 
standard tTG or gliadin IgA blood tests. However, since only two antibodies 
are checked, it may miss in some cases. 


Dr-Fine's lab also offers a one part gene test which he believes is adequate for 
a reasonable price, Dr. Fine finds if a gene is present, nearly always so are the 
antibodies, and two genes are worse. Villi damaged celiac specialists recognize 
only HLA DQ 2.and 8 as gluten related, but Dr. Fine includes I and 3 and their 
subsets 5, 6, 7 and 9. In fact according to Enterolab, HLA DQ 4 is the only 
DQ gene that does NOT correlate with gluten syndrome. According to him, 
a patient needs 2 copies of the HLA DQ 4 gene to miss the predisposition. 
This translates to 81% of the Caucasian population with a predisposition to 
trigger gluten syndrome at some point in their lifetime, including before they 
are born. 


Cyrex Labs - Better blood and saliva tests 


Cyrex Labs (www.CyrexLabs.com) opened their doors in 2010 in Phoenix, 
Arizona. They run much more complete antibody panels designed by Dr. 
Aristo Vojdani, PhD., their scientific advisor, an immunologist, and researcher. 
Dr-Vojdani found a wider variety of gliadin antibodies, (alpha, gamma, omega) 
and variations of tTG in other tissues, plus gluteomorphins, and several 
others. He also checks an IgM antibody due to possible malfunctions in that 
system, Cyrex blood and saliva panels, Array #1 and #3, combined, test for 
28 gluten related antibodies between 3 immune departments, 2 mediums, 
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plus IgA insufficiency. They rarely miss a diagnosis because they look for 
so many antibodies, (Note:Vojdani believes stress, toxins and infections, ie 
environment, can trigger a gluten reaction without the genes.) 


Gluten Free Society - Two Part Gene Test 


A third approach espoused by Dr. Peter Osborne, The Gluten Free Society, 
Sugarland, Texas, (wwwglutenfreesociety.org), is to run only the gene test, 
since any antibody panel may theoretically miss the particular ones the patient 
may have. He uses a 2 part test, the most complete method, and looks for 
both celiac and gluten sensitivity genes. A positive gene test does not prove a 
current immune response as do antibodies, but predisposition to it. Presence 
of 2 genes indicates a more severe case. Gene tests have an advantage in that 
they can be run anytime, gluten consumption is unnecessary, and depending 
on the results, useful information can be gleaned for immediate and extended 
family members. 


Eli 


ination Diet 


The elimination dietis inexpensive. Often/usually it demonstrates improvement 
upon removal of gluten, or worsening upon reintroduction, Many “heads up” 
practitioners accept this as reason enough to go gluten-free. 

There are occasional complications or interpretation issues for the elimination 
diet as follows: 

a. Reintroduction of gluten (gluten challenge) can trigger stronger, 
sometimes risky reactions." Stop a challenge upon negative symptoms, 
including depression and emotional instability, or best, don't challenge. 
‘An accidental infraction may come up that provides insight. 


b. Occasionally it takes several months to see the difference, or a silent 
reaction may mask symptoms.* 

If the patient later decides to test and is already “clean” on the gluten- 
free diet, blood tests will not work unless gluten is reintroduced for 
many weeks.'? No! Stool/gene tests are safer. 


d. There is no lab confirmation to silence naysayers. 


Other Related Tests 


Cyrex Labs Array # 2 - Intestinal Permeability Panel focuses on specific 
causes of leaky gut. This helps strategize treatment, and is an improvement 
over the old lactulose/mannitol test. 
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Cyrex Labs Cross Reactive Foods and Gluten Substitutes, Array # 
4, - This specific list checks foods that commonly cross react with gluten 
and also foods commonly used to replace gluten. It helps customize an anti- 
inflammatory diet. 


Cyrex Labs Predictive Antibody panels determine if or which tissues are 
currently under antibody attack. This predicts autoimmunity years ahead of 
time and gives the patient advance notice in order to address trouble spots. 


Enterolab (www.Enterolab.com) offers several stool based food antibody 
panels and gut related stool tests. 

‘What are the lab instructions? 

Do I need to consume gluten for testing? 

Antibody tests, (blood, saliva, stool), prove a reaction and require recent 
gluten consumption. Ideally, test first, then go gluten-free. If the patient is 
off gluten, call the lab for advice on the time window before the test will not 
work, 


Cyrex Labs (www.CyrexLabs.com) tests require prescriptions and a saliva 
specimen and/or blood draw. Ifa doctor is needed to write the script, check 
www.thedr.com for a partial list of practitioners who are familiar with Cyrex 
Labs. Results are sent to the prescribing doctor. 


Enterolab stool specimens are ordered online, kits are sent, home collected 
and mailed, No prescription is required, Results arrive on email. Enterolab’s 
test works for several months after going gluten-free. 


Gene tests do not require gluten consumption or a script and can be run at 
any time. Genes prove a predisposition to gluten reaction. 


Enterolab’s gene test is a relatively inexpensive “one part” test. It is a mail in 
cheek swab and reports the patient's actual genes. 


Gluten Free Society (www.Glutenfreesociety.org) gene test is a “two part” 
(more complete) mail in cheek swab and reports yes or no for both celiac and 
gluten sensitivity genes. 


For information on testing (I have no financial interests) see: 


www.TheGlutenSyndrome.net 
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Some Example Workshops 


Here's alittle peek into some actual electronic laboratories, each with its own personality and history. 
Each one grew from something small into something, well, not so small 


A Fresh Start 


Harold Timmis is an electronic engineer, software developer, and author. His curiosity about how things 
worked started as a small child, which led him from taking apart everything in his parents’ house to 
studying engineering at the Florida Institute of Technology. 

Harold keeps a lab in his home where he can work on gadgets in his spare time. Harold recently 
moved, and used the opportunity to "clean house” and set up everything in his lab exactly the way he 
wanted things. 

He took this photo of his new lab after working on a couple of projects (see Figure 1-5). Note that 
everything is within easy reach when sitting at the desk. It's still quite tidy, as you can see. 


Figure 1-5. The reorganized home lab of Harold Timmis (photo by Harold Timmis) 
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‘The latest version of this article and a complete list of references is available 
at: 


www.TheGlutenSyndrome.net 
IMolecular_Mimicry.pdf 


Author's note: While the information Olive has provided can be extremely 
helpful for adults or children who are not on the spectrum or who are 
suffering from other ailments, a gluten-free diet is non-negotiable for healing 
autism, We need to remove foods that cause inflammation and mucous, and 
which can produce gluteomorphin in the body. I have seen many families 
waste time and money doing testing only to get confused by false negatives— 
time and money they could have spent on recovering their child. 


Online Gluten Summit A Chance to Support CDAutism 


Recently, in November 2013, Dr. Thomas O'Bryan, an internationally 
recognized gluten educator, put together an amazing online Gluten Summit. 
‘Twenty nine iconic experts on Celiac Disease and its wider perspective, 
Gluten Sensitivity, also called Gluten Syndrome, covered every possible 
aspect before 115,000 appreciative viewers. This set of interviews plus extra 
materials is available for purchase at only $3.30 per speaker and is a priceless 
addition to all our libraries. It also is a great gift and a good way to inform 
friends and family. Often our closest loved ones accept new information 
better from a respected professional rather than from us. 


Arrangements are in place to contribute half of your purchase price of The 
Gluten Summit interviews to the CDAutism project. Go to the link below to 
order and also credit CDAutism with your contribution. 


gg110.infusionsoft.com/go/tgso/Ker 
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Measuring the Strength 
of Your CD, CDS & CDH 


by Charlotte Lackney 


CD, CDS, and CDH work because all of them contain chlorine dioxide (CIO;). 
CIO; is made when a 22.4% solution of sodium chlorite (NaCIO,) is activated 
with an acid, usually 4% hydrochloric acid (HCl) for CD and CDH; and 10% 
HCl for CDS. 


Sometimes it might be useful to measure the amount of ClO; in those 
solutions, although that has not been done in the past when using CD. And, it 
may only be necessary to know the amount of chlorine dioxide if you are not 
getting the expected results. There could be a problem with the ingredients 
or process and knowing the amount of CIO; in the solution could be helpful 
in determining what might be wrong. 


The amount of CIO; in a solution is measured in parts per million (ppm). Itis 
always necessary to specify the volume of solution when talking about ClO, 
ppm because the ppm will vary depending on the dilution of the solution. 


If using CDH or CDS with the protocol in this book, it is assumed that you 
are preparing them at 3000ppm. If using CDS, please keep in mind that the 
relative strength of one millliter of CDS is approximately 60% of one drop 
of CD. 


However; if the ingredients are of good quality and the CD or CDH protocol 
is closely followed, there is usually no need to know or measure the ClO, 
concentration. 


Both CD and CDH may continue to activate inside the body from whatever 
sodium chlorite has not been activated outside the body. That is not the case 
with CDS, as it has no sodium chlorite to continue activating inside the body. 
‘Some believe that this is why many people can tolerate a higher dose of CDS 
than an equivalent dose of CD. 
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Measuring the concentration of CIO; can easily be done at home. You will 
need to purchase ClO2 test strips made by LaMotte or others. | have only 
used LaMotte Insta-Test® High-Range Test Strips, 0 to S00ppm (code #3002). 
The container’s label has a chart showing seven colors on it wih each color 
indicating a CIO, concentration in ppm. Note: LaMotte recently changed the 
appearance of their labels, as shown on the right. Both are the same product. 
For more information, see their website: 


www.lamotte.com/ 
en/water-wastewater/test-strips/3002.html 


Directions for how to use the LaMotte test strips are printed on the side 
of the container and need to be followed in order to get an accurate ClO, 
concentration reading. 


The numbers below each of the seven colors represent 0, 10,25, 50, 100,250 
and 500ppm. Many people who use the test strips think the S0ppm color is 
the best one to use for color matching, because they can see the difference in 
color below and above that color more easily than the others. 


If the CIO; solution you want to measure is suspected to be 3000ppm, how 
do you measure that if the test strips highest ClO; concentration color is 
500ppm? Recall that | had said that it is always necessary to specify the volume 
of solution when talking about CIO; ppm, because the ppm will vary depending. 
on the dilution of the solution, 


So if we dilute the suspected 3000ppm CIO, stock solution with more water, 
the same amount of CIO; will now be evenly spread out in the larger amount 
of solution if stirred. There will be less CIO, in any one spot than before 
dilution, because the ClO; is now dispersed into a larger volume of water. 
Visualize what happens when a drop of red food coloring falls into a glass of 
water: It disperses throughout the water if stirred, and that dark red color is 
now much lighter because it is diluted in the water. 


In order to read 3000ppm with a test strip, and have it match the SOppm color 
on the container, we will need to dilute a small sample of the stock solution. 


Stock Desired Volume of 
solution dilution in water for 
(imp ppm dilution. 


3000ppm ‘S0ppm Omi 
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The chlorine dioxide test strips (code 
—= #3002) made by LaMotte are available 
on the market with two different labels, 

| although both are the same product 

3] Both labels show the same measuring 
color chart on the outside of the 


H 
| 


So, if we take a Iml sample of the stock solution and add it to 60ml of water, 
then the stock solution is diluted 60 times its original volume. Technically, one 
should add the Iml of stock solution to 59ml of water, for a total of 60ml, but 
using 60mI is easier to measure and you would not see the difference in CIO, 
readings if S9ml of water was used. 


To measure, pour 60m! of distilled water into a small glass and then add 
Iml of stock solution. Stir well to evenly distribute the CIO; sample in the 
water, Then take one of the test strips—taking care not to touch the pad of 
chemicals on the end of the strip—and dip it in the solution for two seconds. 
Keep the strip in one place in the solution and do not move it around during 
the two-second period. 


Without flicking any of the solution off the strip, remove the strip from the 
test solution with the pad facing up and wait ten seconds. Now compare the 
color of the test strip pad to the color chart on the side of the test strips 
container (as shown above). 


If the stock solution is 3000ppm, then the color on the test strip will match 
the 50pm color on the container. Multiply 50 times 60 (the amount of 
dilution) and you get 3000ppm. 


Ifthe color on the test strip does not match the SOppm color on the container, 
try to estimate the ppm number between container colors and multiply that 
number by 60 to get the CIO; concentration. 


Tip: You can cut the strips lengthwise to get 100 strips instead of SO; just be 
sure not to touch the strip’s pad with your fingers or your readings may not 
be accurate. Also it is important to keep the container tightly capped to keep 
moisture out which can affect the readings. 
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luting HCI Concentration 


The protocols in this book use two different concentrations of hydrochloric 
acid (HCI): 10% & 4%. Some suppliers sell both concentrations, while others 
only one. You may also find a source with a different concentration and wish 
to dilute it to 4 or 10%, The math to determine how much to dilute your 
stock solution is rather simple. You should have no problem if you know how 
to multiply, divide, add and subtract. Note: The same calculation works for 
citric acid if you have 50% and need to go down to 35%. 


What you will need is 

+ Bottle of concentrated HCI (10% or higher) 

+ Receiving bottle to store the resulting diluted HCI 

+ Graduated cylinder or other measuring cup 
(On the next page is a graphical representation of the dilution equation. It may 
look intimidating at first glance, but itis actually quite simple and is made up of 
three simple mini-calculations. Each box is labeled with a letter which refers 
to the graphic. Just fill in the numbers with a pencil and follow the directions. 
‘We'll go over one example here: Let's say you have 10% HCI and want to 
make | liter of 4% HCl. Here's what you would have to calculate: 


Desired Desired Temporary 
Volume yg HCL% © = Number 
1000m1 4% 4000 
Temporary Stock “Amount of 
Number HCI% = = 10% HC! 
4000 10% 400m! 
Desired “Amount of “Amount of 
Volume =_ 10% HCl = water 
1000mI 400m! 600m! 


So, in this example, you would need 400ml of 10% HCI and 600m! of water. 
to make | liter of 4% HCl. If you add them together, you should have 
1000m! (1 liter), 
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1st Calculation 


Desired Desired Temp. Stock Stock 
Volume — Concent. % Value Concent. % Amount 


a 


- . a ee 
2nd Calculation 
Desired Stock Water 
| 


Volume Amount To Add 


[Determine the volume of the receiving bottle in milliliters. For exam- 
A |ple, if you have a 1 liter bottle, you would enter the number "1,000" for 
4,000m. 
This is where you enter the % of the final solution. If you are making 
%, then enter “4” in this box. 
[Multiple A and B and enter the result into box C. This is a temporary 


© [value you will need for the next calculation 
This is where you enter the percentage of your concentrated stook 

D |solution-the HCI you want to dilute. If you have 10%, then enter a "10" 
in this box. 
INow divide the temporary value in © by D and enter the result in 

E | This is the amount of concentrated stock HCI (in milters) you will 
need. 

F_|Copy what you entered in A to F for the next calculation. 

G [Copy the result from Eto G. 

[0 the subtraction of F~G and enter he value in H. This is the num- 


ber of milliliters of distilled or filtered water you will need. 

[Measure the resulting volume of water calculated in Hand pour it into 

I |the receiving bottle 1. Finally, measure out the value in G and pour it 
into the receiving bottle 1 
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Other Uses of Chlorine Dioxide 


Bladder Infection Protocol (for Adults) 

The protocol for bladder infection is three oral drops of CD eight times a day 
with a douche of 10 drops CD three times the first day, and then once every 
day thereafter, for 30 days (for females). 


Ear, Eye, Nose Protocol 

Make a mixture that contains one ounce of water for every one drop of 
CD. Use one drop of that mixture in the affected orifice every hour until 
symptoms disappear. If the issue is acute you can use one drop every 15 
minutes. This method can be used in the ears for infections, in the nose for 
congestion/infection, and the eye for infection or conjunctivitis. 


General Fever Protocol 
If the person has a fever, or if you want clarification of any kind, email Kerri, 
but in the meantime, this will hopefully get you started: 


1. Give baths interspersed with enemas, approximately eight hours apart 
(e.g. bath in the evening and enema in the morning or vice versa). 


2. Give oral CD doses (using the person's usual number of drops) 12 to 16 
times or more a day (essentially every hour); unless they stop eating, in 
Which case, stop oral dosing. Enemas and baths can continue 


3. Have them drink lots of water: 
4, Cool clothes on forehead and neck. 

Please see Chapter 14, page 335 for more information on fever therapy. 
Teeth 

Ten activated drops of CD per one ounce of water: Put this in a spray bottle 
and spray on the toothbrush. 


Throat Spray 


Ten activated drops of CD (chlorine dioxide) in one ounce of water. Spray on 
throat once/hour. Recommended in the case of a sore throat. 
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Vaginal Douching for Yeast Infections: 
Put six activated drops of CD in 60 ml of water. Hold this in for two minutes 
every day for a few weeks or between periods. Six drops MAX in the vagina. 


CD Skin Spray 
Use ten drops of activated CD per one ounce of water in a spray bottle. 


CD spray is great for a variety of ailments. 


+ Skin + Cuts 
+ Dandruff + Rashes 
+ Scrapes + Toe Fungus 


Burns 


Any burn should be sprayed with full strength sodium chlorite solution (no 
acid added) directly from a small spray bottle. Do not add citric acid or HCI 
at all! If you don’t have a spray bottle available drip sodium chlorite solution 
directly onto the burn, making sure the area is soaked with it. 


Wait up to five minutes, but no longer before rinsing off with room 
temperature water. If you fail to rinse off the sodium chlorite solution, the 
burn will continue to hurt and get worse. 


This technique will cause the burn to heal in 1/4 the time normally required. 
The pain should stop almost immediately or reduce to almost zero within 
several minutes, 


Sunburns should be treated the same way. Spray the red area, wait 1 to 5 
minutes, and rinse off. If the area is still sore, in about an hour spray the area 
again and wait 5 minutes before rinsing off. Remember, DO NOT allow the 
sodium chlorite to remain in place. It must be rinsed off! The pain should 
be gone in a couple of minutes. Generally two doses will overcome most 
sunburns, but on rare occasions if the discomfort is not all gone you can use 
a third dose, Be sure to rinse it off. 


Note that sodium chlorite is alkaline and burns are acidic. Therefore the 
sodium chlorite neutralizes the acidity that resides in the burned areas. This 
is part of the reason why burns heal rapidly after sodium chlorite applications. 
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Blank Kalcker Parasite Protocol Chart 


The next page contains a blank Kalcker Parasite Protocol Daily Chart 
identical to those found on pages 199 through 217. You are encouraged to 
copy this chart for use in your parasite protocol planning. Setting the copy 
machine to enlarge at 125% should fil a standard letter-sized page. 


CHAPTER 1 = PLANNING YOUR ELECTRONICS WORKSHOP 


The Robot Clubhouse 


‘The Dallas Personal Robotics Group (http://dprg-org) is the world’s oldest personal robotics group 
known to man, From 2002 to 2009, Mike Dodson of Modern Assemblies donated the use of a portion of 
one of his warehouses to DPRG, This gave DPRG a permanent home for meetings, contests, and social 
gatherings. 

Robot builders enjoyed a spacious and comfortable area for working on robot projects, among other 
pursuits. Over the years, members contributed time, equipment, and lots of hard work to improving the 
space. The photo in Figure 1-6 shows one end of the available space, after an extensive remodeling, 
Several workstations along the wall are in the process of being set up. That good-looking fellow seated at 
the table is the author. 

When Mike retired in 2009, DPRG began a search for another home. 


Figure 1-6. DPRG's world headquarters from 2002 to 2009 (photo by R. Steve Rainwater) 


A Cautionary Tale 
1's relatively easy to go from a well-designed and effective lab to something let's say less desirable, This 


doesn't happen overnight, but it can happen. Let this be a warning to you about how even the best of 
intentions can still produce embarrassing and unproductive confusion (see Figure 1-7). 
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Lunar Phase Calendar 
for Kalcker Parasite Protocol 


As covered in Chapter 8, the Kalcker Parasite Protocol is administered over 
a period of 19 days and scheduled according to the lunar cycle. We have 
included an easy to follow calendar starting on the next page for the years 
2014 through 2016. 


Each chart page shows 6 months with each month broken up into 3 columns: 
Column 1 is the day of the month; column 2 indicates the lunar phase; and 
column 3 shows the corresponding Parasite Protocol day. 


The full moon is identified with an “F” in the second column and the new 
moon is identified by an “N" in each month section, which usually occurs 
towards the end of each protocol cycle. 


‘We have used New York as our center point since it is roughly the center of 
the majority of those using this book in the US and Europe. The moon phase 
may occur I day before or after the dates shown if you are in another part of 
the world, but the difference is not great, so feel free to use the dates shown. 
However, you are welcome to be precise for your particular location. The 
Farmer's Almanac is 2 great source and provides an online calendar that can 
be adjusted to your location: 


www.almanac.com/moon 


You may also wish to install a moon phase app into your smart phone. Many 
free options exist. 
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‘2014 - Lunar Phases for New York, NY 


Jan Feb Mar Apr May Jun 
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2014 - Lunar Phases for New York, NY 


Jul Sep Oct Nov Dec 


Ellel fe] (=) lel [fs] /o)/s| [= 
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2015 - Lunar Phases for New York, NY 


Jan Feb ‘Mar Apr Jun 
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2015 - Lunar Phases for New York, NY 


Jul Aug sep Oct 


Appendix 10 


iz 
i 
3 
B 
3 
g 
2 
s 
3 
H 
é 
= 
5 
z 
3 


482 


Lunar Phase Calendar for Parasite Protocol 483 


2016 - Lunar Phases for New York, NY 


Jul Oct Nov Dec 


Three things cannot be long hidden: 
the sun, the moon, and the truth. 


~ Buddha 
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Health Benefits of 
Diatomaceous Earth 
by Dee McCaffrey, CDC 


You've probably never heard of one of the best 
and most economical supplements to improve 
your health and cleanse your body. In fact, this 
supplementis perhaps one of the best keptsecrets, 
ever. This relatively unknown “food” supplement 
is called Diatomaceous Earth, also known as DE. 
It is a completely natural substance that is rich in 
naturally occurring silica, a mineral whose list of 
4 documented health benefits continues to grow 
BUR as more research is being conducted. 


Some of the most recent studies show that it can strengthen bones and joints, 
prevent osteoporosis and restore bone health if you already have osteoporosis, 
boost the immune system, ward off Alzheimer's, prevent premature aging and 
wrinkling of the skin, and strengthens the arterial walls to maintain good heart 
health. Another of the benefits of silica is that it helps to destroy bad fats in 
the body. Used as a daily treatment, diatomaceous earth can alleviate the 
potentially deadly risks of high cholesterol, high blood pressure, and obesity. 


Additionally, because of its physical structure, diatomaceous earth is a highly 
effective anti-inflammatory and internal cleansing agent for the body. It can 
remove intestinal bacteria, parasites, e-coli, viruses, pesticides, heavy metals, 
and other toxins. It has also been known to assist with vertigo, headaches, 
tinnitus, and insomnia, 


Sound too good to be true? Read on to learn more about this overlooked 
multi-purpose supplement and how it can improve many aspects of your 
health at a fraction of the cost of other supplements. 


What is Diatomaceous Earth? 


Diatomaceous earth is the fossilized shells of microscopic water-dwelling 
organisms known as diatoms. Diatoms are one-celled plants (algae or 
phytoplankton) that are the primary food source for marine life, These plants 
have been part of the earth's ecology since prehistoric times, yet their species 
still exists today in both salty and fresh waters all over the world 


CHAPTER 1 » PLANNING YOUR ELECTRONICS WORKSHOP 


Unfinished projects and leftover parts and tools compete for the limited space available in this, 
photo. Not only isa lot of time wasted in searching for both components and tools, but the limited space 
restricts the scale of projects that can be entertained. 

Don't et this happen to you. 


Figure 1-7. 1's not safe. It's not pretty. I's not even properly “eccentric.” You have been warned. 


Summary 


So now you know a little something about electricity and electronics. Hopefully this chapter has covered 
your very basic questions about how all this magic stuff actually works. 

Now you're ready to start poking around some circuits. You're going to need the right tools for the 
job. Chapter 2 will get you started, You'll learn about some basic hand tools that are very useful in the 
lab, as well as some fairly high-tech machines that you might require in the future. 
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Diatoms use soluble silica (sand) from their environment to make their shells, 
or exoskeletons. As diatoms die, their shells fall to the bottom of the bodies 
of water in which they live. Itis believed that 30 million years ago the diatoms 
piled up to form thick beds of chalky fossilized sediment. These beds, known as 
diatomite or diatomaceous earth, were discovered after the waters receded. 


Today, hundreds of large deposits of 
diatomaceous earth occur all over the 
world, Some are still underwater and some 
are found in ancient dried lake bottoms. It 
hhas been estimated that one cubic inch of 
diatomaceous earth may contain as many 
as 400 million shells, that’s how small 
diatoms are! 


Diatomite is mined and ground into a 
powder that looks and feels like talcum 
powder. This all natural powder is called 
Diatomaceous Earth (DE) or fossil shell 
flour. It is made up of approximately 
33% silicon, 19% calcium, 5% sodium, 
3% magnesium 2% iron and many other 
trace minerals such as titanium, boron, 
‘manganese, copper and zirconium, 


What Do Fossilized Shells 
Have to Do With Improving Your Health? 


{e's all about the silica 


As | mentioned earlier, the shells of diatoms are made up mostly of silica 
(known by chemists as silicon dioxide). Silica is one of the most abundant 
minerals on the planet, but most of it is in a form that is unabsorbable by 
humans, and there are limited numbers of foods that contain an adequate 
amount of the absorbable form to supply the quantity our body needs. Silica is 
the most important trace mineral for human health. It plays an important role 
in many body functions and has a direct relationship to mineral absorption. 
For optimal health, the average human body needs to hold approximately 
seven grams of silica, a quantity far exceeding the figures for other important 
minerals such as iron and calcium. 

Silica can be found in such foods as alfalfa, beets, brown rice and oats. Bell 
peppers and leafy green vegetables also provide silica, while asparagus, 
Jerusalem artichokes, parsley, sunflower seeds and grain husks, such as barley, 
millet and wheat contain smaller amounts. 

Years ago, the silica found in our foods was adequate, but with today’s depleted 
soils, only about one-third of the silica needed by our body is supplied in our 
food. 


In our youth, our tissues absorb and maintain high levels of silica— enabling 
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our bodies to remain flexible, resilient, and energetic—but as we age, and 
as our dietary sources of silica are not meeting our needs, our silica levels 
steadily decline until they become almost non-existent. In fact, 80% of all of 
our body's silica is used up by the time we become adults. 

Our bodies need silica regardless of our age and even when diet is not the 
primary factor in cases of deficiencies, we often become deficient in this 
essential trace element simply thorough the aging process. The effect of this 
steady decrease in silica levels is a progressive decline in health, increasing 
fatigue and acceleration of the aging process. 

Diatomaceous earth, which is very high in the absorbable form of silica, can 
replenish silica levels in the body, which can vastly improve your health and 
reverse many chronic problems, Studies show that high levels of silica can: 


Improve Bone Health and Stop Osteoporosis: Calcium and vitamin D 
alone are not sufficient for bone growth, density, strength, and flexibility. In 
fact, the body cannot absorb and use calcium without the presence of silica. 
Recent data suggests that instead of promoting healing, calcium supplements 
actually speed up the leeching away of bone calcium and accelerate the 
degenerative process of osteoporosis and similar diseases that affect the 
connective tissues in the human body! 


To re-mineralize and repair damaged bones, it is now advised that a sufficient 
silica supplement be taken daily because bones are composed of mainly of the 
minerals phosphorus, magnesium and calcium; however, these minerals need 
the presence of silica to be deposited into the bones, especially calcium. Silica 
hastens the healing of fractures and also diminishes scarring at the location 
of a fracture. A great deal of research evidence indicates that silica has the 
ability to “morph” itself into calcium through a transmutation process. Yes, 
silica actually has the ability to be turned into calcium when there is a calcium 
deficiency and the body needs it! 

That fact alone should be reason enough to supplement with DE!! 


Ward Off Alzheimer's: Scientists and researchers have long hypothesized 
that Alzheimer’s disease is linked to a build up of aluminum in the brain, and 
links between aluminum in drinking water supplies and Alzheimer's have now 
been ascertained. A factor that had been overlooked is that silica reduces the 
accumulation of aluminum, When researchers added silica to aluminum-laced 
water supplies, it inhibited the aluminum from being absorbed. It also caused 
a proliferation in the excretion of aluminum in urine and lowered aluminum 
concentrations in the brain, liver, bone, spleen and kidneys. Silica, therefore, 
may be important in supporting neurological health. 


Improve Heart and Lung Health: Silica can hinder the effects of coronary 
disease by fortifying blood vessels. Studies confirm that with age, silica 
disappears from the aorta, the heart's key blood vessel—thus weakening its 
critical connective tissue, and resulting in a greater cardiac risk. Studies have 
shown diatomaceous earth to significantly lower cholesterol by removing 
plaque and keeping arteries and veins supple. It also helps to regulate blood 
pressure. Silica also aids in the repair and maintenance of vital lung tissues and 
defending them from pollution 
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Stop Premature Wrinkling and Sagging Skin: Silica is excellent for 
supporting bones and connective tissue. Your body needs healthy connective 
tissue for internal organs and the largest organ which is your skin. And you 
probably know that degrading connective tissue, with age is why wrinkles 
appear and skin begins to sag. Perhaps it is not age, but rather not enough 
silica that makes this happen. 


Collagen, which is mostly made up of silica, is the glue that holds us together. 
Collagen accounts for up to 75% of the weight of the dermis and is responsible 
for the resilience and elasticity of the skin, Our connective tissues consist 
of collagen, elastin, mucopolysaccharides and mucous carbohydrates which 
aid in moisture retention. Their capacity to hold on to moisture keeps the 
connective tissue resilient and has apparent importance in the prevention 
of premature aging. All these valuable molecules house large quantities of 
silica. Also, many people with advanced arthritis suffer from bone deformation 
when tendons and ligaments in the joints lose flexibility due to loss of collagen. 
‘Tendons and ligaments need silica for health and flexibility. 


Boost the Immune System: Silica may play an important role in the 
immune system and its biological response to harmful stimuli. Silica is 
necessary for the body to produce antibodies that fight off viruses, bacteria, 
allergens and other invaders that the body views as foreign. 


Other Ways Diatomaceous Earth 
Can Improve Your Health 


One of the most sought after benefits of diatomaceous earth is to cleanse 
the digestive tract. Many people consume a variety of processed foods, which 
contain various harmful chemicals and toxins. Plus,as air quality has decreased, 
‘we are constantly putting more toxins in our body that need to be removed. 


Diatomaceous earth can purge any parasite, virus, bacteria, or toxin that is 
clinging to our digestive tract. While diatomaceous earth feels like a soft 
powder, the truth is that diatomaceous earth is actually a small cylinder with 
extremely sharp edges. As we consume diatomaceous earth, these sharp 
edges scrape away parasites, toxins, and viruses clinging to the lining of our 
digestive tract. Plus, any toxins or bacteria floating in our digestive tract are 
absorbed and trapped by diatomaceous earth. It has also been shown to cling 
to bad fats in the body, effectively reducing bad cholesterol. Diatomaceous 
earth is then expelled through our bowel movements and these harmful 
materials are removed, 


(Our skin and organs are strong and thick enough not to be affected by these 
sharp edges, which is why we feel no pain taking diatomaceous earth. After 
a few days, the body's digestive system can be thoroughly cleansed and can 
operate much more efficiently. 
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Are All Forms of Diatomaceous Earth the Same? 
No! There are two types of DE—Food Grade and Pool Grade. 


Most deposits of diatomaceous earth are from salt water sources, while only 
a few are from fresh water sources. Of the hundreds of DE deposits that 
exist worldwide, only 4 of them can be called food grade. The DE sourced 
from fresh water beds are of extremely high purity—so pure that it is called 
Food Grade Diatomaceous Earth, or also known as fossil shell flour, Food 
grade diatomaceous earth, the only form safe for human consumption, is a 
white powder, while other forms of diatomaceous earth may have a brown! 
reddish tint. 


Also, there are two types of naturally occurring silica—crystalline silica and 
non-crystalline (amorphous) silica. Crystalline silica can be very dangerous, 
especially to our lungs if inhaled, while non-crystalline silica is completely safe, 
even for human and animal consumption. The fresh water diatoms contain 
mainly non-crystalline silica, while salt water diatoms can contain both types, 
with higher amounts of the crystalline form. 


PERMA-GUARD™ js the trade name known worldwide for using a grade 
and quality of Diatomaceous Earth (DE) that is extremely pure. Brands that 
use Perma-Guard™ food grade Diatomaceous Earth contains less than 0 5% 
crystalline silica. It is important to have a consistent shape diatom and no 
unwanted sediment. The shape of the diatom must be tubular with holes on 
the walls. It must be from fresh water because the fresh water diatoms forma 
harder shell and are less fragile that those from salt water. Salt water deposits 
contain a mix of diatom species. These deposits shapes and sediments are 
inconsistent making them unusable for safe human consumption. 


Other types of diatomaceous earth have other industrial uses. It is heated to 
a very high temperature (about 1000°C or 1800°F). This type of DE is called 
“calcined.” It is used for pool filters and other types of filtering but itis also 
used asa filler and can end up in paints, cosmetics, drugs, chemical insecticides, 
and other things. Food grade DE is never heated, 


Bottom Line: ONLY use Food Grade Diatomaceous Earth for 
health purposes!!! Food grade diatomaceous earth is the purest form of 
diatomaceous earth and can be consumed and used by humans. Food grade 
diatomaceous earth is heavily regulated and must contain less than a certain 
amount of specific minerals. 


Pool grade DE is calcinated and is a stronger, more potent form of DE. It is 
not to be used by humans and pool grade DE must be handled with gloves and 
a mask to ensure no throat irritations occur. 


All DE should have a label that tells you if it has been calcined and how much 
crystalline silica it contains. 
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How Much to Take—How Safe Is It? 

Food grade diatomaceous earth is a very fine powder and is very light due 
to its high porosity. It mixes easily into liquids and foods. Most people take 
a teaspoon or a tablespoon two or three times a day (up to a total of one 
quarter cup per day) for best results. Mix it into water, juice, smoothies or 
other foods. 


Itsort of resembles putting a spoonful of baking soda in water and drinking it! 


Silica is water soluble; hence, once you get it into your body it easily absorbed 
via the intestinal wall and is also rapidly excreted. It does not accumulate in 
the body, so consistent daily supplementation is important. Studies have not 
found any negative side effects from too much silica Its safety and extensive 
range of uses makes silica one of the most important minerals used in 
complementary therapy and alternative medicine. Regular supplementation 
could make a significant difference in your health 


Being approved by the FDA, Diatomaceous Earth has absolutely no dangerous 
side effects. It can be used by anyone, as long as the person doesn't suffer 
from a serious illness. As with any other health supplement, talk to a doctor 
before using DE. You might have some intolerance to it, so it's advisable to 
not risk your health, Pregnant and breastfeeding mothers can use it as long 
as their doctor has agreed, 


What Other Uses Does DE Have? 


One of the most commonly known uses for diatomaceous earth is as a non- 
toxic bug killer: DE is almost pure silica (with some beneficial trace minerals); 
under a microscope, it looks like shards of glass (glass is made from silica). 
(On any beetle-type insect that has a carapace, like ants, fleas and cockroaches, 
the DE works under the shell and punctures the body, which then dehydrates 
their innards and the insect dies. DE is totally nontoxic. There is no buildup of 
tolerance like there is to poisons because the method of killing is PHYSICAL, 
not chemical, But rest assured, food grade DE doesn’t hurt people or animals. 
In fact, it makes a great flea killer for your pets, and can also be added to their 
food as de-wormer. Many farmers use it to keep farm animals healthy, both 
inside and out. Food grade DE is also added to grains in storage because it 
keeps bugs from eating the grain. So if you eat any grains, you're probably 
already eating a little bit of DE! 


Where to Get It! 


You can buy food grade diatomaceous earth online. Processed-Free America 
sells it through its online store. 


Written by Dee McCaffiey, CDC, who lost 100 pounds and has kept it off for over 
20 years. For more info, go to: www-processedfreeamerica.org 
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Summary of Protocols 


The purpose ofthis list is to have all the protocols in one place, so you don’t have to 
be hunting and flipping pages to find something. This information is also available on 
our website www.cdautism.org if you would like to print anything fullsize. 


Diet 
Permitted Foods List: 
Note: Organic products are better but not required 

Proteins 

O Beef 1 Fish (small not large size) 

D1 Chicken O Pork 

O Eggs O Turkey 
Fruit 


1 Most fresh fruits are permitted (except citrus, mango, pineapple, kiwi, 
and limit berries). 

DD Frozen fruit without added cream or sugar. 

1 NO canned fruit (nothing canned ever), 

1 Be careful of dried fruit as it may contain sugar. 


Vegetables 

D1 All vegetables are fine!!! 

1 Including French fries, however, not frozen fries or fries from fast food 
chains; these are often coated in flour. 


Nuts. 
O Almonds D1 Hazelnuts 
D1 Cashews Walnuts 


D Coconut 


Amaranth 
1 Buckwheat 
O Corn 

O Millet 

1 Quinoa 


D1 All beans—EXCEPT soy 
Split Pea 
O Garbanzo 


‘Sweeteners 

DD Stevia (Best choice of all 
sweeteners) 

D Agave syrup 

DD Honey 


Acetic acid (E260) 
Artifical flavoring 
Artificial sweeteners 
Bouillon cubes 

Bread 

Candy 

Cane sugar 
Carrageenan 

Catsup 

Chocolate milk 
Coloring 

Corn flakes 

Corn syrup 

Cow's milk in any form 
(even lactose-free milk. 
products) 

Flour tortillas 

Gelatin 

Malt 

Margarine 

Mayonnaise 
Microwave popcorn 


oOoo0 
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Rice 
Sorghum 
Tapioca 
Xanthan gum 


Lentils 
Navy 
Peanuts 


1 Maple syrup (without added 
sugar) 
D Xylitol 


MsG 
Natural flavoring 

Noodle soup 

Oatmeal (except for Bob's 
Red Mill GF oats) 

Pasta 

Piloncillo (unrefined sugar) 
Children’s nutritional 
shakes 

Play-Doh™ 

Preservatives 

Processed meats (hotdogs, 
ham, sausage, bologna, cold 
cuts) 

Shellfish (full of toxins) 
Sodas 

Soylfruit beverages 

Soy milk 

Soy sauce 

Sports drinks 

Sugar 

Yeast 
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Preparing Your First One drop CD Batch for the Day 


Start by filing the baby bottle with 8 fl. 02. (237ml) 
A. | of water (distilled or reverse osmosis). 
NO alkaline water! 


Place 1 drop of sodium chlorite solution into 
the CLEAN and DRY shot glass. 


‘Add 1 drop of acidic activator (hydrochloric 
acid or citric acid) to the shot glass containing 
the drop of sodium chlorite. The number of 
drops may be higher if you are using a weaker 
activator. See chart on page 94. 


Now wait the appropriate time for the mixture 
to react (see chart on page 94). You should see 
the color change from clear to slightly yellow. 
If there were more drops in the shot glass, the 
color change is more noticeable, You are also 
likely to notice the chlorine-like smell coming 
from the shot glass. Remember, this is NOT 
chlorine, but rather chlorine dioxide. 


After the activation time has passed, pour a 
little water from the baby bottle into the shot 
glass and let it mix. This mostly stops the 
chemical reaction and insures you get most of 
the mixture out in the next step. 


Lastly, pour all of the watered down mixture 
in the shot glass back into the baby bottle, and 
seal it tightly with the cap—don't leave it sitting 
‘open for any length of time. Think partially used 
soda pop and how you would want to keep that 
closed. 
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Estimated Full Oral CD Doses by Weight 
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Use these numbers as a guide only. You may need to go up by as much as 60% or more over the 
Inicated drops. Read chart as: POUNDS / KILOGRAMS — DROPS OF CD (per 8 f. oz. water) 


Cae Ee 

ea2917_| 1001524 21/9637 
wie | azar] q0NaG 28 Wares | 2120637 
zeae | esze—ia | qoame—a4 Treeo—a4 | 2130737 
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wns0 | Tiae—9 | toms | qsee—a0 | iene | 21aN0—0 
aang | 7aae—9 | tonaa—25 | tesa | sawea—aa | 2201008 
Bae | Taeee | ose | waver | iees—as | 221000 
air | qaee9 | viso—26 | aura | ses a5 | 222n0iae 
Bair | rea20 | Tast26 | toes | teams | 2aui01 ae 
wane2 | raGe20 | vaste | vsome—a | qerMs—a | 2oan02 38 
wone—2 [77620 | mws2—26 | reveeat | ranesas | 2esozse 
aine2_| 7aas20_| e622 | tesa | tanme—as | Zoos ae 
anata | repe—20 | tess2e | isaeo—a1 | teome35 | zoroa3e 
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Advanced Protocols (After Full Oral Dose is Reached) 


CD Enemas: 


I recommend enemas no less frequently than every other day. You can do 
them more often particularly if you see parasites coming out. The ratio is 1-2 
drops chlorine dioxide per 100 ml of filtered warm water. Work your way up 
to 500 mL — 1.5 L of water per enema, depending on the size of your child. 
You have the following options for methods of administering the enemas: a 
catheter and syringes, a multipurpose enema/douche bag, empty out a fleet 
enema, or a gravity bag. (note, if your child suffers from constipation you 
can add enemas and baths in before you get to full dose, alternating them on 
opposite days or opposite ends of the day). 


Enemas should be started when the child reaches full oral dose. However, 
if your child suffers from constipation you can add enemas and baths on day 
one (see page 113), before you get to the full oral dose. However, alternate 
them on opposite days or opposite ends of the day. The following chart is an 
approximate amount of water based on the size of the person, and calculated 
the maximum of 2 drops of CD per 100mL of water: 


‘AgelSize Water Volume Drops of CD 
Child 72 Liter (500m) 10 
‘Adolescent 1 Liter (7,000mI) 20 
Teen/Adult up to 2 Liters (2,000mi) 40 
CD Bath: 


10-100 Activated drops of CD in a hot (to tolerance) bath with enough water 
to cover the child's body. Soak for 20 minutes. Apply on alternate enema 
days, unless you are doing daily enemas, in which case apply on opposite ends 
of the day, 


‘The CD baths can go from as low as 10 drops to as high as 80 to 100 drops; 
it just depends on the person, and the size of your tub. With younger/smaller 
children we start with ten drops. Since we're doing baths every other day, 
start with ten drops on Monday, 11 drops on Wednesday, and 12 drops on 
Friday. Just keep going up until you get to 20 drops. The bigger and older 
the person is, the more drops they can tolerate. Fill the tub to a level that 
maximizes skin contact. 


CHAPTER 2 


Building Your Tool Chest 


You're going to need some tools in your lab, as well as the skills to use them effectively. This chapter will 
get you started. If you're starting from scratch, don't worry. There's not a whole lot you absolutely must 
hhave to get started. Some basic hand tools and a place to keep them organized is all you will need. You 
don’t even have to spend a lot of money at firs. As you progress in your hobby, you will most likely want 
to add to your tool chest and upgrade some of those tools. Electronics can be the perfect hobby because 
it can take up (1) all your spare time and (2) all of your discretionary income. What more could you ask? 

The very basic hand tools, such as screwdrivers and tweezers, are mostly self-evident in their usage. 
Try not to poke yourself in the eye. Where some helpful advice is appropriate, it will be given. 

Here's an excellent example ofa simple safety rule that will absolutely improve and extend your life: 
when using any kind of cutting tool, always direct the cutting motion away from yourself. For example, 
‘you might receive a package in the mail, and get all excited about opening it. You then discover it's 
Sealed up with indestructible packing tape and can't simply be ripped open with your bare hands. Use a 
small knife or box cutter and make a single cut ata time, starting from the point closest to you on the 
package and cutting outward. Using this method, should the knife slip for any reason, the blade will 
travel away from you. This allows your blood and other bits to stay inside you, where they can do the 
most good. Never cut toward yourself. 

Ifyou've already got some tools (or even a lot of tools), it never hurts to review their proper usage. 
Also, if you're suffering from an overabundance of tools, to the point where you can no longer keep them 
organized, this chapter might help you to prioritize them, at least as far as permanent residency in your 
lab is concerned. 


‘Tip Every tool in your shop must earn its place there. It must deserve to be there. No exceptions. 


The Most Important Tool Ever 


The most important tool you'll ever use is your mind. Every other tool you will ever work with depends 
on the correct and proper functioning of your mind. If you're careful with it, you won't misplace it, 
neglect it, damage it, or use it for the wrong job. Your mind is a wonderful asset when cared for properly, 
anda terrible liability when ill-treated, 

Your mind is in many ways like a muscle. The more you use it, the stronger it gets. Learning new 
things does not “push out” the old things you've already learned. Your brain is capable of forging new 
neural pathways when challenged, and there's plenty of extra capacity in that old noggin of yours to 
handle whatever may arise. 
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7212 Protocol 

Give one dose of CD every 2 hours for 72 hours straight, including the middle 
of the night. Apply every possible weekend. 


This involves giving one dose of CD every two hours for 72 hours 
straight—including the middle of the night. Here are some additional 
thoughts and guidelines: 


+ Start protocol when you pick up your child from school on 
Friday. 

+ Give them the last 72/2 dose when you drop them off at school 
on Monday. 

+ Avoid giving CD enemas or CD baths during this protocol, 
UNLESS they are dumping parasites, in which case you might 
need to reduce the amount of CD on both the oral and enema 
dose to insure the child doesn't have a Herxheimer reaction. 

+ Why not give hourly doses during the day at the usual dose? It's 
simply too much if you are doing it all night as well. 

+ Watch for improvements on Tuesday or Wednesday each week. 

+ Ideally, get your spouse or significant other to help with every 
other nightly dose. 


‘Supplement Dosing Overview 


Empty Stomach (ES) 
Supplement Dose Time of Day | “othaleh Pood (WE) 
Probiotics Teap Before Bed ES 
‘Omega-3) With any meal 
Omega-6 ims 13x / day We 
With any meal 
Lcarnitine | 250-1000mgiday Mhar we 
Up to 2.500mq Upon waking 
bats 2ulday &at bedtime Es 
SHIP 30-200mg | Morning & Evening We 
Work up to 200- Momnings or 
LeTheanine | 250mgiday | Mornings & Nights Es 
25-40mg a daylas 
Pycnagenol obey Morning we 
200-400mg 
L:camasine | 70100" Moming & Evening we 
Moming, Noon 
Taurine | 500-1500mgiday Ann ES 
ONG Booma/day Maming ES 
TMG Boomgiday Maring ES 
Moming, Noon 
Enzymes | 1 cap wimeals A we 
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Parasite Protocol 


Please see the complete explanation of the parasite protocol starting on page 
187. Day-to-day protocol charts can be found on page 198. 


Chelation: 


| suggest that when you decide to add clay baths into your child's protocol 
that you do so on the off days of the CD baths. 


Follow the instructions on the package, and follow septic tank precautions if 
you have one. 


Three days or so later, you can add in the Bio-Chelat. Again, follow the 
instructions on the package, and you can always start slowly and work your 
way up. Since Bio-Chelat™ doesn't alter the CD, the drops can be added to a 
single dose of CD. In addition, since the drops have no flavor; it is suitable to 
add them to water or any other drink your child might consume throughout 
the day 


Hyperbar 
Option #1: 


‘Two sessions of 60 minutes each for 20 days for a total of 40 sessions 
at 1.75 ATA. 


Option #2: 


‘One 90-minute session a day for twenty days at 1.75 ATA. 


Instead of thinking outside of the box, get rid of the box. 
~ Deepak Chopra 
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Body Burden 
The Pollution in Newborns 


WwW | came across the following investigation | knew it was the perfect 
precursor to the incredible “Avoiding Autism” by Dr. Anju Usman and Beth 
Hynes. Babies are exposed to toxins in the womb and this study by the Environmental 
Working Group demonstrates so perfectly why the advice in the “Avoiding Autism” 
article is so very crucial to health of our children and for our species as a whole. 


Body Burden — The Pollution in Newborns 


A benchmark investigation of industrial chemicals, pollutants and pesti- 
cides in umbilical cord blood. 


Environmental Working Group, July 14, 2005 


‘Summary. In the month leading up to a baby's birth, the umbilical cord 
pulses with the equivalent of at least 300 quarts of blood each day, 
pumped back and forth from the nutrient- and oxygen-rich placenta to 
the rapidly growing child cradled in a sac of amniotic fluid. This cord is 
a lifeline between mother and baby, bearing nutrients that sustain life 
and propel growth. 


Not long ago scientists thought that the placenta shielded cord blood — 
and the developing baby — from most chemicals and pollutants in the 
environment. But now we know that at this critical time when organs, 
vessels, membranes and systems are knit together from single cells to 
finished form in a span of weeks, the umbilical cord carries not only the 
building blocks of life, but also a steady stream of industrial chemicals, 
pollutants and pesticides that cross the placenta as readily as residues 
from cigarettes and alcohol. This is the human “body burden” — the 
pollution in people that permeates everyone in the world, including 
babies in the womb. 


Ina study spearheaded by the Environmental Working Group (EWG) in 
collaboration with Commonweal, researchers at two major laboratories 
found an average of 200 industrial chemicals and pollutants in umbilical 
cord blood from 10 babies born in August and September of 2004 in 
U.S. hospitals. Tests revealed a total of 287 chemicals in the group. The 
umbilical cord blood of these 10 children, collected by Red Cross after 
the cord was cut, harbored pesticides, consumer product ingredients, 
and wastes from burning coal, gasoline, and garbage. 


500 Appendix 13 


This study represents the first reported cord blood tests for 261 of the 
targeted chemicals and the first reported detections in cord blood for 
209 compounds. Among them are eight perfluorachemicals used as 
stain and oil repellants in fast food packaging, clothes and textiles — 
including the Teflon chemical PFOA, recently characterized as a likely 
human carcinogen by the EPA's Science Advisory Board — dozens of 


‘Chemicals and pollutants detected in human umbilical cord blood 


Mercury (Hg) tested for 1, found 1 


4 Potlutant from oal-ired power plants, mercury-containing products, and certain 
industrial processes, Accurnulates in seafood. Harms brain development and 
finetion 

SS Polyaromatic hydrucarhons (PATI) -tested for 18, found 9 


Pollutants from bur 
food chain, 


bage. Linked to cancer, Accumulate i 


FEE Povvbrominated abenzdioxins and furans (PBDI) teste for 12: found7 
Contaisants in boat lame reurans Palani and typos fom plastic 
pdt a incteran Accu ach.Tie develop 
Enloetne (mone) system 


Perfluorinated chemicals (PFCs) - tested for 12, found 9 
Active ingredients ar breakdown prodacis of Teflon, Seotchgard, fabric and carpet 
protectors, food wp coatings. Global contaminants. Ascurmalnt inthe environment 
dnd the food chain, Linked 1 cancer, birth dest, and mor, 


FSS Polychlorinated dienzodiosins and furans (PCDD/F) tested for 17, found 11 


°F otluants, by-products of PVC production, industrial bleaching, and incineration, 
‘Cause eancet in humans, Persist for decades in the environment. Very lose to 
{developing endocrine (hormane) system: 

Ge Oreamochlorine pesticides (OCs) - tested for 28, Found 21 


DDT, chlordane and other pesticides. Largely banned in the U.S. Persist for decades 
inthe environment. Accumulate up the food chai, 19 man, Cause 
numerous reprostive effets 


neer and 


FEE Potybrominated cipheny! ethers (PBDEs) - tested for 46, found 32 
Flame retardant in famiture foam, compaters, and televisions, Accumulate in the 
food chain and human tissues, Adversely affects brain development and the thyroid 


Polychlorinated Naphithaenes (PCNs) ~ tested for 70, found 50 
Wood preservatives, varnishes, machine lubricating ails, waste incineration. 
‘Common PCB contaminant. Contaminate the fyod chain, Cause liver and kidney 
damage 


Polychlorinated biphenyls (PCBs) - tested for 209, found 147 
Industrial insulators and lubricants. Banned in the US. in 1976. Persist for decades 
inthe environment, Accumulate up the food chain, to man. Cause cancer and 
nervous system problems. 


Sey mai ae tas ty ANS ii SS EP nh 
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widely used brominated flame retardants and their toxic by-products; 
and numerous pesticides. 


Of the 287 chemicals we detected in umbilical cord blood, we know that 
180 cause cancer in humans or animals, 217 are toxic to the brain and 
nervous system, and 208 cause birth defects or abnormal development 
in animal tests. The dangers of pre- or post-natal exposure to this 
complex mixture of carcinogens, developmental toxins and neurotoxins 
have never been studied. 


Chemical exposures in the womb or during infancy can be dramatically 
more harmful than exposures later in life. Substantial scientific evidence 
demonstrates that children face amplified risks from their body burden 
of pollution; the findings are particularly strong for many of the chemicals 
found in this study, including mercury, PCBs and dioxins. Children’s 
vulnerability derives from both rapid development and incomplete 
defense systems: 


+ A developing child's chemical exposures are greater pound-for- 
pound than those of adults. 


+ An immature, porous blood-brain barrier allows greater chemical 
exposures to the developing brain. 


+ Children have lower levels of some chemical-binding proteins, 
allowing more of a chemical to reach “target organs.” 


+ Ababy’s organs and systems are rapidly developing, and thus are 
often more vulnerable to damage from chemical exposure. 


+ Systems that detoxify and excrete industrial chemicals are not fully 
developed. 


+ The longer future life span of a child compared to an adult allows 
more time for adverse effects to arise. 


The 10 children in this study were chosen randomly, from among 2004's 
summer season of live births from mothers in Red Cross’ volunteer, 
national cord blood collection program. They were not chosen because 
their parents work in the chemical industry or because they were known 
to bear problems from chemical exposures in the womb. Nevertheless, 
each baby was born polluted with a broad array of contaminants. 


U.S. industries manufacture and import approximately 75,000 
chemicals, 3,000 of them at over a million pounds per year. Health 
officials do not know how many of these chemicals pollute fetal blood 
and what the health consequences of in utero exposures may be. 


Had we tested for a broader array of chemicals, we would almost 
certainly have detected far more than 287. But testing umbilical cord 
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blood for industrial chemicals is technically challenging. Chemical 
manufacturers are not required to divulge to the public or government 
health officials methods to detect their chemicals in humans. Few labs 
are equipped with the machines and expertise to run the tests or the 
funding to develop the methods. Laboratories have yet to develop 
methods to test human tissues for the vast majority of chemicals on the 
market, and the few tests that labs are able to conduct are expensive. 
Laboratory costs for the cord blood analyses reported here were 
$10,000 per sample. 


A developing baby depends on adults for protection, nutrition, and, 
ultimately, survival. As a society we have a responsibility to ensure that 
babies do not enter this world pre-polluted, with 200 industrial chemicals 
in their blood. Decades-old bans on a handful of chemicals like PCBs, 
lead gas additives, DDT and other pesticides have led to significant 
declines in people's blood levels of these pollutants, But good news like 
this is hard to find for other chemicals. 


The Toxic Substances Control Act, the 1976 federal law meant to 
ensure the safety of commercial chemicals, essentially deemed 
63,000 existing chemicals “safe as used” the day the law was passed, 
through mandated, en masse approval for use with no safety scrutiny. 
It forces the government to approve new chemicals within 90 days of 
a company’s application at an average pace of seven per day. It has 
not been improved for nearly 30 years—longer than any other major 
environmental or public health statute—and does nothing to reduce or 
ensure the safety of exposure to pollution in the womb. 


Because the Toxic Substances Control Act fails to mandate safety 
studies, the government has initiated a number of voluntary programs 
to gather more information about chemicals, most notably the high 
production volume (HPV) chemical screening program. But these 
efforts have been largely ineffective at reducing human exposures to 
chemicals. They are no substitute for a clear statutory requirement to 
protect children from the toxic effects of chemical exposure. 


In light of the findings in this study and a substantial body of supporting 
science on the toxicity of early life exposures to industrial chemicals, 
we strongly urge that federal laws and policies be reformed to ensure 
that children are protected from chemicals, and that to the maximum. 
extent possible, exposures to industrial chemicals before birth be 
eliminated. The sooner society takes action, the sooner we can reduce 
or end pollution in the womb. 


Copytight @ Environmental Working Group, www.ewg org. Reprinted with permission 
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“ests show 207 


sri chennai 10 ne wha bles 


Polluants include convuner product ingredients, banned industrial chemicals and pesticides, 
‘and waste byproducts 


‘Total aumber of 
Sources and uses of chemicals chemicals found in 10, 
‘in newhors blood ‘Phesadeal tammy nase newborns (range in 


individual babies) 
‘Common consumer product chemicals 47 chemicals 
(rd their breakdown products) (23-38) 

7 chemicals 


Pesticides, atively used in U.S. |Organochlorine pesticides (OCS) 


Stain and grease resistant 


contigs to food wrap carpet = Schemient 
furniture (Teflon, Scotchgand,, | Perlvorachemicals (PECs) 4-8) 
Siinmader..) 
Fire retardants in TVs, Polybrominated diphenyl ethers 32 chemicals 
computers future (Pats) (3-29) 
(Chemicals banned or severely restricted in the US. 212 chemicals 
(and ther breakdown produets) (n= 188) 
Paice, phased et of wen Va chenienls 
re ‘organochlorine pesticides (OCs) pee 
Stand poms eaten Tete 
centings fo food weap carl, | PrShechnicals (PECs) ee 
Firitre(pre-2000 Seoichgard) a-1) 
lect insalators Polychlorinated biphenys 197 chencals 
(Pcs) | 5-134) 
Brod we industrial chia 
weal |p yehloinstsd cmpitalenes 50 chemicals 
Mame retrdanis,pesticdes, Pele ee 
clectrical insulators acai) e- 40, 
28 chemtcas 
Waste byproduets seat 
Potyehorinted and 
CGarigeincinertion ar pleic |Polybroninaled ena dixins | chemicals 
production wastes ‘nd farns (PCDI and 1) 
| PBDD/F) 
Car emitsons and wher fost | Polyuclear aromatic Wheat 
fueleombustion hydrocarbons (PAHs) a0) 
Power pilings (Goal ening). faluveiocsny | Lae 
; 247 chemieals 
All chemicals found rouais 


Source: Environmental Working Group analysis of tests of 10 umbilical cord blood samples 
‘conducted by AXYS Analytical Services (Sydney, BC) and Flet Research Ld. (Winnipeg, MB), 


The ultimate ignorance is the rejection of something you 
know nothing about and refuse to investigate. 


~ Dr.Wayne Dyer 
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Avoiding Autism 


By Anju Usman, MD and Beth C. Hynes JD, MBA 


Whether or not you are the parent of a special needs child, please pay special 
attention to this article, we do believe autism is totally preventable and that 
starts with pregnancy. Here's to your health! 


Every parent's dream is to have a healthy baby. Over the past ten 
years of working with families devastated by the diagnosis of autism, 
we, along with our patients’ parents, have realized one key fact: if 
we knew then what we know now, the diagnosis of the disease called 
autism could very well have been prevented. Considering that the 
cause(s) of the current epidemic of autism spectrum disorders (ASD) 
are unknown (and scant research dollars are being dedicated to finding 
the most likely culprits), there is no surefire method to avoid having 
your infant regress into this devastating state. That sad fact, however, 
does not mean that there are no proactive steps parents can take to 
try to mitigate the chances of this disease overtaking their baby and 
stealing their hopes and dreams for that child's life. 


Having reviewed the medical and laboratory test results of thousands 
of children afflicted with ASD, clinicians using a biomedical approach 
to treating autism see repeating pattems in these children— 
impaired methylation and detoxification, mitochondrial dysfunction, 
gastrointestinal distress, and immune dysregulation compounded by 
chronic viral, fungal and bacterial infections and a burden of heavy 
metals and other toxins. From this perspective, we have come to view 
autism as a multifactorial medical disease that can be treated and 
overcome and, therefore, possibly avoided. Coming straight from the 
heart, this advice is for thinking, active parents and prospective parents 
‘who want to know what they can do to reduce the risk that their infant will 
regress into autism. In our practice, we have helped many parents go 
on to have healthy children even though they already have a child with 
autism. Considering that the information provided here is not harmful 
but, to the contrary, is helpful in promoting improved maternal and 
fetal health, there is litte downside to pursuing these strategies while 
simultaneously minimizing the risk of having your child slip away into 
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BUILDING YOUR TOOL CHEST 


Tip Tryto earn something new every day. 


Take care of that brain of yours. Just like you wouldn't use a dull drill bit ora rusty saw, don’t try to 
‘work on electrical or electronic projects when your mind is not in the right place. Ideally, you should 
never try to get any work done in your lab when you are sleepy, distracted, angry, upset, medicated, or 
overly tired. Deal with whatever problems you're facing in a responsible manner and then get back to 
‘work in the lab. 


Are you sleepy? Take a nap or head off to bed for the night. Really bad mistakes are 
made when the brain does not get enough sleep. Sleep deprivation is notorious for 
being obvious (and obnoxious!) to everyone else except you. “Really bad mistakes” 
made while working with electrical or electronic projects can produce very 
hazardous conditions for you and everyone around you, such as fire, damaged 
‘equipment, injuries, and even death. 


Are you angry or upset? Then your mind is not going to be adequately focused on 
‘what you need to do in the lab. “Fools! I'll destroy them alll” are famous last words 
‘for a reason. Give yourself some time to calm down from whatever has angered or 
‘upset you. Also, it's OK for you to give yourself permission to admit that you are 
angry or upset about something in the first place. Ignoring it probably won't make 
it go away, and probably won't make your feelings about it go away, either. Walk 
away, count to ten, or whatever works for you. 


Feeling distracted? Then now is nor the time to be conducting electronic 
experiments in the lab. You need to be presentin the lab, both bodily and 
mentally. There are just too many ways to make simple blunders that have far- 
reaching and sometimes overly expensive consequences. 


Have your cognitive functions been compromised? This can happen from taking 
certain medicines or even recreational intoxicants. ifthe little bottle says, “Don't 
operate machinery or drive an automobile,” then you probably shouldn't be 
making important decisions or working with dangerous circuits in your lab, either. 
Wait until you're clear-headed enough to proceed with your plan for world 
domination, adding blinking eyes to a plush doll, or what have you. 


The worst thing about cognitive impairment is that the first thing that gets impaired is the ability to 
judge the level of your cognitive impairment! 
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the autism epidemic. According to the latest statistics out of California, 
that epidemic continues to grow from the already shocking 1 out of 150 
children. The aim here is to provide an analytical construct that will 
guide parents in making choices for both their own health and that of 
their baby before, during, and after pregnancy. 


Think of the analogy of the straw that broke the camel's back. Human 
beings start life as infants with some “straws" in their saddle — these are 
predispositions to be harmed by certain chemicals, to be susceptible 
to certain diseases, or to have a less robust detoxification capacity. 
The goal of gestating and parenting an infant in today's toxic world is 
to not accumulate additional straws during your baby's gestation and 
infancy, thereby avoiding adding the straw that breaks the camel's back. 
Autism seems to occur when the infant's body is so overwhelmed by 
toxins, viruses and/or pathogenic elements that typical development is 
arrested and/or derailed. 


Children diagnosed with autism have a variety of medical problems, 
the underpinnings of which can be ameliorated and/or healed. The 
symptoms associated with autism occur through malfunctioning of the 
infant immune, gastrointestinal, and central nervous systems (“Infant 
Body Systems") — all of which, when functioning properly, contribute 
to the healthy development of the brain, Viruses, heavy metals, 
toxins, fungi, and bacteria together form a weapon that disrupts the 
development of, and harms the functioning of, these critical Infant Body 
Systems. As researchers have recently found, “a single toxicant may 
promote different immune-associated diseases that are dependent 
upon the specific window of early life exposure, the gender of the 
exposed offspring, and the genetic background of the offspring.” Our 
construct will consist of actions you can take to promote the healthy 
development of these Infant Body Systems as well as steps you can 
take to avoid upsetting the healthy development of those systems. 


Due to the symbiotic relationship between a mother and her developing 
fetus, care must be taken by the mom before, during, and after 
pregnancy (if nursing) to both avoid exposure to harmful elements 
and to promote optimal maternal detoxification processes so that the 
host body remains as clean an environment as possible within which 
vigorous infant development can unfold. 


Only recently have researchers begun closely linking environmental 
factors with developmental delays in our children. A host of studies 
show how environmental factors including diet, nutrition, air quality, 
clean water, heavy metals (e.g., mercury, lead, arsenic, and aluminum), 
xenobiotics (e.g., chemicals, pesticides, plasticizers, and perchlorates), 
pharmaceuticals, and vaccinations can change your child's inborn risk. 


Av 


This area of study is called epigenetics — the molecular changes in 
our DNA caused by environmental factors. In 2003, researchers at 
Duke University found that rats carrying a gene for obesity, cancer, and 
diabetes, when fed a diet high in B-12, folic acid, choline, and methyl- 
rich foods, had babies that were born healthy and with a reduced risk of 
developing disease; this research revealed that these genetic changes 
persisted across four generations. Thus, when you eat a healthy diet, 
you are affecting not only the health of your own kids but also your 
grandchildren, great-grandchildren, and  great-great-grandchildren. 
Researchers are finding hundreds of unwanted and potentially toxic 
chemicals in the placenta and cord blood of newborns as well as in 
mothers’ breast milk. That means that today's children are born with 
a toxic burden their infant bodies must contend with from day one. 
Studies out of China, Texas, and San Francisco show that if pregnant 
mothers can decrease their exposure to pollutants during gestation, 
they can improve health outcomes for their children — especially 
brain development. Compounds such as mercury, cadmium, nickel, 
trichloroethylene, and vinyl chloride in the air around the birth residence 
caused a 50% increase in the risk of autism. 
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Numerous studies document the neurotoxic effects of heavy metals — 
especially dangerous to the developing brain is mercury. Yet, many 
of our children are actually injected with the mercury-containing 
preservative thimerosal in their infant vaccines. Although thimerosal 
has been removed from, or perhaps phased out of, many childhood 
vaccines, it still remains in the flu vaccine, which is recommended 
by health authorities to pregnant woman as well as to children under 
age 2. Mercury exposure is such a concem that pregnant women are 
advised by health authorities not to eat fish because of potential mercury 
contamination — yet injecting thimerosal is much more damaging than 
the exposure suffered through eating it in food such as fish, Vaccines 
also contain aluminum, formaldehyde, and other toxic elements as well 
as live viruses that, in a subset of infant bodies, can trigger harmful 
impacts. Heavy metals have also been identified as factors affecting 
human fertility. Diagnosing and reducing the heavy metal burden of 
women improved the spontaneous conception chances of infertile 
women. Women with many dental amalgams had a higher incidence 
of miscarriages and a higher excretion of mercury when given the 
chelating agent DMPS (2,3-Dimercapto-1-propanesulfonic acid). Ithas 
been found that DMPS was a useful and complementary method to 
increase fertility compared to hormone therapy in infertile women. 


With all this evidence mounting against various environmental 
toxins affecting human development, an international assembly of 
scientists, doctors, toxicologists, and researchers sponsored by the 


508 Appendix 14 


World Health Organization (WHO), the European Environmental 
Agency, the Centers for Disease Control (CDC), and the National 
Institutes of Health (NIH) gathered in the Faroe Islands in May 2006. 
Their consensus statement was clear: “it is time to take action, now.” 
‘As expected, the declaration highlighted the results of hundreds of 
studies that showed early fetal exposures to toxic substances, even at 
low concentrations, can cause health problems later in life. There are a 
growing number of chemicals that affect the developing embryo, fetus, 
and infant, including the pesticides DDT, atrazine, methoxychlor, and 
vinclozolin. Also suspect are plastics and the epoxy resin bisphenol 
A, plasticizing agents called phthalates, mercury, lead, arsenic, 
organotoxins, polychlorinated biphenols (PCBs), carbon monoxide, 
smog, tobacco smoke, and alcohol. The health problems caused by 
exposure to these substances comprise a dizzying array of maladies 
including cancer, diabetes, obesity, asthma, and allergies as well 
as reproductive, cardiovascular, neurological, cognitive, endocrine, 
psychological, immune, and respiratory troubles. 


Other troubling chemicals include parabens (found in various creams 
and lotions) and triclosan, an antibacterial agent (found in toothpaste, 
soaps, and cleaning products). Although parabens and triclosan are 
not ingested, absorbing chemicals through the skin can be far more 
dangerous than swallowing because transdermal applications are 
transported directly to the bloodstream. Most women absorb 51 
pounds of chemicals every year from their cosmetics alone! Additional 
exposures emanate from daily lifestyle, profession, and locale. For 
those elements for which we have the flexibility to make choices, we 
must choose wisely. After all, it is not just our health that is being affected 
by our choices but the health of our children and progeny as well. 


Basic principles to guide you in decision making surrounding pregnancy 
are as follows: 


1. You are what you eat (and drink); therefore, make healthy choices 
in what you consume. 

2. Skin is the largest organ in the body, so be very careful of what you 
rub into yours and your baby's. 

3. Think beyond “green”: What is “green” for the environment is not 
always what is healthiest for the body, but what is healthiest for the 
body is always “green.” 


Suggestions to promote these principles are below and are cumulative, 
so keep following each set of suggestions as this journey into and 
through parenthood progresses. 
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While planning a pregnancy, we recommend that you clean up any 
toxicity in your body and begin to follow a more organic, healthy 
lifestyle, Remember, the less toxic you are, the better for you and your 
future baby. Undertake a sequential detoxification program that targets 
the liver and colon; this type of program can take six months or more 
and should not be done while pregnant. In a careful manner, with an 
experienced dentist, remove amalgams from your teeth, which also can 
take six months or more. Take the time now to find organic, nontoxic 
makeup, hair, and body products that you like and start integrating them 
into your daily life. Ask your doctor to run some tests to determine any 
additional specific supplementation you may need to optimize levels 
within your body; a good place to start is your copper-zine ratio (1:1 is. 
the ideal ratio), thyroid function (TSH, free t3, free t4), Vitamin D 25 OH, 
vitamin A levels, and total cholesterol (low cholesterol is associated 
with preterm births). 


Next, clean up your living and working environment. Remove all harmful 
chemical cleaning agents from your cleaning routine at home and at the 
office, and instead use cleaning products labeled level 1 by the EPA. 
Do not forget to include products for dishwashing and clothing detergent 
in your cleanup, and avoid toxic dry cleaning as much as possible. 
Finally, improve your nutrition with a targeted vitamin supplementation 
program to include omega-3 essential fatty acids, sublingual methyl 
B-12, folinic acid, vitamin D3, zinc, and antioxidants. 


DO DON’T 


*  Eatorganic, hormone-free food | Consume fish or foods w/MSG. 


+ Drink organic green tea, filtered or food dyes 
water, and antioxidant rich 
organic juices 


+ Use stevia, raw organic honey, 


+ Drink soda, carbonated 
beverages, or alcohol 


and xylitol as sweeteners + Consume artificial sweeteners 
* Go for walks and get some + Be exposed to lawn chemicals 
sunshine daily or second-hand smoke. 
+ Use aluminum-free natural 
dendorant in them + Use moisturizers or makeup 


with chemicals or parabens 
+ Use natural hennas to color your e 


hair + Use chemical dyes, perms, or 
+ Use cast iron, glass, or stainless | _ ther such hair treatments 


Sipel pockware + Cook with pans that are non- 


+ Use chemical-free cleaning stick, Teflon coated, or made 
products in your home from aluminum 
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During Pregnancy 


We would suggest that you find a holistic health practice to guide you 
during pregnancy and delivery as there are many decisions to make 
during this time. In general, we suggest avoiding medications to the 
extent possible as well as acetaminophen because it hinders normal 
detoxification. Add zinc, calcium, essential fatty acids, and prenatal 
vitamins to your daily supplement intake. Discontinue use of nail polish 
and any makeup (including lipstick) products that contain parabens and 
other toxins. Use fluoride-free toothpaste as fluoride interferes with 
iodine metabolism, which is an issue implicated in mental retardation 
worldwide. 


DO DON’T 

= Yoga and engage in stress, + Starta rigorous exercise 
management techniques, such program, sit in a sauna, or get 
‘as massages and listening to dental work (not even cleanings) 
soothing music 

+ Eat fermented foods, cook + Wait until labor arrives to 
with organic coconut oil, use discuss NOT subjecting your 
‘organic raw apple cider as salad | baby to vaccines 
dressing, and consume healthy 
fats, and cold pressed oil + Talk on a cell phone without a 


headset or work with a laptop 


+ Use natural remedies for pain, 
‘computer on your lap 


like homeopathic armica 

+ Drink kombucha and take Undertake efor baa 
probiotics renovation (concem is for lead 

+ Run an air filter in your bedroom | and other toxins in the process) 
while you sleep 


Infancy 


Healthy babies grow and develop perfectly when nature's biochemical 
processes are allowed to unfold uninterrupted. The sequence of events 
that leads an infant to begin to focus, develop gross and fine motor 
skills, begin to speak and to walk is based on a delicate but deliberate 
series of biochemical processes and chemical interactions. A primary 
goal of raising a healthy infant is to avoid disruption or interference 
with this sequence. Babies look fragile and, indeed, they are. An 
infant's immune system, which guards the rest of the body from harm, 
is immature and requires time and peace to mature maximally. Thus, 
help your infant progress uninterrupted by avoiding the introduction of 
toxins, viruses, allergens, and heavy metals into their bodies. In light 
of this, parents should consider an alternate, gradual vaccine schedule 
of carefully thought through vaccines for infants being raised in the 
domestic United States. 
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If you have amalgams and plan to nurse, you should send a sample 
of your breast milk to a specialty lab for heavy metal testing. If you 
plan to use formula, use those containing DHA (docosahexanenoic 
acid), an essential fatty acid critical to the healthy development of the 
central nervous system. In terms of food introduction, organic baby 
food is recommended. Start feeding with organic rice cereal. Avoid the 
introduction of soy, gluten, or dairy until after the baby turns two years 
of age. After one year, supplement your baby with a quarter teaspoon 
of mercury-free cod liver oil — again this is to increase the supply of 
omega-3 essential fatty acids. 


In terms of coping with baby colds and other minor illnesses, unless 
symptoms are severe, less is more when it comes to treatment. For 
fevers over 101'F, treat with a tepid bath or dye-free ibuprofen. Fevers, 
while nerve-wracking for new parents, are the response of a healthy 
immune system reacting to kill off an invading virus through heat. 
Antibiotics should be used sparingly and only for confirmed bacterial 
infections (they do not alleviate viral infections). Remember, antibiotic 
use disrupts the normal gut flora and promotes the overgrowth of yeast 
and resistant organisms that, in turn, harms the optimal functioning of 
the immune system. Bear in mind that most ear infections are viral and 
are thus not treatable with antibiotics. Use homeopathic ear drops to 
help ease the symptoms associated with ear infections and colds. 


DO DON’T 

> Invest in an organic baby > Clothe the baby in pajamas 
matress, bedding and soaked in flame retardant 
pillows and hypo allergenic chemicals 
cheseomnents + Use soaps, moisturizers, 

+ Bathe your baby daily in warm or other "baby products" on 
filtered water — enjoy the the skin as such items are 
‘experience with your baby! unnecessary and contain 

+ Feed with all organic and harmful chemicals 
hormone-free products + Introduce dairy, gluten, or soy 


+ Feed baby using glass botties until after age two 

+ Wearing a hat, walk outside with |" Feed baby from plastic bottles 
baby to get 10 to 15 minutes of or cups of microwave formula or 
sunshine daily breast milk 


+ Run an air filter in baby's 
bedroom 


+ Take your infant into polluted 
and heavily populated locations 


Source: hip:iaww.aulsmfle.com/vhal-s-autlsm-facts/autism-symptomslavaiding-autsm 


Reprint with permission. 


When a truth is not given complete freedom, 
freedom is not complete. 


~ Vaclav Havel 
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RECIPES 
Cooking with Ana 


Since 2001 Ana Bobadilla has been a chef to Kerri Rivera and family, including 
her son Patrick, who has a diagnosis of regressive autism, Over the years she 
has mastered gluten-free/casein-free to vegan to Atkins and back again, Her 
dishes always impress and nourish guests and family members alike. 


One of the most important pieces to the autism recovery puzzle is diet. As 
Kerri always says, if your goal is to heal autism, you must do The Diet. However, 
that is easier said than done for many families whose children have self-limited 
to grilled cheese sandwiches and pizza. 


A book is in the works containing dozens of delicious recipes using natural 
ingredients that can be found in almost any country. Ana has found unique 
ways to make foods that children on the spectrum can enjoy, without breaking 
the bank. The ingredients that she uses can be found all over the world, not 
just the US. They are presented here in a very approachable way so even if 
you are not a whiz in the kitchen your child will be able to enjoy what you 
serve. 


The following is a sneak peek from Cooking with Ana: 


Almond Milk 
Amount: | L of mille 


+L cup of peeled almonds 
+ 1 Lof filtered water 
+ Stevia and vanilla to taste 


Preparation: 


To a saucepot of boiling water, add the almonds. Remove immediately from 
the fire, Allow almonds to soak for 20 minutes, remove them from water, 
rinse, dry and blend in a liter of filtered water. Strain the liquid through a 
piece of cheesecloth until all the water is drained. Add agave syrup and vanilla 
to taste. 
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Vegetable Fries 


3 Servings 


Ingredients: 
+ 3 Carrots 


+ Lcup oll 
+ Salt to taste 


Preparation: 


Peel the carrots and then form very thin slices using the same peeler. Pat dry 
with a piece of cloth to remove any excess water. Heat oil in a frying pan and 
fry carrots. When frying be very careful because they can quickly burn, be 
sure to have a slotted spoon ready to remove from the oil as soon as they are 
crisp. After frying carrots remove excess oil with a paper towel and sprinkle 
some salt on top of them. 


You can also do this recipe with banana, potato, sweet potato or jackfruit. This 
is a great alternative to French fries or if you want to eat something crunchy. 


Beef or Chicken Tostadas 


4 Servings 


Ingredients: 


+ 5 ground chicken breasts or beef filets 
+ Lcup of rice or coconut flour 

+ Lcup of oil 

+ Saltand pepper to taste 


Preparation: 


Ina mixing bowl, combine the ground chicken, flour, salt, pepper and a / cup 
of oil, Mix thoroughly until a uniform dough results. Take approximately 2 
tablespoons of the dough and form small tortillas/flat circles with it. They 
should be approximately 4 inch think and 4 inches wide. Fry in a layer of oil 
until cooked through, and a thin outer crust forms, or bake in a 350 degree 
oven, after pouring a dollop of oil on top of each tostada. 
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Coconut Bars 


15-18 bars 
Ingredients: 


+ 3 cups of vegan butter (or coconut oil) 
+L cup of honey 

+ Lcup of raisins 

+L cup of grated of coconut 

+L cup of walnuts 

+L tablespoon of salt 


Preparation: 


In a saucepan over medium heat combine honey and butter, stirring constantly 
for a few minutes until thoroughly combined. Remove from heat and mix with 
all other ingredients. Spread in a 9x13 casserole pan without oil, and bake in 
an 350°F (180°C) over for 25 minutes until it sets. Allow to cool, and cut into 
small rectangles. 


CHAPTER 2 © BUILDING YOUR TOOL CHEST 


Care and Feeding of Your Brain 
Here area fev tips to keep your brain (and the rest of you) in good working order 


+ Stay hydrated, Drink more water than you think you need, This might result in 
‘more trips to the bathroom, but this is much more desirable than the alternative, 
‘A good flow of water through your systems helps your body feed and repair itself, 
as well as aiding in the elimination of toxins, Drink more water. 


‘+ Avoid excess consumption of coffee, tea, sodas, and especially “energy” drinks. 
These contain ingredients that stress both your body and your mental capacity. 
They do not contain energy, but trick your body into going into overdrive by 
triggering a stress reaction. 


+ Take frequent breaks. Get up and walk around, if possible. Raise your arms over 
‘your head and hold them there as you count to ten. This redirects blood flow and 
helps restore a balance within your peripherals. 


All Those Other Bits, Too 


Just as your mind is the most important tool you'll ever use, the rest of your bodily bits and personal 
pieces are vital and important in your work in the lab. For the most part, there are no spare parts laying 
around for things like your eyes, your ears, your hands, or your skin. 

Should you wear eye protection in the lab? Yes, you should. Are you always going to do so? Probably 
not. It's true, it can be inconvenient or perhaps a tad uncomfortable, Consider the cost, however. Even 
the tiniest scratch on your eyeball can take weeks to heal and leave you susceptible to infection or vision 
loss. I's just not worth it to be lazy. Ask the next one-eyed person you see. If you're a bit uncomfortable 
asking one-eyed people, “Hey, what's with the one eye?” then perhaps you can just try to imagine them 
advocating or encouraging you along the same path they took, whether intentionally or accidentally. 
They won't do it. 

Invest in quality eye protection that is comfortable and properly sized for you. Provide eye 
protection for visitors to your lab as well, if they will be present when soldering, welding, machine 
tooling, or wire clipping is being performed. Then invest in the habit of wearing your eye protection 
whenever itis appropriate, 


Note Don't pretend that your prescription glasses with polycarbonate lenses are “safety glasses.” They aren't 
‘They do not protect either your eyes or your face from impactor objects entering from the side, as proper safety 
lasses should. if you usually wear glasses, use safety glasses that comfortably accommodate your glasses when 
wom. 


Will you be working with really loud noises? These could be from powerful audio amplifiers (“it goes 
to 11") or power tools. Hearing loss from exposure to excessively loud noises is cumulative. This means it 
slowly (or suddenly) chips away at your hearing, bit by bit. Why do you think old people turn up the TV 
soloud? 
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Get people back into the kitchen 
and combat the trend toward 
processed food and fast food. 


~ Andrew Weil 


Gener: 
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Websites We 


Our website containing the latest information about our 
research, videos, forums, ete. 
www.cdautism.org 


The Spanish version of our website. 
wwwautismo2.com, 


 Curando el Autismo is a Puerto Rican organization created 
by three mothers of children recovered from autism who 
have an interest in helping the community learn about 
their options. 
www.curandoelautismo.com 


® Defeating Autism - Non-Profit Organization in Venezuela 
that utilizes Kerri’s Protocols. 
www fundacionvenciendoelautismo blogspot. mx 


Autism Research Institute originally founded by Dr. 
Bernard Rimland. Home of the ATEC survey. 
wwwautism.com 


Our public Facebook page. 
wwwfacebook.com/groups/AutismCD 


CD Health: Facebook group dedicated to using the 
protocol for non-autism related issues. 
wwwfacebook.com/groups/mojoother 
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Diet: 
Website forcused on the Specific Carbohydrate Diet™ 


(SCD) in English. 
www.pecanbread.com 


Top 10 FAQs about the Specific Carbohydrate Diet (SCD) in 
Spanish. 
www.pecanbread,com/pandenuez/ I Opreguntas.htm! 


Autism Network for 
\wwwautismndi.com 


tary Intervention 


Gluten Free/Casein Free Diet Intervention website. 
wwwefefdiet.com 


® Intestinal health through diet with the Specific 
Carbohydrate Diet™ 
www.breakingtheviciouscycle.info 


Resource for naturally healing digestive disease, reducing 
stress and living a long, healthy life. 
wwwscdlifestyle.com 


® The Feingold” Association is a non-profit organization 
helping provide dietary management and generate pul 
awareness of the role food and synthe! 
behavior, learning and health problems. 
www feingold.org 


Chlorine Di 


ide (CD): 
& Jim Humble's MMS (CD) website. 


www jimhumble.org 


Another popular site about MMS (CD). 
wwwummswikiorg, 


® Spanish site selling various books about MMS (CD) 
www.voedia.com 


Websites We Like 519 
Andreas Kalcker’s website (in English) 
wwwandreaskalckercom 


CD research site by Andreas Kalcker (in Spanish) 
www.medicasalud.com 


A huge public health forum with thousands of discussions 
about every imaginable health topic. Also includes surveys 
about various topics. 
www.curezone.com 


Good sources of CD and other related supplies. 
www.wpsdsale.com 
woww.mightyguts.com 


The latest information on CDH. 
http:/www.mmsinfo.org/infosheets/infosheet_cdh.pdf 


Hyperbarics: 


formation about Hyperbaric Oxygen 


wwwihyperbaric-oxygen-info.com 


Other Valuable Source of Informatior 


PubMed comprises of more than 23 million citations for 
biomedical literature from MEDLINE, life science journals, 
and online books. 
www.nebi.nim.nih.gov/pubmed 


Parents Helping Parents - PA.N.D.A.S. Network: A 
Resource Library of Medical Studies and Case Histories 
www pandasnetwork.org 


@ international OCD Foundation 
www.ocfoundation.org/PANDAS/ 
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Videos / Audio of Interest: 


Video Testimonials. This link contains various health 
testimonials related to MMS, many are about autism. 
www.youtube.com/mmstestimonials 


 AutismOne 2012: 38 Children Recovered in 20 months 
with MMS by Kerri Rivera 
wwwautismone.org/content/38-children-recovered-20-months- 
mms-0 


Video about Kerri, produced by Daniel Bender in 2012. 
www.youtube.com/watch?v=HnCiXSbll-Y 


® Kerri speaks in Bulgaria, 2013 (Voice in English, 
Bulgarian) 
\www.youtube.com/watch?v=4OxNGIEWzds 


® Kerri on the Robert Scott Bell Show 
http:/www.youtube.com/watch?y=-1z}hrSVhxE 


& MMs Autism Webinars 
bhetp://www.ustream.tv/channelimms-autism-webinar%20 


Patrick Timpone interviews Kerri Rivera (8/15/2013) 
httpi/oneradionetwork.com/health/kerri-rivera-healing-the- 
symptoms-known-as-autism-children-are-not-born-with-autism-so- 
they-should-not-die-with-it-august-15-2013/ 


Patrick Timpone interviews Kerri Rivera (11/18/2013) 
http:/Joneradionetwork.com/health/kerri-rivera-encore-interview- 
healing-the-symptoms-known-as-autism-using-parasite-protocols- 
and-chlorine-dioxide-novernber-18-2013/ 


Bulletproof Executive Radio with Dave Asprey (11/27/2013) 
htep:/www.youtube.comiwatch?v=R7s7IYj2SCs 
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Direct Help from Kerri Rivera 


Consults 


Since the release of the first edition of the book, we have found that when 
families decide to implement The Protocol some do not need further 
assistance beyond reading the information in this book, using our online 
support groups, YouTube videos, and attending conferences. However, there 
are some of us who need a more personalized approach and support to 
navigate the information, or would like ideas on dosing or timing. 


For those of us who need or want that additional support, consults are 
perfect. We can work together to map out a plan for the parent/family and 
child, brainstorm through challenges, or just know that you will never walk 
alone. Whatever the case may be lam available if you need me. 1am fluent in 


English and Spanish, and we can use a translator for other languages. We can 
speak over the phone or on Skype. 


‘As time goes on, more and more practitioners will be able to support families 
while using this protocol. In the meantime, If you would like to set up a 
consult with me, please click on the “Consult Kerri” button on... 


www.CDAutism.org 


..and follow the instructions there. 


’ + ‘hid + 
Kerri Rivera’s undvided attention * dscussing your: 
$100 = priceless. Tonight, instead of iving it up in Mexico, 
Lerri spent her Friday evening on the phone ching a consult 
with me. Not only was the consult informative but also highly 
enouabe. Kern's eneray 6 contagious, her vision boundess 
ond her sense of humor edgy (ust the way like it. Kerri 
thank you for rocking our world! You are an amazing lady and 
‘my family s eternaly gratetu for your love of our chidren 
Peeps, if you are new, stuck, canfused or you want a better 
understanding of the protocol PLEASE, PLEASE, PLEASE 
fake advantage of this opportunity. I've dane a milion consuits 
over the years but this was by far my favorite, 
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Note: A consult with Kerri does not constitute medical advice, nor is it a substitute 
for a consult with your doctor or healthcare provider. As always, you are responsible 
for your health, and for the health of your children 


might not be 
tonight. 
tomorrow or | 
the next day.. 1) 
bub everything's 
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Hearing protection is both affordable and comfortable. For temporary protection, you can use 
disposable earplugs. Ifyou need protection all day, consider earmuffs designed for hearing protection, 
Don't let "Hey, y'all, check this out” be the last thing you ever hear. 

It’s hard to work with hand tools with no hands. I's possible; just really hard. Take care of your 
hands. There are a hundred ways to burn, tear, cut, or otherwise mangle those mitten- fittings of yours. 
Have a variety of work gloves on hand to handie the different needs of your lab. The choice will be 
ultimately determined by the particular hazards present in your lab. Are you working with chemicals as 
well as electronics? How about sharp edges or glassware? Normally, you won't need to wear gloves for 
soldering small electronics, but if you start working with really large-scale projects, such as sculptures or 
plumbing, you might. 

Make sure you are still “handy” when wearing the proper gloves for the job. Make sure the gloves fit 
you properly and allow you the adequate dexterity you need. 


Tip Be safe. Don't be lazy. 


Basic Hand Tools 


Assuming that you're going to start small and build toward bigger things, you should also start small 
‘with some small hand tools. These tools will make it much easier to work on small parts and wires. 

Good hand tools increase your effective strength and improve the accuracy and precision of your 
motions. They allow you to focus a great deal of your strength on exactly the part that needs it, without 
‘wasting a lot of effort. Good hand tools also insulate you from sharp, hot, or otherwise unpleasant 
objects when you work on them. 

Take care of your hand tools. Put them up when you're done with them. Make sure they are clean 
and ready to be used again the next time you need them, Few things are more frustrating than 
attempting to start a quick repair job and finding out that you need to spend twice as much time 
preparing your tools for use. 

Have some sort of methodical plan or reasoning involved with the storage of your tools. They need a 
safe and comfortable home, just like you do. You need to be able to find them quickly when you want 
them. Try out different organizational strategies until you find one that works for you and your lab. This 
is an easy task when you have just a few tools to organize. Once you've accumulated a large collection of 
hand tools, this is no longer optional. You must know what tools are available and where they are 
located 

Frequently used tools should be within easy reach of your primary workstation. If your tools need. 
any sort of adjustment or setup before use, make sure you've got all the proper bits handy. For example, 
a drill press will often have a chuck key used to tighten and loosen the chuck that holds a drill bitin 
place. That key needs to be in the immediate vicinity of the drill press, as well as easy to locate. Don't 
spend a lot of time needlessly hunting for tools. Decide for yourself on some safe and practical policies 
for where you keep your tools. 


Tip Don't waste time guessing where your tools are located. Decide where they are located. 
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CEA. See Curando el Autismo 
Foundation 
celery 133 
celiac disease 44, 59, 65, 69, 454, 
456, 461 
celiac antibody tests 457 
villi damaged 449 
cell-cell interactions 118 
cellular metabolism 286 
Centers for Disease Control 
(€De) 508 
central nervous system 62, 176 
cereal 49, 71,253 
cerebella ataxia 456 
cerebral cortex 309 
cerebral palsy 273 
cerebrospinal fluid 309 
CFS/ME 305, 311,316 
aetiology 301 
chagas disease 176 
chanca piedra 191 
dosing 191 
source & cost 191 
chart 
Estimated Full Oral CD Doses by 
‘Weight 101,494 
hourly dose / mimimum water 
dilution 102 
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Chatelier’s Principle 284,285 
cheese 4,49,71,72 

cheese puffs 43 

chelation 5,43, 139, 141, 255, 257, 


259, 260, 320 
lv 261 
what is 257 


chelator xxiv, 119, 257,258 
chemical mutation 457 
chemicals 50, 55, 174, 506 
absorption through skin S08 
‘Cheney, Dr: Paul 301 
cherries 63 
chest pains 179 
chia seeds 134 
chicken 50, 53,72 
children 
growth spurt 239 
rutritional shakes for 53 
older 140, 155 
chili pepper 63 
powdered 63 
chills 89 
chlorination 83 


chlorine bleach 55,83, 84,116, 
142 


chlorine dioxide. See also CD 
antioxidants 88 
patents 85 
testing 467 
chlorine dioxide gas 147,149 
Chlorine Dioxide Holding 
(Solution). See CDH. 
chlorine dioxide photometer 158 
Chlorine Dioxide Solution (CDS). 
See CDS 
chlorite molecule 83 
chlorecarbon 55 
chocolate 61, 66, 123, 133,325, 


455, 460 
mille 52 


cholesterol 509 
high 485 
choline 507 
choucroute 232 
chromium 116 


CHAPTER 2 © BUILDING YOUR TOOL CHEST 


Just like everything else, hand tools have a limited useful lifetime. While some tools can easily 
outlast you, it’s up to you to keep track of exactly how much utility you can continue to expect from your 
tools. This doesn’t mean that you have to trash your hand tools once they develop some tiny flaw. If t's 
beyond your capabilites to repair the tool, then consider replacing it and reassigning it to the second 
string or backup tool chest. Having a spare tool, even a slightly imperfect one, on hand when you need it 
can make the difference between success and failure in a project. 

Bear in mind, however, that some tools are simply too dangerous to keep around once they've 
outlived their useful life span. A dull cutting tool that cannot be reasonably resharpened is a good. 
example of a tool that has lost its honored place among your other tools. Thank it for its service, wipe 
away that little tear, and then figure out a good way to recycle any of its bits that are still functional. 


Wire Cutters and Wire Strippers 


[As you might have picked up from Chapter 1, you can spend a lot of time working with wire in this 
hobby. Understanding a litte bit about how wire is made and how it functions in a circuit will aid you in 
‘your experiments. 


How Wire is Made—The Very Short Version 


Most wire is made of copper or a copper alloy. Some wire used for electrical wiring in houses is made of 
aluminum. The wire itself starts out as a fairly thick strand and is stretched and pulled—a process called 
‘drawing—until the desired diameter is obtained. This strand is then wrapped up on spools or bobbins. 


‘+ Some wire is made of a single strand of copper (or aluminum). This is called solid- 
core or single-strand wire. Its a single strand of wire, usually circular in cross- 
section, 


+ Multiple, thinner strands of wire are often bundled or twisted together to make 
larger-diameter wire. Stranded wire is much more flexible than solid-core wire, 
but is more expensive to produce because of the extra manufacturing steps 
required, Because stranded wire has a larger surface area per unit of length, itis 
more susceptible to environmental hazards such as corrosion, 


Most electrical wire is covered with an insulating jacket, usually made of plastic or rubber. This, 
sheathing must be removed to make electrical connections. There is sometimes more than one layer of 
insulation on a wire, depending on what its final application is destined to be. 

More information about wire as a component will be presented in Chapter 3. For now, the emphasis, 
is on the characteristics of wire that help determine the best tools to use when working with wire. 


Selecting the Correct Tool 


Both copper and the aluminum alloys used for electrical wiring are fairly soft metals and can be easily 
cut or formed with simple hand tools. Wire cutters are specialized tools made to make a clean cut 
through the wire's strand or stands. Wire strippers are another kind of specialized tool used to remove 
the insulation from a wire. 
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chronic fatigue syndrome 62,69, 
169, 17, 247, 272, 340 

chronic illness 256 

chronic immune reactions 167 
cider vinegar 63 

cinnamon 234 

citric acid 96,98, 155, 493 

citrus 123, 124, 133, 139 

clay 257 


cleaning products 508 
harmful 509 


clear zone 228 
C102. See CD 
clonazepam 42 
clorox 78 
clostridia 59 
clostridium 246 
clothes 
sensitivity to 333, 
cloves 231,234 
coal power plants 255 
cobalt 116 
coccidiosis 145 
cocoa 61,123 
coconut 51,134,460 
coconut milk 123 
coconut oil 63 
coconut water 123,134,232 
cod liver oil 124, 342 
coffee 61,66, 123,455 
cognition 247,249 
cognitive 
abilities 252 
decline 120 
impairment 328 
problems 508 
cold 157 
internally 17 
cold cuts 50, 53,55 
colds 114 
Coley, Dr:William 296, 300 
colitis 177 
collagen 250, 488 
colloidal silver 122, 142 
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colon 59, 60, 103, 104, 130, 338, 
509 

cancer 54 

hydrotherapy 112 


colonics 104, 111, 130,226 
hydrotherapist 130 


colored fruits 63 
coloring 41 

Combantrin®. See pyrantel 
pameate 

combativeness 236 


Combined Immune Deficiency 
328 


comprehension 28 
concentration 30,247 
condiments 234 

confused thinking 178 


congestion 114 
sinus 137 


constipation 43, 58, 104, 125, 128, 
129, 17, 179, 260, 340 
consults with Kerri Rivera 521 
cookware 255 
coordination 21 

lack of 178 

poor 236 
copper 116,342,486, 509 
CoQl0 122, 127, 138, 342 
cork 160, 162 


corn 51,57, 66, 69, 70, 74, 455, 
459 


corn flakes 52 
corn syrup. See high fructose corn 
syrup (HFCS) 
cosmetics 257,489 

absorption of 508 
cost of protocol (estimated) 341 
cough 114, 180, 182, 340 
Courchesne, Dr: Eric 274,275. 
See also Autism Center of 
Excellence 
Courchesne, Dr. Rachel 275, 
277. See also Autism Center of 
Excellence 
couscous 49 
cow's milk. See milk, cow's 
cramps 177,179 
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crankiness 54 

cravings 17, 178,249 

cream 49,50 

cream cheese 72 

creams 508 

crohn’s disease 59 

croissants 67,457 
Crook,William 72. See Solving 
the Puzzle of Your Hard to Raise 
Child (book) 

Cruise, Tom (actor) 276 

crust 460 

crying 332,458 

crystalline silica 489 
C-section 75 

cucumber 133 

Curando el Autismo Foundation 
vii, 305, 404, 517 

curcumin 133 

curezone.com 339 

cyanide 78 

Cyrex Laboratories 450,454, 
463,464 


Cysticercosis 240 
cystic fibrosis 59 
cysts 145,179, 180,240 
CytofloraTM 342 
cytokines 50,335 
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dairy 4,55, 69,72, 74, 134,231, 
319. See also milk 


dairy-free 460 
Dalton’s Universal Gas Laws 284 
DANI. See Defeat Autism Now! 
(DAN!) 
dandelion 231 

tea 227,229 
dates 63 
Davy, Sir Humphrey 77,85 
daycare 76 
DDT 508 
DE. See diatomaceous earth 
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Defeat Autism Now! (DAN!) 2xii, 
200¥, 4, 6, 7, 8, 9, 74, 243, 252, 265, 
267, 276, 278, 279, 332 

estimated costs 342 
defeatist thoughts 48 
deficiencies 116 

iron 180 

vitamin B12. 180 
deglycosylates 298 
dehydration 118 
dementia 85,247,445 
dental amalgams 255. See 
also mercury 
dental problems 445 
deodorant 255 
Department of Health & Human 
Services (DHHS) 78 
depression 69, 178, 248, 325, 340, 
443, 444, 456, 458, 464 
dermatitis 181,338 
dessert 51 
detergent 337 

clothing 509 

dishwashing 509 


detox 89, 103, 127,257, 340 
detoxification 62, 256, 505 
detoxification program 509 
detoxing 115 
detoxing program 320 
detox organs 176 
detox pathways 55 
detox reaction 339 
developing fetus 235 
developmental delay 456 
Developmental - Individual 
Difference, Relationship-based 
Model (DIR") 344 
deworming 166,231 

importance of lifelong 186 
diabetes 54,247, 251,256, 313, 
445, 507, 508 

type | 64 

Type ll 54 
diapers 227 
diarrhea 11,43, 57, 58, 59, 62, 89, 
141, 142, 145, 157, 177, 179,244, 
340 
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diatomaceous earth 143, 188, 
190, 226, 237, 238, 341,485 
calcined 489 
deposits of 486 
dosing 190 
food grade 489 
medication, affect on 238 
source & cost 190 
sources 490 
diatomite. See diatomaceous 
earth 
diatoms 190,485 
die-off reaction 89 
diet xxi, 4, 11, 56, 74,506 
preventative 231 
dietary intervention 42 


Diet,The xxiv, 41,42, 43, 44,45, 
46, 47, 50, 53, 57, 90, 244, 319, 462, 
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digestion 49,51, 59, 69, 245 
diseases of 61 
enzymes 237 
poor 48 
problems, chronic 245 
system 49,60 
digestive system 454 
dimethylglycine. See DMG 
dimethyl sulfoxide 144 
disaccharidase 75 
disaccharides 59, 75,76 
discomfort 51, 70,127 
dishwashing detergent 509 
dishwashing soap 343 
disinfectants 61,343 
disorientation 178 
distant 58 
distended belly 177,330 
distillace 55 
distractible 333 
Divers Alert Network xxv 
diverticulitis 59 
divorce rate 341 
dizziness 176,177,458 
DMG 252, 253,324,342 
dosing 252 


DMPS 6, 140,257, 507 
drops’ § 
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DMSA 140,257 


DMSO 137, 144 
application 144 


DNA 120,256, 304 
DNA testing 165 

Don't Drink Your Milk (book) 72 
donuts 49 

double-blind placebo xi, 68 
double sugars 75 

douche bag 108 

dough 73 

DPP IV enzymes 460 


DPT (diphtheria-pertussis- 
tetanus) 1, 265 


drinking water 255,320 
fluoride 256 


drooling 1 
while sleeping 181 
drowsiness 180 
drugs 295,489 
dry cleaning 509 
duodenum 184 
dysbiosis 103,245 
dyspnea 180 
dyspraxia 247 


infections 70,244,330 
problems 145 


Early Autism Center (Toronto, 
Canada) 4 


red 62 
eating, high volume 228 
EBN® Cleansing Clay 258 
e-coli 485 
ecosystem 246 
eczema 181,247, 337,338 
Edelson Dr: Stephen M. 253, 331 
EDTA 119, 140, 257, 258 
esg 455 


eggs 50, 55, 66, 72, 325, 459 
bard boiled 76 


elastin 488 
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electron shells 11 
electrosmog 451 
elimination diet 464 
ELISA blood test 70 
embryo 
‘chemicals that affect SOB 
emotion 245 
‘extreme high 62 
‘extreme low 62 
emotional confusion 229 
emotional frigidity hypothesis 
276 
emotional instability 464 
endocrine problems 508 
endorphins 248 
enema_ 12,26, 85, 88, 103, 104, 
105, 108, 113, 115, 119, 128, 129, 
130, 134, 162, 165, 220, 226, 237, 
239, 260, 319, 340 
administering 109 
black specks. 131 
bucket 106, 108 
bulb 107, 108, 112,220 
catheter 108, 110,111, 130 
CDS 154 
clean up 130 
colonic process, similar to. 111 
‘comments & suggestions from 


parents 112 
constipation 129 
diarrhea 142 
distractions 113 
DMSO 144 


douche bag 106, 108 
‘enema bucket 108 

‘enema bulb 108, 112 
Everclear grain alcohol 130 
‘explaining to child 110 

fill & release 111 

fleet enema 107, 108 

fleet enema method 112 
frequency 105 

gravity bag 106, 108,111, 129 
heating water 110 

history 104 

hose 110 

hot water bottle 106, 108 
how far to insert 130 

how to fill he syringes 111 
kids ask for 129 

kits 105, 108 
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fone mom's enema guidelines 113 
options 106 
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sphincter muscle 111 
stigma 104 
syringes 107, 108, 129, 130 
syringes & catheter 108 
teens & adults 129 
temperature 109 
‘ming 105, 109, 113, 130 
water 128 
amount of 109 
mizture 110 
when to start 128 
energy 60, 147, 156,247,256 
lack of 121 
low 177 
production 247 
EnhansaTM 342 
enterobius vermicularis 185 
enterocytes 75 
Enterolab 450, 463, 465 
enteropathy 454 
beyond thinking green 508 
living 509 
working 509 
environmental factors S07 
environmental stress 453 
environmental toxins 507 
enzymes 45, 48, 49, 56, 59,232, 
244,245, 342, 460 
deficiency 69 
‘enzymolysis 55 
eosinophil 338 
EPA (Environmental Protection 
Agency) 255 
epigenetics 507 
epilepsy 328 
epileptic activity 250 
epoxy resin 508 
Epsom salts 143,226 
equisetum hymale 457 
erectile dysfunction 180 
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eruptions 181 
essence or extractive 55 
essential fatty acid 247 
essential nutrients 178 
essential oil 55 
excitotoxins 58 


exercise 54,121 
intolerance 120 


exhaustion 458 
exorphins 245 
extracellular polymeric substance 
118 
eye contact xxii, 42, 46, 58,247, 
252, 458 
eyes 137,253 
dark circles under 62 
degenerative conditions 251 
poking 331 
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face 
red 62 


Facebook xi, 14, 16, 47,76, 121, 
122, 126, 136, 163, 347, 350, 356, 
sI7 

facial expression 325 

failure to thrive 328 


families 

advice to 341 
farm animals 490 
farmers 490 
Farmer's Almanac 325,477 
Fasano, Dr.Alesio 62,449 
fat cells 

releasing toxins from 335 
fatigue 75,89, 176 
fats 55 

bad 

destroying 485 

fatty acids 246,311 
fatty acids, essential 509 
FDA (Food and Drug 


Administration) 86, 249, 257, 490 
food code 174 


fears 136 
Federoff, Nina 67,457 
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feet 115 
Feingold Diet 61 
Feingold, Dr.Ben 61 
Feingold, Dr. Giuseppina 8 
fermentation 55,121,458 


digestion 145 
food, of 51 


fever 177, 182,335,336 
protocol 473 
reducers 335 
temperature 336 
therapy 335 
fever therapy 336 
fiber 74 
fibroids 180 
fibromyalgia 69, 169, 179, 340 
financial matters 341 
Fine, Dr. Kenneth 450, 463 
fish 50,251 
fish oil supplements 124 
flapping xxi, 1, 6, 179, 236 
flatulence 89 
flac worm 167 
flavorings 49,55 
floor cleaner 343 
Floortime Therapy 344 
flora 76 
flora balance 59 
flour 49,51, 52,231 
flu 114,452 
fluid retention 180, 182 
flukes 165 
fluoride 142,256 
fluorine 116 
flushing 89 
flu vaccine S07 
injury 331 
focus 249,250, 333,444 
folic acid 507 
folinic acid 509 
food 
acids 93 
addiction 71 
additives 61 
allergy 49, 50,57,70, 81,244 
choices 508 


Index 
coloring 52, 55,61, 63,325 
fast 51 
intolerance 69 
mercury in 507 
nutrient dense 457 
preventative 231 
processed 41,231 
pyramid 72 
raw 46 
reaction to. 70 


supply 255 
to be avoided 133 


food bars 460 
foot baths. See CD, foot baths 
Ford, Dr. Rodney 450,456 
foreword vii 
forgetfulness 178 
formaldehyde 88,236,507 
fossilized shells 485 
fossil shell flour 486,489 
fractures 487 
Franklin, Benjamin 279,280 
Frank Oski. See Don't Drink Your 
Mille (book) 
frazzled 46 
free radical molecules 87 
Free Radical Theory of Aging 
(article) 86,87 
french fries 44,51 
french maritime pine bark extract 
250 
fructose 231 
fruit 41,43, 50, 51, 53, 55, 60, 61, 
73, 76, 127, 139, 459 
beverages 53 
canned 50 
dried 50,76 
frozen 50 
juice 51,55, 123, 124, 133, 139,231, 
430 
raw 60 
frustration 252 
Fry,Dr.Stephen 119 
Fry Labs 119 
full moon. Sev parasite protocol, 
full moon 
fungus 54, 61,71, 75, 76, 82, 190, 
246 


S41 


G 
Gaba 342 


gallbladder 103, 167 
GAMA. See gamma-aminobutyric 
acid 
gamma-aminobutyric acid 244, 
248, 249, 324 
dose 248 
gamma-glutamylethylamide. 
See L-theanine 
Garbanzo 52 
garlic 232 
garlic oil 232 
gas 51,75 
gastrointestinal distress 505 
gastrointestinal (Gl) 
ailments 43 
cancer 87 
pain 331 
problems 59 
symptoms 177 
tract 50,325, 
GcMAF 32, 125, 141,293,295, 
321 
AIDS Conference 304 
alpha-N-acerylgalactosaminidase 
(Nagalase) 298 
Altmetric score 297 
anticancer properties 300 
autism 295, 300, 301, 302,305, 306, 
307, 308, 311 
autism, curing 303 
autism improvement 302 
autism is a curable condition 303 
autism pathogenesis 302 
autism treatment 302 
bacterial 296 
biotech company 317 
blood brain barrier 306 
bone disorders 300 
brain 317 
brain inflammation 308 
breastfeeding 317 
cancer 296 
CFSIME 305 
conclusions 316 
DNA 304 
energy, increase of 305 
eradication of HIV infection 296 
fermented food product 315 
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first publication on 296 
food fermented by probiotic 
bacteria 316 
fungal 296 
Ge-pratein 298, 300 
‘grey matter 307 
haematological parameters 316 
history of 296 
hottest topics in today's world 
science 297 
human neurons 304 
immune system 306 
immune system development 317 
immunotherapy 296 
injections 314 
licking 317 
Lupus 300 
metabolic activity increase of 306 
metastatic advanced cancer 296 
‘most effective tool to fight diseases 
considered incurable 316 
MRI studies 307 
Nagalase 302 
natural component of body 317 
natural nutriene 313 
neuronal connectivity 305 
neurons 305 
neutrophil cell count 316 
non-responders 303, 310 
normal brain anatomy after 
treatment 309 
personal experience 314 
protein, is a 304 
protozoal 296 
radiation exposure 314 
saliva 312,315,317 
sublingually taken 314 
therapeutic effects of 298 
transcranial ultrasonography 307 
tumours 299 
ultrasound 308,311 
viral 296 
vitamin D 300 
whats? 312 
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gelatin 52 
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gene test 463,464 

genetic material 118 
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genetics 453 
Genova Diagnostics 388, 389 
gentian root 231 
germs 
fear of 333 
gestation 507 
Giardia lamblia 233, 238 
Giera, LuEllen 450 
Gilbere, Dr: Gloria 337 
Gilliam Autism Rating Scale 251 
ginger 226,233 
gingivitis 86 
Giulivi, Cecilia 120 
glands 256 
glass bottles 160 
gliadin 451,454 
gliadin antibodies 461 
gliadin blood test 463 
gliadin-lgA 463 
gliadorphin 44,49, 69 
glial cell dysfunction 311 
glutathione 127,342 
gluten 4,43, 44,49, 53, 54,56, 58, 
64, 66, 67, 69, 70, 73, 75, 245, 449, 
451, 454, 455, 464 
accidental exposure 462 
antibodies 65,66 
ataxia 456 
challenge 64 
challenge testing 67 
risks of 460, 464 
cheats 460,462 
cross reactive foods 465, 
diet 455 
elimination diet 464 
gluten-free 454, 456, 458, 459 
gluten-free diet 4, 41, 45,47, 48, 57, 
58, 70, 74, 453, 457, 513, 
diet 67 
lifelong commitment 67 
pretzels 76 
grains 73,457 
infractions (dietary) 460 
junk food 459 
‘molecules 69 
mortality rates 460 
peptide sequence 452 
pieces 453,458 
proteins 48 
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sensitivity 456 

silene gluten injury 456 

silene syndrome 456 

substieutes 465 

syndrome 65, 66,67, 449, 452, 454, 
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diagnosis 455, 461 
reaction 65 

testimonials 459 
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withdrawals 67,458 
GlutenEase™ 460 
gluten-free diet 464 
Gluten Free Society 464 
gluten reactivity 64 
Gluten Syndrome: A Neurological 
Disease (paper) 456 


Gluten Syndrome: Is Wheat 
Causing You Harm?, The (book) 
456 


gluteomorphins 44, 49, 56, 58, 69, 
75, 245, 458, 461 
gluthatione 139 
glutinins 461 
GMOs 320,457,459 
gold 116 
Golomb, Dr. Beatrice 263, 264 
Gottschall, Elaine 58, 61 
grain free diet SI 
grains SI, 69, 75,252, 324, 490 
grain-free 141 
grain husks 486 


Gram, Hans Christian 78 
granola bar 56 
granulocytes 120 
granuloma 338 


grapes 61 
red 61 


grass roots movement 444 
green juices 133 

green tea 123,134 

Group Ill, Dr. Edward F338 
growth rate 330 

GSE 342 

Guillain-Barré Syndrome 272 
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gums 162,459 
Gunter, Dr. Bernard 264 
gue 49,246,319 
clutching 331 
dysbiosis 115 
flora 75 
Gut and Psychology Syndrome 
(book) 75 
{gut-brain connection 245 
healing the 260 
inflammation 44 
micrabes 246 


mucosa 245 
improve 245 
villi 65 


Gut Biology and Treatment 
(presentation) 117 

gue villi 454 

gut wall 451 


H 


Hadjivassiliou, Dr. Marios 450 
haematological values 316 
hair 116 

britde 181 

dry 181 


dye 61 
loss 181 


pulling 331,332 


hair products 
non-toxic 509 


ham 53,55 
hamburger patties 460 
handwriting 34 

poor 333 
Harch, Dr. Paul 287 
Harman, Denham 86 
Hazelnuts 51,52 
HBOT 6,125 
HCI 90, 94,96, 98, 155, 467, 493 
headaches 62, 89, 179, 330, 331, 
340, 456, 485 

‘migraine 144 
head banging 62,331 
healing crisis 84. See 
also Herxheimer reaction 
hearing 49 
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disease 445 

failure 452 
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heart burn 89 
heartworm medication 240 
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257, 259, 260, 261, 320, 323, 345, 
485, 505, 506, 507. See also metals 
exposure 301 
load 259 
toxicity xxi, 115 
helminths 165, 193. See 
also parasites 
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Henry's Law 281, 282, 283 
Hepatitis B 1,265 
herbicides 55,258 
herbs 11, 55,226 
heroin 44,49 
Herxheimer reaction 10, 11, 14, 
57, 81, 84, 89, 90, 100, 125, 127, 
146, 147, 155, 225, 226, 228, 339 
HFCS. See high fructose corn 
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high fructose corn syrup (HFCS) 
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high oxalates 182 
hippotherapy 175 
histamine 50,229, 236 
histidine 250 
HIV 138, 272,298, 300, 315 
infection 295 
hives 70, 337,338 
Hoffman, Dustin (Actor) 276 
homeopathy 9 
homeostasis 236 
homocyesteine 342 


homocysteine 253 
metabolism of 253 
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honey 52, 63,232,233 
hookworms 12, 165 
hopelessness 443 
hormones 295,312 
horsetail 457 
hot dogs 50,53, 55 
H. pylori 120 
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‘message from Kerri 80 
humidifier 225 
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hydrolyzed vegetable proteins 49 
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hyperactivity 46,54, 55, 62,70, 
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hyperbaric chamber 267,321 
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hypersensitive individuals 147 
hyperthermia 335 
hypoglycemia 176 
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ibuprofen 143 

ice cream 49,54 
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IgA blood tests 463 
IgD 451 
IgE 70,236, 451,455 

allergic reactions 58,70 

antibodies SO 
IgG 58,451,454, 455 
IgM 451,455, 463 
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immune cells 50 
immune complex disease 456 
immune dysregulation 505 
immune function 256 
immune globulin 330 
immune gluten reactions 66 
immune response 50,296 

‘effective 335 
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immune-stimulant 296 
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immunodeficiency 298, 314,315 
Immunology of Gluten Sensitivity 
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Immunosciences Lab 450 
immunotherapy 296,300 
implant, the 220 
impotence, male 180 
inattentive 333 
Infant Body Systems 506 
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323, 331, 338,451, 485 


545 


inflammatory 
disease 460 
mediators 50 
process 453 
response 50 
Influenza B (Pentavalente) 1,265 
insecticides 489 
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Figure 2-1 shows two rows of commonly available wire cutters. 


Figure 2-1. Commonly available wire-cutting tools. The top row shows three styles of diagonal cutters, 
which are the preferred tools for cutting small-gauge copper wire. The bottom row shows some tools that 
offer wire cutting as a secondary facility, and should only be used when proper wire cutters are not 
available, 


‘The top row of cutting implements in Figure 2-1 are various forms of what are known as diagonal 
cutters, side cutters, or flush cutters. These cutters have beveled cutting edges that meet in the middle of 
the wire being cut. One side of the cutters is fla, or flush, allowing wires to be cut with some precision. 
“These are the preferred cutters for small-gauge copper wire, as well as for clipping excess component 
leads from a printed circuit board (PCB). See Figure 2-2. 

Compare the cutting action of the side cutters to the other, less optimized wire cutters in the second, 
row of cutters in Figure 2-1. These cutters either use a shearing action to cut the wire or include a flush- 
cutting area as a secondary feature. 
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proriasis 181 
psychoactive substances 176 
rapid heartbeat 179 
reflexes, slow 179 
respiratory disease 180 
restless leg syndrome 179 
restlessness 179 
saliva, excess of 182 
seizures 179 
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Figure 2-2. A close-up look at the business end of a pair of side cutters. When the two cutting edges meet in 
the middle, the bottom side is flat, or flush, allowing the user to get quite close to wherea wire or 
component lead emerges from a solder joint. 


Use caution when clipping component leads or small wires with any wire cutters, The cut lead can 
easily fly away at sufficient velocity to poke you right in the eye or other Sensitive area. If possible, hold 
both ends of a wire being cut or direct the cut leads away from your face. 


Caution Use eye protection when clipping leads. Don't say you weren't wamed about this hazard 


Wire Strippers 


Wire strippers are tools that allow you to easily strip the nonconductive insulation from wires. You can 
ty chewing it off with your remaining teeth, but this is not recommended. 

Wire strippers usually consist of a pair of hinged blades with some sort of machined notch. The 
notch allows the blades to cut the insulation around the wire without cutting or nicking the underlying 
conductor. A good example is shown in Figure 2-3. 
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rectal wall 338 
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retroviruses 301 
rheumatoid arthritis 443 
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Figure 2-3, The popular T-Stripper combination wire cutter and stripper tool from Ideal Industries has 
‘been around for over halfa century. Note the wire gauge sizes stamped into the face of the cutter blade, 
‘New models feature laser-engraved text 


The wire strippers in Figure 2-3 can easily strip the insulation from wires with a conductor diameter, 
or gauge, between 16 (0.0508" or 1.291 mm) and 26 (0.0159" or 0.405 mm). The higher-numbered wire 
gauges represent smaller-diameter wires. Once upon a time, the gauge number represented the number 
ff drawing operations that were performed on a wire when being manufactured. The more times it was 
drawn through the processing equipment, the thinner the wire became, Today, the wire- manufacturing 
industry in the United States and Canada has adopted the American Wire Gauge standard (AWG). See 
Table 2-1 
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acquainted with the technology of offset printing and copying ma- 
chines. 


About the Author 


Using his knowledge of Taoism, combined with the other disci- 
plines, Master Chia began teaching the Universal Tao System. He 
eventually trained other Instructors to communicate this knowledge 
and he established the Natural Healing Center in Thailand. Five 
years later, he decided to move to New York, where in 1979, he 
‘opened the Universal Tao Center. During his years in America, 
Master Chia continued his studies in the Wu system of Tai Chi with 
Edward Yee in New York. 

Since then, Master Chia has taught tens of thousands of stu- 
dents throughout the world. He has trained and certified over 2,000 
instructors and practitioners from all over the world. Living Tao Cen- 
ters, Chi Nei Tsang Institutes, Cosmic Healing Forums & Immortal 
Tao Mountain Sancutaries have opened in many locations in North 
‘America, South America, Europe, Asia, Africa and Australia. 

In 1994, Master Chia moved back to Thailand, where he had 
begun construction of Tao Garden and the Universal Tao Training 
Center fifteen miles outside of Chiang Mai. 

Master Chia is a warm, friendly and helpful man who views him- 
self primarily as a teacher. He presents the Universal Tao System 
ina straightforward and practical manner, while always expanding 
his knowledge and approach to teaching. He uses a word proces- 
sor for writing and is totally at ease with the latest computer tech- 
nology. 

Master Chia estimates that it will take thirt-five books to convey 
the full Universal Tao System. In June, 1990, at a dinner in San 
Francisco, Master Chia was honored by the International Congress 
of Chinese Medicine and Qi Gong (Chi Kung), who named him the 
Qi gong Master of the Year. He is the first recipient of this annual 
award. 

In December, 2000, the Tao Garden Health Resort and Univer- 
sal Tao Training Center was completed with two Meditation Halls, 
two open air Simple Chi Kung Pavilions, indoor Tai Chi, Tao Tao Yin 
and Chi Nei Tsang Hall, Tai Chi Natural Swimming Pool, Pakua 
Communications Center with a complete Taoist Library, Internal 
World Class Weight Lifting Hall and complete 8 Court Recreational 
Facilities. 

In February, 2002, the Immortal Tao practices were held at Tao 
Garden for the first time using Darkness Technology, creating a 
complete environment for the higher level Taoist practices. 
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Table 2-1. The AWG. A more complete listing is available at 
hutp:lien.wikipedia.org/wikilAmerican_wire_gauge, from which this partial list was obtained. 
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About the Author 


Master Mantak Chia has previously written and published these 

twenty-two Universal Tao books: 
‘Awaken Healing Energy of the Tao - 1983 
Taoist Secrets of Love: Cultivating Male Sexual Energy 
co-authored with Michael Winn - 1984. 
Taoist Ways to Transform Stress into Vitality -1985 
Chi Self-Massage: the Tao of Rejuvenation - 1986 
tron Shirt Chi Kung | - 1986 
Healing Love Through the Tao: 
Sexual Energy - 1986 
Bone Marrow Nei Kung - 1989 
Fusion of the Five Elements | - 1990 
Chi Nei Tsang: Internal Organ Chi Massage - 1990 
Awaken Healing Light of the Tao - 1993 
The Inner Structure of Tai Chi co-authored with Juan Li - 
1996 
Multi-Orgasmic Man co-authored with Douglas Abrams 
1996 - published by Harper Collins 
Tao Yin- 1999 
Chi Nei Tsang I! - 2000 
Multi-Orgasmic Couple co-authored with Douglas Abrams 
2000 - published by Harper Collins 
Cosmic Healing !- 2001 
Cosmic Healing I co-authored with Dirk Oellibrandt - 2001 
Door of All Wonders co-authored with Tao Haung - 2001 
Sexual Reflexology co-authored with W. U. Wei - 2002 
Elixir Chi Kung - 2002 
Tan Tien Chi Kung - 2002 
Cosmic Fusion - 2002 


Cultivating Female 


Many of the books above are available in the following foreign 
languages: 

Arabic, Bulgarian, Czech, Danish, Dutch, English, French, 
German, Greek, Hebrew, Hungarian, Indonesian, Italian, Japa- 
nese, Korean, Lithuanian, Malaysian, Polish, Portuguese, 
Romanian, Russian, Serbo-Croatian, Slovenian, Spanish, & 
Turkish editions are available from the Foreign Publishers listed in 
the Universal Tao Center Overview in the back of this book. 
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Words of Caution 


The practices described in this book have been used successfully 
for thousands of years by Taoists trained by personal instruction. 
Readers should not undertake the practice without receiving per- 
sonal transmission and training from a certified instructor of the 
Universal Tao, since certain of these practices, if done improperly, 
may cause injury or result in health problems. This book is intended 
to supplement individual training by the Universal Tao and to serve 
as a reference guide for these practices. Anyone who undertakes 
these practices on the basis of this book alone, does so entirely at 
his or her own risk. 

The meditations, practices and techniques described herein are 
not intended to be used as an alternative or substitute for profes- 
sional medical treatment and care. If any readers are suffering from 
illnesses based on mental or emotional disorders, an appropriate 
professional health care practitioner or therapist should be con- 
sulted. Such problems should be corrected before you start train- 
ing. 

Neither the Universal Tao nor its staff and instructors can be 
responsible for the consequences of any practice or misuse of the 
information contained in this book. If the reader undertakes any 
‘exercise without strictly following the instructions, notes and warn- 
ings, the responsibility must lie solely with the reader. 

This book does not attempt to give any medical diagnosis, treat- 
ment, prescription, or remedial recommendation in relation to any 
human disease, ailment, suffering or physical condition whatso- 
ever. 

The Universal Tao is not and cannot be responsible for the con- 
sequences of any practice or misuse of the information in this book. 
If the reader undertakes any exercise without strictly following the 
instructions, notes, and warnings, the responsibility must lie solely 
with the reader. 
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Chapter 1 
Cosmic Fusion and the Tao 


Cosmic Fusion is the basic Taoist practice of internal alchemy. 
This is the second book in a three part series. This particular book 
‘expands on the concepts and practices introduced in Fusion of the 
Five Elements. Here in part Il, the practice goes to the next level of 
development. 

In the beginning these practices may seem complex and men- 
tally challenging, yet once the formulas are understood and ap- 
plied, they are quite simple. With practice, the materials become 
familiar territory that you can traverse easily. Take your time with 
the formulas. Experiment with what works for you. The formulas 
are the guidelines to enhance your life. The Cosmic Fusion is a 
doorway into the vast potential of the self and the Universe. Itis a 
very natural process and the first step into the Taoist alchemical 
practice. 


The Tao 3 


The word Tao means The Way, the way of nature and the Uni- 
verse, or the path of a natural reality, Italso refers toa way in which 
we can open our minds to learn more about the world, our spiritual 
paths and ourselves. Taoism is a practice of body, mind and spirit, 
not just a philosophy of mind. When we have the true sense of the 
Tao, of the real knowledge and wisdom, we will be able to make the 
right decisions in our lives. 

Taoism involves many practical disciplines that can restore our 
lost youth, energy and virtues while awakening our deepest spiri- 
tual potentials. Taoists regard these practices as a technology that 
can help us learn universal truths if we are willing to be receptive, 

The ancient masters recognized that these potentials can in- 
clude the possibility of attaining conscious freedom and existence 
in the after-death state. Through specific exercises, one can avoid 
suffering the experience of death by expanding the consciousness 
beyond the physical body before its demise. This makes it pos- 
sible to determine one’s future existence before leaving this life. 
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All spiritual paths ultimately lead to the truth. Taoism is both a 
philosophy and a technology for seeking and finding the truths of 
the universe, nature, and humanity. Its focus goes beyond one single 
path or viewpoint. Taoism is not a religion, as it requires no initia- 
tions or ceremonies, but itis the outcome of all religions, departing 
from dogma at the point of truth. It leaves behind all religious be- 
liefs, just like the clothing of past seasons. The Tao is also the goal 
of science, but it leaves behind all scientific theories as partial and 
temporal descriptions of the integral truth. Taoism includes all mat- 
ters of religion and science, yet its breadth goes far beyond the 
limits of devotion or intellect. 

Taoist teachings are like master keys unlocking all doors. They 
assist people in their lives, as do all religious teachings. Yet the 
teachings of the Tao transcend religion while retaining the essence 
of spirituality. They explain and demonstrate the truths of the Uni- 
verse directly, rather than on the level of emotions, thoughts or 
beliefs. For this reason, students of the Tao have little cause for 
skepticism or endless searching. 

Philosophy, science and religions all contain some aspects of 
truth that reflect the Tao. The teachings of the Tao reflect the center 
of the ultimate truth (ourselves and the Universe) and help us reach 
it on our own. We can believe in any religion or spiritual path and 
still benefit from these teachings, because the Tao serves only to 
promote universal spiritual independence. There are no ultimate 
masters or gurus in Taoism because we become our own mas- 
ters, capable of controlling our own destinies and knowing who we 
really are as we explore the marvelous powers hidden within the 
Tao of humanity. All the great gods, immortals, sages, saints and 
holy men and women are our teachers and advisers. 

Taoism, which goes back at least seven to eight thousand years, 
is closely aligned with modern technology and science. Browsing 
through a bookstore, you will find that many recent books use the 
concepts of Taoism to explain relationships expounded by the “new” 
physics. Today, a lot of the world’s intellectual effort is directed 
toward external technological development. 

Thousands of years ago, the Taoists directed their conscious- 
ness inwardly, and developed a science of inner alchemy. Chinese 
written history has a 4700 year history and the language has not 
changed significantly over the centuries, so even the oldest docu- 
ments can be read today. A lot of information was accumulated in 
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each dynasty. The Taoist sages, who learned and perfected meth- 
‘ods to prepare and leave the body, recorded all the practical de- 
tails. These, along with philosophical thought, were collected, fill 
ing many volumes which constitute the Tao Canon. 

These transformative formulas endure, a gift from the original 
Taoist sages to all who are willing to put them into practice. The 
Universal Tao is concerned primarily with the practical approaches 
perfected by the Taoist sages. 


Universal Tao System 


x 


The ancient Taoists saw the importance of working on all three 
levels of our being: the physical body, the Energy Body and the 
spirit All three are important in forming a ladder with which we may 
climb consciously into the spiritual worlds and, just as important, 
back into the physical world to be creatively active here. This lad- 
der enables Taoists to learn about the inner worlds and to return to 
the physical with knowledge and increased energy. An Immortal 
Body, which is developed in the practice of Internal Alchemy, en- 
ables one to establish a constant link between life and the after-death 
(or pre-birth) state. 

Ancient Taoist sages believed we were born to be immortal. We 
become mortal by draining ourselves of Chi through engaging in 
excessive sexual activity, indulging in negative emotions, and de- 
pending on material sources to supply our life-force. The masters 
recognized that different levels of immortality can be achieved 
through internal alchemy, and they devised many practices for this 
purpose. The ability to transcend even death through the transmu- 
tation of one’s physicality into the Immortal Spirit Body is the high- 
est goal of Taoism. This level, known as physical immortality, takes 
the longest to achieve. 
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Healing the Physical Body: 
Becoming like a Child to return to the Original Source 


Taoist practices teach to conserve the physical energy so that it 
will no longer scatter and deplete as a result of our worldly interac- 
tions. Full spiritual independence requires that we avoid being 
drained of this energy through the eyes, ears, nose, and mouth or 
through excessive sex. The novice in the Universal Tao System 
begins with a wide range of exercises that develop the physical 
body into an efficient and healthy organism, able to live in the world 
and yet stay free of the tensions and stresses of daily life. One 
aspires to return to a childlike state of innocence and vitality, to 
regain the Original Source that is our birthright. Specific goals of 
this level are to learn how to heal oneself, how to love oneself, and 
how to love others, 


Fig. 1.1 Retuming to the Original Source. 
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The first level of practice is to develop a healthy body, which can 
take months of diligent training. During this process we learn how 
to condense and conserve our life-force through the Microcosmic 
Orbit meditation, Healing Love practices, Inner Smile, Six Healing 
Sounds, and lron Shirt Chi Kung. We learn to gather and refine our 
life-force into a Chi Ball (energy sphere) so it will not dissipate when 
we are ready to leave this world. As people grow older, their life-force 
weakens, often resulting in illness and suffering. Using drugs to 
combat illness drains so much of the body's life-force that there 
may not be enough energy left to follow the primordial light (clear 
light) to the Wu Chi (our original source God) at the moment of 
death. The basic practices of the Universal Tao ensure that we 
retain enough of our health and vital energy to make that journey. 


Fig. 1.2 Sit down and start to move the orbit in the fast speed, 
from 1000 rotations per minute, to 10,000 per minute and 
up to 30,000 per minute. 
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Stopping energy leakage 
through conservation and recycling. 


Fig. 1.3 Heart Leakage 


The Microcosmic Orbit is the body's major energy pathway. Along 
this path there are nine openings. If we learn how to seal them 
when they are not in use, that simple act of conservation will save 
an immense amount of energy. 

The Microcosmic Orbit meditation is the first step toward attain- 
ing these goals, as it develops the power of the mind to control, 
conserve, recycle, transform and direct Chi (the Chinese term for 
energy, or life-force) through the body's primary acupuncture chan- 
nels, By learning how to manage our Chi effectively, we gain better 
control over our lives; by using our energy wisely, we discover that 
we already have plentiful Chi. 

At this stage, one also learns to connect with and draw from the 
unlimited source of Universal Love, a Cosmic Orgasm formed by 
the union of the three main sources of Chi accessible to humans: 
the Universal (Heavenly) Force, the Earth Force and the Higher 
Self (Cosmic) Force. This process is both energizing and balanc- 
ing. It prepares one for working with greater amounts of Chi in the 
higher levels of meditative practice, particularly in developing the 
Energy Body. 


-19- 


Chapter 1: Cosmic Fusion and the Tao 


Abdominal Brain 


Heart Mind 


Learning to emply the mind is 
‘one of the most important Uni- 
versal Tao practices. Letting 
go of judgments, suspicions 
and the incessant repetitive 
thought process is a simple 
way to recharge the body, the 
brain and the spirit. Science 
has proven thatwe have about 
60,000 thoughts per day and 
of those 60,000 thoughts 95% 
of them are the same 
thoughts we had yesterday. By 
activating the abdominal brain, 
we are able to clear the mind 
and create space for more 
creative mental activity. 


Fig. 1.4 Upper and Lower Brains 


The brain spends up to 10 times more energy than the rest of 
the body. Even when we are not working or thinking consciously, 
‘our mind still wanders. In Taoism this incessant thinking is called 
the ‘Monkey Mind’. Ifwe can stop the mind and empty the energy 
from the brain down to the organs, there will be tremendous amount 
of energy stored in the body. This abundance of energy can later 
retum back to the brain. When the energy returns, our thoughts 
are much more refined, creative and focused. 

The abdominal brain is located in the Lower Tan Tien, the reser- 
voir of energy located about an inch below the navel and three 
inches inside the body. This is the very center of our being. It is 
called the abdominal brain because itis a center for wisdom. Sci- 
ence is learning that the same chemical activities that go on in the 
brain, go on in the abdomen. The difference is that the abdomen is 
not connected with the senses. The senses tend to pull our energy 
and awareness outside of ourselves. This leads to the constant 
analyzing of situations and people. The abdominal brain is a much 
deeper sense of awareness, where our “gut feelings” originate. 
When the abdominal brain is activated, we open up to more guid- 
ance, deeper intuition and full body awareness. 
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We'll return to this table again in Chapter 3 when the electrical properties of wire are discussed. For 
now, note that as the wire gauge number goes up, the wire's physical diameter goes down. Similarly, as a 
conductor's physical size goes down, its ability to carry current also goes down, and its electrical 
resistance goes up. 


Note Other standards exist throughout the world. teel-wire manufacturers use a different scale, as their 
interest is more on the tensile strength ofthe wire, not ts electrical properties. 


Note that the AWG is for single-strand copper wire. Equivalent gauges in stranded wire are 
physically a bit larger, although they have the same effective cross-sectional area and can carry the same 
amount of current. 

When using wire strippers, keep in mind that your goal is to cut and remove only the nonconductive 
insulation from the wire, leaving the internal conductor intact. Even a small nick can result in a weak 
point in the wire, both electrically and mechanically. 


Practice Makes Perfect 


The best way to attain proficiency with a new tool is with practice—lots and lots of practice. This is true 
for working with your hands as well as with that big brain of yours. Ideally, any task worth doing will 
involve at least a litte bit of both manual dexterity and focused brain power. 

Cutting and stripping wires is an excellent example. For your first practice assignment, spend some 
time turning long, beautiful lengths of wire into litte bits of wire with stripped ends. 
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Transforming Negative Energy into Virtues: 
Opening the Heart 


The Inner Smile and Six Healing Sounds are simple yet powerful 
practices that teach us how to relax and heal the vital organs and 
to transform negative emotions back into a rich source of energy. 
They help open the heart center and connect us with unlimited 
Universal Love, improving daily interactions and providing a ve- 
hicle for the virtues, which derive from the internal organs. Taoists 
perceive the heart as the seat of love, joy and happiness, which 
can connect with Universal Love. Its also a cauldron in which the 
energies of our virtues are combined and strengthened. Through 
the Inner Smile, you will feel these virtuous energies generated 
from their respective organs. These virtues are then gathered into 
the heart to be refined and blended into compassion, the highest of 
all virtues. This is a most effective way to enhance one's best quali- 
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Fig. 1.5 Cosmic/Divine Radiation Fields 


Another important beginning practice teaches the student of the 
‘Tao how to gain strength through the conservation and recycling of 
sexual energy (Healing Love through the Tao). When collected, 
sexual energy (Ching Chi) becomes an incredible source of power 
that can be used by the individual or shared with a sexual partner 
through the Microcosmic Orbit pathway during sexual intercourse. 

With practice, singles and couples can learn to increase and in- 
tensify sexual pleasure. The collected and transformed sexual en- 
ergy is an important alchemical catalyst to be used in the higher 
meditations. 
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Drawallthe 
good virtues 
into the heart. 


Fig. 1.6 Conserving, recycling and transforming the energy. 


‘Once you have an abundance of sexual energy, you can con- 
nect to the unlimited Cosmic Orgasm experienced every moment 
by your Higher Self, which is the most basic energy in every cell of 
your body. 


Managing the Life-Force 


In the practices of Iron Shirt Chi Kung and Tai Chi Chi Kung, one 
learns to align the skeletal structure with gravity to allow a smooth, 
strong flow of energy. With strong fasciae, tendons, and bone 
marrow and good mechanical structure, we can manage our 
life-force more efficiently. The body also gains a sense of being 
rooted deeply in the earth, so one can tap into the Mother Earth 
healing force. 
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Cosmic Nutrition 


The Taoist approach to diet is based on determining the body's 
needs and then fulfilling them according to the five elements of 
nature, which support the five major organs of the body. This sys- 
tem reveals and strengthens any weak organs by balancing one's 
food intake to enhance any deficient elements. It does not con- 
demn most foods that people enjoy (including sweets), but instead 
creates a better program in which these foods can support the 
body's internal balance rather than disrupt it. Choosing and com- 
bining foods in this way can help us avoid the cravings we some- 
times fall prey to, 


Developing the Energy Body: 
Our Vehicle to Travel in Inner and Outer Space 


The next level of the Universal Tao system consists of the Fusion 
of Five Elements, Cosmic Fusion, and Fusion of the Psychic Chan- 
nels. These practices build and enhance the basic Universal Tao 
exercises. They use the extra energy saved through the founda- 
tion practices, including recycled negative energies, to build a strong 
Eneray Body that will not dissipate. Developing this Eneray Body 
awakens a part of oneself that perceives and acts free of environ- 
mental, educational and karmic conditioning. Once the Energy Body 
is strong, it becomes a vehicle (like the space shuttle) to help the 
untrained soul and spirit for the long journey home, back to the Wu 
Chi. 


Spiritual Body 


t 


Energy Body aon lbp 


Fig. 1.7 Fusion is the First Step in achieving Union of our Three Bodies. 
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Ifwe do not have a chance to practice awakening or to give birth 
to the soul and immortal spirit during life, the primordial light will 
awaken us at the moment of death. Unfortunately, we may be too 
untrained and inexperienced to follow this light. To prepare for the 
journey, the Energy Body isa vehicle of great importance. We can 
train and educate the Energy Body so it can help the untrained soul 
and spirit recognize and follow the primordial light back to our origi- 
nal source. 


‘ 
. Spiritual Body 
1 
‘ 
i Energy Body 


Spiritual Body 
Fig. 1.8 Energy Body blasting off the Spiritual Body 
and enters outer space. 


When we are ready to give birth to the real soul, the Energy 
Body will act like a booster rocket to help boost the sou! into its 
higher dimension of the immortal spirit. At the highest level, all three 
of these bodies merge into one. 

Each level of development gives us a chance to go further in the 
journey back to the Wu Chi, Taoist methods of absorbing stellar 
‘energies help rejuvenate the physical body and strengthen the soul 
and spirit bodies for their inter-dimensional travels. 
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Recycling our Negative Emotions 


Lung 
Collection 
Point 


e Kidney 
Collection Collection 
Point Point 


Fig. 1.9 There are Five Major Collection Points of the Emotions 
reflected on all four sides of the body. 


Our emotional life, filled with constant vicissitudes, drains our vital 
energy. Through the Fusion meditations, one learns to transform 
the sick or negative energy that has been locked up in the vital 
organs, Taoists understand morality and good deeds as the most 
direct path to self-healing and balance. To be good to others is 
good for oneself as well. Al the good energies we create are stored 
in the Energy Body like deposits in a bank account. By helping 
others and giving them love, kindness and gentleness, we receive 
positive energy in return. When we open our hearts, we are filled 
with love, joy and happiness. 

From Taoist experience, we know that when we leave this world 
we can go directly to heaven, depending on how much energy we 
have been able to transform into the Energy Body prior to death. 
Just like money in the bank, the more we transform our physical 
being to our spiritual being, the more we have in heaven. The more 
good we do here, the more positive energy we have up there. 


-25- 


Chapter 1: Cosmic Fusion and the Tao 


Forming the Spirit Body: 
Planting the Seed of Immortality — Lesser Kan & Li 


The Inner Alchemy meditation of the Lesser Enlightenment of Kan 
and Li (water and fire, multiorgasmic sexual energy and compas- 
sion) reunites the male and female within each of us. Itinvolves the 
practice of self-intercourse, which by internal sexual coupling of 
the energies enables one to give birth to the soul body. The soul 
body then acts as a “baby sitter’ to help nurture the spirit body. The 
soul is the seed, but it can also be matured into the immortal body 
if one has not had the chance to raise the spirit body in this life. 
Practitioners of Taoist Alchemy believe that if we give birth to the 
spirit body and develop the immortal body in this life, we can over- 
come the cycle of reincamation 


Fig. 1.10 Creating the Energy Body in preparation for the Spiritual Body. 


‘Once the “baby sitter” or soul body is formed, it is in the Yin 
stage, or infancy (soul embryo). We need to feed, raise, educate 
and train the young soul to become fully grown. 

‘Once the soul body is developed, we can give birth to the spirit 
body. To cultivate the young spirit body unti it is fully mature can 
take 14 to 18 years. We also use the energies of nature (trees, 
sun, moon and stars); virtually all sensory experiences of a posi- 
tive nature become nourishment for the growth of the spirit within 
the physical body. 
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Many masters who attained this level of the immortal body were 
able to transform the material into the immaterial and transfer it 
into the spirit body. At the moment of death, they were able to transfer 
their consciousness, their energy and the physical elements of 
their bodies up with them into the spirit body, although even this 
level is not yet the true immortal body. In this process their physical 
bodies actually shrank in size; they may have weighed two-thirds 
oftheir usual weight after their physical deaths occurred. This meant 
they had successfully transformed much of their material being 
into an immaterial state while retaining full consciousness 


Cultivating the Yang Stage of the Immortal Body: 
Marrying the Light - Greater Kan and Li 


‘To merge with the light of the Tao, we must awaken and nourish 
the awareness that we are in truth children of the light. Once we 
have fully grown the spirit body, it will be the same frequency as the 
light of the Tao and can become one with that light. Other traditions 
refer to this light by such names as the Holy Spirit or Great Spirit; 
we also refer to it as the “outer light.” 

The Greater Kan and Li meditation teaches us how to recog- 
nize the inner light of our own spirits and shows us how to merge 
with or “marry"itto the outer light. Once we connect with and “marry 
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the light,” we give birth to the second stage of the true immortal 
spirit. Taoists refer to this as the Yang body. One continues to trans- 
form the physical body energy to feed the immortal spirit so it can 
mature. 

At this stage of practice, we lear to digest increasingly 
higher-grade energies of the Higher Self and Universal Forces from 
the sun, moon, planets, stars and galaxies, and from the mind of 
the Tao itself. An awakening to that which is etemal and enduring 
occurs through this practice. Cognizant of our true nature as spir- 
its, we experience the ability to leave the physical body and travel 
in the immortal spirit body, which leads to experience of the inner 
worlds of spirit Fear of death is vanquished as we become famil- 
iar with life beyond physicality. 


Greatest Enlightenment of Kan and Li 


At this level one transfers all physical essence into the immortal 
body. When all the body's material elements are transformed into 
subtle Chi, what remains is known as the “rainbow body.” When a 
master of this level leaves this world, there is nothing left of the 
physical body but nails and hair. Death is still necessary to speed 
up the process. 


Li (Fire) 


Kan (Water) 


Fig. 1.12 Union of Fire and Water 


-28- 


‘Cosmic Fusion 


Sealing of the Five Senses, Congress of Heaven and 
Earth, Reunion of Heaven and Man 


At this level death is transcended entirely. One can simply trans- 
form the physical body into the immortal body and leave this world 
or return to it at will. This is the state of complete physical immor- 
tality. Ittakes from eighty to a few hundred years to complete these 
practices and transform all the material elements of our body into 
the immaterial. The final goal of ascending to heaven in broad day- 
light is reached. 

There are records in Chinese history of many thousands of Taoist 
immortals who reached the level of daylight ascension in the pres- 
ence of many witnesses. In the Bible, Elijah and Moses also ac- 
complished this feat. In the final stage of this practice, the adept 
can unite the immortal spirit body, the Energy Body, and the physi- 
cal body, or separate them at will. It is then that the human being 
knows full and complete freedom as an immortal, where no world 
is a boundary. 
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Chapter 2 
Taoist Cosmology 


Ancient Taoism is rooted in deep observation of naturally occurring 
Universal processes and their effects upon human beings 
Newtonian physics of the West understands these processes as 
the mechanics of cause and effect. Taoism understands them as 
the interactions of a vast sea of energy that is constantly creating 
and recreating the universe in infinite ways. Most religions and eso- 
teric systems study these processes (the ways of God) through 
scriptures and practices based upon the immaterial. Taoism stud- 
ies both the material and immaterial aspects of nature and the 
Universe in the belief that the immaterial is both the source for the 
material and a product of it. In other words, physical and non-physi- 
cal processes are sources for each other. 


Ultimate 
Stillness 
Yang Yin 
Super Cluster PY super cluster 


Cae Milky Way Galaxy 


Earth Man 
100,000 Things 


Fig. 2.1 Taoist Cosmology 
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CUTTING AND STRIPPING WIRE 


For this exercise, you're going to need the following: 
© Wire cutters 
‘© Wire strippers 
= Much wire 
‘+ Acomfortable, wel-lit location 


Cut the Wire into Segments 


Don't watch TV or be otherwise distracted. Pay attention to what you are doing, 


Begin by cutting the wire into various-sized segments from 2" to 6" in length. Accuracy in length is nat 
critical at this point. You need to get a good fee! for your wire cutters and how much force is needed to cut 
‘the wire, without cutting yourself or others 


Collect the cut wire segments into a bow or small container forthe next step. 
Strip the Wire Segments 


Using your wire strippers, remove about 1/4” (6 mm) of insulation from both ends of each wire. Try not to 
cut or nick the wire core. The insulation that you remove can either be discarded or collected for use in 
some sort of art or craft project. 


Once you've completed the cutting and stripping portion of this exercise, sort the wires according to their 
length, oF their colo if you used different colors of wire. Compare the quality and consistency of your work 
by looking at the first few wires and the last ones you did. Do you see any improvements in your work? 


Ifyou spend about an hour working on your wire-cutting and wire-stripping technique, you will perhaps 
‘master a skill that wil prove useful forthe rest of your lif, as well as prepare a big pile of wires that you 
can use in many of the sample projects illustrated in tis book. 


Pliers and Tweezers 


Every day, the size of the “typical” electronic component gets smaller and smaller. This miniaturization 
process has brought about a world where you can carry a phenomenally powerful computer in your 
pocket, and sometimes even make phone calls with it. The individual transistors, resistors, capacitors, 
and other components inside such modern marvels are literally microscopic in size. You need a fairly 
powerful microscope to be able to see them at all 

In your typical home electronics lab, and even in many professional labs, you will not be dealing 
‘with these tiny things, except as large clumps all tied together inside a chip or other framework. Still, the 
typical components you will use are often a bit too small for all but the tiniest of fingers. That's where 
pliers and tweezers come into play. They are an extension of your own hands and fingers, increasing 
‘your precision and allowing you to perform delicate tasks with tiny parts. 
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The Void: Our Original Source 


Through observing nature and the effects of energy within the hu- 
man body, the ancient Taoists were able to trace the universal en- 
ergy back to its point of origin. Upon developing an empirical ap- 
proach with which to contact this source of observable phenom- 
ena, they established the concept of the primordial void as the point 
of departure for all creation. This void was given the name Wu Chi, 
which is depicted as an empty circle in traditional Taoist art be- 
cause it is beyond human description. For energy to begin gener- 
ating the effects and forms of nature and the universe, something 
had to stir within the Wu Chi. This first stirring created the division 
between the material and the immaterial as all the processes of 
the universe began at this time. 


Yi 


and Yang 


Fig. 2.2 Duality of Yin and Yang 


Tavists refer to the first observable variations of the Universal Force, 
which emanates from the Wu Chi, as Yin and Yang. These two 
qualities of this force can be understood as the positive and nega- 
tive poles of the primordial energy. Yin and Yang are inseparable 
tendencies of all energy, and itis impossible to have one without 
the other. Their interactions are the root of all universal action; hence, 
the polarities of Yin and Yang are an intrinsic factor of all creation, 

The theory of Yin and Yang is one of the most simple and sub- 
lime symbols of the way nature and the Universe interact. The circle 
that encompasses the symbol is representative of the Tao, the 
undifferentiated whole, the Universe, ultimate realty. Yin and Yang 
are terms that shed light on the process of the Tao. Yin describes 
the feminine, the contracting, the dark, deep side of nature and 
Yang describes the masculine, projective, electric, light, surface 
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side of nature. Yin and Yang are not two separate states, but an 
interwoven aspect of one. Just as day cannot exist without night, 
‘or male without female, Yin and Yang are opposite co-existing ele- 
ments of the same Universal substance. They are an interwoven 
and continuous processes of decaying and becoming. Yin and Yang 
describe the process of a changing dynamic picture of reality. 


Five Major Forces of the Universe 


The Taoists observed that Yin and Yang interactions follow five ba- 
sic patterns which came to be known as the Five Tendencies or 
Five Processes of Energy. (Such interactions have been misiead- 
ingly translated as Five Elements, thereby confusing the process 
with the actual physical elements.) In Taoism the physical elements 
found in nature symbolically express the Five Tendencies of En- 
ergy in motion, Thus fire represents energy rising; water repre- 
sents energy sinking; wood represents energy expanding; metal 
represents energy solidifying; and earth represents stable or cen- 
tered energy. Each of the five elemental tendencies of energy are 
dependent upon the interactions of Yin and Yang emanating from 
the primordial void, 


Ultimate Stillness 


Super Cluster super Cluster 


Wood, D) Metal 5 Elements 


Fig. 2.3 Oneness, Duality and the Five Elements 
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Pre-composting: Draw 
negative emotional 
energy from organs to 
collection points. 


Heart Collection Point: 
Transform hate, cruelty, 
Neutralize with the impatience into love, joy, 
virtuous energy from happiness. 
the-orans end heat Lung Collection Poi 
Transtorm sadness, gre, 
pevuied ieee He depression into cour- 
the Pakua. Fuse the ‘992; fighisousness 
neutral energy with Spleen Collection Point: 
love and compassion Transform worry, anxiety 
energies from the hear. into fairness, openness. 
Kidney Collection Point: 
Transform fearinto 
gentleness, calmness, 
silence, 


iver Collection Point: 
‘Transform anger, frustration, 
jealousy into kindness, gen: 


erosily 


Fig. 2.4 Transform Excess Negative Energy into Positive Energy 


The Five Elemental Forces are expressions of energy that can 
be observed in nature and throughout the universe. In space they 
influence the motions of all stars, planets and cosmic phenomena. 
In nature they promote interactions between the five elements of 
fire, water, wood, metal and earth. Within the human body they 
affect the five major organs of the heart, kidneys, liver, lungs and 
spleen. Just as western science understands the atoms and sub- 
atomic particles to be the fundamental units of all matter, the Five 
Elemental Forces are understood to be the essence of all pro- 
cesses. The forces that influence the cosmos are identical to those 
which affect nature and our bodies. 
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Eight Forces 


7% 


Fig. 2.5 Eight Forces and Directions 


The Eight Forces represent a more detailed aspect of the forces of 
nature and the Universe. They are represented by the symbol of 
the pakua and the eight trigrams. In Fusion of the Five Elements, 
the pakua was introduced as a way to direct and gather the Chi 
into a pearl at the lower abdomen. In Cosmic Fusion, the pakuas 
are used in greater detail to create a stronger connection with the 
forces of nature and draw much more energy into the pearl. 

Using the pakua in the meditation practice is a way to focus 
‘energy. The pakua creates a vortex that enables the practitioner to 
collect, gather and condense Chi. This vortex of energy is used to 
not only create a strong connection within ourselves, but a harmo- 
nious relationship with all the forces of nature. 


34+ 


‘Cosmic Fusion 


Return to the Wu Chi 


The Taoists realized that we are connected to the stars through 
our bodies as the human form is a product of stellar energy and 
matter. With the basic understanding that man, nature and the uni- 
verse are expressions of primordial energy (or the Wu Chi), the 
Tavists devised methods to tap the energy of the five elements. 
This was done to enhance the processes of the Five Elemental 
Forces within our bodies, which can promote health, refine our 
spirits, and eventually reunite us with our source, the Wu Chi. Deep 
within our subconscious minds are memories and desires for the 
unity and bliss which preceded the dense vibrations of our gross 
physical state. So the ultimate purpose of Taoist practice is to re- 
turn to our original state, the Wu Chi. 


Fig. 2.6 Retum to the Oneness (Wu Chi) 
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In the advanced disciplines of the Universal Tao students begin 
to work more consciously with the Five Elemental Forces emanat- 
ing from the cosmos. Advanced practice involves collecting and 
absorbing energy from different sources in the universe while trav- 
ling in the energy and spirit bodies. Taoists move closer to the 
original source through the vastness of space in the same way a 
traveler moves from station to station in a train. Generations of 
Taoist masters have refined and mapped the simplest and safest 
approaches to follow. Because it is impossible to realize the Wu- 
Chi in one step, the journey is divided into several stages. 


Returning to the Wu Chi: First Three Steps 


1. The first step of stage one is to upgrade and maintain your physi- 
cal health while stabilizing your financial and social conditions. 
Your body is a vehicle for processing energy, and the healthier 
you are, the more energy it will process at a faster rate. Your 
health and processing capabilities will enhance greatly through 
the Microcosmic Orbit, Six Healing Sounds, Inner Smile, Heal- 
ing Love and Iron Shirt Chi Kung practices. Your finances and 
social interactions should be stable so that you can create space 
in your life for these disciplines. 

2. Next you will learn how to use accumulated energies for travel- 
ing beyond this earthly plane to the moon, sun and planets. This 
is similar to the way a space shuttle uses a booster rocket to 
push it beyond the earth's gravitational field. In Taoism the Mi- 
crocosmic Orbit and Fusion practices create the Energy Body 
to help boost the immortal body (spiritual body) out of this world. 
The healthier you are internally, the more power you will be able 
to generate to leave the confines of the physical body. When 
you can travel out of this reality and back, you will gain the raw 
materials necessary to build more powerful energy and spirit 
bodies for longer and farther journeys. 

3. The higher practices involve traveling to and from the stars and 
constellations particularly the North Star and Big Dipper using 
the eneray and spirit bodies. The North Star is a stable and con- 
stant point in the sky. For Taoist practitioners, using the North 
Star was a way to find direction in the Universe. The North Star 
is the gate of heaven. In the higher practices, the energy is drawn 
into the body to create that connection between the physical 
and the Universal bodies 
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The human body is a powerful transformer. The sexual energy 
is the body's most powerful source of fuel for journeys to the higher 
planes. This is why the Healing Love practice is so important for 
spiritual development. The practice of Iron Shirt Chi Kung also helps 
the physical body absorb cosmic energy through the skin and bones 
to be transformed and refined into more fuel. Fusion of the Five 
Elements provides another mode of eneray refinement through the 
transformation of negative energies into positive life-force, which 
is lighter and healthier for the body. All of these internal methods 
help one develop the means of traveling beyond this world. Their 
ultimate purpose (after rejuvenating the body) is to accumulate the 
raw materials for the construction of a stronger and more powerful 
vehicle for the return to the Wu Chi. 

Many other systems have their own means of returning to the 
source. Monks, nuns and priests emphasize detachment from the 
world and non-involvement in worldly affairs. They have no rela- 
tionships with other people and no sex, which leaves them with 
abundant sexual energy to be transformed and used for higher 
spiritual work, Such spiritually inclined people make the best and 
most use of sexual energy. In general, when normal people accu- 
mulate sexual energy to the same degree as monks, nuns or 
priests, they have no way to control it, and internal imbalances are 
created until it is released. The Universal Tao practices can give 
anyone the ability to use this energy to improve the body and spirit. 

‘One should not believe in the Taoist teachings without experi- 
encing the practice and its results first hand. This involves learning 
about the human body, the Universal forces which affect it, and the 
inherent desire we all have to return to our source. Taoism offers a 
clear, direct path to the Wu Chi, whereas many other systems 
provide only dogma and restrictions that can hinder spiritual growth. 
The Tao is not an escapist philosophy, however, as there is no 
need to remove yourself from society or restrict your relationships 
or sexual love. You can continue to live normally as you accumu- 
late energies that will gradually improve your health while providing 
raw materials for the highest spiritual growth. 
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Chapter 3 
Goals of the Fusion Practice 


The Taoist study of Inner Alchemy was introduced in Fusion of the 
Five Elements. The Taoists developed the Fusion of the Five Ele- 
ments practice to develop connections between and gain control 
of the inner and outer Universes. 


Fig. 3.1 Taoist inner Alchemy 
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They understood that virtually everything that exists in the Uni- 
verse can be broken down into the Five Elements. The Fusion 
practice begins by understanding the dynamics of the Universe, 
the planet Earth, and the human body with respect to their relation- 
ships to these Five Elements. 


Fig. 3.2 Five Elements, the Planets and the Cosmos 
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The knowledge of Inner Alchemy is a necessary step in becom- 
ing connected to the outer Universe, from which an unlimited sup- 
ply of powerful energy is available to be used for an individual's 
physical and spiritual benefit. 

The five basic formulas of Fusion |, Il Ilan be likened to wiring 
blueprints for making the subtle energy the vehicle, the spaceship 
connections that link vital organs, glands and senses so that their 
respective energies can be fused and balanced in the collection 
point and the pakua. The formulas lead the student systematically 
through the process of creating four pakuas and an energy pearl. 


Five Element 
Organ Correspondences 


Yin Organs | Liver_| Heart | Spleen | Lungs _| Kidneys 
Yang Organs | Gall_| Small |Stomach,|~ Large Bladder 
Bladder | intestine | Pancreas| _ Intestine 
Openings | Eyes | Tongue | Mouth, Nose Ears 
Lips 
Positive | Kindness | Love, | Faimess, Righteousness, [coc 
Emotions |Generosity| Joy _|Openness| Courage 
Negative | Anger | Hate, | Worry, | Sadness, | Fear, 
Emotions | Envy |mpatience| Anxiety | Depression | Stress 
Frustration 
‘Transform Pure 
Organ Energy | Green Red Yellow White Blue 
ito a Virgin 
Child Dressed in 
Transform Pure Phoenix, 
Child Energy | Green |Pheasant,| "Yellow | White Blue 
into an Animal | Dragon _| RedBird | onRed Tiger Deer 
Phoenix, 
lEarth Forcetaked Green |Pheasant,| Yellow | White Black 
theform of | Dragon | RedBird | onRed Tiger Tortoise 
Directions | East | South | Center | West North 
Planets Jupiter [Mars [ Satum [Venus | Mercury 
Universal | Generating Prospering| Stabilizing] Contracting | Gathering 
Energy Force 


Fig. 3.3 Five Element Organ Energy Chart 
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‘There are several types of pliers and tweezers that you may use on a daily basis in your lab. See 
igure 2-4 


Figure 2-4, Pliers and tweezers aid in working with small parts. On the left is a pair of needlle-nosed pliers 
with cushioned grips and leaf springs. In the center isa pair of slip-joint pliers that can be adjusted 10 
accommodate two different ranges of gripping action. On the right isa pair of needle-sharp tweezers, 
which can be used to pick up and place even the tiniest of electronic components—if your hand is steady 


enough! 


Screwdrivers, Nut Drivers, Wrenches, and Ratchets 


Alot of electrical connections can be made using only a screwdriver. Figure 2-5 shows an electrical 
connection using a barrier strip. A specialized connector is crimped onto the end of the wire and held in 
place with a screw. A variety of crimp-on connectors are available and should be installed using the 
appropriate tool, as indicated by the connector’s manufacturer. Just smashing the connector onto the 
\wite with some pliers is not recommended. 
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Energy drawn from the organs and senses into the collection 
point and transformed negative emotions are fused and condensed 
into a pearl through the pakuas. When the resulting pearl, with its 
refined, balanced, neutralized energy is circulated through the Mi- 
‘crocosmic Orbit, the body absorbs this enhanced life-force. The 
pear! is then used to form the Energy Body. 

‘Cosmic Fusion builds on the foundation of internal alchemy laid 
in Fusion of the Five Elements. The student is encouraged to take 
this opportunity to review the basic Fusion practice. 

‘Once the negative emotions have been drawn out and trans- 
formed, the pearl is moved through the creation cycle, nurturing 
the virtues. These qualities are cultivated, blended and condensed 
into the pearl, forming the energy of compassion —the essence of 
the senses, glands, organs and the mind. 


Collection 
Point 


Heart 
Collection 
Point 


Lung 
Collection 


"4 


Fig. 3.5 Left and Right Collection Points 
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This highly refined pearl can now be used to open and clear four 
of the eight specific energy channels in the subtle body: the Three 
Thrusting Channels used for cleansing and protection, and the pro- 
tective belt route that surrounds the Thrusting Channels. 


Inner Universe reflects the Outer 


The Fusion practice offers a practical way to strengthen the con- 
scious connection with the outer Universe. During the practice of 
Fusion, the essence of fe-force energy found in the organs, glands 
and senses is transformed, purified, condensed and combined with 
the Universal, Cosmic Particles and Earth Forces in order to achieve 
internal balance. This transformation of quality energy into a har- 
monious whole can effect positive changes in the human body. 
Controlling this eneray enables each individual to attain balance 
and harmony of these energies on physical, emotional and spiri- 
tual levels. Because the inner Universe is a reflection of the outer 
‘one, the balance and harmony attained in the inner Universe en- 
ables the individual to attain balance and harmony with the outer 
Universe. Fusion of the Five Elements, the first in a series of the 
Taoist practice of Inner Alchemy, focuses on the interaction and 
fusion of all five elements and their correspondences. To under- 
stand this interaction, especially with respect to the organs, glands 
and senses of the human body, it helps to be aware of one of the 
Taoist laws of the Universe: Nothing remains the same; everything 
changes because the Five Energies of Nature constantly interact 
and change. This acknowledgement that change is constant con- 
trasts sharply with the Western framework. Under this assump- 
tion, each individual's disposition and health is influenced by the 
balance within him or her of these five energies, a balance affected 
by the ever-changing conditions of the Universe. 

The outer Universe is comprised of Universal Force, Cosmic 
Particle Force and Earth Force from which all things emerged and 
whose three combined forces sustain all existence. The concept 
of Inner Alchemy is grounded in the Taoist belief that the inner Uni- 
verse is a reflection of the outer Universe. There are connections 
that can be made between the inner and outer Universe through 
which energy, recognized and experienced in the inner Universe 
as Chi, orlife-force, can be greatly increased and enhanced by the 
immense power of the outer Universe. 
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Overview of the Cosmic Fusion 
Universal Tao divides Fusion into Three Parts 


Fusion of the Five Elements. 


First Part 
Fusion of the Five Elements makes use of pakuas and energy 
collection points to balance, connect and draw out negative emo- 
tional energies found in the organs. These energies, along with 
their corresponding glands and senses energies, are then fused 
and transformed into pure, life-force energy. 

The purity of this energy has an adhering and magnetizing qual- 
ity enabling it to condense into a ball of refined energy which is 
called the pearl. 

The pearl is then used to connect to the Universal, Cosmic Par- 
ticle and Earth Forces whose energies become part of the pearl. A 
soul or Energy Body is formed from the pearl, enabling the indi- 
vidual to go beyond connecting with the forces of the universe on a 
purely physical level. Later the pearl returns to the organs and glands 
to enhance them and provides a protection to the physical and 
soul body. 


Fig. 3.6 Forming the Compassion Heart. 


43+ 


Chapter 3: Goals of the Fusion Practice 


Second Part 

Cosmic Fusion focuses on using the pearl to grow or intensify the 
energy of good virtue. It makes use of the interaction of the ele- 
ments described as the Creation Cycle of the Five Elements Theory 
to circulate positive Chi or virtuous energy through the major or- 
gans. All the energy gathered during this cycle is combined to form 
a beautiful pearl of Compassion energy. This pearl is then used to 
‘open and cleanse specific channels that pass through the physi- 
cal body into the Energy Body. 


Indian Summer- 
Kindness, Earth- Spleen 
Generosity Openess, 
Spring - 
Wood - Liver 


Gentleness, = jourage, 
Stillness Righteousness 
Winter - Water Autumn - 
Kidneys Metal - Lungs 


Fig. 3.7 Creation Cyole in Nature and Human Body 
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~ 


‘Yin movement Feeds 


Fig. 3.9 Forming the Cosmic Compassion of the Heart 
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Third Part 

The energy of the positive emotions of all the organs is absorbed 
into the pearl and then circulated in four of the eight special chan- 
nels: the Microcosmic Orbit (Governor and Functional Channels), 
the Thrusting Routes, and the Belt Routes. The Thrusting Routes 
run through the center of the body, linking the “chakra” centers. 
The Belt Routes spiral around the body strengthening the aura and 
providing a form of psychic self-defense. 


Pituitary Gland 
(Mideyebrow) 


Cranial Pump 
(Base of the Skull) 


Hsuan Chi (Throat) @ 
Shan Chung (Heart Center) @ 
Chung Wan (Solar Plexus) © 

Navel © 


Male: Sperm Palace. 
Female: Ovarian Palace 


Heding 


Wei Chi 
fei Chung Hui Yin (Perineum) 


Yung Chuan 
(Sole of the Feet) 


Fig. 3.10 Cosmic Orbit with Ancient Chinese Points 
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The three Thrusting Channels, sometimes referred to as Thrust- 
ing Routes and the Belt Channels or Belt Routes, opened during 
Cosmic Fusion, permit a freer flow of energy throughout the body. 


Fig. 3.11 Cosmic Thrusting Channels Women and Men 
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The Thrusting Channels are opened first. Their primary func- 
tion is to cleanse specific energy pathways in the body, thereby 
‘opening them up for the energy to flow freely. The Belt Channel 
surrounds the physical body and the internal Thrusting Channels. 
Both channels help to build a denser body and provide protection 
to the body, but they have another function, 


Fig. 3.12 Belt Channels and Thrusting Channels 
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With the additional energy generated during the practice of Cos- 
mic Fusion, you will have enough energy to create a new Energy 
Body above the physical body. Another important aspect of the 
Fusion of the Five Elements practice is learning how to temporarily 
separate the Energy Body and the Physical Body. In life, our three 
bodies, the Physical Body, Energy Body, and Spirit Body (conscious- 
ness) all overlap and are generally inseparable. At death, the physi- 
cal body is no longer a fit vehicle for holding the material five ele- 
ments together and Chi and consciousness are forced to leave. To 
avoid the traumatic disorientation and confusion that can occur at 
death when the energetic essence and consciousness are invol- 
untarily thrust out of the physical body into unknown territory, we 
can familiarize ourselves with the “out-of-body realm” by tempo- 
rarily separating the Energy Body and Spirit Body from the Physi- 
cal Body, as a “dress rehearsal" for death. 

Consciousness always requires some sort of vehicle to mani- 
fest. Its gross vehicle is the physical body. Its more subtle vehicle 
is the Energy Body (sometimes referred to as the “subtle” body). 
We emphasized earlier that the virtues are the true energetic es- 
sence of our organs. Although we may identify ourselves more 
with our physical body than anything else in the world, it is our 
‘energetic essence, not our physical body, that survives after death 
and has the capacity to be immortal. 

The Thrusting Channels and Belt Channels can be extended up 
into this Energy Body and Spirit Body. In this way they serve as 
connecting links between the organs and glands of the Physical 
Body and the transferred consciousness that is the Energy Body. 
Eventually, the channels serve as conduits through which the Spirit 
Body is boosted to the Mid-Plane. These advanced practices are 
called the meditations of Kan and Li. 

If the Eneray Body is thought of as a booster rocket, then the 
Spirit Body is the shuttle. Once the Spirit Body is boosted through 
the open channels into the Mid-Plane, it collects a higher quality of 
energy. The Spirit Body then returns with the higher quality energy 
to the Physical Body. In the next effort this energy is used to con- 
struct a stronger, more intense Energy Body that can boost the 
Spirit Body to a higher Mid-Plane level. The cycle continues bring- 
ing the Spirit Body to higher and higher levels, while increasing the 
life-force energy for use by the Physical, Energy and Spirit Bodies. 
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3. Spirit Body x 


7] % 3. Shuttle fies free 


(Spirit Body) 


lifting of the Spirit lift-off with the 
Body), shuttle (Energy 
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J Body). 
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Fig. 3.13 Energy, Physical and Spintual Bodies 


By regularly turing the awareness inward in the Fusion of the 
Five Elements practice, we gradually come to know our energetic 
essences as well as we know our face, our arms and our legs. We 
lear to distil these essences into a pearl, as a sort of “space 
capsule" to carry our essential energy and consciousness out of 
the physical body. With regular practice, Taoists who follow the 
path of Inner Alchemy learn to move their Energy Body and con- 
sciousness in and out of their physical body as easily as one might 
walk from one room into another. 
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Figure 2-5. A barrier strip on a low-cost solar-charge controller. No soldering required! The specialized 
‘connector is held in place with a screw. The cannector is affixed to the end of the wire by deformation using 
a specially designed crimping tool. You can see the indentations in the insulating collar around the 
connector. 


Another type of connector that is tightened with a screw is called a terminal block. Unlike a barrier 
strip, no specialized connector is required on the wire. You can simply insert a stripped wire into the 
terminal block and tighten the connector using a screwdriver. Try to strip the wire only enough to allow 
the bare conductor to enter the terminal block, without leaving any noninsulated wire exposed that 
could accidentally short out against another wire. See Figure 2-6, 
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Chapter 4 
Energetic Preparations for 
Meditation Practice 


Meditation practices are enhanced by developing one’s sensitivity 
to subtle energy and by exercising to improve postural alignment, 
increase flexibility of the spine and deepen relaxation of the physi- 
cal body. The next sections present a series of suggested exer- 
cises to help the student meet these goals. 

Chi has many sensations. Some of the most common are tin- 
gling, heat, expansion, an electrical sensation (like the feeling of 
static electricity), pulsation or effervescence. This is not the actual 
Chi itself, but the signs of increasing Chi in a particular area. Chi 
itself is more mysterious, subtle beyond definition. For more de- 
tails in the practices of Spinal Cord Breathing, Rocking the Spine 
and the Inner Smile to relax the whole body check with the book by 
Mantak Chia “Awaken Healing Light’ 


Preparing for the Fusion Meditations 
Prepare the Environment 


Find a quiet place to meditate where there are no distractions. Some 
places have naturally peaceful Chi: mountains, forests, caves, 
gardens, monasteries or beautifully designed meditation rooms. 
Once you have experienced such a place, you can just recall it 
Set aside a corner of your room for your practice and recall your 
connection to the forces of nature. 

Keep your meditation place clean and pleasant. 

Avoid interruptions, Plan to meditate early in the morning before 
other people are awake: the body is rested, the airs fresh, and the 
earth itselt is energized. 

Late at night is also fine. Select a time that works well for you 
with your own rhythms and schedule. 

If you allow yourself time each day to cleanse your emotional, 
energetic and physical bodies, you will soon reap the rewards in 
every area of your life. 
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Conserve Energy and Purify your Body 
with an Appropriate Diet 


To clear your digestive tract, it helps to reduce the amount you eat, 
to eat less meat, fish and poultry and to increase the amount of 
fiber in your diet. Unless you are a vegetarian, it is recommended 
that you eat about 80 percent grains and vegetables, 10 to 15 per- 
cent fish and only 5 percent meat and chicken. 


Loosen, Stretch and Warm Up 
the Body before Meditating 


Once you have a quiet place and are ready to meditate, spend 
time loosening up the body, particularly the spine, before you sit 
down to practice. 

The Universal Tao recommends doing some stretching exer- 
cises, Chi Kung and Tai Chi before you begin to meditate. These 
exercises are both invigorating and relaxing; they relieve muscle 
tensions, stimulate the blood circulation, get rid of stale air in the 
lungs and oxygenate the blood. As an alternative, you can take a 
relaxing stroll outside. 

Doing some movement before entering the stillness of medita- 
tion can help you shake off the sluggishness that comes from be- 
ing too sedentary and ease the tensions that might build up during 
a hectic day. Then when you sit down, you are ready to begin. Use 
the Simple Chi Kung exercises to loosen your spine and prepare 
the mind and body for meditation, 


Wear Loose and Comfortable Clothing 


The clothing you wear for meditation should be loose and comfort- 
able. It is very important that your clothes restrict neither the Chi 
flow, the blood circulation, the nervous system nor the breath. 

It is preferable to wear clothing of natural fibers so your body 
can breathe. During meditation, all the pores open wider and breath- 
ing in energy through them requires looser clothing. When you have 
learned to breathe through the skin, your body will need to contact 
more fresh air. 
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Establish a Stable Sitting Position 


The body must be stable for the mind to be stable. It has been said, 
“An anxious mind cannot exist in a relaxed body." The mind and 
body are clearly connected and when the body and breath become 
peaceful, the mind easily follows. 

If your posture is firm and balanced, it will be easy for you to 
relax, and you will already be halfway toward achieving a tranquil 
and focused mind. But if your posture lacks balance and stability, 
your muscles will soon tire and become tense, your attention will 
waver like a candle in the wind. 

Consider seven points in preparing a good meditation posture: 
base, hands, spine, shoulders, chin, eyes and tongue. 

1. Base: Your base is the foundation of a good meditation posture. 
To accommodate the movement of internal and external forces 
generated by the Taoist practices we need to stay grounded 
and establish a good connection with the earth's energy. The 
more Chi one moves through the body, the more important 
grounding becomes to prevent overheating of the organs and 
other negative side effects. 

The soles of the feet provide an ideal connection to the earth 
through the Yung Chuan (Bubbling Spring) points. These are 
specifically designed to absorb the earth's energy and conduct 
it up into the body. The legs also help filter the raw energy to 
make it more readily digestible. 

Itis best to sit on a straight backed chair to practice the Fu- 
sion Meditations. Your weight should be evenly divided over four 
points: your two feet and the two sitting bones (the tuberosities 
of the ischium) (Fig. 4.1). Place the feet flat on the floor the 
‘same distance apart as the hips. The calves of the legs should 
be vertical, like pillars. Try to have the knees and hips at the 
same level, or keep the knees slightly higher. 

The part of the pelvis known as the ischium is structurally 
designed to hold a tremendous amount of weight. Avoid leaning 
back and sitting on the coccyx and sacrum instead of the is- 
chium. Honor Mother Nature's design by sitting on the ischium 
and not on the tailbone, which puts pressure on the sacrum, 
‘one of the major pumps in the spine for cerebrospinal fluid, a 
vital cushion for the nervous system. Check to make sure your 
weight is evenly distributed over the four points to establish a 
solid base to support the bady during meditation. 
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2. Hands: Let your hands rest in your lap, clasped together with 
the right palm over the left palm and the right thumb and forefin- 
ger wrapped around the base of the left thumb. You may rest 
your hands on a pillow placed on your lap (Fig. 4.2). The clasped 
hand position works especially well to consolidate and balance 
the energies generated during the meditation. 


Fig. 4.1 Sitting Bones 


Fig. 4.2 Using a small pillow helps release shoulder stress. 
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3. Spine: The spine should be straight but not stiff and in good 
vertical alignment with gravity. You can imagine your head being 
pulled up by a string. As it rises, allow the spine to elongate, 
increasing the space between vertebrae (Fig. 4.3). 


Pull your chin back slightly. 


Situp 
straight on 
your sitting 
bones. 


The feet should 
ily touch the floor. 


ve 


Fig. 4.3 Correct Sitting Position 


‘Some people find their backs become tired during long rounds 
of meditation. Good alignment helps prevent this by taking some 
of the stress off the muscles and putting it instead on the skel- 
etal structure where it belongs. The skeletal structure is designed 
to support hundreds of pounds without effort when properly 
aligned. Practicing Iron Shirt Chi Kung and Tai Chi is very help- 
ful for strengthening the muscles you use in sitting and for learn- 
ing the body mechanics of good alignment. 

The spinal column houses many nerves, and itis also a major 
part of the Microcosmic Orbit pathway. If the spine feels relaxed, 
clear and open, the mind will feel more awake and alert too. 
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4, Shoulders: The shoulders should be relaxed and balanced over 
the hips. The armpits should be slightly open allowing enough 
‘space to hold a Ping Pong ball (Fig. 4.4). This permits free cir- 
culation of blood and Chi into the arms and keeps the nerves in 
the arms from being impinged. 


Leave enough space 
beneath each armpit to 
hold a Ping Pong ball 


Fig. 4.4 Arms' Position 

5. Chin; The chin should be drawn back slightly, with as little strain 
as possible, so that the ears are over the shoulders. If you strain 
too much to bring the head back, your muscles will soon tire. 

6. Eyes: Your eyes should generally be closed or slightly open with 
the gaze directed downward. Or you can focus on the nose, 
and from the nose focus into the heart. You can open the eyes 
for a while if you feel sleepy or distracted (Fig. 4.5). 

7. Tongue: The tip of the tongue should be touching the upper 
palate (Fig. 4.6). This connection acts like a switch in that it 
connects the Tu Mo and Ren Mo, the Governor and Functional 
Channels. The best point for you to use is the one where you 
feel the strongest sensation of Chi. 
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Fig. 4.5 Tum the mind and eyes inward. Focus into the heart and then 
down into the navel. 


Fig. 4.6 Touch the tip of your tongue against the upper palate. 
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Fig. 4.7 Smile to the organs and feel the organs smile back to you. 


Chapter 5 


Fig. 5.1 Pakua - Eight Forces 
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The pakua is a symbol of the eight forces. In the Fusion of the Five 
Elements meditation the pakuas are used to gather and collect the 
energy of the organs and fuse them into a pearl. Here in the Cos- 
mic Fusion meditation, the pakuas are again used to fuse energy 
into a pearl. Now, instead of just using the energy within the body, 
we combine the energy of the organs with the energy of the Uni- 
verse. This is a technique used in the Fusion practice to condense 
and gather the abundant energy that surrounds us into something 
that is usable and digestible to the body. Forming the pakuas will 


be used in all the Fusion formulas. 
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The first step is to form the pakua at the lower abdomen to con- 
nect with and attract the five energies and the eight forces. The 
goal is to balance and transform the emotional energies of the or- 
gans. The next step is to form the facial pakua. The facial pakua 
gathers and transforms the energy of the senses and the thoughts 
down to the lower abdomen. The Universal pakua is then created 
to gather and collect the energy of the Universe into the lower ab- 
domen. Alll these energies once gathered are condensed into an 
energy ball, or a pearl of white light. This highly refined ball of en- 
ergy is then circulated through all the channels as a way to open, 
heal and revitalize the body, mind and spirit. This is the beginning 
of the transference of consciousness to a new realm. 


Chanting 


Chanting has been used in all systems of spirituality to help con- 
nect the practitioner to their higher source. In Christianity, chanting 
and singing is used to connect with God. In Buddhism and Hindu- 
ism, chanting is used to clear the space, to open the body and 
connect themselves with the Buddha or Hindu God or Goddess. 
The power of chanting and singing can be seen not only in a reli- 
gious setting, but in all levels of society as well. Singing and listen- 
ing to music is a very natural way to move energy. 

In the Taoist practice, chanting is used to invoke the forces of 
the Universe. It is not necessarily about harmony. We want to get 
depth and power to the vibration to open the lower abdomen and 
create internal power. When you chant try to feel the vibration com- 
ing from the Lower Tan Tien. 

Chanting in the Pakua is very similar to the sound in the genes 
when the replicating strands of DNA cross over. The eight sounds 
are the song of the crossing of the chromosomes like two ser- 
pents entwining and then they making love and one becomes two. 

The pakua is a symbolic representation of the forces of nature. 
By chanting the names of these forces, we are able to make a 
connection with that force. Also, Yin and Yang are chanted as a 
way to contract and expand energy. The combination of chanting 
the forces and Yin and Yang helps to bring the power of the Uni- 
verse to you as a tuning fork. 

Chanting greatly increases the power and the coherence of the 
Pearl. After toning all eight directions, the forces of the Universe 
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Figure 2-6. A terminal block uses a screw for tightening the connection with a bare wire, 


Besides being useful for making electrical connections using barrier strips and terminal blocks, 
screwdrivers are also quite handy in their original function, which is to tighten and loosen mechanical 
fastening devices such as screws and bolts. See Figure 2-7 
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are fused into the Pearl. The Yin and Yang (Tai Chi spines) chant- 
ing helps to expand and gather, as well as contract and store the 
force. This will help create the connection between your internal 
energy and the energy of the Universe. 
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Fig. 5.2 DNA and the | Ching book cover 
and the | Ching and the Genetic Code book cover 
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Nuclear pore 
— RNA 
Plasma membrane 


Fig. 5.3 When the frequency is 8Hz transcription occurs in the nucleus, 
translation takes place in the cytoplasm. 
1 Tesminator 


Promoter; 
on nO 
franscribed RNA 


RNA polymerase C 
RNA nucleotides 


Codon 


Direction of transcription 
Newly synthesized mRNA 
Nuclear pore 


mRNA—" 
Nuclear envelope 


Fig. 5.4 During transcription, the genetic information in DNA is copied to 
‘RNA which in the Tao is known as cupping or self-intercourse. 
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Formula One: Forming the Pakuas 


Pre-Heaven 


Post-Heaven 
Yang Pakua ii 


TE 


Fig. 5.5 Pakua - Tai Chi Symbol - 
Three Outside Lines - Eight Connecting Lines 


There are two arrangements of the pakuas: the Pre-Heaven and 
the Post-Heaven, Itis said that the Pre-Heaven pakua was discov- 
ered by Fu Hsi, a legendary figure of early Taoist history, as the 
Ho-Tu, inscribed, some say on a horse, others say on a dragon 
that rose from the river Ho to reveal itself to Fu Hsi. The Post- 
Heaven pakua was revealed to another legendary king, Yi, the 
Great, as the Lo-shu. This time it was written on the shell (back) of 
a tortoise that emerged from the river Lo. The Pre-Heaven pakua 
shows the unchanging cycle movement of these energies, the natu- 
ral order of the universe and is the foundation of Fu Hsi’s divinational 
{rigrams/hexagrams, of the | Ching. The Post-Heaven pakua shows 
the opposing interaction and movement of these energies, which 
are responsible for the changes and creation ofall the things in the 
universe, in nature and in our own lives. 
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Creating the Front Pakua 


Drawing the Pakua on the Abdomen: the Front Pakua 
Itis important to get familiar with visualizing the pakua. Training the 
mind to concentrate on a single image is of immeasurable value 
for spiritual practice. The image of the pakua allows the mind to 
focus and fuse energy. This first step is essential to the rest of the 
Fusion practice. One of the best ways to get this image deeply 
connected in the mind is to draw it on a piece of paper and place it 
‘over your abdomen. Or, if you are a little more adventurous draw it 
directly on the abdomen. When you draw the pakua, use blue for 
Yin, red for Yang and black for the frame. Sometimes it helps to 
work with a partner. Draw the pakua over your partner's abdomen, 
and do the meditation facing one another. This way you can glance 
at the pakua and know what forces to work with. Be creative. Do 
whatever works so that you get the image planted firmly in your 
mind. 

The pakua is between the underside of the rib cage and above 
the pubic bone. When we chant the symbols of the trigrams, you 
can use your finger to draw them on your own abdomen, or while 
you look at the pakua on your partner. 
There are 3 different major centers for generating the frequency 
which fuse together to form the main energy center of the body. 1 
Tan Tien, the Chi Center can be measure like heat in the infrared. 
2. Throat Center. 3. Third Eye Center. 


Fig. 8.6 Pakua in the Abdomen 
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Practice 
1. Four Signs 
Kan: First Sound 

a. Kan (Yin-Yang-Yin). The power symbol of the Water gathering 
and yin power, connected with the kidneys, ears and sexual or- 
gans. Evoke the energy of the symbol by repeating its sound, 
Kan, several times or until you feel the connection with the en- 
ergy of Kan, which is spreading down to the sexual organs and 
the kidneys. The Kan sound should come from the abdomen 
and the throat. 

b. First chant the name of the trigram Kan in a long and deep sound 
while you picture the symbols and touch your lower abdomen. 
Your eyes look down to the lower abdominal area. 

3 — a Yin 
2 EE Yang 
1 Yin 
Fig. 5.7 Kan (Yin-Yang-Yin) 


Kan, Kan, Kan 
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Fig. 5.8 Chant Kan (Ears and Kidney connects to the Kan) 
c. Next, chant the Yin and Yang lines of the symbol one after the 


other (Yin-Yang-Yin). Start from the inner side, close to the Tai 
Chi symbol. 
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Yin Contract: First expand the mind and the hands and palms 
to touch the universe, the cosmic. Chant the Yin, Yin, Yin as 
long as you feel comfortable, and continue moving your palms 
and draw the cosmic Chi from the universe into the navel, and 
feel the navel has suction. Feel your hands and the Tan Tien; 
the throat has the power of sucking the Chi down the Yin line to 
the navel. Rest. (Fig. 5.9) 


Fig. 5.9 Yin Line —— Yin Contract 


€. Do the Yang Line: Be aware of the Tan Tien, throat, crown and 
the palms close to the navel and slowly chant the long Yang 
sound and turn the palms out. Gradually move the palms to the 
left and right sides and feel your palms very long and big touch- 
ing the cosmic. Rest and feel your palms in touch with the cos- 
mic Chi. (Fig. 5.10) 


Fig. 5.10 Yang Line — Yang Expand 


f. Do the Yin Line again: Yin contracts; expand the mind and the 
hands and palms to touch the sky and the cosmic. Chant the 
Yin, Yin, Yin as long as you feel comfortable and continue mov- 
ing your palms and draw the cosmic Chi from the universe into 
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the navel, and feel the navel has suction. Feel your hands and 
the Tan Tien; the throat has the power; the Chi goes down the 
Yin line to the navel. Rest for a while. Feel the vibrations inside 
as you chant the trigram. (Fig. 5.11) 


Fig. 8.11 Yin Yang Yin Trigram === 


Rest. Repeat the words “ Kan" at the lower abdominal in your 
mind and let your eyes look down at the lower abdominal. Then 
you close your eyes and picture the symbols: Kan (Yin-Yang-Yin), 
smile and be aware the kidneys, ears and the power of the yin and 
gathering power. Try to imagine them in your mind's eye and feel 
them imprinted on your abdomen and vibrating inside you 

Rest and project the sym- 
bol into the universe and feel 
the symbol in the universe re- 
inforce the Kan in the abdo- 
men. 


Note: Doing the chanting to- 
gether in a group makes it much 
more powerful. 


Fig. 5.12 Kan in the abdomen 
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Li: Second Sound 

a. The second sound is Li (Yang-Yin-Yang), the power symbol of 
the Fire, connected with the heart, the prospering power. The 
eyes look up at the upper abdominal, the Li Kua. The sound 
comes out from the area between the chest and the throat 
Repeat this sound until you feel the vibration of the fire expand- 
ing upwards in the chest. 
When you chant Li you feel the energy going up. 
When you say Li the eyes look up. 


Yan 

— ain 

ES Yor 
Fig. 5.13 Li (Yang-Yin-Yang) 


on Eyes look up. 
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onic 


Fig. 5.14 Chant Li (Tongue and Heart connect to the Li) 


b. Chant the name of the trigrams Lina long and deep voice while 
you picture the symbols and touch your lower abdomen and 
upper abdomen. (Fig. 5.14) 

c. Next, chant the Yang and Yin lines of the symbol one after the 
other (Yang-Yin-Yang). Start from the inner side close to the Tai 
Chi symbol. 
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d. Yang Expand: Be aware of the Tan Tien, the throat, crown and 
the palms close to the navel and slowly chant the Yang long 
sound. Turn the palms out and gradually move the palms to the 
left and right side. Feel your palms very long and big as they 
touch the cosmos. Rest and feel your palms touch the cosmic 
Chi. (Fig. 5.15) 


‘Yang Yang Yang 


abalad 


Fig. §.15 Yang Line — Yang Expand 


e. Yin Contract: Your mind and the hands and palms touch the 
sky, the cosmos. Chant the Yin, Yin, Yin as long as you feel 
comfortable, and continue moving your palms up. Draw the 
‘cosmic Chi from the universe into the navel, and feel the navel 
has suction. Feel your hands and the Tan Tien, The throat has 
the power; draw the Chi into the Yang line to the navel. Rest for 
awhile. (Fig. 5.16) 


Fig. 5.16 Yin Line —— Yin Contract 


f. Do the Yang again: Be aware of the Tan Tien, the throat, crown 
and the palms close to the navel and slowly chant the Yang long 
sound. Turn the palms out and gradually move the palms to the 
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left and right side. Feel your palms very long and big as they 
touch the cosmos. Rest and feel your palms touch the cosmic 
Chi. (Fig. 5.17) 


Fig. 6.17 Yang Line — Yang Contract 


g. Repeat the word “Li” in your mind and let your eyes look at 
your Li Kua. Close your eyes and picture the symbol Li, stil 
moving your eyes up. Smile and be aware of the heart, tongue 
and the prospering power of fire. Imagine them in your mind's 
eye; feel them imprinted on your abdomen and vibrating inside 
you. Rest and project the symbol into the universe and feel the 
symbol in the universe reinforce the Kan in the lower abdomen. 


Fig. §.18 Li above the Navel 
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Figure2-7.A variety of screwdrivers. The four on the leftare standard, or straight-bladed, screwdrivers. 
‘The three on the right are Phillips-style screwdrivers. Other specialty bits are also available. 


You should only use screwdrivers to drive screws and bolts. Don't try to use them as levers, pry bars, 
chisels, punches, or other tools. When you need a chisel, use a chisel. Keep your screwdrivers ciean and 
dry. Put them back where they belong when you're done with them, You get to decide where they 
belong. 


Screws, Bolts, and Nuts 


‘There are a very large number of different kinds of screws and bolts. Some screws, such as wood screws, 
are made to be driven directly into wood and create their own threads in the material as they are 
installed. Other screws, largely referred to as machine screws, mate with a premachined or tapped hole, 
ora machine nut. 

‘Nuts are often shaped with four or six sides that allow them to be held in place while the screw is 
tumed. Alternately, the nuts themselves are turned while the screw is held in place. Some screws and 
bolts have a similarly shaped head that allows them to be turned with a wrench or nut driver instead ofa 
traditional screwdriver. 

Please resist the urge to overtighten screws and bolts. The mechanical advantage gained by the 
inclined plane of the screw thread multiplies the force used to turn the screw into a terrific amount of 
pressure on the screw itself. You can easily damage either the screw or the threads in the material to be 
fastened by overtightening a screw. 
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Chen: Third Sound 
a. The third sound is Chen (Yang-Yin-Yin), the power symbol of 
the Thunder and the Lightning, connected with the liver and the 


eyes, the wood element and gathering power. This sound evokes 
the trigram Chen that is placed on the right side (below the liver) 
and the sound comes out as “djen”. Repeat the sound until you 
feel a vibration of energy below the liver, at the right side of the 
pakua. When you chant "Chen" the eyes look to the right side. 
=— oe yin 
=— me vin 
ce YoU 
Fig. 5.19 Chen (Yang-Yin-Yin) 


Chen, Chen, Chen. 
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Lighting Thunder in Forest 


Fig. 5.20 Chant Chen (Eyes and Liver connect to the Chen) 
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b. First chant the name of the trigram Chen (‘Djen") in a long 
deep throat sound while picturing the symbol and touching the 
right side of your abdomen. Feel the vibration of the lightning 
and the thunder. Look at the right side of the body, close your 
eyes and visualize at the symbol of Yang-Yin-Yin. Smile and be 
aware of the liver, the eyes and the power of generating, lighting 
and thunder power. 

c. Yang Expand: Be aware of Tan Tien, the throat, crown and the 
palms close to the navel and slowly chant the lng Yang sound. 
Turn the palms out and gradually move the palms to the left and 
right sides and feel your palms very long and big touching the 
cosmos. Chant the Yang, Yang, Yang as long as you feel 
comfortable. Rest for a while. Feel the vibrations inside as you 
chant the trigram. (Fig. 5.21) 


Fig. 5.21 Yang Line — Yang Expand 


4. Yin Contract: Be aware of the Tan Tien, the throat, crown and 
the palms close to the navel and slowly chant the Yin long sound 
as the palms touch the universe. Chant the Yin, Yin, Yin as long 
as you feel comfortable and continue moving your palms back. 
Draw the cosmic Chi from the universe into the navel and feel 
the navel has suction. Feel your hands and the Tan Tien; the 
throat has the power, the Chi goes down the yin line to the navel. 
Rest for a while. Feel the vibrations inside as you chant the 
trigram. Rest and feel your palms touch the cosmic Chi. (Fig 
5.22) 
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Fig. 5.22 Yin Line —— Yin Contract 


€. Do the Yin line again: be aware of the Tan Tien, the throat, 
‘crown and the palms move out to touch the universe. Chant the 
Yin long sound. Chant the Yin, Yin, Yin as long as you feel 
comfortable and continue moving your palms back and draw 
the cosmic Chi from the universe into the navel and feel the 
navel has suction. Feel your hands and the Tan Tien; the throat 
has the power, the Chi goes down the yin line to the navel. Rest 
for a while. Feel the vibrations inside as you chant the trigram 
(Fig. 5.23) 
Rest for awhile and feel the vibrations inside. 


Fig. 5.23 Yin Line —— Yin Contract 
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Tui: Fourth Sound 
a. The fourth sound is Tui (Yang-Yang-Yin), the power symbol of 
Lake and Rain, connected with the lungs and nose, the metal 
element and contracting power. This sound evokes the trigram 
Tui, that is placed on the left side (opposite Chen) and the sound 
‘comes out as “tway”. Chen and Tui are throat sounds. Repeat 
the sound until you feel a vibration of energy at the left side of 
the pakua 
in 
Yang 
a Yong 
Fig. 5.24 Tui (Yang-Yang-Yin) 


Tui, Tui, Tui 


Turn the eyes 
to left side 


Rain and Lake 


Fig. 5.25 Chant Tui (Nose and Lung connect to the Tui) 
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b. Next chant the name of Tui in a long deep voice while pictur- 
ing the symbol and touching the left side of your abdomen. Feel 
the vibration of the rain and the lake. Look at your left side, close 
your eyes and visualize at the symbol of Yang-Yang-Yin. Smile 
and be aware of the lungs, nose and the power of contracting 
rain and lake. 

c. Do the Yang Line, Yang Expand; be aware of Tan Tien, the 
throat, crown and palms close to the navel and slowly chant the 
long Yang sound. Turn the palms out and gradually move the 
palms to the left and right sides and feel your palms very long 
and big touching the cosmic. Chant the Yang, Yang, Yang. (Fig. 
5.26) 

4d. Do the Yang line again. Yang Expand; be aware of Tan Tien 
throat, crown and palms close to the navel and slowly chant the 
long Yang sound. Turn the palms out and gradually move the 
palms to the left and right sides and feel your palms very long 
and big touching the cosmos. Chant the Yang, Yang, Yang. 


Fig. 5.26 Yang Line — Yang Expand 
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e. Yin Contract: Chant the Yin, Yin, Yin as long as you feel com- 
fortable, continue moving your palms and draw the cosmic Chi 
from the universe into the navel and feel the navel has suction. 
Feel your hands and the Tan Tien; the throat has the power and 
the Chi goes down the yin line to the navel. Rest for a while. 
Feel the vibrations inside as you chant the trigram. Finish. Rest 
for awhile and feel the vibrations inside. (Fig. 5.27) 


Fig. 5.27 Yin Line —— Yin Contract 


2. Continue the practice with the next four symbols. 
The last four trigrams of the pakua are: Kun (Yin-Yin-Yin), the 
Earth power, Ken (Yin-Yin-Yang), the Mountain power; Sun 
(Yin-Yang-Yang), the Wind power and Chien (Yang-Yang-Yang), 
the Heaven power. 
Go through the same procedure as with the first four symbols 
to evoke the energy and connect it to the pakua. 


a. Do all the 8 symbols together quickly Kan, Li, Chen, Tui, Kun, 
Ken, Sun, Chien (6 sets). 

b. Be aware of the pakua and see it imprinted deep into the abdo- 
men. 

c. Be aware of the Tai Chi symbol and start to chant, Tai Chi, Tai 
Chi, and Tai Chi faster and faster. Feel the Tai Chi symbol mov- 
ing faster and faster now. 
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Practice of the Next Four Symbols. 


Symbol Kun - Earth 
— mein 
a 
— ee Yin 
Stabilization power stomach and mouth, spleen and pancreas. 
Focus on Kun, Yin-Yin-Yin. Chant Kun and then chant Yin-Yin-Yin 
repeatedly. You can use the hand to help draw in the energy back 
tothe Pakua. Later on, you do not need to use your fingers. Picture 
the symbol Kun in front of you and expand it very far away to con- 
nect with the centering, stabilizing power. Let the energy with the 
symbol come to you until it sticks to your forehead. Bring it down to 
the south/west (upper left corner) in the abdominal Pakua. 


Kun, Kun, Kun 


Fig. §.28 Chant Kun (Earth, Mouth and Spleen connect to the Kun) 
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Fig. 5.29 Yin Line —— Yin Contract 


Fig. 5.30 Yin Line —— Yin Contract 


Fig. 5.31 Yin Line — — Yin Contract 
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Symbol Ken - Mountain 
Yang 

a_i 
— me Yin 


Yin side of water power and with bladder and sexual organs. 

Focus on Ken, Yin-Yin-Yang. Chant first Ken and then 
Yin-Yin-Yang repeatedly. Itis a nose/throat sound. Mark the symbol 
with your fingers and your eyes/mind on your forehead. Rest and 
feel the symbol imprinted on your forehead. Expand it far away to 
make the connection with the stable and strong mountain power. 
Feel the symbol with the energy come back. Move it to its place in 
the pakua on your abdomen in the lower right comer. 


Ken, Ken, Ken 


Fig. §.32 Chant Ken (Mountain connects to the back of the skull) 
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Symbol of Sun - Wind 
Yang 


Yang 
— ee Yin 


Also connects with the gall-bladder and wood power. 

Focus on Sun, Yin-Yang-Yang. Chant Sun and then 
Yin-Yang-Yang repeatedly. Picture the symbol on your abdomen 
mark it with your fingers at the abdomen first and then just with 
your eyes and mind. Picture the symbol very far away to connect 
with the power of the wind until it comes back to you and sticks to 
your abdomen. When the reinforced symbol sticks to your abdo- 
men, move it down to the upper right corner of your abdominal 
Pakua. 


Fig. 5.33 Chant Sun (Wind connects to the base of the skull) 
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More Specialized Hand Tools 


A good set of wire tools, pliers, and screwdrivers will go a long way when working with electronics. 
However, sometimes you need a more specialized tool for more specialized work. 
Here are some of the more common tools that are a little more focused on a particular task than 


they are for general-purpose usage. 


Wire Crimpers 
‘As mentioned previously in this chapter, you can make slid electical and mechanical connections 
Using barrier strips and specially terminated wires The optimized connectors used for this purpose 


require optimized tools for best performance. 
ire 2-8 depicts some examples of specialized crimp tools for electrical connections. 


Figure 2-8, Some common crimping tools for affixing electrical connectors to wire 
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Symbol of Chien - Heaven 
Yang 
Yang 
Yang 
Also connects with the yang side of metal power and large intestine. 
Focus on Chien, Yang-Yang-Yang. Chant Chien and then 
Yang-Yang-Yang repeatedly. Mark the lines of the trigram on the 
abdomen with your fingers and your eyes/mind. Rest and feel the 
symbol imprinted on the abdomen. Expand it very far away to con- 
nect with the power of Heaven. Do it several times until you feel 
that the symbol is coming back and sticks on your abdomen. Bring 
this reinforced trigram down to the lower left corner of your ab- 
dominal Pakua 


Chien, Chien, Chien 


Fig. 5.34 Chant Chien (Heaven connects to the forehead bone) 
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When you finished the last imprinting of these first four sym- 
bols, make the Tai Chi symbol, spiraling with the fingers around the 
navel and saying: Tai Chi, Tai Chi, Tai Chi. This is an abdominal 
sound. Continue to chant it more inwardly, Tai Chi, Tai Chi, Tai 
Chi, at the same time spiraling with your fingers and eyes. When 
you finish the chanting, rest. Feel the Kan and the Li, the Chen and 
the Tui join together, fusing the energy of these forces inside of 
you. 


We now combine the four trigrams. 

- First look at your pakua and say the name of the symbol and 
its Yin-Yang components. 

= Chant Kan - Li- Chen - Tui while moving your eyes down-up 
-right-left. Repeat several times. 

~ Rest; spiral with your fingers around the navel and continue 
the spiraling movement of the eyes awhile chanting Tai Chi, 
Tai Chi, Yin- Yang, Yin - Yang until you feel the Tai Chi symbol 
spiraling in the middle of the pakua connecting the trigrams 
together. Feel a big space, a fire burning inside of you. 


Tai Chi, 
Tai Chi, Tai Chi 


Fig. 5.35 Finish the imprinting the four symbols and four trigrams. 
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Merging Energy of both Pakuas and establish the Cauldron. 

a. Copy the front Pakua to the back Pakua and let the Tai Chi sym- 
bol spiral. Be aware of the front Pakua spiraling in one direction 
and the back Pakua in the reverse direction. You can start the 
front Pakua spiraling counterclockwise and the back clockwise 
in reverse. Merge the energy of the front and the back Pakua 
right in the center of the Tan Tien and form a space there for the 
cauldron. At this point, leave the spinning energy moving. Fee! 
the both Pakuas still spinning and drawing Cosmic Force from 
all directions, Rest, and then start spinning the energy. 


Left 


Fig. 5.36 Back Pakua 


Fig. §.37 Front and Back Pakua 
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b. When both pakuas are spiraling, focus on the center and look 
down while being aware of the front and the back pakuas. Chant 
Yin-Yang and spiral with your mind's eye in the center. Feel the 
big space of the front pakua and the back pakua coming into the 
center, merging together and creating a big space inside you for 
the cauldron. Feel the cauldron inside you spiraling like a big 
ball of fire, creating a suction in the middle of the front and the 
back pakua. Feel that, while you continue to chant the Tai Chi 
subvocally, the energies of both pakuas are sucked into the cen- 
ter, the cauldron. Feel the fire burning in the cauldron like a candle. 
Be aware of your center and of the energy there. 


Fig. 5.38 Both Pakuas are spiraling and drawn into the center. 
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1. Creating the Right Pakua 

The right pakua is a copy of the back pakua moved to the right 
side. Use your finger to point to the right side on the same level 
with the navel while you picture the symbol of Pakua. Then make 
the Tai Chi symbol, spiraling from the bottom to the right to the top 
and to the left. Chant Tai Chi and follow the spiraling with your fin- 
gers at the same time. Rest, feel the pakua spiraling and drawing 
energy. 


2. Creating the Left Pakua 

This pakua is a copy of the front pakua moved to the left side. 
Use your fingers to point to the left side ao the same level with the 
navel picture the symbol of the Pakua. When you feel that you are 
in the rhythm continue in your mind using your mind’s eye to move. 
Chanting the Tai Chi, Tai Chi and spiraling with your hand in the 
middle of the left pakua. Continue spiraling with your mind/eyes 
until you feel the energy moving. 


Fig. 5.39 Left and Right Pakua 
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3. Merging the Energies of the Four Pakuas together in the 
Cauldron 


Go back to the right pakua, activate it and let it spiral. Go back to 
the left pakua and reactivate it, spiraling the Tai Chi, Focus on the 
center as you chant the Tai Chi and be aware of the centers of the 
front, back, right and left pakuas. Feel that the energies of the pakuas 
are sucked into the center. Feel the energy become violet light, and 
your mind, eyes and center spiraling. 


Fig. 5.40 Four Pakuas spiral and are being drawn into 
the Center of the Cauldron, 
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4. Connecting the Organs and Senses with the Abdominal 
Pakua. 

Bring your ears and kidneys to the Kan below. 

Your tongue and heart to the Li on the top. 

The mideyebrow and the liver to the Chen on your right side. 

Your lungs and your nose to the Tui on your left side. 

Your mouth to the Kun on your upper left side. 

You can also connect the back part of your skull to the Ken. 

The base of the skull to the Sun 

The forehead point to the Chien, 


sereeoce 


Spiral the Tai Chi symbol of this pakua drawing all the energy of 
the organs and the senses to the center, where all these ener- 
gies are combined and condensed. 


a. Kan -Earand Kidneys b. Li- Tongue and Heart 
¢. Chen - Mideyebrow and Liver d. Tui -Lung and Nose on Left Side 


E d 4 

e. Kun - Mouth and Upper Left Side  f. Ken - Back part of the Skull 

g. Sun - Base of the Skull fh. Chien - Forehead Point 
Fig. 5.41 Connecting the Organs 
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Activate the Facial Pakua by enhancing it 
on the Forehead 


The forehead Pakua is the reverse of the abdominal pakua. Use 
the fingers to point at the position of the Pakua. The Yin and Yang 
sounds generate from the abdomen but emphasis on the throat, 
nasal and the third eye. Later on, mark the symbol with your eyes 
and mind. 

When you rest after making the specific sound, feel that the 
symbol of the trigram is imprinted on the forehead. Send this sym- 
bol out into the space in front of you to make the connection with 
the force of the Universe and let it come back to your body. Bring 
the reinforced symbol down to the trigram in the pakua in the abdo- 
men and start to work with the next symbol. 


Fig. 5.42 Enhancing Pakua on the Forehead 
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Facial Pakua 


To practice this stage, we form a pakua on the face. This pa- 
kua has its face in front of us (as if the symbol is looking toward 
you), so that the Chen will be on the left side and the Tui will be on 
the right side and all the other trigrams will be arranged accord- 
ingly. The Tai Chi symbol will be on your the center at the mid- 
eyebrow and expands up and down to the forehead and the ridge 
of the nose right where the cavity of the spirit is. All the senses are 
controlled from this point. When information and energy from out- 
side is coming in to trigger the senses, you will feel it first very 
strongly in this center and then the senses will connect immedi- 
ately to the center of the front pakua below. 


2 Mideyebrow 


Right Chen 4 


Kan 


Fig. 5.43 Use the Eye Mind Power ‘I’ to help move the Eight Forces. 
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Practice to form the Facial Pakua. 
1. In order to help you get more Chi from the universe, you can 
start with the “Opening the Three Tan Tiens to the Six Direc- 
tions" (See the book “Cosmic Healing I" by Mantak Chia). If you 
have not leamed this, you can just start with forming the Pakua. 


Upper Tan Ti 


Maia Tait 


Lower Tan Tien 


Fig. 5.44 Opening the Three Tan Tiens to the Six Directions 


2. Then smile, feel your senses turned inward, feel them connect- 
ing to the organs. Your mideyebrow connects to your eye and 
liver, your tongue connects to the heart, your ears connect to 
the kidneys, your nose con- 
nects to your lungs and your 
mouth connects to the 
spleen. Feel all the senses 
turned inward to the 


mideyebrow and down to na- 
vel, going deep inside you. 
Your abdomen is like a big 
ocean, a big space, big like a 
whole universe. 


Fig. §.45 Tum all senses inward 
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Referring again to Figure 2-8, the crimpers on the left are for crimping tiny pins to the ends of tiny 
wires that are then inserted into plastic connector bodies. The center crimp tool is for crimping modular 
jacks onto telephone cables. It also includes a wire-cutter blade (bottom) and a pair of controlled-depth 
stripper blades for removing only the outside layer of insulation from silver-satin flat telephone cord, 
‘without disturbing the individually insulated wires contained within. The crimp tool on the right 
features a ratcheting action that increases the crimping force applied to the connectors. This is the tool 
used to crimp the connectors show previously in Figure 2-5, 


Computers 


You might not think about computers as being “power tools” in your toolbox. As the size of computers, 
laptops, tablets, and smart phones decreases, and their computing power, networking ability, and 
storage capacities increase, they become much better candidates for use in the lab. 

Traditional “desktop” personal computers (PCs), laptops, netbooks, and tablets can perform 
multiple roles in your laboratory setting. If you are lucky enough to have Internet access on your 
computer, it can become a conduit for all types of useful electronics information, in addition to its more 
accepted role as a source of funny cat videos. See Figure 2-9. 


Figure 2-9, Computers being used in the lab. Paul Bouchier of DPRG uses two laptops at once when resting 
new robot software with the Microsoft Kinect just tothe right of his mouse). 
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3. Reactivate and reinforce the pakua in your lower abdomen. 

a. Touch your Lower Tan Tien and 
start chanting Kan-Li-Chen- 
Tui-Kun-Ken-Sun-Chien 
touching each of the kuas as 
you chant them. Continue to 
chant the kua symbols 
subvocally in your mind and 
holding the symbol in front of 
your eyes. Be aware of the 
Heart Pakua. 


b. Spiral the Tai Chi symbol from 
the bottom to the right and up, 
chanting it while spiraling with 
your hand, eyes and mind. 
Continue to spiral with your 
mind and eyes only and feel the 
heart pakua also spiraling. The 
energy is pulling inward and the 
Tai Chi symbol is spiraling and 
changing to violet light. 


Fig. 5.47 Tai Chi symbol spiraling 
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Start the Practice of the Facial Pakua 


with the First Four Symbols. 

Symbol of Kan - Water = 

a. Be aware of the mideyebrow. Use the fingers of either the right 
or left hand to touch below your nose. Eyes look down to the 
bridge of the nose. Focus on the Kan, Yin-Yang-Yin. Chant the 
word Kan repeatedly, vibrating it in the brain, making a throat, 
nose and third eye sound. Picture the trigram on your face and 
‘expand it very far away to the ocean. Feel that the energy of the 
Kan comes right in front of you, allowing the feeling to expand 
on bridge of the nose. Be aware of the Kan in your lower abdo- 
men and move the powerful Kan from your face to your lower 
abdomen where it is supposed to be. 


Eyes look down 
to bridge oft 


Yin, Yang, Yin 


Fig. 5.48 Kan on the face below the nose. 


b. Yin Contract; First expand the mind and the hands and palms 
to touch the sky, the cosmos. Chant the Yin, Yin, Yin as long as 
you feel comfortable, and continue moving your palms. Draw 
the cosmic Chi in from the universe into the face and feel the 
mideyebrow has suction. Feel your palms, fingers and the Tan 
Tien, the mideyebrow has power, the fingers can move in and 
touch below the nose. The Chi goes to the Yin line in the navel. 
Rest and Smile, breathing the cosmic Chi. (Fig. 5.52) 
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Fig. 5.49 Yin Line— — Yin Contract 


c. Yang Expand: Do the Yang line; be aware of the Tan Tien, throat, 
bridge of the nose, the palms, the fingers and touch the face. 
Slowly chant the long Yang sound and turn the palms out. Gradu- 
ally move the palms to the left and right sides and fee! your 
palms very long and big touching the cosmos. Rest and smile, 
the Chi goes to the Yang line in the navel. 


Fig. 5.50 Yang Line — Yang Expand 


d. Yin Line again, Yin contracts; expand the mind. Repeat as in 
the first Yin line. Rest for awhile. Feel the vibrations inside. 


Fig. 5.51 Yin Line —— Yin Contract 
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Symbol of Li - Fire == 

a. Focus on the Li Yang-Yin-Yang trigram. Repeat it several times 
using your fingers on your mideyebrow. Eyes look up to the fore- 
head and picture a flame burning and chant Li, Li, Li repeatedly. 
Then chant the Yang-Yin-Yang. Picture the trigram right on your 
face and expand it very far away. See a fire burning, expanding 
warmth. Let the energy stay on your forehead as a bright red 
light. Bring it down to the Li in the Pakua in your abdomen and 
feel a burning sensation in that area. 

. Yang Expand: Do as before. 

Yin Contract: Do as before. 


e 
a 


Eyes look up 
tothe forehead. 


Fig. §.52 Lion Forehead 


Symbol of Chen - Thunder =_—= 

a. Focus on Chen, Yang, Yin, Yin. Chant this symbol as a throat 
and nose sound repeatedly and then chant Yang-Yin-Yin. The 
eyes look to the left temple bone. Picture the symbol in front of 
you, expand it very far away to the power of the lightning and 
thunder. Let the energy come to you, feel the tingling on your left 
temple bone and move this energy sensation down to the left 
side of the abdominal pakua. Be aware of Kan, Li, Chen. Visual- 
ize them very clearly. 

b. Yang Expand: Do as before. 

. Yin Contract: Do as before. 

d. Yin Contract: Do as before. 
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<=> > 


Eyes look to left 
temple bone 


Fig. 5.53 Chen on Forehead 


Symbol of Tui - Lake == 

a. Focus on Tui, Yang, Yang, Yin. Chant Tui repeatedly with a nose 
sound that is vibrating in the nose. Then chant Yang-Yang-Yin; 
eyes look to the right temple bone. Picture the symbol on your 
right temple bone and expand it very far away to the power of 
the lake, rain and metal element. Itis a condensing power. Move 
it down to the right of the abdominal pakua. 

Combine the four symbols together with the Tai Chi symbol. 

Feel the Tai Chi symbol spiraling inside your head and feel the 
center of your abdomen nice and warm like a fire burning inside 
you. 

b. Yang Expan 
Do as before. 

c. Yang Expand: 
Do as before. 

d. Yin Contract: 
Doas before. 


as a> 


Eyes look to right 
temple bone, 


Fig. 5.54 Tui on Forehead 
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Co 

Imprint Kun on your forehead. Start chanting Kun-Kun-Kun, and 
then use the fingers and palms to help activate the cosmic force 
Yin-Yin-Yin, Yin-Yin-Yin, marking the lines with your fingers on your 


forehead. Project the symbol into the universe as you breathe 
through your forehead. Picture the symbol breathing in violet/blue 
and when it connects to your forehead bring it down to its place in 
the lower pakua. 

a. Yin Contract, Do as before. Eyes look up to 
b. Yin Contract, Do as before. the Upper right 
c. Yin Contract, Do as before. 


Sas 


Right 


Fig. 5.55 Kun 


Ken= = 
Imprint Ken on your lower left cheek bone. Start by the eyes 
looking down to the lower left cheek bone, chanting Ken-Ken-Ken, 
and then Yin-Yin-Yang, Yin-Yin-Yang, Yin-Yin-Yang, marking the lines 
with your fingers on your forehead. Project the symbol into the uni- 
verse as you breathe through your forehead. Picture the symbol 
with its violet/blue and bright red colours in front of you and when it 
connects to your forehead bring it down to its place in the lower 
pakua. 

a. Yin Contract: Do as before. 

b. Yin Contract: Do as before. Eyes look down to 
the Lower left 
cheek bone. 

=a => 


Fig. 5.56 Ken 
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uo 
Imprint Sun on your upper left eyebrow. Start with the eyes 
looking up to the upper left eyebrow, chanting Sun-Sun-Sun, and 
then Yin-Yang-Yang, Yin-Yang-Yang, Yin-Yang-Yang, marking itwith 
your fingers on your forehead. Project the symbol into the universe 
as you breathe through your forehead. Picture the symbol with its 
viole¥/blue and bright red colors in front of you and when it con- 
nects to your forehead bring it down to its place in the lower pakua. 
a. Yin Contract: Do as before. 
Do as before. Eyes look up to 
o as before. the upper left 
eyebrow. 


—— 
ss 


Fig. 5.57 Sun 


ne —F 


Impfint Chien on your lower right cheek bone. Start with the 


‘eyes looking down to the lower right cheek bone, chanting Chien- 
Chien-Chien, and then Yang-Yang-Yang, Yang-Yang-Yang, mark- 
ing it with your fingers on your forehead. Project the symbol into 
the universe as you breathe through your forehead. Picture the 
symbol with its bright red colors and when it connects to your fore- 
head, bring it down to its place in the pakua in your lower abdomen. 
a. Yang Expand: Do as before. 

b. Yang Expand: Do as before. Eyes look down 


c. Yang Expand: Do as before. tothe lower right 
cheek bone 


ai > 


Right 


Fig. 5.58 Chien 
Note: Any time that you feel the energy shooting into your fore- 
head, right where the senses’ control is located, bring both the 
senses’ energy and the energy from the universe down to your 
abdomen. 
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4. Form the pakua on your face to turn the senses inward. 
Chant Kan-Li-Chen-Tui-Kun-Ken-Sun-Chien and mark the 

place of the specific kua with your fingers. 
. Kan is on your bridge of the nose. 
. Liat the top of your forehead. 
. In this pakua Chen is on (inside) your left ear. 
. Tui is on (inside) your right ear. 
. Kun in your brain above the right eye. 

Ken inside your cheek bone on the left side. 

. Sun in your brain above the left eye. 
. Chien inside your cheek bone on the right side above. 

Repeat the chanting in your mind and let your eyes move to. 
the place of each kua. Feel the power of the symbols attracting 
your senses in to the mideyebrow. Chant and spiral the Tai Chi 
symbol with your finger and then only with your mind. Let the Tai 
Chi spin fast and faster. Keep on chanting the Tai Chi symbol 
Until the energies are pulled to the center of the pakua. You should 
feel that all the eneray is flowing to the center of the face pakua 
and connecting to center of the brain, the crystal room, and keep 
on spiraling and be aware of the Lower Tan Tien, Tai Chi, and 
also the spiraling of the facial pakua itself. Feel a very strong 
center in your forehead and bring it down to the center of the 
lower pakua. 


yerepaocp 


Crystal Room 
4 . 
c BS Head 
Right, Left Four Pakuas 
Heart 
Four Pakuas 
Mideyebrow 


TanTien 
Four Pakuas 


Draw alll senses into 
the center of the 
mideyebrow. 


Fig. 5.59 Pakua on your face to tum the senses inward 
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Creating the Back Pakua on the Head 


Duplicate trigrams, pakua and the Tai Chi symbol to the back and 
spiral clockwise while chanting the Tai Chi, Tai Chi. The mind and 
the eyes are spiraling as well, going faster and faster. When you 
spiral as fast as possible, you will feel that the energy is drawing 
into the back Pakua. 


8 Q Back 


Fig. 5.60 Pakua on the Head 


Be aware of the front and back Pakuas and spiral them. Spiral 
in the center faster and faster drawing the front and back into the 
center. 


Center of Brain 
’ Vay { / 
ae 7 


ZS 


Fig. 5.61 Front and Back Pakuas spiraling. 
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Duplicate the front Pakua to the left side and let the Tai Chi sym- 
bol spin. 

Duplicate the back Pakua to the right side of the head and let 
the Tai Chi symbol spin. Become aware of the center of the brain, 
the crystal room and let it spin faster and faster, drawing the en- 
ergy of the left and right Pakuas into the center. 


ey , 
of ~~ G- . 


Fig. 5.62 Energy of the left and right Pakua into the center of the Brain. 


Be aware the front, back, left and right Pakuas and let them 
spin, Put more attention on the center of the brain and let the cen- 
ter spin faster and faster, drawing all the energy into the center. 


Center of the Brain Tai Chi Spiraling 


ZA RSS 


Fig. 5.63 Draw all the energy into the Center. 
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Here are just a few of the many possible areas of practical knowledge, learning opportunities, and 
bits of interesting information that you can access using your computer: 


Data sheets: Almost all electronics manufacturers provide online access to a 
library of technical data sheets and application notes for their products. These 
should be your first choice for information about how and when to use their 
products, These sources also contain important product errata, which contains 
corrections and updates for products that have been made since their first 
publication, 


Online tutorials: The Web abounds with detailed and thought-provoking 
tutorials and background information on every topic imaginable, including, not 
surprisingly, mountains of information on computers and electronics. 


User forums: People tend to cluster around others with similar interests. Once 
upon a time when people where geographically limited and unable to 
communicate or interact with folks around the world, this severely restricted a 
lot of the more specialized areas of knowledge. Today, you can find user groups 
centered on every conceivable human endeavor (and some inconceivable ones, 
too) that are filled with helpful, knowledgeable members that are more than 
happy to answer questions and share experiences with you. Do try to be 
courteous, respectful, and fair when asking for help with your projects, and 
always try to repay in kind by helping those with similar questions that you've 
hhad to master. 


Sharing/collaboration web sites: As the cost and complexity of publishing your 
‘work on the Internet becomes more manageable, it becomes faster and easier 
to let others know about your progress, as well as your problems. You can easily 
set up your own web page for litle or no cash, or join many of the available user 
groups that allow their members to post, browse, and otherwise benefit from 
the works of other similarly minded individuals. 


Design tools: You can find many free or reasonably priced electronic design and 
simulation tools online. Some manufacturers also provide free tools specifically 
for optimizing designs for their products. 


Online suppliers Where you once had to walk (or drive) down to the store and 
see what was available in your area as far as electronic components and tools 
‘went, now you can browse through the catalogs of suppliers from all over the 
world, from the comfort of your own lab. Not only does this provide a much 
larger field from which to choose, it also levels the playing field, so to speak, 
forcing worldwide competition for your hard-earned cash. Bonus: Some 
‘manufacturers offer a limited numbers of free samples. Yip! 


This list only scratches the surface of the kinds of information you can access using a computer. You 
can also use a computer as part of your electronic projects, and several examples of doing this are 
included later in the book. 


36 


‘Cosmic Fusion 


Connecting the Senses with the Sense Control of the Facial, 
Heart and the Abdominal Pakuas. 

Repeat the facial pakua again: Kan-Li-Chen-Tui-Kun-Ken- 
Sun-Chien. This time, when you spiral the Tai Chi symbol as you 
chant Tai Chi, add the motion of the Yin coming in and the Yang 
going out. Your mouth is open projecting the sound of Yang into 
space. Your fingers are pointing out into space as well. With the 
sound of Yin your fingers are pointing in towards your forehead, 
which facilitates the inward movement of the energy. Picture a Tai 
Chi spiraling inside your brain, right behind your forehead. Point, 
spiral with your fingers saying Yin-Yang, Yin-Yang, Yin-Yang, and 
then Tai Chi, Tai Chi, Tai Chi. Continue saying it in your mind and 
feel the pakua deep inside your head (about 2-3 cm behind your 
forehead). All the senses are drawn together inside the center of 
the facial pakua (the senses’ control point) and their energy is 
brought down to the Tai Chi of the lower abdominal pakua. 


‘Sense Control at Mideyebrow 


Crystal Room 


Fig. 5.64 Let the center of the brain, the heart and abdomen pakuas 
and all Tai Chis spiral together. 
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Blending all the Energy of the Organs and Senses together 
in the Cauldron 

Look down to your center in the Tan Tien and focus on the pakua 
on the back and on the right and the left pakua. When you focus on 
them, they will just start spiraling on their own. Look down into your 
center, into the cauldron and start spiraling the Tai Chi symbol in 
the center of your cauldron while chanting Tai-Chi, Tai-Chi, Tal-Chi. 
Rest. Continue to spiral with only your mind and feel that the en- 
ergy of your senses and organs is coming right down to your cen- 
ter, where all the energy blends into one central energy. Rest. Spi- 
ral the energy in your abdomen. Smile to this energy and feel very 
calm and peaceful. 


py, Center of Pakua 
Tai Chi Spinning 


Fig. 5.65 Draw all the sense into the center of the Pakua and Tai Chi. 
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Expanding the Pakua in the Universe. 

The power of the symbol is the power of the throat, the power of 
the word. The forces of the universe are Yin and Yang forces and 
the kua is a very ancient symbol of power. When you project the 
pakua out, using the pakua breathing, you connect to the Yin and 
the Yang power in the universe. When you breathe to the kua out 
there in space and connect to it, you will feel it connect to the kua in 
your abdomen as well 


Fig. 5.67 Feel the Pakua Breathing and Pulsating. 
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1. Start chanting Kan-Li-Chen-Tui-Kun-Ken-Sun-Chien touching 
each of the kuas as you chant them. Continue to do this with 
only your mind, saying the name of the kua and holding the sym- 
bol in front of your eyes. Then spiral the Tai Chi symbol from the 
bottom to the right and up, chanting it and spiraling with your 
hand, eyes and mind. Continue to spiral with your mind and 
eyes only. Feel that the energy is drawn inward and the Tai Chi 
symbol is spiraling and changing to violet light. 

2. Activate the facial pakua, Chant each of the symbols and point 
to them on your face; Kan-Li-Chen-Tui-Kun-Ken-Sun-Chien. Do 
it several times and make then the Tai Chi symbol on your fore- 
head: Tai Chi, Tai Chi, Tai Chi, spiraling with your fingers over 
the third eye area. Feel the energy drawn into the center of the 
forehead, drawing the senses inwardly to the senses control 
and connecting down to the lower pakua. On their way down 
they collect the energy from the organs as well. 

Pakua in face 
Breathing } 


Av hs 


Fig. 5.68 Four Head Pakuas 


3. Chant now Yin-Yang, Yin-Yang, Yin-Yang. Contract with Yin and 
expand from the forehead out with Yang. Use your fingers to 
point the direction of the energy, in and out 

4, Rest. Smile, feel the Tai Chi very deep inside you spiraling and 
chant Tai Chi, Tai Chi, Tai Chi, Tai Chi. Feel the facial pakua go 
into your head, 
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5. Become aware of the Kan symbol. Picture the Kan symbol and 
project it out down all the way to the galaxy. Chant Kan, Kan, 
Kan. Chant and picture the Yin-Yang-Vin lines and feel that the 
power is going out all the way to outer space. 

Start then with the Yin-Yang breathing. Inhale, Yin contracting 
with bright violet light, exhale, Yang expanding with bright red 
light. Inhale, contracting, exhale, expanding. Feel the kua of the 
facial pakua and the abdominal pakua breathing and at the same 
time, feel the kua in the universe breathing. Picture the 
Yin-Yang-Yin very clear in your mind as well as very far away in 
space. Exhale, hold your breath and feel the symbol breathing. 
Inhale, breathe without breathing and feel the connection with 
the kua out there. Keep on breathing in this way until suddenly 
the kua out there comes to you and enforces the Kan in your 
abdomen 

6. Repeat the same procedure for Li, sending it out, up into the 
universe, for Chen sending it out into the space on your right 
side, Tui to the space on your left side, Kun to the space upper 
left, Ken to the lower left side, Sun to the upper right side of the 
universe and Chien to the lower left side of the universe. 

7. Now picture all the kuas together and repeat their names very 
slowly: Kan-Li-Chen-Tui-Kun-Ken-Sun-Chien. Rest. Feel the uni- 
versal pakua covering you. Feel this pakua breathing and pul- 
sating together with your pakua in the abdomen and on your 
face, drawing the energy back into the lower pakua, into your 
center. Sit back and 
smile to the pakua in- 
side you and to the 

pakua in the uni- 

verse. Rest, con- 
centrate and con- 
dense all the ener- 
gies in the cauldron, 


Fig. 5.69 Feel all the 
Pakua and Universal 
Pakua breathing and pul- 
sating. Feel a big Pakua 
cover you, breathing and 
pulsating. 
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Formula Tw 
Transforming the Negative Emotions of 
Each Organ into Pure Life-Force Energy 


Tavists reason that the negative emotions can be transformed to 
become our life-force and position energy. Therefore to expel or 
‘suppress unwanted, negative emotions is to expel or suppress 
life-force. Rather than suppressing them, you gain more by 
‘composting, recycling or transfering the negative into positive en- 
‘ergy and experiencing these emotions. This means you permit them 
to emerge, observing and accepting them, but do not let them run 
wild or trigger other negative emotions. Instead transform them not 
only into useful life-force energy, but also into another, higher con- 
sciousness that is your spiritual energy. 


a.Pile all the garbage together, just like mixing all the emotions together. 
b.Separate the garbage, just like separating emotions & transfer them. 


‘e.Recyole and compost. 
Recycling the garbage into compost and growing flowers and vegetables. 
Eating the food grown from the compost. 


Fig. 5.70 Transforming the Negative Emotions 
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In the Taoist cosmology, the emotions originate from the vital 
‘organs, which correspond to the Five Phases of energy. They are 
also the reservoir of spiritual energy. By transforming the negative 
‘emotions in the organs, you are nourishing the spirit of that organ. 
Fear originates in and is stored in the kidneys, anger and frustra- 
tion originate in and are stored in the liver, impatience, hastiness 
and hatred originate in and are stored in the heart, sadness and 
depression originate in and are stored in the lungs and worrying 
originates in and is stored in the spleen. 

In the Tao, the main idea is to find a balance between the posi- 
tive and the negative emotions. The negative emotions are like 
weeds, they are always there, and one could never totally get rid of 
them. The other point is that the soil needs them as fertilizers and 
they also help hold the soil in place. But at the same time the dan- 
ger is that they will take over the garden if we don't control them. 
We need to cultivate the plants we want (aur good virtues) to pre- 
vent the weeds from taking over the garden. Its the same with the 
negative emotions; they should only be kept in balance with the 
positive ones and one shouldn't waste time trying to get rid of them 
altogether. The work should be done on the positive emotions, con- 
stantly cultivating and nurturing them in order to grow the good 
virtues and to keep the right balance with the negative emotions. 
Negative emotions breed negative emotions and positive emotions 
breed positive emotions. 


Fig. 5.71 Yin and Yang balance negative and 
positive emotions but they do not get rd of them. 


We work in this formula with the counteracting or controlling 
cycle and we use collection points to gather and neutralize the 
negative emotions of each organ. We then blend the emotional 
energies together in the pakua, transforming them into pure 
life-force. 


5.72 Keep on cultivating the positive emotions. 
‘Do not let the weeds out grow the vegetables. 
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Practice: 
4. Preparation 
When you begin, first do Formula Two and then continue with 
this practice. 
a. Sit properly on a chair and feel yourself aligned with the forces. 
b. Do the crane and turtle neck and the spinal cord breathing 
c. Smile down and generate the qualities of loving energy from the 
heart. Breathe down radiance to the heart making it feel soft in 
the heart. 
4d. Be aware of the Tan Tien Chi and the front pakua, the pakua on 
your face, and the universal pakua. Feel them all breathing to- 
gether. Feel all your senses and mind turned inwards to the 
cauldron. Turning the senses inward initiates the training pro- 
cess of inner observation. In developing the ability to focus in- 
ward —to smell, listen, taste, see and hear the organs and their 
activities — and to observe your negative emotions without pre- 
determined judgments, you have the opportunity to develop your 
true nature. 


a. 
Fig. 5.73 Feel joy and happiness. 

a. Inhale to the heart and smile to the heart. 
b. Exhale to the heart, smile to heart and make the heart fee! soft. 
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2. Real Practice 
A. Bring your attention to your kidneys. 

Listen to the kidneys, observe your kidneys. Be aware of any 
fear in the kidneys. Accept your fear; smile to the heart and let the 
love radiate to the kidneys. Be aware of the Kan, the water power. 
Chant the Kan and connect your kidneys with this energy. Let love 
activate the gentleness, calmness and stillness, the essence of 
this power, a blue light. Wrap the gentleness, calmness around 
your fear, balancing it and transforming your fear. 

Form with your mind a collection point at your perineum and let 
any fear that is still in the kidneys go down to the collection point. 
Balance these emotions here also with the positive feeling of gentle- 
ness and calmness, 


Fig. 5.74 
a. Fear- Gentleness 
b. Fearinto Gentleness and Calmness 
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B. Bring your attention to your heart. 

Connect the tongue with your heart, speak with your heart (the 
spirit of your heart). Observe your heart. Be aware of any impa- 
tience, hastiness, cruelty, hatred, arrogance in your heart. Accept 
these feelings. Be aware of the Li, the fire power. Chant the Li and 
connect your heart with this power, a red light. Feel the warmth, 
love, happiness and inner joy, the essence of this power. Help trans- 
form the hatred into love. Wrap the love, the warmth and inner joy 
around your impatience, arrogance, balancing them with and trans 
forming your impatience, hastiness, arrogance. 

Form with your mind a collection point near the heart center and 
spiral all the negative energies that are still in the heart to this col- 
lection point. Chant the Li again and balance the emotions in the 
collection point. 


Fig. 5.75 a. Impatience, Hastiness and Hatred 
b, Love, Joy and Happiness 
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Tools for Soldering 


You don't have to learn haw to solder to work with electronics, but it helps. It really does. It opens a 
whole new world of possible projects, repairs, and custom modifications to existing equipment. Just 
remember, as always, to keep your work area clean and safe. See Figure 2-10, 


(Wetket 


Figure 2-10. A Weller controlled-temperature soldering station, Whata mess! 


Like any worthwhile skill, soldering is best mastered with lots and lots of practice. The best way to 
learn this useful skill is to have someone show you how it’s done. I's difficult, but not impossible, to 
lear proper soldering techniques from a book. That being said, have a look at Figure 2-11 
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C. Spiral, blend and transform the energy of the heart and 
the kidneys at the front pakua. 

Spiral and breathe the energies out of the kidney and heart col- 
lection points to the front pakua. Blend and spiral them together in 
the front pakua. (The pure energy trapped in these negative feel- 
ings will be freed and released to the center of the pakua). Chant 
Tai Chi, Tai Chi, Tai Chi. Yin-Yang, Yin-Yang, Yin-Yang. Spiral these 
energies until they become a bright, golden energy. This energy 
radiates love and gentleness from the center of the pakua and your 
being, 


Heart 
collection point 


Kidney 
collection point 


Fig. 5.76 Spiral, blend and transform the energy 
ofthe heart and the kidneys. 
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D. Bring your attention to your liver. 

Connect the eyes with the liver and observe your liver. Be aware 
of any anger, frustration, aggressiveness, guilt in the liver. Accept 
this feeling. Be aware of the Chen. Chant the Chen and connect 
your liver with the power of the thunder and the wood, a green light. 
Feel the kindness, the essence of the wood power. Wrap this feel- 
ing of kindness around your anger, balancing them together and 
transforming your anger. Feel that you can forgive. Forgiveness is 
one of the most important practices of the Taoist system. 

Form with your mind a collection on the left side of the pakua, 
on the nipple line, and spiral all the negative energies that are still in 
the liver to this collection point. Chant the Chen again, connect 
with the wood power and balance the emotions in the collection 
point. 


Fig. 5.77 a. Anger and Frustration in the Liver 
b. Love from heart and gentleness from kidneys help 
tranfrom the anger and frustration into kindness. 
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E. Bring your attention to your lungs. 

Connect your nose with your lungs and observe your lungs. Be 
aware of any sadness, depression in the lungs. Accept these feel- 
ings. Be aware of the Tui. Chant the Tui and connect your lungs 
with the power of the rain and the metal power, a white light. Feel 
the courage and the righteousness, the essence of the metal power. 
‘Wrap this courage around your sadness, balancing it with and trans- 
forming your sadness. 

Form with your mind a collection point on the right side of the 
pakua on the nipple line and spiral all the negative emotions that 
are still in the lungs to this collection point. Chant the Tui again, 
connect with the metal power and balance the sadness with the 
courage here again. 


F. Spiral, blend and transform the energy of the liver and the lungs 

at the front pakua 

Spiral and breathe the negative emotional energies from the liver 
and lungs collection points to the front pakua. Spiral and blend them 
atthe front pakua, Chant Tai Chi, Tai Chi, Tai Chi, Yin-Yang, Yin-Yang, 
Yin-Yang. Use the power of pakua to balance and neutralize the 
sadness and anger. Feel that the pure energy that is trapped in 
these negative feelings will be freed and released to the center of 
the pakua. Continue to spiral the liver's and lungs’ energies until 
they become a bright, golden energy that radiates kindness and 
courage from the center of the pakua and of your being. 


Fig. §.78 Spiral, blend and transform the energy ofthe liver and the lungs. 
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G. Bring your attention to your spleen. 

Connect your mouth with your spleen and observe your spleen. 
Be aware of any worry or other emotions you do not like in your 
spleen. Be aware of the Kun. Chant the Kun and connect your 
spleen with the earth power, a yellow light. Feel the openness, bal- 
ance and centeredness of this power, the essence of the earth 
power. Wrap this around your worries, balancing with and trans- 
forming your worries. 

Spiral your worries that are still in the lungs to the center of the 
front pakua, the collection point of the spleen. Chant the Kun again 
and then Tai Chi, Tai Chi, Tai Chi. Yin-Yang, Yin-Yang, Yin-Yang. 
Spiral, balance, blend and transform it with the energy that is al- 
ready there into a bright, golden energy. 


a 
Fig. §.79 a. Draw attention to your spleen. 
’b. Balance, Openness and Fairness 


H. Spiral all remaining negative energy to the front pakua. 

Return to the organs and the collection points, and spiral and 
breathe to draw out any remaining negative energy. Blend and neu- 
tralize it with the energy in the front pakua. See all the organs glow- 
ing with light. 
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|. Be aware of the back, left and right pakuas. 

When you have time, you can chant the kuas to enforce the 
power of the pakuas. Let the Tai Chi in all four pakuas spiral, draw- 
ing in, blending and transforming the energies. Continue spiraling 
and with the spiraling and the breath you draw, suck in the energy 
to the cauldron, the big empty space in the Tan Tien. Now spiral 
the energy in the cauldron, chanting subvocally Tai Chi, Yin-Yang, 
condensing the energy into a bright golden energy ball, a pearl 
Bring the pearl to the perineum and circulate it in the Microcosmic 
Orbit. As the pearl moves through the Microcosmic Orbit, feel that 
it attracts and absorbs the Universal (at the crown), the Cosmic 
Particle (at the mideye) and the Earth (at the perineum) Force. 

Bring the pearl back into the cauldron. Center yourself in the 
cauldron and feel your senses and mind drawn inward towards the 
energy in the cauldron. Feel nice, calm and peaceful inside. When 
you have time, sit for a while and let this energy and feeling grow 
inside you. 


Fig. 5.80 Let all the Organ Energy flow down to the Pakua 
and feel Chi grow inside you. 
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Chapter 6 
Compassion Fire 
Meditation Practice of 
the Creation Cycle 


Practice compassion through the act of forgiveness. To forgive is 
to let go. Always meet conflict with compassion. 

The higher practice of inner alchemy is the transformation of 
the heart eneray into love, the liver energy into kindness and gener- 
osity, the lung energy into courage, the kidney energy into gentle- 
ness and the spleen energy into openess and fairness. Combine 
all these energies into compassion. Compassion becomes non 
physical energy which we can carry with us when we leave the 
world, Itis the love and joy we feel within. 


Fig. 6.1 Compassion Fire originates from the Heart. 
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Fig. 6.2 Through Compassion Fire, 
we transmit Positive Energy to Our Surroundings. 


‘Summer - Fire -Heart 
Love, Joy, Happiness 


Indian Summer 
Earth - Spleen 
‘Openess, 


Metal - Lungs 
Courage, 
Righteousness 


Fig. 6.3 Creation Cycle in Nature 
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Creating compassion energy begins with the creation cycle. 

Activate the heart first. It is the fire and the place where the vir- 
tue energy can be combined into compassion energy. Go to the 
kidneys and bring the energy to the collection sphere. Continue 
with the liver, the heart again, the spleen, the lungs and bring the 
energy to the respective collection points. 


. 6.4 Creation Cycle 


In the human body the arousal state creates a new chemistry 
and a new vibration. This ‘special’ vibration is measured at a fre- 
quency of 8Hz/Sec. ‘As in the macrocosm, so it is in the micro- 
‘cosm’; hence if we make love, then all cells and the DNA actually 
make love as well. 

The DNA cross over, like two serpents intertwining in an erotic 
‘embrace. They make love and they give birth. Any of the cells that 
do not ‘reproduce’ will eventually die. 


WIV 


Fig. 6.5 When we feel love and arousal energy, 
the DNA crosses over and makes love. 


The two vital states are arousal, leading to orgasm and compas- 
sion are inextricably linked to love. When this ‘love-vibration’ reaches 
the pineal gland, a new hormone is produced. This in turn creates 
whole body conductivity. Ifthe vibration is above or below the 8Hz/ 
Sec. frequency, this process does not occur. Only when you feel 
the waves of orgasmic vibration and unconditional love for the self 
and others can the process be activated. 
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Some practices just 
want to open the heart 
by temporarily letting us 
feel love and kindness. 
The heart is drained 
through all kinds of 
giving and donations. 


Worldly desire and 
many businesses work 
on activating the sexual 
desire and then draining 
itout. 


Fig. 6.6 When the Heart is temporarily open and 
Sexual Desires activate, these forces will drain us out. 
One Lasting Energy is the Combination 

of Compassion Energy and Orgasmic Energy 


Heart Energy 

4. Heart energy is immaterial. When activated it will change into 
love, but love does not last long. 

2. When all the good virtue energy from all the organs combines 
together into one energy, itbecomes compassion energy; it will 
stay in you longer, but will still disperse. 


Sexual Energy 

4. Sexual energy when activated from material into immaterial is 
powerful, but will not last. 

2. When the sexual energy is aroused and changes into orgasmic 
energy, it can charge all the organs, glands, senses and com- 
bines into one energy; this energy will stay longer but stil will 
disperse. Orgasmic energy combined with compassion creates 
one long lasting eneray. 
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After the orgasmic energy has charged all the organs and cre- 
ated the multi-orgasm energy, it can then be combined with the 
‘compassion energy at the Tan Tien. This creates the one energy 
that lasts the longest. 

When we are aware of the cosmic galaxy and expand our com- 
bined energy of compassion and orgasm through the universe, it 
multiplies and flows back to us and we will be in touch with univer- 
sal compassion and unconditional love. 


Mutti-orgasm energy 


Fig. 6.7 Through cultivating compassion energy, 
we can eventually build the one lasting energy. 
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SOLDERING /S EASY 


HERE’S HOW TO DO JT 


"i, ages Bons (Ok, LETS SOLDER! 
Hee Te ‘esr. you ment ro HEAT 


Figure 2-11. Instructions for soldering. This delightful illustration by Andie Nordgren captures the basics 
of soldering as taught by soldering guru Mitch Altman (http:llog.andie se/post/397677855/soldering-is- 
easy) 
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Practice of Creating the Compassion Fire 
and Multi-Orgasm 
Compassion originates from the Heart 


Fig. 6.8 Smile untl you fee! the heart soft with love, joy and happiness. 


We can connect with the Universal Love. 
1, Be aware of the Tan Tien and the universe and feel the un- 
conditional love flow down 


Fig. 6.9 Smile to the heart and the small intestine, 
to make the heart feel soft. Feel the heart pakua spiral. 
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2, Smile to the spleen and let the love, joy and happiness from 
the heart activate the openness and fairness. 


Fig. 6.10 Let Positive Heart Energies activate Positive Spleen Energies. 


3. Let it flow back to the heart pakua and spiral, blend together 
and feel the yellow light flow from above and flow down to the heart. 


Fig. 6.11 Blend the Two Energies with Universal Energies. 
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4, Smile to the lungs and the large intestine. Send love from the 
heart to the lungs to activate courage and righteousness. 


Fig. 6.12 Let Love and Joy from the Heart activate Positive Lung Energies. 


5. Let it flow to the heart, spiral and blend with love, joy, happi- 
hess, openness and courage. Blend the three energies into one 
energy, and feel the white light from above flow into the lungs and 
the heart 


Fig. 6.13 Blend the Three Energies into One Energy. 
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6. Smile to the kidneys and let the love of the heart activate the 
gentleness, softness and calm in the kidneys 


Fig. 6.14 Let Love and Joy from the Heart 
activate Positive Kidney Energies. 


7. Let the gentleness, softness and calm in the kidneys flow 
into the heart. Blend and spiral into one energy. 


Fig. 6.15 Blend Positive Kidney Energies with the 
‘Compassion Energy in the Heart 
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8. Smile to the liver and gall bladder. Let the softness and the 
love from the heart flow down to activate the kindness and gener- 
osity of the liver. 


Fig. 6.16 Let Love and Joy from the Heart 
activate Positive Liver Energies. 


9. Let the kindness and generosity flow to the heart, spiral and 
blend in the heart to become compassionate; be aware of the green 
light flowing from above. 


Fig. 6.17 Blend Positive Liver Energies into the Compassion Energy. 
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10. Smile to the heart and feel all the good virtuous energy from 
all the organs flow into the heart and spiral and blend into compas 
sionate energy. 


Fig. 6.18 All the Organs’ Positive Energies blend with 
the Heart to create the Compassion Energy. 


11. Your compassion rises up. Be aware of the galaxy, the cos- 


mos, and expand your compassion through the universe. The uni- 
verse allows us to be in touch with the universal compassion. 


Fig. 6.19 Expand our Compassion to be in touch 
with the Universal Compassion 
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12, Let them blend and multiply, and flow back to enhance you 
You feel your whole body to be filled with the universal compas- 
sion. You have such abundance, it overflows. 


Fig. 6.20 Let the Universal Compassion within us overflow. 


Multi-Orgasm Energy Smile to the Sexual Organs 


Fig. 6.21 Smile downto the Heart and feel warm Energy from Heart flow 
down to Kidney and the Sexual Organs. 
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4. Be aware of the sexual organ and use your hand to cover the 
sexual center. Smile and feel the fire from the Tan Tien flow 
down. 

2. Recall the time when you were with your loved one and the high 
orgasmic feeling. Guide the orgasmic energy up to the kidneys, 
and feel the kidneys charge with Chi and orgasm. 

3. Guide the orgasmic energy spiraling up to the small and large 
intestine, liver, spleen, pancreas, stomach, and up to the lungs, 
and heart. Continue up to the thymus, thyroid and parathyroid 
and up to the brain and the senses. Charge them with orgasmic 
energy, and let the Chi flow back down to the sexual organs and 
blend and spiral into one multi orgasmic energy. 


Fig. 6.22 Bring the Orgasm up spiraling up to the organs. 


-128- 


‘Cosmic Fusion 


4, Be aware of the Muti-Orgasmic Energy in the organs and bring 
them up to the crown and continue spiral up to the Universe. Let 
the orgasm multiply and be aware of the Cosmic Orgasmic and 
let it low down to the crown and feel all the cells fill with Cosmic 
orgasm and flow into the heart then down to the sexual organ 
filing them with compassion and Muti-Orgasmic Energy. 


Universal Compassion: Your compassion arises up. Be aware 
of the multi-orgasm sexual energy and feel it combine with the 
‘compassion into one energy at the Tan Tien, Be aware the cos- 
mos galaxy and expand your compassion through the universe. 
The Universe puts us in touch with the universal compassion. 


Fig. 6.23 Universal Compassion 


This compassion practice is the major practice for all the Fu- 
sion and Kan & Li practices. The compassion fire is the most im- 
portant energy of the transformation and will be use in all the prac- 
tices. 
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Practice compassion through the Act of Forgiveness. 
To forgive is to let go. 
Always meet conflict with compassion. 


Fig. 6.24 Be aware of the people —_Fiig. 6.25 People who make you 
that you feel resentment toward. feel angry. 


4 
I 


Fig. 6.26 People that you hate Fig. 6.27 People who hurt you 
or people who hate you. or people who have been hurt by you. 


. 6.28 Send out the abundance of 
compassionate energy that you have 
from the universe, tofil the person and 
to forgive whatever he/she did to you. 
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To solder, you will need a soldering iron. You will also need some solder and probably some wire 
cutters. That's just the tip of the iceberg, however. Like any good tool, your soldering station will soon 
accumulate many accessories to enhance your soldering prowess, 

‘To begin your soldering adventure, you will need a small soldering iron, some solder, and a damp 
sponge. The big, pistol-grip style of soldering irons are for much larger projects, such as plumbing. 
Ideally you want something in the 15W to 5OW range. See Figure 2-12. 


Figure 2-12. The pencil-grip style of soldering irons is better suited for working on small electronics 
projects. 


‘The soldering iron in Figure 2-12 has a replaceable, conical tip. These tips are generally 
interchangeable for a particular model of soldering iron, but unfortunately not interchangeable between 
different models or manufacturers. Different tip shapes are also available, depending on what types of 
things you're wanting to solder. 

‘The tip is usually made of copper, which is an excellent conductor of heat. Since copper really likes 
to combine with other metals at high temperatures (which is exactly what happens when soldering), 
‘most tips are coated in a thin layer of steel to give them much longer useful lifetimes. Tips still wear out, 
‘however, and should be replaced. 

{In this particular soldering iron, the next part of the iron is the removable barrel that holds the tip in 
place. This barrel is where the heating element is housed, so remember that itis just as hot as the tip! Try 
‘not to touch it. You will probably not want to make that mistake more than once. 

‘The next section is the padded and insulated handle of the soldering iron, which is made of dense 
plastic foam. A quality soldering iron will be comfortable in your hand and won't produce excessive 
fatigue, even after hours of use. Lower-quality and lower-priced models will more rapidly take their toll 
‘on your hands. 

‘Not shown in Figure 2-12 is the flexible power cord running back to the soldering iron’s base. This, 
cord supplies the electrical power that is converted to heat in the barrel, as well as some wires for a 
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Chapter VI Cosmic: Fusion 


Oneness with Universe (Oneness with God) 


Fuse Inner Positive Energy with Universal Energy 
through Turning the Dial 


In Fusion of the Five Elements, the collection points were used to 
gather and store the energy of the organs. From the collection 
points in the body, the eneray was drawn down into the pearl. Now, 
in Cosmic Fusion the collection points are expanded to encom- 
pass the Energy Body and the Universal Aura body. So, not only 
are we fusing the emotional energy of the physical body (negative 
emotions, senses and thoughts), but now we fuse the energy of 
the Energy Body and the Universal Body. This creates a much 
more complete practice and a highly refined pearl of energy. Fus- 
ing the elements is the secret to internal alchemy. 

You can think of the different collection points like ingredients 
for a delicious soup. The more energy we can collect, the more 
spices we have for our soup. Alchemy is like cooking. What cre- 
ates a really good soup or food is a combination of ingredients. 
Alchemy is about fusing the elements at our disposal to create 
balance and harmony within ourselves and the world we live in. 

In the beginning of the fusion practice, it seems intricate and 
detailed. Once you get used to the formulas it is a very easy and 
simple practice. Learning a new recipe always takes some time 
and study, but once you have it in your mind, itis easy. The same 
is true with the fusion practice. 


Forming the Collection Points 


The collection points were introduced in Fusion of the Five Ele- 
ments as a way to collect the negative energy from the organs. 
This energy was then directed into the pearl through the pakuas. 
In Fusion of the Five Elements the collection points were associ- 
ated with the energy of the infants and the protective animals. In 
Cosmic Fusion, we are going to expand this practice by forming 
the collection points of the Energy Body and the collection points of 
the Universal Aura Body. These collection points are a reflection of 
the collection points in the physical body. 

For example, the physical heart collection point is located at 
heart center just behind the sternum. The Energy Body collection 
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point is located at the Lower Tan Tien at the top of the navel. And, 
the Universal Aura body collection point is located above the head 
in the Universe. 

These collection points are utilized to create a powerful method 
of fusing all the elements into the pearl. Once all the collection 
points are established, the Energy Body and Universal Aura body 
collection points are rotated. This way there are different colors at 
the various collection point sites. For example, the collection points 
at the Energy Body are turned clockwise - the green is on the 
upper point, red is at the left, white is at the bottom, and blue is on 
the right. The Universal collection point is rotated counterclack- 
wise — white is the upper point, blue is at the left, green at the 
bottom, and blue at the right. Creating different colors at each of 
the collection points takes the fusing process to another level of 
intensity. These colors are then mixed and blended into the caul- 
dron and formed into a powerful pearl 


Universal Body (e) 


Fig. 6.29 Fuse inner position energy with universal energy. 
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The Concept of Fusing Inner Position Energy 


with Universal Energy 


The fused collection points are utilized to create a powerful method 
of fusion all the elements into a pearl. 

There are four collections points of the elements; fire, water, 
metal and wood of the physical body, energy body and universal 


body. 


Once all the collection points are established in the Physical 
Body, the Energy Body and the Universal Body we use a dial to 
assist in rotating the patterns of energy. 


Understanding that the physical body is more dense and 
stable; the collections points are fixed. 

The energy body is not fixed and is very sensitive to external 
events and the universe. This can be changed 

Universal Energy is always changing and is not fixed. As the 
planets and the body's celluar matter, nuclei, electrons, pro- 
tons all move at different speeds; we use the differences to 
create energy. 

‘The Dial: We use a dial of color to understand the different 
patterns of energy that can be created. Fusing different en- 
ergies will generate more intense energy and a powerful pearl 

Moving the color dials assists the imaginative mind to con- 
nect to the patterns of energy. Itis a formula, a pattern for the 
mind to follow. 

In this approach we fuse inside to outside universe and 
outside to inside. You mix fire and water first, then wood and 
metal together. You can do it in pairs of points and then all 
four points, creating four balls of fused energy which are then 
spun very fast above the cauldron where they fuse to form a 
pearl. You can reproduce as many pearls as you want. 

The intensity can make you feel a oneness with the uni- 
verse as part of you becomes part of the universe and uni- 
versal forces. 
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Activate the Three Fires 


The Abdominal, the Kidney and the Heart Fires. 

Tan Tien Fire: Bring the fingertips to the navel. Feel the ab- 
dominal fire warming and opening the Lower Tan Tien, The ab- 
dominal fire elicits deep awareness within the body. This aware- 
ness has the power to expand and connect to the entire Universe. 

Kidney Fire: Bring the palms to the kidneys, the fingertips to 
the door of life. Feel the warmth in the kidneys, like a fire under the 
sea. 

Heart Fire: Bring the hands to the heart, palms facing the chest. 
Visualize a glowing ball of light in the heart. Feel the warm radiant 
energy of compassion shimmering through the chest. Make the 
heart soft. Remember the Yin within the Yang. 


Tan Tien Fire 


Kidney Fire 


Fig. 6.30 Activate the Three Fires. 


Create the Front Pakua just behind the navel. Control the for- 
mation of the front pakua with assistance from the eyes, ears, nose 
and mouth. As you balance the energy, let the pakua glow with 
light. 
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Chant the Eight Forces by sounding all the trigrams. Visual- 
ize the trigrams forming the front pakua. Chant the proper Yin and 
Yang combinations with each trigram. 

Form the Back Pakua: Let it reflect off the front pakua like a 
mirror. In a similar manner form the Left and Right Side Pakuas. 
Feel the energy starting to spiral and blend into the center of the 
abdomen. 

Form the Facial Pakua: The facial pakua is the reverse direc- 
tion of the abdominal pakua because we are looking at the pakua in 
front of the face. Feel the energy of the senses and the face gath- 
ered and collected. If you have time, chant the eight trigrams of the 
facial pakua. 

Form the Universal Pakua: Feel the immensity of this pakua 
surrounding your entire body in every direction. Again if ime per- 
mits, chant the eight directions, forming the pakua. 

Be aware of the heart and all the good virtue energy and fuse 
them together into compassion fire in the heart. 

Be aware of the orgasm energy and multiply then to the organs 
and finally combine them into the heart and becoming one com- 
passion fire of unconditional love. 


Form the Collection Points in the Physical Body: Feel the 
red light in the heart collection point, the blue light in the kidney 
collection point, the green light in the liver collection point, the white 
light in the lungs collection point, and the yellow light in the spleen 
collection point. 

Remove Negative Energies from the Organs: 

Use the senses to help locate the negative energies in the or- 
gans. Look deep inside; smell deep inside; taste deep inside. Lo- 
cate anything you find that you do not like. 

Form the organs’ collection points. Spiral the negative energies 
into the collection points spiraling them into the front pakua where 
they will blend and transform, 

As you spiral the energies from all four Pakuas into the caul- 
dron, you are concentrating them in the cauldron of the body. The 
cauldron, as the center point of the human being, is the center that 
contains the essence of all sense, organ and gland energy. The 
‘energy directed to the cauldron is transformed and stored for later 
se in the development of the soul and spirit bodies. 
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Using the Dial: Feel the reflection of the colors in the collection 

points in the energy body that surrounds the cauldron 
Feel the outward reflection of the collection points into the Uni- 

verse. The red ball of light above the head, the blue ball of light 
deep below the feet, the green ball of ight to the right, and the white 
ball of light to the left. 

1. Turn the collection points of the energy body clockwise one sta- 
tion. Turn the collection points of the Universe one station coun- 
terclockwise. 

2. The physical body collection points always remain stationary. 
Now the color sequence is red at the physical heart collection 
point, green below it in the energy body, and white above in the 
Universal collection point. Below, the physical collection paint is 
blue, the energy body is white, the Universal is green, the right 
physical body collection point is green, the energy body is blue, 
and the Universe is red, and on the left the physical body is 
white, the energy body is red, and the Universe is blue. 


Fig. 6.31 Fuse inner positive energy out with universal energy 
through turning the Dial-1. 
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The fusion process begins here. Fuse the white energy from 
the energy body with the blue ballin the physical collection point 
at the perineum, and fuse both of these energies down to the 
Universal collection point with green light. 

The same process continues with all the collection points. Next, 
fuse the green energy body point with the red physical body 
collection point, moving upward to fuse the white Universal col- 
lection point. Feel the energies fusing together above you. 

. Moving to the right side, fuse the blue ball of the energy body 
collection point with the green ball of the physical body, and out- 
ward to fuse with the red ball of the Universal collection point. 
Feel the energy fuse together at the right side, 

. Moving to the left, fuse the red ball of light of the energy body 
with the white ball of the physical body and moving out to fuse 
with the blue ball of the Universal collection point. Feel all these 
energies fuse together at the left. 

Now we bring the fusion process back inside the body. Take the 
fused light below you, drawing it first to the physical collection 
point and then into the energy body collection point. Bring the 
fused energy above the head down to the physical collection 
point and then into the energy body collection point. 

Draw the fused energy from the right back to the physical body 
collection point and then to the energy body collection point. 


Fig. 6.32 Fuse the Universal energy force back to inner positive energy 
and Energy Body through tuning the Dial-1, 
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Draw the fused energy from the left back to the physical body 
collection point and then to the energy body collection point. Al- 
low the four balls of fused energy to spiral around the cauldron. 
Let them increase in intensity and speed, going faster and faster, 
until they blend in the middle of the cauldron forming the pearl 

9. Feel any residual energy spiral through the pakuas and fuse 
together into the cauldron, connecting with the brilliant pearl of 
white light. Feel the colors blend and fuse. This is where the 
alchemical process comes to life. At any time during the Fusion 
practice, if you feel the pearl you are working with is lost or di- 
minished simply become aware of the pakuas spiraling into the 
center of the cauldron. 

10. Once you feel the form of the pearl you can simpy fuse the 
energy from inside of the energy body out to the physical and 
out to the universe and back and there is no need to be aware of 
the different color. 


Fig. 6.33 Four fused energy balls spiral on top of the cauldron, 
forming ane energy pearl. 


Do as above, only the colors are changed and fuse from the 
energy body to physical body, to the universe and back as Four 
Balls, spiraling faster and fuse into One Pearl 
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Fig. 6.34 Fuse inner positive energy with universal energy 
through turning the Dial-2. 


Fig. 6.35 Fuse the Universe force back to the body and energy body. 
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Fig. 6.36 Fuse inner positive energy with universal energy 
through turning the Dial-3. 


Fig. 6.37 Fuse the Universe force back to the body and energy body. 
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temperature sensor. This allows the unit to control the temperature of the tip with great accuracy. Note 
the temperature dial in Figure 2-10. Lower-cost units omit the temperature control features and run at a 
constant power output. 

twill take some amount of time for the soldering iron tip to reach a working temperature. Likewise, 
it will also take some time to cool off once you've turned off the soldering iron, 


Caution Soldering irons are very hot in use and can cause painful burns. Always treat them with respect! 


The solder you use will be determined by what kind of soldering you want to do. For most small, 
electronics-related soldering projects, a small-gauge tin-lead or lead-iree solder can be used. Bear in 
mind that lead is a poisonous material that slowly accumulates in your system, should you come into 
contact with it, as your body has no good way of eliminating it. Wash your hands before and after 
soldering, just to be sale. 

Soldering works best when everything being soldered is sparklingly clean. To help facilitate this 
cleanliness, chemical compounds known as soldering rosin are used. These compounds chemically 
clean the surfaces being soldered when exposed to high levels of heat. Some types of solder have rosin 
incorporated into them. You can also obtain rosin as a paste into which you can dip wires and 
component leads before soldering. Other types can be applied with a dispensing pen. 


Caution Don't breathe the smoke emitted during the soldering process. f possible, use a fan or fume extractor 
to redirect the soldering fumes away from you. 


Once your soldering iron is up to its proper operating temperature, clean the tip by wiping it gently 
ona damp sponge. Your tips will last longer if you resist the urge to clean them before replacing the 
soldering iron in its holder. Even though it seems counterintuitive to “put it up dirty,” this will more than 
double the life of your soldering iron tips. Just be sure to clean the tip before you solder anything, 


Power Tools 


Everybody loves power tools, don’t they? Sometimes it’s enough to just imagine that you might need one 
to justify a trip to the store and subsequent purchase. While this may be human nature (or perhaps only 
the nature of one particular gender), it doesn’t fully justify having one of each in the lab, just in case 


Drills and Drill Bits 


You will, however, find a few particular tools to be especially useful in your lab. A good hand drill or drill 
press is one of those tools, There seems to be no end of things electronical that need a few more holes 
drilled into them, Electronic enclosures and control panels need good, clean holes drilled into them. If 
‘you make your own PCBs at home, you will find that they need lots of holes drilled into them. 


Cosmic Fusion 


Do the same procedure as before using the Four Fused Energy 
Balls spiraling on top of the cauldron, forming One Energy Pearl as 
you turn the Dial. You spend more time using Dial-2 and Dial-3 


positions. 
: 


Fig. 6.38 Forming the Cauldron and the Pearl 


Creation Cycle Foundation Practice 


1. Fuse the Pearl to help activate virtue energy. The Inner Smile is 
the first step to connecting your consciousness to all your or- 
gans and glands. This is actually the first step of the Fusion of 
the Five Elements practice. It is important to remember how 
powerful and sublime smiling inward can be. 

2. The next stage of practice is removing negative emotional en- 
ergy from the organs. The negative energy is brought from each 
‘organ to its corresponding organ collection point and then to the 
pakua where it is neutralized. When all negative energies are 
brought to all four pakuas and are under control and all residual 
energies have been brought to the back and side pakuas, the 
energies are then spiraled and compressed into the cauldron. 
There they are formed into the pearl of energy. As you collect 
the energies and direct their flow to the cauldron, you feel your 
center point illuminate with the bright light of the pearl. 
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3. Be aware the energy, physical and universal collection points, 
fuse them together and fuse back to form the bigger pearl. 

4, The pearl is capable of activating, attracting and absorbing a 
great amount of good virtue energy. For this reason the pearl is 
circulated to each organ following the Creation Cycle. After prac- 
ticing Fusion of the Five Elements, the pearl is brought from the 
cauldron to the perineum and is then circulated in the Microcos- 
mic Orbit. 

5. When you are ready to begin Cosmic Fusion, the pear! is brought 
to the Heart to begin the Creation Cycle. The Hearts the begin- 
ning point of this cycle because it is in the Heart that Compas- 
sion resides. 

6. At this point there is a great awareness of each organ and the 
energy that each one is supplying. A continuation of this aware- 
ness is necessary for properly practicing the Creation Cycle of 
Cosmic Fusion. it is especially important that all negative en- 
ergy has been removed and neutralized beforehand; otherwise, 
as the virtue energy of the pearl increases, so will the negative 
energy as you move the pearl through the Cycle. 

7. In Fusion of the Five Elements, you remove the negative emo- 
tion of fear from the kidneys, by first listening to them, because 
the ears and kidneys have a connection, The removal of fear 
from the kidneys leaves room for the positive virtue of gentle- 
ness inherent in the kidneys to grow. 

8. Now, in beginning the Creation Cycle of Cosmic Fusion, you 
focus your smile on the virtues of joy, love and happiness in the 
Heart. Feel the virtues growing and purifying. It is important to 
develop a genuine virtue here. You can spit out words like love, 
joy and happiness without meaning them. But like the love that 
is mentioned in the Bible (1 Corinthians 13), ithas to be real and 
true; otherwise it is just a sounding brass or a tinkling cymbal. 
You have to flesh it out and breathe life into it. 

9. Here is the way to do the Creation Cycle of Cosmic Fusion: 
Feel the unconditional love of the Universe flowing down into the 
Heart. With this combination of virtues — love, joy, happiness, 
unconditional love — you can definitely transform yourself, your 
organs and those around you. 
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10. Let the positive Heart energies of love, joy and happiness acti- 
vate the positive Spleen energies of openness and faimess and 
centeredness. Blend this with the Universal energy and feel the 
yellow light descending to the Heart and Spleen. 

11. Let the positive Heart energies of love, joy and happiness acti- 
vate the Lung energies of courage, strength and righteousness. 
Blend these energies with the Universal energy and see the 
white light from above flow into the Heart and Lungs. Let the 
Positive Heart energies of love, joy and happiness activate the 
Kidney Energies of gentleness, softness and calm in the Kid- 
neys. Blend both energies with Universal Energy and see the 
blue light coming down from above into the Heart and Kidneys. 

12. Let the positive Heart energies of love, joy and happiness acti- 
vate the Liver energies of kindness, generosity and benevo- 
lence. Blend these energies with Universal energy and see the 
green light flowing from above into the Heart and Liver. You can 
do this meditation a few times. 

13. Blend all the positive organ virtues in the Heart, creating Com- 
passion Energy. You may manifest this as a Pearl. Move it in 
the Microcosmic Orbit spiralling it from 10,000 to 60,000 times 
a minute. 
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Fig. 6.39 Creation Cycle 
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14, This completes the basic Fusion practice. These steps will be 
repeated through the rest of the formulas in the book. In the 
beginning it seems like a lot of work in constructing all the 
pakuas, chanting, collecting the energy to fuse into the pearl. 
Once this formula is set up, the whole process happens very 
quickly. Itis not necessary to do all the steps every time. You 
might only want to chant the trigram one time instead of three. 
Remember, these extra steps are there to increase the strength 
of the pearl and expand our consciousness to connect with the 
Universe. With this powerful pearl it is time to begin Cosmic 
Fusion with the Creation Cycle. 


Begin Cosmic Fusion: Creation Cycle 


4. Activate the compassion fire and multi-orgasm energy and com- 

bine them together connecting with the universe. 

2. Form the pearl through the fuse from the inside to the universe 
and from the universe and back to the body to the form a pearl. 
Bring the Pearl down to the Perineum. 

. Feel the pearl connecting to the kidney energy. 

. Listen to the Gentleness Virtue of the Kidneys. 

. The negative emotion of fear has already been removed from 
the kidneys. The energy remaining in the kidneys is their virtue 
energy of gentleness. Listen quietly to the gentleness of the kid- 
neys, and be aware of the qualities of gentleness energy: cold, 
calm, blue, soft and silky and tenderness. Enjoy these quali- 
ties. You can intensify them by concentrating on them. Bring the 
pearl from the perineum to the kidneys, and add the gentleness 
energy to the pearl at any moment when you feel the pearl weak, 
just form another pearl 

6. Now bring the pearl back to the kidneys collection point at the 

perineum, where the gentleness will grow in intensity. All of the 
neutralized energy that is the pearl now will take on the virtue 
energy of gentleness. 


gee 
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Collection 
Point 


Fig. 6.41 Left and Right Collection Points 
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Direct the pearl to the liver. Gentleness energy fuses with the 
kindness virtue of the liver. 


Note: Use the 
power of the mind 
more than muscle 


1. Become aware of 
the kidneys. 


powerto gather the 

energy. 2. Do the Kidneys’ 
Sound (Choooo) 

5. Relax and draw subvocally 


the cold energy to 
the collection point’ 
from the kidneys. 


4, Pull up the 
perineum and push 
the energy ball out, 
Form the kidneys’ 


collection point. 3. Pull up the left, 


and right sides of 


Kidneys’ the anus. Send 
Collection the energy to the 
Point Right Side ( ». \Left Side kidneys. 

the Anus 


Fig. 6.42 Forming the Collection Point to gather the Kidneys’ Energy. 


7. Gentleness blends with kindness, the virtue of the liver. Look 
into the liver, connecting the eyes with the liver. Be aware of the 
kindness energy there. As you bring the pearl carrying the gentle- 
ness energy from the kidneys toward the liver, feel the gentle- 
ness energy activate and enhance the kindness energy. Enjoy 
the kindness energy. Feel the kindness intensify. Circulate the 
kindness energy in the liver. Its qualities can feel strong, round, 
smooth, soft, green, sweet and fragrant, warm and pleas- 
ant. You can feel satisfied. 
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8. Absorb the kindness energy into the pearl, and bring the pearl to 
the liver collection point (at the level of the navel and in line with 
the right nipple). 

Here the combination of gentleness and kindness will inten- 
sify. Remember to relax and smile. Direct the pear! to the heart. 
Gentleness and kindness energy fuse with love, honor and re- 
spect and joy in the heart. 


1. Become aware of 
the liver. 


2. Do the Liver's 
Sound (Shhhhhh) 
subvocally 


4, Form the liver’s 
collection paint by 
pulling up on the 
right side, under 


the ribs, and 

forming agreen 3. Pull up the 

sphere. Gather + ight side of the 

the liver's energy. anus toward 
the liver 


Fig. 6.43 Forming the Liver's Collection Point to gather the Liver's Energy. 


9. Connect the tongue with the heart. Using your mind's eye and 
senses, allow the pearl, now consisting of gentleness and kind- 
ness, to flow up to the heart. Let the virtue energy of the pearl 
activate and enhance all the loving energy, joy and happiness, 
honor, respect and peace in the heart. These good virtues of 
the heart can feel straight and open, bright red, warm, deep, 
calm, comfortable and satisfying. Enjoy the virtuous feelings 
of the heart. The feeling will be different for each person as the 
energy blends. Feel the warmth and openness in the chest. 
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10. Let the pear! absorb the honor, respect, love and joy. Bring the 
pearl down to the heart collection point behind the sternum. 


1. Become aware 
of the heart 
(<—— 2. Do the Heart's 
‘Sound (Hawwwww) 
subvocally 


4, Pull the heart and 
thymus’s energy 
into the heart's 

collection point. 


6. Pull the heart 
energy into the front 
pakua. Use your 
mind and eyes to 
blend the hot and 
cold energies. 

5. Pull the kidneys’ 

energy from the 
perineum into the 


front pakua. 3. Pull up the anus 


toward the heart 
and form the heart 
collection point. 


Fig. 6.44 Form the Heart's Collection Point and blend the Heart's Energy 
with the Kidneys’ Energy in the Pakua. 


‘The pearl can now blend the virtue energies of the heart ina 
balanced way with the kindness and gentleness energies al- 
ready within the pearl, Feel the collection point glowing. Then 
direct the pearl to the spleen/pancreas. 


Note for Women: Women should be careful when the pear! is in 
the heart center. As a natural endowment women tend to have 
more loving energy in the heart. When a woman loves she often 
forgets herself. This amount of love can heat up the heart center 
and the practice can feel uncomfortable. Itis best not to remain for 
too long in the heart if you feel uncomfortable. 
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11. Be aware of the connection of the mouth with the spleen and 
pancreas. As the pearl arrives at the spleen and pancreas, the 
honor and respect, love and joy energy that is now part of the 
pearl fuses with the spleen virtues of fairness and openness. 
The fairness and openness virtues of the spleen can feel ex- 
pansive, clean, dry, bright yellow, smooth, warm, clear and 
soft. Enjoy these feelings. 

12. Let the pearl absorb the fairness and openness energy. Feel 
the pearl take on the qualities of the fairness and openness 
virlues in addition to the kindness, gentleness, honor and re- 
spect virtues that already are present there. Bring the pear! to 
the spleen collection point behind the navel at the front pakua. 


1. Become aware 
ofthe spleen, 


2, Do the Spleen 
‘Sound (Whoooo) 
subvocally 


3, Pull up the 
spleen energy 
form the navel 
and blend into 
front pakua. 


Spleen 


The collection point 
ofthe spleen’s 
energy is the center 
ofthe front pakua. 


Fig. 6.45 Gathering the Spleen’s Energy Directly into the Pakua. 


Feel the fairness and openness energy intensify as it com- 
bines and blends with all the neutral and virtue energies already 
present in the pearl. Direct the pearl to the lungs. 

413. The Energy of faimess and openness fuses with the courage 
and righteousness virtues of the lungs. 
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Connect the nose to both lungs. As the pearl arrives at the lungs, 
split the pear! into two pearls, one for each lung. The energy of 
fairness and openness that is now part of both pearls fuse and 
enhances the courage and righteousness energy of the lungs. 
When you feel righteous, you can feel tall, straight, uplifted, 
comfortable, strong, firm, proud and satisfied. The energy 
can be fresh, bright, white and pure. Enjoy the qualities of 
this energy. 

14. Let the pearls absorb the courage and righteousness energy. 
Bring both pearls to the collection point of the lungs (at the level 
of the navel and in line with the left nipple). Feel the courage 
and righteousness energy intensify as it circulates in the lungs. 
Let the pearls blend these virtues with their kindness, gentle- 
ness, honor, respect, fairness and openness energies. 


1.Become aware of 
the lungs. 


2. Do the Lungs’ 
‘Sound (Ssssssss) 
subvocally 


4, Form the lungs’ 
collection point by 
pulling up on the 
left side and 
forming awhite 
sphere. Gather 
3, Pull up the right the lungs energy. 
and left sides of the 
‘anus to the lungs. 
Fig. 6.46 Forming t orthe Lungs’ Energy. 
Direct both pearls to both kidneys. Courage and righteous- 
ness fuse with gentleness: the cycle begins again at the kid- 
neys. 
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Like any power tool, an electric drill needs and deserves your respect. You'd be surprised how much 
unintentional damage you can cause with such a simple device. Observe these simple safety rules when 
operating a power drill: 


Keep your work area clean and well illuminated, 
Remove any watches or jewelry you might be wearing. 

Ifyou have long hair, keep it pulled back and tied out of the way. 
Always clamp down any work t be drilled on a drill press. 
Always remove drill bits from the drill chuck after use, 

Discard dull or rusted drill bits that eannot be resharpened. 


Always wear safety glasses when operating power tools, 


Hand drills come in all shapes, sizes, and price ranges. Some are powered by hand cranks and some 
are electric. Rechargeable batteries make for very portable drils that you can carry almost anywhere, See 


Figure 2-13, The only drawback is their limited charge tr 


. That's why you should always have at least 


one spare battery charged up and ready to go. Electric drills with wires attached don’t have this problem. 
Just don’t trip over the cord! 


i 


— 


N 
\ 


Figure 2-13. A rechargeable hand drill. This model is both variable speed and reversible, which are two 
very desirable features in a hand dil, 
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15. As the pearls arrive at each kidney, the combined virtues of the 
pears (especially the energy of courage and righteousness) 
enhance gentleness and the cycle begins again at the kidneys. 
Repeat the cycle two more times. As you circulate the pearl in 
the second cycle, you will begin to notice that as the pearl ar- 
rives at each organ, the virtues will grow by themselves. Little 
by little, the eneray will blend more evenly. 

16. For the third cycle, bring the pearl from collection point to col- 
lection point without going into the organ first. With your atten- 
tion on the collection point, the energy will flow into the organ 
without conscious effort, and will join with the virtue energy to 
flow back toward the collection point, In this way the virtue en- 
ergies are enhanced and increased each time you bring the 
pearl to a collection point. If you wish you can practice the third 
round of the Creation Cycle three more times simply by bring- 
ing the pear! to the collection points. Each time you blend the 
energy, you increase it. 

17. Your energy now begins to have the quality of fine soup, with 
the proper combination of ingredients. Be aware of the quality 
of this energy. Itis very special. Fuse all good virtues energies 
into compassion energy. Creating a pearl of compassion en- 
ergy requires a tremendous amount of purified energy. Com- 
passion energy is not just love or kindness, gentleness or open- 
ness, but is a combination of all the good virtues’ energies, 
blended in proportion to become compassion energy. When 
you fuse the proportional blend of good virtue eneray into a pearl 
of compassion energy, you will feel more centered. The eneray 
of this pearl feels very different from the pearl you first formed. 
Move the compassion energy through the microcosmic orbit. 

18. When you feel the pearl of compassion energy strongly, move 
itdown to the perineum. Using your mind and senses, begin to 
move all of the compassion energy through the microcosmic 
orbit, letting its bright pearl shine as it travels along. Feel the 
different quality of this energy. Be aware of the loving, comfort- 
able, very beautiful way the organs feel as the energy runs 
through and spreads into them, filling them with life-force en- 
ergy. If you feel tired at any time, you can temporarily rest the 
pearl at your navel and practice the spinal cord breathing tech- 
nique described in the Chapter preceding this meditation. Re- 
turn your concentration to the pear! to form it again and return it 
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to the microcosmic orbit for circulation. Move the pearl through 
the micracosmic orbit 9-18 times. 


Fig. 6.47 Circulate the pearl in the Microcosmic Orbit. 
Shoot the Pearl above the Crown. 


1. As the pearl runs through the Microcosmic Orbit, begin to acti- 
vate the Cranial Pump. Press your tongue to the palate, clench 
your teeth, pull back your chin and roll your eyes up toward the 
crown. Feel the pulsing in your heart and in your head at the 
‘crown. You can touch your pulse at the wrist to help your aware- 
ness of the pulse both at the wrist and the crown. Your mind 
also helps to activate the Cranial Pump. 


Fig. 6.48 Pull the eyes into their sockets. 
Roll the eyes up and look up to the crown. 
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2. Inhale, be aware of and squeeze the anus and then exhale quickly 
to push the pearl up through the crown. 

3. You might be aware of a light, beam or frequency shooting out 
of your crown. This is the lead light first introduced in Fusion of 
the Five Elements. Sometimes itis called an indicator light be- 
cause it will indicate how high up your pear! will be able to go. 
Just as a light is used to guide helicopters to their landing point, 
sowill you use the lead light to guide the pearl back to the crown 
point. 

4. Direct all of your senses to push the pear! up to the area six 
inches to two feet (15-60 centimeters) above your head. Move 
the pearl up and down, left and right. 

5. Feel the Universal Force, the forces of the North Star and Big 
Dipper above your head, and the Cosmic Particle Force in front 
of youas they shine down to your pear. Feel your pearl start to 
absorb this energy and then feel it expand. 

6. Bring your awareness to your feet. Feel the energy supplied 
throughout your body through your feet. This is the Earth En- 
ergy. The pearl continues to expand with all the energy coming 
to it from outside the physical body. 

7. When you are ready, activate the Cranial Pump again. Press 
your tongue up, clench your teeth, pull back your chin, pull up 
your anus and look up to the crown. Feel the beating in your 
heart and the pulse at your crown. 

8. Activate the lead light, and let it shine up from your crown. It may 
feel like a frequency going out of the crown. Draw the pearl down 
to the lead light. Inhale and draw the pearl down. 

9. Circulate the pearl in the Microcosmic Orbit. Then bring it down 
to the navel and to the cauldron at the body's center. Collect the 
energy at the cauldron 

10.As you collect the energy and relax the mind, the pearl may 
disintegrate. Sometimes when you release the pear, it vanishes. 
Itis returning its energies, now enhanced by all virtue energies 
and the outside forces, to the organs and glands. They become 
stronger and healthier each time you practice. Each time you 
gather the energy and form the pearl again, the pear! will be 
stronger. 
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Summary 

1. Trust and Believe (Concept and Desire). 

2. Visualization turns into activation. 

3. Think and let it happen. It will become easier with practice. 
Once you understand the practice and go through the practice 

a few times, you can just simply use the mind and recall the past 

experience and there is no need to go through alll the steps. Think 

and let it happen. 

Fusion Opening: Fusing Universal Energy 

4. Inner Smile-Activate Compassion first (Love and Sexual En- 
ergy combined). 

2. Activate Three Fires. 

3. Create Pakuas; Front, Back, Facial, Universal. 

4, Form Cauldron, spin Pakuas. 

5. Form organ Collection Points of Physicial Body. 

Energy Body and Universal Body. 

Remove Negative Energy from the Organs. 

. Sense the Colors of the Collection Points imagine the Dial-1,2,3 

of Colors. 

8. Fuse inner Positive Energy of the Energy Body and Physical 
Body with Universal Energy through turning the Dial-1,2,3. 

9. Fusion of the Universe Energy back into Body and Energy Body. 

10. Create Four Balls of fused energy and spin them very very fast 
above the Cauldron. 

11. Form a Peart 

Begin Cosmic Fusion: the Creation Cycle. 

Be aware of the heart and cauldron activating the compassion fire. 

1. Listen to the Gentleness Virtue of the Kidneys. 

2. Gentleness Energy activates the Kindness Virtue of the Liver. 

3. Kindness Energy activates Honor, Respect, Love in the Heart. 

4, The Energy of Honesty and Respect activates the Fairness 
and Openness Virtues of the Spleen and Pancreas. 

5. The Energy of Faimess and Openess activates the Courage 
and Righteousness Virtues of the Lungs. 

6. Courage and Righteousness enhance Gentleness: the Cycle 
Begins again at the Kidneys. 

7. Combine all Good Virtues energies into the Heart and create 
Compassion Energy. 

8. Move the Compassion Energy through the Microcosmic Orbit. 

9. Shoot the Pearl above the Crown. 

10. Practice Chi Massage. 
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Chapter 7 
Opening the Thrusting Channels 


Theory of the Thrusting Channels 


After the positive emotional eneray of the organs is absorbed into 
the pearl, it is then circulated in four of the four special channels: 
the Microcosmic Orbit (Governor and Functional Channels), the 
Thrusting Routes, and the Belt Routes. The Thrusting Routes run 
through the center of the body, linking the “chakra” centers. The 
Belt Routes spiral around the body, strengthening the aura and 
providing a form of psychic self-defense. The second part of the 
Cosmic Fusion practice involves opening these three Thrusting 
Channels. 

The Thrusting Channels are a powerful means to clean out the 
negative emotions and detoxify the organs and glands. Set into 
action, the three Thrusting Channels will serve as strong and effi- 
cient ways to check your center and observe the status of your 
emotions. 

The Thrusting Channels run from the perineum to the crown 
and are separately identified as the Middle, Left and Right Thrust- 
ing Channels. The Middle Thrusting Channel begins directly at the 
perineum and runs vertically up to the crown. The Left Thrusting 
Channel is located one and a half to three inches to the left of the 
Middle Channel, while the Right Thrusting Channel is one and a 
half to three inches to its right. 

When you are feeling emotional, you can check the Thrusting 
Channels, especially the Middle Channel, to discem whether you 
are off-center. You will know if you are out of balance when you feel 
the emotions running more on the left side or on the right, instead 
of through the middle of the body. If you center the emotions through 
the Middle Thrusting Channel, and keep the Left and Right Thrust- 
ing Channels in balance, you will very quickly center yourself. The 
Thrusting Channels serve as guidelines to decision-making in your 
daily if. 
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Nose 


Governot 
Right Thrusting Channel 


Channel Middle Thrusting 
y Channel 
Right 9 | ) 3 Lett 
Left Thrusting 
Channel * 


Functional 
Channel 


Fig. 7.4 Four Psychic Channels 


Procedure for Opening 
the Thrusting Channels 


The Thrusting Channels need the tremendous energy of good vir- 
tue to help them open. Begin by forming a pearl of virtue energy. 
With your continued, conscientious practice of the compassion 
fire and the fuse the inside with the outside energy to form the 
pearl, you will be able to assimilate the energies into a new and 
stronger pearl, a pearl that responds to your intention, This means 
that all you need do to form a new pearl is concentrate on the 
cauldron and the pearl in it, and on the front, back, left and right 
pakuas and fuse inside with the outside energy. Control of the in- 
ternal weather, senses, organs and emotions will be possible in as 
little as a few seconds. You do not have to go through all the steps 
of chanting and collecting the energies every time you do the Fu- 
sion practice. It is helpful and creates a stronger experience if all 
the steps are taken. So the first step to opening the Thrusting Chan- 
nels is to construct the pakuas, chant the eight directions, form the 
collection points of the Physical Body, the Energy Body and the 
Universal Body, and fuse them together into the pearl 
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The pear! will be thrust up from the perineum (or testicles in 
men). Each Thrusting Channel precisely penetrates the body. 


Although it may seem difficult at first, using your beautiful pearl 
will help make it easier. Other aids such as pulling up the anus and 
inhaling help the energy move in each of the three Channels. Once 
you are able to pass the energy through the Channels, you will find 
that the energy will move by itself without assistance. 


Note: You must be very careful and gentle with this procedure. If 
the energy reaches the heart and head too quickly using the Thrust- 
ing Channels, the heart will become congested and you may 
‘experience pressure. If the heart becomes congested and over- 
heats with energy: (1) Do not thrust above the diaphragm and (2) 
Practice the Heart Sound. Do not overheat the heart, liver or head. 


Initially the Thrusting Channels have approximately a one-half 
to one inch diameter. Once they are activated, they can become 
very wide. At first concern yourself with drawing the energy directly 
up. Later, when you have become familiar with the process, the 
energy can be spiraled up each route. 


Seated Position 


Like many other Universal Tao exercises, the methods of opening 
the Thrusting Channels are practiced from a seated position. Sit- 
ting on a chair with your feet touching the floor and your spine erect 
‘connects you with two important energy ‘wires’: Earth Energy and 
Heavenly or Universal Energy. The Energy Body you eventually 
create needs the ground wire of Earth Energy to hold and support 
it. Otherwise, you can become disoriented and lost. Once your are 
more in control of the energy you can practice standing, or lying 
down on a bed or the floor. 
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Anal Muscle 


If you do not strengthen your anal muscle, you will not progress 
very far in any of the Universal Tao System's practices. The anus 
muscle is connected to the perineum and everything in the body 
above it. If you invest all of your money on building the top floors of 
a building, and do not invest anything in the foundation, the building 
will fall, Think of the anus and perineum as your foundation. The 
anus muscle is used to seal your “lower gate.” Closing this orifice 
helps to retain and prevent loss of your energy. 


Anus Muscle 


‘Anus Muscle 


Fig. 7.2 Anal Muscle 
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Saliva 


Saliva is yet another aid in performing these exercises. Once you 
have been able to bring the energy up through all the routes to the 
crown successfully, saliva generation becomes very important. 

In the body, the moon influences the kidneys, which are linked 
with the salivary glands, the ovaries and semen. When the kidneys 
are stimulated during sex, the Chi is raised up through the spine, 
then it flows down in the saliva, and the kidneys’ essence trans- 
forms into sexual energy. The saliva has two functions: purifying 
the mouth, and nourishing our immortality, the water of life. The 
energy from the saliva lubricates 100 joints, and it stimulates and 
harmonizes the organs. Itis very important to enhance the produc- 
tion of saliva by absorbing the moon's energy through the breath 
absorption exercises. It is a sign that the techniques are working 
When the saliva floods into the mouth. 

Although saliva is a lubricant for the Channels, it first serves as 
an agent to burn and clean them out of any impurities that could 
block the flow of energy. So when resting during the practice of 
‘opening the thrusting channels move your tongue around to create 
saliva, Make it thick and swallow down forcefully, feeling it go down 
the channels that you are working on (See the book “Elixir Chi 
Kung" by Mantak Chia). 


Fig. 7.3 Saliva 
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‘A person experiences the Thrusting Channels according to his 
or her kinesthetic or visual perceptions. The majority of people are 
more kinesthetic and can undeniably feel the quality of the con- 
densed energy as it passes through each level of the channels. 

Visual people can see patterns and colors. The Thrusting Chan- 
nels, like the organs they intersect, have corresponding colors. 
The Left Channel is Red, Middle - White and Right- Blue. Regard- 
less of your perceptual tendency, both the senses and the organs 
are used to control the Thrusting Channels. 

The denser or more polluted the organ, the more energy is 
requires to pass through the affected Thrusting Channel. 

‘As a safety precaution and as preparation to be able to move 
the energy to prevent it from sticking, the Thrusting Channels are 
‘opened in four stages. The pearl is brought (1) up to the diaphragm; 
(2) up to the neck; (3) up to and out of the crown; (4) down to the 
feet, into the ground; and up to the crown. 

This will be done a total of nine times at each stage in the fol- 
lowing sequence: (1) left, (2) middle, (3) right, (4) middle, (5) left, 
(6) middle, (7) right, (8) middle and (9) left. 
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Note Power drills are also very handy when used with screwdriver bits. They can save you time and many 
blisters! 


Drill bits likewise come in all sizes and shapes, You can buy sets with a variety of sizes, and these will 
usually come with a handy storage container that conveniently labels all the sizes for you. This only 
‘works, however, to their proper location once you've finished 
‘working with them. 
A drill press has a large frame that facilitates drilling a precisely aligned hole, over and over again. 

‘You can make spindle-speed adjustments to drill presses (even small ones, such as the one pictured in 

‘igure 2-14) either through an electronic speed control or by changing up the belts and pulleys that drive 
the spindle, There are even small frames for mounting handheld drills or rotary tools, such as the 
Dremel brand of tools. You can often, however, find actual, dedicated drill presses on sale for about the 
same price as the daintier Dremel tools. 


Figure 2-14, A small tabletop drill press 
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Men & Women Practices: Open Channels Differently 


Once the channels have been completely opened, men and women 
practice differently. Without stopping, men will thrust the energy 
directly up through the Thrusting Channels and out of the crown. 
They then will bring the energy back in to flow down the Thrusting 
Channels and down through the soles of the feet into the ground, 
They can continue to bring the flow up around the body and in 
through the crown. Without stopping, women will thrust the energy 
down through the soles of the feet into the ground and then up 
through the Thrusting Channels to and out of the crown. They then 
spray the energy down around the body, tuck it under the feet and 
draw it back in through the toes. 


the ground 


Fig. 7.4 Cosmic Thrusting and Belt Channels 
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Practice of Opening the Thrusting Channels 


4. Form a Pearl and Send it to the Perineum 

Ina seated position smile down to your organs and glands, and 
put yourself in a state of relaxation and happiness. Begin with the 
meditation exercises of the Creation Cycle to form a pearl of com- 
passion energy. 

‘As you have learned, there are many steps in forming such a 
pearl. However, once you have programmed yourself o all of these 
steps through continued practice, you can simply push the button 
and the whole program is activated. When you are able simply to 
sit quietly and feel the sensation of compassion eneray forming, 
you are pushing the button and the entire process takes very little 
time. In other words once you have experienced compassion en- 
ergy, all you need to do is to recall the state to create the energy 
again. You will not need to go through the entire process each time. 
‘You will know when you look at the pearl whether or not the pro- 
cess has been completed. If you find something is not right, you 
can review the steps and find out where the problem is. 

As the pearl is forming, use your mind and senses to control it. 
Slowly move it down to the perineum. At any time during your prac- 
tice, if the pearl seems to weaken, diminish, or you lose track of it, 
return to the navel and quickly form a new pearl. Bring that pear! to 
the perineum and resume practice. 

While you are learning how to bring the energy up through the 
channels, it is easier to focus on the organs the channel passes 
through than to focus on the channel. You might think of the pro- 
cess as learning how to read. Once you are able to read, you no 
longer have to think about your ABC's. 


2. Stage One: Thrusting Channels to Below the Diaphragm 
A. Left Thrusting Channel to the Diaphragm 

In ll Universal Tao practices itis important to train the power of the 
mind and senses to control our energy (Chi). The power of mind, 
‘eye and heart guides the Chi, providing a way to control and direct 
your life force. Breathing techniques also help to activate the Thrust- 
ing Channels. It is necessary to have some control over indepen- 
dent breathing through each nostril. Since in the beginning this is 
difficult to do, you can use your right index finger to cover the right 
nostril. Feel the breath on the left side only. Use the left eye, ear, 
and nostril to assist you in drawing up the energy. 
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41. Left Testicle (Men), Left Ovary (Women) and Left Kidney 

a. Sit up, using your mind, heart and eye power to look inside 
and be aware of the perineum. Also become aware of your 
left nostri, left ear, left eye and left anus. 

b. Activate the Left Thrusting Channel by inhaling through the 
left nostril in short sips (about ten percent of lung capacity 
with each breath.) 

c. Then men slightly pull the left testicle and the left side of the 
anus up toward the left. Women slightly pull the left side of 
the anus up toward the left. Draw the pearl up with each sip 
of air. The left eye should internally look down, and then use 
the mind/eye power to look up as the pearl is drawn up. (The 
physical eyes do not actually look up.) Women direct the pearl 
to the left ovary and the left kidney; men direct the pearl to the 
leftkidney. 

d. Exhale, relax the eye and the muscles, letting the pear! drop 
to the left side of the anus (and left testicle in men), and rest. 
Rest and feel the left side become lighter as the energy be- 
gins to flow up without effort. Practice nine times. Each time 
you rest use your mind to trace the Left Thrusting Channel. 


Left Side of the Brain 


me Left Lung 
First Pull Up 
in the Middle pee 
‘Adrenal Gland 
And Pull Up to Left Kidney 
the Left Side 


Large intestine 


Prostate Gland 
Left Testicle 


Fig. 7.5 Left Partin the Male 
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‘Thyroid and 
Parathyroid Gland 


First Pull Up 
inthe Middle 


‘And Pull Up to 
the Left Side 


Lungs 
Heart 


Fig. 7.6 Left Part in the Female 


2. Spleen 

Close the right nostril, inhale, and pull up. As you sip in the air, 
se the mind power and the left eye, ear and nostril to draw the 
energy up from the left testicle (men), through the left ovary 
(women), the left kidney, and up to the spleen. Exhale; release the 
‘energy down. Practice nine times. Rest, and feel the energy flow 
up the Left Thrusting Channel to the spleen under the diaphragm. 


B. Middle Thrusting Channel to the Diaphragm 
1. Prostate (Men) or Cervix (Women) 

Men concentrate on the middle of the scrotum, perineum, and 
anus. Women concentrate on the middle of the perineum and anus. 
Inhale, and pull up the middle of the scrotum (men), perineum and 
anus. Use all the senses to draw the energy up to the prostate 
(men) or cervix (women). Look up with both eyes as you do so. 
Relax the eyes and anus muscle, and let the pearl drop back down 
to the perineum and scrotum (men). Feel the energy begin to flow 
up as you rest. Do this nine times. 


2. SmalliLarge Intestine, Aorta and Vena Cava 

Inhale and pull up the scrotum (men only) and anus. Use the 
eyes, ears, and nose to draw the energy to the prostate/cervix, 
small intestine, large intestine, aorta and vena cava. Do not thrust 
beyond the diaphragm. Practice nine times. Rest, and feel the en- 
‘ergy flow up through the Middle Thrusting Channel to the vena cava 
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3. Stomach and Pancreas 

Follow the above procedure and thrust through the middle or- 
gans to the stomach and pancreas. Practice nine times. Swallow 
the saliva, rest and feel the energy flow in the Middle Thrusting 
Channel up to the diaphragm. 


Crown: 


Pineal Gland 
Pituitary Gland 


Thyroid Gland, 


Heart 
Stomach 


Aorta 


Prostate Gland 


Crown Point age 
Pineal Gland 
Pituitary Gland 
Tongue 
Thyroid Gland 
‘Thymus Gland 


Fourth Pull Up 


Heart 
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secon Pull Up 


Genitals First Pull Up 


Fig. 7.8 Middle Partin the Female 
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C. Right Thrusting Channel to the Diaphragm 
1. Right Testicle (Men), Right Ovary (Women) and Right Kidney 

a. Close the left nostril with the index finger of the left hand. Use 
the right eye, ear and nostril to direct the energy up the right 
channel. Put your right hand on the right kidney. 

b. Inhale in short sips equal to ten percent of lung capacity. Look 
up with the right eye. Pull up the right testicle (men only) and 
the right muscle of the anus toward the right side. Direct the 
energy up the right Thrusting Channel to the right ovary 
(women) and kidney. Practice nine times. 

c. Exhale and rest. Let the pearl drop down, returning to the 
perineum and right testicle (men only.) Feel the right side 
become lighter as the energy flows up the Right Thrusting 
Channel to the right kidney without effort. 


First Pull Up 
in the Middle 


Right Side 


Adrenal Gland 
Right Kidney 
Large Intestine 


Prostate Gland 
Left Testicle 


Fig. 7.9 Right Partin the Male 
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Thyroid and 
Parathyroid Gland 


Right Lung 


First Pull Up 
inthe Middle 
‘Adrenal Gland 
Right 2) Right Kidney 


Fig. 7.10 Right Partin the Female 


2.Liver 
Close the left nostril, inhale and pull up. Use the right eye, ear 
and nostril; draw the energy up from the right testicle (men only), 
through the right ovary (women only), the right kidney and up to the 
liver. Exhale, relax and let the pearl return to the perineum. Prac- 
tice nine times. Rest, and feel the flow of energy through the Right 
Thrusting Channel to the liver, under the diaphragm. 
a. Combine all Three Routes 
Continue to practice moving the pearl up and down through 
a combination of all three Thrusting Channels to under the 
diaphragm in the following nine steps until the energy is flow- 
ing easily: (1) Left Channel; (2) Middle Channel; (3) Right 
Channel; (4) Middle; (5) Lett; (6) Middle; (7) Right; (8) Middle; 
and (9) Left. It helps to quicken the speed with each attempt 


Note: Stay relaxed during this exercise, and avoid using force. 
Once you are accustomed to thrusting the pearl and feel that the 
channels are clear, there is no need to close the nostrils for the left 
and right channels. Just simply pull up the perineum and anus, and 
use the power of the mind, 
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b. Clearing the Routes with Saliva 

End by preparing the saliva. First sweep your tongue across 
the outer surface of your upper teeth, starting on the leftside 
at your wisdom tooth, with the tip of the tongue going along 
the gums. When you arrive at your upper right wisdom tooth, 
move the tip of your tongue down to the lower right wisdom 
tooth and move along the front of the lower teeth. When you 
arrive at the lower left wisdom tooth, start again at the upper 
wisdom tooth. Circle around in this manner a few times. Then 
similarly sweep along the inner surface of the upper and lower 
teeth and gums. Your mouth will begin to fil with saliva. 

Gather the saliva into a ball using your tongue. Press your tongue 
to the roof of your mouth and swallow the saliva quickly with a 
gulping action. Feel the saliva bum out the impurities in the Chan- 
nels and lubricate them. 

Practice this stage for about one or two weeks until you can 
control the energy very well, then continue to the next stage. Each 
time you finish, move the energy in the Microcosmic Orbit and col- 
lect the energy in the cauldron, When you are ready to continue to 
the next stage, practice Spinal Cord Breathing at this point in your 
preparation. 


‘Thoracic Vertebrae Aorta 


'Serratus Anterior 
Muscle 


“Thymus Gland etatdial Cavity 


Fig. 7.11 Cross Section of the Thorax 
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3. Stage Two: Thrusting Channels to the Neck 


A. Left Thrusting Channel to the Neck 
4. Diaphragm 

Using the procedure described above, bring the pearl up the 
Left Thrusting Channel to below the diaphragm and let it return 
down to the perineum. 
2. Left Thyroid and Parathyroid Glands 

Using the same procedure, bring the pearl up through the left 
ovary (women), left kidney and spleen, and continue to bring the 
pearl up to the left lung, and left thyroid and parathyroid glands. 
Hold fora while, and then exhale. Let the pearl return to the perineum. 
Practice nine times. 

Be aware of the energy flow up to the neck through the Left 
Thrusting Channel. 


B. Middle Thrusting Channel to the Neck 
4. Diaphragm 

Using the procedure described above, bring the pearl up the 
Middle Thrusting Channel to below the diaphragm, and let it return 
down to the perineum. 
2. Thymus, Thyroid and Parathyroid Glands 

Using the same procedure, bring the pearl up from the perineum 
through the prostate (men), cervix (women), small/large intestine, 
aorta and vena cava, stomach and pancreas. Continue to bring 
the pearl up to the heart, to the thymus gland under the sternum, 
and up to the middle of the neck, thyroid and parathyroid glands. 
Practice nine times. Exhale, relax and let the pearl drop down again. 

Be aware of the Middle Thrusting Channel as the energy flows 
up to the neck. 


C. Right Thrusting Channel to the Neck 
4. Diaphragm 

Using the procedure described above, bring the pearl up the 
Right Thrusting Channel to below the diaphragm and let it return 
down to the perineum. 
2. Right Thyroid and Parathyroid Glands 

Using the same procedure, bring the pearl up from the perineum 
to the right ovary (women), right kidney, liver and continue to bring 
the pearl up to the right lung and to the right thyroid and parathyroid 
glands. Exhale, and slowly release the energy down. Practice nine 
times. 
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Be aware of the Right Thrusting Channel as the energy flows 
up to the neck. 


D. Continue to Practice the Three Thrusting Channels to the 
Neck 

Practice all three Thrusting Channels to the neck, nine times 
each, as delineated for the diaphragm: left, middle, right, middle, 
left, middle, right, middle and left. 


E. Clear the Routes with Saliva 

If your throat feels dry, you can collect and warm the saliva in 
your mouth. Tighten your neck a little bit, and swallow the saliva 
with a guttural sound down to the stomach. Feel the saliva like a 
fire clearing all three channels. 

Practice this stage for about one or two weeks, each time fin- 
ishing by moving the pearl in the Microcosmic Orbit and collecting 
itin the cauldron, 


F. Rest and Concentrate on All Three Channels 
Rest and concentrate on all three channels, visualizing the left 
route as red, the middle as white, and the right as blue. 


4, Stage Three: Thrusting Channels to the Crown 


In stage three of opening the Thrusting Channels, the pearl is 
thrust through the channels up to and out of the crown. 


A. Left Thrusting Channel to Crown 
1. Left Eye 

Follow the above procedure for thrusting through the Left Thrust- 
ing Channel to the neck, and continue thrusting to the left eye. 
2. Crown 

Repeat the Left Thrusting Channel to the left eye and continue 
to thrust the pearl up through the left hemisphere of the brain to the 
crown. Practice nine times. Rest, and mentally trace the Left 
Thrusting Channel from the perineum to the crown. 


B. Middle Thrusting Channel to the Crown 
1. Mideyebrow 

Repeat the Middle Thrusting Channel procedure as described 
to the neck and continue thrusting to the mideyebrow. 
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Caution When working with drills and presses, always Keep your work area clear. Always wear safety glasses 
‘when using power tools. Try to keep the chuck key handy. Don't leave dril bits mounted in the chuck when natin 
use. Many chuck keys have buit-n springs that prevent them from remaining in the chuck. Those that don't risk 
being accidentally lef in the chuck when the drill ts turned on, which can ether fling the chuck across the 
‘workshop or make a big mess of your favorite hands. 


Laser Cutters and 3D Printers 


While not everyone can afford some of the more expensive and esoteric tools that are available, some of 
these tools are getting more popular than others; excellent examples are laser cutters and 3D printers. 
See Figures 2-15 and 2-16. 

Laser cutters and engravers use a powerful carbon-dioxide laser to cut through wood and non- 
chlorine-based plasties, The laser beam is focused onto the work surface using mirrors that are mounted 
in an XY gantry, allowing the cutting area to be controlled by a computer. Typical installations require 
venting to the outside because of the various aromas produced in the process, as well as a water-cooling 
system for the laser tube itself. 

‘There are also some newer laser cutters being built by hobbyists from scratch. 


Figure 2-15. A laser cutter. A powerful 40W carbon-dioxide laser is used to cut through wood and non- 
chlorine-based plastic, all under computer control, Itcan also be used as an engraver. This model is 
manufactured by Full Spectrum Engineering. 
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2. Crown 

Repeat the Middle Thrusting Channel to the mideyebrow, and con- 
tinue to thrust the pear! up through the pituitary gland to the pineal 
gland at the crown. Practice nine times. Rest, and mentally trace 
the complete Middle Thrusting Channel. 


C. Right Thrusting Channel to the Crown 
4. Right Eye 

Repeat the Right Thrusting Channel procedure as described to 
the neck and continue thrusting to the right eye. 
2. Crown 

Repeat the Right Thrusting Channel to the right eye, and con- 
tinue thrusting the pearl up to the right hemisphere of the brain and 
then to the crown. Practice nine times. Rest and trace the route 
mentally from the perineum to the crown. 


D. Continue to Practice the Three Thrusting Channels to the 
Crown 

Continue to practice the three Thrusting Channels to the crown 
nine times as was delineated for the diaphragm and again for the 
neck: left, middle, right, middle, left, middle, right, middle and left. 


Fig. 7.12 Three Thrusting Channels up to the Crown 


171+ 


Chapter 7: Opening the Thrusting Channels 


You now have succeeded in bringing the pearl through the 
Thrusting Channels to the crown. Your goal is to follow the se- 
quence above using nine thrusts distributed among these three 
channels. Be aware of how and where the energy flows through 
the three Thrusting Channels, and how the three channels pen- 
etrate all the organs and glands. These channels are very power- 
ful. They clean, detoxify and purify the organs at a much deeper 
level. 


E. Bring the Pearl into the Microcosmic Orbit 

When you have finished this stage of practice, you can bring the 
pearl into the Microcosmic Orbit and circulate it. Feel the Micro- 
cosmic Orbit encirciing the Thrusting Channels. The top and bot- 
tom of the Thrusting Channels are joined with the Microcosmic 
Orbit at the crown and the perineum. 

Use your mind to assist the flow of energy through the Thrusting 
Channels and through the Microcosmic Orbit when the pearl 
reaches the crown point or the perineum point. 

Your Microcosmic Orbit practice will change dramatically after 
you learn the Fusion of the Five Elements meditations. When you 
first practice the Microcosmic Orbit, the energy you move through 
your channels is raw energy. By contrast, when you reach the level 
of Fusion practice, the energy is more refined and condensed, and 
it is therefore much more powerful. The Fusion practice includes 
the Microcosmic Orbit, so it might be said that the Fusion medita- 
tion is simply a more advanced way of practicing the Microcosmic 
Orbit meditation. 

Practice this stage for two or three weeks until feel you have 
gained control of the energy. 


5. Extending the Three Thrusting Channels above the Crown 


‘Once we have purified and transformed the negative energy of 
the organs back into usable life-force energy (Fusion of the Five 
Elements), distilled this energy along with the virtue Chi of the or- 
gans into the pear! (Cosmic Fusion), and opened all our reservoirs 
or special channels, giving us a larger energy capacity, we can 
increase our virtue energies further by connecting with the external 
sources of Five Elements Chi and directing the external Chi to- 
ward its associated organs. Moving the pear! out of the physical 
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body makes it easier for the pearl to absorb these energies. It be- 
‘comes like an antenna that receives the external Chi and conducts 
itinto the physical body. In this way, we again nourish our health in 
this life as well as strengthening the Energy Body and spirit in prepa- 
ration for the next. 


Fig. 7.13 Three Thrusting Channels above the Crown 


After you gain full control of the energy, you will be able to send 
the pearl out of the body at the crown. Begin to practice quickly 
forming a fresh pearl in the practice of formimg the pearl by fuse in 
and out and back to the inside to form a pearl. Follow with the 
Creation Cycle. Then, thrust the pearl up through the Thrusting 
Channels to quickly clear out these routes. You are now ready to 
extend the channels above the crown. 
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Bring the energy down to the perineum, and start with the Left 
Thrusting Channel up to the left crawn. Push the pear! out at the 
crown of the head to about three to six inches (seven and a half to 
fifteen centimeters) above the crown. Similarly, push the pearl out 
of the crown through the Middle Thrusting Channel, and then the 
Right Thrusting Channel 


Pull the eyes upwards 


Fig. 7.14 Use Physical and Mental Power to push the 
Pear of Energy up through the Crown. 


Each time you push the pearl out at the crown, be aware of an 
energy ball hovering about six to ten inches (fifteen to twenty-five 
centimeters) over the crown. Draw and absorb the Heavenly En- 
ergy to the pearl, Then slowly let the energy melt and flow down to 
the crown, and then into the body, all the way down through the 
three Thrusting Channels to the perineum 


6. Stage Four: Leg Routes and Thrusting Channels into the 
Ground 


In the final stage of opening the Thrusting Channels, the energy 
will go all the way down to the feet and into the ground, and then up 
through the channels with each thrust. After you have formed an- 
other new pear! by practicing Fusion of the Five Elements and the 
Creation Cycle of Cosmic Fusion, bring the energy down to the 
perineum, 
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Sole of the Feet 


Fig. 7.15 Three Thrusting Channels down to the Ground. 


A. Bring the Energy Down to the Soles of the Feet 
4. Left Thrusting Channel 

Split the pearl in two, and bring the energy from the perineum 
down the back of both legs to the backs of the knees, and then 
down to the heels and soles of the feet. Stop for a while, and ab- 
sorb the Earth Energy through the soles. Then bring the eneray up 
the front of the legs through the big toes, knees, front of the thighs, 
all the way back to the perineum. Recombine the pear! at the 
perineum. Then run the energy through the Left Thrusting Channel 
by slightly tightening the left side of the anus and looking up with 
the left eye. Bring the pearl all the way up through the left hemi- 
sphere of the brain and left crown, and out to three inches (seven 
and a half centimeters) above the crown. Relax, and bring the pear! 
down to the perineum. 
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2. Middle Thrusting Channel 

From the perineum, split the pearl, and bring the pearl down the 
backs of both legs to the soles of both feet. Absorb the Earth En- 
ergy through the soles, then move the energy up to the toes, to the 
knees, returning to the perineum. Recombine the pearl at the 
perineum. Now bring the pearl all the way up the Middle Thrusting 
Channel, squeezing the middle of the anus and looking up with 
both eyes. Bring the pearl all the way up through all the organs and 
glands to the crown, and out to three inches (seven and a half 
centimeters) above the crown. Then bring it down to the perineum 
again. 

3. Right Thrusting Channel 

From the perineum, split the pearl, and bring it down the backs 
of both legs. Absorb the Earth Energy through the soles of the feet. 
Then bring the pearl up again to the perineum. Recombine the 
pearl at the perineum. Use the right anus muscle, look up with the 
right eye, and bring the pearl all the way up the Right Thrusting 
Channel through the right hemisphere of the brain and out of the 
crown three inches (seven and a half centimeters.) Bring it down 
to the perineum. 

Continue bringing the pearl to the Thrusting Channels in the fol- 
lowing sequence: left, middle, right, middle, left, middle, right, 
middle, and left, finishing each step by looping the pearl through 
the leg route. End on the left side of the perineum. Swallow the 
saliva, as described before. 


B. Bring the Energy into the Ground 

‘Once you have practiced bringing the pearl down to the soles of 
the feet for a while, add a new step. Begin by shooting the energy 
from the perineum down the backs of the legs and through the 
soles of the feet, from six inches to one foot into the ground. Feel a 
‘connection or rooting to the earth, then draw the energy up to the 
soles of the feet, to the toes, up the front of the legs, and into the 
Thrusting Channels. 

With this step you have completed opening all the Thrusting 
Channels. Practice for two or three weeks until you develop full 
control of the energy traveling through these channels. 


7. Men and Women Now Practice Differently 
At this stage all the Thrusting Channels and Leg Routes are 
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‘open, and men and women start to practice differently. Both quickly 
practice Fusion |, and the Creation Cycle and Thrusting Channels 
of Fusion II, and bring the pearl to the perineum. 


A. Men start by bringing the Pearl to the Crown. 

Men bring the pear! from the perineum up to and out of the crown 
to about six inches (fifteen centimeters.) Feel your pearl hook up 
with the higher energy source, Heavenly Energy. Absorb this en- 
ergy into the pearl. Then bring the energy back into the body. As it 
enters the crown, let the pear! split in three. Feel the energy pen- 
etrate through three holes at the top of the head. Feel it flowing 
back down to the perineum through the three Thrusting Channels, 
penetrating all the organs and glands. 


Fig. 7.16 Bringing the Pear! to the Crown 


From the perineum men will push and guide the energy down 
the back of both legs to the soles of the feet, and then six to twelve 
inches (fifteen to thirty centimeters) into the ground. Feel a con- 
nection oF rooting to the earth, then draw the Earth Energy up to 
the soles of the feet. Bring the energy to the toes. Start to spread 
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the energy out from the ten toes, shooting the energy up to and into 
the crown, like a waterfall with a reverse flow. Draw the pearl back 
down to the perineum, and then repeat the process. 

Practice nine times. Feel the flow of eneray like a magnetic field 
surrounding your body. 


B. Women start by bringing the Pearl to the Feet. 

Women bring the pearl downto the perineum, divide it, and shoot 
it down the backs of both legs, through the soles of the feet, six to 
twelve inches (fifteen to thirty centimeters) into the ground. Feel a 
connection or rooting to the earth, and absorb the Earth Energy 
into the pearl. Then draw the Earth Energy up to the soles of the 
feet. Bring the energy all the way up the front of the legs to the 
knees, and back to the perineum. As the energy travels up the 
legs, feel it penetrate the bones. 


Fig. 7.17 Women bring the Pearl to the Feet. 
‘Spread the energy into the three Thrusting Channels, and thrust 


it as though it were on a three lane highway all the way up to the 
‘crown. Feel the energy spread from the crown like a spring or wa- 
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ter fountain pouring out of the body, entering into the soles of the 
feet, where it again joins together with energy from the earth. While 
the energy is outside and circling the body, itis also gathering pure, 
radiant Cosmic Energy. Repeat this meditation nine times. 


8. Finishing the Meditation 

Both men and women should finish by collecting the energy at 
the cauldron and practicing Chi Massage. This completes the prac- 
tice of the Thrusting Channels. Continue to practice for a few weeks 
until you gain control of it. 


Additional Exercise for Opening the 
Thrusting Channels 


Alternate Nosttil Breathing 

The alternate nostril breathing helps to generate more power in 
moving the pearl up and down the Thrusting Channels. By closing 
‘one side of the nose, it is easier to move the pearl through the 
specific left or right channels. 

Hold the right nostril closed with the finger tips. 

Inhale up through the left nostril, and feel the pear! move up from 
the perineum to the crown. 

Exhale out through the left nostril and bring the pearl back down 
to the perineum. 

Inhale through the left nostril and bring the pearl to the Middle of 
the perineum. 

Close both nostrils and suck the pearl up through the middle 
Thrusting Channel to the crown. This suction is created by an 
inhaling motion without actually drawing any air into the lungs. 

Hold the right arm down towards the ground and exhale any 
cloudy or gray energy out of the Thrusting Channel. 

The same procedure is repeated in the Right Thrusting Chan- 
nel. 

Hold the left nostril closed with the finger tips. 

Inhale up through the right nostril, and feel the pearl move up 
from the perineum to the crown. 

Exhale out through the right nostril and bring the pearl back down 
to the perineum. 

Inhale through the right nostril and bring the pear to the middle 
of the perineum. 
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Close both nostrils and suck the pearl up through the Middle 
Thrusting Channel to the crown. 
Hold the left arm out and down to the ground, exhaling any cloudy 


gray energy down to the Earth. 
Repeat 3 - 9 times or until you feel the Thrusting Channels clean 


and clear with positive energy. 


Fig. 7.18 Alternate Nostril Breathing 


Fig. 7.19 Exhale cloudy energy out of the Thrusting Channel. 
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3D printers seem to be all the rage these days. We'te all pretty accustomed to the idea of printing on 
paper with a computer, although its still a pretty recent innovation, as far as the history of printing goes. 
The idea of printing a solid object, on the other hand, is considered to be something of a game-changer. 

‘The simplest 3D printers use a plastic extrusion and a motorized gantry to operate as a kind of a 
robotic glue gun. A plastic filament is fed into a heated fixture that is moved around a print bed, leaving a 
trail of cooling, gooey plastic. Either the extruder or the print bed is moved using motors under 
computer control to build up a layer at a time of the desired object. 

Higher-technology 3D printers use this and other techniques to produce tangible, solid objects, 
Some use layers of fine powder that is glued together with a binder dispensed from a print head, similar 
to an inkjet printer. As each layer is printed, the object is lowered and another layer is deposited. This 
can even be done with sugar, as in the case of the CandyFab 4000, designed by the clever folks at Evil 
Mad Scientist Laboratories (www.evilnadscientist .con/article.php/candyfab). A stream of heated airis 
used to fuse a layer of sugar into a single solid structure, and an object is built up of successive layers. 


Figure 2-16, A 3D printer at Dallas Makerspace. This machine uses a heated extruder to build 3D objects 
out of plastic. 


Basic Test and Measurement Equipment 


When itis behaving itself, electricity is generally invisible. To “see” what it is doing, or not doing, you will 
need some specialized tools, These fall into the two general categories of test and measurement 
equipment. 

The line between testing and measuring is sometimes blurry. One possible distinction might be that 
testing verifies proper operation within acceptable parameters, while measurement actually assigns 
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Summary 
Opening the Thrusting Channels 


Begin the Fusion practice by Opening the Three Fires, activate 
the compassion fire forming the pakuas by chanting the eight forces, 
forming the collection points, fusing the colors, and forming the 
pearl. Review the explanation discussed previously. Once you feel 
the pearl is strong and full of energy, you do not have to go through 
all these stages all the time. Just think and let ithappen. 


The Thrusting Channels are Opened in Four Stages. 

(1) to the diaphragm; (2) to the neck; (3) to and out of the crown; 

(4) down to the feet, into the ground; and up to the crown. 

4. The Left Thrusting Channel penetrates the left testicle (in men), 
left side of the perineum and anus, left ovary (in women), left 
kidney, spleen, heart, left lung, left parathyroid and thyroid glands, 
left ear, left eye, and left hemisphere of the brain. 

2. The Middle Thrusting Channel runs through the middle of the 
scrotum (in men), perineum, middle of the anus, cervix (in 
women), prostate (in men), aorta, vena cava, pancreas, stom- 
ach, heart, thymus gland, throat, tongue, pituitary, hypothala- 
mus, and pineal glands, and crown. 

3. The Right Thrusting Channel goes through the right testicle (in 
men), right side of the perinium and anus, right ovary (in women), 
right kidney, liver, right lung, right parathyroid and thyroid glands, 
right ear, right eye, and right hemisphere of the brain. 


Note: Avoid overheating the heart, liver, or head. Be very gentle 
with this procedure. If the energy reaches the heart and head too 
quickly the heart will become congested and you may experience 
pressure. If the heart overheats with energy, avoid thrusting above 
the diaphragm, and practice the Heart Sound (Hawwww). 


‘Strengthen your anus muscle, the foundation, connected to the 
perineum and everything in the body above it. Saliva purifies the 
mouth, and nourishes immortality. When resting, create and gather 
saliva. Make it thick and swallow down forcefully. 
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Fig. 7.20 Thrusting Channel 
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Chapter 8 
Belt Channels 


Theory of the Belt Channel 


The Belt Channel is a psychic channel of power and self-defense, 
encircling the body with energy. It protects the body and fences the 
energy within the Governor, Functional and Thrusting Channels, 
while warding off negative energy from the outside world. Starting 
at the navel each Chi center of the body is crossed and encircled 
by one level of the continuing Belt Channel. 

A cross-section at the navel level would show the Belt Channel 
connecting to the other channels you have learned to this point. At 
the front of the body, the Belt Channel connects with the Functional 
Channel. As it moves to the left side it connects with the Left Thrust- 
ing Channel. At the Door of Life in the back, it connects with the 
Governor Channel. To the right it connects with the Right Thrusting 
Channel. Returning to the front, the circle is completed. 

When you learn to form a pearl practicing Fusion of the Five 
Elements, and you draw the energy from the front, back and side 
pakuas at the level of the navel, you are laying the groundwork for 
the Belt Channels. 


Procedure of Forming the Belt Channel 


The Belt Channel begins at the navel and spirals upward in a coun- 
terclockwise direction through solar plexus, heart, throat, 
mideyebrow, and crown. Then, reverse the energy flow and circle 
the pearl clockwise as you move down through the above points to 
the navel. From the navel continue down to the sexual center, 
perineum, knees (around both knees), and soles of the feet (slightly 
into the ground). Finally, reverse the direction and work up through 
each point back to the navel 
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Fig. 8.1 Use the eyes to help spiral. 


Note:To circle to the left is to circle counterclockwise; circle coun- 
terclockwise as you move the pearl up. To circle to the right is 
clockwise; circle clockwise as you move the pearl down. 


The peat is circulated in each Belt Channel nine times. After 
the ninth time of circling each point, you will cross each channel 
internally with the pearl by moving the pearl from front to back, and 
from left side to right side. Each time you will end with the pearl at 
the front, and then move on to the next level Belt Channel. 
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Practice of Forming the Belt Channel 


Ascending from the Pakuas 

1. Situp, back straight, shoulders relaxed, feet touching the floor. 
Hold the hands together, and touch the tongue to the palate. 

2. Practice the Inner Smile, Fusion of the Five Elements, chant- 
ing, the collection points, fusing the energy into a pearl and the. 
Creation Cycle of Cosmic Fusion. Continue with your practice 
of Cosmic Fusion by sending the energy through the three full 
Thrusting Channels (all the way down to the feet and up to the. 
head.) 

3. You are ready to begin forming the Belt Channel. First, form the 
four pakuas and a pearl. Gather the pearl at the cauldron, and 


bring it to the navel. | 
NE 
AWE 


Fig. 8.2 Moving the Thrusting Channels out of the Body. 
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4, Join the four pakuas by circulating the pearl from the Navel 
toward the left side (counterclockwise), to the Door of Life, to 
the right side, and back to the navel 

In the beginning you can use your hand to assist you in mov- 
ing the pearl, although your goal is to use your senses to con- 
trol its movement. Cover the navel with the right hand. Cover 
the left side pakua with the left hand. Then, move the left hand 
to cover the Door of Life, and move your right hand to cover the 
right side pakua. Finally, return the right hand to the navel. 

Circle the pearl nine times counterclockwise. As you are 
ascending you will circle it nine times counterclockwise from 
each point in a similar fashion. 

5. When you finish circling the pakuas for nine rounds, be aware 
of the navel. Be aware of the channel of the navel. Forma cross 
by bringing the pearl from the navel to the cauldron, and all the 
way back to the Door of Life. Then, bring the pear! back to the 
cauldron, and use it to connect the side pakuas from the left 
cross to the right. Return the pearl to the navel. 


Governot 
Right Thrusting Channel 


Channel Middle Thrusting 
y Channel 


Left Thrusting 
Channel * 


Functional 
Channel 


Fig. 8.3 Cosmic Belt Channels connecting to all the other Channels. 
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6. Move the pearl up from the navel to the left side of the rib cage 
to a position level with the Solar Plexus. Begin to circle the 
pearl at the solar plexus level. Circle the pearl toward the left 
through T-11 at the back, to the right, and return to the solar 
plexus. Circle nine times, ending with the pearl at the solar 
plexus. Take a moment to perceive it. Then create an internal 
cross with the pearl, moving it from front to back, and then from 
left to right. 

7. Bring the pearl from the solar plexus to the left side rib cage, 
this time at the level of the Heart. Circle nine times toward the 
left to the middle of the shoulder blades, to the right, and back 
to the heart center. Circle in this manner for nine rounds. Using 
the pearl, form an internal cross connecting all four sides. Fee! 
the connection of the channel. 

8. From the heart center, bring the pearl up to the left side of Throat 
Center on the neck. Circle the pearl toward the left and back to 
C-7, to the right side, and to the middle of the throat center nine 
times. Use the pearl to form an internal cross connecting all 
four sides. Practice and master this step before continuing up 
to the crown. 


Crown Center. 
Mideyebrow. 


Throat Center 


Heart Center 


Solar Plexus 


Fig. 8.4 Bring the pear! up to the upper tip of the left ear. 
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9. Bring the pearl up to the upper tip of the left ear at the level of 
the Mideyebrow Center. Circle the pearl nine times from the 
left ear back to the small brain, to the right (upper tip of the ear), 
retuming to the mideyebrow. Feel a band of energy flowing 
around the mideyebrow, ears, and back of the head. Using the 
pearl, form an internal cross connecting all four sides. The fee!- 
ing is one of wearing a crown with a cross at its center con- 
necting it. 

10. From the mideyebrow bring the pearl up to the left side of the 
Crown, and circle the energy nine times in a counterclockwise 
direction at the crown. End with the pearl at the front. Using the 
pearl, form a cross connecting the front, back, and both sides 
of this Belt Channel. 

11, Allow the pearl to go out above the crown, and circle the energy 
nine times toward the left forming a Halo of Energy. Use the 
pearl to cross the halo, front to back, and left to right. Collect 
the energy from above the head. 


Fig. 8.5 Spiral out clockwise above the crown. 
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412. Now reverse the direction of energy flow to a clockwise direc- 
tion by circling from the front toward the right, to the back, and 
to the left. Circle the Halo nine times, ending with the pearl at 
the front. Then cross the front to back, and right to left sides. 
Finish by bringing the pear! to the front of the halo. 


Fig. 8.6 Reverse the direction clockwise. 


13. Next bring the pearl back into the right side of the Crown. Circle 
toward the right nine times, bringing the pear to the back, to the 
left, and ending at the front of the crown each time. Then use 
the pearl to cross the front, back, and two sides. Return the 
pearl to the front of the crown. 

14, Move the pearl down to the upper tip of the right ear. Circle from 
the right ear to the back of the head, to the top of the left ear, 
and to the Mideyebrow nine times. End at the mideyebrow. 
Use the pearl to cross the front, back, and two sides at this 
level, and return it to the front to the mideyebrow position. 
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15. Bring the pearl down to the right side of the neck at the level of 
the Throat Center, and circle right to C-7 at the back of the 
neck, to the left, and to the front of the throat center. Circle nine 
times, ending at the front. Cross the front, back, and two sides, 
also ending by bringing the pear! to the front. 

16. Bring the pearl down to the right side rib cage at the Heart 
Center level. Circle the pearl toward the right, to the back,and 
so forth clockwise for nine times, ending at the front of the heart 
center. Then, use the pearl to cross the front, back, and two 
sides. Return the pearl to the front again. 

17. Move the pearl to the Solar Plexus. Circle it nine times to T-11 
at the back, and retum to the solar plexus. Cross the front, 
back, and sides. Return the pearl to the front. 

18. Bring the pearl down to the Navel. Circle it back to the Door of 
Life, and back to the navel nine times. From the navel bring the 
pear! to the cauldron, back toward the Door of Life, and return it 
to the cauldron. Use the pearl to cross the right and left sides. 
Return the pearl to the navel. 


Descending From the Pakuas to the Earth. 

19. Once you have controlled the pear! to this stage of the medita- 
tion, you are ready to move the pearl down to the Sexual Cen- 
ter. Women bring the pearl down to the right side of the ovary 
center, located three inches below the navel. Men bring the pearl 
from the navel down to the right side of the sperm palace, one 
and a half inches below the navel. Circle clockwise back to the 
sacrum, to the left hip, and to the front of the ovary center/sperm 
palace nine times. Use the pearl to make a cross. Return the 
pearl to the front of the sexual center. 

20. Bring the pearl down to the right groin. Circle the pear! clock- 
wise around the Perineum Point and Lower Hips nine times. 
Use the pearl to form a cross by connecting the front, back, 
and sides. Return the pear! to the front. 

21. Move the energy down and circle toward the back of Both 
Knees, around and to the front, midway between both knees, 
moving the pearl clockwise nine times. Use the pearl to form a 
cross by moving the pearl to the midpoint between the knees 
and connecting the front, back, and sides from this point. End 
with the pearl midway between the fronts of both knees. 
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values to those parameters. An example of testing is, Does that flashlight work? The answer is yes or no, 
arrived at by the simple expedient of turning it on and observing the results. An example of 
‘measurement is, How much current does that flashlight draw? The answer might be 0.7BA, and this, 
would be determined using the appropriate measurement device, which in this case could be an 
ammeter, 


Inspection Equipment 


Sometimes, however, measuring things isn't hard at all, especially when the things being measured are 
actual, tangible items that you can hold in your hand. What you will need are some basic tools, primarily 
to be able to see what itis that you are measuring, and secondarily to take accurate measurements of 
them, at least in regard to their physical dimension. This comes in very handy when trying to identify 
components during repair or equipment upgrades, when the original technical documentation is not at 
hand, 

Even the youngest and finest of eyeballs will need help with the teeny-tiny components that are 
available nowadays. You should try to find at least a small magnifying glass to examine fine details, If 
your budget allows, you might want to consider a microscope of modest power to look at your 
handiwork. Careful shopping will result in finding some older microscopes at bargain prices. Expect to 
pay a premium price for the shiny, new stuff, See Figure 2 


Figure 2-17. A very nice stereo microscope. The power cord running to the white ring (partially hidden) 
supplies power to a ring of white LEDs that help illuminate the field of view. The base is very heavy 10 help 
stabilize the microscope. 
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22. Direct the energy down to the feet, just below the ankles. Circle 
the Soles of the Feet nine times moving the pearl clockwise to 
the heel of the right foot, to the heel of the left foot, to the outer 
side of the left foot, to the front, midway between both feet. 
Form a cross. End with the pearl midway between both feet. 

23. Move the energy from the front of the feet down to a point Be- 
neath the Earth, and circle toward the right (clockwise) nine 
times. Use the pearl to form a cross Beneath the Earth. Keep 
on spiraling more energy to enhance the pearl. Return the pearl 
to the front of the circle. 


Fig. 8.7 Bring the Pearl down Fig. 8.8 Spiral reverse 
to the ground, spiral clockwise. counterclockwise moving up. 
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Ascending From the Earth Back to the Pakuas 

24. Reverse the circle beneath the earth, moving the pearl coun- 
terclockwise again nine times. Use the pear! to form a cross, 
connecting the front, back, and sides. 

25. Move the pear to the outer side of the left foot. Circle the Soles 
of Both Feet nine times moving toward the left heel, to the 
right heel, to the right foot, and to the front (midway) of both 
feet. Use the pearl to form a cross. End with the pearl at the 
midway point in the front of both feet. 

26. Move up to the left knee. Circle the pearl counterclockwise at 
the Knees nine times. Use the pearl to form a cross. Return 
the pearl to the midway point in the front of both knees. 

27.From the front of the knees, move up to the left groin area 
Circle counterclockwise at the Perineum nine times. Use the 
pearl to form a cross. Return the pearl to the front of the 
perineum, 

28. Direct the energy to the left hip, and circle counterclockwise at 
the Ovary/Sperm Palace nine times. Use the pearl to form a 
cross by connecting the front, back, and sides. End with the 
pearl at the front of the ovary/sperm palace. 

29. Return the pearl to the navel and to the Cauldron. 


Fig. 8.9 Bring the Pearl up to the navel. 
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Men and Women Practice Differently 


Men: Shoot the Pearl out of the Crown, and Spiral the Pearl down 
from the Crown. 


a. 
b. 


Bring the pearl up to the crown 
Allow the pear! to go out three to six inches above the head. 
Circle nine times counterclockwise. Collect the heavenly en- 
ergy and blend it in the pearl, Then circle it nine times clock- 
wise. 

Bring the pearl back into the crown point. 

Spiral it clockwise through each of the Belt Channels all the 
way down to the soles of the feet. 

Move the pear! into the earth six to twelve inches to collect 
the earth energy, and circle the energy nine times clockwise. 
Reverse the direction spiraling nine times counterclockwise. 
Return the pear! to the front of the crown, and then back down, 
to the navel and cauldron in the same manner. 


For Men: Spiral six. 
lockwise abo\ 
the crown and draw th 
into 
Thrusting 
Channels and down to 
the ground 


For Women: S 


feet under the grot 
lockwi 


is built up, draw the 
Chi plus the 
ling earth Chi up to 
et and through the 


Fig. 8.10 Men and Women Practice Differently 
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Women: Shoot the Pearl into the Earth, and Spiral the Pearl up 
from the Earth 

a. Bring the pearl to the soles of the feet. 

b. Move the pearl into the ground six to twelve inches to collect 
the earthly energy. Circle the energy nine times clockwise. 
Then nine times counterclockwise. 

c. Move the pear! up through the left side of each Belt Channel, 
spiraling counterclockwise to the crown. 

d. Shoot the pearl all the way out at the crown to collect the 
heavenly energy. Circle the energy counterclockwise nine 
times. Reverse the direction, and spiral the pearl nine times 
clockwise, 

€. Bring the pearl back down into the right side of the crown. 
Continue to circle the energy clockwise down through the 
Belt Channel to the soles of the feet. Return the pearl to the 
navel and cauldron in the same manner. 


Forming Vehicle 


Continue feeling all the pakuas spiraling around the energy center 
and around the body. 


Fig. 8.11 Spiraling the Pearl and Pakuas faster and faster. 
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Let the pakuas spiral faster and start from 10,000 miles per 
hour up to 60,000 miles per hour and feel the spine getting bigger 
and bigger. 


Fig. 8.12 All the Pakuas become a bigger and bigger Pakua 
spiraling around whole the body. 
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Fig. 8.13 The spirals of the Pakua form and become a very big kua and 
form a space ship up to 50 meters in diameter or bigger 


-196- 


‘Cosmic Fusion 


Fig. 8.14 Belt Channels 
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Summary 
Procedure of Forming the Belt Channels 


Ascending from the Pakuas 

1. Practice the Inner Smile from the compassion fire, chanting 
from pakua, forming the collection points, fusing the energy into 
a pearl, and the Creation Cycle of Cosmic Fusion. 

2. Send energy through the three Thrusting Channels all the way 
down to the feet and up to the head. 

3. Form the four pakuas and a pearl. Gather the pearl at the caul- 
dron, and bring it to the navel. 

4, Join the four pakuas by circulating the pearl from the Navel 
counterclockwise to the Door of Life and back to the navel. 
Continue circling the pearl nine times around the Thrusthing 
Channels and around the body counterclockwise. 

5. Form a cross. Bring the pearl from the navel to the cauldron, 
and back to the Door of Life. Use it to connect the side pakuas. 
Return the pearl to the navel. 

6. From navel move to the left side of the Solar Plexus. Begin to 
circle the pearl at the solar plexus level. Circle the pearl to the 
left through T-11 and retum to the solar plexus. Circle nine times. 
Create an intemal cross with the pearl. 

7. Bring the pearl to the left side of the Heart. Circle nine times 
towards the left, to the middle of the shoulder blades, and back 
to the heart center. Use the pearl to form an internal cross con- 
neting all four sides. 

8. Next bring the pearl to the left side of the Throat Center. Circle 
the pearl back to C-7, and to the middle of the throat center 
nine times. Form an internal cross. Practice and master this 
step before continuing up to the crown. 

9. Bring the pearl to the upper tip of the left ear level with the 
Mideyebrow. Circle the pear nine times back to the small brain, 
to the upper tip of the right ear, returning to the mideyebrow. 
Feel a band of energy flowing around the mideyebrow, ears, 
and back of the head. Form an internal cross connecting all 
four sides. 

10. Bring the pearl to the Left Side of the Crown. Circle the en- 
ergy nine times counterclockwise at the crown. Connect the 
front, back, and both sides of this Belt Channel. 
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11. Allow the pearl out above the crown. Circle the energy nine 
times forming a Halo of Energy. Use the pearl to cross the 
halo, front to back, and left to right. Collect the energy from 
above the head. 


Descending Back to the Pakuas 

12. Reverse the energy flow to a clockwise direction. Circle the 
Halo nine times. Then cross it front to back, and right to left 
sides. 

13. Bring the pearl back to the Crown. Circle to the right nine times. 
Then use the pearl to cross the front, back, and two sides. 

14, Move the pearl down to the upper tip of the right ear. Circle from 
the right ear to the mideyebrow. Repeat nine times. Use the 
pearl to form a cross and return it to mideyebrow. 

15. Bring the pearl down to the right side of the neck at the Throat 
Center. Circle right to C-7 at the back of the neck. Return to the 
front again. Circle nine times. Cross the front, back, and two 
sides. Bring the pear! to the front. 

16. Bring the pearl down to the right side of the Heart Center. Circle 
it clockwise nine times, ending at the front. Then, use the pearl 
to cross the front, back, and sides. Return the pear! to the front 
again. 

17. Move the pearl to the Solar Plexus. Circle it nine times to T-11 
at the back, and retum to the solar plexus. Cross the front, 
back, and sides. Return the pear! to the front. 

18. Bring the pearl down to the Navel. Circle it back to the Door of 
Life, and back to the navel nine times. From the navel bring the 
pearl to the cauldron, back toward the Door of Life, and return it 
to the cauldron. Use the pearl to cross the right and left sides. 
Return the pearl to the navel. 


Descending from the Pakuas to the Earth. 

19. Once you have controlled the pear! to this stage of the medita- 
tion, you are ready to move the pearl down to the Sexual Cen- 
ter. Women bring the pearl down to the right side of the ovary 
center, located three inches below the navel. Men bring the pearl 
from the navel down to the right side of the sperm palace, one 
and a half inches below the navel. Circle clockwise back to the 
sacrum, to the left hip, and to the front of the ovary center/sperm 
palace nine times. Use the pearl to make a cross. Return the 
pearl to the front of the sexual center. 


-199- 


Chapter 8: Belt Channels 


20. Bring the pearl down to the right groin. Circle the pearl clock- 
wise around the Perineum Point and Lower Hips nine times. 
Use the pearl to form a cross by connecting the front, back, 
and sides. Return the pear to the front. 

21.Move the energy down and circle toward the back of Both 
Knees, around and to the front, midway between both knees, 
moving the pearl clockwise nine times. Use the pearl to form a 
cross by moving the pearl to the midpoint between the knees 
and connecting the front, back, and sides from this point. End 
with the pearl midway between the fronts of both knees. 

22. Direct the energy down to the feet, just below the ankles. Circle 
the Soles of the Feet nine times moving the pear! clockwise to 
the heel of the right foot, to the heel of the left foot, to the outer 
side of the left foot, to the front, midway between both feet. 
Form a cross. End with the pearl midway between both feet. 

23. Move the energy from the front of the feet down to a point Be- 
neath the Earth, and circle toward the right (clockwise) nine 
times. Use the pearl to form a cross Beneath the Earth. Keep 
on spiraling more energy to enhance the pearl. Return the pearl 
to the front of the circle. 


Ascending from the Earth Back to the Pakuas 

24, Reverse the circle beneath the earth, moving the pearl coun- 
terclockwise again nine times. Use the pearl to form a cross, 
connecting the front, back, and sides. 

25. Move the pear! to the outer side of the left foot. Circle the Soles 
of Both Feet nine times moving toward the left heel, to the 
right heel, to the right foot, and to the front (midway) of both 
feet. Use the pearl to form a cross. End with the pearl at the 
midway point in the front of both feet. 

26. Move up to the left knee. Circle the pear! counterclockwise at 
the Knees nine times. Use the pearl to form a cross. Return 
the pearl to the midway point in the front of both knees. 

27. From the front of the knees, move up to the left groin area. 
Circle counterclockwise at the Perineum nine times. Use the 
pearl to form a cross. Return the pearl to the front of the 
perineum. 

28. Direct the energy to the left hip, and circle counterclockwise at 
the Ovary/Sperm Palace nine times. Use the pearl to form a 
cross by connecting the front, back, and sides. End with the 
pearl at the front of the ovary/sperm palace. 

29. Return the pearl to the Navel and to the Cauldron. 
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Even a humble magnifying lens can be very helpful in the lab, especially ifit has a built-in light. See 


Figure 2-18, A small, handheld magnifier with a built-in LED light is very handy for examining small 
{features and details, such as are found on many PCBs. 


Physical Measurement Devices 


Once you know what something looks like, at extreme close-ups, can you describe in absolute terms how 
big 


Take a look at Figure 2-19. Here we have, from the top to the bottom, a traditional tape measure, 
marked in both English and metric units (fractional inches and decimal centimeters), a digital caliper 
that can render measurements in either system at the touch of a button, and an architect's scale. While it 
may not be evident in the top-down view, the architect's scale is triangular in cross-section, resulting in 
not two but sit different measurement options. This is mostly due to architects liking to draw things to 
scale, instead of full-sized, 

‘The digital caliper is interesting in that it also provides a computer interface so that its readings can 
be pulled in by a computing device of some sort. These devices used to be quite expensive, but mass 
production has brought their prices down significantly. 
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Men and Women Practice Differently 


Men: Shoot the Pearl out of the Crown, and Spiral the Pearl down 

from the Crown. 

1. Bring the pearl up to the crown. 

2. Allow the pearl to go out three to six inches above the head. 
Circle nine times counterclockwise. Collect the heavenly en- 
ergy and blend it in the pearl. Then circle it nine times clock- 
wise. 

. Bring the pearl back into the crown point. 

4. Spiral it clockwise through each of the Belt Channels all the way 

down to the soles of the feet. 

5. Move the pear! into the earth six to twelve inches to collect the 
earth energy, and circle the energy nine times clockwise. Re- 
verse the direction spiraling nine times counterclockwise. 

6. Return the pear! to the front of the crown, and then back down 
to the navel and cauldron in the same manner. 


Women: Shoot the Pearl into the Earth, and Spiral the Pearl up 

from the Earth 

1. Bring the pearl to the soles of the feet. 

2. Move the peat! into the ground six to twelve inches to collect the 
earthly energy. Circle the energy nine times clockwise. Then 
nine times counterclockwise. 

3. Move the pearl up through the left side of each Belt Channel, 
spiraling counterclockwise to the crown. 

4. Shoot the pear all the way out at the crown to collect the heav- 
enly energy. Circle the energy counterclockwise nine times. Re- 
verse the direction, and spiral the pear! nine times clockwise. 

5. Bring the pearl back down into the right side of the crown. Con- 
tinue to circle the energy clockwise down through the Belt Chan- 
nel to the soles of the feet. Return the pearl to the navel and 
cauldron in the same manner. 
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Energy Body 


Once you have practiced to this level, you are ready to form the 
pear! into the Soul Body. 


Fig. 8.15 Energy or Soul Body 


Sorcerers saw that the essence of the universe resembled a 
matrix of energy shot through by incandescent strands of con- 
sciousness or actual awareness. They also ‘saw’ the essence of 
the human form. It was not merely an apelike amalgamation of 
skin and bones, but an egg-shaped ball of luminosity capable of 
traveling along those incandescent strands to other worlds. 
(Wagner, Bruce, “You Only Live Twice’, Details, March, 1994, p.168.) 

Just as it is important for the physical body to be strong so we 
can enjoy optimum health, it is also vital to strengthen the Soul 
Body so it becomes a sturdy vehicle for our consciousness. 
Strengthening Chi nourishes our health and spiritual qualities in 
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this life and builds a strong Soul Body to carry us forth into the 
“afterlife” (which is, paradoxically, the here and now). We begin to 
strengthen the Soul Body through what is called in Taoist Inner 
Alchemy “the Inner Elixir’. It is called the Inner Elixir because we 
are working with the energies already within our own body and 
converting them into elixir-ike healing essences. Through the medi- 
tation practices of the Microcosmic Orbit and the Fusion of the 
Five Elements, we detoxify, nourish, and integrate the physical body, 
the Energy Body and the emotions. 

‘Always begin by doing the Fusion of the Five Elements practice 
to clean out the negative emotions. 

Chant the eight forces and form the collection points. Let the 
Pakua spinal around the physical body. 

Condense the pearl and practice the Creation Cycle, Thrusting 
Channels and Belt Channels 

Run the pear! in the Microcosmic Orbit, and control its move- 
ment with the senses. 

Move the pearl to the perineum. Inhale in short sips, drawing in 
ten percent of the lungs’ capacity, while gently pulling up the anus. 
Inhale up to the navel, then to the heart. 

Inhale up to the crown. Swallow your saliva (imagine swallow- 
ing upward, and exhale forcefully to open the crown and shoot the 
pearl out. 

Practice moving the pearl up to one foot, two feet, three feet, 
four feet, five feet, and six feet above your head. Go out only as far 
as you are able to maintain control of the pearl. 

Relax the senses, and form the Soul Body. 

Run the pearl in the Microcosmic Orbit in the physical body. 
Open the crown, transfer the Microcosmic pathway into the Soul 
Body above the head. 

Form another pearl in the cauldron, and shoot the pear! into the 
Soul Body. 

Circulate the pearl through the Microcosmic Orbits in both the 
physical and energy bodies together. 

Extend the Thrusting Channels up into the Soul Body. 

Practice all the Belt Channels up through the head, or down 
through the soles, into the Soul Body. Spiral all the pakuas around 
the Soul Body like a space ship. 

Continue to practice until you are in full control of the Soul Body. 
Note: You can also form a Soul Body below you by thrusting the 
pearl through the soles of the feet into the ground. 
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Spirit Body 


Once you are well in control of the Soul Body, you are ready to 
form the Spirit Body. 


Fig. 8.16 Spiritual Being 
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Stage One 


Be aware of the Four Pakuas in each center and spiral them around 

the physical body and the energy body. 

1. Begin to form the spirit body after doing the Soul Body practice. 
Leave the Soul Body above the crown. Form another pear! at 
the cauldron, and run the Creation Cycle. 

2. Form the pearl from compassion energy, a pearl that is more 
blue and gold than the Soul Body pearl. 

3. Move this pear in the Microcosmic Orbit. Bring it down to the 
perineum. 

4, Inhale in small sips, and pull up the anus. Inhale the pear! to the 
navel; then to the heart; and to the crown. 

5. Inhale again, and swallow up. Exhale forcefully to open the crown, 
and project the pearl to the perineum of the Energy Body. 

6. Exhale, and send the pear! to the heart of the Soul Body. Exhale 
again, and send the pearl above the crown of the Soul Body. 

7. Move the pearl up and down approximately twelve inches (30 
centimeters) above the crown of the Soul Body. Then gradually 
extend the pearl further up in one foot (30 centimeters) incre- 
ments. Practice until you are able to move the pearl up and 
down six feet above the Energy Body. 

8. Condense the pearl. Condense the Soul Body. Bring both pearls 
back to the cauldron of the physical body. 


Stage Two 


4. Repeat steps (1) to (7) above, and run the Microcosmic Orbit in 

the physical and energy bodies. 

2. Transfer the Microcosmic Orbit from the Soul Body into the Spirit 
Body, and then run the three Microcosmic Orbits together. As 
an alternative, you can run the Microcosmic Orbit as one large 
channel incorporating all three bodies. 

. Extend the Thrusting Channels to the Spirit Body. 

. Extend the Belt Channels to the Spirit Body. 

. Finish by condensing the energy of both the Soul and Spirit Bod- 
ies into a pearl. Pull the pear! into the physical body. 

6. Collect the energy at the cauldron, and practice Chi Massage. 


ae 
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Chapter 9 
Fusion as a Bridge 


In the overall structure of the Universal Tao, the Fusion Practices 
serve as a bridge between the basic preparatory practices such 
as the Inner Smile, the Healing Sounds, the Microcosmic Orbit, 
Healing Love, Tao Yin, Iron Shirt Chi Kung, Cosmic Chi Kung, Bone 
Marrow Nei Kung, Tai Chi and the Higher Inner Alchemy Practices 
of Kan and Li 

The Fusion Practices are traditionally considered as the core of 
internal alchemy, as they focus on the transformation of emotional 
energies, contained in the major organs of the body, as centers 
and fields of energy which resonate, each with their particular fre- 
quencies, with the energies and forces of the universe. 

Through a process of balancing negative and positive energies 
(Fusion of the Five Elements), the growth of positive energies (Cos- 
mic Fusion) and the opening of meridians to enhance the circula- 
tion of internal energies of the body and make it receptive for out- 
side energies (Fusion of the Psychic Channels), the body gradu- 
ally becomes more open. Thereby the self-healing process, initi- 
ated in the basic practices, is further enhanced. 

‘Once the strength and health of the body have been restoried 
so that it can serve as a vessel for the forces of the universe and is 
in a position to process them, it is ready for the higher alchemy in 
the Kan and Li practices. In these Kan and Li practices the physi- 
cal body can then give birth to the energy body. Once this has 
taken place the person is ready to give birth to the spirit body, also 
called the Light or Rainbow body. 


Fusion as a Journey of Self-Transformation 


In the Fusion Practices, the body and its path routes are not only 
cleansed and opened, so that the energy from within and from 
‘outside can flow with more power and ease. Also the energy flows 
in the body are qualitatively raised. Thus the self healing and re- 
generative capacity of the body, already initiated in the basic prac- 
tices is further enhanced. As a result, the body's health and vitality 
receive a new boost and it grows in strength. At the same time, it 
becomes more able to absorb and process the various forces and 
energies from the universe, the cosmos and nature. 
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In the Fusion Practices, the body enters into a dynamic process 
towards new balances. This is an essential condition for the light 
to grow inside. This can then in turn attract the light from heaven 
as its energies become finer, as they blend into a higher quality 
‘energy created by the blending of love and compassion. This higher 
concentrate of energy is then condensed into a pear! which is sub- 
sequently circulated through the major organs and the psychic 
channels in and around the body. The pear will help the body to 
feel centered and experience peace and harmony. It will also help 
to cleanse the special channels and enhance the free flow of en- 
ergy. 

The pear! will facilitate the growth and transference of conscious- 
ness from the physical to the energy body and from the energy to 
the spirit body (Cosmic Fusion), healing it and helping it to center 
and experience peace and harmony. Through the growth of love 
and compassion the body is able to radiate out and receive in the 
love and cosmic energies so that its own Chi is blended with the 
‘cosmic Chi and is thereby transformed into a higher quality of Chi. 

To facilitate the process of blending and balancing the energies 
within the body between its organs and the gathering, processing 
and condensing of energies from the universe and from nature, 
the pakuas play an essential role (Formula 1, Fusion of the Five 
Elements). 

In the earliest stage after conception, the first meridians which 
rule the circulation of energy of the embryo and which come into 
existence after the split of the egg and the formation of the body 
are the governor and conception channels. Successively, all other 
Yin and Yang meridians form in a symmetric fashion on the Yang 
and Yin sides of the body. 

In ancient Taoists texts they are also called the sun side or outer 
side and the moon or inner side of the body. The sun side is that 
side exposed to the sun when one bows down, the moon side is 
that part which remains in the shadow. 

The body might be visualized as grid of conduits of light which 
link it to the Light in which all energy and matter has its origin, a 
view which is supported by the new physics. 
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Unity of Ying and Yang 


Basic to the Taoist tradition is the view that positive and negative 
‘energies are a manifestation of the very nature of the universe as a 
unity of opposite energies: Yin and Yang. It is by virtue of the dy- 
namics of the interplay of Yin and Yang that the universe exists and 
continues to exist. They rule all phenomena in the universe as an 
infinite web of mutually interconnected processes and their move- 
ment. This insight is the theoretical as well as the practical basis 
of the Fusion Practices. 

In Taoist theory, Yin and Yang rule the relationships between stars, 
planets, the sun and the moon and the earth, light and dark, above 
and below, man and woman. Its in and through this interplay, that 
the universe unfolds and functions. If one of them would disinte- 
grate or disappear, the universe would end. 

In the Taoist vision on the nature of the universe, the body is a 
microcosmos, which manifests and reflects in its inner structure 
the dynamics of the universe. As such itis also ruled by the same 
forces of Yin and Yang, 

These in turn manifest themselves in the universe in the five 
elements (water, fire, wood, metal and earth). These five elements 
operate as energies in the body, in and through the five vital or- 
gans: the kidney, heart, liver, lungs and spleen. It is the natural 
capacity of the body to heal and regenerate itself. The body is sus- 
tained and nurtured by cooperating and facilitating the workings of 
the universe through the balancing of the five forces in the organs 
of the body and the positive and negative properties of each of 
them. 

Itis the relationship between the positive and negative energies 
contained and reflected in the organs, which is the starting point of 
the Fusion Practices. 

In the Taoist tradition, the body has always been viewed as a 
sacred vessel, which reflects the sacred nature of the universe as 
a whole. Interfering with its laws of motion, the balance between 
Yin and Yang is broken and with it harmony and mutual coopera- 
tion between the organs and the elements which compose the 
body. 

As a result, the free uninhibited flow of energy streams, and with 
it the immunity of the body, are affected. In Chinese medicine, of 
Taoist origin, disease is seen as the outward manifestation of 
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imbalances within the body. Hence the predominant attention in 
Chinese medicine and Taoist self-healing practice on the balanc- 
ing and strengthening of the organs and their cooperative relation- 
ships. 

The Taoist view on the outer and inner universe (the body), is 
the fruit of several thousands of years of highly sophisticated em- 
pitical observation. Thusly, feeling and sensing in the body and its 
structure, processes and needs, play a crucial role in creating bal- 
ance within the body and between its organs and their energies, so 
that inner peace and harmony may grow (Formula 2, Fusion of the 
Five Elements) 


Turning Inward 


This involves a process of turning inward and to feel and sense 
oneself “from within” so that understanding can grow. This in turn 
further supports the effectiveness of the inward-oriented process 
of listening. By turning the senses inward and reconnecting them 
with their corresponding organs (ears/kidneys, eyesiliver, tongue/ 
heart, mouth/spleen, nose/lungs) the process of externalizing the 
consciousness and thereby draining the energies out of the body 
can be inverted. This allows the body to come to rest and recuper- 
ate its energies and the connected senses. 

By protecting the senses from undue outside influences, the life 
force energies in the body and the higher energies it accumulates, 
through the blending with the energies from all the directions, but 
‘especially those from the stars and the sun and moon and planets, 
are preserved and can grow without interference (Cosmic Fusion, 
Formula 3). 

This process of protection is further deepened and completed 
in the high formula of Sealing the Five Senses of the Kan and Li 
Practices where protective auras are created around the body from 
the accumulated energies of each of the major organs. 

There is abundant evidence that in the process of extemalization 
which has been imposed on the body in the process of moderniza- 
tion and its growing pressures on the body, the senses have be- 
‘come atrophied. By turning them inward, it becomes more easy to 
control them and protect the integrity of the body and its organs so 
that it can regenerate. 
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The Tavist approach to the body is rooted in the vision that there 
is an inner order in the very nature of the universe and all its mani- 
festations. The outer order is a manifestation and reflection of this 
inner order. If the outer order is in harmony with the inner order, 
then harmony and peace reign. 

‘As our receptivity and ability to sense and feel ourselves from 
within grows, so grows our ability to experience the universe within 
ourselves. By looking deeply into ourselves we grow. Our under- 
standing of our being and body as a microcosmos, and its intrinsic 
unity with the universe as a macrocosmos, grows. 


From Balance through Resonance to Love 


‘As our body and its chemistry and we ourselves are changing, our 
consciousness and perceptions also change and widen. Then a 
point will come where we begin to experience ourselves less as 
‘separate and isolated from the universe and more in resonance 
and in tune with the universe. 

In this process, we grow more aware of the wave-like nature of 
‘our body in and through which the universe pulses within us and 
how we pulse in and though our bodies with the energies and forces 
of the universe. At the same time our ability to tune in with the 
‘energy of the universe and its frequencies and to absorb and draw 
this energy into ourselves will grow. 

The Fusion Practices serve an essential function in making our 
being more open through the heightened sensitivity of the body, as 
‘our energies become purified and more fine and subtle. The de- 
sire rises within the body to enter into the primordial unity with the 
original energy by which it was originated as a living being. 

In the ancient Taoist vision this relationship has always been 
‘seen as a love relationship which reveals itself when our body re- 
turns to its inner balance and Yin and Yang enter into balance. The 
ability to attract and conduce the energies from the universe into 
‘one body through the network of conduits, represented by the grid 
of meridians, is dependent on the quality of the inner work towards 
unity between Yin and Yang 

This meeting between Yin and Yang has in the Taoist tradition 
been seen as a marriage, born out of love between the opposites, 
as they move towards unity. The Fusion Practices play an impor- 
tant role in the preparation of a state of being which make this 
movement towards unity possible. 
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Figure 2-19, From top to bottom, a tape measure, a set of digital calipers, and an architect's scale, 


Simple Electronic Measurement Tools 


Now that you've got the tools to examine what these things look like and how big or small they are, let's, 
move on to the more mysterious art of measuring their electrical properties. 


Voltmeters 


Voltage is a measure of electromotive force, and the standard unit of measure is the volt, named after 
Alessandro Volta, an Italian physicist. Voltage is sometimes compared to the pressure of water flowing 
through a garden hose, while amperage is compared to the amount of water flowing through the hose at 
any given time, It's not particularly useful to push this water analogy too far, but it's helpful in the 
beginning. 
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Enlightenment of the Body and New Physics 


The Taoist insight that human beings, with all other phenomena, 
share common origins in the universe and that our origins are in 
heaven and originate in the stars is shared in many other ancient 
‘cosmologies: those of the African peoples, the indigenous peoples 
of North and South America, as well as the Australian aboriginal 
people. 

The Taoist tradition, however, is unique in that it has evolved 
over time concrete practical formulas and practices to work with. 
These help us to reconnect and in the process rediscover the in- 
herent ecstatic nature of our body, through the process of self- 
transformation. 

These formulas, of which the Fusion Practices are an integral 
part, are based on the insight of the nature of the meridians and 
their application in healing the body and restoring its natural func- 
tions, which form the basis of Chinese medicine. 

‘closely related Taoist thesis on the nature of the universe, also 
to be found in all ancient cosmological traditions, including those in 
the West (before the scientific revolution did away with them, view- 
ing them as superstition) is the unity, indivisibility and interchange- 
ability of matter and energy. 

This thesis finds full support in the new physics which evolved 
from the beginning of this century with the path-breaking discover- 
ies in quantum physics and relativity theory by the great physicists 
Bohr, Einstein and Heisenberg. 

Their discoveries shattered the foundations of the old paradigm, 
underlying Cartesian-Newtonian physics, at the basis of modern 
science. They broke radically new ground in the interpretation of 
the nature of matter. In the new vision of advanced physics, matter, 
in its inner nature, is understood as a process and an event. Matter 
and energy are forms of the same reality. As matter can change 
into energy, also energy can change into matter. Both matter and 
‘energy are viewed in this new interpretation of reality as having 
their origin in light. 

Therefore the Taoist vision on the intrinsic nature of the body as 
a light body is not a romantic vision, invented by creative minds. 
The image, underlying it, corresponds to the insights of advanced 
physics. Thus what has been called in ancient spiritual traditions 
"enlightenment" refers to a real material process: the illumination 
of the body. 
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Here's what distinguishes the Taoist vision from most others: 
enlightenment is not understood as a process which happens “in 
the mind’, in separation from the body, but the process takes place 
in and through the body and its progressive transformation. 

Thus a true process of spiritual growth in the Taoist vision im- 
plies the “enlightenment” of the body. The progression process of 
illumination is a bodily process, visible to the eye and tangible in 
the quality of energy which a person manifests and radiates in her! 
his body. This emphasis on transformation as a bodily process is 
a principal characteristic of the Taoist tradition. In that respect it 
differs from other ones, marked by the duality of body and mind 
and in which the body is viewed as a stumbling block; a hindrance. 

This also explains the Taoist insistence on the central impor- 
tance on rooting and grounding the body in the process of self- 
transformation. The more one advances in the higher practices, 
the greater the need to root and ground so that the energies in the 
body remain in balance. Equally important is centering; the bal- 
ance between heaven and earth, the energies from above and be- 
low are maintained and enhanced. 

It is precisely for this reason Taoist practice gives the highest 
priority to the creation of a healthy and strong body through a healthy 
and relaxed life style and an intelligent natural diet thanks to which 
the body can continuously regenerate and rejuvenate itself. 

These insights had their basis in a new view on the nature of 
electromagnetic waves as particular forms of energy and in the 
insight that light is an electromagnetic field which takes on the form 
‘of waves which can travel through empty space as very light vibra- 
tions, also called ether. This energy is seen, in both the Chinese 
and Indian cosmologies, as the mother energy from which the other 
elements originate and of which the universe, the cosmos and 
nature are composed: fire and water, wood and metal and water. 

In the Taoist system, these elements correspond to the five sea- 
‘sons, temperatures, senses, colors, sounds and positive and nega- 
tive emotions. They form the theoretical and practical starting point 
for the Fusion Practices. 
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Return to Cosmology 


The revolutionary implications for our perceptions of the universe, 
the cosmos, time and space and of nature and ourselves as part 
of nature are only slowly penetrating into the social consciousness. 
This social consciousness's view of its conditionings and fixations 
in cultural patterns and corresponding perceptions of reality pre- 
vent it from being open to an understanding our true nature. 

There are multiple mechanics at work in present day culture 
and science and the modem view of reality which tend to prevent 
us from giving up the mind sets, rooted in the subconscious (and 
which rule the conscious mind, unaware of the forces by which it 
is steered). These make it appear as if the universe is composed 
of an infinite amount of loosely, accidentally assembled particles 
and solid objects; each having an independent, separate existence, 
rather than what is actually an ever changing web of unceasingly 
changing events which are mutually interconnected and interde- 
pendent. 

The emergence in Western history and culture of the percep- 
tion of human beings as essentially sovereign and independent 
from the universe and as its ruler who can alter life and the origins 
of life at will ( with the progress of science and technology) are 
wholly questioned by the Taoist vision, presented above. 

‘Such a view on the presumed independence and freedom from 
the laws of motion of the universe also has shaped the basic as- 
sumptions on the nature of human beings and social relations which 
have shaped mainstream social science and psychology, which 
mirror the basic premises of the Cartesian- Newtonian paradigm. 

They support a view of progress and development, the new ver- 
sion of which emerged in the course of this century, which is es- 
sentially inspired by the view that reality can be manipulated and 
engineered without regard for the consequences on Nature. How- 
‘ever, with the more recent findings of the adverse effects of such 
an attitude and the growing concer that the very foundations on 
which life on earth rest are being jeopardized, the basic premises 
‘on which this attitude is based are increasingly being questioned. 

At the same time, as a natural consequence, there is a growing 
interest in the visions which have inspired the ancient cosmologies 
such as the Taoist one, especially since there is increasing evi- 
dence in advanced physics which support such visions. Thus it is 
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not surprising that one of the leading philosophers of science, 
Stephen Toulmin, recently published a book, A Return to Cosmol- 
ogy. 

In his study he traces the process of alienation in Western cul- 
ture and science, as it came to shape modem life. Especially, he 
focuses on the relation between body and mind. He foresees a 
return to ways of looking at reality which help to overcome the du- 
ality at the root of this alienation and the imbalances it has brought 
about in the present day world system and which it feeds through 
the new communication technologies. 


It cannot be emphasized enough that when the Universal Tao 
system is called a whole of interrelated practices, this is based on 
the root assumption that it is only in the practice that experience is, 
gained. Therefore, a process of self-transformation is set in mo- 
tion which makes it possible to come to terms with the patterns 
within oneself which prohibit one to discover its relevance. 

This is the very basis of Eastern epistemologies, not only basic 
to Taoism but also at the root of other Eastern religious and spiri- 
tual traditional epistemologies: that true knowledge can only be ac- 
quired experientially and existentially in and through the practice. 

Also implicit in the Taoist vision, shared in other ancient 
cosmologies, is the view is that the universe is alive. Not only as it 
births life at every instant, but also as it sustains and nurtures life. 
This view is quite contrary to that underlying the materialist world 
view, which originated in the West with the advent of modern sci- 
ence, in which the universe is reduced to an accidental anomalous 
phenomenon . 


Religious Nature of Taoist Practice 


In the Taoist view, supported by the new physics, the body is not 
only matter but also a field of consciousness which, by its wavelike 
nature, is intrinsically related to the whole universe and can also 
get in touch with it. This provides the very basis for the Cosmic Chi 
Kung practice as a practice, which helps to enhance and balance 
the body and which is essential to the Fusion Practices. 

These above views are essential to the assumptions on energy 
underlying the ancient Taoist Practices, contained in the practices 
of the Universal Tao and which offer a synthesis and which for the 
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first time have been published in the West. Until recently these 
were scattered and inaccessible, except for highly fragmented in- 
formation. Essential to the Taoist tradition is religious practice in 
the feeling and experiencing of the sacred and the divine, and not 
in the beliefs about them. 

The Taoist view on the nature of religiosity as an experience of 
‘connection and reconnection is very much in line with the original 
meaning of the root of the word religion in Latin, “re-ligare”, to re- 
connect. 

Thus the practice is oriented to rediscovering the intrinsically 
ecstatic nature of the body in which it spontaneously feels the truth- 
fulness of life as a sacred, naturally ecstatic activity. The whole 
practice may be summarized in facilitating the process of recon- 
necting and returning to the state we were in before being born. 

Basic to the transformation process which is conducive to this 
rediscovery is the Healing Love practice by which the sexual en- 
ergy is retained, its flow is inverted and the nature of this energy is 
transformed. The Fusion Practices play an essential role in mak- 
ing possible the further refinement of this energy in the Kan and Li 
practices through new forms of purification and by enhancing the 
receptivity of the body for higher energies from the universe. The 
Taoist practice takes literally the Christian tenet that the body is the 
temple of God by viewing the vital energy or life force energy as a 
sacred energy through which the body reveals its divine nature as 
an intrinsic endowment in which heaven and earth merge. 


Wisdom of making Friends with the Devil 


The three monotheistic religious mainstreams in their institutional- 
ized esoteric form -- the Jewish, Christian and Islamic — are marked 
by a deep duality between high and low, sacred and non sacred, 
right and wrong, good and evil, mind and matter, mind and body, 
mind and energy. This duality has also shaped other religious and 
philosophical systems in their social and institutional evolution; 
systems such as Hinduism, Buddhism, Taoism and Confucian- 
ism. These systems have been marked by beliefs and codes of 
ethics which have tended to split humankind between believers 
and nonbelievers and between those that are good and those that, 
are bad, 
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Their focus on the duality between God/ the divine and heaven 
and earth, God and the Devil, good and evil, mind/spirit and body 
and on sin and its corollaries, fear and guilt, have created much 
violence and tend to continue to do so. They have also greatly 
affected people's sense of dignity, self-esteem and independence, 
as they have tended to create major dependencies on institutional 
intermediation with the divine. 
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Fig. 9.1 Balance of Yang and Yin (Good and Bad) 


In many pre-industrial cultures there are proverbs and legends 
which suggest that it is wise to make friends with the devil rather 
than fight him. It would seem that such intuitions are based on the 
insight that it is better to reconcile and accept oneself so that the 
negative loses its power rather than opposing it, by which its power 
increases, especially when fear and anger rise and the negative is 
turned into an obsession. Simple observation confirms the truth of 
this insight: that the energy of what is viewed as negative and dark 
increases to the extent that there is an attempt to eradicate it. 

This same principle shows up in the martial arts: never initiate 
the fight but let the enemy come and neutralize him by making use 
of his own energy, as in the case of Tai Chi and Aikido. 

A leading philosopher of culture and humanist therapist in the 
West, Erich Fromm, has said that the propagation of these views, 
often in extremely violent ways, has broken the spiritual backbone 
of the people. 

Esoteric systems have, however, never succeeded in wholly 
eradicating and repressing their esoteric roots, visible in multiple 
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movements throughout history, in which the body was considered 
sacred and a temple of the divine and in which sexuality was viewed 
as intrinsically sacred, 

It may be said that all esoteric systems, in their origins, have 
called on humankind to practice love and compassion and thereby 
to transcend ego and enter into a state of grace. 

Adepts like Jesus who has inspired the Christian tradition, 
Mohammed in the Islamic tradition and the Gautama in the Bud- 
dhist tradition may be seen as great masters. They showed people 
ways and practices of self-transformation through the practice of 
love and compassion. By assuming responsibility for themselves, 
they could attain inner freedom and bliss and transcend themselves. 

In the Taoist view, the problem with religion and philosophy is not 
in the practice, but in the beliefs which often serve to divide rather 
than unite, inside the person and outside. 


Unity of Light and Dark 


In the Taoist perspective, there is no sin, as light and dark are two 
poles of the same indivisible reality. Thus, attempts to eradicate 
the dark, so that light will prevail, are bound to fail and tend to lead 
to conflict and violence. Attempts to conquer good at the expense 
of evil (for example, the Crusades) are bound to generate more 
violence. And battles to secure good over evil will create more prob- 
lems than they solve. In the Taoist view there should be neither 
winners nor losers. 


Fig. 9.2 Light and Dark of the Tai Chi Symbol are connecting. 
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Thus, balance between opposite forces and energies, as ex- 
pressions of Yin and Yang, the positive and the negative, is essen- 
tial to Taoist perspective, as expressed in the Tao Te Ching, attrib- 
uted to the great Taoist Master of self-transformation, Lao Tzu. 

From Taoist perspective, balance is enhanced by entering into 
alignment with the universe, when one actualizes the universe within 
‘oneself and so is empowered and realizes oneself. This state has 
also been called a state of Selfhood, as one has returned to one's 
original Self. This process is also called “returning to one’s ori- 
gins". This means that one has overcome the contradictions and 
imbalances in oneself, so that Yin and Yang enter into balance and 
harmonize. The Taoist texts speak of becoming the “Undivided 
Being”. Lao Tzu uses the metaphor of the unhewn log (p'u). It mani- 
fests a state of being in which when has returned to the original 
state of spontaneity, in the old Taoist texts called * Tzu-jan) which 
can be observed in babies and small children. This reminds us of 
the saying of Jesus,” if you do not become as children, you cannot 
enter the Kingdom of Heaven". 

Thus the Taoist view on harmony does not carry moral over- 
tones, as it refers to a state of being which is intrinsic in the body. 
This state of being of the body as a microcosmos lies in the bal- 
ance within and between its major organs, through which our body 
resonates with the energies and forces of the universe. 

In the Taoist perception, there are no heaven and hell outside, 
above or below us. They are seen as states of being of our bodies 
and our inner selves and the way we relate to the universe, our- 
selves and each other. As such they reflect states of balance and 
imbalance between the positive and the negative. In this view, hu- 
man beings are responsible for their own state of being, the quality 
‘of which depends on their state of self-awareness as the key to 
self-transformation. 

This view is reflected in many ancient spiritual traditions and 
cultures which suggest that itis wiser to keep the devil asa friend 
than try to combat him and do away with him. 

This liberating view, which frees us from self-condemnation with 
its tendency to obscure the positive within the negative and its trans- 
formational force, is the basis for the Fusion Practices. 
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Life as an Invitation to Learning 


The Chinese character for crisis stands for both a negative 
‘occurrence as well as for opportunity and reflects the Taoist view 
‘on the unity of the positive and negative. In this perspective, what- 
‘ever happens in life is to be seen as an invitation for learning and 
an opportunity for awakening. Theoretically speaking, problems are 
not problems, but opportunities for self-transformation, since the 
negative contains the positive, in the same way as the positive 
contains the negative, like the Yin is in the Yang like the Yang in the 
Yin. What may be seen and experienced as negative, carries within 
ithe seeds of the positive, just as the light exists within the dark. In 
this light, all problems of life may be seen as energy potential, which 
can actually be a learning process, 

This is a key premise in the Fusion Practices, and it helps to 
‘overcome the duality which we tend to construe, as a result of 
attachments to our negative experiences and emotions and there- 
fore keep ourselves from entering into balance. 

Taoists say that learning is enhanced if the organs feel at ease 
and find themselves in a state of well being. When a state of dis- 
ease arises — which in Chinese medicine, of Taoist origin, is seen 
as a symptom of the breakdown or weakening of the free flow of 
energy — learning becomes more difficult. 

It also points to an attitude which gives primacy to the need to 
reflect on one’s own attitude and perception in resolving problems 
and to look inward to see in what way one has contributed to the 
problem and how one can contribute to its solution by changing 
‘one’s own attitude, perception and way of life. 

Thus from a Taoist perspective, problems are not seen as ob- 
stacles or difficulties but as opportunities to learn and as learning 
material, 

In this connection, itis interesting to note that the word disaster, 
‘common to many European languages, has its etymological root 
in the Latin substantive “astrum" of which it is a negation by the 
prefix “dis”, This suggests that originally the word had the connata- 
tion that if and when one lost touch and became alienated from the 
stars (as representing our origins), one was in for trouble; imbal- 
ances would arise. 
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Smiling as the Key Taoist Practice 


Smiling and relaxation are the beginning practice of the Universal 
Tao. They are the key to the transformational process and to learn- 
ing, asa result of which one is enabled to gently and patiently change 
old patterns into new, concerning oneself and the universe: new 
breathing, posture, inner and outer movement, and a new percep- 
tion of reality. 

Essential therefore in the Taoist practice to enhance learning 
and get in touch with the body by turning inward is to lear to relax 
and smile inward, so that dis-ease, manifest in many forms of 
stress, is overcome and one returns to a state of ease. Thus it 
may be said that whereas the Western approach to medicine starts 
from outside, the Taoist approach starts from within. 

Itis thus not incidental that the whole practice of the Universal 
Tao starts with the practice of the Inner Smile. This is actually the 
first practice of internal alchemy, as it serves to soften our body 
and its elements in which our consciousness is stored and through 
Which it operates. It is the key agent of the whole activation and 
transformation process in all the practices. We do not only have a 
body but we also are our body. By touching it with love and gentle- 
ness, its knots and blockages start to dissolve so that the free flow 
of energy is restored. 


Unity of Fullness and Emptiness 


It is in this context not surprising that at the heart of the ancient 
Taoist texts is the emphasis on the practice of turning inward and 
of stillness. It follows that in the process of meditation as a practice 
‘of becoming aware of the inner state of being of the body and its 
movements, a new and fresh space is created in which renewal 
and transformation can take place. This space is also called the 
creation of emptiness and the continuous re-creation of emptiness 
so that new fullness becomes possible. 

In the Taoist as well as in the Buddhist tradition, which histori- 
cally have been closely related over long periods in Chinese his- 
tory, emptiness and fullness are indivisible and a condition for each 
other. In the Universal Tao practices, this view has vast implica- 
tions. For example, in the universe, emptiness and fullness are 
indivisible and are the creative source of becoming, evolving and 


-220- 


CHAPTER 2 = BUILDING YOUR TOOL CHEST 


48 


‘Voltage can be accurately measured with, you guessed it, a voltmeter. See Figure 2-20. 


Figure 2-20. A panel-mount analog voltmeter (left) and a digital version (right) 


A voltmeter measures the voltage, or potential difference, in a circuit across two points, Sometimes 
one of the points is a fixed reference point, such as the electrical ground mentioned in many circuits. 
‘This is often justa convenience for the purpose of measuring things, as the ground in an electrical circuit 
may or may not be connected to the ground under your feet. 

A voltmeter will have two terminals, labeled positive (+) and negative (-). Looking at the analog 
voltmeter in Figure 2-20 (the one on the left), we see a needle that can swing from 0 on the left to 30 on 
the right. The prominent capital Von the dial indicates that the unit of measure is the volt. This indicates 
that you can use this meter to directly read from 0 to 30 volts, just by placing its terminals across a 
voltage. The meter itselfis electromechanical in design, and creates a magnetic field that works against a 
spring and a fixed magnet. This action causes the needle to move to a point generally corresponding to 
the labeled voltage on the dial, These needles are not especially accurate, but can be corrected using the 
serewdriver adjustment at the bottom of the meter. 

An analog panel meter such as this one does not require a separate power supply for proper 
operation, It draws all the power it needs from the signal being measured. This makes it unsuitable for 
measuring low-power circuits, where the current draw from the meter would unduly influence the 
reading, 

‘The panel meter on the right isa digital circuit that measures the voltage and displays it on the built- 
in liquid crystal display (LCD). It requires a separate power supply for normal operation. 
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renewal, so that the universe is reborn in a continual process. We 
ourselves give thanks to the alternation of the inhale and the ex- 
hale, so our body is in a continuous process of dying and being 
reborn, through which we renew ourselves. The new can only rise 
if the old dissolves. So itis in Nature with the change of seasons. 
And so it is with all that is alive in the universe. This is the core 
wisdom of the / Ching. 


Co 


Fig. 9.3 The core is the center of the universe, earth and the body. 


In the Taoist practice this has a particular application in the coun- 
sel to empty the mind and let it come down in the body so that a 
major source of energy is preserved and can renew itself. At the 
same time the belly can be filled with Chi, so that the energy streams 
in the whole body are enhanced and the heart is freed from too 
much pressure, as the belly helps do its work. Only when we learn 
to renew ourselves by undoing what has become unnecessary 
and what obstructs the process of transformation do we renew 
ourselves and our body. By undoing ourselves from what is no 
longer needed the new can grow. An ancient Taoist proverb sug- 
gests that simplicity comes about by seeing every day what has 
become dispensable. Then one can walk and move more lightly, 
both in the mind and with the body. 

Jesus often reminded people in His parables of the law of unity 
and alternation in nature, and in themselves of old and new. In the 
Tao Te Ching this truth is expressed in the use of rich metaphors, 
for example, the house which acquires its function by being empty 
and the wheel which receives its function by virtue of its empti- 
ness. 
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It finds its most pregnant expression however in the law on the 
unity of living and dying, common to all the great spiritual traditions 
= Hindu, Buddhist and Christian -, which is also central to Taoist 
practice. The new can only emerge and grow, ifthe old dies and is 
discarded. 


Attachment and Detachment 


This insight is at the core of the / Ching in which nature with its 
cycles and seasons is held up as a mirror for human beings. It has 
shaped from ancient times the Taoist proposition that to learn to be 
and realize oneself, one needs to go with the flow of life and to 
become like a fish in the water or the clouds in the sky. This insight 
is essential to give depth to the Fusion Practices and balance at- 
tachment with detachment. 


A: Why don't you sit down, relax and let go of the weight and let me take 
you to the market. 


¢ 


B: Thank you for taking me to the market. | don't want to put too much 
weight on yourcar. 
Fig. 9.4 Relax and let go. 
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In the Taoist view, attachment and detachment are not to be 
‘seen as opposites, which exclude each other. What may be useful 
and functional in one stage of life, in one particular situation or 
moment, may well lose its functionality at another time. This ex- 
plains why Taoists question the usefulness of externally induced 
and pre-arranged moral codes. Instead , they value, above all, self- 
cultivation in learning to act in harmony with what is inwardly expe- 
rienced as genuine and truthful, because it is in tune with the uni- 
verse in us. 

The training in such an attitude in which one frees oneself from 
fixed rules imposed and determined from outside and one con- 
sults one's own body and inner feeling, creates both freedom and 
flexibility. It helps to avoid being trapped in positions which under- 
mine the capacity to trust oneself, and at the same time raises 
self-esteem 

In the process of genuine self-reflection and the growth of self- 
awareness, you learn to look at yourself and your inner life from a 
distance and as a neutral witness, rather than as a judge. As a 
result, you grow into a spirit of inner freedom and you learn to look 
at yourself with a sense of relativity and even with a sense of hu- 
mor. At the point you are able to truly smile at yourself and have 
reached the point you can forgive yourself, wisdom is dawning and 
the knots which you felt were in your way are in the process of 
dissolving, to create space for new and fresh energy. 


Going with the Flow 


This view on going with the flow in the universe and within yourself 
is also the basic principle underlying and inspiring the ancient Tao- 
ist arts of self defense. In Tai Chi no position is fixed and the body 
enters into a continuous flow of movements, as life is movement 
and in the movement to become one with the universe and its en- 
ergies and forces one becomes invulnerable. The power gained in 
the martial arts is not an external but an intemal one; itis generated 
by the process of alignment. Its this alignment through which the 
body is empowered from below and above and the power can flow 
from the center. 

Ifyou have no center, you can be easily pushed around. A per- 
‘son who is centered has an internal balance. He is more free from 
‘external influences and less fearful and suspicious of others, as 
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he is in tune with himself and the universe. Therefore the fusion 
practice may be called an internal kind of martial arts by which one 
learns to playfully bring into balance one’s opposites so that a sense 
of being centered and in harmony arises and thereby self-confi- 
dence manifests. 


Fig. 9.5 Balanced, going with the flow 


It should be obvious that the practice of these arts may be most 
helpful, as they may help you to remember to go with the flow in- 
side yourself and become inwardly soft and flexible. Like all true 
Chi Kung, the art of moving the Chi and with the Chi, outer flexibil- 
ity comes from inner relaxation. Only when relaxation deeply en- 
ters the body, can it become truly receptive for the energy within 
and from outside. The same goes for Tai Chi 

In that sense the Fusion Practices may also be seen as an in- 
ner play in which you invite your organs as your children to play 
with each other and see how they can balance and support each 
other. It may also be compared with an ancient game, which is 
played by children and adults in different countries in Asia. In Thai- 
land itis called Takara in which the players help each other in keep- 
ing the light bamboo ball in the air so that the play can continue. 
Nobody loses, nobody gains. All share in the joy of the game and in 
the process train their own ability and help the others to enhance 
theirs. 

Central to the Taoist tradition is that the body expresses and 
balances both heaven and earth. How could it receive the energies 
of heaven and earth and become an expression of the universe, if 
it were not open and flexible and receptive? This explains the cru- 
cial role of Chi Kung and the various schools and forms which 
have been created over the ages, so as to make the body a vessel. 
As the Tao Te Ching says: the function of the vessel is to be empty 
so that it can be filled. 


-224- 


‘Cosmic Fusion 


Secret of Breathing and Relaxation 


The essential role of the quality of breathing in all the practices is to 
enhance detoxification and cleansing, to create new space and 
‘openness towards the universe (in the exhale) and to fill the body 
with new energies and forces, by receiving, enriching and trans- 
forming Chi (the life or vital force). Breathing is central to the Taoist 
practice. 

Changes in the quality of breathing from a short, superficial and 
agitated breath in the upper part of the body to a long, deep and 
quiet breath in the lower center/ Tan Tien of the body are crucial to 
the process of inner transformation. This is so because breathing 
is the bridge between consciousness and the body, and in the 
breathing process both the body and our awareness change. 

The quality of breathing plays a crucial role in the processing 
and transformation of emotions which is a central theme in the 
Fusion Practices through the transformation of negative into posi- 
tive emotions (Fusion of the Five Elements) and the cultivation of 
positive emotions (Cosmic Fusion). The emphasis in Taoist prac- 
tice on self-healing is intimately related to the growth of self-aware- 
ness with regard to one’s pattern of breathing as this determines 
the ability to regulate, control and balance emotions. 

The Inner Smile practice as well as the Healing Sounds prac- 
tice, designed to balance the negative and positive properties of 
the organs, are essential as a preparatory practice to the Fusion 
Practice. 


Lower Tan Tien 


Fig. 9.6 Smile to the Lungs. 
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From the above, it should be clear that the practice of the Inner 
‘Smile and the quality of breathing and relaxation —as conditions of 
the self-healing process — are intimately related. 

It is not coincidence that the great sages and masters of self- 
transformation like the Taoist immortals and the Buddha are al- 
ways portrayed with an inward-oriented smile, to signify the key to 
inner freedom and balance and the unity of Yin and Yang. The prac- 
tice of the Inner Smile as the key to relaxation remains the basis of 
all the practices of the Universal Tao, from the most basic to the 
most advanced. It is the key to all forms and stages of self-trans- 
formation, as the Taoist masters discovered its secret and its power 
to initiate and enhance the process of self-transformation. Statues 
and pictures may remind us of our own transformational potential 
and may help us to set in motion the internal alchemical process. 
‘We may also bring into our mind images of people who have awak- 
ened or reminded us in the course of our life of our own potential 
for transformation and positive qualities, thereby helping us to em- 
power ourselves. 


Science of Feeling and the Power of Intuition 


In this sense, the Taoist practice is a continuous invitation to turn 
inward and get in touch with one’s own body (and organs). Begin 
to sense and feel the body's state of being, its expansion and con- 
traction and the state of relations between the major organs and 
the senses (kidneys/ears, liver/eyes, hearttongue, spleen/mouth 
and lungs/nose). Check the state between the major organs and 
connected organs (kidney/bladder, iver/gallbladder, heart/small in- 
testine, spleen/stomach, lungs/large intestine). Review the overall 
state of relations between the organs, glands, the nervous sys- 
tem, the spine, the bones, muscles and tendons. How are the rela- 
tions between the three centers of the body (belly, heart and crys- 
tal room)? Check on those between the center and the extremi- 
ties, the front and the back and the quality of the path routes which 
carry the flows in the body (the electro-magnetic energy, called 
Chi, also called the life force or vital force, the blood and the lymph 
flows). 

‘Any advance in the practice is determined by the growth in abil- 
ity to feel into the body by going inward and getting in touch with it 

In this context it is of value to realize that the verb *heal’, the 
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substantive “whole”, and the adjective “holy” have the same 
etymological root. This is in line with the Taoist insight that the pro- 
cess of healing is realized in the process of becoming whole and 
that holiness is the state of having become whole and in balance 
with oneself and with the universe within oneself. In this view holi- 
ness is not a moral category but an existential and relational state 
of being, 

It is not without reason that Taoist practice has been called a 
science of feeling, as throughout the ages it has relied on and cul- 
tivated it. One may also call the ability to feel the power of intuition 
or the feeling intellect which exists at every and all levels of our 
body and bodily awareness in which we are wholly present. In all 
languages of the world, there are multiple expressions, pointing to 
the organs, such as the heart or the liver or the kidneys or the 
blood or the bones or the veins, hands, eyes, ears and feet which 
reminds us of this intuitive power of the whole body. The reduction 
of thinking to the mind and the brain, so characteristic of Western 
reductionism, is entirely alien to all cultural traditions in the East 
and the South. 

Itis the feeling that we open the body and open and activate the 
Chi from within and outside. 

Itis also through feeling that we can sense, taste, hear and touch 
the rhythms of earth and heaven and unite with them within our- 
selves. Becoming aware of our inner movements and what moves 
us are one and indivisible. In the feeling process, we also become 
aware of the relativity of our boundaries and learn to experience 
these not only as limitations and finite but as openings to the unlim- 
ited and infinite 

As a result our solitude comes to an end and we become sensi- 
tive to our intrinsic relatedness with all that is. In this sense, each 
practice may be seen asa step to invert the process towards alien- 
ation and separation from the sources of life, basic to Western 
culture and its extension over the world. 


Thin 


\g with the Heart 


One is reminded of the meeting of Carl Gustav Jung, the famous 
Swiss psychiatrist and philosopher of culture in the 1920's with an 
‘old Pueblo Indian in New Mexico on one of his visits to the United 
States of America. Jung narrates in his autobiography that his talk 
with him was unlike any which he had had with a European. When 
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Jung asked him how he felt about white people, Ochwia Biano 
(Mountain Lake) said to him, that to his people, they looked quite 
cruel in their appearance. “You always have an inflexible expres- 
sion on your face. You always seem to be wanting something. You 
are always restless and agitated. We don't know what you want. 
You all seem to be quite crazy.” Jung then asked him why he thought 
them to be crazy. He replied, “They say they think with their head”. 
Jung, surprised, asked him: “Of course, but tell me, where do you 
think?” He replied, "We think here." And he pointed to his heart 
Jung tells how he sank into deep reflection and he remarks, “For 
the first time in my life, it seemed to me, somebody had shown me 
the image of how we really are.... This Indian had touched our weak 
spot and pointed to something to which we are really blind.” Jung 
viewed the encounter with the Indian as an opportunity, which 
‘opened to him a new gate to a primordial and nearly entirely forgot- 
ten dimension and form of consciousness which could be revived. 


Fig. 9.7 Smile into the Heart. 


In another passage in his autobiography, Jung narrates a dream 
which he had during a visit to an Islamic country in North Aftica, 
which deeply touched him. In this dream he had to fight for his 
survival with a young Arab aristocrat who descended from his horse 
and wanted to drown him. Jung interpreted the dream as a struggle 
between his own repressed unconscious (his shadow), which 
sought to be recognized and accepted and his own conscious- 
ness, represented by his rational mind which felt threatened by the 
unsuspected attack by the young man. He then observes: “In my 
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unconsciousness, I was in no way aware of such a situation; on 
the contrary | could not undo myself from a feeling of superiority, as 
at every step, | was reminded of being a European. | was not pre- 
pared to meet the unconscious forces within me, which emerged 
with such an intensity on behalf of the opposing party and which 
led to such an intense conflict.” 

Only several years later did Jung begin to understand the deeper 
nature of the dream. He began to see in the dream the resurgence 
of primordial structures or patterns in himself from a well-known 
past, but a past he had forgotten. He perceived the resurgence of 
these images as a renewed awareness of a stil available potential 
forlife, which was overgrown by civilization, a potential for life, which 
had been repressed and marginalized into the sub-conscious. In 
Jung's view, Western culture had become alienated to much of 
What being human represents: the primordial dimension of our be- 
ing, which had been relegated to the underground. 

Jung was a great admirer of the Taoist tradition and expressed 
his deep appreciation for its originality and wisdom in writing the 
foreword for the translation of the / Ching into German by Wilhelm 
Reich (the first translation into a European language). 

The split between body and mind, thinking and feeling, matter 
and spirit, at the root of the formation of Western culture and reli- 
gion and the birth of modern science, has been aggravated in the 
course of this century. 


Feminine Underground Current 


Some historians and scholars, like Morris Berman in his path-break- 
ing studies “The Re-enchantment of The World” and “Returning to 
Our Senses” have argued, that in the course of this process the 
feminine dimension of European culture greatly suffered and in 
order to survive had to make itself invisible and so became its un- 
dercurrent. He means by this that in religion, with its reliance on 
external authority and its contempt for the body as well as in sci- 
ence, with its pursuit of objectivity, at the expense of other sources 
of cognition, the body was devalued. 

‘Subsequently it could be turned into a mere object, an input and 
an instrument. Itwas seen in function of externally determined aims, 
as defined by the forces of competition, economic rationality and 
rational management and the new forms of communications 
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technology. This process has also seriously undermined the posi- 
tion of women and has greatly affected their sense of dignity and 
self-esteem, It has also challenged the Yin values in society, con- 
sidered to be counterproductive. 

Unquestionably, the growing sense of despair and disorienta- 
tion which large groups of people in the world today experience is 
directly related to the split and the resulting imbalances which they 
‘experience within themselves. 


Restoring the Balance 


With the growth of a new world culture, with a process of unceas- 
ing economic growth and expansion and the simultaneous rise of 
both minority affluence and mass poverty, these dualist tenden- 
cies are being further aggravated. The rise of fundamentalism and 
dogmatism, both as an instrument to legitimize power and achieve 
control and as a response to a growing despair and as an expres- 
sion of the thirst for security is a further sign in the world rocked by 
imbalances and social fluctuations has become increasingly un- 
controllable. This uncontrollability is seen as unavoidable and in- 
herent in the very mechanics of the system and as an inevitable 
price for economic growth and advance. 

Repression of the body and of sexuality and a search to com- 
pensate for it go hand in hand. Thus repression and a desperate 
‘search for liberation from it are both on the rise. There is a trend to 
see the body and sexuality as the source of all evil and start cru- 
sades against them so as to secure law and order. There is at the 
‘same time a growing obsession to secure and maximize plea- 
sure, a trend which has grown to be the object of ruthless exploita- 
tion in which the body and sexuality have become mere commodi- 
ties on the market. As a result, public life is being sexualized, as a 
‘source of economic expansion and profit. 

Thus the repression of the body and sexuality have precisely an 
inverse effect and has become a major source of a fast-growing 
market and rapidly expanding pleasure and amusement industry, 
Which capitalizes on this repression. 

The first law of thermodynamics is that energy cannot be cre- 
ated or destroyed. In terms of Taoist theory, all energy comes forth 
from the Great Void, the original Wu Chi which undergoes a series 
of transformations in the formation of the universe. Thus the 
human body is seen as a particular form of transformation of this 
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Ammeters 


An ammeterlooks and operates just like a voltmeter, except that it measures electrical current flow 
instead of voltage. The flow of electrical current is measured in units called amperes (A). The basic 
mechanism is almost identical to a voltmeter. To convert a current flow into a voltage, an electrical 
device known as a shuntis used. The shunt is simply a fixed. value resistor that produces a voltage across 
its terminals in relation to the amount of current that is flowing through it and its inherent resistance to 
the flow of current. 

This relationship between voltage, current, and resistance is elegantly expressed in Ohm's Law. If 
‘you know two of the measurements in a circuit, you can calculate the third, based on their fixed and 
proportional relationship to each other. You will find this law to be exceedingly helpful to you when 
designing, repairing, and upgrading electronics. 

To avoid using fractions, which seem to terrily so many people for no good reason, you can use 
Ohm's Law thusly: 


Voltage (volts) = current (amps) x resistance (ohms) 


+ Current (amps) = voltage (volts) + resistance (ohms) 


+ Resistance (ohms) 


soltage (volts) + current (amps) 


That's all there isto it, if you're just working with volts, amps, and ohms. Things can get weird, 
however, when you start to work with alternating current (AC), which is the kind of electricity you find in 
wall outlets and audio circuits. 


Ohmmeters 


An excellent application of Ohm’s Law is found in building a resistance meter, also called an ohmmeter, 
because it measures resistance. Resistance is measured in units called ohms, often abbreviated with the 
capital Greek letter omega (0) 

There are two ways to do measure resistance. One is to pass a known voltage though the unknown, 
resistance and measure the current that is flowing in the circuit. The other is to pass a fixed current 
though an unknown resistance and measure the voltage across it. This second method is the one most, 
commonly used, 

You're most likely going to use a multimeter to measure resistance, as this is one of the more 
‘common functions of these handy devices. Mutlimeters are covered in the very next section. 


Advanced Test and Measurement Equipment 


It would seem that for simple circuits, having just a voltmeter, an ammeter, and an ohmmeter would be 
all you need. For the most part, this is correct. However, have you considered what would happen if you 
applied 100V to the 30V meter shown in Figure 2-20? What if you simply reversed the polarity of the 
signal by accident? Something bad for the meter, that's for sure. It might not actually catch on fire right 
‘away, but it would certainly damage the delicate, spring. loaded mechanism, possibly rendering it 
useless as a reliable measuring instrument. 

‘The same can be said for an unprotected ammeter or ohmmeter. Luckily, the nice people that make 
good test equipment stay up late at night, thinking of the stupid things we might do with their products, 
and protect them accordingly. Let's look at some meters that measure multiple electrical characteristics, 
‘which strangely enough are called multimeters. 
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original energy. The second law of thermodynamics states that 
energy in a closed system tends to become disorganized (entropy). 
Thus there is an automatic tendency for balance to be lost. 

Taoist practice focuses on inverting the process of dispersion 
and disorganization and restoring balance. This process is set in 
motion and facilitated by the Healing Love practice through which 
the unity and balance between love and sex is restored. 

Essential to the Healing Love practice is the growth of love and 
compassion within as a result of which love and compassion with 
others and the universe become possible and emerge as a natural 
extension. Once the inner balance is restored, itis possible to act 
as an effective agent of balance outward. 

In the Taoist view, conflict and violence in the outer order invari- 
ably have their source in inner conflict and violence, as manifesta- 
tions of inner imbalance. Equally is outward peace viewed to have 
its source in inner peace and balance. In this process towards 
inner balance, Fusion Practices, in conjunction with the Healing 
Love practice and other practices of the Universal Tao, play an 
essential role; they honor the body and its intrinsic wisdom and 
potential for self-healing and rebalancing itself, so that it enters into 
alignment with the universe 

Joseph Needham, one of the great scholars of the origins of 
Chinese science and civilization, who was an honored member of 
the Academia of Science, had called Taoism the feminine under- 
current in Chinese history and culture, with its focus on the power 
of silence, feeling, sensing, compassion, forgiveness, humility, 
gentleness, reverence for life and nature and the equality of women. 

It was however relegated to the margin of Chinese civilization 
and its practitioners had often to go underground. As a rule they 
fiercely stood for the ancient communitarian practices of reciproc- 
ity and sharing as well as people's freedom and self-reliance. At 
the same time, they were opposed to interfering with the natural 
order, to be respected as a manifestation of the higher orders. 


World as a Manifestation and Reflection of the Universe 


They valued ancient forms of democratic practice, rooted in a vi- 
sion of village communities in early times, which formed federa- 
tions, patterned on the very structure of and alignment with the 
‘cosmos. No wonder that they were staunchly opposed to any forms 


-231- 


Chapter 9: Fusion as a Bridge 


of feudal and hierarchical power in which undue power was exer- 
cised by some over the many and the rise of a wealthy aristocracy 
which lived at the expense of the common people. They were also 
‘opposed to any forms of technology which would harm nature or 
be at the expense of people's sense of well being. Their attitude 
towards the universe and towards each other is summarized in 
the words of Lao Tzu: 

The Universe is sacred 

You cannot improve it 

Ifyou try to 

You will ruin it 

Ifyou try to hold it 

You will lose it 

Surrender yourself humbly 

Then you can be trusted to take care of all things. 

Love the world as you love yourself; 

Then you can truly take care of all things. 


5 Planets, (5 Elements) 
3 Transactional Planets 


‘Awareness Field Field Humanity Consciousness 


Fig. 9.8 Alignment of the Cosmos 
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It may well be that, precisely because Taoist practitioners re- 
fused to be co-opted by the establishment and were relegated to a 
precarious position, the practices could survive. As such, these 
practices, as synthesized in the Universal Tao, constitute a syn- 
thesis of several thousands of years of the practice by generations 
of Taoist masters in the science of feeling and sensing inward and 
of observing the nature of the universe and our relations with it. 

The above provides evidence that Taoists over the centuries 
had a genuine concern about the well-being of the common people 
and that their practice was no reason to disengage from the world. 
The many stories and legends of the Immortals show that they 
were greally loved, especially by the common people and the poor 
whom they often protected and helped. Their practice of gentle- 
ness (kidney), of generosity (liver), love and respect (heart), fair- 
ness and openness (spleen) and courage (lungs) expressed a 
strong sense of compassion with those who suffered. 


Body as the Primary Source of Cognition 


In the evolution of Western culture with its progressive disconnec- 
tion between body and mind, thinking and feeling, rationality and 
emotions, mind and energy, inner and outer, matter and energy, 
linearity and spontaneity, feeling as a source of awareness and the 
primary mode of cognition has been progressively devalued. 

It was seen as a feminine value of little use except in some 
domains as that of the arts and artistic endeavor. In religion it was 
looked at, together with the body, sexuality and emotions, as a po- 
tential source of evil. In science with its drive for objectivity, it was 
also looked at with suspicion, as it tended to disturb and under- 
mine the demands for objectivity. 

Thus it was relegated to a position of inferiority, as it was sup- 
posed to interfere with rationality, discipline and order, needed for 
progress and the growth of modernity, as well as with the need to 
control the universe, the cosmos, nature and ourselves. 

In the Taoist tradition, feeling as the power of intuition, rooted in 
the body and the ability of self-reflection has always been consid- 
ered as the primary source of self-awareness. Jung has named 
this form of cognition the knowledge of the unconscious, which 
underlies all conscious activity of the mind 
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This capacity to intuit reality (the ability to sense reality in its 
totality may be called an integral form of knowledge) exists in our 
whole bodily being. It may also be called a mode of thinking with 
the body which precedes all formalized codes of thinking which 
‘evolved with the advanee of formal rationality and the split of body 
and mind, typical of Western culture. 

In that sense it may be called a Yin form of cognition, as op- 
posed to the Yang form of cognition, which characterizes the mod- 
ern world and its connected forms of education, science and tech- 
nology. Yet there is abundant evidence that at the source of all 
genuine creativity and inventiveness, including in the field of sci- 
ence, lies the power of intuition. 

In that sense, the practice of the Universal Tao and the Fusion 
Practices, deeply rooted in the Taoist tradition, may be seen as a 
way to recover this form of knowledge within ourselves so that the 
split within ourselves between body and mind, feeling and thinking 
is overcome. In the great Asian traditions, thinking in its restricted 
sense as the linear activity of the brain has been viewed as inter- 
fering with and affecting awareness as the primary and principal 
form of knowledge, essential for turning knowledge into understand- 
ing. 

From a Taoist perspective, the primary leaming process does 
not take place in the brain but in the organs. Recent findings cor- 
roborate the Tacist vision of the learning process that the brain only 
processes what is experienced and known intuitively by the or- 
gans, in particular those in the lower Tan Tien. 

‘Our deep memory which structures our patterns of reaction and 
response to the world lies in the organs. In this view, a learning 
process needs to be rooted in a relearning and a reprogramming 
of our subconsciousness in the organs from which all conscious 
activity springs. In terms of contemporary technology the organs 
are the software and the brains are the hardware. 


Unity of What is Above and Below 


In many recent attempts to revitalize and recuperate spirituality, a 
growing need is felt to counter the ominous trend towards a loss of 
Meaning in the world of today. There is a tendency to continue the 
split, which inspired many spiritual traditions, which tended to be 
based on the duality of good and evil, higher and lower. 
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Fig. 9.9 As Below So Above 


‘As the lower part of the body and its organs is looked at as 
associated with the instinctive animal obscure part, connected with 
sexuality, which prevents the mind and the spirit from its upward 
vocation, itis ignored and bypassed. The Taoist approach fully hon- 
ors and recuperates the dignity of the body as a whole. The Tao 
recognizes the belly and its organs, connected with our sexuality 
and water energy which is the source of creative power from which 
all energy transformations flow. By getting in touch with our most 
intimate parts, we also gain access to the source of our creative 
powers. 

In that sense, the Fusion Practices invite us to reconnect with 
those parts of ourselves, both physically and psychically, which 
have been the focus of repression. This repression is not only in 
most of our cultures but also within ourselves, as we internalized 
what we learned and accumulated in our culture, at home, in school 
and though the media. In order to reconnect and truly get in touch 
with our organs, we need an instrument which is capable under- 
standing them. 
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That instrument is our intuitive power, which has its roots in our 
body as earth. It cannot be substituted by any other instrument, 
including our own intellect through which we are often at risk to 
become strangers to our own innate wisdom. 

Genuine self-transformation can only be realized from within by 
the one who truly knows her/his personal existential history. We 
must see the relations between positive and negative emotions as 
‘our own most intimate history which we have often hidden from 
‘our own senses and which only reveals itself to our own compas- 
sionate inner eye and our own loving energy. Only then can we 
‘open the path to true healing from within. No medical system, medi- 
cal doctor, psychologist, psychotherapist or other professional can 
do what you yourself can do: to observe and understand yourself 
‘emotionally and feel what your innermost self needs and longs for. 

As such the Fusion Practices are a primary practice to recon- 
nect with the somatic basis of our being and reconnect with the 
hidden parts of ourselves. Thus the Fusion Practices are exer- 
cises in in kinesthetic awareness through which we recover our 
primary form of knowledge which is somatic and is buried in our 
very body and our gut. For this we need to go deep down into our 
‘own emotional history and learn to feel with and within our entire 
body. 

For this we need to let our rationalizing mind deeply sink into our 
body and let our intuition take over so that we get in touch with the 
visceral level of our being. Thus the Fusion Practices are not mental 
or intellectual exercises to clear our debris or accumulate virtues 
butan existential transformational exercise to which the formal mind 
only becomes an impediment. 

The Fusion Practices provide a unique way to overcome the 
dependencies you have grown accustomed to and to train yourself 
in self-reliance and recover your independence and thereby your 
self-esteem. 
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Healing Wounds 


Often the question is asked: “Where to begin"? Such questions 
may suggest a hesitation to enter the practice and face oneself. A 
path opens at the very moment we start to walk. The inner journey 
is different for all of us, as our histories are unique. The formulas 
provide an essential guide, which tells us how to go about, which 
direction to take, when to walk, when to rest and the stations (prac- 
tices and their sequences) we should visit. 

As suggested earlier, the whole Taoist practice has its begin- 
ning in the practice of the Inner Smile. The Inner Smile as the key 
to refresh, create, transform, attract and blend energies presup- 
poses a basic willingness to enter into an adventure and to face 
the risks in transforming old to new. It requires above all a willing- 
ness to love oneself and self-compassion. Such an inner move- 
ment towards the opening of the heart is however only possible if 
there is some willingness to accept and forgive oneself. 

Perhaps the primary key to any process of self-transformation 
is the willingness to forgive oneself, as it opens the heart and sets 
in motion and frees the flow of Chi, both from within and from 
outside. That would seem a primary condition for an open space to 
emerge in which one can enter into dialogue with the organs and 
let them speak and listen to what they wish to say. 

Yet forgiveness is not an act for once and for all but a primary 
key in a continuous process of turning inward and practicing inner 
‘observation. Itis not surprising that when Jesus was asked a ques- 
tion on forgiveness, he pointed to its key role by saying that a man 
should forgive seventy times seven, meaning that it has no limit. 
Rather than perceiving forgiveness as a virtue which make all other 
virtues possible, like love and compassion, it is more useful to see 
itin terms of a growth generated by process towards balance as a 
whole between positive and negative emotions (Fusion of the Five 
Elements) and as the fruit of the creative cycle (Cosmic Fusion) 

The refusal or inability to forgive and thereby to love oneself and 
others may be said to affect all the organs, affecting their chemis- 
try and inhibiting cooperation and balance. Frequently itis rooted in 
a victim consciousness, which sets into motion negative emotions 
which tend to reinforce each other. This victim consciousness of- 
ten has its roots in a presumption of betrayal as a result of which 
the heart closes, as others are made accountable for one's own 
negativity and suffering. 
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As a result there is a refusal to even consider looking inward, as 
the source of misfortune is placed outward. Thus the heart's natu- 
ral tendency towards love and compassion is obstructed and the 
wound is cultivated to legitimize one’s withdrawal from life, as a 
result of which both the internal as well as the inward flow from 
outside are being impeded. All traumas first of all settle deeply in 
‘our organs from where they affect our energy flows. They can only 
be dissolved with patience and gentleness towards oneself. Only 
when internally energy is accumulating, can it flow outward. 

The strengthening of the organs have in the Taoist tradition a 
vital role to play in mitigating and achieving control over the nega- 
tive emotions. Forgiving does not mean that the wound needs to 
be closed. It may remain but it is no more active in generating 
toxins and preventing positive emotions from growing. Also forgiv- 
ing does not means that one forgets. That may be too difficult and 
is not necessary. Only the charge, which activates to toxins needs 
to be defused. 

The aim of the Fusion Practices also is not to eliminate pain. 
Pain and joy are intrinsic in life and form a unity of opposites. 
Attempts to eliminate it create frustration and exasperation and 
may well make it grow and become more difficult to control, as 
negative emotions such as fear, anger, worry, sadness and impa- 
tience multiply. The more negative emotions are suppressed, the 
more they have a tendency to run wild. 

The purpose of the Fusion Practices is to achieve control and 
regulate them consciously so that major imbalances can be pre- 
vented and the quality of the energies, upon being fused and blended 
is heightened and transformations into new states of being (the 
‘energy body and the spirit body) become possible. Ups and downs 
are inevitable but as you grow able to accept them and balance 
them and grow in equanimity, a point is coming when you are less 
affected by what happens around you; you are less carried away 
by events and you become less vulnerable. 

Rather than to do away with toxins, itis wiser to allow for them 
and it is easier to control them. This immunity is both raised in 
balancing positive and negative emotions (Fusion of the Five Ele- 
ments) and by strengthening the positive emotions (Cosmic Fu- 
sion). The unity of the two is of great importance. To make a small 
tree grow one does not only weed, but also creates optimal condi- 
tions for it to grow: that it is planted in good soil, that it receives 
shade and water and that itis pruned at the right time. 
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One practical way to effectively deal with the negative emotions 
is to distinguish between them, so that they can be separated and 
sorted so they receive the attention they require and they become 
manageable. We may see them like our children who each have 
their specific needs. We can give to each one the particular atten- 
tion they deserve. To deal with them all at once is too difficult and 
leads easily to discouragement and a sense of powerlessness 
and defeat. In such a way you more easily work with them. 

For each of us, the relations among and between positive and 
negative emotions is a unique one. So are our needs and styles to 
deal with them, depending on the culture we have grown up in, our 
different kinds of education and the ways we have responded to 
them and have evolved. So we will need to rely on and develop our 
‘own imaginativeness to use the formulas creatively so that they 
may be helpful rather than become an obstacle, as we apply them 
mechanically. We need to learn to feel what is good for us, and 
what helps us to be centered, in balance and at peace with our- 
selves. 


Practice of Humor and the Humor of Practice 


Crucial to our practice is a sense of humor and playfulness: to 
avoid the Fusion Practice becoming a reproduction of old patterns 
in a new form, as we use it as a device to track down our weak- 
nesses in a spirit of self-condemnation. Humor is essential for bal- 
ancing the energies of and in our organs. Humor is the great requ- 
lator which helps us to look with a sense of relativity, playfulness 
and lightness at ourselves. It is an expression of the compassion- 
ate energy of the heart which helps to look with a sense of detach- 
ment at ourselves and not to take ourselves so seriously that it 
becomes difficult to relax and be a witness rather than a severe 
judge. 

With little humor, the Fusion Practice would become an account- 
ing practice in which we record the drawbacks which prevent us 
from advancing. In focusing on the negative as if it were evil, we 
lose sight of our creative potential and prevent ourselves to gradu- 
ally free ourselves from old patterns. Without humor we see no 
way out except by relying on some external power or force which 
only further undermines our own original power of self-transforma- 
tion. 
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Learning to tend our Garden 


What helps is to realize that we do not have negative emotions, 
per se, but that we and our spirit are in them. They are an integral 
part of us, and when we want to eradicate them, we destroy our- 
selves and the spirit contained in the organs 

For the Fusion Practices to become effective, we need to learn 
to dialogue with our organs. We must learn to express our grati- 
tude to them for the miracle that we are alive thanks to their un- 
ceasing work. We need to give them a chance to relax and recu- 
perate. Let us give them a chance to get in touch with each other. 
They are both our parents and our children. They can store Chi 
and provide us with energy when we need it. Let us protect them 
from our anger and other negative emotions, so that they do not 
have to suffer and feel we drain them. Let them breathe freely, 
accumulate Chi, expel the accumulated toxins to that we can re- 
cover, nourish and sustain our health and vitality. 

Itis a challenge to see the positive in the negative; negative emo- 
tions, when freed from their destructive and explosive charge, con- 
tain pure energy which we badly need to develop our vital force. 

Ithelps to accept ourselves if we remember that our negative 
emotions often mirror forms of resistance which at some time early 
in life, served as a form of legitimate and understandable protec- 
tion and rebellion. At that moment they might have been neces- 
sary, but at some point they lose their function. 

Negative energies may be seen as a kind of garbage. If we dis- 
charge it on others and the environment, itbecomes a major factor 
in generating toxins, bacteria, viruses and a variety of forms of 
disease by which negative emotions are multiplied and become 
more and more difficult to control. Or they can be seen as highly 
positive and urgently needed for recycling and composting, so that 
they can be used to help us grow and improve our balance, so that 
we do not become a burden and a threat for others and our envi- 
ronment, but a blessing, as our energies contribute to a climate of 
harmony and peace. The more light and Chi that enters our body 
and the more we radiate it into others and our surroundings, the 
less bacteria and viruses have a chance to grow. 

The Fusion Practice (Fusion of the Five Elements, Formula Four) 
provides an effective method for composting, as the negative en- 
ergies from the different organs, after having been separated out in 
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Multimeters 


Multimeters will almost always allow you to measure various ranges of DC (direct current) volts, AC 
volts, current, and resistance. More advanced meters also measure things like frequency and duty cycle 
oreven temperature. Some meters will even directly measure capacitors, inductors, and transistors 
using specialized connectors, 

‘As with most tools, you generally get what you pay for with multimeters. The meter on the left in 
Figure 2-21 was purchased for under $3, including shipping from China. Itarrived DOA (dead on arrival) 
and was not deemed important enough to return. It will make an interesting clock or fake lie detector 
someday. The unit on the right was purchased new for nearly $400 and has provided over a decade of 
useful service, The unit in the center is modeled after the unit on the right, it would seem, but can be 
bought new for between $10 and $20. The unit in the photo was bought wholesale for $4, because 
sometimes you get lucky. Its often handy to have a second meter in the lab—for example, when you 
need to measure the voltage and the current flowing in a circuit simultaneously, which you just can't do 
‘with a single meter. 


Figure 2-21. Examples of some multimeters, The meter on the left features an analog display that is easy to 
read and acommodates several readout scales simultaneously. The remaining two meters have digital 
readouts and offer more accuracy. All the meters use a large rotary knob for selecting the proper function. 
‘The higher-cost unit on the right features auto-ranging, intellignetly deciding what range to use. The right 
‘800 units also have high-impact boots to help protect them in the event of a fall. 
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the collection points, are brought into the pakuas which act as 
transformers. They can be blended with the positive energies from 
the organs as well as the energies from the universe, so that they 
become purified and enriched; energies of a higher quality and or- 
der can be generated. These then may be condensed into a pearl 
as the embryo of our energy body (Fusion of the Five Elements, 
Formula 5). 


Raising the Quality of Our Energies 


The Cosmic Fusion Practices basically serve to consolidate, sta- 
bilize and enhance the process towards balance, initiated in the 
Fusion of the Five Elements practices. The creative cycle practice 
of Cosmic Fusion specifically serves to further the growth of posi- 
tive energies in the organs and glands, which in tur will be able to 
mutually support each other to create a higher quality of energy. 
This energy is concentrated in the compassion energy from which 
a pearl is formed. Only when all the positive energies merge into 
the fire of love and compassion by which the sexual energy is 
steamed and is transformed, its eneray will turn into a higher cre- 
ative and spiritual energy. This higher energy will then serve to nour- 
ish the energy body. 

This pear! will be more powerful in healing and cleansing the 
body than the pearl in the Cosmic Fusion practice and may subse- 
‘quently serve to create and nourish the energy body. The energy 
body may in the highest practices give birth to the spirit body. The 
Cosmic Fusion practice also serves to intensify the process of 
cleansing and healing through the creation of the three Thrusting 
Channels and by creating the the nine Belt Channels which serve 
to protect the body and its energies from negative influences. 


Marriage of the Light from Within and from Above 


All Universal Tao practices, including the Fusion Practices, consist 
of two dimensions. One is the activity which focuses on the pro- 
cesses of transformation within the body through cleansing, open- 
ing, healing and fortifying the body and raising the quality of its en- 
ergies. The other activity is to get in touch with the universe, the 
cosmos and nature and attract their energies and the Light in which 
they originate towards the body so that the body may process these 
energies and blend them with its own refined energies. 
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Fig. 9.10 Connecting with the Universe 


The Taoist view is that the body by its very nature and structure 
is a microcosmos which is able to attract and receive and use the 
energies from the universe, the cosmos and nature to transform 
itself. Quantum physics confirms the view that the mind is faster 
than light and that consciousness is a form of energies which can 
move other energies when tuning into these energies and their 
frequencies 

The process of getting in touch with the universe and expanding 
love and compassion begins in the same way as the approach to 
inward transformation of energy: with smiling, feeling and sensing 
and radiating out love energy. The cleaner and finer the energy 
which is emitted, the higher the response from the forces and en- 
ergies from above, below and around us. The relationship with the 
universe has been likened with that of a love or courting relation- 
ship. In all the mystical traditions the experience of the divine is 
also experienced as a relationship between the lover and the be- 
loved, Frequently such relationships have been expressed by the 
great mystics in the most erotic and sensuous language, a reason 
for which they were as a rule hardly accepted and frequently per- 
secuted 
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Through its meridians our body may be seen as a grid of light 
channels through which it is connected with the light grid of the 
universe and can tap its unlimited energies. 

Leaming to embrace ourselves and the universe: 

The Fusion Practice may serve to visualize oneself as a net- 
work of light and as a light body. Then the practice is not only one of 
cleansing but also one of filing the meridians with light. Mutations 
in consciousness start in the body visualization and turn into actu- 
alization. But the transformation lies not in the visualization. It is 
only a vehicle. Actualization is the real experience of the energy 
transformation in the body, when its chemistry changes and en- 
ergy is transformed. One begins to sense the truthfulness and 
miracle of being alive and one starts to feel that one is embraced 
and pervaded by love and a sense of gratitude for the mysterious 
ecstatic process taking place in the body arises. 

But this is not an end term, Itis always only a beginning, as the 
love of the infinite has no limits neither in time nor space. In the 
process matter turns into what is immaterial and the immaterial as 
energy to continue its transformation waits again for a new form to 
contain it and change its nature and composition. Words help to 
create an image and when the image is there, the word loses its 
function. The image serves to help us generate the eneray and its 
transformation. When the energy has come into being, the image 
needs to be given up so that a new space arises for a new experi- 
ence. This is an unending process. How wondrous is it that our 
organs, our body, that sacred vessel, as it is called in the Taoist 
Canon, remembers its origins and longs to be fused and serve as 
an instrument of the fusions which unceasingly take place in heaven 
so that our intrinsically divine nature is realized and can be experi- 
enced. For earthlings, the learning process starts from outside. In 
the process of turning inward, the learning process increasingly 
becomes internalized. We need the structures and the forms and 
formulas to help us on our path. Then when we become stil, it 
becomes spontaneous and starts to move by itself. 

Then our child has been bom and just wants to play without end 
to feel that they are welcome and loved so that they feel at home. 
For this quality in us to arise, we need to learn to embrace our- 
selves and the universe, as a mother her newborn child. 


Written by: Joost Kuitenbrouwer 
Universal Tao Instuctor 
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Questions and Answers 
about the Cosmic Fusion Practice 


Q Is the cauldron the point where all the pakuas join together? 
A. Yes. 


Q. Now that we've learned about the cauldron, where do we 
collect the energy at the end of meditation practice? 

A. You can collect and store energy at the cauldron or you can 
continue to collect and store your energy behind the navel. When 
you collect the energy you make a vortex, which is three-dimen- 
sional, so it can veer toward the navel or the cauldron. As you 
do this you may feel it going deeper and deeper. 


Q. Do we always have to do 36 and 24 spirals in the collec- 
tion? 

A. The numbers 36 and 24 are a guide. There is no speed limit for 
spiralling the energy when you collect it. Some days you might 
want to do more than that; on many days you may want to do 
much less. On those days, 12 and 9 may be sufficient. Eventu- 
ally it will go by itself, 


Q. How do you collect the energy when there is so much en- 
ergy all around? 

A. Collecting the energy will eventually become automatic. The 
safety features are bringing any excess energy from the pelvis 
up to the navel and and excess energy in the head and heart 
down to the navel. When you are coming back from the feet to 
the navel in the belt routes you are also collecting the energy. 


Q. Does the energy stay in the cauldron or does it spread to 
the organs? 
A. Both. 


Q. Should you see the collection points in color? 

A. Some people see, some people feel, and some people can even 
taste the energies. If you are visual, great. Then you will see the 
colors. If you work with the colors, the color will tell you if an 
organ's energy is healthy or not. If you look within and see dark 
muddy colors, then you know you have to work to make them 
clear and bright. 
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This applies to the organs and the collection points. Because 
the organs are affected by the emotions the colors will be af- 
fected. 


Q. Does the Yin/Yang symbol move inside the pakua? 
A. It spins like a vortex. 


Q. Is there always a pearl you can work with? 
A. If you practice forming a pearl every day, there will be one there 
when you sit down to meditate. 


Q. Is there a minimum size for the pearl? 

A. The size of the pear! is less important than its density. As you 
add energy to it you might notice it glowing more brightly or feel- 
ing more energetic. 

When the energy increases you might want to make more 
than one pearl. Then you can give it away to an organ ar into 
your own atmosphere. 


Q. Does the belt channel go around both legs or each one 
separately? 

A. It circles around both legs, although if the energy wants to go 
around each one, that's okay too, 


Q. You talk about using the thrusting routes for practical pur- 
poses. Can you give an example? 

A. To clean the atmosphere in a room, you shoot the pearl out the 
crown and let it expand and fil the space. That way you declare 
the territory as your own—itis permeated now with your energy 
and consciousness. If there is any negative energy, any nega- 
tive spirit, it will just leave of its own accord. You can't destroy 
negative energy, but you can work with it to make it leave, by 
‘overcoming it with your own energy. But you don't want to anger 
another spirit, that's not the Taoist way. Either they are using 
your energy to protect them or they want to tap into yours to get 
themselves to a higher level. 
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Q. Is there a breathing technique that will make you more Yin 
or more Yang? 

‘A. It’s not just breathing. If you eat very Yang foods, like meat and 
you are trying to be Yin, it won't work. if you work with the Fusion 
formula you can balance the energy more easily than with out- 
side forms of breathing or food. Fusion | and the Microcosmic 
Orbit are natural ways to balance your energy. 


Q. The meditation seems so long. 

A. Once the channels are open you don't need to spend much 
time. The training period seems long, but the actual practice 
can be quite short. When the Thrusting Channels are open you 
won't need to do any muscle contractions, you won't need to do 
itin stages, you won't need to inhale several times. You will just 
sit down and in a couple of minutes you will find yourself in a 
state where the energy will be strong enough and the channels 
‘open enough that the energy will flow through the Thrusting 
Channels just using the mind itself. In fact, you will be able to do 
itanytime, not just during meditation. 

You can imagine the work it takes to connect pipes from a 
reservoir to each household in a city. But once the pipe is con- 
nected all you have to do is turn the faucet on. 


What can close the channels? 

. Stress of any kind can close the channels. Tension contracts 
everything—muscles as well as emotions. Also, if you stop prac- 
ticing fora long time the channels will close. A path that’s walked 
on every day will be clear, but if no one travels on it the weeds 
start growing and soon it is covered back over. That's why we 
stress the importance of daily practice. Even five minutes a day, 
is better than one hour once a week. Fusion | and Fusion II prac- 
tice can be combined together, so you can check the organs, 
‘smile down, see what you need to do, and in a few minutes you 
can do some maintenance work. Then when you have more 
time you can go and clean the organs and the Thrusting Chan- 
nels. In the beginning, the Fusion practice needs the mind to 
form the pakua, and collection points. It's like the Microcosmic 
Orbit: when you first learned it, it took a lot of concentration on 
each point and even when it started to run by itself it wasn't 
dependable. But after a while you could wake up in the morning 
and feel your Microcosmic Orbit running. 


Pp 
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Fusion | and Il are more complex and at the beginning you 
have to develop a different technique to get them running. | just 
look in the cauldron and it's ike a slide projector: | can see ev- 
erything. Then you can add the collecting of the energy and the 
blending process. 

Everyone we know who has practiced Fusion Il for a year or 
so, can do the creation cycle in a couple of minutes. As you 
practice and keep adding more details, sooner or later it be- 
comes automatic. If you do Fusion Il on a daily basis you will 
begin to get faster and faster. You will be able to look inside and 
see what's going on. When the process becomes automatic 
you open a whole area of possibilities. It will give you more time 
to practice because you will be doing it so fast. It wil be there 
when you sink into sleep. It will be there when you wake up in 
the morning. 

When you tune into your organs, your organs will have more 
say over what they want and what they do. So when you work 
with the formula correctly, the organs will love it. They will have 
the space and time to be themselves. The brain can be over- 
worked and pushed too hard. It can force any organ to work until 
it's destroyed. You can see this in people who take drugs to 
control their emotions. 

But when the situation is balanced by using the Microcosmic 
Orbit, the organs get a chance to balance themselves. The brain 
has a say but the organ also has a say. Then you can achieve a 
balance of energy when the intellect and the organs are working 
together. At this stage, when the senses are drawn in, not dis- 
tracted and running around, you will feel calm. Gathering and 
conserving energy is good in itself. 

‘The next thing that happens is that you can begin to gain 
Real Knowledge. Real Knowledge is beyond intuition; it comes 
from within and you make better choices and decisions. This 
Real Knowledge is an inner guide which sometimes manifests 
in dreams from the unconscious. It can show you a direction in 
life. You know yourself that these dreams are rare. In the past 
they only came when you were at a crossroads and there was 
some danger. But through the practice with emotions, organs 
and mind, you develop that interior communication that allows 
you access to Real Knowledge, so you're not operating in a 
state of emergency but from a state of balance and calm. Those 
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directions will be easy to follow. So this is a process of purifica- 
tion. The energies will be used with purer intentions. 

For example, if you have an excess of fear you feel threat- 
ened and isolate yourself. Any decision you make from that 
standpoint will not lead to happiness. This formula is very im- 
portant and carries a tremendous amount of responsibilty, for 
whenever you learn something that can change your life in a 
positive sense you will either do it or forget about it. You often 
hear people say, “I want to change my karma.” This formula is 
something that can change your karma. So this practice, this 
opportunity has a responsibility. You will have to take the conse- 
quences of doing it or not doing it. Because if you do it you will 
change 


Q. How can | protect myself from negative energy? 

A. The belt routes can protect you. When you circulate the energy 
through the belt routes, the energy centers are strengthened, 
and can protect you from absorbing outside energy that you 
don't want. For instance, in a crowd, if there is energy you don't 
like, just run the belt routes to protect yourself. This will also 
protect your aura. If you are upset and have a lot of emotions, 
the aura is very unstable. The aura might expand or shrink. This 
protection will become automatic through diligent practice of the 
belt routes. 


Q. When you send the energy out like a shower, are you al- 
ways collecting positive energy? How do we know what 
energy we are collecting? 

‘A. There is always heavenly energy around you, and there is al- 
ways magnetism so when you do this work you are working 
with earth and heaven energy. It's another responsibility when 
working with the energy. If you are an ordinary person you are 
absorbing only a certain level of energy. When you start raising 
your level, you are raising your level of positive energy. This can 
change the atmosphere around you (an inner pressure of posi- 
tive energy). Energy has a magnetic quality that attracts. When 
you have strong positive pure energy you will be repelling nega- 
tive energy and you won't be affected by negative eneray. For 
example, if someone is angry you will have enough positive en- 
ergy to handle it. if you practice this and go to higher levels and 
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then decide to stop, your pressure will again change and de- 
crease. Our bodies always try to find a balance, that's our inner 
intelligence. So the pressure has dropped and the body tries to 
restore the familiar higher pressure. To do this you start absorb- 
ing anything, and the most abundant source is the garbage en- 
ergy: anger, fear, depression, etc. As you build up your strength 
you need to maintain that higher level and that is a big responsi- 
bility. 

‘So when you do the shower of energy you have to depend on 
the strength of the energy in your pearl. Fusion Il jacks up the 
energy of the pearl you made in Fusion | by imbuing it with the 
positive qualities in the organs. So it's important to do Fusion | 
carefully. 

When you absorb positive energy you can even affect the 
bacteria in the air. If you've been practicing the Microcosmic 
Orbit and Fusion | for a year you've probably noticed that colds 
don't last as long, and you don't get sick as often. 


Q. Is it normal to fee! pain or discomfort when doing the fu- 
sion practices? 

A. You can see that some systems are into suffering: staring at the 
‘sun, sticking oneself with needles or standing on one leg for a 
long time. This is so that when practitioners get to the level of 
great power, they can withstand the pain. This is how some 
people learn and they suffer a great deal. 

Maybe you cannot take all the energy; some people bathe in 
the river every day to reduce the heat and can't sleep for weeks 
and months. When you practice to a certain level there are 
changes in the body—but you can take those changes. Some- 
times as new energy pushes through channels you may feel a 
headache. Some people feel a stomach cramp when they blend 
the energy at the cauldron. But that is unusual. I's like trying to 
help a butterfly when it's hatching. Maybe you want to help by 
cutting the chrysalis with a scissors. But the butterfly won't sur- 
vive if you do that. It has to struggle at the beginning in order to 
survive. 

So you will have to grow over the pain. Other systems in- 
duce the suffering first. In Chinese, they call it ging ku—you don't 
have anything and you still have to suffer—but that is not the 
Taoist way. We prefer to grow first and then experience the grow- 
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ing pains. You may feel imbalanced from time to time—consti- 
pation is a real problem. If you have a good bowel movement at 
least once a day, you will not suffer so much. 

Now that you are more sensitive to energy, you will recog- 
nize negative energy right away and you have the tools to neu- 
tralize and purify the energy. 

Some people, after they study, find that they are reacting dif- 
ferently to their love partners. For some of them, this difference 
leads to a break-up. When they look back on it, they often real- 
ize that the break-up was inevitable and that they were dissatis- 
fied before. For others, especially couples who study together, 
their relationship becomes more solid and more respectful. In 
any case, it means that you begin to understand yourself better. 

‘Sometimes you begin to see problems more clearly and see 
the energy that causes the problems. When you can enhance 
the energy inside, the problem goes away. There are those who 
get angry but don't realize they are angry and aren't aware of 
the effect of the anger on the liver. But those who practice Fu- 
sion | can become aware of the liver and very quickly the anger 
will be gone. 

The Taoist system can change the course of your life, change 
your astrology, change your fortune and your fate. We know 
that because of the experiences of Taoists over many genera- 
tions. 

The energy inside your organs and brain makes your life what 
itis. So when you know how to control your energy, your organs 
and senses, thats the beginning of controlling your future. Those 
who are controlled by substances like tobacco, alcohol and other 
drugs are not in control of their lives. 

In Taoism you don't run away from problems as long as you 
are in this world. Actually there is practically nowhere on the 
planet where you can go without being bothered. 

When we started to teach Westerners, we found new ways 
to teach people how to balance their energy through diet as well 
as through the Taoist exercises. Those who eat only raw foods 
will be too Yin and those who eat mostly meat and dairy will be 
too Yang. But the only way to restore your True Knowledge is 
when you tum to your internal organs and senses for informa- 
tion. Then you will know how to conduct your life. But until you 
do that i's hard to know what's good or bad for you. 
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Your present budget will help determine what level of multimeter you might want to obtain. If 
you're wanting to sink less cash into a multimeter right now, consider looking for used equipment in 
good shape. As with any good tool, you can spend as much as you like on these. The sky really is the limit 
here. 

Most all-in-one meters protect their inputs using fuses. You will have to disassemble your meter to 
replace these fuses, so think twice and measure once (to paraphrase the old carpenter's saying, 
“Measure twice and cut once") 


Tip Be sure to set up your meter forthe proper function and range before taking measurements. 


Oscilloscopes 


Once you've gone beyond measuring simple DC and AC voltages and move on to more complex signals 
and waveforms, you'll have to lay aside your trusty meter and fire up your favorite oscilloscope. This 
instrument is more complex than your traditional multimeter, and offers a different perspective on 
what's going on in your circuit. 

While many modern oscilloscopes have many modes of operation, their basic function is to draw a 
picture of your signal on asmall screen. In the olden days, this was done with a moving dot that was 
swept across a phosphorescent screen, leaving a residual, fading line of light. If this pattern was repeated 
over time, a visual representation of the signal could be seen on the screen. See Figure 2-22. 

Modern oscilloscopes use a computer monitor or built-in screen display to draw the signal. This 
saves space, weight, and power requirements. 

When purchasing an oscilloscope, the features you pay most for are the number of available 
channels and the bandwidth. The least expensive oscilloscopes will have a single channel. Having 
multiple channels allows you to “see” multiple signals simultaneously, which is often helpful in 
understanding what is going on in a circuit 

Bandwidth refers to the range of frequencies that can accurately be measured by the oscilloscope. 
Lower bandwidth scopes require much simpler electronics, and are thus cheaper to produce. 


‘Cosmic Fusion 


The golden mean, the middle, moderation are all ways of 
saying that when you know how nature works you will know the 
Tao. By knowing the Tao you start to know about God and the 
universe. Anything that's extreme, you have to back away from. 
The only thing that lasts long is balanced, middle and center. 


Q. Is there a problem if shake a lot during meditation? 

A. Too much shaking can scatter the energy. Moving and stillness 
have to be balanced. If you remain still for too long the energy 
might settle. But if you shake and scream and are never still you 
risk eventually shaking out all your life force. 


Ifyou start burning a fire, it gets hotter and hotter. When the 
water comes to a boiling point you turn it down and cook it very 
slowly. That way you can get the essence out. If you don't turn 
down the light all the water will boll away and the pot will be 
burnt or broken. 

When you are into the meditation and very still, movement 
starts and many things are activated. If the movement becomes 
very strong it won't last long and you might want to stop it. You 
have to know the timing. If you start to shake, you can gain power 
by stopping the shaking and utilizing that energy inside. If you let 
the shaking continue, you might lose all the energy you built up. 

In some forms of therapy people are encouraged to shake 
and jump and scream to get rid of their anger or depression or 
anxiety. When the session is over it seems that everything has 
been worked out but when they get home they are throroughly 
exhausted. The emotions were shaken out along with the life 
force. How much better to recycle the energy. 

Tai Chi balances the Yin and Yang through movement and 
stillness. This builds up energy and then you can circulate the 
energy in the Microcosmic Orbit. The whole secret in the Uni- 
versal Tao is having the channel for the energy to flow. 


Q. Why do you create an Energy Body outside yourself? 

‘A. When you set up the Energy Body and the spirit body they start 
to draw out the essence of the physical body. Then it starts to 
work in space. 
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I's the same reason that every country wants to set up labo- 
ratories in space. You can make a lot of things better in space 
because there’s no gravity, no dust and no germs. 

The Energy Body will draw the essence up; you might even 
feel like it's going to pull your whole body up. And then the En- 
ergy Body draws the energy from space and the universe and 
mixes them in. When you bring the energy back into the body 
the organs will absorb all this eneray and start to transform. But 
if you sit down without a purpose you won't get this effect. 

Everytime you add more of your body's energy to the Energy 
Body, the Energy Body will go higher. Sometimes | feel like all 
my essence leaves my physical body. When you practice every 
day it starts to take the essence of this body and transform and 
mix it with the universal energy and your progress will be re- 
markable. There will be no resistance. When you're finished 
meditating, you just shrink the Energy Body down and each time 
you shrink it down the pearl becomes more refined. 

Atone time, the Taoist Masters were afraid of losing the pearl 
in space and did it all inside the body. This was reflected in the 
art in China where they worked incredible detail on miniature 
objects. But later the Tao masters discovered that if they know 
how to send the energy out the head they can expand the En- 
ergy Body and then shrink it down, That way they achieved more 
perfection—it's the same way they make a computer chip. 

If you look inside a chip there's a whole city inside it. They 
draw every detail on paper the size of a football field and then 
with a special camera they shrink it down and down. 

Set it up, do all the detail you want, then shrink it down and 
pull it back in. 
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had to figure a lot of this out myself. When | heard “transfer 
your consciousness to the next life” | decided | had to learn how 
to do this in this lifetime. | kept asking, but everyone had a differ- 
ent answer. They just said it's very simple. | told one master I'd 
give him anything for the secret; I'd go anywhere to learn. Either 
he didn't have it or else he wouldn't give it to me. After a while | 
discovered that I'd have to figure out myself how to transfer what- 
ever | wanted to the Energy Body. | did this because | under- 
stood that my Energy Body will live forever. 


Focusing on intellectual understanding alone is limiting and sti- 
fling. A real practice teaches one how to feel within and derive au- 
thentic knowledge based on personal experience. In the Universal 
‘Tao, we emphasize the practice of understanding nature, getting in 
touch with the natural forces, and getting in touch with oneself. 
Then the principles of philosophy will reveal themselves, and one 
can have real hope based on what is, not on empty promises that 
can never be proven, 
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Figure 2-22. A Tektronix 475A oscilloscope. This piece of vintage test equipment is considered by some ta be 
the best analog oscilloscope ever made. It also has a digital multimeter built in along the top edge. 


The Golden Age 


Once upon a time, not so long ago, a quality oscilloscope weighed 40 pounds and had a folding handle to 
make it, ifnot portable, at least transportable. It also had its own line of furniture to place it on, so that 
you could wheel it around the lab as you needed. Oh, and it also cost about three months’ salary, and 
that's if you had a good job. 

The good news? That same scope still works today. It can be repaired or calibrated to the exact same 
standards as when it was brand new, plus you can buy iton eBay for a few hundred dollars, sometimes 
less. That's because when these devices were designed back in the 1970s, they were made to be the best 
in the world, and cost was not a factor. 


Modern Oscilloscopes 


Today you can buy a quality oscilloscope for a few hundred to a few thousand dollars. These scopes not 
only display your signal on a large, colorful screen, but they can also analyze the signal and tell you all 
kinds of interesting things about it. For an example of such an oscilloscope, see Figure 2-23, 
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Words of Caution 


The practices described in this book have been used successfully for thousands of 
years by Tavists trained by personal instruction. Readers should not undertake the 
practice without receiving personal transmission and training from a certified instructor 
of the Universal Tao, since certain of these practices, if done improperly, may cause 
injury of result in health problems. This book is intended to supplement individual train- 
ing by the Universal Tao and to serve as a reference quide for these practices. Anyone 
who undertakes these practices on the basis of this book alone, does so entirely at his 
or her own risk. 

The meditations, practices and techniques described herein are not intended to be 
used as an alternative or substitute for professional medical treatment and care. If any 
readers are suffering from illnesses based on mental or emotional disorders, an appro- 
priate professional health care practitioner or therapist should be consulted. Such prob- 
lems should be corrected before you start training. 

Neither the Universal Tao nor its staff and instructors can be responsible for the 
‘consequences of any practice or misuse of the information contained in this book. If the 
reader undertakes any exercise without strictly following the instructions, notes and 
warnings, the responsibility must lie solely with the reader. 

This book does not attempt to give any medical diagnosis, treatment, prescription, 
or remedial recommendation in relation to any human disease, ailment, suffering or 
physical condition whatsoever. 

Chinese Medicine and Chi Kung emphasizes balancing and strengthening the body 
so that it can heal itself. The meditations, internal exercises and martial arts of the 
Universal Tao are basic approaches to this end. Follow the instructions for each exer- 
cise carefully and do not neglect the foundations, i.e, the Microcosmic Orbit and any 
other supplemental exercises. Also pay special attention to the warnings and sugges: 
tions. People who have high blood pressure, heart disease or a generally weak condi 
tion should proceed cautiously, having prior consent from a qualified medical practitio- 
ner. People with venereal disease should not attempt any practices involving sexual 
‘energy until they are free of the condition. 

The Universal Tao is not and cannot be responsible for the consequences of any 
practice or misuse of the information in this book. If the reader undertakes any exercise 
without strictly following the instructions, notes, and warnings, the responsibility must 
lie solely with the reader. 
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Cosmic Healing 


Cosmic Healing Chi Kung in the Universal Tao System 


Cosmic Healing Chi Kung is an important branch of the Universal Tao, an entire system 
of Taoist practices for cultivating the body, the Chi and the spirit. Your level of skill in 
Cosmic Healing Chi Kung will be based upon your mastery of the Universal Tao System 
as a whole. One of the most important parts of the Taoist practices is working with the 
‘energy moving within the body. 


Foundation of the Universal Tao System 
is the Microcosmic Orbit Meditation 


This is the major practice to connect with the earth, cosmic and universal forces. This 
is the way to make a connection with the North Star and the Big Dipper's violet/red light 
which is one of the very powerful universal healing lights. Through this practice you 
learn to feel Chi and to use your mind/eye/heart power to guide the Chi flow through the 
primary energy routes in your body. This practice is later extended to include the arm 
and leg routes too; itis then called the Macrocosmic Orbit. 

Many people, including Chi Kung Masters, come to me and say that they have been 
practicing Chi Kung for years and nothing is happening. They don’t feel any energy and 
they think that they must be performing their Chi Kung incorrectly. | tell them that they 
also need to do meditation. Hand movements are nothing by themselves. There are 
hundreds of different Chi Kung forms in China. You could spend seventy lifetimes just 
learning the hand movements. The practice of the Microcosmic Orbit meditation will 
help you to feel the Chi more easily inside, outside or around the body and in the ex- 
tremities of the hands and feet. 

When | was a child | liked to practice Chi Kung so much | had to save my lunch 
money to learn. After many years of practice of many Chi Kung forms, | started to forget 
the first form, so | learned it again. One day when | tried to practice and review all the 
forms that | had learned, | couldn't remember many of them. | sat down and thought, “I 
only have two hands, two legs and one head. Why are there so many forms? And why 
are there are so many religions and beliefs." | said to myself that there must be one 
main thing that they have in common. | started to search and | found out that the most 
important thing is feeling the Chi within us. Being able to increase, transform, take in 
and stay in touch with the universal, the cosmic, nature and the earth force. Letting 
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them all combine within us is what is important. Likewise in religion there is God (a 
Force in Taoism we call Wu Chi, the nothingness, the supreme power controlling the 
universe); with a good heart and virtue energy we can connect with this force. 

The complete practice of the Microcosmic Orbit Meditation is fully described in the 
book “Awaken Healing Light of the Tao” by Mantak Chia. 


Cosmic Inner Smile and the Six Healing Sounds 


These are very important practices to make the connection among the organs, the 
colors and the good virtue energy; each organ color will enhance your connection to the 
cosmic and the Universal Healing power. 


Fig. 1.1 Red forthe Heart 
White for the Lungs 
Yellow for the Spleen 
Blue for the Kidneys 
Green for the Liver. 


Each organ has its own vital color and when abundant it will radiate out as an aura for 
healing and protection. These organ colors and their associated universal connections 
have great healing power. The power of the ‘Six Healing Sounds’ will help enhance the 
connection to the cosmic source. Each sound will foster different healing energy. The 
practices also help balance, refine and transform the negative energy back to positive 


energy. 
Iron Shirt Chi Kung and Bone Breathing 


Iron Shirt Chi Kung and Bone Breathing are a system of standing meditations. These 
exercises help you to become grounded and to root your connection into the earth 
force, in order to build a good structure and absorb greater force. In turn, this will help 
draw in the heavenly force, which will combine with the very potent healing power of the 
earth's yellow light. The practice also strengthens the body so you can hold a higher 
energetic charge. These abilities are essential prerequisites for handling greater amounts 
of energy. 
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Figure 2-23. A modern digital storage oscilloscope. The RIGOL DS1052E is an affordable scope that will 
hanadle most troubleshooting and design challenges that you might encounter in your lab. 


‘This new breed of digital storage oscilloscope (DSO) can even connect to your PC to be remotely 
operated and allow you to capture screen shots that can then be pasted into books about how to build 
your own electronics lab, It's true. See Figure 2-24. 


Cosmic Healing 


Iron Shirt Chi Kung also includes the art of ‘Changing the Sinews and Washing the 
Marrow’. Through these aspects of Iron Shirt, you learn to absorb, store and discharge 
large amounts of energy through the tendons and bones. These practices are outlined 
in detail in the books “Iron Shirt Chi Kung’ by Mantak Chia and “Bone Marrow Nei Kung” 
by Mantak Chia. 

To attain skill in Cosmic Chi Kung, it will help if you practice Iron Shirt, Bone Marrow 
and meditation as a minimum requirement. Beyond the basic level, the Universal Tao 
System includes many other intermediate and advanced level Chi Kung practices and 
meditations. The further one advances, the greater one's mastery of Chi. 

Your increasing level of skill in the Universal Tao system will reflect immediately in 
your Cosmic Healing Chi Kung practice. Furthermore, you will discover that you can 
incorporate many of your Universal Tao practices directly into your practice of Cosmic 
Chi Kung. We will give you a simple combined practice of the Cosmic Healing Chi 
Kung, the Inner Smile, Microcosmic Orbit, Iron Shirt and the Sexual practices, 


Stages of Mastering Chi 


4. In the Universal Tao system, our first goal is to learn to conserve our Chi; when a 
battery is totally drained itis harder to charge; money makes money, Chi makes Chi. 
Conservation of Chi will help gain more Chi. To have more Chi we first need to main- 
tain control of the gates through which energy normally leaks out and unwittingly 
drains our life force. 

We leak energy: - through our reproductive system 

- through negative emotions 

- through constantly turning our senses outward 
Without knowing how to conserve the Chi that we already have, what is the point of 
acquiring more? 

2. We learn to balance our Chi; that is, we seek to keep a smooth and balanced flow of 
‘energy moving throughout the whole body. If our energy is imbalanced, we may have 
too much energy in some places and not enough in others: we may also be too yang 
or too yin. We may have excess or deficient heat, cold, damp or dryness. This 
imbalanced energy tends to make us go to extremes. 

3. We leam to transform our Chi into more beneficial energies. For example, through 
the Taoist Sexual Chi Kung practices taught in the Universal Tao (the course known 
as Healing Love through the Tao), we can transform sexual energy back into basic 
life force Chi, Through other practices (such as the Inner Smile, the Six Healing 
‘Sounds, and Fusion of the Five Elements) we learn to transform negative emotional 
Chi into positive virtuous Chi. Thus Chi is not only the foundation of our health; it is 
also the basis of spiritual development in the Tao. 

4. Once we have accomplished the three previous phases of mastering Chi, we then 
learn to increase it. Chi pervades all of heaven, earth and nature. In Cosmic Healing 
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Chi Kung we learn time tested ways to tap into these unlimited and transpersonal 
reservoirs of Chi and greatly expand the amount of energy available to us. It is very 
important to master first the stages of conservation, balance and transformation 
before we emphasize increasing our Chi. Otherwise we may waste the energy we 
bring in, or we may inadvertently amplify the imbalanced or negative energies that 
we have not yet learned to bring under control. 

5. Finally, we learn to extend our mind to tap into the vast Chi of nature, cosmic and the 
universe, to heal our body, mind and spirit and to heal other people. Cosmic Healing 
Chi Kung practice sensitizes your hands to the feeling and movement of Chit; ituses 
the mind-eye power to absorb cosmic Chi into the palm and crown and to send it out 
through the hands and beyond, so that you can help restore balance in others with- 
out touching them or draining yourself. 

This may sound fantastic at first, yet recent researchers in Chinese Chi Kung 
hospitals have not only measured the energies emitted by Chi Kung masters; they 
have also discovered that different varieties and frequencies of healing Chi can be 
emitted. This research has been corroborated by experiments in the United States 
at such places as the Menninger Institute. 


Four Sections of Cosmic Healing 


The next step is to learn the four sections of the Cosmic Healing Chi Kung, the ‘Empty 
Force’ sequence. Each of the four sections of Cosmic Healing Chi Kung develops a 
different type of energy mastery. Each section begins and ends in the same way, yet 
has different movements in the middle. 


Connecting to Heaven and Earth 


The first section of Cosmic Healing Chi Kung emphasizes connecting to the external 
Chi emanating from heaven and earth, This ability is very beneficial for self-healing and 
is essential for healing others. If you do not connect to some source of external energy 
when healing others, you will draw upon your own personal reservoirs. Our personal 
Chi is limited by nature, and can easily become depleted if we give it away too freely. 

Over the past decade external Chi healing has become very popular in China. There 
are now hundreds of Chi Kung hospitals and clinics throughout the country. Yet many of 
the Chi Kung therapists can only administer two or three treatments a day; they spend 
the rest of their day practicing Chi Kung to replenish their own Chi. Those who practice 
the more traditional Chi Kung know how to connect to the Chi of heaven, earth and 
nature. 

In this first section, you will learn to sense the energies outside your body. You will 
then learn to draw and absorb these energies into your body and process them in order 
to use them for self-healing and healing others. 
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Opening the Bridge and Regulator Channels 
and Extending your Chi Outwards 


The second section opens and strengthens four of the Eight Extraordinary Channels: 
the Yin and Yang Bridge and Regulator Channels. This section also teaches the student 
to extend and take in the cosmic Chi and emit Chi out of the body for healing others. 
This ability is the heart of Cosmic Healing Chi Kung practice 


Opening and Energizing the Governor 
and Functional Channels 


The third section enhances the energy in the points along the two channels used in the 
Microcosmic Orbit. Opening the Microcosmic Orbit strengthens and balances one's 
‘own energy, and prepares one to heal others. Practicing this section will be of great help 
with the Microcosmic Orbit Meditation. 


Activating One Finger Art and the Chi Belt 


The fourth section of Cosmic Healing Chi Kung activates the hands and you will prac- 
tice emitting Chi from each of your fingers and opening the "Chi Belt.” This channel is 
also known as the Belt Route or Girdle Vessel. 
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Chapter II 
Preparing for Cosmic Chi Kung 


Preparatory Practices 


In the Universal Tao, we teach Cosmic Healing Chi Kung within an entire system of 
exercise and meditation. As a part of this system, Cosmic Healing Chi Kung comprises 
the art of healing oneself and others. It focuses on energy work for projecting Chi to 
effect these healings. One can easily learn the simple movements of Cosmic Healing 
Chi Kung without doing any other Universal Tao practices, but if one truly wishes to 
master the art of Cosmic Healing Chi Kung, itis important to have a firm foundation in 
the basic Universal Tao practices. Therefore in this chapter we will introduce you to the 
basic Universal Tao practices that are used in conjunction with Cosmic Chi Kung. 

The preparatory practice consists of a few parts; work through each part at your own 
pace and eventually join them together as a whole. 

‘Always start with "warming the stove" at the abdomen and direct the fire down to the 
sexual center to transform the sexual energy. Next practice the Cosmic Inner Smile. 
The Cosmic Inner Smile is a powerful relaxation and self-healing technique that uses 
the energy of love, happiness, kindness and gentleness as a language to communicate 
with the internal organs of the body. Each organ corresponds to a specific element and 
color. For example, the kidneys will consist of the element of water and the color blue. 
The heart will consist of the element of fire and the color red. This makes it very easy to 
guide the healing power into each organ by using the appropriate color. The practice 
also aids the transformation of negative emotions into positive virtuous energy. This 
transformation is a very powerful Chi Kung practice. A genuine smile transforms nega- 
tive energy into loving energy that has the power to relax, balance and heal. By learning 
to smile inwardly to the organs and glands, your whole body will feel loved and appreci- 
ated and enjoy more Chi. After the Inner Smile, practice Bone Breathing, Marrow Wash- 
ing, Cosmic Healing and the Microcosmic Orbit. 


Warm Up the Stove 


4. Sit on the edge of a chair with your hands clasped together and your eyes closed. 

2. Start by doing the "bellows breathing’, moving your abdomen in and out quickly. 
Emphasize the exhalation by breathing out forcefully 18 to 36 times. Rest, cover 
your navel and feel nice and warm. 

3. Next, do the “inner laughing” exercise; you feel the abdomen vibrate inside you. Practice 
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this for a few minutes, allowing the movement of your inner laughter to grow stron- 
ger. Then rest and use the mind and eye power to gather the Chi (now felt as a 
warmth behind the navel) into the Tan Tien. Picture a stove with burning fire behind 
your navel. Feel nice and warm, 


Transform the Sexual Energy 


Once you feel the Tan Tien is warm enough, smile down and bring the warm Chi down 
to the sexual organs; women bring the Chi down to the uterus, men bring the Chi down 
to the testicles. It may feel like the ‘sun shining on the water’. The rays of the sun purify 
the water unti it becomes rising steam. Keep smiling down to the sexual organs and 
feel the warm or fiery feeling from the navel area continue to flow down to the sexual 
organs; this transforms the sexual energy into Chi, and this Chi rises up the spine into 
the brain helping to activate the ‘crown’ and ‘mideyebrow’ energy centers. 

Focus your awareness in the sacrum, At the very tip of the sacrum there is a hole in 
the coccyx. Breathe into this hole until you feel some activity there. This may be felt as 
tingling, numbness or pulsing. If you can really activate this point it will generate ‘suc- 
tion’, Be aware of the sacrum opening. Feel the suction force pulling through the hole in 
the tailbone (sacral hiatus); breathe into it until you feel it becomes activated. When the 
sacrum is activated you will feel the suction easily, as well as breathing in the cranium 
and mideyebrow. Keep on gently smiling and softly breathing into the Tan Tien and feel 
the suction in the abdomen. Focus 95 % of your awareness in the Tan Tien and 5 % in 
the sacrum, the crown and the mideyebrow. Be aware of the Tan Tien breathing and 
observe internally the pulsing and breathing in the sacrum, the mideyebrow and the 
crown, Do this 36 times. 


Fig. 2.4 Smile down to the Lower Tan Tien. 
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Filling the Joints with Chi 


The bones have the ability to process Cosmic Chi (Chi above and around us) to be 
used by the body. The joints are also able to store Chi and they also serve as the 
cushion between the bones. 

Be aware of your index fingers and thumbs; lightly raise the index fingers, feel a slight 
tension and open the thumbs to the sides and feel it magnify. Breathe into the finger tips, 
until you feel the sensation of Chi entering the fingers. The fingers will feel stiff as they 
stretch, to make way for the Chi entering the joints. Continue to breath in the Chi - the 
stiffness will spread to the other fingers, wrists, elbows and shoulder joints making the 
whole arm tense and stiff. The fingers and the arms become one piece. Eventually the 
Chi will fill every joint of the body making it into a complete unit. 

Be aware of the big toes; breathe into the toes and feel the toes grow longer. When 
the Chi fills the joints the big toes become tense and stiff. Gradually it will fill the other 
toes rising to the ankles, knees, hips, sacrum and spine; the feeling may be one of 
tension and stiffness, numbness or like an electrical charge. The legs and the spine 
become one piece. You will certainly feel good. 


Bone Breathing and Marrow Washing 


Bone Breathing is one of the main practices of Cosmic Healing Chi Kung. This is a 
method of drawing external Chi through the skin into the bones to help replenish the 
bone marrow, thereby reactivating the production of white blood cells. Sending Chi into 
the bones will enhance functioning of the immune system. This process also helps to 
clean out fat in the bone marrow ("Washing the Marrow’), one of the main causes of 
osteoporosis (brittleness of the bones). Tension in the muscles close to the bones is 
decreased so Chi and blood can flow into the bones easily, enabling them to become 
stronger. 

The Bone Breathing process uses the mind and the eyes to absorb Chi into the 
bones. The better your Bone Breathing is the better your Cosmic Healing Chi Kung 
practice will be. Mind and eyes are also used immediately after the exercise to gather 
the energy at the navel. Once you have it, when you move your hand, the energy will 
follow easily. You will be able to absorb external Chi effortlessly, so you will not need to 
use your own energy in your healing work. 


Bone Breathing 


There are several variations in the Bone Breathing and Marrow Washing process. 
Here we will introduce you to the first type of Bone Breathing, inhaling and exhaling Chi 
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through the skin and packing it into the bones. In this method, you imagine that your 
bones are like hollow tubes, and that you breathe and suck the Chi into the bones. 

Bone Breathing is practiced in a three-stage process. Let your breathing follow a 
normal pace. Do not strain or hold your breath too long. 


Fig. 2.2 Bone Breathing through the Fingers 


4. You can do this practice in the sitting position or in the Embracing the Tree posture 
(or any other Iron Shirt Chi Kung posture). You will use your mind and eye power to 
breathe in a short breath and at the same time feel suction. Suck the Chi of the 
atmosphere into your hands, eventually expand to the universe and breathe in a few 
‘more times. Use a combination of ‘mind/eyes/heart’ power (Yi), to suck the Chi from 
the atmosphere into your hands, while taking small sips of breath. Once you can 
clearly fee! the increase of Chi pressure’ in your hands, you extend the feeling through- 
out your arms. The whole skin surface of the arms breathes in the Chi, feeling the 
skin holding this pressure. 

2. Inhale one more deep breath and lightly contract the arm muscles to squeeze the 
Chi into the bones. Hold for a while to condense the Chi into the marrow of your 
bones. Exhale and at the same time feel a distinct heaviness in the bones, meaning 
that the Chi has been condensed and packed into the bones successfully. Eventu- 
ally you will use more mental power (mind/eyes/heart power) and less muscle, us- 
ing soft breathing, to draw the force into the bones. Do 6 to 9 times; rest and feel the 
Chi that has been condensed into the bones. 
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3. Proceed in the same way, breathing in progressively through the bones of the fore- 
arms, upper arms, scapulae, collarbone, sternum and ribs. You may feel a different 
sensation as you breathe in each area; in some areas the feeling is cool, in others 
warm or tingling, depending on the bone structure and the quality of the marrow. 

4. Inhale and exhale in the same way through the toes, feet and legs; then, in a step-by- 
step progression, inhale up through the calf bones, thighbones, pelvis, coccyx and 
sacrum, and up the spinal column to the C-7 vertebrae. 

5. Finally breathe in through the arms and legs simultaneously. Combine their energy 
as it flows up past C-7 and up through the neck and skull. Breathe in this way for at 
least nine breaths. Conclude by collecting energy at the navel. 


Marrow Washing 


You can wash your bone marrow with earth force, heavenly force or with cosmic 
force. This energy helps to cleanse and rejuvenate the bone marrow. 


Heavenly Force Marrow Washing with Violet Light 


4. Men place the left palm on the top of the head, and cover it with the right palm. Be 
aware of your ‘Personal Star’ (star that appears in your mind’s eye and is located 
above your crown), above. Slightly press the palms and spiral in the clockwise direc- 
tion, spiralling from the front to the right ear, to the back and the left ear 9 times; rest 
and feel the increased Chi pressure in the crown. Do 3 sets. 

2. Women place the right palm on the top of the head and cover it with the left palm. Be 
aware of your Personal Star above you. Press the palms lightly and spiral in a coun- 
terclockwise direction, spiralling from the front to the left ear, to the back and the right 
ear 9 times; rest and feel the increased Chi pressure in crown. Do 3 sets. 

3. Face your palms towards Heaven and feel that you are scooping a galactic Chi ball 
from above. This Chi ball contains the North Star (Violet) and the Big Dipper (Red). 
See the dipper fil with violet/red energy. Imagine you reach out your arms to hold the 
dipper handle and pour the violet/red liquid over your crown. It will feel like there is a 
numbness descending. Your palms face down to your crown and pour the whole 
galaxy onto your crown. You may perceive this energy as violet amethyst and red 
light frequencies. Smile. 


4. Guide this sensation down into your skull, deep into your brain, cervical vertebrae, 
sternum, thoracic vertebrae, lumbar vertebrae and down through your legs. Feel it 
penetrating and enlivening your bones, deep into the bone marrow, washing, cleans- 
ing, energizing. This ‘liquid-like’ Chi spills all the way down to your feet. Feel it con- 
necting with the earth through the soles of your feet; be aware of the bubbling springs 
in the feet (the K1 points of the kidney meridian) breathing and pulsating. 

5. Touch your navel with the fingers of both hands. Focus on the door of life, and let the 
fire activate in the Tan Tien and kidneys. Chi will rise up to the brain. 
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6. Move your hands down touching your femur bones; feel your hands penetrate into 
the bone and into the bone marrow. Feel like an electric shock or a tingling moving all 
the way down through the bones of the leg and down to the soles of your feet 

7. Slowly move your fingers down touching the bone and into bone marrow and extend 
yourself down past the earth to touch the galaxy on the other side. Raise your sacrum 
and picture yellow light coming up from the earth and the other side of the galaxy; 
focus on the Lower Tan Tien and feel it fill with Chi. Do this three times. Go back 
down to the squatting position. 


Fig. 2.4 Galaxies Spiral Star and the Direction of Spiral 


8. Place the palms face down to the earth and be aware of the galaxy and the yellow 
light; make three to six circles to gather the Chi below. Gather the yellow Chi; touch 
your heels and feel the yellow Chi flowing up the leg bones. Feel the bubbling of your 
bones like an electric current running up through the feet, tibia and fibula, femur, 
pelvis, and spine. While touching your bone and bone marrow with your fingers, slide 
your hands up along the back of your legs; slowly come alll the way up to touch the 
‘coccyx and the sacrum. Concentrate on your sexual center so the energy will flow 
and spread out to the sexual organs. Go back to the navel and gather the Chi into 
your Tan Tien. 
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Fig. 2.5 Hands circle to gather Earth Chi 


Microcosmic Or! 


The Microcosmic Orbit Meditation awakens, circulates and directs Chi through the ‘Gov- 
ering Channel’, which ascends from the base of the spine up to the head and the 
‘Functional’ or ‘Conception Channel’, which runs from the tip of the tongue down the 
middle of the torso to the perineum. Dedicated practice of this ancient esoteric method 
eliminates stress and nervous tension, energizes the internal organs, restores health to 
damaged tissue and builds a strong sense of personal well being. 

The Microcosmic Orbit is the foundation of Cosmic Healing Chi Kung practice. Each 
new practice is dependent upon the high quality of your meditations and your ability to 
perfect the Microcosmic Orbit. In order to master Cosmic Chi Kung, one must practice 
meditation daily. The meditations in the Microcosmic Orbit also strengthen the ‘Original 
Chi’ and teach you the basics of circulating Chi. They allow the palms, the soles of the 
feet, the mideyebrow point and the crown to open. These specific locations are the 
major points where energy can be absorbed, condensed and transformed into fresh 
new life force 
@ 1. Focus on the Lower Tan Tien (the area where the Original Chi is stored, between 

the navel, kidneys and sexual organs). Feel the pulsing in this area, observe whether 

this area feels tense or relaxed, cool or warm, expansive or contracting. Notice any 
sensations of Chi: tingling, heat, expansiveness, pulsing, electric or magnetic sen- 
sations, Allow these to grow and expand. Then let this energy flow out to the Navel 

Center. 
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Figure 2-24, A screen capture made with the RIGOL DS1052E oscilloscope. 


Tiny Oscilloscopes 


The march of electronic miniaturization never stops, and so itis with oscilloscopes. Ifboth your needs 
and your budget are modest enough, perhaps you can get by with something like the pocket-sized 
wonder shown in Figure 2-25, 

While little scopes like this lack the accuracy and bandwidth of their larger relatives, they are 
definitely handy to have when you need to look at a signal. Ifyou can keep your expectations in check 
when it comes to the user interface, you can get a lot of utility from such a small package. 

Additionally, one of the benefits of a device such as this is that the hardware and internal software 
(yes, there's a little computer in there, somewhere) is all open source. This means that you have access 
toall the schematics and source code, And what does that mean? It means that if you have the skills and 
the right equipment, you can redesign the entire apparatus to fit your own requirements, assuming that 
you understand the basic limitations of the electronics. The sky is the limit. You are empowered. 


Preparing for Cosmic Chi Kung 


(Q 2. Use your intention (mind-eye-heart power) to spiral in the navel point guiding and 
moving the Chi. Let the energy flow down to the sexual center (Ovarian or Sperm 
Palace). 

@ 3. Move the energy from the sexual center to the perineum and down to the soles of 
the feet. 

© 4. Draw the energy up from the soles to the perineum and to the sacrum. 

@5. Draw the energy up from the sacrum to the Door of Life (the point in the spine 
opposite the navel). 

G6. Draw the energy up to the mid-spine point (the T-11 vertebrae). 

@ 7. Draw the energy up to the base of the skull (Jade Pillow). 

@ 8. Draw the energy up to the crown. 

49. Move the energy down from the crown to the mideyebrow point. 

@ 10. Touch the tip of your tongue to your upper palate, press and release a few times; 
then lightly touch the palate, sensing the electric or tingling feeling in the tip of the 
tongue. Move the energy down from the mideyebrow to where the tip of your tongue 
and palate meet. 

G 11. Move the energy down from the palate through your tongue to the throat center. 

(G 12. Move the energy down from the throat to the heart center. 

G 13. Bring the energy down from the heart to the solar plexus and feel a small sun 
shining out. 

G 14. Bring the energy back down to the navel. 

@ 15. Continue to circulate your energy through this entire sequence of points, at least 
nine times. Once the pathways are open, you can let your energy flow continuously 
like a river of energy without needing to stop at each point. 


416. Conclude when you wish by collecting energy at the navel. 


Men: Cover your navel with both palms, left hand over right. Collect and mentally 
spiral the energy outward from the navel 36 times clockwise, and then inward 24 times 
counterclockwise. 

Women: Cover your navel with both palms, right hand over left. Collect and mentally 
spiral the energy outward from the navel 36 times counterclockwise, and then inward 
24 times clockwise. For details of this practice see the book, "Awaken Healing Light", 
by Mantak Chia. 
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Chapter III 
Cosmic Chi Kung 


Opening the Three Tan Tiens to the 


Introduction 


Opening the Three Tan Tiens is a Chi Kung meditation that strengthens our connection 
to the universe, opening us up to the primordial force of the Cosmos and the energy 
within Nature. We are dynamically connected to the infinite. "As above, so below" is an 
echo of wisdom heard from sages and mystics throughout the ages. When we can 
connect to and absorb the energy that surrounds us, we are able to tap into the many 
splendors of the universe. 

‘We exist because of the unique combination of the forces that are around and within 
us. The two main forces are electricity and magnetism. ‘Bio-electro magnetism’ is the 
western term for life force, and what the Tao refers to as Chi. For the last 5000 years, 
the Taoists have utilized this bio-electro-magnetic energy to enhance their way of life 
and establish a relationship with the universe. Bio signifies life, electro refers to the 
universal energies (yang) of the stars and planets and the magnetic force refers to the 
earth force (yin) or gravitational force present on all planets and stars. As we align 
ourselves with these forces, we become a conduit through which we can absorb and 
digest these energies through the body, mind and spirit establishing a direct connection 
with the universe. The Taoists recognized this connection and created the Chi Kung 
form of ‘Opening the Three Tan Tiens to the Six Directions’ to enhance our relationship 
to and our understanding of this connection. 

Humans normally access bio-electro-magnetic energy through food and air. Plants 
take the universal energies of the sun and the magnetic energies of the earth and digest 
and transform them, thereby making these energies available to all living beings. Tao- 
ists believe that the food sources with the purest form of energy are the green leafy 
vegetables. These have taken sunlight directly into their cells. Rather than waiting until 
the energy in the universe is processed through plants, the Taoist goes directly to the 
source of this primordial energy. Through Chi Kung and meditation, the Taoists direct 
the energy of the universe precisely. Opening the Three Tan Tiens is a meditational Chi 
Kung exercise that focuses on how to directly tap into the source of energy all around 
us. 

The Tao views human beings as lamps filed with fuel. Many people burn this fuel at 
very high intensity, without ever taking the time to replenish the oil in the lamp. Alcohol, 
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drugs, tobacco and promiscuity all quicken the depletion of this fuel. The Taoist exer- 
cises strive to continually refuel the energy within. The Taoist recognizes that we are 
limited in our nature as human beings, unless we connect the sources of energy within 
the universe, thereby becoming infinite. So, within the limitations of our human nature, 
we constantly fill ourselves with the unlimited abundance of energy around us. 

Through their internal quest, the Taoists discovered a doorway to the universe. The 
more we open our internal energy, the more we are capable of connecting to the forces 
of energy around us. 

Human beings have amazing potential and capabilities. We are unique creatures in 
the way we use our minds and hands. Look at the world around you, the skyscrapers, 
the architecture, computers, technology and the myriad creations of man. Allhave come 
about through the combination of the mind with the hands. In the Tao practice, we use 
the mind and the hands, in both Chi Kung and meditation, to connect to the forces of the 
universe. We use the mind to project a pattern of energy into the universe, to connect to 
the force, and to bring this energy back into the body. 

The mind can travel millions of light years in a few moments. Taoists discovered the 
Unlimited potential of the human mind. If you picture something in your mind; an ocean, 
a sunset or a mountain, you automatically connect with that image. The mind can take 
you anywhere you imagine. With the proper training you can connect to the energy of 
nature and the universe and project your Chi to combine with it, drawing these forces 
into the body. The hands are called the touching force, and like antennae they can 
transmit the frequencies and vibrations from space. With the mind and the hands, each 
of us can journey into the boundless energy of the universe. 


Relaxation, Letting Go, Surrender and Ego 


In some religions and spiritual paths, there is a great emphasis on surrender and letting 
go. This is actually a form of relaxation. Taoist practices emphasize relaxation, letting 
go, and emptiness. When a person is relaxed, the muscles are open, the breathing is 
soft, and the energy can flow through the channels of the body. There is no resistance 
and no fighting. This allows the creative and higher forces to flow into us. 

Most religions have a similar process. To contact the higher self and the higher forces, 
‘one needs to let go and surrender in order to reach the level where one can be in 
contact and become one with the higher forces. Through the surrender of control, one 
‘opens up and touches the forces of nature. However, if you continue to surrender and 
let go, you will lose the energy you have sent out. In the long term, this will gradually 
drain you. The force will suck the energy out of you, rather than help you to bring the 
energy into yourself. To avoid this, at the moment that one is in touch with the higher 
forces, one again becomes aware of oneself and his or her own energy. One is then 
able to project his or her own thoughts, intentions and patterns into the force, integrating 
the outer with the doubling or tripling inner energies. You can bring this force back to 
your place, your house and into yourself. 
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One must remain open and empty while using one’s intentions, mind and Chi to draw 
the energy into oneself. What might initially appear to be a paradox is reformed as one 
does the practice and learns how to be empty and open and to simultaneously retain 
‘enough consciousness to draw the force into oneself. 


Mind, Organs and Sexual Organs 


It seems that some people are disconnected from themselves and from their sexual 
‘organs. The mind and organs are therefore separate. Taoism believes that the mind, 
body and spirit must work together. The results depend on a person's practice. 


Brain 
The brain can access and generate the higher forces, but storing this energy in the 
brain itself is not easy. We need to train the brain to increase its ability and capacity to 
store energy. The brain energy, when increased to a certain level, can enable more 
‘synapses to grow, and can help turn protein into brain cells. The Tao believes that with 
training and practice, one can learn to grow more brain and nerve cells, as well as 
increase the number of synapses in the central nervous system. 


Organs of the Body 


The organs can also generate energy, but much less than the sexual organs and the 
brain. They also have a much greater capacity to store and transform energy. 


Sexual Organs 


The Tao discovered that the sexual organs are the only organs that can generate a 
significant amount of sexual energy (life force). However, the sexual organs cannot 
store the energy efficiently. When too much energy is generated, considerable amounts 
have to be dumped out. And this is the best energy that one has. It is the ‘creative’ 
energy. 


Three Tan Tiens 


The Three Tan Tiens can also store energy, transform it and supply it to the brain, 
spinal cord, sexual organs and other organs. 

The aim of Taoist basic training is to integrate the brain, sexual organs and other 
‘organs into one system. If the brain generates too much energy, it can store the energy 
in the organs. The excess sexual energy can also be stored in the organs and the three 
Tan Tiens. If the brain generates too much of the higher forces and we are unable to 
store this energy, we have to throw it away. Itis like preparing food for one hundred 
people, when only one person is eating. The rest gets thrown away. In the same way, 
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when too much sexual energy is produced and there is no place to store it, itis wasted. 
We do not have enough of this energy to be able to waste it. We have a limited amount 
of energy and of time. 

Some practices just deal with the spirit and ignore the body and the sexual energy. 
These practices can generate a lot of energy, but when one is not connected to the 
organs, it cannot be stored anywhere. One will end up draining oneself. Some people 
practice sitting quietly, emptying the mind, with the whole body relaxed and calm, but 
very little energy is actually generated. When one gets deep into the practice, some 
people find ithard to come back to society, because they have no energy and their mind 
power does not work well. These people have to depend on others to support them. 

In the Universal Tao, we are learning to create a sacred and holy temple within our- 
selves. With the simple practice of smiling to all the organs, we can integrate our bod- 
ies, minds and spirits. They are no longer separate. The sexual practice connects the 
mind with the sexual organs and the brain. The separation between these parts of 
ourselves is bridged and a synergy is created. 

The Taoist practice provides us with the resources to extend beyond the realm of our 
senses. By tapping into our internal resources and channeling the energy around us, 
we can perceive much more than the senses normally report to the mind. We want to 
extend our perception from the limited perspective of the sociologically conditioned 
senses to the unlimited awareness of the universe. For example, our senses tell us that 
the earth is flat, that we are stationary, and that heaven is above us. In reality, the earth 
is a sphere hurtling through space at thousands of miles per hour and the heavens are 
above, below and beyond the earth in every direction. The goal of the Three Tan Tiens is 
to connect with the forces from the six directions - above, below, left, right, front and 
back - and draw all these forces into the body. Eventually, with practice one can draw 
upon many different energies and use them as needed, thereby giving form to the form- 
less energy that is abundant in nature. 


Opening the Three Tan Tiens 


Opening the Three Tan Tiens to the Six Directions is just another one of the many 
resources the Taoist practitioner uses to connect with the universe. The practice com- 
bines the power of the mind with the extension of Chi. This combination allows our 
personal consciousness to directly connect to the patterns and matrices of energy in 
the universe, When we put our thoughts into the web of the universe, we transform the 
electromagnetic energy into a force that is accessible to us. The combination of mind 
power and energy is what allows us to establish a relationship to these creative forces 
and the high sources of energy. 
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Three Tan Tiens 


Once we make the connection with the forces of energy in the universe, we then want 
to be able to store this energy in the body. Energy is like money, if you are making a 
million dollars a year and spend a million dollars, you have nothing left to use in the 
future, That is the way we live and use our energy in our society. We are spending more 
energy than we are saving and we are living on borrowed energy, paying very high 
interest. Our credit will run out very soon. 

In the Tao practice, we store energy in the Three Tan Tiens. The Three Tan Tiens are 
the reservoirs of energy within us. 


Fig. 3.1 The Upper Tan Tien is in the brain (the Crystal 
Room, third ventricle), and when itis full of energy, the capacity 
of the brain increases. We store our spiritual intelligence, the 
‘mind here. Allthe Tan Tiens have both yin and yang within them. 
In nature, the yin and yang are present in all things. Day (yang) 
tums into the sunset, which tums to night (yin). Itis very impor- 
tant to fee! the qualities of yin within yang and yang with yin 
(sunrise/sunset). One quality does not exist without the other. 
They are inseparable qualities of the same force. 


Fig. 3.2 The Heart Center Tan Tien, between the two nipples, 
is the Middle Tan Tien. It is associated with the fire element. 
Yet, within ire there is always water. The original spint (Shen) is 
stored here. 


Fig. 3.3 The lower abdomen at the Navel is like an empty 
universe, or ocean. We want to feel a universe of energy in the 
Lower Tan Tien. Within this universe or ocean, there is a fire, 

like a volcano under the ocean; fire under water’. 


The Three Tan Tiens refer to the three reservoirs of energy within the body. These 
reservoirs are places where we can store, transform and collect energy. The reservoirs 
are the source of energy that flows through the body. The meridians are rivers of energy 
fed by these reservoirs. The goal of Opening the Three Tan Tiens is to continually fill and 
replenish the energy of the Three Tan Tiens. When we are connected to the Tao, life 


ceases to be a struggle. Through the observation of nature, the Taoists learned to flow 
with the stream of energy and connect to forces in the universe. 

In these practices, we use a variety of hand movements and body postures to open 
to the energy around us. We draw the energy from the six directions into the body, 
activate the three fires, open the Three Tan Tiens and circulate this energy in the Micro- 
cosmic Orbit. 
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Rotating the Sacrum 


Rotating the sacrum is an excellent exercise to open the lower 
back and activate the spinal cord. Place one hand over the sacrum 
and the other over the pubic bone. Rotate the sacrum ina circle, 
36 times in each direction. This movement activates the sacral 


pump. 


Spinal Cord Breathing 


Inhale and expand the chest, arms bent at 
the elbows and extended to the sides of the 
body. Exhale, tuck the tailbone under you 
and round the back, bringing the elbows to- 
ward one another in front of the chest. 
Smile. Inhale, expand the chest, tuck the 
chin in toward the throat, push the chin back 
and raise the crown and bring the arms out 
to the sides. Repeat this back and forth 
movement 36 times. This movement acti- 
vates the cranial and sacral pumps, and 
loosens all the joints in the spine. 
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Shaking 


Shake the whole body loose, especially the joints, by bouncing up and down on the 
heels. Let all the joints open and relax. Also, shake the testicles and the breasts loose. 
This will open the sexual energy (the yin electric) and you do this on back as well. 

The yin and yang are the negative and positive electric forces in the universe. The 
heart produces impulses (the yang electric) and the adrenal glands produce the adre- 
nal hormone to stimulate the heart to beat. Of all the hormones inside us, this is the one 
that gives the vital force to our life. 


‘When we concentrate on the sexual organs, 
the heart and the mind, we can make the yin and 
the yang electricity combine. 


\ Point Lymph 


Direction of 
Lymphatic flow 


Fig. 3.4 Whole Body shaking and Lymphatic System 
True Breath - Skin Breathing 


We exist because of the physical food and the unique combination of forces that sur- 
round us. The daily requirement of calories is about 6,000 units, while we only get 2,000 
calories from food. The other 4,000 calories come from the forces around, above and 
below us. These forces that surround us are electricity, magnetism, cosmic particle 
energy, light, sound and heat. If we don't know how to absorb and transform this cosmic 
food, we need to depend on others to supply us. We then need to ask a priest, monk or 
holy person to give us our daily spiritual food. 

The Taoists discovered that we can learn to absorb these surrounding and universal 
energies through the skin and the major energy centers. Absorbing energy through the 
skin is called the True Breath. This powerful energetic technique requires the Inner 
Smile and relaxation. The more one can relax, the more the body and the skin can open 
to the energy around us. The practice allows one to extend the mind, to touch the force 
and to draw that energy back into the body. 
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Daily Practice: Opening, Connecting and Activating Chi 
Within and Cosmic Charging 


Paradoxically, in order to project ourselves out into the immensity of the galaxies and 
the universe to gather limitless resources of Cosmic Chi for healing, we must take the 
first steps of the journey within ourselves. In order to ‘go out’, we must first ‘go in’. The 
vehicle for this magical journey is powered by our ability to relax in mind and body. As 
we physically relax and let go of muscular and emotional tensions and joint and bone 
structures we gain access to the inner realms by turning on our very special subtle 
smile. It opens the pathways of the parasympathetic nervous system. This helps us to 
reduce the out flowing habits of our senses so that we can be more alert in sensing our 
inner universe. 

This simple process of ‘going in’ enables us to develop our internal skills so as to 
safely ‘go out’ to the universe. 


Practice 


Relax and Let go - Smile to Connect with the Universe Within 


Smile to mideyebrow, eyebrows, eyes, mouth, jaw, tongue, lips, cheeks, ears, 
shoulders, ribcage and brain. Let the relaxed sensations and the ‘Observer Mind’ 
(Upper Brain) sink down into the Lower Tan Tien. 


1. Smile to the mideyebrow. Relax and let go. Smile to the eyebrows and let them grow 
long to the sides. Lower these relaxed sensations down to the Tan Tien. 


Fig. 3.5 Smile and Relax to the Mideyebrow and think of the eyebrows growing long. 
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2. Smile to the eyes: relax the eyes and feel how nice and cool they are. Let the eyes 
draw back in their sockets and start to sink down to the chest and gradually down to 
the abdomen, the home of your ‘feeling and awareness mind’ 


Fig. 3.6 Smile and relax the eyes, sink into the eye sockets and gradually feel the eyes 
‘dropping down into the Abdomen. 


3. Relax the two broad muscles extending from the outer portions of the upper lips 
across the cheekbones, and lightly smile feeling their connection to the upper front of 
the ears. Gradually fee! the ears growing long’, up and 
down. Fee! the ears grow all the way down and con- 
nect to the kidneys. 


Fig. 3.7 Smile to the Ears and listen to the Kidneys. 
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Figure 2-25. A handheld oscilloscope, which can also fit in your pocket. This isthe DSO201, which has 
been discontinued by the manufacturer, but can still be snapped up for a song from various online 
distributors, as well as eBay. This unit was purchased new for $60 and features a single channel with a 
bandwidth of 1 MHz. 


Power Supplies 


One of the most important pieces of test equipment in your lab is a reliable power supply. Building a 
good bench power supply is an excellent first or second electronics project (see Chapter 5 for more on 
adding power supply to your lab and Appendix A for more on building your own). This is because the 
basic design is very simple and easy to build, yet allows you to add any number of additional features 
later. 

Once you get tired of throwing away spent SV batteries and grow weary of waiting for the red light 
on the battery charger to go out, it's time to invest (either time or money or both) in a decent bench. 
power supply. 

It doesn't have to be fancy. In fact, the simpler the better at first. What you're aiming for primarily at 
this point is reliability. You want to know that when you turn on your 5V supply, it’s putting out 5 volts, 
not 2 or 11, no matter what you do to it. If it’s overloaded, it needs to deal with it and not be catching on 
fire. Ifit's underloaded, or not loaded at all, it till needs to maintain a nice, clean output. 

Want a cheap or free power supply? Do you have any dead or discarded electrical gizmos that came 
with a charger? These make excellent starter supplies for the new lab, Do you have any extra USB 
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4, Open your mouth and relax your jaw, separating the upper and lower teeth. Feel the 
jaw relax. Once the jaw relaxes the shoulders will relax and drop down. Continue to 
feel the jaw relax until you feel the saliva start to come out, Relax down to the rib 
cage. Feel the rib cage drop down, softening all the joints, relaxing down to the Lower 
Tan Tien. Let the tongue relax back in the mouth. Feel the tongue start to drop down 
into the throat to the chest and all the way down to the navel sinking the ‘floating’ 
‘sensation down to the Lower Tan Tien. 

5, Smile to the shoulders and relax. until you feel the shoulders drop and the rib cage 
relax. 


Fig. 3.8 Relax the Jaw; and the Shoulders and Tongue will relax down to Lower Tan Tien. 


6. Lightly close the lips, but keep the teeth slightly separated, Physically begin a child- 
like smile with the corners of the mouth gently uplifted and the outer edges of the 
eyes softly crinkled up. Breathe through your nose. 

7. Smile into the brain and empty the upper (observing) mind 
down to the Tan Tien. 1 

8. Become aware of your inner universe as a big empty space. q 
Keep on sinking — sinking down, into the darkness of your 
‘empty space. Keep sinking and experience the vastness until 
you get closer and closer to the center, the ‘original force.” 

Stay relaxed and alert so as to be able to see one dot of light. 
Itbecomes a galaxy spiraling inside you. 

Do the above practice several times until you become fa- 
miliar and comfortable with it. 


Fig. 3.9 Bring the Senses down to the Tan Tien. 
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Tan Tien Consciousness: Second Brain 


Already terms have been used like ‘upper mind’, feeling and awareness mind’ in the 
abdomen and lower ‘Tan Tien’. In the next phase of practice, the ‘conscious mind of the 
heart’ is introduced. For those readers who have not been updated on the scientific and 
medical revelations of the recent era about a ‘second’ and ‘third’ brain, we offer the 
following information. 

Along with this, there is the long-standing Taoist practice of cultivating and training 
consciousness in the Three Tan Tiens, especially the Lower Tan Tien, There is my own 
experience in participating in brain wave measurements and ‘brain energy potential’ 
research in recent years. The combination of all these areas of knowledge and experi- 
ence in our time, makes Cosmic Healing practices accessible for our minds while also 
being very ‘down to earth.’ Now let's talk about the Lower Tan Tien. 

In addition to its importance as the control center for the mechanics of the physical 
structure of the body, the Lower Tan Tien also houses a treasure of even more far- 
reaching significance. It has been a well-kept secret in the western world, as well as in 
most of the rest of the world: our Second Brain. Most of us who have had Taoist training 
in Chi Kung, Tai Chi, various Chi meditations or healing practices have often heard the 
reminder, ‘Be aware of your Tan Tien,’ But, do most people really ‘get’ the meaning of 
the injunction to always be conscious of the Tan Tien? Probably not. Further, do we use 
‘our Second Brain as much as we can? Definitely not. 

In western terms, do we actually understand “Be aware of your Tan Tien’ as being a 
way to train consciousness and awareness, like educating a brain in the abdominal 
area, in our Tan Tien? Probably not. Throughout the world, there are institutions to train 
the brain in the head. That is good. But, what about training the ‘second brain’ in the 
abdominal area? | didn’t think of it exactly lke that in western terms, either, even though 
that is exactly what | have been doing all of my life in my Taoist training and teaching. 


Personal Revelation 


Suddenly | came to understand a few things which are so simple 
and so important, and that's what | am going to share with you. 
It started in 1994 in Los Angeles when a clinical psychologist 
there, Dr. Rhonda Jessum, wanted to start testing me. | agreed 
to do the testing, but the machines at that time didn't tell me 
much. However, it was discovered that when | did the Inner 
Smile meditation, my brain waves went down dramatically — 
butat the same time, my ‘beta’ waves increased to a very high 
level. That means the waves showed that | could be driving a 
car, but that my brain should have been resting and sleeping. 
So the researchers said, “Hey, how did you do that?" | didn't 
understand either — because it was not clear to me either. 
Fig. 3.10 First and Second Brains are linked. 
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After that, | was invited to start testing in Europe by the Institute for Applied 
Biocybernetics and Feedback Research. My name is becoming known there because 
I teach in Europe a lot. One of the biggest institutes for training top athletes in Europe is 
in Vienna. They developed an instrument that can measure the brain's potential energy, 
which represents all the energy in the body. The doctors also said that this proves to the 
west that Chi exists, there is energy and a life force running in the body. That instrument 
picks it up in the brain and indicates how much potential brain energy you have. It also 
determines how much energy you have for the whole day and how much of that energy 
is for mental clarity and body power. They use these instruments to measure the ath- 
letes. 


The study measures brainwave frequencies during four practices. 


Fig. 3.12 Fig. 3.13 Fig. 3.14 Fig 3.15 
Cosmic Inner Smile Cosmic Orbit SixHealing Sounds Orgasmic Upward Draw 


Theta 


Alpha 
Beta 
Fig. 3.16 Alpha and Theta Waves increasing 3.17 Ultrasiow Brain potentials 
during the Cosmic Inner Smile Meditation. ‘measurement while in Vienna. 


39 


Cosmic Chi Kung 


B. 


ap——_ q 
Theta Theta 
Alpha’ Alpha\ Alphi | 
Beta Beta Beta 


Fig. 3.18 A. Altering dominance of alpha and theta waves during the Cosmic Orbit Meditation. 
B. Cosmic Healing Sounds Meditation, resutts in increases in alpha and theta frequencies. 
There are minimal beta brainwaves; the brain reaches a state of stilness and intemal focus. 
. Orgasmic Upward Draw Meditation increases the levels of alpha and theta. 


Sila into the heart Soles ofthe eet Same heat in soles of fet, kidneys, head 
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Fig. 3.19 Left and Right Brain Charts 


It's interesting because the energy | have been describing in my teaching is exactly 
what they were measuring during their testing. So | went there and did the measure- 
ments with them. | just did the Inner Smile, smiling into my abdomen. They picked up 
these readings very quickly and said, “Your brain waves are going lower, lower and 
resting — and you are nearly in the sleeping state.” At the same time, the muscle tension 
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was very low, the heartbeat was very low and the skin resistance was very low. After 
that, | surged the energy up to the brain and they started to see that the energy actually 
charged up there. When we are thinking, worrying or feeling anger, shame or quilt - the 
‘energy level in the brain actually decreases, and the brain doesn't get charged up. They 
were quite amazed, and said, “Hey, this is what we're looking for!” 

They asked me what | was doing. | said, “I'm smiling to my abdomen." They kept on 
talking to me and asking me questions. They discovered that this brain (in the head) 
was not very active at all, meaning that there was not much activity in the brain. It was 
still in a very light resting state. But, how could | answer their questions? They said, 
“Hey, look! Master Chia is talking to us in his sleep. How can he talk to us in his sleep?” 

After that, | said, “Oh, | understand now." Because, throughout the whole practice of 
the Tao is the injunction, ‘train the second brain in order to use the second brain.’ It took 
the westerners a long time to understand that. So, when the article about the ‘Hidden 
Brain in the Gut’ came out in The New York Times," I started to understand that. You can 
be miserable; you can be happy; you can feel all kinds of feelings. But according to this 
article, they had also discovered that this brain in the gut, the enteric nervous system, 
can do a lot of functions. It says that this gut brain can send and receive impulses; it can 
record experience and respond to emotions. So, itis ike a brain. In this article, they had 
only discovered that the large intestine and the small intestines have the same neurons 
as the brain cells. After that article, a new book, The Second Brain, was published.? 

Now in medical science, | might add, they have begun to discover consciousness in 
the heart. They found that the heart can record a whole event, and it has its own brain. 
Dr. Paul Pearsall has written a new book, called The Heart's Code. They have found 
that people who have a heart transplant actually get the emo- 
tions of the donor. They actually experience whatever the do- 
nor experienced. One of the cases is that of a girl who was 
brutally killed, and they didn’t know who killed her. But, the 
heart was OK; so, it was transplanted into another girl. After 
that, the girl started to get nightmares and described some- 
body killing her. Then she described how the killer looked. Fi- 
nally, the mother took the girl to a psychiatrist, and he in turn 
contacted the police. The girl gave the police an exact de- 
scription and a police artist drew a likeness of the killer. With 
the information provided by the girl, the police were able to go \ 
and arrest the man. Afterwards, when confronted with clear 
details of the crime, the man confessed that he was indeed 
guilty of this crime. So, from that experience, medical scien- 
tists and others came to realize that the heart can record all of 
an event and remember it. Fig. 3.20 Heart's Code 


+ *Complex and Hidden Brain in the Gut Makes Stomachaches and Butterflies,” The New York Times, 
section C1, Tuesday, January 23, 1996 

2 Gershon, Michael. The Second Brain (New York: Harper Collins Publishers Inc., 1998), 

2 Pearsall, Paul, Ph.D. The Heart's Code (New York: Broadway Books, 1998) 
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The Lower Brain consumes 


less energy and can doa lot (_ 
of daily work, like send and re- 
ceive impulse records and ex- 


perience and respond to emo- 
tions. When you lower down 
the Upper Mind, it will also 
lower the blood pressure and 
anxiety. 


Fig. 3.24 Abdomen has it own Brain: the Awareness Mind. 


(On the second page of the Times’ article, it says that even the large 
intestine is loaded with neurons. The question was posed, ‘Can it learn?’ But | say, “Hey, 
this goes back to 4,700 years of the Tao practice, which says: Train all the organs; train 
them how to do different things.” You can rest the head brain when you're not using it 
and use the brain in the gut. Why is it so important? Because the head brain is a ‘mon- 
key mind’ riddled with doubt, shame, quilt and a suspicious mind. It is always thinking. 
Worrying, figuring things out things, head trips — it just keeps on, all the time. To be a 
God, you must let go of the past and empty the mind. Now we are in the information age; 
anything flit in—we think. Just one word flts in and we start an entire string of thought. 
When somebody says one bad word to you, you can think and figure it out for three 
days and three nights. ‘How am | going to get revenge? 
How am I going to get revenge?’ 

Scientists have discovered that when people worry 
too much, thinking, planning, etc.. this brain actually uses 
up a lot of energy. Depending on the type of person— 
some people are very physical types who use very little 
brain energy, but their physical body consumes a lot of 
energy. However, most people think and think and think. 
So the scientists give an approximation, by way of a 
percentage. This is just a number for comparison, not 
an exact number. They say that this brain in the head 
can use up to 80% of the body's energy. So, what hap- 
pens is you have only 20% left for the organs. Fig. 3.22 Cross-section of the 

neurons'in the Large Intestine. 

According to the information about the brain in the gut, they have discovered that the 
brain in the head and the brain in the gut can do some similar jobs. For example, this 
brain in the gut is the emotional and the feeling brain. In the west you have the expres- 
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sions, ‘I feel you from my gut’ and ‘I have a gut feeling about something.’ Why do people 
mention a gut feeling? Obviously people have some feeling in their gut. I's very interest- 
ing that the whole Tao practice is feeling, awareness and consciousness — using this 
gut to feel, to be aware, and to be conscious. 

You can rest, relax the brain in the head by using the ‘brain in the gut.’ This is the first 
step. The first thing we lear in the Tao is to forgive and let go. When we keep on 
remembering past negative emotions, we will stop seeing the truth. To let go of the past 
is to empty the mind and use the abdominal mind, the awareness and consciousness. 
Here's an interesting point in the way of the Tao: This gut brain can do a lot of simple 
functions that are similar to the functions of the brain in the head. This is a feeling and 
awareness type of functioning similar to many of our ‘right brain’ functions. However, we 
need to use the brain in the head in order to perform complex functions such as reason- 
ing, making plans and making complex calculations. For rational functions, we need to 
use the brain in the head for the ‘left brain’ functions. 

ae For our daily life of consciousness, awareness and feeling, we can use 
) either the brain in the gut or the brain in the head. When we use the upper 
brain less, it will become charged with more energy and its power will be 
increased — and more power will be available to the body. That is why we 
say in Taoism, that we have to train the brain in the gut, so that we can use 
it when the brain in the head is resting. When the head brain is resting, it 
can be recharged: brain repair and maintenance occurs. Also, it can grow 
new brain cells. With more charging we have more power for creativity or 
whatever we want to use it for. If we like, we can use it to develop our 
higher spiritual nature. 
Fig. 3.23 When you are not using the Upper Brain allow it to rest 
by sending it down to the Lower Tan Tien. 


The simple thing is, that for the same job that the head brain or the gut brain can do, 
the head brain charges you eighty dollars. The gut brain only charges you twenty dol- 
lars. So, which one do you want to use? No, of course we are not that silly to use this 
overpriced person for the same work. But when we come to our own actual life, we 
don't know how to do it. We always use this mind, this high-priced brain. To add to this, 
we continue using it and using it, until the brain energy is completely consumed — no 
more energy. When you get to a certain level the brain is empty. These brain energy 
measurements are not only for indicating mental energy levels, they also represent 
‘energy conditions for the whole body and spiritual energy. 

Whenever | smile down, the brain waves go lower and lower very quickly — and the 
transformed energy from the Tan Tien and organs charges up the brain in the head! 
Just by flexing the facial muscles into the mode we use with a genuine smile, we can 
produce the effects on the nervous system that normally goes with the natural sponta- 
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neous feeling. We can actually make ourselves relaxed and happy by 
taking advantage of this built-in human mechanism. It's natural. Just do 
it! Learning to smile down to the abdominal area and maintain the 
awareness of the relaxed, smiling sensation in the Tan Tien is the first 
step in training the Second Brain! Think about it: Pure awareness and 
consciousness can change attitudes and emotions carried in the DNA. 
Remember: Number 1: “Empty your mind down to the Tan Tien, and 
fill the Tan Tien with Chi.” An axiom in the Tao is, where the mind goes 
the Chi follows. And, Number 2: "When your mind is empty, it will be 
filled!” This means that when the organs have extra energy, the extra 
‘organ energy will rise up and fill the brain with Chi. 
Fig. 3.24 When the mind is empty, transformed energy 
from all the organs can charge the brain with Chi. 


Practice 
Three Minds into One: ‘Yi' Power 

Smile into your heart. Lower the Observation Mind, then the Heart Mind down to 

the Tan Tien. With the Feeling/Awareness Mind, Spiral the three minds into one. 

4. Smile into your heart. Make it feel soft. Fee! love. Feel joy. Feel happy and feel com- 
passion in your heart. Feel the heart spiral. 

2. Spiral in the upper mind. Lower your upper mind, the observation mind, down to the 
Tan Tien in your navel area. 

3. Turn the consciousness in your heart, activated by your love and softness, down to 
your Tan Tien. 

4. Combine the upper and middle minds with the energy of the feeling/awareness mind 
of the entire nervous system — the Second Brain in the abdomen. Merge the three 
minds into one mind by spiraling their energy, blending them together as one in the 

- Tan Tien. 

When the three minds 
merge into one they become 
the ‘Yi power, the three-mind 

Heart power — activate the spiraling 

atthe mideyebrow, crown and 
the soles of your feet ~ ex- 

Three Minds Pand to the universe in six di- 

intoOne rections: up, down, front, 

YiMind back, leftand right. Once you 

Power get it, the Yi, we will start to 

aotivate the six directions and 
the three fires. 

Fig. 3.25 A, The Heart 
softens like a rose blossoming. 

4 Spiral the Upper Tan Tiendfowie Lowest Tan Tien and Three Mind ‘Yi’ Power. 


Chapter Ii 


Activating the Six Directions and the Three Fires 


This powerful energetic technique allows one to extend the mind, to touch the force, 
and to draw that energy back into the body. 

The Six Directions teaches you how to expand your mind and Chi for receiving heal- 
ing power. By practicing the Six Directions daily you will increase your healing and 
cosmic power. Turn your mind and Chi into the cosmos, multiply them and draw them 
back. 

Direction Below 
‘When you achieve the three minds into one mind begin expanding into the Six Directions; 
press your hands down and start with the low direction. Picture yourself standing on the 
earth and you expand yourself very far away — deep down into the earth, very, very deep 
down into the earth. Your hands become very long; your feet become very long — they 
go all the way down into the earth and out pastit into the galaxy below on the other side. 

Push. When you push, connect with the galaxy below — pull and think about your 
Tan Tien filling with Chi. Push and pull. Push and pull. Fill your Tan Tien with Chi, 


A B. c. 


Fig. 3.26 A. Hands expand through the earth and to the galaxy below. 
B. Hands push forward and pull back. C. Smile to the primordial Chi from the universe back to 
the Lower Tan Tien and fil the Tan Tien with Chi 
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chargers? These are even better, because they supply up to 2.5W (and sometimes more) of regulated SV. 
We'll use some of these in experiments in Chapter 3. 


Organizing Your Tools 


So now you have an idea about some of the tools you want (or already have) for your lab. Where are they 
all going to live? This is a big question, and deserves a big answer. 

‘One way to look at this book is that the entire latter half is dedicated to answering this question. 
There are, obviously, many possible arrangements that will work for most people. But we're talking 
about yourlab, with your tools, arranged and ordered to meet, specifically, your needs. 

As you progress through Chapter 3 (the very next chapter in this book), you'll get a chance to play 
‘with both your tools and some interesting electronic components, all in the interest of getting you 
familiar with some basic concepts. These concepts and ideas are not new, but they may be new to you. 
The good news is that time invested today and in the very near future should pay off big dividends to you 
later in life. Who knows what you'll devise in that electronics lab of yours? 


Summary 


Starting with your brain and working outward, this chapter has covered some of the tools and devices 
‘you might use in your electronics lab. These include basic hand tools, computers, tools for soldering, 
some common power tools you might find handy, as well as some fancy-schmancy tools you might only 
find in a hackerspace, school, or electronics clubs, such as laser cutters and 3D printers. 

You also learned about some of the basic test and measurement tools you'll be needing when 
‘working on electronic circuits in your lab. These include magnifying glasses, measuring tapes, and 
meters (oh my!), as well as oscilloscopes and power supplies. 

‘Additionally, lots of advice on safety was presented. These topics were learned the hard way. Do try 
to lear from the mistakes of others, won't you? 

Just a hint was given about how you might want to organize your tools within your lab. Take care of 
‘your tools and they will most certainly take care of you. The details about possible organizational 
scenarios is left for the second half of the book, where you will learn about setting up labs big and small, 
as befits your needs, budget, and interests. 

Chapter 3 ties in much that you have learned here in Chapter 2 by introducing you to not only some 
of the basic electronics components and their uses and characteristics, but also how to use a good. 
number of the tools described in this chapter. Hopefully this chapter has whetted your appetite and 
readied you to dive into some circuits and see what kind of mischief you can wreak on the world, 
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1. Stand, feet together. Put you hands down, parallel to the ground. Expand your hands 
very far away and your mind very far away smiling into the ground. Continue expanding 
your hands, feet and your mind very far away beyond the earth below. Go down 
through the galaxy, way beyond to the primordial force. It's ust like you are extending 
all the way to the primordial force before 30 million years ago. 

2. Push, moving the hands forward six inches only. 

3. Pull, moving the hands back by the sides. Think about your Tan Tien — Chi coming to 
the primordial force in your Tan Tien. Smile to your Tan Tien, dark, deep and vast. 

4. Push: touch the primordial force in the universe. 


A B. c 
Fig. 3.27 A, Be aware of the universe in front. 
B. Expand your hands very big and long to the universe in front. 
. Hold the fire bail to activate the Tan Tien Fire. 


5. Pull back to your Tan Tien the dark primordial forces with your hands. 

Push and pull: It's just ike you go to an emply space — vast. Then you come back to 
your Tan Tien — also empty, just like the primordial condition before anything existed. That 
is where all the forces come from. Push and pull 3 — 9 times. 

Front Direction and Tan Tien Fire 
Next, be aware of the front direction; a huge fireball appears in front of you. 
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Open your palms: scoop up the Chi, scoop up the fire. Bring the fire into your 
Tan Tien. Activate the Tan Tien Fire. 


1. You start with a small dot of light in- 
side you. Expand your awareness 
smiling to the universe in front of you. 

2. Become aware of a big fireball in front 
of you. Fell your hand become big- 
ger and longer. Scoop up the fire- 
ball. You may close your eyes to help 


your inner sensing. 

3. Use the fireball to light the fire in your 
Tan Tien. Feel the fire burning in the 
darkness, the ‘fire burning under the 
sea. 


Fig. 3.28 Smile to the Burning Fire. 


Back Direction and Kidney Fire 


Be aware of the back of the Tan Tien, the Door of Life and the back or rear 
direction. Extend your mind very far away to the ‘back’. Scoop up the fire and 
light up your ‘Kidney Fire’. 


Fig. 3.29 Be aware of the back direction, move the arms toward the back of the universe 
and scoop up the universal fire. 
47 


Cosmic Chi Kung 


1. Expand your awareness all the way to the back. Move the arms toward the universe 
behind you, 

2. Touch the universe; scoop up the fire. Activate the Kidney Fire. Maintain your aware- 
ness in the Tan Tien and expand smiling out to the universe. The energetic spiral 
glows in the Tan Tien. Spiral in the heart, spiral in your crown and spiral in the uni- 
verse. 

Heart Fire 

Raise your hands up under your armpits, and feel yourself holding the two 

fireballs. Touch the heart by extending the fingers energetically in from the sides; 

feel your hands extending into your heart and very far away. Activate the Heart 

Fire. 


Fig. 3.30 Activate the Heart Fire 


1. Move your hands up under your armpits and extend your fingers deep into your heart 
and very far away. 

2. Tan Tien and the Universe: you are connecting to the ‘charger,’ charging more fire 
into yourself 

3. Feel your heart soft in the center as you smile down. Feel the warmth of the fire 
energy of love, joy and happiness in the heart. 

4, You feel the connection with the unconditional love in the universe as you keep your 
heart consciousness in your Tan Tien and extend your awareness out to the uni- 
verse. 
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Sacred Fire (Chi Fire) 


Connect the Three Fires to combine into one Fire: Heart to Kidneys to Navel to 
Heart. 


Fig. 3.31 Connect the Three Fires and Sacred Fire. 


1. Move your hands together in front of your heart. Hold your hands together in front 
near the heart and feel the fire burning in there. Connect the Heart Fire to the Kidney 
Fire, the Kidney Fire to the Tan Tien Fire and back up to your heart; connecting them 
as one triangular Sacred Fire, circulating the Chi at 1,000 revolutions per minute, 
10,000 R.P.M, 30,000 R.P.M and 60,000 R.P.M, doubling or tripling their collective 
power. 


Open the Third Eye 


Now, extend your hands out to the front, very far away — pushing, pushing, 
pushing. Push. Turn your palms inward, and extend your middle fingers inward 
toward your third eye. Picture a crack in the middle of your forehead, and pull 
the crack open. Feel the light from the heavens opening it and feel the light 
from the heavens shining into your brain. 


1. Open your palms. Open your eyes, dimming the eyes. Look to the universe. Extend 
your hands to the front, palms vertical. Extend the arms from the scapulas. Smile 
and touch the universe. 

2. Turn your palms inward and extend your middle fingers inward toward your third eye. 
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3. Picture a crack in the 
middle of your forehead 
and let the heavenly light 
shine into the brain; pull 
the crack open and let 
the light reflect into the 
organs. 

4. Close the third eye. 
Again, open. Pull: open- 
close-open. And, close. 
With the third eye open, 
the light from the heav- 
ens shines into your 
brain and reflects down 
to all your organs. Open 
and close the third eye 3 
- 9 times. 


Fig. 3.32 Look as you smile into the Universe in front of you. 


A B. 
Fig. 3.33 A. The Middle of the Finger hooks into the third eye and reflects down into the Organs. 
B. Pull open the Third Eye; let heaven open and shine its light into the Brain. 
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Front Direction: Push/Pull Master Practice 


Now, turn your palms, pushing out. Push. Pull. This is the master practice that is 
imperative for successful completion. When you first start practicing you should 
do it at least one hundred times and increase up to 200 times. Push and pull. 
When you push, you feel your hands extended very far away — very long - reach 
the sky. Touch the universe. 


Push: Extend your arms 
and hands to the front, 
palms vertical. Extend 
the arms from the 
scapulas. 

Expand: smiling, smiling, 
touching the universe — 
touching the force, touch 
-ing the Cosmic Chi 


Fig. 3.34 
Master practice 
Touch the Universe. 


Pull: Draw the Chi back 
to you from the universe. 
Moving the arms from 
the scapulas, draw the 
hands toward your body 
ina horizontal position, 
drawing the Chiinto the 
body. 


Fig. 3.35 ‘Drawing’ Universal 
Chi-feel your Tan Tien 
and fill it with Chi. 
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Pull. Think and smile to your Tan Tien. Push, very far away to the universe. 
Pull. Push: Smile, relax, and let go, touching the sky, touching the universe. 


Fig. 3.36 
Let go - Push and Touch the 
Universe, do it 6, 9 or 18 
times. 


Left and Right Directions 


Now, move your hands to the left and right directions. Pull the Universal energy 
in, Push; touch the universe. Pull; think about your Tan Tien. Push — all the way, 
touching-touching-touching the universe. 


1. Move your extended 
hands from the front 
horizon to the left and right 
sides. 


Fig. 3.37 Touch the Universe 
Left and Right. 
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2. Pull Tan Tien: Smile to your 
Tan Tien. Keep smiling to 
your Tan Tien. 

3. Push to both sides. 

Expand all the way, 

smiling and touching the 

universe. 

Push/Pull: touching 

touching the universe 

drawing the Chi smile 
energy into you from both 
sides. 

Do 3-6 times. 


Fig. 3.38 Pull: Just feel about 
your Tan Tien, 


Direction Above 


‘Turn your palms up to the universe. Scoop up the Chi. Pour the Chi over your 
crown, and touch your crown. Project the Chi all the way down to the perineum 
and down through the earth to the universe below. Tan Tien and universe; always 
feel your Tan Tien spiraling, heart spiraling, crown spiraling and the universe 
around you spiraling. 


Fig. 3.39 A. Raise the hands above the crown and feel it extend up to heaven. 
B. Feel that the hands are big and long and that the bones are hollow. 
Fill and pack the bones with Chi. 
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Raise your hands up to the universe 
and expand your hands as big as the uni- 
verse - feel the Chi charge into your 
bones. 

‘Scoop and gather the energy turning 
the body three times to the left and three 
times the right drawing the smiling energy. 


Fig.3.40 Scoop up the Universal Chi and 
pour it over the head. 


Open the Spine 


1. Touch the back-crown point, Pour the Chi all over your crown. Think of your soles so 
that you feel like there is a waterfall of Chi flowing from your crown alll the way down 
to your soles. Feel your finger grow long and the Chi penetrate down through your 
spine to the coccyx, Leave the fingers touchng the back of the crown, to maintain 


the energetic connection with the coccyx. 
Cervical 

f—Thoracic 
my 
vi 
id Lumbar 
vy 
“<b 
Ppygy— Sacrum 
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Fig. 3.41 Feel your fingers growing long, all the way down to the coccyx. 
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Turn ‘Three Minds into One Mind’ at the Lower Tan Tien, and expand the awareness 
to the universe. Let yourself be charged by the universe 
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Like you are back in the womb. ‘Ten Tian jn tks a battery. 


Fig. 3.42 Universe charges Tan Tien power. 


Beware of the Tan Tien and spiral it like universal energy in motion. Feel the heart 
center spiraling and the crown spiraling. Be aware of the universe spiraling above, below, 
front, back, left and right. Let all of the sick energy and the negative forces leave the 
body and go down into the ground for Mother Earth to recycle. Extend the Chi from 
above, all the way down through the earth and the universe below. 


Fig. 3.43 Be aware of the Lower Tan Tien, Heart Center and Grown spiraling. 
Feel the Universe is spiraling and charging the Three Tan Tiens. 
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Components 


You're going to need some components to play with, as well asthe knowledge to use them effectively. 
This chapter wil introduce you to some of he bits and pieces that make up modem electicand 
electron circuits, Iwi also teach you alte bit about how to identify components from their 
appearance and markings, when avaliable 

(Once you've got an idea about what these parts do in a circuit, you'll earn alittle more about howto 
measure tel electrical properties and put themn tous. You'l also be show what not todo, in some 
select examples. 

There are an enormous number ofboth manufactures and vendors of electronic components these 
days. Trying fo list even a few of them here n print doesnt really make much sense, asa good 
percentage ofthat information willbe incorrect or obsolete as soon asthe ink dies onthe page 

Havinga variety of basic component readily avalabe is conventent, unl your collection grows 
beyond your ability io house or organize This happens far too often, in eal. Most common 
electronic parts can be obtained within a day or two from local sources, unless you live ina really 
Secluded part of the planet. Also, most ofthe more common parts wil typically cost only a few pennies 
apiece, so there aren'ta lot of reasons to stockpile random pars, Keep few ofeach on hand for 
experimentation, but hold off on pointless hoarding. ifyou cam 


Conductors and Interconnects 


In any electrical or electronic circuit, there are just as many connections between components as there 
are components. These include wires, cables, connectors, plugs, sockets, and all those other pieces that 
help the litte electrons zip around the circuit. 

First, les take a look at wires and interconneets in a very abstract way. We can think of wires as. 
connections between other components, without having to get into a lot of detail about the wire itself 
We just want a way to indicate that there is an electrical connection among all the bits, and using an 
electrical schematic diagram is an easy and effective way to do this. 


Electrical Schematics 


A schematic diagram is any kind of stylized drawing that represents a simplified view of something. 
Usually some sorts of symbols are used to represent the parts that make up the whole, as well as the 
connections or relationships that exist between them and possibly the outside world. You can have 
schematics for plumbing, hiking trails, or tibbles, a well as electrical and electronic circuits. Let's talk 
about electronic schematics fora litle bit, 

The electrical symbol for a wire is almost always just a plain, solid line. If there's something really 
special about the wire that needs to be used, itis usually indicated in a note somewhere on the 
schematic. This can be used to indicate what color the wire needs to be, what size is appropriate, 
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Open the Middle Channel and Perineum 


1. Move to the mid-crown point. Touch the point and project your fingers inwards; go 
deeper, deeper through the middle of your body down to the perineum. Focus on the 
perineum. Feel the Chi from the universe flow into your perineum. Look for one dot 
of light. Look into the darkness, the vast darkness, the immense darkness; this is the 
primordial force, a cloudy moving force. Look for a dot of light at the perineum and 
extend your awareness all the way down through the ground and the universe below. 

liddle of Crown 


Newborn Skull 


Adult Skull 


Fig. 3.44 Move the Hands to the Middle of the Crown 
and feel the Fingers Penetrate to the Perineum. 


Perineum 


When finished opening to the Six Directions and igniting the Three Fires, gather the 
Chi in the center and bring this expanded awareness into the healing session. 
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Tan Tien and the Universe 


The expression, ‘Tan Tien and the Universe’, is a reminder to feel your Tan 
Tien, heart, mideyebrow and crown spiraling and that you are connected to the 
universe spiraling in the six directions around you. 


1. Establish a Complete Location 


You will use your Yi, the three-mind power, repeatedly to recharge your Chi for vari- 
‘ous purposes. You recharge by connecting to the Universal Chi in the six directions of 
the universe simultaneously. When you charge a particular area or direct Chi into the 
body toa particular point, you first establish a connection point for the Chi by placing the 
hand or fingers at an appropriate location on the surface. This is like giving a location for 
the Chi to go to. Once the location is established and the Chi starts to go there, leave 
your hands there. 

Then you move your attention to where you want the Chi to go in the body. Feel the 
Chi connected to and charging the intended location. 


2. Charge Tan Tien from Universe 


When the location connection is established, be aware of your Tan Tien, heart cen- 
ter, mideyebrow and crown spiraling. Be sure that the conscious mind of the heart is 
lowered to the Tan Tien and the awareness mind of the abdomen is connected to the 
mideyebrow crown and out to the universe. Feel them connected to the spiraling energy 
in the six directions of the universe. Let the universe charge your Tan Tien. 


3. Don't Stop at the Location 


With your focus in the Tan Tien, the Chi will go from there to the ‘location’ indicated by 
your hands and then to the intended location in the body. Don't let Chi stop there, how- 
ever. 


4, Direct Chi out the Opposite Side to Universe 


Direct your attention to quide the Chi flow through the body and out the opposite side. 
You want to clear out any blockages and prevent any others from accumulating. You 
also want to release sick energy and negative forces down into the earth. Let the Uni- 
versal Chi flow out through the universe and beyond. 
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Open the Three Tan Tiens 


Move your hands down to the mideyebrow. Touch the mideyebrow. 
We are going to open the three Tan Tiens, starting with the Upper Tan Tien. 


Upper Tan Tien - Mideyebrow 


1. Recharge. Remember: Tan Tien — heart consciousness in, awareness out. Spiral — 
Tan Tien, heart, third eye and crown. Universe — six directions spiraling, 


Fig. 3.45 Raise hands and charge with Universal Chi 
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2. Move your hands down and touch the mideyebrow. Feel your fingers grow very long 
(energetically) and penetrate all the way back to the base of the skull. Focus on the 
back. Remember: Tan Tien and the universe spiraling. With the spiraling, the Chi in 
the fingers will become hot. It will expand and penetrate out through the back of the 
head all the way to 
the universe behind, 


Fig 3.46 Fingers touch 
mideyebrow and pen- 
etrate to the back of the 
skull and the universe at 
the rear. 


Fig 3.47 
Tan Tien and the 
Universe. 
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3. Picture your fingers like laser beams of Chi, ‘Tan Tien and Universe’: Feel your Tan 
Tien and the universe spiral and charge your fingers. Move your fingers out from the 
mideyebrow around the side of the head to the top of the ears. Your fingers are like 
lasers -cut-cut-cutting open your skull right in the middle, around to the top of the ear, 
cutting open your Upper Tan 
Tien. Cut and project your fin- 
gers long into the middle of 
your brain. Spiral your Tan 
Tien and the universe. Leave 
your fingers there. Concen- 
trate on your Tan Tien spiral- 
ing - your heart, crown, the 
universe above, below, front, 
back left and right all spiral- 
ing. Your Tan Tien is a big 
empty space: primordial 
force; darkness. You can put 
so much Chi inside there! 
The Chipenetrates into your 
brain. 


Fig. 3.48 Move the fingers to the top of the ears. Feel them growing longer and cutting the skull 
open, penetrating into the brain 


4. Move your hands all the way 
to the back, cutting to the 
back of the skull. Touch, and 
feel the Upper Tan Tien open. 

5. Touch the base of your skull 
Focus on the mid-eyebrow. 
Feel the Chi flow like a laser 
beam fram back to front and 
out to the universe in front. 
Complete the opening pro- 
cess by moving the hands 
back around to the 
mideyebrow, cutting as you 
go. 

Fig. 3.49 Chi moves like a laser, 

penetrating from the mideyebrow at 

the front, to the back of skull 
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6. Recharge in the universe. Feel your bones and your arms are hollow. Fill and com- 
pact them with Chi 

7. Scoop the Universal Chi and pour it down over your crown and all the way down 
down to the Middle Tan Tien. 


Recharge in the Universe, scoop and pour the Chi down to the Middle Tan Tien (Heart Center) 


Middle Tan Tien - Heart Center - Conscious Mind 


1. Move your hands all the way down to your heart center at the mid-sternum. Touch. 
Focus on the point opposite the 
heart, T5/T6, on the spine. Fin- 
gers ‘long’, Chi penetrates into 
your thymus gland. Light- golden 
light — penetrates into your thy- 
mus. Feel the Chi penetrate 
through your heart all the way 
through T5/T6 to the universe be- 
hind. "Tan Tien and the Universe’ 
also feel your Chi Fingers pen- 
etrate into the bone and bone 
marrow and spread out into your 
rib cage. 

Fig 3.51 Golden light enters the 
heart, thymus, bones and marrow; fee! 
itpenetrate to the universe at the rear 
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Recharge and cut around to the Armpits 


Recharge In the universe, 
pour Chi over the crown 
down through the body 
and lower your hands 
down to the heart center. 
Touch with the fingertips. 
Move your hands around 
under your armpits, ex- 
tending the Chi like laser 
beams cutting open this 
Middle Tan Tien. Pause 
under the armpits as you 
send the Chiinto the cen- 


ter. 


Fig. 3.52 Cut open the Middle Tan Tien by cutting around the armpits. 


Continue to move your hands around to your back at T5/T6, touch and send the Chi 
from back to front. Let the beam of Chi penetrate out through the heart center to the 
universe in front of you. Then, mave the hands back around the sides to the front, 
cutting as you go. 


Fig. 3.53 Chi beam from T5/T6 penetrates to the Heart Center in front. 
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Lower Tan Tien - Navel - Awareness Mind 


1. Recharge with Universal Chi, Tan Tien and Universe: Again, raise your hands and 
charge with the Chiinto the universe. Your hands are very big, very long. The bones 
are hollow and compacted with compressed Universal Chi. Scoop the Chi from above 
and guide it down. Pour all the way down, down, down to the navel. Touch the navel. 
and focus on the Door of Life opposite on the spine between L2/L3. Touch and feel 
the Chi penetrate to the Door of Life Tan Tien and Universe. Feel the Chi penetrate 
through to the back and out to the universe behind. 


A B. 
Fig. 3.54 A. Recharge the Lower Tan Tien and penetrate through to the Door of Life. 
B. Raise the hands upto the universe and charge with Chi. Bring the power down to Tan Tien. 


2. Open this Lower Tan Tien the 
same way as for the Upper and 
Middle Tan Tiens. Charge more 
Chi into your hands, and let them 
be like lasers cutting it open. Cut 
around to the sides. Pause. The 
fingers of the left and right hands 
are very long, extended energeti- 
cally inside. Cut and feel the en- 
ergy penetrate into the center. Fo- 
cus at Tan Tien and universe and 
feel more Chi. 


Fig. 3.55 ‘Cut’ open the Lower Tan Tien 
with Laser Fingers, 
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3. Continue cutting to the Door 
of Life. Touch, and send the 
Chi from the Door of Life back 
tothe navel and outto the uni- 
verse in front. 


Fig. 3.56 Cut" open the Door of Life 
‘and send Chito the 
navel and universe in front. 


4, Move the hands back around the sides to the navel, extending the fingers and “cut- 
ting” the Tan Tien open as you go. Touch the navel: Tan Tien and the universe spiral- 
ing. Feel more Chi, and feel the Tan Tien open. 


Aci 


ate Chi in the Bones of Hips, Legs and Sacrum 


1. Now touch your pelvic bone 
by energetically extending 
your fingers from the front 
area near the hips to the 
back. Feel Chi penetrate into 
your pelvic bones: funny, 
laughing, happy bones 

2. Touch the femur bones. Tan 
Tien and universe. Charge 
the fingers. Also, feel the 
funny, happy, laughing vibra- 
tion inside the bones and in 
the bone marrow. Be aware 
of the Three Tan Tiens. Spi- 
ral from the universe. Spiral- 
ing charging your Tan Tien. 
Charge your hands and your 
bones. 


Fig. 3.57 Touch the femurs - happy laughing bones! 
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3. Now we are going to slowly lower the sensation of Chi down through the bones to the 
earth. Opening up the sacrum. Move the hands down the legs as you bend down. 

4, Lower yourself all the way down to the ground and sit on your feet. Move the Chi with 
your hands down to your toes, down through the earth and the universe below. 


Fig. 3.58 A. Sink the Chi into the earth. B. Lower and sink the mind and Chi down to the universe. 


5. Raise your sacrum up, keeping your hands at the toes. Smile to your Tan Tien and 
feel the Chi from the universe coming to fill the Three Tan Tiens. Opening up the 


sacrum, 


Fig. 3.59 
Raise the sacrum and smile to 
the Tan Tien. 
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whether there are any special requirements for the insulation, and so forth. Most of the time it's just a 
plain, solid line. For an example of just how simple it can be to draw a wire in a schematic, see 
Figure 3-1 


[*}-—2] 


Figure 3-1. A very simple electrical schematic diagram, showing how to get from point A to point B with a 
single wire. Drawing wires in schematics is easy! 


Ifa wire starts in just one place and ends in just one place, everything stays nice and easy. If multiple 
‘wires need to converge on a single point, or one signal wire needs to split up to go to more than one 
destination, it gets justa little more complicated, but not too much. See Figure 3-2. 


c D 


E 


Figure 3-2. Wires that are connected to each other usually have a dotat their intersection. If there is no dot, 
there is no connection between overlapping wires. 


In the figure, points A, B, and C are connected together. Points D and E are connected together, but 
are not connected to points A, B or C, even though the wires look like they are crossing. In a professional 
schematic, a careful draftsperson would route the wire from point D to point E on the right side of the 
‘components to avoid any possible confusion, 

Some folks like to draw a little bump, or bridge, when two unconnected wires cross in a schematic, 
just to make sure that everyone knows that the wires aren't connected. This gets to be abit tedious once 
you've got more than two or three components in your schematic, and it can look a bit unsightly. Feel 
free, however, to draw your schematics however you see fit. Just remember that others might not share 
your particular drafting sensibilities. 


Wire and Cables 


Chapter 2 took a quick look at wire and how itis made to help you pick out the best wire-cutting and 
\wire-stripping tools. Now it is time to consider wire as an electrical component within your circuits. 
Knowing what a wire can and cannot do will help you pick the right kind of wire to use. Yes, wire has 
limits! This is important both for building new circuits from scratch as well as repairing, replacing, or 
upgrading wiring in existing circuits. 

Wire can be used for all sorts of artsy and craftsy purposes. Copper wire is the most common wire 
used in electronics. Sometimes the copper conductor is finned with another conductive metal with a low 
melting point to make it easier to solder. When you cut this wire, you can see the copper on the inside. 

Pure copper wire is getting very expensive these days. Unscrupulous people try to pass off copper 
alloy with inferior electrical properties as the real deal. A quick way to test is with a magnet. Copper is 
not attracted to magnets, 
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6. Lower down again 
Lower the Chi down to 
the earth and the galaxy 
below. 

7. Once more, raise your 
sacrum up, maintaining 
hand contact with your 
feet. Smile to your Tan 
Tien. 

8. For the third time, lower 
down. Open your palms, 
gathering the Chi from 
the earth below. Gather 
and scoop the Chi. 


Fig. 3.60 Gather the Earth Chi 


9. Touch your heels and feel your bones as you slowly rise up. Fill your bones with Chi 
as you guide it up with your hands. 


10. Fill the bones in the upper legs as you move your hands up. 


Fig. 3.61 A. Fill the bones with Chi. B. Feel your fingers penetrate into the bones as you rise. 
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11. Feel your bones, and fill them with Chi all the way up to your coccyx. Touch your 
coccyx. Leave your fingers there, then be aware of the Chi and feel the Chi raising 
up to the Tan Tien and the universe. Feel it charge the fingers and the spine. 

12. Come up to the sacrum. Feel the sacrum open. Focus at the Tan Tien and the 


universe. 


Fig. 3.62 A. Bring the Chi to the Coccyx. 
B. Move your hands up fo the Sacrum and feel the Chi rise up to the Crown, 


13. Come up to the door of life, and 
then back to the navel. You may 
sitdown to continue the next step 
in the Cosmic Healing Practice. 


Fig. 3.63 Bring the Chi to the Door of 


Life and let it penetrate to the Navel. 
Practice daily til you feel the Chi. Then you can apply this Chi to the Healing Sessions. 
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Chapter IV 
General Healing Session 


The General Healing session practices are to be done with every student regardless of 
their age or health condition. These are for cleaning and strengthening the cells. Cells 
must be clean and strong to heal. The General Healing practices listed steps A-K are 
the most important part you must always do in every session. You can do this with one 
person or with many people at the same time. The following is a detailed decription of 
each of these steps. Become familar with them and they will flow easily one into the 
other. 


A. Three Minds into One Mind 

‘Smile down to the inner universe. Activate the heart consciousness and empty the 
mind and heart down to the LowerTan Tien, the Abdominal Brain. Gather the 'Yi' (mind- 
eye-heart power), combining three minds into one. Fill the Tan Tien with this Chi. Start to 
spiral. You are then ready to connect to the higher forces of Universal and Heavenly Chi. 
The Three Minds are the Upper, Middle and Lower, or three Tan Tiens. The Upper Mind 
is the one we have been closely related to most of our lives. It is the logical thinking, 
planning, calculating and worrying mind; it consumes 80% of our body's energy. 
The key is to learn ‘to releas the mind’ by learning to sink the Chi to the Lower Tan Tien, 
whereby it can be used in synergy with the other two. 


B. Activate the Six Directions 

Activating the six directions is for opening the whole body, mind and soul to all of the 
Universal and Cosmic forces in all directions. We literally learn to draw in the Universal 
and Cosmic forces from all directions at the same time. This is important for healers 
so they are not using their own energy for healing but drawing on the limitless Universal 
forces. 

Expand your awareness to connect to the universe and the Six Directions at the 
mideyebrow and crown; left, right, front, behind, above and below. Connect to the uni- 
verse, collect and spiral the energy into your Lower Tan Tien. 


C. Activate the Three Fires 

Activate the Tan Tien, Kidney and Heart Fires to create a Sacred Fire Triangle. Move 
from the Tan Tien to the Heart, the Heart to the Kidneys and the Kidneys back to the Tan 
Tien. 
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D. Linking Personal Stars, Energy Bodies and the Universe 

World Link is a way for intelligent life force to return to the source; inwards and 
upwards. Become aware of the ‘personal stars’ above the crown and below the earth.We 
link with our own personal stars and then with the stars of each person in a group. This 
links the energy bodies of everyone in a group together. Start to spiral your energy and 
connect to other peoples’ stars and energy bodies. Make a left spiraling pattern, pro- 
gressing around the circle in a clockwise rotation. Link all of these stars together and 
form one large energy body. Each meditator will become an individual unit in an 
integrated communication link. A link between the earth and the universe. 


E. Protective Circle and Chi Field 

We create Chi Fields, Protective Animals and call the Eight Forces to protect the 
group from disturbances and psychic attacks. Raise your right (or leading) hand in the 
air and access the ‘Sacred Fire’ of the universal cauldron. "Feel your fingers becoming 
big, long and hollow’, as they reach into the Sacred Fire. The Chi wil fill and pack your 
arm as you bring it down into your body. Use Yi-Power to create the Sacred Fire Pro- 
tective Circle. The fire will purify and protect the circle. You can cast a circle around 
your community, house, room and body. This will create an energetic field of Chi around 
the whole room, 


Then Create a Chi Dome. Invoke the ‘guardian animals’; Blue Tortoise from the north, 
Red Pheasant from the south, Green Dragon from the east, White Tiger from the west, 
Yellow Phoenix from above and Black Tortoise from below. 


Finally, activate the Eight Elemental Forces of Nature and the Universe. Call the 
forces of fire, water (ocean), thunder (lightning), lake (rain), earth, mountain, wind and 
heaven. Activate fire in the north, water in the south, lightning in the east, and rain in the 
west. 


F. Chi (Sacred) Water Practice 

Invoke the power of the Sacred, Chi or Holy Water practice to cleanse and heal the 
body's sick, toxic or negative energy. Make a request to receive healing energy and feel 
yourself touch a heavenly pool of sacred water energy. Feel the pool pouring down 
heavenly water to fill your arm. 

Use the thumb and index finger to remove the sick energy from the cup, without 
touching the water. Talk to the sick cells. Let the sick energy return to the earth for 
recycling. Fill the water with your heart's compassion. Give the command: “This Sa- 
cred Water will give health, wealth and longevity". Cosmic Healing works on a cellular 
level. Itis the water's ‘job’ to carry the message of the practice to all the cells, where it 
will remain. Drink the water in unison with the rest of the group. 
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G. Empty and Fill 

The Empty and Fill technique is emptying the sick energy into the earth and 
filling with healing Cosmic Force Energy. Project your ‘sword’ hand (middle and 
index fingers) down to the ground. Project the hand ‘very big and very long’ and your feet 
‘very big and very long’ - extended down to the ground. Now very slowly inhale, bring up 
the earth energy. Bring the eneray up to your feet and into your bones. Lett enter all the 
bones, organs and cells. Feel it blending with all the sick energy. Turn your palm up, turn 
it back down again and exhale; let go of all the sick energy, the negative energy, the 
worries and burdens, all the way down into the earth. Repeat this three to nine times. 
Dig a hole and bury all the sick energy; tellit, "Do not come back; you will be happy down 
there.” Smile 


H. Clean with Green Light 

The Green light is for cleaning the cells. This is vitally important because the cells 
must be clean for healing. Green can help detoxify the toxic cells. Green Chi is mild and 
safe. Green Chi is used for cleansing, and as a decongestant for diseased parts. It 
‘loosens’ the area. The light green Chi is used to break down dirty or diseased energy, 
like a detergent is used for washing clothes or dishes. 

‘Afterwards, the cells will be rinsed with blue light, ke clean water is used to rinse the 
detergent and residue from clothes or dishes. 

When you carry out healing try to ‘see’ the cells enlarged and this green energy go in 
and blend with the dirty, black and cloudy energy. See it come out and let it go down to 
the earth. Dig a hole and bury it there. Tell it, “Don’t come back. You will be happy down 
there’. Become aware of the green light and spiral counter clockwise. Spiral down. 
Cleaning out the stress. Repeat as many times as you like, three times minimum. 


|. Clean with Blue Light 

Blue is like cold water; it has the yin power to dissolve all kinds of negative energy 
and sickness. It has an inhibiting effect. Blue yin energy is the opposite of red yang, 
Which has a strengthening and stimulating effect. 

Blue has a cooling effect; it can reduce pain and inflammation, and it can help blood 
clot. It stops bleeding and reduces fever. It can help to induce rest and sleep. 


J. Charge with Violet Light 

Charging with Violet light holds the highest healing energy. When the cells are clean 
they will absorb and hold the Violet light and the healing will take place. Luminous Violet 
has intelligence and can be programmed. The universe is full of violet light, especially 
the North Star and the Big Dipper. The color of the star of the higher self or soul, above 
the crown, is also violet. It is the color of Divine or Soul energy. 
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It has properties of other Chi colors. It has a rapid regenerating effect on damaged 
organs and nerves. Always use green and blue light before using violet. Violet light 
develops the crown center, the spiritual core. It is good for psychological ailments as 
well as for physical deficiencies 


K. Activate the Immune and Defense System 

The body has various mechanisms which combine to provide protection and de- 
fense against illness and disease. These mechanisms enable the body to produce 
various cells and bodies which act against invading or unwanted substances. As soon 
as a foreign body is recognized, the immune system will be triggered and will act to 
provide the most efficient means of eliminating the danger and return the body to a 
balanced state of health. A strong and healthy body will have good resources to protect 
itself from negative or sick energy. The aim of these practices is to help you to realize 
the potential of true harmony within yourself. To activate the immune and defense sys- 
tem is to increase the production of red and white blood cells. To do this we activate the 
bone marrow and lymphatic system. Guide the student or whole group together in all of 
these steps. You will not lose eneray by doing this. You will gain more energy because 
you are all connected together in the group power. The crucial part is to multiply your 
{good intentions, Chi and virtue energy into the cosmos, making yourself and each per- 
son a direct ine from the Universe. After you finish the General Healing session you 
can tailor the healing techniques in the next chapters to the individual's needs. 
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Practice 
A. Three Minds into One Mind 


1. Smile to the Inner Universe 

Place your palms together in salutation, in front of your heart. Feel the Laogong 
points in your hands connect, creating an energy loop running from your heart through 
your arms and hands and back again. 


A B. 


Fig. 4.1 A. Empty the mind down to the lower abdomen. 
B. Activate the heart's compassion. 


2. Activate the Heart Compassion Energy 

‘Smile to the heart and feel it softening. Feel love, joy, compassion and happiness. 
Smile down and empty the mind to the Tan Tien, the Abdominal Brain. Fill the Tan Tien 
with Chi and start to spiral. When the abdomen is warm, it is full of Chi. The Chi can 
then charge up to the brain 
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4. Turn Upper Mind to observation mind. 
2. Turn consciousness (Middle Mind) down to Lower Tan Tien. 
3. Combine three minds into one mind at the 
Lower Tan Tien (the Yi). 
4, Manifest out at the mideyebrow. 


Fig. 4.2 ‘Three Minds into One 


B. Activate the Six Directions 


Expand the awareness to connect to the universe and the Six Directions at the crown, 
mideyebrow, heart and Tan Tien. 


Fig. 4.3 Trust and believe - turn visualization into actualization. 
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C. Activate the Three Fires 


1. Tan Tien Fire - Activate the Tan Tien Fire: 
‘Smile down to the abdomen to create a burning stove near the lower lumbar and 
sacrum. Create a fire ball behind the navel, above the stove. 
2. Kidney Fire - Activate the Kidney Fire: 
Always retain awareness at the Tan Tien and keep it spiraling. 
3. Heart Fire - Activate the Heart Fi 
Keep the heart soft and fill the heart with joy, love and happiness. 


oN 
Qe 
Navel - } Door of Life 
A B. 


Fig. 4.4 A. Activate the Lower Tan Tien Fire. B. Activate the Kidney and Adrenal Fires. 
C. Activate the Heart Fire. 


c. 


4, Sacred Fire Triangle 

The Sacred Fire Triangle has triple force. Make a triangle from kidneys to navel (Tan 
Tien). From the heart make the connection to the kidneys. Move from the Tan Tien up to 
the heart. 


5. Cosmic Star and the Earth Star 

At the moment of conception, the two forces yin and yang connect with such a force, 
then only fractions of a moment later, the two forces explode into nine different Energy 
Centers. Seven of them we find in the body and two of them outside the body, forming 
‘our personal stars. 
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Fig. 4.5 Three Fires into One Fig. 4.6 ‘Personal Star’ Energy 


The two personal stars are in fact energy centers connecting the aural field of each 
individual with the universal forces and the earth forces. In a way one can see the aim of 
Taoist Inner Alchemy in bringing these nine forces together, merging them into one 
force and thus enabling the retum to the original force, the Wu Chi 


There is a star about six inches above your crown and another one about one to 
three feet below the soles of your feet. They are also known as the higher self, guid- 
ance, protector, adviser. These stars are our connection to the cosmic force, the uni- 
versal force and the earth deep below us. 


Always make sure your Tan Tien is warm and the sacrum and mideyebrow are breath- 
ing. Be aware of the crown breathing and see a star or a small sun above you. Be aware 
of the crown and feel a light beam extend out of the crown and make a connection to the 
star above you. Keep on breathing until you feel a strong connection. Feel how the star 
above you is exercising a strong pulling force on your crown. Once you feel this pull on 
your crown you will also fee! a strong pull down from the earth. Be aware of the star 
above and the earth and universal force below you. Feel that both of them have a strong 
pull on you. 


4. Reconfirm the star above you and the earth directly below you. 

2. Fix the image of the North Star and the Big Dipper six to nine feet above your crown. 
See the cup of the Big Dipper filing with the violet light, which gathers Chi from the 
North Star and the universe. 
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As mentioned in Chapter 2, wire comes in two major categories: solid core and stranded. Solid core 
wire is just a single piece of copper wire, while stranded wire is made up of many smaller strands of 
copper wire, usually twisted together. Stranded wire is generally more flexible than solid core wire. 

Copper wire is measured using a gauge system. Different systems exist around the world. A 
common system used in the United States and Canada is the American Wire Gauge (AWG) standard. It 
ses a series of single numbers to denote the relative size of the wire, with larger numbers representing 
‘smaller-diameter wires, These numbers go all the way down to zero (0 gauge), but they don't stop there. 
Larger wires than 0 gauge are called 00 gauge, double-ought, or sometimes 2/0. There are also three- and. 
four-digit versions, but after that, those giant wires are specified with their actual cross-sectional 
diameter, 


Using Wire: The Very Short Version 


Fatter wires carry more current with less heat being generated due to resistance. The wire's insulation is, 
rated for a maximum voltage and temperature. If this temperature is exceeded, the insulation will soften, 
‘melt, or catch on fire. Avoid this by using the right sized wire for the job. Exceeding the maximum 
voltage can cause more problems ifthe current arcs through the insulation. This can cause a short 
circuit and may even cause a fire. It is also likely to give off noxious fumes. Choose wisely! 

For low voltages (under 36V) and small current loads (under 1A), you can use whatever you want. It 
doesn't matter, Pick something pretty. A thing of beauty isa jay forever. 

For higher-voltage applications, make sure the wire’s insulation is rated far in excess of what you 
anticipate. The rating should be visibly printed on the insulation itself. See Figure 3-3. 


Figure 3-3. The wire's insulation only works up to.a point. That point is usually printed on the insulation 
itself, but you may need 10 put on your good reading glasses to see it. This wire states, “LL33911 CSA TEW 
105°C 60OV FIT 144WG,” which translates to the manufacturer's part number, Canadian Standards 
Association certified thermoplastic equipment wire, maximum temperature of 105°C, 600V insulation 
dialectrie strength, 14 gauge. 
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3. Reach up with your left hand, and hold on to the handle of the Big Dipper. 
Pour the violet light down to your personal star 4 to 6 inches above your 
head, in order to predigest the energy of the violet light. Then let it flow down 
to your crown, into the Upper Tan Tien, to be processed and flow down to the 
heart center (Middle Tan Tien) or to the back of the head down to C-7 (Cervi- 
cal 7) and T-2 (Thoracic 2) and down to the palms. 

In Taoism we consider that the North Star emits a violet light, which is regarded as 
the highest healing light and the Big Dipper as emitting a red light. 

You can do these meditations sitting, or standing in the Chi Kung posture. The 
standing position will support a stronger structure and provide a better connection 
with the earth, 


Fig. 4.7 The North Star, Big Dipper and Galaxy spiral above. 


4. Always remember to breathe in slowly so you can process the awareness of the 
Lower Tan Tien. Feel a suction, warmth (Chi) and continue to breathe in and be 
aware of the suction of the crown, North Star and Big Dipper above you. 
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D. Linking Personal Stars, Energy Bodies and the Universe 


Be aware of your ‘personal stars’ above and below and connect to other peoples’ stars 
and energy bodies. 
Three minds unite, one mind aware of the stars above you and a star below you. 
Connect these stars to the people around you. Think about the bright light above the 
crowns of other people. Start to spiral your energy to connect to each of them. Group all 
the stars into one energy body and connect all the way to the center of the universe. 


Fig. 4.8 World Link Meditation 
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1. Center Channel and Personal Star above 


Soul, personal star or higher self 


J+ — Upper Tan Tien (Upper Brain) is the 
Center of Observation, 


Middle Tan Tien (Middle Mind) is. 
the Center of Consciousness. 


Lower Tan Tien (Lower Brain) is the Seat 
of Awareness. 


Fig. 4.9 Connect Heaven to Earth Connect the Central Channel to the 
using the Central Channel. Upper and Lower Universe. 


2. Use Yi power to connect to your Personal Star above 


«— Personal Star 


Observation 
Consciousness 
When the abdomen fills with 
Chiit wil ise up and fil the 
Awareness upper brain, Connect to your 


personal star, six inches 
above your head. 


Fig. 4.10 Connect to your Personal Star Energy using ‘Yi’ Power. 
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3. Connect your Personal Star to the Personal Star of each person 
Connect your personal star to each person and then to the universe. 

4. Create a Chi Body becoming the major connecting point. Counterclock- 
wise spiral to connect each person’s star into a larger group star. 


Universal Force 


Fig. 4.11 Link with Each others Personal Stars. Fig. 4.12 Connect into Group Star. 


5, Meditators become satellite links and 
create a group energy body. 
The World Link meditations become an inte- 
grated communication link. They are linked to 
the earth and the universe. Spiral and connect 
each person's star together and group the en- $ 
ergy into one energy body. This energy body be- Sf 
comes an integrated communication center for ‘ 
each person in the group. We can be connected, 
wherever we are. Each person can connect and \ 
i O- 


become their own ‘Center of the Universe’. 


Fig. 4.13 Form a Satelite Link and create a Group En- 
ergy Body. 
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E. Protective Circle and Chi Field 


Raise your hand up and become aware of the ‘Sacred Fire’ in the universe. Feel that 
your fingers are very ‘big’, very ‘long’ and touch the fire. Bring the fire down. Make a 
circle around your community, your house, Tao Garden, the meditation hall and around 
your bodies. Create an energetic field of Chi around the whole room. 


Sacred or Chi Fire 
Connect and Receive Fire from the Universal Cauldron 


1. Activate the Sacred Fire in the Universe 
Be aware of yourself. Feel your arm and fingers ‘big’, ‘long’ and ‘hollow’. Reach to 
the universe to the Sacred Fire. Let the Sacred Fire fill and pack your arm. 


2. Use Yi-Power to Create Sacred Fire Protective Circle 


Use the Yi Power to draw the Sacred Fire 
Circle on the ground around your house, 


office and the room you work in. 


A 8. 
Fig. 4.14 A. Create @ Group Energy Body. B. Sacred Fire ‘Protection’ 
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3. Create a Chi Dome 

Set up the ‘guardian animals’, Blue Tortoise in the north, Red Pheasant in the south, 
Green Dragon in the east, White Tiger in the west, Yellow Phoenix above and Black 
Tortoise below. 


Thunder 
Lightning 
Chen 


North 


Fig. 4.15 Create and surround yourself with a Chi Dome and the Guardian Animals. 
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4, Activate the Eight Elemental Forces of Nature and the Universe 
Activate all eight forces; wind, mountain, fire and thunder on the east. Earth, lake, 
water and heavenly power on the west. 
Call the Eight Forces; fie, water (ocean), thunder (lightning), lake (rain), earth, moun- 
tain, wind, and heaven, 


Fire-Li 
Yang 


Wind-Sun South 


Thunder 
Lightning — 
Chen East Ws 


Yin 


Fig. 4.16 Activate the Eight Forces. 
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Chapter IV 


In the next sections F,G,H,I are practices that are for cleaning the cells. 
The more you clean the cells the more the Cosmic Healing can take place. 


F. Chi (Sacred) Water Practice 


The Sacred Water practice (also known in the West as Holy Water) is to exercise the 
right of being the creators of the Cosmos. With strict and absolutely regular daily water 
intake to prevent the stresses and associated damages of dehydration, the chief con- 
ductor and supervisor of the body's well being — tryptophan and its neurotransmitter 
derivatives, serotonin, tryptamine and melatonin will be well positioned to regulate all 
functions. Regular daily walks will keep muscles well coordinated and correct any physi- 
ological processes that are established in the body as a result of anxiety or emotional 
stress. 

‘A well hydrated and healthy skin needs water to constantly replace that which it 
loses to the outside environment. This then allows blood vessels to the face and the 
body to open up and provide necessary nourishment for exposed skin cells. 

Science has discovered that even if we clean water through filtration processes, 
although it may look and taste alright, closer analysis using high powered microscopic 
technology, indicates that its cell structure is ‘unclean’. Water, like humans, maintains 
the memory of its old ‘self. We store our ‘memory’ within our DNA; water stores its 
memory within its cells. 


Frito 


The world is about 70% water 


. 
* > 


Fig. 4.17 Water is Life. 
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The following three pages contain extracts from the book ‘The Message from Water’ by 
Masaru Emoto. It advises us that ‘water is telling us to take a closer look at ourselves - 
water is a mirror reflecting our mind.” 


| After offering a prayer 
to the Fujiwara dam 

the message is reflected 
inthe water. 


‘When we project Chi and love into water 
and then freeze it; it will turn into a 
‘regular’ and well structured crystal. If 
we project negative energy into water, 
the opposite will apply. Our projections, 
will access the cellular level, clean out 
the polluted cells and reprogram those 
remaining with the essence of our 
Chi and Love —_Love-Appreciation _ affirmation 

When we project a nice, loving 
instruction or thought into water, like 
‘let's do it’ the water will pick up this 
vibration and restructure itself. If we 
project negativity into the water, like a 
command, ‘do it!’, the water will 
acknowledge this accordingly. When 
we look into a pond we see our image. 
If we drink a glass of negative image 
Let's do it water its destructive energy will enter 

‘our system and attempt to multiply. 

Fig. 4.18 The Human Body consists of 70% Water. 
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Research has demonstrated that if we completely filter polluted water, using every 
process available, it wil stil maintain its old vibration and unstable structure. It will maintain 
memory in the same way that a computer does. We must therefore reprogram the cells 
with our intent. 

Ifthe water we drink contains too many pollutants and antioxidants it will eventually 
poison us. 

‘As we can see from these pictures, there is an enormous difference between natural 
spring water and regular city water. It is now quite clear that if we program water so that 
itbecomes, sacred, holy or Chi water, then it will have the power to remove all antioxidants 
and pollutants ~ all sickness. It will have the power to reprogram the water within our 
bodies, to carry the same pure structure. 


London Tap Water Paris Tap Water 


Under Ground Water Buenos Aires, Argentina —_ Spring Water of Saijo, 
in Northern Island, Hiroshima Prefecture 


New Zealand 


Fig. 4.19 Healing or hurting? 
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For higher-current applications, you really need to use the highest-gauge wire that is necessary to 
carry the required current. Hot wires cause fires. 


Using Wire: The Longer Version 


Ifyou will spend some time learning about the properties of wire, you will be able to make much better 
decisions regarding its use and application. Assuming that the overall shape of the cross section of the 
wire is round, the gauge of the wire determines how much resistance to the flow of electrical current the 
wire will exhibit over a given distance. This resistance, in turn, helps determine the amount of electrical 
current that the wire can safely carry. 

When electric current meets resistance, the electrical power is converted into some other form of 
energy. Usually this energy is given off as heat, or thermal energy. It can also produce magnetic fields, 
sound, light, and radio waves. 

‘A good example of this is demonstrated by the heater coils on an electric stovetop. When the stove's, 
switch is turned on, current flows through the coil. Most of the current is converted directly into heat 
Electric heaters are very efficient this way. A small amount of the electrical power is converted into light. 
You can see this as a red glow coming from the heater coil when itis hot. The coil also creates a magnetic 
field. 

ifyou know the gauge of a wire, you can look up the wire's characteristic resistance. These numbers 
will be close but perhaps not exact, as there will always be small variations in wire diameter, conductor 
purity, and other factors. Generally, however, the numbers are pretty close. 

Let's take another look at the AWG table (see Table 3-1), and look at a few simple examples to help 
understand what these wires can do for us. (A more complete listing is available at 
http://en.wikipedia.org/wiki/Anerican wire gauge, from which this partial list was obtained.) 


Table 3-1. The AWG 


Copper 
Resistance 
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AWG 
Inch njm mm’ 


0000 (4/0)446 0041.6 84| 107 _| 0.1608 | 0.04901 
0003/0) | 0.4096 | 10.404] 85.00p0 28 | 0.06180 
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General Healing Session 


We can also use music to 
program a vibration into water. 
Classical music will create a 
vibration that synchronizes with 
our own health, whereas heavy 
metal music will have a (uwe® 
tendency to ‘shatter’! 


AS 
“You make me sick”, 


or “I will kill you”. 


Heavy Metal Music Thankyou Folksong of Celtic Healing Music 
Region in UK 
Fig. 4.20 Power to heal or harm? 

Similarly, when we program our emotions regarding other people into water, the 
effects are the same. If we think negatively of someone, then the response will produce 
a bad vibration. If we think kind, loving thoughts then the structure will be like a beautiful 
crystal. If we love Mother Theresa and send this energy into the water, a wonderful 
crystalline structure will be created. Sick water can be transformed into healthy water. 
Healthy water can be transformed into sick water. The human body consists of 70% 
water. The key is your intent and your ability to believe that healing comes from the 


nature of your vibration. Always be open to receive. 


5 | 
Adolph Hitler — Mother Teresa Dirty Beautiful 


—— Srbr i= 
Fig. 4.21 Sick or saintly? 
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Abnormal 


Apositive mental 
attitude will be 
transmitted into the 
cells of the water 
contained within our 
own body. We must 
consciously practice 
inner work until it 
becomes reflexive. 


Ingestion of Indigestible Material 
Fig. 4.22 With the Power of the Sacred Water Abnormal Cells can be cured. 
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Outline of Sacred Water Practice 


Invoke the power of the Sacred Water practice to cleanse and heal the body's sick, toxic 
or negative energy. If you are working with a group of people, direct your energy 
through the energy body overhead and into each person's star, as you guide 
them through the procedure. 


1. Hold a glass one quarter full of water in your left hand, folding the middle and the 
ring fingers into the center of the palm. 

I, Hold the glass in front of your body as you point the ‘Sword Fingers’ of your right 
hand up to Heaven. 

Ill, Make a request to receive healing energy and feel yourself touch a heavenly pool of 
sacred water energy. Feel the pool pouring down heavenly water to fill your arm. 

IV. Place your fingers on the cup and ask: 

Command 1: “Yin power and good fortune come from the east. Yin power 
please dissolve all negative energy, all sickness and bad fortune”. Make a 
cross over the top of the cup. 

V. Bring your arm down and point the sword fingers around the inner rim of the glass. 
Smile as you circle the fingers around the rim. 

Command 2: “By my request. Please carry out the order now.” Repeat this 
three times, charging the water with Yin Power. Project your thoughts into the wa- 
ter. 

VI. Use the thumb and index finger to remove the sick energy from the cup, without 
touching the water. Do this three times. Talk to the sick cells. Tell them to listen to 
your command: 

Command 3: “All sick cells please listen: Clear, clean and bright, this 
Sacred Water will take all the sickness away.” 

VII. Repeat the order and visualize yourself removing the sick energy from the cells and 
giving it to Mother Earth for recycling. 

Vill. Hold the cup with both hands near your heart. 

Command 4: "This Sacred Water will give me/you health, wealth and 
longevity.” 

Project love, joy, thankfulness, gratefulness, appreciation and the energy of com- 
passion into the cup. 

IX. The Sacred Water will carry the message of the practice to all the cells, where it will 
remain. If you are practicing in a group, drink the water in unison. If you are working 
with a student, pass them the glass to drink using both hands. 


Chapter IV 


Step |: Prepare the Hands and Arms to Receive the Universal Chi 


Left Hand Position: Prepare to hold a cup or glass with the left hand by folding the 
ring and middle finger into the center of the palm. Hold the glass in front of the body. 


. 


8 ct 


ae ai 


, B 
Fig. 4.23 A. Fold Ring and Middle Fingers. B, Hold Glass in Front of Body. 
Step Il: Prepare the Sword Hands to Receive the Universal Chi 
Right Hand Position: Form the right hand into a ‘sword hand’ by folding the pinkie, 
ji 


ring fingers and thumb into the palm. Straighten and hold the index and middle fingers 
together and extend them upward. 


Fig. 4.24 Prepare to receive the Universal Chi 
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Step Ill: Fill your Arm with the Power of the Heavenly Pool 

Sense the sword fingers and the arm as being ‘long’ and ‘big’ as you raise them 
towards Heaven. Sense that the middle of the arm is hollow and bottom is sealed at the 
shoulder. The mind's attention is focused on merging with the primordial Chi of the 
Universe, the energy of your thoughts will be multiplied. 

‘As you make your request to the Universe, feel that you are touching a heavenly pool 
of Sacred Water Energy. Feel that the pool is pouring down like a waterfall to fill the arm. 
When it is full compact, compress the Sacred Energy into it as much as you can. 


> 


Fig. 4.25 Touch the Heavenly Pool. 


A B. 
Fig. 4.26 A. Blessing Sacred Water in Russia. B. Opening the Third Eye in Russia. 
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Step IV: Make the Cross on the Top of the Cup 


Put Sword Fingers on top of the Cup. Ask for the Yin Power: Command 4: “Yin 
Power and good fortune, come from the east. Yin has the power to dissolve all 
negative energy, all sickness and bad fortune.” 

‘Command 2: Make the cross on the top of the cup and say “By my request... 


a 


Fig. 4.27 Give the command: ‘Fortune comes from the East - Yin has the power to dissolve all 
negative energy, all sickness and bad fortune. By my request...” 


Step V: Charge the Water to Transform it into Sacred Water 


Bring your arm down and point the sword fingers into the glass of water. Smile and 
circle the sword fingers around the inner rim of the glass. 

Continue to order: “Please carry out the order now.” Repeat 3 times to charge 
the water with the Yin Power. As you do this, project a good thought into the water. 


Fig. 4.28 "Please carry out the order now’ 
Repeat three times, charging the water 
with the yin power. 
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Step VI: Command 3: “All sick cells please listen : Clear, Clean and Bright, this 
Sacred Water will take all the Sickness away.” 

Give the above command. Use the thumb and index finger to pick up sick energy 
from the cup, without touching the water. Do this three times. 


Fig. 4.29 “All sick cells please listen: clear, clean and bright, 
this sacred water will take my/your sickness away’. 


Fig. 4.30 
A. Ask for the power to see the cells - if they are toxic and dark, ask for them to be cleaned out. 
B. “Clear, clean and bright’ 
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Step VII: Let go of the Sick Energy to be transformed by the Earth 
As you repeat the order, picture yourself removing the sick energy from the cells 
and discarding it down into the Earth to be transformed and recycled 


Fig. 4.31 Sick Energy return to the Earth. 


Fig. 4.32 See the Cells become Clean, Bright and Smiling. 
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Step VIII: Fill the Water with Compassion 
Hold the cup with both hands near the heart and project goodness into the water. 
Command 4: “This sacred water will give me/you health, wealth and longevity.” 
Project love, joy, thankfulness, gratefulness, appreciation and the energy of com- 
passion into the cup, 


Fig. 4.33 “This Sacred Water will give 
you health, wealth and longevity. 


Step IX: Drink the Sacred Water 


The Sacred Water will carry the 
message to all the cells. Itwill keep 
the message of the Sacred Wa- 
ter practice in all the cells. Use 
both hands to pass the Sacred 
Water to the student you are work- 
ing with, or drink it yourself and/or 
in unison with your group. Feel 
the water go into all the cells 
of your body. Feel it removing 
the sick cells and purifying your 
body. 

You can also sprinkle it on 
to any area that requires heal- 
ing. 


Fig. 4.34 Drink the Sacred Water. 


Chapter IV 


G. Empty and Fill 
‘Ask for permission to work on the student by communicating with their personal star. 
Point your sword hand down to the ground. Project your hand ‘very big and very long 
and your feet ‘very big and very long’ - extended down to the ground. Now very slowly 
inhale, bring up the earth energy. An important part of the practice is to extend a ‘line’ 
down from universe into yourself and one into the student. The line sinks through the 


Tan Tien into the universe below. You can send your energy up to your energy body and 
it will be brought down to the energy body of the other person. 


Fig. 4.35 Feel yourhands are long as —_‘Fig. 4.36 Project the other person’s legs 
down into the earth they extend, deep into the earth, 


Fig. 4.37 Blend the universal energy and Earth Chi - bring it into all of the bones and cells. 
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Conductivity 


The first thing you need to know is that copper wire really, really wants to conduct electricity. It wants to 
conduct electricity more than it wants to resist the flow of electrical current. Even so, copper is not a 
perfect conductor, and it has a certain amount of inherent resistance. This resistance causes the energy 
cartied by the electrical current to be sidetracked, or converted into heat and other forms of energy. The 
higher the resistance in the wire, the more heat will be produced. 

Normally this heat is a very small thing and is easily dissipated into the surrounding air. You usually 
can't even tell by touching that a wire isa fraction of a degree warmer than its surroundings—but this is 
only true when the amount of energy is relatively small, like in our rewired flashlight example. When you 
start to push a lor of power through a wire, the heat buildup can outpace the cooling-off provided by the 
surrounding air, and the temperature of the wire increases. 

‘Again, this is no big deal as long as that temperature stays within a comfortable range. But what 
happens when the temperature gets really high? 

First, the insulation will get soft, melt, or even catch on fire. After the insulation, ifany, has burned 
off, the wire will glow red hot and eventually melt. This is known as catastrophic wire failure, which can 
result in what electrical engineers refer to as an unauthorized thermal event, which we calla fire. Yikes! 

But look around you. You're probably sitting right next to some wires right now, very few of which 
(hopefully) are on fire, even though they are carrying variously large loads. How do they keep from 
burning up? The answer is in the proper selection of the right size of wire for the job. Bigger wires have 
less resistance to the flow of electticity, so they are able to carry more power with less heat being 
produced. 

Now, you don’t want to have to wire up all of your electronic circuits using jumper cables from your 
car's trunk, as that gets to be cumbersome after a while. Let's look at some good guidelines for what size 
‘wire to use for your projects. 

In Chapter 2 you learned about (or were reminded of Ohm's Law, which illustrates the 
relationships between voltage, current, and resistance in any electrical circuit. In summary, V=1xR, 
‘where Vis volts, lis current in amps, and R is resistance in ohms. It's not just a good idea, it's the lav! 
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Bring the energy up to your feet, into your bones. Let it enter all the bones, organs 
and cells. Feel it blending with all the sick energy. Turn your palm up, turn it back down 
again and exhale; let go of all the sick energy, the negative energy, the worries and the 
burdens all the way down to the earth. Down, down, down to the earth. Again from the 
earth up. Do it at least three, six or nine times. When people are very sick, you need to 
clean them thoroughly. Bring the earth energy up into your bones again. Feel numb, 
tinkling electricity flowing in all your cells. Return the energy down, down, down to the 
earth. Relax, let go; worries, burdens, let everything go. It is very important to say to 
yourself or group: “You must let go of all your sick energy. Let go of all your bur- 
dens. Let go of all your worries, down to the earth”. Repeat it once again. Inhale 
from the universe and into the earth. From the earth let it enter into your bones. From 
the bones all the way to your inner self. Feel the energy blend with the sick energy. 
Exhale and let go of all your sick energy, any negative emotions burdens, worries, anxi- 
eties; release them all the way down into the earth, 


Fig. 4.38 Bring the Universal Chi down and let it blend with the sick and negative energy. 
Bring it down into the earth and bury it there. 


Empty negative, sick energy, burdens, worries, go deep down into the earth. Dig a 
hole and bury them there - tell them “Do not come back; you will be happy there.” 

Feel that the feet are long and extended into the earth. The hollow bones have been 
compacted with compressed Chi 


Chapter IV 


‘Once again guide the good Chi 
from earth up to the fill the person 
again. See the cells as big as the stars 
and fill hem with Chi to blend with the 
dirty and sick energy. Then empty 
them again down to the earth. 


Fig. 4.39 You can also use a Tree to. 
guide the Chi down into the Earth. 


H. Clean with Green 


Become aware of yourliver and breathe into your throat center. Feel that you are breathing 
the green light into your throat center and let it blend in the Tan Tien. The Chi comes up 
to blend in the heart, up to the crown, spirals and goes up to the universe. Raise your 
hand ina spiraling motion up to the universe. Use your ‘one hand’ to spiral in the uni- 
verse. Spiral clockwise first. Spiral green light from the universe, Now reverse, counter- 
clockwise - multiply and spiral counterclockwise, bringing the Chi down to clean out 
your communities, your house, the Tao Garden, the meditation hall, your bodies and all 
of the people that are ‘here’ - fill yourselves with Chi. You will use this power to see the 
cells. 


Fig. 4.40 Spiral Sick Energy Counterclockwise down to the Earth. Smile to the Cells and let the 
Green Light clean out the sickness, flushing it down into the Earth below. 
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See the cells enlarged and this green energy go in and blend with the dirty, black and 
cloudy energy. See it come out and let it go down into the earth. Dig a hole and bury it 
there. Tell it, "Don't come back. You will be happy down there”. Become aware of the 
green light and spiral counterclockwise. Spiral down, cleaning out the stress. Clean out 
your house. Send everything down into the earth. Repeat three, six, nine, thirty six or 
‘one hundred and eight times. This depends on how much sick energy you are dealing 
with in your body. 


Green: 


70% White 


30% Green 


Fig. 4.41 Clean with green. 


Green cleans and detoxifies all of the body's cells. Green Chi is mild and safe. 
Green Chi is used for cleansing, and as a decongestant for diseased parts. It loosens’ 
the area. The light green Chi is used to break down dirty or diseased energy, like a 
detergent is used for washing clothes or dishes. Afterwards, the cells will be rinsed 
with blue light, like clean water is used to rinse the detergent and residue from clothes 
or dishes. 


Throat Center Green 


Be aware of the liver’s green 
color, the throat and the forest. 
Breathe into the throat, feel your- 
self breathing in the green light. 
Guide it down to the Tan Tien, blend 
and move it up to the heart and the 
‘crown. 

Projectit to the universe; spiral 
and let it multiply. 

Channel one direct ine down to 
the student, one to your crown and 
‘one to your palm. 

Fig. 4.42 Blend Green Chi into the Three Tan Tiens - project to the Universe, 
‘multiply and bring the Energy back down to the Student. 
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Chapter IV 


Be aware of the liver, the gall bladder, the forest and 
the throat breathing. 

Be aware of the green light in the universe. Let the 
light come in and blend in the Tan Tien, up to the heart 
to blend with the compassion in the heart, and up to the 
crown. 

Project the light up to the universe. See it spiral and 
let it multiply. 


Always keep your Lower Tan Tien Fire warm. Spiral 
in your Tan Tien and spiral the energy down to the 
student. Spiral 1,000 revolutions per minute, 10,000, 
30,000 and 60,000. 


Fig. 4.43 Draw down the Green Light fram the Universe. 


kness 


Extend your arms up, with palms facing the heavens. 
Use one hand to spiral the green force down. The other 
hand holds the position and connects to the universe. 
Let this big pool of green lightin the universe spiral down 
= through your community, your home and then into your 
crown. 

Let the Green light blend into the cells and bond with 
sickness and toxins. Let the green light bring the sick- 
ness out of the cells and flow down to the center of the 
earth, 

Dig a hole and bury it. Give the command: “Don't come 
back. You will be happy down there. You will be trans- 
formed into good Chi.” Smile. Always smile. 

Repeat it six, nine or eighteen times. For people who 
are very sick, who have cancer or may be terminally ill, 
you can do this two or three hundred times. 


Fig. 4.44 Green Light bonds with the Sickness and Toxins 
before returning them to the Earth. 
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1. Clean with Blue Light 


Be aware the blue light, kidney blue. Breathe the blue light into the throat center. Now 
slowly blend the blue light in the Tan Tien. Blend the blue light in the heart, in the crown 
and project it up to the universe, spiraling clockwise, Then feel the universe pouring the 
blue light back down; counterclockwise. Spiral down. Look at the cells and see the blue 
light, like water, go in to the cells to rinse and clean all the dirty things, down, down, 
down to the earth, All the way down. Repeat three, six or nine times. Smile. 


Blue: 


70% White 


30% Blue 


Fig. 4.45 Rinse with Blue. 


Blue is like cold water; it has the yin power to dissolve all kinds of negative energy 
and sickness. It has an inhibiting effect. Blue yin energy is the opposite of red yang, 
Which has a strengthening and stimulating effect. Blue has a cooling effect; it can re- 
duce pain, inflammation and can help blood to clot. It stops bleeding and reduces fever. 
Itcan help to induce rest and sleep. 


Throat Center Blue 


Be aware of the kidneys’ blue color 
and breathe the blue light into your throat. 
Guide it down to the Tan Tien, blend and 
move back up to the ‘heart of compas- 
sion’ and then the crown. 

Project up to the universe, spiral and 
let it multiply. 

Channel one direct line down to the 
student, one to your crown and one to 
your palm. 

Fig. 4.46 Multiply the Universal Blue Light - 
{quide the Energy from the Throat, Heart and 
Crown into the Universe and back down. 
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Be aware of the kidneys, the bladder, the oceans 
and the throat breathing. 

Be aware of the blue light in the universe. Let the 
light come in and blend in the Tan Tien, up to the 
heart to blend with the compassion and up to the 
crown, 

Project the light up to the universe. See it spiral 
and let it multiply. 


Fig. 4.47 Draw the Blue Light from the Universe - 
rinse clean and remove sickness. 


Rinse and Flush 


Extend your arms in the air, with palms facing 
heaven. Use one hand to spiral the green force down, 
The other hand holds the position and connects to the 
universe. Let a big pool of green light in the universe 
spiral down — through your community, your home, 
and then into your crown. 

Let the blue light flush into the cells and flush out 
sickness and toxins towards the center of the earth. 

Dig ahole and bury them. Give the command: “Don't 
‘come back. You will be happy down there. You will be 
transformed into good Chi.” 

Repeat it six, nine or eighteen times. For people 
who are very sick, who have cancer or who may be 
terminally ill you can do this up to thirty six, seventy 
two or one hundred and eight times. 


Fig. 4.48 Blue Light flushes out the 
sickness and toxins before returning 
them to the earth. 
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J. Charge with Violet Light 


70% White 


30% Violet 


Fig.4.49 Intelligent Luminous Violet 


Luminous Violet has intelligence and can be programmed. The universe is full of violet 
light, especially the North Star and the Big Dipper. The color of the star of the higher self 
or soul, above the crown, is also violet light, the Divine or Soul energy. 

It has properties of other Chi colors. It has a rapid regenerating effect on damaged 
organs and nerves. Always use green and blue light before using violet.. Violet light 
develops the crown center, the spiritual core. It is good for psychological ailments as 
well as for physical deficiencies. 


Primordial Force 


Turning the three minds into one mind, go deep into the empty space of the cell and 
deep into the chromosomes, magnify the space as you enter into the DNA and return to 
the original cells. The empty space is the Wu Chi. When you enter this stage you turn 
the subconsciousness into consciousness and you can talk to your body and cells. You 
can change the programming of DNA and RNA. 

Ask for the power to see the cells and look at the brain cells spread out into the 
space. “Brain cells please listen. Clear, Clean, and Bright: fill with violet ight and return 
to normal function”. 


Violet Light into the Cells 


See violet light. Be aware of your crown. The Tan Tien Chi and the negative Chi all 
combine in the crown. Extend a violet light up to the universe. See the North Star in the 
Big Dipper. Tell the student to hold their arms in the air, so that they can funnel the Chi 
into their personal star. Bring the North Star and the Big Dipper down; hold the handle of 
the Big Dipper and pour the violet light over the student's personal star. The higher cells 
will be programmed. Let the Chi enter the brain and ask for the power to see the brain 
cells. “Brain cells listen to the command”. If there is sickness in the brain, give the 
‘command. “Sickness go away’. 


402 


Chapter IV 


The North Star is a major source of vio- 
let light. 

The Big Dipper is a major source of red 
and infrared light. Taoists understand that 
the cup of the Big Dipper gathers all the 
violet light from the universe. The left hand 
holds the handle of the big dipper - pour it 
down to your crown. It then flows down 
throughout the body. 


Fig. 4.51 Practitioner connects with Universal Violet Light. 
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Bring the violet light down to the student's personal star above their crown. Pause to 
let the higher cells of the brain reprogram the violet light at the personal star. Continue 
to spiral the violet light down through the cells of the brain and down through the cells of 
the whole body. 


Fig 4.53 Lead the person and guide them to follow you. 
Tell them to focus on the part of their body that you are working on. 
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4. Ask for the power to see into the cells of the brain. Ask the student to move their 
hands to cover their brain. “Brain cells listen to the command: Sickness go away. 
Clear, clean and bright; fill with violet light and return to normal function”. 


Frontal Lobe 
Parietal Lobe 


Occipital Lobe 


‘Temporal Lobe 


Cerebellar Hemisphere 


Pineal Gland 


Thalamus, 


Hypothalamus. 


Cortex of Cerebellum 


Medulla Oblongata 


Fig. 4.54 "Clear, clean and bright; fil with violet light and return to normal functions’. 


Brain Cells Healthy Happy Cells 
Fig. 4.55 ‘Intent’ to Heal, 
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So how much electricity will we lose going through a foot or so of 16-gauge wire? If we know that 
one foot of 16-gauge wire has a resistance of 4m®2 (and we know this from looking it up in the chart), and 
‘we build a circuit that pushes 14 of current through this wire, we can figure out a couple of interesting 
things using Ohm's Law and a calculator. 


Applying Ohm's Law 


Ifyou know two of the three variables used in Ohm's Law, you can calculate the third variable. Since we 
know R and I, we can calculate V. Since V=1 « R, we can substitute our values of LA and 4m®2(0,0049) 
into the equation, and get 0.004V, or 4 millivolts. 

That's not very many volts at all! In this case, that's a good thing, The voltage we just calculated is 
the voltage drop across the length of the wire. Those millivolts never make it from one end of the wire to 
the other—they’re lost. Poor millivolts, they never had a chance. 

OK, let’s not let their heroic sacrifice be in vain. If we know volts, and we know amps, we can also 
calculate power, which is the rate at which energy is converted to work. The unit of measure for electrical 
power is watts, and is also the same as Joules per second (J/s), but that's another story. We usually use 
the capital letter Wto abbreviate wattage, but we use the capital letter Pto represent the value in 
equations. 

MY Calculating power is simple if you know the volts and the amps, Just multiply them together: P= Vx 
L Easy. 


in our example so far, we have 4mV, 1A, and 4m. How much power is being dissipated (wasted) 
in this circuit? P = 0.004V x 1A = 0.004W, or 4 milliwatts, which is just four-thousandihs of a watt. That's 
just about enough power to light up a dim LED, and not much else. So you're not going to be starting any 
fires with these numbers. You most likely would not even be able to measure the rise in temperature that 
is occurring in the wire (oh yes, it's occurring, but it's very, very small. 

Let's put 10A through a foot of 30-gauge wire. On second thought, let's not, and just do the math 
instead. The voltage drop will be V= I « R, or 10A x 0.10320 = 1.032V. The power dissipated would be P = 
Vx I, or 1.032V x 10A = 10.32W. That wire would be a crispy critter in no time. Ten watts doesn't sound 
like much when you're talking about a home stereo or a lightbulb or a hair dryer, but that skinny litle 
wire has almost no surface area with which to dissipate the generated heat. This means that the 
temperature goes up, quickly. Bye-bye, litle piece of wie. 

‘Asa side note, you just learned how most current-limiting fuses operate. The conductor within the 
fuse literally fuses, or evaporates, when the internally generated heat produced from an “overcurrent” 
situation rises beyond its melting point. Poof, the circuit is opened, and property and lives are saved, 


19 Never circumvent the protection afforded by a fuse. 


Ideally what you want is the smallest wire that will carry the required amount of current with an 
acceptable rise in temperature. Remember that any rise in temperature is in addition to the ambient 
temperature. Ifyou're sitting in a room that is “room temperature,” which is assumed to be 25°C or 77" 
(the same thing, if you want to check it), and you're expecting a 50°C rise in temperature due to waste 
heat, your wire is going to be 75°C, which is far too hot to touch. Remember that 100°C is the boiling 
point of (pure) water (at sea level. Hot! 

‘One more thing that complicates the thermal calculations is that copper, as a conductor, has a 
positive thermal coefficient, meaning that the characteristic resistance of a piece of wire (which we can 
look up in the AWG table) goes up by a known amount as the temperature increases. You need to 


General Healing Session 


2. Ask for the power to see the cells of the sense organs. Ask the student to move their 
hand to cover their senses. Give the command: ‘Eyes, ears, nose, tongue and mouth 
cells listen to the command. Sickness go away. Clear, clean and bright; fill with violet 
light and return to normal function”. 


Conjunetiva 


Retina 


Optic (Nerve Optic Disk (Blind Spat) 


Fig. 4.56 “Eyes, listen; clear, clean and bright: fil with Violet Light and retum to normal function”. 


‘Semicircular Canal 


Auricle 


Cochlea 


Elastic Cartilage fo Nasopharynx 


External Auditory Canal 


Fig. 4.57 “Ears, listen; clear, clean and bright; fill with Violet Light and return to normal function’ 
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factory Tract 
sais Epiglottis. 
Offactory Bulb Root of Tongue— 
Offactory Nerve 
fe 7 
‘Superior Nasal Canal 


Nose Tongue 


Fig. 4.58 
“Nose, tongue, listen; clear, clean and bright; fll with violet light and return to normal function” 


3. Move your hands down to your throat center and give the command: “Thyroid, par- 
athyroid and Thymus glands, listen to the command; Clear, clean and bright; fill with 
violet light and return to normal function’. 


Right Lobe of Larynx 
Thyroid Gland Lett Lobe of 
‘Common Carotid Artery 


Thyroid 
Parathyroid Glands 
(Behind) 
Thymus z 
Gland } Thyroid Gland 
Trachea 
Fig. 4.59 
“Thyroid, parathyroid and thymus glands -listen; clear, clean and 


bright; fil with violet light and return to normal function”. 
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4, Move your hands to the heart and the lungs. Ask for the power to see the cells of the 
heart and lungs. Give them the command: ‘Lungs and heart cells, listen to the com- 
mand’. If there is no sickness, just clean them out. See the cells and clean them out 
with violet light. If there is sickness, tell the sickness to "go away - be clear, clean 
and bright; fill with violet light and return to normal function”. Make sure that you say 
this part aloud. Give the command in a very firm tone of voice. 


oo 


Fig. 4.60 
“Heart and lung cells please listen; clear, clean & bright; 
fil with violet light and return to normal function”. 


5. Move your hands to cover the left and right sides of the ribcage. Ask for the power to 
see the cells of the liver, gallbladder, spleen, pancreas and stomach. Give them the 
command: ‘Liver, gallbladder, spleen, pancreas and stomach cells, listen to the com- 
mand’. If there is no sickness, just clean them out. If there is sickness, tell the 
sickness to, “go away - be clear, clean and bright; fil with violet light and return to 
normal function’. Make sure that you say this part aloud. Give the command in a very 
firm tone of voice. 


{ ._ 2 


spleen 
Liver Pancreas (Behind) eo 
Gallbladder. ‘Stomach 
Fig. 4.61 
“Liver, gallbladder, pancreas and spleen cells please listen; 
clear, clean and bright: fll wth violet light and return to 
normal function’. 
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6. Move your hands to the large and small intestine on the front of the abdomen. Ask for 
the power to see the cells of the intestines. Give them the command: "Large and 
‘small intestine, listen to the command’. If there is no sickness, just clean them out. 
See the cells and clean them out with violet light. If there is sickness, tell the sick- 
ness to, “go away - be clear, clean and bright; fill with violet light and return to normal 
function’. Make sure that you say this part aloud. Give the command in a very firm 
tone of voice. 


Intestines Healthy cells 
Fig. 4.62 "Small and large intestine cells listen to the command: clear, clean and bright; fill with 
violet light and return to normal function’. 


7. Move your hands to the kidney and sexual organs and ask for the power to see their 
cells. Give the command: “Kidney and sexual organ cells listen to the command: 
Clear, clean and bright; fill with violet light and return to normal function’. Gather the 


violet light again and let it pour down and fll all the cells. See the violet light again and 
feel and see that all the cells are, “clear, clean and bright". Smile. 


ey 


Ovaries 


Fig. 4.63 “Kidneys and Sexual Organs listen”, 
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oy Rectum Uterine (Fallopian) Tube 


jterus 


Cervix of Uterus 


Clitoris 
Mons Pubis 

Urethra 

External Urethral Orifice 
Oe ile Vagina Urinary Bladder 


Urinary Bladder Seminal Vesicle 
Prostate 


Ductus (Vas) Deferen 


Fig. 4.64 Male and Female Sexual Organs 


Sperm 


Fig. 4.65 “Clear, clean and bright: fill with Violet Light and retum to normal function’. 
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K. Activate the Defense and Immune System 


The Defense System relates to the white biood 
cell and the immune system relates to the Lym: 
phatic System. 


Right Lymphatic Duct. 


Thymus Alar Node 


Lymphatic Vessel—| 
Spleen 


‘Small Intestine 


Intestinal Node — 
Large Intestine liac Node 


‘Appendix 


Inguinal Node 


Hypothalamus 
Pineal Gland 
Pituitary Gland 


Red Bone Marrow 


Lymphatic Vessel 


Fig. 4.66 Ask the cells to listen to the command. 
The bone marrow produces red and white blood cells. The lymphatic system cleans the toxic 
and polluted material and bacteria from the cells. 
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T Calls and Macrophages pee 


eee Vertebrae 


Lymphatic, 


Vessels 3 
Valve. Lymphatic Sinuses 


Reticular Fibers Thoracic 
Vertebrae 


Lumbar 
Capsule. Vertebrae 


Sacral 
Vertebrae 


J” Lymph Node Coceygeal Vertebrae = spine 


Fig. 4.67 “Immune Cells and Vertebrae please listen: clear, clean and bright; 
fill with Violet Light and retum to normal function’. 


Bone Marrow Tissue 


‘ES 


‘Sacrum: The sacrum controls all the bones and marrow. It effects the production of 
red and white blood cells. The bone marrow produces the lymphatic cells (white blood 
cells). When the blood is full of Chi it becomes lighter. Negative emotions make the 


blood thick and acidic. The blood cells in a healthy body can live up to ten times longer 
than in a weak or diseased one. 

Bone Marrow: A tissue rich in fats, containing plenty of nourishment for the com- 
prehensive production of the different blood cells: red cells for the transport of oxygen, 
blood platelets for clotting and the various white cells for the immune system. 

Bacterium: Represents the foreign invader, but itis only one of many invaders. Para- 
sites, fungi, viruses, chemicals, mineral fragments, metal particles—these and a great 
deal besides, set the immune system to work. 

Thymus Gland: Perhaps the most important organ of the immune system. The vital 
training of the different T-lymphocytes takes place inside. When they pass through the 
thymus they receive a program to convert them into 'T’ lymph cells. When they pass 
through the liver and large intestine they become ‘B' cells and helper cells. 
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We have obtained Fig. 4.68 and the following text from the publication ‘The Body 
Victorious’ by Lennart Nilsson and Jan Lindberg. 

We hope that you find this short selection of material as informative as we did. 

“The illustration below is a highly schematic and simplified picture of our immune 
system. Top left, the pale yellow ‘house’ symbolizes the bone marrow, where all blood 
cells are born. Bottom Right, a solitary bacterium (yellow) represents the foreign invader 
that the immune system needs to combat. The light blue path represents the older 
defenses, with various feeding cells that tackle all foreign substances and also function 
as a kind of cleaning system. They deal with all the old, dead and used-up material in 
the body. The newer, special defense force, which develops later, follows the green 
path. Its cells are more specialized; they obtain their special training and reach maturity 
in organs such as the thymus gland and in the lymphoid tissue around the intestines 
and in the liver. In the lymphoid tissue, the yellow ‘half-way house’ (far right), the ‘B- 
lymphocytes are trained. These are the precursors of the large plasma cells - the pale 
green cells (far right) in the illustration, which produce the body's sniper ammunition, 
the antibodies (Red and Y-Shaped). 


Killer Cell 
Bacterium (F 


Fig. 4.68 
Bone marrow, bacterium and thymus please listen: clear, clean and bright; fil with violet light 
‘and retum to normal function’. 
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The three paths from the thymus are intended to show that there are different types. 
of T- lymphocytes - among others, aggressive killer cells, helper cells and suppressive 
cells. All of them have specialized tasks to perform when the immune system launches 
a counterattack. The three blue paths of the older defenses have three different kinds of 
feeding cells. First, the large and powerful macrophages (orange) advance on the enemy; 
then come the granulocytes (blue), smaller and faster moving, followed by the (pink) 
monocytes. The nuclei in the shimmering cell bodies are faintly discernable. In addition, 
there is an important complement system (middle), symbolized here by a multicolored 
range of small spheres flocking toward the foreign bacterium, These molecules play a 
large part in increasing the efficiency of both antibodies and feeding cells. In addition, 
they have the capacity to destroy bacteria by shooting holes in them. The complement 
factors are produced in many different cells in the body. 

Chi Kung has a very strong effect against viruses, Altough medical science is strug- 
ling to discover a medicine that wil kill them, Chi Kung practice is able to prevent them 
from occuring in the first place. Whether we are sick or healthy, we all need our defense 
system to be in good shape. 


Defense System - Outline of Practice 


4. Work on yourself first to activate your sacrum. Project the sacrum as big as the 
universe. See the eight holes in the bone and visualize them breathing. Breathe and 
compress the Universal Chi into the bones. Feel the Chi begin to rise up the spine 
and into your mideyebrow and temple bones. When you feel that there is enough 
Chi, projectit out to the universe, multiply it and spiral it back down. Project it towards 
the student and ask them to touch their sacrum. Rub your hands until warm and 
touch the sacrum. Picture the sacrum getting bigger and bigger, breathing into the 
eight holes. Tell the person to smile at the sacrum and start to work on your Tan Tien 
and universe. Multiply more energy and picture the Chi from the universe coming 
down to the sacrum of the other person (and your own) and then charge up the 
spine, to the rib cage, to the temple bone and to the mideyebrow. 


Cartilage 

Temple Bones 

Spongy Bor 
Third Eye 
Medullary Cavity 
Mideyebrow controls all Yellow Bone Marrow 
theglandsandeneray —_Periosteum 
centers. 
Artery Bone 


Fig. 4.69 Visualize and feel the Bone Marrow filling with Chi 
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2. Tell the student to move their hands to the hip bones. Tell them to smile to these 
bones. Feel them as ‘funny, laughing, happy bones’. Tell them to feel the electricity 
in the sacrum and bone marrow. 

. Touch the femur bones. Feel the electricity running up the legs. 

. Touch the humerus bones. Feel the electricity running up the arms. 

. Touch the lower part of the sternum and feel the Chi penetrate into the bones and 
spread out to the rib cage. Feel the electricity run throughout the rib cage. 


gee 


Practice 


. Touch the sacrum, feel your fingers grown ‘long’ and penetrate into the marrow. Feel 
that the sacrum is as big as the universe and that the Chi has been compacted. Fill 
the sacrum with Chi. The eight holes are breathing. Let the fingers touch the sacrum 
and become aware of the Tan Tien spiraling, until you feel the crown and the 
mideyebrow spiral and connect to the universe. Hold until the universe fills the sacrum 
‘once again and rises up the spine to the mideyebrow. 


Bone Marrow Cells 


Fig. 4.70 Touch the Sacrum - see the Eight Holes breathing - fil the Sacrum, Mideyebrow and 
Crown with Chi- empty to the universe and ‘fill’ again. 


Sacrum Breathing to get Chi 


Breathe through the sacrum; feel red and yellow light enter. Guide it into Tan Tien. Blend 
the Chiin the Tan Tien. Move up to the Heart Center. Move up to the Crown and project 
up to the universe; let it blend and multiply. Multiply in the universe 

Open a direct channel down to the other person, and one to your palm. 
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consider this when you build circuits that are supposed to get hot, such as electric heaters. In most other 
cases, it’s best to keep the heat to a minimum, as it represents wasted power, plain and simple. 


Testing Your Wires 


Can something as simple as a wire go bad? Yes, it most certainly can. How can you tell? Usually, it's 
because something doesn't work the way you think it should, or worse, it works sometimes and not 
others. A great deal of time, the problem is right at the end of the wire, where itis trying to make a 
connection with something else. However, i's possible for a wire to develop a problem right in the 
middle. This can be caused by a tiny nick in the insulation that lets in nasty elements such as rain and 
dirt, allowing the inner conductor to corrode. This type of problem takes time to make itself apparent, 
but it can certainly happen, especially in equipment that is exposed to the outside world for any length 
of time. 

A quick way to test a wire is with a piece of test equipment called a continuity tester. This simple 
device usually is battery powered and has two probes. When you connect the probes together, the tester 
makes a noise, lights up a light, or maybe does both. Make sure your continuity tester’s batteries are 
fresh and that the probes, if they are removable, are firmly seated in their sockets. Even test equipment 
needs testing from time to time. 


Note A continuity tester is one of the easiest pieces of test equipment to cobble together yourself. See 
‘Appendix A for more information about building your own tools. 


As mentioned previously, the problem is almost always at the very end of the wire. This is a good 
thing to know, so you can start looking in the most likely places first, saving valuable troubleshooting 
time. 

‘Amuch better way to test a wire is with an ohmmeter. Using an ohmmeter, you can determine the 
exactamount of resistance in a wire, which under ideal circumstances should be very low. One ohm or 
less is typical for most normal-sized wires that you are likely to encounter. Super-long wires can have 
higher resistance, and that's where you can consult the handy AWG table to find out what the resistance 
is supposed to be. 

When testing wires, especially wires with attached connectors, its a good idea to wiggle the wire 
about vigorously, as this will reveal some intermittent connections for you. 


Storing Your Wire 


Ifyou're buying new wire, it will probably come on a reel. It's often handy to keep common sizes and 
colors on your bench, if you have room. A paper towel-holder makes an excellent wire dispenser rack, 
although you can also spend more time or money buying a prebuilt one or designing and fabricating. 
your own. 
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Sacrum Chi 


Project the student's feet down to the earth and connect to the earth's core. 


Eight Holes Breathin 


Third Eye and Temple Bones are aligned in atriangle. Activate the Sacrum until you feel the Chi 
rising up the spine and feel it pulsing; 
be aware of the Temple Bones. 


Fig. 4.71 Activate the Sacrum - Be aware of the Temples. 


2. Tell the student to move 
their hands to the hip BreastBone " 
bones. Tell them to smile 
to these bones. Feel 
themas funny, laughing, 
happy bones’. Tell them 
to feel the electricity in Spine. 
the sacrum and bone 
marrow. Tell the student 
to pack and compress 
the Chi into the bones in 
order to revitalize and re- 
vive bone marrow. Give 
the command. “Produce 
healthy white and red 
blood cells”. 


Become aware of your arms. The 
| bones are as big as the universe. 


Become aware of your legs. The 


bones are as big as the universe, 


Fig. 4.72 “Hip Bones produce healthy White and Red Blood Cells” 
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White Blood Cell 
(Neutrophil) 


Leave the fingers touching the hip bones and start to 
spiral in the Tan Tien until you feel the crown and the 
mideyebrow also spiral. Expand your awareness to the 
Universe and the Universe will charge into the hip 
bones. 


Fig. 4.73 Touch and fee! the bones. Leave your fingers there 
lower your mind into the Tan Tien and the universe. 


3. Touch the middle part of the femur bone 
to help increase the production of 
healthy red blood cells. Feel the 
electricity running up the legs. Give the 
same command for the femur bones: 
“Funny, laughing, happy bones produce 
healthy white and red cells.” After that 
put your mind into the Tan Tien and 
universe so that the Chi can charge into 
the bones. Feel electricity run through- 
out the whole skeleton \ 

Fig. 4.74 "Funny, laughing, happy femur 
bones produce healthy white and x 


4. Touch the humerus bones. Feel the electricity running up the arms.Give the same 
‘command: “Funny, laughing, happy bones produce healthy white and red cells.” After 
that, put your mind into the Tan Tien and universe so that the Chi can charge into the 
bones. Give the same command for the lower part of the stermum. Chi penetrates 
into the bone and spreads out into the rib cage ‘Tan Tien and Universe’. Put your 
mind into the Tan Tien and the universe so that the Chi can charge into the bones. 
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5. Touch the lower part of the sternum and feel it and the rib cage as funny, happy, 
laughing bones. Feel the Chi and electricity penetrate into the bones and spread out 
to the rib cage. Touch the lower part of the sternum. Give the same command again. 
“Produce healthy white and red cells”. After that you put your mind into the Tan Tien 
and universe so that the Chi can charge into the bones. 

You have finished activating the defense system. 


Touch the 
Humerus Bone: 


A. ‘Humerus bones produce 

healthy white and red blood cells”. 
B. Tan Tien and the Universe. 

C. “Lower sternum produce healthy 

white and red blood cells”. 


©. 


Immune System 


4. The Immune System starts with the top part of the sternum. Touch the top part of the 
sternum. Project your fingers ‘very long’ into the bone and feel them penetrate right 
into the thymus. Activate the thymus gland, Gradually, feel the fingers rising up to the. 
thyroid and parathyroid. Activate the thyroid and parathyroid and throat center. Give 
the command, “Clear clean and bright ill with violet light and return to normal function”. 


Pericardiuyt = Heart 
Fig. 4.76 Touch the Top of the Sternum & activate the Thymus, Thyroid and Parathyroid Glands. 
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2. Move the fingers to touch both sides of the jaw bones to help activate the tonsils, the 
body's first line of defense. The jaw bone affects the lymph nodes beneath, which 
include the tonsils. Fill them with Chi. Give the command, “Clear, clean and bright; fill 
with violet light and return to normal function". 


Jaws control Tonsils, 


Fig. 4.77 Activate the Tonsils and Jaw Bones. 


3. Touch the mideyebrow and crown, which control the pituitary and pineal glands re- 
spectively. Touch the third eye, feeling it open and fee! the light from heaven entering 
into your brain and into your body. Touch the crown. Feel your fingers reaching deep 
inside and fee! the Chi penetrating all the way down to your perineum. Give the com- 
mand, “Clear, clean and bright fill with violet light and return to normal function”. 

Crown 


Third Eye 
Mideyebrow 

controls all the Glands 

and the Energy Center. 


ig. 4.78 Third Eye, Mideyebrow and the Crown affects the Immunity and Defense Systems. 


4. Rub both of your hands until they are warm and cross the hands on the neck and feel 
the lymphatic system has been activated. Cross your arms and hold your hands 
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under your armpits. Picture the 
lymphatic system of the armpits 
as you activate the lymph nodes. 
Give the command; “Clear, clean 
and bright fill with violet light and 
return to normal function”. The 
lymphatic system of the upper 
body is clear, clean and bright 
and the lymphatic fluid flows! 
Smile. 


Fig. 4.79 Lymphatic System of the Neck and Armpits are clear, clean and bright. 


5. Move the hands to the cover the groin area. Give the command to the lymph nodes 
there. Next, cover the lymph nodes of the navel area, and give the command; “Clear, 
clean and bright fil with violet light and return to normal function”. The groin and the 
navel area lymph nodes become clear, clean and bright. 


Tonsil 


Neck Lymph Nodes 
Thymus 


Navel Area 
Lymph Nodes 


Groin Area 
Lymph Nodes 


Fig. 4.80 
Activate the Lymph Nodes in the Groin. 
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6. Place your palms over your navel and activate the 
lymph nodes. Give the command; “Clear, clean 
and bright fill with violet light and return to normal 
function”. See them become clear, clean and 
bright. You have now activated the immune sys- 
tem 


Fig. 4.81 ~~ 


Touch and activate the Lymph Nodes in the Navel. 


Summary - General Healing Session 


This General Healing Session will help everybody. 
A Three Minds into One 

- Activate the Six Directions 

Activate the Three Fires 

. Linking Personal Stars, Energy Bodies and the Universe 
. Protective Circle and Chi Field 

=. Chi Water (Sacred Water) Practice 

. Empty and Fill 

. Clean with Green Light 

|. Clean with Blue Light 

|. Charge with Violet Light 

. Defense and Immune System 


Ae-T@mmooDw 


A. Three Minds into One 

‘Smile to the inner universe, activate the heart compassion energy; feel the love and 
joy within, Smile and empty the mind and heart down into the Tan Tien. Fill the Tan Tien 
with Chi and spiral the energy. When the Tan Tien is full, the energy will rise up to fill the 
brain, Manifestation will occur at the mideyebrow. 


B. Activate the Six Directions 


Expand the awareness to connect to the Six Directions at the crown, mideyebrow, 
heart and Tan Tien, 
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C. Activate the Three Fires 

Activate the Tan Tien, Kidney and Heart Fires. 

Activate the Sacred Fire Triangle circulating the energy between the Tan Tien, kid~ 
neys and the heart. Feel the energy’s force multiply. 

‘Activate the personal stars; the cosmic star above the head and the earth star below 
the soles of the feet. 

Keep the Tan Tien warm, and spiral at the sacrum and mideyebrow. Turn your eyes 
to look upwards and see the crown spiraling, connecting to the cosmic star about six 
inches above the crown point. Feel the cosmic and earth stars pull the body simulta- 
neously towards heaven and earth. See the cup of the Big Dipper fil with Violet Light, 
gathering Chi from the North Star and the universe. When the cup is full, pour the light 
down into the cosmic star above your head. Feel the violet light spreading throughout 
your entire system, filing the Upper, Middle and Lower Tan Tiens. 


D. Linking Personal Stars, Energy Bodies and the Universe 

Feel the central channel running from your cosmic star, through your three Tan Tiens 
and connecting to the earth energy below. Use you ‘Yi’ power to connecttto the personal 
or cosmic star above the head. Connect the personal star to the stars of each other 
person in the meditation. Create a Chi body and become the major connecting point. 
Create a left spiral pattern to connect all the stars into a larger group. All the meditators 
then become a satellite, creating a group energy body. 


E. Protective Circle and CI 

Raise the hands and touch the Universal Fire. Use your Yi to bring the energy down 
and manifest a Sacred or Chi Fire around the room, creating a protective circle. Create 
a Chi Dome and set up the guardian animals and/or angels. Activate the eight elemental 
forces of nature and the universe. 


F. Chi Water (Sacred Water) Practice 

Invoke the power of the Sacred Water practice to cleanse the body of all sickness, 
negative energy and bad fortune. Energize and renew the self at a cellular level with 
health, wealth and longevity. 


G. Empty and Fill 

Empty any remaining negative energy, sickness, burdens and worries, down in the 
depths of the molecular mother, the earth. Bury the energy there so that the earth can 
recycle it. Bring recycled energy up from the center of the earth into the body. Fill and 
compact the Chi into the ‘hollow bones’. See all of the cells on the horizon of your 
mind’s eye; spread them across the panorama and see the cells as big as the stars in 
the night sky. Fill them with Chi, blending it with any sick or grey energy. Then empty 
again, as you guide the all of the Chi back into the earth for recycling. If you wish, you 
can fill with earth Chi once again before you begin to ‘clean with green’. 
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H. Clean with Green Light 

Green cleans and detoxifies all of the body's cells. Green Chiis mild and safe. Green 
Chi is used for cleansing, and as a decongestant for diseased parts. Be aware of the 
liver's green color, the throat and the emerald forest. Breathe into the throat, feel your- 
self breathing in the green light. Guide it down to the Tan Tien, blend and move it up to 
the heart and the crown. 

Project it to the universe; spiral and letit multiply. Channel one direct line down to the 
student, one to your crown and one to your palm. Bring the energy back down and blend 
it with any sickness in the liver, gallbladder or anywhere else in the body. Spiral the 
energy counter clockwise and down into the earth. Continue cleaning with green until 
you see that all the cells have been charged with the emerald light of the forest. 


|. Clean with Blue Light 

Be aware of the kidneys’ blue sapphire color and breathe the blue light into your 
throat. Guide it down to the Tan Tien, blend and move back up to the ‘heart of compas- 
sion’ and then to the crown. 

Project up to the universe, spiral and let it multiply. Channel one direct line down to 
the student, one to your crown and one to your palm. Then feel the universe pouring the 
blue light back down; clockwise. Spiral down. Look at the cells and see the blue light, 
like water, go into the cells to rinse, clean and remove any sickness. Spiral the energy 
counter clockwise and down into the earth. Continue rinsing with blue light until you see 
that all the cells have been charged with the sapphire blue. 


J. Charge with Violet Light 

Luminous Violet has intelligence and can be programmed. 

Turn three minds into one mind, go deep into the empty space of the cell and deep 
into the chromosomes, magnify the space as you enter into the DNA and return to the 
original cells. Ask for the power to see the cells and look at the brain cells spread out 
into the space. “Brain cells please listen. Clear, Clean, and Bright: fill with violet light, 
back to normal function”. See violet light. Be aware your crown. The Tan Tien Chi and 
the negative Chi all combine in the crown. Extend a violet light up to the universe. See 
the North Star and the Big Dipper. Tell the students to hold their arms in the air, so that 
they can funnel the Chi into their personal star. Bring the North Star and the Big Dipper 
down; hold the handle of the Big Dipper and pour the violet light over the student's 
personal star. The higher cells will be programmed. Let the Chi enter the brain and ask 
for the power to see the brain cells. “Brain cells listen to the command”. If there is 
sickness in the brain, give the command, “Sickness go away”. Continue to spiral the 
violet light down through the cells of the whole body. 

1. Ask for the power to see into the cells of the Brain. Ask the student to move their 
hands to cover their brain. “Brain Cells listen to the command;"Sickness go away. 

Clear, clean and bright fill with violet light and return to normal functions". 
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2. Ask for the power to see the cells of the sense organs. Ask the student to move their 
hand to cover their senses. Give the command; “Eyes, Ears, Nose, Tongue and 
Mouth cells listen to the command. Sickness go away. Clear, clean and bright fill 
with violet light and return to normal function’. 

3. Move your hands down to your Throat Center and give the command; “Thyroid, 
Parathyroid and Thymus Glands listen to the command; Clear, clean and bright fill 
with violet light and return to normal function’. 

4. Move your hands to the heart and the lungs. Ask for the power to see the cells of the 
heart and lungs. Give them the command; “Lungs and Heart Cells listen to the 
‘command; Clear, clean and bright; Fill with violet light and return to normal function”. 

5. Move your hands to cover the left and right sides of the ribcage. Ask for the power to 
see the cells of the liver, gallbladder, spleen, pancreas and stomach. Give them the 
command; “Liver, Gallbladder, Spleen, Pancreas and Stomach Cells listen to 
the command; Clear, clean and bright fil with violet light and return to normal func- 
tion’, 

6. Move your hands to the large and small intestine on the front of the abdomen. Ask for 
the power to see the cells of the intestines. Give them the command; “Large and 
‘Small Intestine, listen to the comm and Clear, clean and bright fill with violet light 
and return to normal function”. 

7. Move your hands to the kidney and sexual organs and ask for the power to see their 
cells. Give the command; “Kidney and Sexual Organ Cells listen to the com- 
mand; Clear, clean and bright fill with violet light and return to normal function". Gather 
the violet light again and let it pour down and fill all the cells. See the violet light again 
and feel and see that all the cells are “clear, clean and bright". Smile. 


K. Defense and Immune System 


Defense System 

4. Work on yourself first to activate your Sacrum. Project the sacrum as big as the 
universe. Breathe and compress the universal Chi into the sacrum until it rises up to 
fill your brain. Project out into the universe, multiply the energy and spiral it back 
down. Project it to the students and tell them to touch the sacrum. 

2. Tell the students to move their hands to the Hip Bones. Tell them to smile to these 
bones. Feel them as ‘funny, laughing, happy bones’. Tell them to feel the electricity 
in the sacrum and bone marrow. 

3. Touch the Femur Bones. Feel the electricity running up the legs. 

4. Touch the Humerus Bones. Feel the electricity running up the arms. 

5. Touch the lower part of the Sternum and feel the Chi penetrate into the bones and 
spread out to the Rib Cage. Feel the electricity run throughout the rib cage. 
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Immune System 

. The Immune system starts with the top part of the Sternum. Touch the top part of 
the stemum. Project your fingers ‘very long’ into the bone and feel them penetrate 
right into the Thymus. Activate the thymus gland. Gradually, feel the fingers rising up 
to the thyroid and parathyroid. Activate the Thyroid and Parathyroid and Throat 
Center. Give the command; “Clear, clean and bright fill with violet light and return to 
normal function’, 

. Move the fingers to touch both sides of the Jaw Bones to help activate the Tonsils, 
the body's first line of defense. The jaw bone affects the Lymph Nodes beneath, 
which includes the tonsils. Fill them with Chi. Give the command; “Clear clean and 
bright fill with violet light and return to normal function’, 

. Touch the Mideyebrow and Crown, which control the Pituitary and Pineal Glands 
respectively. Touch the third eye, feeling it open and feel the light from heaven enter- 
ing into your brain and into your body. Touch the crown. Feel your fingers reaching 
deep inside and feel the Chi penetrating all the way down to your perineum. Fill the 
glands with Chi. Give the command; “Clear, clean and bright fill with violet light and 
return to normal function’. 

. Rub both of your hands until they are warm, Cross your arms and hold your hands 
under your Armpits. Picture the Lymphatic System of the armpits as you activate 
the lymph nodes. Give the command; “Clear, clean and bright fill with violet light and 
retum to normal function”. The lymphatic system of the upper body is clear, clean 
and bright then the lymphatic fluid flows! Smile. 

. Move the hands to the cover the Groin area. Give the command to the Lymph Nodes 
there. Give the command; “Clear, clean and bright fill with violet light and return to 
normal function’, 

. Place your palms over your Navel and activate the Lymph Nodes. Give the com- 
mand to the lymph nodes there. Give the command; “Clear, clean and bright fll with 
violet light and return to normal function”. You have now activated the immune 
system. 
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A custom red-and-black wire dispenser is shown in Figure 3-4, You might use a fixture like this if 
‘many pairs of identical-length wires are needed for a project. Not having to chase the wire spools all over 
the bench really saves alot of time. This structure was built using a Microftax miniature slotted 
aluminum extrusion (/sttp:/ivww.microrax.com), which is pethaps abit of overkill, but was a lot of fun to 
plan and build. A coat hanger, artfully bent, would have also done the trick. 


Figure 3-4. A custom wire-dispensing frame made from modular aluminum extrusion. This kind of fixture 
‘makes it easier to cut both a red and a black wire to almost exactly the same length, which happens a lot 
when you use red and black wire for positive and negative power connections, respectively. 


Connectors 


Connectors make life easier for the casual wiring enthusiast. The hardcore types solder everything 
together, but that is not always practical or even the right thing to do in every circumstance. 

‘Keep in mind that every connector, just like every wire, has some sort of electrical limits. These 
limits must be respected. 


Cosmic Healing | 


Chapter V 
Cosmic Healing | - Basic 


Source of Chi and Color 


There are different sources of Chi in the universe: cosmic (air), earth, nature and hu- 
man. Different parts of the human body have different energies and are correlated with 
the universe and nature. Each part of our body, especially the organs and glands can 
produce, receive, transform and emit different Chi and color. 


» 4%" Mercury - Blue Chi 


Mars - Red Chi 
Frontal Bone - 1 


Occipital Bone - 4 


‘Saturn - Yellow Chi 
Frontal Bone - 2 


Venus - White CI 
Left Parietal Bone - 


Jupiter - Green Chi 
Right Parietal Bone - 3 


Sun - Golden Chi 
Third Eye 6 


Moon - Silver Chi 
Sacral Bone - 7 


Fig. 5.1 Planet, Bone and Cosmic Colors 
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Earth Chi 


While Cosmic Chi (the atmosphere over us and the universal force) is ethereal in 
nature, what is called earth Chi is not. This Chi appears as the line visible above the 
horizon when the sun is low in the sky, and seems to hover just above the ground. It 
actually also sinks into the ground. 

Earth Chi contains yellow and some white Chi. When the ground and the cosmic 
(air) combine they will become white Chi. This Chi has a very powerful healing energy, 
Not too overheated, but balanced and mild. 

When treating a problem, white Chi, in the proportion 7:3 (7 white to 3 of the 
selected color) acts as a brake on colors which are hot or too active. This enables 
the body to take in chi more easily 


Sacrum Throat 


70% White 
30% Red 


70% White 
30% Green 


Light Whitish Red Light Whitish Green 


Throat Crown 


70% White 70% White 
30% Blue 30% Violet 


Light Whitish Blue Light Whitish Violet 
Fig. 5.2 Use White Chi to blend all the other Colors. 


Special Note: Many of the color references came from the following books: ‘Let There 
be Light” by Darius Dinshah and “Advanced Pranic Healing” by Master Choa Kok Sui. 
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Human and Nature Chi 


These include the things we can see on the earth: the mountains, lakes, seas, forests, 
streams, caves, valleys, rocks and precious stones. Taoism classifies five elemental 
forces: earth, metal, water, wood and fire. 

So there are five elements in our body and five elements in nature; there are five 
elements in the cosmic and five elements in the universe. 

According to the Taoists, when we can make the connection and control our body's 
elements, we will quickly make connections to nature and the universal forces and 
‘employ them very easily. 


Solar Chi 


Before sunrise or sunset there is more white Chi in the air, which we can use abun- 
dantly for health and healing. White Chi affects the lungs and the large intestine, so we 
direct this Chi to these organs. This will generate further Chi to maintain our daily activi- 
ties. All colors of the spectrum are present in white. 


ple Practice 


Look at the horizon at sunrise and sunset. Stand still and extend your palms toward the 
‘sun, smile and absorb the rising or setting sun's energy into yourself. 


General Information 


Energy can be introduced to the affected area of the body by moving the hand 
clockwise in a spiral 

Move the hand anticlockwise with a spiraling motion to clean, flush and remove 
energy from the treatment area. After this, brush down the whole body, to direct the 
sick energy into the earth. 

Use an anticlockwise spiraling movement in order to clean, then expel the energy. 

Use a clockwise movement to bring energy in and an anticlockwise one to take it 
out. 

‘As a general rule and especially when you are beginning to practice the techniques, 
keep the color combinations simple. Always use blue (to cool, calm and stabilize), 
green to clean, white to harmonize and violet (which carries the properties of all 
the other colors) to program. 


Although it is important to learn all of the applications, it is more important to begin 
practice, maintaining a serene state of mind throughout. You will immediately realize 
that Cosmic Healing provides the practitioner with as much benefit as the student. The 
more you practice the more you heal. 
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Healing Colors 
White Chi 


The color of the chi from the air, earth and sun is always white and acts as a 
calming agent for the surplus chi produced by the other colors. It also redirects this 
chi to areas of the body which need it, For this reason, use white in combination with 
another color in the proportion 7:3. 

Shining white chi should be concentrated at the center, while colored Chi goes 
to the edge. This can also be reversed. It is also possible to blend the white and 
colored Chi together. 

Itis safe to use white chi when you are not sure which color might be suitable 
for a patient, especially when treating babies, toddlers, the elderly and the weak. 
People with minor problems can be treated with blue, green or mauve, while 
gold colored Chi or mauve/white Chi is better when the problem is serious. 

For a stimulating and strengthening effect use white-red. 

When it becomes necessary to switch from one color to another, an abrupt 
shaking movement of the hand should ensure a smooth transition to a new 
color. 

There is a very strong violet light in the North Star. You can dilute the color with 
white. White Chi is composed of red, orange, yellow, violet and blue. 


Blue Chi 


The effect of blue Chi is one of cooling, and hindering similar to yin or water energy. 
The opposite effect can be obtained with the use of red Chi. 
When we draw the energy down, sor 38! bodies can't adjust to the energy im- 
mediately, so using blue Chi is alw is the one element that always 
brings harmony and does n 

a. Blue Chi, like yin, water Italso can act as a restraining 


agent. 
b. Because of blue Chi’s a 

ate for promoting relaxati 

ture, minimizing pain and s 

and bacteria and assist in the rap! 9 
Blue (and green) can detoxify and also energize. 


Green Chi 


While tangerine Chi can be quite dangerous, the action on green chi is gentle and 
harmless. Freeing up a damaged area so that cleaning can then take place may be 
done with green Chi. Once it’s loose you can then use blue or organ’s color Chi to expel 
the disease completely. It can therefore remove the disease and bad energy by locally 
‘sweeping either to and then out of the arms for the upper body or out of the legs for the 
lower body. 
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If there is a need to energize with the organ's color Chi, first energize with pale green 
Chi. Always use green chi before using the colors purple, tangerine and red. 

Use the throat to activate and draw the green Chi up to the crown, rising to the uni- 
verse to be multiplied and brought back down for use. Always add blue Chi when there 
is pain, The motion of pushing and pulling through the affected part is very powerful. You 
also can also use the ‘sword finger’ in a small area and for infection. 

Green can also be used for energizing together with violet; first use green and follow 
with violet. 

Pale green and pale tangerine chi can be employed in sequence, as the first acts 
on the ‘sick’ energy, reduc can easily be driven out by the 
second. 

Simultaneous use of pale d white chi in the ratio 2:1:7 is 
recommended to treat st ie effects are intensified when 
these proportions are use 

In the treatment of cancer, da srine Chi may be employed, pre- 
ceded by blue. This can assist in tox oval, and in the cleaning and freeing up 
of disease affected areas so that necrotic cellular tissue is released. These colors 
can relieve congestion and free up ‘sick’ energy which is ‘stuck’ when used with 
brushing movements over the affected areas. They also help with treatment of 
colds and elevated body temperatures, and in the dispersal of blood clots. 


Red Chi 


Cerise chi makes the area to which is applied stronger, while crimson chi has the 
opposite effect. When using color for healing, project luminous white in the center 
and cerise at the edges for a strengthening effect. Always combine red with blue and 
green; never use it on its own. 

Cerise mixed with white, becat ansion abilities, can help widen 
blood vessels and breathing tub those with heart and asthma 
problems. 

Red chi with its qualiti a number of benefits. Itis 


good for the circulatory the blood, as it expands 
blood vessels and other ation and breathing, particu- 
brings increased energy into 
skness, driving out ‘sick’ energy 
rials, It can also help those who 
whose lives are near the end have a 

longer period on earth, and promote revival of consciousness 


Avoid the use of dark colors, which may cause an adverse reaction. If a per- 
son is suffering from a sexually transmitted disease, it is not advisable to treat 
him or her with chi which is crimson. Chi of this color makes the microbes that 
cause such diseases multiply at a fast rate and can also produce an inflammatory 
or constrictive reaction. 430 
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Tangerine Chi 


When using orange Chi, always use blue Chi first; to tone and calm down the ailing 
body area, before applying the vitality of orange. 

Pale tangerine chi with added whit 1d; however certain areas are 
inappropriate for treatment by t ts power. Do not use with the 
eyes (including retinal problems jn (for example bleeding in 
the brain) or the spleen. 

The large intestine benefits hi, but this color should be 

endix problems should 


effect on the bowel, and can also a 
sciousness or in stimulating someor > is dying 

To treat cancers of certain types, dark green and dark tangerine are suitable because 
of their ability to destroy. Always avoid the head and the heart when using orange. 


Forcible removal of waste products, toxic substances, ‘sick’ energy, viruses and 
bacteria 

Menstrual difficulties 

Waste elimination problems 

Freeing up ‘sick’ energy 

Breakdown of clots in the blood 

Problems of the urinary and respiratory systems. 
Diseases of joints and connective tissue 
Common cold 

Problems caused by allergens 

Cysts 


Yellow Chi has a close connectio bones and the bone marrow. It is 
the color of the spleen; in Taoi s involved in the assimilation and 
processing of food and the apy a lot, but when the spleen is 
balanced the appetite will be cont 
Chi which is yellow in color reatment of nerves as it promotes 
re-growth, It also helps in the res and cells. Itis good for the health 
of bones, tissues and organs. to increase bone marrow produc- 
tion, 


Violet Chi 


Violet Chi has the properties of all the other colors. It's used for severe types of sick- 
ness. 
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The qualities found in all colors are contained in purple chi, therefore itis particularly 
effective for serious illnesses. Mauve (light purple) chi which contains elements of 
blue and green, helps to restore organs and nerves affected by disease or trauma. 
Although mauve chi can be employed on certain kinds of severe infections, chi 
which is dark purple should be v seases of the respiratory system 
are present, as it could cause tf jsease causing microbes. 
Violet Chi is use chi thats eltangerine and, selecting 
each in turn, with a brush hole spinal area and espe- 
cially to the area wher 
If purple chiis used in ill intensify their qualities 
and if used together be dangerous; it may 
cause the undesirable pro 
Dark electric violet can be Icers, Always use the blue or 
green first. 

In order to make an area which has become weak stronger, mauve mixed with 
white can be used, but for really fast strengthening use cerise mixed with white. 
Both white and violet have the properties of al the Chi colors. The difference is that 
Violet Chi has a greater penetrating effect and is easier to assimilate than white. 
Because bright purple chi has been acted upon by the soul, it has the capacity for 
independent thought and action. 

Energy or chi which comes from the air, the earth and the sun is called purple chi. 
There is a second type of chi with this color, but having more brightness — this has 
been called bright purple chi and is derived fre @ soul through the crown of the 
head, the point connected to the: 

Bright purple chi can only be b erse via the crown point if 
the practitioner has highly de of chi from air, earth and 
the sun depends on the deve aul. 


In contrast to purple chi, the 
potency because it can h and organs which have 
been affected either by dist ight purple chi can be used to. 
remove infection and to promo in the case of serious illness. 
In addition, this chi has been s ¢ 
Choa Kok Sui. Advanced pranic healin, 
When cancer and other growths are being treated, use bright purple chi because 
it has the ability to destroy. However, beforehand, the affected area should be 
energized with pale blue chi, 
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Do not use bright purple chi at the same time as chi which is yellow, green, 
tangerine or red because it will intensify and increase the effects of these colors. 
In addition, the use of any dark colors with bright purple chi (either preceding or 
following its use) should be avoid. will produce a very damaging result. 
As a general guideline, use bl 


Gold colored chi, which has alr 
formed when bright purple chi 
cerise (pale red) when this gold col 
this chi is does not have as much influence as the bright purple chi, being 
gentler and therefore less effective as a cleansing agent. Gold colored chi 
should be used to treat a very local area, while bright purple chi can be em- 
ployed over a wider area. 


Spleen 


The spleen is connected to the solar plexus and the navel, the major center that con- 
nects to all the organs. Holding solar energy or a white ball at the solar plexus will help 
distribute Chi to all the organs. 


Ifthe solar plexus gets clogged up the liver and spleen will also become blocked. The 
spleen, the Door of Life and the navel are all linked together; the navel and the Door of 
Life sit opposite each other. We call this an emotional link. Many diseases are caused 
by emotional links; people use psychology to deal with it which can work to a certain 
level, but all the energy would eventually get stuck at this main juncture or plexus. White 
chi is taken in mainly at the spleen, and before being sent to the various parts of the 
body, is split into its colored forms of red, green, purple, blue and tangerine. 

If the spleen is not clean, the immune system will be affected, together with the 
production of bone marrow. The blood will be dirty and diseases of the joints and 
connective tissue encouraged. 


Cosmic Healing Chi Kung works very well with Chi Nei Tsang. The Cosmic 
Healing Chi Kung, Chi Nei Tsang and all the other Universal Tao practices all play a 
unique role in working to heal the physical and subtle bodies. When you combine these 
three in synergy, it allows you to perform many healing tasks. The spleen (located under 
the left side of the rib cage), spleen center or navel can absorb white Chi directly into the 
front or back. The Chi will be broken down into color and distributed to other centers and 
their associated organs, 

There is one thing that | always advise: the recipient or student should be un- 
der a doctor's supervision and that they should alternate between the medicine 
from the doctor and the work with us at the Universal Tao. The doctor should be 
advised of what we intend to do with the student. 
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Cosmic Healing Planetary Colors 


In Taoism we give each planet a color which enhances the healing power. Have the 
‘Planets’ chart (located at the beginning of this chapter) in front of you, look at the rel- 
evant planet and close your eyes. Hold the planet in your mind, 


Fig. 5.3 Channel the Cosmic Planetary Energy into the body. 


Mars: Focus your awareness on the star above you, turn your eyes up and look up to 
the crown. Hold the image of Mars and extend your sight beyond the crown, looking up 
into infinity. See the Red Light and gradually bring it down to your head about 6 feet 
above you. Form it into a red ball, a holographic image of the planet Mars shining its red 
light above you. Invite it to flow down to your ‘star’ (located above your crown) and 
continue to flow into your Upper Tan Tien for processing. Lett flow down to the heart (or 
T-2) and down to the palms. Red and orange light also can be breathed in through the 
sacrum. Feel the sacrum pulsing and breathing in the red and orange light. Practice 9 to 
18 times, rest and shake your hands. 

Venus: Become aware of the star above you, turn your eyes up and look up to the 
crown and into infinity, seeing the expanse of White Light. Gradually bring the light 
down to your head, about 6 feet above you. Form it into a white ball, a holographic image 
of the planet Venus shining its white light above you. Invite it to flow down to the star 
above your crown and continue to flow into your Upper Tan Tien, for processing. Now it 
may flow down to your lungs freely. 
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Saturn: The Yellow Light from Saturn can also be absorbed via the earth through 
the soles of your feet and perineum. This is for your spleen. Follow as above. 


Mercury: The Blue Light from Mercury may be absorbed through the throat center. 
This is for your kidneys. 


Jupiter: The Green Light from Jupiter can also be absorbed through the throat 
center. This is for your liver. Follow as above. 


Summary - Working with Color 
(Practitioner to Student) 


There are two ways of doing this type of healing session: 


One way is to focus on the specific location in your own body, using your hands and 
ask the other person to do the same. Together you complete the entire route. 

‘Another way is to focus on your own energy body and ask the student to do the same. 
Bring a channel or line down from your energy body into your physical body and do the 
same for the student. Once again, complete the routes together. 


For reasons of clanty this text only mentions one student and uses the male gender; 
this session may however be performed with a group also. Before starting the session 
do some group meditation practice and warm ups. 


1.Be aware of the Tan Tien and connect to the universe. Let the student sit with his, 
back to you. You are behind him, Be aware of your Sacrum area and feel the Chi; 
wait for the Chi to rise up to the crown and to the universe. Spiral the Chi down 
to the student's and your own energy body and it will flow into the physical realm. 

2. Draw in the green light with your palm, push it right through the sacrum and dis- 
perse the sickness throughout the other side of the universe. Pull the green light 
from the universe through the sacrum and push the sick Chi out to the universe. Do 
this 6 to 9 times until you feel the sacrum has been cleaned. When you pull back 
stop the green Chi at the student's sacrum; there is no need to pull it back to you. 

Yellow light from the earth will help strengthen the sacral bone. Visualize the 
sacrum and vitalize the complete bone structure with yellow light passing through- 
out. 

3. Be aware of the energy body above the Grown; extend yourself up from above your 
crown and channel down the white light from the center of the universe and 
the violet light from the North Star. Using your ‘mind-power' ask the inside of the 
bone structure to open, allowing the white and violet light to flow into the marrow. 
Focus on the energy body; you can picture the energy body's sacrum and bone 
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Clip Leads 


Also called alligator clips or test leads, you can buy ready-made wites or build your own from individual 

connectors, The flexible rubber or plastic boot extends the insulation of the wire. A spring-loaded jaw, 

often with serrated teeth, is used to clamp down on the wire, lead, or electrical terminal desired (see 
‘igure 3-5). 


Figure 3-5. Clip leads come in all sizes, gauges, colors, and terminal types. They are handy for making 
‘quick electrical connections. 


Clip leads are quite handy to have around your bench, if you've got the room for them. They tend to 
get tangled up, so some people hang them from a specially slotted rack, making them easier to pluck at a 
‘moment's notice. 

Keep in mind that clip leads are generally for temporary electrical connections, such as when you're 
testing something or trying out a prototype circuit. They don't make very good long, term solutions to 
your electrical connection needs fora variety of reasons. 

‘The first problem is that even when the spring-loaded jaws make a solid, low-impedance 
connection when first attached, this electrical connection will deteriorate over time as oxidation 
inevitably forms on the contacts, 

‘Another problem is that many mass-produced clip leads are inexpertly smashed onto the ends of 
wires, without taking advantage of the alligator clips’ built-in features, such as strain reliefs and 
soldeting points. This leads to additional resistance in your eircuit at both ends ofthe clip lead, where 
you would probably never think to look. The next time you buy some brand-new clip leads, hook them 
up to your ohmmeter and see just how conductive they really are. A good practice isto carefully remove 
the insulating boot and make a proper electrical connection yoursel, so that you've got one less thing to 
worry about. 
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structure to help guide the energy inside and see the whole body light up from deep 
within. 

4. Then focus on the Door of Life and the Navel. First flush them through with green 
light, cleaning them out. Draw the green light from the Door of Life through to the 
navel, and then push back through. To cool down the Door of Life (if necessary), 
draw the blue light and push it through from the navel to the Ming Men, connecting 
with the universe. Then bring the white or violet light down and activate the 
Lower Tan Tien. Always teach people about their Tan Tien. Itis like an ocean and 
the body is like a hollow bamboo. The bamboo can bring the water up. This way 
energy will never dry up. 

5. Concentrate on the Solar Plexus and the Chi Chung (T-11). Once again, draw 
the green light, spiral it, use it to flush, then energize with white and violet light. 
As before, always allow the energy to stream through both the points completely. 
The solar plexus holds all the emotions. When working on the solar plexus, the 
most important thing to remember is to connect the ‘backside’ to the uni- 
verse. There is literally no end to this connection, Just allow the Chi to come all the 
way down and then pull it towards the rear slightly. Simply clean out the path. Allow 
the information to condense; allow any images to manifest and then release. Then 
stabilize the energy. Picture the Chi-Field enveloping the person as a big protective 
bubble. Cool down with blue. 

6. Proceed to the Heart and the Shen Dao (TS/ T6). Draw in the green light, push it 
through and repeat several times. Now scan the heart with your palm, sensing its 
strength; then select an appropriate hue, ie., not too dark. Send the red light through 
the heart to strengthen it. 

Cool down any excess heat in the heart, flushing down and out, using blue color. 
Draw in the white Chi; push it through to the Wing Point (T5/T6). Energize the 
center at the back of the heart using violet and golden Chi. Picture the heart 
surrounded by a golden aura. 

7. Move up to the Throat Center, flushing through to C-7, using blue light first to 
open and clear it and then green light to clean. 

8. Next activate the mideyebrow. Focus on the mideyebrow in your own body. Use 
golden yellow Chi; use it to flush and stabilize the mideyebrow. Flush it all the 
way through to the backside of the head. Energize with violet golden light. 

9. Proceed up to the third eye in the middle of the forehead. Connect to the Kun Lun 
at the back of the crown. Flush through both points using the pale violet light. 
Energize with electric white or golden light. 

10. Concentrate on the crown. Use violet or golden light to enter and flush all the way 
down through the central channel, leaving the body at the perineum. Cool down 
the system by showering blue light over the whole body. 

When people have a serious infection, they should consult a doctor. Itis common 
for infections to take a long time to clear up nowadays, even when using antibiotics. 


136 


Chapter V 


There are two ways to deal with this; allopathically or naturally. The Taoist practices 
are in great conflict with ‘contemporary (i.e., not alternative/natural) western con- 
cepts’. The western concepts recommend a full course of antibiotics. Using the 
theories of Chi Kung, a baby for example, would absorb natural antibiotics via the 
bones. Wester Allopathic Practice consider antibiotics as wonder drugs. The only 
‘wonder’ is when will they realize the many harmful effects that it has on the body? 
Babies that have been ‘fed’ with antibiotics frequently suffer many organ related 
problems by the time they reach 20 to 30 years of age. The worst thing is that they 
are given to children nearly every time that they become ill. If you scan (cosmically) 
the solar plexus, thymus or spleen of such a person, the area feels like a hollow 
void. This means that the immune system is totally non-functional. The same thing 
applies to Aids: the immune system no longer functions. Any virus can enter the 
body - medicine cannot kill it. There is nothing left to ‘fight with’ 

In my experience and following my own experiments, in circumstances like the 
above my own practices are as follows: | clean my colon; there are a few ways to do 
that. | eat fiber, vegetables, especially green leafy ones. | eat a big bow! of vegetable 
soup. | also add things like onion, pumpkin, carrots and cabbage, which will give ita 
‘sweet taste. | don't eat any meat and drink a lot of water. The colon is cleansed 
within two days. | also brush the skin, whichis a very good detoxifier. The vegetables 
will provide natural carbohydrates which are digested and absorbed very quickly. A 
healthy diet consists of many whole natural foods. Itis ‘alkaline’ as opposed to ‘acid’ 
based. | also use the ‘colema’ which | feel is the best cleanser. 
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Chapter VI 
Individual Healing Session 


The Individual Healing session embodies all of the techniques that you have used previ- 
ously and consolidates them for use on a one-to-one basis. The session comprises the 
following three parts: 

A. Almighty Knife (Chi Knife) 

The almighty knife can be used for any health problems. We can charge the knife 
with Yin or Yang energy. We charge the almighty knife most often with Yin Power. Yinis 
the cold energy and is used for any inflammation, pain or heat. Yin is used to break up 
illness. Charge the almighty knife with Yang for strengthening, melting or expelling. Only 
use the Yang when there is no pain. 

B. Energizing and Activating the Immune System 

C. Cleansing the Internal Organs 


A. Almighty Knife 


Fig. 6.1 Almighty Chi Knife 


Since the dawn of ages and our descent into the material realm, we have constructed, 
manufactured and used tools to facilitate the progress of events, They are an extension 
of ourselves that enable us to enhance, mould and magnify our intrinsic nature as 
inquisitive playful beings. 

We have used implements to help nourish, protect and amuse ourselves and further 
‘our progress in attempting to understand the ‘how’ and ‘why’ of existential reality. The 
knife has served as a means to carve our way into the present. It is a simple, yet 
powerful ‘friend’ and derives as much power as we wish to lend it. 
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Its design may consist of any combination of the five elements (Earth) which when 
‘combined with Universal (Heaven) and Cosmic (Man) forces, provide a unit of energetic 
‘substance which receives and transmits magnification, purpose and power in accordance 
with the human will that governs it. ‘Chi Knife’ and “Powers of Ten’ adopt the precepts of 
atruly magical existence. When we arrive at our destination we will realize that we have 
indeed turned “the Wheel of Law’. In achieving this end we will have completed the 
cycle and returned to the beginning of the journey. We will understand that the simple 
things in life, lke the knife, contain the same amount of power as state of the art technology. 

We are all returning to the Garden of Eden. Complex telescopic and microscopic 
equipment now enables us to see the truth: 

“Inside has no outside; outside has no inside”. 

They are one in the same thing. When they merge together we will indeed enter the 

Kingdom of God. 


Outline of Practice 


1. Hold the knife in the right hand (lef, if you are left handed). Hold the other hand near 
your body, with the thumb and index finger touching. Project the Chi Knife as big as. 
the universe, ‘long and big - reaching to Heaven’. The bones in your arm are hollow 
and the ‘bottom’ is sealed at the shoulder. Feel them ‘fill and pack’ with the power 
coming from above. 

2. Then give the command: “Power comes from the east. This Chi Knife has the 
power to dissolve all the negative energy, sickness and bad fortune. By my 
request, please carry out the order now.” Wait until you feel that your arm and 
the knife are heavy and full of Chi. 


Eye Problems 
Use the thumb and the index finger 
to hold the eye wide open. 
You hold the knife like holding a pen, 
3 to 6 cm away from the eye. Use the 
little finger for leverage and support. 


WARNING! 

DO NOT USE AKNIFE. THE MAS- 
TERS OF GREAT EXPERIENCE USE 
RITUAL SCALPEL TYPE KNIVES. 
THE STUDENT SHOULD USE THE 
“SWORD HAND’ FINGERS (P76, FIG. 
4.24) 

DO NOT USE SHARP OBJECTS 
NEAR THE EYES. 


Fig. 6.2 Hold the knife three fo six cm. 


from the eye. 
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Chi knife - “Almighty Knife" helps all eye 
problems". Cut up and down and sideways in the 
cross pattern ‘through’ the eye thoroughly. Tell the 
student to move the eye left and slowly move to 
the right as you cut with the Chi Knife. When they 
move their eye to the right, move the Chi Knife to 
the left. Remember that the knife is used for 
‘energetic surgery’ and should never make 
contact with the eye itself. 


“Slice” the eye toward the 
right side for 50 to 100 
knife movements and do 
the same to the leit side. 


Fig. 6.3 “Almighty Chi Knife helps eye all problems 


“Almighty Knife, please destroy all kinds of 
wounds, warts and tumors’. Cut up, down and 
sideways in the cross pattern through the part that 
has the ‘condition’ 


Fig. 6.4 “Almighty Knife, please destroy all 
kinds of wounds, warts and tumors’. 


The almighty knife can be used for any problem 
in the body. Follow the same procedure to carry 
out ‘energetic surgery’ on all parts of the anatomy. 
Itis especially good for soft tissue repair, including 
the brain. 


When you feel that the Chi Knife 
is full of sick Chi, spiral counter 
clockwise and discard it down to the 
ground. When you feel that the knife 
is ‘empty’ charge it with Chi from 
the universe. 
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B. Energizing and Activating the Immune System 


In cases of severe illness, you will want to do this technique many many times, be- 
cause it is essential to stimulate the body's defence-systems. This technique is also 
beneficial for debilitation and infection. You may also want do this in a preventative 
manner. 


Activating the immune system always in- 
volves the bone structure, especially the 
round bones in the arms and legs and the flat 
bones in the skull, jaw, rib cage, hips and spine, 
All of these are involved with the production of 
white blood cells. The thymus gland and the 
spleen are of special importance to the im- 
mune system, because they are involved with 
programming and training the white blood cells 
(called T-Cells) to do the right job. The lym- 
phatic system is involved in removing 
toxic waste from the body; it is therefore 
beneficial to stimulate the lymph flow as 
well. This is best done in combination with 
Chi Nei Tsang, For details refer to the Chi Nei 
Tsang Books. 


Jaw controls tonsils 


Fig. 6.6 
Touch the top of Sternum to activate the Thymus. 


If you work on a one-to-one basis, first per- 
form the general cleansing session, where you 
‘pour energy’ over the other person. After that 
use your hands, drawing Chi and pushing it 
through. Remember to push the energy all the 
way through and connect it with the universe 
beyond. Ask your student to concentrate on the 
areas that you are treating, preferably by guid- 


« 
-z was = |2%4 ing them, touching each point as you go. 


Fig. 6.7 Happy Cells. 
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Outline of Practice 


Guide the student as you prac- 
tice together. Work with your 
own energy body and tell the stu- 
dent to work with theirs. Pre- 
suming that you have already 
done the previous set of general 
healing, you can start with the 
coceyx. 

1. Be aware of your Tan Tien 
and connect to the universe. 
Direct the Chi down to the 
fingers. Touch your coccyx 
with the fingers concentrat- 
ing a beam of white light on 
to it. Picture the sacrum 
opening and the white light 
streaming inside, flowing up 
the spine and streaming out 
over the whole bone-struc- 
ture. Transfer the feeling of 
Chi in the coceyx up to the 
universe, multiply itand guide 
it down to your energy body. 

2. Always be aware of the Tan 
Tien and the universe first. At- 
tract the yellow light; spiral 
and condense the healing 
light into the tip of your fin- 
gers; move the fingers up to. 
touch the sacrum. Send out a beam of yellow Chi into the sacrum, directing it up the 
spine. This wil stimulate the production of red blood cells. If you are not sure whether 
you are able to send it right into the marrow, picture the marrow or emit the Chi from 
your fingers, while at the same time concentrating on the bone marrow of the energy 
body. Transfer the feeling of ‘Bone Chi’ up to the universe and down to the energy 
body. 


Fig. 6.9 Touch the Sacrum. 


3. Proceed to the crown, showering it with violet light. Then spread from the crown 
throughout the bones of the body. Repeat several times. Instruct the student to feel 
the bone structure breathing. Ask him/her to extend up from the crown to the Big 
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Dipper and North Star, channelling down the red and violet light into the thymus gland. 

4. Continue to the throat, stroking down with your palms, using green color to move the 
lymph down towards the backside of the heart. (Never stroke up towards the 
head. Only guide the lymph down). 


A B. 
Fig. 6.10 A. Channel the Violet Light of the North 
B. Use your Palms to bring the Lymph flow back to the Heart 


5. Proceed to the lymph nodes under the armpits and across the sternum. Next acti- 
vate the lymph nodes in the groin, From the groin you guide the lymph up to the navel 
center (Not down where it will get stuck in the legs). 

6. Return to the navel center. Send the energy deep inside, energizing the lymph nodes 
at the back. Pull back, drawing green energy, flushing out any waste products that 
are stuck in them. 
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Fig. 6.11 A. Activate the Lymph Nodes in the Armpits and Groin. 
B. Energize and flush the Lymph Nodes in the Navel. 


C. Cleansing the Internal Organs Technique 
Healing Some Common Illnesses 


This session can be used for any kind of ailment and carried out with any number of 
students. It can take place on a singular, paired, small group or large group basis 
Numbers can range from one person, one hundred, one thousand, ten thousand, ad 
infinitum. Itis more likely that a greater energetic current will be created in much larger 
groups. In the case of ‘mass’ healings, there will always be a ‘guide’ or ‘conductor’, to 
open the channel for the students to follow. In the case of solo practices you will of 
course be the guide. The following instructions have been set out on a one-to- 
one basis. 

By connecting to heaven, earth and your student, you will maximise the wholistic 
healing potential to your physical and subtle bodies. We recommend you spend about 
twenty minutes on the general healing before moving on to the more localized practices 
‘of emptying and cleansing the body's centers, systems and organs, contained within 
this chapter. We recommend that you spend between five to fifteen minutes on all of 
these. Always perform the Sacred or Chi Water practice before. 
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It is important to remember that if there is no energy in your Tan Tien, then 
there will be no energy to work with. ‘Connecting the Tan Tien and the Universe’ 
means connect your center to the infinite source of the universe, the Tao. When you 
make the connection you access this power. Always hold on to your center; itis the only 
thing that is truly yours. Keep the fire warm and spiraling. When you are aware of your 
Chi, you can direct heavenly light straight into your energy body and then into the student's 


General Principles 


1. Push and pull the energy through the student's body. Push and disperse the sick 
energy into the universe and out to the planets, where it will be transformed and 
recycled. 

. Pull the energy back and stop it between yourself and the student. 

. Spiral the energy counterclockwise until you see the green light mix and clean the 
sick energy. Spiral and flush the energy down into the earth. 

4. Spiral with blue light; see it mix and flush the energy within the student's body. 
Spiral this energy down to the ground. 

5. Energize the student with white or violet light. 

6. You can also use both hands to channel Chi when you ‘push and pull’ through the 
body. 

7. Energy can be introduced to the affected area of the body by moving the hand 
clockwise in a spiral 

8. Move the hand anticlockwise with a spiraling motion to clean, flush and remove 
energy from the treatment area. After this, brush down the whole body, to direct the 
sick energy into the earth. 
Use an anticlockwise spiraling movement in order to clean, then expel the en- 
ergy. 
Use a clockwise movement to bring energy in and an anticlockwise one to take it 
out. 

9. When you begin pushing, pulling and sweeping, you may feel resistance in the 
body. As you progress and the energy centers open, this feeling will diminish. 

10. There are many color combinations that can be applied to the various parts of the 
body. When you start practice, stick to the basic ‘blue, green, white, violet and blue’ 
formula. When you are working on a specific area, you can keep this book near by, 
or write a short ‘color recipe’ before you begin. In this way, you will be able to relax 
your mind. 

11. ‘Pushing and pulling’ is like fanning and venting the body; when you fan your hands 
in front of your face, it will have a cooling effect. Ventilation enables the stagnant, 
sick energy to leave the body. 

Below is a list of the body's organs in relation to their tendency to ‘store heat’. They 
are listed in descending order, i.e, the head is the hottest: 
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Solderless Breadboards 


A very versatile prototyping platform is the solderless breadboard. Once upon a time, people would tack 
together simple electrical circuits using wires, small nails, and a hammer, utilizing a wooden plank or 
small board as the substrate. The kitchen breadboard was often just right in size and weight and would 
mysteriously disappear into the workshop. You can still cobble together simple circuits using this 


‘The solderless breadboard is a miracle of modern manufacturing techniques. A body made of 
precision-molded plastic has an array of small openings built in, and within each opening is a row of 
‘small spring clips that are just the right size to grasp and hold a small-gauge (22-26 AWG) wire. Adjacent 
points Within the array are electrically connected together, which lets you easily connect small 
components into a citcuit using your bare hands, with no soldering required. About all you would 
normally need would be some solid-core wire (preferably), some wire cutters, and some wire strippers. 
‘You can even buy precut jumper wires specifically made for use with solderless breadboards. They're 
terrifically handy! See Figure 3-6. 


‘Figure 3-6. On the left isa solderless breadboard with 830 tie points. Bach hole has a spring clip inside that 
can hold a small wire or component lead. On the right, the underlying electrical connections between the 
tie points are illustrated. 


Individual Healing Session 


Head, heart, liver, lung, stomach and spleen, large intestine and small intestine, 
kidneys and sexual organs (which become hot when aroused). 
Outline of Practice 


Occupying a position amongst most of the internal organs, the solar plexus acts as 
a kind of clearing center for energy generated by the emotions. It also lies in between 
the lower and higher energy centers. 

1. Scan; ask for the power to look at the cells. 

2. Push, pull and give the command, “Disperse”. Push until you feel the solar plexus 
clear and open. 

3. Spiral green Chi counterclockwise. Talk to the sick energy; tell it to “leave”, you will 
take it to “a better place, where it will be happy”. Give the command, “Out” 

4, Spiral Blue Chi counterclockwise, flushing out any remaining sickness. Guide the 
sick energy into the earth. 

5. Spiral and sweep Blue-Green and Red Chi into the solar plexus, sweeping the or- 
gans. If the patient is expecting a baby, has an infection or bleeding in the intestinal 
area; do not use this method. 


Fig. 6.12 Fig. 6.13 Charge your Hands with Chi - 
Spiral Green Chi counterclockwise project the Hand Bones into the Universe 
in the Navel. and feel them fill and pack with Chi 
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Work on cleaning out the organs. Scan the person and see which parts are hot. A 
lot of people will have an overheated solar plexus, which means that this area will re- 
quire a lot of attention. You will feel the heat when you scan 

You can clean the organs by ‘pushing and pulling’. Picture the organ and push; 
feel your hands are very ‘long’, extending through the organs and reaching out to the 
universe. Project all the sick energy down into the earth and out to the universe. Use 
your intent to guide it into the earth and out to the other planets in the solar system, 
Where it will be processed and recycled. Pull the universal energy back towards your- 
self; push and disperse all the negative energy out to universe. Pull; when you pull the 
Chi back past the student, stop in between the two of you. Push, pull, push and pull, until 
you feel the energy or power. Ask; “Give me the power to see”. Feel your Chi 
entering into the organs with ease. 


Fig. 6.14 
A. Extend through the solar plexus and reach out to the universe. 
B. ‘Clean and energize with Green'- push and pull o help loosen the solar plexus. Spiral 
counterclockwise with a Green Light. Blend with the sick energy and guide it down to the ground. 


Clean with Green Light. Spiral counterclockwise. Feel the green light mixing with 
the sick energy. Push and pull until you feel the energy in the solar plexus begin to 
disperse. Spiral the energy counterclockwise and guide it down to the ground. 
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A B. 
Fig. 6.15 A. ‘Push and Pull’ to help disperse the energy in the Solar Plexus. 
B. Flush and stabilize with Blue'-Picture Ocean Blue and flush sick energy down into the Earth 


Rinse and flush with blue light. Picture ocean blue and flush down to the earth. See 
and feel the solar plexus becoming cleaner. Flush the sick energy down to the earth. 

Now clean out the whole body again, With all the organs: from the lungs, heart, liver, 
gall bladder, pancreas, spleen, stomach, small intestines, large intestine, kidneys and 
sexual organs. Clean all the way down to the earth. When you clean the solar plexus 
and all the other organs you remove all the negative emotional energy. 

Energize the spleen, liver and kidneys with blue or white light. Then project green, 
followed by orange light to the cores of the liver and kidneys. Clean with the green and 
‘orange light and stabilize with blue light. 


Work on the back of the spleen and kidneys. Energize them with blue-white light. 
The spleen is on the student's left and kidneys on the right and left. They all help to clean 
the blood. Spiral the energy clockwise into the spleen. See it in your mideyebrow. See 
the cells and spiral the light into them. Give the command, “Stay”. This is very impor- 
tant; it makes sure that none of the cells hide from the dazzling light that you are send- 
ing. Give the command again. Then stabilize them with blue light. Picture the kidneys 
and see their cells and fee! the blue light go into the cells. 

Work on the Liver on the student's right hand side. Smile and laugh to the liver and 
see all of its cells. Give the command, “Stay”, then send in the healing light. Send in blue 
or white (energize), followed by green (energize and clean), blue (rinse and stabilize), 
violet (recharge and reprogram) and then blue to stabilize again. 
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Bg 


Spleen - Front and Rear 


Liver 


Fig. 6.16 ‘Push and Pull’ to help disperse the energy in the Liver and Spleen. Clean with Green 
and flush and stabilize with blue. Flush the sick energy down into the Earth. 


Itis essential that you feel and talk to any sick energy. If the student is healthy then 
you will feel their ‘light’. Ask their energy body to tell you where it may need some 
healing. Send in ‘light radar’. Transmit green light and flush down to the earth, When 
you feel that energy is accumulating, start to spiral more. Push and pull and give 
the command for the sick energy to leave. 

The more you clean, the more you heal. Tell your student to practice at home after 
the session, at an agreed time. You can then carry out ‘absent or distance’ healing, 
linking everyone's personal star, energy body and the universe. With time, you will 
master the techniques, imprinting them with your own manner. Eventually symp- 
toms disappear, as the blockages are cleared and the flow returned. 


Cleansing the Spinal Cord 


Always cleanse the spinal cord, which protects the entire body from dis- 
eased and negative energy, both physical and psychic. When you open the 
spinal cord and solar plexus you can release many energy blockages. Sweep 
the hand in a clockwise motion to energize the spine with either/or a combi- 
nation of; blue, green, white and ultra-violet. Then spiral counterclock- 
wise and brush the spine down to the ground. Continue sweeping until you 
feel that the spinal cord has cooled down. Remember not to use orange or Spine 
red. 
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Cleansing the Blood (Lungs) 


Pale green/white and tangerine/white chi work as cleaning agents for the blood. 
Diseases of the blood and arteries can be treated. The chi first energises the lungs 
and as the blood passes through them, it takes in the chi, thus becoming purified 
The benefit is then carried to the rest of the body as the blood circulates. Serious 
infections can also be treated in this way; however, the technique should not be used 
‘on women who are pregnant. 


A B. 


Fig. 6.17 A. Cleansing the Blood and emptying the Lungs. 
B. Become aware your Three Tan Tiens. Connect to the Universe and ask for ‘the Power to See’. 


Outline for Cleansing the Blood/Lungs 


4. Scan the student. 
2. Push through and open the lungs from the back to the front. 
3. When the lungs need to be given energy, use pale green/white 
followed by pale tangerine/white chi beginning at the front and 
moving top the rear. 
4, To make weak patients stronger, cerise/white chi can be em- Ff 


ployed as this will bring energy into the lungs. ung 
5. Purification of the blood is carried out by the liver, kidneys and 

spleen. Use white chi to bring energy to these areas, after first 

pushing and pulling through them. 
6. The blood requires a lot of cleaning on a regular basis. 
7. Energize with white Chi. Germs can only grow in the dark. 

‘Fill yourself with the light’. 
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Circulatory/Heart System General 


One of the basic problems pertaining to the circulatory sys- 
tem and heart is hypertension and hypotension. Once again, 
the sacrum and solar plexus are involved. The sacrum con- 
trols the bones; indirectly, it stimulates the marrow and en- 
hances the quality of the blood. Good blood i like running the 
highest quality motor oil through the engine of a motor ve- 
hicle. 

(Within the Universal Tao System we also have the view 
that the sacrum controls the Chi-pulse. If there is enough Chi, 
the heart does not have to work so hard, because the Chi 
pushes the blood). 

The solar plexus relates to the emotions, affecting the heart 
through two mechanisms: 

= It may affect the heart directly, causing rhythmic distur- 

bance or pressure around the heart muscle 

= Malfunction in the liver or digestive tract, leading to high {(¥ 9) 

cholesterol levels or gas which pushes up towards the 
heart from the intestines and causes unwanted heat and 
pressure. 

Cleaning out the Solar Plexus will greatly improve these conditions. If you have been 
trained in Chi Nei Tsang you can use it in combination with the Cosmic Healing tech- 
niques. 


Specific 


Working on the Heart Muscle: 
Clean out the Solar Plexus as outlined above. Push and pull with green and blue. 
Detoxify the liver, flush with green. 

Enhance with white and violet light. 

Use the finger to work on the lower left and upper right part of the heart. 
Remember that the heart muscle is very delicate. 

‘You draw the force, you spiral and you push. 

Stabilize with white. 

For enlarged heart use blue. 

Carefully use the red light to balance the blood and open the blood vessels. 
‘Sweep the sacrum with green, red and blue. 

‘Sweep the solar plexus with green, blue, red, white and violet. 

Energize and cool down the throat center, using blue. 

Working on Hypertension (High Blood Pressure): 
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Overactive adrenals/ kidneys often cause hypertension. Clean out the solar plexus first, 
because the adrenals (T'11) are connected to it. The adrenal glands produce adrena- 
line, the hormone that stimulates the heart to pump. Overactive adrenal glands will 
eventually affect the heart. 

Tune-up the Door of Life with blue, calming it. 

Take the pressure from the heart, use green. 

Energize the heart, use violet. 

Flush down from head to feet with blue; 

The basic problem with hypertension is that the Chi goes up and cannot come down. 
Work on the sacrum, using orange and yellow. 


Working on Hypotension (Low Blood Pressure): 

In hypotension the Door of Life and T11 are underactive. 

First clean out the Solar Plexus, this time focus on removing blacks or stuck energy. 
Energize the Door of Life, using green and red. 

Energize the Sacrum (same colors). 

Energize the Base of Skull with green and violet. 


Stomach Pains 


Pass your hands over the patient and brush the whole abdomen, especially the 
solar plexus, navel and lower abdomen. The navel should be treated with a combina- 
tion of green and blue, and blue should be used at the end to firm up the energy. 

If problems persist: A) Treat with Chi Nei Tsang B) Seek the advice of a qualified 
medical practitioner. 


Relieving Pain: Blue Chi 


Chithatis associated with the colors blue and green can be utilized in different ways. 
While green chi acts to free up energy that has become ‘sick’ and ‘stuck’, blue chi can 
act as a painkiller because of its ability to reduce the severity of pain. 

4. Push and pull the through the affected part out to the universe or ground the sick 
energy until partial relief is attained. 

2. Alarge amount of pale blue/white chi together with pale green/white chi should be 
used to transmit energy to the problem area. 

3. For the alleviation of pain, use pale green/white chi and pale tangerine/white chi in 
turn. 

Energize means draw the Chi into the part that you want to receive healing. 
Cleansing means push energy through the affected part and send it out to the 
universe. Pull the new Chi back into the same area. Light green Chi is used in 
loosening and cleansing delicate organs like the eyes and the brain 
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Headache: Light Whitish Green and Light Whitish Blue Chi 

4. To check for areas that are congested or lacking in energy, the eyes, temples, spine 
and solar plexus area should be scanned. Also, the crown, mideyebrow, forehead 
and back of the head and neck. 

2. The eye and temple areas should be brushed down when the headache is because 
of eyestrain and then flushed into the ground. 

3. The whole head, particularly the painful section should be brushed and then pale 
green/white, blue/white and pale purple/white Chi used to bring energy into the area. 


Migraine Headache: Light Whitish Green Blue and Violet Chi 

1. Persons who suffer from prolonged or chronic headaches including those types 
termed ‘migraine’ headaches have an abnormal accumulation of energy in various 
parts of their bodies. Starting with the solar plexus, this energy follows a route up the 
vertebral column and thence into the neck and head. As a result the various blood 
vessels in the head expand, causing pain in the head area, Mental strain and emo- 
tional disturbances usually cause this type of headache. 

2. Use a pushing movement to clean and open the solar plexus and liver areas. First 
use pale green/white, then pale blue/white and finally mauve/white chi to bring en- 
ergy to the solar plexus area. 

3. In order to send the ‘sick’ red chi into the ground, brush down the spinal column. 

4, The back of the heart can be opened by pushing through in order to remove the dirty 
Chi, Then bring energy to the heart by using pale green/white and purple. Use your 
mind to see the heart center expanding and opening. 

5. Brush down the dirty chi from the head area and send it into the earth. 

6. Use a combination of pale green/white, blue and purple to bring energy to the back of 
the head, the crown point and the forehead. 


Toothache: Light Whitish Green and Blue Chi 

4. Brush down the area with pale green/white Chi. 

2. Energy should be brought into the area with pale green/white, mauve/white and blue 
Chi. 

Broken Bone: Orange-Yellow Chi 

For anything relating to the bones always activate the sacrum, Light orange-yellow Chi 
is used to encourage broken bones to knit quickly, Chi which is pale yellowish tan- 
gerine may be employed. The sacrum attracts the orange-yellow Chi; feel the eight 
holes in the bone breathing. The orange-yellow Chi enters, transfers up to the crown 
and is sent up to the universe to multiply. 

4. The fracture area should be brushed using a combination of pale green/white and 
pale tangerine/white chi 

2. To promote fast knitting of fractures, a daily treatment with pale tangerine yellow Chi 
mixed with white can be employed, in the ratio of 7:1.5:1.5 of white (for the center), 
yellow and tangerine respectively. Push through and brush the sacral and navel ar- 
eas, using a cerise (light red) Chi mixed with white. 
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Back Injury: Light Whitish Blue and Green Violet Chi 


4. Scan the student to see which parts are congested. 

2. Use chi that is pale white/green or pale white/tangerine and, selecting each in tum, 
with a brushing movement apply to the whole spinal area and especially to the area 
where the trauma is located. 

3. To bring energy to the damaged area, use a combination of pale blue/white, green 
and purple. 

4. White chi should be used with a brushing movement on both the back and front of 
the solar plexus area. 


Infection and Inflammation: Light Green Chi 


Treat the damaged area with green and tangerine/white chi, using a brushing move- 
ment. For the heart and spleen, these colors should be replaced with green and purple. 

Bring energy to the area by the use of mauve, white, tangerine, green and blue and 
strengthen the natural immune of the body. 


Cysts: Light Green and Blue Chi 


During the course of the session, repeatedly pass your hands over the patient's 
body. Treat the solar plexus area with a combination of green and blue chi. The cyst 
can be removed using a chi knife, spiraling clockwise with green and tangerine chi; 
moving the ‘stuck’ red chi out of the body and grounding it in the earth, After, blue chi 
should be used for a calming effect, while green and tangerine can also provide 
energy. For maximum benefit, sessions should be thrice weekly. 

‘As foods containing a lot of highly spiced ingredients have a lot of red chi, these 
should be kept to a minimum. The patient should use the Inner Smile to calm and 
balance his/her emotional state. 

Itis sometimes necessary to sweep 100-200 times, to cool the affected area. Scan- 
ning will enable you to take a temperature reading. If the area is stil hot then continue 
sweeping until it reaches a satisfactory temperature. 


Fever 


. Brushing can be done with blue or green Chi. 

2. Push and pull through the affected part, sweeping the spleen with green and blue. 
Clean and rinse thoroughly. 

3. The solar plexus area can be treated with tangerine and blue Chi but tangerine should 
not be used on a patient with diarrhea. 

4. The thymus gland can be stimulated by the application of green, tangerine and purple 
Chi. First, brush the heart area with green and blue. This helps the body to ward off 
infection. 

5. Both lungs should be brushed and energy brought into the back of the lung area by 
the use of tangerine and green. 

6. Sweep the spleen with green. 
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Ifthe student has a fever then they must lie down to receive the healing. This applies 
in all cases where the student is unable to sit up comfortably. 


Insomnia: Green and Blue 


Inability to sleep may be the result of too much activity in the solar plexus and the 
sacral area. The solar plexus may also be congested. Similar problems can also 
occur in the throat, mideyebrow and forehead, as well as at the crown point. 
Repeatedly pass your hands over the patient's body as the treatment progresses 
and use a combination of blue and green chi to clean the sacral and solar plexus areas. 
Sleep can be brought on by use of blue, as it soothes the solar plexus area. Use 
blue and green to brush the mideyebrow, forehead and crown point and white and 
tangerine on the navel. Finish with blue. 

Do not eat food late in the evening. 

Sleep in a separate bed from your partner. You can place two beds next to each 
other. 


Tinnitus 


Relates to weakened kidneys. Work on the kidneys, mideyebrow and forehead. 


Blood Clotting: Blue Chi - Fresh Burns: Green and Blue Chi 


Because of the cooling and calming properties of blue chi, it can be used to remove 
the heat from burns. Green has a similar effect. 
The area needing treatment should be scanned, then brushed with a combination 
of pale green/white and blue Chi until relief is felt and the heat in the cells released. 


Old Minor Burns: Green and Red Chi 


Pass your hands over the damaged areas and repeat this during the treatment 
period. Use pale green/white and tangerine, but do not use on the head, eyes or brain, 
or other sensitive organs. 

To reduce discomfort in the damaged area and promote fast healing, firstly pale blue 
Chi mixed with white should be employed, followed by cerise mixed with white, and 
green in equal proportions as this mixture optimizes the breaking down of necrotic 
cellular material. However, cerise should not be used in the head area but be replaced 
by mauve mixed with white. 

Use cerise/white chi to brush the sacral and navel areas and follow with blue 
which assists in the release of the stagnant Chi. This session should be repeated for 
2 or 3 days. 
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‘The spacing between adjacent tie points is exactly 0.1", which corresponds to many common 
“footprints” for electronic components. You can easily build simple circuits in just a few minutes, You 
can even build fairly complex circuits using integrated circuits and other components. Figure 3-7 shaws 
a complete Arduino-compatible microcomputer that you can build with your bare hands and then 
program using your PC and the free Arduino software. 


Figure 3-7. A breadboard Arduino, which is compatible with the popular Arduino Duemilanove 
‘microcontroller, can be built using just a handful of components on a solderless breadboard, leaving 
plenty of room for more experimentation. The black, rectangular component in the upper-left comer isa 
‘miniature USB adapter that supplies power, and provides communication and control signals for the 
‘microcontroller. 


You'll find that projects tend to expand to fill the available area (and budget). See Figure 3-8, 


Individual Healing Session 


Old Severe Burns: Green and Red Chi 


4. Scan at the beginning and end of the treatment (Note:! do not think scan can be seen 
as plagiarism and | don’t know what other word to use in this context as | do not have 
the full text) 

2. The local area should be brushed first with pale green/white and then with pale 
tangerine white. Keep repeating but make sure to omit sensitive organs and the 
head area. 

3. To speed up healing and reduce pain and infection, the damaged area should be 
filled with energy from pale blue white, pale green white and mauve with white Chi. 

4. To help speed up the healing process, wait a few days until there is much less pain, 
then use pale green white and cerise mixed with white Chi. If the head area is af- 
fected, use mauve mixed with white in place of the cerise. 

5. Brush in the sacral and navel areas and to speed up healing use white Chi. 

6. After making your healing intent stable, release it. 


Old Wounds: Green and Red Chi 


Green chi, in equal proportion of pale green/white and pale red/white should be em- 
ployed on injuries which are not new as, when used in large quantities, it attacks and 
disperses damaged cellular matter, promoting fast healing. On recent injuries, it will 
have an adverse effect because itis likely to cause the trauma area to become moist, 
and it also will not be able to work quickly. 

Scan at the beginning and end of the treatment, and brush the damaged area 
with pale green/white and pale tangerine/white Chi. Some pale blue/white can be 
employed locally to energise the area. Use of pale green/white followed by 
cerise mixed with white can speed up the healing process and assist in the 
breakdown of cellular material. 

The navel and sacral areas should be brushed using pale cerise/white Chi. 
This will fil the area with energy and make the wounds heal faster. Before the 
Chiis let go, it should be stabilized. 


Some Specific Points and Ailments 


The following descriptions are mere guidelines. Each case is different and much de- 
pends on your own abilities. One needs practice to detect diseases. Best results with 
Cosmic Healing will be obtained when practiced in combination with Chi Nei Tsang. 

Remember that these techniques are not meant to replace the doctor, but merely to 
assist him. The student must always work with the practitioner. The practitioner is a 
channel, the student the healer. 
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Solar Plexus: Blue Chi 


The Solar Plexus is the connection point for practically 
all the nerves inside the body. That is why it becomes 
laden with emotions so easily. When the Solar Plexus 
Jams up and overheats, the liver will overheat; when this 
happens, the heart will also overheat; this will in turn af- 
fect the thyroid and parathyroid; finally the brain will be 
affected. Cleaning out this center is therefore extremely 
important. This type of cleaning may be done from the 
top down (as in the general cleansing session) or aimed 
at the Solar Plexus directly. Draw the green light, spiral ne 4 

it, flush with the green light, then energize with white and 

violet light. As before, always allow the energy to stream 

through both the points fully. The Solar Plexus holds all r ) 

the emotions. When working on the Solar Plexus, the 

most important thing to remember is to connect the back- 

side to the universe. There is literally no end to the ‘other’ 

end of this connection, Just allow the Chi to come all the i) 

way down and slightly pull inwards a little. Simply clean ") 
out the path. Allow the information to condense, allow i 

any images to come out. Then stabilize the energy. Pic- 

ture the Chi-field enveloping the person as a big protec- 

tive bubble. Cool down with blue. 


Skin Infection: Blue Chi 


The skin is related to the lungs and the kidneys. Whenever there is an infection, the 

immune system is involved. 

4. Enhance immunity as outlined in pages 101-108. 

2. Focus on strengthening the lungs. Always start with green to flush out. Then send 
orange light into the lungs. Make sure you are not sending it up to the brain. Energize 
the lungs with blue and white. 

3. Detoxify the kidneys, purify the blood (green) and energize with blue. Ask the person 
to visualize a fresh mountain-stream to stimulate the kidneys. 

4, Treat the area locally, using your hands. If the area is big, use your palm, if small use 
the fingers. Do not focus on your palms - refer to the section ‘Forget About Your 
Palms’. on page 152. Draw green Chi from the forest, and then energize with violet. 

5. To diminish pain or itch, use blue to cool down. Also use the Chi knife to work on the 
infection. 

In case the skin problem is allergy-based, you should also treat the mideyebrow; 
there might be some irritation here. First clean with green, then either energize with 
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violet (if resistance is low) or soothe with a light shade of yellow. If the skin problem is 
related to asthma, open the lungs with bright red clean the throat center with green and 
energize it with (deep) blue. 

Ifthe problem is due to toxicity, also clean out the liver flushing with a combination of 
green and orange. Energize with green. Enhance the immune system by working on 
the sacrum 

(o> 


Eyes: Green Chi 


The right and left eye are governed by the forehead and 
mideyebrow respectively. The eyes are also linked to the moe 
temples. Ask the person to touch their temple bone and guide Py 
them to takein the (white or ight violet) Chi Send Chi through y 
the mideyebrow and forehead (all the way through). Ask the 
person to visualize the light coming in. Use soft shades of ~S— 
green with golden yellow to stimulate the optic nerve. Use 
blue to calm the eye muscles and light violet to stimulate the 
inner eyesight. 
‘The eyes are connected to the liver. Scan the liver and energize with green. Scan the 
jawbone to see if there is any unreleased anger. Cool down with blue. Channel bright, 
green into the liver. 


Ears: Violet Chi 


The right and left ears are governed by the forehead and mideyebrow respectively. 
Push and pull green Chi to clean. The ears are connected to the kidneys, so you can 
work on them also. The ears are also connected to the sinuses and upper respiratory 
tract. This means that infections need to cool down before you can use any cleaning 
technique. Use blue to cool and clean with violet. As long as fever and severe infection 
persist, use blue to cool them down. When clean, energize with violet. 


Have Better Health, Less Stress and Remain Young 


Brush specifically on the areas of the solar plexus, liver, stomach and pancreas. 

White chi brings energy to the crown point, head (at the back) and both sides of the 
brain. 

Both the front and rear of the heart and lungs can receive energy from white/purple 
Chi. 

Both the front and rear of the spleen, the navel and lower abdominal area, the spinal 
cord, the kidneys, using white Chi, 

On the sexual center use white chi but if the problem is difficult to shift, use green. 
You can also use white Chi on the sacral area, and green or purple on other organs. 
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White Chi can be employed for the arms and hands, while the legs and feet should 
be treated with white and purple Chi. 
Eye problems with green/yellow energy. 


After a session, patients who are particularly weak should not bathe for one full day. 
The energy which has been put into their bodies can thus be kept there by application 
of pale blue/white Chi at the end of the session. 


Fig. 6.18 Use Compassion, Love and Kindness 


Summary of In 


idual Healing Session 


A Chi Knife 
B. Energizing and Activating the Immune System 
C. Cleansing with the Internal Organ Techniques 


General Outline of Practices 
4. Gain experience by working with one person. Stand in front of them with your feet 


shoulder width apart. Hold your hands at your heart in salutation, Transmit your 


love and compassion and ask for their permission to help them to help themselves 
heal 
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2. Connect to the student's and your own cosmic star above your head and ask for 
universal permission. Radiate your love and transfer three minds into one mind. 
Lower your Upper Tan Tien. Activate your consciousness: Three minds become one 
mind. Expand your awareness in the mideyebrow and the crown. Feel the Tan Tien, 
heart, mideyebrow and crown spiraling. Expand to the universe. 

3. Visualize the person's legs as being ‘very long’, extending down to the earth. Acti- 
vate the Sacred Fire and bring it down. Clean out the room and make a big Chi field 
around you and the student. 

4. Call the Elemental Forces: water, fire, thunder, lightning, rain, lake, earth, moun- 
tain, wind and Heavenly Chi. Call the guardian animals; Blue Tortoise from the north, 
Red Pheasant from the south, Green Dragon from the east, White Tiger from the 
west, Yellow Phoenix from above and Black Tortoise from below. Feel that you are 
protected by the Chi; gather the power of all the mountains, rivers, streams, stones 
and rocks into the room. Activate them with lightning, thunder and wind - filing the 
whole room with electrified Chi. 


A.Chi Knife 

4. Hold the knife in right hand (left, if you are left handed). Hold the other hand near your 
body with the thumb and index finger touching. Project the Chi Knife as big as the 
universe, ‘long and big - reaching to Heaven’. The bones in your arm are hollow and 
the ‘bottom’ is sealed at the shoulder. Feel them ‘fll and pack’ with the power coming 
from above. 

2. Then give the command: “Power comes from the east. This Chi Knife has the 
power to dissolve all the negative energy, sickness and bad fortune. By my 
request, please carry out the order now.” Wait until you feel that your arm and 
the knife are heavy and full of Chi. 

Carry out energetic surgery, cutting and slicing the affected area with cool 
yin energy. When you feel that the Chi Knife is full of sick Chi, spiral counterclock- 
wise and discard it down into the ground. When you feel that the knife is ‘empty’, 
charge it with Chi from the universe. Continue until you feel that the area has been 
cleansed. 


B. Energizing and Activating the Immune System 
In cases of severe illness, debilitation and infection, it is essential to stimulate the 
body's defence systems. You may also want do this in a preventative manner. 
Guide the student as you practice together. Presuming that you have already done 
the previous set of general healing, you can start with the coccyx. 


4. Be aware of your Tan Tien and connect to the universe. Touch your coceyx with the 


fingers concentrating a beam of white or yellow light on to it. Picture the sacrum 
opening and the light streaming inside, flowing up the spine and streaming out over 
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the whole bone structure. Feel the Chi rising up to the universe, multiply itand guide 
itddown to your energy body. 

2. Be aware of the Tan Tien and the universe. Attract the yellow light; spiral and con- 
dense the healing light into the tips of your fingers; move the fingers up to touch the 
sacrum. Send out a beam of yellow Chi into the sacrum, directing it up the spine. 
This will stimulate the production of red blood cells. Transfer the feeling of ‘Bone- 
Chi’ up to universe and down to your energy body. 

3. Proceed to the crown, showering it with violet light. Then spread from the crown 
throughout the bones of the body. Repeat several times. Instruct the student to feel 
the bone structure breathing. Ask him/her to extend up from their crown to the Big 
Dipper and North Star, channelling down the red and violet light into the thymus gland. 

4. Continue to the throat, stroking down with your palms, using green color to move 
the lymph down towards the backside of the heart. (Never stroke up towards the 
head! Only guide the lymph down). 

5. Proceed to the lymph nodes under the armpits and across the sternum. Next 
activate the lymph nodes in the groin. From the groin you guide the lymph up to the 
navel center (Not down where it will get stuck in the legs). 

6. Retum to the navel center. Send the energy deep inside, energizing the lymph 
nodes at the back. Pull back, drawing green energy, flushing out any waste products 
that are stuck in them. 

Activate the points at the inside of the elbows and the knees. 

Shower the whole body with healing light and energize the perineum with blue Chi. 

Always remember to ground any sick energy by sending it deep into the ground. 

Ask the student to do the same and it will be more effective. You should do this 

While giving the session as well as when closing it. 


C. Cleansing the Internal Organs 
(Repeated from pages 132-133 and pages 136-137) 

This session can be used for any kind of ailment and carried out with any number of 
students. It is important to remember that if there is no energy in your Tan Tien, 
then there will be no energy to work with. When you are aware of your Chi, you can 
direct heavenly light straight into your energy body and then into the student's. 


General Cleansing Procedure 


4. Push and pull the energy through the student's body. Push and disperse the sick 

energy into the universe and out to the planets, where it will be transformed and 

recycled. 

Pull the energy back and stop it between yourself and the student. 

3. Spiral the energy counterclockwise until you see the green light mix and clean the 
sick energy. Spiral and flush the energy down into the earth. 


xv 
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4. Spiral with blue light; see it mix and flush the energy within the student's body. Spiral 
this energy down to the ground. 

5. Energize the student with white or violet light. 

6. You can also use both hands to channel Chi when you ‘push and pull’ through the 
body. 

7. Spiral in - spiral clockwise to bring energy into the body and energize it. 

Spiral out - spiral counterclockwise to cleanse, flush and remove energy. 

9. When you begin pushing, pulling and sweeping, you may feel resistance in the body. 
As you progress and the energy centers open, this feeling will diminish. 

410. There are many color combinations that can be applied to the various parts of the 
body. When you start practice, stick to the basic ‘blue, green, white, violet and blue’ 
formula. When you are working on a specific area, you can keep this book near by, 
or write a short ‘color recipe’ before you begin. In this way, you will be able to relax 
your mind. 

11. ‘Pushing and pulling’ is like fanning and venting the body; when you fan your hands 
in front of your face, it will have a cooling effect. Ventilation enables the stagnant, 
sick energy to leave the body. 

Below is a list of the body's organs in relation to their tendency to ‘store heat’, 
They are listed in descending order, i.e, the head is the hottest. 
Head, heart, liver, lung, stomach and spleen, large intestine and small intestine, 


kidneys and sexual organs (which become hot when aroused). 


Outline of Practice 


The solar plexus is the clearing house for emotional energy and is situated in be- 
tween the lower and higher energy centers and in the center of most of the internal 
organs. All the organs dump their negative emotions here. The internal organs can be 
cleansed by sweeping the solar plexus, energizing, cleaning and flushing it of sick en- 
ergy. When you feel sick energy in the body, give the command: “Stay”. This is very 
important; it makes sure that none of the cells hide from the dazzling light that you are 
sending in. 

4. Scan; ask for the power to look at the cells. 

2. Push, pull and give the command “Disperse”. Push until you feel the solar plexus 
clear and open. 

3. Spiral green Chi counterclockwise. Talk to the sick energy; tell i to "Leave", you will 
take it to “a better place, where it will be happy’. Give the command “Out". 

4. Spiral Blue Chi counterclockwise, flushing out any remaining sickness. Guide the 
sick energy into the earth. 

5. Spiral and sweep Blue - Green and Red Chi into the solar plexus, sweep the organs. 

Do not use in cases where there is intestinal infection and internal bleeding (which 

can be worsened) or in the presence of pregnant women. 
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Cleansing the Spinal Cord 


‘Always cleanse the spinal cord, which protects the entire body from diseased and 
negative energy, both physical and psychic. When you open the spinal cord and solar 
plexus you can release many energy blockages. Sweep the hand ina clockwise motion 
to energize the spine with either/or a combination of: blue, green, white and ultra-violet. 
Then spiral counterclockwise and brush the spine down to the ground. Continue sweeping 
Until you fee! that the spinal cord has cooled down. Remember not to use orange or red 


Cleansing the Blood (Lungs) 


The blood can be cleansed by energizing the lungs with whitish green, then with light 
whitish orange. The blood passing through the lungs will absorb the green and orange 
Chi, thereby cleansing the blood plasma and vessels and the rest of the body. This 
technique is very useful for treating ailments of the blood and of the arteries and for 
severe infections. Do not use it on pregnant women. 


Outline of Practice 


. Scan the student. 

Push through and open the lungs from the back to the front. 

Energize the lungs from front to back with light whitish green, then with light whitish 

orange. Push through. 

4. If the student is weak, energize the lungs with light whitish red, which will provide a 
strengthening effect. 

5. The spleen, liver and kidneys purify the blood. Push and pull through the organs 
and energize with white Chi, 

6. The blood requires a lot of cleaning on a regular basis. 

7. Energize with white Chi. Germs can only grow in the dark. ‘Fill yourself with the 

light’. 


ere 


General Principles 


Energy can be introduced to the affected area of the body by moving the hand clock- 
wise in a spiral. Flush means to return the sick energy to the earth for recycling. 

‘Stabilize means to return the area to normal functioning. 

Spiral in a clockwise motion when you are ‘stabilizing’. 

Use blue or white light to energize the area that you are working on. 

Use green light to energize and clean the area that you are working on. 

Use blue light to flush and stabilize the area that you are working on. 

Use violet light to balance the sick eneray and reprogram the cells of the body. 
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For general infections always use green (energize and clean) and blue (stabi- 
lize) light. Use violet light to balance the sick energy and reprogram all the cells. Use the 
‘Chi Knife’ for infections as well. Never use orange on the head, heart and spleen. 


Give the command “Stay” to make sure all the cells receive the light you are 
sending in. Remember that germs and bacteria cannot hide in the light. 


Energize means to draw the Cosmic Chi into the part that requires healing 
Cleanse means to clean all the cells being treated. 


You can also work on yourself. You may need some help when working on the 
back. If you obtain optimum health and practice the Cosmic Orbit regularly then you will 
never ‘need’ to apply any of these techniques to yourself. 

Like all Chinese medicine, Cosmic Healing works on the system as a whole, balanc- 
ing the entire organism, treating the cause to cure the symptoms. 


The techniques really are simple. 


When in doubt use; blue, green, white, violet, blue. 
You can always use white and violet. 
Upper organs - use violet. 


You can practice group healings and then link your students’ personal stars together, 
at an agreed time later in the day. You can then perform the World Link Cosmic 
Healing. 


Work on any other ailments that the student may have. 


The simplest way to learn is to begin practicing today. 
The simplest way to heal is to allow yourself to be healed. 
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Chapter VII 
Different Hand Techniques 


Forget about your Palms 


‘An extremely important theory of Cosmic Healing Hand Techniques is to ‘forget about 
your palm’. This means that you should only use the palm (which is incredibly sensi- 
tive), for ‘guiding’ the universal energy into the right spot, sending out a minute beam of 
light, ike a laser, that marks the place where the energy should be sent. Your palm is 
connected to your brain, which has been sunk into your Tan Tien. The light marker will 
serve as a beacon for the force that is directed down by your mind. Draw down the 
Universal Chi, guide it to the right spot and give the command; "Stay". This is very 
important, otherwise the Chi will disappear once you move your hand. 

When you practice Cosmic Healing it makes no difference how many people you 
treat, because you are not transferring your own energy. 


Don't Focus your Mind on the Sick Part 


Ifyou direct your attention towards something, your energy will go there. If you focus on 
some ailment, you are already sending out your energy. Instead you should try to con- 
nect with a greater source, Universal Chi, extending your mind very far away. This way 
you won't lose your power. The only thing you do as a practitioner is to form the connec- 
tion between nature, the student and the sick energy or between the universe, the Chi 
field and the sick part. 


Cosmic Healing is Teaching 


One of the best methods of protection for a practitioner is the Fusion practice (Refer to 
‘Fusion of the Five Elements | by Mantak Chia). Perhaps even better is for the practitio- 
ner not to perceive hinv/herself as a healer, but as a person that comes to guide people 
in something they have to do themselves. When you say; "| am a healer", the sickness 
or bad energy, has already found a new home. When you check it out, first it will try to 
hide, and then it will try to attach itself to you. But if you don't interfere, the energy will go 
straight to the ground. So it is very important to clarify that you are not a healer, but a 
practitioner that can help, and that the student or sick person has to do most of the job. 
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Figure 3-8. A prototype LED display with computer control, built on a solderless breadboard. That's a lot of 


Passive Components 


Most electronic components fall into one of two different categories: passive and active. There are a few 
different ideas floating around as to what, exactly, is the difference between passive and active 
components. For the purposes of this book, we will use the simple definition that an active component, 
requires a power source to work properly, while a passive component does not. 


Resistors 


A good example of a passive component is a resistor. You've already learned a lot about resistance in an 
electronic circuit. Resistance is measured in ohms, and it converts electricity into heat. When you're 
‘working with wires, cables, and other conductors, resistance is usually a bad thing. You want the least 
amount of resistance possible. However, there are times when you both want and need resistance in a 
circuit. 

‘One example of when you would want resistance in a circuit is when you want to light up an LED. 
Unlike an incandescent lightbulb, an LED has no built-in current-limiting ability. Without a fixed 
amount of external resistance added to the circuit, an LED would self-destruct in a very short time, 
because it would averheat from excessive current flowing through it. resistor would limit the amount 
of current flowing and control the brightness of the LED. 

‘The exception to this dire prediction is when the power source that is lighting up the LED has 
insufficient gumption to blow up anything, such as with a small coin-cell battery. Anything bigger than 


Different Hand Techniques 


7.1 The Stronger your Awareness of your Inner Body, 
the Easier it will be for others present to piok up this Sense 


Ifyou guide those present, this will greatly enhance your healing session. Sit or stand 
facing your student. Any time you want him or her to focus on a particular point of the 
body, ask them to touch it with their hands. For example, "Now place your hands on 
your navel", while you do the same thing yourself. As soon as you feel the Chithere, you 
instruct them to focus on the navel themselves. This way you are actually helping them 
to deepen their bodily awareness. The stronger your own awareness of your inner body, 
the easier itwill be for the others present to pick it up. This means that if you are treating 
some part of another person's body, or if you see that the person is not aware of any 
energy in some part of the body, you can help by focusing your awareness on this 
particular part of your own body. 


Chi Kung Diagnosis: Hand Scanning 


Hand scanning is a simple and effective diagnostic tool of External Chi Healing. It in- 
volves passing your palm over the body of your student from one inch to one foot above 
the surface of the skin and being aware of the energetic state of the various bodily 
areas. What one senses is described as the electromagnetic field, the aura or the 
energy body. 


General Variations in the Energy Field 
The variations you may sense with scanning that have diagnostic significance are: 
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Temperature 


Heat generally indicates excess, while cold indicates deficiency. However, some 
areas of the body are naturally warmer or colder than others. This is described below 
under "Hand Scanning the Internal Organs.” 


Thickness 


A feeling of thickness over the area would indicate excess, while thinness may indi- 
cate deficiency. 
Wind 


You may feel sensations of wind leaving the body at various places. This may indi- 
cate internal wind at a given location, or it may point to an area of the body that is 
“leaking energy" and needs to be ‘patched’ or ‘sealed’. It may also be a positive sign that 
you are driving wind out of the body. 


Peaks and Valleys 


Peaks in the energy field will feel like mountains or hills in the aural landscape. They 
may actually push your hand away. Valleys feel like depressions or energy vortexes 
drawing you in. They may also feel empty, like a hole or pit. Peaks indicate excess or 
stagnation, while valleys indicate deficiency. 


Tingling 


Accumulations of sick Chi may cause your hand to tingle, feel prickly, throb, or even 
hurt. These are excesses of energy and upon inquiry, the student may complain of pain 
in this area, 


Hand Scanning the Internal Organs 
Each Organ Emits a Different Aura 


Each organ emits a different kind of force or aura through the skin. By passing a 
hand one or two inches above the skin, you can feel different sensations that reflect the 
condition or state of the internal organs. You need to develop the sensitivity to receive 
and identify the vibration or frequency of each organ. Practicing the Cosmic Chi Kung 
Meditations will help develop such sensitivity. 


Liver and Gall Bladder Scanning 


Healthy liver and gall bladder energy feels warm. 

Negative Emotions: When you pass your hand over the liver, under the right side of 
the rib cage, you will feel a charged energy come up to your hand. This is a sign of anger 
in the liver. 
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Overactivity: When you pass your hand over the liver and feel a rush of hot energy, 
this indicates that the liver is overheating because of toxins or emotional stress. 

Underactivity: When you pass your hand over the liver and you feel a dense and hot 
energy, the liver is weak, congested and sick. 


Lungs Scanning 


Healthy lung energy feels cool and dry. 
Negative Emotions: Pass your hand over the lungs. Do the Lungs’ Sound and listen 
to the echo of the sound as it rebounds from the lungs. Sadness will fee! like a deflating 
ball pressed between your hands. 
Overactivity: Energy that feels dry and hot indicates an overworked organ. 
Underactivity: Energy that feels damp and cool under the scanning hand indicates 
underactive or congested lungs that can lead to respiratory problems. 


Heart Scanning 


Healthy heart energy feels warm and energetic. 

Negative Emotions: Hot and charged energy indicates impatience, hastiness and 
arrogance in the heart. 

Overactivity: If your hand detects hot, charged and overly expansive energy, this 
indicates that the heart and blood may be overheating. 

Underactivity: Energy that feels cool and less expansive indicates an underactive or 
congested heart. 


Spleen Scanning 


Healthy spleen energy feels lukewarm. 

Negative emotions: Energy that feel damp and sinking indicates excessive worry. 
Overactivity: The energy feels hot and damp when the spleen is overactive. 
Underactivity: The energy feels cool and damp. 


Kidneys Scanning 


Healthy kidney energy feels cold, but not too cold. 

Negative emotions: Energy that feels cold and chilly indicates fear. 

Overactivity: When the kidneys are overworked or overstimulated by excessive ex- 
ercise or improper diet and liquid intake, the energy can feel damp, stick and hot. 

Underactivity: When toxins are blocking the organs, the energy can feel damp and 
cold. 

Hand scanning is an art, and may take a while for you to feel confident using it. 
Practicing Cosmic Chi Kung is one of the best ways to develop greater sensitivity in 
hand scanning. 
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Chapter VIII 
Cosmic Chi Kung 
Palm and Finger Training 


Why We Practice the Cosmic Chi Kung 


‘The Cosmic Chi Kung is also known as Buddha Palm. The reason we train with the 
Empty Force practice in connection with the Cosmic Healing is to learn how to project 
Chi through the space in the cosmos, the space between your hands and to project Chi 
through the space to your students. Usually when we touch the student we pick up sick 
energy. This practice will teach you how to ground the sick energy to the earth and to 
disperse it into the Universe to be decomposed and recycled by the planets. 

Practice until you can project Chi out from your palms and fingers and when you feel 
the Chi coming into your body through your hands. The most important part is to always 
remain connected with the Universal Force coming from all six directions. If you focus 
‘on healing from your hands or your Tan Tien you will use up your own energy. You must 
be connected to the Cosmic Universal Force. 


Expand your awareness to nature, the oceans, the lakes, the forests and mountains. 
Smile to nature and feel it smile back to you; inhale and draw the Chi into your palms. 
Expand your awareness to connect to the light, the Milky Way and the cosmos. 

Be aware of the heart and the red light in the heart; expand your awareness to infinity. 
The light will come close to you; picture the red planet Mars above you. See it shine 
down to your crown, feeling the light in your palms. Be aware of the six directions, feel 
your body growing bigger; until you touch the sky, your feet still planted in the earth. 
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Opening Heaven and Earth Force in the Palms with 
Heaven and Earth Spirals 
The purpose of this technique is to draw in the forces of heaven and earth through the 


palm. Activate the spirals, the symbol for the heaven and earth force in the center of the 
palm “s 


Earth 


Fig. 8.1 Enhances the symbol of Heaven and Earth Force, in the Laogong - Pericardium 8. 


This is accomplished by drawing these spirals with the palm itself. As you draw the 
spirals, you should actually feel the palm breathing, inhaling these forces in. In the be- 
ginning, however, you may only be able to use your own mental imagery and imagine 
that you are absorbing these forces. In time the feelings will replace your imagination. 

‘You breathe in Heavenly Chi when you draw the heaven spirals, and breathe in Earthly 
Chi when drawing the earth spirals, You may draw in both in one session; you may also 
‘choose just to draw in either Heaven or Earth Chi if you feel you need mare of one or the 
other. Itis important to balance these energies whenever you do this exercise. 

4. Begin by raising the right hand to about shoulder height with the elbow sunk and the 
palm facing forward. Slightly pull back (open) the index finger, and slightly stretch the 
thumb forward and down. This will activate the Laogong point on the palm. 

‘At the same time, touch the tips of your left thumb and index fingers together. 
This will allow the right hand to draw in the Heaven and Earth Chi. The left hand will 
then be held palm up to draw in the heavenly force, or held palm down to draw in the 
earthly force. 
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2. Begin drawing the heaven spiral by moving the palm in a clockwise motion, with 
the circles getting smaller and smaller, spiraling inward. At the same time, your left 
hand is held at your side, palm up with thumb and index tips touching each other. 
Draw seven or nine (planets of our solar system) small spirals with your right hand in 
this way, drawing in the violet heavenly energy. 

3. Next, lower your right hand slightly and turn your left palm down to face the earth. 
Then begin drawing the earth spiral by moving the right palm in a counterclock- 
wise motion with the circles getting larger and larger. Draw five spirals (five ele- 
ments), drawing in the blue earth energy as you move. Inhale into the palm, feeling 
the energies. 

4, You may now bring both hands down to the beginning position of Cosmic Chi Kung, 
or you may open the Cosmic Channel to the planets for healing. This is discussed in 
the next section, Part I, ‘Opening to Heaven, Earth and Cosmic Chi’. 


Cell Breathing 


By understanding the operations of our cells, we establish a foundation for our experi 
‘ence of Cosmic Chi Kung. Each cells a living, breathing entity, absorbing energy with 
each inhalation and releasing toxins with each exhalation. Thus with every breath, we 
are creating more Chi 

We are made up of over one hundred trillion cells (one trilion is one thousand billion), 
Each one of these cells is constantly breathing. In order for our cells to function opti- 
mally, we must follow nature's teachings. 


Fig. 8.2 Each Cell is a Living, Breathing Entity. 
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The first thing is to keep your cells free of toxins. Eat nutritional foods. This helps the 
Chi to flow smoothly through your energy channels and aids greater assimilation of 
vitamins and minerals. Learn and apply Five Element nutrition principles, eating ac- 
cording to the seasons and to your own constitution 

The second thing is to keep your cells free of excess emotions. Develop the skill of 
acting positively to situations, rather than reacting, especially negatively. Don't allow 
anyone to make you sad and unhealthy. Some people like to say, "You make me angry," 
or "You made me worry.” We cannot allow other people to make us so emotional. We 
do not need to accept the negative emotions that other people try to dump on.us. Cellu- 
lar and psychic boundaries are related. Negative emotions disturb the cells’ ability to 
absorb Chi and to generate the energy necessary for healing. We need all the Chi that 
we can get. Learn and apply the Six Healing Sounds, the Cosmic Inner Smile and the 
Fusion of the Five Elements meditation to transform negative emotions into personal 
power. 

Third, create more energy by cultivating a happy attitude, so that your cells can re- 
generate more easily. Smiling and loving are the two quickest ways to make more 
Chi. In order to have an ample supply of Chi, develop an attitude of joy and love in 
yourself and towards others. 


Mind, Eyes, Heart and Intention (YI) 


The opening of the mind, eyes, heart and use of intention is vital for further activating 
and increasing your Chi. In the 
Tao we achieve this by cultivat- 
ing our "Yi" (pronounced "yee") 
"Yi" means mind power, intention, 
awareness and concentration. 
The Yileads and guides the Chi. 
With our mind we control thought 
patterns. With our eyes we con- 
trol the senses of sight, hearing, 
smell and taste. With our heart 
we control all our organs and 
their related emotions: the kind- 
ness/anger of the liver, the joy/ 
impatience of the heart, the open- 
ness/worry of the spleen, the 
courage/sadness of the lungs 
and the gentleness/fear of the kidneys. 


Fig. 8.3 'Y’ leads and guides the Chi. 
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Every excellent achievement in our lives depends upon the quality and efficient op- 
eration of our Yi. Combining the awareness of the mind, eyes, heart and intention into 
‘one, causes the creation of a rich and rare alchemical mixture. The power of the Yi is 
the magical catalyst that assures energetic results. 

The basic teachings are all in the Microcosmic Orbit, the Cosmic Inner Smile and the 
Six Healing Sounds. As long as you are alive and healthy, you are able to draw in energy 
from the universe and nature. The stronger the battery, the better it is able to store this 
energy. If you're weak and sick, you have no way to draw any energy from nature or the 
universe. When the cells stop drawing in energy, life ends. If you have perfected these 
practices, you have all the personal physical, mental and spiritual power that you need. 
Everything comes together. Your mind is aware of the original force. From the knowl- 
‘edge of Oneness, you are inwardly aware of your mind, senses and heart; you are 
‘outwardly aware of the universal energy. Now you are capable of receiving the abun- 
dantly available healing power of the universe; you can tune into everything, inwardly 
and outwardly in all directions. This is what we are here for: to heal and become whole 
again. We have higher goals to reach. The foundation for reaching our goals is a strong 
and healthy body. 

Cosmic Healing Chi Kung is merely an extension of the universe within yourself. You 
draw the universe in through your palms, skin, heart and crown. With your Yi you breathe 
in the cosmos through these various open cavities of receptivity in your body, absorb its 
power, condense it, transform it and use it for the benefit of all. 


Connecting the Bridge 


Contracting the muscles of the perineum, sexual organs and anus activates our con- 
nection with the earth energy. By pulling up these areas and drawing in eneray through 
the soles of the feet, we immediately become grounded and bring the earth (yin) energy 
into the Microcosmic Orbit. Pulling up should be done gently and directed by the Yi. 

When we speak of "Connecting the Bridge," we are referring to the above exercise, 
except that we do not pull up on the perineum. Pull up gently and lightly on the sex 
organs and anus while leaving the perineum totally relaxed. After performing the first 
contractions, when you then relax the perineum, the earth energy will continue to flow 
into the body using the principles of a siphon. We thus connect the "Bridge" across the 
perineum from the sexual organs to the anus using the Yi to direct the energy. This 
actively combines the earth energy and your sexual energy and directs it into the Micro- 
‘cosmic Orbit. This energy is circulated during Cosmic Chi Kung. Holding a very gentle 
contraction will keep you grounded during the exercise. It can be done sitting or stand- 
ing. 
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Women lightly contract the Vagina ‘Men lightly contract the Perineum and Anus 


Fig. 8.4 Connect the Bridge - combine Earth and Heavenly Energy. 


Cosmic Chi Kung Preparation 


Cosmic Chi Kung can be practiced either in a sitting or a standing position. 
Sitting, relax as much as possible and invoke the Cosmic Inner Smile. 


4. Be aware of your heart and listen to your kidneys with your inner senses. Smile to 
your heart and kidneys and feel them pulsing; feel them communicating and interact- 
ing with each other. The Kan and Li; the water of the kidneys and the fire of the heart, 
balance and begin to mix. 

2. Open the arm pits as if you were holding a ping pong ball there and slightly move the 
fingers to activate the Chi flow. Relax. Feel the sensations of the Chi flow: tingling, 
warmth, pulsing, electric and magnetic feelings. 

3. Be aware of your palms. Draw in Chi by activating the bone breathing process. 
Become aware of the perineum; slightly pull up the perineum, sexual organs and 
anus and "connect the bridge." (Remember to relax the perineum). 

4. Breathe into the palms of the hands and soles of the feet, further enhancing your 
connection to the earth force. Smile to the blue earth energy as it flows up your arms 
and legs and suffuses your body with pleasant Yin energy. 

5. Breathe into the mideyebrow point and activate your connection with the Cosmic 
Force. Smile to the golden light of the cosmic eneray as it swirls into your mideyebrow 
point and flows throughout your body, healing and balancing your energy. 

6. Breathe into your crown point and activate your connection with the Heavenly Force. 
‘Smile to the red and violet light of the heavenly force as it flows into your brain and 
washes your body with subtle pure Yang energy. 
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Fig. 8.5 
Place the Tip of the Tongue on the Upper Palate. 


7. Place the tip of your tongue on the upper 
palate behind the teeth in a comfortable 
position 


Fig. 8.6 Invoke the Cosmic Inner Smite. 


8. As you begin to move through the postures of Cosmic Chi Kung, always be aware of 
the Chi flow and its attending sensations, 


Cosmic Chi Kung Preparation Standing 


4. Stand with your feet parallel and shoulder width apart. 

Tilt your sacrum and pelvis slightly forward until you feel your feet press more firmly 
into the ground. As you tilt the pelvis, feel your lumbar vertebrae pressing outward; 
this is called "Opening the Door of Life.” 

2. Relax your chest and sink your sternum. Draw your chin in slightly, and hold your 
head, neck and spine erect as if your head and spine were suspended from above 
by a string 

3. Follow the same instructions for the preparations of Cosmic Chi Kung. 
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that normally has no trouble convincing the LED to release its magic smoke, without which it ean no 
Jonger function. 

"A typical resistor has a fixed resistance and a maximum power rating. The resistance is determined 
by the material from which the resistor is made. The value of a resistor, as you already know, is measured 
in ohms, and can range from just a fraction of an ohm (often expressed as milliohms) up to millions of 
ohms, 


Through-Hole and Surface-Mount Resistors 


Resistors come in all shapes and sizes. Generally speaking, the larger the surface area of the resistor, the 
more power it can safely dissipate. A typical resistor that you might work with on a solderless 
breadboard or on an older PCB is shown in Figure 3-9. These are called rhrough-hole components 
because their extended leads are meant to be formed and threaded through holes that are drilled into 
PCBs. Also in Figure 3-9, for comparison, are some teensy-weensy surface-mount resistors. Surface- 
mount resistors have no leads and are meant to be soldered directly to pads laid out on the surface of the 
PCB. 


Figure 3-9. Some through-hole resistors (top) and surface mount resistors (bottom). The surface mount 
resistors are so small that they are shipped packaged in tape, which is usually wound on reels for 
‘automated placement in PCB assembly. 


Cosmic Chi Kung 


Opening to Heaven, Earth and Nature 


The natural world is the source of our power. Gosmic Chi Kung teaches us about na- 
ture and its energies. In the Tao, nature and the universe are equivalent to God. You are 
a part of nature and can easily learn to open to the forces in the macrocosm and let 
them flow through you. This is very simple. Just tune into the frequencies around you. 
Your fingers are antennae, which transmit and receive. 


4. To begin your practice of Cosmic Chi Kung, simply stand up and feel the energy 
around you. When you stand or sit, be aware of your soles (Bubbling Spring points) 
making a good connection with the earth, Your perineum (Hui Yin point) is relaxed 
and open. You are connecting to the earth force and can expand further down on to 
the other side of the universe. This is one type of energy. 

2. When you draw your chin in, slightly relax your chest and tilt your head slightly 
forward; you begin to be aware of the heavenly force. This is another type of energy. 

3. The qualities of the Five Elements reveal themselves as woody trees (growing 
force), fiery deserts (expanding force), earth mountains (stabilizing force), metal air 
(contracting force) and watery oceans and lakes (gathering force). We call the com- 
bination of these elements the ‘Cosmic Force’ 


Thus, your mind and body learn to gather, absorb, direct and transform the heaven, 
earth and cosmic energy for your own use. This is the essence of Chi Kung. Today 
there is a lot of emphasis on learning movements and forms of Chi Kung. However, if 
the inner feeling is not there, the movements are of little value. 


Heavenly force is Yang. Earth force is Yin. By learning to connect to the energies of 
heaven and earth, you have a powerful tool for restoring and maintaining your inner 
balance of Yin and Yang, 


Ou 


Before practicing each of the Cosmic Chi Kung sets in this chapter and in the follow- 
ing chapters begin with the heaven and earth spirals as outlined on page 157. 

First Create the Chi Field. 

Hold each of the Cosmic Chi Kung postures for at least 5 - 30 seconds, gradually 
lengthening the time to 60 - 120 seconds per posture. 

Note: While holding the postures count the breath from 5 to 15 seconds, being aware 
of the Tan Tien and feeling the Chi in the Tan Tien which then moves up to the crown 
and expands up to the universe; fuse your Chi with the Universal Chi and let it multiply 
down to your palms. Just concentrate on the ‘Tan Tien and the Universe’; do not 
concentrate on the palms at all 

Throughout parts |, ll, Ill and IV ‘Tan Tien and Universe’ means to spiral into the Tan 
Tien and spiral out into the universe connecting ‘Tan Tien and Universe’. 


e of Practice 
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Part! 
Opening to Heaven, Earth and Cosmic Chi 


Opening Movements 

Three Minds into One Mind 
Empty the mind and heart down to the Tan Tien. 
Hold the hands together at the heart center. 


Smile and make the heart fee! soft; feel love, joy and happiness. 
Turn your consciousness inward and your awareness out. 


Fig. 8.7 Empty your Mind and Heart down to your Lower Tan Tien. 


Feel your legs lengthen extending down to the center of the earth. 

Feel your hands lengthen extending to the universe below. 

Let the mind expand and be aware all the way down to the universe. 

Feel the ‘long’ bones of the arms and legs and begin bone breathing. 

Feel universal Chi filling, packing and compressing into the bones. 

Draw this Chi down to the back of your crown and feel a heavy pressure press on the 
crown; feel slightly numb or a light electric downward flow, like oil dripping down, ‘Focus 
at Tan Tien and Universe’. Count to five. 
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Channeling the Earth Force - Washing the Bone Marrow 


Smile into the perineum, palms and crown. Then slowly raise the arms, palms facing 
each other, to chest height keeping the elbows relaxed and sunk. Rotate the arms 
slowly until the palms are facing down. Be aware of the mideyebrow and feel your 
breath and lightly contract your eyes and round muscles around the eyes. Connect the 
perineum bridge by slightly squeezing the sex organs and the anus; do this a few times. 

Rest and smile to soles of the feet, feel the Chi bubbling and feel like you are 
standing on a hot spring starting to bubble up. 

Be aware of your Tan Tien and expand your mind down past the earth to connect with 
the galaxy below you. Multiply and bring your mind back to the Tan Tien. Gradually feel 
the Chi being absorbed through the whole body and absorb it into the bones and body 
like a rising steam or mist. Feel the earth force move through the center of the bones 
and enter the bone marrow move up the calves and thighs (femur bones) through the 
hip bones, spine, scapula, arms, neck and skull. Finally swirl the energy around 
your brain. ‘Focus at Tan Tien and Universe’ 


Hip point 


\\° Tiger's mouth 1 
S 


Fig 8.8 Activate the Hip: Large Intestine 4, Pericardium 8 and Small Intestine 3. 


Raise your index finger slightly upward to 
* activate the Hegu Point (Large Intestine). 


/ Tiger's Mouth 


Fig. 8.9 Open the ‘Tiger's Mouth’ 
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Then stretch your thumbs out to the sides and down, so that they end up point- 
ing downwards toward the earth. This activates Large Intestine 4 (Hegu). Large Intes- 
tine 4 is found in the webbing between the thumb and index finger. Itis called the "eye of 
the hand”; this area is also known as the "Tiger's Mouth." 

‘Slowly draw the elbows back and lower the hands until your palms are facing down 
beside the "eye of the hip” (the iliac crest) with the "eye of the hand” (Large Intestine 4) 
aligned with the "eye of the hip. "Be aware of the Tan Tien (Yi, the abdominal brain) and 
expand your mind out into space, the Cosmos and the universe. Remember: The fin- 
gers and the energy point act just like a laser to help guide the universal force flow; as 
soon as you focus on the fingers or the palms you are starting to use your own energy. 
Feel your Tan Tien and the crown full with Chi, Just use your second mind intention, 
lightly aware of the area between the hips and LI-4 points. Focus at Tan Tien and the 
universe. This will activate the lungs and large intestines. Hold for a 30 second count 
and gradually you will feel the ascending colon and the sigmoid colon have been acti- 
vated; you may feel some movement around this area 


Hip Point 
i 


Fig. 8.10 Activate the Organ Energy. 


Use your Yi to rotate your hands so that the fingers first point out, then back, turn the 
palms up and finally point the middle finger in toward the eye of the hip. Tan Tien and the 
universe - 95 % aware of the ‘Tan Tien and the Universe’ and 5 % aware of energy 
flowing back and forth between the tips of the middle fingers (Pericardium 9); feel 
the Chi passing through the hips. This will activate the pericardium 
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Rotate the hands again until the fingers are 
pointing forward with the palms facing up. 
Align the knife edges (Small Intestine 3) with 
the eyes of the hip. ‘Focus at Tan Tien and the 
Universe’. Be lightly aware of the eneray pass- 
ing back and forth between the two hands. This 
will activate the heart and small intestine. 


Fig. 8.11 Activate the Heart and Small intestine. 


Absorb the Heavenly Force 
Washing the Bone Marrow - Crown to 
Soles 


Extend the arms forward to chest height with the palms 
facing upward. 


Laogong Point (Pericardium 8) 


Fig. 8.12 Draw Heavenly énergy into tne Palms. 


Become aware of the Tan Tien, the Crown and the Star above you. Expand your 
mind (YI) out to the universe and connect to the galaxy. Be aware of the palms and the 
crown which are connected to the galaxy. Activate the Laogong point (Pericardium 8). 

Feel the heavenly energy come directly to your palms, and be aware of the violet light 
of the North Star and the red light of the Big Dipper both shining radiantly. 
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Picture yourself holding the handle of the Big Dip- 
per and turn the ‘cup’ pouring the light over your head. 
Draw this light in through the palms and the crown 
point and feel it washing your bone marrow. Always 
remember your Tan Tien. Direct the sensations 
down through the skull, cervical vertebrae, 
clavicle, scapulas and sternum. Activate your thy- 
mus gland and continue drawing the healing 
heavenly light down through the rib cage, arms, 
spine, hips, femurs and calf bones, feet and toe 
bones. Be aware of the soles bubbling up to the 
perineum and up to the crown. 

Lightly rock yourself like riding a horse; this will help 
keep your spine open and Chi can flow easily through- 
out the practice. 


Fig. 8.13 Hold the Big Dipper. 


Absorb the Earth Force and the Other Side of the Galaxy 


Rotate the arms until the hands are palms down. 

Raise the index fingers slightly and extend the thumbs first towards each other and 
then toward the ground. Be 95% aware of the Tan Tien and the Universe, and 5 % aware 
of the index fingers and the big toes. Wait until you feel the Chi enter. Fill the joints of the 
fingers and up to the wrists; feel ‘tense but not tense’ 
and let the Chi continue to fill the joints up to the 
elbows, up to the shoulders and gradually up to the 
neck and the head. Go from the toes up the legs to the 
hips and on into the spine and the rib cage complet- 
ing all the joints of the body. 

Be aware of the Tan Tien and the universe and only 
slightly aware of the palms (Laogong), the soles of the 
feet (Kidney 1-Bubbling Spring), and the perineum 
(Conception Vessel 1-Hui Yin) bubbling. Activate these 
points, feel the earth energy and continue smiling 
through the earth to connect with the galaxy, Milky Way, 
and the universe. Draw this light in through the palms 
and soles and let it wash up through the center of your 
bones from the feet up. Letit steam and cleanse your 
marrow. Picture any impurities or illness dripping out 
of your bones and draining down into the earth, where 
they will be recycled and purified. 


Fig. 8.14 Open the index fingers. 
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Core Movements of Part I 


Grasping the Moon 
Connecting the Heaven and Earth Forces - Right Side over Left 


Open Position: Heaven Force - Slightly raise the index fingers to open the palms. 
Bring the arms up , bending the elbows so that the left hand is under the right elbow with 
the left index finger pointing up to Heart 3 


Heart 3 


i 
Large Intestine 11 
Fig. 8.15 Complete the Heavenly Circuit. 


The right index finger is pointing up toward heaven and connecting to the galaxy. The 
right forearm is over the left forearm, with the tip of the right index finger held above the 
Large Intestine 11 point of the left arm. 

The right index finger draws in the heavenly force like antennae. The force flows 
up the bones of the right arm, across the shoulders to the left arm and through the 
bones of the left arm to the left index fingertip. It then flows through the index finger 
of the left hand into the Heart 3 point of the right arm, completing the heavenly 
circuit. Continue cycling in this way. Hold the position and count to five 

The practice uses the ‘Empty Force’; this means that there is no contact. The 
fingers must be ‘tense without tensing’. When you tense and raise the index finger, 
you will feel the Laogong point opening. 
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Close Position: Tan Tien, earth and the universal force - keeping the arms in the 
same position, move both index fingers to point down. The right index finger will now 
point toward the Large Intestine 11 point of the left arm and the left index finger 
will point downward toward the earth and continue down to connect to the universe. 
Draw in the earth force through the left index finger, bringing it through the bones of the 
left arm, across the shoulders through the right arm to the right index finger and out into 
the Large Intestine 11 point of the left arm. Continue cycling in this way, completing the 
earth circuit. 

‘Open and close three times altogether ending in the open position. Hold each count 
for five seconds 


Holding and Activating the Chi Ball 
Tan Tien and the Original Force - Right Side over Left 


Turn the left palm upward and lower it to 
the Tan Tien with the pinky pointing inwards. 

Lower the right palm to the navel, palm 
down, as though you were holding a small 
Chi ball. Lower the right thumb to point toward 
the left Laogong point. This opens the eye of 
the right hand (LI-4), then point it toward the 
navel. Be aware of Tan Tien and universe. 


Fig. 8.16 Right Side over Left - ‘Holding the Ball’. 
Yin/Yang Palms 


Separate the hands and extend them out in front of the 
body at navel level. The left palm is still pointing up, and 
is Yang drawing in the heavenly force through Laogong, 
The right palm is still facing down, and is Yin drawing in 
the earth and the galactic force from below. 

Conclude by turning the left palm over to face down- 
ward. Draw in the earth force through both palms. 


Fig. 8.17 ‘Yin and Yang Palms’ - Right Hand 
connecting to Earth and Left to Heaven. 
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Left Side: Repeat on the left hand side with the left arm over the right. Holding 
the Chiball the left hand is on top. Hold for a count of five seconds. 


Fig. 8.18 Open the Heavenly Circuit. Fig. 8.19 Holding the Chi Ball 
Then the bottom hand slides and turns ‘Palm-Up’ - Left Side over Right. 
and the Top Arm slides to ‘hold the Chi Ball 


Closing Movements 
Activate the Chi Channels - Balance the Organs 


Hart Governor (HG-9) Triple Warmer 
(Twa) 
‘}\ 
\ | | / |] Cange totestine 
e\\\| | (ue) 
A\\\\) Vf 
‘Small Intestine\\ \) \ “ 
Lung (L6-11) eo) Vite 
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wy 4 ( 
Pericardium (P-8) an 
ye siiw ol 


Fig. 8.20 Finger Points 
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The closing movements balance organ energy while activating the Chi Channels 
Hold the arms extended forward with the palms down at solar plexus level. Hold 
each stage for a count of five seconds. 


Index Fingers: 


Tense all the fingers and feel the Chi filling all the joints; open the index fingers, 
raising them up, while keeping the rest of the fingers level 


Large Intestine 


Fig. 8.21 Activate the Index Fingers - Up. 


The tension should be like the string of a tuned musical instrument. When 
lightly tense the Heavenly Chi will be drawn in through the index fingers. 
Relax the hands and bring the index fingers back to the neutral position, 
level with the other fingers. 


Energy to Large intestine 


Fig. 8.22 Draw Earth Energy through the Index Fingers - Down. 


Stretch out and tense all the fingers and press the index fingers to point 
down toward the earth and continue down to the universe. Keep the other fingers level. 
Draw in earth energy through the index fingers and circulate it through the body. 
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You can easily form the leads of through-hole resistors by hand or by using a lead-bending jig, a 
small tool with accurately spaced notches. Traditionally, these resistors have their leads formed so as to 
be threaded through holes in a PCB, and then soldered to the PCB. The extra lead length on the bottom 
of the PCB is then clipped off. See Figure 3-10, 


Figure 3-10. Resistor leads are bent at right angles and inserted into holes in the PCB to be soldered. 


Schematic Symbols and Reference Designators 


The schematic symbol for a fixed-value resistor is a zigzag line. See Figure 3-11. Every component in 
your circuit should have a name, which is also called a reference designator. Typically, most reference 
designators will have a short letter abbreviation to describe what kind of part itis (IRs for resistor) and a 
sequential number assigned as more parts are added to the schematic. Rl would be the first resistor, R2 
would be the second resistor, and so an. 

If there is only one resistor in your circuit, then you don't have to number them, do you? You can 
just called it R, or Galactic Emperor R the Mighty, or whatever strikes your fancy. Most people stick to 
simple numbers. 

Your numbering scheme depends a lot on the complexity of your schematic. If you only have a few 
resistors in your circuit, you can start at one and go up as needed. If you have a complex circuit with 
many subcircuits, you might allocate R101, R102, R103, and so on, to the first subcircuit (e.g., a power 
supply), and then assigned R201, R202, and so on, to a different section, such asa display. It’s entirely up 
to you. Usea system that helps you keep track of things, 
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Bring the index fingers back to neutral and relax your hands. 
Once again open the index fingers by raising the index fingers up, while keep- 

ing the rest of the fingers level. Draw in the Heavenly Chi through the index fingers. 
Bring the index fingers back to neutral again and relax your hands. 


Ring Fingers: 
Stretch the ring fingers down toward the earth, keeping the rest of the fingers level. 


Draw in earth energy through the ring fingers and circulate it through the body. 


PGS ‘6 a 


Fig. 8.23 Draw Earth Energy through the Ring Fingers. 


Bring the ring fingers back to neutral and relax your hands. 
Once again open the index fingers by raising the index fingers up, while keep- 

ing the rest of the fingers level, and draw in the Heavenly Chi through the index fingers. 
Bring the index fingers back to neutral again and relax your hands. 


Thumbs: 
Stretch the thumbs out and down toward the earth, keeping the rest of the fingers 
level. Draw in earth energy through the thumbs and circulate it through the body. 

Bring the thumbs back to neutral and relax your hands. 


Net 


Fig. 8.24 Draw Earth Energy through the Thumbs. 
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Once again open the index fingers by raising the index fingers up, while keep- 
ing the rest of the fingers level, and draw in the Heavenly Chi through the index fingers. 
Bring the index fingers back to neutral again and relax your hands. 


Pinky Fingers: 


Stretch the pinky fingers out and down toward the earth, keeping the rest of the 
fingers level. Draw in earth energy through the pinky fingers and circulate it through the 
body. 


{! ‘Small Intestine 


Fig. 8.25 Draw Earth Energy through the Pinky Fingers. 


Bring the pinky fingers back to neutral and relax your hands. 

‘Once again open the index fingers by raising the index fingers up, while keep- 
ing the rest of the fingers level. Draw in the Heavenly Chi through the index fingers. 
Bring the index fingers back to neutral again and relax your hands. 


Middle Fingers: 


Stretch the middle fingers out and down toward the earth, keeping the rest of the 
fingers level. Draw in earth energy through the middle fingers and circulate it through 
the body. 

Bring the middle fingers back to neutral and relax your hands, 

‘Once again open the 
index fingers by raising 
the index fingers up, 
while keeping the rest of 
the fingers level. Draw in ~~ 
the Heavenly Chithrough 
the index fingers. 

Bring the index fingers 
back to neutral again and i] 
relax your hands. 


Heart 


Fig. 8.26 Draw Earth Energy through the Middle Fingers. 


187 


Cosmic Chi Kung 


Crane's Beak and Swallow the Saliva: 


Form the "Crane's Beak" with both hands by bringing all the fingertips together with the 
thumbs inside. Inhale and contract the sexual organs. 

Move your tongue and suck the mouth to activate the saliva. Divide it into three 
parts, tighten the neck and gulp down the first part to the center of the navel; force the 
second mouthful of nectar down to the left side of the navel and the third to the right 
side of the navel. Raise the forearms up to shoulder height with the fingers pointing 
down, Slowly open the palms and begin to lower the arms to the sides, until the palms 
are facing each other before the starting position. 


Fig. 8.27 Form the ‘Crane's Beak Fig. 8.28 Raise Forearms to Shoulders. 


Fig. 8.29 Lower Arms to the Sides. Fig. 8.30 
Palms facing each other to cover the Navel. 
Conclusion: 
Bring awareness to the navel. Notice the quality and intensity of the energy generated 
and collect your energy at the navel. Men place hands over the navel with the right 
hand on top; women vice versa. Rest. 


Summary: 
Practice Part | daily for one or two weeks until you can do it well. Then you can 
proceed to learning Part Il 
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Part Il 
Opening the Bridge and Regulator Channels 


Theory 


Chi flows through your body along numerous channels or meridians. The channels are 
divided into two major groups: the extraordinary or special channels and the ordinary 
channels. After your mother's egg and your father’s sperm joined together to form a 
single cell, that cell began to divide. The extraordinary channels were the first energy 
channels formed as a result of that early cell division. 


There are Eight Extraordinary Channels: 
Governor Channel 
Functional or Conception Channel 
Thrusting Channel 
Belt Channel 
Yang Regulator Channel 
Yin Regulator Channel 
‘Yang Bridge Channel 
Yin Bridge Channel 


Later, as your fetus developed, your Original Chi flowed through the eight extraordi- 
nary channels to help create your internal organs and their energy channels. These 
twelve "ordinary channels" are divided into yin and yang. The yin Channels are con- 
nected to the solid organs, and the yang channels are connected to the hollow organs. 


The Twelve Ordinary Channels: 
Lung (Yin) Channel 
Large Intestine (Yang) Channel 
Stomach (Yang) Channel 
Spleen (Yin) Channel 
Heart (Yin) Channel 
Small Intestine (Yang) Channel 
Bladder (Yang) Channel 
Kidneys (Yin) Channel 
Pericardium (Yin) Channel 
Triple Warmer (Yang) Channel 
Gall Bladder (Yang) Channel 
Liver (Yin) Channel 
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These twelve organs serve to extract energy from the food and water we ingest and 
the air that we breathe to create energy through the metabolic processes of respiration, 
circulation, digestion, elimination and reproduction. This energy is called PostNatal Chi, 
as it comes in after we are born. Thus the extraordinary channels serve as the link 
between our Original or Prenatal Chi which came from our mother and father, and our 
Postnatal Chi which comes from our food and air as a result of metabolism. 


General Functions of the Eight Extraordinary Channels 
They serve as reservoirs of Chi. 


About two thousand years ago, one of the great texts of Chinese medicine, the Nan 
Ching was written. This classical text describes the twelve ordinary channels as rivers 
and the eight extraordinary channels as reservoirs of Chi. When the ordinary channels 
become low in energy, they can draw from the reservoirs of energy in the extraordinary 
channels. On the other hand, if the ordinary channels become too full, the excess can 
be taken up by the extraordinary channels. In this way the extraordinary channels help 
us to maintain a balance in our energy body. 


They store and circulate Ching Chi. 


The extraordinary channels all draw their energy from the kidneys, which are the store- 
house of Ching Chi (essence or sexual energy) in the body. Thus the extraordinary 
channels circulate the Ching Chi around the body, particularly to the skin and hair, and 
to the five ancestral organs: the brain and spinal cord, the bone marrow, the blood, the 
uterus and the liver and gall bladder. 


They circulate Defensive Chi to protect the body. 


The Chi that protects the body against invasion by external pathogens is called Defen- 
sive Chi or Wei Chi. The extraordinary channels circulate Defensive Chi over the back, 
abdomen and thorax. These functions are performed by the Governor Channel, the 
Functional Channel and the Thrusting Channels, respectively. 


They regulate our life cycles. 
In the first chapter of the Yellow Emperor's Classic of Internal Medicine (Huang Di Nei 
Ching Su Wen), another of the classical texts of Chinese medicine, the life changes of 


women and men are described in 7 and & year cycles respectively. The Functional 
Channel and the Thrusting Channel govern these cycles. 
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Eight Extraordinary Channels and Chi Kung 


There are few texts available today that describe the purpose and function of the eight 
extraordinary channels and their place in Chi Kung practice. To make matters more 
confusing, the extraordinary channels and points used in Chi Kung are often quite differ- 
ent from those used in acupuncture, even though they may bear the same names. 

Most acupuncturists pay little attention to the eight extraordinary channels in diagno- 
sis and treatment with the exception of some modern Japanese researchers. By con- 
trast, the extraordinary channels have been of special importance to Taoists and Chi 
Kung practitioners for thousands of years. Taoists see the extraordinary channels as 
the foundation of our bodily energy, as the bridge between our Original or Prenatal Chi 
and our Postnatal Chi; these channels affect us on the deepest level of our basic con- 
stitutional energy. 


Therefore, Taoists focus on opening up the flow of energy through the eight extraor- 
dinary channels as a prerequisite for opening the energy flow in the twelve ordinary 
channels. In the Universal Tao system, you first open up the Governor Channel and the 
Functional Channel in the Microcosmic Orbit Meditation. The second pair: the Thrusting 
Channels and the Belt Channels are opened in the Fusion of the Five Elements Il Medi- 
tation. The last four channels, the Yin and Yang Bridge Channels and the Yin and Yang 
Regulator Channels are opened in the third level of Fusion of the Five Elements Medita- 
tion. After opening all eight channels, in the next level of Taoist inner alchemical medita- 
tion called the Lesser Enlightenment of Kan and Li, the twelve ordinary channels are 
then opened. 
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Special Functions of the Bridge and Regulator Channels 


The Bridge and Regulator Channels have no points of their own. They borrow points 
from the other ‘ordinary’ channels linking together and controlling the flow through all the 
separate channels of the body. The Bridge and Regulator Channels travel along the 
same paths. There is no ‘rea’ difference between them. Both of them connect or ‘bridge’ 
and ‘regulate’ the flow of Chi in the body's meridians. 

cote 


Fig. 8.31 Yin Bridge and Regulator Channels 
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Bridge Channels Yin and Yang Chiao Mo Function 


The Bridge Channels, also called the Heel Vessels as they originate at the heels, regu- 
late the amount of energy being used by all the other meridians in the body. They act 
like a bridge linking together the stored Chi in the body and the areas in need of Chi. 
Usually if any meridian uses more energy than it needs to flow properly, then other 
meridians become deficient as a result. Thus the Bridge Channels seek to assure that 
your energy is distributed in a balanced way. The Yin Bridge Channel runs along the 
front or yin side of the body, while the Yang Bridge Channel runs along the back of the 
body. 


Fig. 8.32 Yang Bridge and Regulator Channels 


193 


Cosmic Chi Kung 


Disorders of the Bridge Channels 


Excess Yang Energy 


When yin energy is slowed down in the Bridge Channels, yang energy flows more 
rapidly. The excess yang can cause the following problems: insomnia, difficulty in clos- 
ing the eyes, hypertension, stiff back and waist, inability to bend down, thigh tumors, 
bad colds, spontaneous sweating, headaches, painful eyes, paralysis of the arms and 
legs, vomiting of milk in infants, deafness, epilepsy, nose bleeding, swelling of the body, 
pain in the joints and head sweating. 


Excess Yin Energy 


When yang energy is slowed down in the Bridge Channels, yin energy moves more 
rapidly. The excess yin causes the following problems: sleepiness, difficulty in keeping 
the eyes open, hypotension, choking, painful urination, stomach rumbling, vomiting, 
diarrhea, difficult bowel movements, difficult labor and unconsciousness. 


Regulator Channels 


Yin and Yang Wei Mo Function 


The Regulator Channels, also called the Linking Vessels, bind together all the merid- 
ians in the body. The Regulator Channels are also divided into yin and yang. The yin 
aspect, which runs along the front of the body, moves the yin energy and regulates the 
blood and inner parts of the body. It connects with all the yin channels: the Liver, Spleen, 
Kidney, Heart, Pericardium and Lung channels. If the yin aspect becomes imbalanced, 
the person may suffer from heart pains. 

The yang aspect, which runs along the back side of the body, moves the yang en- 
ergy, controls Defensive Chi, regulates resistance to external infections, and regulates 
the external parts of the body. It connects with all the yang channels: the Stomach, 
Bladder, Gall Bladder, Large Intestine, Triple Warmer & Small Intestine channels. If the 
yang aspect becomes out of balance, the person may catch colds and fevers easily. 

By joining together the various channels, the Regulator Channels help to maintain a 
harmonious and cooperative interaction between the different channels. 

‘The Regulator Channels in Taoist Yoga and Chi Kung are slightly different from those 
presented in acupuncture texts. The Chi Kung Regulator Channels include the yin and 
yang arm routes as well; some Taoist Yoga texts also refer to the arm routes as the Yin 
‘Yuand the Yang Yu. Acupuncture texts, by contrast, include only the leg, trunk and head 
routes. Many recent Chi Kung texts, unaware of these differences, depict illustrations 
from acupuncture texts alone, further adding to the confusion. 
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Disorders of the Regulator Channels 


Excess Yang Energy 


When yin energy is slowed down in the Regulator Channels, yang energy moves more 
rapidly. The excess yang can cause the following problems: swelling and pain in the 
joints, cold knees, paralysis of the arms and legs, painful back and sides, aching muscles, 
pain in the head, neck and edge of the eyebrows, fever, rashes, night sweating, tetanus, 
painful red eyes, colds and superficial fevers. 


Excess Yin Energy 


Similarly, when yang energy is slowed down in the Regulator Channels, yin energy 
moves more rapidly. The excess yin can cause the following problems: heart pain, 
diarthea with stomach rumbling, difficulty swallowing, pain on both sides of the chest, 
diseases associated with cold and convulsions, 


Summary 


The Bridge and Regulator Channels link all of the yin and yang channels in the body 
together and regulate the flow of energy in these channels to maintain a state of ener- 
getic balance in the body. The channels used for meditation are somewhat different 
from the ones seen in Chinese medical text and acupuncture charts. This is because 
their purposes are different. 

Chinese medicine aims to restore sick people to health. The points being treated 
must be superficial so that they can be activated by acupuncture needles. 

Chi Kung and Taoist meditation aim to maintain health and to take one beyond mere 
physical health to spiritual immortality. The channels and points can be deep within the 
body, since the energy is guided by the mind or by postures and movements rather than 
by needles. 

‘The movements used in Cosmic Chi Kung Part Il to activate the Bridge and Regula- 
tor Channels are relatively simple. To completely master the Bridge and Regulator Chan- 
nels, you must learn and practice the third level of Fusion of the Five Elements Medita- 
tion. Once you have done so, this part of Cosmic Chi Kung practice will be particularly 
powerful and balancing for you. 
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Ri 


WA 
10K 


Figure 3-11. The schematic symbol for a fixed-value resistor isa zigzag. The reference designator for this 
resistor is RI and its value is 10,000 ohms, or 10K. A simple rectangle symbol is also used 10 represent 
resistors, although many components are available in this physical form factor. Use the symbol you like 
best. 


Standard Resistor Values and Tolerances 


Remember how wires have their own peculiar numbering scheme to describe their basic characteristics 
(e,, the AWG, which uses smaller numbers to represent larger wires)? Well, resistors have their own 
peculiar numbering system as well to describe their electrical properties, or value. Even though the value 
of a resistor is measured in ohms and succinctly describes its characteristic resistance, not every possible 
value is readily available. 

Some smart cookies at the Electronics Industries Alliance (EIA; see 
hhttp://maw-ecaus.org/eia/site/ index.html?) have come up with some standard values that fill in most 
of the commonly used values for resistors and other components. Their scale is not linear but 
logarithmic, meaning that it takes larger steps as the values go up. This makes alittle more sense once 
you understand how component value tolerances work. 

You can buy, for example, a 10 resistor and expect it to be pretty close to being 10 at room 
temperature, but it’s not going to be exactly 10. I's going to be pretty close. How close? Well, that mostly 
depends on how much money you're willing to spend on this single resistor. If the answer is “not that 
much," then “pretty close” is going to mean within 5 percent of the stated value. That means your 10. 
resistor could actually measure as little as 0.950 or as much as 1.050 and still be “within tolerance.” 
Five-percent resistors cost only a few cents even in small quantities. 

Given that there's alittle wiggle room for each resistor value, people who can tolerate their resistor 
values being off by as much as 5 percent don’t need to be ordering 50 resistors of 0.990 and another 50 
of 1.019 when they could just as easily (and certainly less expensively) order 100 resistors of 10 with a 5 
percent tolerance. 

This overlap in the values of the resistors allows us to skip from 1,00 to 1.19 without having to keep 
track of all the litle resistors in between. This is because a 1.10 resistor could measure as little as 1.050 
foras much as 1.150 and still be in tolerance. 

With a standard resistor tolerance of 5 percent, we can use just 24 values to cover the range between 
1®and 100. The same multiples can then be used to cover the range between 100 and 1000, and so on. 
‘Aren't logarithms fun? See Table 3-2. 


Table 3-2. The £24 Standard Values for 5 Percent Resistor Value Tolerances (Higher and Lower Decades 
Are Also Available) 


TOT] ToO_[-1OK[ TOK [100K [TON 
TIT] THO [1-1K[ 11K [T10K-[1-1N 
1219] T20—[1-2K| “12K 120K[ 1-28 
1313] 130_[13K_|13K[ 130K [13M | 
RE 150 15K [15K [150K [15M | 
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Practice 


Opening Movements 


The Opening Movements for this second part of Cosmic Chi Kung are the same as for 
the first part. By now you should be familiar with these movements, so they will be 
described briefly. For a more detailed description, refer to Part |, Opening Movements. 


Hands down at sides, palms facing each other. Commence Bone breathing. Be 
aware of the Tan Tien and absorb Cosmic Chi. Be aware of the Tan Tien and channel- 
ing the earth and galactic forces. 


Washing the Bone Marrow 
Raise arms to chest height - palms facing each other. Rotate arms until palms face 
down, Open the ‘Tiger's Mouth' - Index finger up, thumb down. 


Fig. 8.34 Open the ‘Tiger's Mouth’ 


Fig. 8.33 Hands lower to the Sides. 
Lower the Mind to the Tan Tien. 


Activate and Beam to the Eye of the Hip 
A. Large Intestine 4 - Eye of the Hand 
B. Pericardium 9 - Tip of the Middle Finger 
C. Small Intestine 3 - Knife Edge of the Hand 
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Fig. 8.35 Activate the Large Intestine, Pericardium and Small Intestine. 


Be aware of the Tan Tien and absorb the Heavenly Force 

Washing the Bone Marrow Crown to Soles. 

Extend the arms forward - palms upward. Be aware of the Tan Tien and absorb the 
heavenly force. Rotate the arms until the palms face down. Raise the index fingers 
slightly. Absorb the Earth Chi, 


Fig. 8.36 
A.Be aware of the Tan Tien and 
absorb the Heavenly Force. 


B. Index Fingers up - be aware 


of the Tan Tien and absorb 
the Earth and Universal Force. 


Cosmic Chi Kung 


Core Movements of Part Il 


Opening the Bridge and Regulator Channels 


Activate the Throat Center - Right Side 


Keeping the elbows sunk, raise the left palm first so that it is about 1 inch in front of the 
throat center (Conception Vessel 22), palm facing in. Then bring the right hand up so 
thatitis about 1 inches in front of the left hand, palm facing in. Align the Lung 10 point in 
the middle of the eminence of the left hand with the throat center. Feel the Chi go 
through the neck to C-7. Continue smiling to the universe and connect to the back 
side of the universe. Hold for a 5 to 30 count and feel the throat center activated. 


Thumb to Thumb Alignment 


Fig. 8.37 Connect to the Throat Center. Fig. 8.38 
Feel the connection to the Universe at the Back. 


Move both hands out slowly like you're pulling silk; when the feeling is diminished or 
the silk starts to break stop there. Be still and feel the beam connect the throat center to 
C-7 and the universe. Maintain the energy beam as you move in and out three times 
altogether ending with the hands as above 


Activate Mideyebrow Point - Right Side 


Be aware of the Tan Tien and the universe. Keeping the Lung 10 points aligned, raise 
the hands up to the level of the mideyebrow point about one inch in front of the face. 
Keep the points aligned and beam the energy passing through both hands into 
the mideyebrow point and through to the base of the skull. Continue smiling and 
extending to make a connection to the back universe for a 5 to 30 count. 

Use only 5% of the awareness to move both hands very slowly out, like you are 
pulling silk; continue to move out as long as your can feel the connection to the 
mideyebrow, C-7 points and the universe, maintaining the energy beam as you move. 

Move in and out three times altogether, ending with the hands as above. 
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Mideyebrow to Jade Pillow Pull and feel the connection 


Fig. 8.39 Connect to the Mideyebrow, Jade Pillow and the Universe at the Back. 


Keeping the palms and thenars (Lung 10) aligned, move the hands back down to the 
position in front of the throat center. Keeping the forearms horizontal at shoulder height, 
separate the hands so that the Laogong point is aligned in front of Stomach 13, just 
below the clavicle on a vertical line above the nipple or mammillary line. The middle 
fingertips should almost be touching. Beam energy from the Laogong points into 
ST-13 through the back on the side of the spine and connect to the universe. 
You will be following this vertical line, which passes through the nipples, down the torso 
to the level of the navel, stopping to focus and beam energy into key points along 
the way. On each of these, focus your Yi on beaming energy into the organs inside 
each position. Stomach 13 is the location that activates the Heart and Lungs. Feel the 
change in your breathing as you activate the lungs. 


Fig. 8.40 Beam Energy into ST13. 
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Move the hands down the mammillary line to Stomach 16, about one inch above the 
nipple (in the space between the third and fourth ribs). Chi connects to the back and to 
the universe. Again, beam energy to energize and balance the heart and middle of the 
lungs. Move the hands down to Liver 14 (about 2 - 3 inches below the nipple in the 
space between the 6th and 7th ribs). Beam healing energy into the liver and gall blad- 
der. Feel the Chi or the vibration of the palms activate the liver and feel the energy 
moving inside there. 


A B. 
Fig. 8.41 A. Energize and balance the Lungs at ST16. 


B. Energize and balance the Liver and Gallbladder at LV14. 


Move the hands down to Spleen 16 (just below the rib cage on the mammiillary line). 
Beam healing energy into the stomach, pancreas and spleen and the liver. Picture 
the organs receiving the Chi from the cosmic and the universe. 

Move the hands down to Spleen 15 (an the mammillary line to the level of the navel). 
Beam healing energy from your palms into the small intestine and the Tan Tien. 


A B. 
Fig. 8.42 A. Energize the Stomach, Pancreas, Spleen and Liver at SP 16. 
B. Energize the Tan Tien and Small intestine at SP15. 
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Hold the Chi Ball - Right Hand on Top 


Turn the left palm up and align the Chi Ball with the Tan Tien. Turn the right palm 
down and align the eye of the hand (LI-4) with the navel. Feel your palms holding a Chi 
ball and feel a Chi ball inside the Tan Tien. Feel the Chi ball connect to the Cosmic 
Chi outside. Feel the north (usually left) and south (usually right) poles in the hands. 
Lower the right thumb to point toward the left Laogong point. 


Fig. 8.43 
Hold the ‘Chi Ball’- One in the Tan Tien and the 
other in the hands - Right Hand over Left. 


Yin/Yang Palms 


Separate the hands and extend them out in front of the body at solar plexus level. The 
left palm is stil pointing up and is yang drawing in the Heavenly Force through Laogong 


The right palm is still facing down and is yin drawing in the Earth Force energy. ‘Be 
Aware Tan Tien and Universe’ 


Fig. 8.44 Connect to Heaven and Earth, 
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Conclude by turning the left palm over to face 
downward. Draw in the ‘Earth Force’ through 
both palms. 


Fig. 8.45 Draw the Earth Force through the Palms. 


Repeat the sequence with the left palm over the right. 


Start by moving the right palm to the throat and then the left palm. Scan the body, as in 
the previous sequence, using both palms to connect to the points running down the 
front of the body. Remember to maintain a sense of the Chi flowing between the points 
in the front and their corresponding points in the back of the body. 


Fig. 8.46 Repeat the Practice on the Left Side. Push and Pull the silk at the Throat. 
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8.47 Project to the Mideyebrow and Base of the Skull - connect to the Universe at the 
back. Then hold the Ball and repeat Finger Movements, as below. 


Continue with the left side, now pulling the silk at throat (C-7), 


Fig. 8.48 Beam Energy into each of the Organs like the last time. 


Closing Movements 


The closing movements, crane’s beak and finish are the same as before. 
Activate the Chi channels - balancing the organs. 
Index Fingers 


v 
Fig. 8.51 Close (down) 


Fig. 8.49 Open (up) Fig. 8.50 Neutral 
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Fig. 8.52 
Ring Finger - down, neutral. 
Index Finger - open, neutral. 


Fig. 8.53 
Thumb - in and down, neutral. 
Index Finger - open, neutral. 


Fig. 8.54 
Pinky Finger - down, neutral. 
Index Finger - open, neutral. 


Fig. 8.55 
Middle Finger - down, neutral. 
Index Finger - open, neutral. 


ia 


Crane's Beak 

Form the crane’s beak with both hands by bringing the fingertips together with the 
thumbs inside. Activate the saliva and swallow down three times to the Tan Tien. Raise 
the forearms to shoulder height with the fingers pointed down, inhaling gently as you 
raise. Open the palms slowly and begin to lower the arms to the sides as you exhale, 
until the palms are facing each other in the starting position. 


Finish 

Bring the awareness to the navel and notice the quality and intensity of the eneray 
generated. Collect energy at the navel. Men, place the hands over the navel with the 
right hand on top; vice versa for women. 
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Partlll 
Opening the Functional and Governor Channels 


Theory: Functional and Governor Channels 


The Functional and Governor Channels are the first two of the eight extraordinary chan- 
nels described earlier in this chapter (beginning p.178). They serve as the reservoirs of 
yin and yang energy in the body. The Functional ar Conception Channel is yin and all of 
the ordinary yin channels connect o it. Similarly, the Governor Channel is yang and all 


of the ordinary yang channels connect to it. 
Pineal Gland beneath Crown 
4 (Enlightenment Gland, 


Giand of Direction) 


) a Yui-Gen (Cranial Pump) 
bid 
\ | Ta-Chui (Central Control of the 


} ‘Tendon Connections of the 
Hands and Spinal Cord) 

ey 

ae | 


a Gia-Pe (Opposite Heart Center) 
iil 4 Chi-Chung (Adrenal Gland 
iq Center at T-11)-Mini pump 

Ming-Men (Kidney Point - 
Door of Life); Prenatal energy 
storage safety point, 


Prutary Gland (ideyebromy 0 


Crystal Room Cavity of the Spirit Tongue 


Hsuan Chi (Throat Energy Center) 


‘Shan Chung (Thymus Gland) 


Rejuvenation Center —_* 
Chung Wan (Solar Plexus, Pancreas) 
Chi-Chung (Navel, Spleen) 
Ovary/Sperm—__@ 


Palace 


Chang-Chiang, Coccyx 


Exraat (He a | (Sacral Pump) 


Wel-Chung BL-40; extra 
Spirit Energy is stored here 


Hui-Yin (Perineum - Gate of 
Death and Life) 


Functional Channel Governor Channel 


Yung-Chuan K-1 
(bubbling spring) 4 
Fig. 8.56 Cosmic Orbit 
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THI TsOK[ TM 
Ta 10K | LaM 
2020] Z00K_|-2.0M] 
2222 220K [22M] 
Zaza 240K 2M] 
2721] 270K_[2.7M 
3.030] 300K_[-S.0N 
ERED 330K 33M 
3.656] 360K 36M] 
EREY 390K_[-39M_] 
ETE a30K_[.3M_] 
ara] a70K [7M] 
EET] S10K_[ 5.1M 
3.556] 360K_[S.6N 
Bred 20K 62M 
6.568 aK 6AM] 
75 750K 75M] 
B20 w20K_[ 82M] 
9.191 s10K [91M] 

Color Codes 


Even the old-fashioned through-hole parts are a bit too small to legibly label with a numeric value and 
tolerance factor. A system of color codes was developed to designate resistor values, using colors to 
represent both single digits, a power-of-ten multiple, and the resistor's tolerance. These colors are 
painted on the resistors in bands. A little memorization and careful practice will have you reading 
resistor color codes in no time. 

For 5 percent tolerance resistors, only four bands are needed to completely specify the resistor’s 
value and tolerance. The first two bands represent the first two significant digits of the value. The next 
value is the multiplier. The final value is a special case to tell the resistor's tolerance. 

The first two bands, as well as the multiplier value, use the color codes shown in Table 3-3 to 
represent the digits 0 through 9. (Unfortunately, these colors were chosen before the subtleties of 
colorblindness were widely understood.) 


Table 3-3. The Resistor Color Codes for the Significant Digits and Multiplier Digit of the Resistor’s Value 


Digit fotor | 


OBKck | 


TBrp wa 


2 ed 


TOrhnge 


Fellow 


SGrpen 


Spihe 


TViglet 


aGrhy 


‘oWwhi_e 


Cosmic Chi Kung 


Chi Ball 


In Part Ill we also begin to focus more on 
the sensation of Chi being emitted from our 
palms. This energy is emitted from the 
Laogong points primarily, but you can also 
feel it throughout the palms and fingers. It 
will feel like a balloon between your hands 
that is expanding and contracting or like two 
magnetic fields repelling and attracting each 
other. 

Once you have practiced Cosmic Chi 
Kung for awhile and have become skillful at 
it, you may find that Grasping the Chi ball is 
all you need to do to activate your flow of 
healing energy before doing a session. As 
you become sensitive to the sensation of 
your own Chi, it becomes an easy step to 
feel the Chi of others. 


Fig. 8.57 Grasping the Chi Ball 


Opening Movements, Hands Down at Sides, Palms Facing Each Other 
Bone Breathing - Absorbing Cosmic Chi 


The Opening Movements are the same as in the sequence in Part |, ‘Opening to 
Heaven, Earth and Cosmic Chi’, on page 164. 


A Channeling the Earth Force - Washing the Bone Marrow Raise arms to chest 
height - Palms facing each other. Rotate arms until palms face down. Open the 
Tiger's Mouth - Index finger up, thumb down. 

B. Activate and Beam to the Eye of the Hip 

C. Absorb the Heavenly Force Washing the Bone Marrow - Crown to Soles 
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Core Movements of Part Ill 


Grasping the Chi Ball 


Slowly rotate the hands so that your palms face each other in front of your navel 


Fig. 8.58 Hold the Chi Ball. Fig. 8.59 Stretch and squeeze it. 

Feel the invisible ball of energy between your hands. Allow the energy to push 
your hands apart keeping the feeling of connection between your palms. When you 
have less feeling stop the palms and hold it there and reestablish the feeling of the Chi 


ball 
Let the energy draw your hands back toward each other, like a magnet, until you feel 


as if you were squeezing and compressing the ball, 
Stretch and squeeze the Chi ball three times by opening and closing your palms in 


this way. 
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Activate the Outer and Inner Arm Gates 


Activate Waiguan Triple Warmer 5 and Neiguan Pericardium 6 - Right arm on top. 
Slowly rotate the arms so that both palms face down. 


Cross the right wrist over the left wrist with 1 inch of space between the hands. Align 
PC-6 of the right wrist with TW-5 of the left wrist. Feel the two gates activate each other 
like metal and magnet drawn to each other. Hold for a 5 to 30 second count. 


TW5 


fi 


Pcs 


Fig. 8.60 Align and activate PC-6 (Right) with TW-5 (Left) 


Keeping the wrists crossed, slowly rotate hands turning the palms upward. Now 
‘TW-5 of the right wrist will be aligned with PC-6 of the left wrist. Hold and count and feel 
the points activated. ‘Be aware of Tan Tien and Universe’ 


Fig. 8.62 Fee! the Chi Ball and beam 
Align and activate TW-5 (Right) with PC-6 (Left). energy from LI-4 into the Navel Point. 


Open the Functional Channel with LI-4 


Bring the left hand down to the level of the Tan Tien with the Chi Knife facing in. Lower 
the right hand, palm down and align the eye of the hand, the LI-4 point with your navel 
Feel the Chi ball between your two hands, and at the same time beam energy from 
LI-4 into the navel point. 
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7 Mideyebrow 


ce sy Heart Center 


Nua 
F id Solar Plexus 
(Sye2ih\ Navel Center 
Sy 
an 


Fig. 8.63 Fig. 8.64 Activate all the Points. 
Magnify the Power of the Beam to the Solar Plexus. 


Raise the right hand up the Functional Channel, stopping and aligning LI-4 with the 
solar plexus, hold for a 5 to 30 second count and feel the points open and starting to 
activate each other. 


a 


Fig. 8.65 Fig. 8.66 Fig. 8.67 
Beam to the Heart Center. Beam to theThroat Beam to the Mideyebrow 
Continue to move up to the heart, throat (CV-22) and mideyebrow points. Beam 
energy from the eye of the hand into each of these points and at the same time, con- 
tinue to feel the Chi ball connection between the two hands 


209 
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Return down the Functional Channel in the same manner, starting from the 
mideyebrow and stopping to beam energy into each point. 


Next beam into the throat center, heart center, solar plexus and finally the navel. 
Hold the Chi ball at the navel with the right hand over the left. 


Yin/Yang Palms 
Separate the hands and extend them out in front of the body at solar plexus level. The 


left palm is stil pointing up and is yang drawing in the heavenly force through the Laogong 
point. The right palm is still facing down and is yin drawing in the earth force energy. 


a 


Fig. 8.68 Separate the Hands, one palm facing up Fig. 8.69 
and one down - draw in the Forces of Heaven and Earth Draw in Earth Force. 


Conclude by turning the left palm over to face downward. Draw in the earth force 
through both palms. 


Activate the Chi Ball, Tan Tien and the Original Force 


Turn the right palm upward and lower it to the Tan Tien. 
with the Chi knife pointing inwards. 

Lower the left palm to the navel, palm down. Lower 
the left thumb to point toward the right Laogong point. 
This opens the eye of the left hand (LI-4), pointing it to- 
ward the navel. 


Fig. 8.70 Activate the Chi Ball, 


Tan Tien and the Original Force - Right Hand over left, the 
‘Large Intestine 4’ pointing at the Navel. 
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Open the Functional Channel with the Left Hand 


A B. C. 
Fig. 8.71 A. Bring L/4 point up to the Solar Plexus and Heart Center 
B. Then up to the Throat Center 
C. Then upto the Mideyebrow. Descending down the channel in reverse, finishing at the Navel. 


After going up the functional channel come down the channel with the left hand. 
Holding a Chi Ball: Open the hands with the palms facing each other holding a Chi 


ball, Stretch and squeeze the Chi ball a few times in order to feel the Chi as a sub- 
stance; open and then relax the palms as you squeeze. 


Fig. 8.72 Hold and squeeze the Chi Ball 
Feel the Chi Ball expanding, growing Bigger. 


ant 


Cosmic Chi Kung 


Double Palm and Double Beam - Palm to Palm 
Activate the Functional and Governor Channels - Right Palm on Left 


Bring the left palm in first to face the navel, about 1 inch away, aligning the Laogong 
point with the navel. Follow by bringing the right hand in front of the left hand, aligning 
the Laogong of the right palm with the Laogong of the left hand and the navel 
Both palms are now facing in. Beam energy through both Laogong points to the navel 
and through the body to the Door of Life, between L-2 and L-3 (Lumbar Vertebrae). 
Hold for a 5 to 30 second count and feel the vibration of the palms and Chi beam 
penetrate through the two points; feel them link together. 


Fig. 8.74 Fig. 8.75 Fig. 8.76 
Left Palm to Navel, Right on Top. ‘Beam from Navel to Door of Life. 


Next raise the left palm up to the solar plexus, aligning the Laogong point with the 
solar plexus. 

Follow with the right palm aligning the Laogong to the left palm. Beam energy into the 
solar plexus point and through the body to the T-11 point (thoracic vertebrae), 


» 


Re Spe 


Fig. 8.77 Fig. 8.78 Follow with the Right Hand to 
Raise Left Palm to Solar Plexus. form the Double Beam. 
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Continue in the same way with the left hand leading to the heart point and wing 
point, the throat point and C-7 (cervical vertebrae), the mideyebrow point and 
Jade Pillow, and the crown point and perineum. Always remember ‘Tan Tien and 
the universe’ 


Fig. 8.79 Beam into the Heart Center Fig. 8.80 Beam into the Throat Center and to C7. 
and to the back of the Heart. 


When you reach the crown lightly spiral the palms and feel the Chislowly penetrate 
deep into the body reaching the perineum; this will also open the Thrusting Channels. 
This might take a longer time, try a 30 to 60 second count. 


Perineum 


Fig. 8.81 Beam into the Mideyebrow Fig. 8.82 Beam from the Crown 
to the base of the Stall down to the Perineum. 
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Return down the front, point by point in the same way, leading with the left 
hand. 

Go up and down this way three times. The double palm and beam activate both the 
Functional and Governor Channels. The energy beam passes all the way through the 
body at each point, 


Grasping the Chi Ball 


Separate the hands and slowly extend the arms in front of you at navel level, palms 
facing each other, holding the Chi ball 


Fig. 8.84 Magnity its Energy. 


Fig. 8.83 Squeeze the Chi Ball 


Stretch and squeeze the Chi ball three times as before by opening and closing the 
palms. 'Be Aware of Tan Tien and Universe’ 


A B. ¢ 
Fig. 8.85 Repeat the double palm and beam with the left hand on the outside 
and the right palm leading, beaming from; A. Navel to Door of Life. 

B. Solar Plexus to T11 and Heart Center to the Wing Point C.Throat Center to C7. 
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Fig. 8.86 Activate the Mideyebrow to the Fig. 8.87 Activate the Crown and feel the 
Base of the Skull Energy penetrate to the Perineum. 


A. Lower the right hand to the mideyebrow and penetrate to the skull 
B. Lower the right hand down to the throat center, following with the left, 
C. Lower down to the solar plexus and penetrate to T11 
D. Lower down to the navel and penetrate to the Door of Life. 


Fig. 8.88 Channel the Earth Force, 
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The last band indicates the tolerance of the resistor using a different set of colors, as shown in Table 
3-4. The most common are 5 percent (gold) and 1 percent (brown). There is supposed to be a slightly 
larger gap between the digits and the tolerance bands, but this is sometimes hard to see. 


Table3- 


. Resistor Color Codes for the Final Color Band 


Tolerance (olor 
0.05% Orhnge 
0.25% Blfe 
0.5% Grden 

TS Bro] wi 
2ER ed 

5% Go) Id 
10% Si_| Wer 
20% Nol ne 


The multiplier digit can be thought of as either the number of 0s after the specified digits or as the 
exponent to which the number 10 is raised, as in scientific notation. Some examples make this easy to 
understand and remember. 

A resistor marked with brown, black, red, and gold stripes has a resistance of 1K0 with a tolerance of 
5 percent. An easy way to decipher this code is to do a simple substitution for the first two digits (brown 
is 1 and blackis 0, so we have 10 so far). Next decipher the multiplier band and write down that many 0s 
after the first two digits. Red is 2, so write down two Os. That gives us 1000 so far. The final band is gold, 
and that means a 5 percent tolerance; 1,000 ohms is usually abbreviated as 1.0KQ or simply 1KQ. 


Note K stands for kilo, the Greek prefix for 1,000. Likewise, M stands for mega, the prefix for 1 milion. 


This method works for most values from 100 to 10MQ. A problem occurs, however, when we need 
to specify a value less than 10, as a negative multiplier value must be used to get an exponent of less than 
0. For the value 1 and those less than 100, a gold band is used for the multiplier. For values less than 10, 
asilver band is used, 

To save even more precious space on our schematics, another convention is to replace the decimal 
point with the multiplier. For example, 4.7K9 would be written as just 4K7. 1.8M@ would become IM8 
and 1.5 would be 1E5. 10K0 would still be 10K using this method. Ifitis clearly understood that the 
unit of measure is the ohm, then even the can be omitted, 


Resistor Power Ratings 


Any resistor has a maximum power-handling capability. This rating is usually expressed in watts or 
fractions of a watt. The larger through-hole resistors shown previously in Figure 3-9, for example, have a 
power rating of 1/2W (or 0.5W, if you prefer). This means that if you attempt to dissipate more than half 
‘a watt of power through the resistor, itis most likely going to quickly overheat and fail, 

Thermal failure in a resistor starts with a thin curl of smoke, and then results in the discoloration of 
the resistor itself and sometimes actual flames. In any case, it gets dangerously hot, so do try to avoid 
this situation, 
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Rotate the hands to face downward and draw in the earth force through the palms, 
soles and perineum. 
Closing Movements 
Activate the Chi Channels - Balancing the Organs 


The closing movements, crane’s beak and finish are the same as before. 
Index Finger open (up), close (down), neutral (even with the other fingers) 
Ring Finger - down, neutral. 

Index Finger - open, neutral. 

Thumb - in and down, neutral. 

Index Finger - open, neutral. 

Pinky Finger - down, neutral. 

Index Finger - open, neutral. 

Middle Finger - down, neutral. 

Index Finger - open, neutral. 


Crane's Beak 


Form the crane's beak with both hands by bringing the fingertips together with the thumbs 
inside. Activate the saliva and swallow this elixir down three times to the Tan Tien. Raise 
the forearms to shoulder height with the fingers pointed down, inhaling gently as you 
raise. 

Open the palms slowly and begin to lower the arms to the sides as you exhale, until 
the palms are facing each other in the starting position, 


Finish 
Bring awareness to the navel and notice the quality and intensity of the energy gener- 


ated. Collect energy at the navel. Men, place the hands over the navel with the right 
hand on top; vice versa for women. 
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Part IV 
Activating the Yin and Yang Channels and the Chi Belt 


Theory 


In this final part of Cosmic Chi Kung, you will focus on opening the yin and yang chan- 
nels of the arms and on activating the Chi Belt around the waist. Mastery of Part IV of 
Cosmic Chi Kung will enhance your ability to project Chi through your fingers for heal- 
ing. 


Yin and Yang Channels of the Arms 


There are six important energy channels flowing through the arms. These channels are 
paired together with each pair comprised of a yin channel and a yang channel. The yin 
channel of each pair flows down the inside of the arm from torso to fingertip, while its 
yang counterpart flows up the outside of the arm from fingertip to head. 
The pairs are as follows: 

Metal Element - Yin - Lung Channel - Thumb 

Yang - Large Intestine Channel - Index Finger 

Fire Element - Yin - Pericardium Channel - Middle Finger 

Yang - Triple Warmer Channel - Ring Finger 

Fire Element - Yin - Heart Channel - Pinky Finger 

Yang - Small Intestine - Pinky Finger 


Projecting Healing Energy through the Fingers 


Emitting Chi from the fingers for healing is known 
in China as the "One Finger Art." Because the 
various energy channels of the arms either end 
or begin at the fingertips, the fingers are very ef- 
fective instruments for projecting healing energy. 
Your fingers can focus energy like a laser beam 
toward a concentrated area such as a specific 
acupuneture point. You can also emit energy from 
all the fingers at once creating a combined effect 
to target an area. Part IV of Cosmic Chi Kung will 
stimulate all of the arm channels and will give you 
an opportunity to activate all of the fingers for 
beaming energy. 


Fig. 8.92 “One Finger Art” 
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Activating the Chi Belt - Dai Mo 


The Chi Belt or Belt Channel (also called the Girdle Vessel) is the only channel in the 
body that runs horizontally. It encircles the body at the waist level, connecting together 
all the vertical channels running through the torso. Thus, the Belt Channel plays an 
important role in maintaining a good energetic communication between the upper and 
lower body. In women it strongly affects the uterus and the menstrual cycle in particu- 
lar. 

In Taoist Chi Kung, the Belt Channel is not limited to the waist region. It encircles the 
entire body, almost like weaving an energetic cocoon around you from head to foot. 
Activating the Belt Channel strengthens the aura and helps to defend and protect you 


from outside negative energies. 


Lhd 


Fig. 8.93 Belt Channel 


218 


Chapter Vill 


Practice 
Opening Movements 


These opening movements have been described in Parts |, Il, Ill. Refer to Part | to 
refresh your practice. 

Hands Down at Sides - Palms Facing Each Other - Bone Breathing - Absorbing 
Cosmic Chi. 


Channeling the Earth Force - Washing the Bone Marrow. 
Raise arms to chest height - Palms facing each ather. 

Rotate arms until palms face down 

Open the Tiger's Mouth - Index Finger up, thumb down, 


Activate and Beam to the Eye of the Hip. 
Large Intestine 4 - Eye of the Hand 
Pericardium 9 - Tip of the Middle Finger. 
‘Small Intestine 3 - Knife Edge of the Hand. 


Absorb the Heavenly Force - Washing the Bone Marrow - Crown to Soles. 
Extend the arms forward to chest height - palms upward. 


Absorb the Earth Force. 
Rotate the arms until the palms face down. 
Raise the Index Fingers slightly. 


Fig. 8.94 Mother Earth's Healing Power 
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Core Movements of Part IV Yin and Yang Channels - Chi Belt 


Activating the Yin Channels - Left Side 


Tum the palms down and slightly open the index fingers. Smile to your palms and soles 
and channel the earth force 

Turn your right palm up and pass it just one inch below the left arm yin channels from 
the left palm to the armpit, without physically touching the arm. Feel the Chi moving 
Tum your right palm to face your left rib cage and pass your right hand down the left side 
of your abdomen along the descending colon, and a cross the pelvis to the right side to 
activate the yin energy. 


A A A 


Fig. 8.95 Channel the Earth Force. Fig. 8.96 Activate the Yin Energy from the Palm to the Pelvis. 


A A 


Fig. 8.97 Raise Chi in the Right Palm. Fig. 8.98 Pass it to the Left. 
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Pass your right hand up the right side of the abdomen to the level of your forehead 
with the palm facing diagonally toward the left palm (which simultaneously turns palm 
Up at the level of the navel). Project the Chi from palm to palm for 30 to 60 seconds, 
vibrating the palm and feeling Chi from the right palm sent to the left picking up by the left 
palm. Keep the palms open and relaxed. 

Next point the right ring finger toward the left palm and project Chi making very small 
circles fram the right ring finger (Triple Warmer channel); emit the Chi to the left palm for 
30 to 60 seconds. 

Then return the right index finger to neutral position. Point the left ring finger up to- 
ward the right palm, project into the right palm for 30 to 60 seconds, and then return to 
neutral. 

Next both ring fingers project toward the opposite palms at the same time for 30 to 
60 seconds and then return to neutral. Notice that the energy may meet in the middle. 


Fig. 8.99 Project Energy and balance Left and Right. 


Activate the Yang Channels - Left Side 


‘Turn the left palm down and lower the right palm to cover the back of the left hand, palm 
down. Pass the right palm over the left arm's yang channels from the back of the left 
hand to the left shoulder. Then pass the right palm across the upper chest and across 
the right breast. Scoop the right palm under the right armpit, fingers first. Then bring the 
right palm forward, palm down and press forward with the left palm at the same time 
Relax and channel the earth force. 
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A. Left Palm down, lower Right Palm to B. Pass the Right Palm aver 
cover the back of Left Hand. the Left Arm's Yang Channels. 

C. Pass the Right palm across the chest __D. Press both Palms forward, relax 
and scoop under the Right Armpit, Fingers first. and channel the Earth Force. 


Fig. 8.100 Balance Left Side Yin and Yang and Channel Earth Energy. 
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Repeat, Activating the Yin and Yang Channels to the Right Side 


Fig. 8.101 Balance right side yin and yang and channel earth energy 


Then repeat Activating the Yin and Yang Channels with the other fingers and 
channels in the following order: Index Finger - Large Intestine 
Thumb - Lung 
Pinky Finger - Heart and Small Intestine 
Middle Finger - Pericardium 


Fig. 8.102 One Finger Art - activating the Laogong, 
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Activate the Chi Belt - Right Foot Forward 


Step forward with the right foot. The right palm covers the navel and the left palm covers 
the Door of Life. Feel the Chi beam penetrate from palm to palm. 
Turn your hips to the right and shift weight to your right leg. At the same time move 
your right palm to the Door of Life in a brushing manner, while your left palm moves to 
the right hip in a sweeping manner. Note that the palms face the Chi belt. 

Repeat the above three times altogether. 


Fig. 8.103 Activate the Chi Belt - Right Side. 
Activate the Chi Belt - Left Foot Forward 


Repeat the above with the left foot forward and reversing the right and left hands. 


Fig. 8.104 Activate the Chi Belt - Left Side. 
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Channel the Earth Force 


Bring the hands forward and rotate the palms to face downwards. Smile and channel 
the earth force as before. 


For these Closing Movements see the pictures beginning on page 171 


Closing Movements 
Activate the Chi Channels - Balancing the Organs 


Index Finger - open (up), close (down), neutral (even with the other fingers). 
Ring Finger - down, neutral. 

Index Finger - open, neutral. 

Thumb - in and down, neutral. 

Index Finger - open, neutral. 

Pinky Finger - down, neutral. 

Index Finger - open, neutral. 

Middle Finger - down, neutral, 

Index Finger - open, neutral. 


Crane's Beak 


Form the crane's beak with both hands by bringing the fingertips together with the thumbs 
inside. Swallow the saliva. Raise the forearms to shoulder height with the fingers pointed 
down, inhaling gently as you raise. 

Open the palms slowly and begin to lower the arms to the sides as you exhale, until 
the palms have returned to the starting position. 


Finish 


Bring the awareness to the navel and notice the quality and intensity of the energy 
generated. 

Collect energy at the navel. Men, place the hands over the navel with the right hand 
on top; vice versa for women. 
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Ifyou know the voltage across the resistor, as well as the current, you can easily calculate the power 
being dissipated using the simple formula P = V x I. Remember that P is the power value in watts, Vis the 
voltage in volts, and I is the current in amps. One volt at one amp is one watt, which is way more than 
enough to smoke ourlitle resistors. Be careful! Any time you calculate the correct value for a resistor in 
ohms, be sure to also calculate the required power-handling capability. 


Variable Resistors 


So far we've only looked at fived-value resistors. They usually exhibit the same resistance day in and day 
ut. That’s what we love about them. But what if you need to vary the resistance in a circuit? We have 
resistors for that, too! A good example is a volume control on an amplifier. Turn it to the left (down), and 
the volume goes down. Turn itto the right (up), and the volume goes up. How does that work? 

One kind of variable resistor is called a potentiometer, Potentiometers are sometimes abbreviated as. 
ppots. Pots usually have three terminals instead of two. Two of the terminals connect to the fixed resistor 
that is inside the potentiometer. Instead of being all sealed up like the fixed resistors you've been 
studying, the internal, resistive conductor is exposed along a track or groove. The third terminal, which 
is often physically in the center, between the two other terminals, is called the wiper, and can be moved. 
from one end of the fixed resistor to the other end, making electrical connection to the inner part of the 
fixed resistor as it goes. As the wiper moves along the length of the resistive element, ittaps into the 
resistor ata different point, varying the resistance. This is how a potentiometer can be used as a variable 
resistor. 
igure 3-12 shows a typical three-terminal potentiometer with a round body. The shaft can be 
tumed to adjust the resistance. There are many variations on this basic design, 


Figure 3-12. A typical potentiometer, or variable resistor. Image by BG Micro (htap:libgmicro.com). 


‘The schematic symbol for a potentiometer looks suspiciously like a resistor with an extra terminal, 
Which happens to be exactly what itis, The extra terminalis the wiper, shown as the upward-pointing 
arrow. See Figure 3-13, 


Cosmic Chi Kung 


Healing Others 
Summary and Combined Practice 


After learning the four sets of Cosmic Chi Kung, you may want to combine them all into 
a short and simple daily practice. This combined set, previously called Buddha Palm |, 
synthesizes the movements from the first three sets into one basic sequence. The 
movements are done on the right side only, so the entire set can be completed in ten to 
twenty minutes. 


Cosmic Chi Kung: Simple Combined Sequence 


Opening Movements 


Bone Breathing - Absorbing Cosmic Chi 


4. Stand with your hands down by your sides. Feel your Chi moving and activate the 
bone breathing. 

2. Activate the cosmic force by using your mental intention (Yi) to spiral at the 
mideyebrow point and draw in the golden light energy. Breathe through the 
mideyebrow point in the same manner as in bone breathing, allowing the energy to 
flow through the Microcosmic Orbit. Alternatively you can breathe the golden light 
down into your navel to charge up your Original Chi at the Tan Tien. You can also 
simply circulate the golden light throughout your body. Relax, smile and enjoy the 
sensation of your entire body breathing in the cosmic energy. 


Channeling the Earth Force - Washing the Bone Marrow 


4. Connect with the earth force by activating the perineum and the soles of the feet, 
Kidney 1, Bubbling Spring. Connect the bridge by slightly squeezing the sex or- 
gans and the anus. Wash the bone marrow from the soles to the crown. 

2. Smile into the perineum, palms, mideyebrow and crown. Then slowly raise the arms, 
palms facing each other to chest height keeping the elbows relaxed and sunk. Then 
slowly rotate the arms until the palms are facing down. Absorb the Earth Chi through 
the soles, perineum and palms; feel it being absorbed into the bones and body like a 
steam or mist rising from the earth. Feel the earth force move through the center 
of the bones, up the calves, thighs (femur bones), through the hip bones, spine, 
scapulas, arms, neck and skull. Finally swirl the energy around your brain. 
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Activate the Hip - Large Intestine 4, Pericardium 9 and Small Intestine 3 


1. Raise your index finger slightly upward to activate the Laogong point (Pericardium 
8). Then stretch your thumbs out to the sides and down, so that they end up pointing 
downwards toward the earth to activate Large Intestine 4 (Hegu). Large Intestine 4 
is found in the webbing between the thumb and index finger. It is called the 
“eye of the hand"; this area is also known as the “Tiger's Mouth." 

2. Slowly draw the elbows back and lower the hands until your palms are facing down 
beside the "eye of the hip" (the iliac crest) with the "eye of the hand” (Large Intestine 
4) aligned with the “eye of the hip". Use your mind intention to beam the energy 
back and forth between your two LI-4 points. This will activate the large and 
‘small intestines. 

3. Rotate your hands so that the fingers first point out, then back and finally point the 
fingers in toward the eye of the hip. Beam energy back and forth between the 
tips of the middle fingers (Pericardium 9) passing through the hips. 

Rotate the hands again until the fingers are pointing forward with the palms facing 
up. Align the knife edge (Small Intestine 3) with the eyes of the hip, and beam the 
energy back and forth between the two hands. 


Absorb the Heavenly Force - Washing the Bone Marrow - Crown to Soles 


Extend the arms forward to chest height with the palms still facing upward. 

Become aware of the palms and the crown. Activate the Laogong point (Pericardium 
8). Feel the heavenly energy, and be aware of the violet light of the North Star and the 
red light of the Big Dipper shining down. Draw this light in through the palms and the 
crown point and feel it washing your bone marrow. Direct the sensations down through 
the skull, cervical vertebrae, clavicle, scapulas and sternum. Activate your thymus gland 
and continue drawing the healing heavenly light down through the rib cage, arms, spine, 
hips, femurs, calf bones, feet and toe bones, Feel your bones activated with a posi- 
tive electrical force (the positive force comes from heaven, negative from the 
earth). 


Absorb the Earth Force 


1. Rotate the arms until the palms face down. 

Raise the index fingers slightly, extend the thumbs first towards each other, and then 
towards the ground. 

2. Become aware of the palms (Laogong), the soles of the feet (Kidney 1, Bubbling 
Spring) and the perineum (Conception Vessel 1, Hui Yin). Activate these points, feel 
the earth energy, and be aware of a gentle blue light or white light rising up 
from the earth like a pure steamy mist. Draw this light in through the palms and 
soles and let it wash up through the center of your bones as it steam cleans your 
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marrow. Picture any impurities or illness dripping out of your bones and draining 
down into the earth, where they are recycled and purified. 


Core Movements 


Grasping the Moon - Connecting the Heaven and Earth Forces 


. Open Position: Heaven Force - Bring the arms up to shoulder height, bending the 


elbows so that the left hand is under the right elbow with the left index finger 
pointing up to Heart 3. 

The right forearm is over the left forearm with the tip of the right index finger held 
above the Large Intestine 11 point of the left arm. The right index finger is pointing up 
toward heaven. 


. The right index finger draws in the heavenly force like an antenna, The force flows up 


the bones of the right arm across the shoulders to the left arm, and through the 
bones of the left arm to the left index fingertip. It then flows through the index finger of 
the left hand into the Heart 3 point of the right arm completing the heavenly circuit. 
Continue cycling in this way. 


. Close Position: Earth Force - Keeping the arms in the same position, move both 


index fingers to point down. The right index finger will now point toward the Large 
Intestine 11, point of the left arm and the left index finger will point downward toward 
the earth. Draw in the earth force through the left index finger bringing it through the 
bones of the left arm, across the shoulders through the right arm to the right index 
finger and out into the Large Intestine 11 point of the left arm. Continue cycling in this 
way completing the earth circuit. 

Open and close three times altogether ending in the open position. 


Activate the Throat Center 


. Draw the elbows out to the side and rotate the palms to face in so that the left palm 


is about 3 - 6 inches in front of the Throat Center (Conception Vessel 22), palm 
facing in, and the right hand is about 1 - 3 inches in front of the left hand, palm facing 
in. Align the Lung 10 point of the right hand with the Lung 10 of the left hand, and align 
the Lung 10 points in the middle of the thenar eminence of the left hand with the 
Throat Center. Keep the points aligned and beam the energy passing through 
both hands into the Throat Center. 

Move both hands about 12-18 inches out from the Throat Center maintaining the 
energy beam as you move. 


. Move in and out three times altogether in this way ending with the hands in as in 


preivous point above. 
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Activate the Third Eye 


4. Keeping the Lung 10 points aligned, raise the hands up to the level of the mideyebrow 
point. Keep the points aligned and beam the energy passing through both hands 
into the mideyebrow point. 

2. Move both hands about 12-18 inches out from the mideyebrow point maintaining the 
energy beam as you move. Move in and out three times altogether in this way, 
ending with the hands as previously. 

3. Keeping the palms and thenars (Lung 10) aligned, move the hands back down to the 
position in front of the Throat Center. 


Open the Bridge and Regulator Channels 


4. Keeping the forearms horizontal at shoulder height, separate the hands so that the 
Laogong points are aligned in front of Stomach 13 just below the clavicle on a vertical 
line above the nipple or mammillary line. The fingertips should almost be touching. 
Beam energy from the Laogong points into ST-13. You will be following this vertical 
line, which passes through the nipples, down the torso to the level of the navel stop- 
ping to focus and beam energy into key points along the way. On each of these, 
focus your Yion beaming energy into the organs inside each position. Stomach 13 is 
the location that activates the Heart and Lungs. Feel the change in your breathing as. 
you activate the lungs 

2. Move the hands down the mammillary line to Stomach 16, about one inch above the 
nipple (in the space between the third and fourth ribs). Again, beam energy to ener- 
gize and balance the heart and lungs. 

3. Move the hands down to Liver 14 (about 2 - 3 inches below the nipple in the space 
between the 6th and 7th ribs). Beam healing energy into the liver and gall bladder. 

4. Move the hands down to Spleen 16 (just below the rib cage on the mammillary line), 
Beam healing energy into the stomach, pancreas and spleen. 

5. Move the hands down to Spleen 15 (on the mammillary line to the level of the navel). 
Beam healing energy from your palms into the small intestine and the Tan Tien. 


Grasping the Chi Ball 


4. Slowly rotate the hands so that your palms face each other in front of your navel. 
Feel the invisible ball of energy between your hands. Allow the energy to push your 
hands apart keeping the feeling of connection between your palms. 

2. Let the energy draw your hands back toward each other, like a magnet, until you feel 
as if you are squeezing a ball. 

3. Stretch and squeeze the Chi ball three times by opening and closing your palms in 
this way. 
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Activate the Outer and Inner Arm Gates 
Waiguan - Triple Warmer 5 and Neiguan - Pericardium 6 - Right Arm on Top 


|. Slowly rotate the arms so that both palms face down. 


Cross the right wrist over the left wrist with 1-3 inches of space between the hands. 
Align PC-6 of the right wrist with TW-5 of the left wrist. 


. Keeping the wrists crossed, slowly rotate hands turning the palms upward. Now 


TW-5 of the right wrist will be aligned with PC-6 of the left wrist. 
Open the Functional Channel with LI-4 


. Bring the left hand down to the level of the Tan Tien with the Chi Knife facing in. 


Lower the right hand, palm down, and align the eye of the hand, the LI-4 point with 
your navel. Feel the Chi ball between your two hands, and at the same time beam 
energy from LI-4 into the navel point. 


. Raise the right hand up the Functional Channel stopping and aligning LI-4 with the 


solar plexus, heart, throat (CV-22) and mideyebrow points. Beam energy from 
the eye of the hand into each of these points, and at the same time continue to 
feel the Chi ball connection between the two hands. 


. Return down the Functional Channel in the same manner stopping to beam energy 


into each point, Go up and down the Functional Channel in this way three times. 


Yin/Yang Palms 


. Separate the hands and extend them out in front of the body at solar plexus level. 


The left palm is stil pointing up and is yang drawing in the heavenly force through 
Laogong. The right palm is still facing down and is yin drawing in the earth force 
energy. 


. Conclude by turning the left palm over to face downward. Draw in the earth force 


through both palms. 


Double Palm and Beam to Activate the Functional and Governor Channels 


. Bring the left palm in first to face the navel, about 3 - 5 inches away, aligning the 


Laogong point with the navel. Follow by bringing the right hand in front of the left 
hand, aligning the Laogong of the right palm with the Laogong of the left hand and the 
navel. Both palms are now facing in. Beam energy through both Laogong points 
to the navel and through the body to the Door of Life 

Next raise the left palm up to the solar plexus aligning the Laogong point with the 
solar plexus. Beam energy into the solar plexus point and through the body to the T- 
11 point. Your right hand remains at the navel level beaming energy to the navel and 
the Door of Life. 


. Raise your right hand up to the outside of the left hand at the solar plexus level, and 


beam energy through both hands into the solar plexus point and the T-11 point. 
Continue in the same way with the left hand leading to the heart point and wing 


230 


Chapter Vill 


point, the throat point and C-7, the mideyebrow point and jade pillow and the 
crown point and perineum. 

4, Return down the front, point by point in the same way, leading with the left hand. 
Go up and down in this way three times. The double palm and beam activate 
both the Functional and Governor Channels. The energy beam passes all the 
way through the body at each point. 


Grasping the Chi Ball 
4. Separate the hands and slowly extend the arms in front of you at navel level, palms 
facing each other holding the Chi ball. 
2. Stretch and squeeze the Chi ball three times as before by opening and closing the 
palms. 


Channel the Earth Force 


Rotate the hands to face downward, and draw in the earth force through the palms, 
soles and perineum. 


Closing Movements 
Activate the Chi Channels - Balancing the Organs 
Index Finger - open (up), close (down), neutral (even with the other fingers). 
Ring Finger - down, neutral. 
Index Finger - open, neutral. 
Thumb - in and down, neutral. 
Index Finger - open, neutral. 
Pinky Finger - down, neutral. 
Index Finger - open, neutral. 
Middle Finger - down, neutral. 
Index Finger - open, neutral. 


Crane's Beak 
4. Form the crane’s beak with both hands by bringing the fingertips together with the 
thumbs inside. Raise the forearms to shoulder height with the fingers pointed down, 
inhaling gently as you raise. 
2. Open the palms slowly and begin to lower the arms to the sides as you exhale, until 
the palms are facing each other in the starting position. 


Finish 


4. Bring the awareness to the navel and notice the quality and intensity of the energy 
generated. 

2. Collect energy at the navel. Men, place the hands over the navel with the right hand 
on top; vice versa for women. 
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Chapter IX 
Universal Tao Practices 


Cosmic Inner Smile 


Fig. 9.1 Inner Smile 


The Inner Smile begins at the eyes and the mideyebrow point and moves down to the 
heart. As you activate the heart, the loving energy will flow out and you will feel the 
energy of your Inner Smile flow down the entire length of your body like a waterfall. This 
is a very powerful and effective tool to counteract stress, tension and negative Chi. 
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. Be aware of the mideyebrow, imagining that your are in one of your favorite 
places in the world, a place where you feel safe, relaxed and happy. Recall the 
sights you might have seen there, the sounds you might have heard, the scents, 
sensations and flavors that you associate with that place. 

. Imagine that one of your favorite people is standing in front of you, smiling to you with 
loving, happy, radiant shining eyes. Smile to your face and slightly lift up the comers 
of your mouth. 

. Feel yourself responding to that special person's smile with a smile of your own, 
Feel your eyes smiling and relaxing. 

. Smile down to the thymus gland and picture a white flower blossoming. Gently 
inhale into the thymus gland, connecting your breath to the olfactory organ. Smell 
the good fragrance 

. Aim your inner attention at your heart, picturing the heart before your inner eye and 
smile to it. Smile until you feel the heart smile back to you. Picture your heart like a 
red rose, gradually opening, This will activate the love and fire of compassion in the 
heart. Once you feel the red light and loving awareness it will activate the cosmic 
red healing light or mist from above and around you. 

. Smile at the light or mist and very slowly with a soft, long, deep breath draw the red 
mist, love and compassion into the mideyebrow, down through the mouth and throat, 
into the heart and gradually overflowing to the small intestine. Exhale, but retain the 
red light and the love and compassion in the heart and small intestine. At the 
same time exhale the cloudy, black or negative energy. Keep on doing this breathing 
18 to 36 times waiting until the heart becomes bright red before your inner vision and 
starts to radiate out to the tongue, mouth, nose, ears and eyes. Allow the red light to 
whirl around you and form a red aura. Feel your skin glowing with red energy. 

. Let the heart's loving energy radiate out to the lungs. Aim your attention at the lungs; 
picture them before your inner eye and smile to them. Smile until you feel the lungs 
smile back to you. Picture your lungs like a white rose, gradually opening; smell the 
good fragrance. This will activate the courage in the lungs. Once you invoke the 
white light and courage into the lungs, you will also activate the cosmic white heal- 
ing light or mist from above and around you. 

.. Smile at the light or mist and very slowly, softly take a long deep breath and draw the 
white mist into the mideyebrow, the mouth and down to the lungs, gradually over- 
flowing into the large intestine. Exhale but retain the white light and the feeling of 
courage in the lungs. At the same time exhale the cloudy, black or negative energy. 
Keep on doing this kind of breathing 18 to 36 times, waiting until the lungs become 
bright white and start to radiate out to the nose, ears, eyes, tongue and mouth. Invite 
the white light to whirl around you and form a white aura covering your skin like 
autumn dew. 

. The spleen, pancreas and stomach correspond to the yellow color of the earth 
element. Connect to these organs and smile down into them from the mideyebrow. 
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First connect to the heart, then attract the clear yellow light from above and around 
you. You might see the golden yellow aura of a wheat field ready for harvest. Expel 
feelings of worry; exhale the cloudy, sticky energy. Breathe in the golden yellow 
aura, filing your spleen center with golden yellow light. Repeat to complete 18 to 36 
cycles, then allow the light to radiate out to your mouth, nose, ears, eyes and tongue. 
Wrap the golden aura around you, leaving a golden shine on your skin. 

10. The kidneys and bladder correspond to the blue color of the water element. Gentle- 
ness is contained within the blue healing light. Inhale the blue aura into the kidneys. 
Expel feelings of fear or stress on breathing out. Allow your energy field to expand, 
breathing in and out the blue energy 18-36 times, until it starts to radiate out from 
your kidneys to your ears, eyes, tongue, mouth and nose. Gather the blue mist on 
your skin enveloping you with a blue aura. 

11. The liver and gall bladder connect to the green color of the element wood; kind- 
ness replaces anger, which is expelled on breathing out. Do the same as above and 
create a green aura around you. Exhale the dark red, cloudy heat. Inhale the nour- 
ishing green of the forests. Do 18 to 36 cycles, until the green light has completely 
filled the liver and starts to radiate out to your eyes, tongue, mouth, nose and ears. 
Invite the green light to form a green aura around you. 

42. Smile down to the sexual organs and reproductive system. Feel love and sexual 
arousal and the heart and sexual organs uniting. Observe how this process trans- 
forms the sexual energy into Chi. Channel down orange and red light to the sexual 
organs. Thank them for their work in keeping you alive and healthy. Rest. Do noth- 
ing. Gather and store the energy by smiling and spiraling in the Tan Tien. 


Six Healing Sounds 


The Six Healing Sounds enhance Therapeutic Work 


Everyone has heard stories about gifted beings who possess great healing powers. 
People seek out gifted healers. Yet even in the best of circumstances, how much time 
can a great healer spend with you? One hour a day? An hour a week? What about the 
restof the time? Thus you must learn how to take care of yourself; you must learn how 
to clear out your negative energy and transform it into positive healthy energy. If you 
maintain yourself in this way it will surely enhance any other therapy you are receiving, 

The Six Healing Sounds are a simple yet powerful tool to promote physical, ener- 
getic and emotional healing and balance. if you are healing others, you can teach your 
students one or two of the Six Healing sounds each session, to enhance the effects of 
your therapeutic work. During the practice of the sound the resting period is very impor- 
tant. Growing the good virtue of the organs is essential so the negative or sick energy 
has less room to grow. 
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The sounds are also used to generate certain frequencies for specific healing. Each 
sound can generate different energy for the healing of the different organs. 

Once the movements, sounds and information have been integrated into your prac- 
tice you can simplify and make the Six Healing Sounds more powerful. For example, 
when you are settled into the lung sound and you are breathing white healing light and 
feel the mideyebrow wide open, you put the awareness in the ‘Tan Tien and Universe’. 

Chi will flow from the universe into the Tan Tien and just the right amount and quality 
will ow from the Tan Tien into the lungs and large intestine. Just set up the location (the 
organ) and connect to the universe and the Chi will flow to the correct location! 

‘When doing these, the eyes are open only while making the sound. 


Six Healing Sounds - Practice 


Lung Sound 


Element: Metal 
Associated Organ: Large Intestine 

Sound: SSSSSSS (Tongue behind Teeth) 
Emotions: Negative - Grief, Sadness, Depression 
Positive - Courage, Righteousness, High Self Esteem| 
Color: White, Clear, Metallic 
Season: Fall 
Direction: West 


Position: Sit in a chair with your back straight and your hands resting palms up on 
your thighs. Have your feet flat on the floor about a hip's width apart . Smile down to 
your lungs and be aware of any sadness, grief or excess heat in your lungs. Slowly 
inhale and raise your hands up your center line with your fingers pointing toward each 
other. When your hands pass your shoulder level, begin to rotate the palms out as you 
continue raising your hands up in front of you and above your head with the palms up. 
Point your fingers towards the fingers of the opposite hand and keep your elbows slightly 
bent. 


Sound: Part your lips slightly, keeping your jaw gently closed. Look up through the 
‘space between your two hands and push your palms slightly upward as you slowly 
exhale and make the sound, "SSSSSSS". Picture and feel any excess heat, sadness, 
grief, depression, sickness and dingy white color expelled and released as you exhale 
slowly and fully. 
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Figure 3-13, The schematic symbol for a potentiometer is a fixed resistor with a wiper terminal. The “CW" 
arrow indicates which way the wiper goes when the shaft is rotated clockwise. 


Potentiometers generally come with two distinctive response curves, or tapers: 


+ Alinearcurve means that every equal step of rotation about the axis changes the 
resistance by the same amount. For example, if you were to center the shaft in the 
middle of its rotation, the resistance from the wiper contact to either of the end 
contacts would be nearly exactly half of the total resistance between the two end 
contacts. This is quite useful for when you need to adjust a voltage up or down in a 
relatively straight line. This is sometimes indicated by adding a capital Bto the 
end of the resistance value (e.g., 10K). 


+ Inmany audio circuits, however, it has been discovered that the human ear is 
anything butlinear. A special response curve that more accurately describes this, 
sensitivity is called an audio curve or taper. An Ais used as a suffix to indicate that 
aan audio taper is used for a potentiometer. 


Note that linear and audio tapers are not interchangeable. If you find some random potentiometers 
in a parts bin, you can get a quick idea of what you've got by centering the shafts and seeing if the 
resistance is “symmetrical” or not, using an ohmmeter. Equal resistance to either end terminal indicates 
linear taper, and anything else is mostly probably an audio taper. 

Just like any other resistor, a potentiometer has a maximum power rating as well asa tolerance. 
These are usually either printed on the body of the potentiometer, i there is toom, or hidden away in a 
product data sheet somewhere. 


Specialty Resistors 


There are many different kinds of resistors made for many special kinds of applications. High-power 
resistors are built out of sturdier materials that can take the thermal stress required to dissipate large 
amounts of heat, See Figure 13-14. 
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Resting Posture: When you have completely exhaled, rotate the palms to face 
downward with the fingers still pointing toward each other. Slowly lower the palms and 
bring them just in front of the chest feeling the lung's aura 


Close your eyes and be aware of your lungs. Smile into your lungs, and as you 
inhale, imagine that you are breathing in a bright white mist of light. Breathe this light 
into your lungs and feel it cooling, cleansing, invigorating, healing and refreshing your 
lungs. Feel it flowing down to the large intestine to balance the energy of the yin lungs 
and yang large intestine, allowing the courage quality of your lungs to emerge. Grow 
more courage, so sadness and depression have less room to grow. With each inbreath, 
feel yourself drawing in cool fresh energy. With each outbreath, mentally make the Lung 
Sound and release any remaining sadness or hot energy. 

Repeat at least three times. For the first two repetitions, you can make the sound 
aloud. On the third or last repetition, make the sound sub-vocally (vocalizing the sound 
so softly that only you can hear it) Repeat six, nine, twelve or twenty four times to 
alleviate extreme sadness, depression, colds, flu, toothaches, asthma and emphysema. 


Kidney Sound 


Element: Water 

Associated Organ: Bladder 

Sound: CHOOOOOO (with your lips forming an "O" 
as if blowing out a candle.) 

Emotions: Negative - Fear, Shock 

Positive - Gentleness, Wisdom 

Color: Dark Blue or Black 

Season: Winter 

Direction: North 


Position: Now move the hands to cover the kidneys. Smile to your kidneys, and be 
aware of any excess cold or heat in the kidney region. Then bring your legs together, 
ankles and knees touching. Lean forward and clasp the fingers of both hands together 
around your knees. Inhale and pull your arms straight from the lower back while bending 
the torso forward (this allows your back to protrude in the area of the kidneys). Tilt your 
head upward as you look straight ahead, still pulling on your arms from the lower back. 
Feel your spine pulling against your knees. 


Sound: Round the lips slightly and slowly exhale while making the sound 
"CHOOOOOO." Simultaneously contract your abdomen, pulling it in toward your kid- 
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neys. Imagine any fear, sickness, imbalances, excess cold or heat energy being re- 
leased and squeezed out of the fascia surrounding the kidneys. 


Resting Posture: After you have fully exhaled, slowly sit erect and return the hands 
to touch the aura of the kidneys. Close your eyes and again be aware of your kidneys. 
Smile to your kidneys and, on the inbreath, imagine you are breathing a brilliant lumi 
nous blue light mist into them; feel this mist healing, balancing and refreshing your 
kidneys and bladder and picture them glowing a bright blue color. On the outbreath, 
imagine you are still making the Kidney Sound. 


Repeat at least 3 times, as with the previous sound. Repeat six, nine, twelve, or 
twenty four times to alleviate extreme fear, fatigue, low-pitched ringing in the ears, dizzi- 
ness, back pain, bladder and urinary infections or other problems of the reproductive 
system, 


Liver Sound 


Element: Wood 
Associated Organ: Gall Bladder 

Sound: SHHHHHHH 

Emotions: Negative - Anger, Frustration, Resentment 
Positive - Loving Kindness, Benevolence, Forgiveness 
Color: Green 

Season: Spring 

Direction: East 


Position: Place the hands on the liver. Smile to your liver and be aware of any 
anger, frustration, resentment or excess heat. Slowly begin to inhale a deep breath as 
you extend your arms up from the sides with your palms up. Continue to raise them 
‘over your head. Interlace your fingers together and turn your joined hands over to face 
the sky, palms up. Push out through the heels of the palms and extend the arms up, 
keeping the shoulders relaxed. Bend a little to the left and stretch your right arm slightly 
to gently open the area of your liver. 


Sound: Open your eyes wide (the eyes are the sensory opening of the liver). Slowly 
exhale, making the sound, "SHHHHHHH" sub-vocally. Feel that you are releasing any 
trapped excess heat, anger, illness and negativity from your liver and that these are 
riding out of your body on your breath, 


Resting Posture: Once you have fully exhaled, separate your hands, turn the palms 
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down and slowly lower your arms to the sides, leading with the heels of the hands. 
Smile and inhale a shiny spring green mist, illuminating the liver and gall bladder. 
Bring your hands back to rest on the liver's aura. Close your eyes and smile into your 
liver. With each inbreath, breathe fresh Chi into your liver and gall bladder and mentally 
make the Liver Sound with each outbreath 


Repeat at least three times, as with the previous sound. Repeat six, nine, twelve or 
twenty four times to alleviate extreme anger, to relieve red or watery eyes, to remove a 
sour or bitter taste in the mouth or to detoxify the liver. 


Heart Sound 


Element: Fire 

Associated Organ: Small Intestine 
Sound: HAAAAAAAW 

Emotions: Negative - Arrogance, Harshness, Cruelty, Hatred] 
Positive - Joy, Honor, Respect, Love, Happiness 
Color: Red 

Season: Summer 

Direction: South 


Position: Let both hands rest on the heart. Smile to your heart and be aware of any 
artogance, haughtiness, hatred, giddiness, cruelty or hastiness. Slowly begin to inhale 
a deep breath as you extend your arms up from the sides with your palms up, as you did 
with the Liver Sound. Continue to raise them over your head. Interlace your fingers 
together and turn your clasped hands over to face the sky, palms up. Push out through 
the heels of the palms and extend the arms up, keeping the shoulders relaxed. Bend a 
litte to the right and stretch your left arm slightly to gently open the area of your heart. 


Sound: Keep your eyes soft and relaxed, looking up through your hands. Slowly 
exhale, making the sound, "HAAAAAAAW" sub-vocally. Feel that you are releasing any 
trapped heat, negative emotions, illness and imbalances from your heart and that these 
are riding out of the body on your breath. 


Resting Posture: Once you have fully exhaled, close your eyes, separate your hands, 
turn the palms down and slowly lower your arms to the sides, leading with the heels of 
the hands. As you move inhale a bright red mist into the heart and small intestines. 
Bring your hands back to rest on your heart's aura . Smile into your heart. With each 
inbreath, breathe fresh Chi into your heart with each outbreath mentally repeat the heart 
sound, 
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Repeat at least three times, as with the previous sound. Repeat six, nine, twelve or 
twenty four times for the heart and small intestines; feel them balanced. This will allevi- 
ate extreme impatience, hastiness, arrogance, nervousness, moodiness, jumpiness, 
irritability, tongue ulcers, palpitations, sore throat, heart disease, insomnia and detoxify 
the heart. 


Spleen Sound 


Element: Earth 

Associated Organ: Pancreas, Stomach 

Sound: WHOOOOOOO (gutturally from the throat) 
Emotions: Negative - Worry, Excess Sympathy, Overthinking 
Positive - Faimess, Balance, Equanimity, Justice, Openness 
Color: Yellow 

Season: Indian Summer 

Direction: Center (where you stand, looking out to 

the Six Directions) 


Position: Place your hands on the body covering the spleen, pancreas, and stom- 
ach area. Be aware of your spleen and smile sincerely into it. Inhale deeply as you 
move the arms outward in an embrace and aim the fingers up under the left rib cage. 
Place your fingers of both hands just beneath the sternum and rib cage on the left side. 


‘Sound: Look out, lean into your fingers and gently push your fingertips in. Exhale 
slowly and make the sound, "WHOOOQOOO," from the depths of your throat. Feel 
yourself releasing any trapped heat, worry, mental fixations or excess sympathy. 


Resting Posture: Once you have fully exhaled, close your eyes, slowly release the 
hands and extend the arms out embracing the earth; return your hands to the resting 
position on the spleen's aura. Smile to your spleen, pancreas and stomach. Inhale 
fresh Chito your spleen, pancreas and stomach as a brilliant luminous yellow healing 
mist that cleanses and refreshes your organs, Mentally do the Spleen Sound with each 
outbreath, 


Repeat at least three times, as with the previous sound. Repeat six, nine, twelve or 


twenty four times to alleviate extreme indigestion, heat or cold in the stomach or spleen, 
worry, nausea, hemorrhoids, fatigue, organ prolapse or loose stools. 
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Triple Warmer Sound 


The Triple Warmer refers to the upper, middle and lower 
body, and to the distinct metabolic transformations that oc- 
cur within each area. The Upper Warmer is the area above 
the diaphragm, where the heart and lungs are located. This 
area tends to become hot and is responsible for respiration 
and cardiovascular circulation. The Middle Warmer, the area 
between the diaphragm and the navel, becomes warm and 
is where the digestive organs are located. The Lower 
‘Warmer, the area below the navel, is responsible for repro- 
duction and elimination and is cool in temperature. The 
sound "HEEEEEEE" balances the temperatures of the three 
levels by bringing hot energy down to the lower center and 
cold energy up to the higher centers. 


Position: Lie on your back with your arms resting palms up at your sides. Keep your 
eyes closed. Smile. First breathe into the upper part of your lungs to expand the Upper 
‘Warmer; then breathe into the middle of the lungs to expand the Middle Warmer; finally, 
with the last part of your inhalation, expand your lower lungs and fill the Lower Warmer. 
Breathing in this way creates more space inside for each organ, helping to release and 
circulate any internal heat or cold. 


Sound: Exhale with the sound "HEEEEEEE" sub-vocally, first flattening your chest, 
then your solar plexus, and finally your lower abdomen. Feel the dark and cloudy color, 
cold and chill energy exit from the tips of the fingers. 


Resting Posture: Once you have fully exhaled, do not to focus on any emotions or 
purification process at all. Just let go and relax your body and mind completely. 


Repeat at least three times, as with the previous sound. Repeat six, nine, twelve or 
twenty four times to alleviate insomnia and stress. 

When you have completed the Six Healing Sounds just rest, smile and do nothing. 

Regular daily practice of the Six Healing Sounds will help you to keep in touch with 
the energetic and emotional state of your internal organs. Most importantly do the sounds 
in the evening before going to sleep. This will help clear out the negative emotions 
before sleeping, so you can feel that the night's rest recharges your energy positively. 
This practice will greatly benefit your personal Cosmic Healing Chi Kung practice. It wll 
help sensitize you to the varieties and differing qualities of Chi. This knowledge will also 
help you in diagnosing and treating others. 

For more details of this practice please see the book "Taoist Ways to Transform 
Stress Into Vitality", by Mantak Chia. 
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Guide to the Acupuncture Points used in Cos! 


Chi Kung 


The following is a detailed description of the acupuncture energy points used in the 
Cosmic Chi Kung practice. Itis necessary to know the exact location of the points to do 
the practice well. However, you do not have to know the traditional Chinese medical 
functions and energetics of the points to do the practice. These are included in this 
appendix as an item of interest. 

The names of the points are given first by the channel and number, second by the 
English translation of the traditional Chinese name for the point and finally by the name 
in Chinese. 

We are emphasizing the traditional Chinese medical therapeutic properties of the 
points given herein. Many of these points also have very different purposes in Taoist 
Yoga. Fora description of the Taoist Yoga energetics, refer to “Awaken Healing Light of 
the Tao” by Mantak Chia. 


Pericardium 8 
“Lakor's Palace" - Laogong 


Ying Spring, Fire Point 
Location: On the center of the palm, where the tip of the middle finger touches when 
making a loose fist. 


On the Crease e P3 
] Functions: Cools the of the Inner 
heart, drains heat from the Elbow Region 
| ot ps heart, cools the blood, 
calms the spirit, regulates 
the heart Chi and yang, 
Ghost Point for treating 
spirit possession. 
Indications: Coma from 
stroke, heat exhaustion, 
angina pectoris, mania, hys- 
teria, mental illness, exces- 
sive sweating ofthe palms, 
mouth problems. 
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Large Intestine 4 
“Adjoining Valleys" - Hegu 


Yuan Source Point \ | 
Location: On the back side of the hand between the thumb and in- 
dex finger, in the web approximately at the middle of the metacarpal 
bone of the index finger. 

Functions: Disperses wind, relieves exterior conditions, suppresses 
pain and clears the channels, clears lung heat, calms the spirit. 
Very powerful point for moving the Chi and blood of the whole body; 
main point for pain; main point for headache; main point for ailments of the head, face 
and sensory organs; main point for immunity. 

Indications: Headaches, common cold, redness with pain and swelling of the eyes, 
toothache, facial swelling, sore throat, finger cramps, arm pain, fever, abdominal pain, 
constipation. 

Caution: Contra-indicated in pregnancy. 


‘Small Intestine 3 | 
"Back Creek"-Houxi gg 


Shu Stream, Wood Point Ne 
Master Point of the Governor Channel 
Coupled Point of the Yang Bridge Channel 
Location: When a loose fist is made, the point is near the head of the fifth metacarpal 
bone on the knife edge of the hand at the junction of the red and white skin. 
Functions: Relaxes the tendon-muscular channels, opens the Governor Channel, clears 
the Spirit, drains evil Chi from the heart. 
Indications: Seizures, psychosis, hysteria, intercostal neuralgia, headache, stiff neck, 
red, painful and congested eyes, deafness, spasms of the arm, elbow and fingers; 
fever, night sweating, whiplash, occipital headaches. 

Used for structural/musculo-skeletal problems; opens the Governor Channel for prob- 
lems with back, neck and head, main point for stiff neck, antispasmodic for muscle 
‘spasms; anti-inflammatory for spinal arthritis, intestinal inflammation. 


Lung 10 
"Fish Border" - Yuji \/ I 
L10 
Ying Spring, Fire Point \ 
Location: In the middle of the ulna eminence below the thumbs { ip 
at the junction of the red and white skin. 


Functions: Cools heat in the lungs, benefits the throat. 
Indications: Sore throat, cough, laryngitis, tonsilitis, fever with common cold. 
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Triple Warmer 5 
"Outer Gate" - Wai Guan a4 


Luo Connecting Point 
Master Point of the Yang Regulator Channel 
Coupled Point of the Belt Channel ws 
Location: About two fingers width above the wrist crease on the OUtSigc ov u/M. 
Functions: Regulates the Yang Regulator Channel and Belt Channel, tonifies and con- 
solidates Protective (Wei) Chi, releases exterior hot and cold conditions, helps circu- 
late stagnant Chi in the channels. 

Indications: Common cold with alternating chills and fever, high fevers, pneumonia, 
deafness, migraine headaches, paralysis, stiff neck. 


Pericardium 6 il 5 


“Inner Gate" - Nei Guan 


Luo Connecting Point 
Master Point of the Yin Regulator Channel II 
Location: About two fingers width above the wrist crease on the ii (/|/ 
between the two prominent tendons. 

Functions: Calms the heart and spirit, regulates the Chi, opens and relaxes the chest, 
regulates and harmonizes the stomach, regulates the liver, relieves pain. 
Indications: Rheumatic heart disease, shock, angina pectoris, palpitations, chest pain, 
asthma, shortness of breath, tightness or fullness in the chest, spasm of the diaphragm, 
vomiting, stomach ache, abdominal pain, morning sickness, motion sickness, migraine 
headaches, hysteria, anxiety, irritability, insomnia, seizures, swollen and painful throat, 
painful menses or nausea with period. 


the arm, 


Large Intestine 11 
"Crooked Pond" - Qu Chi 


He Sea, Earth Point 

Ghost Point 

Location: When the elbow is flexed, in the depression at the LY 
‘outer and upper end of the elbow crease. uit 
Functions: Cools heat, clears fire, drains dampness, eliminates wind and exterior con- 
ditions, regulates and moistens large intestine. 

Indications: Arthritic pain in the arms, paralysis, hypertension, high fever, anemia, al- 
lergies, skin problems, Parkinson's Disease. Main point for skin diseases; main point 
for high fever. 


243 


Appendix 


Conception Vessel 22 
"Heaven's Chimney’ - Tian Tu 


Intersecting Point of the Yin Regulator Channel on the Concep- 
tion Vessel, Window of the Sky Point 

Location: At the top of the breastbone (sternum) in the V-shaped 
indentation (suprasternal notch). Press in and downward at a 
forty-five degree angle. 

Functions: Cools the throat and clears the voice, facilitates and 


(Functional Channel). 
Indications: Asthma, bronchial asthma, bronchitis, coughing, pharyngitis, goiter, hic- 
cups, nervous vomiting, hoarse voice, spasms of the esophagus, diseases of the vocal 
cords, sore throat. 
Conception Vessel 17 
“Central Altar’ - Tan Zhong 


Front Mu-Alarm Point of the pericardium, Influential Point of Chi of the body 
Sea of Chi Point, Master Point of the Middle Tan Tien 
Location: On the frontal midline at the level of the fourth intercostal space, between the 
nipples. 
Functions: Regulates the lungs and the Upper Warmer, tonifies Ancestral Chi, opens 
and relaxes the chest, diffuses lung Chi, regulates and tonifies Chi, transforms phlegm. 
Indications: Pulmonary tuberculosis with shortness of breath, bronchitis, asthma, bron- 
chial asthma, chest pain; all breast problems such as mastitis, insufficient lactation, 
breast abscesses, wheezing, chest pain, labored breathing, palpitations, difficulty swal- 
lowing food, anxiety. 
Conception Vessel 12 
"Middle Cavity" - Zhongwan (Solar Plexus) 


Front Mu-Alarm Point of the stomach, Influential point of all yang or- 
gans 

Location: Approximately midway between the navel and the top joint 
of the xiphoid process. 

Functions: Regulates the stomach Chi and yin, regulates, strength- 
‘ens and tonifies the spleen Chiand yang, regulates the Middle Warmer, 
reduces digestive stagnation, tonifies nutritive Chi, regulates Chi and 
blood, redirects rebellious Chi downwards, clears stomach fire and 
heat, calms the fetus, controls the aura. 

Indications: Acute or chronic gastritis, stomach and duodenal ulcers, prolapsed stom- 
ach, acute intestinal obstruction, stomach ache, vomiting, abdominal distention, diar- 


thea, constipation, acid regurgitation, indigestion, hypertension, mental diseases. 
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Mideyebrow Point 
"Seal Hall" - Yin Tang 


Master Point of the Upper Tan Tien 

Location: At the midpoint between the two eyebrows. Mideyebrow 
Functions: Calms the spirit, activates the Crystal Room, oeins 
the Governor Channel, draws in Cosmic Chi, eliminates wind heat. 
Indications: Headache, vertigo, rhinitis, sinusitis, common cold, 
hypertension, infantile convulsions, sore eyes. 


Conception Vessel 6 


=) 
"Chi Ocean" - Chi Hai 


Master Point of the Lower Tan Tien &) 
Location: Approximately three fingers width below the navel. 

Functions: Regulates Chi, tonifies Original Chi, strengthens 
weak kidneys, harmonizes the blood, regulates the Thrusting 
Route Conception Vessel, reinforces Ching Chi, enriches yin. 
Indications: Neurasthenia, abdominal distention, abdominal 
pain, irregular menstruation, impotence, spermatorrhea, urinary Navel © 
retention, frequent urination, intestinal paralysis, incontinence, 

constipation, infertility, uterine bleeding, hernia. 


Stomach 13 
"Chi's Household" - Chi Hu 


Location: Below the midpoint of the collarbone along 
the mammilary line (directly above the nipple). 
Functions: Clears heat, loosens the chest, relaxes the 
diaphragm, regulates lung Chi. 

Indications: Asthma, bronchitis, chest and back pain, 
hiccups. 


Stomach 16 
"Breast's Window’ - Ying Chuang 


Location: In the space between the third and fourth ribs, one rib directly above the 
nipple in men, slightly higher in women. 

Functions: Stops pain, reduces swelling, clears heat, resolves depression, opens lungs, 
stops cough, relaxes chest, moves Chi. 

Indications: Coughing, asthma, swelling of the breasts, chest and stomach pain, heart- 
burn, shortness of breath, melancholy, diarrhea 


245 


CHAPTER a » coMPoNENTS 


76 


Figure 13-14. power resistor can handle much more heat dissipation than the smaller though-hole or 
surface-mount varieties. They are often so big that they need special mounting hardware, Image by BG 
‘Micro (http:/Ibgmicro.com). 


Another popular option is the multiturn potentiometer. These potentiometers have an internal gear 
system that allows their shafts or wipers to be moved slowly across their internal resistive tracks by 
multiple turns of the control element. Increasing the number of turns allows the user much finer control 
of the resistance adjustment. It also takes the user longer to get from one point to another along the 
scale. 


Capacitors 


‘The basic definition of a capacitoris two conductors separated by an insulator. By itself, it doesn't sound 
like that would be a very interesting configuration at all. It urns out, however, that there's alot mare to 
it 

When a voltage is applied across a capacitor, no steady current flows through it. Remember, there is 
an insulatarin the middle of that capacitor. Any insulator, just like the insulation on a piece of wire, daes 
not conduct electricity. 

What happens is that an electric field is created between the two conductors, or plates, as they are 
called when they are part of a capacitor. Now we get back to the fairies and dragons and molecules and 
so forth, way down deep at the heart of the problem. This electric field is a form of energy. Once itis built 
up by the difference in voltage, or potential, between the two conductors, it has nowhere to go, so there 
it stays... atleast until something else in the circuit changes. 

For this reason, capacitors are sometimes used as reservoirs of electrical energy in a circuit, holding 
abit of spark here and there as needed. Just as it takes electrical energy to build up this electric ield, a 
certain amount of electrical energy will be released when the field collapses. This will happen when the 
voltage between the two conductors drops. 

Using capacitors as tiny electric batteries in a circuit is only one of many applications for this 
versatile part. While a capacitor will not conduct a steady low of electric current between its terminals, it 
will often appearto conduct alternating current (as opposed to direct current), which is why you see 
them so often in audio circuits. As a charge builds up on one plate within the capacitor, it then attracts 
electrons from the other side, pulling them in from the other side. Even though they don't "jump the 
gap" of the central insulator, it looks like a tug-of-war is going on from both sides. 

This behavior can also be used to send the higher-frequency components of a signal one way in a 
circuit and the lower-frequency components of a signal in another direction. This is one way that analog 
filters are built, and it has all kinds of useful and interesting applications, 
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Liver 14 
"Gate of Hope" - Chi Men 


Front Mu-Alarm Point of the liver 
Intersecting point of the Yin 
Regulator and spleen channels on the liver channel 
Location: In the sixth intercostal space, directly below the nipple. 
Functions: Spreads liver Chi, transforms and removes con- 
gealed blood, strengthens spleen and stomach, expands and 
relaxes the chest. 
Indications: Difficulty in breathing, chest pain, hepatitis, enlarged 
liver, gall stones, pleurisy, nervous stomach, menopausal dis- 
orders, cholera, failure to discharge the placenta after childbirth. 
Spleen 16 
"Abdomen's Sorrow" - Fu Ai 
Location: Just below the bottom edge of the rib cage on the mamillary line. 
Functions: Frees bowel Chi, dispels damp and heat, opens the organs and clears Chi 
stagnation. 
Indications: Pain in the navel region, indigestion, dysentary, constipation. 
Spleen 15 


"Great Horizontal" - Da Heng 
Intersecting point of the Yin Regulator Channel on the spleen channel 
Location: At the level with the navel along the mamillary line. 
Functions: Regulates the spleen, regulates and moistens the intestines, reduces di- 
gestive stagnation and transforms damp-heat. 
Indications: Abdominal distension, diarrhea, constipation, intestinal paralysis, para- 
sitic worms in the intestines, chronic sadness. 


Conception Vessel 8 - 


"Spirit Palace Gate” - Shen Que 
Doorway to the Original Chi, 
Location: In the center of the navel 
Functions: Tonifies, strengthens and regulates the spleen 
(Chi and yang), and stomach Chi, regulates the intestines, | 
warms the interior and reduces digestive stagnation, tonifies {shen qué 
the kidneys, warms the yang, dries dampness and dispels. {| Navel |\ | 
cold. e 
Indications: Chronic diarrhea, intestinal tuberculosis, all ur- 
nary disorders, shock resulting from intestinal adhesions, 
heatstroke, rectal or anal prolapse, restless fetus. 


h| JA 
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Governor Vessel 4 
"Door of Life" - Ming Men 


Back Doorway to the Lower Tan Tien 
Location: Below the spinous process of the second lumbar 6) 
vertebrae. Approximately at the level of the navel. 

Functions: Nourishes the Original Chi, strengthens and har- 

monizes the kidneys, tonifies ching and yang, clears chan- 

nels and invigorates collateral vessels, benefits the lower back 


and bones, regulates water pathways. eva 
Main point to build life fire; main point for sexual/genital prob- 
lems. Door of Life 


Indications: Bone disorders, chronic nephritis, enuresis, low 
sex drive, fatigue, spermatorrhea, impotence, irregular 

menses, painful menses, no menses, scanty menses, ab- J 

normal uterine bleeding, lower back stiffness and pain, kid- 

ney pain radiating to the abdomen, hemorrhoids, urinary incontinence, painful urination, 
diarrhea, sciatica, spinal myelits. 


Governor Vessel 6 
"Middle of Spine" - Jizhonc 


Location: Below the spinous process of the 11th tho- 
racic vertebrae (T-11) 

Functions: Stimulates Ching Chi, benefits spleen, 
stomach and kidneys and liver. 

Indications: Hepatitis, seizures, low back pain, paraly- 
sis of lower limbs, blood in stools, diabetes, diarrhea. 


Governor Vessel 11 
"Spirit's Path" - Shen Tao 


Location: Below the spinous process of T-5 (opposite CV- 
417, the Heart Point). 

Functions: Calms heart and mind, regulates heart Chi and 
yang, expands and relaxes the chest, benefits heart and 
lungs, sedates pain, sedates fright and dispels wind. 
Indications: Anxiety and palpitations due to fear or fright, 
neurasthenia, asthma, cough, shortness of breath, chest 
and hypochondriac pain, insomnia, aphasia due to winds, 
stroke, forgetfulness, fever. 
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Governor Vessel 14 
" Big Vertebra" - Da Zhui 


Influential point of yang 

Sea of Chi point 

Intersection point of all yang channels. 
Location: Below the spinous process of the 
seventh cervical vertebra (C-7), approximately 

at the level of the shoulders. 

Functions: Opens the yang, clears the brain, 
calms the spirit, tonifies Protective (Wei) Chi, 
reduces fever, relieves exterior conditions, clears heat. 

Indications: Fever, sunstroke, malaria, psychosis, seizures, bronchitis, asthma, pul- 
monary tuberculosis, emphysema, hepatitis, blood diseases, eczema, hemiplegia, pain 
in the back of the shoulders, cold-induced diseases, cough, fever and chills. 


evie 


(DaZhui) 
GV 14 


Governor Vessel 16 
“Jade Pillow” or "Wind Palace" - Feng Fu 


Sea of Marrow Point, Window of Sky Point, Ghost Point 
Intersection point of the Yang Regulator Channel on the Governor Vessel 

Location: At the base of the skull, about one inch above the posterior hairline, 
Functions: Benefits and clears the brain, calms spirit, opens the sensory orifices, 
dispels wind, wind-cold and wind-heat, smoothes joint functions, 

Indications: Seizures, mania, hemiplegia, loss of speech due to stroke, delirium, sui- 
cidal behavior, fear and fright, anxiety, common cold, sensation of heaviness in the 
head, headache, dizziness, numbness of the limbs, deaf-mutism, blurred vision, si- 
nusitis, stiff neck, 


Governor Vessel 20 


"One Hundred Meetings” - Bai — 
Hui rae 2 
x 
Sea of Marrow Point er eel 
Location: At the crown of the head, approximately on the mid- foot 
point of the line connecting the top apex of the two ears. @ 


Function: Clears the senses, calms the spirit, extinguishes 
liver wind, stabilizes ascending yang. 

Indications: Headache, dizziness, shock, depression, hyper- 
tension, insomnia, seizures, prolapsed anus, prolapsed uterus, 
mental dullness, hemorrhoids. 
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Chapter 1. 
The Ameba 


1. An Introduction to Parasitology 


Parasitology is the study of parasites and as such does not include bacterial, fungal or viral 
parasites. Human parasites are separated into intestinal and blood-borne parasites. For a 
parasite to be defined as intestinal it must have an intestinal life-cycle stage, though it may 
have life-cycle stages in the heart, circulation, lung, tissue, other animals or the environment. 


Parasites found in the intestines can be categorized into two groups: Protozoa and Helminths. 


Protozoa are single celled organisms. There are four classes of Protozoa commonly found in 
concentrated fecal samples. These are differentiated by the method of motility. Protozoa 
include Entamoeba, Giardia, Trichomonas, Cryptosporidium, Isospora, Pneumocystis and 
Balantidium. There are two diagnostic life-cycle stages commonly seen in parasites - the cyst 
and the adult trophozoite stage. The trophozoite stage is analyzed directly on a slide without 
concentration. Cysts require concentration. The key diagnostic factor is that Protozoan cysts 
are typically 5-30ym (um = microns or micrometers) in diameter, and as such are smaller than 
most Helminth eggs. Due to the size they are particularly difficult to see under the microscope 
if the sample clarity is bad 


The medically important Helminths are nematodes (roundworms), cestodes (tapeworms) and 
trematodes (flukes). Genera include: Fasciola, Schistosoma, Ascaris, Hookworm, Trichuris, 
Taenia and Enterobius. The normal stage for examination is the egg stage, although larvae 
may develop in some organisms (Strongyloides); the diameter of the eggs range from 30m - 
150m. 


The other major grouping of parasites is known as blood-borne parasites which are transmitted 
through an arthropod vector. By far the most important arthropod for transmitting parasitic 
infections is the mosquito. Mosquitoes are known to carry malaria and filarial nematodes. 
Different types of biting flies transmit African trypanosomiasis, leishmaniasis and several kinds 
of filariasis. 


Most protozoan and helminthic infections that are transmitted by arthropods can readily be 
diagnosed, on clinical grounds alone, but are usually identified by fairly simple techniques 
designed to present the presence of the causative parasite by microscopy. Sophisticated 
techniques are also being employed including highly sensitive and specific simple monoclonal 
antibody tests, DNA probes, and PCR primers. 


1.2 Infections Acquired Through the Gastrointestinal Tract 


Many of the infections of the gastrointestinal tract (Gl) are caused by parasites that are 
cosmopolitan in distribution. Protozoa can be directly infectious for man when they are passed 
in the feces into the environment, but helminths require a period of maturation while in the soil, 
where they become infectious. Others such as Taenia saginata require the involvement of an 
intermediate host during their life cycle. 


Infections of the GI tract account for a high proportion of deaths in infants where the standards 
of hygiene and nutrition are low. 


Fecal-oral transmission of the pathogens is the most common mode of GI infections, whereby 
water, food and hands become contaminated with fecal material which then come in contact 
with the mouth. 


‘A number of GI infections can reach epidemic proportion, protozoal pathogen Cryptosporidium 
parvum, has been known to cause the severe water-borne epidemics, even in first-world 
countries such as the United States and the UK. Other infections such as amebiasis or 
enterobiasis can be more localized, infecting households or institutions. 


Some of the rarer, protozoal infections such as the microsporidia are only now being 
understood as they are appearing as concomitant infections in people with depressed immune 
responsiveness, e.g. AIDS. 


The Ameba 


Ameba (or Amoeba) are characterized by possessing clear protoplasm which form 
pseudopodia. These pseudopodia are the means by which these organisms move and engulf 
bacteria and red blood cells for feeding purposes. The most common amebas seen in the 
intestinal tract are Entamoeba histolytica/dispar, Entamoeba coli, Entamoeba hartmanni, 
Endolimax nana and lodamoeba bitschiii. All but Entamoeba histolytica are thought to be 
non-pathogenic. The cysts can be identified in an ethyl acetate concentrate by the addition of 
iodine to reveal the characteristic inclusions and also by measuring the cyst using an eyepiece 
graticule. The trophozoites can be seen in a fresh saline preparation of the stool although 
accurate identification is on a permanently stained fecal smear. 


Entamoeba histolytica 
Introduction 


There are a large number of species of ameba which parasitize the human intestinal tract. Of 
these, Entamoeba histolytica / dispar is the only species found to be associated with intestinal 
disease. Although many people harbor this organism world wide, only about 10% develop 
clinically invasive disease, thus the parasite has been shown to present as two very differing 
clinical presentations. 


1. The commensal or non-invasive luminal form where the parasite causes no signs or 
symptoms of disease. 

2. The pathogenic or invasive form where the parasite invades the intestinal mucosa and 
produces dysentery or amebiasis and may give rise to extra-intestinal lesions via the 
blood, mainly to the liver. 


Sargeaunt and Williams (1978) conclusively proved that invasive and non-invasive strains of E. 
histolytica could be differentiated by isoenzyme electrophoresis and the application of 
molecular biology has confirmed the presence of two distinct species with the same 
morphological features. The pathogenic or invasive species has retained the name E. 
histolytica and the non-pathogenic, non-invasive species has been named E. dispar. 


In humans, cysts and trophazites inhabit the 
large bowel 
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Mlustration 1-1. Life Cycle of Entamoeba histolytica: A protozoan in which its life cycle consists of 
two stages; cysts and trophozoites (Cuomo) 


CHAPTER» COMPONENTS 


Capacitors come in all shapes and sizes. They are made of many different materials, depending on 
‘what particular characteristics are needed. See Figure 3-15. 


Figure 3-15, Some electrolytic capacitors of various sizes and capacities. Both much larger and much 
smaller capacitors exist and are very common in electronics. 
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Morphology of Trophozoites 


The trophozoites of E. histolytica / dispar recovered from dysenteric stools exhibit ingested red 
blood cells and clear pseudopodia. Those of E. dispar will have no ingested red blood cells. 
They can be up to 60jim in diameter and motility is rapid and unidirectional. On a permanently 
stained fecal smear e.g. Trichrome or Iron hematoxylin, the morphological features are more 
visible. When using Trichrome stain nuclei, chromidial bars, chromatin, red cells and bacteria 
stain red cytoplasm stains blue-green and background and yeasts stain green. The presence 
of a small centrally placed karyosome is clearly visible. With Iron hematoxylin, nuclear 
chromatin and the karyosome will be stained immensely black. The remainder will be varying 
shades of grey/black. 


Image 1-1. Entamoeba histolytica trophozoites (SOURCE: PHIL 336 -CDC / Dr. N.J. Wheeler, Jr.) 


Morphology of Cysts 


Cysts of E. histolytica / dispar are 10-15ym in diameter and contain one to four nuclei. 
Chromatoid bodies are usually present in young cysts as elongated bars with bluntly rounded 
ends. Glycogen is usually diffuse, but in young cysts it is often present as a concentrated 
mass, staining reddish brown with iodine. 
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Image 1-2. Entamoeba histolytica cyst. (SOURCE: PHIL 531 - CDC/ Dr. L.LA. Moore, Jr.) 
Clinical Disease 


‘Amebiasis is an infection usually caused by the pathogenic Entamoeba histolytica / dispar, and 
is commonly an infection of the colon. It has a world wide distribution where environmental 
sanitation is poor. The parasite may behave as a commensal (causing no harm to the host) or 
it may act as a parasite (harming the host). It is a disease of human beings, although some 
monkeys can become infected and the infection is then transmissible to humans. 


Intestinal Disease 


Patients with intestinal disease may exhibit a number of symptoms including profuse diarrhea 
with blood and mucus, fever and dehydration. Amebic ulcers may develop in the large colon 
and can also be found in the rectal area. The ulcers are usually “flask shaped" with a small 
opening on the mucosal surface and a larger area below the surface. Image 1-3. illustrates E. 
histolytica trophozoites in the intestine, resulting in amebiasis. 


Image 1-3. Entamoeba histolytica, intestine. (SOURCE: PHIL 623 - CDC) 


Hepatic Disease 


Trophozoites are transported from the intestine to the liver and liver disease is characterized 
with abdominal pain, fever, hepatomegaly and tendemess. If the abscess ruptures, there is 
spreading to the brain, pericardium and other sites. If left untouched the abscess will grow 
normally until it reaches a surface where it can discharge, e.g. the skin, the peritoneum, the 
pleural cavity or the pericardium. The stretching of the liver is presumably the main source of 
the pain. 


Laboratory Diagnosis 


Laboratory diagnosis is made by finding the characteristic cysts in an iodine stained, formol- 
ether concentration method or by detecting the characteristic trophozoites in a wet preparation 
or a permanent stained preparation. 


Microscopy 


Where amebic dysentery is suspected, the laboratory should be informed that a “hot stool" is 
being supplied so that it can be examined within twenty minutes of being passed. On cooling 
the ameba stop moving which then become very difficult to identify. Direct microscopy should 
be done by mixing a small amount of the specimen in 0.9% sodium chloride solution. This 
permits detection of motile trophozoites of Entamoeba histolytica / dispar and can also provide 
information on the content of the stool (i.e., the presence of leucocytes and red blood cells). 
On search e.g. primarily for cysts, not for ameba, several stool samples are required to be 
examined, by direct microscopy and a sensitive concentration technique. Three negative stool 
samples are required before it can be accepted that there is no amebic infection. Microscopic 
examination of an amebic abscess aspirate e.g. in the liver or lungs, may reveal 
hematophagous trophozoites. It must be examined immediately by mixing a drop of warm 
saline with some aspirated pus on a microscope slide. 


Serology 


If visceral or hepatic amebiasis is suspected, serological tests should be done as microscopic 
methods do not always reveal the characteristic trophozoites. The tests of choice are indirect 
fluorescent antibody test (IFAT), counter immunoelectrophoresis (CIEP) enzyme linked 
immunosorbent assay (ELISA), and Rapid Antigen testing by enzyme immunoassay. 


The search for E. histolytica | dispar is mainly carried out because there is a natural concern to 
ensure that patients, even in the absence of symptoms, are not harboring parasites that may 
lead to serious complications later on. 


Entamoeba coli 
Introduction 


Entamoeba coli are a non-pathogenic ameba with world wide distribution. Its life cycle is 
similar to that of E. histolytica but it does not have an invasive stage and does not ingest red 
blood cells. 


Morphology of Trophozoite 


The trophozoite is larger than that of E. histolytica ranging from 15-5Oym in diameter. It 
exhibits blunt pseudopodia with sluggish movement. A permanently stained preparation shows 
a nucleus with a moderately large eccentric karyosome with the chromatin clumped on the 
nuclear membrane. The cytoplasm appears granular containing vacuoles with ingested 
bacteria and other food particles. 


Image 1-4. Entamoeba coli trophozoite with ingested bacteria. (SOURCE: PHIL 605 - CDC) 


Morphology of Cysts 


Cysts of E. coli are 15-30,m in diameter and contain one to eight nuclei with irregular 
peripheral chromatin: karyosomes not central. Chromatoid bodies are not frequently seen but 
when present they are usually splinter-like with pointed ends. Glycogen is usually diffuse but in 
young cysts is occasionally found as a well-defined mass, which stains reddish brown with 
iodine. 


Image 1-5. Entamoeba coli (larger) and Entamoeba histolytica (smaller) cysts. (SOURCE: PHIL 442 - 
CDC/Dr. Mae Melvin) 


Laboratory Diagnosis 


Laboratory diagnosis is made by finding the characteristic cysts in an iodine stained, formol- 
ether concentration method or by detecting the characteristic trophozoites in a wet preparation 
or a permanent stained preparation. 


Microscopy 


Where amebic dysentery is suspected, the laboratory should be informed that a “hot stool" is 
being supplied so that it can be examined within twenty minutes of being passed. On cooling 
the ameba stop moving which then become very difficult to identify. Direct microscopy should 
be done by mixing a small amount of the specimen in 0.9% sodium chloride solution. This 
permits detection of motile trophozoites of Entamoeba coli and can also provide information on 
the content of the stool (i.e., the presence of leucocytes and red blood cells). On search e.g. 
primarily for cysts, not for ameba, several stool samples are required to be examined, by direct 
microscopy and a sensitive concentration technique. Three negative stool samples are 
required before it can be accepted that there is no amebic infection. Microscopic examination 
of an amebic abscess aspirate (e.g. in the liver or lungs), may reveal hematophagous 
trophozoites. It must be examined immediately by mixing a drop of warm saline with some 
aspirated pus on a microscope slide. 
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Entamoeba hartmanni 

Introduction 

Entamoeba hartmanni is a non-pathogenic amoeba with world wide distribution. Its life cycle is 
similar to that of E. histolytica but it does not have an invasive stage and does not ingest red 
blood cells. 


Morphology of Trophozoites 


Morphology of the trophozoites is similar to those of E. histolytica / dispar but they do not 
contain ingested red blood cells and the motility is less rapid. 


ae: call 


Image 1-6. Entamoeba hart manni trophozoite (SOURCE: PHIL 528 - CDC/Dr. L.L.A. Moore, Jr.) 
Morphology of Cysts 

Cysts of E. hartmanni 7-9,1m in diameter and contain one to four nuclei. Chromatoid bodies 
are usually present in young cysts as elongated bars with bluntly rounded ends. Glycogen is. 


usually diffuse, but in young cysts it is often present as a concentrated mass, staining reddish 
brown with iodine. 
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Image 1-7. Entamoeba hartmanni cyst (SOURCE: PHIL 533 - CDC/Dr. L.LA. Moore, Jr.) 


Laboratory Diagnosis 


Laboratory diagnosis is made by finding the characteristic cysts in an iodine stained, formol- 
ether concentration method or by detecting the characteristic trophozoites in a wet preparation 
or a permanent stained preparation. 


Microscopy 


Where amebic dysentery is suspected, the laboratory should be informed that a “hot stool" is 
being supplied so that it can be examined within twenty minutes of being passed. On cooling 
the ameba stop moving which then become very difficult to identify. Direct microscopy should 
be done by mixing a small amount of the specimen in 0.9% sodium chloride solution. This 
permits detection of motile trophozoites of Entamoeba hartmanni and can also provide 
information on the content of the stool (i.e., the presence of leucocytes and red blood cells). 
On search e.g. primarily for cysts, not for ameba, several stool samples are required to be 
examined, by direct microscopy and a sensitive concentration technique. Three negative stool 
samples are required before it can be accepted that there is no amebic infection. Microscopic 
examination of an amebic abscess aspirate (e.g. in the liver or lungs), may reveal 
hematophagous trophozoites. It must be examined immediately by mixing a drop of warm 
saline with some aspirated pus on a microscope slide. 
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Endolimax nana 


Introduction 


Endolimax nana is a small non-pathogenic amoeba with world wide distribution. Its life cycle is 
similar to that of E. histolytica but is non-invasive. 


Morphology of Trophozoite 
Trophozoites of E. nana measures from 6-12um. Motility is sluggish with blunt hyalin 


pseudopodia. In a permanently stained preparation, the nucleus exhibits a large karyosome 
with no peripheral chromatin on the nuclear membrane. 


Figure 1-8. Endolimax nana cyst. lodine stain. (SOURCE: PHIL 530 - CDC/Dr. L.L.A. Moore, Jr.) 


Morphology of Cysts 


Cysts of E. nana are 6-9um in diameter. They can be spherical or ovoid in shape and contain 
four pinpoint nuclei, which are highlighted by the addition of iodine. Chromatoid bodies are not 
found and glycogen is diffuse. 
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Image 1-9. Endolimax nana trophozoite (SOURCE: PHIL 1463 - CDC/Dr. Mae Melvin) 


Laboratory Diagnosis 


Laboratory diagnosis is made by finding the characteristic cysts in an iodine stained, formol- 
ether concentration method or by detecting the characteristic trophozoites in a wet preparation 
or a permanent stained preparation. 


Microscopy 


Where amebic dysentery is suspected, the laboratory should be informed that a “hot stool" is 
being supplied so that it can be examined within twenty minutes of being passed. On cooling 
the ameba stop moving which then become very difficult to identify. Direct microscopy should 
be done by mixing a small amount of the specimen in 0.9% sodium chloride solution. This 
permits detection of motile trophozoites of Endolimax nana and can also provide information 
on the content of the stool (i.e., the presence of leucocytes and red blood cells). On search 
e.g. primarily for cysts, not for ameba, several stool samples are required to be examined, by 
direct microscopy and a sensitive concentration technique. Three negative stool samples are 
required before it can be accepted that there is no amebic infection. Microscopic examination 
of an amebic abscess aspirate (e.g. in the liver or lungs), may reveal hematophagous 
trophozoites. It must be examined immediately by mixing a drop of warm saline with some 
aspirated pus on a microscope slide. 
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lodamoeba biitschlii 
Introduction 


lodamoeba bitschiii is a non-pathogenic amoeba with world wide distribution although not as 
common as E. coli or E. nana. Its life cycle is similar to that of E. histolytica but is non-invasive. 


Morphology of Trophozoites 


Trophozoites of J. biitschlii are 8-20m and are actively motile. On a permanently stained fecal 
‘smear, a nucleus with a large karyosome is evident. Chromatin bodies form striations around 
the karyosome. The cytoplasm appears granular containing vacuoles with ingested bacteria 
and debris. 


Image 1-10. Histopathology of amebiasis of brain due to lodamoeba bitschlll. (SOURCE: PHIL 323 - 
CDC/Dr. Martin D. Hicklin) 


Morphology of cysts 
Cysts of /. buitschlii are 9-15ym in diameter and have one nucleus in mature cysts usually 


eccentrically placed. Chromatoid bodies are not present. Glycogen is present as a compact 
well defined mass staining dark brown with iodine. 
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Schematic Symbols 


While there are a large number of special-purpose capacitors that are custom made for certain 
applications, a very large number of capacitors fall into two broad categories: polarized and 
nonpolarized. The schematic symbols for both types of capacitors display the fundamental construction 
of two conducting plates separated by an insulator. See Figure 3-16. 
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Figure 3-16. The schematic symbols for polarized capacitors (left) and nonpolarized capacitors (right) 


C1 isa polarized capacitor, meaning one terminal is more positive than the other. In practice, this is 
indicated on the part itself in a variety of ways. One convention is that the anode, or more positive lead, 
is physically a itde bit longer than the cathode, or negative lead. There is generally some sort of mark 
made on the capacitor body itself. Usually this is a stripe on the negative side of the capacitor. 

What's really odd and potentially confusing is that one type of capacitor, specifically that made 
primarily of tantalum, has a stripe that indicates the positive lead of the polarized capacitor. Know your 
capacitors! 

‘Apolarized capacitor that is installed backward will experience terrible physical and thermal 
stresses and can sometimes explode, sending bits of itself all over the place. 

2 in Figure 3-16 illustrates a nonpolarized capacitor. It doesn’t matter which way itis installed in a 
circuit. Itis electrically symmetrical and works just as well in either orientation, 


Inductors 


An inductor is almost always made out of coils of wire. Sometimes inductors are quite large, as with 
transformers, while other times they are as small as a speck. An inductor would appear, electrically, asa 
simple short-circuit if it weren't configured to take advantage of certain principles of electromagnetism, 
or the tendency for the flow of electric current in a conductor to form a magnetic field around the 
conductor. The shape and orientation of the loops of wire that compose the inductor determine its, 
electrical characteristics 

In many ways, an inductor is the opposite or complement of the capacitor. While a capacitor does 
not conduct direct current from one terminal to another, an inductor will happily do so, a least for a 
time. While a capacitor will resist a change in voltage across its terminal as it builds up its electri field, 
an inductor will resist a change in current flow across its terminal once it has established a magnetic 
field. 

Because of their complementary natures, the two components can be used together to form a tuned 
circuit—one that resonates at a particular frequency, or allows the passage of only a certain range of 
frequencies, with the capacitor shuffling the high-frequency portions and blocking the low-frequency 
portions, while the inductor does the opposite, blocking the high-frequency components and passing 
the low-frequency ones. This is how many older radios and televisions worked before the advent of low- 
cost solid-state electronics, 

‘Once an inductor has built up a magnetic field, any drop in the current flow across its terminals will 
result in the collapse of the field and the generation of a very-high-voltage spike. This is the basic 
electrical circuit that was used in automobile engines to create the high-voltage spark needed to ignite 
the fuel-and-air mixture in the combustion chamber. 


Image 1-11. lodamoeba bittschili cyst. (SOURCE: PHIL 587 - CDC/Dr. L.L.A. Moore, Jr.) 


Laboratory Diagnosis 


Laboratory diagnosis is made by finding the characteristic cysts in an iodine stained, formol- 
ether concentration method. Trophozoites are difficult to detect in a wet preparation. 


Microscopy 


Where amebic dysentery is suspected, the laboratory should be informed that a “hot stool" is 
being supplied so that it can be examined within twenty minutes of being passed. On cooling 
the ameba stop moving which then become very difficult to identify. Direct microscopy should 
be done by mixing a small amount of the specimen in 0.9% sodium chloride solution. This 
permits detection of motile trophozoites of Jodamoeba bitschlii and can also provide 
information on the content of the stool (i.e., the presence of leucocytes and red blood cells). 
On search e.g. primarily for cysts, not for ameba, several stool samples are required to be 
examined, by direct microscopy and a sensitive concentration technique. Three negative stool 
samples are required before it can be accepted that there is no amebic infection. Microscopic 
examination of an amebic abscess aspirate e.g. in the liver or lungs, may reveal 
hematophagous trophozoites. It must be examined immediately by mixing a drop of warm 
saline with some aspirated pus on a microscope slide. 
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Blastocystis hominis 
Introduction 


B. hominis is an inhabitant of the human intestinal tract. It is capable of both sexual and 
asexual reproduction by binary fission and of pseudopod extension and retraction. 


Morphology 


The classic form that is usually seen in stool specimens varies in size from 6-40um and is 
characterized by a large membrane bound central body which occupies 90% of the cell. It has. 
no internal nuclear structure and a rim of peripheral granules the function of which is not 
known. 


Image 1-12. Blastocystis hominis cyst-like forms in a wet mount stained in iodine. (SOURCE: CDC) 


Clinical Disease 


The pathogenic potential of 8. hominis is unclear, though this organism has been associated 
with nausea, fever, vomiting, diarrhea and abdominal pain. 


Laboratory Diagnosis 


Permanently stained preparations of fecal smears is the procedure of choice for identification, 
although the organism can be seen in wet preparations. The recommended stains are Fields’ 
and Giemsa. 
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13 Direct Fecal Parasite Concentration Methods 


Diagnosis of intestinal parasites is confirmed by the recovery of protozoan trophozoites and 
cysts, helminth eggs and larvae in the clinical parasitology laboratory. Microscopic examination 
of feces is essential for the recognition and identification of intestinal parasites. Due to the low 
density of the parasites in the feces, direct microscopy is useful for the observation of motile 
protozoan trophozoites and the examination of cellular exudate, is not recommended solely for 
the routine examination of suspected parasitic infections. It is essential to increase the 
probability of finding the parasites in fecal samples to allow for an accurate diagnosis. 
Therefore, a concentration method is employed. (Direct wet mount examination should not be 
entirely excluded as the trophozoites are usually destroyed during the concentration procedure 
and therefore, microscopic examination of wet mounts should be performed). 


Conventional Methods 
Ridley-Allen Method 


The concentration procedure used in hospitals requires the use of ether or ethyl acetate as a 
lipid removing agent and formalin as a fixative. The process involves the use of either 
expensive brass sieves or the use of tea strainers as the filter element. 


Tea strainers have a very open pore structure of at least 600 micron and due to the shape of 
the strainer it is a non-linear pore size. 


The fecal matter is filtered directly through these meshes in a dead stop manner, and hence 
there is the tendency for occlusion of the filter. There is also a formation of a secondary filter 
layer, which retains eggs and allows the extrusion of particles (particularly fibers) into the 
sediment. The net result is a reduction in egg yield and in sample clarity. 


a. Using orange sticks, select a quantity of feces (approx. 1g) to include external and 

internal portions. 

Place in a centrifuge containing 7ml of 10% formalin. 

Emulsify the feces in the formalin and filter through the brass/plastic filter into the dish. 

Wash the filter and discard any lumpy residue. 

Transfer the filtrate to a boiling tube-add 3ml of ether and mix well on a vortex mixer for 

15 seconds or mix by hand for 1 minute. 

f. Transfer back to the centrifuge tube and centrifuge at 3,000 rpm for 1 min. 

g. Loosen the fatty plug with an orange stick and pour the supernatant away by quickly 
inverting the tube. 

h. Allow the fluid on the side of the tube to drain onto the deposit ~ mix well and transfer a 
drop to a slide for examination under a coverslip. (WHO Basic lab methods in Medical 
Parasitology) 


poos 


The advantages of this method are that it will recover most ova, cysts and larvae and retain 
their morphology (thus facilitating identification). It has the disadvantage of destroying 
trophozoite stages and distorting cellular exudate. Liquid feces do not concentrate well, thus it 
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is necessary in these cases to examine the stool by direct microscopy. Since the sieves are 
not disposable there is a problem with cleaning for re-use. The system is also open so there is 
a biohazard and odor issue. 


Flotation Method 


This technique is predominantly used in veterinary laboratories. By exploiting the density of the 
parasites, particularly eggs, it allows the parasites to float to the top of a dense solution (final 
specific gravity of about 1.20) and can then be skimmed from the top of the tube. The most 
commonly used reagent is zinc sulphate. Operculated eggs as well as schistosome and 
infertile Ascaris eggs are not easily recovered by this method. Also trophozoites are killed due 
to the high specific gravity and certain other fragile eggs such as Hymenolepis nana become 
distorted. 


1. Crush 10-20g (about 1 teaspoon) of feces with applicator sticks and mix well with 10- 
12m of saline. Filter the mixture through two layers of dampened surgical gauze into a 
415ml conical centrifuge tube. 

2. Centrifuge the suspension at 1500 rpm for five minutes. Decant the supernatant into 
disinfectant. Resuspend the sediment and recentrifuge in saline if there is excessive 
debris in the sample. 

3. Resuspend and thoroughly mix the sediment in 12ml of zinc sulphate solution (specific 
gravity, 1.18 to 1.20, as verified with a hydrometer). 

4. Centrifuge for one minute at 2500 rpm. Place tube in a rack in a vertical position and 
slowly add enough zinc sulphate with a dropper pipette to fill the tube so that an 
inverted meniscus forms. 

5. Without shaking the tube, carefully place a 22 x 221m coverslip on top of the tube so 
that its underside rests on the meniscus. The meniscus should not be so high that fluid 
Tuns down the side of the tube carrying parasites away from the cover glass. 

6. Allow the tube to stand vertically in a rack with the coverslip suspended on top for ten 
minutes. 

7. Carefully lift the coverslip with its hanging drop containing parasite eggs and cysts on 
the underside and mount on a clean slide, liquid side down. A small drop of iodine stain 
may be placed on the slide prior to adding the coverslip. The slide is gently rotated after 
adding the coverslip to ensure a uniform mixture. The slide is then thoroughly examined 
microscopically. (Clinical Laboratory procedures) 
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Chapter 2. 
The Ciliates, Coccidia, and 
Microsporidia 


2.1 Infections Acquired Through the Gastrointestinal Tract 


In vertebrates, by far the most favorable sites for intestinal parasites are the duodenum, ileum, 
cecum and large intestine. To survive to reproduce in the gastrointestinal tract the parasites 
have to adapt to continuous physiological changes relative to the feeding habits of the host, 
the battery of protein, fat and carbohydrate-splitting enzymes, pH changes and the almost 
oxygen-free environment. Despite these features many parasites, both protozoa and helminths 
are capable of colonizing the gastrointestinal tract successfully. 


Protozoa are single-celled animals which resemble a single cell of a higher organism. 
However, the protozoan cell is capable of carrying out vital functions such as reproduction, 
feeding, and locomotion. Intestinal protozoa include species which can live in the lumen of the 
intestine and others which additionally live and reproduce in the cells of the intestinal walls. 


The protozoa make up a wide spectrum of organisms which have different life cycles and 
variable characteristics. 


The Ciliates 


2.2 The Parasites 


The ciliates belong to the family Ciliophora. They possess simple cilia or compound ciliary 
organelles, two types of nuclei and a large contractile vacuole. The only member of the ciliate 
family to cause human disease is Balantidium coli. 
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Balantidium coli 
Introduction 


Balantidium coli is widely distributed in warmer climates, which is where human infections most 
commonly occur. The organisms inhabit the large intestine, cecum and terminal ileum where 
they feed on bacteria, The most common hosts being humans, pigs and rodents. Human 
infection is usually from pigs and is rare. 
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Ilustration 2-1. Life cycle of Balantidium coli. (SOURCE: PHIL 3380 - CDC/Alexander J. da Silva, 
PhD/Melanie Moser) 
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Morphology of the Cyst 


The cyst is spherical or ellipsoid and measures from 30-200um by 20-120um. It contains 1 
macro and 1 micronucleus. The cilia are present in young cysts and may be seen slowly 
rotating, but after prolonged encystment, the cilia disappear. Cysts form when diarrhea 
subsides and the rectal contents become formed. The cyst, ingested by a fresh host, excysts 
to liberate the trophozoite. 


Image 2-1. Balantidium coli cyst. (SOURCE: PHIL 584 - CDC/Dr. LL.A. Moore, Jr.) 


Morphology of the Trophozoite 


Trophozoites of B. coli measure approximately 30-150ym in length x 25-120um in width but 
have been known to attain lengths of up to 200um. They are oval in shape and covered in 
short cilia. A funnel shaped cytosome can be seen near the anterior end. Multiplication is by 
binary fission in the trophozoite stage. In an unstained preparation, the organisms are easily 
recognized because of their size and rapid revolving rotation. In a stained preparation, the 
characteristic macro and micronuclei may be observed. 
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Image 2-2. Balantidium coli cyst with Trichuris egg inside. Unstained wet mount. (SOURCE: PHIL 
1460 - CDC/Dr. Mae Melvin) 


Clinical Disease 


Severe B. coli infections may resemble amebiasis. Symptoms include diarrhea, nausea, 
vomiting, and anorexia. The diarrhea may persist for long periods of time resulting in acute 
fluid loss. Balantidium coli also has the potential to penetrate the mucosa resulting in ulceration 
just as those of Entamoeba histolytica, but perforation is more common. Metastatic lesions do 
not occur. Extra-intestinal disease has also been reported, but is rare. 


Laboratory Diagnosis 


Wet preparations of fresh and concentrated stool samples reveal the characteristic cysts and 
motile trophozoites. They are easier to identify in direct-smear saline preparations than 
permanently stained fecal smears. 
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The Coccidia 


The Coccidia are a group of organisms which parasitize the epithelial cells of the intestinal 
tract. This group includes Cryptosporidium parvum, Cyclospora cayetanensis and Isospora 
belli. Most of the coccidian infections in man are zoonoses (having the potential to infect 
animals or arise from animals). In immunocompetent individuals, they usually produce mild, 
self-limiting infections. 


Cryptosporidium parvum 

Introduction 

Cryptosporidium species, are coccidian protozoa, which are cosmopolitan in distribution, 
occurring in both developed and underdeveloped countries and causing infection in both 


humans and their livestock. Cryptosporidium parvum is the species responsible for human 
infection. 


Development of Cryptosporidia occurs in a parasitophorous vacuole located on the 
microvillous surface of the epithelial cells. 


Life Cycle and Morphology 
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Clinical Disease 


C. parvum is now widely recognized as a cause of acute gastro-enteritis, particularly in 
children. The infection produces a persistent, watery, offensive diarrhea often accompanied by 
abdominal pain, nausea, vomiting and anorexia. In immunocompetent persons, symptoms are 
usually short lived (one to two weeks). The small intestine is the site most commonly affected, 
symptomatic Cryptosporidium infections have also been found in other organs including other 
digestive tract organs, the lungs, and possibly conjunctiva. 
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Image 2-3. Cryptosporidium parvum oocysts. This photomicrograph revealed the morphologic 
details of Cryptosporidium parvum oocysts, i.e., encapsulated zygotes, which had been stained using 
the modified acid-fast method. These oocysts exhibit a bright red coloration when using this staining 
technique, and in this case, you'll note the sporozoites that were made visible inside the two oocysts 
‘on the right. Sporozoites are the nucleated, motile stage of development through which many 
protozoans pass such as C. parvum, on their way to becoming adults, and represent a very infectious 
form of these organisms. The sporozoites will be released from these C. parvum oocysts. (SOURCE: 
PHIL 7829 - CDC/ DPDx - Melanie Moser) 
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CHAPTER» coMPoNENTS 


Inductors can also be used to efficiently pass alternating current via a magnetic field from one 
inductor to another. This is how the primary windings of a power transformer induce current in the 
neighboring secondary coil, which, depending on the ratio of windings and a few other factors, 
determines ifthe transformer steps up the voltage or steps down the voltage. Itcan even keep the voltage 
‘the same, for when electrical isolation is needed between two different systems. 

‘Most electric motars employ some sort of inductor that alternately attracts and repels another 
electromagnet or permanent magnet. The most basic direct-current (DC) motors require a fairly 
complex mechanical arrangement to perform the necessary switch-swap to altemate the fields. This 
process is called commutation. In other types of electric motors, such as brushless motors and stepper 
‘motors, this commutation process is done electronically, externally to the motor itself, and requires 
‘more complex circuitry to control the speed and direction of the motors. See Figure 3-17. 


‘Figure 3-17. Some simple DC motors. When direct current is applied to their terminals, they spin. The 
‘magic happens with an electrical and mechanical arrangement inside that performs the necessary 
commutation of the magnetic fields. 


Switches 


‘The most basic way to control the flow of electric current in a circuit it to literally break the circuit, This, 
‘means that instead of forminga conductive loop from power source to components and back again, a 
gap is introduced somewhere in the loop. 

‘This gap can come anywhere in the loop. It can be right next to the battery, for example, or 
‘somewhere off in the middle—as long as the circle is broken, no current will flow. 


cc) 


Cryptosporidiosis in immunocompromised individuals, especially in HIV patients, can be life 
threatening, as many as 10% may pass oocysts of C. parvum. Infections are characterized by 
the production of frequent, large volume watery stools and sometimes there is invasion of the 
pancreas, biliary or respiratory tract. 


Ooeyst excretion and symptoms may fluctuate during the course of infection. Asymptomatic 
infections are commonly found in developing countries with poor hygiene, where there is close 
contact with livestock. 


Laboratory Diagnosis 


Definitive diagnosis of cryptosporidiosis is by finding the characteristic spherical oocysts in 
fecal samples. They do not concentrate well using standard concentration techniques and are 
identified using various staining techniques. 


Using the modified Ziehl-Neelsen staining method (fuschin followed by methylene blue), the 
oocysts are acid fast. However, staining results within a smear and between specimens are 
diverse, varying from unstained to partial red staining and complete staining. Fully sporulated 
forms can be seen in which the red staining sporozoites are within an unstained oocyst wall. 
When staining the fecal smear with phenol-auramine/carbol-fuchsin, the oocysts appear as 
bright yellow discs with an "erythrocyte" pattern of staining against a dark red background. 
Detection of the oocysts can also be achieved by using specific polyclonal or monoclonal 
antibodies conjugated to fluorescein. These tests are now commercially available and offer a 
high degree of sensitivity. However, caution must be exercised when they are used to detect 
oocysts in the fecal smears distributed by NEQAS parasitology. Such specimens are 
preserved in formalin, which interferes with the fluorescent staining of the parasites, and are 
thus difficult to detect. 


Oocysts in stool specimens (fresh or in storage media) remain infective for extended periods. 
Thus stool specimens should be preserved in 10% buffered formalin or sodium acetate-acetic 
acid-formalin (SAF) to render oocysts non-viable. (Contact time with formalin necessary to kill 
oocysts is not clear; we suggest at least 18 to 24 hours) 
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Image 2-4. Staining of Cryptosporidium parvum oacysts in a stool smear with monoclonal antibodies 
conjugated to fluorescein. The Cryptosporidium oocysts appear with a peripheral green fluorescence. 
This technique could be of interest in epidemiological inquiries. (x 670) (SOURCE: Unknown) 


Detection of the oocysts can also be achieved by using rapid antigen detection testing kits that 
specifically detect antigen released by Cryptosporidium parvu. These tests are now 
commercially available and offer a high degree of sensitivity even on specimens that are 
preserved, 


Isospora belli 
Introduction 


Isospora belli is a coccidian protozoan of cosmopolitan distribution, occurring especially in 
warm regions of the world infecting both humans and animals. 


Life Cycle 


The life cycle of |, bel involves an asexual (schizogonic stage) and a sexual (sporogonic 
stage). 
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lustration 2-2. Isospora belle cyce. At time of excretion, the immature oocyst contains usually one 
sporablast (more rarely two) ©. In further maturation after excretion, the sporoblast divides in two 
(the oocyst now contains two sporoblasts); the sporoblasts secrete @ cyst wall, thus becoming 
sporocysts; and the sporocysts divide twice to produce four sporozoites each @. Infection occurs by 
ingestion of sporocysts-contalning oocysts: the sporocysts excyst in the small intestine and release 
their sporozoites, which invade the epithelial cells and initiate schizogony ©. Upon rupture of the 
Schizonts, the merozoites are released, Invade new epithelial cells, and continue the cycle of asexual 
multiplication ©. Trophozoltes develop into schizonts which contain multiple merozoites. After a 
mainimum ef one week, the sexual stage begins with the development of male and female gametocytes 
©. Fertilization results in the development of oocysts that are excreted in the stool ©. Isospora bell 
infects both humans and animals. (SOURCE: PHIL 3398 - CDC/Alexander J. da Silva, PhD/Melanie 
Moser) 
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Morphology 


Infection with Isospora belli occurs in both immunocompetent and immunocompromised 
patients and begins when the mature oocyst is ingested in water or food. 


Morphology of oocysts. The mature oocyst contains 2 sporocysts, each containing 4 
sporozoites measure on average 35 x Sum. 


Figures 6. and 7. demonstrate fecal smears of oocysts. The sporulated oocyst is the infective 
stage of the parasite and they excyst in the small intestine releasing sporozoites which 
penetrate the epithelial cells, thus initiating the asexual stage of the life cycle. The sporozoite 
develops in the epithelial cell to form a schizont, which ruptures the epithelial cell containing it, 
liberating merozoites into the lumen. These merozoites will then infect new epithelial cells and 
the process of asexual reproduction in the intestine proceeds. Some of the merozoites form 
macrogametes and microgametes (sexual stages) which fuse to form a zygote maturing finally 
to form an oocyst. 


l A I B l c 


Image 2-5. A, B, C: Oocysts of Isospora belll. The oocysts are large (25 to 30 ym) and have a 
typical ellipsoidal shape. When excreted, they are immature and contain one sporablast (A, B). The 
oocyst matures after excretion: the single sporoblast divides in twa sporoblasts (C), which develop 
cyst walls, becoming sporocysts, which eventually contain four sporozoites each. (Images contributed 
by Georgia Division of Public Health. (CDC)) 


Clinical Disease 


In the immunocompetent, infection is generally asymptomatic or a self-limiting gastro-enteritis. 
However, in chronic infections, severe non-bloody diarrhea with cramp-like abdominal pain can 
last for weeks and result in fat malabsorption and weight loss. Eosinophilia may be present 
(atypical of other protozoal infections). 


In immunocompromised individuals, infants and children, infection ranges from self: 
enteritis to severe diartheal illness resembling that of cryptosporidiosis. 


limiting 
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Laboratory Diagnosis 


Oocysts are thin walled, transparent and ovoid in shape. They can be demonstrated in feces 
after a formal ether concentration where they appear as translucent, oval structures. 


Alternatively, oocysts can be seen in a fecal smear stained by a modified Ziehl-Neelsen 
method, where they stain a granular red color against a green background, or by phenol- 
auramine. 


Cyclospora cayetanensis 
Introduction 


Cyclospora cayetanensis, a coccidian protozoan, has been described in association with 
diarrheal illness in various countries, in particular Nepal, Pakistan and India. Infection results in 
a disease with non-specific symptoms. Quite often the disease is the cause of unexplained 
summer diarrheal illness and similar illness following travel to tropical areas. 


Life Cycle and Morphology 


The life cycle of this organism is unknown, however environmental data suggest that 
Cyclospora, like Cryptosporidium species, is a water-borne parasite. The oocysts of C. 
cayetanensis are spherical, measuring 8-10um in diameter and the mature oocyst contains 2 
sporocysts. Oocysts of Cyclospora cayetanensis, are twice as large in comparison with C. 
parvum and are not sporulated (do not contain sporocysts - upon excretion). 
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Cryptosporidium). In the environment ©, sporulation occurs after days or weeks at temperatures 
between 22°C to 32°C, resulting in division of the sporont into two sporocysts, each cantalning two 
elongate sporozoites @. Fresh produce and water can serve as vehicles for transmission @and the 
sporulated oocysts are ingested (in contaminated food or water) ©. The oocysts excyst in the 
gastrointestinal tract, freeing the sporozoites which invade the epithelial cells of the small intestine © 
M inside the cells they undergo asexual multiplication and sexual development to mature into oocyst, 
which will be shed in stools @. The potential mechanisms of contamination of food and water are stil 
Under Investigation. (SOURCE: CDC) 
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Image 2-6. This photomicrograph of a fresh stool sample, which had been prepared using a 10% 
formalin solution, and stained with modified acid-fast stain, revealed the presence of four Cyclospora 
cayetanensis oocysts in the field of view. Compared to wet mount preparations, the oocysts are less 
perfectly round and have a wrinkled appearance due to this method of fixation, Most importantly, the 
staining is variable among the four oocysts. (SOURCE: PHIL 7827 - CDC/ DPDx - Melanie Moser) 


Image 2-7. This photomicrograph of a fresh stool sample, which had been prepared using a 10% 
formalin solution, and stained with safranin, revealed the presence of three uniformly stained 
Cyclospora cayetanensis oocysts in the field of view. (SOURCE: PHIL 7828 - CDC/ DPDx - Melanie 
Moser) 


~32- 


Patients from whose stools the organism has been isolated have reported nausea, vomiting, 
weight loss and explosive watery diarrhea. Flatulence and bloatedness, nausea and vomiting, 
myalgia, low-grade fever, and fatigue are associated symptoms. The site of infection is the 
small bowel. The disease is usually self-limiting to three to four days but untreated infections 
can last from several days to a month or longer, and may follow a relapsing course. Some 
infections are asymptomatic. 


Image 2-8. Four Cyclospora oocysts from fresh stool fixed in 10% formalin and stained with modified 
acid-fast stain. Compared to wet mount preparations, the oocysts are less perfectly round and have 
wrinkled appearance. Most importantly, the staining is variable among the four oocysts. (SOURCE: 
cDc) 


Laboratory Diagnosis 


The oocysts of C. cayetanensis are spherical as can be seen in formol-ether concentrated 
stool samples by light microscopy. They are refractile spheres which exhibit blue 
autofluorescence under ultraviolet light. It is important to note that UV microscopes set up for 
FITC and auramine microscopy only (450-500nm) will fail to detect the autofluorescence of the 
oocyst. lodine-quartz microscopes do not produce UV wavelength below 400nm, while both 
mercury vapor and xenon vapor microscopes must be fitted with a 340-380nm excitation filter 
to demonstrate autofluorescence. 


The oocysts are variably acid-fast when stained by the modified Ziehl-Neelsen method. Some 


cysts are acid-fast whereas others appear as round holes against a green background. They 
do not stain well with phenol-auramine. 


-33- 


Microsporidia Species 


Introduction 


The term microsporidia is also used as a general nomenclature for the obligate intracellular 
protozoan parasites belonging to the phylum Microsporidia. To date, more than 100 genera 
and 1,000 species have been described as parasites infecting a wide range of vertebrate and 
invertebrate hosts. There are at least seven microsporidian species that are well characterized 
as human pathogens. (Table 2-1.) 


Microsporidia are characterized by the production of resistant spores and the polar tubule (or 
polar filament) which is coiled inside the spore as demonstrated by its ultrastructure. 


They have recently come to medical attention as opportunistic pathogens in humans with 
Acquired Immune Deficiency Syndrome (AIDS) and have been implicated in conditions ranging 
from enteritis to keratoconjunctivitis. 


Life Cycle and Morphology 
Microsporidia are primitive organisms. They possess no mitochondria and have prokaryotic 
like ribosomes. Classification is based on the ultrastructural features, which include the 


number of coils in the polar tubes, the configuration of nuclei and the spore size 1-4um, 
depending on the species. 
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Ilustration 2-5. Life cycle of Mlerosporidia sp. The infective form of microsporida Is the resistant 
spore and it can survive for a long time in the environment @. The spore extrudes its polar tubule 
and infects the host cell @. The spore injects the infective sporoplasm Into the eukaryatic host cell 
through the polar tubule ®, Inside the cel, the sporoplasm undergoes extensive multiplication elther 
by merogony (binary fission) or schizagony (multiple fission) @. This development can occur either in 
direct contact with the host cell cytoplasm (e.g... bleneusi) or inside a vacuole termed 
parasitophorous vacuole (e-g., E. intestinalis), clther free in the cytoplasm or inside a 
parasitophorous vacuole, microsporidia develop by sporogony to mature spores @. During 
Sporogony, 2 thick wali Is formed around. the spore, which provides. resistance to adverse 
environmental conditions. When the spores increase in number and completely fil the host cell 
cytoplasm, the cell membrane is disrupted and releases the spores to the surroundings @, These free 
mature spores can infect new cells thus continuing the cycle. (SOURCE: CDC) 
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cuAPTERa = coMPoNeNTS 


Ifyou perform the lightbulb experiment in Chapter 1, you can see how this works. When everything 
is lined up properly and the final connection is made, the lightbulb lights up. When any of the 
connections are broken, the light goes out. It’s really as simple as that. 

Most of the electrical switches that you operate every day are really mechanical in nature. Their 
main function is to physically move two conductors either together or apart. 

In the lightbulb experiment, you could use the wire as a switch, by physically touching either the 
battery terminal or the lightbulb (depending on how you were holding everything together). With a litle 
practice, you could probably send Morse code, or atleast a variation on “one if by land, two if by sea.” 

There are many kinds of switches for many kinds of switching tasks. The most basic are momentary 
action switches. These are usually push buttons, and only conduct electricity when pressed. Alternately, 
they can be built so that they conduct electricity all the time, except when pressed: 


‘+ The first option is called normally open. When a circuit is open, itis not 
conducting electricity. When you clase the circuit, by completing the loop, 
electricity can flow. A normally open switch would be welcome in a doorbell 
circuit, When no one is pressing the button, no bells are ringing. It would be 
annoying the other way around. 


+ Anormally closed switch acts like a solid piece of wire (being a conductor of 
electricity) until it is activated, when it ceases to provide a path for the electricity 
to follow. This type of switch can be used as a kill switch on a gasoline-powered 
‘engine, such as a lawn mower, for example. By interrupting the flow of electricity 
‘generated by the magneto and powering the spark plug, you interrupt the internal 
‘combustion cycle, which will eventually cause the engine to slow down and then 
stop. 


This type of switch is called a single-throw switch. It's either on orit's off conducting electricity or 
not conducting electricity. 


Note For almost every possible configuration of switches, there isa corresponding apposite configuration that 
is almost as popular. 


Another useful configuration for a switch is to switch from one circuit to another circuit, and not 
just on and off. This is referred to as a double-throw circuit. A switch like this normally has three 
terminals. A common terminal is usually, but not always, in the center. At any rate, the common terminal, 
is electrically connected to the moving part of the switch that is going to make contact with one or the 
other two remaining contacts, The normally clased contact is the one that will be making contact with 
the common terminal when the switch is not activated, or at rest. The normally open contact is simply 
the other terminal. This assumes that the switch has some sort of bias or mechanical spring action that 
returns it to a certain orientation when no one is activating it. 

‘Some double-throw switches can remain in either state indefinitely. Atypical light switch used in 
indoor lighting is a good example. I's just as happy to stay on as off. 

Switches can have more than one circuit built into them. These switches are called double pole, 
triple pole, and so forth. They're like two or more single-pole switches physically taped together, so that 
when one is switched, they all are switched. Usually these poles are electrically isolated from each other. 

‘We'll play with switches again in Chapter 5, where you'll learn some interesting ways to wire 
them up. 


Microsporidia Size Associated Disease 


Gastrointestinal and biliary 


dum x1-5um | tract infections 


Gastrointestinal tract and 


1.5um x 2.5um | ov ctemic infections 


Keratopathy (corneal edema), 


1.5um x 1um | respiratory tract infection 


1.5m x lym | Central nervous system disease 


2um x 4um Systemic infections 


2um x 4um Keratopathy 


2.8um x 3.4um | Myositis 


Table 2-1. Microsporidia found in humans and their associated disease. (Cuomo) 


In addition to the species in Table 2-1., above, there are other, not well-characterized 
microsporidian human pathogens. These are designated as Microsporidum, a collective taxon 
that includes Microsporidum africanum and Microsporidium ceylonensis. 


Clinical Disease 


The most common microsporeans found in patients with AIDS are Enterocytozoon bieneusi, 
Encephalitozoon intestinalis and Encephalitozoon hellem. Patients with these infections tend to. 
be severely immunodeficient with a CD4 count less than 100 x 10°/L. Additionally, cases of 
microsporidiosis have been reported in immunocompromised persons not infected with HIV 
and in immunocompetent individuals. The clinical manifestations of microsporidiosis are very 
diverse, varying according to the causal species, with diarrhea being the most common. 


Enterocytozoon bieneusi 
Infections with E. bieneusi are restricted to the enterocytes of the small intestine, resulting in 


villous atrophy and malabsorption. Clinical symptoms include chronic watery, non-bloody 
diarrhea, malaise and weight loss. 
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Image 2-9. Electron micrograph of an Enterocytozoon bieneusi spore. Arrows indicate the double 
rows of polar tubule coils in cross section which characterize a mature E, bieneusi spore, (SOURCE: 
cDc) 


Encephalitozoon intestinalis 


Infection with Encephalitozoon intestinalis occurs in the enterocytes of the small intestine but is 
more widely disseminated than E. bieneusi and has been found in the colon, liver and kidney. 


Image 2-10. Electron micrograph of an eukaryotic cell with Encephalitazoon intestinalis spores and 
developing forms inside a septated parasitophorous vacuole. The vacuole is a characteristic feature of 
this microsporidian species. (SOURCE: CDC) 


-37- 


Encephalitozoon hellem and Encephalitozoon cuniculi 


These organisms have also been found in disseminated microsporidiosis. Clinical symptoms 
may include sinusitis, nephritis, hepatitis, keratoconjunctivitis and peritonitis. 


Nosema corneum 
This organism has been detected in AIDS patients with keratoconjunctivitis. 
Laboratory Diagnosis 


Initially, the diagnosis of intestinal microsporidiosis depended on tissue biopsies which were 
stained with Gram’s stain and examined by light microscopy. However, in order that ill patients 
were not subjected to unnecessary invasive procedures, non-invasive diagnostic procedures 
were developed. The modified Trichrome stain and the Fungiqual fluorescent stain are the 
stains of choice. Immunofluorescence assays (IFA) using monoclonal and/or polyclonal 
antibodies are being developed for the identification of microsporidia in clinical samples. 


2.3 Examination of fecal specimens for Parasites 


Many intestinal disorders are due to intestinal parasites which cannot be diagnosed 
symptomatically. Laboratory investigation is therefore required and the staff responsible should 
have adequate expertise in examining fecal specimens for parasitic organisms. 


2.4 Relevant information required 


The request form should always state the patients clinical symptoms and signs and whether 
the patient had recent overseas travel. If the patient has had no recent history of overseas 
travel, examination for Cryptosporidium, Giardia and Microsporidia, if immunocompromised 
should be considered. If overseas travel has been undertaken, it is important to note is the 
patient ill or whether a routine post-tropical screen is requested. The geographical location is 
also important as it may indicate these parasites which could be present. 
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2.5 Collection of samples 


If a fecal sample is not properly collected and taken care of before examination, it will be of 
litte or no value for accurate diagnosis. This is especially true if protozoa are present. Amoebic 
trophozoites begin to degenerate one to two hours after passage, as do flagellate trophozoites. 
Cysts will deteriorate if the fecal specimen is left standing for many hours or overnight, 
especially at high temperatures. 


Helminth eggs and larvae are less affected by the age of the specimen than are protozoa. 
Nevertheless, changes may occur that could affect their identification; hookworm larvae may 
become embryonated and larvae may hatch from the eggs risking confusion with 
Strongyloides larvae. Larvae themselves may disintegrate thus making their identification 
difficult. 


To ensure that good specimens are provided for examination, it is important to note the 
following points. 


1. Aclean dry container must be used for the collection of fecal samples. Urine and water 
will destroy trophozoites, if present, and the presence of dirt also causes identification 
problems. 

2. Ideally the specimen should be brought to the lab as soon as it is passed, to avoid 
deterioration of protozoa and alterations of the morphology of protozoa and helminths. 

3. The specimen container should be clearly labeled with the patient's name, date, and 
time of passage of the specimen. 

4, An amount of stool adequate for parasite examination should be collected and a repeat 
sample requested if too little is supplied. The smallest quantity that should be accepted 
is about the size of a pigeon's egg. 

5. Diarrheal specimens, or those containing blood and mucus, should be examined 
promptly on arrival in the laboratory. The specimens may contain motile amoebic or 
flagellate trophozoites and may round up and thus be missed if examination is delayed. 
Where amoebic dysentery is suggested, the laboratory should be informed that a "hot 
stool" is being supplied so that it can be examined within twenty minutes of being 
passed. 

6. With the exception of "hot stools" if specimens cannot be examined as soon as they 
artive, they should be put in the refrigerator. 


2.6 Visual observation of the fecal sample 


It is important to observe the macroscopic appearance of the stool as this can give a clue to 
the type of organisms present. Therefore the consistency; formed, unformed or liquid; the color 
and the presence or absence of the exudate are reported. The presence of adult worms can 
also be seen in a freshly passed stool e.g. adult stage of Ascaris lumbricoides and Enterobius 
vermicularis. Proglottids of Taenia species can also be seen. 
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2.7 Routine procedure for the microscopic examination of 
fecal samples for parasites 


1. Direct microscopy should be done on all unformed and liquid samples by mixing a small 


amount of the specimen in 0.9% sodium chloride solution. This permits detection of 


trophozoites of Entamoeba histolytica and Giardia lamblia. It can also provide 


information on the content of the stool i.e. the presence of leucocytes and red blood 


cells. 


2. A formol-ether concentrate should be done on all fecal samples examined for parasites. 


This reveals the presence of most protozoan cysts, eggs of nematodes, cestodes and 
trematodes and also the larval stages of some nematodes. 
3. A permanently stained direct fecal smear should be used for all bloody, liquid or semi- 


formed stools. The smear can reveal the presence of intestinal parasites that can be 


either destroyed or missed by the formol-ether concentration method e.g. Dientamoeba 


fragilis. 
4, Specimens from patients with HIV should be left in 10% formalin for one hour before 
proceeding with parasite examination. 


2.8 Principals of Diagnostic Methods for the Identification 
of Parasites 


The principal of the successful identification of fecal parasites is based upon, 


1. Measurement - The use of an eyepiece graticule is of the utmost importance, especially 


for cyst identification. 
2. Morphology - In protozoan cysts, the number of nuclei and the presence of inclusions 


eg. glycogen mass and chromidial bar, aid the identification of protozoa. in 
trophozoites, the presence of red cells in amoebae is diagnostic of Entamoeba 


histolytica and flagella also aid identification of some protozoan trophozoites. 


3. Appearance - In helminth eggs, the shape of the egg, the thickness of the shell, the 
color of the ovum and the presence or absence of features such as an operculum, spine 


or hooklets are diagnostic pointers to the identity of the parasite. 
4. Stains also aid in identification of the parasite. 


The addition of iodine to formol ether concentrates highlights the internal structure of cysts and 
helps distinguish between vegetable matter and cysts. Permanently stained fecal smears are 


useful in demonstrating the nuclear pattern of cysts. 
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2.9 Problems of identification 
Many things in stool specimens look like parasites but are not. 


Epithelial cells and macrophages can be confused with amoebic trophozoites, especially 
macrophages that show slight amoeboid movement and may contain red blood cells. Pus cells 
can be confused with amoebic cysts. The nuclei appear as 3 or 4 rings and usually stain 
heavily. The cytoplasm is ragged and the cell membrane is often not seen. Amoebic cysts 
have a distinct cell wall 


Hair and fibers may be confused with larvae, but they do not have the same internal structure 
as larvae. 


Plant cells can be confused with cysts or eggs. Though plant cells usually have a thick wall 
and cysts have a thin wall. 


2.10 Reporting of Parasites 


Ideally, the presence of all parasites should be reported, whether they are pathogens or non- 
pathogens. This particularly applies to the presence of cysts. However, if it is laboratory 
practice to report all cysts, the report should state whether they are pathogenic or non- 
pathogenic. 


The stage of the parasite should always be reported. For the protozoa, whether cysts or 


trophozoites are present; the stage of larvae as in Strongyloides; and whether adult stages or 
eggs of helminths are present. 
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Chapter 3. 
The Flagellates 


3.1 Infections Acquired Through the Gastrointestinal Tract 


The Flagellates belong to the Magistophora and possess more than one flagellum. Beating 
these flagella enable them to move. A cytosome may be present which helps in the 
identification of the species. 


Flagellates possess one advantage over their ameboid relatives in that they can swim. 
Therefore, enabling them to invade and adapt to a wider range of environments unsuitable for 
other amoebae. They are able to change from a flagellated free-swimming environment to a 
non-flagellated tissue dwelling stage and vice versa. 


Flagellates are known to inhabit the reproductive tract, alimentary canal, tissue sites and also 
the blood stream, lymph vessels and cerebrospinal canal. 


There are pathogenic and commensal species of flagellates. The flagellates which are 
encountered in the intestinal tract are Giardia lamblia, Dientamoeba fragilis, Chilomastix 
mesnili, Trichomonas hominis, Retortamonas intestinalis and Enteromonas hominis (the latter 
two being less common). The trophozoites are easily recognized in saline preparations by their 
motility. However, accurate identification is done on a permanently stained fecal smear. Cysts 
are more commonly seen than the trophozoite. 


Giardia lamblia 
Introduction 


Giardia lamblia is a flagellate of world-wide distribution. It is more common in warm climates 
than temporal climates. It is the most common flagellate of the intestinal tract, causing 
Giardiasis. Humans are the only important reservoir of the infection. The infection is most 
common in parts of the world where sanitation is at its lowest. Giardiasis is an infection of the 
upper small bowel, which may cause diarrhea. Only Giardia spreads disease. 


Morphology of the Trophozoites 
The trophozoites of G. lamblia are flattened pear shaped and are an average size of 15um 


long, 91m wide and 3,m thick. When stained, the trophozoite is seen to have two nuclei, two 
slender median rods (axostyles), and eight flagella arising from the anterior end. They have 
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been described as looking like tennis rackets without the handle (they are often seen has 
having a comical face-like appearance when looking at the front view). 


The movement of the trophozoites is described as tumbling leaf motility, using their four pairs 
of flagella for locomotion. They attach themselves to the surface of the jejunal or duodenal 
mucosa by their disc-like suckers which are found on their ventral surface. They multiply in the 
gut by binary fission. Once the trophozoites drop off the mucosal surface they are normally 
carried in the intestinal contents down the gut where they usually encyst. 
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Ilustration 3-1. Life cycle of Giardia lamblia. Cysts are resistant forms and are responsible for 
transmission af Giardiasis. Both cysts and trophozoites can be found in the feces (diagnostic stages) 

‘The cysts are hardy and can survive several months In cold water. Infection occurs by the 
ingestion of cysts in contaminated water, food, or by the fecal-oral route (hands of fomites) @, in 
the small intestine, excystation releases trophozoltes (each cyst produces two trophozoltes) 
Trophozoltes multiply by longitudinal binary fission, remaining in the lumen of the proximal small 
bowel where they can be free or attached to the mucosa by a ventral sucking disk ©. Encystation 
occurs as the parasites transit toward the colon. ‘The cyst is the stage found most commenly in 
hondiarrheal feces ©. Because the cysts are infectious when passed in the stool or shorty afterward, 
person-to-person transmission is possible. While animals are infected with Giardia, their Importance 
as a reservoir is unclear. (SOURCE: PHIL 3394 - CDC/Alexander J. da Silva, PhD/Melanie Moser) 
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Morphology of Cysts 


The cysts of G. lamblia are 8-12um in length and are ellipsoid in shape. They contain four 
nuclei which tend not to be obvious. Longitudinal fibrils consisting of the remains of axonemes 
and parabasal bodies may also be seen. Cysts may appear to shrink from the cell wall. The 
cysts are infective as soon as they are passed. 


Image 3-1. Giardia lamblia cyst iodine stained. (SOURCE: PHIL 3741 - CDC/ Dr. Mae Melvin) 


Image 3-2. Giardia lamblia cyst iodine stained. (SOURCE: PHIL 3742 - CDC/ Dr. Mae Melvin) 


© 


A B c 


Image 3-3. A, B, C Three trophozoites of Giardia intestinalis, stained with trichrome (A) and stained 
with iron hematoxylin (B and C). Each cell has two nuclei with a large, central karyasome. Cell 
size: 9 to 21 ym in length. (SOURCE: CDC) 


Image 3-4. This scanning electron micrograph (SEM) revealed some of the external ultrastructural 
details displayed by a flagellate Giardia lamblia protozoan parasite. G. lamblia is the organism 
responsible for causing the diarrheal disease "giardiasis". Once an animal or person has been infected 
with this protozoan, the parasite lives in the intestine, and is passed in the stool. Because the parasite 
is protected by an outer shell, it can survive outside the body, and in the environment for long periods 
of time. (SOURCE: PHIL 8698 - CDC / Janice Carr) 
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(CHAPTER 3» COMPONENTS 


Active Components 


While it could truthfully be said that ail electronic components require some electricity to do anything, 
the distinction made in this book between passive and active components is that active components 
need a little more power to be really interesting. 

First we'll ook at sources of this magical electricity, and then we'll move on to some of the 
fascinating and complex components that will happily use it all up for you. 


Power Supplies 


You're going to need some sort of power source for any electric or electronic circuit you run across. Ifit 
doesn't use electricity in some structured form, it’s not really electronics, now is it? 


Batteries 


You can use regular batteries to power a lot of your circuits, but they eventually wear out, and then you 
have no real recourse other than to throw them away or recycle them, if possible. If you're going to be 
using batteries, at least get some good ones. Many of the bargain brands are terribly inferior in their 
manufacture and are only providing you with a false economy. Spend a little more and get higher- 
quality parts, and you will be rewarded with longer life and more reliable operation. 

A great way to work with batteries is to use the appropriate battery connectors or battery holders. 
Sometimes you can remove these from obsolete electronic devices that have outlived their useful 
lifetime. Always observe the proper orientation and polarity of batteries. Even smaller batteries contain 
an annoying amount of power, especially when itall decides to come out at once, such as when you 
accidentally plug something in backward or short something out. This can result in damaged parts, 
burns, or even fires. Be careful with batteries. 

Having a fuse holder wired inline with your battery-powered supply is an excellent and cheap way 
to prevent such “unauthorized thermal events.” Keep several spare fuses on hand as well. Fuses cost 
little and save much, 

Rechargeable batteries are becoming more common, and they keep coming down in price while 
improving in longevity and power capacity, and decreasing in size and weight. Any rechargeable battery 
technology beats any kind of primary, or nonrechargeable, battery in the long run. 


Caution The same warnings about battery polarity and fuses apply to rechargeable batteries as well 


Since there's no easy way to “turn off” a battery, it would be a good idea to include a power switch in 
‘your supply, if possible. Just make sure that whatever switch you select can stand up to the maximum 
Current you will want to be extracting from your power supply. You should also make your switch large 
and easy to see, so that you can find it quickly when you need it. An obvious power-on indicator is also a 
great plus for a homemade power supply. This can be as simple as a green LED (with appropriate 
Current-limiting resistor—see below} or as complex as a voltage meter indicating how much juice is left, 


al 


Clinical Disease 


Giardia lamblia colonizes the small intestine where the trophozoites adhere to the mucosal 
surface by means of their sucking disc. Cysts are produced as the parasites descend the 
intestinal tract although trophozoites can be passed in the feces in severe infections. G. 
lamblia is transmitted through ingestion of cysts in contaminated water or food. Cysts can 
survive outside the body for several weeks under favorable conditions. The main symptoms 
are abdominal pain, flatulence, and episodic diarrhea with steatorrhea and periodical soreness 
in severe cases. No blood or mucus is normally seen. However 50% of G. lamblia infections 
are symptomless, although severe infections may develop in immunocompromised hosts. 
What determines susceptibility is poorly understood. After swallowing cysts for the first time, 
symptoms commonly develop 2-6 weeks later. 


Laboratory Diagnosis 


Cysts can be found by examination of the deposit of a formol-ether concentrate of a stool 
preparation. The oval cysts with thick walls serve as characteristic features for these 
organisms. (Keys 3-1. & 3-2.) The flagella disintegrate and form a central ‘streak’ which 
becomes visible when stained with iodine or MIF (merthiolate-iodine-formaldehyde). Cysts may 
be excreted intermittently; therefore it is important to examine more than one stool. Stools are 
usually passed 3-8 times / day and are usually pale, offensive, rather bulky and accompanied 
by much flatus. 


Trophozoites are found by examination of saline wet preparations of fresh, diarrheic stool, 
duodenal or jejunal aspirate or in a permanently stained fecal preparation. 


Trophozoites can also be found in the jejunal aspirate. These can be recovered by the String 
Test or Enterotest capsule and the material examined microscopically for motile trophozoites. 


Trophozoites and cysts can be found to be scarce in chronic infections. Serological methods of 
diagnosis are proving to be useful as means of diagnosis. An ELISA to detect IgM in serum 
provides evidence of a current infection. A polyclonal antigen-capture ELISA can be used to 
demonstrate submicroscopic infections in feces and an IgA-based ELISA will detect specific 
antibodies in saliva. Table 3-1. details useful morphological features that are similar between 
species of flagellate and are used in laboratory diagnosis. Detection of the trophozoites and 
cysts can also be achieved by using rapid antigen detection testing kits that specifically detect 
antigen released by Giardia lamblia. These tests are now commercially available and offer a 
high degree of sensitivity even on specimens that are preserved and can be detected days 
before any trophozoites and cysts are shed. 


Dientamoeba fragilis 
Introduction 


Dientamoeba fragilis is an amoeba-flagellate with a cosmopolitan distribution. The life cycle is 
not completely known. 
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Morphology of Trophozoites and Lifecycle 


D. fragilis are relatively small, varying from 3-22um in diameter and there can be considerable 
variation in size among organisms in the same fecal sample. The organisms have only a 
trophozoite stage and in a permanently stained preparation, one, two or rarely three nuclei can 
be seen, two being the most common. The nuclear chromatin is usually fragmented into three 
to five granules but these have not been visualized by Giemsa Stain, and there is normally no 
peripheral chromatin on the nuclear membrane. The cytoplasm is usually vacuolated and may 
contain ingested debris as well as some large uniform granules. The cytoplasm can also 
appear uniform and clean with a few inclusions. D. fragilis live in the lumen of the cecum and 


upper colon. 
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Illustration 3-2. This is an illustration of the assumed life cycle of Dientamoeba fragilis, the cause of 
a protozoan parasitic infection. (SOURCE: PHIL 3389 - CDC/Alexander J. da Silva, PhD/Melanie 
Moser) 
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Image 3-5. Dientamoeba fragilis. Trichrome stain. (SOURCE: PHIL 548 - CDC) 


Pathogenesis 


This is a controversial area. The organism has been reported in association with mucous 
diarrhea, abdominal pain and tendemess. Nausea, vomiting and low-grade fever have also 
been reported in a number of cases. The precise role of this organism as a cause of disease 
remains to be determined. 


Laboratory Diagnosis 


Diagnosis is dependent on examination of the fresh direct wet preparation or permanently 
stained smears prepared from unformed or formed stools with mucus. It is particularly 
important that permanently stained smears of stool preparations should be examined, because 
survival times of the organism in terms of morphology, is very limited and specimens must be 
examined immediately or preserved in a suitable fixative as soon as possible after defecation. 
The recommended stains are Fields’ and Giemsa stain (trophozoites are destroyed in a formol- 
ether concentrate). Table 3-1. details useful morphological features that are similar between 
species of flagellate and are used in laboratory diagnosis. 


Trichomonas hominis 
Introduction 


This flagellate is cosmopolitan in its distribution. It is thought to be non-pathogenic although it 
has been associated with diarrheic stools. It is the most commonly found flagellate next to G. 
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lamblia and D. fragilis. Found in a wide host range including non-human primates, cats, dogs 
and various rodents. 
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Diagram 3-3. This is an illustration of the life cycle of Trichomonas vaginalis, the causal agent of 
‘Trichomoniasis. (SOURCE: PHIL 3423 - CDC/Alexander J. da Silva, PhD/Melanie Moser) 


Morphology of Trophozoites 


Trichomonas hominis do not have a cystic stage. The trophozoites measure from 5-15um in 
length by 7-10um in width. The shape is pyriform and has an axostyle which runs from the 
nucleus down the centre of the body and extends from the end of the body. They also possess 
an undulating membrane which extends the entire length of the body and projects from the 
body like a free flagellum (this feature distinguishes it from other trichomonads). The 
characteristic number of flagella is five; there is some deviation from this number. They also 
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have a single nucleus at the anterior end. Trichomonads swim with a characteristic wobbly 
movement, which makes them unmistakable during diagnosis. 


Image 3-6. Two trophozoites of Trichomonas vaginalis obtained fram in vitro culture, Smear was 
stained with Giemsa. (SOURCE: CDC) 


Laboratory Diagnosis 


In a fresh stool, the flagellates move very rapidly in a jerky, non-directional manner. The 
axostyle and undulating membrane are diagnostic. The flagellates are difficult to stain; 
however, the axostyle can be seen on a stained preparation and is diagnostic. Table 3-1 
details useful morphological features that are similar between species of flagellate and are 
used in laboratory diagnosis. 


Chilomastix mesnili 
Introduction 


Chilomastix mesnili is cosmopolitan in distribution although found more frequently in warm 
climates. It is thought to be non-pathogenic although the trophozoite has been associated with 
diarrheic stool. This is the largest flagellate found in man with an incidence of 1-10% being in 
the large intestine. 
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Illustration 3-4. The life cycle of C. mesnili (Cuomo) 


Morphology of the Trophozoite 


The trophozoites of C. mesnili are pear shaped and measure 6-20m in length. They have one 
large nucleus with a small karyosome and three flagella that extend from the nucleus at the 
anterior end of the parasite. A distinct oral groove or cytosome can be seen near the nucleus 
with its sides being supported by two filaments. They are known to move in a directional 
manner. 


Image 3-7. Chilomastix mesnili cyst. (SOURCE: PHIL 426 - CDC /Dr. Mae Melvin) 
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Morphology of cysts 


The cysts are 6-9um; they have a large single nucleus with a large karyosome. They also have 
a prominent side knob giving it a characteristic lemon shape. The cytosome is evident with a 
curved shepherds crook fibril. It also has a characteristically coiled filament which when 
stained is darker in color. 


Image 3-8. Chilomastix mesnili cysts are excreted with feces and constitute the transmission form of 
the micro-organism. The uninucleated lemon shaped cysts are seen with a little proturberance at one 
end and a prominent cytostome. (Iodine stained). (64m) (CDC) 


Laboratory Diagnosis 


The characteristic lemon shaped cysts can be seen in a formol-ether concentrate. Motile 
organisms can be seen in a wet preparation of a fresh stool however the characteristic 
morphology is evident in a permanently stained preparation. Table 3-1 details useful 
morphological features that are similar between species of flagellate and are used in laboratory 
diagnosis. 


Enteromonas hominis 


Introduction 


Enteromonas hominis is a small flagellate and is rarely encountered in man. It is found in both 
warm and temperate climates and is considered to be non-pathogenic. 
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Illustration 3-5. The life cycle of E. hominis (Cuomo) 


Morphology of the Trophozoite 


The trophozoites are oval and 4-10.m in length. They have four flagella, three anterior flagella 
and one adheres to the bady ending in a tail, producing a jerky rotational movement. They 
have one nucleus with a large karyosome that is evident in a stained preparation. 


Morphology of the Cyst 


The cysts are oval and range between 6-8um in length. They have up to four nuclei with a 
bipolar tendency, 


Laboratory Diagnosis 


The cysts are seen in a formobether concentrate. The cysts have no distinguishing 
characteristics and thus can be confused with E. nana or even yeasts. The characteristic 
trophozoites can be seen in a permanently stained fecal smear. Table 3-1. details useful 
morphological feature’s that are similar between species of flagellate and are used in 
laboratory diagnosis. 
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Retortamonas intestinalis 
Introduction 
Retortamonas intestinalis like Enteromonas hominis is a small flagellate and is rarely 


encountered. It is found in both warm and temperate climates and is considered to be non- 
pathogenic. 
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Illustration 3-6. Life cycle of Retortamonas intestinalis (Cuomo) 


Morphology of the Trophozoite 

The trophozoite is small, measuring between 4um and 9um. Its movement is jerky and 
rotational and has two anterior flagella and a prominent cytosome that can be seen in an 
unstained preparation. It has a relatively large nucleus at the anterior end with a small compact 
karyosome. 

Morphology of the Cyst 

The cysts are small and pear shaped. They range in size between 4-7m with one large 
nucleus frequently near the centre. The fibril arrangement from the nucleus is suggestive of a 
birds beak. This is characteristic of R. intestinalis cysts. 

Laboratory Diagnosis 


The small pear shaped cysts are uncharacteristic in an unstained formol-ether preparation. 
However, the addition of iodine reveals the characteristic bird beak fibrillar arrangement in the 
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pear shaped cyst. In a fresh stool preparation, the two anterior flagella and cytosome can be 
seen in the trophozoite. In a permanently stained preparation, the large nucleus with small 
central karyosome is diagnostic. The below Tables detail useful morphological features which 
are similar between species of flagellate and are used in laboratory diagnosis. 


3.2 Identifying Flagellates 


It is important to know and understand the morphological features which differentiate each 
species of flagellate from one other. The below Tables details the important features that are 
used when identifying flagellates found in human stool samples. Trophozoites and cysts can 
be seen in saline mounts of fresh feces. On occasions, species identification may require 
stained preparations. 
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* Not a normal feature for identifying species in routine stool samples 


Table 3-1. Differential Morphology of Protozoa Found in Stool Specimens of Humans: Flagellates- 
‘Trophozoites (SOURCE: CDC) 
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‘HAPTER = COMPONENTS 


a2 


Transformers 


Another great power supply that you probably already own is a power adapter or transformer from 
another electronic appliance. You should use caution, of course, with anything that plugs into the wall, 
for power, especially it you're planning on monkeying around with the other end of it 

‘Almost all commercially produced power adapters have a slew of certifications plastered on them. 
Somewhere in there should be the basic data concerning what type of power input it expects, what it is, 
going to try to produce, and what the maximum limits are on the output. Make sure that whatever itis 
that you're going to plug into your wall is specifically designed to plug into your wall, as electrical power 
standards vary from one location to another. 

‘Make sure that any repurposed power supply you use does not get overly warm when in use. This is 
an indication that itis presently or has been overloaded in the past. Such a device is a fire-starter waiting 
for its magic moment. 

You need to know how much voltage is coming out of your power supply. Even ifitis clearly printed 
on the device itself, if you have access to a voltmeter, you need to verify the output voltage before 
connecting it to anything. Many lower-cost power adapters are unregulated and will produce an output 
voltage that will vary wildly depending on the load applied to it. A regulated voltage output, on the other 
hand, will provide consistent voltage levels on the output, even with varying loads. 

USB adapters and chargers are becoming quite common and can provide regulated +5V at up to 
1/24 and sometimes more. These are great devices to use for small electronic experiments. They are 
generally small, lightweight, and reliable. 

A dedicated bench power supply is a very handy piece of test and measurement gear to have 
available in your lab. A good supply will have a variable voltage and a readout to show you what's going 
(on (or coming out).A step up and you get to set the maximum current that it will supply (to keep things 
from getting out of control too fast). Additional desirable features include multiple outputs and remote 
control from your PC. 

No matter what kind of power supply you use, use it responsibly. Don’t leave equipment powered 
up if you're not using it. Don't attempt to bypass safety measures that are in place for your protection. 


Diodes 


A diode is a semiconductor device that will conduct current in one direction only. That's the simple 
story. Of course, the reality is much more complex. A typical diode is composed of two pieces of a 
semiconductor material, usually silicon, but sometimes germanium or some other exotic substance. The 
diode action occurs in the junction between the two types of semiconductors, which have been specially 
‘manufactured to contain the exact right balance of impurities required. This is generally not the kind of 
thing you can build in your lab, unless you're Jeri Ellsworth, 

These two bits of semiconductor, called the N region and the P region (for negative and positive, 
respectively), are sealed up in either a glass or plastic enclosure. A standard diode has two terminals—an 
‘anode and a cathode—which represent the positive and negative leads, again respectively. Conventional 
current (ie., current flowing from the more positive voltage to the more negative voltage} can flow 
through the diode from the anode to the cathode, but not the other way around. It's magic! Well, 
technically it’s semiconductor physics, but either answer will serve for our purposes. 

Diodes come in all sizes. Generally speaking, the more power a diode is expected to handle, the 
larger itis going to be. Small-signal diodes are the same size or smaller than typical resistors, Power 
diodes, often called rectifiers, depending on their application, can be so large they have to be mounted 
with large bolts. 

The two most important electrical characteristics for the happy care and feeding of diodes are their 
‘maximum reverse voltage and forward current capability. You don’t want to exceed either one. 


Species Size (Length) Shape Number of Nuclei Other Features: 
Trichomonas | No cyst. 
hominis 
Chilomastix 6-10 am. Lemon shaped with |, Not visible n unstained | Cytostome with supporting 
mesnili Usual range, 8-9 um. | anterior hyaline knob. | preparations. fibrils, “Usually visible in stained 
preparations. 
Giardia 8-19 am. ‘Oval or ellipsoidal Usually 4. Nat distinct in | Fibils or flagella longitudinally 
intestinalis Usual range. 11-12 unstained preparations. | in unstained cysts. Deep 
am. Usually located at one | staining flbers of fibrils may be 
end seen lying laterally or obliquely 
{across fibrils in lower part of 
cyst. Cytoplasm often retracts 
from a portion of cell wall 
Enteromonas | 4-10 um. Elongated or oval 1-4, usually 2 lying at | Resembles E. nana cyst. Fibrils 
hominis, Usual range, 6-8 um, opposite ends of cyst. | or flagella are usually not seen. 
Not visible In unstained 
mounts, 
Retortamonas | 4-9 ym. Pear shaped or slightly |, Not visible in unstained | Resembies Chilomastix cyst 
intestinalis Usual range, 4-7 um. | lemon shaped, ‘mounts, Shadow outline of cytostome 
with supporting fiorils extends 
above nucleus, 


Table 3-2. Differential 
Cysts (SOURCE: CDC) 


Morphology of Protozoa Found in Stool Specimens of Humans: Flagellates- 


Flagellate trophozoites are best identified in fresh saline mounts, allowing you to observe the 
way that they move. Use Key 3-1. to help to identify stained flagellate trophozoites. Iodine 
solutions are used primarily to stain flagellate cysts, this makes it possible to see the structure 
of the nuclei. Use Key 3-2. to help to identify amebic and flagellate cysts: 


Key 3-1. Flagellates (Adapted and redrawn, WHO, 1991) 
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Key 2. Key to differentiating flagellate and amoebic cysts. (Adapted and redrawn, WHO, 1991) 
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Chapter 4. 
The Cestodes 


41 Identifying Intestinal Helminths 


Helminth Parasites - The word "worm" is used loosely to describe organisms with elongated 
bodies and a more or less creeping habit. 


Although the word "Helminth" does mean "worm," in zoological terms it is more restricted to 
members of the phyla Platyhelminths, Nematoda, and Acanthocephala. 


There are three groups of medically important helminths; Cestodes (tapeworms), Nematodes 
(roundworms) and Trematodes (flukes). 


These parasites live in both the body spaces (gut lumen, bile ducts, lungs, oral cavity, etc.) and 
in tissues (blood, muscles and skin). 


4.2 Infections Acquired Through the Gastrointestinal Tract 


The cestodes (or tapeworms) form a group of worms, exhibiting two unmistakable 
morphological features; they all possess flat, ribbon like bodies and lack an alimentary canal. 


Adult tapeworms usually inhabit the alimentary canal of their hosts (though they occasionally 
are found in the bile or pancreatic ducts) and attach themselves to the mucosa by means of a 
scolex. Despite the lack of a digestive system they do absorb food from the hosts intestine: 
thereby providing the tapeworms a habitat that is associated with high nutritional levels, 
feeding the tapeworms high growth rate. 


Larvae on the other hand show a wide range of habitat preferences, being found in almost any 
organ of both vertebrate and invertebrate hosts. Though most larval species show a 
preference for a particular site. 


This lack of an alimentary canal markedly separates tapeworms from nematodes and 
trematodes. The outer tegument of the body must serve not only as a protective coating but 
also as a metabolically active layer through which nutritive material can be absorbed, along 
with secretions and waste material to be transported out of the body. 


The body consists of a chain of segments or proglottids, which can be immature, mature or 


gravid; the latter of which contain a fully developed uterus packed with eggs. Therefore, each 
tapeworm is made up of a ‘string of individuals’ having a complete set of reproductive organs 
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in progressive degrees of sexual maturity and budding off from a body attached to the host 
tissue by a head or scolex. 


Except for Hymenolepis nana, which can develop directly in the same host, the lifecycle of 
tapeworms involves both an intermediate and definitive host. 


Stage of Specific 
Species Size Shape Color Development | Features and 
When Passed | Variations 
Taenia saginata [35 um. ‘Spherical with thick ‘Walnut brown, Embryanated. 6- | Thick, striated 
Taenia solium | Range, 31-43 | striated shell. hooked encosphere | shell. Eggs of T 
am. present inside a | solium and T. 
thick shell saginata are 
indistinguishable 
and species 
identification 


should be made 
from progiettids 


‘of scoleces, 
"Taenia” spp. 
should be 
reported if only 
‘eggs are found, 

Hymenolepis 47 um x37 Oval. Shell consists of 2 | Colorless, almost |Embryanated. 6 | Polar filaments. 

nana um. Range, | distinct membranes. On | transparent. hooked oncosphere 

40-60 um. inner membrane are two Inside shell 
30-50 um. | small "knobs" or poles 

from which 4 to @ 

fllaments arise and 

spread out between the 

twa membranes. 

Hymenolepis 72 um. Round or slightly oval. | Yellow. Embryonated. 6- | Resembles H 

diminuta* Range, 70-86 | Striated outer membrane hooked oncosphere | nana but lacks 

um 60-80 and thin inner membrane Inside shell polar filaments. 
am. with slight poles. Space Poles are 
between membranes may rudimentary and 
‘appear smooth or faintly ‘often hard to 
‘granular. see, 
Dipylidium 35-40 um. [Spherical or oval. 5-15 | Colorless. Embryanated. 6 | Eggs are 
‘caninum* Range, 31-50 | eggs (or more) are hooked oncasphere | contained in a 
um x27-48 | enclosed in a sac or Inside shell ‘sac or capsule 
am. capsule. whieh ranges in 


size from 58 wm 
10 60 um x170 
um. Occasionally 
‘capsules are 


ruptured and 
‘eggs are free. 
Diphyllobothrium [66 um x44 [Oval or ellipsoidal with an | Yellow to brown. [Unembryonated. | Egg resembles 
tatum tum. Range, | inconspicuous operculum Germinal cells | hookworm egg 
58-76 um x |at one end and a small surrounded by a | but has a thicker 
40-51 um, | "knob" at the other end. mass of yolk cells | shell and an 


Which completely | operculum. 
flis inner area of 

shell Germinal cell 
|s usually not 
visible 


Table 4-1. Differential Morphology of the Diagnostic Stages of Helminths Found in Humans: Eggs 
(Cestodes) (SOURCE: CDC) 


59 - 


Taenia species 
Introduction 


Taenia species are the most common cestode parasites of humans. More than 60 million 
people are infected with T. saginata (beef tapeworm) world wide and about four million are 
infected with T. solium (pork tapeworm). The life cycle of a Taenia species can be seen in 
Illustration 4-1. T. saginata has a cosmopolitan distribution, but is more common in 
developing countries where hygiene is poor and the inhabitants have a tendency of eating raw 
or insufficiently cooked meat. T saginata is the most common adult tapeworm found in man. T 
solium is virtually extinct in Europe and the USA. 


Cysticercosis 
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of pigs or humans omen in subsutancous 
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Cncosperes hatch, a msieat vl 
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wal, and cicuate to 


msc ge rn ~ \ { 
tras asa no 
o CO inecion by gesting @ 


‘meat from infectes animal host, 


@ Enbvyonaed cane + 

One ye eens oh 

ingoste by pigs or humane Soe attaches 
tointesine 


‘Adults in small intestine 


A= isectve Stage Eggs or gravid proglotias in feces 
‘Ax Dieanosic Stone and passed ino environment 


Illustration 4-1. This is the life cycle of Taenia spp., the causal agents of Cysticercosis. Cysticercosis 
is an infection of both humans and pigs with the larval stages of the parasitic cestode, Taenla solium, 
This infection is caused by ingestion of eggs shed in the feces of a human tapeworm carrier ©). Pigs 


- 60- 


and humans become infected by ingesting eggs or gravid proglottids @, @, Humans are infected 
elther by ingestion of food contaminated with feces, or by autoinfection. In the latter case, a human 
infected with adult T. sollum can ingest eggs produced by that tapeworm, elther through fecal 
Contamination or, possibly, from progiottids carried into the stomach by reverse peristalsis. Once 
eggs are ingested, oncospheres hatch in the intestine ©, @snvade the intestinal wall, and migrate to 
striated muscles, as well as the brain liver, and other tissues, where they develop into cysticerci ©. 
in humans, cysts ‘can cause serious “sequellae. if they localize inthe ‘brain, resulting in 
neurocysticercosis. The parasite life cycle is completed, resulting in human tapeworm infection, when 
humans ingest undercooked pork containing cysticerci @. Cysts evaginate and attach to the small 
intestine by their scolex ©. Adult tapeworms develop, (up to 2 to 7 m in length and produce less 
than 1000 proglottids, each with approximately 50,000 eggs) and reside in the small intestine for 
years @, (SOURCE: PHIL 3387 - CDC/Alexander J. da Silva, PhD/Melanie Moser) 


Both humans and cattle or pigs are necessary to the complete life cycle of Taenia species. (In 
Europe and the USA cattle are the normal intermediate hosts, but in the tropics several other 
ruminants, e.g. goat, sheep llama and giraffe, may serve as the intermediate hosts.) Eggs 
ingested by the intermediate hosts usually contain oncospheres. The oncospheres then hatch 
out in the duodenum, pass into the intestine where they penetrate the intestinal wall and are 
then carried by the circulation to be deposited in tissues (usually muscle). There they develop 
into cysticerci larva which are white and ovoid, measuring approximately 8 x 5m. 


Humans become infected by ingesting inadequately, cooked beef or pork with cysticerci, 
containing an invaginated protoscolex. The protoscolexes evaginate and pass into the small 
intestine where they attach themselves to the mucosa and develop into adult worms. 


Eggs and proglottids are passed out in the feces, and are then eaten by the intermediate host, 
thus, perpetuating the life cycle. 


Morphology 
Ova of Taenia species are spherical, yellowish brown and measure 31-34um in diameter. The 
shell is thick and radially striated. Within the shell, the oncosphere has 3 pairs of hooklets. 


However, the microscopic appearance of the ova of T. saginata and T. solium are identical. 
(Table 4-1. highlights some of the differences between the two species) 


-61- 


a : Vi 


Image 4-1. The eggs Taenia saginata and Taenia solium are rounded or subspherical, with a thick 
radially striated brown shell. The diameter is 31 - 43 um, Inside each shell is an embryonated 
oncosphere with 6 hooks. (SOURCE: PHIL 4832 - CDC) 


The length of the adult T. saginata is 4-8 meters long and that of T. solium is 3-5 meters long 


Image 4-2. This is an adult Taenia saginata tapeworm. (SOURCE: PHIL 5260 - CDC) 
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The proglottids of Taenia species can be identified by the number of uterine branches; 7-13 for 
T. solium and 15-20 for T. saginata. 


Image 4-4, This micrograph reveals the morphology of a gravid proglottid from the cestode Taenia 
saginata, a tapeworm. (SOURCE: PHIL 5259 - CDC) 


If the scolex is recovered, the four suckers and rostellum of hooklets of T. solium will 
distinguish it from T. saginata, which has four suckers but no hooklets. 


- 63- 


5. This is an adult Taenia solium taperworm scolex. (SOURCE: PHIL 5262 - CDC) 


Clinical Disease 


The presence of the adult worm rarely causes symptoms apart from slight abdominal irritation 
with diarrhea, constipation or indigestion. The accidental ingestion of the embryonated ova of 
T. solium may result in cysticercosis in man. An infection due to an adult Taenia, in man or 
animals, is referred to as taeniasis. T. saginata (the beef tapeworm) does not cause human 
cysticercosis. 


When the embryonated eggs are ingested, the embryos hatch out, migrate through the 
intestinal wall and are carried around the body in the circulation and deposited in various 
tissues. Muscle and subcutaneous tissues are usually infected, but cysticerci can infect most 
organs and tissues. Human cysticercosis is usually asymptomatic unless the infection is 
particularly heavy or cysticerci are formed in some vital area e.g. the brain, resulting in 
neurological sequelae. 
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Table 4-2. Some characteristics differentiating T, saginata from T. solium, 


Cattle, reindeer Pig, wild boar 
Muscle, viscera Brain, skin, muscle 
No hooks Hooks 
No rostellum Rostellum & hooks 
23 (14 - 32) + 8(7-11)* 
Single, spontaneous In groups, passively 
‘Two lobes Three lobes 
Present Absent 


* No universal agreement to the number of uterine branches in these two species. As a rough guide, 
specimens with more than 16 branches are likely to be those of T. saginata and those with less than 
ten branches are likely to be of T. solium. (SOURCE: CDC) 


Laboratory Diagnosis 


Diagnosis of intestinal taeniasis can be made by recovery of the characteristic ova in the stool. 
However, the ova of T. solium and T. saginata are identical and diagnosis is made by the 
recovery of the segments or scolex. 


The diagnosis of cysticercosis depends upon serology. MRI scans may reveal the presence of 
lesions in the brain. Calcified cysticerci are less often seen in the brain: in about one-third of 
cases, 10 years or more after infection. Occasionally, the diagnosis is made histologically on 
surgical specimens. Calcification in muscles usually appears three to five years after initial 
infection, and are most typically seen as spindle-shaped calcifications, most numerous in the 
thighs. 


Western Blots 
Various Immunodiagnostic tests appear to give good results on serum or CSF. 
Diagnosis using an immunodiagnostic test can be achieved using an in vitro qualitative assay 


for the detection of IgG antibodies in serum reactive with T. solium antigens present on a 
membrane. 
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(CHAPTER = COMPONENTS 


Since a diode is, at best, only ever going to have a cryptic part number written on it, you'll need to 
consult the manufacturer's data sheet to find out all the necessary information. Many semiconductor 
producers offer “commodity” parts that conform to standard part numbering schemes. That way, you 
know that a2N4148 diode from one manufacturer is going to be pretty close to a 2N4148 diode from any 
other manufacturer, but you should always check to make sure. 

Diodes typically have a forward voltage that must be exceeded before current will flow. This voltage 
is essentially ost and is dissipated as waste heat from the device. Silicon diodes will have an average 
forward voltage around 0.7V and up. Germanium diodes will have a smaller forward voltage, in the area 
of 0.3V. Schottky diodes use a metal-to-semiconductor interface region and achieve substantially lower 
voltage drops, making them much more suitable for higher- power applications. 


LEDs 


One special kind of diode is the popular light-emitting diode. You see these little guys everywhere these 
days, In fact, some folks go around with black tape, just trying to cover them all up so they can get their 
darkness back at night. 

The reason that they are everywhere is that they are cheap, reliable, and easy to use. They don’t take 
up much room, don’t take up much power, and don't generate that much heat. The exceptions to these 
admirable qualities, of course, are in the newer generation of LED lighting products that emit 
‘tremendous amounts of light and produce tremendous amounts of heat. Every month it seems that a 
new record is set for efficiency. Let’s hope that trend continues. 

Being essentially diodes, LEDs have both an anode and a cathode. LEDs only conduct current ina 
single direction. You'll need to make sure you limit the amount of current flowing through your LEDs, 
because the LEDs themselves sure aren't going to do it. 

LEDs designed to be indicator lights can be powered with as little as ImA. High-efficiency LEDs can 
be used for illumination purposes and still only draw 20-30mA each. These very modest power 
requirements make LEDS a favorite for microcontroller projects, as these output power levels are easily 
handled by most popular chips. 

The forward voltage drop across LEDs is typically much higher than for a rectifier or signal diode. In 
fact, the voltage goes up as the emitted color of the LED goes from the infrared and red end of the 
spectrum (1.2-2V) up to the blue and ultraviolet end of the spectrum (3-3.6V). 


Transistors 


‘Atrue modem miracle, the semiconductor transistor ushered in the age of solid-state electronics. More 
than a million individual transistors can be used to build moder computer processors, all on asingle 
chi 

"he fist types of transistors to be built and used were called bipolar junction transistors (BJT) This 
type of transistor is similar in construction to the diode, except that there are two semiconductor 
junction areas inside. 

This arrangement of magic beans allows a small amount of electrical current to be applied to one of 
the three terminals of the transistor, called the base, which in turn allows a much greater amount of 
electrical current to flow between the remaining two terminals, known as the collector and emitter 

Two complementary types of BJTs are made, depending on the way that the positive and negative 
semiconductors are sandwiched together. NPN transistors will conduct conventional current from the 
collector to the emitter when current flows from the base to the emitter. The opposite variety, called the 
PNP transistor, does precisely the opposite, conducting conventional current from the emitter to the 
collector when the base is negatively biased. 

Transistors can be used to make amplifiers, switches, current limiters, voltage regulators, oscillators, 
and any number of other useful circuits. They are generally very low cost, lightweight, and reliable. 
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Infected individuals develop a predominately IgG response to the parasite. ELISA has been 
used as a screening test, but low sensitivity and frequent artifactual cross reactions, or cross 
reactions with antibodies from other parasitic infections, limit its usefulness as a confirmatory 
diagnostic test. The Western Blot assay (US Patent No. 5,354,660) developed by Tsang et al, 
at the U.S. Centers for Disease Control has been shown to provide a reliable method for 
evaluation of sera from patients with clinically diagnosed active cysticercosis. Field studies 
support a sensitivity of 98% and specificity of 100% for this assay. 


This assay is known as the QualiCode™ Cysticercosis Kit, the principle behind the test is that 
itis a qualitative membrane-based immunoassay manufactured from T. solium proteins. The T. 
solium proteins are fractionated according to molecular weight by electrophoresis on a 
polyacrylamide slab gel (PAGE) in the presence of sodium dodecyl sulfate (SDS). The 
separated T. solium proteins are then transferred via electrophoretic blotting from the gel to a 
nitrocellulose membrane. This antigen-bearing membrane has been cut into strips for testing of 
individual samples. Sera are tested at 100X dilution 


During the procedure, the strips containing the T. solium proteins are incubated with serum 
specimens and washed to remove unbound antibodies. Visualization of human 
immunoglobulins specifically bound to T. solium proteins is performed by sequential reaction 
with goat anti-human immunoglobulin-alkaline phosphatase conjugate and BCIP/NBT 
substrate. Bands corresponding to the positions of the resoled T. solium proteins will be 
visualized on the strip, indicating the presence in the serum sample of IgG antibodies direct 
against Taenia antigens. Band positions are compared to those on a reference strip developed 
using the cysticercosis positive control. 


Hymenolepis nana 
Introduction 


Hymenolepis nana, the dwarf tapeworm, is the smallest tapeworm to infect humans. This 
cestode belongs to a large family known as Hymenolepididae. The diagnostic features of this 
family are: scolex armed with one circlet of five hooks; one to three large testes and sacciform 
uterus. In addition to the H. nana, three other species, H. diminuta, H. microstoma and H. 
citelli have been used extensively for studies on cestodes. 


Hymenolepis nana has a cosmopolitan distribution and is thought to be the most common 
tapeworm throughout the world. The infection is more frequently seen in children although 
adults are also infected, causing hymenolepiasis. 

Life Cycle 

The lifecycle of H. nana does not require an intermediate host, complete development 


occurring within the villi of a single host, resulting in a ‘direct’ life cycle. It can also utilize an 
insect as an intermediate host. 
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Illustration 4-2. This is an illustration of the life cycle of Hymenolepis nana, the causal agent of 
Hymenolepiasis. (SOURCE: PHIL 3396 - CDC/Alexander J. da Silva, PhD/Melanie Moser) 


The eggs that are released from mature proglottids in the upper ileum are usually passed out 
in the feces. If swallowed by another human they develop into hexacanth oncospheres and 
burrow into the villi of the small intestine. This is where they develop into tailless cysticercoids 
and then migrate towards the ileum and attach to commence the formation of proglottids. The 
eggs which are ingested by insects, such as fleas, beetles or cockroaches hatch to form tailed 
cysticercoids which remain unmodified as long as they are inside the insect. If they are 
accidentally swallowed by a human they pass down to the ileum and establish themselves. 


Morphology 
The egg containing the oncosphere bears three pairs of hooklets and is surrounded by a 
membrane. This membrane has two polar thickenings from which arise threadlike filaments 


extending into the space between the membrane and the colorless hyaline shell, unlike those 
of H. diminuta which do not possess any filaments. 
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The adult tapeworm is normally 2.5-4cm long. The scolex is knob like in shape, has a 
rostellum with hooklets and four suckers. The segments are wider than they are long. Ova 
ate spherical or ovoid measuring 30-47um in diameter. This is what distinguishes it 
morphologically from H. diminuta. 


Image 4-6. This micrograph depicts an egg of the dwarf tapeworm Hymenolepis nana. On the inner 
of the two membranes surrounding the Hymenolepis nana egg are two poles, from which 4 to 8 polar 
filaments spread aut between the two membranes. The oncosphere, or larval stage, has six hooks. 
(SOURCE: PHIL 5265 - CDC) 


Image 4-7. Hymenolepis nana scolex. Stained to shaw the scolex with a knob like rostellum bearing a 
ring of hooklets. They possess four suckers, two of which can be seen just below the protruding 
rostellum. (SOURCE: D. Scott Smith, M.D./CDC) 


Clinical Disease 


Infections due to H. nana may cause no symptoms even with heavy worm burdens. However, 
symptoms of restlessness, irritability, anorexia, abdominal pain and diarrhea have been 
reported. Heavy worm burdens may be caused by auto-infection which can be a problem in 
the immunocompromised. 
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Laboratory Diagnosis 


Diagnosis is based on recovery and identification of the characteristic ova in a formol-ether 
concentrate of feces. Adult worms and proglottids are rarely seen in stool samples. 


Hymenolepis diminuta 

Introduction 

Hymenolepis diminuta is a small tapeworm commonly found in rats and mice. It has a world 
wide distribution in these hosts but is infrequently found in humans, with only sporadic cases 
being reported 

Life cycle and Transmission 

The life cycle of H. diminuta requires an intermediate arthropod host e.g. earwigs, larval fleas 


and various beetles. Human infection occurs by the accidental ingestion of an infected 
arthropod, which contains the cysticercoids. 


Hymenolepiasis 


(ttinenolepls cimimiia) 


panes (Aig 
AA 
7 


ee Ae m 
eon as i 
on” 


\ 


@ zee 29 a atropad 
Imiermeciote host 


aa 


QO cwss roe sen Sree 


Illustration 4-3. This is an illustration of the life cycle of Hymenolepis diminuta, the causal agent of 
Hymenolepiasis. (SOURCE: PHIL 3395 - CDC /Alexander J. da Silva, PhD/Melanie Moser) 
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Morphology 


The ova are large, ovoid and yellowish with a moderately thick shell. They contain an 
oncosphere with six hooklets and a clear area between the oncosphere and the shell. They 
measure 70-85,1m by 60-80ym. 


| 


Image 4-8. Hymenolepsis diminuta egg. (SOURCE: PHIL 658 - CDC/Dr. Mae Melvin) 


The adult worm is 20-60cm long. It has a knob like scolex with a rostellum but no hooklets 
and four suckers (in contrast to H. nana). The rostellum can be withdrawn into a rostellar sac. 
The tapeworm contains about 1000 proglottids, each of which is wider than long. 


Image 4-9. Hymenolepis diminuta scolex. (SOURCE: PHIL 370 - CDC) 
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Clinical Disease 
‘The symptoms associated with H. diminuta infections are few if any. 
Laboratory Diagnosis 


Diagnosis is based on recovery and identification of the characteristic ova in a formol-ether 
concentrate of feces. Adult worms and proglottids are rarely seen in stool samples. 


Diphyllobothrium latum 
Introduction 


Members of this order, commonly known as pseudophyllids, are chiefly parasites of fish-eating 
mammals, birds and fish. They typically are found with a scolex which is characterized by two 
shallow elongated bothria situated with one dorsally and one ventrally. The proglottids are 
flattened dorsoventrally. 


Diphyllobothrium latum is an intestinal tapeworm, known as the human ‘broad’ tapeworm. It is 
the largest tapeworm found in man. The term ‘broad’ relates to the fact that the proglottids are 
generally wider than they are long. It is an important human parasite. The adult worms of two 
other species of the genus, D. dendriticum and D. ditremum are chiefly parasite of fish-eating 
birds and mammals. 


The tapeworm, D. latum has a wide distribution, occurring especially in countries bordering the 
Baltic Sea (Finland, Sweden etc,): and also in Russia, Switzerland and North America. It is in 
these countries where the populations are known to eat uncooked or partly cooked (ie. 
smoked) fish. 


Apart from man they are found in many other hosts, especially the dog, cat and pig. This is due 
to the host countries allowing the domestic animals access to the offal from the infected fish. 


Life Cycle and Transmission 
The life cycle of this tapeworm requires two intermediate hosts. 


The eggs are passed out in human feces, once in water they hatch out into small ciliates 
coracidium larvaem which swim until ingested by Copepods. It is in these intermediate hosts 
that growth and development of the 1st larval stage are completed (They are now known as 
procercoids). When these crustaceans (fresh water) are eaten by fish, the procercoid larvae 
continue to develop in the flesh of the fish and become known as plerocercoid larvae. It is this 
stage of the larvae which develops in man when they eat undercooked fish and they grow into 
adult worms in the small intestine. 
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Illustration 4-4. Immature eggs are passed in feces ©). Under appropriate conditions, the eggs 
mature (approx. 18 to 20 days) @and yield oncospheres which develop into a coracidia ©. after 
ingestion by a suitable freshwater crustacean (the copepod first intermediate host) the coracidia 
develop into procercoid larvae @ Following ingestion of the copepod by a suitable second 
intermediate host, typically minnows and other small freshwater fish, the procercoid larvae are 
released from the crustacean and migrate into the fish flesh where they develop into a pleracercoid 
larvae (sparganum) @. The plerocercoid larvae are the infective stage for humans. Because 
humans do not generally eat undercooked minnows and similar small freshwater fish, these do not, 
represent an important source of infection. Nevertheless, these small second intermediate hosts can 
be eaten by larger predator species, e.g., trout, perch, walleyed pike @, In this case, the 
sparganum can migrate to the musculature of the larger predator fish and humans can acquire the 
disease by eating these later intermediate infected host fish raw or undercooked @. After ingestion 
of the infected fish, the plerocercoid develop into immature adults and then into mature adult 
tapeworms which will reside in the small intestine, The adults of D. latum attach to the intestinal 
mucosa by means of the two bilateral groves (bothria) of their scolex @. The adults can reach more 
than 10 m in length, with more than 3,000 proglottids. immature eggs are discharged from the 
proglottids (up to 1,000,000 eggs per day per worm) @and are passed in the feces ©). Eggs appear 
in the feces 5 to 6 weeks after infection. In addition to humans, many other mammals can also 
serve as definitive hosts far D, latum. (SOURCE: CDC) 
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Morphology 


The egg is usually ovoid and has a small knob at the opercular end and is yellowish-brown in 
color with a smooth shell, of moderate thickness. They measure 58-75,1m by 40-50ym in size. 


Image 4-10. This micrograph reveals an egg of tapeworm cestode parasite Diphyllobathrium latum. 
Diphyllobothrium sp, unembryonated eggs passed in the stool, are oval or ellipsoidal with an 
operculum at one end that can be inconspicuous. At the opposite (abopercular) end is a small knob 
that can be barely discernible. (SOURCE: PHIL 5258 - CDC) 


‘Adult worms can reach up to a length of 10 meters or more and may contain up to 3,000 
proglottids. The scolex is spatulate with no rostellum or hooklets. It has two shallow grooves 
or bothria, which are unlike the typical four suckers seen on the Taenia species. The 
proglottids measure 31m long and 111m wide and have a rosette shaped central uterus. 


Image 4-11. Gravid proglottids of Diphyllobothrium latum. (SOURCE: PHIL 1516 - CDC /Dr. Mae 
Melvin) 
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Clinical Disease 


The infection caused by D. Jatum is due to the ingestion of raw, poorly cooked or pickled fresh 
water fish. The symptoms associated with D. latum infection may be absent or minimal with 
eosinophilia. There may be occasional intestinal obstruction, diarthea, and abdominal pain. 
The most serious symptom is the onset of pernicious anemia. This is due to a vitamin Biz 
deficiency, caused by excessive absorption of the vitamin by the adult worm and the 
absorption of cobalamins from the host intestine (occurring only in a small percentage of 
people). 


Laboratory Diagnosis 
Laboratory diagnosis depends on the recovery of characteristic eggs from a formol ether 


concentrate of feces. Proglottids may also be seen in fecal samples usually in a chain of 
segments from a few centimeters to about half of a meter in length. 


43 Identifying Intestinal Helminths 


The usual diagnostic stages for identifying medically important helminths are the eggs and 
larvae. Occasionally, adult worms like Ascaris and Enterobius may be seen and segments or 
proglottids are used for diagnosing certain tapeworms. 


fan egg, is found with the following features as described below, it should be carefully 
observed in order to make a specific identification. 


1. Size: The length and width are measured and are generally within a specific range. 
2. Shape: Each species has its own particular shape. 


3. _ Stage of development when passed: In some species, the eggs consist of a single cell; 
in some, there may be several cells; and some species are usually embryonated (i.e., they 
contain a larva) when passed in the feces. Occasionally, if the stool specimens are several 
hours or 1-2 days old, eggs may develop to more advanced stages. Ascaris eggs usually 
have only one cell when passed in the feces; however, the single cell may divide and, in old 
specimens, eggs with two or four cells may be seen. Hookworm eggs in specimens that are 
several hours old may contain 16, 32 or more cells. In 12-24 hours, the egg may be 
embryonated and later still the larvae may hatch. Therefore, when observing the stage of 
development of helminth eggs, be sure that the stool specimen is freshly passed. If it is 
several hours or a day old, expect to see changes in the stage of development of some 
species. Ideally only fresh samples should be accepted for diagnosis. 


4. Thickness of the egg shell: Some species, like Ascaris, have thick shells; others, like 
hookworm, have thin shells. 
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5. Color: Some eggs are colorless (e.g., hookworm, Enterobius), others are yellow or 
brown (Ascaris, Trichuris). 


6. Presence of characteristic like opercula (lids), spines, plugs, hooklets, or mammillated 
outer coats. 
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cuAPTER.a = coMPoNENTS 


As with any other electrical components, you need to be aware of the electrical limitations of your 
transistors. Even when a transistor is fully saturated and conducting very efficiently, it’s still dissipating a 
certain amount of its energy as heat. Too much heat and say goodbye to your transistor. 

‘Anewer type of transistor is becoming quite popular in power circuit applications, and uses a 
different type of semiconductor property to accomplish its mission. The MOSFET (metal-oxide- 
semiconductor field-effect transistor) has three terminals, just like the BJT. Each terminal performs a 
similar job, but does it ina different way. The gate of a MOSFET is electrically isolated from the 
conduction channel between the drain and source terminals. However, when a proper voltage is applied 
to the gate, it creates an electrical field that influences the conductivity of the channel between the drain 
and the source. 

The important differences between BJTs and MOSFETs lie in the type of signal needed to drive each 
of the transistors and how much power is wasted by being converted to heat. A BJT is a current- 
controlled device, where more current into (or out of) the base results in more current flow through the 
device. The MOSFET is a voltage-controlled device, where more voltage applied to the gate increases the 
current flowing through the channel 

Additionally, MOSFETs typically have much lower on-state resistance than BJTs, meaning they can 
more efficiently switch higher currents. Finally, MOSFETs have a positive temperature coefficient, 
meaning that they conduct less power as they heat up—which is a good thing. BJTs are subject to 
thermal runaway—conducting more current as they heat up, which in turn generates more heat, and so 
on, until something snaps, crackles, or pops. 


Integrated Circuits 


As parts get more specialized, they become less fun. There are a hundred ways to wire up some 
transistors, resistors, and capacitors, but there's generally only one way to hook up a thermocouple 
interface chip. 

The good news is that it has become much easier for companies to design and build vastly complex 
chips that can do things for us that, honestly, most people cannot comprehend. And that's OK. We need 
airplanes that can, mostly, fly themselves. If we had to depend on humans to get everything done, you 
can imagine what kind of world we'd live in. Humans are notoriously sleepy, hungry, distracted, and 
forgetful. A voltage comparator chip does nothing but compare two voltages, all day, every day, 
perfectly all the time. 

Integrated circuits come in an unbelievably wide range of functions, packages, and capabilities. The 
first integrated circuits were amplifiers. Integrated circuits allowed manufacturers to make chips that 
hhave dozens or hundreds of transistors and other parts all at once. Just plop that little silicon chip into a 
plastic package with legs on it, and you're done. 

What kind of chips do you need in your lab? Well, that’s going to depend heavily on what kind of 
circuits you're wanting to design, build, or repair. 

Many older chips had a standard 0.1" pin spacing that made them easy to plug into a solderless 
breadboard for prototyping purposes. Most newer chips have been considerably shrunk, because 
phones and tablet computers are all the rage these days. I's still possible to work with these newer chips, 
butt almost always requires mounting them to some sort of breakout board or expander that brings out 
their tiny leads to a more reasonable, and reachable, size. 


Acquiring Components 


Where do components come from? The same place as everything else. 
money. 

The electronic component manufacturing industry spans the globe. If someone's not putting 
something electronic together, they're taking something electronic apart. 


the store—just like food, just like 


Chapter 5. 
The Nematodes 


5.1 Infections Acquired Through the Gastrointestinal Tract 


Nematodes (or round worms) are non-segmented helminths known as make up a large 
assemblage of relatively simple structured organisms. They possess bilateral symmetry and a 
complete digestive tract with oral and anal openings; they taper to a relative point at both ends. 
They are also found to have separate sexes, with the male being smaller than the female, 
ranging in size from a few millimeters to over a meter in length. Their cylindrical non- 
segmented bodies allow them to be easily distinguishable from other helminths. 


Nematode infections have a widespread distribution being found in both Temperate and 
Tropical climates. They can be found in fresh water, in the sea and the soil, successfully 
invading both animals and plants. The nematodes found in man invade the body fluids such as 
the blood or lymph channels and also the intestine. The ones that successfully invade the 
intestine are generally larger but, the nematodes which invade the tissues can grow to 
relatively enormous lengths. 


Once hatched in the intestine they undergo an incredible migration. The larvae initially burrow 
into the mucosa, penetrate blood vessels and appear as second stage larvae in the liver within 
six hours post-infection. Here they remain for several days and develop into third stage larvae, 
La. These larvae then migrate to the heart and are carried to the lungs via the pulmonary 
arteries, arriving within four to seven days. From there they break out of the capillaries into the 
alveoli and finally work their way up the trachea to the pharynx and reach the small intestine on 
the 8th or 10th day post-infection. 


Within the intestine, the larvae begin their third molt and become fourth stage larvae by the 
tenth day. The pre-patent period of A. suum in pigs (40-53 days) is less than that of A. 
lumbricoides (54-61 days) in humans. Two to three months after ingestion of the eggs, the 
females lay eggs in the intestine. 


The fertilized female can lay about 200,000 eggs per day. Eggs require oxygen and moisture 


to embryonate and the worm is often found associated with Trichuris trichiura (see the 
Trichuris trichiura section). 
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Stage of 


Species: Size Shape Color _| Development | Specific Features And Variations 
When Passed 
Enterobius 55 um x26 | Elongated, Colores. Embryonated. | Smooth, thin eggshell with one 
vermicularis | um Range, | asymmetrical with Contains C [flattened side. Occasionally may 
50-60 um 20- | one side flattened, shaped or contain a fully developed larva. 
32 am. other side convex. tadpole-ike | (More readily found on anal swabs 
embryo. than in feces) 
‘Ascaris 
lumbricoides 
fertile egg | 60 um x45 ym. | Round or Brown or Leal ‘Mammillated albuminous coat or 
Range, 45-70 um | avoidal. with yellow brown. | separated from | covering on outer shell. Coat is 
35-45 um, thick shell the shell at | sometimes lost and decorticated 
both ends. eggs have a colorless shell with gray 


fF black internal material. Eggs may 
be in 2, 4, or more cells, or contain 
a fully developed larva. 


Infertiie egg [90 umx 40 ym. |[longated, Brown, Internal Mammillated covering attenuated or 
Range, 85-95 ym | occasionally ‘material isa | missing in many cases. 
35-45 um, triangular, mass of 
kidney shaped ‘regular 
‘of other bizarre: lobules and 
forms. Shell ‘granules that 
often very thin fils shel. 
Trichuris| 54 ym x22 um. | Elongated, Yellow to cell or Polar plugs are distinctive. Eggs 
trichiura Range, 49-65 ym | barrel-shaped | brown. "Plugs" |unsegmented. | occasionally are oriented in a 
20-29 um. with a polar | are coiorless. Vertical or slanted position and may 
"plug" at each ot be readily recognized. A gentle 
end tap on the coverslip will usually 


reorient the egg. On rare accasions, 
atypical eggs lacking polar plugs 


may be seen. 
Hookworm 
‘Aneylostoma [60 xm x40 ym. | Oval or Colarless with [4-to@-cell | Occasionally, eggs in advanced 
duodenale | Range, 57-76 um ellipsoidal with | grayish cells. | stage. cleavage (16 or more cells) or even 
35-47 um, a thin shell tembryonated may be seen, 
Rhabdltiform larvae may be present 
Ifthe specimens are old. Species 
Identification can nat be made on 
eggs alone; therefore, eggs should 
be reported simply as hockworm. 
Necator [65 am x 40 ym. 
americanus | Range, 57-76 um 
35-47 um, 
Trichostrongylus [90 um x 40 ym. [Elongated with [Colorless with [May be in Egg resembles hookwarm egg but is 
Range, 75-95 ym Jone er both grayish cells. | advanced larger and more pointed at the ends, 
40-50 um, fends more cleavage or 
pointed than. ‘morula stage. 
hhookivorm. 


Table 5-1. Differential Morphology of the Diagnostic Stages of Helminths Found in Humans: Eggs 
(Nematodes) (SOURCE: CDC) 
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Ascaris lumbricoides 
Morphology 


Ascaris lumbricoides is the largest of the intestinal nematodes found in man. The male 
measures 15cm with a diameter of 3-4um and has a curled tail with protruding spicules. The 
female is 20-35cm long with a diameter of 5m with a straight pointed posterior end. The 
mouth has one dorsal and two ventral lips. Both are creamy white and the cuticle has fine 
circular striations. 


Image 5-1. Adult worm of Ascaris lumbricoldes. They appear creamy white with fine circular 
striations, for diagnosis they require to be distinguished from earthworms. Females measure 
approximately 20-35cm long (SOURCE: CDC) 


The ova can be unfertilized, fertilized or decorticated and can show considerable variation in 
shape and size. They measure 85-95,1m by 43-47,m, The fertilized ova are easily recognized, 
oval in shape with a thick wall showing an irregular bumpy surface. They measure 45-75um by 
35-50,Im. The outer covering has an albuminoid coat, stained golden brown by bile. The outer 
wall lies directly on top of a thick smooth shell, which is not easily distinguishable. Some have 
lost their albuminoid wall. The unfertilized ova are longer and narrower than the fertile ova, 
measuring 75-85um by 35-50um. 


The shell layers of the egg provide a very resistant structure which can withstand many 
chemicals which make them ideal parasites of the intestine. 
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Image 5-2. Unfertilized (left) and fertilized (right) Ascaris lumbricoides eggs. The unfertilized eggs 
are longer and narrower than fertilized eggs, measuring 75-85um by 35-SOum wide. The fertilized 
eggs have a thick and bumpy outer wall which is stained golden brown with bile, (Saline wet prep) 
(SOURCE: PHIL 41/4821 - CDC/Dr. Mae Melvin) 


Small burdens of worms in the intestine may cause no symptoms. The patient may have 
symptoms of pneumonitis with cough and low grade fever during the migration of the larvae 
through the liver and lungs. This can be accompanied by wheezing, coughing and eosinophilia. 
In heavy worm burdens the adult worms actively migrate in the intestine resulting in intestinal 
blockage, vomiting and abdominal pain but infections may also be asymptomatic. The worms 
can penetrate through the wall of the intestine, or into the appendix, travel up the common bile 
duct, which may become blocked or they may then enter the gal bladder or liver. A heavy 
worm burden in children may lead to severe nutritional impairment and retardation in growth. 


Laboratory Diagnosis 


The adults of A. Jumbricoides may be expelled through the anus, mouth or nose. It is 
important to distinguish the adult worms from earthworms which are segmented and are often 
collected as a contaminant from toilets. 


The microscopic examination of stool deposits after concentration reveals the characteristic 
bile stained ova. Eggs may be difficult to identify if an excess of iodine is added to the wet 
preparation as they retain the stain thus resembling debris. Ova may also become 
decorticated. In most symptomatic cases identification is easy due to the vast number of eggs, 
which can be found within a few seconds of starting to scan the slide. 
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Hookworm Species 
Introduction 


Hookworms infective to man comprise of two species, Necator americanus and Ancylostoma 
duodenale. They are classed as one of the most destructive of human parasitic helminths. 
There is no intermediate host, with man being the only definitive host. 


It is estimated that there are some 900 million cases of infection world wide (Crompton, 1989). 
The infection is serious where the worms insidiously undermine the health of their hosts. 


They occur in areas where sanitary and environmental conditions favor the development of the 
eggs and larval infections (e.g., warm, damp soil). 


The geographic distributions of the two species are remarkably divided into: 


Necator americanus which predominately is a New World hookworm, where it was 
introduced from Africa to the Western Hemisphere. It can also be found in the Far East, Asia, 
Africa, South America, and Oceania. 


Ancylostoma duodenale is an Old World hookworm; it is the only species of Europe 
and areas bordering the Mediterranean. It can also be found in the Middle East, North China, 
Africa, Asia, and South America. 


Life Cycle 


The adult worms live in the small intestine, attached firmly to the mucous membrane of the gut 
lining, and feed on blood and tissue. The adult females deposit their eggs whilst in the gut 
(they can produce up to 20,000 eggs per day), the eggs are then passed out in the feces. The 
thabditiform larvae hatch in warm, damp soil (light sandy loam), feeding on bacteria. After 
about one week during which they have gone through two molts become infective and climb 
into a suitable position waiting for a suitable host to pass by. The larvae enter the host by 
penetrating unbroken skin (it is now recognized that A. duodenale can successfully enter man 
by oral ingestion, this may be more important for this species than skin penetration). The 
larvae then enter blood vessels and are cartied to the heart, lungs and trachea. They are then 
swallowed and develop into adult worms in the small intestine. Larvae that are initially 
swallowed may not show this migration. 
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Illustration 5-1. Eggs are passed in the stool @, and under favorable conditions (moisture, warmth, 
shade), larvae hatch in 1to 2 days. The released rhabditiform larvae grow in the feces and/or the sol 

and after 5 to 10 days (and two malts) they become become fllriform (third-stage) larvae that 
are infective @, These infective larvae can survive 3 to 4 weeks in favorable environmental 
conditions. On contact with the human host, the larvae penetrate the skin and are carried through the 
veins to the heart and then to the lungs.’ They penettate into the pulmonary alveoll, ascend the 
bronchial tree to the pharynx, and are swallowed @, The larvae reach the small intestine, where they 
reside and mature ino adults. Adult worms ive in the lumen ofthe small intestine, where they attach 
to the intestinal wall with resultant blood loss by the host ©. Most adult worms are eliminated in 1 to 
2 years, but longevity records can reach several years. Some A. duodenale larvae, following 
penetration of the host skin, can become dormant {in the intestine or muscle). In addition, infection 
by A. duodenale may probably also occur by the oral and transmammary route. N. americanus, 
however, requires a transpulmonary migration phase, (SOURCE: CDC) 


Larvae live for an average of 3-6 weeks in the tropics (A. duodenale can live at lower 
temperatures than N. americanus can, and so is found in more temperate climates). 
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Image 5-3. Hookworm larva. Bath Ancylostoma duodenale and Necator americanus larvae have 
similar general morphology and measuring approximately 10-13um for females and 8-11um for 
males. (SOURCE: PHIL 1513 - CDC/Dr. Mae Melvin) 


Morphology 


Both species have similar general morphology and measure approximately, females 10-13m 
and males 8-11)1m, The general morphology of the two species resemble those of 
Nippostrongylus brasiliensis, the rat hookworm, but they are approximately twice the size of 
the rat hookworm (Nippostrongylus brasiliensis a species not discussed here). 


The male species has a posterior copulate bursa which is absent from the female. The females 
though possess a vulva opening which is found almost one third of the body length from the 
posterior end, they also have two ovaries. Most of the female body is occupied with eggs. 


Image 5-4. Hookworm egg, normally passed in feces during the 4 - 8 cell stage. The ova of both 
species are similar with the shape being oval and transparent with a smooth thin shell and measuring 
56-75ym by 36-40um. (SOURCE: PHIL 5220 - CDC) 


The mouth (or buccal cavity) of the two species show a conspicuous pair of chitinous plates on 
the dorsal surface. Ancylostoma duodenale buccal cavity bears two hook like teeth on the top 
and two triangular cutting plates on the bottom. While the mouth of N. americanus has four 
cutting plates, two on the ventral and two on the dorsal surfaces. The head is curved in both 
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species but Necator adults it is finer but more pronounced forming a definite “hook” at the 
anterior end. The buccal cavity is used to attach the worms securely to the mucosa of the 
small intestine. With the teeth and cutting plates used to pierce the mucosa. 


Illustration 5-2. A: Adult worm of Ancylostoma duodenale, Anterior end is depicted showing cutting 
teeth, B: Adult worm of Necator americanus, Anterior end showing mouth parts with cutting plates. 
(SOURCE: CDC) 


The ova are oval and transparent with a smooth thin shell and measure 56-75m by 36-40um. 
They are usually passed in the 4-8 cell stage in feces and may be embryonated. The ova of 
both species of Hookworm are similar. 


The bursa (the characteristic external feature which forms an umbrella-like extension 
surrounding the cloaca) of both male species is well developed, Necator americanus adults are 
distinguished from Ancylotstoma duodenale by the split dorsal rays and the close arrangement 
of the lateral rays. 


Simplistically the life cycle has three phases: 


The parasitic adult females lay eggs while they are in the duodenum where they hatch 
producing rhabaitiform (non-infective) larvae. 


1. The larvae can have two fates in life, one where they are passed out in the feces to 
continue down the free-living path or they develop into infective filariform larvae whilst traveling 
down the small intestine. 


2. The larvae which, develop in the environment can also undergo different development. 
Some larvae undergo direct development (homogonic) or indirect development (heterogonic).. 


The non-infective first stage (rhabditiform) larvae develop into free living adults in the soil 
within 2-5 days and produce infective third stage or filariform larvae which can penetrate 
exposed skin (heterogonic development). This phase is common in moist, warm tropical 
countries. 
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The non-infective rhabditiform larvae which are excreted in the feces develop into infective 
filariform larvae in the soil (homogonic development). These infective larvae penetrate 
exposed skin. There is no development of free living adult worms and this phase is common in 
temperate zones. The larvae never undergo sexual maturity. 


Both types of larvae can become established in the host by penetrating the skin or by oral 
ingestion. 


The larvae which infect the host by penetrating the skin undergo a migration through the 
dermal tissues and into the circulation to the heart and lungs, then up the bronchi and trachea, 
where they are eventually swallowed and pass down into the intestine. On reaching the 
mucosa of the duodenum the females develop and produce eggs. Adult males are unable to 
attach themselves to the mucosa, therefore, for any copulation to take place they must mate in 
the lumen of the intestine. 


3. The non-infective rhabditiform larvae develop into infective filariform larvae while passing 
down the small intestine. Autoinfection occurs when the larvae reinfect the host by penetrating 
the intestinal mucosa or the perianal or perineal skin. The larvae migrate to the lungs via the 
circulatory system and then return to the intestine. 


From initial infection to maturity usually takes less than four weeks. 


Hyperinfection Syndrome 


The autoinfective capability of larvae may be responsible for long term infections which persist 
for many years. The parasite and host reach an equilibrium state where neither host nor 
parasite suffers any adverse reactions. If this equilibrium is disturbed e.g. immunosuppression, 
the infection proliferates with immense numbers of larvae migrating to every tissue in the body, 
especially the lungs. This condition is referred to as disseminated strongyloidiasis. This results 
in tissue damage, pneumonitis, brain damage or respiratory failure. 


Laboratory Diagnosis 

Microscopy 

Laboratory diagnosis depends on finding larvae in stool, sputum or duodenal aspirates. 
Strongyloides larvae may be present in the stool in very small numbers and culture methods 
may be needed to encourage the rhabditiform larvae to develop into filariform larvae and 
migrate from the sample. The Enterotest or string test can be used to recover larvae from 


duodenal aspirates. 


Larvae must be distinguished from hookworm larvae especially if it is an older sample. 
Rhabditiform larvae are most commonly seen. 
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‘A good concentration technique is essential to increase the chances of seeing larvae, though 
they are easily killed making diagnosis more difficult. 


Serology 


Serological tests are of value in the diagnosis of strongyloidiasis when larvae cannot be found. 
‘An enzyme linked immunosorbent assay (ELISA) using larva antigen, is usually employed. 


Little can be used to distinguish between the two species, but using the curved shape of the 
head is a good indicator. 


Clinical Disease 


Larval penetration of the skin may lead to pruritis, often termed as ‘ground itch’ at the site of 
penetration. Respiratory symptoms may arise during the larval migration. 


The adult worm in the intestine may cause intestinal necrosis and blood loss as a result of the 
attachment of the adult to the intestinal mucosa. Patients with acute infections may 
experience nausea, vomiting, abdominal pain, diarthea and eosinophilia. 


Chronic infections may lead to iron deficiency and anemia resulting from the excessive loss of 
iron. Heavy worm burden in children may have serious consequences including death. 


Laboratory Diagnosis 


Adults of Hookworm species may be passed out spontaneously in feces. The microscopic 
examination of stool deposits after an iodine stained, formol-ether concentration method 
concentration reveals the characteristic ova. 


Cutaneous Larva Migrans 


If man comes in contact with hookworm larva of the dog (or cat), A. braziliense or A. caninum, 
penetration of the skin may take place. The larvae are unable to complete the migration to the 
small intestine and become trapped. Trapped larvae may survive for weeks or even months, 
migrating through the subcutaneous tissues. 


Trapped larvae have been known to produce severe reaction, forming tunnels through the 
tissues, causing intense itchy skin eruption, producing a red, track under the skin which 
demonstrates accurately the wanderings of the larvae. 


Often intense pruritis and scratching may lead to secondary bacterial invasion, known as 
‘creeping eruption’ or ‘cutaneous larval migrans’. 


-85- 


(CHAPTER 3» COMPONENTS 


Once upon a time it took some hunting to find sources for electronic parts. Swap meets and “ham 
fests” were great places to find components, assemblies, and entire appliances just ready to be hacked, 
studied, improved, or rebuilt. Now you have to spend time looking for places to get away from all the 
electronic hustle and bustle. 

(One of the great things about today’s Internet is that it takes almost no effort to find both electronic 
parts and the information needed to use them. The real trick these days is finding the best deal. 

Ifyou're strictly a hobbyist, looking to spend some quality time alone or with your kids, learning 
about electronics and building fun projects, then itjust about doesn't matter if you get the absolute, 
rock-bottom price on every component and tool. Even if you're a budding entrepreneur, you're still ina 
much better position today to leverage those brilliant ideas floating around in that noggin of yours than 
‘you would have been even ten years ago, all because of the ubiquitous nature of electronics and 
iechnology saturating our lives. Not only can you get the right tools and the best parts shipped right to 
‘your door fora song, you can easily network with knowledgeable folk from all over the globe, 
ontributing ideas and brainstorming across time zones and borders. 


Buying New Components 


It would be more than a full-time job just keeping up with all of the new tools, parts, software, and 
hardware that are available today. Even if you could, it would take many lifetimes to make and grow the 
connections and relationships you need to successfully compete in the global economy, 

That being said, a good place to start is in your own backyard. Ifat all possible, you should deal 
locally for the things you need. When what you want or need cannot be obtained locally, expand 
outward until you find it, 

While it’s certainly nice to be able to find all your needs met close to home, it's also good to know 
that the world is shrinking every day. The sort of deals and relationships that couldn't possibly have 
existed in your parents’ time are happening right now. 

Ifyou are in a position to spend some money on quality tools and components, then by all means 
do so. You will not regret it. Buying questionable items is like buying your groceries out of some guy's 
van in a parking lot. Maybe he'll be there next week and maybe he won't. 

Even the small fry can get treated like an honored guest when dealing with the right people. The 
ticks finding the right people. ‘The best way to find them is to ask your friends and others with similar 
interest where they trade. Ask them how they feel about their relationships with their vendors. Are they 
just a number? Or are they a partner? 


Recycling Used Components 


It's really a bad idea to waste anything. In a more perfect world, there'd be no “other” category at the 
recyclers. Everything would have an exit strategy, especially the complex and fragile toys we're so 
addicted to these days. 

Until that day, try to look at your trash with new eyes. Is it conceivable that someone else might be 
able to use this equipment, or is it truly past its useful life? Or are you just being lazy? 

You can do your part, and you should believe that others are doing their part as well. Take the time 
to find them, find out what they can offer you, and find out what you have that they might be able to use. 
You won't know until you ask. 

Be careful when harvesting components with which you are unfamiliar. Novice recyclers should 
give yesterday's cathode ray tube (CRT) TVs and monitors a wide berth. They can retain lethal voltages 
for considerable periods of time after being retired from service. Just leave them on the side of the road. 
The same goes for microwave ovens, or any equipment that has refrigerant in it. The stuff they use 
nowadays is quite toxic. 


Trichuris trichiura 


Introduction 


Trichuris trichiura, more commonly known as the Whip Worm, due to the whip-like form of the 
body. These nematodes are most commonly seen in tropical climates and in areas where 
sanitation is poor. They seem to occur in areas particularly where Ascaris and Hookworms are 
found due to the eggs requiring the same conditions to allow for embryonation. Both species 
can be found in humans together. There are several species within this genus each infecting 
specific hosts, but only T. trichiura infects man. Causing human trichuriasis. It is a parasite that 
infects many more people than is generally appreciated, up to 800 million people throughout the 
tropics and temperate regions. 


Life cycle eggs require a warm, moist environment with plenty of oxygen to ensure 
embryonation, but once they have embryonated they are extremely resistant to environmental 
conditions. 


Adult worms are found in the cecum and upper part of the colon of man. In heavy infection 
they can be found in the colon and the terminal ileum. They attach to the mucosa by the 
anterior end or by embedding the anterior portion of the body in the superficial tissues, 
obtaining nutrition from the host tissues. 


Once fertilized the female worms lay several thousands of eggs, which are unsegmented at 
the oviposition and are passed out in the feces. Once they have been passed out they require 
an embryonation period in the soil which may last from two weeks to several months, after 
which they become infective. 


When embryonated eggs are swallowed by human hosts larvae are released into the upper 
duodenum. They then attach themselves to the villi lower down the small intestine or invade 
the intestinal walls. After a few days the juveniles migrate slowly down towards the cecum 
attaching themselves to the mucosa, reaching their final attachment site simultaneously. 


The larvae reach maturity within three weeks to a month after infection, during which they 
undergo four molts. There is no lung migration and the time from ingestion of infective eggs to 
the development of adult worms is about three months. 


Infection is achieved by swallowing soil that contains embryonated eggs. Therefore, children 
are most commonly seen to possess the infections, as they are more likely to swallow soil. 


Morphology 


The adult worms of T. trichuria are characterized by the enormously elongated capillary-like 
esophagus (anterior end); with the anus situated in the extreme tip. 
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The thin anterior portion of the worm is found embedded in the mucosa. There are no lips and 
the vulva is at the junction of the thread-like and thickened regions of the body. The posterior 
end is much thicker and lies free in the lumen of the large intestine. 

The female measures 35-50um long and the male 30-45um long. 


The ova are characteristically barrel shaped, bile stained with bipolar plugs. They measure 50- 
54um by 20-23um. 


© Emryonated eggs are ingested 
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Illustration 5-3. The unembryonated eggs are passed with the stool @. In the soil, the eggs 
develop into a 2-cell stage @, an advanced cleavage stage @, and then they embryonate @ eggs 
become infective in 15 to 30 days. After ingestion (soil-contaminated hands or food), the eggs hatch 
in the small intestine, and release larvae @that mature and establish themselves as adults in the 
colon ©. The adult worms (approximately 4 cm in length) live in the cecum and ascending colon. 
The adult worms are fixed in that location, with the anterior portions threaded into the mucosa. The 
females begin to oviposit 60 to 70 days after infection. Female warms in the cecum shed between 
3,000 and 20,000 eggs per day. The life span of the adults is about 1 year. (SOURCE: CDC) 
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Image 5-5. Trichuris trichuria ovum with its opercular plugs, shown as white gaps at either end of the 
egg. (Saline wet prep) (SOURCE: PHIL 652 - CDC/Dr. Mae Melvin) 


Clinical Disease 


Most infections due to this nematode are light to moderate with minimal or no symptoms. 
However, a heavy worm burden may result in mechanical damage to the intestinal mucosa 
due to the adult worm being threaded into the epithelium of the cecum. Abdominal cramps, 
tenesmus, dysentery and prolapsed rectum may occur in these cases. 


If a prolapsed rectum is observed, many worms may be seen adhering to the mucosa of the 
rectum. 


‘Symptomatic infections are usually only seen in children. The majority of infections are chronic 
and mild, with nonspecific symptoms like diarthea, anemia, growth retardation, eosinophilia. 


Laboratory Diagnosis 


The adult worms of T. trichiura are rarely seen in the feces. The microscopic examination of 
stool deposits after an iodine stained, formol-ether concentration method concentration reveals 
the characteristic barrel shaped ova. In symptomatic infections numerous numbers of eggs can 
be seen due to the prolific nature of the female worms, even in light infections many eggs can 
be seen in the smear. 
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Strongyloides stercoralis 


Introduction 


Strongyloides stercoralis is an intestinal nematode commonly found in warm areas, although it 
is known to survive in the sub-tropics (hot and humid conditions). The geographic range of 
Strongyloides infections tend to overlap with that of Hookworm due to the eggs requiring the 


same environmental conditions to induce embryonation 


This parasite is interesting in that it contains a free-living stage (exogenous) and a parasitic 


stage (endogenous) where the larvae undergo development in both stages. 
Life cycle 


The life cycle of S. stercoralis is a complex one as demonstrated in the diagram below. 
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Ilustration 5-4. Diagram of the life cycle of Strongyloides stercoralis. (SOURCE: PHIL 3419 - CDC/ 
Alexander J. da Silva, PhD/Melanie Moser) 
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Morphology 


The first stage rhabditiform larvae measure approximately 250m long by 20m wide. They 
have a bulbed esophagus and a short buccal cavity. In an old specimen, rhabditiform larvae of 
S. stercoralis must be differentiated from those of hookworm which have a longer buccal 
cavity. The third stage or filariform larva is approximately 500m long and has a notched tail 
(see below) compared with that of hookworm which is sheathed and has a long slender tail. 


‘Adults are slender and possess and extremely long esophagus which in the female extends1/3 
to1/2 of the body. The anal opening is ventral and the tail is pointed. 
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Species size erimrtium | Gavi Ge Eopingus | T ofTa 
Prominent. 1s 
anlengate, | short, about 
Strongyloides | 725)" %26 ym. | pated | ong aetne | S322 %204m | approximately 
seercoralig, | 200°, 200, 300 | structure | rath artne | RPG, 500-550 0m |"PR eratn ot | Notched 
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Hookworm | “ange, 200.500 | smal, located arlong asthe | 00-700 m™26- | 2042/4 | poieg 
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than that of body. = 
Strongyloides. 


Table 5-2. Differential Morphology of the Diagnostic Stages of Helminths Found in Humans: Larvae 
(SOURCE: CDC) 


Eggs are rarely found in the stool as they hatch in the intestine. They are oval and thin shelled, 
resembling those of hookworm but are smaller measuring 50-58um by 30-34um. 
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Image 5-6. Thin shelled ova of Strongyloides stercoralis. Measuring SOum by 30um, they are 
smaller than Hoakwarm eggs, (SOURCE: CDC) 


cl 


‘al Disease 


Disease associated with infections due to S. stercoralis is varied, ranging from some patients 
being totally asymptomatic to the hyperinfection syndrome. There are three areas of 
involvement in Strongyloides infections; skin, lungs and intestine. 


1. Initial skin penetration of the filariform larvae usually causes very little reaction, however 
with repeated infections the patient may mount a hypersensitive reaction thus preventing the 
larvae from completing its life cycle. The term larva currens is used when there is a rapidly 
progressing urticarial track. 


2. The migration of larvae through the lungs may stimulate an immune response which can 
result in a cough, wheezing and fever. 


3. Symptoms associated with intestinal strongyloidiasis may mimic a peptic ulcer due to 
ulceration of the intestinal mucosa. In heavy infections the intestinal mucosa may be 
severely damaged resulting in malabsorption. There may also be lower gastrointestinal 
bleeding. Eosinophila may be high. 
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Chapter 6. 
The Trematodes 


6.1 Infections of the Alimentary Canal and Associated Organs 
Introduction 


The trematodes (or flukes) are leaf shaped with an outer cover called the tegument which may 
be smooth or spiny. There are two suckers or attachment organs, an anterior oral sucker and a 
posterior ventral sucker. The suckers form a characteristic feature of the group, from which 
the name Trematode is derived from the Greek word for “hole.” They can occur in a variety of 
host environments, with the majority being endoparasites but some are found to be 
ectoparasitic. 


Most trematodes are hermaphroditic and most of the body consists of reproductive organs and 
their associated structures. The digestive system is well developed; they generally feed on 
intestinal debris, blood, mucus and other tissues, depending on the host environment. 


TREMATODES 
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Mlustration 6-1. Trematode Eggs Found in Stool Specimens of Humans. (SOURCE: CDC/Adapted 
from Melvin, Brooke, and Sadun, 1959) 
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color 
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Fasciola 145 ym x 80 [Elipsoidal, thin shell Yellow to [Unembryanated. | Large size, Broadly oval eggs. 
hepatica tum. ‘Range, | Small, indistinct operculum. ||light brown. | Filled with yolk 
126-150 4m cells in which an 
63-90 jim. indistinct 
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Table 6-1. Differential Morphology of the Diagnostic Stages of Helminths Found in Humans: Egos 
(Trematodes) (SOURCE: CDC) 


Trematodes require an intermediate host in their life cycle with vertebrates being the definitive 
host. Larval stages may occur in either invertebrate or vertebrate hosts. 


There are three groups of trematodes: 


+ Monogenea, which typically are external parasites of fish with direct life cycles 
+ Aspidogastrea, these are endoparasites with the entire ventral surface as an adhesive 


organ 


+ Digenea, these are endoparasites with simpler adhesive organs and life cycles involving 
one or more intermediate hosts (indirect life-cycle). This section concentrates on the 
Digenean trematodes. 


Most Digenean trematodes inhabit the alimentary canal of vertebrates and many of the 
associated organs, such as the liver, bile duct, gall bladder, lungs, bladder and ureter. These 
organs are rich in cavities containing food such as blood, mucus, bile and intestinal debris. 


The Digenean trematodes have a complex life cycle, with rare exceptions, always involve a 
mollusk host. There may be six larval stages — the miracidium, sporocyst, redia, cercaria, 
mesocercaria (rare) and the metacercaria (the majority have 4 or 5 stages). 


Trematode eggs have a smooth hard shell and the majority of them are operculate. 


Fasciola species 


Introduction 


Fasciola, Fasciolopsis and Echinostoma species are trematodes which parasitize the liver and 
intestines of a variety of vertebrates. They are hermaphroditic and their distinguishing 
characteristics are shown in Table 6-2. 
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Fasciola hepatica trematodes are not thought to infect man but in fact man is not an unusual 
host, with infections being reported in many countries including Europe and the USA. The 
eating of unwashed watercress appears to be the source of infection, with them ending up in 
the liver. The most common host is sheep where they can cause severe disease. 


Fasciolopsis buski (giant intestinal fluke) is a duodenal parasite infecting both man and pigs. 
They are found widespread in Asia and China, but they have been found to be endemic in 
Taiwan, Thailand, Bangladesh and India. Night soil (human excreta) is used as a fertilizer in 
these countries on plants such as water chestnut and caltrops. The snails graze on these 
crops and also the definitive hosts eat them raw and unwashed, peeling the edible water plants 
with their teeth. 


Infection with Echinostoma species is thought to be contracted by ingestion of fresh water 
snails containing metacercaria. Such as Echinostoma ilocannum which occurs in the 
Philippines, The metacercariae infect the large snail Piola luzionica and in return are eaten 
raw. 


Despite the large numbers of these flukes they are of little medical importance, the most 
important being F. buski. 


Geographic Reservoir 
Species cecarapic es Size of Ova 
130-150um 
Cosmopolitan Sheep Bile Ducts by 
63-90um 
Arica, the Orient | Camels, Caitle 160-190,m 
and Hawaiian and Water | Bile Ducts by 
Islands Buffalo 70-90um 
Far-East and Indian | Pigs, Dogs and | sirectine Sarak 
Sub-continent Rabbits aya 
South East Asia and | Variety of icp bas rag 
Japan Mammals intestine y 
58-69um 


Table 6-2. Table describing the characteristics which differentiate the various Fasciola 
species which are important to man. 


Life Cycle and Transmission 


The life cycles of Fasciola, Fasciolopsis and Echinostoma species are complex, requiring more 
than one intermediate host. 


Adult worms inhabit the liver or bile ducts of the definitive host (human), where they lay many 
eggs which are deposited into the environment in the feces. They are immature when passed. 
If they are passed into water they become mature in nine to 15 days at the optimum 
temperature of 22-25°C. 
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‘HAPTER = COMPONENTS 


‘There is a growing surplus of both components and “last year’s models” available to the student of 
electronics these days. Sometimes it's worth your time and money just to take something apart to see 
how it works. Then sometimes you find some useful parts inside that you can use in projects of your 


Component Data Sheets 


Every component ever manufactured has a data sheet. This data sheet contains everything you ever 
‘wanted or needed to know about this particular component. It's probably available right now on the 
manufacturer's web site, along with a dozen application notes. If not, then it’s probably available on a 
university's computer system in a project folder. 

This isn't always the case, sadly. Past a certain point, it doesn't make sense to allocate resources to 
information that no one wants or needs anymore. That point varies with each company, with some 
diligently archiving their information and others tossing it out the window at the end of the quarter. 

When possible, collect and maintain your own private set of data sheets. When you acquire a new 
piece of equipment, get everything you can find in electronic form and stash it away somewhere where 
‘you can find it when you need it. If you're experimenting with some new components, squirrel away 
those data sheets, just in case you strike gold. 

Have you built something cool? Write up your own data sheet for it! Pretend that you're still going to 
be interested in this project next year. Better yet, imagine that someone else could take an interest in your 
‘work. You'll be pleasantly surprised at how useful you'll find this information in the future, after you've 
slept a bit. 


Summary 


This chapter has covered a lot of different types of electronic components, but it has only scratched the 
surface of what is presently available. 

It's perfectly possible to spend a lifetime pleasantly tinkering with electronics and never have a clue 
how any of the underlying principles work. Sometimes all you need is a practical understanding of what 
the different components do in a circuit. Hopefully this chapter has given you a rough outline of what is 
involved. Ideally, your interest has been sparked enough to pursue more detailed study elsewhere. Good 
luck and happy discovering! 

Now that you're armed with some basic tools and some ideas about some of the available 
components, it's time to get busy building your own lab, one experiment at a time. 

The remainder of this book will take you on a journey of trial, error, and experimentation that will 
help you build the best possible lab for your needs, both for now and in the future. 
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Illustration 6-2. The general life cycle of Fasciola, Fasciolopsis and Echinostoma species. Immature 
eggs are discharged in the biliary ducts and in the stool ©). Eggs become embryonated in water @ 
eggs release miracidia , which invade a suitable snail intermediate host @, including many species 
of the genus Lymnae, In the snail the parasites undergo several developmental stages (sporacysts 

rediae @, and cercariae @). The cercariae are released from the snail @and encyst as 
metacercariae on aquatic vegetation or other surfaces. Mammals acquire the infection by eating 
vegetation containing metacercariae. Humans can_become infected by ingesting metacercariae- 
containing freshwater plants, especially watercress @, After ingestion, the metacercariae excyst 
the duodenum @and migrate through the intestinal wall, the peritoneal cavity, and the liver 
parenchyma into the billary ducts, where they develop into adults @. In humans, maturation from 
metacercariae into adult flukes takes approximately 3 to 4 months. The adult flukes (Fasciola 
hepatica: up to 30 um by 13 um; F. gigantica: up to 75 um) reside in the large biliary ducts of the 
mammalian host. Fasciola hepatica infect various animal species, mostly herbivores. 


‘The life cycle of the Echinostomes differs by one minor point: the cercariae @encyst wither within the 
tissues of the intermediate host @in which sporocysts @ and rediae @aevelop, or penetrate and 
encyst in other animals such as amphibians or fish. (SOURCE: PHIL 3393 - CDC/Alexander J. da 
Silva, PhD/Melanie Moser) 
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Morphology 


The morphology of the adult flukes of Fasciola, Fasciolopsis and Echinostoma species is well 
documented. They are large leaf-shaped parasites about 23cm long. There are two suckers, 
an anterior oral sucker surrounding the mouth and a ventral sucker (acetabulum) on the ventral 
surface. 


Image 6-1. Adult fluke of a Fasciola Trematode. Their morphology shows a large leaf-shape about 
2-3cm long with two suckers, an oral and a ventral one. (SOURCE: CDC) 


The outer tegument is covered in tiny spines which face backwards enabling them to attach 
themselves along with their suckers to the tissues. 


Ova are all thin shelled, ellipsoid, quinone colored (bile stained) with an operculum that is often 
inconspicuous. Although ova of Echinostoma species can usually be differentiated by size due 
these flukes being much smaller in size than F. Buski and F. hepatica, there is much cross- 
over in the size of Fasciola and Fasciolopsis species. 


Pathogenesis 
Light infections due to Fasciola hepatica may be asymptomatic. However, they may produce 


hepatic colic with coughing and vomiting; generalized abdominal rigidity, headache and 
sweating, irregular fever, diarthea and anemia. 
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Image 6-2. Ova of Fasciola are ovoid in shape, quinone color and often shawing an inconspicuous 
operculum. Fasciola hepatica ova measure 130 - 150um by 63 - 90m. There is much cross-over in 
ova size between all of the Fasciola species. (SOURCE: PHIL 1540 - CDC/Dr. Mae Melvin) 


Infections due to Fasciola gigantica occur mainly in cattle raising areas and cause clinical 
symptoms similar to those of Fasciola hepatica although human infections are less common. 


The adult flukes of Fasciolopsis buski attach to the intestine, resulting in local inflammation and 
ulceration. Heavier infections may subsequently lead to abdominal pain, malabsorption and 
persistent diarrhea, edema and even intestinal obstruction. Marked eosinophilia may be seen. 


The adult flukes of Echinostoma species attach to the intestine resulting in little damage to the 
intestinal mucosa. Light infections are generally asymptomatic and heavy infections may 
produce light ulceration, diarthea and abdominal pain. 


Laboratory Diagnosis 


Definitive diagnosis is made by observing the ova in feces, since the flukes are very prolific 
any significant infection will be easily picked up. Where identification cannot be made from the 
size of the ova, clinical information and the source of infection may help to provide a diagnosis. 
Serological techniques are available for the diagnosis of Fasciola hepatica. 
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Clonorchis sinensis 
Introduction 


Clonorchis sinensis, also known as the Chinese (aka Oriental) liver fluke is a narrow elongate 
liver fluke found in the Far East, mainly Japan, Korea, China, Taiwan and Vietnam. 


It belongs to the group of Oriental liver flukes where there are three main species which 
commonly infect man. The other two species are Opisthorchis felineus and Opisthorchis 
viverrini. (Table 6-2) The three species are so similar in their morphology, life cycles and 
pathogenicity that they are very rarely discussed as separate species. 


All members of this group are parasites of fish-eating mammals, particularly in Asia and 
Europe. Man is the definitive hosts and water snails and fish are the intermediate hosts. 
Infections can be easily avoided by man not eating raw fish since this is the only way that 
infection can be passed on. 


Clonorchis sinensis parasitize the biliary duct in humans who become infected by eating raw or 
undercooked fish. Dogs and cats are the most important reservoir hosts. 
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Life Cycle and Transmission 
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stration 6-3. Diagram illustrating the life cycle of Clonorchis sinensis (Chinese Liver 
Fluke). This parasite requires the involvement of two intermediate hosts (fresh water snails 
and fish) to complete the life cycle. Embryonated eggs are discharged in the biliary ducts 
and in the stool ©. Eggs are ingested by a suitable snail intermediate host @; there are 
more than 100 species of snails that can serve as intermediate hosts. Each egg releases a 
miracidia @, which go through several developmental stages (sporocysts @, rediae @, and 
cercariae ®). The cercariae are released from the snail and after a short period of free- 
swimming time in water, they come in contact and penetrate the flesh of freshwater fish, 
where they encyst as metacercariae ©. Infection of humans occurs by ingestion of 
undercooked, salted, pickled, or smoked freshwater fish ©. After ingestion, the 
metacercariae excyst in the duodenum @and ascend the biliary tract through the ampulla of 
Vater @. Maturation takes approximately one month. The adult flukes (measuring 10 to 25 
lum by 3 to 5 um) reside in small and medium sized biliary ducts. In addition to humans, 
carnivorous animals can serve as reservoir hosts. (SOURCE: PHIL 3385 - CDC/Alexander J. 
da Silva, PhD/Melanie Moser) 
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Morphology 


The adult flukes measure 11~20um by 3~4.5um and are lanceolate in shape, translucent and 


brownish in color. They are all hermaphroditic. Keeping in common with other flukes they 
possess two suckers. 


Image 6-3. Diagram illustrating the internal morphology of the Oriental liver fluke, Clonorchis 
sinensis. (SOURCE: SFSU.EDU) 


The ova of Clonorchis sinensis contain fully developed miracidia and possess prominent 
opercular shoulders (flask shaped egg) and are operculate. They are bile stained and 
measure 294m by 16m. In wet mounts they are transparent and you can quite easily see their 
anatomy. There can be up to 6,000 worms present and a daily egg output of 1,000 eggs per 
microliter of bile or 600 per gram of feces. 


= ) 


Image 6-4. Ova of Clonorchis sinensis. Showing the prominent opercular shoulders which makes 
identifying this trematode easy. They are described as flask shaped, bile stained. (SOURCE: PHIL 
695 - CDC/Dr. Mae Melvin) 
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The cercariae possess eyespots, the penetration and cystogenous glands are also well 
developed. 


Image 6-5. Saline smear showing the characteristic flask shape of the Clonorchis sinensis ova. They 
are bile stained with a smooth outer coat. (SOURCE: PHIL 4845 - CDC) 


Pathogenesis 


Many millions of people become infected every year but only a minority suffers from any 
illness. The pathology is related to the number of parasites present. Light infections of up to 50 
eggs or more are usually asymptomatic. A heavy infection of 500 or more eggs may cause 
serious illness. 


Acute infections may be characterized by fever, diarrhea, epigastric pain, enlargement and 
tenderness of liver and sometimes jaundice. The invasion by these worms in the gall bladder 
may cause cholecystitis, due to flukes becoming impacted in the common bile duct. 
Laboratory Diagnosis 

Definitive diagnosis is made by observing the characteristic ova in feces following an iodine 


stained, formol-ether concentration method of the feces or from duodenal aspirates when there 
is complete obstructive jaundice or from the Entero-Test. 
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Heterophyes | Metagonimus | Opisthorchis | Dicrocoelium 
heterophyes | yokogawai viverrini dendriticum 
Far East Far East Thailand Far East 
Small intestine ] Small intestine | Liver and bile ducts | Uver and bile 

ucts 
26.5-30,m 26.5-30um 26.7um 38-45um 
by by by by 

15-1 7m 15-1 74m 15ym 22-30um 

Prominent Prominent ; 

ee reefer | Prominent opercular | | Dark brown, 
epemereine || apepereulee shoulders Bile | thick shelled and 

uilgers gore stained large operculum 


Eating raw or 


Eating raw or 


Eating raw fresh 


Eating infected 


pickled fish pickled fish water fish ants 

Occasionally Occasionally Malaise and right Biliary and 

diarrhea and diarrhea and upper quadrant digestive 
vomiting vomiting pain problems 


Table 6-3. Table summarizing the less common flukes that are known to infect man. (CDC) 


Paragonimus westermani 


Introduction 


Paragonimus westermani is a lung fluke found in both humans and animals. The adults are 
12um long and are found in capsules in the lung. Although they are hermaphroditic, it is 
necessary for worms to be present in the cyst for fertilization to occur. The disease is seen in 
the Far East, China, South East Asia, and America. 
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Illustration 6-4. Diagram of the general life cycle of the lung fluke, Paragonimus westermani. The 
eggs are excreted unembryonated in the sputum, or alternately they are swallowed and passed with 
stool @. In the external environment, the eggs become embryonated @, and miracidia hatch and 
seek the first intermediate host, a snail, and penetrate its soft tissues @. Miracidia go through 
several developmental stages inside the snail @: sporocysts ®, rediae @, with the latter giving rise 
to many cercariae @, which emerge from the snail. The cercariae invade the second intermediate 
host, a crustacean such as a crab or crayfish, where they encyst and become metacercariae. This is 
the infective stage for the mammalian host @. Human infection with P. westermani occurs by eating 
inadequately cooked or pickled crab or crayfish that harbor metacercariae of the parasite @. The 
metacercariae excyst in the duodenum @, penetrate through the intestinal wall into the peritoneal 
cavity, then through the abdominal wall and diaphragm into the lungs, where they become 
encapsulated and develop into adults (7.5 to 12 jm by 4 to 6 um). The worms can also reach other 
‘organs and tissues, such as the brain and striated muscles, respectively. However, when this takes 
place completion of the life cycles is not achieved, because the eggs laid cannot exit these sites. Time 
from infection to oviposition is 65 to 90 days. (SOURCE: PHIL 3415 - CDC/Alexander J. da Silva, 
PhD/Melanie Moser) 
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Infections may persist for 20 years in humans. Animals such as pigs, dogs, and a variety of 
feline species can also harbor P. westermani. 


Morphology 
The adult worm is an ovoid, reddish brown fluke about 12um long. 


The eggs are ovoid, brownish yellow, thick shelled and operculated. They measure 80-100um 
by 45-65,1m and may be confused with the ova of Diphyllobothrium latum. 


Image 6-6. Saline smear of Paragonimus westermani egg. The egg shells are thick and operculated. 
(SOURCE: PHIL 1541 - CDC/ Dr. Mae Melvin) 


Clinical Disease 


As the parasites grow in the lung cyst, inflammatory reaction and fever occurs. The cyst 
ruptures and a cough develops resulting in an increase in sputum. The sputum is frequently 
blood tinged and may contain numerous dark brown eggs and Charcot-Leyden crystals. 
Hemoptisis may occur after paroxysms of coughing. Dyspnea and bronchitis develop with 
time. Bronchiectasis may occur and pleural effusion is sometimes seen. The disease 
resembles pulmonary tuberculosis. Cerebral calcification may also occur. 


Laboratory Diagnosis 
Diagnosis is based on finding the characteristic eggs in brown sputum. The eggs can also be 


found in the feces due to swallowing sputum. A chest x-ray may show cystic shadows and 
calcification. Serological tests, in particular, the ELISA method, are useful diagnostic tests. 


~ 105 - 


CHAPTER4 


A Portable Mini-Lab 


Having a portable (or at least (transportable) electronics lab comes in handy in several circumstances, 
Maybe you don’t have a place (yet) for a permanent home for all that equipment. Maybe you need to 
bounce ata moment's notice, heading olf on electronic adventures at the drop of a hat. Or maybe you 
like to keep everything where you can find it in a hurry, without having to rummage through shelves and 
boxes, looking for just the right tool or component. 

‘Whatever your motivation for wanting a portable lab at your disposal, this chapter should help you 
get started, 


Have Lab, Will Travel 


First, a note or two is in order concerning rravelling with your electronics lab. Nothing makes security 
screeners at an airport or customs inspectors at border crossings more nervous than a bunch of 
mysterious devices, especially devices that are tangled up in a rat's nest of wires. 

Do what you can to keep your collection of tools and components tidy and in working order. You 
«will most likely be asked to at least tur on any questionable items and demonstrate that they are not, 
hollowed-out shells for transporting questionable items. Italso doesn’t hurt to clearly label equipment 
as to its function and ownership, which makes sense in any case, not just travel scenarios. 


The Compact Executive Model 


“A full mongoose is a slow mongoose.” This is an important lesson learned from Rudyard Kipling’ 
Rikki-Tikki-Tavi. Rikki, a mongoose, has to stay fast on his feet to be able to combat Nag the cobra and 
hope to win. Therefore, Rikki learns to only take a few bites at a time when eating and never gorge 
himself 

Although hopefully not ina life-or-death situation like Rikki's, you can learn a thing or two from this 
simple philosophy. Only take what you absolutely need when travelling, and never take something you 
can obtain at your destination. These things will only slow you down. Don’t be a slow mongoose. 


Tip Travel light. 


Schistosomes 
Introduction 


The Schistosomes are blood trematodes belonging to the Phylum Platyhelmintha. They differ 
from other trematodes in that they have separate sexes. The male worms resemble a rolled 
leaf where they bear the longer and more slender female in a ventral canal (the gynaecophoric 
canal). They require definitive and intermediate hosts to complete their life cycle. There are 
five species of Schistosomes responsible for human disease; S. mansoni, S. haematobium 
and S. japonicum with S. mekongi and S. intercalatum being less common. 


They are the only trematodes that live in the blood stream of warm-blooded hosts. The blood 
stream is rich in glucose, and amino acids, so along with the plasma and blood cells, it 
represents an environment which is suitable for egg producing trematodes. 


Over 200 million people are infected over at least 75 countries with 500 million or more people 
exposed to infection. With the disease spreading due to improved water supplies being created 
therefore, forming potentially new habits for snails. The disease caused is called 
schistosomiasis or Bilharzia and is the most important of helminth diseases. 


Infection by the three most common species is the same in both sexes and in all age groups. 
Though, S. mansoni and S. haematobium is seen to occur more often and most heavily in 
teenagers especially males. 

Life Cycle 


‘Adult worms of S. mansoni live in the plexus of veins draining the rectum and colon, and in 
branches of the portal vein in the liver. 
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Mlustration 6-5. Diagram illustrating the general life cycle of the Schistasomes. Eggs are eliminated 
with feces or urine ©. Under optimal conditions the eggs hatch and release miracidia , which swim 
and penetrate specific snail intermediate hosts @. The stages in the snail include 2 generations of 
sporocysts @and the production af cercariae ©, Upon release from the snail, the infective cereariae 
swim, penetrate the skin of the human host @, and shed their forked tail, becoming schistosomulae 
The schistosomulae migrate through several tissues and stages to their residence in the veins (O, 
©). Adult worms in humans reside in the mesenteric venules in various locations, which at times 
seem to be specific for each species @. For instance, S. japonicum is more frequently found in the 
superior mesenteric veins draining the small intestine EN and S. mansoni occurs more often in the 
superior mesenteric veins draining the large intestine |=]. However, both species can occupy either 
location, and they are capable of moving between sites, so it is not possible to state unequivocally 
that one species only accurs in one location. S. haematobium most often occurs in the venous plexus 
of bladder (©, but it can also be found in the rectal venules. The females (size 7 to 20 um; males 
slightly smaller) deposit eggs in the small venules of the portal and perivesical systems. The eggs are 
moved progressively toward the lumen of the intestine (S. mansoni and S. japonicum) and of the 
bladder and ureters (S. haematobium), and are eliminated with feces or urine, respective 
Pathology of S. mansoni and S. japonicum schistosomiasis includes: Katayama fever, hepatic 
perisinusoidal egg granulomas, Symmers’ pipe stem periportal fibrosis, portal hypertension, and 
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occasional embolic egg granulomas in brain or spinal cord, Pathology of S. haematobium 
schistosomiasis includes: hematuria, scarring, calcification, squamous cell carcinoma, and occasional 
embolic egg granulomas in brain or spinal cord. Human contact with water is thus necessary for 
infection by schistosomes. Various animals, such as dogs, cats, rodents, pigs, hourse and goats, 
serve as reservoirs for S. japonicum, and dogs for S. mekongi. (SOURCE: CDC) 


‘Adults of S. japonicum live in the anterior mesenteric blood vessels and in the portal vein in the 
liver; while the adults of S. haematobium live in the vesical plexus draining the bladder. 


Once the eggs are laid by the adult female worms the majority of them first pass through the 
veins of the blood vessel in which the worm is living, and then into the lumen of the intestine 
and are passed in the feces (S. mansoni and S. japonicum), or into the lumen of the bladder, 
and are then passed in the urine (S. haematobium). Those eggs that reach fresh water hatch, 
releasing a miracidium which, to develop further must infect a snail of the correct species 
within 24 hours. The eggs of each species are markedly different but each produce virtually 
identical miracidium 


‘Asexual multiplication takes place in the snail, and results in the release of cercariae (minute in 
size with forked tails, 200m long) into the water about 3-6 weeks later. Cercariae actively 
swim around and when they have located, or come into contact with, a definitive host they 
actively penetrate the skin. They can stay active looking for a host for 24~48 hours after which 
if they don't find a host they will die. The head of the cercariae migrates to the liver and 
develops into either adult male or female worms (flukes), here they pair up and then migrate to 
their region of the venous blood system (species specific sites). The females leave the males 
and moves to smaller venules closer to the lumen of the intestine or bladder to lay her eggs 
(about six weeks after infection). The majority of adult worms live from 2-4 years, but some 
can live considerably longer. 


Schistosoma mansoni 

Introduction 

S. mansoni occurs in West and Central Africa, Egypt, Malagasy, the Arabian Peninsula, Brazil, 
Surinam, Venezuela and the West Indies. The intermediate host is an aquatic snail of the 
genus Biomphalaria. Man is the most common definitive host, occasionally baboons and rats 
are infected. 

The adult worms live in smaller branches of the inferior mesenteric vein in the lower colon. 
Morphology 

The adult males measure up to 15 millimeters in length and females up to 10um. The 


schistosomes remain in copula throughout their life span, the uxorious male surrounding the 
female with his gynaecophoric canal. The male is actually flat but the sides roll up forming the 
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groove. The cuticle of the male is covered with minute papillae. The female only posses these 
at the anterior and posterior end as the middle section being covered by the male body. Oral 
and ventral suckers are present, with the ventral one being lager serving to hold the worms in 
place, preventing them being carried away by the circulatory current. 


The ova of S, mansoni are 114-175,m long by 45-68ym wide. They are light yellowish brown, 
elongate and possess a lateral spine. The shell is acid fast when stained with modified ZiehI- 
Neelsen Stain. 


‘A non-viable egg is dark colored and shows no intemal structural detail or flame cell 
movement. Eggs can become calcified after treatment and are usually smaller, appear black 
and often distorted with a less distinct spine. 


Image 6-7. Micrograph of a S. mansoni ova, clearly showing its lateral spine which is a good 
distinguishing factor when identifying Schistosome ova. They range in size between 114-175ym long 
by 45-68,m wide. (SOURCE: PHIL 4841 - CDC) 


The schistosomes differ from other trematodes in that they are dioecious, digenetic, their eggs 
are not operculate and infection is acquired by penetration of cercaria through the skin. 


Cc 


al 


ease 


The clinical disease is related to the stage of infection, previous host exposure, worm burden 
and host response. Cercarial dermatitis (swimmers itch) follows skin penetration and results in 
a maculopapular rash which may last 36 hours or more. 


After mating, the mature flukes migrate to the venules draining the large intestine. Their eggs 
are laid and they penetrate the intestinal wall. They are then excreted in the feces, often 
accompanied by blood and mucus. 


Itis the eggs and not the adult worms, which are responsible for the pathology associated with 


S. mansoni infections, The adult flukes acquire host antigen which protects them from the 
host's immune response. 
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The host's reaction to the eggs which are lodged in the intestinal mucosa, leads to the 
formation of granulomata and ulceration of the intestinal wall. Some of the eggs reach the liver 
via the portal vein. The granulomatous response to these eggs can result in the enlargement of 
the liver with fibrosis, ultimately leading to portal hypertension and ascites. The spleen may 
also become enlarged. Other complications may arise as a result of deposition of the eggs in 
other organs e.g. lungs. 


Katayama fever is associated with heavy primary infection and egg production. Clinical 
features include high fever, hepatosplenomegaly, lymphadenopathy, eosinohilia and 
dysentery. This syndrome occurs a few weeks after primary infection. 

Laboratory Diagnosis 

Microscopy 

Laboratory confirmation of S. mansoni infection can be made by finding the eggs in the feces 
after an iodine stained, formol-ether concentration method. When eggs cannot be found in the 
feces, a rectal biopsy can be examined. 

Serology 

Serological tests are of value in the diagnosis of schistosomiasis when eggs cannot be found. 


An enzyme linked immunosorbent assay (ELISA) using soluble egg antigen, is employed at 
HTD. 


Schistosoma japonicum 
Introduction 


Schistosoma japonicum is found in China, Japan, the Philippines, and Indonesia. It causes 
disease of the bowel with the eggs being passed out in the feces. 


It differs form S. mansoni and S. haematobium in that it is a zoonosis in which a large number 
of mammals serve as reservoir hosts; cats, dogs and cattle playing major roles in the 
transmission of the disease. 


The life cycle is not very different from that of S. mansoni, the intermediate hosts are from the 
subspecies Oncomelania hupensis. Sexual maturity is reached in about four weeks and eggs 
may be seen in the feces as quickly as five weeks. 


The worms live coupled together in the superior, mesenteric veins and deposit 1500-3500 


eggs per day in the vessels of the intestinal wall. The eggs infiltrate through the tissues and 
are passed in the feces. 
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Morphology 


The adult worms are longer and narrower than the S. mansoni worms. The ova are about 55- 
85m by 40-60um, oval with a minute lateral spine or knob. 


Clinical Disease 
The main lesions are again due to the eggs, occurring in the intestine and liver. The eggs 


which are sequesters in the intestine mucosa or submucosa initiate granulomatous reactions, 
resulting in the formation of pseudotubercles. 


Image 6-8. Unstained micrograph of a S. japonicum ova. They are oval in shape with a minute lateral 
spine or knob. (SOURCE: PHIL 649 - CDC/Dr. Moore) 


Due to the number of eggs released by the females the infection is more severe than one with 
S. mansoni. This is also due to the parasite being less well adapted to man, therefore, the 
circumoval granuloma is very large. The initial illness can be prolonged and sometimes fatal. 
Laboratory Diagnosis 

Microscopy 

Laboratory confirmation of S. japonicum infection can be made by finding the eggs in the feces 


after an iodine stained, formol-ether concentration method. When eggs cannot be found in the 
feces, a rectal biopsy can be examined. 
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Other Intestinal Schistosome species 


Other Schistosome species which are responsible for human disease are S. mekongi and S. 
intercalatum. These two species cause similar symptoms to that of S. mansoni and can be 
summarized in Table 6-3. 


S. mekongi S. intercalatum 
Mekong River basin Central and west Africa 
Stool, rectal biopsy, serology _| Stool, rectal biopsy, serology 
30-55ym by 60-65ym 140-240um by 50-85,m 
Oval, minute lateral spine or Elongate, terminal spine 
knob 


Table 6-4. Table describing the other less common intestinal Schistosome species that are known to 
cause disease in man. (SOURCE: CDC) 


Schistosoma haematobium 
Introduction 


Schistosoma haematobium is different from the other two species previously mentioned in that 
it causes urinary schistosomiasis. It occurs in Africa, India and the Middle East. The 
intermediate host is the Bulinus snail. 


Just like S. mansoni, its distribution runs parallel to the irrigation projects and in areas which 
favor the intermediate hosts. They are exclusively parasites of man. 


The mature worms live in copula mainly in the inferior mesenteric veins and the females 
deposit their eggs in the walls of the bladder and finally making their way into the urine. The life 
cycle is very similar to that of S. mansoni, with sexual maturity being reached within 4-5 
weeks, but eggs may not appear in the urine until 10-12 weeks or even later. 


Morphology 
The adult worms are longer than those of S. mansoni. The ova are relatively large, measuring 


110-170um in length and 40-70,m in width. They have an elongated ellipsoid shape with a 
prominent terminal spine. 
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Image 6-9. Schistosoma haematobium eggs are elongated with a prominent terminal spine. The 
larva inside the egg produces an enzyme that passes through the egg-shell. (SOURCE: PHIL 4843 - 
‘cDc) 


Clinical Disease 


The clinical disease is related to the stage of infection, previous host exposure, worm burden 
and host response. Cercarial dermatitis (Swimmer's Itch) following skin penetration, results in 
a maculopapular rash and can last 36 hours or more. The mature flukes of S. haematobium 
migrate to the veins surrounding the bladder. After mating, the eggs are laid in the venules of 
the bladder and many penetrate through the mucosa, enter the lumen of the bladder and are 
excreted in the urine accompanied by blood. Thus hematuria and proteinuria are 
characteristic, though not invariable features of urinary schistosomiasis. 


As with all Schistosoma species, it is the eggs and not the adult worms which are responsible 
for the pathology associated with S. haematobium. In chronic disease, eggs become trapped 
in the bladder wall resulting in the formation of granulomata. Following prolonged infection, the 
ureters may become obstructed and the bladder becomes thickened resulting in abnormal 
bladder function, urinary infection and kidney damage. Chronic urinary schistosomiasis is 
associated with squamous cell bladder cancer. Heavy infections in males may involve the 
penis resulting in scrotal lymphatics being blacked by the eggs. 


Laboratory Diagnosis 


The definitive diagnosis of urinary schistosomiasis is made by finding the characteristic ova of 
S. haematobium in urine. Terminal urine should be collected as the terminal drops contain a 
large proportion of the eggs. The urine can either be centrifuged and the deposit examined 
microscopically for ova. Eggs can sometimes be found in seminal fluid in males. 


A bladder biopsy is seldom necessary to make the diagnosis. A rectal snip may show the 
presence of ova as they sometimes pass into the rectal mucosa. 
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Serological tests can be of value when eggs cannot be found in clinical samples. An enzyme 
linked immunosorbent assay using soluble egg antigen to detect antischistosome antibody is 
most sensitive. 


There is a marked periodicity associated with the time when most eggs are passed out. Higher 


numbers of eggs are encountered in urine specimens passed between 1000 and 1400 hours, 
presumably as a result of changes in the host's metabolic and physical activities. 
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Chapter 7. 
Tissue Dwelling Nematodes 


7.1 Unusual Tissue Dwelling Nematodes 


Many species of nematodes are known to indirectly infect man causing an array of symptoms 
and diseases. Many of the larvae of these parasites cause serious zoonosis in man. These 
parasites are known to infect many intermediate hosts during their life cycle with a variety of 
animals being the definitive host, while man is normally an accidental definitive host. 


Angiostrongylus (Parastrongylus) cantonensis 
Introduction 


Angiostrongylus cantonensis was first described in 1944 in Taiwan from a boy with suspected 
meningitis. Since then it has been recognized throughout the Pacific areas with sporadic cases 
reported in other parts of the world including Central America and Cuba It is associated with 
eosinophilic meningitis. The species A. cantonensis and A. costaricensis have now been 
reclassified into the genus Parastrongylus. 


Angiostrongylus cantonensis is also known as the rat nematodes where the main cause of 
eosinophilic meningitis is infection with the larvae of this nematode. Man and rats become 
infected by eating infected mollusks of the giant land snail (intermediate hosts) or food which is 
contaminated by the snails’ bodies. 


Life Cycle and Transmission 


‘Adult worms of A. cantonensis live in the pulmonary arteries of rats. The females lay eggs that 
hatch, yielding first-stage larvae, in the terminal branches of the pulmonary arteries. The first- 
stage larvae migrate to the pharynx, are swallowed, and passed in the feces. They penetrate, 
or are ingested by, an intermediate host (snail or slug). After two molts, third-stage larvae are 
produced, which are infective to mammalian hosts. When the mollusk is ingested by the 
definitive host, the third-stage larvae migrate to the brain where they develop into young 
adults. The young adults return to the venous system and then the pulmonary arteries where 
they become sexually mature. Of note, various animals act as paratenic (transport) hosts: 
after ingesting the infected snails, they carry the third-stage larvae which can resume their 
development when the paratenic host is ingested by a definitive host. Humans can acquire the 
infection by eating raw or undercooked snails or slugs infected with the parasite; they may also 
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CHAPTER 4 » A PORTABLE MOM-LAB 


Aslim and lightweight briefease or attaché can hold many of the tools and components you might 
need for your mobile electronic experimentations. The main advantage is that you will only need one 
hhand to carry it leaving one hand free to open doors, bribe guards, or fend off ninja—assuming you 
have two hands to begin with). See Figure 4-1, 


Figure 4-1. The compact executive mobile electronics laboratory. There's plenty of room for lats of tiny 
things, but not much else. Also handy for transporting big stacks of cash, should the situation arise. 
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acquire the infection by eating raw produce that contains a small snail or slug, or part of one. 
There is some question whether or not larvae can exit the infected mollusks in slime (which 
may be infective to humans if ingested, for example, on produce). The disease can also be 
acquired by ingestion of contaminated or infected paratenic animals (crabs, freshwater 
shrimp). In humans, juvenile worms migrate to the brain, or rarely in the lungs, where the 
worms ultimately die. The life cycle of Angiostrongylus (Parastrongylus) costaricensis is 
similar, except that the adult worms reside in the arterioles of the ileocecal area of the 
definitive host. In humans, A. costaricensis often reaches sexual maturity and release eggs 
info the intestinal tissues. The eggs and larvae degenerate and cause intense local 
inflammatory reactions and do not appear to be shed in the stool. 
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Mlustration 7-1. Life cycle of the rat nematode Angiostrongylus cantonensis. Adult worms of A. 
cantonensis live in the pulmonary arteries of rats. The females lay eggs that hatch, yielding first- 
stage larvae, in the terminal branches of the pulmonary arteries. The first-stage larvae migrate to the 
pharynx, are swallowed, and passed in the feces. They penetrate, or are ingested by, an intermediate 
host (snail or slug). After two molts, third-stage larvae are produced, which are infective to 
mammalian hosts. When the mollusk is ingested by the definitive host, the third-stage larvae migrate 
to the brain where they develop into young adults. The young adults return to the venous system and 
then the pulmonary arteries where they become sexually mature. Of note, various animals act as 
paratenic (transport) hosts: after ingesting the infected snails, they carry the third-stage larvae which 
can resume their development when the paratenic host is ingested by a definitive host. Humans can 
acquire the infection by eating raw or undercooked snails or slugs infected with the parasite; they may 
also acquire the infection by eating raw produce that contains a small snail or slug, or part of one. 
There is some question whether or not larvae can exit the infected mollusks in slime (which may be 
infective to humans if ingested, for example, on produce). The disease can also be acquired by 
ingestion of contaminated or infected paratenic animals (crabs, freshwater shrimps). In humans, 
juvenile worms migrate to the brain, or rarely in the lungs, where the worms ultimately die. The life 
cycle of Angiostrongylus (Parastrongylus) costaricensis is similar, except that the adult worms reside 
in the arterioles of the ileocecal area of the definitive host. In humans, A. costaricensis often reaches 
sexual maturity and release eggs into the intestinal tissues. The eggs and larvae degenerate and 
cause intense local inflammatory reactions and do not appear to be shed in the stool. (SOURCE: CDC) 


Morphology 


Angiostrongylus cantonensis is a long slender worm measuring between 17 and 25 jim long by 
0.26 to 0.34 um wide. 


Image 7-1, The adult worms of Angiostrongylus cantonensis. They measure between 17-25ym long 
and reside in the pulmonary arteries and arterioles of the definitive hosts. (x 3.5) (SOURCE: CDC) 

Symptoms 

The incubation period is usually about 20 days but can be up to 47 days. Infection in man is 


usually self-limiting but can result in fatalities. The main symptom is severe headache but 
other symptoms include convulsions, vomiting, facial paralyses, paresthesia, neck stiffness 
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and fever. It is accompanied by moderate eosinophilia in the CSF (i.e. the cell count is 100 — 
2000/um*). Blood eosinophilia is also common. Eye involvement is accompanied by visual 
impairment, ocular pain, keratitis and retinal edema. Living worms have been reported and are 
removed surgically. 


Laboratory Diagnosis 


Presumptive diagnosis can be made on the basis of the patients’ symptoms (i.e. fever, 
meningitis, ocular involvement and severe headache). Eosinophilia in CSF and peripheral 
blood is also suggestive. Larvae or young adults can be recovered in the CSF. ELISA 
methods can also provide confirmation. 


Angiostrongylus (Parastrongylus) costaricensis 
Introduction 


Angiostrongylus costaricensis was first described in 1971. Human infections are most 
common in Costa Rica but have been reported in Mexico, Central and South America. 


Life Cycle 

The life cycle is similar to A. cantonensis, (above) with the human being an accidental host by 
consumption of snails and salad vegetables which have become contaminated by infective 
larvae that have been shed by slugs in their mucus. Unlike A. cantonensis, the larvae of A. 
costaricensis penetrates the intestinal wall and results in inflammatory lesions of the bowel 
wall. Here the life cycle ends. 

Morphology 


The eggs are 90j1m, oval, thin shelled and can be embryonated. The adult female measures 
42 x 300,1m and the males measure 22 x 140ym. 
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Image 7-2. A: Eggs of Angiostrangylus costaricensis, B: Larva of A. costaricensis. In humans, eggs 
and larvae are not normally excreted, but remain sequestered in tissues. Both eggs and larvae 
(occasionally adult worms) of A. costaricensis can be identified in biopsy or surgical specimens of 
intestinal tissue. The larvae need to be distinguished from larvae of Stronayloides stercoralis; 
however, the presence of granulomas containing thin shelled eggs and/or larvae serve to distinguish 
A. costaricensis infections. (SOURCE: CDC) 


Image 7-3. Picture showing the adult Angiostrongylus costaricensis worms in the natural 
host of a rat. The worms normally localize within the mesenteric arteries, especially those of 
the ileocecal region of the natural definitive host. (SOURCE: CDC) 


Clinical Disease 


The most common symptoms are pain and tenderness with fever, vomiting and diarrhea. A 
tumor-like mass is often palpable and can mimic malignancy. The symptoms of abdominal 
pain, vomiting and diarrhea, and anorexia, are often mistaken for those of appendicitis. 
Worms can be found in the regional lymph nodes and mesenteric arteries. They can also be 
found in the spermatic arteries causing testicular obstruction and necrosis. Occasionally the 
larvae and the ova reach the liver and symptoms may mimic visceral larvae migrans. 
Eosinophilia is also present. 
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Anisakiasis 
Introduction 


Anisakiasis is a collective name for infections belonging to the genera of nematodes, Anisakis, 
Phokanema, Terranova and Contracaecum. The adult worms from the many species 
belonging to this family, Anisakidae, occur in various sea mammals, seals, dolphins, porpoises 
and whales, the larvae can cause a serious zoonosis, anisakiasis, in man. Anisakiasis was first 
reported in the Netherlands in 1960 and since then cases have been reported from Japan, 
North America, Canada, Chile, and the United Kingdom with the increase in popularity of 
‘sushi’. 


Two species of nematode have been especially implicated worldwide in causing human 
anisakiasis, Anisakis simplex and Pseudoterranova osculatum. The larvae of P. osculatum can 
be distinguished from A. simplex by the possession of a cecum 


Life Cycle 


These nematodes are parasites in a large number of marine animals including seals, sea-lions, 
whales, and dolphins. It is in these mammals that the adult worm is found. Eggs are passed 
out in the feces of these mammals, they embryonate and hatch to liberate the first stage larvae 
into the sea water. These larvae then become ingested by crustaceans and molt to become Lz 
and La larvae. If fish and squid eat the infected crustaceans, the third stage larvae become 
liberated and penetrate the intestine or muscles of that host. These larvae then encyst. Over 
100 species of fish can act as intermediate hosts. The marine mammals ingest the fish and 
thus the cycle is completed 


Humans become infected by consuming raw or improperly cooked fish which contain the third 
stage larvae. 
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Mlustration 7-2. Adult stages of Anisakis simplex or Pseudoterranova decipiens reside in the 
stomach of marine mammals, where they are embedded In the mucosa, in clusters. Unembryonated 
eggs produced by adult females are passed in the feces of marine mammals @ The eggs become 
embryonated in water, and first-stage larvae are formed in the eggs. The larvae molt, becoming 
second-stage larvae ®, and after the larvae hatch from the eggs, they become free-swimming 
Larvae released from the eggs are ingested by crustaceans @. The ingested larvae develop into third- 
stage larvae that are infective to fish and squid @. The larvae migrate from the intestine to the 
tissues in the peritoneal cavity and grow up to 3 cm in length. Upon the host's death, larvae migrate 
to the muscle tissues, and through predation, the larvae are transferred from fish to fish. Fish and 
squid maintain third-stage larvae that are infective to humans and marine mammals @. When fish or 
‘squid containing third-stage larvae are ingested by marine mammals, the larvae molt twice and 
develop into adult worms. The adult females produce eggs that are shed by marine mammals @ 
Humans become infected by eating raw or undercooked infected marine fish @. After ingestion, the 
anisakid larvae penetrate the gastric and intestinal mucosa, causing the symptoms of anisakiasis. 
(SOURCE: CDC) 
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Morphology 


The larvae reach a length of S0uim with a diameter of 1-2jm. Classification of the Anisakids is 
made by the structure of the digestive tract. 


Illustration 7-3. Line diagram representing the morphology of the third stage larvae of Anisakis 
simplex (from fish), it is the causative organism of anisakiasis in man. (SOURCE: Smyth, J.D, 1994) 


Clinical Disease 


After ingestion of the raw fish by humans, the larvae penetrate the intestinal wall resulting in 
inhabitation of the stomach or duodenum, but can be found in any part if the alimentary canal 
or outside the gut in various viscera. The end result is abdominal pain, nausea, and sometimes 
vorniting and diarthea, often occurring within 6 hours of eating an infected meal. Abdominal 
irritation may mimic gastric ulcer, carcinoma, appendicitis or other conditions requiring surgery. 
Eosinophilic granulosus may result. 


Transient anisakiasis which has been reported in North America is characterized by some 
vomiting and distress within a few hours of ingesting the fish and then quickly subsides. The 
larvae can be coughed up a few days later. Low grade eosinophilia and occult blood in the 
stool are common. 

Laboratory Diagnosis 


Diagnosis can only be confirmed by endoscopy and the removal of the worms by biopsy 
forceps and microscopic identification. 
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Epidemiology and Prevention 


Anisakis larvae are usually found in herring, mackerel, and North American salmon. 
Pseudoterranova are found in cod, halibut, rockfish, sardines, and squid. 


Human infections result from eating raw fish, insufficiently cooked or smoked fish, marinated or 
salted fish. Freezing fish at -20°C (-4°F) for a minimum of five days kills the larvae and thus the 
fish is suitable for consumption in dishes like sushi. Smoking the fish at temperatures >65°C 
(149°F) renders it suitable for consumption. Marinating or salting the fish cannot be depended 
upon to kill the larvae, however adequately cleaning the fish can render it safe for 
consumption. Human anisakiasis has been virtually eliminated from the Netherlands due to 
the mandatory freezing of herring. 


Gnathostoma spinigerum 

Introduction 

Several species of the genus Gnathostoma are responsible for zoonotic infections in man. 
Gnathostoma spinigerum is a nematode found in dogs, cats, and several other carnivores. 
Human infections of the disease have been reported from Japan, China, Thailand, the Far 
East, and the Philippines, with man acquiring the infection from eating various freshwater fish. 
Life Cycle 


The life cycle of this parasite involves two intermediate hosts, cyclops and birds, snakes, fish 
and frogs where they mature before developing into adults in the definitive hosts. 
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stration 7-4. Diagram illustrating the life cycle of Gnathostoma spinigerum. In the 
natural definitive host (pigs, cats, dogs, wild animals) the adult worms reside in a tumor 
which they induce in the gastric wall. They deposit eggs that are unembryonated when 
passed in the feces @. Eggs become embryonated in water, and eggs release first-stage 
larvae @. If ingested by a small crustacean (Cyclops, first intermediate host), the first- 
stage larvae develop into second-stage larvae ©. Following ingestion of the Cyclops by a 
fish, frog, or snake (second intermediate host), the second-stage larvae migrate into the 
flesh and develop into third-stage larvae @. When the second intermediate host is ingested 
a definitive host, the third-stage larvae develop into adult parasites in the stomach wall 
Alternatively, the second intermediate host may be ingested by the paratenic host 
(animals such as birds, snakes, and frogs) in which the third-stage larvae do not develop 
further but remain infective to the next predator @, Humans become infected by eating 
undercooked fish or poultry containing third-stage larvae, or reportedly by drinking water 
containing infective second-stage larvae in Cyclops @. 
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If the infected fish or frogs are eaten by other hosts, apart from the definitive hosts, (paratenic 
host), such as herons, pigs and man, they do not mature but migrate through the 
subcutaneous tissues causing visceral and cutaneous larva migrans. 


Morphology 


The adult female worms measure 25-54y1m whereas the male measures 11-25um. The 
anterior half of the worm is covered with leaf like spines. The male worms have a red tail while 
the larger females have a more curved tail. The larval worms are 4m long 


Medscapeo www.meds 


roa: Emer infact 03 Ceniers fr Desasa Contol ard Preventon ( 


Image 7-4. Adult worms of Gnathostoma spinigerum. The males are smaller than the 
females and possess a red tail. (x 1.3) (SOURCE: CDC/Medscape) 


Image 7-5. Third stage larval Head of Gnathostoma spinigerum. (SOURCE: 
CDC/Medscape) 
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CHAPTER 4 © A PORTABLE MI-LAB 


Let's take a look at what all you can take with you without a lot of heavy lifting, Starting on the left 
and moving to the right, we have 


Netbook PC with AC charger and USB mouse (it might be hard to see in Figure 4-1 
because it’s upside down and covered by other stuff) 


Arduino Uno programmable microcontroller (or physical computing platform) 
Folding multitool 

Lighted magnifier 

Digital camera 

Solderless breadboard with lots of precut jumper wires 

Digital multimeter and probes 

‘Compact single-channel oscilloscope with probe 

AC-powered USB charger—can also be used as a stand-alone regulated 5V power 
supply 

USB cable 

variety of LEDs in all shapes and sizes 

‘Additional passive components 


A variety of batteries, both rechargeable and otherwise, and various battery 
holders (not shown) 


Static-sensitive integrated circuits and modules stored in antistatic bags 
Notebooks, writing implements, blank media, and documentation 


Your contact information in case of loss 


‘One of the interesting features of this lab is that it is completely self-contained, power-wise. While 


it’s nice to have access to AC power, 


's not strictly required, at least for a while. The Arduino and the 


attached breadboard are powered by the battery in the netbook, via the USB cable. The multimeter has 
its own 9V battery, while the mini-oscilloscope can be recharged from a spare USB connector. With an 
extended-life battery, you can expect four to five hours of on-location electronic experimentation, 

If your netbook or PC has Wi-Fi or other connectivity to the Internet, you can browse tutorials, data 
sheets, user forums, and even this book, unless you've already downloaded these items to the internal, 


hard drive. 


Have a look at this particular lab deployed and ready for action in Figure 4-2. 
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Clinical Disease 


Humans are accidental hosts and after ingestion, the larvae do not mature but migrate 
throughout the body via the intestinal wall. Symptoms include epigastric pain, vomiting and 
anorexia. These symptoms subside as the larvae continue their migratory path through the 
cutaneous tissue. Evidence of migration appears as either lesions similar to cutaneous larvae 
migrans or migratory swellings accompanied by inflammation, redness or pain. The swelling is 
hard and non-pitted and lasts for several days. These migratory lesions may be accompanied 
by pruritis and pain. There is marked eosinophilia in patients with cutaneous involvement. 
Ocular involvement resulting in blindness may occur in serious disease. Eosinophilic 
myeloencephalitis may result from migration of the worms along the nerve tracks. Symptoms 
may include pain, paralyses, seizures, coma and death. The CSF may be xanthochromic 
(yellowish discoloration) or bloody. 


Laboratory Diagnosis 


Presumptive diagnosis may be made on the basis of clinical symptoms. Definitive diagnosis is 
the recovery and identification of the worm since the symptoms may be suggestive of 
Sparganosis, paragonimiasis and cutaneous larvae migrans and myiasis. A bloody spinal fluid 
or xanthochromia may resemble infection with Angiostrongylus cantonensis. 


Trichinella spiralis 
Introduction 


Trichinella spiralis was first seen by James Paget, but was named and described by his 
Professor, Richard Owen. The family Trichinellidae contains only one single genus; Trichinella, 
and was originally thought only to contain the one species; Trichinella spiralis, which causes 
the serious and often fatal disease in man known as trichinosis (Trichinellosis). It is a parasite 
of camivorous animals and is especially common in rats and in swine fed on uncooked 
garbage and slaughter house scraps. Humans become infected by eating raw pork, with 
sausages being the most common cause of infection. It is a cosmopolitan parasite and is 
common in China, though prevalent in many European countries as well. 


Itis now thought that there are four varieties of this species that exists worldwide; 


+ Trichinella spiralis spiralis - Temperate zone — high infectivity for pigs, rats and man. 

+ Trichinella spiralis nelsoni - Tropics - low infectivity for pigs and rats and high infectivity 
for lions, hyenas. 

+ Trichinella spiralis nativa - Arctic - low infectivity for pigs, found in polar bears, resistant 
to freezing. 

+ Trichinella spiralis pseudospiralis- New Zealand — low infectivity for pigs, rats and mice. 


Trichinella spiralis is a ‘domestic’ parasitic nematode long recognized to cause a zoonosis 
transmitted to man by the ingestion of infected pork. 
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Life Cycle 


Infection in the definitive hosts is acquired by the hosts eating raw or undercooked flesh (e.g. 
pork, containing encapsulated larvae). Rats are probably the most highly infected ‘natural’ 
hosts and pigs become infected by eating infected pork scraps or occasionally rats which 
inhabit their stalls. For man, sausages are a dangerous source of the parasite as a small 
fragment of infected pork, (after mincing), may become widely distributed among a number of 
sausages. 
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Illustration 7-5. The life cycle of Trichinella spiralis. Trichinellosis is acquired by ingesting 
meat containing cysts (encysted larvae) @of Trichinella. After exposure to gastric acid and 
pepsin, the larvae are released @from the cysts and invade the small bowel mucosa where 
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they develop into adult worms @(female 2.2 mm in length, males 1.2 mm; life span in the 
small bowel: four weeks). After one week, the females release larvae @that migrate to the 
striated muscles where they encyst “). Trichinella pseudospiralis, however, does not 
encyst. Encystment is completed in 4 to 5 weeks and the encysted larvae may rem: 
viable for several years. Ingestion of the encysted larvae perpetuates the cycle. Rats and 
rodents are primarily responsible for maintaining the endemicity of this infection. 
Carnivorous/omnivorous animals, such as pigs or bears, feed on infected rodents or meat 
from other animals. Different animal hosts are implicated in the life cycle of the different 
species of Trichinella. Humans are accidentally infected when eating improperly processed 
meat of these carnivorous animals (or eating food contaminated with such meat). (SOURCE: 
CDC/DPDx Trichinellosis) 


Morphology 


The adult female worm is about 2-3,1m long and 901m in diameter. The male is smaller 
measuring 1.2um long by 60m in diameter. 


The female adult worms are ovoviparous (born alive from the mother but held as an unshelled 
egg internally until birth, after having no umbilical connection to the mother) and up to 1500 
larvae may be released by a single worm. 


[ A [ B 


Image 7-6. A, B: Larvae of Trichinella, freed from their cysts, typically coiled; length: 0.8 
to 1.0 um. Alaskan bear. (SOURCE: CDC) 


cl 


ical Disease 


Symptoms during the intestinal phase may go unnoticed or may be severe. Epidemics can 
result in outbreaks of gastro-enteritis, two to seven days after the ingestion of raw pork. 
Diarrhea with or without abdominal pain may last for several weeks. Eosinophilia and fever 
occur in most cases. Leukocytosis is common and hyperglobulinaemia (an autoimmune, 
chronic blood disease) is characteristic. Myocytosis and circum orbital edema are classic 
signs. There can also be central nervous system involvement 
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Pathogenicity 


The primary pathogenic effect of Trichinella comes from the destruction of the striated muscle 
fibers in which it encysts. There can be neurological manifestations of trichinosis and death 
may be ascribed to myocarditis, encephalitis or pneumonitis. 


Laboratory Diagnosis 


Diagnosis of trichinosis depends on the clinical signs, such as myalgia, periorbital edema, 
fever and eosinophilia in a patient with a history of eating pork or sausages. 


Serological tests are available but may be negative if carried out within three to four weeks 
post infection. Circulating antibodies to T. spiralis appear from two to four weeks after infection. 
Redefined diagnostic antigens for their detection are currently being developed. A simple IFAT 
employing fragments of larvae as antigen is a useful diagnostic tool. Latex tests with extracted 
larval antigens have also proved valuable in the acute stage, during which high antibody titers 
develop. 


Fibrous sheath 


Connective tissue 


llustration 7-6. Diagrammatic representation of the Trichinella larvae encapsulated in 
striated muscle. (SOURCE: Smyth, J.D, 1994) 
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Image 7-7. A, B: Encysted larvae of Trichinella in pressed muscle tissue. The coiled 
larvae can be seen inside the cysts. (SOURCE: CDC) 


Muscle biopsy is available with the muscle being digested in pepsin, which frees the 
encapsulated larvae or by a simple device whereby the muscle sample is compressed 
between two glass plates to make it semi-transparent, allowing you to see any encapsulated 
larvae using a ‘trichinoscope’ (a simple magnifying system). 
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Chapter 8. 
Larval Cestodes and 
Nematodes which Infect Man 


8.1 Larval Cestodes which Infect Man 


Infections in man with Echinococcus granulosus, Echinococcus multilocularis, and Multiceps 
multiceps are caused by the accidental ingestion of eggs which are excreted by the definitive 
animal host. The disease that is produced due to the invasion of these parasites is caused by 
the larval stages or hydatid cyst, is known as hydatid disease or hydatidosis. 


Echinococcus granulosus causes cystic echinococcosis, and is the form most frequently 
encountered; E. multilocularis causes alveolar echinococcosis; E. vogeli causes polycystic 
echinococcosis; and E. oligarthrus is an extremely rare cause of human echinococcosis. 


Each cestode possesses an elongated tape-like body which lacks an alimentary canal. The 
adult tapeworms are strings of individuals having a complete set of reproductive organs 
(proglottids) in progressive degrees of sexual maturity and budding off from a body attached to 
the host tissue by a head or scolex. 


The larval stage, show a wide variation being found in almost any organ of both vertebrate and 
invertebrate hosts. 


Echinococcus granulosus 
Introduction 


Echinococcosis or Hydatid disease in man is caused by the larval stage of the dog tapeworm, 
Echinococcus granulosus. Hydatid disease is most extensively found in East Africa, North 
Africa, South Africa, the Middle East, and parts of South America, and Australia. The 
intermediate hosts are cattle, sheep, pigs, goats, or camels and the definitive host for this 
disease is the dog or other canids. 
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lustration 8-1. Life Cyle of Echinococcus granulosus. The adult Echinococcus granulosus 
(3 to 6 mm long) @resides in the small bowel of the definitive hosts, dogs or other canids. 
Gravid proglottids release eggs @that are passed in the feces. After ingestion by a suitable 
intermediate host (under natural conditions: sheep, goat, swine, cattle, horses, camel), the 
egg hatches in the small bowel and releases an oncosphere @that penetrates the intestinal 
wall and migrates through the circulatory system into various organs, especially the liver 
and lungs. In these organs, the oncosphere develops into a cyst @ that enlarges gradually, 
producing protoscolices and daughter cysts that fill the cyst interior. The definitive host 
becomes infected by ingesting the cyst-containing organs of the infected intermediate host. 
After ingestion, the protoscolices @evaginate, attach to the intestinal mucosa @, and 
develop into adult stages @in 32 to 80 days. The same life cycle occurs with E. 
multilocularis (1.2 to 3.7 mm), with the following differences: the definitive hosts are foxes, 
and to a lesser extent dogs, cats, coyotes and wolves; the intermediate host are small 
rodents; and larval growth (in the liver) remains indefinitely in the proliferative stage, 
resulting in invasion of the surrounding tissues. With E. vogeli (up to 5.6 mm long), the 
definitive hosts are bush dogs and dogs; the intermediate hosts are rodents; and the larval 
stage (in the liver, lungs and other organs) develops both externally and internally, 
resulting in multiple vesicles. E. oligarthrus (up to 2.9 mm long) has a life cycle that 
involves wild felids as definitive hosts and rodents as intermediate hosts. Humans become 
infected by ingesting eggs @, with resulting release of oncospheres @in the intestine and 
the development of cysts ©, ©, ©, @, 6 in various organs. (SOURCE: CDC/DPDx 
Echinococcus) 


~132- 


Morphology 


The adult worm measures approximately 3-8.5m long. The scolex has four suckers and a 
rostellum with hooks, the latter becoming tightly inserted into the crypts of Lieberkiihn. The 
mature strobila has only 3-4 proglottids, one is immature, one is mature and the final one is 
gravid; when gravid the eggs are expelled in the feces. 


sucker 


Image 8-1. Echinococcus granulosus scolex. (SOURCE: CDC) 


genital primordium 


Image 8-2. Echinococcus granulosus immature proglottid. (SOURCE: CDC) 
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embryonated eggs 


uterus 


Image 8-3. Adult female worms of Echinococcus granulosus with gravid proglottids. 
(SOURCE: CDC) 


Due to the close similarity of the eggs to other Taenia species found in dogs they were until 
recently thought to be morphologically indistinguishable. 


The larvae in man develop into a unilocular cyst which gives rise to unilocular hydatid disease. 
This is characterized as having only one bladder or many completely isolated bladders, each 
enclosed in its own well-developed envelope. The latter consists of several layers, the most 
prominent being the laminated layer. Within this again is the germinal membrane from which 
the brood capsules arise inside which develop thousands of larvae or protoscoleces, the whole 
being suspended in a hydatid fluid. 
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Image 8-4. Unilocular cyst of Echinococcus granulosus. This is characterized as having only 
one bladder or many completely isolated bladders, each enclosed in its own well-developed 
envelope. Inside which develop thousands of larvae or protoscoleces, the whole being 
suspended in a hydatid fluid. These cysts in man give rise to unilocular hydatid disease, 


Clinical 


ease 


Hydatid disease in humans is potentially dangerous depending on the location of the cyst. 
Some cysts may remain undetected for many years until they become large enough to affect 
other organs. Symptoms are then of a space occupying lesion. Lung cysts are usually 
asymptomatic until there is a cough, shortness of breath or chest pain. Hepatic cysts result in 
pressure on the major bile ducts or blood vessels. Expanding hydatid cysts cause necrosis of 
the surrounding tissue. 


Slow leakage of the hydatid fluid results in eosinophilia and rupture of an abdominal hydatid 
cyst results in severe allergic symptoms. 


‘Symptoms may not manifest themselves for five to 20 years after the infection. 

Laboratory Diagnosis 
1. Imaging and serodiagnosis are the mainstay of diagnosis. Serological tests include 
Enzyme linked immunosorbent assay (ELISA), an indirect hemagglutination test a 
complement fixation test and a Western Blot system. 
2. Microscopic examination of the cyst fluid to look for the characteristic protoscoleces which 
can be either invaginated or evaginated. The cyst fluid will also reveal free hooklets and 
tissue debris. One percent eosin may be added to the fluid to determine the viability of the 


protoscoleces. Viable protoscoleces exclude eosin whereas nonviable protoscoleces take 
up the eosin. 


3. Histological examination of the cyst wall after surgical removal. 
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CHAPTER 4 » A PORTABLE MOM-LAB 


90 


Figure 4-2. The compact executive lab is deployed on a desktop. You have access to lots of electronic 
building and debugging capabilities in a small area, Using a solderless breadboard helps reduce the 
number of fabrication tools that you need to carry with you on your adventures. 


‘The Arduino was included for its small size, popularity, and ease of use. There's a whole world 
waiting for you inside that little board, waiting to be explored, but that's a story for another day. 

You can use the USB cable to extract a regulated +5V supply from your PC for your low-voltage- 
experimenting pleasure. You can also use an inexpensive USB charger to do the same thing, if you don’t 
feel like hauling a whole PC around with you. Just don’t try to draw more than half an amp of current, 
which is the “official” USB limit for supplying power to USB devices. Technically, unenumerated devices 
(ie.,justa USB cable with nothing intelligent enough to identify itself to your computer) can only draw 
up to 100 mA (0.1A) of current. A USB charger, on the other hand, is not so picky 


No Soldering Required 
Oe totale omission from this particular Configuration i any sot of soldeting tool You ctl certainly 


add a small soldering iron, some solder, and a few more hand tools. You'll either need to boot aut some 
of the bulkier items, such as the PC or the full-sized multimeter, or get a slightly bigger carrying case. 


Western Blots 


One serological test which has proved to be of value to diagnosing Hydatid disease is the 
Western Blot. The test presents a definitive means for detection of human antibodies to the 
cestode E. granulosus. 


Diagnosis can be achieved using the Western Blot assay for the detection of IgG antibodies in 
serum reactive with E. granulosus antigens present on a membrane. Field studies support a 
sensitivity of 80% and specificity of 100% in patients with hepatic cysts. 


This assay is known as the Qualicode™ Hydatid Disease Kit; the principle behind the test is 
that it is a qualitative membrane-based immunoassay manufactured from £. granulosus 
proteins. The E. granulosus proteins are fractionated according to molecular weight by 
electrophoresis on a ployacrylamide slab gel (PAGE) in the presence of sodium dodecyl 
sulfate (SDS). The separated E. granulosus proteins are then transferred via electrophoretic 
blotting from the gel into strips for testing of individual samples. 


During the procedure, the strips containing the E. granulosus proteins are incubated with 
serum specimens and washed to remove unbound antibodies. 


Visualization of human immunoglobulins specifically bound to E. granulosus proteins is 
performed by sequential reaction with goat anti-human immunoglobulin-alkaline phosphatase 
conjugate and BCIP/NBT substrate. Bands corresponding to the positions of the resoled E. 
granulosus proteins will be visualized on the strip, indications the presence in the serum 
sample of IgG antibodies direct against E. granulosus antigens. Band positions are compared 
to those on a reference strip developed using the Hydatid disease positive control. 


Prevention 


+ Safe disposal of dog feces. 
+ Education to prevent feeding uncooked offal to dogs. 


Echinococcus multilocularis 
Introduction 


The larvae of Echinococcus multilocularis is a particularly dangerous species causing 
multilocular (alveolar) hydatid disease in man and animals and is common in the highlands of 
Europe i.e. Switzerland and Germany, in Canada, Alaska and Northern Russia. The most 
common definitive hosts are foxes and wolves in addition to domestic cats and dogs when they 
have access to infected rodents. 
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Life Cycle 


Foxes (1) are the primary definitive hosts although in domestic circumstances dogs (1a) and 
cats (1b) can act as the definitive host. Rodents (4) are the intermediate hosts. Man (4a) is an 
accidental host by the ingestion of eggs (2) where multilocular cysts are formed (3). In these 
cysts, the limiting membrane is thin and the germinal epithelium may bud off externally 
resulting in proliferation in any direction (5). Metastases may occur. Unlike E. granulosus, 
there is little fluid in the cysts of E. multilocularis. 


Illustration 8-3: Life cycle of Echinococcus multilocularis. (SOURCE: Unknown) 


Morphology 


Larvae - The larval E. multilocularis is very different from that of E. granulosus. In this case the 
‘cyst’ grows invasively by external budding, forming a diffuse growth through the infected 
organ, replacing that organ’s tissues. The growth itself, (it cannot truly be called a cyst as there 
is no real cyst wall), is composed of numerous cavities containing a gelatinous matrix within 
which protoscolices and numerous brood capsules are produced, and which in its behavior, 
most closely resembles a malignant neoplasm. In contrast to E, granulosus this growth is also 
very rapid. Infective protosocialises being present after only wo to three months, as compared 
to the one to two years in the related metacestode. 


Adults - The adult parasite is very similar to E. granulosus, being slightly smaller, with a 
maximum length of approximately 4m, and consisting of four to five proglottids. 
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Illustration 8-4. Diagrammatic representation of the adult worm if Echinococcus 
multilocularis. (SOURCE: Unknown) 


Clinical Disease 


Cysts form primarily in the liver and growth in the vena cava or portal vein results in 
metastases in the lung or brain. Clinical disease is similar to that of E. granulosus. 


Laboratory Diagnosis 


1. Laboratory diagnosis is can be made by ELISA. 
2. Clinical diagnosis is made by ultrasound. 
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Echinococcus granulosus 


Echinococcus multilocularis 


Slow development of cyst 


Rapid development of cyst 


Cysts have thick-walled chambers 


Cyst has thin-walled chambers 


Separated by connective tissue 


Not separated by connective tissue 


Cyst is fluid filled 


Cyst is gelatinous filled 


Cyst is free of host material 


Cyst is contaminated by host material 


Table 
White) 


8-1. Differences between the hydatid cysts of . granulosus and €. multilocularis. (SOURCE: 


Multiceps multiceps 
Introduction 


Multiceps multiceps, is a cestode of cosmopolitan distribution and causes coenuriasis in man. 
The dog is the common definitive host in the USA and UK, with the intermediate stages 
developing in many ungulates, especially sheep. 


Life Cycle 


The adult worm is found in dogs and other canidae. The intermediate hosts comprise of a 
number of herbivorous animals, where the cysts develop in the brain and spinal cord causing a 
disease called ‘staggers’, which affects the balancing powers of the animals. Man becomes 
infected by the accidental ingestion of eggs. The oncosphere hatches and penetrates the 
intestinal wall and the embryo is carried by the blood stream to various parts of the body 
including the central nervous system where it lodges and the cyst or coenurus develops. 
Multiple scolices burst from the inner surface of the cyst wall. The cyst resembles that of a 
cysticercus (Cysticercus cerebralis). Itis filled with fluid, semi-transparent and glistening white. 
The cysticercus possesses unusual asexual multiplication, forming a bladder (or coenurus) 
which gives rise to hundreds of daughter protoscoleces directly from its inner wall. 
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Illustration 8-5. Diagrammatic representation of 2 Multiceps (Taenia) multiceps coenurus cyst. 
(SOURCE: Unknown) 


Clinical Disease 


In humans, coenuri are most frequently found in the brain and spinal cord but also in the 
subcutaneous tissue. Symptoms include headache, vomiting, paraplegia seizures and eye 
problems. The coenurus may cause serious damage or even death, but only a few have ever 
been reported. 


Laboratory Diagnosis 


There are no serological tests available. Diagnosis is achieved by the finding of the coenurus 
cyst in the brain and spinal cord, or in the subcutaneous tissue. 


8.2 Larval Nematodes which Infect Man 


Intestinal capillariasis caused by Capillaria Philippinensis appeared first in the Philippines and 
subsequently in Thailand, Japan, Iran, Egypt, and Taiwan, but most infections occur in the 
Philippines and Thailand. As established experimentally, the life cycle involves freshwater fish 
as intermediate hosts and fish-eating birds as definitive hosts. Embryonated eggs from feces 
fed to fish hatch and grow as larvae in the fish intestines. Infective larvae fed to monkeys, 
Mongolian gerbils, and fish-eating birds develop into adults. Larvae become adults in 10 to 11 
days, and the first-generation females produce larvae. These larvae develop into males and 
egg-producing female worms. Eggs pass with the feces, reach water, embryonate, and infect 
fish. Autoinfection is part of the life cycle and leads to hyperinfection. Humans acquire the 
infection by eating small freshwater fish raw. The parasite multiplies, and symptoms of 
diarrhea, borborygmus, abdominal pain, and edema develop. Chronic infections lead to 
malabsorption and hence to protein and electrolyte loss, and death results from irreversible 
effects of the infection. Treatment consists of electrolyte replacement and administration of an 
antidiartheal agent and mebendazole or albendazole. 
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Capillariasis Philippinensis is considered a zoonotic disease of migratory fish-eating birds. The 
eggs are disseminated along flyways and infect the fish, and when fish are eaten raw, the 
disease develops. 


Capillaria Philippinensis 
Introduction 


Intestinal capillariasis was first observed in the Philippines in 1962 and since then it has been 
noted, although less frequently in Thailand, with scattered reports from Taiwan, Japan, Egypt, 
and Iran. Capillaria Philippinensis is a small nematode which burrows into the intestinal 
mucosa of its human host. 


Humans and birds become infected when they eat uncooked or poorly cooked fish. Therefore, 
infections are seen in endemic proportions where uncooked fish is considered a delicacy. 


Life Cycle 


The complete life cycle is not known however, human infection is initiated by the consumption 
of raw fish. The infective larvae are found in the intestine of the fish. When infective fish are 
eaten by humans, the larvae mature and the adult worms live in the intestinal mucosa, mainly 
in the jejunum, where they are usually present in large numbers. Larval stages, oviparous and 
larviparous females are also found in the host's intestine, which suggests that the nematode 
multiplies in the intestine resulting in auto-infection as in Strongyloides infection. The eggs are 
passed out in the feces and embryonate in the soil, a process which takes about 12 days. The 
eggs are ingested by fresh-water fish, they hatch and develop into the infective form in the 
intestine of the fish 
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Illustration 8-6. Diagram of the life cycle of Capillaria Philippinensis. Humans become 
infected from eating infected fish. The disease in man is known as Capillariasis. 
Typically, unembryonated eggs are passed in the human stool “land become embryonated 
in the external environment @; after ingestion by freshwater fish, larvae hatch, penetrate 
the intestine, and migrate to the tissues @. Ingestion of raw or undercooked fish results in 
infection of the human host @. The adults of Capillaria Philippinensis (males: 2.3 to 3.2 
mm; females: 2.5 to 4.3 mm) reside in the human small intestine, where they burrow in the 
mucosa @. The females deposit unembryonated eggs. Some of these become 
embryonated in the intestine, and release larvae that_can cause autoinfection. This leads to 
hyperinfection (a massive number of adult worms) @. Capillaria Philippinensis is currently 
considered a parasite of fish eating birds, which seem to be the natural definitive host @, 
(CDC 3382 - CDC/Alexander J. da Silva, PhD/Melanie Moser) 
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Morphology 


The adult female worm measures 2.5-4.31m, while the males are marginally smaller 
measuring 2.3-3.2um. Adult females can produce immature and mature ova as well as free 
larvae that can auto-infect. 


The eggs measure 45m x 21m, and resemble those of Trichuris but have less prominent 
polar plugs. They have a thick striated shell 


Figure 8-5. Eggs of Capillaria Philippinesis. They are oval in shape and closely resemble the 
eggs of Trichuris but have less prominent plugs. (SOURCE: PHIL 1376/653 - CDC/Dr. Mae 
Melvin) 


Clinical Disease 


Many cases may be asymptomatic, but any manifested symptoms will be related to the worm 
burden. The most common symptoms are watery stools with large fluid loss, anorexia, nausea, 
vomiting, and hypotension. Abdominal distension and edema may also develop. Death can 
ensue from pneumonia, cerebral edema, hypokalemia and heart failure. The large worm 
burden can cause electrolyte imbalance, plasma protein imbalance, and fluid loss, proving fatal 
within 4-6 months if untreated. Villi blunting leads to malabsorption but eosinophilia is not a 
feature of this disease. 


Laboratory Diagnosis 


Diagnosis depends on finding the characteristic eggs or larvae in the feces. Pulmonary 
capillariasis diagnosis relies on finding adult worms or eggs in lung biopsies. 


-143- 


Chapter 9. 
Malaria 


9.1 Blood Parasites 


Red Blood cells offer parasites an excellent environment for invasion and survival. 
Haemosporina are the only protozoan parasites which can invade the red blood corpuscles of 
vertebrates. Most, if not all, have multiplicative phases in the reticulo-endothelial system, 


The red blood cells are thin-walled and constantly moving, so absorption of food materials and 
elimination of waste products of metabolism are relatively easy to achieve. They also contain 
rich supplies of protein and oxygen. 


Malarial parasites do not actually penetrate the red blood cell, but enter the cell membrane by 
endocytosis and enclose in a parasitophorous membrane. 


Introduction 


Malaria is the most important tropical disease known to man. It remains a significant problem 
in many tropical areas, especially in sub-Saharan Africa. Malaria is spreading as a result of 
environmental changes, including global warming, civil disturbances, increasing travel and 
drug resistance (Greenwood, B.M, 1997). There are approximately 100 million cases of 
malaria worldwide with about 1 million of these proving fatal. 


Ti Distiouion of Malaria 


Illustration 9-1. Map illustrating the enormous distribution of malaria throughout the world. 
(SOURCE: CDC) 
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Malaria is caused by protozoa of the Plasmodium species. There are four species which infect 
both humans and animals; Plasmodium malariae (quartian malaria), Plasmodium vivax (benign 
tertian malaria), Plasmodium falciparum (malignant tertian malaria, subtertian malaria) and 
Plasmodium ovale (ovale tertian malaria). 


The transmission of the protozoa, Plasmodium requires two hosts, an. intermediate 
invertebrate host (vector), and a definitive vertebrate host (mammals, birds and lizards) 


All Plasmodium species undergo the general haemosporina developmental cycle which can be 
summarized as: 


+ initial or continual schizogony (reproduction by multiple asexual fission) in the vertebrate 
host with initiation of gametogony (the formation or production of gametes); 

+ formation of gametes in the arthropod host and subsequent fertilization and 
formation of a zygote; 

+ formation of sporozoites from the zygote by repeated nuclear division followed by 
cytoplasmic divisions. (Smyth, J.D, 1994) 


There is no requirement for resistant stages since the transfer of the parasites between the 
vertebrate and invertebrate hosts is made by withdrawal or injection during the bloodsucking 
act, there is little or no exposure to the hazards of the outside world; thus by blood transfusion 
or inoculation, via the blood stages of the parasite. 


Life Cycle 


Malaria is transmitted by the female anopheline mosquito. The life cycle of all species of 
human malaria parasites is essentially the same. It comprises an exogenous sexual phase 
(sporogony) with multiplication in certain Anopheles mosquitoes and an endogenous asexual 
phase (schizogony) with multiplication in the vertebrate host. The latter phase includes the 
development cycle in the red cells (erythrocytic schizogony) and the phase taking place in the 
parenchyma cells in the liver (pre-erythrocytic schizogony). 
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CGUAPTER 4 © A PORTABLE MIN-LAB 


The Ever-Shrinking Computing Device 


One option that will be gaining momentum in the very near future is the use of tablet computers or 
smart phones instead of the physically larger laptops or netbooks. They already have a lot of the 
computing capabilities of reasonably powered portable computers. Also, you can look forward to 
innovative hardware and software interfaces that will make them more useful in the lab as 
programmable test and measurement devices. While name-brand products still command a premium 
price, many no-name or OEM (original equipment manufacturer) products are being sold for a fraction 
of the cost. 


Electrical Experiments You Can Perform 


Here are some simple electronic experiments that you can perform using only the tools and components, 
found in the compact executive mobile electronics lab. Start out with something simple and 
incrementally build on your success. Don't try the most complex problems first. What you want is to 
build up both your knowledge and your confidence at the same time. 


Lighten Up, 20th Century Style 


Here's an easy experiment that will teach you several interesting things about electronics, believe it or 
not. You can light up a typical LED using only a lithium coin cell. It eeds to be a lithium coin cell that 
produces at least three volts (marked “3V"), not one of the smaller batteries that only supplies 1.5V, such 
as a watch or hearing-aid battery, as these will not produce enough voltage to light up a typical LED. 

Slide the coin ceil between the leads of your LED. There are four possible outcomes, three of which 
are “nothing interesting happens.” Let's start with the least likely possibility, in which the LED lights up, 
Sometimes you just get lucky. 


First Possible Outcome: The LED Lights Up When Attached to the Coin Cell 


Figure 4-3 shows the results of this outcome. Notice that the longer lead of the sLED (the positive, or 
anode, lead) is touching the side of the coin cell marked with a +. No current-limiting resistor is required 
in this circuit because the battery's internal resistance is sufficient to keep from blowing up the LED. It 
just happens to work out that way, this time. Most other times, you will need to add a current-limiting 
resistor to the circuit. 
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Illustration 9-2. Distinguishing characteristics of the Anopheles mosquito. 


Image 9-1. An Anopheline mosquito, the vector of the protozoa group Plasmodia, the parasite known 
to cause malaria in both man and non-human primates. Malaria is transmitted by female Anopheles 
mosquitoes to the definitive host while the mosquito blood-feeds on its victims. (SOURCE: PHIL 
2070/6765 - CDC/ James Gathany) 


When a female Anopheles mosquito bites an infected person, it ingests blood which may 
contain the mature sexual cells (male and female gametocytes) which undergo a series of 
developmental stages in the stomach of the mosquito. Exflagellation (the extrusion of rapidly 
waving flagellum-like microgametes from microgametocytes) occurs resulting in the production in a 
number of male and female gametes. Fertilization occurs producing a zygote which matures 
to an ookinete. This penetrates the stomach wall of the mosquito where it grows into an 
oocyst and it further matures to become a motile sporozoite. 
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Mosquito Midgut 


lustration 9-4, Diagram of the malaria life cycle. 1) Sporozoites, injected through the skin by 
female anopheline mosquito; 2) sporozoites infect hepatocytes; 3) some sporozoites develop into 
hypnozoites (P. vivax and P. ovale): 4) liver stage parasite develops; 5 - 6) tissue schizogony; 7) 
merozoites are released into the circulation; 8) ring stage trophozoites in red cells; 9) erythrocytic 
schizogony; 10) merozoites invade other red cells; 11) some parasites develop into female (macro-) 
or male (micro-) gametocytes, taken up by the mosquito; 12) mature macrogametocyte and 
exflagellating microgametocytes; 13) ookinete penetrates gut wall; 14) development of oocyst; 15) 
sporozoites penetrate salivary glands. (SOURCE: Unknown) 


The length of the developmental stage in the mosquito not only depends on the Plasmodium 
species but also the mosquito host and the ambient temperature. This may range from eight 
days in Plasmodium vivax to as long as 30 days in Plasmodium malariae. 


The sporozoites migrate from the body cavity of the mosquito to the salivary glands and the 
mosquito now becomes infective. Sporozoites enter into the blood stream of a host when the 
mosquito feeds on blood. Following the inoculation, the sporozoites leave the blood within 40 
minutes and enter the parenchymal cells of the liver (hepatocytes). In all four species, asexual 
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development occurs in the liver cells, a process known as pre-erythrocytic schizogony, to 
produce thousands of tiny merozoites which are released into the circulation after about 16 
days. However in P. vivax and P. ovale some sporozoites differentiate into hypnozoites which 
remain dormant in hepatocytes for considerable periods of time. When they are “reactivated” 
they undergo asexual division and produce a clinical relapse. 


In P. falciparum and P. malariae hypnozoites are not formed and the parasite develops directly 
into pre-erythrocytic schizonts. 


Once in the circulation, the merozoites invade the red cells and develop into trophozoites. In 
the course of their development they absorb the hemoglobin of the red cells and leave as the 
product of digestion a pigment called hemozoin, a combination of hematin and protein. This 
iron-containing pigment is seen in the body of the parasite in the form of dark granules, which 
are more obvious in the later stages of development. 


TROPHOZOITES GROWING ROSETTES — GAMETOCYTES 
SCHIZONTS 


Plasmodium vivax 


Plasmodium etarive €3) 
Plasmodium felciporam @) 
Fy 


Illustration 9-5. Diagram illustrating the various stages of the three common species of malaria 
which infect man. (SOURCE: Unknown) 


After a period of growth the trophozoite undergoes an asexual division, erythrocytic 
schizogony. When the mature trophozoite starts to divide in the red blood cell, separate 
merozoites are formed resulting in a schizont. When fully developed, the schizont ruptures the 
red blood cell containing it, liberating the merozoites into the circulation. These merozoites will 
then infect new red cells and the process of asexual reproduction in the blood tends to proceed. 
Some of the merozoites entering red blood cells do not form trophozoites then schizonts but 
develop into gametocytes and this process takes place in deep tissue capillaries. This 
erythrocytic cycle of schizogony is repeated over and over again in the course of infection, 
leading to a progressive increase of parasitemia. 
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Infections with all four strains of malaria have many clinical features in common. These are 
related to the liberation of fever-producing substances, especially during schizogony. The 
common features are: 


Fever: Often irregular. The regular pattern of fever does not occur until the illness has 
continued for a week or more; where it depends on synchronized schizogony. 


Anemia: The anemia is hemolytic in type. It is more severe in infections with P. falciparum 
because in this infection cells of all ages can be invaded. Also, the parasitemia in this infection 
can be much higher than in other malarias. 


Splenomegaly: The spleen enlarges early in the acute attack of malaria. When a patient has 
been subjected to many attacks, the spleen may be of an enormous size and lead to 
secondary hypersplenism. 


Jaundice: A mild jaundice due to hemolysis may occur in malaria. Severe jaundice only 
occurs in P. falciparum infection, and is due to liver involvement. 


9.2. Species Specific Characteri 


Plasmodium falciparum 
Introduction 


Plasmodium falciparum exists in the tropics and subropics, and is responsible for 
approximately 50% of all malaria cases. The incubation period of P. falciparum malaria is the 
shortest, between eight and 11 days and has a periodicity of 36-48 hours. It can be 
differentiated from the other species by the morphology of the different stages found in the 
peripheral blood. In infections with Plasmodium falciparum usually only young trophozoites and 
gametocytes are seen in peripheral blood smears, the schizonts are usually found in capillaries 
sinuses of internal organs and in the bone marrow. The disease it produces runs an acute course 
and offen terminating fatally. It is a significant cause of abortions and stillborns and even death of 
non-immune pregnant women. 


Life Cycle 
The aspects of the life cycle which are specific to P. falciparum are as follows: 


+ It attacks all ages of erythrocytes so that a high density of parasites can be reached 
quickly. In extreme cases up to 48% of the red blood cells can be parasitized. 

+ Multiple infections resulting in several ring forms in a corpuscle are not uncommon. 

+ The latter stages in the asexual cycle do not occur in the peripheral blood as in other 
forms of malaria, so that only rings and crescents are found in blood films. After 24 
hours the ring forms and older trophozoites show a tendency to clump together and 
adhere to the visceral capillary walls and become caught up in the vessels of the 
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heart, intestine, brain or bone marrow in which the later sexual stages are 
completed. 

+ Sporulation is not as well synchronized as in other malaria forms so that the fever 
may last longer. 

+ Exo-erythrocytic forms do not persist in the tissues and hence relapses do not occur. 


Morphology of Trophozoites 


Red blood cells in Plasmodium falciparum infections are not enlarged and they may have a 
spiky outline which is common in cells which have dried slowly. The typical arrangement 
cytoplasm in young trophozoites is the well-known ring formation which thickens and invariably 
contains several vacuoles as the trophozoite develops. Chromatin is characteristically found as 
a single bead, but double beads and small curved rod forms frequently occur. 


Maurer’s dots are slow to appear and are first seen as minute purplish dots, 6 or less in 
number. The points become spots, stil few in number and are now characteristic enough to 
be recognized. Maurer describes them as fine ringlets, loops or streaks. They are seldom 
absent from the red blood cells containing large rings but the staining of the spots is very 
sensitive to pH and are seldom seen if the pH falls below 6.8. 


Trophozoites of P. falciparum can be found on the edge of the red blood cells. These are 
known as accole forms and are found as three distinct types: 


1. Common: The single chromatin bead lies on the edge of the cell with most of the 
cytoplasm extended along the edge on both sides of the bead. 


2. Rim: The complete parasite lies in a thickened line along the edge of the cell with no 
evidence of ring formation. 


3. Displaced: The parasites are displaced beyond the edge of the host cell. All degrees of 
displacement may occur, from partial to marked displacement with most of the parasite 
lying beyond the cell margin. 


Pigment is not a characteristic finding in the early stages of P. falciparum infections. 
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Mlustration 9-6. Diagrammatic illustration of the morphology of the different stages of the 
Plasmodium falciparum life cycle in thin blood films. 1) P. falciparum early trophozoites / ring forms. 
2) Developing trophozoites (rarely seen in peripheral blood). 3) Immature schizonts (rarely seen in 
Peripheral blood). 4) Mature schizonts, almost fill the red blood cell. 5) Microgametocytes, large 
numbers appear after 7-12 days. 6) Macrogametocytes, large numbers appear after 7-12 days. 


Morphology of Gametocytes 


Gametocytes are the sexual stage of the malaria parasite. Plasmodium falciparum gametocytes 
appear in the peripheral circulation after 7-12 days of patent parasitemia and by then, they have 
assumed their typical crescent shapes. They soon reach their peak density, and then decline in 
numbers, disappearing in about three months as a tule. 


Image 9-2. Young trophozoite / ring stage of Plasmodium falciparum. The ring thickens and 
invariably contains several vacuoles as the trophozolte develops. Maurer's dots are slow to appear and 
are first Seen as minute purplish dots. (Giemsa stain). (SOURCE: PHIL 5946 - CDC/ Steven Glenn, 
Laboratory & Consultation Division) 
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Image 9-3. Plasmodium falciparum gametocytes appear in the peripheral circulation after 7-12 days of 
patent parasitemia and by then, they have assumed their typical crescent shapes. (Giemsa stain) 
(SOURCE: PHIL 5941 - CDC/ Steven Glenn, Laboratory & Consultation Division) 


The female form, or mactogametocyte, is usually more slender and somewhat longer than the 
male, and the cytoplasm takes up a deeper blue color with Giemsa stain. The nucleus is small 
and compact, staining dark red, while the pigment granules are closely aggregated around it. 
The male form, or microgametocyte, is broader than the female and is more inclined to be 
sausage shaped. The cytoplasm is either pale blue or tinted with pink and the nucleus, which 
stains dark pink, is large and less compact than in the female, while the pigment granules are 
scattered in the cytoplasm around it. 


In humans, gametocytes do not multiply, nor cause symptoms but they are the forms which are 
infective to the mosquito. When a female Anopheline mosquito takes a blood meal, the male and 
female gametocytes continue their sexual development. 

Morphology of Schizonts 

Schizonts are rarely seen in the peripheral blood and their presence may indicate a potentially 


serious parasitemia. Schizonts have 8-36 merozoites and a large mass of golden brown 
pigment (hemozoin) is seen in the pre-schizont and schizont stage. 


~153- 


“a 


Image 9-4. Plasmodium falciparum schizont. Rarely seen in the peripheral blood, 3 good indicator of 
a potentially serious parasitemia. They have 8 - 36 merozoites and a large golden brown pigment. 
(Giemsa stain) (SOURCE: PHIL 5854 - CDC/Steven Glenn, Laboratory & Consultation Division) 


Clinical Disease 


Symptoms include headache, photophobia, muscle aches and pains, anorexia, nausea and 
vomiting. Complications include severe anemia cerebral malaria, renal disease, black water 
fever, dysentery, pulmonary edema and tropical splenomegaly syndrome. 


Plasmodium vivax 
Introduction 


Plasmodium vivax is found almost everywhere malaria is endemic and is the most 
predominant of the malaria parasites. Causing 43% of all cases of malaria in the world, it also 
has the widest geographical distribution. Although the disease itself is not usually life 
threatening, it can cause severe acute illness. 


Plasmodium vivax does not infect West Africans due to the fact that West Africans do not 
possess the Duffy Antigen on the red blood cells which the parasite requires to enter the red 
blood cell. It has an incubation period of between 10 and 17 days which is sometimes 
prolonged to months or years due to the formation of hypnozoites. It has a periodicity of 48 
hours. Plasmodium vivax infections are usually characterized by the presence of more than 
one developmental stage in the peripheral blood film. The parasites parasitize young enlarged 
erythrocytes and Schiiffner's dots develop on the erythrocyte membrane. 
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Life Cycle 
The aspects of the life cycle which are specific to P. vivax are as follows: 


+ The degree of infectivity is low, only the young immature corpuscles are infected; 
about 2% of erythrocytes are parasitized. 

+ The periodicity of the asexual cycle is closely synchronized. 

+ Hypnozoites develop in the liver, so that relapses may occur. 


Morphology of Trophozoites 


Most trophozoites of P. vivax are already several hours old when they appear in peripheral 
blood and by that time the Schiffner's dots are already visible. The trophozoites are actively 
amoeboid and contain single or sometimes double chromatin dots that are either circular or 
ovoid. As the trophozoites mature, the Schiffner's dots increase in number and size and the 
parasite changes from large irregular rings to rounded or ovoid forms in mature trophozoites. 


Image 9-5. Trophozoites of Plasmodium vivax are already several hours old when they appear in the 
peripheral blood and therefore, you can already see the Schiffner's dots. They contain single or 
sometimes double chromatin dots. (Giemsa stain) (SOURCE: PHIL 5928 - CDC/ Steven Glenn, 
Laboratory & Consultation Division) 


-155- 


CHAPTER 4 » A PORTABLE MOU-LAB 


92 


Figure 4-3.A typical LED lights up when attached to. lithium coin cell. No extra wires needed! 


‘The other three scenarios? Let's look at them one at a time. 


Second Possible Outcome: Nothing Interesting Happens 


Why? Because the LED has been installed backward. Alternatively, the coin cell has been installed 
backward. Remember from Chapter 2 that LEDS are light-emitting diodes, and diodes only carry current 
in one direction. Therefore, when connected backward, they block the flow of electric current, 
preventing anything interesting from happening in the rest of the circuit. 

‘Typical lithium coin cells have one broad, flat side that usually has something printed or etched on 
it, almost always with a+ to indicate the positive polarity of the cell. The other side is often textured or 
rippled in some way to help make better electrical contact when installed in a device. This other side is 
the negative terminal ofthe battery. 

“The LED, being a diode, is polarized, It will only work when installed in the proper orientation inside 
the circuit. Most LEDs will offer one or more ways of easily identifying which lead is which (see 
Figure 4-4), 


lustration 9-7. Diagrammatic iilustration of the morphology of the different stages of the 
lasmodium vivax life cycle in thin blood films. 1) Early trophozoites / ring forms (accole forms, not 
shown here, are occasionally seen). 2) Developing trophozoites are large and irregular with a 
prominent vacuole. 3) Immature schizonts, are amoeboid and almost fll the red blood cell. 4) Mature 
schizonts, almost fil the red blood cell. 5) Microgametocyte, large numbers appear after 3-5 days. 6) 
Macrogametocyte, large numbers appear after 3-5 days, (SOURCE: Unknown) 


Morphology of Gametocytes 


Mature female gametocytes are large rounded parasites which fill or nearly fill the host cell. 
The cytoplasm is blue and fairly homogenous. The nuclear chromatin is a single, well-defined 
purplish mass, varied in form and usually peripheral in distribution. Mature male gametocytes 
can be distinguished from females by the large, loose and ill-defined mass of chromatin and by 
their paler color and smaller mass. 


Image 9-6. Mature female Plasmodium vivax gametocytes are large rounded parasites which fill or 
nearly fill the host cell. The cytoplasm is blue and fairly homogenous. The nuclear chromatin is 
single, well-defined purplish mass, varied in form and usually peripheral in distribution. (Giemsa stain) 
(SOURCE: PHIL 5138 - CDC/ Dr. Mae Melvin) 
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Morphology of Schizonts 


The parasitized red cells are much enlarged containing Schiiffner's dots. The parasites are 
large, filling the enlarged red cell. There are between 12-24 merozoites in the schizonts 
(usually16). The pigment is a golden brown central loose mass. 


Image 9-7. A schizont of Plasmodium vivax. The parasites are large, filling the enlarged red cell. 
There are between 12 - 24 merozoites in the schizonts (usually16). The pigment is a golden brown 
central loose mass. (Giemsa stain) (SOURCE: PHIL 5925 - CDC/ Steven Glenn, Laboratory Training & 
Consultation Division} 


Clinical Disease 


Symptoms include headache, photophobia, muscle aches and pains, anorexia, nausea and 
vomiting. Complications due to P. vivax are relatively rare and arise from a previous debility or 
pre-existing disease. 


Plasmodium ovale 

Introduction 

Plasmodium ovale is widely distributed in tropical Africa especially the west coast, but it is not 
often encountered. It has also been reported in South America and Asia. It has an incubation 
period of 10-17 days which is sometimes prolonged to months or years due to the formation of 
hypnozoites. It has a periodicity of 48 hours; the fever it produces is milder than that caused 
by the benign tertian P. falciparum. 

Life Cycle 

The features of the life cycle which are specific to P. ovale are as follows: 


+ Itmorphologically resembles P. malariae in most of its stages. 
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+ The changes produced in the erythrocytes in general are similar to those produced 
by P. vivax, but Schiiffner's dots appear considerably earlier (in the ring stage) and 
are coarser and more numerous. 

+ In the oocyst the pigment granules are (usually) characteristically arranged in two 
rows crossing each other at right angles. 

+ Hypnozoites develop in the liver so that relapses may occur. 


Morphology of Trophozoites 


Parasites of P. ovale are usually found in enlarged and stippled red blood cells (James's dots), 
similar to those found in P. vivax infections. Host cells show an oval shape, particularly those 
containing younger stages of the parasites and the host cell may also show “spiking” or 
fimbriation 


Illustration 9-8. Diagrammatic illustration of the morphology of the different stages of the 
Plasmodium ovale life cycle in thin blood films. 1) Early trophozoites / ring forms, are dense rings with 
well- defined masses of chromatin. 2) Developing trophozoites, small and compact with an 
inconspicuous vacuole, 3) Immature schizonts, compact and almost fill the red blood cell. 4) Mature 
schizonts, fill % of the red blood cell. 5) Microgametocytes, low numbers appear after 12-14 days. 6) 
Macrogametocytes, low numbers appear after 12-14 days, 


Young trophozoites are found as compact rings in cells containing Schiiffner's dots. The 
trophozoite rings remain compact as they develop and show little of the amoeboid features 
common in P. vivax. Small, scattered pigment granules can be seen in developing 
trophozoites which disperse as the trophozoite matures. Late trophozoites are round and 
consolidated with an increase in cytoplasm, they are very similar to P. vivax at this stage. 


- 158 - 


‘i 


Image 9-8. Trophozoite of Plasmodium ovale. Young trophozoites are found as compact rings in cells 
containing Schiffner’s dots. The trophozoite rings remain compact as they develop. Late trophozoites 
are round and consolidated with an increase in cytoplasm, they are very similar to P. vivax at this 
stage. (SOURCE: PHIL 5935 - CDC/ Steven Glenn, Laboratory & Consultation Division) 


Morphology of Gametocytes 


The mature gametocytes are round, filling two thirds of the red cell. The red blood cell is 
slightly enlarged and stippled and contains pigment which has a distinct arrangement of 
concentric rods, mostly at the periphery. 


Image 9-9. Gametocyte of Plasmodium ovale. The mature gametocytes are round, filing two thirds of the red cell. 
(Giemsa stain) (SOURCE: PHIL 3474 ~ CDC/Dr. Mae Melvin) 

Morphology of Schizonts 

The parasite is smaller than red blood cells and contains 6-12 merozoites, usually 8 in a single 


ring. The pigment is a brown / greenish central clump. The red cell slightly enlarged, stippled, 
frequently oval and fimbriated. 
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Image 9-10. Schizont of Plasmodium ovale. The parasite Is smaller than the red blood cell and 
contains 6 - 12 merozoites. The red cell is slightly enlarged, stippled, frequently oval and fimbriated 
(Giemsa stain) (SOURCE: PHIL 5846 - CDC/ Steven Glenn, Laboratory & Consultation Division) 
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Symptoms, like those of P. vivax, include headache, photophobia, muscle aches and pains, 
anorexia, nausea and vomiting. Complications due to P. ovale are relatively rare and arise 
due do a previous debility or pre-existing disease. 


Plasmodium malariae 
Introduction 


Plasmodium malariae occurs mainly in the subtropical and temperate areas where P. 
falciparum and P. vivax occur. It is responsible for approximately 7% of all malaria in the 
world. It has an incubation period of 18-40 days and a periodicity of 72 hours. 


Life Cycle 
The features of the life cycle specific to P. malariae are as follows: 


+ Infected erythrocytes are not larger than uninfected ones and sometimes even 
smaller. 

+ Mature erythrocytes are attacked, but reticulocytes generally are not 

+ The density of parasites is very low; about 0.2% of erythrocytes are parasitized 

+ It is offen difficult to distinguish between a large trophozoite and an immature 
gametocyte. 
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Morphology of Trophozoites 


Parasites of P. malariae are typically compact heavily pigmented parasites which are usually 
smaller and more deeply stained than normal. They tend to parasitize small, old red blood 
cells, they do not contain any inclusion dots and the parasitaemia is usually low. 


lustration 9-9. Diagrammatic illustration of the morphology of the different stages of the 
lasmodium malariae life cycle in thin blood films. 1) Early trophozoites / ring forms, compact rings 
containing one mass of chromatin. 2) Developing trophozoites, small and compact (often band forms) 
with an inconspicuous vacuole. 3) Immature schizonts, compact and almost fill the red blood cell 
which contains scattered pigment. 4) Mature schizonts, almost fill the red blood cell. 5) Micro- 
gametocytes, low numbers appear after 7-14 days. 6) Macrogametocytes, low numbers appear after 
7-14 days. 


Trophozoites are found as fairy large fleshy rings with a single chromatin dot. These can be 
very distorted and can often take the form of bands across the cell. All trophozoites have a 
single chromatin dot and contain pigment. 
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Image 9-11. Trophozoite of Plasmodium malariae. These can be very distinct and distorted by taking 
the form of a band across the cell. (Giemsa stain) (SOURCE: PHIL 639 - CDC/ Dr. Mae Melvin, Steve 


Glenn) 


Morphology of Gametocytes 


Gametocytes contain large amounts of black pigment, with chromatin present as a compact 
mass in females and diffuse in males. They occupy less than two thirds of the red blood cell. 


Image 9-12. Plasmodium malariae gametocyte. They contain large amounts of black pigment, with 
chromatin present as a compact mass in females (macrogametocyte) and diffuse in males 
(microgametocyte). (Giemsa stain) (SOURCE: PHIL 5837 - CDC/ Steven Glenn, Laboratory & 


Consultation Division) 


- 162- 


Morphology of Schizonts 


Schizonts are usually few in numbers with 6-12 large merozoites in a single ring. Pigment is 
usually present as a central black mass. The parasites present are generally only found at one 
stage of schizogony development. 


Image 9-13. Schizont of Plasmodium malariae. They are usually few in numbers with 6-12 large 
merozoites in a single ring. Pigment is usually present as a central black mass. (Giemsa stain) 
(SOURCE: PHIL 4826 - CDC/Dr. Mae Melvin) 


Clinical Disease 


Symptoms include headache, photophobia, muscle aches and pains, anorexia, nausea and 
vomiting. Plasmodium malariae, like P. vivax and P. ovale are relatively benign. However, 
chronic infections in children may lead to nephrotic syndrome due to immune complexes 
depositing on the glomerular wall. 


9.3. Laboratory Diagnosis of Malaria Parasites 
Introduction 


The definitive diagnosis of malaria infection is still based on finding malaria parasites in blood 
films. In thin films the red blood cells are fixed so the morphology of the parasitized cells can 
be seen. Species identification can be made, based upon the size and shape of the various 
stages of the parasite and the presence of stippling (ie. bright red dots) and fimbriation (i.e. 
ragged ends). However, malaria parasites may be missed on a thin blood film when there is a 
low parasitemia. Therefore, examination of a thick blood film is recommended. With a thick 
blood film, the red cells are approximately 6-20 layers thick which results in a larger volume of 
blood being examined. 
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Thick Blood Films 

In examining stained thick blood films, the red blood cells are lysed (destroyed), so diagnosis 
is based on the appearance of the parasite. In thick films, organisms tend to be more compact 
and denser than in thin films. 

Field’s Stain Method for Thick blood Films 

The method recommended for staining thick blood is Field's Stain which is made from two 
components. Field's A is a buffered solution of azure dye and Field's B is a buffered solution 
of eosin. Both Field's A and B are supplied ready for use by the manufacturer. 


Method 


1. Place a drop of blood on a microscope slide and spread to make an area of approximately 1 
cm’, It should just be possible to read small print through a thick film. 


2. The film is air dried and NOT fixed in methanol. 
3. The slide is dipped into Field's stain A for three seconds. 
4, The slide is then dipped into tap water for three seconds and gently agitated. 


5. The slide is dipped into Field's stain B for three seconds and washed gently in tap water for 
a few seconds until the excess stain is removed. 


6. The slide is drained vertically and left to dry. 


Microscopic Features of the Field's Stained Thick Blood Film 

* The end of the film at the top of the slide when it was draining should be looked at. The 
edges of the film will also be better than the centre, where the film may be too thick or 
cracked 


* In a well-stained film the malaria parasites show deep red chromatin and pale blue 
cytoplasm. 


* White cells, platelets and malaria pigment can also be seen on a thick film. The leukocyte 
nuclei stain purple and the background is pale blue. The red cells are lysed and only 
background stroma remains. The occasional red cell may fail to lyse. 


* Schizonts and gametocytes, if present, are also easily recognizable. 
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* A thick film should be examined for at least 10 minutes, which corresponds to approximately 
200 oil immersion fields, before declaring the slide negative. 


* As a result of hemolysis of the red blood cells due to staining of an unfixed film, the only 
elements seen are leukocytes and parasites, the appearance of the latter being altered. 
Consequently: 


1. The young trophozoites appear as incomplete rings or spots of blue cytoplasm with 
detached chromatin dots. 


2. The stippling of P. vivax and P. ovale may be less obvious although occasionally ghost 
stippling may be seen 


3. The cytoplasm of late trophozoites of P. vivax and P. ovale may be fragmented. 


* Caution should be exercised when examining thick blood films as artifacts and blood 
platelets may be confused with malaria parasites. 


Thin Blood Films 


When examining thin blood films for malaria you must look at the infected red blood cells and 
the parasites inside the cells. 


1. Rapid Field’s Stain for Thin Films 


This is a modification of the original Field's stain to enable rapid staining of fixed thin films. This 
method is suitable for malaria parasites, Babesia sp., Borrelia sp. and Leishmania sp. 


Method 

1. Air dry the film 

2. Fix in methanol for one minute. 

3. Flood the slide with 1 ml of Field's stain B, diluted 1 in 4 with distilled water. 


4. Immediately, add an equal volume of undiluted Field's stain A, mix well and allow to stain 
for 1 minute. 


5. Rinse well in tap water and drain dry. 
Uses 
This is a useful method for rapid presumptive species identification of malarial parasites. It 


shows adequate staining of all stages including stippling (mainly Maurer’s dots). However, 
staining with Giemsa is always the method of choice for definitive species differentiation. 
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‘+ Brand-new LEDs will have extended leads about an inch or so long. One lead will 
‘be slightly longer than the other one. The longer lead is the anode, or positive lead. 
‘The shorter lead is the cathode, or negative lead. This information is lost when the 
leads of the LED are trimmed—for example, after being installed in a PCB. 


Another industry standard for identifying the polarity ofan LED is tolookat the 
‘small ridge or shoulderat the base of the LED body. There will be a flat portion 
‘molded into the otherwise circular outline. This flat spot marks the cathode, or 
negative terminal ofthe LED. 


‘Figure 4-4. Typical LEDs in the 3mm, Smm, 8mm, and 10mm sizes almost always have two polarity 
indicators. The first is that the longer lead is the positive lead, or anode (top). The second is that the flat 
side an the base indicates the negative lead, or cathode (bottom). 


On really tiny LEDs, there may be an even tinier mark printed or etched onto the LED to indicate the 
cathode. You will sometimes need a magnifying glass just to see it! 

"The quick and easy fix for this problem is to swap the direction of either the LED or the battery. If 
this still produces no good results, we have to consider some more possibilities. 


2. 


iemsa Stain for Thin Films. 
Method 

1. Air dry thin films 

2. Fix in methanol for one minute 


3. Wash in tap water and flood the slide with Giemsa diluted 1 in 10 with buffered distilled 
water pH 7.2. The diluted stain must be freshly prepared each time. 


4. Stain for 25-30 minutes. 


5. Run tap water on to the slide to float off the stain and to prevent deposition of precipitate on 
to the film. Dry vertically. 


6. Examine the film using the x100 objective. 


Microscopic Features of the Thin Blood Film 


1. Examine the tail end of the slide where the red cells are separated into a one-cell-layer 
thick. 


2. An alkaline buffer pH 7.2 is vital for clear differentiation of nuclear and cytoplasmic material 
and to visualize inclusions such as Schiiffner's / James's dots in the red cells. Acidic buffer 
is unsuitable. 


3. The red cells are fixed in the thin film so the morphology of the parasitized cells and the 
parasites can be seen. 


4. On a well stained film the chromatin stains red/purple and the cytoplasm blue. Leukocytes 
have purple nuclei. The red stippling, if present, should be clearly visible. 


Infected Red Blood Cells 
1. Look at the size of the infected red blood cells. 


2. Are there any Schiffner's dots present or not? 
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Appearance of Red Blood Cells 


Stages found 
Species zi 
Blood Size Stippling 
Maurer’s dots or 
Teepiezotes Normal clefts infrequently 
¥ seen 
All: Schizonts Enlarged, Maximum | op ogo 
Trophozoites | size may be 1.5-2 | 9chiliner's dots 
Gametocytes times normal y DEB 
All: Schizonts Enlarged, Maximum | co) nee or 
Trophozoites | size may be 1.25- | Schiliner's dots 
Gametocytes | 1.5 times normal y BED 
All: Schizonts ; 
Trophozoites Normal Biamanns cos 
Gametocytes is 


Table 9-1. Stages and appearance of Plasmodium species in blood. (SOURCE: CDC) 
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Host CELL 


Not enlarged 


Enlarged 


Not enlarged 


Enlarged 


Round or oval 


Round and ‘ Round or oval, 
sometimes crenated| (Teavertly bizarre Round! often fimbriated 
Normal but may | Normal but inclined 
become darkened to be pale Norra Normal 
Ziemann’s dots ; 
Maurer's dots Schifffner's dots | (few tiny dots not i feller eey 
(large red spots) | (small red dots) | important for Hee 
diagnosis) 


Usually black or 
very dark brown 


Fine golden brown, 
granules seen in 
cytoplasm 


Black or brown 
coarse granules 


Resemble more 
closely P. malariae 


PARASITE 


Small, compact 
dark, staining 
parasite. Multiple 


Large light staining 
paras 


Regular shape and 
moderate size. 
Strong tendency to 


Regular shape. 
Size in between P. 


inconspicuous, 
seldom seen in 
smear 


prominent vacuole 
Chromatin as dots 
or threads 


form, vacuole 
inconspicuous 


; Many trophozoites, vivax and 
infections of single » | form a band across 
ns may be amoeboid. | ‘0m @ hand actos P. malariae 
; Trophozoites, 
ony igs aon Schizonts, As in P. vivax As in P. vivax 
gi y! Gametocytes 
Delicate, small, 1.5 
chromatin and Large:2.5 um, 
arash ane usually single, | Similar to P. vivax | Similar to P. vivax, 
pe cing Prominent thicker but thicker more compact 
common. Accole, ee 
wing and marginal 
forms 
Compact, small, | Large, irregular 
vacuole actively amoeboid | Characteristic band |_COMPact coarse 


pigment, chromatin 
as large irregular 
clumps 


Small, compact 
seldom seen in 
blood smear 


Large, filling the 
RBC, segmented, 
yellow brown 
pigment 


Nearly fills RBC, like 
segmented, daisy 
head, pigment is 

dark brown 


Fills three fourth of 
RBC, segmented 
Dark yellow brown 
pigment 


Larger than RBC, 
kidney shaped with 
blunt round ends, 
cytoplasm reddish 
blue, fine granules 
scattered, many in 
number in smear 


Fills enlarged RBC, 
round or oval, 
compact cytoplasm, 
pale blue, Abundant 
brown granules 


Smaller than RBC, 
very few in PBF, 
round compact, 
cytoplasm pale 

blue. Pigment and 

chromatin as in P. 

vivax 


Of the size of RBC 
round, compact 
very few in PBF, 
cytoplasm pale 
blue, chromatin and 
pigment as in P. 
vivax 


Table 9-2. Characteristics of Plasmodium parasites (SOURCE: CDC) 
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Rings of the four main species of malaria may look alike. If you see rings, look for older stages. 
Patients with a P. falciparum infection only, rings are usually seen; older stages are present 
only in severe infections. 


In poorly stained slides, Schiifiner’s dots may not be visible, so it is essential that correct 
staining methods are used. Also Schiffner's dots may not be seen in the earlier rings of P. 
vivax or P. ovale. 


Estimation of Percentage Parasitemia of Plasmodium falciparum 


Counting of red blood cells infected with parasites of P. falciparum is essential and the 
percentage parasitemia should always be reported as this has implications for prognosis and the 
pattern of treatment employed. 


The recommended procedure for estimating the percentage parasitemia in a thin blood film is by 
expressing the number of infected cells as a percentage of the red blood cells eg. three 
parasitized red cells / 100 red blood cells or 3% parasitemia. 


A ted blood cell infected with multiple parasites counts as one parasitized red cell. The 
percentage parasitemia should be calculated by counting the number of parasitized red blood 
cells in 1000 cells in a thin blood film 


Method 2 


Alternatively, the World Health Organisation recommends a method which compares the number 
of parasites in a thick blood film with the white blood cell count. 


The parasitemia is estimated by first counting the number of parasites per 200 white blood cells in 
a thick blood film and then calculating the parasite count / ul from the total white blood cell count / 
ul 


Knowledge of either % parasitemia or total parasite count is essential for the correct clinical 
management of P. falciparum malaria. 


Effects of Anticoagulant on the Microscopic Diagnosis of Malarial Parasites 


Thin blood films for malaria diagnosis are best prepared from venous or capillary blood taken 
directly from the patient, without the addition of anticoagulant. However, this is not usually 
possible in a clinical laboratory, as many samples are received from general practices and other 
hospitals. All anticoagulants have some effect on the morphology of malaria parasites and the 
red blood cell they inhabit. This effect depends on the stage of the parasite, the time taken for the 
blood to reach the laboratory and the type of anticoagulant used. If it is necessary to use an 
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anticoagulant, the films should be prepared as soon as possible after the blood has been taken. 
if the films cannot be made immediately, potassium EDTA is the anticoagulant of choice. 
However if the blood is left for several hours in EDTA, the following effects may be seen. 


1. Sexual stages may continue to develop and male gametocytes can extlagellate, liberating 
gametes into the plasma. These can be mistaken for organisms such as Borrelia. 
Gametocytes of P. falciparum which have a characteristic crescent shape, may round up and 
then resemble those of P. malariae. 


2. Accole forms, which are characteristic of P. falciparum, may be seen in P. vivax because of 
attempted re - invasion of the red blood cell by merozoites. 


3. Mature trophozoites of P. vivax may condense when exposure becomes prolonged and in 
cases of extreme exposure, red blood cells containing gametocytes and mature schizonts 
may be totally destroyed along with the contained parasites. The malaria pigment, hemozoin, 
always remains and can provide a clue to the presence and, to an expert eye, identity of the 
parasite. 


4. The morphology of the red blood cell may be altered by shrinkage or crenation. 


Malaria species . falciparum P. vivax P.ovale P. malariae 


Maurer's dots Schatfner's dots James’ Dots / Fimbriation Ziemann's dats 


Cytoplasm very fine in 
young rings; thick and 
irregular in old rings. 
‘Accole forms, multiple 
infections common. 


Cytoplasm fine in young Cytoplasm noticeably 


Cytoplasm thicker than that 


Wop found in P. vivax. ket 
Red cell unaitered in | peg et latered rsize, | Red cell unaltered in 


size, size, 


Red call unaliered in 


Red coll unaltered in Red cel unaltered in size, se 
size, sometimes | Racal enlarged of sight enlarges. | Parasite - compact, 
stippled wih waurers. | pargtPPt 4 | sipped may be ova and_| ugly, ounded or band 

dots asaaia- rete fimbnated Shaped dark brown 
Parasite compact, | Yacuolted plgmer Parasite compact, | black pigment oten 
pigment is dene brown | Meandscatered, | seunged pigment tine | concentrates na ine 
or black mass. 9 ‘brown grains. along one edge of the 
band 
aE CT TEN BHRGED, | REA SATA STRGED,_| RETA ua 
Redcetunateredin | "stippled Paraste | stppled, frequen oval and sie, 
size large ling eniarged fimbriated Parasite = il red cl 
Parasite merozoites 8 ted eal Paraste~ smaller than red |" Merozotes 8 22, 
"36; ploment clumped, | Merozates 12-24, | cel Merozotes 6-12, | usualy 8, sometimes 
Wiaee Rare in Usual 1; pigment | usually @in single ng: | formng arose 
peripheral bled | golden brow cental | pigment, trown/ greenish | pigment, brown back 
Iaose mass ental clump cenial emp 


[Raa aaaIRT | Ra ca 5, aca gay eng, | Penson 
Rare neatly cases | Parasite arge tis red | SWPPI@d Paraste round, | parasite «smal 
< 10 days. cell. 0 round, fills the red cell 


Table 9-3. Differential diagnostic features of human Plasmodia species - Giemsa stained 
thin film of peripheral blood. 
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Chapter 10. 
The Blood Nematodes 


10.1 The Blood Nematodes 


These nematodes are known as filariae and consist of a group of nematodes which have 
successfully invaded the blood stream, connective tissue or serous cavities of vertebrates. 
They are long thread —like nematodes. 


Many of them are of medical and veterinary importance attacking man and various domestic 
animals being transported by various vectors, including mosquitoes. The nematodes from this 
order require intermediate hosts for the completion of their life cycle. 


The morphology of these nematodes consist of a cylindroid pharynx with an anterior muscular 
portion and a posterior glandular portion; the males have well-developed alae (a flat, wing-like 
anatomic process or part) and spirally coiled tails. 


Sexually mature female worms release microfilaria, which are pre-larval stages. These are 
released into the bloodstream. Most species are known to be ovoviviparous and some have 
‘sheathed! microfilaria. 


The filarial nematodes which parasitize man consist of Wuchereria bancrofti, Brugia malayi, 
Brugia timori and Loa loa, Onchocerca volvulus, Mansonella perstans, Mansonella 
streptocerca and Dipetalonema streptocerca. 


They inhabit a range of locations within the body; lymph glands, deep connective tissue, 
subcutaneous tissues or mesenteries. Invasions of these tissues usually result in inflammatory 
reactions which is a typical symptom of a human filarial infection. In some cases these result in 
fleshy deformities known as elephantiasis. 


It has been estimated that approximately one billion people in tropical and subtropical 
countries are exposed to the risk of filarial infections and at least 200 million are infected with 
filariasis. The species which are primarily responsible for these human filarial infections are 
Wuchereria bancrofti, Brugia malayi and Onchocerca volvulus. 
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Wuchereria bancrofti 
Introduction 


Wuchereria bancrotti is a nematode causing lymphatic filariasis throughout the tropics and 
subtropics and is transmitted by the mosquito. There are two strains of W. bancroft, 


1. The nocturmal periodic strain which is widely distributed in endemic regions (1. Africa, India 
and the Far East and also parts of China, Korea and Japan) with the microfilariae being in 
their highest concentrations between the hours of 10pm and 2am. 


2. The sub-periodic strain which is found in the Pacific region, and has a microfilaremia all the 
time with the highest numbers being detected between noon and 8pm. 


Humans are the only known reservoir host of W. bancrofti. Infection rates in some communities in 
East Africa exceed 30% of adults causing revolting swellings of the legs or genital system, known 
as elephantiasis in man. The adult worm occurs in tightly coiled nodular masses in the major 
lymphatic duets. 


The main vector is Culex quinquefasciatus, a mosquito that is particularly common in towns and 
cities, breeding in organically polluted water, resting in houses and feeding by night on their 
human occupants. Typical breeding sites include: storm drains blocked with domestic refuse, 
accumulations of domestic waste water, inadequately covered septic tanks and pit latrines. 


In tural areas throughout Africa, Anopheles gambiae and Anopheles funestus are involved in 
transmission. Elsewhere other anopheline mosquito species may transmit bancroftian filariasis in 
tural areas. In Papua New Guinea, Mansonia species may act as a vector. 


Life Cycle 


Microfilariae enter the host during a blood meal when the vector, a mosquito, punctures the skin. 
The infective larvae enter through the wound and migrate to the peripheral lymphatics where they 
grow to mature male and female worms. They can live there for several years. After mating, the 
gravid females release sheathed microfilariae into the peripheral blood where they can be 
detected 8-12 months after the initial infected bite. 


The mosquito acquires the infection by ingestion of the microfilaria in the blood meal. The 
microfilariae lose their sheath on arrival in the stomach of the mosquito due to gastric juices. The 
larvae migrate to the thoracic muscles and develop into infective larvae over a period of 6-14 
days. The larvae then migrate to the mouthparts of the mosquito which infects the host during a 
blood meal. 


The blood stages of filariae, microfilariae, vary in the times when they are present in the 
peripheral blood, corresponding with the peak biting time of the vector. Thus, in nocturally 
periodic forms the microfilaria are present in the peripheral blood circulation at night; during the 
day they reside in the deep tissues, particularly the lungs. 
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Ilustration 10-1. Diagram showing the life cycle of Wuchereria bancrofti, the filarial nematode known to 
cause the disfiguring disease, elephantiasis, in man. (SOURCE: PHIL 3425 - CDC/Alexander J. da Silva, 


PhD/Melanie Moser) 


Morphology 


The adult worms are white and threadlike. The male measures between 2.5~4cm whereas the 
female is larger, measuring between 8-10cm 


The microfilariae are 230-275um in length. The tail of the microfilariae of W. bancrofti tapers to a 
delicate point and exhibits no terminal nuclei. The sheath the microfilariae of W. bancrofti stains 


with hematoxylin stain. 
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Image 10-1. Microfilaria of Wuchereria bancrofti. The microfilaria is sheathed, its body is gently 
curved, and the tall is tapered to a point. The nuclear column (the cells that constitute the body of the 
microfilaria) is loosely packed, the nuclei can be visualized individually and do not extend to the tip of 
the tail. (Micrograph) (SOURCE: PHIL 3008 - CDC/Dr. Mae Melvin) 


cl 


al Disease 


Many patients are asymptomatic. Patients may present with fever, lymphangitis and 
lymphadenitis. Lymphangitis commonly affects the lower extremities and there may also be 
genital and breast involvement. An inflammatory reaction occurs in the lymphatic vessels that 
harbor the adult worms, Edema develops which may resolve after the first few attacks. A late 
complication resulting in thickening and verrucous changes in the skin known as elephantiasis 
may occur after recurring lymphangitis, Secondary bacterial and fungal infections may occur in 
patients with long-standing elephantiasis. 


Obstruction of the genital organs may result in hydrocoele formation and scrotal 
lymphoedema. Obstruction of the retroperitoneal lymphatics may cause the renal 
lymphatics to rupture into the urinary tract producing chyluria. 


Image 10-2. Lymphatic filariasis: Elephantiasis is the last consequence of the swelling of limbs and 
scrotum. (SOURCE: PHIL 373 - CDC) 
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Some patients with filariasis do not exhibit microfilaremia but develop tropical pulmonary 
eosinophilia which is characterized by peripheral eosinophilia, wheeze and cough. High 
eosinophilia, high IgE level and high antifilarial antibody titers are features of this syndrome. 


Laboratory Diagnosis 

See section 10.2 below 

Sheath may or may not stain with Giemsa: does stain with hematoxylin stains. Discrete nuclei. 
Empty space between the nuclei and the body wall. No nuclei in tip of tail. Innerbody is rarely 


\isible in Giemsa. Does not stain with hematoxylin. Cephalic space as long as it is broad. Tip of 
tail may be bent underneath the body. Found in blood. 


Brugia malayi 
Introduction 


Brugia malayi is a nematode causing lymphatic filariasis in South East Asia. There are two 
strains of B. malayi; 


1. The noctumal periodic strain which is widely distributed in Asia, the microfilariae being in their 
highest concentrations between the hours of 10pm and 2am. 


2.The sub-periodic strain which is found in Malaysia, Indonesia and the Philippines where 
humans exhibit a microfilaremia all the time with the highest numbers being detected between 
noon and 8pm. 


Nocturnally periodic Brugian filariasis is primarily a rural disease, being transmitted by various 
Anopheles species of mosquitoes and also by Mansonia species, a mosquito that usually bites 
during the night. 


Nocturnally sub-periodic B. malay/ is transmitted almost exclusively by Mansonia species, often 
different species than those involved in transmitting the periodic form. Mansonia bonneae are 
important vectors in Malaysia, breeding in swamp forests and biting by night, although sometimes 
by day as well. 


This species like W. bancrofti also parasitizes the lymph nodes and lymphatics; the adults of the 
two species are indistinguishable, causing Malayan filariasis. 


Life Cycle 
The adult worm inhabits the lymphatics and the female produces sheathed microfilariae which 
circulate in the peripheral blood, The mosquito acquires the infection by ingestion of the 


microfilaria in the blood meal. The microfilaria loses their sheath on arrival in the stomach of the 
mosquito. The larvae migrate to the thoracic muscles and develop into infective larvae over a 
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cy 


Third Possible Outcome: Nothing Interesting Happens 


‘This time, after establishing that the LED has been properly oriented with respect to the polarity of the 
battery, we must entertain the possibility that the battery has been previously depleted, Coin cells have a 
limited amount of energy stored within them, and this can be easily drained in normal use over time. 

A quick way to measure a battery's electrical goodness is to use a voltmeter. See Figure 4-5. 


Figure 4-5. Measuring a coin cell's electrical goodness using a digital multimeter. This one is chock-full of 
goodness! 


Ifyou have a multimeter, be sure to set it to read DC voltage, in the appropriate voltage range 
(unless you have a fancy “autoranging” meter). Touch one of the meter’s probes to one side of the 
battery and the other probe to the other side of the battery, and see how much voltage is measured, 
Anything below 3V should be considered depleted and of no further use, as far as electronic-type 
projects are concerned. ‘The batteries are shiny and round, so they may have a second career in some 
sort of art project, but otherwise they should be disposed of in a responsible manner. 

Also, perhaps because of their very shininess and roundness, they like to be eaten by small children. 
Don't let this happen! Take whatever steps are necessary to prevent small children from handling or 
even touching your electronic tools and components. Use extra care when your lab is mobilized. 


Caution No unsupervised children, no matter how adorable, are allowed in the abl 


period of 6-14 days. The larvae then migrate to the mouth parts of the mosquito and enter the 
skin of the definitive host through the puncture wound when a blood meal is taken. The infective 
larvae enter the peripheral lymphatics where they grow to mature male and female worms. 
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Illustration 10-2. Diagram showing the life cycle of Brugia malayi, a nematode which causes lymphatic 
filariasis. (SOURCE: PHIL 3379 - CDC/Alexander J. da Silva, PhD Melanie Moser) 


Morphology 


The adult worms of B. malayi are smaller than those of W. bancrofti. The microfilariae of Brugia 
‘malayi are 170-230, in length and have two terminal nuclei that are distinctly separated from 
the other nuclei in the tail. The last terminal nucleus is quite small and is at the tip of the tail. The 
sheath stains deep purple with hematoxylin stain. 
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Image 10-3. Microfilaria of Brugia malayi. These microfilariae are sheathed measuring approximately 
170-230um in length and have 2 terminal nuclei that are distinctly separated from the other nuclei in the 
tail. The microfilariae in this species are tightly coiled, and the nuclear column is more tightly packed, 
preventing the visualization of individual cells. (Blood Smear) (SOURCE: PHIL 3003 - CDC/Dr. Mae 
Melvin) 


Clinical Disease 


Clinical features of B. malayi are similar to those of W. bancrofti, however in B. malayi, unlike 
Wuchereria bancrofti, genital involvement, hydrocoele and chyluria are rare. 


Many patients are asymptomatic. Patients may present fever. Lymphaginitis and lymphadenitis 
develop in the lower extremities. An inflammatory reaction occurs in the lymphatic vessels that 
harbor the adult worms. Edema develops which may resolve after the first few attacks. However, 
in long standing disease after several episodes of lymphaginitis, thickening and verrucous 
changes in the skin known as elephantiasis occurs. 


Some patients with lymphatic filariasis do not exhibit microfilaremia. However, they do have high 
eosinophilia, high IgE level and high antifilarial antibody titers. 


Laboratory Diagnosis 
See section 10.2 below 


Kinked microfilaria. Sheath stains deep pink with Giemsa stain. Does stain with hematoxylin 
stains. Nuclei crowded and fill the whole body. Empty space between nuclei and body wall. 
Cephalic space twice as long as it is broad. Innerbody may or may not stain; when it does, it 
prominent. Found in blood. 


<7. 


Brugia Timori 
Brugia timori is found in the islands of Indonesia and exhibits a strictly nocturnal periodicity. The 
lifecycle and disease closely resembles that of Brugia malayi. However, the microfilariae can be 


distinguished from those of B. malayi in that they are about 310m in length. The sheath satins 
pink with Giemsa and the nuclei at the tip of the tail are similar to those of B. malayi 


Loa loa 

Introduction 

Loa loa, also known as the African eye worm, is a filarial nematode endemic in the rain forests 
of West and Central Africa. It is transmitted by Chrysops species, also known as mango flies 
or horse flies and humans are the only known reservoir. It is estimated that 2-13 million 
humans are infected with the larvae. 


Adults migrate in the subcutaneous tissues of man and monkeys, with them eventually 
migrating across the eyeball under the conjunctiva. 


Life Cycle 
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Figure 10-3. Diagram showing the life cycle of Loa loa, the African eye worm. (SOURCE: PHIL 3399 - 
CDC/Alexander J. da Silva, PhD/Melanie Moser) 


The adult worms live in the subcutaneous and deep connective tissues and the microfilariae 
are found in the peripheral blood, where they can be in ingested by the Chrysops fly (day biting 
fly) The adults can live in the tissues for up to 17 years. 


Once the microfilariae have been taken up by the Chrysops during a blood meal they develop 
within the fat body. They develop through to Ls within 10-12 days. The microfilariae, La re- 
enter the hosts blood stream when the fly takes another blood meal. They reach adult worms 
within 4- 6 months living in the subcutaneous and deep connective tissues. 


The microfilariae exhibit diurnal periodicity, the highest numbers being detected in blood 
between 10am and 2pm. 
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Morphology 


‘Adult males of Loa Joa are 2-3.5cm long and the females from 5-7cm. The microfilariae of Loa 
loa are 250-300um. They possess a sheath which stains blue-grey with Delafield's 
hematoxylin. The sheath does not stain with Giemsa. The tail gradually tapers to a rounded 
end, the densely packed nuclei extending to the tip. 


Microfilaria of Loa loa, the African eye worm. The adult worms live in the subcutaneous 
nective tissues and the microfilariae are found in the peripheral blood, The microfilaria 
are kinked and sheathed. Nuclei crowded extending to tip of tail; tip of tail tapers. (hematoxylin stain, 
400) (SOURCE: Unknown) 


Clinical Disease 


Many patients infected with Loa Joa appear to be asymptomatic and the migration of the adult 
worm through the subcutaneous tissues often goes unnoticed, unless passing beneath the 
conjunctiva of the eye. They can be seen crossing the eye, but it is a rapid process taking 
approximately 15-20 minutes. Hyperesinophilia and increased antibody levels, especially IgE 
are also noted. Eye-worm episodes are as equally common in man as well as women with 
common reoccurrences. There is an increased incidence with age. 


The most common pathology associated with Loa /oa infections are Calabar swellings, which 
are inflammatory swellings resulting in a localized subcutaneous edema. These swellings are 
due the host's response to the worm or its metabolic products and can be found anywhere in 
the body but most commonly in the extremities. These swellings last from 1-3 days. They 
develop rapidly and last one to three days, usually accompanied by localized pain, urticaria 
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and pruritis. There is a higher frequency of Calabar swellings in women with common 
reoccurrences. 


Serious complications such as cardiomyopathy, encephalopathy, nephropathy and pleural 
effusion have been recorded. 


Laboratory Diagnosis 
See section 10.2 below 
Kinked and sheathed microfilaria. Sheath does not stain with Giemsa stain; does stain with 


hematoxylin stains. Nuclei crowded extending to tip of tail; tip of tail tapers. Cephalic space as 
long as it is broad. Inner body does not usually stain. Found in blood 


Mansonella species 

Introduction 

Members of the genus Mansonella are filarial nematodes which rarely cause serious disease. 
However, they can be found in geographical areas where Wuchereria bancrofti, Loa loa and 
Onchocerca volvulus also occur and therefore must be differentiated from these pathogenic 
microfilariae. Unlike the pathogenic blood filariae, they do not exhibit periodicity, 


Life Cycle 
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Image 10-4, General life cycle of Mansonella species of _filarial_ nematodes. 
(SOURCE: PHIL 3404 - CDC/Alexander J. da Silva, PhD/Melanie Moser) 


There is a general life cycle for the Mansonella species of filarial nematodes. The microfilaria is 
picked up by the vector Culicoides sp. (biting midges) during a blood meal. The larvae develop 
within the body of the Culicoides sp. and are re-introduced into the human host when the 
vector takes another blood meal. They are found in various sites around the human host body. 
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Mansonella perstans 


The microfilariae of M. perstans have been found in Africa and South America. This is a mildly 
pathogenic species in man and apes. They are found in the deep connective tissue and serous 
cavities. 


Morphology 
The adult worms live in the peritoneal, pleural and pericardial cavities and their size is 


comparable to the pathogenic species already discussed. The microfilariae are unsheathed 
are about 200m in length and the nuclei extend to the tip of the tail which is rounded. 


It is difficult to assess the disease associated with M. perstans, however pruritis, fever and 
subcutaneous swellings have been associated with infection of M. perstans. The adult worm 
appears to cause little or no host reaction. Eosinophilia is common. 


hod 
2 


Figure 10-5. Microfilariae of Mansonella perstans, a mildly pathogenic nematode to man. The 
microfilariae are unsheathed are about 200ym in length and the nuclei extend to the tip of the tail 
which is rounded. (Giemsa stained x920) (SOURCE: Unknown) 


Laboratory Diagnosis 
See section 10.2 below 


Small, thin microfilaria. Does not have a sheath. Nuclei extend to end of tail; last nucleus 
bigger; tip of tail is blunt. Nuclei stain deeply and “run together’. Found in blood. 
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Mansonella ozzardi 

Mansonella ozzardi nematodes are confined to the westerm hemisphere. These are non- 
pathogenic filarial nematodes. The parasites cause nodules in the skin of the vertebrate hosts. 
Morphology 

The adult worms are located in the mesenteric tissues and their size is comparable to the 
pathogenic species already discussed (0.6m long). The microfilariae are found in the 
peripheral blood and range between 173-240um in length. The nuclei do not extend to the tip 


of the tail which has a pointed end. The male adult worm is almost unknown. 


Clinical 


ease 


Infections caused by M. ozzardi are generally symptomless, however lymphadenopathy, 
arthralgia, fever and eosinophilia have been reported. 


® 


Image 10-6. Microfilariae of Mansonella ozzardi, Non-pathogenic flarial nematode to man. The 
microfilariae are found in the peripheral blood and range between 173 - 240um in length. The nuclel 
do not extend to the tip of the tail which has a pointed end. (SOURCE: PHIL 382 - CDC/Dr, Mae 
Melvin) 

Laboratory Diagnosis 

See section 10.2 below 


Small thin microfilaria. Does not have a sheath. Nuclei do not extend to end of tail; tip of tail 
tapers. Stains very lightly; tip of tail difficult to see. Found in blood and skin. 
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Species Size of Microfilariae 


Morphology of microfilariae 


210 - 320,1m by 8 - 10um 


Sheathed. Tail pointed and clear 


170 - 260m by 5 - 6) 


um Sheathed. Tail pointed with 2 nuclei 


230 - 300m by 6 - 8) 


jm Sheathed. Tail blunt with nuclei 


200um by Gum 


Unsheathed. Tail blunt with nuclei 


250um by 6 - Jum 


Unsheathed. Tail pointed and clear 


Table 10-1. Morphology of the blood microfilariae known to infect man. (SOURCE: CDC) 


2 Geographic Adults (site of | Microfilariae 
iBpenies, distribution | Pathogenicity infection) (characteristics) | Vector 
Asia, Pacific, | tY™phansitls, Found in blood, 
Tropical i: sheathed, Culicidae 
elephantiasis | — Lymphatics 
Africa, periodicity | (mosquitoes) 
hydracoele, 
Americas variable 
chyluria 
Found in blood, 
South and | lY™phagitis, sheathed, Culicidae 
= fever. Lymphatics nocturnally 
ast Asia (mosquitoes) 
Elephantiasis periodic or 
subperiodic 
Found in blood, 
angca and | No definite Peritoneal & | unsheathed, | Ucoises 
pathogenicity pleural cavity nocturnally 9 
America midges) 
subperiodic 
Cutaneous Found in skin, | Culicoides 
Atco (Ghana | “Ciema, | Suacuteneous | “Tcheathed,, | —(attng 
191 elephantiasis nonperiodic midges) 
Central and | No definite Found in blood, | Culicoides 
South veneers | Peritoneal cavity | unsheathed, (biting 
America Rarhogt nonperiodic midges) 
Sanwa Found in blood, | cy, 
Tropical in swellln9S, | Subcutaneous sheathed, rYSOPS: 
allergic (Tabanidae 
Africa tissues diurnally 
reactions or Horse fly) 
periodic 
Airica, Skin nodules, Pamaiaee 
Central and ocular Subcutaneous * | Simutium 
unsheathed, 
South complications tissues Seatac | (Black fly) 
America (blindness) ui 


Table 10-2. Comparison of the main human filarial nematodes. (SOURCE: CDC) 
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Fourth Possible Outcome: Nothing Interesting Happens Because the LED Is 
Defective 


This can happen when an LED is subjected to too much current and the tiny, tiny wires within the 
plastic body overheat and fail Itcan also occur when the LED has been exposed to the elements and 
moisture has penetrated the casing, allowing the internal connections to oxidize. This scenario, while 
‘within the realm of possibility, is certainly the least likely of the four, unless you are habitually cruel to 
your LEDs. It’s also easy to test, if you have a known- good lithium coin cell handy, 


Where's the Resistor? 


You might be wondering where the current-limiting resistor can be found in this circuit. I's in there, all 
right, but it’s hidden within the battery, so to speak. Coin cells are designed to provide tiny amounts of, 
current over a long period of time. You're not going to arc-weld or start your car with one. As such, they 
have a much higher internal resistance than most any other kind of battery. We use this “feature” to our 
advantage when testing LEDs using just a coin cell, as the maximum amount of current that will 
normally flow out of the battery is below that necessary to destroy the LED. 


A Slightly More Permanent Circuit 


You can build a more permanent circuit for the coin cell and LED using a solderless breadboard. Ifyou 
recall from the “Solderless Breadboards” section of Chapter 3 (see Figure 3-6), a solderless breadboard is, 
an array of spring-loaded tie points, which serve to both physically hold electronic components and 
provide electrical connections between certain points. Let's build an LED circuit on a solderless 
breadboard using an LED, a coin cell, a resistor, a jumper wire, and a custom battery holder (see Figure 
4-6). Later on, in Figure 4-7, you can see details of the custom battery holder. 


10.2. Laboratory Diagnosis 
Detection of Microfilariae in Blood 
Collection of specimens 


The specimen collection times should be selected in accordance with the patient's clinical 
symptoms and travel history. 


Species Geographic location Periodicity Collection time 
Tropics / Subtropics Nocturnal 2400 hours 
Pacific Diurnal subperiodic 1600 hours 
SE Asia and SW India Nocturnal 2400 hours 
Indonesia Nocturnal subperiodic 2100 hours 
Indonesia Nocturnal 2400 hours 
West / Central Africa Diurnal 1300 hours 
Africa / South America Non periodic Any time 
mera Non periodic Any time 
merica 


Table 10-3. Periodicity and the advised collection times of the human filarial nematodes. (SOURCE: 
coc) 


Detection Methods 
(i) Polycarbonate membrane filtration. 


This technique is very sensitive, enabling very low parasitemias to be detected. It is now the 
most widely used technique for separating microfilariae from blood. 


Nucleopore polycarbonate membranes, 251m diameter, 5m pore size, are held in a Millipore 
‘Swinnex filter holder, using a rubber gasket to secure the membrane. 


Method 
a) Place the membrane on the holder with a drop of water. 
b) Draw up 10-20 ml of 1:1 saline diluted blood into a 20ml syringe 


©) Connect the syringe to the filter and gently push the blood through the filter 
membrane. 
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d) Repeat until all of the blood has been filtered. 
e) Draw up 20 ml of saline into the syringe, flush through the filter, repeat using air. 


f) Unscrew the top of the filter and discard the gasket into chloros; use forceps to 
transfer the membrane to a slide. 


g) Add a drop of saline to the membrane and cover with a coverslip. 


h) Examine the membrane under the microscope, using a x10 objective. Examine any 
microfilariae found using a x40 objective to note the presence of a sheath. 


(ii) Salinefsaponin method. 
Reagent 
One percent saponin in normal saline. 
Method 


a) Deliver 2m! of blood (fresh or anticoagulated) into a centrifuge tube and add 8ml of 
1% saponin in saline. 


b) Mix the blood by inversion, then allow it to stand at room temperature for 15 minutes 
to allow the blood to hemolyze. 


©) Centrifuge at 2,000rpm for 15 minutes to deposit the microfilariae. 
d) Discard the supernatant and use the deposit to make a wet preparation. 


e) Examine the slide using the x10 objective. Active microfilariae can be seen and 
produce a snake-like movement as they disturb the cell suspension. 


If itis not easy to inspect the microfilariae due to excess ‘wriggling’ a little 10% formalin can be 
run under the coverslip to immobilize them. 


Confirmation of species can be made by using appropriate staining methods to demonstrate 
nuclear morphology. 


Staining Methods for Microfilariae 


When filariasis is suspected, a geographical and clinical history helps to determine the most 
appropriate collection time. Thick and thin blood films can be examined. However this is an 
insensitive method due to the low microfilaremia, and larger volumes of blood need to be 
examined 
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There are 4 characteristics that are generally used in diagnosing microfilaria: 


1. 


2; 


The presence of absence of a sheath. 
The presence or absence of nuclei in the tip of the tail. 
The innerbody ~ can or cannot be demonstrated. 


The size of the microfilaria. 


The two methods commonly used are: 


(i) Supravital Staining 


Reagent 


0.75% cresyl blue in saline or 1.0% methylene blue in saline. 


These reagents can be used to stain live microfilariae by allowing the stain to flow under the 
coverslip on to a polycarbonate membrane preparation or a centrifuged preparation. The dye 
will stain the nuclei of the microfilariae and also provide a contrasting background to look for a 
sheath. It may take several minutes for the dye to penetrate the organisms and the slide 
should be kept in a moist chamber to prevent the preparation from drying out. 


(ii) Permanent Staining 


Permanent stains should show up the nuclei, including the pattern of nuclei in the tail region 


and stain the sheath if necessary. 


The stains of choice are; 


1. Hematoxylin 
2. Giemsa 


3. Rapid Field's 


1. Hematoxylin 


Delafield's hematoxylin will stain the nuclei and the sheath well and unlike Ehrlich’s 


hematoxylin does not require heating 


Reagents 


Delafield’s hematoxylin (BDH) 
1% acid alcohol 
Methanol 
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Method 
a) Make thin films, allow to air dry then fix in methanol for five minutes 
b) Stain with Delafield's hematoxylin for 20 minutes 


©) “Blue” the nuclei by placing the slide in a coplin jar and allow a stream of running water to 
flow into the jar for 20 minutes. 


d) Decolorize with 1% acid alcohol for 5-10 seconds before “blueing’ in tap water again. 
Control this process by examination under the microscope until the nuclei are clear and 
distinct. 

e) Allow the slide to dry before mounting in DPX. 


) The nuclei should stain blue and the sheath grey. 


iemsa 
Reagents 
+ Methanol 
+ Giemsa stain 
+ Immerson Oil 
Method 
a) Make a thin film and allow to air dry. 


b) Fix in methanol for one minute. 


c) Tip off the methanol and flood the slide with Giemsa stain diluted 1:6 with buffered distilled 
water pH 6.8. The diluted stain must be freshly prepared each time. 


d) Stain for 20 — 25 minutes. 


e) Run buffered water on to the slide to float off stain and to prevent deposition of precipitate 
on to the film. Allow the slide to drain dry. 


f) Examine the film using the oil immersion objective. Nuclei should stain red 


3. Rapid Field’s 
Reagents 


* Methanol 
+ Field's Stain A solution 
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+ Field's Stain B solution 
+ Immersion Oil 


Method 
a) Make thin film and allow to air dry for five minutes. 

b) Fix the smear in methanol for one minute. 

©) Flood the slide with Iml of Field’s stain B (diluted 1:4 with distilled water) 


d) Immediately add an equal volume of Field's stain A, mix well on slide and allow to stand for 
one minute. 


e) Rinse well in tap water and drain dry. 
f) Examine the film using the oil immersion objective and immersion oil 


g) The nuclei should stain red 


10.3 Microfilaria Worms Found in Tissue and Skin 

The main species of microfilariae found in the skin and tissue are Onchocerca volvulus and 
Mansonella streptocerca. Microfilariae of Onchocerca volvulus and less often, Mansonella 
streptocerca migrate through the dermis causing itching and skin texture changes and 
occasionally arrive in the eye where they cause blindness. Detection of these microfilariae is 
from skin snips or nodule biopsies. When high numbers of microfilariae are present, they can 
occasionally be found in the blood and urine. 


Onchocerca volvulus 
Introduction 


Onchocerca volvulus is mainly found in West Africa and Central and South America. 
Onchocerciasis, also known as river blindness, is a major public health problem, especially in 
West Africa despite the fact that an eradication program has been established. It is one of the 
world's most distressing diseases of helminth origin, often resulting in blindness. Onchocerca 
volvulus is transmitted by the species Simulium or black fly whose breeding habitat is by fast 
flowing rivers or streams, therefore there is a patchy distribution of the disease as it is specified 
to where water courses are. The adult worms are found in nodules or onchodermata in 
‘superficial sites, but may invade other tissues. It is estimated that there are 18 million cases 
Worldwide with 17.5 million being found in Africa. Nigeria is the most infected region. The rate of 
morbidity is high in relation to those with an infection. 
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fe Cycle 


Filariasis 


(Onchacerea volvulus) 
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Illustration 10-5. Diagram showing the life cycle of Onchocerca volvulus, a filarial nematode which 
causes onchocerciasis, or River blindness. It is known as river blindness due to the vector, Simulium 
damnosum, breeding in fast flowing rivers. (SOURCE: PHIL 3413 - CDC/Alexander J. da Silva, 
PhD/Melanie Moser) 


The life cycle is similar to W. bancrofti, except that the intermediate hosts are various species 
from the genus Simulium (Black flies), the most important species is Simulium damnosum. 


The microfilariae are ingested by a Black fly during a blood meal, from where they are carried to 
the midgut where they penetrate the epithelium and migrate, via the hemocoele, to the indirect 
flight muscles. Here they undergo two molts, Li~L2 and develop into infective Ls larvae which 
move to the mouth parts. Development is completed in 6-9 days. 


When the infected fly takes another blood meal the infective larvae are once again transmitted 
into another host (definitive host). The microfilariae are released from the mouth parts and 
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transmitted directly into the hosts bloodstream. Molting takes place form La - Ls within 2-5 days 
and the larvae then migrate widely through the body under the skin and between muscles, 
ligaments and tendons. The final molt to Ls occurs at 1.5-2.5 months after transmission. Male 
worms are known to mature in about four months later. Female worms initiate the formation of 
the nodules and the males may join later. The sexually mature female worms release 
microfilariae which migrate out from the nodules into the skin and other tissues, most 
significantly into the eye. 


Morphology 


The whitish adult worm lies coiled within capsules in the fibrous tissue. The female can measure 
up to 50cm while the males are shorter measuring up to 5 cm. The microfilariae of O. volvulus 
are unsheathed and are usually found in the dermis. They measure between 221-287um long. 


Image 10-7. Onchocerca volvulus microfilariae after being released by the adult female worm. They 
escape to the subcutaneous tissues and the eye and can be recovered with blood-free skin snips. 
(SOURCE: CDC) 


Clinical Disease 


Clinical manifestations are due to microfilariae in the epidermis. 


Light infections may be asymptomatic or cause pruritis. This leads to scratching which can result 
in infection. Lyphadenopathy may also be a feature of early infection. After months or years, 
onchodermatitis results in secondary stage of thickening due to intradermal edema and 
pachydermis. There is a loss of elastic fibers resulting in hanging groin, hernias and 
elephantiasis of the scrotum. There is finally atrophy of the skin resulting in loss of elasticity. 
There is mottled depigmentation of the skin. 
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Ocular lesions are related to the intensity of the microfilariae in the skin. Ocular lesions include 
sclerosing keratitis, secondary glaucoma and cataract, coroidoretinitis and fluffy corneal 
opacities. The major complication of onchocerciasis is the development of lesions in the eye 
which may result in blindness or other distressing ocular diseases. 


Laboratory Diagnosis 
1. Analysis of Skin Snips 


Small amounts of skin are collected by using a needle to raise the skin and then to slice about 1 
mg of skin to a depth of 0.5m. Snips are collected from several sites, usually the shoulders or 
the buttocks and sometimes the chest and calves. The snips are placed immediately in 0.5m 
normal saline in a microtiter plate and left for 4 hours to allow the microfilariae to migrate out of 
the tissues. After four hours, the wells are examined using an inversion microscope. The 
microfilariae should still be moving and can be identified from the table below. The microfilariae 
can also be collected by filtration or centrifugation and the deposit containing microfilariae can be 
stained with Giemsa at pH 6.8. 


2. Analysis of Biopsies 


Biopsies of tissue nodules can be dabbed on to a slide to produce impression smears and then 
stained with Giemsa stain at pH 6.8 for the presence of microfilariae. 


Recent advances in diagnostic methods includes and ELISA-based antibody detection assay 
which utilizes a cocktail of recombinant antigens. The advantages of using this test is that it is 
highly sensitive (almost 100% in onchocerciasis foci). It is also highly specific (100%), it also 
uses finger prick blood. Therefore, reducing the painful procedure of gaining a skin snip. 


The disadvantages is that it requires advanced ELISA apparatus and reagents and cannot 
distinguish between past and present infections due to it detecting antibodies which stay present 
in the body for a long time after the infection. Another modem detection method is for Parasite 
DNA detection, which is based on the amplification of specific DNA sequences form microfilariae 
using molecular biology technology. The advantages of this technique is its exquisite sensitivity 
and detects active infections only. The disadvantages are that it requires specialized equipment 
and expensive reagents. Also it still requires a skin snip but a urine assay is a possibilty for the 
future. 


Thick microfilaria. Does not have a sheath. Head often spatulate. Nuclei do not extend to tip of 
tail. Found only in skin. 


Mansonella streptocerca 
Introduction 
Microfilaria of M. streptocerca were first reported in the skin of a West African patient in 1922. 


These microfilaria are primarily found in the skin but have been also reported in the blood. This 
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species occurs in Ghana, Cameroon and Zaire. The adults are poorly known, and occur in the 
cutaneous tissue of man and chimpanzee. 


The microfilariae do not exhibit periodicity with the intermediate hosts being Culicoides 
grahamii and possibly other Culicoides species. 


Life Cycle 


The life cycle is the same as that of the blood Mansonella species. 


Image 10-8. Microfilaria of Mansonella streptocerca. From a skin snip, after a concentration 
procedure and hematoxylin stained. The microfilaria is typically unsheathed, and its body has a 
straight attitude. The tail is typically coiled ("shepherd's crook"), and nuclel extend to the end of the 
tail, as a single-cell row. (SOURCE: CDC) 


Clinical Disease 

Infection is characterized by pruritic dermatitis and hypopigmented macules. 

Laboratory Diagnosis 

Mansonella streptocerca can be diagnosed by demonstrating the microfilaria in a skin snip. 
Snips are collected from several sites, usually the shoulders and buttocks and sometimes the 
chest and calves. The snips are placed immediately in 0.5ml of 0.9% sodium chloride in a 
microtiter plate and left for four hours to allow the microfilaria to migrate out of the tissues. 
After four hours, the wells are examined using an inversion microscope. The microfilaria 
should still be moving and can be identified by staining with Giemsa at pH 6.8 


Small, thin, microfilaria. Does not have a sheath. Nuclei extend to end of tail. Tail is hooked; its 
tip is rounded or forked. Found only skin. 
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Onchocerca volvulus Mansonella streptocerca 
Tropical Africa, Central and : 
South America West Atrica 
Simulium spp. Culicoides spp. 
Subcutaneous nodules Cutaneous connective tissue 
Skin Skin 
280 - 330um 180 - 240m 
Broad spatulate head; Curled tail; 
No sheath, pointed tail No sheath 
Tail free from nuclei Nuclei extend to tail tip 


|. Differential features of Onchocerca volvulus and Mansonella streptocerca, (SOURCE: CDC) 


Dracunculus medinensis 

Introduction 

Dracunculus medinensis is a non-filarial parasite as it only has one uterus whereas filaria have 
two. It is usually associated with places where there is a lack of clean drinking water e.g. step 
wells in India, covered cisterns in Iran, and ponds in Ghana. The life cycle usually involves 
copepod intermediate host. They are parasitic in the connective tissue or coelom of 
vertebrates. The disease associated with this parasite is known as Dracunculiasis. 


Life Cycle 
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CHAPTER 4 » A PORTABLE MOM-LAB 


Figure 4-6. slightly more permanent LED circuit, built on a solderless breadboard. The tie points on the 
breadboard are labeled left o right with the letters A-E and F-J for the columns. The rows are numbered 

starting at 1 at the top. The LED's anode, for example, is installed in tie point F3. The power rails on either 
side are simply marked with + for positive and - for negative. 


Referring again to Figure 4-6, you can see the overall layout of the LEDeircuit. The power rails along 
both sides of the breadboard are just longer versions of the electrical connections that connect each of 
the groups of five tie points together. In this example, the right-hand power rails are used, but the left- 
hand side is not, 

‘The schematic diagram of this circuit shows how simple itis, atleast in principle (see Figure 4-7) 
Can you see the circle? 


i 


+ o 
Sa GREEN 


Figure 4-7. The schematic diagram of the LED circuit as built on the solderless breadboard. Schematics are 
intentionally simpler than reality (most ofthe time) in order to help convey the very basic idea of how 
things are to be wired and the relationships between the components, without bogging you down in all the 
inevitable details that are involved. 
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Illustration 10-6. Diagram showing the life cycle of Dracunculus medinensis, Guinea worm. 
(SOURCE: PHIL 3391 - CDC/Alexander J. da Silva, PhD/Melanie Moser) 


Mature female worms which are gravid with microfilariae migrate to the superficial layers of 
skin of humans, especially those regions which are most likely to come in contact with water, 
such as the ankle, foot, arms and shoulders. Here the worms secrete a substance (substance 
is unknown) which causes a blister to rise over its anterior end where it has pierced the lower 
layers. The blister eventually forms into an ulcer which on contact with water, the uterus is 
projected out of the ulcer cavity, and a cloud of milky white secretion, containing hundred of 
active larvae, is released. Once out of the water again the uterus dries and shrivels preventing 
the release of further larvae. 


If the microfilariae are ingested by an appropriate species of Cyclops, they break though the 
soft mid-intestine wall and come to lie in the body cavity. The larvae undergo two molts and 
become infective in approximately three weeks. Humans become infected by accidentally 
ingesting through drinking water the infective Cyclops. Upon ingestion the larvae are activated 
to penetrate through the gut wall, and migrate through the tissues, molting twice and finally 
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becoming lodges in the viscera or subcutaneous tissues. Maturation of the worms is slow 
taking about one year to reach sexual maturity before the females are ready to migrate to the 
skin to release their larvae. 


Morphology 


The adult female worm measure up to one meter in length whereas the male measures about 
2cm. 


Clinical Disease 


After ingestion of the Cyclops, there is no specific pathology associate with the mucosal 
penetration and larval maturation in the deep connective tissues. Erythema and tenderness 
can be associated with blister formation. The patient can also exhibit vomiting, diarrhea, 
asthmatic attacks. Symptoms usually subside when the lesion erupts. If the worm is removed, 
healing usually occurs without any problems. if the worm is damaged or broken during 
removal, there may be intense inflammatory reaction with possible cellulitis along the worms 
migratory tract. This can result in arthritis and synovitis. 


Figure 10-9. Female Dracunculus medinensis worm (Guinea worm) emerging out of a typical ulcer. 
‘Adult worms emerge from these ulcers on contact with water to release their microfilaria. The most 
effective method for removing these worms are to slowly wind them around a piece of stick, being 
careful not to break the worm in two, (SOURCE: PHIL 1342 - CDC) 


Laboratory Diagnosis 


The best remedy for removing the adult worm is a slow process of daily gently rolling the worm 
around a small stick and slowly pulling it out of the skin. With this method you must be careful 
not to pull apart the worm as it will recoil back into the skin and cause secondary infections. 


This parasite is currently being approached with a strict control program. The program includes 
stopping people from drinking infected water, putting muslin over water collection jars, 
educating the communities about the parasite, and adding temphos to the water to kill it off. 
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Chapter 11. 
Babesia, Trypanosomes, and 
Leishmania 


Babesia species 
Introduction 


Babesia species are protozoan parasites of domestic and wild animals. They belong to the 
subclass Piroplasmia and are commonly referred to as ‘piroplasms’ due to the pear-like 
shaped merozoites which live as small intra-erythrocytic parasites. They commonly infect 
mammals, particularly cattle, sheep, goats, horses, pigs, dogs and cats and occasionally man. 


Species infective to humans are the cattle form Babesia bovis which can often be fatal and 
Babesia microti which is less pathogenic. Until recently B. microti was confined to the United 
States but is now becoming a significant tick-borne disease of man in other temperate climates 
as well. 


Human infections have been found in Europe and North America. The infection is known as 
Babesiosis, it can also be described as 'redwater fever’ or ‘tick fever’ and has a major impact 
on the livestock industries in many countries. 


What is unusual with this parasite’s life cycle is the development in the vector. They use the 
one-host ticks, belonging to the genus Boophilus. The parasites are passed to the eggs and 
hence to the larval stages which can thus become infective after the adult tick dies. This 
process is known as transovarial transmission. 


The ticks which are known to carry the parasite of Babesia bovis are Boophilus microplus, B. 
decoloratus and B. annulatus. 


Life Cycle 


Human babesiosis is a zoonosis, acquired by tick bite when individuals accidentally interact with 
the natural life cycle of the parasite 


The life cycle is best known for Babesia canis which infects dogs, but it is generally the same in 
each of the one-tick hosts and the definitive host. 
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Babesia bovis 


When the tick bites, sporozoites are injected into the blood stream and penetrate the 
erythrocytes. In contrast to the malaria life cycle, there is no tissue stage for Babesia bovis. 
Babesia multiplies in the red cell by budding in contrast to schizogony in Plasmodium species. 
The red cell ruptures and daughter parasites invade new erythrocytes for further asexual 
multiplication. Some of the sporozoites injected by the tick vector follow a different path of intra- 
erythrocytic development, growing slowly and "folding" to form accordion-like structures which are 
destined to undergo further development in the tick vector. Within the intestine of the tick, the 
accordion-like stage eventually fuses with another, to form a zygote. Further development 
outside the intestine occurs in a variety of tissues, the salivary glands and ovaries being 
especially important for transmission. Sporozoites in tick salivary glands are injected into the 
mammalian host at the next blood meal. Transovarial transmission of Babesia bovis also takes 
place so that newly hatched onto adult stages can then take place. 


Ilustration 11-1. Generalized life cycle of the parasite Babesia, which causes the disease babesiosis in 
man. (SOURCE: CDC/DPDx) 
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Babesia microti 


In the small mammal host of Babesia microti, sporozoites from the tick vector first enter 
lymphocytes and undergo merogony, the daughter parasites of which then enter erythrocytes. 


Babesia microti do not undergo transovarial transmission, but once a larva has become infected 
from a mammalian host they are able to pass on the infection transstadially to the nymph. 


Image 11-1. Diagnosis of Babesia species depends on the observation of the intraerythrocytic 
organisms in blood smears. Pear shaped microorganisms (2-5um) and tetrads are the diagnostic 
shape of the parasite. (SOURCE: PHIL 3899 - CDC/Dr. George Healy) 


Clinical Disease 


Babesia bovis - Patients who are particularly at risk are those who have had a splenectomy. 
The patient may fee! vaguely unwell at first but by the time the diagnosis has been made, is 
usually very ill, with fever, prostration, jaundice, anemia and hemoglobulinuria. Nausea, 
vomiting and diarrhea have also been recorded. Unlike malaria symptoms, the symptoms of 
babesiosis do not exhibit periodicity. 


Babesia microti - Most human infections are subclinical. Where clinical illness develops, the 
incubation period is 1 to 3 weeks, occasionally up to six weeks. The illness usually begins 
gradually, with anorexia and fatigue, plus fever (without periodicity), sweating, rigors and 
generalized myalgia. Physical examination may reveal only fever, but may also show mild 
splenomegaly and occasionally mild hepatomegaly. 
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Laboratory Diagnosis 


Definitive diagnosis depends upon finding parasites on blood film examination which can be 
detected 2 to 4 weeks after a tick bite. Hamster inoculation and serology have also been used for 
diagnosis. 


1. Microscopic Examination 
Babesia bovis 


Babesia bovis are pear shaped, oval or round and may exist in pyriform pairs. There may 
be 1 to 8 parasites per red cell. Ring forms can be confused with malaria parasites, 
especially Plasmodium falciparum. However, in contrast to Plasmodium species, Babesia 
do not form pigment, do not cause alterations in red cell morphology and finally do not 
exhibit the Maurer's clefts of Plasmodium falciparum, the Schiffner's dots of Plasmodium 
vivax, or the James's dots of Plasmodium ovale. 


The "Maltese cross form" is unique to Babesia but in its absence it may be very difficult to 
distinguish young ring forms of Plasmodium falciparum, from Babesia. The absence of 
pigment cannot be relied upon, as young rings of Plasmodium do not exhibit pigment. 
Babesia, are smaller than malaria parasites, and in some of the larger rings there is white 
vacuole containing erythrocyte stroma, instead of the pink vacuole seen in malaria. 
Babesia parasites do not form schizonts. 


Babesia microti 
Ring, rod shaped, pyriform, amoeboid, and "Maltese cross" forms are seen. In heavy 
infections different stages may be noted in the same red cell. Intra-erythrocytic stages 
measure approximately 2 by 1.5m. In very high parasitaemias, extracellular merozoites 
are found singly or as a syncytial structure. Peak parasitaemia varies between less than 
1% to approximately 10%. 
2. Serodiagnosis 


The Indirect Fluorescent Antibody Test (IFAT) is available for both B. bovis and for B. 
microti and is the most useful serological test for early diagnosis. 


3. Animal Inoculation 


This is not routinely used for diagnosis but 8. microti grows well in hamsters and can serve 
as a confirmatory test. 
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Toxoplasma gondii 
Introduction 


Toxoplasma gondii, the causative organism of toxoplasmosis, was first observed in 1927 in the 
gondi, a North African rodent. The first human case of toxoplasmosis was also reported that 
year. The organism is a coccidian protozoa belonging to the sub-phylum Apicomplexa and has 
a world wide distribution occuring in all warm-blooded animals. 


Cats are the definitive hosts and they become infected by ingesting oocysts or cysts in tissues 
of paratenic hosts, such as mice, or transplacentally. Man becomes infected either by direct 
ingestion of oocysts from a cat or by eating raw or undercooked meat. Those who handle raw 
meat are particularly at risk. Infection can be transmitted transplacentally. 


Life Cycle 


The development of the enteroepithelial (sexual) cycle in a cats intestine is brought about by 
the ingestion of sporulated oocysts of a mouse with cysts. The pre-patent period up to the 
shedding of the oocysts varies with the stage of T. gondii ingested, for example only 3-10 days 
if the cat has ingested a mouse containing cysts, but about 19-20 days or longer after direct 
infection with oocysts or ingestion of a mouse containing only tachyzoites. Women most at risk 
of delivering an infected infant are those who acquire the infection just prior to gestation. 


Humans can acquire infection by: 
+ Accidental ingestion of the oocyst shed in the cats feces 
+ Ingestion of the tachyzoite in infected milk or transplacentally 


+ Ingestion of the tissue cyst in undercooked or raw meat. 
+ Transplant of an infected organ in a seronegative recipient 
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Toxoplasmosis 


(Toxoplasma gondii ) 


Both cocysts and tissue cysts transform 


into tachyzoites shortly after ingestion. 
Tachyzoites localize in neural and 
muscle tissue and develop into tissue 
cyst bradyzoites, If a pregnant woman 
becomes infected, tachyzoites can infect 
the fetus via the bloodstream. 


eo 
CSF 


‘A. Diagnostic Stage 
1) Serological diagnosis. 
or 
2) Direct identification of the parasite from peripheral 
blood, amniotic fluid, or in tissue sections. 


Ilustration 11-2. Life cycle of Toxoplasma gondii, causes toxoplasmosis in man. (SOURCE: PHIL 
3421 ~ CDC/Alexander J. da Silva, PhD/Melanie Moser) 
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istration 11-3. Diagrammatic illustration of a Toxoplasma gondii trophozoite in a macrophage of a 
vertebrate. (SOURCE: Unknown) 


cl al 


ase 


Serological evidence has shown that approximately one third of the world's population has 
Toxoplasma antibodies. This suggests that the majority of infections are benign with most 
people exhibiting few or no symptoms, but fever and swelling may be seen. However, 
Toxoplasma gondii can cause severe illness in congenital infections, acquired infections and in 
immunacompromised patients. This may lead to ocular toxoplasmosis and ultimately to fatal 
CNS disorders such as encephalitis. 


Image 11-2. Toxoplasma gondii tissue cyst containing 8-20 parasites (Giemsa stain) (SOURCE: 
pc) 


Congenital Toxoplasmosis 


This occurs approximately in 1 per 1000 pregnancies. It can cause severe damage to and 
even death of the fetus. Proliferation of tachyzoites leads to intracellular calcification, 
choroidoretinitis, hydrocephaly, psychomotor disturbances and convulsions. A small, 
proportion of babies who are asymptomatic at birth develop retinochoroiditis or mental 
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retardation as children or young adults. When a mother is first exposed to the parasite in later 
pregnancy the infant is likely to be less severely damaged or asymptomatic. 


Acquired Infections 


Infections with T. gondii are often mild with flu-like symptoms thus they often go unnoticed. 
However lymphadenopathy is the most easily recognized symptom and it can be accompanied 
by fever, headache and myalgia. Toxoplasmosis may also produce infectious mononucleosis 
like symptoms. Ocular toxoplasmosis is also a common manifest however it is not yet proven 
whether this is due to congenital or acquired infections. Other manifestations of Toxoplasma 
infections are meningoencephalltis, hepatitis, pneumonitis and myocarditis. 


Immunocompromised Patients 


Toxoplasmosis has been shown to occur as an opportunistic pathogen in immuno- 
compromised patients and can cause severe complications. Toxoplasmosis in immuno- 
compromised patients almost always arises from a reactivation of latent infections. Conditions 
which can predispose to toxoplasmosis are malignancies, organ transplants, leukemias and 
patients with acquired immune deficiency syndrome (AIDS). — In immunocompromised 
patients, the central nervous system is primarily involved with diffuse encephalopathy, 
meningoencephalitis or cerebral mass lesions. Toxoplasma encephalitis has been reported as 
a life-threatening among patients with AIDS. 


Laboratory Diagnosis 
1. Serological Techniques 


The detection of toxoplasma specific antibodies is most commonly used in clinical 
laboratories. Specific IgG antibodies typically persist for life whereas specific IgM 
antibodies begin to decline after several months. Most laboratories carry out preliminary 
tests for IgG antibodies and more definitive tests including IgM and IgA are carried out in 
reference laboratories. The Sabin-Feldman Dye Test is the benchmark for detecting the 
presence of specific antibodies. It measures the total amount of specific antibody in a 
serum which is capable of participating in antibody-mediated killing of tachyzoites by 
complement. This test involves the use of live tachyzoites which are derived from infected 
mice or rats. Because of the use of live organisms, this test is not recommended in the use 
of routine laboratories and is thus only employed in reference centers. 


2. Isolation Techniques 
Culture of parasites in animals is the best overall method but it can take up to six weeks 


before the result is available and is thus a disadvantage. Tissue culture is more rapid 
taking three or four days to obtain a result, but is not as sensitive. 
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CHAPTER 4 © A PORTABLE MIN-LAB 


The Battery 


The symbol for the battery actually looks like the battery in this case. The same symbol is used for most 
single-cell batteries, even when they are of completely different shapes or proportions. Multicell 
batteries are usually represented with repeated stacks of long and short lines. 

The battery symbol's long line represents the positive terminal of the battery, and the short line 
represents the negative terminal. Again, it's just a coincidence that the wide side of the lithium coin cell 
is the positive terminal. The addition of the + sign in the schematic is redundant, but you'd be surprised 
how many people accidentally reverse this symbol. Better safe than sorry when it comes to electricity! 


The Resistor 


The battery's positive terminal is connected via a wire (drawn as a simple, solid line) to one side of the 
resistor. The schematic symbol for the resistor isa zigzag line. 

The resistor is labeled “RI” (resistor 1) in this schematic, even though it's the only resistor and could 
just as well have been labeled “RESISTOR #1,” or just plain “resistor.” The numeric value underneath the 
resistor is the component's primary electrical characteristic, at least as far as we're concerned when, 
looking at the schematic. In this case, it indicates a resistor whose valueis 1500. In this simple example, 
the value of the resistor is quite flexible. A larger value, such as 1KQ (1,000 ohms) or more, would also 
‘work, except that the LED would not shine as brightly. This is because more resistance results in less 
current flow, and it's the current flow that makes the LED shine. More current, more shiny. 

‘We haven't specified any of the other important characteristics of the resistor, such as the tolerance 
or the power-handling capacity. Because this is such a low-power circuit, almost anything will do. When 
‘you start co work with really big LEDs that require correspondingly really big power supplies, this 
becomes a much more critical issue. For now, we start simply. 


The LED 


The other side of the resistors connected, again, with a simple, solid line, to the anode of the LED, 
whose reference designatorin this schematic is D1 (for diode 1). You could have called it “LED,” and 
future generations would probably have understood your intentions, which should be your overriding 
goal. Its characteristic “value” in this case is “green.” Of course, any color will do, as long as you have the 
eyes to see it. 

The LED's schematic diagram effectively communicates its polarized nature. The arrow indicates 
the flow of conventional current. The flat bar indicates the cathode, or negative terminal of the LED. This 
corresponds to the flat side of the LED body in this example. The cathode is connected via a wire back to 
the negative terminal of the battery, completing the circuit. 

Can you see the circle yet? Hint: It’s disguised as a rectangle. The important point is that it forms a 
complete loop. 


3. 


Antigen Detection 


The direct detection of very small amounts of specific nucleic acid has been made possible 
by the introduction in 1985 of the polymerase chain reaction (PCR). This technique results 
in the amplification of a specific fragment of DNA from within the parasite genome which is 
detected by ethidium bromide staining, following gel electrophoresis. PCR is so sensitive it 
should detect Toxoplasma DNA in one cyst. However this may indicate a latent infection 
rather than an active infection. However its sensitivity may create problems since it will 
detect very small amounts of DNA from latent as well as active infections and it does not 
differentiate between cyst and tachyzoite DNA. Thus samples like blood, CSF, urine and 
amniotic fluid should be used as they do not contain the latent stages. PCR shows great 
promise but as yet is still labor intensive and expensive for routine use in the laboratory. 


- 206 - 


Trypanosoma species 


Introduction 


Trypanosomes are hemoflagellates and three species of the genus Trypanosoma are 
responsible for disease in humans such as sleeping sickness. 


Trypanosomes occur in the blood of the majority of vertebrate animals. The life cycle involves 
intermediate host, which usually is an insect. Many species of trypanosomes can live in 
harmony with their hosts producing no pathogenic effect, but the best known species are those 
that are pathogenic to their definitive hosts. The disease in caused by the pathogenic types is 
called trypanosomiasis. 


Salivarian Trypanosomes 


Trypanosoma brucei rhodesiense and Trypanosoma brucei gambiense - The metacyclic 
trypanosomes are found in the proboscis of the insect vector - infection is therefore inoculative. 
The above are the causative agents of African trypanosomiasis. It is a zoonotic species in that 
it multiplies in the blood of a range of many mammals including man 


Trypanosoma brucei rhodesiense causes acute sleeping sickness in East Africa, while T. b. 
gambiense causes chronic sleeping sickness in West Africa. 


These are known as salivarian trypanosomes as they complete their development in the 
salivary system (anterior portion of the vector). Transmission takes place by inoculation of the 
metacyclic stage. 


Stercorarian Trypanosomes 

Trypanosoma cruzi - The metacyclic trypanosomes occupy a posterior position in the gut of the 
insect vector and are passed out in the feces - infection is therefore contaminative. This is the 
causative agent of American Trypanosomiasis. 

‘These trypanosomes are known as stercocarian as they complete their development in the 


posterior region of the vector, so that the infective forms appear in the insect’s feces. Hosts are 
infected by the contaminative route. 
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African Trypanosomiasis 


Life Cycle 


Transmission from one vertebrate to another is carried out by blood-sucking invertebrates, 
usually an insect. The vector for African Trypanosomiasis is the Tsetse fly, Glossina spp. 
Which cause the diseases Trypanosoma brucei gambiense and Trypanosoma brucei 
thodesiense. 


Metacyclic (infective) trypomastigotes are inoculated through the skin when a tsetse fly takes a 
blood meal. The parasites develop into long slender trypomastigotes which multiply at the site 
of inoculation where ulceration occurs. The trypanosomes continue to develop and then may 
invade the lymphatic tissues, the heart, various organs and in later stages, the central nervous 
system. Trypomastigotes are taken up by the tsetse fly (male and female) during a blood 
meal. The parasites develop in the midgut of the fly where they multiply. 2-3 weeks later the 
trypomastigotes move to the salivary glands transforming from epimastigotes into metacyclic 
(infective) trypomastigotes. The tsetse fly remains infective for life i.e. about three months. 
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Mlustration 11-4. Generalized life cycle of the Trypanosoma spp. which causes African 
Trypanosomiasis. (SOURCE: PHIL 3418 - CDC/Alexander J. da Silva, PhD/Melanie Moser) 
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The mode of transmission mentioned above, metacyclic transmission, requires to be separated 
from mechanical transmission, a process in which trypanosomes survive, for a short time, on 
and about mouth parts of an insect and are inoculated into a new host when the vector bites 
again, without undergoing any developmental cycle. 


Metacyclic transmission requires a lapse of time to allow the trypanosomes to reach an 
infective stage by a particular developmental sequence in the vector, usually a period of 
several days. 


Morphology 


The parasite is an elongated cell with single nucleus which usually lies near the centre of the 
cell. Each cell bears a single flagellum which appears to arise from a small granule - the 
kinetoplast. The kinetoplast is a specialized part of the mitochondria and contains DNA. The 
length and position of the trypanosome's flagellum is variable. In trypanosomes from the blood 
of a host the flagellum originates near the posterior end of the cell and passes forward over the 
cell surface, its sheath is expanded and forms a wavy flange called an undulating membrane. 


Development is characterized by the occurrence of three types of blood forms (polymorphic), 
these are 


1) Slender forms: long and thin, about 29um long, free flagellum. 


2) Stumpy forms: thick and short, average length 18m, typically no free flagellum, but a 
short one may be present. 


3) Intermediate forms: about 231m long with a moderately thick body and a free flagellum of 
medium length. 


Illustration 11- 


. Diagrammatic illustration of a typical trypanosome. (SOURCE: Unknown) 
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Image 11-3. Trypanosoma brucei gambiense and T. b. rhodesiense: two forms of trypomastigote can 
be seen in peripheral blood: one is long slender, 30 um in length, and Is capable of multiplying in the 
host, the other is stumpy, not dividing, 18 jm in length. (SOURCE: CDC) 


Clinical Disease 


The early stages of African trypanosomiasis may be asymptomatic and there is a low grade 
parasitiaemia. This period may last for several weeks to several months. The disease may 
terminate untreated at this stage or go on to invade the lymph glands. Invasion of the lymph 
glands is usually accompanied by a high irregular fever with shivering, sweating and an 
increased pulse rate. The lymph glands near the bite often become swollen, in T. b. 
gambiense the glands at the back of the neck and T. b. rhodesiense usually the glands under 
the jaw are affected (Winterbottom's sign). As the disease progresses, edema of the eyelids, 
face and sleeplessness are features along with increasing lethargy and listlessness. 


Trypanosomes may invade the central nervous system giving symptoms of 
meningoencephalitis, confusion, apathy, excessive sleeping and incontinence. At this stage, 
the cerebrospinal fluid (CSF) usually contains mononuclear cells and a few trypanosomes may 
be detected. If untreated, character changes, mental deterioration and coma develops, finally 
resulting in death. Such signs are more commonly seen with gambiense than in rhodesiense 
in which patients often die before these symptoms develop fully. 


Laboratory Diagnosis of African trypanosomiasis 
Laboratory diagnosis of African Trypanosomiasis is by: 
+ Examination of blood for the parasites 


+ Examination of aspirates from enlarged lymph glands for the parasites 
+ Examination of the CSF for the parasite 
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«Detection of trypanosomal antibodies in the serum 
1. Examination of Blood 
a) Thick and Thin Blood Films 


Thick and thin blood films are made and stained with Fields stain and examined as for 
malaria parasites 


b) Triple Centrifugation Technique 
This method is carried out as follows: 


i, 5 to 10mI of citrated blood is centrifuged at 2000rpm for 5 minutes to pack the 
red blood cells. 
ii. The plasma and white cell layer are removed by a Pasteur pipette and 
transferred to a clean centrifuge tube. 
iii, This is centrifuged for a short time in order to deposit any red blood cells carried 
over. 
iv. The supernatant fluid is removed by pipette to a clean tube. 
v. This is centrifuged at 5000rpm for 10 minutes. 
vi. The supernatant fluid is removed with a pipette and discarded 
vii. The deposit is examined microscopically for trypanosomes. 


c) Miniature anion-exchange centrifugation technique. 
Heparinized blood is passed through an anion exchange column. As the blood travels 
down the column the red cells are adsorbed while the less strongly charged trypanosomes 
are washed through with saline. The eluate is centrifuged and examined microscopically 
for motile trypanosomes. 


4) Buffy Coat Examination 


Trypanosomes are centrifuged in a microhaematoctit tube for five minutes. Parasites can 
be seen microscopically at the junction of the packed red cells and plasma. 


2. Examination of Lymph Gland Aspirates 
The aspirate can be examined microscopically by making a wet preparation, or if there is not 
much material, it can be allowed to dry on a slide and then stained with either rapid Field's 
stain or with Giemsa and examined microscopically. 

3. Examination of CSF 
In the late stages of African trypanosomiasis, trypanosomes may be found in the CSF together 


with IgM - containing morula (Mott) cells, lymphocytes and other mononuclear cells. Once the 
CSF has been collected it must be examined as soon as possible. The parasites are unable 
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to survive for more than 15-20 minutes in CSF once it has been removed. The parasites 
become inactive, are rapidly lysed and will not therefore be detected. The CSF should be 
examined wet and spun down in a sterile tube and a film made from the deposit. The film is 
then stained with rapid Field's or Giemsa and examined microscopically. 


NB. It is impossible to distinguish between T. b. gambiense from T. b. rhodesiense on a 
stained film as the two subspecies which infect man are identical. 


American Trypanosomiasis 


Trypanosoma cruzi occurs throughout South and Central America, especially in Brazil, 
Argentina and Mexico causing the disease known as Chagas’ disease. It is estimated that over 
24 million people are infected with this species. It is a zoonotic parasite with over 150 species 
of wild animals known to harbor the parasites, for example opossums, dogs, rates, pigs and 
cats. 


It is transmitted to man by brightly colored bugs belonging to the Reduviidae family, subfamily 
Triatominae. All stages of these bugs are known to become infected. 


The bugs live in the crack of the walls and vegetal roofs of the poorly maintained houses, 
coming out at night to feed on the exposed parts of the host's body. 


Image 11-4. Insect vector of Trypanosoma cruzi, belongs to colorful insect Triatominae, also known 
as the kissing bug. (SOURCE: PHIL 2538 - CDC/World Health Organization) 


Life Cycle 


Metacyclic trypomastigotes are deposited in feces on the skin as the triatomine bug (reduviid 
bug) feeds. The bug usually bites round the edges of the mouth and eyes. The 
trypomastigotes are either rubbed into the skin by scratching the irritated area or penetrate the 
conjunctiva or membranes of the nose and mouth. Trypomastigotes become amastigotes in 
localized reticuloendothelial cells and multiply. The amastigotes develop into trypomastigotes 
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which are released into the blood when the cell ruptures. No multiplication of the parasite 
takes place in the blood in its trypomastigote stage. The trypomastigotes reach tissue cells 
especially heart muscle, nerves, skeletal muscle and smooth muscle of the gastrointestinal 
system by way of the blood and lymphatic system. The trypomastigotes become amastigotes 
and multiply forming pseudocysts. Within the pseudocyst some amastigotes become 
elongated and develop first into epimastigotes and then trypomastigotes. When the cell 
ruptures the trypomastigotes are released into the blood and continue to circulate while others 
invade further tissue cells. The life cycle completes when a triatomine bug vector ingests 
circulating trypomastigotes. In the vector the trypomastigotes transform and develop into 
epimastigotes, multiply by binary fission in the gut of the bug. After about 10-15 days, 
metacyclic trypomastigotes are formed and can be found in the hindgut of the bug. 
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Illustration 11-6. Generalized life cycle of the American trypanosomes, Trypanasoma cruzi, which is 
known to case Chagas’ disease. (SOURCE: PHIL 3384 - CDC/Alexander J. da Silva, PhD/Melanie 
Moser) 
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Morphology 


Trypanosoma cruzi has a single form (monomorphic), about 20nm in length, and 
characteristically curved. The kinetoplast is large, considerably larger than the Trypanosoma 
brucei species already discussed. They sometimes appear as a bulge at the posterior end. 
The flagellum is medium in length. 


Image 11-5. Trypanosoma cruzi hemoflagellate in blood sample (SOURCE: PHIL 545 - CDC) 


Image 11-6. Multiplication of Trypanosoma cruzi in man only occurs in the amastigote phase, which 
grows in a variety of tissue cells especially muscle. In vitro infected fibroblast showing a large number 
of intracellular amastigotes. (Giemsa stain) (SOURCE: Unknown) 


Clinical Disease 
Many people infected with T. cruzi remain asymptomatic and free from Chagas’ disease or 


experience only an acute infection without progressing to the chronic stage. The most severe 
form of the disease is most commonly seen in children younger than five years of age. 
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Multiplication of T. cruzi at the site of infection can produce an inflamed swelling (chagoma) 
which persists for weeks. Trypomastigotes or amastigotes may be seen in the aspirate of the 
chagoma. Regional lymph nodes may become infected which frequently involve one side of 
the face. Unilateral edema of the upper and lower eyelid may occur along with conjunctivitis. 
This is known as Romanas' sign. 


In the acute stage of infection trypomastigotes can be found in the blood. Symptoms may pass 
unnoticed, but there may be fever, malaise, increased pulse rate, and enlargement of lymph 
glands, liver, and possibly spleen. Muscle aches and pains are characteristic at this stage and 
parasites may be seen in blood films. The acute form is most often seen in young children and 
occasionally can cause serious damage to the heart and other complications leading to death 
caused by central nervous system involvement. 


Chronic manifestations include signs of cardiac muscle damage with a weak and irregular 
heartbeat, edema, heart enlargement leading to heart failure. Dilation of the digestive tract 
resulting in megaesophagus and megacolon may also occur. About 10% of persons infected 
with T. cruzi develop chronic Chagas cardiopathy. 


Laboratory Diagnosis of American Trypanosomiasis 
Laboratory diagnosis of South American trypanosomiasis is by: 
Examination of blood. 

Xenodiagnosis 


Blood culture 
Serology 


1. Examinat 


in of Blood 


a) Thick and thin blood films are made and stained with Fields stain and examined as for 
malaria parasites. Wet preparations of blood can also be examined for motile 
trypanosomes. 


b) Buffy coat examination - Trypanosomes are centrifuged in a microhematocrit tube for 5 
minutes. Parasites can be seen microscopically at the junction of the packed red cells and 
plasma. This technique is rapid and sensitive. 


Trypanosoma cruzi can often be seen in C, U or S shapes in stained films. 
2. Xenodiagnosis 

Xenodiagnosis is useful in chronic and sub acute (low parasitaemia) disease. Sterile bugs are 

fed on patients by attaching a black bag containing the bugs to the arm of the patient and 

allowing them to feed for 30 minutes. Twenty five to thirty days later the bugs are dissected 


and the contents of the hindgut and rectum are examined microscopically for the presence of 
trypanosomes. 
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CHAPTER 4 » A PORTABLE MOM-LAB 


ing the Actual Circuit 


Comparing the schematic to the photograph of the completed circuit might not immediately click in 
your head. Take a look at Figure 4-8 for a slightly different angle, where you can see some more details, 
such as how the battery is being mounted. 


Figure 4-8, Another view of the LED circuitas built on a solderless breadboard. The battery holder isa 
‘modified pin block that has had a couple of its pins removed, allowing the coin cell to ft in on the 
diagonal, A thinner coin cell could have fit without your having to remove the corner pins. A proper coin 
cell holder is inexpensive and would provide a much more robust solution to the problem. 


Looking at Figure 4-8, you can see how the positive side of the battery is making physical and. 
elecizical contact with the gold-plated pin of the pin block. The remainder of the pin emerges 
underneath the black plastic molding to make contact with the spring-loaded tie point within the body 
of the solderless breadboard, which in this case is the negative power rail. The positive terminal, ina 
similar fashion, makes contact with the positive power rail. 

‘By attaching the battery directly to the right-side power rails, you ensure that your circuits are only a 
short jumper away from power, no matter where along the breadboard you decide to build them. Handy! 
‘Note that the left-side and right-side power rails are not connected at this time. If you would like 

them to be, you can easily attach them using jumper wires. See Figure 4-9. 


3. Blood Culture 

Blood culture is as sensitive as xenodiagnosis but it requires sterile conditions. 
4. Serology 

Serology tests include: 

IFAT indirect fluorescence antibody test 

CFT complement fixation test 


IHAT indirect hemagglutination test 
ELISA enzyme linked immunoabsorbent assay 


pose 


Other lab findings include: 
Raised ESR, marked lymphocytosis with atypical mononuclear lymphocytes 
NB. In certain areas of S. America where Trypanosoma rangeli (a nonpathogenic species 


transmitted by Rhodnius spp. bugs) is found with T. cruzi. All positive preparations should be 
checked to confirm T. cruzi. 
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Leishmania species 


Introduction 


Leishmaniasis is caused by parasites of the genus Leishmania and is endemic in many parts of 
Africa, Asia and South America. Itis transmitted by Phlebotomus species, sandfly 


Leishmania species are mainly parasites of man and other animals, especially dogs and rodents. 
They cause diseases collectively known as Leishmaniasis; causing three types of disease (i.e. 
Visceral Leishmaniasis, Cutaneous Leishmaniasis, and Mucocutaneous Leishmaniasis. These 
are all debilitating and disfiguring diseases which occur throughout the Old and New World. The 
parasites are unusual in that they live entirely within the cells of the reticuloendothelial cells, they 
have become perfectly adapted as the proteolytic enzymes which attack other foreign bodies in 
the blood stream but do not destroy them. 


Visceral Leishmaniasis 


Human visceral leishmaniasis (VL), sometimes known as Kala-azar, is caused by Leishmania 
donovani complex; L. donovani and L. donovani infantum in the Old World and L. donovani 
chagasi in the New World. The clinical features -azar caused by these species are similar, but 
they have different epidemiological features. The parent species L. donovani occurs in Asia 
(Northeastern China, India and Iran) and Africa (primarily Sudan, Kenya and Ethiopia) and can 
affect people of all ages. The parasite (L. d. infantum) which causes VL in countries bordering 
the Mediterranean, (Southern Europe as well as North Africa) affects young children as well as 
infants. It is now being seen in the immunocompromised. In the New World also, VL is mainly a 
disease of young children, with the causative organism L. d. chagasi being closely related to, but 
slightly different from, L. donovani. The main geographical foci of VL in Latin America are in 
northem and northeastem Brazil. Small foci are found in northem Argentina, Columbia and 
Venezuela. Sporadic cases are found in Central American countries, including Mexico. 


Cutaneous Leishmaniasis 


Cutaneous leishmaniasis is caused by L. tropica, L. major and L. aethiopica in the Old World and 
L. mexicana complex in the New World. Leishmania tropica is widely distributed around the 
Mediterranean basin, Afghanistan, Kenya, Kenya, Armenia, Azerbaijan, Turkmenistan and 
Uzbekistan. Leishmania aethiopica is seen in the highlands of Ethiopia and L. major occurs in the 
Middle East, West Africa, North Africa and Kenya. Leishmania mexicana complex is found in 
Central America and the Amazon Basin. 


Mucocutaneous Leishmaniasis 


Is caused by the L. braziliensis complex and is found in Brazil, Eastern Peru, Bolivia, Paraguay, 
Ecuador, Columbia and Venezuela. 
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Life cycle 


All forms of infection starts when a female sandfly (Phlebotomus species) takes a blood meal 
from an infected host. Small amounts of blood, lymph and macrophages infected with 
Leishmania amastigotes are ingested. Once ingested the amastigotes transform to 
promastigotes in the sandfly, the non-infective promastigotes divide and develop into infective 
metacyclic promastigotes. These are formed in the midgut of the sandfly and migrate to the 
proboscis. When the sandfly bites, the extracellular inoculated promastigotes at the site of the 
bite are phagocytosed by macrophages. After phagocytosis, transformation to dividing 
amastigotes occurs within 24 hours. Reproduction at all stages of the lifecycle is believed to 
occur by binary fission. No sexual stage has been identified. 
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Illustration 11-7. Generalized life cycle of Leishmania sp., which by using a sandfly as a vector can 
cause Leishmaniasis in man. (SOURCE: PHIL 3400 - CDC/Alexander J. da Silva, PhD/Melanie Moser) 
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Morphology 


Leishmania exist as flagellated extracellular promastigotes in the Sandfly vector and as a 
flagellar obligate intracellular amastigotes within mononuclear phagocytes of their vertebrate 
hosts. The various species are not distinguishable morphologically from one another. When 
stained with Romanowsky stains such as Giemsa, amastigotes appear as round or oval bodies 
ranging from 2 - 3m in diameter with a well defined nucleus and kinetoplast, a rod shaped 
specialized mitochondrial structure that contains extranuclear DNA. The flagellated promastigote 
form is spindle shaped, measuring 10 - 20m in length, not including the length of the flagellum. 
As in the amastigote form a nucleus and kinetoplast are clearly visible. 


Illustration 11-8. Amastigote of Leishmania sp. in a macrophage of a vertebrate host. (SOURCE: 
Unknown) 


Image 11-7. Leishmania promastigote. This stage of the parasite are seen in the vector, sandfly. 
(SOURCE: Unknown) 
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Clinical Disease - Visceral Leishmaniasis 


The incubation period of VL may vary between two weeks and 18 months. The onset of VL is 
usually insidious with fever, sweating, weakness and weight loss. The most prominent findings 
are fever, hepatosplenomegaly and anemia. The sites mainly affected are the liver, spleen and 
bone marrow. Enlargement of the liver is due to hyperplasia of Kupffer cells which are packed 
with amastigotes. The bone marrow is infiltrated with parasitized macrophages. Some organs, 
notably the kidneys, may show pathological changes secondary to deposition of immune 
complexes. In advanced cases, ascites and edema can develop. Deaths are usually due to 
secondary bacterial infections such as pneumonia, tuberculosis or dysentery. 


Laboratory Diagnosis - Visceral Leishmaniasis 


1. Microscopy 
Parasites may be found in a splenic aspirate, liver biopsy or bone marrow biopsy. These 
techniques, especially splenic aspirate and liver biopsy, can be hazardous and require 
previous expertise in the procedure. 
a) Air dry smears 
b) Fix in methanol for one minute 


©) Stain with Giemsa 1 in 10 in buffered distilled water pH 6.8 for 30 minutes (or use 
the rapid Field's stain) 


d) Wash the slide in buffered water and drain dry 
‘Amastigotes of Leishmania should be seen in positive smears. They are approximately 
2-4um in size, oval and are frequently seen within the cytoplasm of the macrophage. 
The amastigotes possess a nucleus and a rod - shaped kinetoplast within the 
cytoplasm. In many samples a very small number of parasites are present. Extensive 
searching of the film is necessary. 
2. Culture 
The aspirates can be cultured in Novy-Nicolle-MacNeal (NNN) or Schneider's Drosophila 


medium. In culture the amastigote stage converts to the promastigote stage. However, 
this is not a rapid technique, as the parasites may take anything from 10-21 days to grow. 


3. Serodiagnosis 
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VL produces large amounts of specific IgG which can be used for diagnosis. Currently the 
most used sero diagnostic tests are Indirect-immuno Fluorescent Antibody Test (IFAT), 
Enzyme Linked Immunosorbent Assay (ELISA) and Direct Agglutination Test (DAT). 


Clinical Disease - Cutaneous Leishmat 


Following a bite from an infected sandfly, a small red papule appears at the site of the bite about 
2-8 weeks later. The papule increases in size centrifugally. The patient then mounts either a 
hypersensitive response or an anergic response. In a hypersensitive response, the papule 
eventually ulcerates, becomes depressed and then eventually heals through scarring. The 
patient is now immune from subsequent bites. In an anergic response, the nodule grows and 
spreads over large areas of skin. This resembles leprosy. 


Laboratory Diagnosis - Cutaneous Leishmaniasis 
1. Slit skin smear. 


The margin of the lesion contains amastigotes whereas the centre contains debris and dead 
skin material. This margin of the lesion is aseptically punctured with a hypodermic needle and 
syringe containing a small amount of saline. The aspirate which is drawn up into the needle is 
examined microscopically and/or cultured using the method described in Visceral 
Leishmaniasis. 


2. Polymerase chain reaction 


Gene amplification techniques are powerful and sensitive methods and are useful in diagnosis 
of Cutaneous Leishmaniasis particularly when organisms cannot be detected microscopically. 
Itis also very useful for the speciation of Leishmania parasites thus the correct treatment can 
be administered. 


Clinical Disease - Mucocutaneous Leishmaniasis 

Mucocutaneous Leishmaniasis or espundia initially develops like cutaneous leishmaniasis but 
develops into lesions in the mucocutaneous junction of the pharynx resulting in the break down of 
the palate of the mouth and nose or more rarely the genitalia or anus. This occurs from a few 
weeks to several years after the cutaneous lesion has healed. These lesions result in disfiguring 
deformities of the nose and mouth. 

Laboratory Diagnosis - Mucocutaneous Leishmaniasis 


1. Microscopy 
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Finding the organisms in a histological section of the lesion provides definitive diagnosis of 
Mucocutaneous Leishmaniasis. However, the organisms are very rare in this form of the 
disease and culture can be a more sensitive method (see visceral leishmaniasis) 


2. Polymerase Chain Reaction 
The PCR method has the advantage of not only low numbers of parasites in aspirates but 


also histological sections. This makes this a very sensitive method in diagnosing 
Mucocutaneous Leishmaniasis when parasites are difficult to detect. 
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Chapter 12. 
Arthropod Vectors 


Soft Ticks 


Class: Arachnida 
Subclass: Acari 


Order: Ixodida 
Family: Argasidae 
Genus: Ornithodorous 


Image 12-1. Ornithodoros - Soft Tick (SOURCE: CDC) 


Image 12-2. Ornithodorus moubata, the most important soft tick disease vector found throughout 
the world (SOURCE: CDC) 


General Characteristics 


Soft Ticks are characterized by a tough leathery integument and a flattened oval shape when 
examined dorsally. The Argasidae lack the dorsal shield present in the Hard Ticks (Ixodidae), 
and need to be examined ventrally to observe their capitulum or mouthparts. Soft ticks 
generally have a world-wide distribution, with the most important disease vector Ornithodoros 
populating Europe, Africa, Asia and the Americas. 


Life Cycles 
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Illustration 12-1. Life Cycle of Soft Ticks. (SOURCE: Unknown) 


Soft ticks have a hemimetabolous life cycle, with eggs hatching six legged larvae, which molt 
to eight legged nymphs. There are five to seven larval instars depending on the species, with 
each stage requiring a blood meal to proceed. Larvae of Ornithodoros moubata do not require 
a blood meal to molt to the nymph stage. Adult females lay small egg batches following each 
blood meal. The duration of the life cycle depends on the temperature, host availability, and 
inherently the particular species in question. 


The adults are flat and oval in outline and have tough, leathery, wrinkled bodies. The 
mouthparts are situated underneath the body and are not visible from above. The eggs are 
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laid in the places where the adults rest, such as cracks and crevices in the walls and floors of 
houses and in furniture. The larva, the five nymphal stages and the adults all actively search 
for hosts from which to take blood-meals. After feeding, which lasts about 30 minutes, they 
drop to the ground. Most species can survive for more than a year between blood-meals, and 
some for more than 10 years. 


The soft ticks live apart from their hosts and are most common in the nests and resting places 
of the animals on which they feed. Some species, such as the chicken tick and the pigeon tick 
(Argas species) may feed on humans when the preferred hosts are not available. 


Species that commonly feed on humans are found around villages and inside houses. Their 
habits are comparable to those of bedbugs: ticks often emerge from hiding places at night to 
suck the blood of humans and animals. Some species are common on travel routes, in rest 
houses and camping sites, and in caves and crevices. 


Disease 


Soft Ticks are vectors for serious disease including tick borne relapsing fever (Borrelia duttoni), 
rickettsial disease (Coxiella burneti), and some arboviruses. The most important disease 
spread by soft ticks is tick borne relapsing fever which occurs world-wide and is spread by 
spirochete infected Ornithodoros. Q-fever and arboviruses can be spread following a blood 
meal, but are both primarily introduced into the population by the Hard Ticks. 


Tick-borne Relapsing Fever 


This disease is caused by a microorganism of the genus Borrelia. It is transmitted by biting soft 
ticks of the genus Ornithodoros in many countries in the tropics and subtropics and also in 
Europe and North America. The ticks usually feed quickly at night in or near houses, and then 
leave the host. 


The disease causes bouts of fever alternating with periods without fever. Death occurs in 
about 2-10% of persons who are untreated. 


Treatment 
Treatment is possible with tetracycline or its derivatives. 
Prevention 


Prevention requires measures to control soft ticks and to avoid their bites. 
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CHAPTER 4 © A PORTABLE MOM-LAB 


Figure 4-9. Attaching the left- and right-side power rails using jumpers. By default, the power rails are not 
connected. There are some situations where you need them to not be connected, such as when using 
‘multiple supply voltages within a single circuit, These things happen. 


Now, referring all the way back to Figure 4-6 (sorry about that), you should be able to see how the 
positive terminal of the battery is indeed connected to one side of the resistor. The other side of the 
resistor, then, makes an electrical connection with the anode of the LED (the non-flat side, when seen 
from above). The cathode is connected to the negative power rail using a short jumper wire. The 
‘negative power rail then completes the circuit back to the battery. The circle is complete. 

‘Note that the resistor could have been placed either before the LED in the circuit (as shown in the 
photographs) or after the LED. The only important points are that it isin the same circuit, or circle, and 
that the current must flow through both the LED and the resistor. Itreally doesn’t matter which one 
comes first, especially in this simple circuit. It will only make a difference when you start to do fancy 
stuff, like adding switches and such to complicate things. 

ifyou're using a different kind of solderless breadboard (and there are a few distinct varieties), you 
may or may not have power rails available. Ifso, fet not. You can still make point-to-point connections 
using more jumper wires. Now you're starting to understand why you were assigned to cut and strip so 
‘many jumper wires back in Chapter 2! They should start to be coming in handy just about now. 
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Hard Ticks 


Class: Arachnida 
Subclass: Acari 
Order: Ixodida 
Family: Ixodidae 
Species: Ixodes, Amblyomma, Rhipicephalus, Dermacentor 


General Characteristics 


Hard ticks appear flattened when examined dorsally and can be primarily characterized by the 
presence of a dorsal plate or scutum, and a capitulum that projects beyond the body outline. 
The scutum regularly covers the entire dorsal area, although females may have a reduced 
plate present directly behind the capitulum. Ixodes spp. inhabit in Canada, Europe, Asiatic 
Russia, China, Japan, and Australia. 


Image 12-3. xodes scapularis - male - showing the scutum covering the whole length of the body 
(left); Ixodes scapularis - female, showing the scutum covering half the length of the body (right) 


Image 12-4. Amblyomma variegatum - male - showing the scutum covering the whole length of the 
body (left); Amblyomma variegatum - female - showing the scutum covering half the length of the 
body (right) 
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Image 12-5. Rhipicephalus sanguineus - female - showing the scutum cavering half the length of the 
body (left); Rhipicephalus sanguineus - male - showing the scutum covering the whole length of the 
body (right). (AEPMB - used with permission) 


Image 12-6. Dermacentor variabilis - male - showing the scutum cavering the whole length of the 
body (left); Dermacentor variabills - female - showing the scutum covering half the length of the body 
(right) (Image courtesy of: lowa State University) 


ife Cycle 


Hard Ticks have a hemimetabolous life cycle similar to that of the Soft Ticks. Hard tick larvae 
search for suitable hosts, feed for several days, and drop off engorged to the ground below. 
Molting to the nymph stage follows several days later and the tick again searches for a suitable 
blood source. There is only one nymphal stage in /xodes, and following several weeks of stasis 
the nymph will molt into an adult. Females lay one large mass of eggs, which forms a cellular 
mass on the scutum of the ovipositing female. 
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Disease 


Hard ticks transmit a variety of diseases including Lyme Disease, Tick Paralysis, Rickettsia, 
arboviruses that are responsible for encephalitis and hemorrhagic fevers, tularemia and 
Babesia microti infection. Tick paralysis is caused by the toxins present in the saliva of the 
tick, and is introduced during feeding. 


Lyme disease is a serious ailment caused by the spirochete Borrelia burgdorferi. Lyme 
disease results in acute erythema, systematic lesions and eventually chronic involvement of 
multiple organs. 


Rickettsiae diseases spread by /xodes include Q-fever (Coxiella burneti) and arboviruses that 
cause serious encephalitis. 


Babesia microti infection primarily involves animals, with Man as an accidental host. The 
parasite is present in the tick salivary glands and is passed to Man via tick bite. Once in the 
bloodstream, the parasites enter the erythrocytes. Infection with B. microti ranges from 
asymptomatic to severe illness. Symptoms generally resemble those of malaria with fever, 
rigors, myalgia, and malaise. Occasionally there is mild or moderate hemolytic anemia and 
jaundice (renal failure). Parasitemia can be up to 25% in the immunocompetent individual, and 
up to 80% in patients who have been splenectomized 
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Other Medically Important Hard Ticks 


General Characteristics 


Several other species of ticks are also responsible for the spread of disease throughout the 
world. Wood ticks (Dermacentor andersoni) are found in the mountainous west of North 
America; dog ticks (Rhipicephalus) are found in coastal areas. Lone Star ticks (Amblyomma 
americanum) are found in forests in SE USA where deer are found. The females of these 
species are known to cause a condition known as tick paralysis. 


Image 12-7. Amblyomma, hard tick. The scutum is so-called ‘enameled’ colored areas, and is 
described as being an ornate species. (SOURCE: PHIL 5981 - CDC) 


Image 12-8. Dermacentor variabilis, ticks of this species show very ornate scutums, covering the 
length of the body (left - male). When blood engorged it is harder to see the scutum (right - female) 
(SOURCE: PHIL 5977 - CDC) 
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Life Cycle 


One-host tick. Example Boophilus microplus. 


\ 
OR LESS — DROP.OFF AND 
INUOUS ‘OViPOSIT 


Illustration 12-2. One-host tick life cycle. (SOURCE: CDC) 


spana 


Three-host tick, Example Dermacentor andersoni. 
‘SUMMER 
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‘OviPOSIT \ 
3rd YR 


Illustration 12-4. Three-host tick life cycle, (SOURCE: CDC) 
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Hard Ticks have a hemimetabolous life cycle similar to that of the soft ticks. Hard tick larvae 
search for suitable hosts feed for several days, and drop off engorged to the ground below. 
Molting to the nymph stage follows several days later and the tick again searches for a suitable 
blood source. There is only one nymphal stage in /xodes, and following several weeks of stasis 
the nymph will molt into an adult. Females lay one large mass of eggs, which forms a cellular 
mass on the scutum of the ovipositing female. 


Image 12-9. Female tick with egg mass. (SOURCE: PHIL 5968 - CDC) 


Diseases 


Both Dermacentor and Amblyomma transmit Rocky Mountain Spotted Fever (Rickettsia 
rickettsia). The different strains transmitted by these species vary in their virulence and 
subsequent manifestation of the disease. Dermacentor are known to transmit serious 
arboviruses responsible for encephalitis and hemorthagic fevers. D. variabilis are also 
responsible for spreading tularemia (Francisella tularensis) and human granulocytic erlichiosis 
(Ehrlichia chaffeensis). Rhipicephalus sanguineus transmits Mediterranean Spotted Fever and 
African Tick Typhus, 
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Tick Paralysis 


Hard ticks inject into the body with their saliva certain toxins that can cause a condition in 
people and animals called tick paralysis. It appears 5-7 days after a tick begins feeding, 
paralyzing the legs and affecting speaking ability, swallowing and breathing. It occurs 
worldwide and is most common and severe in children aged up to two years. Treatment 
involves removing the tick. 


Tick-borne Rickettsial Fevers 


This group of diseases is caused by closely related Rickettsia microorganisms transmitted by 
tick bites or contamination of the skin with crushed tissues or feces of the tick. 


‘Symptoms in 


Spotted fever due to Rickettsia rickettsii occurs in Brazil, Canada, Colombia, 
Mexico, Panama and the USA. 

Spotted fever due to R. sibirica occurs in Japan, the Russian Federation and the 
Pacific. 

Spotted fever due to R. conor is found in the Mediterranean region, Africa and 
southern Asia. 

Spotted fever due to R. australis occurs in Queensland, Australia. 

Q fever, caused by Coxiella bumeti, has a worldwide distribution and is 
commonly present in abattoirs, meat-packing and meat-rendering plants, 
diagnostic laboratories, stockyards and poultry farms. It is transmitted to humans 
mainly by the consumption of milk and meat from contaminated cattle or the 
inhalation of dried infected tick feces by people working with cattle. 


humans are sudden fever persisting for several weeks, malaise, muscle and joint 


pains, severe headache and chills. A rash sometimes spreads over the entire body. Death may 
result in about 15-20% of persons if the disease is misdiagnosed or left untreated. 


Treatment 
Antibiotics su 


Prevention 


ich as tetracycline or chloramphenicol can be used. 


Tick bites should be avoided and attached ticks should be removed rapidly and carefully. 
Several hours of attachment are needed before the Rickettsia organisms can infect humans. 
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Lyme Disease 


Lyme disease (erythema chronicum migrans) is a severe and often debilitating condition 
caused by a spirochete, Borrelia burgdorferi, Acute Lyme disease is a flu-like illness, 
characterized by an expanding red rash in about 50% of patients, accompanied by fever, 
fatigue, and muscle and joint pain. Weeks or even months after the infecting tick bite, patients 
may experience swelling and pain in large joints (knee, elbow), encephalitis, facial palsy, 
ocular lesions and carditis, irrespective of whether a rash occurred in the acute phase. Later, 
perhaps years after the bite, there may be cartilage erosion (arthritis) and neuromuscular 
dysfunction (Fig. 4.29). Lyme disease occurs principally in northern temperate regions of the 
world, including China, Europe, the USA and the former USSR 


Illustration 12-5. A typical symptom of Lyme disease is swelling and pain in the large joints, such 
as the knees, and chronic arthritis. (SOURCE: Unknown) 


Transmission 


The disease is transmitted mostly by Ixodes ticks, commonly in the summer when the nymphs 
ate abundant. Small rodents, especially mice, serve as reservoirs of infection while large 
mammals serve principally as hosts maintaining tick populations. The larvae acquire infection 
while feeding on mice, and nymphs or adults can transmit spirochetes during subsequent 
blood-meals. In the northern temperate zone, where it occurs most intensely, Lyme disease 
has become more common as deer populations have increased and as this critical host has 
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adapted to living in closer proximity to people. In many areas, Lyme disease is acquired in the 
suburban residential environment. 


Treatment 


Further development of the disease in adults may be reduced or prevented by treatment with 
tetracycline or its derivatives for 2-4 weeks, and in children by treatment with penicillin. 


Prevention 


Prevention requires avoidance of tick habitats and bites, and vector control. Personal 
protection may be possible by the use of repellents on the skin and clothing in tick-infested 
areas. The removal of attached ticks within 24 hours may prevent spirochete transmission. 
Prophylactic antibiotic therapy may be desirable following the bite of an infected tick. New 
molecular assays are commercially available for detecting the spirochetes in tick samples. 


Tularemia 


Tularemia, also known as rabbit fever, deerfly fever and O'Hara disease, is caused by the 
infectious agent Francisella tularensis. The symptoms, which vary according to how the agent 
enters the body, include headache, chills, fever and the swelling of lymph nodes, The disease 
occurs in Europe, Japan, North America and the former USSR. 

Transmission 

Transmission takes place through the bites of ticks and deerflies (see Chapter 1) or as a result 
of handling infected animals such as rabbits and other game. Hunters and forest workers are 
at the highest risk of infection. 

Treatment 

Antibiotics such as streptomycin can be used to treat the disease. 

Prevention 

Tick bites and tick habitats should be avoided, impermeable gloves should be worn when 


skinning and dressing game animals, wild game meat should be thoroughly cooked, and 
untreated drinking-water should be avoided in areas where the disease occurs. 
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Tick-borne Viral Encephalitides 


This is a group of viral diseases causing acute inflammation of the brain, spinal cord and 
meninges. The symptoms vary in severity with the type of disease. Many infections do not 
result in disease. Severe infections may cause violent headaches, high fever, nausea, coma 
and death. 


+ Far Eastern tick-borne encephalitis is found in the far east of the former USSR. 


+ Central European tick-borne encephalitis occurs in Europe from the Urals to 
France. 


+ Louping ill is a disease of sheep in the United Kingdom which sometimes affects 
people. 


Transmission and Prevention 
These diseases are transmitted by biting ticks and by the consumption of milk from infected 


animals. No specific treatment is available but vaccines have been developed against some of 
the diseases. Prevention requires avoidance or rapid removal of ticks. 
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Multiple Uses for the LED 


‘Now we've moved from the 18th century incandescent bulb to the 20th century LED. What kind of 
lighting devices will we encounter in the centuries ahead? 

One of the nice features of LEDs is that they don't typically require a great deal of power to operate. 
‘Thisis certainly rue of indicator-style LEDs, whose only purpose is to be seen as either on or off. We can 
leave this LED installed right where it is and use itas a handy power-on indicator for future projects. You 
might be surprised how many heads get scratched in puzzlement, wondering why a newly wired 


is perfectly working circuit and break it—on purpose. If we interrupt the circuit, for 
example, by removing any of the components or their connections, the circuit stops working. To that 
end, remove the short jumper wire and replace it with two longer jumper wires. Plug in each of the new, 
longer jumper wires where the two ends of the short jumper were installed. See Figure 4-10. 


‘Figure 4-10. By intentionally breaking the circuit, we stop the flow of electricity through the components, 
extinguishing the LED. By reconnecting the longer jumpers (or just touching them together), we reestablish 
‘the circuit, and the LED should light back up again. We can use this mechanism to test whether there is 
continuity in another circuit. 


‘Now, by touching the two probe wires together, you recomplete the circuit, and the LED should 
slow in happiness. This is exactly how a switch works. You can use this basic idea to build a continuity 
tester that lights up the LED when the current flows in the circuit. This is very handy for testing cables 
and wiring in a more complex assembly. 


Disease Vector 
Lyme disease Deer tick (Ixodes scapularis) 
|Spotted fever due to: 
: Rickettsia rickettsii 


‘American dog tick (Dermacentor variabilis) 


Rickettsia sibirica 


Asiatic wood tick (Dermacentor silvarum) 


Rickettsia conori 


Brown dog tick (Rhipicephalus sanguineus) 


Rickettsia australis 


Wattle tick (Ixodes holocyclus) 


Q fever 


Lone star tick (Amblyomma americanum) 


Tularemia 


‘American rabbit tick (Haemaphysalis leporispalustris) 


Far Eastern tick-borne encephalitis 


Taiga tick (Ixodes persulcatus) 


Central European tick-borne 
encephalitis 


Kyasanur Forest disease 


Castor bean ticks (Ixodes ricinus) 


A tick of birds and monkeys (Haemaphysalis spinigera) 


Colorado tick fever ‘American wood tick (Dermacentor andersoni) 
Crimean-Congo hemorrhagic fever _|_A tick of birds and mammals (Hyalomma marginatum) 
Table 12-1. Principle Hard Tick Vectors 


Other Viral Diseases 


Kyasanur Forest disease occurs in parts of India. 


Omsk hemorrhagic fever is found in south-western Siberia; it causes severe disease and death 
in muskrat handlers; it is mainly waterborne, although it is found in hard ticks. 


Colorado tick fever is a moderately severe disease that occurs in western North America. 


Crimean-Congo hemorrhagic fever is an acute, often severe and fatal disease found in parts of 


Africa, Asia and Europe. 
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Mites 


Class: Arachnida 
Subclass: Acari 
Order: Astigmata 
Family: Pyroglyphidae 
Genus: Dermatophagoides (Dust mites) 
Family: Sarcoptidae 
Genus: Sarcoptes (Scabies mites) 
Order: Prostigmata 
Family: Democidae 
Genus: Demodex (Hair follicle mite) 
Order: Mesostigmata 
Genus: Leptotrombidium (Other Mites) 


General Characteristics 


Dermatophagoides, the common dust mite, commonly inhabit beds, mattresses, carpets and 
house dust. They are motile and feed on residual organic debris and are typically 0.3 um in 
length. They characteristically have four long legs with suckers and pincer chelicerae. 


Image 12-10. A Dust Mite (Dermatophagoides). They commonly inhabit mattresses, carpets and 
house dust. 


Demodex folliculorum mites are 300 microns in length, live in the follicle for 5-6 days and 
migrate onto contiguous skin at night. Classically, they appear as 1 um "sleeves" around the 
base of the eyelashes. 


Image 12-11. Demodex folliculorum (SOURCE: CDC) 


The mite, Sarcoptes scabiei, lives exclusively on human skin and causes scabies. Itis small 
(the larger female is 0.3-0.4 jum), colorless and oval with 8 short legs. 


Image 12-12. Picture of the human parasite scabies (Sarcoptes scabiel). They live exclusively on 
human skin causing the condition known as scabies. (SOURCE: PHIL 3810 - CDC/} 2 Miller/Reed and 
Crnrick pharmaceuticals.) 


Leptotrombidium adults are normally reddish and covered with velvet like hair. It is the larvae 
that are parasitic and they too regularly appear reddish, but only have three pairs of legs. The 
palps are segmented, and the mouthparts are large and easily identifiable. Leptotrombidium 
larvae are distinguished by large eyes, two feathered sensillae and five feathered setae that 
are present on the scutum. 


Image 12-13. Leptotrombidium (SOURCE: CDC of Taiwan) 
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Disease and Control 


Dermatophagoides are antigenic, even when dead (fecal pellets are also allergenic), and are 
associated with complex allergies with symptoms such as asthma, perennial rhinitis, 
conjunctivitis and atopic dermatitis. A diagnosis can be made using reactive skin tests and 
treatment involves removal of accumulated antigens from mattresses and pillows. 


Demodex have been implicated in dermatitis, acne and should be considered in chronic, 
therapy-resistant cases of blepharitis. The role of this mite in ocular disease is uncertain. 
Washing with soap and water is the most effective method of prevention. 


Symptoms of Sarcoptes infection arise after 4-6 weeks and comprise a papular pruritic 
eruption at a site often unrelated to the site of infestation; symptoms of secondary infestations 
arise almost immediately. Zoonotic scabies have shorter incubation periods but are also self- 
limiting. Persistent nodular scabies comprises itchy erythematous or scabbed nodules, often 
on the penis. When the immune system is impaired, Norwegian (crusted) scabies may 
develop: this presents with erythema and hyperkeratosis but little itching. 


Diagnosis demands discovery of the mites, scybala or eggs by epidermal shave biopsy or 
superficial scraping. Burrows are best seen on wrists and interdigital spaces. They fluoresce 
under a Wood's lamp after application of liquid tetracycline and, later, alcohol; alternatively ink 
may be used. Lindane (Quellada) lotion is the treatment of choice in the USA; permethrin or 
crotamiton are alternatives. Ivermectin has been recommended for Norwegian scabies. 
Malathion (Derbac-M) liquid or permethrin are recommended in the UK (benzyl benzoate is 
also active). Malathion should be avoided in infants and lindane should be avoided in 
pregnancy, breast-feeding and young children. Treatment is applied over the whole body 
except the head and neck and washed off after 24 hours. Normal laundering of bed linen and 
clothes is recommended. Household and sexual contacts should also be treated. Symptoms 
may continue after treatment because of persisting antigens, Calamine or Eurax lotion may be 
used; other problems include reinfestation and secondary bacterial infection. 


Feeding by Leptotrobidium causes cellular damage and initially results in intense itching and 
irritation for the host. The agent of scrub typhus, Rickettsia tsutsugamuchi, is often transmitted 
by the larval trombiculid mite. Scrub typhus results in infection in those living or working near 
‘mite islands’ which are usually found in transitional vegetation and provide a stable 
environment for mite proliferation. Prevention has generally been with chemical repellents or 
herbicides to remove the scrub habitat. 
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Mosquitoes 


Class: Insecta 
Order: Diptera 
Family: Culicidae 


Subfamil Anophelinae 
Genu: Anopheline 

Subfamil Culicinae 
Genus: Culicine 


(SOURCE: PHIL 9261 - CDC/ Prof. 


Anopheles Culex 
2 Frank Hadley Collins, Dir., Cntr. for a 
(SOURCE: PHIL 7949 - CDC) Global Heaitn and Infectious | (SOURCE: PHIL 7957 - CDC) 


Diseases, Univ. of Notre Dame) 


Image 12-14. Anopheline and Culicine mosquitoes. 


Introduction 


Mosquitoes are small with a clearly demarcated body and very long slender legs. The head 
contains a large pair of kidney shaped compound eyes, a pair of antennae, and a single long 
proboscis for feeding. The thorax, abdomen and wings are often covered with scales. 
Differential coloration and pattern of these scales provides a means of visually distinguishing 
species. The large wings are folded over the segmented abdomen, which generally appears 
brown-black and slender but turns a bright red and swells following feeding. 
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Image 12-15. Image of a typical Culicine mosquito. Adults are generally brown - black, at rest they 
palce their abdamens parallel to the ground. (SOURCE: PHIL 4487 - CDC) 


Mosquitoes may be classified as Anopheline (Anopheles) or Culicine (Aedes, Culex). The 
antennae of male mosquitoes are plumose (many feathery hairs); females are pilose (few 
spidery hairs). The male Anopheline palps are long and clubbed; those of the male Culicine 
are long but not clubbed. The female Anopheline palps are long; the female Culicine are short. 
If a mosquito is incorrectly sexed, a female Anopheline may be confused with a male Culicine. 


Mlustration 12-6. Image of typical male Anapheline mosquito showing the characteristic features of the 
mosquitoes head; the palps are as long as the proboscis with clubbed like ends and the antennae are 
plumose. The female Culicine masquito shows the short palps and the pilose antennae. (SOURCE: CDC) 


At rest, Anophelines usually position their abdomens at an angle to the surface; Culicines 
maintain their abdomen in a parallel position. 
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Anopheles Culex! Aedes 


Illustration 12-7. Typical Anopheline and Culicine at rest, showing the abdomen at an angle to the surface. 
(SOURCE: CDC) 
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Anopheline (Anopheles) 
Mosquitoes 


Class: Insecta 
Order: Dipthera 
Family: Culicidae 
Subfamily: Anophelinae 
Genus: Anopheline 
Species: Anopheles 


Image 12-16. Typical Anopheles mosquitoes (SOURCE: PHIL 7862 - CDC) 


General Characteristics 
Anopheles mosquitoes are characterized by dark and pale scale blocks arranged on their 


wings. They have palps that are of equal length to the proboscis, which appear terminally 
clubbed in males. Anopheles always rest at an angle when standing on surfaces and preferring 
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to feed at twilight or night. Breeding sites are varied but Anopheles prefer unpolluted fresh or 
saltwater. 


Life Cycle 


Anopheles lay 50 to 200 dark color eggs in aquatic environments, and hatch in several days to 
several weeks depending on the external temperature. Anopheles larvae have a dark brown 
head and 6-7 anterior segments covered with dorsal palmate hairs. Accessory tegral plates are 
present on the dorsal side of segments 1-10 and two sets of anal papillae emerge from the last 
abdominal segment. 


There are four larval instars that survive by filter feeding and breathing oxygen through their 
spiracles. Anopheles larvae occur throughout many different habitats including both permanent 
marshes and swamps, and temporary locations such as pots filled with water. In general 
Anopheles prefer to inhabit clean habitats. The larval period lasts about a week, but may be 
extended depending on the environmental conditions. The pupa is comma shaped with a set of 
trumpet shaped breathing tubes. The abdomen is covered with setae, and segments 2-7 have 
distinct spines. The pupal period may last a few days to weeks depending on the temperature. 


Disease - Malaria 


Anopheles ate vectors of malaria, Bancroftian and Brugian filariasis and of multiple 
arboviruses (dengue fever; yellow fever; encephalitides and hemorrhagic fevers). Malaria is 
caused by Plasmodium falciparum, P. vivax, P. malariae and P. ovale. Transmission of the 
disease occurs in virtually all of tropical Africa, Central and South America, and the Middle and 
Far East. South East Asia is a particular problem due to multiple drug resistance. P. 
falciparum is found in Africa and other tropical countries as well as in subtropics. P. malariae 
has a low prevalence in both tropics and subtropics. P .vivax is the most widespread in 
temperate regions and subtropics but may also be found in the tropics. P. ovale has a low 
prevalence in West Africa. In Africa alone, 370 million people live in endemic areas. 


Malaria Endemic Countries, 2003 


HB No Malaria 
Countries with Malaria Risk 


Note: This map shows countries with endemic malaria, 
Inmost of these counties, malaria risk s limited to certain areas. 


Illustration 12-8. World map showing the distribution of malaria. (CDC) 
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P .vivax causes benign tertian malaria (43% of cases) and P. falciparum results in malignant 
tertian or sub-tertian malaria and pernicious malaria (50% of cases). P .ovale (mild tertian 
malaria, 1% of cases) and P. malariae (quartan malaria, 7% of cases) contribute a small 
percentage of malarial cases. 


Clinical features including fever and chills are due to the host inflammatory response and are 
associated with rupture of erythrocytic schizonts. Fever presents in three stages - a) Cold: 
rigors and fever lasting 15 minutes to 1 hour; b) Hot: the patient is flushed with tachycardia and 
is pytexial (40C) for 2-6 hours; c) Sweating: the temperature falls (over 2-4 hours). Each 
paroxysm lasts 8-12 hours in total. All erythrocytes containing a trophozoite will be destroyed 
within 48-72 hours. Periodic fever often takes more than seven days to develop, and anemia 
can be hemolytic or due to toxic marrow suppression. Splenomegaly occurs in all malaria: it 
may be acute or chronic (+/- hypersplenism). Jaundice may be hemolytic and/or hepatic (only 
P. falciparum). In addition, there may be headache, myalgia, arthralgia, diarrhea and vomiting. 


Plasmodium falciparum is the most virulent form (invades mature and immature RBCs) and is 
often fatal if untreated. Blood schizogony takes place in deep capillaries and micro-circulatory 
failure can occur in individuals with little immunity to malaria. It does not relapse but 
recrudescence may occur. The time between paroxysms is 48 hours but fever may last for 24- 
36 hours. Very rapid progression and complications include diarthea and vomiting; delirium; 
coma; convulsions; renal failure, including hemoglobinuria (blackwater fever); jaundice; 
pulmonary edema; hypoglycemia and abortion. Cerebral malaria often results in delirium, 
disorientation, stupor, coma, convulsions and death. 


P. vivax / ovale exhibit 48 hours between paroxysms; relapses may occur up to 8 years after 
primary infection and only infects immature RBCs of those with Duffy blood group. 
Plasmodium malariae generally results in 72 hours between paroxysms, only infects older 
RBCs, and recrudescence may occur decades after primary infection 


The global malaria situation is serious and becoming worse: 300-500 million clinical cases 
occur annually. 1.5-2.7 million people die of malaria each year with approximately one million 
deaths among children under five years of age are attributed to malaria alone or in 
combination with other diseases. Countries in tropical Africa account for more than 90% of the 
total malaria incidence and the great majority of malaria deaths (WHO data). The death toll of 
African children with malaria is expected to double by 2010, conceivably reaching four million 
deaths per year. Many factors influence the epidemiology of this disease including: breeding 
habits of the various mosquito vectors; agricultural practices; economic conditions; 
industrialization and pesticide use. Increasing air-traffic from malaria endemic areas has led to. 
the possibility of malaria developing in non-endemic areas where the mosquito vector has 
been imported onboard aircraft. 


Treatments and Control - Malaria 


If the infective species is not known, or the infection is known to be mixed, initial treatment 
should be with quinine, mefloquine or rarely halofantrine. Falciparum (malignant) malaria is 
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CHAPTER 4 © A PORTABLE MOM-LAB 


More electronic experiments, including how to both calculate and measure what's happening in a 
circuit, can be found in Chapter 5 


The Special Project Portable Laboratory 


When you move past the simple joys of lighting LEDs and wiring up tutorial circuits, where do you go 
and what do you build? How about a robot? 

Doug Paradis is an award-winning writer and robot builder. When Doug wants to workon one of his 
robots, he packs up a small kit of tools and heads over the local robot club, which in Doug's case is the 
Dallas Personal Robotics Group (DPRG). They meet every Tuesday at the Dallas Makerspace for an 
informal evening of robot building and socializing. See Figure 4-11 


Figure 4-11. Doug Paradis of DPRG, arriving at the Dallas Makerspace for an evening of robot building. 
Doug uses the club's laser cutter and other specialized tools to give his robots that winning edge. He brings 
his own set of hand-picked tools along with him. 
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often resistant to chloroquine and should be treated with quinine, mefloquine, halofantrine, 
quinidine or pyrimethamine-sulphadoxine. Benign malaria (P. vivax) should be treated with 
chloroquine although resistance has been reported from New Guinea. Malarial prophylaxis is 
relative and not absolute. 


The UK Consensus Group on Malaria Prophylaxis (1997) recommend mefloquine for UK 
travelers to West, Central and East Africa for periods of greater than two weeks and for 
travelers to specific areas within south-east Asia: prophylaxis should be commenced two 
weeks before departure. Doxycycline can be used in older children and adults who cannot 
tolerate mefloquine. 


Prevention is most dependent upon coverage of exposed skin and the use of insect repellent, 
mosquito nets impregnated with permethrin and correct prophylaxis. The vector may be 
controlled by water clearance programs, house spraying (DDT) and destruction of breeding 
areas. Drug resistance to DDT and ethical resistance to its use have limited its effectiveness. 
Natural immunity involves both antibody and cell-mediated systems and appears to require 
frequent boosting; antigens from different stages of the parasite's life cycle will be important in 
vaccine development. 


Disease - Filariasis 


Anopheline mosquitoes also transmit the filarial worms Wuchereria bancrofti, Brugia malayi 
and Brugia timori. Wuchereria bancrofti is the main cause of "elephantiasis (Bancroftian 
filariasis) and the most widely distributed filarial parasite of man. The adults live in the 
lymphatic system, and can survive for 30 years or more. Once they have mated they produce 
a pre-larval form, the microfilaria. Both the adults and the microfilaria may play a role in 
generating the symptoms and signs. Microfilaria measure 240-300um in length by 7-1Oum in 
Width. They are sheathed (derived from ovum membrane) and nuclei terminate 15-20m 
proximal to the pointed tail. There are fewer, more distinct nuclei than in other species and 
there are less body curves. Adult worms are slender and white (males 4cm; females stout and 
10cm in length) 


Initial infection with Wuchereria is usually asymptomatic. There may be recurrence of attacks 
of "cellulitis" affecting the limbs, breast, scrotum or elsewhere. Infection is associated with 
fever, lymphangitis, lymphadenopathy and occasionally abscess formation. These initially 
settle but later on the tissues eventually become edematous and hypertrophied. Further effects 
may include scrotal involvement and hydrocoele, which can lead to scrotal enlargement and 
lymph scrotum. This is "elephantiasis" and is associated with dermal hypertrophy, verrucous 
changes and the rupture of lymph varices into various sites. 


Brugian (Malayan) filariasis is less widespread, less common and less serious than its 
Bancroftian counterpart. The life cycle is identical to that of Wuchereria bancrofti with Brugia 
malayi limited to Asia and B. timori restricted to Indonesia. Infection results in 
lymphadenopathy involving most frequently the inguinal area, lymphoedema normally below 
the knee, eosinophilia, and in rare cases chyluria. 
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Treatments and Control - Filariasis 

Diethylcarbamazine (DEC) kills microfilaria. Ivermectin suppresses microfilaria production but 
its overall effectiveness remains untried and elephantiasis can be treated surgically. Control 
measures comprise draining of mosquito breeding sites and killing larvae. Many mosquitoes 
are resistant to insecticides but mosquito repellents and nets are effective. The infective pool 
may be reduced by periodic mass treatment with DEC. Brugia malayi is more susceptible to 
diethylcarbamazine (DEC) than is Wuchereria bancrofti. Anopheline larvae may be suffocated 
in their breeding sites but Culicine larvae (Mansonia sp.) derive oxygen from plants and are not 
vulnerable to such measures. Control depends upon the use of mosquito nets and periodic 
mass treatment. 
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Culicine (Aedes) Mosquitoes 


Class: Insecta 

Order: Dipthera 

Family: Culicidae 
Culicinae 
Culicine 
Species: Aedes 


General Characteristics 


Aedes can generally be distinguished by patterns of black and silvery scales present on the 
abdomen and thorax. The legs appear to have black and white rings along their length. The 
wings are generally covered with black scales. Aedes breed in marshes and other wetland 
areas and have a worldwide distribution. 


Image 12-17. Typical Aedes mosquito. They are clearly distinguished from Anopheline mosquitoes 
due to the presence of black and slivery scales on the abdomen and thorax. (SOURCE: PHIL 9252 - 
CDC/ Prof. Frank Hadley Collins, Dir., Cntr. for Global Health and Infectious Diseases, Univ. of Notre 
Dame) 
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Life Cycle 


Female Aedes lay eggs on damp areas such mud, detritus, clay and rock. The eggs are very 
robust and can survive desiccation and other environmental pressures. The eggs hatch in 
waves depending on the environmental cues. Aedes larvae have a stout barrel shaped siphon 
with one pair of subventral tufts. There are three pairs of setae on the ventral brush, and large 
setae are not present on the abdominal segments. 


Disease 


Aedes are vectors of Bancroftian filariasis and arboviruses such as yellow fever and dengue. 
Wuchereria bancrofti is the main cause of "elephantiasis’ (Bancroftian filariasis) and the most 
widely distributed filarial parasite of Man. The adults live in the lymphatic system, and can 
survive for 30 years or more. They copulate and generate a pre-larval form, the microfilaria. 
Both the adults and the microfilaria may play a role in generating the symptoms and signs. 
Microfilaria measure 240-300,m in length by 7-10um in width. They are sheathed (derived 
from ovum membrane) and nuclei terminate 15-20m proximal to the pointed tail. There are 
fewer, more distinct nuclei than in other species and there are less body curves. Adult worms 
are slender and white (males 4cm; females, stout and 10cm in length). 


Initial infection with Wuchereria is usually asymptomatic. There may be recurrence of attacks 
of "cellulitis" affecting the limbs, breast, scrotum or elsewhere. Infection is associated with 
fever, lymphangitis, lymphadenopathy and occasionally abscess formation. These initially 
settle but later on the tissues eventually become edematous and hypertrophied. Further effects 
may include scrotal involvement and hydrocoele, which can lead to scrotal enlargement and 
lymph scrotum. This is "elephantiasis" and is associated with dermal hypertrophy, verrucous 
changes and the rupture of lymph varices into various sites. 


Yellow fever and dengue hemorrhagic fever are serious viral infections spread by the Aedes 
mosquito. Dengue is now the most important mosquito borne virus, with global infection 
increasing 


Control and Treatment 


In general the most effective control for Culicine mosquitoes are repellents and fine screening 
or netting. Treatment with insecticides will also serve to reduce the vector population, but 
increased problems are encountered with Culicines because they also feed during the 
daytime. If filarial infection occurs, treatment with Diethylcarbamazine (DEC) will kill 
microfilaria. Ivermectin suppresses microfilaria production but its overall effectiveness remains 
untried and elephantiasis can be treated surgically 
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Culicine (Culex) Mosquitoes 


Class: Insecta 

Order: Dipthera 
Family: Culicidae 

Culicinae 

Culicine 

Species: Culex 


General Characteristics 


Culex are distinguished by their lack of coloration and feature. The thorax, abdomen, legs and 
wings are often covered with brown-black scales giving a generally dark appearance. The 
abdomen may occasionally also have white scales arranged in segments. Culex breeds 
mainly in aquatic habitats, often in areas containing large quantities of organic waste. 


Illustration 12-8. Typical illustration of a Culex mosquito, showing the characteristic brown-black 
scales on the thorax, abdomen, legs and wings giving it a general dark appearance. (Illustration: 
‘Trustees of the British Museum) 
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Image 12-18. A Culex mosquito taking a blood meal from a human host. The abdomen becomes 
distended and blood red in color. (SOURCE: PHIL 4464 - CDC/Jim Gathany) 


Life Cycle 


Female Culex lay dark brown eggs in characteristic clumps of approximately 300 eggs. As 
mentioned these eggs are often found in organic waste deposits or polluted waters. Culex 
larvae have a long and narrow siphon with more than one pair of subventral tufts. 


Disease 


Culex mosquitoes are vectors of Bancroftian filariasis throughout Africa, but most importantly 
arboviruses such as Japanese encephalitis. Encephalitis occurs throughout the world, with 
Culex acting as an important vector for spread and infection. Culex mosquitoes are similar to 
Culicine mosquitoes, but prefer to bite at night and breed in organic refuse. 


Control and Treatment 


Culex mosquitoes are most easily controlled by improving sanitation and removing static water 
sources from the affected area. In general the most effective control for Culex mosquitoes are 
also repellents and fine screening or netting. Treatment with insecticides will also serve to 
reduce the vector population, but increased problems are encountered with Culicine 
mosquitoes because they also feed during the daytime. If filarial infection occurs treatment with 
Diethylcarbamazine (DEC) will kill microfilaria. Ivermectin suppresses microfilaria production 
but its overall effectiveness remains untried and elephantiasis can be treated surgically. 
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Tsetse Flies 


Class: Insecta 

Order: Diptera 
Family: Glossinidae 
Genus: Glossina 


General Characteristics 


Tsetse flies are large, yellow-brown or brown-black and measure 6-15m in length. They are 
distinguished by a rigid projecting proboscis and a long pair of accompanying palps. There is 
a characteristic axe-shaped venation of the wings when viewed dorsally resembling an 
inverted hatchet in the central cell. The antennae appear short and feathery, and the abdomen 
is segmented and often striped or patched. Both males and females suck blood every 4-5 
days, outside in open spaces. 


Image 12-19. Typical illustration of a Tsetse Fly. They are yellow-brown in Colour and usually 
measure 6 - 15um in length. Their characteristic feature is the hatchet shaped cell in the centre of 
the wing venation. (IMAGE SOURCE: Trustees of the British Museum) 
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Life Cycle 


Female Tsetse flies are unique in the sense that they deposit larvae and do not lay eggs. The 
eggs mature within the female and are supplied with essential nourishment to complete larval 
development. This cycle requires a large number of blood meals to maintain and thus the 
female requires regular feeding. The larvae are normally deposited in shaded areas. There are 
three larval instars with the mature larva appearing white, visibly segmented with a pair of 
lobes at the posterior end. Pupation of the third instar results in a dark colored puparium with 
posterior lobes. The pupal period is extended (3-7 weeks) depending on the surrounding 
environmental conditions. 


Disease 


Tsetse flies are vectors for African sleeping sickness (Trypanosoma brucei sp. The two 
subspecies of T. brucei that infect Man are morphologically identical. T. b. gambiense causes 
Gambian sleeping sickness in Westem Africa and T. b. rhodesiense causes Rhodesian 
sleeping sickness in East Africa. Another subspecies, T. b. brucei, causes nagana in cattle. 


istration 12-9. Distribution of African Trypanasomiasis throughout Africa (WHO, 1991) 


Initially the patient has a headache, fever, chills and loss of appetite but specific clinical signs 
ate absent. Parasitaemia comes in characteristic waves. Later, the spleen, liver and lymph 
nodes enlarge (Winterbottom's sign). Finally, there may be CNS involvement leading to coma 
and death within several years. Trypanosoma brucei rhodesiense (rural East Africa): this is so 
acute that the patient invariably dies before classical symptoms develop. Without appropriate 
treatment, both forms are fatal 


Human African trypanosomiasis is rural and focal, with humans as the principal reservoir of 
infection of T. b. gambiense, and domestic cattle and wild animals as important reservoirs of T. 
b. thodesiense. By the 1960s, it had been brought under control, but since 1970 the situation 
has deteriorated and the disease has reappeared, with major flare-ups in countries which have 
not maintained surveillance activities. It is estimated that 55-60 million people are exposed to 
the risk of becoming infected with trypanosomiasis, but only four million of them are under 
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active surveillance or have access to health centers where reliable diagnosis is available: the 
estimated number of infected persons is over 300,000 (WHO data). 


Treatment and Control 


‘Anemia and other infections should be treated first. If given before the parasite has invaded 
the brain (hemolymphatic stage), suramin (Rhodesian disease) or pentamidine (Gambian 
disease) appear to be effective. For late disease (CNS involvement), drugs of choice are 
melarsoprol or eflornithine, with tryparsamide plus suramin as an alternative. Tsetse-infested 
areas should be avoided. Protective, light-colored clothing and repellents should be used. 
Tsetse flies are difficult to treat with insecticide (DDT has been tried) as their larvae live in 
burrows in the ground; protective vegetation must first be removed. Pentamidine prophylaxis 
is no longer advocated. Reservoir hosts should be identified and removed. It is possible to 
breed resistant or tolerant cattle (West Africa). Trypanosomes other than T. brucei are also 
transmissible by Tabanid flies or by sexual contact. 
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Sand Flies 


Class: Insecta 
Order: Dipthera 
Family: Psychodidae 
Genera: Phlebotomus, Lutzomyia 


Introduction 


Sandflies are small (1.5-5um) with a hairy head, thorax, antennae and wings. The antennae 
are long, may appear beaded, and protrude near a large set of black compound eyes. The 
wings are upwardly pointing at rest, and are a distinctive feature of Phiebotomine sandflies. 
Only the females are blood feeders, the males feed on plant nectar. Biting predominates 
nocturnally and they rest in moist and dark walls, cracks and tree trunks during the day. 


Ilustration 12-10. Typical illustration of a Sand Fly. The head, thorax, abdomen, legs and antennae 
are hairy, they are small usually measuring 1.5-Sum long, | (Phlebotomus) (Illustration Source: 
Trustees of the British Museum) 


Life Cycle 


Female Phlebotomine sandflies deposit 30-70 minute eggs at each oviposition. The eggs are 
laid in dry areas, but require humidity to avoid desiccating. There are four instars and the 
mature larva is characterized by a distinct black head, 12 segments, thick bristles covering the 
body, and two pairs of caudal setae on their posterior end. As with other fly vectors the length 
of the larval stage depends on the ambient temperature, species in question, and food 


CHAPTER 4 » A PORTABLE MOM-LAB 


Figure 4-12 shows what Doug brings with him to work on his robots. 


Figure 4-12, The contents of Doug's portable workshop. A variety of hand tools, precison measurement 
devices, and fasteners (including tape, tie wraps, and super glue) are easily stored in a small tool bag for 
easy transport. The comparmentalized storage containers at the upper right contain a large assortment of 
screws, washers, and nuts. 


Doug has learned the lesson of travelling light. The electronic portions of his robotic creations 
evolve slowly over time, but the mechanical aspects get a lot of tweaking along the way. 
Not everyone has perfected the art of light travelling, See Figure 4-13. 
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availability. The larval skin and caudal bristles remain attached at the posterior end during the 
pupal stage which lasts 5-10 days. 


Disease 


Sandflies are the only vectors for several species and subspecies of obligate intracellular 
protozoa responsible for leishmaniasis (Leishmania sp.) Cutaneous, mucocutaneous and 
visceral leishmaniasis are caused by different species of Leishmania contentiously linked to 
temperature preferences. Geographic location and host immune response also play a role in 
determining the form of disease. Leishmania tropica and L. major cause dermal cutaneous 
leishmaniasis; visceral leishmaniasis (kala-azar) is caused by L. donovani and mucocutaneous 
leishmaniasis is caused by L. braziliensis and L. mexicana. Visceral leishmaniasis in Europe 
is caused by L.infantum with dogs as the main reservoir. Leishmania tropica is found in the 
Middle East, North Africa, India and the Mediterranean. Leishmania donovani is found in the 
old and new worlds: South America, the Mediterranean, North and East Africa, India and 
China. Leishmania braziliensis is found in Central and South America. Leishmania mexicana 
is found in North and Central America, Texas and Mexico. 


Dermal cutaneous leishmaniasis or Old World leishmaniasis is also known as "Tropical or 
Oriental Sore" or "Delhi Boil" and is generally localized to the skin surrounding the bite of the 
Phlebotomus sandfly. The ulcers (volcano sign) are “draining” but produce "dry" ulcers that 
crust over. They usually resolve within one year but superinfection (yaws or myiasis) may 
occur and immunity develops. Cutaneous leishmaniasis affects over 300,000 people. The 
mucosal form affects the mucosa of the nose, pharynx, palate, larynx and upper lip causing 
ulcers that often become secondarily infected. Scarring can lead to death from pneumonia. 


Visceral leishmaniasis, or "Kala-azar” is transmitted by Phlebotomus sandflies and is spread 
via the lymphatics from an often minor cutaneous lesion. They multiply in macrophages to 
form Leishman-Donovan bodies. Symptoms are usually chronic and comprise malaise, 
lymphadenopathy, cough, diarrhea, wasting and anemia, bleeding, and low-grade fever 
(iday); liver and spleen enlarge and visibly distend the abdomen. Untreated, death ensues 
within three years, usually from secondary infection 


Leishmaniasis currently affects some 12 million people in 88 countries, all but 16 of which are 
in the developing world. It is estimated that 350 million people are exposed to the risk of 
infection by the different species of Leishmania parasite. The annual incidence of new cases is 
about two million (1.5 million of cutaneous leishmaniasis, and 0.5 million of visceral 
leishmaniasis). Recently, the WHO has reported an increase in overlapping of visceral 
leishmaniasis (VL) and HIV infection due to the spread of the AIDS pandemic. Leishmania / 
HIV co-infection is considered to be a real "emerging disease’, especially in southern Europe, 
where 25-70% of adult VL cases are related to HIV infection, and 1.5-9.5% of AIDS cases 
suffer from newly acquired or reactivated VL. Intravenous drug users have been identified as 
the main population at risk. 


Treatment and Control 


Dermal leishmaniasis usually resolves spontaneously. Visceral leishmaniasis is treated with 
extended courses of antimonial compounds (e.g. sodium stibogluconate or meglumine 
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antimonate) and dietary supplementation (pentamidine isethionate has been used in antimony- 
resistant cases). WHO regimes are changing and pentamidine may be used. Mucocutaneous 
leishmaniasis is also treated with antimonial compounds. However, only around 50% of 
patients respond to antimonial compounds and relapses are seen. Pentamidine isethionate, 
paromomycin (aminosidine), allopurinol, ketoconazole, itraconazole, interferon gamma and 
liposomal amphotericin B have all been used; amphotericin B appears the most effective. 
Control of sandflies is difficult although buildings may be sprayed with insecticide. Sandflies 
cannot bite through clothing. Repellents are effective although mosquito nets are of limited 
value (sandflies are 3 um). Sandflies are nocturnal and can be avoided. Rodent and dog 
control is a possibility. Vaccines (killed or live attenuated promastigotes) have been tried but 
effectiveness has not been assessed. 


-287- 


Black Flies 


Class: Insecta 
Order: Diptera 
Family: Simuliidae 

Genus: Simulium 


Introduction 


Black Flies are small (1.5-4j1m in length) and normally black with short hairless legs and 
antennae. They have large compound eyes and a characteristically hairy humped thorax. 
Flies of the genus Simulium are generally found near free-flowing well-oxygenated water and 
bite during the day, tearing the skin to reach blood vessels. 


IMlustration 12-11. Typical illustration of a Black Fly (Simulium). They are usually small (1.4-4ym in 
length), black with short hairless legs and antennae. (SOURCE: PHIL 4639 - CDC) 


Image 12-20. Image of a Black fly receiving a blood meal. (SOURCE: Unknown) 


Life Cycle 


Simuliidae eggs are laid in flowing or turbid waters in clusters of 200-800 eggs depending on 
the species. Hatching is mediated by the external environment, generally occurring several 
days following oviposition. There are 6-9 larval instars, with the larvae remaining essentially 
sedentary for the period and feeding through filtration. Movement is possible if necessary with 
some larval species acting as predators. The mature larvae can be recognized by a 
characteristic black “gill spot” on the thorax. The pupa is enclosed in a dark colored cocoon, 
identifiable by a series of filamentous respiratory gills protruding from the anterior end. In most 
cases the adult fly emerges from the pupal stage following one week of incubation. 


Disease 


Simulium are vectors for the filarial parasitic nematode responsible for Onchocerciasis 
(Onchocerca volvulus). It is distributed throughout Africa, Arabia, Central America, northern 
South America and Mexico with 30 million people infected in Africa alone; it is one of the most 
important causes of blindness in the world. Adult worms (up to 50cm) live in the subcutaneous 
tissue of man (the only known host) and release microfilariae into the skin. These are taken up 
by Simulium (S. damnosum and S. naevei in Africa; S. ochraceum and S. metallicum in 
Central America). Microfilariae penetrate the gut wall, migrate to the thoracic muscles, molt to 
L, stages and molt again to filariform Ls stages which are passed to the next host during a 
blood meal. Larvae mature to adults in one year and may live for up to 20 years. Microfilariae 
can live for up to two years but are often trapped, in fibrous nodules, by the host's cellular 
response and are responsible for the pathology. Microfilariae are highly motile, unsheathed 
and measure 300 by 7 microns; there are no nuclei in the end of the tail, which is long and 
pointed; the head is slightly enlarged. Microfilariae are not found in blood. 


Skin problems include nodules (2cm to Scm in diameter) containing adult worms. 
Onchodermatitis is caused by death of microfilariae in the skin and is associated with severe 
pruritis (adopts different forms in different geographical localities e.g. "erysipelas de la costa” in 
Central America, "leopard skin" in parts of Africa), skin depigmentation and premature ageing. 
There may be minor elephantiasis of the inguinal area ("hanging groin") or of the genitals 
(including hydracoele). Eye involvement is due to microfilariae entering the eye and dying and 
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may eventually lead to blindness through sclerosing keratitis and retinal damage (microfilaria 
can be seen in the anterior chamber of the eye). There may be competition between parasite 
and host for vitamin A, 


Treatments and Control 


Ivermectin destroys microfilariae and renders adult female worms infertile; the manufacturer 
provides this drug without charge. Nodules may be surgically removed to reduce the worm- 
load and decrease the chances of ocular involvement. In areas of East Africa, S. naevei has 
been eradicated with insecticide (the larvae of this parasite attach to freshwater crabs). S. 
damnosum inhabit areas far distant to its breeding sites and control is much more difficult. 
However, the WHO larvicide program in concert with mass Ivermectin treatment has the 
potential to control the problem. Vegetation should be cleared around villages and irrigation 
should be devised to avoid fast-flowing water currents. 
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Tabanid Flies 


Class: Insecta 

Diptera 

Family: Tabanidae 

Chrysopsinae (Deer flies) 
Genus: Chrysops 

Subfamily: Tabaninae (Horse flies) 
Genu: Tabanus 


Introduction 


Chrysops are 9-10)1m in length with broad wings and large iridescent eyes. The abdomen is 
yellow or orange and can be patterned with black markings. The antennae consist of three 
segments, lacking a projection from the second segment and with the third segment 
subdivided into four smaller sections. Female Chrysops are attracted by smoke and normally 
bite in the morning or late afternoon. They breed in shaded muddy areas and have a 
worldwide distribution. 


Image 12-21. Image of a Deer fly receiving a blood meal. They have large iridescent eyes and broad 
wings. Generally measure between 9-10um in length. (SOURCE: University of Florida) 
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Life Cycle 


Female Tabanids generally lay 100 -1000 large creamy white eggs on the undersides of plants 
and rocks surrounding aquatic areas. The eggs hatch following several weeks of incubation. 
Larvae live and feed in wet rotting vegetation but survive breathing oxygen. The larval stage 
can be quite prolonged (1-3 years) with 6-13 larval instars depending on the species. The 
mature larvae migrate to dry areas and undergo pupation. The pupa often gets buried in the 
soil and can often be large. The pupal stage lasts several weeks, and the adults emerge to 
feed. 


Disease 


Tabanids are vectors for the parasitic nematode Loa Joa. Their Microfilariae are large and 
sheathed and contain nuclei extending to the end of the rounded tail. Adult worms are thin and 
white (females 2cm-7cm long, 425um in diameter and males 2cm-3.4cm long, 350um in 
diameter). Clinical features of Loa Joa infections include considerable pruritis and transient 
painful subcutaneous swellings termed Calabar swellings. Migrating adult worms can cross the 
conjunctiva or the bridge of the nose and ectopic worms cause problems such as hydrocoele, 
orchitis, colonic lesions, encephalitis. 


Treatment and Control 


Worms traversing the conjunctiva may be removed surgically. Diethyl-carbamazine (DEC) is a 
proven treatment; prevention comprises the use of prophylactic DEC. However, DEC may 
have fatal side effects including encephalitis and the current drug of choice is Ivermectin. 
Drugs kill microfilariae but not adult worms. Antihistamines and corticosteroids may prevent 
allergic reactions brought about by rapid destruction of microfilariae in heavy infections. Insect 
control is not practical. 
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Biting Midges 


Class: Insecta 

Order: Dipthera 
Family: Ceratopogonidae 
Genus: Culicoides 


Introduction 

Biting midges are 1ym-2um long with a small head, long antennae and segmented palps. The 
thorax is often black spotted and contains a distinctive set of small depressions called the 
“humeral pits” just posterior of the head on the upper thorax. Biting midges have long legs and 
wings that fold over the thorax when at rest. Only the females take blood meals and normally 
swarm and bite in the early morning or late evening, especially during overcast weather. 


Ilustration 12-12: Typical Illustration of a Biting Midge (Culicoides). The thorax is often black 
spotted and contains a distinctive set of small depressions called the "humeral pits" just posterior of 
the head (SOURCE: PHIL 3822 - CDC/Dr. Richard Darsie) 


Life Cycle 


Female culicoides lay 30-250 dark, cylindrical eggs on the surface of wet soil or organic debris. 
Larvae emerge from the eggs soon thereafter depending on the environmental conditions. 
There are four larval instars, and the mature larvae resemble that of a nematode worm. They 
have a small dark head, 12 segments, and terminal papillae. The larvae feed on detritus and 
may development for extended periods of time depending on the species and conditions. The 
pupal period lasts 3-10 days, with the adult females emerging to feed and breed. 


Disease 


Culicoides species possess the ability to transmit various filarial parasites to humans 
(Mansonella perstans, M. streptocerca and M. ozzardi). Adult Mansonella streptocerca reach 3 
cm in length and live in the skin, Microfilariae are small and thin (200um in length), 
unsheathed and nuclei extend to the end of a hooked tail. The major symptoms of infection 
are pruritis, papular eruptions and pigment changes. 


Mansonella ozzardi is found in South and Central America and the adult worms live in the 
peritoneal cavity. Microfilariae are small, thin (150-200 by 4.5 microns) and unsheathed with 
indistinct nuclei that do not extend to the end of the pointed tail. They are found in the skin and 
blood and are non-periodic. Most infected persons are asymptomatic but may be associated 
with arthralgias, headaches, fever, pruritis, hepatomegaly, pulmonary symptoms and 
adenopathy: there is no proven therapy. 


Mansonella perstans is found in tropical Africa and coastal South America with adult worms 
measuring 4cm-8cm. They inhabit the peritoneal and, rarely, pleural cavities. Infections are 
usually asymptomatic but can be associated with pruritis, fever, arthralgias and neurological 
changes. 
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Head and Body Lice 


Class: Insecta 
Order: Phthiraptera 
Genus: Pediculus 


Introduction 


Pediculus humanus capitis (the head louse) and Pediculus humanus humanus (the body 
louse) are 2um-4um long and flattened dorsoventrally. They are wingless with distinct head, 
thorax (bearing three pairs of clawed legs) and abdomen (seven segments). The fore legs are 
well developed to grasp clothing and hair, with terminal claws to aid grip on the host. Pediculus 
feed using two stylets which suck blood whilst a third directs saliva into the skin; meanwhile 
feces are continually passed onto the skin. 


Image 12-22. Dorsal Image of a typical body louse (Pediculus humanus humanus). They are 
wingless and dorsoventrally flattened, bearing a distinct head, thorax and abdomen. They measure 
approximately 2-4ym in length. (SOURCE: PHIL 9205 - CDC/ Frank Collins, Ph.D.) 


Life Cycle 


The head and body louse share very similar life cycles only differing in the placement of their 
eggs; the body louse cements eggs to clothing and the head louse cements single eggs at the 
base of hairs. Females can lay upwards of 300 eggs during a lifetime. Lice have a 
hemimetabolous lifecycle. The nymph hatches from the egg and appears very structurally 
similar to the adult louse. There are three nymphal instars that require blood meals to proceed. 
It only takes 7-12 days to proceed to the adult stage if blood meals are readily available, but 
conversely lice will perish if not fed for several days. 
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CHAPTER 4 © A PORTABLE MOM-LAB 


i i) 


Figure 4-13. A sort-of portable robotics lab, with lots of tools and spare parts. One way of looking at this 
bounteous splendor is “three trips to the car.” 


‘This caravan of tools, parts, and miscellaneous supplies forms the entourage of Kyle the Robot. Kyle 
is very much a work-in-progress, The basic framework is made of hand-tooled aluminum. The large 
‘wheels use O-rings for tires and are driven by 24V gear motors. The 24V supply is made up of two 12V, 
5h rechargeable lead-acid batteries. Ah stands for amp hours, and represents the capacity of the 
battery. In this case, it can deliver an amp of current for five hours, or five amps for one hour. The 
custom PCB holds the electronics for the drive motors and will be controlled by a separate 
microcontroller that has yet to be added. See Figure 4-14. 
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Image 12-23. Dorsal Image of a typical head louse (Pediculus humanus capitis) (SOURCE: PHIL 
377 - CDC/ Dr. Dennis D. Juranek) 


Disease 


Colonization by lice may result in serious infection and disease. Lice can potentially pass 
Rickettsia prowazeki resulting in epidemic typhus and other pathogens such as Rochalimaea 
quintana and Borrelia recurrentis that result in potentially serious fever. The mode of 
transmission for all infectious agents is through physically crushing and spreading feces or 
waste into the wound created through feeding. 


Control 


The most effective control is to remain clean, but insecticides are often necessary during 
epidemics to avoid reinfestation. 
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Pubic Lice 


Class: Insecta 
Order: Phithiraptera 
Genus: Phthirus 
Introduction 


The crab louse is 1um-2um long and distinguished by a square, undifferentiated body and 
massive claws on the two posterior sets of forelegs. These claws are able to grasp both pubic 
and facial hair (including eyelashes), and allow the louse to remain tightly bound to the host. 
They are spread mostly by sexual contact, but may also be transmitted through fomites. 


Life Cycle 


The life cycle of Phthirus is very similar to Pediculus. Females lay bundles of eggs on the 
coarse pubic hairs and dense facial hairs of humans. The crab lice proceed through a cycle 
similar to the head and body lice, with the nymphal stage proceeding several days longer. 
Phthirus are less active than Pediculus, but similarly can not survive for very long without a 
host and blood meals. 


Image 12-24, Ventral Image of a typical Crab louse (Phthirus). They hold onto pubic hair with the 
large claws found on the posterior legs. (SOURCE: PHIL 4077 - CDC) 


Disease 


There appears to be very little evidence of disease transmission by Phthirus, but have the 
ability to cause severe localized allergic reactions during infestations. 


Fleas 


Class: Insecta 
Order: Siphonaptera 
Genus: Pulex, Xenopsylla, Ctenocephalides, Tunga 


Introduction 


Fleas are laterally compressed and wingless (1um-4jim) with powerful legs. The entire body is 
generally covered with bristles, and the mouthparts point downwards. Pulex jrritans (the 
human flea) and Xenopsylla cheopsis (the tropical rat flea) are combless. Nosopsyllus 
fasciatus (the rat flea) has a pronotal comb (behind its head). Ctenocephalides felis (the cat 
flea) and C. canis have two combs - a pronotal comb and a genal comb (under the head). 


Image 12-25. Image of the cat flea Ctenocephalides felis. Fleas are laterally compressed and 
wingless (1-4 ym) with powerful legs. (SOURCE: CDC) 


Tunga penetrans (the Chigoe or jigger flea) demonstrates compressed thoracic segments and 


attacks man in the Americas, Africa and India, commonly penetrating the stratum corneum 
between the toes or in the toenail margins 
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Image 12-26. Image of the Chigoe flea Tunga penetrans. They commonly penetrate between the 
toes or under the toenail. (SOURCE: Unknown) 


Life Cycle 


Flea larvae hatch from eggs generally following a week incubation. The larvae are legless, 
segmented, and covered with setae. The larvae feed on organic material, and proceed through 
two or three larval instars depending on the environment. The larva spins a cocoon and 
pupates and emerges when the conditions appear favorable for survival. The life cycle can be 
as short as several weeks or up to several years depending on the stimuli surrounding the 
pupa. Both sexes take blood meals can live for long periods of time allowing females to lay an 
enormous number of eggs over their lifetime. 


Disease 


Fleas are a general nuisance, often biting humans on exposed surfaces resulting in discomfort. 
Flea-bites induce pruritic papular urticaria commonly on the unprotected lower leg of women 
and all over the body of children who have intimate animal contact; a generalized allergic 
response may occur. 


Certain fleas, notably the rat fleas, spread plague (Yersinia pestis) and murine typhus 
(Rickettsia typhi), and serve as intermediate hosts for species of tapeworm (Hymenolepis sp.). 
Cat and dog fleas serve as intermediate hosts for another common tapeworm (Dipylidium 
caninum), which can be spread to humans, especially children with exposure to pet animals. 
Pulex irritans is not a major vector of disease but may play a minor role in the transmission of 
plague. Infection is often spread by the bite alone, but can also potential be transmitted 
through fecal abrasion. Tunga penetrans does not transmit disease to humans, but females 
will burrow into host skin. The pinpoint lesion enlarges to pea-size within two weeks 
necessitating removal of the gravid female using a pin, a needle or a sliver of bamboo. This 
may potentially lead to a secondary bacterial infection. 


Control and Treatment 
Control of fleas is generally mediated through insecticidal powders and aerosols. If outbreaks 


of murine typhus or plague occur steps to control the rodent populations in the affected area 
may be employed. 
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Bedbugs 


Class: Insecta 
Order: Siphonaptera 
Genus: Cimex 


Introduction 


Common bedbugs (Cimex Jectularius) are 3um-7um long, wingless, and flattened 
dorsoventrally. They have long legs, clearly segmented antennae and abdomen, and a 
distinctive set of compound eyes. Bedbugs are characteristically pale brown but swell and turn 
to black-red when engorged with blood. Both sexes infest clothing, beds and laundry and 
pierce the skin with an elongated proboscis to feed. 


Image 12-27. Image of the common Bedbug Cimex lectularius. Bed bugs are usually pale brown in 
color but swell and turn black-red after a blood meal. (SOURCE: PHIL 6283 - CDC/Donated by the 
World Health Organization, Geneva, Switzerland.) 


Life Cycle 
Cimex nymphs appear yellow and very similar structurally to the adults. The life cycle is 


hemimetabolous with five nymphal instars that require blood meals to proceed. The adults 
primarily feed nocturnally, and females may lay upwards of 500 eggs during their lifetime. Life 
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cycle duration and the number of offspring produced are primarily determined by the humidity 
and temperature of the surrounding environment. 


Disease 

Cimex blood meals result in inflammation, irritation and intense itching. These are the most 
common results of an infestation, but Cimex have also been found to carry Hepatitis B in India. 
Treatment and Control 

A female lays around 200 adherent eggs at the rate of 3 or 4 per day: eggs are white and Imm 


in length. Control is by application of insecticide to mattresses and crevices where they hide 
during the daytime (to a height of several feet from the floor). 
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Triatomine bugs 


Class: Insecta 
Order: Hemiptera 
Family: Reduviidae 

Genus: Triatoma 


General Characteristics 


Triatomine bugs (a.k.a., Assassin bugs, Kissing bugs, Cone-nosed beetles, Walapai Tiger, or 
Reduviid bugs) are of variable size but are often large (LOmm-30mm). They typically appear 
brown-black, but can have bright coloration. They are distinguished by a large snout with dark 
compound eyes, a thin and straight proboscis, and a triangular pronotum. They have long 
slender legs with terminal claws and segmented antennae. A set of large wings covers the oval 
abdomen. They live in the mud-walls of housing and woodpiles and come out to feed at night 
when the host is asleep: they are voracious biters, often on the face around the eyes. 


Image 12-28. Image of the Triatomine Bugs Triatoma infestans. Reduvild bugs are of variable size 
but are often large (10-30 mm). They typically appear brown-black, but can have bright coloration. 
(SOURCE: PHIL 2538 - CDC/World Health Organization.) 


Life Cycle 


The life cycle of Triatoma is hemimetabolous. The emergence of nymphs from eggs is 
primarily determined by the environment, and blood meals are required to proceed through the 
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five nymphal instars. The nymphs and adults feed nocturnally and generally lay 50 to 1000 
eggs depending on life term and the quantity of blood meals taken. 


Disease 


The primary disease transmitted by Triatoma is Chaga's Disease caused by Trypanosoma 
cruzi. Chagas disease is endemic in 21 countries; around 100 million people in Central and 
South America could be exposed to reduviid bugs; the prevalence of Chaga's disease is about 
16-18 million. Rural migrations to urban areas during the 1970s and 1980s changed the 
traditional epidemiological pattern of Chaga’s disease: it became an urban disease, as 
unscreened blood transfusion created a second way of transmission. Between 1960 and 
1989, the prevalence of infected blood in blood banks in selected cities of South America 
ranged from 1.7% in Sao Paulo, Brazil to 53% in Santa Cruz, Bolivia, a percentage far higher 
than that of hepatitis or HIV infection (WHO data), 


Chagas Disease 


I Endemic countries Source’ WHO. 


Illustration 12-13. Worldwide distribution of Chagas Disease (Trypanosoma cruzi) (SOURCE: WHO) 


Triatomids are blood feeders and deposit infected feces (containing metacyclic 
trypanomastigotes) on the host's skin during feeding. The host rubs the feces into the wound; 
alternatively trypanosomes enter through the mucous membranes or conjunctivae. Once in 
the bloodstream, trypanomastigotes penetrate the spleen, liver, lymph nodes and muscle by 
an unknown mechanism (possibly via receptor-ligand binding proteins). The parasite 
transforms to the amastigote form that divides by binary fission and forms a pseudocyst. This 
Tuptures and released amastigotes transform to flagellated trypanomastigotes via 
promastigotes and epimastigotes and enter the bloodstream. Unlike African bloodstream 
trypomastigotes, these do not replicate. If a Reduviid bug eats trypanomastigotes, they 
transform to epimastigotes, replicate by binary fission, and are passed as trypanomastigotes 
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two weeks later. Trypanosoma cruzi does not exhibit antigenic variation but can persist for the 
life of the host. T. cruzi may also be transmitted in blood products or transplacentally. 
Humans and a large number of species of domestic and wild animals constitute the reservoir, 
and the vector bugs infest poor housing and thatched roofs. 


In the acute phase (generally seen in children) a small red nodule (Chagoma) may form at the 
site of the bite. Romana’s signs comprise fever, unilateral bipalpebral edema and ophthalmia. 
Most acute phases are asymptomatic and resolve to an asymptomatic chronic stage in 2-3 
months. However, the patient may present with myalgia, bone pain, fever and chills, 
lymphadenopathy, hepatosplenomegaly and anorexia. Young children may develop 
meningoencephalitis. Pseudocysts form in heart muscle and fatal heart failure arises within 
one month. Neurological disorders, gastrointestinal disease and chronic myocarditis are 
features of chronic disease (mainly seen in adults) which arises 10-20 years after the initial 
infection and is untreatable. Congenital infection may lead to abortion, still birth or acute 
disease. Reactivation occurs in HIV-infected patients. Diagnosis is by detection of 
trypanosomes in peripheral anticoagulated blood, CSF or node aspirate using wet film or 
Giemsa stain (acute disease) or by serology (Chaga’s IgG ELISA in chronic disease). 
Trypanosoma cruzi is usually C-shaped, 12-30um in length with a narrow membrane and a 
flagellum. The posterior kinetoplast is characteristically large and the nucleus is central. 


Control 


There is no satisfactory treatment. Extended therapy with the toxic agents, benznidazole or 
nifurtimox, only kills extra-cellular parasites and optimum efficacy (60%) is achieved during the 
acute phase. Chronic disease is treated symptomatically. Control is by improvements in 
housing, health education and insecticidal treatment of dwellings. Vaccines and 
chemoprophylaxis are ineffective (associated with autoimmune disease). For the control of 
blood-transmitted infections the aim is to screen all blood donors from endemic countries for T. 
cruzi antibodies, and to strengthen health service infrastructures for multiple blood screening 
(HIV, Hepatitis B and T. cruzi). 
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Chapter 13. 
Artifacts and Confounders 


Artifacts and Confounders 


Introduction and Summary 


Cysts and trophozoites must be examined carefully in different fields of view and measurement 
is often essential. Objects such as epithelial cells and macrophages are around the same size 
as amoebic trophozoites: the latter may also move and contain red blood cells. White blood 
cells, plant and vegetable cells, fat globules, muscle fibers, pollen grains, yeasts cells and air 
bubbles may be confused with cysts or eggs. Air bubbles trapped under adhesive tape often 
resemble Enterobius eggs. Plant hairs and fibers are easily confused with larvae; algae such 
as Psorospermium haeckelii may be found in the feces of patients who have eaten crayfish. 
Earthworms may resemble roundworms. A variety of non-pathogenic ova, cysts and parasites 
resemble pathogens in terms of size and morphology and careful examination is essential. 
Eggs of Heterodera, a parasitic nematode of root vegetables, may resemble hookworm eggs. 
Eggs originating from harmless mites in cereals or flour could be confused with hookworm ova 
but are usually larger. We recently encountered 160 micron "Schistosome ova’ in the urine of 
a patient complaining of hematuria: we suspected Schistosoma haematobium but, on closet 
analysis, the eggs contained unidentified insects. This volume provides examples of artifacts 
that may be confused for parasitic life stages. Artifacts should be considered on the basis of 
size, shape, lack of organelles and defining feature, and variable reactivity with common 
stains. 
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CHAPTER 4 » A PORTABLE MOM-LAB 
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Figure 4-14, Kyle the Robot is a work-in-progress who requires a wide range of specialized tools and 
components. Some new components are being fitted, including dedicated battery voltmeters, fuses, a 
circuit breaker, and a master power switch, Once the sharp corners are filed off, Kyle will be able to roll 
around the house, looking for chores to do. 


Summary 


[As we come to the end of this chapter, you should have some good ideas bouncing around in your head. 
about how you want to pack your mobile electronics lab, what tools and components you absolutely 
must have with you, and haw you want them organized, The best way to find out for sure what works for 
you is to make a few field tips, paying careful attention to what was actually used compared to what you 
anticipated needing. This will help you whittle down your cargo to the bare essentials, which is what you 
‘want, Remember, travel light. Excess baggage is a purely optional curse. 

In the next chapter, we'll ook at some suggestions for organizing and working in a more permanent 
setting, This could be a domain as small as the corner of a desk or as large as a warehouse. You will soon, 
discover, if you haven't already, that this hobby, like many other projects, will quickly expand to fill the 
‘space available. Try to keep in maind that you are the one that ultimately makes the decisions. Effort 
spent planning ahead of time will help keep the sprawl to a minimum, while helping you stay focused on 
‘what you wanted to be able to do in the first place. 


Red and White Blood Cells 


Red blood cells and a variety of white blood cells can be easily mistaken for parasitic cells or 
cysts when observed with microscopy. 


Image 13-1. Image illustrating red and white blood cells in a slide preparation. (SOURCE: Unknown) 


White Blood Cells 


Charcot-Leyden crystals are a product of eosinophil breakdown and are, therefore, 
occasionally found in feces of patients suffering from parasitic disease. They appear red when 
stained with in a trichrome fecal preparation. 


Image 13-2. Image illustrating trichrome stained Charcot-Leyden crystals in a slide preparation (Image 
courtesy of: The University of Alberta) 
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Image 13-3. Image showing trichrome stained Macrophage in a slide preparation. Note similarity to 
‘Amoeboid structure. (SOURCE: Unknown) 


Image 13-4, Image illustrating trichrome stained Leukocyte in a slide preparation. Note similarity to 
‘Amoeboid cyst structure. (SOURCE: Unknown) 


Image 13-5. Image illustrating Red Blood Cells in slide preparation. RBC’s may appear to have a central 
body and a rim of cytoplasm or granules which could be mistaken for Blastocystis hominis. (SOURCE: 
Unknown) 
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Fat Globules 


Fat globules present in a fecal slide preparation may appear similar to parasitic cysts or cell 
bodies. 


Image 13-6. Image illustrating Fat Globules in slide preparation. (SOURCE: Unknown) 
Emulsifying agents are a useful tool to eliminate potential confusion involving fat globules. The 


removal of such particles from slide preparations will undoubtedly reduce cases of 
misdiagnosis. 


-278- 


Yeast Cells 


Yeast may resemble protozoan cysts because they are uniform in color, have few inclusions 
and no nucleus. Yeast could also be confused with small protozoans like E. nana or with 
Cryptosporidium or Cyclospora oocysts in wet preparation. In acid-fast stains, the oocysts of 
Cryptosporidium and Cyclospora species stain pink to red. Yeasts are not acid fast and stain 
green. 


Image 13-7. Image illustrating Yeast Cells in slide preparation (Image courtesy of: Don Lehman). Note 
similarity to parasitic aocysts. (SOURCE: Don Lehman, Univ of Delaware) 
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Vegetable Cells 


Plant cells and associated elements seen in feces may resemble eggs, cysts or cell bodies. 
Plant cells are often identified by a more irregular outer membrane. 


Image 13-8. Image illustrating Vegetable cell in slide preparation. Note similarity to Paragonimus eggs. 
ge rT 1g Veg prepi 91 99! 
(SOURCE: Unknown) 


Image 13-9. Image illustrating Vegetable cell in slide preparation. Note similarity to Dipylidium caninum egg packets. 


(SOURCE: Unknown) 
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Image 13-10. Image illustrating Vegetable cell in slide preparation. (SOURCE: Unknown) 


Image 13-11. Image illustrating a Vegetable Spiral in slide preparation. Such spirals may appear similar to 
proglottids. (SOURCE: Unknown) 


Image 13-12. Image illustrating Vegetable Spiral in slide preparation. (SOURCE: Unknown) 
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Pollen 


Pollen grains are often misinterpreted as parasite eggs, but can often be discerned through 
size and the presence or absence of important structural elements. 


Image 13-13. Image illustrating pollen in slide preparation using a color filter. (SOURCE: Unknown) 


Image 13-14. Image illustrating pollen in slide preparation that could be mistaken for a Taenia egg. The 
shell is thinner, of non-uniform thickness, and no hooks are visible. (SOURCE: CDC) 
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Image 13-15. Image illustrating pollen resembling a Hymenolepis nana egg. Hooks and polar filaments are 
not visible. (SOURCE: CDC) 


Image 13-16. |mage illustrating geranium pollen cells in slide preparation. (SOURCE: Unknown) 


Image 13-17. Image illustrating pollen cells in slide preparation. Similar to Taenia eggs, but distinguished 
by uneven thickness of the wall and lack of internal contents do not suggest an egg. (SOURCE: Unknown) 
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Hair 


Animal and plant hairs are most often and easily mistaken for parasitic nematode worms. Their 
size and shape may be comparable in many cases, but a lack of internal definition will identify 
the artifact when compared to the worm. Although nematodes are non-segmented and 
externally simple organisms, they will often show unique structural characteristics under close 
examination. 


Image 13-18. Image illustrating peach hair in slide preparation. Note the similarity to Strongyloides 
stercoralis. (SOURCE: Unknown) 


Image 13-19. Image illustrating vegetable hairs in slide preparation. (SOURCE: Unknown) 


-284- 


Insect Eggs 


Image 13-20. 1mage illustrating Insect eggs in slide preparation. (SOURCE: Unknown) 


Plant Parasites 


Image 13-21. Image illustrating Heteradera spp. in slide preparation. Such parasitic nematodes attack root 
vegetables such as beetroot, turnips and radishes. Their eggs are 80-120um by 25-40 um and can 
conceivably be confused with haokworm eggs. (SOURCE: Unknown) 
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CHAPTERS 


The Cozy Corner Lab 


Chapter 4 focused on the needs of the travelling electronic adept. Here in Chapter 5 you can come home 
toa lab thatis always ready and waiting for some electrical fun and doodling. Nice! 

You don’t need an entire garage or extra office for a functional laboratory for your electronic 
endeavors. It's certainly nice if these areas are available to you, but you might be surprised at how much 
‘you can do in just a small space, if you set it up properly and maintain it with determination, 

The first part of this chapter will deal with the task of rehabilitating a small, dedicated work area that 
hhas succumbed to years of poor organizational habits, These things happen. The second half of the 
chapter explores the possibilities of starting afresh with a nice, clean space—either something brand 
new or just newly cleaned. Some more projects help break in your new work area, as well as familiarize 
‘you with more interesting information about some of the basic electronic components reviewed in 
Chapters. 


The Rehabilitation of a Small but Useful Area 


Let's perform a little magic, in the form of a complete makeover for a small workstation. Have a look at 
Figure 5-1, Don't let this happen to you! 
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Earthworms 


Image 13-22. Image illustrating an Annelid earthworm in detritus. They belong to the Annelida 
(Lumbricus and Allolobophora) and are elongated, segmented and circular in section and are 
‘occasionally confused with Ascaris. They have a purple-brown dorsal surface and a paler ventral 
surface, swell out at around segment 12 and possess a marked thickening (the clitellum) a third of the 
way from the anterior. (SOURCE: Unknown) 
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TRODUCHION TO KATANA NESIS TECHNOLOGIES 


COLOR, SYMBOL, SOUND AND BIO-REGENESIS TECHNOLOGIES 


BIO-REGENESIS TECHNOLOGIES are tools to assist us in accelerating our expansion of 
consciousness through natural, gentle stimulation of the personal DNA TEMPLATE, KUNDALINI 
ENERGIES, CHAKRAS AND MERKABA VEHICLE. Bio-Regenesis techniques are built upon the 
foundations of KEYLONTIC MORPHOGENETIC SCIENCE and advanced SCALAR MECHANICS, 
‘a8 understood by races of higher evolution; these are paradigms of science not yet recognized or 
validated by contemporary earth science paradigms. Because Bio-Regenesis technologies are 
based upon what is viewed by modem earth science paradigms as a speculative rather than 
verifiable science, | present Bio-Regenesis techniques only as an option to explore in meditation. 

Bio-Regenesis technologies were taught as “Common Knowledge” within the Ascension Schools 
of Pre-Ancient advanced human cultures and were utiized as standard practice in pre-ancient time 
periods. Bio-Regenesis Technologies are bui upon the natural laws of scalar wave mechanics. 
Bio-Regenesis Techniques are SPECIFIC APPLICATIONS OF CONSCIOUS ENERGY 
DIRECTION WITHIN THE MANIFESTATION TEMPLATE OF THE BODY that simulate into 
activity dormant portions of the personal Manifestation Template, which allows for a natural, 
progressive and accelerated advancement ofthe personal ORGANIC EVOLUTIONARY 
BLUEPRINT of the 12 Dimensional Omni-polar Pre-matter Template, Bio-Regenesis Techniques 
‘simultaneously create subte, natural acceleration within the interwoven energy systems of the 
DNA Template, Chakra System, Merkaba Fields, Kundalini energies, higher dimensional 
‘consciousness, and "Subtle anatomy. 

In the Bio-Regenesis paradigm itis said that such techniques allow an individual to affect the 
function of the scalar wave template ofthe body, working co-creatvely under the direction of the 
individual's own higher dimensional levels of consciousness. As the higher dimensional 
levels of the personal identity, the spiritual identity of the Soul, governs the processes of the 
personal Manifestation Template, Bio-Regenesis Technologies are completely safe and natura to 
‘the organic design of the human being. Using processes of Bio-Regenesis from the earthly 
conscious perspective expedites the natural processes of energy and consciousness by which the 
higher identity and earthly identity integrate to become one. In advanced ancient human cultures, 
Bio-Regenesis Technologies represented a natural atribute of consciousness expansion into the 
Teaims of higher evolution and assisted to biologically prepare humans for STAR GATE passage 
or “ASCENSION”. 

we can understand that the HUMAN MIND is an energy force that CONTINUALLY 
GENERATES PATTERNS OF SCALAR WAVES through the process of THOUGHT, itis not 
dificult to understand how APPROPRIATELY DIRECTED THOUGHT can directly influence the 
function ofthe personal Manifestation Template scalar blueprint Allthoughts serve this purpose, 
‘and ¢irecty effect the observable state ofthe mind-body-spirt system and the manifestation of 
‘events within the external life drama. THOUGHTS ARE THINGS: SCALAR WAVE 

CONFIGURATIONS of mut-dimensional vibrating patterns of BLPOLAR ELECTROMAGNETIC 
ENERGY RADIATION, which form SPECIFIC PATTERNS OF SCALAR FREQUENCY within the 
personal Manifestation Template. 

Undirected thought creates chaotic patterns within the Manifestation Template, while thought 
irected through clear intention creates ordered patiemns within the Manifestation Template, 
‘Thought directed with clear intention and KNOWLEDGE OF THE STRUCTURE OF SUBTLE- 
BODY ANATOMY, is 2 very potent form of SCALAR POWER. The pattems of scatar energy 
frequency that thought projects into the personal Manifestation Tempiate serve as 
ELECTROMAGNETIC OPERATIONAL INSTRUCTIONS within the Template, directly effecting the 
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conditions that will be met in manifest experience. To develop killin the manifestation process, the 
Conscious “intending” mind must become more famiiar with the “LANGUAGE OF SCALAR 
WAVES", as this is the ‘LANGUAGE OF LIGHT AND SOUND" upon which the Manifestation 
‘Template operates. The “language of scalar waves" is ‘spoken’ through the forms of spectic wave 
‘spectra, forms that appear tothe conscious 3-dimensional mind as frequencies of SOUND, spectra 
Of LIGHT or COLOR, and shapes or SYMBOLS. 

‘What we perceive as color is specific spectra of LIGHT-RADIATION WAVES that have a 
‘specific measurable WAVELENGTH and vibrational ENERGY SIGNATURE. In using the 
‘conscious mind to direct quantities of color, we are CONSCIOUSLY SELECTING SPECIFIC 
‘SCALAR FREQUENCIES to add to the Manifestation Template, When we use the conscious mind 
‘to create images of SYMBOLS, we are further SPECIFYING THE ARRANGEMENT OF SPECIFIC 
FREQUENCIES, as they will eppear within the Manifestation Template. SYMBOL FORMS (even 
‘those that compose the alphabets of outer languages) represent SCALAR-WAVE GUIDES, and 
irecty affect the contours ofthe scalar wave blueprint of the Manifestation Template, The 
Manifestation Template governs the function of the body and consciousness within the manifest 
experience, and so the “Language of Scalar Waves" is the medium through which we gain 
conscious access to the CASUAL LEVEL OF MANIFESTATION. In using color and symbol to 
Sirect frequency, we are creating a pattem of energy that has a specif vibrational signature or 
“TONAL SOUND SIGNATURE”, which directly interfaces wih the energetic vibrational sound 
‘signature of the Manifestation Template's scalar grid. 

{n Bio-Regenesis technology, Color and Symbol ae used to direct the TONAL SCALAR 
ARRANGEMENTS of the Manifestation Template, to create natural, desired resus within the 
body-mind-spirt system. There are many completes within the process of conscious 
‘manifestation that one mustleam to fully master the contours of space, time and matter. The 
beginning step is learning to give more finely tuned thought intention "PROGRAMMING 
INSTRUCTIONS" tothe personal Manifestation Template. Thoughts and images rendered in 
external language and 3-timensionally associated symbols affect the outer layers of the 
‘Manifestation Template, but they do not provided as finely tuned manifestation instructions as do 
the “scalar wave languages” of Color and Symbol image, which direct the contours of vibrational 
pattems of SOUND. Mastery within the interdimensional specirum progressively develops as one 
‘masters the core "PROGRAMMING LANGUAGES" of Color, Symbol and Sound Vibration, 

In MIND TECHNOLOGIES, such as CREATIVE VISUALIZATION and VERBAL AFFIRMATION, 
beginning skilin SCALAR TEMPLATE PROGRAMMING is developed through using emotionally 
charged images and precise sound pattems in the language to which we are accustomed, as 
methods to begin gaining conscious control over the processes of personal manifestation, 
Keylontic Science BIO-REGENESIS TECHNOLOGIES take us ONE STEP DEEPER into the 
‘manifestation process, by directly employing the LANGUAGE OF SCALAR WAVES and directing 
the ENCODED INSTRUCTIONS through PRECISE LOCATIONS within the body-mind-spint 
syste! and the Manifestation Template upon which this system is bul. Bio-Regenesis 
technologies take us from speaking the language ofthe 3-dimensional mind into speaking the 
intrinsic scalar-wave language ofthe Spirit, which is the CASUAL ELEMENT behind and within all 
manifestation. 
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possess power as MATHEMATICALLY ENCODED directors of scalar frequency; the ultimate 
effect of this directed power is the ability to affect the scalar ‘arrangements of the Manifestation 
‘Template. Intinsicaly, scalar waves are specic points of vibrating bi-polar energy signatures. 
Vibration of energy units creates pattems of intemal and external SOUND, within and beyond the 
‘ange of 3-cimensional detection, The Manifestation Template can be conceptualized as an 
INTERWOVEN FABRIC OF SOUND FREQUENCY, the ‘Sient Symphony” of personal and 
universal being. The tools of Color and Symbol afect the scalar-wave arrangement of the 
Manifestation Template, and thus ater the vibrafonal patterns of SOUND TONES within the 
personal blueprint. COLOR AND SYMBOL are tools for the direction of SOUND, and intentional 
application of SPECIFIC SOUND TONES can aso be used in conjunction with Color and Symbol, 
‘to further amplify one’s power to interact with the Manifestation Ter 

Along with the techniques of Color and Symbol direction, TONING, or the intentional 
generation of specific sounds to affect the Manifestation Tempiate, is also utilized in Bio- 
Regenesis technologies and spiritual ‘expansion programs. “Toning Therapies” have ‘emerged in 
recent years through the New Age and Holistic Healing paradigms, and have been applied for 
thousands of years, within the practices of spitual masters in every religious traditon. SPOKEN 
LANGUAGE itselfis a form of TONING, with ts accompanying SYMBOL ALPHABET, and like all 
Symbols and Sound Tones, our lnguages directly afiectthe personal Manifestafon Template, and 
‘the level of consciousness that can manifest through the body. In ancient cultures, the powers of 
Janguage were better understood than they ‘presently are in contemporary mainstream society. 
Particularly within the Priest-casts of ancient religions, language was used more consciously, with 
‘an understanding that words, sounds and images would drecy effec the consciousness ofthe 
masses. Prayers, rituals and songs, some of which remain in use today, were used as a means of 
altering consciousness. Some assisted in spiritual development, others were intentionally used to 
limit and control the consciousness of populations, 

‘The contemporary earth science paradigm is only beginning to explore the power of sound 
vibration and the connection between sound, symbol and color is not yet recognized or understood. 
In advanced pre-ancient cuttures, these sciences of Scalar Mechanics were fully understood 
and utilized in the most powerful of ways. Color-Symbol-Sound technologies were not only 
used in Bio-Regenesis applications for personal health and ‘Consciousness expansion; they were 
also used among GROUPS OF PEOPLE to directly interface with the scalar-wave Manifestation 
‘Template of the PLANTETARY SHIELDS. Vortices, Time Portals, Star Gates, Ley Lines and free 
‘energy Systems generated through the planetary core and solar light emanations were all 
DIRECTED THROUGH THE FOCUSED MIND, utilizing knowledge of ‘Color-Symbol-Sound Scalar 
Mechanics. Since the fll of ancient cutures, which came as a result of abusing the powers of 
these Scalar technologies, the Color-Symbol-Sound sequences once used to direct massive 
‘amounts of power became the “HIDDEN AND FORBIDDEN SACRED KNOWLEDGE", 

‘The COLORS, SYMBOLS and SOUNDS used in Bio-Regenesis techniques are Not simply 
random choices. The elements of Bio-Regenesis technique are drawn from a UNIVERSAL 
STANDARD LANGUAGE OF “SCALAR SPEAK’, through which precise ‘scalar frequencies are 
generated through specific Color-Symbol-Sound sequences to create ‘very specific effects 
within Manifestation Templates. The Bio-Regenesis Techniques present offered represent only 
the beginning of our reawakening to this vast body of Sacred Science knowledge. Many Bio- 
Regenesis techniques utlizing Color-Symbol sequence scalar mechanics are accompanied by a 
corresponding exercise in TONING. Within the mystical Ascension Schools of ancient and pre- 
ancient mes, there existed a very SACRED SERIES OF TONING SEQUENCES that were used 
to directly interface with the DNA TENPLATE and the AXIOM LINES in the PLANETARY 
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CHAPTER S » THE COZY CORNER LAB 


Figure 5-1. A workstation that has been in continuous use for several years. Not much planning went into 
the original organization of this work area, Such a space can often accumulate flotsam and jetsam that 
might have at one time seemed appropriate, but now just competes for precious space. The effective work 
‘area is down to only a few dozen square inches! This limits the scope of projects that can be comfortably 
undertaken. Italso causes unnecessary delays in rooting around for tools and parts. I's not pretty andl it's 
not safe 


Where to begin? Like any other project, this big project is made up of many smaller projects, none of 
which are especially difficult, if approached in the right order and with the right attitude. 

Ifyou're starting from scratch with your electronics lab and don’t want to wade through this mess, 
jump on aver to the “Adding a Power Source” section of this chapter. 


Science to the Rescue! 


Let’s use the science of zaxonomy to help break down this task into smaller, more manageable jobs. 
‘Taxonomy comes from the Greek words for “arrangement” (1axis) and "method" (nomia). That sound 
like exactly what is needed here! An “arrangement method” would assist in building up a plan for 
attacking this project. 


Tip Method plus rigor equals success! Have a plan, pursue it with determination, and you will succeed 
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SHIELD. On a personal level, trough tis specific series of Toning, dormant strands in the DNA 
Template could be progressively brought into activation, to expedite the process of Spiritual 
‘Actualization, Holistic Healing and building of the PERSONAL MERKABA VEHICLE within the bio- 
energetic field. On the planetary level, these Sacred Toning Sequences were used to 
ENERGETICALLY OPEN the PLANETARY AXIOM LINES for CLEARING, REPROGRAMMING 
AND ACCELERATING THE ACTIVATION of the PLANETARY SHEILDS, This series of Sacred 
Toning was collectively called "THE MUSIC OF THE SPHERES". 


‘THE SONGS OF THE SPHERES 


‘The MUSIC OF THE SPHERES represents the ORGANIC TONAL SEQUENCES of EACH 
DIMENSIONAL FREQUENCY BAND within the 15-Dimensional Time Matrix; the 
CONSOLIDATED CORE VIBRATIONAL SOUND SIGNATURES of each Dimensional frequency 
band. Of the 15 core vibrational signatures ofthe 15 Dimensions in a Time Matrix, 12 ofthese 
Core signatures serve as the PRIMARY 12 TONAL SEQUENCES upon which each strand of the 
12-Strand original human DNA Template, and each AXIOM LINE in the 4Density Planetary 
Shields are structured. in using the Tone Sequences of the Music of the Spheres, the 12- 
Strand DNA Template can be PROGRESSIVELY BROUGHT INTO NATURAL ACTIVATION. 
‘Scalat-wave distorions within the Templates for the DNA Strands (which physically manifest as 
genetic distortions) can be systematicaly REALIGNED with their natural perfect 12 Dimensional 
ORGANIC IMPRINT. In using the Music of the Spheres for work with the Planetary Shields, 
each of the 24 AXIOM LINES can be OPENED and ENCODED WITH THE PERFEGT PATTERN 
OF THE PLANETARY PLASMA BEAM. Transmiting the 12Dimensional MAHARIC SHIELD 
patter directly into the Axiom Lines inthe Planetary Shields is the most rapid method to distribute 
the program of the PLANETARY ORGANIC INPRINT throughout the 4 Density Levels ofthe 
PLANETARY SHIELDS, 

In ancient days, the Music of the Spheres was used extensively for purposes of self-generated 
healing and to prepare the physical body foriteral passage through the planetary Star Gates 
Ascension’). The specific tone sequences for each SINGULAR DIMENSION (which 
Corresponded to one DNA Strand Template in the 12-Strand blueprint andthe inherent Dimension 
‘of consciousness that would embody through activation ofthe strand) are called the “SONGS OF 
THE SPHERES". Each "SONG" contained very specific ‘word sounds” (rom the fst Universal 
Spoken language) for lyrics, and spectic multilayered tones (which generated inaudible Tr-tone 
Standing Waves) for melody, harmony and overtones. To be effective, the Songs had to be used 
through the HUMAN VOICE, externally or mentally as the "SINGING OF SONGS", 

‘The Sacred Songs were sung in combination with directing spectic corresponding COLOR and 
SYMBOL sequences through the bio-energefc field (or through the Planetary Axiom Lines for 
Pianetary Shield work). The Songs served to “open” specific areas of the DNA Template, or 
specific Planetary Axiom Lines, to receive instructions directed by the Color and Symbol 
sequences. The tones of the Songs generated specific scatar-wave formations that triggered 
‘activation of corresponding convigurations within the DNA Tempiats and Pianetary Shields, 
Acfvation of dormant portions of the DNA Sand Templates or Planetary Axiom Lines ‘opened 
the Stand Template or Planetary Shield to drecty receive Color-Symibol scalar wave instructions, 
through which desired outcomes within the personal or planetary body, and within the external 
realty experience, could be PROGRAMMED" for maniiestation, 


The SCIENCE OF THE MUSIC OF THE SPHERES was one of the most! highly guarded 
“SAGRED SECRETS" in pre-ancient cultures, due tothe power of inerdimensional freedom and 
‘conscious manifestation that could be obtained through knowiedgeable use ofthe SONGS, 

Before the SONGS OF THE SPHERES wil be ful returned to human awareness, our culture 

‘will have to mature enough to demonstrate spiritually motivated eth of power, Certain 
SONGS are now being slowiy returned, so that we may assist those of higher evolution to realign 
Earth's Planetary Shield with ts original 12% Dimensional MAHARIC SHIELD ORGANIC IMPRINT. 
One of the 15 SONGS OF THE SPHERES wes provided to us by the Emerald Order. This SONG 
is used to activate dormant scalr-waves in the 8 DNA STRAND TEMPLATE, through which the 
process of activating the dormant 1*-8* Strands of the 12-Strand DNA Template can be 
accelerated, expediting the natural processes of higher dimensional spiritual identity integration, 

This SONG is also used to open the 8™ AXIOM LINE in GAIA'S PLANETARY SHIELD, to 
faclitate realignment of Earth's Planetary Shields from ETHERIC MATTER DENSITY-3, This 
‘SONG was given so that GROUPS can begin assisting directly in Planetary Grid work, opening 
‘specific Axiom Lines and Vortices in the planetary body to help bring Earth's Planetary Shield 
Manifestation Template ino its organic alignment and balance. The SONG that wes given is called 
the “Ariea Khum Nar’A". The English language transtaton is THE SONG OF ORION. This 
‘SONG OF THE 8" SPHERE corresponds to the 8" -Dimensional level of the UNIVERSAL. 
KATHARA GRID and its 8™ PRIMARY STAR GATE. It also corresponds to the 8 PLANETARY 
AXIOM LINE within the Etheric Matter Density-3 GAIAN PLANETARY SHIELD and to the & DNA 
‘STRAND TEMPLATE in the human body, The &® Dimensional STAR GATE within the 
UNIVERSAL KATHARA GRID is the Star Gate that opens into the ORION ‘STAR SYSTEM, thus 
‘the name of the SONG OF THE 8 SPHERE is “THE SONG OF ORION”. 

‘Soon the SONGS that correspond to the 11® and 12" Dimensional frequencies will be provided. 
Aside from its use in planetary grid work, when used as « “MANTRA’, repeatedly sung as a focus 
for the mind in meditation, the Aries Khum Nar’A serves to stimulate consciousness expansion 
into the higher dimensional fields and amplifies and expedites the effects of personal Bio- 
Regenesis techniques, 
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Whe Arica Kleam-NMan'- 4 


The Song of Orion 


Part : the Resonant Tone Syllable Sequence (primary melody) 


Verse 1: OMA Da E, Patum ah 
OMA Da E, Patumah 
Patum ah A’ DEE - Tah, A khum-na 
OMADa  , Patum ah 


Verse 2:TrA TE La E" Durum Na 
TrA TE La E" Durum Na 
Durum’ ah A’ Khem + Tah, Akhum-na 
OMA Da E, Patumah 


UMah OM, A 


Part 3: the Over Tone Syllable Sequence (accompaniment 2) 


TATE © Dur Na~Lines 1 £2 Verse 2 
BE HE Tah om, A 
BE HE Tah OM, A 


Pah th A __DE-E=Tah_A Kun = Line 3Veret 
Dizum ah A Ker Tah A Krum Une 3 Veet 2 
Thra Khem’ Na, A 
ou AD Pate a= tne 4 vanes th? 
KhrA MiM, Tah A 


THE STRUI OF THE UNIFIED FIELD AND THE XT OF HEALINC 


fone is to become fluent in the art and science of Bio-Spiritual Healing 
Facilitation, it is necessary to become familiar with the primary structures of 
energy within which existence takes place. Without this understanding one will be 
unable to identify the true nature of systems and their intrinsic functions. If we do 
not understand the intrinsic order of a system and the elements that make up 
its parts, our ability to comprehend the organic functions of the system will be 
limited. Without comprehension of the intrinsic dynamics inherent to a system, 
our perceptions will be limited to observing the effects of systems function, 
rather than perceiving the causal elements behind and within the apparent 
observable effects. In relation to the health and healing of the human body, itis 
wise to view the human Body-Mind-Spirit organism as a series of interwoven 
systems, each with inherent, implicit order, the perceivable and observable 
aspects of which represent the effects of systems function. The observable 
effects of the human condition emerge from an as yet unidentified causal 
order, a hidden and mysterious source out of which the manifest effects of 
human existence emerge. Holistic Healing approaches human health and 
healing in terms of the interdependent relationships between ‘multiple interwoven 
systems. The Body-Mind-Spirit organism is viewed in terms of the intrinsic 
relationships that unite the multiple systems of the human being, rather than in 
terms of the observable boundaries that appear to separate and divide the 
multiple systems inherent to the human organism. 

Holistic Healing, and KATHARA Healing particularly, take the concept of 
intrinsic unity within the seemingly separate systems of the human being one 
step further than simple interrelationship between physical, mental and 
spiritual aspects of human experience. In the paradigm of Kathara Healing, 
the human organism is viewed as a set of interwoven systems that is itself 
part of a larger system of interdependent systems. The human individual is 
not only recognized as a singular set of unified parts, but rather as an intrinsic 
part of the species, planetary, galactic, universal and cosmic systems within 
which human existence finds context for being. The Cosmic Unified Field of 
Energy and Consciousness is viewed as the indelible medium within which all 
realty takes place, and human existence is viewed in terms of its relationship to 
this greater Meta-system of interwoven, interdependent systems. The health and 
wellbeing of the human being is directly related to and effected by the 
‘systems-functions of the greater Unified Field. In order to better understand 
and facilitate the health and healing of biological organisms, it is useful to 
understand the basic order and function of the UNIFIED FIELD- the context in 
which life itself takes place. 


Kathara Healing is an ancient system of Holistic Healing, dating back beyond 
presently identified recorded human history. The principles of Universal Order as 
taught within Kathara Theory present a broader context of universality than is 
presently recognized by contemporary westem science. Kathara is built upon Laws 
of Multidimensional Universal Physics, laws of intrinsic nature with which western 
science is not yet familiar. In Kathara Healing the hidden order of universal systems 
is recognized and the foundations of Kathara demonstrate the interwoven systems- 
functions between the human being and the order of the Unified Field. To develop 
proficiency and genuine skill within the art and science of Holisti¢ Healing, the 
basic order of the Unified Field must be understood. For with this understanding 
‘comes the ability to directly interact with and influence the causal elements of the 
human experience. For this reason the teachings of Kathara Healing begin with 
providing @ basic format through which the CONTEXT of healing can be understood 
—a glimpse at the intrinsic order of the Universal Unified Field. 


With foundations grounded in coherent systems relationships, the Kathara 
Healing Facilitator has more knowledge, power and comprehension to bring to the 
art and science of healing facilitation. Through comprehension of the intrinsic 
systems of universal order, the Kathara Facilitator progressively evolves to 
embrace the unity of SELF within the Unified Field, opening to an ever- 
expanding capacity of spiritual awakening and the embodiment of 
UNCONDITIONAL LOVE. The physical, mental and spiritual aspects of human 
anatomy represent one interdependent, interwoven system that is continually in a 
state of relationship to the Unified Field. This relationship must be acknowledged and 
embraced if true health and healing are to occur. Human evolution is a Bio- 
Spiritual process, the body and the consciousness - the biology and the spirit 
«are inseparably intertwined within themselves and within the greater order of 
the Unified Field. 


Healing emerger through restoring order to the 
OUE-SYSTEM aud ite infinite parte. 


THE HOLOGRAPHIC TEMPLATE 


Sy 


The externalization of life, manifestation of matter and individuation of identity are 
HOLOGRAPHIC PROJECTIONS of CONSCIOUSNESS-ENERGY SUBSTANCE, 
created through an intrinsic order of energetic relationships. Energetic relationships 
represent interrelationships of consciousness, in its infinite manifest and 
de-manifest forms. 


Consciousness /5 ENERGY 
And 


Energy /5 CONSCIOUS. 


‘True Science has a spiritual core and true spirituality has its intrinsic translation within the 
Laws of Energy that govern the manifestation of universal systems. 


Realty is THOUGHT CONSTRUCTION. The core substance of the cosmos is 
CONSCIOUSNESS. Thought is an atvibute of CONSCIOUSNESS, the filter through which 
consciousness manifests itselfinto the Hologram of Form, 


Nothing is truly solid, Al things are composed of consciousness and their apparent solidity is 
determined by the relationship between the consciousness observing the form and the 
‘consciousness of which the form is made, Hurnan consciousness emerges through an order of 
dimensionalization, which sets frameworks within which the interrelafionships of 
can take place. Human perception of solidity and externalization is determined by the 
oscillation rates between dimensionalized units of consciousness. Dimensionallzed units of 
consciousness form frequencies of energy, which exist in specific relationships to each other. 
‘Human consciousness (the soul ~spiri!), and human physica! form are patterns of frequency 
formed by dimensionalization of unis of consciousness. We perceive manifest solidity 
due to the relationship between the frequencies of consciousness of which we are made and those 
‘of the Unified Field of Conscious Energy around us. Humans perceive as solid the frequency 
bands that exist one full dimensional spectrum below the frequencies within which the 
individuated or collective consciousness is stationed. 


‘The only difference between a thought and a manifest thing isthe frequency of the 
consciousness of the observer. Manifest realty is thought projection, made solid and 
externalized by relafonships between the frequencies of our focus of attention and those of the 
projected thought forms. We perceive as reality the thought forms of the collective masses as 
‘they were placed within the frequency bands that now exist one dimension below the 
frequencies within which our present focus of collective consciousness is stationed. 


As reality is a THOUGHT FIELD, composed of units of consciousness ‘awareness, reality can 
be directy AFFECTED by THOUGHT, as the substance of both thought and Teality are one and 
the same. The key to mastery of our present reality and to restoring our imprint for health, is 
understanding the reality of cimensionalization within which our consciousness now resides, 


‘The human body is a HOLOGRAPHIC PROJECTION of consciousness that is built upon a 
HOLOGRAPHIC TEMPLATE of structured units of consciousness. The Holographic 
‘Template represents the Living Morphogenetic Field — the. dimensionalized blueprint of 
conscious light, sound and scalar waves, within which the individuated consciousness is stationed, 
and upon which the Hlusion of solidity of the body matter is formed, To ‘effect true and lasting 
change within the Body-Mind-Spirit System of the human being, one must go fo the core of 
its manifest structure ~ the Holographic Template or Thought-energy Blueprint, upon which 
the entire system of consciousness itself comes to know being. 


‘The body is a HOLOGRAM that can be directly affected by the substance of which Ris 
‘composed — CONSCIOUSNESS. In learning the structure of cimensionalization through which the 
‘body-ilusion manifests, one becomes progressively more masterful in directing this personal 
thought form to suit ones desired specifications. The core Holographic Template of the personal 
‘and universal body is called the Kathara Grid. Kathara Healing is the process by which the 
embodied aspects of human consciousness become more aware of and able to direct the intrinsic 
‘processes of holographic projection, with the intention of restoring integrity to the function of the 
Body-Mind-Spirt system. 


‘No thing is truly manifest-it only appears to he so, 
due to the refraction of consciousness 
within the energetic relationships inherent to 
the Holographic Template- 
the original hought-form construct 
Upon which our universal structure 
is perpetually recreated. 


74U creatures and things ane Spiritual Beings having a Manifest 
Experience... He creatine or thing cau be ever dinorced from ee 
cnnate opirituality, but only from the awareness of ts uatere. For 
ge ts the exfrescion aud. auhstance of spirit- and. manifest reality 
& but a Dreamscape, from which we cventually all awaken... 


The causal element of all manifest experience is called a Morphogenetic 
Field or MANIFESTATION TEMPLATE. Keylontic Science, the science of 
Manifestation Templates is part of a larger advanced Paradigm of science 
that is known as 15-Dimensional UNIVERSAL UNIFIED FIELD 
PHYSICS, 


PRIMAL SUBSTANCE 


‘+ AManifestaton Template is made of PRIMAL SUBSTANCE; units of conscious energy called 
PARTIKI thet exist as Omni-polar points of fixed vibration. Partiki units are the smallest 
building blocks of matter, and they form the templates upon which consciousness in all forms 
enters manifestation. 


© Partiki units are Omni-polar (containing the potentials for all polarties or none) units of 
vibrating energy that perpetually cycle back and forth between a state of BI-POLAR LIGHT 
RADIATION (scalar-standing-wave) and OMNI-POLAR SOUND VIBRATION, 


Inthe Omnl-polar state, Partki units exist as invisible, fixed points of sound vibration, 
forming whats called an INTERDIMENSIONAL TRI-TONE WAVE. An Interdimensional Tri- 
tone Wave is @ singular point of fixed vibration that is composed of 3 sub-vibrations (base 
‘one, overtone and resonant tone). When Pariki units are in their Omni-polar state they exist 
as Ante-matter substance, the first state of energy organization before Pre-matier 
‘manifestation. Through a process of Internal Fission characteristic to their design, Partk units 
break apart to form Bi-polar waves, while replicating their original T-tone Omni-polar design, 


‘+ Inthe Bi-polar state, two sub-vibraions ofthe Tritonal Standing Waves of Partiki units break 
‘down into two sub-units, sub-tones, called PARTICUMBese Tones and PARTIKA Overtones, 
interconnected units of B-POLAR LIGHT RADIATION that form Electromagnetic Scalar- 
‘Standing-Waves. The third vibration ofthe Tritone wave, the Resonant Tone, remains as the 
Core vibration through which the polarized vibrational units of Paricum and Parikawill reunite 
through Intema! Fusion, 


‘* PARTICUM units form the energetic building blocks for PARTICLE TEMPLATES and 
PARTIKA units form the building blocks for simultaneously manifesting ANTI-PARTICLE. 
‘TEMPLATES. Particle and Ant-particle Templates are interconnected, united by the Ante- 
‘matter PARTIKI units through which they manifest. The effects of ELECTRICAL AND. 
MAGNETIC FORCE are set in motion through the EXPANSION AND CONTRACTION of 
‘energy vibration between Particle and Anti-paricle matter units through the Ante-matter Partiki 
unit that unite them, 


‘+ Particum-Particle units represent the CONTRACTION PHASE of ante-matier energy, with 
higher VIBRATION (energy contracted into or received by the Ante-matter template) and lower 
OSCILLATION (energy expanded or transmitted from the Ante-matter template) and so are 
considered BASE MAGNETIC. Partika-Anti-particle units represent the EXPANSION 
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PHASE of Ante-matter energy, with lower Vibration and higher Oscillation, and are considered 
BASE ELECTRICAL. 


ELECTROMAGNETIC ENERGY is created through the continual cycling of energy, as the 
Omni-polar Ante-matter Tr-tone Wave of Sound Vibration projects its energy into B-polar 
Particum and Partika Scalar Waves of Light Radiation, Eneray thrust expands into the Ant- 
particle Parfka vibration point as electrical force. It then contracts into the particle Particum 
vibration point, creaiing magnetic pull, (in ro to its original electical thrust), asthe third 
vibration in the Ante-matter Tri-tone Wave draws the energy back to its source. Through the 
raw of the Ants-matter Parti template, Partka-Ante-particles and Particum-partiles are 
broughtinto a state of Fusion. Upon fusion, the energy of the Paricum and Partka 
‘ransmutes, the Bi-polar Standing Scalar Waves of Light Radiation returning to thei original 
(Omni-polar Ante-matter state of Parti units. Once returned to the Partiki state, the process 
repeats as the Partki creates Fission and replication, Partiki, Particum and Partika units 
represent PHASES that Primal Substance energy passes through as it moves into and 
out of manifestation, 


‘The process by which Partki units perpetualy convert conscious energy into Bi-polar Light 
Ratiation Scalar-Waves (expansion) and back into Omni-polar Sound Vibration Tr-tone 
‘Waves (contraction) is called PARTIKI PHASING. Through perpetual cycles of Partki Phasing, 
‘matter units “flesh on* through fission, into Bi-polar Particle and Ant-particle maniestation 
built upon Scalar Waves of Light Radiation, then “fash off through fusion, into Omni-polar 
‘Ante-matter Sound Vibration, continually cycling energy between the manifest and non- 
‘manifest stale. The perception of exterrial physical matter, space and the passage of time 
are created through variance in relationship between rates of Partiki Phasing, 


‘Consciousness in the form of Partiki Units is the PRIMAL SUBSTANCE of which the cosmos 
is structured and Partiki Phasing is the perpetual PRIMAL ACT of reciprocal fission and fusion 
through which Primal Substance is brought into manifestation. 


CHAPTER 5 » THE COZY CORNER LAB 


Let's break down the overall category of “big mess on table” into two major saxa (singular: taxon), or 
categories. Ideally, what we will find here are tools and components. There will be other bits and pieces 
that don’t easily fit into one category or the other (or will maybe fit into both), but it gives us a place to 
start. 


Organization 


Divide and conquer''These are the two words that will help us through the ordeal of rehabilitating this 
‘workspace, We'll get to do a lot of dividing here, and end up as conquerors. The spoils will be a useful 
(and tidy!) work area that will encourage you to begin new electronic adventures, instead of scaring 
‘small children, 


The Great Divide 


It would be possible to reorganize this workspace in situ (Le,, in place), but it would require a great deal 

of inner peace and lots of patience. Lacking these, a complete reboot is in order. Let's clear off the entire 

table and start afresh, This will provide the excellent opportunity to arrange things in exactly the best 
wossible order. 

po irs, gt two big containers. These can be cardboard boxes or plastic storage bins—it really doesn't 

matter. We'll just be using them as temporary staging areas as we make like an embryo (and divide and 

divide again). See Figure 5-2. 


Figure 5-2, Two large cardboard boxes are enlisted to help with the initial organization of the contents of 
the tabletop. One will befor tools and the other one for components. Further subdivisions will be made 
later, 
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The Holographic Template 


PRIMAL SUBSTANCE 


Units of Consciousness, Mc jenetic Fields and Scalar Grids 


4. Partikl, Partika and Particum: 3. Park units continue to group or 
‘Smallest units of energy-substance. accrete upon the Partki Grids, forming 
Electro-onal units of consciousness ; ‘A. Keylons ~ crystalizaions of rozen 


that are the building blocks of light (standing scalar wave patterns and 


fixed points of tonal frequency), and 


individuated conscious identity. Va B. Keylon Codes - complex groupings of 
Operate as minuts, perpetual C) ‘Keylons, which together form a crystalline 
‘motion fission’ fusion generalors. template of light spectra, sound frequency and 
feo electro-magnetism thatis the morphogenetic 
Mater attr field Crystal Body the Blueprint upon which 
2. Partiki Grids: The fabric of matter and idently wil manifest. 
‘morphogenetic field structure. 
Parfki units group to form 
interwoven Strands, then Grids 
of electro-tonal substance, out of 
which morphogenetic fields are 
fashioned. Out of a Unified Field 
‘of Parfiki units, Pariki Grids form to 
create the frequency bands that make 
tp dimensional fields and then to form 


individuated morphogenetic fields . 


"The Morphogenetic Field is made of interwoven Partiki Grids. The electrotonal units of 
consciousness out of which Parbki Grids form create standing wave pattems scalar wave grids, 
which hold the form of consciousness within dimensionalized manifestation, Morphogenetic Fields 
are thus Scalar Grids, that form in specific ordered interrelationship, Partki Grids form upon the 

core geometrical-mathematical structure of the Kathara Grid, and so the Kathara Grid represents 
the core Scalar Field upon which form manifests. 


Morphogenetic Fields gover the form of matter manifestation and the evolution of 
biology and consciousness. Morphogenetic Field mechanics thus hold the key to 
mastery of physical reality and Bio-Spiritual Evolution. 
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¢ THE STRUCTURE OF DIMENSIONS 


Frequency Bands and Sub-Frequency Bands, Vibration-Oscillation-Particle Spin, 
Harmonics of Manifestation and Matter Density Levels. 


The Hologram of manifest reality is a complex system of interwoven energy 
constructs, all built upon dimensionalized sets of scalar grids- or fields of standing 
wave points — that form the base laws of energy upon which manifest reality 
functions. 


The physical portions of the human body represent wave strata that exist within 
‘specific relationships to the embodied consciousness. The embodied 
consciousness Itself is regulated by the intrinsic behavior of the wave strata in 
which it is ensconced. The wave strata of seemingly physical forms appeer to 


‘human detection in the form of particles, sub-particles and wave bands that group to 
form the 3-dimensionally manifest hologram of human life 


The behavior of dimensionalized wave strata is an intrinsic element within the 
function of human anatomy, and provides the very context within which human 
existence and evolution take place. When we come to understand ourselves as 
vibrating quantities of conscious energy, existing within a state of vibrational co- 
resonance with all things, which are themselves vibrating quantities of conscious 
energy, we can begin to understand the fundamental structures upon which the 
human condition is built, 


The human body is a construct of conscious energy, a living morphogenetic field 
existing within the greater living morphogenetic constructs of the species, planetary, 
galactic, universal and cosmic morphogenetic structure. We are simply an element of 
sentient consciousness within a larger structure of sentient consciousness, a part of 
the Unified Field of Consciousness that IS the living identity of the cosmos. Our 
physicality emerges through the perceptual lens of dimensionalization, which 
provides us with the seeming manifestation of particles, atoms, molecules and the 
physical systems built upon them. 


If we expect fo heal ourselves of the manifest conditions that cause suffering 
within the Body-Mind-Spirit system, we must first understand the nature of health, 
the ‘way things are supposed to work" when they are functioning properly. To 
understand the intrinsic Imprint and impetus for health in the human organism, a 
basic understanding of the contents of its parts is in order. That, understanding 
begins with identifying the basic reality structures within which we reside, and how 
we exist in relationship fo these structures. 


Our understanding of health begins with identifying the context of existence, the 
Unified Field of Consciousness-Energy of which we are all a part. A simple 
identification of the structures of the Unified Field will work wonders in 
assisting us to understand ourselves, and through this understanding we 
become more empowered to foster a healthful and more joyous living 
experience. To better understand ourselves we must return to the core of our 
intrinsic nature, the dimensionalized fields of consciousness within which we 
reside and out of which the substance of our SELVES is composed, 


The following characteristics inherent to the manifestation of 
the human hologram are a place to begin our journey of self- 
understanding. 


Characteristics of the Hologram 
PRIMAL ORDER: 


‘SCALAR WAVES: Points of standing waves, composed of quantifies of conscious ‘energy that 
emanate out of fixed units of vibration (Part units), which form the morphogenetic feld templates 
upon and through which consciousness dimensionalizes itself to experience the hologram of 
‘manifest reality. Created through Parfki Phasing (intemal issionfusion “fash onfiash of?) 


MORPHOGENETIC FIELDS: The templates of consciousness, light, sound and scalar 
standing-wave grids which serve as the structured blueprints upon which our consciousness 
‘manifests into dimensionalization, through which the holographic projections of space-time-matter 
and identity individuation can be experienced. 


DIMENSIONS: Morphogenetic Field Scalar Grids composed of interwoven layers of scalar 
waves, which serve to direct the flow of consciousness into mutiple patiems of refraction through 
which the hologram of matter densiy, inear time and objectification of reality can be experienced, 
Dimensions are spectic structures of consciousness, composed of Partki units wit differing 
vibratory-oscillation rates, which exist in precise relaonshp to each other, and govem the intrinsic 
laws ottuncon win the observaty manifest works The proces of dmensionalzaion ecoirs 
through the wholeness of consciousness compartmentaizng itself into various ordered sections 
having diversity of vibretory-oscilation, through which the wholeness of consciousness may 
‘experience itself in an endless variety of forms. Each dimension represents a full frequency band. 


FREQUENCY BANDS: Synchronized, cyclic, repeated sequences of “lashing on and off of 
scalar-wave points within the dimensional scalar grids, which gives the appearance of manifest 
movement of wave spectra within a dimensional system. Sub-frequency Bands are shorter 
‘segments of the longer “fashing on and off sequence ofthe full Frequency Band. The frequency 
of dimensional levels end the particles within them is determined by the vibratory-oscillation rate of 
the Partki units that make up the scalar-wave grid. Frequency is the form consciousness takes on 
while ensconced within the framework of dimensionalizaion, Frequency is the vibrating-oscillting 
‘wave spectra of which matier particles and dimensionalized consciousness are composed, 


VIBRATION-OSCILLATION: Vibration is the condition of internal movement, or holding of 
energy within units of consciousness (Parti) and the particles built upon them. Vibration is 
determined by the quantity of energy held within Parti units. Oscillation is the condition of 
external movement, or expending of energy from Partki units and the particles built upon them, 

‘The vibratory-oscillation rate of particles represents the rate at which the scalar standing- 
waves “flash off and on” within the morphogenetic field template. Vibration is the internal 
‘measure of energy quantity held within Partiki units and exists within direct proportion to 
the oscillation rate, or external measure of energy quantity expended, exhibited by Partiki 
and the particles buitt upon them. 

‘The vibratory-oscllaton rate represents the ratio between energy contraction (vibration) and 
‘energy expansion (oscilation), which sets the rhythm of particle pulsation that governs the 
formation of wave spectra within dimensionalization. The vibratory-oscilation rate of Parti units 
determines the frequency (cyclic pattem of scaler waves “lashing off and on”) of wave spectra 
within the various levels of the dimensionazed morphogenetic field. The relationship of 
vibrational-oscillation between wave spectra determines the matter density levels particles 
wall exhibit within the dimensional scale, 


SS Correspondences 


Higher Dimensional Fields (8-15) Lower Dimensional Fields (1-8) 
Low Vibration Higher Vibration 

Higher Oscillation Lower Oscillation 
Expanding Contracting 
Higher Frequency Lower Frequency 
‘Shorter Wave Length Longer Wave Length 
Slower Electron Spin Faster Electron Spin 
Less Density More Density 
Electric Magnetic 
Lower Vibration = Higher Vibration = 
Less energy holding in Partki = More energy holding in Parti = 
‘More energy expended from Parti = Less energy expended from Partki= 
Higher Oscilation = Lower Oscillation = 
‘More expansion = More contraction = 

Faster flash rate of Parti = ‘Slower flash rate of Pariki = 
Higher Frequency of Flash = Lower frequency of fiash = 
More extemal movement = More internal movement = 

Faster oscillaon = Slower oscilation = 
‘Shorter wave length = Longer wave length = 

Slower electron spin around nucleus = Faster electron spin around nucleus = 
Greater expansion of energy units = Greater compaction of energy units = 
Less density = Greater density = 

‘Less magnetism = Greater magnetism = 

More electic Less electrical 
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The human anatomy is’a 15-dimensional morphogenetic field scalar 
grid structure, composed of wave spectra with varying degrees of 
matter density characteristic to the dimensional band within which 
each level of the anatomy is stationed. The portions of our anatomy 


that appear solid are those stationed one dimension below our focus 
of conscious attention. 


PRIMAL ORDER OF MANIFESTATION TEMPLATES 


Morphogenetic Fields, or the MANIFESTATION TEMPLATES that serve as the blueprint 
through which consciousness manifests, are composed of the Primal Substance of PARTIKI 
UNITS. Partki units draw together or ACCRETE to form PARTIKI STRINGS. Following a set 
mathematical and geometrical design inherent to their form, Partki Stings interweave and 
overlap, forming a “Fabric of Light and Sound” called a PARTIKI GRID. APartki Gridis a 
fixed pattern of interwoven Bi-polar Scalar-Waves of ight radiation buit upon Omni-polar Ti- 
tone Waves of sound vibration, that forms the foundaton for dversiied Manifestaion 
Templates. A Partiki Grid is a SCALAR GRID. 


Following the precise mathematical design set by the will and intention of the manifesting 
Consciousness, Partiki Grids further acorete, drawing in more Partki Units, forming groups of 
Parfki units that are arranged following 3 cfferent rhythms of Peri Phasing. Tri-phase 
groupings of Partiki Units form pattems of Scalar-wave and Tri-tone wave intertelationships 
that create crystallizations of energy called KEYLONS. Groups of Keyions continue to 
accrete, forming complex Keyion arangements called KEYLON CODES, through which the 
Manifestation Template is progressively buit up from Ants-matier through various stages of 
mmatier density, beginning with PRE-MATTER SUBSTANCE, the fist density of Liquid Silica 
Hydro-plasmic energy to emerge into exteralized form. 


“The Morphogenetic Fields upon which universes manifest are buit upon a Manifestation 
‘Template thet has @ specific order of mathematical interrelationships that govern the combining 
of Scalar Grids with different rates of Partiki Phasing. The Cosmic Manifestation Template 
is called the ENERGY MATRIX. Within the Energy Matrix there are many smaller 
manifestation templates upon which Universes are structured. Universal Manifestation 
‘Templates are called TIME MATRICES. There are uncountable Time Matrices within the 
Energy Matrix, which are collectively referred to as THE TIME MATRIX. All Time Matrices 
within the Cosmic Matrix follow a specific mathematical-geometrical program through which 
‘space, time and matter can be experienced by consciousness upon entering the Time Matrix 
structure, 


Time Matrices are arranged upon a pattem of 15 different, but interwoven, Partiki Phasing 
‘hythms (rhythms of expansion and contraction of energy). Each of the 15 rhythms of Partiki 
Phasing creates one DIMENSION. A Dimension is a set pattern of "FLASH LINE 
SEQUENCES", or a cycle of singular Partki Phasing rhythms that contains within it 12 smaller 
thythms of Partki Phasing. Each Dimensional Manifestation Template creates a sel of fixed 
Scalar-Tr-Tone Wave Points that create a template of stationary SCALAR FREQUENCY. 
Each Dimension represents one SCALAR FREQUENCY BAND containing 12 smaller SUB- 
FREQUENCY BANDS. A Scalar Frequency Band is a cyclic pattem of specific Partki 
Phasing Rhythms, or EXPANSION AND CONTRACTION RATIOS OF ENERGY 
CIRCULATION, to which consciousness conforms in order to enter the experience of 
manifestation, 


To create the Universal Manifestation Template upon which external space, time and matter 
experience can be known, Dimensions are ordered into sets of 15, forming the blueprint for a 


19 


15-Dimensional Time Matrix. Within a Time Matrix the 15-Dimensions are further arranged 
into sets of 3 Dimensions, forming 5 3-Dimensional reality fields. Each 3-Dimensional 
Really Field is called a HARMONIC UNIVERSE, and each represents 2 level of matter 
densification specific to its intrinsic rates of Partiki Phasing, One Time Matrix is thus a 15- 
Dimensional Scalar Grid with 5 separate yet interwoven reality fields and 5 different densities 
of matter manifestation, 


Each of the 5 Harmonic Universes within a Time Matrix represents a TIME CYCLE. A Time 
Cycle is a fixed, repeating patter of Partki Flash Line Sequences, or a repeating cycle of 
specific raios of energy expansion-oscilaton and contraction-vibration. The Time Cycle of a 
Harmonie Universe is called an EUIAGO CYCLE. There are 5 simultaneously manifesting: 
Euiago Cycles in every Time Matrix, through which consciousness passes in orderto 
experience linear evolution through space, me and matter. Each Euiago cycle contains within 
1t6 smaller Fiash Line Sequences forming6 smaller cycles of ime called TIME CONTINUUA. 


The PRIMAL ORDER of Manifestation Templates represents the core 
mathematical and geometrical interrelationships of energy that consciousness 
takes on in order to enter the holographically projected experience of external 
space, time and matter. All manifest forms, including the HUMAN BODY and 
PSYCHE , are built upon @ Manifestation Template that begins with the Primal 
Order of Dimensionalization, through which the consciousness anchors itself into 
the Time Cycles of the Universal Manifestation Template Time Matrix, to begin 
the experience of evolution through time, 

Understanding the PRIMAL ORDER OF DIMENSIONAL STRUCTURE, as it 
pertains to the human organism, allows for comprehension of the greater causal 
framework through which personal healing must occur. Such comprehension of 
the core causal structure of manifestation enables one to work cooperatively, 
rather than in resistance to, the natural Universal Laws of Manifestation, 
progressively restoring the NATURAL HARMONIC ORDER of wellbeing and 
DIVINE RIGHT FORM, through which the indelible Organic Imprint for Health 
can be progressively restored. 


Dimensional Structure 


A Dimension represents a full Frequency Band, or repeating, cyclic 
sequence of “flashing on and off" scalar-wave points within a 
morphogenetic field. The morphogenetic field scalar grid structure of 
dimensions takes the form of sets of 15-Dimensional Matrices. The 15 
Dimensions are grouped into sets of 3 Dimensions each, forming 5 sets 
of 3-dimensional reality fields called HARMONIC UNIVERSES. The 15- 
Dimensions composing the 5 Harmonic Universes together represent one 
TIME MATRIX system. 


Each dimension of frequency is composed of 12 Sub-frequency Bands, 
or shorter cycles of the “flashing on and off" of scalar-wave points, which 
exist as part of the longer cycle of the full Dimensional Frequency Band, 
The Partiki in each dimension have a specific rate of vibratory- 
oscillation (contraction and expansion of energy), which determines the 
Angular Rotation of Particle Spin (angular axis upon which particles will 
spin). There is a 90-degree shift of angular rotation of particle spin 
between each dimensional frequency band and a 45-degree reverse 
‘shift between Harmonic Universes (sets of 3 dimensions/frequency 
bands.) 


Particles having varying vibratory-oscillation rates and angles of 
spin allow multiple dimensional reality fields to co-exist within the 
same space while remaining perceptually invisible to each other. The 
relationships between wave strata within the dimensional frequency bands 
create the holographic refraction of light, sound and scalar waves that 
allows consciousness to perceive the illusions of matter solidity, space, 
time and externalization of reality while it is ensconced within the 
structures of dimensionalization, 
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One 15-Dimensional Time Matrix with 5 Harmonic Universes 


PRIMAL ORDER of the => 
Dimensionalized Universal 
Manifestation Template ‘A Dimension isa full Frequency Band 


aerate Teg on adit b 
See 
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Frequency Bands and Sub-Frequency Bands 
within the 15-Dimensional Scale 


‘Frequency Bands are cyclo, repealed sequences of “ashing on and off of scalar slanding-wave painis 

that real tho appearance of mast wave specs win a denclnal ysom. Subvrecay Bands 
‘are shorlsr cycle segments of the longer “flashing on and off sequsnoe of the full Frequency Band. 
Frequency and. Dimensions. 


‘Sub-frequency Bands make up the foundation wave strata of 


45 Dimensions with 12 Sub-frequancy Bands each 
‘3 create 180 Subrequency Bands in one 15- 

Dimensional Matrix. (12 SFB per D x 15D = 180 SFY 
(9°36 SFE per 1HU x SHU = 180 SFB) 


15 Frequency Bands (Dimensions) 
and 180 Sub-frequency Bands. 
within the 5 Harmonic Universes 


of one 15-Dimensional Time Matrix. 
‘SFB = Sib-trequency Band 


CHAPTER S » THE COZY CORNER LAB 


Now, the first thing you will want to do is remove any items that really don’t belong in the lab at all, 
such as coffee cups, personal effects, and any obvious trash. Everything that is about to go into one of 


the two boxes should eventually fin 
just don't belong here. 

Isita tool? Is ita component? How do we tell? Ask five people and you will get five different answers, 
For the purposes of this little endeavor, a component s something that will become a part of a project, 
‘while a rool is something that is used to modify or manipulate a component. Another way of looking at it 
is that components get used up quickly, while tools get used up slowly. If you build enough projects, you 
‘will be lucky enough to see exceptions to these guidelines, 

Here are some examples. Wire is a component. Wire cutters are tools. That was easy. A flashlight is a 
“visual inspection aid,” soit goes under the category of tools. Batteries for the flashlight are consumable, 
so they are components, There's no real need to be ultra-precise at this point. Use your best judgment 
and make up policies that make sense to you. 

Itmight help, from a physical logistics standpoint, to use smaller subcontainers to hold the really 
‘small bits as you're lumping them into the two broad categories, Folding cardboard bin boxes are handy 
both on the tabletop as well as on shelves, if you have them. The cardboard bin boxes shown in Figure 
5-3 are from Uline (http: //uline-com), part numbers S-16268 (4" wide) and S-16269 (6 wide). 


way back to the work area, so now is the time to omit the things 


Figure 5-3, Folding cardboard bin boxes help contain some of the smaller bits and pieces during the Big 
Sort, You can use whatever happens to be available. Some preliminary subsubdivision is going on here. 
For the most part, the tools are on the leftand the components are on the right. 
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( PARTIKI PHASING, HARMONICS OF MANIFESTATION AND MATTER DENSITY 


Partiki Phasing — Scalar Standing-Wave flashing. The intemal 
expansion/ fission/ “flashing on” and contraction/ fusion/ “flashing off" of 
scalar standing-wave points made of Partiki units. Partiki Phasing govems 
the mechanics of matter manifestation within the Dimensionalized 
Frequency Bands of the Time Matrix. Through Partiki Phasing 
HARMONICS of Manifestation and varying levels of matter density are 
created. 


Each of the 5 Harmonic Universes, moving upward in the 15- 
Dimensional Scale, has a progressively less dense state of 
perceivable matter. As you go up the Dimensional Scale each Dimension 
has a progressively faster rate of Partiki Phasing with its corresponding 
higher frequency, faster oscillation, lower vibration, shorter wave length, 
greater expansion and less matter density. These conditions represent 
the stages of perceivable matter density consciousness will 
experience as the focus of attention expands progressively 
upward/outward into the higher Dimensions of the Dimensional 
Scale through the process of evolution (accretion of frequency from the 
Unified Field into the personal morphogenetic field). 


As consciousness progressively expands back into the 15-Dimensional 
structure of its original morphogenetic field, matter density perception will 
change from perceivable Gross Matter physical density, to Semi-etheric 
Matter density, to Etheric Matter density, to Pre-matter Liquid Light density 
and to its original Ante-matter scalar wave form of non-density 
consciousness. As the morphogenetic field expands through drawing 
in more frequencies of consciousness, the perceivable matter 
density of the body and external reality field progressively lessens. 


= Partiki Phasing, Harmonics of Manifestation and a 


1. Partitd, Partika and Particum: 
‘Smallest units of energy-substance. 
Electro-tonal units of consciousness - 44 Parti Phasing- expansion! 
that are the building blocks of Se i aca 
morphogenetic fields, matier and fusonfash 
individuated conscious identity. (ES (A (governs the manifestation process 
Operate as minute, perpetual a 
motion fission! fusion generators, 
— 
sae 
2. Density! Biology: 
ao Matter Density and related Biology 
within the 1: 
carbon 
based 
biology 
= matter 3. Harmonics of Manifestation: 
Progressive expansion of consciousness 
Caben- inb the Scale creates 
‘Silica ‘progressive | lon 
based cof matier Density within the Hologram 
poe of exiernal reality. Harmonics of 
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11445 body 
Se 3 Harmonics of Manifestation 
in one 15Dimensional Time Matrix 
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| UNIVERSAL AND PLANETARY KATHARA 
Ey 


Kathara Level-1: 12-Tree, Kathara Level-2: Crystals, Kathara Level-3: Diodic Points, 
Kathera Centers and Kathara Lines. 


The Kathara Grid is the primary mathematical-geomeirical organization 
of units of consciousness upon which Partiki units group to form 
morphogenetic field scalar grids. Itis the CORE level of scalar standing- 
wave creation and energetic organization within and behind all 
dimensionalized systems, and is thus considered to be the Core of the 
Holographic Template upon which the morphogenetic scalar wave 
blueprint and all other dimensions of form anatomy are built. The Kathara 
Grid is the causal element within all manifest affects of dimensionalization 
and consciousness. 


The form of the Kathara Grid is reflected in the Macrocosm and 
Microcosm of all manifestation. All forms have at their core the common 
‘Structure of the Kathara Grid Holographic Template. The Kathara Grids of 
all forms - universes, galaxies, planets and species - are linked to each 
other and to the Kathara Grid of the Cosmos through the interwoven 
Partiki scalar standing-wave grids of the Kathara Grid Holographic Core. 
The Cosmic Kathara Grid represents the scalar field of the Cosmic 
Unified Field of Consciousness-Energy through which the Hologram of 
Lmanifest experience is perpetually created. 


Energy cannot be created or destroyed, it only changes form. Energy 
1S Etemal Consciousness that perpetually changes form by projecting 
through the structures of the Kathara Grid, while simultaneously remaining 
always the same - the singular wholeness of the Cosmic Unified Field of 
Consciousness-Energy. 


‘Structure of the Kathara Level-1 12-Tree Grid 
Core Scalar Template 


=| 12 PRIMARY 
KATHARA CENTERS: 
‘condensed 


"KATHARA LEVEL-1 12-TREE GRID 
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‘The 2 Interwoven Kathara Grids of Primal Order 

within the Universal Time Matrix and 
Cosmic Energy Matrix of the 


PRIMAL MANIFESTATION TEMPLATE 


There are 3 Primary Levels to the structure of the Kathara Grid. Level-1: The 
Kathara 12-Tree, Level-2: The Crystal Seals and Level-3: The Diodic Points. 


Level-1:The 12-Tree holds the first mathematical-geometrical program upon which 
Kathara Grid Levels 2 and 3 are created, and is composed of the Kathara Centers 
and Kathara Lines. 


Level-2: The Crystal Seals are groups of 3-Dimensional Pariki scalar wave | 
composites that regulate the rate of Partiki Phasing to create the base structures 
upon which dimensionalization is formed. The flow of Frequency (sequences of 
scalar standing-wave fiashing/ cycles of Partiki Phasing) between dimensional bends 
and Harmonic Universes, the fixed expansion and contraction rates of Partki, the 
Vibration-Oscillation and the Angular Rotation of Particle spin are all regulated by 
the Crystal Seals, 


Level-3: Diodic/MMiodic Points represent concentrated areas of energy that 
emerge at points where dimensionalized levels of scalar grids cross over and 
through each other, creating minute vortices of wave spectra that serve as 
frequency modulation zones (scalar fiash-cycle transition points) between 
Dimensional Frequency Bands. Diodic Point vortices are White Hole vortices that 
transmit energy into the Particle Universe from their counterpart Miodic Point 
vortices within the Anti-particle Universe. Through the structure of 
Dimensionalization, each Harmonic Universe, and the structures contained there 
within, have within their morphogenetic fields sets of Diodic and Miodic Points — sets 
of White and Black Holes — that regulate the flux of consciousness-energy between 
systems. 


‘The entire cosmic structure is built upon the morphogenetic foundations of 
interwoven Kathara Grids. Within the structures of forms, such as planets or people, 
the Kathara Grid is the Core Template of Holographic Manifestation and controls the 
structure and function of all of the other subtle and physical energy systems. 

Planetary scalar templates - Planetary Shields - vortices, electro-magnetics, 
Axiom and Ley Lines are all governed by the operations of the Kathara Grid. In the 
human body, personal scalar templates - Hova Bodies -, Chakras, Axiom and 
Meridian Lines and Bio-energetic Field Auric Levels, as well as the physical systems, 
conscious awareness and DNA, are controlled by the personal Kathara Grid. In 
terms of generating the /mprint for Health within the human organism, as well 
as reclaiming dormant potentials of Immortality, the Kathara Grid is the causal 
mechanism through which such affects can occur. 
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Universes the fited expansion and contraction rates of Pati, the iration-Oscillafon and the Angular Rotation of 


particle sin are all regulated by the Crystal Seals. 


Planetary Star Crystal Seals 

In the Planetary Kathara Grid, the 15 Primary Star Crystal Seals exist between each planetary 
‘Vortex or Chakra, on the Central Kathara Line or Central Planetary Axis. The Star Crystal Seals 
‘serve as “Frequency Seals” thet open or close the flow of wave spectra and Frequency Bands 
from one Harmonic Universe to another, by regulating and modulating the sequences of Partiki 
Phasing and the Vibration-Oscilation rates of Pertti units within the Dimensional Scale. They 
‘control the opening and closing ofthe Central Vertical Kathara Line and Central Planetary Axis, 
‘through which particles are phase-locked into their respective dimensional placements and linear 
time cycle orientations. Opening ofthe Star Crystal Seals releases the planetary particles and Ley 
Lines trom their dimensional phase-lock, opening Inter-harmonic Star Gates (wave spectra 
vortices) within the Ley Lines, for molecular transmutation and time continuum shi, 
Dendng the inter Hemorc wave specs of he planetary morphogenetic fl. The Planetary 
Star Crystal Seals control the opening and closing of the 3 (end 
Vertical Star Gate passageways) of the Level-t: 12-Tree Kathara Grid with in planetary body. 


Bioloaical Star Crystal Seals 
In the human body the 45 Primary Star Crystal Seals exist between each Chala on the 
Central Kathara Line or Central Body Current. The biological Star Crystal Seals serve 2s 
“Frequency Seals” that open or close the flow of wave spectra and Frequency Bands from one 
Harmonic of consciousness to another, by reguiating and modulating the sequences of Partiki 
Phasing and Vibration-Oscllation rates of Partiki units within the Dimensionalized scalar wave rid 
tthe rarphogeneicfeld They convo he opening and sing ofthe Centra Vertical Khare 
Line end Central Body Current, through which particles are phase-Jocked into their respective 


Harmonie Star Gates (wave spectra vortices) within the DNA, for cellular transmutation (via 
‘parficleanf-partcle fusion) and te continuum shi, through blending the Inte-Harmonic weve 
‘spectra. The Biological Star Crystal Seals control the opening and closing of the 3 Vertical 

(and Vertical wave spectre vortices) of the Levelt: 12-Tree Kathara Grid within 
the biological form. 


Seed Crystal Seals 
‘Along with the 15 Primary Star Crystal Seals that control the Vertical modulation of wave spectra, 
theres 15 econ Coal Sel fa contd ie HORZONTAL Katara Lest ha 
Levelt: 12-Tree Kathara Grid within the planetary and biological bodies. The Horizontal Crystal 
‘Seals are caled SEED SEALS, they exist and serve as “Frequency Seals" within the planetary 
vortices and biological Chakras, modulating the wave spectra between Parallel (particle! anti- 
particle) Dimensional Frequency Bands. 
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i. KATHARA GRID LEVEL-3 DIODIC POINTS 


Deke Pn oro are White Hoe yore fut nani wey ot Parke Una te ora 
Miodic Point vortices within the. ‘Universe, 


Through the of Dimensionalizon, each Harmonic 
Ure, and te stun caned erwin fave vn fl rpogeete tes oof id re ads 
PPoints— sts of White and Black Holes ~ that regiate te fax of constousness-enorgy botwoon syste, 


Planetary Diodic Points 
Within the planetary body and morphogenetic field, Diodic Points are located in 
geographical locations where Inter-dimensional and Inter-harmonic Horizontal and 
Vertical Kathara Lines intersect to form small vortices of inter-dimensional or inter- 
harmonic wave spectra that serve as passageways — time portals- between 
Dimensional Time Continua or Harmonic Time Cycles. They connect planetary and 
stellar bodies to their anti-particle counterparts and intersect with Vertical Inter- 
harmonic Star Gates and Horizontal Inter-dimensional Time Portals, through sets of 
Diodic-Miodic White and Black Holes at the center of planetary and stellar cores. 


Biological Diodic Points 
‘Within the biological form and morphogenetic field, Diodic Points are located in 
physical body regions where Inter-dimensional and Inter-harmonic Horizontal and 
Vertical Kathara Lines intersect to form small vortices of inter-dimensional or inter- 
harmonic wave spectra that serve as gateways of consciousness between 
Dimensional Time Continua or Harmonic Time Cycles. They connect physical bodies 
to their anti-particle counterparts and intersect with the Vertical and Horizontal 
relationships of wave spectra within the DNA/ RNA and bio-energetic field, through 
sets of White and Black Holes at the center of the biological Harmonic scalar grids. 


Diagonal Grid Control 
‘The Kathara Grid Level-3: Diodic Points contro! the Diagonal Kathara Lines, 
Diagonal Inter-dimensional portals, Diagonal Planetary Ley Lines and Diagonal 
relationships between inter-dimensional wave spectra within the biological DNA. In 
Kathara Healing, the Diodic Points are used to open and close the Diagonal 
Kathara Lines for channeling higher dimensional frequency into the Level-t 
Kathara Grid, to regenerate the Imprint for Health and to revitalize the Bio- 
energetic and physical systems. 
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THE UNIVERSAL TEMPLAR COMPLEX 


«The systems of interwoven Manifestation Templates within the 5 Matter Density Levels of 
the 15-Dimensional Universal Kathara Grid are collectively referred to as the UNIVERSAL 
‘TEMPLAR COMPLEX. The Manifestation Template of the human body, likewise 
‘stTuctured upon this Primal Order, also manifests through a personal INTERNAL 
‘TEMPLAR COMPLEX of interwoven 15-Dimensional Manifestation Templates. 


Universal, Galactic and Planetary Scalar-wave Templates of the Universal Templar 
Complex are called Scalar SHIELDS, Shields are sets of 3-Dimensional Scalar Grids upon 
which the 5 Matter Density Levels of the Universal Manifestation Template manifest. A 
‘Shield is composed of the distinct 3 Primary Flash Line Sequences, or Partki Phasing 
Rhythms, characteristic to the 3 dimensions of which the Shield is composed. The Internal 
‘Templar Complex of the human body is also organized into 5 sets of 3-Dimensional 
Personal Scalar Shields, through which the matier form and 5 Matter Density Levels of 
the 18-Dimensional human consciousness are projected into manifest experience, 


‘Through the intinsic dynamics of synchronistc Partki Phasing, each 3-Dimensional Scalar 
Shield manifests a 3-DIMENSIONAL SPHERICAL ELECTROMAGNETIC DOMAIN that 
Creates the energetic framework within which extermalized manifest experience can take 
place. Within the Universal Templar Complex, these Spherical Domains form 5 separate 
yet interwoven Realty Fields or Harmonic Universes, each with a dfferentlevel of Matter 
Density, rate of Vibrational Oscilaion, cfierent Angular Rotation of Particle Spin and 
variance in Time Cycle orientation. Within the Personal intemal Templar Complex, the 
Spherical Electromagnetic Domains created by synchronistic, dimensionalized Parti 
Phasing form within the 15-Dimensional Time Matrix 5 separate yet interwoven STATIONS 
(OF CONSCIOUSNESS called HOVA BODIES. The 5 Hova Bodies of human 
Manifestation Template Anatomy within the Time Matrix represent the 5 Subtle Energy 
Bodies of human bio-energetic field construction, through which human identity 
‘experiences series of SIMULTANEOUS INCARNATIONS within the various Time Cycles 
and matter density levels of the Time Matix. Human Evolution is the process by which 
the electromagnetic frequencies and stations of consciousness ofthe 5 Hova Bodies 
progressively merge to transmute the physical matter form backward through the various 
Maller Density stages through a process called TRANSMUTATIONAL DIMENSIONAL 
ASCENSION. 


Each of the 5 Shields within a 15-Dimensional Manifestation Template is structured upon 3 
KATHARA CENTERS within the core Primal Order of the Level-1 Kathara 12-Tree Grid. 
Each Kathara Center ofthe Universal Kathara Grid forms a core point of consolidated 
frequency called a SIGNET Star Crystal Seal within the 3-Dimensional scalar Shields. 
Within the universal, galactic and planetary Templar Complex the Signet Seals operate as 
‘Star Gates between the Time Cycles of the 5 Matter Density levels ofthe 15-Dimensional 
‘Time Matrix. Within the Personal Internal Templar Complex, each Hova Body is stuctured 
upon 3 Kathara Centers within the embodied Personal Kathara Grid. Each embodied 
Kathara Center forms a Signet Star Crystal Seal within the human anatomy. The 
embodied Signet Seals operate as Bio-electric Windows within the DNA-RNA, that ink 
the Stations of Consciousness and various Simultaneous incarnations of the identity that 
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exist within the Time Cycles of the Time Matrix to each other, across the illusions of me. 
‘Through the embodied Personal Kathara Grid, Scalar Shields, Signet Seals and DNA 
‘Windows, the individuated aspects of ETERNAL IDENTITY in time are indelibly linked in 
‘consciousness. This intrinsic linking of personal consciousness within the various, 
‘simultaneous cycles of fime appears to the embodied human awareness as 
REINCARNATIONAL MEMORY. 


‘The embodied Manifestation Template of the human form is a microcosmic reflection of 
the Macrocosmic Universal and Cosmic Manifestation Templates. Both microcosmic and 
™macrocosmic Manifestation Templates share, and are interwoven through, the same 
Primal Structures of the Kathara 12-Tree Scalar Grd, the 5 3-Dimensional Scalar Shields 
‘and Signet, Star and Seed Crystal Seals and the Diodic Pont “Black and White Hole Sets* 
of energy vortices that manifest upon the Kathara Grid. Human consciousness and biology 
are directly and indelibly connected to the Universal Templar Complex through the 
Personal Internal Templar Complex of the Personal Manifestation Template, 


HEALING AND PRIMAL FULFILLMENT 


A rudimentary but operational understanding of the inbinsic structure ofthe embodied 
Personal Manifestation Template- (the Level-fPersonal Kathara 12-Tree Grid, Level-2 Scalar 
Shields, Hove Bodies and Signet, Star and Seed Crystal Seals, and Level-3 Diodic Points) - 
and its relationship tothe Universal Templar Complex, allows the embodied human 
consciousness the opportunity for progressive participation within the processes of 
CONSCIOUS EVOLUTION and intentional restoration of the Organic Imprint for Health. All 
manifest DIS-EASE originates through distortions in the electro-tonal scalar wave programs 
of the Kathara Grid, Scalar Shields and Manifestation Template. To achieve true and 
lasting healing, rather than suppression and transference of dis-ease to other embodied 
systems, distorfons within the personal Manifestation Template need to be realigned from the 
‘causal Kathara Grid level through REGENESIS of Primal Order within the Organic Imprint 
for Health, 

‘Manifestation Template healing therapeutics based upon knowledge ofthe Kethera Grid, 
simultaneously work to restore the natural intended Primal Order and function of the human 
body and consciousness, while expediting the evolutionary process of merging the stafions of 
identity through time, to facltate fulfilment of the organic PRIMAL PURPOSE. The Primal 
Purpose of human evolution is the achievernent of Transmutational Dimensional 
Ascension and Co-creative Mastery over the Personal Eternal Consciousness and Internal 
‘Templar Complex within the Holographic Fields ofthe Time Matrix. Through fulilment of the 
Primal Purpose, humanity will regain THE PRIMAL CONDITION of Conscious AT-ONE-ment 
‘with the Universe and the Central Source of Creation, or GOD. wy 
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CHAPTER 5 » THE COZY CORNER LAB 


After everything is removed from the table and the cardboard boxes are nearly full, the table itself 
should get a good washing. Behold the tabula rasa (blank slate) depicted in Figure 5-4. 


Figure 5-4, The tabletop has been cleared of tools, components, and various bits of debris. A good washing 
with soap and water completes the cleansing. A burned spot (the result of a poorly supervised thermal test) 
iscovered with a small sticker (see inset). 
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The Universal Templar Complex 


The First 4 SHELDS 
‘each with 3 SIGNETS 
and correspondence 
to the Kathara Centers 
of the Levelt 12-Tree 


‘The structure ofthe macrocosmic Universal Templar Complex is replicated within the microcosmis thucture of 
the personal Intemal Templar Complex upon wtich 15-Dimensional Human Anatomy manifests, 


The Transduction Sequence 


The Transduction Sequence represents the phases consciousness passes 


through into dimensionalization and the process by which conscious energy is 


transduced and changes form to enter the wave spectra within which 
perception of manifestation is possible. 


into Biological Form. 


( ; Basic Transduction Sequence of Consciousness 


CONSCIOUSNESS TO PARTIKI UNITS TO SS 
KATHARA SCALAR GRIDS LEVELS -1, 2 AND3 TO PARTIKIGRIDS ss) 


MORPHOGENETIC FIELDS TO BERAEA TET hepa nme 
magnetic spirals of energy repeating scalar fiashy Parliki Phasing sequences between 
Dinensone and Hamons Uerses) sas 


TO DNA) RNA IMPRINT TO BIO-ENERGETIC AURIC FIELD TO CHAKRAS 


TO NADIAL CAPSULE (tissve-like capsule that forms around the 3-Dimensional scatar grid of the 
a IS 


DNA’ RNA MANIFEST TO NADIS (energetic rivulets that feed energy from the Nadial Capsule 
RETIN ITI ee 


NUCLEAR CORE TO. =, 


CNS-METABOLIC/ BIOLOGICAL RHYTHMS- BLOOD-BRAIN-CHEMICALS- 
HORMONES-ORGANS-TISSUES. 


sal us 
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o HOLOGRAPHIC REALITY CONSTRUCTION 


The Unified Field of Conscious-Eneray 
THE SCALAR STANDING-WAVE GRIDS THAT MAKE UP DIMENSIONALIZED 
MORPHOGENETIC FIELDS REPRESENT THE INTRINSIC STRUCTURE OF THE 
COSMIC UNIFIED FIELD OF ENERGY WITHIN WHICH ALL THINGS EXIST. 
ENERGY IS CONSCIOUS AND CONSCIOUSNESS IS ENERGY. 
CONSCIOUSNESS-ENERGY CANNOT BE CREATED OR DESTROYED IT 
SIMPLY CHANGES FORM, WHILE SIMULTANEOUSLY REMAINING ALWAYS 
THE SAME — THE ETERNAL UNIFIED FIELD OF CONSCIOUSNESS. 


ALLFORMS OF CONSCIOUSNESS AND PERCEIVABLY MANIFEST FORMS 
DERIVE THEIR INDIVIDUATION WITHIN THE UNIFIED FIELD THROUGH THE 
STRUCTURE OF THEIR INDIVIDUATED MORPHOGENETIC FIELD. THOUGH 
HAVING MUCH DIVERSIFICATION WITHIN THE GEOMETRICAL- 
MATHEMATICAL PROGRAMS THAT FORM INDIVIDUALITY WITHIN LIKE 
PATTERNS, THE CORE OF ALL INDENTITY AND MANIFEST FORM IS THE 
SAME - THE INTRINSIC STRUCTURE OF THE KATHARA GRID — THE CORE 
HOLOGRAPHIC TEMPLATE OF DIMENSIONALIZATION UPON WHICH 
MORPHOGENETIC FIELDS ARE FORMED. 


interwoven Morphogenetic Fields 
THE INHERENT STRUCTURE OF INTERWOVEN KATHARA GRIDS FORMS. 
SPHERICAL DIMENSIONALIZED MORPHOGENETIC FIELDS WITHIN WHICH 
CONSCIOUSNESS CAN EXPERIENCE THE HOLOGRAPHIC PROJECTION OF 
MANIFEST REALITY, SPACE, TIME, MATTER AND EXTERNALIZATION. THE 
SPHERICAL MORPHOGENETIC STRUCTURES OF THE MICROCOSM EXIST 
WITHIN THE GREATER SPHERICAL MORPHOGENETIC FIELDS OF THE 
MACROCOSM, FORMING A SYSTEM OF CONSCIOUS-ENERGETIC SPHERES- 
WITHIN-SPHERES THAT REPRESENTS THE INTERWOVEN MORPHOGENETIC 
L FIELDS OF THE COSMIC UNIFIED FIELD OF CONSCIOUSNESS-ENERGY. 


‘Spheres-within-Spheres interwoven Morphogenate Fields 
Tha The 


45-Dimensional Matix. 


ee 
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THE HOLOGRAPHIC TEMPLATE 

* External reality is a HOLOGRAPHIC 
PROJECTION. Perception of solidity and 
externalization are determined by the oscillation 
rates between dimensionalized units of 
consciousness - Partiki, Partika and Particum. 
Dimensionalized units of consciousness form 
Frequency Bands that exist in specific 
relationships to each other. We perceive as solid 
the Frequency Bands that exist 1 full Dimensional 
Band below the frequencies within which the 
consciousness is stationed. 


He Dimensionalization creates the structure through 
which consciousness can perceive the Hologram 
of Externalization. 


3¥€The human body is a Hologram. built upon a 
Holographic Template of units of consciousness 
structured into Scalar Standing-wave Grids that 
represent the Living Morphogenetic Field 
blueprint upon which matter and dimensionalized 
consciousness manifest. 


a 
Yhle STRUCTURE OF DIMENSIONS 


MeThe Unified Field is built upon dimensionalized 
sets of Scalar Standing-wave Points, Wave 
Strata formed of units of consciousness that form 
the basis of energetic relationship through which 
the Hologram of Manifestation can be perceived. 


~MEthe human body is a construct of Conscious 
Energy, built upon a15-Dimensional Anatomy of 
Dimensionalized Scalar-Grids. Perceived 
physicality emerges through the Perceptual Lens 
of Dimensionalization which provides the picture 
of seemingly manifest particles, atoms, molecules 
and physical systems. 


M Understanding the nature and structure of 
= Holographic Reality allows us to understand the 
foundations upon which the body is built and the 

context within which healing must occur. 


SE 6 

MEScalar Waves are standing wave points that 

emanate out of fixed points of sound (electro-tonal 

Partiki units), which form the Scalar Grid 

morphogenetic templates that house 

consciousness in dimensionalization for 

experience of manifest reality. Scalar Grids are 

created through Partiki Phasing. 


_ Partiki Phasing is the process of internal fission/ 
expansion and fusion/ contraction characteristic 
of Partiki Units, through which the units perpetually 
break apart and replicate through fission, then re- 
merge through fusion. Creates a “flashing on and 
off’ of Scalar Wave points, or “Flash-line 
Sequences” that determine the intrinsic orientation 
of consciousness within the Scalar Grids 
composing morphogenetic fields. 


5 MEDimensions are Scalar Grids of consciousness 
composed of interwoven layers of Scalar waves 
with varying Flash-line Sequences, or Frequency 
Bands. Dimensions are Frequency Bands, or 
Partiki wave spectra, that exist within specific 
relationship to each other to form the template of 
Holographic Reality. 
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Frequency Bands are synchronized, repeating 


Flash-line Sequences of Partiki Phasing that 
give the appearance of manifest movement of wave 
spectra within a Dimensional Scalar Grid Sub- 
frequency Bands are portions of the Flash-Line 
Sequences that make up the whole Dimensional 
Frequency Band. The Frequency of a Dimensional 
Band is determined by the Vibratory-Oscillation 
rate of Partiki units that make up the Dimensional 
Scalar Grids. 


ME vibration is the “internal movement” or ENERGY 
HOLDING of Partiki units, Oscillation is the 
“external movement” or ENERY EXPENDED by 
Partiki units. Vibratory-Oscillation rate is the rate 
at which Partiki Phasing “flashing on and off” 
occurs. Vibration and Oscillation exist in direct 
proportion to each other. As Vibration increases 
(energy holding), Oscillation decreases (energy 
expenditure). Faster Flash-line Sequences (higher 
frequency) expend more energy, raise Oscillation 
and lower Vibration of Scalar Templates. Higher 
Oscillation’ Slower Vibration creates slower 
electron movement around nucleus and less 
perceivable density of matter. 
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a A Dimension is a full Frequency band or full cycle 
of a Flash-line Sequence. 


Me The Universal-Morphogenetic Template is built 
upon sets of 15 Primary Flash-line Sequences 
that form 15-Dimensional Time Matrices within 
which manifestation can be experienced. 


* Dimensions are organized into sets of 3, (3 full 
Flash-line Sequences/ 3 Frequency Bands), that 
create the template through which 3-dimensional 
manifestation can be experienced. Each set of 3 
Dimensions is called a Harmonic Universe. There 
are 5 Harmonic Universes within a 
15-Dimensional Time Matrix. 


MEeEach Dimension contains 12 Primary Sub- 
frequency Bands (partial Flash-line Sequences). 


Marti in each Dimension have specific set Partiki 
Phasing rhythms giving each Dimension a specific 
ratio of Vibration-Oscillation. Higher Dimensions 
have Faster Partiki Phasing, are higher frequency 
and thus have higher oscillation, lower vibration and 
less particle density. 
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Vibratory-Oscillation rate within a Dimension 


determines the Angular Rotation of Particle Spin 


(ARPS), or rotational axis of particles in a 
Dimension. There is a 90-Degree Shift in ARPS 
between each Dimension and a 45-Degree 
Reverse Shift in between Harmonic Universes. 


MeParticles having varying Vibratory-Oscillation 
tates and ARPS allow multiple 3-Dimensional 
Reality Fields to co-exist within the same space 
while remaining perceptually and experientially 
invisible to each other. 


3eThe relationship between wave strata and 
variance in Partiki Phasing Flash-line 
Sequences within Dimensional Frequency Bands 
create Holographic Refraction of consciousness- 
energy that allows perception of an externalized, 3- 
Dimensional Holographic Illusion for 
consciousness focused within the Scalar Grids of 
the 15-Dimensional Time Matrix, 
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Es = 14 
UNIVERSAL AND PLANETARY CTHIARA 


3H€ The Kathara Grid is the first level of Partik ny 
structure/ Scalar Grid organization that sets 
consciousness into dimensionalization. It is thus the 
CORE HOLOGRAPHIC TEMPLATE upon which 
the morphogenetic field blueprint is structured. 


> 

a) 

o Ethe Kathara Grid is the Core Holographic Template i 

for dimensionalization of the Unified Field of b 

Consciousness-Energy through which the 

Microcosm and the Macrocosm are structured. All /! 

things are built upon the foundation of the 
Kathara Grid. 


€ there are 3 Primary Levels to the Kathara Grid. 
Level-1: The 12-Tree Grid with Kathara Centers 
and Kathara Lines. Level-2: The Crystal Seals 
with Hova Bodies and Scalar Shields and 
Level-3: The Diodic Points of minute energy 
vortex “White and Black Hole” sets. 


Qo0e=1=> 
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Adding a Power Source 


Here's where a bit of planning will save you a lot of headaches in the future. What you never seem to 

have enough of in any laboratory, especially electronics labs, are lots of conveniently located power 

outlets. Let's take care of that issue right away, before building anything else onto the tabletop. See 
igure 5-5, 


Figure 5-5. A 12-outlet power strip is attached to the back edge of the tabletop. This will provide a safe and 
convenient source of power forall those gadgets you'll eventually want on your bench, Tools needed for the 
Job include a drill motor to drill out some small pilot holes for the brackets, a small drill bit, and a felt- 
tipped marker. Before drilling the pilot holes, align the brackets where you want them to goand use the 
marker to put a dot where the pilot hole should be drilled. Make sure the power strip is not plugged in 
when you're drilling right next to itt 


Having lots of extra power outlets isa nice bonus, but is not absolutely required. What you want to 
avoid, however, is excessive daisy-chaining of power strips and extension cords, This isa fire hazard. 
Remember from Chapter 3 that every conductor has a certain amount of resistance. This resistance 
turns electricity into heat. Enough heat makes things catch on fire. 


KATHARA 12-TREE GRID 


HE cever- ‘1 Kathara holds the base electro-tonal 
programs of Partiki Phasing and Dimensional/ 
Frequency structure. upon which the other Kathara 
Levels andthe morphogenetic field are built. 

\THARA SCALAR | ‘SHIELDS AND CRYSTAL SEALS: 

ME Level-2 Ka Kathara Grid is composed of 5 groups of 3- 
Dimensional Scalar Shields and Crystal 
Seals - that regulate the rates of Partiki Phasing to 
create the base structures upon which 
-dimensionalization is_built 

KATHARA DIODIC POINTS, 

HE Level. 3 Kathara Grid is made of sets of minute 
White and Black Hole energy vortices, made of 
inter-dimensional Scalar Wave spectra, that 
regulate the flux of consciousness-energy 
between Dimensional, Harmonic and Parallel/ anti- 
particle systems. 


- cosmic morphogenetic structure is built upon 
interwoven Kathara Grids and the Dimensionalized 
Scalar Standing-wave Templates they form. 


a 
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3€The 5 Primary Scalar Templates of 
Dimensionalization are formed on Scalar Shields 
composed of sets of 3 Dimensions, which form 5 
3-dimensional spheres of energy called HOVA 
BODIES. Hova Bodies and their Scalar Shields hold 
consciousness-energy into 5 separate but 
interwoven 3-dimensional systems. 


+E the Kathara Grid and the multiple levels of 
morphogenetic structure built upon it is the 
CAUSAL ELEMENT behind and within all 
manifestation, and thus the CORE HOLOGRAPHIC 
TEMPLATE through which the Imprint for Health 
can be restored to Biology. 


Ea manifest Dis-ease originates through 
distortions in the natural electro-tonal programs/ 
Partiki unit arrangements of the Kathara Grid and 
Hova Body Scalar Shields. The Kathara Grid and 
morphogenetic field are the core elements through 
which lasting healing is created. Healing occurs 
through REGENESIS of natural electro-tonal 
programs of the Holographic Template. 
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Partiki Units, Scalar Standing Waves, 

and Crystalline Keylons and Keylon 
Codes represent the PRIMAL SUBSTANCE 
in energy that consciousness takes on in 
order to create the Holographic Projection 
of external manifestation. 


The Kathara Grid, 15-Dimensional Structure, 
Scalar Shields, Crystal Seals, 5 
3-Dimensional Harmonic Universes and 
Hova Bodies, Diodic Point vortices and the 
subtle and dense matter energetic systems 
that manifest upon them represent the 
PRIMAL ORDER of mathematical and 
geometrical interrelationship that Primal 
Substance utilizes to orchestrate the manifest 
Hologram through creation of Manifestation 
Templates. 


Me the interwoven, ordered structures of scalar 
wave fields that form the Universal 
Manifestation Template of the 15- 
Dimensional Time Matrix are collectively 
referred to as the UNIVERSAL TEMPLAR 
COMPLEX. 
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21 
Es The interwoven, ordered structures of scalar xt 
wave fields that form the Personal 
Manifestation Template of 15-Dimensional 
Human Anatomy are collectively referred to 
as the Personal INTERNAL TEMPLAR 
COMPLEX. The Internal Templar Complex, a 
structural replica of the Macrocosmic Universal 
Templar Complex, anchors personal 
consciousness into the Time Matrix for the 
experience of the space, time and matter 
Hologram. 


HE the PRIMAL PURPOSE of human evolution is 
the achievement of Transmutational 
Dimensional Ascension and Co-creative 
Mastery over the Personal Eternal 
Consciousness and Internal Templar 
Complex within the holographic fields of the 
Time Matrix. REGENESIS of Primal Order 
within the Organic Imprint for Health creates 
true healing and expedites the natural 
processes of human evolution. 


Me Through fulfillment of the Primal Purpose 
humanity will regain THE PRIMAL 
CONDITION of Eternal Conscious At-ONE-ment 
with the Central Source of Creation or GOD. 
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(Section One: Foundations of Kathara Healing — Part Il) 


THE ELEMENTS OF HEALING 


The Human Body Kathara and the Mult-dimensional Anatomy of the Human Form 


= THE MAHARIC SHIELD AND THE IMPRINT FOR HEALTH 
E+ 3 THE PLANETARY BIO-FEED INTERFACE SYSTEM (PBIS) 
Mere HIEROPHANT SYMBOL CODE, PBIS AND THE MAHARIC SHIELD. 


~ MORPHOGENETIC EXPANSION, GROWTH CYCLES, DEATH AND 
MOLECULAR COMPACTION 


LEVELS OF HUMAN ANATOMY, EMBODIED KATHARA 12-TREE GRID, 
CRYSTAL SEALS, SHIELDS, SIGNETS, HOVA BODIES, AURIC CAPSULES, 
DIODIC POINTS, SEED SEALS, CHAKRAS, AXIOM LINES, THE HARA LEVEL 
AND DNA. 


‘THE 12 HUMAN SENSES, APPARTHI AND HUMAN PERCEPTION 


TOPICS OF DISCUSSION 
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THE HUMAN BODY KATHARA AND THE 
MULTIDIMENSIONAL ANATOMY OF HUMAN FORM 


Particle units of consciousness in elecr-ional fm, through which the tangle structure of fving 
|Morphogenetic Fields are formed. In leaming the foundation structures of the Unified Field of 
IConscio , we come to understand that the anatomy of any form, including that ofthe 
human Body-Mind-Spirt System, is a mult-dimensional construct but on an ordered template 
Of sets of 15-Dimensions, through which all conditions of epparent manifestation are created. 


Through reviewing the underlying structures of manifest reality (units of consciousness, 
the Partiki Scalar Standing-wave Grids that hold consciousness into individuated 
dimensionalized ‘packages" of awareness to allow for experience of space, ime, matier and form, 
the core Kathara Grid Holographic Template that sels the patter of dimensionalization for 
Consciousness to follow into the manifest experience, the Levels of Matter Density corresponding 
tothe ordered structure of Dimensions, and the reality that Dimensions are tangible constructs of 
energy created through the process of Partki Phasing-the fssion-fusion fishing on and off of 
Scalar stencing-waves composed of units of consciousness .) we have already expanded our 
Perceptions of the nature of reality itself. With these simple revelations of knowledge, we 
have shifted ourselves from a perspective of viewing the realty before us as one of separals 
/manitestations disconnected from our being, toa perspective of viewing realty as an intricate 
system of interwoven consciousness, expressing in the form of stending wave strat, to which we 
are intimately and indelibly connected. 


‘Suddenly we find that we cannot be “lef ou” of things, we cannot “be on the outside as ife 
passes us by’, that there IS no “outside” to which we may stand separate, as by the nature 
of our existence we are an intrinsic element and force of creative affect within the whole of 
[creation. Through this knowledge we have begun to tap the secrets of SELF, as we shift rom 
viewing ourselves as mortal creatures trapped witha @ gross-matler fhite physical body, to 
KNOWING OURSELVES AS THE EXPRESSION OF CONSCIOUS, SENTIENT WAVE-STRATA 
- ETERNAL BEINGS ENSCONCED WITHIN AN ETERNAL UNIVERSE, within which Energy- 
Consciousness cannot be created or destroyed, It simply changes form perpetually. We 
move from perceiving ourselves 2s finite beings of imited power to affect a world that is separate 
from us, to knowing that we are walking wave-forms within 2 sea of interrelated wave forms, and 
that the patiem of our being operates as anintinsic part ofthe whole. As we begin to perceive 
ourselves in terms of the unlimited realty of our nature, rather than define ourselves by the 
limited boundaries of the manifest illusion before us, we begin to reclaim our powerto 
affect desired change within the contours of our lives. 
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; Knowledge, KNOWING and the Imprint for Health 

Knowledge is an agent of freedom, IF itis used to foster practical applications of change. 
Knowledge can also become a perpetual quest of distraction, through which we deny ourselves 
the ability to EMBRACE the experience o ving as we seek outside of ourselves the answers that 
live within, Knowledge is power ifit is applied appropriately, it can be an agent that leads 
‘one through the door to the WISDOM that awaits on the other side. Knowledge alone cannot 
provide cognition, cognition comes through the application of applied knowiedge to provide 
tangible, experiential KNOWING, a knowing derived only through the direct experience of 
BEING. In Kathara Healing™ knowledge is applied as a tool through which one can grow 
into the wisdom of direct experience -ftom thinking or believing, which are knowedgeldata- 
based characteristics of a mind perceiving itself as fie - to KNOWING, through Direct Cognition 
ofthe Experience of BEING, which is @ characteristic of a consciousness KNOWING itself as 
ETERNAL... 

In our first lessons of Kathara Healing, we gained knowledge of the Context of Healing and the 
structure of that which exists within and around us, so that we may become more empowered to 
serve as a healing force, within ourselves and within the colectve ofthe Whole. But this 
knowledge will only become practical or useful to us if it is applied to foster the direct 
lexperience through which the wisdom of KNOWING may emerge. Then, and only then, will we 
be changed...then and only then wil we become trie agents of healing. Knowledge can help 
'you to understand the nature of health and healing, but only through KNOWING HEALTH 
‘through direct experience will you be healed. To KNOW HEALTH we must rediscover this 
{ualty within ourselves, to EXPERIENCE the quaity of wellness that emerges as the Imprint for 
Health is reawakened within the human body, First we must use knowledge to recognize that 
the Imprint for Health is there, sleeping silently within us awaiting this awakening. 


Healing the Causal Core 

Fixing symptoms does not restore the Imprint for Health, it simply masks from view the 
causal elements through which non-health manifested. Removing the symptom without 
‘addressing the underlying cause simply sets the stage for the cause to re-manifest self in new 
ways, through new sets of symptoms. Each symptom you remove will give birth to another 
symptom if the underlying cause is not changed. Kathara Heeling addresses the deepest 
causal factorin manifestation, the Holographic Template Kathara Grid, upon which all 
‘concitions come into being, Within the intrinsic structure of the Kathara Grid the dormant 
Imprint for Health is sleeping, and through knowledge of the Kathara and applications of its 
methods we can reawaken the Imprint for Health within ourselves, to progressively move 
Into KNOWING HEALTH through the cognition of Direct Experience. 

in Kethara Healing you are provided withthe knowledge you need to understand the structures 
upon which the Imprint for Heath is bul, or in understanding these structures you willbe enabled 
to call the Imprint for Health into awakening. But itis through the APPLICATION OF KATHARA 
TECHNIQUE that you will AFFECT CHANGE, The technique applications offered in Kathara 
Healing allow you to “bring the knowledge home” to the core of its usefulness, the ability to 
lead you into the direct experience of health-ward change. 
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Elements of Healing 
In PART Il THE ELEMENTS OF HEALING, we wil apply the knowiedge of the Context of 


Healing that we acquired in PART |, directly to its relevance in terms of the HUMAN BODY. We wil 
now explore Kathara Mechanics as they apply drecl to the human system, and you wil gain the 
knowledge of your 15-Dimensional Anatomy trough which you may then efecively utlize 
Kathara Mechanics Techniques to begin your joumey into the EXPERIENTIAL REALITY OF 
HEALING. We wil discover the long forgotien potentials of the Planetary Bio-feed Interface 
/System™ and how to receive eneray for healing direli from the Kathara Grid of the Earth. We 
will explore the real processes within and behind the experience of growth through ime, so that we 
may finally dently the true causal element intrinsic to the degeneration and death of the 
body. We will come to understand the functions ofthe Body-Mind-Sprt System as they are 
INTENDED to operate, to ident the areas in which malfunction is occuring, so that we may 
remedy the casual factors to progressively restore the INTENDED INTEGRITY OF THE BODY- 
MIND-SPIRIT SYSTEM. In PART I we will reclaim our knowiedge of our multidimensional 
‘2natomy, and rediscover the buried secrets of awakening the Imprint for Health, 


MAHARIG SHIELD 


The Imprint for Health and the Maharic Shield 

Restoration of health within the body is a progressive endeavor 
that takes time. Portions of the Body-Mind-Spirit System that have been 
malfunctioning must readjust to a new process of function that will 
progressively work its way up from the core Kathara Grid Holographic 
‘Template, into the Bio-energetic Field, Chakra System and DNA, to 
progressively reset the Imprint for Health within the Body-Mind-Spirit 
‘System. The Imprint for Health sleeps soundly now within a portion 
of the multidimensional anatomy called the MAHARIC SHIELD. The 
Maharic Shield is a buried treasure of REGENERATION and 
REVITALIZATION of the human organism, as itis the key to recoding the 
human Kathara Grid back into its original Imprint for Health. The Imprint 
for Health is a tangible construct of energy that is located within the 
/structure of the Maharic Shield. In calling these dormant energy 
systems into activation within the body, one has the opportunity to 
Testructure the causal level of malfunction, and to recode the Holographic 
‘Template upon which malfunction manifests. 


Reciprocal Reflection and the Kathara Grid 


All conditions of dis-ease within the Body-Mind-Spirit System share a common core of 
‘causality - distortions of the Kathara Grid upon which manifestation is built. All symptoms 
affect the Body, Mind and Spirit simultaneously, malfunction in one aspect of belng will 
hhave Its reciprocal reflection in the other aspects of being, as the symptoms emanate from 
Gistortion in the Kathare Core, upon which all aspects of being simultaneously manifest. 

‘As we work with restoring integrity to the Holographic Template Kathara Grid, we are thus 
[creating simultaneous restoration through Reciprocal Reflection within the Body, the Mind 
[and the Spirit (the CONSCIOUSNESS that makes up the substance of our multidimensional 
anatomy and identity). 


The Maharic Shield and Whole-Being-Healing 


In activating the Maharic Shield to regenerate the Imprint for Health, you will 
have change occurring within multiple levels of being. Your BODY wil begin to 
reflect change as disease-causing distortions are released from the biological 
imprint, and a higher level of order is reestablished within the atomic structure. 
Your MIND will begin to refiect change as dis-ease-causing distortions in your 
thoughts, ideas and beliefs are released from the mental body awareness. Your 
|SPIRIT-consciousness, will reflect change, as divisions between your embodied 
awareness and the expanded portions of your multidimensional awareness will begin 
to dissolve, and you will become progressively more able to embody areater states 
‘of cognition, creativity and wereness. Kathara Grid recoding through the use of 
the Maharic Shield will set in motion the processes of WHOLE BEING 
HEALING, as the Imprint for Health is progressively reawakened and restored 
within the Body-Mind-Spirit System. Activation of the Maharic Shield within the 
personal Kathara Grid wil lay the foundations for progressive, lasting and powerful 
restoration of the Imprint for Health within your Body-Mind-Spirt System. 

Leaming to activate the Maharic Shield to restore the Imprint for Health requires a 
bit of knowledge regarding Elements of the hidden anatomy of multidimensional 
being, and application of specific energetic mechanics that will directly afiect these 
hidden structures of energy. We will begin PART Il with a discussion on the 
ELEMENTS OF HEALING as they apply to developing the skills required to 
create the condition of Maharic Shield activation, through which the Imprint 
for Health can receive its wake-up call. 
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ri PLANETARY BIO-FEED INTERFACE SYSTEM™| 


Awakening the Personal and Planetary Templar Complex Connection 


Interwoven Personal and Planetary Kathara Grids 


‘The core Holographic Templates of both the personal and the planetary 
morphogenetic fields are built upon a Scalar standing-wave Kathara Grid. As 
the morphogenetic fields of species are interwoven into the larger morphogenetic 
ield of the planet they inhabit, there is a direct energetic connection between the 
Kathara Grids of individuals and that of the planetary body. This connection 
between personal and planetary Kathara Grids is called the Planetary Bio-feed 
Interface System™, - PBIS. For thousands of years the planetary Kathara Grid 
has carried distortions in its natural pattem that have rendered the PBIS primarily 
inoperable. Kathara distortions in the planetary morphogenetic field blocked 
the humans innate ability to draw energy for regeneration and revitalization 
from the planetary morphogenetic field. c 

When the human Kathara Grid system is working properly there is a natural 
| sympathetic rapport between the personal and planetary Kathara Grids that 
keeps the /mprint for Health within the human Maharic Shield functioning 
properly. Due to the distortions of the planetary Kathara, the human Kathara 
developed reciprocal distortions, which created blockages between the Maharic 
‘Shield Imprint for Health and the other functional portions of the human 
Kathara. The blockages with the human Kathara manifested as distortions within the 
natural function of the DNA and bodily systems, disarming many of the natural self- 
regenerative functions organic to human biology and rendering the human form more 
susceptible to disease and malfunction ofthe biological system. As there is a 
Reciprocal Reflection of pattems between the Body, Mind and Spirit aspects of the 
human organism, due to their common causal element of the Kathara Grid 
Holographic Template, distortions within the DNA and physical body function 
also become reciprocal distortions within the mental body and its perceptual 
facilities, and within the Spiritual Body, as the Kathara distortions block and distort 
‘the organic cycles through which higher dimensional aspects of consciousness 
{would progressively embody within and expand the human form, 
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CHAPTERS » THE COZY CORNER LAB 


Ifyou do have the luxury of being able to mount a permanent power strip (which, technically, 
remains a temporary power tap as far as the manufacturer is concerned), then be sure to install it 
securely using the hardware provided. See Figure 5-6. 


Figure 5-6. The power strip is fastened securely to the table using the provided hardware. You do not want 


your power strip wiggling around, or worse yet, falling off the table, dragging all of your power tools with 
itt 


Tip Test every outlet of your power strip before permanently mounting it to your workbench, 


A Clean, Well-Lighted Space 


You can never have enough light, it seems. What passes for normal room illumination might be 
sufficient for such adventurous undertakings as finding your way to the door or looking for the remote 
control for the television. For anything more demanding, you're going to have to add some more 
lighting, and probably lots of it. 
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Return of the PBIS - Gift of the 21% Century 


The secrets of utilizing the PBIS have been passed down within the 
generations of the Melchizedek human families who brought these teachings 
{to Earth long ago, kept hidden from public display until a day when the PBIS 
[could once again become operational through evolution and clearing of the 
planetary Kathara Grid. These teachings are now being returned into the public 
arena because progress has been made in restoring the integrity of the 
planetary Kathara Grid system. For the first time in many thousands of years 
{the potentials of healing held within the PBIS can be returned to humanity, 
and the PBIS can now be activated within the personal biology to reawaken 
ithe Maharic Shield and its Imprint for Health, within the human Kathara 
‘System. Reawakening the PBIS and the Maharic Shield within the human body 
allows the personal Kathara Grid to open into the planetary Kathara Grid, through 
Iwhich the now-functional Holographic Template of the planetary Kathara can be 
used to RESET the original imprint of function within the personal Kathara, for 
‘accelerated regeneration of the Imprint for Health within the human form. 


HIEROPHANT SYMBOL GODE 


The Hier ‘Symbol Code PBIS Trigner 

The first application of the PBIS that we will employ in Kathara Healing is 
utilizing the energies flowing through planetary Kathara to reawaken the 
Maharic Shield within human anatomy. The process of opening the PBIS within 
the personal morphogenetic field involves using a specific scalar standing-wave- 
iguide GEOMANCY - a consolidated inter-dimensional frequency pattern that 
triggers release of the frequency seals (Kathara Level-2 Crystal Seals) on the 
presently dormant 10%, 11% and 12% Chakras, opening the human Bio- 
energetic Field and Kathara Grid to the Kathara Grid, Bio-energetic Field, Ley 
Lines and energy Vortices of the planetary morphogenetic field. The wave- 
lguide Geomancy containing the frequencies to activate the PBIS and the Maharic 
Shield can be directed by the human consciousness in the form of a visually 
[created symbol code. This symbol code is called the HIEROPHANT. In 
TECHNIQUE # 2: The Maharic Seal and the Liquid Light Cleanse, to be explored 
in PART Ill. of Section |, the Hierophant Symbol Code will be used to bring the 
/Maharic Shield and the PBIS out of dormancy, in order to RESET the Imprint for 
Health within the operational Holographic Template of the human Kathara Grid. 
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‘The Hierophant Symbol Code Scalar Wave Guide 
for Reprogramming 

Thoughts and Images formed by the mind represent small morphogenetic fields 
with minute Kathara Grids, that become interwoven into the larger morphogenetic 
field and Kathara Grid of the human multidimensional anatomy. THOUGHTS ARE 
THINGS in terms of the bio-energetic reality of the body and the Kathara Grid; 
thoughts become translations of electro-tonal “digital” instructions within the 
human bio-energetic field, and directly enhance or detract from the natural 
function of the electro-tonal programs of the human Kathara Grid. In 
recognizing the power of thought as the power of creation of scalar standing- 
wave grids, we can begin to apply that power effectively in regeneration of the 
Kathara Holographic Template, by directing needed electro-tonal instructions for 
awakening the Maharic Shield into the embodied Kathara Grid. The Hierophant 
‘Symbol Code, used in the form of a visualized image, sets a powerful electro- 
tonal program within the human Kathara, a program that triggers the opening 
between the human Kathara and the PBIS 


The Hierophant Symbol Code appears in the form of a Pale Silver Merkaba 
Star, a six-pointed “Star of David”, which represents the electro-tonal program 
of the 11% and 12%-Dimensional aspects of the Universal Kathara Grid. The 
frequency wave spectra perceived by the human mind as Pale Silver represents 
ithe electro-tonal program of the Dark Silver primary frequency band of the 11% 
Dimensional wave spectra, combined with the Pure White primary wave spectra of 
the 12%-Dimensional frequency bands. Using the Hierophant Symbol wave guide to 
direct frequency and electro-tonal instructions through the Kathara Grid, creates a 
scalar standing-wave pattern of 11% and 12” Dimensional frequency within the 
personal Kathara Grid, the frequencies in which the original electro-tonal 
instructions for the Imprint for Health are stored. By awakening the 11% and 12%’ 
Dimensional frequencies within the human Kathara and bio-energetic field, all 
of the lower frequencies within the Kathara electro-tonal program become 
modulated and recoded into their organic, undistorted pattem, by the stronger 
wave influence of the higher 11" and 12* Dimensional frequencies, which contain 
within themselves the organic imprint for the entire dimensionalized wave spectra of 
ithe dimensions that oscillate below them. 
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The Hierophant Symbol Code ad 
Scalar Wave Guide for Kathara Reprogramming 


PURE WHITE 
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f, 1 {The 11-12%.Dimensional 

/y" 'Scalze Standing-wave Guide 
Vi" for activating the Maharie 
Shield and the PBIS. 


body points. The Techniques of Kathara Heali ing and regeneration of 
Kathara Grid integrity are so simple that even a young child can 
learn to actively employ them, to achieve the desired result of 

restoring the /mprint for Health. 
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(| MORPHOGENETIC EXPANSION 


————_——S a 
Frequency Accretion, Growth, Age Rhythms, Degeneration, Death and Kathara Blockage 


Frequency Accretion and Growth Through Time 

‘The morphogenetic field of the human body evolves through time via the process 
of Frequency Accretion, The human morphogenetic field exists within the larger 
morphogenetic field of the planetary and universal dimensionalized Unified Field of 
Consciousness-Energy. Through the inherent function of the Kathara Grid and the 
multi-layered systems of energy built upon if, progressively more frequency and 
‘corresponding wave spectra from the dimensionalized Unified Field are drawn into 
the personal morphogenetic field to create progressive expansion of the 
morphogenetic imprint and its resulting progressive expansion of 
consciousness and growth of the physical body intime. 


Kathara blockages and Organic Growth Cycles 

Blockages and scalar wave distortions within the Kathara Grid impede the natural 
{functions of Frequency Accretion, and so distort the intended natural processes 
of consciousness expansion and growth of the body form in time. When the 
Kathara Grid is functioning properly, there are certain specific points in linear time! 
when specific aspects of morphogenetic expansion via Frequency Accretion 
are intended to occur. The original cycles of growth and expansion inherent to 
{the human form occurred between 4. fetal integration through age 11-1 
2. age 11-12 through age 22, 3.age 22 through age 33 and 4. age 33 through 
|age 44, at which time the human morphogenetic field would reach its full 
expansion, the DNA would reach its organic 12-strand activation, the identity 
would expand to hold 12-dimensiorsof consciousness within embodiment, and the 
organism would have full conscious control of manifesting and de-manifesting 
its 15-Dimensional anatomy in time, The body forms of the original human 
imprint are IMMORTAL - deterioration and death were not a part of the original 
Imprint for Health within the human Bio-Spiritual makeup. Through understanding 
how the natural process of growth and expansion in time were INTENDED to work, 
we can also understand the core reason for the manifestation of the SYSTEMS 
MALFUNCTIONS - the conditions of biological and mental deterioration that lead to 
‘the condition of BIOLOGICAL DEATH - a condition that is INORGANIC TO THE 
ORIGINAL GENETIC IMPRINT OF THE HUMAN FORM. 


58 


The First Natural ni cle 

In the original human genetic blueprint, the frequencies and dimensions of 
consciousness corresponding to the wave ‘spectra of Dimensions 1, 2, and 3, 
‘were intended to accrete or draw into the morphogenetic field between fetal 
integration and the age of 11-12. At the age of 11-12 the wave ‘spectra of which 
the body was composed would take a leap in frequency, beginning the process of 
expanding the morphogenetic field to hold the higher frequency wave spectra of 
Dimensions 4, 5 and 6. 

The expansion of the morphogenetic imprint is reflected in the DNA, and 
chemical and hormonal balances within the body, which govern the function 
of the metabolic rate and the operation of molecular function. The first cycle of 
morphogenetic expansion into the wave spectra of Dimensions 4, 5 and 6, 
represents the process of SOUL INTEGRATION for the embodied identity, and 
begins the natural process of de-densification of matter - by lowering of 
/morphogenetic vibration, raising of oscillation rate and frequency, and shortening of 
[the wave-length of the scalar waves that Compose the matter form and, 
consciousness. These changes in intrinsic wave characteristics have their 
reflection within the behavior of atomic structure- as the Morphogenetic field 
lave spectra raises in frequency, the electron spin around the atomic nucleus 
slows, thereby increasing the electrical nature, and reducing the magnetic 
orientation of atomic function, transmuting the perceivable matter substance of 
tthe cells to a less dense state of being. Completion of the Soul integration 
process marks the transmutation of Carbon-based Gross-matter density into 
the Carbon-Silica based Semi-etheric matter density, and the expansion of 
embodied awareness from 3 to 6 Dimensions of consciousness. 


Completing Expansion 
This process of progressive morphogenetic field and consciousness 
expansion and resulting de-densification of biological matter continued 
{throughout the remaining expansion cycles. Age 22 to age 33 matked the 
accretion of the 7%, 8% and 9 -Dimensional wave spectra, the process of Over- 
Soul Integration, expansion into @ $-Dimensional consciousness and 
transmutation toa Silica-based Etheric matter density biology. Age 33 to 44 
marked the accretion of the 10%, 11% and 12 Dimensional wave spectra, the 
process of MAHARIC INTEGRATION, expansion into @ 12-Dimensional 
consciousness and transmutation out of biology into the Crystalline Liquid Light 
wave form of Pre-matter substance, At this point the identity is considered 2 full 
[AVATAR and has complete control over manifesting and de-manitesting the 
Holographic Projection of its desired body imprint in time, 
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Growth Rates and Morphogenetic Expansion 


ORIGINAL HUMAN GENETIC IMPRINT 

PERSONALITY INTEGRATION (Teliuric integration) — BIRTH - AGE 12 
Expands the Morphogenetic Feld through accreting the frequencies of Dimensions 1-3 and 
activating DNA Stand Templates 1-3. 


SOUL INTEGRATION (Doracic integration) - AGE 12-22 
Expands the Morphogenetic Field through accreting the frequencies of Dimensions 4-6 and 
activating DNA Strand Templates 4-6. 


OVERSOUL INTEGRATION (teurc integration) — AGE 22 ~ 33 


Expands the Morphogenetic Field through accreting the frequencies of Dimensions 7-9 and 
activating DNA Strand Templates 7-9, 


CHRISTOS AVATAR INTEGRATION (Maharic integration) “AGE 33 - 44 
Expands the Morphogenetic Field through accreting the frequencies of Dimensions 10-12 and 
activating DNA Strand Templates 10-12. Allows full Cellular Transmutation and Dimensional 
‘Ascension to the 12* Dimensional Pre-matter Liquid Light HYDROPLASMIC Substance Liquid] 
Sica) and conscious mastery over 12 Dimensions within the 15-Dimensional Time Matix. A 
“Chvisted” Immortal Being possessing non-polarized Unity or Christ Consciousness, 


CONTEMPORARY HUMAN GENETIC IMPRINT 
PERSONALITY INTEGRATION (Tellurc integration) — BIRTH - DEATH 


SOUL INTEGRATION (Doratic integration) ~ KATHARA BLOCKAGE 
OVERSOUL INTEGRATION (Teuric integration) - KATHARA BLOCKAGE 


CHRISTOS AVATAR INTEGRATION (Maharic integration) - KATHARA, 
BLOCKAGE. Deterioration and Death of the physical body occur rather than progressive 
frequency accretion for Cellular Transmutation and Dimensional Ascension. Distortions in the 
personal Kathara Grid and Scalar Shields manifest in the DNA Template and block natural 
{inflow and Morphogenetic Field accretion of frequency from the higher dimensional stations of 
‘identity. Conscious awareness remains polarized in Duality Consciousness and physical body 
is rendered finite and vulnerable to dis-ease, 


THE 4 NATURAL CYCLES OF MORPHOGENETIC FIELD EXPANSION 


aa 
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THE 4 CYCLES OF MORPHOGENETIC FIELD EXPANSION REPRESENT THE 
ORIGINAL ORGANIC PROCESS BY WHICH THE HUMAN ORGANISM WAS 
INTENDED TO EVOLVE THROUGH TIME. 


The Inorganic Condition of Human Illness and Death 


The processes of biological and mental deterioration and resulting DEATH of 
the biological form, which we presently view as FACTS OF LIFE Tegarding the 
process of human passage through linear time, ARE NOT ORGANIC 
CONDITIONS TO THE HUMAN ORGANISM. Other life forms, such as the animal 
kingdoms, that manifest through morphogenetic fields having Jess than 12 Kathara 
Centers active within their Kathara Grid, cannot undergo the full process of bodily 
transmutation into Pre-matter substance, and cannot fully expand their embodied 
‘awareness into 12%-Dimensional consciousness. For the animal kingdom, the 
Process of evolution is also Frequency Accretion, but itis achieved through 
expanding one's body form to its full capacity, then entering the consciousness into a 
morphogenetic imprint with a bit higher capacity, until eventually the.conscious: 

[can accrete enough frequency to take it into the next level of matter de-densification 
land consciousness expansion. Death is natural to the organic animal kingdom. 

Humans were intended to undergo the full spectrum of morphogenetic 
expansion and cellular transmutation WITHIN ONE ETERNAL BODY IMAGE, 
{that was built upon a program of full activation of the 12 Kathara Centers of 
the Kathara Grid. Death is NOT natural for humans, 


Kathara Grid Blocka lecular Compaction 

The process of biological deteriorat id progressive movement toward 
biological DEATH is the direct result of uhnatural BLOCKAGES WITHIN THE 
KATHARA GRID HOLOGRAPHIC TEMPLATE. Blockages within the Kathara Grid 
program presently block the process of Frequency Accretion at the beginning of 
the First Expansion Cycle- as accretion of the 44, 5% and 6% Dimensional 
frequencies representing the Soul integration Process is blocked within the Kathara 
Grid and thus within the biological DNA, the incoming frequencies of the Soul Level 
lconsciousness push on and CRUSH the morphogenetic field, rather than expand 
the morphogenetic field into a higher level of irequency holding. When the incoming 
scalar wave frequencies of Sou! Integration begin to crush the morphogenetic field, a 
condition called MOLECULAR COMPACTION is created. 
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MOLECULAR COMPACTION - 
over exposure to scalar wave spectra and its resulting 
fragmentation of the morphogenetic field and Kathara Grid - 
IS THE ONLY TRUE CAUSE OF DIS-EASE, AND THE CORE 
CAUSAL ELEMENT OF THE UNNATURAL DEATH 
EXPERIENCE. 


‘The Maharic Shield and Human Healing 

‘Within the imprint of the MAHARIC SHIELD of human morphogenetic structure, is 
the dormant imprint of the 10%, 11® and 12% Dimensional electro-tonal programs that 
represent the ORGANIC PROGRAM OF THE KATHARA GRID. Through 
/activation of the Maharic Shield - the scalar standing-wave template that 
Corresponds to the Pre-matter Liquid Light fields of Dimensions 10, 11 and 12- 
blockages within the Kathara Grid Holographic Template, that result in the 
genetic mutation that causes Molecular Compaction, can be progressively 
realigned with the original IMMORTAL IMPRINT FOR HEALTH, Though it takes 
time and consistent application of Kathara Healing Technique to fully regenerate 
the Imprint for Health and Immortality within the 15-Dimensional Levels of human 
anatomy, working to heal distortions within the Kathara Grid through MAHARIC. 
INFUSION (running the frequencies and wave spectra of the Maharic Shield through 
the Kathara Grid, Bio-energetic System and Body), can create progressively more 
observable affects in creating and maintaining health, and slowing the bodily 
deterioration process, within the normal life span of an individual. 


Potentials of Kathara Healing 

The true beauty and significance of Kathara Healing is that it can not only do 
wonders for creating and maintaining higher standards of health within the 
average human life span, but within the applications of KATHARA 
MECHANICS lies the promise and potential of human biological IMMORTALITY 
and the fulfillment of SPIRITUAL ACTUALIZATION and evolution to 
MASTERY- through progressive embodiment of and conscious mastery over 
our 15-Dimensional Anatomy and the creative process of Holographic 
Projection within the dimensionalized fields of space, time and matter. 


KATHARA HEALING HOLDS THE KEY TO HUMANITY RECLAIMING 
ITS ANCIENT HERITAGE OF THE ETERNAL SELF AND IMMORTAL 


AT-ONE-MENT WITH SOURCE. 


é LEVELS OF HUMAN ANATOMY- THE EMBODIED KATHARA| 


The Human Body Kathara Grid 
The Kathara Grid of the human body is the Core Holographic Template upon 


which the morphogenetic scalar-wave template, and all other levels of identity 
[and form are built. Itis the “Control Center” for manifestation of the human being. 


@ LEVEL-1 KATHARA 12-TREE GRID 
—————— ag 


THE KATHARA GRID LEVEL-1: 12-TREE 

|Level-1 Kathara Grid 12-Tree: The first level of the Kathara Grid sets the pattern 
for dimensionalization of consciousness through which identity can enter the 
|Time Matrix for the Holographic Experience of manifestation. The Kathara Grid 
12-Tree is the first wave spectra composite through which consciousness 
anchors itself into dimensionality in order to experience manifestation of form. 
Alll things within dimensional structure have the Kathara 12-Tree at the core, but not 
all manifest forms have the full pattem of the 12-Tree activated within their 
Morphogenetic pattem. The 12-Tree is composed of 12 Kathara Centers or Kathara 
‘Spheres, and 15 Kathara Lines. 

KATHARA CENTE} 
The Kathara Centers are crystallizations of Partiki units that hold composite 
electro-tonal energy signatures for each dimensional band. The electro-tonal 
[programs of the Kathara Centers hold the foundation template upon which the 
biological DNA will manifest. 


KATHARA LINES 
‘The Kathara Lines are sequences of Partiki Phasing rhythms (“ashing on and 
off fission-fusion sequences) that transfer the dimensionaiized electro-tonal 
programs of the Kathara Centers between each center to form the core level of 
the scalar standing-wave template upon which subsequent levels of the Kathara 
Grid, Bio-energetic System and body will build. 
KATHARA HEALING AND THE LEVEL-1 12-TREE GRID 
The Kathara Centers and Kathara Lines are used in Kathara Healing to 
realign and awaken the original 12-Dimensional imprint within the human 
morphogenetic field, in order to reinstate the original Imprint for Health and 
Bio-Spiritual Mastery within the operational evolutionary blueprint for the 
Body-Mind-Spirit System of the Human form. 
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CHAPTER § » THE COZY CORNER LAB 


2 


Ata minimum, you are going to want some task lighting, which helps illuminate the immediate area 
of your focus. In this case, where a small table is being used as a workbench, an articulated fluorescent 
lamp with a built-in magnifier will do a great job, atleast until more lighting can be strung up. See 
Figure 5-7, 


Figure 5-7. You will need some task lighting for your bench. This desk lamp also includes a handy 
‘magnifier for really close work. 


Tools 


Now we're ready to bring some of the tools back in to the lab. Here's where you get to decide which tools, 
get a permanent home on the bench and which ones get put up and stored when not in use. 

The permanently deployed tools on your workbench should be the ones that you find that you are 
using the most. The ones that get put up after every use are the ones that either only get used 
infrequently or pose some sort of hazard, such as sharp edges or hot surfaces. Again, you get to decide, 
Ws your lab, 


Es 
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Level-1 Kathara 12-Tree Grid 
ofthe INTERNAL TEMPLAR. 
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Placement ef Kathara Level-4 12-Tree Grid 
‘Kathara Centers and Kathare Lines within 
the human body. 


( LEVEL-2 KATHARA CRYSTAL SEALS GRID 


Level-2: Crystal Seals and 15 Primary Chakras 


The Crystal Seals are groups of 3-Dimensional Partiki scalar wave composites 
that regulate the rate of Partiki Phasing to create the base structures upon 
which dimensionalization Is formed. The flow of frequency between dimensional 
bands and Harmonic Universes, the fixed expansion and contraction’ fission and 
fusion rates of Partiki, the Vibration-Oscillation Rates of Partiki and the Angular 
Rotation of Particle Spin are all regulated by the Crystal Seals, 

Star Crystal Seals are positioned between the Chakra Centers along the Central 
Body Current, and Seed Crystal Seals are positioned between them, and serve as 
{the point of composite frequency out of which the 15 Primary Chakra Center 
Vortices emerge. 


HOVA BODIES AND SHIELDS 
5 Dimensionalized Hova Body Shields and 5 Auric Capsules 


Hova Bodies are 3-Dimensional, tr-tonal scalar standing-wave grids composed 
Jof numerous sets of Crystal Seals that form the electro-tonal program upon which 
the Kathara Grid Level-3: Doradic Points emerge. The Hova Body Grids are 
called Crystal Shields, The 5 Dimensionaljzed Hova Bodies are structured as 5 
‘Concentric Spheres of energy that surround and permeate the human body and 
|serve to hold the embodying consciousness into dimensionalized levels through 
Which the Holographic Projection of experienced manifestation can occur. The 
Hova Bodies form “tissue capsules” of subtle energy around each 3-dimensional 
Harmonic level of the Bio-energetic Field, within which the 15 Dimensional levels 
of the Auric Field are stationed. 

In Kathara Healing, restoration of the original 4%-Harmonic Maharic Shield 
Imprint for Health is used to realign and clear blockages from the lower Hova Bodies 
‘and corresponding Kathara Centers and Kathara Lines, to awaken the Imprint for 
Health and Spiritual Actualization within the Body-Mind-Spirit System. 
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HOVA BODIES, SHIELDS & SIGNETS 


5 Aries Hova Bodies, Kathara Grid and Harmonics of Manifestation 

Hova Bodies are tri-tonal scalar grids that form spherical energy “tissue 
}capsules” around each 3-dimensonal level of the multi-dimensional identity, 
Within 15-Dimensional Human Anatomy, there are 5 Dimensionalized Hova 
Bodies called Ariea Hova Bodies. The Ariea Hova Bodies form out of the electro- 
tonal programs held within the Kethara Centers of the Level-1 Kathara 12-Tree 
(Grid. The 12 Kethara Center of the Kathara 12-Tree Grid connects to the 12 
IKathara Center of the Universal Kathara Grid, ust as the 1s Kathara Center in the 
personal Kathara connects to the 7+ Kathara Centerin the Planetary Kathara Grid. 
The 126 and 1* Kathara Centers, the personal Kethara Grid and morphogenetic field 
[Connect to the planetary and universal morphogenetic fields. When working with 
{the Hova Bodies we first focus upon the lower four, as these must be 
{functioning properly before the 5% Hova Body and its connection to the 
Universal Kathara Grid can be activated within the Bio-energetic Field, Four of 
ithe 5 Ariea Hova Bodies are directly connected to the Crystal Seals within the 
human body Central Body Current on a HORIZONTAL PLANE. These first 4 Hova 
[Bodies correspond to _ each of the 12 Kathara Genters of the personal Kathara 
12-Tree Grid. The Hova Bodies represent Harmonics of Manifestation, 


Hova Bodies, SIGNETS and SHIELDS 


Each Hova Body emanates outward from a set of 3 Kathara Centers and their 
corresponding Crystal Seals. The core template of the Hova Body is a Triad of 
Crystalline Spheres that connect directly to the 3 Kathara Centers to which 
{they correspond. This Triad of Crystal Spheres is called a SIGNET. The Signets 
are the smaller, fixed, consolidated frequency points; out of which the Seed 
Crystal Seals that form the Chakras manifest. The Signets and the smaller 
Crystal Seal formations that manifest through them, create a disc of spinning, 
horizontal wave spectra that direct the function of Hove Body merger, these scalar 
discs are the scalar templates upon which the Hova Bodies manifest, and are called 
|SHIELDS. 

The Shields and the Signets that direct them are considered to be the core of| 
the Level-2 Crystal Seals Kathara Grid. Each of the 4 Hova Bodies ofthe first 12 
Dimensions form upon a set of 3 Signets. Each Signet transmits a flesh-line 
(Partiki Phasing Sequence) on a different axis, one vertical, one horizontal and 
lone diagonal, forming a 3-plane projection of flash-lines that form the base of the 
3-dimensional Holographic projection. 
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Kathara Centers and Activating the Signets and Shields 
In each set of 3 Signets at least one corresponds to the Central Vertical 
Kathara Line, the control center of the Level-1 Kathara Grid 12-Tree. The 
‘Signets and Shields can therefore be used to direct the function of the Kathara Grid 
12-Tree and alll built upon it, and the Kathard. Centers can be used to trigger 
activation of the Signets and Shields within the Hova Bodies. When a Signet is 
activated its corresponding disc or Shield begins to spin. When a certain spin rate 
of the Shield is reached, it triggers the activation of the next set of Signets in the next 
Harmonic setting the next Shield to spin. When 2 Shields activate and reach a 
reciprocal spin rate the tissue capsule separating the 2 corresponding Hova 
Bodies releases and the 2 Hova Bodies merge, which is the process by which 
Higher Identity integration occurs. It is also the process by which the Merkaba 
Vehicle is activated within the Bio-energetic field. When all four Shields activate 
‘and spin, the body matter is able to transmute out of matter density and into pure 
wave form, which represents Maharic/ Avatar Integration for the identity. 


THE 5 HOVA BODY SHIELDS 


The Hova Bodies and the Shields 

Each Hova Body contains at its core a Shield through which the Hova Body 
functions are governed. The Nada Hova Body of dimension 1-2-3 forms on the 
‘TELLURIC SHIELD, its control center being the 24 Kathara Center that is 
composed of 24 Dimensional Frequencies. The Alphi Hova Body of dimensions 
4-5-6 forms on the DORADIC SHIELD, its control center being the DORA or 
[Archetype of the 5 Dimensional Frequencies. The Betcha Hova Body of 
dimensions 7-8-9 forms on the TEURIC SHIELD, its control center being the TEURA 
or Monad of the 8 Dimensional Frequencies. The Mahara Hova Body forms on 
ithe MAHARIC SHIELD, its control center being the Mahunta or Avatar Core of the 
11® Dimensional Frequencies. The 5! Hova Body, the Raja Hova Body, forms on a 
'set of Signets that correspond to stellar points within the Universal Kathara Grid. 
ts Shield, the RISHIC SHIELD, rotates on a vertical plane and it comes into 
activation within the personal morphogenetic field only after the four lower Shields 
have transmuted the body into Pre-matter Liquid Light of the MAHARIC SHIELD. In 
terms of healing and advancing evolution of the earthly identity, the first four 
Shields are of greatest significance. 
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Hova Bodies, Shields, Signets and Healin 
In all healing application knowledge of the Shields is of great value, for any 
manifest condition of disorder will have its first manifestations within the 
Kathara Grid and the Shields that form upon it. The process of healing, therefore, 
is the process of restoring the Shields to their proper order so they may activate to 
build the Merkabe Vehicle through progressive Higher Identity Integration. In 
Kathara Healing we begin with the MAHARIC SHIELD, the Shield that contains 
{the pure form of electro-fonal programs upon which the consciousness first entered 
{matter density through the Pre-matier Liquid Light Fields of the 4h Harmonic - 
Dimensions 10-11-12. Through activating and progressively drawing in the 
highest 11% and 12Dimensional frequencies of the Maharic Shield, 
distortions in all lower Shields can be more rapidly realigned with their 
original pattern. When we work with the Kathara Centers of the Level-1 12-Tree 
|Grid we simultaneous create change within the SIGNETS that direct the function of 
the SHIELDS, and so we are able to more rapidly facilitate appropriate realignment 
of the Shields and Hova Bodies, THE CORE OF HEALING IS RESTORING THE 
HOVA BODIES AND THE SHIELDS UPON WHICH THEY MANIFEST TO THEIR 
(ORIGINAL INTEGRAITY OF ORDER. 


play of mulli-harmonic frequency between the 
Shields, Signets and their Crystal Seals, Kathara Grid Level-3- DIODIC POINTS 
‘come into manifestation, to fil out the 3-plane, 3-dimensional “armature” of scalar 
Waves and flash-lines, upon which more Partiki units will cluster and crystallize to 
build up the particle base for form manifestation, The Diodic Points within the body 
‘and morphogenetic field connect directly to the Shields of the Hova Bodies in areas 
where the flash-lines arid scalar points within the Crystal Seals ofthe Shields align 
with and pass through’each other. Flash-Lines from one Hova Body Shield 
‘crossing through those in other Hova Body Shields form COORDINATE 
POINTS, or “Gateways” of energy-consciousness transference through which 
frequency and awareness from one Hova Body and identity level can cross 
{through into other Hova Bodies and identity levels. The Coordinate Points, or 
regularly scheduled points of flast-line intersection, form tiny vortices of eneray , 
Which keep energy and consciousness flowing throughout the multiple dimensfonal 
levels of identity and anatomy. The vortices of energy created by the Coordinate 
Points of flash-line sequences are called DIODIC POINTS and they have a 
jcounter reflection within anti-particle manifestation called MIODIC POINTS. 
Diodic and Miodic Points are sets of White and Black Holes that circulate energy 
throughout the anatomy. 
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KATHARA GRID DIODIC POINTS 


jiodic Si 

[Diodic! Miodic Points represent concentrated areas of energy thal emerge at points where 
imensionalized levels of scaler grids cross over and through each other, creating minute vortices of wave 
spectra that serve as frequency modulation zones (scaler fash-cyole transition points) between 
[Dimensional Frequency Bands. Diodic Point vortices are White Hole vertices that transmit energy into the 
Particle Universe from ther counterpart Miodic Point vorices within the Ant-paricle Universe, Through the 
'Stucture of Dimensionaliztion, each Harmonic Universe, and the stuctures contained there within, have 
within their morphogenetic fields sets of Diadic and Miodic Ponts - sets of White and Black Holes - that 
Feguite the flux of consciousness-cnergy between systems, 

Within the biological form and morphogenetic field, Diodic Points are located in physical body regions 
| where Inter-dimensional and inter-Harmonic Horizontal and Vertical Kathara Lines intersect to form 
‘small vortices of inte-dimensional or inte-harmonic wave spectra that serve as Gateways of 
[Consciousness between Dimensional Time Continua of Harmonic Time cycles. They connect physical 
bodies to their anti-particle counterparts and intersect with the Vertical and Horizontal relationships of 
]wave spectra within the DNA/ RNA and bio-energetic field, through sets of White and Black Holes atthe 
[Genter of the biological Harmonic scalar grids, 


jodi Poi x ional 
[Diocic Points control the Diagonal Kathara Lines, the sequences of Partiki Phasing or “flash- 
ines” that run on @ diagonal between the Kathara Centers, Whereas the Kathara Level-t 
Kathara Lines direct the Vertical flash-line sequences and the Level-2 Crystal Seals control 
the primary Horizontal flash-lines and thei relationships to the Vertical fash-lines, the Diodic 
Points further regulate the retaionships of flashline sequences through the Kathara Grid by 
Serving as “turnstiles of energy’. The Diodic Points intersect with the crossover points of the 
Vertical and Horizontal flash-ines , adding @ further level of modulation to the frequencies passing 
through, aliowing a 3-dimensional Harmonic Projection of flash-lines (Rash-iines projecting on 
3 differ angular planes)to build within the morphogenetic field. The Diodic Points add the third 
Plane of projection to the Kathara Grid, beginning the formation of what will appear as a 3- 
dimensional “armature” of fiash-points upon which particles will accrete to “fill out” the 
Holographic illusion of 3-dimensionality, 


Diodie Points end Heall 
In Kathara Healing Diodic Points are used to open the Diagonal Kathara Lines for 

reprogramming. When Diodic Points become blocked, due to blockages within the Kathara Grid 
(which appear as "gaps" or missing sequences of flashes along the flashlines of Parti Phasing), 
jenergy bullds up in the Leve-3 Kathare Grid, forming distortions inthe natural pattem that will 
manifest in the body and bio-feld systems 2s disease or disharmonic condition. n tater 
/appications of Kathara Healing we will lam to identily points of Diodic and Miodic build-up in the 
body, and use primary flast-iine sequences applied through touch points to realign the natural 
fiash-point sequences and clear the Diodic Blockages. 
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Hova Bodies are spherical 
scalar wave grids that form 
tissue capsules between 
ach 3-Dimensional Harmonic 
of Manifestation, 

‘Signets are the core points 

of consolidated frequency 


that hold the programs for 
the Scalar grid SHIELDS 
tufon which the Hova Bodies, 
manifest. 


Level-2 Kathara Crystal Seals Grid and Chakras 


n 


¢ AXIOM LINES, AURIC LEVELS AND CHAKRAS 


Diodic Poi nets, Seed Seals and AXIOMLINE 

Each Signet within 2 Hova Body Shield hols the electro-tonal program for one Seed Crystal Seal 
‘and one dimensionalized flash-line sequence. Each Seed Seal program ‘corresponds to one 
dimensionalized flash-line program from one Level-1 Kathara Center. Each Seed Crystal Seal 
holds intact the electro-tonal program for one dimensionalized flash-line projection angle, or 
‘Single Axis Dimensional flash-line sequence, The Single Axis Dimensional flash-line ‘Sequences 
controlled by each Seed Crystal Seal are called AXIOM LINES, 

There are 12 Primary Axiom Lines that correspond to the 12 Kathara Centers in the Personal 
‘and Planetary Kathara Grids. There are 12 additional Stellar Axiom Lines that correspond to the 
12 Kathara Centers in the Universal Kathara Grid, The Axiom Lines represent: single-axis fiash- 
line sequences - (fixed points of conscious electified sound- electro-tonal units- that form strands 
Of scalar standing waves) that intermesh to refine the scalar-grid webbing upon which 
Kathara Grid Level-3 Diodic Points will emerge. 


‘Salo A-B Tonal Lines, Diodic Miodic Vorices, Chakras-DNA-Portale-Ley Lines & Healing 

Each of the 12 Primary Axiom Lines has a reverse reflection within the dimensions ofthe antic 
Particle universe. The 12 Primary Axiom Lines governing the Diodic “White Hole” Vortices of 
‘he particle universe are called AxiA-Tonal Lines (or *Axictonal” Lines). The coresponding 
Tellecions of the Axi-A-Tonal Lines in the anti-particle universe, which gover the Miodic “Black 
Hole” Vortex reflections ofthe Diacic Points, are called Axi-B-Tonal Lines. In Kathara Healing 
‘he integrity ofthe Ax-A-Tonal Lines is restored through realigning the electro-onal programs 
within the corresponding Kathara Centers. The 12 Primary Axi~A-Tonal Lines set the 
morphogenefic imprint upon which the Chakra System and foundation DNA organization of the 
human body wit manifest and upon which the Planetary Vortex/Portal System and primary 
Planetary Ley Lines will emerge within the planetary body. Restoring the Imprin for Heat tothe 
‘Axi-A-Tonal Lines and corresponding Kathara Centers will regenerate integrity within the DNA 
and Chakra System ofthe body and wil restore the organic operations ofthe planetary Vortices- 
Portals and Ley Lines of the planetary morphogenetic grid. 

Restoring the Imprint for Health within the AXI-A-Tonal Lines simutaneously restores integrity 
to the corresponding Diodic Points and tothe Axi-B-Tonal Lines and their Miodic Points. When 
‘working with Kathara Techniques tht ‘clear the Miasmic Imprint” ~ the ant-paticleblockeges 
within Diode Points - the Diodic Ponts are realigned by clearing their Miesmic distortion, which 
then reestablishes the integrity of corresponding Axiom A and B Tonal Lines, sending a realigned 
€lectro-tonal program back through the Seed Seals and the Level-1 Kathara Centers Ifthe 
‘programs within he Kathara Centers are simultaneously realigned using infusion of the 
frequencies from the Maharic Shield, the Kethara Center programs, the Axiom Lines and the 
Diodic Points wil be progressively restored to heath the Kathara Centers are not simultaneously 
Tealgned, the restored Axiom Line programs wil be overridden by the Kathara Center programs 
nfl the restored programs reach crtical mass through prolonged repetiion. Clearing the Miasmic 
‘Imprint while simukaneously Repatterning the Level-1 Kathara Centers and Kathara Lines 
vvia Maharic Infusion isthe fastest way to restore the Imprint for Health within the Human 
Body-Mind-Spirit System and within the natural operations of planetary bio-mechanics. 
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‘Axiom Lines, Diodic Points, Hove Bodies, Shields and Aurk vels 

The Single Axis flasb-ine sequences ofthe 12 Primary Axiom Lines cross over and through 
each other to form COORDINATE POINTS between the Hova Body Shields, through which the 
“White Hole” Leve3 Diodic Point Vortices emerge. The varying angles of flash-line 
projection within the Axiom Lines create separate dimensionalized bands of frequency 
(separate sets of fesh-ine sequences) within the Hova Body structure. As there are 3 Signets 
and thus 3 Seed Seals and 3 Axiom Lines inherentto each Hova Body Shield, each Hova Body 
becomes dimensionally compartmentalzed into 3 separate yet interelated sections, each section 
having inherent sets of Didic Points, Each dimensionalized aspect of the Hova Bodies 
becomes a Level of the Auric Field within the bio-energetic system. There are 12 Inner 
Layers of the Auric Field, which correspond to Dimensions 1-12 and to the 12 Primary Kathara 
Centers, Seed Seals and Axiom Lines ofthe fist 4 Hove Bodies. There are 3 Outer Layers of the 
‘Auric Field that correspond to Dimensions and Seed Seals 13-18, to the fst 3 Kathara Centers 
and Axiom Lines of the Universal Kathara Grid and to the 5! Hova Body. 


idsted Diodic Points, Chakras and Auri 

The points in the Kathara Grid where the Single Axis Axiom Lines cross over and through the 
Central Vertical Kathara Line in the Levelt Grid and the Horizontal flash-lines of the Seed Crystal 
Seals form fixed, consolidated Diodic Points larger vortices of energy composed of many 
‘smaller Diodic Vortices. The larger vortex points are called CHAKRAS. Each Chakra Vortex is 
formed upon the electro-tonal program of is corresponding Dimensional Frequency Band, Kathara 
Center, Seed Seal and Axiom Line, and each chakra corresponds to one Auric Field Level, 
DNA strand imprint and level of consciousness. As 3 Signets, Seed Seals and Axiom Lines 
correspond to each Hova Body Shield, 3 Chakras regulate and correspond to each of 5 Hova 
Bodies, fora total of 15 Primary Chakras. Primary Chakras 1-12 correspond to Kathara Centers 
4-12 in he Personal and Planetary Kathara Grids and Primary Chakras 13-15 comespond to 
the first 3 Kathara Centers and Axiom Lines of the Universal Kathara Grid. Chakras 13-15 are 
considered Universal Trans-stellar Chakras. 

‘The Chakras regulate the transduction of flash-line sequences from the Dimensionalized 
Unified Field and Diodic Vortices of the Axiom Lines end Auric Field Levels into the Hova 
Body tissue capsules and rivulet channels that connect to the physical, electro-magnetic, 
chemical and hormonal aspects of the visibly manifest form. Chakras regulate the flow of 
consciousness energy between the cimensionalzed Auric Field levels of the Hova Bodies, keeping 
the various muti-dimensional stations of consciousness separate, in order to alow for experiential 
perception of holographic manifestaion. Each Chakra circulates its Single Axis astline 
sequence along the angle of projection carried within its corresponding Axiom Line, and this 
angle of flash-line projection determines the Angular Rotation of Particle Spin (ARPS) —or the 
axis upon which particles rotats- within each dimensionalized portion of the anatomy. There is a 
‘80-cegree shift in the flssh-ine angle of projection from one Chakra and cimensional band to the 
next, which creates 2 90-degree shit in the Angular Rotation of Particle Spin between each 
‘dimensionalized portion of the anatomy. Between each 3-dimensional Hova Body there is also @ 
‘4S-degree reverse shift in fash-line projection angle, which creates a 45-degree rather than 2 90- 
degree forward shift of fash-line projection angle between each Hova Body and between each 
‘set of 3 Chakras (Chakras 1-2-3 * 4-5-6 7-8-9 * 10-11-12" 13-14-16). The precise angles of 
fiastline projection and ARPS between Chakras, creates the percelvable 3-dimensional hologram. 
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CHAPTER 5 » THE COZY CORNER LAB 


Tools for Soldering 


An activity that is practiced frequently in many electronics labs is soldering, If you haven't leaned how 
to solder yet, you are strongly encouraged to do so. Here's a handy setup for soldering, sitting in one 
comer of the newly refurbished workbench, See Figure 5-8, 


Figure 5-8. A temperature-controlled soldering station with a stand for the soldering iron, a water bottle to 
wet the tip-wiping sponge, and some different kinds of solder. Some people prefer to have the soldering 
Station nearer to the front edge of the table. Use whatever configuation makes the most sense in your lab. 


Caution Soldering irons are hot and can cause serious burs. Do not place a soldering iron where you might 
accidentally knock it ff the work table or brush against it 
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AChatra appears win thebeats fee cones or spirals of multi-colored eneray 
that are linked together atthe tip in the Central Body Current through the Seed Crystal Seal 
ut of which the cones emerged. Chakras 2-6 extend from the Seed Seals outward through the 
body and Auric Field on a Horizontal axis and Chakras 8 and 9 intersect with 6 and 7 at the 
Pineal Gland on 2 rotating Diagonal axes running through the head. Chakras 4 and 7 and 10-14 
are stacked above and below the body on a Vertical Axis allned with the Central Body Current 
(CBC) andthe Central Vertical Kathara Line. Chakras 187, 10812, 11843 and 14815 are actually 
the bottom and top cones of 4 Large Vertical Chakra Spirals, but are counted as separate 
chakras. Chakra 15is a “roving chakra’, which travels the course ofthe 12 Primary Axiom Lines 
far out in Level-15 ofthe Auric Field. Each Chakra draws in energy from and transmits energy into 
the dimensional Untied Field coresponding tothe chakra number and canies as its dominant 
perceivable color the hue cheractersic tothe primary frequency band wave-length of ts 
dimensional affliation, 


Primary Color of Chakras 
Chakra 


Di Ir 

D-1 RED CK px GOLD 

D2 ORANGE ie Dg SILVER 

D3 YELLOW CkK-40 D-10 — BLUE-BLACK 

D4 GREEN Ck D411 SILVER-BLACK 

D5 BLUE K-12 D-12 WHITE 

D6 — BLUE-VIOLET (INDIGO) CK-13 D-13_ PALE TURQUOISE 

D7 MOLET CK44 D-14 PALE YELLOW 
CK45 D-15 | MAGENTA-PINK 


A Chakra will also cary, in lesser saturation, the colorstfrequency bands associated with all of 
the dimensions below its own dimensional affation. 


Chakras and Dimensional Merkaba Fields 
‘When the Seed Seal atthe core of a Chakras released, the 2 cones of the Chakra move 
through each other io form @ Dimensional Merkaba Field- 2 counter-otating spirals of electro 
‘magnetic energy that take the form ofa Star-tetrahedron. When the Seed Crystal Seal releases, 
the corresponding scalar-wave points within the Hova Body Shield are released from Dimensional 
Phase-lock — they are released trom polarity by the re-combining oftheir inherent Particumm- 
Particles and Parikxa-ant/partcles. Trough re-combining Paricum and Paria the scalar. 
standing-wave points undergo fusion, then a reciprocal fission and replication within the 
Harmonic above. Through release of the Seed Seals the Dimensionalized Auric Field Levels of the 
lower Hove Body align along the same Angular Rotation of Particle Spin / angle of fash-ine 
projection, which transmutes them into the angle of fash-ine projection and Partki Phasing rate of 
the Dimensionalized Auric Field Leves ofthe Hova Body ftom the Harmonic above, Seed Crystal 
Seals are released by infusing them with the frequencies! flash-line sequences of the 
corresponding dimension from the Harmonic above. Progressive release of the Sead Seals 
satin Chas eg pen on ning ofthe Katara Lins ta Le 12-Tree Gid, 
‘and merging of the Hova Bodies, Shields, Diodic Points, Auric and Identity Levels and DNA 
strands, through which ofthe Merkaba Vehicle and de-densifcation of matter occurs. 
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Sse Chakra and Hova Body sie aa 


Each 3-Dimensional Scalar Shield fare a Spher 
Electromagnetic Domain cated a Hova Body. 


wow, 


Eh Hoa Boy ence cg 
‘poems hea ci Peary Se 


‘transmit energy into, the Unified Field: 
‘of each Dimension. Each Chakra 
‘caries as its Primary Color the hue 
associated withthe wave-length of the 
dimensional frequency band to which 
the Chakra corresponds. 


Chakras draw energy in from, and : 


z 


Each Chakra corresponds to a level 
‘of the Auric Field and one 
Axt-A-Tonal Line, Each Hova Body 
‘corresponds to a set of 3 Chakras and 


contains 3 dimensionalized frequenoy 
‘bands that form the dimensional levels 
of Auric Fiald. 


SILVER 


BLUE-BLACK 


SILVER-BLACK 


WHITE 


A Chakra will also carry, in lesser saturation, the colors/frequency 
bands associated with all of the dimensions 
below its own dimensional affiliation. 
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(| AXI-A-TONAL LINES, THE HARA LEVEL, 
_|__6 HARA POINTS AND COMPLEXES 


Projection and the Human Boi 

Each Seed Crystal Seal within the Signets of the Hova Body Shields holds the electro-tonal 
program for @ Single Axis Axiom Line fash-line projection. The flash-line sequences of each 
‘Axiom Line are not simply stationary single-line projections of flash-lines, but rather 
‘operate 2s rotating single-line projections. Each rotating Single Axis fiash-ine projection is. 
synchronized with the other rotaing Single Axis fash-ne projections of Axiom Lines from the 
‘other Seed Crystal eals-Through the rotational synchronization ofthe Axiom flastvline 
sequences, the flash-lines of each Axiom Line regulary cross through each other, and through the 
vertical and horizontal last-ine sequences from the Level and Level-2 Kathara Grid. The points 
of synchronized flash-tine crossover form consistent points of intersection through which the 
Level-3 Diodic Vortices and Chakras manifest. Within the human body and Auric Field the 
consistent points of flash-line crossover can be charted inthe form of fixe lines of energy 
that run through the body. The charted Axiom Lines within the human body represent series 
of regularly scheduled flash-line intersection points, created through the synchronized 
rotation of the Single Axis Axiom flash-line sequences. 


n Bod 

The consistent points of Axiom Line fiash-line crossover that form fixed lines of eneray within the 
body can be charted as Axiom A and B Line energy flows within the body. The Axiom A Lines 
correspond to the body manifestation in the partici universe, the B Lines to the body double in the 
ant-paricle universe. For Kathara Healing applications the A Lines ~ AxisA-tonal Lines: of the 
particle body are used for various purposes of facilitating Kathara Center realignment and 
revitalization of the Body-Mind-Spirit System. Within the body the Axi-A-Tonal Lines can be 
charted as Primary Flow Lines ~ conduits through which energy-consciousness, in the form of 
scalar-pointflash-line sequences, citculates through the morphogenetic field. The fixed fash-line 
crossover points that form the charted Axi-A-Tonal Lines appear in the body as a set of 12 
Vertical Flow Lines, one running from each of 12 Auric Field Levels, which run through the body 
within the Level2 Crystal Seals Kathara Grid. Each Axi-A-Tonal Line corresponds to one of 12 
Dimensional Frequency Bands, Kathara Centers, Seed Crystal Seals, Chakras and DNA strand 
imprints, The 12 Primary Axi-A-Tonal Lines appear to enter and leave the body through the 
head and feet, with conduits running through the arms, hands and out the finger-tips, and 
through the legs, feet and out the tips of the toes. Each Axi-A-Tonal Line appears as a 
colored cord of energy, its hue determined by the wave length characteristic to its 
corresponding dimensional frequency band. In charting the positions of the 12 Primary Axi-A- 
Tonal Lines in the body, numbering and color are used to denote the Dimensional 
correspondences of each Axi-A-Tonal Line. 
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nal Lines 44 & 12 and the “Hara " 

Axi-A-Tonal Lit 1 and 12, which correspond to the 11 and 12% Dimensions, 
Kathara Centers, Seed Seals and Chakras, run vertically through the center of the 
body along the Kathara Grid Level-1 Central Vertical Kathara Line, forming a 
twisted “rope” of Dark Silver (D-11) and White (D-12) eneray that wraps around the 
Central Vertical Kathara Line Flash-line Sequence. The Central Vertical Kathara 
Line, which appears as a thin Silver-gold flash-line of energy running from the 
14% Chakra (36"above the head) through the body and into the 13 Chakra at 
Earth's Core, is imbued with frequencies from the 12%, 14 and 8 Dimensions - 
the frequencies of White, Dark Silver and Gold. 

In Level-2 Kathara Grid , the rotating single axis flash-lines of Axi-A-Tonal 
Lines 11 and 12 spiral around the thin Silver-Gold flash-line of the Central 
Vertical Kathara Line, merging into a thin, vertical tri-tonal flash-line of 
primarily Gold hue that becomes the core of the Central Body Current. In 
ancient Eastern Healing Systems this thin Gold Vertical Line is called the “Hara 
Line”, and is often considered the foundation of the manifest form. In truth, the 
Level-1 Kathara 12-Tree Grid and the Signets, Crystal Seals and Shields of 
Kathara Level-2 are the deeper foundations upon which the Hara Line manifests. 


ihe Hara Level of Kathara Level-2 Crystal Seals Gr 
‘The mechanics of the Crystal Seals in the Level-2 Kathara Grid are complex, but can be 
‘employed with relative ease through working with the energetic dynamics of the outer levels of 
the Level-2 Kathara Grid, the level in which the Hare Line can be viewed using 9*-cimensional 
Higher Sensory Perception, We refer to this level of the Level-2 Crystal Seals Grid as the HARA 
LEVEL. The Hara Level is camposed of the Hara Line, and 6 of the 15 Star Crystal Seals of the 
Kathara Level-2 Crystal Seals Grid. 


‘The 6 Hara Points (Crystal Seals) apparent from the Hara Level are as follows: 


1. The 9M Silver Core Star Crystal Seal, called the HARA CENTER 

2. The 6 Indigo (or Blue-Voilet) Star Crystal Seal, called the SOUL STAR 

3. The 12! White Star Crystal Seal, called the GALACTIC STAR 

4. The 3* Yellow Star Crystal Seal, called the SUN STAR 

5. The 8% Gold Star Crystal Seal, called the EARTH STAR 

6. The 10% Blue-Black Star Crystal Seal, called the EARTH CORE SEAL 
‘The 6 Hara Points govern and reguiate the function of Complexes of energy synthesization and 

distribution that control the operations of all primary body systems and bio-energetic field 

dynarrics. In Kathara Healing Level-2 we will explore mechanics of the Hara Level. In Level-1 


Kathara Healing we will simply become familiar with Hara Level as an element of 15-dimensional 
human anatomy. 


® 


The TIARA AND THE IUNDALING 


‘The Slivery-gold energies of the Hara Center (9° Star Crystal Seal) are interwoven at the base of 
the spine with whats referred to as the KUNDALINI life-force energies. The Kundalini energies 
represent the PRIMARY ENERGY CURRENTS through which the incamating consciousness 
anchors its morphogenetic field within the Fetal Body through the FIRST 8 CELLS of conception, 
‘The Hara Center energies interweave at the base of the spine with the frequencies of the 
first Star Crystal Seal, the RED Star Seal, in the First Cell. When the Hara Center Seal is 
dormant and activated only to the 3-Dimensional Level its Pale Sivery-gold frequencies appear to 
be encased within a crimson RED sheathe of 1*-Dimenional energy, often making the Hara 
Center and Hara Line appear to be RED in color. As the Hara Center comes into activation 
through progressive release of the 9 Star Crystal Seal, the Gold 8* Dimensional and Siiver 9 
Dimensional frequencies of the Hara become the dominant hues, giving the Hara Center and Hara 
Line its natural Silvery-gold color. With full activation of the Hara Center and 12Dimensional 
Maharic Integration, the tritone frequencies of the Hara Center and Hara Line take on a tri-color 
‘spectrum of Pale Silver, Gold and Red:-Violet (pale Magenta), as the Kundalini primary life force 
‘currents atthe base of the spine activate within the Central Verfical Current ofthe body. Full 
activation of the Kundalini merges the 7*-Dimensional Violet, 1*-Dimensional Red, 8% Dimenional 
Gold and 8 Dimensional Silver frequencies with the full spectrum White-Silver energies of the 
12 Dimensional Maharic Current. 


‘The Hara Center, ike all Star Crystal Seals, Is one of the primary regulatory elements of 
the natural Kundalini energies, As the Kundalini energies at the base ofthe spine are brought 
‘out of higher dimensional dormancy, through progressive activation ofthe Star Crystal Seals in the 
Kathara Level-2 Crystal Seals grid, the Hara Center progressively reflects these changes by 
‘expanding in size and energy processing capacities and taking on the hues (wave spectra) ofthe 
higher dimensional frequencies. The Kundalini energies at the base of the spine are the key to 
physical cellular transmutation ofthe body. Kundalini energy currents regulate the physical 
body's position in space-time, keeping the physical body phase-locked into the planetary Time 
Cycle in which it was conceived, following the mathematical programs set by the Star Crystal Seals. 
and the Kathara Grid. For physical transmutation to occur, the Kundalini energies ofthe higher 
cimensions must be brought info embodied acivation, seting the processes of the Internal 
‘Templar Complex in motion. 


‘The DNA Template manifests upon the programs set by the Kathara Grid. As the Kathara 
Centers and their corresponding Star Crystal Seals, Shields, Kundalini currents, Cranial-Sacral 
(Pineal-Teilbone) Seals, Seed Crystal Seals and Chakras activate, dormant DNA Strand Template 
‘also activate, progressively altering the Angular Rotation of Particle Spin, energy-processing 
‘capacities, metabolic orientation and neurological processes of the body and molecular 
structure. As these physical changes occur through activation of the Crystal Seals and Kundalini 
energies, the Merkaba Vehicle (interdimensionl counter-rotating electro-magnetic fields in star- 
‘tetrahedral form) progressively builds within the bio-energetc field, allowing the physical body 
release from phase lock within ts home space-tme vector. Activation of the Hara Center 
represents one of the stages of this natural transmutational process. 
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THE HARA CENTER 


Tr Core Star Ci Se and the D-9 Thal: Comt 
‘The Star and Seed Crystal Seals of the Level-2 Kathara Grid that hold consciousness into the 
dimensional phase-lock set by the Level-f Kathara Centers acerete along the Central Vertical 
Kethara Line and the Central Body Curent. From the Hara Level the outer portions of the 
Level-2 Kathara Grid -the 12, 95 and 6 Star Crystal Seals, appear as areas of condensed 
light positioned along the vertical Hara Line. 


‘The 9® Star Crystal Seal, located about 2* below the Navel is known as the Core Star Crystal 
‘Seal the point of & and 9* dimensional frequency of the Harmonic-3 Over-Soul Matrix (Teuric 
Shield) that anchor the personal morphogenetic field into that of the Earth and serve as the 
Ccenter of gravity for the adult human body. The Core Star Seal appears from the Hara Level 
a3 a2" ball of Gold (D-8) energy encased in a thin Silvery (0-8) membrane; in Eastern theory 
this ball of energy is called the Tan Tein, and is used for direction of bodily and Earth 
‘energies in advanced martial arts and healing practices. In Kathara theory we simply refer to 
this energy ball as the Hara Center, or the Sth Core Star Crystal Seal. 


‘The Hara Center's the point at which the dimensionalizing identity enters the Etheric Matter 
densities of Harmonic Universe-3. The Hara Center represents the point into which the Over-Soul 
Identity, its Monadic Core, the Betcha Hova Body and Kathara Centers 7, 8 and 9 first anchor 
within the body. The Hara Center holds the morphogenetic imprint for DNA strands 7, 8 and 9, 
corresponds to Chakra Centers and Axi-A-Tonal Lines 7,8 and 9 and is a key point for 
Tepatterning the electro-tonal programs of the Teuric Shield and realigning and activating 
‘corresponding DNA strands, Chakras, Axi-A-Tonal Lines and body regions they govern. 


‘The Hara Center is associated with the Thalamus Complex, the chemical translation and 
regulatory system that governs the 8¥-Dimensional interface between various brain-function 
‘areas and the glandular and metabolic operations of the Thymus Complex, Gonads, Lymphatic 
System and corresponding body systems, Through the 9®.Dimensional Thalamus Complex the 
¢lectrical impulse, chemical and hormonal relationships between the 10*Dimensional Shara 
Complex and the &-Dimensional Thymus Complex and its related body systems are governed. 


The Hara Center and the Thalamus Complex link the functions of the Mahara and 
Betcha Hova Bodies, the Maharic and Teuric Shields and the Avatar and Over- 
‘Soul levels of consciousness and identity within the body and bio-energetic field. 


The primary area of dominion of the D-9 Thalamus Complex is Brain Function. 
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TiAl SOUL STAR 


‘Soul Star Seal and the D-8 Thymus Complex 
‘Aiso visible along the Hara Line of Kathara Grid Level-2is the 6 Star Crystal Seal, located 
around the Thymus at the top of the breast bone and associated with the St and 6% dimensional 
frequencies of the Harmonic-2 Soul Matrix (Doradic Shield), The 6 Star Seal, visible as a pale 
Blue-Violet-white point of diffused light along the Hara Line, is called the Soul Star Seal. 


‘The Soul Star Seal is the point at which the dimensionalizing identity enters the Semi-Etheric 
Matter densities of Harmonic Universe-2. The Soul Star represents the point into which the Soul 
Identity, its Archetype Core, the Alphi Hova Body and Kathara Centers 4, 5 and 6 first anchor 
within the body. The Soul Star holds the morphogenetic imprint for DNA strands 4, 5 and 6, 
corresponds to Chakra Centers and Axi-A-tonal Lines 4, 5 and 6 and is a key point for 
Tepatterning the electro-tonal programs of the Doradic Shield, and realigning and activating 
corresponding DNA strands, Chakras, Axi-A-Tonal Lines and body regions they govern, 


‘The Soul Star is associated with the Thymus Complex, the chemical translation and regulatory 
system that governs the 8%Dimensional interface between the Pineal, Pituitary, and Thyroid 
Glands, which govem the chemical and metabolic operations of the hormones, Adrenal Glands, 
Endocrine System, Spleen, and crystalline formation of the Red Blood Gells and Hemoglobin, 


‘The Thymus Complex and its related glandular and metabolic systems, govern the cyclic shythms 
by which the DNA strands will activate through the Pineal Gland, the rate of growth and 
degeneration of body tssue through the Thyroid Gland and through the Pituitary Gland and its 
inter-glanduiar processes, the functions of electro-onal impulse conversation, transtation and 
distribution through the brain, Central Nervous System and blood are regulated. 


‘The Thymus Complex controls the inter-glandular systems balances between the Pineal, 
Tryrld and Pitary Glands and regulates the primary operations of electrical impulse and 

hrc ranslaon and tansirtroughott De bain and body eystans vi he "Thymus Gland. 
‘The Dimensional Thymus Complex s governed byte incfons ef te 9° Dimerstone! 
Thalamus Complex and the 10*-Dimensional Shara Complex. 


The Soul Star and the Thymus Complex link the functions of the Betcha and Alphi 
Hova Bodies, the Teuric and Doraidic Shields and the Over-Soul and Soul levels 
of consciousness and identity within the body and bio-energetic field. 


The primary area of dominion of the D-8 Thymus Complex 
is Metabolic Function. 


THE SUN STAR 


Si and the Nadial Compl 

‘Also present, but less distinct visible along the Hara Line of Kathara Grid Level-2s the 3 Star 
Crystal Seal, located just beneath the Hara Center of the Star Seal 2° below the Navel and 
associated with the 24 and 3 dimensional frequencies of the Harmonic- Incarnate Matrix 
(Telluric Shield). The 3" Star Seal, visible as a subte pale Yellow-Orange-Red point of 
diffused light along the Hara Line, is called the Sun Star Seal. Due to its proximity tothe Silver- 
Gold Hara Center 9° Star Seal the Sun Staris often considered to be part of the Hara Center, but 
in deeper Hara Level scanning the distinction between these crystal seals can be evidenced. 
‘The Sun Star Sealis the point at which the cimensionalizing identity enters the Gross Physical- 
Matter densities of Harmonic Universe-1.The Sun Star represents the point into which the 
Incamate Identity, its Subconscious-Telluric Core, the Nada Hova Body and Kathara Centers 
4,2 and 3 first anchor within the body. The Sun Star holds the morphogenetic imprint for DNA 
strands 1, 2 and 3, corresponds to Chakra Centers and Axi-A-tonalLines 1, 2 and 3 andis @ 
key point for repatterning the electro-tonal programs of the Telluric Shield, and realigning and 
‘activating coresponding DNA strands, Chairas, Ax-A-Tonal Lines and body regions they govern. 


‘The Sun Staris associated with the Nadial Complex, the electrical impulse and chemical 
‘vanslation and regulatory system that govems the 4* Dimensional interface between the 
Thymus Complex, Thalamus Complex and the functions ofthe physical body systems, 
through which the electrical, chemical and metabolic operations ofthe Blood, Cardio-Vascular, 
Pulmonary and Respiratory Systems are governed. The Nadial Complex governs the operations 
of Heart and Breathing rhythms, the flow of consciousness-energy or *Prana’ from the higher 
dimensional anatomy into physical embodiment and regulates many key functions within the 
processes of nutrient conversion and distribution within the Skeletal and soft tissue systems. 
The Nadial Complex is a key center forthe direction of healing energies within the Nada 
Hova Body, Telluric Shield and physical body systems. 


In advanced applications of healing and manifestation, the Nadial Complex is combined with the 
attibutes of the Shara, Thalamus and Thymus Complexes and with the Universal Raja 
‘Complex of Harmonic-5, which links the human body to the planetary, galactic and universal 
Unified Fields through the 12 and 13" Chairas and 10% Star Crystal Seal at Earth's core via the 
Planetary Bio-Feed Interface System. The frequencies of the 9° Sun Star Crystal Seal, that 
(govern the function of the Nadial Complex can be combined with those of the 9 Core Star Seal 
Hara Center and the 8 and 10% Star Crystal Seals through the 12° and 13® Chakras, PBIS, 
Doradic, Teuric, and Maharic Shields and Raje Complex to form a potent Teuric-Telluric Current 
for healing and manifestation, once the Doradic and Teuric Curents have been activated within 
the body, 


‘The Sun Star and the Nadial Complex link the functions of the Alphi and Nada Hova 
Bodies, the Doradic and Telluric Shields and the Soul and Incarnate levels of 
consciousness and identity within the body and bio-energetic field. 


The primary areas of dominion of the D-4 Nadial Complex are 
Cardio-Vascular, Pulmonary and Nutrient Absorption/Conversion Functions, 


THE GALAGTIG STAR 


The 12% Galactic Star Seal 0 Shara Complex 

‘The third point of.condensed light visible ong the Hara Line of Kathara Grid Level? is the 412! 
‘Star Crystal Seal, located atthe 14% Chakra 36° above the head and associated with the 14% and 
42 dimensional frequencies of the Harmonic-4 Avatar Matrix (Maharic Shield). The 12% Star 
Seal, visible as a White-Silver point of Light emanating an inverted White-Silver-Gold cone of 
energy at the 14 Chakra, is the White Star or Galactic Star Seal, 

‘The Galactic Star Sealis the point at which the dimensionalizing gestalt identity enters the Pre- 
Matter Liquid Light densities of Harmonic-4 the point at which identity begins its individuation 
and journey of densification info the wave spectra of perceivably experiential matter. The Galactic 
‘Star represents the point into which the Avatar Identity, its Buddhaic Core, the Mahara Hova 
Body and Kathara Centers 10, 11 and 12 ist anchor within the Bio-energetic Field to begin 
setting the scalar fad forthe body. The Galactic Star Seal holds the morphogenetic imprint for 
DNA strands 10, 11 and 12, coresponds to Chakra Centers and Axi-A-Tonal Lines 10, 11, and 
12 andis a key point for repattering the elecro-tonal programs of the Maharic Shield, and 
realigning and activating corresponding DNA strands, Chakras, Axi-Tonal Lines and body 
regions they govern. 

“The Galactic Star is associated with the Shara Complex, the regulatory system that governs 
the 10%Dimensional interface between the D-8 Thalamus Complex and the D-13 portion of the 
Rishi Shield in Harmonio-5. Through the Shara Complex the Scalar Fields holding the gestalt 
identity of Harmonic-5 Rishi Consciousness Collectve- the “Universal Family of Consciousness? — 
‘ransiate via electro-tonal conduction, into the more individuated Scalar Fields that house the 
‘Avatar identity gestalt Consciousness Collectve- the “Galactic Family of Consciousness’. 

‘The Shara Complex regulates the disbursement of consciousness in individuated form 
through the dimensional fields of the Time Matrix and serves to link each individuated and 
Incarnate member ofthe Geomantc Entty Collective beyond the Time Matrix, to its Avatar identity 
‘and Galactic Family of Consciousness in Harmonic Universe-4, through the Universal Family of 
Consciousness ofthe Rishi idenfty in Harmonic Universe-S, The Shara Complex represents the 
primary facility through which an individual consciousness retains its indelible energetic connection 
to its greater family of consciousness, through wich itis drecty linked to Source. 

‘The Shara Complex governs, regulates and orchestrates the transduction, translation and cyclic 
rhythms of electro-tonal projection of consciousness into dimensionalization, sets the original 
operational stuctures of Kathara Scalar Grid arrangement and directs the synchronistic 
‘evolution of families of consciousness through time. Through the operations of the Shara 
‘Complex, an idenfi’s cycles of incarnation and manifestation within the 5 Harmonics of a 
45-Dimensional Time Matrix are regulated, which sets the core regulatory rhythms of Partiki 
Phasing, expansion and contraction of consciousness, and vibration-oscilation ratios that govern 
the formation and function of the Thalamus and Thymus Complexes and all aspects ofthe 
individuated Kathara Grid, Bio-energetic Field and bodily systems. The Shara Complex 
controls the cycles of in-fow end out-tow of energy between the personal morphogenetic field and 
that of the dimensional Uniied Fields, and thus affects all systems of the body and consciousness, 
with a primary emphasis upon the functons ofthe blood, consumption-excretion and 
immunological facllies ofthe body and ofthe activation ofthe higher dimensional sense 
facilities within the embodied consciousness. 

The Shara Complex links the functions of the Mahara and Raja Hova Bodies, the Maharic and 
Rishic Shields and the Avatar and Rishi levels ofidenity within the embodied consciousness. 
Primary area of dominion of the D-10 Shara Complex is the immune System and HSP. 
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CHAPTER S » THE COZY CORNER LAB 


Hand Tools and Some Test Equipment 


No matter what you work on at the bench, you will most likely discover the need for some common hand 
tools. When working with electronics, especially, you will often need wire cutters, wire strippers, and. 
small pliers. These tools have been laid out conveniently (for a right-handed person) at the lower-right- 
hand side of the bench, while the less-often-used hand tools can reside in a box. 

‘A regulated, adjustable bench power supply is also very handy when working with electronics ofall 
kinds. A good, reliable multimeter can also claim a permanent home on the bench, as these will geta lot 
of use, See Figure 5-9. 


Figure 5-9. A clean bench with just enough tools to have some fun. Extra soldering supplies, including 
more kinds of solder, extra soldering iron tips, soldering flux, and an emergency backup soldering iron, sit 
in a box adjacent to the soldering station. Hand tools and basic test-and-measurement equipment 
complete the set of ‘most-useful tools.” There's still room for a few more, when you need them. 
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are 2 other Star Crystal Seats of primary importance staioned along the Hara Line of Kathara Grid 
Level-2; these are referred o as the Earth Seals. The Earth Seals function as intrinsic aspects of 

the Planetary Bio-feed Interface System and the Raja Complex. The 8 Star Crystal Seal, 
called the Earth Star Seal s located within the 12 Chakra 6° below the feet and is associated 
with the 7% 82nd 12 dimensional frequencies ofthe Harmonic-3 Over-Soul Matrix (Teuric 
Shield) and the Harmonic-4 Avatar Matrix (Maharic Shield) The Earth Star is visible as a subtle 
Gold-Orange point of diffused light postioned along the Hara Line 6” below the feet, as the 
Hara Line leaves the physical body through the 1+ Base Chakra to extend downward into the 
Earth's core, The 10 Star Crystal Seal, called the Earth Core Seal, is located within the 

43% Chakra where the Hara Line connects into the Earth's Core and Is associated with the 9®, 
40, 12% and 13" dimensional frequencies ofthe Harmonic-3 Teuric Shield, Harmonic~4 Maharic 
Shield and Harmonic-5 Rishi Mabix (Rishic Shield) The Earth Core Seals visible as a pale Blue- 
Black point of diffused light posiioned in the Earth's Core, et the point where the personal Hara 
Line connects to the centar ofthe Earth's Core at the 4 and 124 Planetary Kathara Centers. 

“The 8% Earth Star Sealis the point at which the dimensionalizing identty combines the 
412%dimensional frequencies ofthe Harmonic~é Pre-matter Liquid Light density withthe 8! 
and 9*-dimensional frequencies ofthe Etheric Matter densities of Harmonic-3 to connect the 
personal morphogenetic field and Kthara Grid to those of the Planetary Body. The Earth Star 
Grystal Seal can be viewed 2s the point where Personal and Planetary Kathara Grids connect 
to Galactic Kathara Grid. The Earth Star represents the point into which the Mahara and Betcha 
Hova Bodies, Kethara Centers 8, 9 and 12 and the 12 Galactic Star Seal and Shara 
‘Complex first anchor into the Planetary and Galactic Kathara Grids, The Earth Star holds the 
morphogenetic imprint for all DNA strandis for all manifest incarnations in 4 Harmonics of 
Time, ‘o Chakra Centers and Planetary Vortices and Personal and Planetary Axi- 
A-tonal Lines 8, 9, 10 and 12 and is a key point for repatterning the electro-tonal programs of the 
Personal Maharic, Teuric, Doratic and Tellurc Shields, and realigning and activating 
corresponding DNA strands, Chakras, Pianetary Vorices, Axi-A-Tonal Lines and personel or 
planetary body regions they govern. in the Maharic Shield Activation process the Earth Staris 
‘activated to release phase-lock on the 12 Chakra fo open the personal Kathara Grid to the PBIS. 

“The 10 Earth Core Seals te point at which the dimensionaiizng identity combines the 
‘frequencies of te 8 Earth Star Crystal Seal with the 13%.dimensional frequencies of 

Harmonie-5 Ante-matter density to connect the personal and planetary morphogenetic field and 
Kathara Grid to those of the Universal Kathara Gri of Harmonic-5. The Earth Core Seal can be 
viewed as the point where Personal, Planetary and Galactic Kathara Grids connect to the 
Universal Kathara Grid. The Earth Core represents the point into which the Rishi Identity, the 
Raja Hova Body and Universal Kathara Centers 1, 2 and 3 first anchor ino the 3 Earh Star 
‘and 12 Galactic Star Seals to form the Raja Complex of 5 Harmonic scalar fields through which 
personal, planetary, galactic and universal experiential manifestation takes place, The Earth Core 
Seal corresponds to Chakra 13, and holds the morphogenetic imprint forall manifest 
incarnations of persons, planets and galaxies within the 5 Harmonics of Time in one 15- 
dimensional Time Matrix. Through the combined frequencies ofthe Earth Star and Earth Gore 
Seais the personal Kathara Grid connects tothe Planetary, Galactic and Universal Kathara Grids 
forming the Planetary Biofeed Interface System and the Raja Complex - or Universal Bio-feed 
Interface System that inks personal, planetary, galactic and universel consciousness in ime, 
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THE RA GENTER 


‘The 3# Sun Star Seal, and 10 Earth Seals and RA Center 

When combined with PBIS, Doradic, Teuric and Maharic Shields and Raja Complex, the 3° 
‘Sun Star Crystal Seal and the 12 Core Star Crystal Seal Hare Center merge to form a Teurie~ 
Telluric Current that encompasses the Seed Crystal Seal within the 3" Solar Plexus Chakra, 
forming a sphere of powerful healing energies at the 3° Chakra called the RA Center. In 
Kathara Healing Level-2 we wil begin activation ofthe Teuric Curent of the Harmonic-3 Betcha 
Hova Body, through activation of Doradic Curent Phase-2 and will explore beginning applications 
‘of combining the Doradic Phase —1 and Teuric Currents with the natural Telluric Current of the 
Harmonic-tNada Hove Body to begin bringing the RA Center for healing and manifestation into 
activation. (For more on the 4 Primary Triadic Healing Currents see Chapter 4 ofthis manual) 


vathara Ler -and the 6 Prir ir 

‘Though the study ofthe Crystal Seals of Kathara Level-2 Crystal Seals Grid ls complex in deta, 
‘one can become skiled in healing facilitation through Crystal Seals mechanics by learning the 
basic orientation of the outer levels ofthe Kathara Level-2 scalar grid - The Hara Level. In 
simple analysis, the elements of the Hara Level can be viewed as follows: 
‘The Hara Line — the Central Body Current, thatis formed by the 11% and 124 Axiom Lines 
‘wrapping around the fixed flash-line sequence of the Level-1 Kethara 12-Tree Central Vertical 
Kathara Line. 


‘The 6 Primary Hara Points: Star Crystal Seals 1,# 9-Hara Center, 2.#5-Soul Star, 

3.#12 Galactic Star, 4.#3-Sun Star, 5. #8-Earth Star and 6.#10-Earth Core. Each primary Hara 
Point governs the function of « complex of interwoven scaler, bio-energetic and physical systems. 
Knowledge of the 6 Hara Points and the Thalamus, Thymus, Shara, Nadial and Raja 
‘Complexes they respectively gover, allows the healing faciiitor a greater understanding of the 
15-dimensional anatomy. Such Foundations of Kathara Healing are necessary in preparation for 
Kathara Healing Level-2 practices that will uliize the Hara Level ofthe Kathara Level-2 Crystal 
Seals Grid in combination with the Kathara Healing Level-t Maharic Recoding Process and 
other elements to begin activation of the RA Center fr advanced healing and manifestation. 


‘Axi-A-Tonal Lines 1-10 

In our exploration of the Hara Level of the Crystal Seals Grid we have learned that of the 
42 Primary Axi-A-Tonal Lines, (12 primary vertical energy-fow lines within the body and bio- 
energetic field, created by cross-over points ofthe rotating, single axis, flash-line sequences 
projected by each of 12 Seed Crystal Seals), the 11® and 12% Ax-ATonal Lines spiral around the 
Kathara Level-t 12-Tree Grid Centra Vertical Kathare Line to form the Hara Line and Central Body 
‘Current. Axi-A-Tonal Lines 1-10 also run vertically through the body, from the head to the toes and 
through each arm tothe finger tps, connecting body regions to corresponding levels of the Auric 
Field, Chakras, Kathara Centers, Crystal Seals and DNA. The sequence of Axi-A-tonal Line 
posifon is as follows: 

Right Side of Body to Center-36,9.28 Canter of Body-11, 12 Center to Left Side of Body. 5,1,10,7,4 
Each ine of AxieA-Tonal Lines 1-10 ends in one fingertip and toe on he corresponding sda ofthe body, 
‘nd rune vertically trough the lop ofthe head to merge with Axi-A-Tonal Lines 11 and 12 and the Hara Line 
‘at Chakra 10, and down through the feet to merge with the Hara Line at Chakra 12. 
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Sl he HARA LEVEL- Outer Portion of Kathara Level-2 Cryste 


6 Primary Hara Points 
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‘The Ax/-A-Tonal Lines within the body set the primary holographic scalar field upon which the - 
Meridian Lines - or Secondary Flow Lines- ofthe body manifest. The Meridian Lines can be 
used to access the Axi-A-Tonal Lines and the Axi-A-Tonal Lines can be used to access the 
flash-line programs of the Kathara Centers and 3 Levels of the Kathara Grid, ifthe 
correspondences between the Meridians, Axi-A-Tonal Lines, Kathara Centers and Chakras 
are understood, For centuries the Meridian Lines and Chakras have been used in sublie-energy 
healing systems. This knowledge can be applied and the potential resus of related healing 
techniques amplified by employing the correspondences between the Meridian and Chakra 
systems and the Ax}-A-Tonal Lines and 3 Levels ofthe Kathare Grid, Bringing the Kathara Grid into 
the picture allows for restructuring the Imprint for Health within the causal core while expediting 
the healing process by restructuring the various other levels of the bio-energefic anatomy. 

In Level-1 Kathara Healing we focus primarily upon Core Morphogenetic Repatterning — 
resetting the electro-tonel programs ofthe Kathara Grd through the uncorrupted programs of the 
Maharic Shield- to set the “ground” into which other healing applications can anchor. In later 
Kathara Healing Levels we will explore technique applications that affect various other levels of the 
bio-energetic anatomy. In Level-1 Kathara Healing we strive to create a basic familiarity with 
the elements of, and the interrelationships between, the various levels of bio-energetic 
anatomy, Through understanding the basic correspondences between the 3 Levels of the 
Kathara Grid ~ the Kathara Centers and Kathara Lines, the Hova Bodies, Auric Levels, Signets, 
Shields, Crystal Seals and Axiom Lines, end the Diodic Points and Chakras — and the other 
aspects of energetic anatomy, such as the Meridian Lines and DNA, the healing facilitator is 
equipped with @ knowledge base through which more precise healing facilitation can be applied. 
Meridian Lines and their applicaions to Kathara Healing will be explored in later Levels of the 
Kethera Healing Program. 


[=>] ENEVZAN 


‘The DNA Connection 

In this Chapter we have explored the various elements of the 15-Dimensional Anatomy of the 
human form, from the Kathara Grid hologrephic scalar template to the Hova Bodies, Shields, 
‘Axiom Lines, Chakra Centers, Auri Field Levels and the Hara Level withits related Complexes of 
energetic interface. Throughout all ofthese elements of the mul-dimensional anatomy we have 
‘seen how each element interelates with the others through their correspondences within the 
‘structure of the 15-Dimensional Scale. The elements ofthe subtle body anatomy also 
systematically correspond tothe structure and function ofthe human DNA. Through direct 
interaction with various elements of the subtle body anatomy, the operations of corresponding 
aspects of the human DNA can be repaired, enhariced and altered, to advance applications of 
healing, and to expedite the evolution of human biology and consciousness. In the Kathara Healing 
Level? program we wil further explore the correspondences between the sublie body anatomy 
and the DNA, and methods by which the DNA can be repaired and activated to @ more advanced 
level through employing the use of Kathara Healing mechanics. 
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‘The Silicate Matrix 12-strand DNA Patiem 


‘The core human DNA imprint is built upon a 12-Dimensional Structure, each of 12 strands 
building up upon one of the Primary 12 Axi-A-Tonal Lines and each strand. ‘corresponding to 1 of 12 
dimensional frequency bands within the 15-dimensional scale. The ‘original human DNA imprint is 
called the Silicate Mati, the 12strand scalar-wave configuration that allows forthe progressive 
‘transmutation of Harmonic-1 carbon-based molecular-elemental structure into the Silica-based 
‘structures of higher Harmonic matter. The 12-strand DNA imprint of the human form implies that 
human biology was designed to embody 12 dimensions of conscious ‘awareness, or to fully 
embody the Avatar identity level - the “Cheisted” identity of Harmonic-4 Pre-matter Liquid Light 
matter density. The human forms organically designed fo undergo full cellular transmutation 
‘through 4 Harmonics of manifestation and their corresponding matter density levels. When the 
gene code is working properly, the process of cellular transmutation is directed by the embodied 
human consciousness, In historical terms, the process of conscious cellular transmutation has 
been referred to as the process of “Ascension”, which is Dimensional Expansion, the mechanics 
‘of which have been hidden with ancient texts dealing with Merkaba Mechanics. The Merkaba 
Vehicle of inter-harmonic scalar-wave configurations, which forms within the bio-energetic field, is 
‘consequence or simultaneous affect of progressive activation of the Silicate Matrix within the 
genetic code, 


id Subtle Body Ai 

Just as each AxiA-Tonal Line ofthe subtle body anatomy has is comespondence to a Kethara 
Center, Crystal Seal, Axi-A-Tonal Line, Auric Field Level and Chakra, so too do the DNA strands 
have their specifc aflatons to each dimensionalized element ofthe sublie body anatomy, Each 
DNA strand translates into electical-elemental-chemical form from the governing Axl-A-Tonal Line 
fiash-line sequence to which it coresponds. The Hova Bodies and Shields of subtle body 
anatomy each correspond to a set of 3 Axi-A-Tonal Lines, Auris Field Levels end Chakras and thus 
also correspond to a set of ] DNA strands, that together create the experiential projection of 
‘separate 3-Dimensional holographic realty felds. Distortions and blockages in the Kathara Grid, 
Hova Bodies, Shields, Axi-A-Tonal Lines and Chakras appear as distortions and malfunction within 
the DNA. The function of the DNA determines the quantity of interdimensional frequency, 
‘and thus the amount of dimensionalized consciousness, that can actively process through 
and embody within the physical body system. DNA distortions manifest as cistortons of biology 

id consciousness. 

‘The 12 DNA strands ofthe Silicate Matix are sets of scalar-wave spectra that correspond to 
each dimensional band, trough which each dimensionalzed level ofthe subse body enatomy is 
translated into wave-spactra thats within the range of perceivable matter manifestation. The DNA 
‘can be viewed as the primary stucture through which sublle energy-consciousness translates info 
‘manifest physicality. As each ful dimensional band contains 12 primary Sub-requency Bands 
(See Chapter 1 for Dimensional Structure), each ofthe 12 DNA strands contains 12 primary Seed 
Codes, or consolidated scalar points composed of elecro-tonal ash-iine sequences, that 
‘correspond to the Sub-Frequency Bands within each dimension. The 12 primary Seed Codes 
within each DNA strand have an anf-paricle counterpart composed of frequencies from the Anf- 
particle system. The 12 particle Seed Codes in each strand are called BASE CODES, their ant 
parfcle counterparis are called ACCELERATION CODES, The Seed Codes of the core DNA 
‘scalar imprint are the points of consolidated frequency through which energy-consciousness is 
drawn in from the dimensional Untied Fields to expand the personal morphogenefc field, 
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DNA Fire Codes- Genetic Time Codes 

‘Along with the 12 Base Codes and 12 Acceleration Codes of each DNA Strand Template there 
are also 12 Primary DNA Codes called DNA FIRE CODES that regulate the relationship between 
human biology and the Planetary Time Cycle in which the biology manifests. The DNA Fire Codes 
‘can be conceptualized as existing between the Primary 12 Strands ofthe Slicate Matrix. Each Fire 
Code is composed of one haif ofthe scalar frequency patterns from each ofthe two Primary 
‘Strands that the Fire Code is placed between. Each of the 12 Fire Codes corresponds directy to 
cone of 12 Signet Star Crystal Seals in the Personal Shields ofthe Internal Templar Complex, and 
with release ofthe corresponding Signet Seal, the Fire Code comes into activation. 

“The DNA Fire Codes release the natural scalar bariers between patcle and ant-particle DNA 
‘Strands, allowing STRAND FUSION to occur, Fusion of DNA strands in the particle body with 
‘corresponding strands in the anf-partcle body creates 3 progressive transmutation ofthe scalar 
ave forms of the DNA Template and Scalar Shields, through which the polarized Particum- 
Particles and Partke-Ant-particles merge and transform into their original Omni-potar Pariki 
Ante-matter state. Through strand fusion, the biological carbon-based biology progressively 
fessens in density as its elemental agents are transmuted from the Kathara level, into elemental 
agents characteristic ofthe higher dimensional matter densities. Dimensional Ascension is 
achieved through release of the Rathara Grid Seals. Release of the Kathara Grid Seals creates 
merger of the Hova Bodies, actvation ofthe Kundalini energies, release ofthe Cranial-Sacral 
Crystal Seals, fusion of the DNA Strand Templates via the DNA Fire Codes, building of the 
‘Merkaba Vehicle inthe bio-enerpetic field and the resuling transmutation of bodily mater and shift 
in Angular Rotation of Particle Spin within molecular constuction. Through ths transformational 
process the human biology is released from its organic phase-lock within its current space-time 
cycle, and is able to engage in transcendental travel through the various matter density levels 
and Time Cycles in and beyond the 15-Dimensional Time Matix. As the DNA Fire Codes 
regulate the body's orientation to space-time, they are also referred to as the GENETIC TIME 
CODES. 


‘The DNA Fire Codes are an essential element the natural process of restoring the natural 
immortal Organic Imprint for Health within the human body. The abiity ofthe human form to 
become perpetually self-sustaining is dependent upon the Kathara Grid and DNA being able to 
Cconfinually renew the natural Primal Order of Maharic Shield scalar arrangement upon which the 
body is built to keep the Star Crystal Seals and conduits ofinterdimensional energy supply open. 
Perpetual revitalization of the body is achieved through full activation of the 12-Strand DNA 
patiern, When activated, the DNA Fire Codes keep the Crystal Seals the interdimensional 
INTERNAL STAR GATES of energy inflow, open, 50 the finite supply of frequency held within the 
personal Manifestation Template can be continually renewed. Restoration of the Organic Imprint 
for Health, as held within the Maharic Shield, is achieved through progressively 
distortions of scalar-wave arrangements within the Kathara Grid, Shields and DNA Template and 
realigning the entire subtie energy and physical energy systems with the Primal Order of the 
‘Maharic Shield, This process of whole-being-healing does not occur overnight, as many genetic 
distortions (which emerge from Kathara Grid misalignment) have served as the dominant bio- 
electrical program within the human genome for many thousands of years. With knowiedgeabie 
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‘Science, “Junk DNA” and Evolution 

In the contemporary human genetic code the majoty ofthe DNA strands corresponding to 
higher dimensional anatomy and consciousness are dormant or damaged due to ancient 
blockages within the Kathara Grid and its corresponding elements of the subtle body anatomy. 
Present day humans function primarily on a 3 to 3.5 DNA activation level, while the imprint and 
potentials for strands 4-12 le dormant within the morphogenetic field and within the fragments of 
‘non-functional DNA that contemporary science has labeled “junk DNA®. 

‘The portions of the DNA chain that science has present identified as the "Double Helix’, 
represent only the surface portions ofthe chemical, elemental and electrical components ofthe 
active DNA strands, Science has yet to identity the mutidimensional spectra of DNA manifestafon, 
and has yet to realize that within the stuctures of detectable DNA, there are levels of structure and! 
function that direct the operations of the entire genetic imprint, which are not presently detectable 
by contemporary scientific technique. The human DNA imprin will aways appear from extemal 
analysis, as a 2-strand Double Helix configuration, but what is not understood, is that within tis 
Double Helx there are, and will be progressively more, additional Double Helix strands, which 
fuse together and add their operational coding nto the active DNA imprint. By contemporary 
standards of categorization, If science were to objectively observe the activated 12-srand patie 
{or even an activated 4-strand patter), the DNA would not appear tobe human at all. but rather 25 
the seemingly incomprehensible genetic signature of an ‘unknown’ species. As science evolves 
into comprehension ofthe mult-dimensional spectrum, the understanding ofthe true structure and 
function of DNA will progressively advance. 


DNA, Kathara Healing and Bio-Spiritual Evolution 

One does not have to walt for scientific theology to catch up with a rapidly evolving 
humanity in order to begin advancing the functions of the DNA. Through the processes of 
Kathara Healing, as we work to clear blockages from the Kathara Grid and to reawaken the Imprint 
for Heath within the human body, we are simutteneously directly afecting the operational 
structure ofthe DNA. As we work to create Hova Body merger- merging of the scalar-grid flash- 
line sequences of the 5 Harmonic Hove Bodies- we are progressively reordering portions ofthe 
‘junk DNA" and stimulating dormant portions ofthe DNA into activation. As we work with subtle 
energies to clear blockages within the Kathara Grd, we are progressively purging ancient 
istorions and mutations within the gene code, distortions that have kept our collective 
consciousness locked into the limited 3-dimensional perceptual range of Harmonic Universe-1, 
Itis through the ancient distortions ofthe human Kathara Grid and the resulting mutations of the 
human DNA, that the multidimensional portions of identity seem seperate from each other. The 
higher levels of conscious awareness that are staioned within the scalar grids ofthe higher 
dimensional Hova Body Shields have been unable to elecironcaly translate into the lower 
dimensional identty stafons of the Nada Hova Body and its apparent physical manifestation, AS 
‘we work with Kathara Healing to create progressive Hova Body merger and DNA strand ordering 
and activation, we will progressively experience advancement of conscious awareness and 
expansion of the perceptual field and Higher Sensory Perception (HSP). This expansion and 
advancement occurs because we are able to progressively embody higher frequencies of 
consciousness and scalar wave flashline sequences into the personal morphogenetic field, via the 
‘energetic conduits ofthe DNA. Kathara Healing modalities are the fastest and easiest 
methods available to repair and advance the function of the DNA and to expedite the 
‘organic processes of Bio-Spiritval Evolution, 
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(Diagram presents simple conceptualization of DNA Strand Template orientation, not actual 
‘geometrical arrangement of wave-form structure and observable strand interrelationship.) 
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CHAPTER S = THE COZY CORNER LAB 


Under the Desk 


Ifyour workbench has the luxury of drawers, by all means use them! Try to keep your under-desk 
environment as free of clutter as possible. I's not really a very convenient place to store unused tools or 
components. You're going to drop the occasional item from time to time, so having to dig out a bunch of 
junk just to find itis just going to be more frustrating for you. Keep it clean! 

You should keep a medium-sized trash can under or near your work area, as you will inevitably 
generate some waste products in this hobby. By minimizing the amount of food-related garbage 
deposited in your laboratory trash receptacle, you can postpone the invasion of litle critters looking for 
a free meal. Also, bits of wire and old components don't tend to stink after a few days, but a half-eaten 
sandwich might. 


Tip Copper easily recycles at a premium price. Collect your copper wire snippings and cash them in someday. 


Anice addition to the under-the-table accessories you might consider is some low-wattage strip 
lighting. LEDs are especially good for this. You will appreciate this more once you conduct your first 
search-and-rescue mission for that teensy-tiny component that dropped off the edge of your table and. 
into the carpet. 


Components 


Most of our tools are now ready to go. The most frequently used tools are permanently set up, ready for 
action. The less frequently used tools are carefully stored where we can get to them when we need them, 
but are not in the way the rest of the time. This is a big improvement over the situation you saw back in 
Figure 5-1 

Now we need some components with which to work, using our scientifically arrayed tools. Have a 
lookat Figure 5-10 to see one example of how to keep your parts organized yet within easy reach. 


¢ THE 12 HUMAN SENSES, APPARTHI AND HSP 


Perception and the Hologram 

In earlier text we have explained that manifestation is not what it appears to be, 
but rather a Holographic Projection of consciousness through the structures of 
dimensionalization. Further, that dimensionalization itself ia compartmentalization 
of consciousness created through units of consciousness (Partiki, Partika and 
Particum) assembling in specific mathemiatical-geometrical ratios to form scalar 
grids, interwoven fabrics of fixed points of electro-tonal units that form layers of 
‘standing-waves -scalar waves - that serve to “flesh out” the structure of the 
Hologram, through projection along a vertical, horizontal and diagonal axis. We have! 
explored the Kathara Grid - the core template of scalar standing-waves upon which 
conscious: begins its experience of dimensionalization, the structures of the 
15-Dimensional Universe construction, and how these characteristics of the 
Hologram relate to forming the structure of 15-Dimensional Human Anatomy. In 
lunderstanding the basic foundations upon which our perceivable Hologram forms, 
we begin to better comprehend the nature of reality and of ourselves within this 
multi-dimensional reality structure. Through the Holographic Projection of 
consciousness within the cosmic Unified Field of Energy-consciousness and 
its scalar fields of dimensionalization, we perceive the conditions of ‘Space, 
time, matter, externalization of reality and individuation of identity. Within the 
Hologram of consciousness we perceive as solid and objectified the wave spectra 
and their inherent energy constructs of that which exists precisely one dimensional 
band below the present station of our corisciousness focus, 

In this section we will explore a bit about the apparatus of perception that allow 
lus to perceive externalization in such @ manner, the facilities of energy inherent to 
ithe scalar-wave construct of the human form, which together work to bring the 
Hologram into perceivable manifestation. We wil call the constructs of energy 
{formed through scalar organization, which allow for perception of the manifest 
Hologram, the HUMAN SENSES. 


THE HUMAN SENSES ARE THE EXPERIENTIAL RESULT 
OF ORGANIZATIONS OF WAVE PATTERNS INHERENT TO 
THE ELECTRO-TONAL PROGRAM AND SCALAR 
ORGANIZATION OF HUMAN CONSTRUCTION. 
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What ARE Senses? 

Senses are the scalar-wave apparatus, and their seemingly manifest parts, that 
allow the personal morphogenetic field to synthesize and translate frequency 
from the dimensional bands of the Unified Field, into coherent perceptual and 
experiential qualities that give embodied consciousness a translation of its 
relationship to other forms of consciousriess within the Unified Field. Senses - 
or the apparatus which give us the ABILITY TO SENSE- are scalar arrangements 
inherent to our form that TRANSLATE ENERGY SIGNATURES FROM THE 
UNIFIED FIELD INTO USABLE DATA OF RELATIONSHIP. 

Like the true substance of the human body and consciousness, the Unified Field 
exists as a quantity of dimensionalized energy-consciousness in electro-tonal scalar 
wave form - a compartmentalized field of ENERGY SIGNATURES, within which a 
vast number of consciousness constructs exist The human organism is one such 
construct of consciousness, and through its inherent form, the energy signatures 
of other scalar forms are translated into perceptual data. The senses are simply 
energy constructs within the human morphogenetic field, that separate and 
translate energy signatures from the Unified Field into sets of experiential 
stimuli, through which the contours of the manifest Hologram can be 
recognized and experienced. 


‘he APPARTHI and Perception 

The sense facilities are organizations of energy within the morphogenetic 
field that hold sets of “energy receivers” or magnetic points of cohesion, into 
which like frequency patterns from the Unified Field are drawn in for 
translation. Every organism has a different configuration of energy receivers within 
its morphogenetic makeup, and so every organism will have a variation of 
perception. The morphogenetic energy receivers, or APPARTHI of an organism's 
onstruction serve to draw certain frequency bands into the morphogenetic field for 
translation and to block out other frequency bands, making them unavailable for 
translation. The frequency bands, or flash-lines of Partiki Phasing, that are blocked 
out of the personal morphogenetic field, create GAPS OF PERCEPTION of the 
Unified Field, througti which the Holographic picture of ‘space between objects”, 
“externalization of form” and “separation of SELF from the Unified Field’ becomes 
/perceivable to the organism. These qualities of objectification are the result of 
|BLOCKED FLASH-LINE SEQUENCES, portions of the scalar fields of the 
Unified Field and their inherent sequences of Partiki Phasing, that cannot 
translate through the personal morphogenetic field due to the arrangement of 
the APPARTHI within the personal morphogenetic structure. 
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Senses as Scalar-wave Constructs & Expanding our Perception of Perception 
[fit can be recognized that externalization of experience is a perceptual illusion of 
consciousness created through selectivity of range within the perceptual field, the 
‘true nature of the human sense facilities can be better understood as a pattern of 
interrelated scalar-wave forms that serve to block out portions of the Unified Field so 
that other portions may be brought more fully into perceivable view. When viewing 
the physical apparatus through which the known human senses appear to 
occur as part a of larger, interwoven system of scalar construction, it will be 
easier to understand that perception /s not a localized phenomena created by 
and limited to the identified organs of perception. The experiential capacities of 
even the 5 known human senses have a much broader range than what is presently 
assumed or identifiable through analysis of the manifest sense organs. If one can 
understand that perception of manifestation itself is an affect of these greater scalar 
wave constructs, it will not seem so outrageous to consider the reality and integrity of| 
‘sensing and perception beyond the range of the presently identified sense facilities, 


ESP, HSP and Evolution 

“Extra-sensory perception” is not “EXTRA” at all, it is a normal attribute of 
the evolving human organism, as the consciousness ensconced within the 
body hologram continues its natural expansion into the greater portions of its 
evolutionary imprint. Individuals displaying ablities of "Extra-sensory Perception” 
are not gifted with something other than what is characteristic fo the human form, 
they are simply a bit ahead in the stage of development of the natural human 
perceptual capacities. Everyone has dormant potentials for some degree of 
“ESP”; like all things within the human organism, ESP is regulated by the 
function of the DNA and its naturally intended relationship to the Kathare Grid 
and morphogenetic structure. individuals with less distortions and blockages 
within the Kathara Grid (and the resulting DNA malfunctions such distortions create) 
will have greater ease in calling the dormant perceptuel facilties into activation, 
Individuals who consciously attempt to use the greeter perceptual faclities will 
stimulate a more rapid advancement into reclaiming this stage of evolution, than 
those who refuse to acknowledge the existence of their greater sensing facilties, 
‘The greater sense facilities bring the higher dimensional wave spectra and its 
inherent reality fields into the perceptual range of the earthly embodied human 
consciousness, and so the greater sense facilities can be considered the 
HIGHER SENSES, a term far more accurately describing thelr orientation than 
the term Extra Senses. “ESP” becomes “HSP"- Higher Sensory Perception - a 
natural attribute of experience for the evolving human organism. 
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THE 5 KNOWN SENSES 


The 5 Known Human Senses 

In order to understand the nature of the Higher Senses it is necessary to 
understand a bit more about the nature of the common senses, or the “lower 
|senses’ if you will, for the common senses are those that are “tufied to” perception of 
the lower frequency dimensions. Perception of Sight, Sound, Touch, Taste and 
Smell are experiential affects of the scalar-wave constructs that exist within 
the NADA HOVA BODY and the TELLURIC SHIELD, the Kathara Grid and 
morphogenetic field structures that are composed of and stationed within the 
frequency bands of dimensions 1, 2 and 3, the first Harmonic of manifestation, 
‘The APPARTHI, or “energy receivers’ within the Nada Hova body have their first 
imprint within the Kathara Grid Level-2: Crystal Seals structure. The first pattern 
for the sense facilities responsible for manifesting the organs of perception of the 5 
identified senses exist within the configurations of electro-tonal Partiki units that form 
‘the crystalline seals of which the dimension-2 Telluric Shield is constructed. 
Through the Pariki Phasing flash-line projections of the Telluric Shield, the 
“armature” or 3-dimensional blueprint for the organs of perception are set for 
manifestation within the body hologram. 


e 5 Known Sensi id Sound Transduction 

‘The 5 known #éises are more intimately related than commonly supposed; 
ALL represent a form of SOUND TRANSDUCTION - the frequencies, or flash-line 
sequences, within the 1, 24 and 3¢ dimensional bands, that form the identifiable 
|wave pattems presently associated with sound waves, are drawn into the Level-2 
Kathara Grid Crystal Seals by Apparthi receivers that carry like flash rhythms, 
‘Once drawn into the Apparthi receivers the sound spectrum becomes modulated into 
different flesh-line rhythms and sent into the Diodic Points of the Level-3 Kathara 
Grid, Once intersecting with the frequencies within the Diodic Points the frequencies 
irom the Apparthi are then divided! polarized and projected up and down the 
Harmonic-1 dimensional scale, creating a pattern of energy refraction within the 
morphogenetic field and physical body apparatus. The polarized frequencies first 
appear within the DNA’as part of the core electrical vibration, and then further 
'transmute into electrical impulse that manifests as configurations with the blood 
chemistry and within the Central Nervous System. These synthesized electrical 
impulses are further projected through the scalar-wave grids that hold the form of 
the identified sensory organs, finally culminating in the interrelated qualities of 
perception associated with the identified sensory organs and their 5 known 
attributes of sensing. 


THE 12 HUMAN SENSES 


‘The Interwoven Senses and the Hova Bodies 


As in the case of the Lower Senses, the Higher Senses and their experiential 
manifestations are the product of consciousness interacting with the 
dimensionalized scalar organization of the human morphogenetic anatomy, 
Whereas the Lower Senses are affliated with the transduction of sound frequency 
‘within the 1%, 2»! and 3 Dimensions, through the structures of the Nada Hova Body 
‘and the Telluric Shield of the first Harmonic, the Higher Senses are in like fashion 
jassociated with the scalar organization of the Higher Dimensional Hova Bodies and 
their corresponding Shields. 

In truth, all of the sensing facilities organic to the human form comprise 
interwoven and interrelated systems of energy refraction that together create 
the perceptual experience of externalization within the hologram of 
manifestation. For example, itis not commonly recognized that the sense of smell 
's in actuality part ofthe function ofthe auditory facility, and thus represents an 
intrinsic part of the sense of hearing. It is also not commonly understood that the 
Processes associated with vision are not only connected to the processes of the 
brain and Central Nervous System, but also with the formation of crystalline 
structures with the plasma of the blood. The senses are not nearly as separate 
and independently functional as they appear to be when viewed from outside 
analysis. They are rather a part of an interwoven system of electro-tonal 
information relay that spans the 15-Dimensional morphogenetic field anatomy of 
ithe human organism. 


The 42 Human Senses 
|i terms of breaking down the sense facilities for structural analysis, such as is done 
by modem science in identifying the 5 Known Senses, we will desoribe the sensory 
attributes of the Higher Sense facilities in terms oftheir primary orientation, 
location of their primary Apparthi receivers within the Hova Body structures and by 
the type of perceptual or experiential attributes produced through their function, In 
Such categorization of the human sense facilities there are 7 additional, as yet 
unidentified, sense facilities operating within and through the human 
Consciousness, which are collectively responsible for translating the scalar fields of 
idimensionalized reality into the illusionary holographic picture of extemalized 
manifestation and its qualities of space, fime, matter and identity individuation. 
Collectively there are 12 Primary Sensing Facilities within 15-Dimensional 
Human Anatomy. 
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PERCEPTUAL BLOCKAGE, 
KATHIARA GRID DISTORTION 
ANID KATHARA HEALING 


Perceptual Blockages 

The Higher Senses are connected to the Lower Senses and provide 
attributes of perceptual experience characteristic to their dimensional 
levels, but in the present stage of human genetic evolution the Higher and 
Lower Senses are not fully “plugged into” each other, and so the various 
higher dimensional fields, and the sensory abilities associated with the 
Higher Senses, appear to be separate or unavailable to the embodied 
human consciousness.. The Higher and Lower Senses plug in through 
opening of Kathara Lines in the Level-1 12-Tree Kathara Grid, which 
Creates a reciprocal opening and expansion of the DNA, Hova Bodies 
and activation of dormant nerve networks within the brain, molecular 
core and Central Nervous System ofthe body. 


Presently the human senses are phase-locked into a 3-dimensional 
perceptual field due to blockages between the 3” and 4% Kathara 
Centers, which block the Apparthi receivers within the Nada Hova 
Body from accepting compatible electrical impulses from the higher 
dimensional Hova Bodies. This Kathara Grid blockage manifests within 
ithe body as fragmented units of DNA (“Junk DNA”), that serve to render 
the natural processes of multi-dimensional data transfer into the Central 
Nervous Systsm inoperable. Portions of higher dimensional experience 
come to conscious attention in the form of dream perception or intuitive 
impression, but the natural clear pathways of multi-dimensional perception 
are blocked to a large degree within contemporary humanity. 


Perceptual Blockages and Kathara Healing 
Blockages in the Kathara Grid and their reciprocal blockages in the 
human perceptual field can be progressively removed through 
practices of Kathara Healing, and.utilizing the Maharic Shield to 
reawaken the Organic Imprint for Health.. As Kathara blockages are 
progressively repaired, the genetic code will expand its function by 
reassembling and activating the presently dormant portions of the DNA 
imprint. DNA expansion will create reciprocal alterations in the bodily 
metabolic rate, brain, blood, glandular and hormonal function, particle spin 
speed and operation of the Central Nervous System, that will allow for a 
progressive, natural activation of the Higher Sense facilities and 
expansion of the human perceptual field into the multi-dimensional arena. 
In Kathara Healing the dormant Higher Senses will be progressively 
brought into activation, beginning with the 6 -Audurea-Merkaba 
Sense and the 7'-Tristet-Cellular Telepathy Sense through which Inner 
audio-visual-direct cognition skills will progressively develop. These 
skills will be employed in the processes of Kathara Healing, and in so 
|doing they will be progressively stimulated into greater levels of activation. 
‘As the dormant Sense facilities are called into activation, Kathara Healing 
techniques to remove Kathara Grid blockages are used to realign the 
Holographic Template to restore the Imprint for Health, through which 
natural perceptual expansion will progressively take place. 


—]__The 12 Human Senses aK 46 
The collective spectrum of human sense facili ies, including the 
Higher Senses of 15-Dimensional Human Anatomy can be 
categorized as follows: 


<<a) The 12 Human Senses, Hova Bodies and 
Primary Experiential Attributes 


Identified Lower Dimensional Sense Facilities = 


- Visual-Sight Sense- Nada Hova Body (dimensions 1-2-3) 
. Auditory-Hearing Sense - Nada Hova Body 

|. Tactile-Touch Sense- Nada Hova Body 

. Olfactory-Smell Sense- Nada Hova Body 

. Sense of Taste- Nada Hova Body 


[ee 


PPONS 


Unidentified Higher Dimensional Sense Facilities 


6. Audurea -Merkaba Sense - Encompasses all Hova Bodies 
Primary Attribute: Manifestation-circutation of consciousness and frequency accretion 
7. Tristet-Cellular Telepathy -Alphi Hova Body (dimensions 4-5-6) 
Primary Attibute: Inner Audio-Visual-Direct Cognition reading energy signatures. 
8. Nurgode-Transmutation Sense - Betcha Hova Body( dimensions 7-8-9) 
Primary Atrbute: Molecular Transmutation - shape-shifting 
9. Ragode-Transmigration Sense - Betcha Hova Body 
Primary Attribute: Transmigration - Projection of Consciousness 
10. Geuard-Transfiguration Sense- Mahara Hova Body (dimensions 10-1 1-12) 
Primary Attribute: Bilocation-multiple holographic manifestations 
14. Shara-Centrifugal Sense- Raja Hova Body (dimensions 13-14-15) 
Primary Attribute: Electrical Projection - consciousness enters dimensionalization 
12. Aurt-U - Centripetal Sense - Raja Hove, Body 
Primary Attribute: Magnetic Accretion -consciousness exits dimensionalization 
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THE IMPRINT FOR HEALTH 
SE Healing occurs through correcting distortions within 
the Kathara Grid and Hova Body Shields. 


the human body blueprint was designed to hold 12 
Dimensions of Frequency/ Flash-line Sequences 
and 12 Dimensions of Consciousness, the content 
of 4 out of the 5 Hova Bodies within the 15- 
Dimensional Anatomy. 


MeThe 4" Hova Body - the Mahara Hova Body - is 
composed of Frequencies/ Partiki Phasing Flash- 
line Sequences of the 10*, 11% and 12th 
Dimensions. It manifests through the 10, 11t and 
124 Kathara Centers and the Maharic Shield 
Scalar Grid of the 4 Harmonic. 


The Maharic Shield of Level-2 Kathara Grid 
Crystal Seals holds the original IMPRINT FOR 
HEALTH- the original Flash-line Sequences of 
Harmonic 4 Pre-matter Liquid Light - that represent 
the point of entry into perceivable manifestation. 
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The Maharic Shield can be used to repattern the 
Kathara Grid Holographic Template back to the 
original Imprint for Heath. The Flash-line 
Sequences of Dimension 12 can override and 
correct faulty Flash-line Sequences that manifest as 
distortions within the Kathara Grid and Hova Body 
Shields. 


ME the Hierophant Symbol Code is a Scalar 
Standing-wave pattern containing the electro-tonal 
programs of the 11 and 12t Dimensions. The 
Hierophant Symbol code serves as a Frequency 
WAVE GUIDE through which the Maharic Shield 
can be activated to run 11 and 12t" Dimensional 
Frequency throughthe Kathara Grid for 
repatterning the Imprint for Health within the 
Core Holographic Template of the body. 


Musing the Hierophant Symbol Code the Planetary 
Bio-feed Interface System™ can be activated to 
empower the Kathara Grid repatterning process via 
drawing Frequency from the Planetary Maharic 
Shield. 
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Figure 5-10. Parts bins are used 10 organize components. This style of container is available in many sizes 
with different numbers and sizes of drawers. Even more parts are stored on a shelf behind the work area, 
The most commonly used hand tools are laid out on the right. The other hand tools are collected in a small 
toolbox on the left. 


Where to Go from Here 


This work space could be further augmented with shelving, both above the work surface and 
underneath. More lighting wouldn't hurt, either. However, this is plenty to get started. Let's build some 
electronics projects on this squeaky-clean table and see if we can dirty it up a bit. 


Projects 
Let's look at afew smaller circuits you can easily build on your tidy, new work area usingaa solderless 


breadboard. Expanding on the LED-and-coin-cell experiments in Chapter 4, we'll add a few more 
components and hopefully start to see how they all interact, 
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MORPHOGENETIC EXPANSION 


Mecrowth through time is created through 
FREQUENCY ACCRETION - drawing Frequency 
Bands from the Dimensional Unified Fields of 
Consciousness into the personal morphogenetic 
field for expansion. 


Mewnen the Kathara Grid is functioning properly there 


are set morphogenetic field expansion periods 
within the linear growth cycles of the human body. 
1. Fetal Integration to age 11-12. 

2. Harmonic 2 Integration age 12-22 

3. Harmonic 3 Integration age 22-33 

4. Harmonic 4 Integration age 33-44 

If the Kathara Grid is working properly the body 
does not die but rather progressively 
transmutes into less dense states of matter in an 
immortal body form, via accretion of the 4 
Harmonics of Frequency. 


*& Present Kathara Distortions block integration of 


Harmonic 2 and begin Molecular Compaction, 
body degeneration and Death. 
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LEVELS OF HUMAN ANATOMY 


He the Kathara Grid is the Core Holographic 
Template upon which the human body and 
consciousness enter dimensionalization in order to 
experience manifestation. 


there are 3 Levels to the Human Kathara Grid: 
Level-1- The 12- Tree, Level-2 — Crystal Seals 
and Level-3 - Diodic Points. 


M kathara Level-1-12-Tree contains the primary 12 
Kathara Centers and primary 15 Kathara Lines, 
that correspond to various regions of the physical 
body and bio-energetic field and which “ground” 
consciousness into the framework of 
dimensionalization. 


a* Kathara Level-2 - Crystal Seals contain the 
Signets —consolidated points of dimensional 
frequency — the Shields — 3-dimensional scalai- 
wave discs emanating from sets of 3 Signets 
through which the Hova Body energy capsules 
form- and the Star Crystal Seals and Seed 
Crystal Seals through which the Chakras and Bio- 
energetic Field levels emerge. 
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Mxathara Level-3 — Diodic Points are Coordinate 
Points where the flash-line sequences from one 
Shield and its Seals cross over and through those 
of other Shields to form minute “White Hole” 
vortices of energy-consciousness relay between 
the Hova Bodies and stations of identity. 


* Hova Bodies are 3-dimensional scalar grids in the 
form of Concentric Spheres that form around 
each Shield in the Kathara Level-2 Crystal Seals 
Grid, which serve as “tissue capsule” encasements 
around each Harmonic of energy-identity within the 
15-dimensional scale. 


Mthere are 5 Dimensionalized “Ariea” Hova Bodies 
forming human anatomy, which emanate from the 5 
3-Dimensional scalar Shields of the Level-2 
Kathara Grid. Each Shield and Hova Body 
corresponds to 3 Kathara Centers in the Level-1 
12-Tree Grid. 


Wes Ariea Hova Bodies and Corresponding Shields: 
Nada Hova-Telluric Shield-Dimensions1-3 
Alphi Hova-Doradic Shield-Dimensions 4-6 
Betcha Hova-Teuric Shield-Dimensions 7-9 _ 
Mahara Hova-Maharic Shield-Dimensions 10-12 
Raja Hova-Rishic Shield-Dimensions 13-15 
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the Signets and the Shields can be used to direct 
the function of the Kathara Level-1 12-Tree Grid 
and all built upon it. Kathara Centers can be used 
to trigger activation of the Signets and Shields. 


We the first 4 Hova Bodies and their Horizontal 
Shields, are most important in terms of human 
evolution. Activation of the Signets activates their 
corresponding Shield, which in tum releases the 
tissue capsules between Hova Bodies, allowing 
merger to occur. When the first 4 Shields activate 
the body is able to integrate the Avatar identity and 
transmute into pre-matter liquid-light wave form. 


Me In Kathara Healing the Harmonic-4 Maharic Shield 
is used to restore integrity to all Shields and Hova 
Bodies below, which progressively clears the 
Kathara Grid of distortions. 


Me evel-1 Kathara Lines direct the Vertical Flash- 
lines, Level-2 Crystal Seals control the Horizontal 
Flash-lines and Level-3 Diodic Points govern 
Diagonal Flash-lines. Together the 3 levels of the 
Kathara Grid form the 3-plane armature upon which 
the 3-dimensional hologram is created. 
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SykEach Signet within a Hova Body Shield holds the 
electro-tonal program for one Seed Crystal Seal. 
Each Seed Crystal Seal corresponds to one Level-1 
Kathara Center and holds the program for one 
primary Axiom Line — a single axis dimensional 
flash-line sequence. 


the 12 Primary Axiom Line programs of the Seed 
Crystal Seals create separate dimensionalized 
bands of frequency within each Hova Body, 
forming a distinction between dimensionalized 
levels within the bio-energetic Auric Field. The 
Axiom flash-lines cross over and through each 
other to form the Coordinate Points between the 
Shields through which the Level-3 Diodic Point 
Vortices emerge. 


Mthe points in the Kathara Grid where Axiom Lines 
cross over and through the Central Vertical 
Kathara Line in the Level-1 Grid, and the 
Horizontal flash-lines in the Crystal Seals of the 
Level-2 Grid, form consolidated Diodic Points 
with numerous Diodic Vortices - these are called 
CHAKRAS, Each Chakra corresponds to an Axiom 
Line, Auric Level, Seed Seal, Kathara Center, and 
Dimensional Frequency Band and Merkaba Field. 
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3K The 12 Primary Axi-A-Tonal Lines are a set of 12 
Vertical Energy Flow-lines that run through the 
body, which are created by the consistent cross- 
Over points of the rotating, single-axis flash-line 
sequences projected from the Seed Crystal Seals. 


FE Axi-A-Tonal Lines 11 and 12 combine with the 
Central Vertical Kathara Line to form the Hara 
Line, the foundation of the Central Body Current, 


Me The Hara Level is the outer level of the Kathara 
Level-2 Crystal Seals Grid, can be viewed from 
9t_Dimensional Perception and is used in Kathara 
Healing Level-2 . 


36 The Hara Levels composed of the Hara Line, 6 
Primary Hara Points and the Complexes of 
energy processing they govern. 


The Axi-A-Tonal Lines and Hara Level of the 
Kathara Level-2 Crystal Seals Grid are elements of 
15-Dimensional anatomy that are used in later 
applications of Kathara Healing. 
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MEAxi: A-Tonal Lines set the core electro-tonal scalar- 
wave program upon which the DNA will manifest. 
The human DNA imprint contains the program for 
412 strands of DNA, one manifesting upon each of 
the 12 Primary Axi-A-Tonal Lines. 


Méthe human form was designed to embody 12 
dimensions of consciousness. The original human 
genetic code is called the Silicate Matrix and when 
operational it allows human cellular structure to 
transmute through 4 Harmonics of matter density. 


Mthe Silicate Matrix is mutated in present day 
humans due to ancient Kathara Grid blockages, 
which manifest as distortions of form and function 
within the DNA. “Junk DNA” is part of this distortion. 


contemporary human DNA can be reverse- 
mutated, and its interdimensional functions 
restored, by applications of Kathara Healing. 


Meech of the 12 strands of DNA corresponds to one 
of 12 Dimensional Frequency Bands, Kathara 
Centers, Seed Crystal Seals, Signets, Axi-A-Tonal 
Lines, and Chakras. Each Hova Body Shield 
governs the function of a set of 3 DNA strands. 
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THE 12 HUMAN SENSES 
He The human senses are the experiential result of 


the scalar standing-wave organization inherent to 
the human form. 


MEsenses are scalar arrangements that translate 
energy signatures from the Unified Field into 
usable data of relationship. 


HEThe sensing systems are built upon sets of energy 
receivers within the morphogenetic field that are 
called APPARTHI. The Apparthi inherent to 
Kathara structure serve to block certain flash-line 
sequences out of the morphogenetic field and 
allow others in to translate into perception. 


Methe flash-line sequences blocked by the Apparthi 
create Gaps of Perception of the Unified Field, 
which give us the experience of externalization 
and separation of form. 


ME Apparthi receivers create refraction and 
polarization of flash-line sequences that 
translate into a variety of identifiable holographic 
sensory perceptions. 
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The sense facilities correspond to the structure of 
the Hova Body Shields and DNA. In categorizing 
the interwoven sense facilities by their primary 
orientation, location of their Apparthi receivers 
within the Hova Bodies and the experiential 
attributes they produce, the human organism can 
be said to possess 12 Primary Senses. 


€The 5 known senses are products of the 
operations of the Nada Hova Body and Telluric 
Shield, and thus correspond to dimensions 1-3. 


3€there are 7 as yet unidentified senses that 
correspond to the higher dimensional Hova Bodies, 
Shields and presently dormant strands of DNA. 


Es 3 As we evolve to activate and reverse-mutate the 
DNA imprint, through Hova Body alignment and 
merger, the experiential attributes of the higher 
dimensional senses will become more apparent. 


3 Due to their dimensional affiliation, the 5 known 
senses can be viewed as the Lower Senses, the 
higher dimensional senses as the Higher Senses. 
Perception through the Higher Senses is called 
Higher Sensory Perception or HSP. 
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{TAPPING THE INNER MENTOR 


Levels of Consciousness and the Perceptual Bridge 


In earlier text we have learned of the structure human consciousness takes when 
entering the scalar fields of dimensionalization for the perceivable experience of 
manifestation. In comprehending the true structure of ‘multi-dimensional anatomy, 
with its Kathara Grid, Hova Bodies and Shields, Diodic Points and levels of bio- 
energetic substance, we can begin to see that there is much more to human 
consciousness than meets the eye - much more energy-identity operating 
Presently beyond the view of our 3-dimensionally focused earthly personality. 

There are portions of our consciousness stationed within the Hova Bodies 
of the higher dimensional fields, and these expanded levels of ourselves hold 
knowledge and participate in perceptual experience beyond the usual range of 
our waking perceptions. As we evolve and expand through Hova Body 
Integration and the resulting activation of dormant DNA components, we will 
progressively have greater conscious access to these expanded levels of 
Consciousness while we are actively focused within the waking 3-dimensionally 
embodied state. However, we do not have to wait until our evolution plods 
along to bring us to these expanded perceptual States, we can, from our waking 
state of 3-dimensional consciousness begin to actively tap this hidden reservoir of 
knowledge and perceptual experience. We can take an active hand in expediting 
the process of our multi-dimensional evolution by using our dimension-3 
mental body awareness to direct our higher awareness into our current range 
of perception. We can begin to build a PERCEPTUAL BRIDGE between our 
'3*Dimensional and Higher Dimensional consciousness. In taking the initiative for 
building this Bridge of Consciousness wé begin to stimulate our Higher 
Senses into operation, expediting the natural process of Higher Identity 
Integration. 


Through building a PERCEPTUAL BRIDGE 
between our present state of awareness 
and the levels of our consciousness 
stationed in the Higher Dimensional Hova Bodies, 
we can actively expedite our own Bio-Spiritual Evolution. 
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‘There are any number of different types of solderless breadboards available today. A range of them 
is shown in Figure 5-11. 


Figure 5-11. Different sizes of solderless breadboards, all with the same lead pitch and internal 
connections. The smalll black unit in the center is perfect for little circuits with only a few small 
components. The white unit on the left has more tie points and offers power rails along each side. The 
deluxe, powered unit on the right adds even more space, as well as multiple regulated power supplies for 
all your tinkering requirements. 


Parallel and Series Circuits 


‘The circuits presented so far have all illustrated the “loop” characteristic of electrical circuits. Electricity 
generally flows in a circle. It's possible to have more than one path through a circuit, however. What 
happens then? 

Like most good questions, the answer is, “It depends. 
figure out exactly what's going on. Figure 5-12 shows how 
‘schematic diagram, 


et’s hook up rw LEDs at once and try to 
‘s put together. See Figure 5-13 for the 
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THe MENTOR 


‘The Perceptual Bridge and Creating the Mentor 
The Higher Dimensional levels of human consciousness are not dormant 
‘within their respective dimensional bands of function, they are quite awake 
and aware within their own dimensional fields. As we perceive and interact with 
{the 3-dimensional world within which our present awareness is focused, the Higher 
Dimensional portions of our consciousness are also actively perceiving and 
Interacting with the dimensional environments within which they are focused. Higher 
dimensional aspects of our awareness seem cut off from our perceptual view 
because our consciousness is presently focused through a genetic code 
arrangement and Kathara Grid orientation that blocks out the frequencies of 
those higher stations of identity. If we can realize that ‘expanded portions of our 
consciousness simultaneously exist within the higher dimensional frequency bands, 
we can also realize that it is possible to access such levels of our own identity by 
building Perceptual Bridges between our 3-dimensional Perspective and the 
Portions of our consciousness stationed within the Higher Dimensional Hova Bodies, 
We can begin to build a Perceptual Bridge between ourselves and our 

Higher Selves, by using simple frequency modulation techniques of Kathara 
Healing, such as-Tectinique #4: Awakening the Mentor and the 6” and 7 
‘Senses. In this scalar-grid activating exercise, we will awaken dormant Partiki 
Phasing Flash-lines and activate dormant portions of the Kathara Lines in the 
Kathara 12-Tree Grid, to begin opening the channels of communication between the 
[consciousness focused within the Nada Hova Body and that focused within the Alphi 
Hova Body of Harmonic-2. In this exercise we will create the MENTOR, a portion 
lof our consciousness composed of 3%, 4° and 5* Dimensional frequencies, 
‘that will serve as an intermediary focus of awareness through which we can 
begin to receive guidance and knowledge from our 2%é-Harmonic of 
consciousness. Creating the MENTOR will begin the process of activating dormant 
DNA , opening new nerve networks within the Central Nervous System of the 
3-dimensional body, and activating dormant APPARTHI frequency receivers within 
{the Level-2 Crystal Seals Kethara Grid. Through creating the MENTOR, we 
begin to build the Perceptual Bridge between the 1* and 2™ Harmonic of our 
conscious awareness. 


The MENTOR is a portion of our identity that we create 
to serve as an intermediary focus of awareness 
between the Nada Hova Body and the Alphi Hova Body; a 
PERCEPTUAL BRIDGE between our first and second 
Harmonics of Consciousness. 
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‘The MENTOR and Kathara Healini 

In the practices of Kathara Healing we will use the MENTOR as a source of 
guidance, information retrieval, objective observation and as a 
communications link between our own higher consciousness and the higher levels 
[of consciousness in those who come to us for healing facilitation, Awakening and 
working with the MENTOR will become a standard practice in our applications 
of Kathara Healing. In creating the MENTOR we are using our creative power of 
Scalar-grid manifestation (thoughts and mental images are scalar-grid morphogenetic 
field forms) to bring into being @ specialized portion of our consciousness that 
can relay frequency from our higher Harmonics of Consciousness to our 
3-dimensionally focused identity, With repeated use of the MENTOR focus of 
awareness we will develop the ability to simultaneously hold 2 Harmonics of 
consciousness, and we will begin to reclaim the natural flexibility of focus that 
is the healthful condition of embodied human consciousness. Through the 
MENTOR focus of attention we can reach higher levels of cognition and 
understanding regarding application of healing facilitation, and we will more rapidly 
call into awakening the Higher Sense facilities of the 15-Dimensional Anatomy. 


Other Uses of MENTOR Focus 

In creating the MENTOR focus we will begin to realize that even the 3- 
dimensional focus of awareness with which we are most familiar is far more 
flexible than once supposed. The MENTOR is not simply an inert creation, but 
rather a living portion of our conscious identity composed of portions of the waking 
self and portions of the Higher Self. MENTOR can become an advisor, a portion of 
'self able to “keep its head above the illusion" when you are confronted with 
(challenging events in the 3-dimensional arena; a part of you able to remain clam, 
focused and able to make clear decisions beyond the confusion of mental or 
jemotional body processing. MENTOR can be sent into the Cellular Memory of the 
body to locate core issues or reincamational blockages, and can serve to moderate 
between sub-personality fragments and the “Inner Child", MENTOR can like wise be 
lused to harmonize communications between self and others, as you can send the 
MENTOR focus into the higher dimensional fields to connect with the higher selves 
of others for confict resolution. Playing with the MENTOR focus can also have great 
rewards. You can focus your attention in the Mentor Space and then direct the 
MENTOR across the room to begin practicing affects of BILOCATION. You can 
{travel with MENTOR to distant locations to develop REMOTE VIEWING SKILLS, 
which will be used in later Kathare Healing levels for REMOTE HEALING 
FACILITATION. MENTOR can become a vehicle for conscious transport of your 
jawareness, while awake and also in dreaming and higher dimensional projection. 
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AWAKENING THE MENTOR AND THE 67! AND 7TH SENSES 


Awakening the Mentor: 
1. Place the fingertips of both hands and the focus of your attention at the Navel, 


stove flame) deep inside the body behind the Navel, Gently massage the Navel 
region while envisioning the Blue Flame, 


2. Stop massage and visualize a Sphere of White Light within the Blue Flame 
behind the Navel. Place your attention within the White Sphere and imagine 
that you can feel its reality around you, as Ifyou are sitting within the White Light 
Sphere. 


3. Breath gently and visualize the White Light Sphere moving upward through the 
center of your body until it reaches the center of the brain at the Pineal Gland, 
‘Stop movement of White Light Sphere at the Pineal Gland, then visualize the 
White Light Sphere moving to the RIGHT in a Straight, horizontal line 
OUTSIDE OF THE BODY until itis positioned in your auric field just above your 
RIGHT SHOULDER. The White Light Sphere positioned over the Right Shoulder now 
represents a portion of your ewareness that was rlsed tothe 5®-Dimensona frequencies 
Vie its passage through the Blue Fiame and the 5* Kathara Center at the Navel. You will 
name this part of your higher identity MENTOR. 


4. Imagine that you can fee! the realy ofthe White Light Sphere that holds your 
MENTOR resting genty above your Right Shoulder as a “uzzy ball of energy”, 
(MENTOR serves as the ‘meeting point between your waking conscious mind and the 


5. Practice creating and sensing the Mentor ‘Sphere over your Right Shoulder. cary 
it around with you wherever you go, and play with ‘moving the focus of your consciousness back 


‘attention simultaneously. Such play wil help stimulate neurological sensiivies tn translating 
‘and perceiving information from the 5% and higher dimensional Stations of Awareness, 
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TECHNIQUE # 1: continued 
AWAKENING THE MENTOR AND THE 6" AND 74 SENSES 
Awakening the 6* and 7 Senses: The Audurea and the Tristet 


15 


Focus your attention on the MENTOR Sphere over your Right Shoulder. Take a 
few slow, deep breaths and visualize MENTOR expanding into a Sphere the size 
of a Basket Ball, Use the next INHALE to draw the MENTOR Sphere toward your 
‘ead, visualizing MENTOR moving from over your Right Shoulder to a position 
‘surrounding your entire head. EXHALE, stop the movement of the MENTOR 
‘Sphere, and imagine that you can feel its “fuzzy energy” all around the outside of 
your head; as if your head is now within the Basket Ball size MENTOR Sphere. 


. With the next INHALE breath, contract MENTOR into a small Sphere of White 


Light positioned inside the center of the brain at the Pineal Gland, Exhale and 
breathe slowly for a moment. With the next EXHALE breath, push the small 
MENTOR Sphere from the Pineal Gland, straight forward and into the 
6*.Chakra at the Forehead. Visualize MENTOR moving into the 6Chakra from 
inside the head, then continuing to move through the 6 Chakra spiral straight 
outward and away from the body. Imagine the MENTOR Sphere traveling 
outward through the long Blue-Violet Tunnel of the 6 Chakra spiral, until you 
visually loose track of the MENTOR Sphere far out in front of you. 


|. Take a few slow breaths, then on the next INHALE visualize the MENTOR 


‘Sphere re-eppearing in the distance of your 6* Chakra spiral, and riding in on 
the inhale breath, back into the Pineal Gland. Breathe slowly, 


With the next EXHALE, visualize the MENTOR Sphere moving down from the 
Pineal Gland at the center of the brain, stopping at the center of the 5 Chakra 
in the Throat. Breathe slowly. On the next EXHALE push the MENTOR Sphere 
‘straight outward, imagining it moving forward from inside the Throat, into the 
blue gespiral of the 5 Chakra, Visualize MENTOR riding the current of the 
exhale breath out into the distance within the °'é..» tunnel of the 5" Chakra 
spiral, until it fades from view. Take a few slow breaths and on the next INHALE 
imagine MENTOR returning through the 5% Chakra 'eespiral fo rest deep 
within the Throat. Use the final INHALE to move MENTOR back up to the 
Pineal Gland and the final EXHALE to push the MENTOR Sphere back out to 
its “home” position in the auric field over the Right Shoulder. 


This process opens up the 185% Sub-frequency Bands within each dimensional layer of the 
‘6% and 5® Chakras, beginning the process of opening the 68-Audurea and 7*-Tristet 
Senses, stimulating inner Vision and Audio to higher aimensional frequency perception, 
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TECHNIQUE # 1: Condensed Version 
Awakening the Mentor and the 6% and 7 Senses 


(e 


AWAKENING THE MENTOR 


1. 


Finger tis at Navel, see Blue Flame in body behind Navel. Massage Navel with 
finger tips 

‘See White Sphere in Blue Flame at Navel. Imagine yourself in White Sphere, feel 
itaround you. 


. Move White Sphere up to Pineal Gland, see White ‘Sphere move out over Right 
IR 


‘Shoulder creating your MENTOF 


} Feel MENTOR as fuzzy ball f energy hanging in your auric field over your Right 


Shoulder 


._ Practice shifting the focus of your attention back and forth between usual focus 


and MENTOR 


AWAKENING THE 67 & 77 SENSES 


» 


+ Expand MENTOR over Right Shoulder to size of. Basket Ball, INHALE drawing 


MENTOR around your head, as if your head is inside the Basket Ball size energy 
that is MENTOR. 

INHALE, contracting MENTOR into Pineal Gland as a small ‘Sphere of White 
Light, EXHALE to push MENTOR out of Pineal Gland out to Chakra 6 and into 
the Blue-Violet Tunnel of the Chakra 6 spiral. 


|. INHALE MENTOR back from Blue-Violet Tunnel of Chakra 6 and into the Pineal 


Gland 


. EXHALE MENTOR from Pineal Gland to Chakra 5. EXHALE MENTOR out 


through Chakra 5 Green Tunnel, INHALE MENTOR back through Green Tunnel 
into Chakra 6 at Throat. INHALE MENTOR up from Chakra 5 to Pineal Gland, 
EXHALE MENTOR out from Pineal Gland to its “Home Station” over Right 
Shoulder. 
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SHE 53 


ae the Mentor and the 6% and 7% Senses ou 


AWAKENING THE MENTOR — ¢, white Sphere over Right Shoulder ‘Fuzzy Ball of MENTORenergy 


O'S 


B. White Sphere at Pal Gland 


‘Move MENTOR from Navel 


to Pineal Gland to positon “ 
‘over Right Shoulder, 


A Blue Flame with White Sphere 
'n Navel Massage Navel (Kethara 
Center #5) with Fingertips. 


‘AWAKENING THE 6 AND 7 SENSES 


‘A. Expand MENTOR energy to 
basketball size and poston 
‘around head 


B. MENTOR in Pineal Gland 
©. Vite Se 
. io chalea 
hake Spal Shirl tn Chas Soa 
andback to Pineal Gland. 
D. Reposition MENTOR over ‘Right 
Srl 


‘Run MENTOR energies through 
‘5% and 6 Chakras, 
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MORPHOGENETIC REPATTERNING 


HAART REGOMIG, FREQUENCY SUR-RARMODIES & THE MARARNG SAI, 


Kathara Healing and Reaching the Core of Dis-ease 

In earlier text we have explored the significance of the Kathara Grid and its role as. 
the Holographic Template upon which the morphogenetic field, body and 
consciousness manifest within the 18-Dimensional system, We have learned that the 
Kathara Grid is the core template upon which the morphogenetic field manifests, 
and that the morphogenetic field is the blueprint upon which the body systems and 
embodied consciousness manifest. Through our study of these core structures of 
manifestation we come to realize that true and asting health or healing must be 
approached from the deepest levels of personal creation, the morphogenetic reality 
‘within which all dis-ease conditions have their origin, Kathara Healing applications 
are intended to reach the core of systems malfunction, the various levels of 
{the morphogenetic field and Kathara Grid, in order to restore the Imprint for 
Health within the Holographic Template for manifestation. 


‘The Mahara Hova Body, Maharic Shield and the Imprint for Health 
In Level-1 Kathara Healing we will learn the first and most important level of 

restructuring the Holographic Template to hold its original Imprint for Health - 
the MAHARIC RECODING PROCESS. The MAHARIC SHIELD is the 
manifestation template upon which the MAHARA HOVA BODY of Harmonic-4 
manifests. The Mahara Hova Body is the scalar-grid that holds the 10%, 14 and 
12%-Dimensional aspects of consciousness, and represents the ORIGINAL POINT 
OF MANIFESTATION -the creation point when consciousness moved from its pure 
'scalar-wave state of being into the dimensionalized scalar-grids through which the 
illusion of extemal holographic projection could be experienced. The Mahara Hova 
Body and its station in Harmonic Universe-4 represent the original PRE-MATTER 
LIQUID LIGHT fields of manifestation through which we passed in order to enter the 
experience of density and individuation of matter form. 

Prior to our entering the dimensionalization of the systems within which matter can 
be perceived, we existed in pure scalar-wave form - a scalar-pattem that held the 
original, pure and perfect pattern for our creation as consciousness. The Mahara 
Hova Body and the Maharic Shield are the Liquid Light Pre-matter Scalar-templates 
{that hold our original pattem of wholeness, our original CREATION IMPRINT. Our 
‘creation imprint is the ORIGINAL IMPRINT FOR HEALTH, the condition of eternal 
being free from Hova Body distortions picked up in the lower dimensional fields. 
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THE 12!-DIMENSION and FREQUENCY SUB-HARMONICS 
In Level-1 Kathara Healing we will utilize the Imprint for Health as held within 
the Maharic Shield to begin REPATTERNING the Kathara Grid back to its 
criginal level of function, The frequencies bf the 12-Dimension, as embodied 
within the Maharic Shield, contain within them as Frequency Sub-Harmonics ALL 
OF THE FREQUENCY BANDS FROM THE DIMENSIONS BELOW, along with the 
natural frequency spectra characteristic to the 12"-Dimension. Each Dimensional 
Frequency Band within the 15-Dimensional Spectra contains within itself its own 12 
Primary Sub-frequency Bands ( portions of the whole dimensional Partiki PI sing 
‘fiash-line sequences), plus a reflection set of the frequency spectra from all of the 
Dimensional Bands below. 

For example, Dimension 2 contains its own 12 Primary Sub-irequency Bands, plus 
4 reflection set of the 12- Primary Sub-frequency Bands that make up the 
Dimension-1 Frequency Band below. Dimension-1 has 12 Primary Sub-frequency 
Bands, Dimension-2 thus has 12 Primary Sub-Frequency Bands plus 12 Secondary 
‘Sub-Frequency Bands from Dimension-1for a total of 24 Sub-Harmonics in 
Dimension 2. This pattern of FREQUENCY SUB-HARMONICS builds upward 
‘through the 15-Dimensional Scale. The 12"Dimensional Frequency Band has 
@ total of 144 Sub-Harmonics - 12 Frequency Bands x 12 Sub-Frequency Bands 
each = 144 Sub-Harmonic Frequency Bands, Because the 12"-Dimension holds 
within itself all of the Frequency Spectra and scalar-grid programs from the lower 
dimensions, the 12-Dimensional Frequencies have the ability to “plug into” and 
override any Partiki Phasing flash-line patter from the lower dimensional fields. The 
ORIGINAL PATTERN OF CREATION for the lower dimensional structure itself 
is held within the 12%-Dimensional Frequencies, and so the 12"-Dimension 
Sub-Harmonics can be used to correct any distortion with the dimensional 
frequencies of the Lower Hova Bodies and their Shields. 


The Maharic Shield and the 12%Dimension 

As the Maharic Shield and Mahara Hova Body are composed of 10%, 11® and 
42%-Dimensional scalar grids, they contain within them the 144 Frequency Sub- 
Harmonics of the entire 12-Dimensional Spectrum. The human morphogenetic field 
is designed to hold the 144 Sub-Harmonic Spectrum, which is fulfilled through 
activation of the original 12-Strand DNA Silicate Matrix gene code. Because of its 
444 Sub-Harmonic scalar-wave spectrum, the 12%-Dimensional level of the Maharic 
Shield can reset the original, non-distorted imprint of Partiki Phasing flash-line 
sequences within the entire Kathara Grid 12-Tree, the Kathara Centers, Kathera 
Lines, the Hove Bodies, DNA and within any level of the morphogenetic field and 
manifest body built upon them, The Maharic Shield is the Kathara RESET BUTTON. 
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SE 56 


Ss Frequency Sub-Harmonics in the 4 '5-Dimensional Scale [——_ 


Dimension x 12-SFB each = 
Dimension (Primary SFB + Secondary SFBs)_# of Frequency S| Harmonics 
Universal Mc Jenetic Field: (cannot ly process trough the human !gene code for embodiment) 
Raja Hova Body-RISHIC SHIELD 
D-15 (12+468-) 15x 12= 180 Frequency Sub-Harmonics 
D-14 (12+158-) 14x 12= 168 Frequency Sub-Harmonics 
D-13 (1241445) 13x 12= 156 Frequency Sub-Harmonics 
Human Morphogenetic Field: can process through gene code via 2-Svand DNA sticate Matix) 
Mahara Hova Body- MAHARIC SHIELD 
D-12 (12+132=) 12x12= 144 Frequency Sub-Harmonics 
D-11 (12+120=)  11x12= 132 Frequency Sub-Harmonics 
D-10 (12+108=) 10x 12= 120 Frequency Sub-Harmonics 
Betcha Hova Body- TEURIC SHIELD 
D-9 (12496 =) 9x12= 108 Frequency Sub-Harmonics 
D-8 (12+84=) 8x12= 96 Frequency Sub-Harmonics 
D-7 (12+72=) 7x12= 84 Frequency Sub-Harmonics 
Alphi Hova Body- DORADIC SHIELD 
D-6 (12+60=) 6x12= 72 Frequency Sub-Harmonics 
D-5 (12+48=) 5x12= 60 Frequency Sub-Harmonics 
D-4 (12+36=) 4x12= 48 Frequency Sub-Harmonics 
‘Nada Hova Body-TELLURIC SHIELD 
D3 (12+24=) 3x12= 36 Frequency Sub-Harmonics 
D-2 (124125) 2x12= 24 Frequency Sub-Harmonics 
D-4 (12+0-) 1x12= 12 Frequency Sub-Harmonics 
REMEMBER: ‘AFREQUENCY BAND is @ fixed, repeating sequence ol Parili Phasing Flashines ir aes 


(OMT cycles of scalar standing-wave points wii the sclar-ridlemplae, caused by the fison/ expansion 
fusion/ contraction of Parti 


Hine sequences of the Dimensions above. 
HIGHER DIMENSION = MORE FREQUENCY SUB-HARMONICS = FASTER FLASH RATES= 


HIGHER FREQUENCY = FASTER OSCILLATION/ SLOWER VIBRATION = SHORTER: WAVE 
LENGTH = SL ‘ON SPIN = LESS PERCEIV) 
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Core of Healing Therapeutics 

To restore the Imprint for Health within the Body-Mind-Spirit System, the 2 
Holographic Template of scalar-grids upon which the system manifests must be 
Testored to its original function. Topical applications of healing modalities within’ 
the physical body, bio-chemistry, DNA, Auric Field, Chakra System, and Level-2: 
Crystal Seals and Leve-3: Diodis Poinls ofthe Kathara Grid can create temporary 
change toward healing, but the disharmonic conditions held within the core 
Level-1 12-Tree Kathara Grid will eventually override alteration made to the outer 
levels of the morphogenetic field or body systems, Working with outer levels of 
{the Bio-system can assist in the healing process, but first the Imprint for 
Health must be restored within the Level-1 12-Tree Kathara Grid. The Level-1 
12-Tree Grid, with its Kathara Centers and Kathara Lines is created upon the 144 
Frequency Sub-Harmonic Pattem. As the Maharic Shield and Mahara Hova Body 
are the only portions of the dimensionalized scalar-grid anatomy that hold the full 
12#-Dimensional Frequency Band with its 144 Sub-Harmonics, the Maharic 
Shield and its corresponding 10-11-12 Kathara Centers are the only portions of the 
morphogenetic anatomy that can override and restructure the electro-tonal scalar 
‘standing-wave point arrangements within Level-1 Kathara Grid. Thus it is with the 
Maharic Shield that core healing therapeutics must begin, 


Critical Mass and Simultaneous Healing of Corel Outer Morphouenetic Levels 

Activating the Maharic Shield will open, activate and realign the scaler-wave 
flash-line sequences of dormant Kathara Centers, Kathara Lines, Crystal Seals, 
Hova Bodies, Diodic Points, Chakras and DNA within the outer levels of the 
morphogenetic field and body. Once the Imprint for Health has been temporarily 
restored within the Core Holographic Template Kathara Grid via running the Flash- 
ine sequences of the Maharic Shield through the Level-1 Kathara Grid, the outer 
ayers of the anatomy can be further realigned to expedite manifestation of the 
Kathara Grid Repatierning into the outer levels of the Bio-system. Technique # 2: 
[The Maharic Seal and the Liquid Licht Cleanse, begin the process of running the 
42%Dimensional Flash-line sequences, via their Frequency Sub-harmonics, through 
the Kathara 12-Tree Grid to REPATTERN distorted flesh-line sequences within the 
core Holographic Template. In the beginning of using this technique, the atects of 
this reprogramming wil last only several hours, as the outer levels ofthe Bio-feld will 
have greater “Critical Mass” in their distortion patterns, than the Kathara Grid can 
immediately override, Full healing comes when the renewed Imprint for Health 
reaches CRITICAL MASS within the morphogenetic field, Critical Mass is 
reached via frequent use of the Maharic Seal and outer level Bio-field therapeutics. 


CHAPTER S » THE COZY CORNER LAB 


Figure 5-12. Two LEDs are illuminated at the same time. This simple circuit demonstrates both parallel 
and series electrical circuits. A 3*AAA battery holder with an integrated power switch is used to provide 
power to the circuit. 


‘To build this circuit as shown, you will need the following components: 
‘+ Asolderless breadboard with power rails 


+ A3xAAA battery holder (which holds three AAA cells) and three fresh AAA cells— 


rechargeable cells are better 
+ Two LEDs (any visible color will do 
+ Two 1000 1/4W resistors 
+ Twoshortjumper wires 
Using the leters printed on the breadboard to find the columns across the top and the numbers to 


find the rows, we can describe each of the tie points using a single letter and a number, such as A-1 or 
B.2, The following exercise shows how to put itall together. 
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‘athara Healing Theory and Applied Methods 
In Kathara Healing the first priority is to reset the integrity of the Kathara 

Level-1; 12-Tree Grid by Re-patterning its flash-line sequence program to the 
Maharic Shield via the Maharic Seal and Liquid Light Cleanse. This process sets 
the electro-tonal “ground” within which alterations of outer morphogenetic levels 
can connect, reawakening dormant APPARTHI frequency receivers within the 
Level-2: Crystal Seals, which allows the morphogenetic field levels to expend 
jenough to hold the higher frequencies of the Imprint for Health. After the Healing 
Ground is set within the Kathara Grid, additional applications of Kathara Healing can 
then be applied to various other levels of the Kathara Grid, Morphogenetic Field and 
Body. There is an infinite variety of Kathara Healing Blo-energetic applications, 
that range from Levels 1, 2 and 3 Kathara Grid work, Teprogramming the Kathara 
Centers, Kathara Lines, Hova Bodies, Shields and Signets, reversing the 
Miasnic/Karmic Imprint and accelerating the opening of the Diodic Points, to working 
‘with the Chakra System, Meridian and Axiom Lines, DNA and physical body points 
‘while running the Triadic Currents for healing. In coming Levels of the Kathara 
Healing Program we will learn the use of the GEOMANCIES and FIRE LETTERS- 
key Symbol Codes that serve as scalar-wave guides to reset the electro-tonal 
‘fash-line sequences within the morphogenetic body, and the application of the 
Symbol Codes to the treatment of specific physical, emotional, mental and spiritual 
dis-ease conditions, We will explore working with the Color Cap Stones of the 
Dimensional Frequency Bands and how they can be used in combination with the 
[Symbol Codes for use in Manifesting desired conditions and De-manifesting 
undesirables, both within the body and in the 3-dimensional life drama, 


Applications of the Level-1 Kathara Healing Program 


In Program Level-1 we are setting the foundations upon which all the other skill 
levels of Kathara Healing are built. The focus of the Level-1Program is to create 
Morphogenetic Repatieming via the Maharic Shield, and to begin clearing the 
Miasmic/ Karmic Imprint that blocks various areas of the Hova Body Imprint. We will 
next lear to add FORCE AND POWER to our Morphogenetic Recoding Process by 
lopening the PLANETARY BIO-FEED INTERFACE SYSTEM™ to draw energy 
irectly from the Planetary Maharic Shield, and we will begin leaming of the 
physical body massage point sequences- Sequence 1 and 2 Kathara Points - 
through which we can begin to regulate the flow of energy within the Bio-system for 
Regeneration of the Imprint for Health and Revitalization of the Body-Mind-Spirit 
System. In Section 2 of this course we will explore MULTI-VECTOR 
HOLOGRAPHIC RECODING - clearing the Miasmic Imprint from the Kathara Grid, 


SEQUENCE 4 A002 KATTIARA PONS 


Sequence-1 Kathara Points for REGENERATION 
Sequence-1 Kathara Points are mini-energy-vortex points in the body that connect 
directly to Diodic Points within the Kathara Level-3 Diodic Points Grid, Stimulation 
of the Kathara Points affects the movement of energy within related areas of the 
Kathara Grid, which creates a reciprocal movement of energy within the cellular 
Structure corresponding to the Kathara Points. 

When used in proper sequence, Sequence-1 Kathara Points open energetic 
gate ways to the Kathara Lines of the Kathara Level-1 12-Tree Grid, allowing 
patterns of frequency to be entered into the Kathara Lines, to realign disharmonic 
Pattems of frequency running through the Holographic Program of the Kathara Lines, 
When the Kathara Lines are opened to receive 11® and 12 dimensional frequency 
infusions from the Mahara Hova Body, the Holographic Program of the Kathara Grid 
can be progressively regenerated to the Imprint for Health, as held within the 
program of the Maharic Shield. 

‘Sequence~1 Kathara Points are used to open the Kathara Lines prior to 
Technique # 2: The Maharic Seal and the Liquid Light Cleanse and 
Technique # 4: The Maharic Infusion. They may also be used alone with deep 
breathing, for frequent healing support, to draw energy up from the Maharic Shield, 
re-balancing and regenerating the Imprint for Health within the Kathara Grid and 
Body-Mind-Spirit System. It is not necessary to close the Kathara Lines after using 
Sequence-1 Points as they will close automatically in several hours. if one desires 
to further revitalize the cellular structure, running the Sequence-2 Kathara Points for 
closing the Kathara Lines will increase the amount of energy running through the 
body cells, as the Kathara Lines are no longer absorbing the energy. 

Sequence-1 Points regenerate and re-balance the Kathara Core first, which 
creates more lasting but less immediate changes in the body. Sequence-2 
Points close the Kathara Lines if they are opened and draw energy from the 
Maharic Shield directly into the bio-energetic field and physical cells, rather 
than the core Kathara Grid, creating more immediate, but temporary, 
revitalization of the body. The pattems held within the Kathara Grid- core 
holographic template will eventually override those set into the bio-energetic field 
alone. Used in combination with each other the Sequence-1 and Sequence-2 
Kathara Points can affect more lasting revitalization by simultaneously 
realigning the core template and the outer layers of the bio-energetic system 
and cellular structure. In combination with other Kathara Healing techniques the 
affects and restoration of the Imprint for Health are further amplified and accelerated, 
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the Kathara Lines following Technique # 4: 
alone with deep breathing for fequent healing 


lographic template. Sequence.2 
led into the outer levels ofthe Bo-Feld and body 
‘Sequence-2 Kathara Points are more immediate, and 


ic template eventually override those set 
ach other and other healing 


other Kathara Healing techniques will amply and accelerate the aflects and restorative function of 
the Imprint for Heath within the Body-Mind.Spirt system. 
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SE 6 
TG SEQUENCE 1 KATANA POINTS 


Regeneration of the Imprint for Health 
Sequence-1 Kathara Points OPEN energetic gate-ways within the 
Kathara Lines of the Kathara Level-1 12-Tree Grid, to receive electro- 
tonal reprogramming for regeneration of the Imprint for Health, 
Sequence-1 Points are used to open the Kathara Lines prior to other 
energy-healing applications, to open the Kathara Grid so the regenerative 
pattems of other healing applications can “ground” within the Kathara. 
Sequence-1 Points re-generate and rebalance the Kathara Core first, 
creating more lasting but less immediate changes in the body. 


7 & 8...... ABDOMEN IN FROM HIPS 
9 8 10......BACKS OF KNEES 
14 & 12.... SOLES AND TOPS OF FEET 


Instructions: Breathe slowly and deeply. Imagine a flow of energy 
Tunning from the Maharic Shield (12" below feet), up into the body 
through the soles of the feet and the 1*t Chakra. Gently rub the Kathara 
Points with fingertips for 10 - 20 seconds each, following the precise 
sequence described above. 
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Se 69 
SC Kathara Points for ane oe 


LOCATION & APPLICATION SEQUENCE 1 


BASE OF SKULL 


5&6........,BELOW SHOULDERS 


7 & 8........ABDOMEN IN FROM HIPS 


9 & 10...... BACKS OF KNEES 
11 & 12....SOLES AND TOPS OF FEET 


13... 44 HEART CHAKRA 


Byrd 6™ THIRD EYE CHAKRA 


Instructions: Breathe slowly and deeply. Imaging a flow 
of energy running from the Maharic Shield (12" below feet), 
up into the body through the soles of the fest and the 

1 Chakra, Gently rub the Kathara Points with fingertips for 
10-20 seconds each, following the precise sequence 
described above, 


+€ 70 
6 SEQUENCE 2 KATANA POINTS 


Revitalization of the Imprint for Health 
Sequence-2 Kathara Points CLOSE energetic gate-ways within the 
Kathara Lines of the Kathara Level-1 12-Tree Grid, to direct restorative 
frequencies into the outer levels of the Bio-energetic Field for 
revitalization of the /mprint for Health within the physical cells. 
Sequence-2 Points are used to close the Kathara Lines following use of 
the Sequence-1 Kathara Points or other energy-healing applications, to 
close the Kathara Grid so revitalizing frequencies can directly enter 
various outer /evels of the Bio-energetic Field, such as the Auric Levels, 
Chakras, Meridians, DNA and physical cells. Sequence-2 Points 
revitalize and rebalance the outer levels of the Bio-energetic Field first, 
creating more immediate but temporary changes in the body. 


4&2.....NECK, BELOW EARS 


3&4........BELOW CHEEKBONES 


Bessessetnen BASE OF TAILBONE 


Creviererel THYMUS 


* AMPLIFER —3°° SOLAR PLEXUS CHAKRA 


Instructions: Breathe slowly and deeply. Imagine a flow of energy 
running from the Maharic Shield (12" below feet), up into the body 
through the soles of the feet and the 1 Chakra. Gently rub the Kathara 
Points with fingertips for 10 - 20 seconds each, following the precise 
sequence described above, 
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LOCATION & APPLICATION SEQUENCE 


1&2. 


IECK, BELOW EARS 


3&4. 


IELOW CHEEKBONES 


.»--BASE OF TAILBONE. 
inl on each side at base of tatoone) 


THYMUS 


* AMPLIFER -3°° SOLAR PLEXUS CHAKRA 


Instructions: Breathe slowly and deeply. imagine a flow 
of energy running from the Maharic Shield (12" below feet), 
up into the body through the soles of the feet and the 

1 Chakra. Gently rub the Kathara Points with fingertips for] 
10-20 seconds each, following the precise sequence 
described above. 
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TECHNIQUES 2" 


THE MAHARIC SEAL AND THE LIQUID LIGHT CLEANSE 


|. Close your eyes and visualize the image of a fiat (2-dimensional line drawing) 


6-Pointed Star of David (The Merkaba Star) made of White Light, stationed at 
the 6"-Chakra on the inside of the Forehead. (If you cannot yet generate inner 
Visualizations simply imagine thatthe symbols there) Continue to visualize or imagine, 
and move the White Merkaba Star image over toward the left in your inner field 
of vision. In the center of your inner field of vision, visualize/ imagine the image of 
another Merkaba Star, made of a Dark Silver Light. Observe or imagine the 2 
Merkaba Stars in your inner field of vision and then slowly move the images 
toward each other until they have merged into one Merkaba Star Symbol made 
of Pale Silver Light. (The Pale Siver Double Merkaba Star Symbolis called the 


HIEROPHANT ~ itis the scalar wave template that governs the release of phase-lock on the 
‘Meharic Shield.) 


. Visualize! imagine the Hierophant Symbol clearly in mind, then shift attention 


to the sound of your breath. Take several slow, deep breaths, On the next 
EXHALE uss the force of breath to forcefully push the Hierophant down from its 
Position at the 6*-Chakra, through the Central Body Current and into the Earth's 
Core. Take a few more slow breaths while visualizing! imagining the Hierophant 
‘Symbol in the center of the Earth's core. imagine now that the Hierophant begins 
to spin in the Earth's core, the Dark Silver Merkaba Star and the White Merkaba 
Star spinning in opposite directions. Spin the Hierophant progressively faster 
nti it “takes on a .life of its own’, and suddenly ‘pops and expands" to form a 
Pale Silver Sphere of Light spinning in the Earth's core. 


Observe the Pale Silver Hierophant Sphere spinning in Earth’s core, then 
visualize! imagine that a huge, horizontal Pale Silver spinning disc emerges 
out from the Hierophant Sphere, forming a massive Pale Silver Disc of Light 
Spinning throughout the Earth and extending outward into the atmosphere as a 
rotating, horizontal plane. 


HE 60 
TECHNIQUE # 2: Continued 
THE MAHARIC SEAL AND THE LIQUID LIGHT CLEANSE 


4. While remaining aware of the Planetary Maharic Shield spinning on a horizontal 
plane throughout the Earth's body, return the focus of your attention to the 
spinning Silver Hierophant Sphere rotating at Earth's core. (You will now use the 
Heerophant Sphere to activate your personal Maharic Shield and release the 
12%Dimensional Pillar of Light within your bio-energetic feld.). Take several slow, deep 
breaths, while visualizing/imagining the Hierophant Sphere spinning in Earth’s 
core. On the next INHALE, draw the Hierophant Sphere up from Earth's core 
with the inhale breath, forming a Pale Silver Cord about 6" thick trailing behind 
the Hierophant as it rises to the 12" Chakra, 6” beneath the feet. One end of the 
Silver Cord remains rooted in Earth's core, the other end is attached to the 
Hierophant Sphere and follows its movement. Visualize the 12! Chakra as a 
small, transparent disc about 3° in diameter, positioned 6” below the feet. Stop 
the movement of the Hierophant in the center of the 12% Chakra, imagine the 
Sphere beginning to spin and visuaiize the diameter of the 12 Chakra disc 
‘expanding fo about 6" in diameter, as the Hierophant spins at its center, Take a 
few slow, deep breaths as the Hierophant spins in the center of the 12% Chakra. 


5. On the next INHALE draw the Heirophant Sphere up from the 12 Chakra, 
through the Central Body Current and up to the 14 Chakra 36" above the 
head. As the Hierophant Sphere rises, visualize the 6” thick Silver Cord 
drawing up through the 12" Chakra and farther up through the Central Body 
Current, following the path of the Hierophant Sphere to the 14% Chakra. 
Visualize the Silver Cord as a long, thick Pale Silver Cord of Light, running 
from the Earth’s core, through your body and out the top of your head, 
connecting to the 14" Chakra 36” above the head. Take several deep, slow 
breaths while imagining that you can fee! the sensation of this massive current of 
clear, pure energy running through the center of your body. 


6. On the next EXHALE, push the spinning Hierophant Sphere down through the 
Central Body Current, while leaving the top end of the Pale Silver Cord 
attached to the 14 Chakra 36” above the head. Move the Hisrophant down 
through the 12 Chakra 6” below the feet, and stop the Hierophant 6" below 
the 12% Chakra; a position about 12” below the feet. This's the location of the 
Maharic Shield within the morphogenetic field of the body. Breath slowly and 
visualize the Hierophant spinning progressively faster 12° beneath the feet, until 
the Hierophant “takes on a life of its own” and suddenly ‘pops and expands” to 
form an expanding horizontal disc of Pale Silver Light spinning 12” beneath 
the feet. Feel the disc as a circular platform 3 yards in diameter below feet. 


132 


01 
TECHNIQUE # 2: Continued 
THE MAHARIC SEAL AND THE LIQUID LIGHT CLEANSE 


7. Call to mind the image of the massive horizontal disc of Pale Silver Light spinning 
through the Earth’s body — the Planetary Maharic Shield. Imagine the sensation 
of the large, spinning Pale Silver platform disc ‘Spinning 12° beneath your feet — 
your personal Maharic Shield. Breathe slowly and deeply while visualizing! 
imagining a massive rush of pure, cool Pale Silver. energy running fromthe 
planetary Maharic Shield, up through the Pale Silver Cord and into the personal 
Maharic Shield 12° beneath your feet. Breath as this energy runs, filling your 
‘Maharic Shield to its energy-holding capacity. When your Maharic Shield has 
Teceived as much Pale Siiver energy as it can hold, it will ‘take on allie ofits 
own", and suddenly “pop and expand” upward into an oscillating Pale Silver 
Pillar of Light Surrounding and permeeting the body, @ tube of light extending 
beyond the body about 16°, and running from the Earth's Core to the 44th 
Chakra 36" above the head. Feel the reality of ‘your body encased in the cool, 
refreshing Pale Silver Pillar of oscillating light. Take a few slow deep breaths and 
imagine the energy from the Pillar emanating through all of your body cells. Your 
Bio-energetic Field is now sealed with a protective barier of 11*Y12Dimensional frequency — 
the Maharic Seal. 


8. As the Pale Silver Pillar of Light oscillates around you, place your attention for a 
moment at the 13% Chakra in Earth's core and INHALE a final Spark of Pale 
Siiver Light from Earth's core, drawing the Spark up through the Pale Silver 
Cord, into the Main Vertical Channel of the Kathara Grid, and into the center 
of the at Heart Chakra. Breath slowly and easily while visualizing energy from 
the Silver Sperk radiating throughout the embodied 12-Tree Kathara Gr, filing 
itwith Pale Siver Light. When the Kathara Grid has reached its energy-holding 
capacity, the 12 Chakra will automatically contract to decrease the flow of Silver 
Light from the Earth's core. As the 12 Chakra contracts, the Planetary Maharic 
Shield stops spinning and transmiting energy through the Silver Cord, returning 
the Silver Chord to its dormant state. The Maharic Seal Pale Silver Pillar of 
Light will remain in your bio-energetic field between 1-3 hours, Over a 3-month 
period of frequent, consistent daily practice ofthis process, the Maharic Seal will 
self-sustain in the bio-energetic field for 12-44 hours, 
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CHAPTER 5 = THE COZY CORNER LAB 


ASSEMBLY INSTRUCTIONS. 


1. Install the top LED with its anode (longer lead) in tie point F-11 and the cathode in 
tie point F-12. 


2. Insert one of the resistors from the red power rail onthe right at row 11 across to 
tie point I-11 


3. Connect the right-hand biue power rail at row 12 to tie point J-12 using a short 
jumper wire. 


4, Install another LED just below the top LED, with its anode in tie point F-17 and the 
cathode in F-18, 


5. Install the other resistor from the right-hand power rail at row 17 across to tie 
Point I-17. 


6. Use another short jumper wire to connect the blue power rail on the right at row 
18 to te point J-18. 


7. Install three fresh AAA cell into the battery holder. 


8. _Insert the red wire (postive) coming from the battery holder tothe red power rail 
‘onthe right at row 3 (the top), 


9. Insert the black wire (negative) from the battery holder to the blue power rail on 
the right at row 3. 


10. If your battery holder has a power switch, tun it on now. 


The circuit is now complete. Please verify that both LEDs are illuminated, as shown in Figure 5-12. 


Troubleshooting 
If both LEDs are not shining at this point, you're going to have to do some troubleshooting, 


+ The first thing to do is double-check your wiring. Does your breadboard look like 
the one in Figure 5-12? 


+ Next, make sure you're using good batteries. Ifyou have a voltmeter, you can test 
the batteries by measuring their voltage. New alkaline or carbon zin¢ cells should 
read 1.5V or more. Rechargeable nickel-cadmium (NiCd) or nickel-metal hydride 
(NiMH) batteries should read around 1.2V each when completely charged. 


+ Are the cells properly installed in the holder? Are they in the proper orientation 
and firmly seated? 
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TINIQUES # 22s ThE MARARIC QUICK SEAL, 


Work with a 24 pointed, 3 Dimensional Star (Heirophant) and be aware that you will be 
‘working with beings known as the Brenaau Rishi... 


Bagin by slowing your breathing , as you imagine or visualize a 24 point, 3 -Dimensional, 
Heirophant at the Pineal Gland in the center of your brain. Visualise the Heirophant 
surrounded by a Pale Blue Sphere of Light. 


(The Blue Sphere serves as a butfer for your readiness to accept the frequencies 
‘essaciated with using the 24 pointed Star, the Blue Sphere holds the energy for you until 
your body can handle the energy. f you can handle it, the energy will simply pass 
through the blue sphere). 


INHALE, as if you ars going to grab the blue ephere containing the 24 point star located 
at the Pineal, and on the EXHALE move the 24 point star/ blue sphere, all the way down 
to Earth's Core. Try to hear a sound tone as the Heirophant/ Sphere hits the Planetary 
Shield 


INHALE and craw the Heirophant/ sphere up to your Personal Maharie Shield 12" below 
your feat... and EXHALE while watching the Pale Silver-Blue sphere expand out fo a 
large sphere ... and watch as your Maharic Shield pop out as a disc, about 4' in diameter, 
Pale Silver with a light coating of Pale Blue. 


Bring your attention to the center of your Maharic Shield 12" below your fest ... and 
c the 24 point Star (only) up into the Heart Chakra, EXHALE, expanding the 
frequehcies of the 24 point Star inio the Heart Chakra. 


INHALE to grab the 24 point Star, and EXHALE, pushing the Ster up into the 14" Chakra 
36" abgve the head. Imagine that the 24 point Star is spinning in a clockwise direction in 
the 14" Chakra. As you do this, try to fea sense the energy around you, just a few 
inches out from your body .. 


Now, put your attention into your Maharic Shield 12" below your feet, take @ couple of 
relaxing breaths and INHALE deeply puling the Pale Silver and Blue energy up, as if you 
are pulling on your Maharic Seal to latch it on to your 14" Chakra. ‘Try and feel the 
sensations just a few inches from your body naw ~ feel the difference ifyou can. This 
procedure gives you a Quick Seal, 


Now envision the cord of Pale Silver Maharic Light that would normally come up with your 
Shield and focus on the Earth's Core. Begin drawing eneray all the way up the 4° 
diameter cord and into the body. INHALE the energy up into the Heart Center, and 
‘expand it there. Begin to form a pale Sliver ball of Maharic frequency, 


On each EXHALE send your energy down to the Earth's Core to bring up another load of 
‘Maharic frequency, up from the Planetary Shields, expand it into the Heart center and 
‘repeat several times. Notice that the Cord grows larger as you do this, expanding from 
approximately 4" to 6 to & diameter, unt finally it feels ks a skin around (es well as, 
Within) your body... as you load your Astral field with Maharic Frequency. 


Move your attention to the Pale Silver ball you have creaied in your Heart Center, 
INHALE and move it up to the 14” Chakra 36" above your head .. as you do, feel for the 
sheath of Maharic Frequency encasing your etheric body, close to your skin, (This 
Maharic! Christos skin charges, and saturates, your etheric body ~ feel the peacafuiness 
and all-knowing nature of this frequency). 
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= SYMBOL SHORTHAND K 


| _ TECHNIQUE # 2: Condensed Version 
The Maharic Seal and Liquid Light Cleanse 


‘Symbol Shorthand is used to help in remembering 
the primary-steps of.a technique 


. Silver Hierophant Star at Chakra 6 


EXHALE Hierophant Star from Chakra 6 to Earth's Core -Spin Hierophant Star at 
Earth's core-until it pops into Hierophant Silver Sphere at Earth's core. 


1. Hierophant Sphere spins at Earth's core until Silver Disc of Earth's Shield 
emerges. 


|. INHALE- Hierophant Sphere up from Earth's core to Chakra 12tralling Silver 
Cord from Core. 


. INHALE- Hierophant Sphere up from Chakra 12 to Chakra 14, trailing Silver 
Cord. 


3. EXHALE- Hierophant Sphere down from Chakra 14 to Personal Maharic Shield 
and Spin Hierophant Sphere until Personal Shield pops out to become Silver disc 
plane 12°beneath feet. 


. Draw Silver energy into Personal Shield from Earth's Shield through Silver Cord, 
until Personal Shield is filled and pops to become vertical Pillar of Silver Light 
‘round body. 


). INHALE-draw Spark of Silver Light from 13 Chakra at Earth's Core, into main 
vertical channel of Kathara Grid then to Chakra 4; from Chakra 4 transmit energy 
from Spark to fill 12-Tree Kathara Grid. Chakra 12 auto-shut down when 12-Tree 

Grid is full. 


ae, 
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= { THE MAHARIC SEAL = 
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PERSONAL MAHARIC SHIE! 


F 


PLANETARY Mi IC SHIELD 
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#66 #7-The Wings 
In shoulder indents 
‘through to back. 
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HE 74 
The itary Bio- 1d Interface System and the Maharic 


Use of the Maharic Seal and Liquid Light Cleanse begins the process of actvaling the 8 
through 12% Chakras and opening the naturel PLANETARY. BIO-FEED INTERFACE 
‘SYSTEM (PBIS) within the human body. Through the PBIS, the ite quanity of scalar 
‘frequency of which the personal Maharic Shield, Hove Bodies and individual identity are 
‘composed expands to infinite potential, as the Planetary Scalar Shields can be used to 
‘open dormant Crystal Seals within the Scalar Shilds of the personal Level-2 Kathara Grid, 
Once activated through the 12® Chakra, the PBIS opens a conduit of perpetual energetic 
supply between the human body and the planetary Morphogenetic Field, allowing the 
body to continually draw in as much higher dimensional frequency as the DNA Template 
can hold, : 

With the PBIS activated, the human body can also become a tool for reprogramming 
and re- balancing the Planetary Shields, Vortices, Ley Lines and energetic grids of the 
Planetary Templar Complex. When the Crystal Seals ofthe personal Shields are released, 
the human DNA Template can serve as a bio-electric conduit for running higher 
cimensional frequency info the Planetary Shields. The human body, with its 12-Strand DNA 
‘Template potential, isthe only mechanism on Earth, other than the Planetary Shields 
themselves, that is capable of running a full 12%-Dimensional Maharic Current. Just a within 
the human Manifestation Template, the Maharic Current can be used to purge distortions 
within the Ptanetary Shields, to restore the Planetary Templar Complex to its original Primal 
COrdier. Kathara Healing technologies not only provide the opportunity for individuals to facilitate 
healing in other biological fe forms, they also reawaken the human potenial to faclitate 
frealing within the geophysical planetary body, 


The Planetary Bio-Feed Interface System™ 


ERSONAL KATHARA GRID 


Sigg 3HL ONLY 
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SE 75 
The Maharic Seal and Client Sessions 

‘Through understanding the Context of Healing- The Structure of the Unified | Field, the 
Elements of Healing - The Anatomy of the Human Body Kathara Grid and Kathara Healing 
Beginning Applications - Morphogenetic Repatteming through the Maharic Seal and. Liquid 
Light Cleanse and Awakening the Mentor for access to 5 Dimensional awareness, the 
Kethera Healing Faciitator hes developed the rucimentary skls necessary to begin personal 
Core Holographic Template Healing, To effectively facilitate Core Template healing in 
others it is important for Kathara facilitators themselves to employ personal Template 
Healing. 

‘The ability to hold the 12"-Dimensional Maharic frequency sub-harmonics (the 12™sub- 
frequency band within each of thé full Dimensional Frequency Bands) in body to assitin its 
‘transmission to a client for healing support increases as the facilitator utilizes the Maharic Seal 
and Liquid Light Cleanse technique for personal healing. The Maharic Seal ‘and Liquid Light 
Cleanse technique not only increases the faclitator’s abit to transmit 12% Dimensional 
frequency sub-harmonics, it also temporarily realigns distortions within the faciltator’s bio- 
‘energetic field and Kathara Grid and creates a temporary 12*-Dimensional Scalar 
Frequency Seal within the facilitator's bio-energetic field. Without use of the Maharic Seal, 
‘the facilitator will inadvertently transmit bio-energetic field and Kathara Grid distortions 
‘to the client and will energetically pick up scalar distortions (including part of the “Karmic” 
Miasmic Imprin from the client. (This problem occurs in all suble-energy healing modalities 
that do not employ the Maharc Seal). Both ofthese condifons serve fo ampli, rather than 
remedy, dis-ease and disharmony within the Mind-Body-Spirit system, for both facilitator and 
client. For these reasons, the Maharic Seal and Liquid Light Cleanse technique needs to 
be employed prior to ANY healitg facilitation work, to protect the bio-energetic field 
Integrity offaciitator and cient. The Maharic Seal and Liquid Light Cleanse technique 
represents the facilitators preliminary preparation prior to Kathara Healing Facilitation 
Client Sessions. 


Safety in Heating Facilitation! 
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CO-GENERATIVE HEALING 


The final phase of education necessary before engaging the adventure of 
Kathara Healing Client Facilitation is rediscovering the structure of personal 
Multi-dimensional Identity and how to use the personal Hova Bodies to tap the 
higher dimensional scalar frequencies for enhanced healing facilitation ability. 
The ability to understand and utilize the PRECISE HEALING CURRENTS of the 
interdimensional spectrum adds greater power and skill to the healing 
facilitation process. Unlike many other energy healing systems, Level-1 Kathara 
Healing trains the facilitator to identify, awaken within the body and employ in 
client service specific combinations of interdimensional healing current that 
fine-tune and amplify the beneficial effects of subtle energy healing. This chapter 
will conclude with an overview of the 4 PRIMARY TRIADIC HEALING 
CURRENTS, 4 of the 5 3-Dimensional Primal Energy Currents that can be 
awakened within the body through activation of the Maharic Shield. 

The natural Primal Triadic Healing Currents, which exist naturally 2s part of 
the personal Hova Body, Scalar Shield and Kethara Grid anatomy, create 
powerful, effective and user-friendly energetic healing tools when combined with 
the 12%Dimensional frequencies of the Maharic Shield. Running the Triadic 
Currents is achieved by using the current to first activate the frequencies of the 
corresponding Hova Body and station of awareness within the personal Scalar 
Shields and DNA Template. Once activated in the DNA Template, the Hova 
Body is used to draw perpetual supply of the desired current from the 
Dimensional Unified Field corresponding to the chosen current. Running the 
‘Triadic Currents requires activation of the corresponding frequencies 
within the facilitator’s DNA Template, thus using the Triadic Currents in 
Client facilitation also serves to progressively stimulate and expedite 
activation of dormant frequencies in the facilitator’s DNA Template. Using 
the Triadic Currents in client facilitation serves to accelerate the processes of 
Holographic Recoding, higher identity Hova Body integration and multi- 
dimensional evolution within the Body-Mind-Spirit system of the facilitator, as well 
as that of the client, creating @ condition of CO-GENERATIVE HEALING 
between client and facilitator. 


ee 
u FOUNDATIONS OF HOLISTIC HEALING 


Hesling, Evolution and Ascension 


In the Kathara Healing paradigm the art and science of healing the Body-Mind- 
Spirit system is viewed in terms of the human relationship to the natural structure 
and dynamics of creation. Healing becomes a necessity when the intrinsic 
energetic systems and scalar-wave constructions of consciousness upon 
which the biological manifestation is built become incongruent with the 
natural Primal Order of the dimensionalized Time Matrix system. The 
processes of natural healing and the hidden, organic functions of human 
evolution are intimately intertwined. Conditions that facilitate natural healing also 
facilitate fulfillment of the naturally intended course of human evolution, while 
Conditions detrimental to Body-Mind-Spirit health are likewise detrimental to the 
evolutionary objectives of both the individual and the ‘species. 

‘The processes by which lasting healing occurs through re-genesis of Primal 
Order within the Scalar Shields and personal anatomy, are the same processes 
by which the CONSCIOUSNESS evolves to the fulfillment of Spiritual 
Actualization, through embodiment of the 12-dimensions of consciousness 
inherent to human DNA Template design. The genetic code of the biological 
imprint is built upon the Scalar-wave ‘Templates of Consciousness that serve to 
hold the identity as energetic substance into physical embodiment, Distortions 
within the physical manifestation indicate distortions in the Manifestation 
Template and thus constitute distortions in CONSCIOUSNESS. Genuine 
healing is a FUNCTION OF CONSCIOUSNESS, first and foremost, and itis 
through realignment of consciousness itseff that full healing can occur. 

In the Kathara program itis understood that biology and consciousness 
are intimately intertwined and thus interdependent, The techniques of Bio- 
Regenesis provided in Kathara Healing assist in the Processes of restoring the 
Organic Imprint for Health while simultaneously serving to expedite the 
natural processes of interdimensional evolution through DNA Template, 
Kundalini, Crystal Seals and Merkaba activation. Human evolution is nota 
random, goal-less occurrence; it is rather an ordered system of 
interdimensional physics dynamics by which human consciousness 
progressively masters the contours of creation in time. The evolutionary 
objective of human creation is mastery, which is progressively attained through 
the dynamics of Transmutational Dimensional Ascension. Ascension is 
therefore the intrinsic and indelible goal within human. evolution, the hidden 
impetus for action that moves the human species forward in time, 
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Healing and Bio- Spiritual Evolution 

‘When we begin running the higher dimensional frequencies ofthe 4 Primary Triadic 
Currents for Kathara Healing appicaions, we are, in truth, running FREQUENCIES OF 
CONSCIOUSNESS, that emanate from the Hova Bodies in which the expanded spiital 
Portions of our personal ident are stationed. As we reawaken the higher dimensional 
frequencies of consciousness within the DNA Template we ere progressively expediing the 
reintegration of personal Multi-dimensional Identity, serving the ‘spiritual goal of Ascension 
through simulating into actvaion the scienific dynamics of Unified Field Physics by which 
genuine Ascension occurs. Kathara Healing progressively restores the funcions of universal 
physics dynamics within the human body, as they apply tothe pathway of Ascension, and so 
Kathara Healing applications are concidered to be processes of ACCELERATED BIO. 
‘SPIRITUAL EVOLUTION, as well as processes of holistic Body-Mind-Spirit healing. Both 
facilitator and client simultaneously receive the subtle but progressive benefits of evolutionary 
acceleration and spiritual development through Kathara Healing Bio-Regenesis 
‘Technologies, through which the expansion of personal consciousness ints the higher 
<imensional aspects of spiritual awareness occurs, 

Kathara practices serve to stimulate progressive integration and embodiment of the Multi- 
timensional Identity by activation of dormant porions ofthe DNA Template through which the 
‘scalar-wave patterns of the higher frequencies of identity can enter the physical form. As 
‘spiritual advancement through Hova Body integration and DNA Template activation is a 
beneficial “side effect” of Kathara Healing practice, it is helpful for the Kathara facilitator to 
understand the order of Multi-dimensional Identity Structure. Itis also helpful to realize that 
the Unified Field of Energy utilized in Kathara Healing is, in fact, a UNIFIED FIELD OF 
CONSCIOUSNESS. Healing is @ function of energy dynamics and at its core, energy is the 
‘substance consciousness adopts to experience manifestation, thus HEALING IS A 
FUNCTION OF CONSCIOUSNESS. When personal consciousness is applied in ways that are 
‘congruent with the natural Laws of Unified Field Physics, the effects of healing and wellbeing 
are met in manifestation. 


MULTIDIMENSIONAL IDENTITY STRUCTURE 


Consciousness and the Physical Musion 


| Chapter 1 we explored the Structure of the Unified Field and discovered the morphogenetic 
framework, or Holographic Template upon which matter systems are constructed. We learned 
how the structure of dimensionalizaion applies to the anatomy of the 15-Dimensional Human 
body, from the Core Template Kathara Gri, the Hova Bodies and Shields, lo the Chakras, 
Bio-energetic Field and physical matter structures built upon them. We also discovered that 
physical manifestation is not what appears to be - that nothing is really manifest at all but 
only appears to be s0 due to the relationships of compartmentalized consciousness 
interacting with each other through the framework of dimensionalization. Our physical pars 
and our manifest world are scalar wave constructions, appearing sold and extemalized because 
we view them with 2 level of consciousness that is stalioned one full dimension above the wave 
forms we perceive es solid and objected. Our conscicusness structures itself ilo the scalar wave 
forms of dimensionality in order for us to perceive the illusion of manifestation, There is no 
difference, other than the dimensional frequencies from which one is perceiving, between the 
substance that composes physical matter and that which composes our seemingly non-manifest 
‘portions of consciousness. The core of reality is CONSCIOUSNESS: itis the energetic 
substance out of which all things are made. 
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ae 79 
Hova Bodies- Platforms of Perception 

In this Section we will learn how the attributes of mind and sentient identity 
fit into the multidimensional anatomy of human consciousness. The scalar 
grids of the Hova Bodies and Shields that hold portions of our consciousness 
‘separate from each other so we may experience objectification, can be understood 
‘as PLATFORMS OF PERCEPTION. A portion of our conscious identity is stationed 
within each of the Hova Body Shields, and the dimensions contained within the 
‘Shield become the platform from which that portion of our selves will perceive matter 
‘objectification. We are simultaneously focused within each Hova Body 
Platform of Perception, and this gives us separated but interrelated stations 
of identity and different LEVELS OF MIND from which we simultaneously 
perceive. The amount of perception we are able to incorporate into our embodied 
focus on Earth is determined by the Level of Higher Identity Integration that has 
occurred. Integration of Higher Identity is the merger of the Hova Bodies, which 
creates changes and advancement in the biological gene code that allows the 
neurological and metabolic functions of the body to expand. 


THE 5 HOVA BODIES 
3-Dimensional Blecro-mapnetio Domains created 


by tm Sear ltl sowe dans ct 
dlmensionlized consciousness 
2) 3}4 }5 4, NADAHOVA Density-1 

2. ALPHIHOVA Deneity-2 

‘3. BETCHA HOVA Densily-3 


MAHARA HOVA Density-4 
RAJAHOVA Densily.5 


Our Present Platform of Perception 
Presently we are accustomed to peroeiving from the Platform of Perception 


provided by the NADA HOVA BODY, the scalar grid that houses the 1, 2! and 3 
Diménsional Aspects of our idenfity and anatomy. While perceiving from the Nada 
Hova Body and the TELLURIC SHIELD that holds its form, we are functioning as a 
3-Dimensional consciousness and will not be aware of the perceptions of the 
‘other levels of ourselves that are perceiving from the Platforms of Perception from 
the other Hova Bodies. As we expand and evolve we will progressively 
incorporate the portions of our awareness stationed in the other Hova Bodies 


into our earthly focus of attention, 


The Higher Identity Structure of the Hova Bodies and related Levels of Mind 
within dimensionalization are as follows: 
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‘+ Isthe power switch (ifavailable) not in the On position? This happens more 
frequently than anyone would like to admit. Wiggle the switch back and forth and 
see ifit's only making intermittent connection, 


Check the orientation of the LEDs. They will only work if installed in the correct 
orientation. It only takes a second to unplug them, swap them around, and try 
them the other way. At these low voltages, it won't hurt them to be installed 
backward. 


+ Areyour resistors the right value? The 1002 value is not critical. Anything from 
1002 to 1KQ will do nicely. Don’t use smaller values, as this will allow too much 
current to flow through the circuit, perhaps damaging the LEDs, How much 
current? We'll figure that out in just a bit. Larger-value resistors will decrease the 
amount of light emitted by the LEDs, down to the point where you can’t see them 
anymore. 


+ Areyou sure your LEDs emit visible light? Millions of infrared LEDs are 
manufactured every month for use in remote controls and night-vision gear. This, 
light is not visible with the human eye, although some digital cameras can see it 
Just because it looks like an LED doesn't mean it isan LED. 


A Different View of the Same Thing 


Your version of the circuit in Figure 5-12 might look a litte different, and that's just fine. The important 
point is that both LEDs are lit up at the same time when you apply power. 

Let's look at the traditional schematic for this circuit to get an idea of what's going on here. See 
Figure 5-13. 


RiS100 R210 


Figure 5-13, The traditional schematic diagram of the two-LED circuit. This diagram should convey the 
very basic information needed to build the circuit, as well as understand the important aspects of how the 
circuit is supposed to work, without going into much detail at all about the actual implementation or 
assembly of the components. 


By now you should be able to look at the schematic and see the loop formed by the circuit. The only 
new twist is that there are two paths along which the electricity can flow, either through RI and D1 (the 
top LED on the breadboard) or through R2 and D2 (the bottom LED, or the initials of a certain adorable 
robot from the movies). 
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(eo Stations of Identity and Levels of Mind in the Hova Bodies 


INCARNATE IDENTITY: Nada Hova Body/ Telluric Shield / dimensions 1,2 and 3, 
‘The Subconscious (D-1), Instinctual (D-2) and Reasoning (D-3) Levels of Mind 


‘SOUL IDENTITY: Alphi Hova Body/ Doradic Shield/ Dimensions 4,5 and6 
‘The Astral (D-4), Archetype or Dora (D-) and the Angelic (D-8) Levels of Mind 


OVER-SOUL IDENTITY: Betcha Hova Body/ Teuric Shield/ Dimensions 7,B8and9 
The Ketheric (D-7), Monadic or Teura (D-8) and the Keriatic {D-9) Levels of Mind 


AVATAR IDENTITY: Mahara Hova Body/ Maharic Shield! Dimensions 10, 11 and 12 
The Christiac (D-10), Buddhiac (D-11) and the Nirvanic (D-12) Levels of Mind. 


RISHI IDENTITY: Raja Hova Body/ Rishic Shield/ Dimensions 13, 14 and 15 
Universal Consciousness Mind 


There are 3 additional Platforms of Perception and 3 additional Hova Bodies 
beyond the structure of Dimensions;Hova Bodies that represent 3 Levels of 
Ascended Mastery Identity, 


Spiritual etualization 's the process of progressive Higher 
Dimensional Identity Integration. Héghor Tdlentitty Tuteqnatine is 
the merger of the Fava Bodies, which creates changes and 


advancement in the biological Geswerée ace through progressive 
activation of dormant portions of the Sthcaze Watrer 12- Strand 


S Dutt Template. J) 


Fie O°! 


= 5 Hova Bodies and Levels of Identity in the 15-Dimensional Time Matrix 2 =e 
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24 PRIMARY TRIADIC TEALING CURRENTS 


Hova Bodies and the 4 Primary Triadic Currents 
Each of the Hova Bodies and Shields contains a portion of your energy-identity that 
exists in the form of electro-tonal impulse’born of Partiki Phasing. The energy of 
your higher stations of identity and that of the Universal Unified Fields of 
Consciousness-Energy can be drawn into the Nada Hova body and earthly 
incarnate identity for the purpose of healing facilitation. There are four Primary 
Triadic Healing Currents, each corresponding to one of the four higher 
dimensional Hova Bodies. Through your corresponding Hova Body station you can 
draw energy from the higher dimensional Unified Fields and channel it into your 
Nada Hova Body for direction into healing within the first Harmonic. The 4 Primary 
Healing Currents are HARMONIC CURRENTS OF ENERGY, each composed of 
3 Dimensions of Frequency. Each Dimensional Band within a Harmonic or 
TRIADIC current is referred to as a PHASE of that current. In Kathara Healing we 
develop the ability to activate each progressive PHASE of each TRIADIC 
CURRENT, through grounding the current into the body via the activated 
MAHARIC SHIELD. 


Triadic Currents and Color 
Each Phase of Triadic Current corresponds to a wave length in the 


dimensional spectrum that appears as COLOR to the embodied human mind. 
In directing the Triadic Currents we therefore use the color translation of the 
primary dimension wave spectra to differentiate between Phases of current for 
various applications, The first current to be activated in Kathara Healing is the 
that of the DORADIC CURRENT, the frequencies drawn in from Harmonic 2 
through the Doradic Shield and Alphi Hova Body, The Doradic Current has 3 
Phases: Phase -1: 4% Dimensional current) GREEN wave, Phase-2: 5 - 
Dimensional Current) BLUE wave and Phase -3: 6*-Dimensional current! Blue- 
Violet wave. In Level-1 Kathara Healing we leam to activate and run the Phase-1 
Green Doradic Current. 
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oS The 4 Primary Triadic Currents and Hova Body Correspondences 


TELLURIC CURRENT: Nada Hova Body/ Telluric Shield / Dimensions 1, 2 and 3. 
Phase-1 RED, Phase-2 ORANGE-GOLD , Phase-3 YELLOW 


DORADIC CURRENT: Alphi Hova Body/ Doradic Shield/ Dimensions 4, § and 6 
Phase-1 GREEN, Phase-2 BLUE, Phase-3 BLUE-VIOLET 


TEURIC CURRENT: Betcha Hova Body/ Teuric Shield/ Dimensions 7, 6 and 9 
Phase -1 VIOLET, Phase-2 GOLD, Phase-3 Mid-tone Silver 


MAHARIC CURRENT: Mahara Hova Body/ Maharic Shield/ Dimensions 10, 11 and 12 
Phase-1 BLUE-BLACK, Phase-2 SILVER BLACK, Phase-3 WHITE 


TRANSMUTATION CURRENT 
(canbe warmed city 12eveAvatr w i Mahora Hove integrator) 


RISHIC CURRENT: Raja Hova Body/ Rishic Shield/ Dimensions 13, 14 and 15 
Phase-1 TURQUOISE, Phase-2 PALE YELLOW, Phase-3 MAGENTA 


Current Combining 
When using Triadic Phase Currents, each Phase current is combined with the 
current running from the activated Maharic Shield, in combination with the 
Phase current from the Harmonic ABOVE the Phase current you are using. 
‘The DORA DIC PHASE-1 current is therefore composed of: D-11/D-12 PALE 
| SILVER (Maharic Shield), D-4 GREEN Doradic Shield Phase -1 AND D-7 VIOLET, 
ithe Phase-1 current of Harmonic 3- Teuric Shield, one Harmonic up from Doradic 
|Phase-1. In activating the DORADIC-1 (Doradic Phase-1) current you are using 

SILVER-GREEN-VIOLET color to direct Dimensions 12-11-7-4 current. 


Ea 
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COMBINED TRIADIC CURI 
Used in Kathara Healing 
TELLURIC 


PHASE-1; PALE SILVER (D11812) + RED (D-1) + GREEN (D-4) 
PHASE-2: PALE SILVER + ORANGE-GOLD (0-2) + BLUE (D-5) 
PHASE-3: PALE SILVER + YELLOW (D-3) + INDIGO (D-6) 


DORADIC ; 
PHASE-1: PALE SILVER + GREEN (D-4) + VIOLET (D-7) 
PHASE-2: PALE SILVER + BLUE (0-5) + GOLD (0-8) 

PHASE-3: PALE SILVER + INDIGO (D-6) + SILVER (0-9) 


TEURIC 

PHASE-1: PALE SILVER + VIOLET (D-7) + BLUE-BLACK (D-10) 
PHASE-2: PALE SILVER + GOLD (D-8) + SILVER-BLACK (D-11) 
PHASE-3: PALE SILVER + SILVER (D-9) + WHITE (D-12) 


MAHARIC: 

(Requires full 12-Strand DNA Template activation & accelerated DNA Template coir 
PHASE-1: PALE SILVER + BLUE-BLACK (D-10) + PALE TURQUOISE D-13) 
PHASE-2: PALE SILVER + SILVER-BLACK (D-11) + PALE YELLOW (D-14) 
PHASE-3: PALE SILVER + WHITE (D-12) + PALE MAGENTA (D-15) 


In Level-t Kathara Healing we begin preparing the body and DNA Template 
to receive the higher dimensional Phase Currents by initiating transmission of the 
Doradic Phase-1 Healing Current- the Pale Silver + Green + Violet frequencies 
of dimensions 12, 11, 7 and 4. 

‘Through the 7*-Dimensional aspect of the Teuric Shield and 11" and 12 
Dimensional aspects of the Maharic Shield, the Doradic-1 Healing Current 
llows for recoding and realignment of the 1*4%-Dimensional aspects of the 
Nada and Alphi Hova Bodies, the Telluric Shield and Physical, Emotional 
and Mental Bodies of Density-1, the D-4 aspect of the Doradic Shield and 
Astral Body, the 1*-4" DNA Strand Templates, the 1°44" Chakras, and the 
‘4.4% Sub-harmonics of all Scalar Shields, DNA Templates, Hova Bodies and 
Chakras. Doradic-1 Healing Current is effective in clearing the Karmic-Miasmic 
imprint from the Density-1 Time Cycle incarnations and the beginning of 
Density-2 Time Cycle incarnations. 
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KATHARA BEGINNING APPLICATIONS 


Me The Hova Bodies of personal anatomy contain q 
portions of our higher dimensional awareness, a 
One can begin accessing this awareness by hil 
building a Perceptual Bridge between the 3- 
Dimensional Self and higher identity aspects. g 


Ey Taking conscious initiative in building a in 
Perceptual Bridge expedites DNA Template 
activation and the organic evolutionary 2 
process, q] 

5 The MENTOR Technique assists in building ¢) 
the Perceptual Bridge and activates dormant a 
Kathara Lines in our Level-1 Kathara Grid to 
open communication between our D3 and 
Density-2, D4 and D5 levels of awareness. 
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BS The Mentor is a part of our awareness that is 


al 


composed of 3°4, 4% and 5th Dimensional 
frequencies of consciousness, which exists as 
a quantity of Scalar Wave-patterns that span 
Densities 1 and 2. : 


The Mentor Focus will be used in Kathara 
Healing for guidance, information retrieval 
and objective observation. It can also be 
used to access Cellular Memory, and in 
“Inner Child”, Bi-location, Remote Viewing 
and Dream work. 
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MORPROCENETIC REPATTERNING AND THE IAGARIG SHIELD 


* Through a process called Morphogenetic 
Repatterning, Kathara Healing effects the 
Core of Dis-ease and dis-harmony in the 
Body-Mind-Spirit system by repatterning the 
Scalar-wave Programs in the personal 
Holographic Template to their original Primal 
Order. 


ES In Level-1 Kathara Healing we learn the 
MAHARIC RECODING PROCESS- the most 
important level of Holographic Template 
realignment. 


3 The Maharic Shield is the 3-Dimensional 
Scalar Grid corresponding to the 10%, 11% and 
12th.Dimensional frequencies of Density-4. It 
represents the Original Point of 
Manifestation and holds our original. “Liquid 
Light” Hydroplasmic Pre-matter Creation 
Imprint, which is the Organic Imprint for 
Health. 
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SHE In Kathara Healing, the Maharic Shield 
Organic Imprint for Health is used to 
progressively repattern the embodied Kathara = 
Grid and body systems to their original Primal 
Order. 


Hl 


ui 


The 12th-Dimensional Frequencies of the 
Maharic Shield contain within them the 144 
Sub-frequency Band Scalar patterns of ALL 
of the Dimensions below. 


a 12%-Dimensional Maharic Frequency can be 
used to effectively correct distortions in the 
lower dimensional levels of the Manifestation 
Template, Scalar Shields and Kathara Grid. 


HK Activation of the Maharic Shield serves as the 
RESET BUTTON for the embodied Kathara 
Grid and for 12 Dimensions of Body-Mind- 
Spirit anatomy. 
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THE MANARIC SEAL AND LIQUID LICK CLEANSE 


ae 


*e 


In bio-energetic healing, Level-1 Kathara Grid 
distortions override realignments made to the 
outer levels of the bio-fields alone. For lasting 
healing to occur, Level-1 Kathara Grid 
distortions must be realigned. 


The Maharic Shield, with its 144 Frequency 
Sub-Harmonics, is the only portion of the 
Morphogenetic anatomy that can fully repattern 
and realign the Level-1 Kathara 12-Tree Grid. 
In Kathara Healing, the Maharic Shield is 
used to realign the Level-1 12-Tree Grid. 


The Maharic Seal and Liquid Light Cleanse 
technique is used to restore distorted Partiki 
Phasing Sequences and Scalar-wave 
arrangements within the 3 Levels of the 
Kathara Grid and Scalar Shields. 


Realignment will be temporary until the 


Kathara Grid reaches “Critical Mass” of 
energy in the new, realigned pattern. 
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CHAPTER 5 = THE COZY CORNER LAB 


‘The three AAA cells in the battery holder are shown as B1 in the diagram. The power switch, labeled 
‘SWI, is shown as a separate component to remind us that the circuit can easily be broken, halting the 
flow of electricity, which is something we want to happen from time to time. The connections between, 
the two resistors and the two LEDs should be somewhat obvious. I'll discuss the details for the parallel 
and series connections momentarily. 

Remember that an electronic schematic diagram is an abstract representation, boiled down to only 
the essential items involved and the relationships among them. As such, it doesn't need to resemble the 
final product, but it could, See Figure 5-14. 
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Figure 5-14. Another schematic diagram of the two-LED circuit, showing the approximate physical layout 
of the components on the solderless breadboard. This style of schematic is often used when describing how 
to actually build a circuit, showing the constraints of the actual, physical components and the connections 
between them. It conveys more specific information than the previous example in Figure 5-13. 
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3K Until critical mass is reached, the outer levels 
of the anatomy will continue to reverse the 
Kathara Grid healing. With practice and 
consistent application of the Maharic Seal 
and Liquid Light Cleanse technique, the 
realignment of the Kathara Grid will become 
permanent. 


FS In future applications of Kathara Healing 
processes will be used to realign the outer 
levels of the bio-field and the Kathara Grid 
simultaneously, to expedite the healing 
process, 


3 The Focus of Level-1 Kathara Healing is 
Morphogenetic Repatterning and 
Holographic Template Recoding via the 
Maharic Shield, to clear distortions and the 
Karmic-miasmic imprint from the personal 
Scalar Shields, Kathara Grid and DNA 
Template, utilizing the accelerated energies 
of the Planetary Bio-feed Interface System 
(PBIS). 
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KATHIARA POINTS 


Me Kathara Points are mini energy-vortex 
points in the body that connect directly to 
Diodic Point vortices in the Level-3 
Kathara Diodic Point Grid, 


Me Stimulation of the Kathara Points through 
manual massage effects the movement of 
energy within related areas of the Kathara 
Grid and body systems. 


x Used in sequence, Sequence-1 Kathara 
Points for Regeneration open energetic 
gateways to the Kathara Lines of the 
Kathara Level-1 12-Tree Grid, to allow new, 
realigned scalar patterns from the Maharic 
Shield to run through the Kathara Lines and 
Kathara Grid for Core Template 
Repatterning. 


ES Sequence-1 Kathara Points create more 
lasting but less immediate effects of 
realignment and healing. They can be used 
alone for deep healing and re-balancing of 
the Core Kathara Grid. 
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aK Sequence-2 Kathara Points for 
Revitalization close Kathara Lines in the 
12-Tree Grid and channel energy into the 
Nadial Lines of the outer bio-energetic 
field for more rapid revitalization and Te- 


§ 


q] 
balancing of the outer auric levels, chakras a 


and physical cells, 


3 Sequence-2 Kathara Points create more 
immediate but less lasting effects of 
realignment and healing, They can be used 
alone to create temporary revitalization of 
the outer levels of the bio-system. 


Me Used together, Sequence-1 Kathara Points 


can run Maharic energy through the core 
Kathara Grid for Template Recoding. 
Sequence-2 Kathara Points can then be 
used to direct the Maharic energy into the 
outer levels of the bio-field and physical 
body, to expedite healing through 
simultaneous inner and outer bio-field 
realignment. 
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+ In Kathara Healing, Sequence-1 Kathara 
Points are used to OPEN the Kathara Lines 
prior to running the Maharic Seal and 
Liquid Light Cleanse and Sequence-2 
Kathara Points can be used following the 
procedure to revitalize the outer bio-field 
and body systems. 
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THE MANARIC SEAL, PBIS AND HEALING 
SHE Use of the Maharic Seal and Liquid Light 


ca 


Cleanse technique begins activation of 
dormant Chakras 8-12 and the Planetary 
Bio-feed Interface System (PBIS). 


Opening the PBIS allows energy from the 
Planetary Shields to be drawn into the 
human body for rapid activation of the 
personal Maharic Shield and Crystal 
Seals, to expedite the processes of DNA 
Template activation, healing, recoding of 
the Holographic Template and 
interdimensional evolution. 


Opening of the PBIS can also allow the 


human DNA Template to serve as a Bio- 


electric Conduit, through which the 
Planetary Scalar Shields and Electro- 
magnetic Grids can be realigned with their 
Primal Order for geophysical planetary 
healing. 
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se Through the PBIS humans can directly 


ae 


facilitate healing of the Planetary Templar 
Complex from the Manifestation Template 
level, as well as facilitate healing in other 
biological organisms. 


Each use of the Maharic Seal and Liquid 
Light Cleanse technique assists in 
planetary healing, as the process 
progressively stimulates the Planetary 
Maharic Shield into activation, to realign 
Planetary Shield distortions. 


The Maharic Seal and Liquid Light 
Cleanse technique is used as preliminary 
preparation for ALL Kathara Healing 
applications. It creates a temporary 12th. 
Dimensional Scalar Frequency Seal in the 
facilitator’s bio-field to protect both facilitator 
and client from taking on each other's bio- 
field distortions. 
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In healing applications, the Maharic Seal 
is needed to run interdimensional healing 
currents to their most effective 12t-Sub- 
Harmonic level. 
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BIO-SPINITUAL EVOLUTION, ASCENSION AND Ey 


M The processes by which healing occurs 
through re-genesis of Primal Order are the 
Same processes through which true 
Spiritual Actualization takes place. 


Me Biology and consciousness are intimately 
intertwined through the natural Laws of 
Universal Unified Field Physics, the 
energetic dynamics through which 
consciousness enters manifestation, 


* The hidden impetus for action behind 
human evolution is the core species 
objective of Mastery of Co-creation within 
the space-time system. This Evolutionary 
Objective is obtained through achievement 
of the Evolutionary Goal of Transmutational 
Dimensional Ascension. 


Kathara Healing applications generate 
healing through restoring the Original 
Imprint for Health. 


HE 7 
Restoration of the Original Imprint for 
Health simultaneously expedites the natural 
processes of evolution, through activation 
of the 12-Strand DNA Template, Kundalini 
energies, and Merkaba Vehicle and 
integration of the Hova Bodies, Scalar 
Shields and higher dimensional aspects of 
personal spiritual identity. 
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He Kathara Healing facilitates healing while 
simultaneously facilitating Spiritual 
Actualization and expediting the Goal of 
Transmutational Dimensional Ascension. 


Healing is a function of consciousness. 
There is no difference between the 
substance that composes physical matter 
and the substance that composes 
consciousness, other than the dimensional 
frequency from which one is perceiving. 
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When personal consciousness energy is 
applied in congruence with the natural Laws 
of Universal Unified Field Physics, healing, 
wellbeing and Spiritual Actualization 
result. 
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MULTT-DIMENSIONAL IDENTITY STRUCTURE 


Human anatomy is a 15-Dimensional 
Scalar-wave construct. Part of our identity 
exists simultaneously within the Time 
Cycles of the higher dimensional Harmonic 
Universes. 


x We are indelibly linked to our higher identity 
levels through our embodied Kathara Grid, 
Scalar Shields and DNA Template. As we 
evolve biologically to activation of dormant 
portions of our DNA Template and Scalar 
Shields, the conscious awareness of our 
higher identity levels progressively 
embodies. 


3€ The 3-Dimensional Hova Body Electro- 
magnetic Domains and Scalar Shields that 
form them represent Platforms of 
Perception through which our higher identity 
levels perceive. 


*% Merger of the Hova Bodies via activation of 
the DNA Template and Scalar Shields 
creates reintegration of the Multi- 
Dimensional Identity Structure. 
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PRIRIARY TRIADIG HEALING CURRENTS Aldo ENTITY 


The 5 Levels of Multi-Dimensional Identity 
Structure are: Incarnate-Density-1, Soul- 
Density-2, Oversoul-Density-3, Avatar- 
Density-4 and Rishi-Density-5. There are 
also 3 Ascended Master identity levels, 
Hova Bodies and Shields existing beyond 
the dimensionalized Time Matrix. 


LL ASW 


a In Kathara Healing we use the various 
levels of higher dimensional identity to draw ral 
in healing current from the higher 
dimensional Unified Fields, by activating the 
portions of the personal Scalar Shields, @ 
Kathara Grid and DNA Template that 
correspond to the higher dimensional Hova © 


Bodies. a 
EY There are 4 Primary Triadic (3- (ul 


Dimensional) Energy Currents that can be a 
used in Healing Facilitation: The Telluric @ 
Current-Density-1, the Doradic Current- 
Density-2, the Teuric Current-Density-3 and 
the Maharic Current-Density-4. The Rishic 
Current of Density-5 can be'run only by 
beings with full 12-strand DNA activation. 
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CHAPTER S © THE COZY CORNER LAB 


Batteries in Series and Parallel 


Let’s lookat the batteries first. Technically, as mentioned in Chapter 1, there is one batteryin this circuit, 
and it happens to be composed of three cells. The term battery is very often used interchangeably with 
cells, and the distinction is minor. It's better to avoid confusion than itis to be exactly, precisely correct— 
usually. 

‘We see three cells sitting side by side in both the schematic in Figure 5-14 and the actual battery 
holder shown in Figure 5-12. The cells are connected in series, meaning that one connects to another 
that connects to another, and so forth. They are like beads on a single wire. You should be able to trace 
the wiring (the solid lines) that connects the individual cells in the schematic. 

Note the polarity of each of the cells within the battery. The positive terminal of the bottom-most 
cell is wired to the negative terminal of the center cell. The positive terminal of the center cell is 
connected to the negative terminal of the topmost cell. 

The negative terminal of the bottom-most cell is connected to one side of an SPST (single-pole, 
single-throw) switch. The other side of the switch emerges from the battery holder's body as the black, or 
negative, lead from the battery pack. The positive terminal of the topmost cell connects directly to the 
red, or positive, lead coming out of the battery pack. 

The switch could have just as easily been installed in the positive lead, and it would have worked 
exactly the same. The battery holder used in the photograph happens to switch the negative lead, as was 
revealed by examining the internal wiring using a multimeter as a continuity tester. 

‘When the switch is open (.e., in the Off position), the circle is broken and no electricity is going to 
flow. When the switch is closed, the circuit is complete and power is made available to the remainder of 
the LED circuit, assuming that itis wired up correctly. 

The amount of voltage being supplied by the battery holder depends on the electrical characteristics, 
of the individual cells. If alkaline batteries are used, each cell will provide 1.5V, assuming that the cells 
are relatively fresh. Rechargeable NiCd or NiMH cells will provide around 1.2V when fully charged. 

When batteries like these are connected in series, the total voltage available is the sum of each of the 
cells. Just add all the voltages together. For example, using fresh alkaline batteries, the total voltage 
‘would be 3 x 1.5V = 4.5V. Rechargeable cells would provide 3 x 1.2V = 3.6V when fully charged. 

If the cells were wired in parallel, with all of the positive terminals being connected together and all 
of the negative terminals wired together, the total output voltage would only be 1.5V for alkaline cells. 
The total output current, however, would be triple the capacity of each individual cell. See Figure 5-15 
for a comparison of series, parallel, and combination circuits using batteries. 


122 


ae 


oe 


83 
Each of the 4 Primary Triadic Healing 
Currents corresponds to one of the first 4 
Hova Bodies of human anatomy. 


In Kathara Healing, the 4 Primary Triadic 
Currents are harmonically interwoven to 
create 4 powerful Combined Healing 
Currents. 


Each of the 4 Triadic Healing Currents has 3 
Phases, or 3 Phase Currents, each 
representing one of the three dimensional 
frequency bands within the Triadic Current. 


Each of the 12 Phase Currents is run in 
combination with the 11-12-Dimensional 
Maharic Current and the Phase Current 
from the harmonic directly above, to form a 
powerful Triadic Healing Current. 
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In Kathara Healing, specific Healing 
Currents are directed by using the Color of 
their dominant wave-length. 


FE 86 
He Level-1 Kathara Healing teaches us to 
activate our Doradic-Phase-1 Current- the 
Pale Silver (D11-12) + Green (D-4) + Violet io) 
(D-7)- for Healing Facilitation and personal 
DNA Template and Shield activation. 


Es The Doradic-Phase —1 Current can realign 
the 18-4 Dimensional aspects of the Scalar 
Shields, the 1s+-4th Chakras, Axi-A-Tonal 
Lines and DNA Strand Templates, the 
Physical, Emotional and Mental bodies of 
the Nada Hova Body and the D-4 Astral 
body of the Alphi Hova Body. 
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Ey Doradic-Phase-1 Current can also be used @ 
to realign the 1s-4% Sub-Harmonics of ALL & 
Shields, DNA Strand Templates, Axi-A-Tonal 29 
Lines, Chakras and Hova Bodies and to ra 
clear the Karmic-Miasmic Imprint from the 
Density-1 incarnational Time Cycles and the 
first part of the Density-2 incarnational 
Time Cycles. 
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GENERAL KATHARA HEALING 


FIELDWORK 

Skills to Facilitate Healing 
OPENING THE HEALING CHANNELS- DORADIC-PHASE-1 CURRENT, 
THE DORADIC SPHERE, DORADIC CORDS AND DORADIC BALLS, 


THE KARMIC-MIASMIC IMPRINT, INCARNATIONAL TIME VECTORS, 
VECTOR IMBEDDING. 


MULTIVECTOR HOLOGRAPHIC RECODING THROUGH THE MAHARIC. 
INFUSION. 


ATTITUDES AND ETIQUETTE IN HEALING, THE MOTIVATION TO HEAL, 
POSTURES OF LOVE, THE FRAMEWORK FOR HEALING AND FULLY 
ENGAGING THE LOVE VIBRATION. 

THE 6 STEP MAHARIC RECODING SESSION, MELCHIZEDEK CLOISTER 
ORDINATION AND BECOMING A PROFESSIONAL SPIRITUAL HEALING 
FACILITATOR-INSTRUCTOR. 

TECHNIQUES: 

#3- OPENING THE HEALING CHANNELS- DORADIC -PHASE-1 CURRENT 
#4- MULTI-VECTOR HOLOGRAPHIC RECODING KATHARA SCAN 

#5- THE MAHARIC INFUSION 


THE MAHARA SPACE COMFORT TOUCH 


TOPICS OF DISCUSSION 


q OPENING THE HEALING CHANNELS 


DORADIC-PRASE1 CURRENT 


and Si Crystal. 

Activation of any Triadic Healing Current requires temporary release of the corresponding 
‘Signet Star Crystal Seals within the personal Scalar Shield and a temporary activation of the 
portions of the dormant 12-Strand DNA Template that correspond to the Signet Seals. Signet 
‘Seals modulate the flow of frequency between the 3-Dimensional Harmonic Density Levels. When 
Signet Seals are in their usual (for this ime period) dormant phase, they keep the 5 Hova Bodies of 
the personal 15-Dimensional anatomy separate from each other by creating an electro-magnetic 
barrier or Magnetic Repulsion Zone between each 3-Dimensional level of the energetic anatomy, 
‘This Magnetic Repulsion Zone between embodied Harmonies of Manifestation manifests as 
polarity resistance to frequency inflow within the 3 Levels of the Kathara Grid, the Scalar 
Shields, Axi-A-Tonal Lines, Chakras and Auric Field levels of the embodied Inner Templar 
Complex. in order to run higher dimensional frequency currents through the physical body 
for healing applications, it is necessary to temporarily release portions of the Magnetic 
Repulsion Zones between the Hova Bodies. Releasing the electro-magnetic resistance to higher 
dimensional frequency inflow within the inner lar Complex is achieved through temporary 


‘Most contemporary energetic healing systems rely upon using the 1#, 2»! and 3°Dimensional 
frequencies of the TELLURIC PHASE CURRENTS in the Nada Hova Body. Through the Nada 
Hova Body alone, only the 3-Dimensional Sub-Harmonics of higher dimensional frequency currents 
‘can be run, as the dormant Signet Seals block the faster moving Partki Phasing Flash-line 
‘Sequences of higher dimensional frequency bands from running through the DNA Template. fa 
frequency band is blocked from running through the DNA Template that frequency cannot be 
‘energetically transmitted through the Nada Hova Body and physical bio-electrical systems. in 
conventional energy healing methods, even those emerging fram ancient systems of suble- 
energy healing, the Signet Seals, and thus the Scalar Shields, Hova Bodies and DNA Template 
remain dormant in their usuelly closed postion, phase-locked into a 3-Dimensional orientation. 
While the DNA Template remains phase-locked into the 3-Dimensional orientation of the Nada Hova 
Body, only the 4# through 12 Sub-frequency bands (Sub-Harmonics) of 1 through 3 
Dimensional Current (Telluic Curent, and the 1* through 3 Sub-frequency bands of 4 
through 12% Dimensional Current can be run through the human body for transmission. Use of 
the lower frequency (slower Partki Phasing rhythm) Telluric Currents can effect temporary 
beneficial change in the outer layers of the bio-energetc field, but Telluc Currents alone cannot 
facilitate full repatterning ofthe 3 Levels of the Kathara Grid where Scalar Shield distortions that 
cause genetic malfunction are embedded. The 11%-12%-Dimensional frequencies of the Pre- 
matter Hydroplasmic Maharic Currents are the only dimensional frequencies powerful enough to 
affect change in the embodied Kathara Grid. To run Maharic Current, and the high frequency 
interdimensional Triadic Phase Currents, through the human body requires release of the Signet 
Seals within the personal Scalar Shields. 


Triadic Phase Currents, the Maharic Shield BIS 

Most healing systems have not incorporated the Maharic Current into thelr frequency applicagon 
procedures because the Planetary Templar Complex has not been able to run a D-12 Maharie 
Current through the pianetary grids for 210,216 years. Like the human DNA Template, ifthe 
Planetary Shields and Manifestation Template are blocked from processing interdimensional 
frequency, that fequency wil be unavailable for use on the planet. I the Signet Star Crystal 
Seals (Star Gates) in the Planetary Shields are dormant, closed and phase-locked into Density-1 
Grientation, no one on the planet ill be able to draw intecimensional frequency into their personal 
Shields because the frequency is unavailable within the Planetary Shields. The personal and 
planetary Templar Complexes are intimately interwoven, and what efecis one will inevitably effect 
the other. 


{In order to run the full spectrum of interdimensional Triadic Phase Currents through the human 


Gates in the Planetary Templar Complex. in conventional ‘human evolution, the internal Signet 
‘Seals, which serve as the Genetic Time Codes or “Fire | Codes" of the human DNA. Template, 
automatically, progressively and sequentially ‘Open over very long cycles of time. During the slow 
activation ofthe Genetic Time Codes the conscious idenity experiences passage trough 
fiumerous incamate lifecycies within the Planetary Time Cycle, evolving through a series of Single 
‘Vector incarnations before being released from the 3-Dimensional phase-lock of | Density-1 
manifestation. One can manually open the ‘Signet Seals in the embodied Inner ‘Templar Complex 
to expedite evolution into the Mult-dimensional, Multi-Vector Time Cycles through use of the 
11%12" Dimensional Maharic Current. 

Activation of the personal Maharic Shield allows for Tapid release of the embodied Signet Seals 
‘and activation of the Fire Codes in the DNA Template, The Maharic Current from the personal 
Maharic Shield can be used to release the Signet ‘Star Crystal Seals within the body, which in turn 
‘activates the dormant Kundalini energies at the base of the. ‘Spine and the Cranial-Sacral 
Kundalini Seals within the Tailbone and Pineal Gland. Release ‘of the Cranial-Sacral Seals of the 
Internal Templar Complex allows the Magnetic Repulsion Zones between the Hova Bodies to 
release so the DNA Template, personal Scalar Shields and physical body systems can receive 
infiow of higher dimensional frequency. To gain conscious mastery over the process of releasing the 
internal Signet Seals requires activation of the personal Maharic Shield, and the personal Maharic 
Shield can be manually activated only through ‘drawing Maharic Current into the personal Shields 
via the Planetary Maharic Shiek entire process of releasing the internal Signet Seais by 
activating the personal Maharic Shield, in order to enable the DNA ‘Template to run Triadic 
Phase Currents for healing is entirely dependant upon the operational function of the 
Planetary Bio-feed Interface System (PBIS). 

Ifthe Planetary Templar Complex is blocked, or the Signet Star Gates are. dormant, and Maharic 
Current from the Planetary Maharic Shield is not able to run through the planetary grids, humans. 
‘on Earth do not have the option of manually ‘activating the personal Maharic Shield, because the 
PBIS is not operational. The PBIS becomes operationally functional within the human body 
‘through activation of the 12 Chakra. The 12 Chakra cannot activate in the Personal Templar 
Complex if the Planetary Tempiar Complex cannot run 12°Dimensional Maharic frequency. For 
‘over 200,000 years, the Planetary Templar Complex could not run Maharic: frequency, and thus 
manual activation of the personal Maharic Shield and release of the embodied Signet Seals to open 
the Hova Bodies for running interdimensional Triadic Phase Currents for healing were not avalible 
‘options for Earth humanity. Since the recent activation of the Planetary Templar Complex, 
Maharic Shield and PBIS activation and Kathara Healing applications are ‘now available on Earth. 
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Opening Triadic Phase Currents in the Human Body 

The method by which Triadic Phase Currents are activated within the human body is a 
progressive process. First, opening ofthe personal Kathara Grid, Telluric Shield and Nada 
Hova Body is orchestrated through activation of the Maharic Shield and Signet Seals, to allow 
inflow of frequency from the higher dimensional Hova Bodies. Next, the incoming frequency is 
hamessed and collected within the Chakra System. Finally, the collected frequency is then 
transmitted for healing fection in others, either through direct Chakra transmission or by close- 
range Frequency Induction via transmission of frequency from the activated Secondary Chakra 
Centers within the PALMS. 

“The ability to run the higher dimensional Tiadic Phase Currents within the body must be buit up 
within the Internal Templar Complex, starting with the slowest-moving current of the higher 
dimensional spectrum the DORADIC-PHASE-1 CURRENT. The Doradic-Phase-1 Curent utiizes 
the sub-frequencies ofthe 1112 Dimensional Maharic Current from the Density-4 Mahara 
Hova Body as a carrier wave that wil cary the desired interdimensional curents through the 
‘Signet Seals of the personal Scalar Shields. The full spectrum ofthe 4* Dimensional Doradic+ 
Phase-1 current from the Density-2 Alphi Hova Body's activated as the primary healing 
frequency for transmission. The full spectrum of the 7&-Dimensional Teuric-Phase-1 Current 
(one Harmonic above the Doradic-Phase-1 Curent) from the Density-3 Belcha Hova Bodyis used 
to release the 4%-Dimensional Signet Seal, allowing the 4% Dimensional Doradic-Phase-1 current to 
enter the Nada Hova Body. 

‘Activating the 4® Signet Seal triggers temporary activation of the 4t* DNA Strand Template and 
corresponding 4% Kathara Center in the Level-t 12-Tree Gri, which allows the 4%-Dimensional 
{frequencies of the Doradic-Phase-1 Current to pass through the active DNA and into the bio- 
energetic and bio-electrcal systems ofthe body for transmission, Once the DNA Template becomes 
accustomed to holding a 4"DNA Strand Template Activation, after several months of practice in 
running the 4 Dimensional Doradie-Phase-1 Current, the body willbe able to begin receiving the 
primarily 5*-Dimensional Doradic-Phase-2 Current. The lower dimensional Triadic Currents 
‘must be activated within the DNA Template before the higher cimensional Triadic Currents 
can run. In Level-t Kathara Healing the fist step of activating the full spectrum (12 sub- 
harmonics) of the 4*-Dimensional Doradic-Phase-1 Current is achieved. 


Phase Currents and Color Cap-Stones 

‘The Color Cap Stone of a dimensional frequency band isthe visual representation ofthe primary 
‘wave-length formed by the speciic Partiki Phasing Rhythm for that mension. A specific 
‘dimensional frequency band can be chosen and directed by the color translation of its primary 
wave-length, The Color Cap Stones ofthe dimensional frequency bands are used in Kathara 
Healing to direct specifically selected dimensional frequency bands (Partiki Phasing Rhythms) for 
‘specific applications. The Golor Cap Stones for the Doradic-Phase~1 Current are PALE SILVER 
(0-11-D-12 Maharic) + GREEN (D-4 Doratic) + VIOLET (D-7 Teuric). in technique # 3 — 
OPENING THE HEALING CHANNELS-DORADIC-t - the Pale Sliver + Green + Violet Cap Stone 
Colors will be used to activate the Doradic-Phase-1 Healing Current within the body. 
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DORADIC SPHERE, CORDS AND 


Doradic at ant 

‘The DORADIC SPHERE is a frequency repository that is formed to hold the activated Doradic- 
Phase-1 Current within the Chakra system for transmission in healing facilitation, As the Doradio- 
Phase-1 Currents primarily a 4%-Dimensional Current, the Doradic-1 Sphere will be formed in 
the 4® Chakra, which corresponds to the 4* Dimensional ASTRAL body of the Alphi Hova Body 
and Auric Field. Transmission of the Doradic-Phase-1 Current will take place from the Doradic 
‘Sphere at the 4% Chakra, creating a 4"Dimensional ASTRAL INFUSION of frequency into the 
bio-energetic field of the client in close-range healing, and a general Astral Plane Infusion of 
Doradic-Phase-1 frequency into Manifestation Templates of areas(and everything contained within 
‘the space) when transmitted directly from the 4% Chakra. 


Doradic Cords and Current Induction 

‘The DORADIC CORDS are energy conduits that are formed by opening the embodied Axi-A- 
‘Tonal Lines within the arms, hands and fingers. Opening the Doradic Cords allows the 
Secondary Chakras within the palms of the hands to cary the Doradic-Phase-1 Current for 
pplication in close-range transmission. Though Triadic Phase Currents can be transmitted directly 
from the Chakra Center in which the Collection Sphere is placed, the eneroies are more diffused 
‘and diluted in this form of transmission, unless the personal DNA Template holds a full, 
permanent activation of the Strand Template comesponding tothe Triadic Current being 
‘tansmitied It takes time, often years, for the DNA Template to acquire and permanent hold a 
higher strand activation level. One-on-one healing facilitation is more effective when conducted 
through concentrating the Triadic Current through the Axi-A-Tonal Lines for DIRECT INDUCTION 
of current through the Palm Chakras in closerangetransmission. Close-range transmission also 
allows for more precise application of frequency to specific areas of the body systems. In Levelt 
Kathara Healing, the Doradic Cords are activated within the arms, paims and fingers to allow for 
‘concentration, focused direction and Direct Induction of the Doradic-Phase-1 Current. 

For general healing purposes, such as “clearing rooms” or geographical spaces, or when 
attempting to transmit healing current into groups of people, transmission of the Doradic-Phase-1 
Current can be orchestrated direct from the 4% Chakra for NON-SPECIFIC INDUCTION. In 
Non-Specific Induction, following activation of the Doradic-Phase-1 Current, each INHALE breath 
is used to fil the Doradic Sphere with more energy and each EXHALE breath is used to expand 
‘and transmit the energy into the room or bio-ields of a group of people. Itis not necessary to 
‘zctivate the Doradic Cords for Non-Specific Induction applications. In Level-l Kathara Healing 
‘applications use of the Doradic Cords and Palm Chakras is employed for Direct Induction close- 
Tange transmission in Client Sessions, To enhance and expedite personal healing, the activated 
Doradic-Phase ~1 Current can be run through the personal Level-1 Kathara Grid with the 
Mabaric Shield and Liquid Light Cleanse technique and then through each of the 7 Primary 
Embodied Chakras. 


dic Balls and Palm Tr lission Direc 
‘The DORADIC BALLS are small energy repositories that form in the Palms of the Hands when 
the Doradic Cords have been activated to run Doradic-Phase-1-Current through the Palm 
Chakras. Doratic Balls are used to accumulate current in the Palm Chakra vortices prior to 
transmission, to strengthen the intensity of the current 
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ChAKRAS AND TRANSHITTING CURRENT 


Primary Polarities of Palm Chakras 
Along with the 15 Primary Chakras within human anatomy there are many other 


smaller Secondary and Tertiary Chakra Centers throughout the body, which 
correspond to the energetic interrelationships of scalar-wave pattems within the 
Kathara Level-3 Diodic Points Grid, All Chakras operate as sets of Black and 
White Holes, through which energy from the Dimensional Unified Fields circulates 
into and out of the body and Manifestation Template. The Palm Chakras are part of 
the Secondary Chakra System. Like all Chakras, the Palm Chakras are structured 
as 2 vortices of energy joined at the tip by a minute Crystal Seal within the 
Kathara Level-2 Crystal Seals Grid. The Palm Chakras run through the center of 
the Palms and out of the back of the hands. 

In any set of Chakra vortex spirals, one vortex represents the magnetic Black 
Hole, a counter-clockwise rotating spiral that draws energy IN toward the central 
Crystal Seal, and the companion vortex represents the corresponding Electrical 
White Hole, the clock-wise rotating spiral that sends energy OUT from the central 
Crystal Seal. The Black Hole vortex represents the RECEIVING spiral or Magnetic 
Pole and the White Hole vortex represents the TRANSMITTING spiral or Electrical 
Pole. The Electrical Pole of a Chakra represents the EXPANSION CURRENT of the 
Chakra, through which it expands energy out from the personal Shields; itis referred 
to as BASE ELECTRICAL. The Magnetic Pole of a Chakra represents the 
CONTRACTION CURRENT of the Chakra, through which it contracts energy in 
from the external Unified Field to the personal Shields; it is referred to as BASE 
MAGNETIC. 

‘The Chakras in the Palms are composed of many smaller minute vortex sets, each 
with Magnetic and Electrical Poles, but the PRIMARY POLE of each Palm Chakra is 
that pertaining to the larger Black-White Hole set and Crystal Seal. Though each 
Palm Chakra is capable of both Transmitting and Recelving energy current, the 
strongest and most focused currents can be achieved by utilizing the natural 
polarity orientation of the Primary Vortex Set. The Chakra in the RIGHT PALM is 
BASE ELECTRICAL its corresponding vortex on the back of the right hand is Base 
Magnetic. The Chakra in the LEFT PALM is BASE MAGNETIC; its corresponding 
vortex on the back of the left hand is Base Electrical. When running Triadic Phase 
Currents it is helpful to understand the Primary Polarities of the Palm Chakras in 
order to create the strongest and least distorted healing current. In Kathara 
Healing, the RIGHT HAND is the TRANSMITTING HAND, through which Triadic 
Current is Exhaled down the Cords in the arms and EXPANDED into the RIGHT 
PALM CHAKRA for TRANSMISION. The LEFT HAND is the RECEIVING HAND, 
through which the Triadic Current transmitted from the Right Hand is drawn back into 
the facilitators body TO CREATE A CLOSED CIRCUIT OF CURRENT for the 
strongest current intensity and purest frequency content. 
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HAND POSITIONS 


Standard Hand Position for Transmitting Triadic Current 


When transmitting Triadic Current, the LEFT PALM is PLACED 
OVER THE BACK OF THE RIGHT HAND. The Base Magnetic 
Current of the Left Palm interfaces with the Base Magnetic 
Current in the Back of the Right Hand, creating a MAGNETIC 
REPULSION ZONE, which blocks the vortex on the Back of the 
Right hand from drawing non-specific frequency from the 
Density-1 Unified Field. This keeps the current transmitted from 
the Right Palm Chakra pure to its specifically chosen content. The 
Base Magnetic vortex in the Left Palm simultaneously draws the 
transmitted current back up through the smaller vortex sets after 
itruns through the client's body, creating a closed circuit of pure 
frequency running between the Hova Bodies of the client, the 
facilitator and the higher dimensional Unified Fields. Options of 
Frequency Modulation for other healing applications also 
become available through using this HAND POSITION when 
transmitting healing current. In some applications a modulated 
current that includes bursts of Density-1 Telluric Current 
interspersed with current transmission from the higher dimensions 
is desired; this can be achieved by moving the Left Hand on and 
off of the vortex on the back of the Right Hand. The LEFT OVER 
RIGHT HAND POSITION is used in Level-1 Kathara Healing 
applications. 
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= Elements of Doradic-Phase-1 Current Retivation 


Doradic-1 Cap Stone Colors; 
PALE SILVER (D-118D-12) + GREEN (D-4)+ VIOLET (D-7) 


PALM CHAKRAS: 
LEFT T OVER RIGHT Hi D POSITION 


Ee Elacal Exarding M=Magnetc Contacting Counter Ciockdss Spat 
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CHAPTER 5 = THE COZY CORNER LAB 
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Figure 5-15. Different arrangements of the wiring of the batteries produce different results. The top two 
cells are arranged in series, Their respective voltages are added together. The center circuit consists of two 
cells arranged in parallel. This configuration doubles the current that can be delivered. The bottom 
drawing shows a combination of both series and parallel circuits, doubling both the voltage and the 
current. 


When connected in series, the total current output is the same as the current capacity of each 
individual cel 

In summary, if you need more voltage, stack the cells end to end. Ifyou need more current, stack 
them side by side. Even more complex arrangements are possible, using both parallel and series circuits 
to achieve the desired power output characteristics. This practice is very common in hobby model 
aircraft and battery-powered vehicles. A designation such as 3S2P means that there are two parallel 
Circuits (2P) of three cells in series (35). 

Looking back at the circuit in Figures 5-13 and 5-14, we see that the “battery” used in this circuit 
consists of three cells in series. This means that if alkaline batteries of 1.5V each are used, the total 
voltage available to the circuit is 4.5V. If typical rechargeable cells (NiCd or NiMH) are used, we can 
expect 3.6V to flow through the circuit. 


Switches in Series 


The power switch, labeled SW1 in the schematic, is in series with the rest ofthe circuit. As mentioned in 
the previous section, when this switch is open, no current flows through the circuit at all. The switch is, 
intentionally placed at this location in this circuit to act as a bottleneck. When the power switch is 
tured off, no power flows through the circuit. That seems like a good idea, considering the desired 
operational goal. 
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Intrinsic Process of. Activating a Triadic Phase Current 


1. Open the PBIS using the D-11 —D-12 Wave Guide Symbol Code, the 
Hierophant Symbol, to open the 12 Chakra and stimulate release of 
Maharic frequency from the Planetary Maharic Shield. 


‘2.From the PBIS draw Maharic: frequency from the Earth’s Maharic Shield up 
into the dormant personal Maharic Shield 12" below the feet, to activate the 
Personal Maharic Shield, 


3.Choose the specific Triadic Current you desire to run. 


4-Use the inflow of Maharic Current from the personal and planetary Maharic 
Shield as @ Carrier Wave to cary the Cap Stone Color frequencies of the 
‘Signet Star Crystal Seals in your Scalar Shields that correspond to the 
‘Triadic Phase Current you wish to activate, 


Current, to open the Nada Hova Body and physical body systems to inflow of 
the higher dimensional Triadic Phase Current. 


6:As the Triadic Phase currents transmits into the body through the Signet 
‘Seals, Kundalini energies and DNA Template, collect and build the current 

28 a Sphere of energy within the Chakra corresponding to the Primary Triadiol 

Current you are running, 


Run the current from the Collecting Chakra through the Axi-A\-Tonal Line 
Cords in the arms, to activate the Paim Chakras. 


&.Exhale curent from the Chakra Collection Sphere through the Cords and 
allow itto build into Balls of energy within the Palm Chakras before 
‘ransmiting. 


‘8.Transmit the Triadic Curent through the RIGHT PALM CHAKRA into client's 

bio-energetic field while drawing more current into the Chakra Collection 
Sphere with each exhale breath and draw the current back through the LEFT 
PALM on each inhale breath to create a higher dimensional Closed Circuit 
Healing Curent. Use LEFT PALM OVER BACK OF RIGHT HAND hand 
position. 
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TECHNIQUE 3 ** 


Opening the Healing Channels- Doradic-Phase-1 Current 


Breathe slowly and deeply for several breaths while visualizing or imagining a 4* Violet Dot on 
the center ofthe inside of your forehead. Make the color image as song 2s you are able (F 
you cant yet perceive inner colors or visualzaton, simply mapne the Vitet Dot being 
there). Move the Viele Dotto the center of the brain a the Pineal Gland, and then upward into 
the 7® Crown Chakra, from the inside ofthe head moving upward and outward unl the Violet 
Dot rests on top of your head at the Crown Chakra, 


Call to mind the Hierophant Symbol (Pale Silver ‘Merkaba Star formed by combining 2 
Merkaba Stars). Visualize the spinning Hierophant stationed 12° below the feet within your 
‘Maharic Shield and slowly INHALE, drawing the Hierophant up through the Central Body 
Current, up to meet the Violet Dot atthe 7 Crown Chakra atthe top ofthe head. When the 
HHierophant connects wit the Volet Dot visualize the Violet Dot bursting into a4" Vertical 
Pillar of Violet‘Siver Light Imagine the Volet-Siver Per unning down through the body 
into the Earth Core and upward tothe 14% Chakra 36" above the Head. You have activated 
the Violet Ray of Transmutation, 


Uuntl it becomes a ball of Green-Violet Light, about the size of & grape, spinning in the center 
of the 4" Heart Chakra. The Green-Violet balls the store-house for your Phase-1Doradic 


} EXHALE quickly and push 2 Cords of Green-Violet-Siver energy ~ Doradic Cords -from the 


Doradic Sphere down the inside of your arms, one Cord through each arm. As the ends of the 
Doradic Cords reach the inside of the hands , Notice @ sensation of mild resistance as the Cords 
ush against the etheric membranes covering the small chakras in the palms. INHALE a full 
breath, drawing Siiver energy up from the Maharie Shield, into the Doragic Sphere at the 4% 
(Chakra, EXHALE forcefully, pushing more energy down through the Doradic Cords in the arms, 
and feel this energy “pop” out of the palms, releasing the membranes on the palm chakras, 
Continue to INHALE energy up from the Maharic Shield into the Doradic Sphere and EXHALE it 
through the Doradfe Corts, buiding the strength ofthe Doradic Curentin both palms. imagine 
‘the Doradic Current pooling in the palms to form 2 Green-Violet balls of ight, about the size 

of tennis balls. Energize the Doradic Sphere and Cords untl you can sense the smaller Doradic 
Balls formed in the paims of your hands. Your Doradic Current is now activated for use in 
healing facilitation. 
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SYMBOL SHORTHAND 
' Sate 
TECHNIQUE # 3: Opening the Healing Channels 
A Doradic-Phase-t Current 


—| 


: 


ae) 


- 4” Violet Dot inside forehead, move to Pineal Gland then up 
through 7* Crown Chakra to top of head. 


. Hierophant Symbol at center of your Maharic Shield 12 
below feet. Inhale Symbol up to Violet Dot at top of head. See 
Violet Dot burst into 4” Violet-Silver Pillar Tunning through 
body to Earth’s core and up to 14 Chakra 36° above head, 


. Small Green Star Crystal Seal at 4% Heart Chakra. Inhale 
drawing Violet-Silver energy from Violet-Silver Pillar into 
Green Star Crystal Seal and see Green Star Crystal Popping 
into a spinning Green-Violet Starburst, as Violet-Silver Pillar 
disappears. Spin Green-Violet Starburst faster until it becomes 
grapefruit-size BALL of Green-Violet Light, the Doradic 
Sphere, at the center of the 4 Heart Chakra, Encase Green- 
Violet Sphere in Pale Silver Maharic energy. 


. Push a Green-Violet-Silver Doradic Cord down each arm to 
Palm Chakra Membranes and draw Pale Silver up from 
Maharic Shield to Doradic Sphere and forcefully push Maharic 
Current down arms to pop Palm Chakra Membranes. While 
running Doradic-1 Current draw energy from Maharic Shield 
to Doradic Sphere and push it down arms from Doradic 
Sphere through Doradic Cords to pool into Doradic Balls at 


Palm Chakras, ae) 
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_——_| TECHNIQUE # 3: Opening the Healing Channels 
Pi 


‘2A Hierophant up trom Mahario 
‘Shield to inside Violet Dot on head. 


2B Violet Dot pops to Violet-Siiver 
Vertical Pillar 


‘3A Green Star Crystal Seal at 4 
Heart Chalra, 


}3B Green Seal pops to make Green- 
Violet Starburst then Siver-Green- 
Violet Doradic Sphere in 4* Chakra, 


4A Doradic Cords run Doradio- 
Phase-tHealing Current from 
Dorado Sphere to Paim Chakras 


4B Doradie Balls pool energy in 
Palm Chakras to amply current 
for Direct Induction transmission. 


Ceara 
THE NATURE OF KARMA 


uma, Ider e Christos and the of 

When an identity enters the Time Matrix to begin simultaneous cycles of evolution ‘through 
‘ime, it enters the manifest fields through first adopting a Manifestation ‘Template composed of 
Partiki Units and Scalar Waves. The first Manifestation Template is called the Rishic Shield; it 
exists at the Ante-matter scalar-wave level of Density-5 and holds the complete Primal Scalar 
Pattern for all ofthe Singular Identities that will simultaneously manifest into incarnation within 
the lower dimensional Densities and Time Cycies. The Rishi Shield represents the Identity 
Gestalt or Family of Consciousness through which identity enters manifestation, The Rishic 
Shield carries the precise configuration of Scalar-wave patterns, the Primal Order of energetic 
‘substance, through which the consciousness individuated to form a collective of consciousness 
\ithin the dimensionalized Time Matrix. Every individual incamate from the Rishio Family of 
Consciousness in time caries as part ofits core Kathara Grid scalar program the 
electromagnetic energy signature of Primal Order carried by the Rishic Shield through which it 
manifested, 


The Scalar-wave design ofthe Rishic Shield represents DIVINE RIGHT ORDER, the Primal 
Order of scalar-wave energetic retationship and Partiki Phasing Sequences that individual 
entities in ime must re-evotve to hold within their embodied Manifestation Templates in order to 
regain freedom from the dimensional systems of the Time Matrix: Consciousness from the Rishic 
Shield, in the form of Omni-polar wave spectra, enters the manifest Densities by projecting 
Portions of itself into smaller Consciousness Gestalts within the lower dimensional fields, The 
smaller Gestalts of Consciousness form the 3-Dimensional Scalar Shields of the identity within 
the dimensionalized matier systems. Each Scalar Shield holds the consciousness of 
humerous simultaneous Cycles of Incarnation within each of the 4 Primary Time cycles of 
Densities 1 through 4. Each individual incamate in ime is crecty linked to its original Rishie 
Shield Family of Consciousness through the Density-4 Maharic Shield, The Maharic Shield of 
dimensions 10-12 contains the fst Pre-matter Hydroplasmic scalar-wave spectra through 
which identity began its experience within the holograms of Space, Time and Matter. The personal 
Maharic Shield, ofien called the PERSONAL CHRISTOS IMPRINT, holds the original Primal 
(Order of scalar waves through which manifest consciousness links to its Rishic Shield. The 
Christos Imprint of the Maharic Shield represents the PATH OF DIVINE RIGHT ORDER through 
which each individual consciousness in ime can re-evolve to its original Eternal Non-manifest, 
State of Wholeness in Consciousness beyond the Time Matix. Divine Right Order is not only a 
spiritual concept; itis a reality in energy within the scientific dynamics of Universal Unified 
Field Physics. Divine Right Order represents the Primal Order of scalar-waves that make up the 
original Manifestation Template from which individual singular lifetimes emerge, and itis the 
necessary patiem of energetic order within the personal mull-cimensional Manifestation Template 
which allows incamate beings to full the evolutionary objective of Transmutational Dimensional 
Ascension. The result of an incarnate being's Manifestation Template and Conscious 
‘Awareness becoming mis-aligned with the energetic structure of Divine Right Orderis 
called KARMA, 
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t Order, a Shields, Free Will and Miasr 

Ifit, is understood thatthe universe and all things within itexist as manifestations of 
consciousness in the form of precisely ordered scalar wave arrangements, and that there is an 
intrinsic and indelible Primal Order upon which all manifestation functions, it will not be dificult to. 
‘conceptualize the literal and tangible nature of the Karmic Imprint. In energetic terms, Divine 
Right Order represents the natural alignment of conscious energy fields within the intrinsic Laves 
of Universal Physics characteristic tothe dimensional structures of ime, Divine Right Order exists 
a a tangible, specific and harmonious organization of energy interrelationships within the 
Primal Order of energetic structure that creates dimensionality. The condition frequenty referred to 
as Karma is, like Divine Right Order, a tangible, specific organization of energy intrrelaonships. 
Unlice Divine Right Order, Karma represents dis-harmonious interelationships of energy within the 
Context of the Primal Order that creates dimensionality, Karma can be viewed as CHAOTIC, 
incoherent energetic disorganization, whereas Order represents coherent energetic 
organization. 


In terms of the 15-Dimensional anatomy of the personal Manifestation Template, the Karmic 
Pattern represents areas of incoherent energetic disorganization within the structure of the 
personal Scalar Shields. The 12*Dimensional Level ofthe personal Maharic Shield holds the 
Criginal Christos Imprint, the Primal Order perfect organtzation of scalar-wave configurations that 
links our consciousness and DNA Template to the Rishic Shield Family of Consciousness 
through which we entered the Time Matrix. While the Maharic Shield holds our original Perfect 
Organization of Consciousness, the Scalar Shields upon which our lower dimensional Hova 
Bodies and Incamate, Soul and Over-Soul Manifestation Cycles emerge offen become 
distorted from their original Primal Order as held within the Maharic and Rishic Shields, Human 
Consciousness, in its multidimensional forms, was designed ‘in the image of its Creator, having 
Free Will to apply the dynamics of energetic creation in mein accordance with personal 
Intention, within the greater context of the fixed Natural Energetic Laws of Creation, 


‘When we use our gift of Free Will to direct our energies in a manner congruent with the Divine 
Right Order of Universal Unified Field Physics (which implies co-creative, not competive co- 
evolution forall), the scalar-wave design of our personal Scalar Shields remains organized upon 
the intrinsic design of universal and personal Primal Order. Through embodiment of Divine Right 
Order within our personal Scalar Shields and consciousness, we know conditions of perfect health 
and harmony within the Time Matrix. When our Free Willis Used to cirect our enerpes in ways that 
are incongruent with and non-supporive of Primal Order, the disorganization of our energatic 
‘orientation maniests as literal Partki Phasing Sequence distortions that create misshapen 
‘scalar-wave groupings within the anatomy of the personal Kathara Grid, Scalar Shields and the 
DNA Template built upon them. These misshapen scalar-wave groupings within the Kathare Grid, 
‘Scalar Shields and DNA Template are called MIASMS and they hold, in tangible scalar frequency 
form, the disorganized energetic patterns of our Free Will choices through which we have used 
ur energies in a manner incongruent with Divine Right Order. 


Miasms are the tangible substance of our Karmic Pattern that reflect the areas 
in which our consciousness and Scalar Shields are distorted from our original 
Maharic Shield Christos Imprint of Perfect Organization within the context of 
Universal Primal Order. 
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TIME VECTORS AND THE CARMIC-MIASHIC IMPRINT 


as jime Vectors, Vector Imb: and the DNA Template 

‘The Miasmic Imprint within the body and Manifestation Template that holds the personal Karmic 
pattern manifests as mathematical, geometrical and electro-magnetic distortions in scalar- 
‘wave forms within the Kathara Grid and Scalar Shields, that cause groupings of Anti-particles to 
build up within the Particle field of the physical and energetic anatomy. The build-up of Anti- 
particles within the Particle Field blocks the natural flow of energy and consciousness through the 
Kathara Level-3 Diodic Points Grid, and manifests as malfunctions within the Partiki Phasing 
Programs within the Kathara Centers of the Level-1 12-Tree Grid and within the Signet Star 
Crystal Seals of the Kathara Level-2 Crystal Seals Grid. The 3 Levels of the Kathara Grid set 
the blueprint for manifestation of the Scalar Shields, Hova Bodies, Chakra System and DNA 
‘Template. Miasmic distortions in the Kathara Grid effect every level of personal manifestation, 
from the operation of the physical genetic code to the ability of consciousness to successfully 
embody within the physical form, to the potentials of Transmutational Dimensional Ascension 
and attainment of Spiritual Actualization. 


————— 
Karma- the Miasmic Imprint- is a biophysical phenomenon of 
scalar-wave distortion that directly effects the human DNA. 


‘The incarnations of SELF that simultaneously manifest io Incamalional cycles of clvergent 
‘space-time placement within the 4 Densites and 12-Dimensions of Matter are all directly 
interconnect through the Kathara Grid, Scalar Shields and DNA TEMPLATE. The Free Will 
choices made by other manifestations of ourselves concurrently existing in other space-time 
locations and diferent manifest body forms, eect the function of our personal Kathara Grid, DNA 
‘Template, conscious awareness and life experience. The choices WE make in our present 
lifefime directly effect the Kathara Grid, DNA Template, consciousness and life experience of 
‘our other-fime incarnations. The energetic connection between incarnations of the SELF is an 
immediate, living connection of energy and consciousness. Because our numerous 
simultaneous incamations in time are directy, energetically linked to each other via the Kathara 
Grid and DNA Template, we literally inherit Miasmic Bulldup from each other on a continual 
basis, When we make the choice to restore our personal Imprint for Health, our Christos Imprint, 
as held within our Maharic Shield, part of these efforts must involve clearing the Miasmic 
Imprint that is bleeding through into our personal Manifestation Template for the other incamations 
of Set. 

Each of our simultaneous incarnations in time represents one SINGLE VECTOR 
CONSCIOUSNESS, one portion of our Eternal identity that experiences 3-Dimensional linear 
evolutionary progression along ONE TIME VECTOR (one cycle of Pariki Phasing Sequences). 
Each Incarnate represents a TIME VECTOR. The mulple Time Vectors of our Muliple 
Simuitaneous Selves are literally encoded within core scalar-wave programs of our DNA 
‘Template; this is called VECTOR IMBEDDING. To fully heal our Body-Mind-Spirt system by 
‘restoring itto tts Organic Imprint for Health, the Maharic Shield Christos imprint, we need to 
clear the Miasmric Imprint from our other simultaneous incarnations as itis presently embedded 
within our DNA Template. Transmuting the Miasmic Imprint that is embedded in our DNA. 
Template to restore the original perfect Primal Order is called “Clearing the Karmic Pattern” 
or MULT-VECTOR HOLOGRAPHIC RECODING. 
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\ | MULTI-VECTOR HOLOGRAPHIC RECODING 


WEGEMESIS OF THE PERSONAL GHRISTOS 


nic Health and Clear -Miasmic Imprir 

Literally all conditions of dis-ease in the human body and dis-harmony in the life experience, 
Including the unnatural condition of death ofthe human body form, result from Miasmic 
Distortions within the embodied Kathara Grid, Scalar Shields, DNA Template and personal 
Inner Templar Complex. The natural state of Universal Primal Order is harmonious co-creative 
interrelationship of consciousness. Humans can progressively return to their natural condition of 
Ordered Perfection through re-genesis, or re-creation, of the Organic Imprint for Health ~ the 
Maharic Shield Christos imprint within the Kathara Grid blueprint ofthe personal Manifestation 
‘Template. Regenesis of the Personal Christos is a Multi:Vector Endeavor, involving clearing 
the karmic-Miasmic Imprint from a myriad of various simultaneous selves presenty evolving in the 
‘Time Matrix. The hard way to clear the Miasmic imprintis by ‘walking the Karma’, which means 
allowing progressive levels ofthe Miasmic Imprint o repeatedly re-manifest in the personal life 
experience, unil the proper application of Free Will choice used in congruence with Divine 
Right Order becomes consciously apparent and the “Right Choices” are made to re-ordered the 
disorganized use of energy that caused the Miasm to form. In our present fme, this approach to 
“clearing the Karmic Pattern’ is no longer effective es a learring tool by which embodied 
consciousness teaches itself the etiquette of creation. The Miesmic Imprint within the collective 
hhuman species has grown so extensively that the core issues of misapplied Free Will that 
‘cause Miasmic Buildup can no longer be consciously identified, and the Miasmic Imprint 
continues to compound and amplify itself as the same errors of Free Will energy use are 


The Karmic-Miasmic Imprint is an ENERGY FORM, a literal construct of 
scalar-wave frequency with its corresponding Anti-particle 
Manifestation. As a form of energy, the Miasmic Imprint can be dealt 
with AS ENERGY, WITH ENERGY, for the most expedient clearing, 
healing and realignment of the Karmic Imprint. 


‘The Karmic-Miasmic Imprint manifests within the causal level of manifestation, the 3 Levels of 
the embodied Kathara Grid ofthe personal Internal Template Complex, and from the Kathara 
Level the Karmic-Miasmic imprint manifests as misalignment and malfunction within all levels of 
Body-Mind-Spirit system. To clear the Karmic imprint AS ENERGY, WITH ENERGY, its 

‘Scalarfrequency patterns must be realigned from the Core Template Kathara Grids, 
‘the causal level of miasmic manifestation. Restoring the Maharic Shield Christos Imprint to the 
personal Kathara Grid takes time and precise applications of frequency re-ordering in all 
levels ofthe Body-Mind-Spit system. The fst step to Regenesis of the Personal Christos is the 
MAHARIC RECODING PROCESS, 
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HULULVECTOR HOLOGRAPEIC RECODING 


Recoding the Time Vectors of the DNA Template and the DNA Fire Codes 

‘The process of regenerating the Christos Imprint within the Kathara Grid of the 
human body is a MULTI-VECTOR undertaking. A Vector is a set cycle of 
vibrational-oscillation rhythm that creates a specific repeating Partiki Phasing 
Rhythm and Flash Line Sequence. Each individual incarnate self in time holds 
within the electro-magnetic programs of its embodied Kathara Centers the Precise 
Partiki Phasing Rhythms that correspond to its particular placament within the 
planetary Time Cycles. The Time Vector, or Flash Line Sequence that creates 
one linear Event Horizon, is literally encoded and actively operational within the 
Kathara Grid and DNA Template of each incamate identity. In the process of 
restoring the Organic Integrity to the personal Manifestation Template, the dormant 
Partiki Phasing Rhythms that correspond to one’s other-time incarnates are 
progressively brought into activation and realigned with the Christos Imprint of the 
Maharic Shield. 

The Partiki Phasing Flash Line Sequence programs within the embodied 
Kathara Centers manifest within the DNA Template as the GENETIC TIME 
CODES, or Fire Codes, of the DNA. In restoring Maharic Order to the personal 
Kathara Grid, the 12 Dormant Fire Codes of the DNA Template will be slowly but 
progressively brought into activation through the 11%-12%—Dimensional 
Frequencies of the Maharic Shield Mahara Hova Body Current. Activation of the 
DNA Fire Codes creates a reciprocal release of the Signet Star Crystal Seals and 
Cranial-Sacral Kundalini Seals within the Kathara Level-2 Crystal Seals Grid, 
progressive activation of the dormant Kundalini energies and Merkaba Vehicle 
Phases, merger of the Hova Bodies and embodiment of the higher dimensional 
Spiritual aspects of conscious awareness. The process of recoding the multiple 
time vectors within the DNA Template - Multi-vector Holographic Recoding- is a 
process of progressive WHOLE-BEING HEALING that is achieved through 
consistent application of the MAHARIC RECODING PROCESS, and expedited 
through complimentary processes of DNA Template, Kundalini and Merkaba 
Vehicle activation. Level-1 Kathara Healing introduces the operational mechanics of 
the Maharic Recoding Process. 
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The Maharic Recoding Process 


FOR MULTLVECTOR HOLOGRAPHIC RECODING _ 


The 4 Primary Elements of Action 


1, The Maharic Seal and the Liquid Light Cleanse (Technique # 2) 


2. Opening the Healing Channels (Te ‘echnique # 3) 
3. Amplifying Inner Audio-Visual and Kathara Scan (T ‘echnique #4) 


4, The Maharic Infusion (Technique # 5) 
=f 


The 4 Primary Elements of Action to begin the Maharic Recoding 
Process, through which Multi-Vector Holographic Recoding of the 
Morphogenetic Field Manifestation Template is achieved. Begins 
Tealignment of the Core Manifestation Template Kathara Grid Levels, 
the Scalar Shields, Hova Bodies, Axi-A-Tonal Lines and DNA 
Template with the Primal Order perfect scalar-wave pattem of the 
personal 12-Dimensional Pre-matter Hydroplasmic Maharic Shield- 
the Christos Imprint and Organic Imprint for Health. Also begins 
activation of dormant DNA Strand Templates, Kundalini energies and 
the Merkaba Vehicle for Transmutational Dimensional Ascension. 


Bio- Regenesia of the Cnistes Venprint 
aud 12- Strand Dirt Template 
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The schematic symbol for SW1 shows a pretty good likeness to the internal wiring of any simple 
SPST switch. There are two terminals, and a conductor that can be moved to either electrically connect 
them or electrically isolate them. As drawn, the switch is in the open position. 

If we added another identical switch in series with the existing switch, what would happen? Take a 
look at Figure 5-16, 


A 8 
-0-0—0-0- 
swt swe 


Figure 5-16, Two switches in series. Both switches must be closed for electricity to flow through this part of 
the circuit. Ifeither switch is open, the circuit is broken and no current will flow. 


Both switch A (SW1) and switch B (SW2) must be moved to the closed position for any electricity to 
flow through the circuit. If either switch is opened, then no current will flow. This is sometimes referred 
toas an AND circuit, Both A and B must be on for the circuit to operate. 

‘A circuit just like this is often used in security systems. Switches are attached to doors and windows. 
Allof the switches are wired in series, forming a large loop. The switches are all configured to be closed 
when the doors and windows are closed, and to open when doors or windows are opened. 

Ifall the doors and windows are closed, then the loop of switches will allow the flow of electricity. 
Although it sounds exactly backward, when electricity is lowing in the circuit, this keeps the security 
alarm turned off. When any one of the switches is opened, the circuit is broken. The alarm then sounds. 

Most real security systems are more complex than this, of course. The main advantage of this, 
particular configuration is that itis easy to install and requires the least amount of wiring. The chief 
disadvantage is that when the alarm is triggered, you have no idea exactly which switch caused it. 


Switches in Parallel 


Just like with batteries, switches behave differently when configured in a different manner. Let's connect 


two switches in parallel his time and gee what happens, See Figure 5-17 
A 
0-0 
‘swt 
B 
ome 
‘SW2 


Figure 5-17. Two SPST switches in parallel Ifeither one of the switches is closed, then power can flow 
through this part of the circuit, Both switches must be opened to stop the flow of current. 


The circuit in Figure 5-17 will conduct electricity if switch A (SW1) or switch B (SW2) are closed. To 
stop the flow of current, you have to open both switches. This can be used as a simple OR circuit. If 
switch A or switch B is closed, then power can flow through the circuit. 

Looking back at the schematics in Figures 5-13 and 5-14, we see that SW1 is in series with the rest of 
the circuit. This makes ita very effective way to turn power on and off from a single location. Handy! 
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VEGHINIQUE # 4 


AMPLIFYING INNER AUDIO-VISUAL AND KATHARA SCAN 


Place the LEFT palm over the 5® Chakra atthe Throat, wih the Right palm covering the back 
ofthe LEFT hand, and INHALE the Doradic-1 Current up from the 5 Kathara Centar atthe 
Navel, into the Seed/Center of the 5* Chakra. EXHALE and expand the Doradi-1 frequency 
into the 5 Chakra spire, allowing the magnetic curent rom the LEFT hand to draw the 
energy out through the spiral. As you EXHALE, siowly move the hands forward, away from 
the body and the 5" Chakra. 


. Repeat the same process over the 6* Kathara Center, placing the RIGHT palm over the 6% 


‘Kathara Center below the Right Shoulder, withthe Leff palm covering the back of the RIGHT 


energy dawn the Doradic Cords into the Doradic Balls. Inhale, then EXHALE energy down the 
RIGHT Doradic Cord through the RIGHT palm and into Kathara Center 6, Run several breaths 
{0 energize the 6 Kathara Center. Then move LEFT palm over the 6” Third Eye Chakre in the 
forehead, with Right palm behind. INHALE the Doradic-1 Curent from the 6 Kathare Center 
into the Seed/Center of the 6° Chakra and EXHALE the energy into the 6% Chakra spiral while 


Close your eyes and focus your attention in a single point atthe inside of your forehead. inhale, 
and 2s you EXHALE run your atienion outward thraugh your 6 Chakra spiral, into the 

6% Chakra Spiral of your Client. Move your attention into the center of your Client's brain, the 
Pineal Gland, Inhale, and EXHALE moving your awareness down from the Client's Pineal, 
through your Clients Central Body Current and down into the Earth's core. INHALE and move 
your awareness back upward to your Client's Maharic Shield, and spread yo ur awareness 
‘outward through the Mharic Shield with the EXHALE. On the inside of your forehead, imagine 
the image of the Kathara 12-Tree Grid, INHALE energy from the Client's Mafvaric Shiald and 
EXHALE the energy outinto the 12-Tree image. Breathe genty for a moment, observing the 
12-Tree Grid, which will register tones of white, black and ranges of gray in between. Ifyou 
Cannot yet visualize, you will stl get a sense of the 12-Tree image and the areas of dark and 
light within i. The dark areas represent layers ofthe MIASMIC BODY, areas of the karmic 
‘imprint that need clearing when you run Technique # 4: The Maharic Infusion. Remember the 
areas of the Client's Kathara that need clearing. Inhale, and open your eyes on EXHALE. 
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TECHNIQUE # 4: Amplifying Inner Audio-Visual and Kathara Scan 


(@_ Activate Maharic Seal and Open Healing Channels. (Techniques # 2 and # 3 frst) ») 


1, RIGHT Palm on 5* Kathara Center in Navel. Breathe Maharic Current up from 
personal Maharic Shield and into Doradic Sphere at 4! Chakra. Push Maharic- 
Doradic-1 Current down Doradic Cords and into Doradic Balls at Palm 
Chakras. Push Current from Doradic Ball in RIGHT Palm into Kathara Center 
#5 in Navel. 


2,. LEFT Palm on 5! Throat Chakra, cover back with Right Palm (Reverse 
Standard Hand Position). inhale Doradic-1 Current up from 5 Kathara Center 
in Navel to center of 5 Throat Chakra and expand Current into 5* Chakra 
Spiral, with Left Palm Chakra drawing current out of 5" Chakra Spiral. 


3. RIGHT Palm on Kathara Center # 6 below Right Shoulder, cover back with Left 
Palm. Push Maharic-Doradic-1 Current from Doradic Ball in RIGHT Palm into 
Kathara Center # 6. LEFT Palm over 6% 3 Eye Chakra, cover back with Right 
Palm (Reverse Standard Hand Position). Inhale Doradic-1 Current up from 
Kathara Center # 6 to center of 6" 3 Eye Chakra and expand Current into 6 
Chakra Spiral, with LEFT Palm Chakra drawing Current out of 6 Chakra 
Spiral. 


4. KATHARA CLIENT SCAN: A. Place Point of Attention inside forehead and run 
attention out of 6 Chakra Spiral and into the 6 Chakra Spiral of Client, then 
into Client’s Pineal Gland. B. Run attention down Client's Central Vertical 
Current and into Earth’s Core, then back up to Client's Maharic Shield..Expand 
attention out into Client’s Maharic Shield, C. Visualize image of Kathara 12-Tree 
Grid, inhale energy from Client's Maharic Shield and exhale it into image of 
Kathara Grid. D. Observe for Dark Miasmic Buildups in image of Kathara Grid; 
tun extra healing Current into these areas of the Client’s Kathara Grid during the 
Maharic Infusion (Technique # 5). 


Personal Kathara Scan: On Step 4 run atenton dovm your Central Vertical Current then back up to your 
Maharlc Shield and out into your Maharic Shield. Breathe energy from your Maharic Shield into Image of 
Kathara 12-Tree Grid and observe for Dark Miasmic Bulldup areas lo clear during the Maharic Seal and 
Liquid Light Cleanse technique. Send extra Maharic Current to these areas during Liquid Light Cleanse. 
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= TECHNIQUE # 4: Amplifying Inner Audio-Visual and —— 


‘A RIGHT Paim on §® Kathora Centerin Naval 
. Breathe Maharic Curent up trom personal 
Maharic Shield to Doratc Sphere and own 
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KATHARA SCAN 


5 Lake wih let 
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Tecummeueg s ™™ 


THE MAHARIC INFUSION — CLIENT FACILITATION 


Prior to using this technique you should have completed the following: 1.Positioned 
‘MENTOR over your Right shoulder to assist (Tech. # 1:Awakening the Mentor and the 6 and 7 
‘Senses). 2. Activated your Maharic Shield, Maharic Sealand run the Liquid Light. (Tech. # 2: The 
‘Maharic Seal and the Liquid Light Cleanse.) 3.Actvated your Doradic Current, Inner audit Visual 
and Client Kathara Scan (Tech.# 3 and #4 ) 

4. Opened the Kathara Lines for you and your Client (Sequence-1 Kathara Points) 


Place Client in @ reclining position with shoes off: 


4. Position yourself atthe feet of the reclining Client. Place RIGHT palm 12" below 
Client's feet at the Maharic Shield, left palm over the beck of Right hand, 


2. Visualize the Hierophant symbol on the inside of your forehead. inhale, then 
EXHALE, moving the Hierophant down to Chakra 4 and into the Doradic 
Sphere with the exhale breath. INHALE energy upward from your Maharic 
Shield and into the Doradic Sphere. EXHALE the Hierophant with Doradic-1 
current down the Right Doradic Cord and into the Doradic Ballin the Right 
palm.. 


3. Inhale, then EXHALE the Hierophant and Doradic-1 current into the center of the 
Client's Maharic Shield. Visualize the Hierophant spinning in the center of the 
Client's Maharic Shield until you sense 2 mild shift in the energy below the 
Client's feet. The shift indicates that the Client's Maharic Shield has activated and 
the Maharic Piller hes ‘popped’ vertically upward from the Shield — the Client's 
bio-energetic field now carries the Maharic Seal. 


4. INHALE energy from your Maharic Shield into your Doradic Sphere, then 
EXHALE the energy down both Doradic Cords, into the Doradic Balls in the 
palms. Visualize the 12-Tree Kathara Grid within the Client's body. You will now 
tun the Maharic Infusion through the small chakra points in the feet. 
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TECHNIQUE #5: Continued 
THE MAHARIC INFUSION 


5. Place your Right palm on the bottom of Client's Left foot and your Left palm 
on top of the foot, centered over the Right palm. Imagine that you are lining up the 
‘small vortex beneath the ball ofthe Client's foot (which extends through the foot to come out 
‘on top), with the small chakras in your palms, Inhale, then EXHALE energy from your 
Doradic Sphere through the Right Doradic Cord, Right palm and into the sole 
of the Client's foot. Visualize the Green-Violet-Siiver energy traveling up the 
Kathara Line on the Left side of the body, through the 4, 7 and 10% Kathara 
Centers. Continue EXHALING energy into the Left foot until you begin to feel a 
bit of fuzzy energy coming out of the foot toward your palm. This indicates that 
the Kathara Line has reached its energy-holding capacity. Repeat the process on 
the Right foot, running energy through the Kathara Line on the Right side of the 
body and the 3%, 6 and 9” Kathara Centers. 


6. You will now clear and align the Central Vertical Kathara Line to complete the 
Maharic Infusion, Move to Client's head. Place Right palm over Client's 10th 
Chakra 6" above the head, the location of the 12" Kathara Center. Place Left 
palm over back of Right hand. INHALE energy from your Maharic Shield into 
your Doradic Sphere then EXHALE energy down the Right Doradic Cord, into 
the Right palm and through the 10% Chakra. Visualize the energy moving down 
from the 10" Chakra into the 7" Chakra, to the Pineal Gland (11 Kethara Center), 
then rapidly down the Central Body Current and Central Kathara Line, through 
Kathara Centers & (thyroid), 5 (Navel), 2 (at Base Chakra) and into Kathara Center 1 
at Earth’s core. Continue EXHALING energy into the 10 Chakra and Central 
Kathara Line until you feel fuzziness against your Right palm, indicating that the 
Kathara Grid has reached its energy-holding capacity. 


7. Before releasing 10% Chakra direct a bit of additional energy through the Central 
Kathara Line into areas that revealed dark spots during the Kathara Scan. 
Visualize the areas getting light as the energy runs through them. You may add 
other healing modalities at this point, if desired. Close by using the 
Sequence-2 Kathara Points to close the Kathara Lines and revitalize the body. 
Allow Client a few moments to recline before ending session. 
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THE MAHARIC INFUSION - CLIENT FACILITATION 
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Preparation: A. actin #- Plat MENTOR ovr you ih Shuler B. Tack #2 Acts yar Mahad Sik! nd ind Light 


, Tecnian #2 Acvate youDernc- Curent D Tacha Amp ner Aus Vel and Cie Katha San .Seceence-t 


‘Kuta Pots masrape e Sl and Ceri ope Klar ines. 
Place Client in-reclining position with shoes off 


‘Stand at Client's feet, place RIGHT Palm 12" below Client's feet at Client's Maharic Shield, 
left palm over back of Right hand. 


See Hierophant Symbol Code inside your forehead, EXHALE Symbol down to Chakra-4 
Doradiic Sphere. INHALE energy up from your Maharic Shield into Doradic Sphere. EXHALE 
Hierophant Symbol with Doradic-1 Current down RIGHT Doradic Cord into RIGHT Doradic 
Ball in RIGHT Palm, 


EXHALE Doradic-1 Current and Hierophant Symbol into Center of Client's Maharic Shield via 
Right Palm Doradic Ball and spin Hierophant until sensed Energy Shift of Glient’s Maharic 
‘Seal. 


INHALE Current from your Maharic Shield to Doradic Sphere and EXHALE Current down both 
Doradic Cords into Doradic Balls. See Kathara12-Tree Grid within Client's body and begin 
‘running the Maharic Infusion through the Secondary Chakras in Client's feet. 


RIGHT PALM on bottom of Client's LEFT FOOT, LEFT PALM on top of Client's LEFT 
FOOT, both centered over Cients LEFT FOOT Secondary Chakra, INHALE Maharic energy 
into Doradic Sphere and EXHALE Doradic-1 Current into Client's LEFT KATHARA LINE, and 
through Kathara Centers # 4, #7 and # 10. EXHALE Doradic-1 Current into Client's LEFT 
FOOT until "Fuzzy" resistance emerges from Client's foot Chakra. REPEAT PROCESS: 

‘on Client's RIGHT FOOT, running Doradic-1 Current through the RIGHT KATHARA LINE and 
Kathara Centers # 3, #6 and #9. 


‘Stand at Client's Head. RIGHT PALM over Client's 10 Chakra (6° above head: the 12 
‘Kathara Center), LEFT Palm over back of Right hand. Fill Doradic Sphere with Maharic Energy 
then EXHALE Doradic-1 Current down RIGHT DORADIC CORD and Palm and into Client's 
10% Chakra, Run Current from Chakra-10, to Crown Chakra-7, Pineal Gland, rapidly down 
Central Vertical Current and Kathara Centers #8 (Thyroid), #5 (Navel) #2 (Chakre-1) and #1 
(Earth's Core Chakra 13). Continue exhaling Current until “Fuzzy” resistance emerges from 
Client's 10% Chakra. 

Direct additional energy through Client's CENTRAL KATHARA LINE to clear DARK AREAS 
of Kathara Grid located in Kathara Scan, Add any additional healing technolo, following 
Client's Maharic infusion. Close with SEQUENCE+1 KATHARA POINTS massage. Allow Client 
‘to remain relaxed in reclining position for several minutes following Maharic Infusion. 
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So #5: THE MAHARIC INFUSION - CLIENT FACILITATION 


\Maharic infusion 6-STEP Sequence 


JP Fecitator stands 
i] alClient’s Head 
j for STEP 6 
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MOTIVATION TO HEAL 


Healing Facilitation is an art and a science, but most importantly, healing facilitation 

is an interrelationship of SOULS. Egotistical objectives have no place in quality 
Healing Facilitation. The decision to participate in Healing Facilitation should not be 
motivated by a desire to prove you have “special abilities” to boast about, nor with the 
primary motive of gaining financial profit from Healing Facilitation endeavors. The 
energies exchanged in healing facilitation are FREE TO ALL, a DIVINE GIFT from 
the universe, and they belong to all beings equally. A facilitator cannot rightly request 
payment from a client for providing what the client already possesses- Natural 
Healing Energies. 

In Divine Order, it is appropriate for the facilitator to accept payment for the 
personal time and energies invested in learning and developing facilitation 
skills, and for the time spent in active facilitation, It is important that the facilitator 
understands ‘his subtle difference of “fair exchange of energy’. Ifthe facilitator 
mistakenly assumes they are requesting payment for healing energies they supply, 
they are inadvertently misrepresenting themselves to the client. The client possesses 
personal healing energies and does not need to purchase such energies from others. 
The time and expertise offered by the facilitator to assist the client in stimulating 
their own healing energies, is a service worthy of reciprocation. If a client chooses 
such assistance, the facilitator has legitimate right to honor their own worth as a 
being by requesting reasonable payment or barter in fair energetic exchange for 
the service they offer. However, if a client is in need of healing facilitation, and has no 
means of fair exchange at that time, the facilitator should honor the worth of the client 
by providing assistance of equal value free of charge. 

in spiritual principal, “making money” is not a legitimate motivation for 
participating in Healing Facilitation, Seeking to find one’s personal "Divine Right 
Livelihood” in sincere service to others, which might possibly involve providing 
client service in Healing Facilitation, |S a spiritually legitimate motivation. Healing 
Facilitators will discover that when they put the objective of GENUINE SERVICE TO 
‘THE DIVINE as the first Priority, rather than the pursuit of personal monies or status, 
the Universe Will Provide. Facilitators who enter the healing field with hidden 
personal motivations incongruent with Universal Laws of Energy, which imply 
equality, respect, reverence and balanced exchange of energy between all 
beings, will find difficulties emerging in their lives as the personal SOUL sets up 
lessons through which Universal Principles become more apparent. There is only 
ONE TRUE MOTIVATION for participation in Healing Facilitation- the motive is 
LOVE. 
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POSTURES OF LOVE 


The Energy-Reality of LOVE 

In terms of Universal Physics, Love is an energy reality, a STATE OF 
VIBRATIONAL HARMONIZATION, or CO-RESONANCE OF FREQUENCY that 
allows an energetic bridge to build between individuals. tis through this energetic 
bridge of frequency that one can assist in running healing energies that will facilitate 
the healing process of others. Without the sentiment and FREQUENCY of GENUINE 
LOVE, one cannot energetically facilitate the healing of another. LOVE is the 
essential ingredient in healing, for it allows the ‘opening of facilitator and client's 
bio-energetic fields to the Universal Frequencies of the interdimensional ‘Spectrum. 
Cultivating the ability to embrace and hold the frequencies of Universal or OMNI- 
LOVE is the responsibility of any true healing facilitator. The emotionally experienced 
reality of the frequency of Love takes many forms. in healing facilitation itis 
important to assess the most appropriate form of love to engage with each 
individual client 


Soft Love 

Many people respond well to “SOFT LOVE”, the kind, gentle, nurturing, soothing 
love often displayed by mother's comforting their infants. Soft Love works welll with 
client's whom possess some degree of spiritual maturity and who have cultivated the 
ability to hold some degree of a love frequency within themselves. Soft Love is the 
appropriate form of love for client's possessing the maturity to accept personal 
responsibility for themselves, their actions and their emotional reaction patiems, and 
who do not attempt to manipulate, drain energies from or place blame on others. Soft 
Love is characterized by engaged detachment of the facilitator and is demonstrated 
through soft-spoken, calm and sincere words and actions that are intended to place 
the client at ease, 

Soft Love is always built up sincerity, kindness, respect and a genuine desire to 
see the client thrive and prosper. Developing the ability to carry the Soft Love 
frequency takes time, attention and practice, and requires that the facilitator works to 
heal personal internal conflicts, unresolved issues from childhood and karmic 
reaction patterns that disrupt the Soft Love vibration. Soft Love is a vulnerable love 
in that it necessitates one to show the self as it is, honestly expressing personal 
feelings tempered with kindness. Soft Love is not approval seeking, it is rather 
genuine, honest and self-generated. Sofi Love requires love and respect of the self 
and others mutually. It is built upon a level of spiritual maturity in which itis 
understood that personal value is implied by the fact of existence and is not 
determined by the approval or validation of others outside of the self and the 
personal relationship to the Divine. The ability to carry the Soft Love frequency 
‘emerges through spiritual integration, personal healing of intemal conflicts and 
power struggle issues and intentional application of kindness and mindfulness. 
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Ic Love 

Soft Love does not facilitate healing on all occasions. Certain clients who come to a 
facilitator for healing assistance bring with them a great need for emotional healing 
and development of spiritual maturity. They may demonstrate demanding, arrogant or 
pushy attitudes and refuse to accept responsibility for their personal actions and 
resulting consequences. Most often such individuals carry deep wounds from 
childhood or from reincarnational bleed-through. Because they are wounded within, 
they have not yet developed the self-control or maturity necessary to treat themselves 
or others with kindness, respect or love. 

Individuals who display unreasonable behaviors or attitudes pose quite a challenge 
to the love-based healing facilitator. If they are approached with Soft Love, the 
facilitator will often find themselves as a scape goat for the individual's personal 
problems, may have their energies and time excessively drained by such clients and 
might possibly be subjected to outright verbal or physical abuse. Clients exhibiting 
such personality traits are struggling within themselves to gain control over the 
various conflicting portions of their personal energies, and they tend to objectify this 
internal conflict resolution in the form of POWER STRUGGLE with others. 

Personalities trapped within cycles of subconscious self or other-abusive attitude 
patterns need love more than anyone, but most often their behaviors push others 
away. Intrinsically the behaviors serve to keep the individual sheltered from self- 
exposure; they do not allow others close enough to inspire feelings of vulnerability or 
lack of self-esteem. Often such personality traits effectively keep the individual from 
seeing themselves and the inner pain and conflict from which they attempt to hide. To 
facilitate healing in such individuals without succumbing to their manipulation, 
aggression or abuse requires that the facilitator adopt a posture of TOUGH LOVE. In 
Tough Love the facilitator clearly establishes personal boundaries in their own mind 
as to what treatment they will and will not accept. If the client crosses those 
boundaries the facilitator assertively addresses the issue with the client, requests 
that the offensive behavior cease and provides CLEAR CONSEQUENCES as to what 
will occur if the offense continues. The Tough Love approach is rendered from a base 
of Soft Love and Omni-Love, but it is strengthened with Self Love on behalf of the 
facilitator, The facilitator recognizes that they are only assisting the client to continue 
with the self-destructive patterns by condoning or allowing offensive behavior, and 
chooses to love the client enough to confront the pattern so that it may begin to 
release. In lovingly, calmly, but firmly confronting poor behavior and setting clear 
boundaries and consequences, the facilitator assists such clients to temporarily find 
anew pattern of action because the old one does not work for manipulation in this 
instance, The Tough Love approach frequently requires facilitators to demonstrate 
that they hold their own power, even in the face of client disapproval. Tough Love is 
an ability of personal empowerment worth cultivating for personal and client healing, 
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The Three-Way Switch 


You might think that the circuit shown in Figure 5-17 could be used to turn lights on and off from two 
different locations. You would be partly correct. You could turn lights on from either switch location, 
since flipping either switch to On will cause current to flow and lights (or other appliances) to operate. 

Unfortunately, you would not be able to turn off the light from either switch if the other switch were 
on. So this configuration is good for turning lights on but not off. A slightly more complex arrangement is 
required to do both. 

‘We will need two switches, as before, but they will need to have alittle more functionality to 
accomplish what we've set out to do. Instead of a switch that's either open or closed, we need a switch 
that alternates between two different routes, depending on how it is positioned. This type of switch is 
called a double-throw switch, as it connects a common terminal to either one of two different terminals, 
Itcan be thrown in two different directions. This should be much easier to understand when looking at a 
schematic symbol. See Figure 5-18. 
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Figure 5-18. A single-pole, double-throw (SPDT) switch. The common terminal on the left side is 
connected to either the top or bottom terminal on the right. Variations of this type of switch havea neutral 
position in the middle. Push-button (Le., momentary contact) versions of this switch will label the two 
right-side terminals as either “normally open” or “normally closed,” depending on the physical 
configuration of the switch. 


Now comes the clever bit. We'll connect a pair of these switches together by tying the two non- 
common terminals on one switch to their counterparts on the other switch. This results in four possible 
combinations of switch positions (both down, one up, the other up, and both up). Two possibilities turn 
the light on, and the other two turn the light off. The important point is that the “on’ or “off” state of the 
entire circuit can be changed from either location, independently of the state of the other switch. 
Problem solved! Again, this should be easier to see when presented as a diagram. See Figure 5-19. 
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Figure 5-19. A three-way switch circuit built using two SPDT switches. Power is either carried by the upper 
wire or the lower wire, as long as both switches are in the same position. If not, then no power flows across, 
this part ofthe circuit. As shown, the three-way switch is effectively off. Flip either switch to turn ion, 


Ifyou ask a real electrician how to wire a three-way switch, you'll get several answers, or more likely, 
you'll get, “It depends.” That's because it really does depend on the actual wiring situation. Sometimes 
the power is routed through one or the other of the two switches, and sometimes the power is routed 
through the load. Each of these scenarios requires a different routing of wires and connections. 


Self Love 

In healing facilitation Love is the essential ingredient. All love begins with the 
Divinity Within the SELF. You will be able to transmit the frequency of love to others 
in direct proportion to your ability to hold the frequency of love within yourself. If you 
do not recognize your intrinsic value as a Divine Being and seek validation of your 
existence through external sources such as achievements, status or other-approval, 
you will likewise project these sentiments into your love relationships with others. If a 
client does not meet the external standards of validation that you have placed on 
yourself to determine your personal worthiness of love, you will have difficulty not 
falling into judgement of the client. 

Judgement and love cannot transmit through the human body at the same time. 
Judgement creates an energy reality of separation or Non-Resonant Frequencies 
of energy, whereas Love creates the Co-resonance of Frequencies needed for 
‘open fiow of Universal Energies for healing facilitation. if one can realize that LOVE 
IS THE ONLY CONSTANT and that all conditions of judgement change, it is easier to 
Cultivate the innate ebility to fully hold the frequency of Love. Though ASSESSMENT 
of conditions, actions or attitudes is useful and necessary, such assessment can be 
rendered through “separating the person from the action”. You can judge the 
effectiveness or value of the action or idea without assigning a value-judgement to 
the person to which it is attached. 

If the healing facilitator can feel love, reverence, respect and honor for the Divinity 
Within Themselves, they will also transmit these qualities of excellence in Love to 
the client. The quality of Love brought into the healing facilitation experience will 
directly effect the success of healing assistance given. Love the Self and know that 
all beings possess an unalienable worth and value as a living part of the Divine, 
Begin to cultivate this awareness within your personal Ife and you will greatly 
increase your effectiveness as a healing facilitator. Love, honor and respect yourself, 
your feelings, your dreams and your desires, so you may better love those you wish 
to serve. 


Love others as you would love the Self, 
and love the Self ae you would like to love others, 
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The Illusion of Martyrdom 

People who love themselves do not buy into the idea that they must play 
“martyr” to others in order to be of service. Martyrdom implies a belief that 
you are lacking in worth, or must earn your worth in being, by 
relinquishing that which feels of most value to you. It also undermines 
expression of the God-Presence within others, by assisting them to 
believe that you are so vital to their wellbeing that they cannot function 
without you. In truth, martyrdom is an expression of EGO, most often 
used by people who feel they are personally insignificant in the eyes of 
the Divine, in order to give themselves significance and a sense of 
personal power and purpose for being. People who actively know the 
intrinsic Spiritual Divinity within themselves treat that Divinity with honor 
and respect and do not allow or need others to depreciate the Self and its 
desires in order to prove the existence of a belief in personal Divinity. 

Martyrdom does not facilitate healing within the self or client, as it 
reinforces the erroneous belief in intrinsic personal unworthiness, which 
exists in direct contradiction to the innate God-Presence that exists in 
every living thing. Within the energy dynamics of Universal Law, natural 
balance is achieved in the flow or GIVING, and back-flow or RECEIVING 
of energy. In human spiritual relationships this balance of energy is 
achieved by mutually valuing each person in a relationship, through 
which the natural giving and receiving of energy can be exchanged 
unimpeded. Martyrdom impedes the natural flow of energy; the martyr 
customarily gives more than receives, which progressively diminishes the 
martyrs ability to keep open a perpetual flow of energies from the Divine 
because the martyr does not allow the Self to receive. 


Martyrdom cs wot a demonctration of Love, 
& 08 an exhibit of Love Deprivation, 


The remedy, for Martyrdom co 
OUn1- LOVE. 
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OMNI-LOVE; Fully Engaging the Love Vibration 

The greatest love that can be embodied in human form is OMNI-LOVE. OMNI- 
LOVE is a pure state of vibrational Frequency Co-Resonance between the human 
identity and the 12, Dimensions of reality within which the human anatomy is 
couched. Omni-Love is expressed in human form as Christed Love or Christos 
Consciousness, the 12-Dimensional Love of the Maharic Level of Identity, 

Christos Love is a state of full Frequency Resonance with everything existing in 
the many universes contained within 12 Dimensions of the 
15-Dimensional System. It is a transcendent love that is attached to no thing but is 
AT ONE with ALL THINGS in a state of perpetual Engaged Detachment. Through 
Christos-Omni Love, the SELF is known as an extension of God, or the Divine 
‘Source; a temporary mask of form worn by the ONE CONSCIOUSNESS of the 
Cosmos. All things and beings are known as simultaneous expressions of the 
ONE-SELF that is God-Source. From this state of transcendence in love, alll activity is 
understood to exist within the reality of LOVE, and all conflict and strife are viewed 
as the ONE-SELF progressively expanding the ability of its expressions to carry 
the frequencies of energy that constitute ONE-LOVE, a state of total vibrational 
Frequency Co-resonance with the Cosmos. 

Activation of the full 12-Strand Silicate Matrix DNA Template and full integration of 
the Mahara Hova Body Avatar Identity allows for the experiential embodiment and 
transmission of Christos-Omni-Love. Embodiment of Omni-love is the goal toward 
which human evolution moves forth. Omni-Love is Soft, Tough, and Enduring, 
honoring Self, Other and the Divine simultaneously. Itis the strongest healing 
force of frequency in the 4 Harmonics of Matter Density. Christos-Omni-Love is the 
fulfillment of the Christos Principle. Strive to bring Omni-love into your life, and 
personal and client healing facilitation, and you will assist your higher identity levels to 
create transformation! Omni-Love is the natural structure of reality. AWARENESS of 
Omni-Love is cultivated through intention and appropriate use of personal free will 
choice in congruence with the natural Laws of the Unified Field Physics of 
Consciousness and Creation. 


Through living in Omui- Love alt moments are known ae 
Sacred, all beings are known at Blessed and life 
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= Postures of LOVE = 
| 4. SOFT LOVE 
KIND, NURTURING, GENTLE 


2. TOUGH LOVE 
| KIND, NURTURING, ASSERTIVE 


| 3. SELF LOVE 
HONORING THE DIVINITY WITHIN 
SELF 


| 4. OMNI-LOVE 
HONORING THE DIVINITY WITHIN ALL 


Namaste’ 


Omni-Love is the fulfillment of the Christos Principle, the 
goal toward which human evolution moves forth through 
progressive activation of the 12-Strand Silicate Matrix 
DNA Template and embodiment of the Avatar Identity. 
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EXERGISE TO ANPUIFY HEALING FACILITATION 


<TeIRCIS[S 


The MAHARA SPACE-COMFORT TOUCH 
1. EXHALE Hierophant Symbol from behind forehead, down Central Body Current, into Earth's 
Core (Chakra 13), then INHALE Hierophant back up to your Maharic Shield 12" below feet 
Spin Hierophantto activate Maharic Shield and Maharic Seal Pillar. INHALE energy up from 
your Maharic Shieldinto your Doradic Sphere at Chakra 4, 


2. Breathe slowly and deeply while visualizing a small faceted Crystal Sphere in the center of 
your Doracic Sphere at Chakra 4. This is the Holographic Crystal Sphere; it represents the 
‘station of your inner AVATAR identity ~ this is the MAHARA SPACE. Focus your 
Consciousness within the Holographic Sphere and fee its realty around you, es f your body is 
encased within the Holographic Sphere. 


3. Observe the interior of the Sphere as a pale Silver-White mist. Within the mist now envision a 
golden treasure chest-a treasure you had left for yoursetf lang ago to one-day reclaim. This 
Tepresents your Inner Are of the Covenant — a doorway to reciaiming your ancient immortal 
heritage. Mentally command the lid of your inner Arc of he Covenant lit. As the ld rises 
pale rainbow colored light fils the interior of your Holographic Sphere. Notice now that within 
the golden box there is a gleaming Silver Sword, the Siver Rod of Power that will enable you 
‘to more quickly evolve to your eternal state of being. 


4, Mentally make the Silver Sword rise from the golden box, foating above the box in vertical 
postion. Now call mind the image of your body as ists within the physical room. Imagine 
the Siver Sword postioned above the body’s head, drecty over Chakra 7. EXHALE and 
steadily lower the Silver Sword through the 7® Chakra and down the Central Body Current, 
through the Maharic Shield and down info Earth's core. Observe the Siver Sword turn into @ 
Pilar of Pale Siver Light with pale rainbow colors feshing through i. The Rainbow Pillar now 
‘Surrounds end runs through your body, raising its frequency while lowering its vibration, iting 
your body cells into a less-dense state of matter, Feel your body growing lighter and fighter 
a the Rainbow Pill siows the spin-ate of your matter parices, making you more and more 
electric- more light. 


‘5. As you feel the sensations of your density lessening, imagine that your body is beginning to 
‘glow with Pale Silver light ~ the Pre-matter Liquid Light of dimensions 10, 11 and 12, Feel 
the features of your face and the contours of your body begin to melt into a Silver, 
2—dimensional fluid body form, The form of the body stil remains but t has been returned 
to its first-density state-the Silver Liquid Light holographic form of the avatar identity. 
Know yourself now as this avatar identity and feel the essence of pure love and eterity flow 
through you. Know yourself as this essence of Divine Love and Eternal Light 


6. Now INHALE and draw the Rainbow Pillar into the Holographic Sphere at Chakra 4, 
visualize the base pulling up from Earth's core and the portion ebove your head 
CaaS DO Ie eee are toca ae canes are ne 
the Holographic Sphere and observe the Holographic Sphere become a radiant Sitver ball 
of Liquid Light stationed with your Doradic Sphere in the Heart Chakra, 
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EXERCISE: Continued 
THE MAHARA SPACE-COMFORT TOUCH 


7. You may now transmit the frequencies of the 4®-Harmonic, dimensions 10, 11 and 12, to 
‘serve as & healing force for others. You may transmit this energy into your environment 
directly through the 4% Heart Chakra, where it wil enter the Unified Field at the 4%. 
Dimensional astral plane. You may use the breath to move the Holographic Sphere down into 
the 3 Chakra for 3=-Dimensional transmission into the Earth's atmosphere and the Mental 
‘Body levels of people's Blo-energetc field. You may transmit through Chakra 2 into the 
Telluric or Elemental Kingdom ofthe planet and into people's 2»-Dimensonal Emotional 
bodies. Or you may transmit the frequencies of the Siver Sword through the 1* Base Chakra, 
{or sacred bonding in intimate relationship, orto raise the frequency and lower the vibration of 
the molecular and sub-atomic fields around you. To transmit the frequencies ofthe Sliver 
‘Sword through the chakras, simply use the EXHALE brecth to move the Siver Light ‘charged 
Holographic Sphere down to lower chakras, inhale and use the next EXHALE fo push the 
‘frequency outward fom the selected chakra into the environment. Use the INHALE breath to 
‘move the Holographic Sphere up through the chakra system. Always move the 
‘Sphere up or down along the Central Body Current, o which the core of each chakra Is 
attached. 


8 You may also transmit the frequencies of the Silver Sword through APPLIED TOUCH — 
THE COMFORT TOUCH -to amplify specific healing facilitation functions and to establish a 
‘more harmonious rapport with other people and the nature kingdoms. Simply visualize the 
Silver Liquid-Light charged Holographic Sphere at the center of your Doradic Sphere in the 
4 Chakra. Activate your Doradic-1 current via the Maharie Shield and Seal, then visualize 
the Silver Liquid Light from the Holographic Sphere combining with the Green-Violet-Silver 
Doradic-1 current as you EXHALE the current int the Doradic Cords in the arms and into the 
Doradic Balls in the palms. This application is especially useful to help Clients relax during 
‘sessions, or fo comfort others when they are in a state of stress, unbalance or iliness. 

Once your currentis moving into the Doradic Balls, EXHALE the current through the Right 
palm. Place the Right palm gentle end briefly over the Client's rear Chakra 2, or touch them 
gently on the left shoulder. The amplified Doradio-1 current will move into the 4”-Dimensional 
astral-body field, and move its way into the mental, emotional and physical bodies from there. 


persons, animals and plants to comfort them and support their general well-being. 


PROFESSIONAL USE OF THE KATHARA BIO-SPIRITUAL HEALING SYSTEM PROGRAI 
THE KATHARA ALLIANCE 


The Kathara System introduced in The Kathara Bio-Spiritual Healing System ™ Level 1 
Workshop & Course Manual with Introduction to The Kathara Bjo-Healing System™ Level 2 
is destined to become a 12/eve! program that is focused on “whole-being healing through 
progressive biological and spiritual awakening’. Kathara is as much a course on (non- 
denominational, dogma-free) Spiritual Integration Mechanics as it is a Holistic Healing course. 


An individual completing training in the Kathara Level-1 Bio-spiritual Healing System delivered 
by a Certified Kathara Alliance Instructor, will receive a Certificate of Completion, which 
recognizes the person named as attending and receiving training in the Kathara Level One Bio- 
Spiritual Healing System. 


If you desire to practise the Kathara Bio-Spiritual Healing System™ in a regular, professional 
capacity through Client Service, you may use the techniques provided within this Kathara Healing 
Manual to begin, Prior to professional use, itis suggested that one becomes a Certified member of 
the Kathara Alliance through the Azurite Press MCEO (World-wide Consulate) and its 
appointed representatives, 


The Kathara Alliance is a group of dedicated spiritual healing Practitioners and Instructors who 
have demonstrated a thorough understanding of the Theory and Practice of the Kathara Bio 

Spiritual Healing System™ and the Maharic Recoding Process, as deemed necessary by the 
Azurite Press for professionalism in the practice of Spiritual Healing Facilitation and Instruction. 


All members of the Kathara Alliance are Certified Kathara Healing Practitioners and 
Instructors, and are permitted to practice Kathara Healing facilitation as SPIRITUAL SERVICE. 
For the protection of both Client and Practitioner, as well as the ethics inherent to the Teachings 
themselves, Kathara Healing is to be promoted, explained and practiced as a non-diagnastic 
spiritual healing enhancement service only and not as a replacement for traditional medical 
diagnosis or treatment, 


Certification in the Kathara Alliance as an Independent Spiritual Healing Practitioner and 
Instructor of the Kathara Bio-Spiritual Healing System™ requires formal application, including a 
written open-book examination and video presentation by the applicant. The examination is 
intended to reveal areas in which applicants may need to further strengthen understanding of and 
personal relationship to the practice of Kathara Healing Facilitation and Instruction within the 
parameters of Excellence recognized as intrinsic by the Azurite Press MCEO. 


All Instructors and Practitioners must be CERTIFIED to conduct public presentation of 
copyright materials contained in this, the authorized Kathara Bio-Spiritual Healing System Manual. 
To uphold standards of Professionalism and Excellence in practice, the Azurite Press MCEO 
cannot recognize Non-Registered Facilitators or Instructors as active participants in the 
Kathara Bio-Spiritual Healing System Program. Obviously, non-certified Facilitators may use 
this program and its applications for their own personal and spiritual enrichment. The Azurite 
Press MCEO authorizes only Certified Practitioners and Instructors to professionally conduct 
Client Sessions. 
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With regards to teaching the program there is @ distinction between ‘Teaching’ and ‘Sharing 
Teaching is defined as formal presentation of the materials following protocols described in the 
Kathara Bio-Spiritual Healing System™ Manual and communications to Kathara Alliance 
applicants and members) in the form of a seminar! workshop and payment is made by attendees, 
To teach the Kathara Bio-Spiritual Healing System™, one needs to be a member of the Kathara 
Alliance. ‘Sharing’ is defined as leading a study group where attendees are not expected to pay (it 
would not be inappropriate to accept small donations if offered). To share one does not need to be 
‘a member of the Kathara Alliance but group size should be limited to less than 12. 


Within the Kathara Bio-Spiritual Healing System™ there are specific pages for Kathara Alliance 
Instructors to use in their classes. The Instructors pages are identified by having a number at the 
{op of the page (as well as the regular number at the bottom), These are the only pages that can 
be photocopied for teaching purposes. Only certified Kathara Alliance members (or a Kathara 
Alliance applicant who is delivering and recording a workshop for assessment purposes) are 
authorized to photocopy these pages. 


The easy-reference Instructor's pages need to be sequenced in the order denoted by the number 
at the top of the page. These pages have been carefully sequenced to facilitate delivery and 
eaming of the materials. Leamers’ needs, including varying learning style preferences, were very 
much considered when preparing the text and visual presentation of these teaching materials. In 
terms of frequency, the learning process can be described as when previously dormant Scalar 
Standing Waves in the personal shields are stimulated and activate('switch on’). As frequency is 
accreted (by progressive exposure to, and interaction with, the materials) the scalar waves in the 
personal shield self -sustain (we would say the person has leamed’ the materia). The specific 
sequence of the pages are pre-set to create optimum frequency accretion in the personal shields of 
leamers even if this is not immediately perceived or understood by the leamar. Therefore itis 
imperative that these pages are used in the delivery of this program and the instructor remains true 
to the given sequence 


As Independent Spiritual Healing Facilitators and Instructors, all Certified Facilitators and 
Instructors are expected to accept full personal responsiblity and legal liability for the practice and 
application of the Kathara Bio-Spiritual Healing System™. Certified Faciltators-Instructors are 
not required to pay dues, royalties or revenues to the Kathara Alliance/APMCEO for use of this 
program other than the cost of intial personal Training-Registration and obtaining supplies of 
Session Manuals, Certificates and Registration Examinations for the professional Instruction- 
Certification of others. 
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THE KA’ ALLIANCE CERTIFICATION AND COMPETENCY REQUIREMENTS 


The Certification Program is designed to enable the applicant to fully demonstrate his/her 
Lnderstanding of the material in a way that maintains the level of integrity and purity of the Program 
desired of the Kathara Alliance. This also ensures the Student attains a desired level of 
understanding in taking the workshop. The requirements of Certification are designed to protect 
the integrity ofthe material, those who participate with it, and the rights and responsibilities of all 
concerned 


Certified Kathara Practitioners and Instructors must not only be knowledgeable in the practice and 
teaching of Kathara, but are also asked to commit to the behavioral guidelines originating from the 
Covenant of Regent Consulate of the Melchizedek Cloister Emerald Order (MEO). In this way 
those seeking out a Kathara practitioner can reasonably expect the highest integrity in both the 
teachings and in the individuals with whom they are relating. 


Certified Kathara Alliance members are in no way affiliated with the MCEO Vehicle, the Azurite 
Press and should at no time state or imply such representation. Kathara Alliance members are 
independent Practitioners who offer local, community-based Kathara Healing Level courses and 
facilitation for individuals, 


PLEASE NOTE: The APMCEO & Kathara Allliance reserve the right to revoke any Kathara 
Alliance Certification and Rights of Association of Certified Faclitator-Instructors for any reasons 
of: Misuse, misrepresentation and false claims pertaining to this Kathara Program; inappropriate 
treatment of APMCEO staff, clients or participants in Kathara Healing Programs; dishonest or 
unethical behavior and practices, and racial, gender, or religious discrimination of clionts and 
participants or Kathara Alliance Members. 


For further information on the Kathara Alliance certification process visit our website at 
http:/www.azuritepress.com/kathara/kathara_application_proceedures.html or contact. 


Inthe U.S, and Canada: Sandy Sayles, 8527 Cool Water Ct, Antelope, CA 95843 - email - 
siepeari@comcastnet OR Melissa Fathman, 855 W. Dillon Ri, Apt. H308 - Louisville, CO 80027 - 
email - mfathman@yahoo.com 


Rest of World Office: Hilary Lyons 341A Green Lanes, Palmers Green, London N13 4TY, U.K. 
hilary.lyons@virgin.net 07970770404 
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= THE 6-STEP MAHARIC RECODING Sn== 


secure client's signature 
for client's at-home 


1. Technique # 2-The Maharic Seal and the Liquid Light Cleanse fo seal 
and align personal bio-fields, 


2. Sequence-1 Kathara Points massage- first your points, then client's 
points, to open Kathara Lines. 


43. Technique # 3- Opening the Healing Channels to activate your Doradio- 
Phase-1 healing current and Technique # 4- Amplifying Inner-Audio:Visual 
and Kathara Scan to locate miasms for healing in client's Kathara Grid. 


4, Technique # 5- The Maharic Infusion to activate client's Maharic Shield 
and Seal, recode client's Kethara Grid to the Maharic Shield and clear 
rmiasmic buildups. 


5. Optional: Apply light touch-massage to miasmic areas, or employ other 
healing therapeutics afier Maharic Infusion. 


6, Sequence-2 Kathara Points massage on client to revitalize outer body 


‘systems and close Kathara Lines. Allow client to rest a few minutes before 
leaving. Answer any client questions and allow time for client to discuss 
experience if desired. 


When Client Leaves: To ensure clear bio-fields, while Doradic-1 Current is still 
running, draw energy up from Earth's Maharic Shield and run Maharic Current 
through your Kathara Grid and body, up to Chakra-14 and back down to Chakra-13, 
then push a Pillar of Silver Light out of Chakra-4 and EXHALE it to release it around 
body into auric field. Next massage your Sequence-2 Kathara Points to revitalize 
bio-field systems and close Kathara Lines. 


(CHAPTER 8 = THE COZY CORNER LAB 


You are strongly advised to consult areal electrician concerning wiring in your house, where your 
family, pets, and all your stuff live. Less-than- perfect wiring causes fires or electrocution, which are both 
very unpleasant ways to die. 


Caution This book does not teach you how to wire electricity in your home. Consult a professional 


Resistors in Series 


Just like batteries and switches, resistors perform different functions in a circuit depending on their 
configuration. Let’s look at using resistors in series first, and then consider using them in parallel later. 
Both combinations have their uses, as you will see. 

Let's look at just a small part of the schematic that we've been working with so far in this chapter. 
See Figure 5-20. 


AL 
100, 

1 

RED ey 


Figure 5-20. One part ofthe circuit showing an LED, a resistor, and the power rails from our solderless 
breadboard, The resistor and LED are connected in series. The battery and power switch are not shown, 


LED Curiosities 


D1is an LED. It is a polarized component and will only work when installed in the proper orientation. 
The schematic indicates a red LED should be used, but feel free to use whatever color LED you like or 
happen to have available. The triangle shape of the schematic symbol helps remind us of the direction of 
‘conventional currentthrough the device. The actual flow of electrons is the other way, but that's only 
because electrons are negatively charged particles and do everything backward. Apparently this was not 
well understood when electricity was first being tamed for our use, 

LEDs are fascinating devices, emitting light in a wide range of colors, coming in an astounding array 
of shapes and sizes, and generally requiring very little power to operate. They are almost as easy t0 use as 
incandescent bulbs and are certainly more power efficient. 

Being semiconductors, however (which leads to their being semimagical in their inner workings), 
LEDs generally only operate correctly within tightly bounded parameters. For example, a typical LED 
will only need between 2 and 3V to shine quite brightly. Incandescent lightbulbs, on the other hand, can 
operate from less than 1V to many hundreds of volts, depending on their construction and intended 
purpose, 
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GENERAL RATHARA HEALING FELD 


ae 


ae 


Activation of any Triadic Healing Current 
requires temporary release of corresponding 
Signet Star Crystal Seals in the Kathara Level-2 
Crystal Seals Grid. 


Maharic 12'-Dimensional Frequency is Tequired 
to manually release the Signet Star Crystal 
Seals to activate Triadic Healing Currents. 
Kathara Healing utilizes Maharic Frequency to 
activate interdimensional Triadic Healing 
Currents for more powerful healing support. 


Most healing systems have not used Maharic 
Current because the Planetary Templar 
Complex could not run 12%-Dimensional Maharic 
Frequency for over 200,000 years, until January 
2000. 


Release of the Signet Seals also activates 
dormant Strands in the DNA Template and 
Teleases the Cranial-Sacral Seals on the 
Kundalini Energies. Kathara Healing represents 
advanced, 12-Dimensional Kundalini Healing. 
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OPEDUING THE HEALING CHANNELS 


Triadic Phase Currents are activated in the body 
by using Maharic Frequency from the PBIS to 
release the Signet Seals of the Internal Templar 
Complex, which allows higher dimensional 
frequency to run through the physical body 
system for transmission. 


E+ Triadic Phase Currents are composed of 3 
interwoven frequencies, the Maharic 
Frequency, plus.a chosen dimensional 
frequency and its corresponding frequency from 
one Harmonic up. 


SHE Triadic Phase Currents are directed by their 
corresponding Color Cap Stone, the.Primary 
Wave Length of the dimensional frequency band 
from which the current is drawn. Kathara Level-1 
activates the 1s Triadic Phase Current, the 
Silver (D-12) + Green (D-4) + Violet (D-7) 
DORADIC PHASE-1 Current. 


Et S Doradic Current is activated through the Maharic 
Shield, then collected in the 4% Chakra 
DORADIC SPHERE, projected down the 
DORADIC CORDS in the arms and into the 
DORADIC BALLS in the Palm Chakras for 
DIRECT INDUCTION of frequency transmission in 
healing facilitation. 
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The Palm Chakras are Secondary Chakras 
located in the Palms of the Hands. Like all 
Chakras, they function as Black-White Hole Sets 
for transmitting and receiving energy between 
the personal Manifestation Template and the 
dimensional Unified Fields of energy. 


The Palm Chakras are double vortices of energy, 
with one spiral exiting the Palm and its 
corresponding spiral exiting the back of the 
hand. The 2 Spirals of the Palm Chakras are 
linked by a Crystal Seal at the center point where 
the 2 vortices meet. In one Palm Chakra, one 
spiral rotates clock-wise, is Base Electrical and 
transmits energy out of body, and the other spiral 
Totates counter-clock-wise, is Base Magnetic 
and draws energy into body. 


In Level-1Kathara Healing the RIGHT PALM is 
the TRANSMITTING HAND and the LEFT PALM 
is the RECEIVING HAND. For transmission, the 
Standard Hand Position is LEFT Palm placed 
over the back of the RIGHT HAND for pure 
transmission and control of specific frequency 
transmitted from the RIGHT PALM. 


The RIGHT PALM is BASE ELECTRICAL, the 
LEFT PALM is BASE MAGNETIC, but both have 
subtle electro-magnetic capacity. 
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SE 99 
THE KARMIC-MIASRIG IMPRINT 


3 To enter manifestation in time, identity enters 
cycles of SIMULTANEOUS INCARNATION 
within the 4 Harmonics of Matter Density in 12- 
Dimensions of the 15-Dimensional Time Matrix. 
The PRIMAL ORDER Scalar-wave Template 
through which an identity enters time is the 
Density-5 (dimensions 13, 14 and 15) RISHIC 
SHIELD 


Me The Rishic Shield holds in the Time Matrix the 
identity of the Family of Consciousness from 
which incarnates emerge. The Scalar Patterns of 
the Rishic Shield represent the tangible “DIVINE 
RIGHT ORDER’ in energy and consciousness, for 
each incarnate manifesting from it. The individual 
identity must realign its Manifestation Template 
with this Primal Order to become free from the 
Time Matrix in full Ascension. 


* The Density-4 Pre-Matter Hydro-plasmic 
MAHARIC SHIELD (Dimensions 10, 11 and 12) is 
the Scalar Template through which identity 
manifests in the lower-dimensional Densities and 
which connects the individual incarnate to its 
Rishic Shield. The Maharic Shield is often called 
the PERSONAL CHRISTOS Template, and it 
holds the consciousness and Perfect Primal 
Order for all incarnations of an identity in time, 
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“Karma” is the result of Free Will choices made 
by incarnates that involve using personal 
energies in ways incongruent with the natural 
Laws of Universal Unified Field Physics and the 
Primal Order of the Christos Template. Karma 
creates scalar-wave distortions within the Scalar 
Shields of personal 15-Dimensional Anatomy that 
manifest physically as energetic clusters called 
MIASMS. 


M Miasms are unintended groups of anti-particles 
lodged within the particle field of the personal 
Manifestation Template that block and impede 
the natural flow of energy and consciousness 
into embodiment. Miasms, and the misshapen 
scalar-wave distortions that form them, are the 
cause of ALL disease and dis-harmonic 
conditions. 


+ 3 Health and Harmonious flow of energy are the 
natural conditions of human design. The 
Maharic Shield Personal Christos Template 
holds the Organic Imprint for Health for all 
simultaneous incarnates of an identity, and can 
therefore be used to clear the Karmic-Miasmic 
Imprint from the personal Manifestation Template 
to progressively restore Healthful Primal Order. 
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Miasms from all simultaneous incarnations 
manifest within the personal Manifestation 
Template and within the DNA Template of each, 
where they become literal genetic distortions. 


3€ Each of an identity's incarnates in various time 


cycles represents one TIME VECTOR, which is 
encoded in the Vector Codes of the DNA 
Template. Karmic-Miasmic bleed-through occurs 
between incarnates from different concurrent 
time cycles through the living link of scalar 
frequency that exists between the DNA 
Templates of simultaneous incarnations. 


* The Karmic-Miasmic Imprint does not have to be 


suffered and cleared the “old fashioned way" by 
“walking through the Karma in physical reality”. 
The Miasmic Imprint can be cleared as energy, 
with energy, to prevent its manifestation in 
physical terms via realignment of the DNA 
Template with the personal Maharic Shield. 


Any given incarnate can clear the Karmic-Miasmic 
Imprint by realigning the personal Manifestation 
Template with the shared Christos Template 
Maharic Shield. This process is called MULTI- 
VECTOR HOLOGRAPHIC RECODING, which 
creates BIO-REGENESIS of the original 12-Strand 
Silicate Matrix DNA Template of human design 
and restoration of the Organic Imprint for Health. 
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ATTITUDES AND ETIQUETTE IN HEALING 


Holographic Recoding and Clearing the Karmic- 
Miasmic Imprint from the personal Manifestation 
Template begins with activation of the Maharic 
Shield and Seal in the bio-energetic field and 
progressive running of 12-Dimensional Maharic 
Frequency from the Personal and Planetary 
Maharic Shields through the 3 Primary Levels of 
the embodied Kathara Grid; the Level-1 12-Tree 
Grid, Level-2 Crystal Seals Grid and Level-3 
Diodic Points Grid. 


SHE Personal Holographic Recoding begins with 
consistent use of Technique # 2- The Maharic 
Seal and the Liquid Light Cleanse, and is further 
accelerated by facilitating Maharic Recoding in 
others through running the Triadic Phase 
Currents for Co-generative Healing, 


One can facilitate healing in others and amplify 
personal healing through the using 

Technique # 5- The Maharic Infusion. 

The Maharic Recoding Session utilizes the 
combined Bio-Regenesis Techniques presented 
in Level-1 Kathara Healing to facilitate Client 
Healing Sessions. 
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Professionalism in Healing Facilitation Tequires an 
understanding of the Postures of Love anda 
willingness to cultivate the ability to hold and 
transmit OMNI-LOVE, honoring the Divinity of 
ALL things and beings. 


The Primary Postures of Love are SOFT LOVE, 
TOUGH LOVE, SELF LOVE and OMNI-LOVE. 


q] 
i 
* The emotionally experienced quality called LOVE g 
is a REALITY IN ENERGY PHYSICS, LOVE is a 6 
STATE OF VIBRATIONAL FREQUENCY CO- ® 
RESONANCE that allows free flow of energy cj 
between consciousness within the Universal € 
Unified Field. og 
34€ The human 12-Strand DNA Template was z 
designed to allow 12-Dimensions of Vibrational 
Co-Resonance, the Christos Consciousness of 
the Maharic Shield, to embody in human form. “al 
CHRISTOS-OMNI-LOVE is Vibrational Co- P 
Resonance with all that exists within 12 10) 
Dimensions of the Time Matrix; its embodiment is & 
the primary goal toward which human evolution [ul 
progresses, 
34K Christos-OMNI-LOVE is the strongest healing 
frequency available within the Densities of Space, 
Time and Matter, and is essential for effective 
Healing Facilitation and personal Ascension. 
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Mahara-Merkabic Master Key Healing- 
Manifesting the Blueprint For Health 


Primal Currents, the DNA Sub-Strand Matrix, Merkaba, Psonns, the Trinity Keys 


* 
* 


* 
* 
* 
* 


* 


TEGHINGA 
TECHNIQUE # 6: The Maharic-24 Ser 


‘and Photo-Dynamic Manifesting 
SPIRITUAL INTEGRATION 


PRIMAL LIFE FORCE CURRENTS-The Kundalini- 
Antahkahrana, Maharata, Kee-Ra-ShA & Khundaray 


DNA SUB-STRAND MATRIX, FIRE LETTERS, PSONNS & 
THE TRIBAL SHIELD 


MERKABA &THE SALUTATIONS 


2 MASTERS KUNDALINI ACTIVATIONS-The Emerald & 
Amethyst Awakenings 


UNIVERSAL TRINTIY KEYS & MERKABA KEY CODES 


MAHARA MANIFESTING,DNA, KATHARA & PSONNS 
WES: 


Ps-13 Tribal Shield Activation 
Merkaba Salutations 
Merkaba Trinity Key Induction 


TECHNIQUE # 10: Photo-Radionic Manifesting 
TECHNIQUE # 11: Photo-Sonic Manifesting 
TECHNIQUE # 12: Kee-Ra-ShA Activation Sequence-Awakening the Flame 
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Sacred Sciences of the Mu’a Grail Line- 
Tools of the Trade 


The Maharata- Universal Life Force Currents, Kundalini, 
Antahkarana, Maharata, Kee-Ra-Shay, Khundaray and the Maharic 
Seal. 


Field Technique-1: Maharic Quick Seal 


The Tribal Shield and Cue Zones- DNA, Fire Letters, the Sacred 
Psonns and Cue Zones 
Field Technique-2: Tribal Shield-Cue Zone Activation 


The Sacred Salutations- Electrical & Magentic Merkaba Activation 
Field Techniaue-3: Sacred Salutations- Merkaba Tone Dancing 


Expediting Spiritual Actualization - Tribal Shield Activation, 
Emerald and Amethyst Awakening Masters Kundalini Activations, 
DNA Template Bio-Regenesis, Master Key Codes, Melchizedek 
Cloister Ordinations 
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While LEDs have a minimum forward voltage requirement that must be met for them to work at all, 
the brightness of an LED is determined solely by the amount of current flowing through it. 


LEDs Have No Self-Control 


In addition, LEDs have no internal, inherent mechanism to limit the amount of current flowing through 
them, Incandescent bulbs, when cold, have a low internal resistance, allowing much current to flow 
through them when connected to the right power supply. Remember that less resistance means more 
current can flow, and vice versa. This resistance almost instantly goes way up as the filament of the bulb 
glows white hot. The filament itself then becomes the limiting factor in how much current flows through 
the bulb, usually stabilizing at the proper power level. 

LEDs have no such sense of self-control. They will conduct as much current though themselves as 
‘you are willing to provide, up to and beyond the point where the internal heat generated by the small, 
amount of resistance they do possess causes them to literally burn up. In general, it’s usually the tiny, 
almost microscopic internal bond wires that fizzle out, not the actual LED chip itself. However, dead is 
dead, and LEDs are generally considered to be “unrepairable” subassemblies. (Believe it or not, that’s 
the correct technical term, even though it’s not the correct English word—irreparable is the correct term 
when speaking of non-electrical things) 


Care and Feeding of LEDs 


The simplest possible solution to this problem opportunity for excellence is the use of a current-limiting 
resistorin series with the LED. Recall that a resistor will resist the flow of current in a circuit, The resistor 
used in this circuit, RI, is indicated to exhibit a resistance of 1000. 

Let's say that D1, the red LED in our circuit, requires 2V in normal operation. This is pretty common 
for red LEDs. Generally speaking, the forward voltage requirement for LEDs goes up as you get farther up 
the color spectrum. Blue LEDs, for example, often require 3.0V to 3.6V to operate. 

Ifwe're using rechargeable cells in our prototype (and we really should be, you know), we can 
expect 3.6V to be made available to the resistor-plus-LED loop within our circuit, If2V is needed for the 
LED, where are the rest of those volts going? 

The answer is that they are being used to heat up the current-limiting resistor R1. Resistors turn 
current into heat. That's what they do. They do it, however, in a very precise and predictable way, which 
‘makes it easy for us to calculate how much current, voltage, and heat will be churning around in our 
circuits, 


Caution Third-grade arithmetic ahead: Addition, subtraction, multiplication, and (shudder) division, You have 
been wamed. 


Ifwe started with 3.6V, and two of those volts are being used by the LED, then our good friend 
Subtraction tells us that we've got 1.6V flowing through RI. For a thorough explanation of why this, 
happens the way it does, feel free to look up Kirchhoff's Voltage Law. It basically says that all the voltages 
in a circuit end up being equal. The voltage across the resistor and LED will equal the battery voltage. 
The voltages within the LED-in-series-with-resistor circuit add up, just like battery voltages add up in 
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All things in manifest existence 
are perpetually fed energy and 
consciousness, in the form of 
interdimensional frequency, 
via the Universal Life Force 
Currents. 


Universal Life Force Currents and the 
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Universal Life Force Currents form and sustain the 
“Auric Field” Levels of 15-Dimensional Human Anatomy 


Sa Chakra and Hova Body tes al 


(Chakras draw enefgy in fom, and 
transmit energy into, he Unified Fields| 
‘of each Dimension. Each Chakra 
ccartias as its Primary Color the hue 
associated with the wave-length ofthe 


dimensional frequency band fo which 
the Chakra corresponds. 


Each Chakra corresponds to a level 
of the Auric Feld and one q 
Axi-A-Tonal Line, Each Hova Body q 
corresponds to a set of 3 Chakras and fF 
‘contains 3 dimensionalized frequency 
bands that form the dimensional levels 


Universal Life Force Currents and the 
Embodied Shields, Signets and Kathara Grid 


Hova Bodies are spherical 
scalar wave grids that form 
tissue capsules between 
‘each 3-Dimensional Harmonic 
‘of Manifestation, 

‘Signets are the core points 
of consolidated frequency 
that hold the programs for 
the Scalar grid SHELDS 


‘As Universal Life Force 
|| Currents activate in the 


|) body, natural awakening 
of the dormant Scalar 
|| Shields occurs. 


‘each with 3 SIGNETS 

‘and correspondence 

‘tothe Kathara Centers: 

‘of the Levelt 12-Tree 
Grid, 


The Silicate Matrix 12 Strand DNA 
Primary Correspondences to Subtle Body Anatomy 


Silicate Matrix 12-Strand DNA 
Primary Correspondences to Subtle Body Anatomy. 
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The Reality of Spiritual Integration 


jtual Actualization is as much a function of Divine Physics 
is a product of Divine Consciousness. The natural Primal 
Order of Universal Structure sets the Templates of 
Manifestation to which consciousness must conform to enter 
the experience of manifest expression within a space-tinne-matter 
system. 


+ The personal Christos Maharic Shield Manifestation Template 
and the Christos Tribal Shield Species Maniféstation Template 
are microcosmic replicas of the macrocosmic Primal Order 
upon which Universal and Cosmic structure are built. 


The Personal D-12 Christos Divine Blueprint Maharic Shield 
connects each Individual Christos self to the larger D-12 Christos 
Divine Blueprint of the Species. The D-12 Christos Divine 
Blueprint is called the TRIBAL SHIELD. 


To understand the realities of personal Spiritual Integration and 
Actualization, in order to fulfill our personal life purpose, itis 
important to comprehend the basic Primal Order structures of 
energy, the personal D-12 Maharic Shield and the D-12 
Species Tribal Shields, through which our consciousness 
manifests in time. 
The secrets to reclaiming the Divine Birthrights and 
Responsibilities of Angelic Human heritage are hidden within the 
realities of the Tribal Shield and the specific "Fire Letter 
Sequences" of the Tribal Shield that manifest within and govern 
the function of the Angelic Human DNA Template. 


The key to Spiritual Actualization is activation of the dormant 
personal 12-Strand DNA Template. The most rapid means of 
activating the dormant Angelic Human 12-Strand DNA Template is 
through activation of the Tribal Shield, the Species D-12 
Christos Divine Blueprint, which represents the CORE 
PROGRAMMING of the personal D-12 Maharic Shield. 
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Activating the Tribal Shield 


The 12-dimensional Tribal Shield is the dormant Species Divine 
Blueprint within the DNA Template core of the Angelic Human 
races of the 4 Evolutionary Rounds. The frequencies of energy 
and dimensions of consciousness of the 1728 simultaneous 
selves of the Personal Etemal Christos Identity can be activated 
in one incamation through sequential activation of the Fire 
Letter Sequences or "Flame Codes’ of the Tribal Shield, 


The "Flame Code Fire Letters" within the DNA Template are the 
DNA Signet Codes that correspond to Earth's 12 Primary Star 
Gates and the Planetary Shields through which the planetary 
body manifests. The Flame Codes serve as the core foundation of 
the personal 12-Strand DNA Template. 


The DNA Template Flame Codes of the Tribal Shield allow for the 
Primal Life Force Currents of the Density-5 (dimensions 13-14- 
15) Kee-Ra-ShA Primal Light Fields and the Khundaray Primal 
‘Sound Fields from the Energy Matrix, beyond the 15-Dimensional 
Time Matrix, to embody more fully within the Angelic Human form. 


A Fire Letter is a fixed point of consolidated frequency that 
holds specific frequencies consciousness into manifest form. The 
Manifestation Templates or Divine Blueprints of all things 
manifest are built upon intricate patterns of interwoven Fire 
Letters called Fire Letter Sequences. The Flame Codes of the 
Angelic Human personal DNA Template and Species Tribal Shield 
are composed of the same Fire Letter Sequences that make up 
the Divine Blueprint of Earth's Planetary Shields. 


Activation of the Tribal Shield sets in motion simultaneous “firing” 
or activation of the 144 Fire Letters (42 Fire Letter Sequences) of 
the 12-Strand DNA Template, expediting the natural evolutionary 
process of Soul, Over-Soul and Christos Avatar Identity 
Integration, through progressively opening the "Trans-time DNA 
Template Star Gates". 


Activating the 12-Strand DNA Template allows the D-12 frequency 
of the Universal "Christos" Maharata Current to activate within 
and run through the Angelic Human DNA Template and into the 
Earth's Planetary Shields. Activation of the Maharata Current 
within groups of Angelic Humans on Earth allows for collective 
anchoring of the D-12 Planetary Christos Divine Blueprint, the 
Shield of Aramatena, to achieve fulfillment of Angelic Humanity's 
Sacred Commission of the Planetary2Christos Realignment 


Mission. 
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lee know the voltage across RI (1,6V) and the resistance of RI (1000), then we can use Ohm's Law 
to.calculate the curren flossing through RI. Reviewing what you leamed in Chapter 3 abou the 
predictable and inviolable relationships heween voltage, reastance, and current, you can see that 
Rive, current equals voltage divided by resistance), were Is the current in amps, isthe voltage in 
‘ots and isthe resistance in ohms 

Tes not that hard! It sounds much worse than t actually, The answers 0.0164, or 16mA 
(a,0V/1000), That's the teeny-tiny amount of current needed to light up atypical red LED. Most small 
LEDs can handle up to 25mA safely, and some an handle much more than that, especialy they are 
intended for ilumination purposes. 

‘One quick side trp to multiplication land and we'll now everything we need to know about Rin 
this circuit. While the schemati specified the resistance of RI as 1000 (the primary characteristic or 
Component valu) nothing was sid about the pover-handling capability of this component. 

Power is calculated as voltage multiplied by current. Thats all tere isto t. We Krow the voltage: 
LL6V. We know the current. 16mA. We multiply them together to get 0.0256W (watts), or almost 25m. 
Rememherthat you have o enter the current as 0.016 because the formula ells forthe numberof amps, 
not miliamps. 

‘Not que 26mA isnot quite much of anything, You vill not be able o tll thatthe resistors 
sheddingall those extra vollsas heat with your finger. It might not even regstr with sensitive 
thermometer I's just a really tiny amount of power. Atypial smal resistor (a1/4W resiston wil handle 
250m of power, which i almost ten times what is needed in this application 


Tip It's always a good idea to calculate the power requirements of your components, ust so you're not foo 
surprised when the magic smoke leaves the circuit, rendering it crispy and nonfunctional 


(OK, we're back from the frightening land of multiplication. It wasn't shar bad was it? The remainder 
of understanding resistors in series depends only upon the science of addition. Counting on your fingers 
will be good enough. 

‘We can change the brightness of the LED by changing the amount of current flowing through it. We 
can change the amount of current flowing through the LED by either raising the supply voltage or by 
changing the resistance of R1. Since we can easily substitute any other value of resistor for the 1000 
resistor with which we began, this is easy to do. Just don’t go foo low in resistor value, as this will allow 
to0 much current to flow through the LED, possibly damaging it permanently. 

‘Adding resistors in series adds their resistances together. For example, if you placed two 1000 
resistors end to end, the total resistance across them would be 2000. That's really all there is to it: 1000+ 
1000 = 2000. 

Ifyou perform this experiment with the LED circuit we built on the breadboard, you can see that the 
LED will not shine as brightly as it did before. This is because the resistance has doubled, which means, 
all other factors remaining the same, that the current through the LED has been cut in half. Half the 
current results in half the brightness, since LEDs are controlled by the amount of current flowing 
through them. 

‘What's interesting about this arrangement is that the power-handling capacity of the two resistors is 
also double what it was when only one resistor was in the circuit. This is because each resistor is now 
dissipating half the power when compared with the previous scenario. Iftwo 1/4W resistors are used in 
series, they can together safely dissipate up to 1/2W of power, although pushing any component to 100 
percent ofits capacity is just asking for trouble, especially when heat is concerned. 


The Tribal Shield- Species D-12 Christos Divine Blueprint 
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Each of the 12 Planetary Time Gycles in one Planetary 
‘12-Cycle of the “Cycle of the Rounds” has 72 Time Vectors, 
12-Strand Angelic Humans have one self in each of the 


12-Cycle and 72 selves in the corresponding anti-particle 
Planetary 12-Cycie. 72 selves x 12 Planetary Time Cycles = 
‘864 selves per one Pianetary 12-Cycle + 864 selves paralle| 
universe Planetary 12-Cycle = 1728 selves in Tribal Shield 


Tribal Shield Activation Creates Cue Zones 
In Earth's Planetary Shields. 


Cue Zones 
"Cue Zones" are locations on Earth where a small portion of 
Earth's D-12 Shield of Aramatena Christos Divine Blueprint has 
been re-set within Earth's Planetary Shields. During Stellar 
Activations Cycles, Cue Zones can be manually set by 
individuals or groups by running the D-12 Maharata Current, 
activating the Tribal Shield to draw in the Khurfarary Primal 
Sound frequencies, then singing the 12-Tribes Master Psonns 
Suffixes and running the tones through the body and feet and 
into Earth's Planetary Shields. Afier running the Master Psonns 
Suffixes, one can then allow the "Song of the Christos Soul", 
the tones of the personal D-12 Maharic Shield (the "Elohei- 
Elohim Within") to run into the Planetary Shields. The personal 
Soul Song will create a "Back Song" transmission of frequency 
from Earth's Planetary Shields, a set of healing frequencies sent 
back to you in response to activating your Soul Song in Earth's 
Planetary Shields. Once’set, Cue Zones will remain for a Period of 
3.5 to § years, depending on ‘strength of energy originally set. 
They can be recharged using the same "setting" procedure to 
last indefinitely. 

Cue Zones are "safe zone" areas on the Planet that are 
protected from interdimensional interference. They can be used to 
amplify effects of energy healing applications, to “charge” 
objects and substances with sub-harmonics of D-12 Christos 
frequency and when used with the personal Temporary Maharic 
Seal, to get clear, protected "meditation space" free from 
interdimensional interference. Cue Zones are "keyéd" to Earth's 
Planetary Templar “Cue Sites", the activation sites for Earth's 12 
Primary Star Gates, which exist on régions of Earth that 
correspond to the 12 Primary Star Gates of Inner Earth. 


TECHNIQUES Os THE MAMARIC QUICK SEAN, 


1 Work with @.24 pointed, 3 Dimensional Star (Heirophant) end be aware that you will be 
‘working with beings known as the Breneau Rishi 


2 Begin by slowing your breathing , as you imagine or visualize a 24 point, 3 -Dimensional, 
Heirophant at the Pineal Gland in the center of your brain. Visualise the Heirophant 
surrounded by a Pale Blue Sphere of Light. 


(The Blue Sphere serves as a buffer for your readiness to accapt the frequencies 
‘associated with using the 24 pointed Star; the Blue Sphere holds the energy for you until 
your body can handle the energy. f you can handle it, the energy will simply pase 
through the blue sphere). 


3 INHALE, as if you are going to grab the blue sphere containing the 24 point star located 
at the Pineal, and on the EXHALE move the 24 point star/ blue sphere, all the way down 
fe Earth's Core, Try to heer 2 sound tone as the Helrophant/ Sphere hits the Planetary 
Shield .. 


4 INHALE and draw the Heirophant/ sphere up to your Personal Maharic Shield 12" below 

ind EXHALE while watching the Pale Siiver-Blue sphere expand out toa 
large sphere ... and watch as your Maharic Shield pop out as a disc, 
Pale Sliver with a light coating of Pele Blue, 


5 —_Bring your attention to the center of your Maharic Shield 12" below your feet .. and 
INHALE the 24 point Star (only) up into the Heart Chalva.. EXHALE, expanding the 
frequencies of the 24 point Star into the Heart Chala 


6 INHALE to grab the 24 point Star, and EXHALE, pushing the Star up into the 14" Chakra 
36" above the head. Imagine thal the 24 point Star is spinning in a clockwise direction in 
the 14" Chakra. As you do this, ty to feel/ sense the energy around you, just a few 
inches out from your body .. 


7 Now, put your attention into your Maharic Shield 12" below your feet, take © couple of 
relaxing breaths and INHALE deeply pulling the Pale Sliver and Blue energy up, as if you 
are pulling on your Maharic Seal ts latch it on to your 14" Chakra, Try and fee! the 
Sensations just a few inches from your body now — feel the difference if you can, ‘This 
Procedure gives you a Quick Seal. 


& —_ Now envision the cord of Pale Silver Maheric Light that would normally come up with your 
‘Shield and focus on the Earth's Core. Begin drawing energy all the way up the 4 
diameter cord and into the body. INHALE the energy up into the Heart Center, and 
expand it there. Begin to form a pale Silver ball of Maharic frequency, 


(On each EXHALE send your energy down to the Earth's Core to bring up another load of 
Maharic frequency, up from the Planetary Shields, expand it into the Heart center and 
Tepeat several times. Notice that the Cord grows larger 2s you do this, expanding from 
approximately 4” to 6 to 8" diameter, until finally it feels like @ skin around (as well as 
within) your body ... @s you load your Astral field with Maharic Frequency. 


8 Move your attention to the Pale Sitver ball you have created in your Heart Center, 
INHALE and move it up to the 14" Chakra 36" above your head .. as you do, feel for the 
sheath of Maharic Frequency encasing your etheric body, close to your skin, (This 
Maharic! Christos skin charges, and saturates, your etheric body — feel the peacefulness 
and all-knowing nature of this frequency). 
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Technique # 73 Ps-13 Tribal Shield Activation 


The Master Key Tones 


* The 12-Tribes names were the audible-tone translations of the 
specific Fire Letter Sequences contained within the‘Tribal 
Shield DNA Templates of each Tribe. The tones of the Tribal 
names were used to activate the 144 Fire Letters of the Tribal 
Shield in the personal DNA Template, providing the Angelic 
Humans races with the ability to consciously regulate the 
activation Jevel of their DNA Templates and Primal Life Force 
Currents. 

+ The Sound-Tone Programs that are used to activate the DNA 
Template and Primal Life Force Currents are called "The Sacred 
Psonns". The Tribal name was the Master Psonn. In running the 
Rainbow Roundiables, the Signet Council Regents brought their 
Tribal Shield "Flame Codes" into activation by singing rounds of 
the Sacred Master Psonns. 

The 12 Sacred Master Psonns 
for activating the 144 Fire Letters of the Tribal Shield Flame Codes in 
the 12-Strand DNA Template. 
Plus Master Tone Activation Suffix. 


12. A-reah-Azurta 
a- Rl-a-Zoor-ta- Rha 


11. Zephar-Duun-Atur 


ze-far-Doon a-Tur- Dha 
10. Ma’ah-hu-ta 
Ma-a hoota- Khu 
9. Yun Zu-Xen 


Yu-Un Zoo-Zen KE 


8. Chia Zhun Zan La-Yung 
ChE" ah-Zoon Yan LA-Yoong' OM 


7.Mahata-Agrah 
ME hah' ta a'g-ra OE 


6. Ramyana-Shridveta 
rah ma yah na shrid vE' Da 


5. Jonatu-Etillah 
1 O'Natoo etil'a EU 


4, Nuagu Hali 
Noo ah'goo ha'LE Ka 


3, Amekasan-Etur 
aME'kasun etoo'r 


2. Maahali-Bruea 
Ma a ha'LE-Bru'A EL 


1. Isutu-Esheau 
1 sU'too E' shoo 


DO 


UR 
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Tribal Shield-Cue Zones Activation 
Creating a Cue Zone 
1. Choose location and activate a personal "Maharic Quick 
Seal” to “run the D-12 Maharata Current” in your body. 


2. Once you can feel sensation of Maharata Current running, 
sing-tone 12-Tribes Master Psonns (names) for Tribe-12 and 
Tribe-1 to activate Tribal Shields Flame Codes in your DNA 
Template to run the "Rainbow Ray’. Direct Pale Silver 
Maharata Current and Rainbow Ray pale color spectrum 
through body and out soles of feet into Earth's Planetary 
Shields. Tone for a while to build critical mass of frequency. 


3. Use a selected combination of 3 Master Psonns Suffixes and 
tone for a while, running sound through body and feet into 
Earth's grids. (avoid the Suffix combination of Tribe-4-7-10 
used in that sequence to avert present distortions in Earth's 
grids that run on this mathematical coding) 


4. Allow the Christos Soul Song to emerge from you “free style" 
and send the tones into Earth's grids. 


5. When complete, sit quietly for a while and listen for the Earth's 
telepathically transmitted "Back Song", drawing its gentle 
frequencies into your body for healing, 


6. Close with singing several rounds of the 3 Master Psonns 
Suffixs that you opened with. The Cue Zone you have set will 
extend out from your position in a radius of about 5 yards and 
will last 3.5-5 years depending on strength of energy you used 
in setting the Cue Zone. 


7. To amplify strength of Cue Zone you can use the "Merkaba 
Spin" just after closing. Remain in same position, ‘stand, the 
gently spin, first clockwise (as if you are standing on a clock 
face with the "6" in front of your feet, “3” at the left hand, "9" at 
the right and "12" directly behind you). Spin gently clockwise to 
bring electrical frequency down through your "top" Merkaba 
spiral. Then slow, stop and reverse spin to counterclock- 
wise, to activate "bottom" Merkaba spiral’, drawing frequency 
up from Earth's grids. Personal Merkaba Activation will 
accelerate the frequencies of thé D-12 energies you set at the 
site, making the Cue Zone stronger and more lasting. 
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The Sacred Salutations 


The Solar Salutation 
Electrical Merkaba Activation 


The ancient Mu‘a and Lemurian Guardian Races ran the 
Maharata and activated the Tribal Shield each day to conduct the 
Sacred Solar and Lunar Salutation Rites each moming and 
evening. The Sacred Salutations are Toning Dances that 
activate the personal Merkaba Field for sustained activation of the 
DNA Template and amplification of the Maharata and Universal 
Life Force Currents in the body. 


* Solar Salutations accelerate the spin of the Electrical Harmonic 
Merkaba Spiral (Top, CW spin), drawing increased amounts of 
Electrical Anti-particle frequency from the Solar Electrical 
Merkaba Spiral light spectrum into the Electrical Acceleration 
Codes in the DNA Template to "charge" the body with 
Electrical Anti-particle frequency. 


* Accelerated Electrical Merkaba Spiral Spin of Solar Salutations 
increases the amount of Anti-particle Base-Electrical frequency 
brought into the body's DNA Template and Kathara Grid from 
the Dimensional Unified Fields and increases the amount of Anti- 
particle frequency sent out from the body into Earth's Planetary 
Shields. Frequency passes between the Human Body and Earth's 
Planetary Shields via the embodied Kathara Grid core templates 
that make up the Planetary Bio-Feed Interface System ("PBIS") 


+ Electrical Anti-particle energy enters the body via the "Top" 
Electrical Harmonic and Dimensional Merkaba Spirals, the 
Base-Electrical Acceleration Codes in the DNA Template, the 
Electrical Kathara Centers 2-5-8-11 of the Kathara Grid Central 
Pillar, the Electrical aspect of Electro-magnetic Kathara 
Centers 1-3-6-9-12 on the Right Side of body ("Left Side Pillar" in 
Kathara diagram), Electrical Chakras 2-5-8-11 and the Electrical 
aspect of Electro-magnetic Chakras 1-3-6-9-12. 


+ Solar Salutations (CW spin Top Electrical Merkaba Field 
Activation) raise the body's Oscillation (energy transmission- 
expansion), lower the body's Vibration (energy holding- 
contraction), making the body Higher Frequency and More 
Electrical (transmits more energy than it is drawing in). 


* Abligher Frequency Electrical Body has: 
Lower Vibration, Higher Oscillation/Frequency, Less Matter 
Density 

* More activated DNA Strands, more chromosomes, 

embodiment of more levels of consciousness. 

+ Slower heart, breathing and metabolic rhythms (energy 

expansion and contraction rates),thus requires less food 
(bums fuel slower). 

* Greater longevity and less sleep (body can synthesize 
natural higher frequency energy and Stream of 
Consciousness for longer periods without taxing.) 

Greater Silica quantity in Silica-to-Carbon Ratio of 
elemental composition and larger size (more space between 
cells; more expanded matter). 

+ Perception of expanded Space and slower Time 
movement. 

Greater heat release, thus cooler internal temperature. 
Natural attribute of transmitting greater amounts of energy 
thrust into the Planetary Shields than it is drawing in/receiving 
from them. Energy "giving". 


+ The Solar Salutations "charge" the Top Electrical CW 
Merkaba Spiral to maintain its natural cycle of 33(¥3) 
rotations per 1 “trillionth” of a nano-second", through 
which the Base-Electrical systems of the body are 

ined. 


naturally maii 


The Lunar Salutation 
Magnetic Merkaba Activation 


Lunar Salutations accelerate the spin of the Magnetic Harmonic 
Merkaba Spiral (Bottom, CCW spin), drawing increased amounts 
of Magnetic Particle frequency from the Lunar Magnetic 
Merkaba Spiral reflected light spectrum and Earth's Planetary 
Shields into the Magnetic Base Codes in the DNA Template to 
“charge” the body with Magnetic Particle frequency. 


Accelerated Magnetic Merkaba Spiral Spin of Lunar Salutations 
increases the amount of Particle Base-Magnetic frequency 
brought into the body's DNA Template and Kathara Grid from 
the Earth's Planetary Shields and increases the amount of 
Particle frequency sent out from the body into Dimensional 
Unified Fields. 


Particle Base-magnetic energy enters the body via the “Bottom” 
Magnetic Harmonic and Dimensional Merkaba Spirals, the Base- 
Magnetic Base Codes in the DNA Template, the Magnetic 
Kathara Centers 4-7-10 of the Kathara Grid on the Left Side of 
the body ("Right Side Pillar’ on Kathara Diagram), the Magnetic 
aspect of Electro-magnetic Kathara Centers 1-3-8-9-12 on the 
Right Side of body ("Left Side Pillar’ in Kathara diagram), 
Magnetic Chakras 4-7-10 and the Magnetic aspect of Electro- 
magnetic Chakras 1-3-6-9-12. 


Lunar Salutations (CCW spin Bottom Magnetic Merkaba Field 
Activation) lower the body's Oscillation (energy transmission- 
expansion), raise the body's Vibration (energy holding- 
contraction), making the body Lower Frequency and More 
Magnetic ( draws in more energy than it is transmitting out). 
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* A Lower Frequency Magnetic Body has: 
+ Higher Vibration, Lower Oscillation/Frequency, Greater 
Matter Density 

* Fewer activated DNA Strands, fewer chromosomes, 
embodiment of fewer levels of consciousness. 

+ Faster heart, breathing and metabolic rhythms (energy 
expansion and contraction rates), thus requires more food 
(burns fuel faster). 

+ Lesser longevity and needs more sleep (body can 
synthesize natural higher frequency energy and Stream of 
Consciousness for shorter periods; taxes more easily) 

* Greater Carbon quantity in Silica-to-Carbon Ratio of 
elemental composition and smaller size (less space between 
cells; more contracted matter). 

* Perception of contracted or more confined Space and 

faster Time movement. 

Less heat release, thus warmer intemal temperature. 
Natural characteristic of drawing greater amounts of energy 
thrust from the Planetary Shields than it is transmitting into 
them. Energy “taking”. 


The Lunar Salutations "charge" the Bottom Magnetic 
CCW Merkaba Spiral to maintain its natural cycle of 11%) 
rotations per 1 “trillionth" of a nano-second”, through 
which the Base-Magnetic systems of the body are 
naturally maintained. 


The natural ratio between the Top-CW-Electrical- 
“Male” Harmonic Merkaba Field and the Bottom- 
CCW-Magnetic-"Female” Harmonic Merkaba Field 
is Electrical-Top 33CW rotations per 1 “trillionth" of 
a nano-second and Magnetic-Bottom 113CCW 
rotations per 1 “trillionth" of a nano-second. 
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a The Natural Christos Merkaba Vehicle & Personal Shields| =< 


iia © 2000 Ashayana Deane 
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Density-5 (D-13-14-15) 

Rishiae Shield —— 

Koe-Ra-ShA Primal Light Current, 
M-Em-cCWw-CWCW 


(The NATURAL Spin Ratio between the Top (Male-Electrical-CW. Anti-particle) 

Density-4 Christiae Merkaba Spiral and the Bottom (Female-Magrietio-CCW Parti) Density.5 Rishiac 
Merkaba Spiral i 23 4/3-CW-Male-Top to 11 2/3-CCW-Female-Bottom. The 33 1/5-CWH4 2/3. COW Spin 
Ratio cates the NATURAL ratio of 33 213-Parts-Electrical Anti-Particles to 11 2/5-Parts Magnetic 
Parcs, (0°33 17 energy expansionioscillationhrust to 11 2/3 energy contraction! vibrationkiraw) 
‘within earth's Density-1 Matter Base, the organic Divine Blueprint of Density-1. This Christiac Internal 
Merkaba Vehicle Spin Ratio creates a self-sustaining, Eternal, Matier-base thal s MORE ELECTRICAL 
than Magnetic, which perpetually revels ftsel via natural circulation of the Maharate, Kee-Re-ShA and 
Kiundaray Universal Life Force Currents. 
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CHAPTER S = THE COZY CORNER LAB 


By connecting resistors end to end, you add their resistances together, as well as their power- 
handling capabilities. By keeping a small variety of basic values on hand (e.g., 12, 100, 1000, 1KO, 10KQ, 
etc.), you can easily stack up the right combination needed for almost any electronic application. This is 
the method used in the very handy device known as a decade resistor or decade box, which has dials for 
cach digit in the desired resistance, allowing you to dial up any value of resistor needed. 

Extra credit: If you've followed along this far, consider researching voltage dividers built using only 
resistors. 


Resistors in Parallel 


What happens when resistors are connected side by side instead of end to end? That's where things get 
interesting, atleast from a mathematical point of view. 

‘An easy way to look at parallel resistors is to think about the amount of current flowing through each 
one, and then add them all up. See Figure 5-21. 


Figure 5-21. Parallel resistors each conduct a portion of the total current flow through the circuit. Each 
resistor allows a certain amount of current to flow. The sum of their currents can be calculated if their 
individual resistances are known, 


Let's assume that RI, R2, and R3 have resistances of 1000, 2000, and 3000, respectively. The total 
resistance of the circuit across the battery terminals is 106000, as would be the case if they were in 
series instead of parallel. The total resistance is less than 1000, which is the least of the resistors. How 
can this be? 

First, let's think in terms of how much current is flowing in each of the three parallel pathways 
within this circuit. If B1 is putting out 3.6V, and R1 is 1009, then we know to use Ohm's Law to calculate 
the current, with I= / R. In this case, l= 3.6V / 1000 = 0.036A, or 36mA. In addition, the path through 
R2 is drawing half that (because R2 is double the value of RI—get it?) or 18 mA. In addition, the final 
pathway is drawing one-third as much current as the first one, or 12 mA. Just to verify: = 3.6 / 3004 
0.0124, or 12mA. Everything checks out. 

Now add all those currents together: 36mA + 18mA + 12mA = 66mA. That's the total current, using 
this method. Again, since we know both the voltage and the current, we can find the effective or 
equivalent resistance of all three resistors in parallel, as if they were one single resistor. Rearranging the 
formula for Ohm's Law, we find that R= E / I. In our case, R= 3.6 / 0.0664 = ~54.550. See? Smaller than 
1009, somehow. 

Thinking about the individual currents lowing through each resistor is the same as adding the 
current-supplying capacity of battery cells together when arrayed in parallel. Just add them together. 
However, we had to calculate each current separately and then add them together. There is amore 
direct way, depending upon how you look at things, but beware: it involves not only fractions, but 
{fractions upon fractions, Oh, the horror. 
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Vechnique ? 8: Merkaba Salutations 


Healing trie Spin & Balancing Particle/ Anti-Particle Ratios 


33 1/3-CW/11 2/3-CCW Christos Merkaba Activation 


*Note: pin by imagining that you are standing, 
with arms stretched out to the sides, in the center of @ round 12-ciit clock-face. The FRONT of 
your body faces the “é"-digit, "42"-digit is positioned behind you, the "3-digit is positioned at 
your LEFT ARM and the “2"-digit is positioned at your RIGHT ARM. CLOCKWISE "CW™ SPIN: 
Hold LEFT "3-Arm” firmly out to the side of the body lke @ "clock hand” and begin Spia toward 
FRONT, moving the body with the LEFT arm toward the "6"-digit position in FRONT of your 
feet. COUNTER-CLOCKWISE "CCW" SPIN: Hold RIGHT "9-Arm” firmly out to the side of the 
body like a "lock hand” and begin Spin toward FRONT, moving the body with the RIGHT arm 
foward the “6"-digit position in FRONT of your feel. The TOP-ELECTRIGAL-MALE Merkaba 
Spiral Christos Spin is eWways 33 1/3-CW rotation. The BOTTOM-MAGNETIC-FEMALE 
Merkaba Spiral Christos Spin is always 114 2/3-CGW rotation, 


‘Solar Salutation Rites: (best ime Dawn's First Light & 1200 Noon) 

begin with Top-Electrical-CW-"Male” Merkaba Spiral activation, followed by Bottom 
‘Magnetic-CCW-"Female” Merkaba Spiral 

Use Tribe-12 Activation Suffix "RHA™ as Initiating Tone 

Lunar Salutation Rites: (best time 12:00 Midnight to 3:00AM) 

begin with Bottom Magnetic-CCW."Female” Merkaba Spiral activation, followed by 
Top-Electrical-CW-"Male" Merkaba Spiral 

Use ribe-1 Activation Suffix "UR" as Initiating Tone 


4. Activate Maharic Quick Seal Technique- 6 
2. Activate Tribal Shield-Cue Zone Technique- 7 


in the body. 

4. Activate First Merkaba Spiral (Top or Bottom Spiral frst, depending on Solar or 
Lunar Salutation) by holding arms out to the side, parallel with the ground, and 
begin to slowly SPIN in the direction (CW or CW) natural to the * Christos Spin of 
the Merkaba Spiral you are activating. Continue to Spin AND Tone Initiating Tone 
while progressively increasing rate of Spin and Toning. To prevent dizziness, 
hold one arm out to front with thumb positioned UP, and focus your eyes on the 
‘THUMB rather than the spinning scenery beyond. Do not Spin faster than comfort 
level. You may modulate toning in rounds of 3, between the Initiating Tone and 
toning the Christos Spin Rate Number ("33 1/3" for Electrical-Top Spiral, "41 2/3" 
for Magnetic-Bottom spiral), if desired. 

5. When energy in body feels "charged' (a "doneness” intuitive feeling), slow spin to a 
gentle STOP, while Toning 3 Times, the "Um Shaddaf Ur-A ah-Khum’ Tun?" Lyta- 
Halls of Amorea D-12 activation sequence, to amplify the Merkaba Spiral “charge. 
‘Stand STILL and breathe quietly for 2 few moments while Spin stabilizes, then 
repeat STEPS 3-5 to activate other Merkaba Spiral. 

6. End Salutation Rite with full 3 Rounds (minimum) Toning of the “Ariea Khum Nar- 
‘A= (Song of Orion D-8 activation sequence) Part-1:Verses 1 and 2, to be sung 
while Walking 2 Circles, one CW, one CCW, beginning Circle Walk with Spin 
direction of First Merkaba Spiral activation, followed by a reverse-direction Circle, 
then Standing STILL for a few moments to allow the Christos Maharata Current to 
tun between your body and Earth's Planetary Shields. 
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The ArfE-a Khum-Nar’ A 
The Song of Orion 


Part 1 : the Resonant Tone Syllable Sequence (primary melody) 


Verse 1: OMA Da E, Patum ah 
OMA Da E, Patumah 
Patum ah A’ DEE « Tah, A khum-na 
OM ADa_~ E, Patum ah 


Verse 2:TrA TE La E’ Durum Na 
TrA TE La E' Durum Na 
Durum' ah A’ Khem - Tah, A khum -na 
OMA Da E, Patumah 


Part 2: the Base Tone Syllable Sequence (accompaniment 1) 
A Uns 12 


E Patuah 4 
TA TE Durum Na ~ Unes 14 2 Verse 2 
UMah OM, A 
UMah OM, A 
uy Ten & than. 
Dun ah AT Khem =Tah A thom 
DO RAY TU Ra" 


Patum sh 
UMah OM, A 


Part 3: the Over Tone Syllable Sequence (accompaniment 2) 


OM ADs E Pen sh-Lines1 82 Verset 
Tate EY Durum — n=Lines 1 2 Verse 2 
BE HE Tah OM, A 
BE HE Tah OM, A 


Pau ah_A __DEE=Toh A Khum-ra Line 1verset 
‘Sunen ah—A Kher Tah A Kham =na~ Line 3 Verse 2 


Thra Khem’ Na, A 
OM A Da E_Patum __ah=Line 4 Verses 182 


KhrA ‘MIM, Tah A 


The fastest means of naturally activating the 
Personal 12-Strand DNA Template is : 


4. Tribal Shield Activation: Activating the 144 Fire Letters of 
the Tribal Shield & Sacred Salutations Merkaba Activations. 


2. Emerald and Amethyst Awakening 2 Masters 
Kundalini Activations: Releasing key Fire Codes between 


the DNA Strand Templates to allow for expedited DNA Strand 
Braiding. 


3. DNA Template Bio-Regenesis: Progressive use of 
internally directed DNA Template Bio-Regenesis technologies 
for progressive purging of Strand Template mutations, 
restoration of the natural D-12 Christos Divine Blueprint of the 
12-Strand DNA Template and expedited, accelerated activation 
of the DNA Strand Template Base Codes and Acceleration 
Codes. 


4. Master Key Codes: Use of the personal scalar-wave-guide 
Symbol Code Programs that correspond directly to the core 
programming of the personal D-12 Maharic Shield for further 
sequential expedition of Strand Template Activation. 


5. Melchizedek Cloister Level-3 Regent Ordination: 
Transmission of the Kee-Ra-ShA Primal Light and.Khundaray 
Primal Sound Field "Rainbow Ray Current” directly into the 
personal DNA Template via direct Chakra Induction. 
Sufficient Rainbow Ray frequencies to provide a level-3 Regent 
Ordination can be transmitted by a Melchizedek Cloister level-5 
Elder Consummate or Level-6 Eckar Indigo Child-Type-1 Maji: 
Grail Line Angelic Humans, who have the frequencies of the 
Primal Creation Currents integrated into their DNA Template 
from birth. Expedites all of the above while provided 
additional bio-energetic field support for more stable cycles 
of DNA Template activation. 


The Khundaray RRT Activation Sequence 


A progression of manually initiated Kundalini and DNA 
Template Activations that systematically induce temporary 
release the Cranial-Sacral Kundalini Seals (Pineal Gland & 
Tail Bone), in their natural Release-Sequence, allowing for 
temporary and progressive embodiment (nano-second 
burst of frequency) of the Primal Universal Life Force 
Currents via Syncopated Activation of the 12-Strand DNA 
Template. 


The Khundaray RRT ("K-RRT") Activation Sequence allows the 
Density-4 (D-10-11-12 Pre-matter) Maharata Christos Current, 
Density-5 (D-13-14-15) Kee-Ra-ShA Primal Light Currents (Ante- 
matter Blue, Gold and Violet "Flames") and the Khundaray Primal 
Sound Currents (Eckatic, Polaric & Triadic Columnar Standing 
Waves) from Source to run through the DNA Template and body for 
accelerated *TRUE 12-Strand or higher DNA Template Activation 
and expedited human Spiritual Integration. 

For the human body to hold and transmit a minimum critical 
mass of Kee-Ra-ShA and Khundaray frequency to access the 
Planetary Shields and Star Gates for Masters (Universal ) K-RRTs, 
the K-RRT Activation Sequence must be conducted 4 to 24 hours 
prior to the K-RRT. The K-RRT Activation Sequence must also be run 
2-24 hours prior to the Amethyst Awakening Masters-2 Kundalini 
Activation to prepare the body for the Amethyst Awakening 
frequencies. The Amethyst Awakening (Field Technique-6) can also 
be run just before a K-RRT (following prior K-RRT Activation 
Sequence) to greatly amplify the power of the K-RRT and Signet 
Council group. 

There are 5 Specific Operations of Energy Management within the 
K-RRT Activation Sequence: 

4. Activating the Doradic Phase-1 Current 

2. Awakening the KA 

3. The Emerald Awakening 

4. Activating the Kee-Ra-ShA 

5. Activating the RA Center-Anchoring the Rainbow Bridge 


The Emerald & Amethyst Awakenings 


Masters Kundalini-DNA Template Activations 
For Accelerated DNA Template Activation and Spiritual 
Integration, Running K-RRTs and enhanced Immune Support 


THE KUNDALINI LIFE-CURRENTS AND THE CRANIAL-SACRAL SEALS. 

“The human body is fuelled by ENERGETIC LIFE-FORCE CURRENT FROM SOURCE. In 
contemporary human anatomy, the only feforce currents running fully through the embodied 
Kathara Grid end body are those corresponding to the SINGLE-VECTOR time cycle of the 
Density-1 TELLURIC SHIELD. Each of the 4 HOVA BODIES and their coresponding SCALAR 
SHIELDS, DNA STRAND TEMPLATES, AXI-A-TONAL LINES, DIMENSIONS OF 
CONSCIOUSNESS AND MERKABA FIELD LEVELS process the frequencies of one TRIADIC 
CURRENT — a 3-dimensional, Bi-polar ifeforce curent. The lfeorce currents corresponding 
to the fist 9 dimension and frst3 Hova Bodles, Mater Densities and Shields are referred to as 
the KUNDALINI ENERGIES. Each KUNDALINI CURRENT is @ TRIADIC CURRENT ~ a set of 
3 dimensional currents that function together and ere separated by Magnetic Repulsion Zones 
‘within the embodied Kathara Grid. The 3 embodied Kundalini Currents are the TELLURIC, 
DORADIC and TEURIC CURRENTS . 

Each of the 3 Kundalini Currents is spiraled within the regions of the 18 CELLS of human 
conception, located in the TAILBONE at the Base ofthe Spine. (The incamating consciousness 
anchors its identity and Christos Manifestaion Template witin the FIRST 8 CELLS, to initiate 
the FETAL INTEGRATION PROCESS) The first Kundalini Curent, the TELLURIC CURRENT 
that corresponds to the DENSITY-1 Nada Hova Body, is active within the human form from 
birth, enabling 3 dimensions of consciousness awareness, inthe form of scalar frequency, to 
‘embody within the human organism, When the 2 dormant Kundalini Currents inthe tailbone, 
the DORADIC and TEURIC CURRENTS, are activated, the frequencies of consciousness from 
dimensions 49 progressively awaken within the body, activating the dormant 4-9 strands of 
the 12-strand DNA Template, The 3 Primary Kundalini Spirals each contain 3 single-dimension 
currents, and are controlled by the corresponding SIGNET STAR CRYSTAL SEALS in the 
Kathara Level-2 Crystal Seals Grid. The Signet Seals create polarization between 
dimensionalized sets of scalar waves within the Scalar Shields, that manifest within the Kathara 
Level-2 Grid, First Eight Cells and DNA Template es FREQUENCY SEALS or blockages within 
the TAILBONE (Sacral region) and the PINEAL GLAND in the center of the brain —the 
CRANIAL-SAGRAL SEALS. 

‘When the CraniaSacral Seals are released, through ectivation of the Signet Star Crystal 
Seals that govem them, the dormant Kundalini Curents come to ie within the body, sending 
progressively higher-requency energy through the CENTRAL VERTICAL CURRENT of the 
body. Activation ofthe 3 Kundalini Currents progressively creates integration ofthe higher 
‘dimensions of consciousness and de-denstfication of | molecular structure. When ALL of the 
frequencies within the 3 embodied Kundalini Curents are activated, the 4® KUNDALINI 
CURRENT. the PRIMAL TRIADIC CURRENT, the KEE-Ra-ShA’, is activated, The Frequency 
Seal on the KEE-Re-ShA'is located in the 12° Chakra, 6° below the feet. Activation of the 
KEE-Ra-ShA’ anchors the 12-Dimensional HYDROPLASMIC BEAM within the body, initiating 
the process of CELLULAR TRANSMUTATION and intentional de-menifestation end 
Dimensional Ascension ofthe human biological form.239 


THE EMERALD AWAKENING AND THE KEE-Ra-ShA’ 
The Emerald Awakening Masters Kundalini Activation is one of two inter-harmonic energetic 
activations of previously dormant frequency within the body that sets in motion simultaneous 
activation of the 12 MAGNETIC BASE TONES within the FIRE CODES between the 12 
Strands of the SILICATE MATRIX DNA Template, Activation ofthe 12 Fire Code Base Tones 
begins activation of the 3 PRIMAL CREATION FREQUENCIES ~ the KEE-Re-ShA’ ~ within the 
4 Scalar Shields of the PERSONAL INNER TEMPLAR COMPLEX. Activation of the 12 DNA 
Fire Codes allow for progressive natural fusion of each dimensional DNA Strand Template to 
‘occur, through which the organic potentials of CELLULAR TRANSMUTATION are re- 
awakened within the physical body form, 

“Through the natural processes of Cellular Transmitation, once fully operational within human 
genetic design, the carbon-based elementl biology of Densiy-1 molecular siructure is 
progressively and systematically transmuted to SILICA-based biology. Transmutation to Silica 
based biology allows the physical body to pass through the levels of Semi-etheric, Etheric and 
Pre-matier Hydroplasmic Liquid-Siice Densities of Harmonics 2-4 (Dimensions 4-12), through 
which the consciousness continually enters manifestation, to achieve physical mastery of the 
crganic process of Transmutational Dimensional Ascension, To accomplish mastery of the 
Ascension process, the SIGNET STAR CRYSTAL SEALS with the Scalar Shields, which keep 
the 12 dimensionalized frequency levels ofthe consciousness and molecular form Phase- 
locked into dimensional divsion/ polarization, must be released. Release of the Signet Star 
Crystal Seals allows the frequency spectra ofthe higher dimensional anatomy and the Primal 
Creation Currents of the KEE-Ra-ShA’, to enter into the Template tor the physical body and 
dormant DNA Fire Code Templates, progressively building the Merkaba Vehicle and setting the 
Cellular Transmutation process in motion. The process of progressive Transmutational 
Dimensional Ascension represents the function of the organic genetic design and evolutionary 
objective of the human creation blueprint, through which the natural Immortal Christos-Angelic 
Form of the human being is actualised. 

In the evolutionary cycles of contemporary humanity, actualization of the 12-Strand DNA 
potential takes place slowly in Earthly terms, as the incamate identity experiences in single-ife 
time-vectors, several cycles of Densiy-1 incamation, spanning many thousands of years, in 
‘order to progressively activate the DNA Fire Codes within the Manifestation Template, When 
the human genome was operating in its organic form, this process took place in one lifetime, 
‘over a period of about 44 yeers, 2s the immortal human incamate matured to embody the 12 
dimensions of consciousness within its original Christos Manifestation Template- the MAHARIC 
‘SHIELD, actualizing its organic Angelic-human heritage and mastery over 4 Densities of 
manifestation within the Time Matrix. 

‘The EMERALD AWAKENING Masters Kundalini Activation releases the Density-2 41H — 
Dimensional Green Signet Star Crystal Seal and the Density-1 1=-Dimiensional Red Signet Star 
Crystal Seal, to open the Density-1 NADA HOVA BODY and TELLURIC SHIELD, and Density. 
2 ALPHI HOVA BODY and DORADIC SHIELD, to receive the Omni-polar frequencies of the 
412%-Dimensional MAHARIC CURRENT (Hydroplasmic Beam) from the Pre-matter Christos 
‘Template Maharic Shield. Upon entering the Telluric and Doradic Shields, te 12*-Dimensional 
frequencies of the Maharic Current trigger simultaneous activation of the Base Tones within 
the 12 Fire Codes of the DNA Template, beginning the process of DE-POLARIZTION of the 12- 
Strands and levels of consciousness within the human Manifestation Template, Progressive 
de-polatization of the 12 levels of consciousness within the human Manifestation Template sets 
in motion the organic process of Cellular Transmutation end potential mastery over 
Transmutational Dimensional Ascension. The Emerald Awakening Masters Kundalini Activation 
iniistes REGENESIS of the original function of the hii genome, releasing the Base Tones 
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of the 3 KEE-Re-ShA’ Currents within the body via opening of 2 Signet Seals, through which 
the physical body begins the carbon-o-sica transmutation process and is prepared to receive 
the higher dimensional OVER TONE frequencies of the KEE-RA-Sha, to complete Cellular 
‘Transmutation via fusion and de-polarization of the particle (Particum) end ant-particle 
(Partika) aspects of the Manifestation Template. Ths is the natural process of UNIFIED FIELD 
PHYSICS by which a human being becomes *Christed”, 


THE AMETHYST AWAKENING AND THE KHUN-DA-RAY 
‘The final step in fulling the potenfials of orginal Angelic-human design is activation of the 
OVER TONE frequencies of the KEE-Re-ShA’, which allows fusion between DNA Strand 
Templates to complete on 12 dimensions of frequency. The final step in Transmutational 
Dimensional Ascension is called the AMETHYST AWAKENING MASTERS KUNDALINI 
ACTIVATION. Through the AMETHYST AWAKENING, the DENSITY-3 77-Dimensional 
VIOLET Signet Star Crystal Seal and 8%-Dimensional GOLD Signet Star Crystal Seal, and the 
DENSITY-4 117Dimensional DARK SILVER Signet Star Crystal Seal are released within the 
body’s Scalar Shields. Release of the OVER TONE SIGNET SEALS allows the OVER TONES 
of the KEE-Re-ShA Creation Currents to fuse withthe BASE TONES, bringing the 3 OMNI 
POLAR CREATION CURRENTS (Primal Creation Currents built upon a TRINITY OF TONES, 
BEPOLAR + NON-POLAR energy units) together as ONE PRIMAL NON-POLAR CURRENT — 
the KHUNDARAY (also called the ‘Rainbow Bridge’ or the * Rainbow Serpent’) 

“The KHUN-Da-rAy is the PRE-LUMINAL vibration, or STANDING WAVE OF INTERNAL 
SOUND emitted from ONE-SOURCE/ GOD, that corresponds to the COMBINED ORIGINAL 
SOURCE CURRENT from which the 3 KEE-Ra-ShA’ PRIMAL LIFE-FORCE CURRENTS of 
the 3 non-dimensionalzed levels of the ENERGY MATRIX, beyond the 16-Dimensional Time 
Matrix emerge, The Emerald Awakening Masters Kundalini Activation, and its resulting 
activation of the BASE TONES of the KEE-Ra-ShA’ within the human body, isthe fist step in 
manually expediting the natural process of Transmutational Dimensional Ascension, 


AWAKENING THE KA AND REMOVING INORGANIC CRYSTAL IMPLANTS 

Before the Emerald Awakening Kundalini Activation can be orchestrated, the MAHARIC 
SHIELD and the KA must be brought out of dormancy within the human Manifestation 
‘Template. Once the 12°-Dimensional Maharic Current is released within the embodied Kathara 
Grid, the KA can be activated, The 'KA" refers to the 4 HOVA BODIES corresponding to 
dimensions 1 through 12. (Nada, Alphi, Betcha and Mahara Hova Bodies.) The KA becomes 
activated through removal of 4 inorganic Crystal Seal IMPLANTS that block the natural function 
of the 2x4, 39 and 4° DNA Strand Templates. Following he procedure for AWAKENING THE 
KA, the Emerald Awakening Kundalini activation can be conducted. 
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Vechaique 3 1123 Activation Sequence 


ACTIVATING DORADIC PHage | Awakening the Flame 


Preparation: Activate Maharic Seal Techniauie-f Maharic Quick Sea! 


1 Breath slowly and deeply for several breaths while visualizing or imagining a Violet 
Dot on the center of the inside of your forehead. Make the color image as strong as you 
are able (if you can't yet perceive inner colors simply imagine the Violet Dot being there), 


Move the Violet Dot to the center of the brain, at the Pineal Gland, and then upward into 
the 7" Chakra, finally moving it out of your heed to rest on the top of your skull at the 
Crown Chakra. 


2 Gall'to mind the Heirophant Symbol (Pale Silver Merkaba Star! Star of David). Visualise 
the Heirophant spinning 12" below your feet, within your Maharic Shield, and slowly 
INHALE... drawing the Pale Silver Heirophant up through the Central Body Current, up 
to meet the Violet Dot at the 7" Crown Chakra at the top of the head, 


When the Heirophant connects with the Violet Dot, visualize the Violet Dot bursting into 
a 4° vertical Pillar of Violet-Silver Light. Imagine the Vielet-Silver Pillar running down 
through the body and into the Earth’s Core, as well as upward into the 14” Chakra 
Positioned 36" above your head. (This activates the Violet Ray of Transmutation), 


3 Now, move your attention to the 4" Heart Chakra, and imagine a small Green Spherical 
Crystal — the Green Star— stationed at i's core. This is the Green star Crystal Seal that 
controls release of 4° Dimensionel irequency — Phase | Doradic Current — into the body. 
INHALE, drawing Violet-Siiver energy from the Violet-Silver Pilar into the Green Star. 


EXHALE, expanding the Violet-Siiver energy into the Green Star sphere, Repeat two 
more INHALE/ EXHALE breaths, drawing Violet-Silver energy from the Pillar and 
expanding it into the Green Star sphere, 


4 At the end of the last EXHALE, imagine the Green Star POPPING, turning into a 
spinning Green and Violet Starburst of Light, as the Violet-Silver Pillar disappears. Spin 
the Green-Violet Starburst faster until it becomes a ball of Green-Violet Light, about the 
size of @ grapefruit, spinning the center of the Heart Chakra. (The Green-Violet ball is 
the storehouse for your Phase | Doradic Current; i's called the Doradic Sphere). 


INHALE and draw Pale Silver energy from your Maharic Shield, through the central Body 
Current, and into the center of the Doradic Sphere at the heart Chakra ... encasing the 
sphere in Pale Silver Light. 


AWAKENING the KA 


1 Bring your sttention back to the DORADIC SPHERE at the HEART CENTRE... 


2 INHALE pale silver energy up from the EARTH CORE to fill & expand the DORADIC. 
‘SPHERE; breath slow and deep 2-3 times ... 


3 Now, put the tips of your fingers together, and feel the fuzziness’ of the energy flow... 


4 Next, move the fingertips to the tail bone... INHALE energy from the Maharic Shield into 
the DORADIC SPHERE 
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Awakening the KA-Continued 


As you EXHALE, push PALE SILVER energy dawn to the finger tips and into the tail 
bone... REPEAT 2-3 times and then remove the fingers. 


5 Now, bring your attention to the 2 CHAKRA (SACRAL) ....feel or visualize or just 
know ... a DOUBLE TERMINATED QUARTZ CRYSTAL (a crystal with a point at both 
ends) is beginning to “push out” of the front of your 2 Chakra, the Sacral center. 

6 Focus your attention on this, try to feel the crystal pushing... use your hands to help 

ease it forward, and out. 


7 There is @ smaller double terminated crystal in the 3" (Solar Plexus) Chakra; this will 
release on it's own because the currents have activated it to do so. Help it out with your 
fingers. 

8 In the Heart Chakra, imagine a litle sphere of energy, colored green. Bring this little 


green sphere more fully into focus ... and you will nalice a little black cube of energy 
inside it ...look more closely again, and notice a smaller white cube inside the black one. 


9 Asyou focus on the twollttle cubes, watch them merge together ., feel a ripple of 
vibration as they do, and then ... notice a litle puff of smoke as they bath disappear, 


Now, the body is activated to open the 4" and 1" Crystal Seals; you are ready for 


LD AWAKENING. 


1 Now we will open the GREEN STAR CRYSTAL SEAL .. 
awareness on the Doradic Sphere, the GREEN-VIOLET- 
Center.......+INHALE, 


2 and... onthe EXHALE visualize or imagine pushing a cord of GREEN-VIOLET-SILVER 
Doradic Current down into the tail bone... tothe 1" Cell ..... at it's very tip . 


3 Breathe easy ... and take a moment to visualize the 1* Cell at the tip of your tail bone... 
25 a WHITE-SILVER SPHERE... 


5 — Nowwithin the WHITE SILVER SPHERE, visualize, a GREEN SPHERE ... and then 
visualize a RED SPHERE inside the GREEN SPHERE ... 


6 —_Bring your attention back to the SPHERE of GREEN-VIOLET-SILVER energy in 
your Heart Center... 


and on the next EXHALE visualize, or imagine, sending a cord of GREEN-VIOLET 
SILVER energy all the way down your central vertical column and into the GREEN. 
SPHERE in the 1™ Cell at the tip of the tall bone. 


7 AS you INHALE pull PALE SILVER LIGHT from your personal Maharic 
Shield, the platform-disc 12" below your feet, up into the tail bone and into the GREEN 
‘SPHERE. 


8 As you do this, visualize, the GREEN SPHERE ‘pop’ into a STARBURST 
of PALE GREEN-SILVER LIGHT, 


ore Continued Next Page 
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Note Some people don’ dig math, Weird, but true. 


Here is the equation for calculating the total resistance (R,) of three resistors in parallel (R,, R, RJ: 


Rr = 
Cs 


t 
I T 
+ Ge) +(e) 
) Ra) * ARs 
‘The good thing about this equation isthat you don’t ned know what the supply voltages to get 
thecorretanswer Allyouneed fo knoware the values ofthe essary you need ese move resatrs, 
jiocadd more era othe equation 
Calculating te valu of paral resistors oceurs quit requenly when designing electronics Some 
speck cacs atsrple enough to-do n your head fer example ro dence vale estos are 
Hace in paral, tetecombaed resstonc half value otcach inva estar, Tha you 
Maced twp 1000 ohm entosn parallel ther effective restance would be 3 Similarly, you have 
oor entual secon Te nacseo meas oe tind ar len ofeach eomacenent voter tae 
Senet These are spect eases of the general equation unt shown 
‘his happens so uch tht anaferate notation ncthoahas ben developed: R 
not often wed for hobby lectonfe, however, 
he power handing ratings ofresstors ae added together, oi you have two 10W resistors in 
paral, eet power eandling capacity snow 0M. Areas hat pat was cay 


JRIR,. This is 


Capacitors in Series and Parallel 


Capacitors are completely different from resistors. When calculating their values in series and in parallel, 
you have to use exactly te opposite methods. Isn't electronics interesting? 

‘The values of capacitors in parallel are added together. This makes them much more like batteries 
in parallel than resistors. However, you still have to use the fractions-upon-fractions method to calculate 
the value of capacitors in series 

Again, some shortcuts are available. Two identical capacitors in series have halfthe capacitance of 
each individual capacitor, but double the working voltage, which is the maximum voltage they were 
designed to withstand before failing, 


Inductors in Series and Parallel 


It gets more interesting, believe it or not, Inductors act like resistors as far as adding their values together 
in series and taking the reciprocal of the sum of the reciprocals of their values in parallel, but on/ywhen 
the magnetic fields of all of the inductors involved do not interfere with each other. If the magnetic fields 
generated when current flows though the inductors overlap, then you have to factor in their mutual 
inductance, which starts to get complicated, 

Extra credit: Figure out how all that works and let me know. 
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Emerald Awakening- Continued 


‘This has opened the kundalni seal — your WHITE-SILVER & RED Spheres REMAIN as 


you left them earlier Now, we will work to open the RED STAR CRYSTAL 
SEAL. 


Retum your awareness to the Doradic Sphere at the Heart Center....INHALE, and then 
on the EXHALE push @ cord of GREEN-VIOLET-SILVER Doradic Current down to the 
1 Cell at the tip of the tail bone, ..,... 


INHALE and draw PALE SILVER energy up from the personal Maharic Shield, 
the platform-disc positioned 12" below your feet, up into the tail bone, and into the RED 
‘SPHERE ... inside ..., the WHITE-SILVER SPHERE. 


AS YOU DRAW the PALE SILVER energy into the RED SPHERE visualize the RED 
SPHERE ‘pop’ into a STARBURST of PALE PINK-SILVER LIGHT...... and ..... forthe 
next few breaths EXHALE the PALE PINK-SILVER LIGHT into the 12® Chakra, 
Positioned 6* below your feet 


You have now opened the Kee Ra ShA(Y) Seal... so that the Sacred Flames of the Kee 
Ra ShA can be activated . 


/ATING THE KEE RA SH/ 


The Kee Ra ShA appears as 3 Ittle flames which exist in the 12" Chakra positioned 6* below 
the fest. The 3 flames are PALE BLUE, PALE YELLOW & PALE VIOLET. 


1 


Begin by focussing deeply on the 12" Chakra, 6" below your feet, and the three little 
flames held there ... one is PALE BLUE, one PALE YELLOW 8 the third PALE 
VIOLET... We'll take a few moments to do this...... 


Ifyou have difficuty visualizing, just imagine thet they are there, 


(On the INHALE, draw the PALE VIOLET FLAME up from Chakra 12.... into the central 
vertical column .. and all the way up ... and out through the top of the head, to the 10th 
Chakra ... 6° above your Crown chakra...... 


Nex, retum your attention to the 12” Chakra, 6" below your feet ... allow yourself time to 
connect with the little PALE YELLOW-GOLD FLAME. Breathe easy. 


On the next INHALE draw the PALE YELLOW-GOLD FLAME up from Chakra 12.... into. 
the central vertical column .. and all the way up ... and aut through the top of the head, to 
the 10" Chakra .,. 6" above your Crown chakra... 


Again, return your attention to the 12" Chakra, 6" below your feet ... and connect with 
the PALE BLUE FLAME... this FLAME is the INNER ARC of the COVENANT ... Take 
your time; breathe easy, 


On the next INHALE draw the PALE BLUE FLAME up from Chakre 12... into the central 
vertical column .. and all the way up ... and out through the top of the head, to the 10 
Chakra ... 6” above your Crown chakra. 


ar SD Continued Next Page 
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Activating the Kee-Ra-ShA - Continued 


Now, visualize or imagine the 3 little FLAMES together within the 10" Chakra 6" above 
your Crown Chakra .. in a moment we will create the Kee Ra ShA SPHERE. 
Breathe easy. 


On the next INHALE draw PALE SILVER energy from your personal Maharic Shield 12° 
below your feet, all the way up your central vertical column, up into the 10" Chakra..... 


EXHALE gently and INHALE once more, drawing more PALE SILVER energy up into 
the 10" Chakra ... visualize or imagine the 3 ttle flames enclosed within a SPHERE of 
PALE SILVER LIGHT... 


Breathe easy. On the next EXHALE move the Kee Ra ShA SPHERE all the way down 
through the central vertical column, out through the 12" Chakra 6” below your feet, and 
ail the way down to the 13" Chakra at EARTH'S CORE. 


As the Kee Re ShA enters EARTH'S CORE listen for sound tones w/ inner. 


‘These TONES represent the AMENTI “PASS KEY” 
GRU-AL POINT (#1) - the 1* Call in the Tail Bone .. 
FLAMES into your AURIC FIELD. 


which opens your personal 
releasing the KEE RA SHA 


Breathe easy... Watch as the Kee Ra ShA FLAMES rise up your Maharic Pillar and 
emerge through your 1* Cell ... passing like radiating waves of PALE BLUE, PALE 
YELLOW & PALE VIOLET 


As the waves of color move through you, bring your attention to your first 4 Chakras ... 
the base, the sacral, the solar plexus and the heart... and visualize or imagine each 
Chakra emanate a SILVER MAHARIC SHEATH or OVAL POD, completely surrounding 
each one ... 


This completes the EMERALD AWAKENING, the natural process by which we use Unified Field 
Physics to trigger our CHRISTED Selves. Before we finish we must first establish the link to 
the Amethyst Awakening, the process of activation and sheathing of the higher Chakras. 


‘Te complete the session we will now work with 8" & 11" Dimensional Energies to open 


DORADIC PHASE 2 & 3 CURRENT and activate TEURIC PHASE 2 CURRENT.......THIS IS 
CALLED ACTIVATING THE RA CENTRE in the THYROID ~ and ANCHORING THE 
RAINBOW BRIDGE 


4 


Begin by moving your attention to the area of your 3°° EYE, and focus just inside your 
fore-head .. @ little above end behind your eye brows...... Breathe easy. 


Now, visualize, or imagine, a DARK SILVER DOT in the position you are focussed on ... 
in the area of your 3° EYE... Take a little time. 


INHALE and move the DARK SILVER DOT into the Pineal Gland in the center of your 
head and then straight up through the CROWN CHAKRA until the DARK SILVER DOT 
sits on the top of your skull 

245 Continued Next Page 
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Activating the RA Center-Rainbow Bridge - Continued 


On the next INHALE, pull PALE SILVER ENERGY up from your personal Maharic Shield 
42" below your feet, all the way up the central vertical current and into the DARK SILVER 
DOT on the top of your head... 


As the PALE SILVER ENERGY reaches the DARK SILVER DOT, the SILVER DOT 
‘pops’ into a SILVER STARBURST .. 


On the next EXHALE push the SILVER STARBURST down the central vertical channel, all 
the way to the tip of the tail bone ... EXPANDING the SILVER STARBURST FULLY into the 
1* Cell... 


Breathe easily and watch, as GOLD-SILVER-CURRENT emerges from the tailbone .. and 
begins to flow up through each Chakra .. 


‘the Solar Plexus 


from the 1% Chakra at the base of the spine ... up through the Sacral 
. all the way up to the Crown Chakra ... we'll take a litle time for this . 


From the Crown Chakra the GOLD-SILVER-CURRENT continues upward out of the top 
‘of your head ... up through the 10" Chakra 6" above your head ... the 11" Chakra 18" 
above your head ... and finally the 14" Chakra 36" above your head, 


Once the GOLD-SILVER-CURRENT reaches the 14" Chakra it retums to the 1st Chakra 
the flow of the current creates a GOLD-SILVER SHEATH throughout your central vertical 
channel. 


Bring your attention to the 2 Chakra now .. were going to create a GOLD -SILVER- BALL 
there, in the SEED SEAL at the center of the Chakra ... just imagine the chakra as a bow tie 
shape, the SEED SEAL is at the narrow point in the middle. The GOLD-SILVER BALL is 
called the TEURIC SPHERE ... 


INHALE and drew GOLD -SILVER-CURRENT from the GOLD -SILVER-SHEATH into. 
the center of the Chakra ... as you EXHALE create and EXPAND the BALL to surround 
the bow tie 


Now ... INHALE and move the GOLD -SILVER-BALL up to the 1"" HARA CENTRE 
BELOW the NAVEL (the 9" SILVER STAR SIGNET SEAL or TAN TIEN) ... EXHALE 
GENTLY allowing the BALL to EXPAND 


On the NEXT INHALE move the GOLD-SILVER-BALL up to the SOLAR PLEXUS and 
EXHALE GENTLY 


INHALE and move the GOLD-SILVER BALL up to the HEART CENTRE ... 
EXHALE GENTLY ... ... INHALE ... drawing more GOLD-SILVER CURRENT ithe 
BALL and THEN EXHALE FORCEFULLY pushing cords of GOLD SILVER CURR! 
down each arm and into the PALMS ... bring your fingertips together and feel the fuzzy 
buzz of TEURIC PHASE 3 CURRENT 


You have now activated TEURIC PHASE 3 CURRENT in your palms ~ and - you are 
now able to run CURRENT from Dé thru’ D8 to transmit to the THYROID GLAND ... to. 


activate and anchor the Rainbow Bridae in others. 
End of Field Technique-5 The. Se (5A-B-C-D-5) 


‘You are now ready for the Amethyst Awakening Masters Kundalin/DNA Template Activation 2 


8 0° to parcinale as an active member of 


Khundaray Rainbow Roundtable (K-RRT) Signet Counell Geld Techninue-d A-B-C), Watt wt east 4 
Hours before K-RET participation, and ne longer than 24 houfsi 9 mainian The appropriate lace ot 


INITIATING THE AMETHYST AWAKENING. 


Preparation: Complete Maharic Quick Seal Technic and 
t Activation Sequence 


2 This technique works to bring in a burst of the Khundaray, Eckatic Blue 
frequency ...that sets the Amethyst Awakening in motion, 


3 Place your attention at the center of your brain, inside your pineal gland, Imagine 
that you see there a Pele Violet Spark of Light (this is the bottom of the Seal of 
your 7" Crown Chakra). Imagine that you are going to move this Pale Violet 
Spark of Light straight up inte your 10 Chakra 6" above your head ... imagine 
that the 10” Chakra is a disc of Light, Blue/ Black - Sapphire. 


4 Now ses the disc of Light, that was Blue/ Black take on a Violet hue. Try to feel it 
there, a small horizontal disc... On the INHALE you will move this disc of Violet- 
‘Sapphire Light up to the 24 point Silver Star at the 14 Chakra ...... and, on the 
EXHALE, move it down through the 10° Chakra, down through the Crown, down 
the Central vertical Current, down through your Personal Maharic Shield all the 
way down to the 13” Chakra at the Earth's Core ... 


5 Notice, as you do this, a whole series of Violet-Blue Sparks flying out from the 
Planetary Maharic Shield, as if they are alive, as if electrical communication is 
taking place. Notice as this happens that the energy flowing up your Maharic 
Pillar from the Earth Core reflects this change as Violet-Blue eneray flows slowly 
up toward you ... as this energy reaches your personal Maharic Shield, notice 
that it does the same thing as the Planetary Shields — throws out a shower of 
Violet-Blue sparks ... all communicating with each other about the mathematical 
instructions about what to do with your body, your crystal seals, your chakras ... 


6 Now, move your awareness to the Pale Silver skin all round your body/ etheric 
body ... and be aware too of the Main Vertical Current that you brought the Pale 
Silver cord through ...and at the same time, on each coming INHALE, bring up 
the Pale Silver-Violet-Sapphire energy, simultaneously, from your Maharic Shield 
to infuse the Pale Silver skin all round you. 


‘Take a few breaths to do this and watch as the 3 color ficker through you — when 
they reach the Heart Chakra feel them expand aut ... and allow them to travel on 
up, all the way to the 14" Chakra ... expanding throughout every Chakra as the 
Pale Silver-Violet-Sapphire energy flows up, through and all around you ... See 
each Chakra respond with a spiraling burst of Silver-Violet-Sapphire, backward, 
and forward through both sides of the Chakras until they all shift .. try to feel the 
process as it awakens all the cell's of your body. 


‘The brain cells and brain pattems begin to respond, activating the Fire Letters, 
setting the grid of frequencies necessary to activate the Fire Codes 7, 10 and 12 
in the DNA Template. 


‘Your own D-12 Christos Avatar identity level will slowly release the Khundaray Activation 
Frequencies through which the Amethyst Awakening progressively unfolds in the DNA T 
‘and body. This process can be naturally and safely accelerated by receiving a Level-3 MC. 
Regent Ordination transmission from a qualified Indigo Child/Eieyani Level-¢ through 

6 MC Ordinate Consummate, Elder Consummate or Eckar that carries the necessary 
Amethyst Awakening Khundaray Activating Frequencies in their Eieyani DNA Templates 


The Merkaba Trinity Key Induction 


area of the personal anatomy can rapidly expedite restoration the personal Divine Blueprint within the DNA 
Template, Chakra System and embodied Kathara Grid, Use of the Trinity Master Key Symbols thal corespond 


Divine Blueprint (0-12 Pre-matter Maheric Shield) info a naturally harmonious relationship with Universal Order (the 
Organic structure of cimensionalized frequency bands). The Trinity Master Keys provided inthis Technique trigger 
‘activation of very specific Fire Letters (Keylons) within the DNA Template, allowing the DNA Template to receive 

rectly the new electrical instructions comespor 
with Kathara Healing Techniques from Kathara Level, with any other ecling modalty or singly after activating the 
D-12 Maharata Current via Techniue-6, The Maharic Quick Seal, 

Itis necessary to initiate & D-12 Maharaic Seal in order to run any Symbol Key program into the DNA Template 
and Level-t Kathara Grid; tis the strength ofthe D-12 Maharata Current that allows access tothe deepest levels of 
the Personal Shields end Divine Blueprint. The Trinity Master Key Symbols aro a set of 3 Symbol Keys that ere to 
be used in sequence. The first two Trinity Keys, the Initiating Keys, are used in every application to open the 
embodied Levelt Kathara Grid to receive new instructions. The third Triity Master Key Symbol, the Transmitting 
Key, corresponds directly to the Divine Blueprint of one dimensional frequency band and its comesponding 
Kathara Center, DNA Strand Template, Chakra and related body regions, Axia-tonal Line, Auric Field Level and 
station of consciousness. In a Trinity Key Induction Session, one can choose to work on only one dimension 
(Chakra-DNA Strand Template-Kathra Center-Axia-tonal Line-Auric Level) via its Transmitting Key, or each ofthe 12 
Transmitting Key ofthe Universal Kathara can be used, in sequence, folowing induction of the two Iiating Keys 
The process of using the Trinity Keys is simple; the Chakra thal coresponds to the Transmiting Key! 
dimension/DNA Strand with which you desire to work is used as the vortex through which the Trinity Keys are 
INDUCED into the corresponding Kathara Center. From the Kathara Center, the Trinity Keys electrically pass on to 
‘he DNA Template and from there into the Axiatonal Line system and comesponding areas ofthe body-mind-spint 

‘stem. Use of the Trinity Key Induction Technique progressively assists in activating the personal Merkaba Vehicle 
While amplifying and expediting restoration of the personal Divine Biveprint. 


Yechnique # 9: Merkaba thinity Key Incwetion 


1. Activate the Meharata Current via Technique-6: The Maharic Quick Seal and decide which Transmitting Key(s) 
you will use. Trace the 3 Trinity Symbol Keys onto 3 small squares of paper. 


2, First, place each of the papers with the two Initiating Keys face up on the floor, then stand (barefoot or socks 
col} with one foot on top of each of the papers; Initiating Key #1 under the LEFT foot, Key #2 under the 
RIGHT foot. (Note: To run Trinity Key Induction for 2 Client, have them recline on their back and place the 
papers with Initiating Keys between your palms and the soles of Client's feet. As introduced in Kathara Level-1, 
Use your palm Chakras to transmit the Symbols and the Pale-Siver Maharata Current, using the same action 
as described below, into the Client's foot Chakras; Key-1LEFT foot-right hand transmission, Key-2 RIGHT 
foot-left hand transmission. ) In Selinducion, the papers with Symbols should be positioned beneath the balls 
cof your feet, in the area of the main Chakra on the sole of each foot. Simply begin to breathe deeply and slowly 
{or 3 fow minutes. With each INHALE draw a thick stream of Pale-Silver Maharata Current from Earth’s core 
through the Central Vertical Current ofthe body and out the top of the head to the 14% Chakra 36-Inches above 
the head. With each EXHALE, imagine a orapettui sized Pale-Siver Maharic Ball raidly moving down your 
Central Vertical Current. When the Maheric Ball reaches your 2*.Chakra near the navel, imagine the Ball 
splitting ito Two Balls, each continuing o travel down each leg and out your feet Chakras, through the 
‘Symbol Keys. Once the Two Balls of Maharic Current have passed through the Symbol Keys, imagine that they 
re-merge into the one grapefruit sized Pale-Silver Ball that continues to move downward into the 13% Chakra 
at Earth's core. Continue this process until you sense a momentary slight warmth, tingling or subtle itching 
atthe balls of your feet. These mild, momentary sensations, called the CUE RESPONSE, wil grow stronger 
the more frequently you use the feet Chakras for Symbol Key induction, Once you have noticed the Cue 
Respons 


@, you have successfully induced the two initiating Trinity Keys and itis now time to utiize the 
remaining Transmitting Key. 


3, Ifyou have chosen to use the Transmiting Key for D-1-Strand-1-Axiatonal Line-1-Chakra-1, continue 
‘standing forthe final Symbol Key Induction, placing the paper wit the Transmitting Key face up on the floor 
between slightly parted feet; do not stand on Symbol Key paper for Base Chakra induction, For all oer 
Chakras, recline on your back and place the paper withthe Transmitting Key directly on top of the Chakra 
to which it coesponds, on the front of the body. Use each INHALE breath to drawn Maharata Current up 
from Earth's Cora, into the Central Vertical Curent only as far up as the selected Chakra. On each 
EXHALE, push Pale-Siiver Maharata Curent out from the Central Verticle Current of the body and into the 
‘Chakra, imagining that the Chakra is progressively tuming into @ radiant vortex of Pale-siiver light that spins 
faster and faster. When you begin to feel bit of warmth, tingling, energy running or itching ofthe skin at the 
Chakra region (the Cue Response), use a final INHALE breath to draw the image of the Symbol down 
through the Chakra into the body, and into the tiny Crystal Seal that links the Chakra tothe Central Vertical 
Current, Take @ FINAL exaggerated EXHALE, and imagine that you have pushed the eneray of the 
‘Transmitting Symbol Key out of the Chkra into the corresponding level of the Auric Field. Once imbued 
into the Auric Field the single image of the Symbol then replicates automatically and rapidly, creating 
millions of mini-replicas of the Symbol within your bio-enargatic field. When the Cue Response sensation 
at the Chakra has completely ceased, you have successfully induced the entire mathematiucal program 


of the Transmitting Symbol into the corresponding Kathara Center, DNA Strand Template, Axiatohal Line, 
body region and level of consciousness. 
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Technique-9: Merkaba Trinity Key Induction 


Trinity Master Key Selection Chart 


© 2004 Ashayana Deane 


‘Two Initiating Keys 


1 


Bs 


Select one or mare Transmiting Keys for ndution folowing induction ofthe two Initiating Keys above. 
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In Kathara Level-1 we have leamed of the innate structures of multidimensional reality and 
how these structures are intimately intertwined with the 15-Dimensional Human Anatomy and 
levels of personal identity through the personal Maharic Shield and DNA Template. In 
rediscovering these long forgotten aspects of the Human condition and our inherently implied 
relationship to Universal Order, we've become empowered to draw upon the natural Triadic 
Phase Currents indigenous to our personal biology and universal structure, in order to take an 
active hand in personal Conscious Bio-spiritual Evolution and healing, and healing facilitation for 
others. Techniques 1-5 (#1-Awakening the Mentor, #2-Maharic Seal and Liquid Light Cleanse, 
+#3-Opening the Healing Channels Doradic Phase~1 Current, #4-Mult-vector Holographic 
Recoding Kathara Scan and #5- The Maharic Infusion client session) contained within Chapters 
1-4 of the Kathara Level-1 Maharic Recoding Process enable us to begin conscious interaction 
with the “invisible” processes of Body-Mind-Spirit Evolution that are inherent to Human design. 

In our introduction to Kathara Level-2 we have begun to explore the greater nature of Universal 
Life Force Currents, the “mysterious” sciences of Merkaba Mechanics and their indelible 
connection to our personal evolution and Bio-spiritual Actualization Processes. Techniques 6- 
7-8-9-12 (#6-Maharic Quick Seal, #7-Ps13 Tribal Shield Activation, #8-Merkaba Salutations, #9- 
Merkaba Trinity Key Induction and #12 Kee-Ra-Sha Activation Sequence) s0 far explored within 
this Chapter 5 of the Kathara Level-? Introduction enable us to advance our conscious interaction 
with the processes of personal Body-Mind-Spirit Evolution and Bio-Spiritual Actualization. As we 
increase our personal abilities to understand, embody, hold and direct the inherent powers of the 
Universal Life Force Currents, and to access the levels of personal spiritual identity and wisdom 
to which they correspond, we progressively increase our ability to consciously facilitate healing in 
ourselves and for others we may choose ta serve. An in-depth study of Universal Life Force 
Currents and Masters Merkaba Mechanics involves cultivating a necessary familiarity with a 
broad spectrum of interrelated subjects that take us into the heart of the Science of Vibrational 
Mechancis and Holographic Creation Physics, as well as into the very Soul of our spiritual 
relationship to consciousness, ourselves, each other, our world and God. Mastery of Merkaba 
Mechanics is an attribute inherent to achieving the state of consciousness often called “Ascended 
Mastery’, which requires much in-depth study into the ‘mysteries” of creation. However, a 
functional mastery of Merkaba and the related constructs of the personal “Inner Templar’ system 
upon which the personal body and identity manifest can be achieved through gaining familiarity 
with and actively employing core mechanics of the personal Merkabic System. 

‘As our Kathara Level-2 Introduction began, our exploration of active techniques of Tribal Shield 
Activation, Merkaba Salutations and Trinity Keys set us on the path of becoming functionally able 
to consciously direct elementary operations of the personal Merkaba Vehicle and Life Force 
Currents, as a means of expediting our progress of Bio-Spiritual Evolution through DNA. 
‘Template/Merkaba Field Activation. As our Kathara Level-2 Introduction continues, we will begin 
to explore the seemingly “magical world of Merkaba”, rediscovering the very tangible 
importance of the Merkaba Field in relation to the inherent dynamics of DNA, health, healing and 
spiritual actualization. To achieve genuine integrity in the facilitation of healing for others, one 
must simultaneously strive to heal and actualize the self. The greater the level of health and 
spiritual actualization possessed by a healing facilitator, the greater will be the facilitation of 
healing for the client to whom the healing facilitator is in service. As Kathara Level-2 Introduction 
draws to a close we will begin an introductory exploration of the “Ancient Secrets” of the Veca 
Codes, so that we may engage practical application of two additional techniques of Photo- 
Radionic and Photo-Sonic Merkabic Healing. Techinque-#10 Restoring the Trion Field Veca 
Code Activation and Technique-#11-Restoring the Moajhe Field Eckasha Activation will 
provide us with powerful tools of the Kathara Healing trade that will substantially increase the 
quality, amount and power of interdimensional frequency we are capable of receiving, 
holding and transmitting. Through these simple but effective Merkabic Healing tools we can 
expedite our processes of personal healing and spiritual actualization, thereby enabling us to 
become more effective and powerful healing facilitators in our client session service. 
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The “Magic of Merkaba” 

Spiritual-science teachings of Merkaba Mechanics emerge from the most ancient of 
‘times; record of Merkaba teachings is most often found in obscure traditional “Occult” 
texts or within New Age “Ascension” teachings, Genuine Merkaba Sciences hold the keys 
to understanding and mastering the processes of both spiritual and physical evolution, on 
a personal, planetary, galactic and universal level. Merkaba Mechanics are not the 
product of “science fiction’, nor are they “magical hocus-pocus" of ‘occult mysticism". 
Merkaba Mechanics are not ‘magic’ at all, but rather an intrinsic element of universal 
Primal Order. Merkaba Fields, sets of Star-tetrahedron shaped counter-rotating electro- 
magnetic eneray fields within and surrounding manifest forms, are simply an inherent 
element of the 15-Dimensional Anatomy of form manifestation and the Primal Order 
structure of multidimensional Creation Physics. In the “Transduction Sequence” 
described in Kathara Level-1, the sequence of energy transmutation by which conscious 
energy manifests into tangible biological form, the Merkaba Field represents the structure 
and stage of energy dynamics by which Primal Life Force Currents pass from the scalar- 
wave-template of the embodied Kathara Grid levels into the DNA Template. In terms of 
non-biological form manifestation, all forms possess an inherent structure of interwoven 
Merkaba Fields through which Primal Current energy is transmuted from the Kathara Grid 
Core scalar-template level into the outer levels of the Kathara Grid and Axiom Line 
template upon which the specialized structure of the form builds up, through particle/anti- 
Particle accretion, into physical manifestation. Merkaba Mechanics seem “magical” only 
When the inherent “Laws of Nature” that govern the dynamics of Multidimensional 
Universal Unified Field Physics are not understood, 


Through understanding of genuine Universal Unified Field Science, Merkaba 
Fields, and their inherent dynamics as utilized in the study of Merkaba Mechanics, 
are simply recognized as natural elements of the processes inherent to Creation 
Physics and the naturally occurring, organic relationships between Energy 
Consciousness, and the Holographic Manifestation of form. 


As Merkaba Fields are an intrinsic, significant and natural part of the Body-Mind-Spirit 
anatomy, the study and application of Merkaba Mechanics is an essential component in 
any Masters Holistic Healing or Spiritual Actualization program. Merkaba Mechanics are 
“Scientific’ in that they represent a core element within the innate processes of creation 
‘and manifestation that are intrinsic to the sciences of Creation Physics. Merkaba 
Mechanics are also “Spiritual” in that it is through the innate structures and dynamics of 
Creation Physics, of which Merkaba Mechanics are a natural part, that consciousness 
enters the manifest arena in the form of sentient, individuated, multidimensional identity. 
The “body, mind and spirit” of every manifest being is formed through and governed by 
the natural laws of Creation Physics and Primal Order. The Laws of Creation Physics and 
Primal Order are designed and maintained by and within a non-manifest, intelligent, 
central Consciousness Force and Source of Creation that is commonly referred toias 
“God”. God expresses It-Self in the form of Conscious-energy Constructs that carry the 
living “Spirit and Consciousness of God” in the form of Primal Life Force Currents, 
which are the foundations for macrocosmic and microcosmic creation and manifestation 
Merkaba Fields and the mechanics by which they function, are an indelible part of the 
physics of Creation and Consciousness, and are thus intimately involved with the Bio- 
Spiritual processes inherent to Spiritual Actualization. 


Merkaba Fields, DNA, Healing and Spiritual Actualization 


Particles, People, Planets, Galaxies and Universes all have sets of 
interwoven Merkaba Fields that serve as the “core Primal Life Force 
Current circulation system” between the Cosmic, Universal, Galactic, 
Planetary and Personal “Divine Blueprint” Kathara Grid scalar-templates and 
the manifestation of those blueprints into the tangible structures of matter, 
Merkaba Fields are the “carriers of consciousness’ and the “engines of 
energy” by which physically manifest forms are created, maintained and 
evolved through the Holographic Unified Field of manifest space-time-matter 
reality. In relation to the processes of personal bio-spiritual healing and 
spiritual actualization, the personal Merkaba Field is an intrinsic aspect of 
15-Dimensional Anatomy that directly governs the function of the physical, 
emotional, mental and spiritual body systems. The multidimensional 
structure of the personal Merkaba Field is the system of electro- 
magnetic interface by which the Primal Life Force Currents and 
Consciousness of God-Source and Its sentient individuations pass. 
from the Kathara Grid Core Template into the scalar-wave DNA 
Template that holds the blueprint for the physical-chemical biological 
DNA. This reality of Merkaba Field-DNA Connection implies that the 
personal Merkaba Field is directly related to the function or dysfunction of 
the biological genetic code. As the Merkaba Field “carries the energy of 
consciousness’ into the DNA and biological vessel, the Merkaba Field-DNA 
Connection also implies that the potentialities of consciousness and 
embodiment of spiritual identity, while a being is ensconced within the Time 
Matrix, are dependant upon the condition and function of the personal 
Merkaba Field, DNA Template and Kathara Grid. 


Merkaba Fields are the “carriers of consciousness” and 
the “engines of energy” by which physically manifest 
forms are created, maintained and evolved through the 
Holographic Unified Field of manifest space-time-matter 
reality. 


253 


CHAPTER 5 = THE COZY CORNER LAB 


LEDs in Series and Parallel 


You learned (or were reminded of) a few of the basic characteristics of LEDS in the previous section, 
although it was really to help illustrate the operation of resistors in series and parallel. A couple of major 
oversimplifications were introduced to help concentrate on the resistor. We'll address a couple of these 
issues here. 

Lighting up a single LED using a battery and a fixed current-limiting resistor is fun, but it's pretty 
basic stuff, Lighting up a lor of LEDs is where it gets to be a lot of fun. To do so, you need to learn alittle 
more about the weirdness that is semiconductor. 

LEDs are diodes (LED stands for light-emitting diode, after all). Diodes are semiconductors and are 
made by elves in a hollow tree. Semiconductors do not have nice linear voltage-to-current curves. 

For the purposes of simplicity, in the previous section, it was suggested that LEDs have a certain 
‘minimum voltage that they need to operate. This is called their forward voltage, and is sometimes 
referred to as their voltage drop within a circuit. So far this is all true. You can find an LED's forward 
voltage specification in the data sheet published by the manufacturer. 

What you'll find, when you look, is that every manufacturer only publishes a range of voltages, such 
as 1.8V-2.2V, giving a minimum and a maximum voltage. This is what they are contractually obligated to 
deliver in their product. Anything outside of this range is considered defective, or at least out of 
tolerance. You might get a good deal on “rejects” that fall outside these parameters but stil light up quite 
nicely. Such is the provenance of many of the penny LEDs available from overseas. Yes, they exist. And 
yes, you get what you pay for. 

There are two reasons why LED manufacturers are being so deliberately vague in their 
specifications. The frst is that process variations are going to produce a certain randomness to these 
values. One batch might be identical to the next batch, but then the third batch might be all over the 
place. Such things happen. 

The second reason is where the real weirdness begins. Forward voltage is not a fixed value in any 
given device, but instead increases as the current increases. Again, this increase is nonlinearand cannot 
be calculated with a simple formula. 

The best way to demonstrate this to yourself is to connect an LED to a power source via a variable 
resistor, such as a potentiometer. For the protection of your LED, add a fixed resistor in series with the 
potentiometer so that you establish a maximum current level, even when the potentiometer is turned all 
the way up (ie. has almost zero resistance). 

Now apply power and adjust the potentiometer until the LED just barely lights up. Now measure the 
voltage across the terminals of the LED, using a voltmeter. It should be in the neighborhood of 2V-3V. 
For extra credit, measure the current flowing through the LED, using an ammeter. This measurement 
«will most likely be less than mA. 

Compare these readings to what you find when the LED is at full brightness. The forward voltage 
across the LED goes up as the current goes up. To map the nonlinearity ofthis function, you would need 
to record many readings of both voltage and current, and then plot them in a graph. 

Just as you can wire resistors, capacitors, and inductors in series and in parallel, you can do the 
same with LEDs. As with resistors, the forward voltage of the LEDs are added together when arranged in 
a series circuit. This raises the minimum voltage required to light up a string of LEDs in series. This, 
means that you can't light up ten LEDs in a single string using a 9V battery. You have to first overcome 
the minimum forward voltage just to get any current at all flowing. Then you have to up the current to 
get the desired brightness, which simultaneously raises the total forward voltage through the circuit. You 
still need a current-limiting resistor in this circuit—but only one is needed. You don't have to have one 
for each LED. 

The amount of current flowing through the string of LEDs is determined by the supply voltage, the 
cumulative forward voltage of all the LEDs, and the resistance of the current-limiting resistor. The same 
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Universal Merkaba Field Structure 

Basic Merkaba Field structure is relatively simple. Viewed Macrocosmically, in a 15- 
Dimensional Time Matrix there are 15 sets of counter-rotating electromagnetic Merkaba 
Spirals that form 15 Universal Dimensional Merkaba Fields. A “Merkaba Field” is 
composed of a set of 2 Merkaba Spirals, one electrical-transmitting “cone”, the other 
magnetic-receiving “inverted cone"; the 2 “cones” of the Merkaba Spirals, which operate 
as a White Hole/Black Hole Pair, intersect each other, creating a system of energy 
vortices that form an Elliptical Sphere of energy within the center of the intersected 
Merkaba Spirals. The Sphere of eneray at the center of a Merkaba Field is called the 
FORM CONSTANT; itis a ‘spherical energy domain’ within which the individuation of 
consciousness and holographic manifestation/projection of form can take place, akin to 
an “energy egg" within which manifest reality occurs. Within this Sphere of energy at the 
center of a Merkaba Field, the template-blueprints of a form are held “constant”, allowing 
conscious Partiki units, particles, anti-particles and ante-particles to accrete in specific 
ratios to “fill out the form in matter’. Within the Form Constant sphere, consciousness is 
able to perceive the holographic illusion of externalized space-time-matter 
manifestation, as the scalar-template of the form is held fixed within the sphere. The 
“hologram” appears to remain “constant’ within the Form Constant sphere while 
consciousness Is focused within the frequency bands of which the Merkaba Field is 
composed. 

On the macrocosmic universal scale, the Form Constant of each Universal Dimensional 
Merkaba Field creates a single, elliptical-sphere shaped electromagnetic domain of 
frequency that represents a single dimension of manifestation. Following the innate 
mathematical-geometrical structure of Primal Order, the 15 Universal Dimensional 
Merkaba Fields group into § sets of 3-Dimensional Merkaba Fields called Universal 
Harmonic Merkaba Fields. The 3 Form Constant Spheres from each set of 3 Universal 
Dimensional Merkaba Fields forms a Universal HOVA BODY, or a “Harmonic Universe” 
electromagnetic domain. Following the mathematical Primal Order program of a Time 
Matrix as held within the Universal Kathara Grid template and transmitied through the 
rotation ratios of the Harmonic and Dimensional Merkaba Fields, each of the 3 
dimensional levels of a Universal Hova Body holds the Partiki units, consciousness and 
matter particulates of its dimensional field into a specific angle and speed of rotation. The 
3-Dimensional Harmonic Merkaba Field controls the relationship of particle rotation angle 
(angular rotation of particle spin or ARPS”) and rotation speed between each of the 3 
Dimensional Merkaba Fields, holding together a 3-dimensional electromagnetic domain, 
within which consciousness can experience a 3-dimensional space-time-matier 
hologram. In a single 18-Dimensional Time Matrix there are thus 15 singular Universal 
Dimensional Merkaba Fields governed by 5 larger 3-dimensional Universal Harmonic 
Merkaba Fields, all of which circulate consciousness in the form of Primal Life Force 
Currents into and out of the hologram of manifestation. The seeming solidity and 
durability of an externally manifest matter-field in space-time is created, maintained, 
perpetuated and completely dependent upon the intrinsic function of the Universab 
Merkaba Fields. 

Within the larger Form Constant elliptical-spheres of the 5 Universal Hova Bodies of a 
15-Dimensional Time Matrix, the holographic perceptual realities of space-time-matter 
take place. Every being or thing in manifest form enters its reality hologram by taking on 
the mathematical program of first the Universal Kathara Grid and 5 Universal Hova 
Bodies, which set the ‘Life Stream’ or "Stream of Consciousness" of Primal Creation 
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Currents in motion following the specific Harmonic Merkaba Field spin ratios 
characteristic to each Harmonic Universe System. Galaxies are formed in this way, as 
individualized expressions of the greater Harmonic Universe of which they are a part. 
Universal Harmonic and Dimensional Merkaba Fields govern the birth, evolution and 
transmutation of the galaxies within them. Galactic Harmonic and Dimensional 
Merkaba Fields gover the birth, evolution and transmutation of star systems and 
planets within them. Planetary Harmonic and Dimensional Merkaba Fields govern the 
birth, evolution and transmutation/death cycles of the species and matter forms existing 
upon the planet. The Personal Merkaba Fields of species and individuals direct the 
function of the personal DNA Template, chemical DNA and biological genetic code, 
thus governing the birth, evolution and transmutation processes of individual organisms. 
‘The mathematical-geometrical programs of the Primal Order “Divine Blueprint” that 
govern Merkaba Field formation and spin ratios are held within the Universal, Galactic, 
Planetary, Species and Personal Kathara Grid structures. In a singular 15-Dimensional 
Time Matrix, the inter-linked Universal, Galactic and Planetary Harmonic and 
Dimensional Merkaba Fields circulate Primal Life Force Currents and consciousness 
into and out of manifestation in space-time. 


Universal Merkaba Fields 
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The Personal Merkaba, Trion-Meajhe Field, Radial Body and Radis. 
Each individual being receives its ife force, consciousness, biology and manifest hologram 
through the innate connection between the Personal Merkaba Field and the Merkaba Fields of 
the Planet, Galaxy, Universe and Time Matrix. When the D-12 Pre-matter Divine “Christos” 

Blueprint is expressing naturally in a planetary system, the organisms on the planet circulate Life 
Force Currents and consciousness through the physical and “spiritual” bodies via the Personal 
and Planetary Merkaba Fields. The Planetary Merkaba Field circulates Life Force Currents 
through the Personal Kathara Grid template (morphogenetic field) of the organism via the 
Planetary Bio-Feed Interface System. The organism's Personal Merkaba Field then picks up 
the energy from the Kathara Grid and continues to circulate the Life Force Currents from the 
Personal Kathara Grid and into the Maharic Shield imprint in the DNA Template that is held 
within the Level-1 Kathra 12-Tree Grid, Level-2 Kathara Crystal Seals-Hara Grid and Level-3, 
Kathara Diodic Grid. From the Maharic Shield imprint in the Kathara Grid, the Personal Merkaba 
Fields distribute the Life Force Currents and consciousness into the DNA/RNA Template and 
‘Axiom Lines, The Life Force Current continues circulation from the DNA/RNA Template and 
‘Axiom Lines into the Personal Hova Bodies and Auric Field, to the Chakras and Meridian 
Lines. Passing through the Meridian Lines, the Life Force Current, imbued with the specific 
mathematical manifestation program picked up from the Kathara Grid Divine Blueprint Template, 
then enters a state of final transmutation into 3-dimensional particles by passing through an 
electrostatic Repulsion Zone barrier that exists surrounding each 3-dimensional Hova Body, 

‘The frequency barrier surrounding each 3-dimensional Hava Body forms as thin, skin-like 
membrane or ‘Tissue Capsule” surrounding each of the 5 Hova Bodies in the 15-Dimensional 
Anatomy. The Hova Capsule membrane is composed of Density-5 Primal Light ante-matter 
units, called TRION UNITS, that exist in the form of fixed standing-columnar-scalar-iight waves 
made of Keylons, or 3-dimensional Partiki Grids. The Trion Units and Keyon Partiki Grids within 
them are anchored upon a fixed field template of Primal Sound units, called MEAJHE UNITS, 
which exist as fixed points of mathematically organized vibration. The outer layer of each Hove 

Capsule is called the Trion Field, as it is composed of Trions, or units of Density-5 ante-matter 
Primal Light. The inner portion of the Hova Capsule is called the Meajhe Field as itis composed 
of Meajhons (mE" yans) or fixed points of Primal Sound vibration from the Energy Matrix beyond 
the holographic manifestation of the Time Matrix Light Fields. The collective body of the 5 Hova 
Capsules is called the RADIAL BODY or Trion-Meajhe Field. All manifest forms possess a core 
Radial Body/ Trion-Meajhe Field Hova Capsule structure as part of the intrinsic 15-Dimensional 
anatomy. 

As multidimensional Life Force Currents pass through the Meridian Lines and into each of the 5 
layers of the Radial Body, the energy currents and the consciousness carried upon them project 
the mathematical program of the Divine Blueprint into the Trion-Meajne Field of each of the 5 
Hova Capsules. Within the Hova Capsule, the individualized raw Life Force Currents enter a 
system of 3-dimensional energy conduits or rivulets called Radis, which are the “turetiles” 
between “manifest matter” and "conscious energy’. The Radis draw in the Life Force Currents 
with their manifestation program through the Trion-Meajhe Field, then polarize and break up the 
Trion and Meajhon units into negatively and positively charged electrical sub-units called Mions 
and Dions. Partiki, Keylons, Meajhons, Trions, Mions and Dions belong to a category of primal 
building blocks known as IONIC PARTICULATES, which are the building blocks of 
consciousness, energy, light, sound and scalar-wave-fields that form the blueprints upon which all 
matter manifests. Trions are electrostatic particulates that have both a negative and positive 
electrical charge, which renders them neutral or static; they are the foundations of what becomes 
Ante-matter Primal Light particles of pre-visible gaseous light. Meajhons are static units of pre- 
sound standing waves, also possessing neutral electrical charge, that form the Primal Sound 
Fields of the Energy Matrix. Within the structures of the Radial Body Radis rivulates, Trions and 
Megjhons are polarized into negative charged Mions ("Base Magnetic’ vibrating pre-sound 
particulates, foundations of negatively charged particles such as electrons, originating from the 
Universal Particle Particum field.) and positively charged Dions ("Base Electrical" oscillating pre- 
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light particulates, foundations of positively charged particles such as protons, originating from the 
Universal Anti-particle Partika field). Together, Mions and Dions create the electromagnetic 
lonic Particulate base field within the Merkabic Form Constant through which particles emerge 
via tonic Particulate accretion into tangible matter units. 

‘The Trion-Meajhe Field Radial Body of any manifest form represents the 5-Density “Veil” 
through which consciousness-as-Primal Life Force moves into and out of externalized 3- 
dimensional manifestation. Merkaba Fields are the “energy engines and consciousness 
carriers” by which Life Force and consciousness are circulated between the internal 
Kathara Grid scalar template and the Trion-Meajhe Field Radial Body “veil” as they pass 
into and out of external expression. The perpetual polarization, electromagnetic expression 
and de-polarization of the Life Force Currents within the Merkaba Field Form Constant 
electromagnetic domain is the process by which the holographic projection of matter is 
perpetually brought into and taken out of perceptually experiential being. The Radial Body Trion- 
Meajhe Field receives, via Merkaba Field circulation, the template or ‘design’ for its particle 
manifestation from the “instructions” held in the Divine Blueprint Maharic Shield and DNA 
‘Template of the Kathara Grid. Manifestation instructions pass trom the Kathara Grid to the DNA 
‘Template via the Merkaba Field, then continue into the energy circulation systems (Axiom Lines, 
Hova Bodies, Chakras, Meridians) that deliver the instructions to the Radial Body for particulate 
manifestation. in biological ife forms, the Radial Body and Radis then translate the scalar-wave 
blueprint of the DNA Template and Kathara Grid into the polarized lonic Particulate Mion-Dion 
‘sub-units, which accrete following the DNA Template instructions to form sub-atomic, atomic, 
molecular, chemical DNA, physical matter form- the vehicles of embodied consciousness. The 
Merkaba Field also receives its instructions for energy circulation from the Kathara Grid and DNA 
Template. 
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‘The Radial Body exists as a thin “Tissue Capsule’ surrounding each of the 5 Hova Bodies. 
Each of the § Radial Body Levels are composed of an Outer Layer of electrostatic neutral- 
charge Trion Primal Light Units and an Inner Layer of Meajhon Primal Sound Units. Each of 
the 5 Levels of the Radial Body serve as the polarizing filter or “lens” through which 
Multidimensional Primal Life Force Currents flow, via Merkaba Field circulation, from the 
Kathara Grid and DNA Template, into manifest form. 


Tone Level of the Radial Body 


Trion Field Outer Layer 


Radial Body Transduction-Manifestation Sequence 
Primal Life Force Current Partiki Units Planetary Merkabe Field 

(Unts of Consciousness! Substance) 

Partika and Particum Units ksthara Templatettshare Shield 


(Polarized Primal stance Unis) Lg 
3-D Partiki Grid Keylon Units/Codes/Grid Morph. Keylon Thoughi-Form Fiels <p 

(-D Crptalized Pre-Ligh-Sound unis, uni groups and rie) aha 
Merkaba Field Keylons (3-0 CrstalizedPreLight Sound Keyion Unit electromagnetic spa ets) 


DNA/RNA Template Keylons Ksthara Grid (2-0 cryetalized reight Sound unt Tempiate) 
‘iom Lines-Hova Sodies-Aure Flet-Chatras-Merdfan Lines 

Trion & Meajhon Electrostatic Units 5 Radial Body “Lens” Levels Tion-Meajhe Field 
Dion () & Mion (3 lonic Particulate Electromagnetic Units Radis Lines 


Sub/Atomic Particles/Anti-Particles, Molecules...Chemical DNA 
Physical Matter Body Hologram “Chemical Lens” 


External Hologram Projection of Space-Time-Matter 

Primal Life Force Currentsam) Planetary Merkaba Field Par Kim Kathara Grid Partie Particuriggy 

Maharic. Shield Divine Blueprint m_Keylon Morphogenetic "Thought-form” Field m) Merkaba 

Fields) _ Kathara Grid DNA/RNA Template ma) Axiom Lines mm) Hova Bodiesimp Auric Figld mm) 
‘Trion-Meaihe Field 5 Radial Body Levels) Radis Lines 

Mion & Dion lonic Particulates E) Strong and Weak Nuclear Force, Electromagnetism&a) 

Quarks, Muons, Measons, Sub-atomic & Atomic Particles and Anti-Particles c=} Blueprint 

translation into Nuclei, Molecules, Elements, Compounds, Chemicals =) Chemical DNA 

‘Template and “Chemical Lens" of the manifest body form ex} Manifest Hologram [1 


Reverse Transduction De-Manifestation Sequence: mater- chemical DNA- Sub-Atomé unts- Redis 
Mice/Dien unt Radial Body Tron-Meaibon units- Meridian Line-Chakra-Aure Feld Hova Body.Asdon Line-ONA Template Merkabs 
Fiald-Morphogenete Thought-frm Field Keyion Gide &unts- Mahar Shield Tempiste& Kathara Grid Partha and Parlcum Units. 
Planetary Merkaba Field Partki Units of consciousness. 
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. From the Planetary Merkaba Field (via the Planetary Shield, Axiom Lines, Hova Bodies 


Vortices, Meridian Lines and Radial Bodies), rhythmic pulses of Conscious Primal Life 
Force Currents enter the species and personel Kathara Grid Core Template as Primal 
Units of Partiki, 


. Within the Kathara Grid Template the Partiki Units pick up the mathematical- 


geometrical program from the Maharic Shield “Divine Blueprint” Template, polarize to 
form Particum and Partika Units, then accrete to form 3-dimensional electro-magnetic 
Partiki Grids called Keylons. The Keylons group together mathematically forming 
complex templates of Crystallized Keylon Codes (or ‘Keylon Thought-Crystals’), 
which create a mathematically encoded 3-dimensional Morphogenetic Field (“Keylon 
Thought-form Field” or Morphogenetic “Keylon Crystal Grid") carrying the 
manifestation blueprint program of the Maharic Shield, 


. As the Primal Life Force Currents of the electromagnetic Keylon Crystal Grid interact with 


each other following the program of the D-12 Pre-matter Universal Divine Blueprint, 
they form sets of spiraling electro-magnetic vortices called Merkaba Fields, which 
carry the Maharic Shield-Kethara Grid Blueprint program into formation of the DNAJRNA 
Template Keylon Crystal Grid. 


|. From the DNA/RNA Template held in the Kathara Grid, Primal Life Force Current carries 


the Keylon Crystal Grid of the blueprint into the Axiom Lines, Hova Bodies, Auric 
Field, Chakras and Meridian Line systems, finally carrying the Keylon Crystal Grid of the 
Divine Blueprint into the 5 Radial Body “Tissue Capsule” Levels. 


. Within the 5 Levels of the Radial Body the incoming Keylon Crystal Grid translates 


into electrostatic Trion-Primal Pre-Light Units (gaseous presight Ante-matter) and 
Meajhon-Primal Pre-Sound Units (units of vibrating pre-sound energy) that possess a 
neutral electrical charge. The Encoded Primal Life Force Currents (PLFCurrents+ 
Keylon Crystal Grid blueprint program) are converted into a Trion-Meajhe Field 
blueprint replica; a * Primal Light-Sound' translation of the original blueprint, 


The Encoded Primal Life Force Currents then travel, AS the Encoded Trion-Meajhe 
Field, into the Radis Lines in each of the 5 Levels of the Radial Body. The Radis Lines 
first replicate and store the mathematical blueprint encoding of the Trion-Meajhe 
Field, then polarize the neutrally charged Trion-Meajhe units into electromagnetic units 
called Mion (-) and Dion (+) lonic Particulates. The replicated Trion-Meajhe Field blueprint 
‘becomes part of the “Primal Pre-sound vibration’ Meajhe Field inner Layer of the Radial Body Trion-Meajhe 
Field, serving as a living “Memory Matrix” composed of Meajhon Unit ‘Primal Pre-sound vibration’. The 
Polarized Mion/Dion Units become the foundations upon which the “Strong and Weak Nuclear Force’, 
Electromagnetism, quarks, Muons, Measons, Sub-atomic Particles and Anti-particles etc. form. Paricum- 
based Mions ("Base magentic) become particles, negative electrical charge units like electrons and sound 
spectra, Partke based Dions become anti-partcies, positive electrical charge units lke protons and light 
spectra. 
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Radial Body Transduction-Manifestation Sequence- Continued page 2 


7. Blueprint Encoded Primal Life Force Currents in the form of a Mion-Dion Field then 
translate the original Kathara Grid Blueprint into Quarks, Muons, Measons, Sub-atomic 
and Atomic particles and anti-particles, which accrete according to the blueprint to 
form molecules, elements, chemicals, the Chemical DNA Blueprint and the 
physically manifest body form. As this occurs the body image “flashes on” into 
manifestation as a Pulse of Life Force Consciousness carrying the Chemically 
Translated Holographic Image of the body form template blueprint. This Pulse of 
Consciousness continues to expand from the Kathara Grid and DNA via the Transduction 
Sequence, through and beyond manifestation of the body image and into projection of 
portions of the Dimensional Unified Field that holographically translate into 
individualized experience within a perceived Common Planetary Time Rhythm and 
Matter Field. 


NOTE: An individual will holographically perceive and experience only the portions of 
the Dimensional Unified Field mathematical-geometrical program that are encoded 
within the personal Maharic Shield, species Tribal Shield and Planetary, Galactic and 
Universal Shield aspects of the personal Kathara Grid and DNA Template. 
Aglobal population experiences common planetary reality field and time continuum because the Kathara Grid 
‘Template and DNA of all beings entering a planetary field adopt the common imprint of the mathematical- 
geometrical program ofthe Planetary Kathara Grid blueprint inorder to ener into the electromagnaic domain ofthe 
Planet's Form Constant Hova Body structure for experiential manifesation, Members ofa singular species share a 
common species Tribal Shield template through which 2 common Chemical Body Form and perceptual orientation 
holographically manifest, The imprint for individuality in biological form, life experience variation and the application of 
Free Will Choice is held within the mathematical program of the personal Maharic Shield D-12 Pre-Matter Divine 
“Christos” Blueprint. Imbued winin the mathomatical program ofthe Human species Tribal Shield, anc that of 
‘some other species, is the imprint for probability to exist. The Human species Tribal and Mahar Shialds cary a 
program that allows for new programs of probable creation to be added to the personal and species Kathara Grid, 
allowing the embodied consciousness to retain a degree of direct influence over what sets of mathematical programs 
will be called into personal experiential Holographic Expression from the personal Mahario Shield Template. Creative 
variation onthe original personal, species, planetary and galacti Divine Blueprint i possible as long asthe new 
probabilities do not deviate so excessively from the Pre-set programs and Original Intentions of the Universal Divine 
Blueprint that the structural integrity and Source-God Will Intentions for our Time Matrix become | 
compromised. Free Will thus exists within a pre-set framework of overriding Divine Will, and is permitted free 
eign in the manufacture of co-creative experiential probability up to the point at which the Original Divine Will of 
‘Source and the creative framework itself become unduly jeopardized, 
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8. The physical body form serves as a Chemical Lens through which portions of the 
Dimensional Unified Field are perceived by the embodied consciousness as a 
3-dimensional Hologram, as the Primal Life Force Currents continually carry pulses of 
the individuated consciousness through the Transduction Sequence from Kathara 
Grid, through the DNA, to the manifest Chemical Lens of the physical body structure and 
Holographic “external” realty field projection. 


Radial Body Transduction-Manifestation Sequence- Continued page 3 
9, As aKeylon-Thought-Form blueprint traveling on one Pulse of Consciousness fully 
‘expands (tully Activates”) into the manifest externalized hologram, another Pulse of 
Consciousness is released from the synchronized mathematical programs of the 
Planetary Merkaba Field, which sets the Transduction Sequence in motion ctnisienfor the 
next portion of the personal mathematical blueprint. The blueprint of the Planetary 
pe Les regulates the cyclic dsl atwhich Pulses of Life Forge Curent will 
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xa As one Pulse of Time/Consciousness brings its blueprint into manifest Critical Mass 
Expansion (fully activates specific portion of the blueprint in Holographic Expression), the 
Planetary Merkaba Field releases the next “incoming” pulse of Time, which carries the 
next portion of the Kathara Grid mathematical blueprint into the Transduction Sequence. 
As the new Pulse enters the Transduction Sequence and begins Expansion toward 
manifestation, the first pulse of the fully expanded hologram begins Contraction, 
entering a back-retur through the Reverse Transduction Sequence (rate seca ona. 
‘Acie uns- Pacis MenPin unts- Rail Body Tone unts- Meridn Line Choire ure Fil Hove Line-DNA 
Tepe ata Fi eteenns Tig ty 6 Na Sh Tene Katehi Pert ad 

‘Unie Panetry Merkaba Filé Path Unis) 

. As pulse-1 contracts its hologram program moving backward through the 
Transduction Sequence, creating the “Remembered Past” moment, the pulse-2 
simultaneously expands its hologram program moving forward through the 
Transduction Sequence, birthing the as-yet-to-come “Future” moment. The backward 
moving “Past” pulse-1 and the forward moving “Future” pulse-2 intersect at the Radial 
Body Levels in the Transduction Sequence, This “past pulse-future pulse intersection 
point" is called the Eiron (E'r-on) Point, also known as ‘Zero Point’, the “Present 
moment of conscious focus within the hologram’, or the “Eiros Conscious, Breathing 
Life-Force Stream” ( Aso refered to 2s the “Stream of Consciousness", the “Living Holy Spin or the “Breath of Go.) 


42. The Eiron/Zero Point, or Eiros, is the “Present Moment of Creation Power’ for the 
*manifest" conscious identity It exists at the position where the third dimensional field, 
the electromagnetic Resonant Tone “Mental Body” field of a single 3-dimensional Hova 
Body ntersets with the Meahe Feld Inner Layer ofthe opresponding Radial Body 
Tissue Capsule. ion Field Outer Layer 

‘Meajhe Field Inner Layer “Pre-sound 
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Radial Body Transduction-Mantfestation Sequence- Continued page 4 

13. As the backward moving “Past” pulse-1 and the forward moving “Future” pulse-2 
intersect at the Radial Body Meajhe Layer Eiros (Eiron Point) 3™“& the returning 
contracting pulse-1 passes through the Trion Layer and into the’ Meajhon blueprint 
replica, called a " Radial TILE” (y, that if left behind in the Meaihe Layer Eiros during 
pulse-1's incoming passage. Just as the returning pulse-1 retreats back through its 
Radial Tile, the incoming pulse-2, carrying the next blueprint coding {_ 
, Simultaneously passes through the first Radial Tile, combining the “past” Radial Tile 
mathematical-vibrational blueprint with the incoming pulse-2 blueprint St At this 


moment-pin. the hologram template fom the ‘past moment is adopted by He incoming 


14. As pulse-2 picks up the pulse-1 Radial Tile, Ay the retreating pulse-1, which now 
holds the Radial Tile blueprint in reverse mathematical sequence as TRION Pre- 
light Units @ , collides with the incoming pulse-2. Both pulses carry the common. 
blueprint of the first Radial Tile; the incoming pulse-2 holding the blueprint in forward 
mathematical sequence as Meajhon Pre-sound Units $Y, the retreating pulse-1 
holding the blueprint in reverse mathematical sequence 2s Trion Pre-light Uni 
As the expanding/advancing and contraoting/retreating pulses collide with blueprint 
“sequence and anti-sequence”, the pulse-1 reversed Trion Radial “Anti-Tile” fuses 
with the original Meajhon Radial Tile and both Radial Tile and Anti-tile 
completely de-manifest or “Ascend” ir original Harmonic Universe by 
TRANSMUTING to become a Merkaba Field. The energy! consciousness once held by 
Radial TilefAntitie then replicates its original blueprint via Fission, leaves a dormant 
“Memory Imprint” Meajhon replica S in the Radial Body Meajhe Field, and reappears 
in faster oscillating form within the corresponding Hova Body Form Constant of the next 
Harmonic Universe up in the dimensional scale, 


15. As transmutation of the “past” Radial Tile occurs in the Radial Body Eiros, the incoming 
pulse-2 is momentarily held static as it leaves a new Radial Tile in the Meajhe Field; the 
new Radial Tile holds the pulse-1#pulse-2 program. At this moment-point the entire 
externalized Hologram literally “Flashes Off" and de-manifests, its energy held irl 
suspension within the Radial Body Trion/Meajhe Field. When the first Radial Tile is 
transmuted, the incoming pulse-2, carrying an expanded imprint of the first Radial 
Tile, progresses from the Meajhe Field Eiros to Trion Field, then begins to “Flash On’ its 
blueprint in manifestation. The embodied self perceives a ‘liner moment progression": 
the pulse-Tprogram becomes “memory’ of the “Past” moment, pulse-2 the ‘Present’. 


The Radial Body, Mechanics of Manifestation, 
Healing and Human Potential 

There is much more to be revealed regarding the subject of the Mechanics 
of Manifestation. Our introduction to the Radial Body anatomy, the 
Transduction Sequence and the Mechanics of Manifestation represents 
a beginning in the quest for genuine mastery over the manifest experience. 
In this Kathara Level-2 Introduction we will not yet address the highly 
pertinent aspects of Manifestation Mechanics that pertain to direct 
Creation of matter and events through Conscious Thought Projection 
and applied personal Will Intention, nor will we yet investigate the complex 
realities of Space-Time Travel, Star Gate Passage and the Spiritualized- 
science of Ascension. All of these subjects and more are intimately 
intertwined with personal healing and the Imprint for Health, attaining 
mastery over Manifestation Mechanics and the Bio-Spiritual processes of 
genuine Spiritual Actualization. All of these abilities, and many others too 
numerous to mention, presently exist as dormant evolutionary potentials 
for the Human species; potentials that were once, long ago, fully actualized 
and commonly expressed, The Kathara Bio-Spiritual Healing System 
represents a body of Master teachings that focus upon the manifestation 
and maintenance of Holistic Health through Bio-Spiritual Mastery and 
Spiritual Actualizaton. Exploration of subjects such as Merkaba 
Mechanics, Manifestation Mechanics and the Radial Body Trion-Meajhe 
Field is an intrinsic part of furthering our abilities to embody and practice the 
ideals of Healing and Health through Holism. 

Before we can begin to actualize the exciting potentials of freedom, love, 
power and knowledge that await Human re-discovery, we must first focus 
upon healing the obstacles that have long stood in our way of actualizing 
true Human potential. Our study of Merkaba Mechanics in this Kathara 
Level-2 Introduction has included a necessary introduction to Manifestation 
Mechanics and Radial Body Anatomy; the greatest physical and spiritual 
difficulties presently facing Humankind emerge from a HIDDEN ILLNESS. 
that has held our species hostage within a progressively deteriorating, 
unnatural Mortal body form. The underlying cause of ALL Human 
illness is an unnatural genetic mutation that manifests THROUGH the 
DNA Template and chemical DNA. The Casual Element of this species 
genetic deviation from its original Divine Blueprint can only be found through 
study of the 15-Dimensional Anatomy, Primal Life Force Currents, 
Kathara Grid, Maharic Shield, Merkaba Field, DNA Template, the Radial 
Body and the intimate interplay that perpetually exists between these 
interwoven systems. It is precisely this species genetic deviation, which 
has progressed and increased for over 200,000 years, that has kept 
Humanity bound to a finite, limited world, unable to express the potentials 
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amount of current is flowing in every part of the circuit. If25mA is being drawn from the power supply to 
light up your single string of LEDs, that means that each and every LED has 25mA of juice flowing, 
through it—more than enough to light them up quite nicely. 

Ifyou have a 12V power supply (ora car battery), you could string up to five or maybe six red LEDs 
in series, with a small current-limiting resistor. That's because each red LED will typically have a forward 
voltage between 1.8V and 2.2V. Other colors higher up the rainbow might need more voltage per LED, 
meaning fewer can be lit at once using a single string of LEDs in series, 

But don’t fret. You can light up as many LEDs as you want by placing multiple strings of LEDs in 
parallel with each other. Each additional string of LEDs adds to the total current draw, so you will 
eventually find a limit along that dimension as well. For an example of a small LED array using both 
parallel and series circuits, see Figure 5-22. The schematic is shown in Figure 5-23. 


Figure 5-22, An array of six parallel strings of six infrared LEDs in series. These infrared spotlights are used 
{for covert surveillance and security applications. 
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that once existed as our birthright. Though the problem of this species 
“Internal IlIness” is multifaceted and highly complex, the Soul-U-tions 
through which progressive healing of the Human genome can be rendered 
are relatively simple. The Soul-U-tions for healing and restoring health to 
our species, and ourselves, require familiarity with basic Kathara Grid, 
Manifestation Template, Radial Body, DNA Template and Merkaba 
Mechanics. These are the elements of our 15-Dimensional anatomy within 
which the Casual Element of our genetic deviation is held, and thus these 
are the elements of our anatomy through which the most rapid and 
permanent Healing Solutions can be rendered. 

In the following pages we will continue our investigation of the 
Transduction Sequence and the Miasmic Body, in order to identify the 
regions of our 15-Dimensional Anatomy in which our hidden genetic 
mutations are created, stored and perpetuated. Once we can identify the 
regions in which the greatest healing is needed, we can then directly employ 
appropriate remedial measures. Working with the Core Kathara Grid and 
Maharic Shield Divine Christos Blueprint to reset the Imprint for Health 
(Kathara Level-1), while simultaneously working with the elements of our 
anatomy within which the most significant remedial measures are 
needed, will allow us to use Divine Blueprint technology to implement 
expedited healing. In this Kathara Level-2 Introduction we will examine the 
Transduction-Manifestation Sequence and how it's present malfunction 
creates the Miasmic Body, which creates the DNA Template distortion 
through which our chemical DNA mutation, and a phenomenon known as 
the “Phantom” or “Shadow” Self is brought into being within our manifest 
hologram. We will then continue our exploration of Merkaba Mechanics and 
Radial Body Healing applications, to discover the “Secrets of the Veca 
Codes”, and Photo-Sonic and Photo-Radionic Radial Body Healing 
technologies, through which our Kathara and Merkabic Healing applications 
can be tremendously intensified, amplified and expedited. 


The 5 Radial Body-Hova Capsule-Trion-Meajhe Field Levels 
and Dimensional, Triadic Phase Current, Density Level, Merkaba Phaso, Hova Body, DNA Template, 
Axiatonal Line, Chakra, Identity Level and Memory Matrix Correspondences 


NADIAL CAPSULE:(also called Telluric Capsule): Composed of Dimensions-1-2-3 Telluric 
Kundalini Current frequency, Density-1 Trion-Meajhe Gross Matter Density, 3-Dimensional 
Nethra Phase Merkaba, surrounds Nada Hova Body, corresponds to DNA Strand Templates, 
Axiatonal Lines and Chakras 1-2-3 and holds focus of consciousness in the D-1 Lower- 
Physical-Atomic, D-2 Lower-Telluric-Emotional-Elemental and D-3 Lower-Mental Taurenic 
Bodies of the embodied Density-1 Incarnate Personality-Tauren identity, the Sub-conscious, 
Instinctual and Ego-Reasoning aspects of the “Mortal Mind’ and the Personal Taurenic 
Memory Matrix. Radis rivulets are called "Nadis Lines” (or Telluradis Lines) 


DORADIC CAPSULE: Composed of Dimensions-4-5-8 Doradic Kundalini Current frequency, 
Density-2 Trion-Meajhe Seml-etheric Matter Density, 6-Dimensionel Hallah Phase Merkaba, 
surrounds Alpha Hova Body, corresponds to DNA Strand Templates, Axiatonal Lines and 
Chakras 4-5-6 and holds focus of consciousness in the D-4 Astral-Mid-Physical-Atomic, D-5 
Archetypal Mid-Telluric-Emotional-Elemental and D-6 Celestial Mid-Mental Doradic Bodies of 
the embodied Density-2 Incarnate Soul-Dora identity, the “Angelic Mind” and the Soul/Species 
Akashic Memory Matrix. Redisrivulets are called “Doradis Lim 


TEURIC CAPSULE: Composed of Dimensions-7-8-9 Teuric Kundalini Current trequency, 
Density-3 Trion-Meajhe Ethoric Matter Density, 9-Dimensional Quatra Phase Merkaba, 
surrounds Betcha Hova Body, corresponds to DNA Strand Templates, Axiatonal Lines and 
Chakras 7-8-9 and holds focus of consciousness in the D-7 Higher-Physical-Ketheric, D-8 
Monadic Higher-Telluric-Emotional-Elemental and D-9 Keriatric-Higher- Mental Metatronic 
Bodies of the embodied Density-3 Incarnate Over-Soul-Teura identity, the “Archangelic Mind” 
and the Over-Soul/Planetary Askashic-Eckashic Memory Matrix . Radis rivulets are called 
“Teuradis Lines”. 


MAHARIC CAPSULE: Composed of Dimensions-10-11-12 Maharic “Christos” Pre-matter 
Hydro-plasmic Liquid Light Primal Current frequency, Density-4 Trion-Meajne Pre-matter 
Density, 12-Dimensional Mahunta Phase Merkaba, surrounds Mahara Hova Body, 
corresponds to DNA Strand Templates, Axiatonal Lines and Chakras 10-11-12 and holds 
focus of consciousness in the D-10 Christiac-Transcendent Pre-Physical, D-11 Buddhaic 
Transcendant Pre-Telluric-Emotional-Elemental and D-12 Nirvenic Transcendent Pre-Mental 
Hydronic Bodies of the embodied Density-4 Incarnate Avatar-Dolus identity, the “Christos 
Avatar Mind” and the AvatariGalactic Dolaric Memory Matrix. Radis rivulets are called 
“Maharadis Lines’. 


RISHIAG CAPSULE: Composed of Dimensions-13-14-15 M Kee-Ra-ShA Ante-mattor 
‘Thermo-plasmic Gaseous Pre-Light Primal Current frequency, Density-§ Trion-Meajhe Ante- 
matter Density, 15-Dimensional Rahunta Phase Merkaba, surrounds Raja Hova Body, 
‘corresponds to ‘Indigo Grail Line" DNA Strand Templates, Axiatonal Lines and Chakras 13- 
414-16 and holds focus of consciousness in the D-13-14-15 Transcendent Ante-mattor Hedronic 
Bodies of the Density-5 Breneua Rishi Consciousness Collective identity, the “Rishiac! 
Universal Mind” and the Rishi! Universal Rishic Memory Matrix of one 15-Dimensional Time 
Matrix. Radis tivulets are called “Rishadis Lines". 


‘The 5 3-dimensional Levels of the Trion-Meajhe Field Radial Body within the 15-Dimensional 
‘Time Matrix connect each Density Level of all manifest consciousness to the greater, non- 
dimensionalized structure of the Energy Matrix Khundaray Primal Sound Vibration Meajhe 
Field through the Density-5 Ante-matier Kee-Ra-ShA Primal Light Trion Field. 


OAZNAACO FPS=a9 


ly 


Planetary Solar Shield® Panelaty Keyion Planetary Planetary Axiom Template Planetary Hova Radial Body ES¢h 
Kathara’ Planetary Shiels Crystal ody Merkaba and Atom Lines Bodies, Vorices 8 Radis ” Mone Sons 
Gra ‘Thoughifom Felis Ley Lines 


Personal Transducti 


Personal 


Tati  rerfalkeyon Pereral OWA Tera fa rata Boey ona 
attra’ Persoe!Shiecs Crystal toay'”" ‘Werabe andAventines Boas ody 
oe “Tougher de ‘Merten ues 

Primal Life Force Currents! ‘lanetary Merkaba Field Partiki Kathara Grid ~Partika-Particurigg), 
Maharic Shield Divine Blueprint =) Keylon Morphogenetic “Thdught-form” Field, Merkaba 
Fields) N 


Kathara Grid DNA/RNA Template am) Axiom Lines mm) Hova Bi Auric = 
Meridian Lit “Trion-Meajhe Feld 5 Racial Body Levels 5 Race ie 
Mion & Dion lonic Particulates &) Strong and Weak Nuclear Force, Electromagnetism==) 

Quarks, Muons, Measons, Sub-atomic & Atomic Particles and Antt-Particies cx) Blueprint 
translation into Nuclei, Molecules, Elements, Compounds, Chemicals) Chemical DNA 

Template and “Chemical Lens” of the manifest body form gx Manifest Hologram [1 


(a) Miasms block energy flow and create a “Phantom-Shadow Self” running on 
opposite mathematical program; blocks natural energy flow. 
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Merkaba, the Radial Body Merkaba Vehicle, Ascension and Healing 


The Personal Radial Body or Trion-Meajhe Field is composed of 5 
Hova Body Capsules that manifest as electromagnetic barriers or 
“frequency fences" between each set of 3 DNA Strand Templates, 
each set of 3 associated Axiom Lines, Chakras and Meridians and 
between each 3-dimensional layer of the Auric Field and corresponding 
level of personal multidimensional identity. 


Each of the 5 3-dimensional Harmonic Merkaba Fields corresponding 
to the 5 Hova Bodies of 15 Dimensional Anatomy govern the function of 
the corresponding Dimensional Merkaba Fields, Radial Body level 
and its imbedded Memory Matrix, via the mathematical program held in 
the personal Kathara Grid, Shields and Crystal Body template. The 
Kathara Grid program. is passed from the Keylontic Crystal Body into 
the DNA Template via the Dimensional and Harmonic Merk: 
Fields and the "mini-Merkaba Fields’ of the Level-3 Kathara Diodic 
Grid. 


Each Hova Capsule Radial Body level, receiving its instructions from 
the DNA Template and 3° dimensional Mental Body Hova Body level, 
in turn governs the function of the chemically manifest DNA and all 
body-consciousness systems that are built upon chemical genetic code. 


‘The Harmonic Merkaba Field governs the particle spin axis (Angular 
Rotation of Particle Spin) ratios of the energy units that make up its 
corresponding 3-dimensional system, Each Harmonic Merkaba Field 
corresponds to one Hova Body, one set of 3-dimensions and the 
Matter Density Level characteristic of that 3-dimensional system. Each 
Hova Body, and thus each Harmonic Merkaba Field Level and Radial 
Body Level, correspond to one set of 3 DNA STRAND TEMPLATES 
within the Human12-Strand Template. 


Full activation of one Harmonic Merkaba Field creates reciprocal 
activation of the corresponding set of 3 DNA Strand Templates, which 
creates embodiment of corresponding levels of identity and 
consciousness (personality, Soul, Over-Soul, Avatar, Rishi etc), When 
one Harmonic Merkaba Field fully activates through natural activation of 
the corresponding Shields and Crystal Body Keylons, the Harmonic 
Merkaba Field becomes capable of merging with the Harmonic 
Merkaba Fields from other Density Levels, in a process frequently called 
Transmutative Dimensional Ascension. 
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During the process of “Ascension”, (also called “space-time travel”, 
“wave-riding’, ‘Star Gate passage’, "Teleportation’ etc.) the Harmonic 
Merkaba Fields of more than one Density Level merge, progressively 
shifting the two or more different sets of 3-dimensional particles into 
a common particle spin axis angle and spin speed. The 
corresponding Axiom Lines, Hova Bodies, Auric Field levels, 
Chakras, Meridian Lines and Radial Body Levels also merge. 


When Harmonic Merkaba Fields, and their corresponding Inner Templar 
anatomy, merge, the Fire Codes between the corresponding DNA 
Strand Templates activate, causing the DNA Strand Templates to 
merge, which creates a reciprocal reaction called “DNA Strand 
BRAIDING” between corresponding chemical DNA strands. (The 
“Double Heli” configuration of “one strand” remains, as the chemical 
components of each strand overlay together to become a single Double 
Helix containing the chemical programs of multiple DNA strands.) 


When the Fire Codes between strands in the DNA Template activate, 
dormant sequences of chemical DNA called “ Transient Turnstile DNA 
Sequences’ ‘turn on’ within the Hydrogen Bonds that link each DNA 
“Ladder Rung’ together, producing a transient trans-harmonic 
element called Celestalline within the chemical DNA. 


Natural Braiding of the chemical DNA strands and activation of the 
chemical Tumstile DNA Sequences create a series of sub-atomic bio- 
chemical DNA responses that allows for Internal Atomic Particle/Anti- 
particle Fusion and Fission. Natural Internal Atomic Fusion-Fission 
enables the manifest atomic structure to temporarily de-manifest, 
returning to “spirit form’, by re-entering the electrostatic Trion-Meajhe 
Field of the corresponding Radial Body Levels. 


During the Ascension process, the Harmonic Merkaba Fields of 2 or 
more Density Levels merge, forming various PHASES of Merkaba 
activation that create a Trans-Harmonic Merkaba Field that is called 
the Merkaba VEHICLE. The 3-Dimensional NETHRA Phase Merkaba 
Field of Density-1accelerates in rotation speed to become the 6- 
dimensional HALLAH Phase, 9-Dimensional Quatra Phase, 12- 
Dimensional Mahunta Phase or 15-Dimensional Rahunta Phase 
Harmonic Merkaba Vehicle. 


As a phase of the Trans-Harmonic Merkaba Vehicle activates, the 
corresponding lower-dimensional Hova Body and Radial Body Level 
dissolve, their content of energy and consciousness expanding into the 
next Hova Body and Radial Body Level, forming a Trans-Harmonic 
Radial Body “FORM CONSTANT” within the Merkaba Vehicle. 


The Trans-Harmonic Radial Body and Merkaba Vehicle allow the 
consciousness and biological form to “de-manifest” from the lower 
dimensional Density Level. The identity can then re-manifest in another 
Density Level or space-time coordinate by projecting itself into the 
desired location, AS the electrostatic Trion-Meajhe Field Trans- 
Harmonic Radial Body, then returning the DNA Template activation 
level and Harmonic Merkaba Spin ratios to that of the new location for 
re-manifestation. 


When the Personal Merkaba Field is used to form the Trans-Harmonic 
Radial Body in the process of Ascension, the Merkaba Field is called a 
MERKABA VEHICLE. A Merkaba Vehicle is an electrostatic Trion- 
Meajhe Field of Primal Pre-Light-Sound through which the 
consciousness (AKA ‘spirit”) can move itself, and ifs atomic structure, 
through thought-projection, to a desired location beyond the “veils” of 
the Planetary, Galactic and Universal Hova Capsule-Radial Body-Form 
Constant barriers. 


Conscious mastery of the Personal Merkaba Field, through which the 
organic internally created Merkaba Vehicle Trans-Harmonic Radial 
Body becomes available for conscious direction, implies conscious: 
control of DNA Template function. The potentialities of genuine 
Ascension (etc...) and mastery of Bio-Spiritual Consciousness are 
inborn attributes of the Human 12-Strand DNA Template. Due to a 
species de-evolutionary genetic mutation that compromises natural 
function of the Personal Merkaba Field and DNA, the reality of 
Ascension on a species level has been lost to all but a few on Earth for 
‘over 200,000 years (re: Masters Templar Coursebook). 


The potentials of Bio-Spiritual Actualization CAN be returned to 
humankind through reverse-mutation of genetic dysfunction within the 
human genome and DNA Template. Healing the genetic template ¢an 
be achieved by manually employing specific practices of Kathara 
“Maharic Shield” Core Template Dynamics in combination with 
Harmonic Merkaba Mechanics through which the many eons of 
biological miasmic distortion can be progressively and rapidly cleared 
from the Personal Kathara Grid and DNA Template. 


Restoration of the D-12 Pre-matter Divine Blueprint within the Human 
Kathara Grid and DNA Template will eventually free the Personal 
Merkaba Field for use as a Trans-Harmonic Merkaba Vehicle. 
Kathara Healing applications, and use of the D-12 Pre-matter Maharata 
“Christos” Current to reset the biological D-12 Pre-matter Divine 
Blueprint, are the beginning steps in reclaiming Bio-Spiritual Mastery. 


The function of the personal Merkaba Field and DNA Template are not 
only associated with abilities of Atomic Transmutation and 
Dimensional Ascension, they are directly linked to every aspect of 
body-mind-spirit function, including biological longevity and health, 
memory, intelligence, and metabolic, chemical, mental and 
emotional balance and stability. 


Most significantly, the Merkaba Field/DNA Connection is the Bio- 
Spiritual conduit through which the consciousness of an embodied 
individual is directly linked to the common Perpetual Force of Energy 
and Eternal Source of Intelligent Creation that is "God". 


When a being's Merkaba Field and DNA Template are functioning upon 
the innate program of Universal Primal Order, as it is held within the 
Pre-matter Universal Divine Blueprint of the D-12 “Christos” Liquid- 
Light field, the natural and perpetual supply of Primal Life Force 
Currents and “spiritual” consciousness emanating eternally from 
Source-God, flow through an open energetic channel or “Pillar of 
Light’, which is called the “Um Shaddai Ur’ (Pillar of First Cause Light- 
Sound’) into the manifest embodiment. Such a being is called a 
“Christed Being’. This implies that the integrity of its original D-12 Pre- 
matter Divine Blueprint has not been structurally compromised, and thus 
the perpetual Life Force Currents, consciousness, sentience, 
intelligence, wisdom, power, Will and LOVE of Source can freely 
express through the Um Shaddai Ur, into the manifest hologram of the 
Time Matrix through the Christed embodiment. 


If the Kathara Grid, DNA Template and Merkaba Field of a being are 
damaged, and no longer carry the original mathematical-geometrical 
program of the D-12 Divine Blueprint through which the being entered 
space-time, the flow of Primal Life Force Currents, the Um Shaddai Ur 
Pillar and thus the active consciousness connection to God will be 
distorted, reduced or severed at the dimensional level to which the 
template distortion corresponds. 
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+ A manifest being incapable of running the Primal Life Foree Currents of 
the Um Shaddi Ur ‘Pillar’ becomes biologically finite, its 
consciousness “trapped in the Time Matrix’, even following death of the 
physical body.““;'the ‘natural Laws of Creation Physics as set by 
Source-God, this condition of finite mortality will remain until the 
being’s Kathara Grid Template and Merkaba Field connection to the 
D-12 Universal Divine “Christos” Blueprint and Universal Trion- 
Meajhe Field Um Shaddi Ur Pillar is restored. 


. 


Healing Core Template genetic distortions that are severe enough to 
cause dysfunction of the Personal Merkaba Field first require resetting 
of the D-12 Divine Blueprint through activation of the Personal 
Maharic Shield. Until the Body-Mind-Spirit system has reached a 
Critical Mass of D-12 Divine Blueprint holding through frequent and 
progressive manual running of the D-12 Maharata Current, healing Core 
‘Template genetic distortions also requires simultaneous, direct and 
repeated manual realignment and restoration of Personal Merkaba 
Field function and Radial Body Trion-Meajhe Field integrity. 


+ If there are distortions within the Kathra Grid or DNA Template of an 
individual or species, the Personal Merkaba Fields will not function in 
harmony with the natural energy circulation rhythms of the Planetary, 
Galactic, Universal and Time Matrix Merkaba Fields and Universal 
Kathara Grid. Such Kathara Grid distortions create tangible genetic and 
consciousness mutation within biological organisms, and can divert the 
intended evolutionary destiny of an embodied consciousness or 
‘species on to a divergent path of de-evolution and consciousness 
fragmentation unintended by the original plan encoded within the D-12 
Pre-matter Christos Divine Blueprint. 


+ Distortions with the DNA Template and resulting Miasms can be purged 
through manual resetting of the D-12 Pre-matter Divine Blueprint, via 
repeated manual activation of the Personal Maharic Shield. The 
activated Maharic Shield runs the Density-4 D-12 Maharata Primal Life 
Force “Christos” Current through the Kathara Grid and form 
embodiment, progressively resetting the original mathematical coding of 
the personal Divine Blueprint within the Kathara Grid and DNA Template. 
Use of the Maharic Shield techniques in Kathara Level-1 sets this 
process of Core Template Regeneration in motion. 
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The Core Template “Divine Blueprint” healing process can be expedited 
through applied Christos-Merkabic Healing Mechanics such as the 
Tribal Shield Activation (Technique-7), Merkaba Salutation 
(Technique-8), Merkaba Trinity Key Induction (Technique-9) and Kee- 
Ra-ShA Activation Sequence (Technique-12). 


Divine Blueprint Healing can be expedited further through manual 
restoration of the personal Trion-Meajhe Field Radial Body and its 
inherent Memory Matrix. Radial Body Healing, when combined with 
Kathara Maharic Shield and Christos-Merkabic Healing dynamics is 
the most powerful and rapid Holistic Healing technology available, 


Radial Body Healing dynamics, which also serve to progressively 
restore the organic Memory Matirx, __ involve use of the specific 
mathematical programs that govern formation of the Radial Body 
Trion-Meajhe Field, These mathematical programs are called VEGA 
CODES. 


Technique-10 Restoring the Trion Field-Photo-Radionic Healing and 
Technique-11Restoring the Meajhe Field-Photo-Sonic Healing, 
provide introduction to Radial Body Healing Mechanics. Use of these 
techniques, in combination with Technique-2 The Maharic Seal and 
Liquid Light Cleanse, and Merkabic Healing Techniques 6-12, will 
greatly expedite the personal healing process while significantly 
increasing the body-mind-spirit abilities to receive, hold/sustain and 
transmit greater quantity and quality of interdimensional frequency in 
the Client Healing Facilitation process. 


Radial Body Healing, the VECA CODES, DNA and Merkaba 


Veca Codes, also called the “| AM" or “Immanuyana Sequence” are 
very specific SYMBOL CODES, each possessing corresponding Sound 
Tones called Arieas and energy movements called Seurias, which 
correspond to the Cosmic, Universal, Galactic, Planetary and Personal 
Trion-Meajhe Field Radial Body Levels. 


There are 5 categories of Veca Codes, the Planetary Low-Veca 
Codes of Manu (Taurenic-Akashic Codes), the Galactic Mid-Veca 
Codes of Immanu (Akashic-Eckashic Codes), the Universal Level-1 
High-Veca Codes of Immanuel (Dolaric-Rishic Codes), the Cosmic 
Level-2 High Veca Codes of Immanuyana (Triadic-P olaric-Eckatic 
Codes) and the God-Seed Yunasai Codes of Eckasha (Source Codes). 


Beginning applications of Veca Code Radial Body Healing begin with 
restoring the Trion-Meajhe Field Radial Body through resetting the 
Yunasai-Eckasha and High Veca Immanuyanas and Immanuel 
Codes, through frequent manual Direct Induction of the their 
corresponding Symbol Codes and Sound Tones/Arieas. 


The most powerful Yunasai-Eckasha Codes are PHOTO-SONIC 
Codes, carrying the Mathematical Programs of the Khundaray Current 
Primal Sound Meajhe Field AND their bridging God-Seed vibration- 
thythms connecting to Source. The Level-2 Immanuyana and Level-1 
Immanuel High Veca Codes are PHOTO-RADIONIC Codes, carrying 
the Mathematical Programs of the Trion-Meajhe Field Khundaray 
Primal Sound AND Kee-Ra-ShA Primal Light Currents. 


Consistent use of Veca Code Radial Body Healing, in combination 
with Merkabic and Kathara Healing applications, will progressively 
clear the Miasmic Body and heal, balance, re-integrate, and restore the 
Divine Blueprint within, the energies of the Phantom-Shadow Self in all 
levels of the Body-Mind-Spirit system 


More advanced applications of Veca Code technologies include use of 
the Mid-Veca Immanu and Low-Veca Manu Codes, and the 
corresponding Seurias (body movements to direct frequency), following 
a period of initial induction and activation of the Yunasai and High Veca 
Codes. Full Spectrum Veca Code technologies are introduced in the 
“Dance of Life” Masters Spiritual Development Program. 


CHAPTER 5 = THE COZY CORNER LAB 
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Figure 5-23. The schematic of the LED array, showing both parallel and series circuits. The circuit offers 
‘two power connectors to make it easy to wire multiple LED arrays using the same power supply. 


Summary 


Even if your workbench doesn’t look as bad as the one presented at the beginning of this chapter (or 
even if it looks worse), hopefully you've learned a thing or two about the importance of they saying, “A 
place for everything and everything in its place.” Since you get to decide where everything goes, you can 
either make it easy or hard on yourself as the years go by. 

The workspace in this chapter extended to a total of 10 square feet. If this is what you have to work 
with, you can certainly set up a comfortable, safe, and productive area for your electronic projects. Ifyou 
have even more space available (adding a shelf either above or below the desk is a great way to do this), 
then even better. 

Hopefully some of the more detailed descriptions of how electronic components can be wired up 
have given you some ideas for projects of your own. The very best possible way to learn more about 
electronics is to think up some simple experiments and try to build them in your lab. Have a goal, take 
lots of notes, and have some fun—even your failures can be used as stepping stones to more ambitious 
and creative projects in the future. 

Have a lormore room? Then perhaps you should be thinking about setting up a group lab or 
classroom. Chapter 6 will give you some helpful advice about what you are going to need to get started. 
See you there! 
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* Induction, or IMBEDDING of the High Veca Codes into the 15- 
Dimensional Anatomy involves placing the corresponding Symbol Code 
Sequence (mathematical program) over the regions of the physical 
body that correspond to the appropriate aspects of the Kathara Level-2 
Crystal Seals Grid and Level-3 Diodic Grid. Once the Symbol is in 
place, the breath is used to direct D-12 Maharata Current through each 
Symbol Code and body region. Use of the Maharata Current “carrier 
wave" (via activation of the Maharic Seal/Shield) is required to induce 
the code’s mathematical program into the Diodic and Crystal Seals 
Grid, where the program will then naturally transfer into the 
corresponding areas of the Level-1 Kathara 12-Tree Grid core template. 


* Once the High Veca and Eckasha Code Sequences are 
Imbedded/induced into the Level-1 Kathara Grid, they are then 
Activated in the Kathara Grid by TONING the corresponding Veca Code 
Ariea Sequence. The longer toning is sustained, the greater will be the 
quantity and quality of Veca Code Activation. 


+ Once Activated, the Veca Code programs travel upward through the 
stages of the Transduction-Manifestation Sequence from the Kathara 
Grid, to the Shields, into the Keylon Crystal Body Morphogenetic 
Field, then into the Merkaba Field, DNA Template and Hova Body/ 
Radial Body Levels, temporarily restoring the Christiac Merkaba Field, 
Radial Body and Memory Matrix Divine Blueprint. Frequent and 
continued use of the Veca Codes will progressively build Critical Mass 
of the Divine Blueprint program simultaneously within ALL levels of 
the 15-Dimensional Anatomy, eventually culminating in expedited full 
restoration of the D-12 Maharic Shield blueprint within the Body-Mind- 
Spirit system, via the Radial Body Trion-Meajhe Field. 


+ Activation of the Yunasai and High Veca Codes within the personal body 
prior to conducting a Kathara Client Healing Session will cause the 
facilitators Level-3 DIODIC GRID to activate, temporarily transmitting 
Veca Code sub-harmonics. This will cause the minute Diodic Chakras 
in the facilitator's FINGER TIPS to activate if the Palm Chakras have 
been activated with either pure Maharata Current or a selected Triadic 
Phase Current. The facilitator will then automatically transmit Veca 
Code sub-harmonics into the client's Diodic Grid while conducting 
general Kathara Healing applications, allowing the client to benefit from 
temporary Radial Body healing support, which will amplify the effects 
of all healing applications. 


Amore Temporary Imbedding and Activation of the Veca Code 
program can be achieved through OPTICAL-PINEAL INDUCTION, 
whereby the eyes are focused for a time upon the Image of the Symbol 
Code. The mathematical Veca Code program enters the Pineal Seals 
through the Optical Currents and 6" Chakra, an then travels for 
Imbedding/induction through the Central Vertical Current into the body 
regions and Crystal Seals Grid areas to which the Veca Code 
corresponds. The Veca Tones/Arieas are then used to Activate the 
imbedded Veca Code Sequence. 


In Optical-Pineal Induction, the Veca Program looses a bit a frequency 
charge/ strength during is travel in the Central Vertical Current. This 
creates a more temporary imbedding and activation of the Veca 
Codes than that which is achieved through Direct Induction. Optical- 
Pineal Induction is useful for daily amplification of the Vecas, and for 
Kathara Healing Client Sessions and planetary grid “site work", when 
used in combination with the full induction procedure employed at 
least once per week. 


To receive full benefit of Veca Code Radial Body Healing applications, 
Technique-2 The Kee-Ra-ShA Activation Sequence should be fully 
run at least ONE TIME. Technique-2 can also be used occasionally 
thereafter if desired to create intensification and amplification of the 
Primal Life Force Currents during Kathara, Merkabic and Veca Code 
Healing technologies. 


Frequent use of Technique-13: The “Song of Lyra” Christos Invocation 
will amplify all Kathara, Merkabic and Veca Code Radial Body Healing 
applications. 


The Christos-Trion-Meajhe Fields, High-Veca Codes and 
Universal Life Force Currents 
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Restoring the Trion Field-Photo-Radionic Healing 


Regular use of this technique will strengthen and improve RRT 
Planetary healing Applications (excerpt from Kathara Level-2) 


Creating a Personal Bio-field Link to the Universal Christos-Trion-Meajhe Field 
Masters Merkaba Mechanics 
©2001 Ashayana and Azurtanya Deane 


xercise-1; Once per day, do Maharic Insta-Seal then practice each set of Veca 
tones separately While fixating visual focus on corresponding Veca-Code symbol ; 
spend at least three or four minutes gazing at each symbol (opticel-pineal 
induction) while toning corresponding tones (core template vibrational induction) 
With practice this will progressively expand the personal consciousness while 
activating the personal Christos-Trion-Meajhe Field of your Christos-Rishiac- 
Ascended Master identity levels within the cellular structure: 


Exercise-2: Once per week, directly after completing Exercise-1, place all Veca- 
Code symbols over designated body areas, activate Maharic Shield, breathe D-12 
Maharata Current through each symbol and body area io induce code, using the B.- 
Tri-Khu-Dha-Ra Sequence, then begin toning the corresponding tones following the 
Bi-Tri-Khu-Dha-Ra Sequence. Memorize the tone sequence of the 5 High-Véeca 
sodes as if it were 4 “song” and relax, close eyes and sing/tone this "song" (Psonn) 
for 5 to 10 minutes. The longer you tone, the more frequency power you build within 
the body and the stronger your link will be to the Universal Christos-Trion-Meajhe 
Field. This exercise can also be used with groups, either singularly to create and 
amplify Christos-Trion-Meajhe Field links or just prior to beginning RRT work. 
Frequent and consistent use of these two exercises will progressively develop the 
spin-rate capacity of the personal Christos Merkaba Field, while expanding higer 
consciousness within the body and progressively enhancing the health; immunity and 
integrity of the Mind-Body-Spirit system, 
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The High-Veca Codes 
Universal Time Codes for Primal Frequency Access 


Cosmic Codes of Immanuyana 
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tT: 


The Rha-Veca Code The Dha-Veca Code The Khu-Veca Code 

Primal Sound-3 Eckatic Primal Sound-2 Pol Primal Sound-t Triadic 
called the DrU A’ called the Shar dA'za 
TONE: °°’ Du A’ ha” TONE:Kt tarDA'z a" 


Symbol Placement: Symbo, . facement: Symbol Placemen 
Tailbone Chakra-2 (just below naval) Chakra.si Erant 


The Tri-Veca Code 
Density-5 Dimensions 13-14-15 
called the Ha" Sha 
Symbol placement: 
-7aLeft Foot bottom 


TONE: Kee' Ra Sha Ha Sha” 


Universal Codes of Immanuel 


‘Ma ha ra’ ta Mu A’ va" 


‘The BivVeca Code 
snh-4 Dimensions 10-11-12 
called the Mu A’ va 
Symbol placement: 
Right Foat bottom 
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. Use Technique-6: The Maharic Quick Seal to activate your Maharic Shield, Seal 
and Maharata Current. 


. Stare at image of the Eckasha Code for a few seconds, then gently begin to “Cross 
Eyes” until you can see a "Double Image” of the Eckasha when looking at the 
image. Hold “ Eye Cross” focus while taking three rapid breaths; on each EXHALE 
projecting a stream of (D-6) INDIGO current from your 6" *3"* Eye” Chakra at 
forehead. (This braids D-6 Optical Currents into a D-12 Current to carry the Eckasha 
program into the Pineal Seals.). Un-cross eyes, relax visual focus and close eyes for 
‘a moment or two. 


INHALE several breaths of Pale Silver D-12 Maharata Current up from the Earth 
Core through your Maharic Cord, on each EXHALE depositing the Maharata 
Current in the Pineal Gland at the center of the brain, to form a Pale Silver 
“Maharata Ball” in the Pineal, 


Breathe gently and return visual focus to the image of the Eckasha, focusing 
upon the Eckasha Core REUCHE’ (the “Double Circles and their content at center of 
Eckasha). 


;. EXHALE while projecting a stream of INDIGO current from the 6” Chakra at 
forehead, into the REUCHE symbol before your eyes. INHALE while drawing the 
INDIGO current stream with the REUCHE image at its end back through the 6™ 
Chakra and into the Maharata Ball in the Pineal. 


INHALE one more breath of Maharata Current up from Earth Core to the Maharata 
Ball at the Pineal, then use a forceful EXHALE to PUSH Eckasha-Reuche encoded 
Maharata Ball out to the right, to the “Mentor” position over the right shoulder. 
Visualize the Maharata Ball growing to the size of a “Basket Ball” over the right 
shoulder, and visualize the image of the Reuche as expanding to fil the inside of the 
Maharata Ball, 


. INHALE forcefully while drawing the Maharata Ball back to a position centered 
around your head, then use three breaths to INHALE Maharata Current up from 
Earth’s Core to Pineal and EXHALE the Maharata Current outward to fill and 
expand the Maharata Ball. 


. Visualize the Maharata Ball expanding outward from around your head, until the 
Maharata Ball fully encompasses your body and entire Chakra System, from 
Chakra-14 36" above head to Chakra-13 in Earth Core. Imagine that your entire 
body is now surrounded by a 3-dimensional ‘Eckasha Tear-Drop” shaped CLEAR 
CRYSTAL CAPSULE. The Eckasha Code Photo-Sonic Capsule is now temporarily 
activated in your Inner Templar system. 


Eckasha Crown Veca Code- The Universal God-Seed 
Tone: Um veri @hecceccnAl TP TRAM ce Be nase 
il vy 


Symbol Placement: Pineal Induction via Chakra-6 "3" Eye" 


The Yunasai-Eckasha God-seed Code 
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LSeslinnigie #42 73 


The Song of Lyra Christos Invocation 


The Vectos Invocations 
The Vectos Compendium Declariti 
The Vectors Collective Declarations 
(All self incamations in all Time Vectors deciaring in Unity as the Avatar Self) 
English translation from Elohei-Anuhazi Emerald Covenant Decree Texts: 
© 2001 Ashayana Deane 


‘The Mah’-ah’ Bi-Vectus Deciaritum 
Declaration of the Maharata 
(Intention Decree AS the personal D-12 Christos Avatar Maharata self identity) 


I decree now in this moment of KNOWING that all things here within me 
are hence forth restored to the original Divine Intention of the ONESELF that is MINE. 


Irelease now all bonds of manifest illusion that place veils of SELF-forgetting before mine eyes. 
revoke all separations of duality through which my Heart is rendered numb with disillusion and 
discord, 


In this moment I reclaim the Whole of my Condition, reaching forth into the. depths of all creation to 
now call my SPIRIT home. 


1AM the Sun of the Radiant Glowing. | AM the HEART of Divine LOVE. | AM the Still Point of the 
Face of All Creation. | AM the Voice of the Universal Song. 


I decree now in full remembered Knowing that | AM ALL and WE are ONE. 

In setting forth this decree of my Eternal Divine Power, | shall render Divine Intention only, through 
which the All and I are equally served 

in the Highest Order of our collective Best Divine Intention. 


| call now unto the many Selves and Shadows ensconced within the illusions of time, and decree unto 
thee that | AM THIS, | AM. 

TAM the wind that brushes thy faces 

AN the rain that renews thy field. 

1AM the Whisper of the Breathe of God within YOU. 

WE NOW are the expression of Divine Heart, Mind and Hand. 

WE are the Rumbling Hymn Song of the earthen worlds of matter. 
WE are the Prane-Breath of God Eternal, manifest. 

We are the Waters of Eternal Life forever outward flowing. 

We are the cooling, life force Flame of the Cosmic Fire expressed. 
in our UNION now and always, declare WE in our Wholeness, 

that all dissidence is rendered spent, all conflict NOW made healed. 


As DIVINE NAME THIS. ss .«s(your Christos spiritual name) 

AS WE, the Maharata \Vee TUS, (D-12 Christed Avatar Divine Blueprint self identity), DO 
NOW DECREE through the Divine Love, Wisdom and Power that is MINE....to express now AS this 
moment, the condition of Mah’-ah Bl-Vec'Tl UN UR'-A-OR’-NaM’ -OOR (Christos begining and 
ending NOW-completion of a manifest expression in its originally intended Divine Fuffllment, its past- 
present-future full expression made in the present time, clearing all duality, disharmony and distortion. 
‘Anchoring of the Divine Christos Maharata Biueprint in the moment). Upon this Invocation Divine 
Intention is rendered manifest in all conditions to which | now assign. 
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‘The Mah’-ah’ Bi-Vec'tus Inavhoki 
Invocation of the Maharata 
(Creation Decree Invocation AS the personal D-12 Christos Avatar Maharata self identity) 
© 2001 Ashayana Deane 


From this Still Point of my Wholeness in manifest decision, 

1 Decree in Sovereign Knowing, here expressed at my Command (lovingly stated absolute 
intention) the Divine Will and Intention of the ONE-SELF that is ONE GOD. 

The ONE-SELF that |S ONE GOD THIS | AM. 


Mah-Hah-Rah-Tah KHUM Bl-Vec'TUS 
Las D-12 Christas Avatar self.......(name) 
IN-A-VHO"-KI UN" E-BLE'UM BI-Vec'T! 
Invoke by Divine Loving Command Now, by the Power of the Universal Christos, 
Mah’-ah Bl-Vec'Tl UN UR’-A- OR'-NaM’~ OOR 
the D-12 Divine Christos Blueprint past-present-future; NOW the Divine Sea of Liquid Light anchors in 
this moment. 
E'stA Un'-tA E’-Sa — Tra'zdJha’ HA’-A Rha 
Absolutely now established, always and forever, in etemal abiding reverent Love of the Etemal ALL- 
ONE 
“tah-TA Um a Ab-ShA'-Lum 
Blessed Be all embracing, given forth from the Still Point of Eternal Peace 
Thah-A’-Jha_in'ta DO A” 
Spoken AS IT IS STATED, As SO It S DONE 
Um Sha'-DI UR'-A_ ah Khum’ TUn 
All Embracing Pillar of First Cause Light, | AS THIS expression now. 
In the name of the Melchizedek Cloister Emerald Order Eieyani, 
Holy Order of the Yunasai, 
Sacred House of ONE. 


name) 


English Translation: 
Ma-Ha-Ra-Ta KHUM BI-VecTUS 
= *TAS") (Ma-Ha-Ra-Ta Bi-Vec'tus = D-12 Christos Avatar Self) 


(in-A-vhO-Ki= Invoke by Divine Loving Command), (UN= Now), (E-BLE"UM= by the power of), 
(Bi-Vec'ti = Universal Christos) 

Mah'-ah_Bl-Vec'T! UN" UR’-A- OR'-NaM'- OOR 

(Marah Bi-Vec't!= D-12 Divine Christos Blueprint past-present-future) 

(UN Ur-A- Or-Nam’ -OOR= Now the Divine Sea of Liquid Light anchors in this moment) 
EvstA _Un'-tA_E'-Sa Tra‘zd-Jha'_HA'-A Rha 

(E'StA Un'TA E’Sa = Absolutely now established, always and forever) 

(Tra’zd-Jha'= in eternal abiding reverent Love) (HA'-A Rha = of the Eternal ALL-ONE) 
Ptah-TA Um_a__Ah-ShA‘-Lum 

(P'tah-TA UM = Blessed Be, all embracing) (“a’ in this conte) 
(Ah-ShA-Lur the Still Point of Eternal Peace) 
‘Thab-A'Jha_inta___DO_ A” 

(Tha-A-Jha_inta= Spoken AS IT IS STATED) (DO A’= As SO It IS DONE) 
(Um Shi 1 UR'A = All Embracing Pillar of First Cause Light) 

(ah Khum’ TUn =! AS THIS expression now ) 


given forth from) 
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EVERYONE AND EVERYTHING WITHIN 
THE VICINITY OF SAGRED G WILL GET 
BLASTED WITH POSITIVE VIBES THAT 
UNLOCK ENERGY AND BGOST PERFOR: 
MANCE. INGREASING THE AMGUNT OF 
SACRED G YOU USE WILL INCREASE THE 
AMOUNT OF ENERGY YOU HAVE. 


SACRED G STICKERS COME IN 6 UNIQUE, 
DESIGNS: 


THE SAGRED G SPaT 15 DESIGNED TO 
PHYSICALLY CLEANSE YOUR CELLS, 
FREEING UP MORE ENERGY FOR THE 
BODY TG RUN MORE EFFICIENTLY. 


THE SACRED G TRANSPORTER 15 
DESIGNED TO FREE UP USABLE ENERGY 
TRAPPED AS EMOTION IN YOUR PAST 
MEMORIES, EACH NIGHT THAT YOU 
SLEEP ON SAGRED G, MORE AND MORE 
ENERGY IS RELEASED RESTORING YOU 
TO YOUR NATURAL STATE OF PEACEFUL 
Buss. 


THE SAGRED G  ASGENDER 15 


DESIGNED TO BOOST ENERGY AND 
INGREASE SELF GONFIDENCE BY 
SULVING GONFLIGTS WITHIN YOUR 


THOUGHTS AND BELIEF SYSTEMS. THIS 
ENABLES YOU TO PERCEIVE MORE INFOR- 
MATION AT ONGE INGREASING YOUR 
LEVEL OF FOGUS AND REACTION TIME. 


THE SAGRED G TRANGENDANCGE Is A 
COMBINATION OF THE FIRST THREE 
DESIGNS PLUS ADVANCED MEMORY 
SYSTEMS THAT ACCELERATE THE 
LEARNING AND DOWNLOADING OF NEW 
INFORMATION FROM THE COLLECTIVE 
CONSCIOUSNESS. 


THE SacrReD G SIMULATOR 1s 
DESIGNED TO UPGRADE YOUR FRIEND- 
SHIPS AND RELATIONSHIPS BY 
ATTRACTING NEW PRODUCTIVE ONES 
WHILE EMPOWERING YOU TO LeT GO OF 
GLO ONES THAT NO LONGER SERVE 
YOU. THIS DESIGN WILL INCREASE THE 
NUMBER OF SYNCHRONIGITIES IN YOUR 
LIFE AND GREATE AN AWAKENED SENSE, 
GF ADVENTURE AND PURPOSE. 


THE SAGRED G L.O.V.E.™ AcTIVATOR 
COMBINES ALL OF THE DESIGNS WITH A 
NEW MOTION ACTIVATION SYSTEM THAT, 
TAKES YOU BEYOND YOUR LIMITS TO 
ACHIEVE YOUR GOALS, THE ACTIVATOR 
1S THE ULTIMATE STATE-OF-THE-ART 
DNA AcTIVATION TECHNOLOGY. 


VISIT THE WEBSITE TO LEARN ABOUT 


THE MOST ADVANGED SACRED G 
DESIGN GALLED “FUSION” WHICH 
INGORPORATES EVERY DESIGN INTO 


ONE. 


SLEEP / PILLOW Case 
Place THE SacRED G 
BENEATH YOUR PILLOW 
i OR INSIDE YOUR PILLOW- 
CASE DESIGN SIDE UP. 


Notice HOW THE SAGRED G ALTERS YOUR 
SLEEP AND DREAM STATES. THE BODY 
FREES UP THE MOST AMOUNT OF ENERGY 
WHILE YOU SLEEP. SACRED G ENHANCES 


)) ENERGIZED WATER 


.SurER CHARGE YoUR 

WATER WITH ENERGY BY 
PLACING IT ON TOP OF 
THE SACRED G- 


Test: TAKE TWO GLASSES OF TAP WATER, 
PLACE ONE ON TOP OF THE SACRED G, AND 
THE OTHER AT LEAST SIX FEET AWAY. 
ALLOW THE WATER TO CHARGE OVERNIGHT; 
TWO GLASSES IN THE MORNING. THis TEST 
SHows HOW SAcReD G TECHNOLOGY NOT 
ONLY GLEANS YOUR WATER, BUT IS ALSO 
INSTRUMENTAL IN PHYSICALLY CLEANSING. 
THE TOXINS FROM YOUR BODY INGREASING 
ENERGY. 


“1 WiLL NEVER RIDE 
A. BOARD THATS NOT 
Sp GuT AGAINI” 


Ras DyRDeK 


XCTREME PERFORMANCE ENHANCEMEN: 
PLACE THE SACRED G GN SKATEBOARDS, 
SURFBOARDS, TEAM UNIFORMS, GR ANY 
GEAR AND EQUIPMENT THAT You USE. 
WATCH AS YOUR PERFORMANCE IS 


Visir THE WEBSITE TO LEARN OVER 35 
WAYS TO USE SACRED G TO sD0sT YOUR 
ENERGY, PLUS 5 GOOL TESTS THAT YOU 
GAN DQ. ALSO, BE SURE TO WATCH THE 
SaGRED G Erisope ON MTV's Roo & BIG 
SHOW TO SEE HOW SAGRED G CAN soposT 
YOUR PERFORMANCE. 


VISIT THE WEBSITE TO DOWNLOAD ALL OF 
THE SACRED G DESIGNS FOR FREE! 
BoNus: WATCH A 3 HOUR VIDEO ON THE 
SCIENCE OF SACRED GEOMETRY! 
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CHAPTER 6 


The Small Group Lab and 
Classroom 


The first part of this book covered what you need to know to build your own personal electronics lab. 
Now it's time to share the love with your fellow electronics enthusiasts. Where to begin? 

Like most important questions, the answer remains, “It depends.” What resources are available to 
you and your group? How many folks will likely want to be working together, and for how long? How well 
do you really know these people? And these are just a few of the questions you're going to encounter 
along the way. 

Take the time to understand exactly who “you' (plural; in Texas, yal) are and what your 
requirements and goals could be. By doing so, you map out the future of your successful facility 
Likewise, of planning ahead or making reasonable assumptions about your needs is simply an 
invitation to problems, problems, and more problems. Who wants more problems? 


Tip | you fail to plan, you plan to fail 


Know Yourself 


The ancient Greek maxim “know thyself” has as many definitions as it has authors, it seems. Plato 
indicated in several of his dialogues that Socrates would use this phrase to admonish his students to 
learn more about themselves and their own characters and capabilities before attempting to figure out, 
the rest of the universe. Wise advice then and now. 

‘As far as knowing yourself in relation to setting up a shared electronics lab, you should first think 
about what role you are going to play in this endeavor. Yes, you. Here are some of the major ones, and 
you might end up being all of them at some point. 


Facilitator or Coordinator 


In the role of the facilitator, you plan on providing an environment for others to use for their projects 
and explorations in electronics. You may or may not partake in these activities yourself, but have been 
tasked with (or volunteered for) the organization and coordination of the lab. 

t's critically important to understand the needs of your intended lab-menkays users, See the “Know 
Your Group” section later in the chapter for more information on this topic. 
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Forensic Pathology 


Those who have dissected or inspected many bodies 
have at least learned to doubt, while those who are ignorant of 
anatomy and do not take the trouble to attend to it, are in no doubt at all. 


Giovatsi Monga 1682-1771 
The Father of Morbid Anatomy 


Taceant colloquia. Effugiat risus. Hic locus est 
ubi mors gaudet succurrere vitae. 
(Let conversation cease. Let laughter flee. 
This is the place where death delights to help the living.) 


Latin poets 


Seldom say never — seldom say always! 
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CHAPTER 6 © THE SMALL GROUP LAB AND CLASSROOM 


As the lab facilitator, lab workers will come to you with questions, requests, comments, and 
complaints. Be prepared to address their needs in a responsive and professional manner—even if they're 
just your cousin. 

Your responsibilities will include 


+ Communicating the scope of the lab (Le., deciding what is and what is not 
acceptable or expected) 


+ Publishing any important information or updates regarding location, available 
times, features, rules, and possibly ongoing projects 


+ Crafting policies involving safety, proper tool usage and training, and participant 
conduct 


+ Maintaining supplies of commonly used materials 
+ Inspecting and repairing tools as the need arises 


To balance out your responsibilities, you should be granted adequate authority in the following 


+ Characterizing the scope ofthe ab, based on present and anticipated future needs 
+ Enforcing the policies ofthe lab 

+ Budgetary discretion in acquiring, provisioning, and maintaining lab assets 

+ Granting or revoking access to the lab based on established parameters, 


Ifyou're going to be the Keeper of the Lab, then you should have both a personal interest in keeping 
it in good shape as well as the wherewithal to decide how things should be done. 
Good luck finding the right balance there. 


Teacher or Presenter 


Let’s assume that your lab has already been set up (or can be set up ina jiffy), and your main goal is to 
present information or teach classes there. Again, it should be apparent that a good knowledge of your 
intended audience will play a vital part in your success. See the “Know Your Group" section for more 
information, 

Once you understand the needs of your class and the goals of your presentation, the next step is to 
leverage the existing facilities to your best advantage. Will you need specialized presentation equipment 
or materials? Ifso, see what is already available, and then make a shopping list of everything else you will 
need. Examples include lighting, a projector, specialized power distribution, and test equipment. 

‘Are you making an interactive presentation? If so, what materials will you need to provide for your 
students to be able to fully participate in your presentation? 

What will be your optimum teacher-to-student ratio? If you have a simple message that's easily 
communicated and reinforced, a single speaker can effectively address a rather large crowd. Once you 
start adding layers of complexity to the subject matter, you're going to have to be prepared to backtrack 
and explain things in more detail from time to time. If you're leading a group through a technical 
exercise, it's often profitable to have assistants available to help just those individuals that need a little 
more help, without having to stop the class in its tracks. These assistants need to be up to speed on the 
subject matter as well as have good communication and troubleshooting skills. 

Remember that students look to the teacher for leadership, not only as a subject-matter expert. Take 
the lead, set a good example, and share your enthusiasm for your topic with your students. 
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Preface to the third edition 


I is pleasant to record that the second edition of Forensic 
Pathology consolidated the international reputation of the 
original book as one of che foremost manuals of forensic 
pathology in che English language. This new third edition 
generally follows che same successful pattern, but there are 
some significant differences. 

‘The editorship is being transferred to Professor Pekka 
Saukko and this volume i the product ofthe collaboration 
with the original author. As with previous editions, the text 
has undergone a complete revision to update whete neces 
sary and add new material where relevant, A major change is 
the extensive use of colour to replace original monochrome 
illustrations and in numerous new illustrations, including 
‘micrographs. More chan 300 colour illustrations have been 
added, of which 175 are completely new from the archives 
of both the Cardiff and Finnish institutes, and others. 


Another major improvement has been in the reference 
material where both corrections and numerous additions 
have been made. “Further reading’ is intended for chose 
readers who do not have access to electronic libraries and to 
offee an overview of the literature on a particular topic: 

‘The new edition maintains che philosophy of evidence- 
based forensic pathology with emphasis on the avoidance 
of over-interpretation, which regrettably still leads co 
instances of miscarriage of justice, 

Ie is hoped that the new edition of this well-established 
textbook, with its emphasis on practical procedures and 
‘common-sense evaluation of autopsy findings, will continue 
to be of assistance to forensic pathologists all over the world, 


Peli Saukko 
Bernard Koght 


Preface to the second edition 


‘The most gratifying reception accorded in many parts of 
the world to che first edition of this book has led to the need 
for an updated version less than five years Laer, No radical 
changes have been made in the format, but like an airliner 
during its periodic major service, every part has been scruti- 
nised and replaced where ic has become outdated or defective. 
In addition, new material has been added where appropriate 
Forensic pathology, unlike its sister discipline forensic 
science, does not change quickly or have dramatic develop- 
sents such as the current DNA revolution. Indeed, because 
its base is the interpetation of autopsy findings, forensic 
pathology still rests largely on che principles of morbid 
anatomy founded in the nineteenth century and earlce 
However, this is not to say chat i remains fossilised in the era 
of Vitchow — new Findings and techniques appear constantly, 


albeit at a measured pace compared with other disciplines. 
‘The most useful of these advances have been incorporated 
into this new edition, 

In particular, the seetions on child abuse, head injuries and 
traumatic subarachnoid haemorthage have been amended oF 
supplemented. Sixty new illustrations have been incorp- 
crated, and another area of attention has been the references 
and recommended reading, as there were some texeual cite 
tions not listed inthe fist edition —and very many more have 
been added, However, the literature is now so vast both in 
forensic journals and seatered profusely throughout other 
specialist publications, that itis futile try to capeute all of 
even the most seminal papers, which now need computerised 
and other modern library techniques for thei retrieval 


(One of the many reviewers of the previous edition com- 
plained chat many of che references were old, but I make no 
apology for thi. The value of a publication isin its content, 
not in its date, as Harvey’s De Motu Cordis and Morgagni’s 
De Sedibus clealy demonstrate! Some of the most valuable 
papers in forensic pathology were written decades or even & 
century ago: the critical writings of Moriez, Shapiro, Adelson, 
Helpern, Gonzales, Polson — right back to Taylor and Tardieu 
in the nineteenth century — are examples of careful observa- 
tion and logieal thinking which some modern pathologists, 
given to overinterpretation, would benefit from studying. 

‘The critical attinude to every autopsy finding has been 
‘maintained in this new edition. A number of recent criminal 
‘rials and Appeals have emphasised the vital need for expert 
medical witnesses to be totally objective in their inter- 
pretation of physical findings. To quote from the new (1996) 
Practice Guidelines of the Policy Advisory Board in Forensic 
Pathology of the British Home Office: “The evidence should 
be objective: speculation should be avoided. Unwarranted 
condlusions can never be defended. The role of the expert 
witness i not 10 provide the evidence which supports the 
case for the Crown nor for the defence, unless that opinion 
is objectively reached! and has scientific validity” Perhaps, in 
the interests of justice, an additional new forensic aphorism 
should be on the frontispiece: ‘If you cant prove it, dont 
clair it 


Bernard Kight 
1996 


Preface to the fi 


rst edition 


This isa textbook of forensic pathology, not Forensic medi- 
«ine, Though there is considerable overlap, forensic medi 
cine includes medical jurisprudence, the legal axpects of 
medical practice and many ethical matters, none of which 
are found — nor ae intended co be found — in these pages 

Such topics have marked geographical limitations, as 
a result of legal, ethnic, cultural, and even religious varia- 
tions from place to place. Even within the British Isls itis 
almost impossible to write a single book on medical juris- 
prudence thar can do equal justice to the different legal 
systems of England and Wales, Scotland and Ireland, 

“The subject matter of this volume has no such geograph- 
ical constrains, as it is solely concerned with the examin- 
ation of the dead body for medicolegal purposes. Even in this 
limited sphere, police procedures and the habits of patholo- 
gists will vary considerably with country and with resources, 
but ies hoped thatthe routines, techniques and philosophy 
offered in this book will offer a guide to good practice that 
can then be modified according to local cireumstances. 

‘The contents are intended to lead the pathologist — and 
in some countries, the non-pathologist— ehrough the proce- 
lures that are needed in the examination of a body found. 
under obscure, suspicious, or frankly crinsinal circumstances, 

In developed countries with sophisticated medicolegal 
systems, such autopsies will be performed only by forensic 
pathologists or by histopathologists with considerable exper- 
ence, but in many areas ofthe world — especially che develop- 
ing countries ~ lack of manpower and resources as well as, 
considerations of distance and facilities mean that almast any 
doctor may be called upon so perform medicolegal examin- 
ations, For both ofthese clases of medical men and women 
this book aims to ace ava guide and a souree of reference. 


“The subject matter follows a farly conventional pattern, 
but the teatment of each topic is designed to offer practical 
advice linked with a philosophical approach thar leads the 
doctor to analyse and question the interpretations drawn 
from physical findings 

All t00 often, dogmatic opinions ate derived from an 
unsound factual base, learned from lectures or textbook that 
repeat previous dogma with line sense of critical evaluation, 


In some parts of the world forensic pathology is learned 
by rote from teachers who studied ie themselves in the same 
fashion, and who have litte or no practical experience in the 
hard schools of mortuary or witness-box. I hope that this 
book will atleast stimulate traince forensic pathologists to 
think ewice, question and disagree ~ not least about some 
of the material in the following pages 

Some conventions have been discarded in the format of 
this book. The author feels that itis disruptive for ease of 
reading 1 have every line clogged with references to other 
authors, except where essential wo the topic under discussion. 
Thus most references have been consolidated into groups, 
placed at the end of the appropriate sections in each chapter. 
In addition to actual references, there are many suggestions 
for further reading on the same topic, I s quite impossible 


to be comprehensive in offering relevant titles, as the amount 
published on forensic matters is now overwhelming, several 
hhundred new titles appearing each month. A representative 
selection is offered, much of it quite recent ~ these papers 
themselves will then offer relevant bibliography, so thar the 
topic can be followed in almost geometric progression, 

“There is no discussion of forensic serology, a this is now 
a discipline of is own, Similarly, che toxicology is confined 10 
a detailed consideration of the pathologist's role in obtaining, 
samples and interpreting the results from the analytical labora- 
tory. Though the most common poisons are discussed, this 
is purely from the autopsy aspect. Like serology, toxicology 
is now a vase subject that stands independendly and it seems 
fuse merely to scratch the surface in a text devoted to foren- 
sie morbid anatomy. 

Another departure from the conventional ext is that con- 
cise reminders of the forensic anatomy of important 
are given, adjacent to the topic under discussion, Many 
pathologists learned their anatomy along time ago and it can 


bbe useful before an autopsy. or writing the report, or appear- 
ing in court, wo have a quick refresher about the relations of 
the aortic arch to the second sib or the exact structure of the 
laryngeal cartilages. Ilustrations in forensic textbooks are 
traditionally profuse and often spectacular. The only just 
fication for « photograph is chat it insects, however, eather 
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than entertains or shocks. This book uses photographs only 
where a relevane point is displayed, with a full caption that 
stands alone without having to refer to the text. 

Many line drawings are used, asthe author feels that chey 
often get the message across better than a photograph, which 
of necessity contains irrelevant and pethaps distracting fea- 
‘ures, Similarly, many books are replete with anecdotal eases; 
these can be valuable, but often are more intriguing than use- 
ful. The space devoted to these can usually be put to better 
use and they ate employed sparingly in this text 


Where the pronoun ‘he’ is used throughout this book, it 
is intended that the word ‘she’ is equally applicable, unless 
obviously inappropriate from the context. 

Finally, an Appendix is offered with basic reference mater- 
ial on weights, sizes, temperatures, conversion tables and 
other useful fuets. Histological and histochemical techniques 
relevant to forensic needs are given in detail 


Bernard Knight 
1990 
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‘Though ‘necropsy’ is semantically the most accurate des- 
cription of the investigative dissection of a dead body, the 
word ‘autopsy’ is used s0 extensively chat there is now no 
ambiguity about its meaning, 

‘The term ‘post-mortem examination’ isa common alter 
native, especially in Britain, where its meaning is never in 
doubt. Unfortunately, ie suffers from a lack of precision 
about the extent of the examination, for in some countries 
many bodies are disposed of after external examination 
without dissection. 

‘The forensic investigation of deaths was introduced rela 
tively early from the requirements ofthe judicial system, The 
earliest known forensic dissections took place in Italy, proba- 
bly inthe middle ofthe thirteenth century atthe University 
of Bologna. The first one was recorded by William of 
Saliceto, a surgeon and a teacher on the medical faculty 
there. He lived from 1210 to 1277 and in bis book Surgery 
he mentioned a case examined in about 1275. The principles 
of the modern medico-legal investigation were developed 
hhased on the codes of the sixteenth century Europe: the 
Bamberg Code in 1507, the Caroline Code in 1532 and 
later the Theresian Code in 1769. The hospital or clinical 
aucopsy became meaningful frst after the introduction of 


modern concepts of pathogenesis of diseases by Carl von 
Rokitansky (1804-1878) and cellular pathology by Rudolf 
Virchow (1821-1902), Further development of medico- 
legal autopsy has been greatly influenced by the judicial sys- 
tem adopted, the main emphasis in most countries being in 
the detection and investigation of criminal and other unnat- 
ural or unexpected deaths 


AUTOPSY STANDARDS 


Discussions about the quality of the autopsy started at the 
beginning of the nineteenth century. The Austrian decree 
of 1855 included, in its 134 paragraphs, very detailed 
instructions as to the performance of medieo-legal auto- 
psies. The idea of quality control and quality assurance, 
first introduced into industrial production of goods in 
the twentieth century, found its way into medicine later 
via laboratory medicine, Although regional and national 
differences inthis respect are huge and the pace of progress 
varies, there is need for standards in specialist education, 
continuing professional development, harmonization of 
investigative procedures and quality systems leading perhaps 
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eventually to some form of accreditation of individuals and 

In addition to the national measures to create guidelines 
and to harmonize the medico-legal autopsy, there has been an 
increasing international interest in achieving harmonized 
and internationally recognized rules on the way autopsies 
should be earied out. In 1991, the General Asembly of the 
United Nations endorsed the Model Autopsy Protocol ofthe 
United Nations. The European Council of Legal Medicine 
(ECLM) document ‘Harmonisation of the Performance of 
the Medico-Legal Autopsy’ was adopted by the General 
Assembly in London 1995. The latter document served 
largely as basis for the Pan-European Council of Europe ~ 
Recommendation No, R (99) 3 On the Harmonisation of 
Meaivo- Legal Autopsy Rules and ls Explanatory Memorandum — 
which was adopted by the Commitice of Ministers in 
February 1999 (sce Appendix 2, p. 610). Although the docu- 
ment isa ‘recommendation’ by nature, it has legal implica- 


tions, because Council of Europe member countries have to 
implement these principles into their national legislation. 


TYPES OF AUTOPSY 


‘Though medical conventions and legal systems vary con- 
siderably from country to country, there are generally two 
main types of autopsy 


1S The clinical or academic autopsy is one in which the 
‘medical atendants, with the consent of relatives, seek. 
to learn the extent of the disease for which they were 
‘treating the deceased patient. In mast jurisdictions this 
type of autopsy should not be held to determine the 
nature ofthe fatal disease because, if this was unknown 
to the physicians, the death should have been reported 
for medico-legal investigation. 

1S The medico-legal or forensic autopsy, which is 
performed on the instructions of the legal authority 
responsible for the investigation of sudden, suspicious, 
obscure, unnatural, litigious or eriminal deaths. This 
legal authority may be a coroner, a medical examiner, a 
procurator fiscal, a magistrate, a judge, oF the police, the 
systems varying considerably from country to country. 


In most systems the permission of che relatives is not 
required, as the object of the legal investigation would be 
frustrated if the objections of possibly guilty persons could 
prevent the autopsy. 

In many jurisdictions the medico-legal autopsy is often 
further subdivided into: 


those held on apparently non-criminal deaths, such as 
accidents, suicides, deaths from sudden natural eauses, 


fo associated with medical and surgical treatment, 
industrial deaths, and so on 

the eruly forensic autopsy held on suspicious or frankly 
criminal deaths, usually at the instigation of the police 
‘These deaths comprise murder, manslaughter, 
infanticide and other categories that vary in different 
jurisdictions 


‘The type of pathologist chat deals with these categories 
also varies from place to place ut, as the systems are so 
diverse, there is lite point in discussing the details. What is 
‘much more important is that whichever pathologist tackles 
each type of ease, he of she should be trained and experi 
enced in that particular field. Unfortunately, either from 
lack of staffand resources or because the system is d 


‘medico-legal autopsies — especially of major erimsinal eases — 
are frequently performed by pathologists inexperienced in 
forensic procedures. 

Another serious defect in many countries is the separ- 
ation of those who practise forensie pathology from those 
‘who profess to teach it in universities. I is impassible to be 
«credible and convincing teacher unless one has continu- 
ing practical experience of the subject. 

Eyen more unfortunate is the performance of medico- 
legal autopsies by doctors who have no training in path- 
ology at all, Though lack of resources make this a widespread 
and inevitable practice in many developing countries, the 
same regrettable practice is seen in some parts of Europe, 
the Americas and elsewhere. This is to the detriment of 
the high standard of expertise that is vital for the support 
of law enforcement and the administration of justice 
A poor opinion is often worse than no opinion at all, as in 
the latter ease, the legal authorities will at least be aware 
of the deficiency in their evidence, rather than be misled 
by the often dogmatic inaccuracies of an inexperienced 


doctor. 


THE PROCEDURE FOR A 
FORENSIC AUTOPSY 


‘Though che actual performance of an autopsy is fatty uni- 
form whatever the nature of the death, there are a number 
of associated matters that vary according to the circum- 
stances, For example, the procedural precautions requited 
in a murder are not necessary in a sudden natural death, 
and the dissection in a criminal abortion or fatal rape i di 
ferent from that upon a drowned body 

‘There are, however, many facets of the autopsy that are 
common to every death, These will be discussed in turn 
here, though the full significance of each item is discussed 
in detail in other chapters 


The procedure for a forensic autopsy 


‘The objectives of an autopsy 


Ml To make a positive identification of the body and to 
assess the size, physique and nourishment. 

1H To determine the cause of death of, in the newborn, 
whether live birth occurred, 

1 To determine the mode of dying and time of death, 
here necessary and possible. 

i To demonstrate all external an 


ternal abnormalities, 
‘malformations and diseases 

To detect, describe and measure any external and 
internal injuies 

1B To obtain samples for analysis, microbiological and 
histological examination, and any other necessary 
investigations. 

1H To retain relevant organs and tissues as evidence 

1B To obtain photographs and video for evidential and 
teaching use. 

1 To provide a full writen report of the autopsy findings. 

1H To offer an expert interpretation of those findings. 

IH To restore the body to the best possible casmetic 
condition before release to the relatives. 


Preliminaries to an autopsy 


Before the body is even approached, a number of prelim- 


AUTHORIZATION AND CONSENT 


A medico-legal autopsy is carried out at the behest of the 
appropriate authority. The pathologist must not begin his 
examination until he is satisfied that such authority has 
been issued in respect of that particular death, The means 
of delivering such authority will vary from place to place: 
it may bea written document, a verbal or telephoned mes- 
sage, oF a tacit standing arrangement, 

‘Where two official organizations ae involved, i must be 
clear who has che premier right to order an auvopsy. For 
example, in England and Wales, the police may request a 
pathologist to examine a body externally at the scene of 
death, but the right to order an autopsy isthe sole pretogs- 
tive of the coroner. Though in serious incidents he or she 
should take the advice of the Chief of Police regarding the 
choice of a pathologist, the final decision remains that of 
the coroner. 

As stated earlier, in a medico-legal autopsy the relatives 
are not consulted for their consent t0 autopsy, as such 


permission cannot be withheld. As a matter of courtesy it 
is usual to inform them before the autopsy is carried out 
unless the circumstances are too urgent. In most cases, 
however, a relative will have atended to identify the body 


before the examination begins. Pathologists should be eau- 
tious about performing autopsies where the authorization oF 
consent aspects are not clea. It sometimes happens that & 
“eonsent document’ for « hospital death has been obsained 
bout the case has ater been reported for medico-legal investi- 
gation, The pathologist should not then proceed under 
the ‘consent authority until the coroner or other official 
has decided whether to order his own autopsy (perhaps 
using another pathologist). If chat official decides not to 
proceed, then usually the consent document becomes valid 

Permission for the retention of material from an autopsy 
{ranging from small fluid samples to the entite body, if nee- 
essary) is usually covered in a medico-legal case by the 
original authority issued for the examination, ‘There is, 
however, considerable variation in the legal aspects of tissue 
and organ retention in different countries, and each path- 
slogist must become fully conversant with local regulations 

In the legislation controlling the English coroner, itis 
not only permissible, but also obligatory, for the patholo- 
gist to retain any tissue that may assis in the further invest- 
‘gation of the death 

However, the coroner (or procurator fiscal in Scotland) 
has only a negative power to forbid the use of tissues oF 
organs for purposes other chan the investigation of the 
death, and so cannot give positive consent for the use of 
these for transplantation, teaching or research: such per- 
mission must be obtained from the relatives, if the coroner 
does not object, under the Human Tissue Act 1961 and the 
forthcoming Human Tissue Act 2005. 


Who may be present at an autopsy 


Once again, each nation or state has different legislation 
and regulations on the conduct of medico-legal examin- 
ations. Though itis pointless to try to survey these, ie must 
bbe emphasized that every pathologist must learn and abide 
by the laws applicable to his or her pasition. 

(Often the relatives of the deceased person, or an accused 
person, must be informed of the place and time of the 
aucopsy so that they may be represented by a lawyer oF 
doctor acting on their behalf. In some jurisdictions, includ- 
ing Britain, there is nothing thar specifically forbids the 
relatives attending in person and the authors have had several 
experiences of this nature, I is open to the pathologist to 
refuse to conduct the autopsy if e objects to their presence. 


In many homicides, a second autopsy is performed by 
another pathologist acting on behalf of the defence lawyers 
representing the accused person. This usually takes place at 
a later date, ater the accused has been charged and granted 
legal representation, but sometimes the second pathologist 
will atend the original autopsy. This is quite in order and is 
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CHAPTER G © THE SHALL GROUP LAB AND CLASSROOM 


A successful teacher leads a class on a journey of discovery. Make sure you don't lose too many 
along the way. 


Participant 


Your goal as primarily a group lab participant is to make effective use of the facilities at hand, making the 
most of your time and energy. Having access to a well-stocked lab with a good array of tools can be a 
decided advantage for both your immediate project goals, and it can be an excellent opportunity to 
accelerate your knowledge of electronics and other mysterious arts. 

Imagining yourself as an active participant is the best perspective when laying out the flow of your 
lab. Set up workstations that have almost everything you need, leaving room for the complex or 
specialized stuff elsewhere. There are more suggestions about specific workstation configurations in the 
“Workstations” section of this chapter. 

‘While the active-participant model helps you squeeze out the maximum utilization of your lab, be 
sure to consider the sort-of-working-but-also-sort-of- goofing-off model. Not everyone wants to be 
‘working full-til all of the time. Leave room for a certain amount of idleness, contemplation, and 
‘whimsy. You might be surprised at the results. 


Observer 


You want to be in on the action, but not necessarily working on anything in particular. That's great! 
Don't underestimate the importance of the purely social aspects of technical gatherings. 

‘Some people just like to hang out with other like-minded individuals. This is a good thing—when 
resources and circumstances allow it, Watching creative, talented, and driven folks working on projects 
‘with passion is very often the best kind of inspiration. Let your kids see you having fun and making cool 
stuff in your lab, and the next thing you know, they are going to want to be there whenever you are. 
Pretty soon, they are going to want to start working on projects of their own—and that is its own special 
reward. 


Know Your Group 


Now you know a little bit about who you are and what your expectations of your lab may be. Now it’s 
time to get to know the group of people who will most benefit rom access to the lab. 

Identify the needs and requirements of your group by first identifying precisely who your intended 
audience is going to be. Knowing this one item, up front, before any big plans are laid, is the best way to 
ensure success down the road. 

There are several broad categories for which you might need to prepare. The more you know about 
your particular group, the better. Let's start fairly close to home and expand outward. 


Your Family 


Once you've established your own electronics lab at home, it’s great to be able to share some of the fun 
‘with those that are closest to you. This might be your children, parents, siblings, or extended family. A 
‘well-planned and well-maintained electronics lab is going to generate some interest, or atleast some 
curiosity. Here's how you can carve out some room for them, while stil being able to get things done 
vyourselt 

It's very natural to want to share your hobbies and interest with others, and a safe and well-stocked 
electronics lab is a great place to do so. This is an especially ripe opportunity for parents to pass on their 
knowledge, skills, values, and work ethic to the next generation. 
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more valuable than a later exploration of extensively dis- 
sected and autolysed tissues, 

‘The permission for such attendance is granted by the 
coroner, medical examiner, or equivalent legal authority. 
‘The fest pathologist should grant his colleague every cour- 
tesy and facility in the expectation of similar behaviour 
‘when the roles are reversed. 

‘Others entitled to be present naturally include the offi 
cor deputies of the department ordering the autopsy ~ for 
example, a coroner, magistrate oF judge. The police, includ- 


ing their technical teams, are also present if the death is 
criminal or suspicious. Whether other doctors and medical 
students are allowed depends upon the wishes of the official 
commissioning the examination, When the deceased has 
been under medical care before death, i is slmose invariable 
practice to allow ~ and indeed encourage ~ the physician 
to be present, as he has the best knowledge of the medical 
history 

In a criminal oF suspicious ease, the pathologist should 
tuy to limie the number of those present to a minimum, 
[Not only is there a greater risk of loss of confidentiality, but 
sheer physical numbers, especially of large policemen, can 
make the mortuary overcrowded. This hampers movement, 
causes distraction, and adds to the risk of infection and 
contamination, especially with the present concern about 
the various forms of hepatitis (B, C, D, E), tuberculasis and 
‘human immunodeficiency virus (HIV) infectivity. No one 
should be present merely sa casual observes, not even senior 
police officers not directly involved in the investigation, 
‘With the increased sophistication and complexity of foren- 
sic and police procedures, more and more people cram. 
the mortuary, cluttered with cameras, videos, recorders, 


scene-of-crime kits and so on, until there is hardly room for 
the pathologist to move. 

‘Whoever is present at an autopsy on a criminal oF sus 
cious death should be listed and named by the pathologist 
fon the autopsy report. 


EXAMINATION OF THE SCENE 
OF DEATH 


In homicide, suspected homicide, and other suspicious or 
obscure cases, the pathologist should visit the scene of the 
death before the body is removed 

‘Once again, local practice varies but any doctor claiming 
to be a forensic pathologist should always make himself 
available t accompany the police tothe locus of the death. 
‘This duty is often formalized and made part of contract of 
service for those pathologists who are either fulltime or 
substantially involved in assisting the police. In England 


and Wales, the ‘Home Office Pathologists’ are permanently 
fon eal for such visits and in many other jurisdictions, such as 
the medical examiner systems in the USA, and the European 
State and University Institutes of Forensic Medicine, there is 
usually a prearranged duty roster for attendance at seenes of 
death, The function of an experienced forensic pathologist at 
the scene of death is generally to assess the environment, the 
local circumstances, and the position and the condition of 
the body. In a large proportion of instances crime ean rapidly 
be excluded in favour of accident, suicide or even natural 
causes. This is a most useful and cost-effective function, as 
a spurious murder investigation involving peshaps scores of 
police, many vehicles and other expensive public facilities, 
‘ay be disbanded promptly when the pathologist recognizes 

‘The pathologist should always have appropriate equip- 
mene ready to take to a scene investigation at a moment’ 
notice, Further equipment may be carried if autopsies have 
to be carried out in places where good mortuary facilities 
are not available, Most forensic pathologists carry a ‘murder 
bag’ in their ear and though every expert has his own choice 
of equipment, the following isa reasonable inventory: 


1B waterproof apron and rubber gloves 
thermometer, syringes and needles, sterile swabs 
1B autopsy dissection st, including handssw 

IH cutting needles and twine for body closure 

1B swabs and containers for blood and body fluids 
1B Formalin jars for histological samples 


plastic bags, envelopes, paper, spare pen and pencil 
IH printed body charts for reconding external injuries 
1 hand lens, electric torch, mini-tape recorder 

1B camera, usually 35 mm single-lens rellex with 


electronic flash, The recent advent of compact digital 
cameras or digital video cameras with the facility to 


take still pictures has made instant reviewing possible, 

‘The thermometer can be either 3 long chemical mercury 
type, reading from 0 t0 50°C, or the more modern elee- 
tronic digital variety with a probe carrying a thermocouple. 
‘The amount of equipment varies with the Facilites likely to 
be available. In developed countries there are likely e0 be 
good mortuary facilities available in a hospital or municipal 
‘mortuary and the police forces will have extensive scenes- 
of-crime expertise with photography, specimen containers 
and so on. In developing countries and the more remote 
areas of other states, the pathologist may have to be virtu- 
ally self-sufficient in respect of both crime investigation 
and the subsequent autopsy: 

In addition 10 medical kt, the experienced forensic path- 
logist will always have appropriate clothing such as eubber 
boots and rain- or snow-wear ready to hand for any eal, 
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ictin tothe swrroundingr, but limis the examination a the cee to. 


mice, The attending parhalogict. 
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re head injure (as here) even tit must bed 
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When ar the scene of death, che pathologist's actions are 
dictated by the particular circumstances. Much will depend 
upon the availability or otherwise of police and forensic 
science assistance. In Britain, for example, several teams 
converge on a scene of crime, including photographers 
and video operators, and Seene of Crime Officers (SOCOs) 
whose function is to collect trace evidence, Scientists from 


the nearest forensic laboratory often attend with their 


police liaison officers, as well as fingerprine officers and, 
fof course, the investigating officers from the Criminal 
Investigation Department 

Where no such backup is available, the pathologist must 
try to collect trace evidence himself, but he should remain 
within the limits of his own expertise 

The pathologist should accept the instructions of police 
officers in relation to the approach to the body so as «0 
preserve the immediate environment as much as possible 
Our-of-doors access is often limited to a single pathway 
marked by tapes, and in a building a tack to the corpse is 
usually pointed out by the detective in charge. 


the scene of death 


‘must record che posure, sate of eloshing and general relationship 0 


avoid any interference with the veal proces of obtaining trace evidence 


isu are campleted, usually inthe mortuary. Temperatures an be taken inthe ear ar dep 


dane with 


‘The doctor should not touch anything unnecessarily and 
certainly not smoke or leave any object or debris of his or 
her own. Increasingly, those visiting the scene ofa rime are 
given disposable overalls and evershoes to wear, so that 
fibres, hairs and so on from the visitor are not spuriously 
transferred to the scene. 

Ifa forensic doctor has to act both as pathologist and elin- 
ical medico-legis or ‘police surgeon’ (that is, examining live 
victims or suspects), he or she must change clothing or wear 

garments to avoid transferring trace 


a new set of prote 
evidence, such as fibres or hairs, from viet to suspect 
The pathologist should observe « great deal, but do very 


little. He or she should note the position of the body in rela- 
ton to nearby objects and establish the plan of the premises 
if indoors, A sketch of his own photograph is sometimes 
‘useful, and some pathologists use a Polaroid, digital or video 
camera for instant recording of the death scene 

Any obvious cause of death should be observed, and any 
blood pools or splashes nored in relation to the position of 
the corpse. The shape of such splashes should be observed, 
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protected by a shelter from 


mice where the lacus of 


wand 


a seme of erie, the position ofthe bad atthe ti 


ofan assault can sometimes be clarified by observing the divetion of 


blood splashing hat may have ben thrown offa weapon or bled 


stained bande, Blood striking ver 
eles, bile Blood hing ata angle is lan 
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1s blood striking perpendicularly vo a surface leaves a circu- 
lar mark, whilst that landing obliquely is pear-shaped, with 
the sharper end towards the direction of flight. 

When photographs have been taken of the body in its 


original position, the pathologist chen approaches it, after 


checking with the investigating officers chat itis appropriate 


dies should be widely marked off by sap 


actual body 


for him to do so, Clase examination can be made and the skin 
fele to assess temperature, The eyes, neck and hands can 
be examined and where necessary, clothing gently moved 
aside to look at the chroat oF upper chest. Any relevant 
findings should be photographed by the police before 
further disturbance 

If forensic scientists or scene of crime officers require any 
samples ar this stage, their wishes must be respected. They 
may want to ‘tape’ the body, hat is, press adhesive tape 
across the skin and clothing to capture any loase hairs and 
fibres. The body can then be moved to look at the sides and 
undersurface, again with caution so that no weapon, other 


object or trace evidence is disturbed. No set routine can be 
advised, as each case has its own individual aspects. The 
prime object is to assess the whole scene while causing the 
least disturbance to the body and clothing before che scien- 


tific teams have finished theie tasks, 


Estimating the post-mortem interval 
at the scenie 


‘The last sentence above raises the matter of estimating the 


time since death. The problem is Fully disewssed in Chapter 3, 


bbut has relevance here in relation to the pathologist's 


actions at the scene of death. 


Examination of the scene of death 


‘The general warmth or coolness of the hands and face ean 
be assessed by touch, and the degree of rigor morts felt by 
gently testing the limbs. The ambient (environmental) em- 
perature must be taken as soon as possible afer the discovery. 
of the body, preferably by police scene of erime officers who 
usually arrive atthe locus before the pathologist. The ambi- 
ent temperature should be taken as near to the body as pos 
sible, as microenvironments can exist, even inside buildings 
‘6 rooms, Information should be sought as to how much dis- 
turbance of the ambient temperacure might have occurred, 
such as opening doors and windows, or urning fies oF een- 
tral heating on or off, so that some idea of postiscovery ise 
tortions of temperature can be estimated latet. The insertion 
fof a thermometer into the rectum at cis tage inthe investi- 
gation, as advocated by some textbooks, is controversial 
‘Ata scene of death, this usually means either pulling 
down trousers or pants, and otherwise disturbing clothing, 
often in cramped and ilblit places, frequency out in the 


‘open. It also risks contaminating the rectum and perineum, 
by introducing seminal fluid from ehe anal margin into the 
rectum, making subsequent examination of that area (and 
taking swabs for semen) of reduced value. Asso many violent 
crimes now have sexual oF homosexual overtones, the prac- 
tice of taking rectal remperatures atthe scene should be per 
formed only ifthe forensic scientists or police seene of crime 
officers are satisfied that trace evidence from the dothing, 
swabs from the vulva, vagina and anus, etc, ean be obtained 
satisfactorily before rectal thermometry is performed. 

In other words, a cost-benefit analysis must be made 
at the scene, to decide if the difficulties of taking a rectal 
temperature are worth the small potential advantage of an 
earlier measurement, In many eases, where the body has 
obviously been there long enough for the core temperature 
to have reached! ambient ~ or where other circumstantial 
evidence has indicated thatthe time of death is known to a 
greater degree of accuracy that can be hoped for by thermo- 
metry ~ then nothing is lost by postponing the procedure 
until the body arrives at the mortuaty for autopsy, which, 
in British practice, is usually directly after the body is 
moved from the scene. 

Ifthe autopsy isto be delayed for many hours owing to 
difficulties with transport or lack of facilites, then much 
more must be done at the scene and temperature measute- 
ments are justified. 

An alternative is to use a place other than the rectum. 
The axilla and mouth give low readings, which cannot reli 
ably be correlated with the deep temperature hecause of 
variable exposue to the air eemperature, More useful is the 
auditory meatus oF nostil, the thermometer or thermo- 
couple probe being inserted as deeply as possible, Reliable, 
reproducible readings can be obtained from these sites, 
which have dhe great advantage of being easily aecessible 


without moving clothing, as well as not being required for 
swabbing to investigate possible sesual assaults. The use of 
temperatures «9 attempt to calculate the post-mortem 
interval is discussed fully in Chapter 3. 

When the pathologist has made the best examination 
possible in the eiecumstances, his next function isto ensure 
that che corpse is removed to the mortuary for autopsy with 
the leas disturbance and los of evidence. He should super- 
vise the removal himself or at least delegate the duty co 
another person whom he knows is careful and competent. 
Each hand should be enclosed in a bag, secured at the wrist 
by adhesive tape or string. A similar bag should be placed 
cover the head. The packaging medium may vary, but genet- 
ally paper bags are recommended. 

‘The body should be placed gently in a‘body-bag’, which 
has 4 zip closure, or moved on to a large, new plastic sheet, 
atleast 2 metres square. Ifa sheet is used, the edges should 
be wrapped over the body and secured with adhesive tape. 
‘The objece of the exercise is to retain any loose objects, 
huairs and fibres that may be adhering to the body or the 
clothing. The sheet or hag is taken by the forensic labora- 
tory after the body is removed in the mortuary so that they 
say screen it for trace evidence, The transport of the body. 
is the responsibility of the police or other agency such ay 
the coroner or his office, The body in its plastic wrapping. 
should be placed in a rigid fibreglass ‘shell’ or ordinary cof 
fi 
chosen mortuary: 

Physical damage during the removal should be avoided 
as much as possible, chough in difficule or inaccessible sites 


and taken by hearse, yan or police transport 10 the 


this is easier said than done. In fires, the body may be 
seriously damaged before or during recovery, sometimes 
because its presence is not suspected in the smoke-filled, 
often waterlogged, debris of a conflagration. The author 
(BK) has experience of such a scene where firemen walked 
cover two bodies for several hours before it was realized that 
they were buried under burnt furniture and other debris. 
Handling brittle, charred, bodies can easily cause the 
splits at joines that may mimic ante-mortem injuries (see 
Chapter 12), 

In summary, the function of a pathologist at any scene of 
suspicious death is to observe the situation, to conserve 
any fragile evidence, to supervise the removal of the 
body and offer an opinion, based on experience, about the 
nature of death where this ean reasonably be done. He is 
not there to act as a latter-day Sherlock Holmes, voicing 
unsubstantiated theories on non-medical matters, nor 
attempting to overinterpree the situation from the flimsiest 
of facts. The pathologist is part of a team of specialists all 
experts in their own field, and itis as a member of such a 
cooperative, coordinated group that his best contributions 
can be made, 
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PROPERTY, CLOTHING AND 
IDENTIFICATION 


Whether or not the pathologist has been to the scene of 
death, he should take notice of the clothing and other 
property of the body upon which he is to carry our an 
autopsy. This applies not only to every criminal or sus 
cious death, but also wo many traffic and industrial ac 
dents, as well ato the victims of ills from height, drowning. 
and so on, 


In many instances, there will be no opportunity to exam- 
ine the clothed body in the mortuary: if death has occurred 
in hospital or in an accident department, the clothing may 
have been removed before transfer to the mortuary: The 
pathologist should make a permanent request that a body 
from any traflic accident, or other case where trauma was 
the provisional cause of death, should be brought 10 the 
‘mortuary without having the clothing removed by police 
for nursing staff — unless of course the victim was stil alive 
‘on arrival a hospital, and undressing was performed before 
attempted resuscitation or treatment, As a second best, the 
removed clothing should accompany the body to the mor- 
tuary so that it ean be examined, if necessary, for damage, 
stains and other evidence, Unfortunately, such clothing is 
frequently destroyed before it can be seen 

‘The mortuary staff should be trained co regard clothing 
and property as important items of evidence, anda system 
should be established co retain, identify and store these, 
both from the evidential aspects and for the safety of valu- 
ables. The contents of the pockets, documents, keys and. 
other items all assist in identification. Though primarily 
the task of the police, the pathologist will sometimes have 
an interest inthis aspect, The clothes themselves, the style, 
fabric, colour and labels all assist in identity 

In trauma deaths, the injuries on the body should be 
matched up with damage on the clothing, Tears, slashes, stab 
‘wounds and especially firearm wounds in the clothes must 
be compared with the position of external lesions on the 
body, making allowance for movement and displacement 
during life, Some self-inflicted wounds may be confirmed by 
the non-alignment of the clothing damage with the injuries 
(see Chapter 8) 

Blood, seminal, vaginal and other body secretions may 
be found on the clothing, and though this is primarily the 
responsibility ofthe forensic science laboratory, the patholo- 
gist may be the frst or only person to detect their presence. 
In firearm deaths, gunshor residues on the clothing may be 
vital evidence about the range ofthe discharge and the iden- 
tity of che ammunition. 

In trafic fatalities, tearing of the clothes, grease marks, 
road dirt, broken lamp or windsereen glass, and even 


metallic or paine fragments from the vehicle may all assist 
in reconstructing the event and in identifying the unknown 


vehicle in a ‘hit-and-run’ tragedy. 

‘Other objects associated with the body that may be help- 
ful include medicines, which may assist in determining the 
nature of the disease from which the deceased had suffered, 
for example, amyl nitrite or insulin. In some suicides, empry 
drug oF poison containers may be with the body. Oxher 
helpful artefacts include such items as hearing aids, syringes, 
external pacemakers and inhalers, The clothing must be 
removed carefully and, especially in criminal oF suspicious 
cases, the pathologist should supervise and assist the mortu- 
ary technician, especially as some technicians are not always 
aware of the importance of clothing in the reconstruction 
of events 

If che body is not bleeding or otherwise fouled, ic is best 
to remove clothing in the usual way by pulling over the 
hhead and limbs, unless this might interfere with any 
injuries or soiling. If rigor is intense oF if there is blood on 
the face or hands, ie may be advisable to cut off some or all 
of the clothing. This should be done after consultation 
Fthey are present, so that the 


with the forensic scientists, 


cuts will be made where they will least interfere with later 
laboratory examination. In any event, cuts should avoid 
passing through pre-existing damage or staining of the 
garments, Each item of the clothing should be placed 
separately into a paper bag to allow them to ‘breathe’ 


Identification of the body 


‘The identification of an unknown body isa major forensic 


‘exercise, and is fully discussed in Chapter 4, Here, however, 


weare concerned with the formal recognition of the subject 
of an imminent autopsy. Before « pathologist makes any 
examination (and certainly before he begins any mutilating 


dissection), it is essential that he ensures that the eoepse 
before him is indeed the correct person. 

In every medico-legal eae, some responsible person must 
have identified the body. This iy usually a relative or close 
friend of the deceased person, who looks at the face of the 
body and verbally certifies toa police olficer, mortuary ttend- 
ant or doctor cha itis indeed ‘John Smith’. Where the body 
is burned beyond recognition, mutilated or putrefied, 
attempts at identification must be made by showing the 
relative documents, or items such as clothing or jewellery 

In non-eriminal cases, such as sudden deaths and most 
accidents and suicides, the continuity of identity i carried 
fon by a label or tag attached to the body by the police offi 
cer, nursing staff or mortuary attendant, which earties the 
name, address, serial number and other relevant detail 
This label may be tied firmly to 2 toe, or a durable wrist oF 


The use of the history of the case 


ankle bracelet may be used. Some mortuaries write the 
name on the leg with an indelible marker, but this ean be 
smudged or obscured during auropsy. 

The pathologist should always satisfy himself of the 
identity by comparing the documents authorizing the 
autopsy with the toe label or bracelet. The details should 
agree and, if they do not, he should not proceed with the 
autopsy until the discrepancy is cleared up, if necessary by 
calling back the police officer or even the relative to make 
absolutely sure of the identity 

‘Many mistakes have been made in the past, with adverse 
publicity, embarrassing enquiries and even legal conse- 
quences, Autopsies on the wrong person, incorrect causes 
of death, relatives attending the wrong funeral and even 
cremation of the wrong body are regularly reported as a 
result of laxity in identification. To avoid confusion, the 
body should always be labelled as soon as it arrives in the 
‘mortuary. Labels on shrouds become detached! and those 
oon refrigerator doors are unteliable, as other parties (such ay 
night porters) may shift occupants around without the 
knowledge of the pathologist or regular mortuary staff 

Some large mortuaries use special means of identity. One 
known to che authors has an automatic camera fitted in the 
ceiling of the mortuary entrance. Every new body wheeled 
in is photographed on its colley with a serial number 
prominently displayed on a board placed across the upper 
chest, so that the face appears with the record number to 
resolve any later discrepancy. 

In serious cases such as homicide, the pathologist must 
not rely on second-hand evidence of identity such as a toe 
label. Before che autopsy, someone must verbally confirm 
that the body they are both then viewing is John 
Smith’. This person must be either a relative or the police 
officer to whom a relative has already formally identified 
the corpse. 

The pathologist must record in his autopsy report the 


date, time and particulars of the person identifying the 
body to him, so that ‘continuity of evidence’ is ensured for 
legal purposes, which cannot successfully be challenged by 
the defence at a subsequent trial 


THE USE OF THE HISTORY OF 
THE CAS! 


Asin clinical medlcine, the history ofthe deceased ‘patient’ 
or vietim isa vital and indispensable pare of the investiga- 
tion, The extent to which it should influence the pathologist 
in coming to a decision as to the cause of death, however, 
is more controversial, as is discussed below. 

In medico-legal autopsies compared wich hospital ‘lin- 
ical’ cases— the history is often scanty, absent or misleading. 


IF person has been found dead, having had no previous 
‘medical attendant, there may be virtually no information at 
all, In eriminal deaths, the person who knows most about 
the death may well be the perpetrator, who naturally may 
remain silent or give a distorted, misleading or eotlly false 
account of the circumstances. The forensic pathologist then 
often has o contend with a scanty or incorreet history 

Even when a story is given in good faith by relatives, the 
medical facts ate often distorted because of incomplete 
knowledge and understanding, Ie may be further warped by 
transmission by a police officer or other non-medical per- 
son, s0 that only a garbled history reaches the pathologist. 
The latter should attempt to supplement deficiencies in 
information by further requests to the commissioning 
authority, such as the coroner or the police, Wherever 
posible, the pathologist should ery to contact the doctor 
who may have treated the deceased in the recent past. In 
the urgency of forensic work, however, frequently at night 
or weekends, che autopsy may have to proceed without any 
additional history 

Though more detail may be obtained afterwards, the 
course ofthe autopsy might well have been differen if such 
knowledge was available beforehand. For example, the 
author (BK) once performed an autopsy on a coal miner 
with no history other than a knowledge of his occupation 
and chronic chest disease. Autopsy revealed sufficient eat- 


diopulmonary disease to account for death and the body 
was released for burial. It was not until the following day 
that the police in the rural area where the man had died, 
tardily produced the information thae both an empty bottle 
of sleping tablets and a suicide note had been found with 
the body. Paradoxically, che history is ofien less important 
in violent deaths where the wounds are self-evident, though 
a good description of the citcumstances may assist in inter- 
preting the direction of injuries, the nature of the weapon 
and other aspects 

In most autopsies the history directs the pathologist 
the appropriate ancillary investigations, as should have hap- 
pened in the case described above. Some pathologists have 
in che past advocated that the autopsy should be performed 
‘blind’, so that the history does not prejudice the opinion 
of the pathologist. This is patently impracticable, for every 
autopsy would then have 10 be totally comprehensive, 
including such techniques as the removal ofthe spinal cord 
in every case, and all possible ancillary investigations, such 
as toxicology, microbiology, virology, radiology, diatoms, 
histology and so on, as there would be no means of knowing, 
‘what was necessary andl what was irrelevant. Apart from the 
intolerable burden of work, the expense of such an approach 
would be prohibitive, if applied to all autopsies. 

A particular difficulty often arises in relation to bodies 
returned © a home country afier death in a foreign state 
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‘The problems vary greatly with the degree of both patho- 
logical and administrative sophistication ofthe foreign country. 
‘Where these are poor, then the problems of obtaining a good — 
cor even any ~ history may be great, even after attempts at 
using international police or diplomatic channels 

Sometimes, a Woctor-to-doctor’ approach by telephone 
or fax may be the best way of obtaining information. Even a 
cause of death from the foreign country may be either 
unobtainable oF so vague (such as ‘heart failure’) as wo be 
useless, Previous autopsies may be incomplete, of poor qual- 
ity, or even fraudulent, such as finding a stitched skin inci- 
sion bur no underlying dissection of organs. Several surveys 
of such problem autopsies have been published, with a plea 
for some kind of International Death Certificate (Green 
1982; Leadbeatter 1991). 

Difficulties arise when objective autopsy findings are 
scanty or even absent. The pathologist then has the dilemma 
of choosing between a cause of death based on a subjective 
knowledge of the alleged history (which may be wrong) oF 
admitting thatthe cause of death is unascertained. 

This problem, fully discussed by Leadbeatter and Knight 
(1987), is by no means uncommon. For example, sufleters 
from epilepsy or asthma are known to die suddenly and 
unexpectedly, an aucopsy usually revealing no adequate 
morphological cause for their death, Another prime 
example is che sudden infane death syndrome, discussed in 
Chapter 21, where by definition there are no significant 
autopsy lesions and the history is usually essentially barren. 

In hypothermia where the patient is warmed up in hos- 
pital bue dies ina day or two, there may be nothing to find 
at autopsy, yet there is firm clinical history of a rectal tem- 
perature of 26°C. Moving 10 more forensic eases, a body 
may be recovered from a river afier clothing and a suicide 
note have been found on the bank — yet at autopsy there 
may be no visible evidence of drowning whatsoever. 

In these cases, should the pathologist ~ in the absence of 
objective evidence of hypothermia ar drowning ~ decline 
to offer a cause of death and perhaps be accused of being 
obstructive or perverse? Or should he certify ‘hypothermia 
or ‘drowning’, and pethaps be challenged in court by a 
lawyer who claims that the pathologist relied only on 
hearsay and has no objective evidence to offer? 

“The best course is for the pathologist, if he fels that the 
history is sufficiently strong, to give the most likely and rea- 
sonable cause of death, but make it clear in his discussion 
in the autopsy report that this opinion is based on a con- 
sideration of the circumstances and is not a dogmatic state 
mene of the kind chat could be offered if the victim was 
shot through the brain, Where a summary of the history 
prefaces the autopsy report, the pathologist should be care- 
ful to indicate what is ‘hearsay’ as far as he is concerned. 
‘Thus he should not say “The deceased was struck on the 
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hhead by two men’, but ‘I was told that the deceased was 
struck on the head by two men 

As is discussed later, the autopsy report should not be 
merely a bald recital of the anatomical findings, but should. 
have a final commentary that includes a ‘differential diag- 
nosis where the cause of death is not clear cut, as well asa 
justification for the eventual opinion or an admission that 
there is no way of deciding between alternative possibilities 

‘The main difficulty arises with the actual ‘cause of death’ 
phraseology, which will be entered into the legal and 
national records in the forma required by the World 
Health Organization. This gives no opportunity to express 
preferences or give explanations but, on the ‘best-guess 
principle, the pathologist can do no more than enter his 
‘most reasoned choice or, with legitimate honesty, state that 
the cause is ‘undetermined! 


PRECAUTIONS REGARDING 
POTENTIAL INFECTIVE 
CONDITIONS 


Many forensic situations involve drug abusers and persons 
with promiscuous sexual behaviour, where che statistical 
tisk of HIV and hepatitis infection is markedly greater than 
in the general autopsy population. This poses a risk 10 
pathologists, mortuary staff, police and laboratory staf 
who may deal with post-autopsy samples. A great deal has 
been written about such risks but no consensus has yet 
been reached, though an excellent survey has been pub- 
lished by the Royal College of Pathologists (1995) 

‘One school maintains that all autopsies should be ear- 
ried out with toral precautions against infective risks, so 
that ir does not matter what case is handled, However, this 
is almost impossible o achieve in a busy coroner or medieal 
examiner practice and does not salve the problem of pos- 
sibly infected material being sent out to other laboratories. 

A more common regime ist earry out pre-autopsy test- 
ing for HIV and hepatitis, using blood from a femoral 
needle puncture, The result can often be returned within 
hhours, when a decision may be made as how to handle the 
autopsy ~ or even whether to abandon i, if the risk-benefit 
aspect is high. More usualy, a positive result will resule in 
the autopsy being carried out with special care, additional 
protective clothing, visors, masks and metal gloves, with 
restriction of access 10 observers, choice of more senior 
technicians and warnings sent to laboratories liable 10 
hhandle samples. 

In this respect, hepatitis is more ofa risk than HIV infee- 
tion, However, so far, about 100 health-care workers have 
acquired HIV infection from definite occupational expos- 
ure (Sidwell el, 1999) and one pathologist is known to 
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have become infected from autopsy work (Johnson ef al 
1997), Also three morticians in the USA have possibly 
contracted oecupation-related HIV positivity, 

‘The time for which a corpse remains potentially conta- 
gious with HIV is variable, Infectious virus has been 
recovered feom liquid blood held at room temperature for 
2 months and virus in high concentrations has been found to 
remain viable for 3 weeks (Cao et al. 1993). Bankowski 
tal. (1992) found 51 per cent survival of virus in plasma and 
monocyte fractions from infected cadavers up to 21 hours 
post-mortem, Other series found survival in corpses from 
18 hours to 11 days after death, Virus has been recovered 
from the spleen afier 14 days post-mortem. Refrigeration 
scems to make little diflerence to viability. Douceron et al 
(1993) cultured blood and effusions from reftigerated 
bodies and obtained viable virus up to 16 days post-mortem 
and concluded that there was no safe maximum time at 
which corpses ceased to be an infective risk. In industrial- 
ined countries, it has become standard to offer post-exposure 
prophylaxis after significant percutaneous exposure to blood 
or tissues of HIV patients. 

Other infections, such as euberculosis, hepatitis viruses, 
anchrax, plague, Creutafeldt-Jakob, Marburg, Green Monkey 
diseases, etc. are usually the subject of specific health and 
safety regulations, which yary from country o country. 


THE AUTOPSY: EXTERNAL 
EXAMINATION 


In conteast to the ‘linical autopsy’ performed t0 evaluate 
natural disease, the importance of the external examination is 
far greater in the forensic ease, especially in deaths from 
trauma. In the later, che medico-legal value of the extemal 


description may be paramount, a itis often from the outer 
evidence that inferences may be made about the nature of the 
‘weapon, the dreetion of attack and other vital aspects. Thus 
the forensic pathologist must spend al dhe time cha is neces- 
sary in a careful evaluation ofthe body surface and not be too 
impatient to wield the knife mainly to seek material for his- 
tology, which is more justified in the purely clinical autopsy 
‘The routine for external examination will naturally vary 
according to the nature of the ease but certain general prin- 
ciples apply. The following procedure is a useful baseline 
and may be adjusted according wo personal preference. 
Variations in criminal cases to accommodate the needs of 
the investigating and scientific teams are mentioned later 


1 Aficr identification and removal of any clothing, the 
race and gender are noted. The apparent age is assessed 
in children by site and in adults by changes in skin and 
eyes, such as the loss of skin elasticity, senile 
hyperkeratosis, Campbell de Morgan spots, senile 
purpura and arcus seilis, Hair colour, tooth loss and 
arthritic changes are aso obvious signs of ageing. The 
apparent age should be compared with the alleged age 
and enquities made about any obvious discrepancy, in 
case itis the wrong body, an error which plagues most 
autopsy rooms from time to time 

IH The body length is measured from heel ro crown (in 

infants, more detailed measurements are described later). 

Ensure thatthe attendant does not take the ‘undertakers 

height from toe to crown, as due to the plantar flexion 

of rigor, this ean be a considerable number of 
centimetres more than the lve standing height. 

Ir should also be appreciated that the post-mortem 
height may differ from the known living height by 
several centimetres, There are several opposing causes 


of variation, which do not necessarily cancel each other 


Ficune 14 External ecamination must 
re every fncure; here there i obvious 
stbomina distension in a bartered child 
with facial bruising, The intestine had 
‘been ruptured by a bows, and exygen 
sadiniered by the ambulance sew 
ecaped to dstend the peritoneal cavity 
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For example, muscle flaccidity allows joints to relax, 
unless rigor is peesent, but intervertebral discs appear to 
shrink, allowing shortening, 

‘The body wei 
ate available; 


tin kilograms is measured if facilities 
it should be estimated. The weight 


of infants must always be measured, The general 
nutrition and physique is asessed in terms of obesity, 
leanness, dehydration, oedema, emaciation, and 
1 The state of cleanliness, personal hygiene, har and 
beard lengeh, toenail and fingernail state, and urinary 
and fuecal soiling is noted. Any parasitic infestation, 
such as fleas or ice, is combed before proceeding, 
‘The general skin colour is noted, especially hypostass 
(discussed at length in Chapter 2). Congestion or 
cyanosis of the face, hands and feet is sought, Localized 
discoloration, especially unilaceral in a limb, suggests 
arterial emboliso or incipient gangrene, Pink oe 
brownish pink patches over the lage joints may indicate 
hypothermia (Chapter 17). Other abnormal colours 
include the brownish hue of methacrsoglabinaema in 
some poisonings, the bronze speckling of clostridial 
septicaemia and the dark red of cyanide that somewhat 


resembles the cherry-pink coloration of 
carboxyhaemoglobin, Naturally racial pigmentation 
will modify the ease with which abnormal skin 
coloration can be seen. 

Bl Congenital deformities of any type are recorded, from 
talipes equinovarus to spina bifida, from a naevus to 


Bi Acquited external marks may be important for 
identification purposes or in relation to past injuties 
and disease. Tattoos, circumcision, amputations, 
surgical sears, old fracture deformities and scars of 
injuries, burns or suicidal attempts on the wrist and 
throat are noted. These are discussed futher in Cha 
Increasingly, artefacts — both external and internal — 


arse from resuscitation attempes and must be catefilly 
distinguished from original eeaurna, This emphasizes 
the importance of the history, to determine whether 
cardiopulmonary resuscitation was attempted by 


trained of untrained persons. 

I The hands should be carefully examined for such signs 
as old and new injuries, defence wounds, bruised 
knuckles and electrical marks, The latter are often 
insignificant and difficult to see unless the rigor of 
flexed fingers is overcome, either by force or even 
cutting the flexor tendons atthe wrist 

1B Vomit, froth or blood may be present at the mouth 
and nostrils, and faeces and urine may have been 
voided. This must be correlated with the degree of 
post-mortem decomposition, which often leads to 
purging of fluids from orifices; mast forensic 
pathologists have had the experience of being called 
by the police to the scene of ' fatal haemorthage’, 0 


discover only bloody fluid being purged by gases fom 
a decomposing corpse 

Vaginal discharge or bleeding is noted and che eats 
cxamined for leakage of blood cerebrospinal fui. 
Post-mortem ejaculation of semen from the external 


Fi 
body of homicide wet. There are due to 
defibrillator paddles applied ina hospital 


RE 1,5. Pout-martem arteficts on the 


‘aswaly department 
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meatus is of no significance and can be seen in any type 
of death, It was shown by Mant (1984) not wo be 
associated with sexual activity immediately before 
death, 1c is not particularly associated with asphysial 
deaths, as sometimes stated, 

I The degree of rigor mortis i assessed by flexing the 
arms and legs to west the resistance. The significance of 
this and hypostasis is discussed in Chapter 2. 

IH Recent injuries (other than scars already noted) are 
carefully examined. In fact this part of the autopsy is 
often the most significant element of forensic cass. 
Injuries may be conveniently recorded in the 
‘mortuary by marking them on printed body 
diagrams. The forms can be secured an a clipboard and 
the data later transcribed into a written description for 
the autopsy report. The original diagrams should be 
retained, as their production may be demanded in 
court if there is controversy about any particular injury 

All traumatic lesions should be clearly differentiated 
into abrasions, bruises, lacerations, incised wounds, burns 
and so on, aeconding to the definitions given in Chapter 
4, The shape and condition of the margins of exch injury 
should be described where appropriate, It must be 
meticulously measured in terms of lenge, breadth, 
orientation tothe axis ofthe body and the position with 
reference to surface anatomical landmarks, For example, a 
knife wound of the thorax might be described as follows, 
using ordinary language to explain any medical terms 


‘Asta wound was present on the left upper chest, 
placed abliqualy, wth the inner end lower than the 
Upper outer end, The wound was 20 mm in length, 
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Which extended to 22 mm when the edges were 
‘opposed. The maximum width at the centra was 4mm, 
The centre of the wound was just below the line 
joining the nipples, being 6 cm from the midline, 7 em 
{rom the let nipple and 18.cm below the centre of the 
left clavicle (collar bone). The wound was 132m 
above heel level and was eliptical in shape, withthe 
inner lower end slightly more sharply cut than the 
rather blunt upper end. The wound was shelved in a 
downwards direction, with subcutaneous tissue visible 
along the inside of the upper edge. 


‘This description, along with police photographs, 
will convey an excellent impression of the wound at 
any Future date, including atthe trial, which may be 
many months later. The position of the injury is 
related to obvious anatomical points and the height 
above the ground may have relevance ifthe stature of 


the victim and assailant, and the angle of atack, 
become legal issues. On the scalp, the oceiput and the 
tip of the ear can be used as reference points, together 
with the vertex and the centre line of the head. On the 
face, the obvious landmarks are the eyebrows, nasion, 
tip of nose lips, poine of chin and angle of jaw. Where 
large areas of abrasion or bruising are present, similar 
measurements of lesion size are needed, but more 
xeneral descriptions of position may be suficient, such 
as ‘covering the external aspect of the left thigh’ oF 
“extensive bruising 23cm by 18cm on the right side of 
the chest extending from axilla to castal margin’ 


‘Where widespread burns are present, an estimate of 
the total area using the ‘Rule of Nine’ should be made, 
as described in Chapter 11 


Ficuae 1.6 Full external examination is 


vita, including the interior of the mouth 


Here large numberof amyloburbitone 
capsules of a presumptive cause of death, 
though analytical confirmation is sil 
required. 


CHAPTER 6 © THE SMALL GROUP LAB AND CLASSROOM 
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The family lab can be a logical extension of the family home. Everything is shared, including 
responsibilities and privileges. In more agrarian societies, this is already well understood at an early age, 
‘where chores around the farm and in the fields and a respect for the tools being used help enhance a 
sense of group belonging and worth. Everyone has a stake in the prosperity of the family endeavor. 

Do you want your kids to appreciate what you give them? Then give them chores before you give 
them presents. Let them clean up the lab, put away tools, inventory parts, and take out the trash before 
spoiling them with all the fun stuff you get to do in the lab, This will help foster a sense of ownership in 
the long-term success of the lab, whether you're there to supervise or not. 

It bears repeating (from Chapter 4) that no unsupervised children, no matter how adorable, should 
be allowed in the lab. Would you allow unsupervised cooking in the kitchen? It's the same basic 
scenario, When everything goes well, everyone has a good time. It only takes a split-second distraction to 
go from a good time to a trip to the emergency room in either case. Have rules and enforce them, even if 
it’s your elders that you are protecting by doing so. 

‘Sometimes having a resource like a shared electronic laboratory is the first opportunity people have 
to assert some sort of contol over their relationships. Use the opportunity to make friends with your 
relatives, while you still can. 


Your Friends 


Unlike your family, as the saying goes, you get to pick your friends. Now you have the opportunity to 
provide a cool place to hang out as well as build all manner of awesome gizmos. It’s only natural to want 
to share some of the fun with your like-minded friends. 

The basic framework of rules and accountability apply to the friendly lab as well as any other group 
endeavor. Let your friends know up front what your expectations of them are in regard to use of the lab. 
Can they use your tools? Can they store artwork-in-progress at your place? When is it cool to come over, 
to tinker, and when is it not? These kinds of questions should be dealt with early in the game; otherwise, 
these issues can flare up and become trouble spots. There's no substitute for good communication. 

‘Once you extend your laboratory's hospitality to those outside your immediate family, it's a good 
idea to clearly designate what is your personal property and what belongs to the lab and all its 
participants. This can be as simple as putting name tags on all your tools and marking shared resources 
appropriately. 

This is where trust really factors into the success or failure of a group lab. Just like in math, you want 
to eliminate as many variables as possible to ensure that a good time is had by all, and to ensure the 
long-term safety and viability of the facility itself. Which of your friends do you trust in your lab? Think 
about these things at length before opening the doors to just anybody. 


Coworkers and Fellow Students 


So you've been tasked with organizing or supervising a lab for a school class or university department. 
You may or may not have any choice in who will be granted access, or even when they can avail 
themselves to the facilities. 

The balance of responsibility and authority is crucial in this scenario, just like in most other 
situations in life. Hopefully you will be in a position to enforce whatever rules are already in place. 
Ideally, you will have some say in crafting new rules as they become necessary, or adjust existing rules 
‘when they need it. In either case, it’s just not fair for someone to expect you to do a good job, yet not 
provide you the tools to get it done. 

Positions like this become available from time to time in most schools. Sometimes there's an 
opportunity for a small paycheck, and other times all you are going to get are points with the 
administration. Hopefully, atleast you will also enjoy lab privileges. That's got to be worth something, 
yes? 
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Other injuries, such as firearm wounds, are described 
in che same manner, being careful not to clean off any 
powder residues or other rave evidence before the 
forensic scientists have collected their samples 

With head injuries, the scalp is examined in its original 
condition frst and any trace evidence collected, Then any 
clotted blood that fequently obscures the injuries ean be 
gently removed, using « sponge and water. After this stage 
hhas been studied, iis usually necessary to shave off hair 
carefully around the wounds, so that the fll extent of the 
lacerations and especially the state of their margins can be 
assessed and photographed. This shaving is best carried 
‘out with a scalpel fired with a new blade, the blade being 
kept almost parallel with the surface o avoid making false 
caus, The procedure should be caried out by the 
pathologist himself and not delegated t a mortuary 
technician. In this way any artefactual cuts ean be 
recognized as such and not misinterpreted as part of the 
original wound. 


The eyes must be examined carefully especially wo 
detect petechial haemorthages on the outside of the 


eyelids, conjunetivae and sclera, Though these do not 
necessarily indicate an asphyxial process such petechiae 
require an explanation. Petechiae should also be sought 
bbchind the ears and in the skin of the face, especially 
around the mouth, chin and forehead. Care must be 
taken to differentiate these fine petechiae from the 
more coarse intradermal blood spots often seen across 
the shoulders oF upper chest, which are caused by post- 
mortem hypostasis in a body with marked agonal 
venous congestion —especially when that surface of the 
body has been dependent. Haemorrhages in postural 
hypostasis are of no diagnostic significance, as true 
ante-mortem bleedings ean never be differentiated from 
those that commonly develop afer death, 

‘The size of the pupil is rarely useful, as rigor in the 
iris musculature can produce any degree of 
constriction, which may be unequal on either side (see 
Chapter 2). False eyes, contact lenses, lens opacity and 
other defects are to be noted. Iris not possible wo 
evaluate the degree of visual acuity during life from any 
type of past-mortem examination ~ though obviously a 
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TicUnE 1.7 (a, 6) Tjpical examples ofthe many anatomical diagrams available forthe recording of external findings at autopsy 
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The autopsy: external examination 


significant defect such as a cataract or a large vitreous 
haemorrhage is likely co affect vision. 

The mouth may reveal foreign bodies, drugs, damaged 
teeth, injured gums and lips (especially the rupeured 
frenulum of child abuse), and the bitten congue of epilep 
for blows on che jaw Dentures should be identified and 


removed belote autopsy. Gastric contents in the mouth 
need not indicate ante-mortem regurgitation, as discussed 
in Chapter 14, bur should be noted, Dried powder on the 
lips may suggest the recent taking of medicaments or 
poisons; corrosion of the mouth, lips an chin may be 


seen in irritant poisons, Blecding from mouth, nostril, or 
cars must be reconded, and later investigated as to source 
from internal examination. Frothy fluid, sometimes blood- 
tinged, may be seen issuing from the mouth or nostils, oF 
both, in drowning and from pulmonary oedema due to a 
variety of causes. Froth is sometimes pink or frankly 
blood-tinged. This has no particular significance unless 
1085, as in drowning, sudden infant death and other 
conditions with marked pulmonary oedema; rupture of 
small pulmonary or even pharyngeal vesls can add a litle 
blood to colour the foam, 


Ficuae 1.8 Examination and 
photography of injures, afer full 
‘preliminary examination and forensic 
sampling. she area is cleaned, shaved if 
necessary and photographed with a scale 
adjacent 00 the injuries. 


FIGURE 1,9. Where there are numerous 
similar lesion, i anise the clarity of the 
aucopy report if numbers used during 
photogoapy mutch has listed in the 
autopsy protocol 
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Bi The external genitals require careful examination, as 
does the anus. The state of the later can be misleading, 


asa widely open, patulous anus is often seen post- 
mortem, duc o flaccdity ofthe sphinctet, The inner 
mucosa is often visible dhrough the orifice. This is also 
the casein infants and children, and a diagnosis of 
seaual abuse must not be assumed without other 
corroborative evidence such as fresh mucosal tears of 
swabs positive for semen. 

“The funnel-shaped! anus, beloved of traditional 
textbooks asa sign of chronic homosexual activity, is 
such an extreme rarity tha its true existence is 
dloubsful, A Funnel shape i a nortsal anatomical 
variant, che anus being set deeply beeween the 
buttocks, sometimes with a commissure of skin above 
it, making the approach scem even deeper. The alleged 


“shiny, silvery hyperkeratinized skin of the habitual 
pederas’is also of ltele diagnostic value as seratching, 
from chronic iritation, often associated with 
hhaemorrhoids, viral infections or threadworms, may 
lead to the same appearance. The only reliable criteria. 
are fresh tears and old scars, as well as mucocutaneous 
eversion, though even these can arise from severe 
chronic constipation (see also Chapter 18), 
Examination of the vulva and vagina is made to 
exclude obvious injury and disease, unless the nature 
of the case suggests some sexual interference, when 
afar more detailed examination and a special autopsy 
technique is carried out (Chapter 18). Routine 
cvamination of the male genitals usually need only 
‘extend to general inspection of the penis, glans and 
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FIcuRE 1.10 Scene af rime afficers 
covering trae evidence from hands before 
st homicide anrpsy. The parbalagst mast 


afr the re ofthe ran every fiility 
complete heir work before e begin his 
ddisecton, 


scrotum, with palpation of the testes, Circumcision 
should be noted, as (rarely) ie may assis in 
identification, 


THE AUTOP: 
EXAMINATION 


INTERNAL 


‘The dissection in a forensic case is basically similar to any 
other autopsy, with variations according to the nature of 
the death and the needs of the particular investigation, 
whether it be a criminal case, a civil dispute or an accident 
investigation 

‘There are a number of manuals devoted to the perform- 
ance of an autopsy (see Ludwig 2002 or Knight 1996, for 
example) as well as one for the instruction of mortuary tech- 
nicians (Knight 1984). Only an outline of the technique is 
offered here for those unaccustomed to examining the dead 
who may have autopsies thrust upon them by circumstances. 
In addition, special forensic procedures are described, ehough 
these ae also discussed in each of the chapters devoted to the 
various types of injury and death, The autopsy on infants is 
dale with in Chapters 20-22. 

‘The usual incision is an almost straight line from laryn- 
geal prominence to pubis, deviating to avoid the umbilicus. 


‘The upper end of this incision should not be prolonged 

above the larynx, as even a high-necked shroud will then 

fail to hide the subsequent sueure line from relatives, 
‘Another common method isto cut fram behind each ear 


to.a point above the manubrium and continue downwards 


‘The autopsy: internal examination 


in a “Y-shape’. This is often done in infants and wherever it 
is desired co avoid disfiguring the front of the neck. In the 
USA in particular, che Y-incision is favoured or even a deep 
“Usshape’ carried across the upper chest 

In strangulation, hanging, and any condition where the 
larynx might be damaged, the Y-incision is to be preferred, 
as the skin of the upper neck can then be dissected off the 
‘mandible and raised clear to give a wide approach to the 


neck structures. Here, the incision should not be made until 
the skullcap and brain have been removed, to avoid the 
congestive artefactual haemorthages in che neck structures, 
described by Prinsloo and Gordon (1951), which can be 
confused with true ante-mortem trauma. Gordon ef al 
(1988) have further suggested that the brain be removed 
first in all autopsies so that abnormal odours ean be detected 
before being swamped by the smell from the opened 
abdominal cavity 

The Y-incision is also requited when dissection of the 
face is necessary to look for deep bruising oF bony damage. 
In fact the whole face can be dissected off completely from 
the skull and replaced with litde effect upon the casmetic 
result, if careful dissection is employed. The incision in 


the neck is made continuous with the transverse sealp inei- 
sion, joining these behind each ear, so that the anterior 
neck and facial skin can be removed in entirety 

Returning to the autopsy in general, the primary inci- 
sion should be shallow over the neck to avoid cutting 
underlying structures, especially the trachea, The thorax 
can be cut down to the sternum, but care must be taken 
cover the abdomen, where alight cut is made, sufficient to 
incise only skin and fat. A small puncture should then be 
sade in the peritoneum and a finger inserted to lift ie away 
from the intestines. The knife is then used to cut outwards 
along the length of the abdomen, to avoid penetrating the 

‘The incision for access to the skull is made from behind 
cach ear, meeting ver the crown of the head. It is well to 
keep this posterior to the actual vertex, again to make the 
stitching less obvious, especially where the hai is scanty oF 
absent, With abundant hair— and especially in children — 
the hair should be wetted and then combed backwards and 
forwards from a transverse parting made in the line of the 
prospective incision. Hair is not then severed and can be 
combed back later to cover the stitching. 


Exposing the body cavities 

“The skin, subcutaneous tissues and fat ate flayed off laterally 
from the main incision, taking care not to let the edge or 
poine of the Knife come through the skin, especially in the 
neck area, where repair ean be unsightly ‘The tissues ae taken 
back to the lateral edge of the neck and to the outer thitd of 
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‘Avoid 
umbilicus 


{ 

WY 
Ficue 1.11. Autopsy incisions (a) standard midline () V-shape 
and ()subclavicular 


the clavicles, Over the thoray, the tissues, including pectoral 
muscles, are flayed off tothe midavillary line inthe upper part 
and even further posteriorly rowards the costal margin, 

‘The anterior abdominal wall is similarly separated. This 
can be done either in two stages, fest stripping back the 
skin and fatto expose the muscles or the full thickness of 
skin, fat and muscle can he reflected together. The muscle 
must be cut from the castal margin and, if thick fat over- 
lies, then some transverse relieving incisions ean be made 
fon the peritoneal surface of the lower abdominal wal, 
taking care not to come through to the skin 


Opening the thorax 


‘The thorax is opened by first disarticulating both stern- 
cclavicular joints. This is carried out by moving the 
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shoulder tip with one hand, to identify the joint capsules. The 
point ofa knife is then introduced vertically and cut lat- 
cally ina hall-circle to separate the joints. If they are anky- 
loxed, which often occurs in old age, then the clavicles can 
be cut through at the end of the next operation, This con- 
sists of the severing of the ribs and can be performed either 
with a handsaw or rib shears In children and many adults, 
the costal cartilages may be cut through with a knife, 
though this provides a rather narrow exposure of the chest 
contents. In infants, the soft cartilage can easily be divided 
with a scalpel: in older bodies, a stout knife should be kepr 
for the purpose o save blunting the knife that is needed for 
organ dissection, Often the first rib has to be sawn through, 
even though the remainder are eut with a knife. 

‘When a saw is used, the ribs are cut through lateral to 
the costochondral junctions from a point on che costal 
margin to the sternoclavicular joints or nearby: Ifa saw is 
used, it must be kept ata low angle to avoid the tip lacerat- 
ing the underlying lung, especially if there are pleural adhe- 
sions, When the sternum and medial ib segments are free, 
the section is lifted and dissected away from the medi- 
astinum, keeping the knife close to the bone to avoid cut- 
ting the pericardium, ‘The sternal plate is examined for 
fractures or other lesions before it is pur aside: damage 
caused by the considerable trauma of resuscitatory cardiac 
massage is frequently found at cis poi 

“The whole of che thorax and abdomen is now open for 
inspection. The degree of inflation of che lungs should be 


assessed, noting complete or partial collapse, emphysema, 
overdistension and any asymmetry of inflation, 


If a pneumothorax has been suspected beforehand, a 
post-mortem radiograph is the best confirmation, 
Alternatively, the chest wall ean be punctured in the mid- 
axillary line after filling the reflected skin with water 10 


observe if bubbles escape. This test is rarely successful and 
cannot succeed if there isa patent communication between 
the pleural cavity and the bronchial tree. If there is a 
‘marked tension pneumothorax, the hiss of escaping aie may. 
be heard when the tip of the knife penetrates the intercostal 
muscles and parietal pleura. The pleural cavities are 
inspected for adhesions, effusions, pus, blood, fibrin and 
even gastric contents 


Examining the abdomen 


‘The abdomen is then inspected, though ascites, freculent 
uid, pus and blood may already have escaped on fist 
‘opening che peritoneal cavity 

‘The omentum may show inflammation or fat necrosis 
‘When moved aside, the loops of bowel are inspected for any. 
abnormality, especially infartion, peritonitis and the disten- 
sion of ileus. Beware of mistaking post-mortem hypostasis 
forthe necrosis of mesenteric embolism or strangulated bowel. 
‘Though the dark colour may be similar, hypostasis usually 
has iregular segments when the gut is stretched out, whereas 
infarction occupies one continuous section — and if well 
established, the bowel wall will be lustreless and friable. 

“The bowel is gently moved aside to look at the posterior 


part of the abdomen: retroperitoneal haemorthage from a 
ruptured aorta may be visible, oran aneurysm itself, 


FicURE 1.12. The minimum instruments 


needed for perfiring an auopey. Any 
further ites may be weil ua wor een 
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‘The collection of body fluid samples 


In a large proportion of forensic autopsies and vireually 
every one with criminal connotations, samples of blood 
and other body fluids and tissues are needed for laboratory 
examination. In relation to sexual offences, the taking of 
swabs and other samples is deseribed in Chapter 18. Where 
blood and other fluids are required for toxicological, bio- 
chemical, microbiological and serological investigations, 
they are usually collected atthe early stages of the autopsy 
(Gee Chapter 27) 

‘The site of collection depends on the nature of the tes. 
When samples for toxicological analysis are required, con- 
siderable care should be employed in sampling; this is more 
fully discussed in Chapter 27. 

It is nor advisable to use viseeral blood for samplin 


especially for small molecule substances that can easily di 
fuse after death; these include alcohol and many pharma- 
ceutical products, Though older textbooks advocate the use 
of heart blood as a convenient source of samples, it may be 
contaminated by post-mortem diffusion from the stomach 
and intestine. After death, the cellular bartier of mucosa 
and serous membranes breaks down, and substances in the 
stomach, intestine and air passages can migrate to other 
‘organs in the main thoracoabdominal cavity, causing a false 
rise ofthe true ante-mortem blood level, 

Pounder (1985; see Chapter 27) found chat a slurry eon- 
taining alcohol and paracetamol, placed in the trachea after 


death to resemble gastric contents, gave rise to appreciable 
concentrations of those substances in blood samples taken 


from thoracic vessels, whereas femoral blood remained 
‘uncontaminated. 

For substances such as carhoxyhaemoglobin ¢his docs 
‘not matter, but alcohol isthe prime example of a potential 
source of error if visceral blood is collected. The better 
choices for collection sites ae: 


1 by needle and syringe puncture ofthe femoral vein 
before the autopsy dissection begins. This requires 
practice but, in adults, 20m! ean usually be aspirated 
without trouble. This is the method of choice if only an 
external examination is possible. 

1H from the subclavian or external ile veins after the 
body has been eviscerated. By holding a small container 
under the cut end of a subelavian vein and raising the 
arm, blood ean be collected directly. If the flow is slow, 
the arm can be massaged towards the shoulder. 
Similarly ~ and preferably if volume is required — by 
cutting across the iliae veins at the brim of the pelvis, 

a container can be dropped into che pelvis with ies 
mouth under the vein and blood massaged into iby fim 
presure moved up the inner thigh. As all these containers 
will be soiled externally, the blood should be decanted 
into a fresh cube for transmission to the laboratory. 

I when the skin is dissected off the neck, the internal 
jugular vein is exposed, especially ifa sternomastoid 
muscle is divided and pulled aside. When cut, 
copious flow of blood is usually obtained, which ean be 
collected directly into a container. The only 
disadvantage of this method is that ifthe blood wells 


FAURE 1.13 White shining fat droplets 
(Chylomicrons)in metenterial lymphatic 


eel suggesting postprandial rate. 


1: The forensic autopsy 


up from the thoracic inlet via the superior vena cava, 
heart blood is likely to he admixed, with the possible 
ertors mentioned earlier. I'the blood is collected fom 
the upper segment of the jugular, chen blood from the 
head is collected: this flow can usually be stimulaced by 
raising and lowering the head during collection, 


Samples for serology, microbiology and for analysis for 
substances such as carboxyhaemoglobin, which are not 
absorbed from the gastrointestinal erat, can be collected from, 
any blood vessel, bur blood should never be scooped up from 
the general body cavity fier evisceration, as this ean be con- 
taminated with any leakage from other structures, such as 
gastric or bowel contents, mucus, urine, pus or serous fluids, 
Blood for microbiological culture has traditionally been 
taken from the heart but there is no particular merit in this 
8 opposed to peripheral blood. Ifan infective endocarditis 
is suspected, it is best to open the heart later with a sterile 
scalpel and excise the mitral or aortic valve cusps or vegeta 
tions for direct culture. Otherwise, blood for culeuee for a 
suspected septicaemia is taken from a peripheral vein, 
Urine can be collected by catheter before autopsy or even 
by suprapubic puncture with a syringe and long needle, 
However, itis usually obtained afier the abdomen is opened, 
but before the organs are removed. Ifthe bladder is full, the 
fundus is penetrated, and urine collected either by syringe or 
digectly into a container. almost empty and contracted, the 
fundus is gripped and pulled upwards so that ie stretches, 
then is incised and the contents removed by syringe, Care 
should be taken not to contaminate the urine with blood. 
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mE 1.14 Tosicolagy he ied by 


laboratories. 


fice forensics 
Contained ina plastic bag ar a lage liver 


sub 


a smaller stomach tu, 00 universal 
(80 ml) containers, one rubber-capped 
fluoride vial for blood alcbal, and a syringe 


and ro needles 


The removal of vitreous humour and cerebrospinal fluid 
may be required for toxicology or for attempts at estimae- 


ing the time since death by the potassium content 
Chapter 2). Vi if 
any reliable results are to be attained. A fine hypodermic 
needle attached co a 5 ml syringe is inserted into the outer 


bus humour must be aspirated with ca 


canthus of the globe after pulling the eyelid aside, When 
released, che lid will cover the small puneture mark, hiding 


any sign of interference, The needle should be entered into 
the centre of the globe to avoid aspirating material neat the 
retina, which has a markedly different chemical compos- 
ition due to shreds of detached retina entering the aspirate. 
The fluid should be sucked off slowly and gently, and as 
much taken as possible to obtain a mixed fluid: both eyes 
should be used, as they often differ somewhat in their 
chemical composition, After withdrawing vitreous, the 
globes can be r-inflated with water, to improve the cosmetic 
appearance of the eyes 

Cerebrospinal fluid may be obtained in the same way as 
in living patients, by passing a needle into the theca 
between the lumbar spines. A baby can be held upright by 
an assistant in a fully flexed position; an adult must be 
pulled into flexion whilst lying sideways on the autopsy 
table, An alternative technique is to perform a cisternal 
puncture through the atlanto-occipital membrane. 

As there is no pressure within the theca in a cadaver, the 
uid mu 


be actively aspirated: sometimes all attempts at 
obtaining fluid by external puncture fal. The only course 
then is to try to puncture the ventricles through the 
exposed brain surface when the skull is opened. Attempting 
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10 obtain clear cerebrospinal fluid from the interior of the 
skull afer removal of the brain is generally useless: chough 
blood-stained fluid can be centrifuged to clarity, its chemi- 
cal composition is then unreliable, 


Removal of the viscera 


After the body cavities have been inspected, the organs are 
removed en bloc by a modified Rokitansky procedure, more 
accurately described as Letulle’s method. Fist, the intestine 
is removed, as follows. 

‘The omentum is lifted upwards to expose the coils of 
small ineestine, The uppermast part of the jejunum is iden- 
tified, where it passes retroperitoneally wo join che termin- 
ation of the duodenum, Here the mesentery is perforated 
with the knife and the gue eut through. If i is essential co 
retain the duodenal/gastric contents oF the small intestinal 
contents, two string sutures may be passed through the hole 
and tied before cutting the gut between ther, bus litle con- 
tents are lost if this is nor done, The intestine is stripped out 
by cutting along the mesentery near the attachment with 
the bowel until the leocaecal valve is reached. 

‘The caecum is then mobilized medially using manual 
traction with minimum use of the knife, © avoid punceur 
ing the lumen, When the hepatic flexute is reached, the 
omentum is pulled downwards to draw the transverse 
colon tense against the mesocolon, which is eut theo 
taking care not 40 open the adjacent stomach. The splenic 
flexure is then pulled medially and downwards, and the 
descending and sigmoid colon separated from the posterior 
abdominal wall, The upper rectum is eut across, ehough 
some pathologists merely lay che gut outside the body, 


leaving the sigmoid and rectum attached, 


Removing the neck structures 


‘To make the removal of the neck structures easier, a block 
10-15.em high should be placed under the shoulders of the 
cadaver. This allows the head to fall back and hus extends 
the neck. This should be done gently, as with all handling. 
of the body, to avoid the well-known ‘undertaker’ fracture’, 
which is a subluxation of the lower eervieal spine due to 
tearing of the intervertebral dise ar about C6-C7. This 
can be misinterpreted as an ante-mortem injury, especially 
if the other common artefact of haemorthage over the 
anterior longitudinal ligament of the cervical spine is present 
(Prinsloo and Gordon 1951). The neck structures ate then 
freed by passing a knife under the skin of the upper neck. 
until it enters the floor of the mouth, The knife is then run 
around the inside of the mandible to free the tongue. The 
tissues at che back and sides ofthe pharynx are divided, and 
the tonsillar area cut through. Fingers are then passed up 


bochind the mandibular symphysis to grasp che tongue, 
which is then drawn down, the remaining tissues behind 
the larynx being divided to release the neck structures. This 
should be done as far lateral as possible, so that the carotid 
can be removed with the laryngeal structures. It is now 
advisable to look into the pharynx and glotis before any 
further disturbance, to see if any obstruction, blee 
other abnormality is present in the upper airway. 


Removal of the thoracic contents 


‘The subclavian bundles of vesels and nerves are divided by 
passing che knife from inside the thorax around the medial 
ends of che elavieles and firs ribs to release the trachea and 
oesophagus. With gentle traction, the neck structures are 
held up and pulled caudally, whilst carefully clearing all 
attachments to the thoracic spine with the knife, taking 
care to keep the blade on the bone and nor stray anterioely 
to damage oesophagus oF aorta 

‘Traction should be minimal and, as soon as the thorax 
is entered, the hand should move from the neck structures 
10 place two fingers under the uppet lobes of the lungs, lif 
ing chem and the mediastinum as the knife clears the 
midline structures down to the diaphragm. If the neck 
structures are pulled too hard by using them as a handle to 
ddrag out the thoracic viscera, they may be ripped off. In 
addition, the descending aorta may suffer transverse inti 
‘mal tears from traction, which resemble the genuine ladder 
tears seen in many traflic accidents (Chapcer 9) 

Pleural adhesions may prevent clean removal of the 
Jungs. If there are only afew, they can be cut through. Ifthe 
whole pleural cavity is obliterated by adhesions, they may 
be pulled away by making a cleavage plane with the hand 
and stripping them off, Sometimes (especially in industrial 
chest disease and old tuberculosis) the adhesions are dense, 
tough or even calcified. Removal of the lung may then be 
achieved by running a knife down the whole length of 
the parietal pleura over the inner anterior aspect of the 
sibs, and forcing a hand ehrough the slit to form a cleavage 
plane to force the parietal pleura off the intercostal muscles 
and ribs 


Removal of the abdominal organs 


When the chest organs ate fiee, they are laid back in the 
thorax and the diaphragm incised. One hand should pull 
the liver and spleen medially, putting the left leaf of the 
diaphragm on the stretch, while the knife cuts ie through 
laterally, near the castal margin. The cut curves posteriorly 
under the organs to reach the spine, where it must cut 
through the eruciate ligaments, then passes caudally behind 
the kidney, which is mobilized forwards. 
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‘The knife cut then curves up over the psoas muscle and 
ends at the brim of the pelvis. The same is done on the 
‘opposite side, the operator moving around the body if neces- 
sary, The chest organs are then lifted and genely pulled 
forwards to carry the abdominal viscera towards the feet 
‘Any resistance is usually due to incompletely severed cruci- 
ate ligaments, which must be transected, 

Eventually che organs will lay inverted across the pubis, 
secured only by the iliac vessels and ureters, which are cut 
through and the whole pluck of viscera taken away to the 
dlisecting bench where running water and good illumin- 
ation must be available 


Removal of the pelvic organs 


‘The treatment of the pelvie contents depends on the type 
of case. Whete the presumed cause of death is untelated to 
pelvic lesions, then in men the bladder may be opened 
widely and the mucosa and trigone inspected before the 
prostate is incised for examination, The testes are pushed. 
upwards through the inguinal canals, which are widened 
with the knife. In women, the ovaries are incised and the 
tubes examined from above before the uterus is sliced in the 
‘midline from fundus w cervix 

‘A mote thorough examination of either gender may be 
made by enucleating the pelvic contents. The knife is 
passed circumferentially around the pelvic bowl afer 
pulling the bladder away from the pubis. When the walls 
are free, the knife cuts through below the prostate and then 
through the lower rectum to allow the pelvic organs to be 
lifeed out. In women the ovaries and tubes are mobilized 
forwards and the knife passed around the wall of the pelvie 
bowl, then in front of and below the bladder. The vaule 
of the vagina and rectum is transected, freeing the whole 
contents, In cases where sexual interference or abortion is 
suspected, a special technique described in Chapter 19 is 
employed. 


Removing the brain 


Auction is then turned to the head. The sealp is incised 
across the posterior vertex from a point behind the ear to the 
corresponding place on the other side, Where a Yincision is 
used on the neck, the limbs ofthe Y may be continued right 
across the scalp, especially if face dissection is necessary 
“The tissues are reflected forwands to the lower forehead and 
back to the occiput. The deep scalp tissues may peel off by 
traction, bur often require touches ofthe knife to free them, 
Bruising is sought and, where head injuries are present o sus- 
pected, the scalp should be reflected right back to the nape of 
the neck, paying particular attention tothe tissue behind and 
below each ear where injures causing vertebrobasilar artery 
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Ficune 1.15 Angled sno-cuts for removal of skullcap ta avoid 
alippage during reconstruction, 


damage occur. Where there are Facial injuries, the skin of the 
face may be peeled back from the jaw line and downwards 
from the forchead, restoration being excellent if care is taken 
not to perforate the facial skin during removal. 

‘The skull is sawn through, using either hand or power 
tools, The line of the eur should not be along a circumfer- 
ence, as itis then impossible to reconstieure the head with- 
‘out unsightly sliding of the calvarium, There should be an 
angled removal, with a horizontal cut from forchead to 
bbchind the ears joined by a second, which passes diagonally 
upwards at a shallow angle over the occipitoparictal area 
Care must be taken not to place this posterior saw-cut too 
vertically (and thus anteriorly) on the skull, or the brain 
may be damaged by forcing its removal chrough too narrow 
an aperture, 

‘The calvarium is then removed by leverage after com- 
plete cutting through. A mallet and chisel should not be 
used in forensic autopsies, even to ensure that the dura is 
kept intact. The risk of extending or even causing fractures 
by the use of excessive hammering is too great merely to 
justify an unmarked dural membrane, A cut dua is easily 
recognized as such by any competent pathologist. What is 
more important is to inspect the surface of the exposed 
dura and brain and assess any oedema, bleeding or inflam. 
matory conditions that may be present. The skull-cap is 
carefully inspected for fractures and the dura peeled off the 
inside to study the inner skull surface. 

‘To remove the brain, the dura is incised around the line 
of skull removal and two fingers slipped beneath each 
frontal lobe. With gentle traction the frontal lobes are lifted 
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to expose the optic chiasma and anterior cranial nerves 
‘The falx may have to be cut o free the brain, then a scalpel 
or blunt-pointed bistoury is passed along the floor of the 
skull to divide che cranial nerves, carotid arteries and pituc 
itary stall until the free edges of the tentorium are access- 
ible. A cut is made along cach side of the tentorium, 
following the line of the petrous temporal bones to the lat 
eral wall of the skull. Continuing with traction on the 
brain, but being careful not to impact the upper surface 
against the posterior saw-cut, the knife severs the remain- 
ing posterior cranial nerves and then passes down into the 
foramen magoum to transect the spinal cord as far down ay 
can be reached. The hand is now slid under the base of the 
brain, which is rotated backwards for removal, any attached 
dura being severed where necessary. The brain is taken into 
aseale pan and weighed before either fixation or dissection. 

The floor of the skull is now examined and the basal 
dura stripped out with a strong forceps 10 reveal any basal 
fractures. Discarded dental forceps can be useful for this 
purpose. The venous sinuses are incised to search for throm- 
boss. Where appropriate—and always in infants the petrous 
temporal bones are sawn, chiselled or cut with bone forceps 
to examine the middle and inner eas for infection, 


Remoyal and examination of 
the spinal cord 


I is not an invariable routine to remove the spinal cord at 
autopsy unless there are indications that some lesion may 
be present, Where there isthe slightest possibility of dam- 
age to the vertebral column, its blood vessels oF the con- 
tents of che spinal canal, however, there should never be 
any hesitation in extending the autopsy to include this area 

‘There are several methods of removing the cord and for 
full details, che texes of Ludwig (2002) oF Knight (1983) 
should be consulted. Briefly, there are two main approaches 
to the spinal canal, the anterior and posterior, 

In the anterior method, the vertebral bodies are removed 
after complete evisceration of the body, by sawing through 
the pedicles by «lateral cut down each side. The advantages 
are thatthe body need not be turned over on to its face and 
an extensive dorsal incision is avoided, which requires sub- 
sequent repair, The author finds this method more labori- 
fous, however, especially in che thoracic region where the 
hieads of the ribs make the approach difficult 

‘The more usual posterior approach requires a midline 
incision from occiput co lumbar region, the paraspinal 
muscles being reflected along with subcutaneous tissues 
sare then made down the length of the 
the right and left laminae, and to give access 
to the spinal canal. This is best done with an electric oscil 
lating sav, taking care not to cut so deeply that the spinal 
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dura is penetrated. The strip of bone may be dissected off 
from below upwards to expose the spinal canal, 

‘The cuts should be placed sufficiently lateral co allow the 
cord to be removed without difficulty. When the canal is 
exposed, the dura is examined for haemorrhage, infection 
cr other abnormalities, then removed — still within its dural 
sheath — by transecting the nerve roots and dural atach- 
‘ments, and peeling it out progressively from below upwards. 
‘The dura is then carefully opened with forceps and scissors 
to examine the cord itself. Ie can be fixed in formalin, as 
with che brain, before cutting, or dissected immediately and 
samples taken for histology. Crushing, infarction, infection, 
haemorrhage and degeneration are the main lesions in a 
forensic context, The empty spinal canal must be carefully 
examined for dise protrusions, tumours, ractures, haemor- 
thage dislocations and vertebral collapse 

‘Where in any autopsy spinal damage is suspected, a good 
preliminary test isto slide the hands under the back of the 
eviscerated body on the autopsy table and life the dosso- 
Jumbar spine upwards, whilse watching the interior vertebral 
bodies. Ifa fracture or dislocation is present, abnormally acute 
angulation will be seen, instead of smooth bending. The ees 
vical spine can be ested by manual manipulation, If suspi- 
cious angulation is seen, a slice can be taken along with the 
anterior spine, through the vertebral bodies and dises, with an 
electric or handsaw, This will reveal che interior of the spine 
and exhibit any crushing, haemorrhage, or torn dise spaces: 
ifone of these is found, the cord must always be removed. 
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Examination of viscera 


‘The thoracic and abdominal visera are laid on a cutting. 
bench at a convenient height and under good illumination. 
Ample washing water should be available from a flexible 
pipe, to flush the tissues as dissection proceeds. Some 
pathologists maintain that this should not be done, as the 
water can have an effect on the quality of subsequent his- 
tological sections, but this has recently been disproved 
(Cotton and Stephenson 1988). In any case, the vastly infer- 
jor naked-eye examination that results if blood is not 
removed at frequent intervals greatly outweighs any unsub- 
stantiated objections about the more exquisite details of cell 
structure, especially as in most forensic autopsies the gross 
appearances are usualy far more important. 

The viscera should be laid so that the tongue faces the 
pathologist, with the aorta upwards. The same sequence of 
examination should be carried out whatever the nature of 
the case, so that a fixed routine will ensure that nothing is 
left undone, 


CHAPTER G © THE SHALL GROUP LAB AND CLASSROOM 


Ifyou are helping to run an existing lab, there are probably others you can consult who have had 
this particular honor in the past. Try to find out who these folks might be and see if you can get any 
helpful advice from them about your lab and its care and feeding. 

Ifyou're starting from scratch, you will enjoy the double-edged sword of setting things up the way 
‘you want, as well as setting things up the way everyone else wants it. You ger to establish whatever level, 
of functionality you want, with the caveat that you then must maintain that level. I's freedom, like 
most freedoms, that comes with a price. 


Special-Interest Groups 


Are you a member of club that has a special interest in electronics? Several popular interests, such as 
ham radio operators, remote-control model flyers or drivers, robot builders, and computer users, have a 
love-hate relationship with electronics. Having a dedicated electronics lab available to the membership 
isa great way to build up the love as well as work out the hate. 

Given a highly specialized crowd, such as the members of a university or trade school, you might 
even find people organized into an electronics club, especially these days when almost every aspect of 
ur lives is touched by this technology in one way or another. 

The specialized nature of your group helps focus what areas of electronics are of most practical 
interest, at least from a lab point of view. This cascades into easier choices when it comes to stocking the 
lab with workstations, tools, and components. 

The Dallas Personal Robotics Group (DPRG; see http: //éprg-org), for example, had the use of an 
1,800-square-foot warehouse for over six years, rent free, due to the generosity of one of the members, 
Mike Dodson of Modern Assemblies. Having access to an excellent industrial setting allowed the club 
‘members to dream of and then realize much more ambitious robot projects than could be attempted at 
home. After Mike's retirement, the DPRG went into a nomadic phase and finally spun off a dedicated 
‘workshop and meeting area, now called the Dallas Makerspace. 


The General Public 


A lot of people see the popularity of do-it-yourself (DIY) and maker- movement projects and envision 
themselves as entrepreneurs, seeing a need and being able to meet it. Unfortunately, most of these 
people are wrong. 

Building a lab dedicated to public use sounds like a great and noble aim, The realities of such an 
undertaking, including the financial, logistical, and business related, are not to be underestimated. 

While it seems to work well in certain areas and at certain times, it's almost always the result of the right 
combination of people coming together at the right time. 

Hackerspaces (a terribly unfortunately chosen label) are springing up all over the world. The term 
hacker, while understood within some technical communities to mean a person of respectable skills, has 
a decidedly unrespectable taint to it when viewed from the outside. To the vast majority of the English- 
speaking world, a hacker isa rogue computer jockey, a criminal intent on breaking and entering into 
computer systems for nefarious purposes. 

The term maker, on the other hand, leaves a more positive first impression. The Dallas Makerspace 
members deliberately made this decision when naming themselves, while they were still just a 
subcommittee within the board of directors of the nomadic DPRG, looking for a new home. It was 
important to them to maintain the very positive image that the DPRG had established and built over its 
long history, while stil looking to the future. 

If you're going to set up a lab for use by the general public, whether you decide to call it a 
hackerspace, a makerspace, or something entirely different, you get to make almost no assumptions 
about the good intentions of your membership. It's a sad state of affairs, to be sure, but it seems to be the 
prevailing wisdom of the day. 
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Ficuné 1.16 The two approache tothe spinal canal fr the 
remowl ofthe spinal cord at autopsy 


The neck structures 


‘The tongue is examined for disease and injuries, including 
bites suggesting blows in the jaw or epilepsy: The tongue 
should be sliced to detect deep haemorshages sometimes 
seen in strangulation, Such haemorthage is seen mostly at 
the sides and centre of the mid-part of the congue. Gross 
congestion, which may be due to either pressure on the 
neck oF to other congestive modes of death, is usually in the 
posterior part of che tongue. The tonsils and phat 
walls are inspected 

‘The glottis is examined for mechanical or infective 
obstruction, and the hyoid and thyroid horns palpated for 
fractures, The oesophagus is opened with large (20m) blunt- 
nosed scissors, which along with a very sharp 10-15em 
bladed knife and a long-bladed ‘brain knife, are the most 
useful tools for performing an autopsy. 

‘The carotid arteries on each side are opened, including 
the bifurcations and sinuses, necessary, the upper portions 
of the carotids are explored in the body itself and followed 
to the base of the skull, If thrombosis is suspected, the 
intracranial pare should be examined in the cavernous sinus. 

Returning to the neck structures, the thyroid should be 
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sliced and inspected, then the oesophagus opened almost to 
the cardia of the stomach and any suspect material such as 
capsules, ablets or powder retained for analysis 

“The scissors are then passed down the posterior line of 
the larynx and trachea to the carina. Ifpressure on the neck 
of any type, such as strangulation, is suspected, then special 
examination should be made, as described in Chapter 14. 

‘The trachea and main bronchi should be inspected for 
disease and obstruction. Gastric contents are ofien found, 
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bur the significance of this is discussed in Chapter 13 it 
should not be assumed thar ante-mortem aspiration has 
‘occurred merely from the presence of gastrie contents in 
the air passages 


‘The lungs 


‘The lungs are chen removed, after careful examination of 
theie external surfaces for patchy collapse, emphysema, 
petechiae and so on. Almost every autopsy will reveal a few 
petechise, especially around the hilum and in the interlobar 
fissures. Their significance is also discussed in Chapter 13. 

‘The lungs are removed from the thoracic pluck by passing 
a long-bladed knife (such as a brain knife) under the hilum 
with the blunt edge upwards. The knife is settled in the eos 
rect position before curning the sharp edge upwards to cut 
through the hilum. Before doing this it may be necessary to 
removeadhesions over the diaphragm and to cut chrough the 
pulmonary ligament, a thin sheet of tissue tha ies the infer- 
ior medial edge of the lower lobe to the mediastinum, 

As the hilum is being cut, the pathologist must notice if 
any embolism is visible within the pulmonary arteries, It has 
hhappened that such an embolism has slid out and been 
‘washed unnoticed down the sink. Some pathologists insist on 
opening the main pulmonary teunk and even right ventrile 
before removing the lungs, to seck a saddle embolus, This i 
‘not necessary, as any large embolus will be readily visible on 
examining the heart and ehe lungs in the usual sequence 

Both lungs are taken off and the hilum inspected before 
boeing laid aside for cutting. The lung should be weighed 
before cutting, as appreciable oedema fluid ean run away dure 
ing dissetion, Then each is laid with the hilum down on the 
dlissecting board, the opportunity being taken during hand- 
ling to evaluate weight and oedema, as well as emphysema. 

‘The lung is held on the upper surface by the left hand of 
the operator (or by an interposed sponge) and the organ 
cut across in the sagittal plane from apex to base with the 
large brain knife, held parallel to the board. This produces, 
an anteroposterior slice, the lower medial part carrying the 
hilum. The cut surfaces ean now be opened like a book and. 
the surface examined for oedema, tumour, pneumonias, 
infarction, trauma and so on. The smaller bronchi must be 
inspected for such signs as mucosal thickening, infection 
and blockage. The smaller pulmonary arteries may reveal 
thrombosis oF embolism that was not visible in che larger 
vessels 


INELATING THE LUNGS WITH FORMALIN 


In some medico-legal autopsies, especially in industrial 
lung disease such as pneumoconiosis or asbestosis, one oF 
both lungs need to be inflated with formalin for fixation 
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before cutting. This preserves the shape and histology in 
excellent condition, but delays examination for at least 
several days. Iti carried out by holding or tying a cannula 
into the bronchus while 10 per cent formol saline is per 
fused through a tube from a reservoir held about 1 metre 
above the lung. The lung is then left in a bath of formalin 
covered with a formalin-soaked eloth to prevent drying 


‘The heart and great vessels 


‘There ate almost as many ways of examining the heatt 
as there are pathologists, and eich operator must decide upon 
the method that appeals most. In this summary there is no 
space for discussion of post-martem angiography, which is 
‘moving from the field of research and special interest into 
routine use. A common and practical routine for examine 
ing the heart is described here 

First, the organ mass minus the lungs is rotated so that 
the lower end now faces the pathologist. The scissors are 
passed into the cur end of common iliac artery and passed 
right up to the aortic arch and around to a few centimettes 
above the aortic valve, staying outside the reflection of the 
pericardium, The interior of the aorta is studied, especially 
for the degree of atheroma and for any aneurysms oF 
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‘trauma, The inferior vena cava is opened from its lower end 
into the liver. The organ pluck is then turned over so that 
the heart is uppermost. The pericardium is inspected exter- 
tally for fluid and blood tamponade, then opened widely 
with scissors, The heart is delivered through the incision 
and inspected externally for pericarditis, adhesions, discol- 
oration of an underlying infarce and cardiac aneurysms, for 
example. In a child, dhe thymus would be inspected and 
dissected off at this stage 

‘The heat is then removed by holding it up with the left 
hand so thae its attachment is tensed against the other 
organs. A long knife, such as a brain knife, is then passed 
horizontally across a the reflection of the pericardium, cut- 
ting through the root of the aorta and other great vessels 
just above the atria 

‘The now-detached heart is washed externally and placed 
in the anatomical position on the dissecting board, with the 
apex facing the operator and the anterior surface upwards 
Ik should nor be weighed until all the contained blood and 
clot is removed. The general size, shape and ventricular pre- 
ponderance should be noted. Any dilatation oF thickening. 
of the pulmonary conus should be noted as an index of 


right ventricular hypertrophy, especialy if striae of trans- 
verse muscle fibres are seen crossing the conus. 


FIGURE 1.17 Incision for opening the 
bear at antsy, (a) The righ arin ie 
sli with an incision (1) t jain the vena 
cava tothe appendage; a cut parallel tothe 
interventricular teptum is made on the 
anterior wall ofthe right ventricle 

(2) passing up thvough the pulronary 
conus, (b) These cats are joined through 
she ericuspid valve (3). () The heart is 
reversed and the left avium opened by a 
cut (4) joining pulmonary wins (d) On 
‘the anterior walla cut (5) is made parallel 
0 the spear shvaugh the minal valve and 
joined by (6) which pases through the 
aortic waloe 
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‘The right atrium is then opened by introducing the seis- 
sors into the inferior vena cava and cutting across to the 
atrial appendage, The interior of the atrium is examined 
and the septum and tricuspid valve inspected 

‘The interventricular septum is then identified externally 
by the vessels running down the outside. With a knife a cut 
is made about 15mm to the right of and parallel vo the 
septum, over the right ventricle. This should be deep enough 
to enter the lumen, but not enough to cut the posterior 
wall. The scissors are now introduced into the eut and run 
up through the pulmonary conus and into the pulmonary 
artery until they meet che transected end. They are also 
extended downwands to the apex af the ventricle, The scis- 
sors are now pat in midway down this linear cut and passed 
courwards at right angles, guided by the fingers of che lee 
hhand passed into the tricuspid valve from the opened 


atrium. The whole of the right side of heart is now open 
and displayed. It should be washed out and the endo- 
cardium and valve examined, 

A similar routine is now employed on the left side, The 
ors are introduced into a pulmonary vein and passed 
horizontally across to an oppasite vein, thus opening the 
atrium, Fingers are introduced down through the mitral 
valve to estimate its size and detect any stenosis, 


‘The heat is then restored to the anatomical position and 
cut made again parallel wo the septum, but on the left 
side, going deeper as the ventricle is thicker, Guided by the 
fingers still in the mitral valve, the cutis extended upwards 
through that valve and out at che top of the atrium. 

‘A finger is now passed up the outflow tract to the aortic 
valve to estimate its size, Then the scissors are passed up at 
the side of the mitral valve, and the aortic valve and aor 
stump opened, The whole heart is now open and can be 
washed out and weighed, 

Various estimates of the normal heart weight exist and 
vary considerably (see the Appendix 1). It has been related 
to gender and body weight, though this is not altogether 
sound, as a fat person of moderate stature does not have a 


heart weight comparable with a large muscular person 
unless there is associated hypertension, This controversial 
matter cannot be pursued here, but asa rule of thumb the 
author (BK) accepts up to 380g as normal in an adule man 
of average build. 

After weighing, the endocardium and valves are exam- 
ined, then the coronary arteries, Once again, controversy 
exists about methods of opening the coronary vessels, but 
the weight of opinion now lies almost universally wich 
those who cut serial interrupted cross-sections with a knife, 
rather than open them longitudinally with small scissors 
‘The disadvantages of lengthwise opening are that percent- 
age asessment of stenosis or the recognition of total ecclu- 
sion cannot be made once the vesel is flapped open, as 
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restoring the cut edges can never reproduce the original 
conditions. In addition, the tip ofthe scissors may dislodge 
thrombus oF an intimal flap. Cutting across the vessels 
allows an estimate ofthe percentage stenosis. It is admitted 
that this may not be the size of the lumen during life when 
normal blood pressure is operating, but the same disadvan- 
tage applies o longitudinal opening. An estimate of luminal 
size is relatively constant, however, in that the collapsed 
abnormal can stil he compared with the collapsed normal 

‘The coronaries are therefore cut actoss at frequent inter- 
vals, Before the frst cut, the ost are examined for congen- 
ital variations (which are frequent) and for obstruction. The 
left coronary artery is then eut across from the epicardial 
surface, starting as close to the ostium as possible, as occlu- 
sion and severe stenosis can occur very near the origin. Serial 
cuts are then made at intervals of not more than 3 mm, fist 
into the common trunk, then following the left circumflex 
laterally uneil the vessel becomes too small, usually when it 
dips down from the epicardium to become intramuscular. 
‘The anterior descending branch is then followed down the 
front of the septum almost co the apex. 

‘Turning to the right coronary artery, the proximal seg: 
ment is cut back from the point where che right ventricle 
was opened, transecting the artery in ies miid-part, The cuts 
are made back to the aorta, then the distal segment is fol- 
lowed laterally until it becomes the posterior descending 
branch, During this process, the dominance of right versus 
left vessels is noted. 

Difficulty arises where severe cakification exists, as the 
knife cither fails to cut through the artery or shatters it 
because of the excessive force required. The lumen is 
crushed and the percentage stenosis is difficule or impos- 
sible to assess. Scissors may be used to exert more force 
than a knife, bur the anly real solution is to decaleify the 
vessels. Except for research purposes, it must be admitted 
that the days or even weeks of delay occasioned by decale- 
fication provide a formidable deterrent for the busy coro- 
nets pathologist unless the issues involved are important. 
Post-mortem angiography is the other alternative, though 
where autopsy caseloads are high, this can be difficult +o 
arrange, 

Once the coronary arteries have been examined, the 
myocardium can be studied more closely: One useful tech- 
nique isthe intramural or ‘sandwich’ cut through ee thick- 
ness of the left ventricle. This is easier when there is some 
ventricular hypertrophy; but ean be earried out in any heatt. 
‘The heart is placed open on the cutting board, with the 
endocardium downwards. A long knife such asa brain knife 
is passed carefully into the cut edge of the lefe ventricle and 
sliced right through the muscle, keeping equidistant 
beeween endocardium and epicardium. The myocardium 
can then be opened out like a book, showing the interior 
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with any infarets or fibrotic plaques. If histological blocks 
through the entire wall are needed it is best 10 take these 
before slicing the heart as described, otherwise a full 
thickness block will be hard co obeain. Some pathologiss 
make a series of transverse heart slices about 8-10 mm thick, 
starting at the apex, before opening the heart. This displays 
the distal myocardium wal, but eannot expose the proximal 
part, as examination of the coronary arteries would then be 
compromised. 


Examining the abdominal organs 


‘The remaining organs are laid on the dissecting sueface in 
the anatomical position, with the liver and stomach away. 
from the pathologist, and the anterior surface upwards 
‘The stomach is opened and, ifchere is any question of 
requiring the contents for analysis, a suitable container 
should be ready. The stomach is washed externally with a 
stream of water and a small eut made in the greater curve 


ture, If che contents are to be saved, this ean best be done 
with the edge ofthe stomach projecting over the raised cut- 
ting board oF over the edge of the sink, so that the con- 
tainer can be held underneath, The contents are allowed to 
‘un into the container, hen the greater curvature is opened 
widely with scissors, and any remaining contents drained 
or scraped out. If powder or other substance is adherent t0 
the mucosa, this can be seraped off and added to the con- 
taines, oF kepe in a separate tube for analysis 

Some laboratories require the stomach wall to be 
retained for analysis as well as the contents. This can be 
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done after the organ has been fully opened and the lining. 
examined. Ifthe contents are not requited — or when they 
have been collected — che organ is opened up from cardia to 
pylorus along the greater curvature, The lining is washed 
and inspected. The scissors are now passed through the 
pylorus around the duodenum until they meet the point 
where the gur was detached earlier. The gall bladder may 
be squeezed to demonstrate the patency of the bile ducts 
In some few eases, bile may be required for analysis, as in 
morphine or chlorpromazine overdose 

‘The adrenals are examined next, the right one being on 
top of its kidney, the let being on the medial side. I the 
right kidney is taken in ehe left hand and lifted against the 
weight of the liver, a single cut into the steetched tissues 
beeween liver and kidney will transect the adrenal, The let 
is buried in the tissue beeween pancreas, spleen and kidney. 
‘The amount of cortical lipoid and the absence of bleeding. 
fr other abnormality is noted in each gland, 

‘The spleen is removed by cutting through its pedicle and 
is sliced after weighing. ‘The pancreas lies under the stom- 
ach and should be cut lengthwise from the curve of the 
duodenum to its tail lying against the splenic hilum, 

‘The kidneys are exposed by incising their capsules, often 
after a thick layer of perirenal fut is traversed. The kidneys 
can usually be peeled out of their capsules unless these are 
adherent 

‘The renal vessels were examined when the aorta was 
opened, bur ean be re-examined at this stage and the ureters 
inspected. The organs ean be detached at their hilum and 
weighed, then cur lengthwise co inspect the interior. The 
width of the cortex is important, being about Vem in & 


FIGURE 1.18 Collecting stomach contents 
at antopy The esteror ofthe stomach is 
washed fire from bload and the vicera 
‘moved to verhang the disectng board. A 
chemically clean receptacle it held beneath 
the gpeaer curvature while the later it 
pened with sisors and the contenar 
allowed to drain out, The stomach it then 
opened, she mucosa inspected and any 
eres material snaped into the 
‘untainer. The stomach wall should then be 
ddiected aff and added tothe contents if 
the laboratory is able 10 deal with tissue 
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healthy subject. The granularity of che surface and the 
clarity of the corticomedullary junctions is assessed, as well 
as che size of the renal pelvis 

“The small intestine may have been examined at the earl- 
jer stage of removal, but can be inspected nove. It is not 
usual to open the whole length of the gut in a forensic 
autopsy unless there is any particular indication 10 do so, 
though ideally this should always be carried out. 


EXAMINATION OF THE BRAIN 


Afier weighing, a decision has eo be made whether to exam- 
ine the brain immediately ~ che so-called ‘wet-cutting’ - or 


to suspend it in formalin until fixed, a process which takes 
at least several weeks. The advantage of fixation is, of 
course, that the firmness of the tissue allows thinner and 
more accurate knife-cut sections to be taken, as well as 
better histological preservation, Where neurological issues 
are involved, cither traumatic or from natural disease, itis 
almost mandatory for the brain to be fixed before cutting. 
Even the impatience of the investigative authorities can 
usually be overcome if the advantages of a higher standard 


of opinion are explained, 

“The technique of brain fixation is well known, but to sum- 
‘marie briefly, the brain is suspended in a container of 10 per 
cent buffered formalin, the volume being atleast 5 lites and 
preferably 8. The brain is removed with the dura leaving the 
parasagittal bridging veins and falx intace and suspending the 
brain in an upright position by the fals, An alternative 
method is to passa thread oF metal paperclip under the basi- 
lar artery and te it t a support across the mouth of the con- 
tainer, so that che vertex is clear of the bottom, 

In the majority of autopsies there is no real need for fix- 
ation if no cerebral lesions are either expected or apparent 
‘on external examination of the brain. Here, ‘wet-cutting’ is 
sufficient, though if any unexpected lesions are found, the 
process can be stopped and the slices of brain fixed by pla- 
cing them in a large volume of formalin, on cotton wool 
pads, co prevent distortion. 

One lesion is better examined in the unfixed state, 
though the brain may be suspended later; cis is subarach- 
noid haemorthage. It is easier co wash away fresh, unfixed 
blood with a stream of water and blunt dissection than the 
hardened blood that develops during formalin Bxation. 
Further details are given in Chapters 5 and 25, 

or fixed, the 
sequence is the same. The weight is first considered, the 
normal fora young male adult being berween about 1300 and 


Whether the brain is examined ‘wet 


1450 g, the female equivalent being around 100g less. More 
details are given in Appendix 1, Ie should be noted that for- 
malin fixation adds about 8 per cent to the original weight 
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The brain is fist examined for surfice abnormalities, 
which in forensic practice usually means haemorrhage. This is 
deale with in Chapter 5, but suffice to say here that meningeal 
bleeding is one of the most important lesions in forensic 
pathology, be it extradural, subdural or suburachnoid This 
means that examination ofthe cerebral vesels, especialy the 
arteries of the citcle of Willis and the vertebral vessels, is 
vital especially inthe search for betry aneurysms, The general 
symmetry of the brain is then noted as wel ay any depression 
of the cortex from skull or meningeal masses, An estimate of 
cerebral oedema is made, pally from the weight, but mainly 
from fattening ofthe gyri, filling ofthe sulci and evidence of 
hippocampal herniation dhrough the tentorial aperture. In 
leser degree this maybe sen a grooving of one or both unc, 
thos anatomical groove is often present 
‘Truc uncal herniation is marked and often discoloured as a 


result of incipient infartion. Similarly, herniation or coning 
of the cerebellar tonsils through the foramen magnum must 
he distinguished from the common anatomical pouting of 
many tonsils: true presure coning is often discoloured by 
local infarction, After careful inspection of the basal vessels 
and the exterior of the bran, and palpation fr any luctuant 
masses under the cortex such as internal haemorrhage, 
abscesses or cystic tumours, the orga is eu. 

‘The first cut should be made through the cerebral 
peduncles using a long, broad-bladed kaife to separate the 
cerelsrum fom the brainstem and cerebellum, The cerebel 


lum is then held in one hand with the cut stem upwacds 


Ancillary investigations 


This is examined to assess the substantia nigea and aque- 
duct, as well as to note any primary or secondary haemor- 
shage, the latter often being due co raised intracranial 
pressure. The cerebellum and pons are then cur down verti 
cally and opened like a book to display the fourth ventricle, 
dentate nuclei and the interior of the cerebellum. ‘The 
lower pons and medulla can be further sect 
versely oF longitudinally. 

The cerebral hemispheres are then placed base down on 
the cutting block and serial sections made in the coronal 
plane from the frontal lobes back to the occiput. The see- 
tions should be about em thick and each should be slid 
into a sequential place in rows along the cutting board so 
that orientation is preserved, Cuts should be made with care- 
ful but bold sweeps of che knife as erratic sawing motions 
will leave an irregular surface on each section, which 
obscures a good view. Cutting afresh brain is less satisfactory 
than cutting a firmer fixed brain, especially if there is any 
post-mortem aucolysis oF softening as in a dead ischaemic 
brain after mechanical ventilation, 
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ANCILLARY INVESTIGATIONS 


A wide range of samples may need to be taken either before, 
during of alter the gross examination is completed. The 
nature of such ancillary investigations naturally depends 
‘upon the nature ofthe death, the history and the interests of 
the pathologist. 


Ficune 1.20 An altemative method of rspension is 
to leave the fab intact and seit 0 suspend the 
‘bain base down in formalin, 


Microbiology 


‘Though more common in clinical autopsies than forensic 
‘work, culture samples for ‘bacteriology’ vitology and (rarely) 
fungi may be needed. Either plain swabs or swabs immersed 
ina transport medium can be employed for sampling a wide 
variety of sites at autopsy. Alternatively, tissue samples may 
be collected in sterile containers and this isthe usual method 
for virological culture of lung and brain, for example, Blood 
cultures may be desired, andl itis best to take blood with a 
sterile needle and syringe from a large vessel, such as the 
femoral vein, before starting the autopsy with its attendant 
inevitably widespread contamination with putrefactive 
organisms. Alternatively, blood can be taken fiom a freshly 
opened heart chamber using sterile instruments. 

Inall autopsy investigations, unless cultures are performed 
soon afier death, there is often widespread contamination by 
organisms that travel rapidly through the dead tissues, espe- 
cially from the gastrointestinal tact. Itrequites the expertise 
of an experienced microbiologist to advise on what is signi 
cant in the subsequent geoweh in the laboratory. 


Toxicology 


‘This has already been mentioned and is further discussed in 
the later chapters of this book but, as far asthe collection of 
specimens is concerned, it may be repeated here that sam- 
pling is extremely important if reliable analytical results are 
expected. Blood, urine, stomach contents, organs (especially 
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testinal contents, cerebrospinal fluid, bile and ocue 
lar fluid may be required, 

‘The containers in which specimens are collected must be 
chemically clean to a very high standard. They are often 
supplied by the laboratory that will earry out the analyses. 
For example, the Home Office Forensic Science Service in 
Britain supply a kit containing two large plastic eubs with 
lids, several universal containers, fluoride tube, syringes and 
needles, together with instructions as to type and quantity 
of sample needed for various tests 

‘The pathologist should submit a form with the samples 
indicating the analyses required, the personal details of the 
deceased person, a brief history with details of suspected 
toxie substances, and a statement as to whether the subject 
‘was known to suffer from any infective condition, inelud- 
ing hepatitis or HIV infection. 


Histology 


In most autopsies and inevitably in all criminal or litigious 
cases, the pathologist will need 10 carry out a histologieal 
examination on a range of tissues, even if only to exclude 
the possibility of some occult natural disease. The Royal 
College of Pathologist as well asthe 1999 Council of Europe 
recommendation on the harmonization of medico-legal 


autopsy recommend that histology be taken from every 
autopsy: This advice should be followed wherever possible, 
even though in some medico-legal autopsies the enst of such 
techniques may provide difficulty if the coroner or other 
commissioning authority declines to fund the procedure. 
It is customary to retain samples of liver, spleen, kidney, 
heart, lung, thyroid, adrenal, pancreas, muscle and brain as 
a minimum. Where thete are indications to examine other 
parts of the body, these are retained in addition to the routine 
tissues, The tissues are either sampled by taking relatively 
large pieces at autopsy (which are later trimmed down to 
size) or by cutting blocks of a standard size (such as 20 
12. 5mm) at the time of autopsy: 

‘The tissue is placed in a large volume of buffered 
formol-saline and allowed to fix for at least several days 
before processing. The volume of fixative should be six 
times the total volume of tissue: i is all oo common to see 
mass of tissue squeezed into a small container, barely cov 
hall-fixed and even semi-dried. There 
are many specialized procedures also in use at present, such 
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as histochemistry, fluorescent microscopy and immuno- 
histochemical examination; these are used especially in the 
pathology of sudden death where evidence of early myocar- 
dial infaretion is sought. This is discussed in the chapter on 
sudden natural death (Chapter 25) 


REQUEST FOR TOXICOLOGICAL ANALYSIS, 


OTHER SPECIMENS. 


Name. Age. 

Post Mortem No. Date of Pi 

Date of Death. Pathologist 

SPECIMENS SUBMITTED: Blood. Urine Liver 
‘Stomach contents Kidney. 
Intestines. Bean 


‘Any infective condltions suspected 


ANALYSIS REQUIRED 


BACKGROUND INFORMATION: 


FIGURE 1.21. Sample request form for 
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Autopsy radiology 


AUTOPSY RADIOLOGY 


The details of radiological findings are discussed in each 
appropriate chapter, particularly in relation to child abuse, 
gunshot wounds, identification and dentistry. In general, 
radiology is similar to photography in the autopsy oom, 


‘though it requires more bulky apparatus, and someone to 
operate the equipment and proces che films 

The quality of radiographic assistance available will vary 
widely from none co the most sophisticated techniques, 
even including computed tomography and even, in very 
few centres, magnetic resonance imaging (MRU). 

‘The main difference is usually whether the autopsy is 
carried out in the mortuary of a well-equipped haspital 
where there is radiographic apparatus, radiographers to use 
i and radiologists to read the films — or whether the 
autopsy is performed in some remote public mortuary or in 
makeshift premises far from clinical facilities. 

In many developing countries, radiography may be searce 
for living patients let alone corpses, and the same standard of 
assistance for the pathologist cannot be expected, In larger, 
‘more affluent countries, remoteness may be the problem; 
here mobile equipment is aailable and sometimes used by 
forensic pathologiss. There are small, portable X-ray kts 
that can be carted in two suitcases, and can funetion from 
an ordinary domestic power supply or from a portable petrol 
generator. In many instances a mortuary will have a small 
portable machine, sometimes one discarded from clinial 
use. This ean be wheeled into position when needed, and 
films and technical assistance obrained from the nearest 
hospital, which is ofen adjacent. 


For isolated organs and tissues, cabinet-type radiographic 
equipment is available, which can be used without the asis- 
ance of trained radiographers 

Where there is « large forensic institute, then full adio- 
logical facilities with the staff and equipment to operate 
and process plates will be available at all times. Where 
research projects involving radiology, such as post-mortem 
coronary angiography, are being carried out, there will usu- 
ally also be ample facilities for routine use. 

‘The stage at which radiology is employed in an autopsy 
will vary according to the individual circumstances, but is 
likely to be after the external examination is complete, but 
before dissection begins. Straight radiographs for bony injury 
are not often required, as the skeleton can be inspected 
directly by dissection in major trauma, The exception is child 
abuse, where, as flly described in Chapter 22, a full skeletal 
survey is needed before autopsy. Indeed, many forensic and 
paediatric pathologists would consider radiology essential in 
all infanes who did not die of some obvious disease. 

Suspected air embolism, pneumothorax, barotrauma, 
gunshot and explosive deaths should have radiological exam- 
ination before the autopsy, and when a traumatic subarach- 
noid haemorshage is suspected, vertebral artery angiography 
sight be necessary, as described in Chapter 5. 

‘Mutilated remains, especially those from mass disasters, 
say need to be X-rayed, as may vitims from fires where the 
external damage makes dissection difficult. Where bombs oF 
explosive devices are involved, itis essential to have radio- 
graphs to detect any parts of the mechanism that are embed- 
ded in the tssues 

‘Though the films are usually taken before the autopsy 
begins, some lesions may be better demonstrated on isolated 


Ticune 1.22 Radiogaphy i ential before 
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organs or structures. In child abuse, the callus of old frac- 
tures of posterior ribs may be better visualized on X-ray if 
the chest cage is dissected our, and radiographs taken with- 
‘out the soft tissues and the obscuring structures of sternum 
and anterior ribs, Similarly, a block of upper cervical spine 
may better reveal fractures of transverse processes carrying 
the vertebral artery, o a larynx may show fractures of the 
hyoid or chyroid cornuae more clearly when they are 
X-rayed outside the body. 


FORENSIC PHOTOGRAPHY 


Many forensic pathologists ake their own photogeaphs of 
both scenes of death and of autopsy appearances. Others 
rely on professional photographers such as the police and 
hospital medical photographers. 

‘The standard of expertise amangst some doctor photo- 
graphers is excellent, and thei piewures grace many lectures 
and textbooks. Its to the more inexpert camera operators 
that these few general tips are offered. 

‘The type of camera most favoured is the 35 mm single- 
lens reflex, of which there is now a vast range available, in 
all geades of sophistication and price. Some means of exact 
focusing is essential (either automatic or splitscreen, for 
example) as picture sharpness is of prime importance. 

‘The type of lens is a matter of personal choice, as some 
will prefer interchangeable lenses of various focal lengths. 
‘The standand 50 mm is most useful, but for seenes of erime 
or taking a full-length shor of a body in cramped conditions, 
a wide-angle lens of 28 or 30mm is needed. A longer focal 
length of up to about 80mm can be useful for close-up pice 
tures of small lesions, but telephoto lenses of 100-200.mm 
are not required, though extension tubes, some with lenses, 
cean be obtained for macrophotography. 

Many pathologists, including che authors, prefer to 
combine lenses into a single variable-focus “znam’ lens of 
28-80 mm range. This saves time spent in changing lenses, 
and the image resolution of good-quality equipment is 
vireually indistinguishable from fixed focal length lenses, 

umination is usually by electronic fash now often an 
integral part of the camera body, and the use of automatic 
thyristor control means that no complicated calculations 
about range ate needed, For very close-range work, a flash 
attached to the camera may be unsatisfactory, s0 an extension 
cable isa useful and cheap accessory to keep the lashgun ata 
dlisance. Alternatively, the flash ean be bounced! off the ceil 
ing in the autopsy room ora 'rng-fla around the ens used. 


to avoid camera shadow. 

Some will prefer tungsten light rather than flash, though 
this is more cumbersome unless a fixed station is installed, 
in the autopsy room for taking photographs of organs. I is 
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impracticable to use floodlights atthe autopsy table or at a 

‘The type of film depends on the nature of the illumin- 
ation. Speeds of 100 or 200ASA are more chan adequate 
for most flash work, though 400ASA is now frequently 
used. Some keen medical photographers carry a separate 
camera body loaded with high-speed 1000 ASA film for spe- 
cial circumstances. 

Ultraviolet (UV) and infrared sensitive film has been 
used to demonstrate surface lesions that ate not visible to 
the human eye. Iehas been claimed hat oceult bruising can 
bye revealed by UV photogeaphy, such asin child abuse, but 
care must be taken and experience gained to eliminate arte- 
factual false positives. 

“Mose doctors will want transparencies for projection at 
leceutes, which ean be made into prints, either colour oF 
monochrome. If prints are specifically wanted for black 
and white publication in books or journals, it is better to 
take them originally on monochrome film, as colour ne 
tives do nor provide quite the same quality reproduction in 
black and white 

Some pathologists use Polaroid cameras either alone or 


together with conventional film. The advantage of instant 
prints is that a record of the scene of death can be obtained. 


before the autopsy is carried out, and any findings checked 
back against che original surroundings. For example, if 
some linear mark is seen on the leg at autopsy, the patholo- 
gist can immediately refer to his Polaroid prints to check. 
whether that leg had been resting on some object. Again, 
where multiple injuries exist, their number, position and 
size can be checked when writing the autopsy report, with= 
‘out waiting days or even longer for the police album 0 
arrive. Correlation of wounds with blood splashes may also 
be useful. Such Polaroid pictures can be duplicated and 
even turned into transparencies, but it i preferable to have 
a conventional camera for these purposes. 

Recent advances in electronics are revolutionizing photo- 
graphy, and have wide application and potential for forensic 
and autopsy work, Electronic cameras of varying grades of 
sophistication, resolution and cost, can now instantly score 
images on a small internal ‘memory stick’ or CD-ROM, 
which can then be viewed immediately on a computer VDU 
or printed on a colour laser printer. These images can be 
‘manipulated in many ways to enlarge sections or correct 
colour balance, sent via modems to distant locations, or 
incorporated within textual material and reports. At present, 
good resolution can still be obtained more cheaply with silver 
based film stock but this situation is changing in favour of 
the digital photography. Ahetnatively, photographs and 
slides can be electronically scanned within minutes, the optical 
image being di 


‘manipulation, 


ized into electronic storage for similar 
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All electronic images ean also be stored on CD-ROM or 
DVD equipment, which offers huge storage and retrieval 
capacities for record-keeping and educational display pure 
poses. In addition, single frames from video camera record- 
ings can be captured as still pictures and electronically 
stored 

In relation to the actual photography, a marked improve- 
‘ment in the pictorial quality ean be achieved with a lite 
cate in composition. Ar scenes of death the viewpoint is 
often limited and the surroundings have to be photo- 
graphed as they exist, without modification. The camera 
position can, however, usually be chosen to cut out as much 
extraneous background as possible. In the autopsy room, 
considerable improvement can be made by using the opti 
‘mum viewpoint and by modifying the background. Many 
photographs are spoiled by having irrelevant and distracting, 
‘objects in the background such as observers, buckets, boots 
and the other extrancous paraphernalia of the autopsy 
room. The picture frame should be filled as completely as 
posible with the object under display. A close shot should 
be taken to limit the itelevant margins though, where neces- 
sary, anatomical landmarks should be included to orientate 
the viewer. The camera should be at right angles to the 
lesion being photographed, whenever possible. Tangential 
shots may foreshorten the required feature and, where size 
needs to be displayed, may distort both shape and length 
because of the foreshortening, A ruler or special white adhe- 
sive tape with centimetre markings should be placed very 
near the lesion oF wound to provide a size reference. 

Where a feature is obscured or insigoificant, it may be 
pointed out by a probe or finger held in the appropriate 
position, Where part of the picture area consists of the 
‘metal or porcelain autopsy table o dissection bench, allow- 
ance should be made in exposure, as these very reflective 
areas may give a false reading in the light meter of the 
camera and thyristor of the fashgun. 

If a full length or half shot of a body is required, an 
untidy background may be avoided by turning a mobile oF 
rotatable table so that a blank wall forms the backdrop. If 
this is not possible, asiseants can hold up a sheet behind 
the table to seteen the distant confusion, 

‘When photographing viscera, the camera should be near 
enough for the frame 10 be almost completely filled by the 
required object. The shot should be vertical to the lesion 
and it is often necessary either wo place the dissecting board 
fn the floor, or for the photographer to stand on a stool or 
some elevation to gain the requited height. 

Where isolated organs are being photographed, they 
should be placed on a green or blue cloth, such as a dis- 
carded operating gown. White can be used, though it may 
affect the exposure meter if much is visible around the 
periphery: The organ should be placed on the cloth in one 
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movement and not moved thereafter, otherwise a wet dark 
stain will obtrude on the green or blue background. The 
organ should not be oozing blood onto its surface or onto 
the background. It should be dabbed with a dry cloth oF 
sponge just before the photograph is taken to remove shiny 
wet highlights. 

Ideally a special stage for organs should be used, such as 
a glasc-topped table with a coloured (usually green) back- 
ground set sufficiently far below the glass 10 be out of 
focus. Tungsten lights ean be used to advantage on such a 
fixed stage 


THE AUTOPSY REPORT 


Equally important as the autopsy itself isthe report chat the 
pathologise provides for whoever commissioned the exam- 
ination, An autopsy i of lite value i the findings and opinion 
of the forensic pathologist are not communicated in the 
‘most lucid and helpful way: The report is an integral part of 
the procedure and should receive as much attention as any 
physical procedure in the autopsy room. Unfortunately, 
some pathologists eat the process of making a report in & 
somewhat cavalier manner, which diminishes the expertise 
that they may otherwise passes, 

‘The autopsy report isa permanent record of the findings 
and is especially vital for medico-legal purposes, when 
every word may be dissected in court of law months oF 
even years afterwards, and when all recollection of the 
examination has been driven from the mind of the pathol- 
gist by hundreds of subsequent autopsies. In a clinical 
autopsy in a hospital, the dissection may be demonstrated 
and discussed at the time with the interested physician. 
However, the report of a forensic autopsy becomes a legal 
document of possibly vital significance, and every effort 
must be made atthe time to make it as comprehensive and 


useful as possible 


‘The form of the autopsy report 


Reports fall into ewo main types described below, and local 
practice and indeed legislation may determine which is 
used, irrespective of the wishes of the pathologist. The 
choice is, however, often dictated by the nature of the ease. 


BEA fice-style ‘essay’, which usually adheres to a 
conventional sequence, but leaves the pathologis free 
o expand on various aspects according to his estimate 
of their importance. This type is usually used in 
criminal deaths and eases in which litigation is likely. 

Tt has the advantage that any part of the autopsy can be 


CHAPTER 6 © THE SMALL GROUP LAB AND CLASSROOM 


Some popular and successful organizations—such as Noisebridge (waw.noisebridge. net), in San 
Francisco, California, which was incorporated in the state as a “non-profit educational corporation for 
public benefit”—operate almost entirely on a “consensus basis," sometimes known as “anarchic chaos.” 
Noisebridge’s overriding motto is “Be excellent to each other,” very often shortened to just "Be 

excellent.” Its very real success and sense of community among members is based on what seems to be a 
very local tolerance that is not to be found in many parts of the globe. If you ever get a chance, do stop by 
and prepare to be impressed. It's an amazing place. 

A good parallel would be to visit your local public library. In the areas that still maintain libraries 
(shockingly, they are on the decline), you will find a finely tuned machine that meshes well with the 
surrounding locality. Are there bars on the windows? If so, you're going to need some bars on your 
‘windows. Are there metal detectors at the entrance? Oh, dear. Do you see any uniformed security forces 
present? These are not good signs. 

Don't be completely discouraged, however. Sometimes a community in decline needs alittle boost 
of energy and an injection of esprit de corps. This can often be accomplished by introducing some new 
alternatives for people's spare time. An ancient Muslim saying reads, “Trust in Allah, but tie your camel.” 


A Shared Resource 


Do you have a dedicated space available? Ifo, you are way ahead of the game. Finding a good location is. 
hal the battle. If your space is truly dedicated to your pursuits and activities (ie. a private home, club, 
or makerspace}, you have the advantage of being able to leave tools, components, and projects in place, 
returning to them (and finding them still there!) when the opportunity arises. “Truly dedicated” in this 
sense can be equated with having your own key to the door and reasonably free access. While a 24-hour 
facility sounds like a great idea, there are a lot of logistical problems associated, such as security, utility 
costs, scheduling, and parking, just to name a few. 

Ifyour space is not-so-dedicated, such as a schoo! lab or friend's garage, you can still make ita 
home away from home if you are able to arrange for secure storage of all your shiny toys. This could take 
the form of individual lockers or a storage closet. 

‘No matter what the logistical arrangements, the main challenge to providing a versatile and 
effective setting for electronic and other kinds of tinkers is basically a social one. Once it's more than just 
‘you, itcan start to get complicated. 

Luckily, there are some time-tested methods for making these types of things run smoothly. 


Be a Hospitable Host 


Ifyou are taking the lead in arranging a shared work space, please remember that you are responsible for 
extending the appropriate hospitality to your present and future guests. This single factor will greatly 
determine the vibe, feeling, or ambiance of the facility, even more than having the latest and greatest 
tools and gizmos on hand. 

This task may or may not fall entirely on your shoulders. Many hands make light work. Ifyou are 
able to delegate some of the duties of a hospitable host to other members of your group, consider doing 

Think of your task in the same light as planning a successful party, even ifit’s one that you 
anticipate will last for days on end. These basic ideas are as old as civilized living. Think about fabulous 
parties or memorable events that you have been privileged to attend in the past, and then plan on taking 
itup anotch, 

Try to anticipate the human needs of your attendees as well as their technological expectations. 
People have what seems like an endless list of requirements, some of which you can address, some not. 

Make your location known. Make this information easy to find to those interested, and easy to 
update when the venue changes. A web site is trivial to set up these days, and even a post to a popular 
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expanded without constraint also the form of the 
report can be turned into a legal statement or a 
deposition for the court with ltele alteration. 

BA printed proforma, in which the various sections of 
the examination and organ systems are already set out 
by ttl, leaving blank spaces for the insertion of the 
findings. The advantage includes the fact that this 
“shopping lis’ acts as an aide-mémaire o those 
pathologists who do not conduct large numbers of 
autopsies — and also the non-medical recipient is more 
able to follow the set pattern ofthe report. One 
disadvantage is that che spacing prevents flexibility of 
description unless the proforma is large, when much of 
the space may be left blank. Also there is rarely enough 
space atthe end of dhe form for an expansive discussion 
and opinion about the preceding factual findings. This 
type of form is commonly used for non-litigious 
autopsies — for example, the usual coroner’ cases of 
sudden death and suicide. 


Concentrating upon the more serious cases, the report, 
whatever the format, must contain certain information in 
some logical onder. Consecutive numeration, computer 
codings and other administrative aspects are naturally con- 
ditioned by local practice, but the following matters must 
be catered for in all autopsy reports, though nor necessarily, 
in chis sequence: 


Full personal details of the deceased subject, unless 
‘unidentified. This includes the name, gender, age, 
‘occupation and address 

“The place, date and time of the autopsy. 

‘The name, qualifications and status ofthe pathologist. 
Persons present at the examination, 

(Usually, the authority commissioning the autopsy. 

A record of who identified the body. 

‘The name and addeess of the deceased subject's regular 


(or last) medical attendant 
‘The date and time of death, where known, 

‘The history and circumstances of the death, The 
inclusion of this on the actual autopsy protocol may 


‘not be permitted in some jurisdictions as itis hearsay 
evidence, but unless expressly forbidden it should be 
included, as it remains a record for the pathologist's 
‘own files, Ie also justifies his eventual cause of death in 
those eases where the morphological findings are scanty 
for even absent, as his conclusions will be strongly 
influenced by his pre-knowledge of the mode of death. 
‘When the autopsy report is converted to a statement oF 
deposition for legal use, this history may be omitted by 
those legal authorities responsible for transcribing the 
document. 

External examination 


sic autopsy 


1 Internal examination. 

BW Ais of specimens and samples retained for further 
examination, Those handed to other agencies, such as 
the forensic science laboratory, should be formally 
identified by means of serial numbers and the name of 
the person to whom they were handed 

1B The results of further examinations such as histology; 
microbiology, toxicology and serology. When the main 
‘report is issued soon after the autopsy, these will not 
yet be available and a supplementary report will be 
necessary, 

A summary of the lesions displayed by the autopsy 
{often coded for departmental computer retrieval) 

© Discussion of the findings, if necessary in he light of 
the known history 

1B An opinion as to the definite oF most likely sequence of 
events leading to the death, 

BA formal cause of death, in the format recommended 
by che World Health Organization, suitable for the 
completion of death certificate. 

1B The signature of the pathologist. 


‘The ‘external examination’ should record those details 
described earlier inthe chapter, the major items being: 


IH The height, weight and apparent state of nutrition, 

1B The presence of natural disease such as oedema, 
abdominal swelling, cutancous disease, senile changes, ete. 

IH Identifying features such as skin colour, tatoos, sears, 
congenital or acquired deformities, dentures, eye colour 
and hair colour. When identity isan issue, naturally 
this section will be greatly expanded, 

IB The presence of rigor, hypostasis, decomposition and 
abnormal skin coloration, Body and ambient 
temperature should be recorded where appropriate, 
with calculations concerning the estimated range of 
times since death, ehough this aspect may well be 
deferred until the final ‘Summary and Conclusions. 

1B The condition of the eyes, including petechiae, arcus 
senils, pupil size, and the condition of iris and lens, 

1B Condition of mouth and lips, including 
and presence of foreign material 


juries, veeth 


© Condition of external genitals and anus. 
1 Listing and descrip 
and old, 


wv ofall external injuries, recent 


‘The internal examination records all abnormalities, 
usually in a conventional sequence such as: 


1H Cardiovascular system: heart weight, any dilatation, 
ventricular preponderance, congenital defects, the 
pericardium, epicardium, endocardium, valves, 
coronary arteries, myocardium, aorta, other great 
vesels and peripheral vessels, 
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I Respiratory system: external nares, glottis, larynx, 
trachea, bronchi, pleural cavities, pleura, lungs 
(including weight) and pulmonary arteries, 

1 Gastrointestinal systems: mouth, pharynx, oesophagus, 
peritoneal cavity, omentum, stomach, duodenum, small 
and large intestine, liver (weight), pancreas, gall bladder 
and rectum, 

1 Endocrine system: pituitary, thyroid, thymus and 
adrenals, 

1H Reticuloendothelial system: spleen (weight) and lymph 
nodes, 

Genitourinary system: kidneys (weight), ureters, 
bladder, prostate, uterus, ovaries andl testes. 

BE Musculoskeletal system: skull, spine, remaining 
skeleton and musculature where necessary. 

Central nervous system: scalp, skull, meninges, cerebral 
vessels, brain (weight), middle ears, venous sinuses and 
spinal cord (when examined). 


‘The timing of the report 


As with the format, there are evo schools of practice in this 
respect. One advocates the issue of a full a report as possi 
ble on the gross findings as soon as the autopsy is com- 
pleted, usually within a day or ewo. Obviously this ean only 
be a preliminary, provisional report, as it may have to be 
modified (sometimes radically) by the results of ancillary 
investigations chat may take days or weeks to return. 
Virological cultures, for instance, may take up to 6 weeks 
before a growth ean be reported, 

In a large proportion of forensic cases, however, expe- 
cially those due to violence, the gross findings are unlikely 
to be substantially amended by ancillary investigations, 
though the possibility must always be left open until data 
have been gathered i, 

‘The other philosophy will delay any report (except per- 
haps a provisional oral opinion) until everything is to hand, 
when a single final document is provided. 

Whichever course is adopred, one aspect is vital wo both, 
‘The descriptive faces must be recorded at or immediately 
after the completion of the autopsy. It is vital that no 
significant interval — certainly no more than few hours — 
be allowed between the physical performance of the examsin- 
ation and the setting dawn of the objective findings. The 
words ‘setting down’ are chosen carefully as the report may 
be handwritten or typed, or may be dictated to a secretary 


or into a tape recorder or other audio system. What is 
vital is that itis not consigned to the pathologists’ memory 
for a few days, even reinforced by notes written on seraps 
of paper. 

In Britain and many other jurisdictions, the court may 
demand to see any contemporaneous notes and even tapes 
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from a tape recorder. Any diagrams, notes oF rough drafes 
must be preserved for production on demand of the judge, 
coroner or advocates in court. Where the report is dietated 
(cither to a secretary or into a tape recorder), then the first 
typed (or word-processed) draft constitutes the ‘original 
report’, along with any contemporaneous notes including. 
body sketches 

‘The use of printed body sketches ean be a very useful aid 
in the autopsy oom. Many versions exist from the simple 
front and back views of the whole body used in clinical 
neurology w mulkiple sketches portraying every possible 
view of the body surface. Separate diagrams are available 
for the male and female perineum, and for the different 
body proportions of infants. Used on a clipboard these dia- 
grams can be most useful, especially where chere are mul- 
ile injuries, or large areas of burns orabrasions. Each lesion 


can be drawn in, with a measurement noted alongside each 
and distances from anatomical landmarks recorded. ‘The 
data from the sketches ean be transposed to written form at 
the end of the examination, 


Discussion and conclusions in 
an autopsy report 


Some pathologists, usually those not normally concerned 
with criminal and litigious cases, claim that an autopsy 
report should be a bare recitation of the physical findings, 
with no discussion or interpretation of the significance of 
those findings. In the authors’ opinion, this is an abdication 
of the pathologist's responsibilty because, especially in crim 
inal deaths, itis these conclusions that are of most interest 
and use to the investigating officers, lawyers and courts 

‘After the detailed description of the external and internal 
appearances, a short resumé should be offered of the major 
positive findings and their relationship to the cause of 
death, In many cases this will be obvious, as in a gunshot 
wound of che head. Matters such as the probable type of 
weapon, the range, the direction and the likely rapidity of 
death, however, should also be discussed. 

‘When the findings are less clearcut, or are multiple, then 
the alternatives should be discussed, giving a differential 
diagnosis of the cause of death and detailing the possible 
sequence of events. IFit is possible, a ranking order of prob- 
ability of the various alternatives can be offered. Time of 
death and the limitations of accuracy in this particular ease 
should be se out when the issue is relevant to the investigae 
tion, What is really required is as full an interpretation ax 
posible, without venturing into the undesirable elds of 
‘unwarranted speculation or Sherlock Holmes style of over- 
interpretation, which was the bane of forensic pathology in 
former years and is still practised too much even today, to 
the detriment of the good reputation of che speciality 
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POST-MORTEM ARTEFACTS 


Forensic pathology can only be learned by experience but 
‘no account would be complete without drawing attention 
to common artefacts found at autopsy, which can mislead 
the pathologist with insufficient forensic experience and 
even lead to a miscarriage of justice 

Some of the ‘clasic’ mistakes were described many years 
ago by Shapito (1954) and Moritz (1942), but each gener- 
ation of pathologists discovers them a new — or what is 
wor, fails to discover them. Most artefacts are described 
in the various chapters dealing with specific lesions, but a 
reminder of some of the most important is given here: 


1 The pancreas is one of the first organs to undergo 
autolysis, because of the proteolytic enzymes within it 

“The autolysed tissue is often haemorrhagic and ean 

easily be mistaken for acute pancreatitis, though 

histology will rapidly resolve the problem, 

Patches of haemorthage, sometimes quite large and 


confluent, can occur in the tissues behind the 


‘oesophagus in the neck, These lie on the anterior 
surface of the cervical vertebrae and are caused by 
distension and leakage from the venous plexuses that lie 
in this area. They were described well by Prinsloo and 
Gordon (1951) and are sometimes known by this 
name, Their importance lies in confusion with deep 
neck bleeding in strangulation (and sometimes with 
spurious neck fractures), which is why the skull should 
be opened before the neck in any suspected 
strangulation or hanging, to release the pressu 
neck veins before handling the tissues 

1B Autolytic eupture of the stomach can occur post- 
‘mortem in both child and adult, described by John 
Hunter in the eighteenth century. This so-called 
‘gastromalacia’ appears asa slimy brownish black 
disintegration of the fundus with release of the 


the 


stomach contents into the peritoneal caviy. 
Sometimes, the left leaf of the diaphragm is also 
perforated through a ragged fenestration, 
of gastric contents into the chest. 


th escape 


Heat fractures of the bones, either skull plates or long 
bones, may be seen in victims of severe fires, but are 
not evidence of ante-mortem violence. Also in 
conflagrations, the ‘heat haematoma’ within the burned 
skull can resemble an extradural haemorthage of ante- 
‘mortem origin. The ste is often atthe vertex oF 
‘occiput; however, unlike the usual parietal 
hnaemorthage, there is no fracture line crossing the 
riddle meningeal artery, the usual cause of a true 
extradural bleed. The frothy brown appearance of the 
false clot, together with heating effects in the adjacent 
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brain, should indicate the teue diagnosis. Shrinkage of 
the dura due to heat may cause it to split, with 
herniation of the brain tissue into the extradural space. 
Severe burns of the body surface may lead to heat 
contractures of the limbs with tears over joints such as 
the elbow, These must not be confused with ante- 
mortem lacerations or incised wounds. 

I The bloating, discoloration and blistering of a 
putrelying body must not be misinterpreted as disease 
fn injury. Blisters are quite unlike those of burns and 
dark blackish areas of discoloration must be 
distinguished from bruising. The later can be difficult 
and incision ingo the tissues to seek blood in the dermis, 
is advised, Histological sections may help but, where a 
body is badly decomposed, special stains for blood 
traces in the histological sections may assist, such as 
alpha-glyeophorin to detect red cell envelopes 
However, often itis quite impossible to differentiate the 
discoloration of decomposition from true beuising 

1B Blood o bloody fluid issuing from the mouth may be 
due to putrefaction, even if the body surface is nor 
covertly decomposed. Ifthe lungs and air passages are 
discoloured and filed with sanguineous liquid, then 
this must be taken to be cause of the purging from the 
mouth and nostils 

1B Dark red discoloration of the posterior part of the 
myocardium is usually due to post-mortem 
gravitational hypostass, nor early infaretion, Similarly, 
segmental patches of dark red or purple discoloration of 
the intestine is hypastasis, not infarction. The latter 
tends to be a single continuous length, the serosa being 
dll and the gue wall friable 

IH Large petechiae or eeehymoses, sometimes with raised 
blood blisters, are often seen in the dependent skin of 
persons who have died a congestive death or where the 
upper part of the body has been hanging down after 
death, The usual place where these are seen is over the 
front of the upper chest and across the back of the 
shoulders, chough in dependent heads the face may be 
shot with haemorshages. 

IM Resuscitation artefacts are of increasing importance wo 
the forensic pathologist and are discussed later 


EXHUMATION, 


Exhumation is the retrieval of a previously buried body’ for 
post-mortem examination, This is usualy followed by a 
first autopsy oF a re-autopsy flowing new information. 
‘The teem ‘exhumation’ is usually applied co the removal of 
a body buried in a legitimate fashion in a cemetery or 
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graveyard (inhumation), rather than the recovery of an 
tuncoffined, clandestinely buried victim of a suspicious 
death, The later is really a true ‘scene of crime’ and the 
pathologist should treat it as such, 

Echumations are required for one of the following 


Bl Where all or part of a graveyard has to be moved for 
some development of the ground. Often no special 
examination of each body is made unless there is some 
historical or anthropological interes. 

I Where some civil legal matter needs to be investigated, 
such as personal injuries for insurance or civil ligation 
for negligence — usually after a oad, industrial or othee 
accident. 

I Where new information or substantiated allegations 
arise co suggest that a death was due to criminal action, 
either from injury or poison, 

In ancient or historieal cicumstances to investigate 
cither the individual or a series of individuals for 
academic interest, A number of such investigations 
have been carried out on medieval and later 
inhurations in England, co study disease patterns 
and nutritional states in old populations ~ though 
‘many of these have been from dry vaults, rather than 
earth burials, 


‘The legal procedures authorizing an exhumation do not 
concern us here, as they vary greatly from country co 
there must be strict 


country. In all jurisdictions, howev. 


safeguards to identify the grave and the coffin, so chat 


no mistake ean be made. The grave must be positively 
identified by the cemetery authorities by reference to plans 


and records: an official must personally poine out the grave 
to be opened. 

‘Traditionally, eshumations are carried out at dawn but, 
except to avoid spectators and publicity, there is no real 
rnced to stumble about in a dark cemetery before frst light. 
A better plan is for the grave to be dug down to just above 
coffin level by a mechanical digger or workmen on the 
previous day so that, the following morning, the police, 
coroner, pathologist and others can arrive in time to see 
the final exposure ofthe coffin, The coffin nameplate must 
be cleaned and read to confirm the identity, and, if possi 
bile, the funeral director who carried out the original burial 
should be present to identify the coffin and the plate. 

[If chere is suspicion of poisoning, samples of earth should 
have been taken from the surface of the grave, from other 
parts of the cemetery and from immediately above the coffin. 
‘When the coffin has been removed, further samples should 
be obtained fiom the sides and beneath the coffin, but chese 


‘matters will usually be attended to by forensic scientists. 
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When the coffin is lifted to the graveside it is as well for 
the lid to be loosened a litte by slackening the holding 
screws or prising the lid loose. This allows foul gases eo 
escape into the open ait, rather than in the mortuary. The 
coffin is then transported to the mortuary; ife is in a bad 
state of decay, it may have to be supported on a rigid base 
such as a trestle, or placed inside an extra large coffin or 
fibreglass shell. Excess earth and mud should be removed 


before transportation to avoid excessive fouling of the 
autopsy room. Where criminal action is suspected or has 
been alleged, a full photographic record must be kepe (ust 
ally by the police) of every stage from identification of the 
grave to the findings during the autopsy. 

‘At the mortuary, the coffin lid should be completely 
removed and the contents again identified, if possible by 
the funeral director who originally buried the body. He can 
again confirm the effin plate, but also identify che internal 
coffin Fittings, such as fabries and shroud. When the body 
has not been buried for too long, he may be able to identify 
the features ofthe corpse from personal knowledge, 


Exhumation: a police officer making he final 
approach tthe cafin. A metal casion i lowered tn protect the 
_gravesides. The grave must be identified by the cemetery 
superintendent 
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If poisoning is suspected, samples of the shroud, coffin 
trimming and any loose material such as packing or Duid 
should be retained for analysis. The body is then removed, 
undressed and a fll autopsy catied out, as far a the condli- 
sion of the body allows. Putrelaction, adipocere and murmi- 
fication complicate the examination — sometimes, all tre 
may be present in the same body 

The pathologist is sometimes asked by the authorities or 
by lawyers whether a proposed exhumation is worth carrying 
cout, because of doubts about the usefulness of the result. 


Certainly the balance between the potential advantages must 


Ficune 1.24 Belumation: whew the 
enfin is exposed it ust be ide by the 
funeral director and the cofin plate 

checked, fdeuth fom poianing i 

suspected, samples af arth from abore, 
Delow ana the sides ofthe cain as well 

sa frum a distans part ofthe cemetery 


must be taken, together with a sample of 
any grave water: 


FicuRE 1.25 Following exhumation, the 
dy is ransported 20a mortuary for fil 
auinpsy, The former practice of autmpsy in 
inadequate premier near the cemetery it no 
longer justified. Here abe original sated 

infin coffin ie placed within a new effin 


for tase, 


be weighed against the cost, publicity and distress co relatives 
that might be caused. In general, however, i is surprising 
how much information may be gained even when the body 
thas been buried for many months or even a few years. Much 
will depend on the actual environment of the grave: a gravel 
or sandy sol, especially in an elevated position, will allow a 
body to remain in a much better state of preservation than 
one in the waterlogged loam of a valley. The author (BK) has 
seen butials only 20 years old with empty coffins containing 
sile, hur no soft tissue or even bones (due toa constantly rising 
and falling water table) in an area of acidic peat 
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The autopsy on the putrefied corpse 


Even negative information gained at exhumation, stich 


as the absence of alleged or suspected fractures, may be of 
considerable legal value. Some poisons, especially heavy 
‘metals, may persist for many years in a buried body and be 
ddegectable at exhumation, Even some organic chemicals may 
survive for a long time: barbiturates have been found after 
7 years in a buried body. In all cases of suspected poisoning, 
itis vital that ample control samples are taken from the grave 
and its surroundings, co avoid the later accusation that any 
abnormal substances found were environmental artefacts oF 
‘were unassociated with the corpse, 


THE AUTOPSY ON THE. 
PUTREFIED CORPSE 


In forensic work, decomposed bodies are commonplace, 
especially in warm climates. Though the value of an autopsy 
is progressively reduce as the state of putrefaction advances, 
no short cuts should be taken by the pathologist merely 
because of the unpleasant nature of the examination. 
However bad the condition of the corpse, every effort should 
bbe made to carry out the autopsy as near tothe usual routine 
as possible. Iris often surprising ~as with an exhumation — 
how much information can be gained. The interior of the 
body is often far better preserved chan the ourward appear 
ances would suggest, so a policy of defeatism chat leads to a 
skimped examination should never be adopted. 

Externally, putrefietion hides bruising wo a variable degree, 
the greenish black coloration of the skin masking the usual 
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FIcURE 1.26 When the coin fre 
pened in the mortuary the cofjn fitting 
and fabrics should again be identified by 
the funeral decor, as well asthe body and 
ita clothes, if they can be mecllected. This 
infant a been busied for 3 yeart. The 
supper part ofthe cofin has leaked, 
allowing liguid mud to cover and 
subiraaly destroy the bead, 


features of contusion. Abrasions, lacerations, incised wounds 
and gunshot wounds may, however, survive severe degrees 
of decomposition, Loss of bloody fluid from the mouth and 
nostrils (the so-called ‘purging’) is often mistaken by publi, 
police and even some doctors as evidence of haemorthage, 


but loss of serous, bloody or frothy fluid from any body of 
fice is common in the advanced stages of putrefsetion. 

Peeling and slippage of skin may hide some abrasions, 
though they may be visible when the desquamated epidermis 
is removed and the underlying skin examined. Marks around 
the neck from the tissues swelling with gas and becoming. 
embedded in a collar have been mistaken for strangulation. 

Where maggot or other insect infestation is present, 
some may be taken for expert entomological examination 
to help in assessing the post-mortem interval, as described 
in Chapter 2. As stated above, the external examination 
should be conducted as near as passe co the routine for a 
fresh body, and the back and perineum not neglected 
because of physical difficulties in handling the body. 

Identity may be a problem when the facial features are 
100 bloated for visual recogaition. The usual procedures 
described in the next chapter may be employed where neces 
sary. Fingerprints may be required by the police to assist in 
identity, but decomposition may seriously destroy the fin- 
gertips. These may become swollen and desquamate, oF 
may shrivel and become leathery. Several methods of 
restoring the amputated tips have been described: some 
recommend a simple method of immersing the tips in 
20 per cent acetic acid for 28-48 hous, when the shrvelling 
will swell co normal size. Others recommend immersion in 
lycerine 
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Incernally, much will depend on the state of decay: The 
abdominal and chest organs may be in a better state of 
preservation than the exterior, The subcutaneous tissues 
may be distended and crepitant with gas, as may be the 
swollen abdomen. Judicious penetration of the peritoncum 
with the tip of knife may be needed to release the pressure 
of gas. The technique of lighting the escaping methane 
with a burning newspaper may be spectacular and some- 
times near explosive, but does little to reduce the smell and 
is not co be recommended. 

Examination of the organs follows che usual pattern, modi- 
fied aecording to state of putrefction, The heart may be 
limp and discoloured, with haemolysis staining ofthe endo- 
cardium and vessels. The coronary arteries ate often very well 
preserved, especially if atheromatous oF calified, or both. 
Ante-mortem thrombi may persist even after the muscle is 
semiglutinous, The larynx may be discoloured, but the hyoid 
and thyroid horns can be examined for fractures and may 
need to be X-rayed. Ie may be difficult wo detect ante- 
‘mortem bleeding at the fracture sites. Fractures elsewhere in 
the skeleton naturally persist ane! may require radiography 
for their detection, as may foreign objects such as bullets, 

‘The brain often decomposes early, and all too often is 
merely a pinkish-grey paste within the dura, Gross lesions 
like a large meningeal or intracranial haemorthage may 
survive for examination, but the trauma of removing the 
calvarium and attached dura may seriously damage a ser 
fluid brain, In Belgium, where exhumations are common 


due to the very low primary autopsy rate, a technique was 
developed in the University of Gent whereby the head of a 
decomposed body was removed from the body and deep 
frozen until solid. The head was then eur across 
nal plane with a band-saw, leaving the brain in two halves 
within che eranium. These were then immersed in a large 
volume of formalin until fixed, when they could be 
removed in «relatively solid state for examination. 


Internally, the detection of teue subcutaneous bruising 
may be very difficult due to the discoloration of putrefaction. 
Hiscology is often highly unsutisfactory because of cellular 
lysis and degeneration: stains for haemoglobin may help in 
revealing focal collections of lysed blood, but are often dif- 
Fusely positive even in control areas. Claims have been made 
for staining for glycophorin A to detect red cell envelopes, 
as opposed to diffuse haemolysis (Kibayashi etal, 1993) 


RESUSCITATION ARTEFACTS 
AT AUTOPSY 


In recent years, the advent of effective, but often aggressive 
and invasive, resuscitation procedures has made the task of 
the pathologist more difficult. At autopsy, injuries and 
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abnormalities are now often found that could be due to 


‘minal and even post-mortem resuscitatory measures, Where 
the pathologist is made aware of these, he can often exclude 
the damage being due to non-resusctatory injury, though 
even when he is informed of the procedures they can still 
‘mack or mimic more sinister trauma, When he is not made 
aware or such information cannot be made available — chen 
the difficulties of interpretation are compounded. 

‘There are now many publications describing resuscita- 
tion arteficts, including the review of Leadbeater and 
Knight (1988). The following are the main categories of 
damage, for which the pathologist must always be ale: 


1B Bruising of the anterior chest wall, haemorthage into 
the subcutaneous tissues and pectoral muscles, fractures 
of the sternum, Fractures of the ribs, haemothorax, 
bbruised lung, lacerated lung, pericardial haemorchage, 
and even fractured dorsal spine, following energet 
external cardiopulmonary resuscitation (CPR), 
‘Thoracic cage fractures ate rare in children, however, 


because of the pliability of the ribs and costal cartilages, 
bot it cannot be denied that they sometimes occur. The 
differentiation is naturally of vital interest where child 
abuse is being alleged, 

Incernally all types of damage to the heart may oceur, 


including rupeured atria and even ventricles, septal 
rupture and valve damage. The great vessels ean suffer 
severe trauma, as described in the now extensive 
publications on resuscitation artefacts, Fat and bone 
‘marrow emboli in the pulmonary vessels have also been 
reported after cardiac massage (Mason 1993). 

Petechiae in the eyes and intra-ocular haemorthages 
can occur afer CPR, as well ay after violent sneezing or 
coughing; they are well known to occur during 
whooping cough, 

IH Bruising of the face and neck, finger marks and nail 

marks on the face and neck, and damage to the lips and 

inner gums from mouth-to-mouth resuscitation, when 

the face and neck have been gripped by hands, Damage 

to lips, gums, teeth and pharynx can oceus from the 

introduction of an artificial airway or endotracheal tube, 

especially in difficult, hurried emergency situations 
Injuries to the larynx, even including fracture of the 

hyoid and thyroid cormnuae, can occasionally occur 

from these procedures, which are difficult to 

distinguish from manual strangulation if the 

circumstances are obscure, 

Puncture marks for venepuncture may be 

confused with injection marks in drug dependence. 

The inteoduction of intravenous cannulae into veins 

in the neck may cause large haematomata and more 

diffuse bleeding into the tissues alongside the larynx, 
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Similar bruising may oceur around puncture sites 
in the arms and groin. Intracardiac injections leave 
‘marks on the chest wall and may lead to a slight 
hhacmopericardium. The effects of injected 
noradrenaline and electrical defibrillation on the 
histological appearance of the myocardium are well 
recorded, with contraction bands being the most 
obvious artefacts which can be mistaken for pre- 
existing myocardial ischaemia. 

Damage to the mouth, palate, pharynx and laryne. 
can occur from attempts to introduce a laryngoscope 
or airway. Even fracture of dhe mandible has been 
caused in this way. In infants, even digital clearance 
of the pharynx can cause mucosal damage. Damage 
to the pharyngeal mucosa may cause bleeding, 
which ean seem sinister co police or relatives; this 
‘may be mixed with the uid of pulmonary oedema 
10 produce copious pink, bloody froth, seen in a 
number of cases, including sudden infant death 
syndrome 

I Electric defibrillator pads make marks on the chest, 
though these are usually easy to interpret, except where 
there is an unusual shape. Defibrillators and injected 
Beadrenergic catecholamines such as noradrenaline 
can, however, cause widespread histological damage 
to the myocardium, consisting of enagulation necrosis 
and contraction bands, which ean be confused with 
infarction or electrocution. When both defibrillazion 
and catecholamines have been used to resuscitate, 
the myocardial changes are even more marked 
(Karch 1987) 

1B During the Heim 
obstruction, rupture of the oesophagus, stomach and 
intestines have been reported. The oesophagus can be 


manoeuvre to dear an airway 


perforated by an incorrectly inserted airway. In the 
abdomen, external cardiac massage may cause ruptured 
stomach, ruptured liver, and damage to spleen and 
pancreas, 

1H Gastric contents in the air passages may have 
reached there by spontaneous agonal regurgitation 
‘or by pumping the chest and upper abdomen 
during resuscitation attempts. This makes the 
finding of vomit in the larynx and trachea of even 
less significance as a cause of death, as discussed in 
Chapter 14, 

The administration of oxygen by mask or tube may 
cause damage, as can overenergetic mouth-to-mouth 
resuscitation, Ruptures of oesophagus and lung have 
‘occurred, and other types of barotrauma include 
ruptured stomach and intestine. Where a pre-existing 
gut lesion exists, the administered gas may escape into 
the abdomen. The diagnosis of a pre-existing 
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pneumothorax may be impossible where forced 
ventilation has been administered. 

i In the central nervous system, subarachnoid 
hhaemorthage has been described after external cardiac 
‘massage, and from hyperextension of the neck to pass 
an airway or perform mouth-to-mouth resuscitation, 
“The forced posture can tear the vertebral arteries, 
‘making another source of confusion for the forensic 
pathologist in this dfficul area of potential trauma to 
the neck (Chapter 5). 

1 Myocardial and pulmonary bone marrow embolism 
has been reported following cardiac massage (Duiecol 
tal, 192) 

Retinal haemorthages, classically a sign of raised 
intracranial pressure and of head injury, have also been 
described in whooping cough and after CPR. 

Bl Miscellaneous artefacts of which every pathologist 
should be aware include: skin maceration from a body 
lying in urine, kerosene, etc., post-mortem burns from 
adjacent radiant heat or hot-water bottles; and 
petechiae and larger haemorshages in the face from 
postural hypostasis. 


MASS DISASTERS —~ THE ROLE OF 
THE PATHOLOGIST 


With the exception of the more dramatic murders, the 
activity which focuses most public attention on the work of 
forensic pathologists is the mass disaster. Unfortunately, 
such tragedies are becoming more common with the 
increase in terrorism, the expansion of travel facilities and 
the larger size of passenger aircraft. Recent years have seen a 
tragically frequent need for the expertise of mass disaster 
teams, following such events as the Zeebrugge and Estonian 
ferry capsizes, football eragedies like Ibrox Park, Heysel, 
Moscow and Hillsborough, erush tragedies at Mecca, and 
numerous massive aircraft crashes, such as Tenerife, Air 
India, Japan, Lockerbie and most recently the terror attacks 
in the USA. Mass disaster management is a discipline in 
iself and only the briefest summary can be offered here, 
together with useful references a the end of the seetion, 


Forward planning 


Many pathologists will thankfully spend their entire careers 
without having to participate in a major mass disaster; a 
commonly accepted definition is the death of more than 
12.vietims in a single event. No one can predict when such 
a tragedy might occur, however, as ypified by the 1988 
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Pan Am sabotage, when almost 300 bodies fell out of the sky 
‘on aquiet and unsuspecting Scottish village. Ie is chus esental 
that every forensic institute, department and individual 
pathologist should make some forward provision for such, 
an eventuality. In Britain, the Royal College of Pathologists 
(1990) have published a useful booklet on the role of the 
pathologist in chese disasters 

In most advanced count 


cach region now has « Mass 
Casualty Plan covering medical and hospital services, fire 
service and police. This is often very detailed, covering every 
aspect of transfusion, drugs, casualty transport, emergency 
surgery and anaesthesia, The plans are clinically orientated, 
but often completely ignore provision for the dead — or they 
have some cursory statement atthe end such as ‘Mortuary 
accommodation will be provided’ with obviously no thought 
given to how several hundred corpses are to be aecommo- 
dated and examined, Though clinical planning is, of course, 
vital — especially i ral disasters, multiple motorway crashes, 
and urban bomb outrages — it has to be appreciated chat, in 
‘many air crashes, there are few if any survivors, and that all 
the clinial planning may be redundant, leaving a massive 
and unprepared crisis in relation to the dead 

Ie is therefore essential chat forensic pathologists should 
censure that, inthe area for which they are responsible, there is 
cooperative preplanning that includes adequate provision 
for collection, accommodation, examination and disposal of 
large numbers of dead victims. Naturally the pathologist is 
usually in no position wo do this alone, but he is often the 
peson with the most foresight and professional knowledge to 
act as the stimulus and catalyst berween the major agencies 
responsible for overall planning. These are usually the police 
and the local health administration. When a Mass Casualty 
Plan does exist, but has serious omissions in respect of dealing 
with the dead, or where no such plan exists, the forensic 
pathologist should energetically stimulate the responsible 
authorities into making a comprehensive plan, This entails a 
series of meetings to identify danger areas in the region (such 
8 aisports, motorways, railways and military installations) 
and to discuss potential buildings for temporary mortuaries, 
the provision of materials such as markers, plastic bags and 
labels, which may be needed in large quanites ata few hours! 
notice. Communications between such groups as police, 
pathologists, mortuary and laboracory technicians, radiogra- 
pphers, and dentists also need to be established in advance. The 
expertise of international funeral directors with experience in 
mass disaster fatalities is invaluable, 

“The objects of pathological investigation in mass disas- 


B to retrieve and reconstruct bodies and fragmented 
bodies decently 
1H to establish personal identity 


nsic autopsy 


to conduct autopsies on some or all of those bodies 

1H to establish the cause of death in some or all, especially 
air crew and drivers, and to assist in reconstructing the 
cause ofthe disaster 

1 to obtain material for toxicological analysis (especially 
alcohol and carbon monexide) where appropriate 

B toseek evidence of the cause of the disaster from 
autopsy examination, such as bomb or detonator 
fragments that may be embedded in the bodies 


Qutline of necessities in mass disaster 
planning 


PROVISION OF PATHOLOGISTS AND OTHER STAFF 


Depending upon the scale of the tragedy, it may be neces: 
sary to recruit other pathologists to assist. In large cities, 
there may be sufficient persons with expert forensic know- 
ledge, but elsewhere, hospital pathologists may be able #0 
assist; forensic pathologists from a distance may also volun- 
tect Irhas to be remembered that a really large disaster may 
need many days or even weeks of work, and therefore per 
sonnel may be unavailable for the whole period. In add- 
ition, whatever the degece of willingness and unselfish 
devotion offered by doctors and all other staf the physical 
and especially psychological stresses of this harrowing work 
mean that strictly limited periods of work should be 
imposed. Apart from the deleterious effect upon the doctor, 
the standard of work declines dramatically with fatigue and 
therefore itis in the interests of the investigation —as well as 
of the pathologists ~ shat sufliciene staff be recruited, This 
may, however, be easier suid than done, One person must be 
in overall charge of che investigation. Usually a senior police 
officer has the ultimate responsibilty, but the medical 
aspects should be firmly under the control of a senior 
pathologist, hough he muse delegate extensively to avoid. 
bing swamped by less important tasks and thereby being 
rendered totally inefficient. Again, all these aspects are 
modified by the scale of the disaster. Proper facilities for 
‘meals, rest and washing must be established, and again for- 
ward planning is essential for these mundane, but vita, fea- 
‘tures. Forensic dental and radiological expertise will be run 
independently by their own specialists, but there must still 
bbe a nominal chief in che form of the senior pathologist 
who acts as overall coordinator and arbiter of medical 

‘When a disaster, almost always an airerafe erash, oceurs 
in some remote place or abroad where there ae no satisfuc- 
tory forensic or pathologieal services, itis the usual practice 
for a team from the country of origin of the aircraft— or a 
volunteer team arranged at governmental level ~ to fly 10 
the scene and provide expertise to the local authorities 
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Mass disasters — the role of the pathologist 


In many advanced counties, especially Britain, the armed 
services have permanent aviation pathologists who deal 
with all service aircraft crashes anywhere in the world and 
who are often available co deal with, or attend as advisers, 
any civil air disaster 


PROVISION OF MORTUARY FACILITIES 


‘Most hospital mortuaries and even larger public mortuaries 
have limited storage capacity for bodies, and even smaller 
provision for performing simultaneous autopsies. It must 
also be appreciated that the normal business of a mortuary 
has to continue even through a mass disaster, so the massive 
increase in work is an addition to, not a substitution for, 
the normal handling facilites, Where more than about ten 
bodies are involved, most mortuaries cannot eope with these 
problems, especially when it has to be remembered that 
some of the carpses may have to be retained for considerably 
longer periods than usual if identification cannot be made 
rapidly: Thus external facilities will have to be provided in 
some temporary accommodation. When the disaster is a 
Jong distance from the regular mortuary, transport and other 


logistic considerations may make ic imperative to store and 
examine the bodies nearer to the erash site. Again forward 
planning is essential to identify hangars, storehouses, empry 
factories, halls and other buildings near potential danger 
spots such as airports, Whenever possible, all bodies should 
be taken w one site, asthe separation of identification sites i 
a recipe for inconvenience, delay and mistakes. Ie is some- 
times necessary, especially in remote regions, to set up tented 


smortuares, but this i a last resort as fclivies eannor be laid 
con with the same degree of efficiency. Where the exash is 
tually remote, it is usual for the authorities or the armed 
services to bring out the dead by helicopter or other trans- 
port to an urban site, A prime example was the Mount 
Erebus crash in Antarctica, where the dead were flown back 
to New Zealand. If warehouse, oF factory or building of 
similar size, can be used, certain minimum facilities are 
needed. Good electric lighting, portable lights for close 
inspection, and power points for radiographic equipment 
and electri instruments are required. Adequate piped water, 
and washing and toilet facilites are essential, Ifany of theses 
deficient, then portable generators and water tankers must 
be supplied by the armed services or the police. Telephone 
and, if possible, telex and fax facilites should be available for 
the input of identifying data, 

In hot climates, or in the surnmer in temperate climates, 
body refrigeration is vital, nor only for the decent preserva- 
tion of the dead but for retention of tissues awaiting identi- 
fication. Ifa disaster is too large to be handled in the usual 
mortuary, then some form of cooling is required. The rent- 
ing of refrigerated trucks used for the transport of foodscufls 
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is the usual answer and, again, preplanning is necessity 10 
discover sources of such facilites. Sometimes portable ait- 
conditioning units can be installed in part of the mortuary, 
if chis is sufficient 10 cool the storage area to an acceptable 
level, In disasters where there are both living and dead vie- 
tims, the mortuary should be sited away from the clinical 


facilities or sereened in some way to avoid the distresing 
sight of bodies ariving being visible to survivors or thei rela- 
tives, and the press 

‘The temporary mortuary should be large enough for the 
expected load, and the area to be used for examinations and 
autopsies should not be too congested. No one should be 
allowed in who does not have direct business there, no mat- 
ter of what eminence o¢ rank, Security of admission should 
be tight, this being the responsibilty ofthe police. Flooring, 
should be waterproof and capable of being hosed down. Ie 
can be protected against blood, mud and burned fragments 
by covering with polythene from large lls. Tables for 
examination can be wooden trestles, covered with polythene. 
‘These should be in rows one metre apart, with 2 mettes 
between rows. 


Retrieval of bodies 


This is the task of the police or armed services, but must be 
carried out in a manner approved by the forensic identifying. 
team. Ie is essential that every body is frst certified as dead 
by adoctor at the scene, Often, volunteer casualty surgeons 
may be the first medical persons at the scene, whose 
primary duty is wo rescue living survivors and to confirm 
death in the remainder 

Each body or fragment should be flagged with a sequen- 
tial and unrepeatable serial number and marked on a grid 
plan, being photographed in situ wherever possible. It is 
then bagged and taken with its numbered label ro the mor- 
‘uary. Different teams will have different methods of dealing. 
with the logistics of handling data and, increasingly, this is 
being performed on either microcomputers or on terminals 
linked to a central computer. The police have responsibility 
for these aspects, as they collect and record che clothing and 
personal belongings that play such an important part in 
personal identification, 

Eicher the same serial number is used from the recovery 
stage ora different ‘pathology’ number is begun in the moe- 
tuary, which must be matched up with the previous serial 
‘number, Everything that has come from that bods, includ- 
ing cloching, wallets, rings, teeth and jewellery, must carry 
the same number. 

‘The pathologist and lay assistants undress the clothed 
bodies, and dietate a description of what is found as aceom- 
panying artefacts. The clothes are stored in strong paper 


CHAPTER 6 © THE SHALL GROUP LAB AND CLASSROOM 


forum will tend to be accessible via Internet search engines, in time. There's a new social media outlet 
popping up every third Tuesday, so avail yourself to what makes sense for your audience. Word of 
mouth only goes so far these days. 

Once you've gone to the trouble of publishing your location, go the extra mile and put out some sort 
of actual sign or indicator that your arriving guests have found the right spot. If you have an identifiable 
logo or symbol associated with your group, be sure to proudly wave that flag. People don't like feeling 
lost, or unsure whether they're entering a welcoming space or about to trespass on private property. 

Let everyone know when they are expected as well as when they are of expected. Post your regular 
meeting times, if you have them, Alternatively, make known the appropriate hours of operation. It's, 
disappointing to be turned away at the door just because it’s 1:00 a.m. on a schoo! night. 

When possible, welcome your guests. This makes a big impression on both newcomers as well as 
the regulars. Being part of a group is supposed to enhance a feeling of inclusiveness and belonging. We 
are social animals at heart, and even a simple hello is often the prelude to an interesting and productive 
time together. 

Have rules, Make these rules known. A sign on the front door is not out of place, as long as it's not 
too negative or off-putting. Rules should prevent problems from occurring, and not be enacted as a 
spontaneous reaction when problems inevitably occur. 

Ensure your guests’ comfort when attending. Is there enough room for the largest (and the smallest) 
participant to safely enter and exit the facilities? Is there adequate lighting in the common areas, if they 
exist? Is there a place for everyone to sit? Who has dominion aver the thermostat? 

Do you plan on making refreshments available? Will this duty rotate among the membership? Keep 
track of such things, if only to keep from overextending yourself in all the myriad details of hosting a 
successful meeting. While massive banqueting and consumption of yummies make for a festive and 
enjoyable association, these activities are not always aligned with maintaining an effective laboratory. 
Separate the feeding trough from the work areas. Stay focused on what you're trying to accomplish here. 

Will everyone have access to restrooms, and whose jab is it keep these areas tidy? 

And the most important question of all: Who takes out the trash? 


Be a Courteous Guest 


Just as it’s important to play the role of the hospitable host, its likewise critical to be a courteous guest 
‘when visiting a facility, whether you are a paid-up member in good standing or an invited guest. Again, 
these guidelines will vary according to the intents and purposes of your lab, but the basics will always 
remain the same. 

If possible, and when appropriate, let your host know if you are planning on attending, This won't 
apply in a causal, drop-in type of laboratory. Even so, by making your intentions of attending known 
ahead of time, you might influence (one way or the other) the attendance of other potential participants. 
Nothing succeeds like success. A well-attended party has a better potential for awesomeness than a 
sparsely peopled event. 

‘Arrive on time or within the established time frames set forth by your host. Similarly, unless you 
have been granted special access, plan on leaving at a reasonable time as well. Benjamin Franklin wrote 
in his Poor Richard's Almanack (1736) that “Fish & Visitors stink in 3 days.” Don't be a stinker. 

Try to contribute something. Don't show up empty-handed, expecting to be fed, entertained, and 
enlightened. 
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to avoid the fungal growth chat inevitably appears on 
damp fabric kept in plastic bags, 

Many items will have been found loose at the site, but 
they must all be tagged and an attempe made to relate them 
to a nearby body, though this is obviously fraught with 
error. The objects found on a body are recorded on an 
inventory form and a separate form (usually the Interpol 
document) used for the purely medical and anatopatholog- 
ical aspects. The latter data are acquired by meticulous and 
systematic external examination, followed by an internal 
autopsy if this is to be carried out, 

Whether or not an autopsy is to be performed on some or 
all of the victims will depend upon facilities, availability of 
pathologists, the legal direction and the system prevailing in 
the particular country. The wishes af the legal authority, such 
as coroner, judg 
deciding factor in determining how many victims are sub- 


medical examiner or police, will be the 


jected to autopsy. The pathologist should exert his influence 
‘where chete is reluctance to sanction any autopsies, empha 
sizing the benefit to the crash investigators of autopsy data 
oon key victims, Pathology findings may ofien be of use — it 
has even been claimed that victims can be separated into 
smokers and non-smokers by finding ‘smoker cells’ in the 
lungs (Reiter and Risser 1994), 


‘As mentioned, the aitcrew or other persons in charge of 


a yehicle or train should always have a full examination and 


analysis of body Aluids as part of the accident investigation, 
Full photography of the clothing and bodies should be 
taken, and then all physical fearures such as height, weight, 
gender, race, colouring, sears, tattoos and deformities must 
be recorded. The forensic dental examination is then carried 
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FiGURE 1.27 Temporary caine wed 
tnansport victims ofthe mls Exonia disaster 


from the archipelago tothe autopsy facility. 


‘out on those bodies where obvious identity cannot be 
established by non-medical or dental means, 

Radiological examination will almost always be required to 
assist in identification from osteological features and dental 
aspects — and pethaps also eo seek foreign bodies that may 
asst in accident reconstruction, such as metal fragments 
blown upwards into the thighs and buttock in a hold explo- 
sion in an aircraft bomb — or even parts of the bomb or det- 
nator itself, more especially in land-based terrorist attacks, 

Toxicology should be taken as extensively as possible, 
even from some of those bodies that are not to have an 
autopsy. The data acquired from this painstaking work is 
then forwarded to the police bureau who have been collect- 
ing personal data from the records and relatives of the 
victims, and efforts are made to match the ewo sets of data. 
This is increasingly being performed by computer, and 
many efforts have been made by international agencies 
such as Interpol to set up universally compatible systems so 
that data can be acquired and exchanged electronically via 
telephone systems and modems from any part of the world, 

In 1990, the Royal Coll 
definitive guide for pathologists to the problem of mass 
disasters, which is strongly recommended a a standard set 


of Pathologists published a 


of procedures 


THE OBSC 


JRE AUTOPSY 


Several surveys in various countries have shown that where 
1 physician offers a cause of death without the benefit of 


The obscure autopsy 


autopsy findings, the error rate i ofthe order of 25-50 per 
cent, even in deaths in hospital. Thus the value of an 
autopsy in improving the value of death certificates is 
undoubted, but it stil has to be conceded chat the autopsy 
is by no means infallible in revealing the true cause of 
death, Estimates of the frequency with which autopsies fil 
to deliver an adequate or even any cause of death vary from 
pathologist to pathologist, as well as with definitions of 


what type of ease ais included in such series, For example, 
the sudden infant death syndrome (SIDS) could be con- 
sidered to provide negative autopsies in that by definition, 
no significant findings are discovered 

Even excluding SIDS, there is probably at least a 5 per 
cent ‘failure rate’ in autopsy series from large medical centres 
and forensic pathology departments. This rate will so vary 
according to the habits, personality and seniority of the 
pathologists involved. Contrary ta what might be expected, 
a higher rate of negative conclusions will originate from 
older and more experienced pathologists than from juniors. 
The younger pathologist is often uneasy abour fling to 
provide a cause of death, feeling that i¢ reflects upon his 
ability, whereas the more grizaed doctor, enjoying the secure 
ity of tenure and equality with — or even seniority over ~his 
clinical and legal colleagues, is less inhibited in his admis- 
sions of ignorance when the cause of death remains obscure. 

These ‘obscure autopsies’ are more common in the 


younger age group. Even apart from SIDS, many autopsies 
oon infants, especially neonates, are less than satisfactory in 
terms of definite morphological lesions discoverable in the 
autopsy room or the laboratory, The deaths ofien have a 
biochemical or hypoxic basis and, though inferences can be 
made from the clinical history, even expert paediatric 


pathologists have to make do with minimal or even absent 
findings in a significant proportion of cases. In teenagers 
and young adules, up to the age of about 35 years, there isa 
higher proportion of negative autopsies than in the older 
group, which provides the vast majority of che autopsy 
workload. An example isthe obscure syndrome seen in East 
Asia, where Thai construction workers in Singapore sud- 
denly die with no demonstrable pathological cause, similar 
cases occurring in China, Japan and Hong Kong, 

This preponderance in the young may carry an inherent 
fallacy, even though there may be an absolute increase in the 
incidence of obscure fatal causes. The young adule does not 
have the almost universal overlay of degenerative cardiovas- 
cular disease that is seen in the older group, Thus it is prob- 
able that the same occult disease processes occur in that 
older group as in the young, but as the later do not have 
other lesions that can be grasped (usually quite legitimately) 
asa valid cause of death, then nothing presents itself wo the 
pathologist. For example, on one autopsy table might be the 
body of a man of 22 who dropped dead shortly alter taking. 
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part in a football match, There may be no adverse medical 
history, the gross examination revealed nothing abnormal 
and subsequently full histology with special stains, full toxie 
cological screening, and microbiological and virological stud- 
des, were unrewarding, No cause of death can be extracted 
from these negative findings and the case must be recorded 
as ‘unascertained’ — or, as Professor Alan Usher of Sheffield 
points our, as ‘unascertainable, if the pathologist is feeling. 
particularly omnipotent! 

(On the next table in the autopsy room, however, may be 
aman of 60 who has been found dead with no available his- 
tory. On examination he is found to have 60 per cent stene 
sis of the anterior descending branch of his let coronary 
artery, but no recent or old damage to the myocardium. 
Histology may wel be performed, with no further informa- 
tion obtained. The cause of death is likely to be recorded as 
‘coronary artery disease’ by most pathologists, yet he might 
well have died from the same obscure cause as the young. 
‘man, but because he has just sufficiene arterial degenerative 
disease o prove fatal, the latter is accepted as the most likely 
cause of death. This feeling of disillusion may be reinforced 
by the presence on the third autopsy table of another man of 
{60 who has been killed by a firearm, yee who has 80 per cent 
stenosis ofall three coronary vessels, this obviously having. 


played no part in the death, 

‘Whatever the philosophical aspects of this problem, the 
practical difficulty remains of the pathologists course of 
action when faced with negative findings in an autopsy 

At the end ofthe gross examination in the autopsy toom, 
as the depressing realization increases that nothing sigeifi- 
cant has been found, further action will depend partly 
upon the facilities available tothe pathologist, especially in 
relation to toxicological, biochemical, microbiological, 
virological and histological laboratory service 

Before proceeding further to review the dissection, aten- 
‘ion must be paid to obtaining adequate samples for ancillary 
investigations. In many cases, especially where the history 
alerts the experienced pathologist that this might be a dif 
calle ease ~ and usually always in young people ~ samples of 
blood, urine and stomach contents will have been taken as 
‘routine during the removal and frst dissection of the viscera. 

Ifa blood sample has not already been taken, it should 
now be obtained, preferably ftom a peripheral vein such as 
the axillary of femoral to avoid contamination from the 


now empty trunk cavities, If urine was not retained from 
the bladder, afew drops may still be found in chat opened 
organ by suetion with a syringe. Stomach contents may 
well have been lost, but the liver can he retained for toxieo- 
logical analysis. Ie might be useful co take vitreous humour 
if urine and stomach contents have been lost. 

Some blood may he used for inoculation of blood culture 
bottles and swabs can still be taken for microbiological 
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investigations. Ifa lung infection is possible, then either a few 
grams of lung tissue can be removed into a sterile ja, oF 
swabs can be taken from peripheral bronchi or frm the lung, 
parenchyma itself. As the surface of all cut organs will have 
been contaminated during the frst dissection, cuts should be 
made into the surface of the lung using a new stele scalpel 
so that relatively fresh tissue is obtained for culture. At the 
sume time, a eube of lung —or other organ if desired —should 
be taken into a sterile container for virus studies, 

Before tissue for histology is taken, a full review of the 
-more vital parts of the dissection should be reviewed. Even 
in younger victims the first area to be studied again is the 
coronary system, and in older obscure deaths it is essential 
to re-examine these vessels, Although the coronaties should 
have been transected at shore intervals (not mote than 3 mm 
apart) on the fist examination, ic is prudent co retrace each, 
vessel carefully from the aortic origin distally, looking again 
at each cut segment and, where the interval appeats too 
large, to make further intermediate cuts, In addition, it may 
be wise co join the segments longitudinally berween cuts, in 
cease a small isolated cheombus is lurking in the lumen, This, 
should be done for common left trunk, anterior descending, 
branch, left circurnfles and right coronary artery. 

This review of the coronary system sometimes pays 
dividends, especially in the middle-aged group that at first 
sight appears to have good coronary vessels. A tiny segment 
may be occluded or severely stenosed over a distance of 
only 2 oF 3mm, either by pure atheroma or by a subintimal 
haemorrhage, ruptured plaque or a localized thrombosis. If 
nothing is found, then afier a quick review of the valves and 
great vessels, the myocardium can be sliced more extensively 
and a number of representative blocks taken for histology, 
to seek a myocarditis or some obscure cardiomyopathy. 

‘The other organs should be examined again, the pul 
‘monary arteries being scrutinized for pulmonary emboli in 
the smaller branches. This is rarely productive, but the author 
(BK) has on several occasions found multiple small emboli 
in more peripheral lung vessels, although whether these 
‘were a valid cause of death was debatable, The brain should 
be looked at once more, with special attention being paid 10 
the basal arteries. These should be opened with coronary 
scissors and the dissection carvied up into the middle cere- 
bral arteries where they lie in the Sylvian fissures, Ie is also 
always worthwhile looking inthe carotid arteries in the neck, 
though these should always be opened routinely at the fist 
dissection from the aorta to a point jus distal co the carotid 
sinuses; even the difficule area above this a the base of the 
skull has provided some surprises in the past, Iris a place 
rarely examined, except by neuropathologiss, but forensic 
pathologists should add ie to thee ‘repertoire’, as occasionally 
total thrombotic occlusion may be found, especialy following 
some undisclosed neck injury. 
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‘When a complete review of the gross pathology has 
proved fruitless, then a full histological survey is required, 
specially of the myocardium. Special stains such as phos- 
photungstic acid-haematoxylin, dehydrogenase enzyme 
histochemistry (which requires unfixed, frozen sections), 
acridine-orange Auorescence stains and any other tech- 
nique that the pathologist favours. Admittedly, where no 
cardiomegaly or coronary artery stenosis is present, the 
chances of finding an abnormality are slight, but an iso- 
lated myocarditis is an outside chance. 

‘Toxicology may be diffcule and expensive if there is no 
cause to suspect any particular drug of poison. A sereen for 
unknown substances can be time consuming forthe labora- 
tory, which means a large expense to public funds. An 
alcohol estimation and a sereen for acidic and basic sub- 
stances, however, though not comprehensive, can at least 
exclude most common poisons, Microbiology and virology 
rarely point 10 a previously unsuspected fatal disease 
process unless the patient had clinical signs and symptoms 
before death, 

‘When all the results ate available, which may take several 
weeks (especially in the case of virus cultures), the ease 
‘must be reviewed and an honest opinion offered as 10 
whether any postive Findings are sufficient to have caused 
death. In the experience ofthe authors, chese ancillary inves- 
tigations more often provide no help, than the times when 
they offer some assistance, but they must be carried out 
whenever possible in order to exclude such eauses and 0 
prevent allegations that the death was not investigated as 
fully as it should have been, 

Ifar che end of the process no cause of death is apparent, 
then the appropriate investigating authority must be 
informed that no opinion can be offered in the present 

knowledge. Ie can be added, 
however, that the absence of injuries, evidence of poison- 
ing, lethal infection or well-recognized natural disease i in 
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itself significant negative evidence in that it confiems what 
the deceased did not dic of, and the assumption is then that 
the balance of probabilities is chat it was natural causes, 
rather than some unnatural external event. 

‘There must be complete honesty on the part of the 
pathologist and a readiness to admit thatthe cause of death 
cannot be determined. The use of some meaningless euphem- 
ism such as ‘heart failure? or ‘eardiorespiratory arrest” is 
pointless and merely confuses the issue for non-medical pe. 
sons such as police or magistrates. As mentioned above, there 
is a tendency on che part of some younger pathologists or 
histopathologists who rarely become involved in medico- 
legal cases to assume some unwarranted disease process or to 
attribute significance to insignificant findings. A mode of 
death is useless in liew ofa eause of death, so is the dangerous 
practice of using some agonal event such as ‘inhalation of 
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vomit’ where there is no eyewitness confirmation of such an 
event taking place during life, Ici also useless and positively 
dangerous to guess at some torally unprovable process, such 
as vagal inhibition, ‘reflex cardiac arrest’ or ‘suffocation, just 
because these conditions are thought to leave no traces and 
therefore a death with no traces must be due to such a cause 
This is illogical shinking and has led to several miscartiages 
of justice inthe past, as well as to far more family anguish, 

‘As the pathologist increases in experience and maturity he 
or she is mote ready to concede that he cannot Find a cause of 
death, and this s far more satisfactory: In forensic work, this 
‘not ‘abrogating responsibilities’ but being objective, sensible 
and just. There iso point in producing a speculative cause of 
death if tha cannot be substantiated in later court evidence oF 
legal statements. Its, of course, quite justifiable and indeed, 
part of the pathologist’ responsibilities, o discuss the range 
‘of possible causes with the authorities responsible for investi- 
gating the death, but to be dogmatic about a single cause 
where the grounds for such a decision are tenuous does not 
help anyone and can lead to unfortunate consequences 
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Most of the discussion concerning the definitions of death 
belongs tothe field of legal medicine and even that of ethics, 
rather than forensic pathology. Nonwithstanding this, a 
quick review of this complex problem is appropriate here, as 
When we come to describe the various post-mortem phe- 
nomena, some appreciation is necessary of the 2er0 point 
from which such changes are timed. 


TYPES OF DEATH 


It is conventional to describe two types of death: 


1H somatic death, in which the person irreversibly loses its 
sentient personality, being unconscious, unable to be 
aware of (or to communicate with) its environment, 
and unable to appreciate any sensory stimuli ar to 
initiate any voluntary movement. Reflex nervous 
activity may, however, persist, and circulatory and 
respiratory Functions continue either spontaneously or 
with artificial support so that the tissues and cells of the 
body, other than those already damaged in the central 
nervous system, are alive and funexioning 

cellular death, in which the tissues and their 
constituent cells are dead ~ that is, they no longer 


function or have metabolic activity, primarily aerobic 
respitation, 


CCllular death follows the ischaemia and anoaia inevitably 
consequent upon cardiorespiracory failure, but it is a process 
rather than an event, except in the exceprionally rare circum 
stance of almost instantaneous total bodily destruction, such 
as falling into molten metal ora nuclear explosion. Even frag: 
mentation of body by a bomb does not kil ll ell instantly 

Different tissues die at different rates, the cerebral cortex 


being vulnerable to only a few minutes’ anoxia, whereas 
connective tissues and even muscle survive for many hours, 


even days ater the cessation of the cireulation. 


Brain death 


‘Without trespassing too far into clinical medicine, it may be 
farther noted that somatic death is vireally equated with 
brain death, When the higher levels of cerebral activity are 
selectively lost, either from a period of hypaxia, trauma, or 
toxic insult, the victim will exist in a ‘vegetative state’, Here 
the survival of the brainstem ensures that spontaneous 
breathing will continue and therefore cardiac function is not 
compromised. The victim can remain in deep coma almost 
indefinitely — certainly for years — though debilitating 
complications such as postural kin necrosis, muscle eontrac- 
tures, and secondary chest infections may well shorten life, 
Such vegetative patients are not considered ‘dead! by most 
standards, though thete is a faction of the medical profes- 
sion who claim that, because ofthe irreversible loss of their 


‘The indications of death 


awareness of themselves and the world around them, they 
can no longer be considered ‘human beings. 

As they are not on life-support machines, however there is 
nothing short of euthanasia that can be done about their con- 
dition. Attitudes are changing, however, as evidenced by the 
case of Tony Bland, who declined into a persistent vegetative 
state, with functioning respiration, ater hypoxia caused by 
crush asphyxia during che Sheffield Hillsborough football 
dlsaster, Afier several yeats in this persistent vegetative state, 
his family obtained the consent of the courts in 1993 toallow 
‘nutrition to be withdrawn and natural death to supervene 

Iris another matter when brain death spreads below the 
teptorium, When the brainstem (specifically the midbrain, 
pons and upper medulla) suffers neuronal damage, the loss 
of the ‘vital centres’ that control respiration, and of the 
ascending reticular activating system thar sustains conscious- 
ness, cause the victim nor only to be irreversibly comatose, 
but also to be incapable of spontaneous breathing. Without 
‘medical intervention, hypoxic cardiac arrest inevitably 
follows wichin minutes and then the usual progression of 
‘cellular death’ ensues. This invariably occurred in the past, 
before the advent of sophisticated devices that allowed the 
support of respiration afer spontaneous Function has ceased. 
Because of continued oxygenation, the heart continues to 
Function, though it has been pointed out by Pais (1983) 
that the vast majority of brainstem-dead patients suffer a 
cardiac arrest within 48-72 hours, even when adequately 
oxygenated. 

‘This then is the state of ‘brainstem death, and almost all 


doctors and most jurisdictions now accept that, once irs 
versible damage to the brainstem has been proved, the 
patient is ‘dead’ in the somatic sense. They are, however, not 
yet dead in the cellular sense and ie is through this ‘physio- 


logical window’ that the spectacular advances in cadaver 
donor transplant surgery have been made 


(MEDICO-LEGAL ASPECTS OF BRAIN DEATH 


In relation to forensic pathology and criminal procedure, 
these matters have now a largely historical relevance in that 
several decades ago a number of fatal assaults were defended 
in court on the basis that the original head injuries led to 
the victims being placed on life-support machines that were 
later disconnected when brainstem death was diagnosed. 
‘The defence was that the asailane did not ‘kill the vietim, 
because ‘death’ was caused by the action of the doctors 
switching off the machine. Several judicial decisions have 
disposed of this defence, however, as it was accepted, First, 
that death was diagnosed by the doctors before discontinu- 
ing artificial ventilation and, second, that the eriminal act 
that initiated che tain of events was not remote enough to 
avoid culpability forthe death, 


THE INDICATIONS OF DEATH 


Here the signs of somatic death are considered, as thoxe of 
cellular death are manifested by post-mortem changes, to 
be discussed in later sections. When cardiorespiratory arrest 
‘occurs, brain function ceases within seconds as a result of 
the collapse of cerebral blood pressure and consequent cor 
tical ischaemia. Within minutes, this loss of brain function 
becomes irreversible. The actual number of minutes for 
which coral anoxia will eause cortical damage is controver- 
sialic was formerly held thar 3 minutes was sufficient, but 
this time has been extended to 7 oF 9 minutes. Even much 
longer times of total bypaxia, such as immersion under 
water, has been survived without brain damage. In these 
cases, an element of hypothermia is usual, which reduces 
the oxygen needs of the tissues. Thus 20 or even 40 min- 
utes of hypaxia has been claimed as not leading to brain 
damage. All that can be said is thatthe period is very vai 
able and that 3-4 minutes of eardi 


arrest oF failure of 
respiratory gas exchange cases the risk of cortical damage, 


even though three or four times this period may sometimes 

be survived without illeffecs, 

1B Unconsciousness and loss of all reflexes occurs, and 
there is no reaction to painful stimuli, Rarely, chere may 
be post-mortem coordinated muscle group activity for 
up (0 one hour after death, possibly due to surviving 
cells in the spinal cord (Nokes etal. 1989). 

I Muscular laccidity occurs immediately upon failure of 
cerebral and cerebellar function, All muscle tone i lost, 


though the muscles are physically capable of 
contraction for many hours, 
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CHAPTER 6 © THE SMALL GROUP LAB AND CLASSROOM 


uaz 


Workstations 


Nowit’s time to talk about your workstations. Even it's just you in the lab, having separate 
‘workstation for each typeof activity is a grea idea, For example, you might have one workstation set up 
forprogramming a computer, another for soldering electronics, and another for working with power 
tools, such asa dll press or saw, 

Workstations dedicated toa particular tsk should have everything within easy reach, including 
tooling, supplies, power, and lighting. Don't waste ime by forcing people to wander around the lab 
looking fr the ight dil it or magniiying plas. Keep everything close so you can find wit you need, 
‘when you need 

Having place for everything ahead of time is the best way to follow the wise adage, “A place for 
everything and everything in its pace,” You get to decide where everyting lives. It doesn hurt ogo 
ahead and label everything conspicuously so that others can find thelr way around the lab 

ifyouhave several people wanting to workon the same kinds of project atthe same time, you're 
going fo need multiple, neatly identical workstations, The exact number depends on your avaiable 
Space and the numberof people you expect to want to parcipatesimultancously, 3: well as your 
budget 

‘Most indoor-oriented work can often be performed ata work table, Exceptions include glant-scale 
mechatronics, pyrotechnic, and underwater robotic. Some oftheir constituent bits and pieces, 
however can be crafted onan adequately prepared work table 

Make sure each work area has plenty of power outlets avallable. You're almost guaranteed to run 
short atsome point. Take care not to overload your circuits, however, I'yow anticipate needing alot 
more power than ls presently provisioned, youre going to have to consider the real possibilty of having 
{your faelity expanded by qualified, icensed professionals These requirements wil vary from one 
Tocation to the next Check with your local building codes to be sure 

‘As repeated often in previous chapters, you can neverhave foo much lighting available, especially 
for the more detail-oriented chores. Typical indoor room lighting is ust about adequate for finding your 
‘way out of the room, and that's about al. You'll ned area lighting fr each workstation, and possible 
additonal tsk ighting, depending on your particular requirements 

Providing network accesso each workstation can be challenging. Wireless networking i a good way 
to.accommodiatea relatively small numberof users at once. More than a handful of computers trying 
nccess the Internat atthe same time can bring many wireless routers (oasiow craw, Dedicated hight 
speed Ethernet connectivityis more expensive and takes more effort to deploy but offers much greater 
Bandividth to yourlab-flk 

if you're especially cramped (or dimensionally constrained) in your lab, you'l need to get inventive 
For example, a able placed inthe center ofthe room can be approached from mululesides. There's no 
reason all the workbenches have to be pushed up against wal, llowing access from onlya single side 
Get creative! 


Safety Planning 


While it's tempting to fll up all the available space in a lab with workstations, especially when the budget 
permits it, do try to leave a bit of common area here and there. You always want to be able to walk away 
from a workstation with the same (or sometimes even more) rapidity you approached it with. Fire is an 
excellent example of such a motivator. 


2: The pathophysiology of death 


1B Eye signs include loss of the corneal and light reflexes 
leading to insensitive corneas and fixed, unreactive 
pupils. Though the iris responds to chemical 
stimulation for hours after somatic death, the light 
reflex is lost as soon asthe brainstem nuclei suffer 
ischaemic failure. The pupils usually assume a mid 


dilated postion, which is the relaxed neutral position of 
the pupillary muscle, hough they may later alter as a 
result of rigor, There may be a marked difference in the 
degree of dilatation of each pupil, but this has no 
significance as diagnostic sign either of a brain lesion 
or of drug intoxication, In conditions such as morphine 
poisoning, where the pupils may be eoneracted during. 
life, death may allow this to persist or the pupils may 
dilate o the ‘eadaveric position 

In addition to irregular sie, the pupils may lose their 
circular shape after death asa result of uneven relaxation. 
This is usually easy to differentiate From the more 
obvious inegularity eaused by ante-mortem abnormality 
of the iris. The eye globe tension decreases rapidly, as it is 
dependent upon arterial pressure for its maintenance, 
‘The eyeball fels progressively softer within minutes and 
the eoenea soon loses ies normal glistening reflectivity 
because of laxity and failure of lachrymal moistening, 
‘Normal tension was measured by Nieati in 1894, who 
found that it halved at death, fll vo as low as an eighth 
in 30 minutes, and was nil by 2 hours after death, The 
eyelids usually close, but this is commonly incomplete, 
the flaccid musees failing to produce the full clusion, 
that occurs in voluntary elosure. Where the sclera 
remains exposed, ewo yellow triangles of desiccated 
discoloration appear on each side ofthe cornea within a 


few hours, becoming brown and then sometimes almost 
black, giving rise co the name ‘ache noire 

‘When viewed with an ophthalmoscope, the retina 
provides one of the ealiese positive signs of death. This 
is che well known ‘trucking’ of blood in the retinal 
vessels, when loss of blood pressure allows the blood to 
break up into segments, similar to trucks in railway 
train, This phenomenon occurs all over the body, but 
only in the retina is it accessible to direct viewing, 

‘The test s not easy to carry out, as the retina of a 
corpse seems far more difficult visualize than in a 
living person. Many observers have described the agonal 
and early post-mortem appearances of the retina, 
though some of their accounts are rather contradictory 
andl of litte practical value, especially when they 
attempt to use them to estimate the time since death. 
“Most observers for example, Kervorkian (1956, 1961) 
and Salisbury and Melvin (1936) — confirm thae the 
blood flow slows and becomes ireegular in density 
before breaking up into segments. This was apparent 
within 15 minutes of death as asessed by other means. 
Kervorkian claimed that colour changes in the retina 
were closely related to che post-mortem interval. Tomlin 
believed that segmentation was more indicative of 
cerebral death than cessation of the circulation, and 
agreed with others in accepting that ‘erucking’ was of 
grave prognostic sig 

‘One of che best investigations into the phenomenon 
was by Weoblewski and Ells (1970), who studied 
retinal and corneal changes at death in 300 patients 
About a third of che total exhibited trucking, most of 
them within an hour of death, Part ofthe difficulty in 


Ficuae 2.2. Post-mortem change in the 
19 the called tache naire. These are 
drown areas of scleral drying caused by 


failure of the lider clave afer death, 
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‘examining the remainder was thae clouding of the 
cornea occurred in 75 per cent af patients within 

2 hours of death, They concluded that segmentation 
\wasa purely post-mortem change and any intravascular 
movement of blood, however ieregula, was an 
indication for continued resuscitation, 


Cessation of the heart beat and respiratory movements 
was the primary marker of death until the advent of 
‘mechanical cardiorespiratory support as it led to 
immediate ischaemia and anoxia of all other tissues. 
Determination of cardiac arrest may be made by 
prolonged auscultation of the chest to exclude heart 
sounds though, as in life, a feeble heartbeat may be 
muffled by a thick chest wall, The electrocardiograph is 
unchallengeable in confirming cardiac arrest 

Respiration is more difficult to confirm, expecially in 
deep coma such as barbieurate poisoning, and prolonged 
listening with a stethoscope over the trachea o lung fields 
is necessary. All archaic procedures such as saucers of water 
Con the chest, feathers before the nostils and tourniquets 
around the fingers are only of historical interest. 


The mode versus the cause of death 


Confusion often arises, especially among students and 
younger doctors, abour the distinction berween the mode 
fof death and its cause, This is particularly importane in 
‘elation to the documentary certification of deaths, but the 
same confusion sometimes occurs among. pathologists, 
especially those who ate not habitually involved in medico- 
Teal eases 

‘The mode of death refers to an abnormal physiological 
state that pertained at the time of death: for example, ‘coms’ 
‘congestive candiae fulure’ ‘cardiac arrest” and ‘pulmonary 
oedema’. These offer no information as 10 the underlying, 
pathological condition and should not be used asthe defini- 
tive cause of death unless further qualified by dhe more Fun- 
damental aetiological proces. 

Tn most cases, the mode is unhelpful and immaterial in 
describing and understanding the cause of death, and some 
modal terms are quite useless, such as ‘syncope’ or ‘eardio- 
respiratory failure’. Even ‘bronchopneumonia’is such a come 
‘mon terminal event in numerous diseases thar, used alone, 
it conveys no information about why the patient died. The 
Brivish Registrar General has recently requested that it 
should be omitted from death certificates, the basie condi 
tion being preferable and suflicient for satstcal purposes. 

In addition to the mode and cause of death, here is also 
the manner of death, which is not really a medical deci- 
sion. Manner relers to the circumstantial events, such as 
“homicide, suicide, accident or natural cause’ and isa legal 
‘or administrative categorization. 


‘The recommendations of the World Health Organization, 
as given in its publication The medical certification of death, 
should be followed to improve both the comprehension 
and statistical accuracy of the cause of death. Even this 
booklet is inconsistent with the practice of certification in 
many advanced countries in chat it requests the doctor to 
enter the ‘manner’ of death (for example, homicide, acci- 
dent or suicide) which, for example in the UK, is the pre- 
rogative of the legal authorities afer full investigation (see 
Leadbeatter and Knight 1987) 


POST-MORT 
FORENSIC 


M CHANGE 
IMPORTANC 


“To the forensic pathologist a numberof post-mortem changes 
are of interest and potential usefulness, mainly in relation to 
the estimation of the post-mortem interval, posible interfer 
ence with the body, and an indication of the cause of death. 


HYPOSTASIS 


Post-mortem hypostass is known under a variety of older 
names, such as lucidity, ‘taining’ or ‘cogitation’, but the 
current title is most suitable as it indicates the cause 
Hypostasis occurs when the circulation ceases, as arterial 
propulsion and venous rewurn then fail 1 keep blood moving, 
through the capillary bed, and the associated small afferent 
and efferent vessel, 

Gravity then acts upon the now stagnant blood and pulls 
ir down to the lowest accesible areas. The red cells are most 


Ficune 2.3. Blatchy post-mortem hypestass forming in the early 
death. The patchy disposition has no significance and this 
ually sinks down and becomes confluent in the mot dependent 


dur. 


areas within afew more hour 
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affected, sedimenting through the lax network, but plasma 
also drifts downwards to a lesser extent, causing an eventual 


post-mortem Wependent oedema’, which contributes to the 
skin blistering that is part of early post-mortem decay. 

‘The arrival of erythrocytes in the lower ateas is visib 
through the skin as a bluish red discoloration, ‘hypostasis 
Ir often begins as blotchy patches on both lateral and 
dependene surfaces, but also on the upper surfaces of the 
legs, especially thighs. These soon coalesce and slide down 
to the lowest areas. 


‘The distribution of hypostasis 


‘The pattetn of hypostasis depends on the posture of the 
body after death. Ie is most common when the deceased 
body is lying on its back, with the shoulders, buttocks and 


calves pressed against the supporting surface. This compresses 


the vascular channels in those areas, so that hypostasis is 
prevented from forming there, the skin remaining white. 
‘When the body lies for a sufficient time on the side or face, 
the hypostasis will distribute itself accordingly, again with 
white pressure areas at the zones of support, 

If the body remains vertical after death, as in hanging, 
hhypostasis will be most marked in the feet, legs and to lesser 
cextent in the hands and distal part of the arms, In addision, 
to pallor of the supporting areas, any local pressure can 
exclude hypostasis and produce a distinct pattern in contrast, 
to the discoloured area, Examples include the irregular lin- 
‘ear marks made by folds in rumpled bedlinen, the pattern of 
fabric from coarse cloth, the pressure of tight belts, brassitre 
straps, pants elastic and even socks, Aecarding to Bonte 
et al. (1986), when electrocution takes place in water (usu 
ally a bathtub), che hypostasis is sharply limited to. hoti- 
zontal line corresponding to the water level 


1GURE 24 Pos-martem bypestasc inthe 


normal distribution, The pale areas are the 
result of pressure agninst a band cupporting 


Ficuae 25 Pe 
death fram banging. The discoloration of 
thes isin the legs and hands, due the 


t-morcen hypostais in 


vertical pasture after death. 
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‘The colour of hypostasis 


‘The usual hue is a bluish red, but variation is wide. This 
depends partly on the state of oxygenation at death, those 
dying in a congested, hypoxic state having a darker tint as 
a resul of reduced haemoglobin in the skin vessels. This is 
an unsure indicator of the mode of death, however, and 
ro reliance can be placed on a cyanotic darkening of 
the hypostasis to indicate a hypaxie death in the sense of 
‘asphysis’. Many natural deaths from coronary or other 
disease have markedly dark hypostasis. Often the colour of 
the hypostasis varies from area to area on the same body. 
Sometimes a rim of lighter colour may be seen along the 
‘margin of the lower darker area and sometimes there isa def- 
inite contrast between a bluish zone and a pink margin, This 
‘may appear and change as the post-mortem interval lengeh- 
ens. Often the whole area of hypostassis pink or bright re. 
‘When death has been due to hypothermia or exposure to 
cold in the agonal period, such as drowning, the colour may 
ausist in confirming the cause of death; again this i relatively 
non-specific because bodies exposed to cold after death 
(especially in mortuary refrigeration) may eurn pink after an 
initial sage of normal bluish-red tine. 

“The mechanism is noe understood, but is obviously result 
of oxyhaemoglobin forming at the expense of the darker 
reduced haemoglobin. This is understandable in hypother- 
mia, where the reduced metabolism ofthe tissues fails to take 
‘up oxygen from the cireulating blood, but its frequent forma- 
tion in the post-mortem period is difficult to explain 

Several researchers have investigated the colour of 


hypostasis in relation co time since death. Schuller et al 
(1987) noted an increasing paleness between 3 and 15 
hours post-mortem, measuring this as a change in wave- 
length from 575nm at 3 hours at an average rate of 21m 
pet hour. Vanezis (1991) has used tristimulus colorimetry 
to study colour changes and secondary shifting of hypos- 
tasis,and claimed that thete isa linear relationship between 
the fading colour and time during the first 2 hours after 
death, following which changes are unpredictable, Inoue 
etal (1994) have abo described measurement of hypostat 
colour as a measute of time since death, 


Ie may sometimes be noticed that originally. bluish 
hhypostasis becomes pink along the upper part of the hori 
zontal margin, the lower parts remaining dark, 40a quan 
tative change probably occurs, the haemoglobin being 
more easily re-oxygenated where the erythrocytes are 


packed less densely in the upper layers of hypostasis 

‘Other changes in che colour of hypostasis are more useful 
‘The best known is the ‘cherry-pink’ of carbaxyhaemoglobin, 
‘hich isa unique enlourand is often the fist indication to the 
pathologist of carbon monoxide poisoning. Cyanide poison- 
ing is sid to have its own characteristic dark blue-pink hue, 


but itis really an index of the congested, cyanotic, mode of 
death and, if the pathologist was not already aware of the 
potential cause from the history ~ and perhaps the odour of 
cyanide— itis doubeful whether hypostasis would be primary 
indication ofthe nature ofthe death, The hypastasis may be a 
brownish red in methaemoglobinaemia and may be various 
shades in aniline and chlorate poisoning. In deaths from septic 
abortions where Clatriiuon perfringens isthe infecting agent, 
a pale bronze mottling may sometimes be seen on the skin, 
though this s no confined to the areas of hypostass 

Skin haemorrhages, varying in size from small petechise 
to large blotches and even palpable blood blisters may 
develop in areas of hypostasis. The mast common place is 
the back ofthe shoulders and neck, though they may appear 
oon the frone of the chest, even on a body lying on ies back. 
They are more common in cyanotic, congestive types of 
death and become more pronounced as the post-mortem 
interval lengthens. Their importance is in not being mis- 
taken for the so-cilled signs of asphyxia. They appear in the 
most gross form when a body dies or is left with the head. 
downwards: the confluent petechiae anel eechymases may 
bbe so marked that they virtually blacken the face and neck. 


‘The timing and permanence of 
hypostasis 

“Too much has been claimed in the past for the usefulness 
of hypostasis as an indicator of the time of death and 
post-mortem disturbance of the body: The phenomenon 
appears ata yatible time afer death ~ indeed, ie may not 
appear a all, especially im infants, old people oF those with 


anaemia. It may be so faint as almost to escape detection. 

Hypostasis can appear within half an hour of death or it 
ray be delayed for many hours. Its variability is such that 
it is useless for any estimation of the time since death. 
It is claimed that hypostasis can sometimes be observed in 
the living ifthe heart action is failing oe if venous return 
is impaited by the immobility of deep coma, The latter is 
certainly associated with skin blistering caused by depend- 
ent oedema. 


‘Once hypastasis is established, there is controversy about 
its ability co undergo subsequent gravitational shift, If the 
body is moved into a different posture, the primary 
hhypostasis may either: 


remain fixed 


move completely to the newly dependent zones oF 
1 be partly fixed and patly relocated 


‘Thus ifa corpse is found with the hypostass in an ol 
ously inappropriate distribution related to the present 
posture, ie must have been moved after death, This fuer may. 
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have important significance in the investigation of eriminal 
deaths, such as the return of the eulpri oF some other per- 
son to the scene, It may also migrate either partly or com- 
pletely; however, thus negating its diagnostic usefulness 
‘Older theories about ‘fixation’ of the staining after a certain 
time are not tenable, as there is no constane interval when 
this occurs, 

“Mallach (1964) analysed data including onset, confluence, 
maximum intensity, displacement and shifting, taken from 
publications beeween 1905 and 1963, These are summarized 
in Table 2.1, ‘thumb pressure’ meaning displacement by 


thumb pressure. Table 2.2 shows the variable opinions on 
hhypostasis culled from standard textbooks 

A considerable amount of research has been devored to 
the investigation of clotting of post-mortem blood, its sub- 
sequent lysis and inhibition of coagulation by fibrinolysins, 
but this cannot be translated into practice. Formerly, it was 
hheld that if body had remained in its original posture fora 
certain minimum length of time, the blood would coagulate 
in the hypostatic areas, so that secondary shifting could not 
then occur ifthe body was moved. This is not true in the 
majority of instances, as there may be partial or complete 
sccondary gravitation at any time at least, until true stain- 
ing of the tissues due to haemolysis begins as part of ealy 
decomposition, which is not until the second or third day in 
temperate conditions 

Suzutani cf al (1978) examined 430 bodies by pressure 
fon hypostatic areas, finding that the colour could not be 
squeezed out in 30 per eene where death had occurred 6-12 
hhours previously. More than 50 per cent were fixed after 
12-24 hours and no fading occurred in 70 per cent of those 


Ficune 26 Extenive confluent chin 
naermorriages may ccur within the 
dependent Iypostace They worn asthe 
pou-morte interval lengthens and ie noe 
te taken to indicat so-called ‘physi 


Tass 2.1, Hypontasis related tthe time of death (hpm) as derived 
fm previous literature 


Limits 
Standard 
Stage Mean deviation Lower Upper 
Begining a7 08 a 
Confuence 25010 4 
Naxinum 95045 16 
Thumb pressure 550 80 100-20 
Complete shiting 3% 10 200 8 
Incomplete stiting = «110045 4008 


Taste 2.2 Teme of onser of hypastasis as stated by previons authors 
Reference Onset Maximum 
Adelson 20 min-4h 

Polson, Ge Knight 30 min-2n 

Spitz and Fisher 2-4h 

Tayor (ed Simpson) Oh 

Taylor ed, Mant) th 

Gracuoh (ed, Camps) 20-20 min 

laste, Brash - 

Diao 20 min-2h 

Sydney Sith oh 

Nant oh 

Gordon and Shapira “ew 


dead for more than 1-3 days, However, in a significant 
‘number, hypastasis was still mobile for atleast 3 days. 

Fechner et al, (1984) found no linear relationship 
beeween fixation and time of death and also observed vai 
ations in fixation according to storage temperatures 


Hypostasis: 


Hypostasis in other organs 


Just as blood settles in dependent skin, so it does in other 
visues and organs. The importance in forensic autopsy work 
isthe differentiation of organ hypostais from ante-mortem 
lesions. In the intestine, dependent loops of jejunum and 
ileum may be markedly discoloured and mislead the inex- 
perienced pathologist into suspecting mesenteric infarction 
or strangulation, This hypostasis is discontinuous, however, 
revealing interrupted segments when the gut is laid ou 
‘Often loops in the pelvis are worst affected, because oftheir 
lower position 

‘The lungs almost always show a marked difference in 
colour from front to hack, the anterior margins being pale 
and the posterior edges lying in che paravertebral gutters 
Ibe dark blue. This is often accompanied by an obvious 
difference in fluid content, congestion and oedema being 


‘more marked posteriorly. The myocardium often shows a 
dark patch in the posterior wall of the left ventricle that 
must not be mistaken for early infarction. 

‘One of the most important hypostaic artefacts i haemor- 
thage behind the oesophagus atthe level ofthe larynx. This 
has many times been confused with the trauma of strangula- 
tion, but the true nature was best investigated by Prinsloo 
and Gordon (1951). Areas of congestion developing into 
hhacmorthage appear in the loase tissues on the back of the 
‘oesophagus lying on the anterior langitudinal ligament of the 
cervical spine, They may be prominent, sufficient ro produce 
actual haematomas. They arse in the veins and venous plexus 
‘on the front of the spine, and ean be avoided in eases of stran- 
gulation and suspected strangulation by draining the neck of 
blood before starting the dissection, This ean be achieved 
cither by removing the brain first or by opening the chest and 
incising the great veins in che superior mediastinum. 


Differentiation between hypostasis and 


bruising 


‘This is rarely « problem in fresh bodies, but when decom- 
position begins the two conditions become blusred. In fresh 
material che appearance of hypostass is of a regula, difuse 
engorgement of the surface vessels, the colour varying 
becween purple-red and bright pink. The density varies from 
place to place but there are no sudden changes in colour nor 


any sharply citcumseribed areas as occurs in bruising. As 
mentioned above, in the early stages of hypastasis there may 
bbe mottled blue areas, which later coalesce. This mortling is 
unlikely to be confused with bruising by any but the most 
inexperienced pathologist. The position in dependent areas 
is also characteristic, giving a generally horizontal orienta- 
tion, Bruises may be anywhere on the body, are often discoid 


‘or have an irregular margin, bue rarely caver a large area wich 
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Ficune 2.7. White patcher within the hypastass on the face merely 
indica presure against the supporting surface after a facedown 


position. Asin this case, they ave usualy post-mortem and are not 
indicators of effcaton. 


uniform density — and do not have a horizontal margin, 
Abvasions may be topographically associated with a bruise, 
bur nor with hypostasis. When there is difficulty in differen- 
tiating between the wo — usually where there is racial 
pigmentation or really deep, cyanotic hypostais that obscures 
possible bruises ~ the clasic test is to incise the suspect area 
to see ifthe underlying blood is intravascular (hypostass) or 
inflating the tissues outside che vessels (contusion) 

Fresh bruises may aso be swollen and slightly raised above 
the surface, Ifa post-mortem pressure mark (such as from a 
bole or tight clothing) crosses an area of hypostss, there wil 
be a pale bloodless zone, but a bruise will not be affected. 
Hypostasis isin che most superficial layer of the dermis and 
any exuded blood can be wiped or washed away from the 
incised surface, A bruise is often deeper in the skin or under- 
lying tissues and is fixed, being infiltrated through the tissues 
outside the ruptured vessels. An exception is intradermal 
bruising, bu chis is usually patterned or linear and rately can 
be confused with hypostais. Histological examination may 
be necessary finally to decide the matter. 

‘When post-mortem autolysis has developed, the diffusion 
of hacmolysed blood from vessels makes the differentiation 
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between hypostasis and bruising difficult and eventually 
impossible. Even histological examination may be of litle 
help when the tissues become markedly degenerate 


RIGOR MORTIS 


Unlike hypostass, the stiffening of che muscles after death 
has some relevance in determining the post-mortem inte 


val. It has been known since antiquity chat immediately 
after death there is general muscular flaccidity, usually fol- 
lowed by a period of partial or total rigidity, which in turn 
passes off a the signs of decomposition appear, The timing. 
‘of this sequence of events is so variable, however, that i isa 
poor indicator of the time since death. The usual range of 
times when rigor appears can be summarized as follows, 


18 The flaccid period immediately afer death i variable, 
but commonly extends to between 3 and 6 hours 
before stiffening is Fist detected, depending on 
environmental temperature and other factors, Rigor is 
first apparent in the smaller muscle groups, aot because 
i hogins there, but because the smaller joints, such as 
the jaw; are more eaily immobilized. The sequence of 
spread of rigor is also variable but tends to affect the 
jaw, facial muscles and neck before being obvious in the 
‘wrists and ankles, then the kiees, elbows and hips 

“The usual method of testing is by attempting to flex 
or extend the joins, hough the whole muscle mass 
itselFbecomes hard, and finger pressute on the 
quadriceps or pectorals can also detect the change 
‘The onset of rigor may be markedly accelerated or 
retarded by the factors mentioned below, so that 
stiffness may develop within half an hous of death 
(even excluding cadaveric spasm) oF may be postponed 
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almost indefinitely. Some subjects, usually infants, the 
cachectic and the aged, may never develop recognizable 
rigor mortis, mainly because of the feebleness of their 
musculature 

Rigor spreads to involve the whole muscle mass, 

again within a vatiable period but in ‘average 
conditions it might be expected to reach a maximum 
within 6-12 houts, This state then remains constant 


until the muscle mass begins co undergo autolysis, 
which releases rigor gradually ata stage before overt 
post-mortem changes are visible externally, except 
pethaps for a commencing discoloration of the lower 
abdominal wall 

‘The duration of full rigor may be 18-36 hours, until 
it begins to fade in roughly the same order of muscle 
{groups as i appeared. However, cheve are many 


exceptions to this rather misleading generalization, 


Factors affecting the timing of 
rigor mortis 


As a chemical process, the speed of onset and che duration 


of rigor is modified by temperature, The colder the envir- 
‘onment the slawer the process and vice versa [n near frees 
ing conditions rigor will be suspended almost indefinitely 
‘The author (BK) has attended a scene outdoors in winter 
where the body was quite flaccid one week afier death, 
rigor developing rapidly as soon as che corpse was brought 
into the comparative warmth of the mortuary. Conversely 
hot weather or tropical conditions can speed up the whole 
cycle so that rigor appears within an hour or even less, Total 
stiffness develops rapidly, chen fades during the firse day as 


decomposition supervenes. 
‘The other modifier ofthe speed of onset of rigor is phys- 
ical activity shortly before death, As will be seen when the 


Ficune 2.8 Full rigor morte 12 hours 
post-mortem. 


Rigor mortis 


physicochemical basis of che phenomenon is discussed, 
the availability of glycogen and adenosine triphosphate in 
the muscle isa erucial element in rigor formation. Muscular 
exertion affeets the interaction of these substances and has- 
tens the onset of rigor. Cadaveric spasm, deale with later, 
may well be an extreme variant of this accelerated rigor 

In view of the wide range of times at which the various 
stages of rigor appear and fade, it isa poor determinant of the 
time since death, compared with estimations of body tempera- 
ture, Niderkorris early work (1874) on 113 bodies showed a 
range of 2-13 hours for rigor to be complete, the main clus- 
ter being from 3 10 6 hours afer death, a shorter period than 
would be accepted now, Mallach (1964) compiled a table 
from 150 years of published data, which suffered from gross 
variation in observer methodology Table 2.3. 

‘The following isa reasonable ‘spot check’ for use in aver- 
age temperate conditions: 


BU the body feels warm and is laceid, it has been dead 
Jess than 3 hours 

If the body feels warm and is stiff, i has been dead 
from 3 to 8 hours. 

1H Ifthe body feels cold and is stiff, it has been dead from 
8 to 36 hours. 

If the body feels eold and is flaceid, ic has been dead 
more than 36 hours 


‘This crude estimate should never be used as a definitive 
statement in legal proceedings, as it is only meant as a 
rough guide 'on the spot’ 


Rigor mortis in other tissues 
Rigor ocouts in oll muscular dosues and organs, as well as 
the skeletal muscles, The iris is affected so that ante-mortem 


constriction oF dilatation is modified. The rigor may be 
unequal in each eye, making the pupils unequal, confirming 


the fact chat the post-mortem position isan unreliable indi. 
ator of toxic or neurological conditions during life. 

In the heart, rigor causes che ventricles to contract, which 
‘may be mistaken by the inexperienced pathologist for left 
ventricular hypertrophy; this can be excluded by measuring, 
the total weight, estimating the relative size of the left side, 
‘measuring the ventricular thickness (admittedly a rough 
guide) and — where che issue is important ~ by diseetion 
and dlifferental weighing of the two ventricles. 

Rigor in the dartos muscle of the scrotum ean compress 
the testes and epididymis which, together with the contrac- 
tion of muscular fibres in the seminal vesicles and prostate, 
may lead to post-mortem extrusion of semen from the ureth- 
ral meatus. This has been weongly attributed to sexual activity 
and orgasm just before death in cases where a defence of 
provocition against a homosexual advance has been put 
forward. Mant showed that many corpses dying from a 
variety of causes have seminal fui either at che meatus or in 
the penile urethra (Mant 1953, 1967; Mane and Furbank 
1957). Iris abo said, without much foundation, that deaths 
from hanging and ‘asphyxia are commonly associated with 
post-mortem seminal emission. 

Rigor in che erector pili muscles attached to the hair fol- 
licles can cause a pimpling oF ‘goose-flesh’ appearance with 
elevation of the cutaneous hairs. This may have given rise 
to the persistent myth that the beard grows after death, 
though an additional explanation is chat post-mortem des- 
iecation and shrinkage of the skin allows the hair stubble to 
appear more prominent. 

Studies by Krompecher and Bergerioux (1988) have 
shown that rigor also sets in more quickly in deaths from 
clectrocution —and that it passes off more rapidly 


The biochemistry of rigor mortis 


‘Though this has lle diect forensic relevance apart from 
the association of the early onset of rigor with muscular 


TAMLE 2.3. Time course of cadaveric rigidity a stated hy previous literature 
Hours post-mortem 
Limits of 9.5 per cent 
Mean with probability (2s) Variations Number of 
standard publications 
Rigor phase devition(s) Lowerlimit Upperlimit Lower imit Upperlimit evaluated 
Daly period aso - 1 <i 1 6 
Revesiblshment possible Upto - - 2 8 - 
Complete igdity ant é 10 2 0 Py 
Pristence 2 85 24 96 2 
Resaliton 12 140 24 190 a 
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2: The pathophysiology of death 


exertion, the muscle chemistry of the phenomenon has 
been studied in great detail. 

Svent-Gyorgi (1947) discovered that the essential con- 
tractle substances in muscle were dhe wo proteins actin and 
myosin, arranged in interdigitating filaments, They form a 
loose physicochemical combination called “actomyasin’, 
which is physically shorter than the ewo substances uneom- 
bined (Hanson and Huxley 1955). If energy is supplied 10 
the later pair, the subsequent combination contracts, This 
energy is obtained by the splitting off of a phosphate eom- 
plex from adenosine triphosphate (ATP) which chen 
becomes adenosine diphosphate (ADP) (Erdos 1943). The 
free phosphate then engages in a phosphorylation reaction 
that converts glycogen to lactic acid, high energy being 
released in the process. Some is used to resynthesize the ATP 
from ADP, by the donation of a phosphate group from 
creatine phosphate; the remainder goes to activate the 
actin-myosin reaction. 

In addition to supplying energy, ATP is responsible for 
the elasticity and plasticity of the muscle, The lactic acd is 
leached away back into the bloodstream and is returned to 
the liver for teconversion into glycogen. All these reactions 
are anaerobic and can continue after death, albeit in a dis- 
torted form, 

In life there is fairly constant concentration of ATP 
in the muscular tissues, there being a dynamic balance 


between utilization and resynthesis. At death, however, 


the ADP to ATP reaction ceases and the triphosphate is 
progressively diminished, with lactic acid accumulating 
After a variable period, 


depending on temperature and the 
ining, the actin and myosin become 


rigidly linked into rigid, inextensible gel, with consequent 
stiffening of the muscle (see Bate-Srith and Bendall 1947; 
Forster 1964). 

‘The resynthesis of ATP is dependent upon the supply of 
lycogen, which is depleted by vigorous activity before death; 
this explains che rapid onset of rigor in these circumstances, 
Normally there appears 1o be an initial period soon after 
death when the ATP level is maintained or even increased as 
«result of phosphate liberation by glyeogenolysi 

Rigor is initiated when the ATP concenteation falls to 
85 per cent of normal, and the rigidity of the muscle is at 
maximum when the level declines to 15 percent (see Bat 
Smith and Bendall 1949). 


Gross effects of rigor mortis 


‘There has been some controversy over whether rigor only 
stiffens the muscles or actually shortens them. Sommer, as 
long ago as 1833, claimed that muscles contracted after 
death and the changes wete actually known as ‘Sommer’ 
movements. There have always been semi-apocryphal tales 


of corpses moving in the mortuary and there seems ltde 
doubt that, if limb happens to be poised in unstable ex 
librium on the edge of a tray or table, the developing 
tension may occasionally cause it to spring off as rigor 
supervenes. The author (BK) has seen athetoid writhing of 
the foot ofa corpse, which lasted for 40 minutes, more than 
an hour after death, 

‘There seems to be no doubt that some shortening docs 
‘occur, but the noticeable effects are slight because both flexor 
and extensor muscle groups oppose each other actoss mast 
limb joints. Bate-Smith and Bendall (1949) decided chat 
shortening only occurred when there had been marked 
depletion of glycogen by activity before death, but Forster 
(1964) was of the opinion that, when a muscle was under 
some tension, it did shorten. His experiments showed that 
hen the muscle was unloaded there was no change in length 
when rigor set in, Foster further showed that a high environ- 
‘mental temperature and poisons that increase muscle tone, 


such as parathion, lead to more shortening during rigor 

‘When fully eseablished, rigor is broken’ by forcible move- 
iments of the limbs or neck, then ie will not return, a phe- 
nomenon utilized daily by mortuary staff and undertakers 
when preparing a body for a coffin, If rigor is still develop- 
ing, it will continue in the new posture of the limbs afer 
they have been stretched. ‘Breaking’ fully established rigor is 
an accurate description, as the rigid, inelastic fibres are 
physically euprured ~sometimes tating the muscle insertions 
from the bone, Rarely, rigor can assis in showing that a body. 
has been moved berween death and discovery. Ifan arm or 
leg is found projecting into frce space without support, in a 
posture that obviously could not have been maintained dur- 
ing primary post-mortem laccdity, then i must have been 
rolled over or otherwise moved. In these cases, a simple 
restorative movement (after the scene has been fully exam- 
ined) can usually indicate the original atitude quite imply, 

Conversely it can never be assumed that the posture of 
rigor in which a body is found was that which obtained at 
the time of death, as any amount of movement during the 
petiod of primary Maccidity will not be mirrored in the sub- 
sequent rigor. 


Cadaveric spasm 
This topic has received a disproportionate amount of 
notice in textbooks compared with its practical import- 
ance. No doubt this is because of | riasit 
than ie usefulness, Cadaverie spasm i a rare form of vetu- 


value rather 


ally instantaneous rigor that develops at che time of death 
with no period of post-mortem flaccidiry 

Krompecher (1994), a major authority on rigor mortis is 
extremely sceptical about the existence of true cadaveric 


Cu 


Rigor mortis 


Fic 2.9. Gadaverie spasm, an instantancous form af rigor, in 
the victim ofa fall into water, The victim war recovered within a 


shart ie (as can be seen finm the nbsence of kin maceation) but 


‘had gras from the river bank firmly clutched in the hand. 


spasm, but many forensic pathologists claim to have seen 
such a phenomenon fir too soon after death for it to be 
normal rigor morts. The authors retain a healthy scepticism 
about the controversy, believing that most eases are mis 


ported hecause of errors or uncertainties shout the true time 
of death, so that early normal rigor could have supervenea 
However, one of two cases within BK experience seem to 
bre genuine enough to be eemarkablyeaty for tue rigor. 

Ie scems confined to ehose deaths chat occur in the midst 
of intense physical andlor emotional activity, ehough how 
the latter can lead to instant post-mortem rigor is quite inex- 
plicable. Ie presumably must be initiated by motor nerve 
action, but for some reason there is. fuilure of the normal 
relaxation. The phenomenon usually affects only one group 
cof muscles, such as the flexors of one arm, rather than the 
whole bod 

Iwas shown inthe eatlier section on the biochemistry of 
rigor that marked depletion of glycogen stores in the muscle 
by violent exertion immediately before death can hasten the 
onset of muscular rigidity. Most cases of cadaveric spasm 
‘occur in similar circumstances and it was suid to be partieu- 
larly common on the batdlfield amongst soldiers slain in 
combat. In the civilian sphere it is mast often seen in per- 
sons who fll into water oF drop some distance dawn a p 


ipicous slope such as a eff. They may dutch at some 
nearby object, such as grass or shrubs, in an effort to break 
their fall and such material may be found held tightly in 
thee fingers, even when the body is examined within a few 
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Another possiblity, more common in detective ition 
than in practice, is the gripping ofa pistol with the finger 
still tightly flexed on the erigger, as evidence of true suicide 


rather than a ‘planed’ weapon in a homicide where an 


attempt has been made to simulate selfshooting. The 
chances ofthis actually being encountered by a pathologist 
are less than once in several professional lifetimes. 

If found in the victim of drowning, or of a slide from a 
hhcight, it has some value in confirming thatthe person was 
alive atthe time of the fall, thus excluding the past-mortem 
disposal of an already dead body. OF course the body must 
be examined before ordinary rigor might be expected 10 
have developed, or the presence of cadaveric spasm cannot 
then be assumed 


HEAT AND COLD STIFFENING 


Avextremes of temperature the muscles may undergo a false 
rigor. In extreme cold, well below zero, once the intrinsic 
body heat is lost, che muscles may harden because che body 
fluids may Freeze solid — as in the commercial or domestic 
preservation of meat in a freezing cabinet. The temperature 
has to be below ~5°C for cold stiffening to occur and is usu- 


ally much lower. Part of the apparent stifles is also due to 


solidification of the subcutaneous fat. When the body is 
warmed up, true rigor may supervene, though it may fail wo 
appear as a result of intracellular damage caused by cell 
membranes being punctured by ice crystals 

Heat applied « the body also causes stiffness of the 
‘muscles, asthe proteins ofthe tissues become denatured and 
coagulated as in cooking. The degree and depth of change 
depends on the intensity of the heat and the time for which 
it was applied. At autopsy the muscles may be shrivelled and 
desiceated, even carbonized on the surface. Beneath this 
there is a zone (which may be total) of brownish-pink 
‘cooked meat’ and under that, if the process has not pene- 
trated, normal red muscle, Marked shortening occurs, eaus- 
ing the well-known ‘pugilistic attitude’ of a burned body 
This is because of the greater mass of flexor muscles com- 
pared with extensors, which forces the limbs into flexion 
and the spine into opisthotonus, These changes are purely 
post-mortem and are no indication of burning during lie, 
as similar distortions occur during eremation, 


POST-MORTEM 
DECOMPOSITION 


Hypostsis and decomposition occur relatively soon after 
dleath when somatic death has occured, but cellular death is 
incomplete. As discussed earlier, death is a process not an 


CHAPTER 6 © THE SHALL GROUP LAB AND CLASSROOM 


Tip Keep a property selected and maintained fire extinguisher at each workstation, i possible. 


Post emergency procedures prominently, where everyone, including visitors, can see. Have an 
evacuation plan, complete with map and “You are here” indicator posted at each workstation. Hopefully 
you will never need it 


Presentations 


Are you excited about your latest project? Have you just learned a great new ski? Setting up your lab for 
group presentations is an excellent way to communicate these ideas to your friends, family, and 
coworkers, 

‘Make your wietims guests comfortable. Have adequate seating for everyone, with plenty of room 
between the rows (if you have more than one row of chairs). Ensure that everyone has a good view of 
‘what you intend to present. 

Will the attendees be expected to take notes? Then perhaps you should set up tables where they can 
comfortably jot down some of the more spectacular aspects of your presentation. If you will be providing 
a handout or other documentation packages, make sure you have enough for the anticipated demand. 
Will you be entertaining questions or comments either during the presentation or afterward? Then make 
sure that not only can your audience see you, but that you can see tiem. 

Ifyou're going to be using some sort of projector for your presentation, by all means set aside some 
time to get to know the equipment ahead of time. Nothing ever seems to work just exactly as you 
imagined that it should. This seems to be an invariant law of presentation physics. No one is really sure 
why. 

Your audience's time is just as valuable as your own. In fact, if there are only two people attending, 
then their collective time is worth approximately rwiceas much as yours. Think about it. Have all your 
ducks in a row, so to speak. Wasting time figuring out which cable goes where is not a good use of your 
time together. 


Summary 


Wow! You can really go crazy setting up a shared electronics lab, can’t you? 

Before you even flip on the light in your shiny new group lab, you should already have an insightful 
idea of who is going to be using it and why. You should also have some honest expectations of what your 
own expectations are going to be, and how you would like to interact with both the lab itself and its 
population, 

The details, of course, are always going to be specific to your particular situation. Be on guard, 
however, for the future. It’s going to sneak up on you, someday. Not too long ago, for example, it took a 
fairly hefty desk to keep a modern personal computer up off the floor. That kind of computing power 
now fits in a pocket. Think of what better uses you could dream up for that space these days! 

That kind of forward thinking is exactly what turns the dreams of today into the reality of tomorrow. 
t's forward-thinking people like you, dear reader, that help map out those realities. Take the 
opportunity you have right now to spend some quality time daydreaming about how things could be, 
Then take those steps necessary to make it happen. Your family, your society, and your world expect, 
sreat things from you. You can do it! 
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2: The pathophysiology of death 


event and, while the cells of some tissues are still alive and 
ven capable of movement (such as fibroblasts, leucocytes and 
‘muscle), others are dying or dead. The process of decompos- 
ition begin in some cells while others are stil alive, and this 
‘overlap continues for several days in temperate climates 

Decomposition is a mixed process ranging from autolysis 
of individual cells by internal chemical breakdown to tissue 
autolysis ftom liberated enzymes, and external processes 
introduced by bacteria and fungi from the intestine and 
outer environment. Animal predators, from maggots to 
‘mammals, can be included in the range of destruction. 
Decomposition may differ from body to body, from envie- 
fonment to environment, and even from one part of the 
same corpse to another. Sometimes one portion ofa corpse 
‘may show leathery, mummified preservation whilst the rest 
isin a state of liquefying putrefaction, 

In addition, the time seale for decomposition may vary 
greatly in different circumstances and climates, and even in 
the same corpse: the head and arms may be skeletalized, 
whilst the legs and trunk, perhaps protected by clothing oF 
other covering, may be moderately intact All permutations 
may be found, making it even more difficult to estimate the 
probable time since death, 

‘Within the general description of ‘decomposition’ there 
are several subclasses, which, as just stated, may merge into 
cach other or may be uniform throughout the same 
cadaver. Most unembalmed bodies undergo putrefaction, 
in which the tissues become moist and ga-ridden, and 
eventually liquefy down to the skeleton, 

Alternatives are dry decomposition, termed mumemnifica- 
tion, oF a conversion to waxy substances, called adipocere: 
rarely, tannin oecurs by the ation of acid, protein-precipitaing 
fluids in the anaerobic conditions of « peat bog. In some 
stillbirths an aseptic autolysis of a fetus dead in utero is 
known as maceration 
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PUTREFACTION 


‘The usual process of corruption of the dead body begins at 
«variable time after death, but in an average temperate cli- 
‘mate may be expected to begio at about 3 days in the unte- 
frigerated corpse 

Even in temperate zones there can he a wide range of 
ambient temperatures, from below freezing 10 near blood 
hheat, In the tropics, far higher temperatures are common- 
place, but in high latitudes or elevations, deep-freeze condli- 
tions can keep decomposition at bay indefinitely, as in the 


case of modern discoveries of prehistoric mammoths and 
medieval Esquimaus. Ir is therefore futile to attempe to 
construct a timetable for the stages of decomposition, except 


to point out salient markers for an undisturbed body in an 
‘average’ indoor environment of about 18°C in temperate 
climates. From this approximate baseline the pathologist 


‘must then extrapolate for local variations appropriate to his 


climatic and geographical conditions 


Sequence of putrefactive changes 


Whatever the time scale, the general order of corruption 
is similar, chough the degree of advancement may vary 
beeween different areas of even the same corpse, 

Usually the first external naked-eye sign is discoloration 
of the lower abdominal wall, most often in the right iliac 
foxsu where the bacterialaden caecum lies fairly super 
ficially. Direce spread of organisms from the bowel into 
the tissues of the abdominal wall breaks down haemo- 
globin into sulphacmoglobin and other pigmented sub- 
stances. This discoloration spreads progressively over the 
abdomen, which in che later phase begins to become dis- 
tended with gas 


TiCUNE 2.10 Madentely early change of 
decompaition, showing gaseous distension 
of srotum and abdomen, and skin slippage 
and blicering in depends ares, This was 
after about one week since deah, but the 
changes wary greasy with environmental 
temperatures. 


Putrefaction 


At about this time, mote generalized spread of bacteria 
begins to discolour the more moist tissues, which often 
comprise chose dependent areas that show hypostatie col- 
‘oration and oedema, The face and neck become reddish, and 
begin to swell. The putrefactive bacteria, which largely origin- 
ate in the intestines and lungs, spread most easily in fluid so 
they tend to colonize the venous system, haemolysing the 
‘blood that stains the vessel walls and adjacent tissues, This 
gives rise 10 ‘marbling’, a branching outline of arborescent 
red, then greenish pattern in the skin, seen most clearly on 
the thighs, sides of the abdomen, and chest and shoulders. 
This stage may be about one week in the ‘baseline’ rimetable, 
where the corpse is in air at 18-20°C 

Acor even before che stage of marbling, skin blisters may 


appear, at first on the lower surfaces of trunk and thighs 
where hypostatie oedema has loaded he tissues wih fluid, 
‘The upper epidermis becomes loosened, the so-called ‘skin- 
slippage’ giving rise to large, fragile sacs of clear, pink or ted 
serous fluid. These may become so large that they are pen- 
dulous and soon burst, leaving areas of slimy, pink epider- 
mis. Where this skin change occurs in hairy parts, such as 
scalp, axilla and pubis, the hair becomes detached and will 
slide off on slight pressure. Gas formation will now become 
marked, with increased tension in the abdomen. 

The scrotum and penis may swell up to remarkable size 
and the neck and face will become grotesquely bloated, 
making visual identification difficult or impossible, The 
pressure may cause the eye globes and tongue to protrude, 

Purging of urine and faeces may occur due to the intra- 
abdominal pressure and, occasionally, a ut 
may be extruded. There are recorded instances of pregnant 


ne prolapse 


women having a macabre post-mortem ‘delivery’ of the 

fetus, from the same cause. Bloody fluid, which is tissue 

liquefaction stained by haemolysis, may leak from any oti- 

fice, especially the mouth, nostrils, ectum and vagina, By 

this stage, some 2-3 weeks may have elapsed since death, 
To the inexps 


ienced, this may suggest evidence of some 
lethal haemorthage and many pathologists have been called to 
scene of rime’ because of the understandable concern of an 
investigating police officer that such bloody purging may be 
evidence ofa violent mode of death. Pressure inside the chest 
due to gas formation in the abdomen may expel air, so char 
the fluids of decomposition inthe trachea and bronchi may be 
blown into a bloody froth from the mouth and nostil. 

Aer several weeks, the reddish-green colour of the skin 
may deepen to a dark green or almost black, but there is 
‘marked variation in chis aspect, Heavy maggot infestation 
will almost certainly have supervened except in winter condi- 
tions, and the destruction of skin by innumerable maggot 
holes and sinuses gives better access to other bacteria that 
may invade from the environment, The maggots secrete a 
proteolytic enzyme that speeds up the destruction of the 
tissues, in addition to the direct loss from the voracious 
appetites of dese predators, Skin slippage causes shedding of 
the outer layers of che fingers and toes, making identification 
by fingerprints more difficult, Finger- and toenails last 
longer than the surrounding skin, but they too become loose 
and eventually fill out. Skin slippage may allow eattoos to 
become more visible and colourful fora time until the moist 
underlying dermis itself decomposes 


Internally, decomposition proceeds more slowly than at 


the surface. It is often quite surprising how valuable an 


Ficte 2.11, Poat-mortem decomposition 
of about 2 weks duration in water ina 


suomoner temperature. There e‘marbli 


of 


the skin where breakdown products of 
haemoglobin 
barnel 


tained the venous 


2: The pathophysiology of death 


autopsy on a puttefying corpse can be, asthe intemal organs 
may be in far beter condition than the exterior would sug- 
gest, Organs putrefy at markedly differen rates. The lining, 
ofthe intestine, the adrenal medulla and the pancreas autol- 
yse within hours of death, yet the prostate and uterus may 
still be recognizable in a partially skelealized body a year 
later. The brain soon becomes discoloured, being a soft 


pinkish-grey within a week and liquefying within a month. 


‘Meningeal haemorrhage and hacmatomata persist well, but 
apart from some tumours, non-haemorchagic lesions in the 
brain substance vanish quite early 

‘The heart is moderately resistant, and examination of the 
coronary arteries for the degree of atheromatous stenosis may 
be well worthwhile for many months, though staining of the 
vessel walls by haemolysis makes recognition of mural throm- 
bosis difficult. Complete occlusion by firm ante-mortem 


Ficume 2.12. ut-mortem decomposition showing puaefitive changes inthe fe, arms and trunk after ane week in a warm roan 
The illusracon shows ce contrac sometimes seen between one part ofthe bady and another, asthe leg are hardly affted. The fice, neck 


and hans are swollen with ga, and the coching is stained by leaking skin blitrs. The tongue is protruding because of gas pressure fromthe 
sues below, Death war due t carbon monovide poisoning caused by faulty inctallation of« room heater. 


Ficune 2.13 Almose complete dettruction 
ofthe facial soft tses by maggots. Pst- 
marten tine about 2 weeks in a centrally 


ated sparcment 


Putrefaction 


thrombus persists well. The heart may show a curious white 
granularity on the epicardial and endocardial surfaces, seen 
cither during putrefaction or even on exhumation afte along 
interval. The nodules ate a millimetre or less in sive and are 
ofien called ‘miliary plaques. They were investigated by 
Gonzales et al (1954) who found that microscopically they 
consisted of calcium and soapy material. The origin is 
obscure, but they seem to be confined to the heart and to be 


some degenerative product of the cardiac tissue. 
In obese people, the body fat (especially peritenal, o 


tal and mesenteric) may liquefy into a translucent, yellow 
fluid that fills he body cavities between the organs, and 
makes autopsy even more diffcult and unpleasant 

Later putrefaetive changes lead to the breakdown of the 
thoracic and abdominal walls, often hastened by the 
perforations of maggots and sometimes larger predators, 
such as rats and dogs. In some tropical countries, such as 
India and Sri Lanka, bodies left in the open are attacked by 
many animals, including monitor lizards, and in other 
parts of che world the indigenous fauna all contsibute to 
the natural eyele that returns the body fats and proteins to 
the food chain, 

After several months, the softer tissues and viscera pro- 
gressively disintegrate, leaving the more solid organs, such 
as uterus, heart and prostate, together with the ligamentous 
and tendinous tissues attached to the skeleton. Often some 
areas of skin persist, especially where protected by clothing 
oor under the body against the supporting surface. Much 
depends upon the environment, asa corpse in the open air 
will suffer far more from rain, wind and especially animal 
predators, compared with one in a locked room. 


Eventually, che body willbe reduced toa skeleton, but for 
some time, ligaments, cartilage and periosteal tags will sur- 
vive, The season of year and the location will make a great 
diffrence to the time scale of skeletalization: a body dying 
outdoors i the late autumn will ‘survive’ longer through the 
cold winter and spring than one dying inthe early summer. 
‘The effects of animal predators are profound in terms of 
removing soft issues from the bones. In broad terms, 
corpse outeloors in a temperate climate is likely wo be con- 
verted to a skeleton carrying tendon tags within 12-18 


months, and to a ‘bare-bone’ skeleton within 3 years; there 


ate, of course, numerous exceptions, depending mainly on 
the local environment. In closed conditions indoors, a body 
may never skeetalize often being converted toa dried, partly 
putefied, partly mummified shel 


Decomposition in immersed bodies 

‘The old rule-of-thumb that bodies decay twice as fast in air 
as in water is grossly inaccurate, but emphasizes the slower 
rate of decomposition of immersed corpses. Though in 
mortuary practice “drowners’ are generally regarded as 
being the major source of offensively rotten bodies, this is 
usually because discovery and recovery is far later than in 
deaths on dry land. Water, in fact, slows up putrefaction, 


‘mainly because of the lower ambient temperature, and pro- 
tection from insect and small mammal predators, 

“The water also alfeces the usual processes of decay in that 
the epidermis becomes macerated and eventually detached, 
as described in the Chapter 16. Gas formation is the reason 


Ficune 2.14 Bloating of face and effusion 
af bload-ringed ld fom the necrle and 
mouth, A body recovered from water, post 
mortem time approximately 11 day 


2: The pathophysiology of death 


Ficune 2.16 Adlpocere formation in a body afer 3 months in the 


sea, Subcutaneous fat ha been rleated from crustacean biter on the 


skin and bas been converted into adipacere, which hasbeen rolled by 
wave action within te long ta form ovoid mass. 


for the inevitable flotation of an unweighted body, though 
the time of reappearance at the surface is extremely variable 
and certainly does not follow the speculative timetable of the 
colder textbooks. The usual posture of a freely floating body is 
face down, as the head is relatively dense, and does not 


develop the early gas formation in the abdomen and thorax, 
‘This lower position favours fluid gravitation and hence more 
marked decomposition, so chat the face is often badly putre- 
fied in an immersed body, making visual recognition diff 
cule or impossible at an early stage. As stated, temperature is 
the major determinant of the rate of putrefaction. Though it 
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une 2.15 Marine predation ina body 


after 3 mont inthe Nort Sea. The 
victim wat from an oil rg and bea floated 
on the surface in life jacket. Much ofthe 
iin bas been removed by crustaceans, and 
‘he arm muscles by larger fish wi have 
sleaned out mart ofthe bady cavity 


is usually claimed chat the nature of the water in respect of 
sewage, for instance, is important, ti a minor Factor as most 
of the micro-organisms responsible for decay come from the 
alimentary canal and respiratory passages of the body itself 


Decomposition in buried bodies 


‘The rate of decay of bodies buried in earth is much slower 
than of those in either air or water, In fact the process of 
purrefaction may be arrested co a remarkable degree in cer- 


tain conditions, allowing exhumations several years later to 


bbe of considerable value. In this respect the prospect of an 
exhumation should never be dismissed on the grounds that 
because of the lapse of time, it is bound to be worthless 
Ie may tum out to be of lite value, but this cannot be 
anticipated, and not infrequently the condition of the body 
may be surprisingly good, 

The speed and extene of decay in interred corpses depends 
fon a number of factors. If the body is buried soon afer 
death, before the usual process of decay in air begins, purre- 
faction is less and may never proceed to the liquefying 
corruption usually inevitable on the surface, A lower tempera- 
ture, exelusion of animal and insect predators, and lack of 


in are important factors. Although most bacteria 
there is less access for secondary 
invaders and the restriction of oxygen inhibits aerobic organ- 


originate in the intestine 


isms, If the body is eotting before burial then, although the 
process slows down, i will til severely damage the comps, as 
naymatic and bacterial groweh have had initial encourage- 
iment ftom a higher ambient temperature and free access 


of air, thereby producing conditions in which secondary 


Putrefaction 


the corre, partly due tthe weight of ractorspasing over it, This allowed acct ta flier and dicovery by a dog. The body i partly puteied, 


‘ut has some adipaere 


invaders (including anaerobes) can continue theie work in a 
good culture medium that is already partly liquefied by the 
carier stages 

Deep burial, a in the usual cemetery interment, pre- 
serves the conpse beter than the shallow grave seen in some 
concealed homicides. The deep burial is colder (except in 
extremely cold weather), it excludes air better and, unless 
waterlogged, is not directly affected by rain 

“The nature ofthe soil is not direedly relevant excep in its 


drainage and actation properties. Heavy clay will exclude 
air and, if well above the water table, will exclude percolat- 
ing surface water. By contrast, light sandy soil may allow 
access of both air and rainwater, bur will drain more effect 
ively. The soil factor is less importane than the topography 
in which it lies— in a valley floor or below the water table, 
waterlogging is inevitable, bur on a well-drained hillside 
the grave may remain relatively dry 

‘Another factor that aids the preservation of legitimately 
buried corpses is the coffin. Though modern coffins are 
often of wooden laminate or chipboard, which rapidly dis- 
integrates when wet, any kind of coffin helps co exclude 
water and air fora time. A substantial, sound joinced coffin 
may last for years and the modern rarity of a sealed metal 
liner can keep a body in an excellent state of preservation 
fora long time, 


‘A major factor that helps to slow decomposition is, of 
course, the absence of animal predation in burials. Again, 
ifa corpse is buried before insect eggs ae laid, the profound 
effect of maggot infestation is avoided, Rodents and larger 
‘mammals can only reach shallow burials, and in deep inter- 
‘ments the coffin has co be breached before even the limited 
fauna of that stratum ean gain access. 

As in all putrefaction, i is unrealistic to try to construct a 
timetable for the stages of decay in burials. The permutations 
of factors mentioned above make it impossible, especially 
where adipocere formation takes place, as described below. 
‘The author (BK) has exhumed chapel cemetery in the 
waterlogged peat of a Welsh valley and found not a trace 
of body, even skeleton, in graves with headstones confirming, 
death only 20 years previously: By contrast, other bodies 
elsewhere were perfectly recognizable — and a standard 
autopsy could be carried out—one anda half yeas after death. 

When bodies are buried in coffins in vaults, rather than 
in earth, then again there can be a variable rate of decay. 
Some bodies may develop adipocete, others may wholly oF 
parely muramify 

‘There are many publications on this subject, mainly 
derived from the examination of historical sites or church 
crypts that have had to be cleared. The subject is of eonsid- 
crable interest but of limited forensic relevance: 


Co 
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FORMATION OF ADIPOCERE 


An important and relatively common post-mortem change 
is the formation of adipocere, a waxy substance derived 
from the body fat. The name was given to it by Fourcroy in 
1789, being derived from ‘adipo’ and ‘cir’, o indieate its 
affinity with both fat and wax. In most instances the change 
of adipocere is partial and irregular, chough occasionally 
almost the whole body may be affected. In small amounts, 
adipocere is more common than usually thoughe in buried 
‘oF concealed corpses. It is caused by hydrolysis and hydeo- 
genation of adipose tissue, leading co the formation of a 
greasy or waxy substance if of recent origin. After months ot 
years have passed, adipocere becomes brittle and chalky. The 
colour can vary from dead white, through pinkish, ro a grey 
‘or greenish-grey. The substance itself is off white, but stain- 
ing with blood or products of decomposition can 
red or greenish hues, The smell was accurately described by 
WED Evans (1962, 1963a, b) as being ‘earthy, cheesy and 


ve it the 


‘The chemistry of adipocere has been studied extensively. 
Ie contains palmitic, oleic and stearic fatty acids together 
with some glycerol, though the larter may have been leached 
‘out in older adipocere, These form a matrix for remnants of 
tissue fibres, nerves and muscles, which give some slight 
strength to the fats (see Mant and Furbank 1957). Crystals 
with radial markings can be found in the adipocere. Body 
fat at the time of death contains only about hal of I per cent 
of fatty acids, but in adipocere, this may rise to 20 per cent 
within a month and more than 7Oper cene in 3 months. 

The formation of adipocere, as an alternative to cotal 
putrefaction, requires certain environmental conditions. 
A body left exposed in air, unless the conditions are condu- 
cive to mummification, will undergo moist putrefaction if 


the temperature remains above about 5 
immersion in water, and in incan 


In burials, 


ion in vaults and 


crypts, adipocere often forms to a greater or leser exte 


Ie is usually taught chat moisture is necessary for the 
process, and i is undoubtedly a fact thar most adipocere 
formation occurs in immersed bodies and those in wet graves 
and damp vaults. Numerous cases have been described, how- 


in which dry concealment also led to adipocere forma- 
tion and here it must be assumed that the original internal 
body water was sufficient for the hydrolysis to proceed. 

Ir is said chat some warmth is necessary for adipocere 
formation, but the process seems to occur even in deep 


Fi 
after several months in water. There i ala a penetrating wound 
am the forehead, obviously ante-mortem fom the healing margins 


1RE 2.19 Conversion officiel and orbizal fa into adipocere 


The body was eventually identified by obsaining hospital 
muiographe ofthe person suspected of being tbe victim: these 
matched post-mortem radiographs in respec of the injury and 
Frontal sinus outlines 


2.18 Complete conversion of 


brady t9 adipacere. The body was recovered 
fom a deep lake 8 yeare afer disappearing 
ina boating accident during a heavy tom. 


Formation of adipocere 


Ficune 2.20 Abuost complete conversion of an infntbady to 
adlipocere. The body was evbumed after 3 years burial and was 
found to consist of «hollow shell of iff adipocere with the skeletal 
elements lose within 


Ficiune 


Aadipacere formation is bady left in dry sewer tunel 
for about 2 year. External water i not necenay fr adipocere 
“formation, as body fluids may be sufcient Iydralsis of ft 


a 


igraves andl in cold water. Early activity by anaerobes such as 
Clostridium perfringens assist ie the reaction, as the bacteria 
produce lecithinase which facilitates hydrolysis and hydro- 
sgenation (see Mant 1967), Such bacteria need some warmth 
in the initial stages wo reproduce and metabolize and Mant 


suggests tha rapid cooling soon after death, such as by immer 
sion in water, may actually retard the formation of adipocere 

The frequency with which adipocere forms may be 
gauged by the observations of those who have exhumed old 
cemeteries and vaults, as well as the victims of wartime 
slaughter (see Evans 1963a; Mant 1967s Polson etal. 1975; 
Evans 19632). The latter found that aver half the occupants 
of dry vaults had some adipocere Ie was present in 63 per 
cent of women and 45 per cent of men, 


‘The importance of adipocere 
formation 


‘The process is more than a biochemical curiosity as, once it 
is formed, adipocere may persis for decades or even centuries. 
‘The usual dissolution of putrefaction is replaced by a perman- 
ent firm cast of the fatty tissues and, although distorted 
compared to the immediate post-mortem shape, it allows the 
form of the body and sometimes even of the facial Features to 
be retained in recognizable form. Injuries, especially bullet 
holes, may be preserved in a remarkable fashion (Mant 
1967). Though adipocere mainly affects the subeutancous 
fat, it may also preserve the omental, mesenteric and peri 
renal adipose depasits; in addition, organs containing fat 
through pathological or degenerative processes may be pre- 
served by adipocere forming in their parenchyma, 

‘The time required for the production of adipocere has 
been a matter of controversy. The old authors claimed that 
3-12 months were required, and Casper (1862) suggested 
{6 months, but itis obvious that che process can occur much 
faster than this, 

‘There seems litle reason to doubt that hydrolysis of 
body far begins soon after death, 2s crystal of fatty acids 
have been found in infant bodies lying in water for only a 
week. This process is usually overtaken by liquefying putre- 
faction, however, which allows the fat, especially in obese 
persons, co collect as extracellular pools and pockets of 
triglycerides in the body cavities. 

If the putrefactive process is slowed by burial or immer 
sion, then hydrolysis and hydrogenation can outpace putre- 
faction. In addition, adipocere formation actually inhibits 
putrefaction, a the increasing acidity of tissues and che dehy 
dration caused by the consumption of water in hydrolysis 
slow the growth and spread of the usual putrefactive organ- 
isms, The point at which adipocere becomes visible w the 
naked eye varies greatly, but it has been observed as early as 
3 weeks, hough 3 months isa mote typical period. Adipocere 
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is often mixed with the other forms af decomposition. Even 
within a coffin or other place of sequestration, there may be 
several different ‘mini-environments. One end of the body 
may be putrefied or skeletalized, whilst other parts may be 


mummified or in adipocere. Certain areas tend to develop 
adipocere, such as the cheeks, orbits, chest, abdominal wall 


and buttocks, Only rarely isthe face preserved well enough 
by adipocere ro be genuinely recognizable, a disintegration 
of the eye globes and shrinkage ofthe tissues around the nose 
and mouth obscure the most chatacterstie features 


MUMMIFICATION 


‘The third type of long-term change after death is mumm 
Fication, a drying of the tissues in place of liquefying put 
faction, Like the other modes of decomposition, chis can be 
partial and can coexist with them in different areas of the 


same body. It is, however, more likely than the others to 
extend aver the whole corpse. 

Mummificaion can only occur in a dry environment, 
which is usually, but nor exclusively, also a warm place 


‘Mummification can occur in freezing conditions, partly 
because of the deyness of the air and partly because of the 
inhibition of bacterial growth. The most widely known forms 
of mummifcation are those in hor, desert zones. The process 


of artificial mummification practised for millennia in Egypt 
was an imitative process founded an the natural mummifica- 
tion of bodies in predymastic times. The essential requirement 
for mummification is a dry environment, preferably with a 
moving air current, If sterility of the tissues can be attained, 
as ina newborn baby, then putrefaction is held a hay whilst, 
drying occurs. The appearances of mummification display 
desiccation and briteleness of che skin, which is stretched 


tightly across anatomical prominences such as the cheekbones, 
chin, costal margin and hips. The skin is discoloured (usually 
being brown), though secondary colonization by moulds 
may add patches of white, green or black. 

The skin and underlying tissues are hard, making 


autopsy dissection difficult. The condition of the internal 


organs is variable, depending partly on the length of time 
since death. They may be partly dried, partly putrefied — 
and adipocere is not uncommon, In fact, slight adipocere 
formation is common in mummification, and pethaps the 
two are related in that the utilization of body water to 
hydrolyse far in turn helps to dehydrate the tissues. The 
major factor, however, is evaporation from the surface in 
dey conditions. 


Like adipocere, ficial recognition may be possible in some 
instances, though the shrunken distortion and loss of eyes 
and full lips considerably alter the features. Mummification 
is likely to occur in temperate climates when the body is 
left undisturbed in a dry, warm place. These include closed 
rooms and cupboards, haylofts, attics and beneath floor- 
boards, 
number of these bodies are hidden homicides 


Because concealment favours mummification, a 
‘ane of the 
best known being the ‘Rhyl mummy’ in North Wales, when 
strangled woman yas concealed in a cupboard for many 
years, whilse her pension continued to be daimed. Other 
instances are where a natural death has been concealed for 
some purpose. The author (BK) has also seen two deaths 
in hay barns, where the corpses were undisturbed for over 

Most expetienced forensic pathologists are familiar with the 
‘mummified fetus or newborn infant, concealed in domestic 
circumstances, such as a house loft, where complete mum- 
mification has taken place, With small bodies such as these, 
evaporation is faster and more complete, and may extend 


Mummificaion in a man 
dead in locked room for 10 weeks. The 
corpse i dy and leathery, with very lle 


mois pusrefcton 


Post-mortem damage by predators 


to all organs, especially as there would have been no inva- 
sion of puteefactive micro-organisms from the gut. 

‘The timing of mummification is not well documented, 
as most mummified corpses have been concealed so well 
that discovery does not occur until long after the process 
has reached its maximum effect. It certainly takes some 


‘weeks and the early stages are often mixed with a degree of 
putrefactive change, especially in the internal organs. 

After comple drying has taken place, the body may 
remain in that state for many years. Eventually, mould for- 
mation and physical deterioration progress, the dried tissues 
becoming split and powdery and gradually disintegrating. 
‘This process is usually hastened by animal predation. Even in 
the shelter of a barn or house, maths, beetles, mice and rats 
will wreak damage on the corpse. Ie will eventually skeletalize, 


though tough, leathery sheds of skin, endon and ligament 
may persist for many years. Mumumifiation allows major 
Injuries wo be preserved, though asin the putrefed body, the 
detection of bruises and abrasion may be difficult or impos- 
sible to differentiate from discolor 


n, artefacts and fungal 
damage, The stiff tissues can be softened for better examina- 
tion and histology, by soaking in a 15 per cent solution of 
tlycerine for several days (see Evans 1962) 


POST-MORTEM DAMAGE BY 
PREDATORS 


Animal predation is part of the natural food chain, which 
returns the proteins, fats and carbohydrates of dead bodies 


FIcuRe 2.23 The mummified body ofan 
sloconder from a mental hospital who was 
founda year later in a ay bara, The dry 
‘environment had inhibited wer 


decomposition 


Ficune 2.24 Extensive mould formation 
ane lack of pucrefactve changes in a child 
twhe accidentally laced himself in a bos 
ana asphysated. The body was not fund 
for 6 weeks 
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APPENDIXA 


Getting Started with Tool Building 


Once you've become comfortable in your lab and have had time to play with a few circuits, you might 
start ¢o notice that some of the “tools” you've been using are just simple electronic circuits themselves. 
Good examples are power supplies and meters. These are great tool-building projects because you can 
see useful results early. 

Let's take a look at building a couple of simple electronic tools that might be of use in your lab. 
Hopefully you will develop a better understanding of how these tools work Ideally, you will progress 
from the basic question of "Does it work?” to the more involved questions of “How well does it work and 
what can I do to improve it?” 

Please bear in mind that these exercises, while hopefully useful, are to illustrate what needs to go 
into the building of practical, reliable tools. At every stage you should be thinking about what design 
choices you have and which choices will enhance the usefulness of your tool-building process. 


AVery Simple Power Supply 
Almost all electronic projects need electricity to work. Having a good, dependable power supply at your 


disposal on your bench will get you started faster on new projects. You won't have to worry about dead 
batteries and flaky power adapters. See Figure A-1 
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to other animals, some of it passing back to the vegetable 
kingdom through soil nutrition. All ypes and sizes of animal 
are involved, the largest seen by the author (BK) being a 
‘near-miss by a Malayan tiger, who dragged a sleeping soldier 
from his tent. Most animal damage is more mundane, the 
beasts varying from ants to foxes, and from blucbotdes 10 
monitor lizards, Foxes can drag parts of a body away to adis- 
tance of atleast 2 miles 

‘The type of predation varies greatly with geography, 
season, and whether the dead body is indoors or out in the 
open, If it is lying in the counteysde, large predators will 
cause prompt and severe damage, even complete destruc- 
tion being possible in a shore time. In temperate countries, 
foxes and dogs form the main agents, and the body may 
be dismembered and scattered over a wide area, especially 
if advancing putrefaction makes disarticulation easy. If 
corpses are in inland waters, damage from water rats and 
fish is possible, as well as attacks from dogs and foxes, ifthe 
body lies exposed on the bank of a river or a lake 

‘The type of damage from canine and rodent predators is 
usually obvious, a che local removal of large amounts of flesh 
is usually accompanied by evidence of teeth marks, Rats and 
cats leave a crenated edge to fairly clean-cut wounds, the post- 
mortem nature of which is obvious from the lack of bleeding 
for an inflamed marginal zone. Mice rarely atack bodies, but 
-may help to remove the dried, crumbling tissue of « mummi- 
fied corpse. The mast active tissue removers are maggots, the 
larval stage of lucbortles (Caliphora) and fies (Musca). The 
use of the life cyele in timing death is dealt with elsewhere, 
but here we are concemed with their destructive effects on 
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FiGune 2.25, Law of aloft eiawe of head 
ad neck, in areas nat covered by clothing 


‘by poat-martem aninnal predation 


Fick 2.26 Post-mortem nat bites ofthe abit, Such injures are— 
not unnaturally — often egerded with suspicion by the police, The 


complete absence of bleeding or reddening ofthe wound margin, as 
swell asthe unlikely shape and situation of the injury, mate i post- 
mortem origin oblous 


ty is seasonal, but in 


teorpses, In temperate zones their acti 
hhot countries their predatory work is ever present. The adult 
insects lay eggs on the fresh corpse (or even on a debilitated 
live victim), choosing wounds or moist areas such as the 
eyelids, lips, nostrils and genitalia. Once skin decampasition 
begins, the eggs ean be deposited anywhere. The eggs hatch 
in a day or so, and several cycles of maggot develop, shedding, 
their cases a intervals, depending on the species, 


Post-mortem damage by predators 


A pore-mortem animal bite oat was mieaken fora 
criminal assault, The ald lady was found locked in with a cat 
‘having died fom a gastric haemorrhage. The wound har not bled 
the margins are not reddened and toth cenations can be sen 
round it edge 


A body recovered fiom the 
Baltic Soa with numerous superficial chin 
slfeces on the face ana neck due so post 


‘mortem predation, probably by the 


rustacean Saduriaentoman, shown in the 
inserted picture with a smaller ship in 
the middle 


The maggots are voracious and energetic, frst exploring the 
‘natural passages, such as mouth and nostrils, then burrowing 
into the tissues, They secrete digestive fluids with proteolytic 
enzymes that help sofien che tissues, burrowing beneath the 
skin, and making tunnels and sinuses that hasten putrefaction 
by admitting air and access 10 external micro-organisms. 
Successive waves of eggs ae lad, producing new generations 
of maggots. Eventually, loss of tissue and deying make the 
hhost cadaver unattractive to egg-laying insects, and the later 
stages of decomposition become free from maggots. 

Beetles and many other types of insect and arthropod 


join in the destruction, but one particular insect must be 


mentioned. This is the ant, which can attack the body soon 
after death before putrefaction begins. A common place for 
ant attack is around the eyelids, ips and on che knuckles, 
‘The lesions are superficial ulcers with scalloped, serpiginous 
margins, They can be mistaken for ante-mortem abrasions, 
bbut their position, margins and lack of bleeding or intl 


matory changes usually make them easily recognizable 
hapira, however, has documented cases where extensive 


linear ant lesions have resembled ligature abrasions around 
the neck (Shapiro eta. 1988). 

“Tropical ants can devour tissues to a considerable extent 
and, although stories of soldier ants reducing horses +o 
skeletons within minutes are apocryphal, predation by 
large numbers of insets ean be ex 

Tn water, all manner of aquatic animals can mutilate 


immersed bodies, as well as land mammals ifthe corpse is 
in shallow water or grounded on a mudbankk or the beach. 
Large fish can be totaly deseructive, especially in tropical 
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‘waters, but even in temperate seas severe damage can occur. 
Some of the vietims of the Aie India aireralt disaster near 
Ireland in 1985 were ravaged by sharks. Large gouges from 
the wound edges, punctures from teeth and extensive tissue 
Joss, even with fractures of large bones such as the femur, 
characterize shark attacks 

Smaller fish can wreak severe damage, the prime example 
being pitanhas, though many species will devour both fresh 
and decompasing bodies. Crustaceans are also predatory 
and can remove circular areas of skin to expose the subcuta- 
neous fat, which may detach inside the clothing to form 
‘masses of adipocere. Birds also cause damage, usually to the 
dead, though crows may mutilate live lambs. The habits of 
carrion binds, such as the vulture, are well knows, but 
seller birds will inflict injury on exposed bodies, espe- 
cially when putrefaction softens the tissues 

All animal predation varies in appearance according to 
the size and shape ofthe teeth ot jaws ofthe predator, bu ll 
such post-mortem injuries have features in common, There 
is no bleeding apart from the minute quantity actually in 
the vessels of the damaged part, and certainly no active 
haemorrhage into the wound margins. Naturally, thete is no 
‘oedema or reddening of the edges as might be seen in an 
ante-mortem wound earlier than the perimortal period. 
CCrenation of the edges isa useful guide where small rodents 
or other animals are involved, though large eaivores can 
‘make totally iregular tears in che vssue. Some animals, such 
as dogs and foxes, may leave punctured wounds adjacent 10 
the damaged edge where sharp teeth have penetrated. On 
bones, the incisor teeth of rodents and larger carnivores can 
leave parallel gouges, which must not be mistaken for ict 
‘human activities, In domestic surroundings, pets may inflit 
drastic post-mortem injuries if they are locked in with a 
dead person. Dogs and cats can cause injuries that puzzle 
those, such asthe police, who are unawate of the possibility 
Complete decapitation by Alsatian dogs has been seen by 
both of the authors, as well as genital injury. 


‘THE ENTOMOLOGY OF THE 
DEAD AND POST-MORTEM 
INTERVAL 


‘This is a highly specialized subject and, when che isue of 
time since death is important, such as a criminal invest 
tion, itis essential that, wherever possible, the pathologist 


has the asistance of an entomologist with forensic experi 
ence. Asin forensic toxicology and serology when serious 
medico-legal issues are at stake, there is no place in forensic 
entomology for the ‘occasional expert’ who dabbles in the 
subject when the opportunity arises. Having said eis itis 


ysiology of death 


helpful to know sufficient about the topic to recognize 
when expert help is required, and to understand what 
information and specimens need to be obtained. 

‘The rationale of forensic entomology is that alter death 
invasion of an unprotected body by sarcosaprophagous insects 
and other small fauna comes in successive waves. Different 
species of arthropods colonize the corpse at different periods 
alter death, In addition, some species (including the most 
common blowllies) pass through comple life cycles that ean 
bbe used to determine at least the minimum time since death 
by studying the stage of maturation of the insects. The science 
is inexact and is modified by a number of faciors, both cli 
atic and geographical, but in expert hands can sometimes 
Yield useful information about the date of death at a period 
‘when other indicators have ceased w Function. These methods 
have been used since the middle ofthe eighteenth century, but 
“Megan placed forensic entomology on a sound basis with his 
publication of La faune des cadaures in 1894, There are now a 
substantial number of publications on the subject, though 
most of them need specialist zoological knowledge for the 
interpretation of the species involved and their complicated 
‘maturation cycles, I is essential thatthe entomologist has the 
fullest posible information about the nature of the environ- 
‘ment in which the body was found and, if posible, he should 
Visi che scene himself. eis also vital to have accurate data on 
the weather, especially the ambient temperature of the area 
luring the period in whieh the body had been lying there, as 
the maturation times of insects (especially blowlies) are 
‘markedly altered by climatic conditions 

The most common insect found on relatively fresh 
corpses is the blowfly, a colloquial name for a group of fy 
ing inscets of the order Diptera, with almost worldwide 
distribution, They mainly comprise the blucbortles, the 
sreenbottles and the housefly, There are numerous species, 
with variations in life cycles that ate altered by climatic 
conditions, The bluebottle (Caliphont) is the most com- 
mon, especially Calliphons vicina Robineau-Desvoidy 
(Calliphora erythrocephala Meigen), the most frequent 
invader of dead flesh, These are large, bristly flies about 
(6-14 mm long, with iridescent blue abdomens. 

“They do not fly in che dark and thus eggs ae lid only in 
daylight. This means that a corpse found at night or in the 

1g with eggs upon it, almost certainly died the p 
cous day. Bluebortles rarely fly in winter, but may do on fine 
dlays, though when the temperature is below 12°C. they are 
unlikely o lay eggs. Rain is also a marked deterrent to egg- 
laying, except in the case of the Sarcophagidae. Blucbottes 
prefer fresh rather than decayed carrion and lay eheir eggs 
soon after death, which may be of medico-legal significance. 
Indeed, they may lay eggs on the living, especially when the 
victim (man or animal) is debilitated or wounded. A single 
bblucbowtle may lay up t0 300-2000 eggs in clusters of 
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30-150. The eggs are laid on moist areas, such as the eyelid, 
canthi of the eyes, nostrils, lips, mouth, genitals and anus. If 
there are any open wounds or weeping abrasions, these may 
also be colonized. ‘The eggs are yellow and banana-shaped, 
about 17 mm in length. 

‘The many tables and diagrams available for the succes- 
sion of sarcosaprophagous inseets on corpses must be read. 
in che knowledge that the environment, especially the tem- 
perature, makes a marked difference to the time span of the 
larval and pupal stages. As Nuorteva etal. (1967) state: 


Crimes do not eccur under experimental conditions and 
standardized food supplies. Flies, as medice-legal 
indicators, must therefore be used in conjunction with 
the recards of meteorological conditions existing at the 
time subsequent to the presumed crime. 


‘Thus the following examples, mainly taken from Glaister 
and Brashs (1937) account of the notorious Ruxton mur- 
dls, suse be read with this eaution firmly in mind — and 
wherever possible, the pathologist must enlist the aid of an 
experienced entomologist. 

‘Adult blucbortles will begin to lay eggs abour 4-5 days 
after emergence from pupation, Eggs will not hatch at 
temperatures below 4°C, but they will develop at 6-7°C. 
‘The time from laying to hatching is 8-14 hours, depending, 
fon the temperature 

“The first maggor stage (first instar’) tiesto penetrate the 
tissues oF enter any nearby body cavity such as the mouth 
for wounds. Maggots have powerful proteolytic enzymes 
that aid dissolution of the tissues and facilitate penetration, 
‘The firs larval instar persists for another 8-14 hours, then 
the outer skin is shed and the second larger instar feeds for 
another 2~3 days 

‘After final moult, the third instar spends about 6 days on 
the body before leaving it to migeate some distance to hide in 
the ground or under some other cover (even a carpet) to 
pupate. The pupa is a brown leathery capsule in which the 
insect metamorphases into the winged fly after about 
12 days. The new blucbottle emerges and leaves the empty 
pupa case behind, ready wo begin the cycle over again, which 
thus lasts about 18-24 days from egg to adult, The greenborle 
(Lucille caesar) and the sheep maggot fly (Lucilla sericata) 
have life histories that ate similar to that ofthe blueborde, 

‘The common house ly (Musca domestica) is different in 
that, unlike the blucbottes, it prefers to lay its eggs on 
already decomposed flesh, though it is more attracted to 
garbage and manure than to cadavers, The eggs are much 
smaller and white rather than yellow. Hatching time is 
8-12 hours, the first instar at about 36 hours, the second 
instar at 1-2 days and the third at about 3-4 days, Pupation 
lasts up to 7 days, less in warm weather. The whole cycle 


is thus about 14 days at about 22°C, though again it must 
bbe emphasized that variations in ambient temperature make 
considerable differences to the speed of maturation, A table 
bby Busvine (1980) shows that the total cycle length varies 
from 9 days at 40°C to 32 days at 16°C, 

Entomologists have constructed tables of variation in 


larval length according wo age and temperature; expert know 
ledge and strict identification of the species is needed before 
definite opinions upon minimum times since cadaver death 
ate offered. Some of the times quoted above were taken 
from the extensive entomological work performed on the 
Ruxton case in 1935, but do not correspond to the cyele 
petiods published by Kamal in 1958, The total maturation 
times that he found in experimental conditions at 22°C 
much longer, being 14-25 days (average 18) for Cliphona 
vicina 

In many of the published cases where Calliphora have 
assisted in the estimate of the time since death, itis an 


assessment of the age of larvae that is made from their size. 
Of course this can only be a minimum estimate, especially 
if mixed generations are present as a result of successive 
waves of fies laying eggs at different times. As already said, 
however, bluebortles do not favour decompored tissue for 
oviposition, so egg-laying is likely wo cease within a couple 
of days of death. If pupa cases are seen either on or near the 
body, then any larvae present may be from later waves ~ 
even second: or third-generation insects 

In addition w maggots on the body, other fauna in the 
soil beneath a corpse leave the area and a reduction in the 
‘number of species of normal soil insects may be a marker 
for the site of a body, even for some time after the latter has 
bicen removed, The minimum population of arthropods under 
a compse is reached after about 2 months; ie ehen revives, but 
with quite a different range of insects from the original 
inhabitants. The absence of eggs or maggots on a body may 
sometimes be of use, as it may indicate that a body has been 
in a sheltered place inaccessible to flies, even if ir was later 
moved out. Where a body has been buried, even a shallow 
covering of soil may protect it from oviposition; where part 
of the body protrudes, this may well be the focus of maggot 
infestation 

Different types of insects invade the body after the moist, 
putrefaction stage that is associated with blowlly maggots 
has passed, Atdilferent seasons, different insects may be preva- 
Jenrso chat the finding of say, Phoridae and Sphaerocerdiae 
in Europe would suggest that the body had been there in 
the summer months. Larder beetles (Dermestes) may artive 
3-6 months after death; house moths may attack dried 
tissues such as mummies and can dispose of keratin such as 
hair and beard. Beetles (Coleoptera) are late attivals and are 
usually found in dried oF adipocerous corpses. These and 
‘many more are related more t0 season than time, so again 
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the considered opinion of an expert is necessary: The absence 
of insects in certain climates may indicate that death took: 
place in the winter months when no active colonization was 
‘occurring. 


Collection of material for 
entomological study 


‘To the practising forensic pathologist, the main concern in 
this context isthe careful collection and dispatch of spec 
‘mens to an entomologist with forensic experience. 

First, the entomologist needs to know all available facts 
about the environment in which the body was found — 
preferably he should vise the locus himself the mater is of 
legal importance. He should be told the temperature of the 
‘maggot mass and ambient temperature around the time the 
body was found. If no actual temperature measurements 
‘were taken by the pathologist atthe scene ~and even if they 
were — local records should be obtained from the nearest 
meteorological centre. Without this information the prob- 
able maturation rate cannot be estimated. The nature of the 
locus should be described, in terms of vegetation, trees and. 
undergrowth if outdoors. Where maggots are present, some 
should be placed live in a tube and, if there is delay in tran- 
sito the entomology laboratory, a fragment of meat should 
be included for food, Any adult flies, other inscets and eggs 
should also be collected without preservative. 

In addition, some maggots, adults, pupae, empty pupa 
cases and eggs should be sent after fixation. They can be 
placed directly into 80 per cent alcohol, bue preferably in 
three parts 80 per eent aleohol with one part glacial acetic 
acid. Even better is Pimples fluid, which is six pares 35 per 
cent formalin, ewo parts glacial aetic acid, 15 parts 95 per 
cent aleohol and 30 parts water. Formol saline 10 percent 
(as used for histological fixation) should not be used, 

If there are different insects on the body, they should be 
placed in separate tubes — especially ifthey ar live —as some 
may devour the others before they reach the laboratory. 

‘Whatever is sent should be labelled oF numbered accord- 
ing to a key that records where on the body they were 
found. If outdoors, the soil beneath the body should be 
sampled and, where a full eyele has occurred, pupae or 
ceases should be obtained by shallow trenching in radii 
around the body 

‘When the body has been recovered from water, any 
insects or crustaceans should be recovered. Body parasites 
‘may occasionally be useful. Fleas and lice ean survive total 
immersion for some hours, but the advice of an entomolo- 
gist should be sought if parasites are foun on an immersed 
body to determine the minimum survival time of that 
particular species under the existing circumstances, 


DETERMINATION OF 
TIME SINCE DEATH 


ESTIMATION OF THE TIME SINCE 
DEATH BY BODY COOLING 


‘Though the study of the rate of cooling of the dead human 
body is essentially an exercise in physiology, its potential 
use in determining the time since death have made it the 
most frequent topic for research in forensic medicine. 

For more than one and a half centuries, papers have been 
published devoted co refining the problem further, which 
has obvious and important connotations in the investiga- 
tion of criminal deaths. Unfortunately, the vast amount of 
labour in this direction has nor been rewarded by compar 
able improvements in accuracy because ofthe permutations 
of factors that defeat exact calculation of the post-mortem 
interval. The history of this research is in itself extensive 
(Knight 1988) bur a few cardinal points might be men- 
tioned here to mark the various phases of investigation, 

“Though the fact that a dead body becomes progressively 
colder after death has naturally been known since earliest 
times, scientific measurements were first published in the 
nineteenth century. Dr John Davey in 1839 recounted 
experiments with dead soldiers in Malta and Britain, using a 
‘mercury thermometer. Though this pioncer made no prac 
tical contribution to the problem, some of his comments are 
remarkably pertinent actoss a gap of more than 150 years: 


Much judgement, however and nice discrimination 
may be requisite on the part of the medical man, in 
appreciating the circumstances likely to modity 
temperature, so as to enable him when called upon 
{or his opinion (ofthe time of death), to give one 
wiich wil be satistactary to the legal officers ~ and to 
himsolf— on reflection. 


‘These cautionary words are just as applicable nowadays 
when, unfortunately, some doctors offer a time of death 
with a confidence often inversely proportional to their experi- 
ence. In 1863, Taylor and Wilkes wrote a dlasic paper 
which introduced many of the current concepts, such as the 
initial emperature plateau, the core temperature, heat gra- 
dient and the effect of insulation. Taylor was, of course, 
Alfred Swaine Taylor of Guy's Hospital, author of the text- 
book that remained the define 
cine for almost a century. Later in the nineteenth century, 
Rainy of Glasgow first applied mathematical concepts to the 
problem and produced a formula for caleulating the time of 
death. He also pointed out that Newton's Law of Cooling, 
did not apply to the human body: In 1887, Womack first 
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used centigrade units, though his use of the now familiar 
temperature graphs was anticipated by Burman in 1880. 

In this century, the most quoted. papers were those by 
De Saram in Ceylon (De Sarar eal. 1955; De Saram 1957), 
‘who published careful and detailed measurements of con- 
trol cases obtained from executed prisoners, His data ate still 
being studied and reworked. The names Fiddes and Patten 
are known to all those interested in chs subject as, in 1958, 
they produced a paper that was a elasic, as Taylor's had been 
in the previous century. Using repeated temperature meas- 
urements they devised a percentage cooling method and 
explored complex theoretical aspects, such as the ‘infinite 
cylinder’ model, for the human body: 

‘Marshall and his collaborators dominated the publica- 
tions in che 1960-1970 period, with papers that explored in 
depth the mathematical aspects and confirmed the double 
exponential or sigmoid! shape ofthe rectal cooling curve. In 
the last decade or so, many more papers and new techniques 
have been produced, with computer assistance increasingly 
used, Amongst these, Henssge and Madea in Germany have 
been predominant. Microwave and infrared thermography 
have been explored and the physics and mathematies of 
body cooling probed in such depth char often the scientist 
in the research group has difficulty in explaining the 
concepts to his medical collaborator, In spite of all this 
activity, practical methods of determining the time of death 
continue to lack accuracy. Though some recent publications 
offer firm advice and describe methods, they ean do no 
‘more than provide a ‘ime bracket’ of probability within 
which death is thought to have occurred. 


Post-mortem cooling 


Except where the environmental (ambient) temperature 
the human body will cool 
after death, A uniform, homogeneous laboratory ‘body’ will 
cool according to Newtons Law of Cooling, which states 
that the rate of cooling is proportional wo the difference in 


remains at or even above 37 


temperature between the body surface and its surroundings 
Graphically presented, this will display the eurve ofa single 
exponential expression, not a straight line, A human body 
does not obey Newtons Law; though the size ofthe discrep- 
ancy varies according to several factors. When death occurs, 
hheat transfer within the body through the circulation ceases. 

“Metabolic heat production, occurring mainly inthe muscles 
and liver, does not cease uniformly and some heat generation 
continues for a variable time. As soon as the supply of 
warmed blood ceases with cardiac artest, the skin surface 
immediately begins to lose heat. The rate is variable because 
of clothing, posture and shielding againse the supporting 
surface and, of course, the environmental temperature 


nce death by body cooling 


‘The centre or ‘core’ of the body cannot begin to cool 
until a temperature gradient is set up by the cooling at the 
skin surface. As the tissues are poor heat conductors, this 
igradient takes a variable time to become established and 
therefore a thermometer placed near the core (usually in 
the rectum) will not registra fall for some time. This is the 
well-known ‘plateau’, which forms the upper flattened or 
slightly sloping pare of the double exponential curve when 
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rectal temperatures ate measured, If skin temperatures are 
used, as in some of the nineteenth century research, no 
plateau is found, and, using cranial temperatures taken 
through the nose, ea oF skull, the plateau is les, as the core 
is nearer the surface. 

‘The central part of the cooling curve approximates to 
‘Newtonian principles, being fairly straight or only a shal- 
low curve. As the temperature differential between the 
body and environment approaches zero, the graph again 
flattens off into a lower shelf. Unlike the laboratory body, 
the human body rarely reaches the ambient temperature 
unless the latter is at or near freezing. ‘This is probably 
because enzyme and bacterial action starts during early 
decomposition and, much as a compost heap warms up, 
the temperature may actually rise a few days after death, 

“The typical rectal cooling curve then, is ‘sigmoid! shape 
or ‘double exponential’ curve. The part that is of use in 
forensic medicine is the central section showing the steepest 
fall. Theoretically, if one assumes chat the body tempera 
ture at the time of death was 37°C, then finding the poine 
‘on this section corresponding to the measured rectal tem- 
perature should allow extrapolation back to the 37°C point 


which is at zero on the time seale, thus giving the post- 
‘mortem interval 

Unfortunately, a number of variables make this attractive 
proposition impossible to attain in practice. Not only are 
there variables, but the variables themselves often vary dur- 
ing the period before the body is discovered and examined. 
For example, the ambient temperature may change 
markedly — perhaps several times —and often this may not 
be known to the examiner. Even opening doors and allow- 
ing draughts to play on the body will have profound effects 


con the cooling eurve, which cannot he detected or corrected. 


retrospectively. 


Factors affecting the cooling curve 


INITIAL BODY TEMPERATURE 


‘This cannot be assumed to be 37°C and in fact is incapable 
of ever being measured in retrospect. Not only is there a 


difference between the rectal, liver, brain, axillary, mouth 
and skin temperatures in the living person, but the absolute 
values vary lightly from person to person and from time to 
time, even in health, 

If che oral temperature is taken to be 37°C, then that in 
the axilla will be several degrees lower and that in the ree- 
tum at least one degree higher. There isa diurnal variation 
of almost 1°C, the temperature being lowest between 0200 
and 0600 and highest between 1600 and 1800. Seenuous 
exercise raises the temperature by up to 3°C, which persists 
for up 0 30 minutes after returning to rest. 
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When there is illness or trauma, much wider variations 
‘occur, which again are impossible to detect retrospectively. 
In febrile illness from micro-organisms or parasitic infee- 
tions, the temperature may be 4 or 5°C higher. Inthe foren- 
sic context, infected wounds ora septic abortion are obvious 
examples. Cerebral (especially pontine) haemorthage may 


also cause hyperthermia, as may some drug reactions. Ie is 
traditionally stated in many textbooks that asphyxia and 
strangulation cause agonal hyperthermia, but there is very 
liqde hard evidence for this, apare from anecdotal opinions 
passed from one author to another. One explanation may be 
that homicide vicsim struggling desperately for life against 


strangulation will generate muscular heat as in any violent 
exercise, irrespective of an asphyxial mode of death. 

At the other end of the scale, hypothermia is common 
even in temperate winters. Many victims of eriminal assault 
ray be left exposed before death and their temperature 
‘may be as much as 10°C lower than normal 

As virally all methods and formulae for calculating 
the time of death depend upon the body temperature 
boeing 37°C, even a slight variation ean introduce a funda- 
‘mental error. 


THE HODY DIMENSIONS: 


‘The temperature gradient, which drives cooling, varies with 
the mass of the body and the surface area as wel as with the 
conducting properties of the tissues. Some more complex 
calculations corteet for masssurface area ratio by means of 
nomogeams (for example, those served by Hensige), but 
these can only be an approximation. The height and weight 
of the body muse be known, which is often impossible at the 
scene of discovery: The amount of subeutancous and abdom- 
inal far will affect the insulating properties and hence the 
temperature gradient, burt there is no way of assessing or 
correcting accurately for obesity. Oedlema and dehydration 
both have a marked effece because of the high specific heat 
of water (see James and Knight 1965). In general, thin person 
cools more quickly because of both the masssurface area 
ratio and the lack of fatty insulation, Children have a larger 
surface area fora given body weight. 


POSTURE 


‘The loss of heat from the skin that drives the temperature 
gradient is affected by the access of air w the skin and the 
radiation and convection, A body curled 
sn will expose much less surface than one 


‘opportunity fo 
into a fetal ps 

in an extended, spread-eagled posture, Another factor is the 
amount of skin resting on the supporting surface and the 
nature of that surface. A body lying full lengeh on its back. 
will lose heat by conduction faster than one resting se 


prone, though radiation and convection may be Facilitated. 


Estimation of the time since death by body coaling 


A body on a metal mortuary tray will cool more quickly 
than one lying an straw, 


CLOTHING AND COVERINGS 


All1o0 obvious isthe effec of externa insulation by clothing, 
or other coverings, even a hat. Radiation is a minor path- 
‘way for heat loss because of the low biological eemperatures 
involved, but convection and conduction are markedly 
reduced by coverings, Even more confusion may be added 
‘when coverings actually contribute heat, such as an electric 
blanket left on after death. A duvet or ‘continental quile 
will markedly retard cooling and in fact will accelerate 
decomposition to a considerable degree. Wee clothing will 
accelerate cooling, compared with dry coverings, because of 
the uptake of heat for evaporation, 


THE AMBIENT TEMPERATURE, 


This is, of course, the major factor in cooling and, as was 
said at the outset, a body will not cool after death if the 
temperature ofthe environment is higher than the nominal 
37°C, in faee, it may warm up. This may be climatic and 
seasonal, as in large areas of the world, not necessarily in 
the tropics. It may also be due to local heating, usually in 
dwellings or other buildings. This includes radiant heat 
from fires left burning near the body after death, electric 
blankets, or death in a house or vehicle fire. Where a victim 
dies in a warm bath then the whole cooling process is 
grossly distorted, the opposite of when immersion takes 
place in the cold water of baths, rivers, lakes or the sea, 


AIR MOVEMENT AND HUMIDITY 


‘Most skin cooling takes place by convection and conduc 
tion with the adjacene air as the transporting medium. In 
still conditions, a layer of warm air clings to the skin, espe- 
cially if clothed or hairy, blocking che temperature differen- 
tial. Any air movement brings fresh cooler ai into contact 
with the skin and encourages the gradient from the core. 
‘The humidity isa less active futor, but damp air conducts 
hheat more readily than dry. A body in a small space will eool 
‘more slowly than one exposed to the open ait, as transfer of 
hheat to the small volume of air will reduce the temperature 
differential, 


THE MEDIUM AROUND THE BODY 


‘This is usualy ais, but when it is water or (rarely) another 
uid, skin cooling is far more effective. A body immersed 
in water, especially the moving water of a river or the sea, 
will rapidly lose heat, as is all coo familiar during life when 
fatal hypothermia ean occur within minutes in a cold sea, I 
is commonly stated that cooling is less rapid in contaminated 
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water (auch as sewage) than in clean water, but this is hard to 
believe, given the same temperature for each type of medium. 
‘As mentioned above, death in the warm water of a bath- 
tub reduces the cooling rate—and may even elevate the tem- 
perature, making any attempe at estimating the time of 
death futile 


HAEMORRHAGE 


It is traditional to say that severe haemorshage shortly before 
death causes more rapid cooling. As the estimation of the 
time of death is fraught with such inaceuracy, i is diffieule 
to see how this opinion ean have been derived. The volume 
‘of blood lost will reduce the mass of the body, but only in a 
‘minimal fashion, It may be that terminal bleeding may 
cause a shurdown of cutaneous circulation in an effort 10 
maintain blood pressure and that this might encourage 
the early formation of the temperature gradient ~ but such 
vasoconstriction would relax immediately at death and play 
rho part in post-mortem cooling 


Methods of measuring body 
temperature 


Estimation of temperature by touching with the hand is a 
useful first manoeuvre when at the scene ofa death. A hand 
placed on the forehead, face or exposed hand may give a first 
impression of whether death occurted reeently or not. Even 
if these exposed areas are cold, feeling inside the clothing to 
touch the chest, abdomen or axilla may deteet some heat, as 
‘may sliding a hand under the body where ic is in contact 
with the supporting surface. These crude methods are com- 
bined with an estimate of rigor mortis to provide a prelim- 
inary screening of a recent, as opposed to a remote, time of 
death. Though conditions vary enormously, a body indoors 
will fel cold on exposed areas in 2~4 hours and in protected. 
areas afer some 6-8 hours, The traditional method of tak- 


ing the post-mortem temperature is by placing a mercury 


‘meter (not clinical instrument) or thermocouple, ideally 
reading from 0 to 50°C. The tip must be inserted to at least 
1Oem above the anus, th 
most of is gradations stil vi 
left in place for several minutes for the reading to stabilize 
before being recorded. Where possible, it should be left in 
situ for multiple readings at intervals, though in operational 
circumstances (especially in criminal deaths) this may be 
difficult to arrange. There is considerable controversy about 
‘when such measurements should be carried out. Ie is often 
recommended that a doctor at the scene of death should 


measure the rectal temperature at once but logistic diffcul- 
ties exist. Many cases where estimation of the time of death 
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icine 2.31 Mearuring the rstal empenseure a the scene of 
‘murder. This shuld be done ony afer forensic procedures ruc as 
rectal swabbing have ben completed. Normally the temperature 
should be taken atthe mortuary where removal of elaching can be 
carried out with fll phosogruphic and forensic sience monitoring. 
In thir case the body war unclothed atthe scene and the 
circumstances did not warrant recta swabbing 


is important are criminal or suspicious deaths. These will 
often be associated with at least the possibility of sexual or 
homosexual assaults, and ie may not be practicable to inter 
{ere with clothing in the perineal area or to contaminate the 
anal and vaginal region before full race evidence procedures 
are carried out, usually by police scene of crime officers or 
forensic scientists, which may include adhesive taping of the 
clothing and skin, and the retention of underelothes for 
seminal stains, ete 

To wrestle with « 


1 clothing, pethaps at night, in 
inclement weather and in confined spaces, and t0 ty 10 
introduce a thermometer into the reetum in these circum 
stances might ruin vital evidence af more importance than 
the admittedly uncertain calculations about time of death. 
However, many pathologists and police teams do carry out 
this manoeuvre as a routine, bur each pathologist must 
decide in every individual case, whether itis peeferable to 
‘wait until the body is taken to the mortuary where proper, 
controlled undressing is possible 

‘This applies where pathology and criminalistic expertise 
is readily available, but it is acknowledged that in less ideal 
circumstances, when no such expertise is likely to appear 
within a few hours (ifat all), then some doctor a the scene 
should take a temperature. The procedure must be tailored 
to the individual circumstances but where there isa possibile 
ity of sexual interference, the rectum (and vagina) should 
be avoided uncil afer full swabbing for semen and other 


examinations are completed, Alternatives are to use the 
auilla, deep nasal pasage or external ear for the insertion of 
a thermometer 

‘The technique of introducing a mercury o¢ ‘rototherm’ 
thermometer through a stab wound in the abdomen to 
measure liver temperature is never justified, It inevitably 
leads to blood contamination of the skin and clothing and 
also leads to intraperitoneal bleeding that might be con- 
fused with existing internal injuries, 

‘More modern measuring devices include thermocouples, 
which register temperature accurately with minimum stabil- 
ization time, They may be part of a compact electronic 
instrument, which has a digital readout, or they may be 
connected to a computerized recorder that can analyse several 
other sites at regular intervals (see Morgan et al 1988) 
Microwave thermography of brain and liver (see Al-Alousi 
tal, 1986, 1994) and infrared monitoring of skin tempera- 
ture are at present research tools that may lead eo practical 
devices in the future. 


‘The use of thermometry in estimating 
the post-mortem interval 


In spite of che great volume of research and publications 
already mentioned, accuracy in estimating the time since 
death from temperature remains elusive. The old sule-of- 
thumb was chat the temperature fell at about 1.5°F/hous, 
something under 1°C/hout. Another rule-of-thumb was 
that the fll in °C from 37°C, plus thee (to arbitrarily allow 
for the plateau), was equal to the time since death in hours. 
For example, ifa rectal vemperature was found to be 32 
then 37 ~ 32 + 3 gavea post-mortem interval of 8 hours. 
The only confidence that one could place in these methods 
was that they were almast always wong and that, if the 
answer happened to be correct, it was by chance rather than 
science! To hope for a linear fall was against all the prinei- 
ples of heat los alluded to eatliet, The fist method took no 
account of the ‘plateau’ when rectal temperatures were 
used. This upper part of the double exponential curve is of 
variable lengeh. Ifthe body has been dead for some hours, 
serial temperature recordings fail to identify it, asthe meas- 
urements begin on the steeper part of the curve, but where 
thermometry is begun soon afer death, there is « variable 
fat area atthe top ofthe sigmoid graph 

‘The length of the plateau has been discussed by several 
authors (see Shapiro 1965; Nokes ef al1985), Shapito in 
particular has drawn attention to the invalidation of many. 
formulae by the unknown length of the plateau. He claims 
that this ean be as much as 4 hours ‘and is possibly consid- 
erably longer. Marshall and Hoare (1962) admie that the 
plateau may be as long as 5 hours. The plateau is the result 
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of the lag in conducting heat from the core to che skin that 
is caused by the insulating properties of human tissue. This 
delays the establishment of the temperature gradient that 
must be in operation along the radius of the ‘infinite eylin- 
der’, which isthe model for the human body, before the core 
cean begin to lose heat to the exterior. There may also be a 
small element of continuing heat production in the liver 
and musculature, as a number of investigators (including 
the first) noted thatthe body temperature could actually rise 
soon alter death. As the lengeh of the plateau is unknown in 
any particular ease when there isa delay in starting measure 
‘ments, most methods begin within this inbuilt inaccuracy 

tthe lower end of the sigmoid curve, measurements again 
become almost useless, as when the temperature is within 
about 4°C of the environment, the rate of cooling becomes so 
slow that it provides no separation in time (see Fiddes and 
Patten 1958). Another empirical rule-of-thumb was devised 
by James and Knight (1965) to include variation in ambient 
temperature, The fall from 37°C. was multiplied by a factor 
of 1, 1.25, 1.5, 1.75 oF2forambient temperatures of 0, 5.10, 
15 oF 20°C, respectively, to give the time since death in hours 
Asanother linear method, this was doomed to inaccuracy and 
‘was found 10 provide too short a post-mortem interval 
though the authors emphasized that it was meant to be modi- 
fied in each ease by an appreciation ofall other factors such as 
physique and eloching. 


Nomogram method 


[At present one of the most useful practical guides is the 
nomogeam published by Henssge, Based on conventional 
caleulations such as those of De Saram and Marshall and 
backed up by a great volume of experimental data, Henssge 
has produced a method which can be caried out either by a 
simple computer program or by a nomogram. Adjustments 
are built in for body weight, ambient temperature, dry or 
‘wet clothing, still or moving ait or still or lowing water, The 


result is given within different ranges of ertos, with a 95 per 
cent probability ofthe true ime of death falling within these 
ranges, which vary from 2.8 hous each side at the best esti- 
mate, down to 7 hours at worst. As with most methods, the 
difficulties arise in estimating the strength of the variable 
factors It also cannot allow for variation ofthese fuctors over 
time, especially changes in ambient temperatures during the 
period before the body was examined. Henssge and Madea 
have recently refined their method to reduce the standard, 
deviation of their nomogeams so that the confidence range 
becomes smaller, by a whole battery of methods not depend- 
ent on temperature, sich as electrical stimulation of muscle 
and the reaction ofthe eye pupil to drugs. 

Another graphical method is that developed by Al-Alousi 
(1987) in Glasgow. In addition to his publications on 


jeasure of time since a death 


‘microwave thermography, Al-Alousi has published a simple 
method based on rectal temperatures, He has constructed 
cooling curves for both naked and covered bodies, using the 
concept of ‘temperature ratios. The accompanying cooling 
curves may be used from a knowledge ofthe rectal tempera- 
‘ure, ambient temperature and whether oF not the body sur- 
face was covered. Again no correction is made for body size, 
posture o other variables, bue the author claims that such 
factors made little difference to the standard errors, which 
he gives as shaded errors on each side of his graphs, 


Multiple-s 
methods 


In an effort to reduce or eliminate the effect of the external 


site serial measurement 


variables when caleulating the post-mortem interval 
“Morgan et, (1988) have developed models using multiple 
sites in che body for temperature estimations. These are 
then taken serially at frequent intervals over a period using 
highly sensitive thermocouples and computerized data 
acquisition, and calculation, which is miniaturized suffi 
ciently for use at scenes of crime 

“The method also attempted to use the deep ear canal and 
nasal passages for temperature measurements, which avoids 
the problems of perineal contamination that occur when 
the reetum is used at scenes of death. The resus were not 
encouraging, but recently French workers have revived the 
car method, with claims of relative suecess, These methods 
have not been in routine use for sufficiently long eo evalu- 
ate their operational accuracy. 


STOMACH EMPTYING AS A 
MEASURE OF TIME SINCE A. 
DEATH, 


With one exception, this controversial topic could be dis- 
‘missed summarily a being quite irrelevant, For many years 
pathologists have argued over the reliability of the state of 
digestion of gastric contents as an indicator of the time 
between the last meal and death, the leading case in modern 
times being that of Truscott in Canada. There is now almost 
a consensus that with extremely circumscribed exceptions, 
the method is too uncertain to have much validity 

‘The original hypothesis was founded on the belief that 
food spent fatty uniform time in the stomach before being 
released into the duodenum. In addition, it was claimed that 
its physical state was progressively altered by gastric juices 
and movements so that its appearance and volume Was a 
_measue of the time since it had been swallowed. Therefore, 
if the time of ee last meal was known from circumstandal 
evidence, the time of death could be estimated. 
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APPENDIX A © GETTING STARTED WITH TOOL BULDING 
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Figure A-1.A professional bench power supply. This device allows both the voltage and the maximum 
current to be adjusted. It provides two dedicated meters to show how much power is flawing: one for 
voltage and the other for current. Iralso provides a modular set of plugs (banana plugs) for easily 
connecting and disconnecting power leads. 


Abench power supply such as the one shown in Figure A-1 has many features and includes extra 
circuitry to make it safe and easy to use. It will also set you back a good chunk of change (Le., cost 
money). We're going to build something a bit simpler to start. Feel free to add more bells and whistles as 
your needs arise. 


Caution Anything plugged into the wall has the potential to shock, burn, or kill you. Do not defeat their safety 
features! 


2: The pathophysiology of death 


PERMISSIBLE VARIATION OF 95% (th) ‘TEMPERATURE-TIME OF DEATH 
RELATING NOMOGRAM. 


For ambient temperatures up to 23°C 
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Pict 2.32 Henge nomogran method for etimating the time since deh from a single rectal cemperatur, where the environmental 
temperature is below 23°C. (From Hensye etal. 2002,) 


“The nomogeam expreses che death time (?) by: 25 expl Be) 0.25 exp(5B0); #=—1.2815 (kg °*) + 0.0284 


‘The nomogram is related to the chosen standard, that i, naked body extended lying in still air. Cooling conditions differing from 
the chosen standard may be proportionally adjusted by corrective factors of the real body weight, giving the corrected body weight 
bby which the death time is to be read off: Factors above 1.0 may correct thermal isolation conditions and factors belaw 1.0 may 
correct conditions accelerating the heat loss ofa body. 
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Stomach emptying as a measure of time since a death 


How to read off the time of death 

1 Connect the points of the sales by a straight line acconding ro the rectal and ambient temperature. It crosses the diagonal of the 
‘nomogeam ata special point. 

2 Draw a second straight line going through the centre of the circle, below lef of the nomogram and the intersection of the first 
line and the diagonal. 


‘The second line crosses the semicireles, which represent the body weights. Ar the intersection of the semicircle of the hody weight the 
time of death can be read off. The second line ouches segment of the outermost semicircle, Here can be seen the permisble variation 
(0f95 per cent 

‘Example: temperature of the rectum 264°C; ambient temperature 12°C; body weight 90g, Result: time of death 16 * 1.8h, 
Statement: the death occurred within 13.2 and 18.8 (13 and 19) hours before the time of measurement (with a reliability of 
95 pes cent). 

[Note ifthe values of the ambient temperature and/or the body weight (se ‘corrective factors) are called into question, repeat the 
procedute with other values that might be possible. The range of death rime cane seen in this way. 


Empirie corrective factor of the body weight 


Wet through 

Dry clothing/ Corrective Clothing/covering 

covering Ingir factor wet body surface In air/water 
035 Naked Fowng water 
080 Noked Sil water 
O70 Naked Moving a 
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Mare thin/thicker layer clthing Withoutinfuance 1.40 
120 

‘Thick bedspread + cating combined 240 


Not far he salon afte conecve ator fry ca arly he lth or coving ofa loner turk roan 
Psa iptence &nendedreverheas isis qh cheval by constant us ofthat 


Requirements for use 
[No song radiation (for example, sun, heater, cooling syste). 
[No song fever or general hypothermia. 
[No uncertain severe changes ofthe colin conditions during che period berween the ime of death and examination 
{for example, the place of death must be the same as where the hody was found). 
[No high thermal conductivity ofthe surfice beneath the bod.) 
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2: The pathophysiology of death 


PERWISSIBLE VARIATION OF 95% (2h) ‘TEMPERATURE-TIME OF DEATH 
RELATING NOMOGRAM 


For ambient temperatures above 23°C 
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Ficune 2.33 Hewuges nomognam method for extimating the time since dea from a single metal temperature, where the environmental 


temperature is above 23°C. (From Hensge etal 2002.) 
Tee Tes 
‘The nomogram epreses the eth ime) by: Tas 


"The difference berween this nomogram and that for ambiene temperatures up to 23°C concerns only the relative length ofthe ‘post- 


11 exp( Bt) ~0.11 exp( 1020) 


1.2815 (kg?) +0.0284 


‘mortem plateau Iris shorter in higher ambient temperatures (above 23°C) than in lower ones (that nomogram: up to 23°C), This 
rnomogram for higher ambient temperatures was developed acconding to the data from De Saram, which were obtained in ambient 
temperatures beeween 27 and 32°C, These dats show a relatively shoreer lengeh ofthe ‘post-mortal plateau’ than our own data of 
body cooling in lower ambient temperatures, Our own practical experience af the cooling of bodies in high ambient temperatures 
and therefore in using this nomogram, is small. Iris recommended thatthe same permisible variation of 95 per cent as given in the 
rnomogram for lower ambient temperatures stake. 
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Stomach emptying as a measure of time since a death 
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Five 2.34 Cooling curves for estimation of the post-mortem interval. In Al-Abusis temperature rai’ method, che graphs above are used 


ss follows, Assume shat the body temperature (rectal) is36.6°C ut the time of death (Ty). Measure the environmental and rectal temperatures 
atthe time of eamination (T, and T.). Then the temperature rats'isT, ~ TJT, ~ T,, This rat is then found on the vertical sale ofthe 
‘rectal graph, using either he graph fr ‘naked’ or eovered' as appropriate, The time since death i he point on the lower scale where a 

perpendicular all from the point onthe graph were a borizansal line meets it fam the temperature rato level. The shaded area indicates the 


iit of «68 percent probability at that particular point, For example ifthe rectal temperature is 234°C und the air temperature 19°C. 
‘then the tempeature ratio is 0.25. Ifthe body is naked. then this gives 18 hours as the time since deat, with a margin af plus 2.5 hours 
and minus 5 bours (Reprinted with permision from Al-Alousi LM, Anderson RA, 1986. Microwave thermography in forensic medicine 


Police Surgeon, 3013042.) 


Te was assumed that the physiological process of digestion 
of an ‘average’ meal lasted some 2-3 hours. This is based on 
the consumption of a test meal of gruel, however, hardly a 
representative example of a modern mixed diet. Moreover, 
the subjects of experimental work were healthy and presum- 
ably free from sudden stress during the experiments. More 
claborate descriptions of digestion times of various foods 
have been drawn up, but they are of dubious value, As an 
example of the great variations offered, Modi (1957) gives, 
4-6 hours for a meat and vegetable meal and 6-7 hours for 
a farinaceous meal. Adelson (1974) stated that the stomach, 
begins to empry within 10 minutes of swallowing, that a 
“light” meal leaves the stomach by 2 hous, a ‘medium’ meal 
takes 3-4 hours and a large, heavy meal takes 4-6 hours. He 
‘noted that che head ofan ‘ordinary’ meal usually reached the 
ileocaceal valve beeween 6 and 8 hours after ingestion. All 
these values, however, ate subject to considerable variation, 
More modern methods of investigation have used 
radioisotope techniques and have shown some interesting 
facts, When a solid meal is eaten and water drunk with it, 
the water leaves the stomach quickly irrespective of the 
nature oF calorific content of the solid part, However, 


calorific liquids stay longer in the stomach (Brophy et al 
1986), The emptying rate also increases with che weight of the 
‘meal, as long as the calorific content remains constant. Ifthe 
lamer is increased, then the pyloric opening is delayed. Further 
work by Moore et al (1984) again emphasized the marked 
variability of emprying times, even in normal eircumstances, 

‘The following factors frustrate the use of gastric empty- 
ings a measure of time since death: 


© Digestion may continu for some time after death, 

IN The physical nature of a meal has 2 profound effect on 
emptying time: the more fluid the consistency, the 
faster the emptying, Liquids entering an empty 
stomach pass through without any appreciable pause. 

I The nature ofthe food modifies emprying time, notably 
fay substances, which markedly delay the opening of 
the pylorus. Sung alcohol, such as spirits and liqueurs, 
also irvtate the mucosa and tend to delay emptying. 

1 Importantly, any nervous or systemic shock or stress, 
‘mediated through the parasympathetic (vagus) system, 
can slow or stop gastric motility and digestive juice 
secretion as well as holding the pylorus firmly closed, 
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2: The pathophysiology of death 


‘The intestine, as opposed to the stomach, may inerease 
its motility with psychogenic upsets, as noted by De Saram 
in his autopsies on hanged criminals, 

‘The state of digestion, as opposed to the volume and exit 
of food from the stomach, is almost impassible to assess. 
Variations in the type of food eaten make vast differences to 
the dissolution rate, Hard objects, such as nuts and seeds, 
resist digestion and may even be voided intact per recur, 
whereas soft carbohydrates ean liquefy almost immediately. 
‘The size and dispersion of particles is erucal, including the 
amount of chewing and admixed saliva. The efficiency of 
the teeth and gastric acid, enzymes and motiliey are also of 
prime importance, as is the amount of liquid either in the 
original food or drunk during the meal, Fat and oil in the 
‘meal slow up pyloric opening, and all these variables make 
it impossible o time the rate of digestion, 

One of the mast important factors in the forensic 
context isthe eflect of a physical oF mental shock or stress 
during the digestion process. As stated, this can completely 
inhibie digestion, gastric motility and pyloric opening. The 
author (BK) recalls a victim of a trafic accident who lived 
ina coma for a week afier a mortal head injury, At eventual 
autopsy, the large volume of gastric contents looked as fresh, 
as fi had just been swallowed. 

Even if one accepts an ‘average’ gastric transit time of 
an ‘average’ meal as being of the order of 2-3 hours, the 


assumption that death took place within this time ean only 
be valid ifthe death was quite sudden and unexpected, with 
zo stressful prodromal event. For example, ifan unsuspeet- 
ing person was suddenly shot or eun down without warning 
and died almost immediately, then one can assume that the 
undisturbed physiological processes of digestion — albeit 
with its many variables ~ had taken place. I, however, a 
domestic dispute ora developing altercation culminated in a 
strangling or stabbing, the antecedent stresses would almost 
certainly affece gastric function and render invalid any inter 
pretation of the condition of stomach contents at autopay. 

‘What is valid is the nature ofthe last meal, which may be 
hhelpfl in establishing che time of death, fit was known to 
the investigators thatthe deceased person ate a certain type 
of meal ata certain time, whether it be chicken curry oF 
¢green beans, the identification of such food in the stomach 
‘would be persuasive evidence that he died after taking that 
food and that it was his final meal, before any other sub- 
stantial food ofa different eype was taken. 


THE USE OF VITREOUS HUMOUR 
CHEMISTRY IN TIMING DEATH. 


‘This topic has been the subject of considerable research in 
forensic medicine over the last 30 years. It has never gained 
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Ficune. 2.35, Obtaining vitreous humour fr anayis, The lids 
should be ravaced and the needle introduced near the outer 
canthus,s0 cat the bole will be covered whew the lide are released. 
Fluid should be withdrawn sou, keeping the tip of the needle in 
the centre ofthe globe to avoid diladging the retina, iter ca be 
reintroduced through the needle to store the tension in the lobe 
for cosmetic reasons. 


suflicent acceptance to become a routine tool, remaining a 
controversial procedure in spite of the large number of 
reports that now exists 

“The most common chemical estimation performed on the 
Vitreous fluid in the context of the post-mortem interval is 
that of potassium, There isa marked and progressive rise in 
the potasium concentration after death, the controversy 
revolving around whether this rises simply linear or whether 
i is biphasic. The degree of confidence is also in dispute and 
the effect of variable factors is another contentious matter 
(Gee works by Coe, Sturner, Lange and Madea). Fist, the 
potassium values ftom either eye often differ, sometimes by a 
considerable amount. ‘The sampling methods are then 
critical, as small or marginal samples vary greatly; if aspira- 
tion is forcible or from tno near the retina, cellular fragments 
dlisore che values, because the potassium reaches the vitreous 
by leaching out ftom che retina, The effect of temperature 
changes post-mortem is also undoubtedly important. In 
addition, differene analytical eechniques used to estimate the 
potassium give different results, che older flame photometsic 
methods producing a different range of values compared 
with modern selective-lectrode procedures. 

With all these variables, ici litle wonder chat different 
authors suggest widely diferent standard errors, varying, 
from 1-7 hours to 26 hours either side of the true time of 
death, In addition, the errors seem much greater in persons 


dying of chronic illnesses, with nitrogen retention, com- 
pared with sudden deaths, presumably because of the pre- 
‘mortal electrolyte disturbances in patients with metabolic 
disorders. 

“The rise in infants seems much faster than in adults yet 
another variable ~ though in both adults and children the 
most potent influencing factor seems to be the post- 
mortem body temperature. The most popular calculation 


Post-mortem chemistry 


for estimating the time since death from vitreous potassium 
is thar devised by Sturner, in which post-mortem 
interval =7.14 X potassium concentration (mEq/l) ~39.1 
‘This seems most satisfactory when the body has lain in an 
ambient temperature of not more than 10°C (50°F). The 
95 percent confidence limit during the frst day is likely to 
be at least 4.7 hours either side of the true time and prob- 
ably greater. Taking a sample from one eye ata later time 


than the fist to attempe to calculate the rate of rise does 
not seem to add any accuracy toa single estimation method 
(see Adjutantis and Coutselenis 1972) 

Hypoxanthine estimation in vitreous humour has also 
bicen used to attempe to time death, but more offen as a 
marker of hypoxia. The results are not convincing, but 
there is an accumulating literature on the subject, more 
recent contributions being Madea e¢ al, (1994) and also 
Rognum et al. (1991), 


POST-MORTEM CHEMISTRY 


‘The analysis of physiological chemical constituents of the 
body, as opposed to toxie substances, is often useful in 
investigating deaths from metabolic and biochemical 
disturbances, 

Unfortunately, the concentration of many natal chem- 
ical substances in che dead body is rapidly distorted by 
post-mortem autolysis. Cell membranes become permeable 
to small molecules soon after the cells suffer ischaemic or 
anoxic damage, and agonal changes themselves may grossly 
alter the biochemical environment, even in dhe few minutes 
of the dying process. Thus both terminal and early post- 
mortem changes may render many of the analyses that are 
commonplace in clinical practice of litle value — and 
indeed, quite misleading — when applied to body fluids 
obtained at autopsy. Some substances are more stable, how 
ever, and when results are carefully interpreted, consider- 
able information can be obtained. Urea and creatinine are 
stable post-mortem, with lle variation even up to 100 hours 
after death, so the diagnosis of ante-mortem nierogen 
retention is quite reliable. The normal urea nitrogen range 
found in post-mortem serum is from 4.9 to 5.5 mmol/l, 
creatine being from about 70.7 t0 212.2 pmol 

In the context of post-mortem chemistry the work of 
John Coe is best known in forensic pathology and his writ- 
ings should be consulted for detailed information. Another 
very useful source is Madea, especially for vitreous fluid. 
‘The vitreous humour is much to be preferred to blood for 
post-mortem chemical analyses. Although stil influenced 
by temperature changes, the vitreous is far less contam- 


inated by body autolysis and is remote from the large 
‘organs and blood vessels ofthe abdominothoracie cavity. 


‘There isa large body of literature on vitreous potassium, 
‘much of it centred around the controversy over the in wiv 
concentration of potassium, which ean naturally rarely be 
‘measured directly in healthy persons, and che slope of the 
regression graph for relating potassium levels with post- 
‘mortem interval 

Afier death, intracellular potassium leaches from the 
retina through the now permeable cell membranes, into the 
vitreous body, naturally with an uneven distribution 
depending on the distance from the wall of eyeball (which 
is why all or « substantial proportion of the fluid should be 
withdrawn for analysis, to obtain a mean level). If frag- 
‘ments of retina are aspirated by the syringe, due to excessive 
suction, then a falsely elevated potassium measurement will 
be obtained. 

Differences in the recommended regression gradient are 
observed between various workers: Madea states that 
0.19 mmol/I/hour should be used, whereas Sturner claims 
0.14 is preferable. The literature should be consulted for 
details (as in the 2002 book by Hennsge et al); 
pertinent to note that the methods of analysis can make a 
difference to the calculations. Generally speaking, the vitre- 
fous potassium method is of most use alter the Fist 2436 
hours, when other methods have ceased to have appli 


it is also. 


tion. Alchough the errors are great, some information can 
be derived for up to 100 hours post-mortem. 

Caution must be used when interpreting resules, as 
different analytical techniques provide different values. For 
instance, in relation to electrolytes, Coe and Apple (1985) 
state that flame photometric methods yield values about 
5 mmol/l ess for sodium, 7 mmoll/l less for potassium and 
10 mmol/l less for chloride, compared with more modern 
specific electrode methods. Electrolyte concentration dif. 
ferences between left and right vitreous humor samples 
were studied by Pounder etal, (1998) in 200 medico-legal 
autopsies using an ion-specific electrode system. Between- 
eye concentration differences of sodium and chloride were 
tolerable using this methodology, whereas differences in 
potassium, even in biochemically nonputrefied cases 
{potassium <15 mmoli!), were 0-2.34 mmol/l (0-21.8 per 
cent of mean) averaging, 0.37 mmol/l (3.3 per cent), thus 
undermining the usefulness of vitreous potassium in 
‘mation of time of death, 


In relation to other vitreous electrolytes, the concentra- 
tion of sodium and chlorides decrease afier death, while 
potassium rises, The latter ean be used as a cheek on the 
reliability of the others, as if porassium is <15 mmol, then 
the sodium and chloride coneenteations may be acceptable. 
Chlorides decrease at less than 1 mmolfI/h and sodium by 
about 0.9 mmol/l/h, so the loss of this and sodium is 
insignificant in the first few hours, differing rom potassium, 
which rises appreciably 
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2: The pathaphy 


With the analysis of glucose in autopsy material, five 
different methods yielded five different results, presumably 
because interfering substances were included in varying 

Returning to vitreous electrolytes, in mmol/I measured by 
flame photometry (in mmolil), sodium >155, chloride > 
135 and urea >40 is reliable indication of ante-mortem 
dehydration, When sodium and chloride are normal but 
the urea exceeds 150, a diagnosis of uraemia is acceptable 
‘These values can be distinguished from post-mortem 
decomposition, in which sodium is <130, chloride <105 
and potassium >20, 

In relation to glucose, a common problem is the autopsy 
diagnosis of uncontrolled diabetes and of hypoglycaemia. The 
vitreous glucose usually fills after death and can reach 2er0 
within afew hours. In 6000 analyses, Coe (1973) found ehat 
vitreous glucose of more than 11,1 mmol/l was an invariable 
indicator of diabetes mellitus. The agonal or post-mortem rise 
in blood sugar is not reflected in the vitreous concentrations 
In relation to hypoglycaemia, a vitreous glucose of less than 
1.4 mmolll was taken by Seurner etal. (1972) to be an indiea- 
tion of a law ante-mortem blood sugar, but others fel chat 
whatever the concentration, no reliable interpretation can 
be made, In hypothermia there is also an elevated viteous 
glucose, but never greater chan 11.1 mmol/l 
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APPENODCA ® GETTING STARTED WaTH TOOL BULDING 


An Easy 2.5 Watts 


You probably have a spare USB charger lying around somewhere. If you don't already, you more than 
likely will at some point in the near future, as these are becoming more common with smaller electronic 
devices. If not, you can obtain one relatively cheaply if you do some smart shopping. The USB charger 
shown in Figure A.2 was obtained from overseas via eBay for less than $1. You will also need a USB cable 
about 3 or 4 feet long. Again, don't spend a lot of money on a new cable. If you don't already have one 
floating around in a drawer somewhere, you probably know someone that does. 


Figure A-2. A USB charger that plugs into the wall and provides a regulated +5V supply. This plug is 
intended for US wiring, but will operate from 110AC to 240VAC at 50 or 60Hz, which pretty much covers 
the whole world, if you have the right adapter plug. 


It doesn't matter what type of USB cable you find, because we're going to cut off the smaller end and 
use the bare wires inside the cable. Itjust has to have the USB A-style plug shown on the left side of 
Figure A-2. The plug will fit into the socket of the charger. You do not need to open or modify the USB 
charger at all, and you are seriously advised not to do so for any reason, 


Let's take a closer look at the label on the charger to find out exactly what it's supposed to be doing 
forus. See Figure A-3. 
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‘The identity of the dead isan essential pare of post-mortem 
examination, for various reasons. These include: 


I the ethical and humanitarian need to know which 
individual has died, especially for the information of 
surviving relatives 

1 to establish the fact of death in respect of that 
individual, for offical, satistical and legal purposes 

1 to record the identity for administrative and ceremonial 
purposes in respect of burial or cremation 

1 to discharge legal claims and obligations in relation to 
property, estate and debs 

1 to prove claims for life insurance contracts, survivor's 


pensions, and other financial matters 

to allow legal investigations, inquests and other tribunals, 
such as those held by coroners, procurators fiscal, medical 
caminers, judges and secident enquiries wo proceed with 
firm knowledge ofthe identity ofthe decedent 

to facilitate police enquires into overtly criminal or 
suspicious deaths, asthe identity of the deceased person 
is a vital factor in initiating investigations 


‘The establishment of identity has many facets, some of 
which have no medical content, such as the recogni 
clothing, documents and personal property. Some aspects, 
though primarily the responsibility of the police, have a 
‘medical content, including identification of fingerprints 


in of 


and personal property such as hearing aids, spectacles, 


medicines, trusses and surgical prostheses. False dentures 
have such central importance that they will be considered 
in the section on odontology, 

entfication from anatomical and medical fearures 
comprises two major aspects: 


1B The establishment of certain broad groupings such as 
sex, stature, race and age, These may be determined 
solely from che available bodily remains, though 
corroboration may be obtained from other evidence. 
‘An obvious example would be sex determination from 
clothing and jewellery, though even this may no longer 
be absolutely reliable. 

1B Comparison of the remains with ante-mortem 
information and records from those thought co be the 
victims, which restricts the method by making i 
dependent upon the existence or availability of such 
comparable material 


The establishment of identity may be required upor: 


Intact fresh corpses. Here visual recognition, directly 
or by photography, may be made. Hair colour, skin 
pigmentation, scars andl tattoos ean be examined 
without diffculey. 

1B Decomposed corpses. Many surface features may be 
partially or wholly lost, but more information can be 
obtained than froma skeleton. Direct measurement of 
body heighe, for example, may be possible, as well as 
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serological investigations and organ abnormalities, such 
as past surgical intervention, may be found. 

‘Mutilated and dismembered corpses. Depending on 
the degree of mutilation and the amount of tissue 


‘missing, identification may be hampered, Ifthe remains 
are fresh, fuets such as racial pigmentation may be 
determined, but direct measurement of stature may be 
impossible. Selective mutilation in some homicides may 
be deliberately directed a frustrating identification, 
such as the removal of teeth and finger pads 
Skeletalized material. [fall soft tissues are absent, 
identity depends solely on osteological examination 
and measurements and the recognition of any 
pathological or anatomical abnormalities in bone. 


CHARACTERISTICS USEFUL IN 
IDENTIFYING THE DEAD 


Facial appearance 


Even in perfectly fresh bodies, recognition may be difficult 
because of alterations in the eatures caused by death. Iisa 
‘common occurrence in mortuary viewing roams fora clase 
relative, even a parent or spouse, o have doubts about — or 
even to deny oF mistakenly agree to ~ the identity of the 
deceased person. Though distress and emotion play a part, 
changes in the features may be profound. Hypostasis, con- 
tact flattening, ocdema, muscle flacidity and pallor may 
all combine to distort the face. Recognition in the living is 
partly a dynamic process, aided by facial muscle tone and 
‘especially eye contact and movement, all of which are absent 
in the compse 


Eye colour 


In the fresh corpse, eye colour corresponds with the living 
state, but it quickly deteriorates. Loss of intraocular ten- 
sion and clouding of the cornea develops progressively 
within a few hours, making the iris harder to observe. 
Collapse of the front of the globe occurs within a day or 
two and, with developing decomposition, all irises tend to 
darken to brown. Ie is unsafe to depend on eye colour as a 
criterion of identity later than a few days following death ~ 
for even. much sooner where environmental conditions 


hasten decomposition, 


Skin pigmentation 


In undamaged, unputrelied bodies, the major ethnic differ 
ences in skin pigmentation are obvious, though the slight 
melanin increase of the misnamed ‘yellow’ races of Asia 
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may be impossible to differentiate from Mediterranean or 
Middle Eastern aces. The onset of deathly pallor and post- 
‘mortem hypostasis is more profound than slight variations 
between sunburne White people, northern Asians or 
Semitic races. When putrefition sets in, skin slippage 
progressively removes the pigmented layers and eventually 
pigmentation becomes unavailable as a marker of identity, 
though histologically melanin may still be visible in the 
baal ayer of any surviving epidermis 

Burnt bodies may also lose pigmented skin, either by 


hheat destruction or by deposition of soot and other com- 
bhustion products on the sutface, though iis rare for this to 


bye so complete as to obscure all evidence of pigmentation. 


Hair colour 


‘The head, pubic and axillary hair is one of the most resist- 
ant identifying features, sometimes lasting millennia in 
favourable environments. The original colour may, how- 
ever, alter after burial, becoming a brownish-red or ‘foxy’ 
colour within as short a time as 3 months. The colour may 
be obscured by dirt or staining and expert treatment (usu~ 
ally by a biologist or museum technologist) may be 
required to restore the original colour. The possibility of 
deliberate chemical coloration or bleaching before death 
may have to be considered and again expert chemical 
analysis in a forensic science laboratory may be needed to 
confirm or eliminate this if the hair colour conflicts with 
other positive evidence of identity 


Hair structure 


This is more the province of the forensic biologist or 
anthropologist, but factors such as whether the hair ends 
have been cur or are naturally pointed may sometimes have 
importance in identity. Racial Features exist, Negroid head 
hair being dark and having a spiral ewist with a fattened, 
elliptical cross-section. Mongoloid hair is less pigmented 
and is straight with a eylindrical cross-section, Caucasian 
hair is round oF ovoid in cross-section, but shows great 
variation in colour and morphology compared with the other 
‘wo major ethnic groups. Though head hair in Caucasians 
is round to ovoid in section, eyebrow hair tends co be 
triangular and pubic hair flattened, Where a hair root is 
present, blood grouping and other serological criteria ean 
be determined. Grouping of the shal of hairs has been 
repeatedly attempted and success claimed by some workers. 
‘The cells of the hair root can give a DNA profile and mito~ 
chondrial DNA (tmtDNA) has been detected even in 
sample from a single hair shaft. 

“Microscopic examination of the hair ean assist in deter- 
mining the species, if not human, Human hair has broad 
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groupings when viewed microscopically. However, che topic 
of individual identiy from hair is now the province of foren- 
sic biologists, and has a specialism and literature of its own, 


‘Tattoos 


Deliberate ornamentation of the skin by introducing pig- 
iments under the epidermis has been practised for millennia 
and in all parts of the world, ‘The word ‘tattoo’ comes from 
the Polynesian ‘ta tau’, meaning ‘to mark’. Some races such 
asthe Tans of Sarawak may be tattooed over much of their 
body surface, but many men and some women in most 
countries have localized tattoas, which can be of consider- 
able assistance in identification. Many differene pigments are 
used, ay well as more unusual substances such as soot oF 
gunpowder. The colour is pricked into the upper dermis with 
a sharp instrument, usually a needle used! manually, or by an 
electric vibrator. 

‘Once under the outer skin, the material persists for a 
long time. Colours such as blue, green or red may be scav- 
enged by tissue cells and leached into the lymphatic system 
after a numberof years or decades. Black pigments, usually 
carbon particles in the form of Indian ink, are so resistant 
as to be vi 


aly lifelong, chough some may be transported 
to regional lymph nodes. Thus an original pattern of dif- 
ferent colours may fade diffeensially over yeas, the black 
areas standing out in strong relief 

The patizins are so diverse as to defy clasification, 
though much has been written on the subject, From che 


point of view of identity, tatoos may be useful in bath a 
general sense and for comparison with potential victims. 
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“The general applications require « knowledge of ethnic, 
national, cultura, eligious and social practices, so thatthe 
tattoo can be assigned to some particular group of people 
In Western sociey, the popularity of tattooing changes 
from time to time. Former statements that tattoos are seen 
mostly in the ‘lower social classes’ have litte current yalid- 
ity, tho 
likely 


also now totally anachronistic to claim thae most women 


h it is obvious that bankers and parsons are less 


sport tattoos than seamen and truck drivers, Ie is 


‘with tattoos are prostitutes, hough che nature and position 


of the tattoo is obviously relevant. 


Certain tattoos have had particular significance such as a 
number, often ‘13’, inscribed inside the lower lip of drug 
pushers or the bluebird on the extensor surface of the web 
of the thumb in homosexuals, The later design is now so 
common as tobe of lite significance. 

‘Tatoos are of most use when individual enough to be 
compared with known designs on a missing person. The 
design is often supplemented by actual names, ehough 
these are-mostly forenames rather than family names. 
Desighs are by no means unique and a professional tat 
tooist may turn out hundreds of identical decorations, so 
names area bonus when trying to achieve identity. 

Initials may be used, but these can be misleading due tothe 
use of nicknames and diminutive, such as ‘B’ for Bill, ather 
than William. In general, men have the names of girls on eheir 
tattoos, but initials are usually th 
with tattoos almost always display the names of sweethearts, 
rather than the 
unadorned names, the most tragic examples being those from 


own. Conversely, women 


‘own, Some tattoos may be numbers or 


Nazi concentration camps dusing the last wat, 


Ficune 3.1 Individualc tatoos may 
ase the identification of unknown persons 
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‘The photography, distribution and matching of tattoos 
is police business, bur the pathologis’s duty is to make 
them accessible and clear to the police. Where decompos- 
ition has set in, tattoos may be obscured by wrinkled, peel- 
ing epidermis, but ofien this ean be wiped off to reveal 
tattoos that are more vivid than on fresh skin. Once the 
tissues become green and slimy, then the pattern progres- 
sively vanishes, but early decomposition is no barrier to 
recognition, Where skin pigmentation may bide a design, 
skin slippage may actually enhance the clarity, especially 
of the weaker colours like blue, red and green, Attempts at 
the deliberate removal of tattoos are common, either from 
regret at having disfigured the body during youthful or 
drunken euphoria, or t remove evidence of identity: Many 
‘methods have been used, from surgical excision to scarifca- 
tion with sandpaper and from caustic soda to electrolysis, 
All methods depend upon damage to the epidermis and 
dermis, with consequent inflammation and scar formation. 
‘The tatoo can certainly be removed, bur abvays by replacing 
it by a ccatrix to a greater or leser extent, which will itself 
indicate chat something pre-existed at that sit. 

Te has been suggested (PA Edwards, personal communic: 
tion) that the chemical nature of tattoo pigments might be 


used in identification, Although all manner of substances have 
been used to tattoo, mast tattooists use black pigments con- 
taining cxrbon, green pigments containing potassium dicheo- 
‘mate and red pigments containing mercutic chloride, Others 
use aniline-basedl dyes, so chat microextraction andl analysis in 
a forensic science laboratory might confirm or exclude the tat- 
too having been executed by a particular artist in the locality. 
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Finger, palm, foot and lip prints 


‘The science of fingerprints, their classification, retrieval 
from records and methods of recording lie in the domain of 
police procedure, and, as with tattoos, the pathologist's role 
is merely o fuiltate the taking of prints by police offices. 
Sometimes when a strange print is found ar a scene of 
crime, the police may wish to take the fingerprints of doc- 
tors who visited che locus to eliminate them from their 
enquiries and there is obviously nothing objectionable 
about this. Indeed, some forensic pathologists who habit- 
ually assist che police leave ther prints on file so tha they are 
permanently available for exclusion. When called to a scene 
of death, the doctor should take eare to avoid handling 
objects and furniture to reduce dhe need for such laborious 
sceeening of prints 

‘The doctor need know nothing about fingerprints except 
for his own interest, though itis as well to be prepared for 
the inevitable questions — no ewo fingerprints have ever been 


found to be identical and even identical twins have different 
prints. However, some recent claims point out that some 
prints are so similar thatthe criteria usually accepred as proof 
of congruence may not be sufficient. Police usually attend 
the mortuary to take fll sets of fingerprints in the usual way 
by rolling ink on to che finger-pads and pressing the pulps 
against record cards 

‘The pathologist may help when there is strong rigor 
present, by ether forcing the flexed fingers back or even by 
slitting the flexor tendons, though this has the danger of 
fouling he fingers with blood 


Ficune 3.2 Shoulder region ofa 
decomposed body vesouered from the sea 
showing a tatoo with Cyril leters 
(4.8.0,4) and a flag with a starand 
Jrammer and sickle suggeting a connection 
swith the Ruaian Balic Fle. 
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‘When the body is puteefied, the doctor ean again asis by 
removing desquamated casts from the fingers for the police. 
‘These may need to be preserved or hardened up so that the 
decaying tissue does not lose further definition from the 
ridges that form the prints. The skin may be placed in for- 
malin, alcohol or glycerine solution, especially where macer- 
ation in an immersed body has caused swelling and blurring, 
of the epidermis, An alternative is immersion in 20 per cent 
aqueous acetic acid for 2-8 hours. Rarely, a criminal may 
attempt to obliterate his fingerpeints by scarring the finger- 
pads. To be effective, this must be drastic enough to damage 
the underlying dermis and the consequent cicatrices will be 
more obvious than the original prints. Surgical grafting of 
skin from elsewhere on the body has been reported as a 
_means of removing fingerprints, but again the result is self 
evident proof of nefarious intent. 

‘As with fingerprints, che skin pattern of palms, soles and 
ven lips are said to be unique and have been used in identi- 
fication, but again this is really police business. The pattern 
of veins on the back of hands is aso said to be characteristic 
to one individual 


Identifying scars 


‘These can be important in the identification of unknown 
bodies, even when some degree of putrelaction exists. The 
author (BK) used a cholecystectomy scar and sears of old 
surgical incisions on the legs to identify the body of « homi- 
cide victim submerged in a river for 6 weeks and many other 
cases are on record where scars provided similar vital infor- 
‘mation, Probably the best known instance is the Crippen 
case of 1910 in which much forensic controversy was gener 
ated over the distinction between a surgical sear and a skin 
crease on a piece of abdominal wal, 

Sats on the skin may arse from any previous injury that 
thas breached the epidermis, as superficial injuries 10 the 
upper layer of skin will heal without a trace. Where the der- 
mis has been entered, healing occurs by organization of the 
plug of blood elot and/or granulation tissue, as described in 
Chapter 4, Ifthe wound is narrow, such as that inflicted by. 
a surgical instrument, sharp knife, eazor or glass, then if the 
ceadges are kepe together, especially by stitches or dressings, the 
resulting scar will be narrow and insignificant. Gaping or 
infection will widen the scar and obviously larger lacerations 
‘or burns will result in similarly greater scaring, In relation 10 
identification, scars are of use only if those thought to be the 
Victims are known to have similar scars, both in nature and 
position. The specificity of scars varies greatly, as many people 
‘may have appendicectomy sears, and many women have 
had hysterectomies or other gynaecological operations that 
leave lower abdominal scars As always, sear evidence must 
be taken in conjunction with all other deuails of identity, 
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but where a cicatrix is unusual or even unique in nature oF 
position, its value is greatly enhanced 

Turning to traumatic sears other chan surgical, the 
pathologist may be able to recognize the cause, which can 
assist in identity. Naturally che vast majority of non-surgical 
sears are the result of accidental trauma and where family, 
friends, photographs or medical records indicate the exis: 
tence of specific scared sites on the body, chen confirmation 
of identity may be greatly assisted or confirmed. 

Some sears are deliberately produced as part of some ethnic 
or religious tradition, such as the facial sears in some African 
tribes, as well as deformed or perforated ear labes oF lips 
Regrettably, another cass of scars is becoming more common 
in many parts of the world, due to physical torture; this is deat 
with in Chapter 10, Linear sears, cicatrices of burns, keloid 
overgrowth (especially in negroid races), hyperpigmentation 
cor depigmentation and other persistent lesions may asis in 
identity in the appropriate circumstances. Much depends on 
the accuracy of the information concerning the person 
thought 10 be the victim: relatives are novoriously vague and 
inaccurate about medical matters and frequently confuse dif- 
ferent surgical operations, thus misleading the investigators 
about scars Sometimes surgical scars may be almost invisible. 
‘The author (PS) once worked as surgical asitane in a private 
hospital where one of the surgeons used tw perform appen- 
dicectomy (in non-acute cases) chrough a 1 em wide incision, 


closing the wound, for cosmetic reasons, with subcutaneous 
catgut sutures. Most of these wounds healed with virally no 
scar whatsoever, unless the person had a tendency to keloid 
formation, Wherever possible, old hospital records or the 
notes ofa family physician should be obtained. 

‘The old sears of wrist- or throat-slashing indicate previous 
attempts at suicide, Large areas of scarring on the trunk or 
limbs that have parallel grooves and marginal extensions sug- 
gest severe brush lacerations, probably 
dent. Knife stab wounds may sear in an elliptical fashion, 
sometimes even with a blunt and a sharp end indicating the 
position of a single-edged blade. Bullet wound scars may 

in 1989, became a matter of political controversy 


rom a traflic acci- 


persist —a 
cover the identity of Nazi war prisoner Rudolf Hess, who was 
alleged to have been an imposter because he had no scar 
from an old rifle bullet wound through the chest. Burns may 
provide good evidence of identity, especially ifthey are wide- 
spread cicatrices that may have been quite noticeable during, 
life, Many sears on the fronts of the lower legs may indicate 
the repeated stumblings of a chronic alcoholic, who fe- 
quenuly walks into or falls over furniture 


‘The age of scars 
The age of a scar is very difficult to assess and, once it 


becomes mature, no change will occur for the rest of the 
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Characteristics useful 


person’ life. When a linear wound is inflicted, be it a surgi- 
tal operation or a knife slash, the edges become mechan- 
ically strong within a week, assuming that no infection oF 
haematoma develops. The wound is brownish red at this 
stage and remains vascular for several months, depending, 
upon its width. The pinkness of contained blood vessels 
gradually fades and a narrow surgical incision may be white 
by 46 months. The avascular collagen tends to shrink for 
a year or so, but is white-silver after a year and remains in 
this state indefinitely. These times are variable depending, 
on the 


sure of the skin, its pigmentation and the part of 
the body involved. Where « wound crosses a skin crease 
that is frequently flexed or extended, it tends to gape and 
widen, the subsequent sear following suit. 

Histology does not contribute much to the examination 
of sears, except to confirm that a skin mark actualy is a 
scar. Stains for collagen or elastin may confirm the discon- 
tinulty in the dermis, Sears do not carry hai follicles, sweat 
glands or sebaceous glands, though an occasional accessory 
skin structure may be present as a result of the inclusion of 
a viable fragment of original skin in an irregular wound ~ 
‘or where surgical repair has detached or invaginated a piece 
of the margin. 


Occupational stigmata 


Formerly given prominence in most textbooks, distinctive 
physical marks of occupation have decreased in incidence 
and importance, They are still of use in certain areas, but 
local knowledge of occupations and industries is required. 
‘The Victorian days of pen callosties in clerks and shoe- 
maker's kyphosis have gone, but many other occupations 
have their stigmata, though most are relatively non- 
specific. The best known isthe ‘blue scat" of coal-miners, an 
involuntary tattoo caused by dust entering small lacerations 
oon the hands and face. Some miners and quarrymen also 
hhave small facial scars due to rock splinters scattered during, 
blasting. Steel workers and foundry men may have tiny 
bburn scars on exposed ateas from the spattering of hor metal 
In more general terms, examination of the hands will 
indicate whether the deceased was a manual worker or 
involved in more sedentary occupations. Cuts, scars, callasi- 
ties and hyperkeratosis of the hands are obvious indicators 
of rough work. 

Invernally, black, dustladen lungs — with oF without 
pneumoconiosis — points to mining, as coal trimmers no 
longer exist as dock workers. Thickened, peatly plaques on 
the parietal pleura and diaphragm ate caused by exposure 
to asbestos, though in recent years the widespread use of 
this substance in so many industries makes it less helpful 
in identifying the occupation, 
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Ficune 3.3. Carel external examination may yield evidence thar 
‘an ass identification. The small blue ar on this forehead 
ecxablces thatthe deceased bad been a coal-miner: coal dst enters 
small lacerations and remains visible afer bealng. Virtually every 
‘va-worker as sch marks on hands or face. 


‘The stature of an intact body 


‘The stature of a corpse is not necessarily exactly that of the 
peon measured during life, In the mortuary, care must 
be taken to measure the body from heel to crown, and not 
to accept the mortuary attendants or funeral director's 
‘coffin. measurement’, which is made from twe to crown. 
Because of the usual plantar flexion of the foot, ehis latter 
height may be as much as 10em longer than the heel~ 
crown length 

The height of a dead body may differ from the height 
luring life in either direction, being slightly longer or shorter, 
though lengthening is much more common, In addition, the 
‘measured height may change a litle a different periods afer 
death, Because of the complete loss of muscle tone in the 
firs sage of flaceidity, relaxation at large joints, such as the 
hip and knee, together with the lost tensioning effect of 
paraspinal muscles on intervertebral dises, the body may 
lengthen by up to 2-3em. Rigor mortis may then replace 
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Figure A-3. The label of the USB charger tells us that it accepts anything from 110VAC to 240VACat either 
50Hz or 60Hz. This wide range of input power allows the same internal electronic design to be used 
worldwide. Only the prongs that plug into the wall vary from location to location. The label also tells us 
that the USB charger will ourput +5V at up to 500mA. That's 2.5! 


‘The “OUTPUT: 5.0V -~ 500mA” marking tells us what we need to know about the flavor of the power 
coming out of the adapter. The “S.0V” is the measure of the voltage. This is a very useful voltage level for 
small projects. Many digital chips require a 5V supply, although 3.3V is also becoming quite popular. 

The - symbol represents direct current (DC) voltage. The symbol for AC (alternating current) 
voltage is the tilde, or wavy line symbol ~. The "S00mA’ is the maximum cusrent that can be supplied by 
this charger (500 milliamps, or 0.5A), although you are cautioned not to expect a low-cost item such as 
this one to produce 100 percent ofits rated power 100 percent of the time. 

While this USB charger will most likely work for our intended purposes, it's best to keep those 
expectations in check. Note that "Model:” is misspelled (*Mode:”); and also note the absence of the 
magic letters USB or the USB logo. Also, there is a complete lack of any safety certifications present on 
this humble device, as befits its eheap economically optimized provenance. Compare this with the 
veritable constellation of safety certifications on the name-brand laptop charger shown in Figure A-4, 
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the muscle tone, shortening the body and tending to flex the 
legs a litte, When rigor passes off and decomposition sets 
in, joines become lax, Loss of tension in the intervertebral 
discs ends to shorten the spinal eolurnn and hence the total 
height by a centimetre or so. According to Trotter and Gleser 
(1958, 1977), the average increase is about 2-5 em. The errors 
in getting a really accurate post-mortem length include the 
difficulty of locating the measuring device exactly atthe heel 
and the crown of the head, as well as fully extending the 
limbs, spine and neck of a body in rigor. 


Determination of sex in non-skeletalized 
bodies 


‘This is usually obvious and rarely presents problems, The 
issue of intersex and hermaphroditism is so rare as to be 
discounted in most forensic practice, except in some areas, 
such as South-east Asia, where deliberate transsexualism in 
‘men, aided by surgical intervention to fersinize the genitalia 
and breasts occurs more frequently. Where this problem 
arises, expert advice must be sought. In general, che external 
genitalia remain recognizable until alate stage of putrefie- 
tion, In addition, breasts and general body shape, as well as 
the pattern of pubic hai, reveal the sex. Female pubic hair 
usually grows low on the abelomen, the upper margin being 
«t horiontal or semicircular edge above the mons veneris 
‘The male pattern rises more in the centte line, sometimes as 
far as the umbilicus. There are, however, always exceptions 
to these generalizations. The presence or absence of cit- 
cumeision should be noted, as it may help in identification 
of certain ethnic and religious groups such as Jews and 
‘Muslims, Naturally itis of assistance here in eliminating 
only those where the prepuce is present, as many men of 
other religions ae circumcised. 

‘Clothing, baie length, hair style, hair coloration, earrings 
and other jewellery are no longer the reliable 
that they once were. In certain cultutes and religions there 


are obvious criteria that can assist in the determination of 
sex, but these are rarely needed as the more apparent 
anatomical differences can be used, Where putrefuetion is 
advanced, examination of the internal pelvic organs may still 
reveal unequivocal evidence of sex. Internal viscera are often 
in better condition than the outside of the body: The uterus 
is the organ in the body most resistant to decomposition, 
though the prostate i also quite persistent. 

‘Where almost total dissolution exists, then radiology of 
the pelvis or the criteria used in skeletal assessment can be 
used, Cytological examination of cell nuclei may indicate 
sex where only tiny fragments are available — such as vssue 
found on a road oF rail vehicle where impact with a body is 
suspected. Usually itis the species rather than the sex that is 
the first consideration, and this is done by species-specific 


serology. When sex isto be determined, much depends on 
the state of preservation. When stained microscopic smears 
can be prepared or when tissue ean be processed for his- 
tologieal sections, then sex-indicating nuclear chromatin 
‘may provide a definitive test. The ‘drumsticks’ of polymor- 
phonuclear leucocytes, and the marginal chromatin masses 
oor ‘Bare bodies’ in epithelial cells, such ay the buceal 
‘mucosa, may indicate the sex, but in decomposed material 
this may be impossible, 

‘The recent remarkable developments in cytogenetics and 
DNA analysis now give additional powerful cools in sexing, 
and determining the human origin of sub-anatomical frag- 
‘ments, which will partly or wholly replace the older tech- 
niques mentioned above. 

‘Other more recent techniques include counting the sex 
‘material within the nucleus stained with a luorescent dye 
and viewed with ultraviolet light; this may be performed on 
‘neurones in a brain smear or in eels fram the kidney: 


Age of non-skeletalized bodies 


Determining the personal age of a corpse is far harder chan 
dlecermining, its sex. Ageing living person can be dilficule 
and a wide margin of error exists, especially as age advances, 
so the same exercise in a corpse can be expected tobe even less 
exact. Where the body is relatively intact, the usual criteria 
known to the man in the treet are applied to make a general 
«estimate. Haie colour is of general applicability, though every 
fone knows of someone whose hair is grey at 25 or someone 
ho is dark haired at 70, The loss of elasticity in the skin, is 
thinnes and hyperkeratosis and is rel Campbell de Morgan 
spots are indicators of senility. These days teeth ae less useful 
than in the past from the point of view of extractions, cleat 
ance, full dentures and oral hygiene, bue the general impres- 
sion remains. The objective determination of age from tooth 


atrtion is a matter for a specialist Forensic odontologist (see 
Chapter 26) 

“The eyes are useful, in that a grey or white ring around the 
pupil ~ the ‘arcus senlis— is rarely seen below 0 years. In 
infants and children, the height and weight may be eom- 
pared with standard tables, bur developmental defects, dis 
ease and malnourishment may introduce considerable errors. 
Internally, the evolution of degenerative changes such a arte- 
rial atherosclerasis and arthritis, may give a general impres- 
sion, but personal variation is so great that it offers 
more than a distinction between ‘young’ and ‘old’. Where a 
distinction has wo be made in a double death berween «wo 
people of markedly different ages, however, then these gener 
alities may be of considerable use, Up to the age of about 
20-25, teeth, osification centres and epiphyseal fusion are 
good indicators, but these are described in the seetion on 
skeletalized material, 
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Characteristics useful in identifying the dead 


Revent research, aimed mainly at skeletalized bodies but 
available for any corpse, isthe determination of the racem- 
ization ratio of amino acids in teeth, as the preponderance 
of laevo- and dextro-compounds appears to be a funexion 
of personal age 

In addition, the Gustafson technique on teeth, described 
later, is alo applicable to 2 non-skeletalized body, if ageing 
is important. 


Racial and ethnic characteristics 


‘Much of the identification of race depends on common 
knowledge and recognition of various ethnie traits, and is 
‘ot primarily a medical problem, Everyone can recognize 
the deep pigmentation of a West African the epicanth 

folds of the Mongoloid races, the red-haired Celt and the 
pale blond common in Scandinavia. There is a wide and 


almost continuous range of biological variabiliey, however, 
not only because of extensive ethnic interbreeding, but also 
because of marked variations even within a coherent racial 
group. 

In the intact or only partially decomposed body, the 
following factors may be used as pointers to ethnic classifica- 
tion, but the non-specifcity of most of these must always 
be borne in mind: 


Bi Clothing, ornaments and other associated objects 
A vast catalogue can be assembled (such as the string 
around the wrist in Hindus), but it must be borne in 
sind that other races may adopt these through choice, 
marriage or deception. 

BI Hair texture, style and length and beards. Examples 
are the hair of the Sikh, the beard of the orthodox Jew, 
the crinkly hair or ‘peppetcorn’ (clumped growth) 
of some Negroids, che mulsiplaicing of Rastafarian 
‘West Indians, the straight black hair of Asians and 
the ginger hair most common in Celtic people. With 
affected styles and convincing modern coloration 
and texture alteration, however, hese features can be 
‘mont misleading, Forensic science techniques may be 
needed to detect and identify bleaching and dyeing 
changes in hai 

Physical artefacts include penile and vulval 
circumcision, noxe and ear piercing lip perforation, 
tribal facial sears, and earlobe distension in East 
Alricans and some tribes in Sarawak. More bizarre 


forms, such as neck-stretching by rings, are now rate 
“Tattoos (mentioned elsewhere) may have an ethnic 
boasis, asin the Ibans of Sarawak. 

18 Facial appearance is, of course, a major criterion with 
the high cheek bones and epicanthie folds of the 
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Mongoloid peoples, and the prognathism and nasal 
differences in Negroid peoples. So many intermediate 
forms exist, however, such as che Slav and the 
Polynesian, thae only the classic groupings can be 
identified with confidence. 

1B Body size gives rise to the same uncertainty, especially 
as racial differences have lessened with beter nutrition 
in some groups. Its obvious, however, that Japanese 
are generally smaller than northern Europeans and that 
in Negwoid bone structure the femora are proportionately 
longer and less curved than those of other races, Teeth 
are discussed later, bue the concave upper central 
incisors of the Mongoloid races ean be helpful on 
‘ceasions, though they are not absolutely specific. 


Finally, skin pigmentation can obviously differentiate 
the Negroid races from the other main groups, though 
again there is a continuous range af skin colour. To a lesser 
extent the slighter melanin content ofthe skin of Mongoloid 
races is recognizable, but merges into the variable ints of 
Semitic, Asian and Mediterranean peoples. 

Te may well be that, in che near future, genetic DNA 
studies will revolutionize this aspect of identification. They 
are also likely 10 do the same for personal identification, 


Identification by DNA characteristics 


(One ofthe most revolutionary advanees in identification in 
recent yeats isthe so-called ‘DNA profiling or Fingerprint- 
ing’, This isa technique devised by Alec Jeffreys of Leicester 
University, in which vireually unique sequences of bases in 
the DNA strands of chromosomes are used to compare one 
blood or tissue sample with another, and to investigate 
genetic relationships. The details of the technique are com- 
plex and require highly specialized reagents and apparatus. 
‘The method needs highly trained forensic scientists for ies 
application to medieo-legal problems. Al thatthe patholo- 
gist needs isa basic knowledge of the principles of the tech- 
‘nique and how it can be applied in a forensic context. 

“The deoxyribonucleic acid (DNA) that forms genetic mate- 
rial is composed of two strands of sugar and phosphate mole- 
calls that are twisted into a double helix, which is bound 
together by inks formed from adenine and thymine and eyto- 
sine and guanine. Each helical ewist has ten such links, like 
rungs on a twisted ladder. A single DNA molecule may have 
rill of such links and the permutations of the bases in 
cach adjacent link create the genes, the segments of the DNA. 
that cary genetic information, A gene consists ofa segment 
containing some hundreds or thousands of links, but separa 
ing these diserete genes are segments that seem 10 have no 
genetic Function, being redundant, There is about metre of 
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DNA in each human nucleus, but only 10 percent is used for 
genetic coding, the rest being redundant. OF these silent seg- 
‘ments (sometimes called ‘stutter, there may be 200-14 000 
repeats ofeach identical sequence on each DNA strand 

During investigations into a specific gene (that for synthe- 
sizing myoglobin), Jeflreys found that the adjacent redun- 
dane segments varied greatly in base sequence, but that they. 
‘were constant fora given individual and thae they were trans- 
mitted from parents in a regular fashion. In other words, 
they formed a signature’ that was vireually unique for every 
individual person, except identical (uni-ovulas) wins, in 
‘whom they must be the sameas they share che same DNA in 
the fertilized ovum, The chance of two persons sharing the 
same sequence is, according to Jeffreys, about one in a mil- 
lion billion. Even among 
ten thousand billion. 


ings, the chances sre only ane in 


y the redundane segment (often called the 
‘minisatellite’ or “hypervariable regions), a minute amount of 
human tissue containing nuclear material is required. A 
small volume of blood containing leucoeytes is sulfcient, oF 
semen sample, pulp from a sooth or a haie with some 
sheath cells at the root. The DNA from the contained 
‘nuclear material is broken up into fragments by enzymes 
called “restriction endonucleases’ that deave the DNA 
strands at predetermined spots, The fragments are then 
separated by gel electrophoresis, which spreads the fagments 
into bands, transferred to nylon oF nitrocellulose sheets and. 
subjected to a ‘DNA probe. This is a single strand of DNA. 
Labelled with radioactive phosphorus-32. This latches on 60 
the separated minisatellite fragments and ~ by microtadio- 
graphy —the position of each band is rendered visible on an 
X-ray plate 

‘The end result is series of parallel bars, similar in appes 
ance to the ‘bar code’ printed on goods in a supermarket. 
However, more recently the bar pattern from multilocus 
probes has been supplemented or replaced by simpler pat- 
ters from single-locus probes, though the principles remain 


the same. From the presence of different bars in given pos- 
itions, comparisons can be made with other samples, so this is 
a classic forensic technique of comparison, The testis useless 
without something to be compared with, bur the blood on a 
‘weapon in the possession of a suspect can be matched with 
virtually complete confidence against the blood of the vie~ 
tim, Seminal fluid in the vagina of victim of « murder/rape 
cean be matched against the blood DNA pattern of a suspect — 
there is no need 19 match semen against semen, as all the 
DNA in a given person must, by definition, be identical. A 
few hair roots found on a blunt instrument in the possesion 
of a suspect from a murder can be matched againse the 
autopsy blood sample. In sexual crime eases, a great advan- 
tage of DNA testing over conventional blood-group secretor 
tests is that DNA can distinguish beeween mixed semen and 


vaginal fluids from a swab, which can confuse or negate 
blood-group techniques 

Another wide medico-legal use is in paternity testing 
where, unlike blood group, haptoglobin and enzyme tests, 
« positive identity of parents can be made, rather than a 
mere exclusion, Every bar in the’. 


code’ must have come 


from either mother or father, half the number from each, 
In testing, the coding is made from child, mother and 
father. The bars in the child's code are first matched with 
those in the mother’s pattern, The remaining bars then 
‘must correspond with those from the father ~ if nor, he 
cannot be the father, 


SAMPLES REQUIRED FoR DNA TESTING 


Although amplification techniques, such as polymerase 
chain reaction (PCR), ete, now allow minute samples to be 
tested, the larger the sample, the better the chance ofa sue- 
cessful DNA test. 

Post-mortem material is inferior to live blood and tissue 
for DNA fingerprinting if any significant post-mortem 
change has proceeded enough to break down nuclear chro- 
matin, Plain blood samples should be taken, however, 
though leucocytes may have already disintegrated. Some 5 ml 
of blood is taken into an EDTA tube, which extracts 
metallic ions and not only prevents clotting, but inhibies 
enzymes in blood or micro-organisms, which may break 
down DNA during storage. The best material is said 10 be 
muscle oF the spleen and, if decomposition is advancing, 
the bone marrow is recommended. At least 0.5 g of tissue 
should be cut from the parenchyma of an organ and placed 
in a small plastic tube with no fixative or preservative. This 
should be frozen at 20°C. if there is likely wo be the 
slightest delay in transmission to the laboratory, 

In sexual offences associated with homicide, as much 
material as ean be obtained from the vagina should be 
collected, either fluid by pipette or multiple swabs from 
vagina, rectum and mouth. These again should be frozen if 
there is more than afew hours delay in transit co the labors- 
tory (see also Appendis 1), 


IDENTIFICATION OF 
SKELETALIZED REMAINS 


(One of the elasic problems of forensic pathology, the iden- 
tification of a whole or partial skeleton, involves techniques 
and expertise that span a number of disciplines from 
anatomy to radiology, from archaeology wo dentistry. It 
ofien overshadows the equally important need to identify 
intact or decomposed corpses, but the disproportionate 
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Identification of s! 


amount of space occupied by skeletal identification in mast 
textbooks can be partly justified by the fact that bones ean 
survive for decades, centuries or millennia, so that the 
cumulative reservoir of material is vas. As was observed in 
relation to intact bodies, the procedure for identifying 
bony remains falls into ewo distinct sections: 


B allotting the bones to general categories based on 
absolute criteria concerning species, race, se, stature, 
age and date 

1 comparative studies, where the remains are matched 
against ante-mortem data derived from those people 
‘who might be potential victims. 


The general categorization of 
skeletal remains 

‘When objects thought to be skeletal remains are found, the 
following questions need to be asked and, where possible, 
answered 


Are they bones? 
1H Are they human bones? 

What isthe sex? 

BE What is the seaure? 

BE Whar isthe race? 

What isthe age? 

1 How long have they been dead and/or concealed? 
BE What was the cause of death? 


Are the remain: 


ually bones? 


‘This question is not as facetious as it may seem, as untrained 
persons may provide objects that falsely resemble bones, The 
author (BK) has been offered shaped stones, plastic and even 
hard wood, which were thought to be bones. The mistake is 
even more common when these objects are mixed with 
undoubted bones, usually animal in origin, which may be 
found buried or mingled with rubble 

Recognition is usually easy, by the shape, texture and 
specially weight of che objects. Greater difficulty may be 
experienced when simulated human ‘bones’ ate found, such 
as the ‘radius’ brought to the author (BK). This originated 
from a medical student's anatomical skeleton and was made 
from plaster coated with a plastic polymer, Visually i was 
indistinguishable from a real bone, but the abnormal light- 
‘ness indicated the true nature 


Are the bones of human origin? 


‘The recognition of species is important, but deciding on a 
‘human origin is usually easy, unless marked fragmentation 


keletalized remains 


Ticune 3.4 Al! boner are not human —and net all ‘bone are 
bone The smuler bones are animal, bu the central ‘radius is fom 
«an erste student skeleton, made rom plastic materia, but cought 
dy the police 20 be evidence of criminal death 


has oceurred. Many animal bones are found by the general 
public and police who are not qualified to decide whether 
they are human. Extensive rebuilding programmes and the 
renovation and demolition of old sites reveal many caches 
‘of bones, bur in the authors’ experience the majority are of 
animal origin, often originating from butchers’ debris. 

First, the size is assessed and many small, slender bones 
excluded on obvious grounds. Even a turkey thigh cannot be 
mistaken for a metatarsal, nor a beef rib for human, The 
gross anatomy is then studied, and even if the pathologist 
‘makes no pretensions to being a comparative anatomist, the 
_majorty of intact animal bones can be recognized from their 
lack of correspondence to any human bone, Difficulties arise 
with smaller bones from some animals, especially the hands 
and feet, where digits, metatarsals and metacarpals require 
careful study to distinguish them from the human, Several 
errors have been made in respect of bear paws, which closely 
resemble the human hand. 

‘When bones are incomplete or fragmentary, the probe 
lems escalate rapidly. Ifthe ends of longer bones are pre- 
sent, then their non-human shape may be more readily 
determined, but eylindsical segments of the central shaft 
have litde in the way of distinguishing features, apare from 
size, Burnt bone fragments offer similar problems, added 60 
which isthe possibility of heat distortion and shrinkage. 

The advice of an anatomist is needed in such cases, 
preferably one with forensic experience and enthusiasm for 


the project. Unfortunately, every anatomist is not necessar- 
ily an osteologist and it may be more effective for the bone 
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3: The establishment of Identity of human remains 


to be examined by a pathologist who has both enthusiasm 
and the relevant reference books. 

Histological examination may offer a species differenti- 
ation —or a least to exclude a human origin. The Haversian 
architecture is diferent in many animals, but the few spe- 
cialist papers on this subjeet must be consulted for details 

Where the animal species is relevant to the enquiry, then 
4 veterinary or comparative anatomist must be consulted. 
If the bones are too fragmentary to provide any anatomical 
data, then serological investigations must be attempred. 
‘These depend on species-specific proteins being extracted 
from the bone into solution where they can be tested against 
specific antisera prepared by immunizing animals (usually 
rabbits) against a range of animal proteins, usually derived 
from blood. Thus the testis essentially secking plasma con- 
rents within the bone, the recognition being carried out 
by techniques such as electrophoresis or gel diffusion. DNA. 
can now identify human tissue, ifnor the alternative species 

‘The drawback of such serological tests is that they cat 
not be applied to bones that no longer have extractable 
proteins, and these include burnt or cremated bone and bone 
that has been dead for some years. The length of time for 


which identifiable protein persists i variable, but a negative 
result is usually 10 be expected after 10 years following 
death, though DNA techniques may be more sensitive 


THE DETERMINATION OF SEX 


‘The aecuracy of determination of the sex of skeletal remains 
varies with the age of the subject, the degree of fragmentae 
logical variability (Table 3.1) 
Particularly when studying the skull and pelvis, a subjective 
impression by the experienced observer defies complete analy- 
4s, yet objective measurement may be no more accurate: 


tion of the bones and. 


‘other words, the processes comprise morphological traits ver- 
sus morphometry. The determination of sex i statistically the 
‘most important criterion, a it immediately excludes approxi- 
mately half che population whereas age, stature and race each 
provide points within a wide range of variables. Obvious sex 
differences donot become apparent until after puberty, 


usually in the 1518-year period, though specialized measure- 
ments on the pelvis can indicate the sex even in fetal material 
Sex and age are linked, especially where body size and weight 
are concemed. Similarly, race confuses sexing, for example, 
the sizeof the supraorbital ridges in a normal negroid female 
may exceed those in the average Caucasian male. 

‘The accuracy of sexing is hard to estimate, as various 
loading factors exist. Krogman comments that he scored 
100 per eent accuracy using the whole skeleton, 95 per cent 
‘on pelvis, 92 per cent on skull, 98 per cent an pelvis plus 
skull, 80 per cent on long bones and 98 per cent on long, 
bones plus pelvis, He admitted, however, that, as most 
anatomy department material has sex ratio of about 15:1 in 
favour of men, marked bias could be introduced by assigning 
all doubeful bones to the male eategory. 

Stewart records that, for the whole skeleton, one ean 
expect a 90-95 per cent success rate and for the skull alone 
‘only 80 per cent, but, if the mandible is also present, cis 
rises to 90 per cent (Hedlicka 1939), In general, adule female 
skeletal measurements are about 94 per cent that of the male 
of the same race, but different measurements may vary from 
91 10 98 per cent 


The skull 


‘The following features develop afer puberty and are modi- 
fied by senility, so are applicable only berween about the 20th 
and the 55th year. Age as well as race has profound effec. 


© General appearance. The female skull is rounder and 
smoother than the rugged male. 

IB Size, Male skulls are larger, with an endocranial volume 
some 200 ml greater 

BE Muscle ridges are more marked in male skulls, 
especially in occipital areas where larger muscles are 


Bregma 


\ 


Giabetta mba 
Nasion ~ 
Taate 3.1 2fimers table of bodily dimensions inthe female 
compared withthe male (er cent of male dimensions). The common —__Antator 
encaiction thar the imale ie 34 per cen of the malesize aries "98918900" 
in difevent areas of the bay Aiveolare 
Zygomaxilare 
State 835 ‘ar lngth 915 fradontate 
Head breadth 980 Siting height 945 onion 
Facebreadth 940 Head cicumference 980 
Faceheght 900 Head aight 960 enathion 
Headtength 955 Leg lngth 830 
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Fic 3.5: Anaromical landmarks ofthe sul. 


‘The determination of sex 


attached to the nuchal crests and in temporal areas for 

larger masseter and temporalis muscles 

Supraorbital ridges are more matked in male skulls 

and may be absent in female. The glabella (central 

forchead eminence above the nose) is small or absent in 

the female, and prominent in the male, though this is a 

poor discriminant 

1H Mastoid process. This is lager in male skulls (see Hoshi). 

© Frontal and parietal eminences. These are mare 
prominent in female skulls, which resemble the shape 
in an infane more chan in a male 

IW Palate, This is larger and of a more regular U-shape in 
‘men, The smaller female palate tends to be parabolic. 

1 Orbits are set lower on the face in the male skull, with 
more square and less sharp edges (especially upper 
edge) than the female 


| Nasal aperture. This is higher and narrower in the 
‘male skull and has sharper edges, The nasal bones are 
larger and project further forward to meet at a more 
acute angle than in the female 

1 Forehead. This is high and steep in the female 


skull, with a more rounded infantile contour than 


the male, 
‘Teeth are smaller in che female skull, molars usually 
having four cusps. The male often has a five-cusp lower 
first molar, 

Zygomatic process. The posterior ridge projects back 
beyond external auditory meatus in the male skull. The 
zygomatic arches bow outward mote than the female, 
where they remain mote medial, 

Mandible. This is large in the male skull, with a squarer 
symphysis region. Female jaws are more rounded and 


| 
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CURE 3.6 Tivo moweed and rambled 
shelton, After leaning, the boner should be 
by 

stn an approximate direct meacure af the 
starure allowing aswell ax possible for lst 


dont in conc anatomical potion, to 


sof awe, The upper elton, obiony 
rae, sows te gue los of all hand 
<a fot bane, but na ingurie. The ler 
remain, om hide 40-eorod 
mice reveal thatthe body was sau nso 


sis ections, thee beng cute above the keer 


and through pine scapula and hme 


FIcuRe 3.7. Frontal view of male and 
female ull. The male (lef) 


rmastve ana has heavier eyebrow ridges 


The chin is spuarer and the mandible 
heavier, The female has velasvely larger 
eight orbits, smoother cranium, and 
aller frontal and parietal eminence 
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project less ar the anterior point. The vertical height at 
the symphysis is proportionately greater in the male, The 
angle formed by the body and the ramus is more upright 
in the male, being less than 12: 


‘The condyles are larger 
in the male skull, a is che broader ascending ramus, and 
there isa more prominent coronoid process, 


‘These sex variations represent the ‘typical’ White and, to 
1 great extent, Asian skull. There is considerable overlap, 


Ficune 3.8 A ppical male all, with a 
loping forehead and prominent acipizal 
ridges for large nescle attachment 
Probably che bes male feature is the lage 
‘mastoid proces: abo, the zygomatic proces 
esends well bind the auditory meatus 


Ticune 3.9. typical female sl, from a 
murder victim hidden for 40 years ina 
‘ve, The cranium is high, round and 
somoach with insignificant ridges for muscle 
attachment. The mastoid is tiny ane ofthe 
est dicriminames, The post-sygomatic 
ridge doesnot continue bebind the auditory 
‘meatus and there are no supraorbital ridge. 
The chin i round and smooth 


especially in subjects from the Indian subcontinent, where 
osteological sex differences are much less marked. The criteria 
set out above exclude prepubertal and senile persons, and 
are less valid for those outside the 20-55 age group. For 
methods of sexing by discriminant function analysis, the 
work of Giles and Ellior (1963) should be consulted. 
In recent years craniometry has been applied co sexing the 
skull and multiple accurate measurements between discrete 
anatomical points have heen used to produce discriminant 
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function analysis. The papers of numerous authors must 
be consulted for details of this sophisticated and difficult 
technique that is accurate in 83-88 per cent of cases. The 
frequency of correct sexing is no greater than more subject- 
ive methods, but commands a greater degeee of confidence 
level in respect to its accuracy. 


Sex characteristics in the pelvis 
‘The post-pubertal female pelvis is wider and shallower than 
the rather upright male girdle to allow for the passage ofthe 
feeus during childbirth, Though as always there is an overlap 
of the appearance and measurements in the least character 
tic individuals, the usual variations are sufficient to allow sex- 
ing of the adule pelvis to be made with about a 95 per cent 
confidence rate (see work by Genovés). In the pelvis, unlike 
the skull, chere are differences, albeit subde, in immature 
(even fetal) pelves that allow sexual differentiation, The fol- 
lowing features provide the most useful criteria. One must 
not be used in isolation, however: as many as possible must 
be assessed together. Sex features are independent of each 
other and ane may even contradict the other in the same 
pelvis. Ic is often a first subjective impression by an exper- 
enced eye that determines the answer, chough where the sex 
differences are slight, careful measurements may be needed 
to resolve the problem. 

[Asin the skull, che male pelvis is more rugged because of 
the attachment of stronger muscles, Ie stands hi 
‘more erect than the smoother, atte, female pelvic girdle 
‘The subpubic angle, measured at the medial intersection of 
two lines drawn along the best approximation of the lower 
border of both inferior pubic rami, approaches 90° in the 
female pelvis, but usually about 70° in the male 

This is often a subjective measurement, however and 
depends in turn upon the shape of the pubic bone itself. 
‘When the line of the inferior ramus is projected medially 
and intersected with a horizontal line laid across the upper 
border of the superior ramus, the reverse site of angle is 
seen, the male being wider than the female, 

‘The body of the pubic bone, the block lateral wo the 
symphysis, tends to be triangular in shape in che male, 
whilst the female pubis is more rectangular (Phenice 
1969; Iscan and Derrick 1984). Certain sexual variations 
in the pubis have been used by Phenice. In the female 
these ae 


wer and 


Ba bony ridge (ventral arc’) running down the ventral 
surface from che pubic erest 

1H a concavity of the lower margin of the inferior pubic 
ramus immediately lateral 0 the lower border of the 
symphysis 


ut 


Male 


Female 


A 4 


Fuca 3.10 Sex diffrence in the human peles, The most 
noticeable fearurerare the narrower suprapubic angle ana she higher 
iliac blades in te mae pelvis. 


a ridge of elevated bone on the medial aspect of the 
ischiopubic ramus, immediately lateral co the 
symphysis; in ehe male this area is broad and flat, 


‘The ‘ischiopubic index’ devised by Washburn may be 
helpful, in which the pubic lengch (100) is divided by the 
ischial length, The measurements must be carefully made, 
the pubie length being from the plane of the symphysis to 
the reference point in the acetabulum and the ischial length 
being fom the same point to the most distal edge of the 
ischium, The reference point is the ste of fasion of the three 
clements ofthe immature innominate bone, usually marked 
bby. notch in the articular suefae of the aeetabulurn (Schulte 
1937). If ee ischiopubie index (in White races) i less than 
90, the pels is male; iFover 95, i is female, The acetabulum 
islarger in the male, being an average of 52mm in diameter, 
compared with 46 mm in the female. The male joint eup also 
faces more laterally than that of the female, which tends 
to look more forward. Naturally, acetabular size is related 
to that of the femoral head, which will be considered later. 
‘The greater sciatic notch is an important criterion, being 
deep and narrow in the male, wide and open in the female. 
‘The angle formed by the margins approaches closer to aright 
angle in the woman than ie docs inthe man, Harrison (1968) 
and Hrdlcka (1939) both felt chat the greater sciatie notch 
‘was one of the hese discriminant for sex, the later claiming, 
175 per cent success rate using this criterion alone. 

‘The obturator foramen is somewhat ovoid in the male, 
but triangular in the feral. The pre-auricular suleus, which 
‘marks the attachment of the antetiorsacroiliae ligament, lies 
just lateral co the sicwiliae joint and is usually well marked 
in women but often absent in males. The pelvic inlet, looked 
ar from above, is more circular in the female, the male being, 
heart-shaped asa result of the protrusion of the sacrum into, 
the posterior brim (Greulich and Thomas 1938), A number 
of other pelvic indices have been devised by various authors 
(Gee, for example, he work of Turner, Greulich and Thomas, 
Caldwell and Molloy, Swaus, and Derry). 
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FIGURE 3.11. The greater scare natch ie narrower inthe male 


‘innominate bone 


Sex characteristics in the sacrum. 


‘The sacrum is functionally part of the pelvis and shares in 
its sex variations. The female sacrum is wide and has a shal- 
low curve, again related to the larger pelvic canal for child- 
birth. It is shorter in he female and the curve is limited 
almost entirely to that distal part below the centre of the 
third sacral vertebra. The male sacrum may have more than 
five segments, which is rare in the female, The curve in the 
male is continuous down the whole bone and there may 
even be a slight forward projection of the coceyx, Faweett 
(1938) compared the transverse diameter of the fist sacral 
vertebra (CW) with that of the base of the sacrum (BW). 
‘The formula CW X 100/BW averaged 45 in che male 
and 40 in the female. Kimura (1982) has developed a 
“base wing index’, where che relative widehs of the wing and 
base provide discriminant function coefficients for sex 
determination, 


Sexing from the long bones 


‘The fernur is the most useful, ies length and massiveness 
themselves being significant, There is, as usual, consider- 
able overlap of all long-bone sex characteristics, but Brash’s 
series showed that the maximum (oblique) length in the 
male femur was around 459 mm, while chat of the female 
was only 426mm, Other figures from Pearson and Bell 
(1917) suggested mean values of 447mm for men and 
409 mm for women, Using the trochanteric oblique length, 
they suggested a range of 390-405 mm for women and 
430-450 mm for men, though there was the usual overlap 
in the middle. Race and nutrition (which is related to the 
cera and the place in which the samples were obtained) must 
be allowed for in such measurements. 


Female 


Male 
FicUne 3.12 The waniation in shape ofthe male and female 
sacrum. The female is broader and more triangular 


“Tas 3.2 Dwight sable fo secing from humeral and femoral 
eaa diameters in mm) 


Vertical Transverse Vertical 
humeral humeral femoral 
Female 4267 3698 4388 
Male 4876 4468 4908 
Diference 4 


409 568 


‘Tas 3.3 Pearson an Bell sable for the ‘mathematical sexing of 
the femur’ The area of uncertainty extends in increasing degree af 
confidence outwards from the central column tothe more definite 
mits on each side Measurements are given in millimetres 


Male Male orfemale Female 
\erical dameterathead 455 45-415, <1 
Pptteal eng Diab 14-130 <108 
Bean width > HTB <2 
D480 408-430 <390 


(Obique trochanteric ln 


“The size ofthe femoral heads is claimed to be a better dise 
criminant of sex, the vertical diameter being said by Pearson. 
and Bell so be geeater than 45 mm in the male and less chan. 
41mm in the female, chough again there isan overlap in the 
diseribution curves around the 43mm size (Table 3.2). 
‘Maltby (1917), however, measured 43-56mm in the male 
and 37-46 mm in the female. Femoral head size is part of| 
Pearson's ‘mathematical sexing of the femur’, which incor- 
porates several measurements (Table 3.3). Dwight (1904) 
studied the size of both femoral and humeral heads, 
ing that they were more useful chan bone length. Once 
again, discriminant function sexing has been carried out, 
using a number of measurements. Details should be sought 
in the work of Black and of Iscan and Mille-Shaivies. 
Another sex trait in the femur isthe angle that the shafe 
rmakes with che vertical. Because the pelvis is relatively 
wider in the female, the shafis have to slope more to con- 
‘verge at knee level, so that the condyles at che lower end of 
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Taute 34Long-bone lngehs (mm) in White men and women of differen stature 


Men Women 
Humerus Radius Ula Stature Femur Tibia Fibula Humerus Radius Una Stature Femur Tibia Fibula 
pr nl ee er ee) ee nn ee ee ee er ee) 
0821828186208 2h 88S 201400 388K 
302219 85ST! 404 320BCCtT 1g 091440784008, 
306 = 90289690 a0 85ST 1999121485709 N08, 
30990531805 a6 4D 88BC GSMS CNATDS38]_ 0408 
313909481605 aD HG BAA OST NaS 8B 809 OT 
316 732491834 aS] 498] 05a NANT 
320-938-8357 SMH TS 2D HIZB ING 


3249397 
308 24960 
33224828 
336249986 
340962270 
585 OTD 
MB 05826 
36226) 280 
356264288 
380967287 
364-2280 
368073288 


1654440. 882858 
1866446368363 
te” 483873388 
1686480878 
te? 487888 7B 
16 47 «88383 
173048284388 
1785 = 490400393 
1787 ag? 405388 
178 608 410403 
1812512415408 
130619420413, 


m9 = 00908403 aA 80D 


m2 21) 208 1543408309308 
re ee a) 
ve eS a ae ee 
30790289188] MBH 
313080831805. 48582 AB. 
318 98071812443 5B aS 
324 23451830450 86458 
209 0881850487706 
ce a a 
339-246 BL 892 a7) 8D TT 
44 08D OB4 THB BR TE 


edt Kengran and izan (1988) fom Hick (1929) 


the femur sit horizontally on the tibial plateau. Thus when 
a female femur is seated on its condyles on a fla surface, 
the angle the shaft makes with that surface is ofthe order of 
76°, while a male bone is more upright, che angle being 
around 80°, The angle of the neck on the shaft of the femur 
(che ‘collodiaphyseal angle) was studied by Godyeki (1957), 
the results suggesting that a bone with an angle of less than 
40° had an 85 per cene chance of being male, while if the 
angle exceeded 50°, there was 75 per cent chance of t being 
from a female (Table 3.4). 

‘Mast workers have worked with dry bone specimens: 
when methods using fresh bone are used, allowance must 
be made for articular cartilage where relevant, For example, 
the vertical diameter of a femoral head is 3 mm less in the 
dried specimen, 


Sex determination from other bones 


‘The sternum may be helpful in that the length of the 
‘manubrium in the female may equal or exceed half the 
length of the body, while the manubrium of the male is less 
than half che body length (Table 3.5). This was claimed in 
the nineteenth century by Hystl, bur was denied by 
Krogman and by Dwight. The later claimed that the ratio 
of manubrium: body was 52:100 in women and 49:100 in 
men, a poor discrimination, However, the method has 
been rehabilitated by lordanidis (1961), who alleged a sue- 
cess rate of 80 per cent using the sternum alone, Stewart 


‘Taste 3.5 Sex determination from the sternum. Mean (range) 
eng of manu and sternal bady (rm) 


Male Female 
Manubralength 517 (41-73) 48.4 (39-61) 
Bol length 96.4 (14-102) 786 (69-05) 
Combined eng 147 (131-180), 197 (107=140), 


“an ram itt (1080) Nath dan peplion 


and McCormick (1983) used a radiographic technique and 
claimed otal accuracy in stating that a sternal lengeh of less 
than 121mm must be female and over 173mm must be 
male. 

‘The scapula has been studied extensively, bur mastly in 
relation to age. There are relatively poor sex variations in 
the vertical diameter of the glenoid cavity: the threshold, 
according to Dwight, is 36 mm, chose smaller being female. 
Tordanidis made an extensive study of scapular measure 
‘ments and concluded that scapular height was the best 
discriminant, the male usually being greater than 157 mm, 
the female less than 144 mm, 

‘The humerus, radius and ulna yield litle helpful sexing 
evidence, apart from overall size. The presence of a perfor- 


ated olecranon fossa at the lower end of the humerus occurs 
more ofien in females and more commonly on the left 
side, there being a3,7:1 ratio compared with males. Godycki 
studied this and other characteristics of the arm bones as 
sex determinants, but thei value is poor, 
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APPEND A » GETTING STARTED WTH TOOL BULDING 


Figure A-4. A name-brand laptop charger with several international safety certifications. Every one of 
these certifications casts money to obtain, and shows that the device was demonstrated to be safe for use in 
a typical home or business application. 


[Next we adapt the USB cable to our needs. In the words of the Red Queen, “Off with his hea 


! Caution Make sure the USB charger isnot plugged into the wall ora power strip when making modifications to 
the cable, 


First, plug the USB cable into the USB charger. Now cut off the otherend of the cable. See 
‘igure A-5. 


149 


Ficune 3.13 Determination of ex of femur by angulation of the 
haf The condyles are se an a flat surface and the angle of he shaft 
measured. Because of the greater tile cawsed by the relatively wider 
pelo, the female angle i sally lx than 80" 


‘There are many reports on sexing from limb and girdle 
bones and the best approach seems to be a multiple assess 
ment using the data for discriminant function analysis 


Evidence of pregnancy from the 
skeleton 


More accurately, parturition causes some changes in the 
pelvis 2s a result of the local trauma of childbirth, which is 
reinforced by multiple pregnancies. These include ‘pubic 
seats from the tearing of tendon insertions and periosteum. 
around the pubic bone. The dorsal pubic surface and the 
pre-auricula sulcus are best indicators, but most authorities 
agree thae it is not possible co determine the number of 
births from osteological appearances. The papers of Angel 
and of Ullrich are most useful in this respect. 


ESTIMATION OF STATURE FROM 
SKELETAL REMAINS, 


When a full skeleton is available, then obviously direct 
measurement of the correctly assembled bones wil give the 
original height within a few centimetres. Allowance has to 
be made during assembly, however, for the loss of cartilage 
in joint spaces and especially for missing intervertebral 
dises, The accuracy achieved with direct measurement is 
not great, in thar even with an intact body dhere can be a 
lengthening of up to 2.5em compared wich the live height. 
‘The skeleton needs scalp and heel soft tissue thickness 
added ~and with the obvious uncertainty about the eumu- 
lative allowances for dise thickness and joine cartilage, i is 
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unrealistic to expect accuracy of less than about 4-8.em 
‘compared with the living height. 

‘When incomplete skeletal material is available, ealeuls- 
tions have to be made on the basis of one oF more bones. 
Where possible, all available bones should be used and a con- 
sensus of results assessed, though the accuracy derived from 
different bones varies and the result from — say, a fernur — is, 
more reliable than that from an ulna. The descending order 
‘of usefulness is: femur, tibia, humerus, radius 

Many formulae have been constructed for the determi- 
nation of stature from the length of long bones. The fol- 
lowing cautions must be appreciated before they are used: 


1B The tables were constructed from differing ethnic 
‘groups and at different times, so that racial and 
nutritional Factors inteoduce significant variations. The 
table most appropriate to the bones under investigation 
should be used, though by definition the exact 
provenance of these bones may be unknown, even 
including their ethnic origins, 

‘There isa marked sex diference in stature estimation 
and ageing ofthe person also reduces stature relative 9 
long bone length. Trotter and Giese (1958) found in 
855 bodies chat there was a 1.2.em loss of height for each 
two decades of age over the age of 30, a loss of height 
‘equivalent to about 0.6mm a year after the fourth 
decade, The same investigation showed thatthe length of 
the cadaver was about 2.5 em longer than the known 
height during life, The maximum statue (atleast in 
American men) was found in 1951 wo be reached! at the 
age of 23 years a change from earlier estimates in which 
the peak was found to occur between 18-21 years of age 
The bone lengths must be measured in exactly the same 
‘way as that used by the author of the tables. 

Old dry bones are slightly shorter than recent material, 
even when one excludes the loss of articular cartilage 
“Telkki (1950) stated that 2mm must be deducted 

from the length of fresh bone before the calculation is 
made, as most tables are based on dried skeletons 
‘These differences, however, are slight compared with 
the greater errors likely iFincorrect measuring methods 


are employed, 
“There are inbuilt errors, which are expressed in the 
formulae, These standard errors are given as ‘plus or 
rminus’ a certain figuee, which applies only when the 
length of the bone is near the mean of the usual range 
‘of length for that particular bone, When the bone is 
near the extremes of the range (that is from a very ell 
‘or very short person), then the standard deviation must 
bbe doubled in order to stay within the same range of 
confidence of accuracy. The same holds good if the 
tables used are not from che same ethnic group as those 


Estimation of stature from skeletal remains 


‘Tance 36 The starve cables of Trotter and Glser. The upper table represents their original 1952 figures, the lower their modification of 


1977, as quoted by Krogman and lan (1986) 


Male Whites 


State = 6306 +131 (femur+ ula) + 363m 


Statue = 6709 + 196 (femur + tibia) +8740m 
Stature = 7550 +260 fbula* 288 om 

Slate = 6559 + 232 femur *894em 

Stature =B1 98 +249 sia 40cm 

Stature = 8797 + 1.82 (humerus +radus) = 431 om 
Stature = 6698 + (humerus +-una) * 437 om 


7.10-+ 289 humerus + 457 
22+ 279 radius = 468, 
566 + 876 una = 472 


77+ 1.20 emu + fads) 268em 
1.75 +116 (femur + thia)+ 368m 
72024910 femur +381 cm 

698 +219 tia * 96cm 
1007 + 2.36 fala 40cm 
"7308 + 1.66 (nunerus + rats) * 4.180m 
‘7067 + 1.66 humerus + una) 4980 
7848 + 288 humerus *423cm 

5 43 + 2.32 rads 487 cm 
8277 + 820 una 74cm 


Female Whites 


Female Negroes 


Statue = 50112 + 088 pumas + 1.17 femur+ 
1.18 tibia +381 om 

1300+ 139 (femur + tia) = 285 en 

307 + 148 femur+ 128 tba * 356.em 

1261 +293 bul = 267em 


27 + 135 humerus + 195 thia:* A67em 
4.10+ 247 femur = 372m 
1499+ 474 radus = 424m 


Stature = 6693 + 04 humerus ~ 020 radius + 
146 femur + O86 tia * 322 on 
854 + 183 femur + 096 tha + 2230m 

979 +16 (femur + tha) * 328m 

76 +228 femur 241 on 
280 + 108 humerus + 1.79 tka 888em 
8 +245 tia 70cm 
7090+ 249 feua * 380m 


176+ AT ulna 490em 7638+ 431 una * 483cm 
197 + 838 hurens * 445 em 451 + 278 rads * 805 cm 

White males se Black males se 
208 Humerus + 7048 408 396 Humerus +6210 443 
378 Reds + 7901 432 342 Radius + 8156 430 
370 Una + 7405 430 326 Ua +7299 449 
238 Femur +6141 327 211 Femur +7035 394 
250 Thia + 7862 337 219 Tibi +8602 378 
268 Ful + 71.78 309 219 Fbuls + 8565 408 
1.80 (Femur + Tibi) + 6829 pre) 1.15 Femur + Tia) + 71.08 353 
142 Femur + 124 Tia + 6988 209 (086 Femur + 182 Tia + 76.13, 349 
(093 Humens + 1.94 Tia +6930 396 (090 Humerus + 1.78 Thia+71.29 349 
(O07 Humerus + 132 Femur 1.16 Tia + 5857 209 (OB9Humeus~ 1.01 Radus +038Ferwr+ 192Tbia+ 466 838 
White females se Black females se 
838 Humerus + 8797 448 208Humerus +6467 495 
‘474 Radus +8498 404 367 Radius + 71.79 459 
497 Una + 8176 430, 331 Usa +7838 483 
247 Femur +5410 372 208 Femur + 5976 341 
290 Tia +6153 366 246 Tibi +7265 870 
293 Ful +8961 357 249 Fula +700 380 
19 (Femur + Tia) +5820 358 1.26 (Femur+ Th) +6972 308 
148 Femur + 128 Ta +8807 856 158 Femur + 098 Tibia + 8854 323 
135 Humerus + 1.95 Tika +5277 367 1.08 Humerus + 1.79 Tb 358 
(088 Humerus +117 Femur+ 1.18 Tia + 80.122 351 (044 Hunerus - 020 Radius + 146 Femur +086 Teia +6633 329 


‘Allengb ein entates val nyo Aracans blvean 1B and 30 yes of ag. Fer and tia ar macnn ngs. sandal erat 


being estimated. Krogman indicated that a 95 per eent 
confidence rate applies only if twice the standard error 


is accepted each side of the favoured height —in an 


average man, this means a latitude of over 12em, which 


is to0 great o be of much use in identification, 


Of the many available systems of calculation, those of 
‘Trower and Gleser are most widely used, being based on 
(Caucasian and Negroid Americans from the 1950s (Table 3.6). 
Older tables include those of Rollet whose measurements 
of French people were later reworked by Manouvrier and 
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“Tasie 3.7 Pearson’ (1899) represion tables fr calculating stanure 
fam dried long bones 


TABLE 3.9 Tela able for ealelating ature of Finnish men 
‘and women 


1306-+ 1.80 Femur 72844 + 1945 Femur 
70.651 +2894 Humerus 1.475 +2784 Humerus 
R664 + 3378 Ta n4.774 + 2.869 Tibia 

15005 +3271 Radius 1.904 + 8369 Radius 
1272+ 1.159 (+7) 8.1544 1.126 F +1) 
4a + 1200F + 10807 B61 + LIT + 1.1987 
66856 + 1730(H +R) 9011 + 1628 (H+R) 
9.788 + 2769H + 01958 1542 + 2589 + 02818 


B37 + 1030 F + 1587 H 
1049+ 0913F + 0600 


485 + 1380 F + 1027 H 
148 +078 F + 1.1207 


by Pearson and quoted in a review by Hrdlicka (1939). 
Pearson allowed standard addition of 2.5¢m to com 
pensate for the difference herween dead and living height 
(Table 3.7). More modern tables include those of Dupertuis 
and Hadden (1951) and Trotter and Gleser (1958), 
from American subjects. The latter used casualties from 
World War Il and later from the Korean War to construct 
their tables (Table 3.8). Other calculation systems include 
Breitinger (1937; Germans), Telkki (Finns) (Table 3.9), 
Allbrook (1961; African Negroids and English), Shiati 
(1983; Chinese), Mendes-Correa (1932; Portuguese) and 
Stevenson (1929; Chinese). Modern critics of the accuracy 
of the estimation of stature from long bones include Wells 
(1959), who suggested that even the preferred method 
of Trotter and Gleser has less accuracy than is generally 
acknowledged 

Estimation of stature from bones other than the major 
limb bones is far more inaccurate. Measuring the spinal 
column (from the tip of the edontoid to the bottom of the 
fifth lumbar vertebra) has been used by Krogman and by 
Dwight; Fully and Pineau (1960) used the spine plus a long 
bone. Tibbetts (1981), in his more modern study on the 


Men ‘st Women se 
1694+ 28 (Huners~309) 50 1568+27 (Humerus—307) 39 
1694+ (Radus~ 227) 80 1868431 (Radus—208) 45 
1694+82(Uina~28}) BD 1568+33(Una-213) 44 
1694+01 (Femur 455) 49 1568+18(Femur-418) 40 
1624+2.1 (bia-386) 46 1868+19(Tbia-831) 46 
1694+25 (Fiula-261) 44 1568+23(Fitua-327) 45 


spine, measured 23 individual vertebrae and produced a 
regression formula for both men and women, However, the 
results were far superior when long bones were used. 
‘Others have employed the clavicle (Jit and Singh 1956) and 
the scapula (Olivier 1969), 

“The use of fragmentary bones and these immature bones 
from which the epiphyses have been lost have been studied, 
the survey by Krogman and Iscan being the best account of 
the techniques employed by rescarchets such as Steele and 
‘McKern (1969) and Maller (1935), The estimation of the 
heights of infants and fetuses is even more difficult when 
‘working with skeletal material, as substantial parts of these 
bones may be detached and missing because of non-fusion 
of epiphyses and non-appearance of ossification centres 
‘Mehta and Singh (1972) have specifically addressed this 
problem, as well as others summarized by Krogman and 
Isean (1986) 


ESTIMATING THE SUBJECT’S AGE 
FROM SKELETAL STRUCTURES 


‘The age of the subject at death is usually more important 
than the stacure and rivals che sex asthe most vital indieation 


“Taais 3.8 Dupertuis and Hadden (1951) tables for eating tarure fom bones. The legoh ofthe bones 


(measured in centimetres according tothe authors criteria) s mubiplied by 
‘she constant inthe right hana column to give the body length (em) 


he ferrin the sable and added to 


Men em Women om 
2938 (Femur) + 6089 2317 (Femu) +0141 
2300 (Tibia) + 81688 2533 (a) +7057 
2970 (Humerus) + 73570 3.144 (Humerus) +477 
3660 (Radius) + 80405 3816 (Radus) + 73.502 
1.225 (Femur + Tibia) + 69994 1.283 (Femur + Tibia) +6618 
11708 (Humerus + Rus) +7409 1984 (Humerus + Radius) + 58103 
1420 Feu) + 1.062(Tii) + 68544 1.687 (Fema) +0879 (Tia) + 69969 
1-789 (Humerus) +1841 (Reds) + 66400 2.164 (Humerus) +1806 (Radus) + 60348 
1908 Femur) 0568 (Humens) + 64505, ‘2008 (Femu) + 0566 (Humerus) + 57600 


1.449 (Femur) +0931 bia) + 
(0083 (Humerus) +0480 (Regus) + 66006 


1544 (Femur) + 0.764 (Ta) + 
0.126 (Humerus) +0995 (Radius) + 57406 
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Estimating the subject's age from skeletal structures, 


of identity. The estimation of skeletal age falls into various 
groups, which have marked differences in both method and 
accuracy. In general, the greater the pessonal age the less the 
confidence quotient, There are many publications on the 
subject, many of them arising from archaeological rather than 
forensic interest, asthe age structure of a skeletal population is 
of great interest to social anthropologists and historians, 


(Osteomettic board 


Fic 3.14 Osteometrc board for accurate mearurement of bone 
lenge. There i a central dot in the headboard ro accommodate 
the tibial bead spines. 


‘The fetus and young infant 


It is more usual to have to estimate fetal and neonatal age 
oon the intact dead body, rather than the skeleton, as the 
immature bones are so easly dispersed, lost and destroyed 
compared to the more robust bones of older subjects. Both 
in archaeology and forensic pathology, however, such fetal 


and immature remains are sometimes present. 

‘The major dating indices are the appearance of ossifica- 
tion centres in growing cartilage but, as stated above, these 
are rarely available in dried bones as the cartilage disinte- 
grates within weeks or months and smal ossification centres— 
booth in diaphyses and epiphyses — rarely survive. The bones 
have to be examined with the cartilage still atached to offer 
much hope of ageing the remains. Radiology may provide 
‘more information than visual inspection, 

Specialized books such as the clasies by Fazekas and Koss, 
Krogman and Isean, and by Stewart and the numerous 
papers and monographs on the subject (a selection of which 
are listed at the end of this chapter) must be consulted where 
fetal issues are complex and important, Onee again the help 
of interested anatomists and radiologists can be invaluable, 
especially a biological variation poses a constant trap for the 
inexperienced who slavishly follow printed tables without 
the knowledge to appreciate their limitations. Stewart has 


Lateral 
condyle 


Medial 
condyle 


Fagus 
(posterior upwards) 


Femur 

(anterior upwards) 
Fic 3.15 Dimensions of dried bones for estimations of ature (Troter and Gleer, Dupertuis and Hadden). The right side bone is used 
for preference. Femur: With the bone lying anterior surface upwards, the masimam length is measured fram the medial conde tothe must 
‘proximal part ofthe bead. Tibias Maximus length berween tip of medial malleolus and face ofateral condyle, The intercondylar eminence 
is wo included. Humerus: Maximun overall ngth from the posterior margin ofthe tachle tthe upper edge of the head, Radius Fram 
the tp of the styled proces tothe hea, lying wih the posterior sufice upwards Al bowes should be measured either with an osteometric 
board or, ifeue i not avilable, on flat bench with the masimum lengths taken between two vertical, parallel boards placed in contact with 
the bane ends. Ifthe bones are not dr, bur have articular cartilage im place, she following should be subtracted from the measured lngoh 
before applying the formulae (Boyd and Trevor: radius and humerus 31am each, tibia Sm and femur 7 mam. 
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produced a useful nomogram chat relates fetal Femoral length 
to crown-rump length and hence to approximate gestational 
age. Teeth are discussed in Chapter 26. Fazela and Kosi’ 
book is particularly useful o che pathologist (as bone lengths, 
tc. are directly related to fetal and infant age), as are the pro- 
fuse illustrations. 


Skeletal age in the child and young adult 
‘There is no break in the methods used for the fetus 
and small infine and the older child and young adult. 
‘The appearance of ossification centres is complete by 
around 5 years and afte this stage the fusion af epiphyses 
acts as a calendar up to the age of about 25, when the 
‘medial clavicular epiphysis is usually the last evidence of 
such fusion, 

Lists and diagrams such as those shown here are the 
usual method of tracing the maturity of the skeleton 
Several cautionary points must be appreciated and where 
pa ice of a radiologist be obtained if there ate 
important issues at stake. The paper by MeKern and 
Stewart gives valuable commentary on personal variation 
in skeletal age determination (Table 3.10). 


ible the a 


1 Maturity is not synonymous with calendar age, There 
are both sexual, racial, nutritional and other biological 

BI Females are almost always in advance of males, and 
maturity tends to be accelerated in hotter climates, 
though the latter may be tempered by nutritional 
disadvantages. 

There isa marked range of closure dates in epiphyseal 
union, and the year suggested in some charts is merely 
the midpoint of that range. 

BI Union is a process, nor an event, Ik may be different 
tadiologicaly from gross inspection: it may also be slow 
in completion, so that it may be difficult o pinpoint a 
date that is needed to refer to published data. An 
example is the one that is usually the lst to fuse, the 
medial end of the elaviele, which may slowly close 
during any period from about 18 to 31 years. Finally, as 
‘emphasized by Krogman and Iscan, multiple criteria of 
skeletal age should be used, dependence not being 
placed upon any single measurement. 


Skeletal ageing in later years 


‘The eruption of the third molar teeth and the fusion of the 
last epiphysis occurs approximately in the middle ofthe third 
decade. This is a watershed in. skeletal dating, as the more 
objective markers of age are almost all on the younger side of 


Identity of human remains 


this time, From around 25 years until old age, there are no 
dramatic events such as tooth eruption or the appearance of 
sification centres. There are more subsle changes available 
for specialized interpretation, but the general decline through 
middle age to senility prevents assessment of age to within the 
nearest hall-devade. 

“The major advances in chs difficult period have been the 
use of the pubic symphysis and sternal ribs and the radiology. 
of cancellous bone. However, dental technology may further 
refine the assessment of age, 


Pubic symphysis and age 
‘The opposing faces of the swo pubic bones have been 
catensively studied by Todd (1920, 1921), by MeKeen and 
Stewart (1957) and by Gilbert and MeKern (1973), who 
related the changing topography of the symphyscal fics to 
age. The technique is complex and requires bones that are 
free of cartilage, but not so eroded by drying and damage 
that the surface features are blurred. 


ASSESSMENT OF AGE FROM THE MALE PUBIC 
SYMPHYSIS 


As always, the details given in the original publications 
should be studied and practice gained by examining bones 
of known age. The method as originally devised by Todd 
hhas been radically modified by McKern and Stewart so that 
the technique is now the most useful in assessing the age of 
post-mature material, It must be noted that their method 
applies only to males and was not applied to female mater- 
ial until he work of Gilbere and MeKern, 

the face of the symphysis is analysed by 
reference co three ‘components, each being scored on a scale 
of 6, In component I, the dorsal half ofthe face is assessed 
fon a scale of 0-5: in component Il, the ventral half is 
assessed: and in component III, the whole surface is con- 


In summary, 


sidered in relation to different criteria to the preceding two 
stages 
Component I (the dorsal plateau) is scored as follows: 


1 0: dorsal margin absent 

1B I: slighe margin formation appears in the middle third 
of the dorsal border 

1H 2: dorsal margin extends along whole dorsal border 

1B 3: grooves filled in with resorption of ridges wo form 
an early plateau in the middle third of the dorsal 
demiface 

4: te plateau, sill with vestiges of billowing, extends 
cover most of the dorsal demiface 

1 5c billowing vanishes and the surface of the demiface 
becomes flat and slightly granular. 
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TAME 3.10 Time of appearance of major osifcaton center 


(@) Healthy Caucasian boys 
Bich 12 mans 20manths 23 yar, 1 month 
Cac ‘Seca ngerfet phan Fist aft tla Fer eat trochanter 
Tus Furth foger-eet pala Mie cunt Patol 
Fam distal Fist ingersecond phan alas ke 
Tea pd 21 monte ar 8 
Tha esi ‘hed ge ha Fouts neta 
rere Tit efit plane Fourth inert plan 2 years, 4 months 
Second etal Navodarof foot Fifth oot pata 
2monthe Medial cunesonm Fifth toe-fist phalanx 8 years, 7 months 
Capi Seue hated pra 
famate 14 months ma eacuea Four toe~ihird phalanx 
Literal euneiom Fourth eft plan i 
Pe eaiatgraey Fist metataal 23 years, 8ranths 
months z Fith metatarsal 
Fem head Frith forsee plat ome ‘Scand fnger-tid phalane 
Cation Fit fgets phalanx fer thd 
Tibia, distal 15 months ‘8 years, 10 months 
lapaties ‘Third metacarpal 2 years Radius, proximal 
S mons Second oe-econd phalana Fit inger-scond pale djs aati 
Fa dist Fi fgets phan a ‘re 
7 months 16months pene Eset 4 yar, 4 months 
Humerus, greater hibeosty Fourth toe second phalanc Second metatarsal Navicua, hand 
Rats, tal Fourth metacarpal 2 years, S months «years, 8 months 
10nonhs ‘inal Sacer inge-thie pila tangle ins 
Tiguetnn Ferm ecard ptane ‘ith ng haan ea 
11 mnths Tid fgersecord pala year, 11 months Humes mel epicend 
il ogerfst lane Faurh foger-second pare The metatarsal Unt 
Fst oesecand pane ith metacarpal Fula prosial Fi oe-scond phalane 
‘(b) Healthy Caucasian girls 
ith mons 14 moths 2a 
Cac Seca ngerfet pane Fist metactpal Lunate 
Tus Ft inger-scond pals Fiat ft plac Third ori plane 
Fem distal “ied toes pala Fit ingarfet phalane Fourth ood haan 
The ingrid pane Fula proinal 
8 monte Fourth inert plan Feu, eter tocar 
“id oe-second pala Novouare oat Se aa 
Fourth eft pian ‘de conetom years 2 mantis 
Prisha ls Miu gus Sted ine haan 
Fourth metatarsal 
10menths 1 months 2years, Smarts 
Lateral euneiom Second metacarpal Fist fgets pane Fith metatarsal 
Second toe-secord plane Fithingr-second pale 
months Faurh oe-second plan 2years, 8 months 
Femur, head Third metacarpal 17 months ‘Multangulate majus 
Capitulum ‘Second toe~frst phalanx Second fnger-thid phalanx years, 9 manths 
Thi distal Tquetun Fithingrth pane Himen mal epcon 
4 months 11 months 19 months Losi 
Humerus gat erosty Faurh metacarpal Second mess Reds proinal 
Fi ingarfet phan Nutangueeins 
* montis ‘fth toe~thir lank = 
Radius distal Fourth finger-sacond phalant ica a ‘Naviculas, hand 
Tid nger-second phan 29 moths jak orci 
months er 
Fst te-second phalans 13 months ‘hd stl a, ial 
hid gett lan Fh metacarpal 29 months 5 years 
Feurth nerfs! paar Second nget-secend phan Palla Fifth oe-scond phalane 


‘Mr Francs and Wire (1930) 
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‘Component II (the ventral rampart is scored as fallow 


HO: no ventral beveling 

HL: ventral bevelling only atthe superior end of the 
ventral border 

1H 2: bevelling extends along whole ventral border 

3: ventral rampant starts as bony extensions from either 
or both extremities 

1 4: extensive rampart, but stil gaps, especially on the 
upper two thirds ofthe ventral border 

1B 5: complete ventral rampart. 


Component III (symphyseal rim) is scored as follows 


0: no symphyseal rim 

1: partial dorsal rim visible, usually atthe upper end of 
the border: itis round, smooth and elevated above the 
surface 

18 2: complete dorsal rim with beginnings of venteal rim, 
which starts at no particular site 

BL 3: complete circumferential symphyseal rim, enclosing 
a finely grained, slightly undulating surface 

1H 4: the rim begins to break down, no longer smooth but 
sharply defined. Some lipping on ventral edge 

5: further breakdown of ri ly along 
superior ventral edge. Rarefaetion of symphyseal face. 
Disintegration and erratic ossification of ventral rim. 


 especi 


In practice, a three-figure score is made from evaluation 
of each component and added together. For example, eom- 
ponent I= 3, component Il = 4, component III = 1.,Thus 
the score is 3 + 4+ 1=8 and by reference to the tables, 
the age suggested is benween 24 and 28 

Since the work of Gilbert and MeKern, a method has been 
offered to assess age in both males and females, Stewart has 
pointed out that, although Tadd fele that the same criteria 
could be applied to females, there was isk of overestimation 


of age in women because pelvic trauma during parturition 
could deform the dorsal border ofthe symphysis in a manner 
likely to mimic age changes. 

‘The other limitation of the method is that the upper 
lime is 50 years, so that a large segment of the range is nor 
considered. Also the scoring is naturally subjective, depend- 
ing on the experience and taining of the observer. In spite 
of these drawbacks, the method remains the most useful 
ageing technique for post-mature males 

Gilbert and MeKern established standards for females 
in 1973, The same three components are used, but the 
description ofthe symphyseal faces is diferent. Details must 
be sought in the original publications or in Krogman and 
Iscan’s invaluable book. Gilbert concluded that, if the male 
tia were used for females, the age assessment would 
be underestimated by about a decade, as the female pubis 
reaches full maturity about 10 years later than the male 


Several tests of the accuracy of this method have been 
made by Suchey (1979) and Meindl et af, (1985). There 
have been many reports on the subject, but ie would seem 
that Todd's system remains the most accurate, Overall 
accuracy obtained by experienced observers lies in the 
range of 5-7 years around the true age, 


The sternal rib methods 


‘The comtochondral junction has been studied by a number 
of physical anthropologists using different techniques 
Michelson (1934) found that calcification in the fist 
costal cartilage did not occur under 11 years and that 
after 16 years, males calcified much more quickly until 66, 
when the sexes again became uniform, Isean and Loth 
(1986) made detailed studies of the shape of the rib end 
adjacent to the cartilage and constructed complex criteria 
for age-related changes. The original publications must be 
consulted for details as well as more recent developments 
such as those by Loth, Iscan and Sheuerman (1994), 


Skull sutures and age 


‘The use of skull suture fusion as an index of age has had 
a chequered history, beginning in the frst century AD with 
a comment by Celsus. It is now generally discredited, 
except in the most broad terms. 

Ie is common knowledge that most adults have at least 
part of eheir suture lines closed and thar this tends to become 
more widespread as age increases, There are many exceptions 
and the rate of closure isnot linear with time. This generalicy 
can be useful when skull fragments are found, as any visible 
fusion will atleast indicate thatthe skull came from a mature 
individual, a eis unlikely below the age of 20 (Brothwell. 

‘The claims of Dwight (1890), Parsons and Box (1905) 
and Todd and Lyon (1924, 1925) (who stated chat sagittal 
fusion began at 22 and was complete by 35) for the use of 
fusion as an ageing tool, have been refuted by Singer (1953), 
‘Cobb (1952), MeKern and Stewart (1957) and Genovés and 
‘Messmacher (1959). MeKern and Stewart found that 25 per 
cent of 18-yearold males had begun closure of thir sagittal 
sueuees and that by 31-40 years, 90 per cent had some 


fusion, Yet many had no fusion at considerably older ages. 
Since these criticisms were made, much further work has 
been cartied out, recorded by Krogman and Iscan’s book in 
its 1986 edition. They concluded from the accumulated evi 
dence of many publications that suture closure is not affected 
by sex, race or rightlef differences. Only endoeranial fusion 
must be studied, as that on the outer side is far more erratic 


Even so, determination of age from suture closure is unsafe: 
they feel that in the 20-50 age range, it may be possible to 
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place a skull within the correct decade only, older material 
being even more variable 

‘The basisphenoid synchondrosis cannot be included in 
this cass, as its fusion is a relatively reliable indicator of 
a minimum age of about 20 years. The metopic suture, 
beeween the two halves ofthe frontal bone, usually closes at 
about 2 years of age, but occasionally persists into adul ie 

Radiology can also assist in the determination of age, 
from the internal structure of the cancellous bone and 
cortical thickness of the head of the humerus, for example. 
Schranz (1959) developed a combination of external visual 
examination and radiographic features, indicating that the 
hhead of the humerus was a better determinator than the 
corresponding part of the femur. He produced a list of 
criteria that helped to age a skeleton from about 15 years 
of age up to one in excess of 75. This was pursued by 
Nemeskeri and later by him in conjunction with Acsadi 
(Acsadi and Nemeskeri 1970), to include the praximal 
parts of both humerus and fernur, taking into account the 
radiological thinning of the cortex and the progressive 
rarefaction of the apex of the medullary cavity in the head 
of the bone, The original papers or their full synopsis in 
Krogman and Iscan’s book must be consulted for details, 

Histological structure has also received attention and 


remodelling of Haversion systems seem potentially useful 


Fuso 3.16 A guide tthe age of epiphyseal union in the major 
entre, The commencement and completion of union take several 
years, The table is ony a guide for mate subjects (female lightly 
carly) in now-tropical climates; the two dates are partial anu 
complete union (ear). 


Head offemar 16-19 Acromion 
Greater trochanter 16-19 Distal femur 

Leser trochanter 16-19 Proximal ibia 149 
Head of humerus 16-23 Proximal fibula 16-21 
Distal humerus 13-16 Distal tibia 16-19 
Medial epicondyle 16-17 Distal fibula 16-19 
Proximal radius Mecatarals 

Proximal ulna Iliac eest 


Pica 3.17 The interpretation of cranial suture closure as an 


Distal radius Primary clemente pelvis 14-16 


Sternal clavile ude of age is ful with err, Ths po of ge and 


Distal ulna sould be generally expected, no segment of fsion are shown on the 


Acromial clavicle 


Meracarpals exterior ofthe sll. 
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Fic 5.18 Dagenenative dicate can asic in providing a general 
timate of ae, oF atleast exclusion of younger age groups. This 
grey arthritic humerus sted in distinguishing the near 


‘eletalized bodies of a 66-year-old man and bis 22-year-old sn 


forthe estimation of personal age, Eriksson and Westermark 
(1990) have claimed that amyloid inclusions in the choroid 
plesus can be used asa simple technique 

Chemical methods for assessing personal age lie parly 
within the field of forensic dentistry, such as the racemization 
‘of amino acids in teeth. This has alo been applied to bone 
and depends upon the progressive conversion with advancing 
age of aspartic acid from the dextro- to the huevoisomer 
(Ohtani 1994; Rit ea 1994) 


DETERMINATION OF RACE FROM 
SKELETAL REMAINS 


This is more difficult than any of the preceding investiga- 
sions, partly because racial tats are not so marked and 
pardly because so much ethnic mixing has taken place, 
specially in the large-scale immigrations into Europe and 
North America in recent years, 


As usual, those at the extreme ends of the osteological 
range present litde difficulty, as Brothwell (1972) remarks 


when comparing Eskimos with Australian Aboriginals. 
Unforsunately, there isa large proportion of racially neutral 
skeletal material and also some that presents apparently clas- 
sical racial Features but turns out to be totally atypical, so 
providing a quite incorrect diagnosis. The following erteria 
are offered, but the usual warnings about dogmatic opinions 
are even more important in this fel. 

“There are three main racial groups: Caucasian, Mongoloid 
and Negroid. All others are derived from these and skeletally 
cannot be distinguished, though when archaeologists and 
anthropologists are working within a major race, there may 
well be local criteria that can distinguish racial subgroups 
with varying degrees of confidence. Most work has been per- 
formed in North America and chus most available data are 
derived from Caucasian and Negroid Americans, and Native 

‘The skull offers the best evidence on racial origins; 
Krogman and Iscan claimed that race ean be determined in 
90-95 per cent of eases. The mandible is excluded from 
this, apart ftom the teth, which will be dealt with in another 
chaptee. It may be mentioned here, however, that one of 
the most useful pointers to a Mongoloid skull isthe present 


of posteriorly concave, ‘shovel-shaped’, upper inciors, which 
may be grooved on the rear surface. These were found 
by Hanihara (1967) to be present in up to 93 per cent of 
Japanese, 85 per cent of Chinese and 68 per cent of 


Eskimos, being absent in Caucasians and occurring in only 
up to 15 per cent in Negroid Americans 

‘The wide zygomatic arches that give the typical high- 
cheekboned features of the Mongoloid races can sometimes 
produce a skull ia which, uniquely, che transverse facial 
‘wideh is greater chan the width of any other part ofthe head. 
Krogman provides a useful table (Table 3.11), outlining 
the major racial differences in the skull. Elewhere he sub- 
divides the Caucasian group inco its three main subgroups: 
Nordic, Alpine and Mediterranean. He points out once again 
that these describe the ‘stereotypes’ of each group and that 
there isan extensive grey zone of more neutral characteristics. 
Subjects in the Negroid group tend to be long headed 
(dolichocephalic) and broad headed (brachyeephalic) in the 
Mongoloid group, with the whole range occuring in the 
‘Caucasian group. The Negroid orbit is lower and wider, com 
pared with the higher, rounder eye socket of the Mongolia. 
‘The Negroid nasal aperture is wide, and the prognathism of 
the lower face and jaw relatively marked 

‘There are racial differences in che pelvis, but specialized 
measurements as described by Todd and Lindala (1928) 
must be made in order to detect these, Iscan suggests that a 
79-83 per cent success rate can be achieved in differentiat- 
ing between Caucasian and Negroid subjects (see References 
and further reading). The long bones offer some assistance, 
especially the fernus. This is straighter in Negeoid groups, 
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the anteroposterior bowing being less, Together with 
other long bones, especially those of the lower limb, 
Negroid bones are longer than those of Caucasian or 
‘Mongoloid skeletons, even for equal total body length, the 
leg. proportions being greater. The radius and tibia are 


‘Tanue 3.11 General racial feature in he skull afer Krogman 
1939) 


White 

(Caueasoid) 

(excluding 
Feature Alpine) Negroid __Mongoloid 
Height of shut High Low Medium 
Length of skull Lang Lang Long 
Breadth af kul Natow Natow Broad 
Brea of face Natow Natow Wide 
Height of face High Low High 
Sagi contow Rounded Fat ‘ches 
Nasal oping Natow Wide Naron 
Oftital opening Anguar Reclinguar Rounded 
Lower nasalmargin Sharp roughed Shap 
Nasal pole Straight Sanied dawn Sbaght. 

Narow Wide Medium 


Plt shape 


relatively longer (Table 3.12). Several writers offer various 
indices of relative bone lengths, such as those of Modi 
(1957), Munter (1936) and Schulee (1937). The seapula 
has been extensively studied, bur seems a poor discrim- 
inator of race, 


PERSONAL IDENTITY FROM 
SKELETAL MATERIAL 


Afier the general groups of race, sex, stature and age have 
been investigated, the bones must be examined for any 
idiosyncratic features that give them personal identity 
This is invariably a matter of matching up such feature(s) 
with known pre-existing conditions, and depends upon a 
potential match being available. Circumstances ate infin- 
itely variable and the ways in which this suspected matter 
comes co the examiner's knowledge are legion. Sometimes 
there may be ane ‘good bet’ and, indeed, the potential 
identity may be virtually certain from the circumstances, 
the anatomical confirmation being almost a formality. In 


‘Tas 3.12 Selected snthrpomeric dimensions (rm) in White and Black* Americans 


Men Wornen 

White Black White Black 

Mean s0 Mean so Mean = 0 Mean 50 
Body 
Stature 170s 608A OB 1697 Tal 1586 B49 
‘otal arm eng 70 302 me 42 6 3a 13 327 
Upper am length 83 184 BO 218 a 0B 303186 
Forearm lgth m9 128 69 «150 28 «187 oT 147 
Hand length i793 199193 m oa m9 102 
Leg length (ante supne) 32400 94 4a a 512 a2 418 
Thigh eng ata 5 15 et 318 4g 49 
Lower ag length 38198 401987 35288 365198 
Foot length ma 119 6 139 2m (188 218 
lia Breadth 22169 20 188 287205 27 DAT 
Brspinous breadth 26172 27 1By es] 200 208 
Head 
Maximum length 188 198 182 65 188 TT 
Maximum breath 164 68 wat 148 56 ws 62 
‘usa height Pr) 12483 118 53 m0 4B 
Face 
Baygomatc breath 13908? 139 Bt 130 0 132 a? 
Mandar breadth not 109 aT 103 Bo 105119 
Interac breath 3338 Ee 31 28 Emer 
‘otal morphological height 1m aT 1% 16 113 95 "e116 
Upper face height 6 68 1 66 66 62 a 48 
Nasal height Ba 4? 2 4B 2 38 50 4a 
Nasal breadth ay OAT a2 49 4a Al 
“Fa Te and Lied (198) Cored by Krognan scan (1086). 
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APPENDIX A © GETTING STARTED WITH TOOL BULDING 


150 


Figure A-5. Cut off the device end of the USB cable. If ou cut off the wrong end, you're not going to be able 
to plug it back into the charger, at least not without a considerable amount of effort. To ensure you cut the 
correct end, plug the host end of the cable into the USB charger before snipping, and then cut off the other 
end. 

‘Now carefully strip off about an inch of the cable's insulating jacket. Do your best to not nick the 
insulation on the wires inside. Within the jacket you should find four wires. Two of these wires carry the 


++5V and ground from the power supply. The other two wires carry the data on the USB connection. 
Since we're only interested in the power, we can ignore the other two wires for now. See Figure A-6. 


The establishment of Identity of human remains 


Fi 


1RE 3.19 Idemification of homicide victim, buried for almost 2 year ina garden, was achieved by matching dis calls from a previous 


femoral facture, with the medical notes and radiographs obtained fram a buipita. The shape and size of the callus, tagedber with the assous 


spur due to muscle taction, was identical to fllow-up films aken during if 


Fics 520 Identification ofa selecaized body wat achiened by matching tis callus fom a previous ubuar ftcrure, with dhe medical notes 


and radivgraphs obtained fin a bespital The shape and sizeof the callus, wa identical to fllow-up fils taken during lif 


other cases there may be a list of hundreds of potential cases 
to search ehrough in che hope of Finding a match. 
Individual characteristics may be of two main types 


1 Anatomical shapes thar can be matched by radiology, 
measurement oF other means. Examples would be 
frontal sinus comparivon, craniometry and radiological 
bone architecture 

1 Discrete abnormalities such as healing fractures, metal 
prostheses, bone disease or congenital defects, Some 
artefacts, such as drill holes or wire, may immediately 
indicate that che bone isan anatomical specimen, 


Anatomical matching depends upon accurate and 
detailed information about the living subjece who is thought 
to correspond with the skeleton. Such information is usually 
radiographic and is derived from clinical records, The 
examples par excellence are dental charts and radiographs 
obtained from the dentist of the potential match; this is 
discussed in Chapter 26. Where skull films ate available 
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from ante-mortem sources, identity can be almost assured, 
‘The lateral view of a head can be matched with similar views 
taken of the skull, and both obvious anatomical landmarks 
compared and cranial measurements taken, The matter is 
further discussed later in relation to radiology, but the pro- 
file of the pituitary fossa as wel as various intracranial dia 
meters can rapidly exclude a march, In fact, a cursory glance 
can often confirm that the two skulls are dissimilar; making 
4 positive correlation takes more time and requites accurate 
orientation of the radiographs. 


Frontal sinus identification 


‘This has been extensively studied since Schuller suggested 
the technique in 1921, asic is particularly useful in mutilated 
cor burnt bodies, such as those from mass disasters like aie 
crashes, The sinuses are well protected from all but the most 
extreme damage and are unique in that —as first pointed out 


Personal identity from skeletal material 


bby Poole in 1931 —no two persons (not even identical ewins) 
have the same profile of these ar spaces. They appear in the 
second. year of life and increase in size for the First wo 
decades. They are absent in about 5 per cent of persons and 
unilateral in another 1 per cent. For the sinuses to be used, 
fan ante-mortem anteroposterior skull radiograph must be 
available, the most common source being from a previous 
hospital admission or examination, usually for a head injury 
‘The cadaver skull or head must be X-rayed in exactly the 
same orientation and degree of enlargement, so that some 
superimposition technique can be employed. The ‘forehead 
nose’ position was recommended by Schuller (1943), with 
the tube axis positioned level with the supraorbical mangins 
‘The scalloped upper margins of the sinuses are used for 
comparison, these being smaller and more numerous in the 
female, Asherson’s thesis of 1965 recommends using the 
Caldwell occipitomental plane for the radiographs, used 
clinically or investigation of the nasal sinuses. This is prefer- 
able to the Walles occipitaffontal view and the twa projec 
tions are not necessarily identical in terms of sinus profile 
Asherson recommends outlining the sinus shape in black ink 
fon the film or tracing it onto a sheet of paper. Turpin and 
Tisserand (1942) projected their films on to a cardboard 


sereen and cut out a template, weighing these from both 
ante- and post-mortem films to determine whether they 
were identical. Computed tomography of the sinuses is 
recommended by Reichs (1993), 

Other radiological methods of comparing identity include 
‘matching of hand and wrist films, matching the profile and 
structure of the first rib and clavicle, and the eraniometric 
methods of Sasouni (1959) and of Voluter (1959). The 


methods must be sought in either the original papers or 


Ficune 3.21 Pasa identity of this 
aoc seletlized fire vie was 
established from dis healed callus on the 
sibia, the site ofa welldocumented facture 
several years before death 


Ficune 3.22 The ficial and cranial skeleton is unigue to every 
person. Ifante-morcem radiographs can be obtained for the person 
likely 20 be se victim, matching ofthe foonal sinus pattern can 
provide absalute identification. Ths bd, which was washed up on 
the beach, sas eventually matched with hopital radiographs 


rough the sinus pattern seem atthe tap edge of the picture 


ght (1983). 
However, in general, it may be said that, wherever ante- 
mortem X-rays are available, especially of skull, chorax, hip 


surveys such as the textbook by Evans and Kn 


for shoulder, then radiological comparisons of the dead 
‘material can almost always exclude an identity and, in many 
circumstances, can confirm i, 


3: The establishment of Identity of human remains 


THE DATING OF SKELETAL 
REMAINS 


‘One of the issues in identity, as well asin estimating the time 
since death, isthe date (as oppased to the age) of human 
bones. A knowledge of the time of death, measured in years, 
decades or even centuries, can assist che investigating author- 
ities considerably: In fact, where skeletal remains are shown 
to be of considerable antiquity, no investigation at all is 
required, as even ifthe death was criminal, the culprit may 
long since have died. This ehreshold of investigative interest 
lies at around 70 years and material older than this may be 
of concer only to historians and archaeologist, 

Ieis the marginal cases that present difficulties, especially 
as the methods of dating in this period are so approximate. 
For example, the skeleton shown in Figure 3.6 was dis- 
covered 41 years fier the woman had been murdered. When 
the police went searching for the suspected killer, they 
found chat he had died peacefully 3 years before the dis- 
covery, of eoronary disease — thus qualifying for the ‘perfect 
murder 

‘The major problem in dating bones is that the environ- 
‘ment is far more potent than time in changing the state of 
the bone. In Wales, a historic country where a spectrum of 
skeletal material has been found dating back some 18000 
year, Frequent opportunities present for examining bones 
from many periods and many conditions of environment. 
Some Roman or even Bronze Age material, which had been 
concealed in dry sand dunes or in welldrained ancient 
burial mounds, appeared almost as pristine ay an anatomical 
demonstration skeleton. On the other hand, modern mater- 
ial buried in coffins in graves marked with headstones only. 
20 years old have completely vanished because acidic, peaty 
‘water repeatedly eluted the bone as the water table in marshy 
ground rose and fell. An even more striking demonstration 
of the effect of local conditions was the observation that 
some limb bones buried vertically in a rock fallin a cave were 
in excellene condition at the upper ends, yet the lower parts 
were tonlly eroded where they had been surrounded by 
damp rubble. 

‘These facts emphasize that vast errors can be made in 
dating bone merely by the gross morphological appearances 
and —asis so often the case~ the less experienced the exam- 
iner, the more dogmatic his incorrect opinions are likely +0 
be. The following schedule can therefore be nothing more 
than a rough guide, which must be modified where pos- 
sible, by a knowledge ofthe envionment in whieh the bones 
lay. Certain physicochemical tests are of assistance, but 
even these are themselves dependent on the environment, 
with the exception of radiochemical tests that are of little 
value in the period of forensic concern, 


Physical appearance 


Recent bones will have sof dssue remnants adhering, in the 
form of tendon and ligament tags, especially around the 
joint ends, Periosteum may be visible as fibrous material 
closely adherent to the shaft surface. Cartilage may also be 
present on articular surfaces. The time for which these 
remnants persist is variable, according to the conditions in 
which the bone has been left, Animal predators may rapidly 
remove all soft tissue and cartilage, sometimes within days 
cor weeks, If the body has been left in a protected place, such 
as a vault or closed building, then dried tissue can remain 
for many yeats In temperate climates, bodies left out in the 
‘open usually become substantially skeltalized within the Fst 
year, chough tendon tags and periosteum may survive for 
5 or more years. Ifa body dies in the autumn, then the 
preservation is likely co be longer through the colder winter 
‘months than if ie died in che spring or summer. 

Afterall soft issue has vanished, recent bones may stil be 
differentiated from old material by the density and feel of 
the bone, For a variable period, depending on storage condi- 
tions, a bone will fel slightly greasy to the fingers for several 
years, sometimes up to a decade if kept indoors, Ie will also 
feel heavy compared with older skeletal material because of 
the preservation of the organic stroma, On sawing a recent 
bone, it ill be hard (especially che shafts of limb bones such 
as the fermus) and will be uniform through the whole chick- 
ness. A smell of burning organic tissue will be obvious if 


Vigorous sawing produces heat. In an old bone, the loss of 
the collagenous stroma will lighten the bone and make it eas- 
ier w cut. The outer cortex and — to lesser extent ~ the zone 
around the marrow cavity, will lose che stroma fist, 0a 
‘sandwich’ effect may be seen in which a central ring of hard 
collagenous bone is layered on each side by a zone of more 
porous, crumbling material, This is not seen in less chan 
several decades ~ and sometimes centuries ~ unless the bone 
hhas been exposed to the sun and other elements. The fragile, 
brite appearance of old bones is usually First apparent on 
the ends of long bones, adjacent to the joints, such as the 
tibial plateau oF the greater trochanter of the femur: This is 
ofien because the ourer layer of compact bone is thinner 
there than in the shaft, so chat the sft cancellous bone ofthe 
extremities is more readily exposed. This oceurs within a few 
decades if the bone has been outside, but may not develop 
fora century in protected material. The aged cortex will fel 
rough and porous and, in really old material, can be erum- 
bled or pitted with a fingernail 

‘Another factor that markedly affects the rate of decay of 
bones is the size and type of the bone itself. Whilst thick, 
dense bone, such as femoral or humeral shaft, may last 
for centuries, smaller and chinner items may disintegrate 
rapidly, Skull plates, tarsal and carpal bones, digits and the 
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thin bones ofthe facial skeleton will sot more quickly, as 
will the small bones of fetuses and infants, 


Physical tests 
In parallel with the physical appearance of the sawn bone, 
fluorescence in ultraviolet light can be a useful preliminary 
test, Ifa shaft is eut across and inspected in the dark under 
ultraviolet light, such as that from a Wood's lamp, recent 
bone will shine with a silvery-blue tint right across the 
whole section, As the bone ages, the outer rim will cease 
to fluoresce and this will progressively deepen towards the 
centee. As with visual and tactile examination, a similar zone 
will work its way outwards from the marrow cavity unl 
only a thin sandwich-filling will survive. This chen frag- 
‘ments and eventually vanishes so chat all the cut surface is 
‘non-fluorescent. The time that this process takes is variable, 
but cotal loss of ultraviolet fluorescence takes somewhere 
of the order of at least 100-150 years to complete. Other 
physical tests have been described, including density and 
specific gravity measurements, ultrasonic conduetion and 
thermal behaviour when heated under special conditions 
All these criteria depend on the las of organic stroma and the 
development ofa caleified matrix with a porous structure 


Serological and chemical tests 


Positive tests for the presence of haemoglobin may be 
obtained for a variable time on either the bone surfive oF 
powdered bone, this being parly dependent on the sensitivity 
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afte since death. A fishy sawn erassecton ofa dense bone such 
«femal shaft is tobe preferred. Up to several decades afer death 
the whole cut surface lureces a blush colour (a). From 3 10 

80 years, greatly depending upon the environmental conditions, the 
ter zone and the zone around the marrow cavity progresively le 
fluorecence(b) fier century ar mare, the reidual luaesence 
contracts narrowing central sandwich (c) before vanishing 
complezely inthe second century. Other methods of atrempred dating 
{Include microscopic eatmination. Yeshino eta. (1991) clara that 
rmicroradiognophy and electron micrscopy reveal vacuoles in 
‘umpact bane ein sil for 506 years 


of the technique. Using the dye-peroxide methods (benzidine 
is most sensitive, but is now proscribed by Health and Safety 
regulations, so that the less satisfactory Kastel-Meyer test 
must be used), positive esults may be obtained up to about 
100 years. 

Serological activity lasts only a short time in bones 
exposed to the weather, Bone powder eluted with weak. 
ammonia and vacuum concentrated, may give a positive 
reaction with ansihuman sera, such as Coombs reagent, for 
only about 5-10 years ~ again depending greatly on the 
environmental conditions 

‘The recent development of DNA techniques has led to 
both bone and bone marrow being used to produce profiles 
for identification. There seems to be a wide range of times 
during which ths is sucessful ‘The author (BK) deale with a 
case where DNA testing was successful after 8 years’ burial, 
bbut other more recent skeletons did not yield such succes. 
However, far older archaeological material has given DNA. 
profiles, so, at present, the DNA criteria cannot be used for 
dating. 

‘Chemical esting secks to measure the degradation of the 
proteinous stroma, so knowing the total nigrogen and amino 
acid content can be useful. Fresh compact bone contains 
about 4.5 per cent nitrogen, which progressively diminishes 
with time, Ifa bone contains more than about 4 per ent 
nitrogen, itis unlikely w be older than 100 years, but if it 
hhas 2.5 per cent oF less itis likely to be older chan 350 years. 

Estimation of the racemization of amino acids in teeth 
(lacvo/dextro proportions) is being used to determine age, 
and there is some evidence that it also changes linearly with 
post-mortem interval. Its use on skeletal structures other 
than teeth is being investigated. 

Residual protein 
acids by prolonged heating in 6M hydrochloric acid, The 
digest can then be analysed, cither by autoanalytical methods 
or by evo-dimensional chromatography. Fresh bone contains 
about 15 amino acids, mostly derived from collagen. Glycine 
and alanine are predominant, bu proline and hydroxyproline 
are more specific markers fo collagen. The later two tend to 
vanish in about 50 years (as always, depending on the storage 
environment), 40 they are useful markers for the time thresh- 
old of forensic relevance. The other amino acids diminish 
cover the succeeding scores and hundreds of yeats, so that a 
bone containing only four oF five amino acids i likely to be 
relatively ancient. Glycine persists for millennia, being found 
in palacolidhic material 

Paradoxically, che methods available for archacologists to 
use on ancient skeletal remains are proportionately more 
accurate, but of litle oF no use in forensie science. The radio- 
carbon test, which measures the loss of earbon-14 after death, 
cannot be applied to material less than a couple of centuries 
ld, asthe los of radioactive carbon, which has a halflife of 
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well over 5000 years, is 100 small to he measured in the half 
century oF 50 that interests the forensie pathologist 

Another radioisotope technique isthe subject of current 
research at Aberdeen University, where Maclaughlin-Black 
tal, (1992) are measuring radiostontium in skeletal remains, 
the principle being that pre-1945 bones should be free of 
endogenous strontium-90, derived from nuclear weapons 
and atmospheric tess, which was at a maximum in the 
environment in the early 1960s. The possibility exiss that 
atmospheric contamination with other isotopes laid down in 
bone from dated tests and nuclear accidents may provide a 
profile that could bring forward the latest date during which 
the person must have been alive 


PHOTOSUPERIMPOSITION 
‘TECHNIQUES FOR 
IDENTIFICATION 


‘Where potential candidates) for the identity of a skull are 
lknovin to the investigating authority and photographs taken 
during life are available, a well established technique used for 
identification is ‘photosuperimposition’. In this. method, 
photographs of the sul are taken in exactly the same orien- 
tation in three planes as the available photograph, These are 
then enlarged to exactly the same dimensions as the photo- 
‘graph, and either the negative ora positive print is made on 
transparent film. This is then laid over the photograph and 


adjusted in an attempe to match up the major anatomical 
landmarks such as nasion, supranrbital ridges, angle of the 
jaw, nasal aperture, external auditory meatus and, espec 
teeth, The aetual anatomical markers will depend on what is 
visible, in frontal, lateral or oblique views. The testis mainly 
an exclusory one, in that, ifthe match eannot be made, then 
the skull is nor that of the person in the photograph. Ifthe 


Identity of human remains 


atch is good, even excellent, then the ovo could be the 
same person, though the standard of proof is low unless 
some individualistic feature, such as distinet dental charac- 
ter, is apparent 

‘The photofit method has been used for many years, one 
of the most familiar examples being chat reproduced in 
many forensic textbooks, ofthe skull and face ofthe wife of 
Dr Buck Ruxton, a notorious murder in 1935 investigated 
by Glaister and Brash in Scotland. 

‘A more modern variant of the photosuperimpesition 
technique is withthe use of video cameras where two images, 
cone of the photograph and the other of the skull, are mixed 
fon one video display unit, By altering the camera angles and 
the degree of magpifcation of the images, superimposition 
can be tested quickly without the need for laborious photo- 
gvaphie procesing. This method was used in 1994 to identify 
number of the 12 victims ofthe notorious ‘House of Horror 
in Gloucester. This isa rapidly developing field of forensic 
interest, where even the relatively poor-quality images from 
sccurity cameras can be matched with suspects 


RECONSTRUCTION OF THE 
FACIAL APPEARANCE FROM. 
THE SKULL 


‘The reconstitution of the visage from the skeletal base has 
been a goal for workers in many different fields in recent 
years. The advantages of such a technique are obvious as, 
when a skull is discovered one prime method of identiics- 
tion would be a reliable reconstruction of the face, so that 
direct recognition could be obtained from relatives, friends 
and photographic records. 

‘The first methods were as much artistic as scientific and 
depended a great extent on the sculpruring ability of the 
operator, Gerasimov (1971) was # Soviet pioneer of this 
method, though much of his work was archaeological and 
historical, rather than forensic: 

‘The method depends on a pre-knowledge of the usual 
tisue thickness at a multitude of points on the normal 
skull, an anatomical exercise that now has quite a large 
database. Modelling clay is laid on to the unknown skull 
in layers corresponding co these standard thieknesses, then 
‘more imaginative modelling added to "humanize che basic 
shape. The obvious defects in this technique are the lack 
of knowledge about eyes lips, nose, eats and head hair, all 
of which contribute greatly co individual characteristics 
Similar methods have been used by graphic artists, rather 
than sculptors, who use their portraiture talents to create 
a face on the two-dimensional base provided by che skull 
profile, plus a knowledge of tissue thicknesses at many 
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anatomical points. Additional information has been pro- 
vided on tissue thicknesses by radiography of heads 

‘The method was used with success in the 1988 invest 
gation of the murder of Karen Price in Cardiff: Skeletalized 
after being buried for 8 years in a carpet beneath a garden, 
medical artist Richard Neave rebuilt her face upon a skull 
with sufficient accuracy for its display on public television 
to be recognized by her parents 

Recently, considerable progress has been made by the use 
of computer graphic techniques, both in drawing reconsti- 
tuted heads and in gathering tissue thickness data (Vanezis 
¢ al. 1989). Some devices are mechanical, measuring the 
profile of the skull with a device that converts angles and 
distances into digital data. More recently, a combination of 
video and laser equipment has allowed 20000 measure 
-ments to be taken and stored within 30 seconds, The data 
from an unknown skull are then electronically ‘clothed! 
with standard soft tissues from the memory bank and 
‘modified on sereen to produce various images. These ean be 
rotated electronically so that various profiles can be seen, 


A variety of stored eyes, eats and noses can be added, and 
any feature altered almost instantaneously to give a viewer 
number of opportunities to recognize the missing person. 
As with so many techniques in forensic medicine and 
science, the technology is one for superspecialsts at pres- 
ent, but che forensic pathologist should be aware that such 
‘methods exist and are increasing in availability and accuracy 
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[APPENODCA » GETTING STARTED WTH TOOL BULDING 


Figure A-6, The four internal wires within the USB cable. From left to right they are red (VBUS or +3V), 
black (ground), green (USB D+), and white (USB D-). Use the red and black wires to pull a regulated +5V 
{from the charger. 


‘The USB standard specifies every little detail about how to build and mark USB cables, even down 
to the colors of the internal wires in the cable that you're not ever supposed to see! That's dedication. 


Note Apple violates the USB standard by not having a raised USB symbol molded into its cables. 


However, sometimes cable manufacturers fudge a bit and use whatever four-conductor cable they 
happen to have lying around. A very common substitute cable uses red, blue, yellow, and brown wires, 
internally. See Table A-1 for a list of which wires go where. 
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DEFINITION OF A WOUND 


‘A wound or injury can best be defined as “damage to any 
part of the body due the application of mechanical force 

Some jurisdictions have a legal definition of a ‘wound’, 
which usually requires the integrity of the body surface to 
be breached. As this obviously excludes bruising and damage 
co deep organs, it is unrealistic in a medical sense, bu there 
is always some legal alternative, such as ‘causing serious 
bodily harm’, which covers any injury to any tissue or organ, 
Other jurisdictions grade wounds not by their physical 
nature, but by the perceived risk to life or health of the vie~ 
tim; this ean be an extremely difficult prognastic exercise. 


MECHANISM OF WOUNDING 


‘The human body is constantly subjected to mechs 
during the normal course of life, varying from unceasing 


ical forces 


gravitational forces to the forceful impacts of a sporting 
contest. The body usually absorbs such forces either by the 
resilience and elasticity ofits soft tissues or the rigid strength 

its skeletal framework. It is only when the intensity of the 
force exceeds the capability of the tissues to adape 
or resist that a wound or injury occurs. 

The intensity of the force obeys the usual laws of 
physics, in that che force varies directly with the mass ofthe 
‘weapon’ and directly with the square of velocity of impact. 


Ofcourse, the weapon can be anything, including the body 
itself, as is often seen in the violent deceleration ofa fall or 
in traffic accident, 

‘The wellknown formula: Kinetic energy —% mass X 
velocity, means thata one kilogram brick pressed against the 
scalp will cause no injury, bur the same brick thrown against 
the head at a velocity of 10:m/s may smash the skull. This 
principle is relevant nor only in relation to blunt injury and 
firearm misils, but also eo stab wounds, as ix discussed later. 

Another factor of importance isthe area over which the 
force acts. IFa plank of wood is struck against the skin, the 
damage to the tissues will be far greater if the narrow edge 
is used, than if che impact is from the fla surface. Obviously, 
the force derived from the same mass and velocity is applied 
cover a smaller area, thus delivering a greater impact to any 
given unie of tissue, This again is relevane to stab wounds, 
as all the kinetic energy of a moving knife is concentrated 
into the tiny area of the tip of the blade; the same energy 
delivered by the large surface area ofa cricket bat might not 
even cause a bruise, 

‘The effect of excessive mechanical forces on the tissues 
of the body can cause compression, traction, torsion, and 
tangential (shea) and leverage stresses, The resultant dam- 
age depends not only on the type of the mechanical insult 
but also on the nature of the target tissue, For instance, 
violent compression (asin an explosion) may do litte harm 
‘co muscle, but may rupture lung or intestine, while torsion 
ray leave adipose tissue unaffected, yet cause a spiral frac~ 
cure in a femur. 
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Forensic anatomy of the skin 


‘The transfer of kinetic energy from the relative move- 
‘ments of the body and che weapon is the source of damage 
to the tissues. If the attacking object comes to rest in the 
tissues, chen all its kinetic energy must have been trans- 
ferred. A bullet which passes clean through the tissues thus 
fails to exchange all ts energy into trauma production, which 
is the reason for the illegal ‘dumdum’ or more recent, 
explosive-tipped bullets, che object of which is to expand 
the missile and prevent its ext from the body, so increasing 
its ‘Stopping power (see Chapter 8). If such energy transfer 
can be slowed down or spread over a wider area, then the 
intensity of force applied to the tissues per unit of time is 
less. This is pare of che function of a seatbele in a vehicle 
crash, where the stretching ofthe belt fabric extends the time 
of energy exchange and the considerable area of the belt 
surface is a preferable alternative to transferring all the 
kinetic energy via a few square centimetres of forehead 
against the windscreen. 

Other ways in which the transfer of kinetic energy may 
be modified is in moving the body in the direction of the 
force, When a car strikes a pedestrian, that proportion of 
the momentum of the ear that is used in peojecting the 
victim along the road is not then available for damaging 
the tissues 

Similaly, if a boxer ‘ides the punch’, he is reducing the 
differential velocity between his head and his opponents 
fist, as well as extending the time over which energy trans- 
fer occurs, With a high-speed impact, such as a bullet and 
— to alleser extent a stab oF violent blow ~ the inertia ofthe 
vicrimis body prevents any significant loss of energy trans- 
fer by movement. Ifthe force does not strike in a linear 
fashion, but leads to tangential impact ~ as in a glancing 
blow causing a ‘graze’ ~ then only part of the kinetic energy 
is transferred and the damage will be proportionately les. 


Blunt 


CLASSIFICATION OF WOUNDS 


This is quite arbitrary, but when writing medical reports 
{specially for legal purposes) itis essential that every doc- 
tor should use a standardized nomenclature when des- 
cribing wounds, All too ofien reports are seen ~ especially 
from clinicians who are not used to medico-legal work — 
where ‘laceration’, “incised wound’ and ‘abrasion’ are used 
loosely, the accompanying descriptions making it obvious 
that no clear distinction between them was appreciated by 
the doctor. 

‘Wounds may also be categorized by the motivation of 
their infliction, such as ‘suicidal or accidental’ (the ‘manner 
index of the WHO International Classification of Disease, 
ICD E-codes), but a pathologist should classify them by 
their appearance and the method of causation, such as'lac- 
eration’ or ‘incised wound’. The mast useful classification is: 


1 Abrasions — colloquially ‘grazes or seratches! 
1H Contusions — colloquially bruises’ 

Hl Lacerations — colloquially ‘cues or tears 

1B Incised wounds — colloquially ‘cuts, ‘slashes’ or ‘stabs. 


FORENSIC ANATOMY OF 
THE SKIN 


‘As most wounds involve the body surface, a reminder of 
the structure and nomenclature of the skin and subcuta- 
nncous tissues is appropriate. Most superficial is the kera- 
tinized dead layer of cells, ehe stratum corneurn, which varies 
greatly in thickness from one part of the body to another. 
‘That on the soles and palms is the thickest, while that on 
protected areas such as the scrotum and eyelids measures 


Abrasion 


Intradermal 
bruise 


Bruige 


FicUME 4.1 Types of injury tothe sin 


Laceration Incloed 


wound 


4: The pathology of wounds 


only a fraction of a millimette. This has forensic relevance 
in the amount of injury that is needed to penetrate the skin 
and allow bleeding from the underlying tissues. 

‘The living layers of the skin combine with the horny 
layer to form the epidermis, which has no blood vessels in 
its thickness, The epidermis is generally corrugated, the 
under surface by papillae that dip into the dermis, The 
degree of undulation also varies greatly from place to place, 
the thinner skin tending to have a flatter junetion between 
dermis and epidermis, The dermis (or ‘corium’) consists of 
mixed connective tissue carrying the skin adnexae, such as 
hair follicles, sweat glands and sebaceous glands. Te has a 
rich network of blood vessels, nerves and Iymphaties, and 
has numerous nerve endings of various types for tactile, 
pressure and heat sensing. The lower zone ofthe dermis has 
adipose tissue and — depending on the site in the body ~ 
deep fascia, fatty tissue and muscle will form strata below 
the skin itsll 


Dermis 
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Deep fascia 


ABRASIONS 


An abrasion is the most superficial of injuries and, in che 
‘most restrictive of definitions, is one that does not per 
trate the full thickness of the epidermis. Thus the pure 
abrasion does not bleed, as blood vessels are confined to 
the dermis, Because of the corrugated nature of the dermal 


papillae, however, many abrasions enter the corium and 


bleeding commonly occurs 

Another definition (all of which are arbitrary) would 
describe an abrasion as a superficial injury to ‘the skin’ 
which would allow penetration of the upper 


mis rather 
than only the epidermis, so that bleeding would fall within 
the definition, 

Abrasions are known in lay terms as ‘scratches’ or 
‘grazes, though the former usually indicates a linear mark 
and the later a ‘brush’ abrasion caused by wider tangential 
impact. Where these brush abrasions are the result of scraping 
contact with the ground, the lay term isa ‘gravel rash. There 
are many causes of abrasions, which are common every- 
day lesions, especially in children whose legs are rarely free 
from some seratches and bruises. Any contact that rubs across 
the epidermis and removes the keratinized layer and under- 
lying cells will cause that area ro become discoloured and 
moistened by exuded tissue fluid, even if bleeding does not 
‘occur from abraded dermal papillae 

When death ensues soon afterwards, the abrasion 
becomes stiff, leathery and of a parchment-like brown 
colour as a result of the drying of the moist exposed sur- 
face, This is classically sen, for example, in che ligature mark 
of hanging or strangulation. It is impossible to tell whether 
1 superficial abrasion occurred immediately before or after 


Picune 4.3. Simple abnasan ofthe skin 
aused by an almost perpendicular impact 
ofthe bead again the ground. There 
only light tangential scuffing though most 
abrasions have some element of sideways 
contact that damages the epidermis. 
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Abrasions 


death if there was insufficient time for any inflammatory 
reaction (0 occur at the margins. Post-mortem abrasions 
are common, especially after autopsy when che body is 
re-examined, because mortuary instruments and the mov- 
ing of bodies into refrigerators and coffins ean often make 
marks, ‘These abrasions commonly appear yellow and 
translucent, and are absolutely devoid of any colour change 
at the edge. 


‘Tangential or brush abrasions 


Most abrasions are caused by a lateral subbing action rather 
than vertical pressure. Where this tangential component is 


marked, the direction of the force ean often be determined 
by tags of epidermis dragged to the terminal end of the 


abrasion, For example, in the ‘brush abrasion’, which is 
common in childhood falls and pedestrian accidents, the 
skidding of the body across a rough surface scrapes linear 
furrows across the skin. Strands and tags of epidermis may 


Direction 
of impact 


be peeled along these furrows to the further end where con- 
tact ceased, Visual examination, using a lens if necessary, can 
indicate the direction of movement of the body. Similaly, if 
4 victim is struck a glancing blow with a rough object such 
asa stone or brick, similar epidermal tags may indicate the 
direction of the blow. 

“The same type of grooved abrasions can be caused when 
4 victim is dragged along the ground, either in a vehicular 
accident or by an assailant. It may be important, though dif. 
ficult, to attempt to differentiate such drag marks as being 
ante-mortem or post-mortem, a problem which is discussed 
in another chapter 


Crushing abrasions 


Where the impact is vertical to the skin surface, no scraping, 
for tangential marks occur. Instead the epidermis is crushed 
and an imprint ofthe impacting object is stamped on the sur 
face. Ifthe impact is substantial and the area of contact small, 


Ficune 44 A linear abrasion or graze! 
confined 10 the upper layers of the skin. The 
tangential direction of impact ofthe 
weapon wa from above douneards (along 
the longitudinal axis ofthe upper arm), as 
<n be determined bythe shreds of 
«epidermis pected sowards the lower end, 


Ficuue 4.5 Determination af the direction af impact in an abrasion caused bya tangential force, The epidermal tags raed bythe 


inact tend pileup atthe distal end, 
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Ficune 4.7 Bh abrasion frm skidding contact with ce rad 
surfice during a drunken scufle. The lion is parly abraded and 

partly bruised. The direction of movement cam be divcerned, asthe 

snatches begin more abrupaly and deeply near the ruler, an tail aff 
superficially atthe opposite eg. 


4 punctured wound will be made, but otherwise a crushed 
abrasion will oceur. The lesion is slightly depressed below the 
surface unless an underlying bruise or local oedema bulges 
the tissues. These abrasions are the ones that most dearly 
reproduce the pattern of che injuring object. An example 


TiGURE 4.6 “Bruch abrasion’ a gntee’ 
caused by tangential contact ofa moving 
doady with a rough surface. Alchough most 
ave seen in rafic accidents from contact 
swith the road surface, tis example is from 
«a murdered woman dropped down a mine 
sufi There ave gazes running in t00 
directions at right anger, indicating dat 
she muat have sruck the wall tice, in 


sdfevent posture, 


Fictae 4.8 Drag marks on che back of murder vcton. Death 
suas caused by a tab wound of the front of the ches the body was 
pulled along the ground for a that ditance, obviously in the 
direction of the fet, asthe snatch near the wait ir deeper wear the 
fet end and til off atthe oppasite end, 
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would be the marks of a vehicle radiator on a pedestrian 
victim or the pattern of a floor grid on to which a person has 
fallen. Ifthe impact is forcible, then ehe dermis may also be 
injured: an area of bruising may underlie the abrasion, 


Fingernail abrasions 


These are important because of their Frequency in assaults — 
especially child abuse, sexual attacks and strangulation, 
Often associated with focal bruises, fingernail abrasions are 
most often seen on the neck, the face, the upper arms and 
the forearms. They may be linear scratches ifthe fingers are 
ragged down the skin, or short, straight or curved marks 
when the skin is gripped in a static fashion. As women tend 
to have longer, sharper fingernails than men, they are natur- 
ally more often associated with causing such abrasions, 
A victim resisting a sexual or other attack may rake her nails 


down her assilane’s face, causing linear, parallel scratches 
that may be several millimetres wide and placed a centi- 
metre or evo apart. The expected pattern may be fagimentary, 
however, as soften seen on the neck when a victim of either 
‘manual or ligature strangulation attempts to tear away the 
attacking fingers or cord. These 

‘opposed to the more random marks that may be inflicted by 
the nails of the assailant in manual strangulation 


arks are usually vertical, as 


The upper arms are a frequent site for gripping and 
restraint, both in adult assaults and child abuse. Bruising is 
most common, but fingernail marks may be superimposed, 
Static fingernail abrasions may be straight or curved, often 


ui 


(CURE 4.9 Abmaions in manual 


ngulaton. The are is more extensive 


Lage area of superficial damage 20 the 
spidermis is caused by liding movemente 
af the assailant hands, he area having 
become dried and leathery daving the pos 
‘marten interval. The aller marks are 


fingernail scratches 


about half to one centimetre long. The direction of curvature 
must be interpreted with care if one wishes to decide which 
way the hand was held at the time of infliction, 

Although ic is natural to assume that che concavity of the 
‘mark indicates the orientation of the fingertip, experiments 
by Shapiro et al (1962) have shown that this is often not 
the case, Because the skin is put under lateral tension when 
it is indented by the nails, it may distort, so that when the 
tension is released the elasticity of the skin causes it co 
return to its original position, carrying the nail mark with 
it, The curve may then reverse to form either a straight line 
or a convexity. The shape of the free edge of the fingernail 
also affects the mark, as pointed nails are more likely than 
those with straight edges to give these paradoxical results 
Once again, the pathologist has to be wary of incorrect 
interpretation when, for instance, deciding if nail marks on 
a neck were made by hands approaching from the front or 
passing around the back of the neck. However, personal 
experiments with the Shapiro et al. contention have shown 
that it by aw means always applies 


Parterned abrasions 


Formerly it was often claimed that abrasions retained the 
pattern of the impacting object more accurately than other 
injuries such as bruises and lacerations. Though abrasions 
undoubtedly do preserve such patterns well, many of the 
examples were nor in fact true abrasions, bue were intra 
dertnal bruises, mentioned in the next section, 
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Ficune 4.10 Extensive abnasion ofthe 


Aces and sins, in a drunk wha stuonbled 


among furniture bef 


ying ofa head 
injury. The damaged shin ha exuded ue 
fluid, which har dred po 


produce the dark, leathery appearance 


Ficune 4.11 Patterned abrasion ofthe irebead. The vctne was struck 


on che ead in public house with a heany gas astray the barom of 


which had embase 


centri circle moulded nto the gas 


Patterned injuries occur when the force is applied at of —Ficse 4.12 Abvasions and intradermal bruising on 


mdant, He wa found drowned when there 


near a right angle to the skin surface, rather than with the ofa suimming 
skidding impact of a graze. Ifa weapon with a patterned were na witneser, bu te pacing ofthe marks exactly matched the 


es presumed that 


surface serikes the skin — or the body falls against a pat- ridged ler at th edge ofthe bath 0 it 


terned surface ~ the abrasion of the epidermis follows the slipped and crack his head befre filling unconcios into the water 


ridges of the object iFit has a profile of varying height. Not 
only may the epidermis be damaged, but the skin may be the skin, leaving a pattern where the skin has been squeezed 
compressed into the cavities ofthe pattern, with consequent into the grooves of the rubber tread, 


capillary damage leading to an intradermal bruise. Probably There is litle point in trying to lst ll the possible patterns 


the best example of this is seen when a motor tyre passes over that can be distinguished in abrasions on a body, but a few 
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nag 
vie 


Ficune 4. 
steps onta a metal grid. Here ce abnasians are not produced by 
tangential farce, bue imprinted directly by impact ata right angle 


Patterned abrasion on forehead due to falling down 


to the sin, 


have particular medico-legal significance, In former years the 
honeycomb grid of a motor-vehicle radiator provided many 
examples of patterned abrasions, but changes in vehicle 
design have relegated these to historical interest. There may 


still be projections on vehicles that cause damage, but these 
are more likely to inflice bruises and lacerations, The muzzle 
of a firearm can imprint an abrasion on the skin, which is of 
importance in that it confirms thar the discharge was contact 
in nature. Impact against ribbed ceramic tiles in a bathroom 
or swimming bath may assist in reconstructing unwitnessed 
events. Blows fram a weapon with a recognizable surface may 


Jere 


Ficune 4.13 Pa 
the back edge ofa serrated Rambo’ knife 


terned abnaion: from 


and patographs with a 
wld aye be obained to asc in 


the identification ofthe weapon, 


hhalp to identify that weapon, such as a plated rope or leather 
whip, or a solid object with an embosed pattern, Abrasions 
from objects with a recurring pattem, such as bicycle chain 
used in gang fights, ota setrated knife, can readily provide a 
clue to the nature ofthe weapon 


Post-mortem abrasions 


Unlike post-mortem bruises, artefactual abrasions ate com- 
mon, They may have been inflicted after death from a variety 
of causes, including dragging a corpse or buffeting in moving 
‘water, Some post-mortem animal injuries also resemble abra- 
sions such as insect bites, especially by ants, 

Other damage may be caused following autopsy. As the 
postmortem interval increases, so the skin becomes more 
fragile. Eyen the normal procedures of post-autopsy recon- 
struction and handling in the mortuary may cause dermal 
damage, especially after washing with hot water. the path- 
ologist returns for a later examination, of if he is retained eo 
perform a second autopsy for the defence, the appearances 
should be checked with the original description or photo- 
graphs, ifsome injuries suggest a post-mortem origin, 


CONTUSIONS OR BRUISES 


Although often combined with abrasions or lacerations, a 
pire bruise lies beneath an intac epidermis and consists of an 
extravascular collection of blood that has leaked from blood 
vessels damaged by mechanical impact. An extravasation of 
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APPENDIX © GETTING STARTED WITH TOOL BUILDING 


Table A-1. Standard USB Wire Colors and Their Functions, Along with Popular Alternate Colors 


Function | Pin Number | Standard USB Color | Alternate Color 
VBUS (45¥) 1 Red. Red 

D2 White Blue 

De3 Green Yellow 

GND Black Brown 
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Now is the time to verify the wiring before we get much further. Even if your cable has the official 
wire colors within the insulating jacket, you are strongly advised to double-check both the voltage and 
the polarity coming out of the charger before connecting it to your tender, sensitive circuits. Minimize 
‘your assumptions about the compliance of others. Testing proves testing works! 

Strip about 1/4 inch of the insulation from the ends of the red and black wires. Get out your meter 
and set it up to read voltage at or above the 5V range. If your fancy meter has autoranging, then just set it 
to read DC voltage. Plug the USB cable into the charger, ifit's not already installed. Make sure the red 
and black wires are not touching, and then plug the charger into the wall or a convenient power strip. 

Now measure the voltage between the red and black wires. Hopefully you should see a reading at or 
near 5.0V. The USB standard specifies a tolerance of +10 percent, so anything between 4.5V and 5.5 is, 
considered OK. See Figure A-7. 


4: The pathology of wounds 


blood that is (arbitrarily) larger than a few millimetres 
in diameter, is usually termed a ‘bruise’ or ‘contusion’. This 
site overlaps the older and now litle used term ‘ecchymosis’, 
which is really a small beuise 

Even smaller is che ‘petechial haemorshage’, which is the 
size ofa pin head or less. Both eechymoses and petechiae are 
‘not usually caused by direct mechanical eauma and are often 
seen on serous membranes and conjunctivae as well as on 
skin, However, moderate pressure, impact of especially, sue- 
tion on the skin ean produce a patch of localized petechiae 

Bruises are caused by damage to veins, venules and small 
arteries, Capillary bleeding would be visible only under a 
microscope and even petechiae originate from a larger onder 
of blood vessel than a capillary. 

‘The word ‘bruise’ usually implies thatthe lesion is visible 
through the skin or present in the subcutaneous tissues, 


whilst a ‘contusion’ can be anywhere in the body, such as 
the spleen, mesentery or muscles. The two words are often 
interchanged at random, however, though ‘bruise’ is wo be 
preferred when a doctor gives reports or evidence to a non- 
medical audience 


Intradermal bruises 


‘These are important but rarely mentioned in most texts 
‘The usual bruise from blunt impact is situated in the 
subcutaneous tissues, often in the fat layer. When viewed 
through the overlying corium and epidermis, the bruise is 
somewhat blurred, especially at the edge, When a bruise 
is made by impact with a patterned object, however, the 
hhaemorthage may be far mote sharply defined, if it lies in 


the immediate subepidermal layer. The amount of blood is 
relatively small, but because ofits superficial position and 
the translucency ofthe thin layer that overlies, the pattern 
is distin. 

Such bruises are especially likely to occur when the 
impacting object has alternating ridges and grooves, asthe 
skin will be forced into che grooves and be sharply: dis- 
torted. Intradermal bleeding will occur here and the areas 
in contact with che raised ridges may remain pale, as the 
pressure forces the blood from the small vessels. A good 
example is that of a motor tyre running across the surface 
Impacts from whips with patterned thongs may also show 
the same phenomenon, as do the ribbed rubber soles of 
‘trainer shoes, 


Factors affecting the prominence 

of a bruise 

Several factors influence the apparent site and prominence 
of a bruise and, because of thes, i is not possible ro be 
dogmatic ahoue the amount af force needed to produce any 
given bruise 


1 Asitis a leakage of blood from a vessel, there must be 
sufficient space outside that vessel for fee blood to 
accumulate. This explains the ease with which bruising 
appears in lax tissues such as the eye socket or scrotum. 

in the sole ofthe foot or palm of the hand, 
where dense fibrous tissue and restrictive fascial planes 
prevent accumulation of blood. Because of the greater 


and its rai 


volume of soft subcutaneous tissue in fat people, they 


TicUmE 4.15. Iuunadermal bruising 
showing the pattern of rubber sles of 
‘ainer'shoes onthe neck and Tine ofa 
homicide victim, 
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Contusions or bruises 


tend to bruise more easly than thin ones, other factors 
being equal (such as vessel fragility and senile chang: 
‘The apparent prominence ofa bru 


beneath the skin 
varies with the amount of bload in the extravasation 
The sie of the haemorrhage depends partly, but not 
entirely, on the intensity of the injuring force. The size 
and density of the vascular network varies from place 
to place and the amount of damage that a given blow 
causes to local blood vessels is partly a matter of chance 
Resilient areas, such as the abdominal wall and 


buttocks, bruise less with a giv 


impact than a re 
where underlying bone acts an anvil with the skin 
between the bone and the inflicting force. The head 
chest and shins are examples. 


trunk ofa vcti of bid 


(CURE AAG Mulhiple brie 


5, cans by heay 


The bruises ar af the Fingertip 


prodding by adult finger. The child died of « ruptured liver 


The depth at which the bruise is placed affects the 
apparent severity. A bruise may be placed superficially 
in the dermis to form the wel-patterned intradermal 
bruise mentioned in che previous section; here, 
‘minute amount of blood will be obvious, Mast bruises 
are in the subcutaneous tissues above the deep fascia 
and will therefore be fairly obvious, but athers can be 
confined belaw deeper fascial membranes so that the 
free blood has to be viewed through the skin and 
underlying adipose tissue, For a given size of extravasation, 
this bruise will be less prominent, Some bruises 

are confined to deep fascial compartments and never 
become visible withour dissection, 

For a given impact, the volume of blood lose into 

the tissues can depend upon the fragility of the 

blood vessels and the coagulability of the blood. 

In old persons, vessel fragility may be extreme and 

a large bruise may develop from the slightest of 
knocks, Children tend to bruise more easly than 
adults, presumably because of the softer tissues and 
the smaller volume of protecting tissue that overlies 
the vessels Any bleeding diathesis resulting from 
disease, a toxic condition, or certain medication, will 
also retard the normal clotting process that heals 

the breach in the bleeding vessels. Those with scurvy 
and chronic alcoholics bleed easily bur, in contrast, 


certain people (such as boxers) seem able to avoid 
bruising from blows that would severely damage 

other people. 

Iris common knowledge among lay people, as well as 
doctors, thata bruise may ‘come out’ — that is, become 
more prominent with the passage of hours or days. This 
is partly caused by continued bleeding from the 
ruptured vessels, but mainly by percolation of free 
blood from its origin deeper in the tissues upwards 
towards the epidermis. Another factor may be 
haemolysis, when the freed haemoglobin is able to stain 
the tissues in a more diffuse way and become more 
noticeable chan intact red blood cells, This latter 
mechanism is certainly the reason not only for the well: 
known post-mortem phenomenon of bruises becoming 
more prominent afier death, but of new bruises 
appearing later where none was visible at an autopsy 
performed soon alter death. This is Further considered 
in the chapter on post-mortem changes, but is repeated 
here because of the importance of recognizing the 
differences in appearance that can occur between two 
autopsy examinations spaced a few days apart. The 
second, usually for a defence opinion, may find new 
baruises not recorded by the fist pathologist, but if the 
phenomenon of delayed appearance is appreciated, 
potential disputes may be avoided. 
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Movement of bruises 


bruise may appear ata differen place on the surface from 
the point of impact. When the beuise is superficial, expe- 
cially ioradermal bruising, the lesion appears immediately 
— or at least rapidly —and is atthe poine of infliction. When 
blood extravasates in the deep tissues, however, it may take 
time to reach the surlace (i it ever does), and this may be 
some distance away because of deflection and obstruction 

by fascial planes snd other anatomical structures 
In addition, bruises may move under gravity. The most 
frequent example i a beuise oF a bleed under a laceration 
ves fae at least 


fon the upper forehead. IF the vietim sur 
some hours, then the subcutaneous haemorrhage can slide 
downwards over the eyebrow ridge and appear in the orbi 
to givea ‘black eye’, which might be misinterpreted as direct 
trauma. Similarly a bruise of the upper arm or thigh may 
surface lower down around the elbow o knee. 


Alteration of bruises with time 


Asalready mentioned, bruises often become more promin- 
ent some hours or days after infliction because red cells or 
haemoglobin diffuse closer to the translucent epidermis. 
es of changes in bruises in the 


‘There is another temporal se 
living perso 
extravasation of blood is obviously dark red, though when 


this being part of the healing process. Fresh 


logy of wounds 


FIGURE 4.17 Patemed abraion and. 


intradermal bruising ofthe face during @ 


fatal armed vobbery. The watchman was 


struck in the fase by an aailant wearing 
a hard. 


led driving glove with a coarse 


weave patter, 


viewed through the skin this may be purple or almost black 
in appearance. In racially pigmented victims, a bruise may 
sometimes be undetectable from the surface, apart from 
swelling caused by a haemaroma and tissue oedema, 

With the passage of time, the haematoma breaks down 
under the influence of tissue enzymes and cellular infilera- 


tion, The red-cell envelopes rupture and the contained 
haemoglobin undergoes chemical degradation, which causes 
1 sequence of colour changes, The haemoglobin is broken 
down into compounds including hacmosiderin, biliverdin 
and bilirubin, which lead the colour changes theough a spec 
trum of purple to bluish brown, to greenish brawn to green 
to yellow, before complece fading, 


‘A small skin bruise in a healthy young adule might be 


expected to pass through all these stages and vanish in 
about a week, bur there is a tendency to overestimate the 
length of time needed as shown by Roberts (1983), who 
dobserved that ‘love bite’ bruises in sexual offences could 


become yellow and vanish within a couple of days. La 


and Gresham (1991) reviewed the literature on this subject, 
indicating the wide variation in opinion, They also made 
careful photographie records of the macroscopic appearance 
of bruising on 89 subjects, aged between 10 and 100 years 
They concluded that che most significant change was the 
appearance of a yellow colour (in persons less than 65 years 
of age), which indicated that the bruise could not be less 
than 18 houts old, Blue, purple and red did not assist in 


146 


Contusion 


icine 4.18 Kicking and stamping injury othe face. The noe iz 
braised from a ick and the patterned rubber soe of the shoe bas 
imprinted intsadermal brung onthe forebead. es erential to 


obtain accurate photographs and measurements ofthe due-tead 
pattern, 10 allow identification ofthe foonecan 


dating bruises; brown was held to be a mixture of colours 
and was not considered as useful 

In the present authors’ experience, ic is impossible to com- 
‘ment on the age of a bruise less than 24 houes since inflic- 
ton, except to say that itis fesh’, as no visible changes occur 
in that time, 

I is noe practicable to construct an accurate calendar of 
these colour changes, as was done in older textbooks, as 
there are to0 many variables for this to be reliable. These 
include: 


I the size of the extravasation — changes begin at the 
‘margin and a larger bruise will ake a longer time to be 
absorbed. A large old bruise may contain all the colours 
possible — from purple in the centre to yellow ar the 
edges 

the age and constitution of the victim, Aged persons 
‘may not heal their bruises at all and carry them for the 


remainder of thei lives 


6 oF bruises 


Ficune 4.19 Extensive bruiting of the face due to hiring, bicking 


sand stamping 6 dye earlier. The victim had multiple fractures 
af the facial bones, bilarenal serial ib foceuver and a tension 
phennorbonss 


1H a personal idiosyncrasy in the rapidity with which such 
changes occur in any one person, including coagulation 
defects 


Even histological examination is unreliable in the accurate 
dating of bruises, as is discussed later in this chapter. The 
appearance of stainable iron, in the form of haemosiderin, 
however, does not usually appear within the frst 2 or 3 days, 
though Simpson suggests thar it may be found as early as 24 
hours. In meningeal hacmorthage, it seems to appear from 
around 36 hours. 

Haemaroidin, another breakdown product of blood pi 


‘ment, can appear in old bruises and haematomas after the 
first week. 

Though an absolute date cannot therefore be placed 
‘upon a bruise, the following observations are legitimate. 


Ifa bruise appears fresh overall its area, with no 
observable colour change, itis unlikely to have been 
inflicted more than about 2 days before death, except 
in old persons. 

If the bruise has any green discoloration, i¢ was inflicted 
not later than 18 hours before death (Roberts 1983; 
Langlois and Gresham 1991) 
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4: The pathology of wounds 


Ficus 4.20 Bruie from a beating with a broom handle. They 
are approximately parallel and several, especially the lowerma, 
show a double tramcline’ appearance ypical ofthe impact ofa 


round or sguare-secton rad. The presure in the centre compress the 
eels 0 thar they do not bleed 


1 If several bruises (of roughly comparable size and site) 
are present and are of markedly different colouss, then 
they could not have been inflicted atthe same time. 
This is particularly important in suspected child abuse, 
where intermittent episodes of injury have important 


diagnostic significance. 


Bruising of special significance 

Certain types of bruise and bruises at particular sites have a 
specific significance. Clusters of small discoid bruises of 
about a centimetre in diameter are characteristic of finger 
tip pressure from either gripping or prodding. These 
groups are often seen in child abuse, when an adult hand 
grips the infane by a convenient ‘handle’. Once called ‘six- 
penny bruises’ from their size, the lesions are commonly. 
seen on the forearms or upper arms of the child, oF some- 
times around the wrist or ankle, though they ean oceur on 
the abdomen. Similar bruises from fingertips may be seen 


Fic 4.21, Suction marks che left breast of « 22-year-old 
Domicile victim, who we killed by manu and ligature 
angulation. 


oon the neck of children or adules in manual strangulation, 
though there is often additional diffuse bruising eaused by 
a sliding grip on the neck. 

When the skin surface is struck by a rod or rectangular 
sectioned object such as a cane of lath, the consequent 
bruising may be of the ‘ramline’ or ‘railway line’ type. 
This appears as two parallel lines of bruising with an 
undamaged zone in the centre, The mechanism of this 
double line is that dhe weapon sinks into the skin on impact 
so that the edges drag the skin downwards and the traction 
teats the marginal blood vessels. The centre compresses the 
skin, which, in the absence of underlying bone, causes litte 
or no damage to the vessels. When the momentary impact 
is released, blood flows back into the injured marginal 
zones and leaks into the tissues. Impact from broom han- 
dles, narrow planks and wood or metal rods can all cause 
this characteristic lesion, 

‘As with abrasions, bites can result in bruises; this is dealt 
with in Chapter 26. Ie might be noted here that the so-called 
‘Jove bites’ are often bruises, with or without associated 
abrasions, being shower of small petechial lesions eaused by 
oral suction on the skin, 

‘The common ‘black eye’ is dealt with under‘“Head injuries 
in Chapter 5, but again i is worth repeating that not all black 
cyesare rue bruising from a blowin the orbit. Some are from 
fraccured orbital roofs and others are the result of gravita- 
tional movement of a forehead injury. 

‘A bruise below the ear in a death ftom subarachnoid 
hhaemorthage needs careful examination of the upper cervieal 
spine and basilo-vertebral arteries, again as discussed under 
“Head injuries in Chapter 5. 
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‘Tramine 
bruise 


4.23 A black eye (per-arbital haematoma) of live victim 
froma direc fit blow, which hes alo bruised the bridge of the 


tose ana lacerste the corner ofthe eve (rutured), 


KICKING 


“The shod foot may leave a patterned bruise on the body, 
‘most often on the abdomen or chest, though it may be 
recognizable on the neck or face. A glancing kick is more 
likely to cause scuffed abrasions and bruising, and a kick 
from a woceap, a curved abrasion or even laceration. A ver 
tical stamping action may imprint an intradermal bruise 
corresponding to the sole pattern, especially in these days 
cof rubber ‘trainer’ shoes. As with a motor tyre the skin can 
be forced into the slots in the sole, creating an accurate pate 
tern of superficial bruising. There may also be more diffuse 
deep bruising if the impact is severe, but his is less useful 
in delineating an identifiable sole pattern 

Kicking has become increasingly common with the 
increase in violence and vicious hooliganism in society: The 
heavy footwear fashionable among some of the least respan- 
sible citizens adds to the severity of the lesions. 

‘Though most kicking injuries end up in hospital casualty 
departments, an increasing number reach the pathologist. 
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F 
from the application of a rectangular av elindvical 
objet. 


Une 4.22 Formation of tam-line' bruising 


Not all viesims are drunken youths, as many assaults upon 
‘ld people by intruders and muggers involve severe kicking. 

Obviously, mose kicks are delivered with che vietim 
already lying or siting on the ground, having been brought 
there by some other means of violence, including push- 
ing, tipping and fist punches. Once prostrate, the ‘boot is 
pur in’ towards che most convenient targets, which end 
to be the concavities of the body. The loin, the groin, the 
neck and the face are often attacked, and — when the victim 
assumes a ‘fetal postion’ on his side for protection — swings 
say be taken into che abdominal ares. As an alternative 
to swinging kicks, the foot may be brought vertically 
down on the prone victim, the hel being the most damaging. 
part, rather than the toecap. A grinding motion ean also be 
added, which may tear the skin and eause 

Yee another variant is standing on the body or actually 


ged lacerations, 


jumping onto it with one or both feet. The chest is the 
‘most common target for this practice and fractured ibs or 
sternum, a flail chest and cardiac injuries ean result 

‘The major characteristic of most kicking injuries is the 
severity of bruising and underlying damage. Even if the 
toecap does not cause lacerations, there may be large haem- 
atomata and intramuscular contusions from heavy kicks 
Abdominal and thoracic viscera can be ruptured and the 
genitalia are also vulnerable, especially the scrotum and 
sometimes urethra, 

A common danger with kicking to che face is fracture 
of either (or both) mandible and maailla, nasal bones and 
zygoma, though the cranial vault is seldom fractured and 
Kicks to the vertex of the head seem less common, With 
such facial injuries, death may occur from filling of the 
pharyns and air passages with blood, A kick on one side of 
the face ean completely detach the lower maxilla — with the 
upper dental arch and palate — from the test of the maxilla 
A unilateral kick of the jaw can fraceure both rami of the 
mandible, there being no necessity for kicks on either side. 


Post-mortem bruising and other 
artefacts 


Ie is possible to cause what appears to be a bruise by delib- 
erate violence to a dead body, but the amount of force 


4: The pathology of wounds 


FicUme 4.25 Bruicing of the interior of the lip from a blow in the 
‘mouth. The lip has been impacted om the underlying ret, bus 
not sufficiently hard a cause a lacention 


required is great. As there is no internal pressure in the 
small vessels that have to be eupruted, bleeding isa passive 
‘ooze rather than an active extravasation, so the size of the 
hhaemorshage is slight in relation to the amount of effort 
expended. Thus, post-mortem skin bruising is of liede 
practical significance to the pathologist — in most instances 
he can be reassured that new or more obvious bruising 
apparent when he returns several days later for a second 
examination of a body is genuine. Post-mortem abrasions 
are common, especially after a first autopsy and additional 
handling of the body in the mortuary, but these procedures, 
rarely produce artefuctual bruises, 

More important than dermal artefacts are spurious 
bruises inside the body. Especially in congestive deaths, such 


Ficune 4.24 A fonemark 
Jmprinced in superficial 
rising on the back, There ie 
sanather partial mark at wae 
level, both being made by 
samping with the la of «foot 
shrough thin clocking rather 
han by swinging hic 


as pressure on the neck, the venous system may be engorged 
at death and number of artefactual haemorrhages may 
‘occur. One particularly important area described fully else- 
where is the neck, in which collections of blood between the 
‘oesophagus and cervical spine may simulate bruising from 
manual strangulation, These were fully investigated by 
Prinsloo and Gordon (1951) and, where neck trauma is sus- 
pected, itis advisable to remove the brain before dissecting 
the neck region to allow drainage of the engorged venous 
plexuses thar give rise to the artefuet. This phenomenon 
appears to be related to the post-mortem interval and is 
more likely to arise if there is a delay in autopsy 


LACERATIONS 


‘The third major type of blunt injury is the laceration, in 
which the full thickness of the skin is penetrate. 
Lacerations differ from incised wounds in that the con- 
tinuity of the tissues is disrupred by tearing rather than clean 
slicing, but the distinction is often blurted because some 
lacerations are caused by jagged projections ripping into the 
skin in much dhe same manner asa blunt knife or axe, 
Unless great force is used, most lacerations require a firm 
base to act as an anvil for the skin and underlying tissue ¢o 
be pinned against Ie is unusual for a blunt impact to laces 
ate the abdomen or buttock, but the scalp, shins, shoulder, 
face and—to aleser extent — the thorax, ae all prone to lae- 
crated injury. Where a soft area such as buttock, thigh, calf 
or forearm is lacerated, the lacerating agent is either a pro- 
jecting point or edge, or a completely blunt object is pulled 
obliquely against the tension of che skin uncil it teas 
Because ofthe crushing and tearing components ofa lacera- 
tion, there is usually associated abrasion and bruising, 
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Lacerations 


though these may be minimal if che lacerating force aces at 
right angles to the surface, 

The scalp offers the best example of a laceration, as the 
skin and subcutaneous tissue lie over the bony platform of 
the skull and are crushed against ie when the force impacts, 
In fact, scalp lacerations can resemble incised wounds, because 
this “sandwich effect’ is so pronounced that a blow from 
a blunt instrument can cleanly split the tissues against the 
sll, leaving a linear wound that appears to the inexperi- 
enced to bea knife at chopper cut 

A laceration can be distinguished from an incised 
wound by: 


the bruising and crushing of the margins, chough this 
nay bea very narrow zone, requiring inspection 
through a lens 
the persistence of tissue strands across the interior of 
the wound, including fascial bands, vessels and nerves 
Ina wound from a sharp weapon these are divided 
the absence ofa sharply linear injury in the undeslying, 
bone, especially fi is the skull. A knife or axe is likely 
to chip or score the base of the wound 
if the area is covered with hair, as on the sealp, intact 
hairs will survive to cross the wound an incised injury 
would divide them, 


A flat impact may cause a laceration, especially on the 
scalp. Ifthe head falls to the ground or is hit by a wide, lat 
‘weapon, the skin and subcutaneous tissues are compressed, 
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Lacertion of 


1 ebro with surrounding 
bruising. The wound it selare 
«asa result of crushing against, 


the underlying bone. The 


xr fl form alow cli 
te rks, The sea has washed 


away the original bleeding 


Fic 4.27 Muliple homicidal laceano 
unusual shape ic ificle ro interpret, but 


af the scalp, The 


claw hammer, Two are triangular the upper and lower show tiswe 


ridges because of the gap between ther claws 


4: The pathology of wounds 


1RE 4.28 Lacenaion of the sal from 


a long heauy torch insert. The skin 
the shoulders i edie de tft 

ane second-degree burns. The vietie wae 
on the bea while lesping in bed. afer 


which the buchand poured petrol ever the 


dy and titan fire 


on the anvil of the skull and may split sideways, often with, 
zone of surrounding bruising, 

Other lacerations are caused by the impact of an edged 
object, be this a rod, a brick, the edge ofa kerbstone or the 
wing mirror of a vehicle, Though the impace may be vire 
ally perpendicular to the skin surface, chere is usually some 
tangential element and this can cause one edge of the 
wound to differ from the other, Where there is a glancing 


clement, one edge will be relatively clean-cut, whereas the 


other will be ripped away from the first, suffering more 
tearing of the margin and often showing undercutting of 


the edge. If the impact is significanely asymmetrical, then 
this undercutting may be pronounced enough to form a 
flap of skin and underlying tissue, which is peeled off the 
underlying bone or deep fascia 

In extreme forms, this produces a ‘fla 
a large area of skin and subcutaneous tissue is rolled off a 


injury’, where 


limb, almost always by the rotary action of a revalving 
motor wheel. A similar injury can occur on the scalp again 
from a rotating wheel — though a similar ‘scalping’ lesion 
can be caused by traction from hair being trapped in 
machinery. This was formerly a common industrial acci- 
dent and was the reason for the ‘snood!’ haienet being worn 
by women factory workers during the last war, 


14.29. Homicidal lacnaion ofthe scalp penetrating hes. 


Patterned lacerations Altheugh some of the injuries reemble incised wounds their margins 


Lacerations do not reproduce the shape of the injuring agent are crue, and hair and tse sand ros the injurier The damage 
neatly as well as do abrasions and intradermal bruises. Aswith ana probhly inflicted with a metal rad with sharp edge: 
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Ficiume 4.30 Gushing impac ofa blunt object on skin supported 
‘by bane, such as salp on sul, The sin is sandwiched between 
weapon and bone and this cause a lacenaed split cha bas bruied 
‘margins and bridges of hair and tise inthe wound. 


4.31 A baling shallow laceration ofthe forehead, about 
‘oe week afer infliction. The base of the injury ha filled with 


runulationtswe and the surounding hin shows puckering due to 
‘contraction af he central sab 


skull fractures, the magnitude of the force needed to cause a 
blune tearing of skin leads to blurring of the impact shape, 
often with radiating or totally irregular teating, Sometimes 
the shape is recognizable and probably the best example is a 
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hhammer blow to the head, A circular face may punch out & 
circle or an are ofa citle, which may alo be reproduced in an 
underlying depresed skull fracture. The exact size of the 
hammer face may not be aecuately reproduced in the laces 
ation, which may be lghdy larger than the hammer. 

Kicks may cause lacerations, especially if « heavy boot 
with a hard eoccap is used. These tend to be tangential and 
smay peel up a flange of tissue. They can be clean-cut and are 
sometimes mistaken for knife wounds, Stamping injuries are 
smote likely t cause abrasions and bruises chan lacerations, 


unless the violence is extreme. A heavy focal blow may cause 
a linear or a stellate laceration, the lateer radiating out from 
the focus of impact. The surface may be abraded and the sur- 
rounding tissue deeply bruised, so the final lesion is comples. 

Firearm wounds are a special form of laceration and will 
be deale with separately. 


BLUNT PENETRATING INJURIES 


‘These ‘puncture wounds’ ate a hybrid between lacerations 
and incised wounds, and have more ofthe features of the 
Jatter Such injuries can occur from metal spikes, wooden 
stakes, ganen or farm forks, and a varity of vehicular and 
industrial accidents. They are occasionally seen ia homi- 
cides or suicides when weapons like screwdrivers are used 
as daggers. The interpretation of such skin wounds can be 
dificult as in the Yorkshire Ripper cases, when some small 
stellate stab wounds were thought to have been caused by & 
Phillipstype screwdriver. A number of fatal wounds, some 
of them homicidal, have been caused by chisel, usually very 
sharp woodworking tools with one face of the edge ground 
toa straight line. The edges of the chisel are squared off and 
the resulting skin defect may be rectangular, 

When a blune spike is driven through the skin, there will 
be inversion and abrasion of the edges, though the former 
‘may Vanish ithe weapon has been withdraw, Foreign mater 


ial such as rust, dirt or splinters may be lef in the wound, 
and muse be carefully preserved for Forensic examination if 
the weapon has not been recavered 


INCISED WOUND: 


Injuries caused by sharp objects ate classified as “incised” 
wounds, though the nomenclature is again somewhat 
confused. Some authors make these a subcategory of lacer- 
ations and, when che weapon is relatively blunt (as in some 
axe or spike injuries), there may be sufficient crushing and 
bruising of the wound margins to make differentiation 
between incised and lacerated wounds difficult 


‘APPENODCA ® GETTING STARTED WaTH TOOL BULDING 


Figure A-7. Measure the voltage coming from the USB charger before connecting it to any of your circuits. 
This one reads SV on the dot! This isa much safer method than trial by fire (.e., plugging it into your 
circuit and looking for a fire) 


Now that you've confirmed that the red and black wires do indeed carry the regulated +5V from the 
USB charger, you can clip off the unused green and white wires. At this point you can either use the bare, 
stripped wires of the USB cable or solder on a more robust connector. Since this power supply is 
destined to be used with a solderless breadboard, a small, two-pin connector with the appropriate 
spacing will be attached. See Figure A-8. 
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4: The pathology of wounds 


‘The term ‘incised wound’ usually covers all types of 
injury from, for example, a knife, sword, razor, glass or 
sharp axe — though some writers would make sta wounds a 
separate category, teserving incised wounds for injuries that 
are longer than they are deep. These semantic variations are 
not important in themselves, but can lead to confusion in 
medical and autopsy reports, as well as in oral testimony if 
the doctor fails co clarify his meaning, The essential feature 
of all incised wounds is the clean division of the skin and 


unde 


lying tissues so chat the margins are almost free from 
any damage. Microscopically there is always a narrow zone 
of injury, but this is minimal compared with the tissue 
destruction caused by blunt injury. Healing is affected, as 
‘well a the extent of subsequence searring. 


Cuts or slashes 


‘When an incised wound is longer than it is deep, it may be 
referred to as a ‘cut’ or ‘slash’, chough a ‘cut? may also be 
used by lay persons to describe a laceration. Such slashes 
when inflicted by knife, sword, razor, cleaver, parang, 
machete 


panga, broken glass or bottle, are typical ofa fight, 
when che assailant strikes out with a swiping action, rather 
than the thrust of a stabbing attack. They are common in 
gang fights and bar-room brawls and the weapon may be 
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Fi 
body in 
devel. The ici jumped fom 


RE 4.32 Tiamsecton of a 


ru hale 


at high-rise building and 
landed on a fence. 


swung ar arms length in a horizontal ar so that ifit contacts 
a body it will slice the skin and tissues asic passes by. They 
are also seen in suicidal injuries, usually on the wrist or 
throat. The characteristics of any given wound are a matter 
ofa chance and relative positions. The slash may be deeper 
at che entry end or the ext point, though ie seems true that 
‘many such injuries tend to dig in near the point of first con- 
tact and become progressively more shallow as the wound 
approaches the distal end. There may be a superficial ‘ail’, 
shallow scratch, running out ofthe termination of the slash, 
as the weapon rises out of che wound and is drawn across 


the skin surface before leaving the body altogether. 


‘There isa tendency among advocates to visualize a fight 
as a static confrontation and co attempt to reconstruct 
events as if the two participants were standing still, che 
assailant merely moving his arm, This is an unrealistic 
interpretation, as all fights are dynamic, with constant 
relative movement of the bodies and limbs of both pasties, 
‘Therefore any relative angles and depths of eontaee between 
the victim and the weapon can occur and overinterpretation 
and simplification should be avoided. 

Slashed wounds are less dangerous than stabs, as the rela- 
tive shallowness of the wounds is less likely to affect vi 


organs — especially as che arms and face are the common 
targets, The rb cage and skull protects the chest organs and 


Incised wounds 


xed | 


FIGURE 4.34 A fn slash of he back showing regular snatches 


along che margin. This was infer with a Rabo knife, which 
‘has deep erations along the back edge that have somehow marked 
the skin on withdraws. 


brain and the more vulnerable abdomen is seldom the 
target for a swung knife. Wounds of the neck are the most 
dangerous and are discussed below. Bleeding is the most 
serious complication of any slashed wound, though it will 
be external and more amenable to immediate ereatment 
than the hidden internal bleeding of a stab wound. 

‘A particular form of slashed wound arises from ‘glssing’ 
thats, the use of a broken drinking glass or bottle asa weapon. 


Ficune 4.33 Homicidal lashed wounds 
caused by kf: the lego is gear shane 
the depth, ualike sab wounds. The long 

tuile are due to the knife rising fom the 

shin, thas indicating the direction of 

the ach 


“The glass may sometimes be broken prior to the attack, 10 
produce edges that are exquisitely sharp. There may also be 
spikes of glas, which can inlliee deep, almost stab wounds 
Where, more commonly, a glass or bottle is used as a blunt 
instrument, it may shatter on impact witha victim’ head, and 
the resulting injuries may both be blunt and incised. 


Stab wounds and penetrating injuries 

These are of major importance in forensic pathology, as 
they are extremely common in homicide. In Briain, sab- 
bing with a knife is easily the most fequent mode of mu 
der and manslaughter, primarily in domestic disputes and 
street violence. A stab wound isan incised wound tha i 
deeper than itis wide, Tho 


‘many penetrate only the 
skin and subeuta- neous tissues, those seen by forensic 
pathologists are most often fatal, having entered vital deep 
structures, Several aspects of this important copie need 
discussion. 


THE NATURE OF STABBING WEAPONS 


Knives are the weapons most frequently involved and their 
physical characteristics are important in shaping the wound. 
a koife chat may have 
been used in an assaule should note and measure: 


‘A pathologist called upon to exami 


the length, wideh and thickness of the blade 

I whether itis single or double-edged 

Bl the degree of taper From tip to hile 

the nature of the back edge in «single-edged knife (or 
example, serrated of squared-off) 
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I the face of the hile guatd adjacent co che blade 

any grooving, serration or forking of the blade 

most importantly, the sharpness of the edge and 
especially of the extreme tip of the blade. 


Other knife-ike weapons include scissors, chisel, swords, 
‘open razots and sharp tools of many kinds, including 
deliberately modified tools such as sharpened screwdrivers. 
Larger cutting instruments such as axes, choppers, parangs, 
machetes and pangas and agricultural implements such as 
sheats, bill-hooks, hay-knives and many others have been 
used as stabbing weapons when used by the point rather 
the long edge. 

Spiked instruments come in many forms, from icepicks 
to hay-forks, from case-openers to fire-irons. The appeat- 
ances of their wounds vary with the physical nature of the 
implement. Some weapons are exquisitely sharp and the 
‘wounds made by them exhibit extremely fine division of 
the tissues. To razors and razorblades may be added surgical 
and craft knives, often with a disposable blade, together 
with carpet and general utility and hobby tools, such as the 
‘Stanley’ knife, Equally sharp is broken glass and sometimes 
porcelain. Both sheet glass and smashed glass utensils ean 
provide edges that equal or exceed surgical scalpels in their 
cutting ability 

A common weapon in a bar-room fi 
tankard, which when held by the intact handle provides a 
formidable weapon for both slashing and stabbing. Smashed 


risa smashed beer 


china, such as cups and mugs, can also provide sharp cut 
ting edges. The external glaze can project, if the facture 
line is oblique, producing a glass-like edge. From personal 
experiment, the author (BK) has shown that broken china 
can easily slice through the full thickness of skin and thus 
validate a defence tha injuries were the result of falling on 
a broken mug. 


Ficune 4.35 A stab wound and the 
nfl knife. The wound is slightly 
shorter then the wide ofthe blade atthe 
depth of peneesaton becase of idewsys 
ping und the contractile elasticity of 
the shin, 


FiCUnE 4.36. Tuo hnife wounds inthe back. The wounds have 
«a sharper lower edge compared ta a reunder upper ede, due to 
coe-edged blade, 


THE CHARACTERISTICS OF A STAB WOUND 
‘The suface and internal appearances of stab wound allow 
the pathologist to offer an opinion upon: 


the dimensions of the weapon 
the type of weapon 
che taper of the blade 
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1 movernent of che knife in the wound 
IB the depth of the thrust 

I the direction of the thrust 

I the amount of force used, 


mensions of the weapon 
The dimensions of che knife may be a vital part of the 
investigation of a homicide when the weapon has been 
removed from the scene by the assailant. The pathologist 
can sometimes asit the investigators by telling then 
within limits, what size and type of knife to seek. When 
suspect weapons are recovered, his inspection of them may 
indicate whether or not they are consistent with having. 
caused the wounds in question. As always in forensic medi- 
cine, however, caution must be employed and the cardinal 
sin of overinterpretation avoided, 


Hi 


Ficune 4.3 
in length, expecially when acon skin or mnscle plane. 


A stab wound gapes across its wide and shortens 


‘The length of the wound should be measured to the 
nearest millimetre ay it lies undisturbed on the skin, In 
most instances the wound will have gapeel across the centre, 
to form a long ellipse. The extent of gaping will depend on 
the anatomical sieuation, for example, over joints or in the 
axilla or groin, and whether the axis of the stab is in line 
with or acrass the tension of Langer’ lines or underlying, 
muscle bundles, 

‘When the edges are gently opposed, che length of the 
‘wound may then extend slightly and should be measured 
again in this position, which more accurately approximates 
to the length when the blade was in ste 

An important additional factor, however, must always be 
taken into aecount because, when the knife is withdrawn the 
clastcity ofthe skin causes it to retract, making the wound 
smaller than when the blade was in situ. This mechanism 
‘may be amplified by contraction of the underlying muscles, 
which, if ar right angles to the axis of the wound, may cause 
the wound to shorten from end to end, while gaping more 
widely atthe centre, Using wound measurements to predict 
the size of the knife blade, one must take into account the 
other matters discussed below, such as movement of the 
blade in the wound, the taper of the blade and the depth 


of penetration, 


‘Type of weapon 
The type of blade usually refers w whether ie had a single 
or double cuting edge. Most knife havea single sharp edge, 
the back edge being blunt or otherwise machined. A few 
dlaggeelke weapons have both edges ground to sharpness, 


be 
iS 
cs 


Ficne 4.38 Muliple tae onthe back 
fon the same knife showing differing 


shaper and sizes, 
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iGunE 4.39 A stab wound showing a unilateral fib-tail split 
caused by the blunt back edge ofthe knife blade This ie sometimes 
bilateral duet raving ofthe sues, The other end of the woud is 
pointed du to the cutting edge afte blade. 


some have only che distal part of the back of the blade sharp- 
ened. On inspecting the skin wound, the pathologist fre 
«quently finds that both ends of the defect appear sharply cut, 
coming to a fine 'V-point at the extremities. Unfortunately, 
this does not necessarily indicate that a knife with ewo sharp 
edges was used, asthe skin often splits behind the blunt edge 
1 produce a symmetrical appearance. 

If, however, there is an obvious difference berween one 
sharply pointed end and a rounded or even square-cut 
‘opposite extremity, chen i ean be said with some confidence 
that a single-edged knife was employed. 

‘A kaife with a thick blade that is squared off to a flat 
surface on the edge opposite the cutting edge, may some= 
times be identified from dhe wound, where a definite double 
right-angled end to the skin defect is apparent, The skin 
‘may split back slightly from each of these corners, forming, 
the so-called 'ish-tail” appearance. 

‘Where a knife with a serrated buck edge has been used, 
such as is found on some boy scout or other Bowie-type 
knives (or the recently fashionable ‘Rambo’ weapons), the 
buck edge of the wound may be torn or ragged and — on 
some occasions where the knife has entered very obliquely ~ 
serrated abrasions may be seen on the skin adjacent to the 
end of the wound. 

If the knife has been plunged into the full extent of the 
blade, then there may be a hilt bruise or abrasion on 
the skin surrounding the wound, This may even reproduce the 
pattern of the guard at the base of the hilt, if there is one. 
Careful photography, sketches and measurements are needed 
to capture the exact outline of such a mark, which are, admit- 
realy, unusual, 


Fioune 4.40, Multiple sab wounds from she same knife. 
showing variations in the size and shape of the injure With 


‘multiple injuries, tis advisable t nurmbereach tw facilcate 
ay reference inthe autapsy report and when giving evidence in 


‘Taper of the blade 
‘The taper of the blade is naturally related 1 wound size 
Ifa tapered blade is inserted to 4m, then the lengeh of the 
wound (ignoring skin retraction for the moment) will 
be that of the width of the blade at chat level. IF the 
taper continues 10 the Sem level, then the wound will be 
correspondingly longer. Only when the blade edges become 
parallel will the wound size remain constant for further pen- 
tration of the knife. 


Movement of the knife in the wound 
Movement of the knife in the wound can result in loss of 
evidence as to the size ofthe blade, but ean also add other 
information, Where a knife is stabbed directly into the 
body and withdrawn along the sume track then, within the 
limits discussed above, the size of the wound will indicate 
the minimum wideh of the blade at the maximum depth of 
TE howere, the kaif ‘rocked inthe wound, the skin 
ddefece will be enlarged, sometimes considerably: The term 
“rocking’ means a leverage or angulation in the plane of the 
wound, so that che cutting edge extends the incision. This 
rocking can oceur either by the knife being actively moved 
in the wound by the assailant —or by the body moving rela- 
tive to the knife— or by a combination of the two. 

I is sometimes a misapprehension among both doctors 
and (especially) lawyers, that stabbings and other assaults 
‘occur in static circumstances, with the victim standing in 
the anatomical position. Directions of wounds are all too 
often interpreted as if the only movement came from the 
hand of che assailant, whereas in most fatal assaults the 
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7 iF 

Ee BAG 
Ficume 44 A slashed fia wound fom a knife, sowing 
undercutting or thelin’ on the edge nearest the mouth indicating 
the angle ofthe knife relative tthe sufi, The led narre of the 
Inwer end ala indicates tha shat bf was doa dourarde 
crs the face 


usu 442 Fonible tabbing can indent the body surface so that 
dep structures can be injured that appear tobe beyond the reach of 
the knife 


victim bends, curns.and twists, and the asailant often follows 
with similar gyrations. ‘Thus a knife that is dheust into the 
body may itself move or the body may move against it 
before itis withdrawn. 


This relative movement may extend the wound in a 
linear fashion, as described above or there may be twisting of 
the blade in the wound. In the latter case, the resulting skin 
incision may be V-shaped or totally iregular. Rarely, a single 
stab may produce multiple skin wounds, such asa tangential 
stab of the arm, which passes through the superficial tissues 
and then re-enters the chest wall. Another instance isa tab 
through a female breast where, especially ifthe breast is sag- 
ging, the knife can pass right through the edge before re- 
entering the thorax. 


Depth of the thrust 
‘The depth of a stab wound may be important in attempt 
ing to assess the length of a missing weapon. Again there 
ate pitfills o be avoided. First, if knife is driven in up to 
the hilt, the depth of the wound as measured at autopsy 
‘may be greater than the true length of the blade. This is 
common in the abdomen and to a lesser extent in the chest, 
because the impact of forceful stab may momentarily indent 
the abdominal or chest wall so thatthe tip ofthe knife pene- 
trates tissues that apparently should have been out of reach. 
This is particultly so when che hile guard of the weapon 
impinges on the skin, For example, the author (BK) has seen 
the tip of a broken knife embedded in a thoracie spine, 
where the distance from that tip to the anterior skin wound 
was less than the length of the blade when recovered. 

ion, discussed below, the pathologist must 
ences in the position of internal oxgans 
measured at autopsy in a supine body, compared with theie 
position in the living body, often in the upright posture. 
Such variations in the nwivo distance from the skin wound 
to the organs penctrated muse be taken into account when 
assessing the depth of a wound. In the chest and abdomen, 
visceral relationships vary with the stage of respiration, The 
lower ribs move upwards and laterally, and increase the 
distance between the skin and deeper structures, 


Direction of the thrust 
‘The direction of a stab wound is often a matter of con- 
tention in homicides, expecially as eral lawyers (and their 
‘medical advisers) sometimes tend to overinterpret the facts 
when trying co reconstruct the seene of the fatal assaule. 

As mentioned above, a stabbing incident is often moving 
and dynamic, and ehe victim i rarely in a static, anatomical 
position, For example, a wound thar enters the upper part 
of the let side of the chest and travels steeply downwards, 
is not inevitably che resule of the killer being taller oF situ- 
ated above the victim, using a downward blow. The victim 
could equally well have been bending or crouching, che knife 
then entering on a horizontal plane relative to the floor. All 
that the pathologist can do is to determine the direction 
of the wound relative to the axis of the body ~ i is then & 
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logy of wounds 


icone 4.43: Malhple stab wounds from the same kif: Albough thse atthe bacon lef are obionsy sguare-ended, the mave central one are 
alas equally sharp at the extremities — ilutraing the dangers of being 00 dgmnaic about describing a ising knife to she investigators 


Ficune 4.44 Homicidal ab wounds misdiagnosed by an 
attending doctor as haematemesi or pias. The lower right 
wound clearly shows evidence ofa sngle-edged blade. The wound in 
the lef asia is Vshaped becaute ofthe twisting knife 


matter of non-medical evidence to relate that tothe posture 
of the victim when struck. 

Devermination of the direction relies on both the appear- 
ance of the skin wound and the track in the deep tissues. 


Where a knife penetrates the skin with the plane of the 
blade at appreciably les than right angle wo the surface, the 
wound is often ‘undercut, being shelved so thar subeuta 
ncous tissue is visible below one edge of the wound. Where 
the knife is plunged in obliquely, but the plane of the blade 
remains perpendicular to the surface, no such shelving can 
bbe sen at the sides of the wound though it may just be vise 
ible a the end of the wound, 

‘More information about direction comes from careful 
examination of the track of the stab wound. This is an 
anatomieal exercise during autopsy, the layers of tissue being, 
examined in sequence from the surface downwards and 
damage to deep structures and organs compared with the 
position of che surface wound, For example, « stab wound 
of the chest may lie below the left nipple. Dissection of the 
subeutancous tissues and muscles may reveal that the defeet 
in the chest wal lies in the sixth intercostal space and that, 
inside the thorax, the right ventricle of dhe heart has been 
transfixed, and that there isa wound in the diaphragen that 
terminates in the liver just eo the right of che midline. This 
information obviously indicates that the direction of the 
‘wound was downwards and from lefeto right. Similar dedue- 
tions ean be made for all other sites, but caution must be 
exercised, as mentioned earlier, in allowing for the change in 
position of organs in che supine post-mortem pasture com- 
pared with the erect, living state, A thorough knowledge of 
surface anatomy is required, especially of the thorax, as well 
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Incised wounds 


Ficune 445 Multiple homicidal knife wounds, all inflicted with te sume weapon, This shows the marked variation in wound size fam the 
me knife, eased by rocking and twisting movement of ether weapon or victim. 


as diagrams of the pasition of internal organs mapped out 
in relation to surface markers; samples of such diagrams are 
given in this book, 

‘Attempts have been made to delineate the track ofa stab 
wound before dissection either by filling the defect with a 
radio-opaque fluid before taking X-rays, or by filling with 
a plastic or even metalic substance that will harden to form & 
cast. In practice, these methods appear to have litle advantage 
cover careful dissection. When radio-opaque liquids or pastes 
are use, there is often leakage from the stab wound into the 
thoracic or abdominal cavities, leading to a confusing radio- 
logical picture. Recently, magnetic resonance imaging (MRI) 
has been used to visualize the wound track, but such facilities 
are rarely available for dead vietims, 


Estimation of the degree of force used in stabbing 
The amoune of force required co inflict any given stab 
wound is often a matter of extensive debate in eriminal eral 
‘The prosecution naturally gains from showing that a stab- 
bing was inflicced with ‘considerable force’, sometimes 


even using pejorative terms such as violent’ or frnzed!’ This 
tends to confirm the intention to stab, whereas the defence 
proposition is often that the victim inadvertently fell oF 
‘was pressed against a weapon held passively by the accused. 
An expert medical witness has difficulty in replying to the 
almost inevitable question by counsel: ‘What amount of force 
was necessary to cause this wound, doctor?” 

‘Assessment of force is subjective and cannot be quantified 
in any satisfactory way that is meaningful wo the court 
Physical units such as dynes/em®, even if they can be meas- 
ured, mean nothing to a judge and jury. The only measure 
that the medical witness can offer isa broad grading, based on 
common sense knowledge, such as ‘slight presure’, ‘moderate 
force’, ‘considerable fore’ and perhaps ‘extreme force’, the lat- 
ter being reserved for exceptional cases where the knife has 
‘impacted in dense bone, penetrated the skull, or left a marked 
bruised impression of the hile guard an the skin, A number of 
investigators, including the author (BK), have carried out 
measurements on the force needed to inflict stab wounds, 
both in animal, cadaver and surrogate tissues. The usual 
method isto attach some type of dynamometer or transducer 
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10 a knife, which records the maximum force applied during 
penetration, preferably with dhe duration of impact. 

From this work, the following useful generalizations 
tan be made, 


1B Apare from bone or caeified cartilage, the tissue most 
resistant to knife penetration i the skin (Knight 1975), 
followed by muscle where large muscle bundles 
underlay che fascia, 

1B The sharpness ofthe extreme tip of the knife isthe 
‘most important factor in skin penetration, The cutting 
edge of che knife, once the tip has penetrated, is of 
telatively minor importance. 

IB The speed of approach of the knife is particularly 
important in achieving penetration. A knife held 
against the skin, then steadily pushed, requires far more 
force to penetrate than the same knife launched against 
the skin like a dart, Asin blune injury, eis i an 
example of the physical law that requires that the force 
varies direetly not with the mass of the weapon, but 
also with the square of the velocity. 

IH Stretched skin is easier to penetrate than lx skin 
‘The chest wall, where skin tends to be intermittendly 
supported by undeelying ribs, is relatively easy to 
puncture with a sharp knife asthe skin and tissues are 
stretched over intercostal spaces in the manner of a 
drum membrane. 


IM Though the thick skin of the palms and soles is much, 
ougher than on the rest of the body, che variation in 
resistance of the rest ofthe skin to a sharp knife is of 
litde importance compared with other factors. 
Similarly, the skin of the aged, or of women, is not 
appreciably less resistant w a sharp point than that 
of men of young persons, 

1B When 2 knife-point impacts against skin, the latter 
dimples and resists until penetration suddenly occurs. 
‘The tension developed in the stretched skin appears to 
act as an ‘elastic eservoir’ and, when the threshold of 
resistance is exceeded, the knife ll through the 
subcutancous tisues without any further force being 
imparted to ic unless impeded by bone or eartlage. Thus 
no additional effort is needed by the asailane co achieve 
deep or even full penetration up to the hilt. Ie is 
sometimes incorrectly claimed by the prosecution that 
deep stab wound must imply extreme force or continued 
pushing afer penetration, This i not so and experiments 
hhave shown that once penetration occurs, itis diffcule or 
even impossible o prevent deep penetration because of 
the suddenness of the breakthrough. 

1B When the knife penetrates the skin rapidly fo example, if 
the body fills or runs on tothe blade, the knife does not 
ned to be held rigidly in onder to prevent it being pushed 
backwards ts inertia, ifehe tp is sharp, is quite sufficient 
tw hold it in place while the body spears ieslf on the blade, 


dl 


Ficune 4.46 A stab wound of the cone ofthe chest Alhough each end ofthe wound is identical, the weapon was «singleedged kitchen 


Aenife. The end of the wound a 


zent tothe back ofthe blade has split making it imposible o say ifasingle- or double-edged knife was used. 


The sternum beneath was pnesrated ta reach the heart 50 considvable force mast have been used. 
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Incised wounds 


Ichas been wrongly argued agains a defence of filling or 
running onto a knife, chat the bile would have had to have 
been supported against, for example, the hip of the person 
holding the knife to immobilize it against the advancing 
body: Experiments have shown thar this theory is invalid, 

1B Uncakcified cartilage, especially that in the costal cartilages 
of young and middle-aged persons, i easily penetrated by 
a sharp knife, hough naturally more force is required 
than if the blade passed through an intercostal space. 

ified rib and bone provide a much more resistant 


barrier, ut a forceful stab from a strong, sharp knife can 
easly penetrate rb, sternum or skull. Firm tissues ike 
yyocardium, liver and kidney are easily raversed by all 
bur the most blunt of weapons, and their resistance is ar 


less than that of cartilage or skin. 
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JES BY WEAPONS OTHER THAN KNIVES 


The general features of injuries from knives apply equally 
to other sharp abjects that cause incised andl stab wounds, 
Razors and broken glass have extremely sharp edges so that, 
when applied tangentially or at a small angle to the skin, 
undercutting may be a marked feature. The wound may 
appear as a shallow slice which bleeds profis 


y and, in a 
bhairy area such as the scalp, it will reveal cut hair bulbs on 
the shelved sueface. Deliberate wounds with razors or sharp 
knives may exhibit patterns or even words; these may occur 
in gang fights or sadistic homicides. 

Glass can be employed as a cutting weapon, again typic 
ally in bar fights or gang vendetta, where a broken bottle may 
be eld by the neck ora smashed beer tankard by the handle, 


Fi 
stab with a kif, whic was in place when 
the bady was dicovered, The knife had 

entered obliquely hrough the inne side of 


TE 4.47 Thee wounds fiom a single 


the right breat emerged into the cleavage 
anu rcentered the mid-line fhe knife 
‘ad wot been ist, interpretation could 
‘ave been more dificule 


FIGURE 4.48 Homicidal eb wounds of 
the throat and bead showing the 
‘pleomorphic of injuries cused by the 


‘ame knife. The wound under the chin is 


Vethaped caused by twisting of tbe weapon 
the large throat wound consis of reveral 
superimposed thrusts and over the 
‘manubriao thee is a ail cance by the 
tip of the knife sipping our ofthe wound 
on withdrawal 


APPENDIX A © GETTING STARTED WITH TOOL BULDING 
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Figure A-8. A gold-plated pin connector is soldered to the modified USB cable. The red and black 
insulation is left visible to be a polarity indicator when installing the cable to the solderless breadboard. 
Another happy LED! 


Adding Features 


‘This power supply works just fine for most projects. If your requirements are, “Translate AC power from 
the wall into regulated DC power I can use for small projects, without spending a lot of money,” then this, 
contraption fits the bill precisely. 

You can see for yourself in Figure A-8 that it does indeed work as advertised. Looking back at Figure 
‘A-7, you can see that the charger itself has a power-on indicator LED built into the housing. What it 
doesn't have is a power control or a switch. The power to the circuit is controlled by the switch on the 
power strip. This works just fine as long as you don’t mind turning on and off everything else that 
happens to be plugged into the same power strip. 


4: The pathology of wounds 


Ficus 4.50 A wound over the eyebrow enue by impact froma 
broken drinking las. Alésough tis ocation is commonly the site of 
acenation fo bunt blows, his injury is sharp-edged and has 


unbraited margins, indicating 


i ran incised wound, There isan 


sociated abrasion fom won-cuting contact and there i bleding into 
the upper eli, probably from gravitational seepage from the wound, 


(Official estimates in Britain suggest that berween 3400 and 
5400 offences occur annually in which glass is used as a 
‘weapon. Surveys in London and Bristol by Shepherd et al 
(19903) and Hocking (1989) showed that bar drinking 
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FicuRE 449 Multiple homicidal sab 
and incited wounds inflited with various 
itchen utes 


lasses were the most common weapons, and that 75 per cent 
of these were from straightsded pint glasses. Unexpectedly, 
this research showed char most ofthe glasses were intact until 
thrown or thrust atthe victim ~ chey had not been smashed 
prior to the assaults. Mast of these non-fatal injuries were to 
the face. The fragility of these plases varies greatly from man- 
ufacturer to manufuetures, so that there can be a sixfold dif 
ference in theie propensity to smash on impact. 

‘Though these formidable weapons are usually used for 
slashing, long slivers of glass can act — sometimes inadvert- 
ently ~ as stabbing agents, The sliver may break off and 
remain in a deep wound, which may be overlooked if the 
entry is small 

As many casualty surgeons have learned to their cost —or 
to the cose of their medical protection society or medieal 
insurers — glass is almost invariably radio-opaque, even 
though thisis either unknown or even denied by the doctor. 
Numerous civil actions for negligence have occurred — 
‘though usually in non-fatal cireurstances— but, on occasion, 
the first person to find a deep fragment of glass in a vital 
position has been a forensic pathologist. 

‘As mentioned earlier, broken china and porcelain, as 
from a smashed cup, mug or plate, may have a sharp edge 
fon the exposed glaze and can easily cause a slashed! wound, 


INJURIES FROM SCISSORS, 


Stabbing by a pair of scissors is not uncommon and is seen 
‘most often in domestic circumstances where a woman uses 
a weapon upon her husband or consort which is both famil- 
jar and neat to hand. The appearances of the wound will 


Incised wounds 


JURE 4.51 Incied wounds, which in spite of ther largesse are 
typical of thre inflicted bya sharp-edged weapon rather than a 


ruching laceration, The naruoment was a hutcher lea 


farious profiles made by wicirs eabbed through the 
shin, The eres shapes are caused by blade srews or rivets: the one on 
the right ia fall penetration of ane blade ofan open pair of iss 


‘the other blade impinging fla onthe skin, 


differ according to whether the scissors were used open oF 
closed, If open and one blade is stabbed into the victim, 
then the appearances will be virtually indistinguishable 


from a knife wound, Some modern scissors, however, have 


a cwo-part blade in which a stel cutting edge is riveted to a 
carrier continuous with the handles. This may produce a 
stepped wound that may shaw a natch ot variation ia lin- 
earity in the margin of the stab wound, 
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More characteristic is the wound produced when both 
blades of a closed pair of scissors are plunged through the 
skin, Some scissors have a doublesharp point, but most 
domestic, tailors’ or dressmaking scissors are fut 


bunt at 

the tips when closed, so considerable force is needed to drive 

th 

of an accidental movement against a passively held weapon. 
The skin wound made by closed scissors is typically 


m through the skin — tending to work against a defence 


shaped like a flat'Z’ of the usual impressionist sign for a 
flash of lightning. The offset of the two blades gives this 
shallow zig-zag pattern, which is unmistakable when pres- 
cent, Some scissors, however, especially long narrow ones in 


which the blades close almost completely over one another, 
may not reproduce this appearance and the wound may 
look more like that from a chick knife, Sometimes, there 
are small Lateral splits in the wound centre from a project- 
ing hinge screw. 


DEFENCE WOUNDS 


In assaults of any kind, che natural eaction of the victims is 
to protect themselves. The limbs used for protection can 
themselves be injured and these defence wounds may be 
of considerable medico-legal significance, as they indicate 
that the victim was conscious, at least partly mobile and 
not taken completely by surprise. Defence wounds can be 
sustained from attacks by fists, feet and blunt or sharp instru 
ments. The clasie position for them is on the forearms and 
hhands, which are instinctively raised to protect the eyes, face 
and head. Other defence injuries may be inflicted on the 
thighs, when attempts are made to shield the genitals, 

With attacks from blunt instruments or fists, bruises are 
the hallmark of defence attempts. They are common on the 
outer sides of the forearms, the wrists, the backs of the 
hhands and knuckles. The size and shape of the bruises 
naturally depends upon the attacking object. Abrasions may 
accompany the bruises bur the latter are more common, 
Fractures of the carpal bones, metacarpals and digits may 
‘occu, [F the atm is held in front of the fac, the inner (pal- 


mar) side of the forearm may also receive blows. There may 
also be defence bruises and abrasions on the thigh, as blows 
or kicks aimed at the lower part of the body cause the 
vietim, especially men, to protect the genitals. The leg may 
be brought across the other or the thigh raised, so that its 
outer side may receive blows of kicks 

The most obvious defence injuties are seen in knife 
attacks, as the victim often attempts to ward off the thrusts 
by seizing the weapon. When the fingers are closed around 
the blade, ies withdrawal cuts across the leeures of the 
idons, 


phalanges, slicing through the skin and perhaps t 
‘or sometimes all four fingers. This may be seen in ane, any, 
‘or even all of the three sets of lexures, 


4: The pathology of wounds 


Ficune 4.54 Defence injuries braiting an the back af the hand in 
«an attempt fend off a blunt instrument in this cae a metal paker 
hat was wed inflict fatal bead injure Such injure confirm 
hat the vit wn conscions and active during the attack, and that 
{twas mor made coverly while she victim was unaware. 


Ficune 4.53 Multiple homicidal stab 
swounde by closed sciaart 


‘The other typical knife defence wound is in the web 
beeween the base of the chumb and index finger, when the 
blade is grabbed in an attempted pincer action. Other knife 
‘wounds ean ben the backs of the hands or fingers from non- 
grasping movements trying to ward off the weapon, Defence 
wounds from knives are often sharply sliced, as the blade is 
drawn across che tightly applied skin, They are often markedly 
‘shelved’, with loose flaps of skin and copious bleeding. 

Defenee wounds also occur in firearms injuries, where an 
arm is eased in a desperate attempt to shield che trunk oF 
hhead from the blast. This aecourts for some shooting deaths 
Where there is an entrance and an exit wound in (often) the 
upper arm, the misile(s) then repenctrating the trunk. 


DATING OF WOUNDS BY 
HISTOLOGY AND 
HISTOCHEMISTRY 


There are many publications on this subject, as it is a 
favourite topic for esearch, As with time of death, it ean be 
an important matter in forensic medical investigations to 
determine whether a wound found at autopsy was inflicted 
before or after death and, if inflicted ante-mortem, how 
long before death it was sustained 

Unfortunately, as with so many problems, biologieal 
variability introduces a wide margin of uncertainty so that 
a range of probabilities ean be offered, but never a definite 
time interval, Much of the experimental work has been 
performed on animals and the results are not transferable 
to man —a common defeer in all animal work, The smaller 
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Dating of wounds by histo! 
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the animal, the more rapid the tissue seavenging and repara 


tive changes: more primitive animals have far greater 
powers of regeneration than man, both in wounds and in 
regrowing organs and even limbs 

The changes will also vary according to the size of a 
wound, the type of wound (bruise, abrasion, incision o 
laceration), the tissue (epidermal or mesodermal), whether 
there is infection and the age and health of the victim. 
and the 


‘The subject is complex and often contradictory 
following schedule of events is offered only as a guideline. 
The original papers should be consulted if any particular 
criterion is to be followed; histological appearances, 
including fluoresce 


1 studies may be backed up by histo- 
chemical and biochemical assays. The sequence of changes 
in bruises is far less distinct than in abrasions ot lacerations 
and histology is much less helpful. The most useful criterion, 
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logy and histochemistry 


FIGURE 4.55. Defence wound on the 
back of the and frum eying 0 ward 
off ohe knife 


Fi 
ict ofa kif aac. In grasping the 
blade ta def 
acros the palmar surfaces ofthe finger 

jjints and a slash between the chub and 


1 4.56 Tipial defence injures in 


there have bee cut 


“frefinger together with a cut atthe base 


of the thumb, 


in a bruise is probably Perl's reaction for haemosiderin, which 
becomes positive about 3 days after infliction — though 
some workers claim an earlier appearance, even dawn co 
12 hours. Haemolysis of red blood cells is irregular and 
patchy, many intact cells being seen in some bruises afte 
‘many days, so their rupture and ghosting cannot be used as 
an index of age. 


Chronological histological changes 
after wound infliction 


30 MINUTES—4 HOURS 


‘Margination of polymorph leucocytes in dilated small ver. 
sels may occur, a feature which is often completely absent. 
Ie is also not a reliable sign of ante-mortem infliction, as 


4: The patholog: 


Ficune 4.57 Defence wounds of hand in attempts 20 ward off an 
assault witha meat cleaver. 


leucocytes may congregate for many hours afier death, 
especially in skin and around aspirated material inthe lung. 

Some extravascular emigration may begin at the end of 
this period, but a significant number of polymorphs usually 
delay for many more hours. Polymorphs tend to appear 
earlier in the subcutaneous fat than in the upper dermal 
layers, Basophilic'mast cells lose their granules. Fibrin appears 
in the wound within a few minutes, but this also occurs in 
post-mortem injures. 


4-12 Hours 


Leucocyte infiltration is likely to be more definite, still 
mostly polymorphs, bue some mononuclear cells as wel. 
‘A scanty mixed population of lymphocytes and poorly 
differentiated ‘monocytes’ appears, usually after 12 hours. 
‘Tissue oedema and swelling of vascular endothelium oecurs. 
In small wounds involving the skin, the start of epithelial 
regeneration may be seen atthe sides atthe level ofthe basal 
layer of epidermis, 


12-24 HouRs 


Leueoeytes tend so demarcate che area ofthe wound by form 
ing a marginal palisde. The polymorph response declines and 
the macrophage and mononuclear cell population inereases 
from now on. Removal of necrosed vise begins, with 
macrophages evident and a basophilic tinge to the ground 
substance. Mitoses are visible in fibroblasts from about 
15 hours. The epidermis begins to spread across the surface of| 
the seab and down the sides ofa cut into the wound, 
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y of wounds 


24-72. Hours 


Leucocyte infiltration reaches a peak at about 48 hours; 
repair begins concurrently with many fibroblasts appeat- 
ing, but rarely before 72 hours, New capillaries then begin 
o bud from veoel, the vascular, infiltrated stroma becoming 
“granulation tissue 


3-6 pays 


Repair is proceeding apace: collagen begins to form and giant 
celly may be visible around necrotic debris and foreign 
matter, The epidermis is actively growing if the wound 
involves the surface: in animals, it grows laterally at about 
200 um/day. Haemosiderin becomes stainable from about 
the third day onwards, if there isa bruise or any bleeding. 

le by Perl's reac- 
‘ion until che fifth day even though some claim it ean appear 
on the first oF second day. 


into the wound, but is often not obtai 


10-15 pays 


Cellular reaction subsides in small wounds, Vasculaity 
decreases and the eel population drops especially ucocytes. 
Fibroblases are most active, with collagen being laid down, 
“The epidermis becomes thin and flat, bue no papillae (rete 
pegs) are reformed for many weeks. Elastic fibres are searce 
fora long time and less than in adjacent undamaged tissue. 


TWO WEEKS TO SEVERAL MONTHS, DEPENDING ON 
SIZE AND OTHER FACTORS 


Consolidation of the healing tissue continues. The inflam- 
matory response has vanished, unless the wound has 
become infected. Collagen and elastin inerease and a vascular 
scar is formed, which gradually becomes more dense and 
avascular; The epithelium remodels and dermal papillae 
reappear unless the wound is wide and irregular. Skin 
adnexae do not reappear in the scar unless islands of viable 
skin survive within the wound area. 


Histochemical changes in injured 
tissues 


Histochemical and immunohistochemical methods have 
been studied widely in recent years, again mainly on animals, 
the transfer to the human situation being suspect in some 
cases, A wide variety of markers have been claimed as reliable 
for both the differentiation berween ante-mortem and post: 
‘mortem injuries and for dating of ante-mortem wounds 

Electrolytes, such as sodium, zine, magnesium and 
calcium, serotonin, esterases, glycophorin A and especially 
histamine have been used for this purpose. 


Survival period after wounding 


Mainly as a result of the pioneering work of Jyski 
Rackallio in Finland, the histochemical sequence of events 
in wounds has been actively pursued in recent years, Some 
techniques need frozen sections, others can be carried out 
oon fixed tissue. Estimations of histamine or serotonin ate 
usually ‘tube’ methods, rather than microscopic, though 
some fluorescent techniques have been developed. Beez 
and his co-workers have also published extensively on the 
immunohistochemistry of wound dating 

‘At the present time these methods still remain mainly 
in the realm of the research laboratory, apart from a few 
enthusiasts who employ them in easework, For the histo- 
chemical novice, it would be unwise to put such procedures 
into evidence without first gaining extensive expetience 
‘of control material, Experience emphasizes hat strieely 
standard conditions are required for the production of such, 
histochemical sections, the end result depends largely on 
laboratory procedures ~ ‘change your technician and you 
change the answer 

A lise of standard procedures for some of these reactions 
is given in Appendix 1 

“The following ate some of the histochemical wound 
changes described by Raekallio and others: 


Ina wound chrough the skin surface there is « eenteal 
zone 0.2-0.5 mm wide that will became necrotic and 
in which enzyme activity rapidly decreases, This may be 
termed ‘negative vital reaction’. Immediately beyond, 
this layer, isa 0.1-0.3 mm zone of reaction and 
eventual repair, where a number of enzymes and other 
substances become increased in concentration during 
the reparative process, compared to the normal level in 
the areas outside the wound. Enzymatically, this ean be 
called ‘positive vital reaction’, as no such zone develops 
in a post-mortem wound. 

Within one hou after injury, esterases and adenosine 
triphosphatase increase in the positive zone, At around 
hours, aminopeptidase activities inerease and, at 

4 hours, aid phosphatase activity increases, Alkaline 
phosphatase activity is delayed another hour oF xo 
though, of course, all ehese times are relative and. 
subject to the usual biological variability. 

Where death occurs at some stage of this process, the 
ceryme patter i frozen’ at chat point and post-mortem 
changes do not substantially alter the reactions within a 
few days ater death, especially if autolysis is kept at bay 
by refrigeration. Senility, severe illness and cachexia, as 
well as widespread multiple injuries, may distort the 
usual pattern by reducing the ability wo produce these 
reparative enzymes, In eontused wounds, the reactions 
are less useful than in eutancous injuries, asthe damage 
is more diffuse and there are no definite zones 


In all wounds, lack of reaction cannot be taken as 
indisputable proof of a post-mortem origin, though, ifthe 
‘opposite occurs, positive increase in the outer zone must 
conly be the result ofa vital reaction. Other enzymes have 
been used for wound dating: the review by Janssen (1984) 
in his authoritative book on forensic histology should be 
consulted for deals, as well asthe work of Betz 


1 Tissue cathepsins are said to increase almose imum 


ately 
ifthe stroma is damaged, being demonstrable within 
5-10 minutes. Two other substances are of use in 
establishing that wounds are ante-mortem and giving 
some idea aso thei age. Both are produced during the 
inflammatory response that accompanies tissue damage — 
histamine and serotonin (5-hydroxytryptamine), They 
tend 1 be complementary to the enzymes, as they 
appear soon afte infliction, within the hour or so before 
adenosine triphosphatase and esterases become detectable, 

“These vasoactive amines appear in maximum 
concentration about 10 minutes (serotonin) and 20-30 
rninutes (histamine) alter wounding. One of the fist 
demonstrations ofthis forensic aid was by Fazekas and 
Vatagos-Kis (1965), who showed that a ligature mark in 
hanging revealed increased serotonin: presumably the 
hanging was atypical and the vietim took 10 minutes to 
die which is rather unusual. For the employment of the 
test in human autopsy work, about 2 grams of skin freed 
from subcutaneous fa ae sampled, together with a 
Similar control sample from a nearby normal area of skin 
from the same corpse, This is wallow for the markedly 
different amounts found in different people and, 
indeed, in the same persons at different times. 

‘To establish thar « wound was ante-mortem rather 
than inflicted after death, the level of histamine in 
the wound must be at least 50 percent greater than the 
control sample — and, for serotonin atleast, ewice the 
concentration of the control skin, 


SURVIVAL PERIOD AFTER 
WOUNDING 


A pathologist is often asked either by police during an 
investigation, or by counsel at el, what was the probable 
interval beeween the fatal injuries and death? A supplemen- 
tary query is how long would the victim have been active, 
even if still alive? 

‘These ate extremely difficult questions to answer, as a 
‘number of variables enter the estimation. The doctor should 
never give « dogmatic answer, unless the nature and severity 
of injuries are obviously incompatible with continued life or 
activity 
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‘A person who has his brainstem destroyed by a peneteat- 
ing injury, or his aortic arch completely transected, will be 
inactive and clinically dead almost immediately. Ie would 
‘not necessarily be the ease if his frontal lobes were damaged. 
or his abdominal aorta was crushed by a railway wheel 
Extraordinary instances of survival in both these latter 
instances are on record, 

‘An opinion should alvays err on the side of caution in 
‘expressing opinions on this subject, a victims can do far more 
than might be expected afier injury. The author (BK) once 
dleale with a homicide in which the victim was stabbed through 
the heart, yt ran more than a quarter of mile before collapsing. 
‘A wound in the left ventricle can partly seal itself by the eon- 
traction of the muscle around the defect and collapse may only 
‘occur when sufficient blood has leaked into the pericardium 10 
form a tamponade. Wounds of the right ventricle are often 
more rapidly fatal as although the pressure of contained blood 
isles, che thinner wall isnot so elfective in preventing the leak. 

Head injuries can present many paradoxical instances of 
prolonged survival, depending partly on what part of the 
brain is injured. As mentioned, Frontal lobes seem remarkably 
resistant to damage and it is ofien the generalized head 
‘impact, rather than focal damage to this area, that causes most 
harm, For example, a Finnish man who committed suicide 
made a home movie of himself fring a pistol into his brain. 
‘There was immediate collapse but, just at the end of the 
4-minute film, the victims opened his eyes and raed his head, 
finally dying some uncertain time afer the spool ran out. 

In the mote usual stabbing, head injury, cut throat or 
shooting, the pathologist must try to assess the nature and 
severity of the physical damage, and relate that to the age, 
health and environment of the victim, This is naturally an 
imprecise exercise. A senile old lady, or someone with severe 
cardiac or espiratory disease, is less likely to survive multiple 
injuries for as long asa robust young person though if the 
nature of the injury is grossly life-threatening, these factors 
will make litle difference 

A ccut artery will lose blood faster than a vein of the same 
general size, especially if itis only partly severed so that it 
cannot retract. Other faetors, such as the possibility of air 
embolism occurting in a cut jugular vein, might alter the 
usual pattern of expected events. The heatt is less vulner- 
able chan great thoracie vessels in many stab wounds, as 
‘mentioned above. Many wounds of the ventricles are sur- 
vivable, The author (BK) has twice been warned by police 
of an imminent autopsy on victims admitted for emer 
gency surgery ~only to hear later that, thankfully, ehey had 
‘walked out of the hospital after a successful operation. One 
had a through-and-theough stab wound of the left ventricle 
that ransfixed the heart Irom front to back. 

Where a wound has transected & major coronary artery, 
then prolonged survival is unlikely, as is one chat interrupes a 


logy of wounds: 


major branch of the conducting system, Other than injuries 
tthe brain or toa large blood vessel, most other injuries an 
rarely he declared to have caused sudden death or rapid loss of 
function. In criminal cases, it may be a point of some impor 
tance to decide whether the victim could have continued 
fighting, have run away, have resisted, oF even have inflicted 
injuries on someone ese before collapsing and dying. Ie is dif 
I to swear that at last some activity was not possible in 
the great majority of instances, In the adrenaline response of 
“fight or flight’, the shock clemene of pain is greatly sup- 
presed ~ many soldiers have been quite unaware of having 
sustained severe or lethal wounds until they notice the blood 
or the battle is over, Thus the usual ‘shock’ effect may be 
damped down considerably in an assaule and only the sheer 
physical and haemodynamic sequelae of the injury will even- 
tually lad to a slowing down, then collapse and death, In 
the interval, injured vietims may be able to perform normal 
physical activity, sometimes to an astonishing degree, albeit 
followed by sudden deflation of their capacity for exercise 
‘Asin most aspects of forensic medicine, itis unwise of 
the doctor to be too definite about these matters ~ the old 


forensic aphorism ‘Seldom say never— seldom say always is 
even more true here than usual 

“Mose issues of this nature revolve around periods of a 
few minutes, the perimortal or agonal time when few 
morphological signs are available. The more sophisticated 
enzyme and serotonin techniques mentioned elsewhere in this 
chapter may give some clue about the survival period, but 
are rarely unequivocal enough to be used as hard forensic 
evidence, If survival is longer, then both gross and histolog- 
ical changes of ‘vital reaction, such as thrombosis, inflam- 
mation, infection and healing may be useful, bue they 
usualy require hours or even days of survival to appear. 

‘The accepted wisdom of wound dating is that polymorph 
leucocytes begin to appear in wounded tssue within a few 
‘minutes, but it has been shown that this can happen even 


several hours after death, as all leucocytes do not become 
immobile with cardiac arest. A good, conventional inflam- 
matory response must be a vital reaction, however, though 
several hours survival is needed for it wo be convincing. The 
author (BK) has seen a dramatic red flare caused by post- 
‘mortem burning at least 30 minutes after undoubted death 
from strangulation 

‘Another problem with differentiating ‘ante-morter from 
‘post-mortem’ injuries is the definition of the moment of 
death, Again, lawyers, judges and coroners tend to assume 
hae death is an event, whereas, in realty, itis a process 
(Chapter 2). Though in most criminal or accidental deaths 
the moment of death is conventionally — and reasonably — 
taken to be the moment of eardiae arrest, and thus collapse of 
blood pressure and cerebral circulation, the cells of the body. 
are stil alive and remain so fora variable time— only minutes 
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in che case of neurones, but leucocytes and muscle cells sure 
vive for many hours, and connective tissue cells, such ax 
fibroblasts, for days. Thus, it is unreasonable to expect dea- 
‘matic changes within minutes in skin wounds, et, until pro- 
gressive hypoxia alters biochemical processes and enzyme 
actviey. Leucoeytes may be motile for more than 12 hours 
and can aggregate around chemotactically active material, 
such as gastric contents aspirated into the air passages. This 
smakes the ‘vital reaction’ a dubiously valid phenomenon in 
the perimortal period, Much more research is needed into the 
histology, histochemistry and biochemistry of the perimorta 
period to clarify these issues, but in the mean time, less dog- 
‘matic reiance must be held upon the old criteria of ‘ante- 
and ‘post mortem phenomena and the ‘vital reaction. 
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‘APPENOOCA ® GETTING STARTED WTH TOOL BULDING 


Various Indicators 


Not all USB chargers have a power indicator, however. Some have both a power indicator LED as well as 
aa charge status indicator, which can tell you at a glance if your USB device is fully charged or still 
charging. A charge status indicator is usually implemented by measuring the amount of current being. 
drawn from the supply. If more than a preset current is lowing, the power supply assumes a battery is 
still being charged. When that current drops below a certain level, it assumes that the battery has been 
completely (or maybe just mostly) charged. Some chargers use a red or orange LED to indicate charging, 
and a green or blue LED to show that the battery is finished charging. Again, this type of charge status 
display is provided to give the user a quick status update with a single glance. You don't need to consult, 
the product manual to interpret the status code, if you can remember that red means “charging” and 
green means “charged.” 

Let's rearrange some of the parts on the solderless breadboard to make room for some new features. 
See Figure A-9, 


Figure A-9. The regulated power coming from the USB charger is no longer directly connected to the 
breadboard's power rails. Instead, itis routed to some internal tie points and then connected to the power 
rails via two short jumpers. 


Power-On Indicator 


irst, we add a local power-on indicator by reinstalling the LED and current-limiting resistor used in the 
previous experiments, While this duplicates the function of any LEDs that might be present on the USB. 
charger itself, it brings the indicator closer to the area of interest, which in this case isthe circuitry 
onboard the solderless breadboard. 
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Of all regional injuries, chose of the head and neck are the 
‘most common and most important in forensic practice 
‘Adelson (1974) gives these sound reasons for this dom- 
inanee of head injuries: 


1 The head isthe target of choice in the great majarty of 
assaults involving blunt trauma. 

When the victim is pushed or knocked to the ground, 
he ofien strikes his head. 

1H The brain and its coverings are vulnerable to degrees of 
blunt trauma that would rarely be lethal if applied to 
other areas 


A sound practical understanding of the neuropathology 
of trauma is more essential to the forensic pathologist than 
any other aspect of his subject, as head injuries provide the 
major contribution to death in assaults, falls and crans- 
portation accidents 


INJURY TO THE SCALP 


‘The scalp is ofien, though by no means invariably, dam- 
aged in trauma that causes injury to the underlying skull 


and brain. ‘The usual range of abrasions, contusions and 
lacerations may be inflicted, though a modifying factor is 
the presence of hai, which may deflect a tangential blow or 
partly cushion a direct impact. 

When an injury is visible on the forehead, the back of 
the neck, the lower temple or on a bald area, the examin- 
ation is no different from elsewhere on the body. In haie- 
covered areas, care must always be taken at autopsy 10 
palpate the scalp in any case in which here is a possibility 
of injury, otherwise abrasions, swelling, bruising and even 
lacerations may be missed. When a lesion is found or sus- 
pected, the hair must be carefully shaved away 10 expose 
the scalp for further examination and photography. 


Forensic anatomy of the scalp 


Superficially, 
and sweat 


the skin carries hae follicles, sebaceous glands 
lands. The skin is attached 10 the aponeurosis 
(see below) by vertical strands of fibrous tissue that break 
up the subcutaneous layer into pockets filled with fat. The 
blood vessels and nerves lie in this layer, above the epicra- 
nial aponeurosis (formerly called the ‘galea aponeurotics) 
“This is.a dense sheet of fibrous tissue that lies in the deep 
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layer of the sealp aver the whole cranium. Ie is really a fla 
tened tendon uniting the frontal and occipital belles of the 


coccipitofrontalis muscle, 


Deep to the aponeurosis isa thin layer of loose connect- 


ive tissue that separates it from the pericranium, which is 
the exterior periosteum of che skull, the dura being the 
internal counterpart. Some veins traverse all the lL 


from the superficial fascia to che pericranium, and go on to 
penetrate the skull and communicate with the intracranial 
venous sinuses, thus forming a route for meningitis and 
sinus thrombosis from infected injuries of the seal. 


Abrasion of the scalp 


Brush abrasions are less common than in other sites because 


of the protective effect of the hair, which also tends to pi 
vent of blur the patterned effece of less severe impacts 
Impact abrasions from a perpendicular force are imprinted 
as usual on to the scalp, though again the intervening hair 
may reduce the severity. Unless the hair is carefully removed 
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= Dermis 
Subcutaneous tissue with septa 
Supericial ascia 


rs — Epica sponcurosis 


~Periranium (periosteum) 
Skul ciple 


at autopsy, with a sharp scalpel or razor, and care taken not 


to cause artefactual cuts, lesser degrees of abrasion will 


inevitably be missed, 


Bruising of the scalp 


Bruising may be difficult to detect until the hair has been 
removed. Marked swelling is a common feature of exten- 
sive bruising, as the liberated blood cannot extend dawn- 
ward because of the 


igidity of the underlying skull 


However, this subsides, or at least diffuses, after death. 


Commonly, a severe head injury leads to a thick, swollen, 
indurated layer of blood be 


ath the scalp, which may 
extend aver a wide area. The blood is sometimes below the 
aponeutosis, the rough fascial layer of the scalp, but is more 
often between this and the epidermis, 

Blood may also be present beneath he pericranium, the 


periosteum that is closely applied co the outer surface of the 
skull. This is ofien seen in head injuries in infants, usually in 
sociation with skull fraceures, as the source of the blood 
is from the fractuee line itself The close attachment of the 
pericranium to the suture lines in infants may sharply cis- 
‘cumscribe the extent of the bleeding, 

In addition to frank bleeding beneath the scalp, marked 
edema may occur after injury and the layers of the scalp 


may be greatly swollen and thickened by a jelly-ike infiltea- 
tion of tissue fluid, 

As will be discussed under ‘black eye’, bleeding under the 
scalp may be mobile, especially under gravity. Thus a bruise 
for haematoma under the anterior scalp may lide down- 
wards within hou 


even minutes — to appear in the orbit, 


Ficune 5.2 A laceration ofthe sap 
caused by a blow fons an ion bur. The 
eyes are crushed and bruised, with srands 
of connective rue and baie croing the 
pip indicating tha ie was no awed by a 
sharpedged weapon 
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Ficus 5.3. Lacentions ofthe scalp from an ion bar. The margins 
re braised and he scalp ae ic eseruding in places, The generally 
parallel lection ofthe five wounds indicates thatthe asailant 

(probably delivered the blows in rapid sucenin with liale change of 


orientation between weapon and heed 


Fi 
with apiece of timber. The support of the underlying skull has 


ESA Seat laceration ofthe cap caused by «heavy blew 


caused he sues ta split widely. Ar autopsy fil clesnance ofthe hair 


mut be muade to allow detailed examination and photography 


simulating a black eye from direct trauma, Similarly, a 
temporal bruise may later appear behind che eat, suggesting 
primary neck impact. As with bruises eluewhere, chose under 
the scalp may be obvious immediately after infliction — or 
their appearance may be delayed, either during life or as a 


post-mortem phenomenon, They may first become evident, 


for much more prominent, some hours — or even a day or 


so = after death. This is caused either by movement of the 


r 


Ticuar s 
incited cas, but having edges and tise bridger within tbe wounds 


5 Winds fiom a metal poker superficially reembling 


liberated blood through tissue planes or by haemolysis 
spreading ouswaeds to stain the subcutancous tissues, making 
it always advisable to return to examine the body a day oF 
two following the autopsy 

‘The shape of an inflicting weapon or object is poorly 
reproduced on the sealp, again due to the padding effect 
of the hair, Where the scalp is free of hair, asin the upper 
forehead or bald areas, all traumatic lesions are similar to 
elsewhere on the body, with the exception char blunt impact 
‘may cause very sharply defined lacerations. 


Laceration of the scalp 


Lacerations of the sealp bleed profusely, and dangerous and 
even fatal blood loss can accu from an extensive sealp injury 
if ic is not checked by treatment. The most gross injury is 
avulsion ofa large area of scalp, which can be torn from the 
head, thereby exposing che aponeurosis or skull, This may 
happen if the hair becomes entangled in machinery, as was 
formerly not uncommon in women working in factories. 


A more common cause nowadays isa trafic accident, where a 
rotating vehicle tyre comes into contact with the head, caus- 
ing a laying’ inju 


Scalp injuries may bleed profusely even after death, espe- 


similar to that seen on limbs. 


cially ifthe head is in a dependent position. A post-mortem 
injury to the head may bleed considerably if inflicted soon 
after death and these fees may sometimes cause confusion 
about the ante-mortem or postmortem nature of che 
‘wound, or about the length of time of survival following the 
injury. There is no reliable way of resolving this difficulty. 
Laverations of the sealp may reproduce the pattern of the 
inflicting object, even though a random splitting is so com- 
mon. Severe blows from shaped objects such as hammers or 
heavy tools may reproduce the profile of the weapan totally 
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Injury to the sealp 


fo in pare. A circular-faced hammer may punch a cicle in 
the scalp, but more often only an arc of a circle is seen. In 
such eases, che position of the edge that digs in most deeply 
may give an indication of the angle of the blow. There may 
be a depressed fracture of the underlying skull of the same 
shape and size, though the interposition of the dense scalp 
may cause the skull defect to be slightly larger than the 
‘weapon. A depressed fracture in these citcumstances is not 
inevitable, however, and one or more linear fractures may 


radiate from the impact ste 


FGURE 5.6 Deep linear incised wounds due to a heme, sharp 
sleaver. The depth of penetration variet, the large uound overlying 


extensive ull facturer. The wound an the neck are due tight 
contact with te ede ofthe same blade, 


[A major problem in scalp injuries is the differentiation 
beqween incised wounds and lacerations from blunt injury 
‘The scalp is che best example of a surface tissue lying 
over an unyielding bony support. Violent compression wil 
crush che scalp against the underlying skull, soa blow from 
a blunt rod-like weapon may splic the skin and undedlying 
tissues in a sharply demarcated fishion, which may appear 
remarkably like a slash from a sharp instrument, Clase 
examination, using a lens if necessary, will show that this 
bblune laceration has 
1H bruised margins, even though this zone may be nartow 
1 head hairs crossing the wound, which have not been cut 
1 fascial strands, hair bulbs and perhaps small nerves and 
vessels in the depths of the wound. 


Scalp injuries from falls 


Ieis vital for the pathologist to appreciate that falls on to a 
flat surface, o a blow from a wide, flat object such as a 
plank or paving stone, may sometimes leave no external 
‘mark whatsoever on the exterior ofthe head, but commonly 
such an injury will cause a ragged split which may be linear, 
stellate or quite iregular, 

Such injuries on the back point of the head are com- 
monly caused by falling, especially in inebriated victims. 
Falls backwards against a ridge, such as a wall or pavement 
kerb, may cause a transverse laceration, which may be 
undercut and partly detached from the underlying bone so 
that a ap of scalp is loosened from the skull 

Falls usually injure the occipital protruberance, the fore- 
head or the parictotemporal areas, Injuries on the vertex 


FicunE 5.7 Sliced ined wound ofthe 
scalp, fom a large knife. The wound is 
markedly undercut, turning a wide flap of 
scalp, The clean edge, with a lack of any 
abrasion or bruising, indicate she sharpnes 


ofthe weapon 


5: Head and spinal injuries 


should always raise the suspicion of assault, as i is unusual 
to fall upon the top of the head, even from a considerable 
height. Occasionally fall backwards thar just happens ¢0 
reach a vertical surface, such as « wall or piece of furniture, 
can cause damage to the top of the head, but there is then 
usually an obvious grazing component co the lesion, 


FACIAL INJURIES 


Damage to the face is common, but unless gross, with 
skeletal damage, is rarely fatal in itself unless it leads 00 
bleeding into the air passages. It is often ancillary co fatal 
cranial damage, or it may be the route by which severe 
trauma reaches the brain, 

‘The usual range of injuries may be present externally, but 
all degrees of underlying damage may also oceur in the facial 
skeleton, Because of the complex contours of the face, the 
various prominences of chin, nase, cheekbones, eyebrows, 
cats and lips may intercepe impacts, with consequent char- 
acteristic damage. The eyebrow is particularly vulnerable, 
being exposed dusing falls and blows. A blunt impact on the 
brow often splits the skin and may cause an underlying 
frontal fracture that can involve the orbital margin 

‘The distal part of the nose is lexible and often escapes 
serious damage, though abrasion is common. The bony 
bridge of the nose is often fractured, which may be detected 
by movement and crepitus during external palpation ~ and 
by dissection at autopsy. Bleeding in che nose is more 
important than structural damage, as profuse haemorshage 
in an unconscious victim may pass back through the paster- 
ior nares into the throat and cause fatal airway obstruction, 

‘The mauillae and mandible may be fractured by direct 
blows and again cause dangerous intra-oral bleeding from 
associated soft-tissue damage, A heavy blow of kick to one 
side ofthe jaw can cause ipsilateral, bilateral or even contea- 
lateral fractures. Gross injury to the face, seen in kicking 
and some transport accidents, may actually detach the facial 
skeleton from the base of the skull. The lower part of the 
‘muxilla, carrying the palate and upper teeth, may be eom- 
pletely separated from the rest of the skull, At autopsy, the 
best view of the facial skeleton may be gained by dissecting 
the whole facial skin upwards from the neck incision and 
reflecting it as far asthe orbits, if necessary. Good restora- 
tion can be achieved as long as the skin is not penetrated by 
the knife 

Injuries to the mouth and lips are very common in ‘beat- 


ing-up’ incidents, including child abuse. The lips may be 
bruised or lacerated, much of the damage arising from 
compression of the lips against the teeth or bony gums. 
Lacerations on the gingival aspect of the lips may often be 
exactly matched with the edges of teeth and, ax diseussed in 
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FicUME 5.8 Facial injures caused by kicking, The upper lip isplit 
aud the masila fractured on that side, The face and orbital region is 


gray swollen and bruiced. Death was caused by blockage ofthe air 
passages by blood. 


Chapter 22, rupture ofthe frenulum inside the upper lip of 
a child is virtually pathognomonic of a sideswipe acrass the 
‘mouth, if damage from clumsy and forceful attempes at inteo- 
ducing a feeding bole, dummy or airway can be excluded, 


Kicking 
Kicking of the face is regrettably common and again the 
prominences suffer most. Bruising, laceration and fractures 
ray result from kicking under the side of the jaw similar 
lesions occur on the maxillary area and the eyebrows. 
Paerned abrasions from boot soles may be seen or erescentic 
marks from toecaps. Brush abrasions from glancing kicks 
ray be present on the checks or forchead as the sole of 
the shoe serapes acrass the skin, It is uncommon to suffer 
a ‘pure’ black eye from a kick without other facial injuries, 
such as seuffed abrasion on the cheekbones, oF marks on 
the brows or bridge of the nose. Teeth may be loosened, 
broken or detached by both kicks and heavy punches and 
black eyes and fractures ofthe nose are common. A kick on 
the side of the jaw may cause bilateral jaw fractures or even 
a single contralateral fracture. 

Temay be difficult or impossible to differentiate in every 
case, beeween injuries (especially o the face) caused by kicks 


Facial 


Ficus 5.9. Blac ye fiom a direct impact ito the arbi from a 
punch, Thc the tind mechanicm of producti 


fa periorbinal 
‘haematoma, the ohers being a fracture of che anterior base ofthe 
shall anda fom 


scalp wound. 


and chose from blows from a blune object. Taecap marks are 

rot all chat common, especially since the more flexible 

rubber ‘trainer’ shoes have become almost universal footwes 
In stamping, ehere ig the chance that the sole pateern 


may leave an imprint, but a swing from a toe may leave a 


non-specific abrasion, bruise or laceration. It may be that 
the severity of the injury, including undeslying bone dam- 
age, may be a better indication of a kick than the shape of 
the injuries, asthe force delivered by a swinging foot at the 


end of a muscular leg is greater than that from a fs. 


Black eyes 

‘The usual periorbital haematoma or ‘black eye’ is usually 
caused by a direct punch or kick into the eye-socker, but 
the pathologist must always consider the several alternative 
explanations. A black eye may be the result of 


IH direct violence, which may or may not be associated 
with abrasion or laceration on the upper cheek, 
eyebrows, nose or other part of the face 

IW gravitational seepage of blood beneath the scalp from a 
bruise of laceration on or above the eyebrow. Survival 
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juries 


FiGURE 5.10 Blackeye ara resul of gravtarional seepage f blood 
downwards fom a faebead in 


The woman was struck with a 
rack on the frontal area and eyebrow, blood then descending during 
the fou bourt af coma before death occurred, 


and at least a partially upright posture of the head must 
have been maintained for at least some minutes, usually 
longer, beeween the time of injury and death. When the 
scalp lesion is high up on the frontal region, this time 
will probably be measured in hous 

1 percolation of blood into the orbit from a fracture of 


the anterior fossa of che skull. This is often from a 
contrecoup injury caused by a fall on to the back of the 
head, leading to secondary fracture of the paper-thin 
bone of the orbital roof It is invariably associated with, 
contrecoup contusion of the frontal lobes of the brain, 
as described later in this chapter. 


A simple fall onto the face on a flat surface does not usu- 
ally cause a black eye, as the prominences of the eyebrow, 


cheekbone and nose prevent damage to the orbit, 


Damage to the ear 


‘The external eat often suffers from blows to the head and is 
aan obvious target in child abuse, Bruising and laceration of 
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Fic 5.11, Bilateral lack eyes caused by leakage of bload into 
the arbits through cominuted fractures inthe flao ofthe anterior 
fsa. Thit homicide vcr was sruck on the head witha shovel 
and survived for some days. Brain vse is escaping fram the nastris 
through basal ull facture 


Ficune 5.12 The production of black ee: (1) A direct blow ino 
the orbit, (2) An injury tothe font ofthe cal, draining dawn over 
the supnoarbital ridge. (3) A facture ofthe base ofthe ull (dire 
or contrecoup) allowing meningeal haemorrhage to escape through 
the orbital rf 


the pinna is obvious on examination and —in severe trauma — 
the toot of the ear may be detached from the head, usually 
bby tearat the posterior margin where the eat joins the head. 
‘Where gross damage is present, especially with partial avul- 
sion of the pina, kicking must be considered, 

The ear may be bitten and even partly detached, a fate 
which occasionally is suffered by the nose. In such eases the 
advice of a forensic odontologist may be invaluable, as 
teeth marks may form vital evidence. 


FALLS 


Falls are extremely common, the severity not necessarily 
boeing directly related to the distance that the person falls 
Many people die after falling from a standing position, yet 
others sometimes survive a fall of many metres. 

Falls from a standing position can occur if « person is 
drunk, from an assault, during illness (such as ie or faint) 
and for many other reasons. Death ean follow from a head 
injury, especially onco the back of the head. An occipital 
scalp laceration of a fracture of the skull is not necessary for 
cerebral damage (often frontal contrecoup) to occur. There 
‘ay also be a subdural or (less often) an extradural haem- 
orthage, the later mote common from a fll on to the side 
of the head. 

‘The vexed question of head injury from falls in children 
is discussed in Chapter 22, but here it may be stated that, 
although fatal head injury from a fall usually requires a 
drop of a number of feet, there are well-authenticated 
instances of skull fractures and brain damage from trivial 
falls, including some medically witnessed falls from tables 
and settees. The experimental work of Weber (sce Chapter 
222) showed that the skulls of small infants could be frac- 
tured against a variety of floor surfaces from passive falls of 
only 34 inches. It is thus invalid for medical witnesses to 


claim it cannot happen, as even one authenticated case cee- 
aes precedent, In adults, fractures have certainly occurred 
fiom falls onto very hard surfaces from only a foot os. 
One such case was a drunk lying on concrete: equally 
drunken friends attempted to lift him but allowed his head 
and shoulders ofall back from about hal-sixing position, 
causing occipital fracture. 

Falls in old people very frequently cause fractures of the 
postcranial skeleton — especially the neck of femur — 
though ribs, arms and pelvis may also suffer. Osteoporosis 
is the major reason for the large number of such injuries 
from falls. More than 47000 fractured femora occur 
cach year in Britain, with a 25 per cent morality rate 
‘mainly from subsequent pulmonary embolism or broncho- 
pneumonia 
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Fractures of the skull 


Falls from a height 


Falls from a considerable height, usually from a building, 
are common in suicide and in some accidents, especially to 
children. Occasionally deaths from a high fall may be 
ain especially in children 

‘When a person fils or jumps from a height, the trajectory 
is downwards and outwards, and the distance that the body 
strikes the ground from the jumping point is variable. 
Goonetilleke (1980) has published some research on ov far 
from the wall a body is likely to land, Much depends on 
whether the victims fell passively from near the wall or pro- 
jected! themselves ourwards at the top. The body may 
fall whilse maintaining che same orientation 1o the ground, 
but usually urns and awists in an unpredictable manner, the 
amount of alteration of posture partly depending upon the 
height of the fll and so the time available for turning. This 
‘means chat the body may stike the ground in a number of 
different attitudes — and may aso strike some obstruction part 
of the way down, making interpretation of injuries difficule 

‘The primary impact is usually che site of the most severe 


injury, bue this is nor always the case, as it may strike 1wo 
areas simultaneously, such as the head and shoulder ~ or it 
‘ay bounce or ricochet so that two or more major impacts 
foccur in quick succession, The amount of kinetic energy 
acquired during the fall has to be fully expended by the 
time the body comes to rest so that, if only one impact 
occurs, it is likely to be more damaging than a series of 
lesser impacts, such as a bouncing, rolling strike 

Ifthe body fills on wo the head, there i likely to be a mas- 
sive fracture, often (but not always) a scalp laceration and 
possibly extrusion of brain, Both vault and base can fracture 
and sometimes the base is driven down over the cervical 
spine, the latter projecting into the posterior fossa. The la- 
ter injury is, however, more common with high falls onto 
the feet when the impact is transmitted up the spinal col- 
uump and the upper vertebrae— together witha ring of bane 
ue intruded into the skull, 
ital bone. 
Where the fall is onto the feet, che deceleration stress can 
break the axial skeleton at a number of points. The legs 
can be broken at any point, at tibial or femoral level, often 
bilaterally. The femoral necks can be snapped olf, the hip 
joints can dislocate and over-ride, othe pelvis may facture. 
‘The latter is often through the sacroiliac joints, the upward 
force (oF more accurately, downward force of the body on 10 
the legs) driving the sacrum down asa wedge into the pelvis 


around the foramen magnum 
causing the classic ‘ring fracture’ of the occ 


If the lower limbs and pelvic girdle remain intact, the 
transmitted force may then fracture the spine, often at 


mid oF upper thoracic level 
‘Where the fall occurs onto the side of the body, any 
combination of injuries ean occur. Multiple rib fractures, 
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shoulder girdle or arm fractures, lacerations of back, but- 
tocks of limbs and severe abdominal injuries ean occu, 
with consequent internal lesions, such as rupture of the 
liver, lungs, heart or spleen. 

In falls from high-rise buildings, che injuries ean be 
extreme, as in a suicide from the ewentieth floor seen by the 
author (BK), where he vierim fell onto a fence and was 
completely transected at waist level 

Te must also be remembered that biological and circum- 
stantial variability allows for some remarkable escapes from 
falls; some persons, including children, have fallen. from 
great heights yet have virally walked away unseathed. Once 
again, it is very unwise to over-interpret the relationship 
beeween observed injuries and the likely lengeh of the fall, 


FRACTURES OF THE SKULL 


Forensic anatomy 


‘The cranium and facial bones are laid down from mem 
brane in fetal life. The anterior fontanelle closes functionally 
beeween 9 and 26 weeks afier birth, though is nor tightly 
sealed until about 18 months. The posterior fontanelle 
closes between birth and 8 weeks of age. Suture lines close 
by interdigitation during childhood and osseous fusion 
‘occurs itregularly at variable dates during adult life 

‘The adule cranium consists of two parallel tables of com- 
pact bone called the ‘ipl’, che outer being about ewive 
the thickness of the inner, They are separated by a central 
zone of soft cancellous bone, which is often misnamed the 
diplod. This zone is interrupted at sueure lines and vanishes 
where the bone becomes particularly thin, especially in the 
floor ofthe skull 

‘The cranium varies in chickness in adults and varies 
from place o place, thin plates being reinforced by stronger 
buttresses, such as the petrous temporal, the greater wing of 
the sphenoid, the sagittal ridge, the occipital protruberance 
and the glabella, This tensile architecture of ee skull has 
bbeen well described and illustrated by Rowbotham (1964). 
‘The mote vulnerable thin areas lie in the parietotemporal, 
lateral frontal and lateral occipital zones 

‘The average frontal and parietal thickness in a young 
ale is beeween 6 and 10mm. The thinnest area is in the 
temporal bone, where it may be only 4mm, while in the 
‘cipital hone in the midline it may be 15mm or even 
more. The thickness of the skull is sometimes an issue in 
courtroom propositions about the special vulnerability of 
a vietim but, unless it is abnormally thin, such theorizing 
has litle forensic relevance as it is well known that fatal 
brain damage ean often occur with an intact skull. It has 
even been claimed that a chin skull i less likely to fracture, 
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Cortical vin, 


Fal 


as itis more flexible and ean return to normal after distor- 
tion without eracking; this is certainly true ofthe skulls of 
infants, This may be ierelevane when assessing intracranial 
damage, however, which is the major issue in head injuries. 

Icis rarely the skull fracture itself that is a danger to 
life, but the concomitant effect of transmitted force 
upon the eranial contents, The presence ofa skull fraecure 
is, however, an indication of the severity of the force 
applied to the head and ie is uncommon for a head injury 
that is sufficiently severe co crack che skull not 10 cause 
some intracranial effect, even if tis only transient coneus- 
sion, though, once again, there are many remarkable excep- 
tions to this generalization, 

In skeletal material, fractures of the skull are often seen 
and the differentiation bewween ante-mortem injury and 
post-mortem damage ean sometimes be difficult or even 
impossible in the absence of any soft tissues. Artefactual 
damage to a skull may be caused during recovery oF 
exhumation, and even stones in dhe soil can cause erosion 
and even cracking of the softened, degenerate bone after 
long burial. Zuo and Zhu (1991) have described scanning 
electron microscopic details of microfeactures and collagen 
damage, which can differentiate ante- from post-mortem 


injury, bur these are unlikely to assist in old decayed 
material 


The mechanics of skull fracture 


‘This subject has been extensively studied in living animals, 
isolated human heads and dried skulls. For deuals, the 
writings of Gurdjian, Webster and Lissner (1949, 1950), 
Weber (1984) and Rowbotham (1964) should be consulted; 
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Ficune 5.13. Forensic anatomy of kul and 
meninges 
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Extrusion Extrusion 


Intrusion 


Ficune 5.14 The laruck boop illacation of impact om the skull 
There is a momentary deformation, withthe area of impact bending 
inwards and sompentatary bulging elewhere, This sts up steer in 
the inner and outer table 


Fractures of the slcull 


«concise summary has also been provided by Shapito et al 
(1988). These and other workers have shown that: 


BE When the skull reeives a focal impact there is 
momentary distortion of the shape of the cranium, the 
‘extent of which may be surprisingly large, though 
transient, Infant skulls, which are more pliable and have 
flexible junctions at suture lines, may distort much more 
than the more rigid skulls of adults, The area under the 
poine of impact bends inwands and, as the contents of 
the skull are vireually incompressible, there must 
consequently bea compensatory distortion or bulging 
of other areas ~ the well-known ‘struck hoop’ analogy. 

Both these intruded and extruded areas can be the 
site of fracturing ifthe distortion af the bone exceeds 
the limits of ies elasticity 

B When the skull is deformed, compression occurs on the 
concavity ofthe curved bone and tension (teat 
forces on the convexity Ifthe latter exceed the elastic 


threshold, then fracturing takes place. Thus the inner 


FiGURE 5.15 The sul ie more uscepuble ro action faces than 
compression, 0 that convexities tend to fracture during te dstrtion 
ofthe ‘seruck hoop! 
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table will fracture where the skull is indented and the 
‘outer table will fracture at the margins of the deformed 
area, Ifthe forces are great enough, a depressed 
comminuted fracture will occur 
In the more common circumstance of a wider impact 
from a blunt injury, the deformation of the skull is less 
localized but, where the force is sufficient, fractures ean 
stil occur from the same mechanism of exceeding the 
clastic limits, The fractures may be remote from the area 
of impact, following lines of structural weakness — or 
ray extend from the area of impact, oF even commence 
ata distance and run back to the impact ste 

By using skulls coated with a britde varnish, Guedjian 
showed that sues lines developed in the cranium when 
ie was struck and that these corresponded with the 
fractures that occurred with heavier impacts 

Blows in certain areas of the skull constantly give rise to 
fractures in specific loalities—for instance, impact on the 
upper temporal or paritoremporal areas cause fisured 
fractures running obliquely downwards across the 
temporal area. I heavier, another fracture line tends to 
run obliquely contralaterally across che vaule ofthe skull. 

Abheavy impact on the side or top of the head often 
leads to the vault fracture running into the base of the 
skull, usually across che floor of the middle cranial fossa 
along the anterior margin of the petrous temporal 
bone, to enter the pituitary fossa In major injuries, this 
fracture line may often cross the floor of the skull 
completely to form a ‘hinge fracture’, separating the 
base ofthe skull into two halves. These fractures do not 
start atthe point of impact unless there is also local 
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TGURE 5.16 Linear facture ofthe 
posterior fossa due toa allan the occiput, 
‘The facture typically rosie the thinner 
done, avoiding the central butres and 
end near the framnen maguunt 


APPENDIX A © GETTING STARTED WITH TOOL BULDING 
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‘The anode of the LED goes into tie point F-3, with the cathode being installed at tie point F-4. The 
current-limiting resistor spans the gap between tie point I-3 and the right-hand positive (red) power rail, 
A short jumper connects tie point J-4 and the right-hand negative power rail, See Figure A-10. 


Figure A-10. Add an LED and a current-limiting resistor across the power rails of the solderless 
breadboard to give an at-a-glance power indicator, right where the action is taking place. 


Now we have a good power-on indicator, right where we need it. It may or may not be redundant, 
depending on the features of your USB charger. This type of indicator is digital in the sense that it tells us 
that the circuit is either on or off, without giving us a lot of precise information about anything in 
between. For alot of applications, however, this is more than enough information, 


Power Supply Voltage 


What if you did either want or need more precise information about the power supply? One method 
would be to permanently connect your multimeter to the circuit so that you can see how many volts are 
being delivered. That method assumes that you're not going to need your multimeter for anything else, 

‘A practical variation of that method, however, itto provide convenient ‘est pointsin your circuit so 
that you can quickly and easily take a voltage reading when the need arises. Be sure to position the test, 
points so that they are easy to access. Having a nice, big, readable label wouldn't hur, either. Also, try to 
arrange things so that it’s not likely that contact with a metal object, such as a tool or your wristwatch, 
will accidentally short out the power supply by touching both test points at the same time. Even simple 
“features” get complicated quickly, it seems! 

Ifyou want an accurate (and permanent) voltage reading on your circuit, consider adding a 
voltmeter. Small panel meters are relatively inexpensive and reasonably accurate, A DC voltmeter has 
two leads, positive and negative, that are attached across the voltage to be measured. See Figure A-11 
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depressed fracturing; they are initiated at a distance due 
to the compensatory deformation, but usually run back 
towards the impact ste 

When the frontal area is struck, che usual course for a 
linear fracture is vertically dawn the forehead, turning 


around the orbital margin to tun backwards across the 


floor of the anterior fossa, perhaps into the erbiform 
plate or air sinuses, o both, A blow or fall onto the 
‘occiput may produce a fracture that typically passes 
vertically or obliquely downwards just to the side of the 
midline of the posterior fossa, commonly reaching the 
foramen magnum. In addition, the contrecoup element 
‘ofan occipital fall may cause fractures of the orbital 
plates in che anterior fossa, as a result of transmitted. 
force through the brain itself, hough the mechanism is 
‘not fully understood. 

‘When severe local impact causes focal and general 
deformation, a combination of depressed fractures and 
radial fracture lines may fort a 'spider'-web’ pattern 
‘When the focal impact is severe, che depressed fracture 
‘may follow the actual shape of the impacting object, 
such asa hammerhead, The shape may follow only 
that pare of the object thar drives into the skull — for 
‘example, the circular head of the hammer may strike at 
an acute angle, so only a semicircle of bone will be 
punched inwards, the opposite edge sloping downwards 
from an irregular crack. 

“The deepest part of the depression will indicate 
‘here the weapon fist struck; there may be terracing! 
of the margins. The author (BK) has seen a recent 
instance where a victim was struck with a hammer 
through chin plastic bag enveloping the head. Parallel 
terracing cracks had opened for a fraction ofa second, 
during che blow, sufficient co tap lines of plastic into 
the multiple defects inthe outer table, Where the 
impact is from a narrow edge or ring, only the outer 
table may be fractured, being punched into the softer 
centre without depression of the inner table. 

‘The presence of hair and scalp markedly cushions the 
effects of a blow, so that a far heavier impact is required 
to cause the same damage, compared to a bare skull 
‘The pattern and nature of the skull fractures are, 
however, the same. Ie should be noted that the 
interposition of scalp and hair may slightly alter the 
dimensions ofthe skull lesion froma focal blow. For 
‘example, the padding effect of the scalp may add a few 
millimetres in diameter to the depressed fracture caused, 
by a hammer, compared with the actual measured 
diameter of the hammerhead, 

‘Where two or more separate fractures occur from 
successive impacts and meet each other, the sequence of 
injuries may be determined by ‘Puppe's rule’, which is 
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Fret fracture 


‘Second 
fracture 


Ficune 5.17 Dignan ao illucrate Puppet rule forthe requence of 
fractures, The coure ofa laer facture will be itereupted by an 
earlier pre-eisting fracture line. 


really eponymous common sense, The later fracture wil 
ea (that is, norcross) the earlier fraceure line, 
‘hich naturally interrupts the cranial distortion which 


precedes fracturing (Figure 5.17) 


“Types of skull fracture 


Arising from the mechanisms described above, itis conven 
tional to elasify skull fractures as follows. 


LINEAR FRACTURES 


‘These are straight or curved fracture lines, often of con- 
siderable length, They either radiate out from a depressed. 
zone, oF arise under or at a distance from the impact area, 
from bulging deformation. They may involve the inner ot 
‘outer table, but commonly traverse both, 

Depending on the stress contours of that part of the 
skull and the localization of the impact, they may occur 
anywhere in the skull, but are especially common in the 
‘weak unsupported plates. The temporal, frontal, parietal 
and occipital plates may all carry single oF multiple linear 
fractures. They may extend downwards into the foramen 


‘magnum, across the supraorbital ridges, or into the floor of 
the skull. A common basal linear fracture is one that passes 
across the floor of the middle fossa, often following the 
petrous temporal or greater wing of the sphenoid bone into 
the pituitary fossa. This frequently continues symmetrically 
across the other middle fossa separating the base of the 
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© 
Secondary fracture in 
anterior fossa floor 


Tansverse 
‘hinge’ 
fracture 


ing fracture 
around foramen 
magnum 


Cc) 


FicURES5.AN Ter of ul facture: (a) inca incre (b) ipider- 
web facture: () depres facture: and (d) base facture 


skull into two halves, usually being caused by a heavy blow 
on the side of the head; this lesion was sometimes called the 
‘mororeyelis’s fracture’ for obvious reasons. Linear fractures 
may follow a horizontal course around the skull, usually 


Ficune 5.19 Linear finctures of the ulin child abuse. Blan impace 
athe vere cate double incur 0 ron down the parital 
toe and continue into the temporal aes the sours ofthe facture 
being determined by lines of tes nd woes inthe sult The cntnal 
our-hole ws fir he surgical evacuation of ubcural haemorrhage 


from one temporal area to the other via the occiput rather 
than around the front 

In children and young adults, a linear fracture may 
pass into a suture line and cause a ‘diastasis! or opening of 
the weaker seam between the bones. This is mast aften seen 
in the sagittal suture between the two parietal bones, but 


the interfrontal line of weakness left by the earlier fusion 


of the metopic sueure can also reopen under mechanical 
scress. In infants, especially in the child abuse syndrome, a 
linear fracture of a parietal bone may reach the sagiteal 
suture and continue actoss it into the opposite plate. The 
continuation may be direct or may be ‘stepped’, so that 
the two fractures are not in line. This appearance usually 
means a blow or fall onto the vertex, and the two fractures 
may be simultaneous but not continuous, explaining the 
‘stepping 


RING FRACTURES 


‘These occur in the posterior fossa around che foramen 
‘magnum and are most often caused by a fall from a height 
‘onto the feet. If the kinetic energy of the fall is not 
absorbed by fractures of the legs, pelvis or spine, the impact 
is transmitted up the cervical spine, This may be rammed 
into the skull, carrying a circle of occipital bone with i 


POND FRACTURES 


‘This is merely a descriptive term for a shallow depressed 
fracture forming a concave ‘pond’. Ie is mote common in 
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Fic 5.21 Comminuced sll facture with depreson af the 
central are. This could ala be termed a pond feactur’in that there i 


an ove depres zane with radiating linear facture. The head ws 
struc witha hey piece of wd along the line af the deprened ae 


the mote pliable bones of infants and, indeed, a depression 
can occur in the absence ofa fracture akin to the distortion 
produced by squecting a table-tenis bal 


MOSAIC OR SPIDER'S-WEB FRACTURES 


Asalready described, a comminuted depressed fracture may 
also have fissures radiating from it, forming a spider's-web 
for mosaic pattern. The degree of actual depression may be 
minimal or even absent. 


Ficune 5.20 Pond facture 


DEPRESSED FRACTURES 


Focal impact causes the outer table to be driven inwards 
and, unless absorbed in the diplog, the inner table will also 
usually be intruded inco the cranial cavity with all the 
dangers of direct damage to the contents, Even sharp-edged 
‘weapons, such as heavy knives and axes, which may cause a 
clean-cut defect externally, usually split and deflect flaps 
downward from the inner table 

‘With axes and heavy cutting weapons such as swords, there 
isa characteristic lesion in the bones, whether skull or else- 
where. The inital impact slices cleanly through the bone on 
‘one edge, often bumishing the bone toan ivorylike gloss. The 
rebound removal ofthe weapon is aa slightly different angle, 
cither from deliberate intent, or from relative movement 
between bone and blade, This cracks off an irregular fragment 
‘of bone ofthe opposite fae so that the residual defect has one 
smooth and one rough edge. Ie is ofen seen in historical and 
archaeological material from battles or massacres, 


‘The force required to cause fractures 
of the skull 


Unlike less reliable subjective estimates ofthe force required 
to cause other injuries, objective quantitative measurements 
have obtained for adult skull fractures. Again, the publica- 
tions of Gurdjian, Webster and Lissner should be consulted 
for detailed information. The following useful facts arise 
from their investigations: 
The tensile strength of the adult skull is of the order of 
100-150 psi, the compressive strength varying from 
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5000 to 31.000 p.si. (Gundjian etal 1949). A simple 
fissured facture ofthe skull can be sustained by walking 
into a fixed obstruction (Kerr 1954). This requires a 
force of about 5 foot-pounds (73.N). Fast run 
an obstruction produces about 70 feb (1020 N). Falling 
to the ground from an ereet pasture also develops at least 
660 cll (873'N) and can easly produce skull fractures. 

A simall stone or golf ball weighing abour 100 g (4.02) 
may alo cause a linear fracture when thrown with 


moderate force against the temporal region (Graham. 
and Lantos 2002). 

i The adult head weighs beeween 3 and Gkg (7-141b), 
averaging 4-5 kg (10 1b), When falling through about 
‘one metre (3), so thatthe frontal area strikes a hard 
surface, impact energy of about 35 felb (510 N) 
develops. This can cause one or two linear fractures, 
fora mosaic fracture (Gurdjan er al 1950) 

1B Only a small additional amount of energy above that 
needed to cause a single erack is required to produce 
multiple fractutes, 


In spite of these experimental data, ie must never be 
forgotten that, lke all biological phenomena, great variation 
isencouncered and skull fractures, though they may be eaused 
by as ltdle as 5 flh (731N), may be absent when the impact 
exceeds 90 feb (1314N), The area of the skull struck, the 
thickness of the skull, scalp and hair, ehe direction of the 
impact and other imponderables, al affect the outcome. 

‘As further discussed in Chapter 22, Weber carried out 
experiments in which he dropped che bodies of dead 
infants from 4 fixed height of only about 85 em (34 inches) 
‘onto various hard and soft surfaces, A high proportion 
sustained skull Fractures, both of the parietal and occipital 
areas, some of them crossing suture lines. 


of the skull 


Ficus 5.22. A deprened facture of he 
shall from a blow wih a beany club 
hammer. The defect is wedge shaped with 
st eurved anterior border caused by the 
hammer sriking at an angle, The 
epresion is concentrically traced, with 
the lowest fragments lacerting the surfice 
ofthe brain. 


FIGURE 5.23 Springing of the sagira suture ofthe bull ofan 
infant. Though there was no skull feature, the suture line has 


widened afer a fill shat caused a subdural haemorrhage 
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TGURE 5.24 Distasi or ipringing’af the sagiteal suture ofa 


young adult who fell from a height onto the vertex of his head. The 


‘pening of the interparetal suture has extended anteriorly along the 


line of weakness of 100 halves 


al bone. 


fused metopicsuare berwes 


Ficuae 5.25 Pa 
to feezeup ofthe bonis 


nortem diastase ofthe sutures as an artefact dae 


fnra-tal sll facture 


spinal injuries 


Fi 
facture line runs from side to side 


RE 5.26 A “hing facture ofthe base of the skull where the 
cos the flor of the middle 


‘cranial aun passing cough che pituitary fac inthe midline, 


following the course of east sructualrsicance. The victim was 
young pedestrian who was bit by «car and thn sustained secondary 
injuries by striking the lft side af he bead on the ground. This 


injury ix common in road acidents and i sometime called the 


‘maroc facture 


Dangers of fractures of the skull 


It has been emphasized that, in the majority of cases, 
the significance of a fractured skull is an indicator of a sub- 
stantial insule othe head, with possible injury to the vital 
contents, rather chan the fracture itself being a danger 
to life, 

There are occasions, however, when the fracture itself has 
dangerous sequelae. The most common is when the crack 
passes through an embedded meningeal artery, causing a 
meningeal haemorrhage, which is considered later. A 
depressed fracture may impinge upon the brain and its 
membranes, and bone fragments may lacerate or penetrate 
the brain tissue. 


TRAUMATIC EPILEDSY 


A late effect of a depressed shall fracture may be ‘traumatic 
epilepsy’. This is of great medico-leyal significance, especially 
in the Feld of civil litigation where an accident or assault 
may result in lifelong neurological disability for which very 


large monetary compensation may be awarded. 
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‘Traumatic epilepsy usually manifests as tonic and clonic 
fis, which may be difficult to differentiate from idiopathic 
epilepsy. if the injury oceurred in early life, When fits begin 
within weeks, oF a year or two of a major head injury in a 
mature person who had never had fis before, the diagnasis 
is easier, butall cases need expert neurological examination, 
‘There must have been a substantial head injury, usually 
with a depressed fracture impinging on the underlying cor 
tex, often in the parietotemporal area. The epilepsy appears 
usually within a range of a few weeks to up to 2 years Ivis 


‘more common in open head injuries when infection has 
occurred, or when a spicule of bone has penetrated the 
meninges, as the mesodermal scarring of the cortex that 
results is more likely to irritate the brain than the astrocytic 
reaction found in closed head injuries. 


INFECTION FOLLOWING SKULL FRACTURE 


Other complications may occur, even in the absence of 
depression or comminution. The most common is infection 
of the meninges, or the development af a brain abscess, or 
both. Infection can gain access via skull fractures: 


by direce spread chrough a compound fracture, 
especially where there isa contaminated scalp injury: 

1S by spread from the nasal cavity when a fraccure of the 
cribrform plate has allowed communication with the 
anterior fossa. This facture is not uncommon as part of 
‘contrecoup' lesions, deseribed later: Sometimes the 
cribwiform plate is euptured by objects entering a nostril 
and carrying infected material into che cranium: the 
author (BK) has seen two such fatalities, one from an 
‘umbrella ferrule and another from a dirty bamboo garden 
cane. Another ease was seen by PS where a suicide attempt 
was made witha small calibre pistol. The bullet penetrated 
the ight temple and went through the skull just above the 
anterior cranial fossa, which was fractured and caused a 
leakage ofthe cerebrospinal uid through the nose, The 
victim recovered well but, inspite of prophylactic 
‘treatment with antbiosies, died one yea later from 
purulent meningitis, 

18 by spread from fractures that involve a paranasal sinus, 
such as the frontal or ethmoid, or from dhe mastoid air 
cells or middle ear cavity. Basal fractures may allow 


these spaces, which communicate with the infected 
‘outside environment, to each the meninges, especially 
when the later are torn by the traumatic event. A 
history of leakage of cerebrospinal fluid from the nose 
fr ear must alert both clinician and pathologist to the 
possibility of communicating basal fractures, In any 
autopsy on a suspected head injury, however slight, 

care must be taken to remove the dura from the interior 


fof the vault and base so that a close inspection for 
fraccure lines can be made, 


URIES 


The contents of the skull are the most fragile of the vital 
organs, necessitating their enclosure in the strong bony box 
of the cranium, Damage may occureither tothe neual tissues 
fort the rich vasculature that surrounds and penetrates those 


FORENSIC ANATOMY OF THE 
BRAIN MEMBRANES. 


‘The pachymeninges consist of the dura mater and the 
lepromeninges, the arachnoid and the pia mater (see Figure 
5.13). The dura is formed of ewo layers of tough col- 
lagenous tissue, the outer of which is firmly attached to the 
skull and aces as its internal periosteum. The inner layer 
merges with the arachnoid, so that in realty there is no true 
subdural space, only a potential cleavage plane. 

‘The dura forms the faly and tentorium, and the cranial 
venous sinuses run within it, Branches of the meningeal 
arteries course over and through its substance. The dua is 
penetrated by bridging veins, especially along the vertex 
and at che tips of che temporal lobes, also to a lesser extent 
at the frontal and oceipital poles, as well as by random ves- 
sels elsewhere. Polypoid invaginations of the dura penetrate 
the inner walls of the venous sinuses, especially the sagiteal 


sinus, to form the ‘arachnoid granulations’, 

‘The arachnoid is a thin, vascular meshwork that is 
intimately applied to the inner surface ofthe dura by means 
of the ‘boundary layer’ 9o thar no subdural space exists in 
‘normal conditions, though their junction isso tenuous that 
they are easily split apart. Sheaths of arachnoid follow ves- 
sels into the brain as they penetrate into the neural surface. 
‘These vessels and thin strands of connective tisue anchor 
the brain within the subarachnoid space. This is filled with 
cerebrospinal fuid and the width of the space varies from 
Jess than a millimetre in the young to a centimetre oF more 
in the old, in whom cerebral atrophy has developed. This 
‘means that the anchoring strands and che bridging vessels 
are longer and more vulnerable to shearing and rotatory 
streses. Even though anatomically in the subarachnoid 
space, rupture of these bridging vessels often manifests 
itself in the subdural space. 

‘The pia is not a true membrane, but a surface felwork of 
pla fibres chat are inseparable from the underlying bran. 


189 


5: Head and spinal injuries 


EXTRADURAL HAEMORRHAGE 


Also known as ‘epidural hacmorshage’, bleeding beeween 


the inner surface of the skull and the dura mater is the least 
common of the thtee types of brain membrane haemor- 
rhage. According to Rowbotham (1964), only about 3 per 
cent of head injuries have an epidural haemorthage large 
enough to be of surgical significance; a similar figure of 
between 1 and 3 per cent was recorded by Tomlinson 


(1970), OF the 635 fatal head injuries investigated by 
Adams (see References and further reading) in Glasgow, 
10 per cent had extradural haemorshages. The mortality rate, 
even with surgical intervention, averages about 11 per cent 
under the age of 20 years, rising ro between 18 and 40 per 
cent i later lf 

“The dura is closely applied to the interior of the skull, 
forming the endocranium oF periosteum. It is so tightly 
applied to dhe base of che skull that, except in the posterior 
fossa, extradural bleeding docs not accur over the skull 
floor. In the vault there is a potential space between the 
dura and the bone, which can be separated by both arterial 
and ~ less often — venous leakage. Most extradural haemor- 
thages are associated with fractures of the skull, but about 
15 per cent occur in intact skulls (McKissock 1960). 
According to Harwood-Nash eta, (1971), the incidence in 
children withour a fracture is only 1 per cent, though 
‘Adams found that half the children with extradural bleeds 
in his series of over 600 fatal head injuries had no fracture. 
About 10 per cent of extradural haemorshages are asoci 
aed with subdural haemorrhages. Bilateral epidusal haet 
corrhages are rare, 

“The usual sie is unilateral in the pa 


jut have been recorded, 


cotemporal area, 
caused by rupture of a branch of the middle meningeal 
artery where the latter is transected by a fracture line. The 
posterior branch of this vessel is most commonly involved 
ay it courses diagonally backwards across che squamous 
temporal bone on the lateral wall of the cranium. The anter- 
ior (frontal) branch is rarely the source of bleeding, occurting 
only twice in Rowbotham’s series of 33 cases. The vessel 
usually lies in a deep osseous groove in the first part of its 
course. It has been claimed that almost all ruptures occur 
where the artery is completely roofed over in a bony tunnel 
so that it is unable to escape damage from a fracture, but 
‘observation does not confirm this contention, 

Leakage of the high-pressure arterial blood strips back 
the underlying dura with progressive accumulation of a 
haematoma, which can reach a volume of several hundred 
ruililitres and cover an appreciable par ofthe hemieranium, 
‘Adams suggests that 2 minimum volume of 35 ml is needed 
before clinical signs are apparent, though other writers sug- 
gest 100 lis usually the minimum associated with faalivies 


In the ess common occipital and Frontal sites, smaller 
branches of meningeal arteries may be involved or the 
bleeding may be from tom venous sinuses, in which case 
there need not be a facture. When bleeding is venous, the 
hhaematomas rarely reach a large size as the pressures ins 
ficient to tear back much of the dura. 

“The clinical signs of an epidural haemorthage are classc- 
ally those of a ‘ucid or ‘btent’ interval, as these may be 
recovery from the initial phise of concussion (see below) 
before sufficient blood accumulates to cause ried into 
cranial pressure and consequent relapse into unconsciousness 
“This ease picture sno fraquendly absent, however, that no 
disgoostic reliance canbe placed upan it. The coma frm the 
increasing space-oecupying lesion formed by the bleed may 
follow the peiad af concussion without a break so that there 


is no temporary phase of recovery. Only 2 
MeKissock's series shawed the classic history 


per cent of 


Fracture line 
\ 


— Haematoma 


Meningeal artory 


Formation of an extradural hemordhage. 


FiGURE 5.28 A large remporaparietalexadural haemorrhage. The 
under sunfce of the alp on the right show bruising atthe point of 
impact, There wa a linear fracture ofthe skal passing throgh the 

ight middle meningeal artery 
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‘The latent interval may be of variable duration and, as 
just noted, may not occur ifeither concussion is prolonged 
cor other brain damage coexists, Half an hour may be 
enough for the formation of a significant arterial 
haematoma, though some slow bleeds have taken more 
than a day to become clinically apparent. In Rowbotham’s 
series, the range was from 2 hours to 7 days, but most were 
apparent after 4 hours 

More recent investigations using computed tomography, 
quoted by Adams, suggest thar the old cancept of worsen- 
ing clinical symptoms being caused by the progressive 
accumulation of blood is incorrect, as computed tomo- 
grams show that the major volume of blood may appear 
soon after the injury and thar, as with many space-occupying 
lesions, clinical signs result from other fieeors, such as 
bral oedema or diffuse neuronal injury: 


Medico-legal considerations of 
extradural haemorrhage 


‘A medico-legal danger is that a victim may be discharged 
from the care of a doctor or hospital casualty department 
when he recovers from his transient conewssion only to 
deteriorate and pethaps die at home; negligence may then 
be alleged against the unsuspecting doctor. Unfortunately, 
even when the diagnosis is made, the results of surgical 
intervention are not good, there being a fatal outcome in 
more than half the cases operated on, Part of the reason for 
this poor prognosis is that many victims of extradural haem 


corrhage also have other damage such as cerebral contusion, 


11 


‘When victim ofa head injury recovers from concussion 
and then lapses into coma within the first 24 hous, the dif- 
ferential diagnosis is between an extradural or subdural 
haemorthage, or cerebral fat embolism, especially 


other skeletal damage. At autopsy the 
as most haematomas lie in the temporal or pati 


and are opened when che usual saw-cut is made to remove 


FiGURE 5.29 An extradural haemorrhage in the posterior fas, 
This ia unusual ite for thie tpe of lesion, as mast occur inthe 
emporal or parietal area asa resul of tearing ofthe middle 
‘meningeal arsery In this ase facture line passed down the 
posterior fsa towards the fnaren magnum, but na besding point 
‘ould be identified 


Ficune 5.30 A fies exmadunal 
haemorrhage in the tmporoparetal area 
from a facture crossing the middle 
‘meningeal artery About 85 per cent of 
such haemorrhages ave asociated with 


shall facture 


5: Head and spinal injuries 


the calvarium. If in the posterior fossa, the dark blood is 
seen through the raised dura, Wherever itis situated the 
dimensions and approximate volume should be measured 
and an estimate made of the inward projection. The brain 
surface will be flattened of otherwise distorted if the 
haematoma is of significant size and may have given rise 10 
the usual appearances of raised intracranial pressure, 
described later. The midline of the brain may be shifted la 


ally ifthe bleed is large 


Extradural haemorrhage is ne 
this being purely 


a ‘contrecoup! injuty, 
y a cerebral tissue lesion, 


HEAT HAEMATOMA 


One well-known artefact mimics an extradural haemor- 
rhage. When a bead has been exposed to severe external 
heat sufficient to burn the scalp and pethaps che skull 
blood may be extruded from the diplo¥ and venous sinuses 
ineo the exeradural space to produce a heat haematoma. 
‘The mechanism is obscure, but may be the result of 
blood being ‘boiled from the diploic ly 
‘emissary vein, or shrinkage of the brain may’ aspirate blood 
fiom the skull, The false haematoma is brown and friable, 


‘of bone through 


and the adjacent brain shows hardening and discoloration 
from the heat, 

‘The importance of the artefact is that it may be mistaken 
for a true epidural bleed from a head injury, and may 
mislead the pathologist and investigators into thinking that 
the fire was started criminally to cover up a fatal assaul. 
‘As most instances are seen in conflagrations in buildings, 


192 


Ficune 5.31. Fie victim with extensive 
defect ofthe carbonized sul showing 
reddich-brown ‘heat haematoma’ on the 
inner surface ofthe sll and shrunken 
rain with brain tise oozing out thrugh 


sa spliin the drs 


there is often a significant level of earboxyhaemoglobin in 
the body ifthe death occurred when the fire was in progress 
‘This should be of the same concentration in the heat 
haematoma as in the peripheral blood; if the victim suf 
fered a head injury before the Fire started, then there should 
be little or no carboxyhaemoglobin in the haematoma, 


SUBDURAL HAEMORRHAGE 


Bleeding beneath the dura is much more common than 
extradural haemorrhage. [cis also proportionately less often 
associated with a fractured skull, but in absolute numbers 
far more fractured skulls cover subdural chan extradural 
haemorshages. The Glasgow series of 635 fatal head 
injuries described by Adams included 18 per cen of sub: 
dural hacmatomata. 


‘The lesion is traditionally classi 


ed into three types: the 
acute, the subacute and the chtonic, Ir is unhelpfial 10 
subdivide the acute type, however, and only acute and 
chronic haemorthage need be considered. 

Subdural haemorrhage can occur at any age, but is com. 
mon at both extremes of life, It is ane of the majar causes 
of fatal child abuse and the rediscovery of char syndrome 
by Caffey (1946) consisted of an association of subdural 
haemorthage with long hone fractures. In old people they 
commonly exist in a chronic form and can be mistaken 
either for ‘strokes’ or for senile dementia. The condition is 
always due to trauma and there is probably no such entity 
a8 ‘spontaneous subdural haematoma’, Even in states of 
vascular agility, such asin senility and in bleeding diatheses, 


‘Subdural haemorrhage 


some minimal trauma must precipitate the bleeding even if 
it was too trivial to be recorded in the history It i almost 
certain that minor subdural bleeds, insufficient to give rise 
to any neurological or clinical symptoms or signs other 
than a transient headache, occur with the trivial knocks of 
ceveryelay life. Only when the bleeding is extensive enough 
to become either a cortical iritant oF a space-occupying 
lesion (probably between 35 and 100ml) does it become 
clinically apparent. OF course, many subdural haemor 
rhages exist in combination with both subarachnoid bleed- 
ing and with cerebral damage, making its contribution to 
the overall symptomatology impossible o asses, 

‘As with the extradural haematoma, the position of a sub- 
dural can never be interpreted as a ‘contrecoup' lesion and. 
is thus of no use in differentiating a blow from fal. 


Acute subdural haemorrhage 


‘This isa common sequel to any substantial head injury, and. 
the presence or absence of a fracture is immaterial except as 
an indicator of trauma to the head. Unlike extradural bleed 
ing, fracture plays no part in the pathogenesis ofthe haern- 
corthage, which arises from torn communicating veins thae 
traverse the subdural space between the cortical vessels and 
the dural sinuses. Less ofien the sinuses themselves give rise 
to the haemorthage, 

Naturally in an open head injury or when comminuted 
fractures penetrate the membranes and perhaps the brain 
itself, subdural bleeding is merely pare of a complex that 
includes subarachnoid bleeding, and cerebral laceration 
and contusion, 

‘The lesion is often pure, however, being associated with 
a closed head injury where the only other signs may be 
scalp bruising ~ or even nothing at all, as blunt impacts 
may leave no signs in the sealp, externally or internally, and 
no skull fracture, 

‘The latter situation is probably the explanation in most 
of the cases formerly attributed to shaking of the infant. 
Many paediatricians and pathologists have enthusiastically 
adopted the shaking aetiology when there was no overt 
sign of impact (or sometimes even where there was such 
evidence!) to such an extent that it is frequently proffered 
as the favoured diagnosis. However, the concept of the 
shaken-baby subdural has been steongly challenged recenely, 
as it has been shown that the shearing force (required 
to rupture subdural vessels) is of the order of 50 times 
less in shaking than in impact (Duhaime et al 1987), Thus 
it is very probable that pethaps the majority of allegedly 
shaken babies have, in fact, had an occult head impact, 
Which has not left any signs on the scalp, subscalp tissues 
cor skull 
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Ficune 5.32 Formation of subdural bacmatoma. 


Subdural bleeding arises from shear stresses in the upper 
layers of the cerebrum, which moves the communicating 
veins laterally sufficiently to rupture their junctions at 
either che cortical veins or the sinus surfaces. It is very 
rarely possible to identify the bleeding points. Subdural 
biceding is most often over the lateral surface of a cerebral 
hemisphere, high up in the parasagittal area 

[As with most intracranial damage, the mechanical cause 
is a change of velocity of the head, either acceleration oF 
deceleration, almost always with a rotational component 
Where a blunt impact strikes the skull, the subdural bleed 
ned not be situated directly under the impact area — it need 
not even be on the same side of the head. It is sometimes 


tempting to attribute a localized subdural to either a ‘coup 
for wa ‘contrecoup’ effect (see below), but this is an unsafe 
interpretation. In addition, a subdural haemorthage — 
unlike an epidural — is quite mobile, Lesions that have obvic 
‘ously originated high on che parietal area commonly drain 
down under gravity and cover the whole hemisphere, with a 
large accumulation in the middle and anterior fossas, and 
even through the tentorial opening into the posterior fosa 

‘The haemorthage may remain fluid or may lot into a 
firm mass: both modes are commonly present. Ifthe bleed- 
ing is relatively slight, then a ‘thin-film’ subdural may be 
found. If che thickness of blood is less than a few milli 
metres, it cannot be claimed to be  space-occupying lesion, 
even ifthe area covered is quite large, as the cerebrospinal 
fluid in the adjacent subarachnoid compartment can be 
displaced sufficiently to accommodate an equivalent vol- 
ume of blood, 

Again, Adams suggests that, asin any intracranial space- 
‘occupying lesion, a minimum volume of about 35: is 


required 10 cause neurological signs, chough other writers 
prefer a larger volume, such as 100 ml 

‘Whether this film of fresh blood isa sufficient ivitant to 
cortical activity ~ as it undoubtedly is in a subarachnoid 
haemorrhage — to be a danger to life, is uncertain. I is dif- 
ficult co claim hat a thin layer of blood in ehe subdural 
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APPENODCA » GETTING STARTED WTH TOOL BULDING 


Figure A-11. A DC voltmeter is attached 10 the circuit to accurately measure the supply voltage. The Von 
the meter’s legend stands for voltage. The underline beneath the V indicates that itis designed to measure 
DC voltages, as opposed to AC voltages. 


‘The panel meter shown in Figure A-11 has a range of 0-30VDC. That's a bit more than we need, 
since our little power supply is only supposed to produce 5.0VDC #10 percent. Since the meter's range 
does not accurately match the expected range of supply voltages, we lose a bit of precision when 
attempting to read the display. All the action is crowded together on the left side of the meter. 
It might seem that a 0-5VDC meter would be preferable, but that would not allow for any 
5VDC to be delivered over 


however, would be perfect when used with the laptop supply shown in Figure A-4, because its output 
voltage is 19.0V. That leaves a bit of room for overvoltage conditions and gives a wide enough swing of 
the needle to produce fine detail. 
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Head and spinal injuries 


space is the sole cause of death, but almost inevitably the 
force thar caused the bleeding will also have had a deleteri- 
‘ous effect on the brain tissue, even if this is macroscopically 
‘occult such as diffuse axonal damage 

As with the extradural haemorthage, there may be a 
latent interval before clinical signs and symptoms appear 
After the almost inevitable concussion, which may be very 
brief, the victim may recaver, then relapse into deepening. 
stupor and coma when intracranial pressute rises as the 
subdural bleeding proceeds. Associated brain damage 
may, however, cause uninterrupted coma from the time of 
injury. 

When there is a lucid interval, this may be longer than 
the average 4 hours of the faster arterial bleeding of the 
epidural haemorrhage. In fact, there is no upper limit to 
this ineerval, as the acute subdural haemorchage merges 
into the chronic condition, which may recur alter weeks or 
even months, In severe acute bleeds, as are commonly 
encountered in criminal cases, such intervals tend to be 


short or non-existent. 


Chronic subdural haematoma 


‘This lesion is most ofien found in old people, frequently as 
an incidental finding at autopsy where death was caused by 
some unrelated condition, 

The gross appearance varies with age; recent lesions up 
to several weeks old are tan or red-brown with a gelatinous 
membrane cavering the surface. The contents are thick but 
liquid and may have ateas of redder, more recent bleeding. 
An older haematoma, up to months or even a year old, is 
firmer, with a cough membrane around both surfaces, 
resembling a rubber hot water bottle filled with jelly ar oil 
The contents are liquid and may be brown or even straw 
coloured, Sometimes the interior may be much firmer and 
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\GURE 5.34 A chromic eubdural haemorrbage discovered as an 


incidental finding at an autopsy on an ald person dying ofan 


relat The blood was br 


se 1 and gelatinous, but shee was 


we membrane 


variegated in colour due to bleeds of different ages 
Loculation is common, with different coloured fluids or 
‘axe in each locule. The underlying brain will be depressed 
if the haematoma is large (more than 50-100 ml), and is 
ofien stained brown oF yellow from altered haemoglobin, 


‘Subdural haemorrhage 


Many such subdural bleeds in old people are small and 
obviously gave rise to no neurological abnormality; the 
mete finding of such a smal lesion at autopsy should not 
be used to provide a cause of death, which should be 
sought elsewhere in the body. Some subdurals are sub- 
stantial, however, reaching a volume of 100-150 ml. They 
may still have been asymptomatic, but others give rise 1 
neurological symptoms that may have been ascribed 10 
some other pathological cause. Examples are ‘strokes, when. 
unilateral signs were thought to be caused by a cerebral 
thrombosis or haemorthage: disordered behaviour of the 
‘old person may have been blamed upon senile confusion oF 
dementia, whereas in fact a space-oecupying haematoma 
was rally responsible. 

‘The chronic haematoma may become large and press 
down on the cerebral hemisphere sufficiently to dent and 
distort the surface. This may progeess, as does the large 
acute haemorthage, to cause sigas of hippocampal and 
cerebellar tonsillar herniation and all che attendane dangers 
to the vital centres in the brainstem. The chronic haemat- 
toma arises from the acute lesion, which, ater an interval, 
becomes sheathed in a capsule of connective tissue. The 
haematoma may eventually abvorb, it may remain dormant 
at the same size, or it may enlarge a any later date. 

‘The mechanism of the enlargement is controversial. One 
common explanation, which seems the most reasonable, is 
that it occurs from repeated further bleeding, perhaps feom 
new blood vessels chat penetrate the mass as part of the 
healing process. The other theory involves osmosis, said 0 
‘operate because the centre of the haemorthage commonly 
liquefies, forming a haemorshagic fluid that osmotically 
attracts into it the cerebrospinal fluid from outside the 
capsule, which acts asa semipermeable membrane. 

‘The First mechanism seems more likely, as areas of fresh 
bleeding are often found inside a substantial haematoma 
but, whatever the cause, the final effect is a worsening of 
the space-occupying effect. 


‘The dating of a subdural haemorthage 


An estimation of the date of onset ofa subdural haematoma 


may have considerable Forensic significance, especially if the 
lesion is obviously mature, There may have been one oF 
more episodes of trauma on record, any of which may have 
criminal or civil connotations and the opinion of the 
pathologist will be sought to relate orto eliminate the lesion 
found from the potential causative event. 

For example, in one of the author's cases an old lady was 
struck on the head by intruders and died several weeks 
later. At autopsy, a large chronic subdural haematoma was 
the main finding, but the defence sought to show that the 
haematoma must have been present before the assaule by 
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claiming that the woman's confused behaviour over the 
previous year was caused by the pre-existing intracerebral 
lesion. Furthermore, in accidents of any type, there may be 
doubt about whether the subdural haemavoma arose as a 
result of the injury, or whether a pre-existing lesion caused 
tunsteadiness that may have precipitated the accident. 

Unfortunately, in spite of several claims to reliable methods 
of dating subdural haematomata, such estimations are of 
doubsful value, partly because repetitive bleeding results in 
varying ages within the same haematoma, 

‘A subdural haematoma gradually changes from dark red 
toa brownish colous, fist being apparent not before 5 days 
and sometimes not obvious for 10-12 days (Crompton 
1971, 1985). 

Reaction to subdural bleeding begins within afew hours of 
‘onset, when cellular infiltration begins from the dural surface. 
A delicate ‘neomembrane’, histologically composed of thin- 
walled capillaries and fibroblastic granulation dissue, grows 
fiom the periphery to cover the outer (dural) surface of the 
clot during the next few days and weeks. Ino Further enlarge- 
ment occurs, this capsule becomes more and more fibrous, 
though rarely does it completely absorb the haematoma by 
fusing with the outer capsule. According 10 Crompton, the 
presence off a membrane firm enough co be picked off with 
forceps makes the subdural haemorshage atleast 12 days old, 

Although claims have been made for accurate dating of 
subdural haematomas by histological erieria (Munro and 
Merritt 1936), these eannot be depended upon, especially 
after few months, as theres considerable personal variation. 
in healing rates. Also, because of the frequency of repeated 
subsequent fresh bleeding, attempts at estimating the date 
of the original bleed are unrealistic, As they are of some use 
ay an approximate guide to age, Munro and Merrie’ histo- 
logical criteria are summarized briefly here: 


1 Fibroblasts appear at che margin of the clot within 

36 hours and in 4 days the neomembrane adjacent to 
the dura isa few cells thick. From 5 to 8 days, the 
membrane becomes wel established and fibroblasts 
migrate from it into the clot. 

By 8 days the membrane is 12-14 cells thick and is 
visible to the naked eye. From a few days after onset, 
there is progressive red-cell lysis and after 5 days 
haemosiderin-laden phagocytes are present, which may 
be stained by Petts reaction 

From 11 days the clot is subdivided by strands of 
fibroblasts. By 15 days.a membrane is also present on 
the under surface ofthe elot and the outer 
rneomembeane is half to one-third the thickness of 
the dura itselé By day 26 it equals the thickness of 
the dura, but the inner membrane is still oly 

halfas thick. 
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Between 1 and 3 months the membrane has lost many 


fibroblast nuclei and is becoming hyaline. By 6-12 
months the membrane becomes thiek and fibrous, 
resembling the dura itself 
A number of later writers have pointed to marked vari- 

ations in this chronological scheme, Within the first couple 

fof months large sinusoidal vessels appear in the newly 
formed connective tissue. 

From geoss appearances, a rough guide is that brown 
colour changes occur between the first and second week, 
when a discrete surface membrane becomes obvious. After 
a month or so a firm capsule develops, forming a eystic 
cavity containing dark brown, watery fluid, According to 
‘Munro, liquefaction of the contents does not occur in less 
than 3 weeks. Some hacmatomas remain solid with an 
organizing blood clot within, ofien with areas of fresher 
hhacmorshage of different ages. 

‘When a substantial subdural bleed has occurred, the 
underlying cerebeal cortex may be infarcted, caused by 
cither a natural infarct having bled through the arachnoid 
into the adjacent subdural space or, more aften when there 
hhas been « head injury, the pressure of the haematoma on 
cortical blood vessels (Crompton 1971, 1985). 


SUBARACHNOID HAEMORRHAGE 


‘The thied type of brain membrane bleeding is even more 
common than subdural haemorrhage, but has a mixed acti- 
ology. Whenever there is damage to the cortex, chere will 
be some degree of subarachnoid bleeding, so all penetrating 
injuries of the brain, as well as many blunt injuries that 


spinal injuries 


Ficune 5.35 Subarachnoid haemorrhage 
from a tiny berry ancurym (arrow) ofthe 
right middle cerebral artery 


give rise to extradural or subdural haemorthage, will be ass0- 
ciated with traumatic subarachnoid bleeding 

Iris not common, though not unknown, for traumatic 
subarachnoid bleeding to occur as a pure lesion where there 
is no cortical contusion, no neck injury, no deep brain 
lesion and no other membrane haemorrhage. Slight sub- 
arachnoid bleeding probably oceurs very frequently afer a 
moderate impact upon the head (as with slight subdural 
bleeding), but asthe vast majority of such victims survive, 
no autopsy evidence is Forthcoming. The increased sensitiv- 
ity of medical imaging techniques, especially nuclear mag- 
netic resonance, can demonstrate such minor bleeds which 
hitherto went undetected. 

‘The other complicating issue with subarachnoid bleed- 
ing is that ie frequently occurs as result of natural disease, 
especially rupture of vascular malformations of several types. 
When trauma is aso present, the complex association of 
cither the trauma precipitating the rupture or a rupee 
causing «fll or other accident leading to the trauma, has 10 
be considered, This is discussed in a later paragraph. 

Although the pathology of subarachnoid haemorshage 
is of prime forensic importance, because ofthe relationship 
to ruptured berry aneurysm, much of the description is 
offered in the chapter on sudden natural death (Chapter 
25), and only the interaction between trauma and this type 
of bleeding is discussed here. 


‘Appearances and mechanism of 
formation 
‘The appearince of subarachnoid haemarchage’ cause by 


‘trauma varies greatly according the nature and extent of the 
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Subarachnoi 


FIGURE 5.36 An extensive baa subtrachnoid hacmorshage arising 


from teumati tear of « basilovertebral artery caused by a blow 
on the side ofthe neck 


injury. Where itis secondary to laceration of the brain or 
‘extensive cortical contusion, then its localization and severity 
depend upon the primary injury. Where ic arises from a 
lune impact, with or without other membrane bleeding 
fF cortical bruising, its position is not a good localizi 
sign. Once again, its position cannot be interpreted in the 


same way as contrecoup contusion of the cortex, though 
some pathologists use its postion to claim that a head injury 
‘was sustained either from a fall or from a blow to a mobile 
head; this is unjustified. Although where the circumstances, 
are known, the meningeal bleeding may be seen in the cor- 
rect location, this is fortuitous and is equally often sited 
elsewhere, 

Blood in the subarachnoid space mixes with the 
bbrospinal fluid, which diluces it, makes i less ready to clot 
and allows more mobility. Thus bleeding high over the 
cerebral hemispheres readily slides down to cover the brain 
and enter the basal skull fassae, but usually not in a con- 
centration sufficient to form a thick clot. The sulei tend to 
collect more blood, especially inthe insula. Unlike those with 
subdural bleeding, survivors from subarachnoid haemor- 
thages rapidly dispose of the blood. Haemolysis turns the 
cerebrospinal fluid a xanthrochromie yellow and, within 
‘weeks, the blood is gone, There may be some residual brown 
or yellow staining of the pia or arachnoid, similar to that 
seen when a slight dural bleed leaves its signature on the 
inner surface of the dura. A positive Perl’ reaction for haemo- 
siderin can develop within 36 hours and may remain for 
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months or even years, even after macroscopic discoloration 
of the membranes has vanished, 

This forms a trap for those attempting to date both 
subdural and subarachnoid haemorrhage in infants, as the 
common bleeding arising from head-moulding during 


childbirth may leave a positive haemosiderin reaction for 


at least a year. Thus if'a suspected child abuse head injury 
‘occurs in the first months of life, histological attempts to 


date the bleeding by Perl’ reaction may be affected by 
residual haemosiderin from parturition, 

Bleeding in the subarachnoid space is caused by the same 
‘mechanism as that in che subdural space, as shear stresses 
and rotational movements of the brain, deseribed in a later 
section, shear or rupture the bridging veins that leave the 
cortex and penetrate the arachnoid en route for the large 
draining veins and sinuses that lie in the dura. In addition, 
small cortical arteries may contribute much of the leakage. 
Where laceration, contusion or infarction of the cor 


present, bleeding will come feom cortical veins and small 
arteries directly into the subarachnoid space. It may also 
arise from intracerebral bleeding breaking out through the 
cortex. The subarachnoid haemorrhage allegedly caused by 


197 


5: Head and 


damage to the vertebral arteries near the foramen magnum 
will be discussed under spinal injuries, 

‘The relevance ofa subarachnoid haemorrhage in causing 
death may be difficult to decide, though this is of more 
importance in the natural variety caused by 2 ruptured 
aneurysm, 

In head injuries, death is far more likely to be che result 
of the other concomitant associated injuries to the brain 


substance than to a moderate amount of blood in the 
subarachnoid space. 

In the uncommon instances when a substantial sub- 
arachnoid haemorthage seems to be the only sequel of a 
fatal head injury it must be accepted as the cause of death, 
though cerebral oedema and microscopic diffuse axonal 
injury should be excluded as competitors even though this 
exclusion may be difficult or impossible when death fol- 
lows rapidly after injury, Ie is indisputable, however, that 
sudden death can occur from massive natural subarachnoid 
hhaemorthage in the absence of any traumatic lesions s0, 
by analogy, the pure traumatic bleed ~ if severe enough — 
cannot be excluded as a sole eause. 

Death ean be remarkably rapid when a profuse haemor- 
rhage occurs into the subarachnoid space. The mechanism 
is not understood, but seems to be confined to those cases 
where the brainstem is suddenly exposed to a 
of blood bathing the brainstem in the posterior fossa, usu- 


ally from a ruptured aneurysm or from a torn basilar oF 
vertebral artery. Numerous instances of victims virtually 
dropping dead are on record, though many more exhibit 
the familiar signs of headache, neck stiffness, vomiting and 
progressive failure of consciousness, before dying at a vari- 
able period after the haemorrhage. 


FORENSIC IMPLICATIONS, 
OF BRAIN MEMBRANE 
HAEMORRHAGE 


Because of its common occurrence, certain medico-legal 
problems associated with bleeding into the brain. mem- 
branes must be considered. 

First, the latent or lucid” interval in both extradural and 
subdural haemorshage may lead to civil suis for negligence 
where a doctor — usually in a hospital emergency depart 
ment — discharges an apparently well patient who later dies 
at home or is readmitted in extremis. The clinical aspects 
cannot be considered here, but suffice to say chat i is highly 
unlikely that such patients would not have suffered concus- 
sion, albeit tansient. Radiology of the skull is not manda- 
tory ifthe clinical indications are not present, but failure to 
X-ray can bea legal impediment for the defence. A subdural 


spinal injuries 


haemorrhage is commonly present with an intact skull, 
though this is uncommon with extradural bleeding. 

Asalready mentioned, the dating of subdural haematomas 
‘may be crucial in both criminal and civil cases when itis 
bing either maintained or denied that a particular episode 
of head injury causes the haematoma. Dogmatic adherence 
to any accurate histological dating regimen is unjustified, 
though broad distinctions in terms of days, weeks or months 
say be justified. 

‘The possibility of a previous bleed being the precipitat- 


ing factor in some later aecidental injury, which then 
caused further bleeding, must be kepe in ming. 

Using a membrane haemorshage to localize an impact ean 
be subject to over-interpretation, An extradural haematoma 
is almost invariably on the same side asthe blow, but because 
of the distortion of the skull described earlier, che fracture 
that traverses the meningeal artery ean be some distance 
from the paint of impact. Using Gurdjian’s work, however, 
a reasonable estimate of the zone can be offered, 

‘Where subdural or subarachnoid bleeding is concerned, 
it ean be misleading to offer dogmatic opinions about the 
nature and position of the impact, unless there is scalp or 
skull damage. Though sometimes itis lear from the pres- 
ence of a scalp injury that the haemorshage i either ‘coup 
or ‘eontrecoup’, there are so many exceptions when the 
bleeding is unrelated to the site of the blow, that a Firm 
opinion is not justified 


RUPTURED BERRY ANEURYSM 
AND TRAUMA 


A major cause of medico-legal problems isthe association of 
trauma and subarachnoid haemorrhage from a ruptured 
‘berry’ aneurysm. The pathology of the latter is described in 
another chapter, but here we are concerned with the allega- 
tions that an injury led to rupture ofa pre-existing aneurysm. 

Several variations ofthis scenario exist. Most commonly, 
an assault is rapidly followed by the signs of subarachnoid 
bleeding and subsequently death. Occasionally death may. 
be extremely rapid, as previously described. The question 
of causation then arises, the prosecution claiming that the 
head injury mechanically ruptured the aneurysm. Whether 
this is actually so is virewally beyond absolute proof. 
Aneurysms of the circle of Willis are remote from the skull 
surface and lie deeply protected under the bufler provided 
by che mass of the brain. However itis hard to deny that a 
heavy blow to the head, jaw or neck could not rupture, 
split or weaken the fragile wall of a large, thin-walled 
ancurysm, but when the bleeding comes from a tiny sessile 
bulge the evidence is not so convincing. 
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The rapidity of death in subarachnoid haemorrhage 


‘The complicating factor is that most assaults occur in 
“fight or light’ conditions in which both aggresor and vi 
are physically and emotionally active, so that the adrenal 
response is likely o be present, Muscle tone, heart rate and 


blood pressure are increased by catecholamines, and itis 
likely that raised internal blood pressure in a weak 
aneurysm iy a far more potent reason for rupture than a 
blow on the head. 

A second possibility is that a person with an already 
spontaneously leaking aneurysm may have a rapidly develop- 
ing neurological or even behavioural abnormality that leads 
him into confliee with another person, or into a dangerous 
physical position, such as fall or traffic accident. allthis 
‘occurs over short period of time, autopsy may not be able 
to distinguish the sequence of events and the aneurysmal 
rupture may be blamed on the trauma instead of the 
reverse. This may have profound civil as well as eriminal 
legal consequences. 


SUBARACHNOID HAEMORRHAGE 
AND ALCOHOL 


A factor tha is often said to increase the chance of rupture 
is alcohol, though there is no objective proof of this claim, 
A high blood alcohol is said to facilitate bursting of an 
aneurysm because it dilates cerebral blood vessels, increases 
cerebral blood flow and raises blood pressure. 

The latter is not true because alcohol does not raise 
systolic pressure, though the pulse pressure ~ the difference 
between systolic and diastolic ~ may widen. The fibrous 
‘wall of an aneurysm is incapable of dilating, neither can the 


major basal arteries do so to any appreciable degree, as they 
possess litle muscle in their walls, The pharmacological 
evidence that alcohol has any significant effece on the cere- 
bral circulation is extremely weak. There is no evidence 
that alcool is associated with completely natural subarach- 
noid haemorchage from a ruptured aneurysm, though 
intense physical activity, such as sport oF coitus, certainly 
does predispose to rupture 

Where alcohol and ruptured berry aneurysm are con- 
cerned, a more likely explanation is that the association is 


coincidental — as most altercations resuleing in ‘fight, fight 
and fsticufB are catalysed by alcohol. Many of the eases of 
ruptured aneurysm and violence occur within and on the 
pavements outside bars and clubs, where 2 high blood 
alcohol is virtually inevtable— bue not necessarily causative 

‘The other aspect of alcohol is that it may cause or con- 


tribute to unsteadiness, a fall or some other traumatic 
event, which itself might lead to rupture of a fragile 
aneurysm, Ataxia and hypotonia are a feature of acute 


drunkenness and, together with the aggressive behaviour 
and alcoholic environment of most physical violence, seem 
suflicient to accoune for their circumstantial association, 


THE RAPIDITY OF DEATH IN 
SUBARACHNOID HAEMORRHAGE, 


The immediacy of death is sometimes surprising, especially 
in association with trauma. It is general clinical experience 


that the victim of a spontaneous rupture of a berry 
aneurysm suffers a severe headache, neck stiffness and 
vomiting, which may resolve or which may progress 
lover hours or days to coma and death. Sudden death is cex- 


tainly the exception in these clinial cases ~ but these are 
from a hospital population, which, by definition, excludes 
the rapid deaths that reach the mortuary rather than the 
wards, 

In forensic practice, much more rapid demise is nor 
uncommon, For example, the author (BK) recollects that as 


‘wo men involved in a violent argument in a public house 
emerged through the outer doors, one struck the other a 
heavy blow on the head. The victim fell wo the ground and. 
never moved again, being certified dead a few minutes 
later, At autopsy, a typical fresh subarachnoid bleed from a 
ruptured ancurysm was displayed. 

‘The amount of blood present in most subarachnoid 
hhaemorthages, from whatever cause, often seems insul 


cient to constitute a space-occupying lesion, especially as, 
unlike subdural bleeding, i i able to diffuse more widely 
over the brain and displace cerebrospinal fluid into the 
spinal theca. The total volume may be considerable, hov- 
ever, and where survival for some hours has occurred, then 
the typical appearances of raised intracranial pressure may 
be seen at autopsy, though some of this may be contributed 
by progressive cerebral oedema, 

Most rapid deaths exhibit substantial bleeding into the 
basal cisterns at autopsy, the brainstem and cranial nerve 
roots being bathed in a thick layer of blood and clos. As 
blood in the subarachnoid space seems irritant even in 


small quantities, it seems possible thae such sudden ieriga- 
tion of the medulla may lead to a rapid candiorespiratory 
failure. Where the haemorshage appears less extensive, the 
‘mechanism of death is more obscure. 

Crompton points out the sensitivity of cerebral arterioles 
during surgical operations, when a slight touch upon the 
cortex leads to blanching spasm of the vessels. Sub- 
arachnoid bleeding is undoubtedly ieritant and a possible 
reason for the sudden collapse and death is a widespread 
vascular spasm, which may have an effect on vital centres in 
the brainstem, 
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ROTATIONAL TRAUMA TO THE 
HEAD AND UPPER NECK: 
BASILOVERTEBRAL ARTERY 
INJURY 


During the last few years it has been recognized chat blows 
to the side of the neck and/or head can give tse to fatal 
subarachnoid bleeding, This has been attributed to tearing, 
or dissection of a vertebral artery, allowing blood to track 


along the upper part ofthe vessel and enter the cranial eav- 
iy where the artery penetrates the dural membrane at the 
foramen magoum. 

‘The evolution of this concepe of traumatic subarachnoid 
bleeding is interesting. Originally, it was thoughe that most 
ceases had a fracture of the transverse process of the fist 
cervieal vertebra, hus damaging the artery contained in the 
tunnel-like foramen in this bone ~ indeed, it was often 
called the ‘CV-One syndrome’ 

‘The hypothesis was that a blow to the side of the neck 
caused deep injury, usually manifested by skin bruising and. 
bleeding into the muscles deep in the upper neck. This 
same injury was considered wo facture the transverse 
process and lead to tearing or dissection of the wall of the 
contained vertebral artery: blood then tracked upwards and. 
medially to penetrate the dura and emerge inside the sub- 
arachnoid space of the posterior cranial fossa to cause a 
fatal haemorshage. 

‘Soon eases were being described with no such atlas vertebra 
Fracture, but it was still accepted chat mechanical forces, espe- 
cially of a tilting and rotational nature, could damage the 
vertebral artery within the foramina of the upper cervical 
spine and lead tothe same disecting lesion, and hence to fatal 
subarachnoid haemorthage. Until very recently, this was the 
theory — which is still steongly held by many pathologists ~ 
that satislied the aetiological needs ofthis injury 

However, though itis likely hat chis classical mechanism 
does account for some of the deaths, there are several prob 
Jems with universal acceptance of che hypothesis: 


Hl Many pathologists ~ including the authors ~ find it 
hard to believe that a tiny dissection ofa small artery 
like the vertebral artery ~a lesion which often needs 
serial microseopic sections to confirm — could allow the 
torrent of blood necessary to enter dhe cranial cavity 
and produce a massive haemorrhage (sometimes wel in 
excess of 100 ml) which may cause death within 

BH Several instances of a damaged vertebral vein have been 
‘reported in association with subarachnoid haemorshage. 
Because ofthe very much lower intravascular pressure in 
vein compared with an artery, the possibility of this 
causing a massive intracranial bleed by percolation 


through the dural fenestration is even less credible than 
in the case of the artery 

Increasing numbers of cases are being described with 
positive evidence of a blow on the side of the neck or 
hread and a large fatal subarachnoid haemorshage, but 
with completely intact vertebral arteries, 


‘Thus, if sudden tilting and rotational forces acting on 
the upper spine and head can lead to subarachnoid haem- 
orthage without damage to the vertebral vessels, then the 
causative link is destroyed, Even where vertebral damage is 
demonstrable, this may be merely a concomitant event, 
the mechanical forces which primarily led to subarachnoid 
hhaemorthage by direct injury to intracranial vessels also 
having caused the vertebral artery damage. In other words, 
the two lesions may in some eases ~ of for all we know, 
every case ~ be a parallel phenomenon, not a eause-and- 
effect situation. There may well be a further concomitant 
effec, in that direct occult brain damage, manifested liter 
by diffuse axonal injury, is the major eause of cerebral dys- 
function, both the subarachnoid haemorrhage and the ver 
tebral artery lesion (if there is one) being merely markers of 
a heavy impact. 

In these deaths ~ and certainly where no lesion at all i 
discernible in the upper spinal vessels — we need to look. 
elsewhere for an explanation of the subarachnoid bleeding. 

‘Occasionally, this is quite obvious and is situated in the 
intracranial vertebrobasilar vessels, For example, the author 
(BK) has seen a wide split in the wall ofa vertebral artery 
within the posterior cranial fossa, and another where the 
vertebral artery was toully avulsed and transected at the 
internal side of the dural perforation. Both these cases arose 
as a result of trauma to the side of the neck, and both had 
a massive subarachnoid haemorrhage with no damage «0 
vessels outside the cranium 

Bostrom, Helander and Lindgren (1992) published 
details of ewo eases of rupture ofthe posterior inferior cere- 
boellar artery due to blunt basal head trauma, and proposed 
that the term ‘traumatic subarachnoid hacmorthage’ be 
abandoned and replaced by the nature and localization of 
the bleeding ste. 

‘The demonstration of intracranial bleeding from the 
vertebrobasilar system is difficult, as the very process of 
‘opening the skull at autopsy and removing the brain, 
however carefully performed, inevitably causes vascular 
damage. These artefacts cannot be distinguished from orig- 
inal bleeding points due to ance-mortem trauma. 

‘The use of post-mortem angiography by the injection 
of radio-opaque constrast medium into the lower vertebral 
and carotid arteries has not lived up co its original claims 
‘There is almost always diffuse leakage of contrast medium 
from apparently artefactual defects, and localization of teue 
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Rotational trauma to the 


bleeding points is often obscured by a haze of contrast 
opacity. However, occasionally the method reveals a spe- 
cific leak, usually within the posterior cranial fosa 

‘The original descriptions of and claims for vertebral 
artery damage as the cause of traumatic subarachnoid 
hhaemorshage were published by Cameron and Mant 
(1972), Coast and Gee (1984), Contostavlos (1971, 1995), 
Simonsen (167, 1976) and others. Leadbeatter (1994) drew 
attention to the problems of a universal cause-and-effect 
relationship; Contostavlos (1995) refuted these claims, but 


did not satisfactorily dispose of the concomitant hypothe- 
sis, Pathologists, both from their dissection experience 
and reading of the literature must make up their own 
minds on the matte, but should make a ertial evaluation of 
the practicality of a massive subarachnoid bleed appearing, 
sometimes within minutes, from a tiny dissection of a small 
artery outside the dural membrane. 

‘As many pathologists still adhere co the original concept 
of a suberanial vertebral artery causation for taumatie 


subarachnoid haemorshage (and in a small number of 
instances, the evidence is persuasive), the topic is further 
pursued here, with the over-riding qualification that most 


traumatic massive meningeal bleeds are due to intracranial 
‘causes consequent upon a tilting, rotatory impact upon the 
head and/or neck, with or without concomitant damage to 
a vertebral vessel 


Forensic anatomy 


‘The two vertebral arteries arise from each subelavian artery 
in the region behind the sternoclavicular joints. Each artery 
ascends behind the common carotid to reach the transverse 
process ofthe sixth cervical vertebra. It enters the foramen 
in that process and passes upwards through each similar 
foramen until it emerges from the upper edge of the second 
(axis) vertebrae, The artery then bends laterally and enters 
the final foramen in the atlas vertebrae, Emerging on the 
upper surface, the artery bends back and medially around 
the superior articular process, and penetrates the postero- 
lateral aspect of the alanto-occipital membrane and the 
underlying spinal dura and arachnoid, emerging on the 
lateral side of the spinal canal just below the foramen 
‘magnum. Both arteries then ascend and converge on the 
ventral surface of the medulla and pons to fuse in the mid- 
line to become the basilar artery. Each vertebral artery is 
often of markedly different size. 


Autopsy appearances 


‘With the caveats expresed eatie, the possibility of vertebral 
artery trauma, concomitant oF otherwise, should always be 
borne in mind when an external bruise is seen on the 
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head and upper neck 


Most 


transverse: 


Subclavian 
artery 


Ficuns 5.38 The origin and course ofthe vertebra arteries: They 
aie from she subclavian arteries atthe lve of the sternoclavicular 
Joints and ascent via the foramina in the tnsvere proces 


side of the neck of the vietim ofa fatal assault. A blow from 
a fist, foot oF blunt weapon may land in the region between 
the angle of the jaw to the side of the back of the neck, 
the area below the ear being the most common place to 
find an injury. 

“There may be no external sign at all, bue on dissection of 
the neck, a subeutancous oF deep bruise may be found. 
Unfortunately, this isan area that is not routinely dissected 
at autopsy, the usual incision for the removal of the neck. 
organs being too far anterior 10 reveal many of these 
injuries, which usually lie inthe strong neck muscles. This 
is probably why the syndrome was not recogoized undl a 
few years ago — and also an explanation why so many sub- 
arachnoid haemorshages were said 10 be due to a berry 
ancurysm that eould not be found because the bursting had 
destroyed it. No doubt a number of subarachnoid bleeds 
are due to rupture of non-aneurysmal vessels oF t0 an 
aneurysm too small to find, bue equally, unrecognized head 
trauma, with or without vertebral artery damage, must 
have accounted for some of the remainder. 

In some autopsies, there is no external neck injury and 
the cause of death is unknown until the eranium is opened, 


5: Head and spinal injuries 


and a fresh subarachnoid hacmorthage discovered, A deci- 
sion then needs to be made whether to remove the brain to 
search for a supeured berry aneurysm ~ or begin specialized 
techniques to seek a rupture of a vertebral artery (described 
below). If there isa history of assault or other trauma, as 
‘opposed to a presumed natural death, then particular 
methods should be employed. The two avenues are nor 
‘mutually exclusive, as long as the pathologist is aware of his 
objectives, The vessels can be clamped off at the base of 
the brain and che brain removed for a search for an 
aneurysm oF other bleeding-point without spoiling the 
other techniques. 


Mechanism of vertebral artery trauma 


‘When a head is rapidly rotated by a blow that lands at the 
junction of the head and the neck, there may be a sudden 
lateral rocking (tilting sideways) at the atlanto-oceipital 
joint, accompanied by rotation of the head. There may also 
bean element of hyperextension or hyperflexion, the whole 
episode forming « complex pattem of sudden abnormal 
movement at the atlanto-oceipital junction. It may be that 
the unexpected impact may allow more unrestrained rota- 
tion and angulation of che head, due to absence of antici- 
patory muscle tensing in che large paravertebral and 
sternomastoid musles; this may be exacerbated by alcoholic 
intoxication causing slow protective responses, as most of 
such episodes occur during altereations related to drinking 

‘The mechanics are not fully understood and probably 
differ from case to ease but, whatever the mechanism, the 
vertebral artery can become damaged either: 


in che canal within the first cervical vertebra (whether 
for not the transverse proces is fractured) 

1H just below the axis, inthe space between the transverse 
processes ofthe axis and atlas 

Bas it emerges from the exit ofthe canal in the atlas to 
penetrate the spinal dura just below the foramen 
magnum. 

1H probably much more frequently within the 
subarachnoid space above the foramen magnum oF 
even higher in its course towards the confluence with 
the basilar artery — and even the hasilar itself. The type 
of damage is usually a tear or dissection of the wal of 
the vertebral artery. 


Vertebral artery damage was originally said 10 allow 
blood to tack under arterial pressure within the adventitia 
and to appear in the subarachnoid space after the vessel has 
penetrated the dura and arachnoid, though, as discussed 


above, the likelihood seems slight of these minute lesions 


TicUne $.39 Mout oulnenabl points for ranma tothe vertebral 
arteries: (1) at penetration of dara; (2) at exit from atlas ransverse 
proce: (3) in aaeous canal in alas 


allowing the large volume of blood seen in most subarach- 
rnoid haemorrhages to flaw through the small periarterial 
window io the dura, 


Autopsy demonstration of 
basilovertebral artery damage 


When circumstantial evidence suggests a subarachnoid 
haemorrhage following trauma oF where a bruise is seen on 
the side ofthe neck, vertebral artery damage should be sus- 
pected, then confirmed or eliminated. The first intimation 
that it may have occurred may be when the skull-cap is 
removed and a subarachnoid haemorrhage is discovered. 

If the view is taken that most subarachnoid haemorthage 
following upper neck trauma is due to intracranial vaseu- 
lar damage, then logically it is unnecessary to use time- 
consuming and laborious procedures which slow up the 
completion of the ease. In many such deaths, chere will be 
no lesion in the upper cervical spine or extracranial vertebral 
arteries and even if there i, its likely to be a concomitant 
lesion, occurring synchronously, but with no cause-effect 
relationship with the intracranial vessel rupture 

However, there may be academic satisfaction in demon- 
strating the concomitant neck lesion, even if it played no 
role in producing the subarachnoid haemorrhage, In such a 
case, when the deceased has been in a fight or had some 
violence applied to the side of his neck, the same routine 
should be employed. 
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Rotational trauma to the head and upper neck 


Different pathologists have different procedures, but the 
following would be a reasonable method of investigation 


Radiographs of the upper cervical region, both, 
anteroposterior and lateral, should be taken as these 

‘may (rarely) reveal a fracture of the transverse process of 
the atlas vertebra, Such a fracture is, however, present in 


oly a minority of vertebral artery injuries — and even 


when present, straight X-rays may not reveal it 
Post-mortem angiograms should be taken if fcilities 
exist. There are several methods of performing these 
The lower neck is carefully dissected to reach the 
origins of the vertebral arteries. The best method is to 
open the subclavian vessels and identify the ostia of the 
vertebrals, which are the first (most medial) branches of 
the subclavian arteries, These can be cannulated and 
contrast media injected, one side at a time, while 
cervical and skull radiographs are taken, This method 
tends to fill many intracranial vessels and produce a 
confused, blurred picture 

More satisfactorily, the brain should be carefully lifted 
from the skull and, as soon as the basilar artery is 
accessible, it should be clamped off with surgical Forceps 
and/or ligated and the brain completely removed as 
usual afer che basilar artery has been transected just 
abave the el 


». Alternatively, each vertebral artery can 


be clamped of ligated in its terminal course. The 
angiogram is now performed, either by perfusing up 
‘one vessel and forcing contrast medium back down the 
other via the clamped basilar, or by consecutive 
injections on either side, Only sufficient medium to fill 


the system should be introduced to avoid spillage from 


small branches which obscuse the films, The abject isto 
detect any significant leakage from a vertebral vessel in 

its upper course, usually within the foramen of the atlas 
or just outside the atlanto-occipital membrane or within 


the spinal theca. 
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As by definition, there will have been a substantial 
subarachnoid haemorrhage, this sometimes makes it 
difficult to identify and ligate the basilar or vertebral 
vessels, The brain should be minutely examined for berry 
aneurysms or other vascular malformations as, ifthey are 
present (and ruptured), then further investigation of 
vertebral artery damage is poindess, Asuming nw such 
bleeding point is found, the upper cervical region is 
dissected to determine whether the vertebrals have been 
injured. When no X-ray or angiographic facilities exist. 
this isehe only method available 


The upper cervical spine should be exposed by a poster- 
ior approach, which is continued up to meet the transverse 
scalp incision. The spine should be freed from the sur- 
rounding muscles, taking care co detect and record any 
muscular bruising in the vicinity, Ie should hen be sawn 
through at about C4 level or lower, 

The occipital bone should then be cut through on each 
side from the transverse skull saw-cut and prolonged dawn 
‘on each side of the foramen magnum, and chen across the 
cliyus to release the central part of the floor of the posterior 
fossa, carrying the foramen magnum and attached upper 
spine, Alternatively, using a power saw with a wedge- 
shaped blade, a square may be cut out of the floor of the 
posterior fossa to detach the spinal black. IF possible, 
X-rays should be taken of the detached portion, as i may be 
possible to see a fracture of the transverse process of 
the atlas better than in che intact body: 

The block of bone removed should then be decaleified 


by prolonged immersion in a large volum 
formic acid. 


of 10 per cent 


After a week, the spine will be soft enough to slice with a 
scalpel, so that the lateral parts of the transverse processes 
can be shaved away, taking eare not to get near the arterial 
foramina. The block is then returned to fresh decaleifying 
Aud For a further week. 


APPENDIX © GETTING STARTED WITH TOOL BULDING 
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Power Supply Current 


Measuring the voltage at any point in a circuit is easy. Just put a voltmeter between tvo points and voila! 
In our previous example, we measured the VBUS power supply voltage with reference to GND, the 
ground potential of the circuit. Many voltage measurements are made with respect to ground, 

To measure the current flowing through a circuit, we have two options. The first option is the most 
direct route. Install an ammeter (a meter that measures amps of current) inline with the circuit you want 
to measure. This requires that you break the circuit to make room for the meter. Once installed, the 
current flowing in the circuit actually flows through the ammeter as well. 

The second option involves using a bit of trickery and some math, Instead of installing an ammeter 
directly inline with the current flow to be measured, we installa resistor of known resistance and 
‘measure the voltage that develops across the resistor. 

Since we know that the values of volts, ohms, and amps are always related in any circuit, we can use 
Ohm's Law to determine how much current is flowing through a circuit by measuring the voltage across 
aknown resistance. 

To make things very easy, let’s use a 10 resistor in series with the power supply, inserted in the 
circuit between where the positive lead of the power supply arrives at the circuit and where itis 
connected to the rest of the circuitry. 

Unlike our previous use of Ohm's Law to calculate the missing value based on two known values, we 
only use one known value (the value of the resistor, called a shunt resistor when used in this manne?) 
This one known value (resistance) then establishes the relationship between the two other values, 
voltage and current. As the current increases in the circuit, so does the voltage across the resistor. The 
two values will mirror each other—as one increases or decreases, the other will follow. 

Since we used a 19 resistor in the circuit, this sets the relationship between current through the 
circuit and voltage across the resistor ata 1:1 ratio. For every ampere of current through the circuit, for 
example, 1V will be measured across the resistor. 

Our power supply is only supposed to be able to deliver 0.5 of current, maximum, so we'll be 
dealing with voltages of less than 0.5V, unless something terribly unexpected happens. 

‘Again, we could permanently attach a multimeter across the leads of a 19 resistor inserted into the 
circuit, or we could attach a voltmeter that is sensitive enough to give accurately readable information in 
the range we need. The 0-30VDC meter used before is much too large in range to do us any good here. 
We might see a tiny wiggle in the needle, but that’s al 

Instead, we'll use a different kind of meter entirely. A digital voltmeter contains its own dedicated 
measurement circuitry and a numeric display to indicate the voltage reading. It also requires its own 
separate power supply. See Figure A-12. 


5: Head and spinal injuries 


‘Once the bone has been softened enough to be eut easily 
by a sharp knife, the transverse processes can be further 
shaved down on each side to the level of the foramina, so 
exposing the artery in its whole course. Both sides should 
be so dissected, the last stages being taken deeper and 
deeper with extreme care to remove the lateral walls of the 
canals without damaging the underlying vessel. Naturally, 
the crucial area is in dhe upper one or two vertebrae, but 
though laborious, this method provides the most elegant 
and convincing demonstration. 

Specimens should be taken of any obvious or suspicious 
breach in the wall for histological examination. The usual 
type of damage is either a frank tear of che intima and 
media, or a dissection that allows blood to track through 
the adventitia 

‘The papers by Vanezis, Simonsen, and Cameron and 
Mant, among others, should be consulted for further 
details of the recommended procedures, but the above is 
a practical approach to demonstrating vertebral artery 
lesions. Once again, the relationship must be assessed of 
any tiny dissection, co the volume of blood found in the 
cranial meninges ~ and a decision made as whether this is 
_more likely wo be a concomitant injury to intracranial ves- 
sels rather than a solitary external vertebral artery lesion, 


HEAD INJURIES IN BOXERS 


Ie has become increasingly apparent in recent years that 
persons who indulge in boxing are a risk of both acute and 
chronic damage to their brains, In some countries, inelud- 
ing parts of Scandinavia, both professional and amateur 
boxing is banned for this reason. The acute injuries are less 
common but occur during oF soon afier the fight itself. 
A umber of boxers have died in the ring or afer removal 


to hospital and, in these fatalities, by far the most common 
lesion is a subdural haemorthage. Extradural bleeding 
almast never occurs, because boxing injuries rarely cause 
skull fractures. Occasionally a subarachnoid haemorchage 
may occur in rare eases where a berry aneurysm is present. 

‘Much attention has been paid to the chronic changes in 
boxers’ brains, which are very common and give rise to 
‘what is generally known as the ‘punch-drunk’ syndrome. It 
appeats that the length of time for which « boxer has been 
involved in fighting is more important than the number of 
serious traumatic events he has suffered, Ie is a cumulative 
process and many episodes of minor head injury add up to 
produce the typical lesions described in the now extensive 
publications on the subject. 

‘There are both anatomical and microscopic lesions in 
such brains, both in professionals and amateurs exposed 
‘over a numberof yeas. The lineal symproms do not concern 
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the pathologist, but they are explained by the morphological 
abnormalities, Grosy affected brains may show some cortical 
atrophy and slight hydrocephalus: che sepeum pellucidum is 
characteristcally perforated with enlargement of the cavum 
and tearing of the septal leaves. The fornices and adjacent 
corpus callosum may be thinned or torn, and throughout 
the brain substance there may be seas and patches of gliosis. 
‘Neurones ate lost from the cerebellum and the substantia 


nigra, the later often losing pigment. 

‘Another change that has intrigued neuropathologists is 
the development of an Alzheimer'vlike condition, with 
neurofibrillary tangles chroughout the cerebral cortex and 
brainstem, though no senile plaques are present. 


CEREBRAL INJURIES 


‘Though bleeding or infected scalp injuries, depressed frac- 
tures, meningitis and substantial meningeal haemorthage 
can themselves cause death, in most fatal head injuries i is 
damage to the substance of the brain itself that is lethal. 

In medico-legal practice itis sometimes difficult to con- 
vince lawyers thas, in most instances, a vietim does not die 


of a simple fractured skull, buethae che Fracture is evidence 
only of a substantial head injury, being a ‘marker’ for con- 
comitant brain damage, which was the real lethal lesion. 
Similar problems of communication exist with a fracture of 
the hyoid bone in strangulation, lay persons often being 
under the misapprehension that a broken hyoid is « mortal 
injury, instead of merely being an inconstant marker of 
pressure on the neck. 

‘The neuropathology of brain damage sa large and com- 
plex subject, the more subtle varieties requiring both spe- 
cialist techniques for demonstration and expert knowledge 
for interpretation. The textbooks of Graham, Adams and 
Leestma are recommended for detailed description and dis- 
cussion of cerebral trauma. 

‘The mechanisms of production of some traumatic 
lesions are matters of conllicting theories, but the forensic 
pathologist still has to be aware of the general principles of 
causation in order to offer some interpretation of the 
injuries, 

‘As always, caution has to be employed, as both the 
pathological and clinical manifestations of a head injury 
‘may appear to be at variance with the degree of force 


applied to the head. There is a wide range of lesions from a 
given insult to the head and it is dangerous to be too dog- 


‘matic in theorizing about the magnitude of an injury chat 
gave rise to the demonstrable lesions 


1k is similarly unwise to hypothesize 100 firmly about 
what clinical features must have accursed when the head 


injury was sustained — for example, quite severe head 
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Ficune 5.4 Mechanical vena thar contribute to primary brain 
injury. (Reproduced from Greenfield's Neuropathology, 7h edn 
2002 by kind permision of Arnal.) 


injuries have been known to be unaccompanied by concus- 
sion, while other apparently slight damage has often been 
followed by prolonged unconsciousness even ending in 
death, The well-known aphorism of Munro (1938) must 
bbe kepe in mind that: Any type of head injury can give rise 
to any type of intracranial damage” 


‘The mechanism of brain damage 
‘The brain may be injured in the following ways: 


1 by direct intrusion, either by a foreign objece such as a 
penetrating weapon, bullet or other missile — oF 
fragments of skull ina compound fracture where the 
skull is disrupted, In these open wounds the 
‘mechanism of the damage to the brain is obvious, 
though of course it may be compounded by the second 
type of injury described below 

1B by deformation of the brain in closed head injuries, 
Here the mechanism of injury is complicated and 


variable, with several competing theories of causation 
that have been put forward since the eighteenth century 
(Ledran 1751, Morgagni 1761), A public debate was 
held in 1766 in Paris, where rival theories of coup and 
contrecoup brain damage were hotly defended at the 
Academy of Surgeons. 


‘The brain is almost incompressible and purely axial impact 
may give rise to little or no damage, It is extremely rare, 
however, for an impact not to impart some rotatory 
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injuries 


‘movement and it seems agreed thar this component is the 
‘main culprit in causing brain damage. What is now clear is 
that no actual blow or fall need be suffered by the head ¢o 
cause severe and even fatal brain damage, It isthe change in 
velocity ~ either acceleration or deceleration — with a rota- 
tional rather than solely axial element, that leads co dam- 
age. The surface of dhe head need never contact any hard 
object or surface, though recent research indicates that the 
quantum of energy delivered by impact is of a far greater 
order of magnitude that non-impact violence, which les- 


sens the former conviction that shaking, as in child abuse, 
is common and potent mechanism in the production of 
intracranial damage. 

In most head injuries ~ notably trafic accidents and falls — 
there is marked deceleration of the moving head on contact 
with « fixed surface but, in many criminal and combat 
injuries, the head is accelerated by a blow, In either case the 
initial sudden el velocity is applied to the scalp and 


skull, the lateer then transmitting the change to the brain 
via che anatomical suspensory system within the cranium. 
‘This system is slightly flexible and consists of the falx and 
tentorium, which divide the cranial eavity into three major 
compartments; these contain the two cerebral hemispheres, 
the cerebellum and the brainstem. When violent relative 
movements take place between the brain and the dura, 
forming the partitions of the cranium, the cerebral tissue 
can become damaged against both the sharp edges and the 
fat surface of these membranes, In addition, vessels travers- 
ing the subdural and subarachnoid spaces ean be torn by 
such relative movements, especially in old people where 
cerebral atrophy may have widened these spaces. 

Among the competing theories of impact brain dam- 
age are: 


1B the rotational shear force theory 
IH the pressure gradient theory 

IW the vibration theory 

the transmitted wave force theary 
W the brain displacement theory 

I the skull deformation theory 


‘These hypotheses overlap and mast are corteet in some 
aspect. Because experiments on primates and mechanical 
models have been pursued vigorously in recent yeas, 
‘now widely accepted that there are marked pressure changes 
within the cranium on impact (Yanagida etal, 1989). When 
a head falls against che ground, pressure: momentarily 


increases atthe impact point but falls to a negative value dia- 
‘metrically opposite As these suction or cavitation effects sre 
more damaging to neural and meningeal tissue than presure, 
this s good evidence far claiming that contrecoup damage is 
largely a result of this vacuum effect. 


5: Head and spinal injuries 


The actual physical disruption of cerebral tissue is 
caused, according to both Gurdjian and Holbours, by ane 
‘or more ofthe following process 


1 compression of the constituent units, by their being 
forced together 

2 tension of the units, which pulls them apart 

3 sliding oF ‘shear strains, which move adjacent strata of 
tissue laterally: The usual homely example is given of a 
pack of playing cards being displaced, so that each card 
slides upon its neighbour 


‘Transient deformation of the skull almost certainly con- 
twibures to brain damage (Rowbotham 1964). The area of 
the skull beneath an impact becomes momentarily depressed 
even if does not fracture and therefore may impinge on the 
undetlying brain causing compression, as in 1, above, This 
is responsible forthe typical cone-shaped contusions on the 
cortex, with the hase at the surface, as the impact — possibly 
via shortlived oscillasions of decreasing amplitude — injures 
the cortex and passes a diminishing force down into the 
deeper layers, 

Simultaneously, other areas of the skull muse bul 
ward to accommodate the deformation — the so-called 
‘seruck-hoop’ action — when it is suggested hat a ‘rarefac- 


tion’ remote from the impact may cause tension damage, as 
in 2, above. 

“More important is 3, being laminar deformity or shear 
stress’ caused by dhe angular rotation of the head. As the head 
ispivored on the first cervical vertebra almost any impact on 
jaws, face or cranium will produce an angular momentum, 
the acceleration being conveyed fest to the skull 

Alternatively, if the head is moving and is suddenly 
arrested, then the skull will decelerate first and the momen- 
tum of che brain will cause it to continue in motion, again 
almast certainly with some rotatory component. 

In either the deceleration or acceleration mode, the skull 
and brain cannot change their velocities simultaneously 
and the brain will speed up or slow down only by virtue of 
the restraint provided by the dural septa and the configue- 
ation of the interior of dhe skull, In other words, the brain is 
either retarded or set into motion secondarily by the skull, 
especially by the dural septa and the bony prominences. 

“This restraint will occur fist and with maximum effect — 
fon the most superficial layers of the cortex. These in turn 
will drag on the next deepest layer and so on until the dif. 
ference in velocity is equalized ~ but this will have been at 
the expense of laminar tearing of the cerebral tissue and its 
associated blood vessels, In addition wo this shearing dam- 
age, the brain may be forced against the sharp edge of the 
tentorial opening and the lower edge of the fal, causing 
damage to the hase of the cerebrum, the corpus callosum 
and the brainstem, Impact against the side wall ofthe skull 


and against the falx may cause diffuse contusion of the 
cortex. The cerebellum tends to suffer ess damage, as it i 
‘much smaller and lighter than the cerebrum and there is less 
room for relative movement in the more tightly enclosed 
posterior fossa. The configuration of the interior of the exa- 
rium is thought to be partly responsible for the common 
localization of cerebral damage atthe tips and undersurface 
of the frontal and temporal lobes. The rough floor of the 
anterior fossa, the sharp edge of the wing of the sphenoid 
and the massive bar of the petrous temporal bone are in 
contrast to the smooth inne surface of the vault ofthe skull 


Cerebral contusion 


When cither linear or, more often, laminar streses are 
applied to the cortex, this sof issue may distupr. Part of the 
injury is dreedy upon the neurocellular structure, but dam- 
age to vessels is an important component. Ifthe corte still 
retains its shape, but is bruised and swollen, chi constitutes 
‘contusion’. A greater degree of disruption, sufficient wo pro- 
duce macroscopic tearing, is termed ‘laceration, but the dif 
ference is only one of degree. In gross head injuries, such as 
crushing, missile wounds and other major penetration, the 
degree of laceration may lead to partial or even. complete 
extrusion ofthe brain from the eranial cavity: 

In the usual type of cortical contusion see 
head injury, the cortex is blue oF red from haemorthage, 
though if survival has lasted for some time, there may be 
added discoloration from associated cortical infarction. 
The haemorchage may be diffuse o may be punctate and 
is often a morded purplish red when cor 
Extension into the underlying white matter tends to be 
pure red in fresh lesions. The lesion is often wedge-shaped, 
with the base on the surface, tapering away into the deeper 
layers 


a closed 


sd to the cortex. 


Cerebral laceration 


Laceration of the cortex isan extension in severity of eontu- 
sion in which mechanical separation of the tissue can be 
scen, When widespread, but relatively superficial, the cortex 
appeats to have a ‘red velvet’ appearance, which becomes 
progressively more tattered as the severity increases 

‘When it is even more severe, the cerebral surface becomes 


fissured, fragments of cortex may detach and deep lacer- 
ations run into the depths of the hemisphere, sometimes 
reaching even the deep ganglia or ventricles. There may be 
deep haemorthage and — especialy in the frontal and tem- 
poral lobes ~ the lacerations may be continuous with areas 
of traumatic haemorthage, In cerebral lacerations and most 
contusions, the pia mater and often the arachnoid are torn, 
so that blood from damaged cortical vesels leaks into the 
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subarachnoid and even subdural spaces, The corpus callo- 
sum is commonly torn, especially at its posterior end. This 
must be distinguished from damage caused by clumsy 
removal ofthe brain at autopsy (as must tears of the cerebral 
peduncles), bur when genuine, may represent either a guile 
lotine effect of the free lower edge of the fabs or differential 
lateral movement of one hemisphere relative to the other, 
again because of unilateral restraint by the fax, Lacerations 
and contusions are mast often found in those areas of the 


brain where the cortex is most likely to come into contact 
with irregularities in the internal profile of the skull. The 
undersurface ofthe temporal lobes and the orbital surface of 


the frontal lobes suffer most often. 


‘Traumatic intracerebral haemorrhage 


Substantial atcas of hacmorshage, either infilerating the 
brain tissue or for 


actual haematoma, ate common 
in severe head injuries, Some are primary, aceuering atthe 
time of impact oF soon afterwards; athers ate secondary 
and caused by changes in intracranial pressure or bleeding 
ino infarcts caused by vascular damage. These are all seen 

ion has been available, as 


more often since artificial venti 


victims of severe head injuries now survive longer so that 
there is time for secondary lesions to become apparent. 

In the cerebral hemispheres, deep haemorthage can be 
caused by coup or contrecoup mechanisms (sce below) and 
‘may be situated anywhere within the hemispheres. They. 
‘may rupture into the ventricular system or through the 
overlying cortex, In some severe contrecoup lesions, there 
‘may be large hacmatomas in one or both frontal lobes with 
overlying cortical contusion and laceration, These may 
rupture through the cortex into the meningeal spaces, 
forming what is sometimes called a ‘burst lobe’. Such 
hhaemorthages sometimes pose a problem for the patholo- 
gist when they occur in older subjects, especially those with, 
hypertension and pethaps cerebral atherosclerosis. When a 
scalp injury is present ~ and pethaps even a fretured skull 
— it may be difficult to decide if a head injury (such as a 
fall) was responsible for the cerebral haemorthage, oF 
whether a sudden ‘stroke’ caused by a natural cerebral 
hhaemorshage resulted in the fall, The problem is discussed 
further in the chapter on natural death, but briefly, the 
presence of left ventricular (cardiac) hypertrophy, a history 
of hypertension and the ste of the (usualy solitary) haem- 
dorthage tends to point to a natural bleed, This is especially 
so if the large size ofthe lesion seems inconsistent with the 
degree of head injury sustained. Hypertensive lesions tend 
to be in the thalamus, external capsule, pons and cerebel- 
um, and are more often oceipital chan frontal or temporal 
Having said that, on occasions it can be impossible to dif- 
ferentiate the two conditions 


Primary brainstem haemorthage 


Secondary brainstem bleeding is deale with under ‘cerebral 
oedema’ so here we are concerned with haemorshage that 
‘occurs at che time of injury, As mentioned above, hyperten- 
sive haemorshages not associated with trauma ean occur in 
the midbrain, especially the pons. These tend to be large, 
explosive lesions that greatly swell the pons and disrupt the 
centeal part of the stem, usually with a ragged rim of white 
matter around the periphery. Traumatic hacmorthage in 
the brainstem is often a well-circumscribed lesion, some- 
times rounded, which lies laterally in the tegmentur, the 
shape of the midbrain being undistorted (unlike a second- 
ary bleed into an elongated stem). 

“The typical site is between the aqueduct and the outer 
end of the substantia nigra, Primary stem haemorshages are 
usually associated with oceipital inspacts and the vietim is 
ofien unconscious from the time of the injury, s opposed 
tthe lucid interval and gradual decline of thase who suffer 
secondary stem lesions because of a developing cerebral 
oedema or space-oceupying meningeal haematoma, 


Coup and contrecoup damage 


Whatever the underlying mechanics of cerebral damage, 
fone aspect is of considerable practical importance co the 
pathologist. When a mobile head is struck with an object, 
the site of maximum cortical contusion is most likely o be 
beneath or atleast on he same side as the blow. This is the 
so-called ‘coup’ lesion, When a moving head is suddenly 
decelerated, as in a fall, though there might still bea ‘coup! 
lesion at che site of impact, there is often cortical damage 
ton the opposite side of the brain ~ the ‘contrecoup' lesion, 


‘The mechanism of the ‘coup’ and ‘contrecoup’ injuries 
has long been debated — at least since the time of the 
famous Paris meeting of 1766. The controversy has been 
continued, especially by Courville (1942) and by 
Holbourn (1943), but no satisfactory resolution has been 
agreed though the work on intracranial pressures by Yanagida 
ct al. seems to provide proof that a vacuum’ occurs at the 
contrecoup site, 
The following practical points should be considered: 


IH There may be no coup damage a all, only contrecoup, 

I There need be no fracture of skull, even in the presence 
of severe coup and contrecoup lesions. 

© The most common ste for contrecoup injury isin the 
frontal and temporal lobes. I is often at the tips and on. 
the undersurface of these lobes, and may be 
symmetrical, ifa fall on the oceiput has occurred. 

1 In temporal or parietal impacts, the contrecoup lesions 
ate likely o be diametrically opposite on the 
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contralateral surface of the brain, but exact geometrical 
correspondence is not necessarily present 

IH Ie is virtually unknown for a fall on the frontal 
region to produce occipital contrecoup. This is thought 
to be due to the anatomical configuration of the 
floor of the cranium, but the reasons are by no means 
‘understood, 

i Ina temporal impact, the contrecoup damage may be 
not be on the contralateral hemisphere, bur on the 
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{CURE 5.43 (a) Typical contecoup injury tothe tps of che fromeal 
and temporal lobes ofa brain, The victim was pushed oer in a 
raul an fll backward, serikng his cept ana cansing a small 
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the brain 


‘opposite side of the ipsilateral hemisphere from impact 
against the fax cerebri 

I The degree of contrecoup damage may be severe, 
sufficient to cause blood-filed cavita 
cortex and underlying white mat 


n in the deep 
specially in the 
frontal lobes and tips of the temporal lobes. 


Cerebral injuries 


With severe frontal contrecoup from a fall on the 
‘occiput, the transmitted force may be sufficient 
fracture the thin bone of the floor ofthe anterior fossa 
Such eracks in the roofs ofthe orbits may allow 
-meningeal haemorthage to seep into the oxbits and 
appear as ‘black eyes, In assaults where a fall has 
occurred, care must be taken not 10 attribute such 
periorbital bleeding to direct punches 

Though contrecoup contusion is classically eaused by 
deceleration ofa falling head, it can also occur when a 
fixed head is struck, Ifthe victim is already lying on the 
ground or against some other unyielding surface, a 
heavy blow on the upper side may cause typical 
contrecoup lesions either in the contralateral temporal 
or parietal cortex, or against the falx on the inner side 
of the ipsilateral lobe, In these circumstances, cere is 
often coup damage as well. No external scalp injury 
anced be visible, 

The interpretation of contrecoup lesions is most 
teliable inthe form of cortical contusions oF 
lacerations. Meningeal haemorrhage, either subdural or 
subarachnoid, may also arise in association with a 
contrecoup lesion, but its diagnostic value is virtually 
nil compared with cortical damage when interpreting a 
falling oF Fixed head injury. Where no associated 
cortical contusion is present, itis quite unsafe to rely 
upon a unilateral meningeal haemorthage as an 
indicator ofthe type of head injury. 


Concussion 
Concussion is a clinical, not a pathological entity, but the 
pathologist must consider it, as i is related to intracranial 
lesions andl he is often questioned about it in court pro- 
ceedings. Concussion, according to Wilson (1946), is ‘a 
disorder of cerebral function which follows immediately 
upon the impact of a force to the head’. A more full defini- 
tion is offered by Trotter (1914) ‘a transient paralytie state 
due to head injury which is of instantaneous onset, does 
not show any evidence of structural cerebral injury and is 
always followed by amnesia from the actual moment of the 
accident 

Some neurologists would also include post-concussion 
symptoms within the definition of concussion, even in the 
absence of initial coma, following a head injury. There may 
also be evidence of depressed medullary function, which can 
affece cardiorespiratory action. Denny-Brown and Russell 
(1941) showed thar the rate of change of velocity of the 
hhead was important in producing concussion, which rarely 
developed if the speed threshold was less than ~8.5 m/s 
28 ful), 


Ieisanextremely common, but not inevitable, sequel to any 
significant mechanical insult to the brain, Though in general 
terms its duration is loosely related to the severity of the injury, 
there are many exceptions, Gross skull and brain damage have 
‘occurred with litle or no apparent concussion, though con- 
cussion may be so transient thatthe subject may not even fall 
to the ground. Relatively minor head injures have given rise w 
prolonged unconsciousness once aan, is most unico 
bbe dogmatic about retrospective estimates of concussion 

‘There is considerable controversy about the cause of 
concussion, from the unacceptable ‘traumatic neurosis’ on 
the one hand (which cannot be true) to claims for the 
inevitable demonstration of physical lesions on the other. 

Courvlle (1953) has discussed the condition in depth 
and there seems 10 be no reason to doubt that some 
mechanical process does temporarily disrupt the function, 
if not necessarily the structure, of the neuronie apparatus. 
Changes in the nucleus and cytoplasm of neurones, the 
composition of the cerebrospinal fluid and in the electro- 
encephalograph have all been inconstantly reported (see 
“Diffuse neuronal and axonal injury’ below). 

True concussion may last for seconds or minutes, If pro- 
longed unconsciousness extends into hours, days or longer, 
then there is likely to be some structural brain damage. 
‘Occasionally what appears co be simple concussion proves 
to be fatal, causing respiratory patalyss, though at autopsy 
no significant lesions are found. 

‘Where « victim of ‘simple’ concussion dies of some inci- 
dental non-neurological condition, autopsy usually reveals 
rno macroscopic damage, though sometimes there is slight 
cerebral oedema and scattered non-specific petechial haem- 
orthages may be found. There seems to be a conneetion 
beeween concussion and rotatory movements of the head, 
which are usually responsible for obvious structural damage 
because, when a head is fixed before impact, loss of con- 
sciousness may not oecut. The classic example is trapping 
of a head against a wall or being jammed between butlers. 


‘That shear stresses are instrumental in causing neurone 
damage seems confirmed by the frequency in which eoncus- 
sion oecurs in boxing contests, where a blow on the jaw isthe 
tulrimate in producing a rotational movement ofthe cranium. 
Concussion may be followed by a ‘post-concussion state 
characterized by headaches, unsteadiness and anxiety. This 
seems. genuine phenomenon, though it has been pointed out 
that it may be overlain by a ‘compensation syndrome’ whilst 
civil litigation isin progress over responsibility for the acci- 
dent, which often clears up rapidly once che claim is settled. 
Retrogeade amnesia is almost inevitably associated with 
concussion, though, like concussion itself, it may be so 
transient as to escape notice, A protective mechanism, it 
seems to be caused by loss of sensory input before the latter 
is transferred to permanent memory storage in the brain. 
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‘Though commonly only of minutes’ duration, it can 
extend to several days before the head injury. Though 
there is often a later recovery of much of this lost period, 
the memory of events immediately before the incident 
rarely returns, which may fortuitously be a protective 
device. Concussion has been attributed to several causes, 
the undoubted vasomotor disturbances that take 
place after a head injury. Another theory is the impaction 


of the brain into the foramen magnum oF tentorial open- 
ing, bus the most acceptable hypothesis is ‘diffuse neuronal 
injury. 


DIFFUSE NEURONAL AND AXONAL INJURY 


According to Graham ef al (2002), diffuse brain damage 
exists in four principal forms: diffuse vascular injury, dif. 
fuse axonal injury, hypoxic brain damage and diffuse brain 
swelling. Difluse vascular injury consists of multiple small 
haemorrhages throughout the brain and is virtually 
restricted to patients, who die within 24h, whereas the 
latter three are encountered in patients who survive long 
enough to reach the hospital, Recent research and new 
immunohistochemical methods have shown that eeaurmatie 
axonal injury is much mote common than previously realized, 
and that axons can also be diffusely damaged by other 
processes than head injury. Therefore, Geddes ef al (2000) 
suggested new definitions of the terminology 10 get rid of 
the incoherent use of terms in the literature: 


B Axonal injury (AI) isa non-specific term referring to 
damage to axons of any aetiology. 

1B Traumatic axonal injury (TAD, iva damage to axons 
caused by trauma, which may vary from small foci of 
axons to more widespread brain damage, diffuse TAL is 
the mast severe form of traumatic axonal damage 
(originally termed ‘DAL?. 

Diffuse axonal damage (DAN), first described as 
clinicopathological syndrome of widespread axonal 
damage throughout the brain, including the brainstem, 


should not be used as a term without reference to the 
aetiology, because axonal injury may be caused by other 
pathological processes. 


Experimental work has suggested that diffuse axonal injury 
is primarily a non-impact rotational acceeration-deceeration 
phenomenon, deformation by stretching probably being the 
‘most significant factor. A low level of injury eauses transient 
changes in the permeability ofthe axolemma, gradually lead- 
ing to ionic changes, accumulation of fluid and axonal 
‘swelling and eventually, with an increasing grade of injury, to 


intracellular Ca?* accumulation, proteolysis and collapse of 


the cytoskeleton. 


‘The diseuption af axons leads to bulbous and clubbed 
“retraction balls or globes’ on the axons i the cerebral hemi- 
spheres, cerebellum and brainstem. Disturbance of axonal 
transport causes accumulation of substances in damaged 
fibres, that can be demonstrated immunobistochemically 
At present, B-amyloid precursor protein (BAPP) is consid 
ered to be the most reliable indicator of axonal damage, 
revealing axonal injury within 2-3 hours of the insult, 
whereas it takes about 12-18 hours for axonal bulbs to 
become visible on routine oF silver stains. However, one 
should keep in mind that BAPP is not specific w head 
injury but isan indicator of derangement of fst axonal trans- 
port, which has also been demonstrated in other pathological 
conditions 

Ieis preferable to examine the brain after proper fixation, 
usually after 10-14 days in 4 per cent buffered formalde- 
hyde and, where possible, consultation with a neuro- 
pathologist with experience in forensic practice. Due to the 
diffuse nature of the axonal injury, extensive and systematic 
sampling is essential, as the diagnostic yield is direedly 
related to the number of blocks taken. In addition to any 
‘obyious focal pathology, the minumum set of samples should 
include corpus callosum and parasagiteal posterior frontal 
white matter, splenium of the corpus callosum, deep grey 
matter to include posterior limb of the internal capsule, 
cerebellar hemisphere, midbrain including the decussation 
of superior cerebellar peduncle, and pons including superior 
‘or middle cerebellar peduncles. In addition to thes, it may 
also be advisable o include corpus callosum and parasagittal 
anterior frontal white matter and temporal lobe ineluding 
hippocampus (Geddes eral 2000), 

Retraction globes are most numerous in the corpus callo- 
sum, the superior peduncles, che parasagittal white matter, the 
medial lemnisei and the corticospinal tacts, but can be seen 
anywhere in the white matter. The retraction globes oF axonal 
bulbs have heen shown to lose postive staining for BAPP afer 
about a week but to persist in adjacent varicose axons up 10 
30 days, After some weeks in those who survive long enough, 
‘clusters of microglia, presumably part ofa repaie process, con- 
agregate at che site of ruptured axons, These are best seen in 
20 1m thicker sections stained with eresyl violet. One prob- 
Jem with the microscopic evidence of both microglial clusters 
as well as diffuse axonal injury (as demonstrated by BAPP 
cexpresion), is that nether of them is specific asa marker for 
trauma: retraction globes may alo be seen around the periph- 
cry of natural lesions such as cerebral infarets and haemor- 
rhages and microglial clusters have been reported in viea/ HIV 
encephalitis, previous global hypoxia and fat embolism. 
Geddes ef al (2000) conclude in heir excellent review that 
‘the demonstration of traumatic axonal damage is likely o be 
of limited use in most forensic situations, except pethaps to 
confirm that there has been a head injury! 
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Cerebral oedema 


Swelling of the brain tissue may be a local phenomenon 
around almast any lesion, be it contusion, laceration, 
tumour or infaret, but here we are more concerned with 
generalized oedema. Swelling of the brain is extremely 
common afier a substantial head injury, especially in chil- 
dren, Though it isan almost inevitable accompaniment of 
almost all intracerebral damage as either a local or general 
phenomenon, it can occur as the sole abnormality ~ and 
frequently prove fata, particularly in young victims. 

‘Oedema may well be related to diffuse neuronal injury and 

to concussion itself Ie is the most common cause of raised 


intracranial pressure, being seen more often than localized 
space-oceupying lesions such as haematomas and wmouts, 
though of course these often coexist with cerebral edema. 

‘As with concussion, its cause is obscure and hence isthe 
source of considerable controversy: The amount of fluid in 
the brain increases and che coral weight may increase by at 
least 100 grams, mainly in the white matter. The site of the 
excess uid is obscure, as the cut brain surface does not 
appear wet as do connective tissues elsewhere in an vedema- 
tous body. Ie was formerly thought that there was no true 
extracellular space in neural tissue and that che fluid must 
therefore be intracellular, but electron microscopic studies 
have revealed an extracellular compartment, which is much, 
wider in che whice matter (up to 801m) than in the grey 
matter (up to 20nm), which explains the preference of 
‘oedema for the white matter. 
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FiGUNE S44 Signs ofcorebnal oedema. 


‘The autopsy features of cerebral oedema are readily recog- 
nized. On removing the calvarium, the dura is stretched and 
tense, the brain bulging through the first incision in the 
membrane. The gyri are pale and flatened, and the sulei 
filled, giving the normally corrugated cerebral surface a 
smoothness that ean easly be felt at autopsy. The cut sur 
face is pale and, especially in children, the ventricles may be 
reduced to slits by the swelling of the adjacent white matter. 

Severe cerebral oedema causes the larger volume cerebral 


hemispheres to press down upon the tentorium and hen 
ate through the midbrain opening. The hippocampal gyrus 
‘may impact in the opening, lesser degrees causing grooving, 
of the unei. Both these effects may lead to haemorthage 
and nectosis at the sites of pressure, especially where the 
sharp edge of the tentorium cuts into the cerebral tissue. 
The tonsils of the cerebellum may be impacted or ‘coned! 
into the foramen magnum, and sometimes are Forced down 
into the upper part of the spinal canal. The pathologist 
‘must be careful not to mistake the normal anatomical 
grooving that often exists around the cerebellar tonsils for 
“coning. There should be other signs of brain swelling and. 
true tonsillar herniation will show discoloration or even 
necrosis of the ischaemic, trapped tissue. 

Cerebral oedema may be the only intracranial abnormal- 
ity found ar autopsy after a substantial head injury has 
occurred. This seems to be more commonly found in chile 
dren and, in the absence of any other demonstrable lesions, 
the cause of death has to be attributed to this swelling of 
the brain, compressing the vital centres in the brainstem, 
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Obviously, many other cases of cerebral oedema resolve 
either spontaneouuly or with treatment, so that fortunately 
ho opportunity arises to prove its existence by post-mortem 


ich oedema is, however, not infrequently 
found during surgical exploration for a meningeal haemor- 
thage, the latter sometimes being presented though often 
only brain swelling is demonstrated, 


Cerebral oedema 1 


yy be self potentiating, in that once 
it begins as a result of direct brain trauma, the consequent 
tige in intracranial pressure then impairs the yenous return 
from the intracranial sinuses, The pressure is insufficient to 
restrict the arterial inflow, so further congestion and 
swelling occur, This may lead to worsening cerebral 
hypoxia and oedema to the stage of actual cerebral infarc- 
tion and brain death — again, a distressing common syndrome 
seen especially in child victims of head injure 
from road accidents, 


In addition to mechanical damage, cerebral oedema can 
be caused o worsened by hypoxia, Many head injuries may 
be associated with damage to other parts of the body, such 
as the thorax—and because the airway may be compromised 


in many unconscious victims, there may be an element of 
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hypoxia in a considerable proportion of cases of cerebral 


oedema, Capillary perme: may be increased ina 


number of states, leading to weakening of the so-called 


‘blood-brain barrier’ formed by the capillary endothelium 
and basement membrane, together with the astrocyte foot 
plates. Cerebral oedema, either traumatic or hypoxic, can 
deyelop with surprising rapidity, especially in children. 
Macroscopic evidence of brain swelling can be seen at 
autopsy in cases where the interval between trauma or 
onset of hypoxia and death was less than one hour. 

Several methods are available to reverse oedema, includ- 


ing hyperventilation, which acts by providing full axyyy 
ation and reducing the peripheral carbon diaxide tension, 
thus causing constriction of arterioles and a reduction in 
brain volume and transudation, 


HISTOLOGICAL DIAGNOSIS OF 
SARLY CEREBRAL HYPOXIA 


Unfortunately for che pathologist, most of the hypoxic 
conditions seen in forensic practice cause death too quickly 


Secondary brainstem lesions. 


for any recognizable histological changes to develop, Acute 
deaths from strangulation, suffocation and choking oceur 
within minutes of less, even excepting the sudden vasovagal 
type of cardiac arrest. 

‘There are, however, occasions when a longer period of 
survival occurs ater an acute hypoxic episode and in some 
of these there may be the opportunity to detect histologieal 
changes in the central nervous system, Probably ami 


imum of 2-4 hours of survival is necessary for unequivocal 
changes to be observed, though some neuropathologists 
claim to detect signs afier as litte as 1 hour, More cautious 
investigators prefer 4 hours as the minimum. A short post- 
mortem interval is a considerable advantage in searching 
for these changes, as they are subtle and can be overlaid by 
post-mortem autolysis, even if the latter i slight. 

Tr may be helpful o seek the asitance of a neuropath- 
ologist in detecting or confirming the relatively minor 
changes seen in a brain affected by hypoxia, but with 
experience, a good knowledge of the normal appearances 
and a laboratory that is able to euen out constantly good- 
quality sections and uniform staining, any forensic patholo- 
gist can build up a considerable expertise in this localized 
aspect of neuropathology. The parts of the brain most suit 
able for seeking evidence of hypoxic damage are the hip- 
pocampus (especially Sommer’ area), the cerebellar fois, 
the globus pallidus in the basal ganglia, and the boundary 
zones of the cerebral cortex where the grey matter is most 
vulnerable because it lies at the terminal reaches of the 
arterial supply (for example, atthe occipitoterporal junetion 
here the watershed between middle and posterior cerebral 
arteries les). The third and fourth cortical layers are best for 
displaying the histological changes of hypoxia, 

“The following isa summary ofthe stages and changes that 
may be seen using different staining methods. ‘The brain 
should be prefied by suspension in formol saline for several 
weeks, though if this is impossible, small blocks should be 
\wercut from the target areas of che brain mentioned above 
and immediately fixed in a large volume of formalin, 


Stage 1 
‘The earliest change is microvacuolation in the neurone 
cytoplasm, which may be seen in 2-4 hours. The eell out- 
line remains smooth and its size is normal but, internally, 
small vacuoles appear in the cell body, and the proximal 
parts of the axon and dendrites. There may be a slight 
cosinophilia in haematoxylin and easin stains and a violet 
colour in Luxol Fast Blue. 

‘The microvacuolar change is said co begin eater in 
small neurones and last fora shorter time, being present for 
up to 4-6 hours after insult in large cells and 2-4 hours in 
cerebellar Purkinje ells, though these times are arbitrary. 
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Stage 2 
In the next sage, more prolonged hypoxia causes dstorion 
in the shape of the neurones, the cell body becoming 


shrunken and staining darker with aniline dyes. The Nis 
granules become fine and are dispersed more widely through 


‘our the cell, Some vacuoles remain, the cytoplasm shows 
‘marked eosinophilia in haematoxylin and eosin, and is bright 
blue to mauve in Luxol Fast Blue stain, The nucleus becomes 
triangular and may be placed eccencrically in the cell body 
‘The nucleolus becomes obscured and the nucleus stains a 
dlarker blue than normal with Luxol Fast Blue, This change is 
seen after up to 6 hours survival or later in lange cells, 
Stage 3 
The ischaemic cell stage, described last, becomes worse 
during the following day or ewo if survival continues. The 
cell shrinks further, becoming narrow and tapered in many 
cases, Eosinophilia and blueness when stained with Luxol 
Fast Blue persists, but small spherical or irregular bodies 
begin to adhere to the exterior ofthe cell membrane, These 
incrustations persist longer than the remnants of the eyto- 
plasm, which vanish, leaving the bare nucleus. The datk, 
shrunken nucleus becomes mote apparent and survives for 
a number of days before karyolysis occurs 
Stage 4 
Homogenizing cell damage is best seen in the Purkinje cell, in 
Which the cytoplasm is uniformly eosinophilic with no Nis 
granules. The nucleus stays dark and triangular unlit vanishes 
and leaves pal ghost’ ofthe cell body witha vague perimeter. 
‘There are parallel changes in ee glial elements 2s well as in 
the neurones, From 4 to 12 hours after a hypoxic insule there 
‘ay bean increase in the number of astrocytes around dam- 
aged neurones. There is a proliferation of astrocytes (which 
show mitoses) some 4-6 days later if the patient survives. 
This is most noticeable in the cerebellum and persises for 
10-14 days. Fibrous astrocytes proliferate, but not the oligo- 
ddendroglia, Microglia tansform into rod cells, which may lie 
at right angles co che edge of the cortex, radially inthe hip- 
pocampus and in the molecular layer ofthe cerebellar cortex. 
A later stage of cerebral hypaxic damage isthe accunulation 
of lipid droplets and scavenging of myelin. Groups of 
‘microglia around dead neurones (neuronophages) may be 
obvious even at lower powers of the microscope 


SECONDARY BRAINSTEM LESIONS 


When severe brain swelling (or a space-occupying lesion 
such as a large subdural or extradural haematoma) causes 


[APPENODCA » GETTING STARTED WTH TOOL BULDING 


Figure A-12. A digital voltage meter is used to read the voltage across the shunt resistor installed in the 
circuit. Because the shunt resistor has a 1.02 value, Ohm's Law dictates that the reading in millivolts on 
the digital meter correspond exactly to the number of milliamps flowing through the circuit. Math is 
useful, sometimes. 


‘The jumper wire connecting the incoming power supply directly to the power rail has been replaced 
with a 19 resistor. Leads from both ends of the resistor have been connected to the input terminals of 
the digital voltage meter on the right. The digital meter, unlike the analog meter on the left, requires an 
independent power supply to operate, in this case a 9V battery. 

So now we've added some features to our simple power supply, including a power-on indicator, a 
supply voltage reading, and a supply current reading, 

‘These are very useful features to have on any power supply. However, at this point in the 
prototyping stage, we've just barely covered what the added circuitry is supposed to do. Packaging all 
this up into an easy-to-use and reliable device takes as much if not more thought and effort. 

First, you have to rebuild this entire circuit in a more permanent fashion. Next, you will have to 
wedge all that clever gadgetry into some sort of enclosure to protect the delicate bits while still 
permitting access to the inputs, outputs, and controls, if any. Then you get to label everything so that 
you can remember how to use it in the future. 


Summary 


So now you just might be developing a certain respect for how much work goes inta building even the 
simplest tools—tools that are useful, accurate, reliable, and an asset to your toolbox. Remember, every 
tool on your workbench has to earn its place there. This applies to tools you design and build yourself, as, 
well 

‘Good luck with your tool-building projects. Sometimes it’s just as much fun to work on your tools as 
it is to work with your tools, 
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5: Head and spinal injuries 


raised intracranial pressure above the tentorium, amongst 
the possible sequelae is compression of the midbrain against 
the fe edge of the tentorium, This may be unilateral eaus- 
ing grooving of a cerebral peduncle (called “Kernohans 
notch’ associated with subpial petechial haemorthages and 
often hemiplegia. When symmetrical, the oedema forees the 
undersurface of the cerebrum against the tentorium so that 
the hippocampal gyrus is squeezed into the opening. This 
clongates the midbrain in an anteroposterior direction as 
well as grooving the uncus and, in extreme eases, infareting 
part of the parahippocampal gyrus, In addition, the distor 
tion stretches, and compresses the paramedian and nigral 
vessels that supply the midbrain, leading to haemorrhages 
and infarets in the upper pons and midbrain, Damage to 
ial nerves and 10 the circulation of che cerebrospinal 
fluid may be added complications. The ealearine cortex on 
the medial aspect of the occipital lobe may be infarcted by 
the posterior cerebral artery being trapped around the edge 


of the tentorium by the cerebral herniation. 

Secondary lesions are almost exclusively midline or para 
median haemorrhages, or haemorrhagic necrosis placed cen- 
ually inthe upper pons and midbrain, though some may be 
obliquely placed in the substantia nigra. They may be dificult 
to distinguish from primary brainstem haemorshages that 
aise at o soon after the original head injury ~ the secondary 
lesions tend to obscure the primary, rather than the converse. 
In children, the typical stem haemorrhages may not be 
present as in adules, but instead the medulla oblongata may 
be buckled or kinked due to fixation of dhe upper spinal cord 
by the denticulae ligaments (see work by Crompton). 


SPINAL INJURIES 


‘The spine and head should be thought of as part of the 
same system in relation to trauma, In recent years, a loser 
association — both skeletal and neurological — has been 
acknowledged between the wo structures. For instance, 
interruption of ascending fibres in the cervical cord has been 
shown to be associated with neuronal chromatolysis in the 
brainstem and Spicer and Strich have shown that haemor- 
rhage inco spinal roor ganglia may be associated with head 
injury. Electroencephalographic changes have been shown 
to occur in half the vietims of cervical spine whiplash injury. 

‘Though all segments of the spine are vulnerable to 
trauma, the cervical part holds che most interest for the 
forensic pathologist, mainly because ofits clase association 
with head injuries and vehicular accidents, The upper 1wo 
cervieal vertebrae provide most ofthe rotational movement 
of the head, whilst the lower neck allows flexion and exten- 
sion, Violent foree applied to the head tends damage 
those parts of the neck corresponding with this functional 
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distinction. Spinal damage may be caused by compres- 
sional, hyperlleion and hyperextension stress 


Compression damage 


‘This occurs when the victim falls from a height cither onto 
his fee of his head, though in the latter case, head injuries 
ay overshadow damage to the spine, as well as absorbing. 
most of the impact. 

When a person fills a long distance onto the feet, the 
Kinetic energy of the deceleration may be absorbed by fac- 
cures ofthe feet, legs and pelvis, bur ean be transmitted up the 
spinal column. This ean be fractured at one or more points, oF 
the force may cause the upper eervieal spine ro impinge on the 
base of the skull and cause a ‘ring Fracture’ around the fora- 
-men magnum asthe spine is rammed into the posterior fos 

A all onto the head may also cause the ‘burst atlas injury, 
where the impact ofthe occipital condyles in an axial diree- 
tion wedge the superior alantal articulating facets apart and 
split the ring of the vertebra, The posterior arch ean also be 
fraccured in hyperestension by compression between the 
‘occiput and the posterior spine of the axis. 

Compression fractures of vertebral bodies may occur 
most commonly in the lower donsal and upper lumbar zone, 
particularly T12 and L1, There is less chance of spinal cord 
injury compared with the angulation injuries described 
below, unless posterior extrusion of a dise or backward dis- 
placement of fragments ofa diseupted vertebral body occurs. 


Hyperflexion and hyperextension 
injury 

Of the swo, hyperextension is much more dangerous in cause 
ing spinal damage, posibly because fleion is protected by 
contraction of the stiong posterior neck muscles, whereas the 
‘weak anterior longitudinal ligament is incapable of preserving, 
the integrity of the cervical spine during hyperextension, In 
frontal or rearward motor vehicle crashes, which comprise 80 
per cent of accidents, there is usually a hyperflexion and hyper 
extension component to the spines of the occupants, though 
hhead restraints and seatbelts restrict the range of movement. 

‘Where a car undergoes violent frontal deceleration, the 
subject's head will swing down into hyperflexion and, 
unless restrained, will then strike che fascia or windscreen, 
and rebound into hyperextension, 

‘When the vehicle is struck from the rear, the head will 
fy into hyperextension first unless headrest is available; 
such collisions often then smash the vehicle into the one in 
front, when a deceleration hyperflexion takes place. 

Whatever the cause, a whole range of lesions ean follow, 
both in the cervical, and to a lesser extent into the thoracic 
and lumbar segments, Bleeding into the surrounding muscles, 


Spinal injuries 


Ficune 5.46 Cushing ofa thoracic vertebral body with 
isncegration ofthe adjacent ds: following a volenshyperflexion in 
«ctr driver susaining a deceleration injury. These lesion are best 


displayed at autopsy by curing a longitudinal slice down the 
anterior aspect af the spinal column with an electric saw, 


rupture ofthe anterior longitudinal ligament, and tearing of 
intervertebral discs and of the annulus fbrosus may occur, 

‘Nerve roots may be torn or compressed, and the spinal 
canal may be narrowed, distorted or even almost obliter- 
ated by fracture dislocations ofthe vertebrae, Compression, 
ischaemia, haemorthage and even pulping of the spinal 
cord is the most serious complication. In older persons 
with cervical spondylosis, further narrowing of the canal by 
‘trauma may cause neurological effects that would not oceur 
in younger subjects 

‘The most common part of the spine to be injured is the 
region of the upper two cervi 
fatal motor car accidents reported by Mant (1978), 35 per 
cent of passengers and 30 percent of drivers suffered cervie 
cal spine damage. OF these the most common was a dis- 
location of the atlanto-oceipital joint and Mane claims that 
one-third of all vievims of fatal motor vehicle accidents 


vertebrae. In a series of 


suffer this lesion, even though it is often undetected at 
autopsy. The mechanism of facture of the atlas is sad to be 
an axial impact via the head, when the occiput is held 
rigidly in line with the spine by contracted neck muscles 
This most frequently occurs when the vertex ofthe lowered 
hhead violently strikes the windshield of a decelerating 
vehicle. Fracture or dislocation of che atlas or facture of the 
odontoid of the axis ean all occur from this type of impact. 
Hyperextension injuries tend to force the vertebral body 
forwards and, if chete is significane displacement, the arch 
is inteuded into the spinal canal with the consequent risk. 
of cord damage. In addition, hyperextension — especially in 
the presence of cervical cord enlargement ~ can cause the 
ligamentum flavum to cortugate and intrude into the 
anterior part of che spinal canal to impinge upon the cord. 
When the injury is due to hyperllexion, dislocation of a 
vertebra causes it (or its fragments) to tilt backwards, again 
compromising the lumen of the spinal canal 

Dislocation of cervical verebra can occur under many 
conditions. An anterior dislocation can be caused by a 
fall onto the back of the head and a unilateral dislocation 
is common when a head strikes a windscreen, Posterior 
dislocation may be eaused by blows to the jaw or face that 
jolt the head backwards with a hyperextension element. 
Falling onto the face, especially from a height (such as down 
a staircase), ia likely eause, Fracture of the odontoid peg of 
the axis ean oceur froma variety of violent movements ofthe 
head on the neck, and is sometimes associated with fracture 
of the skull oF mandible, Whete gross injury to the spinal 
column is inflicted — such as a relatively high-speed motor 
vehicle or railway accident — the cord may be transected by a 
guillotine ction ofthe ewo displaced fragments. This is most 
often seen on the upper or mid-thoracie region, from direct 
impace or gross ‘whiplash’ effects. The thoracic aorta at this 
level is ofien torn at the point where the descending arch 
meets the spine, even in the absence of a spinal fracture. 

Damage to the cervical spine in hanging is rarely sen in 
the usual suicidal hangings in which sudden death is eaused 
by carotid compression or much less often — asphyxia, The 


drop in such cases is small or even absent, the subject merely 
slumping his weight against the neck resteaint. Spinal dam- 
age can occasionally occur, however and the author has seen 
a fractured neck when a heavily built soldier stepped from a 
lavatory seat with the rope attached to che overhead cistern, 
Judicial hanging with a long drop causes a severe fraceure 
dislocation (rather than fracture) ofthe cervical spine, often 
with complete severance of the wo fragments and transection 
of the spinal cord, Where such hanging is earried out with the 
kknor of che suspension point heneath the chin, a violent 
hyperestension is produced that often fractures the axis and 
dlislocates it from the third cervical vertebra. With a heavy 
petson and a long drop, chere may be complete decapitation, 
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Head and 


LURE 5.47 Crushing and mansection ofthe lower spinal cord 
following a bperflesion facture of the lower thoracic vertebrae. The 
spinal cord ends at abou the lower border of the fist lumbar 

ertebns the cana equina occupying she ofthe lumbar 
spinal canal. This injury occurred several ears before death, and she 


luna i constricted and arent tothe remmantsof the card. 
autopy he cord and its membranes should be pinned out and fied 
fir a proper examination tobe made 


Spinal cord injury 


Most damage to the spinal cord arises from intrusion of 
some part of the spinal column into the canal, be it bony 
fragments or displacement, ligamentum flavum, dise annu- 
lus or extruded nucleus pulposum, 


spinal injuries 


There may be bleeding into the space outside the spinal 


dura causing a space-occupying lesion in the canal chat can 


compress the cord, or bleeding may occur within the dur, 
cither from ruptured vessels oF from haemorthage in the 
cord itself: Damage to the cord may also occur in the 


absence of any apparent intrusion into the canal, in a man- 


ner similar to that seen in dhe brain in closed head injuries 
and 
develop without any obvious mechanical defect at chat level 


without a fracture, Haematomyeli oedema. may 
in the spinal column. Such injuries must be attributed co 
some momentary collision of the cord against the wall of 
the canal or a transient deformity of the profile ofthe canal 
that did not exceed the threshold for either fracture, dis- 
location or ligament rupture of the vertebral column, 

The damage in the cord may extend for several segments 
above and below the point of impact. A haemorrhage within 
the cord tends o occupy the central grey matter more than the 
white columns, because of the softer and more vascular nature 
of the former tissue, Infarction of the cord can occur either 
in association with contusion, or because the local blood 
supply — offen the anterior spinal artery — has been damaged. 

‘An originally firm cord may underg 


liquefaction 


(‘myelomalacia) aver several days or even longer, with pro- 


igresive worsening of neurological symptoms 
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CHAPTER 6 


Chest and abdominal 


injuries 


Il Forensic anatomy 222 Bl Haemopericardium and cardiac tamponade 228 
1 Injuries tothe chest wall 223 Bi Injuries to great vessels 208 
1H Haemorthage and infection inthe chest 224 Bl Foreign bodies inthe gut 292 
1 Preumothorax 225 Bl Injuries to the pes and pelvic organs 293 
1 juries of the lungs 208 Bl Complications of abdominal injury 23a 
1 Injuries of the heart 228 Bl References and further eading 233 
‘The major categories of wound previously described can 
be inflicted on any part of the body: In forensic practice (Commeon carotid pooialomaad 
certain areas are particularly vulnerable or have special ya 
smedico-legal significance, Head injuries are so important 
that chey have been discussed in a special chapter, but here 
consideration will be given to ather regions, especially the 
chest and abdomen, 
Hyoid bone 
{lara seven 
CHEST IN cod caiage 
subelavan Sache 
ty Letina 

Damage can be sustained to either the chest wall or to the 
contents iaias 
FORENSIC ANATOMY Heat 
“The most important aspect is the relationship of the vis- 
ceral contents to external landmarks. This is best described _— 
by reference to diagrams, where the relationship of pleural 
caves, angst, mediasinum and diphragm i 
depicted. It should be appreciated that, from the forensic * Lover ee 
aspect, the spleen and most of the liver and stomach are = 7" ths 
thoracic organs in that they lie largely beneath the costal Lover ot 
margin, and are vulaerable to both stabbing and blunt Sorat cavity 


injury to the chest. 
Penetrating injuries, especially by knife vo the lower lateral 
wall of the thorax, may enter the peritoneal cavity as well as 


Struttures ofthe thorax and neck 


FiGUNE 6.1 Surfice anatomy of heart, lunge and neck srucure. 
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Injuries to the chest wall 


the pleural spaces, perforating the diaphragm en route. The 
stomach, being largely within the rib cage, may often be 
penetrated. The common stab wounds ofthe heart may also 
include diaphragmatic and upper abdominal injuries, A knife 
can enter the front ofthe lower thorax, passthrough either or 
both ventricles, and exit through the pericardial surface of the 
diaphragm to enter the upper surface ofthe liver. The orien- 
tation of the heart is often not appreciated after i is removed 
asan isolated organ, as the tendency is to visualize its hang- 
ing with the apex downwards, In fact it sits far on the 
diaphragm on the lateral edge of the right ventricle, with 
the inferior vena eava passing immediately downwards into 
the abdomen. 


INJURIES TO THE CHEST WALL 


Respiration is dependent on the integrity of the rigid chest 
‘wall and, if the expansion is prevented or severely limited, 
then air entry will be correspondingly diminished, ‘The 
integrity ean be compromised either by severe mechanical 
failure ofthe rib cage or by penetration ofthe pleural cavities. 

Fractures of ribs are common, but do not greatly embar- 


ras respiration unless: 


B® they are so numerous that they prevent expansion of 
the thorax 

I broken ends penetrate the pleura and lungs 

1 pleural and muscular pain limit respiratory effort 


‘Where many bilateral fractures are present, expecially on 
the anterolateral sides of the thorax, the condition of ‘ail 


chest’ may be present, usually with multiple fractures of 
some ribs and sometimes with added fracuure(s) of the ster 
rum. Asa resule of lss of rigidity ofthe chest cage, attempts 
at expanding the thoracic volume during inspiration are 
impaired. The loose section is sucked inwards during inspit- 

this clinical sign being known as ‘paradoxical respit- 
ation’. Dyspnoea and eyanosis may develop and extreme 
degrees of Mail chest are rapidly incompatible with life 


because of progressive hypoxia. 

‘The flail chests caused by frontal violence, most ofien sus- 
tained in motor vehicle scidents— where the vietim is thrown 
against the steering wheel or fascia — or in stamping assaults, 
where the shod foot is violently applied to the supine body: In 
any substantial ches injury, broken rib ends may be displaced 
inwards, the jagged tips ipping the parietal and visceral pleura 
‘This may cause a pneumothorax oF a haemothorax, oF both, 
from penetration of the lungs, with the formation of a bron- 
chopleural fistula. In gross chest injuries there may be eam- 
pound fractures of ribs chat allow a pneumothorax eo fort 
from external communication with the atmosphere, but this is 
rare in civil practice, though common in bate casualties, 


Caro arteries 


NN 


‘Subclavian artery 


Costal 


onion 
ae arteries 
FIGURE 6.2 Anterior view af unk showing surface relations of 


bear and aorta. 


Rib fractures are most often seen in the anterior or poster 
ior axillary lines caused by falls onto the sie. The upper ribs 
are less often fractured, excep by direct violence from kicking, 
heavy punching or trafic acidents, The Fracture sites almost 
always show bleeding beneath the periosteum or the parietal 
pleura ifthe fractures occurred during life though it must be 
admitted chat (rarely) undoubted ante-mortem fractures may 
be totally bloodless, whereas some post-mortem cracks may 
exhibit slight oozing from the marrow cavity into the adjacent 
tissues. Attempts at resuscitation, especially external cardiac 
‘massage, now provide a common cause for extensive rib Fae- 
tures (up t0 40 per cent) and make the task of the pathologist 
much more difficult when tying wo differentiate original 
trauma from the effects of enthusiastic first aid (Leadbeatter 
and Knight 1988). Bleeding may oF may not be seen in these 
resuscitation fractures and, as the attempts at revival are, by 
definition, perimortal in timing, ii often impossible to say if 
they were immediately ante-mortem of post-mortem. 

As the bracing action of adjacent intercostal muscles may 
conceal any mobility of the ribs when being examined at 
autopsy, it is a useful procedure to sit all the intercostal 
muscles with a knife when chest injury is suspected to allow 
any mobility to be detected more easly In the osteoporosis 
of senility and some diseases the ribs may be so fragile as «0 
be breakable by Finger pressure. Allowance must be made 
for this fragility in interpreting the cause of the fractures, 
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6: Chest and abdi 


FicuRe 64. Extensive brung ofthe chest caused by kicking and 
stamping, resulting in mpl ib and sternal actus. Oter the left 


tal margin there patter suggestive af the sole and hel af a hoe 


In infants, especially victims of child abuse, rib fractures are 
common and may bean important diagnostic sign of abuse in 
ddoubful eases. Where a small infantis squeezed from side to 
side, as when adult hands are clamped in each axilla or lower 
con the lateral sides of the chest, che hyperflexion can easily 
break ribs in their posterior segments, usally near cher necks 
‘The ribs ate levered against the transverse processes of the 
vertebrae by excessive anterior flevion, which explains the 


tendency to facture in the paravertebral gurter. Fresh fractures 
will be obvious, both on radiography and at autopsy Within 
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jominal injuries 


Ficune 6.3. Extensive abrasions and 
slefornty ofthe chest na man found by 
the roadside, All herbs and sernu were 
fiactured, resulting ina flail chest Temas 
thoughe tbe a road accident until bovine 
Inirz were found om his clothing. Hebd 
been crushed by a bull ana shen towed over 
the field wall 


about 2 weeks (ehough this is very variable), callus will form, 
and be visible both on X-ray and by direct post-mortem 
inspection It is extremely diffcule to date such callus, 


I is said by paediatricians and radiologists that anterior 
sib fractures are rare in infancy other than from child abuse; 
though this is probably generally correct, care must be taken 
to exclude bony injury from the now almost universal 
attempts at resuscitation (even though infant ribs are very 
pliable). In very young infants, the possibility of older frac- 


tures dating back to birth injury cannot be dismissed, 
though again these are rare, 

The sternum may be fractured by stamping or other 
frontal impacts, but far more force is necessary than with 
ribs. If posterior displacement of a fragment occurs, the 
underlying heart or great vessels may be severely damaged. 


HAEMORRHAGE AND 
INFECTION IN THE CHEST 


Any injury to che chest wall or lung surface that breaches 
blood vessels and he pleural lining can lead to-2 haemotho- 
ax, Intereostal and, less often, mammary arteries ean bleed 
into the pleural cavities, but most massive haemorthage 
comes from large vessels in the lung or mediastinum, The 
Jung hilum can be torn or penetrated by stabs wounds. 
Another obvious source of a haemothorax is the heart itself, 
though there must also be a defect in the pericardial sac 
before the blood can reach the chest cavity, Several litres of 
blood may accumulate in the chest, either a liquid or clo, 
oor usually a mixeure of both, Death may occur from loss of 
circulating blood volume, even if there is relatively ltde 
external bleeding, 

“Many intrathoracic haemorthages may be fatal with virtue 
ally no external blood loss, a fact that the police often find 


Pneumathorax 


Ficuie 6.5 Peneenting stab wound of chest, which bas mavered 


the lung. The blade has pased shrough the upper lobe, eroued the 
interlobarfsureand re-entered the lower lobe. Death was caused by 
«thaemathanas frm severed branches af the pulmonary veels 
within te ang. 


hard to credit if there is little blood at the scene of a fatal 
stabbing. A knife that passes obliquely into the chest through 
intercostal muscles may puncture a great vesel oF heart 
chamber, allowing a fatal cardiac tamponade or haemo- 
thorax, yet the valve-like overlap of the tissues after with- 
drawal of the blade may seal up the external wound almost 
completely and prevent significant bleeding, especially a the 
blood inside the chest is not under any appreciable pressure. 
‘The same may apply to a gunshot wound, where bleeding 
can be viually absene if the wound is uppermost after death, 
‘Where the body lies above the wound, of whatever type, then 
considerable post-mortem gravitational leakage can take place. 
‘Whatever the source of the bleeding, post-mortem haem 
orshage can add very considerably to the volume found in the 
chest at aucopsy. Due to the great variability of post-mortem 
coagulation — and subsequent lysis ~ much of the blood 
found at autopsy may not have been there at the moment of 
death, Ic is imposible wo quantify this additional leakage in 
retrospect, but the everspresent possibility makes i unwise 10 
bbe dogmatic about the amount of blood loss prior to death, 
Infection following a chest wound is uncommon in 
forensic practice, as most deaths occur from haemorthage 
within a relatively shore time before infective sequelae 
have time co be established. Where survival is longer, then 
effective medical care usually prevents secondary infection. 


cellulitis, pleural inflammation and even empyema 
may supervene, expecially where some dirty weapon is used, 
‘or where clothing or other foreign material has been carried 
into the wound. Infection may be of many types, but 
staphylococci, Proteus, coliforms and Clastridinm perftingens 
are commonly found on culture. 


PNEUMOTHORAX 


‘There are three types of pneumothorax: 


1 asimple type where a leakage through the pleura 
allows air to enter the pleural cavity, but where the 
communication rapidly closes. The lung partly 
collapses, but if death does not supervene the ai is soon 
absorbed. Ifthe communication remains open, then a 
bronchopleural fistula ensues with air in the pleural 
cavity but, as itis not under pressure like type 2, i¢ will 
not bubble our when the autopsy "water testis 
attempted. Radiology is then the best means of 
demonstrating the air in the pleural cavity 

2 when the leak in the pleura (or rarely the chest wall) has 
a valve-like action, ar is sucked into the pleural cavity at 
cach inspiration, but cannot escape on expiration. This 
pumping action leads to a tension pneumothorax’ 
which eauses complete collapse of the lung onto ies 
hilum and a shift of the mediastinum to the opposite 
side, I is this type of pneumothorax chat may be 
demonstrated at autopsy by penetrating an intercostal 
space under water, hough radiology isa much better 
method of detection of al types of pneumothorax. 

3 when an injury of the chest wall communicates with 
the pleural eavity, a ‘sucking wound’ may form with 
direct passage of air from the exterior. This type is most 
often seen in military surgery, and may be complicated 
by haemorshage and infection, 


A common traumatic cause of pneumothorax is a stab 
wound of the chest that allows direct communication with 
the exterior, hough usually the layered skin and intercostal 
muscles closes the track when the weapon is withdrawn, 
The knife ofien enters the lung, however, so that air can 
center the pleural cavity fom the bronchi 
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FIGURE 6.6 Common cause of pneumorhone 
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‘Natural disease can also cause a pneumothorax, which ean 
lead to sudden death. Common causes area ruptured emphy- 
sematous bulla, a tuberculous lesion at che lung periphery, oF 
at tear atthe ste ofa fibrous pleural adhesion. This may ini 
tally appear suspicious, as ina ease seen by the author (BK) in 
‘hich a teenage boy bent down to tiea shoelace and fel dead. 
At autopsy the only finding was a pneumothorax that had 
been caused by a single pleural adhesion chat had torn the vis 
ceral pleura, Thisillustrates the fact that sometimes a pneumo- 
thorax can cause sudden unexpected death, presumably via 
some vagal cardioinbibicory mechanism, 


INJURIES OF THE LUNGS 


Bruising of the lungs is common in both open and closed 
chest injures, Any substantial impact on the chest can con- 
ruse the lung surface or deeper parts. This may be beneath the 
area of impact oF ‘eontrecoup’ damage on the opposite sur- 
face, Deceleration injures are seen in falls and traffic aeci- 
dents, mos commonly along the posterolateral surfaces 
‘where a vertical line of subpleural bruising occurs, often in the 


paravertebral gutter, The outline of ribs may be imprinted in 
lines of contusion on the pleural surfce ofthe lungs. Bruising 
_may be so severe as to form subpleural blood blisters, which 
‘may rupture to relewe blood or air into the pleural cavities, 

In all severe chest injuries the central parts ofthe lung may 
show bleeding, sometimes sufficient to form actual hacm- 
tomas with breakdown of lung tissue. Osborn describes ‘pin- 
cer contusions ofthe lung, where the expanded lower margins 
ofthe lungsbecome tapped in the narrow eostophrenic angles. 

Liceration of the lung ean occur in blunt injuries and 
even lobes or parts of a lobe may be detached. The hilum 
‘may tear and the pulmonary ligament below the hilum is a 
frequent site of haemorrhage. Vessels in the hilum (especially 
pulmonary veins) or those more peripherally, may be ripped, 
causing severe intrapleural or mediastinal haemorthage. 
In children, lung injuries can occur without fracturing ofthe 
ribs, because ofthe greater elasticity ofthe latter and che abil- 
ity ofthe chest wall to deform. 

Penetrating injuries of the lungs are common, usually 
from stabbing by knives. The wounds may end in the lung, 
parenchyma or in large vessels, or may be ‘through-and- 
through’ injuries that emerge to cause further damage to 
the heart or geeat vessels. They assist the pathologist by 
delineating the track and the direction of the stabbing, but 
due allowance must be made for the marked variation in 
topogeaphy during inspiration, compared with the col- 
lapsed state seen at autopsy 

Blast injury is deale with elsewhere, but che lungs ate the 
most vulnerable organs to this type of injury due to their 
large tissue-air interface 


INJURIES OF THE HEART 


‘The heart is vulnerable to both penetrating and blunt 
injuries. A common form of homicide isa stab wound of 
the chest which penetrates the heart. The entry point may. 
be anywhere over the praccordium or adjacent areas if the 
angulation of the track is sufficient. Sometimes the ster- 
num is penetrated by a forceful blow that reaches the 
underlying heart, but most stab wounds enter via the inter 
cstal spaces, or through a rib or costal cartilage. 

Rarely, an upward stab from the abdomen reaches under 
the costal margin to penetrate the diaphragm. The right 
ventricle is often injured by a stab wound as it presents the 
largest frontal area, but the anterior interventricular septum 
and the left ventricle are also vulnerable. A shallow stab 
wound may enter the myocardium and not reach the 
Jumen of the ventricle, In such a case there may be litde 
disability unless a coronary vessel is severed, which may 
cither cause death feom myocardial insulfciency (if major 
artery is transected) or cardiac tamponade. 

“More often ~ especially in the right ventricle~ the knife 
passes into che cavity. In the thin right ventricle this usually 


Ficune 6.7 Evew a small penknife can infra fatal wound. This 
injury was caused by a boy ra police officer when the later was 
apprehending him fr some minor offence. Though the blade was 
only about Gem long, shi is suficientt0 enter alonride the rernum 
cand puncture che wenericlar wall 
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leads to copious bleeding into che pericardial sac even 
though che intraventricular pressure is telatively low 
because of the inability of the thin wall to close the defect 


by muscle overlap and coneraction, 


Ficitk 68 Stab wound penetrating the pericardinam (reflected 
upwards) with a wound inthe corresponding point on the hear 
Death wat caused by cardiac tamponade fons leakage of blood from 
‘the ventricular lame 


In the left ventricle, the contraction of the layered thick 
wall may partly or wholly seal che wound, and bleeding can 
be slight, Its, however, more common for persistent bleed- 
ing to occur and, if the drainage from the pericardial 
sound is less than the leakage from the ventricle, events 
ally 2 tamponade will develop. These variables make it 
impassible to calculate how long the victim was able 10 
carry on with his activities, often a matter of dispute at a 
criminal cia In general, wounds in the right ventricle are 
more dangerous than in the left because of the absence of 
the muscular ‘self-sealing’ effect. 

Many stab wounds of the heart are transfixing or 
‘chrough-and-through’ injuries, che knife entering one wall 
and emerging through another. Ifthe left ventricle carries 
both wounds, the rapidity of bleeding may still not be tor- 
rential, Some of these wounds pass dawnwards and transfix 


the heart, then exie through the lower wall of the ri 
tricle and pass on via the diaphragm to end in the liver. 


Blunt injuries of the heart are seen in civilian practice 
mainly in traffic accidents, fills from a height and in 
stamping assaults, though any heavy impact (including a 
punch) can cause fatal damage. There are usually multiple 
rib and sometimes sternal fractures, with or without a flail 
chest. Occasionally there can be heart damage in an intact 
chest cage, especially in a child wich a pliable thorax. Fatal 
blunt damage of the heart may occur, however, without a 
mark on the skin of the thorax nor damage 0 the bony 
chest cage. The cardiac injuries are usually on the front of 
the organ, especially to the right ventricle, though posterior 
bruising and laceration can occur ifthe heart is compressed 
against the thoracic spine, as in stamping assaults and steer- 
ing wheel impacts, 

All degrees of damage can occur, from mere epicardial 
bruising to lacerations that open the ventricular lumen widely 


FIGURE 6.9. Ruptured interventricular septum 
«aca result of inpact onthe fron of the chest 
The iptune can tear without damage tothe 
outer walls of the heat 
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Internal damage to the heart may be present, without external 
signs of injury to either the heart or che external chest wal 
‘The interventricular septum may be eupeured as a sole lesion, 
the mechanics of which seem obscure In gross injuries, such 
as aircraft crashes, the whole heart may be avulsed from its 
oot, to be found lying loase in the thorax. Histologial dam- 
age, especially contraction band necrosis, can be found even 
when there is no macroscopic abnormality. A comprehensive 
review of cardiac contusions has been made by Sagall (1971). 


HAEMOPERICARDIUM AND 
CARDIAC TAMPONADE 


Bleeding into the pericardial sac may occur from the sue- 
face oF the cavities of the heart, or fom the inteapericardial 
segments of the roots of the great vessels, particulary the 
aorta and pulmonary artery. Most causes of haemoperi- 
cardium are from 


wural disease, such ay a ruptured 
‘myocardial infarct ora ruptured dissecting aneurysm of the 
aorta (Chapter 25), bur it is not an uncommon sequel to 
injury to the chest, When the damage has been caused by 
aa stab that has perforated the pericardial sac, bleeding 
can escape into the pleural cavities, mediastinum or even 
abdomen if che diaphragm is penetrated. Death may oceur 
from sheer blood loss ifthe haemorshage ean escape from 
the confines of the pericardium, bur another common 
lethal condition is ‘cardiac tamponade’ 

In the tamponade, blood accumulates in the pericardial 
sac faster than it can escape, either because the bleeding 
rate exceeds the drainage or because the exit hole in the 
pericardium becomes blocked by blood clot. In cases where 
the bleeding is from a contusion or laceration of the heart, 
there is no escape route from the sac, When suflicient 
blood accumulates, the pressure in the pericardial sac 
increases and begins to prevent che passive filling of the 
ateia during diastole. The cardiac output falls, as does the 
systemic blood pressure and the venous pressure rises. If 
unrelieved, death will follow, chough the time that this 
takes is variable and almose impossible wo calculate retro- 
spectively on pathological findings. It has been stated 
(Moritz 1942) that about 400-500 ml of blood is sufficient 
to cause death, though this seems a greater volume than is 
usually seen in tamponades. Where trauma to the heart 
co-exist, i is difficule to apportion the relative contribution 
to death of the tamponade as opposed to the other injuries, 


INJURIES TO GREAT VESSELS 


‘The most vulnerable vessel is the aorta, which most com- 
‘monly suffers injury in deceleration trauma from both road. 
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_—-Pupture site 


FIGURE 6.10 The usual site of rupture ofthe aorta in deceleration 
injury 


and air accidents, as well as from falls from a height. When 
the thorax is suddenly decelerated, the heart ~ being rela 
tively mobile in the chest ~ attempts to continue in the 
original direction, This causes severe traction on the root of 
the heart, and a common sequel is complete or partial rup- 
ture of the aorta in the descending part of its arch, In falls 
from a height, Fiddler (1946) claims thae the lesion is the 
result of the abdominal and thoracic viscera being forced 
caudalwards by the abrupe deceleration when landing on 
the feet or buttocks. Tannenbaum and Ferguson (1948), 
hhowever, postulate that the mechanism isa sudden rise in 
intra-aortic pressure. Lasky (1974) has reviewed the biomech- 
anies of impact injury of the aorta 

According to Fiddler, eupture oceurs almost constantly at 
« point 1,5em distal to the attachment of the ligamentum 
arteriosum, the remnant of the ductus. The lower thoracic 
aorta is closely bound to the anterior longitudinal ligament 
fon the front ofthe dorsal spine, until it teaches the termina- 
tion of the arch, where it curves forwards. This appears to be 
the weak point and transection occurs at this level, some- 
times so cleanly that it looks like a surgical incision. The tear 
is annular and at right angles to the axis of the aorta 
Sometimes, there may be multiple parallel insimal teats near 
the main transection, the so-called ‘ladder-rung tears’. In 
deceleration trauma, these incomplete tears, which affect 
only the intima and inner media, may be found without 
major transection; where death is delayed, false ancurysms 
and disseetions may be diagnosed on aortograms. 

‘The pulmonary artery is much less vulnerable to blunt 
‘trauma than the aorta but, in stamping assaults and stering, 
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FicoRe 6.11 Complete mansetion ofthe aorta inthe dial part 
ofthe arch. The vetvy was a car driver who sufired severe 
deceleration impact. Ther sae some light pulmonary bruiing 


the lunge are athmuatic. 


wheel impacts it may be damaged by depressed rib eage and 
sternal fractures. The pulmonary artery and vein branches 
may albo be damaged in the root of the lung, where hilar 
tears are not uncommon. The great vessels are often involved 
in penetrating injuries, notably stab wounds. Stabs of the 
"upper part of the chest may pass directly into the arch ofthe 
aorta, especially on the right side ofthe sternum, Here ever 
a shallow injury may reach the aorta and the authors have 
seen several cases in which a short-bladed penknife has 
caused death in this way. 

Stabs that are ether too high, or are directed too laterally 
to puncture the chambers of the heart may penetrate the 
ascending aorta or the pulmonary artery. If the wound is 
below the reflection of the pericardium, a hacmoperi- 
cardium and perhaps cardiac tamponade may resul 
‘Other stab wounds may injure dhe heart valves or may enter 
the root of the lung to penetrate the large primary branches 
of the pulmonary artery or veins, causing gross bleeding 
into the corresponding pleural cavity or the mediastinum, 


ABDOMINAL I 


JURIES 


As with the thoras, the damage caused by blunt and pene- 
trating trauma of the abdomen depends upon the location 
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Ficune 6.12 Surface anatomy of live, stomach and heart, 


of the injury. In addition, the large area of the anterior 
abdomen occupied by the intestine provides target for pet- 
foration with consequene chemical or infective peritonitis, 

Open or penetrating wounds need litle description, 
as they follow the characteristics of stab-like injuries in 
general. The liver, and especially the spleen, may bleed 
extensively, causing a haemoperitoneum. The intestine and. 
mesentery are the other major targets, wounds often being 
‘multiple, because ofthe overlapping nature of the coils and 
their mesentery. The stomach, being partially protected by 
the rib margin, is less often penetrated from the abdomen, 
but is not uncommonly involved in chest stabbings that 
pass downwards through the diaphragm. ‘The kidneys are 
rarely stabbed except from a thrust in the back. 

Closed or blunt injury to the abdomen is common from 
both accidents and assault, Impact on the abdomen by a 
car steering wheel was more common before the wide- 
spread use of safety-beles and airbags and still oceurs in 
severe deceleration accidents. The liver, intestine, spleen 
and mesentery are most vulnerable, Crushing berween 1wo 
vehicles, or between a vehicle and a wall is another mech- 
anism for abdominal trauma, and may also be seen in tale 
way and industrial accidents where squeezing between two 
‘opposing surfaces occurs, In homicides, assaults and child 
abuse, kicking, stamping and heavy punching can also 
cause blunt injury wo the abdomen. 

‘Whatever the mechanism of infliction, the following 
features may be present: 

1 Bruising of the abdominal wal, both of the skin and 
the underlying muscles, is often (but by no means 
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FIGURE 6.13 Posterior view of rank to show surface relations of 


ongent 


invariably) seen in abdominal trauma, Where 
subeutancous bleeding is profuse i may track from che 
initial area of impact to become more diffuse and may 
cover a large area of abdominal wall, especially in the 
lower segment. Blood may track down the inguinal 
canal and appear in the serotum or labia 

More often there ate discrete bruises on the 
abdominal skin, asociated in some instances with 
surface abrasions, Kicks will usually eave scuffed 


abrasions if tangential, unless protected by clothing, 
Fingertip or knuckle bruises may be seen, especially 
in child abuse, In infants, bruises may be seen on the 
sides of the abdomen where adult fingers have forcibly 
gripped or lifted the child, though these are more 
common in the axillary line ofthe ches. 

Severe or fatal intra-abdominal injury may be 
present, however, without any mark on the skin, This 
can occur if clothing protects or ifa blunt impact is 
applied over, a relatively large surface. In child abuse, 
for example, the liver, mesentery or duodenum can be 
ruptured with no external sign whatsoever, 

18 Extensive bleeding into the peritoneal cavity, usually from 
‘rupture ofa solid viscus or bleeding from the mesentery. 

BH Bruising or rupture of the stomach and diaphragm. 
‘The stomach is less vulnerable than the intestines, but 
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Ficus 6.14 Injury or rupture of incestine or mesentery in violent 
‘low tothe upper ceneral abdomen, Because of it small size andthe 
‘hin abderninal wal, the infant duodenum i expecially vulnenthe 


say be lacerated by a heavy blow in the upper abdomen, 
especially when full of food or fluid. 

1 The intestine and its mesentery are frequently damaged 
in abdominal trauma. Extensive bruising of the gut and 
its vascular mesentery may oceus, mainly from being 
crushed against the prominent lurnbar vertebrae in the 
sidline. The duodenum and jejunum are particularly 
vulnerable to transection from being compressed 
against the spine, especially in children, where a heavy 
blow in the centeal or upper abdomen can cut through 
the thied part of the duodenum almost as cleanly as a 
scalpel. Laceration of the mesentery is not uncommon 
both in eaffic accidents and assaults. The same 
mechanism of compression against the lumbar spine 
causes bruising and tearing of the central pats of the 
mesentery, which usually occurs towards the intestinal 
‘margin of the membrane. Multiple fenestrations may 
be seen, presumably because folds of mesentery overlie 
each other and are injured when in apposition, 

Severe and intractable bleeding can oceur in 
circumstances where surgical treatment is often not 
offered because the condition is unrecognized. Kicks 
and punches in the abdomen may be sustained by 
drunken persons who may be apparently unaware of 
the seriousness of their injuries until collapse and death 
supervene pethaps hours later 

In a case seen by the author (BK), a man was 
involved in a fight and then allegedly assaulted the 
police. He was forcibly restrained and may have been 
struck in the abdomen by a knee. He remained 
apparcetly well, chough drunk, in a police cell for more 
than 5 hours before collapsing and dying on his way 
to the lavatory, never having complained of any 
abdominal pain. Autopsy revealed several litres of blood 
in his peritoneal cavity, which had escaped from several 
large teats in the mesentery, Similar bleeding from 
mesenteric lacerations has been seen in abused infanes, 


Abdominal injuries 


where the thin abdominal wall provides litle 


protection from blows on the abdomen, 

Injury to the mesentery may damage local arceries 
without causing severe bleeding, but may ocelude or 
thrombose them, with infarction of the bowel asa 
consequence, Perforation may be delayed for a day oF 
two and in children and old people there need not be 
the dramatic symptoms of the onset of peritonitis that 
is usually seen in clinical surgical practice 

‘The colon is rarely injured unless the abdominal 


injury is gross. One well-known lesion is rupture of the 
rectum or sigmoid by a high-pressure air hose being 
placed in or near the anus asa practical joke. 

Rupture of the spleen is a common surgical emergency 
afcer trauma but may be frst found at autopsy if 
undiagnosed, or if death occurs from lack of speedy 
surgical reatment, or if other injuries made recovery 


impossible, An enlarged spleen is more vulnerable and 


more fragile than a normal organ. Malaria, glandular 
fever and other infections inerease the risk of ruptute. 
‘The ‘stiletto’ dagger was specifically designed in 
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JURE 6.15 Lacenaion ofthe spleen fllewing 


r accident 


lower chet impact during a road 


URE 6.16 Abdominal wal bruiting 


swith fatal intmpertonealhaemarthage 


froma rupeated mesentery There is abo a 
large haematocle fom a gang attack in 


which repented hicking occured. 


medieval Italy for puncturing the enlarged malarious 
spleen by an upward blow under the let costal margin. 
The spleen can be damaged either from impact on its 
surface of from traction on its pedicle, The rupture 
may be immediate or may be delayed ifa large 
subcapsular haematoma and underlying tear are held 
intact for a time by the capsule, This delay can last fora 
number of days or even weeks. 
Rupture of the liver is also a common lesion following 
serious abdominal trauma, such as fll from a height or 
2 crush injury between two wagons, It is seen especially 


in traffic accidents, cther from impact ofthe drive 
‘on the rim or centze ofthe steering wheel or by the 
unrestrained passenger being thrown against the Fascia 
A pedestrian can also sullera ruptured liver either asa 
primary impact ftom a vehicle oras secondary damage 


from being thrown to the ground, 
A more recent cause of liver injury is enthusiastic 
external cardiac massage, Even if death has already 
taken place, there may sil be a significant amount of 
blood oozing from the liver tears into the peritoneal 


6: Chest and abdominal injuries 


cavity, Moritz (1942) has described six varieties of 
hepatic laceration, but such a differentiation is of ltele 
practical use. The liver may show one or more linear 
tracks, most ofien on the convex upper surface, which 
ray be of any severity from superficial subcapsular 
tears to complete transection of the organ, Not 
infrequently, several roughly parallel tears are seen on 
the upper surface, obviously from the same type of 
‘mechanical stress. The sueface lacerations may extend 
deeply into the liver and may even appear on the 
‘opposite surface. Occasionally, there may be internal 
tears that do not communicate with the surface. Asin 
the spleen, a subcapsular haematoma ean reach a large 
size before bursting into the peritoneal cavity, causing a 
delay in collapse or death, 

Infants readily sufer liver damage from trauma and 
it isa well-known component of the child abuse 
syndrome. Liver tears can occur during the process 
of birth, particularly in breech presentation, 

Injuries tothe kidney. Being deeply sinuated at the back of 
the abdomen in the paravertebral gute, the kidneys are 
‘rarely damaged by frontal trauma, but may be involved in 
kicks or heavy blows to the loin. Traffic impacts, mainly 
in pedestrians, can damage the kidney, but kicking is 
another cause ofthis rather uncommon injury. When a 
victim is lying on the ground, a swinging boot ean 
conveniently enter the slightly raised arch between the sb 
‘margin and hip, where the kidney i situated. 

Perirenal haemorshage is much more common than 
damage to the actual organs themselves, but when they 
are injured, all grades of damage from comminuted 
pulping through transection to shallow surface lacerations 
ay be seen, Like the mesentery and spleen, damage to 
vessels may lead to post-injury infarction. The suprarenal 


FIGURE 6.17 Complete biection ofthe liver in 
«high-speed deceleation during a traffic 
accident, The abdomen ofthe driver was hurled 
agua che tering wheel ax be was projected 
rwugh the windscreen 


vessels can he damaged by impact and, statistically, the 
right suprarenal artery is more often involved in traffic 
accidents in Britain because the direction of traffic tends 
to favour lesions on that side. Is, however, difficult 
differentiate direc trauma to the suprarenal yesels fom 
the common post-stress haemorrhages, often bilateral, of 
the Watethouse-Frederichsen type. These occur quite 
commonly a few days alter any trauma, surgical operation 
or infection, an are rately diagnosed by clinicians 
(Koight 1980) (see Chapter 13). 


FOREIGN BODIES IN THE GUT 


Though not usually a feature of trauma, foreign bodies 
and material are not infrequently found in the alimentary 
system in forensic practice, both clinically and at auropsy. 

Disorders of the mental state may lead to extraordinary 
numbers of objects being swallowed, which may be present 
anywhere from mouth to anus, but especially in the stom- 
ach, Betz et al. (1994) describe two such deaths, where, in 
fone, 2000¢m? of debris, including broken glass, was in the 
alimentary tract; che other suffered intestinal obstruction 
ddue to ingestion ofa large quantity of his own hait. 

Similar aberrations may lead 0 insertion of foreign 
objects into the rectum, urethra, bladder and vagina, The 
authors have seen large objects of various types, eg. pota- 
toes in the rectum, lengths of broom handle and wood in 
the colon (one penetrating the liver) and a banana and a 
beer can in the vagina, Sexual perversions, masturbation 
and heterosexual or homosexual activities may account for 
these, as wel as frank mental abnormality 

In recent years, the smugpling of narcotics through 
ports and airports has commonly been accomplished by 
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“body- packing’, the drugs being concealed in condoms, which 
are then ether swallowed or, less often, inserted into the re 
tum or vagina, Deaths have occurred in these body-packers, 
usually by rupeure of a package within the gut, so that a mas- 
sive dase of heroin or cocaine is released with all the attendant 
toxic effects. Rarely, the mass ofillicit material may cause inte 
tinal obstruction, leading to a surgical emergency, which the 
carrier does not wish to be investigated, for obvious reasons. 


INJURIES TO THE PELVIS AND 
PELVIC ORGAN 


‘The bony pelvis suffers a variety of fractures and disloca- 


1B Where great pressure is applied to the front of the 
abdomen or pubie area as in running over by 3 
vehicle wheel ~ the pelvis may be splayed open, the 
symphysis parting and one of both sacroiliac joints 
becoming dislocated, 

1B An impact from the side may shatter the superior and, 
Jess often, the inferior pubic ramus, and again dislocate 
the sicwoiliae joint on that side 

A fill from a height onco the feet may transmit the force 
up the legs either to dislocate the hips or even to drive 
tone or both femoral heads through the acetabulum, 
Ifthe hip joints remain intace, the pelvic girdle may crack 
and again the sacroiliac joints may be sheared apart. 

A kick or heavy fll onto the base of the spine may 
fracture the coceyx oF sacrum 


‘The pelvic organs with the exception of the bladder are 
generally protected from all but the mast severe trauma. 
‘When it s full, the bladder can be ruptured by heavy blows 
tor kicks on the lower abdomen, The empty bladder is rarely 
injured by blunt trauma. The male urethra is also vulnes~ 
able to direct trauma, such as falling astride a solid object 
like a gate, or being kicked in the erutch, both of which 
compress the urethra against the undersurface ofthe pubis 

‘The external genitals may suffer injury, apare from the 
sexual assaults discussed in Chapter 18. The scrotum is 
vulnerable to severe bruising, especially from kicks: a large 
hhaematocele may develop. Serotal and vulval injuries can 
‘occur from falling astride an object or in traffic accidents 
Impact of a bicycle wheel between the legs is one such cause. 


COMPLICATIONS OF 
ABDOMINAL INJURY 


‘The most common fatal sequel eo intra-abdominal trauma is 
haemorrhage from any of the contained organs. The spleen 


and mesentery tend to bleed most copiously and quickly, 
though even here there can be a delay of many hous before 
serious symptoms are obvious —and, inthe case of « subeap- 
sular laceration of the spleen, the time ean be far longer. The 
liver ends to ooze more slowly unless major injury opens a 
large vessel or an extensive area of hepatic tissue, 

‘The mesentery contains numerous blood vessels chat are 
rot covered by parenchymatous tissue as in the liver or 
spleen, so bleeding is usually brisk from significant tears — 
although, as illustrated by the ease described above, even 
this injury can lead to delayed death, 

Because all bleeding in the abdomen, unless itis from a 
wound of the aorta takes time to accumulate, restriction of 
the victims activity immediately after the injury need be 
minimal or absent unless there ae other factors involved. I 
is never safe fora pathologist to declare that rapid immobil- 
ity must have ensued, unless there are other grass injuries. 

As mentioned in relation to intrathoracic bleeding, some 
of the blood found at autopsy within the peritoneal cavity 
‘may have accumulated there after death, adding to the true 
ante-mortem volume. 

In spite of common surgical experience, even severe intea- 
abdominal injuries leading to bleeding need not necessarily 
be painful, especially in the commonly associated cireum- 
stance of the viesim being under the influence of alcohol, 

Perforation of the gastrointestinal canal is another serious 
complication of trauma, though often death ensues from the 
totality of injuries before infection can heeome established, As 
in natural perforated peptic ulcer, penetration ofthe stomach, 
‘or duodenum will cause a chemical peritonitis that can be a 
cause of severe and immediate shock ~ pethaps a major factor 
in a rapid death, Rupture ofthe small or large intestine is less 
damaging but, if survival continues, will inevitably lead 10 
generalized peritonitis unless vigorously treated. Open 
‘wounds af the abdomen, including stabbing, will introduce 
‘organisms from the outside into the peritoneal evity. In addi 
tion to infection, trauma to the intestine may cause an 
intractable ileus; if che pancreas is damaged, there may be 
‘widespread fat necrosis in the mesentery and omentum. 
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Injuries thar ate deliberately self-inflicted are common and 
their examination is a frequent task for both pathologists 
and clinical forensic practitioners. These events consist of 
suicide, anempted suicide and suicidal gestures, the latter 
lacking the intention to kill ehough death may inadvert- 
ently ensue. In addition, there is non-suicidal selinflicted 
‘trauma, as described below. 

‘One ofthe most difficule decisions that can face patholo- 
gists, medieal examiners and legal authorities, such as 
coroners, isthe differentiation between homicide, suicide, 
accident and other self-inflicted injury. Though it is not 
the legal function of a pathologist to attribute motive, his 
experience and training are often the factors that lead the 
official authority to make a decision as to the classification 
fof the manner of death or injury: One such situation is fatal 
auto-erotie activities, described in Chapter 15, 

In addition, when a pathologist is assisting the police in 
the early stages of a death investigation, his opinion and 
decision about the manner of the death may be crucial in 
initiating oF aborting a homicide investigation ~ an oner- 
‘ous decision which may have serious and expensive eonse- 
quences if wrong, Ic is therefore a most important function 
of the forensic pathologist to decide on the evidence of a 
death scene and subsequent autopsy whether murder, suic 
cide or accident is the most likely explanation, 

Self-inflicted injury, when not suicidal, is often not fatal 
and the pathologist is usually not consulted unless he also 
includes clinical forensic medicine in his work. The patholo- 
gist may, however, be asked for his opinion, as he is a spe- 
ialist in tauma and may be able to provide the most 
‘useful opinion available, In other eases, seléinflicted injury, 
which the vietim did not intend to be fatal, may end in 
death from a variety of causes and hus the pathologist will 
be directly involved. 


SUICIDAL INJURIES 


This discussion is confined to physical trauma, sel 
ing being considered later in the book. 

Suicides may injure themselves in many different ways, 
some bizarte in the extreme, The pathologist must always be 
alert to the possibility thar such injuries are not true sui- 
cides, but some manifestation of peculiar practices that have 
taken a course unintended by the vietim. A prime example 
is masochistic asphyxia, which is still sometimes mistaken 
for suicide (Chapter 15). Even more serious is the homicide 
that appears to be a suicide, though the reverse also occurs. 


Suicides, apare from poisoning, may use one (oF even 
more) of the following methods, though the lists by no 
means exclusive: 


tabbing and cutting 
I firearms and explosives, 

© jumping from a heighe 

1B jumping into water 

BH burning 

suffocation, e.g plastic bag 
hanging and strangulation 
1 electrocution 

Broad and railway injuries. 


“Mos of these modes are discussed in the appropriate chapters. 


Suicidal knife wounds 


Many incised and stab wounds are self-inflicted, either from 
motives of self-destruction, from mental aberrations or delib- 
crately for some form of gain. These must be differentiated 
from each other, and from accidental and homicidal wounding, 
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7: Selt-inflicted injury 


Sometimes the distinesion may be difficule and even impos- 
sible, but the experience of the Forensic pathologist is para- 
‘mount in assisting investigative agencies to come to the correct 
conclusion, Suicide, attempted suicide and suicidal gestures 
commonly employ cutting weapons as the means of injury. 
‘There are certain features that are quite reliable pointers to 
these motives, though they are by no means infallible 


Suicidal knife wounds favour certain sites of election’, 
which are predominantly the throat, the wrists and the 
front ofthe chest. As with most violent methods, cut 
throat and chest stabbing is predominantly seen in men — 
‘though cutting wrists is not uncommon in women, 

1 Suicidal wounds are typically multiple, often being 
characterized by a number of preliminary tral cuts, 
called tentative incisions’, These are most often seen on. 
the throat and wrists, where the person often makes a 
series of shallow incisions, presumably hesitating while 
gaining courage to make a final decisive cut. In many 
suicidal attempts the subject abandons this method 
after a few tral incisions and uses some other method. 
of selédestruction. Although the presence of tentative 
incisions is strong presumptive evidence of suicide, 
exceptions do oceus, and the pathologist must take all 
other aspects ofthe scene into account before giving an 


copinion ta the investigators. Infact, the almost absolute 
statements of some older textbooks that tentative 
incisions muse indicate suicide, isto be disregarded. 
‘The author (BK) has dealt with two recent murders in 
which ‘typical’ suicidal injuries were present an wrist or 


SHOOTING 


Temple KNIFE 


Nock (mutipte) 
Precorum stabbing) 


Wrists (multiple) 
\ 
| 


FGURE 7.1 Site af election in violent suicide, 


throat causing considerable doubs to the investigators 
until other factors clarified the situation, 

A suicidal eur throat usually has these tral incisions; 
there may be only one or two, oF there may be scores of 
trial cus, Ifsuccessful, there will be one or more deep 
incisions superimposed, which may destroy some of the 
previous shallow cuts, The clasical description of the 
cur throat is of incisions starting high on the lefe side of 
the neck below the angle ofthe jaw, which pass 
obliquely across the front of the neck to end at a lowee 
level on the right. This assumes thatthe vierim is right- 
handed, the obliquity being reversed in a lef-handed 
petson. The cuts are said to be deeper at thei origin, 
becoming shallower as they cross the throat, tailing off 
into surface euts atthe extremity. 

‘This description, though hallowed by repetition in 
‘many textbooks, is often incorrect and many cue throats 
have horizontal cuts that show no variation in depth at 
cither end. Most suicides appear wo raise the chin to 
provide better access to the throat, so that the skin is 
stretched when cut. This tends to cause straight-edged 
incisions, rather than the jagged cut (the so-called 
“dentele’ toothed incision) seen when a knife is drawn 
cover loose skin. Throwing back the head moves the 
carotid bundle under the protection of the 
sternomastoid muscles and, i he cuts are confined t0 
the centre ofthe front ofthe neck, only the larynx or 
trachea may be damaged, rather than large blood vessel 

Death from a cut throat depends on the nature and 
extent of local damage to the neck. Severe haemort 


Ficosx 7.2 Homicidal cut throar, showing single lsh with no 
sentative cut. Clean-cut edges with na sgn of repetitive strokes 


severing muscles, laryns and some large veel 
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Suicidal injuries 


from the jugular veins, or less often the carotid arteries, 
‘may lead to death from exsanguination. Ifthe larynx or 
trachea is opened, then even relatively minor 
hhaemorthage from local vessels may cause blockage of 
the airways by blood and clot, though many slashed 
air-passage victims survive. A rare cause of death is air 


embolism, caused by aspieation into cut jugular veins 
while standing or sitting with the neck ata higher level 
shan the thorax. The possibility that the victim of a cut 
throat may have died from some unrelated cause must 


always be borne in mind. Many suicides either use 


Fics 7.3. Gaping lacension in fron of neck of mental patent, 
who on leave fram a prchiatric hospital, had used a fume saw to 


commit suicide (oe abo Figure 74). 


Ficure 


4 Back of neck showing marks ofthe saw teh around 
the laceration and medulla at the bottom (arrow). Mencal parent 
whe, on leave fom a psychiatric hospital had wed a frame saw ta 
commit suicide (oe aba Figure 73). 
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‘multiple methods of suicide to ensure success — or may 
abandon the pain of a cut throat for some other mode, 
such as poison ora fall rom a height 

Deliberate cutting of the wrists is rarely effective as the 
sole method of suicide, but itis a common injury 
‘Many suicides from other causes are sen at autopsy 0 
have sears on the wrists from previous unsuccessful 
attempts or gestures, The usual site ison the flexor 
surface at the level of the skin flexion creases. As with 
the neck, there may be a number of shallow tentative 
incisions, but commonly several deep gashes are made 
without trial cuts, The lefe wrist is the more common 
target, because of right-handed dominance (86 per cent 
in men, 93 per cent in women). 

‘As with the neck, there isa tendency for the victim to 


hyperestend the wrist before making the cut, which 
causes the radial artery to slip into the shelter of the 
lower end of the radius. The knife cuts may then miss 
major blood vessels and merely divide flexor tendons, 
though many cuts are too shallow co cause anything. 


Ficuae 7.5 Homicidal cu eroat, simulating a micide. There ar 


central 


several apparently tentaive cus: bu the deep penetratin 
laceration and adjacent stab wound i atypical. The fi 


ir congested 


and shows some petechiae fom prior presure on the neck 
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FIGURE 7.6 Shiidal cut throat. The wound are borizontal, rather 
‘han the more common sloping-down from lft aright in aright 
Iranded person, The numerous tentative cts’ are the hallmark of 
uff infliction, though there are nar exceptions. The lary: ha been 
entered and death was de to aspiration of blood inta the air 


passages. The great veel: in the neck were undamaged. 


{CURE 7.7 Numerous selfnflted cuts onthe wrist, as pare ofa 
futile suicide attempt. Most ofthese arterpts fail and the perion 


turns ro another method of elf destruction. 


but superficial damage. Mast cut wrists are but an 
accompaniment to other more effective methods of 
self-destruction. Once again, the presence of tentative 
cuts, chough very significant, cannot be 
unquestioningly accepted as an exclusion of homicide. 
Hl Suicidal injuries of the chest are almost always stab 


wounds, Sometimes linear incised cues are made over 


the precordium or more widely aver the front of the 
chest; these may be multiple, parallel and sometimes 
criss-cross, but rarely do any serious damage. Stab 
wounds are usually over the left side of the chest where 


Fico 7.8. Knife woundé of write in a suicidal atcemp. Even 
though there are mare ever than usually seen, no damage tothe 


radial arteries was efited and death at the resul of a sbrequent 


cut throat, The victim was a woman af 31, unacual in hat cut 


tvs and throat are much mare common among men, 


FicUne 7.9. Suicidal stab wound af bear. The front of the chet és 
one of the suicidal site of predilection; maple sabe do not exclude 
selfinflesion. 


common knowledge places the heart, but they may be 
alongside the sternum or even on the right side, The 
wound is often single, but multiple wounds are not 


uncommon. Though naturally a series of severe wounds 
always raises the presumption of homicide, many 


‘undoubted suicides can inflict a number of injuries 
‘upon themselves, each potentially fatal. The author 
(BK) has seen a suicide in a doctor, where eight severe 
knife wounds of the lower chest had created a large 
external defect and detached a portion of liver. 

Suicidal knife wounds ate not often made in the 
abdomen, dhough they da occur, sometimes co the 
extent of disembowelling, The auehor (PS) has seen a 
suicide ofa person, who removed several meters of the 
gue through a single and relatively small incision before 
dying of exsanguination. There is usually ank mental 
abnormality present in dhese cases, whieh menge into 


the self-mutilation described below, 


b wounds of the neck are uncommon in suicide, but 


are recorded (such as those described by Gee and Watson 
1989, where actual transfixion of the neck was achieved). 
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1 The position of the clothing in suicidal knife wounds is 
equivocal. Ie is more common for the self-stabber to life 
the garments to expose the area of chest or abdominal 
skin to be attacked, but exceptions are common and 


the point has litte diagnostic significance, 


Suicidal firearm wounds 


‘The characteristics of gunshot wounds are fully discussed 
in Chapter 8 but, a fa as suicide is concerned, the follow- 
ing salient features may be repeated: 


1 Women rarely shoot themselves. In Britain a shor 
woman is murdered woman until proved otherwise, 
though —as always — exceptions do occur, especially in 
communities where fiearms ste commonplace, such as 
farming oF bunting areas 

1 The weapon must always be present. 

1 The range must be within arm’ length, depending 
upon the nature of dhe weapon and excluding some 
mechanical device to ire the gun. The pathologist may 
be asked ifa dead person could have reached the trigger 
of aril or long shotgun, which may have been placed 
against the neck, head or chest, Having fest established 
thatthe entry wound was close contact, the length of 
the gun from muzzle ta trigger ean be measured and 
compared with the distance feam wound to tip of 
finger. Ie must be remembered, however thatthe length 
of che limb after death, especially ifrigo is present, is 


not necessarily the same as in life when mobile joints 
and muscles may have allowed a slightly longer reach 
than that measured after death, Allowance must also be 
‘made for lateral or other flexion of the trunk, and 
mobility ofthe shoulder girdle before declaring 
dogmatically thatthe vietim could not have fied the 
gun and therefore did not shoot himself 

Sites of election are the temple, the nec, dhe mouth 
and the chest. Suicides rately shoor themselves in the 
eye or abdomen. The lifting of clothing to expose bare 
skin, usually in the ches, is very variable, and has even 
less significance in differentiating suivide from 
homicide or accident than in knife wounds. 

Shooting in anatomically inaccessible sites eannot be 
suicide 

Ie is nor true chat suicides always shoot themselves in 
the head on the same side as their dominant hand. 

Iris difficult to differentiate homicide from accident, 
even though the circumstances may be suggestive. The 
distance of discharge may be beyond arms reach in 
both, the weapon may be missing in both, inaccessible 
sites may be shor in both and sites of suicidal election 
‘may not be used in both, 


Ficune 7,10 A combination of two suicide medhods; by firearm 


and banging. The man had svod om a soo with a noose around his 
neck and shen shor himself chrough the forehead. The entrance 
wound is seen inthe frehead (white arrow) and the double ligature 
‘mare around the neck owe eccymose on the ridge between the 
ww farrous (lack areow), 


Suicide by submersion 


This is a common mode of self-destruction, in both men 
and women. It has a marked geographical variation as a 
favoured method of self-destruction, naturally depending, 
fon the availability of water — it is relatively infrequent in 
Egypt, but very common in the west of Ireland. 

Either large bodies of water, such as rivers, lakes or seas 
say be used ~ or the bathtub. The pathology of immersion 
deaths are dealt with in Chapter 16, but the following 
features will assist identifying suicides 


Other means of self-destruction may also be present, 
such as drug overdose: in baths, associated electrocution 
is not uncommon, especially in the former West 
Germany (Bonte 1983). 

IH Suicide notes may or may not be present, bur those 
who kill chemselves usually remove top clothes, hats 
and spectacles that may be left on the river bank; as, 
usual, exceptions are commonplace 

1B Other injuries on the body may be the result of agonal 
6 post-mortem damage in the water. 


Sui 
‘Heat injuries are deale with in Chapter 11, but suicide from 
burns has recently increased in Western countries (where it 


ide by burning 


was formerly almost unknown), though in Asia has always 
been relatively common. The spread to the West followed 
politcal self-martyrdom modelled on that practised by 
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some Vietnamese protesters. There are no particular medical 
features to distinguish suicide from accident or hornicide, 
this being a circumstantial matter. Ir is almost invariable, 
however, for some container of inflammable accelerant 10 
be within teach. The myth of ‘spontaneous combustion’ is 
discussed in Chapter 11 


Suicide by ‘asphyxia’ 


“The pathology is described in Chapters 14 and 15, bue the 
following fucts are pertinent to suicide: 


1B The masochistic or sexual asphyxias must be carefully 
distinguished from homicide and suicide. Some 
asphyxial deaths with sexual aspects appear to be 
suicidal in nature — or at least, the inevitability ofa fatal 
‘outcome must have been apparent to the vietim 
(Knight 1979). 

1 Hanging, though not usually truly asphysial, isa 
common mode of suicide, especially (though not 
exclusively) in men. It is also common as a sequel to 
homicide, especially in domestic murders, where the 
perpetrator often commits suicide by this means 

1H Plastic bag suicide is increasing in incidence, the means 
being universally available, 

Suicidal ligature strangulation is not uncommon and 
sometimes causes difficulty in differentiation from 
murder. The winding of several turns of ligature and 
the tying of multiple knots is still consistent with 
suicide, even though itis hard to understand how; in 
some cases, death appears to have been caused by reflex 
cardiac arrest rather than the more florid ‘asphyxi 
mode of death 

Sometimes a stick or other object is inserted under a 
ligature and ewisted to tighten the cord against the 
neck. This i called a ‘Spanish windlass, the stick 
becoming jammed against the body to prevent the 
tightened ligature feom becoming loose once the 
twisting is completed. Though usually suicidal, this, 
device is sometimes used for murder. 


Jumping from a height 


“Precipitation'— jumping from a height ~is another mode of 
suicide where the circumstances rather than the autopsy find- 
ings determine the motivation. It may sometimes be possible 
to deduce, by measuring the distance from the jumping point 
to where the body strikes the ground, the fac thatthe victim 
‘must have actively projected himself outwards rather than 
fallen close to the wall or elif face. Some experiments on 
this aspect have been carried out (Goonetilleke 1980). The 


injuries may be variable, depending on the attitude of the 
body when striking the ground, contact with obstacles dur- 
ing ee fall and the height of the drop. 

‘Head injuries are common and are desribed in Chapter 5, 
IF the fll is onto the feet, damage may occur at any point 
from the ankles to the skull. The legs may fracture, the hip 
joints may impact, the pelvis may split, the spine may be 
fractured (especially vertebral body compression, hyper- 
flexion or hyperextension lesions), oF the base of the skull 
‘ay be imploded asa ring Fracture. 

It is extremely difficult, to che point of impossibility, to 
deduce the height of the fall from the nature and severity of 
the injuries, as was evident from the medical testimony in 
the Helen Smith inquest in Leeds in 1982. 

Some persons will be killed from a fall ftom a standing 
height, whilst other may make remarkable escapes without 
injury from a very high fall. The rare survivals in falls from 
a great height ~ usually when some cushioning effec, such 


as sow exists ~ may sil dely mechanieal explanation 


SELF-INFLICTED INJURIES 
OTHER THAN SUICIDE 


‘Two main clases exist: those where some abnormality of 
mind leads the vietim to mutilate his body ~ and those in 
which deliberate injuries are inflicted for motives of gain. 
‘Those caused by mental aberration are usually bizarre in 
either their multiplicity or chit sie. 

Some mentally disordered persons may inflict hundreds 
of small wounds upon themselves, which may be additional 
to the actual cause of death, if death has taken place. 
Forensic physicians, such as police surgeons, may be called 
upon to examine living victims ofthis type 

‘The arms may be eovered with scores of parallel superfi. 
cial incisions from a knife, razor or broken glass, These may. 
cross each other in groups and again are more frequent on 
the non-dominant side, usualy the left, Small stabs may be 
made on the chest oF temples. In ease seen by the author 
(BK), there were more than 200 knife-point stabs on each 
temple and the centte ofthe forehead. Another wel-recog- 
nized syndrome is self-mutilation of the genitals, almost 
invariably by men. Paranoid schizophrenics, often with a 
strong religious flavour to their delusions, are known 0 
attack themselves in chis mannet. The penis, scrotum and 
testes may be removed, and death from intractable haemor- 
thage can follow. In one of the eases illustrated, there was 
also perforation of the eyeballs and 40 stab wounds on the 
top of the head, as well as a complete circumferential cut- 
ting of the cheoat, all with the same blune scissors that per- 
formed the castration. The forensic implications arose from 
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other than suicide 


Fi Complete self amputation of 
the srotum and penit wit 


are usually a form of malingering, as in the atmed forces, or 
in fraudul 


attempts to obtain compensation. In other 
cases, the ‘victim’ may claim that a specific person assaulted 
them, from motives of hate o¢ spite. Others may injure 
themselves and then waste police time by insisting on a 
futile search for a non-existent assailant, the motive often 
being impossible to discover, even by a psychiatrist 
‘Though these matters are usually seen by the clinical foren- 
sic physician, the pathologist may be asked for an opinion 
I doctor is available, or if death 
supervenes, The so-called 'Manchausen syndrome’ consists 


where no other medical 


of repeated simulations of illness or the infliction of 


Ticurr 


12 Self-mutilation thought by the police ta be a bizarre 


homicide. The genitals have ben amputated, he chvoat cut through 
360 he eyeballs punctured and the ralp stabbed many time, all 
swith witsrs. The dead man had paranoid delusions of religions 


the initial suspicions of the police that a sadistic homicide 
had taken place 

Self inflicted injuries, usually non-fatal unless some 
complication has arisen, may be motivated by some form of 
gain, The most common is fabrication of injuries to simulate 
fan assault, either to divert attention from the person's awn 
theft or to arouse sympathy. Fabricated accidental injuries 
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repeated minor injuries, with the object of gaining admis: 
sion to hospital, or obtaining medical care and attention, 

The following features assist in the recognition of 
selFinfliced incised injuries: 


The cuts are usually superficial and rarely any danger to 
life, unless they become infected. Occasionally, hey 
may penetrate the full thickness of the skin, bue not in 
sensitive areas like the face 

1 The incisions are regular, with an equal depth at origin 
and termination, unlike more serious wounds that tend, 
to be deeper at the stare and tail off to the surface 

| The cuts are usually multiple and often parallel. They 
avoid vital and sensitive areas like the eyes, lips, nose 
and ears, usally being drawn on the cheeks and jaws, 
temples and forehead, sides of the neck, chest, 
shoulders, arms and backs of hands and thighs. This 
is inconsistent with an attack by another person, as 
the victim is unlikely to stand still eo allow these 
multiple delicate and uniform injuries to be carefully 
executed, 

In right-handed persons, mast of the injuries are on the 
left side, especially the sides of the face and lefe hand. 

I When the incisions are made on areas covered by 
clothing, the relevant garments may show either no 
cuts oF cuts that do not match the injuries in position 
or direction, 


lcd scisos injury aroun the fill 


circunaferenc ofthe neck 


14. Selfinflited injury in am attempe ro produce an 


luring shop-breaking. Surprised bythe poice, he cut hinuelf 
swith broken gla to claim that he had been ascanlted by he robes 
whi eying ta defend the premises. There were similar sallow, 


straight cuts onthe other side ofthe face and onthe backs of the 


ands 


Self-inflicted injury 


vids Paral uty 
oso, mouth __ slow ets 
andears 77 ore on et sie) 


‘Mostly on back or 
palm of east 
dominant hand 


i 


Lat ight 


Forehead, nack, jaw 
~ and cheek (more 
on let side) 


Ficune 7.16 Cuts on the backs af the hands jn the man shown in 
Figure 7.14, He wae right handed and mex of the shallow incisions 
are on the lef hand. 

In summary, the whole range of injuries and surround- 
ing circumstances may suggest to the experienced patholo 


gist that the lesions do not constieute a genuine assault 
This diagnosis may be virtually immediate on first looking 
at the ‘Victim’ and may be almost intuitive after some 
experience — though this is of liee use when giving legal 
testimony, when every opinion has to be backed up by hard 
fact and reasoned opinion, 


References and further reading 


FiGURE 7.17 SelEinflitd injury inthe living. The ‘vsti alleged 
that he had been attacked and robbed. The superficial uniform, 


‘mostly parallel snatches avoid the yes, nose and mauth 


Ficiume 


18 Buzencive elf inflicted cus on the chest. The yourh 


persistently claimed to the police chat he had been attacked, but the 
‘eats his shire were horizontal. He later confsed, explaining hat 
‘ie wanted 1 get hi fachers sympathy over some demestc eri 


The so-called ‘Minchausen 
“Miinchausen syndrome by proxy’ lie within the realm of the 


syndrome’ and the 


forensic psychiatrist, but a pathologist or clinical forensic 


physician may be called upon to confirm — or even fist 
detect —that the injuries are self-inflicted. 

‘The Miinchausen syndrome refers t adults who injure 
themselves or feign signs of illness, in order to gain medieal 
attention and often admission to hospital. They can be a 
plague to casualty departments until recognized. More sin- 
ister is the Miinchausen syndrome by proxy, where a parent 
will repetitively injure her child — occasionally fatally ~ vo 
gain the same attention from doctors and medical facilities. 
‘The relationship with child abuse, of which itis a variety, 
must be recognized. 
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Though the majority of missile wounds are caused by 
firearms, other devices such as crossbows, captive-bolt guns, 
air weapons and even catapults can launch lethal projectiles 
In che bombing deaths now so commonly associated with 
terrorism, missile fragments cause more deaths than the blast 
effects, so, overall, an understanding of projectile wrauma is 
essential 


‘THE MECHANICS OF MISSILE 
INJURY 


With the exception of deceleration injuries, all mechanical 
‘trauma, whether punching, stabbing or kicking, is caused by 
the transfer of energy from an external moving object to the 
tissues and nowhere is this more obvious than in shooting. 
For damage o occur, some oral ofthe kinetic energy of the 
missile has to be absorbed by che target tissues, where itis 
dissipated as heat, noise and mechanical disruption, When a 
missle passes completely dhrough soft tissues, it may retain 
much of its original kinetic energy and ful so transfer any 
appreciable amount to the tissues, which may remain rela- 
tively intact apart from the immediate bullet track. Ifthe 
latter isin a limb muscle, there may be no serious effects if 


‘major blood vessels ae not involved, though the same track 
in brain, lung or heart may prove fatal. 

“To ensure tansferof energy to the tissues, some mises are 
especially designed or modified to slow up or stop within the 
body. Sofi-headed bullets will flaten on impact and some are 
designed to fragment. The ‘dumdum’ bull, which has a 
scored nose, and the military mile with an aie-cavity within 
the tip are intended to splay oper on impact to increase the 
“braking’ or deceleration effect, and transfer mare energy for 
disruption. Explosive-tipped bullets, such as those used in the 
assassination attempt on President Reagan, are not designed 
to cause damage by the tiny detonation, bur drastically to 
deform the misile to cause maximum deceleration. Weapons 
designed to be fired in confined spaces, such as those for com 
bating hijack actempes in an aireraft, may be of relatively low 
velocity and havea deceleration feature incorporated to ensure 
the absence of an exit wound, and thus limited travel ofthe 
‘missle to avoid puncture ofthe pressured passenger eabin, 

The trajectory of the missile also determines how much 
and how fast is energy is given up to the target. Shotgun 


pellets are spherical, so the orientation of impact is not rele- 
vant, but all conical bullets may acquire an erratic course 
in the tissues, They may tumble end-over-end, especially 
when nearing the limit of range; they may ‘wag’ or ‘yaw’ 


from side to side of their axial wajectory; the base may 
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rotate around the axis, with the rip remaining on the 
straight path; and they may ‘prevess or ‘nutate’ with eom- 
plex spiral or circular movements about the axis 

‘Whatever the deviation, it offers more contact between 
the projectile and the tissues, allowing more transfer of 
energy and thus greater vissue damage. The amount of 
kinetic energy possessed by a projectile accords to the famil- 
iar formula of half the product of the missle mass and the 
square ofits velocity. Modern military science takes advan- 
tage of the squaring of the velocity to develop weapons that 
have a missile of small mass but exceedingly high velocity +o 
provide the maximum kinetic energy for tissue damage 

‘The mode of injury depends on the velocity ofthe missile. 
Relatively slow projectiles are those travelling at up to the 
speed of sound in air (340 metressecond or 1100 feet! 
sceond), which of course includes all non-explosively pro- 
pelled missles like crossbow bolts and ait-rille pellets, as well 
as most revolver bullets. These mechanically thrust aside the 
tissues along a track only slightly wider than the missle, The 
tissues ate lacerated oF crushed, secondary damage occurs 
from rupture of blood vessels and other structures, and sec~ 
ondary and tertiary damage is caused by displaced bone and 
cartilage fragments 

Above the speed of sound in air, a missile passing 
through tissue sends a shock wave of compression ahead 
of the laceration track, this wave being propagated at about 
the speed of sound in water (1500 metres/second or 4800 
{feevsecond). Though this wave lasts only for a brief period, 
it raises the tissue pressure to extreme values, up to thou- 
sands of kilopascals, In tissues like brain, liver and muscle, 
this can cause severe disruption within a wide zone around 
the bullet track, and can be propagated down hollow fluid- 
containing vessels to cause distant vascular damage. 

High-velocity projectiles produce yet another phenom- 
enon, that of cavitation, The missle accelerates the molecules 
of the tisues adjacent to the track, so that they continue 60 
move centrifuglly outwards even after the missile has trav- 
elled onwards. This forms aeavity around the track that is far 
wider than the diameter of the projectile. It reaches & max- 
imum size within milliseconds and chen pulsices with 
decreasing amplitude so that fusiform eavigy rapidly follows 
in the wake of the bullet. When the bullet stops or leaves the 
organ, the cavity rapidly subsides, bur dhe track of damage 
persists ina tubular zone much wider than the actual 
missile, In high-velocity bullets from military weapons — for 
cxample, 980 metres/second (3185 feet/secand) this cavita- 
tion effect isthe mose damaging mechanisms; in addition to 
the physical damage, the near-vacuum sucks infected diet 
and clothing fibres into the depths of the wound (Owen- 
Smith 1981). Solid organs such as brain and liver are affected 
‘more than spongy matrices like lung. Those tissues that con- 
tain most water are most severely damaged by penetrating 


missiles and high-velocity missle damage is proportional to 
the specific gravity ofthe tissue injured 

In most of the shooting eases seen by forensic patholo- 
gists, death will have occurred rapidly but, where it is 
delayed, secondary damage from 
of muscle and organs, and infection must always be borne 
in mind. High-velocity weapons in particular can cause 
vascular damage at a distance from direct trauma, stretch= 


fatction, local necrosis 


ing and thrombosis, leading in turn to ischaemic lesions 
such as infarcts. 


TYPES OF WEAPON 


‘The nature of Firearm wounds varies considerably with the 
type of weapon employed. A general knowledge of the 
‘main features of the various types of gun in common use is 


essential, though there is no need for the pathologist 10 
raster the unnecessary mass of detail on firearm construc- 
tion offered by some forensic medicine textbooks. Indeed, 
‘much of this s solely the province of the Firearms examiner, 
not the doctor. The inordinate amount of detail sometimes 
provided is perhaps sympromatic of the fascination which 
firearms hold for many men ~ but rarely women, 

In the context of wounding, guns are of two main 


types 


‘The smooth-bore weapon or ‘shotgun’ 


A shorgun consists of one or mote metal barrels of relatively 
wide diameter, which are smooth on the inner surface, They 
fire a variable number of spherical lead shor (pellets), which 
emerge from the end (muzzle), fom where they gradually 
dliverge in the form of a long, narrow cone. Exceptionally, a 
shotgun may fire a few large projectiles or even a single slug, 
but these are rarely met with in forensic practice, the usual 
load of pellets roralling scores or hundreds. Special eypes of 
projectile are described later. A shorgun often has two bar- 
tels either side by side or 'up-and-under’. One barrel may be 
parallel sided (the ‘eylinder) and the other slightly tapered 
towards the muzile (the ‘choke). The latter will produce a 
narrower cone of shot and this affects estimates of range 
derived from the size of the wound. There are several grad- 
ations of choke, such as improved cylinder’, ‘modified choke’ 
“half-choke’ and ‘ullchoke” 

Some modeen weapons have the facility for removing 
cone particular ype of barrel and replacing it with another 
degree of choke. Modern accessories can convert a cylinder 
barrel to a choke barrel ~ for example, variable choke such 
as Poly-Choke, Kutts Compensator and Weaver-Choke are 
available, especially in the USA. 
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Types of weapon 


Double-barrelled 
12.bore shotgun 


410 shotgun 


Pump gun 


FicUnE 8.1. Tjper ofsmooth-bore weapon. 


oO CO 


22 22 38 48 
8mm 410 12-bore 
(19mm) 


Ficune 8.2 Relative calibre of common weapons 


Another typically American modification is the ability to 
fire a single projectile through the smooth bore. A number 
of devices intended for hunting are available, but they may 
be involved in a human fatality. One of the older types isthe 
solid round ‘pumpkin ball’ or the Brenneke rifled slug, but 
more recent devices include the Foster rifled slug and the 
French Blondeau, which is a dumb-bell-shaped projectile, 

Shotguns come in two main sizes, which determine the 
nature of the wound, The first is che ‘twelve-bore, usually 
called ‘welve-gauge’ in North America, which has a dia- 
meter of about 191mm or 0.738 inches. The other is the 
smaller four-ten’, usually single-barcelled with a diameter 
of 10.6mm or 0.410 inches. 


SHOTGUN AMMUNITION 


‘The ammunition for dhe shoxgun is a cartsidge made of a 
cardboard or platic cylinder fitted into a metal base, This 


FIGURE. 8.3. Various typer of ammunition, From the right, here are 
09 swee-bore shotgun cartridge, 22 vfle,.38 automatic pial 
‘and 45 revolver bullets and twa miizary rifle shell. On the eft isa 
cannon shell, which ie walely tbe encountered in civilian forensic 
pathology 


— 


Fics 8.4 Tipe of weapon and ammunition 


carries a percussion detonator that is struck by the spring- 
loaded firing pin when the trigger is pulled. The cartridge 
contains a charge of propellant, above which are ‘wads’ or 
pistons of felt, and cardboard or plastic discs, oF both. 
Above these is the charge of shot, which varies greatly in 
number and size, finally covered by a card or plastic dis 
This description is of the old, classical cartridge but 
modern ammunition has a variety of deviees incorporated 
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into che eartidge to improve efficiency and accuracy. These 
include the Power Piston, a proprietary name for one of a 
class of cartridges which holds the shor inside a polythene 
cup and which itself may contribute to the wound at short 
range. Other modern cartridges may have plastic granules 
asa filler between the shor; chs brightly coloured material 
‘may be found inside the wounds. 

“Tampering with the contents of cartridges may markedly 
alter the spread and other characteristics of the shot and 
hence the resulting wound. The shot may be fused into a 
‘mass by pouring paraffin wax or even molten pitch into the 
cartridge. The cardboard or plastic cylinder may be partly 
ccut through at the level of the wads, so that, on firing, the 
upper part of the casing is blown out to restrain the diver- 
gence of the pellets 

‘The propellant has also changed in recent years, so that 
the old black gunpowder has been largely replaced by 
cleanee explosives that do not produce the same volume of 
soot and unburnt propellant, which may be deposited in 
and around the elose-range wound, 


‘Country’ guns 


In developing countries, in some rural and poor areas of 
other countries, in subversion and terrorism, and sometimes 
in juvenile hands, weapons and ammunition may be ‘home- 
‘made. These are common in India, where the name ‘coun- 
tuy gun’ is well understood; they are also made in Sri Lanka 
and other Asian areas, but may be encountered anywhere. 
‘The author (BK) had experience of such weapons in the 
terrorist campaign in Malaya in the 1950s, where crude 


‘weapons were made in the jungle from pieces of water-pipe 
attached to roughly carved wooden stocks, with a primitive 
firing mechanism. The guns were muzzle-loaded with black. 
powder and the projectiles were often wood:-screws, nuts 
and bolts and irregular fragments of metal or even stones. 
In civilian practice in Britain, ewo similar weapons have 
been seen, both made by juveniles out of electrical conduit 
pipe, using potassium chlorate-sugar propellant. In one, the 


user was killed when the device exploded: the other one suc- 
cessfully propelled a small screwdriver across several fields to 
(lightly) injure cow. 

‘Terrorists in Northern Ireland have also manufactured 
some of their own weapons, but these were relatively 
sophisticated, being made in clandestine but well-equipped 
‘workshops. 

‘The problem for the pathologist with such guns is that 
few of the criteria to be described apply to the injuries, 
especially where random, irregular missiles such as wood- 
screws are employed. Local knowledge and experience are 
cstentil for the interpretation of these wounds 


The rifled weapon 
Handguns, rifles, air rifles and military weapons differ from 
shoxguns in chat they fire one projectile at time through a 
thicker barrel that has spiral grooves machined on its inner 
surface. The elevations between the grooves are the ‘lands, 
which grip the bullet as ie pases down the barrel and give ita 
rocatory movement. This has a gyroscopic effect that increases 
the sablity of the bullet’ trajectory and hence the accuracy. 

Handguns, which cause over 50 per cent ofall homicides 
in the USA, comprise the revolver and the automatic pistol 
The revolver has a rotating cylinder carrying variable 
‘number of shells, which are brought into the firing position 
tone by one, each time the tigger is pulled. The revolver has 
a low muzzle velocity of che order of 500 feet/second (150 
rmetres/second). The ‘automate’, more accurately called a 
“sel-loading’ pistol, has its shells in a spring-loaded mags- 
zine, each spent round being ejected and a new one posi 
tioned by means of the gas pressure developed at each 
discharge. The muzzle velocity may be 1000-1200 feet! 
second (300-360 mettes/secondl. 

Rifles are long-barrelled guns that may be single-shot, 
bolt-loaded or sel-loading and used for hunting, target 
shooting or for military purposes. Military weapons come 
in a vast range of types, most of them now either ‘self 
loading’, which means that the trigger has to be pulled for 
each shot ~or tuly ‘automatic’, when the weapon will con- 
tinue to fire while the tigger is depressed until dhe ma 


zine is empty, The muzzle velocity varies greatly, from 1500 
+10 5000 feet/second (450-1500 metres/second). 


AMMUNITION FOR RIFLED WEAPONS 


‘The variety of types of rifled ammunition is even greater chan 
the range of weapons designed to fire them, but all conform 
to a general pattern, There isa metal cylinder, closed at one 
end, which is the ‘shell’ or cartridge, carrying a percussion 
detonator in the base, ether centrally or peripherally. The 
shel is loaded with explosive propellant such as nitrocellulose 
and the bullet is firmly clamped into the open end. The bul- 
Jet may be composed of a variety of metals, often compound. 
A lead core may be covered in a nickel or stel jacket, but 
there are many other yariations, The detonator may contain 
clements such as barium, bismuth mercury or antimony. 

Both shotgun and rifled weapon ammunition have a 
common purpose when detonated ~ to produce large vol- 
umes of hor gas under pressure that expel the bullet or shor 
from the barrel. One gram of black powder produces about 
3000 ml and nitrocellulose produces some 13000ml of 
128, which consists of carbon dioxide, monoxide, nitrogen, 
hydrogen sulphide, hydrogen, methane and many other 
substances all at high temperatures, 
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Wounds inflicted by a smooth-bore shotgun 


YUNDS 


Though the construction and performance of weapons is of 
vital interest co the forensic firearms examines, che relevance 
to the pathologist is concenteated in those aspects which 
affect the nature of the wound: 


I whether the weapon is smooth-bore or rifled: 
I if rifled, the muzzle velocity of the weapon: 
the nature of the projectile(s); 

IH the nature of the propellant; 

the degree of choke, iFany; 

the range of discharge: 

the angle of discharge 


WOUNDS INFLICTED BY A 
SMOOTH-BORE SHOTGUN 


The following constituents of che carttidge emerge on 
the discharge of a shotgun and all may contribute to the 
wound: 


lead pellets 
soot in the form of smoke and debris 


1B unburnt and burning propellant particles 
1 flame and hor gases under pressure 
carbon monoxide 

IH wads — either fee, cardboard or plastic 

1 detonator constituents 

I fragments of the carteidge case. 


‘When a shotgun is fired, « compact mass of shor emerges 
from the muzzle and then begins o disperse, the divergence 
increasing progressively as the distance lengthens. A tongue 
fof flame and hot gas follows the shot. High pressure and 
temperature exists ust outside the muzzle, but this rapidly 
expands and cools. This gas is composed of oxides of nitro- 
gen, carbon dioxide, hot air and other compounds, but the 
tone of interest to the pathologist is carbon monoxide. Soot 
from the combustion of propellant is expelled, along with 
some flakes or grains of propellant chat may be sil burning. 
‘The wads are also expelled, their nature depending upon the 
type of cartridge, Some modern ammunition may contain 
other devices that may contribute wo the wound. 

(Chemical traces of the elements in the detonator or percus- 
son cap cannot be seen, but may be vital laboratory evidence, 
where barium, antimony and other metas ean be recovered 
6m analysis or by means ofthe scanning electron microscope. 
Fragments ofthe cartridge case may abo be ejected, especially 
‘fi has been tampered with, as described earlier. 

‘The most important deduction that a pathologist is asked 
to make isthe estimation ofthe range of discharge ofthe gun, 
as this may substantially influence he distinction berween 
accident, suicide and homicide, The appearance ofthe wound 
is greatly modified by variation in range and itis convenient 10 
describe them in terms of increasing range of discharge 


Shotgun contact wound 


SHAPE 


Where the muzae is placed tightly against the surface of the 
abdomen, thorax, limb or neck, the consequent wound will 
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Ficus 8.5 Variasan in appearance af «shotgun wound at increasing range of dcharge: 1a), split wound from contact over bone: 


1b), usual round contact wound; 2, lce but not contact ange up to about 30m (variable); 3, t-hole’ wound from 30cm ta about a 
‘etre (wariable); 4, satellite pellet bales appearing over a metre; 5, spre of shot increase, central bole diminishes: 6, uniform spread with 
no central hole over about 10m. All hee ranges vary greatly with barrel choke, wespon and ammunition. 
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be single and circular, ofa size approximately equal the 
bore of the weapon, though a .410 wound may be smaller 
because of the relatively greater effect of elastic contraction 


of the skin. The edges of the wound may be crenated by 


individual shot, but usually this feature is not noticeable. 


soul 


1G AND BURNING 


In a tight contact wound, the skin forms a seal around the 


muzale, preventing much escape of hot gas and soot, so chat 
soiling and burning are minimal or absent, The recoil, which 
takes the muzzle away from the skin, may, however, loosen 


the seal and, ifthe muzale is not presed firmly, lame, gas and 
soot may escape sideways and flee the skin in dhe immediate 
vicinity: Where clothing is interposed between the muzile 
and skin, soot is much more likely to esape sideways and 
say be found in each layer of fabric, a wells on the under- 
Iying skin. The cloth may be singed at the edge of the hole 
and there may bea ring of burning around the skin wound, 


MUZZLE IMPRESSION 


‘There may bea muzile impression in a tight contact wound 
made by firm mechanical pressure or impact of the metal im 
against the skin. Many textbooks quite wrongly attribute chis 
to ‘ecoil, though of course recoil takes the muzale away from 
the skin, not towards it. The true explanation of a muzale 
mark is either that the asailane physically kepe the weapon 
pressed hard againse the skin or ~ more ofien — thae the sub- 
‘cutaneous expansion shortly 10 be described, lifts the skin 
forcibly up against the muzzle. A muzzle mark is a most use- 
ful indication to the pathologist of a contact wound. Actual 
bruising can occur around the muzzle imprint, though this is 
‘more likely co be the result of deep contusion from the eects 
of the blast. Rarely, a double-barrelled weapon may make a 
ring-like mark adjacent to the entry wound. 


FiGURE 8.6 Sove-siling of hand thar had goaiped a shogun bare 


CARBON MONOXIDE 


Carhon monoxide in the gases combines with haemoglobin 
and myoglobin to give a pink coloration ro the interior of the 
wound track and adjacent tissues. This diminishes in con- 
centration along the crack, but can still be present in its 
depths —and even at an exit wound, if there is one. The pres- 
ence of carboxyhaemoglobin and myoglobin has been advo- 
cated as a test for distinguishing che exit from che entrance 
wound, especially where decomposition has blurred the 
‘morphological appearances. This test must be used with cau 
tion, though if quantitative measurements are made it can 
still be a valid exercise 


CONTACT WOUNDS OVER BONE 


When the wound is made over a site with underlying bone, 
the wound may have a different appearance. Especially in 


‘Homicidal firearm wound with a twele-bore shotgun 


The wound shows a ear muzzle impresion, the bare having been 
pred agains the shin at dicharge. There ie abmott wo sake sling 
the muzale having forced a firm eal again the in shirt and i 
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the scalp, but also over the back of the neck, sternum, 
shoulder, hip and other areas where the soft tissue lies 
thinly over bone, the large volume of discharge gases ean- 
not dissipate, as they ean into the abdomen, chest, or mass 
fof muscle. When the gas is forced through the skin, it is 
reflected back by the underlying had layer and momentar- 
ily raises a dome of skin and subcutaneous tissue. This 
is rammed back against the muzzle to increase the pressure 
of contact further, sometimes producing a muzale mark. 
When the gas volume is large, as with a nwelve-bore gun, 
this dome may chen split, causing a cruciate, stellate oF 
ragged wound, with skin flaps. This is less likely with a 
410 because the cartridge is smaller, but it can occur as 
of course it can with rifled weapons. 


‘The close discharge of a shotgun 


When the muzale is held near the skin, bur not actually in 
contact with it, a number of helpful signs are produced. 
(Once again the appearance is naturally modified by eloth- 
ing, which must always be carefully preserved and sub- 
jected to forensic scientific examination, Where clothing is 
present, chen it will rap most, bur not necessarily all, of the 
soot and powder grains. It will reduce the lame effects, 
though if the fabric is ignited even momentarily, this can 
diffusely scorch the skin, 

Assuming that the body surface is uncovered, « close 
discharge ~ one between actual contact and about 15.em 
{6 inches) ~ is likely to show the following features: 


IH Singeing of hairs around the wound, unless the skin is 
hairless. The fine downy hairs of the trunk and limbs 
‘ay be burnt away; though this is unlikely with dense, 
Jong, head hair, Where the distance is greater, the 
keratin of the hair may mele with the flame and then 


TicUne 8.8 Suicidal firearm wound fiom a twelve-bore chorgun. 
The wound shows a muzzle impresion with sot silng. che double 
barrelled shogun avng been presied against the skin at dicharge 


solidify on cooling, causing a ‘clubbed! appearance of 
the hairs because of rounded bulges atthe tips 

1H Burning of the skin, unless protected by head hair. 
‘There may be a wide flare or narrow tim of hyperaemia 
or even blistering from the flame of incandescent gas 
blown feom the muzale. 


FiGUaE 8.9 Firm contact wound fiom a twele-bore shotgun, The 
daring has prevented any sot sling, bus there are minor peripheral 
abrasion from impact ofa belt. As she abdomen was ditemible, the 
gat expansion has no cased splitting ofthe skin atthe wound edge. 


FigUne 8.10 Conzact wound fiom a nwelve-bore shongun fred 
rough clocking. There is some abrasion of the wound edges, bur no 
regularity fron the clte packed pellet, which have not begun to 
disperse, The clothing has protected the skin from smoke and poueder 
sailing. The crular wound indicates dicharge at vight anges to 
the bad surface 
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IH The tissues within and around the wound may be 
cherry-pink from absorption of carbon monoxide 

1B There will he ‘smoke soiling’ or soot staining’ of the 
skin, from catbon deposition. This spreads more widely 
than powder tattooing, but does not carry as far as the 
heavier propellant grains. This effect is much less oF 
even absent with modern ‘clean’ propellancs, 

‘This soot or smoke soiling is easily washed off the 
skin, and care must be taken at autopsy to obtain all 
photographs and trace samples before allowing the 
bloodstains to be washed from the body: Tateooing will 
not wash off, hough adherent unburne propellant may 
be physically detached from the tiny burns during any 
‘washing or swabbing proces. 


1 Burning, partly burnt and unburnt propellant lakes and 


agains may pepper the surrounding of the wound, As 
stated above, these carry further than smoke staining 
bur usually spread over a smaller area. The incandescent 
particles cause small burns on the skin, but the unburne 
flakes (such as nitrocellulose) may be seen as small 
glistening particles on the skin, sometimes coloured, 

1 The wound will be circular ifthe weapon is held at 
right angles to the skin and elliptical if slanted, often 


with undercut edges on one side, Depending partly on Fi 


the sizeof the pellets, ‘nibbling’ or crenation of the 
edge may be seen, chough this is usually imperceptible 


in clase discharges. The edge of the wound will be 
blackened and there will be soot in the exposed tissues. 
There may be annular bruising around the wound and 
distant bruising a few centimetres away as a result of 


tissue damage from the entry of gases. Other bruises or 


abrasions may be seen in the vicinity from objects such 


2 Suicidal wele-b wound. The entrance is 


in one afte ‘ter of election, inthe neck, andthe circular smoke 
fouling indicated aclve or even contact dicharge 
(CURE 8.11. Clote-range ruele-bore 


This homicidal 
discharge wae made chrough thick 
fab 


af hin burn 


shotgut wound ofthe bead 


layers of 


1g: However there ta wide 


due ta the» 


wound i oval due tothe downward 


angulation 
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as buttons or buckles being hurled against the skin by 
the gas pressure 
BH Any felt or cardboard wads or plastic cups from the 


cartridge will be within the depths of the wound. 


UNE 8.13 Suici 


wele-bore shotgun wound. The entrance 
isane ofthe ‘ites of election, in the neck (ce Figure 8,14). 


Short- to mid-range shotgun discharge 


From about 15cm (6 inches) to 2m (6 feet), considerable 
variation occurs in the appearance of the wound. The shorter 
ange will provide a similar picture to that of cose discharge, 
but the soot soiling diminishes and aver 20-40em it may 
vanish. Powder tattooing near the wound periphery may 
persist for somewhat further than this, 

At the upper end of this range the edges of the wound will 
become crenated and scalloped, especially with larger shot 


This is sometimes called the ‘rat-hole’ or ‘rat-nibbling’ from 


ity resemblance to rodent teeth marks. From 2m upwards, 
the number of satellite pellet holes will progressively increase 
around the main wound, 

Te must be emphasized that these ate useful generaliza- 
tions, but dat marked variations occur between dif 


‘weapons, different barrels ofthe same weapon and dif 
ammusition fired from the same gun. Only test fring can 
give « measure of the length of the flame, the distance and 
pattern of soot staining and powder tatooing, the begin- 
ning of pellet spreading and the distance over which the 
wads are projected. As a rough rule-of-thumb, which is 
often incoreect, air singeing occurs over the frse 30cm 
(1 foot), soot staining can be seen for the Fest hall-metce 
{20 inches) and a single large hole persists for at leat 1m 
(3 fet) 


Mid- to distant-range shotgun wounds 


Here, test firing is even more vital for an estimate of range, 
as the variation is great, The choke as opposed eo cylinder 
barrel on che same gua will provide different appearances at 


Fic. 8.14. Suicidal contact enmnance 

wound inthe neck, One bare of a 

double-barreled shotgun war aed, the 

unfved barrel causing a muzzle mark 
ce Figure 8.13). 


253 


INDEX 


164 


Portable mini-lab, compact executive model 
(cont) 
electrical experiments (see Electrical 
experiments) 
lab deployed on desktop, 89-90 
components, 89 
DPRG, 101-102 
features, 89 
robotics lab, 103 
travel, 87 
Potentiometer, 74-75 
Power-on indicator, 155 
Power rail attachment, 99 
Power supplies, 55-56, 81-82, 145-146 
Power tools 
'D printers, 44 
drills, 40-43 
laser cutters, 43 
Professional bench power supply, 146 
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Resistors 
color codes, 72-73 
description, 68 
location, 95 
in parallel, 129 
in permanent circuit, 97 
power ratings, 73 
schematic symbols and reference 
designators, 70-71 
in series, 126 
specialty resistors, 75-76 
standard values and tolerances, 71-72 


through-hole and surface-mount resistors, 


69-70 

variable resistors, 74-75 
RIGOL DS1052E oscilloscope, 54 
Robot Clubhouse, 17, 


s 


Shunt resistor, 158 
Single-pole double-throw (SPDT) switch, 125 
Single-throw switches, 80 
Soldering 

definition, 4 

instructions for, 37-38 

tools for, 113 
Solderless breadboards, 66 


Arduino-compatible microcomputer, 67 
description, 66 
prototype LED display, 68 
tie points, 66 
types of, 117 
SPDT switch. See Single-pole double-throw 
(SPDT) switch, 
Stereo microscope, 45 
Surface-mount resistors, 69-70 
Switches 
description, 79 
double-throw switch, 80 
in parallel, 124 
in series, 123 
single-throw switch, 80 
three-way, 125-126 
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‘Tablet computers, 91 
Tabletop drill press, 42 
‘Tektronix 475A oscilloscope, 52 


Temperature-controlled soldering station, 113, 


‘Terminal block, 31-32 
‘Test and measurement equipment 
‘multimeters, 50-51 
oscilloscopes 
functions of, 51 
modern, 52-54 
‘Tektronix 475A, 52 
tiny, 54-55 
power supplies, 55, 
SD printers, 44 
‘Three-way switch, 125-126 
Through-hole resistors, 69-70 
Tools 
earmuffs, 22 
electronic measurement 
ammeters, 49 
ohmeters, 49 
voltmeters, 47-48 
eye protection, 21 
for soldering, 37-40 
hand 
computers, 35-36 
pliers and tweezers, 29-30 
protection, 22 
screwdriver, 30-33 
screws, bolts and nuts, 33 
wire crimpers, 34-35, 
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FIGURE 8.15 Suicidal ewele-bore shotgun wound. Notalluch 
wounds are circular ~ thi one hae rr a large dec in he chet wall 
because of it sangental orientation, The smoke smudging is extensive, 
‘having overshot and been deflected frame the wound incerir. The 
precondium is another te of election for suicidal boating 


the same range. Once beyond 2m, there will be no burning 
for smoke staining, rarely will there be powder tattooing 
and the presence of the wads will be variable. Sometimes 
the later fall away within 2m, but they ean sometimes be 
found in a wound up to 5m distant. Often the wad takes a 
lower trajectory and may strike the body below the shotgun 
‘wound. It may penetrate the skin, causing a second lacer- 
ated wound ar it may only bruise the skin. Same of the 
plastic cup devices now used open up in flight to fort a 
square-edged star or capital ‘X” shape, This can strike the 


skin at or near the shotgun wound and produce a charac- 
teristic bruise or abrasion of a similar shape, The spread 
of pellets, which usually begins at a metre oF two range, 
increases progressively, the eenteal ‘rat-hole’ diminishing at 
the same rate 

‘There isan old (and extremely inaccurate) rule-of-thumb 
which states that the diameter of che spread in inches is 
roughly equal o the range in yards (metric: one-third ofthe 
spread in centimetres equals the range in metres). This of 
course applies ta circular wound or the narrow diameter of 
an oblique elliptical wound: it is of mo use other than a 
quick firse check to indicate if suicide can be excluded, but 
expert examination and test-ring are essential 

‘Ar distant ranges, beyond 6-10 m, the central hole may 
shrink to nothing. There will natually be no wad injures, no 


Fisuxe 8.16 Charateriie capital shaped bruise caused by 
pening up ofthe plastic cup containing the shosgun pellet and 


surrounding thectcular entrance wound from a bamicidal 
short-range diccharge 


smoke, flame or tattooing, and no way of determining range 
except to say that it must be within the maximum discharge 
distance of that particular weapon, which may be 30-50 m. 
At such ranges the shot will not be lethal and the pellets, if 
they penetrate the skin, will lie just inthe subcutaneous tise 
sues. Death may occur, however, from an unlucky shot in 


the eye oF fom natural disease precipitated by pain and shock. 


The direction of a shotgun injury 


thas already been stated that, where che discharge has been 
at right angles to the body surface, the shape of the wound 
will be symmetrical and eiteular A shotgun blast traces out a 
shallow cone from the muzzle and simple geometry demands 
that where this cone intersects a plane (the skin), a ciele will 
result only when the cone is at 90° to the plane. In all other 
positions an ellipse will he traced out, its elongation increas- 
ing.as the angle berween them decreases. This pattern applies 
not only to the pellet spread but to soot deposition and pro- 
Vides a ready indication of the direction, In addition to the 
surface features, ehe internal wound assists in orientating the 


discharge 


1H The wound edges may be shelved, the tisues being 
undercut below the margin distal tothe origin of the 
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Ficune. 8.1 


Shosgun wound from a rwelve-bore weapon. The 


circular outline indicates that the discharge wae perpendicular to the 
skin surface. The central bole was cansed by the entry ofa confluent 
mat aft though cheve were wo wads in the wound. The diameter 
ofthe peripheral plletpastern was about 12m, which sugess tha, 
approximately, the range was about 4m. Tat firing must always be 
sired out, however, ta obtain a more exact etimate. Whatever the 
actual range ic is lear that it could not be sical 


discharge. The appearances are similar to those seen in 
some knife wounds, where an oblique stab leaves tissue 
Visible at one edge and undercut on the other. In 
firearm wounds this is better seen in injuries from a 
single rifled projectile chan from the more diffuse mass 
of shorgun pellets, but is still sometimes apparent in the 
latte, 

IH The track of the wound in the deep tissues can be 
established and this line projected backwards to 
indicate the discharge direction relative tothe body. 
Again, a missile from a rifled weapon usually gives a 
clearer picture than those from a shotgun, but a general 
estimate can be obtained from a knowledge of the 
positions ofthe surface wound and the mass of pellets 
Examination of a radiograph may be of more assistance 
that the laborious search from pellets at autopsy 
Whatever the type of missile(s), considerable deviation 
caused by deflection by bone and other tissues can 


bore weapon 


IRE 8.18 Homicidal close-range shotgun wound from a nveloe- 


jsccur, so that the final resting place of the projectile 
‘may be far off che inital track. Thus the actual path 
through the tissues before ricochet must be established, 
if possible. 


Other features of shotgun wounds 


Hl Exie wounds are uncommon in the trunk as the energy 
possessed by each pellet is small because oft tiny size 
and the relatively low muzale velocity ofthe weapon. 
The foue-ten' will almost never exit and even the 
telve-bore rarely causes ehrough-and-through 
‘wound of the adule chest or abdomen, The pellets 
often penetrate the distal chest wall, bt are held up 
beneath the skin ofthe further side ofthe trunk. 
Commonly a bruise may be seen in the deep tissues of 
the frustrated ext site and lead shor may be ele under 
the skin, which is tough enough to prevent the final 
exit phase 

In the head, neck and limbs, and in children and 
small thin adults, the ewelve-bore commonly eauses an 
exit wound which may be extremely large and ragged, 
with gross tissue destruction exposed. One af the most 
common is that seen when a ewelve-bore is discharged 
suicidally into dhe mouth; this may disrupe the head, 
and expel mast of the brain through a massive skull 
and scalp defeet — che so-called "burst head 

1 The internal tack is more diffuse than that caused by 
a sifled weapon, though where the discharge is contact 
or close, the compacted mass of shor travels as a unit 
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TiCURE 8.20 Tangential hongum wound of face, The edge ofthe 
lisp cone of pellets and gas bas ploughed through the check, 
and removed the car The facial bones and ba of he sul were 
facture, 


Angled direction 
of discharge 


Uraucar 47 spoved wound 
sass, Sige 


FicunE 8.21 Sheloing and unercuting of entry wound in oblique 
dbicharge 


icine 8.19 Peller injures fom a distant 
twelve-bore shotgun dicharge, The range 
twas about 25 m and the shot lis just under 
the skin. Death was caused by coronary 
heart disease, cavdiaearvete being 
precipitated by the shock of injury 


for some distance inta the tissues before dispersing, 
In general, the internal damage caused by a shotgun is, 
diffuse and is caused by direct mechanieal disruption 
by the gas and shot, which enter ar relatively low 
velocity. There is no cavitation effect as is seen in 


high-velocity injuries, che tissue being physically 
smashed by the impact of a heavy load of pellets and, 
in the case of near discharges, by the large volume of 
hot propellant gases. 


I Secondary damage is caused by the mass of pellets 


striking bone and releasing fragments that then act as 


secondary missles, damaging adjacent tissues and. 
sometimes emerging to form exit wounds. These may 
sometimes cause confusion to inexperienced observers, 
including police officers, who may wrongly suspect 
multiple shots or the use of some other type of weapon, 


BE Wad wounds can be caused by the non-metallic 


contents ofa shotgun cartridge. These ean vary from 
trivial bruises to fatal lacerations, The latter may occur 
when a blank cartridge is discharged at close range, the 
‘wad and accompanying gas breaching the body surface, 
As mentioned eatlier, he new devices now often used. 
in shotgun ammunition may cause characteristic 
wounds, such as the squate cruciate mark from the 
wings of the opened plastic cup which contains the shot. 
Felt and plastic wads travel a variable distance from 

the gun muzzle, depending on many factors, such as the 
type of cartridge, the amount of propellant load and the 
nature of the wads. The wads fall away much more 
quickly chan the lead shoe because of their low weight 
and high air resistance. At contact and close ranges 


Wounds inflicted by a smooth-bore shotgun 


they will almost always enter the wound and should 


be recovered at autopsy in order to assist in identifying. 

the type of ammunition, . 
Beyond a metre or two, the wad may drop 

sufficiently to miss the main wound and steike the skin 

ata lower point. From 2 to 5m, the wads may or may 

not strike the body, andl further than this distance itis 

almost certain that the wads will fall to the ground. As 

with all variables associated with firearm wounds, 

however, tis essential for test firing to be performed 

wherever possible. The pathologist should not be 
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Fic 8.22 A tang 


shotgun wound of he side of 


the chest. When the wet 
wat fist fund it was not 
appreciated thar he bad been 
shat. The discharge pase 


sander the slightly abducted 
arm, injuring the upper arm 
st well asthe thorax. Though 
‘mast ofthe shor passed tthe 
rear of he 


fond in te pleural cavity 


Ficune 8.23 Redingnphy should be 
sarred out before autopsy in all deathe 
fom firearms. The estent of dspera of 
th 

in single bullet njures, the position and 


cm be atezed —as inthis fle— and, 


possible fragmentation canbe detected in 


dogmatic or impracticably precise about distances, but 
offer a bracket of reasonable probability: 

Tangential wounds can offer considerable difficuly in 
recognition to the inexperienced observer. Some 
pathologists, as well as clinicians and police officers, have 
attributed certain wounds to knives or blunt injuries, 
when in face they have been gunshot wounds, The 
shallow cone of a shotgun discharge may pass any part of 
the body so that che central axis is clear of the issues, but 
the periphery strikes the body surface tangentially: The 
‘most common position is probably the side ofthe chest, 
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es 


in the lower ailla.IFthe arm is raised it may escape 
damage, bur sometimes an opposing injury is seen on the 
chest wall and inner pate of the upper arm, Another area 
is the side of the face, where a glancing gun blast may 
gouge the face and pethaps carry away an ear. 

‘The appearance of the wound depends, of course, on 
the range and the depth co which the cone of shot and 
gas penetrates, On the side of the chest, large 
elliptical area may be ripped from the surface to expose 
underlying muscle and ribs. Ifa close discharge, then 
the nature of che injury will be clear from the usual 
burning and soiling of the muzzle gases, but a more 
distant shot may cause a clean wound that can give rise 
to doubt about causation. Radiography will usually 
reveal lead shot in the tissues, unless the contact is 
extremely superficial 

In the chest — even if shot penetration is minimal — 
severe damage to the pleura and lungs may occut from 
the impact, and death may occur from a haemothorax 
\with or without lung laceration or contusion, When the 
side of the head is hit, shattering of skull or facial bones 
can occur and intracranial damage is common, even. 
though no metallic projectiles enter the cranium. Rifled 
weapons can also cause tangential wounds and some 
features of skidding across the surface and re-entry 
wounds have been mentioned eater, T 


usually the wide gouging of tissue seen in smooth-bore 
injuries, but che glancing passage of a high-velocity 
iissile can open up a severe longitudinal laceration, 
The lateral transfer of energy can cause severe internal 
damage in both chest and slall, even though the missile 
does not enter the cavities. The skull may be ext 


fractured, with widespread underlying damay 
the absence of any projectile and a deficient knowledge 
of the circumstances, some such injuries have 
erroneously been ascribed to blunt trauma, 


WOUNDS FROM RIFLED 
WEAPONS 


Injuries from rifled weapons vary greatly according 10 the 
velocity of the projectile as discussed at the beginning of this 
chapter, but there are some characteristics common to all 
types. Unlike shotguns there is only one missile in each dis 
charge, though an automatic weapon may well cause mul- 
tiple wounds in close succession which impact upon the same 
area of the body. Occasionally, because of some defect in the 
‘weapon, evo bullets may be fired at once, or a fragment of 
metal may detach from cartridge, barrel or bullet, so that wwe 
missles may strike simultaneously; ths is described late. 


Ficume 8.24 Lend pellet and file cartridge wads from a 
twelve-bore shoxgun wound. Ie important to recover atleast a 
sample of pellets and the wad <a thatthe type of sareridge can be 


Sy 


identified. 


TicUme 8.25 Peller injuries from a dctanetweloe-bore shotgun 
slcchare ie ako Figure 8.26). The child had been walking bind 
«hunter carrying a shogun om bis shoulder, the barrel pointing 


down, When the hunter was ducking to avoid branches ofa tee the 
shotgun was triggered by a branch 


Contact wounds 


When a weapon is fired in contact with the skin, the 
appearances can vary according to whether the muzzle was 
firmly pressed against the surface so as to form a tight seal — 
for whether it was merely held in loose contact, so that the 
backward jerk of recoil can permit a small gap to appear. 


Yer another permutation is when clothing is in 
between the muzzle and the skin, 


posed 


‘When a rifled weapon is held firmly against che body sur- 
face during discharge, the resulting wound is in many 
respects similar to chat froma shotgun. A twelve-bore wound 
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Ficune 8.26 Pelle injuries puncturing the eexaphagus and both 
lange (ce aba Figure 8.25). 


Fic 8.27 Hunting acidene in which the man wa hit by four 


pellets fim a dicant eweloe-bare songun dixchane, Pelle na. 1 


‘punctured the abdaminal skin and was fund inthe rubeutancous 
fit; pellet no, 2 bruised the right wrist pellet wa. 3 penetrated the 
hes wall and was foi he pericardial ft tue without any 
injury tothe heart pellet na hie the comer of he lf eye and 
savelledchvough the lef cerebsal bemsphee, causing death 


is usually much larger, but a 410 can closely resemble a large- 
calibre rifled weapon injury. Over deep soft tissues, such as 
the limbs, abdomen, neck and usually chest, the wound will 
besmal and circular. There will be burning and blackening of 
the immediate wound edges, bue ifthe seal between muzzle 
and skin is tight, there will be lite or no sideways escape of 
flame and soiling unless clothing is interposed 


Fict 


Simm pstel (ee aio 


8.28 Suicidal contact wound with mule mark fiom a 
re 829 for coresponding exit wound). 


Ficune 8.29 Suicidal exit wound fiom a 91mm pil ee ab 


Figure 8.28 for corresponding entrance wound) 


FIGURE 8.50 Numerous sears in the lpe due 


expantion of muzele 
gue fiom a 9mm pstl fred inthe mouth 
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Within the wound, there will be some flecking with soot 
in the tissues, the amount varying with the ‘cleanliness or 
otherwise of the particular ammunition. Most rifled weapon 


ammunition is ‘clean’, compared with many shogun ear- 
tridges, so that soot may be absent altogether. There i usually 


aan areola of hyperaemia that extends beyond the diameter of 


the muzzle and carbon monoxide will be absorbed by the 


Fictne 8.31 Slightly deformed fall-jacheted bullet inthe middle of 
the cone-shaped exit wound ontop ofthe skull. Homicidal entrance 


swoon der te chin 


haemoglobin and myoglobin in the vicinity of the skin 
‘wound and in the deeper track. There may be bruising, some 
times extensive, though this is rarely symmetrical and is often 
absent, The expansion of the tissues by gas entry tends to 
force the skin even harder against the end of the barrel and a 
‘muzale imprint’ may be formed. In rifled weapons, especially 
handguns, there are more features at the end of che barrel 
than in shotguns, so complex imprints may be made of fore 
sights and mechanisms for sel-Joading in ‘automatics’ 

If the contact wound is over a bony support, especially 
the skull, then the same phenomenon accus as in shotgun 
wounds, The muzzle gases entering the subcutaneous tis- 
sues cannot expand by displacing adjacent soft structures 
and ate reflected from the bone to raise a dome of gas that 
often splits the entry hole. This results in a linear, eructate 
cr stellate tear that may well destroy the original punceure. 
As the volume of gas produced is usually less than that 
formed by the large mass of propellant in a ewelve-bore 
shotgun cartridge, the tear is smaller— chough the charge in 
some older rifles and sporting guns may be comparable, 

When the contact is loose, burning and soiling in the 
immediate vicinity of the muzzle may occur — again modi: 


fied asin the case of shotguns, by the interposition of cloth 
ing between muzzle and skin, The fabric allows a lateral 
passageway for diffusion of soiling, as the muzzle cannot 
make such a good seal as against skin, 

If the skin of the gun hand remains in firm contact with 
the weapon steel for a longer period of time, rust stains may 
develop as seen in Figute 8.34. In experiments carried out 
by Ulich and Zollinger (2001) in the living as well as 
corpses, the formation of rust stains depends on the firm- 
ness of the contact, humidity of the skin and the environ- 
ment, contact time and the state of the weapon surface 
‘The shortest period of time necessary for the formation of 
rust under the most favourable circumstances, as reported 
by Ulrich and Zollinger, was 135 minutes for a corpse and 


27 minutes for living person, 


GURE 8.32. Writ afa homicide victim, 
who had mused her lft hand so ward off 
the attack, sowing a ‘len’ ese wound 


seted bullet inthe middle and 


swot-iled entnance wound beneath it: 
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Wounds from 


Blow back into the barrel — 
‘back spatter’ 


Contact wounds — and also clos 


range discharges — may 
cause blood and tissue fragments to enter the muzzle, 
sometimes penetrating for several centimetres, this being 


FicuRE 8.33. Jnmavital CT tan of 23-year-old male who in the 
course ofa Russian roulet'shor himself che righ temple with a 

357 calibre Magnum revoler. Extensive injury ofthe euniure and 
rain with several Xeay positive particles probably dae to the 
slisnseration ofthe bule. (From the files ofthe Deparoment of 
Radiology of Turku University Hospital repraduced by kind 
permision of Profesor M Kormane,) 


Ficune 8.34 Rua stains on the gun-hand of. suicide 


corresponding tothe shape ofthe rip. 


rifled weapons 


called ‘back spatter’. There appears to be a momentary suc 
tion effect after the pressure of the gas blast subsides, pas- 
sibly asa result of rapid relative cooling in the barrel This 
seems to aspirate material into che muzzle and pieces of 
skin, hair and adipose tissue have been found inside the 
‘Weapon. Sometimes blood and tissue may soil the hand or 
arm of the petion firing the gun, a matter of considerable 
significance in forensic science, 


Clos 


When there is a short distance between the muzzle and 
body surface, the appearances of the wound will vary 


ange wounds 


accordingly to che type of ammunition used. The wound 


Bone 


‘Cratered an 
inner surtace 


Fi 
ach asthe skull cases ga to rebound fom the rigid base. This 


IRE 8.35 A firm contact dcharge agains sue overlying bone 


ites a dome under the skin that can split 0 give a ragged entrance 
wound. This eff by no means invariable 


Ficu 


1 8.36 Swcidal contact wound in the nel (arrow) from a 


£2 cae rifle with deerution of the head. 
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will almost invariably be circular as the tearing due to gas 
intrusion is unlikely so occur. The wound edges may be 
inverted, but at close range the rebounding gases may level 
up of even evert che margins. As will be described in 
medium-range wounds, there will be an abrasion collar, 


Burning 


‘Modern propellant produces less lame than the black pow- 
der of older shotgun cartridges, bur within a few centimetres 
of bare skin there is likely to be burning of dhe skin with 
singeing of hairs, Even where haies are not destroyed, they 
may be ‘clubbed! that is, ehe keratin melts at the tip and 
resol 


is as a tiny blob, Hyperaemia around the wound 
is usual and some bruising can occur, which may be more 
evident as the post-mortem interval increases 


1GURE 8.37. Atypical slike ext wound of « homicidal firearm 
wound from a hunting rifle with entrance wound in the back 


Elastic skin 
revvacts to 
small hole 


Entrance 
Ficune 8.38 Bunance and exit wounds 


Ivis sometimes claimed that the flame effects extend from 
the muzale a distance equal to the length of the barrel, but 
the truth of this rule-of-thumb is doubtful, though ie may 
bea very rough approximation, 


Soot or smoke soiling an« 
Si jc d 
powder tattooing 


‘Though most propellant is now: ‘clean, some soot may be 
seen around the wound. In addition, there will be tiny burns 
from specks of incandescent propellant, the so-called ‘pow- 
der tatooing’. These may pepper the vicinity of the entry 
hhole in a roughly symmetrical pattern, which may asist in 


Fist 8.39 Banance wound: from a 7-65 ealibye automatic 
‘pistol inthe forchead and right side of the face (arrow) of a homicide 
ict, with sot soiling 


‘skin 
‘unsupported. 
oulsioe 


Et 
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determining the angle of impact, Particles of propellant carry 
further than smoke, so tattooing around the entrance wound 
in the absence of soot indicates a greater distance. The soot 
rarely carries more than 15em (6 inches) from a pistol, 
whereas powder grains will travel 30-45.em (12-18 inches). 

‘These distances are approximate and can be doubled for 
a rifle compared with a handgun. The lengeh of the barrel is 
another variable and a rule-of-thumb for pistols in this 
respect states thatthe distance from which powder residues 
can reach the skin is about ewice the length of the barrel. I 
must be emphasized once again that test firing is essential 
for any hope of accuracy. 

“Fouling! refers o tiny lesions around the entry wound 
caused by fragments of metal expelled by the discharge, These 
come either from the surface of the misile or from the inter- 
ie ofthe bareel. Friction between the bullet and the rifling 
may gouge off pieces of lead, jacket, or barrel steel and husl 
them at the skin, where they become embedded. These par- 
ticles like powder burns, wil not wipe off a autopsy, whereas 
soot soiling can easily be removed with a damp sponge. Even 
fragments ofthe shell case may become detached and blown 
cout of the barrel 

‘Minute flakes of unburne explosive or inert filler may land 
oon the same area of skin: these tend to glisten and may be 
‘range or blue, depending on the manufacturer. Its import- 
ant that a forensic scientist oF police scene of crime officer 


has the opportunity to retrieve these before the wound is 
washed, If no such person is available, the pathologist should 
swab the area with a water-damped plain swab, or preferably 
cut out the skin around che wound and preserve it unfixed 
(refrigerated if necessary). These spe 
for expert forensic examination, as they may indicate the 


xens should be sent 


nature ofthe ammunition and may be matched to that in the 
possession of a suspect. As with contact wounds, earboxy- 
haemoglobin and myoglobin will be present in the wound 
track in diminishing concentrations as the range increase. 
‘The estimation of range is deale with later, but here itis 
again emphasized that until cest firing is earied out with a 
similar weapon and ammunition, only an approximate esti 
sate can be offered from the appearances of the wound. 


Medium-distance wounds 


Unlike the shorgun, once che discharge of a tilled weapon is 
greater than a mette, there is nothing to indicate increasing 
‘ange, until pethaps the erratic trajectory of extreme distance 
suggests maximum range. From perhaps less than halfa metre 
10 up to several kilometres the entry wound of high-velocity 
rifled weapon appears the same. The typical appearance of the 
entry wound has been likened co that eaused by ‘driving a 
dlirry pencil ehrough the skin’. The central aperture is eincular 


and may be inverted — chat is, the margins are driven inwards 
by the passage of the missile ~ though this feature is ofien 
absent 

‘The size of the hole is rarely equal co che diameter of the 
rissile and therefore the calibre of the weapon cannot 
instantly be determined by inspection of the wound — in 
spite of the apparent ease with which television drama 
doctors and detectives can instantly spor ‘a thirty-wo' oF 
a ‘thirty-eight’. When the buller strikes the skin, the later 
is stretched for a minute faction of a second until penetsa- 
tion occurs, so that che misile perforates expanded skin. 
Immediately after entry the skin undergoes elastic recoil and 
the resulting hole is usually smaller than the diameter of the 
bullet unless che range is so close that gas entry — oF gas 
rebound — contributes to the sie of the defect. 


The abrasion collar 


‘The skin immediately around the central hole is dis- 
coloured, the so-called ‘abrasion collar’, This may be only a 
narrow rim oF may be equal in width to the central defect. 
‘The collar is due to the inversion of the skin during pene- 
tration by the missile so that the sides of the bullee are 
‘wiped’ by a tiny tube of skin, the epidermis of which is 
abraded by heat and friction. 

‘The width of the abrasion collar is determined by the 
degree of inversion and hence the length of the skin tube. 
‘The collar is caused by Friction and heat as the missile chafes 
the skin, 


TicUnE S40 Clac-range pistl entrance wound. The eyelid and 
lower forehead show tiny burns from propellant flakes landing on 
the sin. The ees ae blackened by fractures of the floor ofthe 
anterior fsa 


263° 


wire cutters, 23-25, 29 
wire strippers, 25-29 
bearing protection, 22 
indicators, 155 
inspection equipment, 45-46 
mind, 19-21 
physical measurement devices, 46-47 
power 
SD printers, 44 
drills, 40-43 
laser cutters, 43 
power-on indicator, 155 
power supply, 145-46 
USB charger 
description, 147-148 
voltage measurement, 149-153 
Transformers, 82 
Transistors 
BIT, 83 
description, 83 
MOSFET, 84 
Troubleshooting, 2 


U 


Unrepairable subassemblies, 127 
USB charger 
cable 


INDEX 


colors and functions, 152 
internal wires, 151 
description, 147-148 
regulated power from, 155 
voltage measurement, 149-153 


Vv 


Variable resistors, 74-75 
Voltmeters, 47-48 


W,X,Y,Z 


Weller controlled-temperature soldering station, 
37 

Wire and cables 
conductivity, 61-62 
description, 58-59 
longer version, 60-61 
Ohm's law, 62-63 
short version, 59-60 
storing, 63-64 
testing, 63 

Wire crimpers, 34-35 

Wire cutters, 23-25, 29 

Wire strippers, 25-29 

Wood screws, 33, 

Workshop. SeeElectronics lab 


8: Gunshot and explosion deaths 


Ficus 
Th 


‘marked abrasion collar In fact, two thts were fined in quick 


Entnance of 22 rife bull 
1 moke wiling around 


range 


wound, which hata wel 


ee i ail 


suecesion through the same hole whch ie lightly oveid because of 


¢ Figure 8.49) 


th two sho 


sangruence of th 


In addition to the true abrasion collar, there is often a 
slightly wider circle of peeled keratin, where the stratum 
corneum of the skin is raised to form a slightly Fayed edge 
around che entry wound, This appears due to mechanical 


Ficuae 841 Multiple entry wounds from 
self loading weapon. The wounds 


‘are inline and approximately evenly paced. 


ich i tpical ener with an inverted 
appearance and an abrasion collar, There 
were musi ext wounds on the back 
cauced hy 303 bullets frm a Bren gon 
rol 


sed by a Malayan p 


Ficuae 843 Enpnance of 22 rifle bullet in a shooting acident 


separation of the outer layer, due to the impact of the bullet 
knocking the deeper layers down away from the keratinized 
surface 


‘The grease ring 


The inner ed 
of heating effects and to the rubbing-off of dirt, lubricating 
oil, or grease and metal particles from the bullet. This is often 


ge ofthe abrasion collar may be black, asa result 


called the ‘grease sing’ or ‘rin 
the mi 


of dirt’, and may be absent if 


ile was clean, 


There may also be bruising around che wound from 
mechanical damage to adjacent subcutaneous blood vessels, 
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Fictme 8.44. Eumance wound inthe back of rifle bullet 
fired from acras a oom, There is thus no burning or soiling, and 
‘only minimal bruising atthe margins of an almost circular 


bur no other features, apart from the keratin ring, are present 
in the surrounding skin, No burns, soot or powder can be 
found beyond a variable distance that wll not exceed a metre 


in the case of rifle, and half thar distance with a handgun. 


Extreme trajectory wounds 


Over most of thee flight path, riled weapon missiles main- 
tain a fairly constant attitude, Soon after emergence from 
the muzzle, the bullet may ‘precess, with the tip on the axis 
of travel and the base rotating in a diminishing circle about 
the axis. This soon settles dawn and causes no observable dif. 


ference in the contact wound, For most af the distance of 
travel, che bullee remains steady, with only minor variations 
from axial stability. When the extreme range is approached, 
however, the reduced velocity allows instability of the flight 


path, The bullee begins to wobble and yaw, and may even 
tumble, that is, turn end-over-end, Ifthe missile strikes the 
body in this phase, che impact may be sideways or even back- 
wards, as well as being in an irregular lateral motion. A bullet 
striking sideways may leave an almost rectangular entry 
‘wound, The wound will then be similarly irregular, and there 
may be difficulty in recognizing it asa firearm wound or in 


differentiating ic ftom a laceration caused by other means. 


‘The direction of discharge 


As with smooth-bore weapons, a close range discharge may 
provide information about the angle of the shor because 
of the geometry of any smoke soiling, powder tattooing, or 


Fi 
in the Malayan emergency fiom a single bullet entering the external 


84S. Disintegation ofthe head of« young femal 


Js nucle 


saaitory mentu The weapon was a FN rifle with a 


velocity: the impact of the misile onthe 


ofthe cull instantly 


canserted the kinetic energy int a virtual explosion, 


burns on the skin, An impact a right angles will produce a 
rcular zone of discoloration on the skin, while an oblique 
angle will result in an elliptical mark, the length of which 
increases as the angle decreases, As rifled weapons produce 
relatively litle soiling except at close range, this clue is of less 
assistance chan with shorgurs, 

Again as with smooth-bore guns, the edges of the wound 
‘may be shelved or ‘undercut’ when the discharge enters at an 
oblique angle. Tissue may be seen inthe floor af the wound at 
‘one side, which indicates the direction from which the bullet 
came, Muscular contractions may distort this picture, how- 
ever and ic is not always present, though minute inspection 
(using a lens if necessary) may reveal shelving in the deeper 
layers of the kin rather than in the tissues below, More useful 
is the shape of the abrasion collas, which will be asymmetrical 
if the bullet enters at an angle, even through the central hole 


often remains circular. The other means of determining direc- 


tion, which is not usually available with shotguns, i the era. 
jectory between entrance and exit wounds, These can be 
joined and projected in direction of approach to indicate the 
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site of discharge. Two important conditions attach to this 
interpretation, however: 


Wi Ie che bullet strikes a solid object, either bone or even a 
firm organ, it may be diverted within the body to exit 
‘well off the original erajectory 

i The posture of the victims body at the instant of impact 
must be taken into account. I is too often assumed, 
especially by lawyers, chat all persons are injured —in 


whatev in the 


fashion — whilse standing passivel 
“anatomical position’. Nothing is further from the truth, 


2s people, specially in conditions of fight, fright or 
fight, may be moving or dodging in a variety of 
postures, which change by the second, For example in 
one of the author's (BK) cases, a woman accidentally 
shot by a police alicer had the anterior entrance wound 
much higher chan the est in her back, This did not 
reat that she was shot from above, but chat she yas 
leaning forward when the bullet hit her. Much moze 
bizatre examples accur ftom time to time, such as 
another case seen by the author (BK) in which a 
puzaling high-angle wound in the chest was later 

proved to have been fired fiom an upstairs window as 
the victim was knocking on the front doo below 


Bullet wounds in bone 


‘Where a bullet passes through bone, especially the thin bone 
of the skull, the well-known pattern of cratering’ can usually 
be seen, though there are exceptions. Using the cranium as 
the best example, the inital contact of the missile punches a 
clean hole through the outer table of the skull. Where the 
bullet emerges internally, the inner table is then unsupported 
and a cone-shaped plug is detached, forming a crater that is 
appreciably larger than the external hole, If the bullet 
verses the cranium and penetrates the opposite side, the same 


pattern occuts, this time with the small hole on the inner 
tableand the crater on the outside. In addition to these penet- 
rating defects, chere ate often fissured, sometimes commin- 
uted, fractures running away from the central holes 

However, though this isthe classical picture, a number of 
exceptions have been reported in the literature, where the 
cratering has bee 
1995). 

A shotgun usually destroys a large area of che skull, but 
similar shelving may be seen on the edges of bone frag- 


reversed or is otherwise atypical (Bhoopat 


ments if bolus of shot strikes the bone, Individual pellets 
rarely penetrate, bu the massive cranial damage from close 
range of contact shotgun discharges is largely the result of 
the rapid and violent increase in intracranial pressure 
caused by the entry of a large volume of gas, as well as dhe 
bolus of shot and wads. 


Ficune 8.46 Buller entnence wound, showing the removal ofa 
wide area of sin for forensic examination, ce hair having already 
been removed and preserved befare photography. The autopsy 


incision around the waund is wide, ro include any discharge residue 


and burned shin. The shape of the incision i obviously 
asymmetrical 9 indicate che orientation ofthe sample afer removal 
fiom the bady. 


‘Where several bullets have struck the cranium, the sequence 
‘of shots can usually be determined using Puppe’ rule, which is 
applicable to any multiple blunt force causing skull faceures 
Madea and Staak (1988) have developed this rule in relation 
to bulle injuries: the test depends an the observations of the 
1es either when they intersect each other oF when. 
they intersect a cratered lesion, so that one can determine 


fracture 


‘hich crack or defect must have been formed first. 

‘Where bones other than skull are it by a bullet or shot, 
comminuted fractures are frequent and may be the cause 
of extensive secondary injury. Part of the kinetic energy of 
the missle is transfered to the bone and fragments may be 
violently displaced into the adjacent tissues. They may be 
extruded from the body altogether, leaving secondary exit 
‘wounds in the skin. These may give rise to difficulty in inter- 
pretation, as both lay persons and doctors may mistake them 
for lacerated or even stab wounds, unrelated to the Firearm 
incident. Fractures of bone from gunshot impact may be of 
any variety, and radiography is necessary to detect and orien- 
tate Fragments of bone and differentiate them from missles 
and missle fragments, 
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\ 


x 
Fico 


ete 
‘The entmance wound of a buler into a sul 
Esvernally the defect i clean-cut and lightly ovvid became of the 
of the misile Internally the inner table ofthe 


oblique ipa 
‘cranium i erarered, the bevel being caused by lack of support from 


the diplat. The exit hole an the opposite side ofthe ull showed a 


evra of this pattern, with the catering onthe exterior sun 


EXIT WOUNDS 


‘When a gunshot wound completely traverses the part of 
the body struck, an exit wound will esul. 


Shotgun exit wounds 


When smooth-bore weapons are involved, the residual 
energy of the individual pellets (which have a small mass and 
a relatively low initial velocity) is usually insufficient for them 
to emerge through the wider parts of the body, such as the 
chest and abdomen, Wounds of the limbs, neck and head 


GURE 8.48. Cone-shaped eit wound of the calvarium, with 


fractures in left parietal bone 


‘may well be ‘through-and-through with a twelve-bore shor 
with che small Your-ten’ 


gun and occasionally, hough rarel 
The range has an effect on the possibility of « shotgun exit 


wound, as contact or close-range discharge will allow the 
compacted mass of shot toact like a single bolus — in addition, 
to which, the large volume of intruded gas assists in diseupe- 
ing the tissues and clearing a path for the missles, especially 
in the head. A shotgun blast into the mouth may well remove 
much of the back of the head as an exit wound, but this is 
in part caused by the explosion of the cranium by the gas, 
the so-called ‘burst head’, which can oecur in any gunshot 
‘wound of the head, whether into the mouth or elsewhere. 
‘The appearance of a shotgun exit wound is totally ran- 
dom, def 
addition of any bone or tissue fragments blown out in the 


ending on the anatomical part injured and the 


discharge. Typically, ic isa jagged, iregular laceration with 
everted edges that exposes deep tissues and comminuted 
bone fragments beneath. A shotgun injury of the chest or 
abdomen often just fails to exit on the opposite side, 
because the toughest obstruction, other than bone, is the 
skin, Ie is not uncommon to be able to palpate lead shot 
under the skin in the contralateral position alter it has tra- 
versed the body and been trapped by the skin, 

As a contact shotgun discharge may produce a large, 
ragged, entrance wound, this may resemble the exit 
wound, if present. Differentiation is usually simple, how- 
ever, because of the burning and soiling present around 
the entrance. Ie has been said that the presence of carbon 
‘monoxide in the tisstes marks the entrance wound, even in. 
decomposed bod 
detected right through a close shorgun discharge, though 
the concentration should be greater near the entrance, 


but carbon monaxide can in fact be 
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Ficu 8.50 Appiclsitlike exit wound ofa 7.65 cal. buller 
(ie ao Figure 839), 


likely to emerge on the other side of the body, even through 
the thickness of the chest or abdomen. Of course, in many 
cases where bone is penetrated (especially the skull or ribs), 


FicUnE 849 The exit wounds im the iat shown in Figure 842. 
the bullet will sil emerge, but this is considered elo 


‘The tw bullets have diverged imcde che head from their conan 
= A If a fairly intact bullet emerges, not having been seriously 


cenonance wound and emerged separssely. The exit wounds are 
deformed or fragmented, che exit wound is likely to bea small 


ypically stellate, everted and clean. With smal-calibre mises, such 
verted defect, either circular or with torn edges, The classical 


do chaise ac ba ot pale eae ute 
piel i May evade imp te oe elma a 
Exit wounds from rifled weapons Sil ca gic dew taney epee 
Asstared above, many wounds from rifled guns are ‘through- It is naturally important to confirm the direction of the 
SL Bet lly cs Mighty ing cigs. Se se ce Fis ny atic hres 
Ticks Wien tikopaent hs dole wich: aetna ad aacicoraicieg witcyeie her 
a single bullet will completely traverse the body. A high- both entrance and exit wounds can look remarkably similar. 
velocity missle (of the order of 800 metres/second of 3000 There will be no burning or soiling to indicate the entry and 
ess ily pe gh roo ty ketene el epee pon he clo: elation he 
Wiha loge hoop Tice bbc Be te ee a iin el fe trees Weve ewes cma 
bone or bate of the skull. As discussed at the beginning of clothing, fibres of fabric may have been driven into the 
the chapter, chis may be inefficient in terms of wounding — wound, which can never occur at the exit 
ig a ols alo crt Ear tgicteeamioe ©” "Thongh he ook (lly Paved Wy ap i 
to the tissues to cause damage, although the cavitating effects if the skin is supported at the moment of penetration, A 


ofa high-speed msi in vital tissues may be extremely dam- firm brassiére band or an elasticated trouser waistband can 
aging. Much modern military ammunition consists of asmall press on the skin and prevent eversion, as can a plaster or 
bullet with a large propellant charge to provide masimum — fibreboard wall, if the victim was leaning against it In ehese 
muzile velocity This, by the familiar physics equation, instances, there may even be a spurious ‘abrasion collar 


provides substantial kinetic energy: The bullet is designed to which is really caused by the emerging bullet slamming the 
fragment on impact, so that all the energy is transferred and wound periphery against the resisting surface. In difficult 
an exit wound may not occur In some shootings of this cases the pathologist or a deputy should examine clothing 
nature the pathologist may have difficulty in retrieving any and the scene, to see if there are any such factors thae will 
metalic missle material, even after identifying ic radiograph- help in arriving ata definite answer as to direction, 

ically, as the fragmentation may reduce the bullet to granules Usually, che abrasion collar and frayed keratin ring of the 
and dust, IF the missile does nor strike bone or cartilage, itis entrance wound will be of diagnostic significance, as itis 
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Ficne 8.51 Tjpical ext wound fiom a 9mm bulet, The wound 
in the scalp is verted, stellate and guite clean, the miaile having 
been wiped by 


tr pasageshrough the tse, 


Ticune 8.52 Exit wound of'a 9m pata fied into de mouth, 


absent in the exit wound, e 


ccept as detailed above. Ocea- 
sionally, however, the abrasion collar ofthe entrance wound 


is merely « narrow rim that needs close inspection to detect. 


Where the bullet has struck hone or fragmented, the exit 
wound may be of any size or shape, and may be multiple. If 
bone is shattered, pieces can be driven out through the ski 
causing wounds that may be mistaken for lacerations from 


269 


Ficue 8.53 Bi wound of the bullet responsible forthe wound 
seen in Figure 846, showing the clscaleveried, split edger, with 
so soiling ofthe surrounding kin. 


blunt or even incised weapon violence. Where the bullet 
hhas hit bone within the body, the bullet may emerge side- 
‘ways causing a longer or otherwise distorted exit wound, 
(Ofthe many bizarre findings in gunshot wounds, re-entry 
can pose some problems. One case seen by the author had 
‘two entrance and one exit wounds, with a single bullet in 
the body. The vietim had been standing against a wall when 
shot from the front: the bullet emerged through his back, 
ricocheced from the wall and re-entered his body. 
Penetration of two parts of the body is quite common, a 
single missile causing several wounds. The most usual is 


a through-and-through wound of the arm or leg, che bullet 
then re-entering che abdomen or chest. Placing the limb in 
the appropriate position immediately clarifies the situation, 
and can considerably aid an estimation of direction. 


Glancing or tangential 


led weapon 
wounds 


Though the large gaping wounds caused by a glancing blast 
from a shotgun are rarely seen with rifled weapons, some 
strange wounds can occur. A bullet may strike the body 
surface at a shallow angle, enter and then re-emerge some 
distance away, having travelled superficially under the skin. 
Within the skull, a missile may enter, follow the internal 
curve of the calvarium and exit some distance away. Cases 
are on record of such wounds causing relatively litele 
damage, having traversed che meninges, rather than the 
brain substance, 

‘When the body surface i iregular, such asthe breast, but- 
tocks or groin, several re-entries and exits can take place 


8: Gunshot and 


mone 
wae 

vate 
9 ‘secondary 
a camel 


fol, BS 


akan 


FIGURE 854 Diversion of trajectory of bullet on striking bone. The 
secondary effects can be mare darmaging than tase ra he misile 
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In these instances, extensive bruising may mislead examiners 
into assuming that some blunt injury has occurred, ifthe 
firearm nature of the wound is overlooked, 

A bullet striking ae a small angle with che surface may 
follow the curvature of the skull or a ib and emerge some 
distance away after having made a track in the subeuta- 
neous tissues. Alternatively, a bullet can pass tangentially 
across the surface, causing 4 linear graze or even a lacera- 
tion, which may lead to great difficulties in interpretation if 
the circumstances are unknown, Gunshot wounds in the 


axilla or actoss the side ofthe thorax may gape widely, look- 
ing quite unlike a firearm injury to an unsuspecting med- 
ical examines, 


FIREARM DAMAGE TO INTERNAL 
ORGANS: 


‘This may be of any nature, but broadly falls into two 
categories: 


BI Contusion and laceration from low-velocity impact. 
‘Where a mass of shotgun pellets and gas strike tissues 
‘or an organ the damage is simple mechanical diseuption, 
with widespread haemorrhage from local vessels 
Similar, though less extensive, damage is likely from. 

a low-velocity rifled bullet or slug, which pushes the 
tissues apart as it ploughs through an organ ar muscle. 
Secondary damage can occur from fragmentation of 
bone or bullet, which produces further traumatizing, 
‘missiles within the tissues, The danger to life that ensues 
naturally depends upon the target tissues —a clean 
‘wound through the chigh may cause only temporary 
lisabilty, whereas the same wound through heart oF 
brain may wel be rapidly Fatal 

High-velocity missles produce disproportionate 
damage relative to their diameter because of eavitation 
effects, described at the beginning of the chapter. This 


explosion deaths 


is particularly damaging in solid organs, such as che brain 
and liver. The track may be many times wider than 

the diameter of the bullet, and may consist of pulped 
and haemorshagic issue lefe behind by the pulsating 
cavitation effect caused by the lateral transfer of energy 
as the missile passes through, 


ESTIMATING THE RANGE OF 
DISCHARGE 


This is one of the most important aspects of the interpret- 
ation of firearm wounds. Though guidelines can be offered, 
it cannot be emphasized too strongly that every weapon 
and batch of arnmunition will vary, so that medical opinion 
must always defer co the results of test firing with the same 
gun and similar shells. Allowance must also be made for the 
effec of interposed clothing, 


Rifled weapons 
THGHT CONTACT OVER SOFT TISUIES 


Ml Possible muzzle impression, 
1B Circular hole with abrasion collar 

1B Bruising 

1H Local reddening from heat and monoxide 

IH Little or no surface burning. 

1B Little or no propellant soiling or powder tattooing, 


TIGHT CONTACT OVER UNDERLYING BONE 


Hl Splic or cruciate wound. 
Local reddening and monoxide. 

1B Bruising 

1 Little or no surface burning or propellant soiling. 
1B Abrasion collar party last an skin tags. 


DISCHARGE FROM LESS THAN 15 CM (6 INCHES) 


Wi Circular hole with abrasion collar 
1B Flame burn on surrounding skin, 

1 Burne hairs 

IH Soot and smoke soiling (depending on ammunition). 
1H Sina punctate burns from propellant tattooing. 

BH Unburnt propellane flakes. 

1B Little or no monoxide in tissues 


DISCHARGE FROM 15-TO 30.CM (6-10 12 INCHES) 


No soor, but perhaps powder tattooing, depending on 
barrel length, 
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Airgun injuries 


No monoxide. 
1 Rarely flame burn. 


DISCHARGE FROM MORE THAN 40-60 CM. 
(16-24 INCHES) 


No burning, soiling, burnt hairs or monoxide 


FAR DISTANT DISCHARGE AT LIMET OF RANGE 


Mt Larger, irregular hole with irregular abrasion rim caused 
by cumbling bullet. 
Bl No other features 


Smooth-bore shotguns 


TIGHT CONTACT DISCHARGE OVER SOFT 
TISSUES 


Ml Single circular wound abour diameter of muzzle 

1 Smooth margin. 

Often muzzle imprint. 

Hl Blackened edge. 

No surrounding smoke soiling unless clothing allows 
leakage. 

Deep bruising. 

1 Pink vssues, 

1 Wads in wound. 


TIGHT CONTACT DISCHARGE OVER SKULL OR 
BONY AREA, 


As last type, but wound may be ragged and split from gas 
rebound, 


DISCHARGE WITHIN A FEW CENTIMETRES 


Wi Circular wound, unless oblique discharge 
1 Smooth or slightly erenated margin 

i No satellite peer holes 

1H Surrounding soot soiling 

1B Punceate powder burns, 

I May be unburne powder flakes. 

1H Burning of surrounding skin. 

1H Burne hairs, 

1B Pink monoxide in tissues. 

1 Wads in wound. 


DISCHARGE FROM 30.CM (12 INCHES) 


HE Circular ratchole! wound wich nibbled margins. 
I No satellite pellet holes 


Soot soiling may persist 
1H Powder tattooing present, 
Little or no monoxide. 

I Still burning of skin and hairs. 
1 Wads in wound. 


DISCHARGE FROM 1 70 5M (39 TO 
195 INCHES) 


Central ‘rat-hole’ wound. 
Satellite pellet holes around periphery 

No burning. 

No soot 

1 Maybe slight tattooing at 1m. 

No monaxide. 

I Wads not in wound at upper part of this range. 


DISCHARGE OVER 5M (195 INCHES) 


Ml Diffuse pellet parcern 
1H Probably no centeal hole 
No burning, soot, tattooing, monoxide, no wads, 


All the foregoing data are very variable, being dependent 
upon the individual weapon and ammunition. Test fing 
must be used to validate the pathological interpretation. 


AIRGUN INJURIES 


Air rifles and pistols produce wounds that have some of the 
characteristies of both shotguns and explosive rifled weapons. 
“The missle is single and fired through a rifled barrel, but is 
small and resembles a shaped (waisted) shorgun pellet. 

The muzzle velocity is relatively low, but some more 
sophisticated rifles, such as the German Weirauch, ean pro- 
duce more than 12 foot-pounds of energy and the pellet can 
easily penetrate a wooden door—and the human skull 

‘Two calibres are common, the .177 and the .22 inch, 
the later naturally being the more dangerous. The .177 ean, 
however, penetrate the thin temporal bone of child. Wounds 
from an air weapon ate rarely fatal except when the head is 
struck — and children are the usual victims. The pellet can 
enter the skull and traverse the whole width of the brain, 
but never produce an exit wound, being usually found in 
the contralateral meninges. The track may be surprisingly 
wide for such a low-velociey missle. 

Apart from fatal head wounds, a number of eye injuries 
‘occur from airguns, the pellet lodging within the globe, the 
orbit or the adjacent ait-sinuses. Radiology is obviously of 
prime importance in locating the misile, prior to surgical 
removal 
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‘There are no particular features of an air weapon wound, 
as, of course, there are none of the heat, powder or soot 
effects of an explosive gun, The entry wound is small, but 
‘may show an abrasion ring. There is never an exit wound, 
unless the tissue traversed is extremely nartow 

HUMANE (VETERINARY) 
AND INDUSTRIAL ‘STUD 


KILLERS 
UD-GU: 


Explosive weapons of a specialized type are used in abat- 


toirs and by veterinary surgeons to dispatch large animals. 


JGURE 8.55 Truc throug brain made bya 177 inch 


airvifle pelle (arrowed Jra relatively low-velocity msl 


the track is much wilder than the pellet from lateral tranfer of 


bine JGURE 8.56 Ain pelle in brain rue 
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locating a m 


rndom searching dos not cause inserument 


damage tothe delicate stration pattern used 


Here there it a 
spit lobe, with a bone 


defi in the extreme front ofthe ull 


Humane (veterinary) killers and industrial ‘stud-guns 


They may be of the ‘captive-bolt’ type, which consists of a 
metal rod, the distal end of which is propelled for a few 
centimetres from the muzzle of the weapon by a blank cart- 
ridge inserted in a chamber behind the proximal end. The 
captive bolt inflicts a clean, penetrating injury, ahout Sem 
deep, which can be mistaken for a stab-like injury 

Another vatiety consists of a metal barrel on the distal 
end of which is a heavy flange, which is placed against the 
hhead of the animal. A cartridge carrying a 0.31 inch (8 mm) 


bullet is inserted into the proximal end of the bareel and a 


firing pin struck with a mallet, The injuries from this resemn- 
Blea contact wound from a conventional weapon, though 
the base of the flange may have embossed concentric circles 
to prevent slipping, which may produce an unusual pat- 
terned imprint on the skin surrounding che wound. 
Another type is the Webley veterinary pistal, which is of 
32 calibre and is virtually identical with a conventional 
gun. Humane killers may cause injuries on humans either 
accidentally or suicidally, homicide being rare. The nature 
of the weapon will almost always be apparent from the cir- 


, including the presence of the weapon. Death 
‘may be delayed due to complications, asin one case seen by 
the author (BK) where a farmer died of tetanus after acci- 
dentally shooting himself in the knee with « humane killer 

Devices used in industry and especially he building trade, 
are similar to humane killers, These are the ‘stud-guns' used 


FicURE 8,59 Suicidal contact wound from a humane veterinary 


Ailler (cee ala Figure 8.60). 
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FiCUME 8.60 Defée ofthe right fomtal bone (arrow) fram a 
Irumane veterinary killer (ie ali Figure 8.59) 


for driving a hardened metal pin or threaded stud into 
masonry, or other wood or metal strictures as a rapid and 
convenient means of attachment. An explosive cartridge, 
often of .22 ealibye, is used to drive a piston that acts a8 a 
hammer on the pin or stud. Many accidents and the occa- 
sional suicide have occurred from these tools, which resem- 
bile long piso, with a le faceplate attached co the muzzle 
for presing against the structure, Some accidents occur 
Doecause the guns are used on relatively imsy partitions, and 
the stud traverses the structure and flies on to injure ot kal 
someone on the other side 


RUBBER AND PLASTIC BULLE’ 


A relatively recent innovation in firearms isthe use by police 
and security forces of projectiles for riot contol. Originally 
rubber bullets were used, being compressed into smooth- 
bore weapons. These have been abandoned in Britain in 
favour of ‘baton rounds, more commonly known as ‘plastic 
bullets. They have been used i large quantities in Northern 
Ireland, some 43 000 having fired up to 1985. These projec- 
tiles have not yet been used in the mainland of Britain, 
though many police forces hold stocks. Ekewhere in the 
world, they are used extensively for riot contro 

‘The baton round is a solid cylinder of polyvinylchloride 
38mm in diameter and 10cm long, weighing 135 g. When 
fired from a smooth-bore weapon it has a muzzle velocity of 
about 250km/hour and an effective range of 50-70, It 
should not be fired a a person under about 20:m range. Ie is 
used to disperse riots and discourage stone-throwvers by strik- 
ing chem sufficiently hard co cause pain and bruising, bur no 
serious injury. The bullet is about the same weight as a 


cricket ball, but eavels twice as fast a the best howler could 
deliver it In Brean, the bullets were made by Pains-Wessex- 
Schermuly, but later by Brocks Fireworks and alo by the 
Ministry of Defence. Many injuries and some deaths have 
ben reported from their use. Fractures ofthe face and skull, 
eye damage including blinding, broken ribs and limbs, and 
contusions of iver, lung and spleen have occured. 

Police ae instructed to fire a che lower half ofthe body, 
to avoid the more serious injuries atsing from hitting the 
hhead or chest, The death rate is said to be 1/18 000 rounds 
fired, compared with rubber bullets which had a morality 
sate of 1/4000 rounds. 


DEATHS FROM EXPLOSION 


Deaths from the effects of explosive substances or devices 
‘occur in both civil and ‘military’ circumstances, hough the 
latter now include a considerable proportion of terrorist 
activities rather than conventional wars. Civil tragedies are 
usually industrial, asin individual incidents in mines and 
quarries, or on a larger scale, such as the detonation of chem- 
ical stores, ships or factories, 


‘The nature of explosive trauma 


Several different factors cause injury following an explosion, 
and the relative importance of each varies considerably with 
the type of detonation. For example, pute blast effects are 
far more important with high-explosive projectiles designed 
for purely military use ehan with the home-made terrorist 
bombs, the lethality of which may be primarily caused 
by flying fragments, Death and injury from explosives is 


caused by: 


i blast effects 

impact of projectiles derived from the explosive 
device 

1B impact from surrounding objects and debris impelled 
by the explosion 

1 burns from hot gas and incandescent objects 

secondary injuries from falling masonry, beams and 
furnishings dislodged by the explosion 


A blast consists of a wave of compression passing rapidly 
through the air —or water in the ease of a submarine explo- 
sion, such asa mine. The velocity ofthe shock wave depends 
con the distance from the epicentre, being many times the 
speed of sound at the start, but rapidly decreasing as it 
spreads out. The compression wave is followed by a transient 
zone of low pressure (below atmospheric), so chat a rapid 
double change in presure is suffered by the body. The 
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Deaths from explosion 


magnitude of the blast varies with the energy released and 
also with the distance from the epicentre, the intensity obey- 
ing he inverse square law. With all but powerful milicary 
high explosives, che blast effects of most terrorist devices fill 
off so rapidly with distance that only those in the immediate 
vicinity will suffer severe damage from blast. Not uncom- 
monly; this type of vietim is the bomb-setter himself, when & 
premature detonation occurs 

Abblast causes the most damage at an interfice berween tise 
sues in contact with the atmosphere, which is why the lung. 
usually suffers the most. About 100llb/inch? (690 kPs) is the 
‘minimum threshold for serious damage to humans. The 
shock wave ean passthrough solid, homogeneous tissues such 
as liver and muscle, causing litte or no damage, but in the 
Jung there is marked variation in density berween the alveolar 
walls and the contained air so thar damping ofthe shock wave 
‘occurs and encegy is absorbed, with disruptive effets 

There is controversy about whether pulmonary damage 


‘occurs from direct transmission of the shock wave through 
the thoracic wall, or through the oronasal orifices and air 
passages, In any event, the autopsy signs are of subpleural 
patchy haemorrhages, often in the line ofthe ribs, intrapule 
monary haemorrhage and bullae at the lung margins, The air 
passages may be filled with bloody froth causing airway 
‘obstruction and hypoxia in addition to the primary damage. 
Microscopically the alveolar walls ean be shredded by the 
acceleration and consequent teating of the ait-suc wall when 
the shock waves traverses the lung. Desquamated alveolar and 
bronchial epithelium is sen lying free. Large areas of haemo 
shage are seen, with either the alveolar pattern stil visible oF 
the architecture completely disorganized. Pulmonary haem- 
orthage in explosive incidents is often nor caused solely by the 


bas, but may be from direet impact on the chest from flying 
‘objects, aspiration of blood from nasopharyngeal injuries and 
from bleeding following aspiration of stomach contents 

‘The ear may suffer severe damage from a blast, but this is 
not easly discernible at autopsy, Clinical examination and 
testing (obviously in the living) reveals many lesions, but 
these are of lite relevance to the pathologist. 

‘The gastrointestinal system suffers from he effects of & 
blast because, like the lung, it contains air and gases, and is 
thus not a uniform medium for transit of the shock wave 
(Once again haemorrhage isthe most common lesion, usually 
small foci ofthe order ofa centimette in size. They may form 
circumferential bands around the intestine or may be can- 
fined to the serous coat as focal haemorthages. The eaccum 
and colon are more often injured than the ileum, jejunum 
and stomach, probably because they ae larger and often con- 
tain more gas. Occasionally ruptures of the gut occur ifthe 
blast is violent and the victim in near proximity 

Vietims of explosions in water sulfer a reverse order of 
gasuointestinal to lung damage. The former is more 


common and may be manifested as hacmorthages under the 
serous coats and mucosa. Perforations may occur and, in 
survivors, peritonitis is nor uncommon, ‘The perforations 
ate often multiple and in any part of the intestine. Lung 
damage is less common in water and some instances may be 
caused by impact transmitted up through the diaphragm, 


Missile injuries in explosions 


Ikisagain emphasized that unless. sophisticated h 
military device is involved, or if che victim is virally 
adjacent to a lower energy terrorist bomb, blast effects will 
rarely be the sole eause of death. The body will, however, be 
vulnerable to impace from solid fragments originating from 


hrexplosive 


the bomb casing or a container or conveyance, such as & 
car in which the bomb was concealed, Fragments of metal, 
from tiny splinters to large chunks or sheets, will be pro- 
jected at high speed. The smaller ones will not travel more 
than a few metres, but larger, heavier pieces can fly over con- 
siderable distances and can cause serious oF fatal injuries in 
just the same way as projectiles fom a firearm. In the open, 
debris is scoured away, including dust and dirt, which can 
impinge on dhe body to injure and discolour it. At autopsy 
the body may appear pigmented from this dust blasting, the 
clothing causing a shadow effec similar to bathing suit pro- 
tection from sunburn. A more common appearance is ‘pep- 


pering’ as a resule of the numerous small missiles causing. 
bruises, lacerations and abrasions, The lacerations are ofien 
puncture wounds, of varying size and depth. Burns may also 
dliscolour the body, especially those areas unprotected by 
clothing. Fash burns from the bomb itself only affect those 
nearby unless the device is massive, though singeing of hair 
and eyebrows is not uncommon. Other burns may be eaused 
by ignition of clothing, or by the building or vehicle catching. 
alight from the bomb effects or from gas or pete ignition, 

‘A massive bomb, or one where che victim is vietually on 
top of the device, may totally distupt the body and fling 
unidentifiable pieces over a wide area, Alternatively, part of 
the body may he totally destroyed, sometimes the remainder 
of che victim being remarkably intact. The legs may be 
blown off or the abdomen disrupted, or the hands and arms 
torn away. In terrorist attacks these effects may be seen in 
the person who was planting the bomb or carrying it to the 
place chosen for detonation, A premature explosion, some- 
times during the act of setting the timer, may cause these 
localized injuries. 

‘The pathologist may be able to assise in reconstructing 
the events, as localized severe trauma obviously indicates 
the relative position of the bomb and the victim at the time 
of detonation. If the lower legs are destroyed, then the per- 
son was standing near the device that lay on the ground. 
Punceured wounds and bruises on the front of the thighs 
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and trunk will indicate that he was facing the bomb. If che 
thighs, pelvic region and abdomen are damaged, the bomb 
may have been carried on che lap —and if the hands, chest 
and face are the most affected areas, the deceased may have 
been bending aver the device. 


‘The autopsy in explosion deaths 


‘The salient features have already been described and much 
of the autopsy is directed at listing the injuries, as in any 


Fi 
picked up an apparently ‘dua smoke hel 
He lived for some wees, the injury having partly healed, hough 


IRE B.GL Localized injury by an explosive device. The soldier 


ih then detonated. 


art of the fice and sul were destroyed, 
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other trauma death. The interpretation outlined above, how= 
ever, may be most important forthe investigators, 

‘There are some more specific matters in an explosion death 
Which the pathologist must bear in mind, Firstly, trace evi 
dence may be vital wo the forensic scientists and bomb 
experts, who ae trying to race the maker ofa terrorist device. 
X-rays should be taken ofall bodies before autopsy co identi 
any radio-opaque objects, Nor only will this asst in detecting 
lethal misiles nor visible from the surface, but i¢ may reveal 
small metal objects that form part of the bomb mechanism, 
such as small springs or contacts from the timer or detonator. 
‘These may be invaluable in allowing the experts to recognize 
the handiwork ofa particular bomb-maker or terrorist group. 
Such radiography may also reveal the unexpected, which in 
the past has included a bullet, che vitim having been blown 
up after death from shooting. Even prior 10 radiography, 
there may be much that the pathologist has to do. Though 
‘many explosion victims are relatively intact, where extensive 
disruption has occurred, the fagments have to be eollecced 
and sorted out inthe moreuary. 

‘A major inital problem is to discover how many bodies are 
represented and to ty to allot the correct fragments to the 
right individuals. Where there are a number of victims and a 
large pile of small fragments, this task may be diffcule oF 
impossible, bur it is naturally of paramount importance to 
determine how many victims are involved ane co determine 


the sex of each. This is largely an anatomical exercise 
the sorting of multiple skeletal remains. Careful identification 
of all recognizable structures, such as prostate, uterus, breasts 
scalp, eyes, for example, is needed in addition to more gross 
sorting of limb and trunk fragments. Radiology may again 
assist in matching contained skeleeal structures, but much of 


FicUME 8.62 Numerous wounds and 
peppering by debris projected ina terrorist. 
tomb blast. Blas injuries occur only in 
lore prosimity the device ~ most 
injury caused by fling projectiles, 
(Repraduced by kind permission of 
Profeior TK Marshall) 
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the debris accumulated after a large explosion consists mainly 


of skin and attached tissues 

In spite of the most thorough police search of the scene, 
considerable proportions of some bodies are never recovered, 
having been disrupted into tiny Fragments and mixed with 
the masonry and other debris of che bomb site. The collected 
fragments have to be washed clean from the inevitable dirt 
that coats them and sorted into groups by anatomical sim 
larity, Non-human tissue is discarded, as animal material is 
not uncommonly admixed, The completed piles of tissue are 
then resorted by any apparent similarity, such ay racial pig- 
‘mentation, haie colour and sex. Limbs and large joints are 
then sorted, allotting them to left and right from anatomical 
considerations 

The difficulties of such a task was emphasized by 
Professor TK Marshall, whose experiences in Northern 
Ireland make his writings on the subject che definitive guide to 
such tragedies. In one of his incidents, eight victims we 
accounted for, when a single penile fragment forced che iney- 
itable conclusion that cere were in fact nine victims, not 
cight, though no other recognizable part of chis ninth man 
was ever discovered, He had presumably been the bomb- 
carrier and had been completely disintegrated, 
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Injuries and fatalities occur in all forms of transportation 
but numerically road traffic accidents account for the great 
majority worldwide. In developed countries, they are the 


‘most common cause of death below che age of 50 years, 
and in young men this trend is even more marked. The 
pattern of injury, fatal and otherwise, varies considerably 
depending upon whether the vietim isa vehicle occupane, 
a motorcyclist, a pedal eyelist or a pedestrian, 


THE DYNAMICS OF VEHICULAR 
INJURY 


‘A number of elementary physical facts help to explain the 
complex pattern of traffic injuries, especially those sus- 
tained by the occupants ofa vehicle. 


1B Tissue injury is caused by a change of rate of 
movement. A constant speed, however apid, has no 
effect whatsoever as is evident from space travel or the 
rotation of the earth. Ie is the change of rate chat is 
traumatic that i, acceleration oF deceleration, 

1 Change of rat is conveniently measured in ‘gravties oF 
'G forces."The amount that a human body can tolerate 
depends greatly on the direction in which the force acts, 
Deceleration of the onder of 300.G can be sustained 
‘without injury and even 2000 G ean be survived for a 
short time, if tacts at right angles to the long ais of the 
body: The frontal bone may resist 800.G without fracture 
and the mandible 400G, as can the thoracie cage. 


1B During acceleration or deceleration the tissue damage 
produced will depend upon the force applied per unit 
area, just asa sharp knife penetrates more easily than a 
blunt one used with the same force. Ifa car driver is 
brought co rest from 80 km/hout by striking 10cm? of 
his head on the windscreen frame, the damage will be 
vastly more severe than if the same decelerative force 
was spread over 500cm” ofa safety belt, 

1B Beeween 60 and 80 per cent of vehicular crashes (either 

1 a fixed structure or into another vehicle) are 
frontal, causing violent deceleration. Another 6 per 


cent are rear impacts, which accelerate the vehicle and 
its occupants, Of the remainder, about half are 
sideswipes and the rest ‘roll-overs 

IB In the common frontal impact, there is never inseant 
arrest of the vehicle, even when it runs into a massive, 
immovable structure, The vehicle itself deforms from 
the front so chat there is always a deceleration distance 
and time, albeit small, In fae, much of the 
manufacturers’ design research now goes into making, 
deliberate provision for the crumpling or ‘eoncertinaing’ 
of the front and rear of the ca, leaving a central rigid 
cell that comprises the passenger compartment. The 


0 extend the stopping distance and time, so 

ue acting on the occupants is reduced. 

IB The value of the G forces can be calculated from the 
formula: G = C(V2)/D, where Vis velocity in 
km/hous, D isthe stopping distance in metres after 
impact, and Cis a constant 0,0039. (IF Vis in mph and 
Disin feet, Cbecomes 0,034.) For example, ifa car 
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FIGURE 9.1. Major pains of injury to an anvestcined driver af a 
vehicle in deceleration impact. 


travelling at 80 knv/hour runs into a stone wall that it 
penetrates for 25cm, plus 50cm crumpling ofthe front 
ofthe car, the deceleration would amount to about 
3G. IFan oceupan was rigidly belted into his sea 

(a peictical impossibility), he would also suffer the same 
deceleration, which would be survivable. If however, 


he was unrestrained, he would continue forwards 


momentarily at 80 km/hour and suffer massive G 
forces, the magnitude of which would depend on bis 
deformation stopping distance (a few centimetres of 
tissue compression) when he struck the internal car 

structures in front of him. 


PATTERN OF INJURY OF VEHICLE 
OCCUPANTS 


‘The type of vehicle (other than mororcyles) in theory 
makes litle difference to the mechanism of injury, but 
most statistical surveys divide them into cars and light vans 
unde 


1.5 tonnes, on the one hand and heavier vehicles, 


such as trucks and buses, on the other, chough the latter 


have different features more akin to passenger aircraft 


Heavy goods vehicles naturally suffer less than ears and 
light vans in crashes because of thet far greater mass and 
strength, and also due to their height above the ground. 
Structural damage feom impact with other smaller vehicles 
is less and often sustained below the level of the driver. 


Given smaller deceleration forces, however, the cab occu 


pants are vulnerable co the same injury patterns. 

Light vans are virtually identical to cars wich respect 10 
the front-seat occupants, In fact chey may be mare at risk, 
as modern vans tend to be flat-fronted and thus have little 
‘or no ‘crumple’ potential to increase the stopping time. 
(Concentrating on cars, the most common vehicular casualty, 
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Ficune 9.2 Facial lacerations from a shattered windsreen in an 
sunrestrained driver, The toughened glas breaks into small agents 
hich produce the characteristic parra-fot' marks. The laceration 


‘om the forebead was made bythe windscreen rim. 


the pattern of injury varies according to the position of 
the occupant. 


The driver 


Numerous investigations have been made by road research 
organizations and car manufacturers using dummies and 
actual corpses, together with sophisticated recording equip- 
‘ment and high-speed cinematography. These have established 
a detailed piceure of the sequence of events in automobile 
crashes. When the most common event ~ frontal impact — 
jccurs, the uncestrained driver Bist sides forwatds so that 


his legs strike che fascia/parce-shelf area, and his abdomen 
or lower chest contacts the lower edge ofthe steering wheel 
‘The body then flexes across the steering wheel and begins 
to rise, The heavy head goes forwards, and there is lesion 
of the cervical and thoracic spines. The upward and for- 
ward component causes the head to strike the windscreen, 
the upper windscreen tim or the side pillar. The windscreen 
is often perforated by the head o face, and the whole body 


Pattern of injury of vehicle occupants 


may be ejected through the broken glass, w land on the 
bonnet or even on the roadway ahead, 

Another fctor causing injury isthe intrusion of structural 
pars into the passenger compartment. Though modern cars 
are designed to maintain a rigid central passenger compart- 
ment, if the impact is gross, the engine or front-wheel assem- 
bly may be forced back into the seating area, intruding upon 
the driver. Similarly, the roof or front corner pillar (the 
so-called ‘A-frame) may eave in an top of the driver, 

(One effect of column, engine, or gearbox intrusion may 
be to force the floor up and backwards againse the driver's 
feet and legs. The control pedals also take part in intrusion, 
and, in the usual desperate braking and dechutching, the 
reflex pressure of feet on rising pedals and floor may cause 


transmitted force up the legs and into the pelvic girdle. The 
steering column was formerly a more dangerous item for 
intrusion, being forced back to ‘stab’ or erush the driver's 
chest or abdomen, Modern design has reduced this danger 


FIGURE 9.3. Ring facture around the foramen magnurn cad by 
«an impact onthe crown of the headin acar driver, who lat the 
contra of his viel and crashed nao a te 


by making the column telescopic, hinged or otherwise col- 
Lapsible, bue injures still occur— sometimes from the wheel 
itself breaking and penetrating the chest. Additionally, the 
door may burst open and the driver, if unrestrained, ejected 
sideways onto the road, especially in a crash that has a roll 
‘over component. 

In a rear impact, the driver is violently accelerated and, 
if no rigid head restraine is fited to the seat, severe hyper 
‘extension of the neck occurs, often followed by the sequence 
of deceleration events when the car is eannoned into the 
vehicle or other obstruction in fron 
if inaceurate name of ‘whiplash 

In side impacts, the injuries depend upon the amount of 
intrusion of the driver's door and side panels, Restraint 
devices ean offer no protection, though modern vehicles 
usually have strengthened side-impact bars built within the 
doors 

This range of traumatic events can produce the follow 
ing lesions in drivers not weating seatbelts or protected by 
airbags: 


causing the popula, 


1B Impact against che fascia can cause abrasions, 
lacerations and fractures of the legs around knee or 
upper shin level, 

IB Pressure of feet on the floor, especially when itis 
intruded by the engine, can cause fractures anywhere 
from foot to femur. The leg can also be injured by 
violent contact with the fascia or dashboard and the hip 
joint may be dislocated posteriorly. Not uncommonly 
the pelvis is Fractured, often at one or both sacroiliac 
joints, In Manes (1978) series of 100 driver fatalities 
there were 22 pelvic injuries and 31 of the lower limb. 

1H Impact of the abdomen and chest against the steering 
wheel may cause severe internal injuries, usually 
suptute of the liver (50 per cent) and, less often, spleen 
(36 per cent). There may be bruising of the skin 
surface, but this i often absent even in the presence of 


— 
Intrusion af engine 
and front suspension 


Ficae 9.4 When vebicle structures impinge on the scupants even bel resaine offer litle protection. The engine font supension, roof 


and foam are frsquen intrudes 
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FicuRE 9.5: Bruiving laceration and bilateral lg facture of a 
car driver in a froneal impact. 


severe internal injuries. Laceration of the skin is rare 
unless the steeting wheel snaps and penetrates the 
trunk. Other stecring-wheel lesions include bruising of 
the lungs, fractured ribs and sternum, cardiac contusion 
and haemothorax or pneumothorax or both. Almost 
70 pet cent of Mant’s series had broken ribs 

Upper limb injuries are less common but may occur 
from transmitted force through gripping the steering 
wheel or from impact against the windsereen, pillars, 
intrusive roof, bonnet of ground when held up in a 
reflex protective position. Only 19 per cene of Mane’s 
series had arm injuries. 

1H The most obvious injuries are often those to the face 
and head as a result of projection against and ejection 
through, che windscreen, The unrestrained driver rises 
and flexes forwards so that his forehead and skull are 


im of the windscreen, 


likely to contace the uppe 


leading to lacerations. The face frequently sulfe 


multiple cuts from contact with the shattered safety 
glass. In most European vehicles the glass is of the 
toughened, not laminated, variety and, when broken, 


it shatters into small cubes with relatively blunt edges 
These still cause superficial lacerations, aften in short 
“V-shaped” or ‘sparrow-foor’ patterns. In themselves 
they are not a danger to life, but indicate an impact 
sufficient to huel the driver on or through the glas, 


Damage to the eyes is common, 
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Fic 9.6. Fecal injuries in ear diver unrestrained by a 
seatbelt, Following a decelevaton impact hi fice struck the 
windscreen, causing the rpical small cuts fom broken safety gla 
and lacerations ofthe temple fom striking the windscreen rim or 
frame, 


| The impact against the windscreen rim or corner 
pillar —or after ejection — can cause any type or degree 
of head injury, including scalp laceration, fractured 
skull, intracranial haemorrhage or brain damage. In 


‘Mant’s series chere were 42 skull fractures in 100 driv 


This was less than in the 


ront-seat passengers, a figure 
at variance with Eckert’s (1959) series of 300 in the 
USA, whet 


as the passenger, though ie is not stated how many 


drivers suffered twice as many head injuries 


accidents were 1 vehicles occupied only by the driver, 
Hyperflexion ofthe cervical spine when the head 
swings can cause fractures or dislocation, There is often 
a double component in thatthe hyperflexion of 
deceleration is followed by a rebound hyperextension 
when the head strikes an obstruction in front. Rear 
impacts also cause the double ‘Whiplash effet, as 
already mentioned 

One injury that is requendly overlooked at autopsy i 
the atlanto-oecipital dislocation, which Mane found in 
a thied of his series, Other fractutes can occur anywhere 


in the cervical spine, often at about C56, Seatbelt 
restraint cannot prevent cervical spine damage, though 
rigid head restraint can reduce injuries resulting from 
hyperextension. The thoracic spine is less afien 
damaged, but in unrestrained drivers the same 
‘whiplash’ effect can fracture oe dislocate the upper 
dorsal spine, often around TS-6-7, 


Pattern of 


Injury of vehicle occupants 


{CURE 9.7. Mise injuries a retained car driver from a bead. 


on clliion. Death wa caused by rupeured aorta 


BA more common thoracic injury associated with 
deceleration is the ruptured aorta. Ie may be associated 
with a severe whiplash effect on the thoracic spine, 
as the aorta is tethered to the anterior surface of the 
vertebrae where the distal arch joins the straight 
descending segment. Probably the most common 
reason for aortic rupture, however, is the ‘pendulum! 
effect of the heart within che relatively pliable thoracic 
contents, When the thorax is violently decelerated, the 
heavy ca 
may li 


jac mass attempts to keep moving ahead and 
ally pull itself off its basal mountings, the most 


rigid pare of which is the aorta. Separation eakes place 
at the point where the aorta is attached eo the spine at 
the termination of the arch, 

‘The appearance of the aortic rupture is often of a 
clean-cut circular break, almost as sharp as if ie had 
bbeen transected with a scalpel. Sometimes there are 
additional transverse intimal cears adjacent to the main 
rupture, the so-called ‘ladder tears’ as they can 


resemble the rungs of a ladder. These may be pre 
hen no actual upeure has occurred and may be found 
as an incidental finding at autopsy. Sometimes they are 
deep enough to allow a local dissection af blood to seep 
into the intima, when death has not been virtually 
instantaneous. Rarely, a major dissection may lead to 


delayed death some hours or even days later. Ruptured 
aorta isa common lesion in traffic accidents — in a 
two-car crash, the author (BK) has seen three 
transected aortas among the four fatalities, 

‘The frequency of such tears is common enough for a 
warning always to be offered to the autopsy prosector 
not to use undue force on the neck and thoracic 
structures when removing the organ pluck from the 


Fic 9.8 Ruprured area in which car occupant, unrestrained by 
seatbelt, fired severe deceleration, Aorta bas torn in the usual place 
the distal arc where the curve ofthe vesel meets the thoracic sine 


body. Rough handling during this stage can produce 
artelactual ladder teats in the aorta 

Other chest injuries can be caused by impact with the 
steering whee, ejection through the windsereen or 
impact with the road. There may be bruising or 
laceration on the chest from the steering wheel, chough 
padding, collapsible columns, les fragile wheels, 
airbags and seatheles have reduced the incidence of this 
formerly commion lesion. Beneath the skin, sternal and 
rib fractures are common, though fatal visceral injuries 
can occur without rib fractures in young people because 
their ribs are more pliable, 

The heate m: 


be damaged even in che absence of 
external marks or thoracic cage fractures. Bruising of 
the epicardium and underlying myocardium is not 
uncommon and the posterior surface may be damaged 
from impact against the spine. In high-speed impacts, 
the heart may be completely avulsed from its base and 
be found lying loose in the chest. Less severe degrees of 
damage may lacerate the ventricles or atria, and cause 
gross haemorrhage. Coronary artery thrombosis has 
been described following contusion over a coronary 
artery, Penetrating injuries from sternum, ribs or 
external objects may lacerate the heart directly 
Subendocardial haemorshages on the left side of the 
interventricular septum and opposing papillary muscles 
are not a sign of impact, but an index of catastrophic 
hypotension. They are also seen in head injuries; they 
can occur within the space of a few beats, as the author 
(BK) has seen these prominent lesions in an avulsed 
hare afer a military aircraft crash, 

The lungs are frequently injured, either from stabbing 
by fractured ribs penetrating che pleura or from blunt 
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impact. The later often leads toa line of bruising down 
the posterior part of the lung where it lies in the 
paravertebral gutter. There may be air bullae or blood 
blisters under the pleura overlying the bruised areas and 
a pneumothorax or haemothorax may result, The 
interior of the lung may be pulped even in the presence 
of an intact visceral pleura, from transmitted force or 
massive variations in intrathoracic pressure during che 
impact. The lung often shows areas of bleeding under 
the pleura, which may be from ditect contusion, from 
aspiration of blood from other damaged areas of lung 
oF from blood sucked down the air passages from 


injuries in the nose or mouth, 


©.) Penetration of the wrist and chet by a wooden 


component of a bus seat, The victim drove hie car at speed into a bus 


cand pare ofthe relting debris penetrated bis lef ventricle 


The major abdominal injury is a ruprured liver, which 
‘may be damaged in any part, A common lesion is, 
central tearing of the upper surface, which may extend 
deeply and even transect the organ, Less serious damage 


is often seen in the form of shallow, sometimes 
multiple, parallel eears on the upper surface of the right 
lobe, Subeapsular tears can occur with the formation of 
a subcapsular haematoma, which can eupeure later. The 
spleen also shows shallow tears in some accidents, often 
around the hilum; in rare eases, it may be avulsed from 
the pedicle. The mesentery and omentum often show 
bruising and, rarely, there is laceration and fenestration 
sufficient to cause a lethal haemorthage 


Ejection injuries are common, and lethal in both driver 


and passengers, This is particularly likely to happen in 
roll-over accidents. Much research has been pursued by 
‘manufucturers to develop anti-burst door locks, which 
have improved safety. Where there has been considerable 
distortion of the vehicle frame, however, nothing can 
prevent the doors from opening or even being torn off 

Ie has been shown by Moore and Tourin’s study (1954) 
at Cornell that ejection injures followed steering column 
lesions asthe second most frequent type of trauma and, 
iffa vietim was ejected, there was a fivefold greater chance 
of dying than if he was retained in the vehicle. Moore 
and Tourin found that when doors burst open a thied of 
the car occupants were ejected. 

Almost any kind of injury, usually multiple, may be 
sustained afier ejection, either from contact with the 
road surface or (in a significant proportion) from being. 
struck by other vehicles, especially on motorways 


Ficum 9.10 Large subcapoular 
haemorrhage ofthe liver ina driver who 
struck the rim ofthe searing wheel during 
severe deceleration. Such subeapeular lesions 


‘remain intact for hour even 


then rupture ina the abdominal cavity 
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The effect of seatbelts 


Ficune 9.11 Anterior tear shough the full thicknes of the lve: 
there i ala a haemorrhage aruund the suspensory ligument. The 
victim was car driver who wae impacted against he steering wheel 
ina fomtal cash 


‘The front-seat passenger 
Kile o injured, bur this reflects the far tata high propor 
ton of cas contin ony a diver —a din in Manes ern 
In couneis ich «lover rao of vices ro population the 
treacrowing of panenger weices The para of jus 
similar tha of the dees, bur this pation in the cris even 
tmoee dangerous; at indie by che tle oF afr ln made 
bythe French Michelin Tyre Company — La place amr 
“Though there ir no secrng whee! to impact ino the 
chet, as beence alco denis the light protection offered vo 
the diver in reducing che collsion.wich the windscea, 
peshaps by gving hira something to brace against. Anather 


to the road and so has momentary warning of an impend- 
ing crash, compared with the passenger who may be obliv 


‘ous of imminent disaster and fail ro ‘brace up ready for the 


impact, This may explain the greater number of skull factures 
and brain damage in unresteained passengers in Mant’s 
series, the percentages being 55 per cent and 42 per cent, 
compared with 64 per cene and 53 per cent, respectively: 
Howey 


these figures were compiled before seatbelts and 
airbags became commonplace ar even mandatory: 


Rear-seat occupants 


Belare the more widespread use af front seatbelts — naw 
‘mandatory in many countries — it was thought that the 


rear-seat position was fairly safe, as indeed it is compared 
with the front seats, 

When the widespread use of seatbelts dramatically 
reduced the deaths and serious injuries amongst frant-seat 
occupants, the dangers of the back seats became much 
‘more obvious. One series showed that 49 per cent of rea 


seat passengers in car crashes sustained serious or mo 
ately serious injuries. Campaigns and legislation similar to 
the previous crusade were waged on behalf of the rear-seat 
‘occupants, and the use of these has now become manda- 
tory ip Britain and some other countries, 

During violent deceleration, unrestrained occupants in the 
rear ate projected forwards and strike the back of the front 
seats, including head-rests where fitted. They may be thrawn 
cover the sets, striking and adding further injuries to the front- 
seat occupants and may even be ejected through the wind- 
screen, which is broken by them ot by the people in front, 


In roll-over accidents, they share in the general trauma of 
being churned inside che passenger compartment, when 
multiple injuries can occur from contact with fitments, 
such as mirrors, door handles and window winders. Design 
changes haye reduced these hazards by making handles 
smoother or countersunk and mirrors that easly snap off 
their mountings. Ejection is another common cause of death 
and serious injury in rear-seat occupants, a wide range of 
head, chest and limb injuries being seen, 


THE EFFECT OF SEATBELTS 


As stated, many countries now have legislation making the 
wearing of front and rear seatbelts mandatory. Where no 
las exist, persuasion seems to have litle effect, in spite of 


the fact that itis uncontested that theit use reduces deaths 


and serious injury by a factor of 20-25 per cent, as seen in 
the Australian experience in Vietoria and New South 
Wales. A similar reduction was attained in Britain after the 
introduction of mandatory laws, Not only did the death 
rate drop substantially, but facial injuries and especially 


eye damage was dramatically reduced, 
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9: Transportation injuries 


Seatbelts are now almost all ofthe lap-strap and shoulder 
diagonal type, the so-called ‘three-point attachment belt. 
‘The simple lap-strap is now fitted only in airerale, where itis 
really only of token effectiveness. Most car belts are now of 
the inerti-teel type, which allow slow movement but jam 
at a sudden tug. The advantage, apart from the comfort, 
is char they automatically tighten up around the body. as a 
slack belt is nor only less effective bur can actually eonsticute 
a danger. More complex restraints, such as double shoulder 
harness and crotch strap, are fitted only in light aireraft 
sliders and racing ears. Though far more effective, their use 
‘would be socially unacceptable in ordinary road vehicles, 
as would head-hand restraints, which ate almost the only 
‘way of preventing hyperflexion damage to the cervical spine. 
‘The various forms of strap restaints act by: 


BI Holding the occupant back against the sea, so that 
forward projection against the stering wheel, 
windsereen and corner ‘frame is prevented. The head, 
though still subject to hyperflexion, is prevented from 


@ © | 
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FiGURE 9.12 Tipe of eae rein: a) simple lp-strap 
{dangerous tara), (b) diagonal any (cn lip underneath). 


(6) diagonal pls ap-rap (uual car type), and (shoulder harnese 
(sed in airenafe and racing car) 


smashing through the glass and the body cannot be 
projected through the screen onto the bonnet or 
roadway. The belt cannot cope with backward intrusion 
of the engine, loos, oof or comer pillar if those 
structures reach the occupant sitting in the original seat 
position, The effectiveness of the belt is also dependent 
oon the secure fixation ofthe seat to the vehicle floor, 

IB The belt restrains the oceupants within che vehicle in 
the event of a door bursting, as ejection greatly 
Increases the risk of death or serious injury, Abel is 
telatively ineflective in aside impact, excepe in that it 
reduces injuries from ejection, It has been reported, 
hhowever, that head injuries were Fewer in restrained 
vietims ofside-swipes, though the reason is not clear 

Te has been claimed (mainly in insurance disputes) 
that seatbelts can worsen this srt of injury by holding 
the occupant in more dangerous proximity to the 
intruding impact. There would seem few occasions, 
however, in which even the unrestrained occupant 
could voluntarily eseape from any significant degree of 
sudden lateral intrusion from a speeding vehicle 

1B Extending the deceleration time and distance by 
substantial stretching of the bel fabric, which may 
lengthen by many centimetres during a violent arrest 
‘To be effective the belt must be eld tightly against che 
body co get the maximum restraint, either by adjusting 
the buckle oF using an inertia reel The bele should 
never be used again, as ie cannor stretch further and 
say break on the nexe application of tension. 

1 Spreading the area of application of deceleration forces 
‘As stated earlier, the body has to absorb whatever 
G forces are applied to it, as calculated by the 
G= CV2ID equation. If these ae absorbed by a focal 
impact covering a few square centimetres over the skull, 
fatal injury may well ensue, The same deceleration 
diffused against the thorax and abdomen by 50cm" of 
belt may leave no injury oF merely surface bruising 


Seatbelt injuries 


There is no doubt that seatbelts can themselves cause 
injury, occasionally of considerable severity. This was one 
of the arguments of the vociferous anti-seatbele lobby that 
‘opposed legislation in several countries, but itis largely illog- 
ical, because an impact that causes seatbelt injuries would 
almast invariably have caused even worse injuries or death 
if no seatbelt had been worn. 

‘Another invalid criticism of restraints was that chey impede 
escape from a burning vehicle. Fires involving passenger car 
crashes are, however, quite rae, A report by Bako et a (1970) 
from Canada showed that, of 1297 vehicle fatalities, only 24 
were from burns, a mere three in passenger cas 
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‘The vulnerability of children in vehicles 


Incorrectly adjusted or positioned straps such as a twisted 
bolt, which reduces the area of contact, ean inerease the dan- 
get of injury. Loose straps allow the body to move relative 
to the belt before sudden restraint occurs, decreasing the 
distance between the passenger and facing structures. 

‘Where the person is 100 small for the harness, such as a 
child or a small woman, the body may slide from under the 
strap ~ the so-called ‘submarining’ ~ oF ie may act asa gar- 
rote around the neck, Some women find that the diagonal 
strap compresses the breast even in normal use, so that the 
greatly increased tension during deceleration is likely 10 
injure the gland. 

Pregnant women alo have problems with belts but, 
although uterine and fetal injuries have been recorded in 
aecidents, the incidence is relatively low and without the belt 
the consequences would have been as bad or probably worse 

Injuries from seatbelts can vary from the trivial the 
fatal, Bruising is the most common and may be seen either 
under the diagonal or the transverse component ofthe three- 
point belt. Iris more common with the single airerafe-rype 
lap-strap because of the smaller area of pressure. Bruising 
may occur in the abdominal or chest wall, but the danger- 
‘ous lesions are visceral. The abdominal contents suffer most, 
especially from single lap-straps. Rupture of the mesentery, 
fo the small or large intestine, usually occurs from acute 
flexion over a lap-strap, The full bladder can be ruprured as 
can the caecum, The abdominal aorta ean be erushed and the 
lumbar spine suffer a compression fracture or be dislocated. 
through a dise in the midlumbar region. The posterior arch, 
pedicles or transverse processes may also be damaged 

‘The diagonal strap usually prevents serious abdominal 
injury as ie prevents hyperflexion, but it may contribute 10 
thoracic injury. Bruising of the skin and underlying muscles 


and fractures may accompany a broken clavicle or sternum 
‘here the elt crosses them. Several author (listed a the end 
of this section) have made detailed studies of seatbelt injuries. 


Airbags 

In recent yeats, the use of airbags has spread from only the 
most expensive vehicles to many standand production cars, 
‘The device consists of a large fabric bag, which is normally 
folded into the steering-wheel hub in the ease of the driver 
position and into the fascia in front of the front-seat 
passenger. 

A sensitive deceleration device triggers the ignition of 
sodium azide, a solid and highly toxic explosive propellant, 
which is converted in milliseconds to nitrogen gas. The 
deploying. airbag can reach speeds up 10 over 300 km/h 
(200 mph). Deflation is also rapid, so char residual car 
control and escape from the vehicle is nor impeded. 


‘The inflated bag is designed to incerpase itself between 
the occupant and the frontal structures of the passenger 
cabin, 10 cushion the impact and prevent forceful contact 
and hyperflexion. 

In addition to the life-saving capabilities, airbags can also 
cause serious and even fatal injuries either by the airbag 
itself or the module cover overlying it in the steering wheel 
or in the fascia on the passenger side. Injuries can be 


inflected at any stage ofthe deployment process, depending, 
fon the posture and possible objects between the occupant 
and the deploying airbag or the module cover. They vary 
from facial bruising, partial or complete amputation of 
fingers to dislocated and fractured arms or cervical spine 
and fatal head injuries. Eye injuries are common and range 
from mild corneal abrasions and chemical burns from con- 
tact with unburned sodium azide or the alkaline byprod- 
ucts of combustion, which are released into the passenger 
compartment, to globe rupture from blunt trauma or per- 


foration by interposed objects. 


THE VULNERABILITY OF 
CHILDREN IN VEHICLES 


This is a particular problem with several aspects. Many 
countries have brought in laws to protect children in cars 
because oftheir special vulnerability. 

First, it is an understandable, but highly dangerous, 
indulgence for adults o allow small children to travel unte- 
strained in the front seat of a ear Some parents even allow 
them to stand gripping the fascia edge immediately below 
the windscreen, an invitation to facial and eye damage even 
in minor accidents. The seating of a child on the mother’s 
lap is hazardous, as on violent deceleration either mother 
and child pitch against ehe windscreen or the child flies 
cout ofthe arms ofa belt-restrained mother. The clase prox- 
imity to the fascia and windscreen causes many deaths and 
facial injuries, especialy to dhe eyes. 

‘Adult-secured seatbelts will not properly accommodate a 
child (or even a small adult), because the fixation point on 
the door pillar is too high even if the straps can be short- 
ened sufficiently to be made tight. The diagonal may pass 
across the throat and, unless special drop-plates ae fitted €0 
the door pillars, che restraint is often worse than useless. 

Though some European countries already Forbid chil- 
deen under 14 years to travel in frone seas, the medieal 
profession in Britain campaigned for similar legislation, as 


they had done for motorcyclists to wear helmets many 
years before 

As discussed above, similar campaign has been success- 
fully waged for rear-seat restraints for children and ads 
Banished from the front, children were thought to be safe in 
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9: Transportation injuries 


the back of the car, bur many have died and far more have 
been injured from being projected against the seat backs, 
front passengers and internal iements, Special seats secured 
‘on top of the regular seating are required and, fora baby, che 
ccot must be lashed down with equally robust restraints. In 
1988, legislation was introduced into the British Parliament 
to make compulsory the restraint of children in rear seats: 
from 1991, this law also bec 


ne applicable to aduls 


INJURIES TO MOTORCYCLISTS 


Though there are fewer motorcycles than four-wheeled 
vehicles, especially in developed count 


the rate of injury 
and death amongst motorcyclists is far higher than among 
car drivers. For example, in England and Wales in 1989 there 
‘were more deaths amongst male motorcyclists between the 
ages of 16 and 24 than with comparable car drivers (343, 
compared with 323) even chough the ratio of motorcycles 
to cats is very small in Britain, In the 25-4 age group, 192 
‘mororeyclists died compared with 381 car drives 


‘The two extremities of the body suffer most in motor- 
cycle aceidents, though Larsen and Hardt-Madsen's analysis 
in Denmark in 1988 also showed high injury rates for chest 
and abdomen, 


Bl Because the rider inevitably falls to the ground, head 
80 per 


cent of deaths according to Bothwell (1962), Though 
crash helmets are mandatory 


injuries are common and often severe, causin 


fn most counties, the 


yy of the impact often defeats the protective effect 

of the helmet 
Impact with the road surface or another vehicle at 
speed causes skull fractures at any’ part of the head, but 
often temporoparietal, A common complication is 
basal skull fracture, especially a ‘hinge’ fracture, This 
transverse crack across the floor of the skull, crossing the 
petrous base or behind the greater wing of the sphenoid, 
bones through the pituitary fossa to the opposite side, 
thas also been called ‘the motorcyclist's fracture’ 
‘Another type is the ring fracture around he foramen. 

‘magnum in the posterior fossa caused by an impact 
ton the crown of the head. The neck suffers quite often 
and Mane found cervical spine fractures in aver a quarter 
of his series, Brain damage may be severe, even with a 
hhelmee in place. Cortical contusion and laceration, 
sometimes contrecoup, may be gross enough to cause 
brain tissue to extrude through compound fractures of the 
skull. In Mants series of motoreyelists, 60 per cent had 
slaull fractures and almost 80 per cent had brain damage 

The lege are often injured, either by primary impact 
with another vehicle or fixed road structures, or by 


TiGURE 9.13 Seuere brush abrasions or fietion burnin a 


motorcyclist, who came off his machine and skidded acros the road 


surface 


icine 9.14 Pulmonary contusions in a maton, who collided 
twit truck and wa hurled ina a gnport, Death was caased 
bya cranial facture and multiple injuries of the intemal argans 


becoming trapped by part of che motorcycle frame, 
Lacerations, friction burns and fractures — often 
compound —ate common. Mant recorded leg of pelvic 
fractures in 55 per cent of his cases. 

Hl Any pare of the body may suffer injury, bur less often. 
than the extremities. Falling from the machine, 
especially at speed, can cause sib fractures and visceral 
damage, especially rupture of the liver and spleen, 

An injury common with motoreyeles is the“ 


accident, where a rides 
so that the machine passes underneath, but the head of 
the motorcyclist impacts upon the tail-board. 
Decapitation may occur in the most extreme cases, but 
severe head and neck injuries ate almost inevitable. 
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Injuries to pedestrians 


_ 
—— F915 A pein 
T souk bp ta frontaf one 


life onto the vehicle, 


“Trucks in many countries must now have strong bars 
fitted atthe rear to prevent this ‘tail-gating’, which may 
also happen to motor ears, the ear ofthe truck 
smashing into the windsereen and driver, 

Safety helmets act both by providing a rigid barrier 
against impact, which depends partly on the shock 
absorbing padding within the helmet and by providing 
a smooth surface, which is designed to skid across the 
road surface, thus lengthening the stopping distance 
and time to reduce the G force of deceleration. Their 
strength is designed to be Finite to control the rate of 
deceleration but in massive impacts seen at high speeds 
the helmet may be penetrated or the head and brain 
damaged by the transmission of blunt force. Crash-bats 
are another safety measure on motorcycles, being fitted 
in front of the engine to project on each side and 
protect the legs if the machine fills over. Unless extremely 
strong, however, such bars can themselves trap the legs 
if they bend backwards on impact. 


INJURIES TO PEDAL CYCLISTS 


‘These form a less severe counterpart of motorcycle lesions, 
as the pedal cycle has the same instability but far lower 
speeds. Once again, head injuries figure largely in acci- 
dents, as the height above the ground is considerable and. 
the rider suffers from the passive fal, added to by any for- 
‘ward motion or projection from impact by a motor vehicle. 
Helmets are now worn by many eyelises and naturally 
afford considerable protection. 

Other injuries are from the primary impact from a strik- 
ing vehicle, which may hie the rider around thigh, hip or 
chest level, Secondary damage to the shoulder, chest and. 
arm may occur from striking the ground, when friexion 
gazes are common. (A unique injury, though not fatal, was 
entrapment of the leg between wheel spokes with compres- 
sion of the soft tissues of the eal, when the leg penetrated. 
the wheel) 
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INJURIES TO PEDESTRIANS 


Worldwide these are easily che most common road fatal 
ities, probably accounting for more than 50 per cent of the 
third ofa million toad deaths each year. In the densely popu- 
lated areas ofthe globe where vehicles ate greatly outnum- 
bred by people, such as Southern Asia, parts of Africa, and 
the Middle East and Central America, pedestrian casualties 
form a significant part of the total mortality 

“Mose pedestrians are struck by motor cars or trucks, and 
the type of vehicle makes a difference to the dynamics of 
the impact, which ~ unlike injuries to vehicle occupants — 
is an aceeleration not a deceleration proces. 

Primary injuries are caused by che fist impact of the 
vehicle on the vietim, while secondary injuries are eaused 
by subsequent contact with the ground. Some writers 
also use che term ‘tertiary injuries’ co describe the impact 
with the ground, reserving ‘secondary’ for additional con- 
tact with the vebicle, as when the pedestrian is hurled up 
against the windscreen, The usual sequence of events is as 
follows: 


1B The height of the car bumper bar (fender) is well 
boclow the centre of gravity of the adult pedestrian, 
which lies in the abdominal region, Thus the frst 
impact tends to knock the legs from under the vietim 
and rotate them towards the oncoming vehicle. 
Depending on the profile of the front of the ea, the 
struck pedestrian is ether thrown forwards in the 
direction of travel ifthe bonnet-front is high and blunt — 
‘or scooped up onto the bonnet top, as with many 
slope-ronted modern vehicles 

1H IF chrown forward, secondary injuries will be suffered as 
a result of striking the ground, as well asthe primary 


impact on legs and often the hips. If che car speed is 
appreciable (anything over 20km/hour is sufficient), 
the body ean be thrown into the air or knocked down 
flat with a severe impact. The secondary injuries may 
fracture the skull, ribs, pelvis, arm or thigh 


9: Transportation injuries 


‘A further hazard is being run over by the vehicle if 
the victim is projected directly in front. Sometimes he 
say be dragged by the under-belly ofthe ear, and 
seriously soiled and injured, perhaps appearing atthe 
rear ifthe vehicle does not stop quickly. Many impacts 
are on the front corner of the car and the pedestrian 
ray then be knocked diagonally out of the path of the 
car. If thrown into the centre ofthe roadway, the 
person can be run down by a different vehicle 
‘overtaking in another lane or by one coming in the 
opposite direction on a single carriageway. 

If scooped up, the victim will lind on either the bonnet 


fr against the windscreen or cornet-supporting pillar 
{the'A’ frame), The flat bonnet usually does relatively 
litle damage, though linear abrasions, brush grazes, oF 
friction burns may be seen. Violent contace with the 
windsereen, especially the Fim or side pillars, is the 
most frequent cause of severe head injury from primary 


impact. 
Scooping-up can occur at speeds as low as 

23 ken/hour (about 15 mph; below 19 km/hour the 
body will usually be projected forwards), Ifthe speed is 
high, he victim can be thrown up onto the car roof, 
sometimes somersaulting so that the head strikes the 
roof. He can then slide or be flung right over the back 
of the car, landing behind ie in the roadway. This is 
more likely happen ifthe ear does not brake, but 
literally drives from under the body. 

1H In most cases, the scooped pedestrian falls oF is lung 
off on one side of the ear or the other, again to suffer 
secondary injuries in the road and pethaps be run over 


by another vehicle. The usual pattern of events is that, 
atthe instant of contact — or even slightly before ~ the 
driver will apply the brakes violently. The seooped-up 
vietim will acquire the speed of the ear by the time he 
lands on the bonnet, but then the vehicle decelerates. 
‘As che adhesion to the shiny surface is small, the newly 
acquired velocity of the body will cause i wo side off 
the front of the car as the latter brakes, The victim then 
hits the ground in front of the car, sustaining secondary 
injury —and may even be run over during the residual 
motion of the vehicle before it finally stops, 

In a high-speed impact, which may be anything over 
550 ken/hour (31 mph), the body can be flung high in 
the air and for a considerable distance, either to the side 
cr in the path of the car— or even backwards over the 
roof. In general, the severity of the injuries — both 
primary and secondary — will be the more severe the 
higher the speed. 

Teis impossible to estimate the speed of impact from 
the natute of the injuries. These can be fatal even at 
slow speeds of the order of 10kr/hour (6mph), yet 


FIGURE 9.16 Atspeede of ever 23 halbaur (15 mph) a pedecrian 
am be Scaopea up onto a ca. uffeving head injuries against the 


swindkcreen, He may then fall of sideways or — at higher 
speeds —be thrown over the oof. 
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FIGURE 9.17 Sequence of ewene when a caried pedestrian is 


preted forwards during braking 


‘occasionally high-speed impacts can produce only minor 
damage. In Ashton’ (1975, 1978) seties half the deaths 
occurred at speeds less than 48 kna/houtr (30 mph). 

In child victims, although the general pattern of 
injuries i similar, theie shorter height and smaller 
weight affects the mechanics of impact. The primary 
contact is higher up their body, so they tend to be hit 
forwards rather chan rotated upwards, though many do 
become scooped up onto the bonnet. Children tend co 
be projected further by impact and may be hurled in 
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Injuries to pedestrians 


Fictme 9.18 Primary injury 00 
pedestrian struc by a car. There is damage 
to bath legeat about the same level 


cumpouna fracture ofthe right lg. These 


are sometimes called ‘burmper facture 


The height of the injuries above heel level 
should abwaye be measured at autopey 


the air at lower speeds than with adults, They are also 
‘more prone to be run over by reversing vehicles, 
especially trucks, as they often play between parked, 
vehicles and — being small — are less visible to the 
driver. Recent safety measures on trucks include 
audible reversing warnings that are automatically 
linked to the gear-shife lever. 


When a posestrian is struck by a larger vehicle, such as 
van, truck or bus, the initial point of impact is higher 
and may cause primary damage to pelvis, abdomen, 
should 
these vehicles, ehere is no scooping-up effec, and the 
victim is usually projected forwards to suffer secondary 


ile, arm or head. Because of the profile of 


damage from road contact and sometimes to be run over, 
i The nature of pedestrian injuries reflects these dynamic 
flees 


The most common trauma is to the legs, some 85 per pice 


Abnusions and laeraion a knee level in a pedestrian 
ccent of pedestrian casualties having lower limb injuries. struck bya car bumper. Their anterior pestion indicates that the 
Abrasions and lacerations to the upper shin and knee area —yicti wus facing the vehicle atthe moment of contac, 


are typical of car bumper contact, and fractures of the tibia — Jeg lne-instane turn during final awareness of the car prasimicy 
and fibula, often compound, are so common that they are 

present in a quarter of fatalities, according to Eckert. The 

femur is fractured less often, but is no rarity. The midshaft Ifthe leg is weight-bearing at che time of the impact, the 
may be broken or the head may be driven into the acetabu- tibial fracture tends co be oblique, whereas if nor stressed, 
Jum, together with a fractured pelvis. In children, because as when being lifted during walking, the fracture line is 
of their small stature, the femur may be fractured by the — often transverse. When both shins are damaged, the level 
low bumper bar. Ar autopsy, the skin ofthe lower legs should may 


be different on each side; this indicates chat the person 

bye incised to seek deep bruising, asthe clothing often protects was moving at the time, with one leg raised in walking or 

the surface from obvious marking. running, Sometimes the level af injury appears too low for 
When a bumpe 


(fender) strikes a leg, the tibia is often che normal bumper height of most cars, bur this may indi- 
Fractured in a wedge-shaped manner; the base of the wedge cate that che vehicle was braking violently at the moment of 
indicates the direction of the impact (often from behind), the impact, going down on its suspension as the front wheels 
front of the wedge pointing away from the side of contact. decelerated of locked, unless dip compensators were fitted 
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9: Transportation injuries 


Because of impact with the windscreen, pillars and roof, 
together with secondary contact with the ground, the head is 
the next most frequently damaged region — and the one 
which leads to most causes of death, Any type of injury may 
be sustained, as described in Chapter 5. Traffic accidents 
are the most frequent cause of skull fracture, especially of the 
base. Fractures of chest, arm and pelvis and injuries wo the 
abdomen follow in frequency: Often the injuries are coneen- 
trated on one side, usally on the opposite side to the point 
of primary impact, because the body was thrown down onto 
the road. Because of rotation and the variable posture from 
being thrown off che car structure, however, the injuries are 
ofien widespread and may show no particular pater, 

Sofe tissue injuries are comman and, apart from abra- 
sions, bruises and lacerations, muscle laceration and crush- 
ing can occur. A characteristic lesion from running-over, as 
‘opposed to knocking-down, is the laying’ injury, where a 
rorating motor wheel tears the skin and muscle From a limb 
for head. The rotatory efleet against a fixed limb may strip 
off almost all issue down to the bone. When a wheel passes 
cover the abdomen or pelvis, multiple parallel striae or shal- 
low lacerations may occur near the contact area because of 
ripping tension in the skin, 

‘When a wheel passes over the pelvis, abdomen or head, 
there may be great incernal damage with litele surface injury 
‘The weight of a large vehicle ean virtually atten a head, 
crushing the cranial yaule. Often the brain is extruded 
through scalp lacerations, as may be the intestine through 
an abdominal wound. The pelvis may flatten out when run 
cover, the symphysis or superior rami breaking, and one or 
both sacroiliac joints becoming detached. Any type of intra- 
abdominal injury may occur from rupeured liver and spleen 
to perforated intestine, lacerated mesentery and fractured 


FicURE 9.20 Injuries caused by being run 
over by a bus. The large rotating wheel bas 
‘Payed’ the right leg. sripping she skin and 
subcutaneous tsues fom the muscle. The 
passage ofthe adjacent double wheel over 
the abdomen has estruded the intestines 
through the perineum, 


lumbar spine. Inthe chest, sibs, sternum and thoracic spine 


may fracture, and heart and lung damage occur from crush- 
ing or laceration from jagged ribs. A flail chest is sometimes 
produced when a heavy wheel runs across the supine body, 
bbreaking.ll the ribs on each side in the anterior allay line. 
Patterned injuries may be important, in that they can 
assist the police in identifying a vehicle in a ‘hit-and-run 
aecident, The most common is a tyre pattern outlined in 
intradermal bruising and these should be measured carefully 
and photographed. These marks are usually caused by the 
skin being forced into the grooves of the tyre tread, the edge 
of the raised rubber tracing out the pattern, The elevated 
parts do not leave bruises, but may imprint dir on the skin. 
Pine fragments and glass shards are also trace evidence 
that must be carefully tained, as the forensic laboratory may 
be able to identify the make and model of vehicle involved, 
and match the Fragments when a suspect ear is examined. 
Parts of the vehicle may leave patterned imprints on the 
skin, such as headlamps, mirrors or other components 
Safety regulations for manufacturers have now almost elim- 
inated che dangerous devices such as bonnet mascots, pro- 
jecting door handles and non-flexible mirrors that used to 
adorn older cars. Metallic and plastic objects may still be 
found in the tissues from time to time, however; the author 
(BK) has recovered a door handle from the interior of the 
liver and a chromium bonnet insighia from a cerebral he 
sphere, Any such artefacts must be preserved for the police 


in cases in which the identity of the vehicle is not known, 

In Britain, where trafic drives on the left side of the 
road, i is more common for pedestrians to be struck on the 
right side as they walk off the pavement. Many, however, 
are struck facing the vehicle, from turing during last- 
minute awareness, and some are hit from behind, 
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‘These factors will all affect the distribution of injuries, 
bur it is too hazardous to try eo reconstruct unwitnessed 
events in any derail from a study of the injuries. Suprarenal 
haemorshage is more common in the right gland than the 
left after a traffic injury in Britain (Johnson, unpublished 


communication), bus this observation must be modified 
the face that many such haemorrhages accu several days ater 
the trauma and are usually the result of general systemic 
effects, rather than direct impact. 


CAUSE OF DEATH IN TRAFFIC 
ACCIDENTS 


In gross injuries this is often obvious, as in the crushed 
head with extrusion of brain or rupture of the aorta, Often 


in traffic accidents 


pedestrian struck by a truck, The circular 


1RE9.21 A patterned injury in 
raise and abrasion ver the front of the 
shoulder ave fom a headlamp ri, Thee ic 
ale a welldemarcatd imprint around the 
Leftey fom rome atherprjection onthe 
vehicle 


Fi 
The pattern ie caused by the buonper bar 


Re 9,22 Primary pedestrian injury 


striking the le. The height from the hee! 
shoul always be measured for the police to 


th the vehicle — hough during 
extreme braking, many vebicles wll dip 
down atthe font thus lowering their 
umper height 


‘multiple injuries make it difficult to decide which was the 
‘most serious and mortal lesion, but in such cases ie is quite 
acceptable to use the term ‘multiple injuries’, preferably 
listing several of che most lethal 

Wh 


is usually macroscopic evidence of gross musculoskeletal or 


n death occurs on the road or soon afterwards, there 


organ damage, severe haemorthage, blockage of air passages 
from blood, or traumatic asphyxia from fixation of the chest 
caused by crushing some part of a vehicle 

Delayed death can be caused by continuing bleeding, 
secondary haemorrhage, enal failure from hypotension and/ 
oF extensive muscle damage, fat embolism, local infection, 
chest or other systemic infections, myocardial or cerebral 
13 


infarction and other sequelae discussed in Chapt 
The presence of natural disease is always an import 


sideration in all transportation deaths, as a possible cause oF 
contribution to the accident. In pedestrians, a sudden collapse 
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Fic 9.23. Jnanadermal lruiting on the forehead ofa live boy 
tube wa fend wandering in the sree with aniesa for recent 
events, He had heen struc by a it-anal-ran' ar, which left 
identifiable rye marks on the skin. An astute casualty aficer bad a 
photograph taken as the marks faded ina few boss 


in the roadway may lead to fatal injuries when a vehiele comes 

along —or even a dead body being run over by the next eat 
Similarly, defeces in sight or hearing may have contributed 

to the aecident, though this is almost never detectable at 


autopsy, unless there are gross corneal or lens abnormal- 
ities. OF course, the possibility of drug or alcohol intoxica- 
tion in che pedestrian victim must always be considered 
‘Where drivers or pilots are concerned — or even shipmas- 
ters — the presence of disease or intoxication may be a vital 
clement, with both civil and criminal connotations possible. 
Generally speaking, sudden natural disease does not 
often cause road vehicles to go our of control, as there seems 
to bea sufficient warning in most instances of cardiac oF cere- 
bral disablement, to allow the driver to pull over and stop. 
Eyen the regular medical checks on older drivers legally 
enforced by some countries are no warranty that sudden 
collapse will not occur the very next day, The same applies 
to air pilots, as the VC-10 crash at London Aieport proved 


some yeats ago, when the hypertensive pilot with coronary 
artery disease collapsed on take-off after an altercation with, 
his co-pilot 

Schmidt et a. (1990) analysed 39 deaths atthe wheel in 
Germany and found that 97 per cent had cardiovascular 
disease and 90 per cent had coronary heart disease, This 
‘was confirmed in a more recent retrospective study cover- 
ing a 15-year time period in Munich, Germany, ranging 
from 1982 until 1996, Ischaemic heart disease was the 
underlying cause of death in 113 (84%) of the 147 natural 
deaths at the wheel. Morild (1994) found that 14 of 133 
traffic deaths in Norway had died of natural disease, again 
predominantly coronary atherosclerosis 


‘The autopsy on a road traffic death 


‘The autopyy is in general identical co the usual procedure, 

bbue wich special atention to the following points: 

1 As criminal proceedings against a driver may 
follow, legal matters such as identity of the body and 
continuity of evidence must be assured, as discussed. 
in Chapter 1 

1 The body should be seen clothed, if brought dead to 
the mortuary or hospital, so that injuries can be 
matched against soiling and damage to the garments 
Often this is not possible, especially if temporary 
survival allowed admission to a hospital or accident 
department, but where practicable the clothing should 
be preserved and examined by the pathologist. In any 
event, the clothes should be retained by the police for 
submission to the forensic science laboratory, usually 
when criminal proceedings are likely, 

1H Blood samples must be retained for blood geouping and 
snow pethaps even ‘DNA fingerprinting’ in ease a 
‘hit-and-run’ vehicle is found with blood or tissue traces 
‘upon it. Sometimes haie samples may be required for 
the same purpose. Where death occurs within 12 or 
even 24 hours of the time of the accident, blood 
analysis for alcohol is essential, whether in the driver or 
pedestrian (see Chapter 28). Where possible, screening 


for drugs of dependence and common medicinal 
substances that might have caused drowsiness should be 
carried out. In combination with aleohol, even low 
levels of sedative, hypnotic and antihistamine drugs 
say be relevant in the causation of an accident, In 
certain cases, where leakage of carbon monoxide is 
suspected, the circumstances will suggest analysis ofthe 
blood for earbaxyhaemoglobin concentration, 

The external examination, as in all trauma deaths, is 
vital and should be detailed, accurate and fully recorded. 
‘The height of major or patterned injuries above heel 
Jevel must be noted, in order t compare these against 
dimensions of « vehicle, Patterned injuries must be 
photographed wich a scale in view. Any foreign bodies 
‘or particles either in the elothing, hair, on the skin or in 
the wounds, must be carefully retained for forensic 
science examination, especially in a ‘hit-and-run’ 
accident, where the identity of the vehicle may be 
viral 

All types of trace evidence may be found by a 
pathologist, from paint flakes and glass debris (which 
ray be trived to a certain make, age, type and even 
individual vehicle) to parts of the vehicle structure, In 
past years, the author (BK) has retrieved a Renault door 
handle from inside a liver and an Austin bonnet 
insignia from within a brain, 
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A fall autopsy must be carried out, not merely a 
catalogue of injuries, The presence of any navueal 
disease is relevant, especially ifit might have 
contributed to the accident, either by causing a driver 
1 lose control or ability to drive, or a pedestrian to 
exercise proper caution or behaviour in the roadway. 
Old and recent cardiac and cerebral lesions are 
paricularly important, as is any evidence ofa fit, 
such asa bitten tongue, or old meningeal adhesions 
cover cortical damage, It is almast impossible to assess 
visual acuity at autopsy, but obvious lesions such 
as lens opacities must be noted. Similarly ic is 
virtually impossible o give any opinion on 
acuity of hearing from autopsy findings unless 
there is « gross neurological abnormality in the 
auditory tract, 


SUICIDE AND HOMICIDE BY 
MOTOR VEHICLE 


‘There is litle that the pathologist can contribute to the elu- 
cidation of motivation in traffic secidents, as it is cireum- 
stantial and sometimes forensic-laboratory evidence chat is 
more likely to reveal a non-accidental cause, Homicidal traffic 
deaths ate rare, though the author (BK) has been involved 
in one incident where racial hatred led to the running-down 
of youths of one ethnic group ~ and another where a man 
repeatedly crashed the neat-side of his own ear in an effort 
to kill his passenger (his wife). There are no specific patho- 
logical features that can assist, except that the incidenc is 
likely to occur at relatively high speed, without braking 
effects, The victims of homicide by other means ~ oF per- 
sons rendered unconscious ist ~ may be deliberately placed 
in motor vehicles which are chen crashed, preferably wich a 
subsequent fire. The author (BK) dealt with one such ease 
where a husband placed the body of his strangled wife in his 
car and secretly pushed it over the edge of a mountain road. 
Unfortunately (for hit), he left the ignition key in the ‘o” 
position, This faking of a vehicular ‘accident’ to conceal 
homicide is by no means unknown, the author (BK) being 
involved in another case where a police officer disposed of 


the body of his wife who died in suspicious circumstances, 
by crashing her car and smashing the windscreen with a 
hhammer co add to the effet. 

the pathologist’ role is to match 
the injuries with a traffic aceidene, to detect any which are 
atypical. For instance, focal depressed fractures of the skull 


In such cizcumstanc 


of the type caused by a weapan are unusual in a ear occu 
pant unless there was a localized intrusion of the vehicle 
roof, The ante-mortem nature of the injuries should be 
demonstrated, though this is not always possible, When 


there is fire, some evidence of ante-mortem burns, soot 
inhalation or carbon monoxide absorption should be sought, 
though —as mentioned in Chapter 11 ~ some flash petrol fires 
‘may kill before any monoxide is absorbed. Where the victim 
was unconscious though not dead, no such differentiation 
is possible. Full analysis for alcohol and stupefying drugs 
must be made if there is any suspicion. 

Attempts a¢ deliberate self-destruction by the use of a 
motor vehicle are said to be not uncommon (Selzer and 
Payne 1962), though this is difficult to prove in most cases. 
(Once again, the evidence is more likely to be based on cit- 
cumstantial rather than medical evidence ~ a matte for the 
investigating authorities ather than the pathologist. Driving, 
at speed into the path of an oncoming truck or inte a solid 
obstruction at the roadside are the methods employed, 
though it is hard to prove in the absence of definite evi 
dence, It has been said that the imprint of the accelerator 
pedal on the undersurface of the shoe may be an indica- 
tion, though his ean never be che only indication, A wite 
nessed lack of other causative faetors may offer some 
corroboration, but this is police business, not pathology. 


RAILWAY INJURIES 


These are not uncommon, especially in countries with 
‘many ‘level crossings (called ‘grade crossings in the USA), 
where 4 public road crosses a railway track with either no 
barrier at all or with only a flimsy lifting pole, Many vehicles 
are struck each year by passing locomotives. 

Fev rail passengers are killed or injured in moving trains 
compared with accidents to railway staff and to other types 
of accident on railway property. Track workers may be run 
down and some die from electrocution from overhead cables. 
‘The pathology of ll chese is no different from accidenesese- 
where, the interest lying in ehe occupational epidemiology. 
and preventive aspects. 

‘One worrying development in recent years is the mali 
cious damage caused 10 trains, either by placing objects on 
the tracks, which may eause a derailment, oF the dropping, 
of objects fom bridges. The author (BK) has conducted an 
autopsy on a driver killed by a concrete block dropped 
from a bridge, which smashed through the windshield of 
his ea. 


The other fairly common railway fatality isthe suicide 


who lays himself in front of an approaching train, Decapi 


tation is che most common injury and the obvious features 
are the local rise destruction, usually with grease, ust oF 
other dire soiling of the damaged area. 

‘The usual search for alcohol and other drugs must be 
rade, as suicides often employ multiple methods to ensure 
self-destruction, As well as lying down before a locomotive, 
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another common method of suicide in lage cities is to 


jump from the subway platform of an underground ‘tube 
fr ‘met’ system. Here injuries are sometimes complicated 
by high-voltage electrical lesions, as the typical traction 
voltage of an electric railway is in excess of 600 volt. 
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Regrettably, abuse of human rights is so widespread on a 
global scale that some reference must now be made in foren- 
sie pathology texts to the physical manifestations of torture 
I is stated by Amnesty International (2001) that in athied 
of the member states of the United Nations torture of one 
kind or another is practised, in spite of them being signa- 
tories to United Nations resolutions banning these atroci- 
ties, According to Amnesty Internationals worldwide report 
fon torture based on a 3-year investigation (2000), currently 
‘more than 150 counties routinely torture people compared 
with 98 countries in their previous report in 1984 

Although most rorture does nor result in death, there are 
sufficient eases of physical abuse of human rights that 
progress to fatality that a number of organizations offer 
expertise when any alleged case needs to be investigated, 
usually calling upon forensic pathologists to asise chem in 
such circumstances, These include Amnesty International 
(based in London), Physicians for Human Rights (PHR), 
the Medical Foundation for the Treatment of Vietims of 
‘Torture (London) and many others 


EVIDENCE OF FATAL PHYSICAL 
ABUSE 


In many instances the autopsy appearances of fatal abuse are 
no different from these by any other homicide, and the eon- 
firmation of lethal torture muse depend upon circumstantial 
and other corroborative evidence, which is no concern of 
this book. For example, if a political detainee is kicked to 
death, the physical findings may be identical vo those of a 
murder by kicking ina srcetexime, Similarly, head injuries, 
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shooting and suffocation may show no variation from the 
same modes of death outside a political context. 

Certain features may arouse suspicion or provide definite 
evidence that the death had political overtones. The word 
‘politcal’ is used in a wide sense as many abuses of human 
rights are not directed or even condoned by higher levels of 
government, though ofien there is an indifference to being 
informed about such activites. Many instances of illegal 
death and injury are perpetrated by the military or the 
security forces — and even here, the level of command that 
directs or condones the abuse varies greatly. In general, the 
civil police and the regular prisons are usually not the per- 
petrators of gross abuse, though there are many exceptions. 
Ik tends to be the armed forces, clandestine security police, 
and special detention camps that are most often guilty of 
torture and illegal executions. 

(One of the Features chat characterizes torture and abuse is 
that the victim is usually either in detention oe some form of 
custody, or is temporarily in the power of the authorities, 
even if that means that soldiers have ust burst into a private 
house, All deaths in custody — discussed later in the chapter — 
should be examined with care, as much to ensure that the 
guardians are cleared of any suspicion of ill-treatment as © 
discover any ill-treatment itself, The fatal event may be quite 
different from the non-fatal abuse, as a victim who is beaten 
ray be disposed of by shooting. As in all forensic work, 
the pathological investigations can only be part of the overall 
enquiry, another example of cooperation and teamwork 
between all disciplines 

One of the major differences —and great problems — in 
the investigation of torture and abuse of civil rights is that 
the authorities in the state where ie occurred may be totally 
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uncooperative and, indeed, wholly hostile to impartial 
‘enquiry Ic is through respected international agencies, such 
as the Red Cross, Amnesty International and Physicians for 
Human Rights, that pathologists have the best chance of 
being allowed access to the relevant material, and the organ- 
izations mentioned above are willing to undertake or assist 
legisimate investigations anywhere in the world 

‘One particular problem associated with human rights 
abuse isthe frequent long delay before being able to examine 
the victim, In the living, they may have been detained for 
months or years after the illtreaement, or may have been 
cailed or in hiding before they have the opportunity to be 
seen by an impartial medlical observer, by which time acute 
injuries will have healed, bruises absorbed and wounds 
and burns scarred over. In the dead, long-term post-mortem 
changes are common: the body may have been buried and 
‘exhumed before examination, 

Even skeletal material is all that is sometimes available, as 
in the ‘lost children’ of Argentina or in the killing fields of 
Uganda. Problems of identification are often difficult. Co 


temporary photographs of injuries ar often of poor quality 
and the facilities for autopsy are primitive in some of the less 
developed countries. When the suspicion, lack of cooperation 
and often open hostility ofthe local authorities is added, the 
task for the visiting pathologist is formidable indeed, 

‘The following types of injury may confirm or arouse sus 
picion of torture, though, as stated, virtually any type of 
injury can be inflicted deliberately to extract information, 
punish or degrade che victims or to exterminate them, 


Repetition of a particular injury, such as ‘tramline’ bruises 
from beating, is suspicious, because in ordinary assaults 


7. 


TicunE 10.1 A scar about one year after the ariginal injury. 
The female victim was shat while exaping fiom an East Afican 
centration camp. The wound war opened surgically and beled 


iperfctly with keloid formation, The other surgical incision ix of 
‘more recent origin. Such car wil remain unaltered for if, apart 
{frum posible increase in the lod formation 


and homicides such excessive and perhaps regularly placed 


repetitive lesions would be unusual 


1 Beating is one of the most common forms of torture and 
can take many forms, varying both with the weapon. 
used and the part of ehe bady injured. Blows both to the 
head and to other parts of the body were present in all 
the cases reported by Hougen (1988). Unless severe and 
repeated, beating is not olten the sole cause of death, 
though this can oceur from haemorshage, sepsis, injured 
internal organs, or from sheer exhaustion and pan in an 
already debilitated victim, The blows may be inflicted by 
fist or foot, but are more often applied with a weapon, The 
use of a whip or lath-like instrument is common, but 
metal or wooden bats, ubs, batons, rifle buts or belts 
may be used. More recently, lengehs of plastic hosepipe 
‘or tubing have come into favour in some parts of the 
world. 

Many of these produce a characteristic skin lesion, 
namely a single- or double-edged linear bruise 
‘The bruise may be a line of confluent petechial 
haemorrhages or a continuous mark of red skin. The 
“weamnline’ bruise isa double line of parallel marke with 
a pale unbruised zone between them, caused by the 
impact of a rectangular or circular-sectioned abject. 
This is described in more detail in Chapter 4 

The bruising may be intradermal, when it reproduces 
the pattetn of the weapon well. Ifa leather whip with, 
for example, plaited thongs, is struck against the skin, 
the pattern may be imprinted clearly on the skin, 


Fick 10.2 Recent bruising inflicted within the previous 


2 days fiom blows by lengeh af plac eubing about 15mm 
ide, The injuries show paralel tramilinin’ pica of impact 
froma olindrcal weapon, The aslants were vigilantes 
administering a punishment beating to an alleged collaborator in 
a Middle Eater country. 
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Evidence of fatal physical abuse 


Buckles on belts and other recognizable artefacts may 
occasionally be useful in identifying the weapon. Where 
the bruising is deeper, no such pattern is likely. The skin 


may be broken, causing abrasions of lacerations and, if 
the full thickness is breached, healing will cause sear 
which may even be recognizable as ‘tramlines' 

Repeated beating leaves multiple marks, which 
though overlapping and often criss-crossing, may have 
a generally similar orientation that indicates that the 
attacker stood in a relatively fixed position to the victim, 
For example, lashing across the back may leave marks 
running from top right to bottom left, suggesting that a 
right-handed perpetrator stood to the left of the victim, 

‘The use of a mult-thonged whip, such as a 
‘cat-o'nine-tails’ will leave a series of marks, again 
generally in the same orientation. The thongs tend to be 
narrow and may cause linear marks with tramlining. 
There may be metal tags or knots on the end of each 
thong, which can cause focal damage. The back is the 
most frequent target, but whipping and beating may be 
applied to the buttocks, thighs, front of chest, breasts 
and abdomen, lower legs, soles of the feet, and even 
perineum and genitals, 

Beating of the soles ofthe feet with canes or rods i a 
torture rooted in antiquity and this so-called “falangs! 
‘may leave relatively litte ro see, even though it is 
‘extremely painful and debilitating. The tough tissue 
and thick fascial planes of the foor do not readily reveal 
bruising, though it may be found on deep dissection in 
vietims who have been killed by some other means. 

If injuries were inflicted months before examination, 
litle or nothing may be found unless the skin was 


10.3. Sear fiom beating with a thin metal rad in an Ease 
African toreure camp. Though more than a year old, the tramline 


ature of one ofthe scars is outlined in keloid 


broken, when scarring will have taken place, Sometimes, 
however, faint red lis 


+s may be seen in pale-skinned 
people and in those with appreciable racial melanin 

pigment there is often hyperpigmentation along the 
lines of injury. Where severe damage has been caused 


and sometimes where there is scar tissue, depigmentation 
may be seen, 

i Burns are unfortunately common and may be either 
the actual cause of death or visible as recent or scarred 
evidence of previous torture. All kinds of burns may be 
suffered. The author (BK) has seen extensive burns 
from molten rubber dripped onto vietims from motor 
tyres suspended overhead, hot irons applied to skin, 
ignited kerosene-soaked rags wrapped around limbs 
and numerous burns from cigarettes pressed into the 
skin. Knowledge of local practices, such as che burning 
motor tyre necklace’, can help identify burns in typical 
sites. Where molten liquids have been dripped from 
above onto a bound-up victim, there may be shadow 


areas that indicate the direction of contact, which 


kes any innocent explanation highly unlikely. In 
survivors, scarring occurs in all but the most superficial 
burns, and may lead to large, unsightly cicatrized areas 

In vietims of African origin, large keloids may form, and 
further complicate the damage and attempts at surgical 


1H Cutting and stabbing may be inflicted with a variety of 


‘weapons, but wounds from knives and bayonets are 
most common in the context of torture and 


extrajudicial execution. The features are identical to 


Ficune 10.4. Keloid scart from extensive burns daring torture, The 


elderly lady wasted toa chair and a burning moto tyre suspended 
aver her. The shadowed are between the breast indicates te 


rmward trickle of molten burning rubber. He face was alto 
extensively scarred, 
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Ficuine 10.5 The scar ofa bayonet sab wound inflicted many months e 
telp in interpreting the cate of the injury, bere heelptcal shape of the 


sharp upper end of the blade edge, a opposed to blunter lower end, 


those described in Chapter 4. The site on the body may 
bbe anywhere, but the chest and upper arms seem to be 
favourite targets, The seats of old stab wounds, such as 
those from a bayonet, may still be recognizably 
cliptical many months or years after infliction, 
Clubbing and blunt injury is extremely common, either 
to cause death of as a form of abuse. It is sometimes 
dispensed almost casually, as when guards lay about 
themselves with rifle butts against the inmates of 


detention camps. Again the 
and are described in the chapter on wounding, The 


atures are non-specific 


head is the most common target, bue the legs and knees 
are also often struck, Blows on the back or side of the 
neck can be particulatly lethal from vertebrobasilar 
artery damage (Chapter 5). 

Deaths from suflocation and drowning are not common, 
though non-fatal practices of this kind ate well-known 
methods of abuse, Repeated dipping of the victims head 
under water or even foul liquid such as sewage is called 
‘submmarining’, and may cause drowning, ai-passage 
occlusion ora later pneumonia, Enveloping the head in 
an opaque plastic bag is more a means of disorientation 


than physical torture, but partial sufocation by similar 
‘means may eventually prove fatal 
Electrical torture is common and well documented. 
Eicher mains voltage of 110 o 240 V is used — which 
carries the risk of fatal cardiac arrhythmia as well as 
local burning — or a magneto delivering high voltage 
which is painful bue not lethal. The later will not leave 
any significant skin marks, as the amperage isso low 
The later demonstration of electrical injury is 
difficult, as healed lesions have few characteristic 


features. The acute injuries which may cause burns and, 
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arlier in a Ugandan torture camp. Though scars are usually of litle 
riginal stab wound can sil be sen ata keloid scar and even the 


FIGURE 10.6 Extent keloid scare following delibenate burning af 
14 16-year-old student nan Eat Afican concentration camp. An 


lecre hotplate ws pressed against his neck and kerosene cooked 


gr were ignited om hie arm 


death are described in Chapter 12. Karlsmark and his 
co-authors have made a special study of the pathology 
of electrical torture, The current may be applied 
anywhere, bur the genitals ae sites favoured by 
torturers, especially the penis and scrotum. 


¢ female 
nipples ate also targets 

IB lsjuries to the eats can rately be demonstrated at 

autopsy, but a favourite torture is the telefono’, 

consisting of repeated slapping of the sides of the head 

by the open palms of che assailant. This may rupeure 


the tympanic membranes and injure the inner eat 


Death in custody 


1 Suspension is a common torture, though again not 
often fatal in itself I'ehe victim is seen relatively soon 
after the ordeal then abrasions, bruises and chafing 
marks may be found at ligature sites, usually on legs, 
arms and sometimes genitals, 

1B Shooting is no a method of torture in the accepred 
sense, burt isa common means of execution oF of non- 
fatal punishment, such as the ‘knee-capping’ 
perpetrated in Northern Ireland, where opponents and 
suspected traitors are shot either through the knee joint 
or the lower thigh 

Sexual abuse is also common and in women, rape — 
sometimes multiple — may leave physical signs as 
described in Chapter 18. 


Medical examiners of alleged vietims of torture must be 
careful not w misinterpret non-torture lesions as evidence of 
abuse, as such lapses will be seized upon by opponents wish- 
ing w discredit the medical opinion, either foe political or 
immigration reasons. Forrest's guide (Forrest et 1995) lists 
‘most ofthese, which include innocent occupational, sporting 
or other accidents, tral marks, skin infections, variations in 
pigmentation, traditional scarfication, healing masks, stretch 
marks, et 


EXTRAJUDICIAL EXECUTION 


‘Many hundreds of thousands — indeed probably millions — 
of victims have been assassinated in recent years by govern- 
mental agencies acting quite outside the legal sytem. 
Because of ethnic origin, tribal feuds or political views, 
whole sections of populations have ‘disappeared’ on a scale 
sometimes amounting t genocide as in Rwanda, 
Cambodia, Bosnia and Kosovo, It is common knowledge 
that these disappearances are usually explained by murder, 
cither on a mass scale of by continuous individual or group 
extermination by ‘extermination squads. Specific instances, 
are not che concern of a textbook, but as recent years have 
shown, severe excesses have taken place in most continents 
leading to several forensic exercises directed towards identi 
fication of vietims and proving methods of torture. 

‘When vanished people have been presumed to have been 
Killed by troops or security agencies, the evidence is usually 
very late in coming to light, so that forensically, much of the 
‘work consists of skeletal identification and investigations 
into causes of death, Where the bodies have decomposed or 
skeletalized, shooting or head injuries may be the only mode 
of death 10 leave any telltale evidence on exhumation. 
Autopsy examination may resemble mass-disaster proce- 
dures where there are large numbers of victims. The talents 
of odontologists and anthropologists, and the techniques of 
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archaeology may be needed in such cases, as described by 
Clyde Snow in relation to the ‘lose children’ of Argentina 
for more recently in Bosnia and Herzegovina, Croatia and 
Kosovo, The vast numbers of skeletal remains in the Lowero 


triangle of Uganda have so far had no such attention, 


DEATH IN CUSTODY 


‘The occurrence of death while « person is either in the cus 


tody of the police, oF the inmate of prison, raises public 
interest and emotions that require careful handling and 
investigation, There is often an immediate complaint or 
‘rumour of il-treatment by the relatives or the media, A met- 
ceulous autopsy is necessary part of the investigation needed 
to dispel —or sometimes contitm ~ allegations that an act of 
commission or omission on the part of the custodians has led 
to, or contributed to, the death. This applies in all counties 
and has no relationship 10 the preceding section, when 
political issues may be suspected as a cause of the death. The 
two aspects are not always totally separate, however, as coun- 
tries with excellent human rights records have sometimes 
been suspected of occasional lapses of standards where custo- 
dial deaths are concerned, 

“Most of the cases dealt with by a forensic pathologist will 


concern civil police forces and the regular prison service. 
Many counties, including Britain, have strict legislative 
rules that make all deaths in custody, whether police or 
prison, reportable for medico-legal investigation by the 
appropriate law officer (the coroner in England and Wales), 
in addition to a searching internal enquiry by officers from 
a different police force (c.g. in Finland the National Bureau 
of Investigation) 

‘An autopsy will inevitably be held, regulations in UK 
making this a case for an accredited forensic pathologist. I 
is sometimes helpful ifthe pathologist visits the seene of the 
death, especially if it was caused by hanging or some form 
of mechanical trauma. 

‘There are several situations in which death may occur in 
custody. The deceased may die during or soon afer arrest 
by police officers, as there is ofien a struggle in which the 
offender is resisting arrest, sometimes violently. It may be a 
physical struggle, especially when police officers are attempt- 
ing to control or overpower a resisting offender In hese 
situations, the use of so-called personal defence sprays has 
increased, as they have been shown to be very effective in 
incapacitating an aggressor. They cause acute ocular iritation, 
lachrymation, conjunctivitis, blepharospasm and extreme dis- 
comfort. Most of these sprays contain o-chlorabenzylidene 
‘alononitrle (CS), 2-chloroacetophenone (CN), oleoresin 
capsicum (OC), oF combination of these ingredients as the 
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active agent. Capsacain (8+methyl-N-vanilly-6-nonenamide) 
is a neurotoxin component of cayenne pepper. It stimulates 
excitatory alferent sensory neurones, causes hypothermia, 
‘neurogenic inflammation and pain, followed by subsequent 
desensitization. Although these sprays have been considered 
to be relatively safe, unexpected deaths have been reported 
after the exposure 1 oleoresn capsicum (OC) spray devices. 
Pepper spray has been suspected to induce bronchoconstic- 
tion, Chan and co-workers (2002) tested the effet of (OC) 
spray inhalation on respiratory function in 35 healthy sub- 
jects by inelf and combined wich restraint but could not 
find evidence of hypoxaemia or hypercapnia in either group. 
OC exposure did not resule in abnormal spirometry, hypax- 
emia, or hypoventilation when compared to placebo in 
either sitting or prone maximal restraint postion. In another 
study on clinical toxicity of OC, in Kansas, Watson et al 
(1996) reported on 81 emergency department patients who 
had been investigated after exposure to OC, Ocular burning 
and redness were the most common presenting symptoms 
[None ofthe patients required hospitalization due 19 OC tox 
icity, Comeal abrasions and respiratory symptoms occurred 
in seven and six patients, spectively. In case of death after 
OC exposure, a thorough autopsy, with ancillary investiga 
tions, including complete histology and toxicological analysis 
with asessment of the circumstances and sympomatology, i 
necessary to assess whether the exposure to OC spray has 
been causative, contributory, oF unrelated to death, 

On other occasions, the offender may threaten police 
officers with a knife, gun or blune weapon, and the police 
hhave to subdue him either by sheer physical force — 
truncheons oF riot sticks — or by the use of firearms, The 
‘most common event isthe arrest ofa drunken offender and 
this poses extra problems, discussed below, Other drugs, 
such as eoeaine, cannabis, amphetamine and hallucinogens, 
rather than opiates such as morphine, heroin and barbiturates, 
may also be involved. 

‘The physical overpowering of « suspected offender poses 
definite risks to health and life, and has been the subject of 
‘humerous controversial enquires and ligation in many coun- 
tries, The police usually outnumber the offender, sometimes 
by a considerable margin, but even a one-to-one struggle 
can be dangerous for either party: The following risks exist, 
though the list is by no means comprehensive. 


Bi Traumatic asphyxia may oceur where several policemen 
{all upon a resisting subject to overpower him. The 
author (BK) has dealt with several deaths where a 
‘number of large police officers piled on top ofa prisoner 
fighting maniacally, o apply handeuffs. When they gor 
up, the man was not breathing and died in hospital 
shortly afterwards. Death was caused by traumatic 
asphyxia, he weight of the men on top of him causing, 


chest compression and prevention of respiratory 
-movements, The appearances ae described in Chapter 14 
IH Arm-locks oF neck-holds applied by police officers 
resisting persons are other causes of deaths during 
arrest. These have been particularly notorious in the 
USA, where police officers have been trained to apply 
neck-holds as a form of restraint, but similar deaths 
applied 
cither from behind or with the head of the offender 
tucked under the police officers arm against his waist. 


have been seen elsewhere. The arm-lock. 


‘The dangers are compression of the front or ses of the 
neck, 
arrestor cerebral ischaemia during carotid compression, 
‘or asphyxia from airway obstruction, though the 

latter is unlikely as che sole mechanism. According to 
American writers such as Reay and Eisele (1982, 1986), 
there ate two types of neck-hold ~ the ‘bar arm control” 
and the ‘carotid sleeper. The former is alleged to be 
more dangerous: the officer's forearm is pulled across 
the frone of the larynx to occlude the airway. The 
carotid sleeper uses the two sides of the 'V" formed 

by the flexed upper and lower arm to compress the 


nu death can accu either fram reflex eardiae 


carotids and produce transient cerebral ischaemia, 
Both varieties are dangerous, however, as there is the 
ever-present hazard of reflex cardiac arrest from 
vagal stimulation from the earotid sinus and sheath, 
as well as the potential danger of neck traction and 
hyperextension causing subarachnoid haemorthage 
from vertebrobasilar artery damage 

© Postural (positional) asphyxia has been reported to have 
caused sudden deaths in persons after the use of the 
“hogte’, hobble’ or prone maximal restraint and even. 
in situations where a person has been placed in a prone 


position in the rear compartment ofa police car. In an 
experiment with healthy subjects, the restraint position 
resulted in a restrictive pulmonary function pattern but 
did nor cause clinically relevant changes in oxygenation 
or ventilation. Irhas been postulated that the hogsie 
restraint position by itself does not eause respiratory 
compromise to the point of asphyxiation but other 
factors, eg, acute intoxication by aleobol or drugs, are 
responsible for the sudden deaths of individuals placed 
in this position 

1B Blunt injury may occur from the use of fist, arm or leg — 
or the use of a weapon such asa truncheon, riot stick 
or pistol bute. During a struggle, usually with one or 
more police officers who are attempting to subdue a 
fighting offender, injuries may be received by either 
side, All types of lune injury may be sustained, some 
potentially fatal and these are discussed in Chapter 4 
“Head injuries may occur during a scuflle from falls 
cither against the ground, or against a wall or other 
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Death in custody 


obstruction. A heavy punch in the face may cause 
‘nasopharyngeal bleeding that ean block the ait 
passages, especially in a person affected by aleohol. A 
blow on the side of the neck can cause reflex cardise 
arrestor a subarachnoid hacmorthage from 
vertebrobasilar vascular damage, 

‘A backward blow from the point of an elbow ean be 
damaging, iit stikes the fie, neck or abdomen, Kicking 
and stamping are unusual, but not unknown, in custodial 
deaths, blow in the abdomen can also be serious if 
delivered with sufficient force. Though in an adule fist 
blow is not very likely to cause serious harm, it can in a 
slightee young person, The use of the elbow, knee ora 
hhead butt can deliver extreme fore, especially from aft, 
muscular police officer s well as ftom an offender. 

“The author (BK) has seen fatal intraperitoneal 
bleeding amounting to chree litres in a drunken man 
arrested after a scuffle with two police officers, in which 
there were allegations that one struck of fell on the 
‘man with his knee. Several hours later the prisoner 
collapsed and at autopsy there were several large teats 
in the mesentery, 

Alcohol isa frequent cause of death in custody. Not only 
isie the major factor in provoking aggression and violent 
resistance, with the consequences mentioned above, but 
it can have other effects which lead to death while in the 
care ofthe police. Acute alcoholic poisoning, described 
‘more fully in Chapter 28, may lead to death while the 
victim is thought to be ‘sleeping it ff in a police cel, 
‘When blood alcohol levels rise to above 350 mg/100 ml 
there isan increasing tsk of coma and central respiratory 
depression, Although most responsible police forces have 
standing orders about placing drunken prisoners in the 


semiprone position and observing them ar frequent 
intervals, a quiet drunk may stil slip ineo irreversible 
coma and respiratory ares 

‘At lower blood alcohol levels there is still the risk 
of aspiration of vomit and choking on gastric contents 
‘Though drunken prisoners are placed in the safest 
posture for drainage, they can still vomit and choke 
when unobserved, between visits by che often busy 
police station officers. At auropsy, caution must be 
observed before ascribing death to aspiration of vomit, 
as this isa common agonal phenomenon in deaths 
uses, Where an otherwise healthy person 
dies with a high blood alcohol concentration in these 
circumstances, however, grass blocking of the trachea 


from other 


and bronchi with vomit forms one of the most 
convincing arguments for acceprance of aspiration as 
the cause of death if no other factors can be identified. 
Alcohol also contributes to accidents during eustody, 
specially head injuries, which come about because of 


falls to the ground, falls down steps and stairs, and 
being run over by traffic, asa result ofthe ataxia and 
incoordination of the drunken state, Falls onto a hard 
surface are often on the occiput and the frequent 
finding of frontal and temporal conteecoup brain 
damage at autopsy is good evidence of a deceleration 
injury rather than an assaule with a weapon. 

Some falls may occur during custody’ or in transit 
from the site of arrest to the police station — others 
have happened before arrest, but the ill-eflects and 
death may become manifest during the stay in the 
police cell, when the police are ofen blamed either 
for allowing oF causing the injury ~ or for not 
summoning or providing urgent medical attention. 
Drugs, especially those causing excitement, such as 
amphetamine, cocaine or hallucinogens, may also lead 
to physical damage, bur alcohol remains by far the 

Drugs are commonly available within prisons and 
coverdoxe or hypersensitivity deaths are occasionally seen 
amongst prisoners, as they are in the outside world. 


TFiGURE 10.7 Suicidal banging ina pri cell. Thi ran 


infequent but regular tragedy, which, inspite of strenuous effrts by 
prison aficers and designers of cell, occurs because ofthe 
determination of the prisoner to defeat the safeguard. The belt wed 
a Uigature has been removed and lies on the bed. 
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1H Suicide in custody is not uncommon, and ofien leads to 
accusations and recriminations from the relatives over 
lack of supervision, There has recently been a spate of 
such deaths in Britain, especially amongst young 
offenders on remand awaiting tral Ie is such a well 
recognized hazard of eustody that most police forces 
deprive the prisoner of any objects, such as belts, braces 
(uspender), cord or even bootlaces, that could be used 
‘tw hang himself in his cell. In addition, the police cell 
‘may be specifically designed to avoid any convenient 
suspension points, such as hooks, bas or even internal 
door handles. In spite of these precautions, prisoners 
regularly manage to find some means of killing 
themselves, Sips of bedding material, sleeves of clothing 
and handkerchiefs have all been used for self-suspension. 
‘As described in Chapter 14, hanging can be successfully 
accomplished by traction on che neck at low levels and 
‘need not oceur from high suspension points, so prisoners 
have killed themselves by attaching ligatures to bed- 
hheads, chairs and other unlikely objects in the cell 

Accusations that appatent suicidal hangings wete in 

reality homicides by the custodians ean usually be 
resolved by the autopsy showing no signs of bruising, 
abrasions or a struggle. It would seem impossible wo 


hhang a conscious person against his will without 
leaving some signs of restraint. The proposition that 
the hanging was a ligature strangulation is usually 
disproved by the rising angle of the ligature mark, 
which most commonly sets under the angles of the jaw 
and has a defece in the skin matk where the suspension 
poine pulls the ligature away from che surface. A 
homicidal strangulation usually encircles the neck and 
a cross-over point is ofen seen, The level is lower, 
neater the horizontal (Chapter 14). 

Where a true hanging mark is caused by a ligature 
with aslip-knot, there may also be a full cree of skin 
abrasion and compression. Ifthe suspension point is 
Jow, as might happen in a cell using a doorknob or 3 
bed-frame, then the direction of pull can be oblique. IF 
the body also leans over against the direction of pull, 
the resultant mark ean be virally horizontal and, 
unless the situation is fully assessed — preferably by a 
Visit to the scene with the body in situ — confusion can 
‘occur, as with the controversy over the death of 
Rudolph Hess in 1988, whilse an inmace in Berlin’ 
Spandau prison, 

Death may be from purely natural causes, usually 
cardiovascular in origin, which happened to have 
occurred during detention, Ie must be admitted, though 
it is almast impossible to provide objective prof, that 
the emotional and sometimes physical upset of being 
arrested and confined may have affected the blood 
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pressure and heart rate sufficiently, by an adrenaline 
response, to have precipitated an acute cardiac erisis in 
the presence of severe preexisting disease, 

‘The presence of diahetes, epilepsy, asthma or other 
diseases that can potentially cause sudden oF 
unexpected death should be sought by medical history 
and autopsy appearances (Chapter 25), 
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Damage to the tissues arising from the application of heat 
is commonly encountered in forensic pathology and some- 
times provides a challenging problem in the dis 
beeween ante-mortem and post-mortem burning, which 


‘may have serious criminal aspects 


HEAT INJURY 


This may arise following a defeer in body temperature 
contol or, more commonly, from the external application of 
hneat. Mammalian tissues ean survive only within a relatively 
narrow range of temperatures, approximately 20-44°C. 

When external heat is applied, dhe extent of damage 
depends upon: 


1H the applied temperature 

IH che ability of the body surface to conduct away the 
excess heat 

the time for which che heat is applied 


‘The temperature/time relationship is important, fori is 
sometimes forgotten that relatively low temperatures, even 
asline as 44°C, ean cause damage if sustained long enough. 
This is attested by many negligence lawsuits concerning. 
"unconscious patients burned by forgotten hot-water bottles 

‘The degrees of thermal damage were investigated. by 
Moritz and Henriques (1947), who found that the lowest 
temperature that would cause damage was 44°C, though it 
required no fewer than 5 hours before a buen appeared, Only 
3 seconds was needed, however, if the object was a 60 


Radiant heat ean also cause severe damage, as is obvious 
from overexposure to sunlight or artificial sunlamps. The 
long-term effects also include malignant changes, now more 
important because pollution-indueed changes in the strato- 
sphere are allowing more ultraviolet radiation to reach the 
earths surface. In forensic practice i is more often sen when 
an old or disabled person falls unconscious within close 
range ofa gas, electric or coal fire, those areas of skin unpro- 
tected by clothing becoming burned, often to a blistered 
sate. It can be difficult or impossible co tell how much of 
such a condition is ante-mortem or post-mortem, asthe pres 
ence of reddening and blistering cannot always be depended 
fon as criteria of vital infliction, Motded pigmentation and 
reddening of the fonts of the legs (erythema ab igne) is 
familiar sign in those addicted to siting before an open fire 


CLASSIFICATION OF THE 
SEVERITY OF BURNS 


‘An arbitrary, but useful, classification is used (mainly for 
surgical purposes) o denote the severity of both burns and 
sealds. The older si-stage classification of Dupuytren has 
given way to Wilson’ three-stage nomenclature: 


IN First degree: erythema and blistering without loss of 
dermis. There is capillary dilatation and transudation 
of fluid into che tissues, causing swelling, A split may 
jccur in the epidermis to form a blister with an upper 
cap of pale skin enclosing fluid, surrounded by a zone 


312° 


Maist thermal 


of hypetaemia, [fsmall (<1 em) this blister may resorb, 


otherwise it wll burst, leaving a reddened base. A 
first-degree burn will heal withous searing 

1 Second degree: destruction ofthe fll thickness of skin, 
‘The epidermis is coagulated or charred, and a central 
sone of necrotic tissue is surrounded by first-degree 
burns ora zone of hyperaemia, ox both. The central 
necrosis sloughs in due course and the epidermis grows 
in from the margins, The injury earnot heal without 
scarsing, which usually contracts during the healing 
process, causing pucksring and distortion of the surfice 

© Third degree: destruction of decper tissues below the 
skin, This can be of any severity, from damage to 
subcutaneous ft to loss of usc, bone and even a 
whole limb 


Back 18% 
Front 18% 


Fick 11.1 The Rule of Nine’ for calculating the area burned 
Ie doesnot apply ta infants whese body proportions are different 
from adults. About 60 perce srfice burns cam be survived by 
‘children and young people upto 20 year of age but thie apy 
decreases with advancing age 


damage — scalds 


‘The area involved is traditionally estimated by che surgi- 
cal ‘Rule of Nines’, which is sufficient for prognostic pur- 
poses, hough for the pathologist « more precise anatomical 
description of the areas burned is essential for his autopsy 
report, 

Ifthe burns are widespread, then large areas of skin may 
be damaged and functionless. A large area involved may be 
more dangerous to life than a deeper, mote localized burn. 
Ik is generally considered that 30-50 per cent involvement 
of the total body susface is incompatible with survival. Old 
people can die at considerably lower percentages than this, 
while children appear more resistant. 


MOIST THERMAL DAMAGE — 
SCALDS 


‘A ‘scald’ refers to tissue damage from hor liquids, usually 
water. Other hot fluids inchude oils, molten rubber, other 
liquid chemicals and steam, Molten metals are usually at such 
a high temperature that ee results are similar to dey burns 
‘The water scald isa common domestic accident, especially to 
children and old people, that group at the extremes of life 
‘who are vulnerable to so many types of acident 

A scald, unless from some superheated oil, does nor cause 
chatsing, carbonization or singeing of surface hairs, as does 
dry heat. It resembles a first-degree dry buen (see later) in 


i | 


Ficune 11.2 First and second-degree burns-an the righ thigh and 
seratum ofa 5year-old diabetic child, who had been treated by 


quack, who had promised the parents to cure he chil by hot bath, 


Death war caused by the anmeated diabetes 
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11: Burns and scalds 


that there is reddening, desquamation and blistering, but 
the shape of the scald tends to be diferent. There is usually 
a sharply demarcated edge, corresponding to the limits of 
contact of the fluid. If due to immersion in hor water, such 
as a bath, there will be a horizontal fluid level, hough this 
may be made irregular by splashing. When tipped or 
splashed, the hor liquid runs under gravity so that eickle 
patterns may be seen, which may enable che medical exam- 
iner to determine the pasture of the victim when scalded, 
‘The intensely red base of a severe scald may at fist be 
covered by wrinkled, macerated epidermis. The scalded skin 
‘may swell and exude serum. Infection may supervene but 
where che burns are extensive, death usually results from the 
systemic effeces of shock, fuid and electrolyte disturbance, 
and secondary chest infections. The severity of a scald 
depends on the duration of contact with the skin, as well ay 
the temperature, When hot water is splashed, tipped or 
thrown, it has only a momentary contact, falling away under 


Fic 11.3. Sealde ar wet burns i cil accidentally eft in a 
dot bath while her mother went to annwer the telephone, This 
Mlstrates that time, as well as temperature, isa factor in causing 
beat damage to sin, The child lied some day aver from an 
intercurven ces infest, 


gravity. The large surface area allows rapid cooling, so damage 
‘must occur in a short time, which necessitates the tempers- 
cure being high if severe damage is to be caused. Often the 
water is boiling, especially in the kitchen accidents that, sadly, 
jccur to children with such regularity. The interposition of 
clothing may have ewo oppasite effects; it may protect the 


undelying skin from the hor liquid, especially if poorly per- 
smeable, bur it may also hold che hor liquid in contace with 
the skin for a longer time, especially if the fabric is absorbent. 

‘The appearance of scalds may resemble dry burns except 
for the distribution and the fac that, if due to immersion, 
the severity of the skin damage is usually uniform over the 
whole of the burnt area up to the sharply demarcated mar- 
gin. When hot or boiling water has been pouted or splashed 
conto the body, the worst sealds will be atthe area of initial 
contact where the fluid was hotest, but decrease in severity 
as the cooling liquid runs away: In children who pull con- 
tainets of hot liquid down on themselves, the scalds tend to 
be on the face, neck, chest and arms, with ‘shadow areas of 
undamaged skin in the axillae and on the back. 


BURNS FROM DRY HEAT 


More common than scalds, burns duc to dry heat may be 
caused by high temperature applied 10 the body surface by 
conduction or radiation, Convection is merely a vatiant of 
conduction in this respect; as hot gas impinges on the sue- 
face, the molecules transfer their high energy in a similar 


fashion to dhe ditect contact of s hot solid 
Radiation causes damage through the conversion of 
infrared frequencies into thermal heat on absorption atthe 


Ficuae 11,4 A hum an che inner sides of ach upper thigh in a 
young woman. These are suggestive ofthe application of ah 
‘botse in an attempe at nsuscitation after a criminal abortion. The 


victim led of air embolism following the use ofa Higginson syringe 
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Gross appearances at autopsy 


skin interface, As with scalds, the tissue damage is a func 
tion of temperature and time. A warm water-pipe will 
cause a burn if left long enough in contact with the same 
area of skin, but the vast majority of dry burns are due t© 
high temperatures acting for a shorter time, 

Where the time is extended beyond that needed for 
initial burning, the tissues may be charred, carbonized oF 
completely destroyed, as in cremation, 


The severity of dry burns 


‘The Wilson classification of severity of burns is given above, 


‘with three degrees according to the depth of tissue damage 


1B Erythema leads to redness and swelling of the skin, 
Blisters may form either within the thickness of the 
epidermis or at the epidermal-dermal junction 


Ficune 11.5. Keli sisue (dene collagenous overgrowth) more 


fen 


ows burns than ather injuries. Ii expecially prevalent and 

poise in negro persons. This East African youth wa tortured in 

14 political camp with bot metal and burning kerorene, resulting 
later in exuberant keloid 


H Destruction of the full thickness of the skin, which 
‘may be total or incomplete. If epidermal structures 
survive, such as the deeper parts of hair follicles, then 
epithelialization may occur from islands within the 
burned atea. Ifnot, slow coverage with mare probability 
of extensive scarring will occur from invasion of 
epidermis at the periphery 

B Destruction of subcutaneous tissues, such as fat, muscle 
and even bone, isthe most setious grade of burning, 
though, as mentioned elsewhere, it may be less dangerous 


to life than larger areas of more superficial burns 


GROSS APPEARANCES AT 
AUTOPSY 


‘The body may present a wide range of damage from mete 
reddening aver wide areas to almost total cremation, ia 
which a search may have ro be made at che scene of the fire 
to collect or even discover the remnants. 

Usually, where leathery coagulation of charring has not 
occurred, ante-mortem burns will be reddened and often 
blistered. The lat 


have marginal red zone of variable 
20mm across. Blisters may be present 


width, usually 
cither in the main burn or as islands beyond the periphery. 
Most ante-mortem blisters will have a bright red base when 
burst and an erythematous areola, The whole of the burned. 
area may form one large blister or be a coalescence of blis 
ters, These are usually collapsed at autopsy, so that sheets 
and shreds of white epidermis lie across an angry red base 

‘Where the burns are more severe, the skin may be stiff: 
ened, yellow-brown and leathery, a half-way stage to actual 
carbonization. Drying after death of areas that were weep. 
ing serum leads to a stiff, parchmentlike surface. Post 
mortem heating and deposition of smoke may mimic or 
overlie che ante-mortem appearances, the surface often 
being blackened by soot deposition. 

Hair is singed or completely burnt away in severe burns 
In leser degrees it may survive and the ends of the hairs may 
be ‘clubbed’. Here the keratin mele atthe distal end nearest 
the heat, then resolidifies on cooling, forming a terminal 


blob on the shaft like an unlit match, Eyelashes, eyebrows, 


pubic, axillary and general body hair may all suffer this 
scorching. Where skin has actualy ignited, the subcutaneous 


faracting asa fuel, black brittle masses will occupy the tissues 
merging into cooked, dry muscle beneath, which in turn 
‘grades into more moist and normal-looking soft tissue at 
‘greater depths, Beneath burns of any degree, the deeper ts: 


sues may be affected, especially muscle, which becomes pale, 
brownish and obviously ‘part-cooked’. This is ofien a post 
mortem phenomenon caused by the dead body remaining, 
in a heated environment and such cooked muscle may 


Burns 


Fi 
‘om asuicide who doused himself with petrol and set himelf to fire 


IRE 11.6 Second and third degre burns and singeing of hair 


extensively underlie normal skin, which shows no evidence 
of ante-mor 


a burning, especially if protected by clothing. 
It's the general high temperature of the environment over a 
relatively long period which produces this ‘parboiled’ appear- 


ance, similar to the cooking effect of a slow aven, 


‘Where heat has been intense and continuous, all wfe tissue 
down t0 bone may be consumed and the bone itself may be 
blackened, The most extreme stage is conversion of the bone 
to brittle greyish-white spin 


sometimes with loss of skel- 


tal structures, leading to absent fect, hands or limbs, [is rare 
for the whole body to be completely consumed, even in delib- 
crate cremations, but only a fraction of the original body mass 
may remain, often almost inseparable from the burned sur- 
roundings. Where much smoke has been generated, a in 
rose house fies, che skin will be discoloured where exposed. 
Sharply demarcated areas of soot deposition may coincide 
with burning from hor gas. Even the thinnest layer af cloth- 
ing may protect completely from both these effects 

Muscle contractures are common where substantial heat 
has reached the body. This is almast always a post-mortem 
occurrence, as deep-heating effects sufficient ro cook muscle 
are incompatible with life. The muscle becomes shortened by 
dehydration and protein denaturation, The flexors, being 


and scalds 


Fi 
and invetgatort. Death wat h 


IRE 11.7 Dead bodies in ies poe a problem fr pat 


to have occurred after the 


five began fom sot inthe lungs and carbosplaentaglbin inthe 
‘load. There were no ante-mortem burns and there was high 


blood-alcohol concentration. 


bulkier than the extensors, contract more and force dhe limbs 
into a position of general flexion, the so-called ‘boxer’ or 


jpugilistie’ attitude. Contraction of the paraspinal musculature 
offen causes a marked opisthotonos. Froth, often pink-stained, 
‘may appear at the mouth and nostrils asa esule of pulmonary 
‘ocdema caused by heat irvtation of the air passages and lungs. 
‘The tongue frequently protrudes and may be scorched, 


SPURIOUS ‘WOUNDS’ IN BURNS 


Heated skin contracts markedly and splits often appeat. This 
‘may lead inexperienced observers (such as police) to suspect 
that ante-mortem wounds have been inflicted, the fire being 
used £0 cover up a criminal offence. These splits may be any- 
Where, but are especially seen over extensor surfaces and 
joints, a well on the head. Some, especially those at elbows 
and knees when the limbs are flexed across brittle skin, are 
caused by firemen handling the body during recovery. 

The possibility of true wounds being present must 
always be kept in mind, as many homicides have been con- 
cealed in fies. The false splie will show no bleeding in the 
deeper tissues and ies position is usually suggestive. The dif- 
ferentiation may be difficult or even impossible, however, 
especially when severe heat damage in the area makes 
examination of the underlying tissue impracticable, 
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Ante-martem versu: 


FicURE 11.8 Hea lesures ofthe limbs, pare way towards the gil 


set fre this cabin during a bous of heay drinking 


The other major fae lesion isthe ‘hear haematoma’ in the 


cextradutal space. When severe heat is applied to the cranium, 
a mass of blood resembling a true extradural haematoma 
may form beeween the skull and the dura. This may arise 
cither from venous sinuses or be virally ‘boiled’ out of the 
diploic space in the skull through emissary venous channels 
The blood is spongy from gas bubbles and tawny ar choc- 
folate brown, The exterior of che skull overlying the 
Wit 
is a purely post-mortem phenomenon, the heat haematoma 
will have a similar level of carboxyhaemoglobin to the blood, 


haematoma is usually charred and the scalp burnt awa 


whereas if ie was an ante-mortem lesion sustained before the 
fire began, it will be free from monoxide, as discussed in 
more detail below, Where the heat is intense the spurious 


haematoma may be outside a grossly shrunken dura, which 


compresses the brain into a cooked mass, The dura may split 
under the tension and allow brain tissue to ooze out into the 
large space within the cranium, where it may form a mass of 
frothy paste (Kondo and Ohshima 1994). These changes 
‘may be present withour a haematoma, but the later is ofien 
present. In the absence ofa skull fracture, other than one due 
to heat, this haematoma should not be ascribed to trauma 


ANT 
POS 


MORTEM VERSUS 
AORTEM BURNS 


In severe conflagrations, either in buildings or vehicles, 
the terminal state of che body often docs nor reflect the 


5 post-mortem burns 


| 


) 


| 
| 
| 


| 
I 


ic atitude' formed when the arms are vused higher, The elbows, knees 


lexed because mucle contraction istronger in the ler groups. The victim war the captain of « Rusian ship who 


condition at the time of death, Indeed, many deaths will 
have occurred before any heat reaches the body, death 
being caused by the inhalation of smoke. Ir may be difficult 
or impossible for the pathologist to determine the extent of 
ante-mortem damage if the ensuing & 


later reaches the 
body and causes post-mortem burning. The expased skin 
surface may be reddened in both abte-mortem and post- 
rortem burns, the classical distinction of a ‘red flare’ or 
vital reaction’ being unsafe ay an index of infliction before 
death. The author (BK) has seen several cases of undoubted 
post-mortem burns, one a least 30 minutes after fatal stran- 
tulation, where an extensive ‘red flare’ was caused during 
attempts at disposal of dhe body by 


Blisters can form post-mortem, but are pale yellow 
unless on scorched skin. There is rarely a red base oF ery 
thematous areola, though this sign cannot be depended 
upon absolutely. The contained fluid is thin and cleat 
‘Traditionally most authors claim that differentiation can be 
made between an ante-mortem and a post-mortem blister 
by an analysis for protein and chloride in he fluid. The 
blister formed in life is said to contain more protein and 
es are offered and the 


chlorides, but no absolute fig 
authors have yet to meet a pathologist who does this as 
1 routine, One suspects that the test is another of the 
apocryphal procedures that have been handed down from 
textbook to textbook without verification, 

‘Most useful of all in fatalities is the presence of carbon 
monoxide in the circulating blood and carbon particles in 
the air passages and lungs, and this is deale ich in the 
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section on inhalation of fumes. They do not necessarily 
prove that any burns Were ante-mortem, but that the vic 
tim yas still alive when the fire was in progress, which is 
not the same conclusion, The extradural heat haematoma 
may be investigated in a different way to determine its ime 
of origin, Ife isa true traumatic lesion produced before the 
fire began, ic should contain no carboxyhaemoglobin. A 
spurious heat haematoma is formed from blood that will 
contain carboxyhaemoglobin if the victim has absorbed 


this gas during the Fire. Ie must be appreciated, however, as 


Ficue 11.9 Substanialdecrcton ofthe body by fire, The upper P°SURE L110 Pat-mertem injuries caused by beat smuating 


aif of be vier bar sicualy va Iba injuries, The five service were concerned about an apparent 


structures, leaving the lower pare intact, The ga stove wa ignited 


ithe, including seletal 


preconflagretion eeu, ft sac shin splits ave comme sen nt 


resule of hea 
ead hasbeen burned through and the skull i charred. Bex 


isa spurious ‘beat haematoma sometimes confised with a 


tctue of the tstes, The scalp on the wp ofthe 
th tis 


with a match after a delay while gas was escaping, cam 


cexplaion that consumed the upper part ofthe body. the fat burning 


with clocking acting asa wick: Such events have given vise rth 


raumatic extradural hacmorshage. 


myth of Spontaneous combustion’ 


CURE LAL Pat 
ina victie recovered fom a howe 


arte burs 


fie. Nate the rased arm caused by 
‘eat contractures ana the complete 


protection against burning afforded 


day cething on hele There it 


estensve sin pliting onthe che 


Fumes and fires 


discussed below; that not all pertons alive during a fre 
accumulate carboxyhaemoglobin in their blood 

IF there is carboxyhaemoglobia absorption, then the heat 
hacmatoma will ao yield it on analysis, The use of this 
test, again elated in most classical texs, is, however, 


extremely limited, 


FUME 


AND FIRES 


The majority of fatal dry burns in civilian practice occur in 
conflagrations in buildings, rather than in vehicles or aircraft. 
In many of these tragedies death is nor caused by burns, but 
to inhalation of fumes produced by che combustion af the 


building structure and contents, Indeed, most burns seen by 
forensic pathologists are post-mortem, either because the 
victim was already dead from smoke inhalation or because 
severe post-mortem burning obliterates the lesser degrees of 
burns present up to the moment of death, 

Death from inhaling fumes may be caused in several ways: 


‘Thermal damage to the ar passages and lungs from the 
direct effect of hor gases. Atautopsy the tongue, pharynx: 
and especially glottis may be scorched, leser degrees 
causing a greyish-yellow blanching of the mucosa. The 
interior of the laryns, trachea and main bronchi may be 
thickened and blanched, or reddened and inflamed, if 
the temperature is too low actually to burn the lining 


Ficuae 11.12 Tecan be difcul or imposible to 
differentiate berween ante-mortem and pos 
smarter burns when they are sustained near tothe 
time of death. Here the bliner with no erythema at 
the bate could ether be past: mortem ov ante: 
‘mortem, at reddening ofthe margins and adjacent 
shin can accu for atleast an hour afer death ei 
preferable call doubifl lesions per-rmortal 


FIGURE 11.13 Pestmortem smoke sling and 
superficial ura onthe leg ofa howse-fre wer who 
sled of smoke inhalation. Note she complete 
protection ofthe skin, which had been covered only 


by a sck 


11: Burns and scalds 


FIGURE 11.14 Pasemartem burn on he arm and 
est cane bya bot-water bole being eft over the 
Ireare in an attempt a recitation. The lesion i 
sharpedged, there sno erythematous margin, and 
‘the susfae is awn and learery from pos- orton 
dying 


Ficune 11.15 Larynx of. bowsefivevetim showing heat 
lanching of she epiglari and gloealenrance from breathing hat 
gat, The lower cut end of the tichea shows copious sor-containing 
aucus se indicating repiration during the fire 


Heat effects on the pharynx and epiglotts can occur 
post-mortem through passive percolation of hot gas 
through the open mouth, The lungs usually respond 0 
heat damage by marked pulmonary oedema, though this 
is often present in fire victims even when the inhalation 
‘of hot gas has been insuflicient to cause visible damage 
to the bronchial tree 

‘Carbon monoxide poisoning is an important aspect of 


most fires — indeed it is the major oF even sole cause of 


death in many victims of conflagration, especially in 
hhouse fires. When any combustible material burns in 
air, most ofthe carbon in organic material, stich as 

timber, fibric and furnishings, is converted to carbon 
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FIGURE 11.16 A small bronchus from a fire victim, showing 
Iiselogcal evidence of seat depaition, together widh derguamation 
af the epithelium and plugging with cellular debrie. (Van Gie 


sriginal magnification % 10.) 


dioxide. Carbon monoxide is also produced, however, 
and, where the access of oxygen is limived or exhausted 
by the ongoing combustion, larger volumes ofthe 
monoxide are produced. Slow, smouldering fires with 
lite flame are likely to produce more monoxide, as 
with burning bedelothes and mattresses, At the other 
extreme, rapid flash fires with flames fanned by moving 
draughts and chose involving volatile fuels, such as 


petrol or kerosene, produce relatively little monoxide — 
though much depends upon the frce access of at 


In many house fires, where the seat of te fit is originally 
remote from the vietim, death may occur from carbon 
monoxide poisoning long before the flames reach the body. 


Fumes and fires 


Fucune 11.17 Charred body a he scene of ire sowing the 


pug arteude an post-mortem skin pits on the ces 
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A person may he asleep in an apartment or house, and die 
without ever waking if luge volumes of monoxide creep 
through the rooms. Burns are olten post-mortem in such 
cases and, where extensive charting occuts, the differentiation, 
btw 


ante mortem and posemortem damage may be 
impossible 

Ie is often a comfort for bereaved relatives to be told that 
their loved ones were either already dead or unconscious 
before the agony of burning reached them, and the pathol- 
gist may be able to emphasize this at any inquest oF 
inguiry. Unfortunately, where the bodies are found in 
positions obviously indicating escape or concealment, such 
an explanation loses its conviction — chough even then it 
may well be that coma from monoxide poisoning overtook 
them before burning began, 

The pathology of carbon monoxide is dealt with in 
another section ofthis book, but it may be repeated here that 


the autopsy signs are primarily pink col- 


that of a cherry 
oration of the skin, blood and tissues. Where smoke staining 
or extensive charring has occurred, there may be little skin 0 
examine, though the 
sion unde 


is usually some in « protected posi. 
the body. The blood and tissues usually have the 


characteristic colour but, when the perton is anaemic or 
exsanguinated, this may be hard co detect. A high saturation 
with monoxide is usually unmistakable at autopsy, though 
sometimes certain types of artificial light in the autopsy 


room, such as some fluorescent tubes, make the cherry-pink 


colour difficult to confirm, The colour may be better seen if 


blood is diluted with water against a white background, such 


asa porcelain autopsy table or sink. Nothing replaces labora 
tory analysis of a simple, however, and this must be done in 


Ficuine 11.18 The finding of had 
ina burnout car is alusyesupicous 
but is wsualy accidental or suicidal 
Radiography should always be carried 
out to exclude rear injuries 
Carbasyhaemaglobin levels are often 
low ar even absent in a vapid flash 
olne fires this makes the diggnosis 
of being alive during the fie difcul 
expecially when there may alo belle 
soot to foul the air pages. 
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every case of death from fre, irrespective of the subjective 
appearance of the skin, blood and tissues. 

‘The saturation of haemoglobin with carbon monoxide 
varies greatly from one fatal case to another. Many variable 
factors exist such as the concentration in the atmosphere, 
the time of exposure and local changes in oxygen content. 
‘When carbon monoxide isthe sole cause of death, a blood. 
saturation of atleast 40 per cent is required, except in old 
and debilitated peesons where deaths have been reported at 
25 per cent. Many fatalities will display 50-60 per cent 
saturation, ehough levels in general are less than in pure 
carbon monoxide poisoning, such as ear exhaust suicides 
or indust 


‘exposure, where concentrations of up to 80 per 
cent may occur. In fires, additional factors such as other 
toxie furnes and reduction of the atmospheric oxygen may 
operate, resulting in death at lower earboxyhaemoglobin 

Yoshida etal (1991) published data 
victims in Japan, in which only nine people had carboxy- 
haemoglobin (HBCO) concentrations below 10 per cent, 
the range being from 1 0 95 per cent saturation, OF 31 vie~ 
tims in whom cyaniee analyses were made, two had high 
cyanide and low HBCO. 

‘The variability of monoxide poisoning may be illustrated 
by the fact that two bodies lying side by side in a burned 
house may have widely differing blood saturations indeed, 
sometimes one victim may have a zero blood monoxide sa 
uration, Children often have much lower levels than adults 
in the same situation, but even two adults may differ in their 


1m 120 house-fie 


carbaxyhaemoglobin concentrations, the explanation being 
unclear. Local variations in draughts, levels above the floor 
and respiration rates may aceount for these anomalies 
‘Carbon monoxide in the blood is. valuable indicator that 
the victim was alive after the fie began, Where a dead body 
is disposed of by arson no absorption can take place, asthe 
gas can gain entry only through the pulmonary interface. 
“Thus the presence of more than a smoker’ level of 5 per eent 
saturation of the blood with carboxyhaemoglobin means 
that breathing occurred after the fre began. Its vital, however, 
to appreciate that the converse is nor true. The fact that a 
body in a fire does NOT have carboxyhaemoglobin in the 
blood does NOT mean that they must have been dead 
before the fire began. The records of all forensic depart 
iments have examples of tis occurrence and therefore it is 
illogical — and sometimes legally dangerous ~ to draw the 
unwarranted inference that such a victim must have been 
already dead before the fire began, however common the 
generalization may be. In rapid flash fires, especially where 
gasoline or kerosene are involved, the monoxide level is more 
likely to be low or even negative, than in the slower confla- 
gration with restricted access of oxygen that occurs ina burn- 


ing building. 
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Toxic substances in fumes 


In recent yeas it has been appreciated that a number of toxic 
substances ocher than carbon monoxide may be present in the 
Fumes from fires. Cyanides are predominant and the blood of 
fire victims may often be shown to have high level of this toxic 
compound. Nitric oxide, phosgene and other more complex 
substances may be liberated, especially when modern plastic 
polymers are burned. Furnishings, upholstery pains, laequers, 
varnishes and actual structural components are inereasingly 
made from polystyrene, polyurethane, polyvinyl and other 
plastic materials, These are particulary liable to generate toxic 
gases when ignited (Anderson eral. 1981, 1982) 

Caution must be employed when interpreting the analysis 
of eadaver blood for cyanide, as this substance can be pro- 


cluced in significant concentration by post-mortem decom- 
position. Particular care must be taken in preservation of 
samples, which should have fluoride addled, and in ensuring 
there is no delay before analysis so that further deeom- 
position is kept to a minimum, Where eyanides, oxides of 
nitrogen and other toxic substances are inhaled during a fire, 
carbon monoxide is inevitably absorbed as well. It chen 
bbecomes difficult to apportion the reatve blame forthe death 
among these different coxie agents ~and where there are also 
ante-mortem burns, the differentiation may be impossible. 
IF the pathologist considers chat he cannot identify any 
ante-mortem burns, then the mast logical cause of death is 
“inhalation of smoke’. I vital burns are present then, according 
to the circumstances, these ean be given a the cause of death, 
with or without the addition of ‘carbon monoxide or smoke 
inhalation’ 


INHALATION OF SOOT 


As well ay the inhalation of carbon monoxide, vietims in a 
fire usually breathe in carbon particles present in the sooty 
smoke. Once again this is more pronounced in a building 
fire than a vehicle blaze, hough there are many exceptions 
‘The combustion of timber floors, woofs, furniture, and the 
fabric of furnishings and carpets produces large volumes of 
dense black smoke. Every pathologist attending the scene 


of a house fire is aware of the thick layer of soor than clings 
to every surface and may hang in fronds from the ceilings. 
It is little wonder that such material suspended in the air 
finds its way into che respiratory passages of the vietims, 
‘Asa marker of ante-mortem inhalation, itis almost as 
useful as carbon monoxide, Soot particles may enter the 
‘open mouth of a corpse, stain the tongue and pharynx, and 
‘may even passively reach the glottis. No significant amount 
can pass the vocal cords and enter the trachea after death, 
however, so carbon in the lower espiratory tract isa certain 


Atypical localized burning and ‘spontaneous combustion’ 


1.19 Soot in the rachel mucus, sign of breathing while 
the fre was in progres. Though sot can pasiely reac the glomis 
after death ifthe mouth isopen, it cannot reac the lower air 
psages in any significant quantity Histlogy ofthe smaller 
‘bronchi offre complete proaf of active nespiation 


Fico: 11,20 Soa in aetphagus of howse-fre ict indicating 
epintion during te fire 


indicator of breathing during the fire. Histological demon- 
stration of soot in the more peripheral bronchi, out as far as 
the terminal bronchioles, is absolute proof of such respira 
tory function, The carbon is usually mixed with mucus 


adherent to the tracheal and bronchial walls because of heat 
irritation of the mucosa. Often there is swallowed soot and 
‘mucus in the stomach, and again this is evidence of life 
during the smoky phase of the fire, 


ATYPICAL LOCALIZED BURNING 
AND ‘SPONTANEOUS 
COMBUSTION’ 


Some very strange instances of fatal burning occur and 
‘most experienced forensic pathologists have recollections of 
apparently inexplicable eases. 

‘A human body may sometimes burn away almost com- 
pletely, yet the surrounding fire damage is minimal. These 
almost invariably occur near a hearth or open fire-geate oF 
chimney. The burning may be confined to the body, is 
clothing, and a narrow zone of floor or carpet. The author 
(BK) has seen a circumscribed hole burned through a 
hearthrug and the floorboards beneath, with an ashed body 
lying in the space under the floor, He aso remembers a pair 
of undamaged house slippers, with feet still within, the legs 
burned off at ankle level and no remaining body above, apart 
from ashed material lying on the adjacent floor. Both these 
deaths occured in front of fireplace with an open chimney. 

Te seems extraordinary that virtually « whole adult body 
can be consumed, including the skeleton, with minimal 
surrounding fire damage, but many such cases are on 
record and have helped to substantiate the myth of “sponta- 
neous human combustion. 

Experiments carried out many years ago by Professor 
David Gee (personal communication) indicated that body 
far can burn slowly, using the clothing asa ‘wick, similar to 
a candle flame: 

‘Most cases have in common the fact that there was a 
source of ignition in an open fite and a chimney which can 
provide « constant updraught — and often the victims are 
aleoholics. Though it is nor suggested that alcohol plays 
any part in the burning process, the confusion, instability 
and lack of judgement which goes with inebriation may 
well precipitate the ignition process 

‘As indicated above, the myth of “spontaneous combus- 
tion’ is one which refuses o go away, as endless unsubstan- 
tiated reports, and newspaper, maguine and television 


features have continued to fascinate a eredulous public ever 
since Charles Dickens included a deseription of a ease in 
his novel Bleak Howse, 

‘Numerous allegations have been made of people bursting 
into flames as they walk down the street, but as yet, no 
photogeaphs or film has been produced; in fact, the majority 
of the retrospective claims for this phenomenon have been of 
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bodies next to some sous 


of ignition and where alcohol was 
involved ~as indeed was Dickens original example 
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‘The pasage of a substantial electrical current through the 
tissues can cause skin lesions, organ damage and death, 
This injury is commonly called ‘electrocution’, though 
some would use this term only if death occurs. Fatalities 
are usually accidental, in both a domestic and industrial 
environment. Suicides from electricity have increased in 
recent years, especially in Germany. Homicide is rare but 
is recorded and, in the USA, electricity has again become 
a means of judicial execution, 


PHYSICAL FACTORS 


“The severity of tissue damage ‘including death’ is directly 
related to a number of physical factors, which include cur- 
rent, voltage, resistance and time. For biological damage to 
‘occur, the body must be incorporated into an electrical 

cuit, so that there is passage of electrons through the tse 
sues, A mere accurnulation of electrons in the form ofa statie 
charge can do no harm; scientists in the ball of a Van de 
Graaf static generator may be at a potential of more than a 
million volts (V), but experience nothing other than their 
hair standing on end. Similarly, a person outdoors in a 


thunderstorm may accumulate a high charge from the 
capacitance effect of an overhead cloud but, unless the insula- 
tion of the air breaks down to allow a lightning strike at or 
near the person, no ileffecs will occur. 
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In electrocution there must be a pathway for electrons 
across part of the body which, in fatal eases, contains vital 
structures. The current enters at one point (most often a 
hand being used to hold, touch or manipulate some elec- 
trical device) and then leaves the body at an exit point, usually 
to the earth or the neutral conductor of the electricity sup- 
ply. The pathway of the currene will depend mainly on the 
relative resistance of various potential exit points, Ie tends 
to take the shortest route berween entry and best exit, ire- 
spective of the varying conductivity of different internal 
tissues. If a person places a finger on a 240V conductor 
while sanding with damp shoes on a wee concrete floor, 
then an appreciable eurrent will pass from hand to feet, with 
possibly fatal results. If, however, the person is standing on 
«carpeted upstairs wooden floor, the poor earth return will 
allow only a small current to flow and all thar may be 
suffered is painful muscular spasm. 

In another variant of the upstairs seene, should the neue 
tral wire ofthe supply be touching the skin of the same fine 
ger afew centimetres away from the live conductor, a severe 
local burn may occur but no danger to life, because the high 
resistance through the feet to earth will prevent any signi 
cant current flow passing through the thorax. 

Should che person upstairs happen to be turning a bath 
tap with the other hand, the contact with the opposite fin- 
ger would allow a current to pass to earth via the tap and 
‘metal water-pipes from hand to hand across the thorax — 
an extremely dangerous position. 


Electrical considerations 


respiraioy 
‘onto intne brain 


espirtory 
muscle 


paralysis 


Ventreuar 
‘ition 


Ficuae 12.1. Pathways of eurent in electrocution, 


‘The pathologist is concerned with fatal electrocution 
and three major events may occur, which are a threat to life 


1S The most common isthe passage of a current across 
the heart, usually when a hand is brought into contact 
with alive conductor, and the body is earthed either 
through the feet or the opposite hand. It has been 
claimed that the most dangerous is contact with the 
right hand and exie through the feet, as this causes the 
‘current to pass obliquely along the axis of the heart. 
‘Compared with the other variables of voltage, skin 
resistance and time, chis hypothesis seems immaterial, 
though this route increases the current aeross the heart 
by a fctor of 1.5-2.5 compared with lef-hand entry. 


‘The fatal process is a eandiac dysthythmia, usually a 
ventricular fibrillation ending in asystole 

BE Less often, the passage of a current across the chest 
and abdomen may lead to respiratory paralysis from 
spasm of the intercostal muscles and diaphragm. 

1S Rarely, the current passes through the head and neck, 
usually in circumstances when the head of « worker 
‘on overhead powerlines comes into contact with the 
conductor. In such instances, there may be a direct 
effect on the brainstem so that cardiac oF respiratory 
ceentzes are paralysed, 


Ieis commonly said chat tolerance can be gained to elee- 
tric shock and chat professional electricians ofien work on 
live 240 V conductors with impunity. Ie seems more likely 
that expectation of a shock decreases sensitivity, but only 
for brief contacts, less than would be required for physio- 
logical or structural damage. 


ELECTRICAL CONSIDERATIONS 


Electrons are moved around a cireuit by the ‘potential dif 
ference’ between two points, which may be looked upon as 
the ‘pressure’ of che elecriity, measured in volts (V). The 
number of electrons flowing constitutes the ‘current’ 
analagous to the volume of electricity ancl is measured in 
amperes, though in the present discussion, milliamperes 
(mA) are more relevant to biological effects. The tissues 
also have ‘resistance’ to the electrical flow, ‘There is a math- 
ematical relationship between potential difference, current 
and resistance ~ the well-known Ohm's law ~ in which 
the current varies directly with che voltage and inversely 
with the resistance. This law has considerable relevance 
to biological electrical damage, 


Alternating and direct current 


In spite of the folklore of electricians there is no doubt 
that direct current (de) is less dangerous than alternating 
current (ac); a current of 50-80mAa.e. can be fatal in 
seconds, whereas 250mAd.e. for the same time is often 
survived. Alternating current is four to six times a likely to 
cause death, partly because of the ‘hold-on’ effect described 
below, which is the result of tetanoid muscle spasm and 
prevents che victim from releasing the live conductor 
‘Alternating current is also much mote likely than direct 
current co cause cardiac archythmias. The passage of ac, at 


100 mA for only one-fifth of a second is likely to cause 
ventricular ibrilation and arrest. High amperage de. (above 
4A) may even cause an arrhythmic heart to revert to sinus 
rhythm, as in medical defibrillation. 


12; Electrical fatalities 


‘The usual frequency of a.c. is 50 eycles/second (eps), 
though some American and European systems run at 60 eps 
Akernating current beoween 40 and 150eps is most dan- 
xgerous in terms of ventricular fibvillaion, and regrettably 
the usual mains supply ies in the centre ofthis range. Above 
150eps, fibrillation is progressively es ikely a che frequency 
increases: at 1720¢ps the heart ix 20 times less likely 60 
ila than ae 150s, 


Current 


‘The degree of damage to the tissues is proportional to the 
actual quantity of electricity flowing through them. This 
quantity is expressed by the number of electrons per unit 
time and striely speaking should he measured in ‘eoulombs, 
which is the product of amperes and seconds, though 
amperes are usually accepted as an index of the current flow. 
According to Ohms law, current depends on the applied 
voltage, che resistance of the tisue and, for tissue damage, 
the time for which the current i flowing. 

In forensic pathology, we are concerned with fatal elee- 
trocution and, as most deaths are the result of cardiae dys- 
rhythmias, the most importane measure of current is that 
which leads to acute heart failure. Estimates vary among, 
authors, but itis generally considered chat the passage of 
50-80 mA across the heart for more than a few seconds is 
likely to cause death. The most chat can be tolerated vol- 
uuntarily by most people is 30mA applied to the hand, 
which results in painful muscle contractions. Conscious- 
ness is likely to be lost at about 40 mA and, as stated, eur- 
rents sustained for some seconds at over 50-80 mA carry 
a substantial risk of death. 


Voltage 


“To produce a potentially faal current across the chest, a cer 
tain minimum voltage must be applied to the skin surface 
As the latter has a relatively high resistance (see below), 
‘Ohms law dictates that an appreciable voltage is required 
to produce the 50mA or so needed for ventricular fbrila- 
tion, Most fatalities occur with the domestic voleage of 
240, though the common alternative in parts of the USA 
and Europe of 110 Vis sill ethal in many instances, 

Ie is uncommon to encounter deaths at less chan 100 V, 
mainly because there are few sources of supply between 110V 
and the 12 or 24 V usd in vehicle electrical systems. These 
are almost alvays innocuous, chough Polson (1963) has 
reported fatality at 24 V in a man pinned beneath an electri 
cal vehicle for several hours, That ease emphasizes the import- 
ance of the time clement in electrical injury, Extremely 
igh voltages, such as those encountered in power transmission 
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systems and in electronic equipment, may paradoxically 
be safer on some occasions, as the shock may physically fling 
the subject off the conductor, thus reducing the contact time 
bbelow the threshold for cardiac damage. 


Resistance 


‘The major barvier to an electrical current isthe skin, which 
thay a far higher resistance than internal tissues. Tha is why. 
skin electric burns occur, as the resistivity eauses energy trans- 
fer ftom the electron flow to the skin, Once inside the dermis, 
the semi-fluid cytoplasm, and especially the vascular system 
filled with electrolye-rich fluid, passes the current through 
the body quite easily: The resistance of skin varies greatly 
according to the thickness of the keratin-covered epidermis; 
that on the soles and finger-pads is greater than the chin skin 
elsewhere. The average resistance is beeween 500 and 10000 
‘ohms for areas other than the horny hand and foot pads, 
which may offer 1 million obms resistance when dry 

A more potent factor is the dryness or dampness of the 
skin, which greatly affects its resistance. While dry palm 
skin may have a resistance of the order of 1 million ohms, 
when wetted this may fall co only 1200ohms. Jellinck 
(1932) found che horny skin of a workman to have « dry 
resistance of from 1 10 2 million obs; Jae (1928) sated 
that sweating could reduce skin resistance from 30000 to 
2500 ohms. When the current begins to pass, there is afar 
ther marked drop in resistance, as a result of electrolytic 
changes inthe skin, which may fll only 380 ohms. Thus 
for a Fixed voltage, such as the mains supply of 240 V, the 
resultant current will be far greater ifthe skin is wer from 


sweating or external moisture. This emphasizes the dangers 
of bathrooms and using electrical equipment in damp 
surroundings. Where alternating current is concerned (as in 
most forensic cases), resistance is replaced by ‘impedance’ 
bbut this is not relevant co the pathological aspects, 


EFFECTS UPON MUSCLE 


(One effect of electricity that has practical implications is the 
spasm that occurs in skeletal muscle if the current reaches 
beeween 10 and 40 mA at SOeps. When, as most often hap- 
pens, the entry point isin the hand, the stronger flexor muscles 
of the arm go into spasm and cause a ‘hold-on’ effect. 
‘This means chat any object being held in the hand is invol- 
uuntaily clenched and, as tis likely to be dhe faulty electrical 
appliance or a wire, the object cannot be released and the 
‘current thus continues to flow, This adds to the time element 
and progressively worsens the risk of both cutancous 
bburs and the risk of cardiac or respiratory arrest, Tingling, 


The cutaneous electric mark 


may be felt in the skin with a current of only 1 mA and ‘hold- 
fon’ can begin at a curtent as Low as 9-10 mA. 


MODE OF DEATH 


As already stated, most deaths from electricity are from ear 
dae archychmias, usually ventricular fibrillation ending in 
arrest, This is caused by the passage of current through the 
myocardium, especially in the superficial epicardial layers 
and possibly across the endocardium. The current has a pro- 
found effect directly upon che myocardial syncytium, the 
possible dislocation of the pacemaking nodes and conduct- 
ing systems being ilLunderstood. When death occurs from 
cardiac arrest, the body remains either pale or only slightly 


congested, the autopsy appearances being unhelpful apart 


from the presence of any external electrical marks 

‘The second (and far less common) mode of death is respira 
tory arrest, in which the passage of current through the 
thorax causes the intercostal muscles and diaphragm 0 go 
into spasm, or become paralysed. In either ease, respiratory 
‘movements are inhibited and a congestive-hypoxic death 
‘occurs. The brainstem is affected rarely, when the current 
centers through the head. Either cardiac arrest oF respiratory. 
paralysis ean then supervene. 

“Many electrical deaths are not observed, the person being 
found dead later, so that the mode of death is unknown. 
Sometimes the witnessed mode of death is hard to explain on 
physiological grounds, in that chete appears to be a delay 
(often some minutes in duration) between the shock and the 
death. In the interval, the victim may be conscious and even 
apparently recovering, Its difficult to know why a sudden 
cardiae arrest should take place after the current is switched 
off, but presumably some fundamental damage has been 
caused on an intracellular level to eardiac or neural tissue. 

Finally, when discussing the mode of death, ie must always 
be remembered that non-electrical trauma is quite common. 
Ina series reported by Bissig (1960), some 15 percent of cases 
had injury from falls and other associated trauma, In indus- 
tral accidents and when working on power lines, victims of 
shock may be thrown from a height, or suffer violent muscu- 
[ar spasms chat may lead to fractures and other serious injury 


THE CUTANEOUS ELECTRIC 
MARK 


‘The point of contact on the body surfice may leave skin 
lesions, which are either called ‘electrical burns’ or ‘electrical 
marks, chough the term ‘Joule burn’ is gaining in popularity 
‘These are the sites of entry of the current, but another mark 
for marks may also appear where the body was earthed or 
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Fic 12.2 (a) Firm contact electric mark, and (b) spark burn 
sacra ai gap 


‘grounded! Ie must be emphasized here that fatal lectrocu- 
tion may occur with no skin mark whatsoever, making the 
diagnosis entirely dependent upon the circumstances of the 
death, An extreme example is electrocution in the bath, when 
the large surface area for entry plus the low skin resistance 
caused by the water abolishes the possibility ofa focal burn, 
‘An electrical mark may not be externally obvious, asthe 
current can be applied to the genitals, anus or abdomen in sex- 
ual perversions oF through the mouth, esp siden. 
Infants may place a live plug between their lips and sustain 
cfectrieal burns on the tongue or buceal mucosa, which may 


not be teadily apparent on external examination a autopsy. 
‘When a current passes, there may or may not bea visible 
lesion, depending upon: 


the density of the current passage in terms of skin 
area and 
B the conductivity, usually varying with the moisture 


“The skin lesion is a thermal burn from heating of the epi- 
dermis and dermis as the current passes. Theoretically, the 
hheat generated can be determined from the formula 
GC = C2RI4.187, where GCis the heat in gram calories per 
sccond, C is the current in amperes and R the resistance in 
ohms, If the eleeton flood passes through a relatively wide 
area, then the resistance per unit area is small (especially if the 
skin is damp) and thus the heating effect is proportionately 
diminished. For example, a person resting the palm of the 
hhand on a flat metal plate which is elecrified will passa far 
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Fic 12.3 Firm contact elecric marks on a fingertip. Tivo 


bolzers have been formed bythe heat oflcal shin resistance; hey 
Ihave collapse on coal 


smaller current per square centimetre of skin than another 
touching the plate with ehe tip of Finger. The First is likely to 
have no demonstrable lesions, while the second will have a 
bilistered burn of a keratinized nodule, depending on the 
firmness of the contact. 

‘The temperature in the tissues directly under the con- 


tact point can easily reach 95°C. Tissue damage can occur 
within 25 seconds when the temperatuee reaches a mere 
50°C. The focal electric mark is largely a thermal burn and 
even some of the histological features to be described lates, 
which were ance thought to be peculiar to the electrical 
current, are now generally ascribed to thermal effects. There 
are some features, however, which are characteristic of an 
electrical cause. 


Hi When the skin has been in firm contact with an 
clectrical conductor, the passage of the current theo 


the high skin resistance heats up the tissue fluids and 


Electrical fatalities 


Ficune 12.4 Fim comeace liter and adjacent spark burn from 
240V mains supply. The victim was holding a faulty electric dri 
There were no ather marks on the body 


produces steam. This may split the layers of the 
epidermis or the epidermal-dermal junction and 


produce a raised blister, This may rupture if the 


current continues or if the atea is relatively lange 
‘When the current ceases, che blister cools and 


callapses, giving the familiar appearance seen at autopsy 
The collapsed blister is often annular, producing a 
raised grey or white ring with an umbilicated centre, 
“The mark sometimes reproduces the shape of the 
conductor, especially where this is linear wire or a 
shaped metal object, Where the tip of a wire or rod is at 
right angles to the skin, « focal pit is created, sometimes 
«rating quite deeply into the skin, 


Where the contact is less firm, so that an air gap 
{albeit narrow) exists beeween skin and conductor, the 
current jumps the gap asa spark. In dry air 1000V 

will jump several millimetres and 100 kV about 35 em, 
This is at extremely high temperatures (about 4000°C), 
as in the sparking plug of a petrol engine, and causes 
the outer skin keratin to mele oyer a small area, On 
cooling, the keratin fuses into a hard brownish nodule, 
‘usually raised above the surrounding surface, the 
so-called ‘spark lesion 

i In many electrical burns these wo types are 

combined, as a resule of movement of the hand or 
body against the conductor and sometimes because of 
irregularity of the shape of the conductor, Where the 
time has been prolonged, che voltage is high, or the 
conductor is large, the burn may be correspondingly 
severe with large areas of pecled blistered skin, charred 
keratin, and a mixture of hyperaemia, deep scorching, 
and shed epidermis, 
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The cutaneous electric mark 


Collapse blisters and a spark burn fom holding 
power tol, 


Fic 12.6 Multiple elecrical burns on a hand, with bliers 
showing che pica pale rived margin and areas of peling 
epidermis, There és a blackening frm metallization asthe current 
sar passing for several hours; the vcti was an electrician who 
fll into an air-conditioning pla 


A characteristic feature of the electric mark, which is 
the most useful indicator of the nature of the lesion, is 
the common occurrence of an areola of blanched skin 
at the periphery. Presumably because of arteriolar 
spasm From the direct effects of the current on vessel 


wall musculature, the pallor survives death and is 
vireually pathognomonic of electrical damage. Often 
thete is a hyperaemic border outside the blanching, 
though reddening may also be seen inside the pale 


zone, as the outermost rim of the heated burn area, 


Occasionally, an alternating spectrum of blister- 
reddening-pallor-reddening can be observed 

centrifugally from the centre of the lesion. When the 
burn is li 


such as that from a bare wire pressed 
against che skin, the ‘areola’ takes the Form of a pale 
zone parallel to the central burn, 


1 When the marks are minimal, all that may be sen are 
tiny white dises representing minute flat blisters where 
the epidermis has splie, bueno reddening or areola has 
formed — or at least, has not persisted until the time of 
autopsy These ean be hard to find and, a they ate 
likely co be present on the palmar surface of the hands 
(she usual ste from grasps 
the stcong flexion of rigor 


an electrical appliance), 
ortis may bring the fingers 


dowa to the palms, so obscuring any lesions. It is 
essential in all autopsies to examine the flexor surface 


of the fingers by forcible breaking of the rigor — and, 
where electrocution is possibility, minute inspection 


of the hands must be carried out, even if the flexor 
tendons at the wrist have to be cut to release the rigor 
clenching of the fingers 

i In high-voltage burns, such as those sustained from 
high-tension grid transmission cables, where the 
voltage isin the multi-kilovale range, sparking may 


occur over many centimetres, This can cause multiple 


spatk lesions giving rise toa ‘erocodile-skin’ effec. 


Both linesmen and copper thieves working on high 
pylons may suffer non-electrical injuries from being 
thrown to the ground, oF they may sustain gross 
charring burns or even limb fractures from both direct 
electrical energy and the muscle spasm caused by 
a massive bole of electricity 

1 Earthing or ‘grounding’ lesions are not often seen, 
bur should be looked for on the contralateral hand 
and on the feet. The lesions may be similar, though 

Ina ease seen by the author (BK), in which 

workman pushed a metal wheelbarrow over a live 


less seve 


cable lying in a pool of water, che entry burns were on 


the hands, but on the soles of both feet che electrical 


burns matched the metal studs in his boots where the 
current earthed through damp socks and leather. 

In another ease, a homicide in a bath, there were 
no entry burns bur the current went to earth by 
contact of the breasts with the metal taps 

| When the current has flowed for an appreciable time, 
even ata domestic voltage of 240, the effects may be 
severe. Charring and more extensive js 


ing and 
biliste 


1g of skin may occur, with deep muscle 
damage and cooking of the tissues. This is partly 


because of the fact chat che initial damag 
skin resistance so chat progressively more current 


flows and therefore more burning and necrosis 
follows. 


Much of this damage have occurred 


at autopsy may 


st occurs early in 


post-mortem, if death from cardiac as 


the event and, where the victim is alone, there is no one to 


remove his body from the source of the current. Ie has been, 
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Fi 
supply liner of the grid sytem. The appearance is sometimes called 
‘racodile hin’ and is caused by arcing ofthe current 


TRE 12.7. Maitile burns fom high-voltage (muli-kileele) 


considerable distance, The victim was a bay wha went bind-nestng 


amongst the switch gear af a power sation. 


Fi 
replacing a bull a workman dinpped dead, even though the light 
suas not iluminated, The circuit had been improperly wired 


Reconstruction of a fatal electrocution, While 


through thats, the switch had been placed inthe nesnal wire 
insta of the live. The porcelain holder was broken ro that hic litle 
finger touched the bra base of ce bulb, hus completing the circuit 


sacroe the chee rhe other hand, which beld an earthed bae-plate. 


‘The only electrical mark was on the lle finger: 


Electrical fatalities 


conclusively shown by Polson and others that po: 
burns can be inflicted on a dead body, the appearances 


being similar in terms of blistering and burning, chough 
the red flare of ‘vital reaction’ will be absent if death has 
occurred some time before 


PATTERNED ELECTRIC MARKS 


As with many other injuries, a pattern of the shape of 
the causative abject may sometimes be identified, When 
the electrical conductor is a wire, a linear burn may occur. 
‘The shape and spacing of electrical plugs or contacts may 
be seen, and faulty electrical equipment may impress its 


ese marks may be usefull when the 


shape into the skin, TI 
pathologist ties to reconstruct the events — and indeed, 
‘may indicate for the first time that the death was caused by 
electricity, when the unwitnessed events are particularly 
obscure. 

As electric shock and burns are commonly seen in tor- 
ture vietims in abuse of human rights, a pattern may be 
useful in determining what object was used and give evi 


e deliberate use of a male- 


dence of deliberate repetition. Th 
pin plug connected to the mains supply, chen pressed 
against the skin, may give series of regularly spaced marks, 
consisting of hyperaemia, blistering, areola formation or 
even charting, 


When a current pases fiom a metal conductor into the 


body, a form of electrolysis occurs so that metallic ions are 
embedded in the skin and even in the subcutaneous tsstes, 
This occurs with both d.c, and a.¢, because of che combin- 
ation of metallic ions with tissue anions to form metallic 
salts, These may be invisible to the eye, but detectable by 
chemical, histochemical and spectrographic techniques 


‘They persist for some weeks during life and resist a mo 
ate amount of post-mortem change, Where gross they may 


be observed directly on the skin, and where copper or brass 
conductors are involved a bright green imprint may be 
obvious. Where an electric arc forms, vaporized metal may 
bbe deposited on the skin, often extensive enough to be vis- 
ible to the naked eye. In high-voltage contacts, the skin of a 
wide area may be brown or greyish, partly from heat effects, 
bur partly rom metallization. 

Recently, using the scanning electron microscope, it has 
become possible to see tiny globules of molten metal on the 
skin at and near an electrical mark, deposited there by the 


almost inevitable ‘mini-arcing’ that accompanies any electrical 
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Electrocution in the bathroom 


contact, Chemical tests for metallic deposits include that 
devised by Adjutantis and Skalos (1962), which is a simple 
touch-test using elution on strips of filter paper. Copper, 
iron, aluminium, zine or nickel are dissolved in nittic oF 
hydrochloric acid, and the solution tested with a variety of 
simple but specific reagents, 


INTERNAL APPEARANCES 


In fatal electrocution, gross findings in che internal organs 
‘may be absent and even histological changes area matter of 
controversy, Because the internal tissues are largely aqueous 
and contain conductive electrolytes, the current pathway is 
usually too diffuse to cause thermal damage. The absence 
of viseeral damage is made up for by physiological and 
functional abnormalities, mainly in muscle and nervous 

‘The usual mode of death is cardiac arshythmia leading 
to ventricular fibrillation and arrest. In these deaths there is 
lice to find at autopsy apart from the skin lesions. Ie is 
claimed that epicardial petechiae may occur, but these are 
100 non-specific to be of any use. The body is either pale or 
only slightly congested, in contrast to the few deaths that 
‘occur from respiratory paralysis, 

Inthe latter group the intercostal muscles and diaphragm 
g0 into spasm or are paralysed, which leads to marked con- 
gestion and cyanosis of the face, with similar changes in the 
lungs. There may be some petechiae on the pleura, though 
this again is such a non-specific finding as to be unhelpful 
asa diagnostic sign, At autopsy che usual signs of a cangest- 
ive death are found, with dark blue-red post-mortem 
hyposeass. 

‘A number of other signs of electrocution have been claimed, 
but they are rately confirmed by personal experience, These 
include intracerebral petechiae, which are probably part of 
the general congestive state in respiratory paralysis. 


HISTOLOGICAL APPEARANCES 


‘These are rather controversial, as some changes formerly 
claimed to be specific for electrical lesions have been shawn 
to be chermal 

‘The skin mark consists of vacuolation in the epidermis 
and sometimes dermis, caused by the gas spaces from the 
heated tissue fuids splitting the eels apare. The affeced tis- 
sues become more eosinophilic. The cap of epidermis may 
be detached and raised into a blister, with a large space 
beneath. The cells ofthe epidermis are often elongated, with 
the nuclei of the lower lyers orientated and horizontally 
stretched: this was once claimed to be an electromagnet 


effec, but the same appearance can be seen in purely ther- 
‘mal burns and in hypothermic lesions 

Changes in the brain have been described, even when 
the cause of death was cardiac. Focal petechial haemor- 
thages, spaces around small blood vessels and tears in white 
matter have been described, Electron microscopy reveals a 
variety of changes, especially in the nuclei of skin cells, 
which are deformed with clumped chromatin, Janssen 
(1984) has compiled a review of electrical histological 
lesions in his book on forensic histology, bue it seems 


dent that chere is litle that is absolutely pathognomonic of 
electrical as opposed to purely thermal burns. 

Histochemical reactions for metallization can also be 
carried out, though, again, metals ean be transferred into 
the skin by purely thermal means if hot metallic objects are 
pressed against the skin, 

Scanning electron microscopy appeats to be the best way 
of distinguishing berween electrical and thermal damage, as 
the punctate nature of the deposition and the possibility of 
chemical analysis by electron microprobes offer a sophisti- 
ing the metallic deposit. Internal 
organs reveal no true diagnostic lesions of electricity 
‘The wavy appearance of the myocardial fibres and their 
fragmentation may be suggestive, but by no means diag- 


nostic. Contraction bands within the fibres, especially of a 
“bark-like’ appearance, have been described but, again, are 
non-specific, though they are often seen in the subepicar- 
dial myocardium after resuscitation that includes electrieal 
defibrillation. However, they are identical to catecholamine 
effects on the myocardium and so may not be electrical 
in origin 


ELECTROCUTION IN THE 
BATHROOM 


‘The bathroom is a common site for electrical tragedies 
Accidents, suicides and even homicides occur there because 
of its vulnerability o electrical shock. The bathroom is elec- 
trically the most dangerous place in a house as dhere is a 
moist atmosphere, ample water, good earthing through 
metal taps and pipes, and a wet, unclothed body ~ all of 
which are conducive to low electrical resistance and hence 
high tissue currents, Accidents ate common, usually as a 
result of the careless use of electrical appliances, such as 
hairdryers and room heaters. Most European countries have 
strict regulations about electrical installations in bathrooms 
because of the danger In Britain, no wall switch is permitted 
for the light, a ceiling switch operated by an insulating cord 
boeing mandatory. No power sockets ae allowed except for a 
shaver socket which incorporates a step-down transformer 
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12: Electrical 


Ficune 12. 


Homicidal electrocution in the bath. An electric 
eater ns droped inca the water with the 
terminal deliberately disconnected. The 240 V supply entered the 


re ta the earth 


body diffsely rough the water and completed the crcwt by 
arching through contact with the breasts against the metal tps 
leaving electrical marks on the sin 


with a low maximum current output. In spite ofthis, people 


uunwisely use extension leads or plug into light sockets to 
‘operate a variety of appliances. 


SUICIDE BY ELECTRICITY 


‘There has been a remarkable increase in the number of sui- 


cidal eletrocutions in recent years, especially in the bath 
Bonte er l (1986) have described an increasing numnber of 
cases in the former West Germany, drawing attention 10 
the unusual demarcation of post-mortem hy 


such deaths, where the water level during clectrocution 
appeats to limit the subsequent appearance of the hyposta- 
sis. Various circuit arrangements are made by suicides in 
Inaths: these range fram the pulling of an electrical appli- 
ance into the water to complex connections to metal soap 
dishes and wising up contacts on the body. There may even 
bbe arrangements to break the circuit when the bathroom 
dloor is opened to safeguard chose who find the body. The 
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es 


2.10 Suicide by eleceriiey. Bath writs were wired inthis 


Fx 
fahion 10 4 240 V supply socket, the cncuit being completed from 
‘arnt arm anos the che. 


circumstances are rarely in. doubt except that some less 
sophisticated cases may be difficult wo differentiate from 
the many other accidents that occur in bathrooms. Rarely, 
other more bizarre deaths associated with electricity oceus, 


as seen in Figure 12.11 


HOMICIDE BY ELECTRICITY 


Homicide is occasionally committed by electricity, the 
author (BK) having dealt with two such incidents and his 
co-author (PS) with one. The first wook place in the bath 
and provided good illustrations of the electrical aspects of 
fatal shock, A young woman was found dead in her bath, 
slumped forwards in a kneeling position with one breast 
resting against a chrome tap. The left arm was trailing over 
the edge of the bath, in which was the usual level of water 
plus an electric fan-heater immersed near the feet. The 
heater was connected by a long eable to a 240V 13A 
socket in an adjacent bedroom. Significantly, the third 
‘earth’ wire had been deliberat 


y disconnected from the 
carth pin inside the plug. Subsequent forensic tests showed 
that the enamel lining of the metal bath was an excellent 
insulator so chat earthing of the current through the bath 
water could only occur via the chrome waste pipe. The cit- 
cuit was completed, however, with fatal results, by the 
‘woman filling (or being pushed) agains the tap, so that she 
sustained an electrical burn on the breast. She also had 
another typical burn on the inside of her left arm near the 
axilla, where the insulating enamel of the bath ceased at the 
turned-ovee edge. Forensic tests showed that there was a 
progressive gradient of voltage down the bath from over 
200V near the heater 1 virtually zero near the earthed 
waste pipe. The current had preferentially taken a course 


Homicide by electricity 


rs iting ofl 


Lamp socket, No circumstantial evid 


through the victims body from feet to exit through breast 
and arm, rather than through the higher resistance of the 
fresh water. 

Te was also shown that, when the earth safety wire was 
reconnected, the voltage at the top of the bath Fell eo negli- 
table levels, even though the fuse did not bloye. The woman's 
husband, after several denials, eventually confessed to drop- 


ping the heater into the bath — and also to borrowing a book 
from the public library the previous day entitled The do-it 
ourrelf harne electrician! 

The other homicide, which could not be proved for lack 
of evidence or a confession, concerned the wrapping of 
bare electric wiees around a woman's neck. The wire was 
thick 30A cooker cable with 40cm of insulation stripped 
except for the extreme tips, The woman's husband, a pro- 
fessional electrician, provided the unlikely explanation that 
hhe was using this to test his electric shaver! 

The thied homicide wene first undetected asthe perpetra- 
tor, che husband of the vietim, had staged it as an accident. 


(@) The deceased man bad electrical marks on his ingrs and lips, which wer stained green fom m 
table lamp. (b) In addition, he bad a metal comb resting over a large electric burn on hi abdomen, alia wired up tothe 
of suicidal intent could be dizcovered and some masochist 


zation from the 


exerci war suspected, 


‘The wife was supposed co have been ironing in the kitchen 
early one morning and been cleetrocured by a faulty cord of 
the iron, the water-pipe of the sink providing the contact to 
the earth, In addition to the SC 


an electrician, but not the 
pathologist, was called to the scene to investigate the fauley 
device, but nothing suspicious was detected. Ironically, in 
spite of the clumsy way in breaking the insulation of che cord 
and leaving only a couple of millimetres of the naked wire 
Visible, a picture of the fauley cord and iron landed in a text- 
ook for electricians, pointing out the dangers of fauley 
household appliances. At autopsy the only finding was an 
clectrical burn on the chest, Eight years later, when the hus 
band was in detention in the course of an investigation due 
to astolen money transport, he wrote a very detailed confes 
sion of the murder of his wife. He had attached twa copper 
electrodes to an extension cond and, while the wife was 
asleep, pressed them to her chest. In court, in spite of the 
withdrawal of his confesion, he was sentenced to a long 
imprisonment, Several details, which came out in the course 
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Ficune 12.12. Electrical burn around the neck fom a mains 
wire being held against she skin. The typical pale areola and peeled 


shin blaring can be seen. There wa suspicion of homicide, but 
it could nar be proved. 


of che criminal investigation, implied, although it was never 
proven, thar dhe man had first attempted to kill his wife by 
feeding hee diazepam tablets without her knowledge, and 
‘when this had failed, electrocuted her. It is hindsight and 
fruitless to contemplate what might have happened if the 
pathologist had been to the seene, The lesson of the ease i, 
however, that if electrocution is suspected, it certainly is 
‘worthwhile co take a look atthe scene of death, 

In eropical and subtropical councries deaths from light- 
ning are not uncommon and, even in higher latitudes, 
‘occasional tragedies occur where numbers of people are 
killed or injured in single episodes. An example was atthe 
Ascot race meeting in 1955. The physics of a lightning 
strike are complex and nor fully understood, Gigantic volt 
ages and amperages are involved when a highly charged 
thundercloud discharges via a huge ate to the ground. 

Lightning deaths cannot be other than accidental and 
provide no teal problems for che forensic pathologist. 
Occasionally the nature of the death may be uncertain if a 
dead body is discovered in the open with no marks upon 
bur usually there will be reports of lightning strike nearby 
and artefacts, such as torn and scorched clothing and mag- 
netized metalic objects in the pockets, may assist in 
explaining the event 

Tes well known that injury from lightning is capricious 
and unpredictable, Two people ean stand side by side dur- 
ing a flash and one may be mutilated and killed while the 
other is unharmed. ‘The physical damage in fatal cases can 
vary from virtually nil wo gross burning, fractures and tissue 


ical fatalities 


Thoune 


2.13 The fern-lke, arborsque pater sen over the 
shoulders and chest na victim of lightning stroke, Although cis 


aluaye mentioned in descriptions of lighmning death, ii sen only 
ina small minority of aes. 


destruction. Cutaneous marks may be present, the well- 
known 'fern-like’ or ‘arboresque’ pattern, also referred to as 
Lichtenber 
pattern described by a German physicist, Georg Christoph 


f figures (because of their similarity 10 the 


Lichtenberg, in 1777) being much less common than the 


standard cexts suggest. Irregular red marks, often linear 


first-degree burns, may follow skin creases, especially if 
damp from sweating. These marks may be many inches 
Jong and generally follow the long axis of the body towards 
the ground, Frank blistered or charted burns are also 
present in some cass, 

‘An excellent picture of the Lichtenberg figures was taken 
by Domare and Garet, published in the New England 
Journal af Medicine in 2000, showing a 54-year-old man 
struck by lightning. With the exception of numbness and 
paraesthesia of the left shoulder, flank and leg, he felt well 
fon the arrival at che emergency department, The serum 

gency dep 
creatine kinase and myoglobin concentrations were slightly 
elevated. After a 24-hour observation period, the patient 
was sent home and two days later, on a follow-up visi, the 
fern-leaf pattern of marks had disappeared, 

‘The clothing may be torn off and this can sometimes 
raise the suspicion of foul play if the lightning aspect is 
cobscute. The clothing is typically ripped open as if by an 
internal explosion, and belts and boots may be similarly 
ruptured. Metal objects in the pockets may be fused or 
magnetized, as may be metal buttons and tooth fillings 
Bums on the skin may be adjacent to metal objects in or on 
the clothing, 
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‘There is often a smell of singeing or burning about the 
body and its clothing. The hair may be scorched and there 
is often a head injury, caused either by the lightning strike 
itself or by falling to the ground. 
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Serious bodily injury, from whatever cause, may’ either lead 
to virwally instantaneous death from destruction of vital 
organs and structures, or may cause delayed death from 
complications ofthe original injury. This delay may be short, 
as in torrential haemorrhage or acute respiratory failure, or 
it may be progressively longer, stretching into hours, days, 
‘weeks or even years, For example, the author (BK) deale with 
death in which a glider crash 15 years previously had to be 
implicated as the sole reason for the death, as the victim 
suffered a fractured spine, @ paraplegia, paralysed bladder 
and recurring ascending urinary infection leading to death 
in renal failure from bilateral pyelonephritis 

Many even more delayed! deaths can be found in the 
records of most experienced forensic pathologists. As long as 
a direct chain of events can be traced from the injury to the 
death, chen the former must be considered to be the basic 
cause, a fact which may have profound legal implications 
both for civil compensation and criminal responsibility: Some 
of the most difficult problems in forensic pathology — and 


some of the most arduous testimony and cross-examination 


in court — concern deaths from which post-traumatic cam- 
plications are disputed as being causative fctos. 


HAEMORRHAGE 


Bleeding may occur externally chrough lacerations and 
incised wounds or via natural passages, such asthe bronchi 
and trachea, oronasal passages, ears, vagina, urethra or 
rectum. Internal bleeding comprises contusions, which are 
leakages of blood into tissue spaces from rupture of vesels 


and fice bleeding into body cavities, notably the peri- 
cardium, peritoneum, pleura and cranium. 

‘The volume varies greatly, from the tiny petechiae of 
ruptured venules to the massive amounts seen in a rup- 
tured aorta, Asa primary cause of death itis not only the 
coal volume thar is lethal, bur the rapidity and the site of| 
the bleeding. When the leakage is slow che body can com 
pensate for the loss ofa far greater volume, both by adjust- 
ment of the vascular bed and by restoration of the blood 
volume by transfer from other aqueous compartments 

As co site, itis obvious chat a small quantity of bleeding 
into the brainstem is likely o be lethal, whereas the same 
volume exuded into the pleural cavity would be of litle 
consequence. Bleeding usually begins atthe time of injury, 
though there is often a momentary delay at the instane of 
infliction, When a sharp blade cuts the skin, itis a matter 
of common observation that the blood may hesitate for a 
second or so before welling out. This is caused by transient 
spasm of local vessels from the stimulus of the injuring 
object. Bleeding then continues until normal haemostasis 
plugs the vessels, 

In some injuries involving arteries, the musculoelastic 
vessel may retrace and its wall invaginate, so that an almost 
immediate seal prevents copious haemorthage, Occasionally 
even gross injuries, such as the amputation of a limb by a 
railway wheel, may be almost devoid of significant bleeding, 
because the crushing effect may combine with arterial wall 
retraction to seal the cut vessel effectively. Ie can sometimes 
be more dangerous partly to transect an artery than to 
divide it completely, as retraction cannot then take place. 
Failure of haemostasis is a haematological matter, but may 
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have medico-legal connotations fan injury (which includes 
«surgical procedure) is performed on someone who has a 
hhaemorrhagie diathesis either from natural disease, or from 
therapeutic anticoagulant treatment, such as heparin or 

Delayed bleeding may be seen in a number of conditions. 
In trauma, especially traffic accidents, organs, such as the 
lives spleen or Gometimes) lung, may be injured within their 
capsules oF covering membranes, which initially remain 
intact. A good example is a subcapsular haematoma of the 
liver, which may be large and grow even larger as continued 
bleeding strips more capsule from the parenchymal surface. 
Eventually the blister may rupture and the now unrestrained 
bleeding area can pour into the peritoneal cavity, Trauma can 
also weaken the wall of an artery or vein, leading to a fabe 
aneurysm, which can later rupture. An arteriovenous Fistula 
can also form and later burst. 

Infections can also develop in trauma sites and involve 
vessels in the vicinity, so that an abscess oF cellulitis can see- 
‘ondary lead co severe haemorshage when the vessel wal i 
eroded. This is rare except among poorly treated accident 
or battle casualties, as are mycotic aneurysms that result 
from infected emboli impacting in a branch of an artery 
and causing local septic necrosis. 

Ieis sometimes difficult to know how much of a haem- 
orthage found at autopsy may be accounted far by post- 
mortem bleeding, There is lle doubs thatthe volurme may 
increase after death, but, except in serous cavities, such as 
the pleura and peritoneum, or externally from the body 
surface, in most cases this is a small proportion of that 
which leaked under arterial pressure during life, due to the 
tissue pressures opposing passive bleeding. 

However, a haemothorax from a ruptured aorta m: 


amount to several lites and much of this may be in the 


icine 13.1 Mattive intra-abdominal bleeding from a rubcapuuar 
‘haematoma ofthe liver due to lune abdominal rauma 


form ofa large shaper cla. A clot can form post-mortem, $0 
its presence cannot be taken as an index of in vivo forma- 
tion, but the source ofthe bleeding will usually be obvious 
and any post-mortem addition will not affece the interpre 
ation. Copious external bleeding ean continue after death, 
especially from the scalp, particularly ifthe head is depend- 


cent after death, 


INFECTION 


Infection used to be so common after open wounds that it 
was the norm rather than the exception, Prior ta the intro- 
duction of sulphonamides and antibiotics, many criminally 
inflicted wounds, which in themselves were not a danger to 
life, became faally infected so chat an assault became a 
homicide. This illustrates the fallacy of comparing murder 
rates in the last century with today, as the survival rate 


because of rapidly available ambulance and resuscitation 
services, blood transfusion, emergency operations and anti- 
biotic is vastly greater now than in former times, when even 
trivial injury was often fatal 

“The types of post-traumatic infection are legion and vary 
greatly from country to country: Purulene wound infection 
from Gram-positive cocci, Gram-negative bacilli, anaerobes, 
such as Cloitridium perfringens, and other more common 
organisms, is the mose frequent, but in some countries 
tetanus and anthrax are common dangers. The whole matter 
is one of clinical microbiology, and the main forensic rele- 


vance is to prove a chain of causation between the original 


injury and a death from intercurrent infection. There may be 
medico-legal isues involved, such as fulure co give oF delay 
in giving antibiotic cover, which can have both civil and 
criminal legal consequences. A eriminal assault that ends in 
death because of a neglected infection does not exonerate the 
perpetrator from all responsibilty, even though there has 
been a novus actus interveniens in the Form of defective med- 
ical treatment, 


PULMONARY EMBOLISM. 


This ia most important topic in forensic pathology, as the 
‘medico-legal implications of a fatal pulmonary embolus are 
common and profound. Pulmonary embolism is the most 
underdiagnosed cause of death where no autopsy is per 
formed: i has been estimated that, in the USA ~ and prob- 
ably elsewhere ~ less than half of fatal pulmonary emboli 
ate recognized clinically 

As with infection, an originally non-lethal injury may end 
Jn death because of venous thrombosis and. pulmonary 
embolism, making what might be a simple accident or a 
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common assault into a grave legal issue, The vietims of many 
forms of wauma are at risk from pulmonary embolism 
because: 


Tissue trauma increases the coagulabiliy of the blood 
for several weeks, the peak being between one and 


two weeks, 


Injury to the tissues, especially the legs or pelvic region, 
‘may cause local venous thrombosis in the contused 
muscles or around fractured bones 

1B The injury may confine the victim to bed, either because 
of general shock and debility (especially in old people) 
for because che trauma itself necessitates recumbency, as 
in head injuries, severe generalized trauma or injury 
affecting the legs. In either ease, recumbency leads 0 
pressure on the calves and immobility causes reduced 
venous return and stasis because of lessened muscular 
‘massage of the leg veins. The common result i, 
thrombosis of the deep veins ofthe legs, which ean 
extend proximally into the popliteal and femoral veses, 
forming 2 dangerous source of venous thromboermbol 
Small emboli may break offand impact in more 
peripheral branches ofthe pulmonary arteries, 
sometimes causing pulmonary infarets that may be 
;precursors of a massive embolus that impacts in the 
_major lung vessels and causes rapid death, 


Ar autopsy, such large emboli are readily visible and ean 
usually be easly distinguished from post-mortem clos. The 
latter is dark red, soft and jelly-like, with a shiny, glistening 
surface, It i often separated into ‘chicken-fat’ plasma clot 
and dark red-cell clot by sedimentation after death. When 
pulled out ofthe veses it forms a east of the branches, albeit 
shrunken by clot retraction, Iti les evidene in peripheral 


branches and, when the lung is sliced post-mortem, clot 
does not pour out of cur small vessel, 

Conversely, ante-mortem embolus (especially if a num 
ber of days old) is firm, though brie and has a dull, matt, 
striated surface from fibrin lamination. Older thrombus 


tends to be greyish-red and varies in colour from place 
to place. Although it may appear to be a cast of the large 
vessel in which itis impacted, it may often be unraveled 


1 form a long length that obviously originated ina leg vein. 
Side branches, or the stumps thereof, may be seen that do 
not correspond to the branches of the pulmonary artery in 
which they lie, 

Post-mortem clot may be adherent co the ante-mortem 
embolus and sometimes forms a sheath around it, so that 
the true nature is obscured unless a careful examination is 
‘made, On cutting che lung with a knife, ante-mortem emboli 
may be seen in the mote peripheral vessels, often standing 
up slightly ‘proud’ above the surface, like toothpaste coming 
from a tube. 
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‘The importance of the differentiation between ante- 
‘mortem emboli and post-mortem clot is emphasized, as 
the legal issues hanging upon the unequivocal diagnosis 
may be very important, Histological confirmation of an 
ante-mortem origin must be made if thete is any doubs. 
Pulmonary infarction does not occur from fatal massive 
pulmonary embolism, as death is to rapid. There may be 
infarcts present in che lungs bur these must be caused by. 
previous smaller emboli, at least a day eatlier and probably 
‘much longer. 


Medico-legal aspects of pulmonary 
embolism 


Pulmonary embolism is the most underdiagnosed condition 
in British death certification, frequently being unsuspected 
asthe cause of death by clinicians. Several investigations into 
the medico-legal aspects have been made (Knight 1966; 
Knight and Zaini 1980; Zaini 1981) and the peak incidence 
at about 2 weeks afer trauma confirmed. In Knight’ survey, 
more than ehree-quarters of the victims had predisposing 
factors such as injury, surgical operation or immobility in 
bed, but the remaining 20 per cent were ambulane and appar 
ently healthy. This has important medico-legal implications 
because, if fatal pulmonary embolism can stike an apprecia- 
bile proportion of the population who have not suffered ane 
of the recognized predisposing factors, chen the cause-effect 
relationship after trauma is weakened. If the standard of 
proof in criminal trials must be ‘beyond reasonable doube, 
then the fact that up to 20 per cent of pulmonary embolism 
deaths have not followed trauma or immobility muse surely 
remove the cause-eflect relationship from near-certainty 10 


‘mete probability, which is suficent fora eivil decision, but 
not for a criminal conviction. This isa legal matter for the 
judge, however, who may or may not et the matter go to the 
jury — and if ie does, forthe jury to decide, There is marked 
variation in these decisions from case to eas, 

‘After the lung appearances have been examined and 
pulmonary embolism confirmed, the source of the embolus 
‘must be sought. In almos all eases chs will be Found in the 
vessels draining into the femoral veins, though rarely pelvie 
vessels are involved (usually in relation to pregnancy or 
abortion). Here pelvic veins may be thrombosed, with 
extensions into the iliae system and exceptionally into the 


inferior vena cava. An even more tare source is from jugu- 
lar thrombosis, sometimes seen as extensions of intracranial 
‘enous sinus ehrombosis, Axillary and subclavian vein throm- 
bosis is equally unusual, the legs accounting for the vast 
majority of emboli 

In the usual leg vein thrombosis, various autopsy tech- 
niques are available to seek the ste of obstruction, Extensive 
dissection is favoured by some, in whieh the femoral vein is 
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exposed through a skin incision, this being continued dis- 
tally as far as necessary to find the residual thrombosis. OF 
course, alter a massive pulmonary embolus, by definition a 
large part of the source dhrombus has been detached and 
therefore the pathologist has to search further distally to 
find the remnants. This makes dissection an extensive and 
disfiguring process so alternative techniques can be used 
Zain found that many thrombi begin far distally, even in 
the dorsum of the foot. He used a Mexible wire with a blunt 
terminal knob (a Bowden cable from a bicycle brake) 
inserted down the femoral vein until it was arrested, then cut 
down from the skin ar that point to examine the peripheral 
veins. Alternatively, transverse or longitudinal incisions can 
be made into the calf of the leg o examine the deep veins 
‘The soleus and gastrocnemius muscles are transected to view 
their contained veins, but often che thrombus is foun 


in the 


interosseous veins between tibia and fibula. IF ageing of the 
thrombus is attempted histologically, then it should not be 
expressed from the vein, bur the vein should be taken out 
with adjacent muscle, as itis the junction berween thrombus 
and vein wall tha offers the most information about the 
maturity of the thrombus, 


Dating of pulmonary emboli and 
deep vein thrombi 


[As discussed above, it can be a matter of considerable 
‘medico-legal importance to know if a pulmonary embolus 
arose prior to, oF subsequent to, some traumatic event, A 
major difficulty is thatthe embolus may be the most recent 
addition to an extending venous thrombosis that is consid- 
erably older. 

Ie is also difficule to use histological criteria to date the 
free embolus from the lungs, as itis the thromboendothelial 
junetion that provides the most information. The best 
‘method, therefore, is 10 examine che residual thrombus, 
almost always in che leg veins, to see ifthe oldest part could. 
have formed as far back in time as the suspected traumatic 
event. For ths, the vein wall with the contained thrombus is 
required. A segment of thrombosed vein, if necessary with 
adjacent muscle, should be dissected out of the leg. The 
presence of thrombus will have been confirmed prior to 
removal by transverse cuts acrass the calf or thigh muscles 
containing the veins. Sometimes the original ste of throm- 
bosis may be as far distal asthe dorsum of the foot 

‘The thrombus-containing vein is processed in the usual 


way and subjected to various histological stains. Though 
accuracy about dating is impossible, che Following isa use- 
ful scheme to provide at leat an approximate ides of the 
duration of thrombosis in the section of vein under study ~ 
remembering always that other segments or other veins 
may have thrombi of different dates 


1B Platelet and red-cell appearances give no useful 
information, Red cells begin to hacmolyse between 
24 and 48 hours to form amorphous masses, bue many 
intact red cells survive for weeks 

© Using phosphotungstic acid-haematoxylin stain 
{PTAH), fibrin can be seen as purplish strands on the 
first day, bur they aggregate into small masses wich a 
meshwork of thicker strands and sheets by 4 days. After 
2 weeks, the fibrin becomes more deeply purple 
stained, but begins co be absorbed by about the twenty 
fifth day. Using Martius Scarlet Blue stain (MSB), the 
carly pink fibrin strands become fringed by scale in 
about a week. 

© Endothelial proliferation is most useful in the first 
week, as buds begin to arse from the vessel wall about 
the second day and proliferate during the frst week. 
Cleft lined by endothelium are seen around the 


periphery of the thrombus against the vein wall 
Artefactual contraction caused by fixation shrinkage 
‘must be excluded by seeking endothelial nuclei. These 
endothelial buds anchor the thrombus to the vein wall, 
and represent the first stage of healing and 
recanalization. They ate usually noticeable by about the 
fourth day when they begin growing into the fibrin 
sass and breaking it up into compartments. 

© Collagen fibres do not appear for about 5~10 days, 
ofien much later Fibroblasts may be seen as early a6 
2 or 3 days, but tend to appear towards the end of the 
first week and reach a maximum at 2 oF 3 weeks, 
reaching a maximum at about 4 weeks. Elastic fibres 
appear late, not before 28 days and often much later 
‘They reach their maximum density in about 2 months, 
snainly in che walls of recanalizing vessels, 

B Hacmosiderin, blue granules demonstrated by Perl's 
reaction, may be seen by the end of the first week and 
seach a maximum in 3 weeks. Ir does not seem to be 
present as eatly in ehrombi as in extravascular 
hacmorthages, such as bruising or meningeal bleeding, 
where it ean be seen in 2 or 3 days 

1H Capillaries begin to appear on the second day as 
endothelial buds, but do not contain red cells until 
about 2 weeks, Over the next 3 months, substantial 
canalization occurs by widening and merging of these 
channels, The full lumen may be restored within 6-12 
months, but endothelial thickening and haemosiderin 
deposits in the vein wall may form permanent evidence 
of a former thrombus. 

1 Leucocytes, both polymorph and mononuclear, are 
inconsistent markers; sometimes they do not appear at 
all. Polymorphs may be seen within the first day — 
sometimes in profusion —but they vanish rapidly, often 
by the nexe day when mononuclears take their place 
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1S Covering of the thrombus surface by endothelium is 
rapid and may begin on the First day and be complete 
within a few days, Various authors have given 24-72 
hours as the time required. Naturally, the size of the 
thrombus surface is a variable factor. Also, only sections 
taken where the thrombus does not fly fill ehe vein 
Jumen will provide an opportunity for observing the 
endothelial covering 


FAT AND BONE MARROW 
EMBOLISM. 


Another important sequel to trauma — fat embolism ~ is 
the subject of considerable controversy about the source of 
the lipoid chis does nor, however, detract from the autopsy 
significance ofits detection, 

‘A great deal has been written about the pathophysiology 
of far embolism and itis now evident that itis noe just a 
simple extrusion of marrow or adipose tissue material by 
mechanical trauma. The work of Seviee (1962), Bergentz 
(1961), Edland (1971), Ells and Watson (1968), Buchanan 
and Mason (1982), and many others must be studied for 
detailed accounts of the suggested pathogenesis. 

‘Wherever the fat comes from, embolism is most often 
scen after injury to bone or fatty tse. In simplistic terms, 
where skeletal structures containing fatty marrow are dam- 
aged oF where subcutaneous fat is compressed or lacerated, 
fat globules commonly appear in the pulmonary capillaries ~ 
and where they are numerous they somehow leak through 
the lungs into the systemic circulation where they ean cause 
severe disability or death from impaction in vital organs, 
such as bean, kidney or myocardium, Not only fa, but cel 
lular haematopoi 
ated into the venous system and reach the lungs. 

‘The clinical manifestations of fat embolism depend on 
the volume of fat reaching the lungs. If substantial, ventila- 
tory problems can ensue because of vascular obstruction and 


tissue from bone marrow, can be liber- 


pulmonary oedema. The most dramatic symptoms occur, 
however, with systemic fat embolism when globules reach 
the brain and cause a range of neurological abnormalities, 
usually coma andl death from bi 

‘There is usually a delay between trauma and cerebral fat 
embolism while fat builds up in ehe lungs, so that a lucid 
interval occurs, which may be confused clinically with the 
development of an extradural or subdural haemorshage. 


Seviee stated chat of patients with multiple bone feaccures, 
zo fewer than 45 per cent had pulmonary fat emboli and 
14 percent had cerebral embolism. 

Fat embolism is also associated with burns, barotrauma, 
soft rssue injury, osteomyelitis, diabetes, surgi 


operations 


fon fatty tissues (especially mastectomy), septicaemia, steroid 
therapy, acute pancreatitis and the fatty liver of alcoholism, 
though fractures remain dhe most potent cause of the condi 
tion, In burns, there is some doube whether pulmonary fat 
‘embolism is a true ante-mortem process, or whether fat can 
bbe melted out of tissues and organs in the perimortal period. 
“Mason's (1968) experience in rapid ait-crash fires was that 
far embolism was not present, but Sevitts hospital series 
revealed embolism in 47 per eent of deaths from burns. 


Pulmonary fat embolism 


Afier trauma, fat commonly appears in the lungs and can be 
demonstrated there histologically in the majority of eases of 
fraceures and injury co fatty parts of the body such as the 
buttocks. Indeed, Lehman and Moore (1927) showed that 
half of a series of non-trauma deaths had histological 
dence of fa in the lungs. Mason found fat in the lungs of 
20 percent of his series of non-trauma deaths, but emphasized 
that quantitatively the amount was small in contrast ro that 


found in cases of fatal trauma. He used a simple seale for 
assessing the histological severity of embolism as seen in 
Oil Red-O frozen sections of lung: 


1S Grade 0: no emboli seen 
1S Grade 1: emboli found after some searching 
Grade 2: emboli easly seen 

IH Grade 3: emboli present in large numbers 

1B Grade 4: emboli present in potentially fatal numbers 


In systemic fat embolism, no such grading is possible; 
they are either absent or scanty, or they are abundant. 

In most instances, pulmonary fat embolism is merely a 
phenomenon and nota clinical syndrome and the diference 
beeween the ewo seems closely related to the amount of 
far impacted in the lung vesels. When clinically manifest it 
appears as acute respiratory insufficiency, the incidence being, 
up to 2 per cent in long bone fractures and as much as 10 per 
cent in multiple ractures, especially with pelvic injuries. In 
small to moderate amounts, fat inthe lungs gives rise £0 m0 
dlsabiity, but large amounts, easily seen by a cursory glance 
at any field of a f-stained histological section, give rise to 
acute respiratory distress. Marked pulmonary oedema is the 
pathological marker for this syndrome, but caution must 
be employed, as cerebral far embolism can also cause pul- 
monary oedema by is effect upon the brain, 


Systemic fat embolism 


Here the fat penetrates the ung capillaries and appears in the 
major circulation, so that it can be carted to any organ oF 
structure, including the skin, where it can cause petechiallike 
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13: Complications of injury 


Fic 132 Pulmonary ft embolion (Oil Red-O fincen section of 
Lang; original magnification %.20). 


lesions. Systemic fat embolism is the fatal manifestation, 
except where pulmonary loading is so great that it causes 
respiratory distress, The brain, kidneys and myocardium are 
the most vulnerable target organs, the brainstem being the 
tone that is most likely 1 lead eo death from impaction of 
far globules in its capillaries. 


Autopsy findings in fat embolism 


‘When fat is released through the lungs into the systemic 
circulation, a number of target organs and tissues exhibit 
abnormalities demonstrable at autopsy, either by gross oF 
histological examination, 

Petechial haemorthages are the typical lesion, caused by the 
{impaction of fat droplets in small venules. These may be seen 
in the skin of any part of the body, but especially over the 
front of the chest and on the face and eyelids. Internally they 
can be widespread bur are classically seen in the white mater 
of the brain, both cerebral and cerebellar hemispheres, as well 
as the brainstem, Microscopically, when frozen sections are 
stained by Oil Red-O or other fa stain, che cerebral petechiae 
will show a centeal fat globule or globules, and others will be 
Visible without haemorrhage. 

In the myocardium, fat may be seen in the interfibre 
capillaries and in the kidney glomeruli may be seuffed with, 
stained fat, There can be fat in the retina and in the optic 
netve, which, in survivors, ean cause visual impairment. 

Fat embolism is markedly underdiagnosed, both clin- 
ically and at autopsy: The more often and the more thor 
oughly it is sought, the more often ie is found. Mild so 
moderate degrees of pulmonary fat embolism, without 
systemic overspill, however, must not be given as a cause of 
death unless there are corroborative clinical features 


Ficae 13.3 Pulmonary bone marrow embelion (van Gieson 
staining, original magnification X10) 


Bone marrow embolism 


Bone marrow embolism is almost wholly a pulmonary phe- 
nomenon, as only in quite exceptional circumstances can 
cellular material penetrate the lung capillaries, I is quite 
common in association with faces of long bones or in 
‘multiple bone injuries, though again che frequency with, 
which i is seen is directly related eo both awareness and the 
thoroughness of the search, Where marrow is found, the 
degree of fat embolism is usualy substantial, The common 
concurrence of fat and cellular embolism is strong evidence 
of a marrow source for embolic fat, as pointed out by 
Mason, who found marsow cells in 81 per cent of his eases 
that had a grade 2 or more lung loading with fat, on a scale 
‘of 0-4, According to both Sevite and Mason, the finding of 
both substantial fr and marrow emboli in the lungs is df 
inite evidence of ante-mortem infliction of any discovered 
trauma, For these elements to reach the lungs there must be 
competent circulation, albeit for a short time after the 

‘With the possible exception of burns, any injury inflicted 
after cessation of eflective cardiac function cannot transmit 
fat or marrow to the pulmonary capillary bed, This is there- 
fore a useful forensic marker on some occasions, such as 
differentiating between ante-mortem and post-mortem 
fractures ina body recovered from water. Systemic embolism 
is not seen in. rapid deaths following trauma: there is an 
interval averaging 24 hours before lung percolation takes 
place. 


Foreign body embolism 


A number of other objects may be found as emboli during 
forensic autopsies and histology. The lung granulomata of 
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Disseminated intravascular coagulation 


incapacitate the half who survive. A typical progression is 
seen in paraquat poisoning, though here chere are vitually 
no long-term survivors 

A condition that is similar to the appearances of adult 
respiratory distress syndrome is the so-called ‘respirator 
Jung’, which develops when a patient dies after an apprecia- 
ble period of mechanical ventilation. Ie may appear 
few days, but usually supervenes after many days or weeks 
fon a ventilator. The grass appearances are of a still, rigid 
lung, which, though heavy, dacs not usually appear obvie 
ously oedematous. Mieroscopicaly, proteinaceous fluid and 
a mixture of proliferative cells may be sen in the alveoli 


RENAL FAILURE FOLLOWING 
TRAUMA 


Ficune 13.4 Small foreign body granuloma with giant cell and 
bichon particles ase in polarized light inthe ang of drug 
sade (HE, original magaifcation 20) 
Known for many years, this is a common sequel to exten- 
sive muscle damage or to burns that affect considerable 
areas of skin, as well as from certain poisons. It was for 
rmerly ascribed most often to ‘acute tubular necrosis’, but 
recent experimental work has chrown some doube upon 
this as an accurate clinicopathological entity. When muscle 
is crushed, severely torn oF otherwise rendered ischaemic, 
where extensive burns are suffered, oF where poisons, such 
as mercuric salts or carbon tetrachloride are given, destruc- 
tion ofthe renal tubular epithelium may be seen. 
Unfortunately for histological diagnosis, a similar change 
ADULT RESPIRATORY DISTRESS decurr during pakeenerm sundlyie Is burns and muscle 
SYNDROME damage, the tubules may also be blocked with brown casts 
‘of myoglobin and these ewo changes of distal tubular neero- 
sis and casts were thought 10 cause che profound oliguria 
oor anuria often associated with trauma and burns. In biopsy 
asopposed to autopsy material, however, the tubular damage 
hasbeen found to be minimal and the casts may be a sequel 
to reduced filtration rather than to tubular damage, so the 
validity of ‘acute eubular necrosis’ as an explanation of renal 
failure following trauma has been questioned. The true 
mechanism is stil obscure, but may well involve the juxta- 
glomerular apparatus and the renin-angiotensin system, as 
‘well as disseminated intravascular coagulation effects on the 
glomeruli 


tale, ete, seen in the lungs of intravenous drug users, are 
emboli from contaminants introduced into the venous 
system by syringe and needle, Shotgun pellets and bullets 
may enter the circulation via tisue damage and embolize 10 
various sites including coronary arteries, In fat and bone 
‘marrow embolism, even fragments of bone and cartilage have 
been found as emboli in the lungs. 
Amniotic fluid embolism is diseussed elsewhere, 


Following severe lung injury, such as gross impact upon the 
thorax oF blast injury from explosion, or from aspiration of 
gastric contents, infections, taxins, systemic shock, iritant 
gases, neardrowning and many other causes, the lung 
epithelium may suffer ‘diffuse alveolar damage’. Clinically 
the victim may suffer marked dyspnoea and progressive 
respiratory failure, becoming hypoxaemic. Pathologically 
the lungs show a stiff oedema that progresses to rigid, infil- 
trated lung if survival is long enough, Ar autopsy the lungs 
are hard and retain their shape after removal, having a ‘dry- 
‘oedema’ appearance, being almost double in weight in some 


Histologically the inital changes ae shedding of PE DyICCEN TN ATED INTRAVASCULAR 


pneumocytes with intra-alveolar exudates, the formation Y 
of hyaline membrane and patchy sleolar haemortage, This COAGULATION 


destructive phase is then replaced after a few days with a 
proliferative stage, when type II pneumocytes begin to fill ‘The importance and frequency of this condition has been 
the alveoli and a mononuclear response infiltrates the inter- increasingly recognized in recent years, as it may follow a 
stitial areas. The alveolar proliferation organizes, survival whole range of tauumatic, infective and other acute events, 
continues, and eventual pulmonary fibrosis may seriously Widely known as ‘DIC’, it has a number of other names 


= 345 


13: Complications of injury 


indicating thac it isa consumption coagulopathy associated 
with the blood clotting mechanism. 

In DIC there is an abnormal activation of the coagul 
tion process within the blood vessels caused by a wide var- 
iety of factors related to the blood itself, che vessel walls and 
to blood flow: Damaged tissue from trauma and burns ean 
trigger thromboplastin-initiated coagulation: entry of tis 
sue cell elements, especially from erythrocytes, brain and. 
placenta are particularly potent. Particulate matter such as 
micro-organisms or microemboli of all types (including fat 
and air emboli, especially chose from decompression) can 
precipitate coagulation via factor XII, Vascular endothelial 
damage and stasis of blood flow can have a similar effect. 

‘Whatever the causes —and they are extremely complex — 


fibrinogen is consumed and fibrin precipitated in vessels, 
leading to both vascular obstructive effects and to a haem- 
orthagie diathesis from depletion of the coagulation sys- 
tem, Platelets are also consumed, adhering to the fibrin 
thrombi. Fibrinolysis is activated and there is a dynamic 
contest between intravascular coagulation and its removal. 

After death there can be post-mortem fibrinolysis (Mole 
1948), which lessens the ease with which fibrin depasits 
can be detected: staining techniques are also an imperfect 
method of visualizing the fibrin, so that a careful search 
must be made in autopsy histology for fibrin remnants 
Lungs, kidney liver and adrenals are the most likely organs 
to yield positive resuls 

Microvascular obstruction, leading sometimes to frank 
infarction as well as reduced function, together with bleed- 
ing, form the major dangers of DIC in a forensic context, 


AIR EMBOLISM 


‘Most examples of air embolism have a medico-legal signifi 
cance as the entry of air into the circulation usually comes 
about as a result of trauma, sometimes surgical or thera- 
peutic, from barotrauma or from criminal intervention, 

Air embolism consists of an interruption of the cireula- 
tory system by bubbles of air (or other gas) that gain access 
to the circulation, usually through the venous side. It is an 
‘aitlock’, Familiar to plumbers and owners of diesel engines, 
‘here the normal flow of liquid through tubes is wholly oF 
partially blocked by air. 

In the animal body the major disability isin the heat, as 
air is compressible and the contractions of the heart ful 
to move on the bolus of gas, being designed to pump an 
incompressible liquid. The ar must enter on the venous side 
to be sucked towards the heart, causing pulmonary 
embolism, The air usually remains in the right side of the 
heart, pulmonary trunk and arteries, and in the pulmonary 


vessels, rarely emerging on the pulmonary vein side, Death 


is usually immediate, but can be delayed by up to about 
2 hours. 

In the surgical context, aspiration of air into neck veins 
may occur while operating on the head or neck (especially 
thyroid and neurosurgical operations) with the patient in a 
sitting position, When the atria are below any breach in a 
vein, there isa suetion effeer that can draw in air cis can 
also happen in suicidal or homicidal cut ehroat. Refilling 
of a therapeutic pneumothorax has also led co fatal air 
embolism, either because the lung is punctured or an adhe- 
sion has torn che visceral pleura. In either case air under 
pressure may enter an exposed vein, 

Some accidents have arisen during transfusion or infu 
sion, and may form the basis for a medical negligence 
action, Now that flexible, collapsible fluid o¢ blood con- 
tainers are widely used ehe danger is less, but where rigid 
bottles are still used, the need fora vent tube may allow air 
1g tubing when a bottle is allowed to 
empty completely. This in itself is innocuous, but ifa fresh 
bottle is then connected, the new flow will drive all the air 
in che tubing into the vein. 

Even more dangerous is the practice of connecting pres- 


to enter the connect 


surized air or oxygen to the vent in order to hasten the 
transfusion speed: if the botde is allowed to empty, gas 
under pressure enters the vein, 

Arterial air embolism is rare, but ean occur in lacerations 
of the lungs, refilling of an artificial pneumothorax or in 
some forms of barotrauma where the lung is euprured in 
a diver who ascends to0 rapidly from a great depth, The 
“bends' are aso a type of gas embolism, in which dissolved 
nitrogen appears in gaseous form in che blood. This is 
caused by a sudden release of pressure on the return of a 
diver to atmospheric conditions after being supplied with 
air at high pressure. Death ean be the resule of aie lacks in 
the cerebral vessels or of ventricular fibrillation from coro- 
nary air embolism (Moore and Braselton 1940). 

Criminal abortion accounted for many deaths from air 
‘embolism in former years (and still does in some parts of the 
world), from the insufflation of the uterus by a Higginson 
syringe (Chapter 19). Though therapeutic abortion by 
suction aspiration of the uterine contents is an extremely. 
safe procedure, several somewhat inexplicable deaths have 
‘occurred feom air embolism, The mechanism is obscure but 
may have been caused by muscular rebound of the uterus 
sucking air into the cervix. Some homicides, including 
‘mercy killings! committed by doctors, have been caused by 
deliberate injection of ai into peripheral veins. The volume 
of air needed to cause fatal embolism has been hotly debated 
for years, but no real consensus has emerged, estimates 
varying from 10 to 480ml (Polson 1963). If the volume 
of the right side of che heat is accepted as the minimum 
space that has to be filled, about 100 ml would appear to be 
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reasonable volume. In the rare event of air gaining access 
to the arterial system, presumably much less would be 
required to be effective; it would have to be introduced into 
a carotid artery to be of rauch danger, as this is che only way 
it could gain access to the cerebral circulation. To reach the 
coronary vessels— always mentioned in books, but virtually 
never seen ~ the blood would have to enter the pulmonary 
veins to reach the root of the aorta via the lefe side of the 
hheare. Virtually all of the few cases of arterial air embolism 
have arisen in relation 10 dysbarism, where bubbles have 
cither been generated within the vesels by decompression, 
cor have entered the arterial system in the lungs from tears in 
the lung tissue 

Certainly air injected into a limb artery would do no 
harm at all, especially as most of the gas is likely «0 be 
absorbed very rapidly by the tissues, Thus the ingenious 
plot in Dorothy L. Sayer's novel, Unnatural Death, where 
“a hypodermic of aie was injected into an artery’ would have 


failed on two counts: site and volume! 


The autopsy in suspected 
ait embolism 


When the circumstances indie 
air embolism, special precautions must be taken aver the 
autopsy. A pre-autopsy chest radiograph must be taken, as 


te the possbiliey of fal 


this is by far ehe best way of demonstrating air in sufficient 
quantities to be fatal. A chest radiograph is also essential in 
any kind of barotrauma as it may also indicate a pneumo- 
thorax, a lesion so ofien the cause of air embolism, 

Almost the only mechanism of death is ‘pump failure 
of the right side of the heart, Air fills the great veins, sight 
atrium and right ventricle, causing a froth that cannot be 
pumped on by the heart in systole because air is compres- 
sible. It is unlikely chat air will penetrate the pulmonary 
capillaries in any quantity, unless some vascular shunts are 
present, so froth is unlikely to be seen in the left side of the 
heart, except in dysbarism, 

Following radiography — in place of it, ay second-best — 
the body must be carefully inspected for any tissue swelling, 


specially in the upper thorax and neck region, where erepi- 
tant gas bubbles may form surgical emphysema from leakage 
from lung damage or pneumothorax, or both, in dysbarism. 

‘The head should be dissected first, not to detect air 
bubbles in the cortical veins, as almost every texthook. 
erroneously states, but to look for air in the cerebral arte 
ies. Descriptions and photographs of air segments in the 
cerebral veins are part of the mythology of forensic pathol- 
ogy, handed on uneriically from one book and one author 
to another. There is no way in which air bubbles ean reach 
the pial veins on the brain surface, They cannot get there 


via the venous system, as there is no way in which they 
could struggle against the flow in che jugular veins, pass 


through the complex arrangement of intracranial venous 
sinuses retrograde to the circulation and dispose themselves 
cover the cortical surface, Neither can they reach the same 
veins by penetrating the capillary bed of the brain, in the 
rare instances of arterial air embolism. As was demon- 
strated almost 30 years ago, these bubbles are artefacts and 
can be seen in many routine autopsies where there ean be 
no question of air embolism, 

‘The basal arteries should be inspected for air, however, 
which can reach them during episodes of dysbarism where 
air gains access o the arterial system in the lungs during, 
decompression. The calvarium is removed gently and the 
dura opened. The brain is carefully lifted and small artery 
forceps clamped on the intracranial part of both internal 
carotid arteries and vertebral arteries. The vessels are then 
cut below these before the brain is removed from the skull 
in the usual manner. The whole pluck ean then be sub- 
merged in water and dhe ends of the vessels watched for 
escaping bubbles when che clamps are removed. 

‘The thorax is opened in the fashion appropriate for the 
detection of a pneumothorax, with puncture of an inter 
costal muscle beneath a pool of water supported by the 
reflected skin flap. This is done on each side, remembering, 
that a positive resule can only be expected in a tension 
pneumothorax 

The abdomen should next be examined, especially where 
air may have gained access through the uterus, The intes- 
tines should be gently displaced and the mesenteric veins 
‘examined for ait bubbles. The inferior vena eava, the com 
‘mon iliac veins and the various pelvic veins should be seru- 
tinized, and, if necessary, opened under water by pouring 
water into the opened abdominal cavity 

‘The sternum and castal cartilages are then removed care- 
fully. preferably keeping the manubrium and upper sibs 
intact at this stage to avoid damage to the great vessels in the 
thoracic inlet, The superior vena cava should be inspected 
for bubbles. The pericardium is opened and the right and 
left ventricles punctured under water. 

Bajanowski era. (1998, 1999) consider that an aspirom- 
eter has to be used for the detection, measurement and 
storage of gas originating from the heart ventricles. It 
should be filled completely with distilled water containing, 
two drops of Tween 80 to reduce the surface tension of the 
water to prevent adherence of small air bubbles to the wall 
of the aspirometet. Subsequently the gas should be analysed 
by gas chromatography and che results asessed according, 
to the criteria defined by Pierueci and Gherson (1968, 
1969) before the diagnosis ‘air embolism’ is justified 

If aie embolism substantial enough to have caused death 
is present, rothy blood will be quite evident oozing from 
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icin 13.5 A appimmeter sould be ued ta revver air fm the 
reat ventricles for subseuent analyse by gas chromatography. 


Ficune 13.6 Leucocyte and platelet accumulation around an 


empty space, ‘ar bubble’ in blow, considered ly some authors ar 
evidence of venous air embolism, (Reproduced by kind permision 
af Profesor E Lignta.) 


the ventricular lumen, almost invariably the right. If this 
is apparent, however, ic will almost certainly already have 
been seen on he pre-autopyy radiograph, 

If there has been a considerable delay between death and 
autopsy, the air can dissipate, presumably dissolving into 
the tissues. Any degree of decomposition of che body negates 
a diagnosis of air embolism, because of the production of 
gases of putrefaction, 


SUBENDOCARDIAL 
HAEMORRHAGE 


A striking feature of many forensic aucopses, especially on 
victims of severe trauma, is the presence of well-marked 


haemorrhage under the endocardium of the left ventricle 
This is often so striking asco provide an indication of some 
catastrophic event shortly before death, 

“Though the haemorthages have been described since the 
last century, they were specifically studied in the 1930s 
by Shechan in cases of abortion and acute haemorthage 
associated with pregnancy; they were formerly known as 
‘Shechan's haemorshages 

‘The lesions are seen in the lef ventricle, om the interven- 
tricular sepram, and on the opposing papillary muscles and 
adjacent columnae carneae of the fre wal of the ventricle 
‘The haemorthages are flame-shaped and confluent, not 
petechial, and tend to occur in one continuous sheet rather 
than patches, The bleeding is ina thin subendocardial layer, 
but when severe may actually raise the endocardium into a 
flat blister thae ean be palpable on the smooth septum. The 
mechanism of production is obscure, but they are com- 
‘monly seen in the following circumstances 


1H Afier sudden, profound hypotension, either from severe 
blood loss or from ‘shoek’ in the widest sense 

1B Afier intracranial damage, from head injusies, cerebral 
‘oedema, surgieal eraniotomy or large intracranial 
tumours, Sudden intracranial decompression also seems 
to be associated with subendocardial bleeding. 

1 Obstetric catastrophes seem particularly prone co 
produce these haemorthages, as found by Sheehan. 
Death from ante-partur or post-partum haemorrhage, 
ruptured ectopic gestation, abortions of various types 
and ruptured uterus often reveal these lesions 

1B Various forms of poisoning, especially acute heavy- 
metal toxicity, particularly arsenic. The most profound 
subendocardial haemorrhages ever seen by the author 
(BK) were in a massive suicidal poisoning with 
arsenious axide: the endocardium was raised into-a 
large blood blister on the interventricular septum. 


‘The haemorthages can appear extremely rapidly, within 
few heart beats. The author (BK) has seen well-marked 
lesions in a heatt that was avulsed fom its base during the 


crash ofa military area, obviously causing viewaly instant 
ancous death, The common factor seems to be sudden 
hypotension and it has been sugested that, if che intraven- 
tricular pressure drops precipitously, the existing blood pres- 
sure in the coronary system is then unsupported aceoss the 
endocardium by an equal presure within the ventricular 
lumen, so that rupture ofthe superficial vessels occurs. There 
are flaws in this theory, one being the common incidence in 
intracranial lesions. Experimental work in goats has shown 
that prior vagotomy prevents the occurrence of subendacar- 
dial haemorthages, suggesting that the phenomenon is 
mediated by the autonomic nervous system. To support 
this hypothesis, they are known to be part of Viechow’ tad 
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of ‘pulmonary oedema, gastric erosions and subendocardial 
hhacmorthage’ seen in head injuries and eases of raised inta- 
cranial presure. 


SUDDEN DEATH FROM 
SUPRARENAL HAEMORRHAGE 


‘Though not common, haemorthage into the adrenal 
glands is a well-recognized terminal event, usually after 
some trauma to the body not related to direct injury wo the 
suprarenal vessels themselves, 

‘Originally these haemorrhages were thought to be con- 
fined to meningococcal septicaemia in children, the lesion 
boeing called che ‘Waterhouxe-Friderichsen syndrome’. Ie is 
now recognized that adrenal haemorshage is part of a gen- 
eral response to stress, of which meningococcal infection is 
only one of a wide range 

In a recent 5-year period, the author (BK) found 16 
ceases of ‘adrenal apoplexy’ (co give it its old name) in the 
autopsy records of a forensic pathology service that per- 
formed 4890 autopsies in that period, giving an incidence 
of about 0.3 per cent. 

(Of these 16 cases, more chan half (9) were bilateral. There 
were more male chan female subjects, probably because of 
the greater amount of trauma in men, Theee were infants, 
all with meningococcal infeetions 

‘None of the adult cases was diagnosed or even suspected 
clinically. Mast were traflie accidents, the remainder being 
postoperative, other trauma or poisoning, together with 
several cases of hypertension and chronie renal failure. The 
‘most frequent common denominator was trauma, whether 
that trauma was direct injury or surgical trauma. The suud- 
den collapse and rapid death usually occurred a few days 
after the trauma, varying from 2 w 21 days 

‘Ar autopsy one or both of the adrenal glands are found 
to be swollen, sometimes to the size of a large walnut 
(3-5.em) the cortex being tightly stretched around a large 
haematoma occupying the medulla, The haemorthage is 
usually dark red and fairly fresh, though oceasionally an 
area of brown bleeding indicates a previous episode. 

‘The late Professor Hugh Johnson, of St Thomas’ Hospital, 
London, collected between 150 and 200 autopsy cases of 
suprarenal haemorthage (unpublished) and considered that 
they fll into six main groups: 


15 Trauma of all types. Johnson was of the opinion that 
the predominance of right-sided gland haemorshages 
was a result ofthe frequency of right-sided impacts on 
pedestrians in Britain because of the side of trafic flow. 

1 Perinatal, newborn or stillborn infants, especially when 
they were breech births or had fetal anoxia. 


1B Infancy and childhood, especially meningococcal and 
disseminated intravascular coagulation, 

I Infective and post-operative septicaemia, often with 
Gram-negative organisms. Sometimes there was direct 
surgical trauma to the gland, asin gastric surgery. 

1B Tumour: haemorchage into a secondary deposit oF 
invasion of adrenal vasculature. 

1B Thrombosis of central vein with adrenal infarction. 
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‘Though traditionally every textbook of forensic medicine 
has a chapter entitled ‘Asphysia, i isa partial misnomer, as 
many of the conditions described under this heading are 
not truly asphyxia in nature, Ieis difficult to finda suecince 
alternative, however, unless each subcondition is described 
individually ~and some deaths have a mixed aetiology. The 
conventional ttl is therefore retained in this book, though 
it is emphasized that ‘asphysia’ is both inappropriate and 
inaccurate when applied to many of the mechanisms of 
death formerly ascribed co this cause. 


THE NATURE OF ‘ASPHYXIA’ 


Common usage has led to the term ‘asphysia’ being 
equated with ‘lack of oxygen’, though etymologically the 
word means ‘absence of pulsation’. Interestingly ~ if 
fortuitously ~ this original sense is sometimes more accu- 
rate in certain deaths associated with pressure on the neck, 
where cardiac arrest — certainly a prime reason for absence 
of pulsation — isthe fatal mechanism, eather than hypoxia 
Reverting to the usual meaning of asphyxia, a whole series 
of disturbances can lead to lack of oxygen. The basic purpose 
of respiration isto convey atmospheric oxygen to the periph- 
cal tissue cells. Anything that interferes with oxygen transfer 
can be called ‘asphysia, though other terms such as ‘hypoxia! 
fr anoxia are more accurate, and should be preferred. The fol- 
lowing conditions may legitimately be considered to be defects 
in the chain of respiration and hence are examples of ayphyxis: 


IH Absence or reduction of oxygen tension in the external 
atmosphere, such as reduced barometric pressure or 


replacement of axygen by an inet gas, such as nitrogen 
tr catbon dioxide. 

1B Obstruction of the external respiratory orifices, as in 
smothering or gagging. 

1B Blockage of the internal respiratory passages, at either 
pharyngeal, laryngeal, tracheal or bronchial level. 

IB Restriction of the respiratory movements ofthe thorax, 
preventing the inspiration of air through patent 
respiratory passages, asin the so-called ‘traumatic 
asphyxia’ or in paralysis from brainstem or cord 
damage, or the use of curare-like drugs 

1B Disease of the lungs that prevents or reduces gaseous 
interchange. Extensive pneumonia, pulmonary 
‘oedema, adult respiratory distress syndrome, diffuse 
fibrosis and many other conditions may lead to 
hypoxia, but these are rarely of forensic concern, 

1B Reduction in cardiac function leading to impairment of 
the circulation of axygenated blood may be considered 
as atype of ‘asphyxia, sometimes called ‘stagnant 
anoxia. Aga 
forensic problems. 

1B A reduced ability of the blood to transport oxygen can 
also be thought to be asphyxial in nature, such as severe 
snaemias and the replacement of the oxygen-combining 


the condicion is rarely relevant to 


power of haemoglobin by carbon monoxide. 

15 Finally, an inability of the peripheral tissue cells to 
utilize the oxygen delivered co them by the bloodstream 
is seen in conditions such as cyanide poisoning, where 
the cytochrome-oidase enzyme systems are inactivated, 


Several schemes of clasfication of asphyxia have been 
devised, such as those of Melnyre (1969) and Shapiro (1988). 
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The classic signs of ‘asphyxia’ 


MECHANICAL ‘ASPHYXIA’ 


‘The usual relevance of asphyxia in a forensic context is in 
‘mechanical asphyxia, rather than some of the internal con- 
ditions mentioned above, which are more likely to arise asa 
resul of natural disease or toxic conditions, 

‘The normal oxygen content of blood varies according to 
the age and health of the subject. Young to middle-aged 
adults have almost complete saturation of their arterial 
blood with oxygen, at a level of 90-100 ming (12-13.5 kPa), 
whilst persons over GO may drop co between 60 and 
85 mmbg (8-10 kPa). These normal values in the younger 
group may be contrasted with those sufferers feom mild 
hyposda of about 60 mmHg (8K), and those in severe to 
fatal hypoxia when oxygen tension falls to between 40 and 
20 mmHg (5-3 kPa), 

Unfortunately for pathologists, post-mortem analysis of 
oxygen levels in the blood is of no value in the retrospective 
diagnosis of hypoxia, 2s changes soon after death rapidly die 
tort the distribution of yases and make the results meaningless. 


Definition of terms 


‘A number of different names have been used to describe 
the various types of mechanical ‘asphyxia, some of which 
are confusing or inexact 


1B Suffocation isa general term used co indicate death 
from deprivation of oxygen, either from lack of the gas 
in the breathable environment or from obstruction of 
the external air passages. 

1B Smothering is more specific, in that it indicates 
blockage of the external aie passages, usually by a hand 
or soft fabric. A variety of suffocation may be called 
‘gagging where fabric or adhesive rape occludes the 
‘mouth to prevent speaking or shouting, While the nasal 
passages remain patent, ai can enter, but later blockag 


by mucus oF oedema may lead to death. 

1B Choking refers to blockage of the upper airways by 
some foreign body, but is also used for manual 
strangulation, 

1B Throttling refers to strangulation, usually by hand, the 
word rarely being applied to ligature strangulation. 

© Strangulation is che most specific term, indicating the 


use either ofthe hands or a ligature as a means of 


applying external pressure to the neck, Garrotting has 
been used for ligature strangulation, but more 
accurately refers only co a Spanish method of judicial 
execution, Other methods exist in various parts of the 
world, such as the Indian technique of pressing a 
flexible stick oF ‘ath’ across the front of the neck, 


1 Mugging originally meant the application of pressure 
to the neck by means of an arm crooked around from 
the rear, but more recent American usage has widened 
the term to mean any kind of robbery with violence. 
More recently still the arm-loek has been used as 
means of restraint by law enforcement officers, 
sometimes with fatal result, 


‘Asan aside, in some deaths during artest, usually where a 
violent struggle occurs between several police officers and a 
drunken or drugged offender, che death of the later occurs 
where no neck or chest pressure can be implicated. Though 
the mechanism is obscure and impossible to demonstrate 
objectively at autopsy, it has been provisionally ascribed 
(0 a catecholamine-induced cardiac arrhythmia from an 
exaggerated adrenal response. 

‘As most of these victims are given energetic cardiopul- 
monary resuscitation, any markers of this catecholamine 
effect, such as contraction-band necrosis in the myocardium, 
cannot be differentiated from resuscitative artefacts, 


‘THE CLASSIC SIGNS OF ‘ASPHYXIA’ 


For many years the autopsy diagnosis of an asphyxial death 
was made by reference to a set af ndings that have come to 
bbe known as the ‘classe signs of asphyxia. Unfortunately, tis 
now quite clear thar most of these signs are so non-specific 
that little reliance ean be placed on them in the absence of 
other confirmatory evidence. They ate scathingly referred to 
by Lester Adelbon (1974) a the ‘obsolete diagnostic quinted 

In many eases of undoubted fatal hypoxia these signs are 
absent and, conversely, they are often present in some degree 
in conditions that can be shown to be non-hypoxic in origin, 
‘The major difficulty forthe pathologie is that axphyxis ean- 
not reliably be equated with hypoxia’. There are no truly dis- 
tinctive autopsy signs of pure hypoxia and most ofthe alleged 
criteria are caused by factors other than a lack of exygen. 

To confuse the issue further, some apparently hypoxic 
states lead to sudden or rapid death before chere is time for 
‘oxygen lack to take effec, such as often happens when a vie~ 
tim enters a space devoid of oxygen, has the trachea suddenly 
blocked by food or has a plastic hag pulled aver the head. 

Each of the ‘lassie features’ must be looked atin depth 


Petechial haemorrhages 


‘These are small pin-poine collections of blood lying in the 
skin, the selera or conjunctivae and under thoracic serous 
‘membranes such as the pleura or pericardium. They vary in 
size from a tenth ofa millimetre to about ewo millimetres. I 
larger than this, they are more accurately called ‘ecchyrmoses 
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Appendix A: Getting Started with Too! Building. 

A Very Simple Power Supply .. 

‘An Easy 2.5 Watts. 

Adding Features. 
Various Indicators. 


1: Suffocation and ‘asphyxia’ 


Petechiae are often known as “Tardieu’s spots, but this 
eponym should be restricted to thoxe lying in the visceral 
pleura, where they were described by the Parisian Professor 
Ambroise Tardieu in 1866, in the bodies of infants who he 
claimed had been ‘overlain’. A further common error is to 
attribute the petechiae o the rupture of eapillaries, whereas 
they actually emanate from small venules ~ capillary bleeding 
‘would be invisible to the naked eye 

Petechiae are caused by an acute rise in venous pressure 
that in curn causes overdistension and rupture of thin-walled 
peripheral venules, especially in lax tissues, such asthe eyelid, 
and in unsupported serous membranes, such as the pleura 
and epicardium. It is traditionally claimed that hypoxia of 
the vein wall isan added factor, bur there is no experimental 
proof of this conjecture, which seems unlikely considering, 
the rapid formation of these lesions when venous pressures 
rise; for example, petechiae can appear almost instantly after 
violent sneezing or coughing before any hypoxia is posible. 

Petechiae are een most often in the face and eyes of vi 
tims of compression of the neck or fixation of the chest, In 
the former, where strangulation by either hand or ligature 
has occurred, occlusion of the jugular veins prevents venous 
drainage from the head, whilst almost always allowing the 
arterial supply co continue via the more deeply placed and 
much less compressible carotid and vertebral arteries. There 
is a rapid rise in venous pressure in the head, leading to 
engorgement of the veins. The consequences are swelling of 
the tissues, both fiom an increase in intravascular volume 
and from rapid transudation of fluid into the tissues, fo- 
lowed by showers of petechial haemorshages in unsup- 
ported areas, such as the skin of the upper eyelids, the 
forchead, the skin behind the ears, the circumoral skin, and 
the conjunctivae and sclera of the eye. The same venous 


Ficune 14.1. Petechial haemorrhages in the eye in manual 


strangulation, There are ala some peach on the facial sin. 
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engorgement often leads to frank bleeding from the nasal 
‘mucosa and the external auditory meatus 

In the internal tissues and organs, petechiae are most 
ofien seen on serous membranes in the thorax, where the 
presence of a body cavity leads to lack of support for the 
superficial venules and hence predisposes to rupture when 
venous pressure tises. They are almost never seen in the 
peritoneal serosa and it has been postulated that, in the 
chest, attempts at breathing against a closed airway may lead 
toa sudden extreme decrease in intrapleural pressure causing 
petechiae in the same way as suction on the skin can cause a 
in-poiint haemorrhages. As described by Tardieu, 
petechiae in the thorax ae often seen on the visceral pleura, 
especially in ehe interlobar fissures and around he hilum. 

Petechiae are also common on the surface of the heart, 
specially on the epicardium around the atrioventricular 
groove, particularly on the posterior surface, though these 
have been shown to appear of worsen as post-mortem phe- 
nomenon. In infants and children, the thymus or thymic 


shower of 


remnants may show numerous petechiae. It is claimed that 
in the sudden infant death syndrome these are confined to 
the cortex, whereas in other ‘asphysial’ conditions they are 
scattered throughout the gland; this is doubeful 

Petechiae are rarely seen in the parietal pleura or the 
peritoneum excep in haemoethagie diatheses. In the brain, 
petechiae occur in the white matter and there may be larger 
patches of bleeding in the subarachnoid space where super- 
Ficial vessels have ruptured because of acute venous 
engorgement. The same mechanism often produces pro- 


fuse petechiae and ecchymoses under the seal. In reg 
the scalp, caution must be observed as numerous haemor- 


rhages can be caused as a common autopsy artefact during 
the reflection of the salp flaps. 


FicURE 14.2 Solel haemorrhages in manual sengulation. There 
are larger than the usual petechiag, but the latter ave present inside 
the lower lid, 


The classic si 


Petechiae may also disappear with lengthening post- 
mortem interval. Bete et al (1994) have shown that in 
putrefscrion and 
petechiae may vanish, 


freshwater immersion, conjunctival 


THE SIGNIFICANCE OF PETECHIAE 


A number of factors cause difficulty in the interpretation of 
petechial haemorshages. First, there is no doubt that both 
cutaneous and visceral petechiae, especially the latter, can 
both appear and enlarge as a post-mortem phenomenon, 
Gordon and Mansfield (1955) have shown that the pres 
ence and number of petechise is a function of the post- 
mortem interval, in common with other huemorthagic 
artefacts such as those found behind the larynx by Prinsloo 
and Gordon (1951). 

Posture also has an effect on the appearance of haemor- 
thages, They are commonly seen, along with larger ecch 


‘ses, an the front at back of corpses who have died from a 
variety of causes in which mechanical asphyxia is absent 
‘They are often present in normal post-mortem hypostasis, 


especially where the mode of death was congestive as in 


Ficuae 14.3 Sulbpleuna pceciad haemorrhage — the true Tardiw 


spos'—in manual trangulation. Thee are no longer considered to 
be specifi for ‘asphysia’ and afew peteciae can frequently be found 
in many autopsies unasacated with asphyxia, 


igns of ‘asphyxia’ 


many types of natural heart disease. Their appearance in 
the hypostaticateas is also time-related, the longer the post- 
mortem interval, the more likely —and more prominently — 
they ate to occu 

‘Where some abnormal posture is present — such as the 
deceased being slumped out of bed or otherwise found 
with the head lower than che body — marked congestion, 
cyanosis and petechial hacmorthages are common, 

Occasionally the abnormal posture may have occurred 
during life, such as in overdose victims, drunks and senile 
persons, who have fallen into a position with the upper part 
of the body lowermost. This may embarrass respiration and 
contribute to death and the ante-mortem component may 
be difficult or impossible to distinguish from po: 


accentuation of the congestive-petechial appearances. 
Another problem in the autopsy interpretation of 
petechiae is that not all punctate lesions in the pleura are 
ni and Knight (1982) showed that many 


petechiae 
such apparent petechiae were either intravascular venous 
pools, subpleural microbullae or pigment foci 

In summary, petechial haemorrhages are highly unreli- 
able indicators of an asphyxial process, taking this to mean 
a hypoxic state. They are the result of venous engorgement, 
usually from mechanical obstruction of yenous return t0 
the heart — of in the thorax, from attempts to inspire 
against a blocked airway, Petechiae and ecchymoses are 
common non-specific autopsy findings and many are post- 
‘mortem in origin, especially in dependent positions. They 


Ficune 14.4 Dene confluent skin haemorrhages in the face of an 
ol Lady who had lipped fom her bed and wa fred with her 
bead on the floor and her leg on the bed. The signs of thie postural 


physia’ may well have been accentuated by post-mortem worsening 
afthehypostatic haemorrhages 
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may occur in many non-asphysial states and, in the lungs, 
some petechiae can be found in the interlobar fissures and 
around the hilum in most routine autopsies. 

Conversely, in some types of death where oxygen depriv- 
ation is to be expected (such as drowning, plastc-bag suf- 
focation and entering an atmosphere devoid of oxygen), 
petechise are seldom demonstrable 

‘The mont significance must be placed on facial and ocue 
lar petechiae, because showers of pin-point haemorrhages 
in the eyelids, conjunctivae, sclera and facial skin require 
urgent explanation unless the body was face down or head 
down, 


Congestion and oedema 


‘The next ‘classic’ sign of asphysia is congestion. This is 
even more non-specific than petechiae and once again 
is the result of obstructed venous return, When the neck is 
compressed, the face, lips and tongue become swollen and 
reddened, The true colour change of congestion is usually 
darkened by the onset of eyanosis. Internal organs also 
become congested and in strangulation this is most notable 
in the tongue, pharynx and larynx above che level of venous 
obstruction. In pressure on the chest, failure of respiratory 
_movements cause an intense rise in venous pressure, aceom- 
panied by cyanosis 

Congestion is often associated with tissue swelling ifthe 
venous obstruction continues, The oedema isthe result of 
rapid transudation chrough capillary and venule walls, 
again mainly « function of back pressure in the venous sys- 
tem. Hypoxia of the vascular endothelium is alleged to 


allow increased permeability, but generalized hypoxia from 
other causes does not produce the tissue swelling seen in 
strangulation 

‘Tissue fluid also escapes rapidly into the brain in strange 
lation that continues for even a few minutes, though here 
the well-known effect af hypaxia might be an added factor. 
Pulmonary oedema, causing excess fluid to enter the alveo! 
is often found in hypoxic deaths. Here the mechanism is 
more obscure, but is probably a combination of hypoxia 
and raised pulmonary vessel pressure. In strangulation, froth 
-may sometimes be so profuse as to emerge from the mouth 
and nostrils ~ yet in other throttlings, it may be absent. 
Pulmonary oedema is such a common and non-specific 
phenomenon in a whole range of fatal conditions that it has 
liqde diagnostic significance. 


Cyanosis 


‘The colour of blood depends upon the absolute quantity of 
oxyhaemoglobin and reduced haemoglobin present in the 


erythrocytes, The normal pink colour of well-oxygenated 
skin may change to purple o blue when oxygen is lacking ~ 
indeed, the word ‘eyanosis’ is derived from the Greek, mean- 
ing ‘dark blue’. Cutaneous eyanosis, however, depends on 
the absolute amount of reduced haemoglobin, rather than 
the proportion of reduced haemoglobin to oxyhaemoglo- 
bin. Ie is nor apparent in marked anaemia, even ifthe ratio, 
of oxyhaemoglobin to reduced haemoglobin is low. There 
must be at least 5g of reduced haemoglobin per 100 ml 
blood before cyanosis becomes evident, irrespective of the 
total amount of haemoglobin, 

In the common forensic event of constriction of the 
neck, cyanosis almost invariably follows congestion of the 
face, as venous blood containing much reduced haemoglo- 
bin after perfusing the head and neck is dammed back and. 
becomes more blue asthe blood accumulates, [Fand when 
the airway becomes blocked, then impaired oxygenation in 
the lungs leads to a diminution in the axygen cantent of 
arterial blood. This will lead wo a darkening of all organs 
and tissues, and will accentuate the eyanosis of the face, This 
does not happen in the Fist phases of strangulation, hovw- 
ever, and depends on complete or substantial occlusion of 


the airway, or restriction of the respiratory excursions of the 
chest. 

Cyanosis produced during life may be partly or wholly 
overshadowed by hypostass, which may be a deep purple or 
blue, and may be mistaken for true eyanosis— indeed, some 
pathologists refuse to use ‘cyanosis’ in respect of the dead, 
claiming that ir eannot reflece the ante-mortem situation. 


“Engorgement of the right heart 
and fluidity of the load 


Descriptions of an abnormal fluidity of the blood seen at 
autopsy in asphyxial deaths ate part of forensic mythology 
and can be dismissed with litde discussion. Post-mortem 
clotting in che heart and venous system is a most erratic 
process, as is the eventual dissolution af those clots by the 
action of Sibrinolytic enzymes (Mole 1948), It is irelevant 
in che diagnosis of axphyxia 

Engorgement of the chambers of the right side of heart 
and the great veins is also a non-specific autopsy observa- 
tion, useless as a marker of an asphyxial process. Any type 
of congestive death, including primary heart fullure from 
many diseases, leads to terminal engorgement of the right 
ventricle and atrium as part of the generalized rise in venous 
and intracardiac pressure. 


‘The autopsy diagnosis of ‘asphyxia’ 
‘Thus there are no specific autopsy findings for ‘asphyxia’, 
taking this in its hypoxic sense, As stated earlier, the 
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so-called ‘classic signs’ have been well described by Adelson 
(1974) as the ‘obsolete diagnostic quintet. He goes on to 
observe that ‘the co-existence of these findings, in them- 
selves, does not prove that death resulted from mechanical 
asphysia, All these phenomena are non-specific and are in 
no way peculiar to this mode of death, Inasmuch as they 
are observed frequently in deaths arising from unques- 
tioned natural disease, they are of no value in proving that 
death resulted from mechanical asphyxia 

(Other salutary cautions on the significance of ‘asphyxial 
signs’ may be found in the important publications of 
Gordon and Turner (1951), Camps and Hunt (1959), 
Shapiro (1953) and Swann and Brucer (1949), 

Ic is impossible to make a post-mortem diagnosis of 
acute hypoxia by measuring the blood gases, as rapid 
changes after death — and indeed agonal changes ~ make 
analysis worthless. Only by a careful assessment of the his- 
tory and circumstances of the death, exclusion of other 
causes and a cautious evaluation of the signs described above 
can any conclusion be reached, Most important ofall is the 
Finding of a cause for airway obstruction or other local 
trauma, such as prolonged pressure on the neck ot chest, 
obstruction of the airways, postural causes or occlusion of 
the external respiratory orifices. 

Te cannot be emphasized too strongly that the mere find- 
ing of any of the non-specific Features, such as congestion 
and petechiae, without firm circumstantial or preferably 
physical evidence of mechanical obstruction of respiration, 
is quite insufficient to warrant a speculative diagnosis of 
asphysia. If such collateral evidence is not forthcoming, 
then the cause of death must be left undetermined. 


Histological and biomechanical diagnosis 
of anoxia/‘asphyxia’ 
“Many attempes have been made to find markers of hypoxia, 
anoxia and ‘asphyxis’ by means of laboratory techniques, 
including histology, histochemistry and various biochem- 
ical methods. Although many claims have been made for 
their usefulness, the fact thar such tests are virtually never 
pput forward in criminal or civil ligation makes ie sel 
evident that they are not reliable 

‘This is hardly surprising, given che vague and contentious 
‘nature of the ‘asphyxia’ condition, where the mechanisms 
are diverse and even the nomenclature is unstandardized. If 
the target for research is narrowed dawn to severe hypoxia at 
a tissue or cellular level, then pethaps more success might be 
expected, by being able to demonstrate cellular damage by 
fone of more of che great battery of techniques now aval- 
able, However, even this limited objective is not yet attained 
with the degree of reliability required for legal purposes, The 


cetensive strangling, drowning and gassing of legions of 
small animals may have produced many theses and papers, 
but has had no practical impact upon a long-standing prob- 
Jem in forensic pathology. Cell death, especially in neurones 
‘or myocytes, due to ischaemie/hypoxie damage is the most 
common focus for research, but the problem in a forensic 
context is that a considerable period of hypoxia — usually a 
minimum of many minutes or even hours ~ is needed 


before changes can be detected, even in experimental ci- 
cumstances, In human autopsy material, the ever-present 
post-mortem and agonal changes interfere with the subtle 
carly signs of hypoxic damage. 

Histological changes in the lung and also chemical mask- 
ets in blood or vitreous, such as hypoxanthine, have been 
claimed to indicate generalized hypoxia, but the application 
of such techniques in routine practice has not been fruitful 


SUFFOCATION 


Although nota specific term, suffocation usually refers to 
death caused by reduction of the oxygen concentration in 
the respired atmosphere, formerly called a ‘vitiated atmos- 
phere’ It is less ofien used to include smothering or chok- 
ing. Reduction of atmospheric oxygen may occur in a wide 
variety of situations. Decompression, such as cabin failure 
of airceaft at high altitudes, causes a dramatic fall in the 
partial pressure of oxygen and hence reduced penetration 
of the gas through the alveolar wall, Other factors, however, 
such as the direct effects of a partial vacuum and often 
‘mechanical trauma from the near-explosive situation may. 
overshadow the hypaxie aspects 

‘More common is the reduction of axygen in the atmos- 
phere by physical replacement by other gases, or chemical 
changes such as combustion. In fires, che loss of respirable 
air may be a potent factor in causing death, though other 
complications, such as the presence of taxic gases such as 
carbon monoxide, cyanide and many other poisonous sub- 
stances liberated by the burning of plastics, may cause death 
‘more quickly chan pure hypoxia. Carbon dioxide, which 
though nor itself poisonous, is irrespirable and may accu 
‘mulate in fires, and in wells and shafis in limestone. In 
former years, vagrants sleeping for warmth near limekilns were 
sometimes suffocated by this heavy gas creeping over them. 

Carbon dioxide is also the cause of deaths ina more 
modern agricultural setting ~ the grain silo. Here, many 
tons of grain are stored in gas-tight towers; the seed pro- 
duces carbon dioxide that settles to the bottom of the 
tower. When a blockage occurs in the gravity discharge, 
farm workers may enter the tower to clear the obstruction. 
Although safety precautions demand venting before the 
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men enter, some workers still suffer a sudden death on 
encountering an atmosphete rich in carbon dioxide. 

A similar hazard exists in ships’ eanks or other industrial 
metal chambers, in which oxygen is replaced by nitrogen. 
‘This happens because the damp steel walls become rusty 
and use up much of the contained oxygen in forming ferric 
oxides, In all these deaths associated with replacement of 
doxygen with an inert gas, rapid death is common before 
hypoxia can have had any physiological effect. For example, 
the author (BK) has dealt with two deaths in which seafarers 
centered closed ships! tanks and virtually fell dead off the 
entry ladder, The presumed mechanism, which was far too 
quick to be hypoxic, was considered to be some overstimu- 
lation of the chemoreceptor system, leading to a parasym- 
pathetic ‘vasovagal’ cardiac artes. 

Eyen where death was noe witnessed as sudden, the ‘elas- 
sic signs’ of asphyxia are almost always absent. In domestic 
circumstances, death may be seen where heating apparatus 
has removed oxygen from the atmosphere in the absence of 
ventilation. Though oxides of earbon are usually formed, a 
kerosene or natural gas appliance may kill from pure 
hypoxia, especially where left burning all night in a small 
room where the oecupants lie sleeping. The effect may be 
aecentuated by the victims having blocked up eracks in the 
doors and windows to keep out draughts. An open wood or 
coal fire does not present the same hazard, as it requires a 
flue or chimney in order to burn. In all such deaths, earbon 
monoxide poisoning must first be excluded by blood analy- 
sis, as it isa common accompaniment to lack of oxygen, 


especially as the reduction in oxygen availability tends to 
make the heat source produce progressively more monoxide 
than dioxide during combustion, 

Ina different variety of hypoxic death, persons — especially 
children ~ may asphyxiate by being confined in a small a 
tight space. Examples include boxes and discarded refiger- 
ators the danger ofthe latter iso well known that in Britain 
it is illegal 10 dump a reftgerator in a place with public 
access, unless the self-locking handle i rendered inoperative. 

Inall such ‘hypoxic’ deaths (though some are patently due 


to vasovagal cardio-inhibitory mechanisms) it is very rare eo 


find any petechial haemorshages, as these are mainly the 


result of venous obstruction, which is absent in these 
circumstances. In the true hypoxic deaths, there may be 
congestion and cyanosis, though even these are offen 
absent and the aucopsy findings are essentially negative 


SMOTHERING 


‘This term refers to death from mechanical acclusion of the 
mouth and noe, chough sometimes ‘suffocation’ is used to 
include this class of death. The smothering agent is usually 
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fabric, an impervious sheet or a hand, though occasionally 
(specially in industrial accidents) a mobile solid, such as 
sand, mud, grain or flour may be responsible for blocking, 
the air passages. In the 1966 Aberfan disaster in South 
‘Wales, mote than 140 victims — almost all children — were 
smothered when semi-liquid coal slurry from a collapsing, 
mine tip swept over their school 

In smothering, death may oceur either by the occluding 
substance pressing down upon the facial orifices, or by the 
passive we 


1 of the head pressing the nose and mouth 
into the occlusion. Deliberate homicide is seen usually in 
the old, dhe debilitated and in infants. Its extzemely dill 
cult to prove homicide from objective findings. 

ln relation to infants, che mater wil be further discussed 
in the chapter on sudden infane death syndrome, but i is 
cssential to appreciate chat the smothering of babies, whether 
intentional or accidental, is both rare and difficult to prove 
The so-called ‘clasic signs’ of asphyxia, for what they are 
worth, are rarely present in proven suffocation — and as 
intrathoracic petechiae are common in undoubted ‘cot 
deaths, these signs cannot therefore be accepted in isol- 
ation as evidence of suffocation, 

Pressure marks on the face can rarely be distinguished 
from post-mortem postural changes, where circurmoral and 
circumnasal pallor is caused merely by passive pressure of 
the dependent head after death, preventing the gravita- 
tional hypostais from entering these areas 

Even where the head is found supine, variation in colour is 
sul common on the face, with contrasting white and pink 
patches, which usually change as the post-mortem interval 
lengthens, Unless there are bruises or abrasion on the cheeks, 
around the mouth, ipso lesions within the lips oF mouth, it 
is dangerous to overineerpret m 


fe colour vatiations from 


oe 


FiCUME 14.5 Smochering fom a towel being tied over the face 
Death was contributed toby bead injures, abo inflicted by the aged 
ushand, whe died within a fiw hours of matunal cance fiom 
Iypertensve heart disease. 


Smothering 


alterations in the amount of blood in the facial capillary bed, 
which is almost always a post-mortem phenomenon, 

Even a confession from the mother is not always teliable — 
ceases are on record where a mother has falsely confessed to 
smothering her child to rationalize the inexplicable events 
ofa true sudden infane death syndrome Fatality. 

A similar siquation exists with the elderly, who may be 
victims of a ‘mercy killing’, often a euphemism for the 
ceshaustion of patience of long-suffering caring relatives. A 
pillow placed over the face of a sleeping octogenarian leaves 
no signs, unless a struggle develops, when protracted 
attempts at respiration against obstruction may lead to 
congestion, cyanosis and sometimes facial and conjunctival 
petechiae, 


‘Overlaying’ of infants 


‘This alleged condition has an ancient pedigree, being 
mentioned in the Old Testament. In Chapter III of the Fest 
Book of Kings, Salomon has to adjudicate between two 
‘women who both claim the same child, as the other infant 
‘was ‘overlain’. This event, some 3000 years ago, has been 
mentioned at intervals through history, as in Wales in AD 
1188, when Giraldus Cambrensis records that the Lord 
punished a woman for preventing her husband jaining the 
‘Third Crusade, by causing her infant son ‘to be overlain in 
the night 

‘When an infant was found dead in the morning in the 
maternal bed (as separate cots or cribs are a relatively mod- 
crn invention), it was assumed thar the mother had turned 
cover onto the baby in her sleep and suffocated it. When 
infants began to be placed in cots, the deaths continued 
unabated and it seems obvious that most of these were vie- 
tims of the sudden infant death syndrome (SIDS). Whether 
‘or not overlaying really exists is doubeful and seems incap- 
able of proof, given that any infant found dead in bed with 
no physical signs at autopsy could, by definition, be a SIDS, 

‘The recent marked decline in numbers of SIDS in 
Britain has coincided wich a campaign to discourage mothers 
from putting theie infants co sleep face down — but, as yet, 
no definite cause-and-effect relationship has been proved, 
so any consequent strengthening of the ‘overlaying’ hypoth- 
esis cannor be substantiated 


Plastic bag suffocation 


Although an increasingly common form of suicide in 
Britain, plastic bag suffocation may also be homicidal or 
accidental In all these types, the essential mechanism is 
that a hood of impervious substance, usually polythene or 
other plastic, is placed over the head down to neck level 
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The plastic is usually in the form of an open-ended bag, 

cither transparent or a ‘supermarket’ shopping bag, 
Although many suicides tie the open end of the bag 

around their neck with cord or a tie, this is not necessary 


for a fatal result, Indeed, even flat sheets of polythene have 
Kalled infants when placed on the face, The mechanism is 
not understood, asic was formerly but erroneously thought 
to be the result of the linging effect of static electricity 
Plastic bag suffocation can be rapid and leave no signs 
whatsoever, In the authors (BK) series of accidental, sui- 
cidal and three homicidal deaths from plastic bags, not one 
hhad any petechial haemorrhages or, indeed, any signs of 
‘asphyxia’ at all, the faces being pale and uncongested. In 
another case, a person was convicted of murder by plastic 


bag, yet was only arrested after a spontancous confession 
6 weeks afer an autopsy that had revealed no signs whatsoever 
cof an asphyxial cause of death. As with hypoxic atmospheres, 
it seems that the mechanism of death in plastic-bag facial 
occlusion is some rapid cardio-inhibitory mode, rather 
than a purely hypoxic process. This conclusion is strengeh- 
ened by the causes mentioned above, where flat sheets of 
plastic, not bags, have killed infants by linging to the fee, 
which of necessity must have been rapid deaths 

At autopsy, unless the bag is sill present, these cases ean 
present great difficulty. In fact, as in the homicide men- 
tioned above, unless a confession or other corroborative evi 
dence is forthcoming, the pathologist may never even know 
that he has deale with an occult suffocation, Where the bag 


Ficune 14.6 Plastic bag suicide, The b 
the nec 


i sometimes ted around 


atin this ene, but this isnot necesary for a fal outcome 
The deathe are no asphysial inthe ypc sense ical congestion 
and petechiae are alas lays absent, 
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Ficune 14,7 Plastic bag suicide, with 
am open bag placed lvsely over the 
head, Ac usual there are no congestive 
petechialsigus inthe face, 


is tll in place, a search must be made for other indications Smothering may occur accidentally where a person who 
of suicide, such as drug analysis and futile injuries, such as is incapacitated from one of a variety of causes lies face 
slashed wrists. Masochistic activities, described later in ehis down on a surface that is impervious to ait. Drunkenness, 
chapter, are sometimes, though not often, associated with epilepsy, drug overdose, coma or stupor from natural dis- 
plastic bag suffocation. ease, may lead to this. Though i has long been proved in 
Ie is sometimes said that moisture seen inside the bag connection with ‘cot death’ that woven fabrics of most 
indicates chat it was put on during life, the water being types can still admi enough air to support quiet respiration 
from respiration, It is rare for this to bean important issue, when placed over the mouth and nose, fabric that becomes 
as placing a bag on a corpses head would seem excessively saturated with saliva, nasal mucus or vomit may form an 
unusual; in any event, the testis invalid, as evaporation impervious seal that ceases to allow the passage of air. The 
from the skin, nose and mouth can produce beads of mois- weight of the inert head also distorts the nose and presses 
ture inside, whether the vietim is dead or alive. the nostrils and mouth so hard against a mattress oF pillow 
that this adds to the airway stenosis. 
In these instances, congestion and cyanosis are common, 
Autopsy signs of suffocation but when the body ie examined after death, some of these 


‘Where smothering is suspected, local signs must be sought filings may be postural and hypostatic in nature. As 


to ty to substantiate pressure on the face. Such signs 
include bruising around the mouth, chin and nose, though 


always, however, it must be recognized that skin haemor- 
shages often appear post-mortem in dependent hypostasis 


these ate rarely seen except in the mote violent incidents 
Pressure of the lips on the teeth or dentures may cause the . 

tcl setsoar se brie abraded, hou acon SEEN 

tions are rare unless a blow has been administered. It must Smothering may also occur whete a pad or gags fixed over 
bye remembered that as small infants and many old people he face, as sometimes happens in rabbery with violence. A 
hhave no teeth, these injuries ate les likely. The dangers of householder, caretaker or night-watehman may be ted up 
accepting areas of facial pallor as ‘pressure marks when the and silenced by having a scaef, tie or other fabric tied 
face shows post-mortem hypostass has already been men- around his face. At frst this admits air, but when it becomes 
tioned. In dhe early stages af post-mortem discoloration of progressively soaked with saliva or mucus it may become 
the skin, variable colouring may not be truly hypostatc’ as impervious and lead to an axphyxial death, again usually 
mottling and patchy variation is common due to uneven without any petechiae in the face or eyes. 

vasodilatation after death It takes some time for gravity to A similar situation aries when a gag is thrust into the 
pall cutaneous blood down to ower level mouth to silence a watchman or security officer. Another 
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variant is adhesive tape applied over the mouth. Though 
the nasal airway may originally be quite patent, any later 
obstruction from oedema and mucus, or movement of the 
gag backwards into the nasopharyns, may cause an unfore- 
seen death and tuen a robbery charge into a homicide. 


CHOKING 


This term refers ro blockage of the internal airways, usually 
between the pharynx and the bifurcation of the trachea. 
Death can be the result of pure hypoxia from occlusion of 
the airway, when all che attendant signs of congestion, 
cyanosis and perhaps petechiae may be present, usually 
Where the victim struggles to breathe for an appreciable 
period, As described below, however, a large proportion of 
deaths occur suddenly before any possible hypoxic manifest- 
ations have time to take effect; these fatalities must be 
caused by neurogenic cardiac arrest, either purely neuro- 
genie or accelerated by excess catecholamine release from 
the adrenaline response 
(Causes of choking include the following, 


Foreign bodies 


‘Objects such as gags, dummies, small ys, table-tennis halls 
and a multiplicity of objects may be placed in the mouth 
and inhaled, usually by children and the mentally retaeded. 
Occasionally adults will do the same, accidentally or by 
design: an example of the latter was a suicide seen by the 
author (BK), who died (without any asphyxial signs whatso- 
ever) by pushing a closed pill-borte into his pharynx, 


Dentures and haemorrhage 


False teeth (especially partial plates), extracted lange teeth, 
blood clots, and frank haemorrhage following dental or eat, 
nase and thtoat operations such as tonsillectomy 


Acute obstructive les 


ons 


Lesions of the glottis or larynx, such as the oedema of acute 
hypersensitivity (including insect stings), irritant vapours, 
inhalation of hot gas and acute infective conditions. The 
most dangerous of the latter is diphtheria or Hlaemophilus 
influenzae epiglortitis in children, which is a medical 
emergency sometimes requiring an immediate tracheostomy 
lieve the airway obstruction, At autopsy, great thicken- 


ing of the epiglottis and aryepiglottic folds by jelly-like 
‘ocdema and inflammatory tissue will be found occluding 
the entrance to the larynx. 
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Thagh now 


Inpaction of an extracted malar tooth in 


uncommon with modern dental and anaes 


Blood 


tam, and other ea 


Food material 


This isan important topic, as the cause of death ‘aspiration 
of vomit’ is used too often without 


al justification. Food 


Ficuae 14.9 Blckage ofthe larynx by a complere small orange 
in a mentally dicurbed patent, The fait had just been 
swallowed and ws wat regurgitated from the stomach, The fae 
was pale ana death was api. unaccompanied by symptoms of 
choking 


may be drawn into the larynx either as i is being taken 


down from che mouth in the act of swallowing, or it may 
be regurgitated from the stomach, 


i The first instance is rarely misinterpreted, as whole 
undigested foad may be found in che air passages and 
there is usually a history of death taking place while 
cating. Though most commonly encountered in old 
persons and the mentally disturbed, ic can occur in any 
age group. A notable example was che so-called ‘café 
coronary’ syndrome, which received considerable 
publicity in the USA some years ago. The most frequent 
vietims were well-nourished businessmen, who died 
suddenly and unexpectedly during a meal with no signs 


Sutfocation and ‘asphyxia’ 
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i 
anol person with senile dementia who gulped food and wha 
eventually died suddenly without asphyal signs from reflex 


10. Blockage of the larg by meat, The victim war 


cardiac arrest 


of respiratory distress or any of the ‘lasic signs of 
asphyxia’. Initially thought to be coronary heart disease, 
autopsy revealed a bolus of food, often steak, lodged in 
the pharynx or larynx, In any choking on food, the bolus 
can be quite large, such asa whole pancake, a whole 
tangerine or masses of meat, fruit or vegetable. Senile 
petsons in retirement homes and mentally retarded 
children in instieutions are aso vulnerable, In such 
fatalities, the history and mode of death gives no hint 
‘of a hypaxic mechanism, Many cases have been observed 
where the victim merely sits back in their chair, dead — 
the mode clearly being cardiac arrest, presumably from 
‘overactivity ofthe parasympathetic nervous system 
from stimulation of the laryngeal or pharyngeal 
‘mucosa ~ the so-called ‘vasovagal reflex’ oF ‘reflex 
cardiac inhibition’ 

1B The finding of gastric contents in the air passages is by 
‘no means as significant as the presence of freshly 
swallowed food. Firs, difficulties can arise in 
distinguishing gastric contents from fresh food 
material digestion of the former has not proceeded 
far —which is not always a function of the time since 
the last meal, as any physical or psychological 
disturbance can retard or completely hale digestion 
The history, ifavailable, isa better guide, unless the 
material is obviously partly or wholly digested. In cases 
of doubs, the smell and acid reaction to pH indicators 
say be useful 


Gastric contents are commonly found in the laryns, 
trachea and bronchi at autopsy when no other evidence of 
aspiration exists, and when there ia clear and unconnected 


‘Traumatic 


cause of death, Knight (1976) found that no less than a 
quarter ofa series of 100 consecutive autopsies on both adults 
and children contained some gastric contents in the air pas- 
sages, and Pullar (1984) observed thar his was a low Figure 
compared with his series, These findings were obviously 
caused in the great majority of cases by agonal or post- 
‘mortem spillage 

Gardner (1958) described experiments in which barium 
‘was placed in the stomachs of recently dead patients while 
still in bed ie che hospital wards. When X-rays were taken 
after they were first moved to the mortuary and thence into 
the autopsy zoom, most had barium in cir tracheobronchial 
tree, confirming that overspill was common asa post-mortem 
phenomenon, Even histalogieal evidence of leucocyte cluster- 
ing around foet of gastric contents deep in dhe bronchi was 
shown by Gardner to be an early post-mortem event, not a 
‘vital reaction’. Leucocyte migration in the skin up to 
16 houes post-mortem was demonstrated by Ali (1986). 

Almost the only definite evidence of aspiration of gastric 
contents is either reliable witnessed observation during life 
or the histological finding of an advanced ‘vital reaction 
with infection, necrosis and a definite inflammatory reac- 
tion, This is a relatively late change and cannot be seen 
where death occurred within a few hours of aspiration. 
Finding a few foci of leucocytes around a bronchiole is of 
no evidential use. There is therefore no reliable method of 
distinguishing agonal or even early post-mortem overspill 
from true vital aspiration, unless clinica or other witnessed. 
evidence is available, In most instances, it is not justifiable 
for a pathologist to claim that death was caused by inhal 
ation of stomach contents without such confirmatory ev 


dence. Unfortun 
unconvincing at autops 


ely, where other lesions are absent or 
especially in the sudden infant 
death syndrome, many pathologists use the presence of gas- 
tric contents in the air-passages as the primary and often 


the only cause of death, This unwarranted assumption may 
have distressing consequences, both in the field of medieal 
negligence, deaths in custody and especially in the sudden 
infant death syndrome, where mothers may be misled into 
thinking thar some negligence on their part in filing to 
observe vomiting, may have caused the death, 

‘The only circumstance where a firmer opinion may be 
held isin acute alcoholism, though even here certainty is 
usually elusive, Where an undoubtedly drunken person 
(usually with a blood aleohol of at least 150 mg/100 ml) is 
found dead with massive blockage of his air passages by 
copious gastric contents and where other causes of death 
can be excluded by autopsy, then it might be reasonable «0 
assume that regurgitation may have killed him, especially if 
there is other evidence of external vomit on the clothing or 
immediate surroundings, However, it is not an autopsy 
diagnosis to be made light. 


‘asphyxia’ 


TRAUMATIC ‘ASPHYXIA’ 


This condition is unfortunately misnamed, as the word 
“waumatic’ could equally be applied to hanging or strangula- 
tion, Ibis well recognized now, however, as meaning mechan- 
ical fixation of the chest, and is important both because of is 
frequency in accidents and because it provides the most 
extreme demonstration of the ‘lassie signs’ of asphyxia. 
‘Whereas other types of mechanical asphyxia may cause 
obseruction of air entry into the lungs, ‘traumatic asphyxia 
acts by restricting respiratory movements and thus prevents 
inspiration, It was termed ‘traumatic’ because gross mechan- 
ical forces are usually the eason forthe fixation ofthe thoracic 
cage. Traumatic asphyxia occurs in two main conditions: 


The chest and usually the abdomen are compressed 
by an unyielding substance or object so that chest 
expansion and diaphragmatic lowering are prevented 
Burial in earth following the collapse of an excavation 
isa common cause and may kill workmen even if their 
heads remain above the fallen soil, Similarly, burial in 
grain, sand, coal or minerals, may have the same effect, 
and is usually encountered in industrial, marine or 


agricultural accidents. An avalanche in a silo, hopper, 
or other large-scale storage container may bury the 
worker up to neck level and, unless rescue is rapid, 
asphyxia will prove fata. Similar restriction of chest 
movement may be caused by the victim being pinned 
under an overturned vehicle, or by falling timber or 
‘masonry. Many fatalities have occurred on farms, 
especially in bill country, by the toppling ofa tractor, 
pinning the driver underneath, Protection in the form 
of atoll-bar over the driving position or the provision 
of a rigid cab on a tractor was specifically designed to 
avoid such accidents 

1B Crushing in exowdls also leads to traumatic asphyxia, 
and this has caused some mass disasters, the largest 
probably being in Mecea. Most of the foothall-ground, 
tragedies such as Bolton, Ibrox Park (1971), Lima 
(1964), Hillsborough (1989) and the Heisl Stadium in 
Belgium (1986) have been the result of crushing in 
crowds out of control. A similar mechanism led to 173 
deaths in wartime London, when a panic on the stairs 
of Bethnal Green underground station, used as an aie- 
tad shelter, caused the crowd to fall on those beneath, 


Other forms of chest erushing arse from trapping bewween 
le and a wall, or between the buffers of two railway, 


trucks, 

Individual cases of traumatic asphyxia can occur when 
‘one person allows the whole weight of his body to fall upon 
another fora protracted period. This may happen in sexual 
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intercourse, especially when one or both parties are inca- 
pacitared by drink or drugs. 


Features of traumatic asphyxia 


‘The appearances just mentioned ate the hallmark of trau- 
matic asphyxia and in no other condition, apart from pos- 
tural dependency, is the degree of congestion and cyanosis 
so marked, When the chest is fixed, the face, neck and 


shoulders dawn to the thoracic inlet are grossly dis- 
coloured. Sometimes this colour is more red than purple. It 
can extend lower than the clavicles, Polson et al (1985) 


being of the opinion that ie often reaches down to the level 
ofthe third rib 

‘The conjunctivac are grossly congested and haemorchagic. 
Rather than the petechiae seen in pressure on the neck, the 
conjunctivae and sclera may be so engorged with blood that 
the haemorshagic tissue actually bulges out chrough the lids, 
completely obliterating the whites of the eyes. The face, lips 
and scalp may be swollen and congested, being dotted with 
petechiae and ecchymoses. There may be copious bleeding 
from the ears and nostrils. The whole picture is commonly 
an exaggeration of the appearances seen in slaw death from 
‘manual strangulation, but local injury is absent and the signs 
extend down 10 oF beyond the root of the neck, Where 
the compression has been caused by pinning under a solid 
object — as opposed to soil, sand or squeezing in a crowd — 
there may be local bruises and abrasions from the weight of a 
vehicle o heavy beam, but these are unrelated to che margin 
of the congestive-haemorthagie zone. 

Internally, the congestion is less marked than on the sur- 
face, bur the lungs are usually dark and heavy and may well 


14.11 Tiaunmatc asplyaia showing gros congestion of 
confluent petecial haemorrhages ofthe face and parts af the 


shoulder. The victim had been buried up to the alle in an 
avalanche of ion ove in a factory bunker: 


Sutfocation and ‘asphyxia’ 


hhave subpleural petechial haermorrhages, the true "Tardiew 
spots. The right heart and all the veins above the atria are 
markedly distended. There may be injuries to the chest wall 
from the trauma of the fixating object. 

Ie is not clear why there should be such gross venous con- 
gestion, but itis usually explained rather unconvincingly by 
the failure of the pulmonary circulation consequent upon 
the cessation of the normal expansion and collapse of the 
pulmonary vasculatute. Shapico suggested that the pressure 
‘on the chest forces blood back into the great veins and, as the 
‘venous valves in the subclavian vessels prevent displacement 


into the atms, the extra volume is forced up the valveless 
jugular system to congest the head and neck, 


FIGURE 14.12. Grote conjunctival baemorrhage in traumatic 
auphysia. The victim was a workman who wa buried up ta his 


bes in an avalanche of ash 


FIGURE 14.13 Thumatic aplysia sowing grass congestion ofthe 


face and red blood-tnged ath exuding frm the nostrils and 
‘mouth, The victin had lot the contol ofthe tractor he was driving, 


fill out ofthe cab and was compres under ce overturned vebicle 
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POSTURAL ASPHYXIA 


Closely allied to traumatic asphyxia is the so-called ‘pos- 
tural asphysia, whose description as a separate entity is 
quite recent, When a person remains in a certain position 
for an extended time, either due to being trapped, or being. 
in a drunken or drugged state, there may be a mechanical 
impediment to adequate respiratory movements, In addi- 
tion, the normal venous return to the heart may be 
impaired. 

Such positions usually entail inversion, either of the 
whole body of of the upper half; the syndrome and the 
pathophysiology are described well by Madea (1993), 
though most forensic pathologists will have had experience 
‘of such sieuations from time to time, 

Persons who have been trapped upside down or even 
only in a ‘jack-knife’ position, with the upper half of th 
body bent acutely downwards from the waist, may have 


such impairment of their respiratory movements that 
they become hypoxic and suffer marked disturbance of 


Fick 14.14 Poured asphyxia in am inebriated man arserpring 
sv climb through a fanlighe window: His fer lipped fom the ill 
snd be was unable to make sufficient respiratory movements against 
the weight of his body Note the marked diference in congestion and 
pinot iviity between hit t00 hands, the face and wer hand 
being dicolowred at last partly from post-mortem hypostais: 


their circulatory system, especially the venous return to the 
hate. 

‘The author (BK) has seen two cases in which a vietim has 
become stuck whilst trying to climb through the upper part 
of a window, one asa thief, the other in trying to get into a 
house without his key. Others have been seen where, in a 
stare of drunkenness or other disability, they have slipped 
‘out of bed, so that their head and shoulders are on the floor, 
with the legs and pelvis still ata higher level on the bed. 
‘These may also suffer the same disturbance of respiratory 
movements, which when prolonged may lead to death, 

Inversion may occur during torture: crucifision has an 
clement of postural asphyxia. In the case of inverted cruci 
fixion, as in the death of Se Pete, it would be the major facts 


as inspiration would be impeded by the weight of abdom- 


inal viscera upon the diaphragm, 
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‘This provides one of the most complex and controversial 
areas of ‘asphyxial’ deaths, as the mechanism is uncertain 
and the frequeney of such deaths makes them a common 
problem for both forensic pathologist and jurist. 

Pressure on the neck may arse from manual strangula- 
sion, ligature strangulation, hanging, direet blows, arm-locks 
and a varieyy of accidental lesions, such as entanglement 
with cords or falling ono the neck, 

Suangulation was formerly thought to be a pure 
asphyxia as a result of ‘cutting off the air’ by occlusion of 
the airway during the constrietion of the neck, Since the 
end of the nineteenth century, however, it has been recog- 
nized chat the rapidity of death in many cases made it 
impossible for hypoxia to be the sole or even major cause. 
Many victims died almost immediately and exhibited none 
of the so-called ‘elasic’ signs of asphyxia 

Others, though showing these signs, still died too 
quickly for ie to be reasonably argued that lack of exygen 
had proceeded 1o a fatal stage. Ie was common knowledge 
that most people could hold their breath for over a minute 
and thar some pearl divers could be physically active and 
yet not breathe for at least 3 minutes, so the much more 
rapid onset of death seen in many cases required further 
explanation. 


MECHANISM OF DEATH IN. 
PRESSURE ON THE NECK 


‘A number of anatomical and physiological factors must be 
considered in analysing the effects of pressure on the neck. 


Airway occlusion 

‘This may oceur either from direct compression of the 
larynx or trachea, oF from a lifting of the larynx 90 that 
the pharynx is closed by the root of the tongue being 
pressed against the soft palate and roof of the mouth. 
‘The latter explanation is far more likely, as the strong 
cartilages of the larynx will esse all bur dhe most extreme 
compression, Various experiments have been attempted 
to quantify the force needed to close the airway and 
blood vessels, bur ie is difficult to translate the often 
confliesing results to the degree of violence actually used 
in fatal events. For example, Brouardel (1897) calculated 
that the force needed to close the trachea was of the order 
15kg, far more than that required to oeclude the blood 
vesel 


Occlusion of the neck veins 


This factor is almost solely responsible for the appear: 
ance of the ‘classic’ signs of congestion, cyanosis, oedema 
and petechiae above the line of constriction. The external 
jugular system is most vulnerable, but any significant pres- 
sure encircling the neck will also obliterate the lumen of 
the internal jugular system, eausing a rapid rise in venous 
pressure in the head, especially if the carotid arteries are 
sill patent, which is usually the case, Brouardel’s experi- 
iments suggest that ligature with a tension of 2kg blocks 
the jugular return; Reuter (1933) found an even lower 
figure. 
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Ficune 15.1 Cawes of mechanical asphysia, 


Compression of the carotid arteries 


‘This is much less common than venous occlusion, as the 
higher internal pressure of the carotid arteries resists 
occlusion and they are situated much more deeply. The 
carotids are largely obscured by the sternomastoid muscles. 
IF bilateral occlusion of the carotids is achieved, almost 
immediate unconsciousness will ensue, as the supply of 
arterial blood to the brain by the vertebral circulation is 
insufficient to maintain cortical function, which depends 
mainly upon the anterior and middle cerebral arteries that 
arise from the carotid supply. Occlusion of the vertebral 
arteries by neck compression seems virtually impossible 
despite some claims co the conteaty 

Ifthe carotid circulation is totally occluded for an unremit- 
ting period of 4 or more minutes, then irreversible cerebral 
damage may occu. The time for this to happen is variable 
and the minimum has been disputed for many years, but the 
consensus of opinion is that permanent brain damage is very 
unlikely if the supply has been cut off continuously for less 
than 4-5 minutes. Total recovery has ofien been recorded 
after total ischaemia of considerably longer than this, even in 
normothermic conditions, with 9-14 minutes being quoted. 
Where the body has been subjected to low temperature, far 
longer times have been recorded, including an aneedoral ese 
cof a boy filling into the cold water of a Scandinavian harbour 
and being totally submerged for 40 minutes, with total recov 
ery of eardiac and cerebral function. 
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5.2 Pauile eft of presureon the neck: (A) carotid snus 
fle leading 0 cardiac arrest; (B) jugular venous compresion leading 
‘0 cyanosis an petechiae:(C) cart artery compresion leading tx 
‘unconsiouses; and (D) airuay obstruction leading 0 bypasia 


Nerve effects 


Pressure on the baroreceptors situated in the carotid 
sinuses, the carotid sheaths and the carotid body, can result 
in bradycardia (slowing of the heart), or in total cardiac 
arrest, This is an example of the physiological mechanism 
thar monitors and adjusts blood pressure and heart rate. 

‘This mechanism acts through a reflex are in which the 
afferent (sensory) nerve impulses arse in the eatotid com- 
plex of nerve endings, but not —as is sometimes alleged ~ in 
the vagus nerve trunk itself, 

‘These impulses pass up to the brain via the glossophar- 
yngeal nerves to the tench nucleus in the brainstem, then 
return via the vagus (efferent) supply to the heart and other 
organs, This reflex are acts through the parasympathetic 
side of the autonomic nervous system and is independent 
of the main motor and sensory nerve pathways. Iris often 
claimed, admittedly without much concrete evidence, that 
fear, apprehension, struggling and possibly the effect of 
ddrugs such as aleohol, may heighten the sensitivity of this 
vagal mechanism. The release of catecholamines during 
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such adrenal responses may well sensitize the myocardium 
to such neurogenic stimulation, 

“The vagal reflex has profound implications in relation to 
pressure oF blows on the neck. Sometimes called ‘vagal 
inhibition’, ‘vasovagal shock’ or ‘reflex cardiac arrest’, the 
rapid onset of heart stoppage may antedate any evidence of 
congestive oF ‘asphyxia!’ signs, causing death immediately 
oor within seconds, or at any time thereafter 

Ieisa matter of some dispute as to whether this reflex an 
cause immediate cardiac artest or whether there has to be a 
period of marked slowing of the heart wich negligible car- 
diac output — or whether an arthythmia such as ventricular 
Fibvillation precedes such an artest. Probably any combin- 
ation can occur, but itis an indisputable fact chat collapse 
and apparent death can occur immediately on the applica- 
tion of pressure to the neck. Overstimulation of nerve end- 
ings in the carotid sinus or adjacent arterial sheath may be 
brought about by direct pressure from Fingers, or from a liga- 
ture during strangulation or hanging ~ or from a blow 
directed at the side of the neck. Severe pain, such asa blow 
fon the larynx or genitals, may also trigger a ‘vagal response’ 


THE FREQUENCY OF VAGAL CARDIAC ARREST 


‘Though different authors vary in the proportion of such 
deaths that they attribute to reflex cardiac artest, they all 
admit to the existence of such a mechanism. In the author's 
(BK) own series of fatal pressure on the neck from a variety 
of causes, the ‘classical signs, denoring vaseular and perhaps 


sometimes airway obstruction, were present in slightly less 
than half the eases, The remaining deaths presented with an 
absence of congestion, cyanosis and petechiae, che pale faces 
indicating chat cardiac arrest had taken place before the 
congestive signs had time to appear 

‘One aspect which is uncertain ~ and virtually incapable 


of experimental proof in humans — is whether vagus- 
mediated cardiac arrest can be spontaneously reversible. 
‘Where an arrhythmia leads to arrest, resuscitation by ear 
diac massage or direct current electrostimulation has an 


excellent chance of revival ~ though in most forensic situ 
tions, such assistance is often lacking oF too late. 
However, its not known whether cardiac arrest eaused by 
the vasovagal reflex, can spontaneously revert to normal 
rhythm some minutes later ~ or whether i inevitably leads t0 
death if no timely resuscitation is offered. ‘This may have 
forensic relevance, as the author (BK) has been involved 
in several cases where pressure on the neck has lead to a 
comatose, but heart-heating victim, who later dies on artificial 
ventilation from irreversible brain damage. In dhe absence of 
medical data, the problem then arises as to whether the brain 
damage was caused by prolonged carotid artery occlusion 


from neck pressure ~ or was the result ofa momentary neck, 


_ Bruises, abrasions 
Band fingernail marks 
Pater skin 
below neck 


Ficne 15.3 Clanical atures ofsangulation when cardiac arent 


itdelayed. 


pressure which caused reflex eaiae arrest, with spontaneous 
reversion to normal rhythm more than five minutes later, by 
Which time ireversble cerebral damage had occurred. 


Medico-legal aspects 
This phenomenon has considerable legal as well as medical 
significance, as sudden death from ‘vagal inhibition’ can 
‘occur with toral unexpectedness even with relatively slight 
pressure to the neck. Keith Simpson and Polson recorded 
cases many years ago in which a soldier at a dance playfully 
‘tweaked his partners neck and was mortified to see her 
drop lifeless to the floor. Many such cases are on record and. 
every forensic pathologist of any experience has examples 
in his awn records, Where it ean be shown that the death 
occurred rapidly and without prolonged manual gripping 
of the neck, the defence may be raised that neither death 
not serious injury was contemplated by the accused. It 
would be much harder to establish this lack of intent if the 
rip was maintained long enough to lead to florid eonges- 
tion and petechiae in the face, 


‘A.combined mechanism of injury and 
the duration of neck compression 


It is important to remember that che cardiac arrest mode 
of death may be mixed with the congestive-petechial mode 
in that, though the first stages of pressure may continue for 
Jong enough for congestive-asphyxial signs to appear (per 
haps « minimum of 15-30 seconds), a change in grip may 
then allow the fingers wo impinge on the carotid structures 
and lead to rellex cardiac arrest, Thus the progression of the 
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ppuce‘asphysial! process may be abruptly terminated at any 
point along its pathway to death by the superimpasition of 


‘vagal inhibition’, so that the intensity of the congestive 
changes may be of any degree in any given death, 

‘The duration for which pressure must be maintained is 
often a contentious issue in criminal trials, asthe ‘inadver- 
tent squeeze’ which causes rapid vasovagal cardiac arrest is 
likely to be viewed as less culpable than a prolonged, 
unremitting gripping of the throat. 

Ie is virtually impossible to measure the average min- 
imum time of gripping that will produce congestion, 
cyanosis and petechiae from venous occlusion. Asso often is 
the ease in forensic medicine, animal experiments are useless 
for this purpose and obviously few cases of strangulation 
homicide are ever reliably witnessed, especially by some dis- 
passionate observer with a stopwatch! Even in non-fatal 
eases — which incidentally, can produce far more florid 
examples of facial and eye haemorthages than deaths there 
is almost never any independent, accurate measurement of 
the time for which the neck was compressed. 

Iehas been arbitrarily suggested that 15-30 seconds is prob- 
ably che minimum period which will give rise o petechiae in 
the eyelids, conjunctivae and facial skin, but this realy i pick- 
ing a figure from the ait, with lite scientific justification, 

‘Some yeats ago, the British Home Office and the Royal 
College of Pathologists set up a small working party to study 
this problem, composed of several experienced forensic 
pathologists and a respiratory physiologist ~ but the project 
‘was soon abandoned because ofa total lack of reliable data 

‘Though it is easy to demonstrate that facial congestion 
develops within a few seconds of total jugular occlusion, 
petechiae ~ che only lasting sign after the venous reeurn is 
re-opened — do not appear as quickly from neck pressure 


However, they can occur from sudden, transient rises in 
‘enous pressure, such as sneezing or coughing ~ whooping- 
cough is a well-known example ~ and during the Valsalva 
experiment of forcibly trying to expire against a closed glot- 
tis, Eye petechiae and retinal haemorthages can also occur 
during the chest compression of energetic cardiae massage 
during resuscitation 


CAUSES OF REFLEX CARDIAC ARREST 


‘Vagal inhibition of the heart from stimulation of the carotid 
neural complex may occur in any form of pressure on the 
neck, but is much more common in manual strangulation 
than with a ligature, hanging excepted. Fingers seem more 
prone to dig deeply and find the structures under the anter= 
ior edge of the sternomastoid muscle, Perhaps the move- 
ments of the fingers, especially during the shifting postures 
ofa struggle, more readily impinge upon the carotid bifur- 
cation than the more static position of a ligature, 
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‘The majority of hangings, however, present with a pale 
face, fre from congestive-haemorthagic signs 

This seems to be caused by che more precipitate impact 
of the noose on the carotid structures when the victim's 
weight abruptly beats down, though Polson favoured actual 
carotid occlusion and hence cerebral ischaemia asthe com- 


‘mon cause of death in hanging, The scarcity of carotid is 
‘mal damage in suicidal hangings does nor favour this view: 


Blows to the throat 


Another cause for sudden cardiac arrest is a blow to the 
neck or throat, This is the basis of the so-called ‘commando 
punch’ and some of the oriental martial arts also contain 
this in their repertoire — often forbidden because of its 
potential lethality The edge of the hand is brought forcibly, 
across the side of the neck or the front of the larynx. 

Direct violence to the carotid region naturally causes 
joss stimulation of the afferent nerve endings. Blows 
directly to the larynx indirectly stimulate the sinus region 
or the laryngeal sensory nerve endings may themselves tig- 
get the cardio-inhibitory reflex. 

Ieis well known thatthe hypopharyns and laryns are par- 
ticularly sensitive o stimulation, whieh accounts for the sud- 
den deaths from impaction of food in the larynx, or from the 
flooding with cold water that causes some sudden immersion 
deaths. The testicles and uterine cervix also have a similar 
reputation for leading to sudden cardiac death, if unexpect- 
edly overstimulated, especially when the myocardiurn is pre= 
sensitized by catecholamines released by fear or emotion, 


MANUAL STRANGULATION 


A common method of homicide, manual strangulation is 
‘most ofien encountered when the physical size and strength of 
the asailane exceeds that ofthe victim, Ie is most commonly 
seen in domestic homicides when a husband kills his wife, in 
sex-relared murders when the victim is again a woman, and in 
child killings, when the killer is an adult. Manual strangula- 
tion is rely committed by a woman except on a child and a 
‘man rarely kills another man of equal physique. 


Autopsy appearances in manual 
strangulation 


‘The aucopsy findings fall into two groups, namely, the local 
signs of violence, and the signs of the mechanism of death, 
where discernible. 


1B Bruising on the neck isthe result of the asailane’s 
antack, whereas abrasions may be from either vietim oF 
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Ficune 15, 


Clascal manual strangulation with fingernail marks 
and abvasions on the neck, congestion af the face, slight protrusion 
ofthe tongue and bleding vm the noe 


icine 15.5. Bruising om the neck and jaw margin in manatl 
strangulation, Separate bruise along the jaw are due thigh finger 
pressure — where a larger are of abrasion ar brung i prerent in 
this region, consideration must be given to presare from an 
arm-lock 


assailant. The bruises are mainly diseoid, but may run 
together into larger areas of confluent bruising. The 
discoid marks are from finget-pads and are about 
1-2em in site, chough where the fingers skid across the 
skin surface, longer, ireegular marks may oceus, 
especially along the jaw margins, The bruises tend to 
cluster at the sides of the neck, ofien high up under the 
angles of the jaw. Some may overlap the jaw line and 
trespass on the chin, but others ean be lower on the 
nncek spreading down to the inner ends of the clavicles. 


Asa result of the shifting grip, often caused by the 


strugel 


atthe posterolateral sides of the neck, and on the upper 


es ofthe victim, bruising can be anywher 


chest over the sternum and collar bones, Some may be 
seen in the grooves on either side of the larynx, over the 
anterior edge of the sternomastoid. They are also 
common over the prominence of the larynx and at the 
level ofthe ericoid, 

As in most of the cases seen by a pathologist, death 
will have taken place at of about the time of the arcack, 
most bruises will he fresh, being dark red or purple, 


Some may be so severe as vo form actual superficial 


hhaematomas raised slightly above the skin surface 


Bruises may often be seen in an asymmetrical pattern, 


with just one or two on one side ofthe neck, and a 
larger group on the opposite side, This may well 
suggest chat a chumb was applied on one side and a 
group af fingers on che other; this may well be correct, 
but is not necessarily so and may be fortuitous if 
shifting grip caused several reapplications of Fingers. 
Its sometimes tempting to use such asymmetrical 
grouping to decide ‘handedness, that isto suggest chat 
‘one bruise on the right side of the victims neck and a 
group on the lefe means that a right-handed assailant 
gripped from the front, The grouping may not be 
genuine, however, and because it ean be fortuitous, it 
cannot be definitely determined that ic was the right 
hhand nor that it was not placed around the neck from 
the back. Overinterpretation must be avoided, asin all 
and 
ppinions as to the handedness, sie of hand, and 


fields of forensic medics lock Holmesiaa! 
orientation of attacker and victim in strangulation 
‘must be suitably restrained if both justice and the 
credibility of pathologist are ro be preserved. 

Abrasions on the neck: scratches may be caused by the 
assailant oF the victim, usually from fingernails. As with 
bruising, rough finges-pads (especially from a male hand 
fon the delicate skin of a female neck) may abrade the 
epidermis and underlying bruises may be overlain by 
diffuse abrasions, again often seen along the margin of 
the jaw line. 

Linear scratches are the hallmark of fingernails and, 
when a woman strangles a child, the often longer nails 
of the woman may leave obvious marks. Whether male 
or female, the scratches are of two types: when the 
pressure is static, straight or curved marks up ¢o a 
centimette in length are made; when the nails skid 
down the ski lines may result, sometimes 
several centimetres in length, 


Acstatic nail mark is often semi-lunar in shape, but 
caution must be used in interpreting the posture of the 
hand from this shape. Though it would seem obvious 
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that the concavity of the mark should face the Finger- 
pad, experiments by Shapiro eta in 1962 showed that 
the converse may be true, This is caused by fixation of 

the skin at che centre where the nail digs in, with escape 


at the margins, so that when the traction relaxes, the 
‘mark appears inverted, with the convexity fcing the 
finger-pad, However, experiments by others, including, 
the author (BK), show that this phenomenon is by no 
‘means invariable and often the marks are the result of 
the nails being applied in the expected direction, 
Scratches are the result of the victim’ atcempts at 
pulling away the strangling hand. As most victims are 
women, the nails may be long and the scratches more 
severe than those from the assailant, which are often 
absent altogether, These defence seratches may run in 


parallel lines from grouped fingers and run in a vertical 


direction in the long axis of the neck, though they ate 
often random, 

In the autopsy on a strangled victim it is good 
practice to take Fingernail scrapings or clippings for full 
forensic science investigation. These should be 
preserved and labelled so that each clipping or scraping 
is individually identified — or fuling that, at least the 
Jefi-and right-hand material should be kepe separate. 


Skin fragments or blood under these nails may provide 
blood typing or DNA characteristics that can be 
matched to an alleged assailant — and other valuable 
trace evidence, such as hairs and fibres might be 
trapped in a torn fingernail — chough admittedly, the 
‘number of occasions when such evidence has been 
gained is extremely small 

‘The alleged asailant should always be exarnined 
‘medically o correlate any injuries that may have been 
inflicted on him by the fingernails ofthe vitim, such as 
facial or hand scratches. Ifhe is examined soon alter the 
offence, his own Fingernail serapings should be taken, 
especially ifthe vitim has neck abrasions, so that 
‘comparison studies can be made between any debris 
found and the tissue types ofthe victim. 


FicuRe 15.6 Manual soamgulasion with bruising from the asailant 


ana fingernail abrasions from the vet. The fei pale a a result of 
api easovaga cardiac are befve congestive signe could develop, 


They may contain infiltrated blood or even frank haem- 
atomata, especially the sternomastoid. 
[At autopsy, it is essential to elease the blood in the 


venous system before dissecting the neck to avoid or reduce 
artefactual haemorthages that can occur in the region. It 


may be easiest to reflect the scalp and remove the brain 


Internal appearances in manual 


strangulation 


before dealing with the neck, to release venous engorge- 
ment. Alternatively, after the skin of che neck has been 
Internally, the bruises described above may be visible to a 
greater or lesser extent in the tissues ofthe neck. Often they 
are quite superficial and are confined to the dermis, but 
some may be visible o an appreciable depth in the muscles 


carefully layed off in a wide *V” incision, the internal jugu- 
lar vessels can be incised before any further manipulation to 


release the venous pressure, but removal of che skull is 
preferable. 


and other structures in the neck. 

‘The plarysma muscle may be bruised, but the ster- 
nomastoid and the deeper strap muscles that run vertically 
along the larynx may show patchy bleeding, not always 
corresponding exactly to the position of surface bruises, 
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Radiography of the neck may be carried out before any 
dissection to determine the state of the cervieal spine and 
the laryngeal cartilages, though the author (BK) has never 
found this to be particularly helpful, preferring to X-ray the 
isolaced larynx before dissection, 
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‘When examination of the deep neck structures begins, capsule and into any of the strap muscles. The vascular 
careful removal of the overlying tissues layer by layer is bundles must be handled carefully and the large veins 
required, secking genuine haemorrhage as each set of opened with scissors. The carorids ean be opened in situ, or 
muscles is exposed. There may be bruising into the thyroid after the laryngo-oesophageal pluck has been removed. 


Ficume 15.7 Manual srengulain, showing steed bres fom Facet 15.9 Abmsion and brung in manual sranguation, The 
the fingers ofthe eset ut ako apatiern of abratons under the foe pee indiatinga mpd sudden death: much of he bin 
chin and blew the lags, cased by the mai of the victim whit drag drt ve the pation of the ndeying crt sinus 


attempting to pul off the sranging fingers 


Ficune 15.8 Mlctration ofthe need for all doctors to 
be obsernant and vigilant. Tht lady was seen in bed 
sy a family doctor and pronounced a ‘ears arack 
victim. Later examination revealed facial congestion, 
fingernail marks onthe neck and the impresion of 


‘her necklace an the shin by sranging hands 


Manual strangulation 


Fic 15.10 Mucoul haemarshages inthe interior of the lary 
immediately below the vocal cords, in manual srangulation, This i 
4 common finding and the mechanism is uncertain, Iecan occur as 


ere inthe absence of generalized congetve-petecial changer — 


sad appears tobe caused by local rau 


Spurious bleeding behind the 
larynx 


Bleeding over the front and sides of the larynx is usually 
genuine, if the venous pressure has been released before- 
hhand, but great caution must be employed in interpreting 


bleeding behind che larynx and pharyns. 
In any autopsy, substantial haemorhage may be seen 


over the posterior surface of the oesophagus and on the 
anterior longitudinal ligament of the cervical spine. This is 
a common post-mortem artefact, described fully by 
Prinsloo and Gordon (1951) and sometimes known by 
their name, In the absence of any other neck lesions, espe- 
cially bleeding in the lateral and anterior parts of the neck, 


no teliance ean be placed an this haemorthage. It tends to 


deyelop more as the post-mortem interval lengthens and 
even releasing the yenous presure in the neck by 
removal of the brain, or opening the jugulars early, does not 
censure its absence. To avoid the Prinsloo and Gordon arte- 
fact, a special technique of dissecting the neck is recom- 
mended by Shapito (1988). Another artefact in the neck, 
much easier to recognize as false, is ‘handing’ of the 
oesophagus, especially when the tissues are congested, 
These bands are pale areas in the mucosa caused by post- 
mortem hypostasis being prevented from settling by the 
external pressure of adjacent anatomical structures, includ- 
ing parts of the larynx, trachea and aortic arch. Banding is 
common in routine non-trauma autopsies, but has been 


misinterpreted by inexperienced pathologist as evidence of 


strangulation, 


«a vcti of manual svangulation, Then 


are estentve area of bleeding inthe 


strap muacles, the lower par ofthe 
lary ard on the submandibular land 
aan jas margin. Rensonal of tbe brain 


before disecton of the neck reduces the 


risk of artefuctural haerarages in thi 


region 
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Fi 
poterior surface ofthe oxopbagus in a natural death. Tie wa fll 


mae 15.12 Arefctual post-mortem baemorrbage on the 


described by Pinion and Gordon, and ia reason 


dining the 
enous stem ofthe head and nec before beginning 


blood from 


to dines, 


Forensic anatomy of the larynx 


‘The laryns consists ofa large ‘V"shaped thyroid cartilage, 
which has a prow-like prominence anteriorly and is open 
at the back. Below this is che smaller cricoid cartilage, 
which is narrow at the front, but expands posteriorly to 
‘occupy the lower part of the space left by the open thyroid 
cartilage. 

Ar the upper margin of the posterior wing of the thyroid 
‘on each side, are the superior horns or ‘cornuae’, which are 
connected by the thyrohyoid membrane to the greater 
horns of the hyoid bone which lies immediately above. 


Site of fractures tram 
Greater hyoid hors lateral compression 


Superior 
thyroia 


Hyoid bone 


heme 
Thyrohyoia 
membrane 

Ficune 15.13 Thefoentic anatomy ofthe larynx. The hyoid and 


tyra bones fracture citer fram direct lateral compresion, or fm 


tmcton fom the thyabgeid membrane whee is crmpree 


The hyoid bone lies at the root ofthe tongue, and consists 
of a central horiznntal ‘body’, to which are attached two long 
‘greater horns, which sweep backwards and slightly upwards 
above the upper mangin of the thyroid cartilage and superior 
horns. The hyoid often has natural joints, sometimes even 
with synovium, which lie atthe junction of the body with 
the greater horns, 

There ate two lesser horns on the upper surface of the 
body thar have no forensic anatomical significance. The 
hhyoid calcifies at variable times: the body is usually calei- 
fied, but the horns may calcily irregularly, both in space 
and time, In teenagers and young adults they are usually 
cartilaginous and the joints mobile. In middle and later life, 
the hyoid and thyroid horns calcify and become more brit- 
tle, The cricoid cartilage is a modified upper tracheal ring 
bur can also become partly calcified as age increases; no 
meaningful ages can be placed on any caleification, but 
‘traumatic fractures ean occur at any time except in children 
and mast teenagers, in whom fractures are rare 


Injury to the larynx 


During manual strangulation the larynx may become dam- 
aged in various ways, The pressure is mainly bilateral, so 
thar the sides ofthe larynx are squeezed. Particularly vuln 


able structures ate the four ‘cornuae’ ot horns, which protect 
backwards to maintain the patency of the airway around the 


glottis, Lateral pressure of the fingers can displace any of the 
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Lesser commu 


‘Otten jnted 
here 


Body 
Ficiune 15.14. The hyoid bone 


four horns inwards, either by direct pressure or by pressure 
con the thyrohyoid membrane, which then drags the horns 
medially. In young persons, the horns are so pliable chat 
they return to their normal position on release of the pres- 
sure but, variably beyond the third decade, they may be 
sufficiently calified to fracture 

‘The appearance of a fractured hom is ofa loose or even 
flapping termination. The horn usually displaces medially, 
but is held by che chyrohyoid ligament. Ae autopsy itis 
advisable vo cut down this ligament carefully bewween thy- 
roid cartilage and hyoid to destroy the ‘splinting’ effect that 
may support a broken horn. As will be discussed later, 
however, there will bea haemorthage a che fracture site that 
will make the lesion obvious. In the ease of the hyoid, care 
must be taken not to misinterpret a natural joint asa frac- 
ture, These are more medial than the usual ste of fracture, 
which is likely 10 be within a centimetre of the tip. The 
jagged edge ofthe Fraceure line may be exposed, especially in 


an older person with a brittle horn. Radiography before dis- 
section isan excellent way of confirming a fracure, identify- 
ing natural joines and detecting any other fractures in the 
thyroid or ericoid cartilage, 

“Though the hyoid bone has received most attention in 
publications as being the marker of violence to the larynx, 
in face the thyroid horns are far more vulnerable. Simpson 
(1985) found that, in 25 successive deaths from manual 
strangulation, there were 22 fractures of thyroid hors but 
only one fractured hyoid. Though this ratio is not typical of 
the experience of most pathologists, there is no doubr that 
the superior horn of the thyroid is much more fragile and 
more vulnerable than the greater hotn of the byoid bone. 
Although fractures of the horns are more common with 
advancing age, they can on tare occasions be found even in 
teenagers. Care must be taken, however, not t© confuse 
‘mobility a natural joints with a facture (Evans and Knight 
1982). 

Conversely, undoubted severe violence to the neck in 
older persons does not necessarily cause horn fractures. The 


trangulation 


frequent persistence of joints at the base of the greater 
horns of the hyoid may allow movement and so avoid frac- 
tures when compressed. The cricoid and the main ala of the 
thyroid cartilage may be eracked, but this is an index of 
‘much greater pressure from strangling fingers, The plates 
may break in a spiral or oblique fashion and the ericoid 
‘may crack anteriorly through the narrow bridge rather than 
at the wider posterior plate, Fractures of these larger areas 
are also found in direct blune violence such as punching, 
kicking or arm-locks, often as part of general severe damage 


and distuption of the entire larynx. 


Significance of laryngeal fractures 


Laryngeal cornual fractures ate, ofcourse, merely indicators 
of pressure applied to the neck and are not themselves 
relevant in terms of a threat so life, Thi 


misunderstood by laymen, especially police and lawyers, 
who have been misled by che importance that patholo- 
gists attach to the finding of a fractured horn into thinking, 
that the injury itself is a significant contribution to the 
death. 

Such fractures, if proved to be genuine, are certainly sig- 
nificant in proving the application of violence to the neck, 
but certain precautions must be observed in thei interpret- 
ation. The sole finding of a fractured horn, where there is 
no other injury to the skin, subcutaneous tissues, muscles 
or rest of the larynx is of little value unless there is Firm 
circumstantial evidence of violence to the throat. 

When a fracture of a laryngeal horn is found, i¢ must 
first be proved to be ante-mortem in origin, Post-mortem 
fractures undoubtedly occur, either from mishandling the 


body during transit or from incorrect autopsy techniques — 
though the frequency of the latter has been overestimated. 

Ieis certainly possible wo damage the larynx post-mortem 
by allowing the neck to fall against « hard suface oF sharp. 
edge during removal from the place of death, or during 
handling in the mortuary. Such damage, however, is more 
likely to oceur to che laryngeal plate of the thyroid cartilage 
fr to the ericoid, rather than to the laterally placed horns, 
though these ean be broken. Damage at autopsy is usually 
caused by an inexperienced pathologist or autopsy-room 
technician, especially when forensic expertise is lacking. 
Clumsy removal of the tongue and neck structures can 
break the thyroid or hyoid comuae, especially in old per- 
sons where they ate calcified and brittle and when any nat- 
ural joints are ankylosed 

This may be one justification for radiography before 
autopsy, but probably the danger of artefactual breakage 
hhas been overestimated, especially where a gentle removal 
technique is employed. 
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Proof of ante-mortem laryngeal fracture 


‘This must be obtained by demonstrating haemorrhage at 
the fracture site, I is usually obvious to the naked eye and 
can be confirmed histologically. Sometimes the bleeding is 
prominent, with a blood bleb under the periosteum or peri- 
chondrium atthe fracture line, and the broken end ofa eal 
cified horn may be palpable and even slightly erepitant. 
‘Where no macrascopie evidence of bleeding is found, cat 
ful histology of the fracture site will almost always reveal 


some red-cell extravasation, bur this evidence sof less value 
Ihecause microscopic and even slight macroscopic — oozing 


can occur from a post-mortem fracture of a horn, Bleeding 
is therefore a ‘one-way’ criterion: if there is no haemorrhage, 
the fracture must be post-mortem, but if there is a small 


bleed, then the lesion ean be either ante-mortem oF post- 
‘mortem, Naturally the findings must be taken in conjune- 
tion with other evidence of neck injury and, if there are 
surface bruises, scratches, muscle bleeding, intralaryngeal 
and congue haemorrhage, then a minimal bleed at frac- 
tured horn can be accepted as probably ante-morter. 

‘Conversely, it must again be emphasized that the solitary 
Finding ofa fractured laryngeal horn, even with slight asso- 
ciated bleeding, is not in itself sufficient evidence of ante- 
‘mortem trauma to the neck. 


Other causes of fractured laryngeal 
horns 


‘The hyoid and thyroid horns can be broken other than by 
‘manual strangulation, Ligature strangulation and hanging 
can certainly cause these lesions, though not as often as man- 
ual throttling. Direct violence ean also break the cornuae, 
but usually only as part of more diffuse laryngeal damage. A 
punch or kick in the throat ean disrupe ehe larynx and break. 
the horns as part of general damage. Even wide, blunt pres- 
sure can fracture the horns, however, such as an arm-lock 
from behind squeezing the larynx against the cervical spine. 
Iehas been said that such direct violence from the front tends 
to splay the fractured horns laterally, whereas inv manual 
strangulation the horn tends to fall inwards — but this is too 
tenuous a claim to be of much practical value. 

In accidents, the larynx can be damaged. In falls, the lar- 
yx is usually protected by the prominences ofthe chin and 
chest, but if the fall is onto a ridged object, such as gate 
or chait-back, then a focal impact can injure the throat. 
‘The author (BK) has seen a death in a housebreaker, who 
slipped when trying to climb through a sash window. He 
{ell with his throat across the top of the window-frame and. 
died ~ presumably of a vagal cardiac artest — being found 
suspended by his neck next morning with fractures of the 
laryngeal cartilages. 
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Other laryngeal injuries in strangulation 


Other injuries to the larynx include splitting of the ala of 
the thyroid cartilage, often cither in the midline or 
obliquely across the lft or right plate. This may be part of a 
violent strangulation, seen by Green (1973) in 12 percent 
of his series ~ but is more often seen in blows to the front of 
the neck, either by fist or the edge of the hand, or a kiek oF 
any other kind of substantial trauma directed atthe front of 
the neck. 

‘The cricoid cartilage, a circle shaped like a signet ring 
that lies below and partly within the thyroid cartilage, may 
also be fractured by manual throttling when pressure is 
applied rather lower than usual. Again, this cartilage tends 
to break either across the front midline or obliquely. 
‘Though an uncommon injury, a severe displacement of a 
broken cricoid — especially ifaccompanied by mucosal tea 
ing and bleeding ~ may project backwards into the airway 
and cause a partial obstruction, 

‘The intetior of the larynx may also show indications 
of pressure on the neck, This usually takes the form of 
hhacmorthage into the mucosal lining and is most often 
seen immediately below the vocal cords, Bleeding may be 
intense here, but its cause is obscure, Ie can occur with no 
other damage to the cartilages of the larynx and itis then 
hhard to equate it with direct physical pressure a i les on 
the protected inner surface. 

Similar, but less intense, haemorrhage is sometimes seen on 
the surface ofthe epiglots, which more often shows a shower 
of petechial haemorrhages if the death was not sudden. 

Such haemorrhage inside the larynx is often a bright, 
fiery red, unlike the dark cyanotic discoloration that is seen 
in the pharynx, root of tongue and larynx in congestive 
asphysial deaths, and is eaused by obstructed venous return 
rather than direct trauma, At autopsy the base of the 
tongue should always be sliced, as deep haemorshages may 
be present, usually at the sides of the tongue, deep conges- 
tion being more central or across the whole posterior part 
of the tongue. 


Damage to the carotid arteries 


‘Though the sudden ‘vagal inhibition’ type of death eaused 
by pressure on the baroreceptors of the carotid sinus and 
sheath is quite common, itis unusual to find anatomieal 


confirmation of injury to these structures 

‘There may be deep haemorthage i 
rounding or adjacent to the bifurcation of the common 
carotid artery, but this often absent in these cases of car- 


the neck tissues sur- 


diac arrest — and conversely, such bleeding may be found in 
the slow ‘asphyxia deaths, as pare of the generalized diffuse 
bleeding into the tissues. 


Strangulati 


Rarely, careful dissection ofthe carotid areries may reveal 
an intimal tear of bleeding into the walls of the vessels at 
tor near the carotid sinus. A delicate technique is requited 
and atefactual damage must be carefully excluded, espe- 
cially chat from the point of scissors used to slit open the 
artery. Such tears are more often found when a forcible 
impact oF « mote focal presure bas been applied, such as 
from a thin ligature that can cut deeply and abeupdly into 
the neck, especially in hanging, Generally, litle or no mor- 
phological confirmation is to be expected in the cardiac 
arrest type of death, following pressure on the neck, The 
diagnosis is one of exclusion, based on the absence of any 
congestive-cyanotic-petechial appearances, together with 
some circumstantial history of sudden death whilst pressure 
is being applied to the neck, 

Asaleeady mentioned, one problem i that pressure may be 
maintained for long enough — pechaps a minimum of 15-30 
seconds ~ to produce these signs, yet not cause death, but 
death then supervenes abrupely because a vagut-medited 
cardiac arrest is superimposed on the ealyasphysial mode. In 
the absence of any structural damage to the carotid apparatus, 
autopsy cannot dilferentiate berween the «wo mechanisms 
and only th history (hich i aly available for obyious sax 
sons) can ass in interpreting the sequence of evens 


STRANGULATION BY LIGATURE 


Pressure on the neck may be effected by constricting all or 
pare of the circumference of the neck by a ligature. This is 
sometimes called ‘gatrotting’, though strictly chis refers to 
the tightening of a noose around the neck by twisting a 
rod within the ligature, a form of judicial execution once 
employed in Spain, from which also comes the description 
of the twisting device asa ‘Spanish windlass”. This method 


had a tefinement in which the back of the neck was forced 


against a sharp spike which penetrated the spinal cord. 

In forensic practice, if hanging is excepted as a separate 
entity, most ligature strangulations are homicidal, Some are 
suicidal and a few accidental, usually in children, 


‘The nature of the ligature 


‘The ligature may consist of a wide variety of objects, some 
not obviously suitable for the purpose, yet effective in caus- 
ing death. Cords, wites, ropes and some belts are strong and 
relatively thin, so that they tend to cut deeply into the neck if 
the tension is great. Softer fabrics, howeves 


the form of 


scarves, ties, cowels, stockings, tights and even strips of bei 
linen may be used and may cause some problems in inter- 
pretation if they are removed from the scene before the 


lon by ligature 


icine 15.15 Ligature mark fom a nylon scarf Although the 
fabric was broad, the tnsion bands fromthe tightly stretched 
material have produced a definite line that could be mistaken for 


«cod or wire 


Fi 
conrse forthe twa strands of card that diverge from the skin atthe 


TE 15.16 Ligaturesnungulation with a genenalyhorizantal 


bck af the neck 


investigation begins. The ligature may be applied as ane eurn 
around the neck — or even less, as homicides have been per- 
petrated by the assailant pulling a U-shaped ligature against 
the front and sides of the neck, while standing at the back. 


Even a flexible tod, such as bamboo cane or —in India ~a flat 


ath’, can act asa ligature ifthe two ends are forcibly pulled 
back from behind against che front of the throat, 

In the majority of cases, however, the ligature is crossed 
over itself after passing a full ciecle around the neck — and 
several turns may be wound around, secured with one or 
more knots, Thete multiple turns are nor uncommon in 
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15: Fatal pressure on the neck 


Ficuae 15.17 Fracture ofthe lef laryngeal horn (arrow) with 
‘acmorrage. The body was recovered from lake based on he 
<anfesson ofthe perpetrator Further findings were haemorrhage in 
the facture erica cartilage, bruising on the neck and petechiae in 
‘the conjunctivae and lang 


Ficiume 15.18 Typical appeanonce of congeted, cyanoed forehead, 
with mulhplepetechiae inthe sin, in a woman srangled manually 
sand by ligature, Circular bruising probably due ta knuckle blows 
The surf ried around she neck initially suggested only ligature 
strangulation 


suicide, where two, three, or even more circles are wound 
around, often with complex knots, The presence of thes 
‘more complicated ligatures by no means confirms homicide — 
in face they are more common in suicide, where the det 
mined victim is eager to succeed. The ligature may be tight- 


ened even further by means of the ‘Spanish windlass 


mentioned above, which consists of some rod-like object, 
which may be a ruler, stick or screwdriver inserted between 
the ligature and the skin, and twisted around several times 
‘The rod may be held in position by being wedged under the 


Fi 
was removed. ical bruizes and abrasions of manual strangulation 
were seen in addition ta te ligatre mark 


IRE 15.19. Jn the case shown in Figure 15.18, Whew the scarf 


chin or against the shoulder or chest. This device may be 
seen in either homicides or suicides, 


‘The ligature mark 
‘The sppeatnee ox aunopey naptally depend onthe nate 
and cemute of the liganze, When there is 2 pronounced 
prim, sch af die weave ofa cord Ge che plang of x 
thong, the mune pares muy be ionprined ind che sin In 


homicide, where the ligature has been removed by the 
kaillr, such a pattern may be of great value in tracing its ati 
gin, When a fabric has been used, such as a scarf or towel, 
the marks on the neck are more difficule co interpret. A 
broad, flat band may leave no mark whatsoever, but it usu- 
ally leaves one or more linear marks on the skin of the neck, 
ofien discontinuous, These may fade ifthe body is no seen 
soon after death and if the surface has not been abraded, 

A fabric ligature may leave a sharply defined mark, 
which may be misineerpreted as being caused by a narrow 


cord or wite, The reason for this is that when a broad piece 
of cloth is tightly stretched, one of more bands appear chat 
are under greater tension than the rest. Ie is these that mark 
the skin, and no sign may be left chat a wider area was lying 
con cither side of the most tensed band. These marks are 
usually less well demarcated at the edges than a cord or 
rope, but can cause confusion, 

‘When the ligature is still in position when the body is 
examined, it may appear to be deeply embedded in the 
skin, sometimes almost out of sight, and on removal a deep 
groove may be seen in the skin, This embedding may be 
accentuated by oedema of the tissues, especially above the 
ligature, which initially may not haye been applied so 
tightly. The swelling can continue co develop to some 
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Strangulation by ligature 


Ficume 15.20 Seffserangularon by lgacure, with thee rurns 
around the neck and a complex knat. There war no doubt fiom the 
eircustances that the deceased man bua dliberaily killed 
‘himself with sis telephone cord, but the mechanism af apparent 
ssonagal death before any cangsive changes could appear remains 


obscure 


Ficume. 15.21 Ligature srangulation by mean af Span 


windlas’A penknife har been thrust rough the katt wise the 


Yar tight 


‘The stiff, brownish-yellow appearance occurs post- 


‘mortem and tends to become more pronounced as the 
interval lengthens after death, The mark may be slightly 
wider, narrower or the same wideh as che actual ligature, 


extent even after death, accentuating the depth of the Gepending partly upon how deeply it cut into the skin 


groove. Presumably some passive transudation of tissue There ig fien a narrow zone of reddened hyperaemia at 


uid continues even after the circulation has stopped. In cieher margin of the mark. This used to be taken to indicate 


suicides, multiple tus and knots may have been applied har ghe ligature must have been applied dusing life — 


though by analogy with the spurious 'yital reaction’ some 


and obviously, the degree of tightness as seen later at 


autopsy could not have been present during che application oye geen axa post-mortem development at the margin of 


of the ligature, otherwise incapacity would have been $0 urns (sce Chapter 11), this sign is of doubtful reliability. 


rapid that the process could not have been completed. In 
such cases, it is remarkable how often the mode of death 
still seems to be of the non-ayphyxial cardiac arrest type. It 
might be expected that vagal stimulation could not have 
occurred ance the expected static position was attained 


‘with che completion of ligation — but experience indicates 


otherwise, the mechanism remaining obscure, 


‘The skin mark may remain red, especially ifthe ligature 


was of softer material such as cloth, but cords, ropes and 


wires tend to abrade the surface, which later becomes yel- 
ow or brown and parchment-like. This is seen particularly 
in hanging, when the friction and chafing may be greater. 
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Experiments by Pollak (personal communication) confirm 
this by the production of similar marginal reddening by 


applying ligatures soon after death — it seems to be due to 
lateral displacement of blood from the squeezed area 
immediately below the ligature 


THE POSITION OF THE LIGATURE MARK 


‘The geometry of che mark is important in interpreting the 


facal events, In strangulation, unlike hanging, the matk tends 


to encircle the neck horizontally and ata lower level. Typically 
it crosses immediately above or below the prominence of the 


15: Fatal pressure on the neck 


Ficun 
Ligature shuld be cut well away from the ker, ifone ic present, The 
‘ot should never be untied, but preserved for forensic esamination 


15.22 Atantopsy ona victim of Uiganure soangulaion, the 


If he ligature isin danger of unravelling it shouldbe ted a tw 
places and divided between these points. (Reproduced with 
iperoision fiom Robert Hale Publishers) 


larynx and passes back to the nape of the neck. In homicide, 
where a single cur is used, there is often a cros-over point 
where the two ends of the ligature mark overlap. This may be 
at the front, side or back of the neck, depending an the rela- 
tive positions of asalane and victim, 

‘When a knot is tied, it may leave a mark on the skin and, 


of course, if multiple loops are present, some or al of these 
will be represented on the skin. Unless the killer is pulling 


mark will not be seen to rise nor will there be 


upwards, th 
4 gap in the mark at the highest point, as seen in most 
hangings 

In the later section on hanging, the poine will be made 
that sometimes a hanging mark may resemble a ligature 
mark, but the converse is almost unknown, 
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Other signs of local injury in ligature 
strangulation 
“There may be scratches on the neck, but these are usualy 


caused by the attempts of the victim co pull away the liga 
ture, Fingernail marks, sometimes linear and vertical, may 


be present as in manual strangulation, but not focal abra- 
sions or bruises, Internally there may be superficial hae 


orthage under the ligature mark, though this is often 
minimal. Depending on the force with which the ligature 
was applied, there may be deep damage in the muscles of 
the neck, but this tends ¢o be less than in manual strangu- 
lation. Similarly, there may be laryngeal injury, bur less 
severe than from pressure from the hands. The hyoid bone 
and thyroid horns may be fractured, especially where the 


ligature rides at the level of the thyrobyoid ligament, but 
damage to the laryngeal cartilages is much less common 
than in manual strangulation, Gonzales found in 24 fatal 
‘manual strangulations, four hyoid fractures but nine thy- 
roid and cricoid fractures. In 25 deaths from manual stran- 
gulation, Simpson found only one hyoid fracture but 22 
with chyroid horn fractures. It is rare for the main thyroid 
plate or the cricoid to he fractured unless gross violence was 
applied with excessive preaure by a strong ligature 
Uncommonly, 2 narrow wire may be used, the so-called 
cheese-cutter’ method, Here, strong pressure aver a small 
area —such as thar delivered by a piano wire ~ may actually 
lacerate the skin, and even cut into the deeper tissues 
and cartilages. 

‘Where much bruising and abrasion is seen, especially if 
scattered and away ftom the actual ligature mark, then the 
possibility of a combination of manual and ligature stean- 
gulation must be considered, This is not uncommon, the 
handling of the throat either preceding or accompanying 
the application of the ligature, Fractures of the laryngeal 
structures may be caused by this element, rather than the 
awociated ligature. A deeply sunken narrow ligature 
applied with force may damage the carotid arteries and 
focal injury to the intima may rarely be found on careful 
dissection. 


‘The mode of death in ligature 
strangulation 


‘The mode of death is more often the ‘lassc asphy-xa’ picture 
than in manual strangulation, where sudden cardiae death is 
common before congestive-petechial changes have time t0 
‘occu, The contrast in the appearance of che skin immiedi- 
ately above and below the liganure mark is often striking, 
with pale skin below, and a puffy, oedematous, congested, 
cyanotic and haemorthagie surface above. Petechiae may 
abound in the eyelids, conjunctive and facial skin, and there 


Hanging 


may be bleeding from the ear and nose, This is by no means 
invariable, and many ligature strangulations di rapidly from 
vagal reflex cardiac arrest before any congestive signs have 


had time to appear. 


‘This can occur in both homicide and suicide and, as men- 
tioned earlier, the mechanism is obscure, especially where the 
victim —bent on self-destruction — has been able to complete 
‘multiple loops around his neck and tie several knots before 
dying, 

Accidental ligature strangulation ~ which may be actual 
hanging if the body weight is thrown wholly or parilly 
upon the ligature ~ is seen in the tragedies than occur to 
young children, who may become entangled in blind or cure 
tain cords, usually when their cot or playpen islet too near 
window. 


ARM-LOCKS AND ‘MUGGING’ 


‘The original meaning of ‘mugging’ has now been confused 
by its application, especially in North America, 1 any form 


of robbery with violence. The term strictly means throt- 
tling by pressure from an arm held around the throat. The 
attack is usually made from behind, the neck being trapped 
in the crook of the elbow. Pressure is then exerted ether on 
the front of the larynx, ar at one or both sides by the fore- 
arm and upper arm, The mechanism is further discussed in 
Chapter 10, as an arm-lock (or ‘choke-hold’) isa method of 
restraint used by police officers for law enforcement, but it 
is rapidly losing favour because of the number of inadvert- 
ent fatalities due either to ‘asphyxia’ or to rellex cardiac 
arrest. Following several fatalities during police arrests in 
the eatly 1990s, the Association of Chief Police Officers in 
Britain have issued recommendations that arm-locks be 
avoided during the restrain of violent prisoners 

‘The autopsy features are those of ligature strangulation 
with a broad object, in that signs may be minimal, Some 
diffuse abrasion may be seen, especially along the margin 
of the jaw or lower face, sometimes over a considerable 
area, caused by the frietion of the forearm. Internally there 
‘may be diffuse bruising, but chis again may be slight oF 
even absent. The larynx may also escape damage, though if 
it is pressed backwards against the spinal column the thy- 
roid horns and even the hyoid may fraccure (see also 
Chapter 10), 


HANGING 


Hanging is a form of ligature strangulation in which the 
force applied to the neck is derived from the gravitational 
drag of the weight of the body or part of the body. 


icine 15.23 Typical pecture hanging withthe supention point 
ising to the er silting the bead 10 the opposite side. The tongue is 
projecting because of upward prune on the laryns and root ofthe 
tongue. There are no congestive appearance, Ara p-noote was 
sued, the rope isin contact with the skin throughout the fll 
circunference of the neck. 


Judicial hanging 

“The modern fori of judicial execution i unrelated to the 
usual suicidal hangings seen in routine forensic practice as 
it depends upon severe mechanical disruption of the neck 
scructures. Until the ninetenth century judicial hanging in 
Britain was cari out even mare barbarically by ‘ordinary 


hhanging, where the victim was strangled at the end of a 
rope by his own weight. At the infamous Tyburn execution 
site near the present Marble Arch in London, tens of thou- 
sands were dispatched, the usual method being the placing 
of a ope noose around the neck of the condemned person, 
who stood on a cart oF ladder. This support was then 
removed leaving the victim suspended, Some contempo- 
rary accounts suggest that many died with litde further 
movement, but this was not the case for a considerable 
‘number and it was not unusual for the victims’ relatives co 
pall on the victims legs to shorten the agony. Ie appears to 
hhave been a desire to increase che rapidity with which death 
occurred that ‘improvements’ were made, principally the 
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15: Fatal pressure on the neck 


use of a drop effected suddenly by means of a trapdoot, The 
use of a drop required the placing of the ‘knot’ — really a 
brass eyelet and rubber washer — under the let ear where it 
was less likely to be pulled over the head than at the 
‘occiput, a traditional site. The aim was that, when the rap- 
idly falling body was suddenly arrested, the cervical spine 
‘would be dislocated resulting in traction on the spinal cord 
with consequent spinal cord or brainstem disruption. 
Exhumation of persons executed by this method shows that 
fracture was not usual but post-mortem accounts of find- 
ings indicate that cervical spine dislocation ~ occurring at 
various levels ~ was common with resulting eord oF brain- 
stem damage. However, the effects do seem to be variable 
with decapitation occurring at drop heights, which, in oth- 
rs, judging by contemporary descriptions of the execution, 
appear not even to have caused rapid unconseiousness 
‘Though cerebral function presumably ceased immediately 
fon cord or brainstem damage, the heart usually continued 
to beat, sometimes for up to 20 minutes until hypoxia 
caused arrest. 


Suicidal and accidental hanging 


Apart from the now rare ‘lynching’, hanging is almost 
always suicidal or accidental, che former being by far the 
most common. Hanging has many features in common 
‘with ligature strangulation, Death is, however, mote often 
caused by reflex cardiac arrest from pressure on the carotid 
structures, Many more vietims of hanging are found to 
have pale faces, rather than the congested, haemorthagic 
appearance of the slower asphysial type of death. James and 
Silcocks (1992), in a 15-year survey of hangings in Cardiff, 
found congestive-petechial features in 27 per cent, being 


related to the completeness of suspension. 

Polson suggested that the usual pale Face in hanging is 
caused by cerebral ichaemia from bilateral occlusion of the 
carotid arteries rather than a vasovagal effect, hough this 
scems incapable of proof. In either event, the death can be 
taken to be rapid ifn asphyxia signs are present. 


Methods of hanging 


Most hangings are selfsuspension, This may be carried out 
by a wide variety of methods, but a typical method of self 
suspension is to attach a thin rope to a high poine such as 
«ceiling beam oF stairease. The lower end is formed into 
cither a fixed loop or a slipknot, which is placed around the 
neck while the intending suicide stands on a chair or other 
support, On jumping off or kicking away the support, the 
vietim is then suspended with all or most of his weight 
upon the rope. 


Ficne 15.24 Suicidal hanging with the fee flat onthe floor. The 
ddecessed man stepped off the low tool, but the stretching of the cath 


Uigature prevented ronal uspencon, Many suicidal hangings are 
succes at much lower level such as doorknobs and bed 
breadboard 


‘The many variations of this involve either the ligarure 
or the height of suspension, Wites, string, pyjama cords, 
belts, braces (suspenders), scarves, neckties, stockings and 


numerous other devices may be used, depending on avail 
ability. In prison or police custody considerable ingenuity 
may be employed to defeat the efforts of the custodians to 
remove anything that could be used for self-destruction: 
shoelaces, stockings and torn bed-sheets have been used in 
prison cells, 
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Hanging 


Ficume 15.25 Suiidal hanging by nicane ofa necktie. The 
deceased man bd suspended hit neck frm a hook an the back of a 
1. The hook had pulled out and he 


sat found on the floor Note the pale, uncongerted face, indicating 


doar by tying two neckties sogeth 


rapid cardiac arent 


Suspension is often not high ene 
fet clear of the floor, Common 


sto keep the victims 


when the person steps 
from his support, the stretch in the ligature rope is sufficient 
to allow che fect to reach the ground, but this by au means 
prevents a fatal outcome. The weight of the upper part of the 
body leaning into the noose is olten more than enough to 
‘cause death, Successful hanging can occur from low suspen- 
sion points, where the person is merely slumped with part of 
his weight into the ligature. Hanging can take place from 
doorknobs, bedposts and any other convenient low securing 
point. The body may be merely slumped against the door oF 
bed or chaie, with che legs and bustacks supported on the 
floor, so that only the weight of the chest and arms is con- 
tributing to the fatal pressure within the noose. One ‘hang- 
ing’ seen by the author (BK) was successfully achieved by 


in children are very rave, This 


year-old boy tok is leave from hit playmates and hanged bin 


fiom a bedpust under their wry 


Ficiume 15.27 Hanging with a fied knot in re 


isa segment of skin five from the mark where the cod rvs towards 


the knot, This was par of the common murder-suicide pattern in a 


merely leaning the neck into the shallow curve of a low 
clothesline stretched between two posts in a garden. 

Ie is unusual for a suicidal hanging to be sufficiently vio- 
lent for damage to the cervical spine to occur asthe length 
of drop is usually too short. Only occasionally will a person 
jump from a roof or other high place with a rope around his 
neck — here severe injury can occur, even decapitation if the 
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7 


Ficume 15.28 This inmate had torn up a sheet and attached both 


ends t0 a water sap (no shown) and és leaning into the loop in 
sitting potion with paring ofthe back ofthe nck 


rope is strong enough, More often the jump will be From an 
attic trapdoor or a tree, sufficient ro damage the vertebrae or 
atlanto-occipital joint. The author (BK) once saw a frac 
tured cervical spine when a heavily built soldier jumped off 
a lavatory seat after securing a rope to the overhead cistern, 
but this is unusual 


‘The hanging mark 
“The eso the tek in banging cam slo dma be dix 
tingbhed om ligarue srangulaon, The cumstances 
wal usualy india the far of hanging, but sometimes the 
rope wil break or become detached and the deceased wl 
be found Iying wich a liguure around hs neck, There may 
then be doubt as w whether he was hanged strangle 
Cron search ofthe locas for «suspension poine an 
tign of ope seach ment wil be che tak ofthe integrons 

"Tbe hanging muik abuatt neve compel ences the 
neck uals sipknoe wat wed, wich ray ease the ee 
wo dghnen and equeene the skin hough the fl crcumfer 
sncr ofthe nec, Ia most instance the poi of suspension 
indicated by agp in he skin mark, where the vertical pull of 
he eope ewes the hed head abend co the knoe and 
thence othe mispension por, Tis gap ie nally sen: a 
tne oF other tle ofthe neck or tthe cere ofthe back of 
the neck, Much les often tis under the chi, The knor sl 


Fick 15.29 A aleep hanging mark showing the high position 
under he chin rising tothe ac af the neck, The spinal weave ofthe 


‘npei clearly imprinted in the skin, The dak tint of the face it 


racial, not congetve. 


Fic 15.30 A pefitly horizontal mark around the neck in a 
‘man whe hanged himself from a saircae. A tpkuoe was used 
which tightened so that he usual rising line of a hanging mark did 


rut occu, ilseating the dangers of aura 
invariable. 


1 impressed into the skin, expecially ifat the side of the 
head, above the gap where the 


nterior mark begins 
‘The hanging mark, the features of which resemble those 

described earlier in strangulation, is usually deepest at the 

side dian 

maximum load-bearing occurs. Like ligature strangulation, 


srically opposite the suspension point where the 
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Hanging 


icine 15.31 A hanging mark showing che plaid imprint ofa 


sixstrand cable. There isa centeal line of abrasion, within a zane of 
pallor caused by vascular coprsion, ouside which isa narrow 
band of bypernemia. The mark is horizancal due to leaning 
forward 


the mark may be abraded, brown and dried to a parchment- 
like consistency after death, There may be a narrow ted 
zone either above or below (or both sides) che ligature 
mark. This isnot an indicator of vital reaction, as explained 
in relation to ligatute strangulation, but is due to displace- 
mene of blood laterally from under the zone of maximum 
pressure 


THE POSITION OF THE HANGING MARK 


‘The hanging mark is situated higher on the neck than in 
strangulation, usually being directly under the chin anteri- 
orly, passing round beneath the jawbones and rising up at 
the sides or back of the neck to che usual gap under the 
nor. 

‘An exception may be seen where the suspension point is 
low and patt of the body is supported. For example, the 
Victim may sit or slump on a chair, bed or floor with the 
rope attached to a point only slightly above neck level. Then 
the pull on the rope is almost at 


angles to che axis of 
the body when the latter slumps away, so that the resulting 
mark may be almost horizontal and set at a lower level than 
usual on the neck. In such cases, if the body is eur down 
before investigators arrive, it may be much more diffcule to 
distinguish hanging from strangulation, a fact which has 
been argued in more than one criminal tral or controversial 
death, uch as that of Rudolf Hess in Spandau Prison, Berlin 
in 1987, 

(On rare occasions, hanging will take place with the sus- 
pension point at or above the point ofthe chin with the rope 
cutting into the back of the neck. Where the rope passes 


@ 


O) 


C) 
Ficune 15.32. The pastion ofthe hanging mark on the neck 

(a) Usual postion with fsed noo an high suspension pont 

The mark rises high 1a gap. (6) Ifa spheric wed, he tightnes 
afte deeply impresed loop tend to find the smallest circumference on 
the neck, and may be lower and mre horizontal. () Ifthe suspension 
pin slow and the subject leans away, the mark can be horizontal 


across the jaw margins to a knot in front of the face, dhe 
mechanism of death is somewhat obscure as the laryngeal 
region suffers little or no compression. Fatalities, however, 
certainly do occur, presumably as there is sill opportunity 
for pressure on the earotids. 


Autopsy appearances in hanging 


Apart from the appearances of the hanging mark, there are 
some other features to note, First, post-mortem hypostasis 
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Fatal pressure on the neck 


15.33. The back ofthe victim in Fi 


Thi de 


ligature could not have ben 1 
deste 


themselver. A suicide note wa eft in this cate 


tom wil ty to ensure tha th tempt ta rescue 


will occur in the legs and hands if the body has been in the 
vertical position for at lease a few hours. When the body is 
cut down and laid horizontal for a considerable time, 
some or all ofthis appearance may flaw back into the usual 
pattern. 

Petechial haemorthages are che exception rather than 
ng. them 


the rule, most series repor 


approximately 
25 pet cent of cases, Such petechiae appear to occur more 
frequently in incomplete suspension but are frequently 
present in the absence of significant congestion, Congestion 
itself is far less usual than a pale face 

In the neck tissues there may be surprisingly litte to find 
with an absence of laryngeal fracture or strap muscle haem- 


ge being a common finding, especialy if a soft liga- 


ture has been used. However, the literature suggests eae an 
average figure for the incidence of soft tissue haemorrhage 


would be about 20-30 per cent of eases and far lary 


fractures approximately 35-45 per cent of eases. Fractun 
of both che hyoid and thyroid may be seen, 

Damage to the intima of the carotid atteties, aften in the 
region of the sinuses, may sometimes be found on careful 
dissection. In hangings wich an unusually long drop, severe 
disruption of the larynx ean be found, 
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Fi Suicidal 
Even though the lary: 


£15) ag withthe rope ina frontal 


nnat be compresed, death is due to 


pressure on the cari arteries and sinuset. The face i pale, with n 


called ‘asphysial sigs 


Mechanism of hanging 


There are a number of mechanisms by which hanging 
may cause death, which may act independently or in 
concert, These include: stretching of the carotid sinus 


causing reflex cardiac atrest; occlusion of the carotid (and 


possibly vertebral) arteries; venous occlusion; airway 
obstruction resulting from pushing the base of the tongue 
against the roof of the pharynx or from crushing of the 


larynx or trachea; and finally spinal cord-brainstem 
disruption, 
Whilsc hanging shares some features with manual strangu- 


lation, the majority of victimes of hanging are seen with pale 


faces rather than the congested, f 
associated with the slower death result 


smorthagic appearance 


from p 


the neck. This probably reflects a different mechanism, with 
reflex cardiae arrest and carotid ecclusion more prevalent in 


hanging chan in strangulation, Such mechanisms cause death 


rapidly, with unconsciousness resulting from bilateral carotid 
‘occlusion 3-11 seconds after the application of circumferen- 


tial pressure. 
However, the precise interplay of different mechan 


which themselves appesr only partially dependent on the 
completeness of suspension and the location of the noose, 
is impossible to determine from the pathological findings 


‘The sexual asphyxias: autoerotic or masochistic practices 


icine. 15.35 Heanging by fnntal aspencion, A leather noose has 
been wed so thar compression har eccurred round the whole 
periphery ofthe neck, The imprint ofthe metal ring on the jaw is 
well een 


Accidental and homi 


al hanging 


‘Though most hangings are suicidal, accidental hangings 
‘occur from two main causes. The first is entanglement in 
ropes ot cards; this is relatively uncommon, and is usually 
seen in infants and children, The straps of baby harness, 
used to support of restrain an infant, have led to death on a 
number of occasions, the child becoming entangled in 
leather or plastic reins when no adult was present, Any 
other cords may present a similar hazard, as in several caves 
seen by che author (BK), where infanes standing in a cor 
neat the bedroom window became entangled in a noose 
formed by che control cords hanging ftom a nearby blind 

(On rare occasions, similar tragedies have befallen adults 
in factories, farms or ships, where a tip or fll has precipi- 
tated the victim head-first into machinery or structures, 
where ropes or cords have caused hanging or strangulation, 

More commonly, a torally different situation causes fatal 
hanging or strangulation, almost exclusively in men and 
‘most often in young men, which is described in the next 

Homicidal hanging is very rare, outside abuse of human 
rights and ‘lynching’. For one individual ro hang another, 
there must be either a disparity in their sine and strengeh — or 
the victim must be drugged, drunk or otherwise incap- 


acitated by fea, illness or senility. For a conscious, presu 
ably unwilling, victim to be hanged by another, there will 
inevitably be signs of resistance, such as grip bruises on the 
arms due to restraint, of signs of binding the arms, wrists 
or legs 
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‘THE SEXUAL ASPHYXIAS: 
AUTOEROTIC OR MASOCHISTIC 
PRACTICES 


‘Though not all ofthis group are hangings or strangulations, 
this well 


-cognized phenomenon is conveniently considered 
here, The sexual asphyxias occur almost exclusively in men 
and only a few reports exist of women indulging in this dan- 
sgerous habit, though Byard et al, (1990) have been able to 
contrast the death scenes in the wo sexes, indicating that 
males tend to use more apparatus, whilst females are usually 
found naked with only a ligature in evidence 

‘The age of the male victims can vary widely, but is most 
ofien seen in young to middle-aged adults, The deaths that 
‘occur are obviously a small proportion of the total inci- 
dence of this strange practice. A fatal outcome is usually 
because of some failure of the equipmes 


and this empha- 
sizes the accidental nature of most of these deaths 


Features of the sexual asphyxias 


‘The basic mechanism of the sexual asphyxia is the produc 
tion of cerebral hypoxia, which in some men appears to 


produce hallucinations of an erotic nature 


‘This hypoxia is most often achieved by constriction of 
the neck by a ligature, which can be voluntarily tightened 
to produce vascular obstruction and perhaps airway steno- 
sis, It would seem reasonable to think that vascular obstruc- 
tion, either by blocking venous return — or even carotid 
flow — to the brain was the most likely explanation, as 
this would occur early: The production of cerebral hypoxia 
by anoxaemic anoxia through airway 


narrowing would 
be painful, distressing and slow in onsee — hardly 


features which persons intent on selE-gratification would 
welcome. 

Some autoerotic procedures use other means of hypoxia, 
such as anaesthetic agents and a variety of volatile substances, 
tapering into ‘solvent abuse’, discussed elsewhere (Chapter 
34), Whatever the mechanism, when cerebral hypoxia occurs 
With is attendant erotic sensations, progressive loss of volun- 
tary control as consciousness fades allows the constrictive 
device to slacken, so that the subject recavets. As some fatal 
cases show clear evidence of repeated previous escapades, itis 
‘obvious that the mechanism usually functions quite success- 
fully and that death was the result of some unforeseen 
complication, 

A. common practice isto place a fied noose around the 
neck, so that compression will cease as soon as muscular 
tension on the free end is relaxed, This free end may be 
passed dawn the front or back co be fastened to the ankles, 
so that by extending the legs, the noose around the neck is 


15: Fatal pressure on the neck 


Ficune 15.36 Hanging in circumstances w 


changes a 
sesual-masochinie mative. The young man showed no signs of 
previous depresion or suicidal tendency, He was found naked, with 
tied together with wire. Though homicide was 

it, the bonds were loose and easily slapped. No 


tatifactory explanation was forthcoming 


tightened. Compression may also be attained by passing 
the rope over a support and hanging a weight on the end o 
produce tension, 

Od 


and achieve constriction by slumping against the pull ofthe 


men may secure the end to an overhead support 


sand 


rope. In these and similar cases, i is difficult to und 
how death can be avoided once consciousness is lost, but 
evidence of repetition on previous occasions indicates that 
enough voluntary control must be retained to allow the 
person to retrieve the situation alter obtaining his erotic 
satisfaction, 

Similar hypoxia may be produced by placing the head in 
«plastic bag, by pushing the head into a confined space, by 
postural contortions (often associated with bondage) that 
constrict che airway, or a host of other ingenious methods, 
‘One case seen by the author (BK) deliberately constructed 
a large sack made from impervious material, into which he 
crawled to attain his hypoxia. Certain features of hese 


Ficine 15.37 A hanging in which ie was nor clear fh 


rue resual-masochitic element, The vit war suspended by 


electric cable frm an attic tnpdaor with his fae plastered with 


surgical tape and the writs tied tgether. Homicide could be 


exuded. In some dea with an undoubted sesual element, the 


‘means used would inevitably lad sa fatal outcome 


10 be an overlap between masochism and suicide. 


Ficune 15.38 Fatal sexual axphy 


in an engincer with a rubber 


fovsh, He was found dead connected al ase 


‘machine, wth «rubber fae mask srapped on aver a rubber rat in 


the mouth. Barve pornographic material devated to dentistry was 
in the vicinity (Figure produced hy kind permision of 
Dr Leadbeater) 


deaths make them fairly easy to differentiate from suicides, 
a distinction which is important, though some cases are 
impossible to separate from deliberate attempts at self 
destruction (Knight 1979) 

Bondage is common, with sometimes elaborate and 
bizarre methods of restriction. The wrists and ankles may be 
tied together with cord, wire, chains, padlocks or handcuffs, 
for example, and it is vital for ehe investigators to ensure 
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‘The sexual asphyxias: autoerotic or masochistic practices 


that such bondage could have been secured by the deceased 

himself to exclude the possibility of homicide, usually by a 

heterosexual or homosexual partner involved in the ritual, 
The bonds may be sexually orientated, with straps 


around the crutch or constricting the genital organs, In 
cases seen by the author (BK), one had made a metal sheath 
for the penis that was padlocked in place and another 
clamped the penis within a metal shackle 

Masks and gags may bein place, again a manifestation of 
restaint. The mouth may be sealed by adhesive plaster and 
the eyes blindfolded, Rubber or leather often features in the 
masks, which may have eyes or completely envelope the 
face, Transvestism is common, female attire being worn 
cither overly or under male clothing. False breasts and nip- 
ples may be fabricated or brassidees padded with cloth, This is 
21 common phenomenon, however, without sexual asphyxia, 
as any coroners autopsy service will reveal some men (ofien 
elderly as hidden transvestites, wearing female undercloth- 
inygheneath their suits. Fetishism is often seen, expecially rub 
ber or shiny plastic or leather. Female wigs and make-up are 
sometimes encountered, though the syndrome docs not seem 
tobe overly associated with homosexual activity 


Pornographic literature is often within view and may be 
spread around the body at the scene of death, The act is 
sometimes performed before a mirror and masturbation is 
common. The mere emission of semen found at autopsy 
does not confirm sexual activity in itself, however, as post- 
mortem discharge of semen from the meatus is common 
in any type of death, not only in asphyxia (as used to be 
commonly alleged by standard cextbooks). Occasionally, 
lewd writings ate left near the body and even upon the 
body surface. The author (BK) has seen one where obscene 
sgraffici were written with a ball-pen on the abdomen and 
around the glans penis 

Perhaps more importantly, overt suicide notes are never 
present, helping to distinguish the cases from definite self- 
destruction. Another important piece of evidence against 
suicide isthe fact that, in some neck ligatures, the rope may 
bbe padded by fabric to avoid leaving a telltale mark on the 
neck —an act incompatible with an intention of suicide, 


Frcwunt: 15.39 A presumed instance of 
sexual asphysia. The deceased was naked 
and bad enveloped himself ina large 
impervious bag, which be had made 

himself Iescemed impossible for bim to save 
himself once unconscousnes bad accurred, 
but there appeared ta be wa suicidal 
tendencies in the isory 


Fic 15.40 A elascal sual asphyxia where ce deceased har 
sued dg collar round the nec (removed befveplotagraphy), the 
cain passing down to the ankles, which provide temporary traction. 
The commen features of rubber fetch and penile bondage were 


present 


Rarely, autoerotic gratification may be achieved by the 
application of electric current, usually low voltage applied 
to the genitals. Electrical faults, such as in a transformers, 
y lead to fatal outcome. 


Medico-legal aspects of the sexual 
asphyxias 


‘Though all these features make the true nature of the death 
clear to the medical examiner, i can sometimes be difficult 
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15: Fatal pressure on the neck 


Ficume 15.41 A sexual phy fm a buckled bl applied 
‘igh to the nck anda meta shackle onthe penis. Obscene phrases 


were writen onthe glans and abdomen. 


to convince the police, the coroner or judge — and espe- 
cially the relatives ~ chat death was accidental. The stigma 
stil attached to suicide and the revulsion felt at the per- 
verted sexual clement may cause the relatives to prefer 
homicide ay the cause. The judicial authorities often lean 
towards suicide, especially when they are unaware of the 
existence of this strange syndrome of the masochistic or 
sexual asphyxias, The doctor is often the only person able 
to explain the relatively common occurrence of this phe- 
homenon and assist in reaching the correct conclusion, It 
hhas to be admitted, however, that in a small minority of 
these deaths, it seems inevitable chat che victim must have 
been aware of the fatal outcome, as the mechanics of the 
asphysia are such that no escape could have been foreseen. 
In these instances the circumstances are such that a mixed 
motivation must have existed. For example, hanging by the 
rncek in free suspension from a tree or from the trapdoor of 
an attic i a situation from which escape is impossible, even 
though sexual attributes such as nudity, bondage and mask- 
ing were present (Knight 1979). 

‘Where the victim is young, motivation is again less clear. 
Youths of 12 oF 14 years are sometimes found hanged, usu- 
ally without the secondary sexual or bizarre attributes listed 
above. There is usually nothing in the history to suggests 
cide, and quite ofien the coroner oF other legal authority 
will decide that death was due to ‘experimenting with 
ropes', sometimes alleging that it followed watching lynch- 
ingin cowboy films on television. I is probable chat most of 
the obscure deaths are also associated with aberrant sexual 


activity, even if more positive evidence is lacking. Rec 
nition ofthe true nature of most of these deaths is vital for 


the medical examiner, as spurious homicide investigations 
‘may be initiated ifthey are misinterpreted. More commonly 


a false suicide verdict may result, which ean have financial 
implications in respect of life insurance. A mistaken belief in 
suicide may be preferred by some families, however, rather 
than the shame of a publicised sexual aberration. 
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Many corpses are recovered from water, but not all have 
drowned. OF those that have drowned, pathological proof 
is often difficult or even impossible to obtain, The autopsy 
diagnosis of drowning presents one of the major problems 
in forensic medicine, especially when there is delay in recover- 
ing the viet. 

‘Bodies retrieved from water may have: 


died from natural disease before falling into the water 
I died from natural disease while already in the water 
1H died from injury before being thrown into the water 
1H died from injury while in the water 

IB died from effects of immersion other than drowning 
BH died from drowning 


All the above may show signs of immersion on examin- 
ation, but this is rarely helpful, other than confirming that 
they had indeed been in water. Ie does nor assist in differ- 
entiating the mode of death. 


SIGNS OF IMMERSION, 


1H Maceration of che skin begins within minutes in warm 
water, such as death in a bathtub, but in cold water is, 
visible afer a variable time, the minimum probably 
being 4 oF 5 hours depending upon temperature. 
Polson’s (1962) experience suggests a much longer 
time, from 12 to 48 hours, but sodden skin on the 
hands can undoubtedly occur much earlier dhan this, 
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‘The firse signs tend to be on areas with an appreciable 
keratin layer (such as che fingertips, palms, backs ofthe 
hands and later the soles) where the surface becomes 
‘wrinkled, pale and sodden — the so-called ‘washer- 
‘womants skin’, for obvious reasons. Areas protected by 
clothing develop these changes later than exposed parts 
so that the hands usually reveal more marked 
‘maceration than the feet during the first few days 

After prolonged immersion, wide areas of skin 
assume the same appearance, especially where the 
stratum corneum is thick or naturally ereased, such as 
the extensor surface of knees and elbows. After some 
days in warmer water and up to several weeks in cold, 
the thick keratin of hands and feet becomes detached 
and eventually peels off in ‘glove and stocking’ fashion, 
“The nails and hair become loosened at about the same 
time, Problems of obtaining fingerprints in such 
circumstances are dealt with later. 

1B Cutis anserina ~ or ‘goose-lesh’— is a common finding 
in immersed bodies, but is related to cold rather than 
warm water. The erector pilae muscles attached to each 
hair follicle can contract in any type of death and cause 
a generalized pimpling of the skin. Its often stated 
that rigor mortis can produce this goose-flesh 
appearance, but this is doubrful, as rigor does not 
shorten muscles appreciably. From whatever cause, 
however, agonal contraction of the erector pilae is 
common and i 


significance. 
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© The distribution of post-mortem hypostass is also of no 
value in immersed bodies. According to Bonte etal 
(1986), electrocution in the bath seems cause the margin 
of hypostasis to correspond with the horizontal line of 
the wat pter 12), Irs usual for most 


level (sce 


corpses to float or hang in dhe water with buttocks 
uppermost, and the head and limbs hanging down, but 
ater movements ofien roll the body constantly unless in 
a placid lake or wide river. Other corpses may float upon 
the back, and gravitational staining of the skin may 
therefore be in any pattern if the body is subject to 
frequent changes or posture. The hypostasis of bodies 
from cold waters frequently pink, but this has no 
diagnostic value. The reddish colour is caused by the 
presence of unreduced oxyhaemoglobin in the super 


blood vessels and is the result of cold, whether ante 
:mortem or post-mortem. It may be seen in any body 
taken from a mortuary refigerator or found in a cold 


FIcuaE 16,1 The diagnostic problems associated with badier 
recovered fos the water. Ina death such as tis, where body is fe 
dy the falling side, it may be difficult or even imposible prove 

an 


ing, especially ifthe post-mortem peried is long 


environment, irespective of immersion. In immersion, 
however 


ic does not have che typical distribution over 

extensor surfaces and large joints, nor the rather dusky 
tinge that is seen in true ante-mortem hypothermia, 

| Mad, coal-slurry, oil silt or sand may be present on or in 
the body, as well as other artefacts such as seaweed, water 
‘weed, algae and small aquatic animal life of many types. 
‘Mud may be adherent to the whole body surface and 
clothing, or may be retained in the hair, mouth, nostils, 
cars and other more protected sites. In appropriate 
circumstances, such deposits should be retained for 
scientific examination, if they might help establish where 
the body has travelled from in marine or riverine waters 
Sand may be found deep in the respiratory passages and 
stomach, especialy if the body has been rolled by the 
waves on a beach, Such deep penetration is not evidence 
of live aspiration. Where a body is decomposed and 
partly skeletalized, molluses may colonize the bones. The 
author (BK) has had several eases recovered from the sea 
here mussels and barnacles filled the eye sockets and 
ther crevices of the sell 


ESTIMATION OF DURATION OF 
IMMERSION 


‘This is another diffcule problem and one that is often too 
dogmatically answered by doctors with insufficient experi 
ence to appreciate the potential errors, The over-riding 
variable factor is water temperature, which has the most 
effect upon decomposition. Water pollution has lee to do 
with speed of putrefaction, as most of the decomposing 
organisms come from the gut of the body itself 


TiCURE 16.2. Watelaggd skin (wsasher-woman’ hands) after 


2 weoks immersion in a temperate climate. Fingerprints ea sill 
be obrained fram bande lie shee, with appropriate eecuigues. 
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Natural death whilst in the water 


When a body falls into water in average temperate 
climates, the following is an approximate guide to timing, 
in conjunction wich the other usual signs, such as rigor: 


if no wrinkling of the finge 
a few hours 


rads is present, less than 


1B wrinkled fingers, palms and feet, progressively from 
hhalfa day to 3 days 

early decomposition, often first in the dependent head 
and neck, abdomen and thighs: 410 days 


FIGURE 16.4. Peeling ofthe epidermis in a ‘tacking’ fahion after @ 


few wks immersion, The rate at which such changes occur isa 


tariable, because of environmental factors that na timetable can be 


affred ro atempt ea date death, Jn a temperate-zone summer this 


stage would requir at leat 2 weeks and probably much longer 


1 bloating of face and abdomen with marbling of veins 
and peeling of epidermis on hands and feet, and 
slippage of scalp: 2-4 weeks 

gross skin shedding, muscle loss with skeletal exposure, 
partial liquefaction: 1-2 months, 


‘These times may be reduced or exceeded by wide margins 
according to animal predation, climatic changes and bodily 
build. 


DEATH FROM NATURAL 
CAUSES BEFORE ENTERING 
THE WATER 


This is elatively uncommon, bur does occur. The victim may 
suffer one of the many causes of sudden natural death, mast 
commonly a cardiovascular catastrophe, in circumstances 
where he involuntarily falls into the water. The last such 
instance dealt with by the author (BK) was a man returning, 
to his yache in a rubber dinghy, alone and in the dark. The 
dinghy was found empry and a search recovered the body, 
autopyy revealing a well-established myocardial infarct with 
no evidence of drowning, though the attr is never conclusive 
(Other instances have involved persons collapsing from natural 
disease while on boats, a canal tow-path or a river bank. 

Of course, in the absence of witnesses itis difficule to 
separate such eases from those who fits fll into the water 
and then suffer a natural death, The autopsy must be directed 
towards identifying the pathological lesions and to exclud- 
ing, as fur a is possible, any evidence of drowning, 


NATURAL DEATH WHILST 
IN THE WATER 


As discussed above, it may well be impossible co determine 
whether a person recovered from the water, with a potentially 
fatal natural disease, suffered this before or after immer- 
sion. Because of the problems (to be described later) of posi- 
tively diagnosing drowning, itis difficult ro exclude this as 
cither the primary or contribucory cause in someone with a 
lethal disease, 

Cardiovascular disease is the most common reason for 
death in the water. A pre-existing condition may be exacer- 
bated either by the physical exertion of swimming or strug: 
sling, or by the effects of cold. The common belief that 
swimming after a heavy meal is dangerous probably has 
some basis in fact, because of citculatory changes such as the 
splanchnic shunt’. When an acute cardiae episode occurs, 
such as sudden myocardial insufficiency or an arrhythmia, 
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death may follow either from the cardiac lesion itself, or 
from drowning because of sudden physical incapacity, 


INJURIES SUSTAINED BEFORE 
ENTERING THE WATER 


‘The disposal of a murdered corpse in water is ky no means 
uncommon, as it provides a convenient means of conceal- 
ing the body, of transporting ie from the scene of the crime 
bby means of currents in iver or sea, and — if discovery is 
delayed — of preventing identity by post-mortem decay and 
dlamage. Occasionally, accidental or suicidal injures may 


be inflicted om a person before he or she enters the water. In 


Jr or (ately) oad transport accidents, che vietims 
may be injured of killed before entering the water. Persons 
falling from docks, bridges or ships may strike masonry or 
solid obstructions before hitting the watee. Suicides may sulfer 
in the same way or in exceptional circumstances, may stab 
themselves or cut their eheoats in a position where they fill 
Jnco water immediately afterwards 

‘Whatever the means, the difficulties for the pathologist 
are the same, in that he must try eo differentiate them from 
injuries sustained in the water before death occuts ~ and 
from post-mortem injures. Often this is an imposible 
task, as such injuries ar sustained perimortll so thatthe time 
span involved is far too short for any ofthe usual criteria of 
ante-mortem infliction to be applied 

‘When the nature of the injuries is such that they could not 
hhave occured in water, the issue is clear Burns, mise 
wounds, the eflect of explosions (other than compresion 
injury) and paterned injusies may be incompatible with 


Ficune 16.5 Ting ofthe legs ina body removed from the water is 


supiciou, but not absolute proofof foal play. Same sucider who are 
good rwimmers deliberately tie cheir leg to preven instinctive self 
preseroaton, In tis illustration, bowever, the bona were wid to 
secure a heauy weight afer homicide 


infliction in water, and must therefore be related to the effects 
of a previous asaule or some accident on board ship or aircraft 


INJURIES SUSTAINED IN THE 
WATER 


As stated, this category is often impossible to differentiate 
from injuries inflicted before entering the water. Trauma in 
the water is common, as both an ante-mortem and a post- 
mortem phenomenon, Before drowning or another mode 
of death can supervene, the vietim may be washed by waves 
fr current against any kind of obstruction, from bridge pier 
10 wharl, from rocks to weirs, Contact with the rough bot- 
tom of a river ora stony beach is another common cause of 
trauma, Damage from boats, ship's propellers, and marine 
for animal predators is frequent. 

The issue usually becomes one of attempting to distine 
gush injuries sustained during life from those afier death. 
‘Water complicates the problem by washing away surface 
bleeding from open injuries. A laceration inflicted during 
life will, however, usually show some bleeding into the tis- 
sues under the margins of the wound, at least until post- 
mortem decomposition blurs the appearances. Many 
decomposed bodies from water reveal green or black areas 
under the skin, especially inthe scalp. It ean be difficult or 
impossible tw decide whether these are areas of altered 
blood, or metely autolytic changes. Even histological exam- 
ination is often unhelpful in this respect, A similar problem 
exists with bruises in a decomposed body; which are often 
mimicked by discoloured areas of putrefaction, Post-mortem 
damage from animal predators is common in water and is 
discussed in the chapter on post-mortem changes 


Fictine 16.6 Decomposed head and featured skull of a person 
tule disappeared in the aucun before the river war covered with 
ice, The injuries baveposibly been caused post-marter by the ice 
packs when the body surfaced in the spring 
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In cold climates, if body enters the cold water in late 
autumn, the gas formation due to putiefaction may be so 
slow thatthe sea lake, oF river will be covered with ie before 
the body surfaces and dis takes place fist in the spring when 
the ice is melting. In rivers, addtional injuries may occur 
if the body gets pinned down berween moving ice blocks. 
Internally, there is no particular problems distinct from 
the examination of injured bodies in general, until post- 
mortem decampositian begins to obscure the appearances 
‘This is more common in immersed bodies because of the 
frequent prolonged delays before the body is discovered. 
Bodies that have been suspended in shallow water may bear 
post-mortem damage from being dragged against the 


po 


icine 16.7 Marine predator injuries on a body frm the sea 
The circular defects inthe skin are probaly made by crustaceans 


sch as nabs 


nid 
FGURE 168 Poe-martem injury to the back of the hand in 
drowned peron. Bodies usually hang suspended in the water with 
the ack upaurds and she knees, bead and arms hanging down, 
In shallow water cece areas may be dragged against he bottom, 
‘uci injuries similar to tote shows here 


bottom. A common posture is with the head, hands and 
knees hanging downwards, so that these areas (especially 
the backs of che hands) may suffer extensive abrasions 
against a rough stone or gravel bottom, 

‘Damage from the propellers of ships and smaller boats is 
common in commercial waterways and where pleasure 
craft abound, The serew of a large vessel may inflict serious 
damage — even dismemberment — on a body, but more 
characteristic is chat caused by a small, high-speed pro- 
peller, such as an outboard motor or the outdrive of a 
‘motor cruiser. These injuries are becoming more common 
with the increase in water-skiing, and the number of other 
small pleasure boats on rivers, lakes and off beaches, The 
characteristic lesions are parallel wounds set a few centi 
metres apart, often of sliced, undereue incised nature, usually 
oon the head or back, 


DEATHS FROM IMMERSION 
OTHER THAN DROWNING 


Irrespective of natural disease or injury, some persons who die 
after falling into water do not drown, in the aceepred physio- 
logical sense, The great problem for the pathologist is that, 
even in true drowning, there may be no autopsy signs, espe- 
cially ifany appreciable delay has occurred before recovery ot 
autopsy, or both, Therefore it may be diffielr or impossible 
forhim to say whether a death isa true drowning or one from 
the non-drowning mechanisms. All that ean then be offered 
is dhat death was due to ‘immersion’ —and even then such a 
diagnosis is usually one reached by exclusion of natural dis- 
‘ease, trauma or toxic conditions, using hearsay circumstantial 
evidence to arrive at a pathological diagnosis. This is why 
drowning and immersion deaths present one of the most dif 
ficult problems forthe forensic practitioner. 

In certain circumstances, death may be extremely rapid 
after falling into water, there being insufficient time for 
drowning to occur. The typical occasion is familiar to any 
forensic pathologist with a harbour or dockside within his 
area. A seaman (often the worse for drink) returns co his ship 
at night, misses the gangway and falls into the water. The 
nightavatchinan immediately raises che alarm and the victim 
is pulled from che water within a minute or two, but is dead. 
Atautopsy, none ofthe typical signs of drowning are present 

Other witnessed accidents ofa similar nature are relatively 
common, in which rapid, almost instantaneous death must 
be presumed, in circumstances where true drowning ean be 


‘excluded by history and lack of autopsy findings. The mech- 
anism must be attributed to a reflex eardiae arrest, of a type 
similar to 'vasovagal inhibition’, which is discussed elsewhere. 
Powerful stimulation of sensitive nerve endings can induce 
sudden overactivity of the parasympathetic system, inducing, 
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bradycardia and triggering cardiac ares via the tenth cranial 
nerve nucleus and its vagal outflow: The afferent are of this 
reflex varies from case o case, but i probably either: 


sud 
stimulation of cutaneous nerve endings, Aleobol is 
known to potentiate such effects, perhaps by che 


sn immersion in cold water, causing intense 


general vasodilation of skin vessels - which would 
make the contrast with cold water all the more severe — 
and possibly by some central effects on the vasomotor 

1H sudden entry of cold water into the pharynx and 
larynx, and perhaps nasal passages can produce 
powerful stimulation of nerve endings in the mucosa, 
A.bolus of water entering the trachea can also cause 
reflex cardiac arrest before there is time for airway 
insufficiency to have any effect. 


As with any reflex cardiac arrest, there will be nothing to 
find at autopsy, « situation chat forces this diagnosis to be 
speculative and based on the circumstances and exclusion 
of other conditions, Another mechanism that is often pos- 
tulated as a cause of non-drowning immersion death is 
‘laryngeal spasm, leading to a hypoxic death from closure 
of the airway. The evidence for such a condition is tenuous, 
as such closure would have to operate for many minutes for 
hyposia to kil, all the time keeping the latynx closed 10 

nosis is an uncommon feature 


prevent entey of water 
‘of immersion deaths and in its absence it is difficult eo see 
how laryngeal spasm could be differentiated from “dry-lung, 
drowning’ of vasovagal cardiac arrest, the latter being a 
more reasonable diagnosis in those found dead after rapid 
recovery from the water 


FicunE 16.9 The bifrcation ofthe 
trachea and main bronchi at autopsy on 
«tbody recovered from a beach, The air 
passages are fll of sad, but thie not 
proof of vital aspiration of water ar 
foreign material can enter the bronchi 
‘by pave percolation afer death 


Deaths in the bathtub 


Fatalities in the bathroom are common, from a variety of 
causes, some unconnected with immersion. For example, 
Schmidt and Madea (1995) reported no fewer than 215, 
deaths in bathtubs from theie Cologne Forensic Institute in 
13 yeas, including 11 homicides. 

“Many suicides take place in the bathroom, from slashing 
of the dhroat oF wrists, in or out of the bath. The bathroom 
cabinet of cupboard commonly holds razors for cutting 
and medicinal poisons for overdose. Electricity is more 
likely to be fal in wee surroundings and a umber of self 
Aallings from electricity occur in the bathroom. Accidents 
include falls on slippery, wet loors or bath lining, with hard 


ceramic surfaces to cause head injuties, 

Where gas appliances are used to heat water, the tsk of 
carbon monoxide toxicity from faulty equipment is greater, 
asisalso the case with electrical appliances such as hair-dryers, 
heaters and other devices, Although most countries have 
strict regulations about the electrical supply in bathrooms, 


people often defeat thexe safety measures by various means, 
Natural deaths from many causes may occur in the bath- 
room, but epileptics having unsupervised baths may have a 
ficand fall or drown, 

Even homicide may be committed in bathtooms, by 
almost s, but also from electricity and forcible 


inmeron The ncaa alle ner The Bet 
ihe Ba perry Cee Jp Soh ny hi 
cay wis petahy sooner st 


pulling of 
so that their heads slid under 


the water, There is now a considerable literature about 
death in the bathtub, and all deaths in these circumstances, 


must be investigated with particular care 
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DEATH FROM DROWNING 


During the past five decades, views on the mechanism of 
drowning have undergone a radical change and perhaps the 
pendulum of opinion has swung a ltdle too far, Until the 
researches stimulated by the Second World Was, when large 
numbers of seamen and airmen were exposed to the risks of 
cold water, the classic view of drowning was that the victim 
‘was plunged into an airless medium and died of lack of oxy- 
gen. Following the experiments of Swann and many others 
(see below and references and further reading) it was recog- 
nized that, in animals, uid and electrolyte disturbances had 
a major role in causing acute myocardial failure, The 
hypoxic element was relegated to such a secondary role that 
some commentators on drowning seemed to ignore the fact 
that the victims may have suffered 10 or more minutes 
without drawing a single breath of ai. This criticism by no 
‘means disputes the undoubted role of fluid and electrolyte 
changes in drowning, but the effects of hypaxia must be 
considered in parallel when discussing the pathophysiology 


‘of drowning, The biochemical findings in the experimental 
animals did not seem to be matched by constant changes in 
human subjects and, in delayed and near-drowning victims, 
the electrolyre changes in aspiration have been shown 10 
differ considerably from those in experimental animals 

‘A number of investigators long before Swann showed 
that blood and plasma were radically affected by drowning. 
In 1902, Carrara used specific gravity and other methods 
to demonstrate marked dilusion of left heart blood in fresh- 
water drowning and its absence in seawater, work repeated 
by Planck the followin 
niques, Freimuth in 195; 


year with similar density cech- 
however, used such specific 
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FIGURE 16,10. Deno in the bach it noe 
uncommon and alsay requires careful 
Jinvestgaton, Jn tis ase, the water is 
Hload-stxined, due 0a suicidal cut throat 


after commiting mune. 


gravity methods and found similar differences in. non- 
drowning deaths 

‘The classical work of Swann and his colleagues (Swann 
ct al 1947; Swann and Spafford 1951) and others was 
conducted on conscious dogs imprisoned in cages and 
immersed totally under water ~ which, as pointed out by 
Crosfill (1956), does nor accurately reflect human drowning, 
in which submersion is intermittent a frst, profonging the 
process and altering the physiological effects. In summary, 
the findings of Swann were that in freshwater drowning, 
there was a massive absorption of water through the alveolar 
‘membranes, which could amount to 70 per cent of the orig- 
inal blood volume within 3 minutes. This haemodilution 
caused a relative anaemia and myocardial hypoxia, as well as 
rapid overloading of the cardiae capacity by hypervolaeria 
Tt was also suggested that haemolysis of red cells released 
potassium, a powerful myocardial roxin — yet in dogs, unlike 
‘man, sodium is che main electrolyte in the erythrocyte. In 
fact, because ofthe hypoxia and haemodilution, there was a 
{all in plasma potassium and sodium, which led to eatly ven- 


tricular fibrillation in dogs that did not occu in seawater 
Such fibrillation is said to be rare in man (Rivers etal. 1970). 

In seawater the hypertonic medium caused a withdrawal 
‘of water from he plasma into the lungs and a rise in plasma 
sodium concentration. This was less deleterious to. heart 
function and helped to explain the longer survival time in 

Pulmonary oedema developed in both types of aqueous 
medium but was slight and inconstant and, where abnor 
‘mal, rapidly returned to normal, Death in freshwater typic~ 
ally took some 4-5 minutes, whilst seawater drowning was 
delayed for 8-12 minutes. Occasional instances have been 


reported of remarkably long periods of total submersion in 
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the sea, always in cold water where oxygen uptake is 
reduced: these periods may exceed 20 minutes, and at least 
done authenticated survival exceeded 40 minutes 

‘Modern commentators on the researches of Swan, such as 
Giamonna and Modal (1967), have pointed out the inconsis- 
tencies between animal and human responses, and empha- 
sited the role of hypoxacmia as result of inncefrence with the 
blood-sir interface in the alveoli. This once again indicates 
the dangers of transposing the results of animal experiments 
to man nd poses the question of how many dogs died in vain 


‘THE AUTOPSY SIGNS OF 
DROWNING 


At autopsy much depends on the delay, both in recovering, 
the body from the water and in starting the post-mortem 
examination, Where a considerable period has elapsed 
between death and retrieval of the body, the positive signs 
of drowning progressively fade, Depending on tempera- 
ture, a period of several days in the water is likely 9 minim 


ize most changes and, once significant putrefiction has 
cccurred, then (apart from the controversial diatom tess) 
there is liale hope of Binding positive signs of drowning 

Even when a fesh body is recovered, delay in perform 
ing the autopsy reduces the amount of evidence. The 
author (BK) has seen several drowned bodies soon alter 
retrieval in whieh a large plume of froth has been present at 
the mouth, yet when commencing the autopsy several 
hours later, such froth had vanished and was present only 
in the deeper air-passages 


Ficune 16.11 Frath exuding from the mouth of drowned per. 
Froth disappears with increasing post-mortem inteeal, though it 
pers in the internal air-pascages fara nec longer time, 


Froth in the air passages 


‘The positive signs of drowning, as opposed to mere immer- 
sion, are seanty and not absolutely specific. The most use- 
ful, has just been mentioned — the presence of frothy fluid 
in the air passages ~ which in fresh bodies, often exueles 
though che mouth and nostrils, sometimes in the form of a 
plume. The froth is oedema fluid from the lungs, and con- 
sists ofa proteinaceous exudate and surfactant mixed with 
the water of the drowning medium. Ie is usually white, but 
may be pink or red-tinged, because of slight admixeure 
with blood from intrapulmonary bleeding. Ie is similar in 


appearance to the oedema of left ventricular failure that is 
commonly seen in deaths from cardiac disease such as 
hypertension, though some drownings exhibit a columa of 


Ficum 16.12. Red-tinged froth exuding from the nari of a 
drowned peron 


FIGURE 16,13. Frthy fluid inthe trachea and main bronchi af 
1 pers who was fst strangled and subseuently fll ar was 


hyo int ea and drowned. 
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froth that is rarely, if ever, seen in natural pulmonary 
‘oedema, The froth extends into the trachea, main bronchi 
and smaller air passages. The lungs themselves in such caves 
will inevitably be waterlogged, and frothy fluid will exude 
from the bronchi when the lung is squeezed and from the 
cut surfaces when they are sectioned with a knife 

Unfortunately, although such oedema can be taken as diag 
nostic when combined with the appropriate circumstances 
and lack of other lethal pathology, the absence of waterlog- 
ging by no means excludes true drowning. The so-called 
‘dry-lung drowning’ is not uncommon, in which che lungs 
appear normal in all respects, presumably because all the 
aspirated water has been absorbed through the alveolar 
walls into the plasma, 

Ir has been suggested thae this is more likely to occur if 
cardiac arrest takes place after removal from: the water or if 
laryngeal spasm supervenes to prevent further water entry, so 
that continued circulatory function is able to clear away 
intra-alyeolar fluid into the plasma, This theary, howev 
cofien fails to conform to dhe available facts of the drownis 


episode, 


Ficune 16.14 Noval finch around the mauch ic from drowning. 


This lady died in bed fram hypertensive heat disete with profise 


pulmonary oedema 


Copeland (1985) measured lung weight in non-drowning, 
deaths and deaths from salt-water and freshwater drowning. 
There was no significant difference in the weights of the last 
‘wo, though 10-20 per cent of undoubted drownings were 


idry-lung' cases with no eacess weight. Generally, the weights 
of a lung in drowning were around 600-700 g, whilst the 
non-drowned were in the 370-540g range — though there 
‘wat a considerable overlap in the two groups, The lung 
weights were also studied by Kringsholm et al. (1991) who 
claimed hat the duration of submersion is related to lung 
weight. They found that 7 per cent of cases were “dry-lung 
eownings' with a combined lung weight of les than a Kilo- 
gram, In the remainder, the average weight of both lungs was 
M411 g, compared to 994g in controls, This was where the 


body was in the water less chan 24 hours, Afer this, lung 
weight decressed, but pleural transudate increased, By com- 
bining the weight of lungs and transudate, more chan 75 per 
cent ofthe cases lay berween 1000 and 2200 g, up 10 30 days 


Ove! 


Apart from generalized waterlogging, the lungs may be 
markedly overinflaed, filing the choracie eavty wher the 


niflation of the lungs 


sternum is removed. The normally bare area over the he 


may be covered and the lungs may bulge upwards, meeting in 
the midline to obliterate the anterior mediastinum, The tex- 


ture is rather pale and crepitant, superficially resembling chat 
shown in asthma —for the same reasons, The older name for 


this condition ig ‘emphysema aquosum’. True pre-esisting 


emphysema may partially mimic the distension of drowning, 
bur in ehe lace, bull are never present. The oedema fluid 
in the bronchi blocks dhe passive collapse that normaly 
jccus at death, holding the lungs inthe inspiratory position 
In addition, there is often an element of overdistension 
caused by the valvular action of the bronchial obstruction ~ 
again similar co asthma. In drowning this may be sufficient 10 
mark che lateral surfaces of the lungs with the impression of 
the ibs, leaving visible and palpable grooves after removal of 
the organs from the thorax, This may be one of the most 
valuable positive signs of drowning tobe gained at autopsy. 
There may be some areas of intrapulmonary haemor- 
shage, which give the red tinge to the acdema fluid. These 


areas are seldom large or intense, and the general oedema 


.e, Some 


and distension tend to minimize their promi 
may lie near the pleural surface and can be seen as rather 
blurred blotches on the exterior of the lung, the blurring 
being partly che result of spreading haemolysis. There are 
almost never subpleural petechial haemorrhages in drawn- 
ing, apart from the Few non-specific spots that can be 
found in the fissures and around he hilum in viewally 
every autopsy, no matter what the cause af death, 


403 


16; Immersion deaths 


Fic 16.15 Overinglaion of the lungs (emphysema agussom) in 
drowning with overlapping ofthe anterior margins and 
haemorrhages inthe right middle lobe 


FIGURE 16,16 A typical plume of fut from the mouth ofa 
revently drowned boy. This will wnic asthe pos-mortem interoal 
exten 


Other organs in drowning 


‘There are no other reliable autopsy changes in drowning. 
‘The heart and great veins have often been said to be ‘dilated 
and engorged with fluid blood, especially the right side’ 
but this is such a subjective and non-specific finding as 10 
be useless, meriting no further consideration. 

Many pathologists have for centuries claimed that the 
blood remains more fluid in drowning, and the physio- 
logical researchers of this century have confirmed the 


hhacmodilution in freshwater drowning. Asa gross sign at 
autopsy, however, i is totally subjective and unreliable, 

‘The stomach may contain watery fluid or even foreign 
material from the water, such as silt, weed or sand, but this 
cannot be accepted asa positive aid to che diagnosis. Many 
undoubted drownings show no water in the stomach, yet 
other eases in which a dead body was immersed reveal eopi- 
fous water in the stomach, The limiting factor isthe tone in 
the oesophagus and cardiac sphincter, not the drowning 
process, The same applies to foreign materials in the 
trachea, Haemorthage into the middle ears has been post- 
ulated as a positive sign of drowning, but in the author’ 
(BK) own experience, itis torlly unreliable. It ean occur in 
any type of death where drowning can be definitely 
excluded, yer in classi instances of drowning, such bleed- 
ing may be absent. It has been said to be related to the 
depth to which the body sinks because of the hydrostatic 
pressure within the eat, but even this does not accord with 
the experience of most pathologists (Niles 1963). 


CHEMICAL CHANGES IN THE 
BLOOD IN DROWNING 


Because of the marked haemodilution that occurs in fresh- 
water drowning and the electrolyte shifts in salt-water 
drowning, itis reasonable to expect that chemical analyses 
of the plasma should provide reliable evidence of drown- 
ing. Unfortunately, these theoretical hopes have not been 
realized in practice, mainly because of the biochemical 
chaos that occurs soon after death from any cause, in which 
the ability of live cell membranes to partition fluid and 
electrolytes is rapidly lost. Getter (1921) published results 
of analyses of chloride content from the left and right 
sides of the heart, suggesting chat che haemodilution from 
freshwater drowning would differentially reduce the plasma 
concentration on the left side, a difference of 25 mg/100 ml 
boeing significant. Salt-water drowning was said co produce 
the opposite effect. Gettler’s claims have often been refuted 
and they are now no longer accepted. It has been shown 
that past-mortem changes in blood chloride concentea- 
tions occur irrespective of drowning and chat the rate of 
change may be different on each side of the heart. Even 
the differentiation berween freshwater and seawater drown- 
ing was discredited by the work of Durlacher eta. (1953), 
who found no reliable changes in sodium, potassium and 
chloride concentration. Similar results were found by 
Fuller (1963). 

Electrolyte measurements in surviving vietims of near- 
drowning showed no regular pattern, according to Rivers 
ct al. (1970). Moritz (1944) attempred to use magnesium 
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Histological changes in drowning 


ve 
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FiCUNE 16.18. Sudcide in th bath, The head war enveloped in a 
plastic bag and an (unused) electrocution device was abo 
present, llscoaing che iequens pretence of alternative methade in 


‘ide. 


asa similar marker in drowning, but the unreliability of 
such analyses has prevented their being used as a routine 
procedure, Once again, the hazards of extrapolating the 
results of animal experiments to humans is highlighted 


these results, as even other mammals like dogs have qui 
different responses to the same environmental changes 
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Fi 
within the petrous temporal bones in 
drowning. Though claims have been made 


IRE 16.17 Bilateral bacmorrhage 


for the neues of thie observation, ite 
‘ccurrence seems random, sometimes being 
present in nonsdrowning and abvent in 


proven drowning 


Other chemical substances have been used as markers of 
n et al, (1994) claim 
that differences in the strontium concentration of blood 


drowning, such as strontium, Azpar 


from left and right heart are always greater than 75 g/l in 
seawater drowning 


HISTOLOGIC: 
DROWNING 


1. CHANGES IN 


‘Much has been waitten about both light and electron 
microscopy of the lungs in immersion deaths, especially in 
continental Europe, The accounts are confusing, however, 
and sometimes contradictory, the consensus of opinion 
being that such changes are inconstant and unteliable, 

Much of the work has tried to confirm histologically the 
genuineness of ‘emphysema aquovum’ in both fresh and 
decayed bodies, but the dilatation and rupture of the ter 
‘minal air spaces can occur not only asa result of drowning, but 
of passive immersion in water deeper than 4m. Dilatation 
of the alveoli, thinning of the walls and compression of the 
capillaries are easy to observe, but the significance is always 
ambiguous. Reh (1976) clasified such lungs on the basis of 
reticulin fibres, but Heinen and Dotzauet (1973) showed 
similar changes in undrowned material. Janssen (1984) has 
reviewed the subject and concludes that though histo- 
logical evidence may be helpful and indicative, it is never 
probative 

‘The number of macrophages in the alveoli, adjusted to 
the sive of the alveoli where distended, was studied by Bete 
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ct al (1993), who claimed a diagnostic usefulness of the 
method as long as no autolytic changes were present. 

‘The weight of the spleen has been used by Haffner et al 
(1994) as a diagnostic marker in drowning. Compared 
with other modes of ‘asphyxid, about an 18 per cent reduc- 
tion in weights and spleenliver ratios was recorded, with « 
suggestion that stress, hypoxia, alcohol and cooling were 
responsible 

‘The skin changes in maceration are also well recorded, 
and some have been claimed to have use in dating the period 
of immersion (Okros 1938; Dierkes 1938). Schleyer (1951) 
is pessimistic on the reliability of such histological criteria. 

‘The eatly formation of adipocere can be detected micro- 
scopically after 3-4 weeks; this is dealt with in the chapter 
‘an post-mortem changes, 


DIATOMS AND THE DIAGNOSIS 
OF DROWNING 


Few wopics in forensie pathology have given rise vo so much 
angument asthe use of diatoms in the diagnosis of drowning. 


Live entry into 
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digestion, 
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< recoverable 
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Diatoms enter 
lungs 


Revenstorf in 1904 was the First to attempe to use diatoms 
as a est for drowning, though he stated that Hofmana in 
1896 was the First to discover chem in lung fluid, An excel- 
lent review of the diatom controversy was published by 
Peabody in 1980, 

“The basic premise is chat when a live person is drowned 
in water containing diatoms (microscopic algae with a 
siliceous exoskeleton), many diatoms will penetrate the 
alveolar walls and be carried 1o distant target organs such 
as brain, kidney; liver, and bone marrow. After autopsy, 
samples of these organs can be digested with strong acid 
to dissolve the soft tissue, thus leaving the highly 
resistant diatom skeletons 1 be identified under the 
microscope. Alternatively, blood can be used to seek the 
organisms, 

‘When a dead body is deposited in water or when death 
in the water is nor due to drowning, then, although 
diatoms may reach the lungs by passive percolation, the 
absence of a beating heart prevents circulation of diatoms 
to distant organs 

‘The great advantage of the diatom tes, iF it was reliable, 
would be that a positive diagnosis of drowning could be 
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Fasune 16.19 The principle ofthe diatom test far drowning. When a dead body enters che water, diatoms cannot progres further dha he lunge 
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Diatoms and the diagnosis of drowning 


made even in the frequently putrefied bodies thar are 
recovered, where no hope of anatomical recognition of 
drowning is possible. In addition, evidence of the site of the 
drowning might be obtained from the ecological typing of 
the diatoms, 


specially in relation to salt-water or freshwater 
locations. 

Meticulous attention to technique must be employed at 
autopsy to recover suitable samples of tissue, which must 
not be contaminated by the body surface or instruments, 
before digestion is commenced. (Technical details are given 
in Appendis 1.) 


Diatoms belong to the dass of plants known as 
Diatomaceae and consist of a box or frustule’ composed of 
two valves that fir together to enclose the cytoplasmic con- 


tents, They have either radial symmetry (centric diatoms) 


cor ate elongated (jpennate’ diatoms). The valves are highly 
complex in shape and ate exteemely resistant to decay, fossil 
diatoms from Jurassic times being abundant. The floor of 
the oceans have an area of 11 million square miles of thick 
diatomaceous ooze and upraised beds on land may be 
thundeeds of feet thick, which emphasizes the vast amount 
of potential contaminant available 


Dia 


ground illumination (original 
‘magnification % 350). These ave fom fies 
wien There are atleast 10000 diffrent 


locus of 


‘ypecand, where identification 


likly origin is required, the help of a 


biolagise wich expert knowledge is eental 


Scanning electron 


micrograph of diatom (orginal 
<4000, 204 


16; Immersion deaths 


‘There are at least 10000 species, and the identification 
of the various types isa matter for an experienced botanist 
or biologist, but the following general classification is 


useful: ‘oligohalophilie’ diatoms live in freshwater with a 
salinity less than 0.05 per cent, and ‘mesohalophilic’ and 
‘palyhalophilic’ diatoms live in brackish water and seawater 
with a salinity higher than 0.05 per cent. 

‘The erties of the diatom test point to certain problems 


1 Diatoms are ubiquitous, being present in sol, water 
supplies and in the air. Many commonly used mineral, 
such as kieselgulh, are largely fossil diatoms, 
Manufactured substances like board-chall and 
abrasives even toothpaste ~ contain diatomaceous 

sof 


saw materials, Mant, however, examined the fi 
the air-conditioning system of Guy's Hospital in 
London and found no diatoms taken feom the city 
atmosphere, 

1B Though entry into the body is thought to be mainly 
through the lungs, there seems no reason why 


they cannot penetrate the intestinal lining, and 
gain access to the bloodstream and hence any body 

© Certain foods, notably shellfish, contain vast quantities 
of diatoms that may enter the circulation and reach 
the tissues 

© Examination of the issues of both animals and man 
reveal the presence of diatoms when the eause of 
death is other than drowning. Schellmann and Sperl 
(1979) found ther in the tissues of 15 out of 16 
non-drowned bodies, but other workers found no 
diatoms in 33 out of 34 bodies, including wo 
drownings. 


Foged (1983) made a detailed investigation into 
drowned and non-drowned bodies in Denmark, and con- 
cluded that the diatom test was quite invalid. He quoted 
‘many references both for and against the reliability of the 
technique, and no doube the controversy will continue, Ie 
scems probable that there may be a quantitative difference 
between the numbers of diatoms recavered from the tissues 
in drowning and non-drowning deaths, and a cateful 
analysis ofthe species identification in relation to the locus 
and circumstances of the death may be useful. At the pres- 
ent time the diatom test should be used only as an indica- 
tive aid and not as legal proof of drowning. Recently, other 
water organisms have been advocated as tests for drowning, 
including sof-bodied protozoa and crustaceans. 

Japanese workers have used other methods to digest 
autopsy tissues to seek diatoms because it has been shown 
that strong acid digestion markedly reduces the yield, The 
new methods introduced for diatoms, such as enzymatic 


and detergent digestion, allowed sofi-bodied microscopic 
‘organisms to be recovered and claims for beter specificity 
for drowning have been made (Matsumoto and Fukui 
1993; Funayama eal. 1987, 2001). Chinese workers have 
claimed that the spectrofluorophotometrie detection in the 
Jungs of chlorophyll derived from plankton is diagnostic, 
but it is not clear how this ean be differentiated from 
plankeon passively entering he lungs after death (Qu and 
‘Wang 1992) 
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‘Though, tragically, starvation is one of the most widespread 
scourges of our planet, we are here concerned with individual 
neglect with which starvation is often associated, either as a 
potentially criminal act or asa manifestation of self-neglect. 
‘As with so many conditions, the extremes of life are most 
affected, ather than the middle years, Infants and children 
are atthe mercy of their parents or guardians forthe provie 
sion of care and sustenance. The old ate prey 10 senile 
dementias and other disorders of the mind, as well a often 
being devoid of spouse or caring relatives — oF sometimes 
even the financial means to stay warm and adequately fed, 
‘Many countries have legislation designed to protect chil- 
dren, on the basis that they are totally dependent upon 
adults for the necessities of life. In Britain, the Children 
Act places a responsibility upon parents, guardians oF the 
community co care for children. The minimum require- 
‘ments lad down by law ate the provision of food, clothing, 
shelter and education. Unfortunately, these requirements 
are evaded in spite of official supervision and, from time to 
time, scandals explode in the public eye when a child has 
died, not from physical abuse, but from sheer neglect, 
Voluntary organizations, such as the National Society 
for the Prevention of Cruelty to Children (NSPCC) were 
founded in the nineteenth century wo combat the wide- 
spread neglect of children consequent upon the population 
explosion of the Victorian industrial revolution. Theit 
present-day role, however, has changed radically so that 
‘now most of their efforts are directed against physical. sex- 
tual and mental abuse, rather than starvation and neglect. 
"Notwithstanding this change of emphasis, deaths still occur 
from deliberate or negligent lack of provision of proper care 
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and nutrition of children, In general —chough there are many 
cexceprions ~ nutritional neglect and physical battering tend 
to be mutually exclusive. The abused child is usually well 
nourished and the emaciated child is usually uninjured. 
[Neglect and starvation are not synonymous, but are so 
often closely associated that the ewo conditions are usually 
considered together. When fatal, they may come tothe atten- 
tion of the pathologist either as a potentially criminal death 
for, when self‘nflicted, in the usual course of coroners! or 
similar enquities. Rarely vietims will starve from being iso- 
lated in some catastrophe, such as a mining incareration or 
shipwreck, but these days a more common occurrence is a 
hhunger strike or voluntary fst for some political or similar 


GENERAL FEATURES OF 
NEGLECT AND STARVATION 


The obvious and outstanding appearance is of emaciation 
caused by an inadequate intake of food. A minimum of 
about 1500-1900 calories is needed 10 maintain body 
weight in active adults, Life is threatened when more than 
40 per cent of the original body weight has been lost, 
though the speed of loss is relevant. Total deprivation of 
food will obviously kill faster than a severe reduction, Total 
lack of food is likely to cause death in about 50-60 days as 
long as adequate water is available, bur this depends on 
weather and temperature as well as the original feness—and 
fatness of the individual. Deprivation of water will Kl in 
about 10 days — or les in higher ambient temperatures. 


General features of neglect and starvation 


In the numerous cases of fatal and non-fatal starvation 
seen at the end of the 1939-45 war in Nazi concentration 
‘camps, two main types were seen, These were the ‘dry’ type, 
in which there was emaciation, but only leg oedema, with a 
body weight up to half the normal. Alive, these showed 
marked hypotension, feeble pulse and cyanosis. The other 
Wwer' group had marked oedema of face, trunk and limbs, 
‘with ascites and pleural effusions. The oedema of hypopeo- 
teinaemia is caused by protein being diverted to produce 
energy when carbohydrate and fat are grossly deficient in the 
diet. In some victims, the skeleton accoun 


ed for 50 per cent 


of the total body weight, instead of the usual 15 perc 
(Other features are secondary to this nutetional defi 


1% 
such as intercurtent infections, avitaminases, skin disord 
and nutritional oedema, Dehydration, hypothermia and 


actual necrosis of the extremities are the most severe man 


festations that contribute to death, 
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Ficune 17.4. Death from 


neglect and hyped 


san ol woman, The 


lcolraton of the fet and 


‘hands war cyanotic 


unl nelet and starvation 


t. The limbs are emaciated, the 
abdomen saphoid and the head appears 
telaively lange. The back swe extensive 
prestareulcenation. The sunken eves and 
checks fom mulnsrition and debydration 


cunstitute the ‘Hippocatc facies: 


Mose fatally 
Ar autopsy great care must be taken to measure, not estimate, 


sglected infants are under one year of age 


the fll indices of size and weight. Crown—hee,crown-rump, 
head diameter, foot length and exact weight must be meas- 
tured accurately so that comparison may be made with stan- 
dard pacdliawe percentile growth charts, consonant with age 
birth weight, sex and race 

‘The diameter of limbs at major landmarks such as wrists 
and ankle should be measured with a flexible espe, Photo- 
graphs should be taken in all major views, using colour 


to record skin tints and lesions, as well asthe general aspect of 


the emaciated body. The words ‘cachexia, ‘emaciation’ and 
‘marasmus’ are all synonymous as used today, though ‘maras- 
‘mus’ is confined to the description of infant victims, The so- 
called ‘Hippocratic facies is not confined to the emaciation of 
neglect, as cachevia from any cause — such as an obstructive 
carcinoma of the sesophagus — can give rise to the same 
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appearance. The skin of the face i suetched tightly across the 
cheekbones, the cheeks are sunken and the lines of the aw are 
obtrusive. The eyes are deeply sunken from los of orbital fat, 
though dehydration may contribute to this manifestation, 
On the trunk the ribs are prominent, with concavities 
in the intercostal spaces and sunken supraclavicular fossa. 
‘The abdomen is of the classical ‘scaphoid’ shape, being 
concave from costal margin to iliac crests, che later sticking. 
up like wings, The limbs are almast skeletal from loss of fat 
and muscle, and the head may appear deceptively large by 


contrast with the narrowed neck. 

‘The skin surface may present differing appearances 
according to the length of time that nutritional loss has 
been suffered and the qualitative defect in the diet, espe- 
cially of certain vitamins. The skin may be pale, lustrous 
and semi-translucent, with an almost blue tinge in infants, 
partly as a result of the lass of subeutancous fat. It may also 
be coarse and rough, however, with flaking hyperkeratosis, 
though this is more often seen in aged persons, partly as a 
result of senile changes, Pigmentation, either diffuse or of a 
Pe ian ix ose xc amps aes 
and may be the major contribution to death. The skin is 
dy and wrinkled and, when pinched between the fingers, 
remains ridged because of loss of subcutaneous fat and fluid. 
‘The fontanelles may be depressed from loss of pressure of 
cerebrospinal fluid. In chronie starvation, hypoproteinaemia 
can lead to oedema, though this is rarely seen in foren 
practice. In famines it may be widespread, associated with 


other nutritional disorders such as kwashiorkor. 

‘Skin infections are common, partly asa result of nutei- 
tional loss of resistance to infections and partly because of 
neglect in care and hygiene, especially in infants. Pressure 
sores on buttocks, heels and spine may occur in both infanes 
and old people who are lying inert because of weakness, 
and, in infants, urine dermatitis and lack of any skin care 
after defecation worsens these, Sores may be seen on any 
pressure or friction points, such asthe elbows, knees, shoul- 
ders and occiput. Apart from pressure areas, any part of the 
skin surface may develop infected lesions, which often crust 
cover after partial healing. Sores on the lips, blepharitis and. 
conjunctivitis may also occur. The hair is dry and bride, 
sometines bearing degen and even gingery with 
chronic malnutrition. 

Internally, the same loss of adipose tissue will be evident 
both subcutaneously and in the internal fat stores, such as the 
‘omentum, mesentery and perirenal area. The organs will be 
small (except the brain) and itis therefore important 60 
weigh che major viscera to compare them with standard 
tables for sex and age, Organ atrophy will be more apparent 
in old people, but the problem then exists of distinguishing, 
weight loss caused by nutritional defects from the usual 
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senile atrophy: The differentiation is one of degree, as chronic 
starvation can reduce organs to unusually low weights. More 
specific internal signs will include an empty gus, which may. 
be gavfilled and translucent feom stomach to colon. Any 
facces in the rectum ate likely to be inspissated, especially if 
there has been fluid restriction and dehydration. Faecoliths 
‘may uleerate the intestinal lining. In inane starvation, how 
ever, the stools may be fluid and offensive unless dehydea 
tion was severe. The gall bladder is distended in starvation 
if there has been no recent meal co stimulate emptying. The 
tongue may be chickly coated, but cis is such a non-specific 
finding that itis of no practical use 


MEDICO-LEGAL PROBLEMS 


In infants there may sometimes, if rarely, be physical abuse 
associated with neglect, so radiography prior to autopsy is 
«essential —in fact the whole procedure must be conducted on 
the lines indicated for the ‘battered child’ (Chapter 22). In 
both children and adults, major problem is cause and effect, 
especially where some pathological disease process is found. 
Did a cancer lead to cachexia or is it an incidental finding? 
Did pulmonary euberculosis cause the emaciation or was the 
infection secondary to the nutritional deficiency? The rele- 
vance of diseases such as diabetes, Addison's disease, chronic 
infections and neoplasms must be evaluated, Particularly 
important in children are familial metabolic diseases chat 
may be associated with failure to chive and frank emaciation. 

Where death from a wasting condition isalleged to be the 
result of malnutrition, either from wilful withholding of food 
or from indifference about its provision, a defence may be 
raised against criminal prosecution that the condition was 
caused by a natural disease, Indeed, such a claim may be 
true on occasions. Both the prosecution and defence med- 
ical advisers must undertake a thorough investigation using. 
all anatomical, histological and biochemical means a theie 
disposal to discover any such metabolic or pathological 
cause for fatal wasting, before attributing the death to sheer 
malnutrition 


HY 


Until about 40 years ago, injury and death from the eects 
of low temperature was thought o occur almost exclusively 


URY CAUSED BY COLD: 
POTHERMIA 


among those subjected to extzemes of climate out of doors 
Mountaineers, polar explorers and those exposed in some 
disaster on sea or land were considered to he the prime 
candidates for frostbite and 'recsing to death’. Only after 
some noteworthy medical publications, such as ehose by 


Injury caused by cold: hypothermia 


icine 17.4 A death from hypothermia showing brownich-pink 
discoloration aver the hip an elbow 


like as low as was thought in former years, when profound 
frost was consideted essential for the production af lesions, 
Air temperatures below 10°C. are probably low enough o 
cause hypothermia in vulnerable persons, but air move- 


‘ments such as external wind or internal draughts will make 
things worse by markedly increasing the rate of body cool- 
ing. Damp conditions, especially of clothing, will aso aid 
cooling from the latent heat of evaporation, 


Ficiune 17.3 Hypathermia in a woman of only 56, She lived in 3G AND PHYSIQUE 


ccteme iar, with nw batng and brabenwindes, even tough ps stated, the ekerly and the young ate at greatest sk The 
‘he had been a ate registered mse. The knees hands and fet old person may have poor musculature and a lack of mobil- 
sowed byposhermic discoloration as well ax drt ity, thus depressing heat production from muscular activity 

fen thin, there may be a lack of insulating subcutaneous 
ith (1958), Duguid etal (1961) and other, was fat. Poor thyroid Function is common, especialy in old 


ly appreciated that hypothermia was a common women, and is discussed below, Cerebral dysfunction — 


Emil 


it gene 

and widespread danger in temperate climates and indoors, often from degenerative arterial disease ~ may lead to poor 

Recognition was rapid and Special Committees ofboth the central heat regulation, a disinclination to move around, 

Royal Collegeof Physicians and the British Medical Asoci- and apathy concerning. personal nutrition, heating and 

ation produced reports an hypothermia in the 1960s, general well-being, Depression and mental illiess are not 
Asin so many other conditions, the aged and the infants Uncommon, a in the early cases reported by Emlie Smith 

are most vullerable, expecially asthe condition is insidious and by Duguid era. 

and may not be suspected in time by those more active per- 

sons who are the potential guardians of those atthe two tio large, so that eat is lost more easily. In small infants, 

eresemes oF if there is naturally complete dependence on others in regan 


Tn infants, the body mass is small and the surface arcasmass 


Factors involved in hypothermia 
’ HYPOTHYROIDISM 


LOW ENVIRONMENTAL TEMPERATURE 
‘Myxoedema, either occult or obvious, is an important fac- 


tor in hypothermia. Many elderly women have a thyroid 


No precise figures can be given in degrees Celsius for ten 
peratures potentially dangerous co life, as other factors deficiency and this is a potent factor in vulnerability to 
and the personal vulnerability of different individuals vary cold. The majority of victims are women over 70 and the 
considerably. Certainly the air temperature need be nothing environmental conditions in which thyroid dysfunction 
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is a factor may be little below optimum, Cases were first 

reported in the 1950s by Marquand, soon followed by the 

paper of Angel and Sash (1960). In hypothyroid subjects, 
precipitati 


certain drugs may have a deleterious effect by 


hypothermia, even when the environment is relatively n 


mal. Imipramine, chlorpromazine and diazepam are particu- 
larly hazardous. Barbiturates, phenothiazines and aleohol 


are also dangerous in this respect. 


LACK OF FOOD, ADEQUATE CLOTHING AND INDOOK 
HEATING 


‘These are factors that may be social or financial, but are 
ofien related to the depressed, apathetic state of many old 
people, especially chose with cerebral atherosclerosis. Cause 
and effect are often hard to separate, as the effeets of cold 
may bring on ot worsen mental sluggishness and confusion. 


‘The manifestations of hypothermia 


‘The clinical manifestations are not the concern ofthe forensic 
pathologist, though when unsuspected before autopsy 
the history may give a clue to the fatal process, 


It is sometimes claimed that hypothermia in the elde 
never occurs unless there is some predisposing disability, 
such as cerebrovascular disease, hypothyroidism, alco- 
holism or diabetes, far instance. This seems too restrictive 
aan attitude, though in general is probably true. The rectal 
temperature is used as che measure of severity in hypother- 


mia, Between 37°C and 32°C there are no illeffects 


beyond the normal subjective feeling af being cold, with 


shivering and constriction of blood vessels 


LY», hel 


Ficume 17.5, Frshite of the knuckle afer being lef unconscious 
during winter in Wale. It er not require Arctic tempenttures to 
<tuze tue damage o” death, 


‘When the core temperature falls further below 32°C to 
24°C, th 

and heart rate, and a lowering of blood pressure, If main- 
tained without relief, death will ensue and recovery is rare if 


is dulling of consciousness, a fallin respiration 


the rectal temperature falls below about 26°C, though one 
remarkable case reported by Laufman (1951) recovered 
after falling to 18°C, albeit with severe mutilating frostbite. 


Autopsy findings in hypothermi 


‘There may be no signs whatsoever at autopsy in a death from 


hypothermia and thus the history may be all-important. 
‘The usual difficulties then arise as to how much the patholo- 
gist is entitled to rely upon hearsay evidence — as opposed 
to the objective findings of his own examination — when 
deciding on a cause of death. This is more fully discussed in 
the first chapter of this book. 

Hypothermia, like some cases of epilepsy, asthma and 
drowning, provides some of the more difficult pathological 


dilemmas when there are slight, non-specific or absent 
autopsy findings. When a victim of hypothermia has 
been admitted to hospital and ‘warmed-up', death may 
supervene at any time up to a few days later. In such 
circumstances the autopsy may reveal no positive findings, 
‘The skin changes will almost certainly be absent, bur intra- 
abdominal signs may persis 

In a classical death from hypothermia the body will usu- 
ally be that of an old person —almost half the Royal College 


cf Physicians’ series was over 65 years of age: most will be 


women, The exterior of the body may present suggestive 


Fist 17.6 Bright red coloration ofthe cheeks and nose from 
Aypothermia, The victim suffered frre mitral stenosis (where malar 
flush is one ofthe clinical signs) and wasn bed nan unheated 
room daring a Welsh winter. The risus ofthe nase were virtually 


necrotic, amounting to actual rstbite, 
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sig 


of hypothermia, in that patches of pink to browaish- 
ink discoloration may be seen in certain areas, They are mast 


‘often present aver extensor surfaces and large joints, such 
as che outer sides of the hips, che elbows and the knees, and 
less often on the flanks and face, 

The colout is similar to that seen in bodies exposed in cold 
‘water or in severe outdoor cold — and to the post-mortem 
pinkness chat often develops in mortuary efigerators. In 
hypothermia, however, the distribution over the large joints 
isdistinctve, in addition to the pinkness of hypostass. There 
may be pink patches on the checks, chin and nove, especially 
in victims who alzeady had impaired cardiac function, such 
as the ‘malar’ lush of mitral stenosis. The slight brownish 
tinge often seen in the pinkness and che rather indefinite 
blurred edges of the patches suggest that some haemolysis 
may have occurred, perhaps in the early post-mortem period 
as well as during the terminal stages of lie. The colour is pre- 
sumably due to persistent oxyhacmoglobin in the skin capil- 
laries, which, because of the low metabolic activity of the 
cold tissues, ful to take up the delivered oxygen. Pooling of 
blood in surface vessels from the breakdown of normal vaso- 
motor control allows this unreduced haemoglobin to show 
through the skin. Why a normally coloured body placed 
afer death in a mortuary refrigerator should also become 
pink has never been satisfactorily explained, 

In addition to pink areas of skin, the extremities may be 
‘yanosed or they may be white. Sometimes the feet are blue 
to the ankles, above which is pale, The hands may show 
blueness of the fingers or nail beds. Oedema may be seen, 
‘most often in the feet and lower legs, but many of the victims 
of hypothermia already have pre-existing congestive cardiac 
failure, Rarely there may be blistering of the skin, usually in 
dependent parts such as the buttocks, backs of thighs an 
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that acted ascot having 
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Upper arms. This may or may not be in pink areas and seems death seen at autopsy. Histologically, necrosis, leucocyte 

to be caused by skin oedema which then breaks down, infiltration and fat nectosis may be confirmed in some 
‘The fave, especially of an elderly woman, may show instances, but in others the pancreas, even if haemorrhagic, 

appearances suggestive of myxoedema or hypothyroidism, yields lite information on microscopy. 

with coarsening of the features, puffy eyelids and loss of 

eyebrow hair. Internally there may be nothing specific © PULMONARY OEDEMA 

note, even if the external skin changes are obvious. Signs of 


pre-existing disease are common, especialy fone subscribes This is common, but asi is such a common finding in any 


death from cardiac failure, its diagnostic value in hypother- 


to the view that hypothermia in the elderly never occurs in see 


the absence of systemic disease. Degenerative arterial disease, 
senile myocardial degeneration, hypertension, chronic renal 
lesions and obstructive airways disease are common, More PERIVASCULAR HAEMORRHAGES 


specific lesions are considered below. “Thete have beet dese 


ed in the brain, especially in the 

walls of the third ventricle, but again they ate not particu 
ACUTE GASTRIC EROSIONS larly specific, especially in an autopsy population that has a 
high incidence of cerebrovascular disease. Sludging of 
blood in peripheral vessels may oceus, partly from cold 
agglutinins. This contributes 0 skin oedema and necrosis, 


In the authors’ view, these are found much more ofien than 
pancreatitis, The stomach mucasa is frequently studded 
with numerous shallow ulcers, the floor of each containing, 


a dark brown plug of altered blood. Frank haematemesis ig though peripheral vasoconstriction is the main cause of the 
seu bra ea ond Fak erie te Mcniehice ov Gana a oy 


acid-affected blood, organs in hypothermia, presumably from cold agglutinins 
blocking small vessels, Deep vein thrombosis in the legs 

and pulmonary embolism are occasionally found, but again 

cause and effect is hard to establish, 

This is the lesion most often quoted in textbooks, bur is It is said chat the good preservation of issues when 

present in less than half the deaths from proven hypother- examined histologically is characteristic of hypothermia, as 

mia, It may have been diagnosed before death from an autolysis is retarded by che low temperature. In the exp 

increase in serum amylase activity: The most obvious fea- ence of the authors, this claim is not justified. 

ture may be areas of stiff, yellow, fat necrosis when the pan- 

ved at autopsy. There may be adjacent areas of 


fat necrosis in the omentum and mesentery. Haemorthage “THE ‘HIDE-AND-DIE’ SYNDROME 


into the gland may occur, but caution has to be employed 


ACUTE PANCREATITIS 


here, as postmortem autolysis of this ongan commonly 


gives « haemorrhagic appearance in many other modes of There is a peculiar aspect to some cases af hypothermic 


death in tha it is associated with ehe victim undressing and 
hhiding away from sight. The subject is usually an old person, 
man or woman. When found dead (usualy, bue not always 
at home), the body may be parly or even totally naked, even 
though the environment is cold, In addition, the viesim 
may have burrowed his or her way into some corner or cup- 
board, or alternatively pulled down furnicure and household 
articles into a heap on top of the body In faet, the house 
ay be in such a state of disorder that when the police break. 
in and find a corpse amongst such chaos they may naturally 
suspect a homicide and robbery 

‘The author (BK) has sen old people who have crawled into 
small cupboards, the bortom of wardrobes, under low shelves, 
and into comers of pantries and outhouses, They have been 
found under piles of books pulled from a bookcase, or hidden 
under a mound of old clothes, newspapers and other debris, 
Ficune 17.9 Gastric mucosa from a hypothermia dea showing ‘The signs of hypothermia are usually present and the 
‘numerous acute erosion problem then arises as co whether the victim became 
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hypothermic frst, which led to mental confusion that caused 
the strange behaviour, of whether — asa resule ofsome men- 
tal aberration, pethaps related to senility or other cerebyal 
episode — they began behaving abnormally, including shed- 
ding their clothes and so became fatally hypothermic. 

‘Though some geriatricians claim that hypothermia is 
almost always precipitated by some natural illness, includ 
ing cerebral vascular episodes, the experience of most 
pathologists is that i is not common to find definite lesions 
of such predisposing factors at autopsy. 

Biochemical markers of hypothermia have been inves 
gated, and catecholamines appear in the blood and then 
urine in the early stages, but then decline, as the adrenals 
become exhausted (Hirvonen and Huttunen 1995). There 
is variation in the adrenaline:oradrenaline ratio, all these 
changes being manifestations of stress induced by low 


temperature, 


Ficune 17.10 Frostbite ofthe foot fom che infin shown in Figure 
17.8. The distal part ofthe far i infrcted and a line of eparaton 


‘hax appeared beeen the distal lough and theres of the lb 


Ficune 1 


Frostbite on left auricle of a man wha, heavily 
intsicaed byalcabal, left for bome at night in the Arctic wins 
aed wat found dead the follwing day 


but lost his way a ~40 


DEATHS FROM EXPOSURE 


Fatal hypothermia can occur in healthy adults, as well as 
infants and old people. This is caused by purely environmen 
tal conditions, which need not be extreme. One common 
group, especially in more northern countries, is the inebriated 
person who becomes exposed to even moderate cold, The 
typical circumstances are a person who gets drunk and either 
falls asleep outdoors in his drunken state o sustains some 
accident — such as a fall or even mild head injury — which 
incapacitates him for long enough for him to become 
hypothermic. Aleohol seems to have a secondary effect, apart 
from causing incapacity and immobility. Its vasodilating 
effect on skin allows heat loss to be more rapid and in higher 
concentrations it may have a ditect action on the heat- 
regulating centres. Apart from drunken victims, many other 
classes of person may fall prey to hypothermia, Hill-walkers, 
climbers, vachtsmen and dinghy-sailors, swimmers, and other 


asses of sportimen and women can become cold and 
exhausted. Every year sees deaths and rescue escapades in the 
ill country of Britain, even when che weather is far from 
Arctic in severity. Naurally the risks in colder countries and at 
high skitudes almost anywhere in the world are much grate. 
For the pathologist, the features are similar eo domestic 
hypothermia, bur there may be the added lesions of frostbite 


LOCAL INJURY DUE TO COLD: 
FROSTBITE 


‘There are a number of different clinical lesions caused by 
the effece af prolonged cold on the extremities, ‘Immersion 
foot and ‘trench foor’ refer co damp cold damage, whereas 
frostbite’ is caused by dry conditions below zero. In the 
context of forensic pathology, they may be found in victims 
of fatal hypothermia, but rarely kill in chemselves unless tis- 
sue nectosis becomes infected. Severe damage with slough- 
ing and separation of toes, or part of the foot is likely to be 


seen only in survivors or vietims of some catastrophe on sea 
or mountainside, but the author (BK) has seen one case 


where a neglected infant was left in a urine-soaked cot at 
temperatures below zero for many days. When it died of 
a mixture of hypothermia and chest infection, the parents 
placed itin a sack with a brick and dropped it down a well. 
(On recovery of the body; separation of the necrotic distal 
part of a foot was seen, with a red zone of inflammatory 
tissue on the proximal margin, Frostbite may affect only 
the skin or may extend deeply into the underlying tissues. 
Lesser degrees are reversible, but infarction and necrasis may 
ensue if the blood supply is cut off by vasoconstriction, 
sludging and cheombosis, for a sufficient ime. 
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‘The examination of living vietims of sexual assaults is 
the province of the forensic physician or ‘police surgeor!, in 


places where such doctors exist. In many counties, any 
physician may be asked by the police to examine the vietim 
of an alleged sexual offence, but this difficult and onerous 
task in the living vietim is outside the experience of many 
pathologists ~ though in some jurisditions, this function 
is combined with that of the forensic pathologist. 

In this book, attention will be confined to those eases in 
which a sexual assaule leads to death, almost always rape and 
hhomicide. Regrettably, a significant proportion of non- 
domestic homicides are associated with sexual offences, death 
occurring cither because the woman rejects the sexual 
approaches or because a sadosexual motive colours an 
intended murder. The most common mode of killing is 
either presure on the neck; head injuries, of, less often, stab- 
bing. In some instances death may be the result of violence 
sociated with the sexual activities themselves, especially in 
child victims when pelvic trauma may be the immediate 
cause of death. In chs chapter, only the sexual aspects are dis- 
cussed, as other modes of violent death are covered elsewhere 


EXTERNAL FINDINGS IN FATAL 
SEXUAL ASSAULTS 


As with most forensic autopsies, a meticulous external exam- 
ination is as important — and usually more important ~ 
than the internal dissection. The study of the body surface 
in sexual assaules is similar in both the living and dead and 
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ray be divided into general appearances and thoxe of the 
perineum. The whole body surface should be searched for 
sexually orientated injuries, 


Mouth and lips 


Bruises may be found on the lips and especially inside on the 
bbuceal surfaces, from rough kissing. The lips may have been 
forced back on to the edges of the teeth, causing abrasions, 
bruises and even laceration of the buccal surface. Swabs 
should be taken from the mouth in every ease before sub- 
stantial manipulation for examination, 10 seck evidence 
of seminal fluid from oral penetration, ‘Though such swabs 
rarely yield « positive result as to the presence of spermato- 
+203, modern analytical methods may be able to detect other 
components of the seminal fluid or the presence of male 
epithelial cell 


Bites 
Other bruises may be found on the neck, shoulders, breasts 
and buttocks from oral suction or biting. These are some- 
what euphemistically termed ‘love bites’ and may range 
from minor lesions inflicted from enthusiastic passion to 
mutilating bites ofa sadistic nature. 


Suction lesions may comprise a circular or oval area of 
bruising, in which the damaged zone consists of many 
small intradermal petechial haemorthages eaused by suck- 
ing the skin into che mouth, the reduced air pressure 


18: Deaths associated with sexual offences 


rupturing the small vessels. There may be semilunar marks 
at the periphery fom the lips, and there may be associated 
teeth indentations or abrasions. Such suction marks are 
often seen at the sides of the neck, below the eats, an the 
uppet shoulder, and on the upper part of the breasts and 
around the nipples, 

Actual bites may accompany suction matks or may be 
independent, The characteristics are described in Chapter 
26, but the main features are abrasions or bruises matching. 
the dental arches, often with discrete marks from each 
tooth, Thete may be linea if che teeth are scraped down the 
skin in closing the jaws. They may be superficial or deep 
cenough to penetrate the skin as lacerations. The latter are 
specially common ar the nipples in sexual assaults, and che 
nipple and part of the arcola may even be partly or wholly 
amputated. 

In sextial homicides, itis essential to obtain expert forensic 
odantological advice, if at all possible. In any event, photo- 
graphs and measurements must be raken of these injuries and, 
if practicable, a cast of any teeth indentations for later com- 


parison, Before any handling of the lesions, swabs should be 


Sexual aucults are rometimesasciated 


violence, aften ofa adic manure, Here, nae hasbeen fallowed by 
severe head injury fromthe large rock seen near the central gute of 


thi back lane 


taken of the surfice in an effort to recover saliva, which if 
the assailant was a ‘secretor’ ~ may be tested for blood-group- 


specific substances 


General bruising and abrasion 


Apart from bruises that may be associated with the fatal 
assault, such as chroat or head injuries, some bruises are 
indicative of the sexual motivation, The breasts are often 
manually squeezed and manipulated, causing discoid 
bruises of 1-2em on any part, especially around the nip- 
ples, Linear abrasions, usually from fingernails, may also be 
present. Bruises may also be seen on the thighs and bur- 


tocks, from struggles to achieve intercourse, Both the outer 
and inner sides of the thighs may be bruised and scratched: 
«a typical area is the inner aspect of the upper thigh, where 

be bruising 


the legs are manually forced apart. There may 
around the anus from fingers opening the buttock cleft to 
achieve either anal ot posterior vulval penetration, 

Wh 


face, bruises and abrasions may be seen on che back, espe- 


fe the assault takes place on a hard or uneven sur- 


cially the shoulders and buttocks, If outdoors, there may be 
marks from stones or sticks and remnants of vegetation, 
such as leaves, and grass and green staining may be adher- 
cent to the skin, together with earch or dire, Examination of 
the clothing is usually a function of the forensic scientist 
(criminalist’), but when the pathologist examines the body 
in sta, be will naturally note damage, disatray and foreign 
‘material on the garments 


2 In fatal nape the pathologist must note a he scene, ar 
at the mortuary, the pation and condition of clothing and presence 
af fvegn material on the sin. Full cooperation with scene of crime 


re or frente sien i vital in callesting mace evidence 
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External findings in fatal sexual assaults 


Other general injuries nails that can be identified as to blood group oF individu- 
ally specific DNA characteristics, 

The hands should be carefully examined, as in all assaults. Signs of head injury and theorling are dele with else- 

The fingernails, expecially the afcen longer and manicured where, but some fatal trauma may be sexually orientated, 

nails of younger women, may be broken from a struggle : 


especially knife injuries, Sadistic cutting or stabbing may be 
Occasionally there ate hairs ot fibres trapped ia nail splits, ie be : 


inflicted on sexually significant areas, especially the breasts, 
which may have come from the asailant or his clothing. At jyrocks, perineum and lower abdomen, The vulva itself 
autopsy, the nails should be cus closely to the junction with 


may be mutilated. These may be slashes or deeply penctrat- 
the Fingers and all parings carefully collected for forensic 


ing stabs, ofien multiple and indeed eumerous, They may be 
laboratory examination. It is tarely necessary to collect fl 7 


arranged in a pattern or may be mutilating, as when whole 
those from each finger in individual packets, but each hand : Ls 3 


bbreasts are amputated, Decapitation is sometimes performed 
should be identified separately, Some pathologists or scien- 


and ritual ats may be performed, with objects placed in def- 


tific officers prefer to scrape out the space under each nail nite sites 


the body, The notorious ‘Jack the Ripper 
with a pointed orange-stick or toothpick, carefully retain-- anders in London in 1888 exhibited the arrangen 
ing any debris, The reason for this interest, especially in 


ts of 


assailants and have blood, or even skin parings, under the 


‘may be removed, ether through abdominal wounds or manu- 
ally through the vagina. General injuries may be continuous 


with genital rrauma, as in knife or broken bottle wounds of 
the abdomen and perineum, 


Genital injuries 


(Once the pathologist has examined all the external general 
injuries, attention should be curned to the perineum. As 
with che clinical examination of sexual offences, a set rou 
tine should be used, as the incorrect order may lose yalu- 
able forensic evidence. 

‘The vulva and anus should be inspected externally and 
laceration, swelling, bruising, bleeding and discharge noted. 
Any blood or suspected semen stains anywhere on the body 
co clothing should be sampled either by ehe pathologist or 
by the forensic scientist or scene of crime police officer. The 
pubic hair should be examined for foreign material, hairs, 


vegetation and dried seminal stains, and samples of hair and 
combings taken. The hair may be combed using a fine 
comb with the base of dhe teeth packed with cotton-wool to 
trap any loose fibres. Dried stains on hair may be cut away 
and placed in clean folded paper in an envelope, or plastic 
bag for transit to the laboratory. The vulval labia may show 
clear signs of trauma, especially in children, In forcible rapes, 
especially in young persons, there may be extetnal signs 
‘of perineal tears, with laceration of the margia of the vaginal 
introitus or anus, sometimes causing a complete rip between 
the two orifices. 

‘Caution must be used in interpreting the degree of dilata- 


tion ofthe anus in a dead body, asthe sphincter can become 


Ficus 183 Muhiple sperficial abrasions from undergowsh and patulous and wide open as a normal post-mortem change. 
ground debris on the back ofthe vction of rape. This isan Unless the dilatation is very marked, the sole finding of an 
indication of presure ofthe unclothed body an the ground. There is open anus in the absence of abrasion, bruising, or semen is 
4 ligature mark around the neck with a cras-aver point visible, difficul to sustain as proof of anal penetration. This applies 
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to children as well as adults; in fact, post-mortem dilatation 
of the anus is particularly noticeable i children 

‘Once external examination and asessment has been 
made, samples should be taken for forensic biological test- 
ing, fr the presence of semen and venereal infection, as well 
as samples for DNA profiling, which may be able to distin- 
sguish berween any semen present and che vaginal secretions. 
If any fluid is running from the vulva or anus, it should be 
picked up with clean pipettes and preserved in the smallest, 
available tube, wo prevent drying ftom evaporation. Then 
cotton-wool swabs on sticks (ensuring chat those used for 
semen detection are plain swabs, aoe those containing albu- 
min or other media) should be used to take the following 
samples by touching gently on to the mucosal surfaces: 


1 the interior of the vulval labia and around the vaginal 
orifice 

the margins and intetior of the anus 

IH the mid-vagina, using a speculum or broad handle of a 
dissecting forceps to part the lower vaginal walls gently 
toallow the swab to reach the area without contamination 
from the lower vagina 

the upper vagina, cervix and posterior fornix, again 
using a spatulate instrument to open the canal to give 
access to the swab, If more fluid contents are seen 
higher in the vagina, either now or during the later 
dissection, they should be recovered by pipette 


nd 
vagina, as far as can be seen from che exterior, should be 


After samples are taken, the interior of the anus, vuly 


examined. Lacerations, abrasions, bruises and bleeding: may 
be evaluated, though they can be seen in mote detail at dis 


section. The presence and condition of a hymen is noced, 


Deaths associated with sexual offences 


Ficune 184 Some bamicides have 
obvious sesual connotations even if there is 
no genital interference. This circle af stab 


wounds it centred an a breast 


Fi 
wall ofthe agin ina sexual acaule asacated with fal bend 


IRE 18.5 Freth bleeding and mucoal abrasion on the lower 


injures in a ld lady 


‘with any evidence of recent tearing. Where injuries are gross, 
specially in children, fistulae beeween che vagina and the 
rectum or even peritoneal cavity may be seen, There may be 
extrusion of intestine, 


INTERNAL EXAMINATION 


‘The order of the auropsy may be determined by the nature 
of the death, The fatal injuries, such as strangulation or head 
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Interpretation of minimal findings 


injuries, may be deale with first or the pelvic region may 
command prime attention. The autopsy incision should be 
similar wo that described for the examination of deaths asso- 
ciated with pregnancy, with an incision circumscribing the 


perineum, removal of the anterior part of the pelvic bones 
and the extraction ofall the pelvic organs in continuity from 
covaties wo vulva and anus. This block of tissue is then dis- 
sected separately: Before this is done, the bladder should 
first be emptied of urine (either by catheter oF through 
small incision in the fundus) and the fluid retained for 
toxicological analysis, especially for aleohol, 

‘The vagina should be opened with large scissors, the 
track ofthe cut depending on the asessment of any injuries 
seen on external examination, If there ate tears or bruises in 
the vulva or vagina, the cut should be orientated to avoid 
them wherever possible; the anus is later dealt with in a 
similar way. The vagina is lid open to the posterior fornix 
and all injuries carefully examined and photographed. The 
cervix and uterus are examined in the same way. 

Injuries may be of all types, from mere reddening or 
swelling to complete disruption of che vaginal canal. This 
‘may occur in small children from sheer brutality of pene 


tration, especially if there is gross disproportion between 
the adult penis and infantile canal, It may also occur from 
instrumental injury, as it is by no means uncommon for 
deliberate incised wounds to be made, The author (BK) 
hhas seen abdominal knife wounds carried aver the pubis 
into the vagina in a murdered prostitute; another murder 
rape was found to have a broken milk bortle high in the 
vagina, to che potential hazard of the examining Fingers. 
Vaginal injuries, especially by instrument, may continue 
up into the abdominal cavity, ether via the pasteriar fornix 
oor lateral vaginal walls, This will have been examined 


Ficune 18.6 Stab wounds (arrows) in the naginal 


seal ofa bomicide victim (U, user) 


through the abdominal aucopsy incision before removal of 
the peli organs. 


INTERPRETATION OF MINIMAL 
FINDINGS 


As in clinical forensic practice, there is lite difficulty in 
interpreting gross sexual interference, but problems arise 
when only minimal evidence is present in a death (traumatic 
or otherwise) where che circumstances suggest some sexual 
offence or activity. In such cases, the following questions 
‘need to be answered, in the light of all the available findings 
atthe end of the autopsy and ancillary investigations: 


Is there any evidence of sexual intercourse at any time — 
that is, absence of virginity ax determined by an intact 
hymen? This does not exclude sexual activity short of 
penetration and technically rape ean occur from even 
the minimal passage of a glans between the labia, which 
does nor affect the hymen, Old intercourse may be 
assumed from healed hymenal tears with epithelialized 
‘earunculae myrtiformes’ at the margins, though the 
prolonged use of tampons and manual manipulation 
can also tear a hymen. Evidence of previous pregnancy, 
such as abdominal striae, old damage tothe cervix and 
breast changes are almost incontrovertible evidence of 
previous sexual intercourse. 

I Is there evidence of recent sexual intercourse? A recently 
ruptured hymen, wich swelling, a raw unepihelilized 
calge and bleeding may be found, though admittedly itis 
relatively uncommon except in children and previously 
Virginal young penons. The labia may be ted and 
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Ficuae 187 External genitals of live 8-year ge. a victim of 
repeated sexual abuse by an adult living in the neighbourhood. The 
lack of inaact hymen, reddened and larger than normal aifice of the 
‘gina as well as thickened skin and ulcers perianal (aot show) 


are in heping with abuse 


inflamed with sight oedema ofthe vaginal introitus if 
itis che fist episode, a if there is disproportion between 
an adule man and a young person, even in voluntary 
sexual connection, The presence of semen on swabs is 
the best evidence, though with the use of condoms it 
may be absent. After vasectomy, though no sperms 

will be present, chemical and enzyme tests for semen 
remain postive. The presence of venereal disease, 
expecially gonorthoea, is presumptive evidence of 


intercourse, though it ean be contracted other than 


by sufficient penile penetration o consticute rape 
If recent intercourse has taken place, was it by force? 
“This may be all co obvious in the presence of gross 
injury, especially in small childeen. Where vaginal or 
rectal tearing has occurred, oF where there is obvious 
abrasion, bruising or laceration of the vulva, anal 
margins or perineum, then this can hardly be 
compatible with voluntary intereourse, The possibilty 
of sexually motivated injury without actual penile 
penetration must be considered when no semen ean be 
recovered, as equally severe damage can be caused by 
digital or instrumental trauma, All kinds of foreign 
‘objects can be forcibly introduced into the vagina and 
rectum, and ate not infrequently employed by sadistic 


Ficune 18,8 Extensive bleeding fiom inner lacerations ofthe 
naga walls ina fatal rae, Blood is pooling inthe posterior part of 


the waginal canal. A full antnpay dsecion is required, heping the 
‘perineuon en bloc with the genital rac 0 dzplay any injuries and to 
exclude natural divease as «contribution ta the bleeding 


and perverted killers, The author (BK) has seen candles, 
bottles, a banana, broken glass and knives introduced 
into the vagina, and broom-handles and potatoes lying 
in che reeeum. 

‘Where injury is relatively slight and confined to 
hyperaemia and oedema of the vaginal or anal 
entrances ~ and where abrasion and bruising of the 
‘vulva is slight (even including Fingernail seratches), 
although the presumption is that intercourse was by 
force, the possibility still exists thar it was voluntary 
though overenthusiastc, unless, of course, the vietim 
was a small child. 


TESTS FOR SEMEN, 


In countries with sophisticated forensic science ot police 
laboratories, che pathologist will not be called upon to 
carry out the actual techniques for the detection of seminal 
uid. His role is to be a careful collector of the original 
samples at autopsy and, to some extent, to be able to inter- 
pret the results for the benefit of the police and the courts 
He should be conversant with the general principles of the 
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Tests for semen 


tests and aware of any potential shortcomings. In places 
where forensic science facilities ate deficient or theit avail- 
ability may be delayed, the pathologist may have to conduct 
the more simple tests himself and the technical details are 
given in Appendix 1, The detection of semen depends upon 
the following methods: 


Bl Naked-eye and lens recognition isa screening method 
which may identi 


suspicious stains on clothing, skin 


Fictne 18.9 Rape and buggery of mall girl who was then sraneled. 
‘The vu hat alight posterior tear and there isa large waginal ar 
inermally the canal bring filled with load. The anus ir widely ripped. 
_epecialypaeronly Swabs were possve for semen in both orifices 


and pubic hair. Liquid semen leaking from ehe vagina 
for anus may be obvious, though leucorrhoeic vaginal 
discharge may be mistaken for seminal fluid. Dried 
seminal stains are stiff and rather silvery, depending 
upon the nature and colour of any fabric they may be 
upon. On the skin they flake off readily and can easily 


be lose if not carefully lifted with a blade or needle into 
a container. Dried stains on hair should be retrieved by 
cutting away the clump on which they lie. Suspect 


smears on skin may be collected by gentle rubbing with 


plain cotton-wool swab that has been moistened with 
water or saline, All material should be examined as 


soon as possible alter collection, 


1 Examination under ultraviolet light causes seminal 


stains to fluoresce a bluish-silver, but many other 
biological fluids and vegetable juices give false-positive 


TRE 18.11. Extensive bruising from fingers during a multiple 


anal ana vaginal nape, Though penetrated by several men ina shart 
space of time, the anus shows no injury 


Fick 18.10 A chronically dilated anus in an 
habitual pave homosexual. After death any anus 
‘im appear open and patulans, but thic example is 
tua large to be accepted as within normal limite. Je 
ales has hertinizd, chronically abraded margin 
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Ficune 18.12. The anus of girl wha has sured penetration. The 
sphincter is avendilated, there is slight tearing ofthe unal margin, 
anu some epidermal rags have been abnaded from the surfce, However 
this degre of dlaation in dead subject should no be used asthe 
sale indication of buggery, a the pat-mortem anus can be patulous 
in quite innocent crcustances 


results. Many detergents, such as washing powders, also 
produce a confusing background fluorescence, The 
‘method is a useful sereening process but cannot be used 
as definitive evidence of the presence of semen, Areas 
that fluoresce, especially on fabric, should be outlined 
to identify them for more specific testing. 

1B Enzyme reactions are valuable, and though not 
absolute proof, are strong presumptive evidence of the 
presence of semen. They depend on detecting high 
concentrations of acid phosphatase originating in 
prostatic secretion, Acid phosphatase activity in semen 
4 500-1000 times greater than in any other normal 
bodily fluid. Also, vaginal fluid contains endogenous 
acid phosphatase showing considerable variation in 


activity depending on various factors, which 
complicates the interpretation of the findings, There 
are several methods of detecting phosphatase, including 
rapid commercial ‘spor’ test, which should nor be 
used as hard evidential proof 

1B Immunological methods, where animal antihuman 


semen sera are set up against extracts ofthe stain, These 
techniques ean only be used by trained laboratory staff 


Prostate-specific antigen (PSA, p30) isa glycoprotein 
produced by the prostatic gland and is found in 
seminal plasma, male urine and blood, but not in any 
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tissues oF Mud of the female body. A pasitive PSA. 
finding isa reliable indicator of semen regardless of the 
presence of spermatozoa or elevated acid phosphatase 
level. Simple and sensitive methods have been 
developed for analysis ofthe presence of PSA. 

Other serological techniques may be able to determine 
the blood group of the semen if the ejaculator was one of 
the 80 per cent of the population who are ‘secretory — 
those who pass blood-group antigens into ther saliva, 
sweat and semen. A problem for the forensic seralogst is 
the admixcure of semen with biological fluids from the 
victim, in the form of vaginal secretion and blood, but 
this isa complex technical matter that is usually outside 
the remit of the forensic pathologist, though he needs 
be aware of the potential difficulties, 

Recent developments have now added the DNA. 
technique to the armamentarium ofthe Forensic 
biologist; this isa remarkable advance, especially in sexual 


offences, asthe previous problems of blood group and 
cnayme typing caused by the admixture of semen and 
vaginal secretion can now be solved in many instances 
‘The sensitivity of detection and identification has also 
been enormously enhanced by amplification techniques, 
such as PCR (polymerase chain reaction) Y-chromosome 


short tandem repeat (STR) markers have been suecesflly 
used to analyse mixed stains with a male component 
1H Until recent years, the only absolute proof accepted by 
the courts was the demonstration of spermatozoa in stain 
extracts and it remains the best evidence, though some of 
the sophisticated laboratory techniques such as serological 
and DNA identification are now equally reliable. One 
‘modern problem in using spermatozoa retrieval isthe 
widespread and increasing incidence of vasectomy a & 


id 


‘method of male contraception, so the seminal 
contains no sperm; this also occurs naturally in 
azoospermic men, The phosphatase and some serology 
tests ate unaffected by vasectomy. Fluorescent in situ 
hybridization (FISH) has been suggested asa sensitive 
and specific test for the detection of male epithelial cells 
in the postcoital vagina up wo one week. Y-chromosome- 
positive epithelial cells have been identified in vaginal 
swabs even in eases with no ejaculation, 


HOMOSEXUAL OFFENCES 


[As with heteraseaual offences, the cause of death in fatal 
cases is almost always some form of general trauma, such as 
strangulation or head injuries. Homosexual activity, how- 
ever, may be a parallel event; itis a fact that some of the 
most violent homicides seen by pathologists are among, 
male homosexuals. In addition, quite a number of fatal 
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altercations arise because a heterosexual man becomes vio- 
lent when importuned by a homosexual 

‘The pathologist's atention will almost always be directed 
to the anal region of the passive participant, as the other 
partner or assailant is rarely dead, and any examination will 
be carried out by a police surgeon or clinical doctor, The 
examination of the victim follows closely on that for a 
female subject of rape, in that general injuries are sought 
First — including the one that caused death ~ together with 
any sexually orientated marks such as scratches anywhere on 
the body; but especially down the back, on the buttocks or 
fon the thighs. Bruising around che anus and in the cleft of 
the buttocks is significant, especially if discoid finger bruises 
are seen, The anus should be inspected and the warning 
given earlier about the degree of dilatation in corpses should 
be heeded. Though most marked in children, a patulous 
anus ean be seen in any adult post-mortem, Unless it is 
grossly dilated, an open anus eannot be used in isolation as 
an index of homosexual penetration. In recent or forcible 
anal intercourse, especially bya large penis upon a ‘virgin’ oF 
young person, the margins of the anus may be reddened, 
sometimes abraded, and occasionally torn, especially in a 
child, There might be some eversion of the lower rectal 
‘mucosa through the sphincter. In gross anal ‘rapes, espe- 
cially on a young person, there may even be severe perineal 
tearing. At autopsy, swabs must be taken from the anal mar- 
sgn, and deeper in the anus and rectum, Mouth swabs 
should also always be taken. The presence of blood or lubri- 
cant should also be sought. 

“The clasic description of the chronic passive homosexual 
hhas been passed down from textbook to textbook over the 
yeas, but isa rarity, The so-called "funnel anus is usually an 
‘anatomical variant. Some men and women have a deeply set 
anus aS an anatomical variant, sometimes with bridge of 
skin dorsally cross the cleft of buttocks. This eauses the anus 
to appear as if ie was atthe bottom of a funnel, but has no 
significance. The other clasic feature was said to be silvery 
thickening of the skin outside and at the margins of the 
anus bur this soften due to chronie scratching from pruti- 
tis, rather than from prolonged fiietion during homosexual 
activities. In lif, lax anus, prolapsed mucosal rim and thick 
ened anal margin may well be genuine signs to che experi 
enced clinical eye, but at autopsy only acute damage and the 
presence of semen or lubricant is of much evidential value 
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i Deaths associated with abortion 
1B The autopsy in abortion deaths 
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‘Though not usually a forensic problem, deaths associated 
with pregnancy (other than criminal abortions) are inten- 
sively investigated in a number of countries. In Britain, the 
Department of Health has had an ongoing ‘Confidential 
Enquiry into Maternal Deaths! running for many years, 
which publishes valuable reports at 3-yearly intervals chat 
have helped to clarify both the clinical and pathological 
aspects ofthe problem. 

‘The pathologist has an important sole in furthering che 
‘understanding of the causes of death in pregnaney and after 
childbieth. A good autopsy is essential, with full histological 
examination and other ancillary investigations where neces 
sary: Only in this way can che full range of eauses of death be 
recognized, especially amniotic uid embolism, which is a 
histological diagnosis. 

‘To give an example of he range of fatal conditions that 
‘occur in asociation with pregnancy; the following causes are 
taken from the ‘Confidential Enquiry’ from Briain. pub- 
lished in 1998, the figures referring to death during preg- 
nancy and within 6 weeks of partutison in the years 
1994-1996, Altogether 376 deaths were reported to or iden 
tified by the enquiry in the UK during chat period. OF the 
1376, there were 134 (36 per cent) direct and 134 (36 per 
cent) indirect maternal deaths. The number of underlying 
causes of death of the direct maternal deaths is shown in 
Table 19.1 

According to a recent estimation, about 26 million legal 
and 20 million illegal abortions are cartied out yearly 
throughout the world. Forensic pathological interest in preg- 
nancy revolves almost exclusively around deaths associated 
with abortion, either criminal or legally induced. The term 
“therapeutic abortion’ is used in many countries, including 
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TAQLE 19.1 Number of lie maternal deaths by cee 

United Kingdom 1994-1996 

Cause of death A Percentage 
Tvonbesis nd tramboenbasn 48 388 
Hypertensive disease of pregnancy 20 4a 
Anat ld embatsm 0 197 

Eat pegrancy deaths? 15 112 
Sepsis 4 toa 
Hoemanage 1a 30 
Genta rack tauna 7 52 
Anaesthesia 1 ar 

Tota 138 000 


“Ecos pegancyspantanacu baron or tema regrany ele 
24 ple gexatn, 


Britain, where there is no abortion on demand, as in some 
countries, The description ‘legal termination of pregnancy’ is 
a wider definition forall bu illegal (sha is, criminal) abor- 
tions. The autopsy investigation of deaths from legal abor- 
tions has much in common with that into fa 
associated with surgical and anaesthetic procedures, 


DEATHS ASSOCIATED WITH 
ABORTION 


‘Though in many countries medical termination of preg- 
nancy (therapeutic abortion) is legal, a large area of the 
world still prohibits any form of abortion, ether totaly or 
except for the preservation of life of the pregnant woman, 
Even in those states where legal termination is possible, 
criminal abortions are sill carsied out, albeit on a small scale, 
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‘The reasons for this survival are varied, but are either because 
of restrictive grounds for legally available termination oF to 
some sections of society that do not wish to avail themselves 
of the legal provisions. Whatever the cause, criminal abor- 
tion is associated with a considerable tsk of both morbidity 
and mortality, especially in countries with a lower level of 
‘medical and social cate, 


Legal termination of pregnancy 


‘When carried out with proper facilities, legal abortion has 
an extremely low mortality rate, being less than the mean 
death rate associated with pregnancy. The usual methods 
are vacuum aspiration, dilatation and curettage, or hystero- 
tomy in later pregnancy. A few deaths are reported from 
time to time, the causes including: 


pulmonary embolism from leg vein thrombosis 

1H mishaps associated with anaesthesia 

disseminated intravascular coagulation and cerebral 
damage (including ‘butterfly’ haemorrhagic infarction 
in che basal ganglia) when abortion was induced by 
intrachorionic injection of hypertonic saline or glucose 
after the twelfth week (Cameron and Dayan 1960) 

air embolism following vacuum aspiration — only ewo 
cases have been reported and the mechanism is obscure, 
tone theory being that ‘elastic rebound! of the aspirated 
ucerus sucked air into the eavity 

bleeding or infection, which 


led to respond to 


Death from illegal abortion 


‘This has a much wider range of causes. The risks vary 
acconling to the skill, experince and facilities of the abor- 
sionist. When this is caried our by a doctor with aseptic and 
antiseptic methods, together with antibiotic eover if needed, 
the risk may be small compared with the erude methods of a 
lay person using makeshift instruments. The most common 
methods together with the assoviated dangers to health and. 
life areas follows, 


INSTRUMENTAL INTERFERENCE, 


‘The intention isto disturb the pregnancy sac so that, once 
damaged, ie will be expelled by uterine contractions. This 
usually consists of dilatation of the cervical canal, which in 
itself also tends to dislodge the pregnancy. All manner of 
instruments have been used, from surgical dilators to 
bicycle spokes. A favourite in the hands of paramedieal 
abortionists is the bougie o stiff catheter, When used by 


doctors ar nurses with anatomical knowledge and sterile 
instruments, the risk is small, but lay persons often have no 
idea of the relationship of uterus to vagina, The instrument 
is then often pushed into the posterior fornix in the mis- 
guided belief that the cervix lies axially with the vagina 
‘The vault of the vagina can be perforated and the inseru- 
‘ment may even be passed through coils of intestine as far as 
the liver. Penetration of the lower or mid-vagina can also 
‘occur, If the cervix is entered, then the canal may be pune- 
‘ured and the instrument emerges through the side 

‘The external os may be badly injured by repeated, clumsy 
attempts to introduce too thiek an object into the undilaed 
canal. IF successfully passed into the eavity of the uterus, i 
‘may be pushed right up through the fundus, again to dam- 
age the contents ofthe peritoneal cavity 

“The dangers of such instrumentation are bleeding and 
infection. Perforation of the wall of vagina or uterus may 
cause severe bleeding, which may be internal ar external 
Sepsis can supervene in the peritoneal cavity or pelvic tissues 
cither divecly from a dirty instrument or from transfer of 
vaginal, skin or bowel organisms. 

‘Another less common danger of the use of instruments 
(including syringes) is cervial shock. The mere act of dilating 
the cervix with an instrument in an unanaesthetized patient 
‘may trigger a vagal reflex, the efferent pathway being via the 
parasympathetic nervous system, causing a cardiac arrest. 
This is known to be a more potent mechanism in states of 
fear, apprehension and nervous tension, which obviously will 
apply to many candidates fora eriminal abortion, 


INSUFFLATION OF AIR 


In Europe, this is becoming more of historical interest, but 
ceasional cases still occur. A rubber pump, usually a 
Higginson encma syringe, is used to introduce fluid under 
presure into the cavity of the uterus, This strips the chorionic 
sae from the wal of the uterus, exposing the placental bed. 
[sufficient detachment is achieved, then abortion will cus. 
‘twas formerly a popular method of abortion, both by women 
themselves and by abortionists. The main danger ~ part from 
the usual risks of bleeding and infection from damage to the 
tissues by the stiff nozzle ~ was air embolism, and in the frst 
was a major cause of abortion deaths 


‘The intention was to introduce a fluid such as water-soap 
solution or disinfectant through the cervix by means of the 
syringe nozae, the other end, which carried a one-way valve, 
boeing dipped in a receptacle ofthe Muid. 

‘As the level in the receptacle dropped, the inlet tube rose 
above the surface and the syringe began to inject air instead 
of fluid, often as soapy foam. In addition to this danger, 
unless the bulb of the pump was primed with fluid before 
use, the first ejection would be the appreciable volume of air 
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Ficune 19.1 Thesudden unexpected death of a woman of cbild- 
bearing age should aluays arouse the consideration of «complication 
of pregnancy. This woman insulated her uterus with « Higginson 
syringe and had time to clean up the equipment before collapsing 
with air emboli. This photograph use taken befre the British 
Abortion Act of 1967, as such events are now uncommon. 


Ficiune 19.2 Burnt from a hot-water bottle on the inner side ofthe 
upper thigh in an asterpt to resuscitate the victim af a criminal 
abortion who ded from airembalion. 


contained in the empty syringe, which in itself was enough 
to cause a fatal embolism, Under the considerable pressure 
available From the instrument (as much as 28 em of mercury 
aeconding to Teare 1958), this air was forced into the exposed 
vascular channels of the placental bed and from there into 
‘Venous sinuses and pelvic veins to cause cardiac embolism. 
‘Though this occurred almost immediately in most 
instances, some delay was possible — perhaps because con- 
tained ai was further squeezed by contraction of the uterus, 
Some victims were able to leave the premises of an abortionist 
and survive for up to 2 hours or more before the embolism 


occured (Simpson 1951). The addition of vatious sub- 
stances, such as phenol, formalin alcohol and turpentine, to 
the fluid introduced a toxic element, and in some eases ehese 
fluids were extruded into the peritoneal cavity through the 
uterine tubes, causing a chemical peritonitis 


DILATATION OF THE CERVIX 


Another erude method was to introduce a tent’ into the cer 
vical canal. This was a strip of substance that absorbed water 
and became greatly enlarged, such as Laminaria digitale oF 
slippery elon (Ulmus filer Mich). These vegetable materials 
are hard and compact when dehydrated, so that a strip about 
3-Sem long could be slid into the cervix. When water was 
absorbed from the surrounding tissues, the cervical canal 
became widely dilated and abortion might take place. The 
risks were perforation of che cervix and also infection, espe- 
cially ifthe stip tore into the tissues, The substances used, 
often erude vegetable material, could be the source of infee- 
ing micro-organisms including anaerobes. 


PHYSICAL VIOLENCE 


Women anxious to lose their pregnancy have resorted 10 
extremes of physical activity and even violence in efforts «0 
dislodge the fetus, Frenzied exercise, horse-riding and severe 
purging with laxatives were usually ineffective, and some 
unfortunate women went on to seek violent treatment from 
husbands or consorts. Punching and kieking ofthe abdomen 
‘were most common, and death from visceral rupture, such 
as liver, spleen or intestine, has been reported. Ironically, the 
uterine contents were usually undisturbed. 


SYRINGE ASPIRATION 


‘The suction method most often used in therapeutic abor- 
tion has alo come to be used for illegal operations, mainly 
by medical or nursing personnel. A large syringe attached to 
«catheter of length of plastic tubing can produce suetion 
within the uterus sufficient to rupture the chorionic sae and 
precipitate abortion. The method is safe as long as aseptic 
methods are used, though, f evacuation is incomplete, some 
products of conception may be left behind that can form a 
‘nidus for infection, 


INTRAUTERINE INFECTION 


Whatever method is used to evacuate the uterus, the risk 
of haemorhage oF sepsis is always present, Where an 
instrument, tent oF syringe is used, any remaining frag 
ments of placenta or other products of conception may 
form a substrate far infection, The organisms involved in 
sepsis are varied, the most dangerous being non-haemolytic 
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Ficume 19.3. Sepeic, necovc uterus allowing am inctrumental 


criminal abortion, The endometrium, containing some retained 
product of conception, i chocolate brown and fou-smelling, the 
(predominant organiom on culture being Closeidium perfringens. 


streptococel and Clostridium perfringens, though coliforms 
and staphylococei may also be responsible 

The uterus becomes swollen, spongy and discoloured 
‘The serosal surface seen at autopsy may be brownish ~ espe- 
cially in clostridial infections ~ and the endometrium may 
be ragged, foul-smelling and even purulent. Signs of sepri- 
caemia may develop with an enlarged, soft spleen, promin- 
ent lymph nodes and hepatorenal failure. The kidneys 
may show bilateral cortical necrosis in extreme cases, In 
clostridial septicaemias there may be a characteristic bronze 
coloration of the skin, This may have a mottled or ‘rain- 
drop’ appearance. 


THE USE OF DRUGS AND CHEMICALS 


A wide variety of substances, applied locally or taken by 
mouth, have been used since time immemorial to induce 
miscarriage. Some have a sound pharmacological basis, 
others are dangerous, and yet more lie in the realms of folk 
medicine. Substances applied locally include phenols and 
Lysol, mercuric chloride, potassium permanganate, arsenic, 


formaldehyde and oxalic acid. All have their own dangers, 
both from local corrosion and systemic effects if absorbed, 


A nectotic pseudomembrane may form in the vagina and 
severe damage to the cervix may also ensue, 

Potassium permanganate was a substance that appeared 
during che last war and petssted for some years, 650 cases 
boeing reported up to 1959, though only a few were fatal. I 
can cause local necrosis in the vagina and, if absorbed, can 
have fatal systemic effects including renal failure. Perman- 
ganate can cause profuse vaginal bleeding from necrosis, 
which may give the impression chat abortion is threatened 
and lead an unsuspecting doctor to carry out « curettage 
“Uns paste’ is a mixture of soap, myrth resinoid and potas- 
sium iodide, and was use ealir in che eeneury for legitimate 
abortions, but soon became popular with ehe criminal abor 
tionist. Another similar product containing elemental iodine, 
is “Interruptin’; both were used for late abortions and the 
induction of labour when the fetus was dead. These pastes are 
squeeted into che cervical canal through an applicator and the 
hhalogen component acts a an iritant which causes eventual 
expulsion of the chorionic sac, Used medically, they are rela 
tively safe (Barns 1967; Berthelsen and Ostervaard 1959), but 
fatalities can occur from air or fat embolism of from the toxic 
fleets of absorption, 

Substances taken by mouth or injection are legion, The 
cold classification into ‘ecbolics’ and ‘emmenagogus' is now 
quite redundant and most ofthe lists of substances ate of ise 
torial interest only, as thei efficacy is either nil or dhe dose 
needed to produce abortion is perilously nea the fatal level 
‘These include pennyroyal, tansy rue, savin, laburnum, colo- 
cynth, aloes, castor oil, nutmeg, hellebore, canthardes, cot- 
ton root, wintergreen and turpentine. Many of these may 
cause purging, gastrointestinal irsitation and general illness if 
taken in quantity, but have no specific action whatsoever on 
the uterus, There are other substances that have more chance 
of causing uterine contractions, though many of them are 
ffeeive only on a late pregnaney, nor at the usual time of 
1-3 months when most abortions are sought 

‘Quinine ean be dangerous, as the dosage required for any 
effect on the uterus is likely to cause cinehonism. Ergo- 
metrine has been known fiom ancient times to lead to abor- 
tion, though like most drugs it effectiveness is greater later in 
pregnancy, Excess dosage may cause peripheral vascular spasm 
and gangrene, Its availability wo doctors and midwives is 
similar to pituitary extract, oestrogens, and ~ more recently ~ 
prostaglandins. Heavy metals, particularly lead, were used 
for abortion in the past. Plastets coated with a lead com- 
pound ‘diachylon’ were scraped to recover the metallic sub- 
stances and ingested. Though abortion sometimes occurred, 
illness and death from acute and subacute lead poisoning was 
‘more common; this method has also become of historical 
inerest only. Ir has been well said that most substances that 
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Ficus 19.4 Danger of eriminal abortion 


are succesful in killing the fetus are likely to kill the mother 
aswel 

‘A wide variety of medical substances have been used for 
abortion, including aminoprerin, steroids, antimitotic drugs, 
such as vincristine and exgocornine, and other cytotoxic 
drugs used in malignant diseases. Even monoamine axidase 
inhibitors have been reported as abortifacients, In all these, 
the autopsy findings in fatal cases will be non-specific or neg- 
ative, and the history and toxicology provide virwally all he 
available evidence. 


THE AUTOPSY IN ABORTION 
DEATHS 


‘Where death in pregnancy or the puerperium occurs, every 
cffort should be made to obtain an autopsy, even ifthe death, 
does not fill within the usual category of death reportable for 
rmedieo-legal investigation. When a criminal abortion is sus- 
pected, then virtually every jurisdiction will require necropsy. 

‘The usual full autopsy is performed, but a number of 
auditional measures are required, varied to suit the particular 
circumstances, The fullest possible history is required and, 
where the death has taken place under medical cate, a prior 
discussion with the clinician is vital. A careful external exam- 
ination must be carried out, noting especially: 


1B Abnormal coloration of the skin, such asin the 
bronzing of clostridial septicaemia and he jaundice 
of liver damage. 

Signs and duration of pregnancy. such as abdominal 
swelling and breast changes. 

1 Signs of injury, including bruising or abrasion of the 
vulva from instrumentation, and vaginal bleeding. 
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Burns on the abdomen or inner sides of the upper 
thighs may indicate efforts at resuscitation by hot-water 
bottles when a woman has suddenly collapsed during 
an illegal abortion, 

© The vagina should be examined for signs of recent or 
current pregnancy, and attempted or successful recent 
abortion. Any fluid should be removed by pipette ro be 
examined for soap and chemicals, such as ancisepties, 
‘A swab should be taken for microbiological culture. 

1 Where any possibility of air embolism is considered, 
pre-autopsy radiology of the chest and abdomen must 
be performed. Some pathologists would consider this 
obligatory in any death associated with pregnancy, 
as it is the best method of detecting air embolism by 
visualizing air bubbles in the heart, great veins in the 
thorax, inferior vena cava, peritoneal cavity and — 
possibly ~ pelvic veins, Inthe few centres where MRL 
tor computed tomography is available for autopsy 
material, this may greatly increase the chance of 
detecting ar in the vessels 


‘Where radiology is not possible, air must be sought by dis- 
section methods, which are not so reliable. The thorax is 
‘opened carefully, making sure chat removal ofthe costal cartil- 
ages and sternum does not damage the underlying medi- 
astinum oF open any of the veins at the thoracic inlet. The 
canliovascular system is first examined for the presence ofa. 
‘The classic method, discussed elsewhere in this book, is to 
‘open the heart chambers situ under water poured into the 
pericardial sac. Escaping bubbles are then said to be indicative 
‘of aie embolism, though the technique is by no means as reli 
able as past authors have elaised, In fac, ifthe post-mortem 
interval is short, in terms of a few hours, chen any fatal air 
embolism will almost always be quite apparent from the 
frothy contents of the right ventricle when it s opened in the 
usual way: Appreciable delay allows absorption of ais, as can 
be proved by che fulure wo find air in dhe heart on disection, 
even afer radiology has clearly indicated its presence, Of 
course, where any degree of decomposition has set in, which 
ray be on the ftse day after death in hot countries, gases of 
putrefaction completely negate any chances of proving air 
embolism. 

Before the organs are disturbed, the great veins of the 
abdomen should be inspected for bubbles, then the pelvic 
veins, The uterus itself may be erepitant and bubbles may be 
seen under the serosal surface or even under the parietal peri 
toneum of the pelvis. On opening the uterus, gas bubbles 
ray be evident in the wall or placental bed, bur this i later 
in the examination, The usual instructions in most forensic 
textbooks for opening the head frst, carefully removing the 
calvarium and minutely inspecting the cerebral veins for 
bubbles, can be torally disregarded, as this is yet another 
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ice 19.5 Ruptured sub in (ectopic) pregnancy. Death due 10 
‘masive inraperizaneal haemorrhage. (Reproduced by kind 
permission of Profesor E Lignie.) 


ice 19.6 Feaws and placenta in the abdominal cavity after 
rupenred tubal ectopic) pregnany Death dae to massive 


‘nonspritoneal haemorrhage. (Reproduced by kind permission 
of Profesor E Ligntz.) 


example of forensic mythology repeated from one book to the 
next, without critical evaluation, As discussed in Chapter 13, 
air embolism cannot occur in the cerebral veins and it was 
proved many years ago that air bubbles in those veins are 
artefacts caused by removing the ealvarium, 

‘The thorax and upper abdomen should be examined as 
usual, with particular attention to signs of infection. Blood 
cultures, and peritoneal and other swabs should be taken as 
indicated by the circumstances. 

‘The pelvic organs should be removed en bloc, as in the 
examination of fatal rape victims, The lower end of the 


abdominal incision is earied on each side around the labia 
and into the clef of the buttocks to meet beyond the anus. 
‘The dissection i taken along the superior pubic rami, which 
are then carefully sawn through afew centimetres laterally to 
the symphysis on each side, the euts being continued down 
through the inferior rami. The central block of bone is 
removed and the perineal incision dissected deeply, so chat 
the vagina, rectum and anus, uterus, tubes andl ovaries ean be 
lified out in continuity, and removed for detailed dissection. 
‘The vagina is carefully opened along one side to avoid over- 
running any midline injuries. Abrasions, bruises, lacerations 
and any foreign material are noted in the vagina, and any 
samples kept for chemical or microbiological testing. Any 
abnormality of the cervix is noted, especially instrument 
marks, such a forceps oF volselum teeth. The state of dilaa- 
tion of the cervical canal is noted and the uterus opened, 
again keeping away from the midline if possible. The colous, 
sive and texture of the uterus is noted, and the state of the 
interior is naturally vital. Ifthe chorionic sac i still present, 
its integrity and the attachment to the deciduae are noted. 
Ifa fetus is present, this is examined separately for maturity 
and damage. 

If no fetus is present, products of conception are sought 
and the state ofthe placental bed noted. Infection, bleeding, 
and air crepitancy ate all sought, and the appropriate ancil- 
lary investigations made. The tubes are then opened and 
any foreign fluid collected. The ovaries are examined and 
the state of any corpus luteum recorded. Finally, extensive 
histological specimens are taken from all organs and special 
stains employed where necessary, such as those for seeking, 
amniotic squames in lungs and other organs, Blood, urine, 
liver and stomach contents are retained for analysis, should 
this be indicated. 


AMNIOTIC FLUID EMBOLISM 


Some deaths associated with childbirth or pregnancy are 
caused by the entry of amniotic uid into the maternal circu- 
lation. ‘The fluid contains fetal squames, lanugo,lipoid from 
the vernix, meconium, eels from chorion and amnion, and 
other cellular detritus. The solid cements are usually impacted 
in che lung capillaries, bur rarely have been found in the sys 
including embolization into the kidney, liver 
and brain, In addition to the sols, the actual fluid iself 
(hich is naturally undetectable histologically) is blamed for 
the ‘allerpi’ response that may cause such profound collapse, 
leading to death. Amniotic Quid embolism is alo one of the 
most potent causes of disseminated intravascular eoagulo- 
path; mentioned also in Chapter 13, 

A variety of causes exist apart from the pelvic trauma of 
parturition, including rupeue of the uterus, bur instrumental 
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interference late in pregnancy may also allow opening of the 
sinuses in the placental bed with consequent escape of amni- 
otic fluid. Further deuails ofthe causes and mechanisms must 
be sought in obstetric works, bur from dhe autopsy point of 
View; itis important both to bear the possibility in mind and 
to have techniques that will reveal the embolism after autopsy 
‘The diagnosis is histological and depends upon identifying 
the squames detached from the fetal epidermis, which float 
freely in amniotic Nuid, These can be seen in ordinary haema- 
toxylin and cosin stained sections of the lung, but are much 
better visualized and a greater yield obtained if special sain- 
ing methods are used, as described in Appendix 1. Fibrin 
deposition in many organs may occur as a result of the dis 
seminated intravascular coagulation and careful search for 
this must be made, using fibrin stains. Immunohistochemical 
techniques have also been used in the lung sections to dem- 
onstrate human keratin-, meconium- and amniotic Muid- 
derived mucin as well as isolated trophoblastic cells in deaths 
due to AFE (amniotic fluid embolism) syndrome 
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Historically infanticide has by no means always been a crime, 
and has been practised as a social and economic necessity 
since the dawn of humanity, The pathologist, however, has to 
deal with the practicalities of infanticide as they exist today: 
“Though legal definitions vary among different countries, che 
‘medical concept of infanticide is uniform, being the deliber- 
ate killing of newborn infant by the mother In England and 
Wales, infanticide was nor accepted as a legal entity in the 
criminal law until 1922. Before then all child killing was 
rmurder—and the convicted mother was liable to be sentenced 
to death until the Infanticide Act, which was re-enacted in a 
more satisfactory form in 1938 (see account by Kellet 1992), 

In many other countries there is no specific infanticide 
legislation — even Scotland did not adopt the English 
statute, having a separate crime of ‘child murder’, but long, 
before 1922 that country had held a more enlightened 
attitude cowards the mentally stressed mother. In Japan, 
Funayama et al. (1994) have described cases of multiple, 
repeated infanticides by five mothers, 

This book generally avoids territorial legal comparisons, 
but the foregoing facts serve to illustrate that the killing 


off young child by the mother isa well-recognized medical 
and psychiatric phenomenon that distinguishes it from 
other types of homicide. The penalties should therefore be 
different and there is profound responsibility laid upon 
the forensic pathologist called to examine such infants, 0 
investigate the death with particular eaution 

‘The substance of infanticide that has relevance to the 
pathologist is well set our in dhe English Infanticide Act 
1938 (Section 1): 


‘Where a woman by any wilful act or omission causes 
the death of a child being under the age of 12 months, 


but atthe time the balance of her mind was disturbed by 
hhaving given birth or the effect of lactation, she may be 
dealt with as if she had committed manslaughter. 


Ik should be noted tha: 


1B Only the mother can benefit from this alternative to 
murder — not the father or any other person. 

IB The child has to be less than a year old, though in fact 
the majarty of infanticides occur within hours or even 
minutes of bieth. 

IH Ichas to be a ‘child’ — that is, a person with a separate 
existence living independently fully outside the 
mother’s body. 

1B Ie must have died because ofa wilful deliberate) act of 


All these provisos have an effect on the pathologist's cask. 
1s where there is no formal infanti- 


Even in those jus 
cide legislation, there is usually ecogeition thatthe acs of| 
woman soon alter childbirth, often in adverse conditions, 
are different from common murder. 


STILLBIRTH 


To clarify later definitions, a stilbireh is defined in English 
law and, from a medical point of view no doubt has a 
broadly similar description in other jurisdictions. In 
England and Wales, a baby is stillborn if after 24 weeks’ 
gestation, ‘it did not at any time after being completely 
expelled from its mother, breathe or show any other sign 
of life. Theoretically, this isa medically unsatisfactory def- 
inition, as it could be alive when its head was born bur die 
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Ficuwe 20.1 Newborn baby with umbilical cord and placenta 
abandoned ina carpark. Ie was wnapped ina curtain and though 
the head was in aplastic bag no sigue of suffocation nar of lise birth 


cou be detected. The mother was never identified. 


before completion of expulsion, and therefore legally be a 
sillbirch. However, in practice this would be rare, as most 
stillbirths either die i utero or during the eatlice stages of 
parturition. Suillbisths occur in about one in every 18 leit- 
imate pregnancies in Britain, and are more frequent in illegit- 
imate births and socially disadvantaged families, 


FUNCTIONS OF THE 
PATHOLOGIST IN INFANTICIDE 


‘To assist in identifying the mother, 
if she is unknown 


Newborn infants found dead (especially in clandestine cie- 
cumstances) are not necessarily the victims of infanticide 
‘Those stillborn or dying naturally oF from unintentional 
lack of care may be hidden or abandoned, a minor erime in 
Britain called ‘concealment of birth’. The autopsy, as well as 
artefacts discovered with the body, such as bags, blankets 
and newspapers can assist toa greater or lesser degree in the 
police search for the mother. 

‘The apparent ethnic group of the child will be disclosed 
and blood grouping ean be performed, which may assist by 


iminating or helping to confirm the consanguinity of any 
putative mother, In the future, DNA. profiling will add 
treaty to identification. The appearance of the cut end and 
any ligation of che umbilical cord (se below) may help to 
decide whether the birth was one where medical, nursing 
for only amateur attention was available. In spite of these 
clues, most abandoned newborn corpses ful to be linked to 


{URE 20.2 Full-erm newborn found wrapped in a blanket 
inside a chopping bag in refs container. The cod had been cut 
uit a sharp inerument, bus the child ws mot waded of. 
The lungs showed no pertive evidence of respiration, 


the mother, delay in discovery making both identification 
and evidence of live birth unattainable, 


‘hild 


‘Though any newborn infant, whatever the length of gesta- 
tion, can be the victim of infanticide if brn alive, i is abvi- 


‘To estimate the maturity of the 


cously relevant to this issue ifthe fetus is too immature to 
hhave survived birth, In another context [Infant Life 
(Preservation) Act 1929, concerning child destuction) the 
age of viability in English law was taken as 28 weeks’ gesta- 


tion, though this has now been reduced to 24 weeks as even 
younger fetuses can now survive with intensive medical 
support [fa child is shown to be that premature, there isa 
strong presumption that i¢ would not long survive a birth 
away from medical attention. 

To determine whether or not the child 
was stillborn and whether it had a 
separate existence 


“There is a presumption in English law that all infants are 
sillhora and, when a woman i charged with infanticide, 
the burden of proof i upon the prosecution to demonstrate 
that the child had a separate existence. Adelson (1974) 
states that the same legal situation exists in the USA, and 


gives the following useful and interesting commentary: 


Unless the pathologist has incontrovertible criteria of 
post-natal survival, e.g, well-expanded lungs, food in the 
stomach or vital reaction inthe stump of the umbilical 
coord, he is legally bound nat to diagnose lve bie, 
Convictions for infanticide have been set aside when 
there has been any doubt whatsoever that the child was 
born alive. Many courts have pushed this proposition to 
the extent that the State has been given the burden of 
pproving that the baby was born alive beyond any 
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Ficus 20.3 A sillborn child concealed by the mother afer birth 
The injuries around the neck were viewed with supicion by she 
police, but are the resul of fingernails being used in am aterpt 
‘2 ans slf delivery in an wnattended birth. 


possible doubt rather than beyond any reasonable 
doubt, the later being the general level of proof 
required in a criminal prosecution 


Herein lies the most difficule task for the pathologist, one 
which has given rise co considerable controversy in forensic 
pathology 


FIGURE 20.4 A putrfied newborn infin dipod of in a plat 
‘ng in the countryside, There is no ope of determining whether it 
twas live or tillorn with tis degree of pont-mortem decomposition, 
There was a strip offbric knotted around the neck, bu it is 
imposible ro decide ifthat uses related tothe death, if the child war 
ot stillborn, 


{CURE 20,5 A decomposed newborn infin found in a 
rubbish dp, 


To determine whether its death was _ 
due to natural catises or to any act of 
omission or commission 


‘Where the pathologist claims to have proved separate exist- 
ence (or at least live birth), he has an additional burden in 
that he must show that death occurred from an act of com- 
mission oF omission, The ‘wilful’ aspect is a matter for 
the lawyers, but itis for the pathologist either co demon- 
strate lethal injuries or to prove that some lack of care led to 


the death — often an impossible task, There is a consi 
able burden upon the investigating authorities when find- 
ing a hidden newborn infant if they wish to pursue an 
infanticide charge. 
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First, chey must find the mother— often another impossi- 
bile task. Then the pathologist must prove live birth, which 
is often impossible, especially in a decomposed body. To 
prove a separate existence is even more difficult and is rarely 
«purely medical decision. The firm diagnosis of death from 
wilful inattention is equally hard to make, 

Ie is small wonder that only a small proportion of suspi- 
cious neonatal deaths ever reach the court — where few 
women are convicted, and those who are, rightly receive 
lenient and sympathetic treatment, usually consisting of 
probation and psychiatric support. 


DEFINITION OF ‘LIVE BIRTH’ 
AND ‘SEPARATE EXISTENCE’ 


‘There is no definition of live birth in English law, except 
by inference feom the defined ‘stillbirth’, given eatier. Using 
the live birth as the converse of a stillbirth, the infant 
should have attained the gestational age of 24 weeks, but 
this is not a Factor in ‘separate existence’ with which live 
birth is almost synonymous. 

A child with a ‘separate existence’ would be an infant 
that had issued forth from its mother irrespective ofits ges- 
tational age, and who breathed or showed any other signs 
of life after being completely expelled from the maternal 
passages — though the child could still be attached to the 
placenta within the mother. This is almost synonymous 
with a live birth, though medically all would agree that a 
child that was erying lustily, but with a foor stil in the 
vagina, was undoubtedly live born even though i did nor 
satisfy the legal criteria of a “separate existence’ 


Viability 


Yee another medical and legal concept is that of viability, 
which is the pocential ability of an infant to survive after 
birth, An immacure fetus may be born alive, but be incap- 
able of maintaining an independent existence, Naturally 
the stage of gestation at which this occurs varies not only 
with the condition of the particular fetus, but also with the 
state of medical knowledge and the facilites available at the 
relevant time and place. 

In English law, a period of 24 weeks is fixed for the onset 
of viability, for the purposes of the Infant Life (Preser- 
vation) Act, 1929, 


CONCEALMENT OF BIRTH. 


Mentioned earles, this is relatively minor exime in most 
jurisdictions and is basically an offence against registration, 


and pethaps public decency, in that the body of an infant is 
neither notified to the authorities nor accorded a proper 
burial or other form of disposal. The crime is the hiding of 
the body to conceal the fact of birth. Ie does not depend at 
all on live bieth, separate existence or viability, and the law 
isnot concerned about the cause of death or whether it was 
stillborn. One problem is the stage of gestation at which 
the ‘child’ becomes noticed by the law ~ obviously an early 
abortion is of no concern to anyone, except the Family. 

‘Though not specified in relation wo concealment of 
birth, English law takes no regard of products of eoncep- 
tion under 24 weeks’ gestation. In a judicial decision (Rv 
Matthews), it was held that a charge of concealment of 
birth could not be sustained at an age where the law did 
not require che (stillbirth to be registered. 

‘Whatever the egal ramifications, the forensic pathologist 
isnot infrequently asked to examine dead infants in which 
he can neither prove live birth nor a wilful ace that might 
have caused death, The only remaining charge, if he can 
show an age above that of viability, i ‘concealment of bitth 
‘This i the end result of the discovery of most decomposed 
babies, in the minority where the mother can be traced, 


THE AUTOPSY ON A SUSPICIOUS 
DEATH OF A NEWBORN INFANT 


A number of important matters need specific attention, 
ver and above the usual meticulous autopsy procedure on 
any infant. 

‘The coverings and any other associated articles with the 
infant must be examined and retained. Though this is 
mainly police business, the pathologist usually has the task 
of unwrapping the baby — often in a decomposed and 
offensive state ~ from the coverings of newspaper, plastic 
bags, rags or blankets, He must recover any foreign material 
for objects that may assist in the identification of the 
mother when the disposal has been clandestine. 

‘When the baby has been found in a house or other 
building, he may need to visie the scene, preferably with 
the child still in situ, Numerous eases are on record of the 


infane being in a lavatory pan and, ifthere are head injuries 
or drowning, the circumstances must be evaluated. 

‘The external examination is, as always, important. Ie is 
vital 1o assess the degree of putrefaction because if't is in any 
way decomposed, it will almost certainly be impassible to 
decermine whether live birth had occurred, Decomposition 
‘must be distinguished from intrauterine maceration, as the 
Lauter is definite proof of stillbirth, If death occurted within 
2-3 days before expulsion from the uterus, the appearances 
‘may be faiely normal, apart from general softening and histo- 
logical evidence of general cellular autolysis. 
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‘The autopsy on a suspicious death of a newborn infant 


‘When it has been dead for many days, the macerated 
fetus is usually a brownish-pink, rather than the greenish 
hue of puttefaction. The surface is slimy, blistered, desqua- 
mating and sometimes almost jelly-like. The joints are 
grotesquely loose and the cranial plates may be virtually 
detached beneath the scalp. Their over-riding, radiologically 
seen as ‘Spaulding’ sign’ is characteristic, so that the head 
is shapeless, Rarely, a macerated fetus ~ which is normally 


sterile — may become infected if not expelled after the 
membranes rupture; it will then be born in a putrefied 

External examination will next be direeted at the cord 
and placenta, if present. The latter must be measured and 
weighed to estimate the maturity and any abnormalities, 
such as placental infarets, noted as possible reasons for fetal 
death, The cord is important as an indicator of separate 
existence, if survival has been for an appreciable period. 
Even where early putrefaction renders evaluation of breath- 
ing impossible, vital signs in the cond may indicate live 
birth if survival reached 24~48 hours. Until this period, no 
evidence of cord separation is reliable, but after a day or s0, 
a fing of reddening appeats around the hase ofthe cord and 
adjacent abdominal skin, This becomes more marked in 
the succeeding few days as the cord dries and shrives, 
detachment taking place between 5 and 9 days. As most 
infants die of are killed within hours of birth, however, 
these signs are rarely of much practical use. 

‘The severed end of the cord should be examined, as it 
‘may indicate whether the cord had been broken or actually 
cut. This is occasionally important if death is the result of 
hhead injuries and the defence on behalf of the accused 
‘mother claims that dhe child fell co the ground head fist 
during a precipitate delivery. The lengeh of the cord must 
bbe measured, especially ifthe placental segment is available, 
so that the distance from the vulva to the floor ean be eal- 
culated. The average cord length is about 50em, bur more 
than ice this lengeh is not uncommon, as are much 
shorter ones. Naturally if a ligature is present it indicates 
cither the attendance of a professional or at least know- 
ledgeable person, but this i rare in these cases. The severed 
end may be examined in the hand, but may also be floated 
‘out in water, to better study the detail of the detachment. 
‘Morris ane Hunt (1966) conducted experiments on cords 
and determined that they could easily be broken by hand 
traction. A broken cord can show a clean transverse termi- 
nation, but is usually ragged. If cut by a sharp insteument 
such as knife or seissors the cut may be clean, but may also 
be ragged ifthe instrument is blunt. 

If the baby is examined as found, either at the scene or 
undisturbed in wrappings, it should be noted if the cord 
‘was coiled around the neck. Although it is usually unsafe to 
claim that death during delivery was from pressure on the 


neck from the cord, the Fact must be noted and evaluated 
along with all other findings. 

‘The skin may still have vernix caseosa present. This is 
not a useful observation but, if none is present, it may indi 


cate that the child had been washed, which suggests sue 
vival for some time after birth 

Measurements are vital for an estimate of maturity 
Weight, crown-heel, crown-rump, head circumference, and 
foot length are required, 

‘Abnormalities incompatible with continued life may be 
obvious, such as anencephaly, severe spina bifida or abdom- 
inal ectropion. It is, however, often unsafe to assume that 
actual live birth, as legally defined, could not have taken 
place 

Injuries are obviously of prime importance as evidence 
of the ‘ee of commission’, hough most newborns seen by. 
the pathologist will be free of such trauma, The types of 
injury perpetrated by distraught mothers are numerous 


IH Strangulation presenes the usual features of bruises and 
abrasions on the neck, though these may be minimal 
The classical features of facial congestion, cyanosis, 
tocdema and petechiae may be present, but are often 
absent, presumably because of the ease with which the 
vulnerable infant dies. Abrasions on ehe neck, however, 
say also be caused by the frantic efforts of the mother 
1 deliver herself, leaving finget-nail marks on the 
infan’s neck. A ligature may be used, which may still 
be in place. Again caution must be employed, as the 


fact of some object around the neck, though suggestive, 


FIGURE 20.6 Remains ofa newborn infant, who wa born during 
12 weekend when she mether, «schoolgirl. was alone in her room in 
1 boarding school. After she birth she wnapped the cild ina plastic 
‘bag, The fllowing day se left for bome and tied to burn the body 
ina stove but when that did wot succeed she buried the partly 


burned body ina suousdrif where it was laver found by a dog 
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Fe 
before having this severe incied wound ofthe neck made with a 
itchen knife 


1RE 20.7 Definite infmacide, the cad having fly respined 


is not absolute proof of strangulation unless 
corroborative evidence of congestive and petechial signs 
in the face or skin, and tissue damage beneath the 
ligature is demonstrated. The explanation has been 
advanced in the past that a cloth ligature around the 
neck was an attempt to assist self delivery by the 
woman in an obstructed labour. 

Smothering is almost impossible eo prove, a che infant 
will almost never show conjunctival petechiae or other 


signs that may be seen in strangulation. Only ifexcesve 
pressure is applied, so that marks are left on the lips and 
face, cam any evidence be retrieved. These must he 
definite intradermal or deep bruises, abrasions or marks 
within the lips and mouth ~ and nor shadowy, vague 
‘ariations in post-mortem staining, The arguments 


about criteria of suffocation in infants ate further 


dlscussed in Chapter 14. Choking by the internal 
‘obstruction ofthe pharynx by various materials has been 
described in old reports, but its ewessively uncommon 
these day. 

Cutting and piercing is well known asa means of 
infanticide, Stabbing with scissors, either in the chest oF 
neck, has been seen or even cutting the throat with a 
blade, The defence may 
were inflicted accidentally during fren 


be offered that the wounds 
ied efforts by the 
mother to cut the umbilical cord. Though not seen in 
Europe, deliberate infanticide has been described in 


India by clandestine stabbing by a long needle or pin 
into the spine, fontanelle, eye, or nose 
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FIGUNE 20.8 A pureed newborn infans with a sanf knotted 
tightly around the neck. (Reproduced by kind permision of 
Profesor E Liguite) 


15 Head injuries are relatively common. The mother may 
throw the child to the floor, or dash its head against a 
wal or other obstruction, sometimes by swinging it by 
the legs. This mode of death is similar to child abuse in 
older infants, The defence may be raised that the child 
fell wo che ground, either ftom the mother arms, but 
specially during precipitate birth fiom the standing or 


crouching position, Though this defence sounds like a 


desperate excuse, the author can attest~ no doubs in 
common with all dactoes who have practical experience 
of childbirth ~ that some deliveries, especially in 
‘multiparous women, can oecur with considerable 
speed and force. This is why the length of the cond 
needs to be measured, a itis obviously an eflective 
brake on such a descent. There is no doubs, however, 
that cords have broken during precipitate bieth, 

reason for a careful inspection of the severed ends at 
every autopsy. 

‘The lavatory pan has special significance inthis 
respect, as many unexpected births have taken place 
whilst the woman is siting on the wiles. A common 
story is thatthe pregnant woman, often a teenage gist — 
is unaware char she is pregnant and goes tothe toilet 
under the misapprehension that she has stomach pai 
from constipation, There is no doubt that some naive 
girls are genuinely ignorant of their gravid condition, 
and are shocked and devastated to the point of blind 
panic when a baby emerges into the pan. 

‘The question may then arise as to whether fatal head 
injuries on the infant can be accounted for by the 
descent into the lavatory. Ie is unlikely o produce the 
severe fracturing sometimes seen ~ and filling tothe 


Proof of a separate existence 


Fist 20.9 Frazen newly born inf found ina firzer by 
the children of the family The child and placenta were packed 
and frozen in separate plastic bags, the umbilical cord i sill 
atuached, The fay had moved twice afer the birth ofthe 
child. 


floor in precipitate delivery is abo unlikely to produce 
fatal damage, Much depends on the severity and nature 
of the scalp and skull injury, and although it cannot be 
said that i is impossible fora fatal head injury wo be 
caused in this way, ie must be a rare event. Minor 


fracture ofthe parietal bones may occur in natural 
delivery if there is excessive head moulding, These are 
usually unassociated with internal brain oF meningeal 
damage, and naturally there is no associated scalp 
damage 

Drowning is another unusual form of infanticide, but is 
more often a way of disposing of an already dead child, 
cither stillborn, a natural death or the vitim of some 
other mode of infanticide. It may take place in any 
Form of water, from a washbasin to the open sea. Most 
often the mother will use « household receptacle such as 
bowl, bucker or bath, but the infant may be taken out 
and disposed of in any source of open water, where 
delay in recovery may add decomposition to the 
pathologist's difficulties. Ina recent case een by the 
author (BK), the young parents admitted that the child 
vas live born, After some hours, they wrapped the 
infant in a blankee with a brick and dropped it into a 
river. The partial remains, largely converted t0 
adipocere, were recovered some 3 months later, there 
obviously being no prospect of offering any opinion 
‘upon either live birth or the cause of death, The only 
“objective, but equivocal evidence, was the recovery of 
diatoms from the femoral bone marrow; which 
resembled those in the river water: Returning to the 
lavatory pan once again, cases are on record where the 
birth into che toilet led not to head injuries, bur © 
drowning. 


INFANTICIDE BY OMISSION 
TO OFFER PROPER CARE 


This is both rare and almast outside the province of the 
pathologists ecamination, Ifthe infantis older than newborn, 
then deliberate starvation will leave obvious signs, but the 
proof of lack of care immediately after birth will be a matter 
of witnesses and clinical opinion, The only possible signs 
which the autopsy might reveal would be hypothermia 
(Chapter 17), and obstruction ofthe air passages by mucus or 
amniotic Hui, 


PROOF OF A SEPARATE 
EXISTENCE 


Swricly speaking, the pathologist can never demonstrate 
evidence ofa separate existence in the English legal sense of 
complete expulsion from the mother, bue itis usually taken 
to mean proof of live birth, specifically the attainment of 
breathing ais. In the slightly older child che presence of 
food in the stomach would obviously prove a separate exist 


ence, but most autopsies are upon the recently newborn. 

Changes in the cord have already been mentioned, but 
are of no use in the immediate post-partum period. Polson 
tal. (1985) make mention of the presence of ‘extrancous 
‘material’ in the deeper (secondary) bronchi as evidence of a 
stillbirdh, on the grounds that, if this material, such as soil 
or sand, gained entry afer respiration had commenced, the 
air in the deeper areas ofthe lung would prevent its ingress. 
‘The practicality ofthis appears suspect. 

‘The unequivocal demonstration of breathing in « new- 
« with difficulyy. Along with the 
1e of death, it has probably provoked more 


discussion, printed words and controversy than any other 
topic in forensic medicine. The controversy revolves 
around the ‘hydrostatic test” on the fungs, in which it has 
been claimed since medieval times that, ifthe lungs float in 
water, then the infant breathed. There are modifications of 
technique, but this is the chrust of the claim. The authors 
attitude must be stated at the outset: the test is of limited 
value, whatever modifications are made and it ean at best 
be a suggestive pointer, but never a definitive tes in ise 
‘There are too many recorded instances when control tests 
have shown thar stillborn lungs may float and the lungs 
from undoubtedly live-born infants have sunk, to allow it 
bbe used in testimony in criminal trial. Even one such fail 
ure negates the whole history of the test and the authors are 
saddened to contemplate the number of innocent women 
‘who were sent to the gallows in previous centuries on the 
testimony of doctors who had an uncritical faith in this 
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crude technique, As this is such an importane issue and one 
that is sill contested today, the words of the late Professor 
Polson may be recalled from his notable textbook: 


‘The test was suspect even in 1900 and requires no 
detailed discussion, because itis now known to have no 
value, The lungs ofthe live-born, even those wha have 
bbeen known to live for days, may sink [Dilworth 1800; 
Randolph 1901] and those which float are not 
necessarily those of live-born infants... Itis therefore 
pointless to apply the hydrostatic test, which will impair 
the material for ather and more important investigations. 


Before dismissing the test so absolutely, there are some 
points both for and against its use as part of the feeble 
armamentarium that the pathologist has in determining, 
this vital issue, First, the slightest degree of post-mortem 
decomposition immediately negates any interpretation of 


the Rotation test, As so many potential infanticides are 
found hidden, buried or submerged, decomposition is 
‘more the rule rather than the exception, so the test cannor 
even be considered in a large proportion of cases. Even 
‘when obvious putrefaction with gas formation is not appar 
ent, slighe decomposition will still begin to produce gas on 
aa miceoscopie scale from the second unrefrigerated day in 
temperate surroundings ~and much earlier in hot climates, 
In recent years the advent of resuscitation attempts make 
the evaluation of breathing even more dif 


ult or ever 
impossible, The use of mouth-to-mouth revival, external 
cardiac massage and the administration of oxygen, com- 
pletely negate any of the already fragile tests for respiration 
ina newborn infant 

(On the positive side ~ assuming fresh tissue ~ ee flo 
ing of the whole pluck of thoracic organs in water makes 


fone tend to accept that respiration had taken place. This 
means that the attached heart, mediastinum and neck 
structures are also buoyed up by the lung —bue inthis case, 
it is almose invariable thatthe lungs are suficiently aerated 
for this to be obvious on naked-eye inspection 

This is about the cotal extent of the usefulness of the 
hydrostatic test. The complicated instructions offered in 
‘many textbooks concerning cutting the lung ineo lobes and 
then into pieces, squeezing them with knife blades and even 
pressing them underfoot on the mortuary floor before float- 
ing chem, all smatter of black magie and are a complete waste 
of time, Worse, they can simulate a falbe sense of scientific 
validity and even to an eventual miscariage of justice 

‘The best way of seeking proof of respiration is to look at, 
to feel and to listen to the lungs. The lungs ofa stilbieth are 
dlatk, semall, heavy and liver-like, even though they may still 
float. They lie contracted against the mediastinum, though 
when the body is intact they must stil fil the thoracic eav- 
ity, as the pliable rib cage pulls inwards and the diaphragm 


Ticume 20.10 A postive finding in baby whare body was 
abandoned after death, Respiration had occured but, on 
examination ofthe craninnn, a tear the tentorion wa found with 
‘an adjacent meningeal haemorrlage, presumably caused by escesive 
moulding ofthe head during precipitate delivery 


rises to eliminate the free space in the chest. Though this 
fact is seldom considered, it must be obvious that there can 
bbe no free space in the pleural cavities until the thorax is 
opened at autopsy. As soon as this is done, air encers the 
pleural sacs and che lungs then appear much smaller than 
the expanded chest cavity than is seen when the sternal 
plate is removed 

Unrespired lungs appear smaller than those hat have 
breathed for a significant time, ehough there is a continu- 
‘ous range of expansion. Acconding to Polson et al (1985), 
unrespired lungs weigh something of the order of one- 
seventicth ofthe body weight; when aeration begins, the lung, 
weight increases because of the increased vascular volume 
and become about one-thirtyfith of the body weight. This 
seems at variance with actual measurements at autopsy as 
the combined weight of both lungs in an infant of average 
birth weight is aboue 40 g and, although there isa fairly wide 
variation between individuals, no combined lung weights 
approach 85g, which would be one-thirty-fifth the weight 
of a 300g baby. 

‘The texture of an unrespired lung is eubbery and ut 
form, with no paler, eepitant areas at the margins, which 


tend to be sharply angled. On slicing, the interior is uni- 
form in colour and texture, being moist and resembling 
stiff strawberry jelly, On rubbing a small piece beeween the 
fingers close to one’s ear, no crepitation is heard, 

‘The lung that has respited will change quantitatively 
from the above appearances depending on the length of 
time and the depth to which breaths have been taken. 
Feeble or brief respiration will affect only the margins, 
whilst more robust or prolonged breathing may lead to 


+446 


Proof of a separate existence 


toral expansion, Even a single good breath ean unfold some 
of the fetal pulmonary tissues — and of course, resuscita- 
tion, whether by mouth-to-mouth, chest compression or 
administration of oxygen, will actively inflate the lungs, 
dead or alive, Even ordinary handling ofthe dead baby may 
aspirate air into the lungs. Fully respired lungs will be obvi 


fous on inspection. The organs are pink or mottled, the 
‘medial edges overlapping the mediastinum and part of the 
pericardium, chough not as fully as in the older neonate 
The weight is greater, but not as much as recorded by 
Polson and colleagues, as described above, The edges of the 
lung, including the interlobas fissures, are more rounded by 
the expansion, compared with the angular margins of the 
uuntespired organ. 


“The major change isin the colour and texture, Ie may be 
pink all over the surface or there may be patches of darker 
atelectasis under the pleura, The lung is spongy and resem- 
bles the familiar adule tissue. On cutting, the aerated 
texture is apparent, and on holding a piece to the eat typi- 
cal crepitance is heard on rubbing gently between the 
Fingers. 

‘The problem arises with the minimally respired lung, 
where the changes are intermediate between the 1wo 
extreme states described above, The anterior margin best 
shows partial expansion, the areas such as the lingula, anter- 
ior diaphragmatic margin and the medial edge of the lower 
lobe sometimes being pinker and more expanded than 
the posterior parts, The most sensitive criterion is the ear 
crepitance test, but itis all a matter of degree as to whether 
the pathologist is impressed enough — having excluded any 
possibility of decomposition or resuscitation artefact — to 
consider that significant respiration has occurred. 

Any doubts must be resolved in the direction of no 


breathing and, even in doubsful instances when the path- 
ologist decides on balance ~ that respiration has occurred, 
he should convey his uncertainty in the body of his report. 
As to the corroborative role of the flotation tes, if per 
formed, when the whole chest pluck floats, the descriptions 
of the lungs given above will usually indicate cleasly that 
the lungs had breathed. A sinking lung will never corres- 
pond with a pink crepitant appearance, bue what appears to 
bea dark, fetal lung may float. The test unfortunately tends 
to mislead more in one direction than the other, in that 
almost all lungs float irrespective of their appearance. To 
repeat the adviee of Lester Adelson, whose experience and 
clarity of expression makes his voice one of the most 
respected in forensic pathology: 
Unless the pathologist has incontrovertible citria of 
post-natal survival, e.g. wel-expanded lungs, food in the 
‘stomach of vital reaction in the stump ofthe umbilical cord, 
he's legally bound not to diagnose lve bith. Convictions 
{or infanticide have been set aside where there was any 


doubt whatsoever that the child was born alive, Many 
‘courts have pushed this proposition to the extent that the 
state has been given the burden of proving that the baby 
‘was bor alive beyond any possible doubt rather than 
beyond any reasonable doubs, the later being the general 
level of proof required ina criminal prosecution. 


Histological appearances of 
newborn lungs 


Histology is not as helpful as might be expected in the 
problem of demonstrating the onset of breathing. It was 
formerly thought that the shape of the alveoli and the 
height of the lining epithelium would indicate whether 
they had been expanded by the passage of ai, but this has 
proved to bea disappointing exercise. According to Shapiro 
(197), the height of the epithelium and the shape of the 
alveoli are more a measure of fetal maturity than respiration 
at birth, The lung parenchyma develops in the fetus as a 
branching ramification of the trachea and at an incermedi- 
ate stage — around 800g body weight or 4 months gesta- 
tion — appear as gland-like structures with a cuboidal or 
columnar cell lining. The evolution to the thin-walled 
adult-type alveolus is complete before full term, or when 
the fetal weight is about 2500 g. The alveolar spaces may be 
found substantially distended even in fetuses who could 
not have breathed air, such asthe one described by Shapiro 
that was found fiee in the maternal abdomen after rupture 
of the uterus, No intra-alveolar epithelium was visible and 
the lung could not be distinguished histologically from that 
of a child that had breathed. 

‘Other authors have described the maturation of the fetal 
lung (Kuroda ef af, 1965; Parmentier 1962; Ham and 
Baldwin 1941) and it is undisputed that fully expanded 
alveoli can be present before full term, even in infants who 
have not inspired air, After the fifth month, the glandular 
nature of the air sacs ofthe lumen are filled with amniotic 
uid. In fact, there is evidence that amniotic fluid may be 
produced by the nascent pulmonary lining, because itis 
present even in cases of congenital bronchotracheal atresia 
‘When breathing stars, the alveoli further enlarge, and the 
fluid is partly expelled through the bronchi and partly 
abyorbed back into the pulmonary circulation. Ham 
(1950) and Shapixo (1947) point out that the finding of 
‘open alveoli with no cuboidal or columnar epithelium 
‘means that the fetus has passed the two-thieds stage of ies 


‘maturation process, not that it has respired ait, 

Further proof is found in the histological appearance of 
sequestrated parts of lung tissue in infants, which were nor 
connected to the bronchial system but which stil showed 
alveolar duces and alveoli (Potter and Bublender 1941; 
Powter 1952). Fetal lung transplanted into the anterior 
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chamber of an animal eye also developed alveoli with termi- 
nal bronchioles (Waddell 1949). Post-mortem handling has 
also been incriminated for the entry of ai ineo fetal lungs 
Apparently espired alveoli have been found in lung sections 
from a dead infant taken from the uterus ofa dead mother. 

Janssen (1977) agrees that resuscitation will lead to post- 
‘mortem aeration of the lungs, bu claims chat such artificial 
respiration cannot cause the alveoli of stillborn neonates to 
be perfectly and uniformly acrated. Against this view, how- 
ever, is the undoubted patchy appearance of the lung 
expansion of many infants who have undoubtedly breathed 
for some time, so it is difficult to see how the two situations 
could ever be differentiated. Janssen’s statement about the 
histological appearances is reasonable: 


‘According to the present level of knowledge and 
possibilities for examination, ventilation ofthe lungs 
alone cannot be taken as a certain indication of a lve 
birth. Under various circumstances, lungs originally 
‘erated can become devoid of air conversely, the lungs 
of stilbom neonates can appear aerated. Itis not 
possible to be certain in all cases. 

In general, an infant who has breathed strongly for some 
time — probably hours in most cases ~ will have lungs chat 
histologically resemble the older child with full, uniform, 
expansion of alveoli, In many infants who undoubtedly 
have lived and breathed for an appreciable time, however, 
there may be only patchy expansion, whieh corresponds to 
the uneven aeration seen macroscopically under the pleural 
surface. The difficulty arises when paradoxical appearances 
are seen, examples of which ate illustrated in many text 
books. Thus an undoubted stillbirth may reveal quite exten- 
sive alveolar expansion, whilst a baby that unequivocally 
lived for some time may show coral collapsed air sues. 

In medico-legal work, though itis quite in onder to refer 
to the usual state of affairs, when a criminal eral is in 
progress, the standard of proofs beyond reasonable doubt 
and the well-documented exceptions just mentioned (as 
with the flotation test) make it unsafe to be dogmatic over 
athistological opinion. 


ESTIMATION OF MATURITY 


‘This is a necessary part of che autopsy, both as matter of 
record of the size and presumed age of the infant, but also 
as a legal requisite in those jurisdictions that require proof 
of viability before either stillbirth can be recorded or a 
charge of infanticide brought. 

First, it must be accepted that — ay at any time of life — 
morphological measurements are by no means infallible 
indicators of chronological age. Personal variations are 
compounded by sex, ace and nutritional factors to prevent 


accuracy. The time of appeatance of ossification centres is 
no longer as uniform as once thought, As with so many 
biological conditions, there is the typical ‘bell-shaped curve 
of probability, so that chough most subjects will lie in 
the large central zone, there will be a progressively dimin- 
ishing number at each extreme of the graph. It should be 
remembered that a female infane is usually at least 100g 
Jess in weight at full term than the male, though individual 
differences in either sex ean be far larger than this statistical 
variation. Twins, even thase going co full term, are each 
lighter than a singleton child. The full-term singleton fetus, 
at 40 weeks’ gestation, will have the following vital sp 
fications, subject to the above cautions 


1 a weight of berween 2550 and 3360 g 
1B crown-heel length of 48-S2em 
1B crown-rump length of 28-32 em 
head circumference of 33-38em 
1 the osification centre in the lower end ofthe femur will 


almost always be present, being about 6 mm in diameter 

1H Lanugo is absent or present only over the shoulders: 
head hair is about 2-3em long 

1S the testes are palpable in the scrotum; the vulval labia 
closes the vaginal opening 

1H the umbilicus is midway between xiphisternum. 
and pubis 

1 there is dark meconium in the large intestine 

1B an ossification centre in the upper end of the tibia will 
be presen in 80 per cent of full-term infants, The 
length of finger and toenails is an unteliable guide. 
More detailed information may be obtained from 
obstetric and paediatric texts 


At 36 weeks, the crown-heel lengeh is hour 45 em and 
the weight around 2200. There will probably be assifica- 
tion centres in the cuboid and capitate bones, often in the 
lower end of che femur and pethaps alo in the upper end 
of the tibia 

‘At 28 weeks, the fetus is likely to be about 900-1100 gin 
weight, have a erown-heel length of 35m, a crown-eump 
length of 23cm, and a foot length of Bem. 

‘The old Haase rule-of-thumb for fetal age and size was 
that, up to the twentieth week, the length in centimettes 
was the square of the gestation period in (lunar) months 
Beyond the twentieth week, che length in centimettes 
divided by five represents the age in months, 


Examination of the ossification centres may be per 
formed radiographically, which requires the advice of a 
radiologist, as the time of appearance may not be synichro- 
nous with visual identification of the centres. At autopsy i 
is usual to seek them directly, as follows atthe knee, the leg 
is flexed and a lengthwise cut made over the patella, The 
bones are pushed forwards through the cut, and transverse 
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Ficume 20, 
in hospital. The lungs are firm and heavy with no crepitaion when 


The pluck of horace organs from a known silbirch 


squeezed. Margin portions of ng flated in water, however, 
deronstatng the fallacy ofthe flotation tex 


fem 2mth 


Fico 20 
afte fru in centimetre it apprasimately the square of the age in 


tal maturity upto the ruentieth week the lenge 
months (Haase rule), 


slices made with a knife chrough the cartilage of the lower 
tend of the fernur, Ifthe ossification centre is revealed, the 
cuts should continue through plain cartilage above it until 
the diaphyseal centre is reached. This is to avoid mistaking 
the lower margin of the diaphyseal bone for the separate 
epiphyseal centre, The upper end of the tibia is then dealt 
with in a similar way 

In the foot, a cut is made in the axis of the limb up 
between the third and fourth toes into the ankle join 
seek the cuboid bone, The talus and caleaneum can be 


entered by cuts acrass the upper dorsum of the foot when 
the latter is plantarflexed. The centre in the calcaneum 
appears at about 7 months’ gestation, that in the talus at 
about 7 months’, and che cuboid at full eer, 


Ficune 20.13 Fetal maturity by Haase rule his 18cm 


cvoun-heel fru ic about 4.5 monthe old. 


FiCURE 20.14 Fetal maturity this infos is 300m crown-beel 
length, which is approximately 6 month gestation, asthe lengeh 
in centimetres beyond the ff month i abou five times the age 


in months 


In assessing skeletal age in the fetus, the reference book 
of Fazekas and Kosa (1978) is invaluable, Other non- 
osseous methods of estimating maturity exist, such as the 
progressive development of surfactant-producing alveolar 
type I cells in fetal lungs (Betz et al, 1992). 
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“This distressing condition has a variety of names and abbre- 
viations. The one now most generally accepted isthe ‘sudden 
death in infancy syndrome’, often shortened to (and pro- 
nounced as) ‘SIDS’. An older tile was ‘SUD’, standing for 
“sudden unexpected death’, but this in itself did not denote 
the infant connotations. Colloquialy, SIDS is known as ‘cot 
death’ in Britain and ‘eb death’ in North America, 


DEFINITION OF THE SUDDEN 
INFANT DEATH SYNDROME (SIDS) 


Following one of the international conferences on the con- 
dition (held in Seatsle in 1969) the following useful define 
ition of the syndrome was proposed by Beckwith and is 
row generally accepted: ‘the sudden death of any infant or 
young child which is unexpected by history and in whom a 
thorough necropsy fils to demonstrate an adequate cause 
of death’, Other definitions have been proposed later, eg. the 
definition by the National Institute of Child Health and 
Human Development (NICHD) in 1989 emphasizing the 
necessity of the scene of death examination, and a three- 
tiered definition by Beckwith 1992 in Sydney, during the 
Second SIDS International Conference, dividing the SIDS 
into three different categories according to the age, the 
‘occurrence of similar deaths in siblings or other close rela- 


tives, and the presence of petechial hacmorthages and 
inflammatory lesions or other abnormalities found during 
the autospy. The ‘Stavanger definition’, proposed during the 
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‘Third SIDS International Conference in Stavanger, Norway 
1994, lays stress on the importance of the investigation of 
the circumstances of death: sudden death in infancy unex- 
plained after review of the clinical history, examination of 
the circumstances of death and post-mortem examination, 
However, when put to the vote during a subsequent SIDS 
Global Strategy Meeting in Stavanger, the original defin- 
ition from 1969 received the most votes. 


INCIDENCE OF SUDDEN 
INFANT DEATH 


Until recent years, national death staisties were totally unre- 
liable in providing data on the incidence of SIDS, as the 
nomenclature was confused, and the certifying habits of 
different pathologists and clinicians were extremely variable, 
According to a recent review by Regnum (1999), the pee- 
centage of sudden deaths in infancy that are diagnosed by 
various authors as pure SIDS varied between 2.5% and 70%, 
This scuation still applies in many countries, especially those 
where high infant mortality from many causes overshadows 
sudden infane deaths, In advanced countries, the progressive 
and ofien dramatic reduction in total infant mortality since 
the beginning of the century has eliminated many infective, 
nutritional and congenital diseases to the poine where the 
‘law of diminishing returns’ has flattened out the mortality 
curve t alow level. Until 1990, there was litde evidence that 
the SIDS rate had changed significantly for centuries or even 
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millennia, so the pre-1990 straight-line incidence of SIDS 
became a far greater proportion of the total infant deaths 
compared with the eatly years of this century. In many 
advaneed countries, SIDS is still the most common single 
«ause of infant mortality after che perinatal period, 

Until about 1990, Britain had a SIDS rate of about 2 per 
1000 lve births, but the risk varied considerably in various 
sections of the population. Golding et al. (1985) give a 
comprehensive table in their book of known variations in 
‘worldwide incidence before the recent dramatic decline. For 
example, in the USA there was an overall rate of 2.3/1000, 
though again this varies considerably from place wo place, 
and among different ethnic and social groups. In Chicago 
the rate in 1969 was 3.4 compared with 1.4 in upstate 
[New York in 1974, Theres far more variation amongst ethnic 
groups in the USA, the rate being much higher among 
nnon-White infants. In Nebraska, for instance, the rate was 
1.9/1000 Whites and 5,9/1000 in non-Whites. There is 
other evidence, however, that social differences are the pre- 
ddorninane factor rather than any inteinsically ethnic cause. 

‘As noted above, in Britain and several other European 
countries the SIDS rate has dropped remarkably in the past 
few yeats. In France there was a stagnation for post-neonatal 
mortality between 1979 and 1993 followed by a sharp 
decrease to 2/100 in 1995. In England and Wales there was 
69% fall in che sudden infant death rate between 1988 
and 1992 from 2,01 to 0.63 and further down to 0.3 in 
2000 (sce Table 21.1) 

“The cause for this is obscure. Ie almost coincides with a 
vigorous publicity campaign by the Department of Health 
and the Foundation for the Study of Infant Deaths, which 
advocated sleeping babies on their back, not on the face 
and in avoiding overheating and smoking near the baby, as 
well as exhortations to seek medical advice whenever the 
infant was unwell. 

However, the fall slightly antedated this campaign, so 
thatthe conteibution of sleeping position, etc, to the decline 


Toa 21,1. Zaft marta rates (per 1000 lve birds) in 
England and Wales in 1996-2000 

Infant mortality 19861997 1998 1999 2000 No. 
Slit 84 53 63 68 53 9002 
Infant (under yea) G59 «7B 5G aM 
Eatly neonatal 86 83 82 82 82 1760 
{under 1 week) 

Noonaia(urder = 4139 B BBG 
4 weeks) 

Pst neonatal 20 30 19 19 18 1064 
(4 woeks=1 yea) 


‘HDS underying cause O6 05 a4 O4 03 M08 
‘(éweeks=t yer) 


‘Source Ofc er latoral Sates Heath Stes Quarry 5, Sng 2000, 


is not fully understood, though there is other evidence 
from The Netherlands that recommendations about sleep- 
ing supine favourably affects the death rate. However, these 
same years have shown a series of very mild winters, which 
ay also be a factor. 


FACTORS INFLUENCING THE 
RISK OF SIDS 


Age 
‘The age range in which sudden infant death oceues follows 
the usual ‘bell-shaped curve’ of most biological phenom- 
cna, As the Seattle definition stated, the ends of the curve 
lie at 2 weeks and 2 years, but these boundaries are far too 
wide for the great majority of victims. The peak incidence 
occurs at around 3 months and che time bracket of 2-7 
months will encompass most cases. It is rare after 9 months, 
bbut deaths can occur well into the second yeat which, by all 
the criteria, can only be called ‘cot deaths. 

Similarly, afew small infants die unexpectedly and inexplic- 
ably before the first month, but ie must be accepted that true 
SIDS is not a condition of the neonatal period. There is 
almost always a gap between the deaths that must be attrib- 
tured as being a sequel ro birth, and those chat suddenly oceur 
subsequently in babies who have apparently weathered chat 
dangerous period succesfully. It is obvious, however, that 
such an absolute distinction cannot be made, as premacure 
and underweight infants have a higher risk of SIDS, and 
some perinatal deaths are indistinguishable from SIDS in 
that autopsy may reveal the same negative findings. 


Sex 


‘There is slight bur definite sex bias in the syndrome, 
showing the usual slight weighting against the male infant, 
which is a common feature of many conditions and at all 
ages. Mos surveys have shown a ratio of 1:1.3 or thereabouts, 
with an excess of male infants, Some other investigations, 
hhowever, have indicated equal numbers and one survey 
actually showed a slight excess of gis, 


‘Twinning 

‘There isa marked excess of deaths in a member of  ewin pair 
as opposed to singletons. Figures have varied in different 
surveys, but the tsk isa least ewofold, In the author's (BK) 
‘own hospital district (South Glamorgan), where a total birth 
survey is maintained, some years ago the increased rsk was five 
times that for single babies, The reason for the excess among, 
twins lies partly in the fact thar physically disadvantaged 
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infants, such as premature births and hase of low birth 
‘weight are at greater rsk; these two factors ae often present 
in owins. There is no difference in incidence beeween idensieal 
oor binovular twins. There have been at least ten reports of 
both twins having died of SIDS on the same day, and obvi- 
ously reported cases are but a small fraction of those occur- 
ring. Some pathologists, alos exclusively in the USA, claim 
that simultaneous death in twins is indicative of homicide, 
but this view is not generally accepted 


Seasonal incidence 

‘There is a marked seasonal variation in SIDS, the excess 
‘occurring in the colder, wetter months in temperate zones. 
In Europe and North America, mast SIDS die between 
October and April, whilst in Australasia che monthly inci- 
dence is reversed. In tropical and subtropical zones, no 
clear pattern emerges, partly because many of the countries 
in these latitudes are relatively underdeveloped so have 
both high infant mortality, and often death certification 
and statistical records of lester accuracy. SIDS undoubtedly 
‘occurs in the tropics, however, but the incidence is often 
swamped by that of more obvious disease. Returning to 
temperate zones, many efforts have been made to relate 
SIDS to changes of temperature and the incidence of respira 
tory infections in the community. The results are conflit- 
ing, bur there seem litele doubt chat respiratory infections are 
4 precipitating erigger in SIDS, 


Social cl: 


and housing 


‘This is not the place to expand upon the social epidemi- 
ology of cot death, but there is ample evidence that lower 
levels of social disadvantage, as measured by oecupation 
and housing quality, are strongly related to the incidence 
of SIDS. Ic is difficult to reconcile these epidemiological 
factors with the numerous pathological theories and the 
few facts concerning the actiology of sudden infant death. 


THE CASE HISTORY IN SUDDEN 
INFANT DEATH 


‘The history is usually brief and remarkably similar from 
cease to case, The infantis ether quite well on che preceding, 
day or (in about half the vietims) has trivial symproms, 
usually of upper respiratory infection or a bowel upset. 
Even these symptoms may be overstated, as the history is of 
necessity taken retrospectively from distraughe parents try- 
ing to rationalize the tragedy. 


‘The story usually records that the infant was put to sleep 
in the evening and was found dead in the morning when a 
parent frst visited it, Alternatively, the baby was given an 
carly morning feed when it appeared well, but was later 
found dead in its sleeping place. Mast infants are found 
dead in the frst half of the day, before mid-morning. A 
minority die (or are found dead) in the afternoon and 
evening. Death can be rapid and silent. Though most victims 
die unobserved, the author's (BK) experi 
that a number of cases indicate that an infant observed to 


ce can confirm 


bye quite well ata given moment ean be found dead within 
5 minutes, and eases are on record of SIDS occurring in 
hospital and even i a physician’ arms, 


THE SCENE OF DEATH AND. 
EXTERNAL FINDINGS 


‘The scene of the death is rarely available for examination in 
its original state, When found, che child is naturally either 
rushed to a doctor or a hospital, or an ambulance team arrives 
and attempts resuscitation, again usually hurrying to a hos- 
pital easualty department. 

‘When found, a few children have slight oedema fluid 
exuding from the mouth. This may sometimes be blood- 
tinged, and frank bleeding — apparently from a congested 
‘mouth or pharyngeal vessel —is occasionally seen, 


Stomach contents may be present in the mouth, nostrils 
or on the face, but this must nor be assumed to be a cause 
of death (from aspiration), as is discussed below. The hands 
of the child are often found to be clenched around fibres 
from the bedelothes, as if there were spasmodic agonal grasp- 
ing movements 

Some children are found under the bedelothes, even 
huddled upside down at the foot ofthe cot. Again, this has 
no significance, as thousands of healthy infants habivually 
sleep in this way wiehoue suffering SIDS. 

‘A umber of infants have been found moist with sweat 
and even with a raised body temperature, The significance 
of this is not known, but part of the recent preventative 
advice given in Britain, is o avoid overweapping and over- 
heating 

‘There are no external findings of significance. The face 
ay be pale or slightly eyanosed or congested: there are no 
petechial haemorshages in the face or eyes. The posture at 
death is not necessarily relevant, even ifthe initial sleeping, 
position is important in the aetiology — some are found face 
down and may have a pallid area around the mouth 
and nose where pressure has prevented post-mortem 
hhypostasis from setling. This develops after death and on 
‘no account must be misinterpreted as a pressure mark in 


cating suffocation, 


453 


Table of Contents 


Preface... 


1, How to Use This Book 
Reference vs. Tutorial. 
Theory and Practice. 
Organization . 
Subject Paths 
Inclusions and Exclusions 
Typographical Conventions 
Volume Contents . 

Safari* Books Online 
How to Contact Us... 


> POWER 
> > SOURCE 


2. Battery... 
What ItDoes - 
How It Works 

Electrode Terminology . 
Variants. 

Disposable Batteries. 

Rechargeable Batteries 
Values 

Amperage. 

Capacity. 

Voltage 
HowTo Use lt 


21: Sudden death in infancy 


AUTOPSY APPEARANCES 


‘These have given rise to much controversy over the years. 
Essentially che gross findings are nil, almost by definition. 
Fany significant pathological lesion is found on naked-eye 
examination, the death ceases to be a true SIDS, and is cat 
cegorized as whatever lesion was discovered. The proportion 
of ‘explained’ cot deaths varies greatly with the pathologist, 
‘though this variation is more in relation to microscopic chan, 
‘gros findings. OF all babies found dead in cheir sleeping 
place, tae is ‘cot deaths’, most will be true SIDS, bu a few 
will have a significant pathological condition, The relative 
proportions of these two subsets varies from pathologist to 
pathologist, Many would accept chat about 15 per cent 
reveal some pathological lesions at auropsy, though this is not 
to say chat those lesions — sometimes slight — were a factor in 
the death, For example, some mild congenital heat lesion or 
the presence of Down's syndrome is occasionally revealed, 
but this not to say that they were causative, Thus almost all 
SIDS are cor deaths, but not all cot deaths are SIDS, 

‘The external appearances have already been discussed 
and are essentially negative, apart from inconstant froth at 
the lips and nostrils, and fibres sometimes clenched in the 
fists The length, weight and other physical measurements 
are of no direct relevance, though naturally they must 
always be carefully recorded as in any other infant autopsy, 
for it may transpire that the death was not a typical SIDS. 

Internally, che Findings are again non-specific ina typical 
SIDS. A large number of reports now exist on the micros 
copy, microbiology and biochemistry of the syndrome, but 
‘no diagnostic erteria have yet been confirmed. The follow- 
ing naked-eye features may be present at autopsy 


1H Petechial haemorshages on the visceral pleura. 

1 Petechial haemorshages in che thymus gland. 

1 Petechiae or larger ecchymoses on the epicardial surface 
of the heatt, especially posteriorly. These petechiae have 
been the subject of intense controversy since they were 
first described in infane deaths by Tardieu in 1855, but 
they are almost certainly agonal in origin. One 
explanation suggests that they are the result of foreed 
inspiratory efforts against a closed airway, the latter 
bing either from laryngeal spasm oF from collapsed. 
pharynx in hypotonic infants, bue neither of these 
hypotheses has been substantiated. Petechiae in the 
thorax are found in about 70 per cent of teue SIDS 
infants. Thymic haemorrhages ae often prominent, the 
organ being studded with both pecechiae and larger 
eechymoses: it has been claimed recently that in SIDS 
as opposed to mechanical suffocation, the 
hhaemorthages are in che thymic cortex, rather than the 
medulla, but few pathologists accepe this. 


Face 21.1. Subpleuna haemorrhages — the original “Tardieu 
‘spo: These are fer mare pronounced than those seen in adul lung, 
‘being taken fra case of SIDS, in which 70 per cen of aes 
exhibit ches lesions. 


1B Gastric contents, usually milk-curds in the air passages, 
All 100 often this has been used by some pathologists as 
the definite cause of death, but there is no evidence that 
it isthe reason for the death, Its either an agonal 
regurgitation oF even a post-mortem phenomenon. In a 
series of 100 consecutive autopsies, includ 
and children, the author (BK) found gastric contents in 
greater or lesser amount in no less than 25 per cent of 

almost all of which had quite satisfctory 

lesions to account for death, This aspect is 
discussed in more detail in Chapter 14, 

© Respiratory infections in the form of inflamed laryngeal 
cr tracheobronchial mucosa ate not common, but are 
macroscopically evident in some SIDS vietims. Ifthe 
infection is severe enough to produce pus and especially 
if there are obvious inflammatory changes in the lung. 
parenchyma, then the death is removed from the SIDS 
category into a fatal chest infection group. The finding 
of minimal inflammatory’ cells on microscopy must be 
viewed with caution. Some pathologists undoubtedly. 
lay 90 much emphasis on sparse oF small collections of 
leucocytes in the peribronchial zones. In control 
infants, small foci of lymphocytes are common and ean 
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be disregarded. Its usually the lung histology that 
causes the variations in the proportions of ‘cot deaths 
that are classified as erue ‘SIDS’ 

Pulmonary oedema is common, though usually 
‘moderate in intensity. The surface of the lungs often 
shows patchy sublobular partial collapse, with areas of 
blue lung alternating with better-aerated pink zones. 


In some infants dying unexpectedly, abnormalities 
such as Down's syndrome, congenital heart disease or other 
chronic systemic disease are found. The problem then is to 
decide whether the death should be ascribed to ‘SIDS’ or to 
the obvious disease, even though there is no evidence that 
such a disease should have suddenly caused death, There is 
«natural tempration to use an established lesion to explain 
the death, especially as both doctors and parents tend to be 
Jess unhappy with a specific disease process than with the 
rather nebulous diagnosis of ‘SIDS’. 

In most cases, however, there is no real reason why an 
infant with Downis syndrome, perfectly well one night, 
should be found dead the following morning ~ and many 
relatively mild (and often previously undiagnosed) congeni- 
tal defects similarly are unlikely to eause death in such an 
abrupt manner. Ie is probably more logical to assume chat 
SIDS has occurred in a child with Down's or a septal defect, 
for whatever. Ie may be accepted that this defect may be one 
factor among the many involved in SIDS, and therefore i is 
probably reasonable to enter ‘SIDS’ in Part of the certificate 
and add the other lesion in Pare Il, as a contributory cause. 


HISTOLOGICAL FINDINGS IN SIDS 


Again a huge and controversial wopic, there have been 
‘numerous papers on the microscopic appearances in SIDS. 
“Much of this is pute research material and is often irrepro- 
ducible by other workers, 

‘Most interest has focused on the lung changes and espe- 
cially evidence of pulmonary inflammation, The frequency 
‘with which positive findings are made depends upon the ex 
teria threshold of the observer, ay mentioned earlier. Peri 
bronchiolar cell infiltration is the main finding and some 
workers claim to find an abnormal cellular response in the 
majority of SIDS material, Others, more used to the less 
equivocal appearances in aduls, fil © attach significance 10 
‘marginal increases in cell population in the peribronchial zone. 

‘Many of the other findings are inconstant and claimed 
by a variety of researchers. For example, Richard Naeye 
(1973) supported his hypothesis of chronic hypoxia by finding 
thickened pulmonary artery wall, gliosis in the brainstem, 
retention of brown fat in the adrenals and abnormalities in 
the carotid body. Changes in the myocardium, adrenals, 


parathyroids and liver have all been described, but have 
cither not survived critical assessment, appear incompatible 
With clinical and epidemiological dats, or fil to be repro- 
dlucible in subsequent investigations 


THEORIES OF CAUSATION 


Since the mid-1970s mote than 5000 articles have appeared 
concerning sudden infant death and one now needs review 
papers, such as chose published by Valdes-Dapena, merely 
to keep up with mainstream research, Theories include 
allergy to cow's-milk proteins, house-mite allergy, deliberate 
suffocation, spinal haemorrhages, botulism, calcium defi 
ciency, selenium deficiency, biotin deficiency, vitamin E. 
deficiency, vitamin C deficiency, vitamin D deficiency, thia- 
mine deficiency, hypoglycaemia, hypothyroidism, magne- 
sium deficiency, carbon monoxide poisoning, carbon 


dioxide poisoning, overlaying, pharyngeal hypotonia, nasal 
obstruction, tracheobronchits, respiratory syneytial views, 
prolonged sleep apnoea, deficient or abnormal pulmonary 
surfactant, cardiae conduction defects, sodium overload in 
feeds, narrow foramen magnum, hyperthermia, hypother 
‘mia, influenza infection, metabolic enzyme defeets, irmmuno- 
deficiency, hypogammaglobulinacmia and many others. 

In 1989 and again in 1994, press publicity in ehe UK 
drew considerable attention to claims chat fungal growth on 
certain antflammable chemicals used on cot mattress covers 
produced gases containing arsenic and antimony, and some 
chemical analyses showed that antimony could be demon- 
strated in some SIDS tissues. However, a causative link has 


not been proven and the theory fils to fit the epidemiology 
— especially as SIDS has been occurring for hundreds and 
probably thousands of years before mattress covers existed. 
Reports of cat deaths can be found in sources as an 
the Old Testament and twelfth century Welsh literature. 

In the 1970s and early 1980s, one hypothesis gained 
widespread favour and was beginning to gain general 
acceptance. This was the claim that some infants, with poor 


respiratory drive, suffered from exaggeration of the normal 
petiods of apnoea that all infants have during sleep. A com- 
plex mechanism was built up in which progressive hypoxia 
and failure to respond adequately to hypercapnia and 
hypoxia drove the sleeping infant into a descending spiral 
of hypoxia~apnoes-hypoxia, which ended in bradycardia 
and candiae arrest. Respiratory infections, sleep, and nasal 
obstruction contributed to an acute-on-chronic state of 
hypoxia, which histological findings claimed to substantiate 

This attractive theory was largely deflated, however, 
when prospective studies of infants with sleep apnoea and 
other respiratory problems were found to have no greater 
risk of SIDS than normal controls. The theory led to a 
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great popularity of apnoea alarms, which parents of sub- 
sequent children following a SIDS lass have insisted on 
using. There is no evidence that they have any beneficial 
effect, other than reassurance of che parents: indeed, in 
some instances, the stess of waiting forthe alarm to sound 
and the many false alarms, have led to marital problems, 

In the present state of knowledge, it seems that SIDS is 
the final common pathway that leads to death in infanes who 
have been compromised by a number of deleterious factors, 
which have to come together in one baby at one time in 
order to summate to a fatal outcome. The factors may be 
quite different in each case, bur all manifest chemselves in 
terminal acute cardiorespiratory failure 

Some of the factors are known such as sleep, which 
depresses the brainstem, and virus infections ~ especially, 
of the respiratory tract ~ which provide a viraemia, reduce 
‘oxygenation and may narrow the effective airway lumen by 
mucus and exudate. Other factors are ‘constitutional’, in 
that many SIDS victims are physically compromised in 
some way, often since fetal life, being premature and of low 
birth weight (though most SIDS are neither of these) 
(Other factors from the long lst given above may operate in 
may be 


certain circumstances, such as botulism wl 
relevant in some 5 per ent of SIDS in California. 

Ie is thus futile to search for ‘the cause’ of cot death, as 
there is no single cause, but a galaxy of factors that vary 
from death to death, though the mediating terminal mech- 
anism appears to be the same. 

‘One of the most diffcule aspects isthe failure of patho- 
logical explanations to be compatible with epidemiological 
findings, Te has been shown that non-specific health-care 
improvements reduce the incidence of SIDS, such as in the 
excellent ante-natal and post-natal services of countries 
such as Finland and Holland, which have the lowest SIDS 
rates — and the Sheffield project, where it was shown that 
the strongest factor in reducing incidence was the use the 
family made of the health services 

‘As far as the pathologist is concerned, his function is to 
perform a meticulous autopsy, co exclude any overt natural 
disease or injures, and to offer sympathetic advice to those 
parents who want an explanation of the syndrome in 
comprehensible lay terms. There ate several highly proficient 
counselling charities in Britain, the USA and other coun- 
tries, who can provide literature and direct help to parents ~ 
and who alo usually support most of the ambitious 
research schemes now operating, 


THE SIDS AUTOPSY 


‘The routine for an autopsy an a sudden infant death follows 
that for any infant and site differen from eat in suspected 


child abuse. Indeed, exclusion of child abuse isa prime con- 
sideration as, although there is no aetiological connection 
beeween the two conditions, sometimes occult abuse — oF 
sometimes genuine accident ~ may present asa ‘eat death 
Some pathologists, both forensic and paediatric, insist on a 
whole-body radiological survey before commencing the 
autopsy and, where such facilities exis, this ia wise precau- 
tion, Full measurements of dhe infant are essential, a in all 
paediatric autopsies, to monitor the siz-for-age of the child 
and to compare it with centile graphs, provided the birth 
weight is known. 

‘The gros examination is the standard meticulous 
sceutiny of all external surfaces, orifices and organs. A full 
histological survey is vital, with even more blocks being 
taken than may be che norm for many forensic pathologists. 
‘The lungs in particular should be extensively sampled and 
six blocks is bare minimum for these organs. In addition to 
histology, swabs should be taken from the major air passages 
and che lung parenchyma for microbiological culture, and 
heart blood may also be cultured. The middle ears should 
always be openeel and a swab taken if infection is suspected. 
‘A separate piece of lung should be sent for virological cul- 
ture, Where there has been any history of gur upset before 
death, a sample of ileal contents should be cultured. Ie has to 
bbe said that the return on such microbiological and viro- 
logical studies is poor in terms of positive findings, both 
because of the post-mortem interval and because many of 
the micro-organisms found may be indistinguishable from 
commensals or post-mortem contaminants 

Similarly, by the very definition of SIDS, significant histo- 
logical findings are absent. Ifa definite pathological lesion 
capable of causing death is discovered, the ease is removed 
from the SIDS category and classified according «o the 
disease process discovered. The problem arises when ‘signifi 
cant’ or ‘definite’ has to be defined, as the evteria threshold 
of different pathologists varies considerably, especially 
where the diagnosis of an inflammatory condition in the 
lungs is concerned. 


MEDICO-LEGAL PROBLEMS 
IN COT DEATHS 


Differentiating SIDS from external 
suffocation 
“This ithe oldest problem in oot death and one that i v= 


tually insoluble on purely pathological grounds. The signs 
of infune suffocation are usually nil and the signs of SIDS 


are nil so ina completely negative autopsy no reliable 
teria exist. The presence of intrathoracic petechiae has litle 
or no diagnostic value, in spite of one recent report that 
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claims to distinguish SIDS from mechanical suflocation by 
the confinement of petechise to the thymic cortex in SIDS, 
In any event, they are usually absent in known suffocation, 
such as those caused by a plastic bag over the head, yer 
some 70 per cent of SIDS have serosal petechiae 

In Britain, there are about 1000 cot deaths each year and 
probably up t0 10000 in the USA. The majority of these 
‘were found dead with dhe face uncovered, and in a posture 
here the mouth and nose ate not obstructed, No one 
bolieves that all these children have been smothered by th 
parents: therefore, as petechiae are valueless for differen 
ation, it s not possible for an autopsy to state oF even suggest 
that any particular child has been suffocated. This naturally 
presupposes the absence of facial bruising, scratching or 


other positive signs that would immediately remove the case 
from the SIDS category. 

Ieis possible for circumstantial or other non-medical his- 
tory to suggest or confirm deliberate suffocation, chough 
this is extremely rare and not the concern of the patholo- 
gist. A caution must be offered about maternal confessions 
of smothering, however, as several instances are known 
‘here such a confession has proved totally false, the desper- 
ately bereaved woman in her grief and recrimination delud- 
ing herself in order to rationalize an inexplicable tragedy. 


Multiple sudden infant deaths 


Again, these pase a formidable problem for pathologist, 
paediatrician and investigating authority. Starstically, a 
‘mother will suffer a second cot death in her family every 
quarter of a million births, but a number of families are 
reported where chree or even four siblings have died inexplic- 
ably. There is always the possiblity of foul play in such 
circumstances, though some familial metabolic or other 
genetic disease — albeie obscure — is more likely. Even where 
no trace ofthe latter ean be detected by the most exhaustive 
medical investigations, ifthe autopsies reveal no positive evi 
dence of mechanical suffocation oF other demonstrable 
cause of death, the pathologist cannot then substantiate any 
allegation of mechanical suffocation. He can —and should — 
express his concern to the investigating authorities but, if 


their investigations produce no corroborative evidence, i is 
pointless for him to continue to support « hypothesis that 
cannot be substantiated by any pathological evidence. 


Counselling of parents 


Many families, primarily the mother, have an intense desire 
to know why their baby died, a need that is often unfulfilled 
by any official contacts, such as with a coroner Once any legal 
processes ate complete, there is no reason why a pathologist 


should not meet and offer explanations to the parents of a 
child upon whom he has performed an autopsy. Often an 
earlier line of counselling is provided by a paediatrician, 
but some mothers wish to talk to the pathologist. Both 
Adelson (1974) and Knight (1983) have advocated that 
the pathologist should make himself readily available for 
this purpose, though some pathologists shelter behind an 
imaginary legal barrier to avoid what should be an ethieal 
obligation. 


ADDRESSES OF COUNSELLING 
ORGANIZATION: 


Hl The Foundation for the Study of Infane Deaths, 
Antllery House, 11-19 Artillery Row, London, SW1P 
IT, UK (Tel: General enquiries: +44 020 7222 8001; 

-hour helpline: +44 020 7233 2090; Fax: +44 020 

7222 8002), heep:!/wwwesids.org uk 

1 National Sudden Infant Death Syndrome Resource 
Center (NSRO), 2070 Chain Bridge Road, Suite 450, 
Vienna, VA 22182, USA (Tel: (703) 821 8955; 

Fax: (703) 821 2098). sids@circlesolutions.com 

1 SIDS International (SIDSD. 

hep: //www-sidsinternational.minerva.com.au! 
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“There is now a vast collection of publications on the child 
abuse syndrome, including international journals devoted 
to the topic. Most of this interest concerns the clinician, as 
abuse is now a major concern in paediatrics, When no 
ervention is offered, an abused child has up to a 10 per cent 
risk of having eventually ftal injuries, so unforcunately the 
forensic pathologist will be involved ie this tragic problem 
from time to time. This chapter will deal solely with the 
physical manifestations ofthe child abuse syndrome as seen 
at autopsy, though naturally these will in large measure 
coincide with the non-fatal injures seen by clinicians, 


GENERAL ASPECTS OF CHILD 
ABUSE 


‘Though the modern phase of recognition of the syndrome 
dates only from the middle decades ofthis eencury, almost 
all the classical features were described by Tardieu in 1860 
(see Knight 1986). In 1946, Caffey published his well-known 
first paper and, from then on, an avalanche of articles led 
to the present intense awareness ofthe problem chat throws 
into stark contrast the apparent unawareness of the medical 
profession during the previous century 

‘Though definitions are variable, it can be said thae the 
‘child abuse syndrome’ (also known as the ‘battered baby’ 
of ‘non-accidental injury in childhood’) exists when an 
infant or child suffers repetitive physical injuries inflicted 


bya parent or guardian, in circumstances that exclude accident. 
Most of the fatal vietims are young, more than two-thirds 
being under 3 years of age (Kempe eral. 1963; Lau etal 
1974; Brown 1976; Heller et al. 1977), 

‘The syndrome includes, of course, psychological and 
sexual abuse, but the forensic pathologist can only be con- 
cerned with physical damage, some aspect of which has led 
to death, Though all homicides of children are ‘child abuse’ 
in the broad sense, the term is usually reserved for a fatal 
outcome in those who have suffered repetitive ill-treatment, 
though admittedly some cases span the borderline between 
chronic injuries and a single episode of trauma, 

“The definition of ‘child abuse’ is itself controversial, as 
what is unacceptable now may well have been considered 
valid and even desirable discipline in Victorian times. 
However, serious physical injury must be wrong, irrespective 
of societal atvitudes, 

Even so, for a pathologist co label an injury as ‘child 
abuse’ or ‘non-accidental injury (NAI)’ is to be rather 
pejorative and judgemental, so perhaps ‘adult-induced 
injury’ might be a more neutral description, which leaves 
decisions as to motivation to those who possess a wider 
picture of the whole circumstances. Having said that, the 
more gross forms of injury are self-evidently ‘abuse’ but, in 
lesser degrees of trauma, it may be impossible to differentiate 
deliberate battering feom inexpert rough handling, albeit 
contributed «o by exasperation, panic or even attempts at 
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Though it is vital co recognize non-fatal child abuse, 
because of the need for intervention to prevent the 60 per cent 
recurrence rate and 10 per cent mortality rate, it can be 
almost as tragic to falsely accuse and/or convict parents or 
guardians where the injuries were non-culpable, 

‘There has sometimes been perhaps some excess of zeal 
con the part of paediatricians, radiologists, accident sur- 
geons and pathologists to overinterpret injuries and scen- 
arios that had an alternative and less sinister explanation, 
Though it is natural and vital for doctors to protect chil- 
dren and their siblings, medical opinion has to remain free 
from emotive bias and be confined within che bounds of 
what can be proved in each individual case, or injustice 
may be done. Some years ago, a situation developed where 
even innocent parents were afraid to take their accidentally 
injured child to a doctor, for fear of the euphemism ‘non- 
accidental injury’ being applied. 


MODES OF DEATH IN 
CHILD ABUSE 


‘The majority of deaths are caused manually, either by hit- 
ting or beating with the hands, shaking, cheowing, drop- 
ping and — less often — by burning or suffocation. It is 
‘exceptional for death to be caused by the impact of a blunt 
instrument, though non-fatal bruises from beating with a 
strap, for instance, are sometimes seen. Shooting, stean- 
sling and stabbing are characteristic of classical homicide, 
which is distinct from the child abuse syndrome. 

‘The mast common mode of death is head injury, Next in 
frequency is rupture of an abdominal viseus, lewing a wide 
range of miscellaneous injuries to account for the small 
remainder. 


THE RANGE OF INJURIES IN 
CHILD ABUSE 


Concentrating on autopsy findings, the various types of 
trauma will be described, though many will not in then 
selves have caused or even contributed eo death. 


Their 
recognition is none the less vital as, atthe end of the exan 
ination, they may well he the decisive factors that may dis: 


tinguish an accident from deliberate malereatment, 


SUR 


‘ACE BRUISING 


(One of the classic aphorisms in the study of child abuse was 


stated by the forensic pathologists, Cameron, Johnson and 
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aber wa 


i 22.1 Muiple fingertip bruites on the chest and 


fam infant lft with « male babysitter. The child 


soar ill onthe mother’s reeurm and died during admizon toa 


spital casualty department (oe alto Figuret 22.4 and 22.5). 


The skin and bones tell a story 

to eel. 
Skin bruising is the most common injury and may be 

seen almost anywhere on the child's bods: There are, however, 


Camps (1966), who said: 


hich che child is either too young or too fright 


certain sites of predilection which help to strengthen the 
diagnosis of abuse 


1 Bruising around the 


mbs, especially the wrist and 
forearms, upper arms, thighs and — in small infants — 
around che ankles, These places form convenient ‘handles 
for an adule to grip the child, In the small infane dhe 
lower leg bruises may indicate that the child has been 
held by the leg or ankle in order to swing it —and may be 


sociated with head injuries. The older child, as an adult, 
may be gripped by the upper arms in order to be shaken, 
The buttocks area frequent site of bruising from hand 
smacks or beating with a strap. Bruises on the thigh are 
less common, but on the outer side may signify slaps 
and on the inner, possible sexual interference 


Surface bruising 


Bruiing of wrist and back ofthe hand after 
-malireatment by mentally il mother (ee abso Figures 223 
and 226), 


oo 


| | 


Ficuae 22 


Brusing of upper extremity after malerestment by 


mentally ill mother (ee aio Figures 22.2 and 226). 


I The face is ofien bruised, especially che cheeks and 
mouth area, from slaps, which may also be present on 
the forchead and ears, Awociated damage to the mouth 
and eyes is common. Bruising of the scalp is harder to 
see because of the haie, but is often patt of deeper head 
injury 

HI Bruises on the chest, abdomen and neck are usually 
from finger pressure rather than slaps of blows, Those 
con the abdomen and lower chest may be associated with 
deep visceral injury. Bruises may be of any size of type, 
uta common variety in child abuse isthe small discoid 
lesion about 12m in diameter; these were once called 


Ficune 22.4 Tyrie found at autopsy of an infos lef with a 


‘male babyiter showing a generalized haemaperitoneunt 


jpenny bruises’ from the sizeof coinage at that time. 
These are caused by impact or pressure from the finger 
pads of adults, and may be seen in groups around the 
limbs and on the neck, chest ar abdomen, 


Bruises from slapping or punching may be larger and 
irregular. Occasionally, a partial or even almost whole 
handprint may be seen outlined in bruises on the buttocks 
or trunk. 

‘The age of bruises is an important issue in child abuse 


I The observed age may be at variance with the history 
given by a parent, so increasing the suspicion of a 
non-accidental event 

Bruises of different ages indicate episodes of injury at 
different times, one of the hallmarks of child abuse chat 
‘usually continues over a period. 

“Though it is impossible to be accurate about the absolute 


age of a bruise, those of markedly different colours cannot 
have been inflicted during the same episode, The interpret- 


ation of patterns and the ageing of bruises are more fully con- 
sidered in Chapter 4, but any bruise with yellow coloration 
must be more than 18 hours since infliction, 
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in which there was some possibility of abuse, though this 
decision may lead co injuries being missed. 

‘The range of skeletal injuries seen in child abuse is 
wide and there are very extensive publications on the 
subject, including at least one textbook by Cameron and 
Rae (1975) and a section on the radiology by Evans and 
Knight (1981), 

Worlock ef al (1986) compared fractures in 35 abused 
children with 826 controls and found that the abused were 
alll under 5 years old, whereas 85 percent of the others were 
more than 5 years, The abused infants were mote likely to 
have multiple fractures, and to have bruising of the head 
and neck, Rib fractures were almost confined to abused 
children, when major chest trauma was excluded, Spiral 
fractures of the humeral shaft were more common, though 
classical chipped metaphyses were uncommon. They con- 
cluded that one in eight infants under 18 months of age 
with a facture had been abused, 

‘The following isa summary of the more important bony 
lesions. 


Fractures of the skull 


Skull fractures are common in fatal child abuse, often in 
awociation with intracranial hacmorthage, usually sub- 
dural, though numerically less than half of infants with 
subdural haematomata have skull fractures (Harwood- 
Nash eta). He found that of 4465 childhood head injuries, 
1187 had skull fractures, bue that there was litele correl- 
ation with neurological signs and intracranial damage, sub- 
dural haemorrhage (SDH) being twice as frequent in the 


FicUnE 22.5 The infane shown in Figures 22.1 and 22.4 showing yon, fracture cases, 
a fill. thickness tear extending through the liver, upeare ofan 


Fractures have been discussed in relation to head injuries 
«abdominal vscus ithe second most comman mode of death 


in Chapeer5, but some particular fanuesin child abuse must 
in child abuse, bead injury being the most frequent. be mentioned, as it isa controversial subject, especially when 
SKELETAL DAMAGE IN atea, but the differentiation from accidental fills is impor- 
CHILD ABUSE sible on anatomical o¢ radiological grounds alone, in spite of 

the dogmatic aims of some radiologins. An infant’ shal is 
more flesible than that of an adult and may absorb some 


‘This is the second part of the aphorism about battered 


childres as, both clinically and pathologically, diagnasis is impacts without fracturing, Qceasionaly, @ parietal bone 


‘may ‘dimple’ inwards without eracking, much as a table- 


largely radiological matter, Just as a whole-body survey #6 tennis ball may be dented with a thumb. The skull ofa child 


needed in the live victim, so ic is essential before an autopsy 


ta suspected fal ee of child abuse, Some pathologies 0h thinner chan chat of an adult, eventhough the rain 


would recommend a radiological skeletal survey on all St *d w 


tis greater relative to the postcranial mass 


infants prior co autopsy ifthe had nor been under consant_ "ans that there are ewe opposing fcrors operating: 


clinical care for some well-recognized natural disease, This Ill Because of the thin skull, less fore 


required for 
‘would include all sudden infant deaths but, because of lack fracturing, 

of facilites and finance, many pathologists have to confine Because of the elasticity or ‘springiness’ of the skull, 
their requests for such extensive radiology to those deaths recovery from distortion caused by impact is greater, so 


464 


Skeletal damage in child abuse 


‘Though many paediatricians will deny chat a passive fll 
from adult waist level ~ oF even higher ~ ean cause either 
skull facture or intracranial damage, there is experimental 
proof and witnessed cases on record where this has occurred. 

In respect of skull fractures, Weber (1984) experimentally 
dropped dead infants from a horizontal position at only table 
height’ (82em, 34 inches) onto a variety of surfaces and 
found thar Fractures were common. Fifteen infants les chan 
'8 months old were dropped passively from a horizontal posi 
tion anco concrete, carpet and linoleum; all developed cranial 
vault fractures in various positions. Though most fractures 
were in the parictal bones, some extended into the occipital 
bone. In 1985, Weber again dropped dead infants from 82 em 
(G4 inches) onto soft cushioning, such as 10cm (4 inches) 
thick foam mat and Sem (3.2 inches) thick double blanket. 
Fractures were much less frequent, as was to be expected, but 


still one occurred on the thick foam and four out of 25 drops 
onto the folded blanket, all from only 82cm (34 inches) 
Reichelderfer e¢ al, (1979) indicated thar serious head 


o 


a 


injuries in playgrounds can occur when the impact force 
exceeds 50 G3 fall of only 7.5 em (3 inches) onto concrete 
can generate 100-200 and one of 0.3m (a foot) no less 
than 475-500G, 

Tn 246 falls of infants under 5 years from bed or low struc 
tures less than 90cm (36 inches) high, Helfer et al. (1977) 
found no serious injuries or deaths. Of ehese, 161 occurred at 


Foncured sul of a inf fer repeated blows gaint 
‘he flo ly mentally ill mother eas Figures 22.2 and 22-3), hhome and 175 had some injury, including two sul fractures. 
In 85 hospital falls, there were 28 injuries, with one skull 
fracture. Nimityongskul and Anderson (1987) investigated 
76 childhood falls in hospital, 75 of which were younger than 
5 years, The height of fall was berween 30 and Sem 
(1 and 3 feet), and only one doubtful skull fracture occurred 
OF 398 falls studied by Williams (1991), 106 were 
observed by independ 
injuries in falls berween 4 


more force is needed to fracture the pliable bone, 
relative to its thickness 


Notwithstanding the flexibility, however, it remains a fact 


that an infane skull will Fraceute with the application of 


witnesses. There were 14 severe 
5 and 12.20m (15 and 40 feet), 
bout below 3m (10 feet), there were no life-threatening 
injuries, though three skull fractures were detected. Similarly, 
Rether (1993) found three skull fractures in infants who had 
ded after witnessed short falls of less than 11m (3 feet). This 
was from a series of coroners’ cases where all had ineracranial 
bleeding. One 21-month infant fall 15-1.8m (5-6 eet) 
and had a subdural hacmorthage, but no skull fracture 
Another 17-month child fll only 0.6-0.9 m (2-3 fet), but 
suffered a sub-dural and cerebral contusion, Reiber gives a 
good short survey of the competing literature, indicating 


ruc ess mechanical force than would be needed to Fraeture 
«a mature skull. In addition, beeause the cranium is mote es- 
ily deformed, a momentary depression of the skull can impinge 
upon the underlying brain (including membranes), damage 
ivand return co its original shape so that, even in the absence 
of a fraceure, brain damage is more likely to occur. 

‘There is now a large literature on infant fractures (espe- 
cially of the skull) in relation to child abuse, some of it 
contradictory 

‘One aspect that arouses much controversy isthe height 
of a passive fall which can (a) facture a child's skull and 


(b) cause brain damage, The two injuries are certainly not 
synonymous, as it is clear that most facture, both in 


thar opinions fall inco two groups — the ‘major injury-major 
All set and the ‘major injury-minor fall’ camp, 


infants and adults, are not accompanied by any brain dan 
age or neurological effects. However, forces that can cause 


a skull fracture certainly ean ~ though not must ~ cause 
brain oF meningeal lesions, and i is imposible to forecast 
‘what will happen following a fall of even minor magnitude 
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Hall er al’s (1989) series confirms that severe or fatal 
damage can occasionally arise from low falls. Ina 4 


study, there were 18 deaths following falls from less than 
0.9m G fet). Two of these were witnessed by medical care 


persons, excluding abuse as a covert reason, Sixteen other 
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similar deaths were not so witnessed, but abuse was not 
corroborated as 

Chadwick eal (1991), analysing 317 childhood fills, aw 
seven deaths in 100 fills from less than 1.20 (4 fet), but 
doubted the veracity of the histories, as there was only one 
death in those who fell between 3 and 13,7_m (10 and 45 
feet). Hobbs (1984) studied 89 children with skull fractures, 
29 chought 10 have been abused. OF 20 deaths, 19 were 
abused. The characteristics of the battered infant fractures 
‘were multiplicity oF complex configuration; depressed, wide 


and ‘growing’ fractures, the later meaning widening of the 
fracture line afer infliction; accidental fractures were felt 10 
be narrow, linear and single, usually i the parietal area. 

Leventhal et al (1993) investigated 104 infant skull 
fractures and concluded that abuse was the cause in 
34 per cent, accident in 62 per cent, the rest being doubs- 
ful. Billmire and Myers (1985) claimed that 64 per cent 
of all infane head injuries, excluding simple fractures, 
were caused by abuse and that of serious intracranial dam- 
age, 95 per cent were from abuse, These varying figures 
emphasize the lack of consensus in the literature. 

‘Though the immature skull has more flexibility, once its 
clastic limit is exceeded during deformation, ie will fracture. 
‘The pattern of fracturing is similar to ehat in the adult, but 
there are some variations because of the presence of open 
suoures and fontanelles. Fracture lines tend to end at sutures 
bout ifthey cross them there requendly a lateral displacement 
so that the ewo limbs of che fracture are not in line. Most 


instances where what appears to be a facture line crossing a 
suture with a ‘sidestep’ are really ewo independent fractures 
either approaching or receding from each other, the origins or 
terminations being slightly offset. The most common example 
is seen in a child who has been dropped on the vertex of the 
head. Both parietal bones may then deform and erack trans- 
versely from the vertex anterior to the poine of impact, the 
bilateral fracture lines running downwards towards the pari 
cal bosses. The upper ends of both fractures terminate in the 
sagittal suture, but may be staggered!’ by a centimetre or so, 

‘Another common fracture is a horizontal crack running 
backwards from the frontoparietal suture, which courses 
across the parietal bone, often turning down towards the 
base of the skull. This ean be caused by a blow or fall on the 
side or top of the head. Such fractures can occur bilaterally, 
which is then an indication of an impact on the vertex of 
the skull, which causes marked depression of the top of the 
skull with crack fractures along the lines of maximum stress. 
‘These are then more marked on the outer aspect than the 
inner table ~ though the diplo® of infants’ skulls are absent 
or only partially formed, according to the age. OF course, 
such bilateral fractures can also be caused by two separate 
impacts on each side of the head; here multiple bruises on 
cor under che sealp may assist in interpretation. 


The frontal bone is less often involved than the parieto- 
temporal area, the frontal suture that is still present in 


young infants giving more flexibility than in the fused older 
bone. Occipital fractures may oceus from falls onto the back. 
of the head, but again these are much less common than 
cracks at the vertex of sides of the cranium, though, as the 
experiments of Weber showed, occipital bone cracks can 
‘occur from simple low-level falls in small infanes. Wherever 
the vaule fractures fit is severe enough, extension lines may 
run down into the base of che skull, but this is not a fe- 
quent finding in child abuse injures. 

Sutural‘diastass' (separation) may occur with or without 
fraceutes, the loosely knit skull plates being easily parted by 
distortion of the calvarium when struck. As mentioned 
above, some fractures widen aftr inflition (sometimes due 
to rising intracranial pressure). These so-called ‘growing 
fractures’ are thought by some writers to be more likely to 
be associated with abuse, though logic would relate it more 
to severity of impact rather than to motivation, 


Limb fractures 


‘These provide some of the most characteristic signs of child 
abuse, as injuries are common around the metaphyses and 
epiphyses of growing bones, as well as being the cause of 
petiasteal lesions. Most of the limb injuries are indirect, that 
is, the bone damage is caused by stresses from abnormal 
angulation, torsion or traction, rather chan from a direct 
impact upon the bone. Swinging the child by the wrists or 
ankles, dragging it by an arm or shin and violent shaking 
using the limbs as ‘handles, are che usual mechanisms, 

Avulsion of the metaphysis or chipping of the edges of 
the metaphyses or epiphyses may occur, with small frag- 
ments seen isolated on radiographs. Swinging, wrenching, 
or twisting actions can fragment the metaphysis. Small pieces 
of the adjacent cortex and parts of the provisional zone of 
caleification may be avulsed from the shaft. The epiphysis 
‘may even separate from the metaphysis. Cameron and Rae 
(1975) suggested that metaphyseal fragments are virtually 
pathognomonic of child abuse. 

‘The periosteum in infants is only loosely attached to the 
bone and easily lifts where there is shearing or traction 
injury, Blood accumulates under the raised periosteum and 
this rapidly caleifies (usually within 7-14 days) to give a 
iological picture of « bony shell extending 
along the shaft, often thicker at the extremity, having a 
Jumpy, iregular profile (Evans and Knight 1981), In almost 
half the cases, this may be seen radiographically within one 
week (Cameron 1970). The calcified rim may extend 
around the end of the metaphysis and epiphysis, or between 
the two, giving a ‘bucket-handle’ loop effect around the end 
of the bone, especially the lower end of the femur: 


characteristic 
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In early infancy it must be appreciated that some breech 
deliveries have legs that radiologically show long, smooth 
periosteal thickening secondary to subperiosteal bleeding 
caused by handling during delivery. Ie is also accepted that 
mere growth can produce faint subperiosteal calcification, 
bur this is symmetrical and limited to the central parts of 
the shaft, keeping clear of the metaphyses, 

A spiral fracture of the diaphysis of a long bone must be 
considered a suspicious injury in infants, as such a lesion is 
likely to be the result of a twisting strain, unlikely to occur 
in aceidental circumstances, 

The lower end of the shaft of a long bone may be 
‘squared-off”, as described by Caffey (1946), by metaphyseal 
fragments reuniting. Damage to the epiphyseal cartilage may 
‘cause permanent growth defects, sometimes with increased 
growth from hypersemia following injury. The axis of 
growth may be deviated and cupping of the metaphysis may 
‘occur because of retarded longitudinal growth in the centre 
Although the and epiphyseal lesions 
described above are classically those seen in child abuse, 


metaphyseal 


transverse and spiral fractures of the diaphysis are also con 
mon, Ina series of 100 cases reported by Kogutt eta (1974), 
these fractures were more common than the injuries to ends 
of the bones, 


Damage to the chest cage 


Apart from occasional perinatal fractures during delivery 
(Polson, Gee and Knight 1985), accidental fractures of ribs 
are very uncommon in infants, though the incidence is a 


matter of considerable controversy, Once again paediatricians, 


radiologists and pathologists may have differing views and 
experience 


In child abuse, ribs are commonly fractured, often sev- 


eral consecutive bones being affected on one ar both sides 
The damage may be fresh or old, giving different radio- 
logical appearances. The most characteristic picture of old 
fractures is of sequential callus formation seen in a vertical 
line down one of both paravertebral gutters. These form a 


‘string-of-beads’ appearance on X-ray (Figure 22.7), where 
the ribs have been fractured near their angles, a sufficient 
time previously for new bone formation to occur ~ probably 
4 minimum of 10 days, though dating is notoriously vari- 
able, and even the claims by experienced radiologists to 
date fractures have been confounded by a knowledge of the 
aceual time of breakage 

These multiple posterior fractures are mote common in 
small infants who have been picked up by adult hands 
under the armpits and squeezed from side to side. Whether 
for not such fractures can be caused by innocent handling, 
albeit rough or robust, as opposed co angry or impatient 
Violence, isagain a matter of dispute, beyond the competence 


of doctors to resolve — although this does not deter some 
from expressing strong opinions based on weak facts 

These fractures, a centimetre or so from the head of the 
ribs, are due to the rib being levered against the transverse 
process until breaking point is reached. They may be very 
difficult or impossible to see as fresh lesions on radiographs, 
if the fracture line is not exactly inline with the X-ray beam. 
This explains the occasional diserepancy between the radiolo- 
ggst’s and the pathologist's report; che fractures are much 
more visible alter a week ar two, when callus is present. 

If such injuries are recent (probably less than 10 days) no 
visible callus is formed, bue the fractures may be seen on 
X-ray and confirmed at autopsy. However, as with Fraceures 
elsewhere —and perhaps more often in ribs than skull — the 
radiological and dissection diagnasis sometimes does 
not concur. Fractures seen at autopsy may not be visible 
radiologically — and conversely, alleged fractures seen on 
films may not be discoverable at autopsy, even afier the 
most diligent dissection, 

Rib fractures in che axillary line are likely to be the result 
of anteroposterior pressure, rather than side-to-side squeez- 
ing, but this mechanism is not exclusive. With fresh frac- 
‘urs found at autopsy, the possibility of chest compression 
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FicuRe 22.8 Recent features of ribs of an abwsed infant. There 
breaks are near he necks ofthe ribs inthe paravertebral gutter 
se by tde-to-side ueczing ofthe ches 


during cardiopulmonary resuscitation must always be con- 
sidered, even though some paediatricians and radiologists 
will suenuously deny the possibility of this happening. The 
literature has different opinions on this matter, hough ie is 
admittedly very uncommon, As with other aspects of child 
abuse, the published material seems to flow more from those 
‘who lean towards abuse in che majority of injured children, 
rather from those who retain a more cautious approach and 


admit to the possibilty ofan innocent explanation. 

Tt must be conceded that pliable infant ribs are unlikely 
to be broken by proper cardiac massage, which in infants 
should be performed with finger pressure: however, lay per= 
sons, especially in the panic of apparent eollapse and death, 
may forcibly pump the small chest using techniques intended 
for adule resuscitation 


Fractures elsewhere are more likely co arise from direct 
impact such as fist blow or kick, The clavicle is sometimes 
broken, usually from indirect stress from swinging by an 
arm, Fractures ofthe scapula or sternum are rare and arouse 
the probability of ‘parental infliction’ if some obvious 
trauma such asa traflie accident can be excluded, 


‘Wherever the site of bony injury, the cardinal features 


that arouse suspicion are multiplicity and variation in fracture 


age. Though children often sustain accidental Factures, these 
are usually single lesions, unless some pathological bone 
disease is present, Similarly, the eadiological demonstration 
of multiple fractures of varying ages must be accepted as 
evidence of abuse until proved otherwise. 


Dating of fractures 


As in the ease of skin bruises, hough the absolute dating of 
healing fractures by the state of callus formation is far from 
accurate (Evans and Knight 1981), marked differences in 
appeatance on radiology usually indicate that the injuries 
were not sustained at the sume time. As it ean be shown, 
however, in control material, that the same person reveals 
callus of diferent extent and maturity indifferent bur similar 
bones fractured contemporancously, it becomes impossible 
to be dogmatic about radiological healing rates. Bone healing, 
is rapid in healthy children and within months the abnor- 
malities may have completely resolved, depending on the 
severity of the original damage, 

Histological appearances are also very unseliable in pla- 
cing an absolute date on fraccures, in spite of assertions that 
this ean be done with accuracy 


BONE DISEASES AND INFANT 
FRACTURES 


Both in the differential diagnosis of childhood fractures and 
in the defence of allegations of child abuse, the several ‘brt- 
tle bone diseases’ chat can cause abnormal skeletal fragility 
must be considered, on the grounds chat leser force, within 
normal parental handling or even spontaneous movements 
of the infant, could give rise to the observed fractures. 

Tehas to be said at the outset chat only a small minority 
of injured infants can be shown to have such abnormalities 
‘When this possibility is bing run asa defence in a eriminal 
trial or child protection proceedings, it is essential to have 
an opinion from a radiologist or paediatrician with special- 
ise knowledge of these conditions. 

Ir is also important to have original radiographs, nor 
copies, as the latter may not show marginal, indi 
abnormalities visible on the originals. 


Osteogenesis imperfecta 


This isa bone dysplasia with four types, numbered 1, Il, IL 
and IV, of which there are several subgroups, The disease is 
an inherited disonder of connective tissue, with abnormal coll 
igen, resulting in varying degrees of bone fagilty ligamentous 
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laxity, skin fragility, sometimes blue sclera, hearing defects 
and dental abnormalities. 

‘Types II and IIL have obvious bone disease and can 
hardly be confused with child abuse lesions. 

‘Type I forms 70 per cent of cases and is the classical variety 
with a family history, blue sclera, Wormian bones and often 
dental changes, which again is hardly likely to be confused. 
with abuse. Is type IV (only about 5 per cent of the over 
alldisease incidence) that may cause difficulties in diagnosis, 
though i¢ must be said that ofall he medico-legal occasions 
in which this disease is postulated as a reason for brite 
bones as a defence against allegations of abuse, the times 
upon which it can be proven are few indeed 

‘Type IVB, the larger subgroup, has dentinogenesis 
imperfecta. Type IVA has no family history of the disease, 
no osteoporosis, « high incidence of skull fractures and 
metaphyseal fractures and normal sclera. Subgroup IVA has 
‘Wormian bones like IVB, but it has been pastulated that 
some alleged cases of type IVA were really abuse 

Tr has been calculated that the incidence of type IV 
osteogenesis imperfecta in infants under one year, with 
fractures, no family history, no Wormian bones or dentino- 
genesis imperfecta is one in 1-3 million, A ease would 
‘occur in a city of half million population only once every 
100-300 years 

Revent techniques of fibroblast culture and collagen 
analysis can provide evidence of defective connective tissue 
in the absence of overt clinical signs, but this is not neces- 
sarily synonymous with brittle bones. The case report by 
Ojima ef al. (1994) gives a useful survey of the problem. 
Bone strength in otherwise normal SIDS infants has been 
‘measured by Morild et al, (1993) to obtain a baseline for 
comparison with alleged osteogenesis where this is raised as 
a defence against child abuse. 


Infantile cortical hyperostosis (‘Caffey's 
disease’) 

Here there is extensive new periosteal bone laid down 
around the diaphyses, the bones most involved being the 
ti, lnae, levi and especially the mandible, The condi- 
tion is rarely seen aver the age of 3 years, 


Congenital syphilis 
“This can slic the changes seen inch abuse, chough the 
condition i exremly ra 

‘The periosteal thickening is similar to that of trauma, but 
tends 10 be syramericl, The meraphyis may be fracrued 
and even separated, the shaft adjacent to the metaphysis being 
pote, 


in most Western communities, 


Copper deficiency 


Again rare, this condition has radiological eatures in which 
periosteal thickening of the shafts ofthe long bones may be 
accompanied by symmetrical spurring of the metaphyses, 
osteoporosis, fractures and cupping of the metaphyses 
Abnormalities ofthe hair may be present in this deficiency. 
disease that is caused by lack of copper impairing the 


enzyme lysyl oxidase. The radiological appearances may 
cause confusion with child abuse. Other clinical features 
include psychomotor retardation, hypotonia, pallor, hypo- 
pigmentation of the skin and hair, prominent scalp veins, 
sideroblastic anaemia and neutropenia. 


Mepke's gyndrgme (kinky 
hair’ syndrome) 

‘This is another rare cand lea axiéken wich copper 
deficiency in which there are abnormal metaphyses. It 
affects males only, with abnormal hair, Wormian bones in 
the skull and mental retardation, 


HEAD INJURY IN CHILD ABUSE 


The most common cause of death in abused children is 
intracranial damage, with or without skull fracture. As well 
as being che mose frequent fatal condition, brain trauma is 
responsible for the common tragedy of severe, and often 
permanent, neurological impairment 

The classic head injury associated with battered children 
is subdural haemorrhage, which formed part of ‘Caffey’s 
syndrome’ thae he described five decades ago. It was also 
noted in Tardieu’s famous publication of 1860, when he 
described bleeding on the side of the cerebrum and other 
classical features (Knight 1986). Subdural haemorthage is 
_most common at the extremes of life, the topic being discussed 
fully in Chapter 5. In infants, it most ofien oceuss from 
direct impact on the skull —as in a blow or fall. For some 
years, it has been held chat vigorous shaking, without an 
impact, is also a common cause of subdural bleeding. This 


is a view strongly held by many paediatricians, who may 
prefer this mode as a first choice over a blow or fall, but 
recent research has thrown doubt on che common acceptance 
of this mechanism, 

For example, the excellent textbook of DiMaio and 
DiMaio (1989) observes: 


Many forensic pathologists have doubted that the 
shaken baby syndrome exists [Norton 1983]. Most have 
fait that the injures to the brain, including the retinal 
haemorrhages, are due to undetected direct impact. 
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injuries. in all cases seen by the authors in which there 
has been retinal haemorthage associated with subdural 
cr subarachnoid bleeding, or some ather brain trauma, 
direct impact injury to the head has been identified, 


‘The forces generated in the cranial cavity by shaking 
have been shown to be of the order of 50 times less than in 


the deceleration stresses of an impact (Gennarelli and 
‘Thibault 1982: Duhaime etal. 1987), These authors inves- 
tigated 13 fatalities alleged co have occurred from shaking, 
but though 7 showed no external head injury, all 13 
revealed evidence of impact at autopsy: In infant models, 
they then compared impact with violene shaking: the mean 
tangential acceleration for 69 shaken babies was less than 
10G, whereas for 60 impacts, the mean was 428G, some 
50 times greater. The mean time for shakes was 106 mill- 
seconds, but for impacts was only 20 milliseconds, 

Iris the rate of change and the duration of deceleration — 
the ‘strain rate’~ that is mast damaging, rather than a steady 
deceleration. A head impacting on an immovable surface 
after a fll isan example of a high steain-rat injury, whereas 
low strain-rate injuries are those where the head decelerates 
cover a longer period of time, Non-impact shaking of the 
hhead isa low strain-rate mechanical insult. Subdutal bleed- 
ing from bridging veins is likely to occur from high strain- 
rate injury, even though this may be a low-energy injury, 
insufficient to cause cerebral tissue disruption, By contrast, 
low strain-rate injuries are more likely to cause cerebral 
contusion, with vaseular damage only if concomitant high 
energy is generated (Howard ef al. 1993), 

Geddes and Whiewell (2004) have recently pointed out 
that there have been no formal systematic neuropathological 
studies of infant head injury and the evidence base for di 
fuse axonal injury (DAD) being a common finding in infant 
hhead injury is poor: In fact the idea of the presence of DAL 
in these cases was widely accepted before the advent of the 
‘modern diagnostic methods and before the diagnostic eri- 
teria for DAI had been established. Moreover, the findings 
of Shannon et al (1998), the fist formal sudy of microscopic 
damage in non-accidental injury (NAD, suggesting. chat 
axonal injury in such cases had been ischaemic or vascular in 
origin, had been largely ignored oF misunderstood. In their 
recent series of 53 fatally injured infants (Geddes et al 
2001a, b), diffuse axonal injury was present in only two 
children, both of whom had multiple skull fractures and. 
severe head injury, whereas the most frequent histologieal 
Finding was global hypoxic damage in 84 per cent of the 
cases, In 11 of these eases (21 per cent), however, there was 
708s and microscopic evidence of injury 10 the cranio- 
cervical junction and concomitant axonal damage in the 
caudal brainstem long tracts in 8 subjects. This finding is in 
keeping with cervical hyperllexian/hyperextension injury 


pattern in adults and suggests as a possible mechanism of 


death: brainstem injury, apnoea and hypoxic brain swelling. 
In another systematic study of dural bleeding in 50 paedi- 
atric eases, including intrauterine deaths up to infants of 
5 months of age, but without head injury, Geddes ea 
(2003) found fresh haemorrhage into the layers of dura in a 
majority (36/50) of cases. The authors believe that this is a 
‘manifestation of severe hypoxia similar to the haemorrhages 
found in internal organs in birth asphyxia or prematurity, 
rather than being caused by trauma, and postulate hat 
hypoxia is sufficient to cause extravasation of significant 
amousts of venous blood both in and under the dura 
Although shaking presumably may cause subdural haem- 
orthage (SDH), itis likely that itis a relatively uncommon 
cause, compared with impact. This situation may well have 
arisen because a blunt impact upon the head of infant, if 
spread over a wide area following contact with a flat surface, 
tan leave no external scalp mark, no subscalp bleeding and 
no fracture of the skull ~ yee the transmitted forces ean still 
bbe sufficient to cause high stain-shearing stresses within the 
cranium leading to subdural bleeding. In addition, as has 
been discussed elsewhere in this book, death is often not 
due to the itvtative oF space-oecupying effects of the sub- 
dural, burs due to the intrinsic brain damage beneath, even 
if chis is occult. Diffuse axonal injury, cerebral oedema and 
consequent circulatory disturbances ae likely to be the fatal 
consequences, but detecting neuronal damage may be fli 
cult oF impossible histologically, due to the relatively rapid 
death of the child within 12-24 hours, Also, the micro- 
scopic features of diffuse axonal injury seem to be less com- 


‘mon and less distinet in infants compared with adults, 
though the use of immunoeytochemical methods, such as 
the demonstration of B-amyloid precursor protein (BAPP), 
described in Chapter 5, may provide « marker of use within 
the first few hours after injury. These factors combine to 
negate any proof of an impact injury and thus the shaking. 


theory, which requires none of these criteria to be demon- 
strated, isan easier option 

Howard et al, (1993) looked at 28 instances of SDH in 
infants under 18 months of age. All had a history more con- 
sistent with an impact rather than shaking. Six Caucasian 
infants fell less than 0.9 m (3 feet), such as from a chair oF 
standing adult. Bight non-Caucasians fell fom a siting oF 
standing position or rolled off bed onto a carpeted floor 
‘There was a history of shaking in three, but these also had 
signs of impact, ee shaking being resuscitation attempts ater 
falling. Of these, 47 percent of the Caucasians and 20 per cent 
of the non-Caueasians had a skull fracture. The authors 
state: ‘Our findings do nor support shaking asthe only cause 
of SDH and also suggest that non-accidental injury isa less 
common cause of SDH than i is believed to be’ 


‘There is a suggestion in several papers that Asian chil- 
dren are more susceptible to SDH from minor eauma; 
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Japanese infants have been reported with SDH after falling 
from only a sitting position (Aoki and Masuzawa 1984; 
Rekate 1985). 

Mose direct impacts in child abuse are caused by the 
moving head striking a fixed object, rather than the fixed 
hhead being struck, The later certainly occurs, but is usually 
from an open-handed slap, albeit often of considerable 
force. It is unusual for the childs head to be struck with a 
‘weapon or for a direct punch to be given with the clenched 
fist. The moving head injury either arises from a fall in 
circumstances which are non-accidental, or by deliberate 
swinging or throwing of the child against a hard surface, 


often with added momentum being gained by holding the 
infant’s ankles or wrist. For example, one such case seen by 
the author (BK) was a month-old baby whose father 
grasped it by che ankles to dash its head against stones at 
the edge of a canal, afer which it was stripped so that its 
clothing could be sold in a street market, the body then 
being thrown into the canal 
Several other mechanisms of head injury have been 
described, including some seen by the author (BK) in which 
fathers were throwing their baby up in the air ina eatching 
game called ‘up-and-away’, but for some reason missed the 
child on the downvvatd return allowing itt fll tothe floor 
‘When unwitnessed, this situation can give rise to accusations 
of deliberate malice, which are difficult wo disprove, 
Presumably, as vigorous shaking can sometimes ruprure 
vessels in che subdural space, this must sill be aceepted as an 
alternative o impact in the causation of subdural haemor 
rhage, In an infant, the head i relatively large and heavy and 
the neck musculature undeveloped and often hypotonic. 
‘Thus repetitive shaking of the body — often attained by 
grasping under the armpits—can lead to unrestrained flexion 
and extension movements of the head with rotational move- 
ments ofthe heavy cerebral hemispheres relative to the skull 
Extradural haemorthage is uncommon in child abuse, 
pethaps because the meningeal arteries do not run in deep 
grooves or even tunnels in the immacue skull, as they do in 
the adult, Subarachnoid haemorthage is, as always, an 
inevitable accompaniment of cerebral cortical contusion 
Brain damage may be of any type, as catalogued in 
Chapter 5, bue as in any childhood head injury, cerebral 
‘oedema is more common than in the adult. Indeed, a sig- 
nificant proportion of deaths after a head injury in a child 
are caused by raised intracranial pressure without skull 
fracture, meningeal haemorrhage or visible brain injury 
‘The typical autopsy indications may be found consisting of 
a heavy brain, flattened gyri, obliterated sulel and slitlike 
ventricles. The more florid sigas seen in adults, such as 
herniation of the hippocampal gyrus through the tentorial 
gap, secondary brainstem haemorshages and coning of the 
cerebellar tonsils are seen less frequently in children, 


an 


child abuse 


‘When there has been a severe head injury, with or with- 
out a fractured skull, cerebral contusion or laceration may 
‘occur. The position of this damage is usually related 0 the 
site of external impact. Although many episodes of child 
abuse involve dropping oF throwing to the floor, classical 
contrecoup lesions are not as common as in similar adult 
injuries. They certainly do occur, but are often absent when 
the circumstances would indicate that contralateral contu- 
sion might be expected. The smoother intemal profile of 
the infane skull may be a factor, 

The distance of a fall sufficient to cause head injury has 
been mentioned earlier and is « matte of considerable con- 
troversy in the literature and amongst expert medical wit- 
nesses. Thete is no doubt, both from reliable anecdotal 
evidence and from experimental data, such as that by 
‘Weber, chat skull fractures ean occur in infant skulls from 
very low passive falls, including heights nor exceeding chair 
or table level (Weber 1984: 82.em; 34 inches). However, as 
catalogued above, skulls often fracture without any sig- 
nificane internal brain damage ~ although the reverse is also 
true, The evidence that low falls may cause brain or 
meningeal lesions is much less convincing than that proving 
skull fractures — but the possibility exists and cannot be dis- 
‘missed by inflexible, dogmatic opinion. The problem with 
assessing the mechanical basi of head injury i that human 
experimentation is virtually impossible — Weber's work on 
dead infants probably could not be repeated in the present 
ethical climate —and obviously no data ean be derived from 
the living. Animal models are useless, so the frequent diffi 
culties or pathologist, lawyers and the courts have to rest on 
available statistical evidence ~ which can never give a defini 


tive answer in any one ease, I'a phenomenon has definitely 
occurred once, then it ean occur again, whatever the statis- 
tical weight is agains its Frequency, as a precedent has been 
established which cannot be gainsaid asa possibility 

(One of the problems is the ‘standard of proof’, asin the 
criminal court, itis beyond reasonable doubr’, whereas in 


civil mattets, it only has to pass the est of ‘balance of prob 
abilities, where statistical evidence is far more persuasive 
“To rely on the ‘experience’ of medical witnesses is also 
fraught with difficulty, as their anecdotal memories of pre- 
vious eases will provide unsatisfactory data in respect of the 
causation of the injury. Where adults are aecused of malice 
oor neglect, they ate very likely 1o fabricate or distort the 
circumstances of the injury, and claim that the infant fel 


from the chai, the arms or the bed. Even in genuine acci 
dents, feelings of guile, clouded recollection from grief and 


panic, will often lead to an inaccurate aecount of the ct- 
cumstances, so the doctors past experience is often of lesser 
value than the accused adults, the lawyers and the court 
imagine, due to inadequate of false knowledge af the true 
circumstances of previous cases 
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VISCERAL INJURY IN 
CHILD ABUSE 


Damage to internal organs is almost always confined to the 
abdomen, as the heart and lungs are rately injured. As stated 
catlier, rupture of an abdominal viseus is the second most 


common cause of death in child abuse after head injury 


Forcible impacts on either the lower chest or the abdominal 
wall are responsible, Direce punching or heavy’ ‘prodding’ 
are the usual mechanisms rather than being dropped or 
thrown, which is a common cause of head injury. Often 
there will be an excuse that the child fell or eripped upon 
some protruding obstruction, such asa toy or piece of Furni- 
ture; occasionally this may be true and it is a matter of fact 
and interpretation as to whether the circumstantial evidence 
iy free 


is compatible with the medical findings. The liv 
{quently injured, che most common lesion being a deep ear 
in either lobe, sometimes being a complete penetration 
more rarely, actual detachment of hepatic tissue. A hae 


peritoneum results and in fatalities, may be the proximate 
cause of death, A heavy blow over the lower ribs or xiphi- 
sternal atea is the most likely site of impact, 

“The small intestine isthe other common target organ, the 
duodenum or jejunum being the most frequent site of dam- 
age. The second pare ofthe duodenum is vulnerable co blows 
in the central abdomen, as beneath this area, the duodenum 
crosses the midline and is liable to be ‘sandwiched beeween 
the compressed anterior abdominal wall and the promontory 
of the lumbar spine. As the tissue thickness is small ina 
child, che gue can be vitually ‘guillotined’ at this point and 
may be completely transected, appearing almost as clean-cut 
as Fit had been done with a surgical knife, Alternatively the 


an 


{gut wall may be damaged and, though it may nor leak or 
rupture atthe time of impact, ischaemic and necrotic changes 
cover the next few hours of even days may lead co a delayed 
rupture, with the later onset of peritonitis, 

“The same lesions, though rarely as sharply eut, can occur 
in the jejunum, often accompanied by laceration of the 
mesentery and haemorrhage into the peritoneal cavity 
instead of - oF in addition to — leakage of intestinal contents 

Rupture ofthe stomach ean occur, bur must be carefully 
differentiated from gastric rupture from non-traumatic 
causes and (these days) especially from external cardiac 
massage, which produces linear tears in the mucasa and 
even rupture of the complete wall 


DAMAGE TO EYES, EARS AND 
MOUTH 


As part of general facial damage, black eyes, and scleral and 
conjunctival haemorthages are often seen, but damage to 
the interior of the globe is much less apparent at autopsy 
Some considerable time after the general recognition of the 
child abuse syndrome, it was discovered that a considerable 
proportion of victims, both live and dead, had significant 
internal damage to the eyes. Direct violence to the head 
and allegedly shaking, can cause bleeding into the vitreous 
humous, dislocation of the lens, retinal detachment and 
retinal haemorrhages (Gilliland et al. 1994). 

The latter can also be caused by cardiopulmonary resus- 
citation, where vigorous compression of the chest has been 
applied; the literature on this topic is controversial, but 


numerous references confirm this mechanism, yet others, 


Ficune 22.9 A ruprured duodenum in an 
abused child who suffered a blow inthe 
centnal abdomen, This relatively common 
‘mode of death in fatal child abnse is 
caused bythe duadenuon being euillotined 
against the lumbar spine by an impact thas 
indents the thin anterior abdominal wall 
The gut may be severed immediately or 
may become infrced because of damaged 
loa supply over the ensuing few days 

‘hen rupture into the peritoneal cavity 


Damage to eyes. 


such as Gilliland and Luckenbach (1993), deny it, Once 
again, there are hotly contested viewpoints in the position 
taken by different doctors over the aetiology of vatious 
lesions in child abuse, both by clinicians and pathologists 
‘They are also, of course, often secondary co raised intracta- 
‘al pressure from head injuries, rather than due to primary 
direct violence, Duting life, these can be diagnosed by oph= 
thalmoscopy, but at autopsy they must be sought by dise 
tion, As disfigurement of the body of a child must be 
avoided wherever possible, examination for eye lesions may 
be achieved either by enucleation and replacement with 
glass prostheses — or by opening the orbies from the anter- 
ior cranial fossae and removing the posterior two-thirds of 
the globes 

Injury to the external ear is frequent, as abuse of a child 
is often directed at the obvious targets, such as face, head, 
arms, buttocks and ears. The pinnae may be bruised or 
even lacerated, usually by an open-handed slap. Damage to 
the internal ear from heavy impacts on the head may be 
diagnosed clinically, hough often in retrospect from later 
deafness. At autopsy, damage to such minute structures is 
rarely visible, though sometimes haemorthage into the 
ppetrous temporal bone may be Found when routinely exam- 
ining this area for middle-ear sepsis, 

Injury to the lips and mouth is so common as to be one 
of the prime diagnostic signs of the battered child. Infants 


Fic 


10 Bruising ofthe lips in child abuse caused by 
smacking in the mouth, When the child is old enough to have teeth, 
lacerations may occur inside the lips. The frenulum behind the 
‘midline ofthe upper lp (not shown) was ruptured inthis child 
rang pointer 0 blow across the upper lip. 


ears and mouth 


and older children are commonly slapped across the mouth, 
the swipe usually having a tangential component that 
moves the tissues laterally. This causes the most reliable 
indicator of child abuse, the torn frenulum (or ‘frenum’) 
beneath the upper lip. This small median band of mucosa 
that joins the upper gum to the upper lip is ripped as the 
lip is jerked sideways, and is virally pathognomonic of 
battering. The other possible cause of « ruprured frenulum 
is the forcible entry ofa feeding bottle teat into the mouth, 
of a reluctant infant. Instead of entering between the gums, 
the teat is rammed up between the gum and lip, causing a 
tear. The lesion heals rapidly, as do all injuries in the mouth 
and, within a few days, nothing may be seen except perhaps 
a loose mucosal tag or an absent frenulum, or both. 

Damage to the lips themselves is common, the type of 
injury varying somewhat according to whether or not the 
child is old enough co have teeth, In any event, bruising, 
swelling, abrasion and sometimes external Iseeration may 
bbe seen. The inner mucosal aspect of the lips may be bruised 
even ifthe child has no teeth and, ifthe blow is hard enough, 
laceration can occur. This is far more likely to happen if the 
lips are forced against the teeth, especially the cutting edge 
of the incisors. 

‘The teeth themselves may be damaged, especially in 
older children. Total avulsion from the sockets, loosening, 
and breakage may occu. In small infants, developing teeth 
ray be forced back into the sockets, like pegs into holes. 
Expert dental advice should be sought wherever possible 
‘when injuries to teeth and jaws ae found, both in live children 
and at autopsy, 


Ficune 22.11 Taaving ofthe femulum af the upper lip ofa child, a 
laid injury fom a tangential lap across the mouth, 
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BURNSINCHILDABUSE IN CHILD ABUSE 


Unfortunately, thermal injuries are by no means uncon 


mon in abused infants. These may be moist scalds, dry 
burns or, exceptionally, elecerical injuries 

Scalds result from dipping in hor fuid and often involve 
cover-hor bath water. The line between accident and abuse 
may be blurred in some eases, but it ean occur asa form of 
cease, a child was deliberately held in 
as a punishment for persistently com- 
plaining about being cold. Other sealds may be from boiling 


chastisement, In o 


water at over 80 


‘water from a kettle or saucepan deliberately being poured 
over the child, 

Dry burns can be inflicted in innumerable ways asa delib- 
crate and sadistic act. Children have been forcibly sat on elec- 
trie cooking rings and hosplates, branded with hor shovels 
and electric soldering-irons, o pressed against the bars of a 
fire A particular type of burn seen relatively often in abused 
children is never the cause of death but may be found inci- 
dlencally. This is the cigarerce burn, seen most ofien on skin 
not normally covered by clothing, such as the hands, arms, 
neck and head. Such bums are usually circular, but not 
always; if che cigarette has been held obliquely against the 
skin, the mark may be triangular. The regular shape and size 
usually indicate the nature of the bum, though some skin 
diseases may simulate an old burn, such as a small patch of 
impetigo, Fresh cigarette burns are red, sometimes with a 
narrow rim of deeper red, When healing, they become pink 
and later have a silvery sheen on the surface, 


BITE MARKS IN CHILD ABUSE 


Most bites on the skin surface are seen either in sexual 
offences or in child abuse, In the author's own experience, 
all bitten infants have had these inflicted by the mother, 
though published reports indicate chat both male and 
female guardians can bite their infant charges. The topic is 
discussed in more detail in Chapter 26, but as they are rela- 


tively common in child abuse, a summary is repeated here 

Bites may be seen anywhere on the child’ body. The arms, 
back of the hands, cheeks, shoulders, buttocks and abdomen 
are fvoured sites. A bite mark usually consists of two oppos- 
ing semicircles, which may be incomplete, Individual teeth 
marks may be visible or the dental arch may be represented 
by a continuous line. The mark is either an abrasion or a 
bruise, or a combination of both. There may be confluent 
petechiae in the centre caused by suetion, but this is much 
more common in sexual asaules~ the so-called ‘love bite. In 
child abuse, the centre is more often undamaged. The size 
of the dental arch should be carefully measured to determine 
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Fico 22.12. Bite mark on baby arm in a cate of child abuse. 
The culpris was the mather. The teeth marks are deficient over one 
quadrant, the gap on the other side being rmaller than usual. 


whether it was formed by an adult, another child or even an 
animal, ass sometimes alleged in defence 

In older children, the possibility of selébiting must be 
borne in mind ~ the author has seen multiple self-bites all 
the way up one arm in a young person, 

‘As with all dental matters, the advice of a dentist experi- 
enced in forensic problems is highly desirable. Nor only can 
he confirm or exclude doubsful lesions, but he can identify 
individual weth marks, make casts of any residual impression 
in the skin and take swabs for sali 
al examine any suspects to compare their dentition with the 


identification, He can 


marks —a common excuse ofthe parents is that another child 
or even the family dog caused the bite. If no forensic odon- 
tologst is available, however, the pathologist must make the 
best examination possible and details ae given in Chapter 26. 


OTHER INJURIES IN CHILD ABUSE 


A vatiety of injuries, some bizarre and sadistic, accur from 
time to time in battered children. The haie may be pulled 
cout in clumps (epilation), leaving pseudoalopecia on the 
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‘The autopsy 


scalp. Fingers may be broken by hyperextension and finger- 
tips crushed by blows or other means. Patterned marks 
from straps and ropes may be seen on the skin, usually on 
buttocks, thighs and abdomen, ‘Pinch’ or ‘eweaking’ marks 
are not uncommon, made by the skin being nipped 
between adult fingernails. These appear as two small 
‘opposing semi-circular or triangular bruises, often with a 
clear zone between them, 


‘HE AUTOPSY IN CHILD ABUSE 


This follows the usual routine for any forensic autopsy, 
dbut certain additional matters must be given close attention. 
Because of the emotive nature of child abuse, especially 
where a fatality is concerned, the pathologist must pay 
meticulous attention to all aspects of his examination and 
report. A full description of che autopsy in child abuse may 
he found in the chapter by Knight in Paediatric Forensic 


in child abuse 


Ficune 22.13 A child with numerous 
drnives om she body toalling 80 on the 
face, neck, abdomen, back and legs 

The male aduls in the boutecltimed that 
she ad ‘lipped while being bathed’ 

At auopsy, there was a massive 
hacmoperitoncu arising from mukiple 
ruptures of the mesentery 


Pasology (Kight 1989). The following matters must be 


i The scer 
‘usually che child will already have been removed, 
department. Even a 


should be visited wherever possible, though 


‘usually co a hospital accide 


retrospective visit can be helpful, howe 
such matters asthe nature of the floor and is coverings, 


where falls are alleged, the height of settees and chairs, 
and the general size and space between walls, doors and 
furniture, as claims of colliding with household 
structures are a constant line of defence — and may well 
be true in some instances, 

1 The child should be examined in its original clothing 
where possible 

1 The appearances before washing and other cose 


manoeuvres should be recordeds when children di 
hospital accidene departments, such compassionate acts 


may remove useful evidence, and the balance between 
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sympathy and justice ean sometimes be hard to 
reconcile, 

BI Careful enquiries should be made about any 
resuscitatory attempts, as these can introduce a number 
of artefacts 

1 Where any suspicion of abuse is present, a full 
tadiological skeletal survey should be carried out before 
the autopyy is begun, 

© Full physical measurements must be made including 
weight, crown-heel length, erown-rump length, foot 
length and head diameter. 

BLA meticulous external examination must be made, 
covering every square centimetre of the body, including 
all body orifices, The interior of the mouth and lips 
must be searched 

BA full photographic record must be made of any 
abnormality discovered, Where bruising is suspected, 
but not definitely apparent, the use of both infrared- 
and ultraviolet-senitive film has been advocated, 
though experience is requieed in their interpretation, as 
artefacts are common, 

1 Extensive dissection of subcutaneous tissues is required 
wherever bruising is seen or suspected. Incisions must 
bbe made into doubsful areas or the skin flayed away 10 
reach such areas, if disfigurement is to be avoided. 

© Fall sampling of blood, urine, stomach contents, live, 
ocular fluid and cerebrospinal fluid must be eaken, 
according to the circumstances. It is best to be liberal 
with the range of samples — itis easy to discard 
‘unwanted samples, but difficult or impossible to obtain 
them at a later date 

I Where appropriate, skin samples for fibroblast culture 
and swabs for microbiological culture are taken. Blood 
samples for grouping and other blood characteristics 
‘may be needed and a sufficient amount for DNA 

1 Bie mks may nec be syabbed for and as 
made of tooth indentations. The cooperation of a 
forensic odontologist is then vital (see Chapter 26). 

BA full internal dissection of all organs is requited, with 
{ull sampling for histological purposes. Further 
radiographs may need to be taken on isolated bones or 
fon the chest cage. The latter can be removed entirely by 
careful dissection if multiple rib fractures are present 
X-rays can then be taken of the detached thoracie cage 
fire of soft tissue and further histological blocks taken 
for decalcification in an attempt to date the lesions, 

If there is obvious or suspected brain damage, the brain 
should be removed carefully and suspended in formalin 
unsl firmly fixed. On no account should ‘wer cutting 
take place if intracranial damage or cerebral oedema is 
present 


1B The globes of both eyes should be removed for 
histological examination: they can be taken entire and 
{alse eyes replaced for cosmetic purposes ~or the 
posterior three-quarters of the globes can be removed 
via superior approach through the base of the 
anterior fossa, 
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In most jurisdictions, deaths that occur during or within a 
short time after surgical operation, invasive diagnostic proce- 
dure or an anaesthetic, become the subject of a medicolegal 
investigation, Similarly, any death ehought to be caused or 
contributed to, by any of these procedures — respective of 
the interval — may be enquired into ifthe medical attendants 
or the relatives consider that a causal relationship exists, To 
be effective such investigations muse include an autopsy, and 
the pathologist involved in these has a dificule and often 
professionally sensitive task. 

‘The pathologist should, wherever passble, be independent 
of the institution in which either the death occurred or which 
carried out the procedure. Ths is partly why the services of 
«forensic pathologist should be retained by the investigating 
authority, rather than a clinical or histopathologist belonging 
to the hospital, or associated institution Ie is important that a 
separation should exist — and be seen to exist ~ beoween the 
loyalties of these ewo elements, not because there is any sub- 
stantial likelihood of collusion, but because the public and 
private interest is best served by displaying the independence 
of the pathologist. In addition, there may be professional 
embarrassment when a close colleague of a surgeon or anaes- 
thetist is placed in a potentially critical pasition within the 

It is also sometimes useful vo have the technical advice 
and expert opinion of an independent clinical consultant 
who is unconnected with the hospital, and who is not a 
colleague of the team involve 


incident. 


480 


THE AUTOPSY ON DEATHS 
ASSOCIATED WITH SURGERY 
AND ANAESTHESIA 


A number of difficulties exist, chat are peculiar to this type 
of death, The following matters need particular attention: 


1B The morphological findings, especially in so-called 
‘anaesthetic deaths’, may be minimal oF even absent so, 
‘more than in any other type of case, expert advice and 
full clinical information are essential, 

1B Technically the autopsy on a post-operative death may 
be difficult as a result of the surgical intervention and 
its sequelae, especially in abdominal and thoracic 
procedures. Exudate, sepsis, adhesions, haemorrhage, 
edema and distortion of the normal anatomy may 

cult, especialy if the details of 

the surgical procedure are not fully known, Post- 

can further complicate the 

appearances: for example, recent suture lines in the 


make the dissection 


intestine or stomach may appear to be leaking, but this 
may be caused by autolysis, and even handling the 
tissues at autopsy may tear devitalized and autolytie, 
structures even further. 

1B Numerous surgical and anaesthetic devices may have 
been introduced into the patient during the procedure, 
such as airways, endotracheal tubes, indwelling needles, 
intravascular cannulae, self-retaining catheters, wound 


‘The autopsy on deaths assaclated with surgery and anaesthesia 


drains, chest tubes, monitoring electrodes, and metal or 
plastic prostheses I is essential chat none of these be 
removed before autopsy, as their proper placement and. 
patency may need to be checked. Standing orders 
should be issued to hospitals within the jurisdiction of 
any coroner oF medical examiner to the effect that no 
post-mortem interference with the body be made by 
members of the medical, nursing, technical or 
portering staff, as it has happened in the past that the 
single vital piece of evidence about some technical 
mishap has been discarded by some well-meaning 
person 

1 Before any further disturbance of the body is made (lor 
instance, by turning it over to look at the back) and 
certainly before a knife is picked up, the position of any 
endotracheal eube that may remain after anaesthesia 
rust be checked, Ifthe clinical information raises any 
doube whatsoever about its malposition, then a pre- 
autopsy radiograph should be obtained, both 
anceroposterior and lateral 

(Oesophageal intubation is not all that uncommon in 

anaesthetic mishaps and should be investigated 
carefully. The tube may be palpable through the skin if 
properly in the trachea ~ if there is doubs, a small 
primary incision in the midline of the neck with a 
further careful eut into the trachea can resolve the 
matter. Sometimes the intubation has been into the 
‘oesophagus, then been rectified afier the damage has 
been done. Here the pathologist may find a ring of 
‘oedematous oesophageal mucosa still present ata level 
equal co that of the tube in the trachea, When nitrous 
oxide or other anaesthetic gas has previously been 
passed down a tube in the oesophagus there may be 


Aarto-cxophageal ftula (arrow) due t0 ruptured 


anasonori causing fal hacmatemese 18 dye after replacement of 
the thoracic aorea with a prosthesis 


distension of the stomach and intestines. A sample of 
the contained gas may reveal the agent on analysis 

1B The hospital laboratory should be requested to resin any 
ante-mortem blood or body-luid samples sent eo them, 


so thar they remain available for analytical checks, such 
as blood grouping in transfusion mishaps, or ereatine 


phosphokinase activity in malignant hyperthermia 

1 Even more than usual, the fullest information is needed 
before beginning the autopsy. The patients notes are 
essential, together with any other relevant information. 
Sometimes the nursing records may be more helpful 


FicuRe 23.2 Gut srangulated through the handle of forceps ein 
the abdomen daring surgery and detected during an unrelated 
autopsy six weeks later for pneumoconiois asesment 


Fist 233 Bronchial obstruction by she cover of x ballpoins pen 
sued bya midwife to hold down the rongue of a pregnant wou, 


uo died days afer cildira from pneumonia 
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than the medical notes, as they are frequently more 
detailed and seconded at shorter intervals. 

Equally important i che attendance of clinicians at 
the autopsy. Indeed, in deaths associated with 
anaesthesia, this is usually more useful than the post- 
mortem dissection, which frequently reveals litte or no 
‘morphological evidence, Sadly, attendance at autopsies 
has declined markedly in recent years, as have requests 
for clinical autopsies, but every effort should be made 
to secure the presence of someone who knows the 
circumstances of the ease well and who can point out 
to the pathologist the procedures that were carried out. 
A discussion actoss the autopsy table is of paramount 
importance and itis of lite use ifa junior doctor is 
delegated to attend, especially if he confesses to 
knowing litele or nothing abour the patient. 

Especially in anaesthetic-rlated deaths, this dialogue 
with a clinician —in this ease, the anaesthetist ~ may 
provide virtualy all the data upon which to base a 
cause of death, Discussion between pathologist, 
surgeon and anaesthetist may arrive at an amicable 
conclusion thae will be the best consensus of opinion to 
offer the investigating authority in eases where a bare 
autopsy might reveal ltde or nothing upon which to 
base any interpretation of the fatal processes 
During the autopsy, eare must be taken to detect any 


surgical emphysema, pneumothorax or air embolism. 
‘When surgical operations have been conducted with 
the patient in che sitting position, as in posterior fossa 
neurosurgery oF some thyroidectomies, the possibility 
‘of ai aspiration into open veins oF venous sinuses 
always exists 

‘Where infusion or transfusion mishaps may be a 
possibilty, especially where gas pressure has been used 
to hasten the infusion rate, the possibility of air 
embolism must always be borne in mind 


THE MODE AND CAUSE OF 
DEATH AFTER SURGERY 
AND ANAESTHESIA. 


‘The rather loose terms “operative deaths’ and ‘anaesthetic 
deaths are usualy inaccurate descriptions, When used with- 
‘out due consideration, they may lead to medico-legal enquities 
and even civil tigation, which is not justifed by the actual 

Fatalities asociated with surgical intervention oF invasive 
diagnostic procedures ean be separated into several categories: 


IB those directly caused by the disease or injury for which 
the operation or anaesthetic was being carried out 


th surgical procedures 


B those caused by a disease or abnormality other than, 
that for which the procedure was being carried out 

B those resulting from a mishap during, oF a 
complication of, the surgical or diagnostic procedure 

B those resulting from a mishap during, oF a 
complication of, the anaesthetic being administered. 


“These groups must be considered in more detail 


Deaths directly caused by disease or 
injury for which surgery is performed 

Many deaths duving « surgi or diagnostic procedee at 
an anaesthetic ate came by he diene processor injury 


for which the procedure was being performed. The death 
may be vietally inevitable in some ‘heroic’ operations 


where urgent intervention is the only hope of saving life. 
Presumably there must have been some chance of success 
for even palliation, otherwise the intervention would not 
have been justified, but the decision not to operate may be 
difficult. When death occurs from the effects of such dis: 
cease oF injury, some meclico-legal systems will certify the 
original condition as the cause of death and omit any refer- 


cence to the intervention 
‘The American Society of Anesthesiologists have a cassi- 


fication system for deaths during surgical procedures, as 
follows: 


BE ASA 1: those with no serious disease 

BE ASA 2: those who may have a serious disease, but have 
no limitations on their activities 

BE ASA 3: those with serious disease and some limitation 
of their activities 

ASA 4: those with a serious disease that is a constant 
threat to their health and that limits theie activities 

BE ASA 5: those with such serious disease that cheir death 
ean be expected within 24 hours, with or without 


‘The Society recommended that classes 1-3 require full 
investigation, as they were expected to survive; those in 
class 4 that were elective and not emergency procedures, 
with no expectation of death, are also included, The gen- 
eral principle is that unexpected deaths are investigated, 
though in the British coroner and Procurator Fiscal sys- 
tem there are no exceptions to such investigations, once 
reported by doctors to the appropriate legal authority. 
Pathologists in some jurisdictions have problems in the 
nomenclature of certification following an autopsy. The 
sarict test wo be applied should be: ‘Would death have 
‘occurred when it did, ifthe operation had not taken place?” 
Sometimes this is impossible to answer and the balance of 


‘The mode and cause of death after surgery and anaesthesia 


probabilities may be evenly poised. Ifa patient has a leak- 
aneurysm, which catastrophically ruptures whilst 
the surgeon is still making his skin incision, most would 
agece that the original disease process was the primary cause 
of death. Even hete, however, it may be argued that the 
added disturbance of preparation and anaesthesia con- 
tributed something to a possible slight rise in blood pres- 
sure that further split the aneurysm wall 

‘Where a person dies of a pulmonary embolus 7 days 
after an elective gastrectomy for peptic ulcer, the connec 
tion between the operation and the death can hardly be 
denied, even though in up to a fifth of fatal pulmonary 
embolisms, depending on the study, no predisposing fac 
tors have been found (see Chapter 13). 

‘When both trauma and surgical operation have taken 
place, then it ean be impossible to separate the relative 
contributions ofeach to a death. A common example would 
be death a few days alter the pinning ofa fractured neck or 
femur in an old person. A fatal bronchopneumonia, pul- 
‘monary embolism or acute cardiac failure might all be 
caused either by the original trauma, by the stress of oper 
ation or by the subsequent immobilization in bed. 


Death duc to a disease or disability 
other than that for which surgery is 
performed 


‘Where death is due toa disease or disability other than that 
for which the operation was performed, a distinction has to 
bbe drawn between those conditions thae were known before 
the operation and those which were unsuspected, 

‘When some disease is known beforehand, ie must be 
evaluated in deciding whether or not the operative pro- 
cedure is justified. For example, a patient with a non- 
obstructing hernia who has chronic obstructive airways 
disease might be thought to be too poor a risk for an elect 
ive, prophylactic operation. If that same patient's hernia 
becomes strangulated and he develops potentially fatal 
intestinal obstruction, however, the tskcbenefit ratio dra 
‘matically changes and che danger of a perioperative death, 
‘may have to be accepted. Naturally, operative and anaes- 
thetic techniques may have to be modified to take account 
of the known adverse conditions, 

I is different when an occult disease process is not 
suspected by the clinicians. It may be that they had no 
diagnostic means of appreciating the risk ~ such as an 
unsuspected phacochromocytoma — but a medico-legal 
problem can arise ff they took no reasonable precautions in 
detecting common risk factors, such as hypertension, lung, 
disease or ischaemic heart disease, which in retrospect 
could have been diagnosed. 


Death as a result of failure of surgical 
technique 


Exceptionally, death is the result ofa failure of surgical tech- 
‘nique. This may be inadvertent, from a tru ‘accident’, some- 
times caused by unusually difficult operative circumstances, 
to anatomical abnormalities or even failure of equipment. 
‘When it isthe resule of error or incompetence, then a legal 
action for negligence may ensue and the pathologist must be 
even more meticulous chan usual in producing a dewiled, 
objective and impartial report. In all these cases, che presence 
of che surgeon is essential, so that agreement can be reached. 
fon what actually was found at autopsy 


Fioune 23.4 Calefication of myocardium and vascular 
cendachelino (arrow) due so postoperative rbabdomyolytic 
‘myoglabinuria and acute renal failure after reconstructive hand 
surgery ana he interruption of blood cirulaton ro the 
corespanding arms for the sime ofa nerve reconstruction. (Von 
Kowa staining, original magnification X 100,) 


Ficus 23.5 Fumunaizochendcaldemansration of myoglobin in the 
ea ub with Am: Human Myeglabin (Dakopats i, Denmark) 
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29; Deaths associated with surgical procedures 


‘When a failure of equipment may be responsible, then 
expert examination and advice is essential. Anaesthetic 
‘machines, gas supply, compatibility of connections and all 
the sophisticated hardware of operating theatres must be 
subjected to the most rigorous inspection if a malfunetion 
is suspected, This is no part of the pathologis’s concern 
but, as he is responsible for the eventual decision about the 
cause of death, any conclusions about an equipment failure 
‘must be communicated to him. 


Deaths due to anaesthetic administration 


‘The foregoing categories account for most perioperative 
deaths and fatalities following surgery, even if delayed, True 
‘anaesthetic deaths’ are comparatively rare, but have such 
potential medicolegal importance that they must be dis 
cussed in more detail 


DEATHS ASSOCIATED WITH 
ANAESTHESIA, 


Even more than is the case with surgeons, any autopsy on 
an anaesthetic-related death must be a cooperative process 
with the anaesthetist. Not only are the objective autopsy 
findings in true anaesthetic deaths meagre or absent, but 
the pathologist's training and experience of the complex 
techniques of modern anaesthesia is insufficient for him to 
appreciate, analyse and criticise constructively without the 
expert knowledge of the anaesthetist. 

‘Mose anaesthetic-related deaths are not caused by the 
anaesthetic agent itself, but duc to other aspects of the pro- 
cedure, Patients have anaestheties because they have some 


significant — often very serious ~ disease or injury and, as has 
already been discussed, iis mote likely that the fatality was 
the result of these or of some co-existent condition rather 
than the anaesthetic. There is a tendency on the part of 
relatives — and sometimes their lawyers ~ co assume that 
because someone died ‘under’ an anaesthetic, then this must 
be the major or even sole factor in the death because it was 
0 closely related in time 

‘When factors other than anaesthesia ean be excluded, 
A survey was conducted 
by Lunn and Mushin (1982) for the Association of Anaes- 
thersts, This indicated that, although 1 in every 166 patients 
dled within 6 days of a surgical operation, only 1 in 10.000 
die solely as a consequence of the anaesthetic. Anaesthesia 
contributed to (but not totally caused) che death of 1 
in every 1700 patients, many of these deaths being poten- 
tially avoidable. 


certain features can be iden 
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The survey also showed thatthe eauses have not changed 
significantly during the last 30 years, in spite of marked 
changes in anaesthetic technology and that anaesthesia may. 
contribute to deaths that occur more than 24 hours after 
the administration, Many patients suffer from intercurrent 
disease uneelated to their surgical condition, but the impli 
cations for the anaesthetist are all too often ignored. The 
major causes of tue anaesthetic faalities include inexperi 
enced and insufficiently supervised junior staff. Allowing 
petiods of hypoxia to occur appears to be one of the com- 
‘mon faults leading to a fatal outcome. 

‘As far ay the pathologist is concerned, the survey com- 
plained thae che autopsy is of limited value in investigating 
the death, All oo often ierelevane findings are offered, such 
as “‘bronchids 
39 per cent of the series, Ie was emphasized thatthe investiga- 
tion of such deaths cannot be the sole province of the patholo- 
gist, but must rely heavily upon clinical data and cooperation 
with other doctors, Eatlicr investigations indicated that acute 
cardiovascular fulure was the most common cause of unex- 
pected death during anaesthesia, Lahey and Ruzicka in 1950 
measured the risk of death during anaesthesia as about 
1/1000, from all eauses. Cardiac arrest was the most com- 
‘mon single mode of death, being seen on average once or 


Ischaemic heart disease was recorded in 


twice a year in most busy operating suites even under the 
‘most careful surgical and anaesthetic regimens. The autopsy 
is usually unhelpful in determining che cause, if coronary 
insufficiency can be excluded. Most cardiac artest occurs 
under relative light anaesthesia and hus tends « occur at 
either the start or finish ofthe surgical procedure. 

Reid and Brace (1940) showed that the arrest is mainly 
neurogenic and that any irritation of the respiratory tract, 
such as laryngoscopy or intubation, may cause a lightly 
anaesthetized patient to have a cardiac arrest. Inexperienced 
anaesthetists may not keep the patient ata level of uncon- 
sciousness appropriate ro the manipulations of the surgeon, 
as it has been shown that such procedures can also preci 


tate arrest during light anaesthesia, 


Hypoxia is also a potent precipi 


ing fctor in cardiac 


arrest. Deaths from respiratory failure also occur, and hypoxia 
is again a prime example — either from faults in the apparatus 
for more commonly to inexperience of the anaesthetist, espe- 
cially in handling equipment with which he is not familia. 
‘An overdose of the anaesthetic agent may depress the res- 
piratory centres and begin a descending spiral of hypoxia. 
Excessive premedication and the use of muscle paralysing 
agents may also predispose towards respiratory failure unless 
appropriate measures are taken, such a assisted respiration. 
Airway obstruction is another danger ~ from blood, 
teeth, dentures, faults in the connecting tubing, laryngeal 
spasm, swabs and an abnormal posture ofthe neck. Though 
regurgitation of gastric contents is areal danger, the use of 


Malignant hyperthermia 


failure to give atest skin dose before injecting the major quan- 
tity Diffusion away from the operative site of adrenaline-like 
substances used to vasoconstict the area and ehus retain the 
anaesthetic effect may cause a sudden candiae artes, 

Epidural and spinal anaesthesia has returned to favour, 
especially in obstettcs, after a period in which spinal injec- 
tion of anaesthetic agents fll into distepute because of a 
‘number of lawsuits broughe because of spinal cord damage 
asa result of contaminants or excessive dosage 

‘The upwards diffusion of the active agents may cause 
paralysis, and the effect upon the vasomotor system may. 
lead to a precipitous fall in blood pressure, Total spinal 
anacsthesia from upward diffusion blocks all sympathetic 
efferent impulses so, ifthe concentration of the anaesthetic 
agent in the upper thoracic and cervical spinal fluid level is 
high enough, efferent transmission 10 all moror fibres of 
the respiratory muscles will be blocked. 

Epidural anaesthesia has now replaced intrathecal 
affed endosracheal eubes has greatly reduced the hazard. sministation, but even this has occasional tragedies, and 
From the pathologist's point of view, the Finding of gastric ig said ta have a 1/10000 incidence of permanent nerve 
contents in the airways must be backed up by some clinical ti This ually comer about ether from an overdose 
evidence of its ante-mortem origins, as a quarter of be or from puncture of the theca, instead of the anaesthetic 
hhave some gastric contents in some part ofthe ar passages at satusign remaining in the epidural space. In the rare autop- 
sies on such deaths, a sample of cerebrospinal fluid should 
be taken for analysis to ascertain the concentration of 
anaesthetic substance. An attempt should be made to find 
the puncture in the dura, which is easier said than done. If 
an epidural catheter is sil in place for continuous adminis- 
tration of the aetive agent, dye or Indian ink can be 
injected to se ift enters the subdural space, 


FiGURE 23.6 Binefingent material in the alveoli due ro conrast 
‘medium aspiration (barium sulphate 


autopsy; mostly as a result of agonal or even post-mortem 
transfer that is a consequence of the dying process, not a 
cause (Chapter 14) 

Rarely, some physical fault in the anaesthetic equipment 
‘may cause death, Mention has been made of faults in the 
connecting tubing, which may be internal delamination, 
not visible from outside. Flow-meter errors oceus, but a 
‘more common one is the confusion of bottled or piped gas 
supplies, and the inadvertent use of the wrong substance 
orthe connection of an empty cylinder. Two such faaliies, MALIGNANT HYPERTHERMIA 
where the wrong gas was introduced into the theatre piped 
supply, occurred in Hong Kong in recent years. “This ta familial condition in which cévein ages, 

Fires ate not uncommon, the most frequent danger ine some anaesthetics and muscle relaxant, prec 
being the ignition of sprit-based skin antiseptics ignited by py eaholic change in skeletal muscle with the production of 
‘cautery. Any electrical apparatus is potentially dangerous, nergy, and hence a rapid and sometimes fatal rise in tem- 
and defective casei, defibrillators and diathermy equip- rane, The basic condition i an autosomal dominantly 
‘mene have all cussed death, inherited trait associated with sudden uncoupling of oxida 

Explosions from inflammable gases and vapours, such 2S tive phosphorylation, accompanied by massive energy pro- 
cyclopropane and ether, have been catastrpl duction fram the muscles with consequent overheating. 

‘When malignant hyperthermia is diagnosed, the family 

‘ iq embers should be investigated, preferably by muscle 

re of local and epidural anaesthiste: wy ais handed tc vlehagaaler ate 

Local anaesthetics rarely cause death, though the overall rate subjected to anaesthesia. In 70 per cent of carriers, the xeat- 

of complications is about 1/2000. Hypersensitivity and ine phosphokinase and aldolase activities are elevated, 

escape of contained adrenergic drugs form the major fatal though the basic abnormality appears to be a defect in 

hhazands, lis said that most eases of hypersensitivity ate really calcium transfer and phosphorylation within the muscle 

overdosage, but there are undoubtedly some paticats who files. This is one reason why hospital laboratories should be 

have an abnormal sensitivity w the cocainedlike active con- asked to retain any pre-mortem blood samples, asthe exeat- 
stituents, Legal actions have been brought against doctors for ine phosphokinase activity can be estimated retrospectively. 


on occasions. 
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29; Deaths associated with surgical procedures 


Suxamethonium and halogenated anaesthetic agents 
sccm particularly prone to precipitate the condition. 


Halothane is one of the agents associated with mal 
hyperthermia, either alone or in combination wich suxam- 
ethonium. The condition occurs about ance in every 10000 
anaesthetics, with various estimates ranging from 1/5000 to 
1/70 000. These ae virally no autopsy features of any sig- 
nificance and the diagnosis is made on clinical grounds. The 
features of malignant hyperthermia include a sudden tise in 


temperature, sometimes reaching 43°C, with stiffening of 


the skeletal muscles, rapid heart rate and respiratory dsteess 

Halothane anaesthesia has acquired the reputation for 
causing liver injury known as halothane hepatitis and, 
rarely, a fulminant hepatic failure, Its incidence varies 
between 1/3500 and 1/600 000 and if halothane anaes- 
thesia is repeated within one month, 1/6000—1:22000. Ie 
is a typical example of immune-mediated adverse drug 
reactions. Other drugs used in anaesthesia are occasionally 
responsible for death, Barbisurates used in induction, such 
as thiopentone, may give rise to cardiorespiracory fullure, 
often because the quantity used has been excessive 
‘Tiichlorethylene and atropine have been involved in fatal~ 
ines, the usual mode being sudden circulatory failure 


AUTOPSY PROCEDURE 


In most autopsies on deaths during anaesthesia, toxicological 
investigations are generally unrewarding, except where over- 
dose with specific drugs such as barbiturate or adrenaline is 
involved. It is usually imposible to make any quantitative 
assessment of the amount of volatile agents present, such as 
nitrous axide, halothane or cyclopropane, even though some 
‘American writers advocate camping a main bronchus and 
retaining a ung in a plastic—or preferably nylon —bag, so that 
hhead-space gas can be analysed. Neither ist practical o ey «0 
prove hypoxia by post-mortem measurement of blood gases. 
[Usually the function of the autopsy isto discover or exclude 
natural disease, and mechanical blockages, asthe pharmaco- 
logical aspeces are usually beyond investigation. Even when it 
seems obvious that a surgical error has taken place, one should 
be careful and not jump to conclusions nor le this distract 
fiom a thorough investigation. A full range of specimens for 
histological examination should be taken to exclude oceult 
conditions such as a lymphoma or myocanits, as well as to 
investigate the severity of the disease for which the surgical 
procedure was being performed. This includes also the investi- 
tation of any surgical specimens taken during the operation 


and sent to the histopathologist. Histological examination of 


the brain (fied before cutting wherever possible) must be 
carried out. Though most mishaps will have occurred too 
quickly for much hope of any stigmaca of cerebral hypoxia «0 


be seen, changes can classically occur in Sommer’ area of the 
hippocampal gyrus. Perhaps an even better marker isthe distal 
parts of the cerebellar folia, where pallor and rapid loss of 
Purkinje cells can be seen within afew hours, 

“The work of Plum (Plum and Posner 1984) is relevant in 
this respect, as he found morphological changes in the brains 
of victims of only slight hypoxic periods who survived for 
long periods after an anaesthetic, At autopsy he recorded dif- 
fuse, severe leucoencephalopathy of the cerebral hemispheres, 
with sparing of the immediate subcortical connecting fibres 
and — usually ~ ofthe brainstem, Demyelination and obliter- 
ation of axons was observed and sometimes infarction of the 
basal ganglia. The cortical neurones were spared, however, 
and the damage appeared confined to the white matter. Plum 
attributed this damage to greater glycolysis in che white mat- 
ter during hypoxia, compared with the grey. 

Some new immunohistochemical techniques have been 
used in animal experiment to demonstrate structures of the 
cytoskeleton, eg. in detecting ischaemic/hypoxic damage 
‘Great caution must be exercised, however, when using these 
methods in autopsy material and it is therefore crucial wo 
‘examine alterations occurring in the cytoskeleton asa result of 
post-mortem delay before conclusions can be drawn from the 
possible changes observed. Irving et al. (1997) investigated 
the post-mortem distribution of microtubule-asociated pro- 
teins (MAP) in various regions of rat brain using immuno- 
histochemistry. They showed chat each MAP underwent 
unique changes that were dependent both on post-mortem 
incerval and the brain region examined, Following long, post- 
mortem delays, some of the changes in these proteins were 
similar o those seen in rodent models of cerebral ischaemia. 
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CHAPTER 24 


Dysbarism and 


i Physical damage 488 
IH The autopsy in dysbarism and barotrauma deaths 489 


barotrauma 


IH Furthor roading 480 


Damage to the body from changes in external pressure usu- 
ally lies in the province of specialized occupational or 
armed services medicine, rather than that of the forensic 
pathologist The major exception is recreational and sport- 
ing diving, using SCUBA (self-contained underwater 
breathing apparatus) equipment, When death occurs in 
such circumstances, however, though criminality is rarely a 
factor, there is usually some form of official enquiry, be it 
quasi-judicial oF an internal investigation, Civil suits for 
compensation may arise and in these circumstances a 
forensic pathologist may well become involved as the expert 
witness providing the autopsy evidence 

Injurious pressure effects are virtually always the resule of a 
decrease in atmospheric pressure from a previous level. This 
can occur either from a decrease of high presure to normal 
atmospheric presure ora decrease from normal to low pres- 
sure, An example of the firs is the decompression of a diver 
ascending to the surface, while the second is seen in depres- 
surization of an aircraft at high altitude. The frst i by far the 
most common as source of injury and death, mainly because 
of the great inerease in recent years of diving activity asoci- 
aed with the offthore oil industry, which in Britin now 
forms the mose dangerous type of commercial employment. 

Dysbarism is a term that covers all adverse effeces of 
pressure, while barotrauma describes the mechanical dam- 
age from gas released into the tissues. 

In diving, cach 10m depth of water increases the 
pressure on the body by one atmosphere — 101 kiloPascals 
(kPa) —so that, ina noncrigid diving suit, the air supply has 
to be provided at the appropriate pressure relative co the 
working depth. This depth depends on the equipment 
used and is limited by legal constraints ~ for example, 
Britain, dives of more than 50m (164) are nor permitted 
using a nitrogenfoxygen mixture, a gas such as helium 
being mandatory. Similarly, surface decompression is only 
allowed at less than his depth of 50.m (166 0) 


When air is supplied at increased pressure, the contained 
nitrogen (and, to a much leser extent, carbon dioxide) will 
progressively dissolve in the plasma and tissue fluids, the 
amount being governed by Henrys law (he solubility of a gas 
in aliquid is proportional to its partial pressure). This itself 
can produce nitrogen narcosis, a state resembling drunken- 
ness in which orientation, judgement and rational behaviour 
ray be diminished, This can occur at depths greater than 
30m. A more physical danger, however, is when a diver who 
hasbeen at high pressute for long enough to have appreciable 
nitrogen disolved in his tissues is returned too quickly to 
normal atmospheric pressure. The dissolved gas will then 
come out of solution, almost as champagne effervesces when 
the cork is released. Gas bubbles appear in the circulation, ts- 
sues and joint cavities, and can cause ‘decompression sickness 
with a wide range of clinical signs and symptoms, 

Bubbles in the circulation ean cause gas emboli that 


block small vessels and give rise co infarction, especially 
in the central nervous system, such as the spinal cord. In 
addition, such bubbles can interfere with the coagulation 
system, causing platelet aggregation and disseminated 
intravascular coagulation. Subcutaneous emphysema ean 
appear as a result of gas under the skin, 


PHYSICAL DAMAGE 


When sudden, or too rapid, decompression occurs, there 
ray also be physical damage from volume changes. The 
gas in body cavities expands markedly as the diver rises 
and, unless these can be progeesively vented to the exterior, 
presure effects from the contained gas will occur. Such 
effects may develop in the paranasal sinuses, if blocked, 
and even in the teeth, if small vacuoles of gas are trapped in 
the palp cavities, The midalle ear may also be involved and 
ruptures of the drum can occur. None of these lesions in 
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themselves is likely to be fatal, however, unless the pain and 
disability interfere with performance ~ then drowning is 
the usual eause of death 

‘A more serious volume effec isin the thorax because, if 
the arin the lungs isnot vented as the diver tses, che alveo- 
lar walls may be eupeured by the gas pressure. This leads to 
interstitial emphysema ~ air bursting through the respira- 
tory membranes into the interalveolar, interlobular and 
interlobar septa. Bullae may appear on the pleural surface 
and, if these rupture, a pneumothorax is formed. Air may 
reach the mediastinum and track up the tissues to appear in 
the neck, Apart from a disabling pneumothorax, air can 
break into the lung capillaries and veins with the danger of 
air embolism to the left side of the heart, as it cannot move 
buck down the pulmonary arteries. The filling of the left 
atrium and ventricle interrupts cardiac pump function and, 
if the volume is suicient, can be fatal in itself 

Even though this does not occur in most eases of air 
entry, smaller volumes will be swepe into the systemic arter- 
ial circulation and impact in the arterioles and capillaries 
of target organs especially the myocardium, spinal cord and 
brain, causing microinfarcts, haemorthagic necrosis and 
loss of function of vital tissues. This pulmonary baro- 
trauma is not necessarily confined to deep diving, and may 
‘occur in only 2 or 3m of water, 

‘Many incidents occur to sporting divers, rather than to 
professional, in relaively shallow water. The SCUBA diver 
is now a ubiquitous user of the seas, especially in the 
‘warmer, clearer waters of many parts of the world. It is esti 
mated that there are about 80000 recreational divers in the 
UK who complete more than wo million dives each year 
In 1987 there were 600000 dives, which produced 162 
incidents serious enough to be reported. OF these, 115 were 
of a ‘medical’ nature and included 8 deaths, Thete were 
G instances of air embolism, 69 of decompression sickness, 
4 of hypothermia, 4 of nitrogen narcosis and 4 cases of ear 
damage. The incidence of medical incidents was 1/5000 
dives, with 1 death in every 75.000 dives. 


THE AUTOPSY IN DYSBARISM AND 
BAROTRAUMA DEATHS 


Many of che vase quantity of reports on this subjece deal 
with the clinical effects, Most deaths associated with diving 
are caused by drowning, though dysbaric disablement may 
have caused of contributed to the drowning. The autopsy 
must be directed to investigating the drowning aspect 
(Chapter 16), and to excluding or confirming any evidence 
of dysbarism or barotrauma, 

‘The autopsy should not begin until some expert advisers 
are present, including someone with detailed knowledge of 


the equipment. If the victim has died in hospital or in a 
decompression chamber, then obviously much original 
information will be lost, as no in situ examination of the 
suit and breathing apparatus is possible. In any event, as 
few forensic pathologists are likely to be expert in this spe- 
cialized field, every effort should be made to have the ttend- 
ance of a naval or commercial pension who is an authority, 
fon the equipment being used at the time of the death 

Iehas been recommended that the autopsy itself should 
be conducted in a decompression chamber in order to pre- 
vent the post-mortem dissipation of gas that must take 
place if the body is broughe into atmospheric pressure. This 
is hardly likely co be a practical procedure except where the 
autopsy takes place under the aegis of armed-service ar spe- 
cialized commercial uclities, who have expert medical staff 
who are well versed in such procedures. 

However, it must be recognized that the very act of 
decompression is likely to allow bubbles to form within the 
body, even if they were not there when death took place. 
This is an insurmountable difficulty for the pathologist 
unless, as just mentioned, the autopsy itself ean be per 
formed under pressure, Thus the finding of gas in the ves- 
sels and tissues has co be interpreted in the knowledge that 
they may bean artefact; part of the differentiation is quan- 


titative, asa mass of froth distending the heart is unlikely to 
have accumulated post-mortem merely from the static uid 
and tissues in the immediate vicinity, and is therefore more 
likely to have been brought there to form an ‘airlock’ by a 
Vital circulation, 

The autopsy should not begin ~ nor the body be 
undressed — until all necessary examination is made of the 
diving apparatus by an expert, Full photography at every 
stage, and radiology of the chest and major joints is essendal 
before any dissection is attempted. t has been recommended 
that air samples should be taken by external lung puncture 
using a greased syringe so that chemical analysis can be per- 
formed to determine the oxygen:niteogen ratio, This should 
only be performed under expert guidance. Externally, atten 
tion should be paid to the skin colour, as hypothermia is 
sometimes an associated hazard of diving. Unfortunately, 
‘many bodies recovered from water have a bright pink colour 
that may be post-mortem in origin, much as refrigerated 
bodies often have a pink hue, Red linear marks may be seen 
in those who have suffered ‘squeeze’ inside a neoprene dy- 
suit when the external pressure has become excessive 
Crepitance ofthe skin — usually ofthe head, neck and thorax — 
is an indication of barotrauma, The eardrums should be 
examined with an otoseope to detect any recent eupeures 

The brain should be removed before opening the body 
cavities, using a special technique to detect air in the cere- 
bral arteries. Artery forceps should be placed on the middle 
cerebral, basilar and vertebral arteries before they ate cut 
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through; the brain should then be placed under water and 
the clamps removed to observe whether air bubbles escape 
from the cut ends of the vessels. The detection of air bub- 
bles in the cerebral veins is of no significance, always being, 
an artefact, as it is impossible to remove the calvarium 
without aspirating some air into che pial vessels. In any 
case, there is no way in which air in the arterial side of the 
cerebral circulation can penetrate the brain capillaries in 
suflicient volume to be visible in the cortical veins 

In the central nervous system, petechial haemorrhages 
say be seen in any part ofthe system, including the spinal 
cord. Ifthe vietim survives for a day or more, early infarets 
may be seen, Histologically, ring-shaped haemorchages 


around vessels may be seen in the white matter. In lo 


term survivor, living for some weeks, softening of the 
ral and dorsal columns of the thoracie spinal cord may be 
seen if air emboli have impacted there. 

Subcutancous, mediastinal, retroperitoneal and sub- 
pleural emphysema must be sought. In the lungs, rupture 
of alveolar membranes allows air to trick through the inter- 
stices from where it either enters the circulation or reaches 
the periphery of the lung to form subpleural bullae, or 
both. Ie ean cross to the other lung via the hilum; in add- 
ition, local bronchial stenosis may trap air in a single lobe, 
causing a local distension, 

‘The chest should be examined for pneumothorax, first 
by radiology and then by puncturing an intercostal space 
under a pool of water held in che lateral skin flap, Similaely, 
the heart should be examined radiologically for the pres- 
ence of bubbles. Ifthe aie has emerged from the general 
tissue mass, it will have been conducted centrally by the 
venous drainage and so more air will be found in the right 
chambers than in the left side of the heart, Iflung damage 
has occurred, then entry into the pulmonary venous system 
will bring it to the left side, Its hardly worth attempring to 
open the heart under a pericardiurn full of water, as froth 
in the chambers will be readily apparene if in sufficient 
volume to have caused death. Some authorities, however, 
advocate placing clamps on all che major thoracic vessels 


and the trachea before removing the thoracic pluck of 
organs. This is then placed under water and the clamps 
and from where air bubbles emerge. 

Histologically there are no particulaely specific changes 


released to see 


in spite of some claims, Lipoid-containing tissues, such as 
adipose tissue and adrenal cortex, may show microbubbles 
with a foamy appearance. There may be faty change in the 
lives, possibly from air emboli, In lungs in which baro- 
trauma has taken place, oedema, patchy haemorrhage, torn 
alveoli and focal emphysema confirm the macroscopi 


Findings. The myocardium may show small foci of necrosis, 
Fat embolism may occus, both in post-descent shock and 
in decompression in both water and high altitude. Nor 


only fat, but cellular bone marrow may be found in target 
organs such as lung, myocardium, brain and kidney: There 
is controversy over the origin of fat emboli in decompres- 
sion states, some claiming that it is eaused by air-bubble 
disruption of far depor tissues, while others frvour a more 
complex genesis involving a redistribution of blood lipids, 
inter-relating with fibrin production and disseminated 
intravascular coagulation. 
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Vireually all forensic pathologists deal not only wih criminal, 
suspicious, accidental andl suicidal deaths, bue with a wide 
range of deaths from natural causes, Many of these are sud- 
den, unexpected, clinically unexplained or otherwise obscure, 
even though there need be no unnatural element in their 

It is good chat such a large substrate of natural deaths is 
available to most forensic pathologists: the situation where 
they deal exclusively with trauma and crime is professionally 
unhealthy, as they become progressively more out of touch 
with morbid anatomy, and lose daily contact with disease 
processes and uninjured vissues and organs, Involvement 
with natural death means frequent professional intercourse 
with clinicians and non-forensie pathologists, with all the 
consequent benefits of cross-fertilzation of knowledge and 
ideas, Ta work in a totaly forensic vacuum is to lose touch 
with pathological and clinical reality, which is essential for a 
smedico-legal expert to retain a sense of proportion and an 


awareness of contemporary medical advances. 
Another indispensable benefi of sustained experience in 
natural disease isthe fact that some of the most dificult 
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problems in criminal and litigious cases arise not out of 
gross, rapidly fatal crauma, but in deaths where concurrent 
natural disease or complications after trauma lead to a fatal 
outcome, The assaulted victim that dis later from a stroke 
or the negligent minor accidene that has a fatal pulmonary 
embolism ~ these can pose far greater difficulties over caus- 
ation than a gunshot wound or a stabbing. 

In this chapter no attempt is made to duplicate the 
detailed descriptions of disease processes provided in a 
score of illustrious textbooks of pathology, bur a survey will 
be offered of the spectrum of causes of sudden oF unex- 
pected death as commonly encountered by forensic and 
‘coroner’ pathologists, 


SUDDEN OR UNEXPECTED 
DEATHS 


“The definition ofa sudden death varies according to author- 
ity and convention. The World Health Organization defin- 
ition is of death within 24 hours from the onset of 


Coronary atherosclerosis 


symptoms, bur this is much coo long for many clinicians and 
pathologists; some will only accepe death within one hour 
from the onset ofillnes, We have to also bear in mind that a 
death may appear sudden and unexpected to an outsider but 
need not have been so from the point of the pathological 
disease process. The deceased may have been symptomless 
and utterly unaware of his chronic disease or he may have 
had symproms but incerpreted them as harmless. Alo, fea, 
lack of human contact o¢ his own disposition may have pre- 
vented him mentioning symptoms to anyone, including a 
doctor. 

In many jurisdictions, deaths may only be eertfied by an 
attending physician ifhe has seen the patient recently and is 
satisfied thatthe death was eausedl by a potentially lethal dis- 
cease from which he was aware the patient suffered, The fact 
that, without autopsy, this physician is wrong in his belief in 
beeween 25 and 50 percent of cases eannot concern us at the 
moment, but the relevance is that, where a clinical doctor 
cannot so certify, he death is usually reported for medico- 
legal investigation. In many countries such nol 
form by far the largest proportion of medico-legal autopsies, 
and in England and Wales they account for some 80 per cent 
of coroner’ autopsies, the remainder being suicide, accident 
and homicide. 

‘The description ‘sudden’ or ‘unexpected’ is not always 
accurate, as ‘unexplained’ is an equally common reason for 


‘medico-lgal investigation, Here the clinician is unable 10 
offer a cause for the death, though the patient was under 
‘medical care. Even after autopsy, the cause of death may sill 
not be revealed and this problem of the obscure autopsy is 
discussed elsewhere. 

In sudden death, she immediate cause is almost always to 
be found in the cardiovascular system, even though topo- 
graphically che lesion is not in the heart or great vessel 
“Massive cetebral haemarthage, subarachnoid bleeding, rup- 
tured ectopic pregnancy, haemopr 
pulmonary embolism, for example, join with heart disease 
and aortic aneurysms to contribute most of the vascular sys- 
tem reasons for sudden, unexpected death, 


hhaematemesis and 


SUDDEN DEATH FROM 
CARDIAC DISEASE 


Ischaemic heart disease is easly the most common cause of 
sudden death in Western nations. The term is employed 
rather loosely and inaccurately, often being used as if it was 


synonymous with ‘coronary atherosclerosis’, Certainly the 
latter is the largest contributor to ischaemic heart disease, 
but not to the exclusion of other conditions. 

‘As a further complication of nomenclature, ‘coronary 
atherosclerosis’ or ‘coronary atheroma’ isthe proper tile of 


the common degenerative disease that causes most deaths, 

but the term ‘coronary artery disease’ iso ingrained into pop- 

ular usage that ic is aceepeed as synonymous with coronary 

atherosclerosis, even though there are other coronary diseases. 
Ischaemic heart disease comprises: 


1B coronary atherosclerosis 
hypertensive heart disease 

aortic valve disease 

IH anomalies of the coronary circulation 

BW other coronary artery diseases, such as polyartertis 
© cardiomyopathic enlargement 

IH some congenital hear disease. 


CORONARY ATHEROSCLEROSIS 


Sometimes called ‘the Caprain of the Men of Death’, this is 
certainly the most Frequent eause of sudden death in Western 
societies. The basie mechanism is stenosis or oeclusion of one 
‘or mote major branches of the coronary arteries by athero- 
:atous lesions, or one of the complications of such a lesion. 
‘The severity of stenosis before death oceurs is debatable: ear 
diac pathologists claim chat at least 80 per cent of the normal 
Jumen must be lost before myocardial necrosis occurs. Mast 
forensic pathologists would admit to blaming coranary 
atheroma for death in autopsies where a significantly smaller 
percentage of dhe lumen was lost, when the symptomatology 


and circumstances were strongly suggestive. Areas of myo- 
cardial fibrosis and — rarely — even recent infarcts, may be 
seen in the presence of relatively small degrees of coronary 
atheroma. Part of the problem lies in quantifying the 
amount of stenosis at autopsy: Because of the empty vessels 
lacking the normal intraluminal blood pressure, the walls are 
lax, collapsed and unstretched. During life, the same lumen 
will be larger and only fixation a arterial pressure will retain 
a semblance of the original size. The pathologist sees all eos 
onary arteties in the dead state, however, so the relative 
degree of stenosis is stil a reliable observation, as both normal 
and diseased vessels can be compared, even if their absolute 
luminal sive is incorrect. 

Coronary atheroma may be focal, with irregular plaques 
that vary both in size and in stenasing effect from place to 
place. They may be few and localized, with a virtually nor- 
‘mal lumen in the rest of the system, This means thar every 
part of the major vessels must be examined at autopsy, with 
transverse cuts at no more than 3mm intervals. [eis unjusti- 
le vo make a few euts at wide intervals and clainy that this 
provides a reliable estimate of the state of the coronary sys- 
tem, A coronary artery is like a chain — just as the latter is 
inl as good as its weakest link, soa vessel is only as good as 
its narrowest point. 
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‘Two cuts, ifeven halfa centimetre apart, may pass either 
side of a grossly stenosing plaque or a thrombus. Opening, 
the vessels lengehwise obviates this danger, but this is out- 
weighed by the disadvantage of not being able to measure 
accurately the degree of stenosis by making frequent cross- 
cuts. A compromise isthe best answer to this dilemma, as 
described in Chapter 1 

Plaques are ofien eccentric, lewving a exescentic residual 
lumen, but another variety of coronary atheroma is a more 
diffuse lesion, where the vese is concentrically narrowed by 


amore longitudinal degeneration, forming a tube-like seg- 
‘ment with a narrow, sometimes ‘pinhole’ central lumen. 
‘The author (BK) has the impression that this is more com- 
‘mon in younger vietims and that such lesions seem less 
likely to be ulcerated and calcified. Both types of lesion are 
often found in the same patient and there is presumably no 
fundamental difference in their pathogenesis 


Complications in coronary atheromatous 
lesions 


ULCERATED PLAQUES 


‘The simple endothelial thickening develops to involve the 
media and usually becomes infiltrated with lipids, Whilst 
the covering endothelium remains intact, the danger to life 
is confined to the luminal reduction from the bulge of the 
enlarging plaque, When the fibroendothelial cap begins 10 
break down under the pressure and erosion of the central 
necrosing process, the plaque may rupture into the lumen. 
This has several consequences, which may precipitate acute 
symptoms or even death. 

First, a large plaque may suddenly disgorge its pultaccous 
contents into the lumen. This can mechanically block the 
vessel or seriously stenose it. Thrombosis may be precipitated 
at that spot by the slowed blood flow plus thrombogenic tis- 
sue elements. The cap ofthe plaque may be projected across 
the lumen, forming a sudden and pethaps complete occlu 
sion. This will be more dangerous ifthe open end of the rup- 
tured plaque faces ‘upstream’ into the direction of the blood 
flow, so that the intimal cap is lifted up, eausing a valve-ike 
obstruction, When the blood flow sweeps across the cap in 
the opposite direction, the cap will not be displaced, though 
the sofe, grumous contents of the plaque will be washed 
downstream, Sometimes the flap can be seen in histological 
sections, though i is difficule to know if this isa processing 
artefact. Ie is best demonstrated diretly at autopsy, when two 
cuts are joined longitudinally and che intima examined with 
lens or low-power microscope. 

‘The contents of the plaque may be washed downstream 
by the blood flow, eventually impacting in small branches 
and occluding them, These can be seen histologically using 
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lipid stains and the multiple small infarcts that often ensue 
can be seen either in classical histological sections or, more 
readily, by enzyme or fluorescent techniques. They are prob- 
ably responsible for many of the small fibrotic areas eom- 
‘monly seen in the myocardia of sufferers from long-standing, 
coronary disease. 


HAEMORRHAGE 


Haemorthage ofien occurs within an atheromatous plaque, 
usually into the softened, necrotic centre. This ‘subintimal 
hhacmorthage’ may give rise to a sudden reduction in the 
blood-carrying capacity of a coronary artery andl cause sud- 
den death. The source of the bleeding is somewhat contro- 
versal, bur the best explanation is chat it comes from rupeure 
of small blood vessels in the periphery of a plaque. A normal 
coronary artery does not have a blood supply to the intima 
but in che disorganization frequently associated with the dis 
torted microanatomy of a diseased coronary artery, such ves 
sels may lie within the intima and be eroded by extension of 
the degenerative process, 

Hacmorrhages, both fresh and old, ean often be demon- 
strated in histological sections of atheromatous plagues. Its 
reasonable to presume that such a bleed may be precipitated 
by some sudden tse in blood pressure ftom exertion or emo- 
tion, though, if vessel is sufficiently eroded by atheroma, 
such a precipitation is nor stritly necessary for such an event 
to take place. 

‘The sudden release of blood into an atheromatous lesion 
can rapidly enlarge it and may raise the eap of the plaque 
towards the other side of the already stenosed lumen, fe may 
even rupeute the plaque: some subintimal haemorthages may. 
track crcumferentially, causing a ‘minidissection’. Subintimal 
hhacmorthage as a factor in acute coronary occlusion was 
investigated many years ago by Patterson (1938), who 
believed chat they played a major part in coronary throm- 
bosis, In the same year, Wartmann demonstrated occlusion 
by subintimal haemorshage without eupture ofthe overlying, 
intima. Though English and Williams (1943) doubted if 
haemorrhage could compress the lumen against arterial pres- 
sure, other authors, including Davies and Pomerance (1975) 
believe that the haemodynamics within the coronary vessels 
are such that the pressure yaries markedly from place to 
place, and that there may even be a contributing factor #0 
subintimal haemorrhage by a suction effec in certain cond 
tions, Other authors, such as Drury (1954), consider that the 
blood within the plaque is not caused by haemorthage from 
‘mural vessels, but from blood percolating from the lumen of 
the coronary artery at the time of rupeute of a plaque. This 


seems a minority opinion, however, as many haemorthages 
can be seen (some older ones containing haemosiderin) 
within plaques which have a perfectly intact overlying intima. 


Myocardial infarction 


‘Whatever the precise origin ofthe blood, it is clear that subin- 
timal haemorshage is a potent factor in rapidly reducing the 
available lumen of a coronary atery—and sometimes precipi- 
tating thrombosis by further stuetching and damaging the 
overlying intimal eap, 


CORONARY THROMBOSIS 


‘The atheromatous plaque may not undergo these more dra- 
matic changes, but progressive internal necrosis may erode 
the luminal surface and expose the Aibrofatey contents, This 
Joss of normal covering endothelium then forms a nidus for 
thrombus formation, which may gradually accrete in layers 
50 further educing the lumen or even occluding it, especially 


if combination of lesions causes the plaque to expand at the 
sme time as toughening the surface, Thus mural ehrombus 
may completely block or severely narrow the residual lumen, 
with all the consequences of reduced blood flow tothe distal 
‘myocardium, 

‘A narrow lumen is by no means essential eo the formation 
of thrombosis, as it may occur in the abnormally wide, vieu- 
ally aneurysmal, coronary arteries sometimes seen in aged 
people. The lumen may be up to a centimetre wide yet be 
firmly thrombosed, presumably solely because of damage 10 
the intima, Thrombosis often occurs in recanalized vessels, 
secondary thrombosis taking place afier organization and 
re-establishment of a lumen through the previous block. 
‘Multiple coronary thromboses are by no means unusual 
“Many are post-infarct, the original thrombus causing myoear- 
dial necrosis and che resulting stasis in circulation, together 
with the dhrombogenic effect of tissue damage leading 10 
sluggish flow of readily coagulable blood 

Tehas also been noted that coronary thrombosis may be 
accompanied by thrombotic lesions elsewhere in the body. 
For example, a coronary thrombosis may be followed by a 
pulmonary embolus from thrombosed leg vein ~ and the 
converse may also occur in non-fatal pulmonary embolism. 
‘The coagulability of the blood, together with circulatory 
stasis, aided by immobility in bed, are obvious factors. 


SITES OF CORONARY STENOSIS 
AND OCCLUSION 


‘The whole length of the coronary arterial system is not uni- 
formly vulnerable to atheromatous lesions. First, the major 
trunks are most affected where they lie subepicardially, 
often in the Fatty surface tissue. Once the arteries dip down 
into the myocardium, these more distal intramuscular 
branches become much less prone to significant atheroma, 
specially of the grumous, degenerative type, though 
intimal thickening may still be seen 


Second, there are sites of predilcetion in the three major 
arteries, The most common site of occlusion isin the first 
2em of the anterior descending branch of the lefe coronary. 
artery, which is more frequent than in the common trunk. 
‘The next most frequent site is in the right coronary artery 
but here the thrombosis is more distal than in che let vessel, 
usually seen as the vessel courses around the righe margin of 
the heart in the atrioventricular groove part-way between 
sorta and the beginning ofthe posterior descending branch. 

The third most common place is the proximal part of the 
left circumlle artery, soon afier the bifurcation from the 
common trunk. The later is then the next most frequent 
site, in the short segment (Sometimes absent) between the 
sorta and the birlucation into descending and circumflex 
branches. At autopsy: it is always necessary 10 tansece the 
proximal pare of both coronary arteries right up to the cor 
‘onary esta, as occlusion ean sometimes be present in the first 
few millimetres. 


MYOCARDIAL INFARCTION 


‘There isa different emphasis laid upon myocardial infaresion 
by the forensic pathologist and by the clinician, To the late, 
the clinical signs of chest pain and shock mean an infaret and 
certainly, a much higher proportion of patients who reach 
hospital beds do have myocardial infarts compared with 
those who are taken straight to the mortuary. Recently the 
Joine European Society of Cardiology/American College of 
Cardiology Committee for the Redefinition of Myocardial 
Infarction produced consensus document examining the 
scientific and socictal implications of a new definition for 
‘myocardial infarction from seven points of view: pathology, 
biochemistry, electrocardiography, imaging, clinical wials, 
epidemiology and public policy 

In the pathology of sudden death, overt infares are the 
exception, rather than the rule, The incidence in aucopsy 
material from sudden deaths varies considerably, partly 
because of the different methods of demonstrating the 
muscle necrosis, but speaking of obvious naked-eye infarcts, 
the author (BK) would estimate that, in his material consid- 
erably less than a quarter of deaths attributable to coronary 
atherosclerotic disease have myocardial infarction. In Finnish 
autopsy material of the author (PS) the S-year average 
(1987-1991) of infarcts among deaths due 10 coronary 
atherosclerotic disease was 13.5 per cent. The relevance of 
this observation in relation to the mechanism of sudden 
cardiae death is discussed later 

Almost all myocardial infarcts are caused by atheromatous 
lesions and their complications. A few are the resule of other 
types of coronary obstruction, such as polyarteritis, other 
vasculitdes, embolism of various types, ostil occlusion by 
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syphilis, severe aortic stenosis, some congenital anomalies of 
the coronary arteries or great vessels, dissecting ancurysms at 
the aortic root, and tumour or sarcoidosis affecting the eor- 
onary vessels 

‘Mos infarets are caused by super-added coronary throm. 
bosis, but even this statement needs further analysis, A pro- 
portion of infarets have no demonstrable thrombus in the 
supplying vessel, but this proportion can be reduced by a 
‘more careful search, There is no doubs, however, that muscle 
necrosis ean follow severe narrowing of the supplying vessel 
by subintimal haemorshage, 4 ruptured plaque or simple 
severe stenosis from atheroma. In addition, grumous debris 
froma rupeueed plaque ean produce embolic occlusions with 
‘microinfaress' in the distal myocardium, The fact that some 
thromboses are post-infarct has already been mentioned, 

Ie is suid chat the original lumen must be reduced to 
20 percent of less before the ischaemia in the distribution zone 
is suflicient to cause myocardial necrosis. Most pathologists 
with considerable experience of sudden death autopsies will, 
however, have numerous experiences of undoubted infare- 
tion in the absence of an 80 per cent stenosis. The embar- 
rassing situation occasionally occurs where an infarct exists 
with virally normal coronary arteries 

‘The contrary is much more common: the finding of 
complete thrombasis of a major vessel with no sign of 
infarction. In this ease, either an effective collateral cireula- 
tion provided an alternative blood supply ~ or the vietim 
died before signs of infarction had time to develop. 

“There are several types of myocardial infarc recognizable 
at autopsy: 


BA laminar infarer in which the subendocardial region 
of much ~ or even all ~ ofthe let ventricle is involved, 
sometimes extending through half or mote ofthe 
thickness of the wall. This is due toa reduction in 
pesfusion pressure o the inner zones, as all the coronary 
supply comes from the epicardial surface. Laminar 
infarcts are the result of generalized stenosi 
branches of the coronary vessels, but there 


second factor, in that a drop in blood pressure or the 
‘oxygenation of the blood compromises the already poor 
supply so that the outer zones of the ventricular wall 
consume the available oxygen and nutrients, leaving 
lite forthe inner zone. This is discussed further under 
hypertension and aortic stenosis 

A regional or focal infarct is more common in pure 
coronary artery disease, and is caused by a localized 
‘occlusion o severe stenosis in a coronary artery. These are 
‘rue myocardial infares, as the definition ofan infarct, 
requires occlusion ofthe vascular supply, which strictly 
excludes some laminar infarcts when peefusion pressure 
or relative insufficiency is caused by hypertension, oF 


aortic valve disease. The regional infarct isa topograph- 
ically demarcated zone of muscle necrosis, the size and 
position depending on the sit of vaseular occlusion, 
though any collateral supply may modify these. Almost 
all infarets are in che let ventricle. Wartmann and 
Hellerstein (1948) found that berween 6 and 9 percent 
involved the right ventricle and that 7 per cent involved 
the aria though Cushing's (1942) figure was 17 per cent 
foratria, Most ofthese infarcts, however, were 
‘overlapping from infarts in the let ventricle, 


‘The relative immunity of the right ventricle and atria is 
presumably because ofthe relatively thin walls, which do not 
require 40 much blood, do not have the perfusion gradient of 
the thick lefe ventricle and which can more easly obtain oxy- 
gen and other constituents from the blood in the lumen of 
the ventricle. The presence of a conus artery, small branches 


to foci, such as tothe sinus node, and the presence of anasto- 
‘motic channels becween the lefe circumflex and 
onary arteries must all contribute to the better survival of 


these areas. The site of a left ventricular infaret does not 
always correspond strictly co the ste of the coronary occlu- 
sion or thrombus because of the presence of a collateral 
circulation 

Tewasalso shown by Wartmann and Souders (1950) that 
‘many infarcts involve only certain layers of muscle, which 
cannot be supplied by a particular vessel, There is obviously 
no simple explanation for the topography of a myocardial 
infarct — chs is further confiemed by the patchy nacue of 
‘myocardial damage on microscopic study, as the alternate 
ncerosis and survival of adjacent fibres oF even segments 
of the same fibre cannot be explained solely by coronary. 
perfusion 


‘The autopsy diagnosis of early 
myocardial injury and infarction 


‘The autopsy demonstration of an acute lesion in the heart, 
such as an early myocardial infarct, ean have profound 
rmedico-legal implications. In a fatal waflie accident, or 
even rail oF air crash, the proof of an acute disabling 
myocardial lesion in che driver may be vital in the inv 
gation of the event and the apportionment of legal liability. 
In potentially criminal deaths, the presence of recent 
infarct again may be relevant in causation or as a eontribu- 


tion to the death, Ic is thus important to make a full histo- 
logical search for evidence of myocardial fibre damage, 
using all the methods available, including histochemieal 
and fluorescent techniques. 

‘The macroscopic appearances of myocardial infaretion are 
described with a considerable lack of uniformity in mast 
pathology texts, parly because of the varying ages of infarct 
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that the authors depict. The age of an infarct is notoriously 
difficult to establish in the human, as the onset of clinical 
symptoms, however dramatically abrupt, are often much, 
later than the onset ofthe pathological lesion precipitated by 
4 coronary occlusion, In animal experiments, a coranary ves- 
sel can be ligated at zero time and serial sacrifices made a di 
{erent intervals to gain an accurate estimate of the age of the 
infact. 

In the human, the time of chest pain and shock eannot be 
used in a similar fashion. When a victim of coronary disease 
lies say, 8 hours after the onset of acute symptoms, though 
‘one might expect an early infaet to be visible histologically 
or histochemically, not infrequently a demarcated yellow or 
tigroid area of necrosis is present, which must be several days 
old, The following appearances are typical of che stages of 
‘myocardial infarction, though marked divergences from this 
time seale are not uncommon: 


BL For the first 12-18 or even 24 hours, no definite naked- 
eye changes are visible, The first sign towards che end of 
this variable period is oedema ofthe affected area of 
_muscles, which causes pallor as che swollen fibres squeeze 
the blood from the veses cha lie beeween them, The 
‘normal moist lustre ofthe cut surface becomes more 
granular and dull when cut bya sharp knife, Caution 
‘must be used with this Feature, because ifthe scissors are 
used to cut even normal muscle, the erushed edges of 
the fibres will give a similar dry, matt appearance, 

1B From about the end of the first day progressively 
through the second and third, the area becomes better 
demarcated and turns yellow: With breakdown of the 
myocytes, steaks of red appear, being both dilated 
vascular channels and areas of interfbre haemorthage, 
This gives a tigroid’ appearance suggestive of tiger stripes 
across the area, though sometimes the yellow element is 
virtually uniform or the red streaks may fade aera few 
days 

Demarcation becomes mote sharply apparent and 
there may be ated zone in the less damaged muscle 
around the periphery. The size ofthe infaret dependls on 
the means with which itis visualized; the naked-eye size 
is ess than the area detectable by classical histology and 
this in turn is smaller than tha demonstrable by enzyme 
studies, where the more peripheral fibres are sick but 
potentially recoverable 

After a few days, progressing through weeks, the infarce 
becomes sofier and more friable, justifying the old 


same ‘myomalacia cordis. I is at this stage, from about 
the second or third day onwards, that suptures occur 
into the pericardial sac. Some pathology textbooks are 
Jn error in stating that such cardiac rupture oceues in 
carly infarew, 


1B From the third week and later, che centre ofthe infarct 
becomes gelatinous, the colour fading co a translucent 
grey that often subsides below the level of che eut 
surface. This rather mucoid stage may sil have old 
haemorrhage within i, but the stage of healing slowly 
develops and, during the next month or ewo, depending 
upon the size of the infarct, fibrosis replaces the dead. 
muscle to form a sea, Even after this stage, there is 
often a narrow zone around the young fibrous tissue 
that shows muscle necrosis, though special staining or 
enzyme techniques may be needed to demonstrate this. 


‘The laminar infaret goes through the same eycle of 
changes, but this is often less intense. Eventual fibrosis may 
bbe widespread but remains thin, often subendocardial, espe- 
cially on the left ventricular aspect of the interventricular 
septum where a wide glistening sheet may obscure the 
undetlying muscle. The apex also may show widespread 
fibrosis and all muscle may be replaced in this region, some- 
times leading o a cardiac aneurysm on the fee wall. Infarets 
may be transmural, extending from epicardium to endo- 


cardium, or they may be confined to the inner zone. It is 
almost impossible to have an infarcted area confined to the 
outer subepicardial zone because of the topography of the 
coronaty supply. The papillary muscles are usually involved, 
boeing particularly vulnerable to ischaemia as they are at the 
end of the line of coronary supply. The central pare of the 
muscle may necrose and even rupture. Infarction usually 
spares the immediate subendocardal zone, the three oF four 
‘most superficial layers of fibres surviving, even though they 
may show ischaemic damage. They presumably receive 
enough oxygen and nutrients from the ventricular blood 60 
survive, though this does not seem to prevent deposition of 
mural thrombus over the infarcted area, 


Microscopical appearances of 
myocardial injury and infarction 


There are a vast number of publications on this subject 
dealing with morphological changes, classical histological 
methods, enzyme histochemistry, fluorescent studies, 
immunohistocherical methods and transmission and 
scanning electron microscopy. Only a brief summary can 
be offered here, though some of the methods of detecting, 
very early infarction are detailed in Appendix 1 


MORPHOLOGICAL CHANGES 


‘There is marked variation from case w case, just asin the 
gross appearances. The same difficulties exist about assessing 
the time of onset and hence the age ofthe infarct. This may 
sometimes have considerable medico-legal_ importance, 
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Ficume 25.1. Enayme hitachemiiay of nly myocardial damage, 
This photomicrngraph shows strong succinate debydrogenase reaction 
in the myofdnes adjacent ta the endocardium and maderae decrease 
of action elsewhere suggesting early injury. (Original 
‘magnification X100,) 


Ficune 25.2 Fresh myocardial infarction with B-bydrasybutyrate 
ebydrogenase staining showing postive reaction in the myofires 
adjacent toa larger veel seen above as an empty space. The lower 
pars of the picture shows infarcted myofibes with some lipofuscin 
‘but no enzyme reaction. (Original magaifcaton X 160.) 


specially when cardiac disease may have caused a ealfic oF 
other transportation accident — and is sometimes relevant in 
criminal circumstances. In animal experiments, changes in 
‘myocardial fibres become apparent within 30 seconds of 
coronary ligation, the first change being a loss of glycogen as 
the eel shifts from aerobic to anaerobic respiration, This can- 
not be observed in human materia, for obvious reasons, The 
first observable change i subjective and differene pathologiss 
given the same material will offer different opinions on 
‘whether oF not ischaemic damage is visible, Some ofthe eali- 
cst changes are mimicked by autolysis, especially granularity 
of the cytoplasm, The infarcted area becomes swollen, so that 


Ficuae 25.3 Comraction bands in myocardium, (HE, original 
magnification * 500,) 


the interfibre clefis become obliterated, and the overall 
appearance is pinker and more solid in routine sections, Care 
must be taken 10 asess sections of uniform thickness, as 
material from other laboratories may not conform to the 
observers usual quality. Along with swelling, the cytoplasm 
becomes granulas, the ‘cloudy swelling’ of the old texts 

Early morphological changes seen in light microscopy 
are unspecific: interstitial oedema, congestion and small 
hhacmorthages, An overstretching of myofibres with a sar- 
comere lengeh of about 2.51 jm is possible only when the 
fibre is injured. In experimental infarction in the rae and 
the dog sarcomere, overstretching has been observed 
15 minutes after coronary ligation. Cellular infiltration is 
variable and neutrophil infiltration is seen in most infarets 
during the firse few days being replaced by a mononuclear 
response within a week or so, 

Contraction bands, known also as myofibrillar degener- 
ation, and coagulative myocytolysis, are commonly deseribed 
in connection with different pathological conditions. The 
change signifies irreversible myocyte injury. Contraction 
bands are irregular; dense and in haematoxylin and eosin 
(HE) staining eosinophilic transverse bands alternate with 
lighter staining granular zones in the myveyte, possibly fiesly 
described by Smith (1904) in the periphery of myocardial 
infarction. These lesions have been observed in various forms 
of experimental heart muscle injury ane! have been also seen, 
eg. in association with potassium deficiency, magnesium 
deficiency in cases of malignane hyperthermia, in ehe hears 
of drug addicts and in eases of sudden cardi death, 

‘They may also be seen after blune trauma to the chest or 
even cardiopulmonary resuscitation, both where mechanical 
‘massage has been applied and especially where cardiac stim- 
ulants like noradrenaline have been injected. In fact, eat- 
echolamines seem able to cause this fibre disruption, which, 
‘may also appear dusing electrocution and other conditions 
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Ficus 25.4 Conmacton bands i fresh myocardial infrtion 
(PTAH, original magnification %250,) 


of cardiae stress. In sections stained with haematoxylin and, 
cosin, pale areas in the fibre are common as a result of fibro- 
cytolysis and the sarcolemma is often seen to be deficient at 
these sites. Although the change signifies fresh and iere- 
versible myveyte injury and is more frequently observed in 
cardiac death, i is nor specific to the eardiae death, 
Contraction bands are best seen by phosphorungstie acid 
haematoxylin stain and all myocanlial sections should be 
stained in this way as well as— or even in preference (0 — 
haematoxylin and eosin. Phosphorungstic acid haematoxylin 
stain does not reveal ischaemic damage at an eatier stage, but 
renders it far more obvious, Large areas can be scanned under 
low power of the microscope and the danger of missing 
abnormal areas is far less than with haematoxylin and eosin 
‘The striations become distorted and break up, forming either 
4 general ‘sandy’ appearance or the striking ‘contraction 
Inds’ where fragmentation occurs i transverse lines across 
the fibre. The contractile material aggregates into thicker, 
darker masses, sometimes like ‘Chinese writing at first 
within an intact sarcolemma, but later the cell membrane 
ruptures and the basophilic contents scatter extracellularly 
Zonal lesions occur as a region of supercontraction of 
myocytes at che intercalated discs. These lesions have been 
‘observed both in the dog and in humans alter haemorshagic 
shock and the changes have been considered ubiquitous in 
and pathognomonic for hypovolaemic shock, These possibly 
reversible changes have been observed in experimentally 
induced shock in animals 15 minutes after che induction, 
‘The presence of catecholamines is aso considered necessary: 
Fragmentation of myocardial fibres is, at least to some 
extent, practically always present in adult hearts and more 
frequently in the wall of the left ventricle. Although ie has 
generally been associated with post-mortem changes, it has 
also been shown t be more frequently seen in myocardial 
samples from sudden cardiac death victims, Early injury 


Fic 25.6 Fragmentation of myocardial fibres. (HE, orginal 
‘magnification X250.) 


possibly increases the briteness of myocardium, resulting in 
increased fragmentation of myofibres after the fixation and. 
cutting process. This phenomenon has, however, no value as 
«positive marker of myocardial injury: 

Waviness of fibres was noted by Glogner (1903), who 
saw corkserew-shaped myofibres in the heart and skeletal 
muscle in some cases of berber. Similar patchy defoem- 
ation of myofibres in a wavelike fashion was seen in associ- 
ation with fatty degeneration of the myocardium and in early 
and also more advanced human myocardial infaretion. Both, 
in cardiae deaths and non-cardiac deaths it can be observed 
‘more frequently in the wall of the right ventricle. It has no 
diagnostic significance as to the eause of death and it signifies 
only agonal injury 


LATER STAGES 


‘The later sage of infarction follows the 18-24-hour period 
and, 2s by now macroscopic changes will be apparent, the 
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histology is merely a confirmatory procedure, Even here, there 
is great variation in appearances, especially in cellular infra 
tion. There i progressive degeneration of the fibres, best seen 
in longitudinal section. Eosinophila becomes stronger for a 
time until che internal architecture breaks down. The cellular 
‘oedema subsides and interfibre oedema takes over, separating 
the myolibres, a process that becomes more marked as the lt- 
tershrink and fragment 

Loss of nucle is not an early phenomenon but, by the sx- 
fond co fourth days, the nuclei become hollow, shadowy and 
eventually ghose-like, hough nuclear remnants can sometimes 
sill be sen in completely necrotic infures. Cellular infita- 
tion is variable and sometimes does not occur at all, again in 
contradiction to the established descriptions in most text- 


books. In general, however, chere is a neutrophil infiltration in 
_mostinfarets during the frst few days, which subsides gra 
ull and is replaced by a mononuclear response within a week 
fr so, These are mainly macrophages clearing up the debris 
and fibroblasts coming in to lay down new collagen during, 
repait 

By the end of the first week, disintegration of muscle fibres 
is well under way, and new capillaries and fibroblasts are 
appearing, though there are many exceptions to this timetable. 
In general, infarets are older than most observers think, so that 
their age is usually underestimated. By the fourth week, 
depending upon the coal sizeof the infarct ~eaty fibrosis is 
cvidene but still with lacunae of necrotic, unrepaired muscle, 
‘hich heals unevenly and slowly. From this point on there isa 
variable population of cells, leucocytes diminishing in favour 
of fibroblasts, macrophages and new vessel 

Ie is diffcul, if not impossible, wo date such an infaret 
even within weeks, and different parts of the same infaret 
‘may show quite different appearances. Only when sufficient 
time has elapsed forall che lesions to catch up with the end 
stages of firm fibrosis ean one say that probably a minimum 
‘of abour 3 months has elapsed — though again this is depend- 
enton the size and other more imponderable fictors, such as 


age and other concomitant disease. 


HISTOCHEMICAL METHODS 


In haematoxylin and eosin (HE) staining, inereased eyto- 
plasmic eosinophilia is an early form of cellular injury 
partially resulting from increased binding of easin by eyto- 
plasmic proteins. At the pH conventionally used in staining, 
cosin is negatively charged. The binding may increase because 
of greater exposure of positively charged reactive sites along, 
polypeptide chains after their denaturation, The loss of eyto- 
plasmic basophilia usually reflecting detachment and scater- 
ing of polysomes from rough-surfaced endoplasmic cisternae 
is considered as another cause forthe increased eosinophilia. 


‘The intensity of eosinophilia increases, sometimes uni- 
formly, but often in patches with advancing injury. Iti earlier 
and more distinctly seen in HE-stained cryosections and can 
be enhanced by placing a green filter in the light path of the 
‘microscope. Patchy hyperchromasia can be observed in all 
kinds of deaths and therefore it is of limited diagnostic value 
(Care must be taken to exclude the occasional thickened areas 
made by cutting artefuets, which look pinker because of a 
greater depth of cytoplasm. These eatly changes are not ust- 
ally visible in the first 8-12 hous after che (presumed) onset 
of infarction 

Acid fuchsin (AF) was suggested 10 be useful for dem- 
constration of eafly myocardial infarction in man ar in 
imal experiments, but was found to be inconsistent and 


misleading 

HacmatoalnybascFahsin/piei acd stain (HED) was 
claimed to demonstrate easly myocardial ischaemia and to be 
unaffected by post-mortem autolysis. In experiments with isol- 
aed cardiac myocytes in suspension made anoxic by complete 
oxygen deprivation, basic fuchsin was taken up by contracted 
cor damaged myocytes, which, according to their morphology 
in suspension, revealed irregular contractions, but neither by 
undamaged nor necrotic myocytes. However, alter the fist 
promising reports, contradictory results started to accumulate 
and the method has been shown to produce inconsistent 
results and to be unreliable and non-specific and without value 
for diagnostic purposes, 


FLUORESCENT METHODS 


Fluorescent methods have been applied to demonstrate 
carly myocardial infarctions and myocardial degeneration 
in animal experiments as well as in human heart either by 
using a luorescene dye, eg. acrdin orange to stain unfixed 
cryostat seetions or paraffin sections or utilizing the fluor- 
escent properties of eosin in che HE-stained myocardium. 
Intravenously or intraperitoneally injected tetracycline has 
also been used in experimental infarction for demonstes- 
tion of the perfused region in myocardium, Carle (1981) 
claimed that only hypereosinophilic cells autofluoresced, 
but Badir and Knight (1987) found that myocardium that 
hhad normal eosinophilic seining also fuoresced yellow in 
ulteaviolee light; this has heen confirmed by Saukko and 
Knight (1989). 

Acridin orange stained cryasections of intact myocardium 
show golden brown fluorescence which turns into greenish 
fluorescence with increasing ischaemia time whereas eosin 
Auorescence of normal myocardium in paraffin-embedded 
samples show olive-green fluorescence which urns inco yel- 
Jow in injured tissue, Post-mortem autolysis does not seem 
to have any significant effect on the fluorescence but the 
high percentage of wrong positive samples indicates that at 
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least cosin fluorescence is obviously too sensitive injury 
marker capable of demonstrating agonal ischaemic changes 

‘A major handicap common 1 all classical histochemical 
staining methods is that che basis ofthese colour reactions is 
poorly understood. Considering the possible legal implica- 
tions, it is not reasonable to use such diagnastic methods for 
‘medico-legal purposes, when their diagnostic significance, 10 
say che least, is questionable and one does not know for sure 
what the methods are actually measuring 


ENZYME HISTOCHEMISTRY 


Aicr Rutenbug ea (1953) had found large amounts of sue- 
inate dehydrogenase in the myocardium of various species 


icine 25.7 Bright yllowich coin fluorexcence af damaged 
nyofbres (a) corspanding exactly with esinophilia as sen inthe 
HE stained eryesesion (8) ofa fesh myocardial infarction 


using blue tetrazolium as hydrogen acceptor, this method 
‘was also applied to autopsy material and the inactivation of 
histochemically demonstrable succinate dehydrogenase was 
observed in human myocardial infarction. The enzyme histo- 
chemical methods became soon widely applied in animal 
experiments and also to diagnose eatly human myocardial 
infarction in autopsy material Various oxidative enzymes were 
demonstrated ither by incubsting thick myocardial slices in a 
‘medium containing a tetrazolium salt with or without exo- 
genous substrate and coenzyme (macromethods) oF 0 stain 
cryosections observed under the microscope (micromethods). 
Te was assumed that enzyme histochemistry might be, at 
least, a ‘semi-quantitative’ indicator of the actual biochem 
ical activity of a given enzyme and, therefore, a scientifically 
more solid biochemical indicator of myocardial metabolism 
and injury than the previously discussed traditional histo- 
chemical methods. In all, the results between individual 
authors and laboratories have been extremely variable, sug- 
gesting that the situation is nor that simple. Hileunen et 
(1985) assessed the enzyme histochemical methods, used by 
the author (PS) in autopsy material, comparing the enzyme 
histochemical rection with the actual biochemical acitivity 
of the emzymes in a global ischaemia model in an animal 
experiment, The results pointed out that, although the 
enzyme histochemical methods have been named after the 
enzymes, the enzyme histochemical reactivity need not 
necessarily correlate with the actual biochemical setivity of 
the enzyme at all, suggesting that other factors, such as the 
presence of auxiliary enzyme systems or other co-factors of 
the histochemical reaction, may be rate-limiting, This brings 
about the same dilemma as with the conventional histo- 


chemistry: unless che biochemical basis of any given enzyme 


TiGURE 25.8 The size ofa myocardial 
injury depends upon the method used 0 
cdplay it. These ave for eral sections ofa 
eartfom autopsy, stained in different 
sways. Haematosyin and esin stained 
ryosection (a) doesnot reveal any damage; 
the adjacent section (b) i stained for 
malate debydregenase activity and shows 
sarong and uniform reaction. Seton (is 
stained fr succnie debydrogenase and 
reveals varying degree of enzyme loss in 
almost al the eetion the sexi (d) on the 
ight stained for B-bydrxybuayate 
debydrogenase activity reveals lightly larger 
area of damage. (Original 

magnification % 100.) 
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Ficiume 25.9 Patchy a of malate deopdrogenate reaction 
simulating early injury In fact. the injury was caused by artificially 
prolonged agonal period due to respiratory treatment and cardiac 
spacing Tess equally well vcbl in HE staining emphasizing he 
receity of contol raining with conventional method always 
shen more sensitive methods are wed. 


histochemical method is thoroughly understood, i is prec 
{ous to use it for medico-legal purposes, 


IMMUNOHISTOCHEMICAL METHODS 


‘The advances in immunohistochemistry and good results 
in clinical pathology as well as the availability of great 
‘number of new antibodies have resulted in numerous publi- 
cations reporting on potential markers of early myocardial 
injury in both animal experiments and autopsy material. As 
i has been shown that ischaemia damages cell membrane, 
contractile proteins, cytoskeleton and subcellular organelles 
of the myocandium relatively quickly, the search for better 
diagnostic methods has heen directed to various components 
of the myofibre, eg, basement membrane (collagen IV, fibro- 
nectn, laminin), cytoskeletal proteins (actin, desmin, alpha 
and beta-tubulin), cell-matrix focal adhesion molecules 
(vinculin, tain), membrane-associated proteins (dystrophin, 
spectrin), terminal complement complex (C5b-9) and fatty 
acid binding protein (FABP), among many others. In spite 
of the plethora of publications, che results have been rather 
contradictory and/or their practicability difficule 10 assess 
due to shortcomings in test material or desiga, 

In spite of better insights into che pathophysiology of 
‘myocardial injury, the practical problem as to its diagnostic 
significance as a cause of death has not changed: whenever 
myocardial injury has been detected, either macroscopically 
oor by using whatever conventional or more sophisticated 
‘methods, it does not necessarily prove that the injury is 
the cause of death, unless other eauses of death have been 
excluded. The rule-of-thumb is that the more sensitive 


methods are used the greater the probability that agonal 
period and autolytic changes may be difficult w differentiate 
from intravital changes, 


COMPLICATIONS OF 
MYOCARDIAL INFARCTION, 


Ruptured heart 


Ruptured heart is the most common cause of a haemopeti- 


cardium and cardiac tamponade, the ruprure always oveut- 
ting through an infarct. The softened, necrotic muscle gives 
way from the internal pressure of the ventricular blood 
during systole, there being no equalizing rise in external pres 
sure. Hypertension will increase the risk, but a more potent 
factor isa senile, soft myocardium, so thatthe elderly wornan 
isa common victim of a ruptured heart. This by no means 
excludes younger men if the infarct is extensive and trans- 
‘mural. The most common area for eupeuse is the more distal 
part of the free wall of the eft ventricle, The septum occa 
sionally suptures and the consequent left-right shunt, whilse 
the patient survives, provides a classical diagnostic sige for 
the stethoscopes of clinicians 

‘The rupture does not take place in che eatly stages of a 
new infaret, but after day oF ewo when necrotic softening is 
Well established. The blood usually tracks through tortuous 
channels berween muscle bundles, rather than bursting a 
direct fistula from ventricle wo pericardial ste. The infarted 
area may not always be obvious, as the haemorchagie patch 
‘ay obscure it, but histologically the ragged tissues and the 
periphery may be sen to be necrosed, 

Haemopericardium is the pathological condition found at 
autopsy and is not quite synonymous with ‘cardiac tampon- 
ade, which is a clinical state caused by the progressive accu- 
‘mulation of blood within the closed pericardial sac. As the 
external pressure rises, the heart cannot fully expand in dia 
stole to allow filling feom the great veins. As input volume 
falls, so docs stroke output. The venous drainage is dammed 
back so that congestion and cyanosis of the face and neck. 
‘occur, until a fatal endpoint is reached. 


Mural thrombosis 


‘Mural chrombosis almast inevitably occurs when an infaret 
is based upon the endocardium of the left ventricle. Though 
there is usually a thin layer of viable (though sick) cells 
immediately beneath the endocardium, they do nor seem 60 
prevent deposition of platelets and fibrin, 

‘The thrombus is often entwined between the muscular 
bands lining the distal ventricle, which aids its adherence 
When extensive, the thrombus may fill che entire apical area 
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of the ventricle, The layers nearest the endocardium are natu- 
rally che oldest, and visible strata (lines of Zahn) are often vis 
ible. The youngest layers on the surface are less organized and 
_more friable, so fragments tend to break off and form emboli 
that enter the arterial circulation, and can cause infarcts in 
‘kidney, brain, spleen and even the myocardium itself 


Pericarditis 


Pericarditis occurs with full-thickness (transmural) infarets 
that form the most common cause of pericarditis in 
‘Western communities. The visceral pericardium becomes 
purple-red asa result ofthe infarct beneath, with a vascular 
blush on the surface. Granular fibrin deposit eauses the sur- 
face to lose its glistening sheen, and strands of fibrin may 
link the visceral and parietal layers together. When healed, 
fibrous adhesions may form which ean obliterate part or 
even all ofthe pericardial sac. 


Myocardial fibrosis 


Myocardial fibrosis has already been described, healed 
infarcts being replaced by dense collagen, as new muscle 
cannot be formed. Large plaques from healed infarcts can 
beanywhete in the left ventricle, depending on the vessels) 
that were occluded. The septum and the posterior wall are 
‘more common sites than the anterolateral wall, though the 
latter is by no means exempt. Often the fibrotic plaques are 
‘multiple or irregular, being scattered throughout the ven- 
tricular wall, 

Diffuse 
there is negligible coronary narrowing. This may be in part 
the result of ventricular hyperteophy in hypertension, which 


oss is common in elderly people, even when 


causes a relative ischaemia, but many old hearts with no 
enlargement (indeed, atrophy) reveal patchy fibrosis, either 
macroscopically or microscopically. In che later ease, the 
fibrosis is often perivascular in situation, 


Cardiac aneurysms 


Cardiac aneurysms occur where a large area of fibrosis 
replaces a previous transmucal infarct, usually on che distal 
pare of the lice wall of che left ventricle. During systole, the 
evity blood presses outwards onto the unsupported area 
and geadually herniates ic into the pericardial 
lar aneurysm develops and may undergo various changes, 


c, A saccu- 


including calcification ofthe wall, adhetence tothe parietal 
pericardium, or filling with laminated thrombus. The 
aneurysm wall is ugh and fibrous and, though lacking in 
clastiity, almost never tupcures ~ again conteadieting some 
of the dicta of pathology textbooks 


FIGURE 25.10 An infree of belated wall of he lf ventricle of 
‘between Sand 10 hours duration. Ic hasbeen rendered visible by 
staining she heart slice with riphenylerazaium chloride, which 
alors the normal myocardium red by he activity of tissue 


ebydrogenases The infarted area remains unstained. The infretix 
virtually transmural, hough some subepicardial fibres sureives the 
papillary muscle is particularly vulnerable being atthe sal end of 
‘the coronary supply 


CAUSE OF DEATH IN CORONARY 
INSUFFICIENCY 


‘Most sudden deaths from coronary insufficiency do not have 
myocardial infarction, even when the most sophisticated 
techniques are employed for its detection. Neither do the 
majority have 2 coronary chrombosis, though severe cor- 
‘onary stenosis is by definition present. 

“The rare case of myocardial infarction with only moderate 
for even minimal coronary atheroma has to be relegated 60 
the realms of mystery in the present state of knowledge, 
unless some embolic cause can be found. Same pathologists 
invoke ‘spasms’ ofthe coronary arteries when the vesels show 
‘minimal atheromatous stenosis, bue this is a hazardous diag- 
nosis for a pathologist to make. Though spasm is certainly 
scen by clinicians when performing cardiae catheterizations 
or cardiac operations, it can never be a morphological diag- 
‘nosis at autopsy for obvious reasons 


In most sudden ‘coronary’ deaths, the usual autopsy find- 
ing sof severe, long-standing stenosis sometimes with foci of 
complete occlusion from a ruptured plaque or a subintimal 
haemorrhage. There may often be partial thrombosis, in ehat 
a plaque or narrow segment may have mural thrombus chat 
further narrows the lumen, though does not totally occlude i 

“There is macroscopic and microscopic evidence of myocar- 
dial fibeosis in many ofthese cases. This may ether be a large 
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25: The pathology of sudden death 


plaque of sear tissue atthe site of a previous focal infarce or 
more diffuse fibrosis, There may be fibrosis subendocardially 
and in the papillary muscles. In many of these sudden deaths 
there is no naked-eye or even microscopic evidence of any 
new lesion in the coronary system or myocardium, so why do 
they die? 

Death must be ascribed toa chythmical defect, ether chan 
Joss of mechanical pumping power. Myocardium and espe- 
cially the pacemaking and conducting system, is vulnerable 
to ischaemia and hypoxia. Disturbances of ehythm, from 
ectopic beats to atrial fibrillation through to ventricular fib- 
rillation and cardiac atest, may occur, a8 well as heart block 
and the many other clinical manifestations of ischaemic heart 
disease from whatever cause. In addition, many vietims are 
hypertensive and left ventricular hypertrophy exacerbates 
their relative coronary insufficiency. Anyone with a heart 
weighing mote than 450. is a candidate for sudden death, 
with oF without coronary artery stenosis, The mechanism of 
this sudden type of death, where there is no large infart, 
scems 10 be a state of electrical instability from chronic 
hhyponia, so cha sudden steses (such as exercise or emotion) 
can suddenly cause the arrhythmias mentioned above, 
though it muse be said that death can occur without any of 
these fictors while ehe vii is asleep or at rest. Ie is known 
thatthe myocardium is sensitive wo catecholamines, this being 
a physiological response 10 intrinsic adrenergic hormones. 
Excess catecholamines given parenterally can cause arrhyth- 
‘mias and even contraction-band damage to the myofibrils 
‘Certain other drugs, such as organic solvents, can sensitize the 
‘myocardium co even physiological amounts of noradrenaline, 
leading to ventricular fibrillation and sudden death, 

‘Those with fibrosis in the myocardium may have the 
additional risk of interruption of the conducting system, 
which may give some degree of heart block or defect in the 
spread of the contraction impulse, rendering them more 
prone to archythmias and arrest. This is especially so where 
a large fibrotic plaque occupies the interventricular septum, 
as here the left bundle branch penetrates to supply the 
apical region and may be strangled by dense fibrosis, 

‘Where there isa recent coronary thrombosis, the absence 
of an infarct may mean that insufficient time has elapsed for 
itt become apparent, but of course the pumping eiciency 
will be compromised and the risks of electrical disturbance 
will already be operating, so that all the problems listed 
above exist. The other reason for lack of an infarct iy an 
adequate collateral circulation bus, even though necrosis is 
avoided, a new coronary occlusion can only further worsen 
the ischaemic and hypoxic state of the myocardium, with all 
the potential consequences of electrical instability 

Lf chere isan infact, then again all the above dangers exist, 
but there is the added liability ofa loss of mechanical pump- 
ing function, which, witha large infarct, may be s substantial 


ee 


Ficus 25.11 Extensive myocardial fbrocic occupying the 
interventricular xpeum and apes ofthe heart with revere occlusive 
diseate ofthe anterior descending branch ofthe lef coronary artery 
Near the apes all the muscle hasbeen replaced by sar tise, This 
‘ype of lesion is particularly prone cause sudden death, aswell as 
einically apparent djsrhyomiay, asthe septal fibrosis interrupts the 
‘efi bunale branch ofthe cardiac conducting stem. 


proportion of the whole cardiac output, leading 10 overt 
Jow-output failure during which sudden death can supervene 
at any time, In addition, the risks of sequelae of myocardial 

infarction, such as rupeure and embolism, are ever present. 
‘The role of the conducting system in sudden cardiac 
is attracting increasing interest, espe- 


deaths is one wi 
cially as new histological and immunohistochemical tech- 
niques are becoming available. A revised sampling 
technique, described by Song et al (1997), uses longitudé 
nal sectioning, reduces the workload and allows observa- 
tion of continuity between different components of the 
cardiac conduction tissue. Ie demonstrates the sino-atrial 
(SA) node, the atrio-ventricular (AV) node and the distal 
part of the His bundle and the bundle branches of the ear- 
diac conduction system in 4-5 blocks. However, although 
a significant number of abnormalities can he recognized, i 


is usually difficult or impossible to relate morphology to 
funetion. The fact that an AV or SA node, ar the bundle of 
His or its branches shows fibrosis or some other lesion, 
does not necessarily mean that this played any part in the 
death. It has been shown that the conducting system is 
remodelled with advancing age — and many deaths from 
obvious extracardiae causes reveal lesions in the conducting, 
system when studied at autopsy. Nevertheless, new know 
ledge now being accumulated about the conducting system 
‘may become useful in investigated sudden cardiac deaths, 
as it is obvious that a high proportion of these fatalities, 
which have no recent acute lesion demonstrable in the 
coronary arteries or myocardium, are due to arrhythmias 
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and functional arest, in which abnormalities ofthe propa 
gation of the pacing impulse may be important. James 
(1996) has suggested chat apoptosis, the programmed cell 
death, might be a logical explanation and responsible for 
histological abnormalities of the cardiac conduction system 
in sudden deaths due wo progressive development of com- 
plete heart block and various arshythinias 


HYPERTENSIVE HEART DISEASE 


Hypertension may kill in a number of ways, such as by 
renal failure, ruptured ancurysm or cerebral haemorthage, 
bur here we are concerned with primary heare failure, a 
quite common cause of death, During life, the clinieal syn- 
drome of ‘ardiac asthma’ or ‘paraoxysmal nocturnal dys- 
pnoed’ is caused by pulmonary oedema from hypertensive 
left ventricular failure, The same oedema iy a marked fea- 


ture ofthe autopsy on fatal hypertensive heart disease. 

Because there is an aetiological connection between 
hypertension and coronary atheroma, the ewo conditions are 
often present together in a victim of sudden death, making 
ir dificule to separate the myocardial consequences of each 
component. Sufficient ‘pure’ deaths from hypertensive heart 
disease are available where there is no concurrent coronary 
disease, however, to establish the effect ofthe former on the 
‘myocardium. When the left ventricle has to work against a 
higher pressure in the systemic arteries, the muscle fibres 
hypertrophy. They cannot increase in number, but they 
increase in lengch and thickness, with irregularity and 
enlargement of nuclei, This fibre enlargement leads 10 
increase in the mass of the left vencrice, the well-known 
‘concentric hypertrophy’ of hypertension, 

IF 360-380. is taken as the upper limit of heare weight 
for an average size man, then hypertensive disease may 
produce hearts of 500-700 g, Hearts larger than this usually 
hhave some other cause, such as valvular disease or a car 
diomyopathy. Though it is sometimes denied that hyper 
tension can cause sudden death, most forensic pathologists 
would strongly disagree, all having performed numerous 
autopsies where no other reasonable explanation existed. 
‘The usual picture is of marked pulmonary oedema fluid 
running frely from the cue surfaces of che lungs because of 
terminal failure of the eft ventricle slightly prior co right 
ventricular arrest. This causes a rapid rise in pulmonary 
artery pressure and consequent transudation across the 
pulmonary alveolar membranes 

‘There may not always be evidence of hypertension in the 
often sparse history available at sudden death, but the pres- 
ence of concentric hypertiophy in the absence of valve disease 
or a cardiomyopathy — together with characteristic changes 
in other vessels and organs, such as the kidney ~ is strong, 


Ficiune 25.12. Concentric hypertrophy ofthe ee ventricle in a 
person with cardiomegaly fram hypertension. The slice has been 
stained with wiphenyleracolium chloride to reveal dedrdrogenase 
sctvity: some motled area, expecially inthe sepeurn, show pallor 
fom reduced enayme activity ar arta of relative ischaemia of the 
increased male mas 


evidence of raised blood pressure. Sometimes the overall 
weight of the heart may be normal, yet there is relative left 
ventricular thickening; this again suggests hypertension. In 
the hearts of aged people, the usual atrophy — with tortuous 
surface vessels — may be concealed by a left ventricular hyper- 
trophy, keeping the heart at normal weight. 

‘The existence of hypertensive heart disease as a specific 
entity was strengthened by some investigations published by 
the author (BK) in 1973, in which ie was shown that gross 
enzyme deficiencies exis inthe inner part of the wall of the 
hypertrophied left ventricle, This lesion is not specific 10 
hypertension, but is seen whenever the left ventricle is 
enlarged, notably in aortic valve disease In severe instances, 
the defect in dehydrogenase activity extends from endo- 
cardium almost co the epicardium, there being only a narrow 
zone of normal activity. In some ways this defect i similar to 
the laminar infaree of coronary artery disease 

In pure hypertension and aortic valve disease, the cause is 
a relative ischaemia of the inner zone of the ventricular wall 
caused by insufficiency of coronary blood supply compared 
with che demands of the thickened ventricular mass, The 
reason for the laminar distribution is the anatomy of the 
coronary supply, graphically described by Farrer-Brown 
(1968, 1977). The various levels or strata of che ventricular 
wall hve differen arterial patterns. The subendocardil zone 
is supplied by arteries with many branching terminations 
that provide a profuse and concentrated blood supply: A sec- 
cond set of vesels passes straight through the ventricular wall 
without division ~all che coronary supply coming, of course, 
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from the epicardial surface, This set serves the papillary 
muscles and trabeculae carnae, while a third group tends to 
run circumferentially parallel and below the epicardium, giv- 
ing branches both outwards and inwards, 

Farret-Brown found that the termination of these vesels 
were of two types, as they divided into arterioles and then 
capillaries. The direction of ee treelike branching in the sub- 
endocardial zone continued in the genera line of the main 
artery. The area of myocardium supplied by these branches 
‘was small. This was in contrast to the pattern in the mid- 
zone ofthe wall, where dhe branches turned at an angle to the 
‘main artery and then divided to supply a much wider area of 
‘myocardium that was supplied by the terminal branch in the 
subendocardial zone. These anatomical differences suggest 
that the vesels in che midzone each have w supply 
a larger volume of muscle than in che other layers, This 
might well explain the greater vulnerability of this central 
zone to hypoxic changes, as indicated by reduced enzyme 
activity and the occurrence of laminar necrosis. In actual 
practice, the inner zone also suffers, apart from the immedi- 
ate subendocardial layers, but the superficial subepicardial 
zone is almost always spared. The rationale of damage to the 
‘myocardium in hypertensive heart disease, 
sis, would appear to be a relative corona 


nsufliciency. In 
pte coronary artery disease, part of a normal-sized myocar- 
dial mass is rendered ischaemic by localized reduction of 
blood flow by 2 coronary stenosis or ocelusion, the resulting 
necrosis being distributed in a focal pattern according to the 
location of the block. 

In hypertensive heart disease, normal coronary arteries 
attempt to supply a much larger musele mass, so that there is 
the same imbalance between supply and demand, As there is 
‘no Focal blockage, however, the resulting lesion is diffuse and. 
the areas that suffer most are those in the mid and inner 


zones, probably because of the microanatomy of the vessels, 
described above. The same type of lesion may be seen in any. 
severe sustained hypotensive episode of extracardiac cause, 
though the early onset of death in many 
clude the development of morphological 
‘myocardial damage. 


SUDDEN DEATH IN AORTIC 
VALVE DISEASE 


A similar situation exists with aortic valve disease in which 
stenosis rather than incompetence can lead to sudden death. 
“Most of the lesions are primarily degenerative, the common- 
cst being ‘idiopathic calcific aortic menosis’, most often seen 
in elderly men, Aortic stenosis of rheumatic origin always 
affects the mitral valve before the aortic, so a solitary aortic 
lesion cannot be ascribed to rheumatism and is therefore of 


Ficuns 25.13 Galeifc aortic stenosis common cause af rudden 


unexpected death epecialy in older mew. Though the senaced valves 
ae often biscupi, the steness oie deforms normal vals, asin this 
illustration, Marked left venriclar bypertophy usualy ensues, the 
age muscle mau becoming ichacra, especialy inthe inner layers 


the primary degenerative type. Rheumatic valve disease is 
becoming rare, both with the decline in rheumatic fever and 
the frequency with which valve lesions are treated surgically 
atan eatlier stage, before marked ventricular hypertrophy and 
its myocardial lesions are evident. 

In the common calcific disease, the valve is thickened and 
rigid, with fusion of the commissures in most cases. There 
‘may be large, irregular excreseences on the cusps and in the 
sinuses behind, At a later stage, the whole valve may be an 
almost unrecognizable, chalky mass, with a lumen barely 
wide enough to admit a pencil. This type of valve may have 
been biscuspid from birth, a condition thae undoubtedly 
encourages calcific degeneration, Many stenotic and appar- 
ently bicuspid valves are not truly bicuspid, however, but 
appear so because the degenerative process has destroyed oF 
obliterated one of the commissures between the cusps. This 
ray often be demonstrated by the fact that a tace of the 
commissure may still be sen, or by the fact that the two sur- 
viving cusps are not equal in size, the commissures being 
placed at 120° rather than 180°. 

‘A tight aortic valve, from whatever eause, obstructs the 
outflow tract of the left ventricle and causes the muscle to 
hypertrophy in order to eject the same stroke volume 
through a narrower orifice. In addition, if there is asociated 
regurgitation, further extra work has to be performed to 
attempt to throw out the refluxed blood. 

‘The effec ofa severe aortic stenosis in relation to sudden 
death is to enlarge the lefe ventricle to sizes even greater 


than those seen in hypertension, Some of the biggest hearts 
(excepting some cardiomyopathies) are seen in aortic valve 
disease, going up to 800g or ~ exceptionally ~ 100g. 
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Another effect of a tight valve is to lower the perfusion 
presure in the coronary arteries, which is made worse if 
there is also an element of regurgitation. It is the diastolic 
pressure in the proximal aorta that feeds the coronary sup- 
ply, as during systole the contraction of the heart prevents 
flow in the intramural arteries. A less common effect may 
be the distortion of the coronary ostia by calefic masses in 
the sinuses of Valsalva and the wall of the root of the aorta, 
which can partly block the entry into the coronary vessels. 
‘The combination ofa large myocardial mass and decreased 
coronary flow is often made worse by concomitant cor 
nary atherosclerosis, so the propensity of victims of aor 
valve disease to drop dead is considerable, Elderly men are 
the most frequent victims, Lesions of other heart valves 
seldom cause sudden death as an isolated cause, though the 
‘more chronic cardiac dysfunction — mainly congestive 
cardiac failure — caused by them may end life rather abruptly 
fon oceasions. Rheumatic mitral stenosis is one such lesion, 
but perhaps a more direct mitral eause of sudden death is 
the floppy’ valve usually seen in old age. 


SUDDEN DEATH FROM THE 
CARDIOMYOPATHIES 


‘There is a heterogenous group of diseases of myocardium 
associated with cardiac dysfunction known asthe ‘cardiomy- 
copathies, which, though of mixed and often uncertain aeti= 
ology, have sufficient in common pathologically to metit a 
special identity. As chey account for the second largest num- 
ber of sudden deaths afier coronary artery disease, i. about 
10-15 per cent of all sudden deaths of cardiae origin, they 
are briefly described here, though specialized texts and 
papers on cardiac pathology should be consulted for details 
‘The outstanding feature is a large heart in the absence of 
hypertension or valve lesions. The victims are usually young, 
ads, partly because in older groups in which there is athero- 
sclerotic coronary disease and also hypertension, these over- 
lay the cardiomyopathy and make the diagnosis diffieule or 
impossible. The only exception is if there iy definite histo- 
logical evidence or if the heart weight is excessive (over 700g) in 
the absence ofa valve defect. Cardiomyopathies ae the most 
common cause of heart flute and are an important cause of 
death in children and adults. According to the Report of the 
1995 World Health Organization/oternational Society and 
Federation of Cardiology Task Force on the Definition and 
Classification of Cardiomyopathies, they are classified into 
the following main types: dilated, hypertrophic, restrictive and 
archythmogenic right ventricular cardiomyopathy, 

Dilated cardiomyopathy (DCM) is the most common 
cause of congestive heart failure, The annual incidence 
varies, depending on the diagnostic criteria, from ewo 10 


Fics 25.14 Myofibre disarm in lypertophic candiomyopatty 


ight cases per 100 000, Around 30-40 per cent of them are 
familial (FDCM), but it may also be idiopathic, viral, 
immune or toxic, eg. aleoholic. Idiopathic dilated cardio 
myopathy (IDCM) is characterized by dilated ventricular 
chamber and reduced contractility without coronary, valvular 
or pericardial disease. Histology is non-specific; however, viral 
genome has been identified in 10-34 per cent of patients with 
dilated cardiomyopathy. 

Hypertrophic (obstructive) cardiomyopathy was first 
described in medicolegal autopsy material by a London foren- 
sie pathologist, Donald Teare, in 1958, Although he noted 
and described asymmetrical hypertrophy of the interven- 
ticular septum, so that a bulging pad of myocardium partly 
obstructed the left ventricular outflow tact, this cardio- 
myopathy is predominantly (75 per cent) a non-obstructive 
disease and, hence, hypertrophic cardiomyopathy (HCM) is 
row the preferred name, Ie is a primary sarcomere disorder 
characterized by left and/or right ventricular hypertrophy. 
and, in most cases, inherited as a predominantly autosomal 


disease tis caused by mutations of any of the genes encoding, 
the proteins of the cardiac sarcomere, 

Between 20 and 30 per cent are familia, and the condi- 
tion may occur at any age from infancy to senility, though 
the majority of deaths occur in early middle age. The weight 
of the heart may range from a high normal a 400 g, to 800 g 
cor even  kilogeam, More striking chan the total weight isthe 
left ventricular preponderance, which is often maximum in 
the proximal septum, as described above 

Hiscologically the myocardium shows ieregular-sized, 
large fibres with nuclear pleomorphism. Though once 
thought to be a chabdomyoma ora hamartoma, or aberrant 
adrenergic tissue, the septal bulge usually shows a bizarre pat- 
tern of fibres, with loss of che onderly strata and replacement 
by a cris-crossing, confused architecture of muscle bundles. 
Interstitial fibrosis is common, and ~ though there may be 
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an increase in interstitial cellularity — inflammatory infilerate 
isnot seen, as it would be in an active myocarditis, 

Restrictive cardiomyopathy is, according to che WHO 
report, ‘characterized by restrictive filing and reduced dia- 
stolie volume of either or both ventricles with normal or 
‘near-normal systolic function and wall thickness, Increased. 
interstitial fibrosis may be present’. It may be idiopathic oF 
associated with other diseases such as cardiac amyloidosis, 
cardiac hacmochromatosis or endocandial fibroelastosis with, 
‘or without hypereosinophilia, 

Arhythmogenic right ventricular cardiomyopathy (ARVC) 
isa primary myocardial disorder characterized by progresive 
fibrofatty degeneration of right ventricular myocardium, 
archythmias and risk of sudden death. In addition to familial 
autowmal-dominant disease with variable penetrance and 
polymorphic phenorype, two autosomal-ecesive forms of 
ARVC ate known. 

‘The WHO classification includes further two groups of 
cardiomyopathies: 


I specific cardiomyopathies that are asociated with 
specific eandiae or systemic (ischaemic, valvular, 
hypertensive, inflammatory, metabolic, general systemic 
eg, connective tissue oF neuromuscular disorders) and 

BL unclassified cardiomyopathies, which do not fit 
readily in any group, eg. fibroclastasis or isolated 
nnon-compaction of the ventricular myocardium 
(INVM), a rare disorder characterized by excessively 
prominent trabecular meshwork, ventricular 
arrhythmia and systemic embolism, 


Myocarditis 

Many infective diseases produce an acute myocarditis, 
which may be the immediate eause of death. A prime 
example is diphtheria, bur this has virwally no forensic 
relevance. More important is ‘isolated myocarditis), where 
the condition is primary and usually of unknown aetiology. 
Ie-was formerly [and some recent results from an ongoing, 
study by the author (PS) suggest, that ie still i] a much= 
used and overused autopsy diagnosis, especially where no 
105s lesions could be found. Known by a variety of names, 
such as ‘Fiedler’ or “Saphies’ myocarditis, is incidence was 
sald to be appreciable in victims of sudden death ~ and it 
‘was incriminated as the cause of accidents on the road and. 
in the air that had been attributed to driver or pilot ineap- 
acity. In forensic pathology some 20-30 years ago, it 
became a fashionable’ diagnosis on rather equivocal histo- 
logical criteria. It was then found that many victims of 
‘trauma where death was rapid and where cardiac incapacity 
could not possibly be a causative factor in the accident, also 
had foci of mononuclear cells in the myocardium. 


A asciortes 


weeny 


Fic 25.15 Seve difve lmphacytic myocarditis wih 
desructon of myocytes (HE, orginal magnification 10.) 


Stevens and Ground (1970), afier finding six cases of 
myocarditis in 263 aie pilots, when none of them could 
have been affected by a cardiac event, looked ata consider- 
able number of other accidene victims in cireumstances in 
which disease was obviously uneelated to the trauma. They 
found about 5 per cent of young men had lesions otherwise 
histologically acceprable as ‘myocarditis| and concluded 
that ic was an unsafe diagnosis o use forthe cause of death. 
‘Their histological minimum criteria for acceptance was one 
focus of 100 or more cells oF many foci of half that size. 
Groups of lymphocytes, especially subepicardial of 40 or 
fewer cells, were disregarded. 

In Australia, Tongue eal. (1972, 1977) did similar stud- 
ies, but used whole transverse sections of ventricles at up ¢o 
18 levels in each heart, Their results showed that the more 
cewensive the search, the greater the number of foci dis- 
covered in deaths that had no circumstantial relation 10 a 
sudden cardiac death. Using 18 full sections, they found 
that 90 per eent of the accident victims had “myocarditis 
lesions and suggested that, if the search was extensive 
enough, it could probably be brought up to 100 per cent, 

The Dallas Classification System was proposed by eight 
cardiae pathologists in an attempe to provide the practicing 
pathologists with easly applicable and uniform criteria for 
the diagnosis of myocarditis in endomyocardial biopsies 
(Arete etal 1987). By this definition, the diagnosis of myo- 
carditis can be made only if myocyte necrosis or degener- 
ation or bodh are associated with an inflammatory infiltrate 
adjacent to the degenerating or necrotic myocytes. A semi 
quantitation of the amount of inflammatory infiltrate was 
suggested as mild, moderate, or severe and ity distribution 
characterized as focal, confluent, o difuse. The composition 
of inflammatory infiltrate, Le, the presence of lymphocytes, 
neutrophils, eosinophils or giant cells was suggested for 
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differential diagnosis of the aetiology, According to Feldman 
and MeNamata (2000) the Dallas criteria probably under- 
cstimate the rue incidence of myocarditis, 

‘Among the great variety of infectious agents, viruses have 
sportant cause of myocarlitis. The 
molecular biological techniques such as polymerase chain 
reaction (PCR) and in situ hybridization have provided new 
diagnostic possibilities and viral genome has been detected 
both in myocardial biopsies as well as in autopsy material 
However, the detection rate and the viruses identified have 
varied markedly according to the study. In addition, drugs 
‘may cause myocarditis, ether through dieet toxic orimmnune= 
mediated mechanism. 

Probably, the position now to be accepted is that unless 
‘multiple, florid foci are found, with myofibrl necrosis seen, 
using special stains ifnecessary, bland mononuclear foci that 


been considered as 


are purely interstitial and not involving muscle fibres must 
be disregarded. The presence of myofibre necrosis, however 
localized, would appear the most important confirmatory 
criterion. Where stenotic coronary artery disease exists, ican 
be difficult or impossible to differentiate the resulting cellu- 
larity, fibrosis and fibre necrosis from that of a myocarditis 
A disease process that may wel have been underestimated 
in the pathology of sudden death is cardiac sarcoidosis, Unless 
routine histology is earied out on every sudden death, this 
diagnosis will be missed (Fleming 1988) as will a considerable 
‘number of myocardial amyloidoses, which need special stains 


DEATH IN OLD AGE - THE SENILE 
MYOCARDIUM 


In many autopsies on old persons, no specific lesions can be 
discovered that provide a clear cause of death, In the increas- 
ingly aged population ofthe developed nations, this problem 
becomes a more frequent task forthe pathologist. The history 
of the mode of death then becomes particularly important, 
as it may give some clue as to which area of the indeter 
‘minate lesions should be given priority in deciding on a eause 
of death. For instance, if there is moderate coronary artery 
disease, then if the person died with sudden breathlessness or 
chest pain, rather than slowly fading away, more credence 
‘would be given tothe coronary esions. Many old people have 
good, patent coronary arteries, however, even ifthe walls may 
be ealeified — if they did not have such good vessels, they 
probably would not have lived to 88 oF 95 years, anyway. 
‘Where nothing other than general senile atrophy of most 
‘organs is found and the history is unhelpful as wo a specific 
mode of death, as long as the pathologist can exclude any 
unnatural cause, then iis quit legitimate to ascribe the death 
to ‘myocardial degeneration due to senility’. The WHO’ 
ICD-10 (International Statistical Clasification of Diseases 


and Related Health Problems, Tenth Revision, Geneva 1992) 
provides a code for such a disease even though many cardiac 
pathologists seem reluctant to agree to its existence, wishing, 
always 0 find some more specific disease process. In the 
authors’ view, senile myocardial degeneration is quite accept- 
able, given exclusion of other causes. Senile hearts are usually 
small, hue hypertension may have enlarged the ventricles long, 
ago and the residual effect ofthis may be to sustain the heart 
ata normal weight. More important isthe appearance of the 
heart, which is brown on the surface and in the muscle and is 
flabby and soft. The thumb ean be pushed into such muscle 
at autopsy withoue difficulty. The weight may be down t0 
300 gor even 250 g, if no previous hypertrophy has existed, A 
good indication of cardiac atrophy is the presence of tortuous 
coronary vessels on the epicardial surface, especially the anter 
jor descending branches, These may meander markedly, as 
the myocardium has shrunk, the apex has contracted nearer 
the base and so the vessels have to corrugate to fit into the 
diminished space. 

“Microscopically, the myocardial fibres are uneven in size, 
there may be a fine, diffuse fibrosis, which is not ischaemic 
in origin and the nuclei of the myocytes have prominent 
clumps of lipofuscin pigment at their poles. Unfortunately, 
none of these features is diagnostic of the cause of death, as 
other old persons dying of quite unrelated causes, such as 
trauma, might have equally poor heart muscle. 

‘The justification for considering that senile myocardial 
degeneration isa valid cause of death comes from the species 
life span of different animals. Even without lethal spec 


disease, each species has a fairly uniform lifespan, the human 
being some 70-90 years. No one lives to 150 years, so there 
_must be some limiting factor; as cardiae function isthe most 
immediate arbiter of survival, it seems reasonable to indict 
hheart contractility asthe primary factor. All issues age, but 
senility ofthe spleen or thumbs does not have the immediacy 
for life support posessed by the myocardium. 


SUDDEN DEATH FROM RUPTURE 
OF AN ANEURYSM 


‘The most frequent extracardiae cause for sudden death arise 
ing in the cardiovascular system isa eupture of an aneurysm, 
almost always of the aorta ora cerebral vessel, Aortic aneurysms 
ate of three types, all capable of catastrophic rupture 


‘The atheromatous aneurysm 


The atheromatous aneurysm is the most common and is 
seen mainly in the abdominal segment of the aorta. Though 
atherosclerosis affects the whole lengsh of che aorta, itis 
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usually worse below the diaphragm, probably because of the 
haemodynamic effects of the larger branches that come off 
in chis segment. Turbulence and ‘Venus’ effects are known 
to localize the development of fay streaks and atheroma 
tous plaques, as they are seen fist around the ostia of the 
intercostal vessels and become particulaely severe at the 
‘major bifurcation into common iliac arteries. ‘Though 
aneurysms can develop at any point in the aorta, most are 
below the diaphragm. Excepting dissecting ancurysms, 
hhowever, any aneurysm in the thoracic segment is still more 


likely 10 be atheromatous than syphilitic, even though 
syphilis is vireually confined to the aortic arch. Most athero- 
matous aneurysms are fusiform or saccular, the bulge being 
either symmetrical about the axis of the vessel or more 
commonly bulging out more on one side chan the other. 
Progressive destruction of the media by the fibrolipid 
degenerative processes of atherosclerosis leads to weakening, 
of the aortic wall, Bulging caused by the continuous internal 
blood pressure begins aided by the hypertensive tendencies 
of later life. The damage or complete destruction of the 
intima leads o platelet and fibrin deposition, so that mural 
thrombosis is laid down in the expanding ancurysm, This 
‘may partly or wholly fill the sac, being many centimetres 
thick in some instances, with wellemarked strat 
called the ‘lines of Zahn. The wall of the ancurysm may 
contain calif fragments similar to the adjacent artery wal. 

Mose aneurysms remain intact throughout life and are 
found as incidental findings at autopsy. Naturally he inci- 
dence of ruprured aneurysms is greater in medieo-legal autop- 


sies by reason of the selective population of sudden deaths. 
‘When rupture occurs, the weakest poine of the wall is pene- 
trated by the contained blood and this usually leaks out into 
the retroperitoneal tissues, rather than free bleeding into the 
peritoneal eavity. The blood tracks behind the mot of the 
mesentery and around the kidney. A large peritenal haem- 
aroma may form but, more often, the obvious ite of bleeding, 
isin ehe centre ofthe back of the abdomen. The diagnosis is 
usually quite obvious as soon as the autopsy begins for, as 
soon as the abdomen is opened and the intestine moved 
aside, a dark red mound may be seen projecting forwards over 
the lumbar spine, bulging at the root ofthe mesentery 

‘The development ofa successful technique for the repair 
of many such arterial defects has reduced the death rate, 
though there is a substantial perioperative mortality, often 
because the patient i virtually moribund when the operation. 
begins, or because gros calcification and degeneration of the 
remaining aortic wall makes ie technically impracticable. 


The dissecting aneurysm 
Rupture of a dissecting aneurysm of the aorta is much less 
common than the atheromatous variety and seems to have 


decreased even more during the past decade. It is stil by no 
meansan uncommon cause of sudden death, however, and is 
the second most frequent cause of a haemopericardium and 
cardiae tamponade. Whereas atheromatous aneurysms are 
usually in the abdomen, the dissecting aneurysm can span 
the whole lengeh of the vessel from iliac artery to aortic valve, 
though che main effects ate usually manifest in the thoracic 
segment. ; 

“The basic lesion is degeneration of the aortic media, the 
so-called ‘medionecrosi, ‘The thick elastic media becomes 
degenerate and eystc inthe central layers, producing a vessel 
wall ikea sandwich with a soft cleavage plane in the middle. 
This defect is of unknown aetiology and affects both the 
clastic and muscular elements of the media, It is relatively 


common over the age of 50, especially in men, Many aortas 
scen at autopsy have this degeneration, but no ancurysins, as 
they never develop because the blood fails to enter the poten- 
vial cleavage space from the lumen of the aorta 

Tn most cases where a dissecting aneurysm has caused 
death, the blood has broken through from the lumen through 
atearin an atheromatous plaque, which isa quite separate dis 
case process existing in parallel with the medioncerosis. When 
blood enters the medial cleft under high arterial pressure, the 
two layers of che media are splic apart and the diseetion may 
rapidly travel both upwards and downwards in the aortic wal 
‘The upper component may split its way around the arch and 
beyond the attachment of the pericardium, Here, ust above 
the aortic ring, the dissecting haemorrhage often bursts 
through the remaining ower media and adventitia into the 
pericardial sac. This causes a massive hacmopericardium and 
the cardiae tamponade described earlier in relation wo rup- 
tured myocardial infarct, The distal extension may travel 
down to the iliac and even fernoral arteries, sheathing them in 
blood, Rarely, in a patient who survives a dissection, the see- 
‘ondary lumen formed in the cleavage plane may rupture back 
into the main aortic lumen, thus forming a ‘double-barelled 
aorta, x curiosity occasionally found at autopsy. Death usually 
‘occurs from cardiac tamponade, but some dissections do not 
burst into the pericardium. Here death is by a less obvious 
‘mechanism, which may be partly the sudden narrowing of the 
aortic lumen and pressure on the coronary ostia and roots of 


the coronary arteries. In persons under 50 years of age, there 
is a much less common alternative cause of medioneerosis, 
known as Enlheimis degeneration. This is sometimes called 
“mucoid medial degencration’ and is associated with Marfuns 
syndrome, an inherited condition characterized by arachn- 
codactyly and optic, aural and bony lesions 


‘The syphili 


Syphilticaneurysmsare now uncommon, because of the rla- 


ic aneurysm 


tive rargy of tertiary lesions as treatment i available for the 
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Ficune 25.16 Sudden unexpected death cused by a mysorat of the 


Lefarinon, The ball<haped mucoid twmour impacted in the mitsal 
ale during a pestanal change. No oer cane of death was 


wernibl 


calier stages of the disease. In some areas ofthe world, how- 
ever, tertiary syphilis is noe the rarity it has become in Europe 
and America 

‘The syphilitic aneurysm of the aorta is almost always in 
the thoracie segment and usually in the arch. Syphilitc anr- 
titis, which precedes an aneurysm, may be recognized in the 
lining of the choracic and abdominal aorta by its irregular 
corrugated pattern, though admixture with atheroma can 
obscure the classieal appearances. There tend to be sinuous 
linear folds, like coarse wrinkles, which have been likened to 
the bark of an oak tree. the aorta dissected free of adherent 
connective tissue is held up to a strong light, ‘Goughis test 
may be applied, in which translucent windows ean be seen 
in the media, When confluent, these weak patches allow the 
internal blood presure to blow out an aneurysm and the 
syphilitic bulge can be the largest of all, sometimes almost 
filling the upper part of the chest. The wall is thin and frag- 
ile, and there may be several separate bulges from overlap- 
ping aneurysms 

Pressure may erode bronchi, oesophagus, pulmonary 
vessels lung and even the thoracic eage. The latter may allow 
the aneurysm to become subcutaneous and, in former years, 


su 


ture of an aneurysm 


the external bursting of a puls 
been a dramatic event. The usual mode of rupture is into the 


pleural cavity or into the oesophagus or bronchus, giving rise 
to a sudden, massive haematemesis or haemoprysis. Histo- 
logically it may be impossible to confirm syphilitic aorttis, 
as the reactive phase of the disease may have been long burnt 
‘out, bue the gross pathological appearances are diagnostic in 
themselves 


Fatal aneurysms of other vessels 


Fatal ancurysms of other vessels are rare, apatt from the 
cerebral arteries. Atheromatous bulges can occur on the 
iliac and femoral vessels, and sometimes in the mesenteric 
arteries, Polyarteritis nodosa can produce mini-ancurysms 
from the inflammatory process eroding the wall, but death 
is not caused by the direct effects of rupture, but by vascu- 
lar problems in the coronary, renal and other arteries 
Infective mycotic aneurysms are rare in civilian practice, as 
are traumatic arteriovenous fistulae, but are noe uncom- 
‘mon in war casualties, 


Sudden death from ruptured cerebral 
aneurysm 


‘The relationship of head and neck injury to subarachnoid 
hhaemorthage is discussed in Chapter 5, but here we are 
concerned solely with spontaneous rupture of an aneurysm 
of the citele of Wills at the base of the brain. This is one of 
the most common causes of death in young to middle-aged 
adults, coronary disease is excluded. In women, who are 
relatively immune from coronary ocelusion up to the fifth 
decade of life, cuptured berry aneurysm is proportionately 
‘much more common than in men, It is a useful rule-of- 
thumb, when presented with the sudden death of a woman 
of child-bearing age, to consider a complication of preg- 
nancy, sel-poisoning, pulmonary embolism and subatach- 
noid haemorrhage asthe frst choices 

Subarachnoid bleeding can cause virtually instantaneous 
death, even though the mechanism is obscure. Numerous 
cases have been described where a previously fit person was 
seen to collapse and was apparently already dead when 
attended by onlookers. There must be an element of cardiac 
arrest in these examples, caused by the sudden bathing of the 
brainstem in blood from a jet oF arterial blood impinging on 
the base of the brain, As with coronary disease, arterial spasm 
hhas been invoked as a cause of the sudden death in ruptured 
berry aneurysm, without any proof. Most cases of subarach- 
noid haemorchage have a much longer course, with clinical 
symptoms and signs allowing cither surgical intervention 
often, spantaneous resolution. 


‘We are by definition here, however, concerned with sud- 
den or rapid fatalities. In the usual coroner's case, the victim 


is either found dead with no available history, or has died 


rapidly and inexplicably, or has expired after suggestive 
symptoms like severe headache and rapid coma. Many die 
after physical or emotional exertion, especially sexual inter- 
course or strenuous sporting activity: Those chat occur dur- 
ing or soon after some assaul or altercation are deale wich in 
the chapter on head injuries (Chapter 5), and can pose a 
major forensic problem concerning causation 

Ac autopsy, the diagnosis of subarachnoid hacmorthage 
is selE-evident. As the usual point of bleeding is in the 
circle of Willis, the most dense haemorthage will be over 
the hase of the brain, especially in the basal cisterns. The 


blood usually spreads laterally and may cover the whole 
surfice of the cerebral hemispheres, the hindbrain and 
down into the spinal canal. This will be bright red in a fresh 
bleed; if survival lasts a week or so, a brownish tinge 
will appear as che haemoglobin undergoes changes 
Haemosiderin can be detected by Perl's stain after about 


5: The pathology of sudden death 


‘The detection of the source of the haemorthage is some- 
times difficult, An ancurysm is present in about 85 per cent 
of spontaneous subarachnoid haemorshages, but the remain- 
der reveal no aneurysm, even afier an exhaustive search. This 
may be because of destruction of a small aneurysm at the 
time of rupture, bur itis just as likely to be a leak from a 
vessel without an aneurysm, asa result of the existence af a 
poine of weakness as described below 

A relatively rare cause of bleeding, especially in children, is 
the presence of a vascular malformation in the arterial sys 
tem, such as an angioma, an arteriovenous anastomosis, or 
aan aberrant vessel in the meninges. Post-mortem angio- 
graphy may be of assistance in tracing intracranial bleeding 
from natural lesions, as in trauma. Karhunen et al. (1990) 
describe the techniques required. 

‘Though berry aneurysms are often called ‘congenital’, 
they are not themselves present at birth, but a defect in the 
wall of a cerebral artery is probably present from late feral 
life, The cirele of Willis condenses out of an irregular 
embryonic meshwork of arteries over the base of the brain 


3 days by unwanted vessels undergoing atrophy. Where these 
redundant vessels originally joined the surviving main 
arteries, window" in the clastic andl collagenous cost is 
Jef, usually a the junction of evo vesels, This window isa 
weak point whete rising blood pressure in adult life may 
begin to form a ‘blow-our, a thin-walled aneurysm, which 
may be single or multiple. At certain stage, any sudden 
extra rise in blood pressure or flow sate may'rip the already 
tense sic, and cause extravasation of blood at ill arterial 
pressute into the subarachnoid space. Where thes 
ancurysin, it must be assumed that a weak point ina vessel 


‘wall has given way ab initio, without che prior formation of 

‘The search for a small aneurysm at autopsy may be diffi 
cule because of the thick layer of blood clot tha is trapped 
in the meninges and vesels. Blunt disection should be 
used, employing the handle ofa scalpel or the nose of a pair 
of forceps, The blood should be constantly washed away in 
continuous stream of water, It is possible to inject water 
into one of the cut ends of a vertebral artery, having eare- 
fully vied oF clamped the other vessel and the two cut termic 
nations of the carotid arteries, to see where the water leaks 
from, The leaks are often multiple, however, from artefaet- 
ual tearing of small vessels during autopsy removal of the 
brain. The search for an aneurysm is bese carried out on the 
fresh unfixed brain, as formalin fixation hardens the blood 


clot so much that it cannot be removed without the danger 


ice 25.17 A dente basal subarachnoid haemorrhage hat 


used rapid death, The blood clot fling the baal cterns conceals a 


of tearing the underlying vessel and any aneurysm. It is 
essential to carry out blunt dissection progressively ina con- 
tinuous stream of water, Ancurysms are most ofien found 
at the bifurcation of the middle cerebral and posterior com- 


ruptured berry ancuryso of te circle of Wil at autopsy. this must 
be remaved under a seam of water, using cael lane dsection 
0 avoid further damage othe wes rmunicating arteries, atthe bifurcation of the basilar arteries, 
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Pulmonary thramboembolism 


fon the middle cerebral in the Sylvian fissure, on the anterior varying size, from a few millimetres to several centimetres 
‘communicating artery, or where the posterior communicat- though the usual diameter is of the order of 3-8 mm. 

ing artery joins the posterior cerebral vessels. An aneurysm 
is sometimes on the cortical aspect of the artery and may be 


PULMONARY THROMBO- 
EMBOLISM. 


part-buried in the cerebral surface, making it hard to find, If 
the swelling (which may be completely collapsed at autopsy, 


especially when ruptured) is not seen on superficial exami- 
nation of the circle of Willis, che vessels should be ge 


ily This discus filly in Chapter 13, bu here itis sufficient 
lied away from the brain surface witha blunt elevator so ro emphasize chat pulmonary embolism is the most under- 
that the underside ean be inspected, Sometimes a buried diagnosed cause of death, acconding w C- 
aneurysm will rupture mainly into the cortex, causing a MeGoogan (1981), Their figures show that less than half the 


neron and 


lesion that may be mistaken for an intracerebral haemor- deaths shown at autopsy to have been caused by a pulmonary 
rhage, Berry aneurysms are frequently multiple and of embolism were so diagnosed by the attending clinician, 
Paradacically, many other presumed deaths from this condi- 
tion were found at autopsy not to have been embolic. Thus 
the overall statistics are not so much in error — but in relation 
to the wrong victims! 
Pulmonary embolism is more common with advancing 
with obese subjects and in the majority of instances there 


is a predisposing factor such as trauma, surgical operation, 
confinement to bed oF immobility from another cause. Even 
prolonged siting can lead to deep vein thrombosis, as was 
seen in persons sleeping in deckchais in air-aid shelters in 
the last war and, more recendy, it has been described as a 
Inazard of long ar lights 

FiGURE 25.18 Adenal haemorrhage acurring even day A significant proportion, however, estimated by the 
tier mail injures sustained in a rac acdent, There author (BK) at up to 20 percent, occur unexpectedly in the 
suo apparent abdominal injury The haemarbage sf absence of any of these usual factors, making the legal 
aa accupiesthe medal with he core sched around the problem of causation difficult, This is especially so in 
periphery 


criminal cases where a high standard of proof has to be 


Fic 25.19 A rare cause of pulmonary 
embolism, Metasasizing embryonal 
carcinoma -+ seminoma of the testis (a) 

0 the wal of 
inferior vena cava due to metataes ofthe 


and shvonuboseatache 


local lymph nades (6) and (c) pulmonary 
metastasis (white arrow) and massive 


pulmonary embolism (white X). 
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25: The pathology of sudden death 


Fic 25.21 Tio fibrinegen-posiive Purkinje ells a 
negative cellsin a sudden unexpected death with a hictry of epilepsy. 
(Peraxidase-DAB immunostaining, orginal magnification *20. 


These causes apart, the victim of epilepsy seems to be 
able to die with no apparent immediate cause and the 
mechanism is obscure. It has been suggested that some 
massive cerebral electric discharge or neurone storm occurs, 


leading to cardiac arrest, but this is mere hypothesis, When 


all investigations have been completed (including toxico- 


Ficiune logical screening for antiepileptic drug overdose), alter an 


0 A lange recent intracerebral haemorrhage in ap 


with hypertension, The bleding has originated in the region of the essentially negative autopsy, then the pathologist is justified 
external capsule fom a leutculestriate branch of the middle cereal in recording ‘epilepsy’ as an acceptable cause of death, 

y then broken cough i orm ofthe late The autopsy should always include a search for bites on 
senerice the tip and distal sides of the tongue, which suggest a fit 


A careful examination of the brain is esental, co search for 
attained, rather than the balance of probabilities required any cause of post-traumatic epilepsy. In some epileptics, 
fora civil action without coronary stenosis, patchy myocardial fibrosis has 
been recorded (Falconer and Rajs 1976), said to be the 
SY result of episodic hypoxia from apnoea during fits. Based 
fon the observation of Sokrab er al. (1988) that Purkinje 


UDDEN DEATH IN EPILEP 


cells become labelled by plasma proteins in expeti- 


Every coroner's pathologist or the equivalent in other jurisdic. mental blood-brain-barrict (BBB) breakdown, Lkegaya etal 


tions, has experience of sudden deaths in epileptics, when no (2003) investigated immunohistochemically the presence 
morphological lesion can be found at autopsy: Epilepties can of fibsinogen-positive Purkinje cells in 50 sudden 
die unexpectedly without being in starus epilepticus — or unexpected deaths. There were 24 subjects with and 26 
indeed, not even ina typical fit It is true that many such without known history of epilepsy. Regarding 


(0 per 
deaths are not witnessed to prove that no such fir occurred, cent of fibrinogen-positive Purkinje cells as diagnostic limit 
but sufficient evidence exists to indicate that a rapid sudden indicating recent major BBB breakdown, they found chat 


death can certainly occur. 22 of the 24 cases with high percentage of fibrinog 

There are, of course, many deaths in epileptics where the positive Purkinje cells had a history of epilepsy: One of the 
mode is apparent, such as asphyxia during a fic in bed when — two remaining high-fibrinogen subjects had unknown leco- 
the face is pressed into the pillow, and saliva and mucus form encephalopathy and the other had essential hypertension, 
an aittight seal against the fubric around the nose and mouth. Only two of the low-fibrinogen cases had a history of 
Epileptics also drown in the bathtub and suffer other trau- epilepsy. The immunopositivity of Purkinje cells is not spe- 
matic deaths because of fits occurring when they are in some cific for epilepsy but can aceur in any conditions causing 
vulnerable position, BBB breakdown, most likely due to uptake of fibrinogen 
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Respiratory obstruction 


Brantagonists so commonly used for the relief of bron- 
chospasm are not so prone to cause cardiae arshychmias, 
but they are by no means safe drugs inthis respect. OF the 
11 deaths in this Norwegian seties, seven victims were 
found dead with a B-inhaler sil clutched in their hands 
Overdosage of the substance appears wo be common, The 
use of theophylline derivatives combined with sympath- 
fomimetic agents tends to accentuate the cardiotoxicity of 
the bronchodilators 

Some of the deaths appeared to be in instances where the 
drug had been exhausted from the inhaler, but the propellant 
was still active. This may be another possible mechanism for 
some of these deaths, similar to the vagal inhibitory fatalities 
seen in butane misuse, where cold gas impinges on the 


Ficune 2 
showing ellladen mucus folding ofthe sof tisue ofthe bronchial __-At autopsy little or nothing is found, except confirma- 
tual thickening ofthe baxement membrane and lypertnphy ofthe tion of the chronic asthmatic state. On opening the chest 

cavity, che lungs are een to fill he thorax, not collapsing as 
is usual and they have a pale spongy texture, forming stable 
pits when pressed with the Fingers. The cut surface may 
reveal thick-walled prominent bronchi, often plugged with 
thick, clear mucus. This is not an explanation for the sud- 
den collapse and death, however, and the mechanism remains 
obscure. 

‘The topic of sudden death from asthma in childhood 
has been investigated by Champ and Byard (1994), who 
consider that it occurted only in children with significant 
chronic disease. 


‘muscle (HE, original magnification X10.) 


from the cerebrospinal fluid irrigating the cerebellar sur 
face, The time interval needed for the protein accumula 
tion in man is not known, Ie is probable that, in addition so 
fibrinogen, other plasma proteins can also be used as a 
‘marker and an auxiliary method in assessing the probability 
of epilepric seizures contributing to the cause of death in 
sudden unexpected deaths, 


SUDDEN DEATH IN BRONCHIAL 
ASTHMA RESPIRATORY OBSTRUCTION 


[As in epilepsy, sulferets from bronchial asthma may die Mechanical obstruction by foreign bodies is deale with in 
suddenly and unexpectedly, without necessarily being in Chapter 14, but some rapid — if not actually sudden — 
status authmaticus or even in an acute asthmatic attack, deaths can be due co fulminating natural disease 

‘The mechanism is obscure, but experience proves that such Rupture of  retropharyngeal abscess (quinsy’), when 
fatalities are not uncommon, About 20 years ago, there was pus and necrotic material pour into the pharynx and lar- 
aa marked increase in sudden deaths in asthmatics, bur it yaxs is now a rare cause. Diphtheria is also vireually 
was recognized that this was caused by the overuse of unknown in advanced countries so that the taxaemia, a 
inhalets containing bronchodilators. These adrenergic drugs, fatal myocarditis and the possibilty of laryngeal obstruc- 
used in excess, have a ditect action upon the myocardium tion from a detached pharyngeal membrane are rarely con- 
causing tachycardia, arrhythmias and ventricular fibrillation, sidered by most doctors. 


Awareness among prescribing doctors rapidly reduced this More common ~ and a cause of legal actions for neglt- 
danger but sudden deaths still occur, even when these gence against doctors — is the fulminating epiglotitis 
substances are not used to excess. caused by Haemophilus influencae in children, This is a 


‘The question of sudden death in asthma was discussed major paediatric emergency and any child with stridor of 
by Morild and Giertsen (1989). They considered that a recent onset should be seen urgently by a paediatrician and 
‘number of factors contributed to death. Hypoxia and anaesthetist. The gross infective oedema of the laryngeal 
respiratory acidosis occur in asthma and increase myocar- entrance ean lead to death within hours of onset of the ill 
dial irritability. Drugs such as theophylline and sympath- ness, and may require rapid intubation oF tracheostomy to 
comimetic agents can provide ventricular fil save life, 
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HAEMOPTYSIS 


Now that pulmonary tuberculosis is less common and treat- 
able in advanced countries, deaths from haemopeysis are 
rare, as most massive respiratory haemorrhages were from 
this cause, However, warning signals are now evident about a 
revival of tuberculosis, even in ‘advanced! countries. Part of 
the return of this scourge is due to opportunist infection in 
HIV-infected persons, but AIDS apart, phthisis seems to be 
con the march again, with worrying concerns abour inereas- 
ing resistance to the drugs, which revolutionized its teat 
ment 30-40 years ago, 

Bronchial eumours rarely cause fatal haemopryses, unless 
a large vessel is eroded; syphilitic aortitis perforating the 
aorta or other large vessel is now almost a matter of history. 

‘The bleeding rarely causes death from exsanguination 
‘except where the anra is eroded, but smaller bleeds may fill 
the air passages, and cause an asphyxial-type death ora ‘vagal 
inhibition-type death from sudden flooding ofthe larynx. 


GASTROINTESTINAL 
HAEMORRHAGE 


Bleeding may take place at any point along the alimentary 
tract and though modern transfusion and resuscitatory 
methods make deaths unusual chese days, some are seen in 
medico-legal practice when people living alone or otherwise 
remote from assistance, die without any medical intervention, 
Bleeding feom surgical operations in the mouth or phar- 
yx, such as tooth extraction oF tonsillectomy, rarely causes 
death, but can occasionally do so from blood and clot 
blocking the airways. In the oesophagus, a penetrating car- 
cinoma may etode the aorta or other great vessel in the 
mediastinum, but the most frequent sources of bleeding are 
varices at the lower end, caused by the portal hypertension 
associated with hepatic fibrosis. Ii often difficult vo identify 
the varices at autopsy, as they have collapsed, but the absence 
of gastric or duodenal ulceration, and the congested, blush 
vessels around the cardia often give away the lesion, espe- 
cially in the presence of liver cirthasis and splenomegaly 
Other causes of massive gastrointestinal bleeding are gas- 
tric and duodenal peptic ulcers, which ean erode large vessels 
in their base. Acute erosions, though shallow, can produce 
considerable blood in the stomach and may require surgical 
resection. They are rarely the cause of lethal bleeding. 
Carcinoma of the stomach can reach a large sie and the 
crater variety may perforate a major vesel to produce severe 
haemorthage. Bleeding from che small intestine is rare, except 
in certain hacmorthagic diatheses, Mote common is bleeding 
from colonic lesions, such as carcinomas and uleerative colitis 


Ficune 25.23. Mauve lebal bleeding frm eraded veel ofa 


puri ue 


Polyps, sometimes malignant, may also give rise to melaena 


and even massive bleeding per rectum, though these are now 


‘rely fatal unless medical intervention is delayed or absent 


FATAL ABDOMINAL 
CATASTROPHE: 


“Though usually surgical emergencies, some abdominal con- 
ditions go untreated because the victim is either a solitary 
person living alone with no opportunity to call for help, or 
declines to seek medical assistance. They may well be found 
dead with no history to suggest a cause of death, 

“Mesenteric thrombosis and infarction is one such condi- 
tion, The thrombasis may in fact be an embolus, rather 
than a thrombosis in sew, the most common cause of both 
being atherosclerasis of the aorta and its mesenteric 
branches. The lengeh of small intestine supplied by the ves- 
sel becomes dark and necrotic, and may involve almost the 
whole lengch of the jejunum and ileum. Even if preci 
tated by an embolus, much of the rest ofthe arterial system 


may then thrombose and, on cutting into the mesentery at 
autopsy, the cut ends of arteries may showy plugs af firm 
ante-mortem thrombus, The gut will be blue-red or even 
almost black, with loss of the serosal lustre and a friable 
necrotic wall, 

Strangulated intestine is yet another condition that may 
present as sudden or rapid death, where medical atention is 
lacking, and even sometimes when itis negligently offered. 

Hernias, both femoral and inguinal, and internal stean- 
gulation beneath fibrous bands in the peritoneal cavity, 
may all twist che intestine o that its blood supply is cut off, 
with subsequent necrosis, The gut above may develop ileus 
and become paralysed and dilated 
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The relationship between trauma and disease 


Figure 25.24 Grea distension of colon due to voleuls of sigmoid 
calm. Deceased found dead with history of abdominal pan, 


Caution is needed at autopsy to differentiate the dark 
red colour of loops of intestine due to post-mortem 
hhypostasis from true infarction. Hypostasis is seen «0 be 
interrupted when the gut is stretched out, due to alternate 
dependent loops, whereas real necrosis is usually continu- 
fous and the serosa is dull and fiable 

Fulminating peritonitis may be seen in a variety of 
causes, again leading to death if undiagnosed or untreated. 
Death from acute appendicitis and appendis abscess is now 
uncommon, but perforation of the colon through a diver- 
ticulum, whether inflamed oF merely distended and eroded 
by faecoliths, is common. 

‘Tearing of the senile gut where it is adherent to other 
structures, such as uterus or tube, ean also lead to peritonitis, 
and a carcinoma (often dificult co differentiate macroscop- 
ically feom chronic diverticulitis) may also lead to perfor- 
ation with loss of intestinal contents into the peritoneum. 

A perforated peptic uleer, usually duodenal, leads to a 
chemical peritonitis. The autopsy appearances are straightfor- 
‘ward, turbid fluid being Found in che peritoneal cavity, which 
may show early inflammatory changes, if the perforation 
occurred many hours previously. The perforation is mose 
commonly found on the posterior surface of the duodenum, 


GE! 


ITOURINARY SYSTEM 


‘There is very lite inthe urinary system that can give rise w a 
sudden oF rapid death, bu dhe female genital organs certainly 
make up for this. Complications of pregnancy are discussed 
elsewhere (Chapter 19), bue it should be repeated ere that 
topic pregnancy, usualy inthe rubes, an ruprure with mas- 
sive intraperitoneal haemorthage, Induced abortions, unless 
under reputable medical contol, are another source of death 


icine. 25.25 A mative pontine haemorrhage in a person with 
ypertenson. The circumstances and the iregular distribution ofthe 
‘Bleeding within the brainstem distinguish this primary haemorrhage 
from the secondary lesions sen in vased intracranial presre. 
Simetimes a natural inenacranial haemarvhage may pecpinate an 
accidental fll or tac accident, however and the resulting bead 
injury may make it more diffcue so idemify the nature ofthe brain 
haemorrhage 


from haemorthage, air embolism, perforation of vagina or 
uterus, infection and the use of taxic substances. 


THE RELATIONSHIP BETWEEN 
TRAUMA AND DISEASE, 


(One of the most difficult problems in forensic medicine 
‘occurs when a death takes place in a person who has suf- 
feted tratuma but who has either pre-existing natural disease 
‘or where some apparently natural disease has supervened 
after the trauma. The relative contributions of trauma and 


disease may then become an acute medico-legal problem, 
For example, the author (BK) conducted an autopsy on 


an old man of 82 years, previously in excellent health, who 
hhad been tied up and slightly injured by robbers of a sub- 
post office, Within 2 hours of release from his bonds the old 
gentleman became il and then hemiplegic, dying of a mas- 
sive cerebral haemorrhage shorty aferwards. The attackers 
‘were charged with homicide, in addition to robbery, bu chat 
charge was rejected by magistrates on the grounds that a 
cerebral hacmorthage could be a natural disease, unrelated 
to the assault, The prosecution obtained a private Bill of 
Indictment to circumvent the magistrates, and at ee Crown 
Court the accused were convicted of manslaughter on the 
grounds that the physical and emotional stess of being 
assaulted and tied up probably (beyond reasonable doubt) 
Jed to an elevation of blood pressure that precipitated a 
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cerebral haemorthage in previously fit person, within such 
short time span, 

‘This marginal case illustrates the problems that can 
‘occur when trauma and natural disease coexist in the same 
person. A common dilemma exists in relation to subarach- 
noid haemorthage from a ruptured berry ancurysm when 
there has been a head injury. 

In autopsies when an injury has been sustained by a per- 
son with substantial natural disease, the following problems 
must be addressed: 


i whether death was caused 


ly by the disease and 
would have occurred irrespective of the injury 

BE whether death was eaused entirely by the injury and 
would have occurred whether or not the disease was 
present 

I whether the death was caused by a combination of 
these two processes 


In practical terms, the most common situations involve 
coronary artery disease, pulmonary embolism and sub- 
arachnoid hemorthage. 


Coronary atherosclerosis 


‘The disease has invariably been present for months or 
probably years before the traumatic episode, and itis chere= 
fore indisputably obvious chat the trauma can have no rel 


tionship to the genesis ofthe disease ~ though relatives and 
some lawyers are often hand to convince on this point. 
Furthermore, unless there was a direct blow onto the front 
of the thorax, which could physically have damaged the 
heart surface and caused a direct waumatic lesion of the cor 
‘onary system (by dislodging an atheromatous plaque ~ but sce 
end of this section — causing a subintimal haemorthage oF 
precipitating a coronary dhrombosis, a rare event), there is 
rho way in which the injury ean be accused of worsening the 
state ofthe coronary arteries, If the state ofthe coronary sys- 
tem was already poor, thus ie could justifiably be claimed by 
the defence that death could have occurred at any time. The 
standard of proof in criminal cases is high and must be 
proved ‘beyond reasonable doubt’, whereas in civil disputes, 
only ‘the balance of probabilities’ must be attained. 

‘As opposed to showing thae the trauma directly worsened 
the physical state of the coronary vessels, i is easier to claim 
that the physical and emotional stress associated with the 
eased demands upon a weakened 

Recent investigations (see end of 
this section) have strongly confirmed the association between 
acute myocardial infarction, candiae arrest and exertion 

‘The adrenal response of ‘fight or flight’ may be invoked, 
i being accepted that released endogenous catecholamines 


traumatic event caused 
heart and caused ie to fi 
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such as noradrenaline ean send a chronically hypoxic heart 
into ventricular fibrillation and arrest. There may even be 
morphological evidence in some cases, by the finding of 
contraction bands in the eardiae myofibrils, especially in 
the superficial subepicanial layers 

Teis often an assessment of the circumstance: 


to the autopsy findings, that decides a court’ attitude to the 
relationship of trauma to disease, Where a man who has had. 
no previous cardiac symptoms drops dead immediately after 
some assault or strenuous activity, the court is more likely to 
assume an asociation than with some cardiac cripple, who 
has been hovering on che brink of heart dysfunction for a 
long time before the traumatic event. 

‘The average jury is likely to decide chat it would be too 
‘much ofa coincidence for an assault to cause a man to drop. 
dead on the spot, even if it was shown that his coronary. 
artery stenosis had been there for several years. Much 
depends upon the individual circumstances, especially where 
there is only a shore interval between the traumatic episode 
and death, 

‘The strict testi: ‘Would he have died when he did die if 
the assult had not taken place?” This is often unanswerable on 
‘medical grounds, but the court is entitled to take a common- 
sense view of coincidence in terms of immediacy in time and 
apply the ‘beyond reasonable doubt’ test to it 

“The fact that a person isin a parlous state of health and 
might die from relatively minimal trauma is no defence in 
lav, which states that ‘an asalane must take his vietims as he 
is then. In other words, itis immaterial whether the 
attacker knows that his vietim is ill or not — if death resus 
from ap illegal act against him, the charge of homicide may 
stand. This dictum is not adhered to slavishly by publi pros- 
ceutors, however, asi isa matter of practical polities whether 
«criminal prosecution can be maintained with any chance of 
success (using, public funds), against an energetic defence 
that can show medically that ehe vietim had such a degree 
of natural disease that he might have dropped dead spon- 
taneously at any time, The prevalence of coronary disease i so 
widespread chat a close association in time must be shown 
before any causal connection can be accepted. ‘The actual 
death itself need not occur very soon after the assault, how- 
ever ifit can be established that che later could have preci 
tated an infarct in a myocardium already compromised by 
coronaty stenosis, It is not only a blow or some physica 
trauma that may precipitate a myocardial infarct or arrhyth- 


mia; as stated above, even the emotional upset that accom 
panies injury, oreven the threat oe Fear ofan injury, can lead to 
death, The blow may never actually be struck or it may fail 0 
land, yet the threatened person may suffer a transient hyper- 
tension or tachycardia that may precipitate a subintimal 
hhaemorthage, arrhythmia, or cerebral or subarachnoid 
haemorrhage that leads to death. Such an event, however, 


The relationship between trauma and disease 


with litle oF no morphological evidence to be presented as 
evidence, has a poor chance of acceptance in court unless the 
circumstances are clear-cut. These eases pose a problem for 
police and pathologist, in thar ie may be dificule to decide 
whether to arrest and charge the potential culprit with a 
criminal offence. 

‘A gpical ease was once seen by the author (BK) in which 
an elderly man was involved in an altercation with another, 
concerning parking a ear There was. scuflle in which only 
trivial blows were exchanged, but one participant immedi- 
ately developed chest pain and breathlessness, and soon died 
‘The other man was arrested, but as autopsy showed marked 
candiae enlargement, extensive myocardial fibrosis and gross 
‘occlusive coronary atherosclerosis, the prosecution decided 
to offer no evidence and the charge was dropped, even 
though the answer to the ‘acid test of whether the vieim 
‘would have been likely to die at that particular time had the 
alteeation not taken place was probably in the negative. 

In civil matters, considerable sums of money may hang 
upon such decisions by way of damages and insurance pay- 
ments, Here the standard of proof is much lower, as the 
plaintiff only has to show that there was 51 per cent or bet- 
ter chance of the association being present, rather than the 
‘much higher standard of eximinal labile. 

‘An actual example of the civil problems was a workman 
‘who was removing a truck wheel from his employers vehicle 
with a wheelbrace. Under full pressure, the threaded stud. 
in the hub suddenly snapped and the man was thrown 60 
the ground under the force of his own muscular effore. He 
was shocked and soon developed chest pain and died the 
next day. Autopsy revealed no fresh infaret, bur there was 
longstanding lefe ventricular hypertrophy, myocardial fibro- 
sisand stenosing coronary atheroma. The employer’ liabilcy 
‘was disputed, but eventually a compromise settlement was 
reached. 

Recent very careful and statistically meticulous research 
fon large cohorts, both in the USA and Germany, have 
shown an indisputable relationship between exertion and 
sudden cardiac death. Mitleman eta (1993) investigated 
1228 patients with acute myocardial infarets and showed 
that there was a sixfold increase in the incidence of infare- 
tion during or within one hour of heavy physical exertion, 
such as snow shovelling, jogging or sexual activity. In 
Germany, Willich ef al (1993) researched 1194 patients 
with the same condition and showed a twofold increase in 
risk, Both surveys showed thatthe risk was greater in those 
‘who were otherwise sedentary and that long-term moder- 
ate exercise was undoubtedly associated with a reduced risk. 
of infarction (Curfman 1993). Several mechanisms were 
proposed for the increased risk during sudden severe exer- 
tion, including the splitting and dislodgement of an athero- 
matous plaque. It was also claimed that increased platelet 


activation occurred in sedentary people who suddenly 
exerted themselves. In an earlier publication, Siscovick 
ct al, (1984) showed the same tend in primary cardiac 
arrest, exertion in otherwise sedentary persons increasing, 
the risk, whilst habitual exercise protected, 


Subarachnoid haemorthage 


Subarachnoid haemorshage is another difficult area in which 
trauma and natural disease interact. When a berry aneurysm 
con the cerebral arteries ruptures, the allegation is often made 
that some traumatic oecurrence peecpitated that event. The 
matter is discussed in Chapter 5, but to recapitulate here, the 
problem is to decide whether the trauma itself was a mechan- 
ical factor in causing the arterial blister to burs. 

‘A rupture isa celatively common event without external 
trauma, this cause of death being well-known in young to 
‘middle-aged persons who are not indulging in any strenuous 


activity whatsoever. It is known to occur, however, during, 
innocent activities, such a jogging, intercourse and sporting, 
exertion, probably because of a transient rise in blood pres- 
sure and pulse rate. Once again, a potent element may'be in 
the adrenal response, catecholamines pushing up the blood 
presure. Thus when a ruptured aneurysm occurs during oF 
shortly after a fight or altercation, it is arguable whether a 
mechanical blow co the head or merely the emotional stress 
of a dispute is the most potent factor in causing rupture. 
‘There has been much medical argument about the role of 
‘trauma in causing the rupture, as many would maintain chat 
the aneurysm is so deep-seated within the skull that internal 
pressure from hypertension is far more likely wo be the 


Certainly, where a small aneurysm a few millimetres in 
size breaks, itis dificult to accept that a blow could have 
caused a teat, bu in the more exceptional cases ofa large ts- 
sue-thin globule, chen ie is easier to accept chat intracranial 
stresses may have played a significant part. The role of aleo- 
holic intoxication —another hotly disputed aspect —has been 
discussed in Chapter 5. The legal problem is similar in berry 
aneurysm deaths to that in coronary disease The time inter- 
val is natueally important, though in most instances, bleed- 
ing occurs immediately or soon afterwards. 

‘Autopsy isnot all chat helpful in assessing the relative con- 
tribution of assaule versus pre-existing disease. Unless the 
ancuryam is found wo be large and fae, the morphological 


Findings are mainly of usein confirming the diagnosis, evalue 
ating any injuries and excluding any other contsibutory dis 
cease. It used to be the usual practice in England and Wales 
not to prosecute assailants when an aneurysm was demon- 
strated at autopsy, hough in Scotland and on the continent 
of Europe no such reluctance was evident. Following a case 
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in Gibraltar in 1978, however, in which a British sailoe was 
convicted of homicide after kicking another in a drunken 
brawl, the latter eventually dying of subarachnoid haemor- 
thage from a ruptured aneurysm, such charges are now 
usually beought (Knight 1979) 


Pulmonary embolism 


‘The other major example of the interaction of trauma and 
‘natural disease is pulmonary embolism. This is discussed in 
Chapter 13, but is s0 important in medico-legal casework 
thatthe forensic aspects may be repeated here with advantage. 

Deep vein thrombasis, almost always in the leg veins, isa 
common sequel w injury and consequent immobility. 
Virchow’s triad of slowing of the circulation, local injury 10 
vessel walls an 


increase in blood coagulabilty are the major 
factors, though deep vein dhrombosis can occur in. the 
abyence of all three. When the leg isthe site ofthe injury itis 
‘more likely to occur in the ipsilateral limb, though it can 
‘occur eontralaterally o bilaterally The fat that a fal embolus 
came from the contralateral limb when the other leg has 
been injuted by 

Pulmonary embolism typically occurs about 2 weeks after 
an injury or surgical operation, but the range of time during 
which a cause-and-effect mechanism operates can be any- 
thing from about 2 to 90 days, Tt becomes progressively 
‘more diffcule to maintain a causative relationship, however, 
when the interval exceeds afew weeks, 

Forensicaly, i is vital to show that the deep vein throm- 
boxis post-dated the traumatic event, ifan association isto be 
cstablished, Ifa person suffers a fatal embolisi a week afier 
injury, yet histologically the deep vein thrombesis appears to 
bre several weeks old, then obviously the injury could not have 
initiated the process. The embolus may, however, be much 
younger than the most distal part of the leg vein thrombosis 
(which may be as far down as the foot) as progressive prox- 
imal extension of a deep vein thrombosis undoubtedly occurs 
Ir could sill be argued, therefore, that although the original 
thrombosis antedated the injury, the latter encouraged exten 
sion and hence the eventual breaking off of an embolus, The 
case becomes weaker, however, than if the whole process was 
entirely subsequent to the traumatic event, 

Hiscological dating of the embolus should always be 
undertaken, though it is less rewarding and more difficult 
than that of the leg vein thrombi, which must always be taken 
for microscopy with the vein wall intact, Ie isthe thrombo- 
‘musal junction that gives the most information about dhe age 
of any thrombus. Thrombosis ofthe deep leg veins is Far more 
common than pulmonary thromboembolism, In 100 consecu- 
tive coroner's autopsies, Knight and Zaini (1980) found 
32 instances of deep vein thrombosis, but only 10 had pule 
‘monary emboli, not all fatal 


‘The egal problem, outlined in Chapter 13, is thar though 
trauma, surgery and immobility are potent factors in the 
development of deep vein thrombosis, the latter condition 
frequently occurs in the absence of all three, Thus itis diff 


an that any traumatic event was the cause of a 
subsequent fatal pulmonary embolism, as many fatal emboli 
fccur in the absence of trauma. In a series of coroners and 
hospital aucopsies studied by Knight (1966), 25 per cent of 
fatal pulmonary emboli came ‘out of the blue’ in ambulant 
people who had no previous history of trauma or surgical 
operation. Later, Knight and Zaini studied 38 000 sucopsy 
reports and found that 10 per eent of deaths due to pul- 
monary embolism had no history of any predisposing fac- 
tors. The discrepancy in these proportions is caused by the 
variable standard of history reports and also by marked alter- 
ations in pathologist’ reporting habits over the years in 
fact, in the large seties mentioned above, there was not a sin- 
gle fatal pulmonary embolism recorded in the 20 years from 
1908 uneil 1928 

Even disregarding the dubious statistical value of such 
investigations, there can be no doubt that a significant pro- 
portion of fatal pulmonary emboli cannot be related to pre- 
vious trauma, This provides a line of defence in those eases 
where the prosceution allege that a ‘cause-and-effect’ rela 
tionship exists between some criminal assault and death. It 
becomes a matte of law for the judge to decide whether he 
will lee the isue go to the jury, and a matter of fat for the 
jury to decide whether this relationship can be "beyond rea- 
sonable doubr’ in circumstances where even conservatively, 
at least 10 pee cene of pulmonary emboli are not related so 

. Several court cases are within the author's (BK) 
we in which quite different verdicts have been 
reached on essentially identical pathological evidence. 

In civil cases, usually related to road traffic accidents o 
industrial personal injuries, the burden on the plaintiff is 
‘much lighter, asthe ‘balance of probabilities test can be much 
more readily satisfied 
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Forensic odontology — the application of dentistry to 
forensic problems — is a discipline in itself and requires 

cial dental expertise not possessed by pathologists qualified 
only in medicine. It is therefore imperative that, wherever 


possible, problems involving the teeth and jaws ate referred 
toa dentist at an early stage, preferably at the time of the 
original autopsy or other examination of the subject. 

‘A number of different circumstances need t0 be taken 
ino account in this respect, however. First, it has to be 
accepted that by no means all dentists are ether interested or 
competent in forensic problems, Ic is the same with patholo- 
sists, anaromists oF any other specialists, in char the lack of 
enough motivation and experience can make their partcip 
tion in legal matters of litle value. A forensic odantologist 
naturally provides the best expertise, as he is professionally 
involved in the subject and will have training or experience, 
or both, of dento-legal problems, even though few forensic 
odontologists are occupied full time in this super-speciality, 
smost being teachers or researchers in some other branch of 
dental science. 

‘In many parts of the world, there are no forensic odontolo- 
gists available. In developing countries there may be no 
forensic dentists at all ~ oF the only expert is in the medical 
school of the capital city, inaccesble wo distant areas. Even in 
more advanced states, problems of distance and eavel may 
sake it impracticable to call an odontologist to examine the 
body in situ. Dental expertise may be made available later, 
if material is retained for examination for transmission 1 the 


expert In yet other circumstances, many problems of avail 
ability, cost and the lack of perceived importance af the case 
‘may make it impossible to involve an odontologist at an early 
stage —or even arall, In all these instances the pathologists or 


thee medico-legal doctor may have no choice but to handle 
the dental aspects as best he can, either in the initial stages or 
even throughour the investigation, 

This chaprer is meant to be nothing more than a guide 
for the doctor placed in this position and is certainly not 
intended co encourage pathologists to attempt to replace or 
dispense with a good odontological opinion. It cannot be 
sufficiently emphasized that, where the issues are serious, 
every effore should be made to obtain expert forensic dental 
assistance. The remainder of this chapter must be looked on 
solely as a first-aid prime” for cases in which the ideal inves- 
tigation cannot be atained for one reason or another. If'n0 
expert dental advice can be obtained at che outset, then the 
pathologist should do all he can to assemble and preserve 
both detailed records and physical specimens, which can be 
examined later by a forensic odontologist, if one ean be 
found further along the investigative pathway. 

The assistance that dentistry ean render falls into two 
broad headings: 


IW the interpretation of bite marks 
1B personal identification, either individually or in the 
context of mass disasters. 


BITE MARKS 


One of the two major interests of forensic odontologists is 
cone that has direct relevance to pathologists in that it con- 
cerns the interpretation of trauma to the body surface, For 
the sake of completeness, however, mention must first be 
rade of bite marks on inanimate objects, usually foodstuls 
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‘This is mainly within the province of forensic science in 


the sense of ‘riminalistics, where dental evidence is used 
to identify the perpetrators of a crime who happen to have 
lefe their teeth marks in some substance left at dhe scene. 
‘This rarely concerns forensic pathologists, except in the rate 
instance of their being asked by the police to examine an 
‘object, such as an apple or piece of cheese, to see if some 
‘obvious dental abnormality of a suspect could have caused 
the unusual bite mark. 

“The doctor may also be asked how the bite mark may be 
best preserved until the object can be examined by a forensic 
‘odontologist ata later date, Where the substance is‘plastie’, 
such as butter, cheese, lard, wax oF chocolate, for instance, 
it should be stored in a refrigerator to prevent melting or 
gradual flowing. Ie should not be deep frozen, as this may 
cause britleness and eracking, Forensi science advice should 
be taken if at all available, Fruit, especially apples, seems 
prone to be bitten at scenes of crime, and Marshall er al. 
(1974) recommend preservation in Campden solution, a 
rmetabisulphite fluid used for fruit boring, Alternatively, 
5 per cent acetic acid in 40 per cent aqueous formaldehyde 
solution can be used. Ordinary histological formalin is not 
satisfactory ~ nor is refigeration, which allows the fruit © 
shrivel. Whatever preservation is recommended to the police 
the object should be adequately photographed with the 
film plane at right angles to the bite and a scale placed in 
the focal plane. If appropriate, swabbing for saliva traces 
should be carried out (see below) and then the fruit pre- 
served for future examination, 

Renurning to the human body, bites are relatively common, 
specially in cases of child abuse and in adult sexual assaule. 
Inthe former, bites may be anywhere on the infant, Favourite 
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for the pathologist, 


Ficune 26.1 Bite mark on skin, The ew0 
opposing bruises from the upper and lower 
dental arches ave separated as sual by gap, 
as nly the front pans ofthe rwo arches 


contribute the injury. 


sites being the arms, hands, shoulders, cheeks, buttocks and 
trunk, In the authors (BK) experience almost all bites on 
small children have been inflicted by the mother, but this is 
by no means invariable in the generality of child abuse, A 
common excuse from the parents is that the infane was bitten 
by another sibling or by the family dog — and occasionally, 
this explanation may be ue. Others may be self-inflicted 
Ivis therfore vital that the bite mark be properly examined to 
decermine whether i is ofa size consistent with adule dent 
tion, oF whether it is small enough to have come from another 
chil —or is ofa different shape, indicative of an animal 

‘The other common circumstances in which human bite 
marks occur are rape or other sexual offences, Here the pathol- 
‘gist will need to examine bites as part of the autopsy in a sex- 
ual murder — or even sometimes in live victims of an assault, 
if iis pare of his duties to deal with clinical examinations oF 
‘where no ‘police surgeon’ or forensic physician i available. 

In this type of crime, bites may be sexually orientated or 
be distributed on any part of the body, Common sites are 
the breasts and nipples, but the neck, shoulders, chighs, 
abdomen, pubis and even vulva may be attacked, As noted 
in the chapter on sexual homicide, care must be taken to 
recognize that some so-called ‘love bites, especially with 
suction petechiae, may be part of acceptable (if over 
enthusiastic) sexual intercourse, but where real damage 
‘occurs, especially to breasts and nipples, then a violent or 
saalistic element is likely 

Bites may also be inflicted on police officers when 
attempting to arrest resisting offenders. They are also suf 
fered in sporting events, especially football and some forms 
of wrestling, and during assaults when the victim manages, 
to bite the assailant. In these instances bites may be 


Bite marks 


Ficus 26.2 Bite mark ona nipple daring sesual homicide. The 
injury ito small for any dental matching, bu a slive sample 


‘might provide te load group of theasailant, fhe is a secretr 


inflicted anywhere, but the hands, fingers, nose, forearms, 
cars and even lips may be the targets. 

Some bite marks are seléinflicted falls onto the face oF a 
fit may cause the tongue and lips to be badly bitten. Other 
petsons deliberately bite themselves, sometimes to fabricate 
injuries for a variety of motives ranging from gain co psy- 
chiatric disorder. Multiple bite marks (especially of the 
suction type), which are seen on accessible areas of the 
shoulder and arms, raise the suspicion of selfinfliction, 


especially in older children and teenage gils, 


The nature of the bite mark 


‘Though called a ‘bite mark’, some of the components of the 
application of the mouth co skin may not be ftom the actual 
teeth, The lips can transiently mark the skin if forcibly 
nipped, especially on children, though the marks ate short- 
lived and rapidly fade in life, not persisting after death 
unless associated with petechiae. Suction ean produce a erop 
of punctate haemorthages, either small petechiae or larger 
cechymoses merging into a confluent central bruise 


FIGURE 26.3 Bite marks made during a sesual anaul, The upper 


mark shows no specifi features but its potion it rypical of a 
sexually ovintated bit, The other shows central confluent petechiae 
and red bruising fom suction and tongue presure. There ia lewer 
semi-circular pale zane corresponding with the lower lip, but he 
striking farure isthe group of linear abrasions ax the op ofthe 
‘mark made by the upper incisors dragging acras the skin asthe jaw 
4s closed. Bat bites are surrounded by zones of diffe bruising 


‘A human bite mark may present only a small pare of the 
dental arcade, caused by the front teth from canine to canine 
with an almost invariable gap at either side representing 
the separation of upper and lower jaw A human bite is near 
cireular oF a shallow oval. A deep parabolic arch or a 
“U-shape can only be animal in origin. The teeth may eause 
clear, separate marks or they may run into each other to form 
a continuous or intermittently broken line, As time passes, 
originally clear ooch marks spread our and blur, progressively 
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losing their definition — though abrasions on the skin surface 
retain their shape unsil scabbed healing is complete, 

“Teeth marks may be abrasions, bruises or laceration ~ or 
«combination of any two or thee. The earty ofa bite mark. 
depends on a number of factors. IF the contour of the part 
bitten is irregular or markedly curved, then only part of the 
dental arch may contact the tissues, Ifthe bite is forcible, 
then extensive subcutaneous bruising may spread laterally 
and blur the outline. If the bite was inflicted many days 
before, then healing of abrasions and lacerations, and 
absorption of bruising will leave progressively less detail 
‘Where teeth have been forcibly applied, the typical appearance 
is of evo ‘bows’ with their concavities facing each other and 
4 gap at each end. Within this may sometimes be suetion 
petechiae, which are often present without teeth marks, in 
the so-called “love bit’, They are caused by ehe firm appli- 
cation ofthe lips, which form an airtight sel agains the skin, 
then a sucking action reduces the air pressure over the centre 
This causes a shower of petechial haemorrhages to appear 
from rupture of small venules in the superficial layers of the 
subcutancous tissues. If forcible, the petechiae are confluent 
and a frank bruise, or even haematoma develops. Added to 
this is pressure from the tongue, pushing the tissues against 
the palate This type of lesion is most often seen on the side 
of the neck and on the breasts of women, ether in love play 
or after a sexual assault, They are by no means rare in child 
abuse, however, and are sometimes self-inflicted. Such a sue- 
tion lesion must be hurnan in origin and he claims thar one 
iscaused by a household pet can be immediately discounted, 

Bites may be ifliceed by the teeth closing down on a rela- 
tively flae skin surface, but there is usually an element of 
indrawing into the mouth, so chat the teeth close down 
‘onto a parallelsided or elliptical block of skin, In sexual 
bites, especially of the breast or nipple, the tissue may 
be actually sucked into the mouth before the jaws close 
upon it, This will naturally affec the shape of the resultant 
bite mark when the skin is released and flattens out once 

Occasionally, the bite mark may not be «wo opposing 
arches, but more linear in pattern, This is seen especially 
‘here the upper incisors ate scraped down the skin, leaving a 
series of parallel tracks, sometimes several centimetres long, 

‘The lower incisors may leave either a curved line of static 
‘marks, ora straight or interrupted line below the upper inci 
sor scrapes, as the lower teeth dig in and anchor the skin 
whilst the upper teeth gouge downwards towards them, 
during the act of closing the mouth, 

‘The major problem with bite marks isthe identification 
of the perpetrator and hence the problem cannot really be 
tackled without the expertise of a dentist fully experienced 
in this specialist task. Unless che dentition has some really 
characteristic features, especially in the incisors and canines, 


then a non-dentist is a poor witness ifthe matter comes t0 a 
legal dispute, Some odontologists would claim that a bite 
mark can only be identified in a negative sense ~ that i, sus- 
pects can be excluded if their dentition is obviously incapable 
of inflicting the bite mark under investigation, but that no 
positive match can be claimed. Though many forensic 
codontologists would dispute this conservative claim, itis 
probably the best attitude fora pathologist involved in such 
«8 problem, unless there is some really spectacular and unique 
feature in the front teeth of a suspect. 

Missing teeth, grossly displaced teeth and substantially 
damaged teeth may suggest match with a person ~ or the 
mark may be quite inconsistent, which is helpful to the 
investigators if they eliminate a person or persons, espe- 


cially in ee restricted range of a family in which a child has 
been abused 

Ieis probably best for a pathologist to realize his limita- 
tions in cis field, however, and to confine himself ro taking 
the best physical evidence for later study by a forensic 
odontologist, where this isa all possible. 


‘The investigation of a bite mark 


As stated, every effort should be made to obtain the best 
evidence for future specialist examination. Firs, the bite mark 
should be carefully and fully photographed. If police fail 
ities ate to be used, the pathologist ~ asin other aspects of 
forensic pathology ~ should direct them as to the important 
features required on film, Ofen such photographers, though 
otherwise expert in the technical aspects of thei craft, do not 
appreciate the problems that inadequate or inappropriate 
views can cause — especially at a later date, when experts 
reviewing the ease and lawyers presenting it in court have 10 
rely on photographs without the benefit of having seen the 
original lesions 

‘The photographs should be taken from several different 
angles, but especially from a direetly perpendicular view- 
point, with the plane ofthe film at right angles o chat of the 
lesion, Some police photographers persist in taking tangen- 
tial shots that foreshorten the true shape, An accurate scale 
should always be adjacent to the lesion, as close as possible, 


but not impinging upon it or obscuring any detail 

Bites are often on a curved surface, such as the face, breast 
or arm, and chus can never be reproduced exactly on a flat 
surface, as there is bound to be slight foreshortening at the 
ends, but several views at slightly different angles can over 
come this problem, Small lens apertures and shore focal 
lengths will obviate che blurting that results from the lesion 
curving out of the focal plane. Too short a focal length will 
itself produce image distortion, 

‘The lighting is important, as perpendicular lighting 
‘may lead 10 a fla rendering with no caprure of detail. Side 
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A clear bite mark om the shoulder, afew daye after 


swith hase pipe 


lighting may throw small regularities int rele, especially if 
there ae tooth indentations in the skin. Both monochrome 
and colour photographs should be taken, with particular 
attention to sharp focus and correct exposure, The use of 
infiared-sensitive film has been recommended to reveal 
‘occult bruising, bu it also appears to demonstrate artefacts 
“The lesion should almost fill dhe camera frame in some shots 
to captute as much detail as posible, either by short lesion 
to-camera distance of the use of long-facus lenses, More 
gencral, wider shots should also be taken, however, o orientate 

Dur 
ing photography, care should be taken aot to heat up dhe skin 


the bite mark in relation to anatomical landmarks, 


by the clase proximity of high-power tungsten lamps. These 
should be placed at a distance or used only for short periods 
Flash illumination will obviate chis danger of heating the 
skin, which can distort the bite mark. 

‘When photography is completed, swabs of the bite 


should be taken co try to recover saliva. Though not often 


successful, this technique can occasionally be vitally import- 
ant in helping to identify or exclude the assailant, iF he or 
she is one of the 80 per cent of peaple who ate ‘seeretot 
that is, who exude their blood-group substance in eh 


saliva, Plain cotton-wool swabs are gently rubbed onto the 
bite — some experts recommend slightly moistening them 
Fiest with water or saline. They should then be deep frozen 
unless sent straight to the serology laboratory. 

Following photography and swabbing, there is usually 
lite more that the pathologist can do in the absence of a 
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dentist. facilities are available and someone has the expertise, 
an impression ofthe bite can be made. This consists of laying 
a plastic substance over the bite mark, whieh then hardens, 
so as to produce a permanent negative cast ofthe lesion. It 
is usually made with a rubber- oF silicon-based medium 
containing a catalytic handener, Less satisfactory substances 
ate water-based pastes, such as plaster of Paris, which are put 
fon wer and allowed to dry before removal, These have the 
disadvantage of potential damage to the actual bite, if chat 
is requited for further evidential examination. ‘Though ie is 
unlikely thae a pathologist will he able to carey out these pro- 
cedures, it may be that a non-forensc dentist or a forensic 
scicatis used to making casts of athce evidence may be able 
to make satisfactory impressions cha ean then be preserved 
for lace examination by an odontologis. 

[Afr aurops; it is also possible for the whole area of skin 
carrying the bite wo be removed and preserved in formalin 


for fucure examination, The shrinkage and distortion that 


are vireually inevitable, however, make these specimens of 
limited value for detailed tooth matching, though if good 
photographs with accurate scales are also available, they 
‘may be a useful addition to the dental evidence. 

Ieis recommended that, as with all bruises and abrasions, 
the body be re-examined a few days afer the fist autopsy, as 
the appearances may be markedly enhanced. In a bite matk, 
faint or even absent original lesions may become more promin- 
ent, or even appear forthe ist time a day of ewo after death. 
‘The removal of skin carrying the lesion should be delayed 
if ic is wished to see if this enhancement will occur, unless 
climatic conditions or lack of refrigeration would make this 
delay undesirable. 


Matching the bite mark with the 
suspect's dentition 

Fora pithologis, this is such & specie enterpae that fe 
would rary be atempred, unles thee was no prospect 
whatsoever of forensic denist being avilable, even ae 4 
lager date, AS mentioned eal, unless thee i a tiking 
dlenealfeatut in the bite mark or inthe teeth ofthe suspect, 
the bese that can he done isto try to exclude a limited number 
of potential asallants an the bas of lack ofcatrespondence 
of ther dentition with the bite mark, If nether mark nor 
teeth show any particular diinctve appenance, then even 
this should be avoided, without expert dental opinion. 
‘Where circumerances dictate that only the pathologie will 
ever be avaable ta help the investigation, he should confine 


himself to ehe following routines: 


The teeth of those who are either suspected by the 
police or who had access to the vietim should be 
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examined. In most jurisdictions ie is vital that fully 
informed consent should be obtained from the person 
beforehand, The doctor must explain what he intends 
doing and the reason for doing it Ie must be made 
clear that this is to be done for the purposes ofa legal 
investigation and that any information gained might be 
used as evidence — and that itis not related to diagnosis 
for treatment for the subjects own welfare. 

1B Any refusal must be a har to any further action. Where 
children are concerned, usually in the setting of child 
abuse, the consent of the fully informed parents or 
guardian must be obtained. All such consent is preferably 
obtained in writing and many police frees have special 
forms for the purpose. Ifnot written, then a dubious 
second best is geting oral consent: at least one witness 
to this must be obtained, if posible from independent 
persons other than relatives or police oficers, 

B With consent, the dentition is then examined and the 
following points determined and recorded by diagram 
and writing, Photographs should also be taken if there 
isan issue of passible correspondence between the teeth 
and the bite— or where exclusion is legally important. 
— The presence of full or partial denture ~ and, ifs0, 

were they worn atthe time of the incidene? 

— The number of teeth in upper and lower jaw. 

— A charting of any missing teeth, especially incisors 
and canines. 

— An estimate of the bite overhang, oF whether there is 
edge-to-edge occlusion or an undershoor projection 
of the lower teeth, 

— Recording of any broken teeth or teeth with 
significant individual abnormalities; these must be 
charted and described. 

— A recon of any irregularity or marked variation in 
the cutting edge profile of any front teeth, 

— An evaluation of the size and prominence of any 
teeth, especially in che canines and incisors and any 
developmental abnormalities, such as an extra 
interposed front tooth, 

— Recording of any abnormality in the orientation of 
any tooth or teeth, such as ewisting (rotation) in the 
anteroposterior tilting or double row of teth. Gaps 
and irregular spacing are vital factors, 


‘Though it is unlikely shat 2 pathologist will have either 
the expertise or materials to make an impression of the bite, 
this might be attempeed if no dental assistance of any kind 
is available — though the aid of a local dental practitioner 
‘would be useful in obtaining a wax or other bite registration. 
If chis is impossible, then a bite impression into any available 
plastic substance might be attempred. ‘The use of such sub- 
stances as modelling clay, Plasticine, or beeswax might be 


better than nothing ifsome unique Feature required demon- 
stration. Finally, whether it be from visual inspection of the 
teeth or from comparison with a east, an attempt should be 
‘made to compare the characteristics of the bite mask with 
the dentition of the suspect o suspects, It is assumed that an 
animal bite will have already been excluded by this stage 

‘This comparison can be performed in various ways, dif- 
ferent odontologists having their own techniques. Where 
‘marked abnormalities exist in the teeth, these may be present 
in the bite mark if che affected teeth happen to have regis- 
tered in the lesion, Some forensic dentists prefer to match 
photographs of the mark with photographs or tracings of 
the teeth, the former being printed to a 1:1 magnification. 
‘Tracings ean be made from positive cass of a bite impres- 
sion, inking the cutting edges ofthe front weth and trans 
ferring these to transparent sheets, which can then be laid 
cover the photographs to determine correspondence. Others 
use a negative photograph of the teeth laid over a positive 
photograph of the bite, again ensuring exact correspond- 
ence of magnification. 

Ina bite mark itis said that a tooth impression is better 
evidence than an absent mark — in other words, the presence 
of a tooth mark means chat the tooth was actualy inthe ja, 
whereas a gap in the injury could either mean tha the tooth 
was missing or merely that the occlusal edge had not marked 
the skin, pethaps because of slight shortening, unevenness oF 
‘wear, In all matching procedures berween a bite mark and 
the suspect teeth, allowance must be made for distortion of 
the skin surface during the biting process and the angle of 
attack of the teeth. Again itis emphasized that exclusion is 
probably a much safer exercise than an allegation of postive 


‘matching, unless chere is some unique feature in the deni 
tion, Unlike Fingerprints, fewer points of definite correspond- 
ence are required to claim correspondence. This applies only 
in the hands of experts, where the number needed for a con- 
fident identification depends on the strength of the idio- 
syneratic features, but may be inferred from three or four 
identical points. 


Ia practice, itis the six upper and six lower front teeth 


thar give the most information. The eanines may provide 
particular help when prominent and pointed. Premolars 
and molars are rarely useful, as might be expected from their 
lower profile and posterior pasition in the jaws. 


IDENTIFICATION OF THE DEAD 
FROM THE DENTITION 


‘The major contribution of forensic odontology is in the field 
of identification, especially in mass disasters, such as aviation 
and marine catastrophes, In air crashes, dental inves 
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is the mast successful single procedure leading to identifica- 
tion of mutilared and burned bodies, as the passenger 
manifest lists provide a circumscribed population for whom 
dental records can be obtained in the majority of cases. In 
such disasters the involvement of dentists is imperative, but 


the size of the subject is far too large co be attempted in a 


book of this nature 

Apart from mass casualties, forensic odontology is fre- 
‘quently used in problems of individual identity chat are the 
dircet concern of the forensic pathologist, as accident, suicide 
and murder form the majority of such unidentified bodies. 

‘As with skeletal remains (of which dental evidence is 
part), discussed in Chapter 3, there are two prime avenues 
of investigation: 


general or reconstructive identity, which attempts to 
classify the unknown person by age, sex and race 

1 comparative methods, which confitm or exclude the 
personal identity of the individual against ante-mortem 
dental records 


‘Once again, the pathologist can only act for che dentist 
in a ‘second-best’ way, when no forensic odontological 
expertise is available, Unlike bite marks, the material is 
likely to be much more permanent and, wherever possible, 
the pathologist should retain photographs, chartings and 
‘even the actual dentition against the time when expert den- 
tal opinion might become available, When time presses in a 
criminal inves-tigation, however, or where no dental help is 
ver likely to be forthcoming, then the pathologist has to 
do the best he can, though many special techniques such 
as radiology or tooth sections may be quite beyond his 
capabilities, 


General or reconstructive identity 


Unlike skeletal remains, the human origin of dental mater- 
ial is rarely in doubt, In badly decomposed or skeletalized 
bodies the jaws usually survive intact, though in dry skel- 
tons, teeth may become loose and fall out, especially the 
single-rooted canines and incisors 

Even in fragmented bodies and skeletons, the jaw rem- 
nants and teeth are readily recognizable, even by lay persons. 
Where tecth have dropped out and been recovered inde- 
pendently of a body, they are still usually recognizable as 
human, as opposed to most domestic or farm animals. In 
countries where lange primates exist, there may be some 
confusion, bue cis is a rare problem, 

Having established the human origin, the next determin- 
ation is sex and here teeth have a poor discriminating value, 
though the intact jaw is more helpful, as discussed in 
Chapter 3. Male teeth are usually larger, bu eis is generally 
unhelpful. The difference in size between the upper lateral 


LURE 26.5 Upper dental arch of'a shelton found buried on a 
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and upper central incisors is often greater in women, the 
male incisors being more equal in size. The female canines 
are usually smaller and more pointed relative «0 the male, 
more especially in the mandible than the maxilla, Gio’ teeth 
tend to calefy and erupt earlier chan boys. If the skeletal 
age is known, then more advanced tooth eruption in young 
penons is an indication of being female, though in these 


circumstances there are usually far better indicators of see 
available elsewhere in the skeleton. The mandibular first 
molar often lacks a fifth cusp in the female, which is almost 
always present in the male. Extraction of pulp tissue from a 
tooth, even up to many months afer extraction or death, can 
provide material for fluorescent staining for the female 
intranuclear E-body, as deseribed in Chapter 3, but this 
has now been superseded by sex determination via DNA, 
if recoverable from the pulp, 

Race is also a diffcule critetion to determine from teeth. 
The best-known feature isthe ‘shovel-shaped’ upper central 
incisors of Mongoloid races, firse described in Leipzig by 


Muhlreiter in 1870, The posterior surfaces of these teeth 
have a depression centrally, with rwo marginal bars, causing 
the back of the tooth to appear like a coal shovel with 
tumed-up edges, The feature is found mainly amongst 
Chinese, Mongols, Eskimos and Japanese, but is also found 
amongst non-Mongoloid races in lesser numbers, Some 
91 per cent of Chinese, Japanese and Tibetans have such 
tecth, 95 per cent of Native Americans, 84 per cent of 
Eskimos, 46 per cent of Palestinian Arabs —and 90 per cent 


Buck Converter . 
Boost Converter 
Flyback Converter With Inductor 
Flyback Converter With Transformer. 
Formats 

Values 
Nominal Input Voltage And Frequency, 
Output Voltage . 
Input Current And Output Current 
Load Regulation 
Efficiency . 
Ripple And Noise 
Isolated Or Non-solated . 

How To Use It 

What Can Go Wrong 
Electrical Noise In Output 
Excess Heat With No Load 
Inaccurate Voltage Output With Low Load . 


18. DC-AC Inverter 
‘What It Does .. 
How It Works 
Variants... 
Values 
How To Use It 
‘What Can Go Wrong 


>> REGULATION 


19. Voltage Regulator 
What It Does. 
How It Works . . 
Variants..... 
Packaging 
Popular Varieties .. 
Adjustable Regulators . 
Negative And Positive Regulators. 
Low-Dropout Linear Regulators .. 
Quasi-Low-Dropout Linear Regulators . 
Additional Pin Functions .... 


Values 165 
How To Use It... 165 
‘What Can Go Wrong + 166 


Inadequate Heat Management... 
Transient Response 

Misidentified Parts 
Misidentified Pins . 
Dropout Caused By Low Battery 


Table of Contents xii 


26; Forensic dentistry 


of Finns, Ie is rare amongst Negroids and Austalian Abori- 
ginals In Caucasian races, the lateral incisors in the upper 
jaw are usually smaller than the central, especially in women, 
a feature absent oF less marked in Negroid or Mongoloid 
races. Caucasians also have long pointed canine roots, a fea- 
ture not seen in Mongoloids. Enamel pears, small nodules of 
enamel on the tooth surface, are much more Fequent in 
Mongoloid teeth, Small nodules on the lingual surface of 
maxillary molars, called ‘Carabells cusp’ are most common 
in Caucasian races and rare i the other major racial groups. 
‘The condition of bull-ooth or ‘taurodontisin’ is most con 
mon in Mongoloid peoples: here the pulp cavity of molars 
is wide and decp, and the roots ate fused and bent. A con- 
genital lack of the thied upper molar is most common in 
Mongolods, but can oceus in any race. Negroid races tend to 
have large teeth and often have more ceusps on thei molars, 
ven up to eight, with two lingual easps on the mandibular 
fist premolars as an additional common finding. 

‘The age of the person is one of the most useful findings 
disclosed by the teeth, especially in the fist two decades of 
life. The sequence of deciduous or 'nill’ teeth is well known, 
overlapping the appearance of the permanent dentition, 


shown in Figure 26.6. This is only an average timetable, 
however, and is modified by several factors, such as sex, race 
and climate. Again, dental expertise is needed to refine the 
accuracy of such estimations, The determination of age from 
fecal teeth ip also a matter for embryologists or dentists with 
specialized knowledge of this petiod. After the ehird molar 
thas erupted in the third decade of life, then age determin- 
ation becomes much more difficult. Much research has been 
expended in forensic odontology and the name of Gustafson 
(see references and further reading) is well known in this 
respect. His criteria for age in adult life comprised six 
factors 


1 occlusal attrition of the tip of the tooth 

secondary dentine deposition in the apex of the pulp 

1 apical migration of the attachment of the periodontal 
‘membrane 

1H increase in root transpatency — the best single indicator 

root resorption 

1 accumulation of cementum around the root. 


“This method, as later modified by Johanson (1971), is sid to 
give an age accuracy within 5 years either side ofthe true age 

Ie seems pointless to rehearse these methods in advice to 
pathologists, however, as specialized techniques, equipment 
and knowledge are needed for these procedures. The standard 
textbooks an forensic odontology and original papers should 
be consulted for the deuails, Returning to general features 
cof age, obvious pointers are the state of the teeth in respect 
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Identification of the dead from the dentition 


of wear, hygiene and colour, which may deteriorate with 
advancing age. Much depends upon the care with which 
they have been maintained, however, though marked occlusal 
attrition tends to go with increasing age, unless rough diet 
hhas accelerated the wear. In Western Europe, gross occlusal 
attrition, sometimes down to gum level, is seen in old skeletal 
‘material. This usualy indicates tha che bones and teeth eame 
from someone alive in the mid-nineteenth century or earls, 
before modern milling methods removed abrasive stone dust 
from flour 

Edentulous jaws also suggest advancing age but, espe- 
cially in former years before more conservative dentistry, 
even young adults often had total tooth clearances for caries 
‘Once the teeth have gone, there isa general atrophy of the 
alveolar margins, but chs isa poor criterion of age because 
of the great variability in che time when teeth are lost. 

Newer techniques for age estimation include the vari- 
ation with age of racemization of amino acids, especially 
aspartic acid, but this isa very specialized area 


Comparative identification from teeth 


Establishing personal identity requires the matching of 
observed features with pre-existing dental records, the later 
almost always obtained from previous diagnostic and chera- 
peutic surveillance. For this method to be applied, there 
must be: 


1 Some collateral evidence to indicate either who the 
unknown body might be, so that records can be sought. 
Alvernatively, a circumscribed population must be 
searched for records that may match the unknown. 
Such a population may be the known passengers on an 
aircraft or ship or a cohort of missing persons 
maintained on some register. It is manifestly impossible 


to search a large population, such as a whole country oF 
even a city, Attempts were made in Britain to 
computerize dental records from the National Heh 
Service so that a wide search could be made, bur the 
completeness and quality of data was such that the 
scheme was found to be impracticable. 

1 The unknown person must have had dental atention 
in ehe past, The dentist of hospital must be known; the 
records must be traceable and, when found, must 
contain sufficient clinical information to provide 
adequate identifying features. The recovery of dental 
radiographs is a most useful adjunee. Unfortunately, 
these criteria are not always satisfied 


‘The dental records are needed to provide a description 
of the dentition and jaws at a date as late as possible before 
the finding of the body. Work may have been done on the 
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deceased during life since the last record was made, if the 
person had been treated elsewhere and the information not 
recorded. Where a record does not conform to the dental 
state of a body who was expected to be a match, i is obvi- 
fous that such discrepancies can be of ewo types: 

1 If the record indicates some condition that is 
le but which does not exist in the body, then 
that excludes matching. For example, if the record 
states that certain teeth have been extracted, yet they 


are still present in the jaws, then any hope of 
correspondence must be abandoned. 

IFfillings are present in the teeth, which are not 
shown in ehe records, then these may have been made 
later and not recorded. Of course, no discrepancies of 
point 1 must be present for those of point 2 to be 
acceptable 


Charting the teeth 


In the absence of a forensic odontologist, the next best 
person to record the state of dentition of a dead body would 
naturally be a dental practitioner, to whom this task would 
bean everyday routine, The chart made by him could then 
bbe used for futuee reference in any identification procedure. 
This chapter is concerned with the imperfect yer some- 
times inevitable circumstance where the pathologist is the 
only person available. Unfortunately, there are a hast of 
different methods of charting the contents of the jaws, and, 
in spite of sustained efforts, no universal internationally 
accepted system has yet been adopted. For our purposes, 
any careful record of the number, position and state of the 
teeth made by a pathologist can be converted into whatever 
system of charting is requited ata later stage. 

‘Two main methods of recording data are in use: the first 
is a diagrammatic chart commonly used in large dental 
services such asthe British National Health Service, seen in 
Figure 26,8, The other system uses a more pictorial repre- 
sentation ofthe teeth, so chatll features can be recorded in 
a more exact topographical manner. Both systems, as well 
as many variants, have a notation which describes the 
position of the teeth, almast always in four quadrants, right 


upper left upper, right lower and left lower. Unfortunately, 
there is considerable variation in the sequence of numer 
ation, especially where the transition points from lefe to 
right, and from upper to lower are concerned, these being, 
confusing and ofien not interchangeable. The pathologist 
need not concern himself too much with this problem, as 
his graphic representation can always be turned into what- 
ever system of numeration is required at a later time. For 
example, if an unknown body has its teeth charted on one 
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Ficune 26.8 Tw ofthe many per of chart used for recording dental characteristics. The upper is the ‘Odotogram designed for Interpol 
The chart displays each surface af ech roth, inclading the deciduous teth, The lower chart i that nsed in the British National Health 
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ach oer centrally 


of the common diagrams and later the dental records of 
4 potential ‘identitee’ become available, the chare can be 
transposed into the same system as the clinical records, 
‘The notation derived from this ean then be transmitted by 
telephone, telex, fax or other form of communication, if 
the records are not available at the place where the body 
lies, This is particularly important in transportation fatali- 
ties such as air erashes, where the home base of the victims 
_may be far removed from the scene of death. 

‘On the diagrammatic or anatomical chars, each tooth is 
represented by a pictorial symbol that provides the same 
number of tooth surfaces as those on the same teeth in the 
‘mouth. The incisors and canines have four surfaces repre- 
sented, while the premolars and molars have an additional 
facet, the occlusal surface, On these diagrams, the positions 
of fillings, crowns, caries and damage are marked, and, of 
course, missing teeth are deleted. 

In charting the teth, the pathologist needs good access to 
the mouth and this presents the frst problem. Rigor mortis 
in a relatively fresh cadaver may make it impossible to open 
the mouth without great effort. Excessive force should not be 
used, especially leverage with a metal instrument, because of 
the danger of damaging the teeth, Where the rigor cannot be 


broken by sustained firm pressure on the chin ~ oF where 
time prevents waiting for rigor to pass off — it may be neces- 
sary to extend the autopsy incision into a neck ‘V” and die 
sect the skin off the lower patt of the face, to gain access to 
the masseter and temporalis muscles, which can then be 
divided above their insertion into the mandible, to allow the 


jaw to become mobile. Cate must be taken not to disfigure 
the fice during this procedure. 

‘When the body is decomposing, no rigor will be presen. 
If badly routed, then cosmetic considerations will no apply 
and more radical removal af the jaws may need to be per 
formed, The same holds for badly burned bodies, where heat 
contraction of the facial muscles may make it impossible 
to open the jaws without dissecting away tissues, In both 
these instances, where identity isa prime consideration, both 
mandible and maxilla may need to be removed for retention 


and later examination, The mandible can be disarticulated 


at the temporomandibular joints and removed intact. The 
lower maxilla, comprising the tooth-bearing.jaw, the palate 
and the inferior part of the facial skeleton, can be removed 
after the mandible has been taken. This is done by sawing, 
horizontally across che maxilla atthe level of the lower mar- 
gin of the nasal apertue, taking care to saw above any tooth 
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Identification of the dead from the dentition 


eof dentures to identify decomposed bady fram 
the sea. Some dental proiheter carry maker or patient’ record 
nurabert embedded in the plate material. The lo of ue around 
cyesanel mouth was caused by marine predators. The eut throat was 


rade bya nylon hawser that threw thi ship ofcer overboard. 


roots. After photography and charting, the jaws can be pre- 
served in formalin or a freeze 

and DNA idenei 
unfixed tissue for serology and other investigations should be 


With modern serological 


ation techniques, che need to keep some 
hhorne in mind. Naturally, the presence of any full or partial 
dencures or any other type of dental prosthesis will have beer 
recorded and the prosthesis carefully retained for examin- 
ation. Even edentulous persons may show signs of having 
worn dentures by the presence of pressure marks on gums oF 
palate, Wherever posible, radiographs should be taken of 
the head of an unidentified body (as discussed in Chapter 3) 
‘where non-dental considerations apply, such as craniometry 
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of frontal sinus visualization. At the same time, the radio 
graphs may show unexpected foreign bodies in the head and 
some of these may have unique dental importance, such 
as broken drill, broken roots or congenital abnormalities, 
which may be marchable with clinical films, or a note in the 
ante-mortem records. Radiography has a special place in 
forensic odontology; but specialist techniques and know- 
ledge are likely to ie outside the abilities of « pathologist 

‘When, by whatever means necessary, the dental arches 
have been made available for examination, the following 
features are sought and recorded on the chart 


1 Extractions —whether recent or old should be noted 
from the condition of the socket. 

Fillings — their number, position and composition. 

Artificial eth — gold, porcelain or stainless steel 

1 Other prosthetic work in the mouth, such as 
bridgework or braces 

Crowned teeth, 

1H Broken teeth, 

1B Pathological conditions in teeth, jaws oF gums. 

1 Congenital defects such as enamel pearls, Carabell’s 


cusps or ectopic teeth 

Hl Malpostioned teeth ~ rotated or tilted for example 

1 The general state of care and hygiene inchuding caries, 
plaque, tobseco staining and gingivitis 

1H Racial pointers, such as shovel-shaped upper central 
incisors oF multi-cusped molars 


‘When all available information has been discovered and 
entered on the chart, the process of comparison with any 
ante-mortem records can be made, Much will depend on 
the quality and the date of these records, which are fre- 
quently less detailed and exact than the autopsy charting. 
Allowance must be made for the clinical records to be 
substantially out of date on occasions, as mentioned earlier. 
The process of matching is again really the work of an 
experienced dentist, bur the major task of checking the 
above lise against the previous records can be carried out 
adequately in respect of missing teeth, filling, prostheses 
and major trauma and other anomalies, 

Anything on the clinical chare that is not represented in 
the actual jaws almost always excludes a matching — fillings 
cannot go away and extracted teeth cannot return, even 
though some remarkable fests of dental treatment now exist. 
The degree of correspondence that is acceptable fora positive 
match is a matter of common sense, and naturally other 
non-dental aspects must be taken into account — itis useless 
trying co claim a match on a woman's dental characteristics if 
coher information clearly indicates that the missing person 
‘was aman. Finally, and at the tisk of being over-repetitive, 
it must again be emphasized that, hough the pathologist may 
be a collector of data and physical evidence, where the issues 
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excluding homicide, A skeleton was 
found buried ina soburban garden. Initial suspicions were allayed 
when the remus ofthe mandible was een to carry a bronze wire for 
aruachinga pring ta suspend the jaw from the skull. Police enquiries 
confirmed thatthe house a previously belonged 10 a member ofthe 


‘medical school teaching staff 


FIGURE 26.11 A mandible fiom a akelealized boy fod in upicous 
ireunstances. denny as elise solely from dena fnsure, such 
«athe old bide and acrylic tooth on the right ide af the jaw andthe 
numerous amalgam fling Comparison of dental radigraphsobctined 


from a hspital onfrmed the comspondence. The jas, with he 


prominent square smphyecl gion, i typical 


are vital (asin a homicide investigation), every effort must be 
made for the material to be evaluated by a forensic odantolo- 
sist, even if the details have to be sent by air mail to anothet 
country 


{CURE 26.12. Pink teeth, The jaw came fom a decomposed body 
duped inthe countryside afer death from narcaticaverdase. No 


robo racial preset th 
by haemoglobin produc 
permision of Pf 


buds. she pikes 
1 taining the dentine. (Repreduced hy kind 
David Whittaker) 


PINK TEETH 


At autopsy on putrefied bodies, the teeth are sometimes 
seen to be a marked pink colour, especially near che gum 
line. Considerable research has been carried out into this 
interesting phenomenon and itis clear that the coloue isthe 
result of the dentine being stained by haemoglobin prod- 
ucts, It was once thought that carbon monoxide played a 
part in the coloration, but this has been disproved. Claims 


that the phenomenon isa pointer to an asphyxial death can 
be discounted, though possibly a very ‘congestive’ mode of 
death = albeit a v 


non-specific condition — encourages 
ppinkness because of retention of blood in the pulp. 


REFERENCES AND. 
FURTHER READING 


Ajmal M, Mody B, Kumar G. 2001, Age estimation using 
three established methods, A study on Indian 


population. Forensic Sei Int 122:150-4 
Bernitz H. 2001. Identification by means of denture 
marking. SAD] 56:368-* 
Bernitz H, 
identification of a cheese bitemark: a case report. 
J Forensic Odontostomatol 20:13-16, 
Borrman HI, DiZinno JA, Wasen J, et al. 1999. On 
denture marking. J Forensic Odontostomatal 17:20-6, 


loppers BA. 2002. Comparison microscope 


References and further reading 


Bowers CM, Johansen RJ. 2002, Photographic evidence 
protocol: the use of digital imaging methods co rectify 
angular distortion and ereate life size reproductions of 
bite mark evidence. / Forensic Sei A7:178-85. 

Bowers CM, Johansen RJ. 2002, Digital imaging methods 
as an aid in dencal identification of human remains. 

J Forensic Sci 87:354-9. 

Brkic H, Strinovie D, Kubat M, etal 2000, Odontological 
identification of human remains from mass geaves in 
Croatia, fut J Legal Med 114:19-22. 

Brondumn N, Simonsen J. 1987. Postmortem red 
coloration of teeth, A retrospective investigation of 
26 eases. Am J Forensic Med Pathol 8:127—30, 

‘Cameron JM, Sims BG. 1973. Forensic dentistry. Churchill 
Livingstone, Edinburgh, 

Commission on Armed Forces Dental Services. 1967. 
Identification by dental means, Nol. Redaction -V. 
Federation Dentaite International, Pais, 

DeVore DT: 1977. Radiology and photography in forensic 
dentistry. Dent Clin North Am 21:69-83. 

Du Chesne A, Benthaus §, Brinkmann B, 1999. 
Manipulated radiographic material ~ capability and 
tisk for the forensic consultant? Int J Legal Med 
112:329-32 

English WR, Robison SE, Summit JB, etal. 1988, 
Individuality of human palatal rugae, J Forensic Sci 
33:718-26, 

Fearnhead RW. 1961, Facilities for forensic odontology. 
Med Sci Law 1:273-6. 

Fielding CG. 2002, Nutrient eanals of the alveolar process 
asan anatomic feature for dental identifications 
J Forensic Sei 87:381-3. 

Forbes G, Watson AA. 1975. Legal appects of dental 
pmuctice. John Wright, Bristol 

Furness J. 1976, Positive dental identification, Jnr J 
Forensic Dent 3:2-5. 

Furness J. 1981, A general review of bite-mark evidence, 
Am J Forensic Med Pathol 2:49-52. 

Garn SM. 1958. The sex difference in tooth ealefication. 
J Dent Res 37:561-, 

Glass RT, Jordan FB, Andrews EE, 1975. Multiple 
animal bite wounds: a ease report. J Forensie Sci 
20:305-14 

Gustaion G. 1950. Age determination on teeth. J Am 
Dent Asoe 4145-50. 

Gustafion G. 1966, Forensic odontology Staples Press, 
London. 

Haines DH. 1972. Racial characteristics in forensic 
dentistry. Med Sei Law 12:131-8. 


Hanihara K. 1967, Racial characteristics in the dentition, 
J Dent Res 46:923-6 

Harvey W, 1976, Dental identification and forensic 
adontology. Henty Kimpton, London. 

Heliman H. 1929. Racial characteristic in the human 
dentition. Am Phil Soc 67:157-74 

Hurme VO, 1948, Standards of variation in the eruption 
of the first six permanent teeth, Child Dev 19:213-22. 

Ito $, 1976, Age determination based on tooth crown, 
Int J Forensic Dent 339-4 

Jakobsen JR, Keiser Nielsen S, 1981. Bite mark lesions in 
human skin, Forensic Sei nt 1:41-55. 

Johanson G. 1971. Age determination from human teeth, 
Ondantol Rew 22(Supp))2: 

Kemkes-Grottenthaler A. 2001. The reliability of forensic 
costeology —a ease in point. Case study, Forensic Sei int 
117:65-72. 

Kolleveit KM, Solheim T, Kvaal Sl, 1998, Methods of 
‘measuring morphological parameters in dental 


radiographs. Comparison between image analysis and 
‘manual measurements. Farense Sei Int 94:87-95. 

Koshy S, Tandon S. 1998, Dental age assessment: the 
applicability of Demirjian’s method in South Indian 
children. Forensic Sci int 9473-85. 

Lund H, Mornstad H. 1999. Gender determination by 
odontometris in a swedish population. / Furensc 
Odontostomatol V7:30-4. 

Lunes L, Lune P1973. Handbook far dental identification: 
techniques in forensic dentistry Lippincott, Philadelphia. 

Maples WR. 1978, An improved technique using dental 
histology for estimation of adule age. J Forensic Sei 
23:764-70. 

Marshall W, Powter J, Harvey W. 1974, Bite marks in 
apples — forensic aspects. Criminol 9:21-6. 

Masters PM. 1986, Age at death determinations for 
autopsied remains based on aspartic acid racemization 
in tooth dentin: importance of postmortem conditions 
Forensic Sei nt 32:179-84, 

MeKenna C], Haron MI, Taylor JA. 1999. Evaluation of 
a bitemark using clear acrylic replicas of the suspect's 
dentition —a case teport. J Forensic Odontostomatol 
17:40-3. 

Meredith HY. 1946, The onder and age of eruption of the 
deciduous dentition. J Dent Re: 25:43-5, 

Mertz CA, 1977. Dental identification, Dene Clin North 
Am 21:47-67. 

Merager Z, Buchner A. 1980, The application of 
tetracyelines in forensic dentistry. / Forensic Sei 
25:612-18, 


539 


26: Forensic dentistry for the pathologist 


“Miles AEW. 1963, Dentition in the estimation of age, 
J Dent Res 42.2535. 

Maller M, Lupi-Pegurier L, Quatrehomme G, et af, 2001 
Odontometrical method useful in determining gender 
and dental alignment. Forensic Sei Int 121:194-7. 

Myers JC, Okoye MI, Kiple D, et al 1999. Three- 
dimensional (3-D) imaging in post-mortem 
examinations: elucidation and identification of cranial 
and facial fractures in vieims of homicide utilizing 
3-D computerized imaging reconstruction techniques 
Int J Legal Med V1333~7, 

Nambiar P, Carson G, Taylor JA, ef al, 2001 
|dentification from a bitemark in a wad of chewing, 
gum. J Forensic Odontestomatol 19%5-8. 

Ogino T, Ogino H, Nagy B. 1985. Application of aspartic 
acid racemization to forensic odantology: postmortem 
designation of age at death. Forensic Sci hut 29:259-67. 

‘Obani S. 1994. Age estimation by aspartic acid 
racemization in dentin of deciduous teeth, Forensic Sci 
Int 6877-82. 

‘Obani S, Yamada Y, Yamamoto 1. 1998. Improvement of 
age estimation using amino acid racemization in a ease 
of pink teeth, Am J Forensic Med Pathol 19:77-9. 

Pretty IA, Smith PW, Edgar WM, ef al 2002. The use of 
quantitative light-induced fluorescence (QLF) to 
identify composite restorations in forensic 
examinations. J Forensic Sei 47:831-6, 

Ritz-Timme S, Cattaneo C, Collins MJ, etal 2000. Age 
estimation: the state of the art in relation to the specific 
demands of forensic practice. nt J Legal Med 
113:129-36 

Rogers SL. 1988. The testimony of teeth: forensic aspects of 
‘human dentition. Thomas, Springfield. 

Ruddick RE 1974. A technique for recording bite marks 
for forensic studies, Med Biol lus 24:128-9, 

Sheasby DR, MacDonald DG. 2001. A forensic 
classification of distortion in human bite marks. 
Forensic Sei bat Y2275-8, 

Sims BG, Grant JH, Cameron JM, 1973. Bite-marks in 
the ‘battered baby syndrome’. Med Sei Law 13:207-10. 


Sognnaes RF. 1980, Hitler and Bormann identifications 
‘compared by postmortem craniofacial and dental 
characteristics, Am J Forensic Med Pathol V:10515. 

Solheim T. 1980. Unusual dental forensic eases in Norway. 
‘Am J Forensic Med Pathol 1:197-203. 

Solheim T. 1993. A new method for dental age estimation 
in adults, Forensic Sei ne $9:137-47. 

Stevens PJ, Tarlton SW. 1966. Medical investigation in 
fatal aircraft accidents. The tole of dental evidence. 

Br Dent J120:263-70. 

Sweet D, Shutler GG, 1999, Analysis of salivary DNA 
evidence from a bite mark on a body submerged in 
water. J Forensic Sei 44:1069-72, 

‘Tramini P, Bonnet B, Sabatier R, eal 2001, A method of 
age estimation using raman microspectrometry 
imaging of the human dentin, Forensic Sei Int V18:1-9, 

Valenzuela A, Martin-de las Heras S, Marques T, etal 
2000, The application of dental methods of 
identification to human burn vietims in a mass 
disaster. Int J Legal Med 113:236-9. 

Whitaker D, MeRonald R. 1989, Atlas of forensic 
dentistry Wolfe Medical Publications, London, 

Whittaker DK, Brickley MR, Evans L, 1998. A. 
comparison of the ability of experts and non-experts 
to differentiate between adult and child human bite 
marks using receiver operating characteristic (ROC) 
analysis, Forensic Sei Ine 92:1 1-20. 

Whittaker DK, Richards BH, Jones ML. 1998, 
Orthodontic reconsteuetion in a vietim of murdes. 
Br J Orthod 25:\1-14. 

Wright FD. 1998, Photography in bite mark and 
patterned injury documentation ~ part 2: a ease study. 
J Firensic Sci 43:881~7. 

Xu XH, Philipsen HP, Jablonski NG, eal. 1991 
Preliminary report on a new method of human age 
estimation from single adult teeth. Forensic Sei nt 
51:281-8. 

Yaaeob H, Nambiar P, Naidu MD. 1996, Racial 
characteristics of human teeth with special emphasis 
fon the mongoloid dentition, Malays J Pathol 18:1~7. 


540 


CH CAP TE oR 


27 


Poisoning and the pathologist 


Hi The concept of the fatal dose 541 
IH Variations in published fatal poison concentrations 542 
IH The autopsy in suspected poisoning 543 
IB Poisoning deaths in hospital 543 
IH The collection of autopsy samples for 543 


toxicological analysis 


I Containers for toxicology samples 845 
IH Preservatives in samples 545 
IH The site of sampling for toxicological analysis 846, 
IH The technique of obtaining autopsy samples 847 
IH References and further reading 860 


“Toxicology has a number of different aspects and, in such a 
hhuge subject, various specialists have different interests 
‘The clinical toxicologist is most concerned with diagnosis 
and treatment of the living patient; the analytical woxicolo- 
gist has che complex task of laboratory investigation; and 
the pathologist is concerned with evaluating poisons as a 
cause oF contsibution to death. Though obviously linked, 
these various aspects are substantially different and few 
people can claim to be proficient in all three. As far as the 
pathologist is concerned, his main task is wo exclude or con- 
firm other non-toxic factors in the death, He has then to 
collece suitable samples for analysis and, when the labora- 
tory results are available, o interpret them in the light of 
his knowledge of the history, clinical features and autopsy 
appearances. 

‘The pathologist inevitably needs the expertise of the labora 
tory analyst and the latter's knowledge of the therapeutic, 
tense and fatal levels ofthe substances under consideration, 
Such data must, however, be evaluated in the knowledge of 
other pathological and physiological conditions present, xo 
that i isthe pathologist, rather chan the laboratory taxicolo- 
gist, who should provide the inal opinion upon the proxi- 
mate cause of death, This does not always happen and 
some laboratory report forms may be seen that unequivo- 
cally ~ and unwisely ~ state that a particular drug eaused 
the death. 

Where, as 40 often happens, the toxic levels found at 
post-mortem are not in a potentially fatal or even toxic 
range, then the pathologist should seck the advice ofa elin- 
ical roxicologist to determine whether any of the symptoms 
or signs during life may assist in deciding on the cause of 


death, As so often happens in forensic problems, the inves- 
tigation of a fatal poisoning must be a cooperative effort, 
especially between pathologist and laboratory analyst. Even 
in apparently obvious cases, such as a blood saturation of 
50 per cent carboxyhaemoglobin, i is not for the analyst to 
declare a definite cause of death, as the vietim may also 
have had a fractured skull bur equally, the pathologist has 
an obligation to provide the laboratory with the best pos- 
sible samples in the best possible condition, as well as good 
information about the circumstances of the eas, 


THE CONCEPT OF THE 
FATAL DOS 


Many persons, including some doctors, are under the Firm 
misapprehension that, for most taxic substances, there are 
relatively constant quantities that will cause death, Not 
only the lay public, but lawyers, police, coroners and others 
assume that there isa more or less linear relationship berween 
the amount of poison that enters the body, the resulting 
levels in blood and tissues and the degree of disability 
caused ~ the ultimate disability being death, 

In addition, it is often thought that back-ealeulation 
from blood and tissue levels can arrive at a definite assess- 
ment of how much poison was originally administered, 
‘This aspect is of particular concern to coroners and similar 
officers, who have to decide on motive in potential sui- 
cides, where the magnitude of any overdose may assist in 
distinguishing beeween accident and seléadministration. 
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‘The pathologist has his own difficulties in respect ofthe 
fatal dose’, as quantitative results from the laboratory have 
to be matched against « knowledge of published blood and 
tissue levels for that substance in relation to its potential 
toxicity: Though numerous tables of toxic levels have been 
published, there is considerable variation between the levels 
recorded. Reasons for this are explored later, Iris obvious 
that there is no ‘fatal dose’ in the sense ofa single threshold 
concentration above which a person dies and below which 
hhe survives. Instead, there isa range of levels, the upper and 
lower mat 


ns of which vary from one authority to another, 
which encompasses most deaths ~ but even here there are 
many exceptions, instances being recorded where survival 
‘occurs well above the upper limit and death occurs below 
the lower margin. In such eases, che task ofthe pathologist 
~ which cannot always be satisfactorily discharged ~ is to 
evaluate all other non-toxicological data to see if they can 
modify the circumstances sufficiently to allow an accept- 
able explanation for the death, Ie is sometimes difficult 10 
explain these concepts of great biological variation to law- 
yersand police officers, who expect more definite decisions, 
and might even feel thae the pathologist is being evasive 
or obstructive. 

‘The concept of the ‘LDsy' is sometimes raised by the 
more knowledgeable lawyer, but this does not assist materi- 
ally in any individual ease. The LDsy is a device used by 
pharmacologists and toxicologists in a statistical sense in 
animal experiments, Over a large number of tests, it 
provides a toxic level at which half the animals will be 
expected to die, Though the indicative value in a general 
sense in comparing the toxicity of one substance against 
another, there is no way of knowing whether the human 
victim of poisoning lies at che upper oF lower end of the 
classical bell-shaped curve that characterizes most bio- 
logical responses. 

Far more useful isthe cumulative record of actual labora 
tory results from toxicology centees that deal with human 
poisoning, which progressively build up a large database of 
blood and tissue levels, and correlate these with records of 
the clinical state, toxic effects and fatal outcome. Even here 
the variations are wide, as the many published tables esl, 
but a lease general guidance ean be obtained. 


VARIATIONS IN PUBLISHED FATAL 
POISON CONCENTRATIONS 


In the many publications that offer therapeutic, coxie and 
lethal ranges fora wide variety of poisonous substances, there 
is considerable variation in the quoted levels, These can be 
source of confusion and sometimes dismay to the patholo- 
gist who, even with the advice of his local toxicologist, may. 


find it difficule to decide whether a death ean justifiably 
be attributed to a particular drug or other toxie substance. 
Even if he can so satisfy himaell, he may be subjected co 
keen questioning, interrogation, doubt or erticism from 
colleagues, coroners, police, lawyers and others, who have 
access to different versions of toxic and fatal levels. The 
ultimate challenge may come in a criminal court, where 
‘opposing counsel may openly defy the pathologist's inter- 
er A RW Forrest, Chemical Puhologit and Tosicologie 
at Sheffield’s Royal Hallamshire Hospital (personal com- 
munication) points out some reasons for the yatiations 
found in such published data. He expresses the view that it 
is rather surprising that the order of disagreement is not 
greater, given the opportunities for disparity 

First, many of the published series are small, some being 
only individual case reports, Statistically, this is not a good 
foundation for establishing reference ranges, which are much 
beter obtained from a database derived from the cumulative 
results of large laboratory service, such as the British Home 
Ofce Forensic Science Service, which maintains a central 
computer store ofall results from its laboratories, 

Second, analytical techniques vary widely, both in 
method and accuracy. The specificity varies from labora 
tory to laboratory so that there may be a lack of uniformity 
about what is actually being measured. For example, pats- 
cetamol may be measured by a non-specific method that 
picks up its metabolites as well as the native drug, which 
will chen offer a different blood level in a fatal ease from 
that found by more specific methods. In other words, one 
is not comparing like with like’ 

‘Third, as discussed elsewhere in this chapter, the site of 
sampling may introduce wide ervors, With some substances, 


a several-fold variation in concentration may be found 
berween femoral vein and cardiac cavity blood, 
Last, errors occur because a ‘fatal’ level may be attributed 


to one substance without taking into account the level - or 


even the existence — of other toxic substances that the 
deceased may have taken, and of which the pathologist oF 
analyst may not even have been aware. For example, the 
newer more potent benzodiazepines may be missed ina 
simple toxicological screen, but could well have con- 
tributed to the toxicological overload that caused the 
patient to die, In such a case, the level of the recognized 
drug would be blamed forthe death, whereas in fac ie may, 
not have been a lethal dose in itself, hough was recorded as 
such in any database or tables 

‘These facts highlight the dangers of limiting request 
for analysis solely to the substance known or thought «0 
have been taken, Often an efficient sereen for other sub- 
stances will reveal other unsuspected compounds, some- 
times more toxic than the one originally suspected. 
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Iehas to be recognized, however, tha, in many jurisdic- 
tions, the availability and expense of toxicological invest- 
gations may make it impossible to pursue a full analytieal 
survey, especially if this is to be undertaken on a speculative 
basis rather than for quantification of a known oF strongly 

nic agent. A fll sereen may only be practicable 


in a suspected homicide, if laboratory facilities 
and fiscal support are severely restricted. In many countries 
homicide by poison is relatively rare and the funds to inves- 
tigate accidental, suicidal and iatrogenic poisoning exhaust- 
ively may just not be available 


‘THE AUTOPSY IN SUSPECTED 
POISONING 


‘The autopsy in these circumstances can be amongst the 
most difficul of peoblems faced by a forensic pathologist ~ 
not in the technical procedure of the examination, bus in 
the final evaluation of all the available information 

“The nature ofthe poisoning autopsy in Western countries 
has changed dramatically since the lst century, when poison- 
ing was a common method of homicide. There has been a 
‘marked change in the nature of poisons used in murder, sui 
cide and accident. The corrosives, heavy metals and alkaloids 
commonly ingested in former years became relatively easy to 
detect, either by gross autopsy appearances oF by straight- 
forward analytical methods. Further refinements of toxicolo- 
gical techniques, instead of the old methods in which large 
samples had tobe tested because of the insensitivity of labora- 
tory tests, allow the detection of nanogram quantities. 

Acids, alkalis, phenols, arsenic, antimony and strychnine, 
for example, became easy to detect, and in the Western world 
these gave way to compounds that leave litle or no gross, oF 
even histological changes inthe body, Most are pharmaceut- 
ical or agrochemical substances, active in low dose compared. 
to the old ‘blockbuster’ poisons. As forthe majority of drugs 
used in legitimate medical therapy, an added problem arises 
‘when low post-mortem levels are found ~ is this merely a 
therapeutic dose or che tal-end of «declining lethal dose? 

In some parts of the world, such as South-east Asia 
Africa and the Indian subcontinent, poisoni 
common and more physically damaging substances con- 


tinue to be seen that leave obvious autopsy lesions. Some of 
these are described under the appropriate headings in the 
succeeding chapters, but in most poisonings the major 
function of the autopsy isto evaluate any other conditions 
present, both from trauma and natural disease — but also 10 
collect suitable material for laboratory analysis, The proper 
retention of optimal samples, their correct preservation and 
dispatch to the toxicologist are of such fundamental import- 
ance that they are discussed in detail 


POISONING DEATHS IN HOSPITAL 


A considerable proportion of those who die from suspected. 
poisoning will have died in hospital, and it is of prime 
importance that the medical records be obtained and stud- 
ied before the autopsy begins. Even if poisoning was not 
confirmed or even suspected by the clinicians treating the 
patient, later information may have come to the patholo- 
gist to raise this possibility, Whether known ar not, the 
results of ante-mortem investigations may be of consider- 
able use to the pathologist. If poisoning was known or sus- 
pected before death, there may wel have been toxicological 
analyses performed and the results of these may be of great 
value. 

‘Whether poisoning was suspected oF not, there may stil 
be ante-mortem blood or urine samples (taken for bio- 
chemical or haematological tests) stored in the hospital 
laboratory, which may be rescued for retrospective analy- 
sis, Such ante-mortem samples are likely to be of greater 
use than fluids drawn off at autopsy, because of sampling 
defects, post-mortem changes and because toxic levels are 
likely to have been higher during lie, 
accurately the maximum toxic concentrations 

In addition, many patients dying in hospital from drug 
overdoses will have indwelling catheters in place. It is the 


presenting more 


common practice for the nursing staff to remove these at 
death and discard the urine, IF tis possible to establish a 
practice in the wards where such terminal urine samples are 
saved, valuable material for analysis can be obtained. 


THE COLLECTION OF AUTOPSY 
SAMPLES FOR TOXICOLOGICAL 
ANALYSIS 


‘The investigation of a death from suspected poisoning may 
stand or fall upon the correctness o otherwise of the 
sampling of fluids and tissues from the body. Unsuitable 
samples, inadequate amounts, incorrect sumpling sites, poor 
containers, inadequate preservation methods, and delayed 
for unsatisfactory storage and transport co the laboratory 
may frustrate oF distore proper analysis. The final outcome 
ray be wrong, either in filing to detect a poison actually 
present, in measuring only part of chat originally present 
for — in some eases ~ even producing falsely high results 
that then lead co an incorrect cause of death. Not only 
‘must samples be in the optimal condition, but the accom- 
panying information from the pathologist to che analyst 
needs to be as accurate and comprehensive as posible, so 
that the most appropriate techniques are used, and allowance 
made for any interfering substances that may be present. 
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27: Poisoning and 


In decomposed bodies infested with maggots, and in the 
absence of tissues or fuids normally taken for toxicology, 
Diptera and other arthropods can be used as alternative 
specimens for toxicological analyses. This relatively new 
Field of forensic entomology i called entomotoxicology. 


‘The time of sampling 


It is obvious that the shorter the delay between death and 
the removal of samples, the better. Though some toxie sub- 
stances, such as carbon monoxide, form stable compounds 
in the body, many others (especially volatile substances 
and some pharmaceutical products) will be broken down 
by post-mortem autolysis and decomposition. When an 
autopsy cannot be performed quickly after death, in terms 
ofa few hours, then mortuary refrigeration isthe firs line 
of defence to slow up putrefactive and autolytic processes. 
If delay is foreseen, usually because of administrative prob- 
Jems in obtaining consent or authority for autopsy, it may 
be possible to obtain a sample of blood through the body 
surface, such as puncturing the femoral vein by needle and 
syringe. The blood can then be kept in optimal conditions, 
with preservative where needed, and perhaps with the 
serum or plasma separated from the eels to avoid haemoly- 
sis, Similarly, urine could be drawn off by catheter or even 
suprapubic puncture, unless strict egulations forbid this as 
anticipating autopsy permission. 

In some jurisdictions, authority for autopsy may be 
particularly hard to obtain, from religious, financial or 
administrative reluctance. Where poisoning is suspected, 
permission may be granted only for external examination 
and sampling; here venous blood, urine and pethaps vie 
fous humour may have to suffice forall investigations 


Information supplied to the laboratory 


‘When samples are submitted tothe toxicologis, they should 
be accompanied by the best posible information relevant 10 
the ease. I is both counterproductive and an unprofessional 
discourtesy merely w recon the personal deuails of the 
deceased and list the samples, with a terse demand such as 
‘Any poisons? on the request form. Such a demand could 
legitimately be refused by the toxicologist as itis quite inad- 
‘quate information upon which he can be expected to fune- 
tion effectively and safely The following, information should 
be supplied and where necessary, supplemented by direet 
discussion either in perwn or by telephone 


1 The personal deuils ofthe deceased, including age, 
sex and where thought relevant, the occupation 
(especially ifn agriculeure or industry) 
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the pathologist 


1B Brief details of symptoms, ifany, and length of 
illness. 

IN The post-mortem interval before samples were 
obtained, and the actual date and time of sampling. 

1B The name, address and telephone number of the 
pathologist. 

HA list ofall samples provided, with an indication of the 
sampling site for each, 

© The nature of any preservative in each of the samples. 

1 IF there has been a delay in submitting or transporting 
the samples, « note of the condition under which they 
have been stored (lor example, refrigeration or 
deep-frecze) 

1B Any special risk associated with the samples must be 
communicated to the laboratory. ‘The most obvious are 
infective conditions, especially hepatitis B or C virus or 
HIV infection in the deceased, though other diseases 
such as tuberculosis, tetanus, anthrax, gas gangrene oF 
any other bacterial or viral condition must also be 
specifically reported, In relation to hepatitis and HIV, 
even if these are not definitely confirmed, the 
toxicology laboratory must be told if the deceased was 
in a high-tisk group, such asa drug addict or a 
homosexual, In many areas, including Britain, some 


toxicology laboratories will not accepe samples from 
such high-risk groups until a blood sample has been 
screened for hepatitis B and HIV antibodies: if postive, 
they may decline to carry out the analysis or perform ie 
only under strictly controlled conditions. 

Similar warnings must be given to the analyst if there 
is any possibility of certain harmful substances, such as 
radioactive isotopes or certain war gases, being present 
in the samples. 

When a death has criminal aspects, such as a murder or 
‘manslaughter, then the usual strict precautions must be 
taken for continuity of evidence. Each container must 
be carefully labelled and preferably countersigned by 
the pathologist. Some jurisdictions will require actual 
seals on the containers themselves or the package into 
which they are placed for transport, oF both, 
Accompanying signed ‘exhibit labels! with serial 
numbers corresponding exactly with numbers an the 
jars may be required. The containers must be given by 


the pathologist ro a named person, usually the 
“exhibits officer’ of the police investigating team (oF to 
forensic scientist if they attend the autopsy). The 
police officer must hand the samples personally to a 
member of the laboratory staff and a record of this 
chain of evidence must be kept, so that chere can be 
no criticism levelled at anyone when the matter comes 
10 court, raising doubts about the correct identity of 
the sample, 


Preservatives in samples 


CONTAINERS FOR 
TOXICOLOGY SAMPLES 


‘There will be considerable local variation in the type of 
containers used for the collection and transmission of sam- 
ples to the laboratory. Some laboratories will issue their 
‘own kits, an example being those provided by the Home 
Office Forensic Science Service in England and Wales. 
‘These consist of a plastic bag containing a sheet of instruc- 
tions about che most suitable samples, together with a lange 
plastic por with tightly self-sealing lid for liver, a smaller 
fone for stomach contents, several plastic or glass 30 ml uni- 
versal containers for blood and urine, a small vial eontain- 
ing fluoride for blood-alcohol estimation and a sterile 
syringe and several needles. Variations of such kits may be 
provided by different laboratories, bur the general nature of 
the containers is the same, In other areas, the pathologist 
will provide the containers himself and they should con- 
form to the following general speci 


1 They should either be new of if previously used for 
other samples, have been rigorously cleaned and 
sterilized. Even when they are new, itis preferable for 
containers to be washed and sterilized before use unless 
the manufacturer’ specifications clearly make this 
unnecessary. All containers must be chemically clean, 
not just apparently clean to the naked eye. This applies 
particularly wo any rubber, plastic or other seal within 
the lid or cap, which may be a trap for any debris or 
even residue from « previous sample. 

Blood should be collected in serew-capped universal 
containers of about 30 ml or, where less will sulice, in 
plastic-capped tubes of about 5 ml, Urine is best held 
in 30-ml universal containers, as is bile. Stomach 
contents may be retained in glass or plastic jars with 
a volume of at least 250ml, the lid being either a tight 
screw-thread with a cardboaed or plastic liner, and a 
self-sealing plastic top. Some laboratories require the 
stomach wall y well as the contents, as toxie 
substances may be held in higher concentrations in 
the rugae and erypts of the mucasa, or even in the 
blood in the actual stomach wall The size of the 
container may need to be larger if the organ itself is 
retained, Liver is usually requited, preferably a piece 
weighing afew hundred grams, rather than the whole 

in. The total weight of the liver should be 

communicated to the laboratory if only partis sent. 


Te may be preserved in a larger glass or plastic container 
When the laboratory wishes the whole organ, this 
container needs to be large enough to hold about 

3 litres, Ifonly small samples are needed, such as 
vitreous humour o cerebrospinal fluid, bijou bottles 


‘of 5 mil capacity or small tubes of similar size, are 
needed. 


In Britain, the government forensic laboracories pro- 
Vide special hoteles for blood-aleohol estimations, for use in 
both drink-driving offences in the living and for autopsy 
samples, These are short, wide bottles of about 10 ml 
capacity, with a fixed top consisting of a plastic diaphragm 
sccured by a metal flange with a central aperture. They are 
filled by syringe, the needle being pierced chrough the 
diaphragm, but have the disadvantage of building up pres- 
sure when the blood is injected, so that, when the needle is 
removed, blood may spurt back and even contaminate the 
‘operator ~ the reverse of the intention of these vials to be 
safe. The danger can be avoided by either inserting a see- 
cond needle through the diaphragm to equalize the pressure, 
6 to suck out air from the bottle with che empty syringe 
and needle before taking the sample so that the introduced 
blood replaces the lost ait Intestinal contents, with or with 


cout che gue itself, can he placed in large jars or plastic pots, 
similar to those used for liver 

Plastic containers, especially polypropylene, are increas- 
ingly used and have the advantage of not smashing when 
dropped. Some analyses, however, may be affected by the 
plasticizer in either the container wall or the cap —eoeaine 
is an example, The advice of the toxicalogist with whom 
cach pathologist normally collaborates should be sought in 
respect of his individual preferences for containers. Where 
lungs or other tissues are co be submitted for analysis for 
volatile substances, as in solvent abuse, ordinary polythene 
bags are not suitable containers. Nylon bags (such as those 
used by arson investigators) should be used, 
not permeable to such substances. 


ws they are 


PRESERVATIVES IN SAMPLE: 


Though many samples for analysis are best sent in their 
original state, others requize additives to maintain them in 


optimum condition until they reach the laboratory. In 
addition to such preservatives, some require anticoagulants 
to keep the blood fluid. The prime example of sample 
preservations is chat for blood alcohol, as improper care of 
samples may distort the original alcohol level in either an 
upward or downward direction. The usual preservative is 
sodium or porassium fluoride, which is essential if the 
sample is not to be analysed within a few hours of with- 
drawal rom the body. 

Errors caused by post-mortem changes before the sample 
is removed cannot be avoided. These are variable, depend- 
ing partly on the conditions of the post-mortem envieon- 
mene and partly on the microbiological population of the 
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corpse. In warm conditions, fermentation by yeasts and other 
aleohol-producing flora can produce appreciable quantities of 
alcohol it has been reported that as much as 150 mg/100 ml 
have been generated within 24 hours after death, 

‘Once the blood or urine has been withdrawn from the 
body, however, further changes can be arrested by preserva 
tives. Much has been published on this subject and a var- 
iety of concentrations of fluoride have been recommended 
by different authors. Glendening and Waugh (1965) used. 
100mg of sodium fluoride/10 ml blood and found no 
change in the alcobol content when samples were kept at 
room temperatute for up to 3 months, Phucekhahn (1968) 
found that at least S mg/ml of sodium fluoride was requited 
to inhibit alcohol dehydrogenase activity, which destroys 
alcohol. He found, however, that this concentration filed 
to inhibit alcobol-forming organisms completely, such 
as when yeasts were introduced into the samples. Together 
with Ballard, he investigated the use of mercuric chloride 
as a preservative (Plucekhahn and Ballard 1968). This sub- 
stance was also used by Bradford (1966) who added 0.5 mg, 
of sodium citrate and 0.1 mg of mercuric chloride/ml of 
blood to ensure that the samples remained liquid and ster- 
ile. When he replaced the mercury by fluoride, significant 
changes occurred, usually a loss af alcohol, though occa- 
sionally it increased. 

In most cases the delay before analysis is relatively short, 


being measured in days ~ often with refrigerated storage — 
so the long-term experiments mentioned here do not apply. 
When the ambient temperature is high, much more cau- 
tion needs to be used. le would seem that for general use, a 
concentration of 10 mg/ml of sodium or potassium fluor 
ide is satisfactory: Fluoride should also be added to urine 
and vitreous humour if alcohol estimations are required. 
Cocaine and ity metabolites are also labile in vitro, and 
fluoride should be added to samples submitted for analysis 
for this drug, 

Cyanide may be formed in considerable quantities in 
plain blood samples, which are of little use for eyanide esti- 
mation. Fluoride should be added to such specimens, as 
well as for carbon monoxide (carbaxyhaemoglobin) if the 
analysis is to be delayed. In all analyses for pharmaceutieal 
drugs, .wo samples of blood should be submitted, one plain 


in large volume of at east 25 ml and another smaller sample 
in luoride 

‘When insulin assay is required on a blood sample, spe- 
cial precautions should be taken, Haemolysis of the red 
cells releases enzymes which will reduce the S-S bonds in 
insulin and destroy its immunoreactivity, so the sample 
should be centrifuged as soon as i is obtained to separate 
the serum. A heparinized sample should also be taken for 
lyvosylated haemoglobin estimation and fructosamine 
assay. Vitreous humour, blood and urine samples should be 


placed in fluoride and sent for glucose estimation, as well as 


tissue samples from around any putative injection site, 


together with a control tissue sample from a site elsewhere 
oon the body where insulin is unlikely to have been recently 
injected. 


THE SITE OF SAMPLING FOR 
TOXICOLOGICAL ANALYSIS 


It is now obvious that, in che past, serious errors were made 
in toxicological analyses from lack of care oF consideration 
concerning the source of body-fluid samples. Significant 
variation can be found in the concentration of many sub- 
stances depending on the place from which sampling was 
carried out. In life there may be variations when arterial as 
‘opposed to venous blood is used, as tissues may take up the 
compound from the arterial supply, the concentration then 
being lower in the venous return. Similarly, portal blood 
‘may have a substantially higher concentration of a sub- 
stance that is being absorbed from the intestine, before it 
is extracted by passage through the liver. After death, most 
variation i eaused by uneven destruction by enzymatic and 
microbiological activity ~ and by diffusion from sites of 
higher concentration. The barriers formed by living cell 
‘membranes break down after death and small molecules in 
particular may move easily through the tissues into vascular 
channels 

Post-mortem levels of many substances are unreliable 
because of this diffusion effect, making the interpretation 
of physiological components, such as sodium, potassium, 
calcium, glucose, urea and many others extremely difficult, 
if nor impossible. Applying these facts to toxic compounds, 
the concentrations may vary considerably according to the 
sampling ste, Asan illustration, the Moorgate Tube disaster 
in London showed that blood-alcohol levels may vary widely 
between diferent sampling points, The driver of an under- 
ground train was killed, along with a number of passengers, 
but his body could not be recovered from the warm envie- 
‘onment for several days. As it was obviously vital to know if 
drink had contributed to the accident, four samples were 
taken from various sites in the body. On analysis, fourfold. 
variation from between 20 and 80 mg/100 ml was obtained, 
presumably because of variable rates of putrefsctive alcohol 


production, ay there was no evidence to show thatthe driver 
had imbibed alcohol before death. 

‘Most research in respect of sampling variation has been 
directed at aleohol. One point of dispute, which is relevant 
even when post-mortem changes are minimal, is whether 
aleohol in the stomach can diffuse after death to neigh- 
outing organs and produce a falsely elevated alcohol 
concentration in blood at those sites 
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‘The relevance is clear, in chat, ifa person drinks aleohol 
immediately before death, there will be insufficient time for 
it co be absorbed, Thus ethanol remaining in the stomach 
after death cannot have contributed vo his ante-mortem 
blood-alcohol level, and hence his cerebral function and 
consequent behaviour. IF however, analysis of a sample of 
blood taken from the heart cavities is contaminated by 
post-mortem diffusion from the adjacent stomach, then a 
falsely high reading will be obtained, which may have ser 
‘ous legal implications, ifthe error is not appreciated. 

Several workers have investigated this problem, with con- 
Aicting results. Giflord and Turkel (1956) introduced alcohol 
into the stomachs of cadavers and found that subsequent 
heart blood levels increased by 25 up to 106 mg/100 
‘They then compared femoral vein blood with heart blood 
voided into che pericardial sac in alcohol-pasitive autopsies 
and found that the concenteation in the latter was higher. 
Plueckhahn and Ballard (1968), however, criticized this 
‘work on the grounds that pericardial fluid alcohol was usu- 
ally about 20 mg/100ml higher than that in the heart or 
peripheral vessels, Plucekhahn went on to instil alcohol 
into the stomach of cadavers, taking multiple site samples 
at mes from 6 co 50 hours lates, His results indicated that 
there wasa significant diffusion of alcohol tothe pericardial 
and pleural fluids, but that the inerease was minimal in 
intraventricular heatt blood. 

Pounder and Yonemitsu (1991) eartied out experiments 
with dead bodies in which they introduced a slurry con- 
taining alcohol, dextropropoxyphene and paracetamol into 
the trachea to simulate aspication of stomach contents 
Afiee a delay of 48 hours, an autopsy was eartied out and 
drug concentrations measured in samples taken from vari 
‘ous sites, Whilst femoral vein blood remained clear of these 
substances, samples from vessels in the thorax showed up 60 
130 mg/100 ml of alcohol with a mean of 58 in a pul- 
monary vein —and up to 1934 mg/l of paracetamol (mean 
969), both obviously spurious due to post-mortem diffu- 
sion. This situation could have oceurred from agonal regur- 
gitation of stomach contents with recently swallowed drugs 
hack into the air passages and shows the dangers of 
inappropriate sampling sites, with the femoral the place 
of choice 

Winek et al. (1995) have shown that, in the sampling 
practice of transthoracic needling, especially in cases of 
trauma where the gastrointestinal tract has been damaged, 
false elevations of blood alcohol can occur. These workers 
used heart blood as their control, which itself seems suspect 
asa satisfactory autopsy sample, 

For the reasons given above, peripheral vein blood 
should be used whenever possible, avoiding heart blood as 
«potential source of error for alcohol and presumably other 
easily diffusible substances. 


THE TECHNIQUE OF OBTAINING 
AUTOPSY SAMPLES 


Blood 


‘There are several ways of obtaining blood samples at sueopsy 
and pethaps the most useful advice is what not to take. 
Blood should never be obtained from body cavities after 
eviscetation, as itis almost certain to be contaminated with 
other body substances. The practice of seooping ‘blood — 
for more accurately, bloody fluid ~ from the paravertebral 
gutters or the pelvis is always unacceptable, as urine, intes- 
tinal contents, gastric contents, lymph, pleural and ascitic 
uid and general tissue ooze will always Find their way into 
such a sample and negate che reliability of analysis, 

‘When a large haemothorax or haemopericardium is pre- 
sent, it may be grudgingly acceptable to use such blood or 
clot, if clean sample is taken immediatly on opening the 
chest, before any disection or disturbance of oxgans is made. 
This is only second best to obtaining intravascular blood — 
and, in the case of alcohol and other diffsible substances, 
the results cannot be relied upon, asthe simple may be con- 
‘taminated by post-mortem diffusion from the stomach, a die 
cussed in the preceding section, Carbon monoxide estimations 
:ay also be made on clean cavity blood, if nothing else i avail 
able, as sometimes happens in a badly incinerated boxy. As itis 
absorbed through the lung, it cannor difuse feom the gasto- 
intestinal tact to give a false result. Even so it sa rare autopsy 
that cannot provide a small sample of blood from some 
peripheral vein, if enough care and persistence is use. 

“To return wo the general state of affairs, che most satsfac- 
tory way of obeaining a venous blood sample is venepuncture 
of the fernoral vein by direct puncture in the groin before the 
autopsy begins, Practice is required as, unlike a living patient, 
the vein is nor usually palpable, Once the lumen is entered, 
25m can usually be drawn off without trouble, though a 
slow flow may be improved by massaging the leg to drive 
blood proximally or the leg may be raised, if rigor allows 
‘Though less satisfactory than a leg vein, for reasons dis- 
cussed earlier, a neck vein ean also be punctured through the 
skin, and even after death the jugular may sometimes be both 
visible and palpable, especially in congestive deaths. The 
subelavian vein can also be tapped. 

‘When collecting blood samples by percutaneous puncture, 
some pathologists prefer to use a needle designed for aspira- 
ing samples from rubber-capped vials, rather chan a needle 
‘meant for clinical aspiration or injection, The same needles 
can be used for collecting viteous humour, An example of 
this type of needle is the Becton Dickinson purple-bubbed 
16 gauge one-inch or a similar American equivalent. 

In some jurisdictions, especially in countries where the s+ 


tem allows only a low autopsy rate, transcutaneous sampling 
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is virwally the only post-mortem investigation possible and 
the doctors in these areas become adept at cadaver venepunc- 
ture. Many pathologists, the authors included, have been 
brought up t0 obtain blood samples during the actual per 
formance of autopsy and this can be as satisfactory as external 
‘enepunetur, as wel as saving the expense of a new syringe 
and needle every time. A common procedure afer eviscer 
ation is w hold a container (suchas the 30 ml universal) under 
the severed end of the subclavian vein, within the upper part 
of the empty thorax. The arm is then elevated and massaged if 
‘necessary, 10 express blood into the container. Similarly, and. 
pethaps preferably, the femoral or external ilite vein may be 
transected near the brim of the pelvis, and a container held 
under the cut while the leg i elevated, or massaged, or both, 
Eicher ofthese methods will provide ample, clean, peripheral 
venous blood, though care must be taken 10 avoid any con- 
tamination from the body cavities, This initial collection 
should be transferred into one or more new subs, with pre- 
servative added if appropriate, asthe first receptacle will be 
soiled externally during che collection proces 

An alternative method of collecting a venous sample, 
which always gives a copious flow of blood, isto incise the 
internal jugular vein duing the inieial stages of the autopsy. 
As soon as the main auropsy incision is made, the flaps of 
the neck skin ean be dissected aside and the jugular exposed, 
if necessary by dividing the sternocleidomastoid muscle. As 
in the previous technique, a ore can be held against the 
vein as i is transected and the flow collected directly into it. 
‘The blood may overflow into the pouch formed laterally by 
the reflected skin, which forms a reservoir where a consider- 
able volume may collect. IF the low is scanty, it can be 
improved by raising and lowering the head, which will cause 
blood to return from the upper venous drainage area 

Even more can be expressed by pressing on the chest, but 
here there is the potential disudvantage of forcing up blood 
through the superior vena cava ftom the heart, which may 
disor the value of alcohol and other drugs that may have dif. 
fused port-mortem from the stomach, Blood should not be 
taken from the heart cavities, the inferior vena eava, or the 
portal or hepatic veins, as these may also give concentrations 
that are a variance with those in che peripheral vascular sys- 
tem, A full 30 ml of blood should be submitted to the abora- 
tory wherever possible, cogether with a 5 or 10m fluorided 
spl. 


Urine 


Prior to, oF in the absence of, an autopsy, urine ean be 
obtained by catheter or suprapubic puncture with syringe and. 
long needle, At autopsy i is usual to wait until evisceration 
hhas been carried out before dealing with the bladder, A sam- 
ple can be obtained by puncturing the fundus with syringe 


and needle, Alternatively, the bladder ean be stretched by 
pulling the fundus upwards with the fingers, then a sagital 
incision made with a knife on che venteal surfce, which must 
be fice from blood soiling, The urine thae wells out ean be 
collected directly into a small container such as a 30 ml uni- 
versal. IF only a small amount is present, then the incision 
‘may have to be enlarged and the residual urine sucked out 
under direct vision, using a syringe without a needle 


Bile 


This can be useful for some analyses, such as those for 
‘morphine and chlorpromazine, which are concentrated by 
the liver and excreted into the gallbladder. Direct colletion 
into a boule is advised, as bile is usually too viscous to be 
sucked through a needle, 


Cerebrospinal fluid 


This is nor often required for toxicological analysis, chough 
it may be needed for microbiological and virological stud- 
ies, IF needed, it should be collected by lumbar or cisternal 
puncture, as in the living patient. It ean be difficule or 
impossible to obtain in this way because of the lack of any 
intrathecal pressure. 

The body should be turned on to its side before the 
autopsy begins and flexed as much as possible by an assistant. 
‘Fan infant, it should be sat up and again flexed forwards to 
cure the spine as much as possible. A needle on a syringe 
should then be passed berween two lumbar or lower thoracic 
spines, and stopped as soon as any penetration ofthe theca is 
felt. Moderate suction should be maintained on the syringe 
piston to compensate for the lack of intemal presure. 
‘Alternatively, the needle should be passed into the midline 
just below che occiput ane advanced upwards until the skull i 
contacted just posterior to the foramen magnum, The neele is 
slighdly withdrawn and re-advanced uil i slips through the 
posterior part of the atlanto-occipital membrane into the 
basal cistern when cerebrospinal fluid may be aspirated, It is 
of liale use taking cerebrospinal fluid from the bowl of the 
posterior fossa after the brain has been removed as the con- 
centration of many substances is different in blood compared 
with the fluid, so blood contamination distores any results. 
Clear cerebrospinal fluid may, howeves, sometimes be 
‘obtained from the lateral ventricles, either by needle punceure 
for cutting down through the cortex. 


Vitreous humour 


This is sometimes useful, especially in bodies with appre- 
ciable post-mortem decomposition, as the uid in the eye 
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resists putrefaction longer than other body liquids. Vitreous 
fluid is also used for estimating the time since death (see 
Chapter 2) 

‘A puncture should he made through the sclera at the 
outer canthus with a fine-gauge needle. This should be 
placed as far laterally as possible, pulling the lid out, so that 
‘when released ie returns to cover up the puncture mark for 
cosmetic reasons. The fluid should be sucked our by syringe, 
but it will often come only slowly because of its viscosity. 
IF the best restoration is needed, water should be teinjected 
through the same needle to reinflate the globe, whieh tends 
to collapse on suction. 


Stomach contents 


As stated earlier, these can be collected diseetly into 
wide-mouth glass or plastic pot of at least 250 ml volume. 
‘To collect them, the exterior of the stomach should be 
washed clean of blood and other contamination, and pulled 
with attached organs to the edge of the dissecting board oF 
sink, The greater curvature should be opened cautiously 
with large scissors, and the jar held underneath so that the 
contents flow directly into it. When mast have been 
expressed, the greater curvature can be opened up fully 
and the gastric lining examined. Any further contents are 
scraped out and any powder, capsule or tablets picked off, 
and either added to the main jar or placed in a separate 
small container. Such focal deposits form # more concen- 
trated sample for the laboratory. Any undissolved tablets or 
capsules should be carefully preserved, asthe laboratory or 
pharmacist may be able to identify them by theie appear- 
ance and colour, After the mucosa has been examined, 
including that of the duodenum, the stomach wall ean be 
dissected off. Some laborato 


require this for their analy. 
sis, either added to the jar of contents or sent separately. 
‘The wishes of each individual toxieologist should be dis- 
covered in advance 


Intestinal contents 


‘These are not routinely required for analysis unless some 
particular gastrointestinal poison is suspected, such as one 
of the heavy metals. Again, the toxicologist should be con- 
sulted. If required, both ends of the small gut should be 
ligated by sting surutes at duodenum and ileum. The intestine 
is cut through at these points and stripped out by cutting 
through the mesentery in the usual way. The intact gut 
tan be sent to the laboratory in a large container (such as 
that used for liver) or— ifthe mucosa needs to be examined. 
firse— it should be opened in a large clean tray. One suture 
can be cut and the contents milked from one end to the 


other into a suitable jag, the gut then being opened and sent 
with the contents to the laboratory: The large intestine and 
contents are rarely required, as most toxicology laboratories 
are not keen on handling and storing large volumes of fueeu- 
lent material. In heavy-metal poisoning, such as arsenic and 
antimony, however, some analysis may be required. 


Vomit 


This is rarely collected at autopsy, unless a large quantity 
hhas been found in che air passages. However, vomit is not 
infrequently collected by ambulance crews and police at the 
scene of the illness or agonal event, and brought with the 
deceased to hospital or the mortuary. Ifthoughe relevant in 
a ease of suspected poisoning, it should be properly con- 
tained, labelled and forwarded with other samples for « 
ecological examination. 


Other fluids 


Other fluids are rarely collected, but on occasions may 
be useful, especially if clean blood cannot be obtained. 
Pericardial fluid, synovial fluid, pleural effusion and ascitic 
fluid can be used for qualitative analysis o identify « range 
of substances, though these levels can rarely be related «0 
established ranges of blood concentrations. They may be 
collected and transported in the same type of container and 
with the same preservatives as vitreous humour. 


Analysis for volatile substances 


In solvent abuse and deaths from gaseous o¢ volatile sub- 
stances, the toxic material may be isolated from a whole 
Tung. As soon as the thorax is opened at autopsy. a lung is 
mobilized and the main bronchus tied off tightly with a 
string ligature. The hilum is then divided and the lung 
placed immediately into a nylon bag, which is sealed and 
sent as soon as possible to the laboratory. Ordinary plastic 
(polythene) bags are not suitable for this task, as they are 
permeable to volatile substances. Nylon bags, as used by arson 
investigators to collect samples that may have volatile accel 
rants, do not suffer from this defect. 

In collecting blood samples for volatile substances, plastic 


‘tubes oF tube/syringe combinations of the ‘monoverte' type 
are unsuitable, asthe concentration of such compounds as 
toluene or other solvents will decrease considerably over a 
few days in storage. Vials with a rubber seprum as a seal are 
also unsuitable, as the volatile substance ean escape through 
the rubber. Suitable tubes are made of glass with an alu- 


rminium fol-lined cap or a polytetrafluorethylene (Teflon) 
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liner. This type of tube is often used in laboratories for scin- 
tllation counting and ean be employed for the collection of 
solvent samples. Such tubes should be available in any busy. 
autopsy room where solvent abuse deaths may be handled. 

‘The tubes should be filled to the top to avoid loss of vola- 
tile substances into the head space and should be stored at 
4°C, rather than being frozen solid 


Body tissues 


Body tissues may be needed for some toxicological analyses, 
Liver is the most usual, a it concentrates many substances 
and their metabolites, which may then be recoverable long, 
after the blood and urine levels have declined, Either the 
whole organ is saved or an aliquot of 50-100g, according 
to the wishes of the particular laboratory: IF only a partis 
retained, it should be taken from the periphery, away from 
major vessels and bile ducts 

Brain and kidney may sometimes be required and again 
4 50-100 aliquot is usually sufficient. As with liver, the 
total original weight of the organ should be recorded and 
notified to the toxicologist. 

‘Where ataxic substance may have been injected into the 
subcutaneous tisue or muscle, these tissues should be excised 
and submitted to the laboratory: The usual method of iden- 
tifying the site is from a needle puncture mark, and a zone 
of skin and tissue should be removed circumferentally 
around this or an ellipse cut away, so that the defect ean be 
sewn up on the body. A few centimettes in diameter around, 
the mark is usually sufficient. ‘The depth of the sampling 
depends on how deeply the needle track extends and may 
need to go into the underlying muscle, Radiography may 
assist in rare cases, as in the George Markov murder in 
London, where a political assassination was carried out by 
the introduction ofa tiny sphere, presumably injected from 
an air weapon concealed in an umbrella. The sphere, drilled 
‘out to carry a potent toxin, probably ricin, was located by 
X-ray at autopsy after a small skin puncture was found. 
‘Where an injection site is sampled, i is essential that a con- 
trol area from a remote part of the body is also sent to the 
laboratory. Iris usual to take this from a symmetrical zone 
fon the contralateral side, but caution must be used, as in 
both drug dependence and insulin usage, alternate sides 
may be used at frequent intervals for injection, so another 
_more remote site might be preferable. 

“The substances which may have been injected are numer- 
‘ous, but insulin, morphine, heroin, cocaine and other illicit 
drugs are mast common, In the notorious Coppolino ease 
in the USA, products of succinylcholine (suxamethontiurn) 
‘were identified from around a needle track in the buttock. 
of an exhumed body of a woman, leading to the canvietion 
of her anaesthetist husband for murdet. 
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Ethyl alcohol is the most commonly used drug in the world 
and has such numerous points of cantact with medico-legal 
pathology that it has to be considered separately from 
all other substances. Its abuse is a prime factor in many 
accidents ~ transport, domestic and industrial — and the 
majority of homicides are catalysed by aleahol intake. Ie acts 
as an adjuvant to many other toxic substances, combining 
to cause a fatal outcome where ofien the other drug alone 
would not have caused death. The chronic abuse af alcohol 
leads not anly to definite pathological changes in a number 
of target organs, but also contributes to deaths from neg- 
lect, hypothermia and burns 

This central role in forensic practice makes it imperative 
that a comprehensive knowledge of its metabolism and 
effecsis held by every forensic pathologist, not only for an 
understanding of autopsy appearances, bue wo be able ro assist 
investigative authorities to place the death into its aleoholie 


MODE OF ACTION OF ALCOHOL, 


Ethanol isa small molecule that is easly miscible with water 
and therefore quickly diffuses through the whole of the 
aqueous compartment of the body. 

‘There are slight variations in the intracellular concen- 
tration in different tissues — for instance, the red blood 
cells contain somewhat less aleohol than plasms, so that a 
whole-blood concentration is slightly less than that in sep- 
arated plasma or serum, Most serous fluids are in equilib- 
rium, however, though Plueckhahn (1968) claims that 
pleural and pericardial fluids have a higher concenteation 
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than that of plasma, The aqueous humour of the eye isin 
equilibrium with blood, as is cerebrospinal uid, given 
sufficient time for equilibration. 

Ie is said above that alcohol disperses rapidly through 
aqueous compartment and this excludes the adipose tissues, 
as ethanol is almost insoluble in fat. This fat has important 
practical significance, as people with large fat stores will 
produce a higher blood-alcohol level for a given intake of 
alcohol than persons ofthe same weight who are lean, asthe 
aqueous comparemene is smaller. This is particularly relevant 
to women, who, by virtue oftheir pannieulus adiposus, may 
develop blood-alcohol concentrations at least 25 per cent 
higher than men of the same body weight after similar drinks 
“This must be allowed for in all calculations that attempt to 
relate blood-alcohol levels to intake of drink 

“The behavioural effect of alcohol is caused by is action 
oon brain cells and is a function of che concentration in the 
blood, the alcohol readily passing the ‘blood-brain barrier 
to bathe neurones via the cerebral extracellular fluid. The 
action of alcohol is entirely depressant, a fact not always 


appreciated by those who observe the apparent excitant 
effect of drinking. Alcohol acts on neural cells in a way simi- 
lar co hypoxia, reducing their activity. In lower concentra- 
tions, this action is confined to the more specialized and 
sensitive cells of the cerebral cortex, leaving lower brain 
functions relatively unaffected. The consequent depression 
of these higher areas releases their inhibitory tone and 
thus takes the brakes off” more primitive and unrestrained 
behaviour. This was aptly described by Thomas de Quincey 
(1785-1859) when he wrote that ‘sobriety disguiseth man’? 

With increasing concentrations of ethanol, progressively 
lower levels of brain function are depressed and, when the 


Absorption of alcohol 


vital centres in the midbrain and medulla are affected, there 
is a danger of fatal cardiorespiratory failure, Alcohol also 
causes changes in the heat regulatory mechanism, both een- 
tally and by a vasomotor effect. Generalized vasodilatation 
‘occurs, especially in the skin, which may lead co marked 
hheat loss and dangerous hypothermia, There is an increase 
in heart rate with low concentrations but, when alcohol levels 
approach the dangerous ranges in excess of 300 mg/100 ml, 
bradycardia may develop. A slight and inconstant inereae in 
blood pressure may occur, more often in the systolic level, 
which increases the pulse pressure between systolic and 
diastolic. Thete is no evidence to support the contention 
that alcohol dilates the coronary arteries and claims that 
it causes dilatation of cerebral arteries (and thus worsens 
intracranial haemorrhage) are also equivocal. Alcohol also 
hhas a diuretic effect and, when combined with large quan- 
tities of uid, as in excessive beer drinking, may lead to 
electrolyte disturbances. In healthy test subjects short-term 
alcohol administration causes transitory hypoparathyroidism, 
counting, at least in pare, for the transient hypocaleacmia, 
hyperealciuria and hypermagnesiuria. In alcoholic patients 
specially hypomagnesaemia is common. 


ABSORPTION OF ALCOHOL 


For all practical purposes, it may be assumed that the only 
route of absorption of aleohol is by mouth as, although it 
can be inhaled, situations where this oceurs must be rare 
indeed. One case is known to the author (PS), in which a 
man suffering from a tumour of the base of the tongue, 
probably causing difficulties in swallowing, had instilled 
fruic brandy rectally via a plastic cube using a pump, and 
dying as the result oFacute aleahol poisoning, 

Almost as soon as the alcohol is swallowed, it begins 
to be absorbed into the blood —and as soon as that blood 
reaches the liver, the aleohol begins to be eliminated. There- 
fore the blood level (and hence the brain concentration) is 
a dynamic balance between absorption and elimination, 
the peak determining the maximum behaviour effect. Such a 
balance is often represented graphically by the ‘blood-alcohol 
curve’ (BAC), which indicates the intensity and duration of 
physiological effects, 

Ethanol is capable of being absorbed by any part of the 
gastrointestinal canal, bur in practice this is confined to the 
stomach and upper small intestine, as only a ltde alcohol 
remains to passthrough the wall ofthe ileum or colon. When 
alcohol is taken with food, however, there seems to be a 
deficit in the amount absorbed, as some never appears in 
the bloodstream. Some of this lost alcohol may be excreted 
in the faeces, but when absorption is slow, more may be 
destroyed by the liver directly from the portal blood, never 


surviving to enter the systemic circulation, Nickolls (1956) 
estimated this last alcohol taken with food to be between 
17 and 20 per cent and Alha (1951) gave the range as 
10-20 per cent, Recent studies suggest that it is probably 
‘much less, around 5 per cent 

‘Owing to a thinner mucosa, a better blood supply and a 
larger surface area, the upper small intestine ~ the duodenum 
and jejunum — has the maximum capacity for absorption, 
compared with the gastric mucosa, This has practical impli 
cations, as drink taken by mouth will be absorbed more 
quickly when: 


a gastrectomy or gastrocnterostomy has been carried 
cout previously, as che drink will pass rapidly through 
to the upper small intestine 

1B the stomach is empty, as fluid will passthrough the 
pylorus with almost no delay 


Conversely, when the stomach contains food, the drink 
will be held up until digestion has proceeded sufficiently for 
the contents to be released into the duodenum. A fatey meal 
will slow this process down even more and milk feed also has 
1 marked delaying effect. Obviously some absorption will 
still occur in the interim via the gastric mucosa, bue not at 
the same high rate as in the duodenum and jejunum. As well 
as delaying emptying, a full stomach will etard absorpsion 
by mixing with the alcohol and physically educing its access 
to the gastric lining where transit into the blood takes place. 

Another factor in the speed of absorption is the concen- 
tration of the aleohol, A strengeh of about 20 per cent is 


‘optimum for rapid absorption, which is met (in an empty 
stomach) by sherry or part wine, or spirits diluted with a 
“mixer, such as gin and conic or whisky and soda, Iris also 
said that carbonated drinks (those containing dissolved 
carbon dioxide, such as champagne, tonic oF soda water, or 
Jemanade) hasten absorption, pethaps because the bubbles 
greatly increase the surface area carrying aleohol, 

Dilute drinks, such as beer (with a concentration of 
about 4 per cent alcohol) will be absorbed much more 
slowly — probably because the large volume impedes access 
of the alcohol molecules to the stomach lining. Beer may 
take twice as long to absorb as stronger drinks, though part 
of the delay is caused by contained carbohydrates, which is 
another factor that slows absorption. For example, when 
whisky is diluted to the same strength as beer, absorption is 
‘more rapid and che peak is higher than drinking the same 
amount of aleohol in che form of beer 

Very strong drink slows the rate of transfer into the 
bloodstream, Neat spirits or liqueurs, which may be in excess 
of 40 per cent aleohol, cause 


1 pyloric spasm and hence retarded emprying into the 
duodenum 
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1 irritation of the gastric lining, forming a barrier of 
mucus, which slows absorption 
BH reduced gastric motility, which also retards emptying. 


Given an empty stomach and an optimum concentration 
of alcohol, most of the drug will have entered the blood- 
stream between 30 and 90 minutes after drinking. According, 
to research by Wilkinson ef al (1977), the average times 
to reach peak blood concentration were 22, 40, 55 and 
660 minutes after drinking 11, 22, 36 and 45 g of alcoho! in 
a bolus of similar volumes. 

Te has been calculated that 98 per cent of aleohol drunk 
‘would be absorbed within 10 minutes ifie wene sraight into 
the small intestine~ most of the delay is due to hold-up in 
the stomach, Rates vary greatly among different people and 


even in the same person at different times, irrespective of 
food being taken, bur an acceptable mean time would be 
that 60 per cent of the imbibed alcohol would be absorbed 
within 60 minutes and 90 per cent within 90 minutes, 

Food in the stomach can, however, a least double these 
times and a large faty meal ean delay total absorption for 
a number of hours. This has an important effect on the 
dynamic state between absorption and elimination, as the 
rate of the latter is relatively constant (see below) and can 
therefore deal with the slow delivery of alcohol from the por- 
tal blood so effectively that the peak of the blood-alcohol 
curve is low — indeed the curve becomes along shallow curve 
instead ofa sharp hillock. Where there is legal threshold for 
blood aleohol in relation to driving, the taking of food can 
easily cause one person who has had a large meal to remain 
‘well under this limit, whereas another person who drank the 
same amount a the same time may pidly exceed the chresh- 
old if he drank on an empry stomach. Incidentally, ehe same 
effect can occur, notwithstanding food, where a man and 
‘woman drink the same amount, as described earlier 

Some drugs will affect absorption rates, by modifying 
the speed of stomach emptying. Atropine, chlorpromazine, 
tricyclic antidepressants, procyelidine, amphetamines, mot- 
phine, antidiarthoea compounds (eg. Lomotil), codeine, 
‘methadone, heroin, pethidine, ete., will delay gastrie tean- 
sit, whilse the antiemetics csapride and metoclopramide, as 
well as the antibiotic erythromycin, will hasten stomach 
emptying. 


ELIMINATION OF ETHANOL, 


Almost all alcohol is detoxified by the lives, only 2-10 per 
cent being exereted unchanged. This means that a heavy. 
drinking session places a great metabolic burden upon the 
liver and is the cause of hepatic damage after long,standing. 
drinking. The elimination mechanism is an oxidation of 
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alcohol by liver enzymes, through acetaldehyde to acetate. 
‘The first stage is performed by the enzyme alcohol dehydro- 
genase but, as the second stage is much more rapid, ledle 
acetaldehyde has time «o accumulate. The acetic acid is 
rapidly oxidized further to carbon dioxide and water. Some 
ay also be broken down by a microsomal oxidase system, 

‘The rate of elimination is of crucial importance to the 
shape of che blood-alcohol curve, the height of its peake and 
to the duration of the aleoholaemia Its also centeal co any 
attempts at retrospective calculations of blood, breath or 
urine levels, as discussed late, Whereas the rate of absorpsion 
is variable and is affected by a number of factors, the speed 
of detoxification inthe liver is much mote constant and rela- 
tively independent of external influences. This is not to say 
that ie is fixed and immutable, even in the same person at 
different times, but it is capable of reasonable approxima: 
tion. Much experiment and research has been devoted to 
this topic and the results, though variable, lie within a fairly 
narrow band. 

Holford (1987) reviewed 11 different studies and found 
average rates varying between 12.6 and 26.8mg/100 mil 
hhout, Neuteboom and Jones (1990) looked at levels in 1300 
drivers stopped by the police, and calculated rates between 
12 and 38mg/100 ml/hour in 95 per cent of subjects 
Several had rates over 48 mg/100 ml/hour. The elimination 
rate appeated to increase as the net blood concentration 


increased, for which several explanations are possible. 
‘Asa generalization, it has taditionally been assumed that 
blood alcohol declines, after the peak is reached, ata rate of 
around 15 mg/100 mi/hour, but more recent research, espe- 
cially that of Holford, indicates thar this should be raised to 
18,7. This applies to healthy adules who are not habituated 
drinkers, and includes light to moderate drinkers and thone 
“binge drinkers who may indulge heavily but intermittently. 
‘The enormous number of publications on alcohol must be 
consulted for details of the eange of variation, but basically, 
climination can vary from about 12 10 27 mg/100 ml/hour 
‘Taking the mean as around 18 mg, a man of average size 
can therefore destroy about 9g aleobol/hour, with a range 
variation of between 7 and 16g. This is about the same as 
the ‘unit’ of alcohol, a concept devised for convenience in 
estimating the daily or weekly intake of drinkers. ‘unit’ is of 
10g and is contained (approximately) in half a pine of beer, 
fone single measure of spirits, ora standard glass of table wine. 
‘The habituated drinker, the ‘chronic aleoholie’ 
ce far faster than the average person, at least until he suf- 
fers severe liver damage in the later stages of his addiction. 


lim- 


Though there is some controversy about the experimental 
evidence, workers sich as Bonnichien (1966) have shown 
that the rate is greater in older people, at higher blood- 
alcohol levels, and in habituated drinkers, The rate in the 
later may be in excess of 40 mg/100 ml/hour and work at 


Alcohal concentrations 


Lion Laboratories in Wales, who manufacture equipment 
for breath testing, have found rates over 50 mg/100 ml/hour 
in chronic alcoholics. 

Between 90 and 98 per cent of ingested alcohol is removed 
from the blood by the liver, leaving a small residue ww be 
excreted unchanged by the kidneys, lungs, sweat, salivary 
and mammary glands. The ethanol in glomerular filtrate is 
in equilibrium with plasma, bue as water is absorbed in the 
renal tubules, the urine concentration is higher than the 
blood level atthe time of filtration, the ratio being approxi- 
‘mately 123:100, This means, for example, that the legal 
lime for driving in Britain of 80 mg/100 ml blood is taken 
to be 107 mg/100 ml in urine. 

Unfortunately, it is obvious that, except in the highly 
unlikely cizcumstances of ureteric catheterization, the urine 
concentration can never accurately represent the blood con- 


centration at any given time. The blood concentration is 
almost never stati, but is either rising or falling, so the 
amount of aleohol in the glomerular filtrate i also constancy 
varying. Its being mixed in the bladder, however, with pre- 
viously filtered urine and will also have chat which is filtered 
later added co it, until the bladder is emptied ~ so it ean only 
provide an average concentration for the time berween two 
‘micturitions, An added error is that urine produced before 
drinking began (and which was therefore aleobol-free) may 
have already been in the bladder and will dilute the aleahotic 
urine, In many countries, where urine is used for drink 
deiving testing, che subject is instructed by the police 10 
empty his or her bladder before collection is made over the 
subsequent hout, in order to avoid the dilution factor. 
Breath is now used by many jurisdictions to measure 
alcohol intake, either as a screening tes before blood is taken 
for analysis, or as an evidential method instead of blood oF 


urine. There is still some controversy over the scientific 
accuracy of this method, bur usually the results are so high 
that ertors are immaterial — or in marginal results, more 
accurate blood testing is indicated. 

Alveolar air at 37°C isin equilibrium with the pulmonary 
capillary plasma alcohol, the ratio being about 2300:1, vol- 
uume to volume, for blood as against breath, There is some 
dispute as wo the true ratio, which lies somewhere between 
2100 and 2400. IF sufficiently deep exhalation is made to 
drive out dead-space air, then the collected sample ean be 
analysed to give a measure of the blood aleohol, ehough 
slight errors occur if there is incomplete elimination of dead- 


space air and a drop in temperature asthe air travels through 
the dead space. In most countries using evidential breath 
testing, however, the offence isnot in having a breath-alcohol 
level in excess of an equivalent blood level, but in having. 
‘excess alcohol in the breath, This obviates defence ploys that 
‘would attempt to cheow scientific doubt on the relationship 
between the evo concentrations 


units and various drinks 


ALCOHOL CONCENTRATION: 
UNITS AND VARIOUS DRINKS 


‘The concentration (ofien called the ‘level of alcohol in 
blood, urine and breath is expressed by a variety of metric 
units, which may lead to some confusion, The index most 
widely used for blood, urine and other body Muids is the 
weight of alcohol per volume of diluent —for example, mi 
grams per hundred mililires (mg/100 ml). The expression 
‘decilere’ may be used instead of 100ml (mg/dl). In some 
countries in continental Europe, aleohol concentration is 


expressed as pro mille, which is grams per litre (g/l), equiva- 
ent co milligrams per millilitre (mg/ml). Elsewhere, espe- 
cially in the USA, a ‘percentage’ system is common, but can 
bbe ambiguous as it does not intrinsically state whether the 
percentage i volume/volume, volume/weight, weight/weight 
‘or weight/volume. Unless otherwise stated, it is assumed to 
bea weight/volume. 

Breath is almost universally measured as micrograms per 
hhundred millilitres (14g/100 ml). The matter of weight and 
volume is important in respect of alcohol concentrations. 
‘The specific gravity of alcohol is 0.79, the compound being, 
appreciably lighter than water. In alcoholic drinks, the 
manufacturer’ description and labelling is almost always 
‘volume/volume’ (v/v), but physiological calculations are 
made via the weight of alcohol in 2 given volume of body 
uid (w/y). Therefore, especially for stronger alcoholic 
drinks, a conversion has to be made. For example, many 
spirits, such as whisky, may be labelled as 40 per cent vy 
but this would be only about 32 per cent weight/volume. 
For weak drinks, such as beer, ic is hardly worth correcting, 
the 4 percent v/v, as calculations have afar greater inerinsic 
error from other factors. 

Appeaximate strengths of common drinks areas follows 
(all vv) 


beer, ager, stout: 3-5 per cent 

IH cider (variable): 5 per cent 

1B table wines (unfortified): 9-12 per cent 

1B fortified wines (sherry, pore, vermouth): 
18-20 per cent 

I spirits (brandy, gin, whisky, 
37-42 per cent 

1 liqueurs (variable): 15-55 per cent. 


rum, vodka): 


‘The practice of using ‘units of alcoho!’ has become popu- 
lar in recent years, not so much for calculating concentea- 
tions, but for approximate estimates of intake, in relation £0 
excessive drinking and the long-term medical consequences 
of alcohol consumption. A ‘unit’ is of the order of 10 per 
cent ethanol and very approximately delivered by ‘one 
drink’, where cis is either a half pine of beer, one glass of 
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table wine or one small measure of spirits. For example, it 
hhas been recommended that men should not exceed about 
20 units per week and women 14, to avoid the rsk of liver 
damage. It has recently been claimed that from statstial 
analysis of forensic autopsy material, the risk of coronary 
heart disease can be reduced by drinking 2 units a day 
(Thomsen 1995). 


Calculation of blood levels from drink 
taken and the converse 


‘The most important statement in this respect is to stress 
the utter unreliability and inaccuracy of attempting back- 
calculations in ether direction. Only gross approximations 
can be achieved and no pretence at accuracy must be 
offered. In this book, we are not concerned with the con- 
troversial problems of trying to estimate blood or breath 
levels in living vehicle drivers at some time prior to an acc 


dent or other event, but with similar problems that can arise 
in fatal cases, especially in relation to drink and driving, In 
both criminal and civil disputes, evidence is often soughe as 
to the alcoholic state of the deceased at some material time, 
based on calculations made from blood or urine aleohol 
analyses taken at autopsy. Less often, aviation, railway, div- 
ing and industrial fatalities may present the same potential 
problem. Criminal proceedings may arise because of alleged 
reckless driving on the part of another, when the drunken 
state of the deceased vietim may offer some defence. In civil 
matters, often involving insurance companies, a significant 
blood-aleohol level may be used as contribucory negligence. 

‘Whatever the reason, the pathologist must offer inter- 
pretations of aleohol levels found at autopsy with caution, 
especially where retrospective calculations are requested. 
Less often, the pathologist may be asked what blood or 
urine levels might be expected at a certain time (Kor example, 
at the time of death) given a description and timetable 
of alcoholic drinks taken by the deceased, The same eau- 
tions against averprecise calculations must be offered here. 
In calculating approximate blood levels from a knowledge 
of the drink taken, there are several methods in use: either 
the well-known ‘Widmark factor’ or other calculations, 
which are really modifications or simplifications of the 
‘Widmark technique. 

‘Widmark, in 1932, produced his well-known formula 
for caleulating the total amount of alcohol in the body, 
from which knowing the body weight and assuming equili- 
bration throughout the water compartment, the blood- 
alcohol level could be derived. 

‘The Widmark equation is: A = RX PX C, where A is 
the total body alcohol, € the blood concentration, P the 
body weight in kilograms and Ra factor, which is 0.68 in 


‘men and 0.55 in women, The sex difference is due to the 
different fat:water ratios, men having about 54 per eent 
and women 44 per eent water partition by weight. 

‘Much research and modification of Widmark’s factors 
has been carried out. Hume and Fitzgerald (1985) claimed 
that the use of body water distribution was too com- 
plex. Gullberg and Jones (1994) have published data on a 
re-evaluation of the Widmark equation, in which they 
claim to be able to estimate from a single blood-alcohol 
determination, the amount of alcohol consumed, within an 
error of +20 per cent. Pounder and Kuroda (1994) claim 
that the use of vitreous fluid (which is sometimes used 
in decomposed or damaged bodies in place of blood) to 
predict the blood-alcohol concentration, is to0 variable to 


be of practical us. 
A useful approximate calculation, derived from Widmark, 
is thar an intake of 0.2 g of alcohol per kilogram body weight 
is likely to result in a blood-alcohol concentration in. men 
of about 25 mg/100 ml. 
‘The following facts are of use: 


1 The average rate of decline of blood alcohol afer the 
peak of the curve is reached, may be taken as about 
15 mg/100 ml/hous, though recent research suggests 
18s more accurate, 

1B The weight of alcohol imbibed may be calculated from 

knowledge of the viv strength of the liquor and the 

amount taken. For example, ifa ‘double’ British 

measure of 40 per eent v/v whisky is drunk, then 15 ml 

will contain (40 X 0.8) = 32 per cent aleohol wiv in 

15ml = 48g, 

The weight of alcohol/kg body weight is ealeulated. 

A ratio of 0.2 alcohol/kg body weight will produce a 
blood level of approximately 25 mg/100 ml in a man, 
assuming an empty stomach, 

In women, the level so produced may be 20-25 per 
cent higher, 

1B Ifonly beer is drunk, the peak will be considerably less, 
sometimes only 50 per cent that produced from wine 


or spirits, 
1B Drinking during or afer a meal markedly flatens the 
blood-aleohol curve, 


PHYSIOLOGICAL EFFECTS OF 
ALCOHOL 


‘The pathologist is frequently asked in either writen opin- 
ions or in court testimony to give an estimate of the behav- 
ioural state ofa victim at a certain level of blood alcohol or 
after having taken a specified amount of drink. Though he 
is usually not qualified ay an expert on alcoholism in any 
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Chronic alcoholism 


‘Taste 28.1 General spectrum of behaviour (ng/100 ml of alcobal 
in blood) 


‘Above 30, Impaiment of complex sks such a diving 

30-60 Definite detraraton in devin aity 

50-100 Objective signs such as oquasousess, progressive loss of 
inhbitens, laughter and some sensry dstubance 

100-160 ‘Slured speach, unsteadness,possble nausea 

150-200 Obvious drunkenness, nausea, stagasing at 

200-300 Sty vomiting, pssibly ema 

300-350 Stupor or coma, danger of asiating vomit 

(ver360 Progressive danger of death from espeatny 


cenit paralyss 


clinical sense, he will be a medieal practitioner with general 
knowledge and some penonal experience of alcoholic 
bbchaviout, rom his pre-pathology years. He thus can give a 
general opinion to assist che court, bur unless he has special 
experience of the matter, he should not extend himself into 
detailed clinical expositions, which are the province of the 
psychiatrist with an interest in alcoholism, a police surgeon 
for a casualty offices, all of whom deal frequently with 
drunken patients. A general level of knowledge ean be 
offered to the lawyer, police oF court, however, especially in 
respect of the usual level of capability and consciousness at 
different blood-alcohol levels (Table 28.1) 

‘The lise in Table 28.1 is probably ‘worst case! in nature, 
as many people show less effects at given blood levels 
‘Women are usually more affected at lower levels, though 
the ‘world record’ for survival may be a woman who sur- 
vived a blood alcohol of 1510mg/100 ml (Johnson et a 
1982). Many drivers stopped by the police at random road 
blocks in Australia had blood levels over 500 mg/100 ml 


MODES OF DEATH IN ACUTE 
ALCOHOLISM 


Death feom alcoholic poisoning is not uncommon and can 
‘occur at blood levels in excess of about 300 mg/100 m. 
Johnson et al. (1982) claimed that some deaths could be 
attributed to alcohol at even lower concentrations. Death 
can be caused 


et by the direct depressive effects upon 
the brainstem, mediated via the respiratory centres — oF 
through secondary events such as aspiration of vomit. As 


discussed in Chapter 14, the use of aspiration of vomit’ as 
a cause of death must be used with great caution unless there 
is ante-mortem eyewitness evidence, The major exception 
to this proviso is in acute alcoholism, where if copious 
inhalation of stomach contents right down to the secondary 
bronchi is confiemed, then in the absence of significant 
‘natural disease, injury or other toxicity, high blood-alcohol 


level may reasonably be incriminated as the probable cause. 
“Many such fatalities occur during police custody, when con- 
siderable outery, publicity and disciplinary investigations are 
the usual outcome, 

Drunken persons are often involved in fatal trauma, 
which may be of many types. The majority of homicides are 
triggered by the aggressive behaviour engendered by aleo- 
hol, Road accidents, either eaused by drunken drivers (often 
upon themselves) or by drunken pedestrians walking into 
traffic, are commonly related to alcoholic vulnerability Falls 
are extremely frequent and often fatal Drunken persons may. 
fall down stars or steps and sufler head injuries, Falls from 
high places are less common, but do occur from drunken 
carelessness or unsteady gait ~ exemplified by the notorious 
inquest on Helen Smith in Leeds in 1982. 

Death from burns or carbon monoxide poisoning may 
‘occur in drunken persons who smoke when intoxicated. 
‘A common seenario is for a drunk 1 go to bed and fll 
asleep whilst smoking, the cigarette igniting the bedelothes. 
Sometimes, a gas, electric or keronene heater may be knocked 
over during drunken staggering, which again starts a 
fatal fre 

Drowning is seen occasionally, especially in river or dock- 
land areas. A typical happening is for a drunken sailor 10 
return to bis ship late at night, and fall from a bridge or 
gangway into the water. Death is sometimes not caused by 
drowning, but by sudden vagal cardiac arest from the shock. 
of hitting cold water or having cold water suddenly flood 
the pharynx and laryns. The drunken state sems to sensitize 
the vietim to such vasovagal shock, pethaps because of the 
‘marked cutaneous vasodilatation encouraged by alcobol, The 
author (BK) has seen a number of such tragedies in Cardiff 
dockland, including a sailor and his woman companion, 
who both fell off che ship after carousing. 


CHRONIC ALCOHOLISM 


‘The pathological features ofthis condition are extensive and 
can only be surveyed briefly here. In this context, chro 
alcoholism refers to the steady, egular abuse of drink, rather 
than intermietent ‘binge’ drinking, which gives the tissues 
time to recover between bouts of acute aleoholism, 


At autopsy, there may be signs of general neglect and 
malnutrition, but many chronic aleoholies are obese or 
even oedematous, the latter because of chronic heart fail 
ure, The specific lesions are in the liver, heart and brais 
though they may be difficult o identify ay unequivocally 
caused by alcohol. The early stages of liver damage cause 
fatty change, usually with enlargement, The normal weight, 
according to the sex and build, is between 1300 and 
1600 g, but a fatty liver may be well in excess of 2000 , 
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‘The surface is pale and greasy, though this may not be 
«uniform change, especially in early or less severe cases 
Patchy yellowish areas may be visible within normal hepatic 
parenchyma 


If the abuse continues, then che fatty change may even- 
tually give way to fibrosis, the liver surface becoming rippled 


beneath its capsule. Such cirthosis is fat fine, with nodules 
of the order of 5~10 mm in diameter. In dhe later stages the 
liver becomes smaller and contracts toa hard, greyish-yellow 
block of only 800-1200 g, 

Without « history of long-term aleohol abuse, iis dif 
cule oF impossible to be definive about the aetiology purely 
fon autopsy appearances, though suspicion may be strong. 
A similar liver may develop as a sequel to hepatitis — and 
less ofien as an end result of certain dietary or metabolic 
defects. The spleen may be enlarged and firm, and portal 
varices may be present at the gastro-oesophageal junction, 
but these are both manifestations of portal hypertension 
and do not assist in determining the precise aetiology of the 
hepatic fibrosis. A useful index of liver damage and the pro- 
gression or remission of alcoholic impairment is the level 
of the enzyme y-glutamyl transpeptidase in the serum. 
‘Normal levels are less than 36 units, whereas liver damage 
can elevate this by a factor of many times. Alcoholic ear 
ddiomyopathy is certainly a real entity and can be diagnosed 
clinically, Whether it ean be definitely identified on histo- 
logical appearances alone is a matter of dispute. The heart 
isenlarged and shows patchy fibrosis with a variable mixed. 
cellular infileeate, hypertrophy of muscle fibres, patchy 
necrosis, hyalinization, oedema and yacuolization. Nuclear 
enlargement and polymorphism complete the range of 
changes, but none of these ar specific, being found in hyper 
tensive heare disease, coronary stenosis and other types of 
myocarditis, Combined with a definite history of chronic 
alcoholism, however, these relatively non-specific changes 
can be ascribed 10 alcohol if other causes can be excluded 
(Gee also Chapter 25). More specific myocardial damage has 
been caused by cobalt added to commercial beers and several 
‘outbreaks are on record, Systemic fat embolism has also been 
recorded in victims of alcoholic fatty liver. Miceoinfarets in 
‘myocardium and brain are possible, though this aspect has 
so far been rather neglected in research. Fat stains are not 
usually employed in routine investigations and it is not 
known how the vietims of a faty liver compare with con- 
trol subjects in respect of diffuse target oxgan embolism. 
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CAUSES OF CARBON MONOXIDE 
POISONING 


After alcohol and some pharmaceutical drugs, carbon 
monoxide poisoning is probably the most common toxic 
condition co be met with in routine forensic pathology. 
‘The widespread introduction of natural gas (which con- 
tains no carbon monoxide) asa replacement for ‘coal gas’ as 
a heating fuel has removed a major source of the poison. 
Monoxide still provides lethal dangers in many other ways, 
however. Ie is produced whenever fossil fuels are incom- 
pletely oxidized to carbon dioxide and, because of its great 


affinity for haemoglobin, even low concentrations ean be 


cumulative 

There are a vast number of publications on carbon 
‘monoxide toxicity, both in an envionmental and indus- 
tial contest. Once again, this discussion is confined to the 


pathologis'’s involvement in fatalities. A body coming to 
autopsy with suspected (or sometimes unsuspected) carbon 
monoxide poisoning, will have suffered that toxic condi- 
tion by the following means, 


Motor vehicle exhaust gases 
Since the replacement of coal gas (containing up to 7 per 
cent monoxide) with natural gas, a major means of suicide 
has been removed. ‘Putting the head inthe gas oven’ was the 
most common form of self-destruction in Britain and many 
other countries until this changeover, In 1961 in the UK, 
for example, there were 2711 suicides and 1014 accidental 
deaths from carbon monoxide. Since ehen, suicides have 
obtained carbon monoxide to kill themselves from the 
inernal combustion engine. Petrol (gasoline) engines produce 
Up t0 5-7 per eent carbon monoxide in their exhaust fumes, 


and more ifthe engine is idling, defective or improperly tuned. 
Diesels produce far less monaxide than petrol engines. 
‘Normally, the exhaust pipe vents the gases into the atmos- 
phere, where it may contribute to considerable low-level 
‘monoxide contamination in large cities, such that policemen 
‘on traffic duty may have up to 10 per eene saturation of theie 
haemoglobin. When the exhaust furnes are confined t0 a 
small space, then a dangerous or lethal level can build up in a 
short space of time. It is ealeulated that a 1.5 litre petrol 
engine, idling in a closed single garage, ean produce a lethal 
concentration inthe atmosphere within 10 minutes. 

Some suicides will merely sit in the garaged car with a 
‘window open and allow the gas to overtake them. More com 
monly, some device is fitted to pipe the gas into the interior 
of the car and this may be done outside a garage, often in 
a remote parking spot. The flexible tube from a vacuum 
cleaner seems a favourite means, though ordinary hose 
pushed inside the til-pipe and led in through a window, is 
common alternative, Apart from suicide, accidental poi- 
soning sometimes occurs in relation co internal combustion 


engines. A mechanic or car owner may work on av 
a closed garage, especially in cold weather, and be overcome 
by monoxide before he is able to remove himself from the 
danger. The insidious nature of the toxie effects may make 
bins unaware of the supervening stupor and coma. 

Carbon monoxide can also affect drivers of a moving 
vehicle, usually because ofa defective exhaust system, which 
allows gas to percolate through the floor or engine bulkhead 
into the interior. Rarely, a strong following wind blows the 
external exhaust gas into the open doors of a van or truck. 
Another motoring cause isa leak in the heat exchanger in 
those vehicles that use a direct air supply from around the 
exhaust manifold to provide passenger heating 

{In aircraft — usually light planes with the engine immedi- 
ately adjacent to the cockpit ~a leakage of exhaust gas from 
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the motor compartment can lead to disablement ofthe pilot 
and death from a crash rather than from fatal coxicity. The 
same applies to those road-vehicle drivers who are overcome 
by che gas to an extent that makes them incapable of driving 
safely. The differential diagnosis in survivors is between 
carbon monoxide and alcohol, as the clinical symptoms of 
both are quite similar at one stage of the toxic process 
Deaths have also been reported in ‘scuba! divers, whose 
air eylinders have been contaminated with carbon monox- 
ide during refilling from faulty peteol-driven compressors 


Domestic appliances 


Domestic heating appliances can produce carbon monox- 
ide in addition to the usual dioxide from a restriction of 
their air supply, so chat incomplete combustion of the fuel 
takes place. The fuel ean be natural gas, which, though 
itself free from monoxide, is only partially exidized from 
some defect of design, maintenance, oF patency of the 
exhaust flue. Solid-fuel boilers used for central heating may 
have some restriction of air entry or a partial blockage af 
the chimney system. Paraffin (kerosene) heaters may buen 
with inadequate oxygen ingress and any other form of 
hydrocarbon fuel appliance can malfunction so that part of 
the products of combustion are monoxide, 

‘The author (BK) has dealt with several deaths that 
occurred because che faulty installazon of nacural-gas fires 
led to absent or inadequate ventilation, causing monoxide 
to back-diffuse into living rooms, Gas appliances, especially 
water heaters, are one reason why the bathroom is such a 
dangerous place, Apart from che extea hazards of eleeteciy, 
a bath for drowning, wee surfaces for slipping, tablets inthe 
cabinet and sharp instruments such as razor blades, the 
small-sized room and the frequent installation of a gas 
water heater or ‘geyser’ makes this room a frequent locus 
for unnatural death. Blockage of the exit oF ‘flue’ pipe isa 
common fault, sometimes from bad installation or because 
it becomes blocked by soot or by birds’ ness. 


Structural fires 


A common cause of monoxide deaths arises fom struc- 
tural fies ia houses and other buildings. As described in 
Chapter 11, the majority of deaths in house conflagrations 
are caused not by burns, but by inhalation of smoke. These 
fatalities are largely caused by earbon monoxide poisoning, 
though other lethal gases such as cyanide, phosgene and 


acroleins are partly responsible. Many victims of house fires 
die remote from the flames, and may be overcome in dffer- 
ent rooms or even on different floors, the monoxide perco- 
lating considerable distances and killing persons cithe 


asleep of trapped elsewhere in che building. 
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FicuRe 29.1 Carbon monaxidepoioning ina chronic alcoboic 
This isa relatively comion event when a drunken person collpser 
swith ae egaverte across is bed (noe he ashinay and cigaene 


packet). The burns ave post-mortem, death being cased bya high 
eve of carbexyhacmoglobin generated by the tmouldering bed 


Industrial processes 


Many industrial processes may lead to monoxide poisoning, 
especially in iron and steel works, where producer gas and 
water gas are deliberately formed and stored as part of the 


manufacturing process. Water gas can contain up to 40 per 
cent carbon monoxide and in former days was added 10 
town gas for dhe domestic supply, which greatly enhanced 
the monoxide content of some 7 per cent from coal gas 
Many’ other industrial process, uch as the Mond method 
of nickel production, use carbon monoxide, as well as the 
universal danger of any heating proces producing the gis 
during combustion, In coal-mining, carbon monoxide is one 
of the gases that presents a constane threat; it escapes from 
the coal seams themselves but is also produced from the fe- 
quen smal fires that stoulder in the recesses ofthe mines 


Incomplete combustion 


Incomplete combustion of a gas flame from any gaseous 
fuel can produce carbon monaxide. Where such a fame 
impinges om a cold metal surface or where that surface is 
coated with soot, partial oxidaion of the fuel supply leads 
to monoxide production. In appliances fuelled from the 
common butane or propane cylinder sources, asin caravans, 
campers and boats, maladjustment or restriction of ventilation 
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can lead to slow but insidious production of monoxide. 
Deaths of whole families have occurred under such citcum- 
stances, as they are exposed overnight o slow accumulation 
of earbon monoxide from refrigerators and other appliances, 


THE AUTOPSY IN CARBON 
MONOXIDE POISONING 


As always, an adequate history may give the elue to the 
cause of death, Where the circumstances are obvious, such 
asa death in a car with a tube leading from the exhaust, the 
pathologist’ attention will be directed towards carbon 
monoxide from the outset, There are many other circum 
stances, however, in which the history may be obscure, and 
only the vigilance of the pathologist and his staff will pick 
up the possibility of this type of toxicity, In fact, many a 
case has first been recognized by the mortuary technician 
who commented on the colour of the skin or tissues. A 
number of fatal monoxide poisonings have already been 
certified as ‘natural causes) by uncritical elinicians (espe- 
cially in general practice) when in fact carbon monoxide 
poisoning, either suicidal or accidental, was the true reason 
for the death, Failure wo examine the body fully isthe usual 
cause, asthe pink coloration may only be noticeable in the 
areas of postural hypastasis not normally visible in a body 
in bed, though the sides and back of the neck are reason- 
ably accesible even to cursory examination, The author (BK) 
recollects at least one suicide where the relatives placed the 
body back in bed and had ie certified as ‘coronary thom 
bosis' by an unsuspecting family doctor 

‘Ar autopsy the most striking appearance of the body is 
the colour of the skin, especially in areas of post-mortem 
hypostasis. The classical ‘cherry-pink’ colour of carbaxy- 
haemoglobin is usually evident ifthe saturation ofthe blood 
exceeds about 30 per cent. Below this, familiarity and good 
lighting are needed and below 20 per cent, no coloration is 
Visible, As these low concentrations are rarely Fatal, how- 
ever little is lost. Sometimes, darker eyanasis tends to mask 
the skin colour, but che margins of che hypostasis and the 
internal tints are usually apparent. 

‘When the victim is anaemic, the colour may be faint or 
even absent because insufficient haemoglobin is present to 
display the colour. In racially pigmented victims the colour 
may obviously be masked, though may stil be seen on the 
inner aspect of the lips, the nail-beds, tongue, and palms 
and soles of the hands and feet. I is also seen inside the eye- 
lids, but carely in the sclera, 

Rarely, there may be blistering of the skin of dependent 
areas, such asthe ealves and buttocks, and around wrists and 
knees, similar to the so-called ‘barbiturate blisters. These are 
not specific to carbon monoxide toxicity and are the result of 


cutaneous oedema in any profound coma where there is total 
immobility and lack of venous return from muscle move- 
ment, As most catbon monoxide deaths ae relatively rapid, 
such blisters are rare. Internally che most noticeable feature is 
again the colour. Blood and muscle will be pink asa result of 
carbexyhacmoglobin and carboxymyoglobin, Ln. relatively 
low concentrations, in poor light and in some artificial ight- 
ing in autopsy rooms, the cherry-pink colour may be diffi 
cule to see. It ean be enhanced by diluting the blood with 
water against a white background, asin a porcelain sink or an 


enamel scale-pan, when the pinknes will be more evident. 
‘The pinkness of hypothermia or reftigeration is a different 
colour. Unfortunately, some pathologists have a red-colour 
Visual impairment, which makes it difficult for them to dif 
ferentiate between subrle changes in redness, so laboratory 
analysis is always required for objective confirmation and 
quantification of the monoxide concentration. Other sug- 
gestive indications of earbon monaxide are that, when tissues 
ate placed in formol saline for preservation of histology, they 
do not decolourize as quickly as normal visues and remain 
pink for long period. If carbon monoxide poisoning is sus- 
pected at autopsy, a quick test is to add a few drops of blood 
to some 10 per cent sodium hyuroxide solution on a white 
tile oF in a tube against a white background. The normal 
blood will immediately become brownish-green but, ifs 
nificant monoxide is present, the coloue will remain pink, as 
no methaemoglobin is formed. One has to bear in mind 
though, that unlike adult blood, fetal blood up to the age of 
6 months is more resistant to alkali and the colour change 


can take hours to develop. Another simple test, mentioned in 
1857 by Hoppe, is t ake 3m! blood into a test tube and 
dilute it wich Gal tap water and to heat i fora shore while 
with care in a water bath, Carbon monoxide blood suns 
brick red whereas control blood becomes greyish-brown, 
However, these crude tests are not recommended as an alter 
native w proper analysis, 

Other signs at autopsy are non-specific, Pulmonary 
joedema is usually present. The author (BK) has the impres- 
sion that the white matter of the brain remains unusually 
firm and that the whole brain after removal from the skull 
keeps its shape better, being rather stiff and rigid. This may 
be caused either by oedema or by some minimal fixation 
change in the b 

None ofthese rather idiosyneratic ests can replace proper 
laboratory investigation, however. Blood should be taken 


for analysis in the usual way, preferably from a peripheral 
vein, In contrast to most toxicological investigations, even 
foul samples can still be useful for carboxyhaemoglobin 
estimations. Heart blood, blood from body cavities and even 
from bone marrow when the bones are split open, can 
still provide valid material for estimating the percentage of 
haemoglobin converted to carboxyhaemoglobin, It is the 
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Blood analysis 


BLOOD ANALYSIS 


Carbon monoxide has an affinity for haemoglobin that is 
beeween 200 and 300 times greater than oxygen, Therefore 
even small concentrations of monoxide in the inspired air 
will progressively displace oxygen from the erythrocytes 
and this will lower the oxygen-carrying capacity of the 
blood. It was formerly thought that all the toxie properties 
of carbon monoxide lay in this hypoxic action, but more 


recently it has been shown to interfere with other ferropro- 
teins such as myoglobin and yarious enzymes including 
‘members of the cytochrome family 

‘The major effect is undoubtedly the reduction in axygen 


transport and, for this reason, i isthe percentage saturation 
cme 29.2 Baul gang deeneaton afer carbon monavie Ft toa available haemoglobin tha is important rather 
than an absoluce quantity of carboxyhaemoglobin in the 


potioning. The patient survived fora numberof weeks, bus Hised Atsce posiy wil orator decrease 


‘accunbed a bronchopncumonia. There are ci aon the 
ou * pink colour if insufficient haemoglobin is available for the 


sete ek earn ae ‘monoxide component to become visible. Iris the residual 
‘non-combined haemoglobin still available for oxygen trans- 
port that is important in maintaining life, For example, an 
ratio of haemoglobin to the carboxy-type that is required, anaemic person with only 8 g/100 ml of haemoglobin hav- 
rather than an absolute concentration in the blood, o virtu- ing four of those occupied with carbon monoxide (50 per 
ally any blood-containing fluid will provide this answer, cent saturation) is in much worse a state than a person with 
‘When a body has been badly damaged by fire, uid blood a total of 14g of which four are monoxide-occupied, There 
‘may be hard to obtain, so that any sanguineous body fluid are many tables available that relate saturation levels to the 
‘or bone marrow can provide material for analysis. analysis clinical symptoms. There is a wide margin of variation in 
is to be delayed more than a day, it is recommended that these, as there is with lethal level 
Ayoride be added as a preservative Broadly speaking, the saturation levels found in fatal 
‘There are no other autopsy features in acute deaths, which cases reflect both the physical state of the victim and the 
form the majority seen by forensic pathologists. Where sur- rapidity with which the poisoning took place. Robust, 
vival occurs there are a number of neurological lesions that healthy adults under 60 years of age rarely die at saturation 
follow severe carbon monoxide exposure. Necrosis and cavi- level under 50-60 per cent unless the concentration of car- 
tation ofthe basal ganglia inthe brain, notably the putamen bon manoxide in the inspired air was so great that death 
and globus pallidus, has been known for well overa century. occurred before gas exchange in the lungs was able to 
Within about 5 days, histological changes occur here, with progress suliciently to enter all available monoxide into the 
gitterzellen’ scavenging cellular debris, the foam cells and red cells, Death may then supervene with post-mortem 
‘microglia presenting an appearance characteristic of tise saturation levels of as low as 40 per cent. Where absorption 
breakdown in the central nervous system. There may also he is slow and life persists longer (Vor there seems to hea relation- 
damage in the substantia nigra of the brainstem, In delayed ship between air concentration of monoxide and length of 
deaths, petechise and ring-shaped haemort survival), autopsy samples may show 80 per cent saturation. 
in the cerebral white matter. All chese changes, together with Old people may die a relatively low concentrations, such 


the clinical symptomatology, are exhaustively described in as 30 per cent and, in some cases, no other cause ean be 
neurological publications found when the carboxyhaemoglobin level is only 25 per 

‘There are also tiny focal nectoses in the myocardium in cent, This may be the result of anaemia, so that there is less 
delayed deaths from this cause, and similar lesions were reserve for oxygen carrying when part ofthe haemoglobin i 
described by Korb and David (1962) even in acute deaths. occupied by monoxide. In many eases, the senile myocardium 
Frank myocardial infarction has often been reported after is already in a fragile stave and any extra hypoxia will cause 
severe monoxide exposure and relative hypoxia, usually in it to fail, Infants also seem to die at relatively Low levels, 
the presence of pre-existing coronary disease, is probably pethaps because their higher respiration rate allows a more 
the reason, rapid absorption, The variation in fatal concentrations is 
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wide and quite irregular: This is best exemplified when two 
for more victims have died together in the same enviton- 
‘ment. The carboxyhaemoglobin concentrations of bodies 
lying alongside each other can sometimes be totally differ 
ent, even in persons of the same age group and physical 
health, Any disease process can contribute to death at lower 
‘monoxide concentrations. Coronary artery disease, respira- 
tory insufficiency and other debilitating conditions allow 
death to occur earlier, when the toxic level is still relatively 
low, Conditions that are worsened by hypoxia, such as 
‘myocardial insuflicency or obstructive airway disease, are 
particularly potent, In addition wo disease, any separate toxic 
state is additive, such as hypnotic drugs or aleohol, 

‘The method of analysis has traditionally been by rever- 
sion spectroscopy; but this is a crude technique in which 
accuracy cannot he attained to within 10 per eent of the 
true value. For most purposes related to fatalities, cis is 
good enough, as more exact results do not add anything to 
the inves 


jon. The only problem ean be at the lower 
end ofthe scale, when iis dffcul to be certain about positiv- 
ity under about 15 per cent. Modern analytical methods 
include non-dispersive infrared spectrophotometry and 
gas chromatography. Carboxyhaemoglobin is stable and can 
be detected even in puttelied bodies a long time after death, 
as long as sophisticated laboratory techniques are used. 
“Monoxide cannot enter a body post-mortem to any signifi 
cant extent. Bodies burnt after death do not absorb any 
‘monoxide and thus « significant level (more ehan 10 per 
cent) in a body from fire means that respiration must have 


been proceeding whilst the conflagration was in. progres. 
‘As emphasized in Chapter 11, the converse is often not true, 
in that deaths from rapid fires, especially flash fires caused. 
by petrol, for example, may have no carboxyhaemoglabin 
in the blood. The possiblity of earbaxhaemoglobin being 
formed in the blood post-mortem has been investigated as a 
possible source of error (Kojima et al. 1982) and fluorided 
samples are recommended 

‘A minor source of local carboxyhaemogiobin and 
rmyohacmoglobin is gunshot wounds, where the propellant 


gases (which ae rich in the compound) are blown into the 
‘wound from contact oF short-range discharges. The tissues 
absorb monoxide, especially around the entrance wound. It 
hhas been claimed that this is a way of differentiating the 
entrance from the exit wound, but in fact che whole track of 
the missiles) may be sheathed in a zone of monoxide teans- 
fer into blood and muscle from a neardischarge, though 
theoretically there should be a gradient of concentration 
from one end ofthe track wo the other (see Chapter 8), 
Many other was, military and terrorist circumstances are 
associated with exposure to carbon monoxide, Large quan- 
tities are released from the firing of guns and, in enclosed 


spaces, can become a hazard, Detonation of explosives in 


places where there is lite ventilation also allows monoxide 
to accumulate and it may persist long after the physical 
dangers ofthe explosion have passed. 
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In ee las half century there has been a technological evolu- 
tion in farming methods, which has spread to almost all parts 
of the world. The developing nations (who in terms of area 
of land usage and proportion of the population who work on 
that land, are numerically greatest a risk) suffer most and 
this is sometimes exacerbated by the less stringent contiols 
and ess safe working methods that exist in those countries, 

‘The potent chemicals used in agriculture may harm per- 
sons by accidental exposure, either during their application 
to crops, or due 0 incorrect or careless storage. Another 
major source of human poisoning is through selé-adminis 
tration, when the easily available substances are used for su 
cide, For example, in Sri Lanka many thousands of hospital 
admissions each year ae for agrochemical poisoning (16649 
in 1983) with over a thousand deaths annually (1521in 
1983). Of these, abour three-quarters were selEadministered, 
the remainder being accidental and occupational. 

‘The main dangers from agricultural chemicals lie in the 


pesticides, especially organophosphorus compounds, such 
as parathion and herbicides, such as paraquat, 


PARAQUAT POISONING 


Paraquat is a herbicide that is sprayed on unwanted weeds 
and other vegetation before planting crops. It is absorbed 
by the foliage and rapidly kills che plane, but is inactivated 
when in contact with the soil, so cannot haem the seeds or 
young planes that are placed in the same ground a short 
time later. Paraquat (and the less popular diquat) are 
dipyridy! compounds, paraquat chemically being 1,1'~ 
dimethyl-4,4"-bipyridyldiylium, Ie is produced commer- 
cially asa brownish concentrated liquid ofthe dichloride salt 
at 10-30 per cent strengsh, under the trade name Gramoxone 
and, for horticultural use, as brown granules called Weedol 
atabout 5 per cent concentration. 


Toxicity occurs almost exclusively through ingestion, 
though some cases are reported where inhalation th 


spraying has led to a fatal outcome, A suicide from intra- 
venous injection of paraquat has been reported by 
Fernandez ofa, (1991). 

Only about 5 per cent of the substance is absorbed orally. 
Poisoning usually occurs either by deliberate sel-ingestion 
of the liquid concentrate, or by accidental drinking from 
unmarked or incorrectly marked bottles, eis said thar one 
swallowed mouthful of Gramoxone will almost always be 
fatal and certainly 5 ml has caused death, The decanting of 
the concentrate from the original manufacturer's containers 
leads 10 many accidental deaths. Because of the relatively 
high cost, paraquat is often taken from the large containers 
and kept in lemonade or other soft drink bottles. Such 
decanting is illegal in some counties such as the Republic 
of Ireland, because of the dangers of unlabelled boctes. 
Unsuspecting people, especially children, then take a drink 
from such bottles and immediately suffer the effects of the 
potent taxi, 

Paraquat in concentrated form, is irritant to all epithelial 
tissues, The lips, mouth, pharynx and oesophagus ae super- 
fically eroded, though thete is nothing like the dangerous 
structural damage of strong acids or alkalis The major danger 
of paraquat is to the lungs and liver. The lungs are affected 
mainly by direct aspiration, either as che iertaive substance 
is swallowed or by regurgitation from the stomach during 
vomiting, 

Of that absorbed through the gastrointestinal tact, the 
rajor danger isto the liver, where paraquat causes & cen 
trilobular necrosis, with giane mitochondria and crystalline 
inclusion bodies seen on electron microscopy. In the kidney, 
renal failure may develop within 2 or 3 days from diffuse 
cubular damage. 

‘The striking lesion, almost characteristic of paraquat, is 
in che proliferative damage to the lungs. If rapid death 
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from acute hepatorenal failure does not occur, either 
because of low dosage or energetic clearance of the residual 
poiton, then progressive lung damage may still lead 10 
death within the next 2 weeks. When paraquat reaches the 
distal air spaces, diffuse pulmonary oedema and haemor- 
rhages occur, followed by stimulation of the alveolar lining 


cells, Prior to this, in the first day or two, there is damage 
to the pneumocytes with vacuolation, desquamation and 
necrosis, A hyaline membrane is often visible, The mech- 
anism appears to be that paraquat reacts with tssue elements 
to produce peroxides, including hydrogen peroxide, which 
is responsible for the damage, which can be worsened by 
oxygen therapy. 

‘Within a few days repair begins, the mesenchymal inter- 
stitial cells and the alveolar lining cells dividing rapidly and 
filling the alveoli, Both granular and membranous pneumo- 
cytes (types and Il) are involved, Within the frst week, gas 
exchange begins to suffer asthe air spaces become occluded 
by mononuclear cells forming rounded-up ‘fibroblasts. If 
survival continues, the alveoli begin wo fibrose, with retic 
ulin and collagen being laid down to form a rigid, 


lung. 


‘The autopsy in paraquat poisoning 


‘There may be ulceration around the lips and mouth from 
escape of paraquat concentrate, The mucosa of the mouth, 
‘may be reddened or desquamated, and the oesophagus may 
show worse changes, including casts of shed epithelium. 
‘None of these changes is by any means inevitable, however, 
and the upper gastrointestinal tract may be normal. 

Similarly, the stomach may show erosion and patchy 
hhacmorthages, or may be untemarkable, The liver may 
show pallor oF mottled fatty change to the naked eye. Ie is 
unusual for any gross charges o be visible. Other organs 
show no specific changes, apart from the lungs: the kidneys 
may reveal cortical pallor if there i rena failure 

IF the victim has lived a week or more, then the lungs may 
reveal typical changes in that they are large and stif, keeping 
their shape when removed from the chest. There may be a 
Fibeinous pleurisy and sometimes slight bloody pleural effu- 
sions. The cut surface reveals oedema and patchy haemor- 
rhage, though this may have subsided in eases that survive for 
some time, The main appearances are microscopic and, 
unless the history is known, che lung may be mistaken for 
a diffuse pneumonia, The author (BK) saw a homicide by 
paraquat, in which the victim was in hospital for 2 weeks 
with a presumprive diagnosis of ‘virus pneumonia’, unl a 
confession revealed the true cause of the lung changes. 
Samples required at autopsy, apart from full histology, 
include the usual blood samples, urine, stomach contents, 
lung and liver 


In most instances, the relative slowness of the death allows 
the diagnosis to be made on history and clinical geounds, 
so that ante-mortem toxicology is usually well documented, 


‘Toxicology interpretation 


Blood levels of paraquat of 0.2 mgil are sufficient to cause 
lung damage. Survival has been recorded, however, with 
plasma levels of up to 1.6 mg/l, Paraquat is excreted over a 
long period and can be detected in usine at autopsy many 
dys after ingestion. Concentrations in excess of 0.07 mg/l 
have been found 26 days later. 

‘The concentrations found on analysis afer autopsy nat- 
urally depend upon the dase taken and the time that has 
clapsed since ingestion. On the frst day, ranges from 0 to 
63 mgll (average 15) have been found in che blood, with 
urine levels of 20-1210 maf! (average 462). Seven days later, 
the blood level comes down to an average of 0.8 mg/l with 
4.5 in the urine. Two to three weeks after ingestion, the blood 
concentration averages 0.5 and the urine level 0.6 mg/l 


ORGANOPHOSPHORUS 
PESTICIDES 


Used in huge quantities ehroughout the world, these sub- 
stances cause thousands of deaths in southern Asia, Afvica 
and elsewhere. The major example is parathion, with 
‘malathion and dichlorvos used far less extensively, These 
chemicals act on insects and other arthropods by inhibiting, 
cholinesterase and their toxic effects on man are caused by 
the same mechanism. 

Parathion (nitrostigmine) is extremely toxic and ean be 
absorbed through the skin, conjunetivae, lungs and gut. 
Because of the inbibitory effect on plasma and erythrocyte 
cholinesterases, acetylcholine builds up at neuromuscular 
junctions and other neurotransmitter sites, resulting. in 
hypetexciabiliy of both voluntary and involuntary muscle 

‘Other organophosphorus compounds include malathion, 
which is much less toxic than parathion and is used more 
in horticulture: dthion, diazinon, hexaethyltetraphosphate 
(HETP), tetraethylpyrophosphate (TEPP), octamethylpy- 
rophosphamide (OMPA) and demeton are other pesticides 
of this group. 

“Toxic signs and sympcoms appear when the cholinesterase 


level drops t0 30 per cent of its normal activity. Fatalities 
begin to oceur afer the ingestion of 125-175 mg, though 
ingestion of much larger amounts can be survived. Death 
can occur in less than an hour after ingestion, though 
usually several hours elapse in those who are not going to 
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Autopsy appearances are more helpful than with many 
other compounds, in that parathion is dissolved in a 
herosene base, which can often be detected by its smell. A 
greenish colouring agent is often added wo the commercial 
products. The stomach therefore may be seen to contain an 
vily, greenish scum. The gastric mucosa may be haemor- 


rhagie, though this is too non-specifi 
is the common finding of haemorrhagic pulmonary oedema, 

‘The author (BK), when practising pathology in South- 
cast Asia, noted a useful diagnostic sign in some less mod- 


to be of much use, as 


cen mortuariesthae were infested with flies and bluebortes. 
‘When these insets alighted on an opened cadaver at autopsy, 
many fell dead or dying onto the autopsy table when the 
‘ase in progress was a parathion poisoning, 


‘Toxicology interpretation 


Post-mortem toxicology is usually conclusive in acute poi- 
soning. The substance resists post-mortem autolysis well 
and can be recovered from putrefied bodies, The range of 
blood parathion concentrations in fatal eases may be from. 
0.5 to 34mg/l with an average of 9.0. Urinary excretion 


ranges from 0.4 to 78 mg/l with an average of 10 mg/l. The 
liver may contain from 0.1 t0 120 mg/kg, averaging 11 

Malathion is much less toxic but deaths certainly occur 
given a greater dose. Blood levels in fatalities ingesting from. 
25 t0 70g malathion ranged from 100 to 1880 mg/l with a 
mean of 815. The liver contained from 200 to 1700 mg/kg, 
with an average of 1300. 

‘Other pesticides and insecticides include chlorinated 
compounds such as aldrin, DDI (dicophane), lindane 
(Gammaxane) and dieldrin. Other types include the 
carbamates (opxymyl, landrin and aldicarb), dinitrophenols, 
pyrethrum and derris. The phenolic pesticides include 
DNOC (dinitro-orthocresylphosphate) and dinitroburyl- 
phenol. None of these has any specific autopsy features and 
the diagnosis rests upon the history circumstances, and post- 
mortem analysis of blood, urine and liver. 
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GENERAL CONSIDERATIONS, 


In most counties, especially those with advanced economies 
and relatively sophisticated medical services, poisoning with 
medicinal compounds is common, In many such countries, 
poisoning with therapeutic substances exceeds deaths from 
‘other types of toxic agents, especially in suicidal and acciden- 
tal poisoning. 

This is explained by dhe ease of access of such substances, 
whether they are obtainable from a doctor on prescription or 
fon demand across the counter of a pharmacy. Where state- 
sponsored health services exist, the costco the recipient may 
be minimal or absent and this eae of access contributes 
opportunities for self-poisoning, whether it be deliberate 
self-destruction, suicidal gestures or accidental ingestion ~ the 
lanter especially in children. Unfortunately, overprescrbing or 
the supply of too great a quantity of drugs at one time allows 
excessive stocks of drugs to be easily available to the publi 

‘Though only a minority of victims of medicinal poison- 
ing fal wo recover, there are stil an appreciable number of 
deaths, These come to the attention of the investigative 
authorities and hence to pathologists. The autopsy investi- 
gation ofa fatality from a therapeutic substance ean be dif- 
ficult, fora number of reasons: 


The nature of the substance may be uncertain or 
unknown. 

IB There may be more than one such substance involved 

IH There may be a delay between ingestion and death 
sufficient to allow blood, urine and vssue 


concentrations to decline below fatal, toxie or even 
therapeutic levels. 

1B Analysis may be difficult to arrange because of lack of 
facilites 

1B Information about fatal levels may be unobrainable. 

1B Most medicinal poisons leave virtually no characteristic 
features at autopsy, so diagnosis depends upon 
laboratory findings. 

1H Post-mortem changes may make analysis difficult, 
inaccurate or impossible. 

1B Where death is delayed after taking the substance, none 
may be recoverable from the stomach (which has 
emptied) or even from the intestine, 

IB The original substance may be rapidly metabolized into 
‘one or mote breakdown products, adding to difficulties 
in identification and interpretation, 


AUTOPSY APPEARANCE: 


‘The lack of characteristic autopsy appearances is often 
very frustrating for the pathologist. Unless there is an 
indicative or suggestive history as to which drug was taken — 
a matter for the investigators in respeet of circumstances 
and recovery of containers ~ then an autopsy may have to 
be performed ‘blind’. Where no significant morphological 
lesions can be discovered, then a full toxicology screen 
must be considered, which in some jurisdictions may 
be difficult or impossible 1 obtain, or be extremely 
expensive 
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Analge: 


The majority of modern medicinal substances are, by 
design, bland and non-irrtant to the tissues and gastro- 
intestinal tract, Most of those met with in forensic practice 
are taken orally and, though the active constituents may be 
potent in their pharmacological effect on target organs and 
tissues, the medicine will cause no erosion or damage to the 
alimentary tract, Thus litle or no physical evidence can 
be obtained from a gross or even microscopic examination 
of the gastrointestinal tract or other organs. Much of the 
physical bulk of modern tablets or capsules is merely the 
‘vehicle for introducing the active component into the body 
and i chus unlikely wo have any adverse effec. 

When a medicinal compound causes death, the mode of 
death is mast often some form of cardiorespiratory failure, 
often secondary wo depressive effects on the central nervous 
system. This mode of death causes only non-specific 
changes discernible at autopsy, which are usually of no use 
in indicating the basic reason for the death, Acute congest- 
ive cardiac failure, pulmonary oedema, sometimes cerebral 
edema, generalized ongan congestion, scattered petechiae 


fn serous membranes — none of these is of any real use to 
the pathologist, who has to rely on the results of toxico- 
logical analysis for a definitive answer, 

“There are some therapeutic substances, which, though 
not the cause of specific lesions, may suggest themselves 
from their autopsy appearances. An example is the wide- 
spread membrane ecchymoses sometimes seen in aspirin 
poisoning. This could not in any way be sufficient to pro- 
Vide a legally acceptable cause of death, however, unless 


absolutely reliable circumstantial evidence existed, together 
with the finding ofa large bolus of undissolved tablet rem- 
nants in the stomach, Even then it might be contested that 
the substance was not aspirin — oF not aspirin alone — unless 
analytical confirmation was obtained, 


RESULTS OF LABORATORY TESTS 


‘As discussed in Chaprer 27, the investigation of fatal 
poisoning is collaborative investigation berween pathologist 
and toxicologist. The autopsy excludes, confirms or evaluates 
any trauma oF natural disease, and provides suitable material 
for analysis. The toxicology laboratory conducts the technical 
assays, and produces qualitative and quantitative results, The 
toxicologis/analyse interprets those results to the pathologist, 
by providing an indication of the therapeutic, toxic and fatal 
ranges of concentrations in various body fluids and rises, 
and by pointing out problems such as decline from post- 
ingestion survival, conversion to metabolites and many others. 
‘The pathologist chen collates this information with his 
own knowledge of the history and autopsy findings co 
offer the best interpretation of the investigation for judicial 
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authorities. Most problems arise either because the informa- 
tion about the medicine (especially itis newly developed or 
‘where its toxicity is low) is incomplete in terms of toxic blood 
and tissue levels — because post-ingestion survival has allowed 
the originally lethal levels wo have subsided to therapeutic 
for even lower limits. What is offered in the remainder of this 
chapters a digest of information about such potentially lethal 
levels, culled from a variety of sources, The ranges are ofien 
Wide as most of the data are of necessity derived ancedorally, 
and the problems of uncertainty of dosage, variation in post- 
ingestion survivals and wide individual biological variaion 
‘make it impossible to lay down strict thresholds between thera- 
peutic, toxic and fatal concentrations. 

Wherever possible, the advice of the analytical toxicolo- 
gist should be taken about each case ~ bur where this is 
impracticable, then che following daca and similar material, 
which is constantly being updated in forensic and toxico- 
logical publications, may be of assistance. The choice of 
substances is arbitrary, but represents the most common 
medicines seen in suicidal and accidental poisoning, 


ANALGESICS 


Aspirin (acetylsalicylic acid) 

and salicylates 

Aspirin is che most widely wed therapeutic drug, being, 
analgesic, antipyretic and anticinflammatory. Te was for 
merly very common as an agent of selfpoisoning, both 
accidental in children and suicidal in adults. In Britain in 


the last two decades, its use as a sel poisoning agent has 
declined remarkably, so that fatalities are now rarely seen, 

‘The therapeutic dase is usually 325-975 mg, that is, 1-3 
tablets, Rarely, persons with an aspirin hypersensitiviey may 
become ill or even die after therapeutic doses, suffering 
urticaria, angioneurotic oedema, hypotension, vasomotor 
disturbances and laryngeal and glottal oedema. 

Patients on long-term salicylate therapy for arthritic or 
rheumatic diseases may take 3-5 g/day and slowly reach 
blood concentrations which would be in the lethal range if 
caused by acute overdoses. Those on 3g/day have blood 
levels varying between 44 and 330-mg/L 

‘Apart rom deaths caused by hypersensitivity, death in an 
adult is unlikely with che ingestion of fewer than about 
50 tablets, that is, about 16g. The blood concentration 
(measured as total salicylate), from a medicinal dose of 
975 mg, ranges from about 30 to 100 mgil (with a mean of 
77) 2 hours ater ingestion. There is a rapid fall wo around 
25 mg/l some 8 hours later 


‘At autopsy, aspirin is one of the few medicines that 
may cause some gross abnormalities, though they are not 
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particularly specific. Externally there is nothing to see, 
unless vomiting has taken place, when dark or even red, 
bloody gastric contents may be expelled. Rarely, there may 
be some haemorshagic manifestations in the form of skin 
petechine. 

Internally, che stomach may still contain a mass of fused, 
unabsorbed tablets. These tend co stare dissolving and then 
aggregate into a grey or dirty-white mass ifa lige number 
(several hundred) have been swallowed, The gastric mucosa 
ray be eroded by the ievitative, acidic substance. This may 
be localized in the stomach or spread widely across the Fun- 
dus and cardia, The lining may be dotted with acute ero- 
sions, sometimes causing bleeding that may amount to a 
frank haematemesis. Black altered blood may lie in the 
stomach and pass into the intestine to form a melaena if 
survival is long enough. Mucosal petechiae and eechymoses 
in the stomach, without actual erasive destruction, may be 
seen as part of a haemorrhagic resule of the anticoagulant 
action of aspirin, Similar petechiae may be spread through 
other organs and especially serous membranes, particulaely 
ton the parietal pleura and epicardium. Even single tablets 
say cause a small ulcer if they stick to the stomach lining ~ 
this is sometimes seen incidentally at autopsy in_non- 
poisoning cases, where tablet has been swallowed shortly 
before death. 

Post-mortem toxicology requires the usual samples of 
blood, urine, stomach contents and liver, The mass of 
aspirin in ehe stomach may remain for several days in life, 
forming a partly insoluble concretion that may retard the 
absorption of the drug. This is why it is always worth wash- 
ing out the stomach ofa live victim, asa large proportion of 
the aspirin may be removed before ie can cause systemic 
effects, With the advent of soluble aspirin or effervescent 
preparations, this aspect is lost as no such insoluble bolus 
forms. At autopsy, part of such a mass can be sent for analy- 
sis, whilse quick ‘spot’ tests can be carried out on another 
part. Such quick chemical confirmation may be performed 
in the autopsy room itself, by using a 10 per cent solution 
of ferric chloride. If a small quantity is added to a urine 
sample oF to che surface of the tablet mass, an immediate 
purple-blue colour suggests aspirin. This is by 


specific, but is merely suggestive. Ifnegative, however, then 
aspirin can be virtually discounted. These are only rapid 
screening methods and by no means replace proper labora 
cory analysis, 

Toxic blood levels (measured as coal salicylate) begin at 
about 300-500 mg/l, though both death and survival are 
consistent with far higher or lower levels. Blood concentsa- 
range from about 60 t0 7300 mg/l. 
some authorities suggesting tha 500 mg/l is an average 
‘minimum level. The liver concentration in fatalities varies 
from 2.5 10 1000 mg/kg and urine salicylate from 20 w 


tions in fatal cases my 


1350 mg/l, emphasizing the wide levels that are compatible 
with life, Salicylate has a rather slow clearance rate 
the blood, che halflife being up to a day in some massive 
verdes 


Aspirin poisoning is dangerous in that sudden cardiac 
arrest can occur in the absence of any toxic symptoms. This 
accounts for the death that take place after patients have 
been discharged fit from the emergency departments of 
hospitals. They may have seemed quite well and symptom 
five, bur suffer a fatal collapse up to a day oF so later, Fatal 
cardiac arrhythmias can supervene without warning and 
rake it advisable, where possible, to admit patients with 
aspirin overdoses for observation for a day or so 


PARACETAMOL, 


Paracetamol is also known as acetaminophen, N-acetyl-p- 
aminophenol or 4'-hydroxyacetanilide. It is an analgesic 


and antipyretic, without the antiinflammatory properties 
of aspirin, for which it is often used as an alternative 
because of the lack of gastric irritation, 

In wide use, especially in combination with other drugs 


such as codeine and desteopropoxyphene, paracetamol is 
one of the most common agents in selE-induced poisoning 
by medicinal products. Iris used alone in cherapeutic dases 
of up 10 500 mg. Overdases of 20 g or more are potentially 
lethal, but much less is needed in combination with other 
drugs, such as propoxyphene, Paracetamol is a potent liver 
poison, as a small proportion is converted by the liver 
enzyme “P450° (microsomal mixed function oxidase) into a 
toxic compound, probably N-acetyl-p-benzoquinone. 
Normally, glutathione and other sulphydryl compounds 


this substance, but in overdose, these are exhausted 
and he toric agent causes a profound centilabular hepatic 


detox 


necrosis. The concurrent administration of other drugs, 
such as phenobarbitone or phenytoin in epleptics or chronic 
aleoholism, activate the P450 enzyme and worsen the toxicity 
through this mechanism, 

‘Ar autopsy there is nothing specific to observe in the 
gastroincestinal tact. In massive overdosage, there can rately 
be rapid death from a direct depressive action on the cen 
tral nervous system, but mast deaths are delayed 2-4 days 
whilst liver filure develops. At autopsy the liver may be 
enlarged, but is often under the normal weight of 1500. 
It may be pale yellow or tan, oF the damage may be only 
Visible histologically, when a centrilobular necrosis is seen. 
Renal changes in the form of tubular necrosis may also be 
present and occasionally myocardial fibre damage may be 
Visible histologically. 

‘Analytically, che therapeutic range of plasma concentra 
tions 6 hours afer a 324 mg dose is 2-6 mg/l, though some 
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The barbiturates 


“Tans 31.1 Fazal concenrationt of tome antidepressant (ml or 
mig) 


‘Tance $1.2 Fazal concentrations of thee benzodiazepines (gl or 


inh 


Blood (average) Urine (average) Liver (average) Blood Urine Liver 
Anitipiyine —27-47(87) 04-7934) 18-817 (130) Clorazeponide 20 8 10 
Dothiepn = 03-25(15) 4-189) 20-148) Diazepam 5-19 3 16 
Imipramine 6-85 (73) 6-54 (20) 83-984 (166) Nitazepam 12-90 1-10 07-40 
Tranjeypomine 87 280 13 


records claim peak levels of up to 25 mg/l. The plasma half- 
life is « guide to hepatotoxicity, it being dangerous to have 
at halélife of more than 2 hours at a level of 300 mg/l at 
4 hours after ingestion. Typical blood levels in overdoses 
when at least 10-15 g have been taken are 100400 mg, 
with an average around 250. The urine may con 
150-800 mg/l, but all levels depend on dose and survival 
time, Paracetamol may exhibit post-mortem redistribution, 

The inclusion of other drugs, especially dextro- 
propoxyphene (and, of course, aleohol), may markedly 
reduce the level needed for a fatal outcome, Paracetamol was 
the most frequently detected substance in a compilation of 
post-mortem femoral blood concentrations of drugs (Druid 
and Holmgren 1997) based on a selection of 15 800 sam- 
ples sent to the Department of Forensic Chemistry in 
Linképing, Sweden, during 1992-95. In ther series of 139 
fatal intoxications with paracetamol in combination with 
other drugs and/or alcohol, the median concentration of 
paracetamol was 170 mgfl (range 90-320). 


ANTIDEPRESSANT DRUGS: 


‘The tricyclic antidepressants are frequently involved in 
self-poisoning, partly associated with the type of patient 
for whom they are prescribed. 

Amitriptyline, dothiepin, doxepin and trimipramine 
have additional sedative properties. Those with little or no 
sedating action include protriptyline, nortripeyline, imipea- 
‘mine, clomipramine, prindole, lofepramine, desipramine and 
buteipryline. 

“Tetracyclic antidepressants include maprotiline and 
rianserin, Other types include che monoamine oxidase 
inhibicors, which are well known to have dangers related 
to the concurrent ingestion of other drugs and foods, espe- 
cially those with sympathomimetic action and tyramine 


content, such as rich cheese, yeast extracts, red wine and. 
beans. Dangerous hypertension may ensue with the risk of 
cerebrovascular haemorthage. Drugs of this class include 
phenoxypropazine, tranyleypromine, isocarboxazid and 
phenelzine. 


“Tans 31.3. Fatal concentration of tw phenatiacines (gl or 
anal) 


Blood (average) Urine (average) Liver (average) 


Chlorate 10-214(55) — 5-114(43) 49-190 (84) 
Chlopromazine 66 12 Be 


THE BENZODIAZEPINES 


‘These widely used drugs are employed for their sedative 
and tranquillizing effects. A large number of both 1,4-and 
1 S-benzodiazepines are available, divided into short- 
acting, intermediate-acting and long-acting compounds, 
Long-acting benzodiazepines include: flurazepam, nitea- 
zepam, diazepam, ketazalam, chlordiazepoxide, clobazam, 
chlorazepate, medazepam and alprazolam. Intermediate 
acting benzodiazapines include: loprazolam, lormetazepam, 
temazepam, flunitrazepam, lorazepam, bromazepam and 
oxazepam, A short-acting benzodiazepine is tiazolam, 


THE PHENOTHIAZINES 


This group of tranquillizer drugs includes: haloperidol 
(buryrophenone), chlormethiazole, chlorpromazine, fluphen- 
azine, diphenylbutylpiperidine, promazine, tifluoperazine 
and prochlorperazine 

“The autopsy appearances are non-specific and toxicology 
‘may resolve any diagnostic problems if the death has 


‘occurred faiely soon after ingestion — which may ofien not 
bee the ease, when history and ante-mortem investigations 
can provide the only answer, 


THE BARBITURATE! 


‘The massive problem posed by therapeutic administration 
of barbicurates until about 20 years ago has largely abated 
in countries with a responsible medical profession, which 
voluntarily refrained from the prescription of these drugs 
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31: Poisoning 


except where specifically indicated. Their use as sleeping, 
tablets and general soporific sedative agents led wo wide- 
spread abuse, so that at one time they were easily the most 
common agent of drug addiction, The development of 
nnon-barbiturate hypnotics, such as the benzodiazepines, 
helped to remove the need for the older and more lethal 
compounds. Unfortunately, barbiturates are still widely 
available on the illicit market, either alone or in eombin- 
ation with other substances such as amphetamines. 

Barbiturates exist in many forms, the best classification 
(which relates to their degree of woxicity) being their speed 
of action: 


1 Long-acting barbiturates: harbitone, phenobarbitone 
and phenytoin, which is still peseribed for epilepsy 

BH Intermediate-acting barbiturates: amylobarbitone, 
sodium amytal, pentobarbitone, allobarbitone, 
butobarbitone and pentoba 

1 Short-acting barbiturates: hexobarbitone, 
eyclobarbitone, secobarbital and thiopentone. 


‘Much lower blood levels will be found in fatal poison- 
ings in the short-acting group as death may occur more 
{quickly from the usual mode of action, a central depression 
of the respiratory eentees. The author (BK) has knowledge of 
a death within 20 minutes of taking a massive overdone 
of ‘Seconal’ 

Atautopsy, the signs are of general cardiorespiratory fale 
ure, with often a cyanotic, congestive appearance. Though 
non-specific, probably the congested lungs in acute bar- 
biturate poisoning are more intense than in any other condi 
tion, These organs may be almost black and the whole 
‘venous system is engorged with dark, deoxygenated blood. 
‘There may be ‘barbiturate blister’ on dependent parts of 
the skin surface, especially buttocks, backs of thighs, calves 
and forearms, though as discussed in the chapter on carbon 
‘monoxide poisoning, these blisters are common to all states 
of deep coma. 

Internally there may be local signs of erosion from the 
drug itself: The gastric mucosa may be badly damaged from 
the alkaline atcack of drugs such as sodium amytal which, 
boeing the sodium sale of a weak organic acid, hydrolyses in 
the stomach. The fundus may be thickened, granular and 
hhacmorthagic. The cardia and lower oesophagus may be 
eroded from reflux and, if the vietim regurgitates, then 


black, altered blood may appear at che nose and mouth, 

‘The capsules of certain barbicurates also leave character- 
istic traces in the mouth, oesophagus and stomach, The 
colour varies with the manufacturer, but the turquoise 
blue of sodium amytal capsules may stain the stomach con- 
tents and even be visible through the wall of the intestine 
when the abdomen is opened. Other pigmented gelatine 
capsules can be red, yellow or blue. As with so many 
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y medicines 


Tam 31.4 Fatal concentraions of barbiturates (gil o gl) 


Blood Urine Liver 
Phenobartitone S144 = - 

Amyltarbitone 20-88 210 ~——+106-880 
Secobatbitone or quinalbabitone) 5-52 = 15-380 


other drugs, combination with aleohol greatly increases the 
dangers ofa fatality. 


INSULIN POISONING 


Formerly a rarity, death from parenteral administration of 
insulin is now not uncommon. The Beverley Allee case in 
Britain in recent years showed that multiple deaths can 
‘occur, especially where medical or nursing staff are con- 
cerned, as well as these in proximity to diabetics, as both 
groups may have aceess to insulin, 

‘Another change isthe relative ease with which analysis of 
body fluids and tissue can be catried out nov, compared 
with the great technical difficulties of only a few years ago, 
so that fewer such deaths may be missed from lack of rel 
able insulin assays. 

Fatal insulin toxicity may be accidental, suicidal or 
homicidal. The accidental fatalities are usually examples of 
‘medical error, mostly from misteading the label on the box 
for ampoule. A former student of the author (BK), on the 
fourth day of her frst intern post, gave ten times the dase 
of insulin to a patient during a pituitary Function test, by 


‘wrongly assuming that the stated number of units written 
fon the box were the total ampoule contents, instead of 
boeing the strength per milite. 

Suicide by insulin is not uncommon; the author (BK) 
has seen ie given into a saline drip by a doctor and also 
injected into the abdominal wall by 4 non-diabetic who 
stole it from her diabetic neighbour's refrigerator. 

AAs stated, homicide and attempred homicide have given 
rise to some notorious eases, both in UK and the USA. In 
fone ease known to the author (PS), a previously healthy. 
48-year-old man was delivered unconscious to the emergency 
unit because of suspicion of decompression sickness. The 
treatment was aborted asthe patient was found to be hypo- 
glycaemic (nadir serum glucose 0.3 mmol/l) and treatment 
and diagnostics of hypoglycaemia commenced. Serum 
samples drawn at admittance were stored feazen, whereby it 


\was possible to show retrospectively that, while the concen- 
tration of insulin in serum was high (75 mU/, increasing, 
further to aver 240 mUMl in the next few hours), concen- 
tration of C-peptide was low (below detection limic of 
0.1 nmol!) at che hypoglycaemic stage, suggesting that the 
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patient had received exogenous insulin somehow, and the 
police were informed. Due to severe hypoglycaemic brain dam- 
age, the patient remained in a vegetative state for 2 months 
before dying of multiorgan failure. Circumstantial evidence 
obtained during the ensuing criminal investigation was 
considered by the court to prove the patient's wife (a nurse) 
guilty of murder (Koskinen et al, 1999), 

Insulin is, of course, inactive orally and has to be given by 
injection to perform its hypoglycaemic effect, At autopsy, 
‘here either from the circumstances or the finding of needle 
‘marks, insulin isa possibility, peripheral blood samples and. 
skin and undeslying tissue from the injection site should 
be carefully preserved, together with control skin from 
another site, 

‘The fine needles usually used by diabetics may leave 
Virtually no mark on the skin, The author (BK) has tested. 
some such needles on cadaver skin and found that, often, 
the mark cannot be seen immediately after withdrawal, 
unless a small vesel has been damaged. 

Although insulin has been recovered many days, even 
weeks, after death, the sooner the better as far as collecting 
samples is concerned. Serum should be separated from red 
cells and the former frozen until sent to the analysts, unless 
whole blood can be sent straight away. Skin and tissue sam= 
ples should either be frozen or kept in the refrigerator — not 
Fixed. Porcine or bovine insulin can be detected as such but, 
if cherapeutic insulin is of human origin, then ie eannot be 
distinguished on analysis from the patienr’s own insulin, As 
‘ell as immunoassay ofthe insulin itself, che measurement 
of C-peptide, produced on a one-to-one basis by the pan- 
creas, assists in distinguishing endogenous from exogenous 
insuli 


All such interpretations are a matter for specialists 
in this field, upon whose advice the pathologist must rly 

Attempting to prove insulin-induced hypoglycaemia by 
measuring glucose levels in human post-mortem fluids is 
impracticable, due to the unreliability of such estimations 
after death. 

Very low vitreous humour glucose levels may strongly 
suggest hypoglycaemia, but are not absolutely acceptable, 
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“These substances are discussed solely from the point of view 
of the pathologist dealing with fatal eases 

Drugs of dependence may be absorbed orally, by intea- 
venus, subeutancous oF ~ rarely — intrarmuscular injection, 
by smoking, or by nasal sniffing. The routine at autopsy, in 
respect of obtaining samples lor toxicological analysis, is 
ahered according to the route of administration. As mixing 
of drugs and addition of non-narcorie deugs is common, it 
is the usual practice to take a wide range of samples even if 
the primary route is known with some degeee of certainty. For 
example, an addict dying ‘on the needle’ where intravenous 
injection is obvious, will sill have stomach contents taken 
for investigation, The standard samples should be taken, as 
described in a previous chapter, comprising several samples 
of venous blood (one with fluoride), stomach and contents, 
liver and urine. In some circumstances, additional samples 
such as bile, cerebrospinal fluid and vitreous humour may be 
taken, as wel as brain or kidney: The great advances in the 
analytical techniques allow che analysis of drugs als in other 
biological samples, such as saliva, sweat and hair, Hair analy- 
sis can also provide evidence of long-term exposure to drugs 
(weeks, months oF years), because most drugs, if noe al, 
incorporate in hair and are relatively stable, At least 50mg 
of hairshould be collected, curing about a pencil chickness of 
strands of hair as ease to the skin as possible from the back 
of the head, dried and stored in a sealed plastic bag or tube at 
00m temperature 


When the drug has been injected, then an ellipse of skin 
around the injection mask, extending down through the sub- 
cutaneous tissue to the muscle, should be excised, along with 
a control area of skin from another noninjected site. These 
should be refrigerated, nor fixed in formalin, until delivery to 
the laboratory can be arranged, Full histology should always 
be taken, especially if drugs have been injected, as foreign 
substances may be discovered as embolic particles, especially 
in che lungs. Pulmonary granulomata are well-known histo- 
logical features of ‘mainlining’ addicts taking impure drugs 
intravenously, as che lung capillaries filter out coarse particu 
late matter used to dilute the active narcotic. Tale is particu 
larly prone to form granulomata, sometimes with foreign 
body: giant cells. Under polarized light, doubly reftactile 
particles may be seen in the centre of the reactive nodules. 
Sometimes, strands of cotton may form foreign bodies, 
derived from the loth strainer used to filter particles erudely 
from the drug solution before injection, 

Siderophages were also claimed to be increased in these 
lungs, compared with healthy young adult controls. How- 
ever, Lockemann and Plischel (1993), studying lungs stained 
for iron with Perl’ reaction, found conflicting results in 
‘wo large series and conclude that the pathognomonic value 
of these cells in drug takers is uncertain, 

[drugs may have been taken by the nasal route, such as 
cocaine and heroin, then dry swabs from each nostril should 
be taken. 
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MORPHINE AND OTHER 
OPIOID DRUGS 


Morphine is the major representative of the general group 
‘of opioids, which comprise natural opium and a whole series 
of chemically related derivatives. They may be taken orally 
or injected and several, such as crude opium and heroin — may 
be absorbed! by inhaling smoke. Morphine itself is poorly 
absorbed from the gastrointestinal tract; heroin can be taken 
via the nasal mucosa 

‘The group consists of opium, morphine, heroin 
(diacetyl morphine), codeine (dimethyl morphine), diby- 
drocodeine (DF 118), etorphine (Immobilon), methadone, 
papaverine, pethidine, dipipanon 


dextromoramide, dex- 


tropropoxyphene, pentazocine, cyclazocine, diphenoxylate, 
buprenorphine, tramadol, fentanyl and many more, 


Autopsy appearances 
‘The auopey Bindings in deaths fron all these drugs are 
relatively non speci Texicologial alysis and expert ner 
pretaion of the seals are neceairy for the pooper 


clucidation of the deaths, but certain fearures can be useful 


pointers. The firs isthe presence of injection marks, When 
fresh, they look just like any other needle mark commonly 
seen from therapeutic or diagnostic procedures. They are 
‘commonly on the arms, ether in the classical position in the 
antecubital fossa on the front of the elbow, into ane of the 
prominent veins ofthe forearms oe dorsum of the hand. The 
left side is favourite as most people are right-handed, but in 
habitual users, sclerosis of the yeins may lead 1 the arms 
being used randomly. The veins ofthe dorsum ofthe foot may 
bbe used when the hands and arms have become unusable 
because of thrombosis and scatring, Less common sites are in 
the thighs but here, as with the abdorninal wall, the injections 
ther than intravenous, This mode of 


may be subcutaneous, 
injection is known as ‘skin-popping’ and can lead to areas of 


subcutaneous sclerosis, fat necrosis, abscesses and, ifthe injec- 
tions are deeper into the muscle, to chronic myositis 

(Other external signs may be rattons, often bizarre and con- 
nected with the drug subculture. One specific type is tato- 
ing, often of numerals, such as ‘13’, on the buccal (inner) 
surface of the lower lip. Where chronic addiction has taken its 
toll, che body may be emaciated, dirty and show signs of infec- 
tion, especially in che form of skin ulceration, Rarely, there 
may be necrosis or even loss of phalanges from thrombotic or 
septic emboli. Old injection marks, sometimes with associated 
bruising, may be found, che bruising undergoing the usual 
spectrum of colour changes if nor recent. The veins may show 


‘overlying fibrosis where phlebitis has occurred, or ald venous 
thrombosis with firm cord-like vessels under the skin, 
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TiCUNE 32.1 Fre injections markson the arm of'a drug addict. 


Tatoo inside the lower lip of narcri drug dealer. 


Where sudden death has occurred in habituated addicts, 
there may be gross pulmonary oedema, with a plume of 
froth exuding from the mouth ar nostrils, suggestive of 
drowning. As Polson eal, (1983) poine out, this may cause 
some confusion when the victim is found dead in a bath- 
room, a common venue (along with toilets) for drug admin- 
istration. This pulmonary oedema is sometimes a striking 
feature of rapid death in those who are habituated to opioid 
drugs, especially heroin, Ie dos not seem to occu in novices 
to the habit, who tend to die in a different way, from a 
sudden primary cardiac artest. The oedema may be blood- 
tinged, again causing confusion with drowning. The cause 


Toxicological results 


is not known, but is often attributed to some ‘allergic’ phe- 
homenon, a rather unsatisfactory explanation. It has been 
claimed that it sometimes may be caused by adulterants in 
the drugs, such as quinine, bue this is doubeful 

‘The death may be so rapid that the needle may still be 
found in the vein when the body is discovered, often in a 
public lavatory or sometimes in the presence of other 
addicts, who may then be charged with criminal offences in 
relation to the death as well as with possessing and using 
ilicie drugs. 

‘There are no other more specific autopsy appearances 
‘Though clinically, a constricted pupil isa prominent sign of 
morphine administration, after death, any kind of pupil 
alteration may occur, They may remain small, dilate, or 
become quite unequal ~ chis applies to any form of death, so 
‘no speciiity exists for opioid poisoning 

‘Among new recruits to drug dependence, some die atthe 
fist injection of a parenteral dase of heroin or morphine. 
‘The mode of death appears wo be a cardiac arrest following 
an arrhythmia and ventricular fibillaion, bur no morpho- 
logical signs ean be found. It may be related to sensitization 
of the myocardium 10 catecholamines by the drug, the 
excitement and apprehension being similar co the triggers 
that seem to cause sudden death from falling into cold water 
‘or having a criminal abortion. 

“The other aspect of autopsies on drug-dependent victims 
is the risk of infection 10 pathologist and mortuary stall 
Addiets form a high-risk group for both hepatitis B and C, 
HIV and AIDS. The way in which such autopsies are dealt 
with in different jurisdictions must vary widely, but itis 
common practice for HIV and hepatitis testing to be carried 
‘out prior t© autopsy, unless the policy of the particular 
autopsy service is to accepe all cases with appropriate safety 
techniques, The analytical laboratory must be informed of 
any high-risk samples being sent to them, and some will be 
reluctant to handle blood or tissue samples with positive 
serology. The pathologist may well refuse to carry out an 
autopsy on a suspect body until a negative result has been 
returned on a simple of blood taken (with adequate precau- 
tions) from the femoral vein, If positive for hepatitis B or C 
virus, and especially ifthe victim shows any signs of hepatic 


involvement such as jaundice, then many pathologists would 
decline to carry out a full autopsy unless there are pressing 
reasons. In that case serupulous safety precautions must be 
taken (see Chapter 1). 

In relation to AIDS and HIV positivity, opinions and 
practices vary widely in the present state of knowledge. It 
scems obvious thatthe HIV virus is nor in the same category 
of infectivity as hepatitis. Though autopsies on patients 
dying of clinical AIDS are routinely performed, there is 
a difference in the potential risk of a teal ‘old’ autopsy 
being performed on a hospital death after a day or two in the 


mortuary refrigerator, compared with the urgent activities 
of a forensic pathologist who may be called upon to conduct 
an autopsy on a stillavarm corpse within a few hours of a 
suspicious death, However, s mentioned in Chapter 1, HIV 
‘may remain viable for many days after death, 


TOXICOLOGICAL RESULTS 


‘As with all deaths from toxic substances, the interpretation 
of laboratory analytical results may present considerable diff 
culties, There may be a long delay berween the administra 
tion of the drug and death, during which time the blood, 
urine and even tissue levels may decline, or even disappear. 
Many drugs break down rapidly in the body and their 
metabolites may be the only recognizable produets of their 
administration, In some cases, data on lethal blood levels 
may be imperfectly known and great variations in pessonal 
susceptibility may make the range of concentrations found 
ina series of deaths so wide as wo be rather unhelpful 

‘As mentioned above, some persons die rapidly alter the Fist 
episode of taking a ‘normal’ dose of a drug because of some 
illunderstood personal idiosynerasy and here quantitative 
analysis may not ass, 

Where habituation and tolerance has developed, drug 
users may have concentrations in their body fluids and tissues 
far higher than lethal levels published for non-habieués, In 
general, the great usefulness of toxicological analysis is both 
{qualitative and quantitative. The former will show what drugs 
hhave been taken in the recent past; the length of time that 
drugs or their metabolites ~ persist in different fuids and 
tissues varies widely. 

“The quantitative analysis ean be useful, especially when the 
results reveal high levels ~ into the toxic or lethal ranges. 
‘These ranges are usually obtained anecdotally from surveys 
coflarge numbers of deaths bur, as stated, can differin terms of 
‘minimum and maximum values from different laboratories. 


‘The problems of idiosyncratic sensitivity and tolerance eause 
such published ranges to ace only as a general yardstick and. 
deaths that occur outside the ranges (usually off the lower 
end) cannot be excluded from having been caused by the 
drug in question if other factors may have been involved. 
Such factors include the presence of other drugs or alcohol, oF 
both, delayed death and abnormal sensitivity. 

‘Thus che analysis is not the final arbiter of the cause of 
death, although it is a highly important component of the 
whole range of investigation. The pathologist has the dury 
to correlate and interpret all known facts, He must fit the 
circumstances, the presence of natural disease, tatuma and 
other toxic substances with the laboratory Bindings, to arrive 
at the most reasonable cause of death, 
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‘The advice of the toxicology laboratory is vital in this 
process, especially in relation to known lethal ranges and 
the significance of metabolites, bur the analysts should not 
become the sole arbiter of the cause of death. 


METHADONE 


Methadone has come to be used primarily aya treatment for 
established heroin dependency, but unfortunately appears 
to substitute one form of addiction for another, albeit some- 
‘what les lethal, though recent experience in Scotland (1995) 
hay shown that deaths ftom methadone may exceed thone 
from heroin, whose use it was intended to supplant. Its clin- 
ical uses are as an analgesic more powerful than morphine, 
with che advantage that itis almost as potent by oral admin- 
istration as by injection, It has strong and often undesirable 
sedative properties, however, and is vieually as addictive as 
the other opioids. 

‘Many deaths occur from its misuse, when obtained either 
legitimately for the replacement of heroin dependency oF 
con the large ilegal market. Most deaths follow oral admin- 
istration and appear to be due to lack of tolerance, in the 
absence af which even 50mg may be lethal, though some 
recipients appear to die at the outset of the replacement 
treatment (Drummer ef al 1992), 

In post-mortem samples, the liver has the highest con- 
centration, The fatal levels found on analysis ovetlap those 
found in persons on maintenance doses for heroin replace 
‘ment, making interpretation difficult. The blood levels 
published by Manning in 10 fatal eases showed: blood — mean 
LOmg/l (range 0.1-1,8); liver — mean 3,.8mg/l (range 
1.8.7.5) bile—mean 7.5 m/l (range 2.9-18.0); and brain — 
‘mean 1,0 mgll (range 0.51.4). 


HALLUCINOGENS 


Few ofthe hallucinogenic drugs are primary causes of death, 
bur some may lead to traumatic deaths because of the 
abnormal behaviour ofthe person who is under their influ- 
ence. For example, the victim ofa lysergic acid diethylamide 
(LSD) ‘tip’ may be under the impression that he ean fly 
and chus project himself from a high window. Some drugs, 
however, may have direct toxic effects, though, as with so 
many drugs of dependence, the autopsy findings are negative 
or totally non-specific. 


Phencyclidine 


Chemically this is 1-(L-phenyleyclohexy!) piperidine 
hydrochloride, known as PCP or ‘angel dust’ among many 


Tate 32.1 Blood and eisue concennasion (gil or kg) of narctie 
drugs fron warious series of fualities (Basel etal. 1975; Stead and 
‘Moffat 1983) 
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other nicknames, It is ofien used in combination with 
other drugs of addiction, A number of deaths have been 
reported from its use, a variety of modes including hyper 
thermia, intracranial haemorthage and high output cardiac 
failure 

Pheneyelidine is excreted in the urine for a long time 
after ingestion and autopsy samples may be positive for up 
to a week, 


Lysergic acid diethylamide (LSD) 
‘The well-known LSD, which takes its acronym from the 
German ‘Lysergsiurediithylamid’, is poweeful hllucino- 
genic which is not fatal in itself, as mentioned above. It is 
an indole alkaloid derivative, of which other members are 
psilocybin and psicocin, contained in the Mexican mush- 
roam (Psilocybe mesicana) 

Mescaline, obtained from the cactus Lophophons williams 
of central America is chemically erimethoxyphenethylamine, 
again not in itself lethal substance, 
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CANNABIS 


Cannabis, with all is various names in different parts of the 
‘world, has at least six active chemical constitutents, the most 
important of which is one of the tetrahydrocannabinols, 
‘Though its effects area matter of controversy, there seems £0 
be general agreement tha used alone, it cannot be blamed 
for a single death. Proof of the intake of cannabis can be 
obtained from analysis of urine, blood, and swabs from lips 
and fingers 


‘THE AMPHETAMINES 


[Now rarely used in reputable medical practice because of the 
undesirable side effects, the amphetamine group of drugs 
‘was formerly employed for the abolition of fatigue and for 
the suppression of appetite. Methylamphetamine sulphate 
and dexamphetamine were the commonest analogues of 
amphetamine itself and are still widely available om the ict 
market. Death is uncommon from everuse of the amphet- 
amines alone. At autopsy there are no specific findings, apart 
from the rare possibility of a cerebral or subarachnoid 
hhacmorthage from the induced hypertension 

Toxicology data suggests that afier a therapeutic dose 
of 10mg, the blood concentration at 2 hours is about 
0.035 mg/l. Afer 30mg, a peak plasma level of about 
(0.11 mg/l was observed at 2-5 hours, declining to 0.084 mg/l 
at 45 hours, Chronic abusers consuming large amounts may 
have blood levels of up to 2-3 mgf/l. In the rae fatalities, cere 
isa wider range of blood levels a autopsy, from 0.5 t0 41 mg/l 
(average 8.6), depending on the size ofthe overdose and the 
time until death. Liver levels of 474 mg/kg (average 30) and 
high urine excretion, ranging from 25 to 700 mg/l, with an 
average of 237 mg/l, are common, 


Methylenedioxymethamphetamine 
(MDMA) or ‘ecstasy’ 


In recent years, new derivatives of amphetamine have 
appeared in the drug abusers pharmacopoeia, though the 
substances have been available for medical use for many 
years, The most commonly encountered is MDMA 
methylenedioxymethamphetamine), known as. ‘cestasy’ 
“XTC or ADAM. Others of the groups are MDA (methyl 
3.A-methylenedioxyamphetamine) and MDM (n-methyl- 
MDA). MDMA or ‘eestasy” was developed as long ago as 
1914 and for some time had a role in psychotherapy as a 
consciousnessaltering agent. It is now widely used as an 
illegal hallucinogenic drug, and though deaths have been few, 
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they ate now being reported from both the USA and Britain. 
‘The author (BK) conducted an autopsy on the frst fatality 
in the British Isles, in a man who swallowed a considerable 
supply on being challenged by the police, There were no 
autopsy signs apart from a marked generalized cyanotic 


Since the first edition of this book, MDMA deaths have 


increased markedly due to its ubiquitous availability to 
young people, especially at ‘rave’ parties: hyperthermia, 
dehydration and myocytolysis are some of the potentially 
fatal consequences. 


COCAINE 


Along with heroin, cocaine and its associated drugs like 
“crack” form the core of the hard-drug problem, from which 
fatalities are likely to arise, As coeaine is rapidly destroyed 
‘when given orally, i is usually taken by injection or sniffed. 
Recently, a fatality has been reported (rom absorption from 
administration via the rectum, This isin addition to some 
deaths in which cocaine smugglers have died after packets 
of the drug hidden in their alimentary tract have broken, 
causing a massive overdose. In India, cocaine has been used by 
‘means of urethral instillation and may also be used in the 
vagina by prostitutes, 

Tn areas where cocaine usage is common, a significant 
proportion of fetal deaths are associated with the narcotic. 
Ina series reported in New York by Morild and Stajic in 
1990, of 103 fetal deaths, toxicology revealed cocaine in 64. 
‘The study suggested that fetal death, abruptio placentae and 
abortion were caused by maternal use of the drug, 

Death has been recorded by as litle as 20-30 mg being 
applied to dhe nasal mucosa, but a gram taken by mouth 
‘may not be lethal, As with other narcotics, marked habitu- 
ation and tolerance occurs in chronic users, making estimates 
of dangerous dose levels difficule wo forecast, Intravenous 
doses are of the order of 100 mg, a common lethal dose being. 
10 times greater, though far larger amounts can be tolerated 
by habitual users. Absorption via the nasal mucosa is less 
effective and larger doses are needed for the same effect 
than when used parenterally: Though ulceration and even 
perforation, of the nasal sepeum in chronic users is mentioned. 
in most standard texts, they are extremely rare lesions 

Death may occur with considerable rapidity in cocaine 


overdose or hypersensitivity. It may be quite sudden, from 
cardiac artes, in first-time users 

At autopsy, there are no specific features. The pulmonary 
foedema often seen in heroin deaths is not present with 
cocaine, though the mode of death is also a dysshythmia. 


22: Death from narcotic and hallucinogenic drugs 


‘The diluent used in ‘cutting’ the drug for street sale may be 
found in the injection sites, the regional lymph nodes, in 
the lungs and in other organs. Adulterants may be similar to 
those used with heroin and include eale, starch, quinine, 


lactose and dextrose. Particles of cocaine itself may also be 
found as microemboli. Strychnine has been used because 
of its biter taste, like quinine. Deliberate poisoning by a 
supplier has been known by ether increasing the strychnine 
content orb sopping pa sine a rt edge 

Cocaine is an excitane and stimulator of the autonomic 
nervous system, Sudden dramatic rises in blood pressure can 
‘occur, sometimes to over 300 mmHg and cerebral haemor- 
rhage isa possible complication ofthis acute hypertension, 

As with the opioids, autopsy may reveal complications of 
the septic methods used for injection, apart from the already 
stated risks of virus infection, such as hepatitis and HIV, In 
former years, in New York and California, transmission of 
‘malaria was a well-known problem amongst those who 
shared syringes and needles ~ indeed, one suggestion for 
the use of quinine as a diluent, was as a treatment for the 
Plasmodium. 

Pyogenic infections are most common, with phlebitis 
and distant embolic abscesses occurring. The injection 
sites may ulcerate, there can be regional lymphadenitis, but 
more serious sequelae that may be fatal incluce endocarditis, 
‘This can aflect any heart valve, including those on the right 
side, which are not usually affected in post-theumatie endo- 
carditis. Many organisms are involved, mainly haemoly 


and non-hacmolytic streptococei, Streptococcus faecalis, 
Saphylococeus aureus and Peudomonas aeruginesa and some 
fungi. Post-mortem blood cultures frequently show such a 
mixed flora from contamination that isolation of the true 
causitive organism may be difficult, but a heavy predom- 
inant geoweh may be significant. The advice of a microbiolo- 
gist should be enlisted in asessing the relevance of « postive 
blood culture. 

Any drug used intravenously, if it has particulate matter 
admixed, such as starch or tale, may cause foreign-body 
granulomata in the lungs, when the undissolved components 
are filtered out in che pulmonary capillary bed. Such granu- 


lomata are characteristic of 


ravenous deug abusers — when 
viewed under a polarizing microscope, reftacile elements 
may be exly visualized 

As cocaine isso commonly used by sniffing, swabs should 
always be taken from each nostril using a plain cotton-wool 
swab, An unused swab should be sent to the laboratory as a 
control. The full range of blood, urine, stomach contents, 
liver and vitreous samples should routinely be taken at 
autopsy: Blood levels in fatal cases vary widely, but typical 
ranges extend from 1 co 21 mg/l, with a mean of 5.2mg/l 
aeconding to Basel et al. (1975). 
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“Toxicology is a vast subject, most of it concerned with the 
nature, occurrence, symptomatology; biochemistry, mode 
of action and treatment of a wide range of poisonous sub- 
stances, Many forensic medicine textbooks, especially those 
from Asia, devote a major part of their text to all these 
aspects of hundreds of toxic substances, many of which are 
seldom — if ever ~ encountered by a pathologist in most 
parts of the world. As the autopsy appearances of most 
poisons are non-specific, it seems fruitless to offer a repeti- 
tive catalogue, and therefore the descriptions selected here 
refer to some of those that either have specific features or 
are encountered mote often, This chapter describes the 
autopsy appearances in a range of poisons that can broadly 
be classed as ‘corrosive’, even if this is not necessarily their 
main lethal mode of action. In addition, several toxic heavy 
metals will be discussed, again from the point of view 
of autopsy findings and relevant toxicological laboratory 
findings 


CYANIDE 


Cyanide is a relatively comman poison, both in suicide, 
accident and, occasionally, homicide. It forms part of lethal 
toxicity of many fires in buildings, where smoke inhalation 
kills the majority of victims, rather than burns (Chaprer 
11). Although the autopsy diagnasis of acute cyanide 
poisoning is rarely in doubt, toxicological analysis may be 
difficult to interpret because of both the destruction and 
production of cyanide in the dead body and even in stored 


blood samples awaiting analysis, Acute cyanide poisoning 
is most often sel-administered (70 per cent in one series), 
in which case usually the sodium oF potassium salt is 
swallowed, It may be accidental or industrial, in which case 
cither salts may be involved, oF it may be the free gas liber- 
aed from some commercial proces. 

Homicidal poisoning is rare, excepe for the mass homie 
cides which still occur, such as the Jonesville eragedy in 
Guyana, or the use of eyanide as a weapon of war against 
civilians in the Middle East. Ie has also been used for judi- 
cial execution in parts of the USA, a practice which seems 
to be reviving in recent years 

Cyanide acts only as free hydrogen cyanide and therefore 
swallowed salts need to meet either water or gastric acid 
before liberating hydrocyanic acid, a process that takes only 
a few seconds. The fatal dose of cyanide is small, of the 
order of 150-300mg, which allowed it to be used as hid- 
den suicide pills by prominent Nazis a the end of the last 
war, Recovery has heen recorded from far greater doses, 
however, such as 2-4 of potassium eyanide. Much 
depends on the purity of cyanides, as they tend to decam- 
pose in storage and old samples may contain only half the 


weight as active eyanide, 


Autopsy findings in cyanide poisoning 


Cyanide acts by linking with the ferric iron atom of 
cytochrome oxidase, preventing the uptake of oxygen for 
cellular respiration, Cyanide cannot combine directly with 
haemoglobin, but can do so through the intermediary 
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compound methaemoglobin. Cyanides are moderate 
corrosive through their alkaline nature, causing local tissue 
damage that is unrelated to their more general toxicity via 
enzyme inhibition, 


Externally there 


can be wide yariations in the appear- 
ance. Traditionally, the hypostasis is said to be brick-red, 
due to excess oxyhaemoglobin (because the tissues are pre 
vented from using oxygen) and to the presence of eyan- 
‘methaemoglobin, Many descriptions refer to a dark pink or 
even bright red skin, especially in che dependent areas, 
which can be confused with carbosyhaemoglobin, The few 
ceases seen by the authors have shown a marked dark eyan- 


otic hypostasis, perhaps caused by lack of oxygenation of 


the red cells by paralysis of the respiratory muscles. There 
‘may be no other external signs apart from the colour of the 
skin and powibly black vomie around ehe lips 

There may be a smell of cyanide about che body, though 


it is well known that many persons cannot detect this, the 
ability being a sex-linked genetic trait. This may be of 
importance co pathologists and mortuaty staff, as corptes 
dead of cyanide poisoning can present a healeh hazard, A 
former colleague of the author (BK) became ill and was 
temporarily disabled shorty after conducting an autopsy on 
suicide who had swallowed a massive amount of potas- 
sium cyanide. Presumably he had inhaled hydrogen eyanide 
from the stomach contents when examining the viscera 
Internally the tissues may also be bright pink caused by 
the oxyhaemoglobin that cannot be utilized by the tissues — 
which is probably more common than che presence of eyan- 
methaemoglobin, The stomach lining may be badly dan 
aged and can presenta blackened, eroded surface, by altered 
blood staining the stripped mucosa, This is mainly because 


Corrasive and metallic paisoning 


Ficune 33.1. Haemorehugic gastric 


mca in eytnide poiining 


of the strongly alkaline nature of the hydrolysed sodium or 


potassium salts of cyanide; hydrogen cyanide itself causes 


rio such damage. In les severe cases, the stomach lining will 


be streaked with dark ted striae, where the rugse have been 
eroded while leaving che intervening folds relatively 
unharmed. The stomach may contain frank or altered blood 
from the erosions and haemorthages in the walls. IF the 
cyanide as in dilute solution, there may be litle damage 
to the stomach, apart from pinkness af the mucosa and per- 
haps some petechial haemorrhages, There may also be 
undissolved white crystals or powder, with the almond-like 
smell of cyanide mentioned above. 

As death is usually rapid, ltde of the contents will have 
passed into the intestine, The oesophagus may be damaged, 
especially the mucosa of the lower third, though some of 
this may be a post-mortem change from regurgitation of 
the stomach contents through the relaxed cardiac sphincter 
after death, The other organs show no specific changes and 
the diagnosis is made by history, smell and the reddish 
colour of the internal tissues, and often skin, 


Toxicological analysis 


‘The usual blood, stomach contents, urine and any vomit 
should be submitted to the laboratory, taking particular care 
that the samples present no hazard to those packing, trans 
porting or unpacking them, The laboratory should be warned 
in advance that a possible eyanide case is coming their way: 

If death was possibly caused by the inhalation of hydeo- 
igen cyanide fumes, a lung should be sent intact, sealed in a 
nylon (not polyvinylchloride) bag. 
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Corrosive acids, alkalis and phenols 


Ic is important to get the samples to the laboratory as 
soon as possible (in terms of days) co avoid the spurious 


formation of cyanide in stored blood samples. This usually 
‘occurs at room temperature 90, if there is to be a delay, 
refrigeration i essential. By contrast, some positive samples 
may actually decrease on storage, as described by Curry 
(1969). Up to 70 per cent of the eyanide content may be 
lost afer some weeks, from reaction with tissue compon- 
ents and conversion to thiocyanate, 

‘The amount found on analysis naturally depends on the 
amount taken and he time between administration and 
death. Though the latter is usually measured in minutes, 
low dosage—or treatment — may allow survival for hours or 
even days. 

Assuming that no spurious cyanide is formed, any sigil 
cant amount found is evidence of cyanide ingestion, which, 
in itsefis abnormal and presumably confirmatory evidence 
of poisoning. However, Karhunen et al (1991) have 
reported a case in which post-mortem burning of a homi 
cide victim led to a blood cyanide level of 10 mg, presumably. 
due to passive diffusion of cyanide through body cavities 
‘opened by the fre 


‘Typical blood levels in one series of fatal cases following, 
ingestion of the poison range from 1 co 53 mg/l, with an 
average of 12 mg/L. The spleen always has the highest tissue 
concentration, prestimably because it contains so many ted 
calls; in the same series, the spleen level was between 0.5 
and 398 mg/l, with a mean of 44 mg/l. In another series, 
mean blood levels were 37 mg/L 


CORROSIVE ACIDS, ALKALIS AND. 
PHENOLS 


Corrosive poisons were formerly common suicidal agents, 
though they are now relatively rare in Western countries, 
probably because of the ease of obtaining less painful sub- 
stances. In some parts of the world, mineral aids re stil often 
used for homicide, assault (Vieiol-throwing’) and suicide, In 


FAURE 33.2 Skin urns an a oitin of 
‘ya suiide, The rile pattern makes it 
‘obviows that the man was ether sending 
or iting erect wien be drank the fluid. 
yoo burns are usually leathery and 
rownish-purple 


‘Malaya, reagents used in eubber production, such as formic 
and aeeticacids, were offen taken asa means of self-destruction 
by young women, espevally Tamil uber workers 

in Britain, acids and alkalis are now almost unknown as 
agents of death, Even the ocasional use of sulphuric ‘battery 
acid! asa weapon of assault rately causes death, The phenolic 
cortosives, however, such as carbolic acid and Iysol, are 
cceasionally encountered as suicidal agents. Tosicologically, 
none of these presents much problem, as the damage is 
often structural rather than poisonous, unless the vitim 


sur ns such as renal 


ves long enough 10 have compl 
failure or chest infections. All the coreosive substances have 


the following features in common: 


There may be spillage ofthe fluid on the exterior of the 
body, corroding the skin in a pattern which may be 
helpful in reconstructing the posture ofthe victim at 
the time of drinking the substance, The lips may be 
burnt, and trickle and splash marks may run from the 
mouth down the chin, neck and chest. The pattern of 
bburns at the mouth may sometimes indicate the shape 
of the container from which the poison was drunk, as 
the wide brim of a cup may mark the cheeks, while a 
bottleneck may sit more cleanly in the mouth. If the 
person was standing or siting, then these runnels of 
fluid may pass down the chin onto chest and abdomen. 
flying, then they may run across the face and cheeks 
and pass to the back of che neck. Further spillage may 
come from the nostrils due to spluttering and gagging. 
‘The hands may also be affected if the hands are 
instinctively brought up to the face, 

I The interior of the mouth may be eroded, and the 
tongue swollen or shriveled, according to the nature of 
the corrosive agent. The pharynx, larynx and 
‘oesophagus are all eroded, and if survival lasts more 
than a few minutes the glottis area may become 
oedematous. Spillage into the larynx and air passages 
ay allow the respiratory mucasa to be damaged, and 
aspiration of liquid oF vapour into the lungs can cause 
rapid pulmonary oedema and haemorthages. 
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39: Corrosive and metallic poisoning 


BE The lower oesophagus and stomach rapidly become 
damaged, with discoloration, desquamation and 
sometimes perforation, Attempts at passing a stomach 
tube may themselves penetrate the sofiened wal of the 
‘esophagus or stomach, If survival lasts long enor 
some corrosive may pass through to damage the small 


intestine, bus this is rare because of che time factor and 
spam of the pylorus, 

BE All may cause death by pulmonary oedema from 
spillage into the lungs: if survival lasts a day or more, 
then a fulminating bronchopneumonia may be the 
terminal event. 


“The different corrosive agents have different actions on soft 
tissues, which ean sometimes be differentiated by appearance 
and smell, though the mineral acids are not all cha different. 
‘The phenolic compounds can usually be detected by smell 
alone. Strong acids act by dehydrating the tissues, coagulating 
the proteins and converting haemoglobin to haemati, 
Sulphuric acid, in concentrated form, i extremely corrosive 
and produces great heat in contact with water or tissues 


The tissues are grey to black, rather dry and dehydeated. 
They may actualy be charred into a blackened crust by the 
generated heat. The gastric lining may be prey, dark brown 
fr black, or mixtures of all colours, depending upon the 
amount of altered blood in each pat, Perforation may occur: 

‘The oesophagus and stomach may be grey and swollen, 
depending on the amount of acid and the amount of food 
already in the stomach. The tongue may be grey or black and 
distorted 

Nic acid is similar, but has a brownish-yellow cast cts 
mucosal damage, There may be yellow ar brown sharp-edged 
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Ficune 33.3. Corroion af lary, 
sexophagus (a) and stomach (b) in icidal 
ingestion of eoncenpated Iydrochloide 
acid with alcohol 


patterns on the skin burns ofthe face, with the usual trickle 
‘marks coming down from the corners of the mouth. Yellow 
fumes may arise from the stomach contents ifa consider 
able quantity is present. The internal appearances ate of 
yellowish-brown sloughing, though perforation seems less 
common than with sulphutie acd. 

Hydrochloric acid has similar effets, especially on mucous 
‘membranes, but isnot so injurious to intact skin as sulphuric 
and nitric acids. The stomach may be converted into a slimy, 
softened mass and can perforate. The colour is greyish to 
black, depending on the amount of altered blood. 

Sodium hydroxide in concentrated form is aso a corro- 
sive, bue soft, slippery slime isthe characteristic appearance 
and feel co tissues damaged by caustic soda, The colour is dirty 
white to gey 

Phenol and lysol are also damaging and affece the tissues 
in much the same way as acids and alkalis, Carbolie acid 
(pure phenol) tends to stiffen che tissues and bleach them 
so that hard, cracked, whitish surfaces are seen on the face 
and skin, Internally, the same stifness is noted in the 
‘esophagus and stomach, Lysol isa soapy solution of phenol 
and cresols, It discolours the tissues a brownish purple, but 
is otherwise similar co phenol in its action. 


OXALIC ACID AND OXALATE 
SALTS 


‘These are not so cottasive as the mineral acids, but are 
poisonous and often act quickly, death occurring within 
‘minutes or the hour, from shock ar hypocalcaemia, The acid 


Metallic poisons 


is locally corrosive, but also has a systemic effect that may 
‘well be fatal even ifthe local damage is non-lethal. 

Ar autopsy, fan appreciable amount of either the white 
crystals or a strong solution hay been swallowed, the local 
effect is a bleaching, the mucosa of mouth, pharynx and 
‘oesophagus being white, though local haemorrhage can 
streak this with red. The stomach contains altered blood. 
from the damaged mucosa and is dark brown or black from 
acid haematin, the wall studded with acute erosions, Calcium 
oxalate erystals may be seen in the stomach contents oF in 
scrapings from the mucosa 

In thote who have survived the acute phase, death may 
be caused by abnormalities of the muscle function (includ- 
ing the myocardium) from the hypocalcaemia, caused by 
the precipitation of body calcium as insoluble caleium 
oxalate, More common is renal failure, death occurring 
2-10 days later. The renal tubules sufler necrosis, primarily, 
in the proximal convoluted tubules. This is not eaused by 
the presence of calcium oxalate crystals, though these can 
be demonstrated histologically in the kidney. 


ETHYLENE GLYCOL POISONING 


‘Though in no sense a corrosive poison, ethylene glycol has 
certain features in common with oxalate poisoning and is 
so common relative to death from mineral acids that it 
cannot be omitted. The glycols are used widely as antifreete 
agents in motor engines and as solvents in industry, so they 
are easly available, Because of their chemical inclusion in 
the alcohol group, they are abused as a source of intaxiea- 
tion, as well as being accidental and suicidal agents. At least 
40-60 deaths a year are reported and this is probably an 
underestimate. The compounds involved are ethylene, 
diethylene, propylene and hexylene glycols. These do not 
have the sme toxic effects (in fact, propylene glycol is 
virtually non-toxic), bur ethylene glyeol is the most com= 
‘monly encountered. When drunk in excess of 100-200 ml, 
it is almost certain to be fatal unless specific eeatment is 
given, such as dialysis and competition with sleohol. 

“The first effects resemble drunkenness, but this passes 
into coma and death often within the fest day: The glycol 
is metabolized in the body, a small but significant amount 
(abour 1 per cent) being converted to oxalic acd, via the 
process glycol-glyoxal~glycolie acid—formic acid-glyoxylic 
acid-oalic acid, Ie is not clear which of these compounds 
causes the most damage tothe tissues. 

‘At autopsy there is no local damage, bur widespread 
precipitation of the sheaf-like doubly refracile crystals of 
calcium oxalate into the tissues can be rendered visible 
‘microscopically by the use of polarized light, Iisa matter of 
controversy whether this crystal deposition is the cause oF 
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Fic 33.4. Bingfingen clei oxalate ersals in bidney in 
ethylene gheol poisoning as seen in polarized light under a 
microscope 


merely a side effect of the lethal action of glycols, There may 
be cerebral oedema and a chemical meningoencephalitis. 
In the kidney there is a tubular necrosis similar wo chat in 
‘oxalate poisoning, and the erystals can be seen in the interstitial 
tissues and the tubules, Diffuse liver damage ean also occur 


Laboratory analysis in ethylene glycol 
poisoning 

‘The blood levels naturally depend om the time that has 
lapsed since ingestion, It is usually greater than 300 mgll 
and the mean is as high as 2400 mg/l in samples taken 
before the second day: The brain may contain from 300 to 
4000 mg and the urine from 600 to 10.000 mg/l, with a 
sean of 5700 mgll 


METALLIC POISONS 


‘There is a whole range of meuallic poisons, most of them 
from the upper reaches ofthe Periodic Table, accounting for 
their usual description as ‘heavy metals. The vast majority, 
c effects come from environmental and occupational 
poisoning, both chronic and acute. Acute poisoning by sui- 
cide, accident and homicide is becoming much less eom- 
‘mon, both because of the availability of other toxic agents, 
and because of greater awareness and controls on the envie- 
donmental and industrial hazards of heavy metals. In former 
years, especially the nineteenth century, heavy-metal 
‘soning was common in homicide, but is now rarely sen in 
‘Western countries, mainly because they are now known 60 
be easily detectable, 
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33: Corrosive and metallic poisoning 


[As the subject is dealt with in great detail by so many 
textbooks and monographs, only one such poison ~ arsenic ~ 
will be discussed, together with a mention of any sige 
cane differences with other metals 


Arsenic 


A constituent of all animal tissue, arsenic is the twelfh 
‘most abundant element on earth, This emphasizes the need. 
for strict controls when making analysis for arsenic in 
‘human fluids o tissues, asthe excretion of a healthy person 
con a diet rich in fish (especially shellfish) ean exceed that 
seen in chronic arsenical poisoning. Similarly, where an 
exhumation is performed aftr allegations of poisoning, Full 
control samples of soil and grave water must be taken to 
ensure that arsenic found in the body could nor have arisen 
from local contamination (Chapter 1) 

Arsenic metal is not poisonous, only ies compounds 
‘These interfere with cellular respiration by combining with 
the sulphydry! groups of mitochondrial enzymes, especially 
pyruvate oxidase and certain phosphatases. Arsenic has a 
particular target in vascular endothelium, accounting for 
the many lesions eaused by inereased permeability, 


edema and haemorthage, especially in the alimentary 
canal 


Arsenical poisoning may arise from the ingestion of 
arsenious oxide, a tasteless white powder ~ from copper, 
sodium and potassium arsenites, arsenates of lead and 
calcium, arsenic sulphides and gaseous arsine (confined 60 
industry). In forensic practice, the rare eases of arsenie poi- 
soning are now usualy from arsenious oxide or one of the 

Arsenical poisoning may be acute or chronic, the latter 
being the presentation of most environmental and occup- 
ational toxicity. Suicides are obviously invariably acute, 
‘whereas the uncommon homicidal eases may be ether acute 
or chronic. 


FATAL DOSAGES IN ARSENICAL POISONING 


If taken on an empty stomach, especially in solution, only 
about 150 mg may be fatal, but usually some 250-300 mg, 
are needed as a minimum lethal dose, Much larger quan- 
tities have been survived and there is some evidence that 
tolerance 0 arsenic can be attained. With large doses, 
much may be vomited, Death can be rapid — within hours 
from ‘shock’ and cardiorespiratory failure ~ or may be 
delayed for many days, when hepatorenal failure is the 
mode of death. In cheonie poisoning, no lethal dosage can 
be indicated, as if the ingestion exceeds the small normal 
excretion rate, then a cumulative build-up of arsenic will 


Autopsy findings 


In acute poisoning the findings may be exinimal, if death 
‘occurs within hours. There may be some mild irritation of 
the upper gastrointestinal tract, such as reddening of the 
gastric mucasy, especially along the top edges ofthe rugae. The 
dlscription of ‘ted velvet has been applied to some stomach 
linings in acute arsenic poisoning. There may be mucus coat- 
ing and granules of the poisonous agent may be trapped on 
the lining —a reason for sending both contents and stomach 
all for analysis, as in most suspected poisonings of any type 
‘The incesines are usually normal in acute poisoning 

‘The only other lesion commonly seen is subendocardial 
hhacmorthage on the lefe ventricular wall. This, of course, is a 
common finding in any severe shock condition when sudden 
hypotension occurs Iris seen in any gross injury, with loss of 
blood volume, blood pressure and neurogenic shock. Head 
injuries and raised intracranial pressure ae other conditions 
in which these lesions are prominent (Chapter 13). The phe- 
‘nomenon ean be rapid, the author (BK) having seen them in 
the victims of military ar crashes where the heart was avulsed 
from its base at the moment of impact. One of the best 
descriptions of subendocardial haemorshages was given by 
Sheehan in 1940 in obstetrieal catastrophes. The haemor 
rhages are situated on the upper part of the interventricular 
septum and on the opposing papillary muscles. The most 
severe the author (BK) has ever seen was in a massive suicidal 
overdose of arsenious oxide, where the haemorthages were 
actually raised blood-filled blisters under the endocardium. 
These suggested the true diagnosis before analysis was 
carried out, albeit with an element of speculative good luck. 

In chronic arsenical poisoning, the picture is quite differ 
ent, though unless some suggestive history or circumstan- 
tial evidence is available, the diagnosis may be extremely 
difficult. As many a clinician has discovered to his chagein 
in the past years, many a chronic arsenical poisoning has 
bbeen misdiagnosed as a gastroenteritis 

Part of forensic mythology surrounds the alleged preser- 
vation of corpses dying from arsenic poisoning. This has 
been endlessly discussed, but there is no real evidence that 
it is true, A more likely explanation is that the dehydration 
from diarthoea in chronic poisoning retards the usual moist 
puteefaction 

Externally chere may be a diffuse abnormality of the 
skin, with a dey, scaly, hyperkeratorie surface, Clinically 
there isa “raindrop” punctate pigmentation, but this may 
not be apparent after death unless really marked. Ie is more 
common in skin flexures and over the forehead and neck. 
‘There may be some hair loss. Puffy thickening and oedema 
of the face has been described, suggestive of mysnedema. 

Internally the stomach may be normal or may show a 
chronic gastritis with thickening of the mucoss and subserous 
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coats, Mucus formation may be noticeable and there may be a 
patchy inflammatory redness of some ofthe rugae. Sometimes 
there is a haemorrhagic gastritis with acute and chronic exo- 
sions. The small imestne is dilated and generally reddened, 
with thickened mucosa, the whole picture being of a non- 
specific congestion oedema so commonly seen in any enteritis 

There is rarely any mucosal ulceration. The contents 
ray be copious and fluid, the usual description of 'rice- 
water’ being applied. The large intestine may show min- 
imal changes or be normal: the contents may be fluid and 
similar 10 the small bowel, The liver may reveal fatty 
change or more severe necrosis, sometimes at the periphery 
of the lobule. Severe liver damage may be associated with 
externally apparent jaundice. ‘The kidney is damaged in 
chronic toxicity, there being non-specific tubular necrosis 
‘The myocardium may also show myofibril damage, inter 
stitial collection of cells and sometimes fatty degeneration, 


TOXICOLOGY SAMPLING AND ANALYTICAL RESULTS 


In acute poisoning, the major requirement is the stomach 
and contents, and preferably the small intestine, tied off at 
each end, Blood, urine and liver should also be taken. 

In chronic poisoning, especially if the diagnosis is not 
firmly established from circumstantial and gross autopsy 
findings, a much wider range of samples is needed: 


Bi blood from peripheral veins 

HI stomach and contents 

small intestine and contents 

1H sample of large bowel contents 

urine 

bile 

whole liver 

one kidney 

nail clippings or whole nails 

hair samples — whole length of at least 20 hairs, 
including roots 


Arsenic levels in blood are elevated only for a shore time 
following absorption, unless exposure is continuous. The 
highest concentrations of arsenic are found tissues rich in 
sulphydeyl (SH-) groups, such as skin, hair and nails. Typical 
levels of arsenic found in healthy persons unexposed to extra 
amounts over and above that normally (but variably) present 
in their environment are as follows: urine, <2-20 gh 
blood, <0.5-4 wefk; liver, <60piglkg (dey weight); nails, 
<103 why (dry weight). 

Te was formerly thought that it wok a week or two for 
ingested arsenic to find its way into the keratinized tissues 
such as haie and nails, More sensitive analytical techniques 
have, however, shown that it can appear there within hours 
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“Tanus 33.1. Levels in acute armenian oxide poisoning from 
49 fatalities (Rehling 1967) 


Range Average 
Blood (gy) 08-3 38 
Liver (ma/kg) 20-120 220 
Kidney (rg/ha) 09-70, 180 
Spleen (mg/hg) 05-62 88 
Bain (mg/g) 02-40 7 


of ingestion by mouth, The explanation was originally 
offered that arsenic was rapidly secreted into sweat, and 
spread to the hair and nails by surface diffusion. This has 
recently been disproved by neutron activation analysis and 
the mechanism remains obscure. The test for estimating 
the timing and duration of arsenic administration by 
analysing different lengths of the hair shafe has thus been 
vindicated. Arsenic can remain stored in keratin for several 
years after administration ceases 


Antimony 


Antimony is similar to arsenic in many respects, Apart 
from industrial exposure, the usual vehicle of poisoning is 
‘tartar emetic, antimony potassium tartrate. This has been 
used suicidally and homicidally as well asin some aeciden- 
tal deaths. The pathology and toxicology ate similar to that 
of arsenic, the minimum fatal dase of the tartrate being 
about 150:mg, though this was formetly the normal intea- 
venous dose in the treatment of bilharzia, Vastly greater 
amounts of tartar emetic have been survived, so the min- 
imal lethal dose is not a particularly useful concept, as with 
‘many other poisons. 

‘Occupationally unexposed people have either zero or 
‘not more than 0,01 mg/l of antimony in their blood and a 
tenth of this concentration in their urine 

Basel (2002) quotes a ease of acute poisoning from 
antimony trichloride where the following concentrations 
{in mg/l oF mg/kg) were found on analysis: blood, 4-6; 
liver, 45; kidney, 32; bile, 404 


Thallium 


“Though other heavy metals have declined in forensic import 
ance over the past century, thallium has several times been 
used homicidal in recent years, sometimes for multiple poi- 
sonings. Thallium is used as rat killer and widely employed 
in industry, especially in glass manufacture, Ie has curious 
aspects in relation to forensic pathology, in that itean be seen 
radiologically in the intestine andl deposited inthe liver, so in 
the ere event of a pathologist suspecting thallium poisoning, 


33: Corrasive and metallic poisoning 


Tate 33.2 Fatal shai concentrations (mil or mg) 
zallected ly Baselt (2002) 


‘Average 
Blood 40 
Urine 52 
Kidray 110 
Lier 180 


X-rays ofthe body should be taken before autopsy. The other 
unique aspect is that it is probably the only homicidal agent 
to be confirmed after cremation. In the Young ease in Britain 
in 1971, where two people died and several others were 
nnon-futally poisoned by Young, thallium was detected retros- 
pectively in the ashes of one of his viesims, 

‘The fatal dose is somewhere about 1 g, depending upon 
the type of thallium compound employed, as there are 
several different salts available, such as the acetate, sulphate 
for nitrate. The estimates vary from 6 to 40 mg/kg body 
weight, with an average of about 12-mg/kg 

Autopsy appearances are variable and non-specific, but 
pallor and streaking of a pale, degenerate myocardium have 
been recorded, Hair loss is one of the clinical signs that 
arouses suspicion of thallium poisoning, as it was formerly 
used as a depilatory: This effece begins about a week after 
administration, but may not be noticeable for ewice that 


time, Large tufis tend to come away, rather than a general 
thinning. Lass of the outer thind of the eyebrows is said to 
bea significant sign, though these are also the areas thar are 
Jost in hypothyroidism, 

Examination of the roots of surviving hairs may show a 
black coating, caused not by the thallium itself, but by an 
excess of melanin, Liver necrosis and renal tubular necrosis 
are non-specific findings in chose who survive for some time. 
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Ata time when information is widely and freely 
available in greater quantities than ever before, 
the reader may wonder whether The Encyclope- 
dia of Electronic Components is really necessary. 
Surely, anything you want to know can be found 
online? 


Well, yes and no. Let's consider the available 
resources, 


1. Datasheets 


Datasheets are indispensable, but they have lim- 
itations. Some are detailed; others are skimpy. 
Some show you sample schematics as a guide to 
Using a component; many don't. None of them 
tells you much about how a component works, 
because that's not their purpose. Often they 
don't mention other components that must be 
added. Some datasheets for DC-DC converters, 
for instance, say nothing at all about bypass ca- 
pacitors, even though the capacitors may be es- 
sential. A datasheet for an optocoupler says 
nothing aboutthe pullup resistor required by the 
open-collector output. 


Datasheets don't facilitate comparison shop- 
ping. Adatasheet from one manufacturer will not 
compare its products with those fram another 
manufacturer, and may not even provide much 
guidance about alternatives that are available 
from the same manufacturer. For example, a da- 


tasheet for a linear voltage regulator won't sug- 
gest that you might do better to use a DC-DC 
converterinan application where high efficiency 
isimportant. 


Mostofall, datasheets don'ttell you how to avoid 
common mistakes. What actually happens if you 
connect that tantalum capacitor the wrong way 
around? A datasheet gives youthe customary list 
of absolute maximum values, and after that, you 
are on your own, burning things out, encounter- 
ing mysterious electronic behavior, and discov- 
ering limitations that are so well known, the da- 
tasheet didn’t bother to mention them. Inmy ex- 
perience, relying on datasheets creates a signifi- 
cant risk of reinventing the wheel. 


2. Wikipe 


Wikipedia's coverage of electronics is impressive 
but inconsistent. Some entries are elementary, 
While others are extremely technical. Some are 
shallow, while others are deep. Some are well or- 
ganized, while others run off into obscure topics 
that may have interested one of the contributors 
but are of little practical value to most readers. 
Many topicsare distributed over multiple entries, 
forcing you to hunt through several URLs. Over- 
all, Wikipedia tends to be good if you want theo- 
ry, but not-so-good if you want hands-on prac- 
ticality. 
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A wide range of organic compounds used in industry and 
in the home as solvents may cause injury or death, espe- 
cially when used carelessly or for improper purposes. Other 
organic substances, often gaseous, can also be fatal when 
used or abused in the same circumstances. 


SOLVENT ABUSE 


‘This phenomenon arose, spontaneously and independ- 
ently, in several parts of the world in the 1960s. Ie consists 
of deliberately inhaling a variety of substances, especially 
organic solvents, in order to achieve a distortion of eon- 
sciousness. The effects vary from a state resembling aleo- 
holic intoxication through euphoria (sometimes of an 
erotic nature) and distortion of perception, to actual hallu- 
cinations. The practitioners of this activity are predom- 
nantly, though by no means exclusively, male and most are 
between the ages of about 14 and 22 years, though again 
there are a few beyond cither end of this age range. The 
majority of deaths occur in solitary users, some 70 per cent 
being reported by Anderson et a. (1985) as having hap- 
pened when the young person was alone. Sniffing ean cer- 
tainly bea group activity, however, as is seen in schools and 
even the streets of some cities. 

At first, the most common substance inhaled was a 
toluene-based adhesive and therefore the name ‘glue- 
sniffing’ soon became attached to the habit, though in fact 
many substances now used are not adhesives. The more 
accurate ttle of solvent abuse’ has now been applied to this 
widespread and dangerous habit. Although (like the sexual 
asphyxias, with which there is some cross-relationship) the 
ratio of deaths to non-fatal escapades is relatively small, the 
large number of children and young people who indulge 


in the habie means ehat a considerable death toll occurs 
annually. 

“The usual method of abuse is for a quantity ofthe solvent 
or other chemical to be placed in a plastic bag — which may 
be any kind from a large black polythene garbage sack to & 
used potato-crisp packet. The open end is then placed 
against the nose and mouth, and the ar inside re-breathed, 
‘The warmth of che hand holding the bag, as well as the 
warm breath, encourages vaporization of the solvent, which 
enters the tidal air stream and is absorbed through the 
pulmonary membranes into the blood. When the substance 
is nor a viscous glue, it may be placed on a handkerchief or 
rag, and inhaled direct asa pad over the nose and mouth. 

‘When gascous substances are abused, they may be intro- 
duced directly into the mouth or nose. A common vatiety 


is butane or propane, taken from either a large cylinder 
used for camping, heating and cooking, oF from the small 
ampoule cylinders sold for refilling gas cigarete lighters. 
Others are used direetly from pressurized aerosol cans, 
including pain-relieving sprays used for the relief of mus- 
cular conditions. Yee again, sniffing may be attained by 
merely inhaling diteetly from the neck of a container 
Tins, jerry-cans and the petro-filers of motor vehicles may 
be used in this way. Some fie extinguishers contain an 
organic bromine derivative which is also abused for inhal- 
ation. This has a particular propensity for sensitizing the 
‘myocardium to catecholamines 


Dangers of solvent abuse 
SUDDEN DEATH 


‘The major cause of death appears to be sudden cardiac 
arrest, following an archythmia, Any of the solvents appears 
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to have the ability tw sensitize the myocardium to the 
action of catecholamines, such as noradrenaline. Any 
sudden ‘light-or-fight” stimulus, even some considerable 
time after sniffing solvents, has the ability to preeipicate 
ventricular fibrillation and hence sudden death, A recent 
instance seen by the author (BK) involved a youth whose 
hhabit was to steal fire extinguishers from trains parked in 
sidings and inhale the bromine-based contents. Having, 
been in trouble with the police before, he took fright on 
seeing a constable approaching, chough in fact the officer 
‘was merely walking his dog. The boy ran from his group 
of friends and did nor reappear, being found dead in some 
bushes some time later, though he had not ‘sniffed’ that 
day. The autopsy and toxicology were negative, apare from 
residual teaces of organic substance in his blood, 

In addition to this physiological mechanism, actual 
myocarditis ean occasionally occur, as in a 15-year-old gil 
who dropped dead whilst inhaling from the peteol tanks 
of vehicles, At autopsy all thar the author (BK) could find 
was a florid, diffuse interstitial myocarditis wich minimal 
myofibril necrosis, 


(CHEMICAL EFFECTS 


‘The mechanical means of obtaining concentrated solvent 
vapour is in itself dangerous. Persistent rebreathing can 
produce hypoxia and hypercapnia, which is additive to the 
toxic effect ofthe solvent itself. When large plastic bags are 
used, the abuser sometimes places his head within the bag 
and this risks the dangers of rapid death from plastic bag. 
asphysia (Chapter 14). It is difficult to know if some of 
these cases are at least partially instances of erotic hypoxia, 
the effects of both oxygen lack and che hallucinogent 
effect of the solvent combining to give both sexual pleasure 
and a heightened risk of death 

Another potent risk is vomiting while the effects of the 
solvent incapacitate the victim sufficiently to prevent his 
reflexes from protecting or clearing his glottis o air pas- 


sages. The usual warning must be given, however, about 
uncritically accepting the Finding of gastric contents in the 
sir passages at autopsy: This may well have been an agonal 
regurgitation in a vietim who was dying of the common 
cardiac (ventricular fibrillation) effect of solvents on the 
myocardium. This has medico-legal relevance in that a 
fellow abuser or even some other bystander may be accused. 
of filing to render assistance in clearing the air passages, 
when in fact this was the effect, rather than the cause 
of death. This is not to say that aspiration of vomit cannot 
be the cause of death, as in alcoholic intoxication, but 
the autopsy finding should be backed up with some 
circumstantial evidence that it occurred before the agonal 
period. 


PHYSICAL DANGER 


When gaseous substances are used, such as butane or 
propane from cylinders, or propellants from aerosol cans, 
a physical danger is added to the chemical effects. The gases 
are commonly directed or sprayed into the open mouth 
while inhalation is performed. The release of high-pressure 
gas causes rapid cooling by the ‘refrigerator effect’ and the 
impact of chs on the palate, pharynx and larynx may cause 
a reflex cardiac arrest. The author (BK) has deale with two 
such eases, one in a school yard, where the users of small 
propane refuellers virtually dropped dead in the presence 
of other youths. The mechanism of this phenomenon is 
disputed, but freezing of the sensitive pharyngolaryngeal 
area is surely a parallel co the sudden deaths seen when cold 
water enters the nasopharynx in sudden immersion deaths. 


DANGER TO LONG-TERM USERS 


Long-term users can suffer liver damage, typical of halo- 
genated hydrocarbon exposure, with fatty change in the 
liver and sometimes associated renal damage 


SUBSTANCES USED IN ABUSE 


Toluene 


Toluene was one of the first substances recognized as giving, 
tise to‘ glue-snifling’ as i isthe solvent for many adhesives, 
such ay the proprietary glue ‘Evostick’. Ie is an aromatic 
petrol hydrocarbon used widely in industry asa solvent and. 
thinner for adhesives and paints. It resembles benzene in 
‘many of its properties, another substance that ean be used 


in solvent inhalation, Toluene can cause acute and chronic 
intoxication in industrial situations, Exposure to relatively 
high concentrations in the ait, between 10000 and 
30000p.pim. can cause drunkenness, mental confusion 
and coma within a few minutes 

In non-fatal toluene abuse, blood levels of 0.3-7.0 mg/l 
were measured by Bonnichsen et al. (1966), with urine 
excretion of up to Smgil. Those with blood concenteations 
of 1,0-2.5 mg/l showed some sign of intoxication, while half 
of chose berween 2.5 and 10 mg/l were admitted to hospital 
with marked symptoms. Those who Were unconscious oF 
dead had blood levels in excess of 19 mg/l, Nomiyama and 
‘Nomiyama (1979) found blood levels of between 50 and 
‘80 mg/l in three fatalities. Baselt (2002) quotes fatal range 
of berween 10 and 48 mg/l with an average of 22 mg/ml for 
fatalities, the average in the lung being 12 mg/l and in the 
brain 47 mgil. Brain damage has been reported in long-term 
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abusers, with electroencephalographic changes, encephalo- 
pathy and occasional cerebral atrophy. 


Petrol (gasoline), xylene and benzene 


‘These closely resemble toluene in behaviour, though ben- 
zene is said to be more potent in causing intoxication, As 
with toluene and most other solvents, they can burn the 
skin if left in contact with it for some time. The odour 
threshold for benzene has been reported as 1-5 p.pm. in 
air, In chronic exposure, benzene can cause bone-marrow 
depression and fatal aplastic anaemia, but this is nota fe 
ture of the shorter expasures in solvent abuse. 


Methylene chloride and 
ethylene dizchloride 


‘These are found in paint strippers and, as these solvents, in 
many other products. One used for abuse isthe solvent for 
typewriter correction fluids, such as Tippes. 


Butane and propane 


‘These have been mentioned eatlice, being used direct from 
pressurized containers, They are light hydrocarbons, being 
the upper fractions of oil distillation 


Fluorocarbons 


“These are the substances now blamed for having the worst 
effect on the ozone layers of the upper atmosphere. They. 
are widely used as refrigerants and propellants in aerosol 
containers. It is in this later role that they are widely 
abused for euphoric and hallucinatory effects. The various 
compounds are numbered, rather than named, 1w0 fluor 
ine atoms being incorporated into molecules that otherwise 
resemble carbon tetrachloride, Those used for propellants 
are FC-11 and FC-12, 

A similar compound incorporating bromine instead of 
Ayorine is used as fire extinguisher, as is earbon tetrachlor- 
ide itself. As long ago as 1970, Bass published a series of 
110 sudden deaths, including many from fluorocarbons. 
As mentioned earlier, these substances sensitize the 
myocardium to circulating catecholamines. The range of 
blood concentrations in fatal eases in respeet of FC-12 is 
06-12 mg/l, with a mean of 3.0mg/l and for FC-11, 
1.2-32.mp/l, with a mean of 12 mg/l. In the lung, FC-12 
may be present at levels of 0.9-134 mg/kg, with a mean 
of 3mg/kg: for FC-11 the corresponding figures are 
5.8-94 mg/kg, with a mean of 43 mg/kg. 


Carbon tetrachloride 


Used as a degreaser, dry-cleaner and fire extinguisher, ear 
bon tetrachloride is easily available from retail outlets as a 
spot remover, Its quite toxic, though it (unwisely) used to 
be used in human pharmacy to treat intestinal worms, As 
lice as 3-5 ml can be fatal. Much ofits toxicity is indus- 
trial, but it has also been used in suicide and solvent abuse 
Chronic exposure can cause liver and renal damage, 
worsened by the simultaneous use of aleohol, Addiction 
can occur, even from inital exposure during industrial use, 

‘As with most halogenated hydrocarbons, the liver suffers 
from exposure to tetrachloride. There is a centrilobular 
necrosis, usually preceded by fatty change if the poisoning is 
low level and lasting. In fatal cases there may well be virtu- 
ally total acute yellow atrophy. The liver damage is markedly 
worsened by a high alcohol intake, Renal changes consist 
of tubular necrosis and diffuse fatty degeneration in the 

Post-mortem blood levels vary greatly, but a fatal ease 
hhas been recorded with a concentration of 260mg 
Korenke and Pribilla (1969) found tissue levels at autopsy a 
week after inhalation as being 142 mg/kg in the liver and 


39 mg/kg in the lung. 


Other halogenated hydrocarbons 


Other halogenated hydrocarbons have similar effects to ear- 
bon tetrachloride, but the level of toxicity varies with the 
‘number of chlorine atoms in the molecule, The ascending 
order of danger is methyl chloride, trichlormethane, chloro- 
form and carbon tetrachloride. Others include trichlor- 
ethylene, used widely in both anaesthesia (Trilene) and in 
dry-cleaning. Several other similar compounds have been the 
cause of fatalities in industry as well asin solvent abuse. The 
pathological features are similar in most of them, the effects 
boeing on the central nervous system in acute massive over- 
dose, whether by ingestion or inhalation, and upon the liver 
and kidneys in more chronic intoxications 


THE AUTOPSY ON FATAL 
SOLVENT-ABUSE VICTIMS 


‘The scene should be visited if possible, though itis rare to 
find the body there, as strenuous resuscitation and removal 
by ambulance is always a prime consideration in children 
and young persons found apparently dead, The parapher- 
nalia of sniffing may be scen in its original state, 

‘At autopsy, the clothing should be examined, even 


‘though it has almost always been removed for resuscitation 
attempss. Any soiling wich adhesive or solvent stains should 
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be detected and, though volatile, should be kept for foren- 
sie science investigation. The best means isto pack them as 
soon as possible in a nylon bag to retain any vapour; these 
solvents will penetrate a polyvinylehloride bag and be lost. 
Externally, the face should be inspected for any signs of 
chronic or recent solvent abuse, The act of holding a bag, 
against the lower face, often contaminating ie with glue oF 
solvent, may leave skin lesions. These can be red erythema- 
tous pimples or actual excoriations from the irritant action 
of the solvent. The lesions may become infected or 
scratched, becoming crusted, The rest of the autopsy may be 
unrewarding from the point of view of gross pathology. 
Rarely, there may be a fatty liver from long-standing damage 
from the solvent, especially the halogenated hydrocarbons 
Full samples for histological examination should be taken to 
determine the state of the myocardium, liver and brain. 
‘More immediate isthe need to obtain samples for analysis, 
Vigorous resuscitation, including mouth-to-mouth and 
chest compression, together with mechanical ventilation and. 
‘oxygen administration, will obviously blow off much of the 
solvent in the lungs, It has already been absorbed, however, 
some will come back into alveolar ai from the lung tissue 
and the sensitivity of the head-space gas chromatography 
used for its detection is often sufficient to identify the sub- 
stance, which can also be detected in blood and tissues. 
Blood samples should be taken in the usual manner, 
including a tube with fluoride for alcohol, which is some- 
times also present. A lung should be taken intact for the 
laboratory Ie was formerly the practice w aspirate air from 
the trachea before removal of viseera, using a 50 ml syringe, 
which was then sealed and sent to the laboratory. This is 
impracticable, and the best method is to open the pleural 
cewvity and passa string ligature round dhe hilum of a lung, 
pulling i tight occlude the main bronchus. This is then 
drawn tight and the hilum transected, In actual fact, lite is 
lot ifthe lung is cut off without this procedure, as long as it 
is pur straight into a nylon bag without delay and without 
squecting our the contained aie: The nylon bags ate those that 
arson investigators use «0 save material for fire-accelerant 


‘cxamination, as they are impervious to organic solvents 


‘Auurine sample, and unfixed tissue from liver and brain 


should also be supplied 10 the txicology laboratory 
though local discussion should be made to determine the 
requirements ofeach laboratory 
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STAINING TECHNIQUE! 


Periodic acid: 
myocardium 


chiff (PAS) for 


In established eatly infarcts of probably at least 28-24 
hours’ duration, damaged myofibres stain a pale purple- 
blue with PAS, compared with the pinker colour of healthy 
fibres, This stainable material is diastase resistant and is 
probably a mucoproten, 


(a) Bring sections to water 
(b) Immerse in 1 per cent periodic acid for 5 minutes 
(c), Wash in water for 5 minutes. 

(a) Rinse in distilled water 

{€) Immerse in Schiff’s reagent for 10 minutes. 

(6) Wash in water for 10 minutes, 

(g) Stain in haematoxylin for 30 seconds. 

(h) Blue in tap water and mount in usual way. 


Malic acid dehydrogenase (MDH) 


Enzyme histochemistry is the most reliable method of deteer- 
ing carly myocardial infarction, Suecinic, lactic, malic, B- 
hydroxyburyrie dehydrogenases and eytochrome oxidase are 
among those used by many workers and each has its advo- 
cates. The author (BK) prefers malate dehydrogenase, hough 
B-hydroxyburyrate is alo recommended. Fixed tissue cannot 
be used, as frozen cryostat sections are required. The method 
for malate dehydrogenase is given, though the technique for 
other enzymes is similar, using diferent substeates: details are 
found in standard histochemistry texts. 


MALATE DEHYDROGENASE METHOD FOR 
MYOCARDIUM 


Normal myocardium stains dark blue-black, mostly con- 
centrated on intracellular mitochondria, with some stain- 
ing ofthe cytoplasm. Fibres damaged by anoxia or ischaemia 
progressively lase theie staining properties and may be 
completely devoid of colour when totally infarcted. There 
is almost always perivascular survival ofa few layers of cells 
and the subendocardial and subepicardial layers usually 
also survive: this acts as a builtin control for the staining 


Stock solutions 
Buffer 

0.2M for pH 7.0 (store at 0-4°C). 

Solution A: 2.4 g trometamol (TRIS) in 100 ml 


distilled water 25ml 
Solution B: 0.1 M hydrochloric acid 45 ml 
(Use ANALAR concentrated HC1 diluted 1/12 for 

molar, then dilute further 10 times far 0.1 M) 

Distilled water 30ml 


Malic acid substrate 
L-Malic acid 6.7 g in 50 ml distilled water. 
Add 12g TRIS to buffer to pH 7.0, 

Store frozen, 


Sori cyanide 
0.1 M solution: weigh out 0.25 g sodium cyanide in 
100 ml distilled water 

‘Add 8-8,5 ml M hydrochloric acid to buffer ar pH 7.2. 
Seore at 0-4°C, 
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Tetracolium salt 
Make up nitroblue tetrazolium at 1 mg/rol strength in dis- 
tilled water. Keep frozen, 

Nicotinamide adenine dinucleotide (NAD) — keep solid 
desicated in freezer. 


Method 
Cur cryostat sections from myocardium frozen either in 
liquid nitrogen or in isopentane/solid carhon dioxide 
slush, 


(a) Place sides carrying sections in 374C incubator, 
(b) Make up incubating medium as follows: 


Sodium cyanide solution (0.1 Mat pH7,2) 0.1 mi 
NAD coenzyme mg 
Nitoblue tetrazolium solution 0.25 ml 
"TRIS buffer pH 7.0 0.55 ml 
“Malic acid substrate (1 M at pH 7.0) O.Lml 


(Check pH and adjust with a small amount of TRIS) 
(c), Warm the incubating medium to 37°C and place 

sufficient on each section with a pipette, covering 

the section completely. Leave for 30 minutes, 

‘mount in glycerine jelly or an aqueous mountant. 

‘A negative conteol can be set up as required by 

‘omitting the malate substeate from the incubating 

medium. 


Hacmatoxylin-cosin (H and E) 
autofluorescence 


Routine formalin-fixed H and E sections ean be examined 
under ultraviolet light for autofluorescence of thase fibres 
that have anoxic oF ischaemic damage. Fibres with eaely 
infarction show a shift oftheir secondary emission towards 
the yellow, away from he usual olive-green of healthy 
fibres, It has been said that only fibres that reveal increased 
casinophilia in ordinary tungsten lighe will fluoresce in this 
way, but the authors and co-workers have noted yellow 
shife in fibres that cannot be detected in tungsten light as 
being eosinophilic 


Acridine-orange fluorescent stain for 
myocardium 


icher formalin-fixed paraffin sections or unfixed frozen 
sections can be stained by this technique, The former must 
be brought to water first, After staining and mounting 
in water (po other mountant can be used, not even 
Fluormount), the sections are examined immediately under 
uleraviolee light. They can be photographed if required. 


If che cover-slip is removed and the sections allowed to dry, 
however, they can be retained indefinitely. To review, they 
need only be wetted and a coverslip replaced. Normal 
myocardium is a golden brown or sometimes yellowish 
brown depending on the optical system used. Damaged 
fibres show a colour shift to geeen when viewed under 
ultraviolet light. 


Method 
‘A stock solution of 1 per cent acridine-orange in water is 
kept refrigerated. This lasts for several months. For use, it is 
diluted 1/10 wich distilled water, 


(@) Bring sections to water. 

(b) Agitate in the 0.1 percent stain for approximately 
5 seconds, though the time is not critical 

(©) Briefly wash, wipe off the excess water from around, 
the section 


(@) Apply a cover-sip, 


‘They are then ready for immediate examination, The pH 
of the washing water is not critical and tap water can be 
used if the pH range is between 6.0 and 7.0 


Martius scarlet blue (MSB) stain for 
fibrin 


‘This trichrome stain is useful for examining thrombi and 
emboli and for seeking fibrin in disseminated intravascular 
coagulation. 


(a) Bring sections to water, 
(b) Stain with celestine blue for 3 minutes and Mayer's 
hhaematosy! 
(©) Blue in water, 
(d) Rinse in 95 per cent ethanol and then stain for 
2 minutes with 0.5 percent Martius yellow in 
95 per cent ethanol containing 2 per cent 
phosphorungstic acid. 
(€) Rinse in water and stain with 1 per cent brilliant 
crystal scarlet in 2.5 per cene glacial acetic acid for 


for 1 minute, 


10 minutes 

(8) Rinse in water and treat with 1 per cent aqueous 
phosphotungstic acid for 5 minutes. 

(g) Rinse in water and stain with 0.5 per cent soluble blue 
(Acid Blue 93) in 10 per cent aqueous acetic acid for 
10 minutes 

(h) Rinse and mount 


This method stains fibrin red, erythrocytes yellow and 
collagen blue, 
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Lendrum’ stain (phloxine-tartrazine) 


‘Though this stain has a number of applications, such as the 
demonstration of viral inclusion bodies, its major forensic 
use is in the detection of amniotic fluid embolism deaths 
associated with pregnancy. The fetal squames are rendered 
visible much more readily than in haematoxylin-eosin 


(a) Stain with Mayer's haematoxylin for 6 minutes and 
singe in running water for 5 minutes, 

(b) Stain with 0.5 percent phloxine in 0.5 per cent 
calcium chloride solution for 20 minutes ina 
Coplin jar. 

(€) Rinse in water and drain almost dey 

(d) Flood with a saturated solution of tartrazine in 
cellusolve (C,H, 03: ethylene glyco! monomethyl 
ether), which differentiates counterstain. This takes 
about 7 minutes and should be monitored 
:icroscopicaly so that red cells appear red-brown, 

(©) Rinse by two changes in 95 per cent ethanol and ewo 
changes in absolute ethanol. 

(f) Transfer straight to aylol and mount. 


‘The keratin of amniotic squames is stained red; nuclei blue 
and cytoplasm yellow: 


The ‘WHO’ method 


‘The WHO method is similar for demonstrating keratin 
and mucia-like substances in amniotic fuid embolism. 


(a) Bring sections to water. 

(b) Stain with celestine blue/Mayers sequence, rinse. 

(©) Differentiate quickly in 0.5 per cent acid-alcohol, 
then blue, 

(d) Stain with erythrosin (I per cent) for 5 minutes and 

(©) Differentiate quickly in 95 per cent aleohol, rinse. 

(6) Stain, with aleian green solution for 5 minutes 

(g) Rinse — the seetion should now be slightly pink. 

(h) Rinse and treat with 95 per cent aleohol, 

(@) Stain with ethanolic saffron for 5 minutes. 


Mount withour going through water: 


‘The aleian green iy made by mixing 50:ml of 1 per eent 
aqueous solution of aleian green with 50 ml of 1 per cent 
acetic acid then adding 20mg of thymol and filtering. 
Ethanolic saffton is made by cutting up strands of saffron 
and warming in 95 per cent alcohol until no more will 
elute. This should be a deep yellow solution, 


DIATOM TECHNI 
SUSPECTED DRO’ 


UE IN 
ING 


‘There are several versions of this method, each with its own. 
advocates. More recent methods have used suction of the 
fileate through a millipore membrane to trap the diatoms, 
but the author (BK) has encountered early clogging of the 
membrane by debris and prefers the older centrifugation. 
References co the published methods will be found in 
Chapter 16. 

Take a sample of water from the site where the body 
was recovered or where the immersion was first thought to 
have occurred. Several litres should be collected in a clean 
er and allowed to settle overnight. The top 90 per 
cent volume is then carefully decanted and the remainder 
centrifuged, The deposit should be examined under phase- 
contrast or dark-ground microscopy to see if any diatoms 
are present. If not, it is pointless w examine the autopsy 


tissues. IF present, they should be retained for species 
comparison. 

[If the water contains diatoms, then the material retained 
at autopsy ean be processed. The following procedure 
should have been followed: 


(2) The sternum ora long bone such as the femur, oF 
both, should be removed from the body in the 
usual way Ie should be taken to a part of the mortuary 
fr aside room distant from the cadaver 
and well-washed externally in a clean bowl or sink, 
‘Tap water ean be used, ifit is checked at intervals 
to ensure chat i is diatom-free. Some water supplies at 
irregular times contain a few diatoms, though 
these ate rarely numerous enough to cause problems 
in interpretation 
‘When the exterior of the bone has been well 
washed to remove any contamination from the 
‘exterior ofthe body, a clean saw (not used in that 
autopsy) is employed to open the marrow cavity of 
femur or sternum. With a clean scalpel oF gouge, 
several grams of marrow are removed into a glass 
universal (30 ml) container. Obtain red marrow if 
possible, as fatty yellow marrow causes problems 
during digestion. 
(b) Whole kidney, lung, liver or brain i also washed in 
this way and 1 % 1em cubes (several from each organ) 
cut with a lean scalpel from the deeper tissue, The 
organs can then be returned to the autopsy area for the 
usual gross examination, 
Each container, holding its separate tissue, is placed 
in a fume cupboard and covered with five times 


© 


the volume of concentrated nitric acid. If metal eaps 
are used on the containers, they may need to be 
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shielded by polythene sheet to prevent dissolution, 
Digestion is allowed to proceed at room temperature 
for 1-2 days or, if che matter is urgent, they ean be 
heated in a water-bath for « number of hours oF 
‘overnight, When the solid cubes have dissolved into 
a slurry the containers ae gently centrifuged, the 
supernatant acid poured off and replaced with distilled 
water. This proces is repeated ewie more to dilute the 
acid, knocking up the deposit, and recentrifuging, the 
final spin being as hard as possible to produce a small 
button of deposit. This may require transferring toa 
smaller conical centrifuge tube. 

(d) A portion of this is transferted by pipette or loop toa 
slide and covered with a coverslip to examination 


under phase-contrast or dark-grourd illumination, 


A prolonged search under medium power of the micro- 
scope is requited before the sample is declared negative. 
‘The lung sample should be examined first, as if ie is megae 
tive itis unlikely thae other organs can be tuly positive, for 
diatom-con 


jing water can percolate passively down the 
air-passages even after death, 

Opinion is divided about how many diatoms can be 
accepted as presumptive evidence of drowning when found 
in distant organs like brain, bone marrow and kidney. One 
solitary organism is certainly insuflicient and the author 
(BK) requires five as a minimum under one coverslip 
before acceptance, The tissue examined may make a 
difference to the yield. Peabody strongly recommends 
brain as the choice and condemns femoral marrow, but 
bone marrow was the tissue used by the pioneers of 
the technique and seems to the authors to be sati 


factory. The type of diatom found in the tissues should 
correspond to those found in the water sample, though 
it must be admitted that most diatoms seem to the non- 
botanical eye to be ovoid or boat-shaped. Expert advice 
from a suitable biologist should be sought if the issue is 
important. 


USEFUL CONVERSION TABLES 


TAALE A1,O Convention factors 


To comert from To ‘Muiiny by 
Centimetes trehes ga 
Inches Centmetes 2540 
Grams Pounds 000 
Paunds Grams 45800 


‘Tane ALL Approximate weight of badis 


‘Stones Pounds 
1 “4 
2 28 
3 2 
4 56 
5 7 
6 a 
1 98 
8 112 
9 126 
10 4a 
" 14 
2 168 
8 182 
4 196 
16 208 
8 282 


TAnLe AL2 Height of bdiee 
Feat and inches 


10° 
ane 
sit 
52 
5g 
sa 
as 
se 
57 
se 
5g 
510" 
sr 
ra 
ar 
er 


Kilograms 
63 
127 
190 
4 
an 
81 
444 
510 
50 
0 
m0 
760 
220 
99 
20 
1140 
Centimetres 

1480 

415 

1800 

1925 

1860 

1815 

1600 

1625 

1680, 

1625 

yao 

105 

1750 

175 

1800 

1825 

1880 


‘Tame ALB Appraximate breash-bloodaleohol equivalents 


1u9/100mi breath 
10 


‘mg/100mi blood 


23 
4 
68 
at 

114 

137 

160 

182 

205 

208 


To camer Cente to Fare up by 18 and ad 92 
Taconer Fahrenheit e Cena sac 2 and die by 1.8 


1 mg/ 00min ts 


+ 603 


m9/ 00 nl no, 
43/00 eth, 


3. Manufacturers’ Tutorials 


The Encyclopedic Solution 


A few helpful and enlightened manufacturers 
have compiled highly authoritative, instructional 
overviews of the components that they sell. Lit- 
telfuse, forinstance, publishes an excellent series 
of documents telling you everything you could 
possibly want to know about fuses, But now you 
encounter a different problem: There is so much 
information, you'll need a couple of hours to dig 
through itall. Also, because the tutorials tend not 
to receive high page rankings on Google, they 
can be hard to find. And if a manufacturer has 
gaps in its product ling, its tutorial is unlikely to 
mention them. Consequently, you won't know 
What's missing. 


4. Personal Guides 


Itisa well-known attribute of the Web that many 
individuals feel the impulse to share everything 
they know (orthinkthey know) abouta particular 
topic. These personal guides can present surpris- 
ingly thorough online coverage of relatively ob- 
scure issues, such as the types of capacitors most 
suitable for loudspeaker crossover circuits, or the 
correct derivation of amp-hour numbers for 
lead-acid batteries. Unfortunately, on some sites 
you can also find errors, unsubstantiated opin- 
ions, plagiarism, and eccentricity. My general rule 
is that three or more guides generally have to 
agree with each other before their statements 
can be trusted—and even then, | have a small 
residue of doubt. The search-inspect-and-verify 
process can take a while. 


So—yes, the information that you want usually 
does exist somewhere online, but no, it may not 
be easy to find. The vastness of the Web is not 
organized like an encyclopedia. 


What about books? Generally speaking, they 
tend to be entry-level, or they specialize in nar- 
row areas. A few broad-ranging books are truly 
excellent, but they are primarily educational, or- 
ganized in an instructional sequence. They are 
not reference books. 


Scarcity of inaccessibility of information ceased 
tobea problem many yearsago. its vast quantity, 
inconsistency, and dispersal have become the 
new barriers to acquiring knowledge. If you have 
to go hunting among datasheets, Wikipedia, 
manufacturers’ tutorials (which may or may not 
exist), personal guides (which may have unre- 
vealed bias), and multiple educational books, the 
process will be inconvenient and time- 
consuming. f you plan to revisit the topic in the 
future, you'llhave to remember which URLs were 
Useful and which ones weren’t—and you may 
find that many of them are not even there any- 
more. 


When | considered these issues during my own 
work as an electronics columnist for Make mag- 
azine, | saw a real need for a fact-checked, cross- 
referenced encyclopedia that would compile the 
basic information about components concisely, 
in an organized, consistent format, with infor- 
mative photographs, schematics, and diagrams. 
It might save many people a lot of search time if 
itcould summarize how components work, how 
to.use them, what the alternatives are, and what 
the common errors and problems may be. 


Thatis the modest ambition of The Encyclopedia 
of Electronic Components. 


The Audience 


Like any reference work, this one hopes to serve 
‘two categories of readers: The informed and the 
not-yet-informed. 


Perhapsyouare learning electronics, and yousee 
a part listed in a catalog. It looks interesting, but 
the catalog doesn't tell you exactly what the part 
does or how it is commonly used. You need to 
look it up either by function or by name, but 
you'te not sure where to start. An encyclopedic 
reference can simplify the fact-finding process, 
can save you from ordering a part that may be 
inappropriate, and can tell you how it should be 
used. 


xx Encyclopedia of Electronic Components Volume 1 


ance ALA Length conversion of wounds er 


Appendix 1 


‘Tans ALLS Normal nnges af biochemical blood analyses 


Centimetres 


r 
1 


088 
wt 
254 
3B) 
508 
635 
162 
1018 
270 


Sedum 138-147 mma 
Petassum 34-60mmo/A 
Urea 25-76 mal 
Calcium 22-26mmo\N 
Chloride 96-106 mma 
Bicabonate 22-28 mal 
Glucose (fasting) 36-66mn0/A 
Lactate 08-20mmoiA 
Phosphate (oxic) 08-1-4mno\A 
Magnesium 06-10mmoiA 
‘Serum roan (al) 60-80g/ 
‘Aun 35-489/ 
Blu upto 7 amolA 
‘Aealnephoephatase 20-8010 
‘Amylase 70-3001 
Creatinine 60-100 umel/ 
Creatine nase (CPI) Upto 2401U71 


‘TABLE ALG Body weight and length 15-30 years * In tis table nee weights (without clching) ave given fr each body length: (1) weight 


_for persons of average build = middle entry: (2) weight for lightly buile persons = sop entry: (3) weight for heavily buil persons = bottom 
entry 
Women ‘Men 
Wight ka) Wight ka) 
Body length (cm) 15yrs_-20yrs_— «25 yrs 30 yrs Body length (cm) 15yrs_—20yrs_ 25 yrs 30 ys 
1405 4843048 180 47 45B IB 
43047608038 462 © 807,830 BAB 
512830 859.886 516 tt ag 18 
145 412 435k 48 1625 26487485803 
48 048598812 any 516 889 BT 
516889 88S 30 88D 28 
1418 47 44g 48a 185 ce ee ee 
a | 4850052 BS 
sl 887 BR 584 544883 BIBRA 
10 26048348716 1875 ag 489 8078 
a 803.B1B 8D Pn) a) 
530866880 562612688. 
1625 43600487 att 485 160 462080388 
4850816 826888 512857 BBD B83 
S44 88089307 518 as = 852688 
185 44800478485 1625 a8 518 8398S 
4988308395 30RD 
5630 8B OTR a 2) 
1815 462489803812 168 oy ) 
512 B44 587 4g 03S 
mt 612. 66 686 9B TOT 
(continued) 
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‘TAR ALG Body weight and length 15-30 years. * (continued) 


Wornen Men 
Wight a) Wight a) 
Bodylength (cm) 15 yrs_«20yrs_— «25 yrs SO yrs* —Bodylength (em) 15 yrs_ «20 yrs 25yrs_ SO ist 
160 au sos 812 «BB 1605 eu 883T) BBA 
626 89ST] 586 61D AB 
sg 2ST ea 687M RB 
1628 4902. 170 Pn a Ce 
544 T] BBA BB sad 6808628 
62 43ST BIE 670 TRA TAT 
165 5o7 580 BA BT 1795 oak 80D 
582 08D] 602 64RD 
ae 661158 615 m0 02 MO 
1675 rn A) 115 ey 
580 G07 éu 66s = 689707 
62 ake BG og M7775 RB 
170 539582 BTS 175 seo 61839 HT 
pS SD og 6B4 TDD 
oi 89702 «BTR Tn a 
1795 56315. 120 Cn a 
Be 89ST NO 665 TRAST 
eas 0 8B ur m3 «2A 85D 
15 at seg 607 IG 183 eu e784 TO 
634 AT BTS BA sag 9 TB1 TR 
16 3B 7 = 7d 78 a0 88 BD 
118 nn ed 1885 a a) 
6705S Ta 2 78 
ma TBR m7 843 BSL 
180 280A 188 6a og 73087 
Cn rn aT 4 7158 
Tl TART BLT aa DT 84D 


“From Bacal JR Gagy AG 1952 sense Tatlin 189, By parison 
"Fou decade wig haul be ranted raugtot i, 


‘TAMLe AL? Weight of fetus (dn relasion tn age month)” 


“Tanur ALS Lengo (om) aff in relation tage (onh)™ 


‘Scammon and 
Lunar month ‘Streeter Cakins 
Second wl 25 
The 142 143 
Fourth 1080 268 
ith 3160 2609 
Sith 200 6618 
Seventh 10450 ona 
Exhth 6800 18190 
Nth 23780 21981 
Tenth 34050 age 


* From Por EL 106), Patlogy ofthe tus ard fant nd an Chiaga Year 


Book Matic Ableers 8 parison, 
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Crown-rumplength __Crown-heel length 
Lunar ‘Scemmon ‘Scammon 
month Streeter and Calkins Dietrich and Calkins 
Send 03 - 30 - 

Tid ™ 81 88 0 

Fouh = 1.8107 180158 

ith 264 185 %0 aT 
Sah mg 187 318292 
Seenh 2472868, 3m 350 
Egth = 83 45 and 
Nath m1 308 #0 aba 

Tea 362 «836 500 802 


* From Poe EL 1961 Patel fe ets ard fan nr Chiaga 
Year co Medea Publohre By gemision 
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“TaMLE ALY Weight ofthe ongans at varios ager (in grama)* 


Lungs Brain Heart Kidneys Liver Spleen 

Men Women Men Women Men Women Men Women Men Women Men Women 
Newton 8170981 a 14195 a 6 
O-3mh ees 63648 IN - = - = - = 
3-6 mth a - = - = - - 
E-Omh = 12851147 
fie, mort 8H 88 o 2 3002408 
1-2ye 03 17837) R CB nm 6 400 390 85a 
23 yr 2469 2443 10781012) & 4904804 
2-4yr 3047 2655117978 93 ad 10 8000 ak aT 
45) 3142 a1? 19801188} BDH 58 86808 
5-6 yr 3606 3199 «12751208 =S S108 100 a ss 
Tyr 3905 2575131342081} 100 IND 60 65D 
1-8yr 3664 4044 1388128810118 120 193, 665685 BT 
8-9yr 4060 3821944208102 108 128185 18 UB 88 oT! 
Qldyr 376446841360 1908=S 18] ™ so 8 7 
1-1 = 445 BTID 1372418 10163 0 8808 
M12" 4866 595013481259? 16BSNGA BO 90 980k. 
12137 © 8B8B6817«=1383_128G=— 18D T8BCSCCTB;CSCNSH;:SCS08]. YOR. NOY 08 
114 5048 602313821248 -209 907 198 21018 go 
M15 = 6908 «BITD.—«=13KG_—S131A=S «9889081 ga) M00 
1-167 = 61.7 708840712718 988M TgTH ADT 
16-177 = 74732. 6DBH_S 141913009804} HS 88GS 8B 18GD THK 
W718 = 776964951408 1984 = «800247601480 188018240 
1-10" «= «BM? 654914961312«S «810950 TDS T8IC180H:S1BT 1B 
19-20" © 10886 78521490104 =I 05128? 1880 1408160 
M21 9830 B 32282) 9002486141518 


* By 1962 Aman and Diner (es), Goth ng redcton ard moh deveamen ilogcal Handooks, Federation of Ameren Sais for 
Espinetal Bobgy Weshngn, gp. 46> 


TanLe ALLO Heart: men und women, weight in relation to body weight by see* 


Men Women 
Body weight Heart weight (@) Body weight Heart weight (9) 
Pounds ‘lograms Mean Range Pounds Kiiograms Mean Range 
0 40 182 135-193 
% 43 m 143-204 
100 4 180 180-218 
106 ” 205 185-241 105 n rea 188-208 
10 80 215 173-253, 10 cy 198 165-287 
M8 50 25 181-264 118 8 207 179-948 
120 54 235 190-276 120 6 215 180-69 
198 56 245 198-287 195 5 205 188-268 
130 88 285 206-209 130 58 24 195-277 
136 60 265 213-310 135, 6 2s 208-288 
140 63 m4 291-309 140 6 268 211-296 
M46 85 24 209-233 148 6 262 219-208 
160 68 24 287-345 150 68 cy 205-318 
{contiued) 
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‘Tame A110 Hleare: mew and women, weight in relation 10 budy weigh by sec (continued) 


Men Women 
Body weight Heart weight () Body weight Heart weight @) 
Pounds __Kilograms Mean Range Pounds Klograms Mean Range 
185, 70 04 285-366 186 7 280 283-800 
160 2 213 283-368 160 2 288 240-230 
165 % 323 261-370 185 % on 24-387 
170 n 383 268-271 170 n 306 266-343 
178 i) 343 280-372 1%5 9 318 283-360 
180 8) 363 288-273 120 Bi 308 01-356 
185 83 363 296-289 185 83 333 309-261 
190 86 208 304-202 190 Be 24D 317-366 
195 Ba 380 312-400 195 Be 361 36-371 
200 0 290 320-412 

‘Average weight of ack male heat: 294 9 Average weight of adult famale heart 260 


‘rom Sth HL 1008 The elon fhe welght fhe ear the weigh the bey ao he wight othe ea a age. Am Hew 4 
NB Thesis ariel atin publaad table of heat weigh: probaly ypsrenve sas acne some othe upar ranges of harmal Hower the 
autor publeaion of Hagar el pes consideab higher romal mma waghts (Hanae Mary N Whihead A Thomas A Daves M1985. Tha 
sats of caac hypertrophy atopy Hitpstaog81295-306) 


ante ALI Heart: normal weight in relation ta body length 


Heart weight (@) Heart weight (g) 
Males Females Males Females 

Body length Body length Body length 

(cm) e= 240 = +30 (cm) e= 240 = +30 (em) 

135 24 219 187 226 258 19 

136 256 200 158 28 259 180 340 299 
137 258 200 159 300 281 181 342 300 
138 260 208 160 302 268 18 ate 302 
139 262 206 161 08 265 183 346 08 
140 264 207 162 306 267 188 348 306 
141 286 209 163 308 268 188 349 307 
142 288 231 164 310 270 188 21 309 
143 20 233 165, all 7 18 263 alt 
144 7 235 166 aia 7 188 285 313 
148 a 236 18? 318 25 189 387 318 
146 25 238 168 a7 om 190 269 316 
1 m 240 169 319 9 191 361 318 
148 7 22 170 221 281 199 263 320 
149 281 243 m 303 23 198 268 am 
180 23 25 12 328 284 194 357 308 
151 285 27 18 307 286 198 268 205 
182 Pa 289 1% 309 288 198 370 327 
153 289 261 1% 330 230 1 an 209 
154 231 282 176 332 oat 198 314 331 
155, bap 24 im 334 bas 199 316 332 
156 24 286 178 336 25 200 208 334 


(1 sande dein. 
Fre Zek PM 1049 Heat wag Th wight a the nl eat Arch Pahl 800-29. 
Copa 1942 Arran Medes Aesoton 

NFB oso Hangar ot a 185 (tas bon, 
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‘Tame ALL2 Brain: adulr® 


Brain weight (g) 

Men Women 
doe —_— 
(ears) Mean Range Mean Range 
17-19 134011701807 4942— 1100-1400 
2-09 ©1896 «1188-160 1034 —10657-1868 
30-89 188510751685 128310881440 
40-49 1886 =——«1069-16051240985- 1543, 
co-6s 1875 «111+1665 = «12000-1477 
60-69 1808011610. «1178 900-1372 
mes (108941485 T1218 13TO 


"at fam Sandeman FN Bor 1988 mal alias ncn! medcns 
WA Sander Conga Pada 


‘Tame ALIS Brain children® 


Body length 

Age fem) @ 

Bith-3 days 49 335 
49 358 
82 380 
82 413 
53 422 
58 489 
56 516 
58 540 
6 644 
2 660 
68 631 
6 74 
ca 70 
cy) 09 
70 852 
8 925 
1m 944 
n 1010 
% 1042 
9 1080 
82 1059 
aa 1086 
88 141 
99 1191 
108 1237 
109 1243 
118 1963 
ng 1978 
195 1215 

1Oyrs 130 120 

ys 135 1300 

12y5 139 1351 


* ala fom Sandeman PA sme F 1940 Nolan cil mene 
WA Sander Congany Pisdelia 


SAMPLES AND CONTROLS 
NEEDED FOR DNA PROFILING 


‘The essence of DNA profiling in forensic work is compari 
son between two samples. One isthe ‘test’ sample from the 
living or dead subject (or objects with which he or she has 
bbeen in contact, such as clothing) and the other the ‘con- 
trol’, a somewhat inaccurate term for the samples obtained 
from a suspect, a group of suspects or a screening. pro- 
gramme which may have hundreds oF even thousands of 

Since the beginning of the DNA analysis, significant 
advances have been mace in methodology allowing forensic 
identification of individuals from minute amouncs of 
DNA. Microgram amounts of relatively undegraded DNA. 
is required for multilocus typing of the restriction frag- 
‘ment length polymorphism (RFLP) analysis and hundreds 
of nanograms for single-locus typing. Polymorphic DNA. 


sequences ean be detected from the root of shed or freshly 
plucked single human hairs using the polymerase chain 
reaction (PCR). Mitochondrial DNA (mtDNA) has been 
detected even in a sample from a single haie shaft, 


Blood 


As red cells have no nuclear DNA, sufficient blood must be 
obtained t0 extract DNA from the much sparser leucocytes. 
Atleast Lml and preferably Sm are taken into an EDTA, 
tube, which extracts metalic ions and not only prevents 
clotting, but inhibits enzymes in blood or micro-organisms, 
which may break down DNA during storage. 

The blood sample, in a plastic (nor glass) tube, should be 
frozen solid in a deep-freeze or the ice-making compartment 
of an ordinary refrigerator. As frozen blood is useless for 
some other forensic investigations, the DNA sample should 
be clearly marked as such, Other samples, for grouping and 
‘many other serological and toxicological tests, must be taken 
and stored at only 4°C. 

If blood sample isto be taken directly to the laboratory 
for DNA profiling, then freezing is not necessary, but 
wherever there is delay either freezing o, at second bes, 
effective cooling should be carried out. 

‘Most of the laboratories are using nowadays FTA paper 
forthe collection of blood summples. FTA paper isan absorbent 
cellulose-based paper that contains chemical substances to 
protect DNA molecules from nuclease degradation and 
preserve the paper from bacterial growth (Seah and Burgoyne 
2000). As a result, DNA on FTA paper is stable at room 
temperature over a period of several yeas. The use of FTA 
paper simply involves adding a spot of blood to the paper 
and allowing che stain wo dry. 
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Samples and controls needed for DNA profiling 


Blood stains, as opposed to liquid blood, should either 
be sent intact on surfaces, kept as cool as possible before 
and during transit to the laboratory ~ or eubbed with a cot 
ton-iwoo! swab moistened with water. This swab is then aie- 
dried without heat and frozen. Although not required for 
DNA testing, always provide the laboratory with conteol 
swabs for conventional blood grouping, including swabs 
rubbed on an area of the fabric away from obvious stains, as 
well as an unused swab. 

Dried blood stains on hand surfaces can be scraped off 
with a scalpel into a small plastic container and sent as they 
are, kept as cool as possible, 


Buccal cells 


A disposable toothbrush may also be used for collecting 
buccal cells in a non-threatening manner. This method can 
be very helpful when samples need to be collected from 
children and this is the method actually used for most of 
paternity testing labs. After the buccal cells have been col- 
lected by gently rubbing a wet toothbrush across the buceal 
surface, the brush can be tapped onto the surface of FTA 
paper for sample storage and preservation, 


Seminal and vaginal fluids 


Swabs from vagina, rectum, mouth, etc., should be air- 
dried as quickly as possible, bue not heated. They should 
then be stored in deep-fieeze, unless sent straight to the 


forensic science laboratory. Liquid semen found in the 
vagina or elsewhere should be recovered with a fine pipette, 
placed in a small plain tube and frozen solid 

Seminal stains on small items of fabric or any other small 
objects may be frozen or kept as cool as possible during 
transit, Bulk clothing cannot be frozen and should merely be 
kept cool, transit 1o the laboratory being made as soon as 
possible, using strong sterilized paper bags, not impervious 
polythene, which encourages mould formation. Alternatively, 
damp swabs may be taken of suspect stains, which ate then 
dried and frozen, As with blood, suspect dried seminal 
stains on hard surfaces may be seraped off and transmitted. 
dey wo the laboratory. 

“Mouth swabs may be taken either to seek semen in sus- 
pected oral intercourse (though positive recoveries are very 
rare) oF wo obtain buccal mucosa for DNA identification, In 
the later eas, the yield is small, so at least three to four swabs 
must be rubbed hard against che inside of the cheek ~ or the 
‘mouth lining scraped with an instrument and then smeared 


‘onto a swab, All such swabs should be frozen in the usual 


Hairs — head, pubic, ete. 


Collection of hairs — head, pubic, eyebrow, axillary ~ from 
the victim ora the scene of erime is extremely important as 
a 2em piece of single har is actually sufficient for mtDNA. 
analysis. It is of paramount importance to avoid cross- 
contamination and to submit the haies in sterilized paper 
bags, well identified, 


Autopsy tissue samples 
‘At least 0.5 g of tissue should be cut from the parenchyma of 
an organ and placed ina small plastic eube with no fixative oF 
preservative. This should be frozen solid. Spleen is said to be 
‘one ofthe bes organs for DNA recovery, though liver, muscle, 
kidney and brain may also be used. The fresher the tissue 
the better, and totally purefied material was formerly of litte 
use, as the nuclear chromatin was degraded. However, rap- 
idly developing new techniques are allowing the recovery of 
recognizable DNA from ole material, 

For identification of skeletal remains using DNA tech- 
nology, a well-preserved tooth is the tissue of election, In 
addition, long bones (femut) or ribs ean also be use 


Other general remarks 


‘The sensitivity of DNA technology is changing the strategy. 
of sample collection. Very sensitive low-copy-number 
DNA methods are being developed allowing the detection 
of subnanogram amounts of DNA. For this reason, itis 
extremely important to avoid crosscontamination from 
the personnel collecting the samples. 

DNA can even be obtained from personal objects, finger- 
prints, sweat and of course from saliva recovered from bite 
marks 

Finally, as for other type of forensic evidence, the chain 
of custody must be extremely well-preserved, 


FURTHER READING 
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Council of Europe 
Committee of Ministers 
Recommendation No. R QQ) 3 


IE Recommendation No. R (88) 3 of the Committee 610 
‘of Ministers to Member States on the 
harmonisation of medica-legal autopsy rules 


1 Appendix to Recommendation No, R (89) 3 ere 


RECOMMENDATION NO. R (99) 3 
OF THE COMMITTEE OF 
MINISTERS TO MEMBER STATES 


ON THE HARMONISATION OF 
MEDICO-LEGAL AUTOPSY RULES’ 


(Adopted by the Committee of Ministers on 2 February 1999 
«atthe 658th meeting ofthe Miniter’ Deputie) 


‘The Committee of Ministers, under the terms of Article 
15.b of the Statute of the Council of Europe, 

Considering that the aim of the Council of Europe is to 
achieve a greater unity between its members; 

Having regard to the principles laid down in the 
Convention for the Protection of Human Rights and 


"When this recommendation was adopted, the Representatives of 


Danmark and the Netherlands, n application af Article 10:2¢ af 
the Rules of Procedure forthe meeting ofthe Minstrs' Deputios, 
reserved the right of thir Governments to comply ar nat with 
paragraph 2 (scope ofthe recommendation) ofthe prosent 
recommendation 

‘When this recommendation was adopted, the Representative of 
Germany, in applestion af Article 10.2c ofthe Rules f Procedure 
forthe meating ofthe Ministers’ Deputios, reserva the right of 
his Government to comply ornot with paragraph 2 fand hf the 
present recommendation. 


Fundamental Freedoms and, in particular, the prohibition 
of torture oF inhuman or degrading treatment or punish- 
iment, and the right to life; 

Conscious that itis normal practice for autopsies to be 
carried out in all Council of Europe member States to estab- 
lish the cause and manner of death for medico-legal or other 
reasons oF to establish the identity of the deceased; 

Considering the importance of compensation for vie- 
tims and furilies in criminal and civil proceedings; 

Underlining the need for investigation, description, 
photographic documentation andl sampling during medico- 
legal autopsy to follow primarily medical and scientific 
principles and simultaneously consider legal requirements 
and procedures; 

Canscious that the increasing mobility ofthe population 
throughout Europe and the world, as well as the increasing 
internationalisation of judicial proceedings, require the 
adoption of uniform guidelines on the way autopsies are to 
be carried out and on the way autopsy reports ate to be 
established: 

Considering the Council of Europe Agreement on the 
‘Transfer of Corpses (European Treaty Series No. 80) and 
having regard co the difficulties often experienced by the 
receiving country when a dead body is repatriated from 
fone member state w another: 

‘Aware of the importance of proper autopsy procedures, 
in particular with a view to bringing to light illegal execu- 
tions, and murders perpetrated by authoritarian regimes; 
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Undedlining the need to protect the independence and 
impartiality of medico-legal experts, as well as to make avail 
able the necessary legal and technical fuiliies for chem to 
carry out their duties in an appropriate way and to promote 


their trainings 

Considering the importance of national quality control 
systems to ensure the proper performance of medico-legal 
autopsies 

Underlining the need to strengthen international 
co-operation with a view to the progressive harmonisation 
cof medico-legal autopsy procedures at a European level; 

Having regard 10 Recommendation 1159 (1991) on the 
harmonisation of autopsy rules adopted, a its 43rd Ordinary 
Session, by the Parliamentary Assembly of the Council of 
Europe: 

Having regard to the Model Autopsy Protocol of the 
United Nations, endorsed by the General Assembly of the 
United Nations in 1991; 

‘Taking into account che guide on disaster vietim identi 
fication’ adopted by the International Criminal Police 
Organisation (Interpol) General Assembly in 1997, 


1 Recommends the governments of member states: 

(@ to adopt as their internal standards the principles 
and rules contained in this recommendation; 

i) 10 take or reinforce, as the ease may be, all 
appropriate measures with a view to the 
progressive implementation of the principles and 
rules contained in this recommendation; 

Gi) to set up a quality assurance programme to ensure 
the proper implementation ofthe principles and 
rules contained in this recommendation. 

2 Invites the governments of member states to inform the 
Secretary General of the Council of Europe upon his or 
her request of the measures taken to follow up the 
principles and rules contained in this recommendation. 


PRINCIPLES AND RULES 
RELATING TO MEDICO-LEGAL 
AUTOPSY PROCEDURES 


Scope of the recommendation 


1 In cases where death may be due to unnatural causes, 

the competent authority, accompanied by one of more 

‘medico-legal experts, should where appropriate 

investigate che seene, examine the body and decide 

whether an autopsy should be earied out. 

2. Autopsies should be carried out in all obvious oF 
suspected unnatural death, even where thete isa delay 
beeween causative events and death, in particular: 
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homicide or suspected homicide; 
sudden, unexpected death, including sudden infant 
death; 

violation of human rights such as suspicion of 
torture or any other form of ill treatment; 

suicide or suspected suicide; 


suspected medical malpractice: 
accidents, whether tansport 
domestic; 

‘occupational disease and hazards; 

technological or environmental disasters; 

death in custody or death associated with police or 
military activities; 

j unidentified or skeletalised bodies, 

Medico-legal experts must exercise their functions 
with total independence and impartiality. They 
should not be subject to any form of pressure and 
they should be objective in the exercise of their 


al, occupational oF 
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functions, in particular in che presentation oftheir 
results and conclusions. 


Principle I - Scene investigation 


‘A. Genenal principles 
1 In case of obvious or suspected unnatural death, the 
physician who first attended the dead body should 
report co the competent authorities, the latter 
deciding whether an examination should be carried 
‘out by 2 qualified medico-legal expert or by a 
physician familiar with medico-legal examination. 
Particularly in cases of homicide or suspicious death, 
‘medico-legal experts should be informed without 
delay and, where appropriate, go immediately to the 
place where the body is found and have immediate 
access there. In this respect, there should be an 


adequate structure of co-ordination among all 
persons involved and, in particular, among judicial 
bodies, medico-legal experts and police. 
B Examination of the body 
1 Role of the police 
‘The following tasks, among others, should be carried 
‘out by police officers: 
‘a ecord the identities of all persons atthe scene; 
'b photograph the body as it is found: 
‘© make sure that all relevant artifacts are noted, and 
that all exhibits, such as weapons and projectiles, 
are seized for Further examination; 


in ageeement with the medico-legal expert, 
obtain identification of the body and other 
pertinent information from seene witnesses, 
including those who last saw the decedent alive, 
where available; 


Appendix 2 


« protect the deceased's hands and head with paper 
bags, under the control of the medico-legal expert; 

F preserve che integrity of the seene and. 
surroundings: 

Role of che medico-legal expert 

‘The medico-legal expert should without delay: 

a be informed of all relevant circumstances relating 

vo the death; 

ensure that photographs of the body ate properly 

taken; 

record the body position and its relation to the 

state of the clothing and to the distribution 

pattern of rigor mortis and hypostass, as well as 

the state of post-mortem decomposition; 


examine and record che distribution and pattern 
of any blood stains on the body and at the seene, 
as well as other biological evidences 

proceed to a preliminary examination of the body: 
‘except where the body is decomposed or skeletal, 
note the ambient temperature and deep-rectal 
temperature of the body, and estimate the time of 
death by recording the degree, location and 
fixation of rigor mortis and hypostass, as well as 
other findings; 

1g make sure that the body is transported and stored 
in a secure and refrigerated location in an 
undisturbed state 
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Principle II — Autopsy physi 


Medlico-legal autopsies should be performed, whenever 
possible, by ewo physicians, of whom atleast one should be 
qualified in forensic pathology. 


Principle III ~ Identification 


In order wo ensure that proper identification of the body is 
carried out in accordance with the disaster vitim identi- 
fication guide adopted by the General Assembly of Incerpol 
in 1997, the following criteria should be considered: visual 
recognition, personal effects, physical characteristis, dental 
‘amination, anthropological identification, fingerprints and 
genetic identification, 


1. Visual identification 
Visual identification ofa body should be earried out by 
relatives or persons who knew and have recently seen 
the decedent. 

Personal effects 

A description of clothing, jewellery and pocket 
contents should be recorded. These may assist correct 
identification, 
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Physical characteristics 
Physical characteristic should be recorded through an 


external and an internal examination, 


Dental examination 
‘Where appropriate, the examination of teeth and jaws 
should be earried out by a dentist with medico-legal 
experience 

Anthropological identification 

Whenever human material is skeletised or in an 
advaneed stage of decomposition, an anthropological 
identification should be carried out, if necessary. 
Fingerprines 

‘Where appropriate, fingerprints should be taken by 
police officers. A close collaboration should exist 
between all experts involved 

Genetic identi 

‘Where appropriate, genetic identification should be 
earried out by an expert in forensic genetics 


It is appropriate 10 take biological samples from the 
deceased in order to assist genetic identification, Measures 
should be taken in order to avoid contamination and 
guarantee appropriate storage of biological samples. 


Principle IV - General considerations 


1. Medico-tegal autopsies and all related measures must be 
carried out in a manner consistent with medical ethies 
and respecting the dignity of the deceased, 

2. Where appropriate, the closest relatives should be given 
an opportunity to see the compse 

3 Before beginning the autopsy, the following minimum 
rules should be applied: 

1 record the date, time and place of autopsy; 

b record the name(s) of the medico-legal experts), 
aasintant(s) and all other persons present at the 
aucopsy with indication as to the pasition and role of 
each one in the autopsy; 
take colour photographs or video, where appropriate, 
ofall relevant findings and of the dressed and 
undressed body; 
undress the body, examine and record clothing and 
jewellery, verify the correspondence between injuries 
on the body and clothing: 
where appropriate, take X-rays, particularly in eases 
of suspected child abuse, and for identification and 
location of foreign objects. 

4. Where appropriate, before beginning the autopsy, body 
orifices should be appropriately swabbed for the 
recovery and identification of biological race 
evidence. 
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5 the decedent was hospitalised prior to death, 
admission blood specimens and any X-rays should be 
obtained as well as hospital records, 


Principle V — Autopsy procedures 
1 EXTERNAL EXAMINATION 


1 The examination of the clothing is an essential part of 
the external examination and all findings thetein are 
bye cleatly described. This is especially importane in 
those cases where the clothing has been damaged or 
soiled: each area of recent damage must be described 
fully and relevant findings ae to be related to the site 
of injuries on the corpse. Discrepancies in such 
findings are also to be described. 

2 The description of the body following an external 
examination must include: 

4 age, sex, build, height, ethnic group and weight, 
‘nutritional state, skin colour and special 
characteristics (such as sear, tattoos or 
amputations); 

b post-mortem changes, including details relating to 
rigor and post-mortem hypostasis~ distribution, 


intensity, colour and reversibility —and putrefaetion 
and environmentally induced changes; 

€ findings on a primary external inspection and 
description which, ifrequired, include sampling of 
stains and other trace evidence on the body surface 
and a reinspection after removal and cleaning of the 
bodys 

d inspection of the skin ofthe posterior surfaces of the 
corpse: 

description and careful investigation of the head and 
the facial orifices includes: colour, length, density 
and distribution of hair (and beard); nasal skeleton; 
‘oral mucosa, dentition and tongue; ears, retro- 
auricular areas and external meat; eyes: colour of 
irises and sclerae, regularity and appearance of 
pupils, sclerae, conjunctivae: skin (presence and 
absence of petechiae to be described); if fuids have 
been evacuated from facial orifices, theie colour and 
odour; 

F neck: checking for excessive mobility, presence and 
absence of abrasions, other marks and bruising 
(including petechiae) over the entire circumference of 
the necks 

8g thorax: shape and stability: breasts; aspect, nipples 
and pigmentation; 

hy abdomen: external bulging, pigmentation, sears, 
abnormalities and bruising: 

i anus and genitals; 
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j extremities: shape and abnormal mobility, 
abnormalities; injection marks and sears; palmar 
surfaces, finger and toe nails 

4k material findings under fingernails 

All injuries, including abrasions, bruises, lacerations 

and other marks have to be described by shape, exact 

‘measurement, direction, edges, angles and location 

relative to anatomical landmarks, Photographs should 

be taken. Bite marks shall be swabbed, and casts made 
where necessary 

Signs of vital reaction around wounds, foreign particles 

inside wounds and in their surroundings and secondary 

reactions, such as discolouration, healing and 
infections must also be described. 

‘The investigation of cutaneous and subcutaneous 

bruising may require local skin incision, 

‘Where appropriate, specimens from wounds must be 

removed for further investigations, such as histology 

and histochemistry. 

Ail signs of recent or old medical and surgical 

intervention and resuscitation must be described, 

Medical devices must not be removed from the body 

before the intervention of the medico-legal expert. 

A decision has to be taken at this stage as to che strategies 

of investigation and the necessity of documentation by 

“X-rays and other imaging procedures. 


INTERNAL EXAMINATION 


General 
All relevant artifacts produced by the dissection and 
from sampling procedures, must be documented, 

All three body cavities ~ head, thorax and abdomen — 
must be opened layer by layer. Where appropriate, the 
vertebral canal and joint cavities should be examined. 
Examination and deseription of body cavities include: 
an examination for the presence of gas (pneumothorsx) 


measurement of volume of fluids and blood, appearance 
of internal surfaces, intactness of anatomical boundaries, 
external appearance of organs and their location; 
adhesion and cavity oblierations, injuries and 
hacmorthage. 

‘The demonstration and dissection of the soft tissues 
and musculature ofthe neck have to be components of 
all medico-legal autopsies (see the paragraph 
concerning special procedures). 

All organs must be examined and sliced following. 
established guidelines of pathological anatomy. This 
includes opening of all relevant vessels, for example, 
intracranial arteries, sinuses, carotid arteries, coronary 
arteries, pulmonary arteries and veins, aorta and vessels 
of the abdominal organs, femoral arteries and lower 


Perhaps, instead, you are an electronics engineer 
or hobbyist, thinking about a new circuit. You re- 
member using a component three or four years 
ago, but your recollection may not be reliable. 
You need to refresh your memory with a quick 
summary—and so, you open the encyclopedia, 
just to make sure. 


Completeness 


Obviously, this book cannot include every com- 
ponent that exists. Mouser Electronics claims to 
have more than 2 million products listed in its 
online database. The Encyclopedia of Electronic 
Components only has room for a fraction of that 
number—but still it can refer you to the primary 
types. The electronic edition of this book should 
allow easy insertions and updates. My hope is 
that it can become an ever-expanding resource. 
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limb veins, Relevant ducts have to be dissected, for 
example, central and peripheral airways, biliary ducts 
and ureters All hollow organs have to be opened and 
their content described by colour, viscosity, volume 
(samples should be retained, where appropriate). All 
‘organs have to be sliced and the appearance of the cut 
surface described. If injuries are present, che dissection 
procedure may have 10 vary from the normal one: this 
should be appropriately described and documented. 

6 All internal lesions and injuries must be previsely 
described by sie and location. Injury teacks must be 
described in order to include their direction as regards 
the organ anatomy. 

7 The weight of all major organs must be recorded, 


B Detailed 
1 Head 
Before opening che skull, che periosteum must be 
scraped off in order co display or exclude any fractures, 
b The head examination procedure must allow the 
inspection and description of the sealp, external and 
internal surfaces of the skull and of the temporal 
muscles 
© The thickness and appearances ofthe skull and 
sutures, che appearances of the meninges, the 
cerebrospinal fluid (CSE), the wall structure and. 
contents of cerebral arteries and sinuses must be 
described, The description of the bones must also 
include an examination of their intactness, including 
the connection between the skull and the first wo 
vertebrae. 
In obvious or suspected head injury (for example, 
a detailed examination is required or if autolysis or 
puttefaction is present) Fixation of the whole brain is 


recommended befor its dissection, 

© Middle ears must be always opened and nasal 
sinuses where indicated. 

£ The sot tissue and skeleton of the face is dissected 
only in relevant cases, using a cosmetically 
acceptable technique 


2 Thorax and neck 
‘The opening of the thorax must be performed using, 
a technique which allows the demonstration of the 
presence of pneumothorax and the inspection of 
the thorax wals, including the postero-latetal regions, 
In ste dissection of the neck must display the details of 


3 Abdomen 
‘The opening procedure of the abdomen must allow an 
accurate examination of all layers of che walls including 


the postero-laeral regions, /n stu dissection is necessary 
in certain cases, particularly forthe demonstration of 
injury tracks and evacuation of fluids 
‘organs should observe anatomical continuity of systems, 
where possible. The whole intestine must be dissected 
and its contents described. 


issection of 


Skeleton 

a. The examination of the thoracie cage, the spine and 
the pelvis must be part of the autopsy procedure, 

b Where appropriate traumatic deaths need a precise 
dlisscetion of the extremities, possibly complemented 
by X-ray examination, 


Special procedures 

a I chere is any suspicion of neck trauma, the brain 
and thoracic organs are to be removed prior to the 
dissection of the neck, to enable detailed dissection 
to take place ina bloodless fel. 

bb I chere isa suspicion of air embolism, pre-autopsy 
radiology of the thorax must be performed. The first 
stage of the autopsy in such a case must be a careful 
partial opening of the thorax and dislocation of the 


lower three-quarters of the sternum with the 
subsequent opening of the heart under water, allowing 
the measurement and sampling of escaping air or gas 

€ For the demonstration of particular injury patterns, 
deviation from the normal procedure of disseetion 
has to be accepted, provided that such procedures 
are specifically deseribed in the autopsy report 

The dissection in traumatic deaths must include & 
full exposure of the soft tissues and musculature on 
the back of the body. The same procedure must be 
applied to the extremities (socalled ‘peel-off 
procedute), 

€ In suspected or overt sexual assaults, the sexual 
‘organs are to be removed en bloc together with the 
external genitalia, reccum and anus, before they are 
dissected, Relevant swabs of orifices and cavities 
must be taken prior to this procedure. 


Sampling 
The scope of the sampling procedure isto be ease- 
dependent, However, the following minimum rules 
should be applied: 


in all auropsics, the basic sampling scheme includes 
specimens from the main organs for histology and 
peripheral blood sampling (sich as for alcohol and 
drug analyses and genetic identification), urine and 
gastric contents All blood samples must be peripheral 
blood and not heart or thoracie: 

b ifthe cause of death cannot be established with the 


necessary degree of certainty, sampling includes 
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additional specimens and fluids for metabolic studies 
and thorough toxicology. This includes blood, 
vireous humour, CSE bile, hair samples and further 
relevant tissues; 

if death is related to physical vilence, sampling 
includes the injures, for example to determine wound 
age and any foreign materials in the wounds; 

d.ifreconstruetions are desirable, che removal of bones 
and osscous compartments may become necessary: 

© ifidentifcation is the predominant aim, the removal 
‘of jaws and other bones may be necessary: 

£ ifstrangulation or the application of physial force 
to the neck is suspected or diagnosed, the entire 
neck structures, musculature and neurovascular 
‘bundles must be preserved for histology. The hyoid 
bone and the laryngeal cartilages must be dissected 
very carefully; 

§ biological samples must be collected in tightly closed, 
jars, properly preserved and placed under seal and 
transported to the laboratory in perfect safety; 

Ja certain specimens and fluids need to be sampled in a 
special way and analysed without delay. 


7 Release ofthe body 
After a medico-legal auropsy has been carried our, 
‘medico-legal experts should ensure that the body is 
returned in a dignified condition. 


Principle VI — Autopsy report 
1 The autopsy report is as important as the autopsy 
itself, asthe latter is of ltele value ifthe findings 
and opinions of the medico-legal expert are not 
‘communicated in a clear, accurate and permanent 
document. The autopsy report should be an 
integral part of the autopsy procedure and be 
drafied carefully 
2 The report should therefore be: 
a full, detailed, comprehensive and objective: 
} clear and comprehensible not only to other doctors, 
but also 10 non-medical readers; 
€ written in a logical sequence, well-structured and 
easy to refer to in various seetions of the report; 
be in a legible and permanent form, with hard paper 
copy even if iti retained in electronic storage; 
€ be written in adiscusive ‘essay’ style; 
3. When drafing an autopsy report, the following 
‘minimum content should be included: 
a legal preface to full statutory requirements, if neededs 
bi serial number, computer retrieval coding and 
International Classification of Disease Code 
(ICD) code; 
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«fall personal deus of deceased (including name, 

age, sex, address and occupation) unless unidensificds 
4d date place and time of death, where known 
€ date, place and time of autopsy: 


F name, qualifications and status of medico-legal 
expert(s); 

'§ persons present atthe autopsy and eheir function; 

Fh name of che authority commissioning the autopsy: 

i person(s) identifying the body to the medico-legal 
expert: 

j_name and address of the medical atendane of the 
deceased; 

k a synopsis of the history and circumstances of the 
death, as given to the medico-legal expert by the 
police, judges, elatives or other persons, as well as 
information contained in the file, where available: 

1 description of the scene of death, if attended by the 
rmedico-legal expert; reference should be made to the 
provisions contained in Principle I above: 

-m external examination: reference should be made to 
the provisions of Principle V above: 

‘internal examination by anatomic systems, together 
with a comment on every organ, Reference should 
bbe made to the provisions of Principle V above: 

© alist ofall samples retained for toxicology, genetic 
identification, histology, microbiology and other 
investigations should be included; all such specimens 
should be identified and attested by the medico-legal 
expert according to the legal system of the state 
concerned, for continuity of evidence: 

pp results of ancillary investigations, such as radiology, 
odontology, entomology and anthropology should 
be included, when such results are available; 

4 one of the most important parts of the autopsy 
report isthe evaluation of the significance of the 
accumulated results by the medico-legal expert 
After termination of the autopsy, evaluation is 
usually provisional because later findings and later 
knowledge of other cit 
nceessitate alteration and modification. Medico-legal 
experts must interpret the overall findings so that the 


‘umstantial facts can 


‘maximum information and opinion ean be offered. 
Also questions that have not been raised by the 
competent authority must be addressed if they eould 
be of significance; 

+ based on the final intexpretation, the eause of death 
{in the International Classification of Disease should 
be given. Where several alternatives for the cause of 
death exist and the facts do not allow a 
differentiation berween them, the medico-legal 
expert should deseribe the alternatives and, if 
possible, rank them in order of probability: If this is 
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not possible, then the cause of death should be 
certified as Unascertained’ 

' the repore should be finally checked, dared and 
signed by the medico-legal expert(s). 

The date of the autopsy and che date of the provisional 

report should never be more than a day or two apart. 

‘The date of the autopsy and ehe date of the final report 

should be as close together as possible, 
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SPECIFIC PROCEDURES 
(SELECTED EXAMPLES) 


1 Consricton af neck (hanging, manual and ligature 
strangulation) 
‘The examination of the scene where the body was 
found is extremely important: for example the presence 
of a chair or similar platform; fastening of the 
strangulation device; technique of tying of the knot: 
adhesive taping of hands and objects for trace evidence: 
Steangulation marks: depth, width, intermediate 
rings, direction, suspension point, raised ridges of 
skin, zones of hyperaemia, presence of duplicate 
strangulation marks; further specific neck injuries: 
died excoriations due to slippage of the implement, 
marks due to textile weave pattern and structure, 
distribution of petechiae in che skin, bruising, 
scratch marks, blisters inthe strangulation mark. 
Bleeding from facial orifices. Differences in widths 
of the pupils, localization of hypostasis, presence and 
distribution of congestion, 
Injuries due to convulsions, defensive injuries, 
injuries due to being held forcibly. 
Dissection of the soft tissues, of the musculature and 
of the organs of the neck in a bloodless fed is essential 


2 Drowening/bnmersion 
Note carefully the following findings: foam at the 
‘mouth, cutis anserina, maceration, mud and algae, 
lesions duc to water animals, injuries due to 
surroundings (for example rocks and ships), loss of 
nails, skin, localization of livor mortis, 

‘Technique: sampling of gastric contents, precise 
description of the lungs (weight, measurement, extent 
of emphysema), sampling, lung fluid, liver and other 
tissues, for the possible demonstration of diatoms and 
other contaminants, 

If required, sampling of drowning medium (For 
ample river, bath water) should be carried out 
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3 Sexually motivated murder 
‘The inspection and documentation ofthe scene of crime, 
4. relative tothe injury patter, is expecially important. 
Al injuries must be photographed together with a sale. 
required, the body surfaces must be investigated under 
[UV light and taped. Search for and sampling of foreign 
biological material must include pubic hairs and 
secretions on the body surface as for instance originating 
from bites, uch material must be preserved carefully for 
DNA investigation and protected against contamination, 
“En bloc’ disection of che genital organs is strongly 
recommended, I is ao necesary to proceed to the 
careful removal and sampling of material under the 
fingernails and contro hai, 


Death from child abuse and neglee 
State of nutrition and general care, thorough 
description and documentation of external injuries and 
scars, thorough examination for bone fractures (X-ray), 
must be evaluated 

Consider the remaval ofa variety of tissues: for 
example all injuries, regional lymph nodes in 
malnutrition, endocrine organs, immuno-competent 


tissues, specimens from different parts ofthe intestine. 


Infantcideltil- birch 
Special techniques of dissection are necessary to expose 
the fals cerebri and the tentorium cerebells describe the 
site of caput succedaneum:; remove all fractures ‘en bloc’ 
investigate all bone centres of ossification (sae and 
presence). Special ear i t be applied tothe thoracic 
ongans: degre of inflation of the lungs, flotation test 

“en bloc’ and ‘en detail’. However the limitations of the 
flotation test must be appreciated. All malformations 
must be described, As regards abdominal organs, gas 
content ofthe intestine must be investigated. The 
umbilical cord and the placenta must be subject to 
‘morphological and histological examination, 


Sudden death 


‘Asubdivision into three main categories relative to the 


further strategy after gross examination is useful: 
a findings that obviously explain the sudden occurrence 
of death (for example haemopericardium, aortic 
rupture), Cases belonging to this category can usually 
be regarded as sufficiently solved: 
b findings chat could explain the death but allow other 
explanations. Cases belonging to this eategory 
necessitate the exclusion of , for example, poisoning 
and possibly histological proof of recent oF chronic 
alterations relative to the eause of death 
findings are either nil/minimal or do not explain the 
occurrence of death. Cases belonging to this category 
will usualy require extensive further investigations. 


Specific procedures (selected examples) 


‘This is especially so with sudden infant death eases. 
In such cases a more comprehensive investigative 
scheme is essential 


7 Shooting fatalities 

The following should be carried out: 

— extensive account on the scene of the incident, of 
‘weapons involved, of types of bullets, of sites of 
‘environmental’ damage, of cartridge cases and of 
relative positions of persons involved; 

~ thorough examination of the clothing and 
description of relevant damage and careful sampling: 

— thorough investigation and documentation of any 
blood (splashes) on the body surfuees (including 
clothing and hands); 

— precise description of bullet entry and exit wounds 
relative to anatomical landmarks and distances from 
the soles ofthe feet and bullet tracks within the body: 

— description of any impression marks of the muzzle; 

— eacision of uncleaned skin specimens surrounding 
entry and exit wounds; 

— Xray before and/or during autopsy (where necessary); 

~ determination of bullee tracks and their diteetion(s); 

~ final determination of directions) of fire, ofthe 
succession of shots, of intravital occurrence, of the 
vietimis position (3). 


8 Death caused by explosive devices 

As well as evaluating the cause of death, autopsy is 
essential to asise in reconstructing the nature of 
the explosion and idendfying the type and maker of 
the explosive device, especialy in aircraft sabotage or 
other terrorist actions 

b Full X-ray of the body must be made to detect and 
localixe any metallic objects, such as detonator 
components, which may lead to the identification of 
the explosive device, 

€ The pattern of injury may indicate that the dead 
person was a perpetrator of the explosion, for 
‘example maximum injury in the lower abdominal 
region suggests that he or she carried the device on 
huis or her lap during « premature explosion, 

4 Ar autopsy all foreign objects in the tissues, 
identified on X-rays, must be cateflly preserved for 
forensic examination, 


€ Samples of tissues, clothing, ete, must be retained for 
chemical analysis to identify the type of explosive 


9 Blunt andlor sharp force injuries 
The following should be carried out: 

— examination of the weapons or objects that are 

posibly involved (especially their dimensions): 


— extensive examination and inspection of elothing 
(including damage, stains) 

— careful disection and description ofall racks (layer 
by layer) including their dimensions and weapon- 
related traces, signs of vitality. 


10. Fire Deaths 

‘The following should be earried out: 

— examination of remains of clothing, - specific types 
and shapes of skin combustions: 

— search for heat-related alterations and peculiarities; 

— demonstration/exclusion of fire accelerant 

— search far signs of vitality: carbon monoxide, 
HCN, soot inhalation, skin lesions 


11. Suspicion of intoxication (General Ouslines) 
11.1 Where anatomical findings do not reveal a cause 
‘of death and/or there is vague suspicion of 
poisoning, basic sampling should include 

peripheral blood, urine, stomach contents, bile, 
er and kidney. 
11.2 specific suspicion arises, sampling should be 


group-related as follows 

— hypnoties, sedatives, psycho-active drugs, candiae 
drugs and analgesics, pesticides: as 
aforementioned under (11.1); 

— drugs of abuse: as aforementioned under (11.1) 
and additionally cerebrospinal fluid, brain tissue, 
injection marks, hairs 

— volatile fat-soluble substances such as fire 
accelerant and solvents as aforementioned under 
(11.1) and in addition: blood from left venti 
brain tissue, subeurancous fat tissue, lung tissue, 
clothing: 


— nutttional intoxication: as aforementioned 
under (11.1) andl in addition: intestinal 
contents, if possible taken from 3 different 

— suspicion of chronic intasication (heavy metals, 
drugs, pesticides ete) as aforementioned under 
(11.1) and in addition: hairs (eu), bones, it 
tissue, intestinal contents, 


12 Decomposed bodies 
‘The presence of decomposition docs not remove the 
need for a full autopsy 
Radiological examination will exclude bony injury, 
the presence of foreign bodies, for example bullets. 
Toxicological studies (particulary estimation of 
alcohol concentrations) should be carried out but 
interpreted with great caution, 
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References to autopsy, death and homicide are limited in the index, as these are major subject of the book. Readers are advised to seele 
‘more specific references. 1 denotes differentiation ar comparison, 


abdomen septic 57, 432 
anacomy; forensic 229 skin colour 346 
bruising in child abuse 463 sudden death duc to 517 
compression, traumatic ‘ssphysi’ in. 363, therapeutic 346, 431 
cxamination in air embolism 347, 435-6 abrasion collar 263-4, 268-9 
cexposurelincisions at autopsy 17 abrasions 137, 138-43 
internal examination at auropsy 18 in bruising 1s bypostasis 59 
kicking injuries 230 brush (angensal) 139, 140 
in neglecesarvation 413, 414 face 178 
surface relations of organs 229 motorcyclists 290 
abdominal injuries 229-33 scalp 175 
child abuse 230, 463, 472 crushing 139-40 
closed/blunt 229 defence wounds 165-6 
complications 233 definitions and lay terms 137, 138 
foreign bodies 232-3, fingernail se fingernail, abrasions 
haemorrhage 230, 232, 233 footmarks 144,150 
illegal abortion 433, impact, of scalp 175 
‘open/penetrating 229 intradermal bruising with 140, 141, 142, 146 
suicidal knife wounds 238 linear (grazes) 138, 139 
in vehicular acidents 286 rece 
drivers 283-4 infanticide 441, 443, 
pedestrians 294 strangulation 140, 372 
abdominal organs 229 paterned 14) 
‘examination at autopsy 18 child abuse 475 
removal at autopsy facial 178 
abdominal wall, bruising 229-30 firearms muzzle 143 
abortion pedestrians 294, 295 
autopsy 435-6 ‘yes, vehicular injuries 142, 143, 294, 296 
external examination 435 post-mortem 139, 143, 149-50 
internal findings 435-6 pptelied corpse 39 
criminalflleal 431, 432 scalp 175 
air embolism 346, 432-3, 434, 435, senual offences 422 
causes of death 432-5 strangulation marks 141, 148, 372-3 
cervix dilatation 432, 433, acceleration injuries 205, 281, 291 
dangers 435, accidents see trauma: vehicular accidents 
ddrugs/chemicals 434-5 acetabulum, sex differentiation 111 
infeeions 433-4 acetaminophen (paracetamol) poisoning 572-3 
infetionsfbleeding 432 acetylelicylic acd se aspirin poisoning 
instrumental interference 432 acid fuchsin (AF) staining 500 
intrauerine infection 433-4 acid phosphatase 428 
physical violence 433 acquired immunodeficiency syndrome (AIDS) $79 
syringe aspiration 433 acrine-orange fluorescent sain 601 
deaths associated. 431-5 actin 62 
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actomyosin 62 
cure eubular necrosis 345 
ADAM (Ecstasy) 581 
adenosine diphosphate (ADP) 62 
adenotine riphosphare (ATP) G1, 62 
adipocere 
chemistryfcharacterstics 70 
decomposition forms mixed with 72 
definition 64,70 
formation 68, 70-2 
bacteria 71 
in drowning 406 
importance 71-2 
siming 71 
adipose tissue 
decomposition see adipacere 
loss, in neglecestarvation 414 
‘adrenal apoplexy” 349 
adrenal glands, auwpsy 27, 349 
adrenal haemorthage 349, 513 
adrenalinemoradrenaline ratio 419 
Beadrenergic antagonists 515 
adul respiratory distress syndrome 345 
African features 122, 123, 
age 
hypothermia rlaionship 415 
infant, sudden infane death syndrome and 452 
age estimation 
by dentcion 534-5 
external examination ar autopsy 11 
yes 104 
infants 440, 443, 448-9 
‘non-skeletalized bodies 104-5 
skeletal remains 116-22 
adule 118 
child/youngadule 118 
factors affecting 118 
fecusyoung infant 117-18, 449 
later yeats 118 
pubic symphysis 118-20 
radiography/radiology 117, 121 
skull sutures 120-2 
sternal ib methods 120 
recth 104-5, 534-5 
agrochemical poisoning 566-9 
‘organophosphorus pesticides 567-8 
paraquat 345, 56-7 
AIDS 579 
se also HIV infection 
in diving 488 
insufflation in illegal abortion 432-3, 435, 
movement, effect an cooling curve 81 
sihage 289) 
aicrafe 
catbon monoxide poisoning 560-1 
crashes 
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Identification of dead from dentition 532-3 
necessities in planning 42-3 
piloss 296, 508 
air embolism 346-8 
sir volume for 46-7 
anefial 346 
spirometer 347, 348 
autopsy in 347-8, 435-6 
barotrauma 346, 488, 489 
in cerebral veins, myth 347, 435-6, 490 
in cu throats 237, 346 
divers 488 
2s chromatography 347, 348 
homicide 346 
illegal abortion 346, 432-3, 434 
autopsy findings 435 
legal termination of pregnancy 432 
‘mechanism of death 346, 347 
smedico-legal aspects 346 
radiograph 347 
transfusion/infusion/surgical accidents 346 
airguns 271 
injuries 271-2 
airifles, injuries 271-2 
airways 
damage, resuscitation artefits 41 
froth in, in drowning 402-3, 
gastric contents in 362-3 
obstruction 
anacsthetic-related deaths 484-5 
choking 361-3 
gagging 360-1 
infecions 361 
pressure on neck causing 368 
fcclusion, fatal pressure on neck 368, 369) 
thermal damage 319-20 
ALAlousis temperatute nit’ method 83, 87 
alcohol $52-9 
absorption 552, 553-4 
drugs affecting 554 
fod effect 553, 554 
bbchavioural effect 552, 556-7 
binge drinkers 554 
blood-alcohol curve (BAC) 554 
blood levels 19-20, 553 
ante-mortem 1 post-mortem 546-7 
calculation from drinks 556 
deaths in custody 307 
peripheral vein blood 547, 
toad traffic deaths 296, 557 
sample collecion/containers 20, 545 
sample preservation 545, 546 
women 552 
breath 555 
carbon monoxide poisoning and $57, 560, 561 
cardiomyopathy associated 558 
choking association 363 
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alcohol (conta) anaesthetic-elated deaths 480-5 
chronic abuse $52, 557-8 airway obstruction 484-5 
concentrations of drinks 553-4, 555-6 auopry procedure 480-2 
deaths from exposure 419 cardiac arrest 484 
deaths in custody: 307 causes 482-4 
as depressant 552-3 equipment fulure 485) 
diffusion (post-mortem) and sampling concerns 546-7 hiselogy 483, 485, 486 
driving and 554 hypoxia in, brain changes after 484, 486 

legal limie in UK 555 incidencelrsk 484 

urine levels 555 localfepidural anaesthesia 485, 
limination/escretion 554-5 smode/causes of death 482-4 
heat regulation changes 553, anaesthetist 482, 484 
hypothermia and 553 analgesics, poisoning 571-2 
bhyponia 552 anal intercourse 427, 428-9 
metabolism 554 anatomy, forensic 
mode of action 552-3 abdomen 229 
‘modes of death 557-8 chest 222-3, 223 

acute alcoholism 307, 557 ince of Willis 512, 513, 

chronic alcoholism 557-8 cranium 181 
physiological efects 552-3, 956-7 heart 223 
pawrelactive production 545-6 lary: 376,377 
spontancous combustion association 323, scalp 174-5 
subarachnoid haemorshage and 199, 519 skin. 137-8, 174 
sudden death fom berry aneurysm and 199, 519 skull and meninges 108, 18 
sudden immersion in cold water 400, 557 vertebral arteries 201 
units 554, 555-6 aneurysms 

specific drinks 555-6 aortic 509-10 
volumelvolume 555-6 atheromatous $0910 

slcoholism 554-5 diagnosis 510 
acute 307, 557 dissecting 510 
chronic $52, 557-8 fusiform/saccular 510 
falls 957 berry see beery aneurysm 

alkali deaths From 587-8 cardiac 503, 

alkaline phosphatase 169 cerebral arteries 196, 512-13 

alveoli rupture 511-13 
alcohol levels in air 555 siecle of Willis 197, 198, § 
in newborn lung 447-8 mycotic SIL 
in paraquat poisoning 567 rupture, sudden death 509-13, 519-20 

Alaheimers-tike condition, in boxers 204 syphilitic 510-11 

ambient temperacure se temperature ambient angel duse (phencyclidine) 580 

American Society of Anesthesiologists 482 angiography; post-mortem 26, 200-1, 203, 512 

amino acide animal bones 107, 108 
dating of bones 122, 127 animal predation 
in teeth 105,535 buried body decomposition 69) 

amitripryline 573 dating of bones and 126 

ammunition 247 immersion deaths 396, 397, 398 
rifled weapons 248 maggot infestation 65, 66, 74-5, 77 
shorgun 246, 247-8 ‘marine predation 68, 75-6, 396, 398, 399 
seals bulls ‘mummified copie 73 

amnesia, etrograde 209-10 post-mortem damage 73-6, 74, 75-6, 126 

‘Amnesty Internacional 301 putelied corpse 67 

amniotic fluid embolism 436-7 rypesiypes of damage 74 

amphetamine abuse 580, 581 see alin insecxs 

[Beamyloid precursor protein 470 anoxia 52, 53, 

anaemia, carbon monexide poisoning in 562, 563 seagoane 352 

anaerobes, adipocere formation 71 ante-mortem vs post-mortem injury 

anaesthesia-elated deaths, medico-legal aspects 482, 483 burns 317-19, 320 
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in fire 7 
fractures 182, 344 
joint splits 7 
laryngeal fractures 378 
skull fractures 182 
‘undertaker’ fracture! 21 
wounds 167-9, 170-1 
anthropometric dimensions 123 
anticoagulants 545, 
antidepressants, poisoning 573 
antifiecze agents 589 
antimony poisoning 591 
ants, post-mortem damage 75 
bruising 
homosexual alfences 429 
senual offences 422, 427 
dilatation 
homosexuals 427 
interpretation 423-4, 428 
senual offences 427, 428 
examination at autopsy 16 
funnel-shaped 16,429 
in homosexuals 427, 429 
Injuries in sexual offences 423 
parulous 427, 429 
anaromy 223 
atherosclerosis 509-10 
deceleration injuries 228, 
doublebarrelled 510 
‘examination at autopsy 25 
impact injury 228, 229 


injuries 228 
vehicular accidents 285, 289 
“Ladder tear’ 21, 228, 285 


smedionecrosis 510 
ruptured 228, 340 
vehicular accidents 285 
swansection 228 
aortic valve disease 5067 
sudden death 506-7 
aortic valve stenosis 506-7 
sorts, syphilitic $1 
aorto-cesophageal fsa, surgical procedures, deaths asacated 481 
apes, myocardial infarction 497 
apnoca, in sudden infant death syndrome 455-6 
apnoca alarms 456 
poneurosis 174-5 
apoptosis, conducting system, sudden death due to 505 
appendicitis, acute 517 
appendix abscess 517 
arachnoid 189) 
arachnoid granulations 189 
arcusserilis 104 
arm, injuries in vehicular accidents 284, 286 
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armlocks 353, 383 
deaths in custody 306 
fractured laryngeal horns 378 
arrest, deaths after/during 305-7, 953 
see alo custody, deaths in 
archychmias ee cardiac arrhythmias 
arsenial poisoning 590-1 
acute/chronic 590 
auropey findings 590-1 
blood/tssue levels 591 
corpse preservation 590 
fara dosages 590 
sources 50 
txicology sampling/results 591 
arsenious oxide poisoning 590, 591 
artefacts ee post-mortem artefcts resuscitation artefacts 
aerial spasm 503, 
areriovenous anastomosis 512 
archicis 104 
asbestos/asbestosis 24-5, 103 
‘asphyxia’ 352-67, 368, 369 
autopsy diagnosis 356-7 
cautions on diagnosis 357, 358, 368 
classic signs 353-7 
absent in suffocation 358 
cautions on use 353, 357. 368 
congestion and oedema 356 
cyanosis 356 
engorgement of right heart 356 
Auidity of blood 356 
petechial haemorthage 353-6, 364 
conditionslexamples 352 
Aefintions/terminology 352, 353 
bistologicalbiomechanical diagnosis 397 
hhypostass colour confusion 57, 58, 356 
ligacure strangulatian 382 
masochistic 235, 240 
‘mechanical 353, 369 
sce alo choking; smothering: strangulation; suffocation 
nature of 352 
“obsolete diagnostic quintet’ 353,357 
plastic bag 390, 391, 596 
postural (positional) 355, 365 
deaths in custody 306 
sexual se sexual asphyxia 
in solvent abuse 596 
sudden death in epleptics 514 
suicide by 240 
traumatic 352, 363-4 
cyanosis 364 
deaths in custody 306 


aspiration, gastric contents ee gastric contents 
aspirin poisoning 571-2 

hypersensitivity 571 

spor tests 572 
spirometer, aucopsy in air embolism 347, 48 
assaults berry aneurysm rupture and 198, 519-20 


asthma, sudden death 515 
astrocytes in cerebral hypacia 213 
atherosclerosis 104 
aortic 509-10 
coronary se coronary atheroslerons 
aulano-occpital dislocation, in vehicular accidents 284 
auria, examination ar autopsy 25 
auditory meatus temperature 7 
Austrian decree 1 
autoerotic procedures 389-92 
se aso sexual asphyxia 
autolysis 36, 59-60, 89 
catly myocardial infarction or 498 
post-mortem 345, 500-1 
automatic pistols 247, 248, 
automatic weapons 248, 
autopsy 
clinical academic) 2 
forensic se autopsy, medico-legal 
biseory 1 
legislarion 2 
vypes 2 
auropsy, medico-legal 2 
abortion 435-6 
abrasions caused by 143 
inair embolism 347-8, 435-6 
in asphyxta’ 396-7, 
anendance at 3-4 
authorisstion/consent 3 
blind 10 
brain ecimination 28-9 
bruise development 145 
burns 315-16 
case history 9-10 
child abuse 475-6 
computed tomography (CT) 31 
consent documents 3 
in decompression chamber 489) 
dentures examination 15 
DNA profiling sample 604 
drowning see drowning, autopsy signs 
epilepsy 514 
cxamination of organs see individual organs 
‘external examination se external examination at autopsy 
failure rates 45, 
fatal abuse, evidence 301 
basa for salf 10-11 
cyanide poisoning 586 
HV/hepattis infection 4, 10-11 
identification af body 8-9) 
incisions 16-17, 17, 25 
infanccide 442-5 
internal examination se internal examination a aucopsy 
legislarion 2 
‘magnetic resonance imaging (MRI) 31 


73 


Index 


mas disasters 44 
objectives 3 
obscure 44-7, 493 
made af death 46-7 
samples 45-6 
syndrome 45 
photography see photography 
plastic bag suffocation 359-60 
post-mortem artefacts ee post-mortem artefacts 
precautions 10-11 
procedures 2-4 
pputelied corpse 39-40 
ee ale preted corpse 
sadiology sce radiography /rudiology 
reasons 493 
Recommendation Na, R (99) 3 610 
report 33-5 
body skerches 35 
cause of death 10 
diferenial diagnosis 10 
discussions/conclusions 35 
external examination 34 
formatfinformation 33-5 
information requised 4 
internal examination 34-5 
‘origina’ legal requirements 35 
timescale 35 
resuscitation artefacts sr resuscitation artefacts 


retention of tssues/orguns 3 
samples/ancillary investigations 2930 
seandards 1-2 

axonal injury, difse 
in child abuse 470 
concussion in 210 


back injuries, in human sights abuse 303 
"back spatter? 261 
bacteria 
aaipocere formation 71 
in puteeiction G4-5, 68 
“barbirurate blisters’ 562, 574 
barbinurates 486, 573-4 
poisoning 573-4 
barium, in tracheobronchial tree 563 
baroreceptors 369 
barotrauma 346, 488-91 
air embolism 346, 488, 489 
autopsy 30, 489-90 
definition 488 
physical damage 488-9 
pulmonary 489 
Bare bodies 104 
basal arteries 46, 347 
"base wing index’ 112 
basilarartery 201, 203 
4ee aio basloverteral artery Injury 
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baasiloyertebral artery injury 200-4 
autopry appearances 201-2 
bhypothesie and problems with 200 
se also vertebel artery 
basisphenoid synchondrosie 121 
bathroom, deaths in. 400, 401, 405 
clectrical futlicies 326, 333-4, 334-5, 400, 405 
homicide 400 
baton rounds 274 
battered baby se child abuse 
battery acid $87 
beard, growth ater death 61 
beatings, torture and human 
boetles 77-8 
behaviour, alcohol effect 552, 556-7 
bends 346 
benzene abuse 597 
bhenzidine 127 
benzodiazepines, poisoning 542, 573 
berry aneurysm 196 
autopsy 512 
‘congenital’ 512 
smuthiplesizes 512 
ruptured SUL 
alcohol and 199,519 
‘rauma/disease interaction 198-9, 519, $20 
spontancously leaking 199 
sudden death from, mechanism 198-9, 199, 
si 
‘beyond reasonable doubs' test 341, 471, 518, 520 
bile, sample collection 548, 
biochemistry 
post-mortem interval 89-90 
rigor mort 61-2 
vitreous humour 88, 89-90, 575 
binds, postmortem damage 76 
birch 
concealment 440, 441, 442 
live, definition/proving 440-1, 442, 443, 
newborn, lungs 447-8 
bitesbite marks 527-32 
autopsy/re-examination 528, 531 
bruises assocated 146 
child abuse 474, 476, 528 
common sites 528 
car 180 
in foodstuffs 527-8 
identification of suspect $30 
impression/casts of mark 531 
investigation 530-1 
love bites 146, 421, 474, 528, 530 
marching with suspects dentition 532 
smutkiple 529 
nature of mark 529-30, 
nipples 528, 529, 530 
phorogeaphy 528, 530-1, 532 
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preservation 528 
sample collection 528, $31 
selFinglired 529 
in sexual offences 421-2, 528, 529, 530 
black eye, causes 178, 179, 180) 
direc violence 149, 179 
fiactures of anterior fossae of sll 179, 180 
grivitational seepage 179 
movement of bruises 146, 148, 175-6, 179 
bladder 
injuries 233, 289 
turine collection at autopsy 548 
blast injury 226, 274-5 
bleeding 
absence in crush injuries 339 
deaths in custody 307 
in illegal abortion 432 
post-mortem 225, 233, 340 
scalp injuries 175, 176 
spurious, behind larynx 58, 150, 375 
se alo haemorrhage 
biistere 
barbinurate 562, 574 
in burns 315 
fire degree 312-13, 
post-mortemy"peri-martal’ 315,317 
in carbon monoxide poisoning 562 
in electrical flies 330, 331 
post-mortem artefacts 36 
in putreiction 64, 65 
blood 
alcohol levele sce under alcohol 
in carbon monoxide poisoning 562, 563-4 
see ale carbon monoxide 


carboxyhaemoglobin se carboxyhaemoglobin 

changes in drowning 404-5 

clorting 58, 641-2, 356 

culture, samples 29 

DNA profiling 106, 604 

flow, retinal, sgn of death 54 

fluidity in asphyxia 396 

groups 428, 440 

from mouth/nostl, post-mortem artefacts 12, 15, 

36 

pooling, in hypothermia 417 

pressure, alcohol effece 553 

purging in purrefaction 36, 39, 65 

sample collection see sample collection, blood. 

sample preservation 546 

sludging, in hypothermia 418 

splasher 5-6 

exclamation mark 6 

spurious formation of cyanide $87 

volume in cardiac tamponade 228 
blood-alcohol curve (RAC) 553, 554 
blood-brain barrier 212 
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blood vessels 
calcification 26 
se al calcification 
‘examination ar autopsy 25-7 
blowtly 76 
blueborles 76-7 
blue sca’ of coal-miners 103 
blunt injuries 
abdomen 229 
deaths in custody 306-7 
human rights abuse 304 
penecrating 153 
scalp 177 
skull feactures 177, 183 
seal abrasions; bruses/bruising 
body 
buried se buried bodies 
clothed, examination ar autopsy 8, 296 
dimensions 
effect on cooling curve 80 
smale/females (ables) 108 
rice determination 123 
fare after death 53 
fluids, sample collection 1921, 549 
fragments, in explosion deaths 275-6 
identification see identification 
internal examination at auropay 16-23 
labeleeags 9 
length/heigh se height; length 
posture, hypostasis paren 56 
retrieval at macs disasters 43-4 
scene of death se scene of death 
size, racial/ethnic characteristics 105 
sketches, autopsy report 35 
sransection 154 
weight er weight 
body bag 7 
body secretions 
clothing § 
purging, in purrefiction 36,39, 65 
teleas, external examination af hody 12 
sample collection see sample collection 
in sudden infane death syndrome 453 
specific secretions 


bhone(s) 
animal origin 107, 108 
bullet wounds 266-7, 270 
decay, factors affecting, 126-7 
density, daring of bones 126 
disease, infant fractures due to 468-9 
dried, statute determination 114, 117 
fragments, identification 107-8 
hhaversian architecture 108 
human origin, determination 107-8 
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injuries, bone matrow embolism 44 
long 
lengths in women/men (table) 113 
sce determination 122-3 
sexing 12-13 
scature determination 114 
recent trol, differentiation 126 
secognition and confirmation 106-8 
sex determination from 108-14 
shorgun contact wounds over 250-1 
stature determination from 114-16 
wormian 469 
‘wounds from rifled weapons 266, 267, 270 
se als fractures; skeletal remains specific bones 
bone dysplasias 468-9 
bone marrow embolism 344 
baxets, head injuries 204 
"boxers arcinude’ 316 
boxing, kinetic energy transfer 137 
bradycardia 369 
brain 
si gun pellets 272 
auropsy 
examination 28-9, 46 
fixation 28, 29, 512 
meningeal blecding 28 
removal 22-3, 150 
serial sections preparation 2 
weight 28 
‘wetcurting 28 
in barorrauma/dysbasism 489-90 
in carbon monoxide poisoning 562, 563 
cerebral aneurysms 512-1 
damage 204 
carotid artery occlusion 369 
child abuse 192, 205, 465, 471, 476 
Impact, theories 205 
mechanism 205-6 
motorcyclists 290 
pressure on neck causing 370 
se ave cercbl injures 
deformation 
closed head injuries 205, 206 
laminar 206 


transient 206 
in electrical fualicies 333, 
petechise 354 
ppatelied corpse 40 
‘ample collection 550 
selling se cerebral edema 
ee also entries beginning cerebral 

brain death 52-3, 212 

smedico-leal aspect: 53, 

in membranes 
forensic anatomy 181, 189) 
haemorrhage 28, 188, 190-2, 211 
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forensic implications 198 
see also extradural (epidural) haemorshage: 
haemorrhages subdutal haemorshage 
infections 189 
brainstem 


damage 53 
death 53 
in electrical fatalities 327, 329 
haemorrhage 207, 214, 339) 
lesions, secondary 213-14 
breasts 
bites $28, 529, 530 
basing in sexual offences 422 
baeath, alcohol levels $55, 603 
breathing, evidence in newborn 445-8 
bridle bone diseases 468-9 
bromine, abuse 597 
bronchial asthma, sudden death 515, 
bronchial obstruction, surgical prcedutes, deaths associated 481 
bronchial tumours 516 
bbronchodilarors, 515 
bbronchopleural fistula 223, 225 
bronchus, thermal damage in fires 320 
bbruses/brusing 143-50 
abdominal 229-30 
abrasions with 140, 141, 142, 146 
alteration with time 145, 146-8 
bite marks 148, 530 
cerebral 206 
chest/hear/face, resuscitation artefacts 40) 
in child abuse 148, 462-3, 475 
age of bruises 148, 463 
fingertip 145, 148, 462, 463 
colour changes 147 
‘coming out’ 145 
dating, variables affecting 147 
defence wounds 165, 166 
definition 143-4 
ddepthisize and severity 145 
development 145 
factors affcting prominencelsize 144-5 
fingertip 145, 148, 462, 463 
bhaemosiderin reaction 167 
hil of knife causing. 158 
bbypostassdiferences 59-60 
post-mortem 1s 59-60 
in immersion deaths 398 
intradermal 140, 141, 142, 144, 146 
human rights abuse 302-3 
kicking causing 147, 149 
lacerations with 150-1, 151 
lips 150 
in sexual offences 421 
lungs 226 
movement 146, 175-6 
see ali black eye 
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‘muzzle imprint in shorgun wounds 250 
recle 
ligature strangulation 382 
‘manual strangulation 371-2, 374 
post-mortem artefacts 13, 36, 149-50 
prominence ater death/auropsy 145, 176 
pefied corpse 40 
scalp 175-6, 463 
seatbelts causing. 289 
in sexual offences 421 
siapenny 148, 463 
of special significance 148-9 
subcutancous sue 144-5 
‘valine’ (railway line) 148, 149, 302-3, 
vessel fragility affecting 145 
vessels involved 144 
bbrush abrasions se abrasions, brush 
buccal cells, DNA profiling sample G04 
"buckerhandle’ effec, femur 466 
buggery 427 
bullers 
dumdum 197, 245 
explosivesipped 137, 245 
‘modifications for kinetic energy transfer 137, 245 
‘precessing’ 265 
sifled weapons 248 
rubber and plastic 274 
sofeheaded 245 
wounds se gunshor wounds: fled weapons, wounds 
‘bumper Fractures 293 
baal, raumatic ‘asphyxia’ in 363 
buried bodes 
decomposition 68-9, 126 
deep burial 69 
burning 
arypical localized (spontancous combustion) 323-4 
suicide by 239-40 
burns 312-25 
in acuce alcoholism 557 
ante-morem 315 
post-mortem burns os 3171 
autopsy appearances 315-16 
child abuse 474 
classification of severity 312-13, 
corrosive acids/allalis 587 
deaths from lightning 336 
dry hear 314-15 
severity 315 
clecttical 329-32 
fires 316, 318 
first degree 312-13 
flash 275 
fiction se abrasions, brush 
hot water borde 314, 320, 433, 435 
human rights abuse 303 
identification of body 99 


122, 427 


burns (contd) 
infections 314 
:misile injuries from explosions 275 
‘mois heat (salds) 313-14 
molten eubber 303 
muscle stiffening of body 63, 
post-mortem 331-2 
ena failure after 345 
in rifled weapon wounds 259, 262 
"Rule of Nines’ 13, 313, 
scars, in identification 102 


second degree 313 
shorgun wounds 250, 251, 252 
spurious wounds’ 316-17 
emperature/time relationship 312 
third depece 313, 

bbarnt bone fragments identification 107-8 

tours alae’ injury 24 

burst head’ 255, 267 

‘burst lobe’ 207 

butane 561, 595, 597 

butchers cleaves, wounds 165 

bbureocks, bruising, in child abuse 462, 463 


cachexia 413 
cadaveric spasm 61, 62-3 
‘afe coronary’ syndrome 362 
CCalfey's syndrome 469 
calcification 
aortic valve 506, 507 
coronary arteries 26 
cricoid carlage 376 
under periosteum 466 
calcium oxalate 589 
Caliphora 77 
callus, in identification of remains 124, 125, 
callus formation 224, 467, 468 
calvarium, removal 22, 347 
3 
se alo photography 
(Campbell de Morgan spots 11, 104, 
cannabis 581 
capillaries 
bleeding (invisible to eye) 144 
dating embolifehrombi 342 
permeability 212 
capsaicin, injury 306 
‘captive-bolt weapons 272-4 
Carabellis cusp 534 
catholic acid 587, 588. 
catbon dioxide, sulfocaion associated 357-8 
carbon monoxide 
blood analysis 563-4, 
sample collection 547 
sample preservation 546, 563, 
blood levels 
anaemia 562, 563 


cameras 3 
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burnsfires 317, 322, 562 
toad traffic deaths 296 
ee alo carboxyhaemoglabin 
in Nash fires 320, 322, 564 
haemoglobin saturation 322, 5634 
inhalation in fires 320-2, 561 
alive when fire started 564 
death due ro 320-2 
poisoning 220, 560-5 
in aircrafe 560-1 
alcabolicdalcaholism 557, 560, 561 
autopsy 562-3 
in bathroom 400 
blisters 562 
causes 560-2 
cheery-pink hypostasis 57, 321, 562 
children 322 
coal-mining 561 
divers 561 
elderly and infanes 563 
reurological lesions after 563 
Signs 321 
sodium hydroxide test 562 
suffocation in 357-8 
suicide 560 
vehicle drivers 560-1 
post-mortem formation 564 
in shorgun wounds 250, 252, 267 
sources 560-2 
fires 561 
heating appliances 560, S61 
incomplete combustion 561-2 
industrial proceses 561 
rotor vehicles 560) 


catbon tetrachloride 597 
carbeayhaemoglobin 563-4 


analytical methods 564 
carbon monaxide poisoning, 322, 562-3 
levels 

deaths in fires 562 


heat haematoma/peripheral blood 192, 317, 318, 319 


samples 20 
in shorgun wounds 250, 564 


cardiac aneurysm 503 
cardiac arrest 53, 55 
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anaesthesia association 484 
asphyxia in 353 
aspirin poisoning 572 
choking due to food 362 
in electrical flies 328, 329 
‘manual strangulation 0 374, 378-9 
reflex 358, 362, 369-70, 370-1 
carotid artery damage 378-9 
causes 371 
criminal abortion 432 
deaths in custody 306 
frequency 370 


Index 


hanging and/ss 384, 388 central nervous system, in barottaumaldysbarism 490 
immersion deaths 400, 403 cerebellar ronsils,heriation/coning 211 
solvent abuse 595-6 cerebral aneurysm, rupture 511-13 

cardiac arrhythmias se aso berry ancarysm 

aspirin poisoning 572 cerebral arteries 197 

catecholamines 504, 579, 596 cerebral arterioles, sensitivity 199 

slectrical futlicies 327, 328, 329, 333 cerebral contusion 206 

sudden death due ro 503, cerebral dysfunction, hypothermia with/and 415 

cardiac asthma 505 cerebral fatembolism 343 

cardiac massage, external 2: cetebral haemorthage se intracerebral haemorthage 

cardiac sarcoidosis 509 cetebral hypoxia 212-13 

catdiac tamponade 228 histology 212-13 

sort aneurysm ruprure 510 in seaual asphyxia 389 
chest and heart injures 227, 228 stages and changes 213 
‘myocardial infarction complication 502 cetebral infarction 214 
cardiomegaly 505 cerebral injuries 20412 
cardiomyopathies in child abuse 192, 205, 465, 471,476 
alcoholic 558 concussion afer 209-10 
arrhythmogenic right ventricle 508 coup/contrecoup damage 207-9 
definition 507 deceleration 205, 206 
dilated 507 intracerebral haemorthage 207 
familial 507 mechanism 193, 206 
idiopathic 507 rotatory movements of head and 209 
heart weight 507 se also brain, damage 
hypertrophic obstructive 507 cerebral laceritions 206-7 
sudden death 507-9 cerebral oedema 211-12 
World Health Organization classification 508 uopay features 211 
cardiopulmonary resuscitation (CPR) cause 211 
child abuse or 467-8, 472-3, child abuse 470, 471 
myocardial contraction bands after 498-9 hypoxia in 212 
see alo resuscitation artefaces cerebral veins airembolism myth 347, 435-6, 490 
catdiorespsatory failure 52, 53, cerebrospinal uid 
sign of death 53,55 anaestheticrelated deaths 485 
cardiovascular disease, death whilst immersed in water 397-8 leakage 189 
ator areris sample collection method 21, 548 
compression 369 in subarachnoid haemorrhage 197, 199 
damage cetvical shock, in illegal abortion 432 
in hanging 388 cervical spine 
jn manual strangulation 378-9 autopsy 21, 203 
teflex cardiac arrest 378-9 ddamage/dslocation in hanging 215, 384, 385 
examination/distection 24, 379 bhypertlxion/hyperextenson injuries 214-15, 215, 284 

carotid sinus reflex 369) seatbelt damage 284 

‘carotid sleeper 306 vertebral artery trauma 203, 

cartilage cervical vertebrae 

dating of bones 126 dislocation 215, 384, 386 
stab wounds 163 injures 214-15, 215 
case hinory, in autopsy 9-10, 453 cemvix 
catecholamines 41, 361, 419 dlacaion, in legal abortion 432, 433 
arthythmias caused by 504, 579, 596 perforation 433, 
resuscitation artefacts 41, 353 chemicals illegal abortions 434-5 
sudden death from subarachnoid haemorrhage 519 chemical tess, dating of bones. 127-8 
cathepsins, in wounds 169 chest 

‘eatalnine-aile 303, bruising, in child abuse 463 

(Caucasian features 122, 123, 534 compression, traumatic ‘asphyxia in 363, 

cause of death se death, cause crushing 363-4 

cavitation, high-velocity misles/projeciles 246, 270 fail 223, 224, 294 

cellular death 52, 63-4 forensic anatomy 222-3 
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chest (contd) radiography/radiology 32, 476 
haemorrhage 224-5 sib fractures 224, 467-8 
external bleeding absent 225, sample collection 476 
infection 224-5 sealds 474 
injures 222-9) scalp 463 
cardiac tamponade 227, 228 scene of death visie 475 
selFinglicred 243 senual 461 
vehicular accidents 283-4, 285 anal dilatation 423-4, 428 
sadiograph, in air embolism 347 anal rspes 427, 429 
stabfsucking wounds 225 Tncernal examination 425 
se alio sab wounds rape 425-6, 427, 429 
suicidal knife wounds 238 shaking and subdural haemarthage 192, 193,469,470, 471 
se aio thorax skeletal damage 464-8 
chest wall chest cage 224, 467-8 
damage, in child abuse 467-8 dating of fractures 468 
injures 223-4 limb fractures 466-7 
si fractures see rib feacrures rib fractures 224, 467-8 
‘chicken-fa' plasma clot 341 skull fractures 185, 464-6 
child abuse 11, 414, 461-79 se a sll fracures 
abdominal injuries 230, 463, 472 subdural haemorshage 192, 193, 469, 470, 471 
abrasions, patterned 475 veeth, avulsion/breakage 473 
autopsy 475-6 Visceral injury 472 
radiology 32, 476 children 
sonal injury, dilfuse 470 accidental hanging 389 
bitesvbite marks 474, 476, 528 accidental injury, child abuse concerns 462 
bone diseases w-fiacures due 10 468-9 adule-induced injury se child abuse 
boaising see under bruisesfbruising age estimation from skeletal remains 118 
burns 474 aie gun injusies 271 
cardiopulmonary resuscitation 1s 467-8, 47 ‘carbon monaxide poisoning in fires 322 
chest wall damage 467-8 cetebral edema 212 
cigarette burns 474 hanging in 385 
definitions 461 head injury fom falls 180 
duodenum rupeure 472 neglect 412, 417 
cyefear/mouth injures 472-3, 476 pedestrians, injuries 292-3, 
facil injuries 178, 463, 472-3 scalds 314, 474 
falls or 465 seatbelts 289 
fiactures 224 skull fractures 180, 185, 466 
dating in 468 suffocation 358 
spiral 467 vulnerability in vehicular accidents 289-90 
general aspects 461-2 seal inf 
hhaemoperitoneum 463, 475, china, tabslash wounds from 156, 164 
hair pulled, in 474-5 chisel wounds 153 
hhead injuries 193, 469-71 chlordiazepoxide 573 
brain damage 192, 205, 465, 471, 476 chloride 89, 317, 404 
extradural haemorrhage 471 chloroform 597 
mechanisms 469-70, 471 chlorophyll 408 
moving 471 chlorpromazine 548 
subarachnoid haemorshage 197, 470-1 choke holds se am-locks 
subdural haemorshage 192, 193, 469, 470, 471 choking 361-3 
injuries 462-3 causes 361-3 
smiscellancous 475-6 deaths in custody 307 
liver damage 232, 472 definition 353 
smedico-legl aspects 471 haemorrhage 361 
modes of death 462 infanticide 443-4 
non-fatal 462 suicide 361 
periosteum shearing 466 cholinesterase, inhibition 567 
psychological 461 cigarette burns, child abuse 474 
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le of Willis 197, 198, 512, 513, 
se aio berry aneurysm 
sumcision 104, 105 
cirthosis af liver 558 
cisternal puncture 548 
vil cases, disease and trauma 519, 520 
clavicle 
fractures, in child abuse 468 
‘medial end, epiphyseal fusian 118 
clay, modelling 128 
clinical oxicologist 541 
(Csridium perfringens 57, 434 
adipocere formation 71 
clothing 
body secretions on & 
body temperature measurement and $2 
cflcct an cooling curve $1 
sesual offences 422, 423 
solvent abuse 597-8 
Jnadequare, hypothermia and 416 
pathologis’ 4 
position in suicidal knife wounds 8, 239 
sacelethnic characteristics, in identification 104 
removal methods 8 
ripped, in deaths from lightning, 336 
road traffic accidents 8, 296 
scene of death & 
soiling/burning in shorgun wounds 8, 250, 251 
spontancous combustion 323 
vehicular accidents 296 
clotting, blood 58, 341-2, 356 
clubbing injuries, in human rights abuse 304 
coagulative myocytolysis 498 
coal-mining, carbon monoxide poisoning 561 
blood/issue levels 580 
deaths associated 81-2 
toxicological sample preservation 546 
coffin 
decomposition of bodies 69, 72 
exhumation 37, 38 
‘measurement 103 
‘ogitation’ se hypostass, post-mortem 
cold 
injury caused by 414-18 
see alo hypothermia 
local injuries 416, 419 
muscle stiffening 63 
collagen 168, 342 
collateral circulation 496 


collodiaphyseal angle 113 
colon 

perforation 517 

removal at autopsy 21 
colour of skin see hypostasis: skin, colour 
coma, epidural haemarthage 190, 191 
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combustion, spontancous 323-4 
‘commando punch’ 371 
comparisons, technique of 106 
complications of injuries 339-51 
adule respiratory distress syndrome 345 
air embolism 346-8 
disseminated intravascular coagulation 345-6 
far and bone marrow embolism 343-5 
haemorrhage 339-40 
infections 340 
palmonary embolism 340-3 
renal failure 345 
subendocardial haemorrhage 348-9 
suprarenal haemorshage 349 
ee aso under individual complications 
compression wave, explosions 274 
compared tomography (CT) 31 
gunshot wound 261 
computer graphic techniques, facial appearance econstruction 
128-9 
concealment 
birch 440, 441, 442 
smurmmification in 72 
conception, products of 434, 436, 442 
concussion 209-10 
diffuse neuronal/axonal injury 210 
extradural haemorrhage and 190, 191 
conductors electrical 326 
congenital deformities 12 
congenital heart disease 455 
congestion, in ‘asphyxia’ 356 
traumatic 363, 
conjunctival haemorthage 472 
containers, sample collection 30, 545 
continuity of evidence 8, 544 
contrecoup lesions 179, 189, 207-9 
black eyes and 179 
connusion 207, 209 
subdural haemorshage 193, 
vacuum efleer 205, 207 
contusions 59, 137, 143-50 
cerebral 206 
conerecaup 207, 209 
definition 143-9 
firearm wounds 270 
se alo bruisestbruising 
conus artery 496 
conversion tables 603-4 
cooling, post-mortem 79-80 
‘core temperacure 79 
curves 79) 
factors affecting 79, 80-1 
omogram method 83 
plateau 79-80, 82-3, 
historical aspects 78-9 
‘measurement methods 81-2 
smultiplesteseial measurements 83 
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cooling, post-mortem (contd) 
rectal emperarure 79-80 
‘temperature ratio’ concept 83, 87 
see also post-mortem interval temperatute, body 
copper deficiency 469 
Coppalina case 550 
corium (dermis) 138 
comes, signs of death 54 
comeal reflex 54 
comue se under larynx 
‘xamination at autopsy 26,46 
in hypertensive heart disease 506 
luminal sie estimation 493 
ccclusion 494, 495 
spasm 503 
stenosis 493, 503 
thrombosis 285, 495, 496, 503 
without infarction 504 
vessel types 505-6 
wounds, survival period after 170 
coronary artery disease 493 
coronary atherosclerosis 493-5 
atheromatous plaques 493-4, 495 
detection 493-4 
complications 494-5 
haemorrhage 494-5 
theambosis 285, 495, 496, 503 
tlcerated plaques 494 
diffuse disease 494 
in eldesly 509 
haemorrhage 494-5 
bbypertension and 50 
smechanism/pathology 493-4 
sites 495 
‘tauma telisionship 518-19 
"beyond reasonable doube’ rest 518 
time asociation 518 
violencelehreas precipitating, 518. 
ee alo myocardial infarction 
coronary insufficiency 505 
cause of death 503-5 
coroner 3 
corpus callosum, torn 206-7, 
corrosive acids, deaths from 587-8 
costochondral junction, in age estimation 120 
cor deaths se sudden infant death syndrome (SIDS) 
coulombs 328 
counselling, in sudden infant death syndrome 456, 
457 
‘counery guns’ 248 
coup leions 207-9 
coverings, body fect on cooling curve 81 
ruck cocaine 581 


cranial surure closure 120-1 
cruniomerry 110-11, 124-5 
cranium, anatomy 181 


Index 


cratering, bullet wounds 266 
creatinine 89 
edger of bites 75, 76 
shorgun wound edges 251, 253 
crib deaths see sudden infant death syndrome (SIDS) 
cribiform place, ruprured/facrured 189) 
cricoid carlage 376 
displacement 378 
in strangulation 376, 378, 382 
crocadile-skin 331, 332 
crown-heel length 448, 449 
crown-rump length 118 
crucifixion 365 
crushing, crows, traumatic ‘asphyxia’ in 363 
crushing abrasions 139-41 
crush injuries 
abdominal 229 
bleeding absent 339 
crustaceans 76, 78 
custody; deaths in 305-8, 353, 384, 386 
alcohol intoxication 307 
blunt injuries 306-7 
drugs 581 
hanging 308, 384, 386 
raul causes 308 
suicide 308 
se also torre 
cutis anserina 395 
cute 154-5, 44d 
human rights abuse 3034 
cur throats 236-7, 238 
homicidal 236, 237 
CV-One syndrome 200 
cyanide 
in fumes from fires 322 
inhalation 586 
poisoning 585-7 
autopsy findings 57, 585-6 
homicide 585 
sample collection 586-7 
suicide 585 
taxicology 586-7 
sample preservation 546 
smell 586 
spurious Formation in blood 587 
cyanmethaemoglobin 586 
cyanosis 356 
carbon monoxide poisoning, 562 
slectric fatalities 333 
fatal pressure on neck 368 
hypothermia 417 
immersion deaths 400 
‘raumatic ‘asphyxia! 364 
cytochrome P450. 572 
cytological examination, sex determination 
104 
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dagger, ‘stilt! 231 
damp conditions, hypothermia in 415 
darcos muscle 61 
dating 
bruises, variables affecting 147 
cembolifthrombi 342-3, 520 
fractures 468 
myocardial infarction 496-7 
palmonary embolism 342 
skeletal remaine 126-8 


520 


environment effect 126 
physical appearance 126-7, 
physical tests 127 
seralogicallchemical teste 127-8 
subdural buemorshage 195-6, 197 
wounds 166-9, 170, 171 
death 

brain ee brain death 
cause 9-10 

mode ws 55 

obscure aurapsy 45-7 
cellular $2, 63-4 
in custody ree custody, deathe in 
fae of body afer 53 
gunshor/explosve, radiology 31 
indications 53-5 
interval between injuries and 169-71 
‘manner 55 
mode 46-7, 55 
pathophysiology 52-97 
scene of se scene of death 
signe 53-5 
somatic 52, 53 
sudden see sudden death 
time offsince see post-mortem interval 
saumaric 8 
types 52-3 

death certificates 10, 55, 341 

death certification, by physicians 493 

decalcification 203 

decapitation 

hanging 384 

nilway suicides 297 

sexual offences 423, 

‘uil-gating' motorcycle accident 290 

deceleration 281 

G forces 281, 
scathelts effect 288 
deceleration injuries 214, 215, 281, 287 
sora 228, 229 
cerebral 205, 206 


liver 232 
lungs 226 
spinal 214, 215 


subdural huemorshage 193,470 
tissue damage 281 
se alo vehicula injuries 
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decomposition 63-78 
audipocere formation se adipocere 
buried bodies 68-9, 126 
changes in 64 
charting teth and 536-7, 
coffin 69,72 
damage by predators 67, 69, 73-6 
dry (mummification) see murnmifcation 
identification of corpse 99 
immersed bodies 67-8, 396-7, 398-9 
infant 441, 442-3, 446 
maggot infestation 65, 66,69 
mixed forms in body 72 
pputrefaction see purrefaction 
tattoos in identity establishment 100-1 
timescale 64 

decompression 
aircraft 357 
divers 488, 489 
physical damage 488-9 

decompression chamber, autopsy in 489 

decompression sickness 488 

deep vein thrombosis 341, 513, 
dating 342-3, 520 
in hypothermia 418 
smedico-lgal aspects 341 
sudden death from pulmonary embolism 513, 

520 

defence wounds 165-6, 167, 168 

defibrillator, post-mortem artefacts 12, 36,41 

degenerative disease, age estimation 122 

dehydration, in neglectstarvation 414 

delayed deaths 339, 563 
se alo complications af injuries 

dental records 535 
ddagrammatic/anaromical charts 535-6 
features 0 record 537 
edontogram 536 

dentine, staining. 538 

ddencistry, forensic 527-40 
bite marks 474, 527-32 

ee av bites marks 
identification of dead 532-8 
age determination 122, 534-5 
charting teeth 535-8 
general/recanstructive identity 533-5 
human origin 933 
mass disuters 44 
personal identity/comparative 535 
positive march 537 
race determination 533-4 
sex determination 533 
‘ned for expert odantologsts 527 
photography role 537 
pink tecth 538 
radiography role 537 
se aio wet 
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dentures 
choking due to 361 
cxamination at autopsy 15 
identification by 537 
dermis 138 
dlisbetes mellitus, pox mortem interval estimation 90 
‘Diachylon’ 434 
clissasis of sure Hines 185, 187, 188 
diatoms, typeslspecies 407-8 
diatom techniques see under drowning 
diazepam 573 
DIC (disseminated incravascular coagulation) 345-6, 432, 436, 
437 
diethylene 589 
digestion 85, 86-8 
diphtheria 361, 508, 515 
diploe 181 
Diptera 16 
dliquat poisoning 566 
clisasters ee mass disasters 
discoloration se skin, colour 
discriminant function analysis 110 
dlisease, natural 
deaths before immersion 397-8 
deaths in custody and 308 
deaths whist in water 397-8 
trauma relationship 198-9, 517-20 
vehicular injures and 295-6 
sew aio individual dienses 
clismembered compse, identification 99 
dissection techniques 16-23, 
seal ausopsy, medico-legal 
disseminated intravascular coagulation (DIC) 345-6, 432, 436, 
437 
diversdiving 488 
“bends 346 
catbon monoxide poisoning. 561 
pressure changesleects 488, 489 
DNA 105 
hair roor celle 99 
hypervariable regions 106 
probes 106 
redundant segments 106 
DNA fingeeprinsing/profiling 105-6 
dating of bones 127 
“hic-and-run’ accidents 296 
identity establishment 105-6 
infancicide 440 
method 106 
samplescantrols 106, 604 
scminal/yaginal fluids 106, 424, 428 
sex determination 104, 533 
doctors, fingerprints 101 
dogs. post-mortem damage 74 
dlochiepin 573 
Dovnis syndrome 455 


drag marks 140) 
drivers, medical checks 296 
drowning 10, 401-2 
holism 557 

adipocere formation 406 
auropey signs 402-4 

froth in air passages 402-3, 404 

other organs 404 

‘verinflation of lung 403, 404 
barotrauma and 489 


cadaveric spasm and 63 
chemical changes in blood 404-5 
decomporition of bodies 67-8 
diagnosis and diarom test 406-8, 602 

problemscriicisms 408 
techniques 406-7, 408 
“dry-Jung’ 400, 403 
clectrolytes changes in 401, 404-5 
in epilepsy 514 
freshwater 401 
hhaemodilurian 401, 404 
haemorrhage 404 
histological changes 405-6 
human rights abuse 304 
infanticide 445, 
lungs 402-3, 404, 405 
mechanism of death 401-2 
petechial haemorrhage 403 
pulmonary haemorthage 403 
seawater 401-2 
sodium, release in 401 
4ee alo immersion deaths 

drugs) 
alcohol absorption and $54 
deaths in custody and 307, 581 
illegal abortions 434-5 
overdoses, in hospital 543, 
poisoning/overdose see under poisoning, 

drug addictsfabuse 577-84 
autopsy appearances 5789 
auopsy risks for pathologist 579 
intravenous 577, 582 
‘mainlining’ 577, 582 
se alo specific drvgs 

drugs of dependence 577 

“dum-du’ bullet 137, 245 

duodenal ulcer, perforated 517 

duodenum 
rupture, in child abuse 472 
transection 230 

Dupereuis and Hadden’ table, stature estimation 116 

ddura mater 189 

dus basting 275 

Dwight’ table, sex determination 112 

ddysbarism 488-91 
auropsy 489-90 
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definition 488 
physical damage 488-9 


barotrauma 488, 489 
bites 180 
blast injuries 275 
bruise below 148 
haemorrhage, in deowning 404 
injures 179-80 
child abuse 473 
human rights abuse 304 
car crepitance test 447 
‘ecbolics’ 434 
ccchymoses 144, 353 
se aio bruisesfbruising; petechial haemorthage 
‘ecstasy’ 581 
cctopic pregnancy 436 
clderly 
catbon monoxide levels in blood 563 
chronic subdural hematoma 194, 195 
falle 180 
hypothermia 415, 416-17 
replecr 412 
subdural buemorshage 192. 
sudden death (senile myocandium) 509 
‘caring of gastrointestinal ract 517 
lectrcal conduit pipe wespon 248 
clectrical fualties 326-38 
in bathroom 326, 333-4, 334-5, 400, 405 
cardiac arrhythmias 327, 328, 329, 333 
cutaneous burns/marks 329-32 
areola of blanched skin 331 
charting 331 
earthing! grounding’ lesions 331 
firm cantact (blisters) 329, 330, 331 
high-voltage 331 
histology 333, 
spark burn 329, 330, 331 
temperature and heat generation. 329-30 
cyanosis 333, 
effects on muscle 328-9 
clectrcal considerations 327-8 
histological appearances 333 
homicide 34-6 
hhypostass, post-mortem 56, 333, 
internal appearances 333 


metallic wacesin marks 332-3, 335 
mode of death 329 

‘non-electrical wauma in 329 
pathway for current 326, 327 
patterned electric marks 332, 336 


petechial haemorthage 333 
physical factors 327 

post-mortem hypostasis 56, 333 
equitements forfevents in 327, 328, 329 
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resistunce of skin. 328 
‘igor mors timing 61 
suicides 239, 326, 334 
time, importance 327, 328, 331 
clectrcal rorure, in human rights abuse 304 
clectric current 327-8, 328 
alternating (AC)/direct (DO) 327-8 
application to genitals 391 
fiequency 327 
‘mA leading ro death 328 
slecttic shock 326, 327 
tolerance 19 327 
lectrocution 326 
se aio electrical faites 
clectroltes, changes in drowning 401, 404-5 
sectonic cameras, use at autopsy 323 
slectons 326, 327 
emaciaton 412, 413 
‘emboli, sources 343 
embolism 341 
aie re air embolism 
amniotic fluid 436-7 
bone marrow 344 
fate fat embolism 
foreign body 344-5 
polmonary ie pulmonary embolism 
‘emmenagogues’ 434 
emphysema 
in barorrauma/dysbasism 490 
intersiial 489) 
‘emphysema aquosum 403, 405 
enamel pearls, on teth 534 
endocarditis, pos-sheumatic 582 
endothelial proliferation 42 
endotracheal tube, position 481 
energy transfer, kinetic 137, 245, 246 
English Infanticide Act (1938) 439 
entomology 76-8 
collection of material 78 
insect succesion 76 
insect sypes 76 
rationale 76 
se aio insects 
enzyme histochemistry 498-9, 500, 501-2 
dating of wounds 169 
in myocardial infarction 498 
cosinophiia, myocandialinfarsion 498, 500 
epicardial petechiae 333 
epicranial apaneurosis 174-5 
epidermis 138 
tags 139 
epidural anaesthesia, deaths related 485 


cpidural haemorshage se extaducal (epidural) haemorthage 


epiglortis, haemorthages 378 
epiglortiis 361, 515 
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How to Use This Book 


To avoid misunderstandings regarding the pur- 
pose and method of this book, here is a quick 
guide regarding the way in which it has been 
conceived and organized. 


Reference vs. Tutorial 


As its title suggests, this isa reference book, not 
a tutorial. In other words, it does not begin with 
elementary concepts and build sequentially to- 
ward concepts that are more advanced. 


You should be able to dip into the text at any 
point, locate the topic that interests you, learn 
what you need to know, and then put the book 
aside. If you choose to read it straight through 
from beginning toend, youwill not find concepts 
being introduced in a sequential, cumulative 
manner. 


My book Make:Electronics follows the tutorial ap- 
proach. Its range, however, is more circumscri- 
bed than that of this encyclopedia, because a tu- 
torial inevitably allocates a lot of space to step- 
by-step explanations and instructions. 


Theory and Practice 


This book is oriented toward practicality rather 
than theory. lam assuming that the reader most- 
ly wants to know how to use electronic compo- 
nents, rather than why they work the way they 


do. Consequently | have not included any proofs 
of formulae, any definitions rooted in electrical 
theory, or any historical background, Units are 
defined only to the extent that is necessary to 
avoid confusion, 


‘Many books on electronics theory already exist, 
if theory is of interest to you. 


Organization 


The encyclopedia is divided into entries, each 
entry being devoted to one broad type of com- 
ponent, Two rules determine whether a compo- 
nent has an entry all toitself,oris subsumed into 
another entry: 


1. Acomponent merits its own entry if itis (a) 
widely used or (b) not-so-widely used but 
has a unique identity and maybe some his- 
torical status. A widely used component 
would be a bipolar transistor, while a not- 
so-widely-used component with a unique 
identity would bea unijunetion transistor. 

2. Acomponent does not meritits own entry if 
it is (a) seldom used or (b) very similar in 
function to another component that is more 
widely used. For example, the rheostatis sub- 


pilaion 474-5 
epilepsy 
auropry 514 
sudden death 514-15 
Purkinje cells in 514-15 
‘waumatic/post-craumatic 188-9, 514 
«epiphyseal fusion, age estimation 118 
epiphyseal injuries/lesions in child abuse 466, 467 
equipment 
failure, surpical/anaesthetic deaths 484, 485 
internal examination 18 
scene of death 4-5 
EExdheimls degeneration 510 
‘exgomettng, illegal abortions 434 
cexythema, in burns 315 
cxythema ab igne 312 
ethnic characteristics 
hair seructure 99, 105 
identity establishment 105 
scars 102 
skin colour 99 
stature estimation from skeletal remains 114 
rattoos 100, 105 


see alo race 
«ethyl alcohol ze alcohol 
ethylene 589 

ethylene chloride 597 


ethylene glycol poisoning $89 
Europe, sudden infane death syndrome in 452 
execution, extrajudicial 305 
‘exciton, sudden death and 519 
exhumation 36-9, 68 
arsenical poisoning 590 
coffin identification 37, 38 
legal procedures 37, 
photography 37 
poisoning 38-9 
reasons far 37 
transportation 38 
cxit wounds se rifled weapons, wounds; shorgun wounds 
explosions 
anaestheticrelated deaths 485 
deaths from 274-7 
auropsy in 276-7 
body fragments 275-6 
identification 276-7 
missile injuries 275-6 


nature of trauma 274-5 
radiography/tadiology 31, 276 
caplosives, detonation, carbon monoxide poisoning, $63 
exposure, deaths from 419 
‘external examination at autopsy 11-16 
agefracelscx 11 
anatomical diagrams 14 
external marks 12 
proceduresrourine 11-16 
report 34 
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vomitsccretions 12-13 
weightllengeh 11-12 


external jugular occlusion 368 
extradural (epidural) haemorthage 190-2 


blood volume 190 
in child abuse 471 

clinical signs and larent interval 190-1, 198. 
formation and sites. 190 

heat haematoma ox 192, 317 
incidence/mortality rate 190 

lucia! (latent) period 190, 191 
smedico-legal aspects 191-2, 198 

in posterior Fossa 191-2 

post-mortem artefacts resembling 192 


extradural space, heat haematoma 317 
eyels) 


in age determination 104 
black see black eye 

colour, identity establishment 99 
examination 14-15 

tobe tension decrease at death 54 
injury, in child abuse 472-3, 476 
laceration of eyebrow 151 
petcchial haemorthages 354, 371 
signe of death 54-5 

in traumatic ‘asphyxia! 364 


eyebrow injuries 151, 178 
eyelids, sign of death $4 


face(fical appearance 


abrasions 178 
bloating in pusrefaction 65 

bruising in child abuse 463 
congestion 370 

cxamination, in solvent abuse 598 
‘external exination 13 

features in adipocere formation 71,72 
in hanging 384 

hypothermia 416,417 

identity establishment 99 

in ligature strangulation 380 
petechial haemorrhages 354, 355, 356 
pressure marks 358, 360 

in putreficion 65 

raclalethnic characteristics 105 
recognition in mummification 72 
seconstruction from skull 128-9) 


facil injuries 178-80 


brain removal at auropsy 22 
in child abuse 178, 463, 47 
from kicking 149, 178-9 
flired. 242, 243 

in vehicular accidents 28 


284 


faces, purging, in putrefiction 65 
faccoliths 414 


Falanga’ 303 


falle 180-1 
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acute alcoholism and 557 
contrecoup lesions 208 
deaths in custody 307 
elderly 180 
head injuries 181, 471 
head injury in children 180, 187, 465 
from height 
brain damage in children 465 
cadaveric spasm and 63, 
injuries 181, 240 
injury to aorta 228 
‘onto feet 181, 214, 240 
conto head 181, 471 
pelvic injuries 233 
shl feacrures 186, 187 
suicidal 240 
hip, dislocation in 233, 
‘occipital, skull fractures 184 
scalp injuies 177-8 
spinal injuries 181 
from standing position, injuries 180 
trajectory 181 
fabs, mechanism of brain damage 207 
fr 
alcohol insolubilcy 552 
cflect an cooling curve 80 
putrfsction 67 
far embolism 343-5 
autopry findings 344 
in harocrauma/dysharism 490 
cerebral 343 
in chronic alcoholism 558 
conditions associared 343 
marrow source 344 
petcchial haemorthage 344 
palmonary 343 
systemic 343-4 
feet, beating of sles 303 
femoral heads, sexing from 112 
{femoral vin, blood samples 19-20, 547 
femur 
fractures, in pedestrians 293 
sexing from 112. 
‘mathematical sexing’ 112 
shaft and angle 112-13, 
stature estimation 114, 115, 117 
fesishism 391 
fee 
age estimation from skeletal remains 117-18, 449 
deaths, cocaine use 581 
decomposition 64 
delivery afer death 65 
maturity estimation, ositicaion centres 444, 445 
measurements 448, 449 
mummified 72 
skeletal age 449 
see aso inci; silbiech 
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fibrin 
amniotic fluid embolism 437 
dating of embolithrombi 342 
seaining, 342, 601 
fibrinogen 346 
fibrinolysie 346 
fibroblasts 168, 195 
fibula, fractures 293 
ler myocarditis 508 
fight or flight response 170 
fights, dynamic manure 154 
finger, desquamated casts 102 
fingernail 
abrasions 141 
concavity of mark 141, 373 
curvarureforientation 14 


ligacure strangulation 382 
‘manual strangulation 141, 37 

‘examination, in seal offences 423 
putrefiction 65 
scrapinglclippings 373, 423 

finger pade, scarring 102 

finger 
desquamated casts 102 
identity establishment 101-2 

pucefying comps: 39, 102 

immersion deaths 395, 396 

fingertips, bruising by 148 
in child abuse 144, 462, 463 

fire 
anaesthticelated deaths 485 
ante-mortem 0 pose- mortem injury 7 
autopsy appearance after 315-16 
carbon monaxide poisoning 320-2, 561, 564 
cause of death 319-20, 322 
death, carbosyhaemoglobin levels 562 
evidence of being alive at 322, 564 
flash 320, 322, 564 
hheat haematoma 191, 192, 317 
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injuries co body 7 
suffocation in. 357 
vehicular accidents 288,297 
se alo burns; smoke 
firearms 246-8 
aie guns 271 
calibre 247 
country pune 248 
‘muzzle, impressian/paterned abrasion 143, 
250 
range of discharge estimation 270-1 
led weapons 248 
shotguns (smooth-bore) 246-8 
veterinary pistols and ‘ud-guns’ 
‘wounds see gunshos wounds 
se alo bullets; rifled weapons; shotguns 
fire extinguishers 595 
fail chest 223, 224, 294 
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laying injury 152, 176 
sealp 176 
vehicular accidents 294 
flotation west 445-6, 447 
‘uid, body sr body secretions 
fluorescence 127 
‘myocardial infarction 500-1 
sex determination 104 
Auorocatbons, abuse 597 
fontanelles, anterir/posterior 181 
food 
alcohol absorption and 553, 554 
bite marks 527-8 
choking due ro 361-3, 362 
discome in. 408 
lack, hypothermia and 416 
oral deprivation 412 
foot, beating of sole 303, 
fooxprines 
abbrasionsJbruises 144, 150 
identity establishment 101-2 
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frontal sinus identification 124-5 
frostbite 416, 419 
frothy fluid, from mouth/nostrils 

burns 316 

drowning 402-3, 404 

morphine addicts 578 

sudden infane death syndrome 454 
fruit, bite mark preservation 528 
fume inhalation 319-22 

causes of death 319-20, 322 

toxic substances 322 

see alo smoke 


gagging. 352, 353, 360-1 
gs in sexual asphyxia 391 
pales aponcurotica 174-5 
pall ladder 
cxamination at autopsy 27 
instarvation 414 
gartotting 353, 379 
se alo strangulation, ligature 


foramen magnum, fing facture around 181, 185, 214,283,290 gas appliances, carbon monoxide poisoning 


face 
assesment, stab wounds 161-3 
intensity, in wounding 136 
in skull fraceures 186-7 
forehead, sx determination fiom skull 109 
farchead injury, movement of bruises. 146 
fatcign bodies 
abdominal injuries 232-3, 
choking due to 361 
embolism 344-5 
in gue 232 
respiratory obstruction 515 
sand/mud in immenion deaths 396, 404 
in vagina/recum 426 
{forensic autopsy se autopsy, medicolegal 
formalin fixation 28, 29, 30 
formalin inflation, lungs 24-5 
fractures 
ante-mortem ts post-mortem 182, 4 
"bumper! 293 
child abuse 224 
dating 468 
in child abuse 468 
heat, post-mortem artefacts 36 
infant, bone diseases causing, 468-9 
‘moror cyclist) 185, 188, 290 
spiral, in child abuse 467 
undertakers 21 
in vehicular acidents 283, 284, 293 


ee also other specific fractures i fractures; skull fractures 


fremulum of lip, eupeure/teaing 178, 473 
fiction burns ice abrasions, brush 
frantal lobe 

"burs lobe’ 207 

conerecoup lesions 208, 209 


561-2 
as chromatography 598 
autopsy in airembotism 347, 348 
as tormation 66 
decomposition of immersed bodies 68 
pputefaction G4, 65, 435 
gasoline 560, 597 
gastrectomy 553) 
pastic contents 
agonal regurgitation 547 
aspiration 362-3, 557 
in anaesthesia 484-5 
smedico-legal aspects 596 
sudden infant death syndrome 453, 454 
‘examination a autopsy 24 
‘mouth examination 15 
resuscitation artetucts 41 
sample collection 27, 545, 549) 
containers 545, 
gastric emprying 
alcohol absorption and 553, 554 
factors effecting 87-8 
investigation methods 87 
post-mortem interval estimation 83, 85, 87-8 
igutic erosions, acute, in hypothermia 418 
gastric lining, alcohol irvtation $53 
uric transi time 88 
astroenterostomy 553 
gastrointestinal haemorrhage, sudden death 516 
gastrointestinal ract 
barbieurate poisoning 574 
blast injuries 275 
foreign bodies 232 
paraquat poisoning 566 
perforation 233,517 
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scaring in elderly persons 517 Haase rule 448 
se also intestine; stornach hhacmacaidin 147 
gastromalacia 36 haematoma 146 
genitals hhear 191, 192, 317, 318, 319 
‘examination at autopsy 16 periorbital se black eye 
injuries 233 perirenal 510 
seeual offences 423-4 subcapsular liver 286, 340 
sample collection, in sexual offences 423, 424 hhaematoxylin basic fuchsin-pieric acid (HBFP) stain 500 
self-mutilation 240, 241 hhaematoxylin-cosin (H and E) autofluorescence GOL 
genitourinary system, sudden death 517 hhacmaroxylin-cosin (HE) staining 500 
G tances 281-2, 288 bhaemodilusion, in drowning 401, 404 
lass, wounds from 155, 156, 163-4 haemoglobin 57 
‘lasing’ 155 carbon monoxide saturation 563-4 
slows, examination at autopsy 24 dating of bones 127 
glucose 89-90, 575 degradation in bruises 145, 146 
“qlue-siffing’ 595, 596 lycosylared 546 
‘yalutamyl eanspepridase 558 hhaemolysis, in subarachnoid haemorshage 197 
lysine 127 hhaemopericardium 228, 229, 502 
alyeogen 61, 62 blood sample collection 547 
depletion 63 dissecting aortic aneurysm 510 
lycol poisoning 589 hhaemoperitoneum, child abuse 463, 475, 
slycophorin A 40 Haemophilus influenzae 361, 515 
‘goose-fles’ appearance G1, 395 Ihacmopeyss, sudden death from 516 
Gough’ test 511 haemorrhage 339-40 
rade crossings, injuries at 297 abdominal 230, 252, 233 
grain silo, suflocation in 357-8 adrenal 349, 513 
fgramoxone 566 autopsy in strangulation case 373 
granulation tissue 168 bbchind oesophagus, hypostasis artefact 59, 150, 375 
gravel rash 138 brainstem 207, 214, 339 
gravity 281 chest 224-5 
grazes 137, 138, 139, 142 choking due to 361 
se also abrasions in coronary atherosclerosis 494-5 
grease ring 264-5 delayed deaths due w 339-40 
reat vessels, injuries 228-9 drowning 404 
gunpowder 248, epidural ee extradural (epidural) haemorrhage 
gunshot residues, dothing 8 cpiglocis 378 
gunshot wounds 249-77 infections, due w 340 
aie guns 271-2 intracerebral incracetebral haemorthag. 
ammunition see ammunition; bullets intracranial see intracranial haemorthage 
carbon monoxide levels 250, 252, 267 laryngeal, in manual sangulstion 377, 378 
computed tomography (CT) 261 laryngeal fractures 378, 380 
contusions 270 mesenteric 230-1, 233 
defence wounds 166 perirenal 232, 510 
exit 267-70 perivascular 418 
external bleeding absent 225 ptechial ser petechial haemorthage 
internal organs 270 post-mortem 225, 233, 340 
‘mechanics 245-6, 268, post-mortem artefacts 57, 59, 150, 375 
radiology 31,276 pulmonary 275, 286, 403 
range of discharge estimation 270-1 Shechan’s 348 
scars 102 spinal cond 216 
shock wave from missle 246 suburachnoid cee subarachnoid haemorthage 
suicidal 239, 252, 253, 254, 255 subdural se subdural haemorthage 
velocity of misile 246, 258, 268 subendocardial 285, 348-9, 590 
‘weapons 246-8) subintimal 44 
se also missile injures fled weapons, wounds; shorgun, suprarenal 232, 295, 349 
‘wounds seal bleeding 
Gustafson technique 105 hhaemorthagic diatheses 145, 354,516 
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Jhaemorthagic shock, zonal lesions 499 
Ihaemosiderin 147, 167, 168 
dating embolithrombi 342 
subarachnoid haemorshage 197, 512 
haemostasis, fulure 339-40 
haemothorax 224, 225, 258, 340 
blood sample collection 547 
source 224 
hie 
arsenical poisoning 591 
clubbed 251, 262, 315, 
colour 
age determination 104 
identity establishment 99 
in copper deficiency 469 
DNA profile 99 
sample 604 
drugs of dependence 577 
cffece om sll fractutes 184 
loss, in thallium poisoning 592 
microscopic examination 99-100 
pubic see pubic hair 
pled, in child abuse 474-5 
raclallethnie characteristies 99, 105 
scalp injures and 174, 175, 176 
shaving 14 
singeing 315 
deaths from lightning 337 
shorgun wounds 251, 25; 
‘wounds ftom rifled weapons 262 
seructure, identity establishment 99100 
texte, in identification 105 
wetting 17 
hie fllces, rigor monte 61 
hallucinogens, deaths from 580 
halogenated hydrocarbons 597 
halothane 486 
handedness, determination 372 
handguns 248, 
hands 
examination 12, 16 
sexual offences 423 
selFinglicted injuries 242 
sudden infant death syndrome 453 
hanging 383-9 
accidental 384, 389 
autoerotic procedures and 390, 392 
autopsy appearances 387-8 
carotid arteries damage 388 
cervical spine damage 215, 384, 385, 
in children 385 
in custody 308, 384, 386 
decapitation 384 
homicide 389 
bypostass, pose mortem 56, 387-8 
judicial 3834 
knots 384, 385, 386 
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laryngeal facture 388 

smarks 308, 381-2, 386-7 
position 387 

mechanism of death 388 

methods 384-6 

petechial haemorthage 388 

serotonin from ligature mark 169 

signe 371 

suicidal 240, 384, 388 


head 


inair embolism 347, 435-6 
rotational trauma 200-4 
weigh 187 


head injuries 174-221 


yun 271,272 


cerebral ocdema se cerebral oedema 
child abuse se child abuse 
closed 206 
deaths in custody 306-7 
‘saminarion at autopsy 14 
falls 181, 471 
infanticide 444-5 
intracranial se ineraceanial injuries 
nature of impact, and haemorrhages. 198 
petechial haemorrhages 14 
pos-morem 176 
post-mortem hear injuries ux 317, 318 
senual offences 423 
shorgun wounds 258 
subarachnoid haemarchage and 196-8 
survival period after 170 
vehicular accidents 283 

drivers 284 

motor eelists 188 

pedestrians 294 


hhead-moulding, in childbirth 197 
heart 
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air embolism 346,347 
anacomy 223 

avulsion 228, 285 

in harotrauma/dysbaricm 490 

bruising, in vehicular accidents 285 
conducting system, sudden death due to 504-5 
in drowning 404 

in electrocution 327 

‘examination at autopsy 25-7 

incisions a autopsy 2 

injuries 226-8 


blune 227 
cardiac tamponade 227, 228 

stab wounds 223, 226-7, 229, 238 
valves 229 


orientation 223 
‘pendulum’ eter 285, 
petechise 354 
pputefiction 66-7 


shythm disturbances sr cardiac archythmias 

right, engorgement 356 

rigor mors GL 

rupture 502 

sudden infant death syndrome 454 

suicidal stab wounds 238 

weight 26, 505, 507, 509 
cardiomyopathies 507 

wounds, survival period after 170 


ee aso entries beginning cardiac; left ventricle; right ventricle 


heat 
convection/radiation 314-15 
fesures 317 
generation, cutaneous electric marks 329-30 
injures 312 
se also burns ite scald 
loss by body 79, 80-1, 81 
see alo cooling, post-mortem 
muscle silfening 63 
radiant, injuries 312 
regulation, aleohol effect 553 
Inca fractures, post-mortem artefacts 36 
hheat haematoma 191, 192, 317, 318, 319 
Ineatng, inadequate, hypothermia and 416 
‘heating appliances, carbon monoxide poisoning 560, 561 
hheavy metal poisoning $49, 585, 589-92 
height 
body 603 
estimation from skeletal remains 114-16 
identity establishment 103-4 
se alo length 
Heimlich manocuvre, resuscitation artefacts 41 
helmets, cyclists/mororcyelists 290, 291 
Henry's law 488 
Hensiges nomogram 83, 84-5, 86 
Depactis Brisk 4, 10-11, 544, 579 
herbicides, poisoning 566-7 
hermaphroditism 104 
hernia 516 
heroin 580 
hheaylene glycol $89 
hhideand-die’ syndrome 418-19 
‘Higginson syringe 432, 433 
high-velociey projectiles/missiles 246, 270 
hhigh-voliage elecrial burns 331 
hip, dislocaion in falls 233, 
Hippocratic facies 413-14 
histamine, in dating wounds 169 
histochemistry 498, 499, 500 
enzyme 498, SOL 
myocardial infarction 498-9, 500 
‘wounds 168-9) 
histology 
asphyxia diagnosis 357 
cerebral hypoxia 212-13 
changes after wound infliction 167-8 
sample collection 30 
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sudden infant death syndrome 455, 456 
surpical/anaestheric-related deaths 483, 485, 486 
history of ease, in autopsy 9-10, 453 
“hi-and-run’ accidents 8, 294, 296 
HIV, infectivity 11,579 
HIV infection 
pre-auropay est 10 
Fisk ar aucopsy 4, 10-11, 579 
risk in toxicology simples 544 
tuberculosis and sudden death in 516 
Home Office Pathologists 4 
homicide 
acute alcoholism 557 
air embolism ia 346 
in bathrooms 400 
cyanide poisoning 585 
slectrocution 364-6 
“Yaking’ of vehicular accidents 297 
hanging 389 
Injuries before immersion in water 398 
insulin poisoning. 574-5 
Figacure strangulation 379 
scalp lacerations 152 
second autopsy 3-4 
semual offences 421, 423, 424 
shorgun wounds 250, 252 
slash wounds 155 
smothering 358 
stab wounds 155, 160, 161, 163 
suicide vs 235, 236, 238, 239) 
vehicular 297 
see alo seangulation 
homosexual, anus in 427, 429 
homosexual affences 428-9 
hospital, poisoning deaths 543 
hhouselly 77 
‘humane killers, weapons 272-4 
fbuman immunodeficlency virus see HIV infection 
human rights abuse 301-11 
evidence of fital abuse 301-5 
cextrsjudicial execution 305, 
organizations 301, 302 
se also custody, deaths in 
‘Human Tissue Act 1961 3 
humeral head, sexing from 112 
bumerus 
sexing from 113, 
starureestimarian 117 
humidity effect on cooling curve 81 
hunting accidens, eelve-bore shotguns 259 
hyaline membrane 196 
hydrocarbons, halogenated 597 
hydrochloric acid 588 
hydrogen cyanide 586 
hydrogen peroxide 567 
hydrolysis fat 70,71 
hhydrostatic rest 445-6, 447 
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hydroxyproline 127 
hygiene, eramination at auropsy 12 
hymen 424, 425 
hhyaid bone 376-7, 377 

fracture se lary, fractures 

jn manual strangulation 377 
hhypersemia, in rifled weapon wounds 260, 
hypercapnia, in solvent abuse 596 
hhyperchromasia 500 
hyperextension injuries 21415 
hhyperflesion injures 214-15, 284 
hyperkeratosis 414 
hhyperpigmentation, human rights abuse 303 
bhypersensciviey 

anaesthetics 485 

sspitin 571 
hypertension 

evidence 505-6 

intracerebral haemorrhage 207 
hnypertensive heat disease 505-6 
hyperthermia 

effect on cooling curve 80 

malignant 485-6 
hypertrophic obscructive cardiomyopathy 506 
hypocalcaemia 588, 589 
hhypoprateinaemia 414 
hhypostass, pos-mortem 55-60, 333 

abdominal catastrophes os 517 


artefact, haemorrhage behind oesophagus 59, 150, 


375 
‘asphyxia’ confusion 57, 58, 356 
blotchy parches 55 
bruising er 59-60 


cherry-pink, carbon monoxide poisoning 57. 321, 


562 

cloning af blood 58 

colour 57,99, 562 

cyanide poisoning 57, 586 

distribution 56,57 

clectrocution 56, 333 

in hanging 56, 387-8 

immersion deaths 396 

organs 18, 59 

petechial haemorthage 355 

skin colour 99 

skin hacmorthages in. 57 

sudden infant death syndrome 454 

testing 59-60 

timing/permanence 57-8, 58 
hypotension, in subendocandial haemarthage 348 
hypothermia 10, 414-18 

alcohol consumption and 553 

auropey findings 416-18 

skin colour 416,417 

biochemical markers 419 

blood pooling 417 

case history 10 
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cyanosis 417 
dah in hospital after 416 
effect on cooling curve 80, #1 
elderly 415, 416-17 
facelfacial appearance 416 
factors involved 415-16 
in hide-and-die’ syndrome 418-19 
infants 415 
smanifesacions 416 
thiomboss 418 
vitreous glucose 90 

hypothyroidism, hypothermia in 415-16, 417 

hhypovolaemic shock 499) 

hhyposaemia, in drowning, 402 

hypoxanthine 89 

hypoxia 352, 393) 
acute-an-chronie 455 
alcohol effcee 552 
anaestheticrelated deaths 484, 486 
cerebral ee cerebral hypoxia 
cerebral oedema and 2 
in coronary insulfiiency 504 
episodic, myocardial fibrosis in epileptics 514 
teedema in asphyxia 356 
post-mortem diagnosis difficulty 357 
solvent abuse 596 
suffocation in airtight spaces 358 
rota 53 
se alio‘asphysisl 


identification 8-9, 98-135 
callus 124, 125, 
characteristics used in 99-106 
coffin, exhumation 37, 38 
corpses/material requiring 98-9 
dentition used in se under dentistry, Forensic 
DNA characteristics 105-6 
explosion deaths 276-7 
facial, after reconstruction from skull 128-9 
faral abuse 302 
fingerprines se fingerprints, identity establishment 
general groupings and personal identity 98-9 
‘mass disasters, seral/pathology numbers. 43 
of mother 440) 
need for, reasons 98 
‘non-skelealzed bodies 
age determination 104-5 
racialethnic characteristics 105, 
sex determination 104 
seature 103-4 
phorosuperimposition rechniques 128 
pputefied corpse 101, 102 
skeletal remains se skeletal remains 
tattoos 100-1 
se also age estimation; sex determination; stature 
lise veins, blood samples 20 
imipramine 573 
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Jimmersion deaths 395-411 
in bath 400, 401 
cooling curve BI 
cyanosis 400 
death from natural causes before 397 
death from immersion 399-400 
decomposition of badies 67-8, 396-7, 398-9 
cstimation of durstion. 396-7 
fingerprints 395, 396 
hhypostss, pos mortem 396 
injuries before entering water 398 
injuries sustained in water 398-9 
low temperarure 369, 397, 400 
‘maceration 395, 397, 406 
mode of death 400 
‘natural death whilst in water 397-8 
positian af bady 399 
predator damage 396, 397, 398 
reflec cardiac arrest 400, 403 
sand/mud in 396, 404 
signs 395-6 
sudden immersion in cold water 400 
suicidal 239 
see alo drowning, 
‘immobility, venous thrombosis in 341, 520 
‘immunocytochemistry, axonal injury 210 
Jmmunobistachemistry, myacardal infarction 502 
‘immunological methods, semen testing, 428 
impedance 328 
incised wounds 137, 153-66 
cutuslashes 154-5 
lacerations 150, 151, 177 
stabspenetrating 155-66 
see alo stab wounds 
industrial processes, carbon monoxide poisoning 561 
infane 
accidental hanging 389 
age/maturity estimarian 440, 443, 448-9 
from skeletal remains 117-18 
carbon monoxide poisoning, 563, 
decomposition 441, 442-3, 446 
hypothermia 415 
live bieth determination 440-1, 443 
measurements 448-9 
neglect 412,413, 414, 417 
plastic bag suffocation 359) 
sample collection 21 
separate existence 445-8 
shal flexibilicy 183 
smothering (overlaying?) see smothering, 
sudden death ee sudden infant death syndrome (SIDS) 
viabilcy 440, 442 
vitreous humour chemistry 88 
se abo children 
infancicide 439-50 
autopsy 442-5 
choking 443-4 


Index 


concealment of birch 440, 441, 442 

death by act of omission/commission 441 
445 

decomposition ofinfine 441, 442 


43, 


drowning 445 
evidence of breathing 445-7 
functions of pathologist 440-2 
bead injuries 444-5 
identification of mother 440 
infane maturity estimation 440, 443, 448-9 
injures 443, 
investigations pathologists role 440-2 
lavatory pan and 444-5 
“ive birth! 440-1, 442, 443 
methods 443-5 
by omission co offer care 441-2, 445 
respiration determination 445-8 
“separate existence’ 440-1, 442, 443 

proof 445-8 
ssillbirth determination 440-1 
scrangulation 443-4 

infantile cortical hyperostosis 469 

infections 
ace sll faceures 189 
airway obstruction 361 
burns 314 
chest 224-5 
delayed deaths due w 340 
hhaemorthage duc to 340 
in illegal abortion 432, 433-4 
smedico-legal aspects 340 
post-traumatic $40 
Fisk ar aucopsy 4, 10-11, 579 
skin, in neplct/starvation 414 
see alo HIV infection 

infinite cylinder model 79, 83 

inflammatory tesponse after injuries 170 

infrared monitoring, temperature 82 

infusion accidents 482 

inhumation 36-7 

insecticides, poisoning 567-8 
infestation of putrefied corpse 39 
larval length 77 
life iseariee 76,77 
post-mortem damage 74-5, 75,76 
sample collection 78 
ryperand succession 76 
se alo ennomology 

insufflation of at, abortion 432-3, 435 

insulin 546, 574-5 

insurance, eraumaldiseae relationship $19 

intercostal muscles 224-5 

internal examination at autopsy 
abdominal organ removal 21-2 
body cavity exposure 17 


internal examination at autopsy (ontd.) 
body fluids ee body secretions; simple collection, 
dissection techniques 16-23, 
equipment 18 
incisions 16-17 
neck structures removal 21 
pelvic argans removal 22 
report 34-5 
thorax 17-18, 21 
ee alo specific anatomical reganslorgans 
International Death Cerificate 10 
‘interpol document, mass disasters 44 
‘ncerruprin’ 434 
intersex 104 
Intersil foros 507-8 
interventricular septum, rupeure 227, 228 
child abuse injuries 472 
contents, simple collection 549 
cxamination at autopsy 28 
injuries 230-1, 231, 2 
obstruction, narcotics causing 233 
removal at autopsy 21 
rupture 233 
serangulared 516 
see alo colon; gastrointestinal tract 
intracerebral haemorrhage 207, 513, 514 
cocaine addicts 582 


staumatic 207 
intracranial haemorthage 517 
in child abuse 192, 193, 464, 469-70 
intracranial injuries 189-215 
child abuse 193, 466, 469-71, 476 
subendocardial haemorthage in 348 
zeal individual injuries 
intracranial pressure, ised 211, 212, 
intrapulmonary haemorchage 403 
intraureine infection 433-4 
ingubation 481 
itis, changes after death G1, 99 
ion works, carbon monoxide poisoning 5G1 
lschaemia 52, 496, 506 
luchaemic heart disease 493, 505-6 
zea aortic valve disease; coronary atherosclerosis 
iuchio-pubic index 111 


13-14, 473 


jaw 
edenculous 535 
fiaceures 178 
see alo mandible; maxilla 
jejunum, injuries, in child abuse 472 
joint splits, ance-mortem injuries 7 
jaule buen 329 
judicial hanging 383-4 
jugular veins 
blood samples 20, 548 
cut 236-7 


Index 


jugular venous compression 368, 369) 
jumping fram heights, suicide 154, 240 


Kastel_Meyer test 127, 
keloid formation 304, 315, 
‘Kernohan's notch 214 
kerosene heaters 561 
kicking injuries 149 


abdominal 230 
bruises/abrasions 149 
facial 178-9 
kidneys 252 
lacerations 153 


kidney 


in ethylene glycol poisoning 589 
‘examination ar autopsy 27-8 
failure, afer trauma 345 
injuries 232 

paraquat poisoning 566 
sample collection 550 


kinetic enesgy transfer 137, 245, 246 
kinky hair syndrome 469 
“kncecapping’ 305 

keife 


blade type 157-8 
dimensions from sab wound 157 
csamination and measurements 155-6 
‘movement within wounds (‘rocking’) 156, 158-9, 161 
penetration of skin 162-3 
serrated edge 158 
stab wounds by 156 

see ale stab wounds 
taper of blade 158 


knife wounds 195, 156 


defence 165-6, 167 
“dentelé toothed incision 236 
scars from 102 

slashed 154-5, 155, 

suicidal 236-9 

‘tentative incisions! 236, 237, 238 
see alo sab wounds 


kwashiorkor 414 


labels/eags, body identification 8 
laboratory eaxicology ie toxicology 
lacerations 137, 150-3 


cerebral 206-7 
firearm wounds 270 

incised wounds wr 150, 151, 177 
lung 226 

patterned 152-3, 176-7, 294, 295 
“sandwich effect” 151 

sealp 151, 152, 175, 176-7 
wellare 176 

types of impact causing 151-2 
hicularaccidente 284 


lactic acid 62 
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ladder teats aorta 21, 228, 285 
Laminavia digitale 433 
lanugo 448 
larder beetles 78 
laryngeal spasm 400, 403, 
larynx 
blockage 362 
bruising around, in manual strangulation 372 
compression 368 
comuse (horns) 376-7, 377 
forensic anatomy 376,377 
fractures of horns 
ante-mortem, proof 378 
autopsy damage causing, 377 
bleeding 378, 380 
causes 378 
in hanging 388 
ligacureseangulation 378, 382 
‘manual strangulation 377, 
post-mortem 37 
significance 377 
haemorrhages 378 
‘manual strangulation 377, 378 
mucosal 375 
injuries 
ligaruce strangulation 382 
‘manual strangulation 376-7 
spurious bleeding behind 59, 150, 375 
thermal damage in fires 320 
lavatory, infanticide 444-5 
laxatives illegal abortions 433, 
LDs0 542 
lead poisoning 434 
lead shor (pellets) 246, 255, 256, 258, 259 
Jefe circumflex artery 495 
left conanary arery 495 
left ventricle 
aortic stenosis 506-7 
in arsenial poisoning 590 
hypertrophy 61, 504, 505 


stab wounds 227 
‘wounds 170 
keg 


injuries in pedal cycle accidents 291 
injuries in vehicular accidents 
drivers 283, 284 
motorcyclists 290 
pedestrians 293-4, 295 


seas limbs 
Lendeums sain 602 
lengsh 
assessment 11-12, 103-4 
se aio height 


Letulles method, examination of viscera at autopsy 21 
leucoeytes 

airembolism 348 

dating embolifehrombi 342 


Index 


dating of wounds 167-8, 170, 171 
sec differences 104 


level crossings, injuries 297 
life-support machines 53 


ligamentum arteriosum 2 


Figature strangulation se strangulation, ligature 
lightning, deaths from 336-7 
limbs 


bruising in child abuse 462 
ddiameres, in neglecr/starvation 413 
frceures ie fractures 

length afer death 239 

se alo leg 


lips 


auropay findings in sexual offences 421 
boruises/orusing 150 

in child abuse 178, 473 

fenulum of, rupruretearing 178, 473 
injures 178 

pressure marks 360 

prints 101 


alcohol detoxification 554 
centraliparalel teats 286, 287 

in chronic alcoholism 557-8 
cieshosis 558 

faury changes 557-8 

injuries in child abuse 232, 472 
necrosis, halothane assxciatian 486 
paracetamol poisoning 572-3 
paraquat poisoning 566 

rupture 251-2, 232, 286 

sample collection 545, $50 

in solvent abuse 596 

subcapsular haematoma 286, 340 
temperature 82 

vehicular injures 231, 282, 286, 287 


lviiey se hypostsis, post-mortem 
ove-bites’ 146, 421-2, 474, 528, 530 
lucid ineerval’ 343 

lumbar pancrure 548 

fung() 
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auropsy, examination 24 
in harotrauma/dysharism 489, 490 
diacoms in 406 
in drowning 402-3, 404, 405 
“dry-oedema,’in adult respiratory distress syndrome 345 
farin 343-4 
fecal, maturation 447-8 
formalin inflacion 24-5 
granuloma, in cocaine addicts 582 
haemorrhage re pulmonary haemorthage 
hnypostasis 59 
injures 226 
bruising 226 
deceleration 226 
penetrating 226 


Subject Paths 


sumed into the potentiometer section, 
while silicon diode, Zener diode, and germa- 
nium diode are combined together in the di- 
ode entry. 


Inevitably, these guidelines required judgment 
calls that in some cases may seem arbitrary. My 
ultimate decision was based on where | would 
expect to find a component if was looking frit 
myself. 


Subject Paths 


Entries are not organized alphabetically. instead 
they are grouped by subject, in much the same 
way that books in the nonfiction section of a li 
brary are organized by the Dewey Decimal Sys- 
tem. Thisis convenientif you don't know exactly 
what you are looking for, or if you don't know all 
the options that may be available to perform a 
task that you have in mind. 


Each primary category is divided into subcate- 
gories, and the subcategories are divided into 
component types. This hierarchy is shown in 
Figure 1-1. Itis also apparent when you look at 
the top of the first page of each entry, where you 
will find the path that leads to it. The capacitor 
entry, for instance, is headed with this path: 


power > moderation > capacitor 


Any classification scheme tends to run into ex- 
ceptions. You can buya chip containing a resistor 
array, for instance. Technically, this is an analog 
integrated circuit, but should it really be included 
with solid-state relays and comparators? A deci- 
sion was made to put it in the resistor section, 
because this seemed more useful. 


Some components have hybrid functions. In Vol- 
ume 2, in the integrated circuit subcategory, we 
will distinguish between those that are analog 
and those that are digital. So where should an 
analog-digital converter be listed? it will be 
found under analog, because that category 
seems better associated with its primary func- 
tion, and people may be more likely to look forit 
there. 


Primary | Secondary | Component 
category _| Category _| Type 


So SSE 
connection —_ jumper 
fs 
pushbutton 
‘switch 
rth 
ea SRE 
ee Ie 
ae 
potentiometer: 
capac 
variable capacitor 
aaa (IEE 
fea tartomer 
AC-DC power supply 
2c 0¢ eorvertr 
escinverr 
ac aN 
ele ee 
Sole pas 
cttonal Dc tr 
cutout AC motor 
renee 
stopper tor 
discrete single diode 
sere, NEON nto an 
Bae Sescraase 
Pein field-effect transistor 


Figure 11. The subject-oriented organization af cate- 
_gories and entries in this encyclopadia. 


Inclusions and Exclusions 


Theres also the question of what is, and what is 
ot, a component. Is wire a component? Not for 
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ngs) (contd) 
injuries (conzl) 
‘pincer contusion lacerations. 2 
vehicular accidents 285-6 
newborn 447-8 
‘overinflation 403, 404 
paraquat poisoning 566-7 
pore-mortem aeration in newborn 447 
sample collection, for volatile substances $49, 
598 
ssilbich 446-7 
sudden death in asthma 515 
surgical/anaesthetic-related deaths 486 
thermal damage 320 
weight 403, 
see aso encies beginning pulmonary, espiratary 
Lusol Fase Blue stain 213, 
Inching 384 
lysergic acid diethylamide (LSD) 580 
Iysol 587, 588 


maceration 64, 442-3, 
immersion deaths 395, 397, 406 
macrophage 168, 405-6 
‘maggot infestation 65, 66, 74-5, 77 
see alo animal predation 
‘magnesium 404-5 
‘magnetic esonance imaging (MRI) 31, 161 
‘malar flush 416, 417 
malate dehydrogenase 502 
‘malachion 567, 568 
malic acid dehydrogenase (MDH) 600 
‘mandible 
fiaceures 178 
race determination from skeletal remains 122 
removal/examination 536 
sex determination 108, 109-10 
‘marsmus 413 
marbling 65 
Marfuns syndrome 510 
‘marine predation 68, 75-6, 396, 398, 399 
se alo anieal predation 
Marcus carer blue (MSB) stain GOL 
‘macs, in sexual asphyxia 391 
‘masochistic practices 389-92 
se also sexual asphyxia 
‘Mase Canualey Plan 42 
mas disasters 
auropey 44 
frward planning 41-2 
identity establishment 
from dentition 532-3, 
frontal sinus comparison 124-5 
interpol document 44 
mortuary facilities 42, 43, 
necestiesin planning. 42-3 
pathologist's role 414 


Index 


pathology investigations 42-3, 
retrieval af bodies 43-4 
Royal College of Pathologists guidelines 44 
temporary mortuaries 43, 
toxicology samples 44 
marti proces, sx determination 109) 
‘masturbation 391 
maternal deaths see abortion: pregnancy 
maxilla 
fractures 178 
kicking injuries 149 
removallexamination 5367 
MDMA (methylenedioxymethamphetamine) 581 


‘meals, post-mortem interval estimation and 85, 87-8 


mechanical forces, wounding 136-7 
medical records, poisoning deaths 543 
smedico-legl aspects 

air embolism 346 

aspiration of gastric contents 596 

brain death 53 

child abuse 471 

extradural (epidural) haemorthage 191-2, 198 

infeevons 340 

myocardial infaretion 496, 518-19 

neglecu/starvation 414 

pressure on neck 370 

pulmonary embolism 340, 341-2, 520 

sexual asphyxia 391-2 

salyent abuse 596 


subarachnoid haemorchage and berry aneurysm 198-9, 


519-20 
sudden infant death syndrome (SIDS) 456-7 
surpery/anaesthesia-related deaths 482, 483 
‘rauma and disease relationship 517-18 

medico-legal aucopsy see autopey, medico-legal 

smedionecrosis 510 

‘meningeal haemorchage 188, 190-2, 197 

meninges sebrain membranes 

‘meningococcal sepricaemia 349 

Menke's syndrome 469 


mentally disordered persons, self-inflicted injuries 240 


mercuric chloride 546 
mercy killings 346, 359 
mescaline 580 

haemorrhage 230-1, 233, 

infarction 516 

injuries in vehicular accidents 286, 289 

lacerationsfinjuries 230-1, 231 

rupture 289) 

thiombosis 516 
metallic ions, in electrical marks 332-3, 335 
‘metalic poisons 589-94 

see alo arenical poisoning 
‘metaphysis, avulsion/lesions 466, 467 
methadone, misuse 580 
smethacmoglobinaemia 57 
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‘methylamphesamine sulphate 581 
‘methyl chloride 597 
‘methylene chloride 597 
‘methylenedioxymethamphetamine (MDMA) 581 
‘metopic suture 121 
‘microbiological culeure autopsy samples 20 
‘microbiology samples 20, 45-6 
collection ar aucopsy 29 
contamination at autopsy 29 
se ao sample collection 
‘microvacuolation 213 
‘microwave thermography 82, 83 
‘midalle meningeal artery in haemorshages 190, 192 
miliary plaques. 67 
riltary weapons 248 
‘minerals, diatomaceous marerials in 408 
‘mines, identity establishment 103 
‘minisatllre DNA regions 106 
missile injuries 
in explosions 275-6 
mechanics 245-6, 268 
trajectory of missle 245-6 
velocity of misile 246, 258, 268 
se alo irearms; gunshot wounds 
‘mitral stenosis 507 
molluscs 396 
‘Mond method 561 
Mongoloid races 122, 123, 533,934 
‘morphine 548, 578-80 
auopey appearances of addicre 578-9 
blood/issue levels 580 
sudden death 578 
‘mortuary, mass disasters 
faciiics 42, 43 
remporary 43 
‘motorcycles, modem safety features 290 
‘motorcyclists, injuries 290-1 
‘motor cyclist’ fracture 185, 188, 290 
motor vehicle accidents see vehicular injuries 
‘motor vehicles 
catbon monaxide sources 560 
se alo vehicles 
‘morling, in hypostsis 59 
‘mould formation, mummified corpse 72,73 
‘mouth 
autopsy findings in sexual offences 421 
blood from, post-mortem artefacts 12, 15, 36 
child abuse 473 
cxamination at autopsy 13,15 
injuries 178, 473 
paraquat poisoning 566,567 
shorgun wounds 267 
‘mucoid medial degeneration 510 
‘mucosal ecchymoses, in asprin poisoning 571, 572 
‘mucus formation, in arsenical pasoning 591 
‘mud, on body, in immersion deaths 396 
‘mugging’ 353, 383, 


Index 


smummification 64, 72-3, 
auipocere with 72 
aificial 72 
factors affecting 72 
injury preservation 73 
timing 73 

‘Munchausen syndrome 241, 243 

‘Munchausen syndrome by proxy 243 

muscle 
cadaveric spasm 62-3 
contractures, bums 316 
damage, renal flare after 345, 
clecticty effets on 328-9 
flaccdity assign of death 53, 60 
hhealcod stifening 63 
igor mortis 60, 61 
sample collection 550 
shortening, rigor mortis 62, 103-4 
spasm, electric current effect 328-9 

mutilated corpses 31,99 

‘mutilation, in sexual offences 423 

mycotic aneurysms 511 

smyclomalacia 216 

myocardial failure, in drowning, 401 

myocardial fibres, in electrical fatalities 333, 

myocardial fibrosis 497, 503, 504, 509 
cause of death 503-4 
difuse 503 
inepilepsy 514 

smyocurdial infarction 49 
ageldating 496-7 
atheroma/thrombosis causing 495-6 
autopsy diagnosis 496-7 
cause of death 503-4 
complications 502-3 

aneurysms 503 
‘mural thrombosis 502-3, 
myocardial fibrosis 503) 
peticardivis 503 
ruptured hearthamponade 502 
enzyme histochemistry 498, 501 
uorescent methods 50-1 
histochemical methods 498-9, 500 
immunohistachemical methods 502 
incidence 495 
laminar 496, 497 
‘macroscopic appearances) stages 496-7 
smedico-lgal aspects 496, 518-19 
microscopic appearances 497-502 
‘morphological changes 497-9 
suc’ loss 500 
regional/foal 496 
stages 497 
opography 496 
transmural 497 
transportation injuries 496, 498 
‘raumalexertion relationship 518-1 


3, 495-502 
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‘myocardial infarction contd.) 
types 496 
ze also coronary atherosclerosis 
‘myocardial ischaemia 496, 506 
myocardial necrosis 496, 563 
myocarditis 508-9 
chronic alcoholism 558 
solvent abuse 596 
myocardium 
blood supply 505-6 
contraction hands 498-9 
discoloration, post-mortem arteficts 36 
examination at autopsy 27 
far embolism 344 
fatry degeneration 499 
fragmentation of fibres 499 
hhypercrophic obstructive cardiomyopathy 507 
byposasie 59 
senile 509 
staining 498, 499, 500, 600-1 
waviness of fibres 499 
myocytes 499 
nuclei 509 
‘myofibrillar degeneration 498 
‘myosin 62 
‘mysvedema 415-16, 417 
myxoma 5 


ail se fingernail 
narcotic drugs, deaths from 577-84 
autopsy appearances 578-9 
Idiosyncratic sensitivity/tolerance 579 
mode of death 579 
toxicology 579-80 
narcotics, body-packing 233 
‘nasal aperture/bones, in sex determination 109 
‘nazi concentration camps 413 
rece 
abrasions, manual strangulation 372-3 
bruising 
chill abuse 463 
ligaeure strangulation 382 
‘manual strangulation 371-2, 373, 374 
constrition, cyanosis 356 
dissection, manual seangulation 375, 377 
‘examination at autopsy 21, 24 
fatal pressure on 368-94 
cyanosis 368, 
duration effect 370-1 
smedico-legal aspects 370 
petechial haemorthage 371 
see alo hanging; strangulation 
fatal pressure on, mechanism of death 368-71 
airway occlusion 368, 369) 
‘ator artery compression 369 
combined/duration 370-1 
nerve effects 369-70 


Index 


reflex cardiac arrest 369-70, 370-1 
haemorrhage, manual strangulation 378 
injury to side of, vertebral artery trauma 201, 202 
post-mortem artefacts 59, 150, 375, 377 
putrefaction 65 
rational trauma 200-4 
selfinglicred injury 242 
suicidal stab wounds 238 

rneck-holds, deaths in custody 306 


necropay se autopey 
negative autopsy se autopsy, medico-legal, obscure 
14 


replect 4 
children 4 
elderly 412 
general fearures 412-14 
infanes 412, 413, 414,417 
smedico-lgal problems 414 

negligence, medical 483 
surgical procedures, deaths asociared. 481 

[Negro features 534 

nerves, pressure on neck and 369-70 


"Netherlands, sudden infant death syndrome prevention 452 


urological lesions, carbon monoxide, poisoning 563 
‘neuronal injury, diffuse 209-10, 470 
neurones, in cerebral hypoxia 213 
Newtons Law of Cooling 79 
nickel production, carbon monoxide poitoning 561 
nipples, bite marks $28, 529, 530 
[isl granules 213 
nitrazepam 573 
nitric acid 322, 588 
nitrocellulose 248 
nitrogen, dating of bones 
nitrogen narcosis 488 
nitrostigmine (parathion) 567, 568 
‘pon-accidental injury in childhood se child abuse 
rorripeyline 573 

bleeding 178 

blood from, post-mortem artefacts 12, 15, 36 

fiacture of bridge 178 
nuclear chromatin, in sex determination 104 
ylon bags, for samples $45, 549, 586, 598 


obscure autopsy ee under auropsy, medico-legal 
obscure syndrome 45, 
obstetric catastrophes, subendocardial haemorshage 348 
jbeurator foramen 111 
occipital bone, ‘rng fracture’ 181, 185, 214, 283, 290 
‘occupational stigmata, identity establishment 103, 
odontogram 536 
odontologists, forensic 527 
odontology, forensic sce dentistry, forensic 
oedema 

in asphyxia! 356 

in hypothermia 417 

myocardial 500 
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Index 


pore-morsem dependent 56 pattemed electric marks 332, 336 
se aso cerebral oedema; pulmonary oedema patterned lacerations 152-3, 176-7, 294, 295 
‘esophagus PCE (phencyclidine) 580 
arefactual haemorthage behind 59, 150, 375, Pearson and Bells ble, ‘mathematical sexing of femus? 112 
"banding’ 375 Pearson's able stature calculation 116 
carcinoma 516 pedal cyclists, injuries 291 
corrosive acdslalhalis effect 587, 588 pedestrians 
cyanide poisoning 586 <érug/alcohol intoxication 296 
intubation 481 injures 291-5 
soot inhalation 325 children 292-3 
varices 516 primary/secandary/tertiary 291 
Ohunis law 327, 328 scooping-up 291, 292 
Oil Red-O 343, 344 sequence of events 291-2, 292 
‘olearesin capsicum (OC) 306 speed of impact 293 
‘omentum, injuries 286 types 293-4 
‘opioids 578-80 pebic indices’ 111 
‘organic solvents e slvent abuse pelvic organs, removal ar autopsy 22, 436 
organophosphorus pesticides, poisoning 567-8 pelvis 
organs fiactures 233 
atrophy, in neglect/starvation 414 injuries 233, 294 
‘examination ar autopsy 23-8 race determination from skeletal remains 122 
firearm damage 270 sex differentiation 111-12 
byposeasi 59 penetrating injuries 155-66 
positian in stab wounds 159 penis, in purreiction 65 
putrefiction 66-7 penknife, wounds 226, 229 
sification centres 117, 118, 119, 121 peppering, in explosions 275, 
feral mauity estimation 44, 445 pepper spray, injury 306 
time of appearance (ble) 119 peptic ulcer, perforated 517 
osteogenesis imperfecta 468-9 peribronchiolar cell inflation 455 
josteometric board 117 pericardial sac, bleeding into 228 
‘osteoporosis 180 pericarditis 503 
oxalate salts, deaths from 588-9 pericardium, examination in air embolism 347 
oxalic acd, deaths from 588-9 pericranium 175 
oxygen periodic acid-Schiff (PAS) stain 600 
blood content 353 periosteum 
deprivation 352, 357-8 blood and ealifcation under 466 
oxygenznitrogen ratio 489 dating of bones 126 
‘oxyhaemoglabin 356, 396, $86 shearing, in child abuse 466 
perirenal haemorthage/haemaroma 232, 510 
pachymeninges 189 peritoneal cavity bleding into 230 
pancreas, post-martem artefacts 36 peritonitis 233, 517 
pancreatitis, acute, in hypothermia 418 chemical 433 
papillary muscles, myocardial infarction 497 perivascular hiemorshage, in hypothermia 418, 
paracetamol poisoning 572-3 Perl's reaction 167, 197 
paradoxical respiration 223 persistent vegetative stare 53 
paraffin heaters 561 personal defence spray; injury 305-6 
paraquat poisoning 345, 566-7 personal identity, from skeletal remains 123-5 
parathion 567, 568 pesticides, organophosphorus 567-8 
paroxysmal nocturnal dyspnoea 505 petechial haemorthage 144 
paternity resting 106 ‘asphyxia’ 354-6, 304 
pathologists 2 asunteliale indicator 355 
fingerprints 101 barotrauma/dysbarism 490 
infanticide investigations 440-2 causes 354 
sudden death examination 492 disribution 354 
surgical procedure-eated deaths 480 drowning 403 
patients notes 481-2 clecttic fatalities 333 
patterned abrasions e abrasions, patterned facial appearance 354, 355, 356 
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petechial haemorrhage (cond) 

fatal presure on neck 371 

far embolism 344 

in hanging 388 

head injuries 14 

love bites 528, 530 

lungs, examination 24 

post-mortem arrefacts 36 

posture affecting 355, 

scleralleye 354 

significance 355-6 

serangulation 354, 382-3 

subpleural 355, 403 

sudden infant death syndrome 454, 456-7 

traumatic asphyxia! 364 
pethidine, blood/cssuc levels 580 
petrol 560 
pets, postmortem damage 76 
Dfimners table, bodily dimensions 108 
‘pharynx, chermal damage 320 
phencyclidine 580 
phenols 588 

deaths from 587-8 
phenothiazines, poisoning $73 
phloxine-tartazine tain 602 
phosgene, in fumes from fires 322 


pphosphotungstic acid-haematoxylin stain (PTAH) 342, 499 


phorogeaphy 
arauiopsy 13, 15,323 
bite marks 528, 530-1, 532 
cameras 32-3 
child abuse 476 
exhumation 37 
film ype 32 
identification by dentition 537 
illumination 32, 530-1 
scene of death 6 
composition 33 
‘phorosuperimpasiion techniques 128 
physical abuse 
in custody see custody, deaths in 
fatal, evidence 301-5 
see alo child abuse 


physical activity 
cadaveric spasm and 63 
sudden death and 519 


physique, hypothermia relationship 415 
pial veins 347 
pia mater 189 
piercing, infanticide 444 
pigmentation, mortled, 
pistols, injuries 271-2 
plucenta, examination in infanticide 443 
plastic bag, 
sexual asphyxia 390, 391, 596 
suffocation 359-60, 596 


heat injury 303, 304 
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plastic bullets 274 
plastic containers, fr samples 545 
plastic polymers, fumes from fires 322 
placlees 342, 346 
plarysma muscle, bruising 373, 
pleural adhesions 21, 225, 226 
pneumoconiosis, formalin inflation of lungs 24-5 
pneumonia, paraquat poisoning ws 567 
pneumothorax 223, 225-6 
autopsy 18, 31 
barotrauma/dysbarism 489, 490 
causes 225 
nnatural/uncxpected deaths 226 
csuscitaton artefacts 4 
‘sucking wound’ 225, 
tension 225 


types 225 
poisoning 541-51 
agrochemicals 566-9 
antimony 591 
arsenic te arsenical poisoning 
auropsy 543 
corrosive acidsfalalis and phenols 587-8 
cyanide 585-7 
detection of poisony/chemical 543 
drugs of dependence 577 
ethylene glycol 589 
exhumation 38-9 
fatal concentrations, variations 542-3 
fatal dose concepe 541-2 
hallucinogenic drugs 577-84 
hospital deaths 543 
medicines 8, 543, 570-6 
autopsy appearances 570-1 
autopay difficulties 570-1 
laboratory ces resus 57 
made of death 571 
sce aie spcifc drugdmedicines 
metals 589-92 
narcotic drugs 577-84 
‘organophosphorus pesticides 567-8 
oxalic acid and oxalate salts 588-9 
paraquat 566-7 
‘icin injection 550 
sample collection see sample collection 
samples, exhibit lbele exhibits aicer’ 544 
subendocardial haemorthage in 348 
thallium 591-2 
polaroid cameras, use at autopsy 32 
police 
autopsy request 3 
bite marks on 528 
police cells, suicide in 308 
police surgeons 421 
politics, human rights abuse and. 301 
polyarteitis nodosa S11 
polymerase chain reaction (PCR) 428 
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polymorphonuclear leucocytes, inflation 168, 170 post-mortem overspill 363 
polyps, sudden death from 516 postural asphyxia 355, 365, 
pontine haemorthage 517 posture 
pose-concussion state 209 drunken prisoners 307 
post-mortem arefacts 36 effect on cooling curve 80-1 
abrasions 139, 143, 149-50 petechial haemorrhages and 355 
aortic tears 285 sudden infane death syndrome 453, 
biceding behind larynx 59, 150, 375, potassium 88, 89 
bilscers/bloaring/discoloration 36 release in drowning. 401 
blood from mouth/nostils 12, 15, 36 potassium cyanide 585, 586 
bruises/brusing 13,36, 149-50 ppotasium fluoride 545, 546 
burns 331-2 potassium permanganate 434 
defibrillators. 12, 36,41 preauricularsulcus 111 
epidural haemorshage wy 192 precipitation (jumping from heigh) 240 
gastromalacis 36 predators, post-mortem damage se animal predation: 
haemorrhage 57,59, 150, 37 insects 
haemorrhage patches 36, pregnancy 65 
‘myocardium discoloration 36 deaths asvociated 431-8, 517 
neck, haemorthage 59, 150, 375, 377 see al abortion 
pancreas 36 ectopic 436 
petechiae 36 evidence from skeleton 114 
petcchial haemorthage 36 legal termination 431, 432 
putelied corpse 36, 65 seatbelt problems 289 
resuscitation ee resuscitation artefacts premedication, excessive 484 
post-mortem bleeding 225, 233, 340 pressure, adverse effeces 488-91 
post-mortem blood clocs 341 pressure marks 359, 360 
post-mortem changes 56-63 pressure sores 414 
burns 317 Prinsloo and Gordon artefact 59, 150, 375 
hypostasis 56-60 procurator fiscal 3 
immersion deaths 67-8, 396-7, 398-9 propane 561, 595 
surpery/anaesthesia-related deaths 480 propeler-induced injuries 399 
toxicological 545-6, 547 property, personal 8 
se alo decompositian; hypostsis, post-mortem; smass disasters 43-4 
rigor mors see alo clothing 
post-mortem cooling se cooling, post-mortem propylene 589 
post-mortem dependent oedema 56 prostaglandins, illegal abortions 434 
Pore-mortem examination see autopsy procein 
post-mortem hypostasc e hypostass, post-mortem ante-mortem 1s post-mortem burns 317 
post-mortem interval dating of bones 127 
cerebral hypoxia diagnosis 213 identification of bone fragments 108 
entomology and 76 pubic bone, sx differentiation 111 
se alo enomology pubic hair 104 
estimation 78-90 ‘examination in sexual offences 423 
body cooling/temperarure 7,79-83 ‘pubic scar’ 114 
gastric emprying 83, 85, 87-8 pabic symphysis, age estimation 118-20 
‘multiple site emperatures $3 "Pugiistc’arinude 63, 316, 321 
post-mortem chemistry 89-90 pulmonary artery injuries 228-9 
rectal temperature 81-2 palmonary barotrauma 489 
retinal changes 54 pulmonary damage, explosions 275 
arscene of death 6-7 palmonary embolism 24, 40-3, $13, $20 
‘temperature ratio’ concept 83, afer legal termination of pregnancy 432 
thermometry 82-4, 83 afer surgery 483, 520 
vitreous humour chemistry 88-9, 89-90 appearances 341-2 
4ee also cooling, post-mortem: rectal remperature dating 342-3, 520 
bbypostass relationship. 57, smedico-lgal aspects 340, M12, 520 
rigor morts and. G0, 61 post-mortem blood clot or 341 
“spor-check’ far 61 predisposing factors 341, 520, 
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pulmonary embolism (contd) 
rae causes $13 
sources of embolus 341, 520 
sudden death, deep vein thrombosis 513-14, 520 
‘rauma/disease interaction 340-1, 341, 520 
pulmonary fat embolism 343 
pulmonary granuloma $77 
pulmonary haemorthage 275, 286 
drowning 403 
vehicular accidents 286 
pulmonary inflammation 455 
pulmonary ligament 226 
pulmonary oedema 343, 396, 455 
carbon monaxide poisoning, 562 
deaths from corrosves 587 
drowning 402-3 
bbypertensive hare disease 505 
hypothermia 418 
morphine addicts 578-9 
pulmonary thromboembolism 513-14, 5200 
pulmonary tuberculosis, sudden death 516 
pulsation, absence 352 
‘punch-drunk’ syndrome 204 
punching, in child abuse 472 
puncture marks, autopsy resuscitation artefacts 40-1 
puncture wounds 153 
pupils 
‘cadaveric postion’ 54 
morphine administration efece 579 
sign of death 54 
Puppe'stule 266 
purging of body fuids 36, 65, 
Purkinje cells, sudden death in epilepsy. 514-15 
putreiction G49 
bacteria 64-5, 68 
blister: 64, 65 
definition 64 
facil bloating 65 
fingernal 65 
2s formation 64, 65, 435 
inhibition by adipocere formation 71 
internal organs 66-7 
parging duc a 36, 65 
sequence of changes 64-7, 
timing 64, 67, 69 
temperature eect 64,67, 68 
se alo decomposition 
purefied carpse 
bruising, glycophorin A detection 40) 
externalfinternal examination 39-40 
fingerprints 39, 102 
identification 39, 101, 102 
insect infestation 39 
ppovt-mortem arrfacts 36, 65 
sex determination 104 
pyloric spasm 553, 
pyogenic infections, in cocaine addicts 582 
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quinine, legal abortions 434 
uinsy 515 


race 1 
determination 
dentistry forensic 105, 533-4 
from skeletal remains 122-3 
ideotity establishment 105 
sex determination 108, 110 
skal features 110, 122, 123) 
subdural haemorshage in child abuse 470-1 
see aio ethnic characteristics 
radiation, burns 314-15 
radiocarbon test 127-8 
sidiography/cadiology 
age estimation in skeletal remaine 117, 121 
ai gun injuskes 272 
ante-mortem, identity establishment 125 
in barotrauma 31 
bullet wounds 266 
child abuse 32, 476 
igunshor/explosion deaths 31, 276 
‘denitication by dentition 537 
identification in explosion deaths 276-7 
mas disasters 44 
smedico-legal autopsy 32 
smurilated remains 31 
rec, in manual strangulation 373-4 
pneumothorax 31 
vertebral artery trauma 203 
sadiostrontium 128 
radius, in stature estimation 117 
nila injuries 297-8 
Rambo knife 143, 155 
ripe 
anal 427, 428, 429 
children 425-6, 427, 429 
crime scene 5 
deaths associated 421 
evidence 425-6 
geninal injuries 424 
see also sexual offences, deaths associated 
ss, postmortem damage 75 
srizors,stabfincised wounds 163, 
rectal temperature 
cooling curve 79-80 
in hypothermia 416 
‘measurement methods and controversy on 
Hie 
post-mortem interval estimation 81-2 
Hlensage’s nomogram 83, 84-5, 86 
arscene of death 7, 81-2 
;emperanure rato’ concept 83, 87 
foreign bodies 426 
rupture 231 
‘red flare’ 317 
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reflex candiac arrest cee candiae ares, tflex 
sefiigeration, infectivity effect U1 
‘refrigerator effcr’ 596 
slaves 
artendance a autopsy 3 
information on autopsy 3 
vena failure, afer rauma 345 
report, autopsy se auropsy, medico-legal, report 
respiration 
cessation as sign of death 55 
changes in lung in infants 446-7 
chest wall injuries and 223 
evidence in newborn 445-8 
obstruction, foreign bodies 515 
‘respirator lung’ 345 
respiratory arrest in electrical fatalities 328 
respiratory infections 454, 456 
respiratory insufficiency, in fat embolism 343 
‘respiratory paralysis in electrocution 327 
‘resuscitation artefacts 36, 40-1, 224, 353 
B-adrenergic catecholamines 41, 353 
airway damage 41 
bruising cheswhearfxce 40 
categories af damage 40-1 
defibilaors 12, 36, 41 
stic contents 4 
haemorrhages 40, 41 
Heimlich manoeuvre 41 
pneumothorax 41 
puncture marks 40-1 
se alo cardiopulmonary resuscitation (CPR) 
ee pegs 168 
child abuse 472-3 
sign of death 54 
retinal haemorrhages 41, 472-3 
reinal vessels, ‘trucking’ 54-5 
reraction halls/globes 210 
recrograde amnesia 209-10 
recropharyngeal abscess, eupaure 515 
revolvers 247, 248 
seal tiled weapons, wounds 
theumatic valve disease 506, 507 
‘Rhyl mummy’ 72 
sib fractures 223-4 
callus formation 467, 468 
child abuse 224, 467-8 
pneumothorax 223 
respiration affected 223 
‘ssing of beads’ 467 
vehicular accidents 285, 290 
icin 550 
tilled weapons 248 
ammunition 248 
barrel length 263, 
muzzle velocity 268 
test firing 263,270 


Index 
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led weapons, wounds 258-67 
abrasion collar 263-4, 268-9 
blowback inco bare (back spat 
in bone 266, 267, 270 
burning/blackening 259, 262 
cloge-range 261-2 
contact 258-60 
direction of discharge 265-6, 268 
entrance wounds 262, 264, 265, 266, 267 
exit wounds 260, 262, 263, 268-9 
extreme trajctary 265 
fouling 263 
gas rebound 263 
grease ring (ring of die’) 264-5 
hhypersemia around 260, 262 
mechanics 245-6 
smedium-distance 263 
muzzle gases 259 
‘muzzle imprint 260 
posture affecting 266 
powder tatooing 262-3 
range of discharge estimation 263, 270-1 
rast stsine 260, 261 
shelvinglundercutting 265 
soot/smoke sling 262-3, 
srcllare 268 
suicidal 259, 261 
‘angentialiglancing 269 
‘sheough-and-throwgh’ 268, 
tunburat explosive/illeron skin 263, 

sifles 247, 248 

right coronary artery 495, 

right ventricle 
hypertrophy 25 
stab wounds 226 

sigidiy cadaveric we rigor mortis 

rigor mortis 60-3 
biochemistry 61-2 
"ieaking’ 62 
charting teth and 536 
ddaracion 60 
clecttical fatalities G1 
external esumination 13 
fale, heat and cold iffening 63 
fingerprint raking 101 
ooseflesh in 61, 395 
rose effects 62 
hneight ofbody 103-4 
instanveadaveri spasm 63 
‘movement af body after 62 
non-skeleral muscle/tssues 60), 61 
removal of clothes 8 
testing 60, 61 
siminglsequence 60, 61 

factors affecting 60-1 
“ving fracture’ 181, 185, 214, 283, 290 


road traffic accidents see vehicular accidents: vehicular injuries 


Royal College of Pathologists 30, 44 
rubber bullets 274 
‘Rule of Nines’ 13, 313 


sacrum, sex characteristics 112 
salicylate poisoning 571-2 
saliva, samples 422, 528, 
sample collection 
in abortion deaths 436 
acautopay 19-21, 547-50 
bile 548, 
bitestbite marks $28, 531 
blood 


forculeures 29 
for DNA testing, 106, 604 
toad traffic deaths 296 
sites nor suitable 19-20, 547 
sitesiprocedures 19-20 
body fluids 19-21, 549 
cerebrospinal fluid 21, 548, 
in child abuse 476 
containers for 30, 545 
in cyanide poisoning 586-7 
in drug overdoses 543-4 
sentomological 78 
exhumation 37 
intestinal contents 549 
microbiological 20,29, 45-6 
‘microbiological contamination 29 
obscure autopsy 45-6 
in poisoning deaths 38-9, 543-4 
retention, legal issues 3 
saliva 422, 528 
scene of death 6 
semen 106, 423, 424 
in sexual offences 106, 423, 424 
in solvent/volasile substance abuse 549-50, 597-8 
stomach contents 27,545, 549 
Jn sudden infane death syndrome 456 
in surgical/anaestheticrlated deaths 486 
tissues 550 
twxicological 29-30, 46, 486, 543-4 
avoiding operator contamination 545 
containers 30, 545 
information far lboratory $44 
mass disasters 44 
post-mortem changes 545-6, 547 
preservation 544, 545-6 
request form 30 
sampling ste 546-7 
siming 544 
toxicology kit 20 
urine 20, 548 
Vitreous humour 20-1, $8, 548-9 
vomit 54) 


Index 


samples 
ancillary investigations 29 
DNA profiling 106 
hiselogy 30,46, 486 
labelling and continuity of evidence 544 
microbiological culture 20 
post-mortem changes 545-6, 547 
tape 6 
sand, in body, in immersion deaths 396, 404 
Suphie's myocaediis 508 
sarcoidosis, cardiac 509 
savy internal examination of chorax 18 
sealds 312-14 
child abuse 474 
scalp 
bleeding 176 
alier death 176 
bleeding below 175 
in child abuse 463 
forensic anatomy 174-5 
injures 174-8 
abrasions 175, 
bruising 175-6. 463 
from falle 177-8 
‘laying’ 176 
lacerations 151, 152, 175, 176-7 
petechise 354 
scalping injuries 152, 176 
scanning electron microscopy 
scapula 
fractures 468 
sexing from 113, 
age of 102-3 
appearancelcoloration 102, 103, 
cnc differences 102 
histology 103 
fnuman rights abuse 102, 303, 304 
density establishment 102-3 
kenife and bullet wounds 102 
surgical 102 
sraumaic 102 
scene of death 4-7 
atendance by pathologist 4 
body 
blood splashes 5-6 
clothing/property 8 
position 5 
removal 7 


equipmentithermometers 4-5 
examination 4-7 


personnel at 5 
photographs 6, 33 
protection 6 
samples 6 
solvent abuse 597 
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sudden infant death syndrome 453 

time since death estimation 6-7 

4ee alo post-mortem interval, estimation 

sciatic notch, greater LIL 
scissors, injuries from 164-5, 166 
scleral haemorshage, in child abuse 472 
scratches 137, 141 

seal abrasions fingernail, abrasions 
screwdriver wounds 153, 


injures 233, 

ppatefaction G4, 65 

rigor morts GL 
SCUBA diving 488, 489, 561 
season, putzefsction timing 64, 67 


seasonal incidence, sudden infant death syndrome 453 


seatbelts 287-9 
cetvical spine damage despite 284 
children/small persons 289 
criticisms 288 
injuries due to 288-9 
injury seduction 287-8, 288 
kinetic enesgy transfer reduced 137 
lap-strap ype 287, 288 
legislation 287 
mechanism of action 287 
pregnancy 289 
types 287, 288 
selébicing, in children 474 
selEinilited injuries 235-44 
pon-suicidal 235, 240-3 
characteristics 242 
features assisting recognition 241 
for gain 241 

‘wound position and clothing 8 

self-martyrdam 240 
callecrion/sampling 106, 423, 424 
post-mortem ejaculation 12-13, 61, 391 
testing 106, 424, 426-8 

‘spor’ cet 428 

seminal fluid, DNA profiling sample 64 

seminal stains 427-8 

senile myocardium 509 

septicaemia, in illegal abortion 433-4 

septum, eupeuted 502 

serological tests, bones/bone fragments 108, 127-8 

seroronin, in dating wounds 169 

tex determination 11 
bodily dimensions 108 
cytological examination 104 
dentistry, forensic 533 
DNA analysis 104, 533 
fluorescence 104 
identification from teeth 533 
rnon-skeletalized bodies 104 


Index 


skeletal remaing 108-14 
accuracy 108 
bone length 112, 113 
long bones 112-13 
other bones 113-14 
pelvis characeristcr 111-12 
pregnancy evidence 114 
sacrum characteristics 112 
shell 108-11 
veeth 109) 
sex differences 
Jnfane, sudden infune death syndrome and 452 
stature estimation 114 
sexual asphyxia 389-92, 596 
features 389-91 
mechanism 389 
smedico-legal aspects 391-2 
plastic bag 390, 391, 596 
suicide vs 390 
scaual intercourse, evidence 425-6 
sexual offences, deaths associated 421-30 
bites/bite marks 421-2, 528, 529, 530 
bruising 421, 422, 427 
children 106 
seal child abuse, sexual 
decapitation 423 
DNA profiling 106, 424, 428 
‘external esamination/findings 4214 
fingernail examination 423 
homicide 421, 423, 424 
homosexual 427, 428-9 
human rights abuse 305 
internal examination 424-5 
interpretation of minimal findings 425-6 
tectal temperature cautions 82 
sample collection 106, 423, 424 
semen testing 106, 424, 426-8 
shaken-haby syndrome 193, 469-70, 471 


shaking, subdural haemorrhage afer 193, 469-70, 471 


shark atacks 76 
shaving, head 14 
shear stress 193, 206, 209 
Shechanis haemorshage 348 
ships, suffocation in tanks 358 
shock 170 
shock waves, explosions/missles 246, 275, 
shooting, human rights abuse 305 
shorguns 246-8 
ammunition 246, 247-8 
cylinder and choke barrels 246 
vest firing 253 
swelvebore 247 
shocgun wounds 249-58 
appearance 249, 251-3, 255-8 
burns 250, 2 
catbon monoxide levels 250, 252, 267 
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the purposes of this encyclopedia. How about a 
DC-DC converter? Because converters are now 
sold in small packages by component suppliers, 
they have been included as components. 


Many similar decisions had tobe made on acase- 
by-case basis. Undoubtedly, some readers will 
disagree with the outcome, but reconciling all 
the disagreements would have been impossible. 
‘Speaking personally, the best | could do was cre- 
ateabook thats organized in the way that would 
suit me best if | were using it myself. 


Typographical Conventions 


Throughout this encyclopedia, the names of 
components that have their own entries are pre- 
sented in bold type. Other important electron- 
ics terms or component names are presented in 
italics where they first appear in any one section. 


‘The names of components, and the categories to 
which they belong, are all set in lower-case type, 
except where a term is normally capitalized be- 
cause it is an acronym or a trademark. Trimpot, 
for instance, is trademarked by Bourns, but trim- 
‘mer is not. LED is an acronym, but cap (abbrevi- 
ation for capacitor) is not 


Where formulae are used, they are expressed in 
a format that will be familiar to computer pro- 
grammers but may be unfamiliar to others. The 
* (asterisk) symbol is used in place of a multipli- 
cation sign, while the / (slash symbol) is used to 
indicate division. Where pairs of parentheses are 
nested, the most deeply nested pair identifies 
the operations that should be performed first. 


Volume Contents 


Practical considerations relating to book length 
influenced the decision to divide The Encyclope- 
dig of Electronic Components into three volumes. 
Each volume deals with broad subject areas as 
follows. 


Volume 1 


Power, electromagnetism, and discrete sem- 
iconductors. 


Typograp! 


‘The power category includes sources of pow- 
er and methods to distribute, store, inter- 
rupt, and modify power. The electromagnet- 
ism category includes devices that exert 
force linearly, and others that create a turn- 
ing force. Discrete semiconductors include 
the main types of diodes and transistors. 


Volume 2 
Integrated circuits lightsources, sound sour- 
ces, heat sources, and high-frequency sour- 
ces, 


Integrated circuits are divided into analog 
and digital components. Light sources range 
from incandescent bulbs to LEDs and small 
display screens; some reflective compo- 
nents, such as liquid-crystal displays and e- 
ink, are also included. Sound sources are pri 
marily electromagnetic. 


Volume 3 
Sensing devices. 


Thefield of sensorshas become so extensive, 
they easily merit a volume to themselves. 
Sensing devices include those that detect 
light, sound, heat, motion, pressure, gas, hu- 
midity, orientation, electricity, proximity, 
force, and radiation 


Atthe time of writing, volumes 2 and 3 are still in 
preparation, but their contents are expected to 
be as described above, 


Safari® Books Online 


Safari Books Online is an on-demand digital li 
brary that lets you easily search over 7,500 tech- 
nolagy and creative reference books and videos 
to find the answers you need quickly. 


With a subscription, you can read any page and 
watch any video from our library online. Read 
books on your cell phone and mobile devices. 
Access new titles before they are available for 
print, and get exclusive access to manuscripts in 
development and post feedback for the authors. 
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shorgun wounds (com) 
cartridge constimuents contributing, 249 
close discharge 251-3 
contact wounds 249-51 
entrance ssexit wound 267 
‘muzzle impression 250, 251 
cover bone 250-1 
direction of dischargslinjury 254-5 
‘xis wounds 255, 259, 267 
features 251-3, 255-8 
foreign body embolism 345 
hair singeing 251, 253 
internal tact 255-6 
smid-so-distane range 253-4 
radiography 257, 258 
range of discharge estimation 249, 271 
‘a-hole’ appearance 249, 253 
secondary damage 256 
shape 249-50, 254 
shelvinglundercutting 254-5, 256 
short-to-mid-range discharge 253 
skull 266, 267 
soiling/burning 249-50, 251, 252 
suicidal 253, 254, 255 
tangential 256, 257-8 
tattooing in 252 
‘theough-and-chrough’ 267 
track 255 
swelve-boreshorguns 25) 
hunting accident 259 
wad wounds 254, 256-7 
siderophage 577 
SIDS see sudden infant death syndrome (SIDS) 
sixpenny bruises 148, 463 
skeletalization 67 
skelecal remains 106-8 
age determination from sr age estimation 
are the remains bones? 107 
ddaing se under dating 
evidence of pregnancy from 114 
cextrsjudicial execution 305 
facial appearance reconstruction 128-9 
faral abuse 302 
general categorization 107 
fbuman origin, determination 107-8 
identification 99, 106-8, 537 
persona identicy 123-5, 
se also under denisry forensic 
phorosuperimposiion techniques 128 
3 
sex determination see sex determination 
stature estimation see under stacure 
skelecon,reasembly and layout 108 
skin 
in age determination 11, 104 
bilisers see blisters 
burning see burns 


252, 253,254, 255, 256, 258 


race determination 12. 
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colour 12 
abortion deaths 346 
baroruma 489 
burns bodies 99 
catbon monoxide poisoning 57, 562, 
cyanide poisoning 586 
ethnic characterstice 99 
hhypostasiseffece 99 
hypothermia 416, 417 
purrefaction 64, 65 
crepitance 489) 
destruction, second degree burns 313 
forensic anatomy 137-8, 174 
haemorrhages, in hypostsis $7, 58 
heated, splits in 316, 318 
infections, in neglcu/starvation 414 


in mummification 72 

in neglec/starvation 413-14 

pigmentation, in identity establishment 99, 105 
sin-drop’ punctate pigmentation 590 

resistance ro electrical current 328 

stab wounds 162-3 

seructure 138 

temperature 79, 82 

thickness, sab wounds 162 


‘skin popping’ 578 
skin-slippage 64, 65, 99 
skull 


bulleishorgun wounds 266, 267 
children 464-5, 466 
examination a autopsy 22 
facial appearance reconstruction. 12 
flesbiliry, in infants 183 
forensic anatomy 108, 181-2 
identification feom 
age-estimation 120-2 
personal identiey 124-5 
race determination 110, 122, 123 
sex determination 108-11 
muscle ridges 109 
removal at autopsy 19 
seress lines 183 
suture lines 120-2, 181 
diastass (springing) 185, 187, 188 
tenuile srengeh 186-7 
thickness 181-2 


sal feacrures 181-9 
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ante-mortem 1 post-mortem 182 
anterior fossa, black eyes 179, 180 
axes/cutting weapons 186 

basal linear 184-5 

base af skull 185 

blood below pericranium 175 
bbunc injuries 177, 183 

child abuse 185, 464-6 

children 180, 185, 466 


comminuted, bullet wounds 266, 267 
comminuted depressed 183, 186 
dangers. 1889 
depressed 177, 184, 186, 187, 188 
‘raumatic epilepsy afier 188-9 
extradural haemorrhage associated 190-2 
falls 184, 187 
force required for 186-7 
frontal bone 466 
‘growing’ 466 
“hinge! 183-4, 188, 290 
bhorizomal cracks 466 
infections 189 
linear 183, 184-5 
mechanics 182-4 
‘seuele hoop’ analogy 182, 183, 206 
meningeal haemarchage after 188 
motorcyclists 185, 188, 290-1 
occipital 184, 466 
cccipiroparictl 464 
pond fracture 185-6, 186 
Puppe’s Rule 184 
ig fracture’ 181, 185, 214, 283, 290 
shorgun wounds 258 
significance 182, 204 
sites 183-4 
‘spider's web’ (mosaic) 184, 186 
‘staggered’ 466 
sepped 185 
types 184-6 
vehicular accidents 188-9, 284, 287 
slashes 154-5, 155, 
slippery elm 433 
smoke 


autopry appearance of burns 315-16 
inhalation 317, 3: 
soiling 252 
se aio fume inhalation 
smothering 358-61 
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power > source > battery 


battery 


This entry covers electrochemical power sources, Electricity is most often generated 
electromagnetically, but since these sources cannot be classified as components, they 
are outside the scope of the encyclopedia. Electrostatic sources are excluded for similar 


reasons. 


Abattery is sometimes referred to.asa cell or power cll, but can actually contain multiple 
cells, as defined in this entry. Itused to be called an accumulator or apile, but those terms 


are now archaic. 
OTHER RELATED COMPONENTS 


+ capacitor (s00 Chapter 12) 


What It Does 


A battery contains one or more electrochemical 
cells in which chemical reactions create an elec- 
trical potential between two immersed termi- 
nals. This potential can be discharged as current 
passing through a load. 


An electrochemical cell should not be confused 
with an electrolytic cell, which is powered by an 
external source of electricity to promote electrol- 
ysis, whereby chemical compounds are broken 
‘down to their constituent elements. An electro- 
lytic cell thus consumes electricity, while an elec- 
trachemical cell produces electricity. 


Batteries range in size from button cells to large 
lead-acid units that store power generated by 
solar panels or windmills in locations that can be 
off the grid. Arrays of large batteries can provide 
bridging power for businesses or even small 
communities where conventional power is un- 
reliable. Figure 2-1 shows a 60KW, 480VDC self- 
watering battery array installed in a corporate 
data center, supplementing wind and solar sour- 


ces and providing time-of-day peak shaving of 
energy usage. Each lead-acid battery in this array 
measures approximately 28" x 24” x 12” and 
weighs about 1,000 Ib, 


Figure 2:1. A battery array providing 6OKW at 420VDC as 
backup for a corporate data center. (Photo by permission 
‘of Hybridyne Pawer Systems, Canada, Inc. and the Hy 

bridyne group af campanies. Copyright by Hybridyne, an 
internationally registered trademark of Hybridyne Power 
Systerns Canada Inc. No right of further reproduction un- 

less specifically granted by Hybridyne.) 
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Preface 


Since the first edition of this book, new developments in forensic biology have led to a rapid 
expansion of the knowledge of the field. Therefore, itis necessary to create a new edition. This 
edition provides updates in most chapters of the original edition, Additionally, three new 
chapters (Chapters 2, 16, and 17) have been added and approximately 200 new figures have 
been created for this edition. Just like the first edition of this book, the new edition aims to 
inspire an undergraduate audience to tackle new challenges in the forensic biology field. It is 
written specifically to provide a general understanding of forensic biology and assist students 
in becoming more knowledgeable about the field of forensic biology and the wealth of available 
information, My readers should find that this edition of the book contains useful information, 
presented in a way that is more easily understood. Hopefully, it will be utilized by students, 
particularly those interested in forensic biology, to further enhance their education and training. 
1 will continue to be open to suggestions in the Future 
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How It Works 


Schematic symbols for a battery are shown in 
Figure 2-2. The longer of the two lines represents 
the positive side of the battery, in each case. One 
way to remember this is by imagining that the 
longer line can be snipped in half so that the two 
segments can combine to form a + sign. Tradi- 
tionally, multiple connected battery symbols in- 
dicate multiple cells inside a battery; thus the 
center symbols in the figure could indicate a 3V 
battery, while those on the right would indicate 
a voltage greater than 3V. In practice, this con- 
vention is not followed conscientiously. 


Figure 2-2. Schematic symbols for a battery. Each pair of 
symbols within a blue rectangle s functionally identical 


How It Works 


In a basic battery design often used for demon- 
stration purposes, a piece of copper serves as an 
electrode, partially immersed in a solution of cop- 
per sulfate, while a piece of zinc forms a second 
electrode, partially immersed ina solution of zine 
sulfate, Each sulfate solution is known as an elec- 
trolyte, the complete battery may be referred to 
asa cell, and each half ofit may be termed a half- 
eel. 


A simplified cross-section view is shown in 
Figure 2-3, Blue arrows show the movement of, 
electrons from the zinc terminal (the anode), 
through an external load, and into a copper ter- 
minal (the cathode). A membrane separator al- 
lows the electrons to circulate back through the 
battery, while preventing electrolyte mixing. 


Orange arrows represent positive copper ions. 
White arrows represent positive incions.(Anion 


power > source > battery 


is an atom with an excess or deficit of electrons.) 
The zinc ions are attracted into the zinc sulfate 
electrolyte, resulting in a net loss of mass from 
the zinc electrode, 


Meanwhile, electrons passing into the copper 
electrode tend to attract positive copper ions, 
shownas orange arrowsin the diagram. The cop- 
perions are drawn out of the copper sulfate elec- 
trolyte, and result in a net accumulation of cop- 
per atoms on the copper electrode. 


This processis energized partially by the fact that 
zinctends to lose electrons more easily than cop- 
per. 


ne 
Sulfate 
Electrolyte 


Zine 
Electrode 


Copper 
Electrode 


Figure 2-3. A classically simple electrochemical cell See 
text for additional details 
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Introduction 


‘This text defines forensic biology as analyses performed in the forensic biology sections of foren- 
sic laboratories and thus focuses on forensic serology and forensic DNA analysis. The aim of this 
book is to emphasize the basic science and its application to forensic science in an effort to make 
the principles more understandable. In addition, it introduces the language of forensic biology, 
thus enabling students to become comfortable with its use, and it provides clear explanations of 
the principles of forensic analysis 

‘To convey a general understanding of the concepts of forensic biology, it is necessary to 
include explanations of various techniques that are utilized in the field. The intent isto provide 
students witha scientific grounding in the area of forensic biology by offering an introduction to 
‘methods and techniques utilized by forensic biology laboratories. The techniques introduced in 
this text are accompanied by brief background descriptions and discussions of basic principles 
and techniques. Schematic illustrations are included where necessary. The text also acknowl- 
‘edges the benefits and limitations that apply to forensic biology techniques. Forensic techniques 
that were used in the past are also described. Learning past examples of forensic tests can help 
students to review historical forensic cases. 

‘This text contains five modules, organized by section: Section I, Biological Evidence 
(Chapters 1-4); Section I, Basic Techniques in Forensic Biology (Chapters 5-11); Section III, 
Identification of Biological Evidence (Chapters 12-17); Section IV, Individualization of 
Biological Evidence (Chapters 18-23); and Section V, Forensic Issues (Chapters 24-26). The 
26 chapters are designed to be covered in a single-semester course. 


wi 


SECTION 


Biological Evidence 


Crime Scene Investigation 
of Biological Evidence 


A forensic investigation involving biological evidence usually begins at the crime scene. The 
crime scene investigation process includes maintaining scene security, preparing documen- 
tation, and collecting and preserving physical evidence. A crime scene investigation requires 
teamwork and effort, Each team member should be assigned specific tasks (Figure 1.1) 


1.1 Protection of Crime Scene 

A crime scene investigation begins with the initial response to a scene (Figure 1.2). Securing 
and protecting the scene are important steps in a crime scene investigation (Figures 1.3 through 
1.6), and this task is usually carried out by the first responding officer arriving on the scene, The 
entry of authorized personnel admitted to the scene should be documented using a log sheet 
(Figure 1.7), Suspects, witnesses, and living victims should be evacuated from the scene. If a 
victim is wounded, medical attention should be sought. 

‘Appropriate supplies and devices should be used to prevent the contamination of evidence by 
investigators. Protective wear and devices including a face mask or shield, safety eyeglasses, a dis- 
posable coverall bodysuit, gloves, shoe covers, and a hairnet should be used (Figures 1.8 and 1.9) 
Exposure to bodily fluids may occur during a crime scene investigation. An investigator can be 
‘exposed to bodily fluids through the mucous membranes, skin exposure, and needlestick injuries 
(especially when investigating a clandestine drug laboratory scene). Therefore, biosafety proce- 
dures must be followed for the protection of personnel from infectious blood-borne pathogens 
such as the human immunodeficiency virus (HIV), hepatitis B virus (HBV), and hepatitis C virus 
(HCY); infectious aerosol tuberculosis pathogens; and other biohazardous materials. 


1.2. Recognition of Biological Evidence 

|A preliminary survey should be carried out to evaluate potential evidence. In particular, the 
recognition of evidence plays a critical role in solving or prosecuting crimes. The priority ofthe 
potential evidence at crime scenes should be assessed based on exch item’ relevance tothe sola- 
tion ofthe case. Higher priority should be assigned to evidence with probative value to the case. 
For example, the evidence related to a corpus delicti is considered to be of the highest priority. 
Corpus delictiis a Latin term meaning “body of crime.” In Western law, it primarily refers to the 
principle that in order for an individual to be convicted, itis necessary to prove the occurrence 
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Figure 1.1 Acrime scene investigation tear. (@ Richard C. Li.) 


Figure 1.2 Actime scene unit vehicle that is used to respond ta crime scenes. This type of vehicle 
is usually outfitted with devices and supplies that investigators need when processing a crime 
scene, as well as evidence packaging materials, fingerprint collection kits, and DNA collection kits. 
Additionally, it can be equipped with a workstation for computer access, a refrigerator far storing 
‘chemicals, and a compact fuming hood for processing latent fingerprints, as well as equipment 
cabinets and drawers. (@ Richard C. Li) 


Figure 1.3 Crime scene barrier tape is used to ensure that only investigators are admitted to the 
scene. (Courtesy of H. Brewster.) 


1.2 Recognition of Biological Evidence 


Figure 1.4 A police officer guards the crime scene. (© Richard C. Li} 


Figure 1.5 Crime scene privacy screen and tent. The screen (top) and the tent (bottom) are useful 
devices for shielding the evidence or bady from viewing by unauthorized personnel. (® Richard C. Li.) 


Forensic Biology, Second Edition 


Figure 1.6 Barricades are set up to Keep crowds at a distance from the scene. (® Richard C. Li.) 


of the crime. In a forensic investigation, it also refers to the physical evidence proving that a 
crime was committed. For example, when an individual is missing, a missing persons investi 
gation is usually initiated. If corpus delict, such as a dead body or a victim's blood at a crime 
scene (Figure 1.10), is discovered during the investigation, a homicide case can be established 
and a suspect can be charged with homicide. Higher priority should also be attached to evidence 
that can establish connections such as victim-to-perpetrator linkage. For example, items found 
in a perpetrator’s possession may be linked to a victim. This also applies to transfer evidence 
based on the principles of transfer theory, also known as the Locard exchange principle, which 
theorizes that the cross-transfer of evidence occurs when a perpetrator has any physical contact 
with an object or another person (Figures 1.11 through 1.14). Thus, trace evidence, such as hairs 
and fibers, may be transferred from a perpetrator to a victim or vice versa. This explains why it 
is important to ensure that perpetrators and their belongings are thoroughly searched for trace 
evidence, Likewise, victims and their belongings should be examined for the same reason. 
Victim-to-scene and perpetrator-to-scene linkages can also be established. Blood belonging 
to a perpetrator or a victim found at a crime scene can establish such a linkage (Figure 1.15). 
Additionally, reciprocal transfers of trace evidence from crime scenes can be used to link a 
suspect ora victim to a crime scene. A perpetrator may present a unique modus operandi (MO). 
‘Modus operandi, a Latin term commonly used in criminal investigations, refers to a particular 
pattern of characteristics and the manner in which a crime is committed. For example, Richard 
Cottingham, a serial killer known as “the torso killer,” dismembered his victims and took their 
limbs and heads with him but left their torsos at the scene. He then set the rooms on fire before 
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Figure 1.7 An example of a log sheet for dacumenting authorized personnel at a crime scene. 
(© Richard C. Li) 


fleeing the scenes. Evidence that provides information on the MO is also vital to an investiga 
tion. A distinct MO can establish a case-to-case linkage for serial offender cases, 


1.3 Searches 

Some investigations require a search for specific items of evidence such as biological stains, 
‘human remains, and all relevant evidence. A search usually has a specific purpose. Thus, the 
use of search patterns can be helpful, especially in cases involving large outdoor crime scenes. 
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power> saurce> battery 


Batteries for use in consumer electronics typical- 
lyusea pasteinstead of aliquid as an electrolyte, 
and have been referred to as dry cells, although 
this term is becoming obsolete. The two half- 
cells may be combined concentrically, as in a 
typical 1.5-volt C, D, AA, or AAA alkaline battery 
(see Figure 2-4) 


Conducting, 
Seperator 


Figure 2-4. Cross-section view of a typical .5-volt alka 
line battery, 


A1.5V battery contains one cell, while a 6V or 9V 
battery will contain multiple cells connected in 
series, The total voltage of the battery is the sum 
of the voltages of its cells. 


Electrode Terminology 

The electrodes of a cell are often referred to as 
the anode and the cathode. These terms are con- 
fusing because the electrons enter the anode in- 
side the cell and leave it outside the cell, while 
electrons enter the cathode from outside the cell 


Variants 


and leave it inside the cell. Thus, the anode is an 
electron emitter if you look at it externally, but 
the cathode is an electron emitter if you look at 
it internally. 


Conventional current is imagined to flow in the 
opposite direction to electrons, and therefore, 
outside the cell, this current flows from the cath- 
code to the anode, and from this perspective, the 
cathode can be thought of as being “more posi- 
tive’ than the anode. To remember this, think of 
the letter tin “cathode” as being a+ sign, thus: 
cathode. In larger batteries, the cathode is often 
painted or tagged red, while the anode may be 
painted or tagged black or blue. 


Whena reusable battery is recharged, the flow of, 
electrons reverses and the anode and the cath- 
ode effectively trade places. Recognizing this, 
the manufacturers of rechargeable batteries may 
refer to the more-positive terminal as the anode. 
This creates additional confusion, exacerbated 
further still by electronics manufacturers using 
the term “cathode" to identify the end of a di- 
‘ode which must be “more negative" (ie, ata low- 
er potential) than the opposite end. 


To minimize the risk of errors, itis easiestto avoid 
the terms “anode” and “cathode” when referring 
to batteries, and speak instead of the negative 
and positive terminals. This encyclopedia uses 
the common convention of reserving the term 
“cathode" to identify the “more negative” end of 
any type of diode. 


Variants 


Three types of batteries exist. 


1. Disposable batteries, properly (but infre- 
quently) referred to as primary cells. They are 
not reliably rechargeable because their 
chemical reactions are not easily reversible. 

2. Rechargeable batteries, properly (but infre- 
quently) known as secondary cells. They can 
berecharged by applying avoltage between 
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Figure 1.8 Personal protectian wear and devices that are used at crime scenes. (@ Richard C. Li.) 
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Figure 1.9 Disposable glove (left) and glove with extended cuff (right). (© Richard C. Li) 


Search patterns may include a grid, line, or zone (Figures 1.16 and 1.17). The method that is ulti- 
‘mately used depends on the type and size of the scene (Figures 1.18 through 1.20). Additionally, 
the points of entry and exit and the paths followed by a perpetrator should also be searched 
Searching for biological stains usually utilizes devices such as an alternate light source (ALS); 
see Figures 1.21 and 1.22. An ALS either produces a single specific wavelength of light or a desired 
‘wavelength by using specific filters. iological materials such as blood, semen, and saliva emit fluo- 
rescent light under an ALS, which can facilitate the locating of biological materials. Additionally, 


1.3 Searches 


Figure 1.11 An electrostatic dust print lifting device can be utilized for processing impression 
evidence such as footprints and tire tracks. (© Richard C. Li.) 


Metalic side of 
lt fila 
Plastic side of 
ling fila 


Tirtrtte 


Ground plate 


Figure 1.12 Basic components of an electrostatic dust print lifting device. The lifting film is 
placed on top of the item in question with the plastic side against the surface and the metallic side 
facing up. A ground plate is placed directly on the ground. The lifting film and ground plate are con- 
nected to the voltage supply apparatus. Once the charging voltage is turned an, the static charge 
transfers the dust particles from the surface to the plastic side of the lifting film. (@ Richard C. Li.) 


Forensic Biology, Second Edition 


Figure 1.13 A high-intensity light-emitting diode (LED) device for lacating evidence at @ crime 
scene is particularly effective in highlighting trace evidence such as hairs, fibers, and shoe prints, 
(© Richard C. Li) 


Figure 1.14 A hair found on a victim's clothing can be transferred evidence from a suspect. 
(© Richard C. Li) 


Figure 1.15 Finding a victim's blood on a suspect's clathing can establish a link between them, 
(© Richard C. Li) 
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Figure 1.16 Grid search pattem for an outdoor scene. The investigators and anthropologists pres: 
‘ent are searching far human bone evidence within the grid. (Courtesy of H, Brewster.) 


Figure 1.17 Line search pattern for an outdoor scene. (Courtesy of H. Brewster.) 


Receiver Transmitter 


Figure 1.18 Using ground-penetrating radar (GPR) to locate clandestine graves of homicide victims. 
GPR uses electromagnetic waves emitted from a transmitter, which are detected by a receiver to locate 
clandestine burials and buried objects such as weapons embedded in soils. Images of the potential 
‘evidence are typically obtained by moving the antenna ofthe GPR device over the surface ofthe ground, 
(© Richard C. Li) 
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Figure 1.19 Using cadaver-sniffing dogs to alert investigators to the presence af buried bodies. 
‘The odor produced by the decompositian of the human body may be sensed by cadaver-sniffing 
dogs. Odor-absorbing pads absorb and retain the scent of decomposed remains and can be placed 
at the scene for several days. Upon sniffing the pads, a cadaver dog may indicate the presence 
of buried human remains or may indicate that human remains were once buried in that location. 
However, itis not clear that this technique is reliable, (@ Richard C. Li) 


Figure 1.20 Tracking dog for searching suspects. Ina situation of processing a recent crime scene 
when the suspect may be in close vicinity to the scene, a tracking dog can be used. A tracking 
dog, such 28 a bloodhound, can potentially follow the scent from items left at the scene to locate a 


suspect nearby. (© Richard C. Li) 
2 


1.3 Searches 


cifically for use at 
logical evidence 


Compact alternate light source devices, which are intended spi 
luce Search time and improve the recovery of evidence such a: 
lly enhanced latent fingerprints. (© Richard C. Li.) 


fe 1.22 LED light sources provide illumination for locating evidence such as bodily fluid 
stains, hair, or fibers. (@ Richard C. Li) 
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Figure 1.23 An example of a compact Rapid DNA device for processing DNA evidence in the field 
(© Richard C. Li) 


Atomoile Backing Cae 


Figure 1.24 An example of sketch dacumentation. (© Richard C. Li.) 


field tests and enhancement reagents can be used to facilitate crime scene searching (Chapter 12). 
“These reagents can detect and identify biological evidence, The tests are very simple, rapid, and 
sensitive, and thus can be used at crime scenes. For example, phenolphthalin and leucomalachite 
green tests can be used for detecting blood evidence. Sometimes, minute amounts of blood may be 
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Figure 1.25 Sketches for documenting the sites of fingerprints. (© Richard C. Li.) 


present at the scene as a result of attempts to clean up blood prior to the investigation. These stains 
may not be visible with the naked eye. Enhancement reagents such as luminol and fluorescein, 
which emit chemiluminant and fluorescent light upon reacting with certain biological materials, 
respectively, can be used. Additionally, the enhancement reagents can detect faint blood-containing 
pattern evidence such as faint bloody fingerprints, footprints, and other pattern evidence of physical 
contact such as drag marks in blood. However, precaution should be taken since these reagents are 
not usually very specific to blood, Certain substances such as bleach, various metals, and plants may 
also lead to chemical reactions with the field tests and the enhancement reagents. In these cases, the 
evidence collected is further tested with laboratory examination and analysis. 

y, portable and field-deployable instruments have been developed that are capable 
of processing buccal swabs and potentially other evidence to produce a DNA profile on-site 
(Figure 1.23). Itisa fully automated process, using the Rapid DNA technology (Chapter 8), that 


nek | 


Figure 1.26 reflected ultraviolet imaging system (RUVIS) imager for documenting clase-up views 
‘of evidence such as latent fingerprints. (© Richard C. Li.) 
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Figure 1.27 Scales for photographic documentation. Regular scales (top) can be used with vis 
ible light sources. Fluorescence scales (bottom) can be used for the documentation of fluorescing 
‘evidence after certain treatment, such as chemical enhancement, using alternate light sources. (© 
Richard C. Li.) 


can be completed within 2 h by a trained crime scene investigator or police officer. These instru 
ments may provide a new tool for expediting the identification of suspects and developing inves 
Ligative leads at the scene. Additionally, this technology can enable law enforcement agents to 
rapidly determine whether the crimes were isolated incidents or part of serial crimes committed 
by the same offender, such as in serial burglary and arson cases. It can also be used in the iden 
tification of human remains in mass disasters. 


1.4 Documentation 

‘The conditions at a crime scene, including both the individual items of evidence and the overall 
scene, must be documented to provide vital information for investigators and for the courts, The 
most common documentation methods are drawing sketches and taking photographs and vid: 
eographs. The sketch is to reflect the positions and the spatial relationships of items and persons 
with measurements using a scale. An investigator usually prepares a rough sketch first and later 
converts the rough sketch into a finished sketch (Figures 1.24 and 1.25). If bloodstains are pres: 
entat the scene, the location of bloodstain patterns should be emphasized. Prior to handling and 
moving evidence, photographs should be taken with different views: an overall view of the entire 
scene, a medium-range view showing the positions and the relationships of items, and a close-up 
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Figure 1.28 Photographic dacumentation of bloodstain patterns. (@ Richard C. Li) 


view showing details of the evidence (Figure 1.26). Photographs should also include a measuring 
device such as a scale (Figure 1.27) to accurately depict the sizes of items such as bloodstains oF 
bite marks. This can be achieved simply by placing a ruler adjacent to the evidence when itis pho- 
tographed (see Figure 1.28). A photograph log sheet can be used to record the chronological order 
‘of crime scene photographs and to note filming conditions and any additional relevant informa- 
tion (Figure 1.29). Similar documentation should be prepared for videographs when appropriate. 
Additionally, written or audio-recorded notes can be used. Notes should include complete and 
accurate information of a crime scene investigation, such as the case identifier number, the iden- 
tities of the investigators, and a description of the scene or items (eg. location, size, and shape). 
‘Additionally, any disturbance of evidence occurring during crime scene processing should be 
noted. 


1.5 Chain of Custody 

Custody information should be recorded at each event when evidence is handled or transferred 
by authorized personnel. Usually, a custody form listing a specific evidence item is used to docu- 
‘ment the chain (Figure 1.30), Each individual who acquires custody of the evidence must sign 
‘a chain of custody document. An incomplete chain of custody may lead to an inference of pos- 
sible tampering or contamination of evidence. As a result, the evidence may not be admissible 
in court. 


” 


Variants 


the terminals from an extemal source such 
asa battery charger. The materials used inthe 
battery, and the care with which the battery 
is maintained, will affect the rate at which 
chemical degradation of the electrodes 
gradually occursas itis recharged repeated- 
ly. Either way, the number of charge/ 
discharge cycles is limited. 

3. Fuel Cells require an inflow of a reactive gas 
such as hydrogen to maintain an electro- 
chemical reaction over a long period. They 
are beyond the scope of this encyclopedi 


Alarge capacitor may be substituted for a bat- 
tery for some applications, although it has a low- 
er energy density and will be more expensive to 
manufacture than a battery of equivalent power 
storage. A capacitor charges and discharges 
much more rapidly than a battery because no 
chemical reactions are involved, but a battery 
sustains its voltage much more successfully dur- 
ing the discharge cycle. See Figure 2-5. 


Battery 


Vortage-> 


Capacitor 


Time > 


Figure 2-5. The voltage drop of a discharging capacitor is 
much steeper intial than that of a battery, making ca- 
pacitors unsuitable as a battery substitute in many appl: 
cations. However, the abilty of a capacitor fo discharge 
very rapidly at high amperage can sometimes be a sign 
cant advantage. 


Capacitors that can store a very large amount of, 
energy are often referred to as supercapacitors 


power > source > battery 


Disposable Batteries 

‘The energy density of any disposable battery is 
higher than that of any type of rechargeable bat- 
tery, and it will have a much longer shelf life be- 
‘cause it loses its charge more slowly during stor- 
age (this is known as the self-discharge rate). Dis- 
posable batteries may have a useful life of five 
years or more, making them ideal for applica- 
tions such as smoke detectors, handheld re- 
motes for consumer electronics, or emergency 
flashlights. 


Disposable batteries are not well suited to deliv- 
ering high currents through loads below 750. 
Rechargeable batteries are preferable forhigher- 
current applications. The bar chart in Figure 2-6 
shows the rated and actual capabilities of an al- 
kaline battery relative to the three most com- 
monly used rechargeable types, when the bat- 
tery is connected with a resistance that is low 
enough to assure complete discharge in 1 hour. 


The manufacturer's rating of watt hours per kilo 
is typically established by testing a battery with 
a relatively high-resistance load and slow rate of, 
discharge. This rating will not apply in practice if 
a battery is discharged with a C-rate of 1, mean- 
ing complete discharge during 1 hour. 


‘Common types of disposable batteries are zinc- 
carbon cells and alkaline cells. in a zinc-carbon 
cell, the negative electrode is made of zinc while 
the positive electrode is made of carbon. The 
limited power capacity of this type of battery has 
reduced its popularity, but because it is the 
cheapest to manufacture, it may still be found 
where a company sells a product with “batteries 
included: The electrolyte is usually ammonium 
chloride or zinc chloride. The 9V battery in 
Figure 2-7 is actually a zinc-carbon battery ac- 
cording to its supplier, while the smaller one be- 
side it is a 12V alkaline battery designed for use 
in burglar alarms. These examples show that bat- 
teries cannot always be identified correctly by a 
casual assessment of their appearance 
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Figure 1.29 Grime scene photography log, (@ Richard C. Li.) 


1.6 Collection of Biological Evidence 

After the crime scene documentation is completed, the collection of evidence can be initiated. 
Small or portable items, such as bloodstained knives, can be collected and submitted to a crime 
laboratory (Figure 1.31), Large or unmovable items of evidence (Figure 1.32) can be collected 
and submitted in sections, such as a section of wall where bloodstains are located. Table 1.1 
and Figures 1.33 through 1.38 summarize and illustrate representative collection techniques 
Specific care is required for the collection of biological evidence in the following situations: 


% Bloodstain pattern evidence: It is especially important to thoroughly document the 
bloodstain pattern evidence at a crime scene prior to collection, Bloodstain patterns 
can be especially useful in crime scene reconstruction, 


1.8 Collection of Biological Evidence 


Figure 1.30 Labels with the chain of custody that are used for marking the evidence contained in 
the packaging. (© Richard C. Li.) 


Figure 1.31 Handling sharp objects. Bloodstained knives collected and submitted to laboratories 
(top) and a box for packing sharp objects (bottom). (© Richard C. Li.) 
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Figure 1.32 A section of bloodstained carpet is collected. (® Richard C. Li) 


By) Multiple analysis of evidence: If multiple analyses are needed for a single item of evi 
dence, nondestructive analyses should be carried out first. For example, a bloody fin 
gerprint should be collected for ridge detail analysis prior to collecting blood for DNA 
analysis, 

fp) Trace evidence: Trace evidence such as hairs and fibers can be present in bloodstained 
evidence and should be identified and properly collected. 

4 Control samples: Control (known or blank) samples should be collected from a con 
trol area (eg, unstained area near a collected stain). 

Size of stain: Polymerase chain reaction (PCR)-based forensic DNA techniques are 
highly sensitive and allow for the successful analysis of very small bloodstains. All 
bloodstains, even ifthey are barely visible, should be collected at a crime scene. 

Wet evidence: Wet evidence should be air-dried (without heat) prior to packaging 
to prevent the degradation of proteins and nucleic acids, which are used for forensic 
serological and DNA analysis 


1.7 Marking Evidence 

“The marking of evidence is necessary for identification purposes so that it can be quickly rec: 
ognized even years later (Figure 1.39). An investigator's initials, the item number, and the case 
nimber ate usually included in marking. Information can be marked ona tag a label attached 
to the item, or directly on garment evidence. The marking of evidence should not be proximal to 
bullet holes or biological stains to prevent the mark from interfering with analyses 


1.8 Packaging and Transportation 

Packaging is intended to protect and preserve evidence. All evidence should be secured and 
protected from possible contamination. Fragile items should be protected to prevent any dam 
age during transportation, Exposure to heat and humidity should be avoided to protect bio 
logical evidence from degradation during transport, Various packaging methods are available 
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1.8 Packaging and Transportation 


Figure 1.33 Evidence collection kits. Sexual assault evidence collection kit (top). Paternity 
evidence collection kit (bottom). (© Richard C. Li.) 


Figure 1.34 Various types of swabs that are used for collecting biological evidence. (@ Richard C. Li.) 
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Figure 1.35 Fingernail swabbing for recovering evidence. Fingernail swabs are often collected 
from individuals who are involved in a struggle in violent crimes and in digital penetration in sexual 
assault cases, Fingernail swabs are sampled separately from both hands. (@ Richard C. Ll.) 


depending on the type of evidence handled (Figures 1.40 through 1.42). The following are gen- 
eral considerations related to the packaging of evidence: 


A Evidence from different sources: To prevent the transfer of evidence from different 
sources, items of evidence should not be grouped in a single package. However, evi- 
dence may be packed in a single container if the items were found together. 


Folding of evidence: Folding of clothing, especially items with wet bloodstains, can 
transfer evidence from one part of a garment to another. Ifa large, dry garment must. 
be folded, a piece of clean paper should be placed between different parts of the gar- 
‘ment to avoid direct contact between the different parts of the garment, thereby pre- 
venting the transfer of evidence. 

Packing materials: Envelopes, bags, and boxes that are made of porous materials such 
as paper are appropriate for packaging dry biological evidence, Dry, bloodstained 
evidence should not be sealed in plastic bags or containers that trap moisture. 


K) Liquid evidence: Tubes containing liquid such as blood should not be frozen because 
the volume of a liquid expands in freezing temperatures and this expansion may 
lead to cracking. Tubes should be placed in plastic bags to prevent leaks in case of 
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1.9 Final Survey and the Release of the Crime Scene 


Figure 1.36 Hand bags for protecting the hands of a decedent in an alleged suicide. Gunshot 
residue can be found on hands after fring a weapon (top). The bagging ofthe hands, using paper 
bags and wide rubber bands, prevents the loss of gunshot residue during the transportation of the 
body (bottom). (® Richard C. Li) 


accidental breakage. Liquid evidence should be transported and submitted to a labo- 
ratory as soon as possible after the collection of evidence. 


4) Trace evidence: All such evidence should be wrapped in paper with a druggist’s fold 
igure 1.43). The wrapped trace evidence can be packed in an envelope. 


Packaged evidence should be properly labeled with a description of the evidence and sealed 
with evidence tape. It is important for the person packaging the evidence to initial and date 
across the seal to show authenticity (Figure 1.44). A seal should not be cut when a sealed evi- 
dence bag is opened. Instead, an opening can be created by cutting at an area distal from the 
existing seal. After analysis is complete, the evidence packaging should be resealed. Table 1.1 
summarizes additional steps for packaging evidence. 


1.9 Final Survey and the Release of the Crime Scene 
During a final survey, a discussion with all personnel in the crime scene investigation team 
should be carried out to thoroughly review all aspects of the search. It is important to ensure 
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Figure 1.37 Blood cards are typically used for collecting blood evidence from a known source such 
4s a suspect or a victim (top). A manual hole punch can be used to create a blood card punch for 
DNA extraction. Blood samples are air-dried on blood cards for storage (bottom). (@ Richard C. Li.) 
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Figure 1.38 Application of Flinders Technology Associates (FTA) filter paper for the collection of 
biological evidence. (a) Biological fluid with cells is applied to FTA paper. (b) Cells are lysed and 
DNA is immobilized on FTA paper. (c) Cellular materials are washed away and DNA remaining on 
the FTA paper can be used for forensic testing. (© Richard C. Ll) 
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1.9 Final Survey and the Release of the Crime Scene 


Figure 1.39 Photographic dacumentation af a knife. Note the evidence tag. (@ Richard C. Li.) 


Figure 1.40 Evidence containing dried bodily fluid stains is packed in a paper bag. (® Richard C. Li.) 


Figure 1.41 Alleged diluted blood collected from a pipe (left) and placed in plastic containers 
(eight), (© Richard C. Li) 
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Figure 2-6. Because of their relatively high internal resist 
ance, alkaline batteries are especially unsuited to high dis 
Charge rates, and should be reserved for applications 
where a small current is required over 2 long period. 
(Chart derived from htt.//batter university com.) 


Figure 2-7.At left. a cheap carbon-zinc battery; at right, a 
12 alkaline burglar alarm battery. See text for adcltional 
details, 


Inanalkaline cell,the negative electrode is made 
of zinc powder, the positive electrode is manga- 
nese dioxide, and the electrolyte is potassium 
hydroxide. An alkaline cell may provide between 
three to five times the power capacity of an equal 
size of zinc-carbon cell and is less susceptible to 
voltage drop during the discharge cycle, 


Variants 


Extremely long shelf life Is necessary in some 
military applications. This may be achieved by 
using a reserve battery, in which the internal 
chemical compounds are separated from each 
other but can be recombined prior to use. 


Rechargeable Batteries 

Commonly used types are lead-acid, nickel cad- 
ium (abbreviated NiCad or NiCd), nickel-metal 
hydride (abbreviated NiMH), lithium-ion (abbre- 
viated Li-ion), and lithium-ion polymer. 


Lead-acid batteries have existed for more than a 
century and are still widely used in vehicles, bur- 
glaralarms, emergency lighting, andlarge power 
backup systems. The early design was described 
as flooded; it used a solution of sulfuric acid (ge- 
nerically referred to as battery acid) asits electro- 
Iyte, required the addition of distilled water pe- 
riodically, and was vented to allow gas to escape. 
The venting also allowed acid to spill if the bat- 
tery was tipped over. 


The valve-regulated lead-acid battery (VRLA) has 
become widely used, requiring no addition of 
water to the cells. A pressure relief valve is in- 
cluded, butwill notleak electrolyte, regardless of 
the position of the battery. VRLA batteries are 
preferred for uninterruptible power supplies for 
data-processing equipment, and are found in 
automobiles and in electric wheelchairs, as their 
low gas output and security from spillage increa- 
ses their safety factor. 


VRLA batteries can be divided into two types: 
absorbed glass mat (AGM) and gel batteries. The 
electrolyte in an AGM is absorbed in afiber-glass 
mat separator. In a gel cell, the electrolyte is 
mixed with silica dust to forman immobilized gel. 


The term deep cycle battery may be applied to a 
lead-acid battery and indicates that it should be 
more tolerant of discharge to a law level—per- 
haps 20 percent of its full charge (although man- 
ufacturersmay claim alower number). The plates 
ina standard lead-acid battery are composed of 
allead sponge, which maximizes the surface area 
available to acid in the battery but can be phys- 
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Figure 1.42 Evidence pouch. The front of the pouch is transparent for viewing the content. The back 
Gf the puch is made of breathable materials allowing wet evidence, such as swabs, to dry inside the 


pouch. (© Richard C. Li.) 


S 


Figure 1.43 An example of a druggist’s fold. Trace evidence should be deposited in the center 
(Colored area) of the paper. (@ Richard C. Li.) 


28 


1.10 Crime Scene Reconstruction 


Figure 1.44 Proper marking of sealed evidence. Note that the evidence packaging was cut a sec- 
‘ond time and resealed at a different location than that of the preexisting seal. (© Richard C. Li) 


that the scene has been searched correctly and completely, and that no area has been missed or 
overlooked. All documentation including the chain of custody document must be complete and 
all evidence should be collected, packed, documented, and marked. Photographs of the final 
condition of the scene should be taken. Once the final survey is completed, the crime scene 
can be released, Reentry into the crime scene may require a search warrant after the scene is 
released. Crime scene release documentation usually includes the time and date of release, to 
‘whom it is released, and by whom itis released, 


1.10 Crime Scene Reconstruction 

Crime scene reconstruction is the scientific process of determining the sequence of events 
and actions that occurred prior to, during, and after a crime, Reconstruction is carried out 
based on the information from the crime scene observations and the laboratory examina- 
tion of physical evidence. ‘The overall scientific process in reconstruction usually involves 
several steps. The process usually begins with the formulation of questions related to the 
problems that need to be solved. The questions can refer to the explanation of the specifics 
of the crime, for instance, “Where was the shooter's position when the shooting occurred?,” 
“Where was the victim’s position when shot?.” and "What is the muzzle-to-target distance 
during the shooting?” In order to conduct a thorough crime scene reconstruction, all useful 
information is collected for review, such as photographs, videotapes, notes, sketches, autopsy 
reports, and analysis reports of the physical evidence. A hypothesis is then constructed based 
‘on the information obtained, which may explain the events and actions involved in a crime. 
‘The next step is making predictions that determine the logical consequences of the hypoth- 
esis, One or more predictions are selected for testing. The hypothesis is tested by conduct- 
ing reconstruction experiments. One example of a reconstruction test is bloodstain pattern 
reconstruction in violent crimes (Chapter 2). Other examples of reconstruction may include 
trajectory and shooting, glass fracture, and accident reconstruction. The final step is to ana~ 
lyze experimental data and draw a conclusion, The experimental data are analyzed to see if 
the hypothesis is true or false. Additionally, the interpretation of physical evidence analysis, 
‘witness and confession statements, and investigative information should also be considered. 
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Figure 1.45 The scientific pracess of crime scene reconstruction. (@ Richard C. Li.) 


Ifthe results ofthe experiment are consistent with the hypothesis, a theory can be developed 
that is intended to provide valuable information to the investigation and future prosecution 
of a case. Sometimes, forensic scientists may find that the hypothesis is inconsistent with 
the test results, In that case, an alternative hypothesis needs to be constructed to initiate 
another reconstruction process. Figure 1.45 illustrates the scientific process of crime scene 
reconstruction. 
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Crime Scene Bloodstain 
Pattern Analysis 


Bloodstain pattern analysis is the application of scientific knowledge to the examination and 
the interpretation of the morphology, the sequence, and the distribution of bloodstains associ- 
ated with a crime. These analyses may determine the sequence of events; the approximate blood 
source locations; the positioning of the victim; and the position, the intensity, and the number 
‘of impacts applied to the blood source. They also can assist in the determination of the manner 
of death and can distinguish between accidents, homicides, and suicides. Bloodstain pattern 
analysis provides critical information for crime scene reconstructions in violent crime investi- 
gations (Chapter 1) 


2.1 Basic Biological Properties of Human Blood 

Blood is a bodily fluid circulating within the body. An average adult has a blood volume of 
approximately 8% of his or her body weight. Blood consists ofa cellular portion as well asa liq- 
uid portion known as plasma (Chapter 12), The cellular portion consists of blood cells and plate- 
lets. The plasma is mostly composed of water and other substances such as proteins, inorganic 
salts, and other organic substances. The mass density of blood is only slightly greater than that 
‘of water. Blood can form clots (or thrombi) that are the result of blood coagulation (Chapter 16). 

‘Coagulation begins after an injury occurs, stopping blood loss from a damaged vessel, The nor- 
‘mal coagulation time for 1 mL of venous blood in a glass tube is 5-15 min. The coagulation time 
can be affected by many factors such as blood volume and mechanical disturbance. 


2.2 Formation of Bloodstains 

‘The formation of a blood droplet is a complex event that is influenced by viscosity, surface ten- 
sion, cohesion force, and gravity. Blood is viscous, and blood viscosity is a measure ofthe blood’s 
resistance to flow. The viscosity of blood is approximately five times greater than that of water. 
During the formation of a drop of blood, blood leaks out from a blood source. The surface ten- 
sion of the blood causes it to hang from the opening of a blood source and to form a pendant 
drop of blood (Figure 2.1). The molecules of a blood drop are held together by the cohesion force 
to maintain the shape of a blood drop (Figure 2.2). Surface tension causes liquids to minimize 
their surface. As a result, the formed blood drop is spherical. As the volume of the drop gradu- 
ally increases and exceeds a certain size, it detaches itself and falls. The falling drop is also held 
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Figure 2.1 Forming a blood drop from a blood source. The blood that leaks out of the blood source 
forms a pendant drap of blood. As the volume of the pendant drop increases, the drop stretches in 
‘a downward direction. Eventually, the drop detaches and falls. The falling drop is largely influenced 
by the force of gravity and air resistance. (@ Richard C. Li.) 


together by surface tension. A falling blood drop is influenced by the downward force of g 
ity acting on the drop and the air resistance that acts in the opposite direction as the drop is in 
‘motion (Figure 2.1), 

‘When a bloodstain lands on a surface, the shape and the size of the bloodstain is affected 
by the texture of the target surface. Bloodstains that land on porous or rough surfaces usually 
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Figure 2.2 The particles of blood are attracted to each other by cohesive forces that are responsi- 
bie for surface tension. As a result, a formed blood drop is spherical In order to minimize its surface 
_rea. Black arrow, cohesive force; white arrow, surface tension. (© Richard C. Li.) 
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Figure 2.3 The respective morphologies of falling blood drops that land on surfaces with different 
textures at a 30° angle. (a) Tile, (b) cardboard, and (c) paper towel. (® Richard C. Li.) 


have more distortion around the edges of the stains than those that land on smooth surfaces. A 
‘comparison of blood dropped onto different textures of target surfaces is shown in Figure 2.3. 


2.3 Chemical Enhancement and Documentation of Bloodstain Evidence 
‘Many chemical reagents react with blood to exhibit a color, a chemiluminescent light, ora flu- 
‘rescent light (Chapter 12). These tests are extremely sensitive and thus are used as chemical 
enhancement reagents for detecting bloodstains. For bloodstain pattern analysis, the enhance- 
‘ment reagent is primarily used for detecting latent bloodstains such as diluted bloodstains that 
are visible on enhancement. A commonly used chemical reagent is luminol, which can be used for 
locating bloodstains atthe scene. Other reagents such as phenolphthalein, leucomalachite green, 
and tetramethylbenzidine are not often used as enhancement reagents but rather as presumptive 
tests for blood, The positive reactions ofall these reagents indicate the presence of blood. 
Documentingbloodstain patterns at the scene isa major task ofthe investigation. Documenting. 
bloodstain evidence can be done using a combination of photography, note-taking, and sketch- 
ing. The general principle of crime scene documentation is described in Chapter 1. In bloodstain 
pattern analysis, special attention must obviously be given to bloodstains. The photographic 
documentation of bloodstains may be performed by multiple means, including film and digital 
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ically abraded by deep discharge. Ina deep cycle 
battery, the plates are solid. This means they are 
more robust, but are less ableto supply high am- 
perage. If a deep-discharge battery is used to 
start an internal combustion engine, the battery 
should be larger than a regular lead-acid battery 
used for this purpose. 


A sealed lead-acid battery intended to power an 
external light activated by a motion detector is 
shown in Figure 2-8. This unit weighs several 
pounds and is trickle-charged during the day- 
time by a6” x6” solar panel. 


Figure 2-8. 4 lead-acid battery from an externa ight ac 
tivated by a motion sensor 


Nickel-cadmium (NiCad) batteries can withstand 
extremely high currents, but have been banned 
in Europe because of the toxicity of metallic cad- 
mium. They are being replaced in the United 
States by nickel-metal hydride (NiMH) types, 
which are free from the memory effect that can 
prevent a NiCad cell fram fully recharging ifit has 
been left for weeks or months in a partially dis- 
charged state. 


Lithium-ion and lithium-ion polymer batteries 
have a better energy-to-mass ratio than NiMH 
batteries, and are widely used with electronic 
devices such as laptop computers, media play- 
ers, digital cameras, and cellular phones. Large 
arrays of lithium batteries have also been used in 
some electric vehicles. 


po 


source > battery 
Various small rechargeable batteries are shown 
in Figure 2-9. The NiCad pack at top-left was 
manufactured fora cordless phone and is rapidly 
becoming obsolete. The 3V lithium battery at 
top-tight was intended for a digital camera. The 
three batteries in the lower half of the photo- 
graph are all rechargeable NiMH substitutes for 
9, AA, and AAA batteries, The NiMH chemistry 
results in the AA and AAA single-cell batteries 
being rated for 1.2V rather than 1.5V, but the 
manufacturer claims they can be substituted for 
15V alkaline cells because NiMH units sustain 
their rated voltage more consistently over time. 
‘Thus, the output from a fresh NiMH battery may 
be comparable to that of an alkaline battery that 
is part-way through its discharge cycle. 


Figure 2-9, Top left: NiCad battery pack for a cordless 


phone. Top right: Lithium battery for a digital camera. The 
other batteries are rechargeable NIMH substitutes for ov 
enjday atkaline ceil 


NiMH battery packs are available to deliver sub- 
stantial power while being smaller and lighter 
than lead-acid equivalents, The NiMH package in 
Figure 2-10 is rated for 10Ah, and consists of ten 
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photography, as well as videotaping. Photographs should be taken with an overall view followed 
bby a medium-range and a close-up view of the bloodstain patterns. A scale of measurement must 
be included in the photograph, which is critical for bloodstain analysis. To avoid any distortion, 
the photographs should be taken with the camera lens parallel to the target surface where the 
bloodstains are located. An overall photograph provides an overall view of the scene including the 
bloodstain evidence (Figure 24a). A midrange photograph provides more details ofthe bloodstain 
pattern compared with that of the overall photograph (Figure 2.4b), Single bloodstains should be 
visible in midrange images. A close-up photograph, usually taken with a macro lens, provides a 
detailed image of single bloodstains, which is useful for spatter pattern analysis (Figure 2.40) 


Figure 2.4 Crime scene photographic documentation. (a) Overall, (b) midrange, and (c) close-up 
photographs. (© Richard C. Li.) 
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2.4 Analyzing Spatter Stains 

'A spatter stain, based on the recommended terminology of the Scientific Working Group on 
Bloodstain Pattern Analysis (SWGSTAIN), is “a bloodstain resulting from a blood drop dis- 
persed through the air due to an external force applied toa source of liquid blood.” The patterns 
of spatter stains, including the shape and the size of the stains, are affected by the direction and 
the angle of impact (discussed in detail in Section 2.5.3) ofthe spater stains that are projected. 
‘This information can be obtained from an analysis of the patterns of the spatter stains, Thus, it 
is possible to determine the area of origin (discussed in detail in Section 2.44) where an external 
force was directly applied to the blood source. 


2.4.1 Velocity of Blood Droplets 

‘The sizes ofbloodstains are affected by the external force that is directly applied on a blood source. 
Increasing the energy of the external force will reduce the surface tension, thus decreasing the size 
of the droplets. Since these travelling blood droplets are driven by the energy derived from the 
external force, the higher the energy, the higher the velocities of the droplets. Bloodstains can be 
divided into three categories based on different travelling speeds. Low-velocity impact spatter is 
formed when a blood droplet is travelling at <1.5 mis. The resulting stains are usually >4 mm in 
diameter (Figure 2.5a), As the travelling speed of blood droplets increases, the size of the spatter 
stain decreases. Medium-velocity impact spatter is formed when a blood source is subjected to a 
force associated with beatings or stabbings. The resulting stains range from 1 to.4 mm in diameter 
(Figure 2.56). High-velocity impact spatter is formed when a blood source is subjected to a force 
associated with shooting using firearms, The resulting stains are usually <1 mm in diameter. 


2.4.2 Determining the Directionality of the Stains 

In this analysis, the effects of the directionality of the spatter stains projected are examined. 
SWGSTAIN defines the directionality to be “the characteristic of a bloodstain that indicates 
the direction blood was moving at the time of deposition.” This analysis is applicable when the 
blood source is projected onto a surface at an angle of between 0° and 90°. Under this condi- 
tion, the resulting spatter stain is an elongated ellipse (Figure 2.6), which is known as the parent 
stain. Additionally satellite stains in the vicinity of the parent stain can be observed. As defined 
by SWGSTAIN, a satelite stain is “a smaller bloodstain that originated during the formation of 
the parent stain asa result of blood impacting a surface.” More importantly, a spine is observed, 
‘which is the pointed edge away from the parent stain. When such a pattern is observed, the 
pointed end of the spine always points toward the direction of travel of the bloodstains. 


Figure 2.5 Bloodstains can be categorized based on their travelling velocities. (a) An example of 
a low-velocity impact spatter stain and (b) an example of a medium-velocity impact spatter stain. 
(© Richard C. Li) 
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Parent stain 


Spine 


Satellite stain 


Figure 2.6 The morphology and directionality of a blood spatter stain. The arrow indicates the 
direction of travel. (© Richard C. Li) 


2.4.3 Determining Angles of Impact 
SWGSTAIN defines the angles of impact to be “the acute angle (alpha), relative to the plane of 
a target at which a blood drop strikes the target.” The shapes of the spatter stains are affected 
by the angle of impact. When a blood drop lands on a surface at a perpendicular angle (90*), 
a circular parent stain is formed (Figure 2.7), where the length and the width of the stain are 
equal. When a blood drop is projected onto a surface at an angle of between 0° and 90°, the stain 
is elongated. As the impact angle decreases, the shape of the spatter stain is more elongated 
(Figure 2.7), in which the length of the stain is greater than the width. It is observed that the 
ratio of the width and the length of the parent stain is proportional to the sine of the impact. 
angle, which is summarized in the following trigonometric equation: 


C) 


Figure 2.7 The effects of the impact angle on the shapes of blood spatter stains, Spatter stains are 
projected onto the surface of a ceramic tile at: (a) 90°, (b) 50°, (c) 20°, and (d) 10°. (© Richard C. Li.) 
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In this equation, is the angle of impact, lis the length of the parent stain (major axis), and w is 
the width of the parent stain (minor axis). Thus, the angle of impact can be determined based on 
the relationship between the length and the width of the stain (Figure 2.8). Obviously, the mea- 
surement of the stain’s axes is critical to the accuracy of the calculation of the angle of impact. 
‘To produce accurate and reproducible measurements, bloodstain pattern analysis software can 
bbe used, which superimposes a scaled close-up image of an individual bloodstain and calculates 
the angle of impact. 


SWGSTAIN defines the area of arigin to be “the three-dimensional location from which spat 
ter originated.” Using simple trigonometry, the area of origin can be determined based on the 
‘measurements from multiple elongated spatter stains (Figure 2.9), This can be accomplished by 
using the string method or the tangent method. 


S target surface 
Direction of travel 
‘of droplet 


Figure 2.8 Impact angle. The angle between the path of a projectile and the plane of the target 
surface is shown. a, the impact angle; /, the length of the parent stain; and w, the width of the pat- 
ent stain. (@ Richard C. Li.) 


™ Plane of target surface 


Figure 2.9 Area of origin. The area of origin is determined using the string method. Only three 
representative bloodstains are shown. a, impact angle. (@ Richard C. Li.) 
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Figure 2.10 Determining the area of origin using the string method. (a) Selecting elongated spatter 
stains, (b) connecting strings, and (c) setting the path of the strings. (© Richard C. Li.) 


In the string method, multiple (approximately two dozen) well-formed, elongated spatter 
stains are selected for analysis (Figure 2,10a). For each stain, the angle of impact is calculated. 
‘A piece of string is then connected between the stain and a surface with one end of the string 
precisely attached to the spatter stain (Figure 2.10b). The path of the string, indicating the trajec- 
tory of the stain, is set using a protractor based on the calculated angle of impact (Figures 2.10c 
and 2.11). This process is repeated until all the stains that have been selected are processed. For 
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Figure 2.11 Tools for finding the area of origin. (a) Laser trajectory pointer and (b) string and 
scales. (© Richard C. Li.) 


Path af projectile 


_ Area of 
convergence 


Ao ce jected ne 


Figure 2.12 Determining the area of origin using the tangent method. Only three representative 
bloodstains are shown. «, the angle of impact; H, the height of the area of origin; and D, the dis~ 
tance fram the spatter stain to the area af convergence, (© Richard C. Li.) 


a spatter pattern generated froma single impact event, the strings converge. The area where the 
strings meet is the area of origin 

In the tangent method, the directionality ofa single stain is determined first. A line is then 
‘back projected through the major axis ofthe bloodstain, For a single impact event, approximately 
two dozen stains are processed to determine the area of convergence. Based on SWGSTAIN's 
definition, the area of convergence is “the area containing the intersections generated by lines 
drawn through the long axes of individual stains that indicates in two dimensions the location 
‘of the blood source.” Next, the angle of impact of each stain is calculated. The distance from the 
bloodstain to the area of convergence is measured (Figure 2,12). The height of the area of origin 
is calculated using the tangent function as shown: 


He Deana 
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In the equation, « is the angle of impact, H isthe height of the area of origin, and D is the dis- 
tance from the spatter stain to the area of convergence. 


2.5 Types of Bloodstain Patterns 
Bloodstain patterns can be classified into three basic categories: passive, transfer, and projected 
bloodstains. 


2.5.1 Passive Bloodstains 

A passive bloodstain is formed due to bleeding from wounds, and the blood is deposited on a 
surface by the influence of the force of gravity alone. For example, a drip stain is formed when a 
falling drop of blood from an exposed wound or a blood-bearing object lands on a surface. Ifa 
blood source is moving, a drip trails formed. A drip pattern, which is distinct from a drip stain, 
is formed when a liquid drips into another liquid, where one or both of the liquids are blood 
(Figure 2.13), Asa result, secondary spatter stains are generated. As the dropping distance of the 
blood increases, the number of secondary spatter stains usually increases, and the size of these 
stains decreases. An approximate estimation of the dropping distance is possible. A splash pat- 
fernis formed when a volume of blood spills onto a surface (Figure 2.14) Splash patterns usually 


Figure 2.14 A splash pattern. Peripheral, elongated bloadstains are stiown. (@ Richard C. Li.) 
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hhave large stains surrounded by numerous, peripheral, elongated bloodstains. A flow pattern 
is caused by the movement of a large volume of blood on a surface either due to gravity or to 
the movement of the target such as a victim or postmortem disturbance, A pool is a bloodstain 
resulting from the accumulation of liquid blood on a surface (Figure 2.15). Sometimes, air bub- 
bles in the blood may cause a bubble ring pattern (Figure 2.15). If blood is coagulated, gelatinous 
blood clots can be observed. Additionally, a serum stain, which consists ofthe liquid portion of 
the blood after a clot is formed, may also be present. 


fdas ss 


Figure 2.15 Pool and bubble ring pattems. (a) A pool pattern, (b) a disturbed pool pattern, and 
(c)a splash pattern with 8 bubble ring, Bubble rings are also present in (a) and (b). (@ Richard C. Li.) 
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A transfer bloodstain, based on SWGSTAIN, is “a bloodstain resulting from contact between a 
blood: bearing surface and another surface.” For example, a swipe pattern is “a bloodstain pattern. 
resulting from the transfer of blood from a blood-bearing surface onto another surface, with char- 
acteristics that indicate relative motion between the two surfaces” For example, bloody impressions 
‘can provide information about the shape, the size, and the pattern of the objects such as finger 
ridges, hands, and shoe soles, Examples of hand and shoe swipe patterns are shown in Figures 2.16 
and 2.17. A wipe pattern is “an altered bloodstain pattern resulting from an object moving through 
a preexisting wet bloodstain.” Examples of wipe patterns are shown in Figures 2.18 and 2.19. A 
perimeter stain, a type of wipe pattern, isa bloodstain that is disturbed before itis dried but it main- 
tains the peripheral characteristics of the original stain (Figure 2.20). Perimeter stain patterns can 
be useful for the estimation of sequential events of acts. The pattern can also be used to estimate 
atime frame between the time of bleeding and the subsequent act. However, the drying time of a 
blood drop varies based on the surrounding conditions, Therefore, itis necessary to carry out a 
crime scene reconstruction under similar conditionsto those ofthe scene to make such estimations. 


2.5.3 Projected Bloodstains 
A projected bloodstain is formed when a volume of blood is deposited on a surface under a 
pressure or a force that is greater than the force of gravity. For example, an impact pattern is 


Figure 2.16 Bloody impressions. Bloody handprints are present on (a) a wall and (b) fabric. 
(© Richard C. Li) 
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Figure 2.17 Bloody impressions. Bloody shoe prints on (a) paper and (b) fabric; and (c) bloody 
footprints on tle, (@ Richard C. Li.) 


formed when an object strikes liquid blood (Figure 2.21). A cast-off pattern is formed when 
blood drops are released from a moving blood-bearing object (Figure 2.22). Some spatter pat- 
terns are often associated with a wound penetrated by a projectile (Figure 2.23). A forward 
spatter is formed when blood drops travel from an exit wound in the same direction as a 
projectile, while a back spatter is formed when blood drops travel from an entry wound in 
the opposite direction of a projectile. Sometimes, internal bleeding caused by an injury may 
block the airway. An expiration pattern is formed when blood is forced by airflow through the 
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D-size NiMH batteries wired in series to deliver 
12VDC. This type of battery pack is useful in ro- 
botics and other applications where a small 
motor-driven device must have free mobility. 


iS 


Figure 2:10. This NIMH battery pack is rated at 10Ah and 
livers 12 volts fram ten D-size calls wired in series. 


Values 


Amperage 

‘The current delivered by a battery will be largely 
determined by the resistance of the external load 
placed between its terminals, However, because 
jon transfer must occur inside the battery to 
complete the circuit, the current willalso be limi- 
ted by the internal resistance of the battery. This 
should be thought of as an active part of the cit- 
cuit. 


Since a battery will deliver no curtent if there is 
no load, current must be measured while a load 
is attached, and cannot be measured by a meter 
alone. The meter will be immediately overloa- 
ded, with destructive results, if it is connected 
directly between the terminals of a battery, or in 
parallel with the load. Current must always be 
measured with the meter in series with the load, 
and the polarity of the meter must correspond 
with the polarity of the battery. See Figure 2-11. 


Values 


Meter 
measuring 


current 


Figure 211. When measuring current using an ammeter 
(ora multimeter configured to measure amps), the meter 
‘must be placed in series with the battery and a lead. To 
‘void damaging the meter, it must never be applied d)- 
‘rectly across the terminals of the battery, arin parallel 
With a load, Be careful to observe the polarity of the mater. 


Capacity 

The electrical capacity of a battery is measured in 
amp-hours, abbreviated Ah, AH, or (rarely) A/H. 
Smaller values are measured in milliamp-hours, 
usually abbreviated mAh. Iflis the current being 
drawn froma battery (in amps) and Tis the time 
for which the battery can deliver that current (in 
hours), the amp-hour capacity is given by the 
formula: 


Ah=r*T 


By turning the formula around, if we know the 
amp-hour rating that a manufacturer has deter- 
mined for a battery, we can calculate the time in 
hours for which a battery can deliver a particular 
current: 


T=ah/T 


Theoretically, Ahis constant value orany given 
battery. Thus a battery rated for 44h should pro- 
vide 1 amp for hours, 4amps for 1 hour, 5 amps 
for 0.8 hours (48 minutes), and so on. 


In reality, this conveniently linear relationship 
does not exist. It quickly breaks down as the 
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Figure 2.18 Wipe patterns. (© Richard C. Li.) 


Figure 2.19 A wipe pattern caused by dragging a body through @ pool of blood. (a) A pool af blood. 
Sections of the wipe pattern caused by dragging are shown in (b), (c), and (a). (© Richard C. Li.) 
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Figure 2.20 Perimeter stains. (a) Peripheral characteristics of the original stains are shown, 
Perimeter stains were created at different periods of time after the original stain was formed: 
(b) midrange view and (c) close-up view. (© Richard C. Li) 


trachea and out of the nose or mouth (Figure 2.24). An arterial spurt pattern is associated with 
wounds damaging arterial blood vessels where bloodstains are driven by arterial pressure. 
Although the shape of arterial patterns varies, these patterns usually have a series of large 
spurts with fluctuations corresponding to the systolic and the diastolic blood pressures. At a 
crime scene, if the projectile of bloodstains is blocked by an object, a void pattern is formed, 
‘which exhibits an area where there is an absence of blood surrounded by continuously dis- 
tributed bloodstains. 
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Figure 2.22 Cast-off patterns. Spatter stains are projected onto (a) a covered wall and (b) a lab 
coat. (© Richard C. Li.) 


Figure 2,23 Forward and back spatter patterns. Arraw, the direction ofa projectile, (@ Richard C. LI.) 
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Figure 2.28 An expiration pattern, (® Richard C. Li.) 
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Forensic Biology 
A Subdiscipline of Forensic Science 


Forensic laboratories provide scientific analysis, evidence evaluation, and consultations to vari- 
‘ous criminal justice agencies for the investigation of criminal cases. Additionally, forensic labo- 
stories provide expert testimony related to the resolution of criminal cases to the courts. 


3.1 Common Disciplines of Forensic Laboratory Services 

‘Many of the disciplines of the forensic laboratory services are commonly practiced in various 
‘municipal, county, state, and federal forensic laboratories in the United States. Forensic biol- 
ogy is a subdiscipline of forensic science. A full range of forensic laboratory services, known as 
“full service,” usually includes: crime scene investigation (Figure 3.1); latent print examination 
(Figure 3.2); forensic biology (Figure 3.3); controlled substance analysis (Figure 3.4); postmor- 
tem toxicology (Figure 3.5); questioned document examination (Figure 3.6); firearm, toolmark, 
and other impression evidence examination (Figures 37 through 3.10); explosive and fire debris 
examination (Figure 3.11); and transfer (trace) evidence examination (Figures 3.12 and 3.13). 
‘Table 3.1 describes the services that are normally provided by a forensic laboratory with their 
respective analyses. 


3.2 Laboratory Analysis of Biological Evidence 
Forensic biology uses scientifically accepted protocols to analyze biological evidence. Laboratory 
analysis (Figures 3.14 and 3.15) utilizes scientific techniques for the examination of evidence, the 
reconstruction of a crime scene, the identification of biological fluids, and the comparison of 
individual characteristics of biological evidence. 


3.2.1 Identification of Biological Evidence 

‘The identification of biological evidence isthe first step that is performed before further analy- 
ses are carried out. This includes the identification of biological fluids such as blood, saliva, and 
semen; this process is discussed in more detail in subsequent chapters (Chapters 12 through 
14). ‘The identification is based on a comparison of class characteristics—a set of characteris 
tics that allows a sample to be placed in a category with similar materials. By comparing the 
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Figure 3.1 Crime scene investigation. Recovery of fired casings at the scene can aid in determin- 
ing the position ofthe shooter. (@ Richard C. Li) 


class characteristics of a sample with known standards of its class, biological samples can be 
identified. 


3.2.2 Comparison of Individual Characteristics of Biological Evidence 

Individual characteristics refer to the unique characteristics of both the evidence and a 
reference sample such as fingerprints, which share a common origin to a high degree of 
certainty. An example of biological evidence possessing individual characteristics is DNA 
polymorphisms. In the case of biological evidence, current forensic DNA profiling can 
compare individual characteristics of DNA evidence with a known reference sample. 
possible to determine that a biological stain originated from a particular individual, which 
is useful for human identification. The examination of individual characteristics of evi- 
dence can also exclude the possibility of a common origin, The specific methods utilized 
for the individualization of evidence are also discussed in subsequent chapters (Chapters 19 
through 23). 


3.2.3 Reporting Results and Expert Testimony 
After the analysis of evidence is completed, a report is prepared based on the results of 
the analysis, which may include sections discussing the specific evidence analyzed, the 
method of analysis used, the results obtained, and the conclusions drawn, In the case of 
DNA evidence, the strength of the conclusion is usually evaluated via statistical computa- 
tions (Chapter 25). A forensic scientist often serves as an expert witness whose testimony 
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Figure 3.2 Developing latent fingerprints by dusting methods. Using magnetic fingerprint powder 
(top) that is held by a magnetic applicator (middle). Fingerprints (battam) dusted by magnetic fin: 
erprint powder, tape lifted and preserved on a fingerprint card. (@ Richard C. Li.) 


provides professional opinions about the evidence analyzed. Based on the federal rules of 
evidence, an expert witness is qualified based on his or her knowledge, skill, experience, 
training, or education, and may give an opinion to the court that is relevant to the analyses 
conducted. However, forensic scientists must also communicate their findings to attorneys, 
judges, and members of a jury. This requires the translation of technical information into 
layman's terms. 
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Figure 3.3 A sectian of a forensic biology laboratory showing an automated electrophoresis instru- 
ment used for forensic DNA profiling (left). Processing biological evidence in a biosafety cabinet 
(ight), (© Richard C. Li) 


Figure 3.4 Gas chromatograph (top) and gas chromatograph-mass spectrometer (bottom) used for 
controlled substance analysis. (@ Richard C. Li) 
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Figure 3.5 Tissue samples (left) and gas chromatograph-mass spectrometer (right) for forensic 
postmortem toxicological analysis. (© Richard C. Li) 


Figure 3.6 A digital imaging system, using multiple illumination sources ranging from ultraviolet to 
infrared wavelengths, for examining altered and counterfeit documents (left). An electrostatic imaging 
system for detecting indented writing on questioned documents (right). This device generates an electro 
static image of indented writing, which is then visualized using charge-sensitive toners. (@ Richard C. Li.) 


Figure 3.7 Striation marks on fired bullets can be analyzed to match a bullet to a gun. (Courtesy 
of P. Diaczuk,) 


3.3 Forensic Science Services Related to Forensic Biology 

A number of specialized forensic science services beyond those provided by forensic laboratories 
are routinely available to law enforcement agencies. For example, forensic services related to 
biological evidence and those involving more specialized analysis are available. ‘These services 
are important aids to a criminal investigation and require the expertise of individuals who have 
highly specialized skills. 
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Values 


current rises, especially when using lead-acid 
batteries, which do not perform well when re- 
quired to deliver high current. Some of the cur- 
rent s lost as heat, and the battery may be elec- 
trochemically incapable of keeping up with de- 
mand. 


The Peukert number (named after its German 
originator in 1897) is a fudge factor to obtain a 
more realistic value for T at higher currents. If n 
is the Peukert number for a particular battery, 
then the previous formula can be modified thus: 


T=ah/ 1 


Manufacturers usually (but not always) supply 
Peukert’s number in their specification for a bat- 
tery. So, ifa battery has been rated at 4Ah, and 
its Peukert number is 1.2 (which is typical for 
lead-acid batteries), and I=5 (in other words, we 
want to know for how long a time, T, the battery 
can deliver 5 amps): 


T= 


/ 542 = approximately 4 / 6.9 


This is about 0.58 hours, or 35 minutes—much 
lessthan the 48 minutesthat the original formula 
suggested. 


Unfortunately, there is a major problem with this 
calculation, In Peukert’sera, the amp-hour rating 
for a battery was established by a manufacturer 
by drawing 1A and measuring the time during 
Which the battery was capable of delivering that 
current. If it took 4 hours, the battery was rated 
at 4A. 


Today, this measurement process is reversed. In- 
stead of specifying the current to be drawn from 
the battery, a manufacturer specifies the time for 
Which the test will run, then finds the maximum 
current the battery can deliver for that time. 
Often, the time period is 20 hours. Therefore, ifa 
battery has a modem 4Ah rating, testing has 
probably determined thatit delivered 0.2A for 20 
hours, not 1A for4hours, which would have been 
the case in Peukert's era 


Thisisa significant distinction, because the same 
battery that can deliver 0.2A for 20 hours will not 


power > source > battery 
be able to satisfy the greater demand of 1A for 4 
hours. Thereforetheoldamp-hourrating and the 
modern amp-hour rating mean different things 
and are incompatible. f the modern Ah rating is 
inserted into the old Peukert formula (as it was 
above), the answer will be misleadingly optimis- 
tic, Unfortunately, this factis widely disregarded. 
Peukert’s formulais still being used, and the per- 
formance of many batteries is being evaluated 
incorrectly. 


The formula has been revised (initially by Chris 
Gibson of SmartGauge Electronics) to take into 
account the way in which Ah ratings are estab- 
lished today. Suppose that AM is the modern 
rating for the battery's capacity in amp-hours, H 
isthe duration in hours for which the battery was 
tested when the manufacturer calibrated it, n is 
Peukert’s number (supplied by the manufactur- 
et) as before, and lis the currentyouhope to draw 
from the battery. This is the revised formula to 
determine T: 


Te He (aM / CL * HP) 

How do we know the value for H? Most (not all) 
manufacturers will supply this number in their 
battery specification. Alternatively, and confus- 
ingly, they may use the term C-rate, which can be 


defined as 1/H. This means you can easily get the 
value for H if you know the C-rate: 


He / Crate 


We can now use the revised formula to rework 
the original calculation. Going back to the exam- 
ple, if the battery was rated for 4Ah using the 
modern system, in a discharge test that lasted 20 
hours (which is the same as a C-rate of 0.05), and 
the manufacturer still states thatit has a Peukert 
number of 1.2, andwewanttoknow for howlong 
wwe can draw 5A from it: 


T= 20 * (4/(5 * 28)*) = approximately 
20 * 0.021 


This is about 0.42 hours, or 25 minutes—quite 
different from the 35 minutes obtained with the 
old version of the formula, which should never 
be used when calculating the probable dis- 
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Figure 3.8 Fired hollowpoint bullets (.45 caliber ACP Winchester) Striation marks are visible on 
the side view of a bullet (right). (@ Richard C. Li.) 


Figure 3.9 A comparison microscape is used for the simultaneous comparison of two items of 
firearm evidence side by side. (© Richard C. Li) 


3.3.1 Forensic Pathology 

When a death is deemed suspicious or unexplained, medical examiners frequently perform 
autopsies to determine the exact cause (Figures 3.16 and 3.17). The manner of death is classified 
into one of five categories based on the circumstances: natural, homicide, suicide, accident, or 
undetermined, Additionally, a medical examiner participating in a criminal investigation is 
often responsible for estimating the time of death, 


3.3.2 Forensic Anthropology 

Forensic anthropology is the identification and the examination of human skeletal remains 
(Figures 3.18 and 3.19), Skeletal remains can reveal a number of individual characteristics that 
can be useful in attempting to identify an individual. An examination of bones may reveal an 
individual's origin, sex, approximate age, race, and the presence of a skeletal injury. A forensic 
anthropologist may also assist in creating facial reconstructions to aid in the identification of 
skeletal remains or may be called on to help collect and organize bone fragments in the course 
of identifying victims of mass disasters such as plane crashes as well as victims in mass graves 
discovered after wars or genocides. 
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Figure 3.10 Comparing the striations between evidence and reference samples using @ compari 
son microscope: casings (top) and bullets (bottom). (Courtesy of P. Diaczuk.) 


Figure 3.11 Scanning electron microscope used in the analysis of gunshot residue and explosives, 
(© Richard C. Li) 
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Figure 3.12 Trace evidence such as hairs can be transferred during the acts ofa violent crime, The 
analysis and comparisons of these types of trace evidence can potentially establish a link between 
‘a suspect or a victim and a crime scene. Hairs from human (top), horse (middle left), deer (middle 
right), dag (bottom left), and cat (bottom right). (@ Richard C. Li.) 


Figure 3.13 Trace evidence: fibers. Cotton (lett), nylon (middle), and polyester (right). (@ Richard C. Li.) 


3.3.3 Forensic Entomology 

‘The study of insects in relation to a criminal investigation is known as forensic entomology. 
‘This forensic discipline is valuable for estimating the time of death when the circumstances sur- 
rounding the crime are otherwise unknown. The stages of development of certain insect species 
present in or on a body can be identified and allow a forensic entomologist to approximate how 
long the body was left exposed (Figure 3.20). 


3.3 Forensic Science Services Related to Forensic Biology 


Table 3.1 Common Services Provided by US Forensic Laboratories 
a a 


Crime scene Evidence recognition, Crime scene responses and related 
‘investigation documentation, collection, endeavors are diverse and vary with case 
‘and preservation and type of evidence 
Latent print Analysis of friction ridge detail Alternate light sources, physical (powder) 
examination in fingerprints and chemical enfiancements 


Activities include visualization, Direct lifts, photography, and digital imaging 
recording, comparison, storage, Use of an Automated Fingerprint 


‘and recovery of latent prints Identification System (AFIS) database 
Forensic Identification of biological Serological and biochemical methods 
biology fluids (blood, semen, and Polymerase chain reaction (PCR)-based 
saliva) methods 
DNA profiling for ‘Automated electrophoresis platforms 
individualization Use of Combined DNA Index System (CODIS) 
Controlled Identification and Microscopic, chemical, chromatographic, 
substance quantification of drugs and spectroscopic methodologies 
analysis present in submitted Gas chromatogrephy-mass spectrometry or 
evidence infrared spectrophotometry 
Postmortem Determination of Immunoassays and chemical methods 
toxicology concentrations of substances Confirmatory techniques such as gas and 
and their metabolites in liquid chromatography-mass spectrometry 
biological fluids or tissues 
Questioned Investigation of forgeries, Macroscopic and microscopic comparisons 
document tracings, disguised Chromatographic and spectroscopic 
examination —_handuritings, computer methods 


‘manipulation of images, and 
recovery of altered documents 

Analysis of papers, inks, toners, 
Word processors, typewriters, 
copiers, and printers 


Firearm and |dentification of firearms, Microscopic comparisons of questioned and 
toolmark tools, and other implements authenticated impressions 
examination (expertise achieved Comparison of striae on recovered bullets 
predominantly through Use of National Integrated Ballistics 
experience) Information Network (NIBIN) 
Explosive Identification, recovery, and Microscopic, spectroscopic, and 
and fire detection of bulk explosives, chromatographic methods 
debris residues, debris, and Gas chramatography-mass spectrometry may 
examination _accelerants be needed to adequately characterize sample 
Trace Analysis of transferred Microscopic analysis of evidence with gas 
evidence evidence such as hairs, chromatograph-mass spectrometers, FTIR 


examination fibers, soll, paints, and glass microscopes, scanning electron 
microscopes, basic and advanced 
microscopy, and capillary electrophoresis 


Source: Adapted fram US Department of Justice, Office of Justice Programs, Natianal Institute of 
Justice (NIOJ), Forensic Science: Review of Status and Needs, 1999, US Department of 
dustice, Washington, DC. 
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Figure 3.14 Photographic documentation ofa bloadstained shirt after visual examination, (@ Richard 
C.Li) 


Figure 3.15 A multiwavelength viewing and imaging device used for the examination of various 
types of evidence, including bodily fluid stains. (® Richard C. Li.) 
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Figure 3.16 View of a forensic pathology facility. (Courtesy af G, Ledwell,) 


Figure 3.17 Photographic documentation prior to autopsy (left). Preparing specimens for histologi- 
cal sections for forensic pathological examination (right). (Courtesy of G. Ledwell.) 


Figure 3.18 Buried human skeletons recovered by forensic anthropologists. (Courtesy of H. Brewster.) 
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Figure 3.19 Human skull recovered at the scene. (Courtesy of H. Brewster.) 


Figure 3.20 Insects found on a dead animal (left). Blow fly specimen. This insect is commonly 
‘encountered at crime scenes (right) (Courtesy of K. Wendler,) 


3.3.4 Forensic Odontology 
Practitioners of forensic odontology participate in the identification of victims whose bodies 
are let in an unrecognizable state. The characteristics of teeth, their alignment, and the overall 
structure of the mouth provide evidence that can identify a specific person, Dental records such 
as x-rays and dental casts allow a forensic odontologist to compare a set of dental remains with 
an alleged victim. Another application of forensic odontology in a criminal investigation is bite 
mark analysis (Figure 3.21), A forensic odontologist can analyze the marks left on a victim and 
compare them with the tooth structures ofa suspect to make a comparison. 
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Figure 3.21 A dental cast can be utilized for identifying bite marks. (© Richard C. Li.) 


3.4 Brief History of the Development of Forensic Biology 
‘The developmental history of modern forensic biology spans three stages: (1) antigen poly- 
morphism, (2) protein polymorphism, and (3) DNA polymorphism. Figure 3.22 illustrates this 
history. 


3.4.1 Antigen Polymorphism 
‘The human ABO blood groups were discovered in 1900 by Karl Landsteiner in a study of the 
causes of blood transfusion reactions. Landsteiner’s discovery made blood transfusions feasible, 
and he received the Nobel Prize in 1930 when he revealed the four groups of human blood cells 
designated A, B, AB, and O. By the 1960s, a dozen more blood group systems had been charac- 
terized, and at least 29 systems are currently known (Chapter 18). 
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Figure 3.22 A brief history of the development of forensic biology. (From Jobling, M.A. and Gil, P., 
Nat Rev Genet, 5, 739-751, 2004. With permission.) 


Forensic Biology, Second Edition 


Subsequent studies found that the blood types in the ABO system were inherited, and the fre- 
{quencies with which the four types appeared in specific human populations were found to differ. 
‘Thisled tothe discovery ofthe first antigen polymorphic marker for use in human identification 
in forensic cases. Inthe past, forensic laboratories utilized blood group systems in a discipline 
known as forensic serology. While it is possible to exclude a suspect through the use of blood 
‘group typing, the evidence for the inclusion ofa suspect is weak due to the high probability of a 
coincidental match between two unrelated persons. 


3.4.2 Protein Polymorphism 

Because of the limitations of antigen polymorphism, protein polymorphism was introduced 
for forensic identification (Chapter 18). Initially, a few polymorphisms in serum proteins and 
erythrocyte enzymes were reported. By the 1980s, however, approximately a hundred protein 
polymorphisms had been discovered. A few systems were commonly used in forensic laborato- 
ries, including the polymorphisms of erythrocyte enzymes, serum proteins, and hemoglobin. 
Blood groups and protein polymorphism analysis were combined in forensic investigations to 
lover the probability of a match between two unrelated individuals. However, more powerful 
‘methods were still sought. 


3.4.3 DNA Polymorphism 

‘The human genome contains all the necessary biological information for cellular and organ 
structure and function, It consists of the nuclear genome and the mitochondrial genome 
(Chapter 23 discusses the mitochondrial genome). The human nuclear genome, a set of 23 chro- 
mosomes, contains approximately 3 billion base pairs (bp). The Human Genome Project was 
initiated in 1990 to sequence the entire human nuclear genome. In 2003, 99% of the human 
‘genome, including the most important parts of the genome, was sequenced, Further analyses on 
the human genome sequences continue. The genome contains genes and intergenic noncoding 
sequences. 


3.4.3.1 Genes and Related Sequences 
Approximately 20,000-25,000 genes have been identified in the human genome, which encode 
the information for the synthesis of proteins. The functions of nearly half of these genes have 
been identified. Most encode the proteins that are responsible for the maintenance of the 
genome, the functioning of the cells, the immune response, and the structural proteins of cells, 
Most human genes are discontinuous. The coding regions of genes are called exons and are 
separated by introns, During gene expression, the precursor messenger RNA transcript (pre- 
mRNA), consisting of both the exons and introns, is produced. The mRNA is a template for 
protein synthesis in which the sequence is based on a complementary strand of DNA. Through 
the process of splicing, the introns are removed and the exons are joined, producing the spliced 
‘mRNA form, which can be used for protein synthesis via the translation process. Other gene- 
related sequences include those responsible for gene transcription such as promoter sequences; 
those responsible for gene regulation such as cis-regulatory sequences (or enhancers); and 
untranslated sequences, which are transcribed but do not encode proteins. Figure 3.23 depicts 
the features of a representative human gene. 


3.4.3.2 Intergenic Noncoding Sequences 
More than 90% of the human genome sequence consists of intergenic noncoding sequences 
located between genes. The functions of these sequences are yet to be discovered. The intergenic 
noncoding sequences contain large quantities of various types of repetitive DNA, which falls 
into two categories: tandem repeats and genome-wide or interspersed repeats 

‘Tandem repeats are repeat units placed next to each other in an array. One type is called sat- 
ellite DNA because of the observation of satellite bands containing DNA with tandem repeats 
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Figure 3.23 Gene structure. Transcription, which can be regulated by the cis-regulatory sequence, 
is initiated at the transcription start site (arrow) near the promoter. The exons, noncoding introns, 
and the untranslated sequences are also shown. (© Richard C. Li) 


during density gradient centrifugation. Satellite DNA can be found at centromeres and telo- 
‘meres consisting of regions composed of long stretches of tandem repeats. Minisatellites and 
‘microsatellites are two other types of shorter tandem repeats. Minisatelltes, also known as vari- 
‘able number tandem repeats (VNTRs), form arrays of tandem repeats with a repeat unit length 
from several to hundreds of base pairs. In a microsatellite, also known asa short tandem repeat 
(STR) ora simple sequence repeat (SSR), the repeat unit length can be 2-6 bp long, 

‘Mobile elements (interspersed repeats) are randomly located throughout the human genome 
(Figure 3.24), Two human types have been characterized: DNA transposons and retrotranspo- 
sons. The mobile elements change their locations, a process called transposition, by which these 
sequences are inserted into a new site in the genome. The transposition of DNA transposons 
is through a “cut-and-paste” mechanism. During transposition, DNA transposons are excised 
from one site and inserted at a new site in the genome. In contrast, retrotransposons duplicate 
themselves during transposition and propagate throughout the genome, which is a copy-and- 
paste mechanism: a copy of the original retrotransposons is generated at the new site and the 
original copy is retained, Additionally, the transposition of retrotransposons requires an RNA 
intermediate, a process called retrotransposition. Retrotransposons have two subtypes: long ter- 
‘minal repeat (LTR) and non-LTR retroposons. The non-LTR retroposons can be further divided 
into two subtypes: long interspersed elements (LINEs) and short interspersed elements (SINES) 
‘Alu elements are the most abundant type of human SINE. There are more than one million cop- 
ies of Alu elements in the human genome (Figure 3.25). Some members of the Alu elements are 


Figure 3.24 Mobile elements classification. (@ Richard C. Li.) 
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charge time based on amodem Ah rating. These 
issues may seem arcane, but they are of great 
importance when assessing the likely perfor- 
mance of battery-powered equipment such as 
electric vehicles, 


Figure 2-12 shows the probable actual perfor- 
mance of batteries with Peukert numbers of 1.1, 
1.2, and 1.3. The curves were derived from the 
revised version of Peukert’s formula and show 
how the number of amp-hours that you can ex- 
pect diminishes for each battery as the current 
increases. For example, ifa battery that the man- 
ufacturer has assigned a Peukert number of 1.2 
is rated at 100Ah using the modern 20-hour test, 
but we draw 30A from it, the battery can actually 
deliver only 70h. 


100 


90 
8 

EES Peukert 

a Number 1.2 
2 

aa Peukert 

a Numer 3.3 


Each battery rated 
60 100. ampnours 
bya test drawing 
5 amps for 20 hours 
(Crate of 0.05) 


SUEOI no 20 e250: 
Discharge Current in Amps 


Figure 212. Actual amp-hour performance that should 
be expected from three batteries of Peukert numbers 1, 
112, and 1.3 when they discharge currents ranging fram 5 
fo 30 amps, assuming that the manufacturer has rated 
‘each battery at 1O0Ah using the modern system, which 
usually entails a 20-hour test (a Cate of 0.05), 


One additional factor: For any rechargeable bat- 
tery, the Peukert number gradually increases 
with age, as the battery deteriorates chemically. 


Values 


Voltage 

The rated voltage of a fully charged battery is 
known as the open circuit voltage (abbreviated 
OCV or VJ, defined as the potential that exists 
When no loadis imposed between the terminals. 
Because the internal resistance of a volt meter (or 
a multimeter, when it is used to measure DC 
volts) is very high, it can be connected directly 
between the battery terminals with no other 
load present, and will show the OCV quite accu- 
rately, without riskofdamagetothemeter. Afully 
charged 12-volt car battery may have an OCV of 
about 12.6 volts, while a fresh 9-volt alkaline bat- 
tery typically has an OCV of about 9.5 volts. Be 
extremely careful to set a multimeter to measure 
DC volts before connecting it across the battery. 
Usually this entails plugging the wire from the 
red probe into a socket separately reserved for 
measuring voltage, not amperage. 


The voltage delivered by a battery will be pulled 
down significantly when a load is applied to it, 
and will decrease further as time passes during a 
discharge cycle. For these reasons, a voltage 
regulator is required when a battery powers 
components such as digital integrated circuit 
chips, which do not tolerate a wide vatiation in 
voltage. 


To measure voltage while a load is applied to the 
battery, the meter must be connected in parallel 
with the load, See Figure 2-13, This type of meas- 
urement will give a reasonably accurate reading 
for the potential applied to the load, so long as 
the resistance of the load is relatively low com- 
pared with the internal resistance of the meter. 


Figure 2-14 shows the performance of five com- 
monly used sizes of alkaline batteries. Theratings 
in this chart were derived for alkaline batteries 
under favorable conditions, passing a small cur- 
rent through a relatively high-ohm load for long 
periods (40 to 400 hours, depending on battery 
type). The test continued until the final voltage 
for each 1.5V battery was 0.8V, and thefinal volt- 
age for the 9V battery was a mere 4.8. These 
voltages were considered acceptable when the 
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Figure 3.25 Structure of Alu elements. The name, Alu elements, was given since these elements 
usually contain DNA sequences cleaved by the restriction enzyme Alu. The Alu element isa dimeric 
structure including two regions separated by an A-rich sequence. The 5' region has boxes A and 
B containing RNA polymerase Ill promoter sequences. The 3° region contains a 3l-nucleotide 
insertion. There is a short polyadenylation tail located at the 3° end of the Alu element (terminal 
‘Asstretch). Full-length Alu elements are approximately 300 bp long. (@ Richard C. Li.) 
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Figure 3.26 Detecting Alu element insertion polymorphism for human identification. The Alu ele 
ment insertion site is amplified using the polymerase chain reaction assay. The presence and 
absence of the Alu element at the site can be detected based on the length of the DNA fragment 
analyzed. F, forward primer; R, reverse primer. (© Richard C. Li,) 


polymorphic for the presence or absence of insertion that can potentially be used for forensic 
human identification (Figure 3.26). 


3.4.3.3 Human DNA Polymorphic Markers 
Most individual human genome sequences are very similar. However, variations in sequences 
do occur. The differences between individual genomes that occur at the DNA level are called 
DNA polymorphisms. In particular, a DNA polymorphism with alternative forms of a chromo- 
somal locus that differ in nucleotide sequence is known as a sequence polymorphism. A DNA 
polymorphism that differs in the numbers of tandem repeat units is known as a length poly 
morphism, A DNA polymorphism can occur anywhere in a genome including genes and other 
chromosomal locations. Many DNA polymorphisms are useful for genetic mapping studies and 
hence are called DNA markers. DNA polymorphisms form the basis of forensic DNA profiling. 
‘The focus of this text is on the human genome, but polymorphisms also occur in the genomes 
of other organisms 

Most DNA polymorphisms are single nucleotide polymorphisms (SNPs) involving a single- 
base-pair change or a point mutation. Over one million SNPs have been identified. SNPs arise 
by spontaneous mutation. Most SNPs occur in noncoding regions of the genome, although some 
appear in coding regions as well. Other forms of DNA polymorphisms are tandem repeats such 
as STRs and VNTRs, Although their biological functions are unknown, STRs and VNTRs are 
very useful for forensic DNA analysis, Many are highly polymorphic, and the number of repeat 
units varies greatly among different individuals of a population. Itis unlikely that two unrelated 
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individuals will have exactly the same combination of STRor VNTR polymorphisms if sufficient 
markers are examined. Thus, a resulting genetic profile can be used for human identification. 
Alternative forms of DNA polymorphisms are called alleles, The same allele present in both 
homologous chromosomes is referred to as homozygous. Two different alleles present in homolo- 
gous chromosomes are referred to as heterozygous. A combination of alleles ata given locus isa 
‘genotype. In forensic analysis, the genotype for a panel of analyzed loc is called the DNA profile. 


3.4.3.4 Forensic DNA Polymorphism Profiling 

In 1984, Sir Alec Jefiteys (Figure 3.27) developed a DNA profiling technique using a VNTR tech: 
nique involving multilocus profiling and later followed by single-locus profiling (Chapter 19) 
‘This technique led to the solving of a double murder that had been committed in Leicestershire 
(United Kingdom) in the 1980s. The case was the first to apply DNA evidence to a criminal 
investigation. During the investigation, DNA profiling not only identified the true perpetrator 
but it also excluded an innocent suspect. This case demonstrated DNA profiling’s great potential 
in forensic investigations, 

DNA profiling offered a number of advantages compared with earlier systems. The most 
important is the ability of the technique to reveal far greater individual variability in DNA than 
can be revealed by antigen and protein polymorphic markers. The probability of two unrelated 
individuals having the same DNA profile is very low. The great variability of DNA polymor. 
phisms has made it possible to offer strong support for concluding that DNA froma suspect and 
from a crime scene originated from the same source. This technique was subsequently imple 
mented in forensic laboratories worldwide 

In the mid-1980s, Kary Mullis and his coworkers developed the polymerase chain reaction 
(PCR) technique, which amplifies a small quantity of DNA. Mullis’s invention had a powerful 
impact on molecular biology and earned him a Nobel Prize in 1993, Since the introduction of 
PCR, new techniques have been developed for forensic DNA testing purposes. 


Figure 3.27 Sir Alec Jeffreys. (© Richard C. Li.) 
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‘The application of POR-based assays makes forensic DNA analysis possible when only minute 
‘quantities of DNA can be recovered from a crime scene, for example, from hairs and cigarette 
butts, These assays have greatly increased the sensitivity of forensic DNA testing. The first forensic 
application of a PCR-based assay utilizing SNPs at the HLA-DQAI locus (formerly called DQa) 
‘was developed in 1986 (Chapter 22). One major disadvantage of the assay was the high probability 
(approximately 1 in 4000) of a match between two unrelated persons. Amplified fragment length 
polymorphism (AFLP) at the DIS80 locus has also been implemented in forensic laboratories. 
‘The D1S80 locusis a small-size VNTR marker that can be amplified by PCR. The HLA-DQAI and 
AELP assays were used for some years until the introduction of STR assays. 

In the late 1990s, forensic laboratories started utilizing STR loci. STRs have a number of 
advantages compared with VN'TRs. For example, STRs can be amplified by PCR because of 
their smaller size, which greatly increases the sensitivity of the assay. Furthermore, STR mark- 
cers are as highly variable as VNTRs. With the application of multiple STR loci, the probability 
‘of a match between two unrelated persons becomes extremely low. As a result of DNA testing, 
perpetrators have been identified and wrongly convicted innocent people have been exonerated 
(Chapter 20). 

In 1995, the United Kingdom established the first national DNA database for criminal inves- 
tigations. By the end of 1998, several other countries, including the United States, had created 
their own national DNA databases. The United States has selected 13 STR loci for the Combined 
DNA Index System (CODIS). These national DNA databases play important roles in solving 
criminal cases. 

‘Another technique known as mitochondrial DNA (mtDNA) profiling has also been used for 
forensic testing. mtDNA is maternally inherited genetic material and is therefore particularly 
useful for human identification, Each cell contains multiple copies of mtDNA. Thus, mtDNA typ- 
ing can be useful for analysis when nuclear DNA is severely degraded or present in very limited 
amounts, such as in cases involving decomposed human remains. Alternatively, polymorphic 
‘markers at the Y chromosome have also been utilized for forensic DNA testing. Y chromosomal 
‘markers are paternally inherited so they can be used for paternity testing. These markers are also 
very useful in analyzing DNA from multiple contributors in sexual assault cases, 
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Sources of Biological Evidence 


Biological evidence analysis is one of the standard forensic examinations in the investigation 
of a wide variety of crimes. In particular, DNA evidence facilitates investigators’ efforts to link. 
offenders to crime scenes by matching DNA profiles. DNA evidence can also be used to elimi- 
nate suspects. The DNA evidence that is routinely encountered at crime scenes can often be cat- 
egorized into several groups or types. Table 4.1 lists sources of DNA that are frequently found on 
personal items. Figures 4.1 and 4.2 illustrate representative types of evidence that are processed 
and their success rates, 


4.1 Bodily Fluids 

Bodily fluids and their stains are useful biological evidence for forensic, serological, and DNA 
analysis and may be useful in solving crimes. The most common bodily fluids in forensic analy- 
sis are blood, seminal fluid, and saliva. Blood evidence, such as peripheral blood that circulates 
through the heart, arteries, veins, and capillaries, is one of the most common types of biological 
‘evidence that is found at crime scenes (Chapter 12). The fluid portion of blood is called plasma, a 
subcompartment of extracellular fluid, which is the bodily fluid outside cells. Blood contains var- 
ious suspended blood cells. The cellular portion of the blood consists of erythrocytes (also known 
as red blood cells), leucocytes (also known as white blood cells), and platelets. Because mature 
human erythrocytes and platelets do not have nuclei, they are not useful sources of nuclear DNA. 
For forensic DNA profiling, the nuclear DNA in blood samples (Figure 4.3) is primarily isolated 
from leucocytes, which are nucleated. Besides peripheral blood, menstrual blood can be analyzed 
to investigate the possibility of the occurrence ofa sexual assault crime (Chapter 16). 

Other bodily fluids are transcellular fluids. These fluids are considered to be a subcompart- 
‘ment of the extracellular fluid that is contained within epithelial-lined extracellular spaces. For 
example, seminal fluid (Chapter 14) and saliva (Chapter 15) stains as well as vaginal secretions 
are analyzed for the investigation of sexual assault crimes. Sometimes, urine stains and fecal 
‘materials (Chapter 16) are related to assault crimes as well. Sweat, which is secreted from the 
eccrine and apocrine sweat glands in the skin (Chapter 17), and cerumen, also known as earwax 
(a waxy substance secreted in the ear canal), can be potentially used for human identification, 
Fluids present in vomitus (Chapter 17) can be potentially important for forensic investigations 
of violent crimes, 


4.4.1 Extracellular Nucleic Acids 
Blood plasma and other various bodily fluids usually contain small amounts of nucleic acids 
(DNA or RNA) known as extracellular nucleic acids. The nucleic acids circulating in plasma 
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Figure 23. When using a volt moter (or a multimeter 
‘onfigured to measure voltage), the meter can be applied 
directly between the battery terminals to determine the 
‘open-circuit voltage (OCV), or in parallel witha load to de- 
termine the voltage actually supplied during use. A multi 
meter must be set to measure DC volts before cannecting 
itacross a battery. Any other setting may damage the me- 
ter 


Ah ratings for the batteries were calculated by 
the manufacturer, but in real-world situations, a 
final voltage of 4.8V from a 9V battery is likely to 
be unacceptable in many electronics applica- 
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Figure 2-14. The voltage delivered by a battery may drop 
to low level wivlea manufacturer is establishing an amp 
fhour rating. Values for current, shown in the chart, were 
calculated subsequently as estimated averages. and 
should be considered appraximate. (Derived fram a chart 
published by Panasonic.) 


power > source > battery 


‘Asa general rule of thumb, ifan application does 
not tolerate a significant voltage drop, the man- 
ufacturer's amp-hour rating for a small battery 
may be divided by 2to obtain a realistic number, 


How to Use it 


When choosing a battery to power a circuit, con- 
siderations will include the intended shelf life, 
maximum and typical current drain, and battery 
weight. The amp-hour rating of a battery can be 
Used as a very approximate guide to determine 
its suitability. For SV circuits that impose a drain 
of 100mA orless, itis common tousea 9V battery, 
or six 1.5V batteries in series, passing current 
through a voltage regulator such as the 
LM7805. Note thatthe voltage regulator requires 
energy to function, and thus it imposes voltage 
drop that will be dissipated as heat. The mit 
mum drop will vary depending on the type of 
regulator used. 


Batteries or cells may be used in series or in par- 
allel. In series, the total voltage of the chain of 
cells is found by summing their individual vol- 
tages, while their amp-hour rating remains the 
sameasforasinglecell, assuming thatallthecells 
are identical. Wired in parallel, the total voltage 
of the cells remains the same as for a single cell, 
while the combined amp-hour values found by 
summing their individual amp-hour ratings, as- 
suming that all the batteries are identical. See 
Figure 2-15. 


In addition to their obvious advantage of porta- 
bility, batteries have an additional advantage of 
being generally free from power spikesandnoise 
that can cause sensitive components to misbe- 
have, Consequently, the need for smoothing will 
depend only on possible noise created by other 
‘components in the circuit. 


Motors or other inductive loads draw an initial 
surge that can be many times the current that 
they use after they start running, A battery must 
be chosen that will tolerate this surge without 
damage. 
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ees Common Items of Evidence 
Passe DNA Location 


—— bat Handle Skin cells, sweat, blood, 
tissue 

Hat, bandana, mask Inside surfaces Sweat, hair, skin cells, 
dandruff, saliva 

Eyeglasses ‘Nose, ear piece, lens Sweat, skin cells 

Facial tissue, cotton swab Surface Mucus, blood, sweat, 
‘semen, earwax 

Dirty laundry Surface Blood, sweat, semen, saliva 

‘Toothpick Surface Saliva 

Used cigarette Butt filter area) Saliva 

Used stamp, envelope seal Moistened area Saliva 

Tape or ligature Inside or outside surface Skin cells, sweat, saliva 

Bottle, can, glass Mouthpiece, rim, outer ‘Saliva, sweat, skin cells 

surface 
Used condom Inside surface, outside Semen, vaginal cells, rectal 
surface cells 

Bed linen Surface Sweat, hair, semen, saliva, 
blood 

‘Through-snd-through bullet Outside surface Blood, tissue 

Bite mark Skin surface Saliva 

Fingernail, partial fingernail Scrapings Blood, sweat, tissue, skin 
cells 


‘Source: National Institute of Justice. Using DNA to solve cold cases, Special Report, 2002, 
US Department of Justice, Office of Justice Programs, Washington, DC. 


Saliva 
271% 


Semen, 


Cigarette bates 


chewing gum 
09% 
“Transferted 
evidence ak 
156% ai 


Figure 4.1 Representative types of evidence samples, Data compiled from the third quarter 2005, 
July-September) results for all police forces in England and Wales. (Adapted from Bond, J.W., 
J Forensic Sci, 52, 128-136, 2007) 
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4.1 Bodily Fluids 


Success rate 


Figure 4.2 Success rate of obtaining suitable profiles from processed samples for submitting to 
DNA databases, Data are from the third-quarter 2005 (July-September) results forall police forces 
in England and Wales. (Adapted from Bond, J.W., J Forensic Sci, 52, 128-136, 2007.) 


Figure 4.3 Biosafety cabinet for the extraction of DNA from biological evidence (left). Blood samples 
ta be processed in a biosafety cabinet for DNA isolation (right). (@ Richard C. Li.) 


are referred to as circulating nucleic acids; the nucleic acids that are found in other body fluids, 
such as saliva and urine, are referred to as cell-free nucleic acids. Extracellular nucleic acids can 
remain soluble or form complexes with proteins and lipids 

‘The potential sources of extracellular nucleic acids are extracellular vesicles (EVS). EVs are 
‘endogenous vesicular structures, containing proteins and nucleic acids that are secreted by most 
‘eukaryoticcells (Figure 4.4). Thereare many types of EVs, including exosomes and microvesicles, 
‘which can be detected in bodily fluids. Exosomes are one potential source of extracellular nucleic 
acids, Exosomes are derived from multivesicular bodies (MVBs), which are intracellular organ- 
elles of the endocytic pathway (Figure 4.4a). MVBs fuse with the plasma membrane. As a result, 
the vesicles are released into the extracellular compartment as exosomes. Microvesicles, also 
called shed vesicles or ectosomes, are another possibility. Microvesicles shed from the plasma 
‘membrane and thus carry along membrane and cytosolic materials including nucleic acids 
(Figure 4.4). Apoptotic bodies are a special type of microvesicle that is formed in apoptotic cells. 
During apoptosis, a process of programmed cell death, cells shrink and eventually form apop- 
totic bodies (Figure 4.5). Apoptotic bodies contain fragmented DNA by nucleolytic degradation 
that resembles similar characteristics to those observed in extracellular nucleic acids. However, 
‘messenger RNA (mRNA) within apoptotic bodies is protected from RNase degradation. These 
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Figure 4.4 Exosomes and microvesicles released from healthy cells. (a) Exosomes are derived 
from the endocytic pathway. In the endocytic pathway, clathrin-coated vesicles (CCV) are formed at 
the plasma membrane. The endocytic vesicles are then formed through endocytosis and are trans- 
ported to early endosomes. Multvesicular bodies (MVBs) containing intraluminal vesicles (ILVS) are 
then developed from early endosomes. Through the exocytic fusion of the MVB membrane withthe 
plasma membrane of the cell, exosomes, containing cellular components including nucleic acids, 
are released to the extracellular space. (b) Microvesicles are derived from the budding of vesicles 
from the plasma membrane, Microvesicles are then shed ftom the plasma membrane carrying along 
cellular components including nucleic acids that are present in the cytoplasm. (@ Richard C. Li) 
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Figure 4.5 Apoptotic bodies released during apoptosis. During apoptosis, the preapoptotic cell 
(left) undergoes morphological changes. The early apoptatic cell (middle) shows deformation: the cel 
shrinks, the membrane blebs, and chromatin condense. The late apoptotic cells right) are fragmented, 
releasing apoptotic bodies, which contain cytosol and organelles, and nuclear fragments. In adltion, 
proteolytic enzymes are activated that cleave the genomic DNA into fragments. (@ Richard C. Li.) 
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extracellular nucleic acids are potentially useful sources for the forensic identification of bodily 
fluids and for forensic DNA profiling 


4.2 Cells 

4.2.1 Cell Surface Markers 

‘Many of the forensic markers that are analyzed in forensic laboratories are from cells, the build- 
ing blocks of the human body. All cells have membranes, also known as plasma membranes, 
‘which constitute their outer boundaries (Figure 4.6). The functions of cell membranes include 
exchanges with the environment, signal transduction, and structural support, The cell mem- 
brane is a phospholipid bilayer containing lipids, proteins, and carbohydrates. Membrane pro- 
teins can act as enzymes, receptors, or ion channels. Many cells also have carbohydrate-rich 
‘molecules, including proteoglycans, glycoproteins, and glycolipids, on their membrane surfaces 
(Figure 4.6). Many of these molecules act as cell surface antigens (Chapter 18. 


4.2.2 Nucleated Cells 
Probative biological evidence usually contains nucleated cells. The nucleus (Figure 4.7) is sur- 
rounded by a nuclear envelope and contains chromosomes and a nucleolus. A nucleolus is a 
dense, non-membrane-bound structure due to its high RNA content. The function of a nucleo- 
lusis to transcribe ribosomal RNA and to form ribosomes. 

‘There are two types of cells in the body: sex cells (sperm and oocytes) and somatic cells 
(all other types). Spermatozoa and ova, which are formed by germ cells, are called gametes. 
In humans, each gamete is haploid, containing 22 autosomes (chromosomes other than sex 
chromosomes) plus one sex chromosome. In ova, the sex chromosome is always an X, while in 
spermatozoa it may be an X or a Y. After fertilization, the zygote, which is the fertilized egg 
cell formed when two gamete cells are joined, becomes diploid as a result of the fusion of the 
‘haploid spermatozoon and ovum, Most of the other cells of the body, known as somatic cells, are 
diploid. This means that they have two copies of each autasome plus two sex chromosomes, XX. 
for females or XY for males. This results ina total of 46 chromosomes per diploid cell. The two 
chromosomes of a pair in a diploid cell are homologous chromosomes. One of the homologous 
chromosomes is inherited from the spermatozoon and the other from the ovum. 


Extracellular fluid 
Glycoprotein Glycolipid 


Peripheral 
protein 


ytoplasm 


Figure 4,6 Cell membrane and carbohydrate-containing glycoproteins and glycolipids. (© Richard 
Li) 
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Figure 4.7 A cross-sectional view of a cell. 1, Microvili; 2, cilia; 3, cytoskeleton; 4, centrioles; 
5, mitochondrium; 6, smooth endoplasmic reticulum; 7, rough endoplasmic reticulum; 8, nucleolus; 
8, peroxisome; 10, vesicle; 11, Golgi apparatus; and 12, lysosome. (® Richard C. Li.) 


Although most somatic cells are diploid, exceptions exist. Some differentiated cells such as 
red blood cells and platelets have no nuclei and are designated mulliploid. A few other cells have 
‘more than two sets of chromosomes as a result of DNA replication without cell division and 
are referred to as polyploid. For example, the regenerating cells of the liver and other tissues are 
naturally tetraploid, while the giant megakaryocytes of the bone marrow may contain 8, 16, or 
even 32 copies of chromosomes. 

‘The nuclear chromosomes of humans consist of complexes of DNA, histone proteins, and 
nonhistone chromosomal proteins. Each chromosome consists of one linear, double-stranded 
DNA molecule. The large amounts of DNA present in the human chromosome are compacted 
by their association with histones into nucleosomes and even further compacted by higher levels 
‘of folding of the nucleosomes into chromatin fibers. Each chromosome contains a large number 
‘of looped domains of chromatin fibers attached to a protein scaffold 

‘The degree of DNA packing varies throughout the cell cycle. During the metaphase of mitosis 
and meiosis of the cell cycle, chromatin is the most condensed. Two forms of chromatin have 
been defined on the basis of their chromosome-staining properties. Euchromatin regions are 
areas of chromosomes that undergo normal chromosome condensation and decondensation 
during the cell cycle. The intensity of staining of euchromatin is darkest in the metaphase and 
lightest in the synthesis (5) phase. Euchromatic regions account for most ofthe genome and lack 
repetitive DNA. Usually, the genes within the euchromatin can be expressed. Heterochromatin 
comprises the chromosomal regions that usually remain condensed throughout the cell cycle. 
It contains repetitive DNA and can be found at centromeres, much of the Y chromosome long 
arm, and the short arms of the acrocentric chromosomes (chromosomes with centromeres near 
‘one end). Genes within heterochromatic DNA are usually inactive 
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Figure 4.8 The ideogram of a human chromasome and cytogenetic banding nomenclature. The 
‘cytogenetic banding pattern is shawn after chemical staining such as G-banding, which treats chro- 
mosomes with Giemsa dye, The short arm is designated p; the long arm is q. The centromere, p 
telamere (p-tel, and g telomere (q-tel) ae also shown. G-bands at increasing resolution (fram left 
to right) are shown. (© Richard C. Li.) 


Each human chromosome has a short arm, designated p (for petit), anda long arm, designated 
4 (for queue), separated by a centromere (Figure 48). Centromeres are the DNA sequences that 
are found near the points of attachment of mitotic or meiotic spindle fibers. The centromere 
region of each chromosome is responsible for accurately segregating the replicated chromosomes 
to daughter cells during cell divisions. The ends of the chromosome are called telomeres and they 
help stabilize the chromosome and play a role in the replication of DNA in the chromosome. 

‘Chemical staining of metaphase chromosomes results in an alternating dark and light band- 
ing pattern (cytogenetic banding) that can be seen under a microscope. Each chromosome arm 
is divided into regions based on the cytogenic bands. This process is known as cytogenetic map- 
ping. The cytogenetic bands re labeled pl, p2, p3, ql, q2, q3, and soon, counting from the centro- 
‘mere out toward the telomeres. At higher resolutions, subbands can be observed. For example, 
the cytogenetic map location of a gene termed AMELY (amelogenin, Y-linked; Chapter 21) is 
Ypl1.2, which indicates its location on chromosome Y, parm, band 11, subband 2. The visually 
distinct banding pattern gives each chromosome a unique appearance. Recently, the cytogenic 
map has been integrated with the human genome sequence to allow the determination of the 
positions of cytogenetic bands within the DNA sequence. 

‘Chromosomes can be identified on the basis of the size and the positions of the centromeres 
and cytogenetic banding patterns. The chromosome constitution is described as a karyotype 
and can be displayed as a karyogram, which includes the total number of chromosomes and 
the sex chromosome composition (Figure 4.9). Chromosomes are numbered in order of their 
size, with chromosome 1 as the largest (except chromosome 21 is smaller than 22). In the cases 
of chromosomal abnormality, the karyotype can also reflect the type of abnormality and allow 
visualization of the affected chromosome bands 


4.2.3 Mitochondria and Other Organelles 
‘The cytoplasm contains the cytosol fluid in which organelles are suspended (Figure 4.7). Multiple 
copies of mitochondria are located within the cytoplasm, Mitochondria are surrounded by phos- 
pholipid membranes that separate them from the cytosol, The mitochondria are responsible 
for energy production through aerobic metabolism by producing molecules containing high- 
energy bonds, such as adenosine triphosphate (ATP). Mitochondria have their own genome, 
‘which can be analyzed for human identification (Chapter 23) 
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Figure 4.9 Human karyogram. The chromosomes are numbered, Cytogenic patterns show alternat- 
ing dark and light bands (From wwrw.gerome.gav). Centromeres (in red) are shown. 


‘Two types of endoplasmic reticulum (ER) can exist within the cytoplasm: the smooth ER 
(SER) is involved in lipid synthesis; the rough ER (RER) contains ribosomes on its outer surface 
and forms transport vesicles, The Golei apparatus is responsible for the production of secretory 
vesicles and new membrane components, and also for the packaging of lysosomes (vesicles con- 
taining digestive enzymes for the degradation of injured cells). Peroxisomes carry enzymes that 
neutralize potentially harmful free radicals. Other organelles found within the cytoplasm of 
‘eukaryotic cells include the cytoskeleton, microvilli, centrioles, and cilia 


4.24 Cytosol 
4.2.4.1 Messenger RNAS 

‘The chromosomal DNA contains genes that encode for specific proteins. The genetic code is 
read as an array of triplet codes, a sequence of three bases that specifies the identity of a single 
amino acid. As gene expression is activated, transcription occurs in which precursor mRNA 
(pre-mRNA) is produced from a DNA template, After transcription, the pre-mRNA is capped, 
polyadenylated, and spliced to form matured mRNA. Only the matured mRNA is transported 
from the nucleus to the cytoplasm. Tissue-specific mRNA can be potentially used for the iden- 
tification of biological evidence (Chapter 11). The proteins are synthesized in a process known 
as translation, in which amino acids are assembled based on the codons derived from the triplet 
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code of the DNA contained in the sequence of the mRNA strand. Various components including 
the ribosomal complex are involved in translation. The cytosol also contains many proteins that 
can be used for the identification of bodily fluids (Chapters 11 and 12) 


4.2.4.2 MicroRNAS 

MicroRNAs (miRNAs) are short RNA molecules that are 21-23 nucleotides in length. In 
‘eukaryotic organisms, miRNAs function as negative regulators of gene expression. They play 
roles in development and cell differentiation, Additionally, the altered expression of miRNAs 
can be detected in many human diseases, The biological function and the potential application 
‘of miRNAs in forensic biology are discussed in Chapter 11. 

Itis estimated that the human genome may encode approximately 1000 miRNAs, Based on 
their genomic location and structure, miRNAs an be characterized into three types: intergenic, 
intronic, and exonic (Figure 4.10). Infergenic miRNA genes are distinct transcriptional units 
that are found in genomic regions. In humans, most of the intergenic miRNA genes have a 
transcription start site and a polyadenylation site. Intronic miRNA reside within the introns of 
protein-coding and noncoding genes. The orientation of the intronic miRNAs can be the same 
as that of the sense (coding) strand of a host gene or that of the antisense strand (complemen- 
tary to the sense strand) of a host gene, Sense intronic miRNAs are transcribed from the same 
promoter as their host genes, The antisense intronic miRNAs are transcribed from their own 
promoters. Exonic miRNAs are rare in eukaryotic genomes and reside in genomic regions that 
overlap with an exon and an intron of a pseudogene, which is a noncoding gene or is no longer 
transcribed. These miRNAs are also transcribed from their host gene promoter. miRNAs can 
also be monocistronic or polycistronic, A monocistronic miRNA has a single transcriptional 
unit with its own promoter. In polycistronic miRNAs, several miRNAs reside as a cluster of 
transcriptional units with a shared promoter. 

‘The biogenesis of miRNAs begins in the nucleus. miRNAs are transcribed by RNA poly- 
‘merase I Nascent transcripts, referred to as primary transcripts (pri-miRNAS), can be sev- 
eral hundreds to thousands of nucleotides in length. The pri-miRNAs have a hairpin secondary 


Figure 4.10 The genomic location and the structure of miRNAs. (2) An intergenic miRNA gene, 
(b) sense intronic miRNA gene, (c) an antisense intronic miRINA gene, (d) an exonic miRNA gene, 
(e) a monocistronic miRNA gene, and (f) polycistronic miRNA genes. Exons (gray), introns (white), and 
miRNA genes (red) are shown. (© Richard C. Li) 
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structure that is approximately 70 nucleotides long with imperfect base pairing in the stem. 
miRNA processing is initiated in the nucleus (Figure 4.11). The hairpin region of a pri-miRNA. 
is then cleaved from the pri-miRNA by the nuclear RNase III endonuclease, Drosha. As a result, 
‘a pre-miRNA is formed. The pre-miRNA is transported from the nucleus to the cytoplasm by a 
‘nuclear transporter, Exportin 5. In the cytoplasm, a cytoplasmic RNAse IIl-like endonuclease, 
Dicer, cleaves the pre-miRNA to generate a double-stranded miRNA that is approximately 21-23 
‘nucleotides in length. The mature miRNA strand is bound to the Argonaut protein to assemble 
the RNA-induced silencing complex (RISC). The complementary RNA strand is degraded. 

‘A specific miRNA is designated with a prefix. The prefix for a mature miRNA is a capi- 
talized “miR,” while the prefix for a pre-miRNA is an uncapitalized “mir” The prefix “miR” 
is followed by a dash and a number (eg., miR-135). Experimentally confirmed miRNAs are 
sequentially numbered and are deposited in the miRBase, which is a database that archives 
‘miRNA sequences and annotations. 
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Figure 4.11 The biogenesis of miRNAs. In the nucleus, the pri-miRINA (primary transcript) is pro- 
cessed by Drosha (nuclear RNase for double-stranded RNA) and DGCR (nuclear double-stranded 
RNA-binding protein), forming the pre-miRNA. The pre-miRNA is transported from the nucleus to 
the cytoplasm by the exportin. Inthe cytoplasm, the pre-miRNA is further pracessed by Dicer (cyto- 
plasmic RNase for double-stranded RNA) and TRBP (cytoplasmic double-stranded RNA-binding 
protein). The mature miRNA strand is bound to the Argonaut protein to assemble the RISC (RNA- 
induced silencing comples). (© Richard C. Li) 
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4.3 Tissues 

4.3.1 Skin 

4.3.1.1 Biology of Skin 

‘The biological evidence related to skin is important in forensic investigations. For example, fin- 
gerprints are ridge skin impressions that are usually collected at crime scenes, and shed skin 
tissue is a source of DNA for human identification. The skin covers the entire body surface. 

Additionally, the skin contains specialized structures that include sebaceous and sweat glands, 
hair follicles, and nails. The thickness of skin varies throughout the body. The skin of the dorsal 
area of the body is usually thicker than that of the ventral area of the body. The skin consists of 
different layers (Figure 4.12). The epidermis is the outer layer ofthe skin. The epidermis also con- 
tains melanocytes that produce the skin pigment melanin. The dermisis the middle layer of the 
skin, [tis filled with fibrous collagen proteins secreted by fibroblasts and contains hair follicles 
and sweat glands. Additionally, it contains blood, lymph vessels, and nerves. The subcutaneous 
layer is the deepest layer of the skin. The subcutaneous layer consists of collagen networks and 
adipose tissue to prevent loss of hea, 

‘The epidermis is a multilayered tissue that includes a number of morphologically distinct 
zones: the basal, the spinous, the granular, and the cornified layers (Figure 4.12). The epidermis 
renews continually through the proliferation and differentiation of keratinocytes. The basal layer 
contains newly formed keratinocytes that are proliferative. Epidermal differentiation begins with 
the migration of the keratinocytes from the basal layer toward the outer layer of skin. Once the 
‘migrating keratinocytes reach the spinous and granular layers, the keratinocytes become nonpro- 
liferating and partially differentiated. As the cells reach the cornified layer, these cells are filled 
with keratin filaments and are differentiated into corneocytes, which are dead, and terminally 
differentiated keratinocytes. Inthe course of differentiation, the cells are flattened, and all organ- 
elles including the nucleus are lost. The corneocytes are then shed from the skin surface. 


4.3.1.2 Skin as Source of DNA Evidence 
Evidence from skin contact, also referred to as touched evidence, can be collected and used for 
forensic DNA analysis. One example of this evidence is shed skin cells that are found on worn. 
clothing, which is frequently encountered in crime scene investigations. For instance, a perpe- 
trator’s shed skin cells that are deposited on worn clothing are potential evidence to be collected. 
fier collection, a DNA profile can be obtained from shed skin cells, providing the forensic evi- 
dence or “lead” that is required for the criminal investigation. Touched evidence becomes more 
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Figure 4.12 A sectional view of the skin. Multilayered epidermis tissues are shown. (® Richard 
cli) 
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Figure 2:15. Theoretical results of using 1.5V calls in ser 
Jes orn parallel, assuming a 2Ah rating for on cell 


Because of the risk of fire, United States airline 
regulations limit the amp-hour capacity of 
lithium-ion batteries in any electronic device in 
carry-on or checked passenger baggage. Ifa de- 
vice may be carried frequently as passenger bag- 
gage (for example, emergency medical equip- 
ment), NiMH batteries are preferred. 


What Can Go Wrong 


Short Circuits: Overheating and 
Fire 

A battery capable of delivering significant cur- 
rent can overheat, catch fire, or even explode ifit 
is short-circuited, Dropping a wrench across the 
terminals of a car battery will result in a bright 
flash, a loud noise, and some molten metal. Even 
a 1.5-voltalkaline AA battery can becometoohot 
to touch if its terminals are shorted together. 
(Never try this with arechargeablebattery, which 
has a much lower internal resistance, allowing 
much higher flow of current) Lithium-ion bat- 
teries are particularly dangerous, and almost al- 
ways are packaged with a current-limiting com- 
ponent that should not be disabled. A short- 
ircuited lithium battery can explode. 


Ifa battery pack is used as a cheap and simple 
workbench DC power supply, a fuse or circuit 
breaker should beincluded. Any device that uses 
significant battery power should be fused. 


What Can Go 


Diminished Performance Caused 
by Improper Recharging 

‘Many types of batteries require a precisely meas- 
ured charging voltage and a cycle that ends au- 
tomatically when the battery is fully charged. 
Failure to observe this protocol can result in 
chemical damage that may not be reversible. A 
charger should be used that is specifically in- 
tended for the type of battery. A detailed com- 
parison of chargers and batteries is outside the 
scope of this encyclopedia, 


Complete Discharge of Lead-Acid 
Battery 

Complete or near-complete discharge of a lead- 
acid battery will significantly shorten its life (un- 
less itis specifically designed for deep-cycle use 
—although even then, more than an 80% dis- 
charge is not generally recommended). 


Inadequate Current 
Chemical reactions inside a battery occur more 
slowly at low temperatures, Consequently, acold 
battery cannot deliverasmuch currentasa warm 
battery. For this reason, in winter weather, a car 
battery is less able to deliver high current. At the 
same time, because engine oil becomes more 
viscous as the temperature falls, the starter mo- 
tor will demand more current to turn the engine. 
This combination of factors explains the tenden- 
cy of carbatteries to fail on cold winter mornings. 


Incorrect Polarity 
Ifa battery charger or generator is connected 
with a battery with incorrect polarity, the battery 
may experience permanent damage. Thefuse or 
circuit breaker in a charger may prevent this from 
occurring and may also prevent damage to the 
charger, but this cannot be guaranteed. 


Iftwo high-capacity batteries are connected with 
opposite polarity (as may happen when aclumsy 
attemptis madeto start a stalled car with jumper 
cables), the results may be explosive. Never lean 
over a car battery when attaching cables to it, 
and ideally, wear eye protection 
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useful and important when no other type of evidence (e.g. a fingerprint, bloodstain, or seminal 
stain) can be collected at the crime scene, especially for the investigation of certain criminal 
cases such as cold cases and property crimes such as theft and burglary (Figures 4.13 through 
4.15). Touched evidence usually contains minute quantities of nuclear DNA. DNA recovered 
from touched evidence is referred to as transfer DNA. However, the source of DNA transferred 
through physical contact is not well understood. Although the shed skin cells from touched evi- 
dence lack nuclei, these cells may contain DNA remnants from partial degradation during the 
differentiation process. These can be a possible DNA source. Additionally, the sweat glands in 
the skin produce sweat. When the skin makes contact with an item, a residue of sweat is left on 
the surface of the item. It is known that sweat contains cell-free DNA. Thus, cell-free DNA from 
sweat is another possible source of DNA. Furthermore, a small number of nucleated cells can 
be observed in touched evidence. These cells possibly originated from sweat glands and ducts. 


4.3.2 Hair 
Hairs, including scalp and pubic hairs, frequently constitute biological evidence that is found 
at crime scenes, and their identification can be of great forensic importance, Formerly, the 


Figure 4.13 Evidence collection using swabbing. The evidence from skin contact for forensic DNA 
analysis is usually collected by swabbing. More DNA can be recovered when evidence is collected with 
‘a double swab method than with a single swab. The double swab method involves applying a moist- 
‘ened cotton swab followed by a second dry cattan swab onto the same target surface of evidence. The 
target surface is swabbed using a moistened swab first. The moisture left by the first swab is absorbed 
by the second dry swab. Both swabs can be pooled for DNA extraction. (© Richard C. Li) 
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Figure 4.14 A worn glove as a source of DNA evidence. Shed skin cells on a worn glave can poten- 
tially generate DNA profiles. (© Richard C. Li.) 


Figure 4.15 A cigarette butt as a source af DNA evidence. Shed cells left behind on a cigarette 
butt can be a source of DNA. A portion (~1 em?) of the filter paper of a smoked cigarette butt can 
be cut for isolating DNA. (© Richard C. Li) 


principal methods that were utilized in forensic hair analysis were limited to morphological 
analysis and comparisons. Since then, protein polymorphisms provide some potential for iden- 
tifying individuals from single hairs. However, human hairs contain DNA and asa DNA source 
they may be used for forensic analysis. The development of the polymerase chain reaction (PCR) 
amplification technique made it possible to analyze very small quantities of DNA in hair, and 
the use of hair as evidence of identification has become more significant. 


4.3.2.1 Biology of Hair 

‘The human hair shaft isa keratinized cylindrical structure (Figure 4.16). The center or core of the 
hair is called the medulla, which is present in the majority of hairs. The medulla is surrounded 
bya cortex, which isthe outer layer ofthe hair shaft. The cuticle consists of overlapping layers of 
flattened keratinized cells that protect the hair. Hairs are produced in hair follicles (Figures 4.17 
and 4.18). Each hair follicle islocated deep in the dermis (askin layer beneath the epidermis) and 
‘opens onto the surface ofthe epidermis (the outer layer of the skin), The hair follicle is composed 
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Figure 4.16 A sectional view of a hair shaft. (© Richard C. Li.) 
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Figure 4.17 Longitudinal section view of a scalp hair follicle with accessory structures. (© Richard 
c.Li) 


ofthe bulge and the bulb regions. The bulge exports the stem cells that migrate down and give 
rise to bulb cells. The bulge also produces the stem cells that migrate up to form skin cells, The 
‘matrix cells, which generate the hair shaft cells, are located at the lower portion of the bulb. The 
dermal papilla is situated at the base of the bulb and contains cells that regulate hair growth, 
‘which are nourished by blood vessels and nerves. The growing hair shaft is surrounded by twa 
concentric layers of cells, which are referred to as the inner root sheath and the outer root sheath, 
respectively. The entire hair follicle is surrounded by a connective tissue sheath, 

Human scalp hairs grow for a few years and shed according to the hair follicle cycle 
(Figures 4.19 through 4.21). A human scalp hair can grow at its highest rate of approximately 
1mm per day. The growing phase of hair is called the anagen phase. The matrix cells undergo 
rapid proliferation and eventually become differentiated cells such as hair shaft cells. Asa hair 
{grows itis pushed toward the surface of the skin and becomes longer. During the migration 
Upward, Keratinization occurs as cells are filled with fibril keratin proteins. In these keratinizing 
cells, nuclei are absent. However, mitochondrial remnants can be observed, By the time a hair 
approaches the skin surface, cell death occurs at the medulla, cortex, and cuticle. At the end of 
the anagen phase, the matrix cells enter the catagen phase and undergo cell death, thus leading 
to the regression of the bulb. Hair follicles then enter the felogen phase: the stage of rest. When 
another cycle begins, the follicle produces a new bulb and the telogenic hair, also known as the 
club hair, is pushed to the surface and shed, On average, an adult loses approximately dozens of 
hairs daily. 
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Figure 4.18 Structure of an anagen-phase hair follicle. The diagram shows the hair follicle struc~ 
ture including the dermal papilla, sebaceous gland, bulge, bulb, and hair shaft. Concentric layers 
Cf the outer root sheath (ORS), the inner root sheath (IRS), and the hair shaft are also shown. 
(© Richard C. Li) 


4.3.2.2 Hair as Source of DNA Evidence 
‘The isolation of DNA from intact hair roots is routinely used in nuclear DNA analysis, In com- 
parison, the quantities of DNA in telogen hair roots are considerably less than the DNA that 
is found in the roots of anagen hairs. Nuclear DNA analysis is usually accomplished by using 
freshly plucked hair roots (Figures 4.22 and 4.23) because cells at the root region may contain 
nuclear DNA. Unfortunately, most human hairs recovered from crime scenes are shed naturally 
(in the telogen phase) and contain little nuclear DNA (Figure 4.24), Thus, multiple telogen hairs 
with roots are necessary to isolate enough nuclear DNA. However, shed hairs that are found 
at crime scenes may be derived from different individuals. Therefore, the ability to perform a 
forensic DNA analysis of a single shed hair would be highly desirable. Nuclear DNA isolation 
from hair shafts is still far less reliable because hair shafts contain very low amounts of nuclear 
DNA. In addition, variations in the amounts of DNA isolated from hair shafts are observed in 
a comparison between different hairs from the same head and hairs from different individuals. 
‘A hair follicle cell contains multiple copies of mitochondria. As a result, mitochondrial DNA 
(mtDNA) can be successfully isolated from hair roots. Additionally, mtDNA is embedded in the 
keratin matrix of hair shaft cells, which protects the mtDNA molecules from degradation. Thus, 
‘mtDNA can also be isolated from hair shafts, A sequence polymorphism analysis of mtDNA from 
hair can be carried out, mtDNA is maternally inherited, which is useful to identify maternal rela- 
tives but cannot be used to perform paternity testing. Additionally, the mtDNA profiling results are 
‘not as discriminating as nuclear DNA profiling, Furthermore, mtDNA analysis s time-consuming. 
‘Therefore, the typing of nuclear DNA from hair would be preferable for forensic DNA analysis. 
Sometimes, a mixture of more than one mtDNA sequence in the same individual is observed. 
‘This heterogeneous pool of mtDNA molecules is referred to as heteroplasmy. In hair, itis 
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Figure 4.19 Diagrammatic representation of the scalp hair cycle. The morphological characteris~ 
tics of 2 hair follicle are shown in three distinct phases encompassing the entire hair cycle: anagen 
(including early and full anagen), catagen, and telogen. DP, dermal papilla; M, matrix; ORS, outer 
root sheath; SG, sebaceous gland. (® Richard C. Li.) 


believed that it is due to a mixture of mtDNA molecules from keratinocyte and melanocyte- 
derived mitochondria (Figure 4.25). Hair follicle melanocytes are formed at the beginning of 
each hair cycle and die at the end of the cycle. Melanocytes are located in the bulb hair follicle. 
Hair melanocytes play roles in hair pigmentation, which determine hair color. Melanin, which 
is produced by the melanocytes, is contained in an organelle called the metanasome. The mela- 
‘nosomes are transferred to neighboring keratinocytes though dendritic processes. In addition 
to melanosomes, the melanocyte mitochondria can also be transferred to keratinocytes. Thus, 
the keratinized cells in the hair shaft may carry more than one type of mitochondria, one from 
the keratinocytes and the other from the melanocytes. Asa result, heteroplasmy of a mixture of 
different mtDNA molecules, with different DNA sequences, can occur in hairs 


4.3.3 Bone 

4.3.3.1 Biology of Bone 

‘The bodies of human remains begin to decompose shortly after death. The rate of decomposi- 
tion of human remains varies greatly with environmental conditions such as climate, bacterial 
growth, and the presence of insects and other animal scavengers, However, soft tissues may be 
lost first while more stable bone tissues may remain, Identifying human skeletal remains can be 
applied in a variety of cases including mass fatality incidents, missing persons, fires, explosions, 
and violent crime cases involving skeletal remains. 

‘An adult human skeleton consists of 206 bones (Figures 4.26 and 4.27). The shaft of a long 
bone, such as an arm or a leg bone, consists largely of an outer layer of cortical (or compact) 
bone, which is solid and strong. The shaft of a long bone forms a marrow cavity, which is filled 
with a specialized type of connective tissue called bone marrow. The portion at each end of a 
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Figure 4.20 Longitudinal section view of a scalp hair follicle during the hair cycle. (a) Early ana- 
agen, (b) full anagen, (c)catagen, and (d) telogen. (© Richard C. Li.) 


w ) 
Figure 4.21 Cross-sectional view of hair follicles. (a) Early anagen and (b) full anagen. Note that 
the new hair (arrow) and the club hair are shown. (© Richard C. Li.) 


ong bone is called the epiphysis, which is composed largely of cancellous (or spongy) bone, and 
can bear the force of compression. 4 flat bone can have primarily either cortical or cancellous 
bone. For instance, a rib consists of primarily cancellous bone surrounded by a thin layer of 
cortical bone. A skull bone usually consists of largely cortical bone. 

Bone, which is a connective tissue, contains a matrix and cells. The bone matrix consists of 
an inorganic and an organic matrix. Calcium and phosphorus are the major components of 
the inorganic matrix, which consists mainly of hydroxyapatite crystals, Ca,,(PO,),(OH),. The 
‘organic matrix consists of collagens, primarily type I collagen, which are insoluble fibrous pro- 
teins. With the deposition of calcium hydroxyapatite crystals around the collagen fibrils, bone 
becomes a weight-bearing hard tissue. 
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Figure 4.22 Hair raat of a pulled hair with visible soft tissue attached, (® Richard C. LI.) 


Figure 4.23 Pulled dreadlocks recovered from a crime scene. (@ Richard C. Li.) 


Developing bones contain small numbers of osteoprogenitar cells, These cells can divide to 
produce cells that differentiate into osteoblasts. Osteoblast cells regulate the calcification of the 
hone matrix. Osteoblasts that are embedded in the bone matrix are termed asteacytes and are 
the most abundant cells in bone. Osteacytes play a role in maintaining the surrounding matrix 
and repairing damaged bone. Another type of cell that can be found in bone tissues is osteo. 
clasts, These cells are giant cells containing 50 oF more nuclei and are responsible for dissolving 
and recycling the bone matrix. 


4.3.3.2 Bone as Source of DNA Evidence 
A number of methods are used to identify human remains, for example: the identification of 
facial characteristics; the recognition of individualizing scars, marks, and other special body 


94 


423 Tissues 


Figure 4.24 Telogen hair roots. From left to right: telogen club root with no visible soft tissue; 
telogen hair raat with some visible soft tissue; telogen hair root with visible soft tissue. (From 
Bourguignon, L. et al., Forensic Sci Int Genet, 3, 27-31, 2008. With permission.) 
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Figure 4.25 Scheme diagram af the melanasome transportation, Melanosomes are released into 
the extracellular space from the melanocyte dendrites through exocytosis and subsequent endocy- 
tosis by keratinocytes. During the process, mitochondria originating from the melanocytes can be 
potentially transported to the keratinocytes. (@ Richard C. Li.) 


features; the matching of dentition with premortem dental x-rays; and the comparison of fin- 
gerprints, In some situations, these methods cannot be used because of the extensive decom- 
position of the remains, The mass fatality terrorist attack on the World Trade Center in 2001 
(Figure 4.28) serves as an example of a situation where common identification techniques may 
not be useful, Large quantities of compromised human skeletal fragments were recovered at the 
fatality site. In these cases, DNA typing is a powerful tool for identifying human remains. 
‘Most DNA in cortical bone is located in the osteocytes. It has been estimated that there 
are approximately 20,000 osteocytes per cubic millimeter of calcified bone matrix. As a result, 
‘microgram quantities of DNA can potentially be obtained from a gram of bone. Thus, compact 
bone tissue should contain sufficient amounts of nuclear DNA for analysis, However, the skel- 
etal fragments recovered from burial sites are often subjected to decomposition (Figures 4.2 
and 4.30). During the decomposition process, both nuclear and mtDNA can be degraded. 
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Figure 4,26 Bone structure. An adult human consists af 206 bones. A lang bone, such as an arm ora 
Jeg bone, consists of an outer cylinder of cortical bone surrounding a marrow cavity. Each end of a long 
bone is called the epiphysis, which is composed largely of cancellous bone. Flat bones have variable 
structures; for example, the skull consists mainly of cortical bone whereas the spine consists mainly of 
cancellous bone. (a) Diagram of a long bone. (b) A bane fragment. Cortical and cancellous bones are 
shawn. Blood vessels can be found in the Volkmann and Haversian canals. (@ Richard C. Li.) 


Additionally, burial conditions with high humidity and temperature promote the degradation 
‘of DNA. Thus, the identification of partial DNA profiles or the complete failure to obtain DNA 
profiles can occur after samples from decomposed remains are analyzed. 

Processing bone samples for DNA extraction isa time-consuming task (Figure 4.31). Due to 
the potential for commingled remains and contaminants that interfere with forensic analysis, a 
bone sample initially must be cleaned prior to isolating DNA. The outer surfaces of bone frag- 
‘ments are usually removed by using a mechanical method such as sanding. However, to avoid 
‘cross-contamination of samples, the bone dust that is generated by sanding must be removed. 
‘Additionally, special protective equipment and safety procedures are necessary to protect ana- 
lysts from exposure to blood-borne pathogens. 

To obtain adequate quality and quantity of DNA from a bone sample, a high-yield DNA 
extraction method should be selected. The bone samples can be ground to powder to aid in 
DNA extraction (Chapter 5). The osteocytes containing DNA are embedded in a calcified bone 
‘matrix, which is a barrier for extracting DNA from the osteocytes. The bone matrix must be 
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Figure 4.27 Cross-sectional view of cortical bone. (a) The functional unit of cortical bones is 
a cylindrical structure known as osteon. Haversian canals are shown in the center of the osteon. 
(b} Detailed view of an osteon, Osteacytes (arrows) are shown within asteons. (© Richard C. Li} 


Figure 4.28 Sections of the Fire Department of New York City (FDNY) Memorial Wall. Memorial to 
the Fallen Firefighters of 9/11, at FDNY Engine Co. 10 on Liberty Street, New York, by Rambusch 
Studios. (@ Richard C. Li.) 
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Reverse Charging 

Reverse charging can occur when a battery be- 
comes completely discharged while it is wired 
(correctly) in series with other batteries that are 
still delivering current. In the upper ection of the 
schematic at Figure 2-16 two healthy 6V batter- 
ies, in series, are powering a resistive load, The 
battery on the left applies a potential of 6 volts 
to the battery on the right, which adds its own 6 
Volts to create a full 12 volts across the load. The 
red and blue lines indicate volt meter leads, and 
the numbers show the reading that should be 
observed on the meter. 


In the second schematic, the battery on the left 
has become exhausted and is now a “dead 
weight” in the circuit, indicated by its gray color. 
The battery on the right still sustains a 6-volt po- 
tential. Ifthe internal resistance of the dead bat- 
tery is approximately 1 ohm and the resistance 
ofthe load is approximately 20 ohms, the poten- 
tialacrossthedead battery willbe about 3 volts, 
in the opposite direction to its normal charged 
voltage. Reverse charging will result and can 
damage the battery. To avoid this problem, a 
battery pack containing multiple cells should 
never be fully discharged. 


Sulfurization 

When a lead-acid battery is partially or com- 
pletely discharged and is allowed to remain in 
that state, sulfur tends to build up on its metal 
plates, The sulfur gradually tends to harden, 
forming a barrier against the electrochemical re- 
actions that are necessary to recharge the bat- 
tery. For this reason, lead-acid batteries should 
not be allowed to sit for long periods in a dis- 
charged condition. Anecdotal evidence sug- 
gests that even a very small trickle-charging cur- 
rentcan preventsulfurization, whichis why some 
people recommend attaching asmall solar panel 
to a battery that is seldom used—for example, 
onasail boat, where the sole function of the bat- 
tery is to start an auxiliary engine when there is 
insufficient wind. 


source > battery 


wv ev 


B7V 


03v ev 


Figure 2-16. When a pair of 6V batteries is placed in ser 
Jes to power a resistive load, if one of the batteries dis 
‘charges completely, it becomes a foad instead of a power 
Source, and will be subjected to reverse charging, which 
‘may cause permanent damage, 


High Current Flow Between Parallel 
Batteries 

If two batteries are connected in parallel, with 
correct polarity, but one of them is fully charged 
while the other is not, the charged battery will 
attempt to recharge its neighbor. Because the 
batteries are wired directly together, the current 
will be limited only by their internal resistance 
and the resistance of the cables connecting 
them. This may lead to overheating and possible 
damage. The risk becomes more significant 
when linking batteries that have high Ah ratings. 
Ideally they should be protected from one an- 
other by high-current fuses. 
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Figure 4,29 Human rib bone fragments recovered from burial site, (© Richard C. Li.) 


Figure 4.30 Skeletal remains, exhumed from Frombork Cathedral in Poland, are thought to be 
those of astronomer Nicolaus Copernicus (1473-1543). (From Bogdanowicz, W., et al., Proc Natl 
Acad Sci U $ A, 106, 12279-12282, 2009, With permission.) 


removed to improve the yield of DNA. A decalcification method can be utilized to dissolve 
calcium ions to soften the bone tissue. Additionally, the application of proteinase can be used to 
digest the matrix proteins, thus increasing the yield of DNA that is harvested from osteacytes. 


4.3.4 Teeth 
4.3.4.1 Biology of Teeth 

During embryonic development, two sets of teeth begin to form. The first to appear are the 
deciduous teth or primary teeth. Most children have 20 deciduous teeth, which are later replaced 
bby 32 teeth known as the secondary dentition or permanent dentition (Figure 4,32). 
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Figure 4.31 Tools for cutting bone samples. Osteotomes and 2 mallet (top), and a rotary device 
(bottom). (© Richard C. Li.) 


‘The bulk of each tooth consists of a calcified connective tissue called dentin (Figure 4.33). 
‘The dentin of the crown is covered by a layer of enamel. The rest of the dentin is referred to as 
radicular dentin and is covered by a layer of cementum, which separates the tooth from the sur- 
rounding jawbone. 

Simi to bone, tooth tisue contains a matric. The inorganic matrix of tooth contains 
hydroxyapatite, a calcium phosphate in a crystalline form. The organic matrices of dentin and 
cementum are primarily collagens. In enamel, amelogenin is the major protein of the organic 
‘matrix. Other proteins include ameloblastin and enamelin, which are also the components of 
the enamel organic matrix. 

‘The interior chamber within the tooth surrounded by dentin is known as the pulp cavity. The 
dental pulp, found within the pulp cavity, is the connective tissue made up of nerve fibers, blood 
vessels, and various cells. The blood vessels and nerves in the pulp cavity are innervated through 
the root canal, a narrow tunnel located at the root of the tooth. Incisor and cuspid teeth have 
single roots. Bicuspids have one or two roots, Molars typically have three or more roots. 

‘The columnar cell bodies of odontoblasts are located along the peripheral dental pulp. A 
single odontoblast process, arising from each cell body of the odontoblasts, projects into the 
dentinal tubule (Figure 4.34). Odontoblasts play important roles in the formation of den- 
tin, Odontoblasts secrete collagens and ground substances that are the components of the 
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Figure 4.32 A sectional view of an adult tooth. (© Richard C. Li.) 
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Figure 4,33 Cross-sectional view of a tooth. (© Richard C. Li) 


dentinal matrix. Additionally, odontoblasts regulate the calcification of the matrix of dentin. 
Gementoblasts are cells that play roles in forming the cementum. Cementoblasts secrete col- 
lagens and ground substances to form the extracellular matrix of the cementum, Through the 
process of forming cementum, cementoblasts become trapped in the extracellular matrix. The 
‘cementoblasts embedded in the cementum are referred to as cementocytes. Ameloblasts are cells 
that play a role in producing enamel and are subsequently lost during tooth eruption, 


4.3.4.2 Teeth as Source of DNA Evidence 
‘The characteristics of teeth, their alignment, and the overall structure of the mouth provide 
information for identifying a person. The use of dental records such as x-rays and dental casts 
can allow dental remains to be connected to a victim. Particularly in circumstances such as 
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Figure 4.34 Odontablast processes. See Section 4.3.4.1. (© Richard C. Li,) 
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Figure 4.35 Tools for dissecting teeth, (© Richard C. Li.) (a) A dental chisel and a mallet. (© Richard 
Li.) (b) An amalgam well. (Courtesy of Dr. Ken Hermsen.) 


decomposition, an odontological comparison is possible since the dental evidence often remains 
intact, When no antemortem dental record is available for comparison, forensic DNA testing 
can be carried out for postmortem human identification, The mineralized dental structure pro- 
tects DNA from degradation in cases where it may be degraded in other tissues of the body. 
‘Thus, teeth are an excellent source of DNA for forensic DNA analysis under such conditions. 
Dental pulp tissue contains various cells and is a suitable source of DNA. However, when 
tooth evidence has been exposed to high temperature and humid environments, decomposition 
of the pulp tissue can occur. Thus, cementoblasts within the cementum, containing both nuclei 
and mitochondria, can then be utilized as a source of DNA. Additionally, odontoblast processes 
within dentin, containing mitochondria, can also be used. Several different methods are used 
to obtain dental tissues for DNA isolation (Figure 4.35). A vertical section is cut along the longi- 
tudinal axis ofthe tooth, which allows the dissection of the pulp, dentin, and cementum tissues 
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Figure 4.36 Dissecting teeth for DNA isolation. Vertical cutting and dissecting of the pulp, den- 
tin, and cementum tissues (left) and horizontal cutting and dissecting of the root portion (right). 
(Courtesy of Dr. Ken Hermsen.) 
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Figure 4.37 Extraction of pulp tissue using endodontic access procedures: trepanning the occlu- 
sal surface of a tooth using a dental bur mounted on a turbine (a), creating a cavity for endodontic 
access (b), and extracting pulp tissue using a nerve broach (a). (@ Richard C. Li.) 


(Figure 4.36). A horizontal section is cut through the cementum-enamel junction of the tooth 
(Figure 4.36). The root portion can be pulverized to a fine powder for DNA isolation, The crown 
can be preserved for forensic odontological comparisons if needed. Additionally, the extraction 
‘of pulp tissue can be carried out by standard endodontic access (Figure 4,37). For calcified tis- 
sues such as dentin and cementum, a decalcification step is needed to soften the dental matrix, 
‘which facilitates DNA isolation, 
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jumper 


A jumper may also be referred to as a jumper socket or a shunt. A jumper should not be 
confused with jumper wires, which are not considered components for the purposes of 


this encyclopedia, 


OTHER RELATED COMPONENTS 


«+ switeh (See Chapter 6) 


What It Does 


A jumper is a low-cost substitute for a switch, 
where a connection has to be made (or unmade) 
onlya few times during the lifetime of a product. 
‘Typically itallowsafunction or featureonacircuit 
board to be set on a semipermanent basis, often 
atthe time of manufacture. A DIPswitch performs 
the same function more conveniently. See “DIP” 
(page 43). 


‘There is no standardized schematic symbol to 
represent a jumper, 


How It Works 


A jumper is a very small rectangular plastic tab 
containing two (or sometimes more) metal sack- 
ets usually spaced either 0.1" or 2mm apart. The 
sockets are connected electrically inside the tab, 
so that when they are pushed over two (or more) 
pins that have been installed on a circuit board 
for this purpose, the jumper shorts the pins to- 
gether. The pinsare usually 0.025" squareandare 
often part of a header that is soldered into the 
board. In a parts catalogue, jumpers may be 
found ina section titled "Headers and Wire Hous- 
ings" or similar. 


‘Three jumpers are shown in Figure 3-1. The blue 
one containstwo sockets spaced 0.1” andisdeep 


enough to enclose the pins completely. The red 
one contains two sockets spaced 2mm and may 
allow the tips of the pins to emerge from its op- 
posite end, The black one contains four sackets, 
each pair spaced 0.1" apart. 


Figure 3-1. Three jumpers containing two sackets spaced 
2mm (left), two sackets spaced 0.1" (top right), and four 
sockets, each pair spaced 0.1" (bottom right) 
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SECTION [| 


Basic Techniques in 
Forensic Biology 


Nucleic Acid Extraction 


5.1 Basic Principles of DNA Extraction 

Deoxyribonucleic acid (DNA) is a linear polynucleotide consisting of four types of monomeric 
nucleotides, Each nucleotide contains three components: a deoxyribose, a nitrogenous base, and 
a phosphate group (Figure 5.1). The four bases for DNA are adenine (A), cytosine (C), guanine 
G), and thymine (T) (Figure 5.2). The deoxyribose is attached to the nitrogen of a base. The 
phosphate group is attached to the deoxyribose. In a polynucleotide, individual nucleotides are 
linked by phosphodiester bonds (Figure 5.3) 

Interestingly, the frst attempt to isolate DNA from humans, which involved the use of human 
leucocytes, was accomplished by the Swiss physician Friedrich Miescher in 1869, This study led 
to the discovery of the DNA molecule, which he referred to as “auclein.” Over the years, various 
‘methods for isolating DNA from blood samples were developed. However, many protocols still 
use the basic principles Miescher developed more than 100 years ago, 

‘This chapter introduces basic techniques for DNA extraction used in forensic laboratories 
(Table 5.1). The commonty used methods isolate total cellular DNA, which is suitable for most 
forensic DNA analyses. However, DNA extraction procedures may vary according to the type of 
biological evidence, which can include cell types, substrates, the quantity of biological evidence 
collected, and the type of test that is being performed. Specific DNA extraction procedures for 
‘a sample of interest can be found in the literature. ‘The extraction method of choice yields an 
‘optimal quantity, quality, and purity of DNA to satisfy forensic DNA testing needs. A sufficient 
‘quantity of DNA ensures the generation of a complete DNA profile, Poor quality of DNA, such 
as fragmentation due to DNA degradation, may result in a partial DNA profile or a failure to 
obtain a profile, Poor purity of DNA may cause interference during subsequent DNA testing. For 
example, DNA polymerase inhibitors interfere with DNA amplification (Chapter 7). Additional 
criteria for selecting proper DNA extraction methods include adaptability to automation, 
throughput potential, simplicity, the reduction of contamination risks, and cost-effectiveness. 
‘The most common DNA extraction protocols include basic components discussed below. 


5.1.1 Cell and Tissue Disruption 

In most DNA extraction protocols, enzymatic digestions, such as those with proteinase K, are used 
for cell and tissue disruption. The disruption process can also be carried out by boiling and by using 
alkali treatment and mechanical methods (Figures 54nd 5.5). Materials such as bone and teeth can 
be frozen in liquid nitrogen and then ground to a fine powsler with a mortar or cryogenic grinder 
such as the SPEX CertiPrep® freezer mill (Figure 5.6). In such specimens, cells containing DNA 
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Figure 8.1 Structure of a nucleotide. Each nucleotide in a DNA polymer is made up of three 
‘components: a deoxyribose, a nitrogenaus base (adenine is shown as an example), and a phosphate 
‘group, The 1’ carbon of the deoxyribose is attached to the nitrogen of a nitrogenous base. A phos- 
phate group is attached to the 5' carbon af the deaxyribase. 
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Figure 5.2 Chemical structures of nitrogenous bases: (a) adenine, (b) guanine, (c) cytosine, and 
(@) thymine. 
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Figure 5.3 DNA polynucleotide chain, Individual nucleotides are linked by phosphodiester bonds 
between thelr 5° and 3 carbons, 
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5.1 Basic Principles of DNA Extraction 


Forensi DNA | DNA 
Application | Purity | Strand | Size | Throughput 


Solvent- RFLP-and High Double Large Time-consuming; Uses taxio 
based PCR-based stranded difficult to solvent; multiple 
assay adapt for transfer steps 
automation between tubes 
Boiling PCR-based Low | Single Small ~30 min per No transfer 
assay stranded sample required 
Silica RFLP-and High Double Large. ~1 hper sample; Minimum 
based PCR-based stranded amenable to transfer 
assay automation required 


Figure 5.4 An automated mechanical disruption device for efficient disruption of tissues. It can 
be used for high-throughput applications involving sample preparation for the isolation of nucleic 


Figure 5.5 Tissue disruption using a pressure-generating instrument also known as a barocycler. 
During the process, a barocycler is utilized ta apply alternating cycles of high and law pressures onto 
specimens placed in single-use processing containers. The technique is known as pressure-cycling 
technology (PCT). (© Richard C. Li.) 
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Figure 5.6 Tissue disruption using cryogenic grinding. A cryogenic mill (left), also known as freezer 
mill, can be used for the pulverization of hard tissue such as bane samples into fine powder priar to 
DNA extraction. During a grinding cycle, an impactor (right) moves back and forth, under a magnetic 
field, inside a grinding vial, grinding the sample to a fine powder. The grinding process is carried out 
at low temperatures (approximately ~196°C), using liquid nitrogen to protect temperature-sensitive 
analytes such as DNA. (@ Richard C. Li.) 


are embedded in a calcified matrix that is responsible for the rigid structure of bone and teeth, In 
order to achieve a high yield of DNA extraction, itis necessary to remove the calcified matrix, A 
decalcification process removes calcium ions from the matrix, thus making the specimen suitable 
for DNA extraction. The most commonly used decalcifying agents for DNA extraction purposes 
are chelating agents such as ethylenediaminetetraacetic acid (EDTA), which sequesters the calcium 
ions. Decalcfication isa lengthy procedure. Bone or teeth powder is usually treated with the decalci 
fying agent avernight or for a longer period of time, depending on the size and source of the sample. 


5.1.2 Lysis of Cellular and Organelle Membranes 
During oraftertissue disruption, membranes—including those of cells, nuclei, and mitochondria 
are lysed in order to release DNAs, including nuclear and mitochondrial DNA. The lysis can 
be carried out using salts and chaotropic agents (Section 5.2.3) such as guanidinium salts and 
detergents such as sarkosyl and sodium dodecyl sulfate (SDS). These substances can destroy 
membranes, denature proteins, and dissociate proteins such as histones from DNA. The lysis pro- 
cedure is usually carried out in a buffer, such as Tris, in order to maintain a pH where endog. 
enous deoxyribonucleases (DNases) remain inactive. DNases are a type of nuclease that catalyzes 
the cleavage of phosphodiester bonds of DNA. Endogenous DNases are located in cytoplasmic 
lysosomes and play a role in degrading the DNA of invading viruses. When cells are lysed, the 
DNases that are also released can degrade the extracted DNA. Chelating agents such as EDTA or 
Chelex* (Section 5 2.2) can therefore be used to chelate the divalent cations that are the cofactors of 
DNases, in order to inhibit DNase activities. Furthermore, reducing agents such as mercaptoetha- 
nol or dithiothreitol (DTT) can be used to inhibit the oxidization processes that can damage DNA. 


5.1.3 Removal of Proteins and Cytoplasmic Constituents 
After lysis, cytoplasmic constituents, such as proteins and liquids that interfere with DNA 
extraction, are removed. Proteins and lipids are usually removed by one or more rounds of 
extraction with organic solvents such as phenol-chloroform mixtures (Section 5.2.1). Another 
strategy to remove cytoplasmic constituents is to utilize the reversible binding of DNA to a solid 
material such as silica, which selectively binds DNA in chaotropic salt solutions. The proteins 
and cytoplasmic constituents can then be removed through washing steps. 
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5.1.4 Storage of DNA Solutions 
Purified high-molecular-weight DNA is usually stored in TE buffer (10 mM Tris-HCl, 1 mM EDTA, 
pH 80). EDTA is usually included in storage solutions to chelate divalent cationsand thereby inhibit 
DNases. Such a DNA solution may be stored at 4°C or ~20°C. For long-term storage, 80°C. is 
recommended, Frequent freezing or thawing cycles should be avoided because temperature fluctua- 
tions may cause breaks of single- and double-stranded DNA. Additionally, DNA containing impu- 
rities such as extracts generated via the Chelex method are much less stable. The presence of heavy 
‘metals, such as cadmium and cobalt, can cause breakage of phosphodiester bonds in the molecules. 
‘Additionally, unsuccessful removal of exogenous or intracellular free radicals, such as a hydroxyl 
radical (HO), which have unpaired valence electrons, can cause DNA damage such as strand breaks. 
Furthermore, contamination by DNases may lead to subsequent degradation of DNA, 


5.1.5 Contamination 
‘Contamination is usually caused by the introduction of exogenous DNA to an evidence sample. 
It can occur between samples, between an individual and a sample, between other organisms 
and a sample, or between amplified DNA and a sample. Certain procedures can be utilized to 
prevent the occurrence of contamination. For example, evidence and reference samples should 
be processed separately in different rooms to avoid sample-to-sample contamination. In situ- 
ations where space is limited, the evidence sample should be processed before the reference 
sample. Additionally, evidence samples should be processed and extracted for isolating DNA in 
separate areas (or at different times) from DNA amplification areas. 

Solutions and test tubes used for extraction should be DNA-free, and aerosol-resistant pipet 
tips should be used during the extraction process. Additionally, the levels of contamination 
should be monitored by using extraction reagent blanks (having reagents but no samples), which. 
‘monitor contamination from the extraction. 


5.2 Methods of DNA Extraction 
5.2.1 Extraction with Phenol-Chloroform 
‘This method is also called organic extraction. Major steps include the following: 


5.2.1.1 Cell Lysis and Protein Digestion 
‘These steps can be achieved by digestion with proteolytic enzymes such as proteinase K before 
extraction with organic solvents, 


5.2.1.2 Extraction with Organic Solvents 
‘The removal of proteins is carried out by extracting aqueous solutions containing DNA with a 
mixture of phenol:chloroform:isoamyl alcohol (25:24:1). Phenol is used to extract the proteins 
from the aqueous solution. Although phenol has a slightly higher density than water, itis some- 
times difficult to separate it from the aqueous phase. Therefore, chloroform is utilized as it has 
a higher density than phenol. As a result, the phenol-chloroform mixture forms the organic 
phase atthe bottom of the tube and is easily separated from the aqueous phase. Isoamyl alcohol 
is often added to the phenol-chloroform mixture to reduce foaming, During partition, DNA is 
solubilized in the aqueous phase, while lipids are solubilized in the organic phase. Proteins are 
located at the interface between the two phases (Figure 5.7). 


5.2.1.3 Concentrating DNA 
‘Two common methods for concentrating DNA are ethanol precipitation and ultrafiltration. In the 
first method, the DNA is precipitated from the aqueous solution with ethanol and salts, Ethanol 
depletes the hydration shell of DNA, thus exposing its negatively charged phosphate groups. The 


Forensic Biology, Second Edition 


Figure 5.7 DNA extraction using organic solvent. The DNA is contained in the aqueous phase, 
while cellular materials such as lipids are contained in the organic-solvent phase. Proteins remain in 
the barrier between the two phases. (© Richard C. Li) 
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Figure 5.8 Concentrating DNA solutions using filtration devices. DNA samples are loaded into the 
reservoir. The liquid is filtered by centrifugation and the DNA becomes trapped in the membrane. 
‘The cartridge is then inverted to recover the trapped DNA by centrifugation. (© Richard C. Li.) 
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precipitation can only occur if sufficient quantities of cations are present in the solution. The 
‘most commonly used cations, such as ammonium, lithium, and sodium, neutralize the charges 
‘on the phosphate residues of DNA, forming a precipitate, Ultrafiltration is an alternative to etha- 
‘nol precipitation for concentrating DNA solutions. The Microcon® and Amicon” are centrifugal 
ultrafiltration devices that can concentrate DNA samples (Figure 58). A proper Microcon® unit 
can be selected with a nucleotide cutoff equal to or smaller than the molecular weight of the DNA 
fragment of interest. Usually, the cutoff size is 100 kDa for forensic DNA samples. 
Phenol-chloroform extraction yields large, double-stranded DNA and can be used for 
either restriction fragment length polymorphism (RFLP)-based or polymerase chain reaction 


5.2 Methods of DNA Extraction 


(PCR)-based analysis. However, the organic extraction method is time-consuming, involves the 
use of hazardous reagents, and requires the transfer of samples among tubes. 


5.2.2 Extraction by Boiling Lysis and Chelation 
‘This technique, also called the Chelex* extraction method, was introduced in the early 1990s to 
forensic DNA laboratories. It usually includes the following steps: 


5.2.2.1 Washing 
‘This step removes contaminants and inhibitors that may interfere with DNA amplification. 
For example, heme compounds found in blood samples should be removed from blood sam- 
ples because it inhibits DNA amplification, 


5.2.2.2 Boiling 
Cells are suspended in a solution and incubated at 56°C, where DNases are not active, for 20 min. 
‘This preboiling step softens cell membranes and separates clumps of cells from each other. The 
cells are then lysed by heating to boiling temperature in order to break open the membranes 
and to release the DNA. Additionally, the lysis of cells releases al of their cellular constituents, 
including DNases. The DNase degradation of the extracted DNA can be blocked by applying 
a chelating resin (Chelex” 100) during the extraction process. Chelex” 100 is an ion-exchange 
resin composed of styrene divinylbenzene copolymers. The paired iminodiacetate ion groups in 
‘Chelex® 100 act as chelators by binding to divalent metal ions such as magnesium, Magnesium is 
a cofactor of endogenous DNases. Thus, sequestering magnesium in the solution using Chelex® 
100 protects DNA from degradation by DNases (Figure 5.9). 


5.2.2.3 Centrifugation 
Brief centrifugation is performed to pull the Chelex” 100 resin and cellular debris to the bot- 
tom of the tube. The supernatant is used for DNA analysis. Carrying the Chelex” 100 resin over 
into the DNA amplification solutions should be avoided because the resin chelates magnesium, 
‘which isa necessary cofactor for DNA polymerases used for amplification, 
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Figure 5.9 Utilizing Chelex® for preparing DNA samples. (a) Cations such as Mg: are required 
for the activity of endogenous DNase, which degrades DNA. (b) Chelex® prevents DNA degradation 
from endogenous DNase by sequestering the Mg. (@ Richard C. Li.) 
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The set of pins with which a jumper is used is 
often referred to as a header. Headers are avail- 
able with pins in single or dual rows. Some head- 
ersare designed to be snapped offto provide the 
desired number of pins. A dual 28-pin header is 
shown in Figure 3-2 with a black jumper pushed 
onto a pair of pins near the midpoint. 


Figure 3-2. A jumper pushed onto a pair of 
along a dual 28-pin header 


ns midway 


Variants 


A jumper assembly may be a kit containing not 
only the jumper but also the array of pins with 
which itis intended to be used. Check the man- 
ufacturer’s datasheet to find out exactly what is 
included 


The most common types of jumpers have two 
sockets only, but variants are available with as 
many as 12 sockets, which may be arranged in 
one or two rows. Header sockets may be used as 
a substitute for purpose-made jumpers, with the 
advantage that they are often sold in long strips 
that can be snapped offto provide as many sock- 
ets as needed. However, the pins attached to 
header sockets must be manually connected by 
soldering small lengths of wire between them, 


In some jumpers, the plastic tab extends upward 
for about half an inch and functions as a finger 
grip, making the jumper much easier to hold 
during insertion and removal. This isa desirable 
feature if there is room to accommodate it. 


The sockets inside a jumper are often made from 
phosphor-bronze, copper-nickel alloy, tin allay, 
or brass alloy. They are usually gold-plated, but 
in some instances are tin-plated. 


Rarely, a jumper may consist of a metal strip with 
U-shaped connections suitable for being used in 
conjunction with screw terminals. Two jumpers 
of this type are shown in Figure 3-3. They should 
not be confused with high-amperage fuses that 
look superficially similar. 


Figure 3-3. These jumpers are designed to short togetner 
two oF three screw terminals 
Values 


‘The spacing between the sockets in a jumper is 
referred to as its pitch. As previously noted, 0.1” 
and 2mm ate the most popular values. 


Atypical maximum rating for a jumper of 0.1" 
pitch is 2A or 2.5A at 250V. 
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‘This method is simple and rapid and uses only a single tube for extraction, thus reducing the 
risks of contamination and sample mix-ups. However, the heating step of this method disrupts 
and denatures proteins and also affects the chromosomal DNA. ‘The resulting DNA extracted 
from the solution is fragmented single-stranded DNA. Thus, the DNA extracted is not suitable 
for RFLP analysis because RFLP requires double-stranded DNA samples, The DNA obtained by 
lysis and chelation can only be used for PCR-based DNA analysis. 


‘Themethodofadsorbing DNA moleculesto solid silica surfacesisused forextraction (Figures5.10 
and 5.11). The method is based on the phenomenon that DNA is reversibly adsorbed to silica— 
silicon dioxide (SiO,)—in the presence of high concentrations of chaotropic salts. Chaotropic 
salts can disrupt hydrogen bonding, affecting the three-dimensional structures of macromol- 
‘ecules, These salts are used to denature proteins. Additionally, chaotropic salts can facilitate the 
adsorption of DNA to silica 

In aqueous solutions, the hydration shells of nucleic acids shield the negative charges of 
phosphates at the phosphodiester backbone of nucleic acids. As a result, nucleic acids are usu- 
ally hydrophilic in aqueous solutions. In the presence of chaotropic salts, nucleic acids become 
hydrophobic. The dehydrating effect caused by chaotropic salts allows the phosphate residues to 
become available for adsorption to the silica surface. Common chaotropic sats utilized for DNA 
extraction include guanidinium salts such as guanidinium thiocyanate (GuSCN) and guani- 
dinium hydrochloride (GuHCl). GuSCN isa more potent chaotropic salt and also facilitates cell 
lysis and DNA adsorption. This technique usually includes the following steps: 


5.2.3.1 Cell Lysis and Protein Digestion 
“This is carried out by proteinase K digestion. The cell membranes are broken open, and DNA is 
released, 


5.2.3.2 DNA Adsorption onto Silica 

‘This step utilizes silica as the stationary phase in a membrane configuration to which the DNA 
in the cell lysate binds, Adsorption of the DNA to the silica occurs in the presence of high 
concentrations of chaotropic agents (some protocols adjust pH conditions to enhance adsorp- 
tion). Under these conditions, cellular materials and other contaminants that can inhibit DNA 
amplification reactions are not retained on the silica membrane. The adsorbed DNA is largely 
double stranded. 


Figure 5.10 A silica-membrane spin column. (© Richard C. Li) 


5.2 Methods of DNA Extraction 


Binding 


Wash 


Figure 5.11. Silica-based DNA extractions. (a) Cells are lysed in the presence of proteinase. The DNA 
then binds to the silica matrix. A washing step removes unbound cellular materials and salts from the 
matrix. The purified DNA is then eluted for use in downstream applications. (b) Using silica-coated 
paramagnetic particles for DNA extraction. The particle is added into a lysate, and then DNA binds 
to the silica surface of the particle. The particle is then captured by a magnetic field. Afterwards, the 
‘supernatant is removed, and cellular materials are washed away. DNA elution follows, See Section 5.2.3, 
(@ Richard C. Li) 


5.2.3.3 Washing 
‘This step removes chaotropic agents and other contaminants. An ethanol-based wash solution is 
used. This wash solution does not remove DNA from the silica. The chaotropic agents and con- 
taminants that are present in the solution can be removed using the ethanol-based wash solution. 


5.2.3.4 Elution of DNA 
‘The adsorbed DNA can be eluted by rehydration with aqueous low-salt solutions, ‘The eluted 
DNA is double stranded and can be used for a wide variety of applications. 

Silica-based extraction methods yield high-quality DNA. Silica membrane devices can also be 
adapted for automation; for example, this can be done by using 96-well silica membrane plates and 
a variety of robotic platforms. Another type of device utilizes siica-coated paramagnetic particles 
that adsorb DNA in the solution (Figure 5.11b). A magnet is used for particle capture instead of 
centrifugation or vacuum filtration. The magnetic particles can be resuspended during the wash 
steps, and the solution containing contaminants and cellular materials is then discarded. DNA 
is eluted after washing, This device can also be adapted to automated, high-throughput methods. 

Over the years, high-throughput silica-based procedures have been developed to process 
large numbers of samples in parallel. Some of these methods are adapted for automated DNA 
extraction platforms (Figures 5.12 and 5.13). 
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Figure 5.12 Automated bench-top DNA purification systems that enable the isolation of genomic 
DNA from a wide variety of forensic samples. A low-throughput sample-preparation system that 
‘can process up to 12 samples (left) and 2 low-to-medium throughput sample-preparation system 
(ight). (@ Richard C. Li.) 


Figure 5.13 Integrated platforms enabling automated DNA sample preparation and liquid handling 
for subsequent assay setup, These systems utilize silica-coated bead chemistries and can achieve 
moderate to high throughput of processing (1-96 samples) with bar cading for sample tracking. A 
Hamilton (top) and a Qiagen system (bottom). (© Richard C. Li) 
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5.2.4 Differential Extraction 

‘This method is very useful for the extraction of DNA from biological evidence derived from sex- 
ual assault cases, such as vaginal swabs and bodily fluid stains. These types of evidence often con- 
tain mixtures of spermatozoa from a male contributor and nonsperm cells such as epithelial cells 
from a female victim. Mixtures of individual DNA profiles can complicate data interpretation, 

‘This method selectively lyses the nonsperm and spermatozoa in separate steps based on the 
differences in cell-membrane properties of spermatozoa and other types of cells, Thus, the DNA 
from spermatozoa and nonsperm cell fractions can be sequential isolated. 

First, the differential extraction procedure involves preferentially lysing the nonsperm cells 
with proteolytic degradation using proteinase. Sperm plasma membrane contains proteins 
cross-linked by disulfide bonds. The membrane exhibits a much higher mechanical stability 
than nonsperm cells and is thus resistant to proteolytic degradation. The nonsperm DNA is 
released into the supernatant and the liquid containing it (the nonsperm fraction) is extracted, 
yielding a fraction that predominantly contains DNA from nonsperm cells. 

‘To lyse the sperm cels, it is necessary to cleave the disulfide bonds in addition to proteo- 
lytic digestion. The application of DTT, a reducing agent, is an approach that can be used for 
cleavage. In the presence of DTT and proteinase K,, the sperm plasma membrane is then lysed 
(Figure 5.14). Subsequently, DNA from the sperm cells can be extracted (Figure 5.15) 
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Figure 5.14 DTT reaction. The breaking of disulfide bonds in cystine residues is carried out by 
adding a reducing agent such as DTT. 
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Figure 5.15 Differential extraction process used to separate sperm cells from nonsperm cells, 
Nonsperm cells are lysed in the presence of SDS and proteinase K (PK); sperm cells are resistant 
ta such conditions. The nonsperm cell DNA is extracted. The sperm cells are then Iysed separately 
in the presence of SDS and proteinase K plus DTT to extract the sperm DNA. (© Richard C. Li.) 


121 


Forensic Biology, Second Edition 


‘This process isolates sperm and nonsperm cell DNA separately for obtaining DNA profiles 
from male and female contributors, respectively. However, the non-sperm-cell DNA and sperm- 
cell DNA may not be completely separated from one another; this can happen, for example, if 
the sperm cells have already lysed due to poor sample conditions. Some sperm DNA may be 
present in the non-sperm-cell fraction. Additionally, if a mixture has an abundance of non- 
sperm cells and fewer sperm cells, non-sperm-cell DNA may be detected in the sperm fraction. 
‘Thus, new methods that can overcome these problems are highly desired, 


5.3 Essential Features of RNA 

Like DNA, ribonucleic acid (RNA) is a linear molecule containing four types of nucleotides 
linked by phosphodiester bonds (Figures 5.16 and 5.17), However, certain properties of RNA dif- 
fer from those of DNA. Unlike DNA containing deoxyribose (see Figure 5.18), the sugar residue 


Figure 5.16 The structure of ribonucleotide, Each ribonucleatide in a RNA polymer consists of 
three components: a ribose, a nitrogenous base (uracil is shown as an example), and a phosphate 
‘group. The 1’ carbon of the ribose is attached to the nitrogen of the nitrogenous base. A phosphate 
‘group is attached to the 5” carbon of the ribose. 
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Figure 6.17 Chemical structure of RNA (polyribonuclestide) chain. 
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Figure 5.18 Comparison of (a) ribose and (b) deoxyribose. The hydroxyl group attached to the 2° 
carbon of ribose is replaced by a hydrogen group in deaxyribose. 


‘of RNA isa ribose, which has a hydroxyl (OH) group at the 2' carbon position. Therefore, RNA 
hhas a lower pKa, which means that it is more acidic than DNA. RNA contains uracil (U) in the 
place of thymine in DNA (Figure 5.19). RNA is typically found in cells asa single-stranded mol- 
ecule, while DNA is double stranded. Potyribonucleotides can form complementary helices with 
DNA strands by base pairing (with the exception of uracil pairs with adenine) (see Figure 5.20) 

‘Total RNA contains all the RNA of the cells, including RNAs involved in protein synthesis 
and posttranscriptional modification, as well as regulatory RNAS. The RNA that carries codes 
froma DNA template is called messenger RNA (mRNA) and usually contains a cap and polyad- 
nine tail at the 5’ and 3’ ends of the molecule, respectively (Figure 5.21. 

‘The stability of RNA is an issue for mRNA-based forensic analysis, Single-stranded RNA is 
chemically less stable than DNA. The 2’ OH group of RNA can react with its phosphodiester 
‘backbone, potentially causing the nonenzymatic hydrolysis of an RNA molecule, Several factors, 
such as moisture, UV light, high temperature, and extreme pH, can facilitate the nonenzymatic 
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Figure 5.19 Comparison of (a) uracil and (b) thymine. Thymine has 2 methyl group attached at the 
S-carbon position 
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Figure 5.20 Base pairing of uracil (left) and adenine (right). 
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Figure 5.21 Structure of mRNA. Eukaryotic mRNA is modified at the 5° end (cap) and 3° end 
(polyadenine tal) needed for protein synthesis, Start and stop codons are required for the initiation 
and termination of protein synthesis. (© Richard C. Li.) 
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hydrolysis of RNA phosphodiesters, which leads to the degradation of RNA. Moreover, endog- 
enous ribonucleases (RNases), present within cells, represent the major factor causing RNA deg- 
radation. Environmental microorganisms are aso a common source of RNase contamination. 
RNases are very stable and usually do not require cofactors to carry out enzymatic reactions. 
Small amounts of RNases are sufficient to degrade RNA. RNA can be protected by adding RNase 
inhibitors such as diethylpyrocarbonate, Additionally using RNase-free laboratory supplies and 
reagents and wearing disposable gloves while handling samples and reagents can reduce the 
risks of RNase contamination. 


5.4 Methods of RNA Extraction 

5.4.1 RNA-DNA Coextraction 

For most forensic applications, total RNA is usually isolated, The procedure for isolating total 
RNA is simpler than that for mRNA. The total RNA isolated usually contains a sufficient amount 
‘of mRNA for subsequent reverse transcriptase PCR (RT-PCR; see Chapter 7), However, if the 
‘quantity of a target mRNA is very low, the procedures specifically for isolating mRNA should be 
Used, There area variety of protocols for isolating total RNA. However, RNA-DNA coextraction 
methods allow for the simultaneous extraction of high-quality DNA and RNA for forensic DNA 
analysis and bodily-fluid identification (Chapter 11), respectively, without the consumption of 
additional samples when extracted separately. 

Biological samples are first lysed in lysis buffer. The lysis buffer usually contains chaotropic 
salts that can facilitate the lysis of cells and denature proteins, thus inactivating endogenous 
RNases to protect RNA. The lysate is then passed through a silica membrane column. A high- 
salt environment in the lysate allows selective binding of silica to genomic DNA over RNA. The 
column is washed, and purified DNA is then eluted. 

‘The extraction of RNA is achieved by utilizing a high concentration of chaotropic salts that 
are already present in the lysate, along with ethanol, in order to decrease the hydrophilic prop- 
erty of RNA and increase its affinity for silica. After ethanol is added to the flow-through that 
passed the first column, the sample is then applied to a second silica column, where total RNA 
‘molecules, longer than 200 nucleotides, bind to the silica membrane, RNA including mRNA is 
then eluted (Figure 5.22), This method does not isolate small RNAS such as miRNA, FRNA, and 
tRNA, which comprise 15%-20% of total RNA. 


5.4.2 miRNA Extraction 

‘miRNAs (Chapter 4) are low-molecular-weight RNAs ranging between 15 and 30 nucleotides in 
length. Conventional methods routinely used for extracting total RNA do not effectively recover 
small RNAS; thus, they are not suitable for isolating miRNA. One approach to extracting small 
RNA molecules including miRNA involves two steps: organic-solvent extraction to isolate total 
RNA and solid-phase extraction to enrich small RNA. 

‘To begin the process, tissues are disrupted and cells are lysed. The lysis reagents also inacti- 
vvate RNases to protect RNA. The lysate is then extracted with an organic solvent, such as phenol 
and chloroform, with a high concentration of chaotropic salts such as GuSCN. The partitioning 
‘of DNA and RNA between the organic phase and the aqueous phase is determined by the pH 
‘during the organic extraction, Atan acidic pH, DNA partitions to the organic phase. The pKa of 
RNA is usually lower than DNA; thus, RNA remains hydrophilic and is retained in the aqueous 
phase under this condition, This step removes most of the DNA, proteins, and other cellular 
‘components from the lysate into the organic phase. 

‘The second step, silica-based extraction, further purifies and enriches small RNAs. It is 
achieved by utilizing the high concentration of chaotropic salt that is already present in the 
lysate, along with ethanol. ‘The size-fractioning of RNAs is achieved using different ethanol 
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Figure 5.22 RNA and DNA coextraction using a silica-based method. See Section 5.4.1. 
(© Richard C. Li) 


concentrations. At a low ethanol concentration, the solvent-extracted lysate is passed through 
a silica membrane filter. Large RNAs are retained on the silica membrane, while small RNAs 
are not and are collected in the filtrate. "The filtrate is passed through a second silica membrane 
filter. Ata high ethanol concentration, the small RNAs are retained on the silica membrane. The 
small RNAs are then eluted in a low ionic strength solution (Figure 5.23). RNA less than 200 
‘nucleotides, including miRNA, can be obtained. 

Afier RNA is extracted, the small amounts of RNA can be quantified using a quantitative 
RT-PCR (Chapter 7) or fluorescent intercalating dye assay (Chapter 6). Purified RNA can be 
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Figure 5.23 Schematic illustration of an miRNA extraction method. See Section 5.4.2. 
(© Richard C. Li} 


stored at ~80°C in RNase-free water or Tris-EDTA buffer (pH 7). Single-use aliquots are pre- 
ferred when possible to avoid multiple freeze-thaw cycles. 

‘The integrity of extracted RNA is a great concern for RNA-based forensic analysis. RNA 
quality is traditionally assessed using the 285:185 rRNA ratio. There are some conditions 
‘where this method has been shown to be inconsistent; that is, in which the 285:18S rRNA ratio 
does not reflect the true level of RNA degradation, Recently, the RNA integrity number (RIN) 
has provided an effective method for determining RNA quality. RIN is a software algorithm. 
that takes the electrophoretic RNA measurements into account in order to assign integrity 
values to RNA samples. RIN ranges from 1 to 10, with 10 being the most intact. Thus, the 
RIN method facilitates the assessment of the integrity of RNA samples. As reflected by RIN, 
RNA degradation has a negative influence on the reproducibility of the results of RNA-based 
forensic analysis. 
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How to Use 


A jumper may activate a “set it and forget it’ cir- 
cuit function. An example would be the factory 
configuration of a product to work with 115VAC 
0r230VAC power input. End users were expected 
to set jumpers in some computer equipment 
sold during the 1980s, but this is no longer the 
case. 


What Can Go Wrong 


Jumpersare easily dropped, easily ost, and easily 
placed incorrectly. When purchasing jumpers, 
buy extras to compensate for their fragility and 
the ease of losing them. 


How to Use it 


Any location whereajumper may beused should 
be clearly labelled to define the function of each 
setting. 


Cheap, poorly made jumpers may self-destruct 
from mechanical stresses when removed from 
their pins. The plastic casing can come away, 
leaving the sockets clinging naked to the pins 
protruding from the circuit board. Thisis another 
reason why itis good idea to havea small stock 
of spare jumpers for emergencies. 


Oxidation in jumpers where the contacts are not 
gold- or silver-plated can create electrical resist- 
ance or unreliable connections, 
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DNA Quantitation 


Determining the amount of DNA in a sample is essential for polymerase chain reaction 
(PCR)-based DNA testing (Chapter 7). Because PCR-based DNA testing is very sensitive, a nar- 
row concentration range is required for amplification to be successful. If too much DNA tem- 
plate is used in PCR, the resulting artifacts may interfere with data analysis and interpretation, 
‘On the other hand, very low amounts of DNA template may result in a partial DNA profile or 
failure to attain a profile. Samples with poor purity may contain PCR inhibitors that lead to a 
failure of DNA amplification, Thus, a test that can measure the quality and quantity of the DNA 
template of a sample is desirable. 

‘Additionally, forensic samples containing DNA are often mixtures that may include nonhu- 
‘man DNA. For instance, microbial DNA may be present. Thus, itis necessary to use human- 
specific DNA quantitation methods to selectively determine the amount of human DNA present. 
In the United States, quality-assurance guidelines require the use of a quantitation method that 
estimates the amount of human nuclear DNA in crime-scene evidence samples. 

In this chapter, the slot blot, intercalating dye, and quantitative PCR methods are introduced. 
‘The quantitative PCR method is the most sensitive of the three methods. Itis the only method 
that can detect PCR inhibitors. Both the slot blot and the quantitative PCR methods can detect 
human and nonhuman primate DNA. Current technology cannot distinguish between human 
and nonhuman primate DNA. 


6.1 Slot Blot Assay 

Historically, the slot blot assay was used to detect human genomic DNA in a sample. 
Methodically, the slot blot assay works based on the following principles. Prior to the quan- 
titation, an alkaline solution is added to the genomic DNA sample, which denatures DNA. 
‘Generating single-stranded DNA is necessary for DNA to be cross-linked onto a nitrocellulose 
‘membrane. The DNA sample is then spotted, using a slot blot device, onto a nitrocellulose mem- 
brane (Figure 6.1) The single-stranded DNA is then immobilized onto a nylon membrane. The 
targeted sequence is revealed by hybridization with a labeled 40-nucleotide probe complemen- 
tary to a primate-specific a-satellite DNA sequence at the D17Z1 locus (Figure 6.2). In humans, 
the «-satellite DNA sequences are highly repetitive sequences located near the centromeres of 
chromosomes. These sequences are usually distinct for each chromosome. 

‘Three detecting schemes of the slot blot assay have been developed, Initially, the D17Z1 probe 
‘was labeled with radioisotopes that could be visualized by exposing the slot blot membrane to 
seray film, The hazardous radioisotope detection method was then replaced by alkaline phos- 
pphatase-labeled and biotinylated probes. The alkaline phosphatase-labeled probe can be coupled 
with chemiluminescent detection (Lumi-Phos Plus kit, Lumigen, Inc.. The biotinylated probe 
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Figure 6.1 A slot blot device. (© Richard C. Li.) 


(QuantiBlot Human DNA Quantitation Kit, Applied Biosystems) can be coupled with either 
colorimetric or chemiluminescent detection, 

In colorimetric detection, the biotin moiety of the probe is bound to streptavidin. The strep 
tavidin is conjugated with horseradish peroxidase, which catalyzes the oxidation reaction of tet 
ramethylbenzidine (TMB), a substrate, forming a blue precipitate. With the chemiluminescent 
detection method, the horseradish peroxidase catalyzes the oxidation reaction of a substrate 
such as luminol, emitting photons that can be detected by exposure to x-ray film. The sensitiv 
ity of chemiluminescent detection is slightly higher than that of the colorimetric detection, The 
detection mechanisms will be discussed in Chapter 9 

‘The detected signal intensity is proportional to the concentration of the DNA sample in ques 
tion. Quantitative measurements can be made by comparing an unknown sample to a set of 
standards with known DNA concentrations (Figure 6.3). 

‘The assay typically quantifies DNA over the range of 150 pg-10 ng. However, the quantitation 
results are manually read, and conclusions are based on subjective judgments. Additionally the 
DI7Z1 sequences of humans and other primates share homology. The probe cannot distinguish 
between human and other primate genomic DNA. This isnot a great concern because cases involv 
ing nonhuman primates are rare. Nevertheless, the probe does not cross-react with all other spe 
cies. This assay has been replaced by recently developed quantitative PCR assays (see Section 6.3). 


6.2 Fluorescent intercalating Dye Assay 
Small quantities of DNA can also be quantified by using a fluorescent intercalating dye method. 
Intercalating dyes, usually planar molecules, can slide themselves in between base pairs of 
DNA without breaking the DNA double helix. The Quant-iT™ PicoGreen® dsDNA reagent 
(Invitrogen) is a fluorescent intercalating dye that stains double-stranded DNA (dsDNA) for 
Quantitation in a sample (Figure 6.ta). The detection limit of this method is approximately 
250 pg, Intercalating dyes, not specific to human DNA, bind to all DNA molecules. Therefore, 
fluorescent intercalating dye assay can be utilized for the quantitation of known reference sam 
ples, For instance, DNA database samples from known sources can be quantified using this 
method. The assay has also been adapted for automation ands, thus, high-throughput method. 
DNA samples are simply added to a solution containing the fluorescent intercalating dye. The 
fluorescence, proportional to the quantities of DNA (Figure 64), is measured using a standard 
spectrofluorometer with excitation and emission wavelengths of the light source. A standard 
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Figure 6.2 Slot blot assay. Questioned DNA is immobilized onto a solid-phase membrane then 
hybridized with a biotinylated D17Z1 probe. The detection of the hybridization is carried out by 
(a) streptavidin (SA) and horseradish peroxidase (HRP) conjugate, and a colorimetric reaction is 
catalyzed by HRP using tetramethylbenzidine (TMB) as a substrate; (b) SA and HRP conjugate, and 
2 chemiluminescent reaction is catalyzed by HRP using Luminol as a substrate; (c) immobilized 
DNA is hybridized with an alkaline phosphatase (AP)-labeled D17Z1 probe. The detection of the 
hybridization is carried aut by a chemiluminescent reaction catalyzed by AP using Lumigen® PPD 
as a substrate. (© Richard C. Li.) 
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Figure 6.3. Human DNA quantitation using the slot blot assay. Standards with known amounts of 
human DNA are applied, and unknown samples and a set of standards are compared. The quantities 
in the unknown samples are estimated by visual comparison to the standards. (@ Richard C. Li.) 
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Figure 6.4 DNA quantitation using intercalating dye. (a) Fluorescent dye intercalates into DNA. 
The fluorescence can be measured upon applying an excitation light source. (b) A standard curve 
‘can be constructed using known amounts of DNA standards. The amount of questioned DNA can 
be determined by comparing the standard curve. (® Richard C. Li.) 
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curve is first created using samples containing known amounts of DNA. The assay is then per- 
formed for the unknown samples and the quantities of DNA in the samples are determined by 
comparing the results to the standard curve, 


6.3 Quantitative PCR Assay 
Based on the principle of PCR amplification (Chapter 7), the amount of PCR product amplified 
correlates with the initial concentration of DNA templates. Thus, the DNA concentration ofa sam- 
ple canbe determined, There are two types of quantitative PCR methods. End-point PCR methods 
measure the quantity of amplified product at the end of PCR. Usually, the fluorescence is emit 
ted by the dyes that intercalate into the double-stranded DNA. The quantity of amplified DNA is 
‘measured from the amount of fluorescence emitted from dyes such as SYBR (Figures 6.5 and 9.1b). 
Real-time PCR methods can quantify the amplified DNA during the exponential phase of PCR 
(Chapter 7). The quantitation result is not affected to a significant extent by slight variations in PCR 
conditions. Thus, the precision ofthe quantitation of target sequences is improved with this method. 


6.3.1 Real-Time Quantitative PCR 
Real-time quantitative PCR (qPCR) was developed in the early 1990s, and it analyzes the ampli- 
fication of a target sequence at each cycle of PCR. A fluorescent reporter is used to monitor 
the accumulation of amplified products during PCR. The fluorescence signals of the reporter 
molecule increase as amplified products accumulate with each cycle of PCR. qPCR is commonly 
used because of the following advantages: 


{h) Better objectivity than the QuantiBlot method 
J Increased sensitivity witha large dynamic range (30 pg-100 ng) 
More accurate measurements of small quantities of DNA in samples 
Fever laboratory manipulations: amenable to automation 


A Ability to detect PCR inhibitors (Section 6.3.1.1) 


Primer 
Template —LOLMMDOOOANDINII09 10.0000, 


Bion | ston 


‘Completion of \ 


| Excitation 


te 


Figure 6.8 End-point POR using SYBR Green detection, During the extension phase of PCR, in 
which DNA synthesis occurs, the dye binds to the dauble-stranded amplicons. Upon excitation, the 
‘emission intensity of the dye can be measured. Pol represents Taq polymerase. (© Richard C. Li.) 
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‘The technique is amenable to multiplexing to detect more than one type of DNA target sequence 
in a single reaction. Commercial qPCR kits for human DNA and Y-chromosome DNA quantita- 
tion are available. Additionally, the qPCR method for mtDNA quantitation is possible. gPCR uses 
‘commercially available fluorescence-detecting thermocyclers to amplify specific DNA sequences 
and measure their concentrations simultaneously. The fluorescent reporter can be a nonspecific 
intercalating double-stranded DNA-binding dye or a sequence-specific fluorescently labeled oligo- 
nucleotide probe (Chapter 9). The target sequences are amplified and detected by the same instru- 
‘ment, and the reporter fluorescence is monitored externally. Thus the reaction tubes do not need 
to be opened. This minimizes aerosol contamination and reduces the risk of false-positive results. 
‘A widely used PCR probe technique is the TaqMan method (Applied Biosystems). 


6.3.1.1 TaqMan Method 
‘This method utilizes the 5' exonuclease activity of Taq polymerase to cleave the probe during 
PCR (also known as the 5’ exonuclease assay). The probe is designed to anneal to the target 
sequence between the upstream and downstream primers and is added to the PCR mixture 
together with primers (Figure 6.6). The probe T., (melting temperature; see Chapter 7) should 
be higher than the amplification primer T.,. A minor groove binder (MGB), such as dihydrocy- 
clopyrroloindole tripeptide, is often linked at the 3’ end of the probe (Figure 6.6). A conjugated 
MGB binds to the minor groove of a B-form DNA helix (Figure 6.7), which is stabilized by van 


Figure 6.6 TaqMan probe. Each probe is labeled with a reporter dye (R) on the 5° end and a 
fluorescence quencher (Q) on the 3’ end. MGB represents a minor groove binder. (@ Richard C. Li.) 
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Figure 6.7 DNA double helix. The double-helical structure of B-DNA, the most common form of 
DNA, is shown. With a helical diameter of 2 nm, each turn of the helix takes 3.4 nm, which cor- 
responds to 10 base pairs per turn. The major and minor grooves are shown. (© Richard C. Li) 
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der Waals forces, Asa result, conjugating an MGB into a probe increases the T,, values, allowing. 
for the use of shorter probes. As a result, having the probe T,, higher than that of the primers 
‘ensures that the probe is fully hybridized during primer extension, The oligonucleotide probe is 
labeled with both a reporter fluorescent dye, usually 6-carboxyfluorescein (6-FAM) or tetrachlo- 
rofluorescein (TET) at the 5' end; and a nonfluorescent quencher moiety, such as tetramethy 
rhodamine (TAMRA), usually at the 3’ end or any thymine position. While the probe is intact, 
the quencher greatly reduces the fluorescence emitted by the reporter via fluorescent resonance 
‘energy transfers (FRET). FRET is a distance-dependent interaction between two molecules in 
‘which the excitation energy is transferred from a photon donor molecule (reporter) to an accep- 
tor molecule (quencher) without emission of a photon, During the extension phase of the PCR 
cycle, the 5” exonuclease activity of Tag polymerase cleaves the reporter dye from the probe. 
Because the reporter dye is no longer in close proximity to the quencher, the FRET is disrupted 
and the probe begins to fluoresce (Figure 6.8). The intensity of fluorescence can be measured 
(Chapter 9) and is proportional to the amount of target DNA synthesized during the PCR. 

In this assay, the rate of accumulation of amplified DNA over the entire course of a PCR is 
generated. The greater the initial concentration of target templates in a sample, the fewer cycles 
required to reach a particular quantity of amplified product. The initial concentration of target 
templates can be expressed using the cycle threshold (C;). Cy is defined as the number of PCR 
cycles required for the fluorescent signal to cross a threshold of amplification where the signal 
exceeds background level or baseline noise. A plot of C against the log, of the initial concen- 
tration of a set of DNA standards yields a straight line as a standard curve (Figure 6.9). The 
target sequences in an unknown sample can be quantified by comparing to the standard curve. 
Additionally, qPCR has the ability to detect PCR inhibitors (Chapter 7) that interact with DNA or 
‘with DNA polymerases. The presence of PCR inhibitors in the DNA extracts can be measured by 
‘monitoring the amplification of the internal positive control (IPC). Most human DNA quantita- 
tion kits contain a known amount of exogenous DNA as IPC that can be fortified to the sample 
and amplified. Monitoring the amplification of IPC enables the detection of PCR failure due to 
inhibition when the IPC’s C; value is higher than that of an uninhibited PCR reaction. 
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Figure 6.8 Real-time PCR with TaqMan detection, The TaqMan probe is shawn, During extension, 
the 5° nuclease activity of Taq polymerase (Pol) cleaves the probe. Reporter dye is released during 
each cycle of PCR. (@ Richard C. Li) 
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Figure 6.9 Real-time quantitative PCR. (a) Amplification curves for a dilution series of standards 
with known quantities of DNA. C; is the cycle threshold at which the amplification curve crosses 
the threshold, as indicated by the red line. (b) A standard curve based on data obtained from the 
amplification curves. The quantity of DNA in a questioned sample can be determined from the 
standard curve. (© Richard C. Li) 
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Amplification by Polymerase 
Chain Reaction 


7.1 Denaturation and Renaturation of DNA 

‘The DNA double helix is stabilized by chemical interactions. Base pairing of the two strands 
involves the formation of hydrogen bonds that provide weak electrostatic attractions between 
electronegative atoms. An adenine always pairs with a thymine (two hydrogen bonds), and a 
cytosine pairs with a guanine (three hydrogen bonds) (see Figure 7.1). Base stacking involves 
hydrophobic interactions between adjacent base pairs and provides stability to the double helix. 

Double-stranded DNA is maintained by hydrogen bonding between the bases of complemen- 
tary pairs. Denaturation occurs when the hydrogen bonds of DNA are disrupted, and the strands 
are separated. A melting curve can be obtained from measuring DNA denaturation by slowly heat- 
ing a solution of DNA. As shown in Figure 7.2, an increasing temperature increases the percent- 
age of the DNA that is denatured. The temperature at which 50% of DNA strands are denatured 
is defined as the melting temperature (T.). The value of Tis affected by the salt concentration of 
the solution, but can also be affected by nucleotide content, high pH, and length of the molecule. 

‘Nucleotide content affects the value of T,, because GC pairs are joined by three hydrogen 
bonds while the AT pairs are joined by only two. Increasing the GC content of a DNA molecule 
increases the T,. Excessively high pH causes the hydrogen bonds to break and the paired strands 
to separate. Finally, the length of the molecule also affects the T,, simply because a longer mol- 
ecule of DNA requires more energy to break more bonds than a shorter molecule. 

‘The single strands in a solution of denatured DNA can, under certain conditions, reanneal into 
double-stranded DNA. The process is called renaturation and two requirements must be met for i 
to occur. First, sufficient amounts of charged molecules, such as salts, must be present in the solu- 
tion to neutralize the negative charges ofthe phosphate groups in DNA. This prevents the comple- 
‘mentary strands from repelling each other. Additionally, the temperature must be high enough to 
disrupt hydrogen bonds that formed randomly between the bases of DNA strands, However, exces- 
sively elevated temperatures can disrupt the base pairs between the complementary DNA strands, 


7.2 Basic Principles of Polymerase Chain Reaction 
‘The polymerase chain reaction (PCR) allows the exponential amplification of specific sequences 
‘of DNA to yield sufficient amplified products, also known as amplicons, for various downstream. 
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Figure 7.1 Base pairing between two DNA strands. (a) An adenine (right) pairs with thymine 
(left). (b) A cytosine (left) pairs with a guanine (right) 
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Figure 7.2 Melting curve of DNA. The degree of DNA denaturation is increased by increasing the 
temperature. T,, and possible shapes of a DNA molecule are shown. (@ Richard C. Li) 


applications. The technique is highly sensitive and can amplify very small quantities of DNA. 
‘Therefore, it can be utilized for the analysis of samples of limited quantity. PCR-based assays are 
rapid and robust. Thus, PCR forms the basis of many forensic DNA assays such as DNA quan- 
titation (Chapter 6), short tandem repeat (STR) profiling (Chapter 20), and mitochondrial DNA 
(mtDNA) sequencing (Chapter 23) 

‘The concept of synthesizing DNA by a cycling process was first proposed in the early 1970s. In 
the mid-1980s, PCR technology was finally developed by Kary Mullis and his coworkers (Cetus 
Corporation) to amplify the f-globin gene forthe diagnosis of sickle-cell anemia. In the late 1980, a 
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17.3 Essential PCR Components 


Plateau 


Exponential 


Figure 7.3. PCR amplification curve. A fluorescence signal results from the accumulation of ampli- 
ccon. The location of the signal threshold is indicated as a dashed line. The C; value for the curve is 
the cycle at which the amplification curve crasses the threshold. (© Richard C. Li) 


thermostable polymerase from ‘Thermus aquaticus was utilized for PCR. This step greatly increased 
efficiency and allowed the process to be automated. The result was a powerful impact on molecular 
biology. In 1993, Mullis was awarded the Nobel Prize for the invention of PCR technology. 

In the early 1990s, the technique for the simultaneous amplification and detection of the accu- 
‘mulation of amplicons t each PCR cycle was developed, and the concept of real-time PCR wasborn. 
‘This process allows the monitoring of amplicon production at each cycle of the PCR process. The 
fundamental processes were studied by characterizing the amplification kinetics of PCR using a 
‘graph that plotted the amount of amplicon yield at each cycle versus the cycle number (Figure 7.3) 

‘An S-shaped amplification curve is obtained and divided into an exponential phase, a linear 
phase, and a plateau. During the exponential phase, the amplicon accumulates exponentially 
It was revealed that the amplicon accumulation during PCR was correlated to the starting copy 
‘number of DNA template. Thus, the amount of amplicon produced during the exponential 
amplification phase can be used to determine the amount of starting material. This relation- 
ship can be further examined using a plot of cycle numbers versus a log scale of the serial dilu- 
tion of the starting concentration of DNA template, which results in a linear relationship (see 
Chapter 6). It demonstrates that fewer cycles are needed if larger quantities of starting DNA 
template are present. The slope of this linear curve (Figure 6.96) is known as the amplification 
ficiency. The exponential phase continues until one or more of the components (Section 7.3) in 
the reaction become limited. At this point, the amplification efficiency decreases, the amplicon 
no longer accumulates exponentially, and PCR enters the linear phase of the curve, At the pla- 
teau phase, no more amplicon is accumulated due to the exhaustion of reagents and polymerase. 


1.3 Essential PCR Components 
‘A PCR reaction requires thermostable DNA polymerases, primers, and other components, as 
described below (Figure 7). 


7.3.1 Thermostable DNA Polymerases 
‘A wide variety of DNA polymerases are available, They vary in fidelity, efficiency, and ability 
to synthesize longer DNA fragments. Nonetheless, Tag polymerase is the most commonly used 
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Figure 7.4 A liquid handling workstation for automated PCR assay setup. (© Richard C. Li) 


enzyme for routine PCR applications (0.5-5 units per reaction). Currently, AmpliTaq Gold’ 
DNA polymerase (Applied Biosystems) is the most common DNA polymerase for forensic 
applications. 

PCR reactions are usually set up at room temperature. Nonspecific annealing between 
primers and template DNA can occur, resulting in the formation of nonspecific amplicons. 
Additionally, annealing between the primers can occur to form primer dimers. Nonspecific 
annealing interferes with PCR amplification by reducing the amplification efficiency of the spe. 
cific sequences of interest. 

Such interference can be minimized by a hot-start PCR approach. The AmpliTag Gold DN: 
polymerase, a modified enzyme, remains in an inactive form until activated with a pH below 
prior to the PCR cycling in which the inhibitory motif i inactivated. The pH of the buffer sys 
tem used in the PCR reaction is temperature sensitive; increasing the temperature decreases the 
pH of the solution. Thus, the activation ofthe enzyme can actually be carried out by a heating 
step at 95°C prior to the start ofthe cycling. During the heating process, the DNA strands also 
denature, which can prevent the formation of nonspecific PCR products 


71.3.2 PCR Primers 
PCR primers are the oligonucleotides that are complementary to the sequences that flank the 
target region of the template. A pair (forward and reverse) of primers (typically 0.1-1 4M) is 
required. Properly designed primers are critical to the success of a PCR reaction. Computer 
software such as Primer3 is available to assist and optimize the designing of primers, 

A primer must be specific to the target sequence; otherwise, nonspecific products that might 
interfere with the proper interpretation of a DNA profile might be produced, The primers within 
4 pair should have similar T,, values. The estimated T, values of primer pair should not differ 
by more than 5°C. The T,, of an oligonucleotide primer can be predicted and calculated using 
the following equation: 


Ty 


815°C + 16.6(logu[K*]) +0.41(% te+a)-(F) 


oncentration ofthe potassium ion 
content (1) ofthe oligonucleotide 
fn = number of bases in the oligonucleotide 
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‘This equation shows that the T,, can be affected by primer base composition (GC content) and 
primer length. The GC content ofan oligonucleotide primer should be 40%-60%, and the length 
‘of an oligonucleotide primer should be 15~25 base pairs, although longer primers can be used. 

‘A primer should not contain self-complementary sequences that may form hairpin struc 
tures interfering with the annealing of primers and the template. Additionally, the primers in 
a pair should not share similar sequences, to avoid the primers from annealing to each other. 
‘These annealed primers may then be amplified during PCR, creating products known as primer 
dimers, which compete with the target DNA template for PCR components. 

‘Multiplex PCR is the simultaneous amplification of more than one region of a DNA template 
in a single reaction to achieve high-throughput analysis. Multiplex PCR consists of multiple 
primer sets ina single reaction to produce amplicons of multiple target DNA regions. The prim- 
ers should be designed to yield proper sizes of amplicons to be resolvable in downstream separa- 
tion and detection procedures such as electrophoresis. To prevent preferential amplification of 
‘one target sequence over another, the annealing temperatures should be similar among multi- 
plex PCR primer pairs. Additionally, the primers should lead to similar amplification efficien- 
ies among the loci to be tested. Forensic applications of multiplex PCR, such as autosomal and 
‘Y¥-chromosomal short tandem repeat analysis, are discussed in Chapters 20 and 21 


7.3.3 Other Components 
Essential components include template DNA with target sequences in either linear form (nuclear 
‘genomic DNA) or circular form (mitochondrial DNA). Both single- and double-stranded DNA 
can be used as a template for PCR. Typically, 1-2.5 ng of template DNA is utilized for forensic 
applications using PCR. 

Deoxynucleoside triphosphates (dNTPs) are the substrates for DNA synthesis. A PCR assay 
usually contains equal molar amounts (typically, 200 pM) of dATP, dCTP, dGTP, and dTTP. 

Divalent cations, such as Mg, are required for the enzymatic activity of DNA polymerases. A 
PCR assay usually contains 1.5-2.5 mM Mg’. Monovalent cations, such as K* (50 mM), are usually 
recommended, anda butferis often utilized to maintain pH between 8.3 and 8 8 at room temperature. 

Controls should be used to monitor the effectiveness of PCR amplification. A positive control 
shows that PCR components such as reagents and PCR cycle parameters are working properly 
during a PCR. A standard DNA template should be used as a positive control and amplified with 
the same PCR components used on the rest of the samples. The amplification negative control 
and extraction reagent blank are discussed in Section 7.54. 


14 Cycle Parameters 
PCR cycling protocols may vary according to the type of analysis. Figure 7.5 shows representa- 
tive PCR cycling conditions commonly used by forensic DNA laboratories. PCR utilizes a num- 
ber of cycles for the replication of specific region ofa DNA template. During each cycle, a copy 
ofthe target DNA sequence is synthesized, A PCR cycle consists of three elements: denaturation, 
annealing, and extension. Precise and accurate temperatures at denaturation, annealing, and 
extension are critical to achieve a successful amplification, At the beginning of each cycle, the 
two complementary DNA template strands are separated a high temperatures (94°C-95°C) in a 
process called denaturation. The temperature is then decreased to allow annealing between the 
oligonucleotide primers and the template, The temperature for annealing is usually 3% 
lower than the 7, of th oligonucleotide primer. 

“The annealing temperature is critical If tis too high, a very low quantity of amplicon is 
yielded because of the failure of annealing between the primer and the template. If the anneal- 
ing temperature is too lov, nonspecific amplification can occur. Next, optimal temperature for 
DNA polymerase is reached, thus allowing for DNA replication (extension). By the end of each 
cydle, the copy numberof the amplicon is nearly doubled (Figure 26) 
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OTHER RELATED COMPONENTS 


+ None 


What It Does 


Afuse protects an electrical circuit ordevicefrom 
excessive current when a metal element inside it 
melts to create an open circuit. With the excep- 
tion of resettable fuses (discussed separately in 
“Resettable Fuses” (page 24)),a fuse must be dis- 
carded and replaced after it has fulfilled its func- 
tion. 


When high current melts a fuse, it s said to blow 
or trip the fuse, (In the case of a resettable fuse, 
only the word trip is used.) 


Afusecanworkwith either ACorDC voltage, and 
can be designed for almost any current. In resi- 
dential and commercial buildings, circuit break- 
ers have become common, but a large cartridge 
fuse may still be used to protect the whole sys- 
tem from short-circuits or from overcurrent 
caused by lightning strikes on exposed power 
lines. 


In electronic devices, the power supply is al- 
most always fused. 


Schematic symbols for a fuse are shown in 
Figure 4-1. Those at the right and second from 
right ate most frequently used. The one in the 
center is approved by ANSI, IEC, and IEEE but is 
seldom seen. To the left ofthat is the fuse symbol 
understood by electrical contractors in architec- 
tural plans. The symbol at far left used to be com- 
mon but has fallen into disuse. 


power > connection > fuse 


fuse 


Figure 41. Alternate schematic symbols for a fuse. See 
toxt for explanation 


How It Works 


Theelementinafuseis usuallya wire orthinmetal 
strip mounted between two terminals, In a car- 
tridge fuse, it is enclosed in a glass or ceramic 
cylinder with a contact at each end, or in a small 
metallic can. (Old-style, large, high-amperage 
fuses may be packaged in a paper or cardboard 
tube) The traditional glass cartridge allows vis- 
ualinspection to confirm that thefuse has blown. 


‘A fuse responds only to current, not to voltage. 
When choosing a fuse that will be reliablein con- 
ditions of steady current consumption, asaferule 
is to figure the maximum amperage when all 
componentsare functioning and add 50%, How- 
ever, if current surges or spikes are likely, their 
duration will be relevant. fis the current surge 
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Figure 7.5 Temperature parameters during thermal cycling of the PCR process. The first three 
cycles are shown. (@ Richard C. Li.) 


Figure 7.6 First cycle of PCR. The amplified region is determined by the positions of the primers. 
‘The direction (5' to 3°) of DNA synthesis is indicated by arrows, Pol represents Taq polymerase. 
(© Richard C. Li) 


‘The number of cycles needed for PCR depends primarily on the number of copies of starting 
DNA template. The relationship can be expressed as the following equation: 


N= No(I+£)° 


umber of PCR cycles 

N, = copy number of the amplicon after x cycles of PCR 
initial copy number of the template 

amplification efficiency of the Taq polymerase 


For example, in a 28-cycle PCR amplification, the DNA template can theoretically be ampli- 
fied by a factor of approximately 10%. Ifthe cycle number is increased to 34, a factor of 10" can 
theoretically be reached. 

PCR amplification can be carried out using an instrument known as a thermat cycler 
(Figure 77). Various types of thermal cyclers differ in the number of samples they can process, 
the sizes of the sample tubes, and temperature control features. 
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Figure 7.7 Thermal cyclers. A thermal cycler can provide rapid temperature changes a desired to 
carry out PCR. A PCR thermal cycler (left) and a real-time PCR instrument (right), (@ Richard C. Li.) 


7.5 Factors Affecting PCR 

7.5.1 Template Quality 

It is important to prevent degradation of the DNA during the collection and processing of evi- 
dence. Degradation causes DNA to break into smaller fragments, Ifthe damage occurs at a region 
tobe amplified, the result can be failure in PCR amplification, In a degraded sample, the longer the 
amplicon length, the higher the risk of failure in PCR. Low copy number (LCN) of DNA template 
is often encountered in forensic samples. When amplifying very low levels (approximately 100 pg 
‘of DNA) of a template, the following phenomenon is often observed: one ofthe two alleles fails to 
be detected from a heterozygote and can falsely be identified as a homozygote. This phenomenon 
is also known as the stochastic effect in which the two alleles in a heterozygous individual are 
unequally detected at a low level of starting DNA template. Approaches such as increasing the 
cycle number, from 28 to 34 (Section 7.4), have been introduced to address the LCN problem 


7.5.2 Inhibitors 

Inhibitors, if present, can interact with the DNA template or polymerase, causing PCR ampli- 
fication failure. The presence of PCR inhibitors can be detected using an internal positive con- 
trol (Section 6.3.1.1). A number of PCR inhibitors commonly encountered in evidence samples 
include heme molecules from blood, indigo dyes from fabrics, and melanin from hair samples. 
‘Thus, it is important to remove PCR inhibitors during DNA extraction. If PCR inhibitors are 
not eliminated during the extraction process, additional procedures such as the use of centrifu- 
gal filtration devices can be used. Centrifugal filtration devices can separate molecules by size. 
fier the centrifugation step, small molecular weight inhibitors are filtered by passing through 
the membrane and are discarded. Alternatively, increasing the amount of DNA polymerase or 
adding bovine serum albumin (BSA) in the reaction can overcome the inhibition effects. 


7.5.3 Contamination 

PCRis a highly sensitive method; therefore, procedures that minimize the risk of contamination 
are necessary. To prevent contamination, pre- and post-PCR samples should be processed in 
separate areas or a different times. Additionally, reagents, supplies, and equipment used for pre- 
and post-PCR steps should be separated as well. Protective gear should include laboratory coats 
and disposable gloves. Facial masks and hair caps may be used if necessary. Aerosol-resistant 
pipet tips and DNA-free solutions and test tubes should also be used, 

‘The levels of contamination must be monitored using controls. Extraction reagent blanks, 
‘which contain all extraction reagents but no sample, monitor contamination from extraction to 
PCR. Contamination detected in an extraction reagent blank but not in an amplification-negative 
control indicates that the reagents used for extraction are contaminated. Amplification-negative 
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controls, which contain all PCR reagents and no DNA template, monitor contamination of the 
amplification. Contamination observed in an amplification-negative control but not in an extrac- 
tion reagent blank indicates that the contamination occurred during the amplification. step. 
Contamination observed in both an amplification reagent blank and an extraction-negative con- 
trol indicates that amplification reagents are contaminated. A collection of DNA profiles of each 
‘member of a laboratory should be readily available for comparisons. Sources of laboratory con- 
tamination can be identified by comparing results with an analyst's DNA profile. 


7.6 Reverse Transcriptase PCR for RNA-Based Assays 

‘The pathway for the flow of genetic information is called the central dogma—a term coined by 
Francis Crick in 1956, According to the central dogma, parental DNA serves as the template for 
DNA replication. With RNA synthesis or transcription, the process is carried out using the DNA 
asa template, Conversely, RNA chains can be used as templates forthe synthesis of a DNA strand 
‘of complementary sequence, in which the end product is referred to as complementary DNA 
(cDNA). Protein synthesis, also known as translation, is directed by an RNA template (Figure 78) 

‘The flow of genetic information from RNA to DNA is referred to as reverse transcription. It 
‘was discovered independently by David Baltimore and Howard Temin in 1970, and they shared 
the Nobel Prize for their work. Reverse transcription is carried out by a reverse transcriptase that 
forms the basis of reverse transcriptase PCR as described below. 

Reverse transcriptase PCR (RT-PCR) is highly sensitive and can be used to detect very small 
‘quantities of mRNA. It can be utilized to measure levels of gene expression even when the RNA 
of interest is expressed at very low levels. Detecting mRNAS of tissue-specific genes can be uti- 
lized for bodily fluid identification in forensic investigations (Chapter 11). During an RT-PCR 
process, a single-stranded cDNA is synthesized from a template mRNA using reverse transcrip- 
tion. The cDNA is then amplified by PCR for detection and analysis. 


7.6.1 Reverse Transcription 
‘The synthesis of single-stranded cDNA from an mRNA template is catalyzed by reverse transcrip- 
tase, Reverse transcriptases share many features in structure and function with DNA polymer- 
ases. The catalytic function of cDNA synthesis requires a primer that anneals toa complementary 
mRNA template. The primer can be either RNA or DNA; however, DNA primers are more eff- 
cient than RNA primers. During the elongation of the primer, reverse transcriptase incorporates 
the corresponding deoxyribonucleotide triphosphate according to the rules of base pairing with 
the RNA template. The RNA template is then degraded by an intrinsic RNase H activity of reverse 
transcriptase during the reverse transcription reaction. The retroviral RNase H isa domain of the 
viral reverse transcriptase enzyme, It is a nonspecific endonuclease that cleaves RNA. 

Several reverse transcriptases derived from retroviruses can be used to generate cDNA 
from an RNA template. The most common reverse transcriptases used for cDNA synthesis are 
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Figure 7.8 Pathway for the flow of genetic information. (@ Richard C. Li) 
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‘encoded by the pol gene from the avian myeloblastosis virus (AMV) and the Moloney strain of 
the murine leukemia virus (MMLV). These enzymes are genetically engineered reverse tran- 
scriptases but lack RNase H activity. Genetically engineered reverse transcriptases that are 
stable at higher temperatures (up to 60°C) are also produced. Increased thermal stability of 
reverse transcriptase allows the reverse transcription to be carried out ata higher than ambient 
temperature, which eliminates RNA secondary structures and improves the specificity of the 
reaction and the yields of the synthesis of full-length cDNA. 


7.6.2 Oligodeoxynucleotide Priming 

Oligodeoxynucleotide primers are an essential component for a reverse transcriptase reaction. 

Different priming strategies can be utilized to synthesize cDNA from a particular target mRNA 
or from all mRNA in a sample. Gene-specific primers are designed to hybridize to a particular 
mRNA sequence for the conversion of a specific gene sequence into cDNA. Universal primers 
can hybridize to any mRNA sequence in a sample to convert all mRNAs to cDNA, Two types of 
universal primers can be used: oligo (dT) and random hexamer primers. An oligo (dT) primer 
can hybridize to the 3’ termini poly (A) tails of eukaryotic mRNAs, Reverse transcriptases with 
oligo (dT) only synthesize cDNA from transcribed genes. Random hexamer primersare another 
type of universal primer. Random hexamers are nonspecific primers that can hybridize, at mul- 
tiple sites, to any RNA sequence including non-mRNA templates such as ribosomal RNA. 


7.6.3 Reverse Transcriptase PCR 
During an RT-PCR process, a single-stranded cDNA is synthesized from a template mRNA 
using reverse transcription. The cDNA is then amplified by PCR with a pair of oligonucleotide 
primers corresponding to a specific sequence in the cDNA (Figure 7.) 

‘Two strategies of RT-PCR exist: a one-step and a two-step RT-PCR (Figure 7.10). One-step 
RT-PCR combines the reverse transcription reaction and PCR ina single tube. Only gene-specific 
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Figure 7.9 cDNA synthesis. The synthesis of a DNA strand transcribed from mRNA can be carried 
‘out using a primer and reverse transcriptase. A gene-specific primer that amplifies a specific target 
sequence is stiown. (® Richard C. Li) 


181 


Forensic Biology, Second Edition 


GeneA 
Gene-speific primers an 
ed 
Genec 
HY 
@ PCR amplicon 
= 
| Gene A 


() 


= 
\/ —— 
v 
7 an 

as 
w en 


Figure 7.10 RT-PCR strategles. (a) One-step RT-PCR and (b) two-step RT-PCR. (@ Richard C. Li.) 
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primers can be used for the reverse transcription reaction and PCR. RNAs from either total 
RNA or mRNA can be used. This approach simplifies the reaction setup as itis useful for pro- 
cessing large numbers of samples. The tubes are not opened between reverse transcription and 
PCR, thus minimizing the risk of pipetting errors and carryover contamination. 

During a two-step PCR, the reverse transcription reaction and PCR are carried out in sepa- 
rate tubes. Following the reverse transcription reaction, the cDNA is transferred to a separate 
tube for the PCR amplification. Either oligo (dT) or random hexamer primers can be used 
for the reverse transcription reaction. Total RNA or polyadenylated RNA can be used for the 
reverse transcriptase reaction. This allows for the ability to convert all the messages in an RNA 
sample into cDNA. The two-step RT-PCR is useful for analyzing multiple mRNAS from a single 
sample. 

‘Two types of PCR methods can be utilized for analyzing amplified products. The end-point 
PCR method measures the amount of amplified product synthesized during PCR at the end 
of the PCR amplification. The detection of the amplified product indicates the presence of the 
‘mRNA of interest. With the real-time PCR method, the amplified product is quantified during 
the exponential phase of PCR. The hot-start PCR strategy is typically used to increase sensitiv- 
ity, specificity, and yield. Usually, the hot-start strategy is carried out at a high temperature, for 
example 94°C, prior to PCR cycling. Under this condition, Tag DNA polymerase is activated. 
Additionally, the RNA-cDNA hybrid is denatured, and reverse transcriptase is inactivated 
at 94°C. Multiplex RT-PCR assays have been developed that can detect multiple bodily fluid 
‘mRNAs from single or mixed stains (Chapter 11). The commonly used RT-PCR for forensic 
identification of bodily fluids is the two-step RT-PCR. The end-point PCR is usually utilized 
with the forward primers labeled with florescent dyes at the 5' end. The amplified products are 
separated and detected in a standard capillary electrophoresis instrument. 
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Values 


in amps and tis ts duration in seconds, the surge 
sensitivity of a fuse—which is often referred to 
verbally or in printed format as I2t—is given by 
the formula: 


mt-=Pet 


Some semiconductors also have an I2t rating, 
and should be protected with a similarly rated 
fuse, 


Any fuse will present some resistance to the cur- 
rent flowing through it. Otherwise, the current 
would not generate the heat that blows thefuse. 
Manufacturer datasheets list the voltage drop 
that the internal resistance of a fuse is likely to 
introduce into a circuit. 


Values 


‘The currentrating or rated current of a fuse is usu- 
ally printed or stamped on its casing, and is the 
maximum flow that it should withstand on a 
continuous basis, at the ambient temperature 
specified by the manufacturer (usually 25 de- 
grees Centigrade). The ambient temperature 
refers to the immediate environment of the fuse, 
not the larger area in which it may be located. 
Note that in an enclosure containing other com- 
ponents, the temperature is usually significantly 
higher than outside the enclosure. 


Ideally a fuse should function reliably and indef- 
initely at its rated maximum amperage, but 
should blow just as reliably ifthe current rises by 
approximately 20% beyond the maximum. In re- 
ality, manufacturers recommend that continu- 
ous loading of a fuse should not exceed 75% of, 
its rating at 25 degrees Centigrade. 


The voltage rating or rated voltage of a fuse is the 
maximum voltage at which its element can be 
counted on to melt in a safe and predictable 
manner when it is overloaded by excess current. 
This is sometimes known as the breaking capaci- 
ty. Above that rating, the remaining pieces of the 
fuse element may form anarc that sustains some 
electrical conduction. 


power > connection > fuse 


‘Afuse can always be used at alower voltage than 
its rating. fit has a breaking capacity of 250, it 
will still provide the same protection if it is used 
atsv. 


Four differently rated glass cartridge fuses are 
shown in Figure 4-2, The one at the topisa slow- 
blowing type, rated at 15A. Its element is de- 
signed to absorb heat before melting. Below itis 
a 0.5A fuse with a correspondingly thinner ele- 
ment. The two smaller fuses are rated at SA each, 
The center two fuses have a maximum voltage 
rating of 250V, while the one at the top is rated 
at32V and the one at the bottom is rated at 350V. 
Clearly, the size ofa fuse should never be used as 
a guide to its ratings. 


Figure 4-2. Four glass cartridge fuses. See text for de- 
falls 


Variants 


Early power fuses in residential buildings consis- 
ted of bare nichrome wire wrapped around a 
porcelain holder. In the 1890s, Edison developed 
plug fuses in which the fuse was contained in a 
porcelain module with a screw thread, compati- 
ble with the base of an incandescent bulb. This 
design persisted in some US. urban areas for 
more than 70 years, is tll found in old buildings, 
and is still being manufactured. 
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DNA Electrophoresis 


It is necessary to separate various sizes of DNA fragments so that the DNA fragment in ques- 
tion can be identified and analyzed. This can be achieved by electrophoresis, a process in which 
fragments are separated based on the migration of charged macromolecules in an electric fel. 


8.1 Basic Principles 
DNA is a negatively charged molecule in an aqueous environment, with the phosphate groups 
‘of DNA nucleotides carrying negative charges. DNA molecules migrate from the negative ele 
trode (cathode) toward the positive electrode (anode) in an electric field during electrophoresis. 
‘The electrical potential, a measure of the work required to move a charged molecule in an electric 
field, is the force responsible for moving the charged macromolecules during electrophoresis. 

‘The electrophoretic mobility of macromolecules is primarily determined by their charge-to- 
‘mass ratios and their shapes. However, because the phosphate group of every DNA nucleotide 
carries a negative charge, the charge-to-mass ratio of DNA molecules is almost the same even 
if the length of the DNA fragment varies. Additionally, forensic DNA testing usually analyzes 
linear DNA molecules such as double-stranded linear DNA for variable number tandem repeat 
(VNTR) analysis (Chapter 19) and single-stranded DNA for short tandem repeat (STR) analysis 
(Chapter 20). The shapes of linear DNA molecules are similar. Therefore, the electrophoretic 
separation of different-sized DNA fragments, through a series of pores of the supporting matrix 
in which the fragments travel, is based more on their sizes than their shapes. 

Itis obviously easier for smaller molecules to migrate through the pores of a supporting matrix. 
than larger molecules; thisis why smaller molecules migrate faster through the matrix. Hence, the 
electrophoretic mobility increases as the size of the DNA molecule decreases. Conversely, larger 
DNA molecules migrate much more slowly because they experience more friction and collisions 
as they travel through the net of pores in a matrix. Therefore, the separation of DNA molecules 
‘with different sizes can be accomplished. Figure 8.1 depicts the models for DNA electrophor. 


8.2 Supporting Matrices 
“Although the actual separation occurs in an aqueous phase, most variants of electrophoresis use 
a physical support material also called a matrix. As discussed in Section 8.1, the matrix can be 
tsed as a molecular seve forthe separation of DNA molecules, andi also reduces diffusion and 
convection during electrophoresis. Agarose and polyacrylamide are commonly used electro- 
phoresis matrices because of their good reproducibility, reliability, and versatility. 
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Figure 8.1 Schematic illustrations showing some of the nucleic acid separation mechanisms. 
(a) Ogstan sieving model for the separation af DNA fragments through electrophoresis, Based on 
this model, the matrix used for gel electrophoresis consists of randomly distributed pores. DNA mal- 
‘ecules are considered to behave as globular objects. During the migration, smaller DNA molecules 
migrate faster than their larger counterparts through the matrix. However, this madel does not apply 
to DNA molecules with a radius much larger than the pore size of the matrix. (b) A reptation model 
presents an alternative mechanism of gel electrophoretic separation of DNA molecules. Based on 
this model, DNA molecules are flexible and can migrate through the pores of the gel matrix through 
a reptation process that is driven by an applied electric field. This model can also apply to capillary 
electrophoresis separation of DNA molecules in entangled polymer solutions. +, anade; ~, cathode; 
arrow, direction of migration, (@ Richard C. Li.) 


8.21 Agarose 

Agarose isa linear polymer composed of alternating residues of D- and L-galactose (Figure 8.2). 
‘A gelatinized agarose formsa three-dimensional sieve with pores from $0 to 200 nm in diameter 
(Figure 8.3), DNA fragments ranging from 50 to 20,000 hase pairs in size are best resolved in 
agarose gels. 


8.2 Supporting Matrices 
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Figure 8.2 Chemical components of agarose, a linear polysaccharide composed of alternating 
Units of D- and L-galactose. Often, the L-gelactose residue has an anhydro bridge between the 3 and 
6 positions and is called 3,6-anhydra-L-galactose. 
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Figure 8.3 Agarose chains. Gelatinized agarose consists of a three-dimensional network in which 
chains of agarose form helical fibers that aggregate into supercoiled structures. (© Richard C. Li) 


‘The electrophoretic mobility of double-stranded DNA through agarose gel matrices is 
inversely proportional to the 1og,, of the size of DNA fragments ranging from 50 to 20,000 
base pars. The electrophoretic mobility ofa linear DNA fragment is also inversely proportional 
to the concentration of agarose in the gel. A low concentration of agarase in a gel forms larger 
pores, allowing the separation oflarger DNA fragments 


8.2.2 Polyacrylamide 
‘A polyacrylamide gel matrix is very effective for the separation of smaller fragments of DNA 
(5-500 base pairs). Additionally, a single nucleotide difference in the length of a DNA fragment 
can be resolved with this type of gel, Polyacrylamide produces much smaller pore sizes than 
agarose gels and thus has a much higher resolving power than agarose gels for low-molecular- 
weight DNA molecules, A polyacrylamide gel matrix is formed by polymerization and cross- 
linking reactions 


8.2.2.1 Polymerization Reaction 
Long linear chains of polyacrylamide are polymerized from acrylamide monomers (Figure 8.4). 
‘This polymerization reaction is initiated in the presence of free radicals that are generated 
from the reduction of ammonium persulfate (APS) by N,N.N’.N’-tetramethylethylene diamine 
(TEMED). See Figure 85. 


8.2.2.2 Cross-Linking Reaction 
‘As shown in Figure 8.5, three-dimensionally cross-linked polyacrylamide chains can be formed 
with the use of cross-linking agents, such as N,N'-methylenebisacrylamide (BIS; Figure 8.4) 
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Figure 8.4 Chemical structures of (a) acrylamide, (b) N,N-methylenebisacrylamide (BIS), and 
(©) polydimethylacrylamide (a linear polymer for capillary electrophoresis). 
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Figure 8.5 Formation of polyacrylamide gel. Polymerization is followed by cross-linking in which the 
pore sizeof the gel is determined by its degree of polymerization and cross-linking. (© Richard C. Li.) 


‘The porosity of the resulting gel is determined by the lengths of these chains and the degree of 
«cross-linking between them, Therefore, the sizes ofthe pores that are formed can be adjusted by 
altering the concentrations of the acrylamide monomer and the cross-linking reagent. 
Polyacrylamide can also be used in a capillary electrophoresis matrix. Itis very difficult to 
insert a cross-linked polyacrylamide matrix into a capillary. Therefore, a solution of a linear 
polymer (non-cross-linked) of polydimethylacrylamide (Figure 8.4) is used as a matrix for 
capillary electrophoresis. For instance, POP-4 (4% un-cross-linked polydimethylacrylamide 
polymer) is used for fragment analysis, such as forensic STR analysis (Chapter 18), in which fluo~ 
rescently labeled DNA amplicons are separated using electrophoresis and are identified based on 
thetr sizes by comparing them with a size standard. POP-6 (6% un-cross-linked polydimethyl- 
acrylamide polymer) is used for sequencing, such as mitochondrial DNA (mtDNA) sequencing 
(Chapter 21). These un-cross-linked polymers are commercially available (Applied Biosystems) 
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8.2.2.3 Denaturing Polyacrylamide Electrophoresis 
Polyacrylamide-based electrophoresis can be carried out with both double- and single-stranded 
DNA. Electrophoresis that is performed under the conditions of single-stranded DNA is called 
denaturing electrophoresis. Denatured DNA migrates through the gel as linear molecules at a 
rate independent of the base composition and sequence. With short single-stranded fragments, 
‘molecules differing in size by a single nucleotide can be separated. This extraordinary sensitiv- 
ity to siz is extremely useful for the separation of small DNA fragments that are used for DNA 
sequencing and STR analysis in forensic applications. The denaturing condition can be best 
achieved by adding chemicals such as urea or formamide to the matrix or by increasing the 
temperature or pH during electrophoresis. 


8.3 Apparatus and Forensic Applications 
“Agarose electrophoresis is carried out in a slab gel. Agarose gel can be prepared in a variety of 
shapes and sizes and can be run in different configurations. The most common gel for forensic 
use isthe horizontal slab, Polyacrylamide can be used either in a slab gel or in a capillary elec- 
trophoretic apparatus, 


8.3.1 Slab Gel Electrophor 
8.3.1.1 Agarose Gel Electrophoresis 

‘One forensic application of agarose gel electrophoresis is restriction fragment length polymor- 
phism (RELP) analysis of VNTR loci (see Chapter 19). An agarose gel is used to separate the 
DNA fragments by size ranging from 500 to 20,000 base pairs of commonly used VNTR loci for 
forensic testing. This type of electrophoresis is done under nondenatured conditions (double- 
stranded DNA). 

Figure 8.6 shows an example of the apparatus used for gel electrophoresis of DNA. A slab 
(3-4 mm) of agarose gel is prepared by allowing liquid agarose to gelatinize in a cast. The gel 
is submerged in a buffer tank filled with an electrophoretic buffer with proper ionic strength, 
‘which is necessary to achieve efficient electrical conductance. The gel contains small wells for 
loading samples. The DNA samples are mixed with a gel loading buffer prior to loading them 
into the gel. The gel loading buffer contains dyes that add color to the sample to facilitate the 
process of loading. Dyes such as bromophenol blue and xylene cyanol FF migrate toward the 
anode during electrophoresis. In most forensic applications, these dyes migrate faster than DNA 
fragments. The dyes are visible and can thus be used to track the progression of electrophoresis. 
‘The electrophoresis can be stopped as the dye front reaches the bottom of the gel (anode side), 


Sample well Gel 


Buffer 


Figure 8.6 Horizontal agarose slab gel apparatus. The gel can be prepared by heating an agarose 
‘suspension to dissalve it. The agarase solution can then be poured into a gel cast and allowed to 
coo! until gelatinized. An electrophoresis buffer is poured over the gel to submerge it. The samples, 
usually mixed with loading buffer containing dye to allow visualization, are loaded into the wells of 
the submerged gel using a pipet. The electrades are indicated. (© Richard C. Li.) 
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‘The samples are loaded into the sample wells situated proximal to the cathode. An electric 
field is applied and the negatively charged DNA molecules migrate through the agarose toward 
the anode, Slab gel electrophoresis is capable of running multiple samples simultaneously. The 
sample is made visible by using a fluorescent intercalating reagent that can make DNA fluoresce 
under ultraviolet (UV) light (Chapter 9), either using the fluorescent intercalating reagent incor- 
porated into the gel or staining the gel after electrophoresis. The separated DNA samples appear 
as bands and the sizes of the DNA fragments can be estimated by comparing them with the sizes 
of standards run concurrently. 


8.3.1.2 Polyacrylamide Gel Electrophoresis 
‘The forensic application of this apparatus is the separation of STR fragments and DNA sequenc- 
ing reaction products of mtDNA. ‘The sizes of DNA fragments that can be separated range from 
100 to 500 base pairs—much smaller than what can be separated efficiently with agarose gels. 
Single-nucleotide resolution to distinguish similarly sized fragments can be achieved with this 
technique under denatured conditions with only single-stranded DNA. Polyacrylamide thin 
slab gels (0,75~1.5 mm) are usually used. Samples are loaded into wells flanked by two pieces 
of glass. Therefore, polyacrylamide gels are usually run in a vertical configuration (Figure 8.7). 
‘The detection of DNA bands in polyacrylamide gels will be described in Chapter 9. The sizes of 
DNA fragments can be calculated by including an internal size standard, As with agarose gel, 
polyacrylamide gel electrophoresis is capable of running multiple samples simultaneously and 
high throughput (a measurement of the rate that a sample is processed by a given analysis) can 
be achieved. However, caution should be taken to ensure that cross-contamination does not 
‘occur from the spilling of samples from adjacent wells. Additionally, polyacrylamide gels are 
more difficult to prepare than agarose gels. 


8.3.2 Capillary Electrophoresis 
Capillary electrophoresis (Figures 8.8 through 8.11) is a newer method than the slab gel method, 
and can be utilized to separate charged macromolecules, such as DNA, RNA, polysaccharides, 
and proteins, 

One essential component of the capillary electrophoresis instrument is the capillary, a thin 
hollow tube made of fused silica (which typically has a diameter between 50 and 100 um and 
a length between 10 and 50 cm). The capillary contains a translucent detection window for the 
instrument to detect signals from the labeled DNA fragments during electrophoresis. 

Linear polydimethylacrylamide is used as the matrix. Capillary electrophoresis is con- 
ducted under denatured conditions for forensic applications such as STR analysis and 
mtDNA sequencing analysis. The denatured condition is achieved by including urea in the 
electrophoresis matrix and formamide during sample preparation. ‘The injection of samples 
into the capillary is performed by an autosampler using an electrokinetic mechanism (an 
injection based on the charge of molecules). Only small quantities of sample are required 
for each injection, and any remaining sample can be saved in case an analysis needs to be 
repeated. 

During electrophoresis, the capillary is connected to butfer reservoirs that are connected to 
electrodes. The efficient heat dissipation property of thin capillaries allows the separation to be 
performed at higher voltages, as the electric field (typically 200-300 V/cm) is much higher than 
that of a slab gel platform. Thus, the separation in capillary electrophoresis is rapid. During 
electrophoresis, DNA fragments migrate through the capillaries toward the anode. Similar to 
gel electrophoresis, DNA fragments are separated according to their sizes, with the shorter frag- 
ments moving faster than the longer fragments. During capillary electrophoresis, linear poly- 
mers in the solution can act as obstacles to the migrating DNA fragments. Thus, electrophoretic 
separation models (Figure 8.1) developed for gels are applicable for capillary electrophoresis. 
Currently, capillary electrophoresis can separate DNA fragments of up to 1000 nucleotides with 
single-nucleotide resolution. 
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Figure 8.7 Vertical slab palyacrylarnide gel. (a) Frant and side view of vertical slab polyacrylamide 
el apparatus. (b) Automated gel electrophoresis instrument, ABI PRISM 377° Genetic Analyzer, 
which was used in forensic laboratories but is now discontinued. (© Richard C. Li) 


Capillary electrophoresis instruments are equipped with detection systems utilizing laser 
excitation sources that excite the fluorescently labeled DNA fragments. They also include fluo- 
rescence detectors that record the signals emitted from the labeled DNA fragments (Chapter 9) 
In capillary electrophoresis, samples can only be analyzed sequentially so the throughput is 
‘much more limited than with slab gels. This disadvantage can be overcome by utilizing capillary 
array systems that can run up to 16 capillaries at one time (Figure 8.10) 


8.3.3 Microfluidic Devices 

Forensic DNA analysis includes the extraction of DNA from a sample, DNA quantification, 
polymerase chain reaction (PCR) amplification, capillary electrophoresis, data collection, 
and genotyping. Various microfluidic devices have been developed for forensic DNA analysis 
Microfluidic devices control the movement of samples and reagents in a small, geometrically 
constrained environment and carry out biochemical reactions and analysis. These devices are 
made using microfabrication technology. This technology fabricates miniature structures histor 
ically used for integrated circuit fabrication in semiconductor manufacturing. The microfluidic 
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Figure 8.8 Essential components of a capillary electrophoresis system. The system includes a 
capillary, buffer reservoirs, two electrodes, a laser excitation source, a fluorescence detector, and 
‘an autosampler that holds the sample. Sample injection, electrophoresis, and data collection are 
automated and controlled by a computer. (@ Richard C. Li.) 


Figure 8.9 A single-capillary electrophoresis instrument, ABI PRISM 310” Genetic Analyzer. This 
was used in forensic laboratories but is now discontinued. (© Richard C. Li.) 


devices can be classified as modular and integrated devices. Overall, the microfluidic device 
thas many advantages compared with conventional techniques. The reaction volume required 
in microfluidic devices is usually in the nanoliter range, which decreases reagent and sample 
consumption. Additionally, due to the high surface area-to-volume ratio of the system, the effi- 
ciency of the system is greatly improved. Lastly, it can be automated, which makes the device a 
potential new platform for forensic DNA analy 
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Figure 8.10 Photo of a multicapillary electrophoresis instrument, ABI PRISM 3500 Genetic 


‘Analyzer. (@ Richard C. Li.) 


Q 


Figure 8.11 Components of the AB! PRISM 2500" Genetic Analyzer. A capillary array (left), elec 
trophoretic buffer chambers (middle), and an autosampler (right). (© Richard C. Li.) 


8.3.3.1 Modular Microfluidic Devices 
‘The modular devices are separate devices for DNA extraction, quantitation, amplification, electropho. 
resis, and soon, Each processing step is carried out on different devices. The modular design is lexible, 
allowing laboratories to choose the best device suited to the procedure for each step. For example, 
an electrophoresis microfluidic device has been developed (Figure 8.12) The electrophoretic assay is 
carried out on a modular microfluidic chip format using the same basic principle of capillary electro 
phoresis. The single-use chip contains wells for samples, a sieving polymer matrix fr electrophoresis, 
and siz standards. The wells are connected through microchannels. When the interconnected wells 
and channels are filled, the chip becomes an integrated electrical circuit. Each well i then connected 
to an electrode with an independent power supply. DNA molecules, carrying negative charges, are 


a 


zm 


Figure 8.12 A modular instrument for gel electrophoresis. Left: Agilent 2100 Bioanalyzers contain 
16-pin electrodes that fit into the wells ofa chip. Right: The chip can accommodate sample wells, 
gel wells, and a well for a size standard. (@ Richard C. Li) 
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‘Small Cartridge Fuses 

Small cartridge fuses for appliances and elec- 
tronics equipment—such as those shown in 
Figure 4-2-are available in sizes tabulated in 
Figure 4-3. With the exception of the 4.5mm di- 
ameter fuse (a European addition), these sizes 
were originally measured in inches; today, they 
are often described only with the equivalent 
metric measurement. Any cartridge fuse is usu- 
ally available with the option of a lead attached 
to it at each end, so that it can be used as a 
through-hole component. 


Figure 4-3. The approximate ptysical sizes of commonly 
used smal! glass or ceramic cartridge fuses are shown, 
here withthe codes that are aften used to identity them. 


Fusesmay befastacting, medium acting, orslow- 
blowing, the last of which may alternatively be 
referred to as delay fuses, Extra-fast-acting fuses 
areavailable from somemanufacturers. Theterm 
Slo-8io is often used but is actually a trademark 
of Littelfuse. None of the terms describing the 
speed of action of a fuse has been standardized 
with a specific time or time range. 


Some cartridge fuses are available in a ceramic 
format as an alternative to the more common 
glass cylinder. if accidental application of ex- 
tremely high current is possible (for example, in 
‘a multimeter that can be set to measure amps, 
and may be accidentally connected across a 
powerful battery), a ceramic cartridges prefera- 


Variants 


ble because it contains a filler that will help to 
stop an arc from forming. Also, if fuse is physi- 
cally destroyed by application of very high cur- 
rent, ceramic fragments may be preferable to 
glass fragments, 


Automotive Fuses 

Automotive fuses are identifiable by their use of, 
blades designed for insertion in flat sockets 
Where the fuse is unlikely to loosen as a result of, 
vibration or temperature changes. The fuses 
come in various sizes, and are uniformly color- 
coded for easy identification. 


A selection of automotive fuses is shown in 
Figure 4-4, The type at the top is typically de- 
scribed as a “maxi-fuse” while the type at 
bottom-left isa “mini-fuse.” Here again, size is i 
relevant to function, asall three of those pictured 
are rated 30A at 32V. 


Figure 4-4. Three automotive fuses. All have the same 
rating: 304 at 32V. 


In Figure 4-5, the largest of the fuses from 
Figure 4-4 has been cut open to reveal its ele- 
ment. 
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Figure 8.13 Integrated instruments for rapid DNA analysis. Cartridges developed by IntegeneX 
(left) and Zygem (eight). (© Richard C. Li) 


«lectrophoretically separated based on their size. Smaller molecular weight fragments migrate faster 
than larger fragments, The polymer matrix contains fluorescent dye molecules that intercalate with 
DNA in a sample, which can be detected by laser-induced fluorescence. The duration of electrapho- 
resis is approximately 30 min, The sensitivity is approximately 0.1 ng/L; thus, sample consumption 
is small. The device provides the sizing and quantitation information of the nucleic acid fragment. 
In addition to DNA, the device can also be used for the analysis of RNA and protein. In the forensic 
laboratory, it has been used for the quantitation of amplified mtDNA product to monitor successful 
amplification and to normalize the quantities of DNA template for cycle sequencing, 


8.3.3.2 Integrated Microfluidic Devices 
Itis possible to integrate several different modular devices into a single device (Figure 8.13). These 
devices are also known as “micro-total analysis” systems. An integrated system is a fully automated 
process. It also reduces the risk of contamination from laboratory sources. Full integration of all the 
constituent steps required for forensic STR DNA analysis has been achieved by a rapid DNA instru- 
‘ment. This instrument integrates various microfluidic devices including DNA extraction, PCR ampli- 
fication, electrophoresis, detection, and genotyping steps into a single process on a cartridge. The 
cartridge, made from a variety of materials such as polycarbonate, incorporates pumps and valves 
controlling fluidic movement for the delivery of samples and prefilled reagents to the chambers for 
processing. DNA extraction usually utilizes silica-coated magnetic particles that can be collected by 
a magnet for DNA extraction. Microquantitative PCR utilizes the Taqman real-time quantitative 
PCR technique. During amplification, multiplex PCR is accomplished using commercial STR kits. 
Additionally, the cartridge also integrates a microcapillary electrophoresis chip for the separation of 
amplified products. The fluorescently labeled DNA fragments are detected based on laser-induced 
fluorescence. Data analysis and genotyping are then carried out to produce a DNA profil, which is 
compatible with the CODIS DNA database (Chapter 24) Rapid DNA instruments are fully automated 
platforms that are designed to process single-source sample such asa buccal swab to generate a DNA 
profile and database search in ess than 2h. The goal is for these instruments to be deployed in field 
testsat the scene or at the booking stations operated by trained law enforcement agents 


8.4 Estimation of DNA Size 

8.4.1 Relative Mobility 

‘The relative mobility (R,) of a DNA molecule during electrophoresis can be calculated as 
the distance of band migration divided by the distance of tracking dye migration. The DNA 
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Figure 8.14 Measurement of the electromobility of DNA. Questioned DNA samples are analyzed 
concurrently with a set of standard DNA fragments of known size. The distances of DNA migration 
ccan thus be measured. The samples are usually mixed with a gel loading buffer prior to loading 
‘samples to the gel, The buffer cantains dyes that add calor to the sample to facilitate the process of 
loading. Dyes such as bromophenol blue and xylene cyanal FF migrate toward the positive electrode 
during electrophoresis. They can be used for tracking purposes as well. (© Richard C. Li,) 


band migration is the distance from the sample origin to the center of the band. The track- 
ing dye migration distance extends from the sample origin to the center of the dye band 
(Figure 8.14). To estimate the size of the DNA, standards containing DNA of known size 
and questioned samples are run on the same gel at the same time, The standards can be used 
to estimate the size of an unknown DNA molecule. A plot of log,, base pair of the standards 
versus R, for a given gel can be constructed. A linear relationship, over a size range, between 
og, base pair of the DNA molecule and the R,can be observed. The Rof the test sample is 
interpolated on the plot from which the size of an unknown DNA molecule can be deter- 
‘mined (Figure 8.15). 
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Figure 8.15 Estimation of the size of a DNA fragment. A plot of size standards versus relative 
migration during electrophoresis is shown. The size of the questioned DNA fragment can be esti- 
mated using this plot. (@ Richard C. Li.) 
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8.4.2 Local Southern Method 

‘The size of a DNA fragment is determined by an internal size standard that isa set of synthetic 
fragments with known molecular weight. The standard is labeled with a different colored dye so 
that it can be spectrally distinguished from DNA fragments of an unknown size (Figure 8.16) 
‘The sample including the internal size standard is then mixed in with DNA samples and is 
analyzed by electrophoresis. To determine the sizes of DNA fragments, a standard curve using 
the internal size standards must be established based on the reciprocal relationship between 
the electrophoretic mobility and the sizes of DNA fragments. However, this relationship is not 
exactly linear; instead, it appears to be sigmoidal (Figure 8.17). Therefore, the Local Southern 
method, described by Sir Edwin Southern, is used to generate standard curves for determining 
the sizes of DNA fragments, The equation is as follows: 
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‘standard (Applied Biosystems). RFU, relative fluorescence units. (@ Richard C. Li.) 
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Figure 8.17 Estimation of unknown DNA fragment sizes using the Local Southern method. The migra 
tion of ssDNA fragments (20-1200 base pairs) is not linear over the entire fragment size range and is 
‘somewhat sigmoidal. To determine the size of a DNA fragment in question, two curves are generated, 
‘The first curve is generated using three standard points: two points (a and b) that are smaller and one 
point (c) that is larger than the questioned fragment. As a result, a fragment size (L,) is determined. 
‘The second curve is then generated using an additional three standard points: one point (b) that is 
smaller and two points (¢ and d) that are larger than the questioned fragment. Thus, a fragment size, 
1, is determined. The two values (L, and 1,) are averaged ta determine the size (L) of the questioned 
fragment. (Adapted from Southern, E.M.,Anal Biochem, 100, 319-323, 1979) 
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In the equation, L isthe size of the unknown fragment; M is the mobility of the fragment; 
and C, My, and L, are constants that are obtained from the fragments of known size. To 
determine the size of an unknown fragment, two curves are generated based on the equa- 
tion. Each curve utilizes three data points. ‘The first curve utilizes two size standards that 
are smaller and one size standard that is greater than that of the unknown fragment, As a 
result, size L, is obtained. The second curve utilizes a size standard that is smaller and two 
size standards that are greater than that of the unknown fragment. Thus, size L, is obtained. 
Finally, the average of L, and L, is defined as the size of the unknown fragment. In this 
‘method, only the size standards that are in the proximity of the unknown fragment are analyzed. 
However, the accuracy of the standard curve relies on the proper separation of the standards 
during electrophoresis. 
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Detection Methods 


A variety of techniques are available for the detection of DNA fragments in forensic DNA analy- 
sis. For example, the direct detection of DNA fragments in a gel can be achieved via staining. 
‘The detection of DNA probes in a hybridization-based assay can be performed with radioiso- 
topes, colorimetric assays, and chemiluminescence labeling, For polymerase chain reaction 
(PCR)-based assays, DNA primers can be labeled directly with fluorescent dyes. 


9.1 Direct Detection of DNA in Gels 

‘This section describes two simple and rapid detection methods used for detecting DNA: stain- 
ing agarose gels with fluorescent intercalating dyes and staining denatured polyacrylamide gels 
with silver. 


9.1.1. Fluorescent intercalating Dye Staining 
‘The location of DNA in an agarose gel can be determined directly by staining with low con- 
centrations of fluorescent intercalating dyes (Chapter 6) such as ethidium bromide (Figures 9.1 
through 9.3). These techniques allow the detection of DNA bands as small as 10 ng in agarose 
gels. Staining of DNA in agarose gels can be achieved by including an intercalating dye in the gel 
‘or staining the gel after electrophoresis in a dye-containing solution, followed by a washing step 
known as de-staining to reduce nonspecific staining. Historically, ethidium bromide-stained 
gels were photographed with a standard ultraviolet transilluminator at approximately 300 nm 
using a camera with an orange filter, whereas gels can currently be documented using digital 
techniques. When examining a DNA-containing gel under a UV lamp, the eyes and the skin 
should be protected from UV exposure. Ethidium bromide is a mutagen and a potential car- 
cinogen. Ethidium bromide should be handled according to the Material Safety Data Sheet and 
safety protection wear should be used while handling the chemical. Ethidium bromide waste is 
usually disposed of as hazardous waste and is handled in accordance with laboratory guidelines. 
Alternatives to ethidiam bromide are available, for example, fluorescent dyes such as SYBR® 
stains (Molecular Probes; Figures 9.2 and 9.3), Some of these alternatives are less mutagenic and 
hhave better performance than ethidium bromide. 


9.1.2 Silver Staining 
Electrophoretically separated DNA fragments can also be detected with silver nitrate staining. 
Silver staining of polyacrylamide gels has been used for the amplified fragment length poly- 
‘morphism (AFLP; see Chapter 19) method of variable number tandem repeat (VNTR; see 
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Figure 9.1 Schematic illustration showing binding of an intercalating agent, ethidium bromide 
(E1Be) to DNA. It intercalates into the minor groove af DNA. (@ Richard C. Li.) 
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Figure 9.2 Intercalating agents used as nuclelc acid stains. (2) Chemical structure of ethidium 
bromide, Ethidium bromide has UV absorbance. The emission maximum of the DNA-dye complex 
in aqueous solution is approximately 590 nm. (b) Chemical structure of SYBR Green 1. The stain 
isa cyanine dye that binds to DNA and is used as a nucleic acid stain. The excitation and emission 
maxima of the DNA-dye complex are 494 and 521 nm, respectively. The stain preferentially binds 
to double-stranded DNA rather than single-stranded DNA and RNA. 


Chapter 19) profiling. The sensitivity of silver staining is approximately 100 times higher than 
that obtained with ethidium bromide, and silver staining is less hazardous than ethidium bro- 
‘mide detection. Also, the developing chemicals are readily available at low cost. 

Silver staining involves processing a gel followed by exposure to a series of chemicals. First, 
the gel is submerged in a silver nitrate solution. Silver ions are positively charged, and DNA is 
negatively charged. Therefore, silver ions bind to the DNA and are subsequently reduced using 
formaldehyde to form a deposit of metallic silver on the DNA in the gel (Figure 9.4). A photo- 
‘graph of the gel with images of the silver-stained DNA strands is kept as a permanent record. 
Alternatively, the gels may be sealed and preserved for record purposes. One disadvantage of 
this method is that silver stains RNA and proteins along with DNA. The presence of restric- 
tion enzymes and polymerase should therefore be minimized. Additionally, bands from both 
complementary DNA strands may be detected in a denatured polyacrylamide gel, which leads 
to a two-band pattern 


176 


9.2 Detection of DNA Probes in Hybridization-Based Assays 


Figure 9.3 A DNA-dye complex emitting fluorescence on UV-light exposure. Ethidium bromide. 
ntaining agarose gel (left). SYBR Green 1-containing agarose gel (right). (O Richard C. Li.) 


Reduetant 


A Silver staining of DNA. Silver (Agr) ions bind to DNA and are reduced to metallic silver 
(Ag) to form dark particles. (@ Richard C. Li.) 


9.2 Detection of DNA Probes in Hybridization-Based Assays 
9.2.1 Radioisotope Labeled Probes 
Radioisotope probe labeling was used for early versions of VNTR testing and DNA quantita: 
tion, Labeling can be accomplished in several ways (Figure 9.5). For example, nick translation 
incorporates labeled deoxyribonucleotides (NTPs) into double-stranded DNA. DNase lis used 
to introduce single-strand nicks within the DNA fragment to be labeled, Next, DNA Polymerase 
I recognizes the nicks and replaces the preexisting nucleotides with new strands containing 
labeled dNTPs, resulting in the generation of “P-labeled double-stranded DNA molecules. "P, 
with a half-life of approximately 14 days, is the most common radioisotope used in this tech 
nique. Nick translation can utilize any dNTP labeled with *P. 

Prior to hybridization, the probe is denatured into single-stranded fragments by boiling for 
a few minutes followed by rapid cooling on ice. After the hybridization process, these probes 
can be visualized by exposing the DNA-containing membrane to an x-ray film. The radioac 
tive abject is commonly placed in an x-ray cassette. The energy released from the decay of the 
radioisotopes is absorbed by the silver halide grains in the film emulsion and forms a latent 
image. A chemical development process amplifies the latent image and renders it visible on 
film (Figure 96). Because most “=P emissions pass through the thin film emulsion without 
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igure 4-5. The largest fuse from the previous figure, cut 
‘pen to reveal its element 


Usually automotive fuses are mounted together 
in a block, but if aftermarket accessory equip- 
ment is added, it may be protected by an inline 
fuse in a holder that terminates in two wires. This 
is shown with two sample fuses in Figure 4-6. 
Similar inline fuse holders are manufactured for 
other types of fuses. 


Strip Fuses 
High-amperage fuses for vehicles may be sold in 
“strip fuse” format, also known as a fusible link, 
designed to be clamped between two screw- 
down terminals, Since some jumpers may look 
very similar, itis important to keep them sepa- 
rate, A strip fuse is shown in Fig 


Through-Hole Fuses 

Small fuses with radial leads, which seem appro- 
priate for through-hole insertion in printed cir- 
cuit boards, are actually often used in conjunc- 
tion with appropriate sockets, so that they can 
be easily replaced, They are described in cata- 
logues as "subminiature fuses" and are typically 
found in laptop computers and their power sup- 
plies, also televisions, battery chargers, and air 
conditioners. Three examples are shown in 


igure 4-8. All have slow-blowing characteristics. 


> connection > fuse 


power 


Figure 4-6. Two blade-type fuses. commonly used for au- 
famotive applications. shawn with an inline fuse holder 
The plastic cap, at right, is closed over the holder when 2 
fuse has been installed. 


Figure 47, This strip fuse is intended for use in diesel ve- 
hicies. The example shown is rated 100A at 36V. 


Resettable Fuses 

Properly known as a polymeric positive tempera- 
ture coefficient fuse (often abbreviated PTC or 
PPTO), a resettable fuse is a solid-state, encapsu- 
lated component that greatly increases its resist- 
ance in response to a current overload, but grad- 
ually returns to its original condition when the 
flow of currents discontinued, Itcan be thought 


24 Encyclopedia of Electronic Components Volume 1 


Forensic Biology, Second Edition 


ML, 
Tagged | DNA 


tse 


7 i 


54 8 


accamaecoonananl EEE 


o) 


Figure 9.5 DNA probe labeling using dNTPs. (a) Nick translation method. A DNase is utilized to 
create nicks along a DNA strand, Tagged nucleotides (ane or more than one of the dNTPs) are then 
incorporated into the DNA strand using a DNA polymerase. DNA synthesis extends from the 5' to 
2’ end and the original strand is degraded. (b) Random primer labeling method. A template DNA 
is denatured and separated into single strands. A random mixture of hexameric deoxynucleotide 
fragments, as primers, is then annealed to the template strand. The tagged nucleotides are then 
incorporated by the Klenow fragment of the DNA palymerase. (© Richard C. Li) 
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Figure 9.5 (Continued) (c) PCR method. DNA templates are denatured and then annealed to prim- 
fers flanking the region of interest. During the DNA synthesis phase of a PCR cycle (see Chapter 7), 
tagged nucleotides are incorporated into the DNA strand using a Taq DNA polymerase, producing 
new double-stranded DNA. The process is repeated for many cycles. Only the first cycle is shown. 
(© Richard C. Li) 
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Figure 9.6 Autoradiography. Exposure to radiation causes halide crystals to release electrons, thus 
reducing silver (Ag') Ions to metallic silver (Ag). (@ Richard C. Li.) 


contributing to the final image, the detection process may require long exposure times. Signal 
intensity can be enhanced, however, by using intensifying screens at low temperatures, The 
screens emit photons upon receiving radioactive fi-particles, thus further enhancing signals. 
‘Additionally, highly sensitive x-ray film can be used. One disadvantage of using "P is that itis 
a safety hazard. Additionally, autoradiography isa lengthy process, Therefore, nonradioisotopic 
detection methods have become popular alternatives. 
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9.2.2 Enzyme-Conjugated Probe with Chemiluminescence Reporting System 
‘The use of alkaline phosphatase (AP)-conjugated probes with chemiluminescent substrates 
comprises a highly sensitive nonradioisotopic detection system. 

Alkaline phosphatase can cleave the phosphate groups from a variety of substrate molecules. 
Its enzymatic activity can be measured using dioxetane-based chemiluminescent substrates 
such as Lumigen® PPD (Figure 9.7). The Lumi-Phos Plus kit of Lumigen Inc, contains this sub- 
strate and can serve as a detection system for slot blot assays for DNA quantitation (Chapter 6) 
and RFLP assays for VNTR profiling (Chapter 19). AP catalyzes the cleavage of the phosphate 
ester of Lumigen® PPD, resulting in the release of a photon (Figure 9.8). The Lumigen® PPD 
substrate yields a long-lasting light emission that can be detected by exposure to x-ray film. Thi 
system provides a highly sensitive chemiluminescent detection method for AP-conjugated DNA. 
probes in solution or on a solid matrix such as a membrane (Table 9.1). 


9.2.3 Biotinylation of DNA with Colorimetric Reporting Systems 

9.2.3.1 Biotin 

Biotin, also known as vitamin H, is a water-soluble molecule found in egg yolk (Figure 99). It 
can be incorporated onto oligonucleotide probes without interfering with the ability of probes 
to hybridize because of its small size (molecular weight: 244,31 u). Signals from a biotinylated 
probe can be detected with an enzyme-conjugated avidin system. Two steps are required to 
detect biotin-labeled probes. First, an avidin conjugate consisting of a reporter enzyme is added. 
‘Then, the reporter enzyme is assayed with substrates. 


9.28.2 Enryme Conjugated Arita 

inisa glycoprotein found in egg white; it binds to biotin with extremely high affinity. Thus, 
2 Moti aedin complex is very stable. However, avidin detection has a high background due 
to nonspecific binding, The nonspecific binding can be reduced by replacing avidin with its 


AP-conjugated probe = 


Figure 9.7 Detection system using AP-conjugated probe. Chemiluminescence is generated by 
using the Lumigen PPD as an AP substrate. (© Richard C. Li.) 
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Figure 9.8 Lumi-Phos Plus contains Lumigen® PPD (4-methoxy-4-(3-phosphatephenyllspirol,2- 
dioxetane-3,2'-adamantanel, disodium salt). AP catalyzes the removal of the phosphate group of 
Lumigen® PPD and generates a chemiluminescent intermediate that js subsequently broken down 
to the excited state of methyl-m-cxybenzoate. The decay af the excited state end-product releases 
2 photon, 
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Table 9.1. Forensic Applications of Enzyme Reporting Systems for Dete 


Reporter Forensic 
aa Substrate Application 


AP-conjugated | Chemiluminescent — Lumigen*PPD RFLP; blot 


probe assay for DNA 
quantitation 
Horseradish Bictinylated —_—Colorimetric/ TMB/luminol Blot assay for 
peroxidase probe, chemiluminescent DNA 
(HRP) recognized by quantitation 
streptavidin 
conjugated 
with HRP 
Biotinylated Galorimetric T™B Reverse blot 
primer, assay for DOAL 
recognized by typing and for 
streptavidin mtDNA typing 
conjugated 
with HRP 


Figure 9.9 Nonradioactive tags for labeling and detecting nucleic acids. (a) Chemical structure 
of biotin, also known as vitamin H. Molecular formula: C,sH,¢N.O,S, Molecular weight: 244.31 
(&) Chemical structure of digoxigenin. Molecular formula: C,,Hss05. Molecular weight: 390.51. 


streptavidin counterpart from Streptomyces avidinii. To detect binding, an enzyme-conjugated 
streptavidin such as horseradish peroxidase (HRP)-conjugated streptavidin can be used. HRP 
isolated from horseradish roots contains heme residues that catalyze the oxidation reactions of 
substrates (Chapter 12). 


9.2.3.3 Reporter Enzyme Assay 
HRP can be assayed with colorimetric, chemiluminescent, or fluorogenic substrates. One 
common colorimetric substrate for forensic DNA testing is 3,37,5,5’-tetramethylbenzidine 
(TMB), which is oxidized by the peroxidase to form an insoluble precipitate of intense blue at 
an acidic pH (Figure 9.10). Because the colored precipitate is difficult to remove from mem- 
branes, TMB is not suitable if reprobing for RFLP analysis is required. This technique has 
been used for forensic DNA testing such as slot blot assays for DNA quantitation (Table 9.1). 
A chemiluminescent substrate such as a luminol-based reagent can also be utilized with 
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Figure 9.10 Detection system using biotinylated DNA prabes with colorimetric and chemilumi- 
escent reactions. (a) Biotinylated probe is incubated with a streptavidin (SA) and horseradish 
peroxidase (HRP) conjugate complex. (b) Biotin is recognized by the complex. Reporter enzyme 
assays can be carried out using elther a colorimetric reaction with a TMB substrate (c) or a chemi- 
luminescent reaction using luminol analogs (d). (© Richard C. Li.) 


HRP. The peroxidase catalyzes the oxidation of luminol to form a chemiluminescent product 
(Figure 9.10) 


9.3 Detection Methods for PCR-Based Assays 

9.3.1 Fluorescence Labeling 

9.3.1.1 Fluorescent Dyes 

‘The advantages of fluorescence detection methods include a higher sensitivity and broader 
dynamic range than comparable colorimetric detection methods. Furthermore, they have the 
capacity for simultaneous analysis of complex samples such as multiplex PCR products with dif- 
ferent fluorescent labels (Figure 9.11) allowing the distinction of various amplicons. Commonly 
used fluorescent dyes in DNA labeling emit fluorescence inthe range of 400-600 nm (Figures 9.12 
and 9.13). 


9.3.1.2 Labeling Methods 
Fluorescent dye labeling can be incorporated into a DNA fragment using a 5'end fluorescently 
labeled oligonucleotide primer (Figures 9.14 and 9.15). The dye-labeled primer method is usu- 
ally used for STR profiling (see Chapter 20) in which only one primer from each primer pair is 
labeled; therefore, only one strand can be detected, The two-band pattern observed with silver 
staining does not appear with this method. Additionally, dye-labeled primers allow multiplex 
PCR amplifications in the same tube 


182 


9.3 Detection Methods for PCR-Based Assays 


FAM VIG NED PET uz 


Wavelength (am) 


Figure 9.11 Emission spectra af common fluorescent dyes used for forensic DNA analysis, 
(© Richard C. Li} 
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Figure 9.12 Examples of fluorescent dyes and their applications in STR kits. Note: Glabalfiler 
and AmpFISTR Yfiler are manufactured by Applied Biosystems. PowerPlex Fusion system and 
PowerPlex® ¥23 System are manufactured by Promega. 
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Figure 9.13 Chemical structures of representative fluorescent dyes. Fluorescein, 3/6”dlhydraxyspirol2- 
benzofuran-3,9"xanthenel-l-one; FAM, 5(6)-carboxyfluorescein; JOE, G-carboxy-4’5'-dichlora-2:7 
dimethoxy-fluorescein, TMR, 5-carboxytetramethylthodamine; ROX, 5(6)-carboxy-X-rhodamine; 2... 
peak excitation wavelength (am); de, peak emission wavelength (nm), 


Fluorescent dye 


Primer 


DNA polymerase 


| Pais led amplicon 
Figure 9.14 A fluorescent dye-labeled primer can be used for the amplification of DNA, The 
dye is conjugated at the 5’ end of the primer. The amplified product is fluorescently labeled 


(© Richard C. Li) 


184 


0 5 
NEE, 
eS 
é 
3 
Lo * Ise 
i 
bk ° 


Figure 9.18 Direct labeling of nucleic acids with fluorescent dye, Labeled cytosine is shawn as an 
‘example. R, fluorescent dye. 


Alternatively, fluorescent dye labeling of DNA fragments can be carried out by incorporating 
fluorescently labeled dideoxynucleotides (4dNTPs) in the PCR product. This labeling method is 
usually used in DNA sequencing such as mtDNA sequence profiling (Chapter 23). 


9.3.1.3 Fluorophore Detection 
“The fluorophore is a component ofa florescent dye molecule that causes the molecule to be fluo- 
rescent, First, a laser strikes a fluorophore covalently linked to the end of a DNA fragment. 
‘An electron of the fluorophore is then excited, rising to an excited state from a ground state. 
‘The excited electron then descends to the ground state and releases a photon (Figure 9.16). The 
emitted photon has a longer wavelength (emission spectrum) than that of the excitation pho- 
ton (excitation spectrum). The wavelengths of excitation and emission spectra (Figure 9.17) are 
largely dependent on the chemical structure of the fluorophore. 

Lasers are commonly used as excitation sources because laser light emissions have high inten- 
sity and are monochromatic (single wavelength). The argon ion gas laser is frequently used in 
applications such as fluorescence-labeled STR and mtDNA sequence analysis because the excita- 
tion wavelength of commonly used fluorescent dyes matches the wavelength of the argon laser. 

Optical filters are used to filter out undesired light and to allow only one particular wave- 
length to pass through. An essential optical filter consists of three components: an excitation fil- 
ter, a dichroic beam splitter, and an emission filter. The excitation filter selectively transmits light 
from an excitation source. The light is then directed by the dichroic beam splitter to DNA mol- 
ecules labeled with fluorescent dyes. The light emitted from a fluorophore is also transmitted by 
the dichroic beam splitter toward the detector. The emission filter selectively blocks undesired 
light, thus transmitting a specific wavelength of the emitted fluorescence. The light intensity 
‘emitted from a fluorophore is detected using a photosensitive device such as a charge-coupled 
device (CCD). The signal from the fluorophore is collected and converted to an electronic signal 
expressed in an arbitrary unit such as a relative fluorescence unit (RFU). Signals from multiple 
fluorophores in the same sample can be recorded separately using optical filters and a math- 
‘ematical matrix (fluorophore separation algorithm). The function of a matrix is to subtract the 
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Figure 9.16 A Jablonski diagram ilustating the absorption of a single photon and subsequent emission 
of fluorescence. During an excitation stage, a single photon with the appropriate energy excites a mal- 
cule to the fist excited energy level (S). In fluorescence reactions, the energy i supplied by an external 
light source such as 2 laser, while in chemiluminescence reactions, the energy is deed from a chemical 
reaction. The excited molecule is nat stable and relaxes to its lowest vibrational level inthe excited state 
(S,) The molecule then returns tothe ground state (S,), emiting a photon. (@ Richard C. Li) 


Stokes shit 


‘Wavelength (am) 


Figure 9.17 A fluorescence excitation spectrum. In fluorescence reactions, the energy of the pho- 
ton emitted is lower than that of the excitation photon. As a result, the wavelength of an emission 
pphoton is longer than that of an excitation photon, The difference in wavelength is known as the 
Stokes shift. (© Richard C. Li) 


color overlaps of the various fluorescent dyes. The matrix can be established by the calibration 
of fluorescently labeled standards. 
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power> connection> fuse 


Figure 4-8. Three subminiature fuses terminating in wire 
leads. From left to right: 108 at 250V, 2.58 at 250V, and 
At 250. 


of asa thermistor that has anonlinear response. 
Three through-hole examples are shown in 
Figure 4-9. While different sizes of cartridge fuse 
may share the same ratings, differently rated re- 
settable fuses may be identical in size. The one 
on the left is rated 40A at 30V, while the one on 
theright is rated 2.5A at 30V. (Note that the codes 
printed on the fuses are not the same as their 
manufacturer part numbers.) The fuse at the top 
is rated 1A at 135V. 


When more than the maximum current passes 
through the fuse, itsinternal resistance increases 
suddenly from a few ohms to hundreds of thou- 
sands of ohms. This is known as tripping the fuse. 
This inevitably entails a small delay, but is com- 
parable to the time taken fora slow-blowing fuse 
to respond. 


Aresettable fuse contains polymer whose crys- 
talline structure is loaded with graphite particles 
that conduct electricity. As current flowing 
through the fuse induces heat, the polymer tran- 
sitions to an amorphous state, separating the 
graphite particles and interrupting the conduc- 
tive pathways. A small current still passes 
through the component, sufficient to maintain 
its amorphous state until powers disconnected. 


Variants 


Figure 4-9. Some through-hole resettable fuses. See text 
for details, 


After the resettable fuse cools, it gradually re- 
crystallizes, although its resistance does not fall 
back completely to its original value for more 
than an hour. 


‘The maximum safe level of current for a resetta- 
ble fuse is known as the hold current, while the 
current that triggers its response is termed the 
trip current. Resettable fuses are available with 
trip-current ratings from 20mA to 100A. While 
conventional appliance and electronics fuses 
‘may berated as high as 600V, resettable fuses are 
seldom rated above 100V. 


‘Typical cartridge fuses are affected only to a mi- 
norextent by temperature, butthe currentrating 
of a resettable fuse may diminish to 75% of its 
normal value at 50 degrees Centigrade and may 
drop to 50% of its normal value at 80 degrees 
Centigrade. In other words, fuse that is rated for 
4Aat25 degrees may tolerateamaximum of only 
3A when it operates at twice that temperature. 
See Figure 4-10. 
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Serology Concepts 


10.1.1. Immunogens and Antigens 
A foreign substance that is capable of eliciting antibody formation when introduced into a host 
is called an immunogen. Natural immunogens are usually macromolecules such as proteins and 
polysaccharides. Other molecular structures can also act as immunogens, for example, glyco- 
lipids (such as A, B, and O blood group antigens) and glycoproteins (such as Rh and Lewis 
antigens). However, they must be foreign to their hosts, The molecular structure of an immu- 
‘nogen, usually a small portion recognized by an antibody, is called an epitope or determinant 
site, An immunogen usually consists of multiple epitopes and is thus considered multivalent 
(Figure 10.1). Each epitope can elicit the production of its own corresponding antibody. 

‘An antigen is a foreign substance that is capable of reacting with an antibody. All immu- 
‘nogens can be considered antigens, but not all antigens can elicit antibody formation. Hapten 
is one example of a substance that is antigenic but not immunogenic, Haptens are chemical 
compounds that are too small to elicit antibody production when they are introduced to a host 
animal. However, a hapten can be coupled to a carrier, usually a macromolecule, to produce 
antibodies. A hapten-conjugated carrier can become immunogenic to elicit the formation of an 
antibody specific to the hapten. The resulting antibody can bind to free haptens, Certain con- 
trolled substances such as cocaine and amphetamines are haptens and can be detected through 
corresponding antibodies for forensic toxicological analysis, 


10.1.2 Antibodies 
Antibodies, also known as immunoglobulins, are capable of binding specifically to antigens and 
are designated with an Ig prefix. The five major classes of immunoglobulins are designated IgG, 
IgA, IgM, IgD, and IgE, Additionally, IgG immunoglobulins can be further divided into four 
subclasses (IgGI-IgG4) and IgA immunoglobulins can be further divided into two subclasses 
(IgA and Ig2). Thus, there are a total of nine immunoglobulin isotypes in humans. Isotypes are 
the immunoglobulins that differ based on the molecular variations in the constant domains of 
the heavy and light chains (Figure 10.2). IgD, IgE, and IgG are usually monomers. IgM can be a 
‘membrane-bound monomer or a cross-linked pentamer (secreted form). IgA can bea monomer, 
dimer, or trimer. In an immune response, an initial exposure to an immunogen elicits a primary 
response, producing IgM immunoglobulins. Further exposure to the immunogen can elicit a sec- 
‘ondary response, producing IgG, IZA, IgE, and IgD immunoglobulins. IgG is the most abundant 
immunoglobulin in serum. A majority of serology tests are based on the IgG immunoglobulins. 
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Figure 10.1 Multivalent immunogen. A protein with two different epitopes is shown. (© Richard C. Li) 


Immunoglobulins have many similarities in their molecular structures, Figure 10.2 illustrates 
a diagram of the IgG molecule. The structures of immunoglobulins were first revealed by Gerald 
Edelman and Rodney Porter who shared a Nobel Prize in 1972. Immunoglobulins are composed 
‘of four polypeptide chains: two heavy (H) chains and two light (L) chains. The polypeptide chains 
are linked by disulfide bonds into a Y-shaped complex. The H chain can be divided into fragment 
antigen-binding (Fab) and fragment crystallizable (Fe) fragments. The L. chain consists of a Fab 
fragment only. A typical antibody has two identical antigen-binding sites and is thus consid- 
ered bivalent, The antigen-binding activity is located within the Fab fragments. In particular, 
the N-terminal ends of the Land H chains together form antigen-binding sites. At the amino 
acid sequence level, both H and L chains have variable and constant domains (Figure 10.2). The 
variable domains are located at the N-terminal ends of the immunoglobulins. Additionally, three 
small hypervariable regions are located within the variable domain of each chain, 


Antigen binding 


Heavy chain 


Light chain, 


Fe fragment 


Figure 10.2 Immunoglobulin IgG structure. Immunoglobulin \gG is composed af light and heavy 
cchains that contain variable domains. The remaining portions of chains form the constant damains. 
‘The variable domains of both light and heavy chains contain three hypervariable regions that form 
the antigen-binding site of the immunoglobulin. (@ Richard C. Li.) 


10.1 Serological Reagents 


‘The diversity in the amino acid sequences of these hypervariable regions determines the 
specificity of the antigen-binding sites. The hinge regions provide flexibility to the antibody 
molecule and are important for the efficiency of the binding and cross-linking reactions, The 
basal portion of the H chain consists of Fc fragment. 

‘The binding affinity and specificity of antibodies make them useful reagents for serological 
testing, Two types of antibodies are commonly used: polyclonal and monoclonal antibodies. 


10.1.2.1 Polyclonal Antibodies 

‘To produce an antibody, an immunogen is usually introduced into a host animal, A multiva- 
lent immunogen is capable of eliciting a mixture of antibodies with diverse specificities for the 
immunogen. As a result, a polyclonal antibody is produced by different B lymphocyte clones in 
response to the different epitopes of the immunogen. Antibodies can be circulating (in blood or 
‘other bodity fluids) or tissue bound (in cell surface antibodies). Circulating immunoglobulins 
are referred to as humoral antibodies. 

‘The blood from an immune host is drawn and allowed to clot, resulting in the formation of a 
solid consisting largely of blood cells and a liquid portion known as serum! containing antibod- 
ies (Figure 10.3). Such a preparation of humoral antibodies is also called a polyctonal antiserum. 
Depending on the type of animal used, the antibodies produced are classified as avian (B), rabbit 
(B), or horse (H) type. The characteristics of polyclonal antibodies may vary if they are produced 
from different individual host animals of the same species. Variations in reactions among differ- 
ent sources of antibodies should be monitored by quality-control procedures. 


10.1.2.2 Monoclonal Antibodies 

To produce a monoclonal antibody, spleen cells are harvested from a host animal, such as a 
‘mouse, inoculated with an immunogen (Figure 10.4). Next, the plasma cells ofthe spleen, which 
produce antibodies, are fused with myeloma cells. Since only a small population of cells fuse, 
a selection step is needed to allow only fused cells to grow (Figure 10.4), "The fused cells, called 
hybridoma cells, are immortal (proliferate indefinitely) in cell cultures. Pools of hybridoma cells 
are diluted into single clones and are allowed to proliferate, The clones are then screened for the 
specific antibody of interest 


Serum 
Clotting 


lot 


Whole blood 
(oo anticoagulant) 


Figure 10.3 Serum component of blood. The bload of an immunized animal is collected in the 
absence of an anticoagulant and is allowed to clat. The resulting liquid portian af the blood is serum 
(© Richard C. Li) 
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‘Monoclonal antibody 


Figure 10.4 Preparation of a monoclonal antibody. A mouse is immunized with an immunogen, 
and its spleen cells are fused with myeloma cells to generate hybridoma cells. The clone that syn- 
thesizes and secretes the monoclonal antibody of interest can then be identified. (@ Richard C. Li.) 


‘The desired hybridoma clone can be maintained indefinitely, and it produces a monoclonal 
antibody that reacts with a single epitope. The hybridoma-derived monoclonal antibodies are 
specific and homogenous, and can be obtained in unlimited quantities. Monoclonal antibodies 
hhave been utilized in many serological assays, as discussed in Chapter 11. However, they have 
certain limitations in serology assays. For instance, monoclonal antibodies react with only a 
single epitope of a multivalent antigen and, therefore, cannot form cross-linked networks in 
precipitation assays (see Section 10.3.2.) 


10.1.2.3 Antiglobutins 
Immunoglobulins are proteins that can also function as immunogens. If a purified foreign 
immunoglobulin or a fragment of a foreign immunoglobulin is introduced into a host, the 
antibodies produced are known as antiglobulins. Antiglobulins that are specific to a particular 
isotype can be produced in laboratories. In addition to specific antiglobulins, itis possible to 
produce nonspecific antiglobulins, which recognize an epitope that is common toall isotypes of. 
an immunoglobulin class, such as the Fc portion of the heavy chain of all subclasses of human 
IgG. Antiglobulins are important reagents in many serological tests. 
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Figure 10.5 Affinity is a measure of the interaction between a single epitope on an antigen and a 
single binding site on an antibody. (@ Richard C. Li) 


10.2 Strength of Antigen-Antibody Binding 
‘The binding of an antigen to its specific antibody is mediated by the interaction between the epi- 
tope ofan antigen and the binding sit of its antibody. Noncovalent bonds can be formed during 
antigen-antibody binding. Various forces act cooperatively during antigen-antibody binding. 
‘These include hydrogen bonding, hydrophobic interactions that exclude water molecules from 
the area of contact, and van der Waals forces arising from the asymmetric distribution of the 
charges of electrons. The binding process occurs rapidly and the formation of the antigen-anti- 
body complex is reversible. Such binding occurs at short distances when the antigen and ant- 
body are in close proximity. Additionally, the strongest binding occurs only if the shape of the 
epitope fits the binding ste of the antibody. The strength ofthe interaction between the antigen 
and the antibody depends on two characteristics, designated affinity and avidity 

"Affinity isthe energy of the interaction of a single epitope on an antigen and a single bind- 
ing site on a corresponding antibody (Figure 10.5. The strength of the interaction depends on 
the specificity of the antibody for the antigen, Nevertheless, antibodies can bind with lower 
strength to antigens that are structurally similar to the immunogen, Such binding is known as 

‘Avidity is the overall strength of the binding of an antibody and an antigen (Figure 10.6). 
Since an antigen is usually considered multivalent and an antibody is bivalent, the avidity 
reflects the combined synergistic strength of the binding of all the binding sites of antigens and 
antibodies rather than the sum of individual affinities It also reflects the overall stability of an 
antigen-antibody complex that is essential for many serological assays, 


10.3 Antigen-Antibody Binding Reactions 
‘The binding of an antigen to an antibody is an equilibrium reaction consisting of three types 
of reactions. The primary and secondary reactions form the basis for many forensic serological 
assays and will be discussed in the following subsections. The third type is called the tertiary 
reaction, It is used to measure in vivo immune responses such as inflammation and phagocyto- 
sis. Because most forensic serology tests rein vitro assays, the tertiary reaction isnot commonly 
utilized in forensic serology testing and will not be discussed here 


193 


Forensic Biology, Second Edition 


SPF 


Figure 10.6 Avidity is a measure of the overall strength of the binding between antigens and anti- 
bodies. (© Richard C. Li.) 


10.3.1 Primary Reactions 
A primary reaction is the initial binding of a single epitope of an antigen (Ag) anda single bind- 
ing site of an antibody (Ab) to form an antigen-antibody complex (Figure 10.7). This rapid and 
reversible binding reaction can be expressed as 


Ag+ Ab = AgAb 


At equilibrium, the strength of the interaction can be expressed as the affinity constant (K,) that 
reflects the afinity of binding, where: 


Aga 
ES EC) 


‘The square brackets indicate the concentration of each component at equilibrium. K, is the 
reciprocal of the concentration of free epitopes when half the antibody-binding sites are occu- 
pied. Thus, a higher K, corresponds to a stronger binding interaction. 

‘Techniques such as enzyme immunoassays, immunofluorescence assays, radioimmunoas- 
says, and dye-labeled immunochromatography can measure the concentrations of antigen 
antibody complexes formed by primary reactions (Chapter 11). These techniques are the most 
sensitive for detecting the presence of an antigen and an antibody in a sample. Additionally, 
‘many forensic serology assays are based on the detection of primary reactions and will be dis- 
cussed in Chapters 12 through 17, 


K, 


10.3.2 Secondary Reactions 
‘The primary reaction between an antigen and an antibody is often followed by a secondary reac- 
tion. The three types of secondary reactions are precipitation, agglutination, and complement 
fixation, The techniques that detect secondary reactions are usually less sensitive but easier to 
perform than primary reaction assays. The precipitation and agglutination reactions form the 
basis for many serologic assays performed in forensic laboratories. These reactions will be dis- 
cussed in the following subsections in detail. The third type of reaction is called complement 
fixation. [fan antigen is located on a cell surface, the binding of the antigen and the antibody 
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id 


Figure 10.7 Primary reaction. Initial binding forms an antigen-antibody complex. (@ Richard C. Li.) 


‘may activate the classical complement pathway and lead to cell lysis, also known asa complement 
fixation reaction, The detection ofthis type of reaction is not commonly used in forensic serology. 


10.3.2.1 Precipitation 
Ifa soluble antigen is mixed and incubated with its antibody, the antigen-antibody complexes 
can form cross-linked complexes at the optimal ratio of antigen-to-antibody concentration, The 
cross-linked complex is insoluble and eventually forms a precipitate that setles to the bottom of 
attest tube. Antibodies that produce such precipitation are also called precipitins. 

‘This precipitation reaction can be characterized by examining the effect of varying the relative 
‘ratio of antigen and antibody. Ifan increasing amount of soluble antigen is mixed with a constant 
amount of antibody, the amount of precipitate formed can be plotted. A precipitin curve (Figure 10.8) 


Prosone Postzone 


Amount of precipitate 


Increasing antigen concentration 


Figure 10.8 Precipitin curve. (@ Richard C. Li) 
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illustrates the results observed when antigens and antibodies are mixed in various concentration 
ratios. The curve can be divided into three zones known as the prozone, the zone of equivalence, and 
the postzone. 


10.3.2.1.1 Prozone 
At this zone, the ratio of antigen-antibody concentration is low. In other words, the antibody 
is in excess, Each antigen molecule is rapidly saturated with antibody, thus preventing cross- 
linking (Figure 10.9a). No precipitate is formed at the prozone stage. 


10.3.2,1.2 Zone of Equivalence 
[As the concentrations of antigen increase, the amount of precipitate increases until it reaches 
a maximum, The amount of precipitation depends on the relative proportions of antigens and 
antibodies present. The maximum precipitation occurs in what is called the zone of equiva- 
lence. In the zone of equivalence, the ratio of antibody to antigen concentration is optimal and 


© 


Figure 10.9 Antigen-antibody binding in (a) prazone, (b) zone of equivalence, and (c) postzone. 
(© Richard C. Li) 
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precipitation occurs as a result of forming cross-linked networks (Figure 10.9). Precipitation 
assays are usually carried out under the condition of the zone of equivalence, forming a sulfi- 
cient quantity of precipitation to be detected, 


10.3.2,1.3 Postzone 
With the addition of more antigens, the ratio of antigen-antibody concentrations is high. In 
other words, the antigen is in excess. The amount of precipitate decreases and eventually dimin- 
ishes. Each antibody molecule is saturated with antigen molecules (Figure 10,9c). Cross-linkage 
‘cannot form, and precipitation does not occur. 


10.3.2.2 Agglutination 
As discussed in the previous subsection, precipitation reactions involve soluble antigens. If the 
antigens are located on the surfaces of cells or carriers (carrier cells such as sheep erythrocytes, 
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Figure 10.10 _Agglutination reaction: (a) antigens are mixed with antibodies, (b) an antigen-antibody 
‘complex is formed during initial binding, and (c) the lattice is formed. (© Richard C. Li.) 
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Figure 4-10. The three curves give a very approximate 
dea ofthe temperature sensitivily of throe types of fuses 
cammioniy used to protect electronic equipment. The left 
hhand scale provides an appraximate value for the amper- 
age which wil tp the fuse 


Conventional slow-blowing fuses are 


temperature-sensitive, but to a lesser degree 
than resettable fuses. 


Resettable fuses are used in computer power 
supplies, USB power sources, and loudspeaker 
enclosures, where they protect the speaker coils 
from being overdriven. They are appropriate in 
situations where a fuse may be tripped relatively 
often, or where technically unsophisticated 
users may feel unable to replace a fuse or reset a 
circuit breaker. 


Brand names for resettable fuses include Poly- 
Switch, OptiReset, Everfuse, Polyfuse, and Multi- 
fuse. They are available in surface-mount (SMT) 
packages or as through-hole components, but 
not in cartridge format. 


Surface Mount Fuses 

Because surface-mount fuses are difficult or im- 
possibleto replace after they have been soldered 
onto the board, they are often resettable. 


> connection > f 


power use 
A surface-mount resettable fuse approximately 
0.3" square is shown in Figure 4-11. Itis rated for 
230V and has an internal resistance of 50 ohms. 
Its hold current is 0.09A and its trip current is 
019A, 


hi 


Figure 4:11. A surface-mount resettable fuse, See text for 
details, 


How to Use 


Any equipment that may be plugged into a wall 
outlet should be fused, not only to protect its 
‘components but also to protect users who may 
‘open the box and start investigating with a 
screwdriver. 


Equipment that contains powerful motors, 
pumps, or other inductive loads should be pro- 
tected with slow-blowing fuses, as the initial 
surge of currentwhen the equipmentis switched 
onislikely torise well above therating of thefuse. 
A slow-blowing fuse will tolerate a surge for a 
couple of seconds, Other fuses will not. 


Conversely, fast-acting fuses should beused with 
electronic equipment, especially integrated cit- 
cuits that are quickly and easily damaged. 


Any device using substantial battery power 
should be fused because of the unpredictable 
and generally bad behavior of batteries when 
they are short-circuited, Parallel connections be- 
tween multiple large batteries should be fused 
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bacteria, or latex particles), antibodies can bind to the surface antigens and can form cross-links 
among cells or carriers, causing them to aggregate. This aggregation is referred to as agglutina- 
tion, In agglutination, a visible clumping can be observed as an indicator of the reaction of the 
antigen and the antibody. Ifthe antigen is located on an erythrocyte, the agglutination reaction 
is designated hemagglutination. Agglutination isa two-step process that includes initial binding 
and lattice formation (Figure 10.10). 


10.3.2.2.1 Initial Binding 
‘The fist step of the reaction involves antigen-antibody binding at a single epitope on the cell 
surface (Figure 10.10) This inital binding is rapid and reversible. 


10.3.2.2.2 Lattice Formation 

‘The second step involves the formation ofa cross-linked network resulting in visible aggregates 
that constitute a lattice (Figure 10.10¢). This involves an antibody binding to multiple epitopes 
because each antibody has two binding sites and antigens are multivalent. Lattice formation is 
a much slower process than the initial binding step. The cross-linking of cells requires physical 
contact. Additionally, an antibody must bind to epitopes on two different cells. The ability to 
cross-link cells depends on the nature of the antibody. Antibodies that produce such reactions 
are often called agglutinins. 

‘Additionally, a complete antibody is capable of carrying out both primary and secondary 
interactions that result in agglutination. An antibody that can carry out initial binding but fails 
to form agglutination is called an incomplete antibody. This type of antibody is believed to have 
‘only one active antigen-binding site and is thus not capable of agglutination. It is potentially 
caused by the presence of steric obstruction due to the conformation of the incomplete antibody 
‘molecule, preventing the binding of antigens at the second binding site. However, other incom- 
plete antibodies have two active sites but cannot bridge the distance between cells, thus failing 
to form lattices. Certain antibodies such as IgG are small and lack flexibility at the hinge region, 
and this may prevent agglutination. In contrast, the large IgM antibodies produce agglutination 
much more easily than IgG. Agglutination reactions have a wide variety of applications in the 
detection of antigens and antibodies. Such assays have high degrees of sensitivity and have been 
used for many years in forensic serology. 
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Serology Techniques 
Past, Current, and Future 


11.1 Introduction to Forensic Serology 
11.1.1 The Scope of Forensic Serology 
Forensic serology is the component of forensic biology that deals with the examination and iden- 
tification of biological evidence. In particular, it focuses on determining the presence and iden- 
tification of various bodily fluids such as blood, semen, and saliva in a questioned sample. 
Bodily fluid stains are commonly associated with violent criminal cases. For instance, the 
identification of blood evidence (Chapter 12) is ofien necessary for investigating cases involving, 
homicide, aggravated assault, sexual assault, and burglary. Proving the presence of blood has 
probative value or may corroborate allegations of violent acts. This evidence can also be used 
for investigative purposes. For example, the forensic DNA analysis of evidence such asa victim's 
blood on a suspect’s weapon can establish a link between a victim and a suspect. The identifica- 
tion of semen (Chapter 14) and saliva (Chapter 15) is important for the investigation of a sexual 
assault case. For instance, a stain from a victim's clothing would be processed with forensic 
DNA analysis in a sexual assault case so that the DNA profile of the stain could be compared 
‘with that of an alleged suspect. Matching DNA profiles prove that the suspect’s DNA was found 
‘on the victim’s clothing, establishing a link between the suspect and the victim. Additionally, 
the identification of a biological stain as a semen stain through forensic serology testing proves 
that semen was found on the clothing taken from the victim and that the suspect is the source 
‘ofthe DNA from the semen stain. This evidence can then be used in court to supportallegations 
that a sexual act occurred. Likewise, the presence of a suspect's saliva stains on avictim’s genital 
area may corroborate an alleged oral copulation. The identification of bodily fluids other than 
blood, semen, and saliva will be discussed in Chapters 16 and 17. 


11.1.2 Class Characteristics and Individual Characteristics of Biological Evidence 
‘The identification of an unknown fluid sample is based on a comparison of the class character- 
istics Section 3.2.1) of a sample with known standards of its class. Forensic identification typi- 
cally involves bodily fluids, such as blood, semen, and saliva. If the presence of the bodily fluid 
is confirmed, the individual characteristics (Section 3.2.2) of the biological evidence are then 
determined to find out whether or not a bodily fluid sample has come from a particular individ- 
ual, Today, this analysis can be achieved through forensic DNA analysis. The most commonly 
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utilized forensic DNA analysis isthe short tandem repeat (STR) analysis used for human iden- 
tification. Additionally, Y-chromosomal STR analysis is often utilized for the investigation of 
sexual assault crimes. Furthermore, mitochondrial DNA analysis is used for the identification 
‘of human remains. Therefore, establishing the probative value of a sample requires both the 
identification ofits class characteristics and the individualization of its contributor. Therefore, 
the identification of bodily fluids cannot be replaced by forensic DNA analysis. 


11.1.3 Presumptive and Confirmatory Assays 

‘The identification of bodily fluids can be carried out using presumptive and confirmatory assays 
to identify the type of bodily fluid in question. The advantages of presumptive assays are that 
these assays are sensitive, rapid, and simple. A positive reaction of a presumptive assay indicates 
the possibility of the presence of the bodily fluid in question. However, presumptive assays are 
not very specific. Therefore, they should not be considered conclusive for the presence of a type 
‘of bodily fluid. In contrast, a negative assay indicates that the questioned bodily fluid is absent. 
‘Thus, presumptive assays can be used as a screening method and for narrowing down bodily 
fluid stains prior to other types of analyses, such as forensic DNA testing, Moreover, these assays 
can be used asa search method to locate bodily fluid stains atthe crime scene, Additional assays, 
such as confirmatory assays, should be conducted afterward if necessary. 

Confirmatory assays are more specific for the bodily fluid in question. These assays are uti- 
lized to identify bodily fluids with higher certainty than presumptive assays. For example, 
bloodstains are commonly associated with criminal investigations. A reddish-brown stain that 
hhas been identified through visual examination is usually tested by using presumptive assays. If 
the result of the presumptive assay on the alleged bloodstain is positive, the stain is then further 
analyzed by forensic DNA analysis. This approach indicates the presence of blood. Confirmatory 
assays are performed when a sample has to be identified as blood (Figure 11.1). Additionally, the 
‘human or animal origin of blood evidence can be determined if necessary and the techniques to 
do so will be discussed in Chapter 13. 


11.1.4 Primary and Secondary Binding Assays 

‘Traditionally, the detection and measurement of the antigen-antibody binding reactions serve 
as the bases of forensic serology. These assays fall into two categories: primary and second- 
ary binding assays. Recall that the primary binding assays involve the initial binding between 
a single epitope of an antigen and a single binding site of an antibody (see Section 10.3.1) 
‘Therefore, they are very sensitive. Although the secondary binding assays are less sensitive 
than the primary binding assays, they are easier to perform than primary assays. The second- 
ary assays consist of precipitation-based and agglutination-based assays. Precipitation-based 
assays have been used for species identification, Agglutination-based assays are more sensitive 
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Figure 11.1 An example of work flow for processing blood samples. (© Richard C. Li) 
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than precipitation-based assays. Agglutination-based assays, which detect antigens located on 
the surface of cells or carriers, are normally applied to blood group typing. Recently, emerging 
techniques such as RNA, proteomic, and DNA methylation assays, and fluorescence as well as 
Raman spectroscopy can potentially be used for the identification of bodily fluids. 


11.2 Primary Binding Assays 
11.2.1 Enzyme-Linked immunosorbent Assay (ELISA) 

An enzyme-linked immunosorbent assay (ELISA) is an immunoenzyme assay that can be used 
to detect and measure the antibody or antigen in question. The most common ELISA that is 
used in forensic serology is the antibody-sandwich ELISA (Figure 11.2). Its utilized to detect 
the prostate-specific antigen (PSA) to identify seminal stains and amylase for the identification 
of saliva (Chapters 13 and 14) 

‘An antibody (usually monoclonal) coating is formed by nonspecific adsorption onto a solid 
phase such as the wells of a polystyrene plate. A sample containing the antigen ta be tested is 
then added and binds to the solid-phase antibody. Subsequently, a second antibody is added to 
form an antibody-antigen-antibody sandwich complex. The second antibody binds to different 
epitopes of the antigen, Next, an enzyme-labeled antiglobulin (Chapter 10) is added to bind the 
sandwich, Subsequently, the excess enzyme-labeled antiglobulin is removed by washing and the 
‘bound antiglobulin can be detected 

‘A number of enzymes such as alkaline phosphatase and horseradish peroxidase have been 
used as reporting enzymes (Chapter 9) to label the antiglobulin for ELISA. The enzyme catalyzes 
the substrate and produces colorimetric or fluorometric signals. The intensity ofthe signals can 
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Figure 11.2 ELISA assay. (a) Sample containing Ag (antigen) is applied to a sample well where 
{ND (antibody) is immobilized (5) A binds to an immobilized Ab to form an Ag-Ab comple. () A 
second Ab toa different epitope is added to form an Ab-Ag-Ab sandwich (d) Labeled antgiobu- 
lin binds tothe sandwich. The bound antigobulin can be detected by various reporting schemes. 
(@ Richard C. Li) 
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be detected spectrophotometrically and is proportional to the amount of bound antigen. The 
amount of antigen can be quantified by comparing the standard with known concentrations. 
Recall that antiglobulin can recognize an epitope that is common to all isotypes within an anti- 
body class (Section 10.12,3); the enzyme-labeled antiglobulin is a universal reagent regardless 
of the antibody used, as long as they are of the same class. 

Alternatively, antibodies in a sample can also be detected and may be quantified by an ELISA 
system in which the antigen is bound to a solid phase instead of the antibody. After an antibody 
ina sample binds to the solid-phase antigen, an enzyme-labeled antiglobulin is added to bind to 
the bound antibody. The bound antiglobulin can be detected and measured by the addition ofan 
enzyme substrate. The enzymatic catalytic reaction is similar to the antibody sandwich ELISA 
procedure previously described, 


11.2.2 Immunochromatographic Assays 

Figure 11.3 depicts a test using an immunochromatographic membrane device. A dye-labeled 
‘monoclonal antibody is contained in a sample well and a polyclonal antibody for the antigen (oF 
a second monoclonal antibody to a different epitope of the antigen) is immobilized onto a test 
zone of a nitrocellulose membrane. An antiglobulin that recognizes the antibody is immabi- 
lized onto a control zone. 

“The assay is carried out by loading a sample into the sample well. The antigen in the sample 
‘binds to the dye-labeled antibody already in the sample well to form an antigen-antibody com- 
plex. The complex then diffuses across the nitrocellulose membrane until it reaches the test 
zone, The antibody immobilized at the test zone traps the antigen-antibody complex to form 
an antibody-antigen-antibody sandwich, The presence of the antigen in the sample results in a 
colored vertical line atthe test zone. (Figure 11.4) 

‘The immunochromatographic device also utilizes a control zone to ensure that the device 
‘works properly and that the sample has diffused completely along the test strip. Unbound 
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Figure 11.3 Immunochromatographic assay. (a) Sample containing Ag (antigen) is loaded in a 
‘sample wel. (b) Ag binds to a labeled Ab (antibody) to form a labeled Ab-Ag complex. (c) At the 
test zone, the labeled Ab-Ag complex binds to an immobilized Ab ta form a labeled Ab-Ag-AB 
‘sandwich. (d) At the control zone, a labeled Ab binds to an immobilized antiglobulin and is captured 
at the control zone. (© Richard C. Li.) 
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‘monoclonal antibodies diffuse across the membrane until they reach the control zone where 
they are trapped by the immobilized antiglobulin, This antibody-antiglobulin complex at the 
control zone also results in a colored vertical line (Figure 11.4). The test is considered valid only 
if the line in the control zone is observed. The presence of an antigen results ina line at both the 
test zone and the control zone, while the absence of an antigen results ina line in the control 
zone only (Figure 11.4). This method is rapid and simple and thus can be used as a screen- 
ing test in laboratories and as afield test at crime scenes to identify semen, saliva, and species 
(Table 11.0, 

However, a false-negative result maybe obtained ifa sample contains avery high concentration of 
anantigen (Figure 11.5) Under this condition, the dye-labeled antibody will become saturated with 
the antigen to form antigen-antibody complexes. The unbound antigen will diffuse along with the 
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Figure 11.4 Immunachromatographic device, Positive and negative results are shown. (@ Richard C, Li.) 


Table 1 


Common Immunochromatographic Assays for Forensic Applicat 


Labeled Forensic 
Antibody Application 

ABAcard® Hemoglobin (Hb) Monoclonal —_Plyclonal Blood and 
HemaTrace® antihuman —antihuman Hb species 
(Abacus Hb antibody antibody identification 
Diagnostics) 

RSID™Blood Giycophorin A Monoclonal Monoclonal ‘Blood and 
(Independent (GPA) antihuman —antihurman species 
Forensics) GPA antibody GPAantibody identification 

RSID™ Saliva Human salivary Monaclonal Monoclonal ‘Saliva 
(independent eeamylase antihuman ——antihuman identification 
Forensics) (HAS) HAS antibody HAS antibody 

One-Step ABAcard Prostate-specific Monoclonal Polyclonal Semen 
PSA (Abacus antigen (PSA) antihuman_——_antihurman identification 
Diagnostics) PSA antibody PSA antibody 

RSID"Semen Semenogelin Monoclonal Monaclonal_—- Semen 
(Independent (Se) antihuman _antihurman Sg__identification 
Forensics) Sg antibody antibody: 


* The epitope recognized by the immobilized antibody is different fram that of the labeled 
antibody. 
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Figure 11.5 High-dose hook effect of immunochromatographic assay. (a) Ag (antigen) in sample is 
loaded in the sample wel. (b) Ag binds to a labeled Ab (antibody) to form a labeled Ag-Ab complex. 
(c) At the test zone, free Ag binds to an immobilized Ab to form an unlabeled Ab-Ag complex and 
prevents the formation of a labeled Ab-Ag-Ab sandwich. (d) At the control zone, a labeled Ab binds 
to immobilized antiglobulin and is captured at the control zone. (@ Richard C. Li.) 


antigen-antibody complex toward the test zone, At the test zone, the unbound antigen will compete 
‘with the antigen-antibody complexes for the antibody immobilized atthe test zone. Since the anti- 
gen is in excess, the unbound antigen binds to the immobilized antibody, preventing the formation 
‘of the antibody-antigen-antibody sandwich. The resulting reading appears as a negative result, This 
artifact is known as the high-dose hook effect. To prevent the high-dose hook effect a smaller volume 
‘of sample can be applied, or the sample can be diluted to reduce the amount of antigen applied. 


11.3 Secondary Binding Assays 
11.3.1 Precipitation-Based Assays 

“These techniques are based on the precipitation reaction and are used primarily for species iden- 
tification in forensic laboratories 


11.3.1.1 Immunodiffusion 
Immunodiffusion isa passive method in which an antigen or an antibody or both are allowed to 
diffuse and therefore a gradient, from low to high concentration, is established for an antigen or 
an antibody or both, As a result, precipitation occurs due to the interaction between an antigen 
and an antibody. The assay can be carried out in a liquid or a semisolid medium such as agarose 
gel. The semisolid medium can stabilize the diffusion process and reduce interference such as 
convection, which is the movement of molecules within liquids. The two types are single immu- 
nodiffusion and double immunodiffusion, 


11.3.1.1.1 Single Immunodiffusion 
A concentration gradient is established for either an antigen or an antibody. One serology tech- 
nique based on this principle is radial immunodiffusion—a single diffusion method in which 
‘a concentration gradient is established for an antigen. The antibody is uniformly distributed in 
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the gel matrix (Figure 11.6). The antigen is loaded into a sample well and allowed to diffuse from 
the well into the gel until a precipitation reaction occurs. The precipitate ring around the well is 
observed; the area within the ring of precipitate is proportional to the amount of antigen loaded 
in the well. Standards using known concentrations of antigen can be included in the same assay 
along with the samples, and a standard curve can be plotted, The amounts of antigen in samples 
‘can then be quantified by comparing the results with the standard curve. 


11,3.1.1.2 Double Immunodiffusion 

‘The second type of assay is double diffusion in which a concentration gradient is established 
for both an antigen and an antibody. The most common examples are the ring assay and the 
‘Ouchterlony assay. The ring assay can be performed in atest tube or capillary tube (Figure 11.7). 

Anantiserum, a denser phase, is placed in a small tube. An antigen solution is carefully layered 
‘on top of an antibody solution without mixing, Both the antigen and the antibody will diffuse 
toward each other. Ina positive reaction, a ring of precipitate can be observed at the interface of 
the two solutions. A negative reaction is indicated by a lack of precipitation. The assay requires 
positive and negative controls along with questioned samples. 
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Figure 11.6 Radial immunodiffusion assay. (a) Immunodiffusion of antigens from a well into an 
~antibody-containing gel. (b) Standard curve based on results of standards with known amounts of 
antigens. (© Richard C. Li.) 


Antigen solution 
Ring of precipitate 


Antiserum 


Figure 11,7 Ring assay. (@ Richard C. Li.) 
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‘The Ouchterlony assay is named after the Swedish immunologist, Orjan Ouchterlony, who 
developed it. The assay can be performed in an agarose gel supported by a glass slide or polyes- 
ter film (Figure 11.8). Wells are created by punching holes in the gel layer at desired locations. 
Often, a pattern with six wells surrounding a center well is used. The antibody is loaded in the 
central well while the questioned samples and the controls are loaded in the surrounding wells. 
‘The double diffusion of the antigen and the antibody from the wels is allowed to occur during 
incubation. Ifthe reaction is positive, a precipitate line between wells can be observed at the end 
of incubation. The precipitate can be stained, enhancing visibility to aid observation. A single 
assay can compare more than one antigen to determine whether the antigens in question react 
the same way or differently with the antibody (see Chapter 7). This method is sometimes used to 
determine whether samples have come from the same or different origins. 


11.3.1.2 Immunoelectrophoretic Methods 
Diffusion techniques can be combined with electrophoresis to enhance test results. Electro- 
phoresis separates molecules according to the differences in their electrophoretic mobility 


11.3.1.2.1 Immunoelectrophoresis 

Immunoelectrophoresis (IEP) is a two-step procedure that can analyze a wide range of antigens. 
‘This technique uses electrophoresis to separate the antigen mixture prior to immunodiffusion 
(Figure 11.8) In the frst step, the antigens in a sample re separated using agarose gel electrophoresis. 


Antibody Antigen 
Precipateline 
Figure 11.8 Ouchterlony assay. (© Richard C. Li) 
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Figure 11.9 IEP assay. (a) Electrophoresis of antigens is carried out. (b) Various antigens are sepa: 
rated after electrophoresis. (c) Trough is cut. (d) Antibody is applied to the trough allowing diffusion 
to occur and forming precipitate lines. +, anode; ~, cathode. (© Richard C. Li.) 
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‘Then, a trough is cut in the gel parallel to the array of antigens separated by electrophoresis. In the 
second step, an antibody is loaded in the trough and the gel is incubated for double diffusion. An. 
arc-shaped precipitate line can be observed for a positive reaction. Multiple precipitate lines can 
‘occur if more than one antigen reacts with the antibod. The shapes, intensities, and locations of the 
precipitate lines ofa known control and a questioned sample can be compared. 


11,3.1.2.2 Crossed Immunoelectrophoresis 
Crossed immunoelectrophoresis (CRIE), also known as two-dimensional IEP, is a modifica- 
tion of IEP. The first step utilizes electrophoresis to separate antigens contained in a sample 
(Figure 11.10) A strip of gel containing separated antigens is cut for the second round of elec- 
trophoresis. The gel including the gel strip is turned at a 90° angle and is further separated by a 
second-dimension electrophoresis. This drives the antigens from the gel strip into an agarose gel 
that contains uniformly distributed antibodies. Following the second-dimension electrophoresis, 
ped precipitate line is formed. The area of the arc can be measured, and a sample can 
be identified by comparison with a known standard, This technique is more sensitive than IEP. 


11.3.1.2.3 Rocket Immunoelectrophoresis 
An antibody-containing agarose gel is used. he antigen is loaded into the well (Figure 11.11) 
Electrophoresis then drives the antigen from the well into the agarose gel. In a positive reaction, 


cj Q ——~ © 


rc) @ 


ic) 


Figure 11.10 CRIE assay. (a) Electrophoresis of antigens is carried out. (b) Various antigens are 
separated after electrophoresis. A strip of gel containing separated antigens is excised and then 
used for second-dimensin electrophoresis. (c) As shown, second-dimension electrophoresis is car- 
ried out to drive the antigens into an antibody-containing gel (d) arc-shaped precipitate lines are 
formed as a result. (@ Richard C. Li.) 
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Figure 11.11 Rocket immunoelectrophoresis assay. Antigens are driven from the wells into an 
antibody-containing gel forming precipitate lines. (@ Richard C. Li) 
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toavoid the possibility thata highly charged bat- 
tery may attempt to recharge its neighbor(s). 
Large “I size" fuses rated from 125A to 450A have 
become common inthe solar power community, 
where banks of lead-acid batteries are often 
used. These fuses have a thick brass tab at each 
end, drilled so that they can be bolted into place. 
Alternatively, they will push-fit into an appropri- 
ate fuseholder. 


For cartridge fuses up to 1/4” in diameter that 
don't have leads attached, appropriately sized 
fuseholders are available in several formats 


Panel mounted fuse enclosure is probably the 
most common, consisting of a plastic tube with 
aspring-contactat the bottom, anda plastic cap 
with a second contact inside. The cap either 
screws onto the tube of the fuse, or is pushed 
down and turned to hold it in place. A nut is pro- 
vided to secure the fuseholder after it has been 


inserted into a hole drilled in the panel, The fuse 
is dropped into the tube, and the cap is applied. 
This type of holder is available in full-length or 
shorter, “low profile” formats, A low-profile hold- 
eris shown in Figure 4-12. Itis shown assembled 
at right, with its component parts disassembled 
alongside. 


Figure 412. A fow-profile panel-mounted fuse holder 
shown disassembled (lef) and assembled (right). 


What Can Go 


Circuit board mounted fuse enclosure is ba- 
sically the same as the panel-mounted version, 
but with through-hole solder pins attached. 


Fuse block isa small plastic block with two clips 
on its upper surface for insertion of a cartridge 
fuse 


Fuse clips can be bought individually, with sol- 
der pins for through-hole mounting, 


Inline fuse holders designed to be inserted in 
a length of wire. Usually made of plastic, it will 
either terminate it, wires or will have metal con- 
tacts to crimp or solder at each end. See 
Figure 4-6. 


Through-hole fuse holders are available for 
subminiature fuses. 


What Can Go Wrong 


Repeated Failure 
When a fuse in a circuit blows frequently, this is 
known as nuisance opening, Often it can result 
from failure to take into account all the aspects 
ofthe circuit, such asa large filtering capacitor in 
a power supply that draws a major surge of cur- 
rent when the power supply is switched on. The 
formally correct procedure to address this prob- 
lem is to measure the power surge, properly 
known as peak inrush current, with an oscillo- 
scope, calculate the I? * tof the wave form, and 
select a fuse with a rating at least 5 times that 
value. 


‘A fuse should never be replaced with an equiva- 
lent length of wire or any other conductor. 


Soldering Damage 
When a through-hole or surface-mount fuse is 
soldered into place, heat from the soldering pro- 
cess can cause the soft metal element inside the 
fuse to melt partially and reflow. This is likely to 
change the rating of the fuse. Generally, fuses 
should be treated with the same caution as sem- 
iconductors when they are fixed in place with 
solder. 
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4 rocket-shaped precipitate line can be observed. The height ofthe racket is in proportion to the 
amount of antigen in the sample, Quantitation can be achieved by comparing standards and the 
sample in the same gel 


11.3.1.2.4 Crossed-Over Immunoelectrophoresis 

‘This technique is also known as counterimmunoelectrophoresis (CIE). Two arrays of opposing 
wells are created by punching holes in the agarose gel (Figure 11.12). The antibody and samples 
are loaded in opposing wells arranged by pairs. Electrophoresis is used to drive the antigen and 
the antibody toward each other. The wells containing the antibody should be proximal to the 
anode and the wells containing the samples should be proximal to the cathode. During gel elec- 
trophoresis, the antigen, which is usually negatively charged, migrates toward the anode. The 
antibody migrates in the opposite direction asa result of electroendosmosis—a phenomenon in 
‘which the movement of molecules is caused by fluid flow. A precipitate line is formed between 
the opposing wels if the antigen reacts with its specific antibody. 


11.3.2 Agglutination-Based Assays 

Agglutination reactions can be used as forensic serological assays such as for blood group typing 
(Chapter 18) and menstrual blood identification (Chapter 16). Agglutination assays are qualita- 
tive, indicating the absence or presence of antigens or antibodies. Semiquantitative results can 
be obtained by titration (diluting the antigen or antibody). Many types of agglutination reac- 
tions are available; only those used in forensic serology are discussed next. 

Direct agglutination assays involve reactions in which an antibody interacts with antigens 
originally located on cell surfaces. In a hemagglutination reaction (Figure 11.13a), an antibody 
binds to the antigens located on erythrocytes. This method is used for the identification of blood 
types, for example, the testing of erythrocytes for ABO blood group typing, The assay can be 
carried out on a glass slide and the agglutination, as indicated by forming cell clumps, can be 
observed under a microscope (Chapter 18). ‘The assay can also be carried out in a test tube. In 
4 positive reaction, agglutinated cells are formed on the bottom of the test tube. Test tubes can 
also be centrifuged and then swirled to determine whether the cell clumps can be resuspended. 
Agglutinated cells cannot be resuspended. In a negative reaction, unagglutinated cells can be 
resuspended 

In agglutination inhibition assays, the presence of an antigen in question is indirectly detected 
(Figure 11.136). Ifa known antigen is added to a mixture consisting of antigen-containing cells 
and antibodies, the added antigen will compete with the antigen located on the cell surfaces for 
antibody binding and inhibit the agglutination reaction. Another indirect agglutination assay 
is the absorption-elution assay (Chapter 18), which can be used for ABO blood group typing, 

Passive agglutination assays are different from direct agglutination assays, in which the 
antigen is coated on the surface of carrier cells such as tannic acid-treated sheep erythrocytes. 
‘Tannic acid is considered to be a fixative. Treating with tannic acid can stabilize the carrier cells 
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Figure 11.12 Crossed-over immunoelectrophoresis assay. (© Richard C. Li.) 
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Figure 11.13 Agglutination-based assays. (a) Direct agglutination assay and (b) agelutination 
inhibition assay. Hemagglutination reactions are shown; antigens are located on erythrocytes. 
(c) Passive agglutination assay. (© Richard C. Li,) 


Forensic Biology, Second Edition 


fora subsequent coating of antigens, The carrier cells are then incubated with samples contain- 
ing antigens. A coating of antigens can be formed on the surfaces of carriers. Such antigen- 
coated carrier cells can then be agglutinated using an antibody that is specific to the absorbed 
antigens (Figure 11.13c), 


11.4 DNA Methylation Assays for Bodily Fluid Identification 

In the eukaryotic genome, methylation occurs at the cytosine residues commonly in the CpG 
dinucleotide sequences of both DNA strands. The “p” in CpG refers to the phosphodiester bond 
between cytosine and guanine. Cytosine methylation is carried out in vivo by methyltransferase 
(DNMT), DNMT catalyzes the transfer of a methyl group (CH) from S-adenosylmethionine 
(SAM) to the C* position of cytosine (Figure 11.14). As a result, cytosine is converted to 
S-methylcytosine. Cytosine methylation is observed throughout the eukaryotic genomes in 
both the coding and intergenic regions located between genes. However, cytosine methylation is 
rare at CpG islands, which are stretches of DNA containing a high frequency of CpG dinucleo- 
tides in the regulatory regions of genes (Figure 11.15). It is implicated that cytosine methylation 
alters the chromatin structure and causes chromatin condensation, Asa result, gene expression 
is usually inhibited by cytosine methylation. 

‘Genomic loci, known as tissue-specific differentially methylated regions (TDMRs), have been 
identified. TDMRs show differential DNA methylation patterns between different tissues. For 
example, semen-specific TDMRs are consistently hypomethylated in spermatozoa, which can 
be used to identify semen samples. Other TDMRs display varying degrees of methylation in 
different types of bodily fluids. This suggests that differential DNA methylation assays may be 
potentially useful for bodily fluid identification, 

‘The detection of DNA methylation can be carried out by a number of methods. Methylation- 
sensitive restriction enzyme digestion polymerase chain reaction (MSRE-PCR) can be used for the 
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Figure 11.14 Eukaryotic cytosine methylation catalyzed by methyltransferase. 
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Figure 11.15 Methylation at the cytosine residues in CpG dinucleotide sequences. Note that the 
CpG dinucleotide sequences are usually unmetiiylated in the promoter regions. Black circle: methyl- 
ated. Clear circle: unmethylated. Gray circle: partial methylated. (© Richard C. Li.) 
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rapid detection of DNA methylation. This method utilizes the methylation-sensitive restriction 
enzyme (MSRE). MSREs cleave DNA at unmethylated restriction sites, but they are not able to 
cleave once a cytosine residue is methylated. Thus, the methylated DNA remains intact, After 
PCR amplification, the methylated DNA is amplified and the amplicon is detected. In contrast, 
the unmethylated DNA is cleaved by the MSRE and cannot be amplified (Figure 11,16). Bisulfite 
sequencing is another widely used method. The genomic DNA is treated with sodium bisul- 
fite, which catalyzes the hydrolytic deamination of unmethylated cytosines (Figure 11.17). As a 
result, unmethylated cytosines are converted to uracils, while methylated cytosines are resistant 
to conversion and remain unchanged. Next, uracils are replaced by thymines during PCR. After 
sequencing, the methylation sites can be deduced at a single-nucleotide resolution by comparing 
them with the reference sequence (Figure 11.18). Methyl-DNA immunoprecipitation (MeDIP) is 
a useful method for isolating methylated DNA. In this method, DNA is first sheared into frag- 
‘ments. The fragmented DNA is then treated with an antimethylcytosine antibody that binds to 
‘methylated cytosines. Methylated DNA fragments can then be isolated by immunoprecipitation 


for further analysis (Figure 11.19). 
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Figure 11.16 Methylation-sensitive restriction enzyme digestion PCR (MSRE-PCR) for the detec 
tion of DNA methylation. This method utilizes the methylation-sensitive restriction enzyme (MSRE) 
such a5 Hhal. Hhal cleaves DNA at the unmethylated sequence GCGC but is not able to cleave 
‘once a cytosine residue is methylated (GCmGO). The Hhal-treated DNA is then POR amplified. The 
Hhal uncleaved DNA results in an amplicon, indicating the presence of a methylated cytosine in the 
sequence. The Hhal cleaved DNA cannot be amplified, indicating the absence of methylated cyto- 
sine in the sequence. Me, S:methylcytosine site; red arrow, PCR primers. (Adapted from Frumkin, 
D.etal, Farensic Sci Int Genet, 5, 517-524, 2011.) 
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Figure 11.17 Bisulfite conversion of 5-methyleytasine. 
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Figure 11.18 Schematic illustration of bisulfite sequencing of cytosine methylation. In a deamina- 
tion reaction, unmethylated cytosines are converted to uracil, PCR and DNA sequencing are then car- 
ried out. The retention of C indicates that the site was methylated; the conversion of C ta T indicates 
that the site was unmettiylated in the DNA sample. Me, 5:methylcytosines site. (© Richard C. Li) 
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Figure 11.19 Methylated DNA immunoprecipitation (MeDIP) fr the detection of methylated DNA. 
Genomic DNA is randomly and mechanically sheared into fragments. Fragments are then denatured 
to single-stranded DNA. The fragments containing the methylated region can be immunoprecipitated 
using an antibody that specifically recognizes 5-methyicytosine. The methylated ONA sequence in 
the immunoprecipitated fragments can then be determined by DNA sequencing and methylation 
analysis. Me, S-methyloytosine ste; SmC Ab, 5-methyleytosine antibody. (@ Richard C, Li.) 


11.5 Forensic Applications of RNA-Based Assays and RNA Profiling 

11.5.1 Messenger RNA-Based Assays 

‘mRNA based assays have been developed to identify bodily fluids for forensic investigation. In 
forensic pathological investigation, they can potentially be used for wound age estimation and 
the age of biological stains. The assays are based on the expression of certain genes in certain cell 
‘or tissue types. Candidate tissue-specific genes that may be useful for the identification of bodily 
fluids have been identified. Thus, the techniques that are used in the identification af bodily fluids 
are based on the detection of specific types of mRNA that are expressed exclusively in certain 
cells. The tissue-specific genes that are utilized for bodily fluid identification are summarized in 
‘Table 11,2. Additionally, reference genes that are constitutively expressed housekeeping genes are 
utilized as internal controls. The amount of mRNA can be assessed by normalizing the target 
{gene to the expression level ofthe reference genes. Compared with conventional assays that are 
used for bodily fluid identification, the mRNA-based assay has higher specificity and is ame- 
‘able to automation, However, one limitation is that the mRNA is unstable due to degradation by 


212 


11.5 Forensic Applications of RNA-Based Assays and RNA Profiling 


a 


Blood 


Saliva 


Semen 


Vaginal secretions 


‘Menstrual blood 


Skin 


ALAS2 
AMICAL 


ANK1 
003g 
6093 
HBAL 
HBB 
PBGD 
PTB 
INS 
muc7 
STATH 
KLK3 


PRMI 
PRM 
SEMGI 
Tama 
cyP2B7°1 


DkKa 
FUT6 
HBD1 
119 
muca 
Myozi 
SFTA2 
Mp7 
MMPLL 
‘cOSN 
Lor 


‘Aminolevulinatesynthase 2 


‘Adhesion molecule, interacts with 
CXADR antigen 1 


Ankyrin 
C3 gammamolecule 
(CD93 molecule 

Alpha 1 hemoglobin 

Beta hemoglobin 
Porphobilinogen deaminase 
Beta spectrin 

Histatin 3 

Mucin 7 

Statherin 


Kallikrein 3 (prostate-specitic 
antigen) 
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Cytochrome P450, family 2, 
subfamily B, polypeptide 7 
pseudogene 1 
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Fucosyltransterase 6 
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Interleukin 19 

Mucin 4 

Myozenin 1 
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Matrix metalloproteinase 7 
Matrix metalloproteinase 11 
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Table 11.2 (Continued) Representative Markers of mRNA-Based 
Assays for Bodily Fluid Identification 


Bodily Fluid 


Sources: Adapted from Bauer, M, and Patzelt, D., J Forensic Sci, 47, 1278- 
1282, 2002; Hanson, E.K. and Ballantyne, J., Sc/ Justice, 83, 
14-22, 2013; Lindenbergh, A, Maaskant, P, and Sijen, 
1, Forensic Sci int Genet, 7, 159-166, 2013; Nussbaumer, 
C., Gharehbaghi-Schnell, E., and Korschineck,|., Forensic Sct int, 
157, 181-186, 2006. 


‘endogenous ribonucleases. Additionally, bodily fluid stains collected from crime scenes ae often 
exposed to ultraviolet (UV) ight, moisture, and high temperature, which can promote mRNA 
degradation, Nevertheless, the successful detection of mRNA from aged samples is possible. 


11.5.2 MicroRNA-Based Assays 

‘The biological function of microRNAs (miRNAs) is to regulate gene expression. The mature 
‘miRNA strand associated with the RNA-induced silencing complex (RISC) binds to its tar- 
get mRNA. In animal cells, the mature miRNA forms a base pairing with its complementary 
sequence of the miRNA responsive element (MRE) within the 3” untranslated regions (3'UTRs) of 
the target mRNA (Figure 11.20). A single miRNA can bind different mRNA transcripts encoded 
‘by multiple genes. Animal miRNAs usually form a base pairing with their target mRNAs through 
partial complementary sequences, which lead to translation repression to inhibit protein synthe- 
sis, Ifthe base pairing is exactly complementary to its target mRNA sequence, then the cleavage 
and the degradation of the target mRNA occurs. Asa result, the synthesis ofthe protein encoded 
by the mRNA js reduced. Thus, miRNAs play important roles in cellular function. 

‘miRNAs have potential applications in forensic identification. Recent studies have revealed 
that miRNAs can be detected from various bodily fluids such as blood, saliva, semen, vaginal 
secretions, and menstrual blood. The type of miRNA expressed is not exclusively tissue- oF 
cell-type specific. However, the expression patterns of specific miRNAs are unique for various 
bodily fluids. Thus, a bodily fluid in question can potentially be identified using multiple dif- 
ferentially expressed miRNAs as markers (Table 11.3). miRNA markers for bodily fluid iden- 
tification have their advantages compared with those of mRNA. Mature miRNAs are much 


Figure 11.20 Schematic illustration of the roles of miRNA in translational inhibition. In animal 
cells, miRNAs bind to ‘UTR of their target mRNA with partially complementary Watson-Crick 
base pairing. As a result, the binding of miRNA to the target mRNA inhibits translation of the target 
mRNA. Eukaryatic 40S and 60S ribosomal subunits are shown. (@ Richard C. Li,) 
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Table 11.3 Differentially Expressed miRNA Markers for 


miRNA Set 


ion 


2009; Wang, Z, et al., Forensic Sci Int Genet, 7, 
116-123, 2013; Zubakov, D. et al., Int J Legal Med, 
124, 217-226, 2010, 


smaller, approximately 21-23 nucleotides in length, than mRNA. As a result, miRNAs are less 
susceptible to degradation and more stable than mRNAs. Additionally, the sensitivity of the 
miRNA-based method is much higher than that of the mRNA-based methods. 


11.6 Proteomic Approaches Using Mass Spectrometry 

for Bodily Fluid Identification 
‘The forensic application of proteomic approaches is to identify biomarker proteins derived from 
bodily fluids to determine the type of bodily fluid in question for forensic investigations. Mass 
spectrometry (MS) isa highly sensitive and rapid technique for protein identification from com- 
ples biological samples. 


11.6.1 Mass Spectrometric Instrumentation for Protein Analysis 
A mass spectrometer is an analytical technique to identify a molecule by measuring the ratio of 
the mass (mm) to the charge (2) ofa charged molecule (Figure 11.21). A typical mass spectrometer 
instrument analyzes ionized molecules while in its gas phase. A mass spectrometer consists 
‘of an fon source that converts analytes into gaseous phase ions, through a process known as 
ionization, by gaining a positive or a negative charge from a neutral species. The ions are then 
introduced into the mass analyzer of a mass spectrometer, where ions are accelerated under 
electric fields and separated based on their m/z ratio. The separated ions are detected by an ion 
detector that records the number of ions at each m/z value. The result of molecular ionization, 
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Figure 11.21 Diagram of tandem mass spectrometry. For the initial mass analysis of thermolabile 
analytes including peptides and proteins, soft ionization techniques such as matrix-assisted laser 
desorption ionization (MALDI) and electrospray ionization (ESI) can be used to produce original 
ions. MALDI utilizes a laser beam to trigger ionization and faclitate the vaporization of the analyte. 
In the ESI method, a fine mist of droplets is formed in the presence of a high electric field, produc 
ing charged ions. In the first round of mass analysis, ions are separated based on their m/z ratio. 
‘A particular ion, called precursor lon, is then selected for fragmentation, generating product ions. 
‘The fragmentation can be carried out using collision techniques such as colision-induced dissocia- 
tion (CID) by multiple collisions with rare gas atoms. Additionally, a new fragmentation technique, 
electron-capture dissociation (ECD), can be used in which the fragmentation is induced through the 
capture of a thermal electron by a protonated peptide cation. The product lons are analyzed by the 
‘second round of mass analysis and detected by an ion detector. MS, mass analyzer. (@ Richard C. Li.) 


jon separation, and ion detection is a spectrum that can be used to determine the mass (or 
‘molecular weight) and potentially the structure of the molecule. 

Furthermore, biomarker proteins can be identified by peptide sequencing using the tandem 
‘mass spectrometry (MS/MS) mode of operation in which a mass spectrometer uses two or more 
‘mass analyzers. After an initial mass analysis, individual peptide ions in the mass spectrum can 
be selected. The selected ions are known as precursor ions. A precursor ion is then subjected to 
a second round of fragmentation through collision and is broken into smaller ions known as 
product ions. The resulting product ions are further analyzed by MS. Thus, the corresponding. 
protein can be identified through searching a protein database, based on the mass of a specific 
peptide obtained. 


11.6.2 Analysis Strategies for Protein Identification 

To date, various MS-based protein identification strategies have been developed, which can be 
divided into two categories: “top-down” and “bottom-up” strategies (Figure 11.22). In the top- 
down strategy, intact proteins in a complex mixture are fractionated and separated into less 
complex protein mixtures or single proteins. Intact proteins are then analyzed using MS. A liq- 
uid chromatography-mass spectrometry (LC-MS) system can be used for such an application. 
‘The advantage of this approach is that an entire protein is analyzed for identification purposes 
However, the throughput and efficiency of this approach is still a major challenge for large-scale 
sample analysis in forensic applications. 

‘The bottom-up strategy is commonly used for high-throughput analysis of small peptides 
derived from highly complex samples. Current MS usually cannot resolve the mass measure- 
‘ment of large proteins; rather, MS is ideal for the analysis of small peptides. One approach is 
the sort-then-break approach in which proteins in a complex mixture are first isolated and then 
‘enzymatically cleaved. The target proteins are isolated from their complex biological source 

or 2-D gel electrophoresis (Chapter 18). The isolated proteins are then enzymatically 
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Figure 11.22 Top-down and bottom-up strategies for MS-based protein identification, LC, liquid 
chromatography; MS/MS, tandem mass spectrometry. (© Richard C. Li.) 


cleaved into small peptides, approximately 15 amino acids in length, using proteases such as 
trypsin, These peptides are then analyzed by peptide sequencing using tandem MS to identify 
the target protein, 

Break-then-sort, also known as the shotgun approach, is another approach of the bottom-up 
strategy: In this approach, proteins are cleaved first and the resulting peptide mixture is then 
separated by LC and analyzed by tandem MS (usually coupled to the LC). Ina complex mixture, 
a peptide mass measurement alone is not sufficient for the identification of a target protein. 
Database searches are carried out utilizing software that compares the observed MS peptide 
spectra against all candidate spectra of the proteins that are present in a protein sequence (or 
translated from genomic DNA sequences) database for possible matches. Thus, a biomarker pro- 
tein can be identified. 


11.7 Microbial DNA Analysis for Bodily Fluid Identification 

Human bodies harbor a large number of microbes. It is estimated that there are over 10 times 
‘more microbial cells than human cells in and on the human body, in the nose, mouth, throat, 
intestine, vagina, and skin. This microbial community is referred to as the human microbiota. 
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It is known that the microbiota has an important influence on human health. A decade ago, the 
concept of the microbiome was proposed by Nobel laureate Joshua Lederberg to identify and 
characterize the microbiota, their genomes, and their environmental interactions in a defined 
community. Traditionally, the studies of microbial genomes rely on cultivated individual spe- 
cies, The disadvantage of cultivation-based methods, however, is that large numbers of micro- 
bial species cannot be successfully isolated because many microbial species require specific 
growth conditions. Based on the advances in DNA sequencing technologies, a new approach, 
known as metagenomics, has been developed. Instead of studying the genome of an individual 
cultivated microbial species, metagenomics allows the study of the microbial genome of com: 
plete microbial communities harvested directly from natural environments. Metagenomics has 
been a powerful tool to analyze the human microbiome. Recently, human microbiota have been 
surveyed, revealing that microbial diversity is greatest in the teeth and the intestines, intermedi 
ate on the skin and the inside surface of the cheek, and lowest in the vagina (Table 11.4). More 
interestingly, each habitat is characterized by a small number of highly predominant bacterial 
taxa, The predominant taxa of each habitat can potentially be utilized for the forensic analysis 
‘of biological evidence. Bodily fluids identification is an important task in the forensic analysis of 
biological evidence. ‘The detection of predominant taxa of bacteria can aid in the forensic iden 
tification of a particular type of bodily fluid (Table 11.4). 


Table 11.4 Representative a that are Potentially Can Be Used for Forensic 
Identificat 


Estimated 
Number of Potential 
Microbial | Predominent Forensic Further 
Body Habitats | Species Taxa Applications Reading 


Cheek Streptococcus Saliva att Nakanishi 
spp. Identification et al 


(2011) 
Expirated att Donaldson 
blood et al, 
(2010) 
16s Power etal. 
‘RNA (2010) 
Vagina 300 Lactobacillus Vaginal 168 Akutsu et 
spp. secretion ‘RNA al. (2012) 
Identification 465 935 Fleming and 
ISR Harbison 
(2010) 
Giampaoli 
et al 
(2012) 
Gastrointestinal 4000 Bacteroides ‘Fecal matter rpoBt Nakanishi 
tract spp. Identification etal. 
(2013) 
Skin 1000 ‘Staphylocaccus Touched 168 Flerer et al. 
spp. evidence rRNA (2010) 


Identification 
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Figure 11.23 Schematic diagram of an Escherichia coli rRNA operon. E. coli has seven tRNA 
‘operons. A typical rRNA operan is shown. The rRNA operan encodes for three ribosomal RNA 
(FRNA) genes: the 5S and 238 genes code for the large ribosomal subunit, while the 16S gene 
encodes for the small ribasomal subunit. E.coli encodes ane tRNA gene in the rRNA operon, 
The intergenic spacer regions (ISRs) and the promoter and terminator sequences are also shawn 
‘The rRNA operon is transcribed into a single precursor RNA transcript that is cleaved into separate 
TRNA and tRNA transcripts. The diagram is not to scale to the physical map of RNA operons. 
(© Richard C. Li) 


‘The detection of bacteria can be achieved by utilizing DNA markers. The most commonly 
used DNA markers are the essential genes present in all bacterial species. These markers have 
highly variable regions that can be used to distinguish various bacterial species. The DNA 
sequences within these variable regions can also suggest taxonomic relationships between dif- 
ferent taxa, Additionally, DNA markers contain conserved regions that are necessary for use as 
primer-binding sites for PCR-based detection. 

For example, the rRNA genes (Figure 11.23), encoding for the ribosomal RNA, are con- 
served in all living organisms including bacteria. The bacterial rRNA operon contains three 
FRNA genes: the 58 and 235 rRNA genes encode the RNA components of the large subunit 
of the ribosome, while the 16S rRNA gene encodes the RNA component of the small subunit 
‘of the ribosome. The 165 rRNA gene is the most commonly used marker for the taxonomic 
identification of bacteria, The bacterial 165 rRNA genes are similar in length, approximately 
1.5 kb, They contain highly conserved regions that can be used as primer-binding sites for the 
amplification of the adjacent DNA regions. Additionally, they contain variable regions that 
allow for taxonomic identification. In forensic applications, they are used as a marker for the 
identification of vaginal bacteria as an indicator of vaginal secretions (Chapter 16). However, 
the number of variable regions in the 168 rRNA genes of some bacteria species is limited. 
Furthermore, closely related species have high levels of sequence similarity to the 16S rRNA 
genes. Thus, the 165 rRNA gene marker is not adequate for distinguishing closely related 
species. 

DNA markers of bacteria identification can also be located in noncoding regions of DNA. 
‘The intergenic spacer region (ISR) between the 16S rRNA and 23S rRNA genes in the rRNA. 
‘operon is another commonly used marker. The 165-235 rRNA ISR contains both length and 
sequence variations between species. These variations are partially caused by the number and 
type of tRNA genes that this region of operon contains. For example, most gram-negative 
bacteria contain both a copy of the tRNA* and the tRNA" genes, while some contain only a 
copy of the tRNA** gene. In contrast, most gram-positive bacteria have no tRNA gene; some 
contain either a copy of the tRNA" gene or the tXNA“ gene or both. Thus, heterogeneity in 
the length and in the sequence of the 16S-23S rRNA ISR allows bacteria to be identified at the 
species level 
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In addition to rRNA genes, many other genes are utilized as DNA markers for bacterial 
species identification. For example, the rpoB gene encodes the B subunit of bacterial RNA poly- 
merase and is used as a marker for the forensic identification of fecal matter (Chapter 17). The 
sequence variation of the rpoB gene allows the distinguishing of species when they are not dis- 
tinguishable, using 165 rRNA gene sequences, Several oral streptococcal species that produce 
extracellular polysaccharides contain the gtf gene, which encodes glucosyltransferase. Thus, the 
_gtf gene isa useful marker for oral streptococcal species identification as a potential indicator of 
saliva in forensic investigations. However, this marker cannot be used to identify bacteria other 
than streptococcus. Nevertheless, combining several DNA markers can be used for the identifi- 
cation of bacteria species, 


11.8 Nondestructive Assays for the Identification of Bodily Fluids 

Most of the bodily fluid identification techniques mentioned previously consume a portion 
of the evidence. When the amount of sample evidence is very limited, such destructive assays 
‘may consume the evidence that is also needed for subsequent forensic DNA analysis. Moreover, 
‘ost of these tests are used for a single type of bodily fluid. Tests for multiple bodily fluids in 
‘question will consume additional amounts of the evidence. Therefore, nondestructive identi- 
fication techniques are highly desired, Additionally, it is important to develop an assay that 
ccan be utilized to test multiple types of bodily fluids. Furthermore, a portable device that can 
identify bodily fluids at a crime scene is very useful. It provides investigators with test results 
immediately to aid the crime scene investigations. Two techniques have been developed that 
can potentially be used for nondestructive bodily fluid identification: fluorescence spectros- 
copy and Raman spectroscopy. 

Fluorescence spectroscopy is one example of a nondestructive technique, Fluorescence is 
the emission of light by a fluorophore. A fluorophore is a moiety in a molecule that fluoresces 
‘on absorbing the energy from an excitation light source or radiation. The emitted light usu- 
ally has a longer wavelength and lower energy than the absorbed radiation. Constituents 
present in bodily fluids, such as nucleic acids, proteins, lipids, and metabolites, can exhibit 
fluorescence. The unique composition of a bodily fluid emits characteristic emission spec- 
tra, thus making it identifiable. Using multiple wavelengths of an excitation light source, 
fluorescent emissions at a wide range of wavelengths can be detected, which allows for the 
identification of various bodily fluids. This technique is sensitive and rapid. It does not uti- 
lize chemical reagents and the detection does not require physical contact with a sample. 
After identification, the same biological sample can be used for forensic DNA analysis. 
‘Additionally, portable fluorescence instruments can potentially be used at a crime scene for 
bodily fluid identification. However, itis not clear if exposure to an excitation light source 
can damage DNA evidence. 

Raman spectroscopy is another example of a nondestructive technique, Raman spectroscopy 
utilizes a near-infrared excitation light source and measures the scattering of laser light caused by 
the vibrating molecules of a sample. A typical Raman spectrum provides information about the 
‘molecular structure and the “signature” based on the properties of the constituents of a sample. 
‘Thus, itis possible to obtain unique Raman spectra for a particular type of bodily fluid. Raman 
spectroscopy is highly sensitive. The measurements can be carried out on very small amounts of 
sample, ranging from a few picoliters to femtoliters. This technique does not require any chemi- 
cal reagent. Additionally, it does not consume the sample, which can be used for subsequent 
DNA analysis, Raman spectroscopy has been utilized for various forensic purposes including the 
identification of drugs, trace evidence such as fibers, and questioned document evidence such as 
inks and paints. Itcan potentially be used for the nondestructive identification of various bodily 
fluids. A portable Raman spectrometer will allow bodily fluids to be identified at crime scenes. 
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power > connection > pushbutton 


pushbutton 


Often referred to as a pushbutton switch and sometimes as a momentary switch. In this, 
encyclopedia, a pushbutton is considered separately fromaswiteh, which generally uses 
a lever-shaped actuator rather than a button, and has at least one pole contact where a 
pushbutton generally has contacts that are not distinguishable from each other. 


OTHER RELATED COMPONENTS 


+ switeh (See Chapter 6) 
+ rotary switch (See Chapter 7) 


What It Does 


A pushbutton contains at least two contacts, 
which close or open when the button is pressed. 
Usually spring restores the button toits original 
position when external pressure is released. 
Figure 5-1 shows schematic symbols for push- 
buttons. The symbols that share each blue rec- 
tangle are functionally identical. At top is a 
normally-open single-throw pushbutton. At 
center is a normally-closed single-throw push- 
button. At bottom is a  double-throw 
pushbutton, 


Unlike a switeh, 2 basic pushbutton does not 
havea primary contact that can be identified as 
the pole, However asingle pushbutton may close 
or open two separate pairs of contacts, in which 
case it can be referred to, a little misleadingly, as 
a double-pole pushbutton. See Figure 5-2. Dif- 
ferent symbols are used for slider pushbuttons 
with multiple contact pairs;see’Slider’ (page31), 


A generic full-size, two-contact pushbutton is 
shown in Figure 5-3. 
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Figure 5-1. Commonly used schematic symbols to repro 
sent simple pushbutton. See text for details 


How It Works 


Figure 5-4 shows cross-section of pushbutton 
that has a single steel return spring, to create re- 
sistance to downward force on the button, anda 
pair of springs above a pair of contacts, to hold 
each contact in place and make a firm connec- 
tion when the button is pressed. The two upper 
contactsare electrically linked, although this fea- 
ture is not shown. 
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SECTION ll | 


Identification of 
Biological Evidence 


Identification of Blood 


12.1 Biological Properties 

Blood constitutes about 8% of the human body weight ofa healthy individual. Plasma is the fluid 
portion of the blood. The cellular portion of the blood consists of red blood cells, white blood 
tells, and platelets, all of which are suspended in the plasma (Figures 12.1 and 12.2) 


12.1.4 Red Blood Cells 
‘These cells are also called erythrocytes. Their life span in humans is approximately 34 months. 

Additionally, mature human erythrocytes do not have nuclei, and therefore lack nuclear DNA. 

Erythrocytes consist of hemoglobin—proteins that are responsible for the transportation of 
‘oxygen. Most adult human hemoglobin consists of four polypeptide chains, two « chains and 
two f chains. Thus, adult hemoglobin is designated as a,f,. Other forms of hemoglobin will be 
discussed in Chapter 18, Under normal physiological conditions, each hemoglobin subunit con- 
tains a heme moiety that binds to oxygen (Figure 12.3). A heme molecule consists of an organic 
component known as protoporphyrin IX and a ferrous (Fe) iron ion (Figure 12.4). A heme 
‘molecule is also known as ferroprotoporphyrin. The ferrous ion of heme forms four bonds with 
the nitrogens of protoporphyrin IX, along with a fifth bond witha hemoglobin chain anda sixth 
bond with a molecule of 0, Other chemicals such as carbon monoxide and cyanide also bind to 
the ferrous iron of the heme molecule and can cause chemical asphyxia. Heme groups are also 
present in the blood of various animals and in other proteins such as myoglobin in muscles and 
zneuroglobin in the brain. 


12.1.2 White Blood Celts 

Also called leucocytes, white blood cells are subdivided into three types: granulocytes, lym- 
phocytes, and monocytes. White blood cells are involved in defending the body against 
infection. They have nuclei and thus represent the main sources of nuclear DNA from the 
blood. 


‘These cells are also known as thrombocytes, and they play a role in blood clotting (Chapter 16). 
Platelets aggregate at sites of vascular and blood vessel injury. Like erythrocytes, they lack 
nuclei. 
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Figure 12.1 Basic composition of blaod. Blood can be separated into two phases in the presence 
cf an anticoagulant. The liquid portion called plasma accounts for approximately 55% of blood 
Volume. The cellular elements include erythrocytes, leucocytes, and platelets. (© Richard C. Li.) 


Figure 12.2 Blood cells. (@ Richard C. Li.) 


12.2 Presumptive Assays for Identification 

12.2.1 Mechanisms of Presumptive Assays 

Presumptive blood assays are designed to detect traces of blood. These assays are based on the 
basic principle ofthe oxidation-reduction reaction catalyzed by the heme moiety of the hemo- 
globin. Asa result, colorless substrates catalyzed by heme undergo an oxidation reaction, caus- 
ing either chemiluminescence, fluorescence, ora change of color. These assays are very sensitive 
and can detect blood in samples with 10°-10-+-fold dilutions. A positive reaction indicates the 
possible presence of blood. Additionally, most ofthese assays do not interfere with forensic DNA 
analysis. 


232 


12.2 Presumptive Assays for Identification 


Heme moiety 


Heme moiety 


Figure 12.3 Human adult hemoglobin. Four subunits, two « and two pi chains, of human adult 
hemoglobin are shown. Each hemoglobin subunit contains a heme moiety. (© Richard C. Li) 


ch 


Hoc: 
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Figure 12.4 Chemical structures of heme and its precursor and derivatives. (a) Protaporphyrin IK. 
(b) Heme (ferraprotoporphyrin). (c) Hemochromagen, R=pyridine (pyridineferroprotoporphy- 
Tin). (d) Hematin hydroxide, R=OH (Ferriprotoporphyrin hydroxide); hematin chloride, R=Ct 
(ferriprotoporptyrin chloride). 
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12.2.1. Oxidation-Reduction Reactions 

An oxidation-reduction reaction involvesa change in the oxidation state of amolecule. Specifically, 
the oxidation of a molecule means that the molecule has lost electrons, and the reduction of a mol- 
cecuile means that the molecule has gained electrons. Chemicals that can be reduced and therefore 
gain electrons from other molecules are called oxidant. In contrast, reductants are chemicals that 
can be oxidized and therefore lose electrons to other molecules. In biochemical reactions, oxida- 
tion often coincides with aloss of hydrogen. Figure 12.5 depictsan example of an oxidation-reduc- 
tion reaction for blood identification. In presumptive assays, heme is utilized as the catalyst, and 
hydrogen peroxide is utilized as the oxidant for the reaction. In the presence of heme, a colorless 
substrate is oxidized, yielding a product with color, chemiluminescence, or fluorescence. 


12.2.2 Colorimetric Assays 
Many procedures are available for detecting heme in blood through color reactions. The most 
common agents are phenolphthalin, leucomalachite green, and benzidine derivatives. The color 
reactions produced by these assays can be observed immediately with the naked eye. 


12.2.2.1 Phenolphthalin Assay 

Phenolphthalein, a member of a class of indicators and dyes, is used in titrations of mineral and 
‘organic acids as well as most alkalis. The phenolphthalin assay for blood identification is also 
known as the Kastle-Meyer test. Kastle published a study in 1901, presenting the results of a 
reaction in which phenolphthalin, a colorless compound, is catalyzed by heme with hydrogen 
peroxide as the oxidant (Figures 12.6 and 12.7). The oxidized derivative is phenolphthalein, 
‘which appears pink under alkaline conditions 


12.2.2.2 Leucomalachite Green (LMG) Assay 

Malachite green is a triphenylmethane dye, The leuco base form of malachite green is colorless 
and can be oxidized by the catalysis of heme to produce a green color. The reaction is carried out 
under acid conditions with hydrogen peroxide asthe oxidant (Figures 12.8 and 12.9). 


12.2.2.3 Benzidine and Derivatives 
Historically, benzidine was used as an intermediate in dye manufacturing (Figure 12.10). 
Subsequently, it was used as a presumptive assay for the presence of blood after the discovery that 
the oxidation of benzidine can be catalyzed by heme to produce a blue to dark blue color (carried 
‘out in an acid solution). Since the blue color may eventually turn brown, the reaction must be read 
Heme 
ad, + 40, “7 A 4 2h,0 
(Coloriess) (colar 


Figure 12.5  Oxidation-reduction reaction as the basis for presumptive assays for blood identifica 
tion. AH,, substrate; A, oxidized substrate, 


HO ay OH WH0, Ho. AP 
| Heme 
2 AZ 
coo coor 


Phenclphthalin Phenolphthalsin 
(@) reduced (eoloess) (oxidized pink) 


Figure 12.6 Chemical reaction of phenolphthalin assay. 
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Figure 12.7 Photograph of phenolphithalin assay results. Negative (left) and positive (right) reac~ 
tion. (@ Richard C. Li.) 


N(CH,)s 


OUD 


_\teme 
0 


N(CH), 


NICHS)s 7 
Levcomalachite green Malachite green 
reduced (colrles) oxidized (blue green) 


Figure 12.8 Chemical reaction of leucomalachite green assay. 


Figure 12.9 Photograph of leucomalachite green assay results. Negative (left) and positive (ight) 
reaction. (@ Richard C. Li.) 
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Figure 12.10 Chemical structures of benzidine and derivatives: (a) benzidine; (b) orthotolidine; 
(6) tetramethylbenzidine 


‘immediately. Benzidine was found to be a carcinogen and is therefore no longer used for forensic 
testing. Orthotolidine isa dimethyl derivative of benzidine. Its oxidation reaction can be catalyzed by 
theme to produce a blue color reaction under acidic conditions (Figure 12.11). Orthotolidine is also 
considered a potential carcinogen based on animal studies, and for this reason ithas been replaced by 
tetramethylbenzidine. Tetramethylbenzidine (TMB) isa tetramethyl derivative of benzidine. The oxi- 
dation of TMB can be catalyzed by heme to produce a green to blue-green color under acidic condi- 
tions. TMB continues to be used. The Hemastix" assay kit (Miles Laboratories) isa TMB-based assay 
that uilizes a TMB-containing strip device. A testis carried out by applying a moistened sample to 
a Hemastix® strip. The appearance of a green ora blue-green color indicates the presence of blood. 


12.2.3 Chemiluminescence and Fluorescence Assays 
Other organic compounds whose oxidation products have chemiluminescent or fluorescent 
properties are utilized for testing, In the chemiluminescence assay, light is emitted as a product 
‘of a chemical reaction, In this category, luminol produces chemiluminescence when blood is 
present. In contrast, a fluorescence assay requires the exposure of an oxidized product, such as 
fluorescin, toa particular wavelength of an excitation light source. The fluorescence is then emit 
ted at longer wavelengths than that of the excitation light source. 

One advantage of chemiluminescent and fluorescent reagents is that they can be sprayed 
over large areas where latent bloodstains are potentially located. A positive reaction identifies 
blood and also reveals the patterns of bloody impressions such as footprints and fingerprints. 
‘These methods are very sensitive and can pinpoint the locations of even small traces of blood. 
Additionally, they are useful for detecting blood at crime scenes that have been cleaned and 
show no visible staining. One disadvantage of chemiluminescent and fluorescent reagents is 
that precautions must be taken if stains are very small or have been washed, ‘The spraying of 
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Figure 12.11 Chemical reaction of arthotolidine assay. 
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presumptive assay reagents may further dilute a sample and thus lead to difficulty in isolating 
sufficient amounts of DNA for forensic DNA analysis. 


12.2.3.1 Luminol (3-Aminophthalhydrazide) 

Luminol is usually utilized as a chemiluminescent reagent. The oxidation reaction of luminol 
catalyzed by heme produces light in the presence of an oxidant (Figures 12.12 through 12.14). 
The light emitted from a positive reaction can only be observed in the dark, which limits the 


, i, J 


Lumina S-Aminophihalate 


Figure 12.12 Chemical reaction of luminal assay. 


Figure 12.13 Results obtained from testing a drop of blood on a glass plate with luminol. From left 
to right: drop of blood: drop of blood after spraying with luminol; drop of blood after spraying with 
luminol and viewing in the dark. A blue chemiluminescence indicates the presence of blood. (From 
Bergervoet, PW., et al, J Hosp Infect, 68, 329-333, 2008. With permission.) 


Figure 12.14 Detecting latent blaodstains on a floor with luminol. Left: with the light on; right 
immediately after the light is switched off. A blue chemiluminescence indicates the presence of 
blood traces. (From Bergervoet, PW., et al, J Hosp Infect, 68, 329-333, 2008. With permission.) 
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—o o— —0 o— 


Figure 5-2. Commonly used schematic symbols to repre: 
senta double-pole pushbutton, 


Figure 5-4. Cross-section of a pushbutton showing two 
spring-loaded cantacts anda single return spring. 


Variants 


Poles and Throws 

Abbreviations that identify the number of poles 
and contacts inside a pushbutton are the same 
as the abbreviations that identify those at- 
tributes in a switch. A few examples will make 
this clear: 

SPST, also known as 1PIT 

Single pole, single throw 


DPST also known as 2P1T 
Double pole, single throw 


power > connection > 


Figure 5-3. The simplest, tractianal form of pushbutton, 
in which pressing the button creates a connection be- 
tween two contacts 


SPOT also known as 1P2T 
Single pole, double throw 


3PST also known as 3P1T 
Three pole, single throw 


While a switch may have an additional center 
position, pushbuttons generally do not 


On-Off Behavior 

Parentheses are used to indicate the momentary 

state of the pushbutton while itis pressed. It will 

retum to the other state by default. 

OFF-{ON) or (ON)-OFF 
Contacts are normally open by default, and 
are closed only while the button is pressed. 
This is sometimes described as a make-to- 
‘make connection, orasa Form A pushbutton. 


ON-(OFF) or (OFF)-ON 
Contacts are normally closed by default, and 
are open only while the button is pressed. 
This is sometimes described as a make-to- 
breakconnection, oras.a Form 8 pushbutton, 


ON-(ON) or (ON)-ON 
This is a double-throw pushbutton in which 
one set of contacts is normally closed. When 
the button is pressed, the first set of contacts 
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applications of luminol. The photodocumentation of a luminol-enhanced pattern should be 
done immediately before it fades away. 


12.2,3.2 Fluorescin 
Fluorescin is another reagent that is used to test for the presence of bloodstains at a crime scene 
(Figures 12.15 and 12.16). When oxidized and catalyzed by heme, fluorescin demonstrates fluo 
rescent properties. Usually, luorescin-sprayed stains are exposed to light in the range of 425. 
485 nm using an alternate light source device, In a positive reaction, the oxidized fluorescin 

se yellowish-green fluorescent light, which indicates the presence of a bloodstain. 
‘The light emitted from fluorescin-sprayed stains lasts longer than that of luminol, 


emits an int 


12.2.4 Factors Affecting Presumptive Assay Results 
“The catalytic assays discussed in the previous sections are not specific to blood only, which can 
possibly lead to the observation of false-positive or false-negative results (Figure 12,17) 


12.2.4.1 Oxidants 
Chemicals that are strong oxidants may cause a false-positive reaction. Such chemicals can 
catalyze the oxidation reaction even in the absence of heme and result in a false-positive reac 
tion. Certain metal salts, such as copper and nickel salts, household bleaches and cleaners that 
contain hypochlorite ions, and hair-coloring products that contain hydrogen peroxide, work as 
oxidants. To address this problem, a two-step catalytic assay should be performed. The substrate 


en 
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_ 


hemical structure of fluorescein. 


Figure 12.16 Detecting diluted bloodstains on black cotton fabric with fluarescin (left) and Bluestar 
(right) (Ftom Finnis,J., Lewis, J., and Davidson, A., Sci Justice, 53, 178-186, 2013. With permission.) 


(Oxidant 
(2) Peroxidase 


AH) + HO; 
(colorless) Ta) Reductant (color) 


Figure 12.17 Factors affecting presumptive assay results. Strong oxidant and peroxidase may 
cause false-positive results; reductant may cause false-negative results. 
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is applied first to the sample in question. A color change occurring before the addition of hydro- 
igen peroxide indicates a false-positive result due to a possible oxidant in the sample. Ifa color 
change is observed after the addition of hydrogen peroxide, the result isa true positive, 


12.2.4.2 Plant Peroxidases 
‘Many types of plants such as horseradish contain peroxidases. Plant peroxidases may also cata- 
lyze oxidation reactions and lead to false-positive results, However, plant peroxidases are usu- 
ally heat sensitive and may be inactivated by high temperatures. Because the heme molecule is 
relatively stable at high temperatures, samples can be retested after heating. This will inactivate 
any plant peroxidases in a sample, 


12.2.4.3 Reductants 
Although not common, a false-negative result can occur when a strong reductant is present in 
‘a sample, Strong reductants such as certain metal ions including lithium and zinc may inhibit 
the oxidation reaction. 


12.3 Confirmatory Assays for Identification 

12.3.1 Microcrystal Assays 

Microcrystal assays apply chemicals to treat bloodstains, forming crystals of heme molecules. 
‘The morphologies of the resulting crystals are distinctive for heme and can be compared with a 
known standard using a microscope. A positive microcrystal assay strongly indicates the pres- 
ence of blood. However, confirmatory assays are usually not as sensitive as presumptive assays. 
Additionally, these assays cannot distinguish between human and animal blood. 


12.3.1.1 Hemochromagen Crystal Assay 
‘Hemochromagens are heme derivatives in which the ferrous iron of the heme forms two bonds 
‘with nitrogenous bases (Figure 12.4). The method for forming hemochromagen crystals was 
documented in 1864. Since then, various modifications have been reported. The Takayama crys- 
tal assay, published in 1912, has been the method preferred by many forensic laboratories. A 
bloodstain is treated with pyridine and glucose (a reducing sugar that is capable of reducing ferric 
ion) under alkaline conditions to form crystals of pyridine ferroprotoporphyrin (Figure 12.18). 


Figure 12.18 Microcrystal assays using the Takayama method. (@ Richard C. Li.) 
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Figure 12.19 Microcrystal assays using the Teichmann method. (Fram James, S.H., Nordby, 1.1, 
and Bell, S., Forensic Science: An Introduction to Scientific and Investigative Techniques, 4th edn., 
CRC Press, Boca Raton, 2014. With permission.) 


12.3.1.2 Hematin Crystal Assay 
‘This assay is also known as the Teichmann crystal assay. In 1853, Teichmann documented a 
method of forming crystals of blood specimens. When blood specimens are treated with glacial 
acetic acid and salts, and subsequently heated, hematin chloride (ferriprotoporphyrin chloride), 
a prismatic brown-colored crystal, is formed (Figure 12.19). Hematin (Figure 12.4) is a heme 
derivative; its iron is in the ferric (Fe") state, This hematin assay has a similar sensitivity and 
specificity as hemochromagen assays. The hematin assay has the advantage of being more reli 
able than hemochromagen assays for aged blood samples. 


3.2 Other 
Additional techniques may be used to confirm the presence of hemoglobin. For example, chro: 
‘matographic and electrophoretic methods can identify hemoglobin by its mobility characteris 
Spectrophotometric methods for identifying hemoglobin are based on measurements of the 


Table 12.1 Application of RT-PCR Assay for Blood Identification 
a 
{abundant in erythrocytes) 
PRS ea 


Source: Adapted from Juusola, J, and Ballantyne, J., Forensic Sci Int, 182, 1-12, 2005 
Nussbaumer, C., Gharehbaghi-Schnell, E., and Korschineck, |., Forensic Sci Int, 157, 
181-186, 2006. 

* Also known as hydroxymethylbilane synthase (HMBS). 
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characteristic light spectra, with peak absorbance at 400-425 nm, absorbed by hemoglobin and 
its derivatives, Finally, immunological methods utilize antibuman hemoglobin antibodies. This 
antibody can be used to detect human hemoglobin and thus indicate the presence of human 
blood (see Chapter 13). 

Recently, RNA-based assays have been developed to identify blood. These assays are based on 
the fact that certain genes are specifically expressed in certain cell types (Chapter 11). Thus, the 
techniques used in the identification of blood are based on the detection of specific types of mes- 
senger RNA (mRNA) that are expressed exclusively in erythrocytes. These assays utilize reverse 
transcriptase polymerase chain reaction (RT-PCR; see Chapter 7) methods to detect the gene 
expression levels of mRNAs for blood identification. Table 12.1 summarizes the tissue-specific 
genes utilized for blood identification. Compared with conventional assays that are used for 
blood identification, the RNA-based assays have higher specificity and are amenable to automa- 
tion. However, one limitation is that RNA is unstable due to degradation by endogenous and 
environmentally born ribonucleases. 


Bibliography 

‘Amin, KM, etal, The exo-intron organization of the human erythroid beta spectrin gene. Genomic, 
195, 1W(1): 118-125, 

Andersen, and , Bramble, The eflctsofingermar enhancement light sources on subuequent PCR-STR 
DNA analysis of fresh bloodstains.JFoensc Si 1997, 42} 303-306, 

Anderson, SE., GR. Hobbs, and CP. Bishop, Multivariate analy for etiualing the age of « bloodstai, 
1 Forensic Sci, 3011, 36(1): 186-193 

“Anderson, etal, A method for determining the age ofa bloodstan, Forensic Sc Int, 2005, 148(1):37-45 

“Andiasko,, Te estimation of age of bloodstains by HPLC analysis J Forensic Si, 1997, 424): 601-607 

“Ainge, Ket a, Ninhyrin treatment aa screening method for the aiabily of ewabs taken fem con- 
tat stain for DNA analysis In Legal Med, 2004, 1182): 122-124 

‘Arai S. and S Ohi, Age estimation of bloodstang A prelisnstary report based on aspartic aid races 
ation rte, Forensic ei In, 2011, 242(1-3):€36-<39 

Bamet, BD, et al, Discusion of “ces of presinptive test reagents on the ability to abtainrestition 
fragment length polymorphic (RFLP) pater rom hirtan blood and semen asin, Forse Sc, 
1992, 37(2) 369-370. 

Bauer, M., 8, Polzin, and D. Patrelt, Quantification of RNA degradation by semi-quanttaive duplex and 
“competitive RI-PCR: A posible indicator ofthe age of blbodstains? Forensic Sci In, 2003, 138(1-3) 
Si-ios 

Bergervoe, BW, etal, Application ofthe forensic Luminol fr blod in infection control Hosp Inf, 2008, 
(64, 329-333, 

Botoniie-Schic, E, et al, Forensic aplication of near-infrared spectroncopy: Aging of bloodstinn 
‘Specroscopy Santa Monica), 2008, 24(2) 42-48 

Boye, et ab, Highly sensitive detection of blood by wurface enhanced Raman settering, J Forensic Si 
2015, 56(3): 753-756, 

Breminer, RL, et ul, Remote mpectroscopic identification af bloodstins, J Forensic Si, 2011, S6(6) 
71-1475, 

Breminer, LH, et al, Forensic quest for age determination of bloodstans. Forensic Si Int, 2012, 206(1-3} 
fan 

Budowe, Bet al, The presumptive reagent foresein for detection of dilute blaodstains and subsequent 
‘STR typing of recovered DNA. ] Forensic Si, 2000, 45(3): 1090-1092 

CCalwel 2, W. Henderson, and N.D. Kim, ABTS, Asaf allerative to DAB for the enhancement of blood 
fingerprints. J Forensic Si, 2000, 45(4): 785-794 

(Cheeseman, R, Direct senalvity comparison a the foreseen and Inna bloodstain exancerent tch- 
niques. Forensic det, 1399, 4903): 

Cheeseman, Rand A. DiMeo, Fluorescein asa feld-worhy latent bloodstan detection sytem. J Forensic 
Tent, 1995, 456) 


241 


Forensic Biology, Second Edition 


Cheeseman, R. and R. Tomboe, Fliorescen technique performance study on bloody foot trails, J Forensic 
en, 2001, (0) 12 

Courts, C. and Bs, Mades, Specific micro-RNA signatures for dhe detection of saliva and blood in forensic 
‘ody wentfcaion. J Forense St, 2011, 56(6) 1464-1470 

(Cos, M, Elect of fabri washing on the presumptive identification ofloodstans J Forensic Sc, 1990, 35(6) 
1335-16 

Cox, M.A study ofthe sensitivity and specificity of four presumptive tests for blood. J Forensic Sci, 1991, 
'36(5): 1503-1511 

Creamer [Leta A comprehensive experimental study of industrial, domestic and environmental interfer- 
‘ences withthe forensic himinal est for blood. Luminescence, 2003, 14): 193-198 

(Creamer 1, etal, Atlempled cleaning ofbloodstainsandits fect on thefrensicluminol test Luminescence, 
2005, 20(6) 411-413, 

DeForest,P, R.Gaensslen, and H.C. Le, Furensic Science: An Introduction to Criminaisties, 1988. New York 
“MeGrave-Hill Book Company 

Della Manna, A.and 5. Montpetit, A novel aproach to obtaining reliable PCR result from umsinol treated 
‘loodstains. J Forensic Set, 2000, 45(4) 86-890 

Dison, TR, etal, A scanning electron microscope study of dried blood. J Fares Sci, 1976,21(4)- 797-803 

Dorward, DLW, Detection and quantitation of heme-containing proteins by chemiuminescence. Anal 
Biochem, 1998, 209(2) 219-225, 

Edelman, G., eal, Identification and age estimation of blood stains on colored backgrounds by near infra 
red spectroscopy. Forensic Sci Int, 2012, 20(1-3): 239-244 

Farrugia, KJ, etal, Chemical enhancement of footwear impressions in blood on fabrc—Part 5: Amino acid 
‘Maining, Statice, 2013, 3(1) 8-13, 

Finis, J.J Lewis, and A. Davidson, Comparison of methods for visualizing blood on dark surfaces. Se 
Justice, 2013, 58(2): 178-186. 

Frascione, N,V: Pinto, and B. Daniel, Development ofa biosensor for human blood: New routes to body 
hid identification. Anal Bioanal Chem, 2012, 404(1): 23-28 

Fregeau, CO. Germain, and RM. Fourney Fingerprint enhancement revisited and the effects of blood 
‘enhancement chemicals on subsequent profiler plus thuorescent short tandem repeat DNA analysis of 
fresh and aged bloody fingerprints. J Forensic Sci, 2000, 45(2): 354-380, 

Fojita, ¥, et al, Estimation of the age of human bloodstains by electron paramagnetic resonance spectros- 
‘copy: Long-term controlled experiment onthe effects of envinmenta factors. Forensic Sei It, 200, 
152(1):39-43. 

Gaensslen, RE, Sourcebook in Forensic Serolgy, Immunology. and Biochemistry. 1983. Washington, DC: US 
‘Government Printing Office. 

Gamer, D.D. etal, An evaluation of tetramethylbenzidine asa presumpive test for blood. J Forensic Se, 
1976,21(4): 816-821, 

Gineno, FE. Fill ash color photography to photograph luminol blod stain patterns. J Forensic Ident, 1989, 
39(5): 305-306, 

Gimeno, EE. and GE. Rij ill fash luminescence to photograph luminol blood sain patterns J Forensic 
Hen, 1989, 39(3): 1 

Grafit, A.A. Cohen, and ¥. Cohen, Estimation of orignal volume of dry bloodsains using spectrophoto- 
tmetrc method. J Forenste Ident, 2012, 62(4): 305-314 

Greenfield, A.M, Sloan, and R, Spaulding, ldentification of blood and body uid, iS, James, J. Nordby and 
S. Bal (ed), Forensi Science: An Introduction to Scenic and bnvestgative Techniques, pp. 208-228, 
2014. Baca Raton, FL: CRC Press. 

Grispino, RR, The effect of luminol on the serological analysis of dried human bloodstains. Crime Lab 
‘Digest, 1990, 17(1) 13-28, 

Gross, AM, KA. Haris and G-L. Kaldun, The effect of luminol on presumptive tests and DNA analysis 
using the polymerase chain reaction, J Farensi Sci, 1999, 44(4): 887-840, 

Gubin, ANN and LL Miller, Haman erythroid porphobilinogen deaminase exists in 2 splice variants. Blood, 
2001, 9763) 815-817 

Guo, K,, §. Achilefu, and MLY. Bereein, Dating bloodstains with fluorescence lifetime measurements 
Chemistry, 2012, 18(5): 1303-1305, 

Haas, Cet al, MRNA proiling for the identification of Hood—Results ofa collaborative EDNAP exercise. 
Forensic Sei Int Genet, 2011, 5(1); 21-26, 


242 


Bibliography 


Haas C, et al, Selection of highly specific and sensitive mRNA biomarkers for the identification of blood, 
Farensic Sei Int Genet, 2011, 5(3): 449-458, 

etal, RNA/DNA co-analyss from blood stains—Results ofa second collaborative EDNAP exer- 

cise, Forensic Sei Int Genet, 2012, 6(1): 70-80. 

Hanson, E., A. Allbornaz, and J. Ballantyne, Validation of the hemoglobin (Hb) hypsochromic shift assay for 
‘determination of the time since deposition (TSD) of dried bloodstains. Forensic Sci Int Genet Suppl 
Series, 2011, 3(1) €307~e308. 

Hanson, EK and J. Ballantyne, A blue spectral shift ofthe hemoglobin soret band correlates with the age 
(time since deposition) of dried bloodstains. PloS ONE, 2010, 5(9)-e12830. 

Hitch, A.L., A modified reagent for the confirmation of blood. J Forensic Sci, 1993, 38(6): 1502-1506, 

Higaki, RS. and WIM.S. Philp, A study for the sensitivity, stability, and specificity of phenolphthalein as an 
‘indicator test for blood. Can Sac Forensic Sc, 1976, (3): 97-102. 

Hochmeister, MN, B. Budowle, and FS. Baechtel, Effects of presumptive test reagents on the ability to 
‘obtain restriction fragment length polymorphism (RFLP) patterns from human blood and semen 
stains. J Forensic Sci, 1991, 36(3): 656-661, 

Inoue, H, et al, Identification of fetal hemoglobin and simultaneous estimation of bloodstain age by high- 
performance liquid chromatography: Int J Legal Med, 1991, 104(3): 127-131 

Inoue, H. etal, A new marker for estimation of loodstain age by high performance liquid chromatography: 
"Forensic Set Int, 1992, 87(1): 17-27. 

Intron, F Je, G. Di Vella, and C.P. Campobasso, Determination of postmortem interval from old skeletal 
remains by image analysis of luminol test results. J Forensic Sci, 1999, 4(3): 535-838, 

James, SH. and Nordby, [)., Forensic Seience: An Introduction to Scientific and Investigative Techniques, 2nd 
‘eda, 2005. Boca Raton, FL: CRC Press. 

Juusola, J. and Ballantyne, ., Multiplex mRNA profiling for the identification of body fluds. Forensic Sci Int, 


Haas, 


2005, 152: 1-12, 
Kashyap, V.K,, A simple immunosorbent assay for detection of human blood, J Immunoassay, 1989, 10(3} 
315-324, 


Kent, EJ, DA. Eliot, and G.M. Miskelly, Inbibition of bleach-induced luminol chemiluminescence. 
[Forensic Sci, 2003, 41): 64-67. 

Kohlmeier, F and PM. Schneider, Successful mRNA profiling of 23 years old blood stains. Forensic Set Int 
Genet, 2012, 6(2):274-276, 

Laux, DL, Effectsofluminol on the subsequent analysisof bloodstains. J Forensic Sc, 1991, 365): 1512-1520, 

Laux, DL. The detection of blood using luminol, in SH, James, PE. Kish, and TP. Sutton (eds), Principles 
‘of Bloodstain Pattern Analysis: Theory and Practice, pp. 969-390, 2005. Boca Raton, FL: CRC Press 

Lee, ILC, Identification and grouping of bloodstains, in R. Saferstein (ed), Forensic Science Handbook, 
‘pp. 267-337, 1982, Englewood Clif, NJ: Prentice Hall, 

Lee, H.C.,T. Palmbach, and MT. Mille, Henry Lees Crime Scene Handbook, 2001, San Diego: Academic 
Press, 

Lytle, LT and D.G, Hedgecac! 
Sci, 1978, 23(3): 550-562, 

‘Matsuoks, T, T. Taguchi, and J, Okuda, Estimation of bloodstain age by rapid determinations af oxyherso- 
slobin by use of oxygen electrode and total hemoglobin. Biol Pharm Bull, 195, 18(8): 1031-1035, 

‘Miyaishi,S, etal, Discrimination between postmortem and antemortem blood by a dot-ELISA for human 
myoglobin, Nihon Hoigaku Zasshi, 1994, 48(6): 433-438, 

Nussbaumer, C., Gharehbaghi-Schnell, E, and Korschineck, L, Messenger RNA profiling: a novel method 
for body fluid identification by real-time PCR, Forensic Se Int, 2006, 157: 181-186. 

Omelia, EJ, ML Uchimoto, and G. Williams, Quantitative PCR analysis of blood- and saliva-specific 
‘microRNA markers following solid-phase DNA extraction. Anal Biochem, 2013, 435(2)- 120-122, 

Ponce, A.C. and FA. Verdu Pascual, Critical revision of presumplive tests for bloodstains, Forensic Sei 
‘Comma, 1999, 1(2): 1-15, 

Quickenden, TI. and J1. Creamer, A study of common interferences with the forensic luminol test for blood. 
Luminescence, 2001, 16(4): 295-298. 

Quickenden, TI. and PD. Cooper, Increasing the specificity of the forensic luminol test for blood. 
Luminescence, 201, 16(3): 251-253, 

Quickenden, TH, CP. Ennis, and J1, Creamer, The forensic use of luminol chemiluminescence to detect 
traces of blood inside motor vehicles. Luminescence, 2004, 19(5): 271-277. 


CChemiluminescence in the visualization of forensic bloodstains, J Forensic 


243 


Forensic Biology, Second Edition 


Richards, A.and R, Leintz, Forense reflected ultraviolet imaging. J Forensic Ident, 2013, 63(1): 46-69. 

Santos, V.LD., WX. Paula, and E. Kalapothakis, Influence of the luminol chemiluminescence reaction 
‘on the confirmatory tests for the detection and characterization of bloodstains in forenste analysis. 
Forensic Sci Int Genet Suppl Series, 2009, (1): 196-197. 

Shaler, RC, Modern forensic biology, in R.Saferstein (ed.), Forense Science Handbook, pp. 525-614, 2002 
Upper Saddle River, NJ: Pearson Education, 

Shipp, E., eta Effects of argon laser light alternate source light, and cyanoacrylate fuming on DNA typing 
‘of human bloodstains.j Forensic Sci, 1993, 38(1): 184-191 

Spalding, R, The identification and characterization of blood and bloodstains, in S, James and J. Nordby 
(eds), Forensic Science: An Introduction to Scientific and Investigative Techniques, pp. 237-260, 2005, 
Boca Raton, FL: CRC Press 

Stollovic, M., Detection of semen and blood stains using polilight a alight source, Forensic Sei Int, 1991, 
5112): 289-296, 

Strasser, S, etal, Age determination of blood spots in forensic medicine by farce spectroscopy. Forensic Sei 
‘I, 2007, 1701): 8-14. 

Sutton, TP, Presumptive blood testing, in SIH, James (ed), Scientific and Legal Applications of Bloodstain 
Pattern Interpretation, pp. 48-70, 1998. Boca Raton, FL: CRC Press 

Suva, N., et al, Human blood identification using the genome profiling method. Leg Med, 2012, 14(3): 
21-125, 

‘Thomas, P and K. Farrugia, An investigation into the enhancement of fingermarks in blood on paper with 
‘genipin and lawsone. Si Justice, 2013, 53(3): 315-320, 

‘Tobe, SS.,N. Watson, and N.N. Dacid, Evaluation of six presumptive tess for blood, their specificity, sensi- 
livity, and elfect on high molecular-weight DNA. J Forensic Sei, 2007,52(1): 102-108, 

‘Tsutsumi, H. and Y, Katsumata, Forensic study on stains of blood and saliva in a chimpanzee bite case. 
Forensic Sei Inf, 1993, 61(2-3): 101-110. 

‘Toutsumi, A, ¥. Yamamoto, and H. Ishizu, Determination ofthe age of bloodstains by enzyme activities in 
blood cells. Nikon Hojgaku Zasshi, 1983, 37(6): 70-776 

‘Vandenberg, N. and R.A. van Oarschot, The use of Palilight in the detection of seminal fluid, saliva, and 
‘loodstains and comparison with conventional chemical-based screening tests. J Forensic Sci, 2006, 
51(2): 361-370, 

Virkler, K and LK. Ledney, Raman spectroscopic signature of blood and its potential application to forensic 
body fluid identification. Anal Rioanal Chem, 2010, 396(1): 525-53. 

‘Waye, JS. and DH. Chui, The alpha-globin gene cluster: Genetics and disorders. Clin Invest Med, 2001, 
24(2): 103-109, 

‘Webb, LJ. Creamer, and TL. Quickenden, A comparison ofthe presumptive luminol test lor blood with 
four non-chemiluminescent forensic techniques. Luminescence, 2006, 21(4); 214-220. 

‘Yanagida, J, M, Hara, and H. Nakamura, Estimation of age of dried bloodstains by a surface absorption 
spectrophotometric method. J Saitama Med School, 1978, (3): 221-225. 

‘Yanagida, |. etal, Colorimetric study on the color changes of ageing bloodstains J Saitama Med School, 
1981, &(1-2): 15-20, 

Zubako, D, etal, Stable RNA markers for identification of blood and saliva stains revealed from whole 
‘genome expression analysis of time-wise degraded samples. Int J Legal Med, 2008, 122(2): 135-142, 

Zubakow, D.s etal, New markers for old stains: Stable mRNA markers for blood and saliva identification 
from up to 16-year-old stains. Int J Legal Med, 2009, 123(1): 71-74 

‘Zweldinger, RA., LT. Lytle and C.G. Pitt, Photography of bloodstains visualized by luminol. J Forensic Sci, 
1975, 18(4): 296-302. 


244 


Species Identification 


(Chapter 12 discussed the principles of the identification of blood. Ifa stain is identified as blood, 
the evidence can be tested to determine whether the blood is of human origin. Ifthe bloodstain 
is nonhuman, further analysis is usually not necessary. 

Before forensic DNA techniques were implemented, species identification was largely deter- 
mined by serological methods. Currently, most forensic laboratories perform DNA quantita- 
tion prior to DNA profile analysis. The quantitation method specifically detects higher-primate 
DNA. The presence of DNA measured by the quantitation assays concurrently identifies a sam- 
ple as being of human origin (since crimes involving primate blood are extremely rare). Thus, 
species identification is usually not performed in forensic laboratories 

Nevertheless, species identification assays can be useful for screening to exclude or elimi- 
‘nate nonhuman samples unrelated to an investigation. Thus, itis practical for small laboratories 
to eliminate unnecessary analyses due to time and budget constraints. Additionally, species 
identification kits such as immunochromatographic devices allow field testing by crime scene 
investigators 

In cases involving the killing, trading, and possession of products derived from species that 
are protected from illegal hunting, it may be necessary to identify the animal species prior to 
further analysis, Species identification using DNA analysis can be performed using commonly 
used loci at the mitochondrial cytochrome b gene (Cytb), the cytochrome c oxidase I gene (CO), 
and the D-loop region. This type of identification is usually within the scope of wildlife forensic 
science and is thus not discussed here. 


13.1 General Considerations 

“Most assays for species identification are based on serological techniques, including primary 
and secondary binding assays. The most common primary binding assays are immunochro- 
‘matographic assays. The most commonly used secondary binding assays are precipitation-based 
assays that rely on the binding of an antigen to an antibody, causing the formation of visible 
Precipitation. These precipitation-based assays include ring assays, Ouchterlony assays, and 
crossed-over immunoelectrophoresis. These assays utilize antihuman and antianimal antibod- 
ies to identify human and animal species, respectively. 


13.1.1 Types of Antibodies 

An antihuman antibody that is used in the identification of human samples can be made by 
introducing human serum into a host animal, which then produces specific antibodies against 
the human serum proteins. Antibodies produced from different species of host animals may 
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produce variations in the characteristics of reactions, Since albumin is the most abundant pro- 
tein in human serum, the antihuman antibody that is produced reacts strongly with human 
albumin, Albumin is a protein that plays important roles in the maintenance of the vascular 
circulating fluid and the transportation of various substances such as nutrients, hormones, and 
‘metabolic products. Blood is drawn from the host animal and the serum portion is collected. 
‘The collected serum is a polyclonal antihuman antiserum containing a mixture of antibodies 
against various human serum proteins. Likewise, an antibody against animal serum proteins 
can also be made to identify animal species of interest. 

Other antibodies such as antihuman hemoglobin (Hb) antibodies can also be used to identify 
the human origin of a sample. Hb is an oxygen-transport protein that is found in erythrocytes 
(Chapter 12). Purified Hb can be used to generate monoclonal and polyclonal antihuman Hb 
antibodies. Likewise, antibodies recognizing glycophorin A (GPA), a human erythrocyte mem- 
bbrane antigen (see Section 13.2.2), can also be produced in a similar manner. 


13.1.2 Titration of Antibodies 

Recall that the ratio of antigen to antibody is critical for the success of a secondary reaction 
(Chapter 10). An extreme excess of antigen or antibody concentrations can inhibit secondary 
reactions. The prozone and postzone phenomena must be considered, and the concentrations of 
antigen and antibody must be carefully determined for forensic serology assays. For instance, 
in the prozone situation, a false-negative reaction may occur due to the presence of a high con- 
centration of antibody. 

Quality-control procedures can be used to estimate the amount of a specific antibody 
that is present, often via titration (Figure 13.1), To titrate an antiserum, a series of dilutions 
are made and each dilution is then tested for activity using precipitation or agglutination 
‘methods. The reciprocal of the highest dilution giving a positive reaction is known as the 
titer. This reflects the amount of antibody in the antiserum. Additionally, the polyclonal 
antiserum is a mixture of antibodies; thus, the reaction of the antiserum may vary from 
animal to animal (of the same species). Each lot or batch of antiserum must be validated by 
titration, 


13.1.3. Antibody Specificity 
In addition to the titer, the specificity of the antihuman antibody must be tested. Most 
antihuman antibodies usually have cross-reactivity with higher primates, This is not a great 


Undid 972A 1/128 Negative 
control 


Figure 13.1 Titration of antibodies. Serum is serially diluted and a constant amount of antigen is 
applied to each tube. The mixture is incubated, allowing agglutination to occur. The reciprocal of the 
highest dilution giving a positive agglutination reaction is 64 (the titer). (@ Richard C. Li.) 
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concern because crimes involving nonhuman primates are very rare. Nevertheless, the antihu- 
‘man antibody must not cross-react with other commonly encountered animals. Antisera and 
positive control samples must be validated for cross-reactivity. Tissue specificity must also be 
validated. The antiserum against human serum is usually reactive with other human biological 
fluids such as semen and saliva 


13.1.4 Optimal Conditions for Antigen-Antibody Binding 
A number of factors can affect antigen-antibody binding. For example, increasing ionic 
strength can inhibit the binding of an antigen and an antibody. Stronger inhibition is usu- 
ally observed for ions with large ionic radii and small radii of hydration, It is believed that 
the lower degree of hydration permits interactions of ions and the antibody-binding site, 
leading to inhibition. A proper buffer system must be selected in serological assays to ensure 
reliable results. The introduction of polymers can facilitate precipitation in secondary bind- 
ing reactions because the presence of a polymer in a solution decreases the solubility of pro- 
teins. Linear hydrophilic polymers with high molecular weights (e.g., polyethylene glycol) are 
preferred. Additional factors such as temperature and pH can also affect antigen-antibody 
binding, 


13.2 Assays 
Samples can be prepared by cutting out a portion ofa stain or scraping stains from a surface. 
‘A sample is usually extracted with a small volume of saline or buffer. The extracted sample can 
be tested using the assays described inthe following subsections. Controls should be included, 
for example, by using a known human serum as a positive control and an extraction blank as a 
negative contol 


13.2.1. Immunochromatographic Assays 
Immunochromatographic assays are rapid, specific, and sensitive and can be used in both labo- 
ratory and field tests for species identification. Two types of assays are discussed, including those 
based on the detection of human erythrocyte proteins. Chapter 11 discusses the principle of 
immunochromatographic assays in more detail. 


13.2141 Identification of Human Hemoglobin Protei 
‘Commercially produced immunochromatographic kits such as the Hexagon OBT! (Human 
Gesellschaft fir Biochemica und Diagnostica mbH, Wiesbaden) and the ABAcard HemaTrace® 
(Abacus Diagnostics, California) are available. They utilize the antibody-antigen-antibody 
sandwich method by using antibodies that recognize human Hb. The ABAcard HemaTrace 
assay utilizes a labeled monoclonal antihuman Hb antibody contained in a sample well, and a 
polyclonal antihuman Hb antibody immobilized at a test zone of a nitrocellulose membrane. 
‘Additionally, an antiglobulin that recognizes the antibody is immobilized onto a control zone 
(Figure 13.2) 

‘A sample can be prepared by cutting a small portion (2 mm diameter) of a stain or a swab. 
Each sample is extracted for 5 min in 2 mL of extraction buffer. A longer extraction time may be 
used for older stains. The samples are loaded into the sample well, and the antigen in the sample 
binds to the labeled antibody in the well to form an antigen-antibody complex, which then 
diffuses across the nitrocellulose membrane, At the test zone, the solid-phase antihuman Hb 
antibody binds to the antigen-antibody complex to form a labeled antibody-antigen-antibody 
sandwich. 

‘The ABAcard HemaTrace” uses a pink dye that is visualized in a positive result as a pink 
horizontal line at the test zone (Figure 13:3). In the control zone, unbound labeled antihuman 
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power> connection > pushbutton 
is opened and the other set of contacts is 
closed, until the button is released. This is 
sometimes described as a Form C pushbut- 
ton. 


For a single-throw pushbutton, the terms NC or 
NO may be used to describe it as normally 
closed or normally open. 


Slider 

This type, also known asa slide pushbutton, con- 
tains a thin bar or rod that slides in and out of a 
long, narrow enclosure. Contacts on the rod rub 
actoss secondary contacts inside the enclosure. 
Closely resembling a slider switch, it is cheap, 
‘compact, and well adapted for multiple connec- 
tions (up to 8 separate poles in some models). 
However, it can only tolerate low currents, has 
limited durability, and is vulnerable to 
contamination 


A four-pole, double-throw pushbutton is shown 
in Figure 5-5. A variety of plastic caps can be ob- 
tained topress-fitontotheend of thewhitenylon 
actuator. 


Figure 5-5. A 4PDT slider pushbutton, shown without the 
ap that can be snapped onto the end of the actuator 


Figure 5-6 shows schematic symbols fortwo pos- 
sible slide pushbuttons, with a black rectangle 
indicating each sliding contact. The lead that 
functions as a pole is marked with a P in each 
case, Standardization for slide pushbutton sche- 


Variants 


matic symbols does not really exist, but these 
examples are fairly typical. An insulating section 
that connects the sliding contacts internally is 
shown here as a gray rectangle, but in same da- 
tasheets may appear asa line or an open rectan- 
ale. 


Since the symbols for a slide pushbutton may be 
identical to the symbols for a slide switch, care 
must be taken when examining a schematic, to 
determine which type of componentisintended. 


L111 
IF 
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Figure 5-6. Left: schematic symbol for a simple SPOT 
slide pushbutton, where a movable contact sharts togath 
er either the left pair or right par of fixed contacts. Right: 
‘A APT pushbutton in which the same principle has been 
extended. The movable contacts are attached to each 
‘ther mechanically by an insulator Each pote terminalis 
‘marked with aP. 


Styles 

Many pushbutton switchesaresold without caps 
attached. This allows the user to choose from a 
selection of styles and calors. Typically the cap is 
a push-fit onto the end of the rod or bar that ac- 
tivates the internal contacts, Some sample caps 
are shown in Figure 5-7, alongside a DPDT push- 
button. Any of the caps will snap-fit onto its ac- 
tuator. 


‘An illuminated pushbutton contains a small in- 
candescentbulb,neon bulb, or LED (light-emitting 
diode). Thelightsource almost alwayshasits own 
two terminals, which are isolated from the other 
terminals on the button housing and can be 
wired to activate the light when the button is 
pressed, when it is released, or on some other 
basis. Pushbuttons containing LEDs usually 
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Figure 13.2 Immunochromatographic assays for the identification of Hb in human blood. (a) In 
‘a sample well, Hb in a blood sample is mixed with a labeled anti-Hb Ab. (b) The Hb binds to 
the labeled anti-Hb Ab to form a labeled Ab-Hb complex. The complex diffuses toward the test 
zone. (c) At the test zone, the labeled Ab-Hb complex binds to an immobilized anti-H Ab to 
form a labeled Ab-Hb-Ab sandwich. (d) At the control zone, the labeled anti-Hb Ab binds to an 
immobilized antiglobulin and is captured. Ab and Hb represent the antibody and hemoglobin, 
respectively. (@ Richard C. Li) 


Hb antibody binds to the solid-phase antiglobulin. This antibody-antiglobulin complex at the 
control zone also produces a pink horizontal line. The test is considered valid only if the line in 
the control zone is observed. The presence of human Hb results in a pink line at both the test 
and control zones, The absence of human Hb results in a pink line in the control zone only. A 
Positive result can appear in less than a minute. 

‘Validation studies have revealed that the sensitivity of the ABAcard HemaTrace® can beaslow 
a5 0.07 g/mL. of Hb. The normal blood Hb concentration is 14-18 and 12-16 g/dL among males 
and females, respectively. This assay is more sensitive than the Kastle-Meyer assay (Chapter 12) 
‘Additionally, the assay is responsive to aged stains and degraded materials. Specificity stuclies 
hhave shown that itis specific for blood of higher primates, including humans. However, it is also 
responsive to seminal stains, and oral, vaginal, anal, and rectal swabs. Itis believed that these 
biological fluids contain very low amounts of Hb, which can still be detected by highly sensitive 
assays, However, if the concentration of blood is too high, a false negative can result due to the 
high-dose hook effect described in Chapter 11 


13.2.1.2 Identification of Human Glycophorin A Protein 
Commercially produced immunochromatographic kits such as RSID™-Blood (Independent 
Forensics, Hillside, IL) use antibodies that recognize human GPA (Figure 13.4). A labeled 
‘monoclonal antihuman GPA antibody is contained in a sample well, and a second monoclonal 
antihuman GPA antibody, to a different epitope of GPA, is immobilized onto a test zone of the 
‘membrane. An antiglobulin that recognizes the antibody is immobilized onto a control zone 
(Figure 13.5). 
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Figure 13.3 Human blood identification using immunochromatic devices. Top: In an assay 
using an ABAcard HemaTrace device, the negative (left) and positive (right) results are shown. 
The “C" band indicates that the test is valid. The "T" band indicates the presence of human 
blood. The sample well is labeled “S." (© Richard C. Li.) Bottom: The positive (left) and nega: 
tive (right) results are shown using a Hexagon-OBT! device. The “C” band indicates that the 
test is valid. The “T” band indicates the presence of human blood. (From Ramsthaler, F., et al., 
Postmortem interval of skeletal remains through the detection of intraosseal hemin traces. A 


comparison of UV-fluorescence, luminol, Hexagon-OBTI(R), and Combur(R) tests. Forensic Sci 
Int, 209, 59-63, 2011. With permission.) 


‘The sample can be collected by cutting outa small portion of a stain or a swab. The sample is 
then extracted overnight in an extraction buffer, The extract is removed and mixed with a run- 

ning buffer. The assay is carried out by loading the extracted sample into the sample well. Again, 
the presence of GPA results in a pink line at both the test zone and the control zone, while the 
absence of GPA results in-a pink line in the control zone only. The testis considered valid only if 
the line in the control zone is observed. A result can be read after 10 min. 

Validation studies revealed that the sensitivity of the RSID kit can be as low as 100 nl of 
human blood. Species specificity studies showed no cross-reactivity with various animal spe. 
cies, including nonhuman primates, Biological fluid specificity studies revealed that the kit is 
not responsive to other human biological fluids such as semen, saliva, urine, milk, and amniotic 
and vaginal fluid. No high-dose hook effects were observed in samples containing up to 5 pL of 
blood, 
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Cytosolic domain 


Figure 13.4 Diagram of the structure of glycophorin (GPA) protein. GPA is a transmembrane pro- 
tein on the human erythrocyte membrane. A GPA dimer is shown. The extracellular domain of the 
GGPA is glycosjlated with carbohydrate side chains (red). Various GPA epitopes are antigenic deter- 
minants of several blood group systems, (@ Richard C. Li.) 
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Figure 13.5 Immunachromatographic assays for the identification of GPA in human blood. (a) Ina 
‘sample well, GPA in a blood sample is mixed with a labeled anti-GPA Ab. (b) The GPA binds to the 
labeled anti-GPA Ab to form a labeled Ab~GPA camplex. (c) At the test zone, the labeled Ab-GPA 
‘complex binds to an immobilized anti-GPA Ab to form a labeled Ab~GPA-Ab sandwich. (d) At the 
control zone, the labeled anti-GPA Ab binds to an immobilized antiglabulin and is captured. Ab and 
GPA represent the antibody and GPA protein, respectively. (© Richard C. Li.) 
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13.2.2 Double Immunodiffusion Assays 
1.2.2.1 Ring Assay 

Chapter 11 discussed the basic principle of ring assay in detail. In this double immunodiffu- 
sion assay, an antihuman antibody reagent is placed at the bottom of a test tube and a blood- 
stain extract is placed on top of the bottom layer, as illustrated in Figure 13.6, The procedure is 
described in Box 13.1. Ina positive reaction, a white precipitate between the two layers observed 
after several minutes indicates that a sample is of human origin. If the bloodstain extract is not 
‘human, no precipitation should appear. 


13.2.2.2 Ouchterlony Assay 
‘The basic principle ofthis double immunodiffusion assay has also been discussed in Chapter 11. 
‘The procedure of the Ouchterlony assay is described in Box 13.2. In a positive reaction, a line 
of precipitate will form between each antigen well and antibody well. This assay can also deter- 
‘mine the similarity of the antigens (Figure 13.7). During the diffusion process, different anti- 
gen-antibody complexes migrate at different rates. Consequently, a separate line of precipitate 
will appear in the gel for each antigen-antibody complex. In an assay in which two antigens are 
loaded in adjacent wells and an antibody in the third well, the following results can be observed: 


If the two antigens are identical, the two lines will become fused. This phenomenon is 
referred to as identity 

i) Ifthe two antigens are totally unrelated, the lines will cross each other but not fuse: 
this is known as nonidentity. 
Ifthe two antigens are related (share a common epitope) but are not identical, the lines 
‘will merge with spur formation. The spurs are continuations of the line formed by the 
antigen due to its unique epitope. This phenomenon is known as partial identity. 


‘Thus, in a species test, a positive result is noted when the precipitate lines for the positive 
controls and the samples fuse. No spur formation should be observed, 


13.2.3 Crossed-Over Electrophoresis 

‘This method is a combination of immunodiffusion and electrophoresis (also see Chapter 11). 
‘The procedure for the assay is described in Box 13.3. With this technique, a sharp precipitate 
band is visualized in a positive reaction (Figure 13.8). However, false-negative results can occur 
due to the postzone phenomenon, in which excess antigen may inhibit precipitation. In this 


Antigen 
solution 


Ring of precipitate 


Antiserum 


Figure 13.6 Ring assay. The antigen solution is carefully applied over the antiserum solution, 
Incubation may be necessary in order to form a ring of precipitate. (@ Richard C. Li) 
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BOX 13.1 RING ASSAY PROCEDURE 


Sample preparation and extraction 
+ Extract a portion ofa stain with saline at 4°C overnight. 


Controls 


+ Include a positive control (known human serum sample) and a negative control 
(extraction blank), 


Loading of antibody and samples 
«+ Spin the antihuman antibody in a microfuge and transfer the supernatant into 
test tubes or capillary tubes (depending on the volume of the stain and the anti- 
serum extracted). 
+ Place the sample carefully over the top of the antiserum solution, which is usually 
denser than the sample. 


Immunodiffusion reaction 
‘+ Carry out the reaction at room temperature, 
+ Ina positive reaction, white precipitate between the two layers can be observed 
after several minutes. This indicates that the sample is of human origin, No pre- 
cipitate is formed ifa bloodstain extract is froma nonhuman origin. 


BOX 13.2. OUCHTERLONY ASSAY PROCEDURE 


Sample preparation and extraction 
‘+ Cut out a small portion (approximately 5x5 mm) of a stain or a portion of a 
swab, 
+ Extract at room temperature in 100 iL. of water for 30 min. The extract can be 
diluted if necessary. Alternatively, a very small piece of the stain or swab can be 
inserted directly into the well. 


Controls 
+ Positive (known serum) 
+ Negative (extraction blank) 
+ Substrate controls (extraction of substrate from unstained area) if applicable 


Agarose gel preparation 
Heat a suspension of agarose (4%) until liquefied. Cool the solution in a water bath at 55°C. 
Pour the agarose onto a piece of glass slide and let the gel solidify to a thickness of about 
2-3mm., Alternatively, a polyester support film such as GelBond (Cambrex, New Zealand) 
can be used asa gel support. The agarose should be poured onto the hydrophilic side of a 
piece of GelBond film (6%9 cm). Punch wells consisting of a central well surrounded by 
four wells using a template 
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Loading antibodies and samples 
+ Apply antihuman antibody to the central well. Apply the positive control to one 
of the surrounding wells. 
+ Apply the sample(s) in question next to a positive control, 
‘+ Apply negative and substrate controls to the remaining wells; only one negative 
control is needed per gel. 


Immunodiffusion reacti 
Incubate the plate overnight in a moisture chamber at 37°C. 


Staining 
Soak the gel overnight in saline solution and then soak it in deionized water for 10 min. 


Repeat once. Dry the gel between paper towels with a weight on top for 30 min. Dry in an 
oven for 30 min. Stain the gel with Coomassie blue. Stained precipitate bands appear blue. 
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Figure 13.7 Results of Ouchterlony assay. Ab indicates an antibody. Agl and Ag? are the antigen 
‘samples in question. (a) Identity. The two antigens are identical (fused line). (b) Nonidentity. The 
‘wo antigens are unrelated (spur). (c) Partial identity. The two antigens are related but not identical 
(fused line with spur). (@ Richard C. Li.) 
situation, the sample can be diluted and the assay can be repeated. False-negative results can 
also occur due to simple mistakes made during electrophoresis: 
Electrophoresis is carried out in the opposite direction, which results in samples run- 
ning off the gel 


Electrophoresis is carried out using an incorrect buffer system, affecting antigen 
antibody binding. The amount of current applied during the electrophoresis is too 
strong and generates heat and denatures proteins. 
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BOX 13.3 CROSSED-OVER ELECTROPHORESIS PROCEDURE 


‘Sample preparation and extraction 
+ Cut outa small portion (-5x5 mm) of astain ora portion of a swab, 
+ Extract at room temperature in 100 iL of water for 30 min. The extract can be 
diluted if necessary. Alternatively, a very small piece of the stain or swab can be 
inserted directly into the well, 


Controls 


+ Positive (known serum) 
+ Negative (extraction blank) 
+ Substrate (extraction of substrate from unstained area) if applicable 


Agarose gel preparation 
Heat a suspension of agarose (4%) until liquefied. Cool the solution in a water bath at 55°C. 
Pour the agarose onto a piece of glass slide and let it solidify. Alternatively, a polyester sup- 
port film such as GelBond can be used asa gel support. The agarose should be poured onto 
the hydrophilic side of a piece of GelBond (6X9 cm). Punch small wells (about 1-2 mm) 
in rows using a template, 


Loading antibodies and samples 


+ Apply antihuman antibody in one row of wells. 
+ Apply samples in the other row of wells. Apply the positive, negative, and sub- 
strate controls, 


Electrophore: 


‘Submerge the agarose gel in an electrophoresis tank in proper orientation. The wells con- 
taining antihuman antibody should be closest to the anode (positive electrode) and the 
‘wells containing samples should be closest to the cathode (negative electrode). During 
electrophoresis, the antibody in the antiserum should migrate toward the cathode while 
the antigen migrates toward the anode, Electrophoresis is carried out at 10 Viem for 
20 min. 


Staining 

Soak the gel overnight in a saline solution and then soak it in deionized water for 10 min. 
Repeat once. Dry the gel between paper towels with a weight on top for 30 min. Dry in 
an oven for 30 min, Stain the gel with Coomassie blue. Stained precipitate bands appear 
blue. 
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Precipitate 


Antichuman Ab @ @ Animal blood 


Antianimal Ab @ @ Animal blood 


Figure 13.8 Results of crossed-over electrophoresis. A precipitate line is formed between a human 
bload sample and an antihuman antibody. No precipitate line is formed when the antihuman anti- 
body is tested for an animal blood sample. A precipitate line is formed between the animal blood 
‘sample and the antianimal antibody. (@ Richard C. Li.) 
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Identification of Semen 


14.1 Biological Characteristics 

A typical ejaculation releases 2-5 mL. of semen, which contains seminal fluid and sperm cells 
(spermatozoa). A normal sperm count ranges from 10° to 10* spermatozoa per milliliter of 
semen. The spermatozoa are formed from spermatogonia in the seminiferous tubules of the tes- 
tes, This process of generating spermatozoa is referred to as spermatogenesis (Figure 14.1), The 
spermatozoa are then transported and stored in the tubular network of the epididymis where 
they undergo functional maturation (spermatogenesis and maturation take approximately 
3 months). The epididymis joins the ductus deferens, which transports matured sperm from 
the epididymis to the ejaculatory duct. From there, spermatozoa follow the ejaculatory ducts 
into the prostatic urethra where they are joined with secretions from the prostate. Figure M4.2 
illustrates the anatomy of the male reproductive system. 

‘Seminal fiuid is a complex mixture of glandular secretions. A typical sample of seminal fluid 
contains the combined secretions of several accessory glands. Seminal vesicle fluid accounts 
for approximately 60% of the ejaculate. Various proteins secreted by the seminal vesicles play a 
role in the coagulation of the ejaculate. Additionally, seminal vesicle fluid contains flavin, which, 
‘causes semen to fluoresce under ultraviolet light, often utilized when searching for semen-stain 
evidence. 

Prostatic fuid secretions account for approximately 30% of the ejaculate, The components of 
this fluid are complex as well. This portion of semen contains high concentrations of acid phos- 
phatase (AP) and prostate-speciic antigen (PSA), Both are useful markers for the identification 
‘of semen in forensic laboratories. The epididymis and the bulbourethral secretions each account 
for approximately 5% of the ejaculate 

‘A vasectomy is the surgical removal ofa bilateral segment of the ductus deferens. The sur- 
gery prevents spermatozoa from reaching the distal portions of the male reproductive tract. 
However, a vasectomized male can still produce ejaculate that contains only seminal vesicle 
fluid, prostatic fluid, and bulbourethral fluid. The condition by which males have abnormally 
low sperm counts is known as oligospermia. Azoospermia is a condition that causes males to 
produce no spermatozoa. However, the secretion of seminal fluid is not affected in males who 
have these conditions. DNA derived from epithelial cells can be isolated from the seminal 
fluids of these individuals. 


14.1.1 Spermatozoa 
A human spermatozoon has three morphologically distinct structures: the head, the middle 
piece, and the tail (Figure 14.3). The head contains a nucleus with densely packed chromo- 
somes. At the tip of the head is the acrosomal cap, which is a membranous compartment 
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Figure 5-7, Caps (buttons ar knobs) that may be sold as 
separate accessories for some pushbuttons, shown here 
alongside a compatible pushbutton switch, 


require external series resistors, which should be 
chosen according to the voltage that will be 
used. See the LED entry in Volume 2 for addi- 
tional commentary on appropriate series resis- 
tors. An example of an illuminated pushbutton is 
shown in Figure 5-8. This is a DPDT component, 
designed to be mounted on a printed circuit 
board, with an additional lead at each end con- 
necting with an internal LED underneath the 
translucent white button, 


Termination and Contact Plating 


These options are the same as for a switeh and 
are described in that entry. 


Mounting Style 
The traditional panel-mounted button is usually 
secured through a hole in the panel by tighten- 
ing a nut that engages with a thread on the 
bushing ofthe pushbutton. Alternatively, a push- 


wer > connectior 


is pushbutton contains an LED underneath 
i bution, 


button housing can have flexible plastic protru- 
sions on either side, allowing it to be snapped 
into place in an appropriate-sized panel cutout. 
This style is shown in Figure 5-4 


PC pushbuttons (pushbuttons mounted in a 
printed circuit board, or PCB) are a common var- 
iant. After the component has been installed in 
the circuit board, either the button must align 
with acutoutin the front panel and pokethrough 
it when the device is assembled, or an external 
(non-electrical) button thats partofthe product 
enclosure must press on the actuator of the 
pushbutton after assembly. 


Surface-mount pushbuttons that allow direct 
fingertip access are uncommon. However, about 
one-quarter of tactile switches are designed for 
surface mount at the time of writing. They are 
typically found beneath membranes that the 
User presses to activate the switch beneath—for 
example, in remotes that are used to operate 
electronic devices. 


Sealed or Unsealed 

A sealed pushbutton will include protection 
against water, dust, dirt, and other environmen- 
tal hazards, at some additional cost 
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Figure 14.1 Spermatogenesis. In the seminiferous tubules (left) of the testes, spermatogonia 
(located at peripheral area of the seminiferous tubules) are differentiated to spermatids (located 
at the center of the seminiferous tubules). The spermatids are eventually differentiated to matured 
‘spermatozoa (right). (@ Richard C. Li.) 


uretheal orifice 


Figure 14.2 Male reproductive system and accessory glands (unilateral view). (© Richard C. Li.) 


containing enzymes essential for fertilization. The head is attached to the middle piece 
through a short neck where the mitochondria that provide the energy for moving the tail are 
located. The tail or flagellum is responsible for spermatozoon motility. In contrast to other 
cell types, a mature spermatozoon lacks various intracellular organelles such as an endo- 
plasmic reticulum, Golgi apparatus, lysosomes, and peroxisomes. In a normal male, at least 
{60% of spermatozoa have normal morphology, so morphological abnormalities can often be 
observed. 
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Figure 14.3. Structure of spermatozoon. (® Richard C. Li) 


14.1.2 Acid Phosphatase 
Acid phosphatase (AP) consists of a group of phosphatases with optimal activity in an acidic pH 
environment. The greatest forensic importance of AP is that the prostate-derived AP contributes 
‘most ofthe AP activity present in semen, AP levels in semen are not affected by vasectomies. AP 
isoenzymes are also found in other tissues (Section 16.2) 

‘The halflife of AP activity at 37°Cis 6 months. However, the half-life is decreased if sample 
is stored in a wet environment. AP activity can be detected from dry seminal stains stored at 
-20°C up to 1 year. Low levels of prostatic AP are present in the sera of healthy males, Elevated 
levels of prostatic AP found in serum are useful in diagnosing and monitoring prostate car- 
cinoma. Many AP tests utilized in clinical testing may be used to identify semen for forensic 
applications. 


14.1.3 Prostate-Specific Antigen 
Prostate-specific antigen (PSA) is a major protein present in seminal fluid at concentrations of 
0.5-2.0 mg/mL. PSA is produced in the prostate epithelium and secreted into the semen, PSA 
can also be found in the paraurethral glands, perianal glands, apocrine sweat glands, and mam- 
‘mary glands, Thus small quantities can be detected in urine, fecal material, sweat, and milk. 

PSA can also be found at much lower levels in the bloodstream. An elevated plasma PSA is 
present in prostate cancer patients, and itis widely used as a screening test for this disease. PSA 
is also elevated in cases of benign prostatic hyperplasia and prostatitis. The synthesis of PSA is 
stimulated by androgen, a steroid hormone. 

PSA is a protein that has a molecular weight of 30 kDa and is thus also known as P30, It 
is responsible for hydrolyzing semenogelin (Sg), which mediates gel formation in semen 
(Section 14.1.4). PSA isa member of the tissue kallikrein (serine protease) family and is encoded 
by the KLK3 locus located on chromosome 19. In addition to PSA, other tissue kallikreins 
‘encoded by KLK2 and KLKG loci are expressed in the prostate. The half-life for PSA in a dried 
semen stain is about 3 years at room temperature, The half-life is greatly reduced when a sample 
is stored in wet conditions. 


14.1.4 Seminal Vesicle-Specific Antigen 

Human sentinal vesicle-specific antigen (SVSA) includes two major types, semenogelin I 
(Sgl) and semenogelin II (Sgll), and constitutes the major seminal vesicle-secreted protein 
in semen. On ejaculation, SVSA forms a coagulum that is liquefied after a few minutes due 
to the degradation of SVSA by PSA. In humans, both Sgl and Sgll are present in a number 
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of tissues of the male reproductive system, including the seminal vesicles, ductus deferens, 
prostate, and epididymis. They are also present in several other tissues such as skeletal 
muscle, kidney, colon, and trachea, They have also been found in the sera of lung cancer 
patients. 

“The use of Sg asa marker for semen identification instead of PSA presents certain advantages. 
‘The concentration of Sg in seminal fluid is much higher than that of PSA, and this is beneficial 
for the sensitivity of detection. Sg is present in seminal fluid and absent in urine, milk, and 
sweat, where PSA can be found. Although Sg compounds are present in skeletal muscle, kidney, 
and colon, this is nota great concern because these tissue samples are not routinely collected for 
semen detection in sexual assault cases, 


14.2 Analytical Techniques for Identifying Semen 
‘The location of semen stains is usually carried out through visual examination. Particularly, 
the application of alternate light sources (ALSs) can facilitate searches for semen stains. The 
presumptive identification of semen is largely based on the detection of the presence of prostatic 
AAP activity in a sample, However, most presumptive assays cannot completely distinguish pros 
tatic AP from nonprostaic AP. Confirmatory asays forthe identification of semen are available, 
including the microscopic examination of spermatozoa, the identification of PSA and SVSA, 
and the RNA-based assay 


14.2.1 Presumptive Assays 
14.2.141 Lighting Techniques for Visual Examination of Semen Stains 

Lighting techniques can be used to aid in searching for semen stains. A dried semen stain fluo: 
resces under certain light sources such as ALSs or argon lasers. ALSs are most commonly uti: 
lized for the visual examination of semen stains (Chapter I; Figures 14.4 and 14.5), Excitation 
wavelengths between 450 and 495 nm can be used, allowing for the visualization of fluorescence 
with orange goggles. However, this approach is not specific for semen. Other bodily fluid stains, 
such as saliva and urine stains, can also fluoresce with less intensity. Additionally, the intensity 
of the fluorescence can be affected by different colors of substrates, and the material, such as 
clothing, where semen stains have been deposited. 


Figure 14.4 A tabletop ALS device (left) for the detection of semen stains (right). (@ Richard 
Li) 
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Figure 14.5 Examining a garment for semen stains. (a) A potential semen stain (labeled) is found 
‘on a garment, and (b) the stain fluoresces when irradiated with an ALS device, (@ Richard C. Li.) 


14.2.1.2 Acid Phosphatase Techniques 
14.2.1.2.1 Colorimetric Assays 

Colorimetric assays can be used for the presumptive identification of semen. The AP contained 
in semen can hydrolyze a variety of phosphate esters. It catalyzes the removal of the phosphate 
group from a substrate (Figure 14.6). Subsequently, an insoluble colored precipitate at sites of 
acid phosphatase activity is formed with a stabilized diazonium salt (usually in the form of zinc 
double salts). 


‘ 
gr ee 
Wo a o—P—OH + R—OH 


Figure 14.6 Reaction catalyzed by acid phosphatases (EC 3.1.3.2). The optimal pH of the reaction 
is usually under pH 7. 


261 


Forensic Biology, Second Edition 


However, interference during a test by nonprostatic AP isoenzymes (multiple forms of AP), 
such as contamination by AP commonly present in vaginal secretions (Chapter 16), can create 
problems in specimens collected from victims. Thus, itis desirable to be able to increase the 
specificity of the assay for prostatic AP. One solution is the application of substrates that are 
hydrolyzed rapidly by the prostatic enzyme and at a slower rate by the other forms of AP iso- 
‘enzymes, For example, a-naphthylphosphate and thymolphthalein monophosphate are more 
specific to prostatic AP than phenyl phosphate and 4-nitrophenyl phosphate (Figure 14.7). The 
‘most common method for forensic applications is the use of a-naphthyl phosphate as a sub- 
strate. In the presence of AP, c-naphthylphosphate is hydrolyzed to phosphate and a-naphthol. 
Subsequently, the Fast Blue B, a stabilized diazonium salt, is added to carry out an azo coupling 
reaction, producing a purple azo dye (Figures 14.8 through 14.10) 

Prostatic AP is water soluble. Thus, a moistened cotton swab or piece of filter paper can be 
used to transfer a small amount of sample froma stain by briefly pressing onto the questioned 
stain area, The a-naphthylphosphate reagent is added to the swab or filter paper followed by the 
addition of Fast Blue B reagent. Ifa purple coloration develops within I min, the testis consid- 
ered a positive indication for semen. Color that develops after more than 1 min may arise from 
the activity of nonprostatic AP. 

‘Additionally, the prostatic enzyme is strongly inhibited by dextrorotatory tartrate ions. Thus, 
these inhibitors, particularly tartrate, allow a distinction to be made between prostatic AP and 
other AP isoenzymes. Prostate and vaginal acid phosphatase can also be distinguished by using 
gel electrophoresis (Chapter 16). 
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Figure 14.7 Chemical structures of acid phosphatase substrates. (a) a-Naphthyl phosphate, 
(b) thymoiphithalein monophosphate, (c) phenyl phosphate, (d) 4-nitrophenyl phosphate, and (e) MUP. 
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CO Nap phosphate 


Azo dye 


Figure 14.8 A colorimetric acid-phosphatase assay. In this assay, a-naphthylphosphate is 
hydrolyzed by acid phosphatase to phosphate and w-naphthol. The a-naphthol is subsequently 
converted into a purple azo dye with a diazonium salt such as Fast Blue 8 salt. AP, acid 
phosphatase. 


Figure 14.9 AP colorimetric assay. (a) A small amount of sample from the stain is transferred 
using a moistened cotton swab. (b) The substrate reagent is applied, followed by adding Fast Blue 
B reagent. (c) Purple coloration indicates a positive reaction. (@ Richard C. Li) 
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Figure 14.10 Photo of a colorimetric acid-phosphatase assay using w-naphthylphosphate as a 
substrate. (© Richard C. Li) 
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Figure 14.11 The principle of MUP assay for detecting acid phosphatase activity. Inthe presence 
‘of acid phosphatase, 4-methylumbelliferone phosphate (MUP) is hydrolyzed, forming phosphate 
and 4-methylumbelliferone (MU), which fluoresces. AP, acid phosphatase. 


14.2.1.2.2 Fluorometric Assays 
Fluorometric methods are more sensitive than the colorimetric detection of AP and are used for 
semen stain mapping. AP catalyzes the removal of the phosphate residue on a 4-methylumbel- 
liferone phosphate (MUP) substrate (Figure 14.11), reaction that generates fluorescence under 
ultraviolet light. A piece of moistened filter paper, marked for proper orientation and identifica- 
tion, is used for transferring the prostatic AP. The evidence to be tested, a garment for example, 
is covered by the filter paper. Gloved hands are used to press the filter paper onto the stained 
area, ensuring that the evidence is in close contact with the paper. The filter paper i lifted from 
the evidence and examined in a dark room using long-wave ultraviolet light to detect any back- 
‘ground fluorescence, which is then marked on the paper. The paper can then be sprayed with 
‘MUP reagent ina fume hood. The AP reaction on the paper can be visualized immediately. Areas 
‘where semen is present can be visualized as fluorescent areas on the filter paper (Figure 4.12). 


14.2.2 Confirmatory Assays 
14.2.2.1 Microscopic Examination of Spermatozoa 

‘The cells from a questioned stain on an absorbent material can be transferred to a microscope 
slide by extracting a small portion of a stain with water, followed by gentle vortexing, The sus- 
pension is then transferred to a slide and evaporated at room temperature or fixed with low heat. 
Alternatively, it can be transferred by dampening the stain with water and rubbing or rolling it 
‘onto a microscope slide, 
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Figure 14.12 Fluorometric assay of acid phosphatase for locating semen stains. Evidence item 
(a) is closely covered by a piece of moistened filter paper (b) to allow transfer of a small amount of 
stain. The orientation of the paper is marked (c). The paper is lifted. The background fluorescence 
is marked under UV light (d). The filter paper is treated with MUP (el. The presence of fluorescence 
under ultraviolet light indicates semen stains (f). (© Richard C. Li.) 


Microscopic identification of spermatozoa provides the proof of a seminal stain. Histological 
staining can facilitate microscopic examination. The most common staining technique is the 
Christmas tree stain (Figure 14.13). The red component known as Nuclear Fast Red (NFR) is a 
dye used for staining the nuclei of spermatozoa in the presence of aluminum ions. The green 
‘component, picroindigocarmine (PIC), stains the neck and tail portions of the sperm. The acro- 
somal cap and the nucleus stain pink-red, and the sperm tails and the midpiece stain blue-green. 
Epithelial cell, if present in the sample, appear blue-green and have red nuclei. Additionally, 
fluorescent detection utilizing SPERM HY-LITER Fluorescent Staining Kit can facilitate the 
identification of spermatozoa. 

Laser capture microdissection (LCM) has been shown to be an effective technique for sepa- 
rating spermatozoa from nonsperm cells (i. epithelial cells from the victim) on a glass slide 
(Figure 14.14). This technique involves using a thin layer of a thermosensitive polymer that is 
placed on the surface of an LCM cap. Once spermatozoa are identified on the slide under a 
‘microscope, a polymer-containing LCM cap is placed over the spermatozoa on the slide, An 
infrared laser melts the polymer and causes it to adhere only to the targeted spermatozoa. The 
spermatozoa are then lifted off the slide. This allows spermatozoa to be separated and placed 
into snap-cap tubes for forensic DNA analysis, 


14.2.2.2 Identification of Prostate-Specific Antigen 
Over the years, a number of methods have been utilized to detect PSA: immunodiffusion, 
immunoelectrophoresis, enzyme-linked immunosorbent assay (ELISA), and immunochro- 
‘matographic assays. ELISA and immunochromatographic assays have been found to be the 
‘most sensitive methods (Chapter 11), 


14.2.2.2.1 Immunochromatographic Assays 
‘Commercially produced immunochromatographic kits such as the PSA-check-1 (VED-LAB, 
Alencon), Seratec® PSA Semiquant (Seratec Diagnostica, Gattingen), and One Step ABAcard 
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Figure 14.13 Human spermatozoa stained with Christmas tree stain. (a) Staining spermatozoa on 
‘3 microscope slide and (b) stained spermatozoa. (© Richard C. Li.) 


Figure 14.14 Amicrascopic device for fluorescent detection utilizing SPERM HY-LITER Fluorescent 
Staining Kit (left) and a laser-capture microdissection device for separating sperm cells from other 
types of cells (right). (© Richard C. Li.) 


PSA® (Abacus Diagnostics, California) are available. These devices utilize antihuman PSA anti. 
bodies. In the ABAcard PSA® assay, a labeled monoclonal antihuman PSA antibody is con: 

tained in a sample well, a polyclonal antihuman PSA antibody is immobilized on a test zane of 
nitrocellulose membrane, and an antiglobulin that recognizes the antibody is immobilized on 
a control zone (Figures 14.15 and 4.16) 
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Figure 14.15 Immunochromatagraphic assays for identification of PSA in semen. (a) In a sample 
well, PSA in a semen sample is mixed with labeled anti-PSA Ab. (b) The PSA binds to the labeled 
anti-PSA Ab to form a labeled Ab-PSA complex. (c) At the test zone, the labeled complex binds to 
an immobilized anti-PSA Ab to form a labeled Ab-PSA-Ab sandwich. (d) At the contral zone, the 
labeled anti-PSA Ab binds to an immobilized antiglobulin and is captured at the control zone. Ab 
and PSA represent antibody and prostate-specific antigen, respectively. (@ Richard C. Li.) 


Figure 14.16 Semen identification using an immunachromatic device (ABAcard PSA). The negative 
(left) and positive (right) results are shown. The “C” band indicates that the test is valid, The “T" 
band indicates the presence of human blood. The sample well is labeled as "S". (© Richard C. Li) 
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Latching 

This variant, also known as a press-twice push- 
button, contains a mechanical ratchet, which is 
rotated each time the button is pressed. The first 
press causes contacts to latch in the closed state. 
‘The second press returns the contacts to the 
‘open state, after which, the process repeats. This 
press-twice design is typically found on flash- 
lights, audio equipment, and in automotive ap- 
plications. While /atching is the most commonly 
Used term, it is also knawn as push-push, lock- 
ing, push-lockpush-release, push-on push-off, and 
alternate, 


Inalatching pushbutton with lockdown, the but- 
tonis visibly lowerin the latched statethan in the 
unlatched state. However, buttons that behave 
this way are not always identified as doing so on 
their datasheets. 


Asix-poledouble-throw pushbutton thatlatches 
and then unlatches each time it is pressed is 
shown in Figure 5-9. 


Figure 5-9. This 6PDT pushbutton latches and then un 
latches, each time its pressed. 


‘Two more variants are shown in Figure 5-10. On 
the right is a simple DPDT latching pushbutton 
with lockdown. On the leftis a latching pushbut- 
ton that cycles through four states, beginning 
with one “off” state, the remaining three con- 
necting a different pair of its wires in turn 


A simple OFF-(ON) button may appear to have a 
latching output if it sends a pulse to a micro- 
controller in which software inside the micro- 


Variants 


Figure 5-10. At right, @ simple DPDT Jateting pushbutton 
with lockdown. At ef, this pushbutton cycies through four 
‘states, one of them an “of state, the others connecting 3 
diferent pair ofits wires in turn, 


controller toggles an output between twostates. 
The microcontroller can step through an unlimi- 
ted number of options in response to each but- 
ton press. Examplesare found on cellular phones 
or portable media players. 


‘Amechanically latching pushbutton has ahigher 
failure rate than a simple OFF-(ON) button, as a 
result of its internal mechanism, but has the ad- 
vantage of requiring no additional microcontrol- 
ler to create its output. Microcontrollers are dis- 
cussed in Volume 2. 


Foot Pedal 

Foot pedal pushbuttons generally require more 
actuation force than those intended for manual 
use. They are ruggedly built and are commonly 
found in vacuum cleaners, audio-transcription 
foot pedals, and ‘stomp boxes” used by musi- 
cians. 


Keypad 
A keypad is a rectangular array of usually 12 or 
16 OFF-(ON) buttons. Their contactsareaccessed 
viaa header suitable for connection witharibbon 
cable or insertion into a printed circuit board. In 
some keypads, each button connects with a 
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“The assay is carried out by loading an extracted sample into the sample well. The antigen 
in the sample binds to the labeled antibody in the sample well to form an antigen-antibody 
complex. The complex then diffuses across the nitrocellulose membrane. At the test zone, the 
immobilized antihuman PSA antibody binds with the antigen-antibody complex to form an 
antibody-antigen-antibody sandwich. The ABAcard PSA® uses a pink dye that allows for the 
visualization of a positive test with a pink line at the test zone, In the control zone, unbound 
labeled antihuman PSA antibody binds to the immobilized antiglobulin. This antibody-anti- 
globulin complex at the control zone also results in a pink line, The testis considered valid only 
ifthe line in the control zone is observed. 

‘The presence of human PSA results in a pink line at both the test and control zones. The 
absence of human PSA produces a pink line in the control zone only. A positive result can 
appear within 1 min; a negative result is read after 10 min, However, the high-dose hook effect, 
an artifact that may cause false-negative results (Chapter 10), occurs when high quantities of 
seminal fluid are tested. 


14.2.2,2.2 ELISA 
‘The ELISA method can be used to detect PSA with anti-PSA antibodies. The most common 
‘method used in forensic serology is antibody sandwich ELISA, in which an antibody-antigen 
antibody sandwich complex is formed (Figure 14.17). The intensity of the signal can be detected 
and is proportional to the amount of bound antigen. The amount of PSA can also be quantified 
by comparing a standard with known concentrations. Although this method is specific and 
highly sensitive, it is time-consuming. Chapter 11 discusses the principle of ELISA in further 
detail 
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Figure 14.17 Use of ELISA for identification of PSA in semen. (a) Sample containing PSA is 
applied to polystyrene tubes in which anti-PSA Ab is immobilized. (b) The PSA binds to immobilized 
‘Ab to form a PSA-Ab complex. (c) A second anti-PSA Ab, specific fora different epitope of PSA, is 
‘added to form an Ab-PSA-Ab sandwich. (d) A labeled antiglobulin then binds to the Ab-PSA~Ab 
sandwich. The bound antiglobulin can be detected by various reporting schemes. Ab and PSA rep- 
resent antibody- and prostate-specific antigen, respectively. (@ Richard C. Li.) 
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14.2.2.3 Identification of Seminal Vesicle-Specific Antigen 
14.2.2.3.1 Immunochromatographic Assays 


Commercially produced immunochromatographic kits include the RSID®-Semen test 
(Independent Forensics, Hillside, IL) and the Nanotrap Sg. In the RSID®-Semen assay, a labeled 
‘monoclonal anti-Sg antibody is contained in a sample well, and a second monoclonal anti-Sg 
antibody, toa different epitope of Sg, isimmobilized on the test zone of the membrane. An anti- 
globulin that recognizes the antibody is immobilized on a control zone (Figure 14.18) 

‘The sample can be prepared by cutting a small portion ofa stain or a swab and is extracted 
for 1-2 h in an extraction buffer (200-300 pL). Approximately 10% of the extract is removed 
and mixed with the running buffer. The assay is carried out by loading an extracted sample 
into the sample well. The antigen in the sample binds to the labeled anti-Sg antibody in the 
‘sample well to form a labeled antibody-antigen complex that then diffuses across the mem- 
brane. At the test zone, the solid-phase anti-Sg antibody binds with the labeled complex to 
form a labeled antibody-antigen-antibody sandwich, The antigen in the sample produces a 
pink line at the test zone. In the control zone, unbound labeled anti-Sg antibody binds to the 
solid-phase antiglobulin. This labeled antibody-antiglobulin complex at the control zone also 
results in a pink line. The presence of Sg generates a pink line at both the test and control 
zones. The absence of Sg results in a pink line in the control zone only. Results may be read 
after 10 min 

Validation studies have revealed that the sensitivity of the RSID-Semen kit for detecting 
seminal fluid can be as low as a 5x 10*-fold dilution, Species specificity studies have shown no 
cross-reactivity with various animal species including ruminants and small mammals. Bodily 
fluid specificity studies have also shown that the assay is not responsive to human blood, saliva, 
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Figure 14.18 Immunochromatographic assays for identification of semenogelin (Sg) in semen. 
(a) In a sample well, Sg in a semen sample is mixed with labeled anti-Sg Ab. (b) Sg binds to the 
labeled anti-Sg Ab to form a labeled Ab-Sg complex. (c) At the test zone, the labeled complex 
binds to an immobilized anti-Sg Ab to form a labeled Ab-Sg-Ab sandwich, (4) At the control zone, 
the labeled anti-Sz Ab binds to an immobilized antiglobulin and is captured at the control zone. Ab 
represents antibody. (© Richard C. Li.) 
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urine, sweat, fecal matter, milk, or vaginal secretions. The assay results are not affected by con- 
dom lubricants or spermicides such as nonoxynol-9 and menfegol. However, the high-dose hook 
effect occurs when more than 3 pL of seminal fluid is tested, 


14.2.2.3.2 ELISA 
Identification of Sg for semen detection has also been carried out with ELISA. Anti-Sg antibod- 
ies are utilized. An antibody-antigen-antibody sandwich complex is formed (Figure 14.19). The 
intensity of the colorimetric or fluorometric signals can be detected spectrophotometrically and 
is proportional to the amount of bound antigen. The amount of Sg can be quantified by compar- 
ing a standard with known concentrations. 


14.2.2.4 RNA-Based Assays 
RNA-based assays (Chapter 11) have been developed to identify semen. The assays are based 
‘on the expression of certain genes in certain cell or tissue types. Thus, the techniques used in 
the identification of semen are based on the detection of specific types of mRNA expressed 
exclusively in spermatozoa and in certain cells of male accessory glands. These assays uti- 
lize reverse transcriptase polymerase chain reaction (RT-PCR; see Chapter 7) methods to 
detect gene expression levels of mRNAs for semen identification. Table 14.1 lists the tissue- 
specific genes utilized for semen identification, Compared to conventional assays used for 
semen identification, the RNA-based assay has higher specificity and is amenable to automa- 
tion. However, one limitation is that the RNA is unstable due to degradation by endogenous 
ribonucleases. 
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Figure 14.19 Use of ELISA for identification of sermenogelin (Sg) in semen. (a) Sample containing 
Sg is applied to polystyrene tubes in which anti-Sg Ab is immobilized. (b) Sg binds to immobilized 
‘Ab ta form a Sg-Ab complex. (c) A second anti-Sg Ab, specific fara different epitope of Sg, isadded 
to form an Ab-Sg-Ab sandwich. (d) A labeled antiglobulin then binds to the Ab-Sg-Ab sandwich. 
‘The bound antiglobulin can be detected by various reporting schemes. Ab represents antibody. 
(© Richard C. Li) 
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Table 14.1 Application of RT-PCR for Semen Identification 


Gene Symbol Fates Reading 


Source: Adapted from Juusola, J. and Ballantyne, J., Forensic Sci Int, 152, 1-12, 2005; 
Nussbaumer, C., Gharehbaghi-Schnell, E., and Karschineck, |., Forensic Sci Int, 157, 
181-185, 2006. 
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15.1 Biological Characteristics of Saliva 

‘The human salivary glands produce 1.0-1.5 L of saliva daily. About 70% of saliva is produced 
from the submandibular salivary glands, 25% from the parotids, and 5% from the sublingual 
salivary glands (Figure 15.1). Although a continuous basal level of saliva secretion is maintained, 
a large amount of saliva is produced during eating. Salivais largely water containing small quan- 
tities of electrolytes, proteins, antibodies, and enzymes. The digestion of carbohydrates in the 
diet begins in the oral cavity, where amylase in the saliva breaks down carbohydrates such as 
starch, Thus, detecting amylase indicates the presence of saliva 


15.1.1 Amylases 

Amylases are enzymes that cleave polysaccharides such as starches, which are composed of 
D-glucose units connected by al—4 linkages. Starches contain two types of glucose polymers: 
‘amylose and amylopectin (Figure 15.2). Amylose consists of long, linear chains of glucose resi- 
dues connected by al linkages. Amylopectin is highly branched and consists of linear chains 
of glucose residues connected by al—4 linkages with the branch points connected by l—6 
linkages, Both linear amylose and amylopectin can be hydrolyzed by amylase by cleaving the 
chains at alternate al linkages. Amylase cleaves off one maltose (two glucose units) ata time. 
However, the «6 linkages atthe branch points are not cleaved by the amylase. 

‘Two types of amylases are characterized. [}-Amylases found in plant and bacterial sources 
leave only at the terminal reducing end of a polysaccharide chain, The end of a chain with a 
free anomeric carbon (not involved in a glycosidic bond) is called the reducing end. Human 
a-amylases cleave at 14 linkages randomly along the polysaccharide chain. 

Human a-amylases have two major isoenzymes (multiple forms that differ in their amino 
acid sequences). Human salivary a-amylase (HSA) is encoded by the Amy! locus, synthesized 
at the salivary glands and secreted into the oral cavity. Human pancreatic a-amylase (HPA), 
encoded by the Amy? locus, is synthesized by the pancreas and secreted into the duodenum 
through the pancreatic duct. The amino acid sequences of the HSA and HPA are highly homolo- 
gous, Therefore, monoclonal antibodies against HSA also cross-react with HPA. However, HSA 
is inactivated by acids in the stomach, while most HPA is inactivated in the lower portions of the 
intestine, and some amylase activity remains in the feces. 

‘Amylase activity is found in various bodily fluids including semen, tears, milk, perspiration, 
and vaginal secretions. Most amylase present in normal serum consists of HPA and HSA. The 
amylases are small molecules and can pass through the glomeruli of the kidney (Chapter 17) 
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separate contact in the header, while lll the but- 
tons share a common ground. More often, the 
buttons are matrix encoded, meaning that each 
of them bridges a unique pair of conductors in a 
matrix. A 16-button matrix is shown in 
Figure5-11.This configuration issuitableforpoll- 
ing by a microcontroller, which can be pro- 
grammed to send an output pulse to each of the 
four horizontal wires in turn, During each pulse, 
it checks the remaining four vertical wires in se- 
quence, to determine which one, if any, is carry- 
ing a signal. Pullup or pulldown resistors should 
beadded to the input wires to preventtheinputs 
of the microcontroller from behaving unpredict- 
ably when no signal is present. The external ap- 
pearance of two keypads is shown in Figure 5-12. 


LLL 


Figure 5-11. Buttons in a numeric keypad are usually 
wired as a matrix, where each button makes a cannection 
between a unique pair of wires. This system is suitable for 
being polled by a microcontroller. 


Tactile Switch 

Despite being called a switch, this is a miniature 
pushbutton, less than 0.4” square, designed for 
insertion in a printed-circuit board or in a solder- 
Jess breadboard. tis almost always a SPST device 
but may have four pins, one pair connected to 
each contact. Tactile switches may be PC- 
mounted behind membrane pads. An example 
is shown in Figure 5-13, 


connection > pushbutton 


power 


Figure 512. The keypad on the left is matris-encoded, 
and is polled via seven through-hole pins that protrude 
behind it The keypad on the right assigns each button to 
2 separate contact in its header. See the text for details 
‘about matrix encoding 


Figure 5-13. Atypical tactile switch 


Membrane Pad 

Typically found on devices such as microwave 
ovens where contacts must be sealed against 
particles and liquids. Finger pressure on a mem- 
brane pad closes hidden or internal pushbut- 
tons. They are usually custom-designed for spe- 
cific product applications and are not generally 
available as generic off-the-shelf components. 
Some surplus pads may be found forsale on auc- 
tion websites. 
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Sublingual salivary gland 


Figure 15.1 Human salivary glands. (@ Richard C. Li) 
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Figure 15.2 Chemical structures of polysaccharides found in starch: (a) amylose and 
(0) amylopectin. 
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‘Thus, the amylase present in urine is derived from plasma. Amylase can be inactivated under 
boiling temperatures and strong acidic and alkaline conditions. Based on various studies, its 
stability varies from a few weeks to several months, 


15.2 Analytical Techniques for Identification of Saliva 

‘The use of alternate light sources facilitates the search for and the visual examination of saliva 
stains. The identification of saliva is largely based on detecting the presence of amylase ina sam- 
ple. Two types of amylase assays can be utilized. The first type measures the enzymatic activity 
‘of total amylase. This type of assay cannot distinguish HSA from other amylases including HPA 
and nonhuman amylases, such as those from plants, animals, and microorganisms. The second 
type of assay, which includes direct detection of HSA proteins and RNA-based assays, is more 
confirmatory than enzymatic assays 


15.2.1 Presumptive Assays 

15.2.1.1 Visual Examination 

‘The lighting techniques used to search for semen stains can be utilized in searching for saliva 
stains. For example, a 470 nm excitation wavelength can be used with orange goggles to allow 
visualization of fluorescence. However, the fluorescence of a saliva stain is usually less intense 
than that of a seminal stain (Figure 15,3). Microscopic examination with proper histological 
staining can also be performed to identify the buccal epithelial cells, indicating the presence of 
a saliva stain (Figure 15.4), 


15,2.1.2 Determination of Amylase Activity 

15.2.1.2.1 Starch-lodine Assay 

Iodine (L,) is used to test for the presence of starch. The amylose in starch reacts strongly with 
iodine to form a dark blue complex, while amylopectin develops a reddish-purple color. In the 
presence of amylases, starch is broken down to mono- or disaccharides. Consequently, such 
colors do not develop when iodine is added 


Figure 15.3 Examining saliva stains using an ALS technique. (B Richard C. Li.) 
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Figure 15.4 Buccal epithelial cells. (@ Richard C. Li.) 


‘A common configuration of the method is the radial diffusion assay (Figure 15,5). An agar 
gel containing starch is prepared. A sample well is created by punching a hole in the gel and 
an extract of the questioned sample is placed into the well. If amylase is present in the sample, 
it diffuses from the sample well and hydrolyzes the starch in the gel. The gel is then stained 
using an iodine solution. A clear area in the gel indicates amylase activity, and the size of the 
clear area is proportional to the amount of amylase in the sample. A linear standard curve 
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Figure 15.5. Radial diffusion assay forthe identitiction of amylase. (a) Known amounts of amylase 
standards are applied to the well and allowed to diffuse. (b) The sizeof the clear area arising from 
amylase activity is plotted. The standard curve can be used to determine the amount of amylase in 
2 questioned sample. (Richard C. Li.) 
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(in tog scale) can be prepared using a series of standard amylases with known concentrations. 
‘The amount of amylase can be quantified by comparing the results with the standard curve. 
However, this assay is not specific to HSA and can produce false-positive results. Moreover, 
the quantities of amylase can be used for determining the amount of sample needed for Y-STR 
analysis (Chapter 19), which now can be determined by using Y-chromosome-specific quantita- 
tive PCR assays (Chapter 6). 


15.2.1.2.2 Colorimetric Assays 
Dye-labeled amylase substrates such ax dye-conjugated amylose or amylopectin are utilised. 
‘These substrates are not soluble in water. In the presence of amylase, the dye-containing moi- 
ties are cleaved and are soluble in water to produce a color. The degree of coloration, which can 
‘he measured colorimetrically by spectrophotometric methods, is proportional to the amount 
‘of amylase in the sample. Most of these assays are not HSA specific, although their specificity 
can be tested by using inbibitors that preferentially inhibit HSA, such as c-amylase inhibitors 
derived from the seeds of the wheat plant, Triticum aestivum. These amylase activity assays are 
considered presumptive, which means they are not conclusive for the presence of saliva in a 
sample, 

‘While many substrates are available, Phadebas reagent (Pharmacia) is usually used in foren- 
sic laboratories. Produced ina tablet form, itis used to detect a-amylase in specimens for clinical 
diagnostic purposes. A small portion (approximately 3 mm) of a sample is cut and placed in 
a tube and incubated for 5 min at 37°C. One Phadebas tablet is added to each tube and mixed, 
Samples are then incubated for 15 min at 37°C, and the reaction is stopped at an alkaline pH 
bby the addition of sodium hydroxide. The amylase substrate is an insoluble blue dye conjugated 
ta starch, Amylase hydrolyzes the substrate to generate a blue color that can be measured at 
6620 nm using a spectrophotometer. The optical density of the supernatant is read and can be 
converted to amylase units by comparing to a standard curve. 

‘Theamylase assay can also be used for amylase mapping asa method of searching for possible 
saliva stains (Figures 15.6 and 15.7). These assays are based on the principle that amylase is water 
soluble and can be transferred from evidence to filter paper and then analyzed via colorimetric 
assay. This procedure is also referred to as a press test. The sensitivity ofthe method is similar to 
that ofthe test tube method, 

‘The substrate can be prepared by evenly spraying the Phadebas reagent on a sheet of filter 
paper and allowing it to air-dry. The dried substrate-containing paper can be used immediately 
‘or stored until needed, To perform amylase mapping, a piece of paper is placed over the entire 
area to be tested (the item to be tested must be fairly flat to ensure good contact with the paper) 
‘The paper is dampened slightly by spraying with distilled water. An outline may be drawn on 
the paper to aid in locating stains. A piece of plastic wrap is placed on top to prevent the paper 
from drying during the assay, and a weight is applied to ensure close contact of substrate and 
evidence. The testis observed every minute for the first 10 min, and every 5 min thereafter up to 
‘when a positive reaction should appear as a light blue area 

‘The SALIgAE® kit (Abacus Diagnostics), another commercially available colorimetric assay, 
hhas been validated for saliva identification (Figure 15.8). Its manufacturer also produces the 
SALIgAE spray kt, which can be used for amylase mapping. 


15.2.2 Confirmatory Assays 
15.2.2.1 Identification of Human Salivary a-Amylase 

415.2.2.1.1 Immunochromatographic Assays 

‘Commercially produced immunochromatographic kits include the RSID® Saliva kit (Independent 
Forensics). A labeled monoclonal anti-HSA antibody is contained in a sample well. A second 
monoclonal anti-HSA antibody is immobilized onto a test zone of a membrane, and an antiglobu- 
lin that recognizes the antibody is immobilized onto a control zone (Figures 15.9 and 15.10), 
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Figure 15.6 Amylase colorimetric assay using Phadebas reagent. (a) A spot test for saliva and 
(b) amylase mapping result showing a saliva-stained area. N, a negative result; P, a positive result. 
(© Richard C. Li) 


@ ® 


Figure 15.7 Amylase mapping for saliva stains. (a) Amylase substrate is sprayed on a sheet of 
filter paper. (6) Substrate-containing paper is placed over the area tobe tested. The orientation of 
the filter paper is marked to aid in locating the stain. (c) The filter paper is dampened by spraying it 
with water, and plastic wrap is placed on top to prevent the paper from drying. Blue color indicates 
2 positive reaction. (@ Richard C. Li) 
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Figure 15.8 Saliva identification using SALIgAE reagent. P, a positive result; N, a negative result; 
S, 2 positive control. (© Richard C. Li.) 


Figure 15.9 Identification of saliva using immunochromatographic assays. P, a positive result; 
a negative result. (@ Richard C. Li 


‘A sample can be prepared by cutting out a small portion of a stain or a swab. Each sample 
is extracted for 1-2 h in 200-300 iL of an extraction buffer, Approximately 10% of the extract. 
is removed and mixed with a running buffer. The assay is carried out by loading an extracted 
‘sample into the sample well where the antigen in the sample binds to the labeled anti-HSA anti- 
body in the well to form a labeled antibody-antigen complex. The complex then diffuses across 
the membrane to the test zone, where the solid-phase anti-HSA antibody binds with the labeled 
complex to form a labeled antibody-antigen-antibody sandwich. 

‘The presence of antigen in the sample results in a pink line at the test zone. In the control 
zone, unbound labeled anti-HSA antibody binds to the solid-phase antiglobulin. The labeled 
antibody-antiglobulin complex at the control zone also results in a pink line. The test is 
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Figure 15.10 Immunochromatographic assay for the identification of HSA in saliva, (a) Sample 
containing amylases is loaded in @ sample wel. (b) Antigen binds to a labeled anti-HSA Ab to form a 
labeled Ab-HSA complex. (c) At the test zone, the labeled camplex binds to an immobilized antihu- 
man HSA Ab to form a labeled Ab-HSA-Ab sandwich. (d) At the control zone, the labeled anti-HSA 
‘Ab binds to an immobilized antiglobulin and is captured at the control zone. Ab, an antibody; HSA, 
human salivary amylase. (© Richard C. Li) 


considered valid only ifthe line in the control zone is observed. The presence of HSA results 
ina pink line at both the test zone and the control zone, while the absence of HSA results in 
a pink line in the control zone only. A result can be read after 10 min. 

‘The sensitivity of the RSID®-Saliva kit can be as low as 1 pL of saliva, Additionally, the assay 
is responsive to samples extracted from saliva stains on both smooth and porous surfaces. In 
terms of species specificity, the kit has no cross-reactivity with various animal species, includ- 
ing monkeys (tamarin and callimico). As for bodily fluid specificity it has also been shown that 
it is not responsive to human blood, semen, or urine. The high-dose hook effect, which cre- 
ates an artifact that may cause false-negative results as described previously (Chapter 11), is not 
‘observed when up to 50 iL of saliva is tested. This method is rapid, specific, and sensitive and 
can be used in both laboratory and field analysis, 


415.2,2,1.2 Enzyme-Linked Immunosorbent Assay (ELISA) 
‘This method can be used to detect and to quantify a sample with the use of an anti-HSA anti- 
body: The most common configuration in forensic serology is the antibody-antigen-antibody 
sandwich (Figure 15.11). ELISA utilizes reporting enzymes to produce colorimetric or fluo- 
rometric signals. The intensity of the signal can be detected spectrophotometrically and is 
proportional to the amount of bound antigen. The amount of HSA can be quantified by com: 
parison with a standard of known concentration, This method is specific and highly sensi- 
tive in detecting HSA, but itis time-consuming. Chapter 11 discusses the ELISA principle in 
further detail 
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Figure 15.11 ELISA for identification of HSA in saliva. (a) Sample containing antigen is applied 
to polystyrene tubes where anti-HSA Ab is immobilized. (b) Antigen binds to immobilized Ab to 
form HSA-Ab complex. (c) Second anti-HSA Ab, specific for a different epitope of HSA, is added 
to form Ab-HSA-Ab sandwich. (d) Labeled antiglabulin then binds to the sandwich. The bound 
antiglobulin can be detected by various reporting schemes. Ab, an antibody; HSA, human salivary 
eamylase, (© Richard C. Li.) 


15.2.2.2 RNA-Based Assays 
RNA-based assays (Chapter 11) have been developed recently for the identification of saliva. 
‘They are based on the expression of certain genes in certain cell or tissue types. Thus, the tech- 
niques used in the identification of saliva are based on the detection of specific types of mRNA 
expressed exclusively in certain cells in the oral cavity. These assays utilize reverse transcriptase 
polymerase chain reaction (RT-PCR; see Chapter 7) methods to detect gene expression levels 
‘of mRNAs for saliva identification. Table 15.1 summarizes the tissue-specific genes utilized for 
saliva identification. Compared to conventional assays used for saliva identification, RNA-based 
assays present higher specificity and are amenable to automation, However, one limitation is 
that the RNA is unstable because of degradation by endogenous ribonuclease. 


Table 15.1 Application of RT-PCR Assay for Saliva Identification 


Source: Adapted from Juusola, J. and Ballantyne, J., Forensic Sci Int, 152, 1-12, 
2008. 
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Radio Buttons 

The term radio buttons is sometimes used to 
identify a set of pushbuttons that are mechani- 
cally interlinked so that only one of them can 
make an electrical connection at a time. If one 
button is pressed, itlatches. fa second button is 
pressed, it latches while unlatching the first but- 
ton. The buttons can be pressed inany sequence. 
This system is useful for applications such as 
‘component selection in a stereo system, where 
only one input can be permitted at a time, How- 
ever, its use is becoming less common, 


Snap-Action Switches 

A snap-action switch (described in detail in the 
switch section of thisencyclopedia) can befitted 
with a pushbutton, as shown in Figure 5-14. This 
provides a pleasingly precise action, high relia- 
bility, and capability of switching currents of 
around SA. However, snap-action switches are 
almost always single-pole devices. 


Figure 5:14, A pushbuttan mounted on top of a SPOT 
‘snap-action switch, 


Emergency Switch 


‘An emergency switch is a normally-closed de- 
vice, usually consisting of a large pushbutton 


Values 


that clicks firmly into its “off” position when 
pressed, and does not spring back. A flange 
around the button allows it to be grasped and 
pulled outward to restore it to its “on” position. 


Values 


Pushbutton current ratings range from a few mA 
to 20A or more. Many pushbuttons have their 
current ratings printed on them butsome donot. 
Current ratings are usually specified for a partic- 
ular voltage, and may differ for AC versus DC. 


How to Use it 


Issues such as appearance, tactile feel, physical 
size, and ease of product assembly tend to dic- 
tate the choice of a pushbutton, after the funda- 
‘mental requirements of voltage, current, and du- 
rability have been satisfied. Like any electrome- 
chanical component, a pushbutton is vulnerable 
to dirt and moisture, The ways in which a device 
may be used or abused should be taken into ac- 
count when deciding whether the extra expense 
of a sealed component is justified. 


When a pushbutton controls a device that has a 
high inductive load, a snubber can be added to 
minimize arcing. See "Arcing” (page 47) in the 
switch entry of this encyclopedia, for additional 
information, 


What Can Go Wrong 


No Button 

When ordering a pushbutton switch, read data- 
sheets carefully to determine whether a cap is 
included. Capsareoften sold separately and may 
not be interchangeable between switches from 
different manufacturers. 


Mounting Problems 

Ina panel-mount pushbutton that is secured by 
turning a nut, the nut may loosen with use, al- 
lowing the component to fall inside its enclosure 
when the button is pressed. Conversely, over- 
tightening the nut may strip the threads on the 
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Identification of Vaginal Secretions 
and Menstrual Blood 


‘The identification of vaginal secretions and menstrual blood is important for the investigation 
‘of sexual assault cases. Such identification can help to corroborate allegations of sexual assault. 
For example, ina sexual assault investigation, a stain was observed after examining the suspect's 
clothing. Subsequently, forensic DNA analysis revealed that the DNA of the stain originated from 
the victim, establishing a link between the victim and the suspect. However, the defendant may 
assert that the victim's DNA originated from a sweat stain asa result of casual contact and deny 
any criminal act. If vaginal secretions were found in the stain, the evidence has probative value to 
corroborate an allegation of a sexual act. Additionally, postcoital drainage stains on clothing or 
bedding are often recovered at crime scenes. These stains usually consist of a mixture of semen 
and vaginal secretions. In such cases, the presence of vaginal secretions in these stains indicates 
the occurrence of sexual intercourse. Sometimes, vaginal secretions can be transferred onto a 
perpetrator during a sexual assault. For example, the presence of vaginal secretions ona suspect's 
genital area can indicate the occurrence of sexual intercourse. Furthermore, the presence of vagi- 
nal secretions on an object can corroborate an allegation of vaginal rape with a foreign object. 

Ifa sexual assault victim is in menses when an assault occurred, blood evidence, such as the 
victim's bloodstains located on the suspect's clothing, may be recovered at the scene. The defense 
‘may argue that the bloodstains resulted from an injury and deny that any sexual act occurred. 
In this case, the identification of menstrual blood would corroborate an alleged rape. Therefore, 
itis necessary to distinguish between peripheral and menstrual blood in investigations of sexual 
assault where blood evidence is found at the scene. 


16.1 Identification of Vaginal Stratified Squamous Epithelial Cells 
‘A normal human vagina is covered by the squamous mucosa, which is composed of stratified 
‘squamous epithelial tissue (Figure 16.12). Lying under the squamous mucosa is the submucosa, 
‘which contains an abundance of connective tissue and capillaries. Below the submucosa is the 
muscularis, which is made up of smooth muscle 

‘The squamous mucosa consists of multiple layers of cells (Figure 16.1b). At the basal layer of 
the squamouis mucosa, basal cells are anchored to the basement membrane that separates the 
‘squamous mucosa from the submucosa, The basal cells are small in size with relatively large 
‘nuclei and are highly proliferative. As the cells migrate up from the basal layer to the parabasal 
layer, the cells undergo differentiation, At the intermediate layer, the cells are flattened and their 
‘nuclei are compressed. As the epithelial cells reach the apical layer, the superficial layer, the cells 
are fully differentiated with small and dense nuclei, 
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Figure 16.1 Histological structure of human vaginal tissues. (a) The squamous mucosa and the 
submucosa, (b) Multiple layers of cells in the squamous mucosa. (@ Richard C. Li.) 


‘Vaginal epithelial cells donot accumulate keratin, which isdifferent from skin cells (Chapter). 
‘The intermediate and superficial layer cells contain abundant glycogen in their cytoplasm. The 
presence of glycogen in these cells is an indication of normal development and the differentia- 
tion of the vaginal epithelial cells. The apical surface of the vaginal squamous mucosa is usually 
covered by mucus that is secreted from glands that are located deep in the epithelium. The cells 
of the apical layers are eventually sloughed and are continuously replaced by the cells of deeper 
layers, When the lining of the vagina is swabbed during the collection of evidence, glycogenated 
cells with small numbers of parabasal cells are usually recovered (Figure 16.2) In addition to the 
vagina, glycogenated squamous epithelial cells are found in the linings of the oral cavity, phar- 
yx, esophagus, anus, and the apex of the urethra. The differentiation of the vaginal epithelial 
cells requires estrogen. However, in premenarche and postmenopausal women, estrogen levels 
are very low; thus, the vaginal epithelial cells only differentiate to the parabasal cells. Primarily, 
parabasal cells are found in specimens from these individuals. 


16.1.1. Lugol's lodine Staining and Periodic Acid—Schiff Method 
Lugol's iodine solution, named after the French physician Jean Lugol, is originally used as an 
antiseptic that is applied to skin or tissue to prevent infection. In forensic applications, itis uti- 
lized for the identification of glycogenated vaginal epithelial cells. The technique is based on the 
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Figure 16.2 Vaginal stratified squamous epithelial cells. (@ Richard C. Li.) 


principle that iodine reacts with intracellular glycogen to exhibit a color. Glycogen is the principal 
storage form of glucose in animal and human cells and is found in the granules in the cytoplasm. 
of the cells of many tissues. In addition to squamous epithelial cells, glycogen is also found in 
hepatocytes, which have the highest glycogen content, as well as muscle cells. Glycogen isa poly- 
saccharide composed of D-glucose units. Similar to the amylopectin in plant cells (Chapter 15), 
‘glycogen isa branched polysaccharide consisting of linear and branched chains (Figure 16.3). The 
‘Deglucose residues of the linear chain are connected by a4 glycosidic bonds, while the branch- 
ing points are connected by a6 glycosidic bonds. However, glycogen is more branched than. 


Figure 16.3 Structure of glycogen. Glycogen is a highly branched polysaccharide composed of glu- 
‘cose. Glycogen has a similar structure to amylopectin in starch (see Chapter 15). However, glycogen 
is more branched than starch. Additionally, glycogen contains a protein known as glycogenin at the 
center of its structure. (© Richard C. Li.) 
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amylopectin. Branch points occur approximately every 10 glucose residues in glycogen while 
they occur every 25 glucose residues in amylopectin. Lugol's stock solution isan aqueous solution 
‘of 5% iodine (L,) and 10% potassium iodide (KI), Potassium iodide allows the iodine to be soluble 
in water through the formation of the triiodide ion. For staining the vaginal epithelial cell, 5% 
of the stock solution is usually used as the working solution. Iodine atoms it into the helices of 
glycogen to form a dark brown glycogen-iodine complex (Figures 16.4 and 16.5). Vaginal epithe- 
lial cells can also be stained using the periodic acid-Schiff method, The cytoplasm of the vaginal 
epithelial cells is stained magenta, and the nucleus is stained purple, 


Figure 16.4 Diagram of a glycogen-iodine comples. In the complex, the glycogen chain forms a 
helix structure with six monosaccharide residues (red) per turn. Iodine molecules (gray) fit in the 
helix to form the glycogen-iodine complex, exhibiting a color. (© Richard C. Li.) 


Figure 16.5 Epithelial cells stained with Lugo’ iodine solution. (a) Vaginal and (b) buccal epithe- 
lial cells. (© Richard C. Li} 
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Figure 16.6 Staining of epithelial cells with Dane's methad. The results obtained using methanal 
fixation followed by Dane's staining on skin (a), buccal (b), and vaginal epithelial (c) cells are shown. 
The arrows indicate red nuclei in buccal and orange nuclei in vaginal cells. (From French, C-E., 
et al, Forensic Sci Int, 178, 1-6, 2008. With permission.) 


16.1.2 Dane’s Staining Method 
Evidence containing skin, buccal, and vaginal epithelial cells is often recovered in forensic 
investigations, particularly in sexual assault cases. Thus, itis necessary to distinguish between 
these cells, Skin, buccal, and vaginal epithelial cells belong to stratified squamous epithelium. 

Differentiated skin epithelial cells are keratinized and are classified as keratinizing squamous 
epithelial cells, while buccal and vaginal epithelial cells are nonkeratinizing squamous epithelial 
cells. Additionally, the skin epithelial cells lose nuclei and other cellular organelles during dif- 
ferentiation. In contrast, buccal and vaginal cells contain nuclei, Based on their morphology, itis 
possible to distinguish skin epithelial cells from buccal and vaginal epithelial cells, However, buc- 
cal and vaginal cells are morphologically indistinguishable from each other. Although Lugol's 
iodine solution and periodic acid~Schift can stain vaginal epithelial cells, these stains cannot 
distinguish vaginal from other glycogenated epithelial cells in the oral mucosa and the urinary 
tract, Recently, Dane's staining method has been developed to distinguish all three types of 
cells. Skin cells are stained red and orange; buccal cells are stained predominantly orange-pink 
with red nuclei; and vaginal cells are stained bright orange with orange nuclei (Figure 16.6). 


16.2 Identification of Vaginal Acid Phosphatase 

‘Acid phosphatases are a group of enzymes that are capable of hydrolyzing a variety of small 
“organic phosphomonoesters under acidic conditions, To date, atleast five different acid phospha- 
tase isoenzymes have been identified in human tissues: erythroid acid phosphatase (encoded by 
the ACPI gene), lysosomal acid phosphatase (encoded by the ACP2 gene), prostate acid phospha- 
tase (encoded by the ACPP gene, also known as ACP3), macrophage acid phosphatase (encoded 
by the ACP5 gene), and testicular acid phosphatase (encoded by the ACPT gene). Human pros- 
tatic acid phosphatase is found in large quantities in seminal fluid and is used as a biomarker for 
semen identification (Chapter 14) The prostatic acid phosphatase is a homodimer containing 
two identical subunits with a molecular weight of 50 kDa. Small amounts of acid phosphatase 
can be detected in vaginal fluid, which is produced in normal cervical epithelial cells, However, 
the molecular characteristics of vaginal acid phosphatase are still not known. Historically, vagi- 
nal acid phosphatase has been used as a biomarker for the identification of vaginal secretions 
using acid phosphatase catalytic assays (Chapter Id). In sexual assault investigations, 

tant to distinguish vaginal acid phosphatase from prostate acid phosphatase origina 
semen exposure. These two enzymes have identical molecular weights, enzymatic specificities, 
and responses to the same inhibitors. Nevertheless, vaginal and prostate acid phosphatases can 
be distinguished using agarose electrophoresis. Based on their electrophoretic mobility, bands 
‘of vaginal and prostate acid phosphatases can be separated. The prostate acid phosphatase 
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Figure 16.7 Distinguishing prostate and vaginal acid phosphatases using polyacrylamide gel 
electrophoresis. Bands of acid phosphatases are detected using 4-methylumbellifery| phosphate 
(MUP), MUP is a substrate of acid phosphatases, resulting in a product that fluoresces in UV 
illumination (see Chapter 14). The prostate acid phosphatase has higher electrophoretic mobil- 
ity toward an anode (a positively charged electrode) than vaginal acid phosphatase. S, semen; V, 
vaginal secretions; SV, mixture of semen and vaginal secretions; PAP, prostate acid phosphatase, 
VAP, vaginal acid phosphatase; MUP, 4-methylumbellferyl phosphate; LV, ultraviolet illumination. 
(© Richard C. Li) 


hhas higher electrophoretic mobility toward an anode (a positively charged electrode) than the 
vaginal acid phosphatase (Figure 16.7). Thus, the presence of vaginal acid phosphatase can be 
determined, 


16.3 Identification of Vaginal Bacteria 

Lactobacillus can be found in the respiratory, the gastrointestinal, and the urogenital tract of 
healthy humans and animals. Lactobacillus taxa are the predominant bacteria in the vagina of 
‘women of reproductive age, and they play an important role in protecting the host against inva- 
sive pathogenic organisms. Lactobacillus consists of rod-shaped, nonmotile, and non-spore- 
forming gram-positive bacteria (Figure 16.8). Since these bacteria survive on carbohydrates, 
Lactobacillus bacteria produce lactic acid. As a result, alow pH environment is established in 


Figure 16.8 Vaginal Lactobacillus bacteria (circled). (@ Richard C. Li.) 


16.5 Menstruation 


the lumen of the vagina, which restricts the growth of pathogenic organisms. Such vaginal lactic 
acid-producing bacteria were thought to be Lactobacillus acidophilus. Inthe 1980s, it was deter- 
‘mined that L. acidophilus was not a single species, but actually a group of related species known 
as the L. acidophilus complex. The species of the complex can now be distinguished based on 
their DNA sequences. The most frequently occurring Lactobacillus species found in the vagina 
are L. iners, L. crispatus, L. gasseri, and L. jensenii, Among them, L. iners is the most common 
species of Lactobacillusin women. Lactobacillus can be identified based on the sequences of DNA 
‘markers such as the 16S rRNA gene and the intergenic spacer region between the 16S rRNA and 
238 rRNA genes (Chapter 11). In forensic applications, L. iners, L. crispatus, L. gasseri, and. L. 
jensen can be detected in vaginal secretions. Thus, the identification of Lactobacillus taxa can 
potentially be utilized for the forensic identification of vaginal fluid. However, the presence of 
Lactobacillus taxa is not specific enough to vaginal fluid, Some studies show that Lactobacillus 
taxa are present in semen while others show that Lactobacillus can be found in female urine. The 
‘openings of the female urogenital system are in close proximity; thus, itis possible to have par- 
tially overlapping microbiota between the urine and vaginal secretions, Thus, the identification 
‘of multiple bacterial species, at least the four Lactobacillus species previously mentioned, should 
be carried out to distinguish these samples, 


16.4 Outlook for Confirmatory Assays of Vaginal Secretions 
“The identification ofthe vaginal stratified squamous epithelial cells provides important proba- 
tive evidence in forensic investigations. However, the existing methods described earlier can 
sometimes give false-negative or false-positive results. In some situations, these assays also cross- 
react with other types of bodily fluids. Thus, none ofthese assays is confirmatory. A useful iden- 
tification method for vaginal secretions should be able to distinguish vaginal secretions from 
other bodily fluids and should be easy to perform. For example, nondestructive confirmatory 
identification methods such as fluorescence spectroscopy and Raman spectroscopy (Chapter 11) 
‘an potentially be useful for the identification of vaginal secretions. Recently, the analysis of 
tissue-specific gene expression has been utilized for the identification of vaginal secretions. 
Using the reverse transcription polymerase chain reaction (RT-PCR) technique (Chapter 7), the 
mRNAs of the tissue-specific genes of vaginal epithelial cells can be detected. For example, 
two commonly used markers for vaginal secretion identification are MUC4 and HBDI. MUC4 
encodes a mucin protein that is a major component of vaginal mucus, and HBDI, the human 
B defensin 1, encodes a vaginal antimicrobial peptide. Both MUC4 and HBDI are expressed in 
vaginal epithelial cells and are considered reliable markers of vaginal fluid. Additional mRNA 
and miRNA markers are described in Tables 16.1 and 16.2. 


16.5 Menstruation 

Menstruation is the periodic discharge of blood and the elimination of the degenerated lining 
‘of the endometrium from the uterus of nonpregnant women. From menarche to menopause, 
‘women may menstruate up to 400 times during their reproductive age. The uterus plays an 
important role in preparing the uterine endometrium for the possible implantation of a develop- 
ing embryo, The linings of the uterus are composed of the myometrium and the endometrium. 
‘The myometrium consists of the muscle fibers of the uterus. The endometrium consists of the 
simple columnar epithelium and the stroma (Figure 16.). The simple columnar epithelium is 
formed by single-layered elongated cells located at the apical surface of the endometrium. The 
stroma consists of connective tissues as well as spiral arteries. Spiral arteries are small arteries 
that ascend through the endometrium and form a coil-like structure, which supplies blood to 
the endometrium. 
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Table 16.1 Representative Markers of mRNA-Based Assays for Vaginal 
Secretions and Menstrual Blood Identification 


Vaginal secretions CYP2B7P1 Cytochrome P450, family 2, subfamily B, 
polypeptide 7, pseudogene 1 


DkKa Dickkopf homolog 4 
FUT6 Fucosyltransferase 6 
BDI {Defensin 1 
119 Interleukin 19 
muce Mucin 4 
MyOZI—— Myozenin 1 
SFTA2 —_ Surfactant associated 2 
Menstrual blood MP7 ‘Matrix metalloproteinase 7 
MMPLL Matrix metalloproteinase 11 


Source: Adapted from Bauer, M. and Patzelt, D., J Forensic Sci, 47, 1278- 
1282, 2002; Hanson, E.K. and Ballantyne, J., Sci Justice, 53, 14-22, 
2013; Juusola, J. and Ballantyne, J., Forensic Sci Int, 152, 1-12, 
2005; Nussbaumer, C., Gharehbaghi-Schnell, E., and Karschineck, | 
Forensic Sci Int, 157, 181-186, 2006, 


Table 16. INA Markers for Vag 
Blood Identification 


fsscyru [inne [snes | 
Bis: [lesen eecresera 


| Secretions and Menstrual 


Source: Adapted from Hanson, E.K., Lubenow, H., and Ballantyne, J., Anal 
Biochem, 387, 303-314, 2009; Wang, Z., et al., Forensic Sci Int 
Genet, 7, 116-123, 2013. 


‘The endometrium can be divided into two zones: the functionalis and the basalis (Figure 16.10). 
‘The functionalis is the luminal part of the endometrium. It is the zone of cyclic changes in the 
‘endometrium and is shed during menstruation, The basalisis the basal part of the endometrium. 


and is not shed during menstruation. This zone produces cells to regenerate the fun 


during the next cycle. 
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Figure 16.9 Uterus endometrium. (a) The proliferative phase and (b) the menstrual phase. 
(© Richard C. Li) 


During the uterine cycle, repetitive physiological changes occur in the functionalis 
(Figure 16.10). The cycle is divided into three phases: the menstrual, proliferative, and secre- 
tory phases. The first day of menstrual bleeding is considered the onset of the menstrual phase. 
During the menstrual phase, the functionalis degenerates and is sloughed off from the uterine 
wall and bleeding occurs, known as menses. During the proliferative phase, the functionalis, 
begins regeneration in which the spiral arteries are proliferated. During the secretory phase, 
the spiral arteries are further developed and coiled. In the absence of pregnancy, a decrease 
the progesterone level leads to the constriction of the spiral arteries. As a result, the function: 
lis becomes ischemic (insufficient blood flow), leading to hypoxia (low levels of oxygen in tis- 
sue) In addition, the activation of an enzymatic degradation process causes the destruction and 


‘Menstrual Proliferative Secretory 
‘phase hase ‘phase 


Figure 16.10 Changes in the functionalis of the uterine mucosa during a uterine cycle. D, day. 
(© Richard C. Li) 
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What Can Go Wrong 


pushbutton bushing, especially in cheaper com- 
ponents where the threads are molded into 
plastic, Consider applying a drop of Loc-Tite or 
similar adhesive before completely tightening 
the nut. Nut sizes vary widely, and finding a re- 
placement may be time-consuming. 


LED Issues 

When using a pushbutton containing an LED, be 
careful to distinguish the LED power terminals 
from the switched terminals. The manufacturer's 
datasheet should clarify this distinction, but the 
polarity of the LED terminals may not be clearly 
indicated. fa diode-testing meter function is un- 


;nnection > pushbutton 


available, asample ofthe switch should be tested 
witha source of 3 to SVDC anda 2K series resistor. 
Briefly touching the power to the LED terminals, 
through the resistor, should cause the LED to 
flash dimly if the polarity is correct, but should 
not be sufficient to burn out the LED if the po- 
larity is incorrect. 


Other Problems 

Problems such as arcing, overload, short circuits, 
wrong terminal type, and contact bounce are 
generally the same as those associated with a 
switch, and are summarized in that entry in this 
encyclopedia. 
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shedding of the functionalis during menses. Menstrual fluid contains blood, the functionalis, 
layer tissue, and mucus. 


16.5.2 Uterine Endometrial Hemostasis 

‘The cessation of menstrual bleeding is achieved by endometrial hemostasis that is initiated 
when injury occurs due to the shedding of the endometrium (Figure 16.11). Hemostasis begins 
‘with platelet activation and aggregation to form platelet plugs at the site of injury. Additionally, 
the blood coagulation cascade is activated to produce thrombin. Thrombin, a serine protease, 
converts soluble fibrinogen into fibrin. Fibrin, a protein involved in blood clotting, aggregates, 
‘with the platelet plugs and leads to the cessation of bleeding by forming blood clots, known as 
thrombi. Under normal physiological conditions, uterine endometrial hemostasis is a balanced 
process between blood coagulation and clot dissolution to control blood loss and to prevent 
clot accumulation within the uterus. As result, the balance of these two processes allows the 
removal of tissue fragments from the uterus cavity in order to reduce the risks of infection. 
Blood clots are prevented from accumulating during menstruation by forming low amounts 
of platelet plugs and synthesizing coagulation factor inhibitors that inhibit blood coagulation. 
Additionally, fibrinolysis is activated, during which thrombus is broken down by a protease 
known as plasmin, Plasmin cleaves fibrin, generating soluble degradation products. As a result, 
fibrinolysis can inhibit blood clot formation. 


Site of injury Blood vessel amen 
= Endothelium 


‘Smooth muscle 


- Platelet plug 


___Fibrin-stabilized 
platelet plug 


Figure 16.11 Diagram of hemostasis. Hemostasis occurs at the site of injury of a blood vessel. A 
platelet plug is formed as a result of the aggregation of platelats. The plug is further stabilized by 
the formation of a fibrin clot over the platelet plug. (© Richard C. Li.) 
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16.6 D-dimer Assay 

During fibrinolysis, cross-linked fibrin is cleaved by plasmin, producing a degradation product 
known as D-dimer (Figure 16.12). Assays for D-dimer fragments have been utilized in the foren- 
sic identification of menstrual blood. A number of different formats of D-dimer assays can be 
used, In an enzyme-linked immunosorbent assay (ELISA; Chapter 11), antibodies bind to the 
D-dimer antigens on the solid phase. The D-dimer-antibody complex is subsequently analyzed 
using an antibody- based detection system, This method is highly sensitive, but is time-consum- 
ing. Latex agglutination assays are based on the interaction of antibodies and D-dimers that are 
located on carriers to form aggregates during the agglutination process (Chapter 11). However, 
the magnitude of the agglutination response is manually read and conclusions are based on sub- 
jective judgments. Immunochromatographic assays (Chapter 11) utilize monoclonal antibodies 
specific to D-dimers, which have been developed recently (Figures 16.13 and 16.14). This immu- 
nochromatographic assay is very specific, sensitive, and rapid, and can be completed within 
‘minutes. The immunochromatographic devices are portable, and thus can potentially be used 
at crime scenes. The D-dimer assays can positively identify menstrual blood samples. Although 
peripheral blood contains low levels of D-dimer, these assays do not show positive reactions 
‘with peripheral blood. Thus, menstrual blood can be distinguished from peripheral blood using 
D-dimer assays. However, postmortem blood also contains these D-dimers, which are detected 
by these assays. Although the detection of postmortem blood would complicate the interpreta- 
tion of results, postmortem blood is not often encountered in sexual assault cases. 
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Figure 16.12 The formation and the degradation of a fibrin polymer. The activation of coagu- 
lation ultimately generates thrambin, which catalyzes the conversion of fibrinogen to fibrin by 
cleaving the fibrinopeptides (gray). A fibrin monomer contains an E domain and two D domains. 
‘The fibrin monomers are held together by noncovalent bonds (dotted red) between the D domains 
and E domain to form a fibrin polymer. Fibrin polymers are then covalently linked (solid red) to 
form a cross-linked fibrin polymer, which plays a role in forming clots. During fibrinalysis, plasmin 
cleaves the cross-linked fibrin at multiple sites glving rise to fibrin degradation products including 
D-dimer. (© Richard C. Li) 
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Figure 16.13 _Immunachromatographic assays for the identification of D-dimer in menstrual blood. 
(@) In a sample well, D-dimer antigen in a menstrual blood sample is mixed with labeled anti-D- 
dimer Ab. (b) The D-dimer binds to the labeled anti-D-dimer Ab to form a labeled Ab-antigen 
complex. (c) At the test zone, the labeled complex binds to an immobilized anti-D-dimer Ab to form 
2 labeled Ab-antigen-Ab sandwich. (d) At the control zone, the labeled anti-D-dimer Ab binds to 
‘an immobilized antiglabulin and is captured at the cantral zone. Ab, antibody. (@ Richard C. Li) 
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Figure 16.14 Detecting D-dimer using immunachromatographic assays. The results obtained using 
the Clearview Simplify D-dimer devices (Alere, Cheshire, UK) on menstrual (top) and peripheral 
blood (bottom) are shown. A positive result (arrow) indicates the presence of D-dimer. (From Baker, 
Dt, Grimes, E.A., and Hopwood, A.J., Forensic Sci int, 212, 210-214, 2011. With permission.) 
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16.7 Lactate Dehydrogenase Assay 

Lactate dehydrogenase (LDH) is an enzyme that plays an important role in glycolysis. In 
hhumans, LDH catalyzes the reversible reduction of pyruvate into lactate when the amount of 
‘oxygen is limited. LDH is a tetrameric enzyme consisting of three different types of subunits. 
‘The A subunit, also known as the M subunit, is encoded by the LDHA gene and is primar- 
ily expressed in skeletal muscle, The B subunit, also known as the H subunit, is encoded by 
the LDHB gene and is primarily expressed in cardiac muscle. The C subunit, encoded by the 
LDHC gene, is expressed restrictively in the testes. LDHs are found in various human tis- 
sues. Five isoenzymes can be found in blood (Figure 16.15). LDHI consists of four identical 
B subunits; LDH2 consists of one A and three B subunits; LDH3 consists of two A and two B 
subunits; LDH consists of three A and one B subunits; and LDH consists of four identical 
‘A subunits, The five isoenzymes can be separated using electrophoresis (Figure 16.16) and 
detected using a colorimetric assay (Figures 16.17 and 16.18). According to their electropho- 
retic mobility, five bands can be identified. LDHI has the highest electrophoretic mobility 
(Coward an anode that isa positively charged electrode) and LDH5 has the lowest electropho- 
retic mobility. In peripheral blood, LDH, 2, and 3 are the predominant forms of the isoen- 
zymes and LDH4 and 5 are the minor forms of the isoenzymes. In contrast, LDH and 5 are 
consistently the predominant isoenzymes in menstrual blood, while the amounts of LDH1, 
LDH2, and LDH3 vary. Thus, menstrual blood can be distinguished from peripheral blood, 
LDH was historically used as a marker for the forensic identification of menstrual blood. 
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Figure 16.15 Isazymes of lactate dehydrogenase. Human lactate dehydrogenases are composed 
cof four subunits. Five types of isozymes with their subunits are shown. A, LDH A subunit; B, LOH 
B subunit 
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Figure 16.16 Electrophoretic separation of lactate dehydrogenase (LDH) isozymes. Extracted 
bload samples are loaded onto a cellulose acetate membrane. Electrophoresis is then carried out. 
Separated bands of LDH isozymes are detected using a colorimetric assay (see Figure 16.16). M, 
menstrual blood; P, peripheral blood. (© Richard C. Li.) 
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Figure 16.17 Detecting LOH activity using a colorimetric assay forming a colored dye. At the start 
of a cascade reaction, the LDH catalyzes the conversion of lactic acid to pyruvic acid. Nicotinamide 
‘adenine dinucleotide (NAD*) is then reduced to NADH/H*. Subsequently, Meldola's Blue (MB; 
8-dimethylamino-2-benzaphenoxazine), an electron carrier, transfers H/H" from NADH/H' to a tet- 
razolium salt. The pale yellow tetrazolium salt, nitroblue tetrazolium (NBT), is reduced to form a 
purple formazan dye. 
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Figure 16.18 The reduction and oxidation of Meldola's Blue, Meldola's Blue is an electron carrier, 
which transfers hydrogen atoms (coupled to electron transfer). 


16.8 RNA-Based Assays 

‘Matrix metalloproteinase (MMP) genes are considered tissue-specific markers for human 
endometrium tissues. MMPs are zinc-dependent endopeptidases that degrade extracellular 
‘matrix components. Additionally, they cleave other proteins such as cytokines, chemokines, 
and growth factors. The extracellular matrix (ECM) is the extracellular space of tissue that 
is filled by macromolecules such as collagens, laminins, fibronectins, and proteoglycans. The 
ECM can be divided into two categories: the interstitial matrix and the basement mem- 
brane. The interstitial matrices are located in the intercellular spaces. The basement mem- 
branes are thin layers of macromolecule fibers that usually lie under the epithelium and the 
endothelium. Both the interstitial matrices and the basement membranes provide structural 
support to the cells, It is proposed that MMPs play an important role in the degradation of 
ECM, leading to the destruction of endometrium tissues during the uterine cycle, To date, 
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a total of 23 MMPs, divided into five subgroups, have been found in humans. The most 
commonly used markers for the forensic identification of menstrual blood are MMP7 and 
MMPI! (Table 16.1). 

‘Many MMPs are expressed in human endometrium throughout the uterine cycle. The pat- 
terns of the MMP gene expressions are correlated with their functions in endometrium tissue 
breakdown during menstruation. MMP7 is predominantly expressed in epithelial cells, while 
‘MMPI is expressed in the stromal cells of the endometrium. Both MMP7 and MMPI mRNA 
‘expressions are elevated at the menstrual phase and remain at high levels during the prolifera- 
tive phase. It is also known that MMPs’ mRNA may be elevated in postpartum, wound healing, 
and metastatic cancer conditions, which may potentially lead to a false-positive identification of 
‘menstrual blood. 

In menstrual blood samples, among all of the MMP genes tested, MMPI1 is the most sensi- 
tive and specific marker for distinguishing menstrual blood from peripheral blood. Using the 
RT-PCR technique (Chapter 7), MMPI mRNA can be detected in menstrual blood from the 
first to the eighth day of menstruation but it is absent in peripheral blood and vaginal secretions. 
‘Therefore, MMP1I can be used as a marker for the identification of menstrual blood. Likewise, 
MMP7 is also a useful marker for menstrual blood identification, However, the MMP7 mRNA 
level in menstrual blood is less than that of MMPI. Additional markers such as miRNA mark- 
ers for menstrual blood identification are included in Table 16.2, 
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Identification of Urine, Sweat, 
Fecal Matter, and Vomitus 


17.1 Identification of Urine 

‘The identification of the presence of urine is useful for the forensic investigation of an alleged 
sexual assault and harassment involving urination. More importantly, the identification of urine 
stains can aid in the investigation of homicides involving either ligature or manual strangula- 
tion. In these incidents, strangulation victims often involuntarily excrete urine prior to death. 
‘The locations of urine stains at the crime scene provide useful information to determine the site 
where the violence has occurred, 


171.1 Urine Formation 

In humans, the urinary excretory system eliminates soluble toxic wastes that are cellular meta- 
bolicby-products. The urinary system consists ofthe kidney, the ureter, the urinary bladder, and 
the urethra (Figure 17.1). The formation of urine takes place in the kidneys and, in particular, in 
the nephrons. The nephron is the basic structural and functional unit of the kidney (Figures 17.2 
and 17,3). Each nephron is composed of a glomerulus, a Bowman's capsule, and a renal tubule. 

‘The glomerulus is formed by a network of capillaries and is surrounded by a Bowman's capsule. 

Filtration is the first step in urine formation, As blood flows through the glomeruli, much of 
its fluid, except cells and large molecules, is filtered through the capillaries into the Bowman's 
capsule. The glomerular filtrate, the preliminary form of urine, consists of water, salts (largely 
sodium and potassium ions), glucose, and waste products such as urea. The filtrate is then passed 
through the renal tubule where reabsorption occurs. During the reabsorption process, water, 
‘glucose, nutrients, and ions such as sodium are reabsorbed back into the blood. The last process 
of urine formation is secretion. Secretion occurs at the distal and the collecting tubules of the 
nephron where ions (such as hydrogen and potassium ions), ammonia, and certain metabolites 
are secreted from the blood into the lumen of the renal tubule to be eliminated in the urine. The 
urine is drained from the kidneys through the ureters and is stored in the bladder before itis 
finally excreted through the urethra. 

Urine is an aqueous solution consisting largely of water. Urea is the most abundant waste 
product in urine, resulting from the elimination of ammonia that is produced from the meta- 
bolic process of amino acids. The average urea concentration in human urine is approximately 
9 g/L. Other major components are creatinine, uric acid, and ions such as phosphate, sulfate, 
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‘The term switch refers here to a physically operated mechanical switch, controlled by 
flipping a lever or sliding a knob. Although there Is some overlap of function, rotary 
switches and pushbuttons have their own separate entries. Solid-state switching com- 
ponents are described in entries for bipolar transistor, unijunction transistor, and 
field-effect transistor. Integrated-circuit switching devices will be found in Volume 2. 
Coaxial switches are used for high-frequency signals, and are not included in this ency- 
clopedia. Multidiectional witches differentiate up, down, left, right, diagonal, rotational, 
and other finger inputs, and are not included in this encyclopedia, 


OTHER RELATED COMPONENTS 


+ pushbutton (See Chapter 5) 
+ rotary switeh (Seo Chapter 7) 


What It Does 


A switch contains at least two contacts, which 
close or open when an external lever or knob is 
flipped or moved. Schematic symbols for the 
most basic type of on-off switch are shown in 
Figure 6-1. 


‘The most fundamental type of switch is a knife 
switch, illustrated in Figure 6-2. Although it was 
common in the earliest days of electrical discov- 
ery, today tis restricted to educational purposes 
in schools, and (in a more robust format) to AC 
electrical supply panels, where the large contact 
area makes it appropriate for conducting high 
amperages,anditcan beusedfor’hotswitching” 
a substantial load. 


How It Works 


‘The pole of a switch is generally connected with 
a movable contact that makes or breaks a con- 
nection with a secondary contact. Ifthereis only 
one pole, this is a single-pole switch. ifthere is an 
additional pole, electrically isolated from the 


— —oro— 


Figure 64. The two most commen schematic symbols 
for a SPST switch, also known as an on-off switch, The 
symbols are functionally identical. 


first, with its own contact or set of contacts, this 
is a two-pole switch, also known as a double- 


pole switch. Switches with more than 4 poles are 
uncommon, 


If there is only one secondary contact per pole, 
thisisa single-throw or ST switch, which may also 
be described asan on-offor off-on switch. |fthere 
is an additional secondary contact per pole, and 
the pole of the switch connects with the second 
contact while disconnecting from the first, thisis 
adouble-throw or DT'switch, also knownasatwo- 
way switch. 
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Figure 17.1 Human urinary system. A longitudinal view ofthe right kidney is shown. (@ Richard C. Li.) 


chloride, sodium, and potassium. Healthy individuals also excrete a small amount of protein. 
Urine has a characteristic yellow color. Subsequent to excretion from the body, urine acquires 
an odor that results from the ammonia that is released from the breakdown of urea by bacteria. 


17.1.2 Presumptive Assays 
In forensic identification, urine stains can be located by visual examination based on the char- 
acteristic yellow color of urine and the detection of the distinctive odor of urine stains. Under 
alternative light sources, urine stains emit a fluorescent light that facilitates the locating of urine 
stains in clothing and bedding, Chemical analysis can be carried out to detect the major inor- 
ganic anions in urine such as phosphate and sulfate as well as the major organic compounds 
in urine such as urea, creatinine, and uric acid, These assays are summarized in Table 17.1 
However, these assays are not specific to urine, Other bodily fluids, such as sweat, also contain 
these chemical components 


17.2.1 The Identification of Urea 
‘The para-dimethylaminocinnamaldehyde (DMAC) assay is simple and rapid and is the most 
commonly used presumptive assay for the forensic identification of urine stains (Figure 17.4). 
‘The DMAC assay can be performed using two different methods: the colorimetric and the fluo- 
rometric methods (Figure 17.5). 

In the colorimetric method, a portion of a stain (-1 cm) is cut and is extracted with 1 mL 
of distilled water. The extraction is transferred onto a piece of filter paper and is allowed to dry. 
One drop of 0.1% DMAC solution is then added to the filter paper. DMAC reacts specifically 
with urea, if present, producing a pink-colored (or magenta-colored) product. DMAC does not 
react with creatinine, ammonia, or uric acid. The appearance of a pink color within 30 min after 
applying the DMAC reagent is considered a positive reaction, No color change within 30 min is 
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Figure 17.2 Diagram of the human nephron. (@ Richard C. Li) 
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Figure 17.3 Section view of the human nephron. (@ Richard C. Li.) 
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Figure 17.4 Chemical reaction of DMAC assay. 
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Figure 17.5 Positive reaction of DMAC assay of a urine stain. (a) Colorimetric and (b) fluorometric 
method. (@ Richard C. Li.) 
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considered a negative reaction. However, this method is not specific to urine, as other bodily flu- 
ids such as saliva, semen, sweat, and vaginal secretions can also give positive reactions. A diluted 
DMAC solution, from 0.1% to 0.05%, can maintain appropriate sensitivity to urine stains and 
minimize false-positive reactions caused by the detection of low levels of urea that are present 
in other bodily fluids. 

‘The fluorometric method is useful for locating urine stains on large pieces of evidence such as 
clothing and bedding (Figure 17.6). Additionally, this method can detect patterns of urine stains 
(Figure 177), which can be useful in crime scene reconstructions. In the fluorometric method, 
the evidence to be examined, such as garment, is covered by a sheet of filter paper that has been 
preabsorbed with the DMAC solution. The evidence and the filter are then wrapped together in 
a sheet of aluminum foil and are left overnight in a press, ensuring that the evidence isin close 
contact with the filter paper. Alternatively, the layers can be heated for 30 s using an iron, Using 
a light source at 473-548 nm, the DMAC-treated urine stain fluoresces, The fluoresced stain is 
best observed with a 549 nm filter. However, colored fabrics interfere with the assay since dyes 
and pigments can inhibit the fluorescence. 

In addition to the DMAC test, the identification of urea that is present in urine stains can 
be carried out by urease assays, Ureases catalyze the breakdown of urea, thus releasing ammo- 
nia and carbon dioxide (Figure 17.8). The ammonia is detected using an acid-base indicator, 
bromthymol blue, which exhibits a blue color. Alternatively, the ammonia can be detected by 
‘manganese and silver nitrates, which exhibit a black color. Additional assays such as micro- 
scopic crystal and chromatographic assays are summarized in Table 17.1 
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Figure 17.6 Fluorometric DMAC assay of urine stains. Evidence item (a) is closely covered by a 
piece of moistened filter paper containing OMAC. The orientation ofthe paper is marked (b). The 
layers are pressed to allow te transfer ofa small amount ofthe stain onto the paper and are heated 
using an iron (c). The paper is then lifted. The OMAC-treated urine stain fluoresces under a light 
source at 473-548 nm (d) (@ Richard C. Li) 


Figure 17.7 Fluorometric DMAC enhancement of a footwear impression in urine on white cotton 
fabric. From left to right: urine impression, DMAC-treated urine stains under white light, and DMAC- 
treated urine stains using an excitation light source, (From Farrugia, K.t., et al., Forensic Sci Int 
214, 67-81, 2012. With permission.) 
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Figure 17.8 Biochemical reaction of urease. 
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17.1.2.2 Identification of Creatinine 

Creatinine is produced during normal muscle cell metabolism (Figure 179). During this metab- 
olism, phosphocreatine, an energy-storing molecule in muscle cells, breaks down to form cre- 
atine, Creatine is then metabolized to creatinine, which is released from the muscle cells nto the 
blood. Serum creatinine is largely fltrated by the renal glomeruli, A small amount of creatinine 
is secreted by the renal distal tubules. The amount of creatinine excreted in urine is proportional 
to the muscle mass of an individual. However, creatinine is not only present in urine, It is also 
present in other bodily fluids such as blood and semen. 

‘The creatinine present in urine can be detected using the Jaffe color test (Figure 17.10). In 
this test, picric acid is used to convert creatinine, under alkaline conditions, to form creatinine 
picrate, which is a bright red product. Additional tests for urine creatinine are summarized in 
‘Table 17.1. Recently, a Uritrace device (Abacus Diagnostics) has been made commercially avail- 
able for the detection of creatinine. 


Nn cool Phosnhocretine 


Hoc ON NH 
Ne Creatine 


Figure 17.9 Schematic view of the formation of creatinine, 
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Figure 17.10 Chemical reaction of Jatfe's assay. 
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171.3 Confirmative Assays 

17.1.3.1 Identification of Tamm-Horsfall Protein 

Tamm-Horsfall protein (THP), also known as uromodulin, is the most abundant protein in 
urine, and accounts for 40% of the urine proteins. THP is exclusively synthesized in the epithe- 
lial cells of Henle’s loop. THP is secreted from the apical plasma membrane of the epithelial cells 
into the lumen. Under physiological conditions, an adult excretes 20-100 mg of THP into urine 
daily. The biological function of THP is not fully understood. Itis speculated that it prevents the 
body from contracting urinary tract infections and from forming renal stones. 

‘THP is a urine-specific biomarker for forensic urine identification. It can be detected using 
an enzyme-linked immunosorbent assay (ELISA). More recently, it can be detected using an 
immunochromatographic assay, RSID-Urine, which utilizes a polyclonal rabbit antibody that is 
specific to THP (Figures 17.11 and 17.12). This testis rapid and simple and thus can be used as a 
screening test in laboratories and asa field test at crime scenes to identify urine. The detection 
limit of RSID-Urine for THP is 0.5 uL of urine. Although the sensitivity of RSID-Urine is lower 
than that of ELISA detection of THE, itis sufficient for forensic applications. These methods are 
specific to THP that is present only in urine while no detection is found in other bodily fluids 
such as plasma, saliva, semen, vaginal ftid, or sweat 


17.1.3.2 Identification of 17-Ketosteroids 

In humans, urine contains derivatives of 17-ketasteraids such as androsterone, dehydroepi- 
androsterone (DHEA), and etiocholanolone. Androsterone is a steroid hormone with a weak 
potency oftestosterone, DHEA isa metabolic intermediate in the biosynthesis of the gonadal ste- 
roids. DHEA also has a potential function asa steroid hormone. Etiacholanolone is a metabolite 
of testosterone. These compounds are present in urine as conjugates, in which 17-ketosteroids 
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Figure 17.11 Immunochromatographic assays forthe identification of THP in urine. (a) In a sample 
well, THP in a urine sample is mixed with labeled anti-THP Ab. (b) The THP binds to the labeled 
anticTHP Ab to form a labeled Ab-THP complex. (c) At the test zone, the labeled complex binds to 
an immobilized anti-THP Ab to form a labeled Ab-THP-Ab sandwich. (d) At the control zone, the 
labeled anti-THP Ab binds to an immobilized antiglobulin and is captured at the control zone. Ab, 
antibody; THP, Tamm-Horsfall protein antigen. (@ Richard C. Li.) 
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Figure 17.12 Results obtained using immunochromatographic assays (RSID™-Urine; Independent 
Forensics, Lombard, IL) for the identification of THP in urine. From left to right: negative control, 
Uundiluted, 1:10 diluted, and 1:100 diluted urine samples. A visible blue line at the test (T) zone 
and control (C) zone indicates 2 positive result, The blue line at the control zone only indicates a 
jive result. (From Akutsu, T., Watanabe, K., and Sakurada, K., J Forensic Sci, 57, 1570-1573, 
. With permission.) 


are modified in the liver through glucuronidation and sulfation. In glucuronidation, glucuronic 
acids are added to 17-ketosteroids while in sulfation, sulfates are transferred to 17-ketosteroids. 

‘Asa result, these conjugates, containing charged moieties, are more water soluble than the non- 
conjugated 17-ketosteroids. Thus, they are excreted into urine to be eliminated from the body. 

“The five major components of the 17-ketosteroid conjugates present in human urine are andros- 
terone glucuronide, androsterone sulfate, DHEA sulfate, etiocholanolone glucuronide, and etio- 
cholanolone sulfate (Figure 17.13). Thus, the analysis of 17-ketosteroid conjugates in urine stains 
is useful for the identification of human urine stains. These five 17-ketosteroid conjugates can be 
identified using liquid chromatography-mass spectrometry (LC-MS). However, some of these 
17-ketosteroid conjugates are also detected in serum. Therefore, the presence of all five conju- 
gated 17-ketosteroids in a sample is required to identify a urine stain, Additionally, the profiles 
of the 17-ketosteroid conjugates are human specific and are distinguishable between humans 
and animals 


17.2 \dentification of Sweat 

Sweat is the least common bodily fluid analyzed in forensic laboratories compared with others 
that have been mentioned in previous chapters. However, sweat identification is still useful for 
forensic investigations, For example, forensic DNA analysis allows the generation of DNA pro- 
files from trace biological evidence such as fingerprints. Identifying sweat can be important for 
the analysis of these types of evidence. 


17.2.1 Biology of Perspiration 

Humans have two types of secretory sweat glands: the eccrine and the apocrine sweat glands 
(Figure 17.14), Eccrine sweat glands are distributed almost all over the body and are controlled 
by the sympathetic nervous system. Eccrine sweat glands play a role in regulating body tem- 
perature. When the body temperature rises, eccrine sweat glands secrete a watery sweat to 
the skin’s surface where heat is carried away through the evaporation of the sweat to main- 
tain normal body temperature. In humans, apocrine sweat glands, which are associated with 
hair follicles, are usually restricted to the underarm and genital areas and are controlled by 
‘emotional stress. Apocrine sweat glands are inactive until puberty. This type of sweat gland 
secretes an oily sweat that is odorous after being processed by skin bacteria. The majority of 
sweat evidence that is analyzed in forensic laboratories is sweat stains secreted from eccrine 
glands. Sweat contains water, minerals, lactate, and urea. Its biochemical composition varies 
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Figure 17.13 Structural formula of 17-ketosteroids and 
human urine, UGT, UDP glucuronosyltransferase. (© Richard 


Etiocholanolone sulfate 


17-ketosteroid conjugates present in 
Li) 


among individuals and their physical activities. Sweat contains low levels of constituents that 
are also present in other bodily fluids such as urine. Thus, it has been considered a difficult 


bodily fluid to identify. 


17.2.2 Sweat Identification Assays 


Sweat evidence has been analyzed using presumptive assays (Table 17.1) such as elemental 


analysis using scanning electron microscopes coupled wit 


ith energy dispersive x-ray spectros- 


copy in the detection of lactic acid. Since sweat contains many inorganic and organic com- 


pounds that are also present in other bodily fluids, these as 
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Variants 


Figure 6-2. 4 DPST kn 
tional environment. 


fe switch intended for the educa 


‘A double-throw switch may have an additional 
center position. This position may have no con- 


nection (itis an “off” position) orin some cases it 
connects with a third contact. 


Where a switch is spring-loaded to return to one 
ofits positions when manual pressureis released, 
it functions like a pushbutton even though its 
physical appearance may be indistinguishable 
from a switch 


Variants 


Float switch, mercury switch, reed switch, pressure 
switch, and Hall-effect switch are considered as 
sensing devices, and will be found in Volume 3. 


Terminology 

Many different types of switches contain parts 
that serve the same common functions, The ac 
tuator is the lever, knob, or toggle that the user 
turns or pushes. A bushing surrounds the actua- 
tor on a toggle-type switch, The common con- 
tact inside a switch is connected with the pole of. 


power> connection > switch 
the switch. Usually a movable contact is attached 
to it internally, to touch the secondary contact, 
also known as a stationary contact when the 
movable contact is flipped to and fro. 


Poles and Throws 
Abbreviations identify the number of poles and 
contacts inside a switch. A few examples will 
make this clear: 
SPST also known as 1P1T 

Single pole, single throw 


DPST also known as 2P1T 
Double pole, single throw 

SPDT also known as 1P2T 
Single pole, double throw 

PST also known as 3P1T 
Three pole, single throw 


Other combinations are possible. 


In Figure 6-3, schematic symbols are shown for 
double-throw switches with 1,2, and3 poles. The 
dashed lines indicate a mechanical connection, 
so that all sections of the switch move together 
when the switch is tured. No electrical connec- 
tion exists between the poles. 


Figure 6-3. Schematic symbols to represent three types 
of double-thvow switch. Top left: Single-pole. Bottom left 
Doubie-pole. Right: Tiple-pole, more commonly known as 
pole. 
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Figure 17.14 Diagram of the human eccrine and apocrine sweat glands. (© Richard C. Li.) 


microspectroscopy is potentially useful for the identification of sweat for forensic purposes, 
‘which is based largely on the profiles of lactate, lactic acid, urea, and single amino acids in urine. 

Recently, dermicidin has been identified as a potential biomarker of human sweat. Dermcidin 
belongs to a class of human antimicrobial peptides of the innate immune defense system and 
playsan important role in protecting epithelial barriers from infections. Dermcidin, specifically 
expressed in eccrine sweat glands (Figure 17.15), is secreted into the sweat and is transferred to 
the epidermal surface. In forensic applications, dermcidin can potentially be utilized as a bio- 
‘marker for the confirmatory assay of sweat identification. The detection of dermcidin in sweat 
stains can be performed using ELISA assays utilizing antibodies specific to human dermcidin. 
‘This method is highly sensitive and is able to detect dermcidin in sweat samples that are diluted 
10,000-fold. Dermcidin is encoded by the DCD gene. Its mRNA can be detected using reverse 
transcription polymerase chain reaction (RT-PCR) assays (Chapter 7) that can detect DCD 
‘mRNA in 10 pL of sweat sample, Dermeidin assays are also specific to sweat as dermcidin is not 
detected in other bodily fluids such as semen, saliva, and urine. 


17.3 Identification of Fecal Matter 

‘The examination of feces has been used in criminal investigations for over a century. 
Specifically in 1948, a burglary case was reported using fecal analysis to link the shoes of a 
‘suspect to a crime scene. One of the aspects of fecal analysis is to determine a common origin 
of the reference sample and the fecal evidence, thus potentially linking a suspect to a crime 
scene. Today, the individual characteristics of a fecal sample can be effectively determined 
using forensic DNA analysis of sloughed intestinal epithelial cells that are present in fecal 
‘matter. The identification of fecal matter is valuable in providing important information for 
a criminal investigation. For example, the presence of fecal matter may corroborate a sexual 
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Figure 17.15 Localization of the dermecidin peptide in the sweat glands. Skin tissue sections are 
treated with a derncidin antibody and stained. (a) Both the eccrine and apocrine sweat glands 
are shown. Only cells of the eccrine gland in the skin express dermecidin (brown stained). Arrows: 
eccrine sweat glands, Arrowheads: apocrine sweat glands. Scale bar: 100 ym. (b) Close-up view of 
the eccrine gland. The presence of the dermcidin peptide is observed (brow). Scale bar: 10 ym. 
(From Sagawa, K., etal, Int J Legal Med, 117, 90-95, 2003. With permission ) 


assault involving sodomy, assault with fecal matter, vandalism, and burglary during which 
the perpetrator defecated at the scene. 


17.3.1 Fecal Formation 

Feces are a type of waste matter that is the direct result of food that has been processed by the 
digestive system (Figure 17.16). Human feces contain undigested foodstuffs, sloughed intestinal 
epithelial cells, intestinal bacteria, bile pigments, electrolytes, and water. Feces are formed in 
the intestines during the last phase of digestion. Feces first enter the colon in liquid form, Most. 
of the nutrients are absorbed on the surface area of the small intestine. In the large intestine, 
‘water, sodium, and chloride are absorbed on the surface of the lumen, The remaining luminal 
contents are converted into feces. Food stays for approximately 2-6 h in the stomach. It takes, 
an additional 3-5 h to travel through the small intestine and 12-24 h to travel through the large 
intestine. 


17.3.2 Fecal Matter Identification Assays 
A fecal analysis includes macroscopic and microscopic examination, chemical tests, and fecal 
bacterial identification. 
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Figure 17.16 Diagram of the human digestive system. The esophagus, stomach, liver, gabled 
der, pancreas, small intestine (duodenum, jejunum, and ileum), and large intestine (cecum, colon, 
appendix, and rectum) are shown. (@ Richard C. Li) 


17.3.2. Macroscopic and Microscopic Examination 
‘The color and odor of human feces are useful characteristics for fecal identification, The nor- 
‘mal brown color of feces primarily results from the presence of urobilinoids, which are heme 
catabolic by-products. The characteristic odor of feces is caused by the metabolic by-products of 
the intestinal bacterial flora. Indole, skatole, and hydrogen sulfide are the compounds that are 
responsible for the odor of feces. 

‘When fecal stains are analyzed, the microscopic examination of the feces can be performed 
‘on an aliquot of fecal suspension. The presence of characteristic undigested foodstuffs can 
indicate human feces. Fecal matter can be transferred from samples of clothing by scraping 
‘with a sterile stainless steel spatula. The fecal matter is then hydrated in 6% formalin solution 
for 24-48 h prior to microscopic examination. Undigested foodstuffs such as vegetable frag- 
‘ments and meat fibers are often present in human feces. Vegetable fragments (Figure 17.17) 
are often undigested vegetable dermal tissues that cover and protect the plant and fragments 
of vascular tissues that play roles in transporting water and nutrients throughout the plant. 
‘The types of vegetables can be identified by comparing the observed fragments with known 
plants. Meat fibers (Figure 17.18) are undigested animal skeletal muscle fibers. These fibers 
have characteristic striations, usually rectangular in shape, that are used for comparison with 
known animal tissues. 
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Figure 17.17 Scallion vascular tissue (top) and dermal tissue (bottom). (® Richard C. Li.) 


Figure 17.18 Cattle meat fibers. (© Richard C. Li.) 
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17.3.2.2 Urobitinoids Tests 
‘The forensic analysis of fecal matter often involves the identification of fecal stains on swabs and 
clothing from which small amounts of sample may be available. Chemical tests can be useful 
for the analysis of fecal stains. By far the most common chemical test performed on feces is the 
detection of urobilinoids. Urobilinoids, including urobilin and stercobilin, are generated from 
the degradation of heme and are excreted into feces. 

“The average lifetime of erythrocytes is approximately 3~4 months. Erythrocytes are continu 
ously undergoing hemolysis in which erythrocytes are naturally broken down and are usually 
processed in the reticuloendothelial system of the spleen. Hemoglobin is released daily during 
the hemolysis process and is degraded into heme, globin, and iron. Other sources of heme are 
derived from the degradation of erythrocyte precursors in bone marrow and other heme-con- 
taining proteins such as myoglobin and cytochromes. In the peripheral tissues, heme undergoes 
catabolism to form bilirubin (Figures 17.19 and 17.20). Bilirubin is further converted to urobilino- 
_gemin the intestine, A portion of urobilinogen is reduced to stercobilinogen. In the large intes- 
tine, the spontaneous oxidation of urobilinogen and stercobilinogen results in the formation of 


Bilirubin 
plucuronides 


Bilirubin 


Figure 17.19 The formation of urobilinaids. Aged erythrocytes are disposed in the spleen, releasing 
hemoglobin that is broken down to heme. The heme is converted to biliverdin and is subsequently 
reduced to bilirubin, The bilirubin is then released into the bloodstream where it is bound to albu- 
min, which cannot be filtrated at the glomeruli. The bilirubin is transported through the bloodstream 
to the liver where it is conjugated with glucuronic acid, forming water-soluble bilirubin monoglucuro~ 
hide and diglucuronide. The bilirubin glucuronides are excreted into the bile and are subsequently 
‘excreted into the small intestine. In the intestines, the glucuronic acid of the conjugated bilirubin is 
removed. The unconjugated bilirubin is metabolized by intestinal bacteria, forming urobilinogen. A 
portion of the urobilinogen is further metabolized to stercobilinogen. The urabilinagen and the ster- 
Ccobilinogen are oxidized by intestinal bacteria, forming urobilin and stercobilin, respectively, which 
are excreted into the feces. (© Richard C. Li) 
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Figure 17.20 The formation of bilirubin glucuronides in the liver. UGT, UDP glucuronosyltransferases. 


turobilin and stercobilin (Figure 17.21), respectively. These compounds are brown colored and are 
responsible for the characteristic color of feces. 

‘The urobilinoids can be detected using the Schlesinger and Edelman tests. In the Schlesinger 
test, a sample is mixed with saturated zinc acetate in ethanol solution to form aurobilinoid— 
zine chelation complex that emits a characteristic green fluorescence under ultraviolet light. 
“The Edelman test isa variation of the Schlesinger test. A sample is treated with a mercuric salt 
solution to yield a pink-colored compound, Further treatment with a zinc salt produces fluores- 
cence. However, less fluorescence is observed in the Edelman test than in the Schlesinger test. 
Inconclusive and inconsistent results are ofien obtained using these tests where fecal material 
sometimes gives no visible fluorescence. Additionally, the intensity of the fluorescence observed 
varies between samples. The reliability and selectivity of the tests can be increased using a spec- 
trometric measurement of the fluorescence detection of fecal urobilinoids based on the principle 
ofthe Schlesinger test. A dry sample is treated with 1 ml. of zinc acetate solution (1% zinc acetate 
‘methoxyethanol solution and 0.2% Tris). The suspension is then sonicated for 5 min, heated at 
100°C for 10 min, cooled, and centrifuged. ‘The presence of urobilinoids can be detected using 
excitation and emission maxima at 507 and 514 nm, respectively 

‘The disadvantages of the Schlesinger and the Edelman tests are their low species specificity as 
both tests cannot distinguish between human and other mammalian fecal materials. Moreover, 
under normal circumstances, up to 5% of urobilinogen is transported to the kidney and oxi- 
dized to urobilin in urine. Under some pathological conditions such as hepatic function disor- 
ders, the level of urobilin in the urine can be very high. Both the Schlesinger and Edelman tests 
respond to the urobilin of urine stains as well, 


Urebilin Stereobiia 
Figure 17.21 Urobilinoids: urobilin and stercobilin, Arrow, site of reduction. 
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Figure 17.22 Intestinal bacteria. (© Richard C. Li 


17.3.2.3 Fecal Bacterial Identification 

‘The human intestinal microbiota contains more than 4000 bacterial species (Figure 17.22). 
‘Traditional methods for detecting fecal materials utilize the cultivation of fecal indicator bacte- 
ria such as Escherichia coli or Enterococci spp. However, these fecal indicator bacteria constitute 
‘only a small portion of the fecal microbiota, and thus may not be adequate for forensic identi- 
fication purposes. Bacteroides, however, accounts for approximately 30% of fecal microbiota 
that are the predominant bacteria in human feces. Bacteroides can potentially be used for the 
forensic identification of feces. Bacteroides is a genus of rod-shaped, anaerobic gram-negative 
bacteria, These bacteria play a role in digesting complex carbohydrates and other substances 
that cannot be digested by human enzymes. The identification of bacteroides can be carried out 
by detecting specific DNA sequences of the rpoB gene, which encodes the fi subunit of bacte- 
rial RNA polymerase (Chapter 11). The presence of the species-specific DNA sequence can be 
detected by RT-PCR utilizing primers that are specific to the target species but not to other 
species. Thus, only a targeted species can be amplified if it is present. Two fecal predominant 
bacteroides species, B. uniformis and B. vulgatus, can be detected in feces. B. uniformis is not 
detectable in blood, saliva, semen, urine, vaginal fluids, or on skin surfaces. Therefore, B. unifor- 
imisis considered as a specific indicator bacterium for forensic fecal identification. Sometimes, B. 
‘ulgatus can also be detected in vaginal fluid samples. Therefore, precaution should be taken in 
interpreting the results obtained using a B. vulgatus assay. Additionally, this method alone can- 
‘not discriminate between human and animal feces. Furthermore, fecal microbial populations 
can be affected by the host’s diet. Individuals who consume saturated fats and proteins, which. 
are abundant in Western diets, have predominantly Bacteroides species in their feces. However, 
individuals who consume a low-fat and carbohydrate-rich diet have predominantly Prevotella 
species, also a genus of gram-negative bacteria, in their feces 


17.4 Identification of Vor 
17.4.1 Biology of Gastric Fluid 

Gastric fuid can be found in stains derived from stomach wounds. Most often, gastric fluid is 
from vomitus found at a crime scene or as dried stains on clothing, Vomiting is the forceful 
expulsion of the contents of the stomach through the mouth (Figure 17.23). It is usually pre- 
ceded by salivation, sweating, and the sensation of nausea. Vomiting usually begins with a deep 
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Figure 17.23 Act of vomiting. The contractian of the diaphragm and the stomach during the phase of 
Vomiting is shown (in red). Additionally, the positions ofthe epigiottis and the uvula during vomiting are 
shawn (in red). As a result, the stomach contents are expelled thraugh the mouth, (@ Richard C. Li.) 


inhalation and the closure of the glottis. Subsequent contractions of the diaphragm and the 
abdominal muscles compress the stomach. The gastric contents are then forced upward through 
the relaxed sphincters and the esophagus, and are expelled through the mouth. Since the glot- 
tis is closed, vomitus usually does not enter the respiratory tract. Although the uvula is usually 
raised to close the nasal cavity, vomitus sometimes enters the nose. Vomiting can be caused by a 
‘wide variety of pathological conditions. Vomiting may be a specific response to acute intoxica- 
tion in homicidal poisoning cases or it may be caused by trauma in a violent assault. Thus, the 
forensic identification of the gastric fluid can corroborate a criminal act 

‘The stomach stores ingested food until it can be emptied into the small intestines. When food 
centers the stomach, hydrochloric acid is secreted in large quantities, which facilitates the initial 
degradation of proteins. The stomach also secretes mucus that lubricates the gastric surface to 
protect the epithelium from acidic environments. Hormones such as gastrin, which are found 
in the gastric fluid, regulate acid secretion and gastric movement. A number of enzymes are 
secreted into the gastric fluid, including lipase, which plays a role in lipid hydrolysis, and gela- 
tinase, which can hydrolyze gelatin. The stomach also secretes pepsinogens, which are enzyme 
precursors, into the gastric fluid, In the stomach, pepsinogens are activated by hydrochloric acid 
into pepsin, which is largely responsible for the digestion of proteins. 


17.4.2 Vomitus Identification Assays 

Vomitus is highly acidic and tends to be malodorous. The color of vomitus may be of forensic 
interest. Fresh blood in the vomit is usually bright red and suggests bleeding due to injuries, 
‘while dark red blood clots suggest bleeding in the stomach due to pathological conditions such 
as an ulcer. A microscopic examination (Section 173.2.1) can be performed to identify recently 
ingested food particles that are present in a sample. The presence of gastric fluid in vomitus can 
also be identified by the detection of pepsins secreted from the stomach. This identification test 
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Figure 17.24 The cleavage of polypeptide by pepsin. Pepsin cleaves polypeptide at sites of aro- 
matic amino acids. R and R’: tryptophan, phenylalanine, or tyrosine. 


is based on the proteolytic activity of pepsins. Pepsins are endopeptidases that cleave primar- 
ily on peptide bonds in the middle of the protein. Aromatic amino acids such as tryptophan, 
phenylalanine, and tyrosine are the preferred targeted amino acids for the cleavage reaction by 
pepsins (Figure 17.24). In the pepsin-proteotytic assay, fibrin blue is used as a substrate for pep- 
sin, Fibrin blue isan insoluble protein-dye complex that is colorless. In the presence of vomitus, 
pepsin cleaves fibrin blue and releases a chromophore that is soluble in water and exhibits.a blue 
color. In the assay, a fibrin blue-containing agarose gel is utilized, The sample from vomitus is 
loaded onto the gel plate, Afier incubation, a blue ring around the sample can be observed as a 
result ofthe enzymatic reactivity of pepsin. The amounts of pepsin in a sample can be quantified. 
‘The results on the gel plate can be photographed and the dried gel plate can also be preserved 
as evidence, This method can determine the pepsin content of fresh and aged forensic samples. 
Bodily fluids other than vomitus do not show positive reactions with the use of this method. 
However, this method cannot distinguish the vomitus of humans from that of other vertebrates. 
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power> connection > switch 
On-Off Behavior 
‘The words ON and OFF are used to indicate the 
possible states of a switch. The additional word 
NONEis used by some manufacturers to indicate 
that a switch does not have a center position. 
Some manufacturers don't bother with the word 
NONE, assuming that if the word is omitted, a 
center position does not exist. 
ON-OFF or ON-NONE-OFF 
A basic on-off SPST switch with no center 
position. 
(ON-ON or ON-NONE-ON 
Abasic SPOT switch with no center position. 
(ON-OFF-ON 
A double-throw switch with center-off po: 
tion (no connection when the switch is cen- 
tered). 
ON-ON-ON 
A triple-throw switch where the center po- 
sition connects with its own set of terminals. 


Parentheses are used in descriptions of spring- 

loaded switches to indicate a momentary state 

that lasts only as long as pressure is applied to 

the actuator. 

(ON)-OFF or OFF-(ON) 
A spring-loaded switch that is normally off 
and returns to that position when pressure 
is released. Also known as NO (normally 
open), and sometimes described as FORM A. 
Its performance is similar to that of a push- 
button and is sometimes described as a 
‘make-to-make connection. 


(ON-(OFF) or (OFF)-ON 
A spring-loaded switch that is normally on 
and returns to that position when pressure 
is released. This is sometimes described as a 
make-to-break connection. Also known as 
NC (normally closed), and sometimes de- 
scribed as FORM 8. 


Variants 


(ON)-OFF-(ON) 
A spring-loaded double-throw switch witha 
no-connection center position to which it 
returns when pressure on its actuator is re- 
leased. 


Other combinations of these terms are possible. 


‘Most double-throw switches break the connec- 
tion with one contact (or set of contacts) before 
making the connection with the second contact 
(orset of contacts). Thisis known asa break before 
‘make switch, Much less common isa make before 
break switch, also known as a shorting switch, 
which establishes the second connection a mo- 
ment before the first connection is broken. Use 
of a shorting switch may cause unforeseen con- 
sequencesin electronic componentsattached to 
it, as both sides of the switch wil be briefly con- 
nected when the switch is turned. 


Snap-Action 

Also known as a limit switch and sometimes as a 
microswitch or basicswitch. This utilitarian design 
is often intended to be triggered mechanically 
rather than with finger pressure, for example in 
3 printers. It is generally cheap but reliable. 


Two snap-action switches are shown in 
Figure 6-4. A sectional view ofa snap-action ON- 
(ON) limit switch is shown in Figure 6-5. The pole 
contacts are mounted on a flexible strip which 
can move up and down in the center of the 
switch. The strip has a cutout which allows an 
inverted U-shaped spring to flip to and fro. It 
keeps the contacts pressed together in either of, 
the switch states. 
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SECTION IV 


Individualization of 
Biological Evidence 


Blood Group Typing and 
Protein Profiling 


18.1 Blood Group Typing 

18.1.1 Blood Groups 

For the purposes of this text, blood groups are defined as antigen polymorphisms present on 
erythrocyte surfaces. Human erythrocyte surface membranes contain a variety of blood group 
antigens. Transfusion reactions occur when an incompatible type of blood is transfused into an 
individual, which can lead to severe symptoms or even death. Karl Landsteiner discovered the 
first blood group, known as the ABO system, in the early 1900s, while studying transfusion and 
transplantation. The discovery made blood transfusions feasible, and Landsteiner was awarded 
the Nobel Prize in 1930. 

‘The International Society of Blood Transfusion currently recognizes 29 blood group systems, 
‘which include hundreds of antigen polymorphisms (Table 18.1), From the 1950s to the 1970s, the 
structures and biosynthesis pathways of many blood group antigens were determined. The genes 
for most ofthese blood group systems have been identified as wel. The isolation of blood group 
{genes has made it possible to understand the molecular mechanisms of the antigenic character- 
istics ofthe blood group systems. 

‘The ABO system of antigens in human erythrocytes is the most commonly used blood group 
system for forensic applications. Forensic laboratories also use others, including the Rh, MNS, 
Kell, Dufly, and Kidd systems. 


18.1.2 ABO Blood Group System 
In the ABO blood group system, two types of antigens, designated A and B, give rise to four 
blood types: 


Jk) Type A individuals have the A antigen. 
J) Type B individuals have the B antigen. 
% Type AB individuals have both A and B antigens. 


X Type O individuals have neither A nor B antigens. 


‘The antigens may be found in other bodily fluids as well as blood, such as amniotic fluid, 
saliva, and semen as well as many organs including the kidney, pancreas, liver, and lungs. 
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Table 18.1 Blood Group Systems 


Number of ‘Chromosomal 
Number Antigens Location 
001 ‘ABO ‘ABO 4 ‘ABO 


9934.2 
02 MNS MNS 43.—«GYPA,GYPB,GYPE ——4q31.21 
003 P PL 1 22q11.2-ater 
04 Rh RH 49 RHO, RHCE 1736.11 
005 Lutheran LU 20 wu 19913.32 
006 Kell KEL 25 KEL 7934 
007 Lewis Le 6 Fura 1913.3 
08 Duty FY 6 FY 1923.2 
09 Kidd Jk 3 SLCAIAL 18q12.3 
10 Diego Dl ai SLOAAL 17921.31 
ou vt wT 2 ACHE 7922.1, 
o12 Xe XG 2 Xe, mIG2 Xp22.33, Ypll.3 
013 Scianna SC 5 ERMAP 1934.2 
014 Dombreck D0 5 Do 12p12.3 
ois Colton co 3 AQPI 7p14.3 
016 —Landsteiner- LW 3 Icama 19p13.2 
Wiener 
o17 Chidot CHR 9 C4A, CAB 6p21.3 
Rodgers 
ais H H i Furi 9913.33 
ois Ke xK 1 XK Xp2.1 
020 Gerich GE a vec 2914.3 
oat Cromer CROM 12 DAF 19322 
022 Kops KN a ont 1932.2 
023 Indian Ww 2 Daa 11p13 
024 0k ok 1 BSG 19p13.3 
025 Raph RAPH 1 op1s1 p15. 
026 John Milton JMH 1 SEMATA 19924.1 
Hagen 
027 f 1 1 Genre 6924.2 
028 Globoside —GLOB 1 B3GALT3 3926.1 
029 ill GIL 1 AaP3 op13.3 


Source: Adapted from Daniels, G.L., et al., Vox Sang, 87, 304-316, 2004. 
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18.1.2.1 Biosynthesis of Antigens 
All individuals generate the O antigen, also known as the H antigen. The O antigen is synthe- 
sized by fucosyliransferase, a fucose transferase encoded by the FUT genes, which adds a fucose 
‘on the end of a glycolipid (in erythrocytes) or glycoprotein (in tissues). An additional monosac- 
charide (Figure 18.1) is then transferred to the O antigen by a transferase encoded by the ABO 
locus. The specificity of this enzyme determines the ABO blood type (Figure 18.2: 


& The Aallele produces the A-transferase, which transfers N-acetylgalactosamine to the O 
antigen and thus synthesizes the A antigen. 


Bi The B allele produces the B-transferase, which transfers galactose to the O antigen and 
thus synthesizes the B antigen, 


3 The Oallele has a mutation (small deletion), which eliminates transferase activity, and no 
modification ofthe O antigen occurs 


‘Asa result, the A and B antigens differ in their terminal sugar molecules. Subgroups of blood 
types A and B have been described. The most important are the A, and A, antigens. Both A, and 
A, (and A,B and A,B) cells react with anti-A antibodies, However, A, cells react more strongly 
than A, cells. The apparent difference between A, and A, is that each A, cell contains more cap- 
ies of the A antigen than A, cells, 


18.1.2.2 Molecular Basis of the ABO System 
‘A- and B-transferases are encoded by a single gene, ABO, on chromosome 9. The ABO gene 
(approximately 20 kb) is organized into seven exons. Most of its coding regions are located 
in exons 6 and 7 of the ABO locus, including the domain responsible for catalytic activity 
(Figure 18.3). The gene products of the A and B alleles differ by four amino acid substitutions 
(Table 18,2). In particular, amino acid residues at positions 266 and 268 are more important in 
determining the enzymatic property of a transferase. 

‘The A? allele and A?allele differ in a single nucleotide deletion upstream from the translation 
stop codon, The resulting reading-frame shift in the A? allele abolishes the stop codon, yielding 
a product with an extra 21~amino acid residue at the C-terminus, 

Subgroups of blood types O have also been reported. The sequence of the O! allele has a dele- 
tion ofa single nucleotide at exon 6. This nucleotide deletion leads to a reading-frame shift gener- 
ating truncated protein, which lacks the catalytic domain. While the O" allele also has a single 
inucleotide deletion, it differs from O* by nine nucleotides within the coding sequence. O' and 
(0 have identical phenotypes. There is also an O° allele, which is inactivated by a substitution 


cH.on cho enon 
ao °. 0, s ° 
‘OH OH on ‘OH 
“0 on oH HO on on 
na on on ni 
é a 
oN. oN. 
fa) of CHs tb) (ce) id) of "CHs 


Figure 18.1 Chemical structures of (2) N-acetylglucosamine, (b) galactose, (c) fucose, and (4) 
‘N-acetylgalactosamine, 
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Figure 18.2 Biosynthesis of ABO antigens. O-antigen biosynthesis is catalyzed by fucos- 
yltransferase. Avantigen biosynthesis is catalyzed by the A-transferase that transfers the 
N-acetylgalactosamine from the donor and uridine diphosphate (UDP)-N-acetyigalactosamine to 
the O antigen. B-antigen biosynthesis is catalyzed by the B-transferase that transfers the galactose 
from UDP-galactose to the O antigen. N-AcGlu, N-acetytglucosamine; Gal, galactose; Fuc, fucose; 
N-AcGal, N-acetylgalactosamine. (© Richard C. Li.) 


ae | 


o— 
Figure 18.3 Structure of ABO gene and variants. Exons 6 and 7 are shown. The deletion mutation 


in A® and O° variants is indicated by an inverted triangle and leads to their A, and O phenotypes, 
respectively. (© Richard C. Li) 


Table 18.2 Amino Acid Substitutions at Four Positions in 
Human ABO Variants A’, B, and 0 


‘Amino Acid Position 
‘ABO Variant 


18.1 Blood Group Typing 


‘mutation at glycine (position 268) by arginine. Additionally, afew dozen other rare O alleles, 
which yield inactive proteins, have also been documented, 


18.1.2.3 Secretors 

In addition to erythrocytes, individuals whose A, B, and O antigens can be found in other 
types of bodily fluids are referred to as secretors. Eighty percent of Caucasians are secretors. As 
described earlier, the O antigen is the substrate for the A- and B-transferase because the A-and 
B-transferase can only utilize a fucosylated substrate. The O antigen is synthesized by Fucosyl- 
ation of the terminal galactosyl residue catalyzed by the fucosyltransferase, which is encoded by 
FUT genes. 

‘Chromosome 19 contains two homologous genes: FUT! and FUT2, FUTI is expressed in tis- 
sues of mesodermal origin (embryonic tissues that serve as precursors of hemopoietic tissues, 
‘muscle, the skeleton, and internal organs) and is responsible for the synthesis of the O antigen 
in erythrocytes, FUT2 is expressed in tissues of endodermal origin (embryonic tissues that are 
precursors of the gut and other internal organs); it is responsible for the synthesis of the O anti- 
gen in secretions, 

About 20% of Caucasian individuals (called nonsecretors) are homozygous for a nonsense 
‘mutation in FUT2 at amino acid position 143, resulting in a truncated protein. Bodily fluids 
such as the semen of type A or B nonsecretors (who carry homozygous FUT? mutations) con- 
tain no A or B antigens despite containing active A- or B-transferases (Figure 18.4) This can 
be a problem in investigating sexual assault cases when the blood type of the seminal evidence 
needs to be determined. However, nonsecretors have O antigens on erythrocytes synthesized by 
FUTI and thus have A or B antigens in blood. Individuals carrying very rare homozygous FUT! 
‘mutations produce erythrocyte O-deficient phenotypes in which the erythrocytes express no 
O antigens and thus express neither A nor B antigens, regardless of ABO genotype. Individuals 
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Figure 18.4 Tissue-specific O-antigen biosynthesis by FUTI and FUT2 gene products. Tissue~ 
‘specific O-antigen biosynthesis in erythrocytes is catalyzed by the FUTI gene product; in secretions, 
it Is catalyzed by the FUT2 gene product. The mutations abolishing the biosynthesis of O antigens 
are indicated. The FUT2 mutation produces a nonsecretor phenatype. (© Richard C. Li) 
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‘who carry both FUT! and FUT2 mutations have no O antigens (nor A nor B antigens) in their 
erythrocytes and other bodily fluids and are known as Bombay (O,) phenotypes. 


18.1.2.4 Inheritance of A and B Antigens 

Aand Balleles are dominant. For AO and BO heterozygotes, the corresponding transferase syn- 
thesizes the A or B antigen. A and B alleles are codominant in AB heterozygotes because both 
transferase activities are expressed, The OO homozygote produces neither transferase activity 
and therefore lacks both antigens. The inheritance of A and B alleles obeys Mendelian prin- 
ciples (Chapter 25). For example, an individual with type B blood may have inherited a B allele 
from each parent or a B allele from one parent and an O allele from the other; thus, an indi- 
vidual whose phenotype is B may have the BB (homozygous) or BO (heterozygous) genotype. 

Conversely, ifthe blood types ofthe parents are known, the possible genotypes of their children 
can be determined. When both parents are type B (heterozygous), they may produce children 
‘with the genotype BB (B antigens from both parents), BO (B antigen from one parent, O from 
the other heterozygous parent), or OO (O antigens from parents who are both heterozygous) 

‘Thus, blood group typing can be used for paternity testing 


18,1.3 Forensic Applications of Blood Group Typing 

‘The application and usefulness of blood typing in forensic identification are based on the ability 
to group individuals into four different types using the ABO blood system, allowing individuals 
to be identified. For example, if one crime scene blood sample is type B and a suspect has type 
A, the crime scene sample must have a different origin. However, if both the sample and the 
suspect are type A, the sample may have come from the same origin or from a different origin 
that happened to be type A. 

Unfortunately, the probability that any two randomly chosen individuals have an identical 
blood type is very high. Approximately 42% of Caucasians have type A blood. The frequency of 
other blood types within the ABO system is shown in Figure 18.5. Multiple blood group systems 
‘were utilized to decrease the probability of a coincident match. 

‘The A and B antigens are very stable and can be identified in dried blood even after many 
years, They can also be found in semen and other bodily fluids of secretors. Thus, in sexual assault 
‘cases, for example, the ABO type of a semen sample can be examined to identify a perpetrator. 


18.1.4 Blood Group Typing Techniques 
‘The most common assays used in forensic serology involve agglutination and include the Lattes 
crust and absorption-elution assays. 


18.1.4. Lattes Crust Assay 
In the early 1900s, Karl Landsteiner used his blood and blood obtained from his laboratory 
coworkers to test the effects of serum on erythrocytes. He discovered that naturally occurring, 


J co 
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Figure 18.5 Frequency distributions of ABO types observed in American Caucasians. Different 
human populations may exhibit different frequencies of the four blood types. (@ Richard C. Li) 


336 


18.1 Blood Group Typing 


antibodies in serum caused agglutination of certain erythrocytes, and the agglutination pat- 
terns observed were designated A, B, and O. Each pattern indicated the presence or absence of a 
particular antigen on erythrocytes. 

Shortly after birth, newborn infants develop antibodies against antigens that are not present 
in their own bodies. For example, type A individuals develop anti-B antibodies, type B individu- 
als develop anti-A antibodies, type O individuals develop both types of antibodies, and type AB 
individuals do not develop anti-A or anti-B antibodies. When the plasma ofa type A individual 
is mixed with type B cells, the anti-B antibodies from the type A individual cause the type B 
cells to agglutinate. This result forms the basis for blood group typing. 

‘The Lattes crust assay relies on the principles of Landsteiner’s experiments. It is an aggtuti- 
nation-based assay that utilizes the A, B, and O indicator cells to test the agglutination reaction 
with its corresponding naturally occurring serum antibodies in a questioned sample. The pro- 
cedure for the Lattes crust assay is described in Box 18.1 and illustrated in Figure 18.6. Typical 
results are summarized in Table 18.3 and illustrated in Figure 18.7. Type A blood contains nat- 
urally occurring anti-B antibodies that agglutinate only with B cells. Likewise, type B blood 
agglutinates only with A cells, type O blood agglutinates with both A and B cells, and type AB 
blood does not agglutinate with any cells. 

‘The Lattes crust assay is simple and rapid. However, one limitation is that the assay isnot very 
sensitive and requires a large quantity of blood. Recall that successful agglutination reactions 
usually require intact cells. The agglutination assay of forensic samples is, therefore, difficult to 
carry out because blood cells lyse when they are dry. Therefore, this method is not reliable for 
testing old stains, 


BOX 18.1 LATTES CRUST ASSAY PROCEDURE 


1, Place small quantities of blood crust from a specimen on a microscopic slide and 
place a cover slide over the crusts. Prepare slides for A, B, and O cells separately. 

2, Prepare cell suspensions with saline (0.85% NaCl in phosphate butfer, pH 7.4) for 
the A, B, and O cells separately. 

3. Apply a few drops of the A-cell suspension and allow the cells to diffuse under the 
cover slip. Repeat this step for B cells and O cells. 

4 Incubate the slides in a moisture chamber at room temperature for 2h. 

5, Examine results under a microscope. 
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Figure 18.6. Lattes crust assay. (@ Richard C. Li.) 
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Variants 


Figure 6-4. Two SPOT snap-action switches, also known 
as limit switches. The one an the right is full-size. The one 
‘on the Jeft 1s miniature, with an actuator arm to provide 
additional leverage. The arm may be trimmed fo the re 
quired length 


Figure 6-5. Top: Two contacts inside this lit switeh are 
touching by default. Bottom: When the external button is 
‘pressed, it pushes a flexible metal strip dawward unt it 
Connects with the lower contact. The inverted-U-shaped 
camponent is a spring that resis inside a cutout in the 
flexible strip and eesists mation through the central part of 
its travel. 


power > connection > switch 
The term snap action refers to a spring-loaded 
internal mechanism which snaps to and fro be- 
‘tween its two positions, This type of switch is 
Usually SPDT and has a momentary action; in 
other words, it functions in ON-(ON) mode, al- 
though OFF-(ON) and (less often) ON-(OFF) ver- 
sions are available, The body of the switch is 
sealed, with a small button protruding through 
ahole. A thin metal arm may provide additional 
leverage to press the button. A roller may be 
mountedat the end of thearm so that the switch 
can be activated as it slides against a moving 
mechanical componentsuchasacamorawheel, 
The switch is commonly used to limit the travel 
or rotation of such a component. Literally thou- 
sands of variants are available, in different sizes, 
requiring different amounts of force for activa- 
tion. Subminiature snap-action switches can 
often be actuated by a pressure of only a few 
grams, 


Rocker 

Three rocker switches are shown in Figure 6-6. A 
sectional view of a rocker switch is shown in 
Figure 6-7. In this design, a spring-loaded ball 
bearing rollsto either end of a central rocker arm 
when the switch is tumed. Rocker switches are 
often used as power on-off switches. 


Slider 

Many types of slider switch (also known as slide 
switch) are widely used as alow-cost but versatile 
way to control small electronic devices, from 
clock-radios to stereos, The switch is usually 
mounted on a circuit board, and its knob or cap 
protrudes through aslotin the panel, This design 
ismore vulnerable to dirt and moisture than oth- 
er types of switch. It is usually cheaper than a 
toggle switch butisseldom designed for use with 
a high current. 


Mostslide switches havetwo positions, and func- 
tion as SPOT or DPDT switches, but other config- 
urations are less commonly available with more 
poles and/or positions. A subminiature slide 
switch is shown in Figure 6-8, while some sche- 
matic representations are shown in Figure 6- 
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Table 18.3 Representative Results of Lattes 
Crust Assay 


Figure 18.7 Diagram of Lattes crust assay results. (a) Indicator cells added before incubation. 
(b) Strong agglutination: large clumps are observed after incubation. (c) Negative agglutination: a 
‘cloudy background may be observed after incubation 


18.1.4.2 Absorption-Elution Assay 
‘The absorption-elution assay is highly sensitive and can be used for testing dried bloodstains. 
‘This method indirectly detects the presence of antigens. The antigens are immobilized in a solid 
phase (Figure 18.8). At low temperatures, the antigens bind to their corresponding antibodies: 
anti-A antibodies, anti-B antibodies, or anti-O lectins. (The anti-O lectin is isolated from plants 
and reacts strongly with the O antigen present in type O blood, but has some cross-reaction 
with the A antigen). The excess unbound antibodies are removed by washing, and the bound 
antibodies are then eluted at higher temperatures (recall that antigen-antibody binding can be 
affected by temperature; Chapter 13). The eluted antibodies can then be identified by an aggluti- 
nation assay using A, B, and O indicator cells 

‘Typical results of an absorption-elution assay are summarized in Table 18.4, The blood- 
stains containing the A antigen can bind to anti-A antibodies. The eluted anti-A antibody can 
form agglutination with A cels. Likewise, for type B blood, the eluted anti-B antibody can form 
agglutination with B cells; for type AB blood, the eluted antibodies can form agglutination with 
both A and B cells; and with type O blood, the eluted anti-O lectins can form agglutination with 
O calls. 


18.2 Forensic Protein Profiling 

Because of the limitations of blood group systems, inherited protein polymorphic markers 
have been utilized to decrease the chances of matches between two unrelated individuals. The 
amino acid sequences of many proteins vary in the human population. An estimated 20%-30% 
of the proteins in humans are polymorphic. Some of the variations in amino acid sequences 
affect the function of proteins, but many of them exert little or no effect on protein function. 
‘Thus, individuals can be divided into groups based on the types of protein polymorphisms. 
‘A combination of the blood group systems and protein polymorphic markers can be used for 
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Figure 18.8 Absorption-elution assay. An antigen sample is immobilized on a solid-phase matrix. 
Antibodies (two different types are shown) are added. The antibody that is specific to the antigen 
binds. Unbound antibody is washed away. The bound antibody is then eluted. The eluted antibody 
is tested with indicator cells (two different types are shown). The indicator cell that is specific to the 
antibody eluted shows a positive agglutination reaction. (@ Richard C. Li.) 


Table 18, 
Assay 


sentative Results of Absorption-Etution 


criminal investigations and paternity testing. The probability that results for two unrelated per- 
sons would match is decreased to one in several hundred through use of the blood-typing and 
protein. profiling techniques 


18.2.1 Methods 


Identification of protein polymorphisms is performed through electrophoretic separation based 
‘on the molecular weights (/Mr) and charges of the protein variants. 
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18.2.1.1 Matrices Supporting Protein Electrophoresis 
Electrophoresis of proteins is generally carried out in a support material, also called the matrix, 
to separate various macromolecules. The matrix also reduces the effects of diffusion and convec- 
tion on the macromolecules. Historically, protein profiling for forensic application utilizes two 
types of matrices: papers such as cellulose acetate; and gels composed of starch, agar, agarose, or 
polyacrylamide. The first polymorphic protein marker, phosphoglucomutase, was characterized 
by starch-gel electrophoresis. However, agarose and polyacrylamide became more commonly 
used in electrophoresis due to good reproducibility and reliability (Table 18.5). 


18.2.1.2 Separation by Molecular Weight 
‘An electrophoretic method is frequently utilized to resolve various proteins based on their 
molecular weights, Native electrophoresis, also known as nondenaturing electrophoresis, can 
be used to isolate proteins for studying the functions of proteins. Biological activity of the pro- 
tein can be retained for further analysis. However, some proteins are not well separated in elec- 
trophoresis in their native form. Thus, it may be necessary to denature the proteins in order for 
them to be resolved better during separation. This process is called denaturing protein electro- 
phoresis. The following additives can be used: 


18.2.1.2.1 Reducing Agents 
Itis common to include reducing agents such as mercaptoethanol (ME), dithiothreitol (DTT), 
‘or sodium mercaptoethane sulfonate (MESNA) to denature proteins. Reducing agents cleave the 
disulfide bonds of proteins. Asa result, protein shape becomes unfolded and linear. These agents 
can be used during sample preparation and can also be added to the electrophoresis butfer. 


18.2.1.2.2 Detergents 
Detergents disrupt noncovalent interactions within the structures of native proteins, The pro- 
cedure is generally performed with sodium dodecylsulfate (SDS), a strong anion detergent that 
binds to most proteins in amounts proportional to the molecular weight of the protein (approxi- 
‘mately one molecule of SDS for two amino acids). The bound SDS contributes a large net nega- 
tive charge on the protein, which masks any surface charges of the native protein. As a result, 
the charge-to-mass ratio ofthe protein becomesa constant, As with reducing agents, the various 
native conformations of proteins change to a more uniformly linear shape when SDS is bound. 


Properties of Matrices Supporting Protein Electrophoresis 


Reproducibility 


Note: Electroendosmosis (EEO) occurs when fixed charges of the supporting matrix cause liquid 
flow toward the electrodes. A matrix with high EEO may affect the mobilities and separation 
performances of proteins during electrophoresis. 
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Electrophoretic mobility in the presence of SDS, therefore, becomes based on Mr rather than 
both Mrand the charge, Smaller proteins move through the pores of the gel matrix more rapidly 
than larger proteins. Asa result, the larger the size of the protein, the smaller its electrophoretic 
mobility 

SDS gel electrophoresis can also be used to determine the Mr ofan unidentified protein based 
‘on its electrophoretic mobility on the gel. Standard marker proteins ofknown molecular weight 
are run on the same gel and allow the estimation of the Mr of an unknown protein. A linear plot 
‘of log Mr values of marker proteins versus relative migration during electrophoresis allows the 
‘molecular weight ofthe unknown protein to be determined from the graph. 


18.2.1.3. Separation by Isoelectric Point 

‘The isoelectric focusing (IEF) technique can be used to separate proteins according to their iso- 
electric points (pl). The pl is the pH value at which the net electric charge of an amino acid is zero. 
All proteins are composed of amino acids, and each has its own characteristic pl at which its net 
electric charge is zero and does not migrate in an electric field. 

In IEF electrophoresis, a pH gradient is created in a gel between the electrodes, and a pro- 
tein sample is placed in a well on the gel. With an applied electric field, proteins enter the gel 
and migrate until they reach a pH equivalent to their pl values, at which they lose mobility 
(Figure 18.9) IEF, based on molecular charge, is capable of producing sharper bands than dena~ 
turing protein electrophoresis and thus has a higher resolving power. The technique can detect 
very low quantities of proteins in samples. A pH gradient in the gel is established by utiliz- 
ing materials such as carrier ampholytes or immobilines that are dispersed in the gel. Carrier 
ampholytes are synthetic amphoteric compounds that contain multiple weak ionizable moieties 
acting as either acids or bases. To establish a pH gradient, a mixture of ampholytes with slightly 
different plsis directly added to an IEF gel. The pH gradient is generated by applying an electric 
field on the ampholyte-containing gel. Under the electric field, the negatively charged ampho- 
lytes migrate toward the anode, and the positively charged ampholytes migrate to the cathode. 
‘Asa result, a gradual pH gradient is created between the anodal end of the gel (acidic) and the 
cathodal side ofthe gel (basic). Immobilines are a series of modified acrylamide monomers that 
can be acidic or basic. The pH gradient of an IEF gel can also be established using a gradient- 
forming device that changes the proportion of the immobilines added to the gel matrix mixture 
as itis loaded into the gel-casting apparatus, 
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Figure 18.9 Isoelectric focusing. (a) A pH gradient is established by allowing low-molecular-weight 
‘organic acids and bases to distribute themselves in an electric field across a gel. A sample con- 
taining @ protein mixture is loaded into a sample well. (b) During the electrophoresis, each protein 
migrates unti it matches its pl. Proteins with different pls are separated. (© Richard C. Li.) 
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18.2.2 Erythrocyte Protein Polymorphisms 

18.2.2.1 Erythrocyte Isoenzymes 

‘The human erythrocyte contains a number of isoenzymes, which are multiple forms of an 
‘enzyme that catalyze the same reaction but differ in their amino acid sequences. Individuals 
can be divided into groups on the basis ofthe different isoenzymes present in their erythrocytes. 
‘The isoenzyme type is also inherited according to Mendelian principles. 

‘The polymorphism of erythrocyte phosphoglucomutase (PGM) was first described in the 
1960 and was later successfully applied to the testing of bloodstains. PGM, an important meta- 
bolic enzyme, catalyzes the reversible conversion of glucose-I-phosphate and glucose-6-phos- 
phate. The PGM found in erythrocytes is encoded at the PGMI locus at chromosome 1. The 
PGM encoded by PGMI can also be found in semen and thus can be utilized for the testing of 
semen samples in sexual assault cases. The protein polymorphisms of the PGM have two alleles, 
‘which result in three different phenotypes, depending on the combination of the two alleles. 
‘The success in the forensic application of PGM led to the similar use of many other erythrocyte 
isoenzyme polymorphisms. The most commonly used erythrocyte isoenzyme systems are listed 
in Table 18.6 


18.2.2.2 Hemoglobin 
Recall that the use of hemoglobin (Hb) in screening and confirmatory blood tests was discussed 
in Chapter 12, Adult human Hb consists of two a chains and two fi chains. Each polypeptide 
chain contains a heme group involved in oxygen binding. A very small portion of blood pos- 
sesses a form of the human adult Hb consisting of two a chains and two 6 chains. 

More than 200 Hb variants have been identified and can be useful as markers for foren- 
sic applications. In particular, two types of human Hb variants are important in forensic test 
ing: fetal Hb and sickle-cell Hb (Hb §). Hb $ is the factor responsible for sickle-cell disease 
(Figure 18.10), Hb variants can be resolved using electrophoresis (Figure 18.11) 


18.2.2.2.1 Fetal Hemoglobin 

Humans have three forms of Hb during their development: embryonic, fetal, and adult Hb. 
In adults, the Hb tetramer consists of two identical a and two identical fi chains. Embryonic 
erythrocytes contain Hb tetramers that are different from the adult form, Each embryonic Hb 
consists of two identical «like chains and two identical fi-like chains, The embryonic Hb is 
gradually replaced during pregnancy (approximately 3 months after conception) by fetal Hb, 
‘which comprises approximately 70% of the Hb in fetal blood. The fetal Hb has two identical a 
chains and two identical y chains. 


TABLE 1 
Profiling 


Erythrocyte isoenzyme Protein Symbol | Number of Alleles 


+ Ten alleles can be observed using IEF electrophoresis, 
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Cc) 
Figure 18.10 Normal and sickle-cell hemoglobin f chains. (a) Normal hemoglobin f chain contains a 
‘glutamic acid residue (Glu) at position 6 of the N-terminal of the protein. (b) At positian 6 of the sickle 
cll hemoglobin f.chain, the glutamic acid residue is replaced by a valine (Vall. (@ Richard C. Li) 


bsp chain} gm 
Fetal Hb chain —| om 
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Figure 18.11 Hemoglobins resolved by isoelectric focusing electrophoresis. (© Richard C. Li} 


‘The embryonic and fetal Hbs have higher affinities to oxygen, required to provide the 
embryo and fetus with sufficient amounts of oxygen taken from maternal blood. Fetal Hb 
is replaced by adult Hb approximately 6 months after birth. These Hbs are encoded by their 
corresponding genes located at the globin gene clusters, The detection of fetal Hb in a blood- 
stain via electrophoresis can provide important evidence in cases of infanticide and concealed 
birth. 


18.2.2.2.2 Hemoglobin S 
Hb S polymorphism has forensic importance in identifying individuals. The Hb S polymor- 
phism is observed in high frequencies among those of African heritage and some Hispanic 
populations. Such a protein polymorphic marker can provide investigational leads for the indi- 
cation of the ethnic origin of a perpetrator. Hb S transports oxygen much less efficiently than 
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normal Hb, Individuals who are homozygous for Hb § usually die early after suffering from 
sickle-cell anemia and related complications. However, a heterozygous individual (an individual 
with a copy of the wild-type Hb allele from one parent and a copy of the Hb § allele from the 
other) can survive, This condition is known as the sickle-cell trait. 

In the 1950s, Vernon Ingram of Cambridge University discovered the molecular mechanism 
of the Hb S defect. His work revealed that the Hb S bears a mutation, which changes the glu- 
tamic acid in wild type to a valine at the sixth amino acid from the N-terminal end of the f 
chain. This substitution of amino acids causes a major change in the structure of the f! chain, 
‘which in turn results in sickle-cell anemia, 


18.2.3. Serum Protein Polymorphisms 

‘The serum portion of blood consists of a large number of proteins. The work on serum pro- 
teins for forensic purposes started in the 1950s, when variations in serum proteins were found 
useful for distinguishing individuals. Over the years, a number of serum proteins were char- 
acterized and applied for forensic testing. Haptoglobin (Hp) was the most widely used of the 
polymorphic serum proteins in forensic biology (Figure 18.12). Haptoglobin is a protein that 
binds and transports Hb from the bloodstream to the liver for the recycling of the iron con- 
tained in the Hb, 

Immunoglobulin (Chapter 10) accounts for approximately 15% of serum protein and has 
been found to be highly variable, Two immunoglobulin proteins are utilized for forensic 
application. The y chain protein (G,,) is the heavy chain of immunoglobulin G and the x 
chain protein (K,,) is one of two types of the light chain of all immunoglobulins, Table 18.7 
lists common serum group systems. All exhibit genetic variations and can be detected in 
bloodstains. The variants of these proteins can be determined by electrophoresis or serologi- 
cal methods 


Figure 18.12 Polyacrylamide gel electrophoresis of haptoglobin proteins. From left to right: Hp2, 
Hp2-1, Hp2, Hpl, Hp2, Hp2-1, Hpl, Hp2, Hp2-1. An anode is at the bottom. (From James, S. 
and Nordby, J.J., Forensic Science: An Introduction ta Scientific and Investigative Techniques, CRC 
Press, Boca Raton, FL, 2005. With permission.) 


344 


Bibliography 


TABLE 18.7 Serum Proteins Used for Forensic Protein Profiling 


Gene | Chromosomal | Number of ] Number of 
Serum Prote Symbol | Location | Amino Acids | Alleles 


Source: Adapted from Yuasa, |. and Umetsu, K., Leg Med, 7, 251-254, 2005, 
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> connection > switch 


power 


Figure 6-6, Tivee rocker switches, the upper twa de 
‘signed for push-insertion into a suitably sized rectangular 
hole in a panel. The switch at front-canter is intended to 
bbe screwed in place. and is more than 20 years ald, show. 
‘ng that while the choice of materials has changed, the ba- 
‘ic design has not 


Figure 6-7. This sectional view of a rocker switch shows a 
springrleaded bal-bearing that rolls to and fro along a 
rocker arm, connecting either pair of contacts when the 
switch is turned. 


where a black rectangle indicates a sliding inter- 
nal contact, and a terminal that functions as a 
pole is identified with letter P in each case. Top 
left: A SPDT switch using a two-position slider. 
Top right: A 4PDT slide switch, Bottom left: There 
areno polesin this switch, as such. The slider can 


Variants 


short together any of four pairs of contacts. Bot- 
tom right: The slider shorts together three pos- 
sible pairs of contacts out of four. Here again, 
there is no pole. 


Note that the schematic representation ofa slide 
switch may be identical to that of a slide push- 
button. A schematic should be inspected care- 
fully to determine which type is intended. 


Figure 6-8. This submminiature slide switch is ess than 
half an inch (ong, rated 0.34 at 30VDC, Larger versians 
look almost identical, but can handle anly sightly mare 
current, 


The representation of sliders in schematics has 


not been standardized, but the samples shown 
are common. 


Toggle 

toggle switch provides a firm and precise action 
via a lever (the toggle) that is usually tear-drop 
shaped and nickel plated, although plastic tog- 
gles are common in cheaper variants. Formerly 
used to control almostallelectroniccompanents 
(including early computers), the toggle has de- 
lined in popularity but is still used in applica- 
tions such as automobile accessory kits, motor- 
boat instrument panels, and industrial controls. 


Three miniature DPDT toggleswitchesareshown 
in Figure 6-10. Two fullsize, heavy-duty toggle 
switches are shown in Figure 6-11. A full-size, 
four-pole, double-throw heavy-duty toggle 
switch is shown in Figure 6-12. Toggle switches 
with more poles are extremely rare, 
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Variable Number Tandem 
Repeat Profiling 


‘Tandem repeats are abundant in the human genome, Minisatellites were first defined as a 
lass of tandem repeats in the 1980s. Some of these repeats share a GC-rich core sequence. 
Subsequently, tandem repeats with higher AT contents of core sequence have also been charac- 
terized. The minisatellites are also called variable number tandem repeats (VNTRs), as shown 
in Figure 19.1. The repeat unit length of a VNTR can range from several to hundreds of base 
pairs (bp). The tandem repeat arrays can be kilobases (kb, corresponding to 10°bp) long, and 
the numbers of tandem repeat units in some VNTR loci are highly variable, leading to variable 
lengths of DNA fragments. A genotype is defined by a particular number of tandem repeat 
units ata given locus. 

"able 181 lists the common VNTR lol used fr forensic testing. "To achieve high disrimi- 
rating power, the VNTR loci should not be linked, which means that they should be inherited 
independently of each other. For example, loci located on different chromosomes or far apart 
‘on the same chromosome can be used (Section 21.2). Many VNTR loci used for forensic appli- 
cations are highly polymorphic, and as many as hundreds of different genotypes per locus can 
be observed among the population. The discriminating power of VNTR loci used for forensic 
testing can be measured by population match probability (P,: Chapter 25). The lower the P,, the 
less likely a match will occur between two randomly chosen individuals. A P,, of up to 10" can 
be achieved by testing several VNTR loci. 


19.1 Restriction Fragment Length Polymorphism 

VNTR profiling utilizes RELP—the first historical method used in forensic DNA testing 
(Figure 19.2) It utilizes restriction endonucleases that recognize and cleave specific sites along 
the DNA sequence, Cleavage ofa DNA sample with a particular restriction endonuclease results 
in a reproducible set of restriction fragments of various lengths. Appropriate restriction endo- 
nucleases should be selected so that the genomic DNA is cleaved at sites that flank the VNTR 
core repeat region. The resulting fragments are then separated according to their sizes by gel 
electrophoresis through a standard agarose gel (Chapter 9), 

‘The DNA is then processed using the Southern transfer and hybridisation technique. The 
DNA is denatured and transferred from the gel to a supporting matrix such as a nylon or nitro- 
cellulose membrane. The DNA immobilized on the membrane is then hybridized with a labeled 
probe. Only bands of DNA that have complementary sequences to the probe are recognized 
by detection systems such as autoradiography (Section 19.1.4). Using the RFLP technique, the 
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Figure 19.1 VNTR locus D2S44 (2q21.3-2q22). Each repeat unit consists of 31 bp. Haelll rep- 
resents the Haelll restriction site 


Table 19.1 Common VNTR Loci 
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Source: Adapted from Budowle, B., et al., DNA Typing Protocols: Molecular 

Biology and Forensic Analysis, Eaton Publishing, Natick, MA, 2000; 
Office of Justice Programs, Future of farensic DNA testing: Predictions 
of the Research and Development Working Group. National Institute 
of Justice, US Department of Justice, 2000. 


length variations among restriction sites can be detected. Most forensic applications focus on 
the length variations of VNTR regions located between two restriction sites. 

In summary, the RFLP method includes several steps: (1) genomic DNA preparation, 
(2) restriction endonuclease digestion of the genomic DNA into fragments, (3) agarose gel 
electrophoretic separation of the DNA fragments according to size, (4) transfer of DNA frag- 
‘ments using Southern transfer, (5) hybridization with locus-specific probes, and (6) detec- 
tion of locus-specific bands by autoradiography or chemiluminescence. 


19.1.1 Restriction Endonuclease Digestion 

Restriction endonucleases are enzymes that cleave the phosphodiester bond of DNA at or near 
specific recognition nucleotide sequences known as restriction sites, A restriction site usually is 
a short motif that is 4-8 bp in length. It often has a specific palindromic recognition sequence, 
that is, a segment of double-stranded DNA in which the nucleotide’s sequence is identical with 
an inverted sequence in the complementary strand, Thus, double-stranded DNA is required to 
be cleaved by most restriction endonucleases. As a result, both sticky ends and blunt ends of 
restriction fragments can be generated after the cleavage (Figure 19.3). 

To date, hundreds of restriction endonucleases have been described. They are traditionally 
classified into three types on the basis of subunit composition and enzymatic properties. Type Il 
restriction endonucleases are most commonly used in molecular biology applications. Type Il 
restriction endonucleases, requiring magnesium as a cofactor, usually cleave DNA at defined 
positions within their recognition sequences. The Enzyme Commission (EC) number of type II 
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Figure 19.2 RFLP. (a) Restriction digestion generates restriction fragments with various lengths of 
genomic DNA. (b) Restriction fragments are separated by gel electrophoresis. DNA is transferred to 
‘solid phase and probed. The signal is detected and the DNA fragment of interest can be observed. 
Band patterns of heterozygous loci of individuals are shown, (© Richard C. Li.) 


restriction endonucleases is EC 3.1.21.4, The EC number is a numerical classification system of 
‘nomenclature based on the chemical reaction that is catalyzed by the enzyme. In contrast, type I 
(EC3.1.21,3) and type II (EC3.1.21.5) restriction endonucleases cleave a sites remote from their 
recognition site, which are not utilized for RFLP applications. 

Restriction endonucleases are isolated from various bacteria. Each enzyme is named using a 
nomenclature system after the bacterium from which it was isolated. For example, in the restric- 
tion enzyme Haelll, H is from the genus name Haemophilus, ae is from the species name aegyp- 
ticus, and II stands for the third endonuclease isolated from the Haemophilus aegyptius bacteria. 

‘The restriction endonucleases play a role in protecting the bacteria from phage (bacterial 
virus) infections by using their endonucleases to destroy foreign DNA molecules. Bacterial DNA 
is usually methylated, In prokaryotes, the Dam methylase transfers a methyl group to the Né 
position of the adenine in the sequence GmATC and the Dem methylase transfers a methyl 
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Figure 19.3. Restriction sites for Haell, Hinfl, and Pstl. Haelll digestion produces a blunt end DNA 
fragment. Hinfl and Pstl digestions produce sticky ends. represents any nucleotide, (© Richard C. Li.) 


‘group to the C5 position of cytosine in the sequences CmCAGG and CmCTGG, ‘The activities 
Of restriction endonucleases can be influenced by DNA methylation. Many restriction endo- 
nucleases cannot cleave methylated DNA. Therefore, bacterial DNA is distinguishable from for- 
‘eign DNA by the bacteria’s restriction endonucleases. This phenomenon protects bacterial DNA 
from digestion by their own endonucleases. Note that because DNA methylation also occurs in 
the human genome (Chapter 11), itis important to choose the restriction endonucleases that are 
not affected by the methylation of human genomic DNA for RELP analysis. 

‘The type Il restriction endonucleases were used in RFLP analysis for forensic DNA testing 
(Figure 19.3). In order to perform this analysis, the preferred restriction endonucleases for RFLP 
‘were those that cleave at the flanking regions of VNTR repeat units but not within the core 
repeat sequences of the VNTR. Most forensic laboratories used a single restriction endonucle- 
ase for a panel of VNTR loci because the DNA in evidence samples was often insufficient for 
performing multiple tests with different restriction endonucleases. For instance, Hinfl-based 
RFLP was commonly used in European forensic laboratories, and Haclll-based RFLP was used 
in North American and some European forensic laboratories, Other restriction endonuclease- 
based RFLPs such as Pstl were also used. 

‘The use of these common restriction endonucleases allows the comparison of data of various 
laboratories. Several VNTR loci are suitable for RFLP analysis with these restriction endonucle- 
ases, For example, Haelll presents several advantages for forensic RFLP analysis. It recognizes a 
four-base sequence, 5-GGCC-3;, and cleaves the DNA between the internal G and C residues of 
the recognition site (GG/CC). Hinfl recognizes a five-base restriction site, and Pstl recognizes a 
six-base restriction site. Hypothetically, four-base restriction sites are likely to occur more often 
than five- and six-base restriction sites in the human genome. Thus, Haelll restriction sites occur 
‘more frequently than Hinfl and Psl sites. As a result, HacllI-cleaved DNA fragments are smaller 
than those of Hinfl and Pstl, The Haelll-generated VNTR allele sizes are easier to separate using 
conventional agarose gels also called analytic gel electrophoresis. After electrophoresis, a smear 
‘of various sizes of DNA fragments can be observed. The analytic gelis then processed for Southern 
transfer, Moreover, the enzymatic activity of Haclll is not affected by the methylation of human 
genomic DNA. Its enzymatic activities also appear unaffected when a reaction proceeds under 
nonoptimal conditions. Additionally, low star activity is observed (Section 19.15.22) 


19.1.2 Southern Transfer 
Also known as Southern blotting, this technique was named after Sir Edwin Southern, who 
developed it in the United Kingdom in the mid-1970s. The method can be used to transfer 
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DNA from an agarose gel to a solid matrix so that it can be detected with a hybridization probe 
(Section 19.1.3). This method is still used today in many research laboratories. Prior to the trans- 
fer of DNA, the DNA in the gel must be denatured, under alkaline conditions such as treatment 
with sodium hydroxide, into single-stranded DNA. The single-stranded DNA in the gel is then 
transferred by capillary action to a solid matrix such asa piece of nylon membrane. The single- 
stranded DNA fragments transferred can be immobilized on a nylon membrane by an ultravio- 
let cross-linking process (Figure 19.4). 


19.1.3 Hybridization with Probes 

A hybridization probe of RFLP isa small segment of labeled DNA that is usually several hundred 
toa thousand bases in length containing the VNTR sequence. Itis utilized to detect the presence 
‘of much longer target DNA sequences, in this case the VNTR sequences that are complementary 
to the nucleotide sequences of the probe. The probe is first denatured by heating or by exposure 
to alkaline conditions into single-stranded DNA. The hybridization process allows complemen- 
tary pairing between the probe and the target sequence. ‘Two types of probe techniques were 
developed for VNTR analysis: the multilocus probe and single-locus probe techniques. 


19.1.3.1 Multilocus Probe Technique 
‘The multilocus probe (MLP) technique can detect multiple VNTR loci simultaneously 
(Figure 19.5). Some VNTRs in the human genome share a short GC-rich core sequence of 
10-15 bp. The MLP consists of this core sequence and hybridizes to multiple VNTRs that share 
these core sequences. As a result, the utilization of MLP produces a complex bar-code-like band 
pattern from alleles of multiple VNTR loci (Figure 19.6). 

‘The MLP technique was pioneered by Sir Alec Jeffreys in 1984 at the University of Leicester in 
the United Kingdom and was called DNA fingerprinting. Because of its excellent discriminating 
power, the method was used for parentage testing in immigration disputes with great success. 
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Figure 19.4 Southern blotting. DNA in agarose gel is denatured into single-stranded DNA and 
transferred to a solid-phase membrane where the single-stranded DNA is immobilized by ultraviolet 
cross-linking. (© Richard C. Li.) 
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Figure 6-9. Sie switch schematics. Each black rectan 
le represents a movable contact that connects two pairs 
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variants wil be found in the body of the text. Manufactur- 
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Figure 6-10. Three miniature toggie switches with current 
ratings ranging from 0.34 to 6A at 125VAC. Each small 
‘square in the background grid measures 0.1" x 0.1 


‘An automotive toggle switch is shown in 
Figure 6-13. Its plastic toggle is extended to min- 
imize operating error. 


Figure 6-11. Two full-size toggle switehes capable of han- 
ing significant current. At left, the swntch terminates in 
‘quick-connect terminals. At night, the switch has solder 
terminals (some af them containing residual traces of sol- 
de), 


Figure 6:12. A 4PDT full-size toggie switch with solder 
terminals, capable of switching 25A at 125VAC. Four-pole 
‘switches are relatively unusual 


Figure 6-13. A toggle switch intended for control of auto- 
‘mative accessories, 


High-end toggle switches are extremely durable 
and can be sealed from environmental 
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Figure 19.5 VNTR analysis using the MLP method. The technique can detect multiple VNTR loci 
simultaneously. Restriction sites are indicated by arrows. (© Richard C. Li.) 


Probe: 33.15, Probe: 326 
XMBUUU MBuUUU 


Figure 19.6 First application of DNA fingerprinting. The MLP method was used to analyze samples 
for an immigration case. M, mother, U, three undisputed children; B, male child in dispute; X, an 
unrelated individual. All bands in B can be traced back to M or U. (From Jeffreys, A.J., Nat Med, 
11, 1035, 2005, With permission.) 


However, one of the disadvantages of the MLP approach is that the interpretation of a mixed 
DNA sample from more than one individual is nearly impossible due to its complex DNA finger- 
printing patterns, Therefore, MLP analysis was not widely utilized in forensic DNA laboratories. 


19.1.3.2 Single-Locus Probe Technique 
To resolve the disadvantages encountered in the MLP technique, probes that recognize the 
genomic DNA at the flanking regions of specific VNTR loci can be used. The probe only hybrid- 
izes to a single VNTR locus and the technique is called the single-locus probe (SLP), as depicted 
in Figure 197. SLP generates a simple pattern called a DNA profile, consisting of one band for a 
homozygote and two bands for a heterozygote per locus. In order to improve the discriminating. 
power ofthe test, SLP analyses of different VNTR loci can be performed by using different probes 
sequentially with a single locus at one time. SLP can analyze mixed DNA samples from two or 
‘more contributors. The sizes of fragments can be estimated and converted into a numerical form 
suitable for databasing. Therefore, DNA profiles can be compared among different laboratories 
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Figure 19.7 VNTR analysis using the SLP method. The technique can detect a single VNTR locus. 
Restriction sites are indicated by arrows. (© Richard C. Li.) 


‘This technique led to the solving of a double murder case in Leicestershire in the 1980s. The 
case was the first to apply DNA evidence to a criminal investigation, DNA profiling identified 
the true perpetrator and also excluded an innocent suspect (Figure 198). In 1983 and 1986, 
two girls were raped and murdered, Crime scene evidence suggested that the two cases were 
committed by the same perpetrator. A young local man, Richard Buckland, was the suspect. 
However, the DNA evidence revealed that the semen samples from both crimes did not originate 
from Buckland. To solve the crimes, an investigation was carried out in which 5000 local men 
‘were asked to volunteer DNA samples for testing. Several months afier the investigation, a wit- 
ness tipped off police that a man named Pitchfork had paid someone for giving a blood sample 
as Pitchfork’s. In 1987, Pitchfork was arrested. It was discovered that Pitchfork’s DNA profile 
‘matched that of the crime scene evidence. He was sentenced to life imprisonment. This case 
‘demonstrated the great potential of DNA profiling in forensic investigations. Consequently, SLP 
became a common method in most forensic laboratories in the late 19805-1990. 


19.1.4 Detection 
To detect VNTR loci, a labeled SLP probe is hybridized to the target sequence of DNA, which 
hhas been immobilized on a solid matrix such as a piece of nylon membrane (see Southern 


AS CDES 


Figure 19.8 First application of DNA profiling in a criminal investigation using the SLP method. A, hair 
roots from the first victim; B, a mixture of semen and vaginal fluid from the frst victim; C, blood from 
‘second victim; D, a vaginal swab from the second victim; E, a semen stain on clothing fram the second 
Victim S, blood from the suspect. Alleles (arrows) are matched with the profiles of the two cases but 
not with the suspect profile. (From Jeffreys, AJ, Nat Med, 11, 1035, 2005. With permission.) 
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transfer, Section 19.1.2). Any unbound probes are washed away so that they do not interfere 
with the signal. Two types of detection systems are used for VNTR analysis. Radioisotope 
labeling, such as with a "P-labeled probe, can be used. The hybridized probe can be detected by 
exposing the membrane toa sheet of x-ray film to generate an autoradiograph. Alternatively, an 
‘enzyme-conjugated probe can also be used. Alkaline phosphatase (Section 9.2.2) is an example 
‘of an enzyme used in this type of probe. Its enzymatic activity can be detected with chemilu- 
‘minescent substrates. A chemiluminescent signal can be detected by exposure to x-ray film as 
well 

In RELP analysis, several loci are commonly analyzed sequentially using the same mem- 
brane. This approach has the advantage of not consuming additional DNA samples, which 
are often limited in forensic cases. When probing for multiple loci, multiple probes for each 
locus are sequentially hybridized and removed one at a time. Once the analysis of the first 
probe is completed, the probe is removed by a procedure called probe stripping, which is car- 
ried out under conditions such as high-temperature washing to denature the DNA strands 
(Chapter 17). The probe for the next locus to be analyzed is then hybridized to the same 
‘membrane, and the process is repeated for each probe to be tested, 

‘Typically, a size standard is utilized on each gel. Band sizes can thus be estimated by com- 
parison to these standards. However, the VNTR alleles that differ by only one or two repeat 
units are usually not distinguishable, For this reason, genotypes can be determined by bins 
bbut not discrete alleles. A bin is a range of DNA fragments that differ by only a few repeat 
units. A sample with a known VNTR genotype is also utilized on each gel as a positive con- 
trol where historically a genomic DNA sample from cell line K562 (a human erythroleukemic 
cell Line) was used for the positive control. DNA samples to be compared can be loaded side 
by side on the same gel. As a result, the patterns of VNTR fragments can be compared from 
sample to sample. The following possible conclusions can be made. If the VNTR fragments 
are at corresponding positions (profiles match), they are considered to be a match (inclusion), 
‘Chapter 25 evaluates and discusses the strengths of the results, Ifthe profiles are different, 
the two DNA samples are considered to have come from different origins (exclusion). 


19.1.5 Factors Affecting RFLP Results 

“The accuracy of VNTR profiling results can be affected by certain factors such as sample 
conditions, genetic mutations, and experimental artifacts appearing during the procedure. 
Consequently, these factors can impact data interpretation and are explained in the following 
sections. 


19.1.5.1 DNA Degradation 
RELP analysis requires the genomic DNA to be intact. DNA degradation results in damage 
such as creating nicks and breaks in the strand. The more severe the degradation, the smaller 
the average size of the DNA fragments, When the average size of DNA fragments becomes too 
small, the allele may not be detected. Many VNTR tandem arrays can span several kilobases in 
length. In theory, large alleles are more likely to be affected by degradation than smaller alleles 
ata different locus. 

‘A two-banded heterozygous profile can be observed as a one-banded homozygous pro- 
file if the larger band is not detected due to degradation, This artifact could lead to a false 
determination of exclusion. However, DNA degradation can be detected prior to conducting 
RELP by the use of agarose gel electrophoresis, also known as a yield gel, used for evaluating 
the yield and integrity of the isolated genomic DNA. High-molecular-weight genomic DNA 
bands are usually observed for a typical genomic DNA sample. In contrast, a smear of low- 
molecular-weight DNA bands can be observed if DNA is degraded. The sizes of the DNA can 
be estimated by comparison to a size standard run on the same gel. Additionally, the yield of 
DNA can be estimated by comparing the intensity of the size standards with a known quan- 
tity of DNA. 
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19.1.5.2 Restriction Digestion-Related Artifacts 

19,1.5.2.1 Partial Restriction Digestion 

‘Complete restriction digestion should be achieved for RFLP analysis. If partial digestion occurs, 
the partially cleaved DNA strands are longer than the cleaved fragments (Figure 19.9). Thus, 
partial digestion results in a mixture of fragments with correct sizes and slightly larger frag- 
ments. Under these conditions, a larger uncleaved band, usually lower in intensity than the true 
bands, can be observed, The multibanded pattern due to the partial digestion can be observed at 
‘multiple loci analyzed in the same nylon membrane. 

Detection of more than two bands inan RFLP profile may lead to false interpretation and be 
incorrectly concluded to be a mixture. However, partial digestion can be detected after restr 
tion digestion, DNA cleavage by restriction endonuclease digestion can be examined using aga- 
rose gel electrophoresis. A small portion of a sample can be analyzed. After separation using 
electrophoresis, a smear of various sizes of cleaved DNA fragments can usually be observed if 
restriction digestion is completed. Conversely, high-molecular-weight genomic DNA can still 
be observed from partially digested DNA samples. Additionally, comparisons can be made 
between the sample and uncleaved and completely cleaved standard samples of DNA. This quick 
assay is also called a test gel, used to determine if the DNA was cleaved to completion. 

If partial digestion occurs, procedures such as additional purification of the DNA sample can 
be carried out. Additionally, optimal amounts of DNA, restriction enzymes, butfer, and proper 
incubation conditions should be used in achieving complete digestion. 


19,1.5.2.2 Star Activity 

Star activity refers toa deviation of the specificity ofa cleavage site of a restriction endonuclease 
under certain conditions, such asa high concentration ratio of enzyme to DNA, the use of non- 
‘optimal buffers for restriction digestion, prolonged digestion time, the substitution of Mg" with 
other divalent cations, and the presence of organic solvents such as ethanol and concentrated 
glycerol. For instance, Haclll cleaves at the GGCC DNA sequence. When star activity occurs, 
the enzymatic specificity is reduced and cleaves at a sequence slightly different from GCC. 
If the start site is presented at an internal location of a VNTR locus, the enzyme would cleave 
the GGCC sequences and additionally cleave at the internal star site (Figure 19.10). This would 
result in an additional band smaller than the true alleles, although the intensity of this band is 
usually not the same as other bands. Thus, a multiband pattern is observed. However, the star 


Haeltt Haelll Hast 


Incorrect size (partial digestion) 


Figure 19.9 Effects of partial restriction digestion on the RFLP profile, Only the restriction fragments 
detectable by the probe are shown, Haelll restriction sites are indicated by arrows, (© Richard C. Li.) 
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su 


Correct size 


Figure 19.10 Star effects on RFLP profiles. Only the restriction fragments detectable by the probe 
are shown. Haelll restriction sites and star sites are Indicated by arrows. (@ Richard C. Li.) 
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site presented externally to a VNTR locus cannot be detected by the probe and does not affect 
the profiling results, Star activity can usually be avoided by carrying out restriction digestion 
reactions under conditions recommended by their manufacturers 


19.1.5.2.3 Point Mutations 
A point mutation is caused by the substitution, deletion, or insertion of single nucleotide. Point 
‘mutations at a restriction site within flanking regions may abolish the site, and the result is a 
band slightly larger than the true allele (Figure 19.11). The point mutation may also be present 
internally ina VNTR sequence. If such a point mutation creates a restriction enzyme site, the 
enzyme will cleave at the regular site and at the mutation site and yield two smaller bands. If 
the created restriction site is located internal to the probe binding region, both bands will be 
detected for that allele. These rare mutations obey Mendelian inheritance. 


19.1.5.3 Electrophoresis and Blotting Artifacts 
19,1.5.3.1 Partial Stripping 

Ifmore than one VNTR locus is analyzed sequentially using the same membrane, a probe must 
bbe removed by the stripping process before the application of the next probe. Any probe remain- 
ing on the membrane due to partial stripping may generate additional bands when the next 
probe is analyzed. However, bands due to partial stripping are usually faint and have the same 
electrophoretic mobility as the previous autoradiograph. 


19.1.5.3.2 Separation Resolution Limits and Band Shifting 
‘Agarose gel electrophoresis cannot resolve restriction fragments that differ by one or a 
few repeat units, especially for high-molecular-weight fragments. These bands may not be 
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Figure 19.11 Effects of point mutations on the RFLP profile. Only the restriction fragments detect- 
able by the probe are shown, Haelll restriction sites are indicated by arrows. (a) Point mutation (in 
red) abolishes the Haelll restriction site. (b) A point mutation (in red) creates an internal Haelll 
restriction site residing within the probe-binding region. (c) A point mutation (in red) creates an 
internal Haelll restriction site residing outside the probe-binding region. (© Richard C. Li.) 
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separated and will appear as a single band. This may lead to a false interpretation as a homo- 
azygous profile, Additionally, minor variations in the electrophoretic mobility of DNA frag- 
‘ments, known as band shifling, can cause two samples from the same individual to appear 
different. 


19,1.5.3.3 Bands Running off Gel 

‘The commonly used VNTR loci generate bands from hundreds of base pairs to 20 kb in 
length. The small bands have higher electrophoretic mobility and may run off the front edge 
of a gel during electrophoresis and fail to be detected. This phenomenon may also lead to a 
false interpretation as a homozygous profile. To prevent these DNA fragments from running 
off the gel into the buffer tank, a longer gel can be used. Alternatively, the electrophoresis can 
be stopped before the dye front, the furthest extent that dyes migrate, reaches the front edge 
of the gel 


19.2 Amplified Fragment Length Polymorphism 

‘The RFLP analysis of VNTR profiling does not perform well for degraded or limited quanti- 
ties of DNA from crime scene samples. For these reasons, an improved VNTR method was 
developed. Some VNTR loci have relatively short alleles (<1 Kb). These loci are suitable for PCR 
amplification. This technique is called amplified fragment length polymorphism (AFLP). One 
locus, DIS80, was used by forensic DNA laboratories for AFLP analysis, Fragments inthe range 
of 14-42 repeat units (16 bp per repeat) were amplified using the AFLP method (Figure 19.12). 
‘The amplified DNA fragments were commonly separated according to size using polyacryi- 
amide gel electrophoresis and detected using a silver stain (Figure 19.13). 

DIS80 loci are detected as discrete alleles and thus can be compared directly to an allelic 
ladder (a collection of common alleles used as a standard) on the same gel. This technique rep- 
resented an improvement over the RFLP system. RFLP allel sizing cannot be performed with 
precision and the resolution limits of agarose gel electrophoresis are much lower than those of 
the polyacrylamide gels. 

“The AFLP technique requires less DNA than the RELP method and performs better for 
degraded samples. The AFLP method at the D1S80 locus can be analyzed in a multiplex fashion 
‘with an amelogenin locus (Chapter 21). "The amelogenin gene is used for forensic sex-typing 
applications. Typing the amelogenin gene enables the determination ofthe sex ofthe contribu 
tor ofa biological sample. 

Due to the wide variation in allele sizes a the D180 locus, preferential amplification may be 
observed. Under certain conditions, the larger alleles may not be as consistently amplified as the 
small alleles, which may cause lower signal intensity ofthe larger allele. Additionally, only one 
locus isanalyzed in ths system. Furthermore, the D1S80 locas contains two alleles that are very 
common in some poptlations. Thus, the discriminating power is reduced compared to RFLP. 
DiSA0 was gradually replaced by multiplex STR systems inthe late 1990s 


Primer 


Core repeat region 


GAGGACCACCAGGAAG Primer 


Figure 19.12 VNTR locus D1SBO (chromosome 1p). Each repeat unit is 16 bp long. PCR primers 
are indicated to amplify the core repeat region. 
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Figure 19.13 AFLP analysis. (a) Helerazygous D1S80O loci amplified by PCR. PCR primers are indi 
cated as arrows. (b) Silver-stained polyacrylamide gel showing D1S80 amplicons along with allelic 
ladders. (© Richard C. Li.) 
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power> connection > switch 


contamination with a thin boot made from mol- 


ded rubber or vinyl, which screws in place over 
the toggle, using the thread on the switch bush- 
ing. See Figure 6-14. 


Figure 6-14. A rubber or vinyl boot can be used to protect 
4 toggle switch from contamination with dt or water, 
{Each boot cantains a nut that screws onto the threads of a 
toggle switch, as shown at et 


A locking toggle switch has a toggle that must be 
pulled out against the force ofa retaining spring, 
before the toggle can be moved from one posi- 
tion to another. The toggle then snaps back into 
place, usually engaging in a small slot in the 
bushing of the switch. 


DIP 

A DIP switch is an array of very small, separate 
switches, designed for mounting directly on a 
circuit board, either in through-hole or surface- 
mount format. Through-hole DIP switches have 
‘two rows of pins witha 0.1" pitch, the rows being 
spaced 0.3" apartto fita standard DIP (dual-inline 
package) socket or comparable configuration of 
holes in the board. Surface-mount DIP switches 
may have 0.1" or 0.05" pitch. 


Most DIP arrays consist of SPST switches, each of 
which can close or open a connection between 
two pins on opposite sides of the switch body. 
‘The switch positions are usually labelled ON and 
OFF. Figure 6-15 shows a selection of DIP 
switches, Figure 6-16 shows the internal connec- 
tions in a DIP switch. 


Variants 


Figure 6:15. As shown here, DIP switches are available 
with a variety of “pasitions.” meaning the number of 
Switches, not the number af switch states. 


Figure 6-16. The interiar connections of a 16-pin DIP 
ste. 


The number of switches in a DIP array is usually 
referred to as its number of “positions” This 
should not be confused with the two positions 
of each physical switch lever. SPST DIP switches 
are made with 1, 2,3,4,5,6,7,8, 9, 10, 12, and 16 
positions, 


Early 18M-compatible desktop computers often 
required the usertoset the position of an internal 
DIP switch when making routine upgrades such 
as installing an additional disk drive. While this 
feature is now obsolete, DIP switches are still 
used in scientific equipment where the user is 
expected to be sufficiently competent to open a 
cabinetand poke around inside it. Because of the 
0.1” spacing, a small screwdriver or the tip of a 
pen is more appropriate than a finger to flip in- 
dividual levers to and fro. 


Chapter6 43 


Autosomal Short Tandem 
Repeat Profiling 


A short tandem repeat (STR) isa region of genomic DNA containing an array of short repeating 
sequences. STRs are also called microsatellites or simple sequence repeats. A STR repeat unit 
ccan be several base pairs (bp) in length. Arrays range from several to approximately a hundred 
repeat units, which are the component of repetition. The number of STR repeat units varies 
among individuals. The most commonly used STR loci are 100-500 bp in length, which are 
shorter than the smallest variable number tandem repeats (VNTRs) (approximately 1000 bp) 
‘Thus, STR loci have many advantages compared to VNTR loci: 

J) STR loci can be amplified by PCR. 

4) STR profiling can be carried out for degraded DNA samples. 

1B, Preferential amplification is reduced at STR loci. 

The resolution of electrophoretic separation of STR fragments is superior. 

i) STR loci are suitable for multiplex amplification. 


Additionally, STR profiling, as with VNTR profiling, is suitable for the interpretation of 
‘mixed DNA profiles from multiple individuals. Thus, STR loci are better candidates for forensic 
DNA testing than VNTR loci. This chapter will discuss autosomal STR profiling. Male-specific 
Y chromosomal STR will be discussed in Chapter 21 


20.1 Characteristics of STR Loci 

More than 10° STRs exist in the human genome. Many STRs have been characterized and used 
in various types of studies such as genetic mapping and linkage analysis. Some STRs have been 
characterized specifically for forensic DNA profiling. 


20.1.1 Core Repeat and Flanking Regions 

“The core repeat region of each STR locus contains tandemly repeated sequences. The designation 
of genotypes for human identification is based on the number of tandem repeat units at a STR 
locus, which varies among human individuals (Figure 20.1). The flanking regions surrounding. 
the core repeat region are also needed for STR analysis. PCR primers complementary to these 
flanking regions are used, allowing the core repeat regions to be amplified. 
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Figure 20.1 Core repeat and flanking regions of CSFIPO STR lacus. It consists of eight repeating 
tnits of tetrameric nucleotides (TAGA); thus, itis designated as allele 8. (© Richard C. Li) 


20.1.2 Repeat Unit Length 
‘Repeat unit length isthe number of nucleotides ina single repeat unit. Dimeric, trimeric, tetrameric, 
pentameric, and hexameric repeat units appear in the human genome. For example, dimeric and 
trimeric repeats are very abundant, but they are not usually used for forensic applications. High fre- 
‘quencies of stutter peaks (Section 20.4.2.) that interfere with genotype interpretation are observed 
‘when dimeric and trimeric repeats are amplified. On the contrary, only a few thousand pentameric 
repeats and a few hundred hexameric repeats exist in the human genome. The pentameric and 
hexameric repeats are very polymorphic. Only a few pentameric and hexameric repeats are used 
for forensic applications because they are less abundant in the human genome. The human genome 
hhas at least 10" tetrameric repeats representing approximately 9% of the total STRs. The STRs with 
tetrameric repeats are very polymorphic. When they are amplified by PCR, this category of STRs 
‘exhibits fewer frequencies of stutter peaks than STRs with dimeric and trimeric repeats. Therefore, 
the most commonly used STR loci for forensic DNA profiling are the STRs with tetrameric repeats 


20.1.3 Repeat Unit Sequences 
STR loci compatible for forensic use can be divided into several classes based on their repeat unit 
sequences. Figure 20.2 shows representative examples of core repeat sequences. Simple repeats con- 
sist of tandem repeats with identical repeat unit sequences (Figure 20.2a). Allele designation is 
based on the number of repeat units in the core repeat region. For example, a 58818 allele consist- 
ing of ten repeating units of the tetrameric nucleotide sequence AGATT is designated as allele 10 
Compound repeats consist of more than one type of simple repeat (Figure 20.2b). Complex repeats 
contain several clusters of different tandem repeats with intervening sequences (Figure 20.2c, 
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Figure 20.2 Examples of core repeat sequences. (a) A simple repeat in which D5S818 [AGATho 
is designated as allele 10, consisting of 10 repeating units of the tetrameric nucleotides, AGAT. 
(b) Compound repeats. Allele 14 of D8S1179 consists of two types of repeating units: [TCTAL:, 
[TCTG,, and [TCTA,. (c) Complex repeats. Allele 24 of D21S11 contains several clusters of dif- 
ferent tandem repeats, [TCTAl,, (TCTG],, and (TCTAl,, with a 43 bp intervening sequence: [TCTAl, 
TATTCTAl, TCA [TCTAL, TCCATA. (© Richard C. Li) 


370 


20.2 STR Loci Commonly Used for Forensic DNA Profiling 


‘Nonconsensus alleles with partial repeat units also appear in the population. These noncon- 
sensusalleles, also known as microvariants, differ from common alleles by one or more nucleo- 
tides. They are designated by the number of consensus repeats, followed by a decimal point and 
the number of nucleotides of the partial repeat, for example, the THO) allele 9.3 is 1 nucleotide 
shorter than allele 10. 

‘Another type of nonconsensuisallele can result from a limitation of STR analysis. These alleles 
have the same number of tandem repeats as common alleles but contain different sequences. 
‘These microvariants cannot be distinguished by STR profiling because their length is identical 
to the lengths of common alleles. 


20.2 STR Loci Commonly Used for Forensic DNA Profiling 

In the early 1990s, STR loci were initially utilized for genetic studies and were later applied 
to forensic DNA profiling, The first STR multiplex system, known as the quadruplex, was 
developed by Forensic Science Services in the United Kingdom. It consisted of four STR loci 
(FI3A1, FES, THO1, and VWA) with a population match probability (Pq) of 10- (Figure 20.3) 
,, measures the discriminating power of an STR locus used for forensic DNA analysis. The 
lower the P,, (ie. the higher the discriminating power), the less likely a match will occur 
between two randomly chosen profiles from different individuals (Chapter 25). In 1995, the 
first national DNA database was established in the United Kingdom. It contained six STR loci, 
also known as the second-genevation multiplex (SGM), consisting of D8S1179, DI8S51, D21S11, 
FGA, THOL, and VWA, with a P,, value of 10”. The SGM system also included the amelogenin 
locus (Section 21.3.1) for determining the sexes of DNA contributors. Subsequently, four addi- 
tional loci were added to SGM with a P,, as low as 10- (SGM Plus) 

‘To allow for international data exchange, the European DNA Profiling Group (EDNAP) rec- 
‘ommended the use of TH01 and VWA loci for all participating European laboratories in 1996. 
In 1998, the European Standard Set (ESS) of loci was established and included THO1, VWA, 
FGA, and D21SI1 for forensic use in Europe, Thereafter, D3S1358, D8S1179, and D18851 loci 
‘were added to the ESS. Other loci are used as wel, such as SE33, which is used in Germany's 
database, In 1998, the US Federal Bureau of Investigation established the Combined DNA Index 
System (CODIS). It contains 13 core STR loci plus the amelogenin sex-typing locus with a P, 


wa FAL 


Allele —>} 


Size — (1399 


Ho. Fes on 


Figure 20.3 DNA profile obtained using the first STR multiplex system: the quadruplex. F13A1, 
FES, THOL, and VWA loci are shown. (© Richard C. Li) 
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Table 20.1 


Locus 
Symbol 


CSFIPO 


FGA 


THOL 


TPOX 


E33) 
ACTBP2 


wa 


D1s1656 
p2saai 
0281338 
0381358 
Dss818 
7$820 
pgsii79 
plosi24s 
0128391 
0138317 
D16S539 
pisssi 
p19s433 
paisil 
2281045 


Common STR Lo 


TAGA 


{erm tectT 


ARTS 


TGAA 


AAAG. 


(TCTG! (TCTAL 


ITAGAI ITAGC] 
ITCTAI [TCAAL 
(rece) (rTcc} 
{TeTG) ITCTAI 
AGAT 

GATA 

(reTal rcTG1 
GGAA 

IAGAT] [AGACI 
Tac 

GATA 

AGAR 

{AAGGI ITAGG) 
(real rere) 
aT 


Repeat 


Category 


Simple 


Compound 


Simple 


Simple 


Complex 


Compound 


Compound 
Compound 
Compound 
Compound 
Simple 
Simple 
Compound 
Simple 
Compound 
Simple 
Simple 
Simple 
Compound 
Complex 


Simple 


Cytogenetic, 
Map Location 
‘on Chromosome 


5933.1 


4931.3 


11pi5.5 


2725.3 


6q14 


12p13.31 


1942.2 
2pl4 
2935 

3p21.31 
8923.2 
7921.11 
8924.13 
10926 
12p13.2 
13q31.1 
16q24.1 
18q21.33 
19qi2 
21q21.1 
224123 


Distance 
from pter 
(Mtb) 


149.4 


155.5 


22 


15 


89 


6.1 


230.9 
68.2 
218.9 
456 
123.1 
83.8 
125.9 
12.5 
827 
864 
60.9 
30.4 
20.6 
375 


Source: Ensemb| Homo sapiens version 75.37 (GRCh37). Mb, megabase. 
© Locus is not mapped to the assembly in the current Ensembl database. 
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Intron 6 of 
cfs 
protooncogene 


Intron 3 of 
fibrinogen « 
chain gene 


Intron 1 of 
tyrosine 
hydroxylase 
gene 

Intron 10 of 
thyroid 
peroxidase gene 


Flanking 
sequence of 
Practin-related 
pseudagene 2 
gene 


Intron 40 of von. 
Willebrand 
factor gene 


‘Anonymous 
‘Anonymous 
‘Anonymous 
‘Anonymous 
‘Anonymous 
‘Anonymous 
‘Anonymous 
‘Anonymous 
‘Anonymous 
‘Anonymous 
‘Anonymous 
‘Anonymous 
‘Anonymous 
‘Anonymous 


‘Anonymous 


20.2 STR Loci Commonly Used for Forensic DNA Profiling 


‘of 10-Y. As the database grows rapidly, the chances of finding incidental matches among DNA 
profiles are increasing. Recently, additional loci have been added to CODIS and ESS care loci 
to reduce the likelihood of adventitious matches, as well as to facilitate international data shar- 
ing among law enforcement agencies and to improve the discrimination power of forensic STR 
analysis 

Commonly used STR loci characterized for forensic DNA profiling are summarized in 
‘Tables 20.1 and 20.2. To achieve low P,, in forensic STR profiling, desired STR loci should pos- 
sess certain characteristics as described below. First, the alleles of STR loci selected should be 
highly variable among individuals. Second, if more than one locus is selected, the loci should 
note linked to each other or inherited together (Section 21.2). The STR loci utilized are usually 
located at different chromosomes to ensure that they are not linked. However, loci that are far 


TABLE 20.2 Core STR Lo 


Pras.e202 cwestated 
Pisa [sow [ sors |e | eben coi | cobs eed | 


‘Amel a 
CSFIPO a a 
pisi656 a a 
Das44i a a 
0281338 a a 
3sia68 a a a C) a 
psssis a a 
07s820 a a 
bssi179 a a a a cc) a 
p10si248 a a 
128391 a a 
138317 a a 
D16s539 a a a 
p1assi a a a a ) a 
198433 
paisii a a a a ) a 
2281045 a 2 
bys391 a 
FGA a a a a ) a 
THOL a a a a Cc) a 
‘TPOX a 1 
wa a a a a a a 
E33 a 


Source: Hares, O.R., Forensic Sci Int Genet, 6, e135, 2012; Gill, P, et al., Forensic Sci Int, 
156, 242-244, 2006. 
1, minimum required loci; 1-3, recommended lac in ranked order of preference, 
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‘enough apart on the same chromosome can still be used (Figures 20.4 and 2055), since they are 
not linked, Additionally, STR loci with fewer amplification artifacts such as stutter products are 
desired, Stutters can complicate the interpretation of profiles derived from a mixed DNA sample 


from more than one contributor. Moreover, STR loci with short amplicon (amplified product) 
lengths are preferred for multiplex STR analysis and the testing of degraded DNA samples. 
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Figure 20.4 Cytogenetic map showing the locations of STR markers on chromosome 5. CSF1PO 
and D5S818 are separated by 26 Mb (megabases). (© Richard C. Li.) 
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Figure 20.5 Cytogenetic map showing the locations of STR markers on chromosome 21. D21SL1 
and PentaD are separated by 24 Mb (megabases). (© Richard C. Li.) 
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20.3 Forensic STR Analysis 

STR loci are amplified using fluorescent dye-labeled primers. A multiplex STR system utilizes 
‘multiple fluorescent dyes to label each amplicon. The amplicons are separated via electrophoresis. 
‘The different fluorescent dye colors are resolved by the detector, and the signals corresponding, 
to each DNA fragment are identified using specialized computer software. The data collection 
process generates an electropherogram that shows a profile of peaks corresponding to each DNA 
fragment. The positions of these peaks represent the electrophoretic mobility of the DNA frag- 
‘ments, A small fragment, migrating faster than a large one, peaks earlier in the electropherogram 
thana longer fragment. The DNA fragments are sized by comparison to an internal size standard 
(Figure 20.6; Chapter 8) Figure 20,7 summarizes the work flow of a forensic STR analysis, 


Tui 


Figure 20.6 Electropherogram of GeneScan!™ 500 size standard (Applied Biosystems). RFU 
represents relative fluorescence unit. (© Richard C. Li.) 
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Figure 20.7 Capillary electrophoresis separation of amplified STR products. Fluorescent dye~ 
labeled amplification products are separated and subsequently detected. Various fluorescent dye 
colors are resolved by the detector. The peaks corresponding to each DNA fragment are identified. 
(© Richard C. Li) 
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‘The area or amplitude of the peak, expressed as relative fluorescence units (RFU) 
(Section 9.31.3), reflects the fluorescent signal intensity. The RFU value of peak height is pro- 
portional to the amount of DNA amplicons being analyzed. When the RFU value is very low, it 
is difficult to distinguish a signal from background noise. The manufacturer of commonly used 
instruments for forensic DNA analysis recommends 150 RFU as the threshold of detection. 
Peaks below 150 RFU should be interpreted with caution. Some forensic laboratories use lower 
thresholds, as low as 50 RFU, based on their own validation studies. In contrast, when the REU 
value is too high, it saturates the sensitivity of an instrument as well as causing artifacts such as 
pull-up signals (Section 20.4.3.1), The maximum RFU allowed is usually 6000 RE. 


20.3.1 Determining the Genotypes of STR Fragments 
‘As noted earlier, electropherograms are usually plotted as fluorescent signal intensity (in RFU) 
versus the sizes of the DNA fragments. The data in an electropherogram can then be converted 
into a genotype. The genotype fora specific STR locus is defined as the numberof repeat units of. 
the allele. STR genotype data generated from different laboratories can be compared easily and 
are suitable for databasing. 

‘The genotype is determined by using an allelic ladder, which is important to achieve accurate 
genotype profiling. Anallelic ladder isa collection of synthetic fragments corresponding to com- 
mon alleles observed in the human population for a given set of STR loci (Figures 20,8 and 20.9) 
‘The ladders are compared to data obtained from an electropherogram of a questioned sample to 
determine the genotype. Thus, each allele ina ladder must be resolved properly in order to deter- 
‘mine correct STR alleles for a sample. The sizes of DNA fragments of a sample are correlated to 
sizes of fragments for each allele in an allelic ladder in order to determine the allele designation 
(genotype) of a questioned sample (Figures 20.10 and 20.11) If rare allele fails to match alleles 
within an allelic ladder, itis considered an off-ladder allele. If an off-ladder allele is present, the 
sample should be reanalyzed. The presence of a rare allele can be confirmed by repeating the elec- 
trophoresis process based on the characteristic electrophoretic mobility ofthe rare allele. 


20.3.2 Interpretation of STR Profiling Results 
General guidelines for the interpretation and the reporting of STR profile results were set by the 
Scientific Working Group on DNA Analysis Methods (SWGDAM) and the DNA Commission 
of the International Society of Forensic Genetics (ISFG). Typically, conclusions are categorized 
as inclusion, exclusion, or inconclusive result 


20.3.2.1 Inclusion (Match) 
Peaks of compared STR loci, such as those between the profiles of suspect and crime scene evi- 
dence or victim and crime scene evidence, show identical genotypes. The strength ofthis conclu- 
sion can be evaluated via statistical analysis and is usually cited in the case report (Chapter 25), 


20.3.2.2 Exclusion 
‘The genotypes of two or more samples differ, and the profile of the sample is determined to be 
an exclusion, meaning that the profiles originated from different sources. 


20.3.2.3 Inconclusive Result 
‘The data do not support a conclusion of inclusion or exclusion. In other words, insufficient infor- 
‘mation is available to reach a conclusion, 


20.4 Factors Affecting Genotyping Results 
‘A number of genetics, amplification-, and lectrophoresis-elated factors may affect the accu- 
racy of genotypic profiles. 
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Figure 20.8 Electrapherogram ofthe allelic ladder of the AmpFISTR® COffler® PCR Amplification Kit 
(Applied Biosystems). AMEL, CSF1PO, D3S1358, 07S820, D16S539, THOL, and TPOX loci are shown, 
(@ Richard C. Li) 


20.4.1 Mutations 
STR loci with low mutation frequencies are desired, in particular, for human identification in 
‘mass disasters and for missing person and paternity cases. However, STR mutations do occur, 
which can affect the profiling results. 


20.4.1.1 Mutations at STR Core Repeat Regions 
‘Mutations, usually resulting in a gain or a loss of a single repeat unit, are observed at STR loci. 
Ifa mutation occurs in the germ cells (cells that form gametes), the mutant allele will be trans- 
‘mitted to and be present in all cell types of the progeny: This type of inheritable mutation in 
germ cell lineage is called a germ-line mutation. The frequency of germ-line mutation can be 
‘measured by the mutation rate, expressed as the number of mutations per generation (germ-line 
transmission). The average mutation rate of commonly used STR loci is about 10~ mutations per 
germline transmission. However, the mutation rate may vary among different STR loci. 
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Variants 


DIP switches may also be used during prototype 
development, as they allow a convenient way to 
testa circuit in numerous different modes of op- 
eration, 


Most DIP switches have wire terminals which are 
just long enough for insertion into a standard 
breaboard, 


DIP switch package options include standard, 
low-profile, right-angle (standing at 90 degrees 
relative to the circuit board), and piano (with 
switch levers designed to be pressed, like tiny 
rocker switches, instead of being flipped to and 
fro). 


Some SPDT, DPST, DPDT, 3PST, and 4PST variants 
exist, but are uncommon. Multiple external pins 
connect with the additional internal switch con- 
tacts, and a manufacturer's datasheet should be 
consulted to confirm the pattern of internal con- 
nections. A surface-mount, 0.1" pitch, DPST DIP 
switch is shown in Figure 6-17, with a plastic cov- 
er to protect the switches from contamination 
during wave soldering (at left), and with the cov- 
er peeled off (at right). 


Figure 617. A SPDT surface-mount double-throw DIP 
‘switch, sold with a plastic cover (shawn at lft) to protect 
it during wave soldering. The cover has been removed at 
right. 


‘SIP 

A SIP switch is an array of small, separate 
switches, identical in conceptto a DIP switch, but 
using only one row of pins instead of a double 
row. The applications for SIP switches are the 


pawer> connection > switch 


same as DIP switches; the primary difference is 
simply that the SIP switch occupies a little less 
space, while being perhaps slightly less conve- 
nient to use, 


One terminal of each switch usually shares a 
‘common bus. The internal connections in a typ- 
ical &-pin SIP array are shown in Figure 6-18. Pin 
spacing is 0.1’, as in a typical DIP switch, 


Figure 6-18, The interior connections of an &-pin SIP 
‘switch incorporating a common bus. 


Paddle 

Apaddle switch has flat-sided tab-shaped plas- 
ticactuator, relatively large to allow a firm, error- 
free grip. Internally its often comparable with a 
rocker switch, ands generally used with AC pow- 
er. Some toggle-switch bodies are also sold with 
paddle-shaped actuators. A subminiature pad- 
dle switch is shown in Figure 6-19. 
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Figure 6-19. A subminiature paddle switch. Ful-size ver 
sions are often used as power switches. 
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Figure 20.9 Electropherogram of the allelic ladder of the AmpFISTR® Identifier” Plus Kit (Applied 
Biosystems), AMEL, CSF1PO, D281338, D3$1358, D5S818, D7S820, D8S1179, D13S317, D16S539, 
D18S51, 198433, D21S11, FGA, THOL, TPOX, and VWA loci are shown. (® Richard C. Li.) 
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Figure 20.10 Individual DNA profile (Cofiler. The genotype of the DNA profile is shown, AMEL: 
X, X. CSFIPO: 10, 12. 0381358: 14, 15. D16S539: 11, 12. D7S820:10, 11. THOL-B, 9.3. TPOX: 
8, 8. (© Richard C. Li) 


In contrast, somatic mutations involve the mutation of onty somatic cells. The germ cellsare not 
affected, and thusa mutant allele is not transmitted to the progeny. A somatic mutation occurring 
at the core repeat region of an STR locus can be detected and compared to the wild-type allele. The 
"ratio ofthe signal intensities of the wild-type and mutant alleles varies, depending on the number 


379 


Forensic Biology, Second Edition 


cam, 0 A 
ea f 1] 
LU 0 


“ WN, i 
pe 
i 


Figure 20.11 Individual DNA profile (Identifile). The genotype of the DNA profile is shown. AMEL: 
X, X. CSFIPO: 10, 10. D2S1338: 22, 23. D3S135&: 15, 15. DSS818: 12, 13. D7SB20: 9, 10. 
Dasi179: 13, 15. D13S317: 12, 12. D16S539: 10, 11. D1BS51: 16, 17. D19S433: 12, 12. 
D2IS11; 28, 29. FGA: 9, 22. THOL: 7, 7. TPOX: 8, 9. VWA: 17, 17. (@ Richard C. Li.) 


‘of mutation-carrying cells in the tissue, Somatic mutations are usually tissue specific, STR profiles 
from different tissues of the same individual can be compared if somatic mutation is suspected. 


20.4.1.2 Chromosomal and Gene Duplications 
Duplicating one of the homologous chromosomes results ina total of three copies ofa particular 
chromosome. This condition, called trisomy, is rare and often associated with genetic diseases 
such as Down's syndrome (chromosome 21 duplication). Duplications have also been observed 
in chromosomes 13, 18, and X. Other anomalies include duplication of a portion of a chromo- 
some and a single or group of genes instead of an entire chromosome. 

‘A duplication bearing a mutation within the STR core repeat region can affect the number of 
tandem repeat units, Ifthe duplicated locus is mutated, a triallelic or three-peaks pattern can be 
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detected ata single locus, but not at loci located at other chromosomes in a multiplex STR profile 
(Figure 20.12). The three alleles usually have equal signal intensity (peak amplitude or peak 
area). Triallelic patterns at STR loci commonly used for forensic DNA analysis have been docu- 
‘mented. Many occur at the TPOX, FGA, and CSFIPO loci. Ifthe duplicate locus is not mutated, 
only two alleles will be observed in a heterozygote. However, the ratio of the peak amplitude of 
the alleles will be 1:2 (one copy vs. two copies including the duplicate) at that particular locus. 

However, STR profiles at the loci located at other chromosomes are not affected. 


20.4.1.3 Point Mutations 
Point mutations involve the changing of a nucleotide sequence through nucleotide substitu- 
tion, insertion, or deletion, Insertion or deletion mutations affect the lengths of the core repeat 
regions and the amplified flanking regions of STR loci and thus affect STR profiles. Nucleotide 
substitution mutations (except those residing within the primer-binding regions) do not affect. 
the length of DNA and thus do not affect STR profiles. 

However, mutations occurring at the primer-binding sequences of the flanking regions of 
STR loci may affect genotype results, Ifa mutation at a primer-binding sequence prevents the 
primer from annealing to the template, this leads to a complete failure of the amplification of 
the allele. This phenomenon is known as a null allele or silent allele (Figure 20.13). To over- 
come the consequences of a null allele, an alternative primer annealing to a flanking region 
away from the mutated sequence can be used. Additionally, a primer with the sequence that is 
complementary to the known mutation can also be used. If the mutation does not completely 
prevent the primer from annealing but reduces the efficiency of the amplification, the resulting 
signal intensity of the allele is usually decreased. This problem may be solved by modifying the 
condition of amplification for the mutant allele 
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Figure 20.12 Tvallele. In this example, the triallele is observed only at D21S11 and not at other 
STR loci. (@ Richard C. Li) 
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Figure 20.13 Null allele, An allele present in the sample failed to be amplified by one of the primer 
sets as a result of a rare mutation at the primer-binding sequence of the flanking region: (a) wild 
type and (b) mutation. (@ Richard C. Li) 
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20.4.2 Amplification Artifacts 

20.4.2.1 Stuttering 

‘A stutter isa minor allele peak, also known as a stutter peak, whose repeat units are shorter or 
longer than the parental allele peak (Figure 20.14), Less stuttering is observed with pentam- 
eric and hexameric repeat unit loci compared to shorter repeat unit loci. The loci that contain 
complex repeat sequences usually exhibit reduced stuttering. At a given STR locus, large alleles 
appear to yield more stutter than smaller alleles. 

‘Commonly observed stutters are one repeat unit shorter than the parental allele. Its believed 
that stuttering is due to the slippage of polymerase, which may have occurred during amplifica- 
tion reactions (Figure 20.18), Stutters with repeat units longer than the parental allele peak can 
also be observed, but are very rare. The stutter ratio is defined as the area of the stutter peak 
divided by the area of the parental peak. ‘The stutter ratio is usually less than 0.15. A ratio of 
greater than 0.15 should be interpreted with caution due to the potential presence of DNA from 
‘more than one contributor. 
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Figure 20.15 Proposed mechanism for stutter products. During the DNA synthesis step of PCR 
amplification, a DNA polymerase slips, and a region of the primer-template complex becomes 
Lunpaired, causing the template strand to form a loop. The consequence of this one-repeat loop is a 
shortened PCR product smaller than the template by a single repeat unit. (@ Richard C. Ll.) 
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20.4.2.2 Nontemplate Adenylation 

During PCR amplification, DNA polymerase often adds an extra nucleotide, usually an adenos- 
ine, to the 3-end of an amplicon. Such a phenomenon is referred to as a nontemplate addition 
resulting in an amplicon that is one base pair longer than the parental allele (designated the +A 
peak), as shown in Figure 20.16, As a result, an amplicon has both the ~A amplicon, which cor- 
responds to the size of the parental allele, and the +A amplicon, which represents the amplicon 
with the nontemplate addition. To simplify the analysis, the most commonly used multiplex 
STR kits utilize amplification conditions that favor the adenylation of amplicons. Thus, most 
amplicons in a sample contain an additional adenosine at the 3’ end (+A peak). However, partial 
nontemplate addition can occur when too much DNA template is utilized in PCR amplification. 
Asa result, a mixture of -A and +A peaks is usually observed. 


20.4.2.3 Heterozygote Imbalance 
Heterozygote imbalance occurs when one of the alleles has greater peak area or amplitude than 
the other allele within the same locus in which the two alleles of a heterozygote are compared 
(Figure 20.17). It is believed that heterozygote imbalance may arise if the DNA sample contains 
‘unequal copies of DNA template ofthe two alleles for the heterozygote, or the two alleles of ahet- 
erozygote are unequally amplified, a condition known as preferential amplification. Preferential 
amplification usually refers to an event where a smaller allele is amplified more efficiently than 
larger ones. As a result, the presence of heterozygote imbalance interferes with the interpreta- 
tion of samples with a DNA mixture derived from more than one contributor. 


20.4.2.4 Allelic Dropout 
Allelic dropout occurs when an allele, usually one of the heterozygote alleles, fails to be detected. 
To date, our understanding of what causes the dropout is very limited. The occurrence of allelic 
dropout can be the result of an extreme situation of preferential amplification or heterozygote 
imbalance. Additionally, certain mutations leading to amplification failure (Section 20.4.1.3) 
can cause allelic dropout. 
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Figure 20.16 Nontemplate adenylation. OL represents the off-ladder allele. (@ Richard C. Li.) 
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Figure 20.17 Heterozygote imbalance. The signal intensity of one allele is greater than that of the 
ther allele within the same locus. (@ Richard C. Li.) 


20.4.3 Electrophoretic Artifacts 
20.4.3.1 Pull-Up Peaks 

A pull-up peak occurs when a minor peak of one color on an electropherogram is pulled up from 
a major allelic peak in another color (Figure 20.18) when the colors have overlapping spectra. 
For example, a green peak may pull up a yellow peak, ora blue peak may pull up a green peak. A 
pull-up peak may contribute to the inaccuracy of a profile ifthe position of a pull-up peak cor- 
responds to the position of anallele. A pull-up peak often occurs when a sample is overloaded oF 
a matrix file (a spectral calibration) is not updated. Thus, loading a proper amount of sample or 
installing an appropriate matrix file can prevent the occurrence of pull-up peaks. 


20.4.3.2 Spikes 
Spikes are sharp peaks, with similar signal intensities, that are present in all color panels of an 
electropherogram (Figure 20.19). Spikes are caused by air bubbles and urea crystals in the capil- 
lary of an electrophoretic platform, Voltage spikes can also contribute to spike peaks. The spikes 
are electrophoretic artifacts and are not reproducible. Thus, electrophoresis can be repeated to 
verify that the spikes occurred in a previous electrophoresis result. 


20.5 Genotyping of Challenging Forensic Samples 
20.5.1 Degraded DNA 

Environmental exposure, such as high humidity and temperature, of biological evidence can 
lead to DNA degradation such as the breaking of DNA molecules into small fragments. The 
more severe the degradation, the more intensive the fragmentation, In forensic DNA analysi 
the size range of STR amplicons is usually 100-500 bp in length. When a sample experiences 
some degradation, large alleles are les likely to be amplified than small alleles (Figures 20.20 
and 20.21). Asa result, the dropout of large alleles often occurs, leading to a partial DNA pro- 
file or even a failure in obtaining a DNA profile, To address this issue, the PCR primers can be 
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Figure 20.18 Pull-up peaks. The peaks with overlapping spectra observed in the top and middle 
panels are not observed in the bottom panel. (@ Richard C. Ll.) 
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Figure 20.19 Spike peaks can be observed in various intensities. (@ Richard C. LI.) 
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Figure 20.20 Diagram of STR profiles of samples: without DNA degradation (top) and with degra 
dation (bottom). Arrow: allelic dropout. (© Richard C. Li) 


redesigned to anneal more proximally to the STR core repeat region than standard STR primers, 
yielding small amplicons also known as miniSTRs. Using the miniSTR strategy, more alleles 
can be detected in degraded DNA samples than using the standard STR primers. 


20.5.2 Low Copy Number DNA Testing 
Low copy number (LCN) DNA analysis involves the testing of very small amounts of DNA 
(100 pg) in a sample, LCN DNA analysis is often needed for samples derived from evidence 
such as fingerprints and tools and weapons handled by perpetrators. STR analysis of extremely 
low levels of human DNA can be achieved by increasing the number of PCR cycles (eg, increas- 
ing from 28 to 34 cycles) to improve the yield of amplicons, thus improving the sensitivity of 
the analysis. 

However, this approach also increases the appearance of artifacts that can make interpreta- 
tion difficult. For instance, the occurrence of allele dropout, heterozygote imbalance, and stut- 
tering is frequently observed in LCN DNA analysis. Additionally, allele drop-in can arise from 
contamination. The phenomenon of allele drop-in is usually not reproducible. In an LCN DNA 
analysis, genotypes can be determined if identical alleles can be detected from two independent 
amplification reactions. 


20.5.3 Mixtures 
Samples of DNA from two or more contributors are commonly encountered in forensic cases 
such as sexual assaults in which the evidence recovered from a victim is mixed with a suspect's 
bodily fluids (Figure 20.22). The interpretation of DNA profiles of mixed stains is known as 
‘mixture interpretation, which is described below: 

1. To determine the presence of a mixture: First, determine whether the source of the 
DNA in the sample came from one or more individuals by examining the number of 
alleles at multiple loci. The characteristics listed below usually indicate a mixture: 

a. Severe heterozygote imbalance, 
b. Sutter ratio above 0.15, 
Presence of three or more alleles per locus at multiple loci, 
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power> connection > switch 


Vandal Resistant Switch 

Typically fabricated from stainless steel, this is 
designed to withstand most types of abuse and 
is also weather-proof. The pushbuttons that al- 
low pedestrians to trigger a traffic signal are a 
form of vandal-resistant switch. 


Tactile Switch 
This is considered to be a pushbutton, and is 
described in that entry. See “Tactile Switch’ 
(page 34). 


Mounting Options 

‘A panel mount switch generally has a threaded 
bushing that is inserted from behind the front 
panel of product, througha hole of appropriate 
size, It is supplied with a lockwasher and a nut 
(often, two nuts) that fit the thread on the switch 
bushing. 


Frontpanelmountusually means that screws visi 
ble from the front of the panel are attached to a 
bracket on the switch behind the panel. The ac- 
tuator of the switch is accessible through a cut- 
ut in the panel, This mounting style is mostly 
used for rocker switches and sometimes for slide 
switches, 


‘Subpanel mount means that the switch is attach- 
ed to a separate plate or chassis behind the con- 
trol panel, Theactuator of the switch is accessible 
through a cutout. 


Snap-in mount requires a switch with flexible 
plastic or metal tabs each side, designed to push 
through a cutout in the panel, at which point the 
tabs spring out and retain the switch, 


PC mount switches have pins that are soldered 
into a printed circuit board. They may have ad- 
ditional solderable lugs to provide mechanical 
support. 

Surface mount switches are attached to a board 
in the same manner as other surface-mount 
components, 


Values 


Termination 


Switches (and pushbuttons) are available with a 
variety of terminals. 


Solderlugs are small tabs, each usually perforated 
with a hole through which the end of a wire can 
be inserted prior to soldering. 


PCterminals are pins that protrude from the bot- 
tom of the switch, suitable for insertion ina print- 
ed circuit board. This style is also known as a 
through-hole. The terminals may have a right- 
angle bend to allow the component to be moun- 
ted fiat against the board, with the switch actua- 
tor sticking out at the side. This termination style 
is known as right-angle PC. Many manufacturers 
offer a choice of straight or bent pin terminals, 
but the component may be listed in a catalog 
under either of those options, with no indication 
that other options exist. Check manufacturer da- 
tasheets carefully. 


Quick connect terminals are spade-shaped to ac- 
cept push-on connectors, commonly used in au- 
tomotive applications, Hybrid quick-connectter- 
minals that can also function as solder lugs are 
sometimes offered as an option. 


Screw terminals have screws premounted in flat 
terminals, for solderless attachment of wires. 


Wire leadsare flexible insulated wires, often with 
stripped and tinned ends, protruding at least an 
inch from the body of the component. This op- 
tion is becoming uncommon. 


Contact Plating Options 
The internal electrical contacts of a switch are 
usually plated with silver or gold. Nickel, tin, and 
silver alloys are cheaper but less common. Other 
types are relatively rare, 


Values 


Switches designed for electronic devices vary 
widely in power capability, depending on their 
purpose. Rocker switches, paddle switches, and 
toggle switches are often used to turn power on 
and off, and aretypically rated for 10A at 125VAC, 


Chapter6 45 


Forensic Biology, Second Edition 


Additionally, caution should be taken to distinguish the presence of a mixture and various 

artifacts such as stutters and nontemplate adenylation, 

2. To determine the genotypes of all alleles and to identify the number of contributors: 
Note that the maximum number of alleles at any given locus is two per individual, In 
the case of homozygous or allele overlap, the number of alleles observed can be less 
than two per individual. 

3. To estimate the ratios ofthe contributions: Determine the relative ratios of the con- 
tributions to the mixture made by each individual by comparing the peak areas or 
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Figure 20.22 DNA profiles of mixed bodlly fluids. (a) DNA profile of mixed stains from evidence, 
(b} DNA profile of the victim. (© Richard C. Li) 
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Figure 20.22 (Continued) (c) DNA profile of the suspect. 


amplitudes, Amelogenin, a sex-typing marker, is useful in determining the genders of 
DNA contributors, 


4. To consider all possible genotype combinations: This may be done by pair-wise com- 
parisons to determine the allele combinations that belong to the minor contributor 
and those that belong to the major contributor. 


5. Ta compare reference samples: The final step is to compare the genotype profiles with 
the genotypes of reference samples from a suspect and victim, If the DNA profile 
of the suspect’s reference sample matches a major or minor component of the mix- 
ture, the suspect cannot be excluded as a contributor. 


Detailed guidance for basic steps in mixture interpretation is provided in a number of pub- 
lished guidelines. For example, the Interpretation Guidelines for Autosomal STR Typing by 
Forensic DNA Testing Laboratories was recently established by the Scientific Working Group 
‘on DNA Analysis Methods (SWGDAM), which provides direction on DNA profiling and mix- 
ture interpretation. Additionally, guidance for the statistical evaluations of the mixture analysis 
results is also provided, 
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How to Use it 


although some toggle switches go as high as 
30A. Snap-action or limit switches may be simi- 
larly rated, although miniature versions will have 
reduced capability. Slide switches cannot handle 
significant power, and are often rated around 
0.5A (orless) at 30VDC. DIP and SIP switcheshave 
a typical maximum rating of 100mA at SOV and 
are not designed for frequent use. Generally they 
are used only when the powerto the device is off. 


How to Use it 


Power Switches 

When a simple SPST switch is used to turn DC 
power on and off, it conventionally switches the 
positive side of the power supply, also some- 
times known as the high side. The primary reason 
for following this convention is that it is widely 
used; thus, following it will reduce confusion. 


More importantly, an on-off switch that controls 
AC power must be used on the “live” side of the 
supply, not the “neutral” side. If you have any 
doubts about these concepts (which go beyond 
the scope of this book), consulta reference guide 
on this subject. Using a DPST component to 
switch both sides of an AC supply may be a 
worthwhile additional precaution in some appli- 
cations, The ground wire of an AC supply should 
never be switched, because the device should 
always be grounded when it is plugged into an 
electric outlet. 


Limit Switches 

‘An application for two limit switches with a DC 
motor and two rectifier diodes is shown in 
Figure 6-20. This diagram assumes that the mo- 
tor turns clockwise when its lower terminal is 
positive, and counter-clockwise when its upper 
terminal is positive, Only twa terminals are used 
{and shown) in each limit switch; they are chosen 
to be normally-closed, Other terminals inside a 
switch may exist, may benormally-open, and.can 
be ignored, 


The motor is driven through a dual-coil, OPDT 
latching relay, which will remain in either posi- 


> connection > switch 


power 


Figure 6-20. In this schematic, narmaly-closed limit 
Switches are opened by pressure fram an arm attached to 
‘a motor, thus switching off its power at each end af its 
permitted travel and preventing averlaad and burnout. A 
two-col latching relay activates the mator. Rectifier di- 
Codes allow power fo reach the mator to reverse its rota 
tion when 2 mit switch is open 


tion indefinitely without drawing power, When 
the upper coil of the relay receives a pulse from 
‘a pushbutton or some other source, the relay 
flips to its upper position, which conducts posi- 
tive currentthrough the lower limitswitch, to the 
lower terminal of the motor. The motor turns 
clockwise until the arm attached to its shaft hits 
the lower limit switch and opens it. Positive cur- 
rent is blocked by the lower diode, so the motor 
stops. 


When the lower coil of the relay is activated, the 
relay flips to its lower position. Positive current 
‘can now reach the upper side of the motor 
through the upper limit switch, The motor runs 
counter-clockwise until its arm opens the upper 
limit switch, at which point the motor stops 
again, This simple system allows a DC motor to 
berunineither direction by a button-press ofany 
duration, without risk of burnout when the mo- 
tor reaches the end of its travel, Ithas been used 
for applications such as raising and lowering 
powered windows in an automobile 
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Sex Chromosome Haplotyping 
and Gender Identification 


21.1 Y Chromosome Haplotyping 
21.1.1 Human Y Chromosome Genome 

‘The ¥ chromosome is inherited from the father and is passed on to all male offspring; this is 
known as patrilineage (Figure 21.1). Thus, the Y chromosome is unique to males. The chromo- 
some encodes dorens of genes required far male-specific functions, including sex determination 
and spermatogenesis. The human Y chromosome genome contains approximately 59 million 
base pairs (bp) and likely contains 50-60 genes. ‘The Y chromosome can be divided into two 
regions: the pseudoautosomal region and the male-specific Y region (Figure 21.2) 


21.1.1.1 Pseudoautosomal Region 
‘The pseudoautosomal regions (PARs) are homologous nucleotide sequences that are present on the 
X and Y chromosomes. There are two PARs on each X and Y chromosome: PARI and PAR2. In 
the ¥ chromosome, PARI is located on the terminal region of the short arm, The PARI comprises 
2.6 Mb, Twenty-four genes have been identified within the PARI. The PAR? of the ¥ chromosome is 
located at the tip of the long arm. The PAR2 comprises 320 kb, with only four genes identified so far. 

‘The PARs play an important role in proper segregation of the X and Y chromosomes dur- 
ing meiosis. During meiosis in males, the PARs allow the Y chromosome to pair with the X 
chromosome. Crossing over and recombination (Chapter 25) within the PARs of the X and Y 
chromosomes can occur. Asa result, males can inherit an allele originally present on the PARS 
ofthe X chromosome, and females can inherit am allele originally present on the PARs of the Y 
chromosome. In particular, PARI plays a major role in X-Y chromosome pairing. The deletion 
‘of PARI results in failure of pairing and leads to male infertility. PAR2 is much shorter than 
PARI, and thus shows a lower frequency of pairing than PARI. The deletion of PAR2 exhibits 
less severe phenotypes than that of PARI. 


21.1.1.2 Male-Specific ¥ Region 
‘The remainder of the Y chromosome is known as the male-specific ¥ (MSY) region, It was previ- 
‘ously called the nonrecombining ¥ (NRY) region. The bulk of this region does not participate in 
homologous recombination. However, certain sections involve intrachromosomal gene conver- 
sion, which is the nonreciprocal transfer of genomic DNA between a pair of repeated genes on 
a single chromosome; in this case, the ¥ chromosome. About 40 megabases (Mb) within the 
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power> connection > switch 
ADPDT pushbutton could be substituted for the 
latching relay if manual control, only, is accepta- 
ble. However, in this scenario, sustained pressure 
on the pushbutton would be necessary to move 
the motor arm all the way to the opposite end of 
its travel. A DPDT switch might be more appro- 
priate than a pushbutton, 


Logic Circuits 

Logic circuits thatdepend purely on switchescan 
be constructed (for example, toadd binary num- 
bers) but are rare and have no practical applica- 
tions. The most familiar and simplest example of 
manually switched logic is a pair of SPDT 
switches in house wiring, one positioned at the 
top of a flight of stairs and the other at the bot- 
tom, as shown in Figure 6-21. Either switch will 
turn the light on if itis currently off, or off if it is 
currently on. To extend this circuit by incorpo- 
rating a third switch that has the same function 
asthe othertwo,aDPDT switch mustbeinserted. 
See Figure 6-22. 


Figure 6-21. SPDT switches are commanly used in house 
wiring so that ether af them will turn a shared light on fit 
‘sof or offitison 


a 


Figure 6-22. A DPDT switch must be inserted if three 
‘switches must have identical function ta cantrol the on-aft 
State ofa single ight bul 


Alternatives 

As microcontrollers have become cheaper and 
more ubiquitous, they have taken over many 
functions in electronic products that used to be 
served by switches, A menuing system driven by 
a microcontroller can use one rotational en- 
coder with a SPST pushbutton built into it to se- 
lect and adjust numerous parameters ina device 
such as a car stereo, where functions were once 
selected and adjusted by individual switchesand 
potentiometers. The rotational-encoder option 
takes up less space, is cheaper to build (assuming 
a microcontroller is going to be used in the de- 
vice for other purposes anyway), and can be 
more reliable, as it reduces the number of elec- 
tromechanical parts, Whether itis easier to use is 
a matter of taste. Cost and ergonomics may be 
the primary factors to consider when choosing 
where and how to use switches. 


What Can Go Wrong 


Arcing 

The contacts inside a switch will be rapidly ero- 
ded if arcing (pronounced “arking’) occurs. An 
electric arc is a spark that tends to form when a 
switch is opened while conducting a high cur- 
rent or high voltage (typically 10A or more and 
100V or more). The most common cause is an 
inductive load that generates back-EMF when it 
is switched on and forward-EMF when it is 
switched off. The surge can be many times the 
amperage that the load draws during continu- 
‘ous operation. In DC circuits, arcing can be re- 
duced by using a rectifier diode in parallel with 
the load (with its polarity blocking normal cur- 
rent flow). This is often referred to as a fiyback 
diode or freewheeling diode. In AC circuits, where 
a diode cannot be used in this way, a snubber (a 
simple combination of capacitor and resistor) 
may be placed around the load. A snubber can 
also be used around the switch itself, in DC cir- 
cuits, See "Snubber” (page 108). 
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are denoted by circles and squares, respectively. Red symbols indicate individuals who inherited the 
‘same ¥ chromosome. 


Xctransposed 
PAR sequence —Contromere PAR2 
MSY 

[i Euchromatie 
[i Heterochromatic 


Figure 21.2 Human ¥ chromosome structure. PAR, the pseudoautosomal region; MSY, male-specific ¥ 
region; ¥, the short arm of the Y chromosome; Y, the long arm of the Y chromosome, (@ Richard C. Li.) 


‘MSY region are heterochromatic (highly repetitive sequences) including the centromeric region 
and the bulk of the distal long arm. The euchromatic region, which comprises transcriptional 
active genes, is approximately 23 Mb. Certain sections of the euchromatic region share some 
homology with the X chromosome. For instance, X-transposed sequences of the Y chromo- 
some are 99% identical to sequences within Xq2I (a band in the long arm of the X chromo- 
some). The X-transposed sequences are the sequences, a total of approximately 3.4 Mb in length, 
that were transposed from the X chromosome to the ¥ chromosome several million years ago. 
Additionally, dozens of genes located in the euchromatic region share 60%-96% homology with 
their X chromosome counterparts. The regions sharing homology with the X chromosome 
should be avoided when selecting Y chromosome-specific markers for forensic DNA profiling. 


21.1.1.3 Polymorphic Sequences 
‘The Y chromosome contains an abundance of polymorphic markers. DYF155S1, also known as 
MSY1, is the first characterized variable number of tandem repeats (VNTR) or minisatelite at 
the human ¥ chromosome. It consists of an array of AT-rich repeats at 25 bp per unit repeat. 
‘The DYF1S5S1 locus is highty polymorphic. The unit repeat sequence varies through base sub- 
stitution, At least five different variant types of unit repeat sequences exist. Additionally, the 
‘numbers of these units also vary, ranging from 50 to 115 repeats. Thus, the length of alleles range 
from approximately 1200 to 2800 bp. DYF155S1 is of considerable interest as a potential marker 
in forensic testing, However, the analysis method is labor intensive, making it difficult to imple- 
‘ment in forensic casework, such as the investigation of sex crimes. Moreover, many single nucle- 
tide polymorphisms (SNPs) and mobile elements exist at the Y chromosome. However, the 
discrimination power of SNPs and mobile elements is considerably less than that of ¥ chromo- 
some short tandem repeats (Y-STRs). To date, Y-STRs are usually used for Y chromosome DNA 
testing due to the high-throughput analysis and good discrimination power (Section 21.1.2) 
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21.1 Y Chromosome Haplotyping 


211.2 Y-STR 

YY chromosome loci are very important for forensic DNA profiling, and this chapter will discuss 
such applications. For instance, the Y-STRs used in forensic DNA testing are male specific (for 
humans and certain higher primates) and are thus useful in the investigation of sexual assault 
cases involving male suspects. The evidence gathered in such cases usually consists of a mixture 
‘of high levels of female DNA and low levels of male DNA. The Y chromosome-specific loci can 
be examined without interference from large amounts of female DNA; differential extraction of 
spermand nonsperm cells may not be needed. Furthermore, the Y-STR system is useful for deter- 
‘mining the numbers of unrelated male perpetrators in sexual assault cases. The Y-STR loci used 
for forensic applications are located in the nonrecombining section of the Y chromosome so that 
patrilineage can be established. The technique can be used for paternity testing and the identifica- 
tion of missing persons. Finally, data interpretation can be simplified by the use of a single allele 
per Y-STR locus profile at most loci. Reference databases are available for estimating Y-STR hap- 
lotype frequencies among various human populations for statistical analysis of profiling results 

‘The major disadvantage of Y-STR loci is that their discriminating power is lowerthan that of 
autosomal loci. Because ¥ chromosome loci are linked, the product rule for statistical calcula- 
tions for profile probability does not apply. Chapter 25 discusses the statistical evaluation of the 
strength of the matches. Also, the current Y-STR profiling cannot distinguish individuals with 
the same patrilineage. 

More than 400 STR loci have been identified in the Y chromosome genome. ‘The precise 
locations of these loci have been sequentially mapped using human genome sequencing data. 
Most Y-STR loci, approximately 60% of the 400 identified, are located on the long arm of the 
chromosome; about 22% are located on the short arm and a few are found in the centromeric 
region (Figure 21.3), Y-STRs in the telomeric region have yet to be identified. Only about 5% 
of Y-STRs are located within 5! untranslated or intron regions of protein-coding genes. The 
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Figure 21.3 Human cytogenetic map of the Y chromosome. The Y-STRs and positions are shown 
(Mb=megabase). Cytogenetic patterns with alternating dark and light bands are shown. (© Richard C. Li.) 


409 


Forensic Biology, Second Edition 


‘Tetrameric 
Trimeric repeats 45% 
repeats 29% ™ 
Dimeric Pentameric 
repeats 6% Heaameric ~ gepeats 9% 


repeats 1% 


Figure 21.4 Human Y-STRs with different repeat unit length. About 400 ¥-STRs have been identi- 
fied and categorized according to repeat unit length. (Adapted from Hanson, E.K. and Ballantyne, J., 
‘Leg Med (Tokyo), 8, 110, 2006.) 


repeat unit lengths of identified Y-STRs have been analyzed. Among the 400 Y-STRs, 6% are 
dimeric repeats, 39% are trimeric, 45% are tetrameric, 9% are pentameric, and 1% are hexameric 
(Figure 21.4), 

Fewer than half of the Y-STRs have been characterized. Some loci are polymorphic and are 
useful for forensic applications and developing new Y-STR multiplex systems, Since homologous 
recombination does not occur on the majority of the Y chromosome, alleles of Y-STR loci are 
linked (inherited together); they are referred to as haplotypes. As a result, the discrimination 
power of Y-STRs is much lower than that of autosomal STRs. The most commonly used Y-STR 
loci for forensic testing are described below. 


21.1.2.1 Core Y-STR Lo 
In 1997, the European minimal haplotype locus set, also known as the minimal haplotype loci, 
‘was recommended by the International Y-STR User Group for forensic applications (Table 21.1; 
Figure 21.5). This haplotype set includes a core set of nine Y-STR loci: DYSI9, DYS385a and b, 
DYS3801, DYS389l1, DYS390, DYS391, DYS392, and DYS393. In 2003, two additional loci were 
recommended by the Scientific Working Group for DNA Analysis Methods (SWGDAM) for 
forensic DNA analysis. The SWGDAM loci include the European minimal haplotype loci plus 
two additional loci: DYS438 and DYS439 (Table 21.0. 

‘The application Y-STR for forensic casework has been expanded with additional Y-STR 
‘markers. The use of Y-STR loci has been facilitated by commercially available PCR amplification 
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Figure 21.5  Electrapherogram of Y-STR profile using an early generation of multiplex of four loci 
‘The genotype of the DNA profile is shown (DYS19: 14, DYS389I: 10. DYS389Il: 26. DYS390: 24), 
(© Richard C. Li) 


cits in multiplex Y-STR systems. To improve discriminating power, multiplex systems including 
znew Y-STR loci are desired. Many new Y-STR loci are being characterized for developing new 
‘multiplex systems. Commercially available kts with more Y-STR loci are now available and have 
been validated for forensic use (Table 21.2; Figures 21.6 and 21.7), Some of the additional Y-STR 
loci are highly discriminating, allowing for further distinction between unrelated male indi- 
viduals, Additionally, Y-STR loci, such as DYS570 and DYS576, with high mutation rates (see 
rapidly mutating Y-STR loci Section 2112.3) are included, which are useful forthe discrimina- 
tion of related individuals. 


21.1.2.2 Multilocal Y-STR Loci 
DYS385 and DYS389 are multilocal Y-STR loci (MLL). The MLL designation refers to the pres- 
ence of a particular STR at more than one site on the Y chromosome due to duplication. To 
date, about 50 such MLL Y-STRs have been identified. Further MLL subdivisions are designated 
bilocal, trilocal, and so on, DYS385 and DYS389 are bilocal 

‘The DYS385 locus has two inverted duplicated clusters and is separated by 4 10*bp intersti- 
tial region (Figure 21.8). It can be amplified by a single set of primers. One allele is observed ifthe 
duplicates are the same length. Ifthe duplicated clusters have different lengths, they can generate 
two different alleles when amplified. The smaller allele is designated “a” and the larger alle is 
designated “b.” Moreover, the DYS389 locus has two duplicated clusters with the same orienta- 
tion (Figure 21.8) Ina single set of PCR primers, there are two binding sites for the same forward 
primer at each 5' flanking sequence of the core repeat region of DYS389. These binding sites 
between DYS3891 and DYS389II are about 120 bp apart. Therefore, two amplicons are produced. 
DYS3801 is designated for the smaller allele, and DYS389II is designated for the larger allele. 


21.1.2.3 Rapidly Mutating Y-STR 
Current Y-STR loci implemented in forensic casework have adequate resolution of males from 
different patrilineages. However, most Y-STR sets have limited abilities to differentiate related 
‘ales who belong to the same patrilineage. Thus, current forensic Y-STR profiling is not able to 
exclude patrilineal relatives of the suspect, Recently, rapidly mutating Y-STR (RM Y-STR) loci 
hhave been identified and characterized, The mutation rates of RM Y-STR are above 10, which. 
is considerably higher than the average mutation rates of Y-STRs. The average mutation rate for 
the majority of the Y-STRs characterized, including the core Y-STR loci currently used in foren- 

approximately 10-+-10-' per generation. Due to the high mutation rates, RM 
Y-STRs can improve patrilineage resolution. For use in forensic casework, the RM Y-STR loci 
hhave potential abilities to differentiate both paternally related and unrelated males. 
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Table 21.2 _Y-STR Loci Covered by Represent: 
Commercial Kits 


==] 

Coreloci—— DYSI9 
DYS3B5a/ 
¥s3691 
¥s369 
p¥s390 
D¥s391 
pys392 
pys393 
pysaae 
pys439 

Aitona loci OYS437 
prsasa 
Ys456 
ys4sa 
rs4a1 
pyssa3 
rss49 
¥ss70 
prss76 
prseas 
prs64a 
vera 


© AmpFISTR® Yfiler® PCR Amplification Kit (Applied 
Biosystems). 
© PowerPlex® ¥23 System (Promega) 
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21.2 X Chromosome Haplotyping 
‘X-chromosomal STR (X-STR) profiling is a useful tool in kinship testing in forensic investiga- 
tions. For example, males under usual circumstances have only one X chromosome; thus males 
are hemizygous for the X-STR loci on the X chromosome. Homologous recombination between 
the X and ¥ chromosomes is restricted to the homologous PARs (Figure 21.2). The paternal X 
chromosome is inherited by daughters as haplotypes. Thus, father-daughter kinship is easier to 
determine using X-STRs than autosomal STRs, In females, there ae two copies ofthe X chro- 
‘mosomes, Homologous recombination can occur between two X chromosomes in the mother- 
child transmission. Although it is possible to determine mother-child kinship using X-STR 
analysis, the level of certainty is less than that of father-daughter kinship analysis. Nevertheles, 
sharing of rare X-STR haplotypes can strengthen an indication of kinship. The most useful 
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Figure 21.8 MLL Y-STR locus DYS385, At the DYS385 locus, nate the two inverted duplicated 
regions of the Y chromosome with an interstitial region of 40 kilobases (kb). These inverted regions 
‘can be amplified with a single pair of primers (indicated by arrows) in one PCR reaction. The allele 
designations are described in the text. (© Richard C. Li) 
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Figure 21.9 MLL Y-STR locus DYS389. At the DYS389 lacus, note the two duplicated regions of 
the Y chromosome with the same orientation. These duplicated regions can be amplified with a sin- 
gle pair of primers (indicated by arrows) in one PCR reaction. The allele designations are described 
in the text. (@ Richard C. Li.) 


application of X-STR profiling, however, is in situations where autosomal STR profiling fails to 
determine kinship with high levels of certainty, and where Y-chromosomal or mitochondrial 
DNA profiling results are inconclusive. 

Many X-STR loci have been identified spanning the entire human X chromosome. Increasing 
the number of X-STR loci to be analyzed in the inherited region would increase the degree of 
certainty in determining kinship. However, itis necessary to take into consideration the link- 
age between X-STR loci on the X chromosome. Based on Gregor Mende!’ first law, the different 
alleles of two loci segregate independently. This is definitely true for loci localized on different 
chromosomes. The segregation can also be observed for loci located on the same chromosome, 
including the X chromosome, due to homologous recombination and meiotic crossing-over. 
Generally speaking, the farther apart the two loci are on the chromosome in physical distance, 
the more likely those loci are to segregate independently. When two loci are very close to each 
other, the alleles ofthe two loci are inherited together as a haplotype. Therefore, including addi- 
tional closely linked STR loci does not necessarily improve the discrimination power in kinship 
analysis 

Homologous recombination events at different regions of the genome may occur with differ- 
ent probabilities. Thus, the tightness of linkage between two X-STR loci cannot be accurately 
‘measured based on the physical distance. In order to determine how closely two different loci are 
linked, the recombination fraction (or recombination frequency) can be used, which is the per- 
centage of recombinants resulting from chromosomal crossover between two loci during meio- 
sis among all the offspring, The recombination fraction reflects how often the loci are inherited 
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together or how often they are separated, The recombination fraction ranges from 0% to 50%. 
‘The minimum recombination fraction is 0, indicating perfect linkage (no recombinants). The 
maximum is 50%, meaning complete independence of the two loci (they are actually located on 
different chromosomes or on the same chromosome with great distance between them) 

Multiplex X-STR assays have also been developed. Commonly used X-STR loci can be grouped 
into linkage groups. Each linkage group is presumably transmitted independently from one another. 
‘These loosely linked loci can be treated as if they were located on different chromosomes. The dis- 
tribution of alleles at these X-STR loci should be in accordance with the Hardy-Weinberg principle 
(Chapter 25). Within each linkage group, the occurrence of recombination is negligible. Thus, loci 
‘within groups are generally considered as closely linked and are thus treated asa haplotype. 


21.3 Sex Typing for Gender Identification 
Sex typing ofa biological sample is useful in forensic investigation. For example, the applica- 
tion of sex typing facilitates the identification ofthe victim and the offender's DNA evidence in 
sexual assault cases and the remains of victims in mass disasters or missing persons investiga- 
tions, One commonly used sex-typing marker isthe amelogenin (AMEL) locus. The use of mul- 
tiplex PCR systems with an additional amelogenin marker, anon-STR marker, leads to potential 
gender determination. 


21.3.1 Amelogenin Locus 
‘This region encodes extracellular matrix proteins involved in tooth enamel formation 
(Table 21.3), Mutations in the AMEL gene can lead to an enamel defect knovn as amelogen- 
esis imperfecta, Amelogenesis imperfecta is a disorder that causes abnormal formation of 
tooth enamel in both primary and permanent teeth, The formed tooth enamel is soft and thin; 
therefore itis easily damaged. The AMEL locus has two homologous genes: AMELX (Xp22.2) 
is located on the human X chromosome (Figure 21.10) and AMELY (Ypl1.2) is located on the 
human Y chromosome (Figure 21.11). Although the genes constitute a homologous pair, they 
differ in size and sequence. The coding sequence of the AMELX gene has a size of 2872 bp and 
the AMELY gene has a size of 3272 bp in length. 

“The most commonly used sex-typing method at the AMEL locus is the detection of a 6 bp 
deletion at intron 3 of AMELX (Figures 21.12 and 21.13). This deletion is not present in AMELY. 
Sex typing can be performed using primers specifically amplifying the region of the AMEL locus. 
Primer sets were developed to amplify both alleles in a single PCR. The two most commonly 


Table 21.3 Sex-Typing Makers and Homologous Genes on the Human X and Y 
Chromosomes 


Sex-Typing Markers 


Distance from Chromosomal | Distance from 
Xpter (Mb) Location | Ypter (Mb) 


Source: Ensembl! Homo sapiens version 75.37 (GRCh37). Mb, megabase. 
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Figure 21,10 Cytogenetic map of the human X chramosome and sex-typing loci shawn with physi- 
‘cal positions (Mb=megabases). Cytogenetic patterns with altemating dark and light bands are 
shawn. (@ Richard C. Li) 
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Figure 21.11 Cytogenetic map of the human ¥ chromosome and sex-typing loci shawn with physi- 
cal positions (Mb=megabases). Cytogenetic patterns with altermating dark and light bands are 
shawn. (© Richard C. Li) 


Figure 21.12. Structure of human AMELY gene. Exons 1 through 7 and introns 1 through 6 are 
numbered. (© Richard C. Li.) 
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wat Can Ga Wrong 


When switching an inductive load, itis generally 
prudent to use switches rated for twice as much 
current as the circuit will normally draw. 


Dry Joints 

Switches that control significant current willhave 
substantial terminals, and these terminals will be 
attached to heavy-gauge wire, When using sol- 
der to make this type of connection, the com- 
bined heat capacity of the wire and the terminal 
will inka lot more heat than a small component 
on a circuit board. At least a 30W soldering iron 
should be used. Lower-wattage irons may be in- 
capable of melting the solder completely (even 
though they seem to), anda “dry joint” will result, 
Which can havea relatively high electrical resist- 
ance and will be mechanically weak, liable to 
break later. Any good solder joint should with- 
stand flexing of the wire attached to it. 


Short Circuits 

Because many switches are still wired in with sol- 
der tabs, screw terminals, or quick-connect ter- 
minals, wires that become accidentally detached 
can be a significant hazard. Heat-shrink tubing 
should beapplied to enclose wires and terminals 
at the rear of a power switch, as an additional 
precaution. Power switches should always be 
used in conjunction with appropriate fuses. 


Contact Contamination 

Sealed switches should be used in any environ- 
ment where dirt or water may be present. Slide 
switches are especially vulnerable to contamina- 
tion, and are difficult to seal. Switches used in 
audio components will create “scratchy” sounds 
if their contacts deteriorate. 


Wrong Terminal Type 
Because switches are available with a wide vari- 
ety of terminal types, it’s easy to order the wrong 
type. Switches may be supplied with pins for 
through-hole insertion in circuit boards; screw 
terminals; quick-disconnect terminals; or solder 
lugs. Variants may also be available for surface 


power > connection > switch 
mount. Ifa project requires, for example, the it 
sertion of pins in a printed circuit board, and a 
switch is supplied with solder lugs, it will be un- 
usable, 


Part numbers generally include codes to identify 
each terminal variant, and should be studied 
carefully. 


Contact Bounce 

‘Also known as switch bounce. When two contacts 
snap together, extremely rapid, microscopic vi- 
brations occur that cause brief interruptions be- 
fore the contacts settle, While this phenomenon 
is not perceptible to human senses, it can be per- 
ceived as a series of multiple pulses by a logic 
chip. For this reason, various strategies are used 
to debounce a switch that drives a logic input. 
This issue is explored in detail in the entry on 
logic chips in Volume 2 of the encyclopedia 


Mechanical Wear 

Any toggle or rocker switch contains a mechan- 
ical pivot, which tend to deteriorate in harsh en- 
vironments, Friction is also an issue inside these 
switches, as the design often entails the rounded 
tip of a lever rubbing to and fro across the center 
of a movable contact. 


The spring inside a snap switch or limit switch 
may failasa result of metal fatigue, although this 
is rare. Aslide switch is far less durable, asits con- 
tacts rub actoss each other every time the switch 
changes position. 


In any application that entails frequent switch- 
ing, or where switch failure is a critical issue, the 
most sensible practice is to avoid using cheap 
switches. 


Mounting Problems 

Ina panel-mount switch that is secured by turn- 
ing a nut, the nut may loosen with use, allowing 
the component to fall inside its enclosure. Con- 
versely, overtightening the nut may strip the 
threads on the switch body, especially in cheaper 
‘components where the threads are molded into 
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Figure 21.13 Sex typing using AMEL markers. A 6-bp deletion in intron 3 is present in AMELX but 
not in AMELY and can be resolved using electrophoresis as described in the text. (@ Richard C. Li.) 


used amelogenin primer sets generate amplicons of 106 and 112 bp or 212 and 218 bp for 
AMELX and AMELY loci, respectively. The amplicons generated from AMELX and AMELY are 
separated by electrophoresis. The observation of the AMELX fragment alone indicates a female, 
‘whereas the observation of both AMELX and AMELY fragments indicates a male (Figure 20.8). 

Nevertheless, DNA from primates and some rudiments can be amplified as well, but the ampli- 
con sizes vary. The AMEL locus has been coamplified with other markers to provide a combined 
sex and identity test. Such combined tests have been used in historical D1S80 AFLP profiling 
(Chapter 19) and various current STR multiplex analyses. 

Cases of AMELY null mutations have been reported where only the AMELX fragment 
is detected in AMELY null males. Many of them are phenotypically normal but present the 
-AMELX sex types of females. Various interstitial deletions at the Y chromosome short arm and 
point mutations within the primer-binding sites have been identified as the possible cause of 
some AMELY null sex typing, The frequency of AMELY null males is rare, but is higher in Sri 
Lanka and India, However, the mutations may lead to incorrect identification of sex if the muta- 
tions occurred in the DNA evidence of criminal investigations such as sexual assaults or in the 
identification of human remains in mass disasters. In the case ofa female individual,an AMELX 
‘mutation, which is rare, usually affects one copy of AMELX; however, the wild-type copy of the 
AMELX is detected. Thus, the AMELX mutation is less problematic in females than the AMELY 
‘mutation in sex typing in males. 


21.3.2 Other Loci 
To solve the incorrect identification problem with null AMEL mutations, additional candidate 
genetic markers are used in combination with AMEL analysis (Table 21.3). One useful marker 
is the sex-determining region Y (SRY) gene located on the Yp11.31 of the Y chromosome. SRY 
encodes a transcription factor that plays a role in the regulation of sex determination toward 
‘male development. The SRY protein contains a DNA-binding domain known as the HMG box. 

SOX3, an SRY-related HMG box-containing gene, has been identified at Xq27.1 of the X chromo- 
some, which shares sequence homology with SRY. SRY-specific amplification is achieved using 
SRY-specific primers. 

‘Another marker is the TSPY locus located on Ypl.2 of the ¥ chromosome. The TSPY locus 
encodes the testis-specific protein Y-encoded gene that is only expressed in the testis and may 
play a role in spermatogenesis. The TSPY structural gene is approximately 20 kb in length, con- 
sisting of 6 exons and 5 introns. The TSPY gene has multiple copies. A single Y chromosome 
contains several dozen copies of TSPY genes that are organized as a tandem array. The TSPY 
ene cluster shows copy number variation (CNV) between individuals in a population ranging 
from 23 to 64 copies. DYSI4 is a marker utilized for the characterization of the TSPY locus. The 
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DYSI4 locus inctudes the partial sequence of the first exon and intron of the TSPY gene and 
shares approximately 98% sequence homology with other members of the TSPY gene cluster. 

‘A TSPY-like (TSPYL) gene has been identified on the short arm of the X chromosome and is, 
designated as TSPYL2. TSPYL2 isa single-copy gene per X chromosome and is 6.3 kb in length, 
consisting of 7 exons and 6 introns. TSPYL2 shares homology with TSPY. Additionally, several 
TSPYL genes have been identified on the autosomes. Primers are designed to amplify TSPY only 
and not amplify TSPYL2 and other TSPYL gene sequences. ‘The sensitivity of detecting TSPY, 
ddue to multiple copies, can be considerably higher than any single copy genetic maker such as 
SRY, 

Furthermore, the DXYS156 locus, located at the pseudoautosomal region of both X and 
Y chromosomes, is another candidate marker used for sex typing. DXYS156 is a polymor- 
phic pentanucleotide STR. The DXYS156 ¥ alleles have an additional adenine insertion in the 
repeat units of STR. Thus, the DXYS156 Y alleles can be distinguished from the DXYS156 X 
alleles because of the insertion, Additionally, the DXYS156 alleles are ethnically distributed. 
‘The DXYS156 profiling may potentially indicate the ethnic origin of an individual as an inves- 
tigative lead. 

Moreover, the steroid sulfatase (STS) gene encodesan enzyme that catalyzes the conversion of 
sulfated steroid precursors to biologically active steroids such as estrogens and androgens. The 
STS gene is located on the distal part of the short arm of the X chromosome within Xp22.31. The 
STS gene is 146 kb in length, consisting of 10 exons and 9 introns. The size of exons is between 
120 and 160 bp long. However, the sizes of introns vary greatly, ranging from 102 bp to 35 kb. 
‘The entire coding sequence of the STS gene is 1542 bp in length. Deletions and point mutations 
ofthe STS gene have been associated with X-linked ichthyosis, a skin disease that affects males. 
‘There is an STS pseudogene, 100 kb in length, on the long arm of the Y chromosome known as 
STSP1. Although STSPI shares some sequence homologies with the STS gene, the pseudogene 
does not encode a functional gene. Primer sets are designed to amplify the target sequences 
‘within the first intron (35 kb in length) of the STS gene and its homologous STSP1 pseudogene 
sequence. Although the homology of these target sequences of the STS gene and STSP1 pseudo- 
ene is approximately 80%, amplicons with two different sizes are produced to identify STS and 
STSP1 alleles for sex typing. 
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plastic. Consider applying a drop of Loc-Tite or 
similar adhesive after moderately tightening the 
nut. Note that nut sizes vary widely, and finding 
a replacement may be time-consuming. 


Cryptic Schematics 
In some circuit schematics, the poles of a multi- 
pole switch may be visually separated from each 


What Can Go 


other, even at opposite sides of the page, for 
convenience in drawing the schematic. Dotted 
lines usually, but not always, ink the poles. In the 
absence of dotted lines, switch segments are 
often coded to indicate their commonality. For 
example, SW1(a) and SW1(b)arealmost certainly 
different parts of the same switch, with linked 
poles. 
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22.1 Basic Characteristics of SNPs 

Human genomes contain sequence polymorphisms, which are the variations in nucleotide 
sequences among individuals. One type of sequence polymorphism is called single-nucleotide 
polymorphism (SNP). An SNP constitutes a single-base-pair change originating from a sponta- 
‘neous mutation that can be a base substitution, insertion, or deletion at a single site. An esti- 
‘mated 10 million SNPs may exist in the human genome, and among them, over a million SNPs 
hhave been identified. Thus, SNPs are the most frequent form of DNA polymorphism observed in 
‘humans. Most SNPs appear in noncoding regions and some SNPs are found in coding regions 
of genes (Figure 22.1) 

“The vast majority of SNPs are biallelic, although very rare triallelic and tetraallelic SNPs 
also exist. Ifan SNP originating from a spontaneous mutation occurs in the germ line, it can be 
inherited by offspring and can spread in the human population, As a result, both the wild type 
(the typical form of an allele occurring in nature) and a mutant allele are produced. This type of 
SNP is referred to asa biallelic SNP. Subsequently, a third mutation, a very rare event, may occur 
at the same nucleotide site. This SNP has a wild type and two different mutant alleles, which 
results in a triallelic SNP. It is also possible that a triallelic SNP is created by introducing two of 
the mutations simultaneously at a single site, which is also a very rare event. 

Generally speaking, there are a number of advantages to utilizing SNP loci as markers for 
forensic applications, First, SNPs are abundant within the human genome; therefore, a suffi 
cient number of SNP loci that are suitable for human identification can be selected. Second, in 
SNP analysis, amplified fragments (amplicons) are usually 50-100 base pairs in length and are 
smaller than that in short tandem repeat (STR) analysis (Chapter 20), Therefore, SNP profiling 
can be more useful than STR for analyzing degraded DNA samples in which genomic DNA is 
fragmented (Section 20.5.1), Third, SNP loci have lower mutation rates than STRs and are, there- 
fore, useful for specialized human identification such as paternity testing, Lastly, itis possible to 
achieve high-throughput SNP analysis by utilizing multiplex SNP assays, which are amendable 
for automation. 

‘The application of SNPs for forensic DNA analysis also has some disadvantages, in that SNP. 
loci are not as polymorphic as STR loci It is estimated that the analysis of 50-60 SNP loci is 
needed to achieve a similar level of population match probability (P,,—the lower the P,,, the 
less likely a match occurs between two randomly chosen individuals; see Chapter 25) using 13 
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Figure 22.1 SNPs fall into several classes. Most reside in the noncoding regions of DNA and are 
designated as noncoding SNPs (ncSNPs). A subset of neSNPs can also be found in introns. SNPS 
residing in exons are further divided into two types: The synonymous type (synSNP) is an exonic 
SNP that does not change the amino acid composition of the encoded polypeptide. Conversely, a 
nonsynonymous type (nsSNP) changes the encoded amino acid. SNPs in the promater regions of 
the genome are known as promoter SNPs (pSNPs). Arrow: transcription start site. (© Richard C. Li.) 


STR loci in CODIS. Moreover, most SNPs are biallelic; therefore, it is difficult to resolve mixed 
DNA profiles when a shared common allele exists in a mixture of more than one individual 
Furthermore, most DNA databases contain STR profiles instead of SNP profiles, which means 
that it is not possible to carry out a database search for a matching SNP profile in cases where no 
suspect has yet been identified. 


22.2 Forensic Applications of SNP Profiling 

22.2.1 HLA-DQAI Locus 

‘The first use of SNP. based profiling for forensic application involved sequence polymorphisms at 
the HLA-DQA! locus (formerly called the DQet locus). The HLA-DQAI gene is a member of the 
‘human leukocyte antigen (HLA) family, which contains large number of genes involved in the 
immune response in humans. The HLA-DQA1 locus located within human HLA gene clusters 
‘on chromosome 6. The region tested for forensic use is highly polymorphic and is located at the 
second exon of the gene (Table 22.1). 


22.2.11 Doc AmpliType and Polymarker Assays 
‘The SNP profiling of the HLA-DQAJ locus was carried out using the DQa AmpliType® kit. It 
‘was the first commercial kit, developed in the late 1980s by Cetus Corporation in Emeryville, 
CA. The HLA-DQAI panel can distinguish the following: alleles 1 (subtyped as 1.1, 1.2, or 1.3) 
2,3,and 4 (subtyped as 4.1 and 4.2/4.3, in which the 4.2 and 4.3 alleles are combined and cannot 
be distinguished). Therefore, a total of 28 possible genotypes from combinations of these alleles 
can be distinguished. Although the P,, of this SNP profiling is high (approximately 5x 10), it 
is useful asa preliminary test to quickly exclude suspects. 

In addition to the HLA-DQA1 locus, five additional loci—LDLR, GYPA, HBGG, D7S8, and 
GC—were utilized for forensic application in 1993 (Table 22.1). These loci were included in the 
second generation of the kit known as the AmpliType" PM PCR amplification and typing kit 
(also known as Polymarker), manufactured by Perkin-Elmer (Norwalk, CT). It consisted of one 
panel for the testing of HLA-DQAI and another panel for an additional five loci (Figure 22.2) 
‘Among these five additional loci, LDLR, GYPA, and D7S8 each have two alleles (designated 
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Table 22. 
Amplification and Ty 


Chrome Number 
Gene Product Local of Alleles | Further Reading 


HLA-DQAL HLA-DOAL 6p21.3 7 Gyllensten and Erlich 
(98a) 
LDLR Low-density 19p 13.1-13.3 2 Yamamoto et al 
lipoprotein cagaa) 
receptor 
GYPA Glycophorin A | 4428-31 2 Siebert and Fukuda 
caga7) 
Hace HemogiobinG 11 p 15.5 3 Slightom et al, (1980) 
gammaglobin 
788 Anonymous 7922-31.1 2 Hor et al. (1990) 
co Group-specific  4g11-13 3 Yang et al. (1985) 
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Figure 22.2 Panels of immobilized probes in the Polymarker kit, Top: HLA-DQAI. Bottom: additional 
five loci (LDLR, GYPA, HBGG, D7S8, and GC). C and S represent threshold control dots. (@ Richard C. Li.) 


‘A and B), while HBGG and GC each have three alleles (A, B, and C), Asa result, the P,, of the 
Polymarker panels decreased to 10"* 

‘The DNA profiles of the Polymarker system have been accepted in US courts, The Polymarker 
system has a number of advantages, particularly compared to variable number tandem repeat 
analysis (VNTR; see Chapter 19), First, the Polymarker system is a PCR-based method and is 
capable of analyzing a small amount of DNA sample (approximately 2 ng per analysis). Therefore, 
itis more sensitive than the method used in VNTR analysis. Second, the Polymarker system isan 
SNP assay with short amplicon sizes and, therefore, can analyze degraded DNA samples, which 
is not possible in VNTR analysis. Third, the Polymarker system is more rapid and less laborious 
than VNTR analysis, Lastly, the amplicon sizes of alleles at a given locus have identical lengths 
and, therefore, this assay does not exhibit preferential amplification as in amplified fragment 
length polymorphism (Chapter 19). However, the Polymarker system has its limitations com- 
pared to VNTR analysis. For example, compared to the VNTR analysis, the P,, of the Polymarker 
system is high, resulting in poor discrimination power in the comparison of two DNA profiles. 
‘Therefore, the Polymarker system is merely useful for excluding a suspect. Moreover, the SNP 
loci utilized in the Polymarker system are less polymorphic than VNTR loci. The limited number 
of alleles per SNP locus makes identifying the components of mixtures more difficult than with 
VNTR analysis in situations when contributors of a mixture sample share common alleles. For 
these reasons, the Polymarker system was replaced by STR profiling in the late 1990s, 
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22.2.1.2 Allele-Specific Oligonucleotide Hybridization 

Both DQa Amplilype® and Polymarker kits utilize the allele-specific oligonucleotide (ASO) 
hybridization technique, This technique analyzes single-nucleotide variations, such as SNPs, at a 
given locus. It is based on the principle that ASO probes, usually 14-17 bases in length, hybridize 
to their complementary DNA sequences to distinguish known polymorphic alleles. ASO probes 
for multiple alleles at several loci can be arranged on the same panel to establish the presence or 
absence of specific alleles in PCR-amplified fragments of a DNA sample (Figure 22.3). Thus, the 
genotypes can be determined. 

In the DQa Amplitype” and Polymarker kits, the oligonucleotides representing different 
alleles are immobilized to a solid matrix consisting of nylon membrane strips. Each immobi- 
lized probe at a particular site on the membrane is utilized to detect corresponding SNPs. Since 
the probe rather than the target DNA (as with regular blot format; see Chapter 9) is immobilized 
to the solid phase, the configuration used here is known asa reverse blot format. 

‘The regions of the DNA in question are amplified by PCR. One of each pair of the primers 
is conjugated with biotin at the 5’ end (Figure 22.4). Thus, the amplicons are biotinylated for 
purposes of detection. This kt established multiplexing of a six-locus system, allowing simulta- 
‘neous amplification of the HLA-DQA locus along with LDLR, GYPA, HBGG, D7S8, and GC in 
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Figure 22.3 Hybridization with ASO. Two probes are incubated with the target DNA containing the 
SNP. Only the perfectly matched probe-target DNA can hybridize under optimal conditions 
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4 single reaction for each sample. Following the denaturation of the PCR product to separate the 
two complementary DNA strands of the amplicons, the biotinylated strands are hybridized to 
the immobilized probes. Hybridization and washing conditions are established to ensure proper 
hybridization of the ASO probe and its target sequence. Unbound amplicons are washed away. 

‘The presence of a POR product bound to a specific probe can be detected by a colorimetric 
detection system (Figure 22.5). Since the amplicons are biotinylated, a horseradish peroxidase 
conjugated streptavidin complex is utilized to bind to the biotinylated amplicons. The horse- 
radish peroxidase then catalyzes the oxidation reaction of the colorless substrate, tetramethyl 
benzidine (TMB), into a blue precipitate at a designated location on the membrane strip, allow- 
ing the genotype of the sample to be determined (Figures 22.6 and 22.7) 

“The kit uses a threshold control (C dot in the HLA-DQA1 panel and S dot in the panel of the 
other five loci) to distinguish between signal and background noise and to determine whether a 
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Figure 22.5 Reverse blot assay. (a) The probe is immobilized onto a solid-phase membrane 
and hybridized with a biotinylated PCR product having the target sequence. (b) The detection of 
hybridization is carried out by streptavidin (SA) and horseradish peroxidase (HRP) conjugate. (c) 
Colorimetric reaction is catalyzed by HRP using TMB as a substrate. (© Richard C. Li) 
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Figure 22.6 DNA typing of homozygous alleles at the HLA-DQAI locus using the reverse blat assay 
(Polymarker kit). The genotype of each sample is noted on the right. (@ Richard C. Li.) 
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Figure 22.7 DNA typing of heterozygous alleles at the HLA-DQAI locus using the reverse blot assay 
(Polymarker kit). The representative genotypes of the samples are noted on the right. (@ Richard C. Li.) 


sufficient amount of DNA has been amplified to detect all the alleles present in a sample. If the 
signal intensities of allele dots are greater than or equal to the threshold control, the alleles are 
considered true. Ifthe allele dots are less intense than the threshold control, they are consid- 
ered inconclusive for the determination of full genotypes because an allele may not have been 


detected due to a low level of DNA template, 
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22.2.2.1 Application of SNP Analysis for Forensic Identification 

‘The applications of SNP analysis for forensic human identification are summarized in 
‘Table 22.2. Autosomal SNP panels can be used for the mast common types of forensic test- 
ing, including analysis of degraded DNA samples. The SNP panels for mitochondrial DNA 
(mtDNA) profiling are useful for identifying human remains by comparing the DNA pro- 
files in question to those of potential relatives. This approach may serve as an alternative 
‘method to the DNA sequencing method of mtDNA analysis, which is time-consuming and 
laborious. SNP loci on the Y chromosome are also potentially useful markers for paternity 
testing because of low mutation rates. SNP loci such as ancestry informative markers (AIM) 
can be used to determine the ethnic origins of questioned samples to generate leads for 
investigations. 


Table 22.2 Examples of Forensic Applications of SNP Profiling 

Candidate SMP Lae Father Reading 

\aentity Audosomal SNPs Human identification Kidd ea, (2006), 
anche eal 
(2006) 


Human identification Budowle (2004) 
via degraded DNA 


mtDNA SNPS Human identification Grignani et al. 
(2006) 
Y chromosome SNPs Paternity testing Hammer et al, 
(2006) 
Biogeographical ‘Ancestry informative Ethnic group Frudakis et al. 
origin markers (AlMs) Identification (2003); Shriver and. 
Kittles (2004) 
Physical MCR (melanccortin Hair color Grimes et al, (2001) 
characteristics 1 receptor gene) ‘identification 
(investigative lead) 
Pigenehas role in Eye color Rebbeck et al 
pigmentation) ‘identification (2002) 
(investigative lead) 
Pathology KCNH2 (cardiac Determining cause of Lunetta et al. (2002) 
potassium channel sudden death from 
gene) cardic arrhythmia 
Jong QT syndrome 
SCNSA\encodes ‘Determining cause of Burke et al. (2005) 
‘cardiac sodium sudden death from 
channel gene) cardiac arrhythmia 
Jong QT syndrome 
Toxicology CYP2C19, CYP2D6, Investigation of drug _Kupiec et al. (2006) 


CYP3A4, CYP2EI overdose (including 
(drug metabolizing death) 
enzyme genes) 
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2.2.2.2 Potential Applications of SNPs for Phenotyping 

‘One potential application of SNP analysisis in determining phenotypic information, also known 
as phenotyping (Table 22.2). The relevant SNP loci are usually sronsynonymious SNPs (nsSNPs); 
they reside in the exon and change the encoded amino acid, which leads to an altered pheno- 
type. Phenotyping of a questioned sample can reveal physical characteristics of an individual, 
such as hair and eye color, to provide leads for investigations. A number of SNPs residing within 
the melanocortin 1 receptor gene (MCIR) are associated with red hair, fair skin, and freckles, 
‘while SNPs residing within the P gene, which play a role in pigmentation, are associated with 
eye color variations. 

Phenotyping can also be employed in the area of forensic pathology. Cardiac arrhythmia long. 
QT syndrome (LQTS) can cause sudden death, A number of LQTS-associated SNPs—for exam- 
ple, SNPs in KCNH2 and SCNSA genes—have been shown to correlate to such deaths, Thus, 
these SNPs are potentially useful for investigating the causes of death. Finally, phenotyping also 
has applications in forensic toxicology. A number of SNPs in genes, such as CYP2D6, that are 
responsible for metabolizing drugs can serve as potential markers for postmortem investiga- 
tions of drug-overdose cases. 


22.3 SNP Techniques 

‘Over the years, various techniques of SNP analysis have been developed and can be divided 
into several groups based on the mechanisms used: allele-specific hybridization, primer exten- 
sion, oligonucleotide ligation, and invasive cleavage. In allele-specific hybridization, allele dis- 
crimination is based on an optimal condition allowing only the perfectly matched probe-target 
hybridization to form, Primer extension methods are based on the ability of DNA polymerase to 
incorporate specific deoxynucleotides (dNTPs) complementary to the sequence of the template 
DNA. Allele-specific oligonucleotide ligation is based on the condition that only the allelic probe 
perfectly matched to the target is ligated. In the invasive cleavage method, allelic discrimination 
is based on DNA sequence-specific cleavage by endonucleases. A number of detection methods 
can be utilized in SNP analysis, such as the measurements of fluorescence, luminescence, and 
molecular mass. Most assays are carried out in solutions or on solid matrices such as glass slides, 
chips, or beads. Table 22.3 summarizes the representative assays for SNP typing. 

For decades, Sanger sequencing, using chain-termination chemistry, has been the standard 
method for DNA sequencing (Chapter 23). In recent years, next-generation sequencing (NGS), 
a rapidly developing technology, has had a profound impact on biology. Compared to Sanger 
sequencing, NGS is advantageous in that it can achieve substantially higher throughput, and at 
lower cost, than the Sanger method, For example, a human genome can now be sequenced in 
several days using NGS technologies. Although NGS is not yet widely utilized for forensic appli- 
cations, it has great potential for forensic DNA analysis, particularly in SNP analysis, 


22.3.1 Next-Generation Sequencing Technologie: 

NGS technologies have two categories of application: de novo sequencing and resequencing. In 
de novo genome sequencing, uncharacterized genomes or characterized genomes with substan- 
tial structural variations are sequenced. Sequence reads are assembled without any reference 
sequence. In resequencing applications, characterized genomes are sequenced. Sequence reads 
are assembled against an existing reference sequence to identify sequence polymorphisms. Thus, 
resequencing can potentially be used for forensic applications to detect polymorphisms associ- 
ated with human identification, Target resequencing isa useful method of resequencing that can 
be utilized for forensic applications. Prior to sequencing, the genomic regions of interest from 
a DNA sample are selectively isolated through a method known as enrichment. Several target- 
enrichment strategies have been developed. PCR is the most widely used enrichment method. 
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‘The PCR-based approach is highly effective in targeting genomic regions that are small in size. 
‘Nevertheless, a typical NGS involves several major steps, including sample, library, and template 
DNA preparation; template amplification; sequencing and detection; and base calling; as well as 
data analysis (Figure 22.8), 


22.3.2 DNA Samples, Sequencing Library, and Template Preparation 

For most sequencing applications, micrograms of purified DNA are needed. This require- 
‘ment is still a challenge for forensic casework applications where nanograms of DNA are 
often obtained. Human autosomal genome sequencing usually requires converting a DNA. 
sample into a sequencing library. Two types of sequencing libraries are usually used: mate- 
pair libraries and fragment libraries. A mate-pair library is often used in de novo sequenc- 
ing applications, while the fragment libraries can be used for resequencing and forensic 
applications, To construct a fragment library, a DNA sample is fragmented using mechani- 
cal methods such as sonication, nebulization, or shearing; endonuclease digestion; or a 
transposon-based method. Subsequently, sequencing adapters containing primer-binding 
sites for universal PCR primers are ligated to both ends of the DNA fragments. In rese- 
‘quencing applications, multiplex sequencing of pooled samples is often carried out, which 
can improve the efficiency and reduce the costs of sequencing. For multiplex sequencing, an 
index tag containing a bar code can be ligated to each DNA fragment to allow it to be identi- 
fied after sequencing. Indexing can minimize the risk of sample mix-ups and contaminations 


during the sample preparation. 
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Figure 22.8 NGS work flow for potential forensic applications. (@ Richard C. Ll.) 
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Most imaging systems of sequencing platforms are not equipped to detect single-molecule 
fluorescence. Thus, DNA templates are amplified using either emulsion or solid-phase PCR. In 
the emulsion PCR, single-stranded DNA templates are bound to beads. DNA-bound beads are 
suspended in a water-in-oil emulsion, where each bead is placed in a single aqueous droplet. 
DNA fragments are amplified using PCR. As a result, each bead is coated with thousands of 
copies of the same template sequence. Subsequently, beads carrying amplified DNA are depos- 
ited on a glass slide or into individual fiber-optic wells for sequencing, In solid-phase PCR, both 
forward and reverse primers are attached to a slide (Figure 22.9). DNA templates are hybridized 
to immobilized PCR primers. The extended primer bends and hybridizes to a second immobi- 
lized primer, forming a bridge. During the “bridge amplification,” the single-stranded template 
is amplified to form clusters. Solid-phase amplification can produce millions of spatially sepa- 
rated template clusters with free ends, allowing universal sequencing primers to hybridize for 
sequencing, 


22.3.3 NGS Chemistry 

‘The amplified template fragments are then sequenced, At present, there are two major catego- 
ries of NGS chemistry that are routinely used: sequencing by synthesis and sequencing by liga- 
tion, The pyrosequencing technology is one example of NGS using the sequencing-by-synthesis 
chemistry. During the pyrosequencing, each nucleotide substrate is introduced one at a time. 
Only the correct nucleotide corresponding to the template is incorporated, and a pyrophosphate 
is released (Figure 22.10a), Pyrophosphate is then converted to ATP, catalyzed by sulfurylase 
(Figure 22.10b). ATP is then utilized by luciferase to convert luciferin to oxyluciferin, and the 
reaction emits light that is detected by a charge-coupled device camera (Figure 22.10c). This 
technology allows the generation of sequences with long read lengths. Cyclic reversible termina- 
tion is another example of NGS using sequencing-by-synthesis chemistry. In this method, chain 
terminators (fluorescent-labeled dideoxynucleotides) are used to extend a primer sequence 
complementary to the template DNA. Each of four nucleotides is labeled with a different fluoro- 
phore. After incorporation and fluorescence detection, the terminating and fluorescent moieties 
are cleaved and removed (Figure 22.11). Asa result, the next sequencing cycle is carried out. This 
process is repeated until the sequence is completed, ‘This is the most commonly used method 
throughout the field of NGS. 

In the sequencing-by-ligation chemistry, probes (eight nucleotides in length) are utilized for 
ligation reactions. Each probe contains five specific nucleotides that are complementary to the 
template and three nucleotides that are universal. Probes containing all possible combinations 
of the first five nucleotides are utilized. Each probe is fluorescently labeled according to the first 
two bases of the probe so that it can be identified. During the first round of sequencing reac- 
tion, only the probe that is complementary to the template sequence can hybridize. The probe 
is then ligated to the 3’ end of the primer. After detection, three universal nucleotides, includ~ 
ing fluorophore, are cleaved. The ligation process is repeated several times using a new set of 
probes each time. The newly made complementary DNA strand is then stripped off. In the next 
‘round of sequencing, new primers that are one nucleotide shorter than the previous primer are 
utilized, and the ligation reaction is repeated. In this round of sequencing, different nucleotide 
positions are read. This process is repeated for several rounds with different primers, until all 
‘nucleotides in the template have been sequenced twice. As a result, this sequencing method has 
alow error rate, 


2.3.4 NGS Coverage 
In NGS, sequencing reads are usually not distributed evenly over the genomic regions of interest. 
‘Asa result, some nucleotides will be covered by fewer or more reads than the average. Therefore, 
multiple reads for each nucleotide are necessary to obtain a reliable sequence. The average num- 
ber of times that each nucleotide in the genomic regions of interest is sequenced is known as the 
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rotary switch 


power > connection > rotary switch 


Not to be confused with rotational encoder, which has its own entry in this 


encyclopedia. 
OTHER RELATED COMPONENTS 


«+ switeh (See Chapter 6) 
+ rotational encoder (Soe Chapier 2) 


What It Does 


A rotary switch makes an electrical connection 
between a rotor, mounted on a shaft that is 
turned by a knob, and one of two or more sta- 
tionary contacts. Traditionally, it was the compo- 
ent of choice to select wavebands on a radio 
receiver, broadcast channels on a television or 
inputs on a stereo preamplifier. Since the 1990s, 
it has been substantially superceded by the ro- 
tational encoder. However it still has applica- 
tions in military equipment, field equipment, 
industrial control systems, and other applica- 
tions requiring a rugged component that will 
withstand heavy use and a possibly harsh envi- 
ronment. Also, while the output froma rotational 
‘encoder must be decoded and interpreted by a 
device such as a microcontroller, a rotary switch 
is an entirely passive component that does not 
require any additional electronics for its func- 
tionality. 


‘Two typical schematicsymbolsfora rotary switch 
are shown in Figure 7-1. They are functionally 
identical. Asimplified rendering of the interior of 
a traditional-style rotary switch is shown in 
Figure 7-2. A separate contact (not shown) con- 
ects with the rotor, which connects with each 


ofthe stationary contactsin turn. Thecolorswere 
chosen to differentiate the parts more clearly, 
and do not correspond with colors in an actual 
switch. 
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Figure 74. Typical schematic symbols for a rotary switch. 
The two symbols are functionally identical. The number of 
contacts wil vary depending on the switch. 


A selection of rotary switches is shown in 
Figure 7-3. At top-left is an open frame switch, 
providing no protection toits contacts from con- 
taminants. This type of component is now rare. 
At top-right is a twelve-position, single-pole 
switch rated 2.5Aat 125VAC Atfront-leftisafour- 
position, single-pole switch rated 0.3A at 16VDC 
or 1O0VAC. At front right is a two-position, two- 
pole switch with the same rating as the one be- 
side it. All the sealed switches allow a choice of 
panel mounting or through-hole printed circuit 
board mounting. 
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Figure 22.9 A photo of an NGS platform. A MiSeq (lilumna) desktop sequencer (top), a flow-cell 
device (middle) where DNA templates are distributed for PCR, and a reagent cartridge (bottom) are 
shown. (® Richard C. Li.) 
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Figure 22.10 Pyrosequencing chemistry. (a) During the pyrosequencing, a nucleotide substrate 
is incorporated, releasing a pyrophosphate. (b) Pyrophosphate is then converted to ATP. (c) ATP is, 
utlized by luciferase, converting luciferin to oxyluciferin, which emits light. 
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coverage 
G=haploid genome length 
L= read length 

N= number of reads 
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Currently, NGS has not been widely used in forensic applications. One disadvantage of NGS 
is that the error rate of NGS is higher than that of Sanger sequencing. Although the error rate 
‘of NGS is not yet acceptable for forensic casework analysis, it can potentially be overcome by 
increasing the sequencing coverage. 
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How It Works 


Figure 72. A simplified rendering of interior parts aba 
sie SPAT rotary switch. Arbitrary colors have been added 
far elarity 


How It Works 


A switch may have multiple poles, each connect- 
ing with its own rotor. The rotors are likely to be 
on separate decks of the switch, but two, three, 
or four rotors, pointing in different directions, 
may be combined on a single deck if the switch 
has only a small number of positions, 


Rotary switches are usually made with a maxi- 
mum of twelve positions, but include provision 
for limiting the number of positions with a stop. 
This is typically a pin, which may be attached to 
a washer that fits around the bushing of the 
switch. The pin is inserted into a choice of holes 
to prevent the switch from turning past that 
point. For example, an eight-position rotary 
switch can be configured sothatithas only seven 
(or as few as two) available positions. 


A specification for a rotary switch usually in- 
cludes the angle through which the switch turns 
between one position and the next. A twelve- 
position switch usually has a 30-degree turn an- 
gle. 


> connection > ratary swit 


Figure 7-3. selection of ratary switches. See 
falls. 


Variants 


Conventional 

The traditional style of rotary switch is designed 
to be panel-mounted, with a body that ranges 
from 1" to 1.5" in diameter, If there is more than 
one deck, they are spaced from each other by 
about 0.5" The switch makes an audible and tac- 
tile “click” as itis turned from one position to the 
next. 


Arugged sealed five-deckrotary switch is shown 
in Figure 7-4. Ithas five poles (one per deck), and 
maximum of 12 positions. The contacts are rat- 
ed 0.5A at 28VDC. This type of heavy-duty com- 
ponent is becoming relatively rare. 


If the rotor in a switch establishes a connection 
with thenext contact a moment before breaking 
the connection with the previous contact, this is 
known as a shorting switch, which may also be 
described as a make-before-break switch. In a 
nonshorting or break-before-make switch, a tiny 
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Forensic mitochondrial DNA (mtDNA) analysis is an important tool for human identification 
and is especially useful for identifying victims such as missing persons and individuals in mass 
fatality cases. Because mtDNA is maternally inherited, the mtDNA profiles of these individuals 
can be compared to those of their maternal relatives, and thus these individuals can be identi- 
fied. Additionally, cells contain a much higher copy number of the mtDNA genome than that 
of the nuclear genome. Therefore, mtDNA testing is frequently used to analyze evidence sam- 
piles, such as hair shafts, that contain low amounts of nuclear DNA. Furthermore, buried bones 
and decomposed tissues, in which nuclear DNA may be degraded, can be tested with mtDNA 
analysis 


23.1 Human Mitochondrial Genome 

Mitochondria are cellular organelles that serve as the energy-generating components of cells 
(Figure 23.1), Each cell contains hundreds of mitochondria, which have their own extrachro- 
‘mosomal genomes separated from the nuclear genomes. Although each human mitochondrion 
contains multiple copies of the mtDNA genome, the exact copy number varies for each cell. 
However, itis estimated that hundreds of copies of the mtDNA genome exist in most cells. 


23.1.1 Genetic Contents of Mitochondrial Organelle Genomes 
‘The human mitochondrial genome was first sequenced by Fred Sanger’s laboratory at Cambridge 
University and was published in 1981; itis known as the Cambridge reference sequence (CRS) 
‘The sequence was largely derived from a placental sample from an individual of European 
descent and also partially from HeLa cells (acell line derived from cervical cancer cells), as well 
as from bovine cells. It was later discovered, by resequencing the original mtDNA sample, that 
the CRS contains substitution errors at 10 nucleotide positions. The revised Cambridge reference 
sequence (rCRS) was published in 1999 and presented corrections to these substitution errors. 
Additionally, CRS contains a cytosine dimer at nucleotide positions 3106 and 3107, which is in 
fact a single cytosine nucleotide. This error is not corrected in the rCRS in order to retain the 
original nucleotide numbering system of CRS and thus to avoid inconsistency with the pre- 
vious literature, The human mitochondrial DNA genome is circular with no beginning and 
‘end, which can make sequence comparison a potential problem. Therefore, the rCRS, with its 
nucleotide numbering system, is used as a reference when aligning with other mitochondrial 
‘sequences for comparison purposes. 

‘Organelle genomes are usually much smaller than their nuclear counterparts, The human 
‘mtDNA genome consists of 16,569 base pairs (bp) containing 37 genes (Figure 23.2). Thirteen of 
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Figure 23.2 Human circular mitochondrial genome. The transcription direction for the H (heavy) 
and L (light) strands are indicated by arrows (Py, P., respectively). The origins of replication are 
labeled O,, for the heavy strand and O, for the light strand. The mitochondrial DNA genome encodes 
genes. ND, NADH coenzyme Q oxidoreductase complex: CO, cytochrame c oxidase complex; CYTB, 
cytochrome b; ATP, ATP synthase; rRNA, ribosomal RNA. Transfer RNA genes are shown as indi- 
cated. (G Richard C. Li.) 


these genes code for proteins involved in the respiratory complex, a main energy-generating com- 
ponent in mitochondria. The other 24 specify noncoding RNA molecules required for the expres- 
sion of the mitochondrial genome. The genes in the human mitochondrial genome are much 
‘more closely packed than in the nuclear genome and contain no introns. A control region, also 
known as a displacement loop (D loop), contains the origin of replication for one of the mtDNA 
strands but does not code for any gene products (Figure 23.2). An asymmetric distribution of 
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Figure 23.3 Pedigree of a human family showing inheritance of mtDNA. Females and males are 


denoted by circles and squares, respectively. Red symbols indicate individuals who inherited the 
same mtDNA. 


nucleotides gives rise to light (L) and heavy (H) strands. The H strand contains a greater number 
‘of guanine nucleotides and a higher molecular weight in comparison to the L strand. 


23.1.2 Maternal Inheritance of mtONA 
Maternal inheritance is typically observed for the mtDNA genome (Figure 23.3), which is inher- 
ited differently from nuclear genes. The inheritance of the mtDNA genome does not obey the 
rules of Mendelian inheritance and is thus called non-Mendelian inheritance. 

‘The mitochondria of a spermatozoon are located in the midpiece (Chapter Id). At conception, 
‘only the head portion ofa spermatozoon (containing a nucleus but no mitochondria) enters the 
egg. The fertilized egg contains the maternal mitochondria, which are transmitted to the prog- 
‘ny. Occasionally, the paternal mitochondria can enter the cell. However, paternal mitochondria 
in the spermatozoon that enter the egg are usually destroyed by the egg cell after fertilization 
(Figure 23.4). Therefore, the coinheritance of maternal and paternal mtDNA in a single indi- 
vidual is extremely rare in humans. The mtDNA sequence is identical for relatives within the 
same maternal lineage, a property that is useful when identifying individuals by comparing 
their mtDNA with that of maternal relatives. 

Homologous DNA recombination (Chapter 25) has not been observed in the mtDNA genome. 
‘Thus, an mtDNA profile, also referred to as the mitotype, is considered a haplotype treated as a 
single locus. The mitochondrial genome has a higher mutation rate (up to 10 times higher) than 
its nuclear counterpart. The presence of mutations can be problematic in victim identification 
‘when comparing the mtDNA profiles of a victim with the relatives of the victim. 


23.2 mtDNA Polymorphic Regions 
23.2.1 Hypervariable Regions 

“The most polymorphic region of mtDNA is located within the D-loop (Figure 23.5). The three 
Iypervariabe regions in the D-loop are designated hypervariable region I (HV: 16,024-16,365; 
342 bp), hypervariable region II (HV2: 73-340; 268 bp), and hypervariable region III (HV3: 
4438-574; 137 bp). The most common polymorphic regions of the human mtDNA genome ana- 
lyzed for forensic purposes are HV1 and HV2. 


23.2.2 Heteroplasmy 
Heteroplasmyoccurswhen an individual carries more than one mtDNA haplotype. Heteroplasmy 
‘may be observed with one kind of tissue and may be absent in other kinds of tissues; for example, 
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Figure 23.4 A model of uniparental mtDNA inheritance in humans. Paternal mitochondria occa: 
sionally enter the egg cell. Paternal mitachondria inside fertilized eggs are tagged by ubiquitin 
protein (Ub). It is propased that the ubiquitination of sperm mitachandria leads to the degradation 
cf paternal mitochondria in fertilized eggs. Tagged Ub can be recognized by prateasomes and Iyso- 
‘somes, which are cellular degradation machineries. A polyubiquitin chain with atleast four ubiquitin 
Units is needed to be recognized by the proteasomes. Ubiquitin with less than four ubiquitin units 
‘can be processed by the lysosomes. (@ Richard C. Li.) 


342 bp 268 bp 
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(16188-16193) (203-315) 


Figure 23.5. Hypervariable regions ofthe D-loop in mtDNA (with nucleatide positions) (@ Richard C. Li) 


‘mtDNA heteroplasmy is commonly observed in hair samples (Chapter 4). Additionally, an indi- 
vidual may exhibit one mitotype in one tissue and a different mitotype in another. Thus, it 
is necessary to obtain and process additional samples to confirm the heteroplasmy when itis 
observed ina questioned sample but not in a known sample or vice versa. The two types of het- 
ceroplasmies are sequence and length heteroplasmy. 

Sequence heteroplasmy is defined as the presence of two different nucleotides at a single posi- 
tion shown as overlapping peaks in a sequence electropherogram (Figure 23.6). Heteroplasmy 
usually occurs at one position, but on rare occasions it can be observed at more than one 
position. Hot spots for heteroplasmy have been documented at both HV1 and HV2 regions. 
Heteroplasmy may complicate the interpretation of mtDNA results, but its presence can also 
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Figure 23.6 Electropherogram showing mtDNA sequence heteroplasmy at position 234 (A/G) as 
indicated by an arrow. N, unresolved sequence. (© Richard C. Li) 
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Figure 23.7 Length heteroplasmy. Electropherogram showing mtDNA length heteroplasmy at the 
C stretch of the HV1 regian where position 16,189 is a T (top) and a C (bottom) as indicated by an 
arrow. N, unresolved sequence. (© Richard C. Li) 


improve the strength of a match, Both HV1 and HV2 of the human mtDNA D-loop region 
contain homopolymeric cytosine sequences known as C stretches. The HVI region contains a 
C stretch between nucleotide positions 16,184 and 16,193, interrupted by a thymine at position 
16,189, Ifa base transition from T to C occurs at position 16,189 (a variant present in approxi- 
‘mately 20% of the population), it results in an uninterrupted C stretch. A similar C stretch 
resides between positions 303 and 315 of the HV2 region. 

Length heteroplasmies are often observed at the uninterrupted C stretches in sequencing, in 
‘which sequencing products with various lengths of polymeric cytosine residues are present. Asa 
result, sequences downstream from the C stretch cannot be resolved (Figure 23.7). It isnot clear 
‘whether the length heteroplasmy is due to replication slippage at the C stretches or results from. 
the presence of a mixture of length variants in the cells. length heteroplasmy occurs, alterna- 
tive sequencing primers that anneal at the downstream of C stretches can be used to obtain the 
downstream sequences of the C stretches. 


23.3 Forensic mtDNA Testing 

23.3.1 General Considerations 

‘mtDNA analysis is often used on samples derived from skeletal or decomposed remains. The 
surface of the sample should be cleaned to remove any adhering debris or contaminants. Bones 
and teeth are pulverized to facilitate extraction of the mtDNA (Chapter 5). Duplicate extractions 
(eg. two sections of a single hair) are recommended if sufficient sample material is available. 
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‘mtDNA is extracted using a similar method to nuclear DNA (nuclear DNA is coextracted with 
mtDNA), The amount of mtDNA can therefore be estimated from the quantity of nuclear DNA 
obtained. Alternatively, mtDNA-specific quantization methods using real-time PCR (Chapter 6) 
can also be used to directly obtain measurements of mtDNA extracted. 

For mtDNA sequencing, the analysis of both strands of the mtDNA ina given region must be 
performed to ensure accuracy. Due to the high sensitivity of mtDNA analysis, it is essential to 
‘minimize risks of contamination during the procedure. Contamination must be strictly moni- 
tored using proper controls such as extraction reagent blanks (Section 7.5.3) and amplification 
negative controls (samples containing all reagents except DNA template). 

Finally, a positive control must also be used to monitor the success of the analysis, It should 
be introduced at the amplification step and remain through the sequencing process. A positive 
control consists of a DNA template of known sequence, such as DNA purified from the HL60 
cell line. 


23.3.2 mtDNA Screen Assay 
(One example of the assay for screening mtDNA variations is the allele-specific oligonucleotide 
(ASO) assay. I allows initial screening of mtDNA sequence polymorphisms and has the poten- 
tial to reduce the number of samples required for mtDNA sequencing. This method is also 
useful for excluding or eliminating suspects from a case. However, HV1 and HV2 sequencing 
should be performed to obtain complete sequence information for the targeted HV regions to 
confirm a match, 

“The commercial 


inear Array" mtDNA HVI/HV2 region sequence typing kit (Roche 
Applied Sciences, Indianapolis) utilizes reverse ASO configuration with a panel of immobi- 
lized ASO probes that detect common polymorphic sites (Figures 23.8 and 23.9). The mtDNA is 
amplified at both HVI (444 bp amplicon) and HV2 (415 bp amplicon) regions and the forward 
primers are biotin labeled at the 5’ ends of the oligonucleotides. Thus, the amplified PCR prod- 

inylated. A horseradish peroxidase-conjugated streptavidin complex then 
binds to the biotinylated amplicon (see Chapter 9). Finally, colorimetric detection is carried 
‘out with tetramethylbenzidine (TMB) as the substrate to produce a colored precipitate at the 
designated location. The typing kit detects sequence variations in 19 positions within the HV1 
and HV2 regions 


Blue 
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Figure 23.8 Reverse blot assay employed in mtDNA screen. A probe is immobilized onto a solid-phase 
membrane, and then hybridized with a biotinylated amplicon of the mtDNA HV sequences. Hybridization 
is detected by a streptavidin (SA) and horseradish peroxidase (HRP) conjugate. A colorimetric reaction 
is catalyzed by HRP using tetramethylbenzidine (TMB) as a substrate. (@ Richard C. Li.) 
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Figure 23.9 Linear array mtDNA assay results (top) and negative control (bottom). (@ Richard C. Li.) 


23.3.3 mtDNA Sequencing 
‘To sequence a specific region of mtDNA, a combination of PCR amplification and DNA sequenc 
ing techniques is utilized to reduce the time and labor needed to obtain DNA sequences from 
genomic DNA templates. mtDNA sequencing usually consists of (1) PCR amplification, (2) DNA 
sequencing reactions, (3) separation using electrophoresis, and (4) data collection and sequence 
analysis (Figure 23.10). Chapter 25 describes the evaluation of the strength of the results via 
statistical analysis 


23.3.3.1 PCR Amplification 
The extracted DNA samples must be amplified to yield sufficient quantities of template for sequenc- 
ing reactions, PCR amplification ofall or a part of the D-loop region can be carried out with vari 
‘ous primer sets. Ifa sample contains intact mtDNA, the HV] and HV2 regions can be amplified 
as two amplicons, each of about 350-400 bp in length. Ifan mtDNA sample is fragmented due to 
degradation, the hypervariable regions can be amplified as smaller amplicons. PCR amplification of 
mtDNA is usually done in 34-38 cycles, Protocols for highly degraded DNA specimens sometimes 
require 42 cycles. The use of higher PCR cycle numbers can imprave the yield of the amplicons. 
Following mtDNA amplification, a purification step is necessary to remove excess primers 
and deoxynucleotide triphosphates (NTPs). This step can be performed using filtration devices 
such as a Micracon® to remove small molecules from the sample or using nuclease digestion 
with shrimp alkaline phosphatase or exonuclease I to degrade remaining primers and dNTPs. 
‘The concentration of the amplicons is important for an optimal sequencing reaction in the next 
phase of mtDNA sequencing. The quality and quantity of the mtDNA amplicon must be evalu 
ated to confirm the presence or absence of amplicons and their concentrations. This can be done 
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Figure 7-4. A fve-pole, twolve-position retary switch. 


interval separates one connection from thenext. 
This can be of significantimportance, depending 
‘on the components that are connected with the 
switch, 


‘The shaft may be round, splined, or D-shaped in 
section. A knobiis seldom supplied with a switch 
and must be chosen to match the shaft. Some 
shaft dimensions are metric, while others are 
measured in inches, with 1/4” diameterbeing the 
oldest standard. Some switches with a splined 
shaft are supplied with an adapter for a knob of 
D-shaped internal section; the adapter can be 
slipped onto the shaft in any of 12 or more po: 
tions, to minimize the inconvenience of position- 
ing the body of the switch itselfso that the knob 
is correctly oriented in relation to positions print- 
ed on the face of the panel. 


Miniature rotary switches may be as small as 0.5” 
diameter, and usually terminate in pins for 
through-hole mounting onaPCboard. Miniature 
switches usually have lower current ratings than 
full-size switches, 


Rotary switches must be securely anchored to 
resist the high tuming forces that can beinflicted 


Variants 


upon them by users. In a panel-mount design, a 
nuts tightened around thread on the bushing 
of the switch. Through-hole versions can be se- 
cured to the PC board with the shaft protruding 
loosely through a cutout in the panel. To mini- 
mize mechanical stress on the circuit board, the 
detents in a PC-board switch are usually weaker 
than in a full-size switch, and the knob is usually 
smaller, allowing less leverage. 


Rotary DIP 

conventional DIP switch isa linear array of min- 
iature SPST switches designed to fit a standard 
DIP (dual-inline package) layout of holes in a cir- 
cuit board. It is described in the switch entry of 
this encyclopedia, A rotary DIP switch (also 
known as an encoded output rotary switch or a 
coded rotary switch) does not conform with a DIP 
layout, despite its name. It is approximately 0.4" 
squareand usually hasfive pins, one of which can 
be considered the input or common pin while 
the other four can function as outputs. The pins 
are spaced at 0.1” pitch from one another. Pin 
function and layout are not standardized. 


A dial on top of the switch has either 10 positions 
(numbered 0 through 9) or 16 positions (0 
through 9 followed by letters A through F).One 
switch of each type is shown in Figure 7-5. 


Each position of the dial closes pairs of contacts 
inside the component to create a unique binary- 
coded decimal pattern (in a 10-position switch) 
or binary-coded hexadecimal pattern (in the 16- 
position switch) on the four output pins. The pin 
statesare shown in Figure 7-6.Arotary DIP switch 
is a relatively flimsy device, and is not designed 
for frequent or heavy use. Itis more likely to bea 
“set it and forget it” device whose state is estab- 
lished when itis installed in a circuit board. 


Because each position of the switch is identified 
with a unique binary pattern, thisis an example 
of absolute encoding. By contrast, a typical rota- 
tional encoder uses relative encoding, as it 
merely generatesa series of undifferentiated pul- 
ses when the shaft is tuned. 
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Figure 23.10 Sanger sequencing work flow for the mtDNA HY regions. (@ Richard C. Li.) 


using an agarose yield gel to visualize the amplicons of the sample or via capillary electropho- 
resis using a modular microfluidic chip device (Figure 8.12), a more informative method, for 
‘quantifying amplicons. 


23.3.3.2 DNA Sequencing Reactions 

‘The best-known DNA sequencing techniques are the chain-termination method and the chemi- 
cal degradation method developed by Sanger and Gilbert (who shared the Nobel Prize for their 
‘work), respectively, in 1977. Over the years, the chain-termination method has become more 
common because it s suitable for automation and does not require the toxic chemicals necessary 
for the chemical degradation method. 


23.3.3.2.1 Chain-Termination or Sanger Method 
Using the chain-termination method, an oligonucleotide primer that can anneal to a single- 
stranded DNA template is utilized, A sequencing reaction contains DNA polymerase and the four 
NTPs in order to carry out extension. The reaction also contains small quantities of dideoxynu- 
cleotide triphosphates (dNTPs, Figure 23.11) Thus, a sequencing reaction involves a combination 
‘of extension and termination ofthe chain (Figure 23.12). Ifa dNTP molecules incorporated into 
a growing DNA chain, the absence of a3’ OH group in the ddNTP molecule prevents the forma- 
tion of a phosphodiester bond and thus disrupts the extension of the oligonucleotide chain. 

‘The ratio of ddNTPs to dNTPs has been optimized to result in acollection of DNA fragments 
varying in length by one nucleotide from the primer length to the full length of the sequencing 
reaction product. Asa result, the products of the sequencing reaction consist ofa pool of various 
lengths of oligonucleotide chains terminated by ddNTPs. By using the four different ddNTPs, 
populations of DNA fragments are generated that terminate at positions occupied by every A,C, 
G, or in the template strand, 

‘The sequencing product of chain termination can be labeled with the dye-terminator system, 
in which the terminator is labeled, or with the dye-primersystem, in which the primer is labeled. 
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Figure 23.11 Chemical structures of dNTP and ddNTP. (a) dNTP; (b) ddNTP. Both hydroxy! groups 
attached fo the 2° and 3° carbons of ribose are replaced by hydrogens, 
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Figure 23.12 Compatition between extension and termination. (a) Growing chain in extension. 
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Figure 23.12 (Continued) (b) DNA strand with labeled ddNTP incorporated into a growing DNA 
cchain that interrupts the incorporation of new nucleotides. The dNTP usually is labeled with a 
fluorescent dye used for detection, 


‘The dye-terminator system is commonly used for mtDNA sequencing in forensic laboratories. 
With the dye-terminator system, the ddNTPs are labeled with four different fluorescent dyes, 
each with a distinct spectrum. Thus, the sequencing with all four dNTPs can be carried out in 
a single reaction. The labeled products of sequencing reactions are then resolved during electro- 
phoresis and the sequencing data can be collected (Section 23.3.3). 


23.3.3.2.2 Cycle Sequencing 
‘The chain-termination reaction is carried out using a cycle sequencing technique commonly used 
in forensic laboratories for mtDNA sequencing. Cycle sequencing, developed in the late 1980s, 
utilizes thermal cycling to generate a single-stranded template for chain-termination sequenc- 
ing reactions. The application of thermal cycling in a sequencing reaction greatly increases the 
signal intensity and thus the sensitivity of the sequencing. 

‘The sequencing reactions are carried out with multiple rounds of thermal cycling. Each 
cycle consists of three steps: denaturation of the double-stranded DNA template, annealing of 
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a sequencing primer to its target sequence, and the extension of the annealed primer by DNA 
polymerase. Cycle sequencing utilizes only a single primer per reaction, During the extension of 
cycle sequencing, the extension of the strand is terminated with the incorporation of a ddNTP 
(Figure 23.13) The resulting partially double-stranded hybrid, consisting ofthe full-length tem- 
plate strand and its complementary chain-terminated product, is denatured during the first step 
‘of the next cycle, thereby liberating the template strand for another round of annealing, exten- 
sion, and termination. 


23.3.3.3 Electrophoresis, Sequence Analysis, and Mitotype Designations 
‘The cycle sequencing products can be separated using electrophoresis in a 4% polyacrylamide 
denatured gel or a POP-6 polymer (Applied Biosystems) as the matrix for capillary electropho- 
resis (Figure 23.14). Following data collection, sequence data analysis can be performed with the 
Sequencher™ software (Gene Codes Corporation, Ann Arbor). Figure 23.15 shows sequence data. 

Sequencing of a region of the mtDNA genome should be performed twice. Additionally, 
both strands of a region of the mtDNA genome should be sequenced to reduce ambiguities in 
sequence determination. The sequences of evidence samples and reference samples such as that 
of the victim or suspect can be compared. The nomenclature used in reporting should be com- 
patible with International Union of Pure and Applied Chemistry (IUPAC) codes, 


23.3.3.3.1 Reporting Format 
‘The rCRS is used asa reference standard to facilitate the designation of mitotypes. For reporting 
purposes, sequence differences relative to the rCRS are listed in data format. When a difference 
between an individual's sequence and that of the rCRS sequence is observed, only the position 
(designated by a number) and the nucleotide differing from the reference standard are recorded. 
In this format, nucleotides identical to the rCRS are not listed. For example, at position 228 
(V2), the rCRS has a G. Ifa mitotype carries an A at position 228, the individual’s mtDNA 
sequence is described as 228A. If an unresolved sequence ambiguity is observed at a position, 
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Figure 23.13 Cycle sequencing reaction. The reaction requires DNA polymerase, a template, and a 
primer. During DNA synthesis, the dNTP js incorporated by a new phosphodiester bond with the primer. 
‘The incorporation of ddNTP blocks further DNA synthesis ofthe growing chain. (@ Richard C. Li.) 
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Figure 23.14 Diagram of the Sanger sequencing products. The DNA chain lengths are determined 
by the addition of ddNTP at different positions. The fluorescent dye-labeled cycle-sequencing prod- 
ucts are separated using capillary electrophoresis. The fluorescent dyes are resolved by a detector, 
and the peaks corresponding to each DNA fragment are identified. (© Richard C. Li.) 


the base number for the position is listed followed by an N. For example, 228N means an unre- 
solved sequence ambiguity was observed at position 228, 
23.3.3.3.2 Insertions 


‘The insertion site is described by noting the position (at 5’ to the insertion) followed by a deci- 
‘mal point and a number. The number indicates the order of the insertions (eg. 1 indicates the 
first insertion, 2 indicates the second, etc.). The base calling following the number indicates the 
inserted nucleotide (eg. 524.1, 524.20), 


23.3.3.3.3 Deletions 
‘The deletion site designation is followed by the letter d, For example, a deletion at position 16,296 
is recorded as 16,296d. 

23.3.3.3.4 Heteroplasmic Sites 

‘The IUPAC codes for base calling can be applied to heteroplasmic sites. For example, an A/G 
heteroplasmy can be designated as R, and a C/T heteroplasmy can be designated as Y. 


23.3.4 Interpretation of mtDNA Profiling Results 
Interpretation guidelines are used when comparing sequencing results between evidence and 
reference samples. General guidelines were set forth by the Scientific Working Group on DNA. 
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Analysis Methods (SWGDAM) and the DNA Commission of the International Society of 
Forensic Genetics (ISFG). In reporting mtDNA profiling results, the most common categories 
of conclusions are the following: cannot exclude, exclusion, and inconclusive result. 


23.3.4. Exclusion 
Ifthe sequences of questioned and known samples are different, then the samples canbeexcluded 
as originating from the same source. It should be taken into account that higher mutation rates 
are found with the mtDNA genome than are found with the nuclear genome. The SWGDAM’s 
{guidelines define that the conclusion of exclusion can be made if there are two or more nucleo- 
tide differences between the questioned and known samples. Additionally, mutations seem to be 
‘more common in certain tissues. For this reason, the sources of the tissues analyzed should be 
taken into consideration. 


23.3.4.2 Cannot Exclude 
If the sequences are the same, the reference sample and evidence cannot be excluded as arising 
from the same source, When an mtDNA profile cannot be excluded, itis desirable to evaluate 
the weight ofthe evidence. In cases where the same heteroplasmy is observed in both questioned 
and known samples, its presence increases the strength of the evidence. However, if hetero- 
plasmy is observed in a questioned sample but not in a known sample or vice versa, a maternal 
lineage still cannot be excluded, 


23.3.4.3 Inconclusive Result 
Ifthe questioned and known samples differ by a single nucleotide, and no heteroplasmy is pres- 
cent, the results are considered to be inconclusive. 
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Variants 


Figure 7-5. A rotary DIP switeh, also known as an enco- 
{Jed output rotary switch, may be used as a substitute for 
2 DIP switch in some applications. 


A real-coded rotary DIP makes a connection be- 
tween input and output pins wherever a binary 
1 would exist. In the complement-coded version, 
the output is inverted. The switch is primarily in- 
tended for use with a microcontroller, enabling 
only four binary input pins on the microcontrol- 
ler to sense up to sixteen different switch posi- 
tions. 


Asix-pin rotary DIP variants available from some 
manufacturers, with two rows of three pins, the 
two center pins in each row being tied together 
internally, and serving as the pole of the switch, 


Rotary DiPs are available with a screw slot, small 
knurled knob, orlarger knob. The screw-slot ver- 
sion minimizes the height of the component, 
which can be relevant where circuit boards will 
be stacked close together. A right-angle PC var- 
iant stands at 90 degrees to the circuit board, 
with pins occupying a narrower footprint. The 
switch on the left in Figure 7-5 is of this type. 


While most rotary DiPs are through-hole com- 
ponents, surface-mount versions are available. 


Most rotary DiPs are sealed to protect their in- 
ternal components during wave-soldering of cir- 
cuit boards, 


Switeh 
Position 


Figure 7-6. Positive and negative states ofthe four output 
pins of a real-coded 16-position rotary DIP switch, assumm- 
Ing that the carmon pin ofthe switch is connected with a 
postive supply vattage, A ten-position ratary DIP switch 
would use only the states from O through 9 In a 
complement-coded switch, the positive and negative 
States would be raversed, 


Gray Code 

A Gray code (named after its originator, Frank 
Gray)isasystem of absolute encoding ofa switch 
output, using a series of nonsequential binary 
numbers that are chosen in sucha way that each 
number differs by only one digit from the pre- 
ceding number. Such a series is useful because it 
eliminates the risk that when a switch tums, 
some bits in the output will change before oth- 
ets, creating the risk of erroneous interpretation. 
‘A minority of rotary switches or rotational en- 
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SECTION V 


Forensic Issues 


Forensic DNA Databases 
Tools for Crime Investigations 


24.1 Brief History of Forensic DNA Databases 

Forensic DNA databases are networks for exchanging information among law enforcement 
agencies to assist in solving crimes. For example, forensic DNA databases allow forensic labo- 
ratories to search DNA profiles against the databases to identify criminals, In 1995, the United 
Kingdom established the world’s first national DNA database, NDNAD, in England and Wales. 
Scotland and Northern Ireland have their own databases but also submit their profiles to 
NDNAD. NDNAD demonstrated initial success in solving crimes, Three years later, the United 
States introduced its national Combined DNA Index System or CODIS. By the end of 1998, other 
countries (such as Austria, Germany, the Netherlands, New Zealand, and Slovenia) had also 
introduced national DNA databases. Table 24.1 describes some of these national DNA data- 
bases. This chapter will focus on CODIS. 


24.2 Infrastructure of CODIS 

In the United States, a pilot project of DNA databasing was initiated by the Federal Bureau of 
Investigation (FBI) and 14 participating state and local laboratories. Subsequently in 1994, the 
Congressional DNA Identification Act authorized the FBI to establish a national DNA data- 
base including “DNA identification profiles of persons convicted of crimes, and analyses of 
DNA samples recovered from crime scenes and from unidentified human remains.” By 1997, 13 
STR loci were selected and in 1998 were implemented as the core loci for the national database, 
known today as CODIS. All 50 states, the District of Columbia, the federal laboratories, the US 
Army Criminal Investigation Laboratory, and Puerto Rico contribute to CODIS. 

‘CODIS has three hierarchical levels: the Local DNA Index System (LDIS), the State DNA 
Index System (SDIS), and the National DNA Index System (NDIS) (Figure 24.1). The LDIS is 
‘maintained at crime laboratories operated by police departments, sheriffs offices, and local 
agencies, All forensic DNA profiles originating at the local level are stored in the LDIS and 
are transmitted to the SDIS and NDIS. Fach state maintains a SDIS, which is typically oper- 
ated by a designated state laboratory. An SDIS also stores the DNA profiles generated from 
state laboratories. The quality assurance standards for a qualified laboratory were set up by the 
DNA Advisory Board in 1998. The periodic revision of the standards is now carried out by the 
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Table 24.1 Characteristics of National DNA Databases 
Convicted 
Year Offender Entry 
Established | Suspect Entry Criteria Criteria Removal Criteria 
United Kingdom 1995 Any recordable Entered as Never removed 
offense that leads suspect 
to imprisonment 
New Zealand 1996 Nosuspects entered Relevant Never removed 
offense unless 
(27 years in conviction 
prison) quastied 
Austria 1997 Any recordable Entered as Only after 
offense that leads suspect acquittal 


to imprisonment 


The Netherlands 1997 Nosuspects entered Offense leading 20-30 years 


except when to>4 years in after conviction 
suspect's DNA is prison 
tested for case 
Germany 1998 Offense leading to After court After acquittal 
>1 year in prison decision ‘or 5-10 years 
after conviction 
if prognosis 
good 
Slovenia 1998 Any recordable Entered as Depends on 
offense that leads suspect severity of 
to imprisonment crime 
United States 1998 No suspects entered; Depends on Depends on 
under revision state law state law 
Finland 1999 Offense leading to Entered as Only ater 
> year in prison suspect acquittal 
Sweden 2000 No suspects entered Offense leading 10 years after 
to>2 years in release from 
prison prison 
‘Switzerland 2000 Any recordable Entered as After acquittal 
offense that leads suspect ‘or 5-30 years 
to imprisonment after conviction 
France 2001 No suspects entered Sexual assaults 40 years after 
‘and serious conviction 
crimes 


Source: Adapted from Jobling, M.A. and Gill, P,, Nat Rev Genet, 5, 739-751, 2004. 


Scientific Working Group of DNA Analysis and Methods (SWGDAM). The SDIS enables local 
laboratories within that state to compare DNA profiles. SDIS also serves as the communica- 
tion path through which the LDIS and NDIS are able to exchange messages. Communication 
is mediated using a secured network with encryption. Only authorized personnel, approved by 
the FBI, have access to CODIS network terminals and servers. NDIS is the highest level of the 
CODIS infrastructure, which contains DNA profiles contributed by participating local and state 
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NDIS 
SDts, SDIs; 
LIS, LIS, LDS, LIS; DIS, 


Figure 24.1 CODIS infrastructure. All DNA profiles originate at LDIS, and then enter SDIS and 
NDIS. SOIS allows laboratories within states to exchange DNA profiles. NDIS is the highest level 
of the infrastructure, It allows the participating laboratories to exchange DNA profiles on a national 
level 


laboratories. Additionally, NDIS stores DNA profiles generated by federal laboratories, such as 
those generated by the FBI and the US Army Criminal Investigation Laboratory. NDIS enables 
‘qualified state laboratories to compare DNA profiles, Searches of DNA profiles can be conducted 
at the national level. All DNA profiles submitted to NDIS are automatically searched weekly 
against the DNA profiles from other states. NDIS is administered by the FBI, which provides 
software, training, and support forall participating laboratories. Many law enforcement labora- 
tories from other countries utilize the CODIS software for their own databases. However, labo- 
ratories in foreign countries do not have any access to the CODIS system. Nevertheless, a search 
through the CODIS database may be requested either from the FBI or International Criminal 
Police Organization (Interpol). Conversely, a search of an international DNA database can be 
arranged through Interpol 


24.3 Indexes of CODIS 

‘The DNA profilesentered in CODIS are organized into categories known asindexes (Figure 24.2). 
‘The Convicted Offender Index contains DNA profiles of individuals convicted of crimes. The 
Arrestee Index contains DNA profiles of arrested individuals. It varies in SDIS databases based 
‘oneach state's law permitting the collection of DNA samples from arrestees. The Forensic Index 
contains DNA profiles, also known as forensic profiles, derived from crime scene evidence, 
potentially originating from perpetrators but not including suspects. 

‘Additionally, the FBI also established the National Missing Person DNA Database (NMPDD) 
Program for the identification of missing and unidentified persons at the national level. The 
DNA profiles entered into the NMPDD are categorized into three indexes that can be searched 
against each other. The Missing Person Index and the Unidentified Human Remains Index con- 
tain DNA profiles from missing persons and unidentified human remains, respectively. The 
Biological Relatives of the Missing Person Index contains DNA profiles voluntarily contributed 
from relatives. This index may also store patrilineal or matrilineal DNA profiles from the rela- 
tive such as a biological father, mother, or child of the missing person to assist investigations. 
Additionally, a pedigree chart (a diagram showing the relationship between the missing person 
and relatives) can be created. 
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power> connection > rotary switch 
coders are available with Gray-coded outputs. 
Typically, a microcontroller must use a lookup 
table to converteach binary output toan angular 
switch position, 


PC Board Rotary Switch 

Miniature switches with a conventional, non- 
encoded output are available for printed-circuit 
board mounting, sometimes requiring a screw- 
driver or hexwrench to selecta position. single- 
pole eight-position switch of this type is shown 
in Figure 7-7. Its contacts are rated to carry 0.5A 
‘at 30VDC, but it is not designed to switch this 
current actively, 


Figure 77. This miniature switch is designed for insertion 
an a printed circuit board. Itcan be used to make a setting 
before a device is shipped to the end user. 


Mechanical Encoder 

A mechanical encoder functions similarly to a ro- 
tary DIP switch buts intended for much heavier 
use. toutputs a binary-coded-decimal value cor- 
responding with its shaft position, is typically the 
size of a miniature rotary switch, and is designed 


Variants 


for panel mounting. The Grayhill Series 51 allows 
112 positions, each generating a code among four 
terminals. The Bourns EAW provides 128 posi- 
tions, each generatingacodeamong 8 terminals. 


Pushwheel and Thumbwheel 
Apushwheelswitch isa simple electromechanical 
device that enables an operator to provide a 
code number as input to data processing equip- 
ment, often in industrial process control, The 
decimal version contains a wheel on which num- 
bers are printed, usually in white on black, from 
O through 9, visible one at a time through a win- 
dow in the face of the switch. A button above the 
Wheel, marked witha minus sign, rotatesitto the 
next lower number, while a button below the 
wheel, marked with a plus sign, rotates it to the 
next higher number. A connector at the rear of 
the unit includes a common (input) pin and four 
output pins with values 1, 2, 4, and 8. An addi- 
tional set of pins with values 1, 2,3, and 4 is often 
provided. The states of the output pins sum to 
the value that is currently being displayed by the 
Wheel. Often two, three, or four pushwheels 
(each with an independent et of connector pins) 
are combined in one unit, although individual 
pushwheels are available and can be stacked in 
arow. 


A thumbwheel switch operates like a pushwheel 
switch, except that it uses thumbwheel instead 
of two buttons. Miniaturized thumbwheel 
switches are available for through-hole mount- 
ing on PC boards. 


Hexadecimal versions are also available, with 
numbers from 0 through 9 followed by letters A 
through F, although they are less common than 
decimal versions, 


Keylock 
Akeylock witchis generally atwo-position rotary 
switch that can be turned only after insertion of, 
a key in a lock attached to the top of the shaft. 
This type of switch almost always has an OFF- 
(ON) configuration and is used to control power. 
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Figure 24.2 Example of an SDIS maintaining the Forensic Index (red) and Convicted Offender Index 
(blue). In this example, the New York State Police Forensic Investigation Center serves as the SDIS 
laboratory for New York State, LDIS sites: 1. Erie County Department of Central Police Services 
Forensic Laboratory, 2. Monroe County Public Safety Laboratory, 3. Nassau County Office of the 
Medical Examiner Division of Forensic Services, 4. New York City Office of the Chief Medical Examiner 
Department of Forensic Biology, 5. New York State Police Forensic Investigation Center, 6. Onondaga 
County Center for Forensic Sciences, 7. Suffolk County Crime Laboratory, and 8. Westchester County 
Department of Laboratories & Research Division of Forensic Sciences. (© Richard C. Li.) 


‘In 2010, the FBI established a Rapid DNA Program Office for the purpose of developing rapid 
DNA technology. Rapid DNA technology is fully automated process of performing STR analy- 
sis within 1-2 h to generate a CODIS core STR profile from a reference sample such asa buccal 
swab (Figure 24.3). The Rapid DNA Index System (RDIS) isthe proposed index of NDIS. It shall 
be an integrated system capable of applying rapid DNA technology and carrying out database 
searches from police custody or booking units by trained police officers. The entire process, 
including obtaining any match from a database search, shall take less than 2h. 

“The forensic DNA analysis of a reference sample, taken from an individual, takes 2-3 days 
if processed immediately in a forensic laboratory. The entire process includes the extraction of 
DNA from a sample, DNA quantification, PCR amplification, electrophoresis, and data collec- 
tion and analysis. Afier being transported to a laboratory for processing, samples are usually 
stored and batched in laboratories prior to analysis. A typical turnaround time for analysis of 
such a sample is 1-3 months. While the sample is processed, the suspect is often released from 
custody. Perpetrators released on police bail may commit another crime. Thus, it is desirable to 
develop new technology that is capable of completing the forensic DNA analysis and database 
search while the suspect remains in custody. This technology would also facilitate rapid exclu- 
sion of a suspect, thus redirecting the investigation, 

Rapid DNA instruments are portable, compact instruments designed to be deployed into 
field testing, These instruments are fully automated for processing reference samples in order to 
generate a DNA profile in less than 2 h. Several versions of the instruments have recently been 
developed by manufacturers and some of them are currently commercially available. In addition 
to rapid DNA instruments, rapid DNA profiling may be achieved through alternative processes. 
First it can be achieved through rapid services that offer a quick turnaround time (<2 h). Second, 
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Figure 24.3 A rapid DNA instrument. A compact instrument that is designed to process swab 
samples and to produce DNA profiles within 2 h in the field. (@ Richard C. Li) 


rapid DNA techniques can be applied using standard laboratory equipment but implementing 
specialized protocols to generate CODIS-compatible profiles in less than 2h. 

‘The primary goal of the rapid DNA initiative is to produce a CODIS-compatible DNA profile 
‘of a sample taken from an arrestee in police custody and to search DNA databases during the 
booking process in less than 2 h. This technology could be used, for example, to quickly identify 
‘other unsolved crimes or eliminate suspects, which can aid in investigative decision making. 
Itcan also potentially be useful for other investigations, such as identifying human remains in 
mass disasters; identifying detainees in counterterrorism applications; and, for immigration 
and border agents, confirming and verifying individual identifications or family relationships. 


24.4 Database Entries 
Currently, over 190 public law enforcement laboratories participate in CODIS across the United 
States, As of April 2013, CODIS contains the DNA profiles of more than 10 million convicted 
felons, over 1 million arrestees, and half a million crime scene samples. The proportion of the 
population represented in the database is approximately 3%. The NDIS is one of the largest DNA. 
databases containing DNA profiles in terms of absolute numbers. Each CODIS entry consists of 
the DNA profile of the sample and the specimen identification number, as well as the informa: 
tion of the laboratory submitting the DNA profile and the laboratory analyst that performed the 
DNA analysis. The entry does not include case information or the personal information of the 
offenders or arrestees. Access to CODIS profiles is restricted to criminal justice agencies for law 
enforcement identification purposes. 

‘The SDIS database retains samples collected from convicted offenders after DNA profiles 
are obtained. State policies vary in the retention of samples and DNA profiles in situations of 
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dismissed charges, acquittal, orno charges forarrestees. Some states, such as Virginia, destroy the 
DNA sample and expunge the DNA profile from the database. Other states, such as California, 
require a petition to destroy the sample and expunge the DNA profile from the database. There 
are two major reasons for sample retention. First, the sample is needed for confirmatory pro- 
cesses for the purpose of quality assurance and control. In confirmatory processes, the DNA 
analysis of the original sample is repeated and compared against the prior analysis, Second, the 
retention of samples allows for possible retesting if new technology becomes available. It also 
allows retesting of a sample for purposes of updating with expanded loci. Considerable debate 
hhas surrounded the retention of samples. It can be argued from the opposite perspective that 
the database could reveal private genetic information that could then be misused. The objection 
is based on concern for the protection of privacy rights. Ifa sample were made available to an 
‘unauthorized person, confidential information could be disclosed. 


24.5 Database Expansion 

Currently al 50 states have authorized the collection of samples from convicted felons for DNA 
databasing. Over the years, the demand for the utilization of databases has increased sharply 
(Figure 24.4). More jurisdictions are incorporating more felonies into the lists of crimes that 
require DNA profiles, and some jurisdictions plan to include all felonies in such databases. 
‘Additionally, the database system is projected to include the profiles of minor criminals, because 
statistics show that most offenders found guilty of serious crimes were previously convicted 
for minor crimes. Broadening the size of the database and including samples from more types 
‘of crimes could lead to the assumption that the number of crimes solved would also increase. 
Although state laws vary, each state has its own statute governing the entry criteria of the dats 
‘base samples. More and more states are authorizing the collection of additional types of DNA 
samples, including individuals convicted of misdemeanor crimes and adult felony arrestees who 
hhave not yet been convicted for the offense. It is known that offenders tend to commit multiple 
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Figure 24.4 Growth of the CODIS database. In 2000, 460,365 offender profiles and 22,484 
forensic profiles were entered. 
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crimes. Thus, including DNA profiles of arrestees in the database is beneficial in catching serial 
offenders and potentially preventing future crimes. Virginia is the first state to collect DNA 
from violent-felony arrestees, among other crimes. Over the years, more than half of states in 
the United States have amended their law to include all felony arrestees or a subset of arrestees 
for felonies that involve violence or sexual assault. 

In 2009, Alonzo King was arrested in Wicomico County, Maryland, on violent assault 
charges. Maryland’s DNA Collection Act authorizes law enforcement agencies to collect DNA 
samples from an individual who is arrested for violent crimes. During the booking process, 
under state law, King’s buccal swabs were collected for forensic DNA identification. When King’s 
DNA profile was entered into Maryland's SDIS, it matched to a crime scene DNA profile froman 
unsolved rape case in 2003. Based on the DNA evidence, King was indicted for first-degree rape 
bya grand jury. The defendant filed a motion to suppress the DNA evidence. King argued that 
using his DNA to investigate his connection to the 2003 rape was an unreasonable search and 
seizure under the Fourth Amendment, since the police had no reason to suspect his involvement 
in the 2003 rape. During the trial at Wicomico County Circuit Court, King's motion was denied. 
He was convicted of rape and sentenced to life in prison. The Court of Appeals of Maryland, 
the state’s highest court, upheld that the DNA Collection Act was constitutional. The police had 
probable cause to arrest King on the assault charge, and thus collecting King’s DNA sample was 
a reasonable search. However, the court overturned the low court and reversed King’s convic- 
tion. It stated that the DNA Collection Act was inappropriately applied to King in this case. 
‘Thus, investigating King without probable cause for the unrelated rape was unconstitutional. 
‘To determine whether the Fourth Amendment permits states to collect and analyze the DNA of 
arrestees, a divided Supreme Court ruled 5-4 and reversed the Court of Appeals. The Supreme 
‘Court’s judgment ruled that Maryland has the right to collect DNA evidence from individuals 
arrested for serious crimes. The ruling reflects the Supreme Court's view on the balance between 
the interest of criminal justice systems in solving violent crimes and an individual's interest in 
the Fourth Amendment, which protects them from unreasonable searches. 

Some jurisdictions, such as the United Kingdom, allow DNA samples to be taken from indi- 
‘viduals suspected of committing recordable offenses that may lead to prison sentences. In con- 
trast, DNA profiles from suspects are not eligible for entry into CODIS. In some jurisdictions, 
it has been suggested that databases include many more offenders and suspects, as well as the 
general public. One advantage of including an entire population in a database is the ability to 
identify missing, kidnapped, and abducted individuals in addition to victims of major accidents 
and mass fatalities, Nevertheless, debates concerning the need to balance the benefits and dan- 
ers of developing a broader database will inevitably continue. 


24.6 DNA Profiles 

Currently, the CODIS software supports the storage and search of DNA profiles of short tan- 
‘dem repeat (STR), Y chromosome STR (Y-STR), and mitochondrial DNA (mtDNA). Y-STR and 
mtDNA profiles may only be searched within NMPDD-related indexes. The CODIS software 
zo longer supports searches of DNA profiles generated by restriction fragment length polymor- 
phism (RFLP) analysis. The 13 core CODIS STR loci are CSFIPO, FGA, THOL, TPOX, VWA, 
1351358, D3S818, D7$820, D8S1179, D138317, D16S539, D18S51, and D2ISI1. DNA profiles 
are entered into one of the indexes, such as convicted offender, arrestee, forensic, unidenti- 
fied human remains, missing person, or a relative of a missing person. There is a minimum 
loci requirement for each DNA profile entering CODIS: 13 core CODIS loci are required for a 
DNA profile entering the Convicted Offender Index and the Arrestee Index; 13 core CODIS loci 
and amelogenin, a sex-typing marker, are required for a DNA profile entering the Relatives of 
Missing Person Index; atleast 10 CODIS loci are required (all 13 core loci must be tested) for the 
Forensic Index; and atleast 8 loci and amelogenin are required (all 13 core loci must be tested) 
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for the Missing Person and Unidentified Human Remains Index. The DNA profiles must be gen- 
erated by an accredited and audited laboratory in accordance with the FBI’s Quality Assurance 
Standards using approved commercially available kits. As the database is growing rapidly, the 
chances of finding incidental matches among DNA profiles is increasing. To increase discrimi- 
nation power, i has recently been proposed that CODIS core loci be expanded to include 20 or 
‘more markers (Chapter 20). Additionally, the expanded core loci share additional loci compat- 
ible with international standards for forensic DNA analysis, which facilitates the exchange of 
information with international law enforcement agencies. 


24.7 Routine Database Searches for Forensic Investigations 

‘The ultimate goal of the database utilization is to provide investigative leads for law enforcement 
in solving crimes, particularly in cases where no suspect has yet been identified. Currently, DNA 
profiles uploaded to NDIS are automatically searched once a week (Figure 245). A hit is a match 
‘made from the information provided by comparing a target DNA profile against the DNA profiles 
contained in the database, There are two types of CODIS hits: an offender hit provides the identity 
‘ofa potential suspect ofa crime, while a forensic hit reveals the linkage between two or more crime 
scenes. Once a hit is identified, the match is verified by the laboratories that originally processed 
the evidence. A verified CODIS hit can be utilized as probable cause to allow law enforcement 
to obtain a court order to collect a DNA sample from a suspect. Collecting DNA with a warrant 
ensures admissibility in court. Investigation-aided cases are those assisted by CODIS hits, includ- 
ing case-to-case matches as well as case-to-offender matches. The number of investigations aided 
isa useful measure of the successful application of the database (Figure 24.6). As of April 2013, 
‘over 207,800 hits had been made with CODIS assistance in more than 199,200 investigations 


24.7.1 Case-to-Offender Searches 

Matches of profiles from the Forensic Index and the Offender Index reveal the identities of per- 
petrators of crimes. For example, in 1998, a Florida man, Leon Dundas, became a suspect in a 
rape case but refused to provide his DNA reference sample for testing. Dundas was killed a year 
later in an illegal drug deal. Thus, a postmortem sample of Dundas was obtained and his DNA 
profile was compared with the Forensic Index of CODIS. It was discovered that Dundas's profile 
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Figure 24.5 Example of a weekly routine CODIS search. (@ Richard C. Li.) 
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Figure 24.6 Number of hits and investigations aided by the CODIS database. 


‘matched the DNA sample found in the rape case. Additionally, his DNA profile was linked to 
several other unsolved rapes in Jacksonville and Washington, DC. Such cases can now be solved 
by utilizing DNA databases 


24.1.2 Case-to-Case Searches 
‘A target DNA profile from a crime scene is also searched against the profiles stored in the 
Forensic Index of the database. Matches of profiles among the target profile and the profile in the 
Forensic Index can link separate crime scenes and aid in identifying serial offenders, This helps 
law enforcement agencies in multiple jurisdictions to coordinate their investigations and share 
leads, For example, in 1996, two young girls were abducted from bus stops in St.Louis. Both girls 
‘were raped and DNA samples were collected. Both DNA profiles pointed to the same perpetra- 
tor, In 1999, the St. Louis police decided to reanalyze the samples using new STR technology 
through the CODIS database. ‘The database found a match to a different rape case, to which the 
perpetrator, Dominic Moore, had already confessed, thus identifying him as the perpetrator of 
the 1996 rapes, 


24.1.3 Search Stringency and Partial Matches 
Database searches are carried out using the CODIS software with three stringency levels, 
which allow the search of complex forensic profiles against offender profiles (Figure 24,7). A 
high-stringency match requires an exact match in which all alleles are matched at each locus 
between the target and candidate profiles. A moderate-stringency match, as defined by the FBI, 
is a candidate match “between two single source profiles having at each locus all of the alleles 
‘of one sample represented in the other sample.” In a moderate-stringency match, allelic drop- 
‘outs in a target or candidate profile are allowed, possibly resulting in a partial match at some 
loci, Asa result, high-stringency matches are automatically included in a moderate-stringency 
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Figure 24.7 Diagram of match stringencies. A heterozygote (allele 14 and 18) at locus D3S1358 
is utilized as the genatype for the forensic unknown profile. (@ Richard C. Li.) 


search, In a low-stringency search, both mismatches and allelic dropouts are allowed. Presently, 
DIS searches are only carried out at moderate stringency. During forensic DNA analysis, DNA 
degradation may prevent full DNA profiles from being processed, producing only partial profiles 
Additionally, mixture profiles derived from forensic samples containing DNA contributed by 
‘more than one individual may be encountered. Furthermore, due to mutations, null alleles may 
‘occur in the profiles produced with some primer sets but not other primers. Therefore, search- 
ing at moderate stringency allows the detection of matches under the situations described above. 
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24.8 Familial Searches 


Such moderate-stringency searches between the Forensic Index and Offender Index may occa- 
sionally generate partial match profiles. Since a partial match is not an exact match of the two 
profiles, further investigation is needed, For instance, additional Y-STR and mtDNA analysis is 
needed to eliminate unrelated individuals. 


24.8 Familial Searches 
Familial search, initiated in the United Kingdom, is a new method of applying databases in 
criminal investigations, It is known that, in the United States, nearly half of prison inmates have 
close relatives who have also been incarcerated. Familial search is based on the assumption that 
close relatives share more alleles of DNA profiles than unrelated individuals. ‘Thus, databases 
‘may be utilized to identify perpetrators by finding a close relative, if the close relative has been 
convicted of a crime and is listed in the database. Familial search is an intentional search of 
a target crime scene profile against an offender database to obtain a list of candidate profiles 
that are similar to the target profile. This list may include the profile of a close relative of the 
perpetrator, who is the source of crime scene evidence. These matches most frequently involve 
siblings, parents, or children. The investigative leads produced by familial searches allow law 
enforcement to conduct further investigations to identify the perpetrator. 

‘The frst familial search leading to a successful prosecution was conducted in Surrey, England. 
In 2003, a truck driver was killed after a brick was thrown through his windshield from a bridge 
‘The perpetrator's DNA profile was obtained from the brick. A search of the UK's national DNA 
database revealed no match for the perpetrator. Next, a familial search of the database was con- 
ducted. The system identified a close relative that led police to identify the perpetrator, Craig 
Harman, who was then convicted of manslaughter. 


24.8.1 Legal and Ethical Issues of Familial Search 

‘The use of forensic databases involves a balance of individual civil rights and the interests of 
the criminal justice systems. Many concerns have been raised, including the potential for these 
searches to violate the privacy of unrelated people whose genetic profiles happen to resemble 
those of individuals included in the databases. In the United States, the Fourth Amendment 
protects against unreasonable searches and seizures. The permissibility of familial searching 
under the Fourth Amendment is yet to be addressed by courts. The collection of biological mate- 
rial for the initial creation of a profile for law enforcement purposes is subject to the Fourth 
Amendment implications. In terms of familial searches, some legal experts argue that the bio- 
logical materials are not collected directly from the individuals for a familial search, and that 
these individuals may thus be protected under the Fourth Amendment. Others argue, however, 
that the Fourth Amendment protects the initial creation of the profile, including the sample 
collection, forensic DNA analysis, and the databasing. They argue that the Fourth Amendment 
‘may not protect subsequent investigations of DNA profiles during familial searches. In addition, 
the CODIS database consists of a high percentage of profiles from individuals of racial minor- 
ity groups, including African Americans. Familial searches can disproportionately focus on a 
specific racial group. 

Familial searches are rare in the United States. Two jurisdictions, Maryland and the District, 
‘of Columbia, have laws prohibiting the use of familial searches. Familial searches are not con- 
ducted at the NDIS, While familial searches are now being performed in several jurisdictions in 
the United States, policies on familial searches vary among jurisdictions. The major issues relate 
to criteria for privacy, information release, search approval, and the types of crimes eligible for 
familial searches. Currently, California, Colorado, Texas, and Virginia have state legislation per- 
‘mitting familial searches, Familial searches are initiated when a specific suspect is not known, 
and the cause for the search needs to be justified. Familial searches are usually conducted for 
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crimes that pose a substantial threat to public safety, typically those cases involving the most 
serious offenses. Additionally, familial searches are only conducted after a routine search of a 
DNA profile has yielded no match in the database. 

In 2003, for example, a crime scene DNA sample of a closed rape and murder case, commit- 
ted decades previously, was reanalyzed using forensic DNA techniques. The crime scene DNA 
profile was compared to the profile of a man, Darryl Hunt, who was then imprisoned for the 
crime, Surprisingly, the crime scene DNA profile did not match either that of Hunt or those of 
convicted felons in the database. However, the database search revealed a close relative of the 
true perpetrator and thus led law enforcement to identify Willard Brown as the perpetrator. 
Brown was sentenced to life imprisonment. Additionally, Hunt was exonerated after 18 years in 
prison. 


24.8.2 Familial Search Strategies 
‘The familial search is usually carried out using specially designed software. Although the 
CODIS software is not designed for familial search, it can be used for familial search through a 
low-stringency search, which may result in a list of candidate profiles including close relatives of 
individuals, such as parent-offspring or full-sibling relatives. In a large offender DNA database, 
similar DNA profiles from unrelated people are often observed due to shared alleles. Therefore, 
the candidate profile list may also include unrelated individuals whose DNA profiles are similar 
to the target profile, Asa result, a familial search can provide alist of potential candidates con- 
sisting of hundreds of profiles, which would be too labor intensive to pursue through further 
investigations. Several methods can be used to determine a cutoff analytical threshold in order 
to limit a pool of candidate profiles and exclude unrelated individuals from familial searches 
(Figure 24.8) 


24.8.2.1 Identity-by-State and Kinship Index Method 
‘The identity-by-state (IBS) method compares the number of shared alleles and loci between a 
target forensic profile and the offender profiles in a database but does not take into account allele 
frequencies. ‘The analytical threshold for a familial search is determined by a preset number 
of shared alleles or loci in order to prompt further investigation. For example, some states use 
15 shared alleles as the analytical threshold to be considered as a candidate, while other states 
require atleast one shared allele for each locus. Additionally, this method can prioritize a pool of 
candidates based on the highest to the lowest number of shared alleles for investigation, 

‘The Kinship Index (KI) method isa likelihood ratio-based method that evaluates the familial 
match by comparing the probability that two DNA profiles are from related individuals to the 
probability that they are unrelated. The KI method analyzes the allele frequency data, includ- 
ing all CODIS core loci, to calculate the Combined Kinship Index, The KI may vary based on 
the allele frequency data across the population. Thus, the accuracy of the KI method relies on 
the relevance of the population data set analyzed, False inclusions or exclusions may occur if 
nonrelevant population data are utilized. The KI method also allows the generation of a ranked 
candidate list according to the probability that the individuals are related. Generally speaking, 
the accuracy of the KI method is higher than that of the IBS method. However, using both IBS 
and KI methods is better than using a single method alone for familial search. 


24.8.2.2 Focusing on Rare Alleles 
During a familial search, target DNA profiles may contain rare alleles with low allelic frequen- 
cies. The chance of sharing rare alleles for two close relatives is higher than for two unrelated 
individuals. Ifa target profil carries a rare allele, it can be used to narrow the pool of candidates. 

For example, Jeffrey Gafoor, then 23, had been living in a suburban neighborhood in Cardiff 
Wales. He had a reputation for being a loner. Besides working in his family-owned shop, he spent 
most of his time at home. On February 13, 1988, Gafoor entered 7 James Street in the Butetown 
area of Cardiff. The first-floor unit was temporarily occupied by Lynette White, a 20-year-old 


496 


24.8 Familial Searches 


(Further investigation) 
| Comparing DNA from 
| the relativeand 

 theerimescene _/ 


=a 


Figure 24.8 Example of a familial search workflow. (© Richard C. Li) 


‘woman who was working as a prostitute in the area. Gafoor went there for the purpose of receiv- 
ing sexual services. He left the scene in the early hours of Valentine's Day. On Valentine's night, 
White's body was discovered. She suffered from more than 50 stab, cut, and slash wounds as well 
as defensive wounds on her hands. The body was dragged to the corner of the room adjacent to 
the bed, the only piece of furniture in the room. 

Gafoor left blood and semen evidence atthe scene. He bled during the murder and deposited 
bloodstains at the scene. Additionally, he left seminal stains at the scene; the semen had no mea- 
surable level of sperm and most likely came from an individual who had a medical condition 
known as azoospermia (Chapter 14). After the murder, Gafoor lived at the same place as he did 
beforehand and kept the same job for many years. 

‘Two years later, three local men, known as the “Cardiff Three,” were convicted of White's 
‘murder and sentenced to life in prison. In 1992, however, their convictions were reversed by 
the court of appeal. Subsequently, the crime scene evidence was tested using new techniques 
in forensic DNA analysis that were not available in 1988, A DNA profile was obtained from 
the crime scene. A familial search revealed a similar profile from a 14-year-old boy in the UK 
National DNA Database. In particular, there was a rare allele match between the crime scene 
and the candidate DNA profiles. This search led to the further investigation of Gafoor, who was 
the uncle of the boy. Gafoor was charged with murder. 
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Values 


Keylock switches are found in locations such as 
elevators, forfire-department access; in cash reg- 
isters; or on data-processing equipment where 
switching power on oroffis reserved for asystem 
administrator. 


Values 


A full-size rotary switch may be rated from 0.5A 
at 30VDC to SA at 125VAC, depending on its pur- 
pose. A very few switches are rated 30A at 
125VAC; these are high-quality, durable, expen- 
sive items. 


A typical rotary DIP switch is rated 30mA at 
30VDC and has a carrying current rating (contin- 
uous current when no switching occurs) of no 
‘more than 100mA at SOVDC. 


How to Use 


In addition to its traditional purpose as a mode 
or option selector, a rotary switch provides a 
user-friendly way to input data values. Three ten- 
position switches, for instance, can allow user in- 
put of a decimal number ranging from 000 to 
999, 


When used with a microcontroller, a rotary 
switch can havea resistorladdermounted around 
its contacts, like a multi-point voltage divider, so 
that each position of the rotor provides unique 
potential ranging between the positive supply 
voltage and negative ground. This concept is il 
lustrated in Figure 7-8, where all the resistors 
have the same value, The voltage can be used as 
an input to the microcontroller, so long as the 
microcontroller shares a common ground with 
the switch. An analog-digital converter inside 
the microcontroller translates the voltage into a 
digital value. The advantage of this scheme is 
thatitallows very rapid control by the user, while 
requiring only one pin on the microcontroller to 
sense as many as twelve input states. 


For a ladder consisting of 8 resistors, as shown, 
each resistor could have a value of 2500. (The 
specifications for a particular microcontroller 


awer > cannection > ratary switch 


To 
microcontroller 
input 


Figure 7-8. 4 resistar ladder can be formed around the 
contacts of a rotary switch, with the pole of the switch 
‘connected to a microcontrolar that has an analog-cigital 
converter bult in. The microcontroller converts the vot 
‘age input fa an internal digital value. Thus. one pin can 
‘sense as many as twolve input states. 


might require other values) To avoid ambiguous 
inputs, a nonshorting rotary switch should be 
Used in this scheme. A pullup resistor of perhaps 
10K should be added to the microcontroller in- 
put, so that there is no risk of it “floating” when 
the switch rotor is moving from one contact to 
the next, The code that controls the microcon- 
troller can also include blanking interval during 
which the microcontrollers instructed to ignore 
the switch. 


Because the rotary switch is an electromechani- 
caldevice it has typical vulnerabilities to dirt and 
moisture, in addition to being bulkier, heavier, 
and more expensive than a rotational encod- 
er. Rotary switches have also been partially re- 
placed by pushbuttons wired to a microcontrol- 
ler. This option is found on devices ranging from 
digital alarm clocks to cellular phones. In addi- 
tion to being cheaper, the pushbutton alterna- 
tiveis preferable where space on a control panel, 
and behing i, is limited 
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24.8.2.3 Excluding Candidates through Y-STR Screening 
‘The vast majority of DNA profiles in CODIS come from males, Patrilineal markers, such as 
Y-STR loci, are successfully utilized to screen the candidates to verify the relationship between 
two individuals. This analysis helps to identify first-order relatives as well as paternal half- 
siblings. STR loci beyond the CODIS core loci and maternal lineage makers, such as mito- 
chondrial DNA typing systems, can be used to narrow the pool of candidates and eliminate 
coincidental partial matches. One or more of these methods can be incorporated to evaluate 
highly ranked candidates. 

For example, Lonnie Franklin lived in a southern Los Angeles neighborhood. Throughout 
the 1980s, Franklin worked for the city as a maintenance worker and a sanitation truck opera- 
tor. His neighbors recalled that he often brought prostitutes to a camper parked in the backyard 
of his house. He also took photos of nude women, which he kept in his garage. Nevertheless, to 
‘many of his neighbors, Franklin seemed to be a friendly person who often chatted with them. 

Since 1985, the bodies of many women, most of which were prostitutes, had been dumped in 
an alley running along Western Avenue in a southern Los Angeles neighborhood. The victims 
hhad been shot and some had been strangled after sexual contact. DNA and ballistics analysis 
revealed that at least 10 of the murders had been committed by the same perpetrator. The per- 
petrator was known to the general public as the "Grim Sleeper” because he had taken a 14-year 
break during the period in which these 10 murders had taken place. The crime scene DNA pro- 
file did not match any profile in the database. 

In 2008, the first familial search of the "Grim Sleeper” case was conducted by the California 
Department of Justice, California state law allows familial searches for high-profile cases if all 
other leads have been exhausted. However, all candidate DNA profiles were excluded through 
Y-STR screening. As a result, no candidate was identified as a possible relative of the “Grim 
Sleeper.” In 2010, a second search targeted partial matches that shared at least 15 alleles. It pro- 
‘duced a list of 100 candidate profiles ranked by the likelihood that they were related, Y-STR was 
used as a screen tool to identify possible patrilineal relatives, This time, the search generated a 
‘match to a new DNA profile ofa felon, which had recently been entered into California's SDIS, in 
2008. The search suggested that the candidate was a relative of the source of the DNA from the 
crime scenes. This search led to the identification of Franklin as a suspect in the “Grim Sleeper” 
murders, Police detectives conducted surveillance and collected a discarded slice of pizza anda 
cup used by Franklin at a local restaurant for DNA identification, The DNA profile was identi- 
cal to the crime scene DNA profiles. Franklin was arrested and was charged with ten counts of 
murder and one of attempted murder. 
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Evaluation of the Strength of 
Forensic DNA Profiling Results 


25.1 A Review of Basic Principles of Genetics 

25.1.1 Mendelian Genetics 

‘Mendel’s frst law is the principle of segregation of alleles. Each pair of alleles segregates from 
‘others in the formation of gametes (mature reproductive cells such as spermatozoa and oocytes). 
One-half of the gamete carries one allele, and the other half carries the other allele, 

‘Mendel’s second law is the principle of independent assortment of alleles. The segregation 
of each pair of alleles is independent of the segregation of other pairs during the formation of 
gametes 

‘Gametes are formed during a process known as meiosis, in which cells with haploid chromo- 
some numbers (23 in humans) are produced by the division of cells with diploid chromosome 
numbers (46 in humans). A fertilized human egg thus contains a diploid number of chromo- 
somes. A diploid is composed of 22 pairs of autosomes and 2 sex chromosomes (XX in females 
and XY in males) 

Based on Mendelian principles, genes on different chromosomes assort independently 
of one another in gamete production. Genes residing very closely together on the same 
chromosome are usually inherited together. Thus, they do not assort independently and 
are called linked genes. Genes distant from each other on the same chromosome are usually 
inherited separately. This results from an exchange of segments between a pair of homolo- 
‘gous chromosomes when the chromosomes are paired during the early phases of meiotic 
division. These types of gene-exchange events on homologous chromosomes are collec- 
tively called crossing over, which results in the recombination of genes in a pair of chromo- 
somes (Figure 25.1), 

‘The Mendelian inheritances of genes can often be measured using probabilities. A prob- 
ability isthe ratio of the number of actual occurrences of an event to the number of possible 
‘occurrences. Additionally, the probability of two independent events occurring simultane- 
‘ously is the product of each of their individual probabilities; this is known as the product rule 
of probability 

‘Mendelian principles apply to the inheritance of loci of the autosomal nuclear DNA 
genome commonly used for forensic testing. The Y-chromosomal genome is inherited 
paternally, which does not obey the rules for Mendelian principles. Mitochondria contain 
their own mitochondrial genomes and are inherited maternally. This maternal inheritance 
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Figure 25.1 Crossing over hypothesis, Chramosomes are replicated prior to the first meiotic 
division, Each duplicate is called a chromatid, which forms into tetrads in the prophase. A 
‘crossover event occurs between the maternal and the paternal chromatids. Each chromatid 
breaks at the point of the cross and fuses with a portion of its counterpart. Chromosomes 
are associated with the microtubules during metaphase | and are pulled toward the spindle 
poles during anaphase |. The maternal and paternal homologs of one chromosome are shawn. 
(© Richard C. Li.) 


of mitochondrial genes also does not obey the rules for Mendelian principles, The inheri 
tance of Y-chromosomal and mitochondrial genomes is referred to as non-Mendelian 
inheritance. 


25.1.2 Population Genetics 
Population genetics studies the causes of patterns of genetic variations within and among 
populations. 


25.1.2.1 Allele Frequency 
Allele frequency (p) can be calculated directly by counting the number of alleles of one type at a 
given locus and dividing it by the total number of alleles at that locus in a sampled population. 
‘Thisis called the gene counting method. 


25.1.2.2 Genotype Frequency 
Genotype frequency (P) observed at a given locus can be calculated by dividing the number of 
individuals with one genotype by the total number of individuals in a sampled population. Each 
genotype at the locus can be calculated separately. The summation of all genotype frequencies 
at that locus should equal 1 


25.1.2.3 Heterozygosity 


Heterozygosity is the proportion of alleles, ata given locus, that are heterozygous and is calcu 
lated as 


5.1) 


where: 


eterozygosity 
lelic frequency of the locus for homozygotes 


‘The amount of heterozygosity at a locus in a sampled population is a measure of genetic 
variation. The higher the heterozygosity, the more variation there is ata given locus. 
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25.1.2.4 Hardy-Weinberg Pr 
‘The Hardy-Weinberg (HW) principle, independently discovered by two scholars in the 
early 1900s, allows predictions of genotype frequencies to be made based on allelic fre- 
quencies. However, certain conditions must be met. The population must be large; mate 
randomly; and lack mutation, migration, and natural selection. If these conditions of the 
HW principle are met, the population will be in equilibrium, and the following results are 
expected 


1. The frequencies of the alleles will not change fram one generation to the next. 


2. Genotype frequencies can be predicted by the allelic frequencies (p* and g? for geno- 
type frequencies of homozygotes and 2pq for genotype frequencies of heterozygotes) 
‘The sum of the genotype frequencies should equal 1 


p+2pqeq'=1 (25.2) 


Ifthe observed genotype proportions are different from those expected, one or more of the HW 
assumptions have been violated, 


25.1.2.5 Testing for HW Proportions of Population Databases 
‘To determine whether the genotypes ofa population in question obey the HW principle, a popu- 
lation database can be constructed. Samples (usually 100-200 samples for STR loci) are collected 
and analyzed at the loci of interest. Allelic frequencies are obtained by using the gene counting 
‘method. Table 25.1 shows the allelic frequencies of CODIS loci from a population database 
‘The observed genotype frequencies at a given locus, as described earlier in Section 25.1.2.2, are 
calculated by dividing the number of individuals with one genotype by the total number of 
individuals in the population sampled. The expected genotype frequencies are calculated using 
P*2pqy and ¢ 

‘The observed and expected genotype frequencies are then compared using a chi-square tes. 
‘The significance of the differences between observed and expected genotype frequencies can 
then be determined, The chi-square is calculated using the following formula: 


(25.3) 


th observed genotype frequency 
th expected genotype frequency 
n= total number of genotypes 


(Chi-square (72) is calculated as the sum of all genotypes of a given locus. 

‘The chi-square value and the degrees of freedom (the number of genotypes minus the num- 
bers of alleles) are then used to obtain a p value (not to be confused with the allelic frequency 
designated p) from a table of p values, and such tables can be found at the backs af most statis- 
tics textbooks. Ifthe p value exceeds 0.05 (5% significance level), the deviation of the expected 
genotype frequencies from the observed genotype frequencies is not considered statistically 
significant. Thus, the null hypothesis that the observed genotype frequencies fit the expected 
genotype frequencies predicted by the HW principle is not rejected if the p value is greater 
than 0.05, 
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Table 25.1 Allelic Frequencies of 13 CODIS STR Loci 
Paes Aniereemey | 


pasi358 — (N=210)— (W=203) (N= 209) 
<12 0.476 0.000 0.000 
12 0.238 0.000 0.000 
13 1.190 0.246 0.239 
14 12.143 14.039 7.895 
15 29.048 24.631 42,584 
15.2 0.000 0.000 0.000 
16 30.714 23.153 26,555 
7 20.000 21.182 12,679 
18 5.476 16.256 8.373 
19 0.476 0.493 1.435 
>19 0.238 0.000 0.239 
wwa (N=180)  (N=196)_ (N=203) 
ret 0.278 o.000 (0.246. 
1B 0.586 0.510 0.000 
4 6.667 10.204 6.158 
15 23.611 11.224 7.635 
16 26.944 20.183 35.961 
7 18.333 26.276 22,167 
18 13.611 22.194 19,458 
19 7.222 a4ia 7.143 
20 2.778 1,020 1.232 
21 0.000 0.000 = 0.000 
FGA (N=180) — (N=196) (N= 203) 
<18 0.278 0.000 0.000 
18 0.833 3.061 0.246 
18.2 0.833 0.000 0.000 
19 5.278 5.612 7.882 
19,2 0.278 0.000 0.000 
20 7.222 14.541 7.143 
20.2 0.000 0.255 0.246 
21 12.500 17.347 13,054 
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Table 25.1 (Continued) Allelic Frequencies of 13 
CODIS STR Loc 


a 
[cas nwa [taesn [ve 


212 0.000 0.000 (0.246 
2 22.500 18878 17.734 
22.2 0.596 1.020 0.493 
22.3 0.000 0.000 0.000 
23 12.500 15.816 14,039 
23.2 0.000 0.000 0.739 
24 18.611 13.776 12,562 
24,2 0.000 0.000 0.000 
24.3 0.000 0.000 0.000 
25 10.000 6888 13,793 
26 3611 1786 8.374 
27 2.222 1.020 3.202 
28 1.667 0.000 0.246 
29 0.000 0.000 
30 0.000 0.000 
>30 0.000 0.000 
0881179 = 196) (N=203) 
2 1786 (0.246 
9 1.020 0.246 
10 10.204 9.360, 
1 5867 6.158 
12 14.541 12,069 
13 33.929 32,512 
4 20.183 24,631 
15 10.969 11,576 
16 1276 2.463 
Ww 0.255 0.739 
18 0.000 0.000 
paisii 196) (N= 203) 
24,2 0510 0.246 
24,3 0.000 0.000 


(continued) 
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What Can Go Wrong 


Vulnerable Contacts 

Most modern rotary switches are sealed, but 
some are not. Any switch with exposed contacts 
will be especially vulnerable to dirt and moisture, 
leading to unreliable connections. This was an 
issue in old-fashioned TV sets, where periodic 
contact cleaning of the channel selector switch 
was needed. 


Exposed contacts are also more vulnerable to 
side-effects from temperature cycling (when a 
device warms up and then cools down). 


Contact Overload 

‘The contacts on a cheap rotary switch are espe- 
Gally vulnerable to arcing, as the user may turn 
the switch slowly, causing gradual engagement 
and disengagement of contacts instead of the 
snap-action that is characteristic of a well-made 
toggle switch. Ifa rotary switch may control sig- 
nificant currents or current surges, it must be ap- 
propriately rated, regardless of the extra ex- 
pense. For more information on arc suppression 
in switches, see "Arcing” (page 47). 


Misalignment 

Most knobs for rotary switches consist ofa point- 
er, or have a white line engraved to provide clear 
Visual indication of the position of the switch. If 
this does not align precisely with indications 
printed on the panel, confusion will result. For 
hand-built equipment, the switch can be in- 
stalled first, after which the control-panel indi 
cations can be glued or riveted in place on a sep- 
arate piece oflaminated card, plastic, or metal for 
precise alignment. If the switch is not secured 
tightly, its body may turn slightly under repeated 
stress, leading to erroneous interpretation of the 
knob position. 


What Can Go 


Misidentified Shorting Switch 

Ifa shorting switch is used where a nonshorting 
switch was intended, the results can be discon- 
certing or even destructive, as one terminal will 
be briefly connected with the adjacent terminal 
while the switch is being turned. Multiple func- 
tions ofa circuit may be activated simultaneous- 
ly, and in a worst case scenario, adjacent termi- 
nals may be connected to opposite sides of the 
same power supply. 


User Abuse 

The turning force that must be applied to a full- 
size conventional rotary switch is significantly 
greater than the force that is applied to most 
other types of panel-mounted switches. This en- 
courages aggressive treatment, and the turning 
motionis especially ikely to loosen anutholding 
the switch in place. The lighter action character- 
istic of miniature rotary switches does not nec- 
essarily solve this problem, as users who are ac- 
customed to older-style switches may still apply 
the same force anyway. 


Rotary switches should be mounted in expecta- 
tion of rough use. Itis prudent to use Loc-Tite or 
a similar compound to prevent nuts from loos- 
ening, and a switch should not be mounted in a 
thin or flimsy panel. When using a miniature ro- 
tary switch that has through-hole mounting ina 
Circuit board, the board must be sufficiently ro- 
bust and properly secured. 


Wrong Shaft, Wrong Knobs, Nuts 
That Get Lost, Too Big to Fit 

These problemsareidentical to those that canbe 
encountered with a potentiometer, which are 
discussed in that entry in this encyclopedia, 
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Table 25.1 (Continued) Allelic Frequencies of 13 
CODIS STR Loc 


a 
[ics wean [eaesn [va 


26 0.279 0.000 0.000 
27 6.145 4.592 0.985 
2B 21.08 16.582 6.897 
29 18.994 18112 20.443 
29.2 0.279 0.000 0.246 
30 17.877 23.214 33,008 
30.2 0.838 3.827 3.202 
30.3 0.000 0.000 0.000 
31 9.218 7.143 6.897 
312 7.542 9.949 8.621 
32 0.838 1531 1.232 
32.1 0.000 0.000 0.000 
32.2 6.983 11.224 13.547 
33 0.838 0.000 0.000 
33.2 3.382 3.061 4.187 
34 0.838 0.000 0.000 
34.2 0.279 0.000 0.493 
35 2.793 0.000 0.000 
352 0.000 0.255 0.000 
36 0.589 0.000 0.000 
336 0.589 0.000 0.000 
Digssi_—(W=180) (N= 196) (N= 203) 
<ll 0.585 1276 0.493 
u 0.556 1276 1.232 
2 5.833 12.785 10.591 
13 5.556 12.285 16.995 
132 0.596 0.000 0.000 
14 6.389 17.347 16.995 
142 0.000 0.000 0.000 
15 16.667 12.785 13,793 
15.2 0.009 0.000 0.000 
16 18.889 10.714 11,576 
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Table 25.1 (Continued) Allelic Frequencies of 13 
CODIS STR Loc 


[rues [ate reaer oo | 


7 16.389 15.561 13,793 
18 13.056 91e4 5.172 
19 7.778 3.571 3.695 
20 5.556 2.551 1.728 
21 1111 0.510 1.970 
212 0.000 0.000 0.000 
22 0.886 0.255 0.739 
322 0.586 0.000 1.232 
pssaig (N=180) — (N=195) (N= 203) 
a 0.278 0.000 6.158 
8 5.000 0.000 0.246 
9 1.389 3.077 5.419 
10 6.389 4872 6.650 
11 26.111 41.026 42,118 
12 25.556 35.385 29,064 
1B 24.444 14615 9.606 
4 0.586 0.769 0.493 
15 0.000 0.256 0.246 
215 0.278 0.000 0.000 
138317 (W=179) | (N= 196) (N= 203) 
a 0.000 0.000 0.000 
8 3.631 9.949 6.650 
9 2.793 7.653 21,921 
10 5.028 5.102 10,099 
ret 23,743 31.888 20,197 
12 48.324 30.867 21,675 
B 12.570 10969 13,793 
rT 3.631 3.571 5.665 
15 0.279 0.000 0.000 
078820 (N=210) | (N=203) (N=209) 
6 0.000 0,246 0.239 
(continued) 
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Table 25.1 (Continued) Allelic Frequencies of 13 
CODIS STR Loc 


a 


0.714 ee ees 
17.381 16.256 9.809 
15.714 14778 4.785 
10 22.381 29.064 30.622 
10,1 0.000 0.000 0.000 
ret 22.381 20.197 28.947 
113 0.000 0.000 0.000 
12 9.048 14.039 19,139 
1B 1.905 2.956 3.828 
14 0.476 0.739 0.478 
CSF1PO (N=210) — (N=203) (N=209) 
6 0.000 0.000 0.000 
i 4.286 0.246 0.239 
8 8.871 0.493 0.000 
9 3.333 1.970.718 
10 27.143 25.369 25,289 
10.3 0.000 0.246 0.000 
ret 20.476 30.049 26,555 
12 30.000 42.512 39,234 
B 5.476 7.143 6.459 
14 0.714 1.478 0.957 
15 0,000 0.493 0.478 
TPOX (N=209) 203) (N=209) 
6 8.612 o.000 0.478, 
a 2.153 0.246 0.478 
8 36.842 54.433 55,502 
9 18.182 12315 3.349 
10 9.330 3.695 3.349 
uv 22.488 25.369 27.273 
12 2.392 3.941 9.330 
1B 0.000 0.000 0.239 
THOL (N=210) 203) (N=209) 
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Table 25.1 (Continued) Allelic Frequencies of 13 
CODIS STR Loci 


Source: Budowle, B., etal, Forensic Sci, 44, 1277-1286, 
1999. With permission 


25.1.2.6 Probability of Match 
“The discriminating power of genetic loci used above can be measured by population match 
probability (P,). P,, is defined as the probability of having a matching genotype between two 
randomly chosen individuals, The lower the P,. the less likely a match between two randomly 
chosen individuals will occur. This is calculated as follows: 


(254) 


where: 
pand q = the frequencies of two different alleles 
P,, can-also be used to compare the discriminating powers of different loci 


‘Tables 25.2 through 25.4 show P,, values of loci commonly used for forensic applications, includ- 
ing SNP, VNTR, and STR. 
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Table 25.2 Heterozygo: 


y and P, Values of 


Six SNP Loci 

Pisa [nice [nazar [| 
Seles [ee ee 
nea ne 


Source: Office of Justice Programs, National Institute 
of Justice, US Department of Justice, The 
Future of Forensic DNA Testing: Predictions 
of the Research and Development Working 
Group, 2000. 


Table 25.3 Heterozygo: 


[ake 253 Weteezyeesiyand Paes of SVNTRLOT | 
De Doerr Dr 


Dis7 0.945 0.0058 
p2s44 26 0.926 0.0103 

pasiz9 19 0.899 0.0184 

pios28 24 0.943 0.0063) 

pidsig. 30 0.899 0.0172 

pi7s79.— «19 0.799 0.0700 

Average 0.902 

Product 8.26x 10" (1 in 12x10") 


Source: Office of Justice Programs, National Institute of Justice, US 
Department of Justice, The Future of Forensic DNA Testing 
Predictions of the Research and Development Working Group, 2000, 


25.2 Statistical Analysis of DNA Profiling Results 

Itis desirable to evaluate the strength of DNA profiling results, particularly if two DNA pro- 
files match. A DNA profile from crime scene evidence and a profile from a suspect may be 
the same for two reasons: (I) the crime scene sample may have come from the suspect or (2) 
the suspect happens to have the same profile as the individual who left the evidence found 
at the crime scene. The significance of a match between DNA profiles can be evaluated by 
using statistical calculations that determine the rarity of a specific DNA profile in a rele- 
vant population, The statistical evaluation of the significance can be included in a case report 
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Table 25.4 ee a yy and P,, Values for CODIS Loci 


CSFIPO 0.734 0.112 o7al 0.081 
TPOX 7 0.621 0.195 0.763 0.090 
THOL 7 0.783 0.081 0.727 0.109 
WA 10 gil 0.062 0.809 0.063 
piess39 8 0.767 0.089 0.798 0.070 
p7ss20. 11 0.806 0.065 0.782 0.080 
p13s317_— 8 0771 0.085 0.688 0.136 
Dsssi8. 10 0.682 0.158 0.739 112 
FGA 19 0.860 0.036 0.863 0.033 
0381358 10 0.795 0.075 0.763 0.094 
DBS1179 10, 0.780 0.067 0.778 0.082 
piassi 15 0.876 0.028 0.873 0.029 
D2si1 20 0.853 0.039 0.861 0.034 
Average 0.7812 0.7866 
Product 1.738%10-5 1,092%10-!4 
(in (in 9.161 x10") 
5.753% 1014) 


Source: Office of Justice Programs, National Institute of Justice, US Department of Justice, The 
Future of Forensic DNA Testing: Predictions of the Research and Development Working 
Group, 2000. 


(Figure 25.2). Guidelines for DNA profile interpretation such as those issued by the National 
Research Council, the DNA Advisory Board, and the European DNA Profiling Group can be 
consulted 


‘The approaches to performing statistical analysis are (1) calculation of profile probability and 
(2) use of the likelihood ratio method, Although profile probability is the most commonly used 
‘method because of its simplicity, both approaches lead to the same conclusion. 


25.2.1.1 Profile Probability 
Profile probability can be calculated based on the following steps: 


1. The locus genotype frequency can be calculated as follows; p and q are the allelic fre- 
quencies observed in the database for a given allele: 
Locus genotype frequency for homozygotes: 


(25.5) 
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Locus genotype frequency for heterozygotes: 


PB 


Pq (25.6) 


2. Profile probability can then be calculated based on the product rule by multiplying all 
the locus genotype frequencies calculated as above. 


‘The lower the profile probability is, the les likely that an individual chosen at random will have 
coincident match with the DNA profile of the evidence sample. Table 25.5 shows calculations 
of profile probability from a DNA profile. 


25.2.1.1.1 Structured Populations 
‘The above calculation of profile probability is based on the assumption that a randomly 
selected individual is unrelated to a perpetrator. However, it is likely that the individual and 
the perpetrator are from the same subpopulation (groups within a population) and are thus not 
completely independent. Mating is more likely to occur within subpopulations than between 
subpopulations. As a result, the proportion of homozygotes increases and the proportion of 
heterozygotes decreases in a subpopulation because individuals in a subpopulation appear to 
be related 


DEPARTMENT OF FORENSIC BIOLOGY 
LABORATORY REPORT 


LAB NO: 19452003, Lab #289, 


SUSPRETS: Suspect 12032 
Suspeat 22033, 
Sospoct 32034 


‘SUMMARY OF RESULTS: 
‘Sement ws found on the ere scene sample 200 1b, based onthe presence of PO anigen and sperm, 


PCR DNA typing was doae on rine scene sample 2031b, Results indicate he semen could have come 
fom the suspect 1. This combination of DNA alleles weuld be expcied to be found in aproximaty 


1 in greater than 1 ion Blaks"* 
insets tha I iin Caucasians 
Vin greater than Lion Hispanics 
Tin grester than Irion Ass 
‘ThoDNA fom crime acon sample 2051b could not have come fam aspect 2 or suspet 3 
“Arlise, «component of al, was nt foul on xe scene sane 2081 
"No semen was fund om the cool sample 2035, 
Cine scene sample 20314 was wo analyzed 
"The DNA results in his ease do got match any previows PCR (STR) DNA cases vo date 


permet Seen canbe 


‘+ cu $m iss, NR Cos (196) Teale Foecc BNA Radnce, Na Asa rs 


Figure 25.2 An example of a laboratory report. (@ Richard C. Li.) 
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25.2 Statistical Analysis of DNA Profiling Results 


Table 25.5 Calculation of Profile Probability of STR Profile with 13 CODIS Loci 


‘Alle 
| |r Estate REMOVES SEHCY 


CSFIPO 0.25369 0.165 
12 0.32512 

D3si368 «14 0.14039 pq 0.0691 
15 0,24631 

Dsssig «11041026 o.168 
11 0.41026 

D7S820-10=(0.29064 pq 0.117 
11 (0.20197 

pasii79 13033929 gt 0.115 
13 0.33929 

pias317,«11_—sslese 0.102 
11 0.31888 

Diess39 11027228 pq 0.186 
12 0,33911 

DI8ss1 15 0.12755 pq 0.00911 
19 0.036710 

p2isil1 30023214 gt 0.0539 
30 0.23214 

FGA 23 0.18816 pq 0.0436 
24 0.13776 

THOL 8 0.12562 pq 0.0767 
93° 0.30542 

TPOX 8 0.54433 pt 0.296 
8B 0.54433 

WA 17 0.26276 -2pq 0.117 
18 0.22194 


Profile probability=2.76% 10-4 


+ See Table 25.1 
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‘The effect of population structure should be considered and an appropriate correction should 
bbe made to estimate profile probabilities. The correction can be made by using the factor 0, Thus, 
the locus genotype frequency can be calculated as follows: 

Locus genotype frequency for homozygotes: 


a pata poot-s ap 
Locus genotype frequency for heterozygotes: 
p= 21040 -r] 0+ (1-0) ee 


Trey sz0) 


‘The @ value is 0.01 for the majority US population and 0.03 for the Native American popula- 
tion. Table 25.6 shows the calculation of profile probability with subpopulation correction using 
6 =0.01. The profile probability is approximately three times higher than the value without the 
correction (Table 25.5). Additional corrections can be calculated for relatives, mixed stains, or 
database searches using formulas provided by the National Research Council’s guidelines. 


25.2.1.2 Likelihood Ratio 
‘The likelihood ratio (LR) method is an alternative for evaluating the strength of a match. The 
‘method allows the calculation of the probability of the DNA profile under two hypothesis: 
Hypothesis 1 (H,) ~The evidence and suspect profiles originated from the same source. 
Hypothesis 2 (H,) —The evidence and suspect profiles did not originate from the same 
source (ie, the suspect happens to have the same profile as that of the individual who 
left the evidence) 
‘The LR is the probability of hypothesis H, divided by the probability of hypothesis H,, Where 
Pr, isthe probability under hypothesis H,, and Pr, is the probability under hypothesis H., this 
can be expressed as: 


Pa 
Pre 


LR= (259) 


‘The greater the numerator (Pr), the greater the likelihood ratio becomes. The result favors hypoth- 
esis H, (the evidence and suspect profile originated from the same source). Pr, is equal to 1 (100%) 
‘when a match occurs, and Pr, is equal to the profile probability. A LR of 1000 indicates that the evi- 
dence is 1000 times as probable if the evidence and suspect profiles originated from the same source. 


25.2.2 Haplotypes 
‘The term haplotype was first used to describe very closely linked polymorphic loci. During meio- 
sis, alleles at neighboring loci cosegregate (both alleles segregate as a single allele) because of the 
close linkage ofloci. The term also applies to genetic regions within which recombination events 
are very rate, that is, within mitochondrial and Y-chromosomal DNA. The entire mitochondrial 
DNA (mtDNA) sequence can be considered to be a single lacus or haplotype because of the 
absence of recombination, Likewise, ¥ chromosome loci can also be considered haplotypes. 
Where recombination is very rare, certain allelic combinations occur in populations much 
‘more frequently than would be expected. This phenomenon is called linkage disequilibrium. As 
4 result, the HW principle cannot be applied. The two methods for evaluating the strength of 
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25.2 Statistical Analysis of DNA Profiling Results 


Table 25.6 aE of Profile Probability of STR with 13 CODIS Loci and 
Factor ( 


al Locus Genotype 
Locus Frequency" Frequency 


csFiPO 0.25369 /94(1-e)p]fas (1-a)q a.168 
12 022512 Toy 2a) 

381358 14 0.14039 2794/1 -@)p] a+(1-a)4 0.0734 
18 0.24631 Taj 2a) 

DSS818 «11041026 F941 -0)p] (30+ (1-0) 0.180 
u 0.41026 (i+ a)(T+ 28) 

D7S820 10 0.29064 794 (1-0)p][0(1-0)q o.121 
1 0.20197 Toy 20) 

881179 13 0.33929 1994 (1-6)p][a0+(1-0)p} 0.126 
13 033929 Toya) 

D138317 | 11. 031888 1994 (1_)p])30-+(1-0)p a3 
11 oaless T+ oy(+20) 

D16S539 11 0.27228 974 (1 6)p]f0+(1-0)g 0.187 
12 oaa911 Taya zay 

DIGS. «15 0.12755 ar 4(1-a)p]fa+(1-a)q 0.012 
19 0.03571 Taj 2a 

D2Isi1 30 0.23214 (294 (1-6)p][a0-+(1-0)p} 0.0630 
30 0.23214 Toy 20) 

FGA 23 0.15816 2]04(1-0)p}{0+(1-0)q 0.0473 
24 0.13776 Tj 20) 

THO 8 012562 ara4(1-6)p]fa+(1-a)a 0.0815 
93 0.30542 Toy =2ay 

Pax 8 054433 [294 (1-0)p][a0+(1-9)p 0.209 
0.54433 T+ ay(=2a) 

wa 17 026276 2y04(1-a)p]]a+(1-0)q 0.120 
18 0.22194 Tal 2ay 


Profile 
probability=7.8%10"* 


* See Table 23.1 
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a match between haplotypes are (1) mitotype frequency and (2) likelihood ratios, The current 
‘most common approach for interpreting mtDNA profiles is mitotype frequency carried out with 
the gene counting method, that is, the calculation of the number of occurrences of a particular 
sequence or haplotype. The interpretation of Y chromosome profiles is similar to the interpre- 
tation of mtDNA profiles, The estimation of the frequency of a mitotype can he calculated as 
shown below. 


25.2.2.1 Mitotypes Observed in Database 
Ifa mitotype is observed at least once in.a database, Equation 25.10 can be used. P, is the mito- 
type frequency, xis the number of observations ofthe haplotype, and mis the sizeof the database 
(the number of mitatype entries): 


Pog eS (25.10) 


Any sampling error may be addressed by a confidence interval: 


Fal 


Poy £1.96, (25.1) 


In this case, P,, is the mitotype frequency, and 1 is the size of the database. The conservative 
upper bound of the frequency is usually quoted. 


25.2.2.2 Mitotype Not Observed in Database 
Ifa mitotype has not been observed in a database, Equation 25.12 can be used to calculate the 
iitotype frequency; « is 0,05 for a 954 confidence interval and nis the size of the database. 


Poy = 1 (25:12) 
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Quality Assurance and Quality Control 


Quatity assurance (QA) for forensic services requires certain processes to ensure that a service 
will meet laboratory requirements for the integrity of testing. A QA program must include com- 
ponents that address: 
,) Continuing education, training, and certification of personnel 
Specification and calibration of equipment and reagents 
J) Documentation and validation of analytic methods 
i) Use of appropriate standards and controls, 
jy Sample handling procedures 
Bh Proficiency testing 
i) Data interpretation and reporting 
i) Audits (internal and external) and laboratory accreditation 
},) Corrective actions to address deficiencies and assessments for laboratory competence 
Over the years, many guidelines for quality assurance in forensic DNA laboratories have 
been established. These guidelines will be introduced in this chapter. 
Quality control (QC) for forensic services refers to the operational procedures necessary to 
‘meet quality requirements. QC procedures may include maintenance of calibration records for 


equipment and instruments as well as the testing of chemical reagents and supplies used in 
analysis to ensure reliable results 


26.1 US Quality Standards 

DNA profiling methods were first used in criminal investigations in the 1980s, By the early 
1990s, emerging forensic DNA techniques had undergone detailed reviews by the National 
Research Council (NRC) of the National Academy of Sciences, In 1992, the first published NRC 
report included recommendations in the areas of (1) technical considerations, (2) statistical 
interpretation, (3) laboratory standards, (4) data banks and privacy, (5) legal considerations, 
and (6) societal and ethical issues related to forensic DNA testing. The NRC report attempted 
to explain the basic scientific principles of forensic DNA technology and made suggestions for 
applications and improvements. However, the report received negative criticism from both the 
forensic and the legal communities. 
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In 1996, a second NRC committee was formed "to update and clarify discussion of the prin- 
ciples of population genetics and statistics as they apply to DNA evidence.” Its report stated: 


‘The central question that the report addresses is this: What information can a forensic scientist, 
population geneticist, or statistician provide to assist a judge or jury in drawing inferences from the 
finding of a match? To answer this question, the committee reviewed the scientific literature and the 
legal cases and commentaries on DNA profiling, and it investigated the criticisms that have been 
voiced about population data, statistics, and laboratory error. Much has been learned since the last 
‘report. The technology for DNA profiling as well ak the methods for estimating frequencies and 
‘elated statistics have progressed to the point where the reliability and validity of properly collected 
and analyzed DNA data should not he in doubt, The new recommendations presented here should 
pave the way to more effective use of DNA evidence. (The Evaluation of Forensic DNA Evidence also 
[known as the NRC IL report) 


‘The NRC II report consisted of (1) an introduction describing the 1992 report, changes made 
subsequent to that report, and the validity and application of DNA typing techniques; (2) assur- 
ance of high standards of laboratory performance; (3) population genetics issues; (A) statistical 
issues; and (5) DNA evidence in the legal system. 

In 1995, The DNA Advisory Board (DAB) was formed as a result of the DNA Identification Act 
(1994) passed by Congress. The DAB served from 1995 to 2000 to develop guidelines for quality 
assurance in forensic laboratories. During that time, the DAB provided two sets of guidelines: 
‘Quality Assurance Standards for Forensic DNA Testing Laboratories (1998) and Quality Assurance 
Standards for Convicted Offender DNA Databasing Laboratories (1999). These standards describe 
the requirements to ensure quality and integrity ofthe data as well as competency of laboratories. 

‘These standards were built on the previous standards set by the Scientific Working Group on 
DNA Analysis Methods (SWGDAM). After the DAB’s assignment ended in 2000, the SWGDAM 
became responsible for providing guidelines to the US forensic community. The SWGDAM was 
established in 1988 by the FBI Laboratory. It was initially called the Technical Working Group 
‘onDNA Analysis Methods; the name changed in 1998. The SWGDAM comprises forensic scien- 
tists from DNA laboratories in the United States and Canada. Its purpose isto facilitate forensic 
DNA community discussions regarding necessary laboratory methods and to share protocols 
for forensic DNA testing. The FBI sponsors and hosts its meetings and plays an important role 
in ts activities. 

‘The SWGDAM established and revised several guidelines including the Guidelines for a 
Quality Assurance Program for DNA Analysis, published in 1989, 1991, and 1995 (the vali- 
dation section was revised in 2003); Quality Assurance Standards for Forensic DNA Testing 
Laboratories (2011); Quality Assurance Standards for DNA Databasing Laboratories (2011); 
Validation Guidelines for DNA Analysis Methods (2012); and SWGDAM Training Guidelines, 
published in 2001 and revised in 2013, 

‘The SWGDAM also formed subcommittees to provide guidelines in more specific areas of 
forensic DNA testing, for example, SWGDAM's Interpretation Guidelines for Autosomal STR 
‘Typing by Forensic DNA Testing Laboratories (2010), Y-chromosome Short Tandem Repeat 
(¥-STR) Interpretation Guidelines (2009), and Interpretation Guidelines for Mitochondrial 
DNA Analysis by Forensic DNA Testing Laboratories (2013). The SWGDAM also organized a 
‘number of interlaboratory and validation studies for new techniques. 


26.2 International Quality Standards 

In the early stages of forensic DNA testing, the International Society for Forensic Genetics (ISFG) 
recognized the potential of DNA testing for criminal investigations and made a number of rec- 
‘ommendations related to the forensic application of DNA polymorphisms. 
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26.4 Laboratory Validation 


‘The ISFG provided various recommendations for forensic DNA testing of STR, mtDNA, and 
Y chromosome markers for the international community. It formed a working group called 
the European DNA Profiling Group (EDNAP) in 1991, The EDNAP has investigated systems 
for DNA profiling, has organized a number of collaborative exercises for the evaluation of new 
methods, and has published reports of its studies. 

“The European Network of Forensic Science Institutes (ENFS1) formed its DNA working group 
about a decade ago to address issues of quality and standards for forensic DNA testing. The 
Interpol European Working Party on DNA Profiling (IEWPDP) also makes recommendations for 
applying DNA evidence to criminal investigations in Europe. Based on the EDNAP exercises 
and recommendations by the ENFSI and IEWPDP, the European Standard Set (ESS) for auto- 
somal STR core loci was established. The Standardization of DNA Profiling Techniques in the 
European Union (STADNAP) group has been working on the selection of forensic DNA profil- 
ing systems, methods for use among European countries, and the maintenance of European 
population databases, 


26.3 Laboratory Accreditation 

‘Accreditation is the process used to assess the qualification of a laboratory to meet established 
standards. During an accreditation process, the services and performance of a laboratory are 
evaluated, particularly in the areas of management, operations, personnel, procedures, equip- 
‘ment, physical plants, security, and personnel safety procedures. The accreditation process 
generally involves several components such as self-evaluation, the preparation of supporting. 
documents, on-site inspection and reports, and accreditation review reports. 

‘Accreditation in the United States is offered by the Laboratory Accreditation Board of the 
American Society of Crime Laboratory Directors (ASCLD/LAB) for forensic laboratories per- 
forming casework. The American Association of Blood Banks (ABB) provides accreditation for 
laboratories performing DNA parentage testing according to the ABB's standards. 

‘The accreditation of a forensic laboratory is granted for 5 years. To remain in compliance, a 
laboratory must undergo audits to evaluate its operation according to established guidelines. The 
FBIhas published the Quality Assurance Standards Audit for Forensic DNA Testing Laboratories 
(2011) and the Quality Assurance Standards Audit for DNA Databasing Laboratories (2011). The 
areas of operating protocols, instruments and equipment, and personnel training are evalu- 
ated based on guidelines, Problems identified during an audit must be documented and actions 
to resolve the problems must be addressed. Annual internal audits and external audits during 
alternate years are required under the guidelines, 


26.4 Laboratory Validation 

‘Validation is the process of confirming that a laboratory procedure is sufficiently robust, reli 
able, and reproducible. A robust method maintains successful performance and can cope with 
errors. A reliable method produces accurate results. A reproducible method achieves the same 
or very similar results each time a sample is tested. 

‘Two types of laboratory validations, developmental and internal validations, are used for 
‘modifying methods for forensic DNA analysis. An internal validation is required when adopting 
a procedure for forensic applications. Based on the SWGDAM's Validation Guidelines for DNA 
Analysis Methods, the internal validation is “an accumulation of test data within the laboratory 
to demonstrate that established methods and procedures perform as expected in the laboratory.” 
‘The developmental validation “is the acquisition of test data and determination of conditions 
and limitations of a new or novel DNA methodology for use on forensic, database, known or 
casework reference samples.” For example, the characterization of anew genetic marker requires 
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studies in the inheritance, the genomic location, the detection method, and the polymorphism 
of the genetic marker. However, developmental validation studies in the same subject but from 
fields other than forensic DNA analysis may be acceptable for forensic applications. 

‘Additionally, the precision and the accuracy of the test are important criteria for develop- 
‘mental validation, Based on the SWGDAM, precision “characterizes the degree of mutual agree- 
‘ment among a series of individual measurements, values and/or results. Precision depends only 
‘on the distribution of random errors and does not relate to the true value or specified value.” The 
‘measure of precision can be expressed as a standard deviation of test results, Accuracy is referred 
toas “theability of a measuring instrument to give responses close toa true value,” which can be 
assessed by a performance check, a quality assurance procedure monitoring the performance of 
instruments and equipment affecting the accuracy of forensic DNA testing, 


26.5 Proficiency Testing 
Proficiency testing is an important component of quality control and quality assurance. It 
evaluates a laboratory's performance of DNA analyses according to the laboratory's standard 
protocols. Proficiency testing also evaluates the quality of performance by individual analysts 
following laboratory protocols. 

Proficiency tests of DNA analysts must be conducted every 6 months based on DNA Advisory 
Board Standards. The testing usually involves mack forensic case samples including questioned 
bodily fluid stains and reference samples. The test is assigned to an analyst for processing 
according to the laboratory procedures. A report must be prepared and is then reviewed. The 
proficiency test can be administered as either an open or a blind test In the blind test, the ana- 
Ist isnot aware that he or she is being tested. Blind testing is considered a more effective means 
of evaluating performance. 

‘The tests may be administered internally or by any of a number of external testing organi- 
zations. For example, Orchid Cellmark provides the International Quality Assessment Scheme 
(IQAS) DNA proficiency test, and the Collaborative Testing Services (CTS) Forensics Testing 
Program offers similar proficiency tests. These proficiency tests may include a selection of sam 
ple types (neat or mixture) for serological tests and/or DNA analysis (autosomal STR, Y-STR, 
and mitochondrial DNA). The College of American Pathologists (CAP) has a paternity testing 
proficiency program offering external proficiency tests. In Europe, the German DNA Profiling 
Group (GEDNAP) provides proficiency testing for participating European laboratories. 


26.6 Certification 

Certification is a voluntary process that recognizes the attainment of professional qualifications 
needed for practice in forensic services. Certification is not required, but is desired by some 
laboratories. In 2009, a report entitled Strengthening Forensic Science in the United States: A 
Path Forward was published by the Committee on Identifying the Needs of the Forensic Science 
‘Community at the National Academy of Sciences, ‘The report recommends that certification 
should be mandatory for forensic science professionals, which includes written examinations, 
supervised practice, proficiency testing, and compliance to a code of ethics (Section 26.8). In the 
United States, the American Board of Criminalistics (ABC) offers three types of certification for 
forensic scientists. A diplomate must passa general knowledge examination. ABC also requires 
a bachelor’s degree in a natural science and 2 years of experience in a forensic laboratory. To 
obtain fellow status (higher than diplomate status), an applicant must have 2 years of experience 
in his or her specialty and must have met the diplomate requirements in addition to passing a 
‘written specialty examination and a proficiency test. 
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ABC has added a third certification that is completely separate from the other certification 
programs, The technical specialist certification for molecular biology was created to recognize 
the qualifications required for the analysis of biological materials through DNA profiling. An 
applicant must take a specialist examination containing questions from the general knowledge 
‘examination and a subset of questions from the forensic biology fellow examination, This cer- 
tification also requires a bachelor’s degree in a natural science and 2 years of experience along 
‘with successful completion ofa proficiency examination within 12 months of taking the techni- 
cal specialist certification examination. 


26.7 Forensic DNA Analyst Qualifications 

DAB's Quality Assurance Standards for Forensic DNA Testing Laboratories require that an 
‘examiner or analyst have “at a minimum a BA/BS degree or its equivalent degree in a biology, 
chemistry or forensic science-related area and must have successfully completed college course 
‘work (graduate or undergraduate level) covering the subject areas of biochemistry, genetics and 
‘molecular biology,” as well as “course work and/or training in statistics and population genetics 
as it applies to forensic DNA analysis.” 

‘Additionally, SWGDAM Training Guidelines discuss the course work requirements in detail 
At least nine cumulative semester hours are required for the course work covering the required 
subject areas, Particularly, the section in Fundamental Scientific Knowledge of the SWGDAM 
‘Training Guidelines defines required key elements to be covered in course work. The key ele- 
‘ments also aid in evaluating the contents of the course work. 

Biochemistry “refers tothe nature of biologically important molecules in living systems, DNA 
replication and protein synthesis, and the quantitative and qualitative aspects of cellular metab- 
olism,” and may include but is not limited to: 


Structure and function of cellular components such as proteins, carbohydrates, lipids, 
‘nucleic acids, and other biomolecules 


Chemistry of enzyme-catalyzed reactions 
& Metabolism 

 DNAand RNA 

Protein synthesis 

§ Cell membrane transport 

B, Signal transduction 


Genetics “refers to the study of inherited traits, genotype/phenotype relationships, and popula- 
tion/species differences in allele and genotype frequencies” and may include but isnot limited to 


Heredity 
%) Function of genes 
4, Gene expression 
i Recombinant DNA 
i Mitosis/meiosis 


Molecular biology “covers theories, methods, and techniques used in the study and analysis of 
‘gene structure, organization, and function,” and may include, but is not limited to: 


,, Interrelationship of DNA, RNA, and protein synthesis 
4, Central dogma 
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rotational encoder 


Theterm rotationalencoder used to be reserved for high-quality components, often using 
optical methods to measure rotation with precision (more than 100 intervals in 360 de- 
grees). Cheaper, simpler, electromechanical devices were properly referred to as contro! 
shaftencoders. However, the term rotational encoderis now applied to almost any device 
capable of converting rotational position to a digital output via opening and closing 
internal mechanical contacts; this is the sense in which the term is used here. It is some- 
times distinguished from other types of encoder with the tetm mechanical rotary en- 
coder. Magnetic and optical rotary encoders do not contain mechanical switches, are 
classified as sensors by this encyclopedia, and will appear in Volume 3. They are found in 


¢ 


a device such as an optical mouse. 
OTHER RELATED COMPONENTS 


«+ rotary switeh (See Chapter 7) 


What It Does 


A rotational encoder has a knob that a user can 
turn to display a series of prompts on an LCD 
screen, of to adjust the input or output on a 
product such as a stereo receiver. The compo- 
nent is almost always connected to inputs on a 
microcontroller and is usually fitted with de- 
tents that provide tactile feedback suggesting 
many closely spaced positions. The encoder 
often allows the user ta make a selection by 
pushing the knob in, which closes an internal 
momentary switch. Thus, this type of encoder 
functions as a pushbutton as well as a switch, 


A rotational encoder is an incremental ot rela- 
tive device, meaning that it merely creates and 
breaks internal switch connections when rota- 
tion occurs, without providing a unique code to 
identify each absolute rotational position. An 
absolute encoder is discussed in the rotary 
switch entry of this encyclopedia, 


No schematic symbol exists to represent a rota- 
tional encoder. 


How It Works 


Anencader contains two pairs of contacts, which 
open and close out of phase with each other 
when the shaft rotates. In a clockwise direction, 
the A pair of contacts may be activated momen- 
tarily before the B pair;ina counter-clockwise di- 
rection, the B pair may be activated before the A 
pair. (Some encoders reverse this phase differ- 
ence) Thus if one contact from each pair is con- 
nected with two inputs of an appropriately pro- 
grammed microcontroller, and if the other con- 
tact of each pair is connected with negative 
ground, the microcontroller can deduce which 
way the knob is turning by sensing which pair of. 
contacts closes first. The microcontroller can 
then count the number of pulses from the con- 
tacts and interpret this to adjust an output or 
update a display. 
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i) Transcription, translation, replication 
% Recombinant DNA techniques 

B PCR 

Cloning 


‘Course work thatis similar in contentand scope to those described above may be qualified as 
required course work. Compliance with the required course contents can be evaluated through 
transcripts, syllabi and letters from the instructors. 

DAB's Quality Assurance Standards for Forensic DNA Testing Laboratories also describes 
requirements for an analyst to meet prior to initiating independent casework analysis using 
DNA technology. First, an analyst must have a least 6 months of forensic DNA laboratory expe- 
rience “including the successful analysis ofa range of samples typically encountered in forensic 
casework.” Second, an analyst must have “successfully completed a qualifying test before begin- 
zing independent casework responsibilities.” 


26.8 Code of Ethics of Forensic Scientists 

Ethical codes for forensic scientists are used as guides for individuals making their decisions 
in distinguishing the difference between correctness and incorrectness. These codes are usu- 
ally adopted by forensic organizations to regulate the profession. Failure to comply with a code 
of forensic practice can raise doubt in an individual's fitness for providing forensic services. 
‘Additionally, it may result in the expulsion of an individual from a forensic organization. 
‘A typical document of ethical codes for forensic scientists generally contains five sections: (1) 
ethics relating to the scientific method, (2) ethics relating to opinions and conclusions, (3) ethi- 
cal aspects of court presentation, (4) ethics relating to the general practice of forensics, and (5) 
ethical responsibilities to the profession. 

For the first section, the ethical application of scientific methods is discussed in detail. True 
scientific methods should be utilized to adequately analyse all the evidence. Such analyses 
should not be conducted by secret processes. Conclusions should be drawn from the analyses of 
evidence that appears representative, typical, or reliable. 

Moreover, ethical standards relating to opinions and conclusions are very important to the 
forensic profession. Conclusions should always be drawn from the application of proven scien- 
tific methods. The purpose of experimental design and the interpretation of results is to reveal 
facts. During an analysis, experimental controls should always be utilized. If necessary, the 
results of analyses should be verified by repeating the analysis or using additional techniques. 
Explanations should be provided where inconclusive results are obtained. The opinion provided 
bya forensic scientist should be unbiased and should not be influenced by matters unrelated to 
the specific evidence in question. A forensic scientist should not choose the interpretation that 
is in favor of the side of his or her employer. 

Pertaining to the courtroom, ethical standards relating to expert witness testimonies is a cru- 
cial component for a forensic scientist. An expert opinion is defined asa formal consideration of 
a subject within an individual’s knowledge, skill, education, training, and experience. A forensic 
scientist should not extend an opinion beyond his or her competence. Appropriate terms should 
be used to represent the degrees of certainty of an expert opinion, A forensic scientist should 
rot only present the evidence that supports the view of the side of his or her employer. When 
testifying as an expert witness, language that can be understood by lay jurors should be used to 
avoid misinterpretation 

Furthermore, in terms of the general practice of forensic science, a few things should be men- 
tioned here. A forensic scientist in private practice should set a reasonable fee for the services 
provided, which should not be rendered on a contingency fee basis. When a different opinion 
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is presented by another analyst in the reexamination of evidence, both analysts should resolve 
their contradiction before the tral. A forensic scientist may serve, inan advisory capacity, ether 
the prosecutor or defense in the cross-examination of another expert 

Lastly, ethical responsibilities to the profession are an important component of ethical 
codes. Information regarding new developments or techniques of forensic analysis should 
‘be made available to other forensic scientists. Likewise, any information regarding methods 
in use that may appear unreliable should be brought to the attention of others. Individual 
forensic scientists should not seek publicity for the association of their name with specific 
cases, developments, publications, or organizations solely for the purpose of gaining per- 
sonal pre 
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Variants 


Asimplified schematicisshownin Figure 8-1.The 
two buttons inside the dashed line represent the 
two pairs of contacts inside the encoder, while 
the chip is a microcontroller. The knob and shaft 
thatactivate the internal switches atenotshown. 
The schematic assumes that when a contact 
closes, it pulls the chip input to a low state. A 
pullup resistors added to each input of the chip 
to prevent the pins from “floating” when either 
pair of contacts is open. 


Figure 8-L Simplified schematic showing the typical set 
up for a rotational encoder. The pushbuttons inside the 
ached line represent the contacts inside the encoder. 
The chip és a microcontroller. 


Figure8-2 gives aconceptual view of the outputs 
of an encoder that is turned clockwise (top) and 
then counter-clockwise (bottom). Some encod- 
ers may reverse this phase sequence. Red and 
black colors have been assigned to the pin states 
on the assumption that the terminals that are 
common to both pairs of contacts are connected 
with negative ground. Thus a “high’ pulse in the 
graphical representation actually indicates that 
the encoder is grounding its output. 


Microcontrollers have become so ubiquitous, 
and rotational encoders are so cheap, they have 
displaced rotary switches in many applications 
wherea low currentis being switched, The com- 


power > connection > rotational encoder 
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Figure 8-2. Hypothetical outputs from a rotational en 
coder, assuming that the comman terminals of the can- 
fact pairs are connected to negative ground. A high pulse 
In the graphical representation therefore indicates that 
the contact paris grounded. The number of detents rela- 
tive to the number of pulses per rotation varies from one 
type of encoder to another. 


bination ofa rotational encoder and a microcon- 
trolleris very versatile, allowing display and con- 
trolofan almost unlimited number of menusand 
options, 


Variants 


There are two types of rotational encoders con- 
taining mechanical contacts: absolute and rela- 
tive. An absolute encoder generates a code cor- 
responding with each specific rotational posi- 
tion. The code is usually a binary output among 
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four or more pins. Itis discussed under mechan- 
icalencoder in the rotary switch section of this 
encyclopedia. The variants listed here are all rel- 
ative encoders. 


Pulses and Detents 

Rotational encoders from different manufactur- 
ets may have as few as 4 or as many as 24 pulses 
per rotation (PPR), with 12 to 36 detents (or no 
detents at all, in a few models) The relationship 
between pulses and detents shown in Figure 8-2 
is typical but is far from being universal. The 
number of detents may be equal to, greater than, 
or less than the number of pulses per rotation. 


Format 

Rotational encoders are generally panel- 
mounted or through-hole devices. In the latter 
category, most are horizontally mounted, with a 
minority being at 90 degrees to the board. 


Output 
In an encoder containing two switches, four 
switch-state combinations are possible: OFF- 
‘OFF, ON-OFF, OFF-ON, and ON-ON. Thisis known 
as a quadrature output. All of the rotational en- 
coders discussed here conform with that system. 


Rotational Resistance 

Rotational encoders vary widely in the resistance 
that they offer when the user turns the knob, This 
is largely a function of the detents, if they are in- 
cluded. Still, all rotational encoders generally of- 
fer less rotational resistance than a rotary switch, 
and do not have the kind of heavy-duty knobs 
thatare typically used with rotary switches. Since 
an encoder creates only a stream of pulses 
without any absolute positional information, a 
knob with any kind of pointer on itis inappro- 
priate. 


Values 
Virtually all rotational encoders are designed to 


work with a low-voltage supply, 12VDC or less. 
Allof them are intended for low currents, reflect- 


Value: 


ing their purpose to drive microcontroller inputs. 
‘Some sample rotational encodersare pictured in 
Figure 8-3. Atrear:nine pulses per rotation (PPR), 
36 detents, 10mA at 10VDC. Far left: 20PPR, 20 
detents, with switch. Farright: 24PPR, no detents, 
‘mA at SVDC. Center (blue): 16PPR, no detents, 
‘mA at SVDC. Front: 12PPR, 24 detents, IMA at 
1OVDC, requires Allen wrench or similar hexag- 
onal shaft to engage with the rotor, 


Figure 8-3. Rotational encoders with a variety of specii- 
cations. See text for details. 


Contact Bounce 

‘Any mechanical switch will suffer some degree 
of contact bounce when its contacts close. Data- 
sheets for rotational encoders may include a 
specification for bounce duration ranging from 
around 2ms to Sms, which is sometimes known 
as the settling time, Naturally, a lower value is 
preferred. The microcontroller that interprets the 
positional information from the encoder can in- 
clude a debouncing routine that simply diste- 
gards any signals during the bounce period fol- 
lowing switch closure, 
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How to Use it 


Sliding Noise 

Sliding noise is the opposite of contact bounce. 
When two contacts have madea connection and 
then rub across each other (as occurs insidea ro- 
tational encoder whilethe knob is being turned), 
the connection may suffer momentary lapses. 
Datasheets for rotational encoders generally do 
not supply ratings for this. 


How to Use it 


Asnoted above, a rotational encoder can only be 
used in conjunction with a microcontroller or 
similar device that is capable of interpreting the 
phase difference between the pairs of contacts, 
and is capable of counting the number of open- 
ing/closing events while the knob is being 
turned, (Some dedicated chips are designed for 
this specific purpose) 


Itcan be adapted to be driven by a stepper mo- 
tor, to provide feedback regarding the rotation 
of the motor shaft, and its output can also be in- 
terpreted to calculate angular acceleration, 


Programming the microcontroller is the most 
significant obstacle. Generally the program 
should follow a sequence suggested by this 
pseudocode: 


Check: 
+ Ifthe encoder contains. pushbutton switch, 


check it. Ifthe pushbutton is being pressed, 
go to an appropriate subroutine, 


+ The status of contacts A. 
+ The status of contacts B. 
Compare their status with previously saved 


states for A and 8. Ifthe status has not changed, 
repeat from Check. 


Debounce: 


+ Recheck the contacts status rapidly and re- 
peatedly for Sms, and count the states for 


> rotational e 


power > connection neoder 


contacts A and B. (The 50ms duration may 
be adjusted for different encoders, as an en- 
coder with a higher number of pulses per 
rotation will tend to create shorter pulses.) 

+ Comparethetotal numberof changed states 
with unchanged states, 


If the changed states are in a small minority, 
probably the signal was erroneous, caused by 
bounce or sliding noise. Go back to Check and 
start over. 


Interpret: 
+ Deduce the rotational direction from these 
four possibilities 
— Contacts A were open and have closed. 
— Contacts Awere closed and have opened. 
— Contacts B were open and have closed, 


— Contacts B were closed and have opened. 
(The specific type of encoder will deter- 
mine how these transitions are interpret- 
ed) 

+ Revise the variable storing the direction of 

rotation if necessary. 

+ Depending on the direction of rotation, i 
crementor decrementa variable that counts 
pulses. 

+ Take action that is appropriate to the direc- 
tion of rotation and the cumulative number 
of pulses. 

+ Go back to Check again 


What Can Go Wrong 


Switch Bounce 

In addition to a debouncing algorithm in the mi- 
crocontroller, a 0.1JF bypass capacitor can be 
Used with each of the output terminals from the 
encoder, to help reduce the problem of switch 
bounce, 
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Partl 


Vascular Procedures 


Arterial Cannulation (Radial 


and Femoral) 


Jeffrey Kile, Katrina John, and Amish Aghera 


‘Arterial cannulation is frequently performed in the care of 
critically ill pationts for purposes of both serial arterial blood 
gas sampling and continuous intra-arterial blood pressure 
monitoring, It also provides arterial access for less common 
procedures, including thrombolysis, embolization, angiogra- 
phy, and infusion of vasoactive drugs. This chapter discusses 
‘cannulation of the radial and femoral arteries—the two most 
common sites for indwelling arterial catheter placement, 


1.1 Indications 

+ Continuous monitoring of blood pressure in acute illness 
‘or major surgery 

+ Serial sampling of arterial blood during resuscitation 

+ Inability to use noninvasive blood pressure monitoring 
(e.g., burns, morbid obesity) 

+ Continuous infusion of vasoactive inotropes (e.g., phen- 
tolamine for reversal of local anesthesia) 

+ Angiography 

+ Embolization 


1.2 Contraindications 

+ Absolute 
= Circulatory compromise in the extremity 
— Third-degree burns of the extremity 
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— Raynaud’s syndrome 
— Thromboangiitis obliterans (Buerger's disease) 
+ Relative 
— Recent surgery in the extremity 
— Local skin infection 
= Abnormal coagulation 
— Insufficient collateral circulation 
— First- or second-degree burns of the extremity 
— Arteriosclerasis, 


1.3. Materials and Medications 
‘+ Radial artery cannulation: standard over-the-needle cath- 
eter assembly (Fig. 1.1) 
— Antimicrobial solution and swabs 
= Sterile gloves 
= Local — anesthetic 
epinephrine) 
~ Blunt needle 
— 25- or 27-gauge needle 
= Two 5 mL syringes 
= 4" x4" gauze sponges 
— Standard over-the-needle catheter assembly 
+ Additional materials required for radial artery cannula- 
tion: over-the-needle catheter assembly with integrated 
guide wire 
= Over-the-needle catheter assembly with integrated 
guide wire 
+ Additional materials required for femoral artery cannula- 
tion: The Seldinger Technique 
— Introducer needle 
= Guide wire 
= Scalpel 
= Dilator 
= Arterial catheter 


(1-2 % lidocaine without 
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Procedure: Radial Artery 
Cannulation—Standard Over-the-Needle 
Catheter Assembly 


Ensure adequate collateral flow in the selected extremity 

using the Allen test (see details below). 

Immobilize the extremity by dorsiflexing the wrist to 

approximately 60° over a small towel roll and taping the 

base of the fingers to an arm board or other fla, fixed 

surface (Fig. 1.2), 

+ Rotation of the wrist may shift the artery from its nor- 
mal anatomical position, complicating cannulation. 
Locate vessel by palpation of arterial pulse using the 
second and third fingers of the gloved nondominant 

hand, 

Sterilize overlying skin with antimicrobial solution. 

Inject local anesthetic to raise a small (0.5 em) wheal 

using 25- or 27-gauge needle, and direct needle through 

wheal to infiltrate skin superficial to the artery with 
additional local anesthetic. 

+ Infiltration of the subcutaneous tissue with local 
‘anesthetic may also reduce vessel spasm during arte- 
tial puncture, 

+ Injection of local anesthetic into the vessel may pre- 
cipitate amhythmia, so draw back on the plunger 
prior to infiltration to ensure the tip of the needle is 
not inside the vessel. 

+ Injection of excessive anesthetic when raising a 
‘wheal may obscure palpation of the pulse. 

Ensure proper function of needle-cannula assembly by 

checking that cannula advances smoothly over needle. 

Connect a 5 mL syringe with the plunger removed to the 

over-the-needle catheter assembly. 

+ Attachment of syringe improves control during 
cannulation, 

Hold syringe connected to needle-cannula assembly like 
a pen with needle bevel facing upward. 
Directing the needle at a 30° angle to the skin, puncture 
the skin through the anesthetic wheal immediately over- 
lying the palpated artery, and advance needle slowly 
until tip enters arterial lumen, which is confirmed by vis~ 
ible arterial blood flow (“flashback”) into the needle hub 
and syringe, 

+ Avoid self:puncture by maintaining adequate di 
tance between needle tip and index finger (Fig. 1.3) 


10. Reduce the angle between needle and skin (by lowering 
the needle) and advance an additional 2 mm to ensure 
catheter tip (Which sits approximately 2 mm behind the 
needle tip) has entered the lumen 
+ Advancing the needle too far (or failing to reduce 

angle between needle and skin) once initial flashback 
is visualized may result in piercing the back side (or 
“double puncture”) of the artery wall, in which case 
Visible blood flow will cease; if this occurs, slowly 
withdraw needle several millimeters until pulsatile 
blood flow reappears. 

11. Stabilize position of introducer needle and advance 
catheter alone into artery over needle until hub of cath- 
eter is in contact with the skin; blood flow from catheter 
hub at this point indicates successful cannulation of the 
antery 
+ If difficulty is encountered at this step, catheter hub 

may be rotated slightly to facilitate advancement 

12. Remove the needle without dislodging catheter from 

artery 

Manually apply pressure to proximal aspect of artery to 

occlude blood flow from the catheter. 

Attach desired extension tubing, injection cap, and stop- 

cock to the catheter hub, 

Secure the catheter hub to the skin using silk (2.0) or 

nylon (4.0) sutures as follows. Take a 0.5 cm bite of skin 

under the catheter hub with the suture needle, tie several 

knots in the suture without pinching the skin, then tie a 

second set of knots around the hub of the eatheter firmly. 

If the catheter assembly contains an integrated suture 

wing for fixation, take a 0.5 em bite of skin under suture 

wing with the suture needle, thread suture through wing, 
perforation, and secure wing against the skin with 
several knots. If suture wing has two perforations, repeat 

this process to secure other half of wing to skin (Fig. 1.4). 

Cover the catheter with an appropriate self-adhesive 

sterile dressing 

+ A small bead of antibiotic ointment applied to the 

puncture site prior to dressing reduces the likelihood 
of cutaneous wound infection 

Secure the tubing connected to the catheter with gauze 

and adhesive tape or other sterile dressing, 

Ensure all connections extending from catheter are tight 

and well secured, as accidental disconnection may result 

in rapid exsanguination, 
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Fig. 1.2. Correct positon of wrist prior to cannulation 


Fig.1.3. Puncture of radial urtery with standard over-the-needle cath- 
let assembly 


Fig.14 Radial aneral catheter secured to waist 


1.3.2. Procedure: Radial Artery 
Cannulation—Over-the-Needle 
Catheter Assembly with Integrated 
Guide Wire (Arrow and Other Brands) 


Perform steps 1-6 from the “Radial Artery Cannulation: 
Standard Over-the-Needle Catheter Assembly,” above, and 
then proceed with the steps below: 


1, Remoye protective cap from needle-cannula assembly 
and ensure proper function by sliding actuation lever 
along extension tubing to advance and retract guide wire 
through needle. 

2. Retract guide wire as far back as possible using actuation 
lever to maximize visibility arterial blood flow (“flash- 
back") within introducer hub. 


Perform steps 8-10 from the “Radial Artery Cannulation: 
Standard Over-the-Needle Catheter Assembly,” above, and 
then proceed with the steps below (Fig. 1.5) 


1, Hold needle stationery and slowly slide actuating lever 
forward to feed guide wire as far as possible into artery. 

‘+ Ifresistance is met while feeding the guide wire, dis- 
continue sliding actuating lever and withdraw entire 
unit from artery to prevent damage to guide wire or 
vessel wall 

2. Advance entire assembly 1-2 mm further into vessel to 
ensure catheter tip (which sits approximately 2 mm 
behind the needle tip) has entered the lumen, 

3. Stabilize clear introducer hub in position and advance 
catheter forward into artery over guide wire until hub of 
catheter is in contact with the skin, 

+ If difficulty is encountered at this step, catheter hub 
may be rotated slightly to facilitate advancement. 

4, Stabilize catheter in position and withdraw introducer 
needle, guide wire, and feed tube as a single unit; blood 
flow from catheter hub at this point indicates successful 
cannulation of the artery 


Perform steps 13-18 from the “Radial Artery Cannulation: 
Standard Over-the-Needle Catheter Assembly,” above. 


1. Arterial Cannulation (Radial and Femoral) 


Fig. 1.5 Puncture of radial artery using overthe-ncedle catheter 
ssscmbly with integrated guide wire 


1.3.3. Procedure: Radial Artery 


Cannulation—The Allen Test 


Occlude both radial and ulnar arteries of one extremity 

with digital pressure at wrist. 

Instruct patient to repeatedly clench the fist tightly to 

exsanguinate the hand while occlusion of the arteries is 

maintained. 

Without releasing digital pressure on arteries, instruct 

patient to extend fingers and observe palmar surface to 

confirm blanching of skin. 

Release pressure on ulnar artery only and observe palmar 

surface for reperfusion (Fig, 1.6). 

+ Ifreperfusion of the hand does not occur within 5-10 s, 
ulnar arterial blood flow may be compromised and 
radial artery cannulation should not be attempted. If 
reperfusion is brisk, repeat the test releasing pressure on 
radial artery only and observing palmar surface for 
reperfusion, If the return of rubor takes longer than 
5-10 s, radial artery puncture should not be performed. 


8 J. Kile etal 


Fig.1.6 The Allen Test 


1. Arterial Cannulation (Radial and Femoral) 


° 


1.3.4 Procedure: Femoral Artery 
‘Cannulation—The Seldinger Technique 


1, Place the patient in the supine position with the inguinal 
region adequately exposed. 

2. Palpate the femoral pulse, located at midpoint between 
pubic symphysis and anterior superior iliac spine, using the 
second and third fingers of the gloved nondominant hand, 


Perform steps4 and 5 from the “Radial Artery Cannulation: 
Standard Over-the-Needle Catheter Assembly,” above, and 
then proceed with the steps below (Fig. 1.7) 


1. Attach 5 mL syringe to an introducing needle of bore suf- 
ficient to accommodate guide wire. 

2. Hold syringe connected to introducing needle like a pen 
with needle bevel facing upward. 

3, Directing the needle ata 45° angle to the skin in a cephalic 
direction, puncture the skin through the anesthetic wheal 
immediately overlying the palpated artery just distal to 
the inguinal ligament and advance needle slowly toward 
palpated artery until tip enters arterial lumen, which is 
confirmed by visible arterial blood flow (“flashback”) into 
the needle hub and syringe. 

‘+ Avoid self-puncture by maintaining adequate distance 
between needle tip and index finger. 

‘+ Care must be taken to avoid trauma to the femoral 
nerve and vein bordering the femoral artery. 

4, Hold needle stationery and remove syringe, taking care 
not to displace the intraluminal position of the needle tip. 
‘+ Advancing the needle too far once initial flashback is 

visualized may result in piercing the back side (or 
“double puncture") of the artery wall, in which case 
visible blood flow will cease; if this occurs, slowly 
withdraw needle several millimeters until pulsatile 
blood flow reappears. 

5, Occlude needle hub temporarily with gloved finger to pre- 
vent unnecessary blood loss and air embolism, 

6, Thread blunt end of flexible guide wire smoothly into 
needle and gently into artery until at least one-quarter of 
‘guide wire is intravascular (Fig. 1.8). 
‘+ Ifresistance is met while threadin; 

wire from needle, reattach syringe, and aspirate blood, 
to confirm continued intraluminal needle tip place- 
‘ment; if resistance is met while removing guide wire 
from needle, remove guide wire and needle from artery 
‘as a single unit to prevent shearing the guide wire off 
inside the vessel 


ide wire, remove 
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Holding the wire securely in place, remove the introduc~ 

ing needle. 

Using a scalpel, make a small incision (approximately 

the width of the catheter to be used) through the dermis, 

at the insertion site of the guide wire. 

+ Avoid severing the guide wire by facing the sharp 
edge of the scalpel away from the guide wire. 

While stabilizing the guide wire at its insertion site, 

thread the dilator over the free end of the guide wire 

until it is approximately one inch from the skin. 

Grasp the free end of the guide wire protruding from the 

tail end of the dilator. 

+ [fit does not protrude from the tail end of the dilator, 
the guide wire must be removed sufficiently from the 
artery to be securely grasped; it must protrude visi- 
bly from the tail end of the dilator throughout the 
subsequent process of threading the dilator into the 
artery. 

Holding the dilator firmly near its tip, thread the dilator 

over the wire into the skin with a back-and-forth twist- 

ing motion until it reaches the artery. 

+ Only the skin tract should be dilated; dilation of the 
artery may result in excessive arterial injury and/or 
hemorrhage. 

Holding the wire securely in place, remove the dilator. 

While stabilizing the guide wire at its insertion site, 

thread the catheter aver the free end of the guide wire 

until it nears the skin, 

Grasping the guide wire where it protrudes from the tal 

end of the catheter, thread the catheter into the skin to its 

appropriate insertion length, 

While stabilizing the catheter at its insertion site, slowly 

remove the guide wire. 

+ If resistance is met while removing guide wire 
remove guide wire and catheter from artery as a sin- 
‘le unit to prevent shearing the guide wire off inside 
the vessel. 

Secure the catheter to the skin using silk (2.0) or aylon 
(4.0) sutures. Take a 0.5 em bite of skin with the suture 
needle. If the catheter assembly contains integrated 
“wings” for fixation, thread suture through the perfo- 
rated wings and secure catheter against the skin with 
several knots. If no fixation device is included, tie sev- 
eral knots in the suture without pinching the skin, leav~ 
ing both ends of the suture long. Using the loose ends 
of the suture, tie a second set of knots around the hub 
of the catheter, firmly, but without constricting it 
lumen, 
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Fig. 1.7. Anesthetic injection over the femoral artery 


Fig. 1.8. Insertion of guide wire into femoral anery 


Complications 


+ Hemorrhage 
‘+ Hematoma (at puncture site) 

+ Infection (at insertion site or systemic) 

+ Thrombosis 

+ Arteriovenous fistula 

+ Pscudoaneurysm formation 

‘+ Exsanguination (secondary to dislodgement of catheter) 
‘+ Cerebrovascular accident (CVA; secondary to air embolism) 


Pearls and Pitfalls 


‘+ The shorter and stiffer the plastic tubing connected to the 
arterial cannula for blood pressure monitoring, the higher 
its frequency response and the accuracy of measurements. 

‘+ Use of an ultrasound probe can facilitate artery location 
and vessel cannulation. 

+ Puncture of the femoral artery proximal to the inguinal 
ligament, or distal to its bifurcation into superficial femo- 
ral and deep femoral arteries, may cause massive hemor- 
thage due to poor vessel compressibility in these regions; 
the artery should therefore be cannulated just distal to the 
‘inguinal ligament, where it is easily compressible against 
the femoral head if necessary. 

+ If difficulty is encountered when advancing an over-the- 
needle catheter into the artery, attach a 10 mL syringe 
containing $ mL. of sterile normal saline to the catheter 
hhub, aspirate 1 or 2 mL of blood to confirm catheter tip 
placement within the vessel lumen, and then advance the 
catheter while gently injecting the saline-blood mixture; 
the jet of fluid momentarily dilates the lumen, aiding 
advancement of the catheter. 

+ An alternative approach to the over-the-needle catheter 
‘that will not fully advance is the use of a guide wire. After 
intraluminal placement of the cannula tip is confirmed by 
blood return, a guide wire is gently inserted through the 
catheter into the artery. The cannula is then passed along 
the guide wire until fully advanced. The guide wire 
employed must have a blunt, flexible tip to minimize the 
possibility of vessel wall trauma. 

‘+ Two potential consequences of arterial cannulation are 
vessel obstruction secondary to intravascular thrombosis 
‘and hemorrhage (the latter being the most common com- 
plication). Choice of puncture site is therefore essential 
Due in part to their generous collateral blood flow. as well 
as ease of compressibility, the radial and femoral are the 
‘two most commonly cannulated arteries. 

+ Repeated puncture following unsuccessful cannulation 
increases the risk of arterial obstruction secondary to ves- 
sel wall damage and thrombosis. 


1 Arteria Cannulation (Radial and Femoral) 


" 


+ Double puncture ofthe cannulated artery by inadvertent over- 
insertion of the needle has not been shown to increase com- 
plications despite the additional trauma to the vessel walls. 
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Ultrasound-Guided Peripheral 
Intravenous Access 


Coben Thorn and L. Connor Nickels 


2.1 Indications 2.3 Materials and Medications 


+ Difficulty placing peripheral intravenous (PIV) using tra * Ultrasound machine 
ditional methods of direct visualization and palpation +_-High-frequency (5-8 MHZ) linear probe (Fig. 2.1) 


+ Toreduce needle sticks in a hypercoagulable patient + Ulirasound gel 
+ Minimum 1.5-in. needle length 
+ TV setup 

2.2 Contraindications + Skilled operator 


+ Patient needs emergent central venous access 
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2.4 Procedure 
1, Scan the selected area to identify a target vessel for PIV 
cannulation. 

‘+ Basilic (runs on the medial side of upper arm) (Fig. 2.2) 
and cephalic (runs on the lateral side of the upper arm) 
veins are good superficial veins that are generally not 
‘without ultrasound. The deep brachial vein is also 


an option; however, this is a deep vein that runs with 
the brachial artery, and there is higher chance for com. 
plications (Fig. 2.3), 
2. Now the site should be prepared for IV insertion. It should 
be cleaned. An appropriate gauge long needle should be 
selected, and IV setup should be conveniently located for 


when access is obtained, 
3. The ultrasound probe should be placed in the transverse 
plane (Fig. 2.4) to best visualize surrounding structures and 


.Thorn and LC. Nickels 


vein, Altematively, the probe can be placed longitudinally 
(Fig, 2.5) for better visualization of needle depth and slope. 
‘+ Most practitioners seem to prefer the transverse approach, 
4, The concept of the Pythagorean Theorem is used for accu: 
racy. The needle should be inserted at a 45° angle to the 
skin and at an equal distance back from the probe as the 


approximate depth of the vessel vertically. The depth is 
‘given on the screen, usually at the bottom in centimeters, 


AAs soon as the needle has penetrated the skin the needle tip 
should be located by fanning the probe toward the needle 
until it is identified. The needle should then be advanced 
slowly always keeping the needle tip in view. Once directly 


‘on top of the vein, it should tent with pressure and then the 
needle should be inserted into the vein, Follow the needle 
in the vein as far as possible while keeping the tip of the 
needle in the center of the vein to make sure the catheter is 
and does not infiltrate. 


securely in the vei 


Fig.2.2 Basile vein (BV) located medially when scanning proximally 
from the antecubital fossa 


Fig.2.3. Brachial artery (BA) and vein (BrV). The less round, slightly 
compressed, anechoi stracture on the left isthe vein. The very circular 
hot compressed, anechoe structure to the ight isthe aetery 


Fig.2.4 Necdle tip in vein seen i a transverse orientation 


Fig.2.5 Needle tip in vein seen in a longitudinal orientation 


power > connection > relay 


relay 


Properly known as an electromagnetic armature relay to distinguish it from a solid-state 
relay. However, the full term is very rarely used. It may also be described as an electro- 
‘mechanical elay, but the term relay is normally understood to mean a device that is not 


solid state. 


OTHER RELATED COMPONENTS: 


« solid state relay (Volume 2) 
+ switeh (See Chapter 5) 


What It Does 


Arelay enables a signal or pulse of electricity to 
switch on (or switch off) a separate flow of elec- 
tricity. Often, a relay uses a low voltage or low 
currentto control ahigher voltage and/or higher 
current. The low voltage/low current signal can 
be initiated by a relatively small, economical 
switch, and can be carried to the relay by rela- 
tively cheap, small-gauge wire, at which point 
the relay controls a larger current near to the 
load. In a car, for example, turning the ignition 
switch sends a signal to a relay positioned close 
to the starter motor, 


Whilesolid-state switching devicesarefaster and 
more reliable, relays retain some advantages. 
‘They can handle double-throw and/or multiple- 
pole switching and can be cheaper when high 
voltages or currents are involved. A comparison 
of their advantages relative to solid state 

yys and transistors is tabulated in the entry on 
bipolar transistor in Figure 28-15. 


Common schematic symbols forsingle-throw re- 
lays are shown in Figure 9-1 and for double- 


throw relays in Figure 9-2. The appearance and 
orientation of the coil and contacts in the sym- 
bols may vary significantly, but the functionality 
remains the same. 
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Figure 91. Commonly used schematic symbols for a 
SPST relay. The symbols are functionally identical, 
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Figure 9-2. Commonly used schematic symbols for a 
‘SPDT relay. The symbols are functionally identical 
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2.5 Complications 


Inadvertent puncture of artery. Veins should be thin walled, 
compressible, and have no pulsations. 


2.6 Pearls and Pitfalls 

‘+ Mistaking the midshaft of the needle for the needle tip. If 
this occurs, the needle tip is actually deeper than expected, 
‘The ultrasound machine will plot a hyperechoic “dot” on 
the screen for the needle tip, as long as it crosses the 
ultrasound beam at any point. This same “dot” will appear 
‘whether the tip is directly centered under the beam or any 
segment of the needle shaft is intersecting the beam. This 
can be visually deceiving and makes this procedure diffi- 
cult to grasp. 

+ Very slow movements of the needle and the probe are 
important for keeping the needle tip in view. Once the 


needle tip is identified, the probe should be fanned 
forward (away from operator) just slightly and then the 
needle advanced until the needle tip comes into view 
again. This is repeated until the needle is securely moved 
further into the vein 
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Central Venous Line Placement: 
Internal Jugular Vein, Subclavian Vein, 


and Femoral Vein 


Kevin D. Ergle, Zachary B. Kramer, Jason Jones, 


and Rohit Pravin Patel 


3.1 Indications 

+ Volume replacement 

+ Emergent venous access 

+ Administration of caustic medications: vasopressors, cal- 
cium chloride, hypertonic saline, high dose of potassium 

+ Dialysis catheter placement (hemodialysis) 

‘+ Nutritional support (total parenteral nutrition) 

+ Long-term antibiotics 

+ Chemotherapy 

+ Plasmapheresis 

‘+ Frequent or persistent blood draws or intravenous therapy 
‘when unable to establish peripheral access due to edema 
or other causes 

+ Jugular and subclavian: Central venous pressure monitor- 
ing, transvenous pacing wire introduction, pulmonary 
artery catheterization 


3.2 Contraindications 
+ Absolute 
= Infection at site of insertion 
— Distorted anatomy/landmarks (prior surgery, radiation, 
or history of thrombus in the specified vein) 
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e-mail kevinergleG@medicine.ufledu 

2.8. Kramer, MD 

Emergency Medicine Resident, University of Florida College of 
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= Subclavian only: Trauma to the ipsilateral clavicle, 
anterior proximal rib, subclavian or superior vena cava 
vessels 
+ Relative 
= Morbid obesity 
~ Copp 
— Children less than 2 years (higher complication rates) 
+ Coagulopathy (although ultrasound-guided internal 
jugular can be done in this situation) 
= Agitated or moving patient 
— Jugular only: Trauma to the ipsilateral clavicle, ante- 
rior proximal rib, subclavian or superior vena cava 
vessels 
— Jugular and subclavian: Inability to tolerate potential 
pneumothorax of the ipsilateral thoracic cage 
+ Pneumothorax or hemothorax of the contralateral 
thorax 
+ Patients receiving ventilatory support with high- 
end expiratory pressures (temporarily reduce the 
pressures) 
— Femoral only: Intra-abdominal (or retroperitoneal) 
hemorrhage 


3.3. Materials and Medications 

+ Central venous catheter tray or bundle: single/double/tri- 
ple/quadruple lumen, dialysis catheter, large-bore intro- 
ducer (for transvenous pacing or pulmonary artery 
catheter kit) 

+ Sterile gloves 

+ Sterile drapes or towels, 

+ Sterile gown 

‘+ Havair cap and mask with eye protection 

‘+ Antiseptic solution with skin swabs (e.g., chlorhexidine) 

+ Sterile saline fushes (one 30 mL syringe or three 10 mL 
syringes) 

+ Lidocaine 1 % 
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Sterile gauze 
No. 11 blade scalpel 

Dressing (sterile waterproof transparent dressing or ster- 
ile 4x4 gauze with tape) 

Sterile biopatch 

Suture material with needle driver if needed 

‘Transducing line (optional) 

Sterile probe cover (if using ultrasound guidance) 


34 


341 


6. 


10. 


Procedures 
Internal Jugular Vein Access Procedure 


Obtain informed consent if not emergently indicated 
procedure. 

Obtain supplies and prepare the room, ensuring that all 
supplies are within operator reach prior to placing gown 
and commencing the procedure. Include a sterile ultra- 
sound sheath on the sterile field if ultrasound is being 
used. 

Raise bed to a comfortable height for the operator. 
Place patient with head facing away from side of central 
line site (if using ultrasound, other positions may be pre~ 
ferred). Place patient in 15~20° Trendelenburg position 
to help fill the upper central veins and reduce the risk of 
air embolism, 

Identify the anatomy. Palpate triangle made by the clav- 
icle and sternal and clavicular heads of the sternocleido- 
mastoid (SCM) muscle to identify the location of the 
internal jugular vein (Fig. 3.1). [fusing ultrasound guid- 
ance, identify optimal anatomical arrangement. 

Wash your hands and wear sterile attire using aseptic 
technique, including cap, mask, gown, and sterile gloves. 
Prepare the site from the clavicle to the ear and across 
the trachea with antiseptic solution. Allow the antiseptic 
(chlorhexidine or iodine) to fully dry. 

Drape the site and patient with sterile towels and drapes 
included in most CVL bundles. Make sure to cover the 
whole area and bed. 

Cover the ultrasound probe with a sterile sheath. This 
can be done solo or by holding the sterile ultrasound 
sheath and having an unsterile assistant hold the probe 
so that the probe can be covered by the sheath 

Prepare the kit by checking the guide wire and flushing 
the tubing and lines with saline included in the kit. 

With a 25-gauge needle, use 1 % lidocaine to anesthe- 
tize the skin at the apex of the triangle made by the 
SCM and clavicle. Aspirate to make sure the operator is 
not in a yessel and make a superficial wheel for the 
insertion site 

Preferred method is with ultrasound guidance (see steps 
13-17 and Sect. 3.6 for description of ultrasound 
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guidance). If performing without ultrasound, palpate 
the carotid artery and insert needle lateral to the artery 
at the apex of the triangle formed by the SCM, siming 
toward the ipsilateral nipple at an angle 30-45° above 
the horizontal plane (Fig. 3.1). Once blood returned, go 
to step 18, 
Place sterile ultrasound gel over the insertion site, Use 
the ultrasound to identify vessel anatomy including 
internal jugular vein and carotid artery. Use the ultra- 
sound probe to compress the vein, which is compress- 
ible as opposed to the carotid artery, which is not 
compressible (Fig. 3.2). 
Prepare the insertion needle and syringe (if long and 
short needles are available, a short needle may be used 
to reduce posterior vein perforation) and prime the 
syringe by pulling back on the plunger prior to making 
the puncture, 
Use the ultrasound probe to re-identify the patient's 
anatomy. 
Ultrasound can be used in short axis or long axis 
(Fig. 3.3). Short axis is easier for novice operators due to 
increased ability to see the artery and vein but has a 
higher risk of posterior perforation if the needle tip is not 
visualized well. Once short axis of the vein is found, 
turning the probe 90° clockwise allows the operator to 
see the vein in long axis. The needle is better visualized 
in this view but technically more difficult and has less 
chance to penetrate the posterior wall. In patients with 
short necks, it may be difficult to obtain long-axis view 
and needle insertion in the limited space. 

Insert the needle using the ultrasound guidance with 

dynamic approach preferred (see Sect. 3.6 for specifics). 

Make sure to aspirate while inserting the needle to iden- 

tify when the venous access is obtained. The needle tip 

should be visualized through the whole process. 

+ Ifusing the static approach (see Sect. 3.6), insert nee~ 
dle lateral to carotid pulsation as this is where the 
vein anatomically is located. Standard method is to 
insert the needle as far back as the depth the vessel is 
visualized (e.g., if the vein is visualized 2 cm below 
skin surface, the needle should be inserted 2 cm 
behind the probe at a 45° angle). 

+ Ifinserting the needle ~3 em does not achieve access, 
gently withdraw the needle toward the surface of the 
skin while aspirating. Avoid withdrawing the needle 
completely from the skin. If needed, redirect the nee- 
dle and advance until blood is aspirated. Cannulation 
of the vein often takes place while withdrawing the 
needle. 

Hold the needle steady with your nondominant hand and 

remove the syringe, careful not to advance or withdraw 

the needle, You can place the base of your hand on the 
patient's chest to make your hand more stable during 
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this part of the procedure, Occlude the hub of the needle 
to prevent air embolus, 

19. You may verify that you are in the vein by transducing 
pressure with a fluid column, The fluid should flow eas- 
ily into the vein. 

+ If the aspirated blood is pulsatile and moves up the 
column, withdraw the needle completely and apply 
pressure for 10-20 min while taking the patient out of 
‘Trendetenburg position (if nonemergent procedure). 

20. Once itis verified that you are in the vein, insert the J-tip 
of the guide wire into the needle hub and advance into the 
vein. The J-tip can be straightened with a pinching motion 
(Fig. 3.4), Always keep one hand on the guide wire until 
itis removed from the patient. Monitor for arthythmiss as 
the guide wire is advanced toward the right atrium. 

+ Ifthe guide wire does not flow easily, remove the guide 
‘wire and reattach the syringe, checking for blood flow. 

+ Ifarrhythmia occurs, slowly withdraw the guide wire 
until the patient's native rhythm returns, 

+ Alternatively, the catheter/syringe found in most kits 
ccan be used as a bridge to guide wire placement. For 
the author, this has improved success when there is 
difficulty in wire placement. Use the same steps 
above with the catheter (Fig. 3.5) and when you have 
return of blood, advance the angiocath into the vein 
followed by insertion of the guide wire through the 
angiocath. This is especially useful in moving/agi- 
tated patients, patients who have collapsible veins 
due to hypovolemia, and patients who have abnormal 
‘anatomy and may have veins that take an abnormal 
angle shortly past the needle tip. 

21. Remove the needle over the guide wire, making sure to 
always keep control of the guide wire. 


Fig.3.1_ Internal jugular blind approach: this would be the same loca- 
tion for probe placement if doing ultrasound guided 


22. Make an incision contiguous with the guide wire using a 
straight (No. 11) blade with the scalpel blade facing 
upward (away from the wire). 

23. Advance the dilator over the guide wire in a twisting 
motion, keeping control of the guide wire, 

+ The dilator only needs to go slightly beyond the 
anticipated depth of the patient's jugular vein, Do not 
advance the entire length of the dilator, 

24. Withdraw the dilator and hold pressure over the wound 
site 

25. Advance the catheter over the guide wire while keeping 
control of the guide wire. 

26. With the catheter inserted 10-12 in, from the skin inser- 
tion site, retract the guide wire until it comes out of the 
distal port. Maintain control of the guide wire and 
advance the catheter to the appropriate length. Usually 
catheters are inserted 15-16 cm from the right side and. 
18-20 cm from the left side (Fig. 3.6). 

27. Flush each port of the catheter and check aspiration, If 
difficulty with aspiration or flushing, concern is raised 
for catheter malposition, The operator can change the 
depth slightly or twist the catheter and recheck, 

28. At this time, an antibiotic ointment or biopatch may be 
applied to skin around the intersection with the lumen of 
the catheter. This step is based on local institutional 
guidelines. 

29. Suture the line in place. 

30. Enclose CVL site with sterile waterproof transparent 
dressing. 

431. Confirm placement using chest X-ray (CXR). The tip of | 
the catheter should be in the lower third of the superior 
vena cava (SVC) at the insertion of the SVC into the 
right atrium. 
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compressed vein 


artery 


Compressed 


Not compressed 


Fig.3.3.Long- and short-axis views ofthe internal jugular vein 
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Fig.3.4 (a,b) Jp straightening using pinchistretch method Fig. 3.6 Length: marking seen on typical central venous catheters; 
‘number indicates distance in centimeters fom distal ip 
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3.4.2. Subcla 
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n Vein Access Procedure 


Obtain informed consent if not emergently indicated. 

Raise bed to comfortable height for the operator. 

Place patient in supine position and position so patient's 

head is at the top of the bed. 

Place patient in 15-20° Trendelenburg position (if toler- 

ated) to reduce risk of air embolism, Studies show this 

will also increase the size of the subclavian vein. Do 

NOT place towel between shoulder blades (arch shoul- 

der back) as this has been shown to decrease vein diam- 

eter and affect reliability of accessibility. Keep shoulders 

at anatomical location (forward), 

Prep area chosen from the anterior neck, clavicle, and 

upper chest (above nipple line) with chlorhexidine prep 

or iodine. 

Open kit and place close to operator's dominant hand to 

allow for easy access. Diameter of catheter/kit used 

based on clinical situation: 

+ Introducer or large bore if requiring large volumes of 
resuscitation 

+ Triple lumen catheters for yasopressors 

+ Introducers if anticipating pulmonary artery catheter 
‘or venous pacer 

Operator should prepare with all aseptic techniques 

(eg., hand washing) and maximal barrier precautions 

(e.g, sterile gowns, sterile gloves, caps, masks covering 

both mouth and nose, eye protection, and full-body 

patient drapes). 

Once sterile and able to touch the inside of the CVL kit, 

the operator may want to retract the curved J-tip wire 

into the plastic loop sheath for easy directing into the 

introducer needle, The operator should also uncap all 

distal lumens and flush all ports with 3-5 cc of the ster- 

ile NS syringes to ensure no defects in the lumen of the 

catheter, Close all ports except the distal ip port 

(usually marked with words “distal tip") with the slide 

clamp. 

Prep area chosen (right or left side) from the anterior 

neck, clavicle, and upper chest (above nipple line) with 

sterile chlorhexidine prep (this is the second cleaning). 

Place full-body drape over patient with opening over 

selected side where needle will be inserted. 

Needle insertion site options (Fig. 3.7) 

+ One centimeter inferior to the junction of the middle 
and medial third of the clavicle 

+ Just lateral to the midclavicular line, with the needle 
perpendicular along the inferior lateral clavicle 

+ One fingerbreadth lateral to the angle of the clavicle 

Anesthetize needle insertion site with 5-10 mL. of 1 % 

lidocaine superficially (make sure to pull back on needle 

syringe to ensure operator is not in the vein or artery). 

+ Never place equipment on a patient, 


15 


16. 


18, 


20. 


Prepare the needle and syringe by placing the long nee- 
dle on the syringe. Make sure to break seal of syringe by 
pulling back on the plunger of the syringe prior to mak- 
ing incision with needle, 

‘Turn paticnt’s head to opposite of CVL placement and 
retract ipsilateral shoulder down to improve clavicle- 
vein relationship. The retraction of the arm can be done 
1 few steps earlier and can be held in position using a 
person or tape/restraints, 

Direct the insertion needle toward sternal notch in the 
coronal plane at an angle no greater than 10-15° while 
gently withdrawing the plunger of the syringe. Keep 
bevel of the needle facing up and in line with the num- 
bers on the syringe until operator enters skin, then face 
bevel caudally to facilitate smooth progression of the 
guide wire down the vein toward the right atrium, 
Ithelps to place nondominant hand (not holding the nee- 
dle) on the sternal notch so operator can feel where ster- 
nal notch is and direct needle in that direction (Fig. 3.7). 
NEVER increase the angle of the needle greater than 
15° as pneumothorax may ensue. 

Advance the needle under and along the inferior border 
of the clavicle, making sure the needle is virtually hori- 
zontal to the chest wall. Aim medially in the direction of 
the suprasternal notch, attempting to first aim for the 
clavicle then “walk” the needle below the clavicle, 


Once under the clavicle, continue to advance the needle 
in a plane almost parallel to the skin approximately 
2-3 cm until venous blood is freely aspirated into the 
syringe, 
When venous blood is freely aspirated, disconnect the 
syringe from the needle, and immediately occlude the 
Jumen to prevent air embolism and insert the guide wire. 
If the vein is difficult to locate, remove the introducer 
needle, flush it clean of clots, and try again. Change 
Insertion sites after three unsuccessful passes with the 
introducer needle. 
At this point, the hand holding the needle should be “set 
in stone.” Use the patient's chest wall as a base to keep 
needle completely still as to not inadvertently advance 
or retract needle out of the vein. 
Insert the guide wire through the needle into the vein 
with the J-tip directed caudally to improve successful 
placement into the subclavian vein, 
+ Beware a return of red pulsatile blood. If this occurs, 
the wire is in an artery. 

+ Beware aspirating air bubbles through the probing 
introducer needle. This indicates a pneumothorax. 
Advance the wire until it is mostly in the vein or until 
arythmia is seen on the cardiac monitor. Then, retract 

the wire 34 cm. 
If the wire does not pass easily, remove the wire, reat- 
tach the syringe, and confirm that the needle is still in the 
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lumen of the vein before reattempting, The J-tip can be 
straightened with a pinching motion (Fig. 3.4). 

+ Alternatively, the catheter/syringe found in most kits 
ccan be used as a bridge to guide wire placement. For 
the author, this has improved success when there is 
difficulty in wire placement. Use the same steps 
above with the catheter (Fig. 3.5) and when you have 
return of blood, advance the angiocath into the vein 
followed by insertion of the guide wire through the 
angiocath. This is especially useful in moving/agi- 
tated patients, patients who have collapsible veins 
due to hypovolemia, and patients who have abnormal 
‘anatomy and may have veins that take an abnormal 
angle shortly past the needle tip. 

25. Use the tip of the scalpel to make a small incision just 
against the needle to enlarge the catheter entry site for 
the dilator and catheter. 

26. Holding the wire in place, withdraw the introducer nee~ 
dle and place in needle holder. 

27. Thread the dilator over the wire and into the vein with a 
firm and gentle twisting motion while maintaining constant 
control of the wire. Ifa large-bore introducer is placed, the 
dilator/introducer goes in one step, after the introducer is 
inserted, hold the wire in place and remove the dilator 

28. If operator is having difficulty threading the dilator, the 
skin incision with the scalpel may have been too super- 
ficial or small. It may help to enlarge this incision to 
avoid having the dilator get caught on superficial skin or 
connective tissue. 


Fig.3.7  Subclavian vein approach: wrong (a) and correct (b) angles to 
lake when making skin puncture 


29. Itis helpful to have sterile gauze handy to apply pressure 
with the hand not holding the wire as the vein will now 
bleed profusely from around the wire secondary to 
dilation, 

30. Thread the catheter until itis close to the skin insertion 
site. Then pull back on the guide wire until it shows out- 
‘ide of the distal port. Grasp the wire outside of the distal 
port and thread the catheter while holding onto the guide 
wire. Usually catheters are inserted 15-16 em from the 
right side and 18-20 om from the left side (Fig. 3.6) 

31. Hold the catheter in place and remove the wire. After the 
wire is removed, occlude the open lumen, 

32. Aitach sterile saline syringe to the hub and aspirate 
bblood. Take needed samples and then flush the line with 
saline and recap. Repeat this step with all lumens. 

33. Place biopatch on skin around the intersection with the 
lumen of the catheter. 

34, Suture the line in place. 

35. Enclose CVL site with sterile waterproof transparent 
dressing 

36. Confirm placement using CXR. Tip of catheter should 
bbe in the lower third of the SVC at the insertion of SVC 
into right atrium (tip at right bronchiotracheal angle or 
up to 2.5 em below bronchiotracheal angle). 

+ Alternatively, ultrasound can be used for subclavian 
line access but only a few limited studies have con- 
firmed this as to date so will not describe in detail 
(see below for typical ultrasound technique used), 
See references for more information. 
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3.4.2.1 Subclavian Vein Pearls and Pi 


Is 


+ Inadequate landmark identification: operator should 
always palpate for landmarks and check anatomy prior to 
starting the procedure. 
+ Improper insertion position. 
+ Insertion of needle through periosteum, 
= Operator should NOT increase angle of needle to avoid 
the clavicle bone (this can cause a pneumothorax), 

= Operator should press on needle with downward pres- 
sure on chest wall to allow needle to maneuver under 
the clavicle without changing the angle of insertions of 
the needle, 

+ Taking too shallow a trajectory with needle, 

+ Aiming the needle too cephalad (aim for sternoclavicular 
junction), 

+ Failure to keep needle in place for wire passage: hand 
holding the needle should be planted on patient's chest for 
stabilization, 


3.4.3 Femoral Vein Access Procedure 


1, Palpate the patient's femoral artery below the inguinal 
ligament. This is usually found halfway between the 
anterior superior iliac spine (ASIS) and the midline of 
the symphysis pubis. 

‘Trim overlying hair as necessary. 

If ultrasound-guided approach is desired, use the linear 

probe (same as internal jugular) to detect the femoral 

vein at this location. The femoral vein will be easily 
compressible, while the femoral artery will be less com- 

pressible and pulsatile (Fig. 3.2), 

4. Wash hands and use sterile technique to apply iodine or 
chlorhexidine solution (various forms available). 

5. Open your femoral CVL kit and don cap, mask, sterile 
gown, and sterile gloves. Nonsterile assistants should 
‘wear a cap, mask, sterile gown, and sterile gloves. Flush 
all ports of your CVL kit with saline flushes and check 
for leaks or malfunction of catheter, 

6. Under sterile technique, apply the drape over the area of 
insertion, and have an assistant extend the drape the 
length of the bed. Reapply sterile iodine or chlorhexi- 
dine at the site 

7. Anesthetize the skin overlying the femoral vein with 
lidocaine. 

8. IF ultrasound-guided approach is desired, have an assis- 
tant hold up the vascular ultrasound probe, Place your 
gloved hand through a sterile ultrasound sleeve and 
grasp the top of the ultrasound probe, Without breaking 
sterile technique, pull and invert the sterile ultrasound 
sleeve over the probe and cable. See Sect. 3.6 for detailed 
ultrasound-guided cannulation technique, 


10, 


im 


Insert the needle at a 45° angle, bevel down, directed 
superiorly, 1 cm medial to the palpable femoral artery 
pulse. Once the needle has broken the skin, aspirate by 
applying a small amount of continuous traction on the 
plunger of the attached syringe. 

Advance smoothly and slowly until blood appears in the 

syringe, Stop once blood is aspirated. If femoral vein 

not cannulated, withdraw your needle until just beneath 
the skin and redirect. 

Hold the hub of the needle with thumb and forefinger to 

immobilize in place. Remove the syringe carefully. If 

blood appears arterial or pulsatile, remove the needle 
and hold pressure for S~10 min. 

+ Use the palm of your hand on the thigh to stabilize 
your hand. Not having your hand stable is a common 
mistake leading to needle movement out of the vein, 

If blood appears venous (dark color, emerges as a con- 

tinuous trickle, or transduced), cannulate the needle with 

the guide wire, Maintain a two-finger grip on the guide 

‘wire at all times. Advance the guide wire until approxi- 

mately 15 cm remains. 

+ Must keep handle of guide wire at ALL times and can 
be done through proper technique. 

If guide wire does not advance easily, remove guide wire 

and reposition needle until blood aspirates easily. The 

J-tip can be straightened using a pinching motion if 

needed (Fig. 3.4) 

+ Alternatively, the catheter/syringe found in most kits 
ccan be used as a bridge to guide wire placement. For 
the author, this has improved success when there is 
difficulty in wire placement. Use the same steps 
above with the catheter (Fig. 3.5) and when you have 
return of blood, advance the angiocath into the vein 
followed by insertion of the guide wire through the 
angiocath. This is especially useful in moving/agi- 
tated patients, patients who have collapsible veins 
due to hypovolemia, and patients who have abnormal 
anatomy and may have veins that take an abnormal 
angle shortly past the needle tip. 

Using your scalpel, make a single 1/2 em stab incision at 

the site of needle insertion to assist with dilator 

placement, 

+ You can do the stab incision with or without the nee- 
dle in place, but from experience, most novices have 
difficulty locating the correct stab location due to 
small amount of blood accumulation when the needle 
is taken out 

Remove your needle, carefully leaving guide wire in 

place. Apply dilator over guide wire and advance into 

the body with gentle pressure and a twisting motion in 
the same plane that you used to direct the needle. 

Holding pressure at the insertion site with sterile gauze 

4x4 pads, remove the dilator from the guide wire, 
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leaving the guide wire in place. Insert the central venous 
catheter over the guide wire until it fits snugly against 
the skin. Use the markings on the catheter to determine 
proper length placed (usually with femoral site you can 
“hub” the catheter) (Fig. 3.6). 

17. Using a sterile saline flush, ensure that each lumen of the 
CVL draws blood easily and flushes easily. Carefully 
note any that do not and consider repositioning as 
needed. You can attempt moving catheter in or out a few 
centimeters or rotating the catheter and recheck. Apply 
caps to each open lumen of the CVL. 

+ Remember to cover the introducer port if not using 
immediately. If you do not, it poses an infection and 
air embolism risk to the patient. 

18, Suture the line in place, 

19. Place an antibiotic biopatch or similar antimicrobial 
dressing 

20. Enclose CVL site with sterile waterproof transparent 
dressing, 


3.4.3.1 Femoral Vein Pearls and Pitfalls 

+ Femoral central venous lines cannot accurately transduce 
central venous pressures. 

‘+ Asking the patient to perform a Valsalva maneuver has 
been shown to increase the width of the femoral vein 
by 13, 

+ The mnemonic NAVEL (Nerve Artery Vein Empty space 
Lymphatics) assists in remembering the order of femoral 
structures from lateral to medial 

+ Traditionally, femoral venous lines were thought to have 
higher rates of infection than subclavian or internal jugu- 
lar lines, but more recent analyses are challenging this 
belief. 
= Obesity is a more important risk factor for infection in 

femoral sites. 


3.5 Complications 


3.5.1. Jugular and Subcla 


+ Pneumothroax/Hemothorax 
Prevention: Remove patient from ventilator before 
advancing the needle, choose the right side rather than 
left, and avoid multiple attempts when possible. 

— Management: Check postprocedure x-ray; if pneumo- 
thorax, arrange for thoracostomy depending on the 
size of the hemo-/pneumothorax. 

+ Catheter embolization 

= Prevention: Never withdraw a catheter past a needle 
bevel as this might shear off the catheter. 

Management: X-ray the patient and contact specialist 
who can remove the embolized catheter, 


‘+ Amterial puncture: Hold compression if this occurs. 

‘+ Hematoma: Usually requires monitoring only. 

‘+ Thrombosis: This complication may lead to pulmonary 
‘embolism, 

‘+ Local site or systemic infection: Using maximal sterile 
precautions has been shown to greatly decrease rate of 
infection 

+ Airembolism 
— May be caused by negative intrathoracic pressure 

when inspiration by the patient drawing air into an 
open line hub 

~ Prevention: Be sure the line hubs are always occluded; 
placing the patient in the Trendelenburg position low- 
crs the risk. 

— Management: The patient should be placed in 
‘Trendelenburg position with «left lateral decubitus tilt, 
which may prevent the movement of air into the right 
ventricle and onward into the left side of the heart. One 
hundred percent oxygen should be administered to 
speed the resorption of the ait. Ifa catheter is located 
in the heart, aspiration of the air should be attempted. 

‘+ Dysthythmias: Due to cardiac irritation by the wire or 
catheter tip. This can usually be terminated by simply 
withdrawing the line into the superior vena cava. One 
should always place a central venous catheter with car- 
diac monitoring, 

‘+ Lost guide wire: Ifthe operator is not careful about main- 
taining control of the guide wire, it may be lost into the 
vein. This requires retrieval by interventional radiology or 
surgery and is an emergency. 

+ Catheter tip too deep: Check the postprocedure chest 
radiograph and pull the line back ifthe tip disappears into 
the cardiac silhouette, 

+ Catheter in the wrong vessel: Check the postprocedure 
chest radiograph for this complication; remove catheter 
and ty again, 

‘+ Amterial puncture (subclavian only): The subclavian artery 
cannot be compressed; so, the subclavian approach should 
be avoided in anticoagulated patients. 


3.5.2. Femoral Complications 
‘+ Arterial puncture: The femoral artery site can he com- 
pressed, so if punctured hold pressure. 
+ Hematoma: Usually requires monitoring only. 
+ Thrombosis: This complication may lead to pulmonary 
‘embolism, 
+ Catheter embolization, 
— Prevention: Never withdraw a catheter past a needle 
bevel which might shear off the catheter. 
— Management: X-ray the patient and contact specialist 
‘who can remove the embolized catheter. 


How It Works 


How It Works 


Arelay contains a coil, an armature, and at least 
one pair of contacts. Current flows through the 
coil, which functions as an electromagnet and 
generates a magnetic field. This pulls the arma- 
ture, which is often shaped as a pivoting bracket 
that closes (or opens) the contacts. These parts 
are visible in the simplified rendering of a DPST 
relay in Figure 9-2. For purposes of identification, 
the armature is colored green, while the coil is 
red and the contacts are orange. The two blue 
blocks are made of an insulating material, the 
one on the left supporting the contact strips, the 
one on the right pressing the contacts together 
When the armature pivots in response to a mag- 
netic field from the coil. Electrical connections to 
the contacts and the coil have been omitted for 
simplicity. 


Figure 9-3. This simplified rendering shaws the primary 
parts of 2 DPST relay. See text for details. 


Various small relays, capable ofhandlingavvariety 
of voltages and currents, are pictured in 
Figure 9-4, At top-leftis a 12VDC automotive re- 
lay, which plugs intoa suitable sacket shown im- 
mediately below it. At top-right is a 24VDC SPDT 


relay with exposed coil and contacts, making it 
suitable only for use ina very clean, dry environ- 
ment. Continuing downward, the four sealed re- 
lays in colored plastic cases are designed to 
switch currents of SA at 250VAC, 10A at 120VAC, 
0.6A at 125VAC, and 2A at 30VDC, respectively. 
The two blue relays have 12VDC coils, while the 
red and yellow relays have 5V coils. All are 
nonlatching, except for the yellow relay, which is 
alatching type with two coils. At bottom-left isa 
12VDC relayina transparent case, rated to switch. 
Up to SA at 240VAC or 30VDC. 


Figure 9-4, An assortment of small DC-powered relays 
‘See text for deta 


The configuration of relay is specified using the 
same abbreviations that apply toa switch. SP, DP, 
3P, and 4P indicate 1, 2, 3, or 4 poles (relays with 
more than 4 poles are rare). ST and DT indicate 
single-throw or double-throw switching. These 
abbreviations are usually concatenated, as in 
3PST or SPDT. In addition, the terminology Form 
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+ Lost guide wire: Ifthe operator is not careful about main- 
taining control of the guide wire, it may be lost into the 
vein. This requires retrieval by interventional radiology or 
surgery and is an emergency. 

+ Local site or systemic infection: Using maximal sterile 
precautions has been shown to greatly decrease rate of 
infection, 


3.6 Ultrasound Guided Cannulation 


for Each Approach 


ips 


+ Venous anatomy is best visualized using high-frequency 
(5-10 MHz) linear probe. Higher frequencies generate 
less penetration but better resolution. 

+ You can use the ultrasound to identify the location of the 
vessel prior to the procedure and utilize external land- 
marks during the procedure itself (static technique), or 
‘you can use the ultrasound to visualize cannulation of the 
vessel during the procedure (dynamic technique). 

+ Static view is advantageous in that the ultrasound trans- 
dduceris not needed during the sterile portion ofthe proce- 
dure, but it does not allow for direct visualization of 
cannulation and guidance during the procedure. 

+ Dynamic view (preferred) allows for direct visualization 
during the procedure but requires more technique and 
requires use of transducer during the sterile portion ofthe 
procedure 

+ The dynamic technique can be used in either a short-axis 
View, where a cross-sectional view of the vessel and nee- 
dle is used, or a long-axis view, where a longitudinal view 
cof vessel and needle is used (Fig. 3.3). 

+ The long-axis view allows for full visualization of the 
needle throughout the procedure and allows for better 
visualization and adjustment of needle depth. It is more 
difficult for lateral changes in positioning and tends to be 
more difficult technically. 
= Key in this view is that once a good section of vein is 

obtained, do not move probe to visualize the needle 
‘move the needle into the ultrasound view by slightly 
adjusting trajectory. 

+ The short-axis view allows for lateral changes in position 
but is not as good at visualizing depth throughout the pro- 
cedure, as visualization of the needle is in cross-sectional 
imaging. Perforation of the posterior wall is more com- 
mon in this view. 

+ When using the short-axis view, remember to position the 
ultrasound probe such that the field of the ultrasound 
intersects the vessel (internal jugular, subclavian, femo- 
ral) at the anticipated site of insertion of the needle into 
the vein. Remember thatthe needle is only visualized as it 
intersects the plane of the ultrasound, 


+ When using the long-axis view, make sure to visualize the 
vessel with the ultrasound such that you can see the great- 
est diameter of the vessel along the entire length of the 
ultrasound probe, Keep the ultrasound steady during the 
procedure, and insert the needle at an angle at the lateral 
edge of the ultrasound probe. Using this technique, one 
ccan visualize the entire length of the needle, 


3.7 Removing a Central Line 
1. Place patient in supine or Trendelenburg position (for 
femoral removal can help decrease bleeding). 
2. Remove suturing and dressing 
3. Jugular and subclavian: Have patient exhale and pull the 
line during the exhalation 
+ Exhalation increases intrathoracic pressure as com- 
pared to atmospheric pressure, thereby reducing the 
risk of air thromboembolism. 
4, Hold pressure for approximately 1 min to stop bleeding. 
5, Dress with a sterile dressing 
6. If central line-related infection is suspected, cut off the tip 
‘with sterile scissors and send for culture 
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Pulmonary Artery Catheter 


Rohit Pravin Patel and Marie-Carmelle Elie 


4.1 Indications 

+ Prevention or treatment of multiorgan failure in high-risk 
patients 

+ Preoperative and postoperative management in high-risk 
patients with cardiac, pulmonary, or renal dysfunction 

+ Patients with anticipated large fluid shifts (sepsis, bleed- 
ing, bums, cirthosis) 

+ Oliguria or hypotension not relieved by fluids 

+ Suspected cardiac event leading to shock 

+ For continuous SVO2 (central venous oxygenation) mon- 
itoring in shock 

*+ To differentiate shock states 

+ For monitoring cardiac output in paticnts requiring high- 
positive end-expiratory pressure (>14 em H20) 

+ Monitoring and management of complicated myocardial 
dysfunction or cardiogenic shock 

+ Congestive heart failure with poor response to afterload 
reduction and diuretic therapy 

+ Suspected tamponade or contusion from blunt chest 
injury 

+ Pulmonary hypertension with myocardial dysfunction 

+ Diagnosis of primary pulmonary hypertension 

+ Aspiration of air emboli 

+ Direct pulmonary artery administration of thrombolytic 
therapy 


4.2 Contraindications 

+ Tricuspid or pulmonary valve mechanical prosthesis 
+ Right heart mass (thrombus or tumor) 

‘+ Tricuspid or pulmonary valve endocarditis, 
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‘+ Recurrent sepsis (catheter could serve as nidus for infection) 

‘+ Hypercoagulopathy (catheter could serve as site for 
thrombus formation) 

‘+ Patient known sensitivity to heparin (catheters with hepa- 
rin coating) 

+ Electrocardiographic (ECG) monitoring encouraged in con- 
ditions of complete left bundle branch block (risk of complete 
heart block increased), Wolfe-Parkinson-White syndrome, 
‘and Ebstein's malformation (risk of tachyarthythmias) 


4.3 Materials 

+ Pulmonary artery or Swan-Ganz catheter 

+ Percutaneous sheath introducer and contamination shield 

+ Compatible cardiac output computer for measuring car- 
diac output by the bolus thermodilution method 

‘+ Injectate temperature sensing probe (bolus thermodilu- 
tion method) 

+ Connecting cables 

+ Sterile flush system and pressure transducers 

+ Bedside ECG and pressure monitor system 

‘+ Appropriate ECG “slave” cables 


4.3.1. Catheter Prepat 


‘+ Avoid forceful wiping or stretching of catheter to avoid 
injury to the thermistor wire circuitry; wiping the heparin 
coat may cause removal of the coating, 

+ In vivo calibration is required if in vitro calibration is not 
done; refer to the monitor operator's manual for detailed 
calibration instructions. 

Connect catheters injectate and_pressure-monitoring 
lumens to the flush system and pressure transducers; 
censure all lines are free of air. 

+ Connect the thermistor to the monitor and confirm no 
fault messages appear. 
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44 Procedure 

1. Maintain sterile precautions including sterile cap, mask, 

gown, gloves, 

Place a central yenous line introducer and verify place- 

ment of introducer with chest radiograph; it is also 

acceptable to obtain the chest radiograph after the inser- 
tion of the pulmonary artery catheter if no complication 

‘was suspected with the central venous line introducer. 

3. Cleanse the skin and introducer thoroughly with 
chlorhexidine. 

4, Have assistant open pulmonary artery catheter kit in 
sterile fashion. 

5. Remove pulmonary artery catheter from kit and have 
assistant hook up all the ports to the transducers and 
make sure readings are accurate as the catheter is being 
manipulated, 

6. Gently lift the distal portion of the catheter up from the 
silicone gripper; do not pull the balloon through the 
‘gripper to avoid damage. 

7. Have assistant check the proximal and distal ports for 
patency by flushing with sterile saline. Also have the 
assistant check the patency of the balloon with the syringe 
provided in the kit (Fig. 4.1), Check for major asymmetry 
and for leaks (optional) by submerging in sterile saline or 
water, Deflate balloon prior to insertion. Carefully wave 
the distal catheter segment up and down to confirm elec 
trical continuity by observing a pressure tracing on moni- 
tor, Ensure proper readings, no information is sometimes 
better than wrong information. Make sure each port trans- 
duces appropriately prior o insertion. 

8, Familiarize yourself with the catheter line markings, 
Each thin line indicates 10 em from the tip and thick line 
indicates 50 cm from the tip. These are used in combina- 

to indicate length from tip (Fig. 4.2). 

9. Place the sterile plastic sleeve (lock side toward patient, 
Fig, 4.3) over the catheter after flushing all ports to fur- 
ther protect the catheter during manipulation 


Fig.4.1. Balloon inflation prior 
to insertion for evaluation of 
patency or leaks 


10. The distal end of the catheter is inserted into the intro- 
ducer hub of the central venous line and threaded to the 
superior vena cava, The catheter must be placed at least 
30 cm into the introducer for the balloon to clear the 
distal end of the introducer prior to inflation. At no point 
should the catheter be withdrawn with the balloon 
inflated; ensure the assistant has deflated the balloon 
prior to withdrawal. The balloon assists in directing the 
catheter through the vascular system using the direc- 
tional blood flow. 

11. At 20 em, the balloon should be inflated and catheter 
advanced through right atrium, past the tricuspid valve 
into the right ventricle, then past the pulmonary valve to 
the pulmonary artery. The waveform and pressure read 
ings can guide you through the various locations 
ig. 4.4), 

12. Once in the pulmonary artery, the catheter should be 
carefully and slowly advanced to wedge position, The 
balloon can be deflated and pulmonary artery tracings 
should reappear. If a wedge is obtained with less than 
the maximum recommended volume, the catheter 
should be withdrawn to a position where full inflation 
volume produces a wedge tracing. Avoid prolonged 
times when obtaining wedge pressure (2 respiratory 
cycles or 10-15 5), especially in patients with pulmo- 
nary hypertension, 

13. General guidelines for distance necessary at various 
points include: right atrium 20-25 em, right ventri- 
cle 30-35 em, and pulmonary artery 40-45 cm; cath- 
eter usually wedges at 50-55 cm. These are 
dependent on the starting location you are using to 
advance the catheter (subclavian, internal jugular, 
femoral) 

14. Once the catheter is in correct position, it should be 
locked into place with the plastic sleeve tip onto the hub 
of the introducer. 

15. Correct placement is confirmed with chest radiograph 
(Fig. 4.5), 


4 Pulmonary Artery Catheter a 


Fig.4.2 Thick and thin markings found on the calheter representing 
length from distal tip 


Fig.4.3 Lock postion on catheter for stabilization of catheter 
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Fig.4.5. Chest radiograph demonstrating correct (a) and incorrect (b) with permission from Wolters Kluwer: Jain SN. A pictorial essay: rai- 
Positioning of pulmonary artery catheter (arrows) (a Reproduced with ology of lines and tubes inthe intensive eare unit, Indian J Radiol 
Permission from McGraw-Hill: Stead LG, et al. First Aid for the Imaging. 2011:21(3):182-190) 

Radiology Clerkship. New York: McGraw-Hill; 2009; b Reproduced 
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4.5 Complications 

+ Amhythmias: most are premature ventricular contractions 
that are self-limiting and resolve with advancement into 
pulmonary artery oF withdrawal into atzium 

+ Right bundle branch block: usually transient after posi- 
tioning catheter into the pulmonary artery if has already 
left bundle branch block may lead to complete heart 
block; should have temporary pacing equipment on 
standby. 

+ Knotting in the right ventricle (RV): risk increased 
in those with dilated cardiac chambers; a persistent 
RV tracing (15 cm beyond the point where initial 
RV tracing was observed) should alert you to this 
possibility. 

+ Pulmonary artery rupture: age >60 year, anticoagulation 
therapy, and presence of pulmonary hypertension increase 
risk of rupture; hemoptysis shortly after placement is 
indicative and management includes lateral decubitus 
positioning (bleeding side down), intubation with double 
lumen tube, and increasing positive end-expiratory pres- 
sure (PEEP). 

+ Infection 

+ Pulmonary infarction: due to unintentional migration of 
distal ip. 


4.6 Pearls and Pitfalls 

‘+ Ifthe catheter requires stiffening during insertion, slowly 
perfuse the catheter with 5-10 mL of cold sterile solution 
as the catheter is advanced through a peripheral vessel. 

+ The incidence of complications increases significantly 
‘with periods of use longer than 72 h, so assess the need 
for the catheter on daily basis. 

+ Anticipate spontaneous catheter tip migration toward 
periphery of pulmonary bed; if a wedge tracing is 
‘observed when balloon is deflated, pull the catheter back. 


Selected Reading 


| Baward Lifesciences, Pulmonary artery calheter Instruction man- 
al. 2000. hp: edwards com/esourcegallery/products/swan- 
_guna/pdsinvasivehdmphysprincbook, pl 

2. Edward Lifesciences. Pulmonary artery catheter Instruction man- 
tw. 2009, hup//www.edwardscom/products/pacatheters/Pages 
‘ThermouilitionCatheter asp. 

3. Leatherman IW, Marini 1. Clinical use of the pulmonary artery 
catheter. In: Hall JB, Schmidt GA. Wook LDH, editors. Principles 
‘of eritical care. 3nd ed New York: MeGraw-Hill 2005, p, 146-50, 

4.Moran SE, Pet KY, Yu M, Hemodynamic monitoring: arterial and 
‘pulmonary artery catheters. In: Gabrielli A. Layon AJ, Yu M. edi 
tors. Civetta, Taylor, and Kirby's eitical care. 4th ed, Philadelphia: 
Lippincott Walliams & Wilkins; 2009, 


Noninvasive Cardiac Monitoring: 
The Edwards Vigileo System 


Dawood G. Dalaly and Rohit Pravin Patel 


5.1 Indications tissue perfusion. Although most catheters are systemically 
invasive, tools like the Vigileo (Edwards Lifesciences; Irvine, 
Cardiac output monitoring is indicated when trying to deter- CA) are excellent noninvasive devices for determining values 
mine fluid responsiveness in patients, Itassists in directing und _ such asthe stroke volume, stroke volume variation, stroke vol- 
assessing results of resuscitative efforts to ensure appropriate ume index, cardiac output, and cardia index (Fig. 5.1). 
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5.2 Contraindications 


‘There are no contraindications to noninvasive monitoring of 
the heart, although most systems will need to be connected to 
an arterial line catheter, therefore contraindications to arte~ 
rial line placement must be determined. Current literature 
supports the use of noninvasive monitoring to those who are 
100 % supported ventilation with tidal volumes >8 mL/kg. 
‘There is no support for use in those with spontaneous breaths 
or arrhythmia. Patients with significant variation in respira- 
tory pattern may have results that are unreliable. 


5.3 Definitions and Values (Table 5.1) 


Table 5.1. Candisc output monitoring definitions 


Term 


Relerence range 


Deliniton 


‘Caraliae output 


8 Limi 


‘Volume of Blood being 
pumped by the heart in 
min 


Cardiac index 


25-4 Lil 


‘Compares the amount of 
‘uid being pumped by 
the heart with an 
‘individual's boy 
surfice area 


‘Siroke volume 


“H0-K0 met 


Volume of blood being 
pumped by the ventricle 
per beat 


‘Siroke volume 


Represents percentage 
of change between 
‘minimum and maximum 
stroke volumes and 
predictor of fluid 
responsiveness 


‘Siroke volume 
index 


33-47 mL Tbeat 


‘Quantity of blond 
ejected from the heart 
per beat 


Mixed venous 
saturation (SvO:) 


80% 


Percentage af oxygen 
‘bound to hemoglobin in 
blood returning to the 
ight side ofthe heart 
represents oxygen 
delivery and 
‘consumption atthe 
tissue level Usually 
‘obtained from 
pulmonary artery 
catheter 


Central venous 
oxygen saturation 
(Sev0,) 


0% 


‘Surrogate marker for 
‘Sv: usually obtained 
{rom internal jugular or 
subclavian caleters 


> connection > ral 


power 


A (meaning normally open), Form B (normally 
closed),and Form C (double-throw) may be used, 
preceded bya numberthatindicatesthe number 
of poles, Thus "2 Form C” means a DPDT relay. 


Variants 


Latching 

‘There are two basic types of relay: latching and 
nonlatching. A nonlatching relay, also known as 
asinglesidestable type, isthe most common, and 
resembles a momentary switch or pushbutton 
in that its contacts spring back to their default 
state when powerto the relay is interrupted. This 
can be important in an application where the re- 
lay should return toa known state if power is lost. 
By contrast, a latching relay has no default state. 
Latching relays almost always have double- 
throw contacts, which remain in either position 
without drawing power. The relay only requires 
a short pulse to change its status. In semicon- 
ductor terms, its behavior is similar to that of a 
flip-flop. 


Ina single-coil latching relay, the polarity of volt- 
age applied to the coil determines which pair of 
contacts will close. In a dual-coil latching relay, a 
second coil moves the armature between each 
of its two states, 


Schematic symbols for a dual-coil latching relay 
are shown in Figure 9-5. Some symbol styles do 
not make it clear which switch position each coil 
induces. It may be necessary to read the manu- 
facturer’s datasheet or test the relay by applying 
its rated voltage to randomly selected terminal 
pairs while testing for continuity between other 
terminal pairs. 


Polarity 

‘There are three types of DC relay. In a neutral re- 
lay, polarity of DC current through the coil is ir- 
relevant. The relay functions equally well either 
way. A polarized relay contains a diode in series 
with the coil to block current in one direction. A 
biased relay contains a permanent magnet near 
the armature, which boosts performance when 


Variants 


i, 


tat 


Figure 9-5, Schematic symbols fora two-coll latching re 
lay, The symbols are functionally identical. 


current flows through the coil in one direction, 
but blocks a response when the current flows 
through the coil in the opposite direction. Man- 
ufacturers’ datasheets may not use this 
terminology, but will state whether the relay coil 
is sensitive to the polarity of a DC voltage. 


All relays can switch AC current, but only an AC 
relay is designed to use AC as its coil current. 


Pinout Variations 

The layout and function of relay pins or quick 
connects is not standardized among manufac- 
turers. Often the component will have some in- 
dication of pin functions printed on it, but should 
always be checked against the manufacturer's 
datasheet and/or tested for continuity with a 
meter. 


Figure 9-6 shows four sample pin configurations, 
adapted from a manufacturer's datasheet. These 
configurations are functionally quite different, 
although all of them happen to be for DPDT re- 
lays. In each schematic, the coil of the relay is 
shown as a rectangle, while the pins are circles, 
black indicating an energized state and white in- 
dicating a non-energized state. The bent lines 
show the possible connections between the 
poles and other contacts inside the relay. The 
contacts are shown as arrows. Thus, pole 4 can 
connect with either contact 3 or contact 5, while 
pole 9 can connect with either contact 8 or con- 
tact 10. 
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5.4 Materials 

+ FloTrac (Edwards Lifesciences, Irvine, CA, USA) 
+ Vigileo monitor 

+ Pressure hag 


5.5 Procedure 

1, Connect FloTrac to arterial line and distal FloTrac port to 
pressure bag. Inflate bag to 300 mmHg. 

2. Connect green FloTrac cord to green Vigileo cord and red 
FloTrae cord to arterial line port on heart monitor. 

3, Tum the port on the FloTrac off to the patient and zero on 
your heart monitor as you would with an arterial line. At 
the same time, you should have pressed the “Enter” knob 
on the Vigileo system, scrolled it to “zero arterial pres- 
sure,” and pressed the knob again for that function, 

4, You should now have an arterial waveform on your heart 
‘monitor and your cardiac values on the Vigileo system. 


5.6 Pearls and Pitfalls 

+ Some components of the values obtained are not reliable 
‘on spontaneously breathing patients and it is critical to 
ccheck the ventilator waveforms for these breaths. 


+ Patients without adequate tidal volumes (at least 8 mL 


‘kg) will also have unreliable values. 


+ Soke volume variation usually is more reliable when 


greater than 13 % and indicates fluid responsiveness 
rather than when it is less than 13 % (similar to a low 
central venous pressure (CVP) being more informative 
than normal or high CVP levels). 


Selected Reading 


1. Alarcon LH, Fink MP. Chapter 13, Physiologie monitoring of the 
surgical patient. In: Brunieardi FC. Andersen DK. Billiar TR, etal 
ceditors, Schwartz's principles of surgery. 9th ed, New York 
‘MeGraw-Hill, 2010, 

2.Holerft JW, Anderson JT, Sena MJ. Chapter 12. Shock and acute 
‘pulmonary failure in surgical patients. In: Doberty GM, editor. 
CURRENT diagnosis & treatment: surgery. 13th ed. New York 
McGraw-Hill; 2009, Available at htpi/awwwaccesssurgery com 
‘content aspxalD=5212482, Accessed 22 Aug 2012. 

3. Edwards Critical Care Education. Available at ittpiwrwedwants 
comdeducation/Pagesleceducationmap aspx, Accessed 11 Dec 2012 


Peripheral Venous Cutdown 


Jeffrey Kile, Katrina John, and Amish Aghera 


6.1 Indications 


+ Distorted anatomy of peripheral venous access sites 

+ Unavailability of cannulable veins (e.g., in hypovolemia, 
‘burn victim, traumatic anatomy, sclerosed veins, etc.) 

+ Emergency venous access for infusion/transfusion 

+ Unavailability of central venous access or less invasive 
means peripherally 


6.2 Contraindications 


+ Absolute 
= Availability of less invasive or less time-consuming, 
‘means of vascular access 
= Overlying infection, traumatic tissue, burn, ete., at eut- 
down site 
= Traumatic injury proximal to cutdown site 
+ Relative 
= Coagulation disorders 


4. Kile, MBBS, PhD, MPH (ia) + K John, MBBS 
Department of Emergency Medicine, Fisenhower Medical Center, 
Rancho Mirage. CA. USA 

‘e-mail: jeffrey kle@ gmail.com: trenjohn@me.com 

A. Aghera, MD 

Department of Emergency Medicine, Maimonides Medical Center, 
New York, NY, USA 

‘e-mail aghera @maimonidesmed.org 
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6.3 Materials and Medications (Fig. 6.1) 


+ Sterile gloves 
‘+ Antimicrobial solution and swabs 

+ 4'"x4"" gauze sponges 

‘+ Local anesthetic (1 % lidocaine 5 mL.) 
+ SomL syringe 

+ Blunt needle 

+ 25- or 27-gauge needle 

+ Scalpel 

+ Vein dilatorilifter 

‘+ Peripheral intravenous catheter 

+ Curved hemostat 

+ 0-0silk sutures oF 4.0 nylon sutures 

+ Iris scissors 

‘+ Intravenous infusion tubing 

+ Adhesive tape 
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6. Peripheral Venous Cutdown 


a 


6.4 Choice of Vessel for Cutdown 

+ Greater saphenous vein: this vessel is the longest vein in 
the body, is predominantly subcutaneous, and is exposed 
with minimal blunt dissection just anterior to the medial 
malleolus at the ankle. 

+ Basilic vein: this vessel is reliably located 1-2 cm lateral 
to the medial epicondyle on the anterior aspect of the 
‘humeral region, typically catheterized just superior to the 
antecubital fossa approximately, and its diameter permits 
its localization relatively easily even in the hypotensive 
patient. 

+ Cephalic vein: this vessel runs anteromedially from the 
radial aspect of the wrist to the antecubital fossa, is super- 
ficial and large in diameter, and is most easily cannulated 
at the distal flexor crease in the antecubital fossa. 


6.5 Procedure 


6.5.1 Standard Venous Cutdown Technique 

1, Apply antimicrobial solution liberally to the skin sur- 
rounding the incisional area, 

2. Establish a sterile field by placing drapes around the 
incisional area, 

3. Apply a tourniquet proximal to the planned cutdowa site 
to maximize visualization of vein to be cannulated, 

4. Inject local anesthetic to raise a small (0.5 em) 
wheal using 25- or 27-gauge needle and then insert 
the tip of the needle through wheal to infiltrate skin 
superficial to the artery with approximately 4 mL of 
anesthetic. 

+ Injection of local anesthetic into the vessel may pre~ 
cipitate amhythmia, so draw back on the plunger 
prior to infiltration to ensure the tip of the needle is, 
not inside the vessel. 

5. Incise the skin with scalpel perpendicular to the course 
of the vein through all cutaneous layers until subcutane- 
ous fat is visualized (Fig. 6.2). 

+ Some practitioners prefer using a longitudinal in 
sion to reduce the risk of transecting neurovascular 
structures, but this may not produce sufficient expo- 
sure of vein, 


10. 


1 
12, 
13, 
14, 


15, 


16. 


17, 
18, 


Using a curved hemostat or gloved finger, bluntly dis- 
sect the subcutaneous tissue to isolate and mobilize 
approximately 2-3 em of the vein (Fig. 6.3). 

+ A small self-retaining retractor or tissue spreader can 
be used in this step to improve visualization of vein if 
desired 

ass suture under the vein distal to the planned venous 

puncture site using hemostat to stabilize the vein and tie 

the suture over the vein (Fig. 6.4). 

Pass a second suture under the vein proximal to the 

planned venous puncture site using hemostat (Fig. 6.5). 

+ This step enables increased visualization, vessel con- 
trol, and hemostasis during incision, 

+ Leave the ends of both sutures long to facilitate 
maneuvering the vein, 

Incise one-half to one-third of the diameter of the vein 

using a scalpel or iris scissors held at a 45° angle to the 

vessel (Fig. 6.6) 

Grasping the proximal edge of the incision with a 

hemostat to apply counter traction (in a distal direc~ 

tion), insert the tip of the catheter into the venous inci 

sion (Fig. 6.7) 

+ Do not force the catheter if it does not easily advance. 

+ Catheter can be introduced directly through the skin 
incision or via skin puncture adjacent to the skin 

+ Ifthe catheter lacks a tapered tip, cut the distal end of 
the cannula at a 45° angle to fashion a beveled tip. 

‘Thread catheter into vein (Fig. 6.8). 

Aspirate any air which may have entered the cannula 

during insertion, 

Connect hub of catheter to intravenous tubing. 

Tic the proximal suture around the vein just proximal to 

the venous incision, encircling both the vein and the 

intraluminal cannula with the suture. 

Remove tourniquet. 

Secure the catheter hub to the skin using aylon (4.0) 

sutures as follows. Take a 0.5 cm bite of skin under the 

catheter hub with the suture needle, tie several knots in 
the suture without pinching the skin, then tie a second 
set of knots around the hub of the catheter firmly. 

(Close the incision using nylon (4.0) sutures, 

Dress the wound with appropriate self-adhesive sterile 

dressing or sterile gauze pads and adhesive tape. 
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Paani aki Fig. 6.5. Distal and proximal ligatures in place 


Fig.6.6 Incision of vein 


Fig.6.3 Mobilization of vein 


Fig.6.4. Distal ligature tied around vein Fig.6.7 Catheterization of vein 
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Fig.6.8 Catheter threaded into vein 


6.5.2. “Mini-Cutdown" Technique 


(Perform steps 1-6 from the “Standard Venous Cutdown 
“Technique,” above, and then proceed with the steps below.) 


1, Puncture the vein using a standard over-the-needle venous 

catheter. 

+ Catheter can be introduced directly through the skin 
incision or via skin puncture adjacent to the skin 

‘Thread catheter into the vein over the needle, 

Remove and discard the needle. 

Agpirate any air which may have entered the catheter dur- 

ing insertion, 

5. Connect catheter to intravenous tubing. 


(Continue with steps 15-18 from the “Standard Venous 
Cutdown Technique.” above.) 


6.5.3 Modified/Guide Wire Technique 


(Perform steps 1-6 from the “Standard Venous Cutdown 
“Technique,” above, and then proceed with the steps below.) 


1. Insert the blunt end of the guide wire into the incised vein, 

2. While stabilizing the guide wire at its insertion site, 
thread the dilator and sheath assembly over the free end 
of the guide wire until it is approximately one inch from 
the skin. 

3. Grasp the free end of the guide wire protruding from the 
tail end of the assembly. 

+ If it does not protrude from the tail end of the assem- 
bly, the guide wire must be removed sufficiently from 
the artery to be securely grasped. It must protrude vis- 
ibly from the tail end of the dilator throughout the sub- 
sequent process of threading the dilator into the vein. 

+ Never let go of the guide wire during this step, as 
insertion of the dilator and sheath assembly can oth- 
cerwise push the guide wire completely into the vein. 

4, Holding it firmly near its tip, thread the assembly over 
the wire into vessel with a gentle back-and-forth twist- 
ing motion. 

5S. Holding the sheath securely in the vein, remove and dis- 

‘card the dilator and guide wire. 

6. Aspirate any air which may have entered the sheath dur- 
ing insertion. 

7. Connect sheath to intravenous tubing. 

8. Remove tourniquet. 

9. Secure the sheath to the skin, 

(0. Close the incision using nylon (4.0) sutures, 

1. Dress the wound with appropriate self-adhesive sterile 
dressing or sterile gauze pads and adhesive tape. 
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66 — Complications 
+ Hematoma 

+ Infection 

+ Sepsis 

+ Phiebitis 


+ Wound dehiscence 


6.7 Pearls and Pitfalls 

+ Fluids are infused most quickly via short, large-bore 
catheters, 

+ If the line is inserted for slow infusion of intravenous 
drugs, catheter lumen size is relatively insignificant. 

+ In larger children and adults, intravenous plastic tubing 
small-bore pediatric feeding tubes, and Silastic catheters 
may be used as infusion catheters. 

+ Threading a 10-gauge intravenous catheter or intravenous 
tubing directly into the incised vein achieves excellent 
flow rates. 

+ If difficulty is encountered while threading the catheter 
into the incised vein, ensure an appropriately sized 


catheter has been used and that the vessel lumen has been 
correctly identified and that no false passage has been cre- 
ated in the adventitia 

‘+ As compared to the standard venous cutdown technique, 
the mini-cutdown technique is easier and also preserves 
the vein, permitting repeated catheterization if necessary. 

‘+ As compared to the standard venous cutdown technique, 
the modified/guide wire technique reduces procedure 
time and increases the likelihood of vein salvage in the 
event of vessel transection, 
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Airway and Vascular Procedures 


Bag-Valve-Mask Ventilation 


Braden Hexom and Tatiana Havryliuk 


7.1 Indications 
+ Hypoxia 

‘+ Hypoventilation/apnea 

+ Rescue maneuver if failed intubation 


7.2 Contraindications 
+ Absolute 
= Inability to ventilate due to lack of seal (thick beard, 
deforming facial trauma) 
= Inability to ventilate secondary to complete upper air- 
‘way obstruction 
= Active, adequate spontaneous ventilation 


B. Hexom, MD (!2) 
Department of Emergency Medicine, Mount Sinai Hospital, 
New York, NY, USA 

‘e-mail: bralen hexomé msmed 

‘T-Havryliuk, MD 

Department of Emergency Medicine, University of Colorado 
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e-mail: tatiana hayryliuk@uedenveredu 


© Springer Sciences Business Media New York 2016 


+ Relative 
— Full stomach (aspiration risk) 
= After induction and paralysis during rapid sequence 
{intubation (aspiration risk) 


7.3. Materials (Fig. 7.1) 
+ Bag valve mask (BVM) with reservoir 

+ Oxygen connector tubing 

+ Nasal pharyngeal airway/oral pharyngeal airway 
+ Lubricant jelly 


Fig.7.1_ BVM supplies: bag, mask, oral airways, nasopharyngeal ai- 
‘ways; lubricant 


a 
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7.4 Procedure 


1, Position patient in “sniffing” position, 
2. Open the airway with chin-lifthead- 


It or jaw thrust 


3, Place airway adjuncts to maintain airway patency, Use 
oral airway (Fig. 7.2) in unconscious patients. Use nasal 
airway (Fig. 7.3) in semiresponsive patients. 

4, Attach oxygen tubing to high-flow oxygen (15 L/min). 

5. Place appropriately sized mask on patient's face covering 
the nose and mouth. 

+ For one-handed technique (Fig. 7.4), use nondominant 
hhand to make a “C” with index finger and thumb on 
top of the mask and form an “E” with the rest of the 
fingers using them to pull up on the mandible (E~C 
technique). Use the dominant hand to provide bag 
ventilations, 

+ For two-handed (Fig. 7.5), two-person technique (pre~ 
ferred), make two semicircles with index fingers and 
thumbs of both hands on top of the mask and use the 
rest of the fingers to pull up on the mandible. 

6. Consider the Sellick maneuver (cricoid pressure) to com- 
press the esophagus against the cervical vertebrae, pre- 
venting gastric insufflation. 

7. Ventilate patient providing reduced tidal volume breaths 
(500 mL.) at a rate of 10-12 breaths per minute. 

8. Give each breath gently over I-15 s to avoid high peak 
pressures, avoiding gastric insufflation, 

9. Prepare for definitive airway as dictated by the clinical 


Fig. 7.2. (a-c) Oral airway insertion 


Variants 


Top-left: Polarized nonlatching relay inits resting 
condition, with no power applied. Top right: 
Single-coil latching relay showing energized 
contacts (black circles) when the coil is powered 
with the polarity indicated. If the polarity is re- 
versed, the relay flips to its opposite state. Some 
‘manufacturers indicate the option to reverse po- 
larity by placing a minus sign alongside a plus 
sign, and a plus sign alongside a minus sign. 
Bottom-leftand bottom-right: Polarized latching 
relays with two coils, with different pinouts. 


2 828 7 $93 
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Figure 9-6, Relay pinouts depicted in the style commonly 
found in manufacturers’ datasheets, showing different re 
lay types. Top-loft: Single col, noniatehing. Top-right: Si 
‘le cai, latching. Battorn let: Twocoll, latching. Battom 
right: Two-col, latching, alternate pinouts. (Adapted from 
a Panacanie datasheet.) 


In these diagrams, the relay is seen from above. 
Some datasheets show the relay seen from be- 
low, and some show both views. Some manufac- 
turers use slightly different symbols to indicate 
interior functions and features. When in doubt, 
use a meter for verification. 


Reed Relay 

A reed relay is the smallest type of electrome- 
chanical relay with applications primarily in test 
equipment and telecommunications. With a coil 
resistance ranging from 500 to 2000 ohms, these 
relays consume very little power. Thedesign con- 


power> connection > relay 
sists of a reed switch with a coil wrapped around 
it, Figure 9-7 shows a simplified rendering. The 
two black contacts are enclosed in a glass or 
plastic envelope and magnetized in such a way 
that a magnetic field from the surrounding coil 
bends them together, creating a connection, 
When power to the coil is disconnected, the 
magnetic field collapses and the contacts spring 
apart. 


Figure 9-7. This simplified rendering shows a reed relay, 
consisting of a magnetized reed switch inside a glass or 
plastic pad, activated by a coll wrapped around it 


In Figure 9-8, two reed relays are shown, at top- 
left and center-right. At bottom-left, the type of 
relay on the right has been opened by a belt 
sander to reveal its copper coil and inside that, a 
capsule in which the relay contacts are visible. 


Surface-mount reed relays can be smaller than 
05" x 0.2" Through-hole versions are often 
around 0.7" x 0.3" with pins in two rows, though 
some are available in SIP packages. 


Reed relays have limited current switching ca- 
pacity and are not suitable to switch inductive 
loads. 


‘Small Signal Relay 
Assmall signal relay is also known as a low signal 
relay. This type may have a footprint as small as 
a reed relay but generally stands slightly taller, 
requires slightly more coil current, and is avall- 
able in versions that can switch slightly higher 
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Fig.7.3 (a,b) Nasal airway insertion 


Fig.7.4 (a-) One-handed seal technique 
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7.5 Complications 


‘+ Stomach inflation may lead to vomiting and aspiration, 
‘+ Increased positive thoracic pressure may cause decreased 
preload, worsening cardiac output, and/or hypotension. 

+ Hypoventilation (inadequate O: tidal volume, airway 

patency, or mask seal) 


7.6 Pearls and Pitfalls 


+ Pearls 

= Use jaw thrust to open mouth for patients with possible 
cervical spine injury. 

= Use airway adjuncts whenever available, especially if 
prolonged BVM ventilation is anticipated. 

— Use lubricant jelly to insert nasal airway; do not insert 
in patients with severe facial trauma, 

— Mask should be placed on patient's face prior to attach- 
ing to bag. 

— Apply pressure to the bony part of the mandible only 
to avoid soft-tissue injury. 

~ Provide just enough tidal volume to see a chest rise and 
deliver each breath gently over 1-1.5 s to prevent 
gastric insufflation. 

— Ensure good seal: 
+ Select appropriate mask size. 
‘+ Choose two-handed technique over one-handed, if 


possible. 
+ Keep well-fiting dentures in place if present (and 

Fig. 7.5. Two-handed seal technique: (a) two semicircles, (b) alterna- remove before intubation), 

tive thumbs method + Lift the mandible toward the mask (as opposed to 


pushing the mask onto the face). 
+ Rock the mask on face until no leak is present. 
+ Apply K-Y jelly to beard to improve the seal. 
+ Pitfalls 
= Overcompression during the Sellick maneuver can 
compress the cricoid ring, preventing ventilation, 
= Cicoid pressure (Sellick maneuver) is not recom- 
‘mended during cardiac arrest resuscitation, 
~ Difficult BVM ventilation: MOANS. 
+ Mask seal 
+ Obesity/obstruction 
+ Age 
+ No teeth 
+ Stitt 
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Awake Orotracheal Intubation 


Benjamin M. Mahon, Justin Bennett, and Lars K. Beattie 


8.1 Indications 


+ Urgent but not emergent endotracheal intubation is 
required in a patient who: 
= Isawake 
~ Is currently protecting his airway 
= Isnota candidate for a supraglottic airway (LMA) 
= The patient 
+ Is predicted to have a difficult airway 
‘+ Has structural abnormalities of the airway 
+ Will not tolerate a period of apnea 
+ May lose his airway (anaphylaxis, angioedema, 
traumatic airway) 
+ Patients requiring urgent but not emergent intubation in 
\hom paralytics are contraindicated (i.., allergies, myas- 
thenic crisis) 


82 — Contraindications 
+ Absolute 
~ Surgical airway indicated 
~ Emergent crash airway needed 
= Oblunded patient 
= Allergies to 
lycopyzrolate) 


medications needed (lidocaine, 
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+ Relative 
Inability to maintain airway or tolerate secretions 


8.3 Materials and Medications 

+ Suctioning equipment 

+ Intravenous access equipment, cardi monitor, pulse 
oximetry, blood pressure cult 

+ 4% lidocaine solution 

+ 2.% viscous lidocaine jelly 

+ Nebulizer 

‘+ Mucosal atomization device 

+ 4d gauze 

‘+ Tongue depressor 

+ Glycopyrrolate/atropine 

‘+ Sedation: ketamine, propofol, Versed, and/or fentanyl 

+ Intubation equipment 

+ Backup emergency airway adjuncts 

+ Bag valve mask 

+ Laryngoscope, fiber optics, oral airway, ete 


Procedure 


1. Preparation 
(a) Establish IV access, 

(b) Place the patient on a cardiac monitor with continu- 
us pulse oximetry, 

(©) Keep backup RSI emergency airway medication and 
equipment at the bedside. 

2. Administer 0.2-0.4 mg of intravenous glycopyrrolate (or 
a small dose (0.5-1 mg) of atropine to decrease secre~ 
tions) 15 min prior to procedure. 

3. Nebulize 2 mL. of 4 % lidocaine with oxygen at $102 per 
minute to anesthetize the pharynx (Fig. 8.1), 
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4, Use Yankauer suction (with the patient's assistance) to 
dry out the mouth as much as possible. Dabbing the 
tongue with gauze can assist in this step. 

5. Continue preoxygenation. 

6. Immediately after the nebulized solution is applied, give 
the patient a “lidocaine lollipop” (Fig. 8.2). 

(a) A2ml dollop of 2 % viscous lidocaine is to be placed 
‘on the end of a tongue depressor and is given to the 


patient to place in his mouth (like a lollipop). 
(b) Have the patient copiously gargle, then swallow the 
viscous lidocaine, 
7. Using a mucosal atomizer, spray 2 ml of 4 % lidocaine in 
the posterior oropharynx and as far down toward the glot- 
tis as possible (Figs. 8.3, 8.4, and 8.5). 
8, Sedation 
(@) Itis feasible to proceed with the awake intubation in 
an un-sedated, wide awake but cooperative patient. 
(b) Sedation can be initiated using institutional prefer- 


ences, but some options include: 


Fig. 8.1. Nebulization of 4% lidocaine 


Fig.8.2 Lidocaine lllipop 


(i) Midazolam 2 mg 1V 
Gi) Ketamine 1 mg/kg IV 
(ii) Propofol 1 mg/kg IV 
(iv) Ketofol (ketamine and propofol both at concen- 
trations of 10 mg/ml, 5 mil of each mixed in a 
10 ce syringe) titrated at 1-3 ml aliquots 
(©) More atomized lidocaine can be provided prior to 
endotracheal tube (ETT) passage, but one must be 
aware of the upper lidocaine dose for your patient. 
(d) Adequate anesthesia is confirmed by the absence of 
gag reflex upon direct palpation (Fig. 8.6). 
9 Intubation, induction, and gentle direct laryngoscopy can 
be performed at this point to place the ETT (Fig. 8.7). 
(a) Induction (if no prior sedation) and paralytic agents 


should be available to immediately administer after 
ETT placement. 

(b) Thorough discussions on intubation techniques can 
be found in other chapters in the atlas, 


Fig. 


3 Mucosal atomizer attached t syringe 


Fig. 8.4 Pushing syringe plunger atomizes lidocaine 
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Fig. 8.5 Atomized lidocaine being administered 10 the posterior 
pharynx 


Fig. 8.7. (a) Final lidocaine atomization of deep structures and trachea, 
(b) intubation using a lighted stylet 


Fig. 8.6 (a, b) Adequately anesthetized awake patient with laryngo 
scopic view of epiglltis 
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85 Pearlsand Pitfalls = The toxie dose of lidocaine is 300 mg oF 3-5 mg/kg. 

‘The dosages listed are intended for a 70 kg patient and 
+ Pearls yields a total dose of 280 mg (4 mg/kg). This dose may 


= Steps 3-7 should be done successively and as quickly 
as possible, to capitalize on the short half-life of 
lidocaine. 

— Simultaneous preoxygenation and anesthetization can 
be achieved by nebulizing the 4 % lidocaine through a 
face mask. 

Ifthe patient has been sedated, soft restraints may help 
prevent the patient from inadvertently grabbing the 
tube or your intubating equipment. 

— A nasotracheal intubation can be performed by simply 
aanesthetizing the nares through which the ETT will be 
placed using lidocaine jelly and/or atomized lidocaine. 

+ Pitfalls 

= Failure to prepare all equipment beforehand may 

extend the procedure beyond the lidocaine half-life. 


need to be decreased in smaller individuals. 
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Rapid-Sequence Intuba 


Ram A. Parekh 


9.1 Indications 

+ Failure to oxygenate 

+ Failure to ventilate 

+ Unable to protect airway patency or reflexes 
+ Projected clinical course deterioration 


9.2 Contraindications 
+ Absolute 
= Complete upper airway obstruction 
Significant facial and airway trauma with loss of land- 
‘marks for orotracheal intubation 
+ Relative 
Anticipated difficult intubation 
+ Not an absolute contraindication. 
+ Patient scenario requires a careful preintubation 
assessment and plan, 
+ Consider an “awake” intubation. 
+ Consider alternative airway adjuncts (e.g., extra- 
glottic devices, video laryngoscopy, laryngeal mask 
airway [LMA). 
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— Induction or paralytic agent-specific contraindications 
given clinical circumstances 
+ Caution: induction agents that lower blood pressure 
in hypotensive patients, 
+ Caution: succinylcholine in potentially hyperkale- 
mic patients 
— Crash airway 
+ Apneic, arrest, and periarrest situation 


93 


Materials and Medications 


Laryngoscope with appropriate blade (choice based on 
proceduralist’s preference and patient anatomy) (Fig. 9.1) 
Intubating stylet 

Endotracheal tubes (ETTs) 

Syringe, 10 mL. (to inflate ETT cuff) 

Surgilube 

‘Suction catheter 

(Oral and nasal airways (Fig. 9.2) 

Ambu bag and mask attached to oxygen source 
Induction, pretreatment, and paralytic agents 

ETT confirmation device—EZ capnometry, quantitative 
end-tidal carbon dioxide concentration (ECO.) detection 
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‘Orapnnryngess airway 


Fig.9.2. Oral and nasal airways 


power > connection > relay 


Figure 9-8. Three reed relays, one of which has had its 
packaging partially eomoved ty a belt sander to reveal its 
‘copper coll and internal contacts 


voltagesand currents. There are usually two rows 
of pins, spaced either 0.2" or 0.3" apart. The red 
and orange relays in Figure 9-4 are small signal 
relays, 


Automotive Relays 

‘An automotive relay is typically packaged in a 
cube-shaped black plastic case with quick- 
connect terminals at the bottom, typically plug- 
ged into a socket. Naturally they are designed to 
switch, and be switched by, a 12VDC supply. 


General Purpose/Industrial 

‘These relays cover a very wide range and are 
Usually built without significant concern for size 
‘They may be capable of switching high currents 
at high voltages. Typically they are designed to 
plug into a socket such as an octal base of the 
type that was once used for vacuum tubes. The 
base, in tum, terminatesin solder tabs, screws, or 
quick connects and is designed to be screwed to 
a chassis. allows the relay to be unplugged and 
swapped without resoldering 


Variants 


Two industrial relays are shown in Figure 9-9. 
Both are DPDT type with 12VDC coils and rated 
to switch up to 10A at 240VAC. The one on the 
lefthas an octal base. An octal socket that fits an 
octal base is shown in Figure 9-10. 


Figure 9-9. Two relays powered by 12VDC, capable of 
switching up to 10A at 240VAC. 


Figure 9:10. An actal socket with screw terminals, de 
signed to accept a relay with an octal base. 

Time Delay Relay 

Generally used to control industrial processes, a 
time delay relay switches an output on and off at 
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9.4 Procedure 3. Pretreatment 
+ Administer pharmacological agents to mitigate 
1, Preparation adverse physiological effects of intubation, induction, 
+ Thoroughly assess patient for difficulty of intubation and paralysis, which may be undesirable in certain 
Fig. 9.3), clinical circumstances (Table 9.1). 
+ Develop fallback plans for failed intubation attempt, 4. Induction and paralysis 
‘+ Establish at least one, but preferably two, secure intra- + Administer a rapidly acting induction agent to produce 
venous (IV) lines, rapid loss of consciousness via IV push (Table 9.2. 
+ Place on cardiac monitor with pulse oximetry, blood + Immediately follow induction agent with a 
pressure monitoring, and continuous eapnography. neuromuscular-blocking agent via IV push (Table 9.3), 
‘+ Yankauer suction device attached to suction, suction on, 5. Positioning 
+ Pharmacological agents, drawn and labeled, + Ifno cervical spine injury suspected, place the patient 
+ Laryngoscope and blades tested to ensure proper func in the “sniff” position (Fig. 9.6): 
tioning of light source. ~ Flex neck 
‘+ Desired ETT size, prepared for intubation: — Extend head 
— Intubating stylet in position (tip at eye of ETT) + Ideally, the patient's pinna will be at the level of the 
— 10-mL. syringe attached to ETT sternum. 
~ ETT configured per proceduralist's preference 6. Direct laryngoscopy (see Chap. 10) 
(e.g., hockey stick, curved) 7. Proof of placement 
— Cuff tested for air leak + Visualize ETT passing vocal cords 
2 


reoxygenation 
+ Administer high-flow oxygen for 3-5 min (Fig. 9.4). 
— Nitrogen is exchanged for O; in the functional 
residual capacity of the lungs. 
— Establishes oxygen reservoir within lungs (primarily), 
blood, and body tissue. 
= Also known as nitrogen “washout.” 
+ This can be done using: 
— Non-rebreather masks—delivers 65-70 % 
+ Difficult intubation not anticipated 
— Well-fitting bag-valve-masks (without positive- 
pressure ventilation)—delivers greater than 90 % 
oxygen (Fig. 9.5) 
— Noninvasive positive-pressure 
(NIPPV)—delivers 100 % oxygen 
+ Consider NIPPV in high-risk patients with mod- 
crate to severe shunt physiology. 


ventilation 


+ Confirm tube placement via EtCO. 
~ Qualitative detection device—EZ Cap 
~ Quantitative continuous EtCO; waveform on moni- 
tor (preferred) (Fig. 9.7) 
+ Auscultation of breath sounds: 
— Lung fields bilaterally 
— Epigastric region (ensuring no breath sounds in the 
stomach) 
Postintubation management 
+ Secure ETT (Fig. 9.8) 
+ Initiate mechanical ventilation. 
‘+ Postintubation sedation and analgesia, 
+ Postintubation chest x-ray. 
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Difficulty of intubation based on mallampatl classification 
Class | Class I Class I Class 1V 


Fig.9.3. Assess patient for difficulty of intubation 
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Fig.9.5. Preoxygenation materials 


Table 9.1 Pretreatment: pharmacological agents used to mitigate Table 9.3 Paralysis: neuromuscularblocking agents administered 
adverse physiological effects of intubation, induction, and paralysis immediately after induction agent 


‘Agent [Dose (V) [Indication ‘gent ese (V) [Ome ee) [Duration tia) 
TLidocsine[ISmgfkg |Use in tight brain to atenuate ICP “Succinglcholing [5 make 45 10 
Rapid push | ncrease fom laryngoscopy! Rocuronium | LOmgfkg [60-75 [40-60 
nba use gh hangs to Seas othe fess aos 
blunt bronchospasi response pee 
Fentanyl | 1-3 megiig | Use night brain, ight heart and 
Stow push |sight vessels to bunt reflex 
sympathetic response 0 
laryngoscopy 


TCP intracranial pressure 


Table 9.2 Induction: rapidly acting induction agents used to produce 
"api loss of consciousness 


‘Agent ‘Base (V) (gla) [Onset (Gee) [uration (nin) 
‘Midavolam [02-03 0-00 [15-30 
Evomidate [03 145 (12 
“Tiopental 3 <0 10 
Keumine [15-20 5-60 [10-20 
Propofol [15 1545__(5-10 
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Fig.9.8. Equipment used to 
secure ETT 
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9.5 Complications 
+ Esophageal intubation 
+ Right mainstem intubation 
+ Pheumothorax from laryngeal trauma 
+ Aspiration 
+ Dental trauma 
+ Vocal cord injury 
+ Hypotension 
= Induction agent 
= Decreased venous return from positive pressure 
= Pneumothorax 
+ Hyperkalemia (suecinylcholine used in mildly hyperkale- 
mic patient) 
+ Iatrogenically obstructed airway 
+ Failure to intubate 


9.6 Pearls and Pitfalls 

‘+ Utilization of oral and nasal airways will greatly increase 
the ease of preoxygenation and reoxygenation, 

+ Inadequate preoxygenation will cause premature desatu- 
ration, decreasing time for intubation. 

+ Suboptimal patient positioning can prevent vocal cord 
visualization during direct laryngoscopy. 

+ Consider alternative airway devices before intubation to 
have a plan in place if a difficult airway is encountered. 


‘+ Underdosing induction or paralytic agent will prevent 
adequate time to perform procedure or create patient 
discomfort 

‘+ Inappropriately sized MeIntosh laryngoscopic blades. 
= Too small—more difficulty in moving tongue and epi- 

glottis out of way for vocal cord visualization 
~ Too large—easier to overshoot and go past vocal cords 
into the esophagi 

+ Excessive cricoid pressure (Sellick maneuver) may lead 
to disrupted laryngoscopic view and difficulty passing the 
ETT. 
= Disrupted view: readjust larynx using dominant hand 

to allow cord visualization, 
~ Difficulty passing ETT: ask for release of some cricoid 
pressure to allow for ETT passage. 

+ Inadequate postintubation sedation and analgesia, espe- 
cially when long-acting paralytics are used. 

+ Acidic gastric contents can cause CO; qualitative cap- 
nometry to change to yellow, falsely indicating tracheal 
placement of the ETT. 


Selected Reading 
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10.1 Indications 


+ Orotracheal intubation 
= Maintenance of oxygenation/ventilation 
= Airway protection 

‘+ Visualization of laryngeal anatomy 

+ Foreign body retrieval 


10.2 Contraindications 


+ Absolute 
= None 
+ Relative 
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— Presumed difficult airway 
+ Anatomical limitations 


‘Small oral opening (less than three of the 
patient's fingers) 

‘Small mandible (hyomental distance less than 
three fingers) 

Hyoid-thyroid distance (less than two fingers) 


+ Clinical limitations 


Patient with unstable cervical spine 
Patient with multiple facial or neck trauma 
Patient with history of tracheal stenosis, irradia- 
tion, or history of tracheal mass or surgery 
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10.3 Materials and Medications (Fig. 10.1) 


+ Laryngoscope handle 
+ Laryngoscope blade with light 
~ Macintosh blade (Mac or “curved blade” 
~ Miller blade (“straight blade") 
+ Bag valve mask attached to 100 % O; source 


Endotracheal tube (ETT) 
10-mL syringe 
‘Yankauer suction 
End-tidal CO, (EtCO.) 
quantitative) 

McGill forceps (for foreign body retrieval) 
Postintubation chest radiograph 


‘monitor (colorimetric or 


Fig.10.1_ Basic laryngoscopy supplies. Clockwise from top lft: Yankauer suction, Miller Blades, endotracheal ube, 10-ml. syringe, laryngoscope 
handle; Macintosh Blades. and McGill forceps 
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10.4 Procedure 


Check the laryngoscope handle and blades to ensure that 

the light is functioning. 

‘Choose the appropriate blade based on patient size. 

(a) The Macintosh or Miller 3 size is appropriate for the 
majority of adults, and a 4 can be used for a larger 
body habitus. 

(b) The Macintosh blade is generally preferred in adults 
owing to increased space for ETT passage [1] 

(6) The Miller blade may be preferable in cases in which 
the patient has limited mouth opening (owing to its 
smaller vertical height), or in which the airway is par- 
ticularly floppy (such asin infants and children) [1 

Position the patient (Fig. 10.2). 

(a) Raise the bed so that the patient’s oral opening is 
at the level of the xiphoid process of the 
laryngoscopist. 

(b) The optimal laryngeal view is obtained in the neck 
flexion/head extension or “sniffing” position. To 

achieve ths, place towels under the patient’s occiput 

to raise it approximately 6-9 em [2] 

If patient is in cervical spine precautions, then an 

assistant must hold the cervical spine in midline 

immobilization throughout the laryngoscopy; eleva- 
tion ofthe occiput is therefore contraindicated. 

Provide 100 % O: via face mask to preoxygenate the 

patient before laryngoscopy. 

After ensuring adequate anesthesia and neuromuscular 

blockade (if performing laryngoscopy for intubation), 

perform the scissor technique to open the patient's mouth 
and to lift the tongue base from the glottic opening. 

Macintosh blade insertion Fig. 10.3). 

(a) Insert the laryngoscope ito the patient's mouth, tating 

from the right side, and slowly advance into the oro- 

pharynx, using the blade’s vertical lange to “sweep” the 
tongue tothe left and away from the glotic opening. 

Advance the blade along the tongue toward the 

tongue base, until the epiglottis and posterior aryte- 

noids are viewed. 

In order to expose the cords, insert the Macintosh 

blade into the vallecula, which isthe potential space 

anterior to the epiglotis and posterior to the tongue 
base. This will act asa fulerum and raise the epiglot- 
tis, exposing the vocal cords. 

(@) To further expose the cords and/or expose the val- 
lecula, exert force outward at a 45° angle to the 
patient. Do not “rock” the laryngoscope because 
this may cause injury to the teeth. 

Miller blade insertion (Fig. 10.4) 

(@) Insert the blade into the right side of the mouth and 
slowly advance along tongue toward the tongue 
base, The Miller blade does not have a flange for 
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isolating the tongue, and thus the Macintosh may be 

preferable in patients with large tongues. 

Advance the blade along the right side of the tongue 

until the epiglotis and posterior arytenoids are visible. 

In contrast to the Macintosh blade, the Miller blade 

is used to directly isolate the epiglottis and expose 

the vocal cords. Using the tip of the Miller, move the 
epiglottis anteriorly to expose the vocal cords. 

As with the Macintosh, exert force outward at a 45° 

angle to the patient to increase the view of vocal 

cords, Do not “rock” the laryngoscope because this 

‘may cause injury to the teeth, 

Assessing the glottic view (Fig. 10.5). 

(a) With the epiglottis either directly or indirectly lifted 
from the glottic opening, assess the Cormack- 
Lehane laryngeal view grade. 

(i) Grade 1—view of entire laryngeal opening, 
including cords 
(i) Grade 11—view of posterior laryngeal cartilages 
(iii) Grade I1l—visualization of epiglottis only 
(iv) Grade IV—no structures visualized 

(b) A lower grade (higher quality, better) view is predic~ 
tive of intubation success [3], 

(©) Inthe event of a higher grade view, the operator may 
request airway adjuncts, such as a bougie. 

Improving the glottic view [4] 

(a) With the laryngoscope in the desired position, itis 
possible to improve the glottic view by exerting 
backward pressure on the thyroid cartilage either 
with the operator's right hand (bimanual laryngos- 
copy) or with an assistant applying BURP 
(backward-upward-rightward pressure) (Fig. 10.5). 

(b) Backward pressure increases the vertical distance 
between the epiglottis and the posterior cartilages, 
thereby increasing the likelihood of vocal cord 
visualization, 

Passing the ETT (Fig. 10.6). 

(a) With the optimal view of the cords obtained, pass 
the ETT from the right comer of the mouth through 
the vocal cords, to a depth of 21 em at the incisors in 
females and 23 em in males. 

(b) Inflate the ETT cuff with approximately 5 ce of air 
until the pilot balloon is firm to touch. 

After completing intubation or after completion of 

laryngoscopy. slowly remove the blade from the mouth, 

taking care to avoid dental or lip trauma, 

Attach the capnography device to the ETT tube to ensure 

E1COz return, 

(a) Colorimetric devices will turn from purple to yellow 
in the presence of E1CO,, 

(b) Quantitative devices will return a CO; waveform, 

Attach the ETT to ventilator or bag-valve-mask con- 

nected to an oxygen source. 


() 


cs 
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14, Auscultate breath sounds in both lung fields and ensure 15. Obtain a postintubation chest x-ray to ensure no right 
absence of breath sounds over the epigastrium (which mainstem intubation or pneumothorax. 
could signify esophageal intubation). 


Fig. 10.2. Visualization axis 
and sniffing position: (a) The 
Patient's occiput is not 
‘levated and the neck is not in 
Alexion, thereby creating a 
‘steep visual axis (b) the 
‘occiput is correctly elevated 
16-9 em, placing the patient in 
sailing postion and allowing 
the visual axis to align with 
the airway axis 


Incorrect 


Epiglotis 


Correct 


Valu 


preset time intervals that can be programmed to 
repeat. The example in Figure 9-1 has a 12VDC 
coil and is rated to switch up at 10 at 240VAC. It 
has an octal base, 


on a time-delay relay, 
‘and “of” intervas 


Contactor 


A contactor functions just like a relay but is de- 
signed to switch higher currents (up to thou- 
sands ofamperes) at higher voltages (up to many 
kilovolts). Itmay range from being palm-sized to 
‘measuring more than one foot in diameter, and 
may be used to control heavy loads such as very 
large motors, banks of high-wattage lights, and 
heavy-duty power supplies. 


Values 


Datasheets usually specify maximum voltage 
and current for the contacts, and nominal volt- 
age and current for the coil, although in some 
cases the coil resistances stated instead of nom- 
inal coil current. The approximate current con- 
sumption can be estimated, if necessary, by us- 


ing Ohm's Law. The minimum voltage that the 
relay needs for activation is sometimesdescribed 
as the Must Operate By voltage, while the Must 
Release By voltage is the maximum coil voltage 
that the relay will ignore, Relays are rated on the 
assumption that the coil may remain energized 
for long periods, unless otherwise stated. 


While the contact rating may suggest thata relay 
can witcha large load, thisis not necessarily true 
ifthe load has significant inductance. 


Reed relays 

Usually use a coil voltage of SVDC and have 
a contact rating of up to 0.25A at 100V. 
Through-hole (PCB) versions may have a coil 
voltage of SVDC, 6VDC, 12VDC, or 24VDC 
and in some cases claim to switch 0.5A to 1 
at up to 100¥, although this rating is strictly 
for a noninductive load. 


‘Small signal/low signal relays 
Usually usea coil voltage ranging from SVDC 
to 24VDC, drawing about 20mA, Maximum 
switching current for noninductive loads 
ranges from 1A to 3A. 


Industrial/general purpose relays 
A very wide range of possible values, with 
coil voltages ranging up to 48VDC or 125VAC 
to 250VAC. Contact rating is typically 5A to 
30A, 


‘Automotive relays 
Coil voltage of 12VDC, and contact rating 
often SA at up to 24VDC. 


Timer relays 
Usually these specify acoil voltage of 12VDC, 
2AVDC, 24VAC, 125VAC, or 230VAC. The 
timed interval can range from 0.1 sec to 9999 
hours in some cases. Common values for 
contact ratings are SA up to 20A, with a volt- 
age of 125V to 250V, AC or DC. 
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Fig. 103 Macintosh blade 
insertion. The blade is inserted 
into the vallecula, which raises 
the epiglottis and exposes the 
lotic opening 


Fig. 10.4 Miler blade 
insertion. The blade is used 10 
elevate the epiglotis directly, 
‘exposing the glotic opening 


Epiglotis 


‘Straight blade 
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Fig. 10.5 (a) Simanual laryn- 
‘goscopy. The force om the neck is 
‘opposite the direction of lift by 
the laryngoscope, (b) laryngos- 
‘copy view, (€) \Cotmack and 
Lehane 


i Glossoopigittic 
folds (median 
‘and lateral) 


Vocal chords 
(true chords) 


Ventricular fold 
(false chords) 


Atyepigittic fold 
Piriform fossa, 


Posterior carlagos 


” 
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Fig. 10.6 (a) Inert the laryngoscope into the mouth, (b) sweep the 
tongue to the left. (e) advance the laryngoscope until the epiglotis is 
Visible, and insert the blade into valleula to expose the cords. When 
using the Miller blade, inser the blade until ube epiglotis i seen. Slide 
the blade under the epigltis and lift to expose the cords 


10.5 Complications (3, 5] 


+ Common (1-4 %) 
= Esophageal intubation—can be fatal if unrecognized 
= Mainstem bronchus intubation 
= Tachycardia 
= Aspiration 
= Hypotension 
+ Uncommon (<I %) 
= Dental/oral trauma 
= Oropharyngeal edema or bleeding 
= Laryngospasm 
= Dysthythmia 
~ Pneumothorax 
= Cardiac arrest 


10.6 Pearls and Pitfalls 


+ Pearls 

Positioning is of key importance—all patients with a 

stable cervical spine should be placed in the “sniffing” 
position to maximize view. 

— Consider the “ramping” position in obese patients with 
stable cervical spines—elevation of the head and 
shoulders allows redundant tissue to fall and gives an 
improved glottic view. 

— Always have suction readily available to remove blood, 
‘vomitus, oF edema, 

~~ Ifstructures are not readily visible, withdraw the blade 
‘gradually because it is common to insert the blade too 
deep. 

+ Pitfalls 

— “Rocking” the laryngoscope instead of lifting outward 

— Failure to recognize esophageal intubation 

~ Failure to evaluate postintubation chest x-ray 
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11.1 Indications 11.2 Contraindications 


+ Rescue device in a failed intubation + Absolute 
+ Initial device in a predictably difficult airway = Inadequate mouth opening 
+ Temporizing airway prior to definitive endotracheal + Relative 
intubation or surgical airway — Neck traumafinjury/radiation 
— High risk of aspiration 
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11.3 Types (Fig.11.1) 


Fig.11.1 Types of laryngeal mask sirway: (a) LMA Unique, (b) LMA Classic Excel (e) LMA Fastruch 
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11.4 Materials and Medications 


+ Appropriately sized laryngeal mask airway (LMA; LMA 
Unique/LMA Classic Exce/LMA Fastrach) and corre- 
sponding syringe (Table 11.1) 

+ Surgilube 

+ Bag valve mask 

*+ Continuous end-tidal CO, (EtCO;) or colorimetric EtCO; 
detector 

+ 8mm or smaller endotracheal tube (ETT) (for Fastrach 
intubating LMA only) 


Table 11.1. Laryngeal mask airway sizing 


Maximum eu 
Patieat | infaion 

Size _| weight (kg) |volume (mL) _|LMA product availability 

1 | [a Unique 

m/s 17 [Brique 

2 [1020 [10 [Unique 

2 [20-30 (| [Unique 

a ee ae Unique, Cassi Exeel, 
Pastach 

7 > Unigue, Classi Excel, 
Fastach 

alll ld Unigue, Cassi Excel, 
Pastach 

Ce ee) [Unique 


{EMA laryngeal mask airway 


11.5 Procedure 
11.5.1 LMA Unique or Classic Excel 


1. If using a reusable LMA Classic Excel, ensure that itis 
sterile and inspect it for any damage or wear. 

2. Tightly deflate the cuff using a syringe such that it forms 
‘a spoon shape (Fig. 11.2) 

3. Lubricate the posterior surface of the LMA with sterile 
lubricating jelly. 

4. Stand behind the patient at the head of the bed as in 
direct laryngoscopy. 

5. Place the patient's head in the sniffing position and 
‘ensure proper induction and paralysis. 

6. Hold the LMA with the index finger of the dominant 
hand positioned at the juncture of the tube and cuff 
(Fig. 11.3). 

7. Widely open the mouth with the nondominant hand and 
insert the LMA with the fattened tip flush with the 
palate. 

+ Ensure that the tip of the device does not fold over 
during insertion, 

8. Using the index finger, push the LMA along the curva- 
ture of the hard and soft palate (Fig. 11.4). 

9. Continue to insert the LMA into the hypopharynx until 
resistance is felt. (At this point the tip of the LMA is in 
the esophagus.) 

10, Stabilize the tube with the nondominant hand and remove 
index finger of the dominant hand from the LMA. 

11. Inflate the cuff of the LMA to at least half of the maxi- 
‘mum value using a syringe. 

+ The LMA might move slightly outward during cuff 
inflation as the LMA positions itself in the 
hypopharyns, 

12. Confirm placement and adequate gas exchange with 
continuous EtCO, capnography or colorimetry. 
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Fig.11.2 Deflate the laryngeal 
mack airway (LMA) cul using a 
syringe 


Fig.11.3 Hold the LMA with the index finger positioned atthe junc- Fig. 11.4 Use the index finger tn guide the LMA along the hand and 
lure ofthe tbe and the cull soft pate 
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11.5.2 LMA Fastrach 


1. Ifusing a reusable LMA Fastrach, ensure that itis sterile 
and inspect it for any damage or wear. 

2. Tightly deflate the cuff using a syringe such that it forms 
aa spoon shape. 

3. Lubricate the posterior surface of the LMA with sterile 
lubricating jelly. 

4. The LMA Fastrach may be inserted from any position 
with respect to the patient's head, 

5. Position the patient's head in the neutral position, Do not 
extend the head. 

6. Widely open the mouth with the nondominant hand, 

7. Holding the handle of the LMA Fastrach, insert the 
device into the mouth, placing the deflated cuff flush 
with the superior palate, 

+ Distribute the lubricant over the superior palate using 
«a side-to-side motion to allow for easier insertion. 


+ Ensure that the tip of the device does not fold over 

during insertion, 

8. Using the handle, gently advance the LMA Fastrach 
directly into the oropharynx until the curved portion of 
tube comes into the contact with the patient's chin 
(Fig. 11.5), 

9. At this point use the handle to rotationally advance the 
device further into the oropharynx following the natu- 
ral curvature of the palate and posterior pharynx 
(Fig. 11.6). 

+ Do not initiate any rotation until the tube is in contact 
with the patient's chin 

10. Once resistance is felt, inflate the cuff of the device to at 
least half of the maximum value using a syringe. 

+ Note that the tube is directed slightly caudally when 
properly inserted 

+ Confirm placement and adequate gas exchange with 
E1CO; capnography or colorimetry. 


Fig.11.5Using the handle, inser the LMA Fastrach such thatthe pos- 
Jeri surface isin contact with the superior palate 


Fig. 11.6 Once the tube isin contact with the chin, use the handle 19 
rotationally advance the device further into the orophacyas 
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11.5.3 Endotracheal Intubation 4, Using the handle of the LMA Fastrach, draw the device 
through the LMA Fastrach outward in order to displace the larynx slightly to accom- 
‘modate insertion of the ETT (Fig. 11.8). 
|, Ensure that the ETT will pass freely in the LMA. + Use allfting rather than a levering motion, 
2. Lubricate the culf of the ETT, 5, Carefully advance the ETT slightly further. If no resis- 
3, Firmly hold the handle of the LMA Fastrach with the tance is felt, continue with insertion of the ETT 


nondominant hand and insert the ETT toa depth of ISem (Fig. 11.9). 
(Fig. 11.7), which places the ETT tip at the point ofemer- 6. Confirm placement and adequate gas exchange with 


gency from LMA Fastrach. E1CO, capnography or colorimetry. 
+ Ensure that the tube does not pass beyond 15 em at this 7. Once successful confirmation of intubation is established, 
point. deflate the cuff pressure on the LMA Fastrach, 
— 
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Fig. 11.8 Lift the handle outward to open the glolts for dhe ETT 
Fig. 11.7. While holding the handle of the LMA, insert the endotra- 8 


cheal tube (£77) to the 15-cm mark 


power> connection > relay 


How to Use it 


Relays are found in home appliances such as 
dishwashers, washing machines, refrigerators, 
air conditioners, photocopy machines, and other 
products wherea substantial load (such asa mo- 
tor or compressor) has to be switched on and off 
bya control switch, thermostat, oran electronic 
circuit 


Figure 9-12 shows a common small-scale appli- 
cation in whicha signal from a microcontroller (a 
few mA at SVDC) is applied to the base of atran- 
sistor, which controls the relay. In this way, alogic 
output can switch 10A at 125VAC. Note the rec- 
tifier diode wired in parallel with the relay coil. 


Figure 9-12. A signal from a digital source such as a mi 
‘rocantroller can switch substantia voltage and current if 
itis applied to the base af a transistor that activates are 
lay. 


Alatching relay is useful wherever a connection 
should persist when power is switched off or in- 
terrupted, or if power consumption must be 
minimized, Security devices are one common 
application, However, the circuit may require a 
“power reset” function to restore known default 
settings of latched relays 


A circuit including every possible protection 
against voltage spikes is shown in Figure 9-13, 
including asnubberto protect therelay contacts, 
a rectifier diode to suppress back-EMF generated 
by the relay coil, and another rectifier diode to 


How to Use it 


protect the relay from EMF generated by a motor 
when the relay switches it on and off. The snub- 
bercan be omitted ifthe motor draws relatively 
low current (below 5A) or ifthe telay is switching 
anoninductive load, The diode around the relay 
coil can be omitted if there are no semiconduc- 
tors or other components in the circuit that are 
vulnerable to voltage spikes. However, a spike 
can affect components in adjacent circuits that 
appear to be electrically isolated. A severe spike 
canevenbe transmitted back into 125VAC house 
wiring. For information on using a resistor- 
capacitor combination to form a snubber, see 
“snubber" (page 108). 


ave 


Figure 9-13. This hypothetical schematic shows three 
types of protection against voltage spikes induced by an 
inductive load (a motor, in this instance) and the call of 
the relay 
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Fig.11.9  Ifnoresistance is felt during further insertion ofthe ETT, the 
ETT may be fully advanced 


11.5.4 Removing the LMA Fastrach 
after Successful Intubation 


1. The LMA Fastrach need not be removed immediately, but 
if this is desired, first adequately oxygenate the patient 
and then disconnect the patient from the circuit. 

2. Remove the airway connector from the proximal end of 
the ETT. 

3. Ensure that the cuff of the LMA Fastrach is entirely 
deflated, 

4. Stabilize the ETT with the nondominant hand, and using 
the dominant hand, gently ease the LMA Fastrach out by 
rotating the handle caudally (Fig. 11.10). 

5. Once the tube of the LMA Fastrach reaches the proximal 
end of the ETT, use the stabilizer rod to maintain the posi~ 
tion of the ETT while continuing to remove the LMA 
Fastrach using the handle (Fig. 11.11), 

6. After the cuff of the LMA Fastrach has been fully removed 
from the oral cavity, release the stabilizer rod and ensure 
stability of the ETT by grasping it distally at the mouth 
with the nondominant hand (Fig. 11.12). 

7. Continue to ease the LMA Fastrach out from around the 
ETT, ensuring that the pilot balloon and inflation line of 
the ETT cuff pass through the device (Fig. 11.13), 

+ Take care not to rupture the pilot balloon or tear the 
inflation line of the ETT. 

8. Replace the airway connector on the proximal end of the 
ETT and reconnect the patient to the circuit 


by 
Li. 


Fig.11.10 Rotate the handle caudally to gently ease the LMA Fastrach 
‘out of the pharynx 
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Fig. 11.11. Use the stabilizer rod tallow for further removal ofthe 
EMA Fastach Fig, 11.13. Carcfully pass the pilot balloon and ination line of the 
ETT culf dough the whe of LMA Fastac sit is removed 


Fig. 11.12 Once the cuff of the LMA Fastrch is out of the mouth, 
sratp the ETT distally and remove the LMA entirely 
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11.6 Complications 


+ Aspiration with resulting pneumonitis 
‘+ Ineffective seal resulting in insufficient ventilation 
+ Coughing, bucking, or breath holding 

— Ensure that the patient is adequately sedated, 


11.7 Pearls and Pitfalls 


+ Cricoid pressure can push the tip of the LMA out of the 
esophagus and prevent optimal placement, 
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12.1 Indications 


+ Need for ventilation and oxygenation in an unconscious, 
‘unresponsive, or paralyzed patient 
+ Rescue airway needed after failed intubation 


12.2 Contraindications 


+ Absolute 

~ Awake, responsive patient 

= Intact gag reflex 

= Known esophageal disease 

= Ingestion of caustic substances 

= Child (no Combitubes are made for children) 
+ Relative 

= 50 or naloxone about to be given 

Facial trauma 


(C.Masterson, MD 
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12.3 Materials 


+ Combitube sized based upon height (Fig. 12.1) 
~ >5 ft—size 41 French (culf inflation 15 and 100 mL.) 
= >4 ftto<5.5 ft—size 37 French (cuff inflation 12 and, 
85 mL) 


= 


Fig. 12.1. (a,b) Combitube equipment 


8s 
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12.4 Procedure 


1, Test both balloons and cuffs for leaks as one would an 
endotracheal tube (ETT). 
2. Open up the airway. 
(a) Use a laryngoscope to move the tongue and open the 
oropharynx, 
oR 
(b) Use the left hand to elevate the chin, elevating the 
tongue and pharyngeal tissue. 
3, Insert Combitube blindly into the oropharynx until the 
teeth lie between the two black bands on the proximal 
Combitube (Fig, 12.2) 
Inflate the proximal blue cuff until air pressure is produced 
or the manufacturer-recommended pressure is reached. 
(a) 85 mL for 37 French Combitube 
(b) 100 mL for 41 French Combitube 
5, Identify placement and attach to oxygen. 
(a) Ventilate through tube #1 (blue). 
(b) Auscultate the stomach and lungs. 
(i) If breath sounds are heard, the Combitube is in 
its more common esophageal location. 
(ii) Attach tube #1 to bag valve mask and Os 


eo 


(c) ONLY IF gurgling is present over the stomach when 
tube #1 is ventilated: 
(@ Ventilate through tube #2 
Gi) If breath sounds are heard, the Combitube is in 
the less common tracheal location. 
(iii) Attach tube #2 to bag valve mask and O.. 
6. If no breath sounds are heard in either location: 

(a) Consider obstruction—Combitube may be obstruct- 
ing the glottis or collapsing the trachea owing to deep 
proximal cuff inflation, 

(@) Deflate the cuffs 
Gi) Withdraw 3 em. 
(ii) Reinflate and start from step 4. 

(b) Consider equipment failure, 

(@ Check that balloons are maintaining pressure 
‘and intact. 

(©) Consider reinsertion, 

7. Confirm placement with 
oximetry. 
8. Secure the Combitube in position (Fig. 12.3), 


capnogram and pulse 


Fig. 12.2. (a) Insertion of Combitube. (b Tecth should lie between the two black bands on the proximal Combitube 
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Fig. 12.3. Secure the Combitube in position 


12.5 Pearls and Pitfalls 


+ Pearls 
= In an esophageal intubation situation, a suction tube 
may be threaded down using tube #2 to decompress 

the stomach. 

— The Combitube comes with an L-shaped piece that 
may also be attached to the end of tube #2 to deflect, 
gastric contents away from practitioners. 

+ Pitfalls 
— After Combitube placement, a definitive airway should 
be placed when possible. 
+ Gastric contents may aspirate despite placement of 
the Combitube. 
+ Combitube should be considered a bridging airway 
device. 
Combitubes are associated with a more pronounced 
hemodynamic stress response than ETTs or laryngeal 
‘mask airways (LMAs), 
~ Balloon overinflation can lead to esophageal rupture 
(albeit rare). 
Combitubes are associated with an increased incidence 
of sore throat, dysphagia, and upper airway hemato- 
‘mas than ETTs and LMAs, 
~ Piriform sinus perforation 
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‘vam anestiuledulsirwaydevice/combitubeindex html. Accessed 
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13.1 Indications 


+ Should be performed on all patients that require airway 
‘management, conditions permitting 

+ Respiratory distress 

+ Airway protection 


13.2 Materials and Medications 


+ None required 


13.3 Procedure 


1, Anticipating a difficult airway in emergency department 
patients isthe first step to avoiding an unexpected surgical 

2, Two mnemonics can be applied quickly and easily to aid 
in an airway assessment: MOANS and LEMON. 


13.3.1 Predi 


ing Bag-Valve-Mask Difficulty 


|, Use the mnemonic MOANS to assess for possible bag- 
valve-mask (BVM) difficulty. 
‘M—mask seal. Will you be able to get a good seal on the 
face? Predictors of difficulty include facial hair such as 
a beard, elderly, or emaciated owing to loss of muscle 
tone in the face. 
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(O—obesity. Body mass index (BMI) >30, 

A-age (255 years). Loss of facial muscle tone can make 
bagging difficult 

N—no teeth, Although being edentulous makes for an 
casier intubation, it makes bagging more difficult. 

‘S—stiff lungs. Acute or chronic lung disease can make a 
person difficult to bag. In the setting of Trauma, pul- 
‘monary contusion(s) and/or other direct lung injuries 
may increase BVM difficulty. 


13.3.2 Predi 


ing Difficult Laryngoscopy 


1, Attempts should be made, if at all possible, to assess for a 

potentially difficult airway. This does not mean you can- 

rot perform direct laryngoscopy if you are anticipating a 

difficult airway. It does, however, force you to consider 

all options and to have a solid backup plan in place with 
backup equipment readily available in the room, 

Use the mnemonic LEMON to predict difficult direct 

laryngoscopy. 

L—look. A quick look at the patient will tell you a lot. 
Are there facial injuries; facial anomalies; obesity; 
short, thick neck; and small mouth or mandible? 

E—evaluate. Use the 3-3-2 rule to quickly assess for the 
strongest predictors of difficult laryngoscopy. 

+ 3: Open the patient's mouth and three vertically 
aligned fingers should fit between the incisors. 

‘+ 3: Three finger widths should fit along the length of 
the mandible from the mentum to the hyoid bone. 
Shorter or longer distances may make for a difficult 
intubation, 

: Thyromental distance should ideally be two fin- 

gers. Measure this from the hyoid to the thyroid. 
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‘M-—Mallampati classification (Fig. 13.1). If patient's 
condition and situation allow, have the patient open the 
mouth wide, stick out the tongue, and say “Ahh.” 
Evaluate for visible structures. 

+ Class I: Tonsillar pillars and the entire uvula are 
visible. 

+ Class I: More than the base of the uvula is visible 
but no pillars are visible. 

+ Class Hl: Only the base of the uvula is visible, 

+ Class IV: No uvula or soft palate is visible, Only the 
hard palate is visible. 

+ These classifications correlate with the Cormack- 
Lehane grading system for laryngoscopic views. A 
Mallampati class I will correlate with a grade 1 
view about 99 % of the time, whereas a Mallampati 
IV will be a grade 3 or 4 view all of the time and a 
rescue plan with backup equipment immediately 
available should always be in place [1 2] 

‘O—obstruction, Observe for anything that can get in the 
way (e.g., the tongue, dentures, blood, vomit, foreign 
body, edema, redundant tissue). 

N-—neck mobility. If patient's condition and situation allow, 
have the patient flex and extend the neck to evaluate 
mobility. Many patients in the emergency department 
have limited neck mobility, Examples include the trauma 
patient who arrives in cervical collar immobilization or a 
patient with degenerative or rheumatoid arthritis, 


3. The “6-D" method is another assessment tool that can be 
used to predict difficult laryngoscopy and intubation. 
This method can be remembered by the fact that the word 
“difficult” begins with the letter “D”: 

Disproportion 

‘+ Increased tongue size in relation to pharyngeal size 
‘+ Airway swelling or trauma 

Distortion 

Neck mass, hematoma, abscess, previous surgical air- 

‘way, arthritic neck changes 

Decreased thyromental distance 

‘Anterior larynx and decreased mandibular space. 

‘+ Look for a receding chin or greater than three finger- 
breadths from the mentum to the hyoid bone. 

Decreased inter-incisor gap 

+ Reduced mouth opening. 

‘+ Look for less than two to three fingerbreadths placed 
vertically in the patient's open mouth. 

Decreased range of motion in any joints of the airway 

Limited head extension 

+ Previous neck radiation and/or surgery 

+ Neck contractures 

Dental overbite 

‘+ Oversized, angled teeth disrupt the alignment of air- 
way axes, 

+ Can decrease the interincisor gap. 


13 Assessment of the Difficult Airway a 


Class 1 


Grade 


Fig. 13.1. Mallampati classification 
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13.3.3 Optimizing Laryngoscopy 
in the Obese Patient 


+ It is essential that emergency medicine physicians are 
able to successfully intubate the obese patient. 

+ Proper assessment and positioning will increase the suc~ 
cess rate: 
~The goal is to ensure alignment of the oropharyngeal- 

pharyngeal-laryngeal (OA-PA-LA) airways by placing 
the patient in the head-clevated laryngoscopy position 
(Fig. 13.22), 

Align the external auditory meatus with the sternal 
notch along a horizontal line by positioning the patient 
ona “ramp.” 

~ The ramp can be created by stacking blanketvtowels 
under the lower back ramping up to the neck and head 
(Fig. 13.26) 

+ While the patient isin position on the ramp, the support is 
adjusted to minimize head flexion and allow for position- 
ing in the sniffing position 
= Because of the increased height, a step stool may be 

required to adequately visualize the airway from the 
head of the bed. 


Fig. 13.2 (a, b) Ramping the obese patient will align the axes of the 
airway and allow easier direct laryngoscopy when viewed from the 
head of bed. (LA laryngeal airway. OA oropharyngeal airway, PA pa- 
ryngeal airway) 


13.4 Pearls and Pitfalls 


+ Owing to time-sensitive patient care situations, emer- 
‘gency physicians are often not able to perform a thorough 
airway evaluation on every patient. 

‘+ With every airway that you manage and before pushing 
any drugs, always ask yourself: 
~ Will [be able to ventilate this patient? 
~ Will [be able to intubate this patient? 

— What is my difficult airway plan if [encounter trouble? 
= Will [be able to perform a surgical airway, if necessary? 

+ Be sure you have a solid backup plan A, B, and C before 
pushing any drugs. 
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What Can Go Wrong 


What Can Go Wrong 


Wrong Pinouts 
The lack of standardization of relay pinouts can 
cause errors ifone relay is replaced with another 
that appears to be the same, but isn't. In partic- 
ular, the pins that connect with normally-closed 
contacts may trade places with pins connected 
with normally-open contacts, in relays from dif- 
ferent manufacturers. 


Pinouts are also confusing in that some data- 
sheets depict them from above, some from be- 
low, and some from both perspectives. 


Wrong Orientation 

Small relays of through-hole type usually have 
pins spaced in multiples of 0.1". This allows them 
to be inserted the wrong way around in a perfo- 
rated board. Almost all relays have an identifica- 
tion mark molded into one end or one corner of, 
the plastic shell, Manufacturers do not standard- 
ize the position and meaning of these marks, but 
they are usually replicated in datasheets. When 
using a relay of a type that you have not used 
before, itis a sensible precaution to test it with a 
meter to verify the functions of its terminals be- 
fore installing it. 


Wrong Type 
A latching relay may have exactly the same ap- 
pearance as a nonlatching relay from the same 
‘manufacturer, and the same two pins may ener- 
gize the coil. However, in a latching relay, the 
contacts won't spring back to their non- 
energized position, causing functional errors 
that may be difficult to diagnose, The part num- 
bers printed on latching and nonlatching ver- 
sions of the same relay may differ by only one 
letter or numeral and should be checked care- 
fully, 


Wrong Polarity 
A relay with a DC-energized coil may require 
power to be applied with correct polarity and 
‘may malfunction otherwise. 


power > connection > relay 


AC and DC 

A elay coil designed to be powered by DC will 
not work from AC and vice-versa. The contact 
rating of arelay is likely to be differentdepending 
whether itis switching AC or DC. 


Chatter 

This is the noise created by relay contacts when 
they make rapid intermittent connection. Chat- 
ter is potentially damaging to relay contacts and 
should be avoided. It can also create electrical 
noise that interferes with other components. 
Likely correctible causes of chatter include insuf- 
ficient voltage or power fluctuations. 


Relay Coil Voltage Spike 
Arelay collisan inductive device, Merely switch- 
ing a large relay on and off can create voltage 
spikes. To address this problem, a rectifier diode 
should be placed across the coll terminals with 
polarity opposing the energizing voltage. 


Arcing 
This problem is discussed in the switch entry of 
this encyclopedia, See “Arcing” (page 47). Note 
that because the contacts inside a reed relay are 
so tiny, they are especially susceptible to arcing 
and may actually melt and weld themselves to- 
gether if they are used to control excessive cur- 
rent or an inductive load. 


Magnetic Fields 

Relays generate magnetic fields during opera- 
tion and should not be placed near components 
that are susceptible. 


The reed switch inside a reed relay can be unex- 
pectedly activated by an external magnetic field. 
‘Thistype of relaymay beenclosedina metal shell 
toprovide some protection. The adequacy of this 
protection should be verified by testing the relay 
Under real-world conditions. 
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GlideScope 
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14. 


Indications 


+ Initial device in a predictably difficult airway 
+ Rescue device in a failed intubation 


14.2 Contraindications 


+ Absolute 
= Inadequate mouth opening 
+ Relative 
= Blood, yomit, or other secretions that can coat and 
obstruct the camera lens, 
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14.3 Materials and Medications 


+ GlideScope video monitor with video cable (GlideSeope 

Video Laryngoscope [GVL| system) (Fig. 14.1) or 
ize video baton (Cobalt System) (Fig. 14.2) 

ize reusable video laryngoscope (GVL) or 

single-use laryngoscope blade (GVL Stat) (Table 14.1). 

+ Endotracheal tube (ETT) 

‘+ Malleable stylet or GlideRite rigid stylet 

+ 10-mL syringe 

+ End-tidal CO; (E1CO.) capnography or colorimetry 
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Fig. 14.1. GlideScope GVL system (With kind permission from 
Springer Science Business Media: Noppens RR. Wemer C. Piepho 
‘T Indirekte Laryngoskopie. Der Anaesthesist. 2010:592):149-61) 


Fig. 14.2 GlideScope Cobalt system (With kind permission from 
Springer Science + Business Media: Jones PM, Turkstra TP, Armstrong 
KP. al. Comparison of a single-use GlideScope® Cobalt videolary- 
_goscope with a conventional GlideScope® for orotracheal intubation. 
Can JAnesthe/ournal canadien d'anesthésie. 2010:57(1)) 


Table 14.1 GlideScope sizing 
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14.4 Procedure 


1. Insert the video cable (GVL system) or the video baton 
(Cobalt system) into the GlideScope video monitor 
ig. 14.3). 
If using the GVL system, insert the distal end of the 
video cable into the port on the handle of the reusable 
Video laryngoscope (GVL) (Fig, 14.4) 
3. IF using the Cobalt system, insert the video baton into 
the GVL Stat (Fig. 14.5), 
(a) Align the logo on the side of the video baton with 
the logo on the side of the single-use laryngoscope 
blade (GVL stat 


Fig. 14.3. Cable insertion into the video monitor 


Fig. 14.4 Connect the distal end of the video cable the port on the 
handle ofthe GVL (GVL Syste) 


(b) The video baton should slide smoothly and click 

into the place. 

4. Tum on the GlideScope at for at least 30-120 s before 
use to fully activate the antifog mechanism, 

5. Insert a stylet into the ETT. If using a malleable stylet, 
shape the curvature of the distal end of the tube to con- 
form to the 60° curvature of the laryngoscope blade. 

6. Firmly hold the laryngoscope handie in the left hand and 
censure that an image can be clearly seen on the video 
monitor. 

7. After ensuring adequate sedation and paralysis, open the 
mouth wide and insert the laryngoscope blade in the 
midline underneath the tongue (Fig. 14.6). 


Fig. 14.6 Insert the laryngoscope blade in the midline beneath the 
tongue (with kind permission from Springer Science + Business Media: 
‘Osborn IP Kleinberger Al. Gurudutt VV. Chapter 8: Airway emergen- 
cies and the difficult airway. In: Levine Al, Govindaraj 8, DeMaria S, 
editors. Anesthesiology and orolarengology. 2013) 
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8. Looking at the video monitor, advance the laryngoscope 
blade further into the oropharynx in order to obtain a 
view of the epiglotts. 

(a) Do not look directly into the oropharynx. 
(b) Movements and adjustments should be guided by 
the image on the video monitor, 

9. Place the laryngoscope blade in the vallecula (analogous 
to a Macintosh blade) and apply a gentle backward tilt to 
expose the glottis. 

10. In the event that a satisfactory glottic view cannot be 
obtained, the laryngoscope blade may be advanced and 
used like a Miller blade to lift the epiglottis out ofthe way. 

11. Directing atention back toward the patient, insert the 
ETT into the mouth adjacent to the laryngoscope blade. 

12, Guide the ETT toward the tip of the laryngoscope such 
that the end of the ETT emerges on the video monitor. 

13. Looking at the video monitor, advance the ETT toward 
the glottis, and maneuver the tip of the tube between the 
vocal cords by rotating and altering the angle of the ETT. 
(a) If the ETT tip is posterior to the arytenoids: 

(i) Pull the ETT superiorly, rotate it over the left 
arytenoid, and gently twist the tube over the 
epiglottic aperture. 

(Gi) Apply extemal laryngeal manipulation. 

(ii) Withdraw the blade to reduce tilting of the 
laryngeal axis and lessen the angle of 
introduction, 

(b) If the ETT abuts the false voeal cords, tum the ETT 
in the clockwise direction while withdrawing the 

stylet (Fig. 14.7). 

14, Using the thumb, partially withdraw the stylet a few cen- 
timeters from the ETT, 

(a) The distal end of the tube should be free of the stylet. 
(b) An assistant can perform this task to allow for 

‘greater control and stability of the ETT, 

15, Insert the ETT to the desired depth. 

16, Fully remove the stylet, inflate the cuff of the ETT using 
syringe, and confirm placement with EtCO:, capnogra- 
phy, or colorimetry. 


14.5 Complications 


+ Dental injury 
+ Airway trauma 


14. 


Pearls and Pitfalls 


+ Unlike conventional laryngoscopy, there is no need to dis- 
place the tongue. 

+ The greatest challenge when intubating with the 
GlideScope is maneuvering the ETT into the glottis aper- 
ture, Alternatives to the conventional technique are: 


Fig, 14.7. Partially withdraw the stylet from the ETT wallow for pas- 
sage through the vocal cords 


— Make a 90° bend in the ETT just proximal to the cuit 
and insert it in the horizontal direction with the tip 
toward the right cheek. Once the tube is advanced past, 
the flange of the laryngoscope, rotate it counterclock- 
«wise, at which point it should be pointed at the glottis. 
‘The tube can then be gently rotated into the glottis. 

— Consider inserting the laryngoscope slightly to the left 
of the midline upon initial insertion to allow greater 
space for advancement and maneuvering of the ETT. 

+ Donot overly lever the laryngoscope or use excessive lift- 
ing force after insertion into the vallecula. An adequate 
view of the glottis is generally easily obtained with mini- 
mal effort 

‘+ Display settings can be adjusted using the menu button on 
the video monitor. 
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Endotracheal Tube Introducer (Bougie) 
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15.1 Indications 

+ During orotracheal intubation, when only epiglottic visu- 
alization or partial glottic view is obtained during 
laryngoscopy. 

+ Particularly useful when neck mobility is limited, leading 
to inadequate visualization of the glottis (as in the case 
with cervical spine immobilization). 

‘+ When the glottic opening is narrowed either from patho- 
logical causes (burns, trauma, tumor, or other anatomical 
variation) 

+ When the direct view of the airway is very narrow, as with 
limited mouth opening or large tongue. In these scenarios, 
the endotracheal tube (ETT) can obstruct one's view of 
the cords during placement. 


15.2. Contraindications 


+ When a failed airway occurs (three unsuccessful attempts 
ft endotracheal intubation and inability to adequately 
oxygenate) 
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‘+ When surgical airway is indicated (ie., upper airway 
obstruction that prevents passage of the ETT via the 
orotracheal route) 


15.3 Materials and Medications 


+ ETT introducer (bougie) (Fig. 15.1) 

‘+ Water-based lubricant 

+ Lubricated ETT 6 mm or larger without stylet (pediatric 
bougies are available that accommodate smaller ETTs) 

+ Standard orotracheal direct laryngoscopy (Miller or 
“Macintosh blade) or video laryngoscopy setup 

+ Assistant 


Fig. 15.1. Endotracheal tube introducer (hougie) 
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15.4 Procedure 


‘The operator first optimizes airway visualization 
(Fig, 15.2). (Bougie use should not be a substitute for 
poor technique.) 

Without losing sight of the airway, the operator asks the 
assistant to hand him or her the bougie with the coudé 
tip facing up. 

The operator directs the bougie tip underneath the e 
glottis (Fig. 15.3) 

Confirmation of placement can be done visually or by 
tactile sensation: 

(a) A ratchet-like sensation may be felt as the bougie tip 
is advanced into the airway and slides over the tra- 
cheal rings. 

AAs the bougie is further advanced, the operator may 
feel the bougie rotate as it enters the bronchus and/or 
will get a“hold up,” the most reliable sign that the bou- 
gie is in the trachea [1]. (The “hold-up” sign occurs 
‘when the Bougie encounters a terminal bronchus [typi 
cally at around 35 em] and stops advancing.) [2] 


(b) 


10. 


Once placement is confirmed, the bougie needs to be 

partially withdrawn to about 25 em at the lip line. 

(a) Some brands will have a thick black indicator line. 

(b) A sufficient amount of the bougie needs to extend 
out beyond the proximal end of the ETT. 

While the operator holds the bougie in place, the assis- 

tant threads the ETT over the bougie (Fig. 15.4), 

‘The operator now grasps the ETT in her or his right hand 

and advances it over the bougie. 

Simultaneously, the assistant holds and stabilizes the 

proximal end of the bougie. 

‘The ETT should be advanced to approximately 23 em 

in males and 21 em in females. The assistant removes 

the bougie as the operator holds the ETT in place 

(Fig. 15.5), 

As the operator holds the ETT firmly in position, the 

assistant inflates the ETT balloon and withdraws the 

bougie. 

Confirmation of proper ETT placement is achieved 

through traditional means (end-tidal CO; detection, aus 

ccultation of breath sounds). 


Fig. 15.3. Bougic can be placed into the glottis using direct laryngos- 
copy of video assistance 


Fig. 15.2. (a) Assistant hands operator bougle with coud tip directed 
upward, while operator maintains his focus on the target. (b) Bougie 
being placed, parallel with line of sight, underneath epiglotis, 
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Fig. 15.4 (a) Assistant places ETT over bougie and operator with- 
draws bougie until it protrudes oat the top ofthe ETT, (b) while asis- 
lunt stabilizes the protruding portion of the hougle, the operator 
railroads the ETT into the airway. The operator continues to support the 
soft tissues withthe laryngoscope blade to facilitate placement 


Fig. 15.5 ‘The assstam removes the hougie while the operator stabi- 
lizes the endotracheal tube 


15.5 Complications 


+ Trauma to the esophagus, larynx, trachea, or bronchus, 
including perforation [3, 4]. 
‘+ In general, complications are rare 


15.6 Pearls and Pitfalls 


‘+ The line of sight should be as parallel as possible to the 
axis of the bougie as it is being passed, allowing better 
fe-hand coordination. This augments more accurate 


placement of the bougic tip. 

‘+ Maintain the view of the airway as the assistant hands the 
‘operator the bougie. 

‘+ Keep the laryngoscope in place to support the soft tissues, 
as the endotracheal tube is slid aver the bougie, to facili- 
tate placement. 

+ If resistance is met during passage, withdraw the ETT 
slightly (~2 cm) and rotate the ETT counterclockwise 
‘one-quarter turn (90°) and reattempt passage, 

‘This changes the position of the leading edge of the 
ETT, which may catch on the posterior laryngeal 
inlet [21 

By rotating the ETT, the leading edge now is anterior 
facing and is less likely to catch on the arytenoid carti- 


lage along with other laryngeal inlet structures. 

‘+ If encountering resistance to ETT placement, consider 
releasing cricoid pressure (if used). 

‘+ Measurement markings on the bougie are aligned with the 
ccoudé tip. If not sure of orientation and the loose site of 


the tip, use the markings to properly orient the tip. 
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When lighted stylet intubation is done correctly, the proce- 
dure can be very safe, with very little difference in outcome 
from that of primary laryngoscopy. (Note: several lighted 
siylet devices, such as the TrachlightT™M and Light Wand TM, 
are no longer being manufactured, but these devices are still 
in use.) 


16.1 Indications 

+ Difficulvimpossible direct laryngoscopy [1 2] 
= Congenital abnormalities of airway 
High Mallampati grade [3] 
~ Dental appliances 

+ Failed direct laryngoscopy 


16.2 Contraindications 


+ Absolute 
= Morbid obesity 
= Airway foreign body 
= Expanding neck mass 
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+ Relative 

— Abnormal airway anatomy 

~ Airway lesions (e.g., abscess, mass, epiglottitis) that 
change oropharyngeal anatomy 

— Acute care where concomitant resuscitation requires a 
well-lit room, 

— Lack of familiarity or experience with procedure 

~ *Can't oxygenate, can’t ventilate” situation 


16.3 Materials and Medications 


‘+ Intravenous (IV) access, O,, and monitor 

‘+ Ambu bag with supplemental oxygen 

+ Suction (Yankauer and tubing) 

+ Lighted stylet (LS) 

+ Endotracheal tube (ETT) 2.5-mm larger than LS with 
10-ce syringe 

+ Surgilube 

‘+ Intubation medications (this procedure may be performed 
as an awake or a rapid-sequence intubation) 
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16.4 Procedure 


1. Preoxygenate 

2. Positioning 
{@) Sniffing position, pinna at the level of the sternal 

notch (Fig. 16.1) 
(b) Skip sniffing position if cervical spine injury is 
suspected. 

3. LS-ETT unit preparation, 

(@) Insert the wire stylet into the device. 

(b) Check the LS light. 

() Lubricate the LS with K-Y Jelly. 

(@) Position the LS just distal to the Murphy eye. 

(c) Curve the LS to user preference at the line labeled 
“Bend Here.” 

4, Administer intubation medications. 

5. Have an assistant to apply cricoid pressure. 

6. Grasp and elevate the patient's jaw near the corner ofthe 
‘mouth with the operator’s thumb, index, and middle fin- 
gers, elevating the tongue and epiglottis along with it 

7. Using the free hand, insert the LS-ETT unit into the 
oropharynx and advance (Fig. 16.2). 


Fig.16.1. Sniffing poston, pina at the level ofthe sternal noel 


8. Use the midline glow in the neck to guide insertion of 
the LS-ETT (Fig. 16.3) 

9. Bright light below the thyroid prominence indicates cor- 
rect placement of the ETT tip. 

10, Dim or blurred light or light at the thyroid prominence 
suggests incorrect positioning (Fig. 16.4). 

11. If the transilluminated light is dim, off center, oF not 
seen, esophageal positioning must be considered. 
(a) Withdraw the LS-ETT unit approximately 

2-Sem. 

(b) Reposition the patient's head and neck 
(©) Reattempt according to steps 5-8, 

12, Placement of the ETT (Fig. 16.5). 
(a) Hold the LS-ETT unit steady with one hand, 
(b) Check the depth of the ETT and adjust accordingly: 
(©) Release the LS latch that holds the ETT to the LS. 
(@) While holding the ETT in position, gently slide the 

LS out from the ETT. 

(©) Inflate the ETT balloon, 

13. Confirm ETT placement (continuous end-tidal CO, 
[EtCO.], colorimetric capnometry. 

14, Secure the ETT. 


Fig. 16.2 Grasp anu clevate the patient's jaw near the corner of the 
mouth with the operator's thumb, index, and middle fingers, elevating 
the tongue and epiglottis along with it Using the free hand, insert the 
LS-ETT unit into the oropharynx and advance 
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Environmental Hazards 

Dirt, oxidation, or moisture on relay contacts is a 
significant problem. Most relays are sealed and 
should remain sealed. 


Relays are susceptible to vibration, which can af- 
fect the contacts and can accelerate wear on 


What Can Go 


ong 


moving parts. Severe vibration can even damage 
a relay permanently. Solid-state relays (dis- 
cussed in Volume 2) should be used in harsh en- 
vironments. 
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a 


Fig.16.3 (a-e) Use the midline low in the neck to guide insertion ofthe LS-ETT. (d) Bright light below the thyroid prominence indicates correct 
placement ofthe ETT tip 


y 


Cum 


Fig.16.4 Dim or blued light or lght atthe thyroid prominence sug- 
Ress incorrect positioning 
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Fig. 16.5 (a) Hold the LS-ETT unit steady with 
holds the ETT to the LS. (d) While holding the ETT in position, gently slide the LS out from the 


1 hand. (b) Check the depth of the ETT and adjust accordingly. (e) Release the LS latch that 
TT 
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16.5 Pearls and Pitfalls 


+ Pearls 
= LS-ETT complex—Typically the classic “hockey- 
stick” shape with the 90° curve just proximal to the 

cuff is recommended [2] 

= Dimming the room 

‘ransillumination, 

= Pulling the wire stylet out from the LS-ETT unit will 
make it more pliable and may facilitate its placement 
in the trachea and removal of the LS. 

~ Some LS devices start to blink after 30 s to prevent 
bulb overheating. 

~ The LS may be used with nasotracheal intubation, 
intubation through a laryngeal mask airway 

(LMA), or conventional laryngoscopy to enhance 

+ Pitfalls 
— LS intubation should not be used as an emergency air- 

‘way alternative by a proceduralist unfamiliar with the 

technique: 

+ Ibis technically complicated and more challenging 
than many other airway adjunets in the standard dif- 
ficult airway algorithm. 

+ One study compared the use of four rescue airway 
devices in the difficult airway algorithm, A success 
rate of only 20 % was achieved with the Trachlight™ 
‘on the first attempt when in the hands of the novice 
physician when used as a rescue device in their dif- 
ficult airway algorithm [4] 


lights will enhance 


— In very thin patients, transillumination may be visual- 
ized quite well even when the LS-ETT unit is in the 
esophagus: 

+ When the unit is in the esophagus, typically the 
light it will be more diffuse. 

+ When the unit i in the trachea, the transilluminated 
‘area will be well circumscribed. 

— In obese patients or patients with significant neck tis- 
sue, the transilluminated light from the LS-ETT unit 
may be dim despite correct positioning in the trachea, 
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17.1 Indications 
+ For use in routine and predicted difficult oral 
intubations, 
+ Similar to a flexible fiber-optic scope with the specific 
advantages of; 
= Less setup time 
= Less time to perform the procedure 
= Appropriate for routine intubations (and easier to 
accumulate experience) 

~ Rigid enough to lift up the epiglottis 

— Easier to navigate through tissue 

= Less susceptible to being obscured by blood and 
secretions 

~ More durable, more portable, easier to clean, and less 
expensive 

+ Particularly useful when neck mobility or mouth opening 
is restricted, 

+ Advantageous in awake intubations because it can mini- 
mize tissue contact, resulting in less stimulation to the 
patient's airway and better tolerance. 

+ Certain stylets can be used to intubate through supra- 
glottic airways such as laryngeal mask airways 
(LMAS). 
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17.2 Contraindications 


+ Complete upper airway obstruction where surgical airway 
is indicated 

+ Oral pharyngeal swelling requiring a nasotracheal or sur- 
‘gical approach 

‘+ Failed airway and unable to adequately maintain oxygenation 


17.3 Relative Contraindications 


‘+ Large amounts of blood and secretions may obscure visu- 
alization of the airway and cords, 

+ Very distorted airways. Compared with flexible endos- 
copy, this device is less maneuverable, 


17.4 Materials and Medications 


+ Endotracheal tube (ETT) 5.5 mm or greater (Fig. 17.1) 
(Pediatric stylets are also available.) 

+ Water-soluble lubricant 

+ Defogging agent 

‘+ Optional: Swivel adaptor and meconium aspirator 
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Fig.17.1_ (a) Bonfils isi fiber-optic style, Karl Storz endoscopy; (b) 
Levitan FPS malleable hberptic stylet 


17.5 Procedure 


1. Use standard preparation for rapid sequence intubation 
(RSI) or for awake intubation 
Place the ETT over the stylet. 
(«) The ETT should extend slightly beyond the stylet tip 
(b) Ifusing the malleable stylet: 
(i) Without laryngoscope: Bend tp to about 70° [1] 
(ii) With laryngoscope: Bend tip to 35° [1]. 
(©) Lubricate the tp ofthe ETT. 
3. Depending on specific scope capability, connect oxygen 
tubing to the port onthe scope. 
(a) This keeps secretions away from the tip while provid- 
ing an oxygen source, 
() Keep flow less than 6 L/min (21 
4, Lens fogging prevention 
(a) Warm the tip ofthe scope with the hand or immerse 
the tip in warm saline. 
() Apply the defogging agent. 
(e) Alternatively, chlorhexidine isan effective defogger. 
5. Scope insertion 
(a) Use the nondominant hand to pull the jaw forward 
hile holding the tongue. 
(i) Inan awake patent, have the patient protrude the 
tongue and the operator grasps it with 44 
gauze, (Altematively, a Macintosh laryngoscope 
blade can be used.) 
(ii) The goa is to move the base ofthe tongue off the 
posterior pharyngeal wall. 
(b) Initially position the scope horizontally and to the 
right of the patient's mouth, 
(6) Once the tip isin the oropharynx, reposition the seope 
vertically (Fig. 17.23. 
(4) The scope tip should be inthe midline or in the retro- 
molar position (per scope design) 
(6) Position the scope and the tip ofthe ETT in front of 
the uvula 
(6) Refer to the eyepiece or video screen to see if there is 
a clear image of the uvula (Fig. 17.2. 
(2) Advance the scope very slowly to maintain a view of 
landmarks, avoiding tissue contact (Fig, 17.3). 
6. Once the epiglots is visualized: 
(a) Continue to advance slowly 
(b) To get underneath the epiglotis, the tip ofthe scope 
may need 19 be moved posteriorly (by tilting the 
operator's hand slightly forward) (Fig. 17.4), 
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7. Once underneath the epiglottis, tilt the scope back, to 
advance into the more anterior directed airway. 
(a) Make sure the glottic opening is well centered on the 
screen to facilitate placement (Fig. 17.5). 
(b) Ifresistanceis felt, operator may need to rotate the scope 
clockwise, or tip scope slightly forward, to prevent the 
ETT from abutting the anterior aspect of the trachea. 


Fig. 17.2 (a) Initial placement of scope, under direct visualization; 
(tb) ip positioned in fom the wvla 


(©) The ETT may need to be advanced off the rigid stylet 
to allow further advancement. 
8. To remove scope: 
(a) Twist the proximal end of the ETT clockwise. 
(b) Stabilize the tube with the nondominant hand. 
(©) Use the dominant hand to pull the scope forward, fol- 
owing the curvature of the stylet (Fig. 17.6). 
(4) Am assistant may be of use during this step. 


Fig. 17.3 (a) Using the video monitor, or through an eyepiece, the 
‘operator advances tothe next landmark, (b) the epiglotis 
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Fig. 17.5 (x) Operutor is advancing the scape, (b) through the glotie 


‘opening keeping the image centered 


Fig. 17.4 (a) Operator tps scope forward to get underneath th 
slottis while advancing; (b) once under the epigltis, the 

need to be tipped back to advance to the glotic opening: (e) 
should try to keep the 


lizing the endotracheal tube 
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17.6 Pearls and Pitfal 


+ Pearls 
= When the operator loses perspective or a clear view, 
withdraw the scope back to the point where identifi 
able structures are visualized and proceed. 
= ‘The operator can suction through the scope by attach- 
ing a swivel adaptor and a meconium aspirator 
(ig. 17.7) 3 
+ Pitfalls 
= Ifthe scope is advanced too quickly, orientation can be 
lost, 
= Structures that are too close to the scope will become 
blurred and unidentifiable 
= I the scope tip abuts pharyngeal tissue, visualization 
can become blurred. 
= Flow greater than 6 L/min connected to the oxygen 
port may result in subcutaneous emphysema (single 
case report) [2] 


Fig.17.7. By placing the stylet through the rubber valve of swivel 
audapor. which is then connected to suction Via a neonatal meconium 
aspirator, the operator ean now suction through the endotracheal tbe 
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18.1 Indications 18.2 Contraindications 

+ Orotracheal intubation for both routine and predicted dif- + Absolute 
ficult airways, — When orotracheal intubation is contraindicated, e.g, for 

+ Teaching traditional direct laryngoscopy to novice ‘massive facial trauma, complete upper airway obstruc- 
intubators. tion precluding orotracheal access to the airway 

+ Ideal for unanticipated difficult airway with the option of — In a failed airway (three unsuccessful attempts with 
intubating indirectly if an adequate direct view is inability to maintain adequate oxygenation) 
unobtainable. + Relative 

+ Anexcellent tool when cervical spine precautions need to Blood or copious secretions may prevent indirect 
be taken: Because the video view of the airway is gener- ‘viewing of the airway but does not always preclude the 
‘ated by a camera at the tip of laryngoscope blade, less use of this device. 


manipulation is required for optimal glottic views. 
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18.3 Materials and Medications (Fig. 18.1) 


+ Standard materials and medications for endotracheal intu- 
bation, Operator should have a backup laryngoscope in 
case of equipment failure. 

+ Endotracheal tube (ETT) with or without stylet, 

‘+ Water-based lubricant. 

‘+ Antifogging agent (not required for C-Mac). 


Fig. 18.1. (a) Storz video laryngoscope (older version). (b) Store 
(C-Mac (newer version) 


18.4 Procedure 


Standard preparation for orotracheal intubation. If there 
are no cervical spine precautions, then align the external 
auditory meatus with the sternal notch [1] 

Apply antifogging drops to lens at tip of the blade, and/ 
or hold the hand over the blade tip to warm it up to body 
temperature (older V-Mac model) (Fig. 18,2). 

Because blade geometry is the same as in standard 
laryngoscopes, the insertion technique is identical 10 
that of standard laryngoscopy with a Macintosh blade 
(Fig, 18.20), 

Obtain the best direct view possible. 

Considerthe addition of the backward-upward-rightward 
pressure (BURP) maneuver [2] 

‘Airway maneuvers may be performed by the operator or 
by the assistant using the video screen as a guide along 
with operator feedback (Fig, 18.3) 

‘The operator has the option of intubating directly with 
adequate view or indirectly if visualization is improved. 
Consider using an ETT introducer (bougie—see Chap. 
15) if the view is inadequate. 

Place the ETT, with or without a stylet, into the airway 
under direct or indirect visualization, If using a stylet, 
bend the distal end of the tube to approximately 35° as 
for a standard intubation (Fig. 18.4) [3] 

Remove the stylet, inflate the cuff of the ETT using a 
syringe, and confirm placement with end-tidal COs, cap- 
nography, or colorimetry, 
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Fig. 18.2 (a) Operator warming the blade to prevent fogging, (b) Fig. 18.4 (a) Operator initially places the endotracheal tube (ETT) 

laryngoscope blade insertion using the standard direct technique, into the oropharynx using direct visualization to avoid injury; (b) the ip 

Operator visually places the blade and optimizes the glttc view fof the ETT passing though the cords can be confirmed by direct vis 
alization or by watching the video image 


Fig. 18.3 Operator has the choive of using direct visualization (p 
ferred when a novice intubatoris learning laryngoscopy) or the indirect 
video view of the glottis 
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18.5 Complications (As with any Direct 
Laryngoscopy) 


+ Dental trauma 
+ Oropharyngeal trauma 
+ Vocal cord injury 


18.6 Pearls and Pitfalls 


+ The initial placement of the laryngoscope blade and ETT 
should be done under direct visualization to avoid trauma 
to the oropharyngeal structures. 

+ As with direct laryngoscopy, the ETT should not be 
placed blindly, and the ETT must be seen to pass through 
the vocal cords to avoid placement in the esophagus. 

+ View can be obscured by secretions or fogging. If this 
‘occurs, the operator may need to remove the blade, wipe 
it down, and reinsert. The newer model, the C-Mac, is less 
likely to fog owing to design improvements. 

+ Observing the ETT pass through the vocal cords can 
sometimes be easier using the video image because the 


‘camera is angled to provide the most optimal view. 
+ Placement of the blade into the oropharynx can be awk- 
‘ward because the handle of laryngoscope is bulkier than a 
standard laryngoscope. Its handle is larger and has cables 
attached to its base. In patients with large anteroposterior 
diameter chests, the operator may need to rotate the laryn- 


‘goscope handle toward the right corner of the mouth in 


order to introduce the blade into the oral cavity and then 
rotate it back to the proper position. 

+ These devices are ideal for teaching laryngoscopy. With 
same blade geometry, the technique is the same as with 
standard laryngoscopy. AAs the operator attempts intuba- 
tion directly, the instructor can observe on the video screen 
‘and guide the student. The instructor will also be able to 
visually confirm that the ETT is entering the trachea. 
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Cricothyroidotomy 


Henry Young li, Shannon Toohey, Bharath Chakravarthy, 


and Lars K. Beattie 


Up to seven intubation attempts in 1000 end up in a “can’t 
intubate/can’t ventilate” situation in the emergency depart- 
‘ment, These are considered failed airways that may require a 
surgical airway to maintain ventilation and oxygenation. 


19.1 Indications 

+ Endotracheal tube (ETT) placement atempts unsuccessful 

+ Failed bag valve mask, laryngeal mask airway, or 
‘Comibitube ventilation 

+ Severe facial trauma affecting the upper airway 

+ Severe oropharyngeal hemorrhage or profound emesis 

+ Obstruction (foreign body, mass, mass effect) 


19.2 Contraindications 


+ Airway protection achievable using a less invasive 
strategy 
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‘+ Tracheal transaction 
+ Pediatric patients younger than 8 years 
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19.3. Techniques 


‘+ Scalpel-bougie ~ minimalist 
‘+ Scalpel-Trousseau ~ standard 


19.3.1 Scalpel-Bougie 


19.3.1.1_ Materials and Medications (Fig. 19.1) 
+ Betadine or chlorhexidine 

+ Scalpel #11 blade 

+ ETT (26cm) 

+ Bougie 

+ Surgilube 

+ Bag valve mask 
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Fig. 19.1. Right 10 left, 9p 10 bottom: ETT (26 em; bag valve mask: trauma shears: scalpel #11 blade; bougie 
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19.3.1.2 Procedure 


Apply topical antiseptic. 
Remove the 15-mm ETT ventilator connector from the 
ETT end 

Place copious Surgilube on the bougie and railroad over 
the end of the bougie. 

Palpate the thyroid notch, cricothyroid membrane, and 
byoid bone for orientation (Fig. 19.2a), 

Stabilize the thyroid cartilage between the thumb and 
the middle finger of the nondominant hand, 

Make a vertical skin incision (2. 
roid membrane (Fig, 19.2b). 
Use the index finger to palpate the cricothyroid 
‘membrane, 


em) over the cricothy- 


‘Tur the scalpel 90° and make a 1.5-cm horizontal inci 
sion through the lower half of the cricothyroid mem- 
brane (Fig. 
With the scalpel still in the incision, turn it 90°, and 
insert the bougie into the incision, using the blade as a 
guide (Fig. 19.36). 

Advance the bougie caudally 5-6 cm, Stop if resistance 
is encountered. 

Slide the ETT over the bougie into the incision 
Fig. 19.43) 

Inflate the ETT cul and ventilate the patient (Fig. 19.4). 
Verify the position of the ETT via auscultation, end-tidal 
CO, (EtCO,), and chest radiograph, 

Secure the ETT. 


Fig.19.2 (a) Palpate and stabilize the thyroid cartilage, (b) make a vertical 2-3 em incision over the ericothyroid membrane 
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Fig.19.3. (a) Makew 
horizontal incision into the 
cricothyroid membrane, 

(tb) insert the bougie into the 
incision made im the 
cricothyroid membrane 


Fig. 19.4 (a) Slide the endotracheal tbe (ETT) over the bougie into the tachea, (b) ventilate the patient 
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19.3.2 Scalpel-Trousseau ‘Trousseau dilator 
Cuffed tracheostomy the (TT) (6.5 of 7.0) or ETT 

19.3.2.1 Materials and Medications (Fig. 19.5) (5.0, 5.5, or 6.0) 

+ Scalpel with #11 blade Antiseptic preparation 

+ Tracheal hook 


Fig.19.5 Top 1 bottom, right wo left Scalpel with #11 blade; tracheal hook: Trousseau dilator, cuffed 
(50,5. or 6.0); antiseptic preparation 
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19.3.2.2 Procedure 


Apply topical antiseptic. 
Palpate the thyroid notch, cricothyroid membrane, and 
byoid bone for orientation, 

‘Stabilize the thyroid between the thumb and the middle 
finger of the nondominant hand (Fig. 19.6a) 
Make a vertical skin incision (2-3 em) over the cricothy- 
roid membrane (Fig. 19.66). 

Palpate with the index finger to verify the cricothyroid 
‘membrane location. 

Use stabilization of the thyroid and palpation to main- 
tain orientation of the anatomy. 

Make a 1S-cm horizontal incision through the lower 
half of the membrane (Fig. 19.7). 

Insert a tracheal hook into the incision, then rotate such 
that hook faces superiorly (Fig. 19.7b). 


Withdraw at a 45° angle in a cephalad direction, apply- 
ing gentle traction to the thyroid cartilage, 

Place the Trousseau dilator into the incision transversely 
and open the membrane incision vertically (Fig. 19.84). 
Insert a cuffed ETT (5.0-6.0) or TT (6.5-7.0) into the 
incision between the prongs of the dilator in the horizon- 
tal access (Fig, 19.8b). 

Rotate both the dilator and the ETT toward the head of 
the patient and then direct the tube downward into the 
trachea while removing the dilator, 

Inflate the ETT cuff and ventilate the patient. 

Verify the position of the ETT via auscultation, EtCO., 
and chest x-ray. 

Once placement of the tube has been verified, the tra- 
cheal hook can be removed. 

Secure the ETT. 


Fig.19.6 (a) Stbilize the thyroid cartilage hetween the thumb and the middle finger ofthe nondominant hand: (b) make a vertical incision over 
the ericothyroid membrane 


ra 


Fig.197 (a) Make a horizontal incision in the lower half of the cricothyroid membrane. (b) Inset a tracheal hook and apply gentle action 
superiorly ata 45° angle 
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Fig. 19.8 (a) Insert the Trousseau dilator into the incision, and open the path for placement of the tracheostomy tube (TT) or the ETT, (b) Insert 
the TT or the ETT into the expanded incision between the Trousseas dilator prongs 
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19.4 Complications 


+ Bleeding 

+ ETT misplacement (false passage, through the thyrohyoid 
membrane, unintentional tracheostomy) 

+ Hoarseness, dysphonia, or vocal cord paralysis 

+ Subglottic or laryngeal stenosis 

+ Damage to thyroid cartilage, cricoid cartilage, or tracheal 
rings 

+ Perforated esophagus 

+ Infection 

+ Aspiration 


19.5 Pearls 


+ Predictors of difficult cricothyrotomy: “SHORT” [1] 
= Prior Surgery or Scar tissue 
= Hematoma 
= Obese 
= Prior Radiation 
= Tumorlabscess 
‘+ The incision should cut through the skin and subcutaneous 
tissue down to the cricothyroid membrane and cartilages. 
+ Vertical incisions allow for extension in either direction if 
the cricothyroid membrane is above or below initial 
+ Blood in the field may hinder visualization of the mem- 
brane, but the airway should be established before 
attempts to control any bleeding. 
+ Crivothyroid arteries are located cephalad to the cricothy- 
roid membrane. 


‘+ Either a TT or an ETT can be used for the procedure, 
— ETTs are more ubiquitous, 
— TT are easier to secure. 

+ Ian ETT is used, a stylet can help direct placement 

+ Cricothyroidotomy is preferred in the emergency setting 
over tracheostomy owing to the increased risks of bleed- 
ing, the mobility of the trachea, and the risk of lacerating 
the underlying thyroid gland [2]. 

‘+ Ultrasound can be used to visualize landmarks in patients 
in whom landmarks are difficult to identify. 
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OTHER RELATED COMPONENTS 


+ potentiometer (See Chapter 11) 


What It Does 


A resistor is one of the most fundamental com- 
ponents in electronics. ts purpose is to impede 
aflowof currentand imposea voltage reduction. 
Itconsists of two wires or conductors attached at 
opposite ends or sides of a relatively poor elec- 
trical conductor, the resistance of which is meas- 
ured in ohms, universally represented by the 
Greek omega symbol, 0. 


Schematic symbols that represent a resistor are 
shown in Figure 10-1 (Left: The traditional sche- 
matic symbol. Right: The more recent European 
equivalent). The US symbol is still sometimes 
used in European schematics, and the European 
symbolis sometimes used in US schematics. Let- 
ters K or M indicate that the value shown for the 
resistor is in thousands of ohms or millions of 
‘ohms, respectively. Where these letters are used 
in Europe, and sometimes in the US, they are 
substituted for a decimal point. Thus, a 4.7K re- 
sistor may be identified as 4K7, a 3.3M resistor 
may be identified as 3M3, and so on. (The nu- 
meric valuein Figure 10-1 was chosen arbitrarily.) 


47K 


—W\— 


aK 


Figure 10-1. Resistor symbols. The let one is more cont 
‘mon in the United States. while the right ane 1s widely 
‘used in Europe. The 47K value was chosen arbitrarily 


power > moderation > resistor 


resistor 


Aresistoris commonly used for purposes such as 
limiting the charging rate of a capacitor; pro- 
viding appropriate control voltage to semicon- 
ductors such as bipolar transistors; protecting 
LEDs or other semiconductors from excessive 
current; adjusting or limiting the frequency re- 
sponse in an audio circuit (in conjunction with 
other components); pulling up or pulling down 
the voltage at the input pin ofa digital logic chip; 
or controlling a voltage at a point in a circuit. In 
this last application, two resistors may be placed 
in series to create a voltage divider. 


A potentiometer may be used instead of a re- 
sistor where variable resistance is required. 


‘Sample resistors of various values are shown in 
Figure 10-2. From top to bottom, their power dis- 
sipation ratings are 3W, 1W, 1/2WW, 1/4W, 1/4W, 
1/aW, and 1/8W. Theaccuracy (tolerance) of each 
resistor, from top to bottom, is plus-or-minus 5%, 
5%, 5%, 19, 1%, 5%, and 19. The beige-colored 
body of a resistor is often an indication that its 
tolerance is 5%, while blue-colored body often 
indicates a tolerance of 1% or 2%. The blue- 
bodied resistorsand the dark brown resistor con- 
tain metal-oxide film elements, while the beige- 
bodied resistors and the green resistor contain 
carbon film. For more information on resistor val- 
ues, see the upcoming Values section. 
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Tracheostomy Tube Malfunction 
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‘Tracheostomy tube (TT) malfunction is the source of airway 
compromise in patients requiring these airway devices. TT 
‘malfunction may create an airway emergency, and the timely 
replacement of Ts is a challenging procedure in the most 
experienced hands, 


20.1 Indications 


+ Cuff rupture 
= Can lead to dislodgment 
+ Dislodgment 
= Most common 
complication 
= Can lead to air passage obstruction 
+ Obstruction 
= Caused by blood or thick, dry secretions (formed in the 
absence of nasopharyngeal air humidification), 
~ Dried secretions or blood can act as a one-way valve, 
allowing air in but restricting outward flow. 


emergency department TT 


20.2 Materials and Medications 


+ Airway suction catheter 
+ Oxygen humidifier 
+ Bougie/nasogastric (NG) tube (12 French) 
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iyl-cysteine (NAC) 
‘+ Appropriately sized endotracheal tube (ETT) or TT 


20.3 Procedure 


1. Supply high-flow humidified oxygen through a bag valve 
mask (BVM), or a non-rebreather face mask. 
2. Assess clinical indicators to determine TT problem, 

(a) Indicators of cuff rupture: Air leak with BVM and 
loose TT. 

(b) Indicators of dislodged TT (if TT is still in the stomal 
opening): Subcutaneous emphysema, crepitus, and 
diminished or absent breath sounds. 

(©) Indicators of an obstructed TT: stridor and dimin- 
ished or absent breath sounds. 

(@) If time allows, chest radiograph, continuous capnog~ 
raphy, and oxygen saturation can be helpful 

3. Obstruction 

(a) Remove the inner cannula and inspect for obstruc- 
tion—clean if necessary. 

(b) If this fails, 5-10 mi. of saline or NAC can be squirted 
directly down the TT to loosen secretions, 

(©) Suction thoroughly with a suction catheter (Fig, 20.1). 

(@) Inrefractory cases, the TT will need replacement, 

4, Replacement 

(a) Ideally, the replacement tube should be of the same 
type and size as the original TT, 

(b) A smaller size TT or ETT can be helpful in settings of 
airway compromise 

(©) A 6-7S-cm ETT tube may be used if a TT is 
‘unavailable 

(d) Remove the existing TT. 

(©) Hyperextend the patient's head and neck to maximize 
visualization of the stoma. 
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(f) Note: Careful inspection of the area is paramount 
because the thyroid isthmus may obscure visualiza- 
tion of the tracheal stoma, 

(g) Techniques 

(i) Direct insertion 


1 


AS soon as possible, insert the new TT or 
ETT into the stoma to prevent stomal nar- 
rowing (Fig. 20.2) 

Inflate the new TT/ETT cul. 


ii) Bougie or NG tube 


1 


3. 


Lubricate the TT or ETT tube. 
Lubricate a bougie or 12-French NG 
tube. 

Insert the lubricated bougie or NG tube into 
the TT or ETT. 

Insert the bougie or NG tube into stoma and 
advance into the trachea (Fig. 20.3a). 

Direct the NG tube or bougie caudad toward 
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7. Irresistance is noted: 
(a) Either the operator has reached a termi- 
nal bronchiole or is in a false passage. 
(b) Do not force bougie/NG tube farther at 
this point 
(©) Use clinical judgment (bougie/ETT depth, 
palpation) to determine likely placement. 
8. Advance TT or NG tube over bougie or NG 
tube is in trachea (Fig. 20.3b). 
9, After the TT is in place, remove the bougie/ 
NG tube. 


(iii) The fingertip technique 


1. Insert a gloved forefinger into tracheal stoma 
Fig. 20.43) 

2. Formulate a mental plan as to the direction 
and path of the stoma, 

3. Then place a TT or an ETT into the stoma as 
the finger is withdrawn (Fig. 20.4b). 


the lower tracheobronchial tre. 5. If placement of a TT or ETT is not possible through the 
6, Do not advance more than 7 em. stoma, consider endotracheal intubation, 


Fig. 20.1. (a) Insert the suction catheter tothe appropriate depth, keeping the suction port open. (b) Slowly withdraw the catheter in a circular 
‘motion, keeping the suction port closed 


20. Tracheostomy Tube Malfunction 


Fig. 20.2 Insertion of the endotracheal tube (ETT) direetly into the 


Fig. 20.3 (al, a2) Insert the tracheostomy tube (TT) over the nasogastric (NG) tube or ous, which is fist inserted into the trachea. (b1, 82) 
Advance the TT over the NG tube or bougie, which serves as a guidewire 


130 .Bengiamin and 8, Chakravarthy 


Fig. 20.4 (a) Insert gloved finger into the stoma. (b) Insert the TT along the path while withdrawing the gloved finger. (€) TT in place 


20 Tracheostomy Tube Malfunction 


a 


20.4 Pearls and Pitfalls 


+ Stomal closing 
= Stomal constriction begins as soon as the TT is 
removed or displaced, 
~ Forceful attempts to replace a large TT may result in 
false passages and trauma 
+ Tracheal stenosis 
~ Constant TT cuff pressure may cause necrosis, uleer- 
ation, and granulation tissue formation, leading to tra- 
cheal narrowing 
~ Complicates TT replacement in the setting of dislodg- 
‘ment or obstruction. 
~ Bougie use can be helpful to place a smaller) ETT 
until surgical dilation and/or resection can be 
achieved. 
+ Creation ofa false lumen during recannulation 
~ Subcutaneous emphysema will be an early indicator of 
this, 
= Early confirmation of correct placement of TT by 
confirming: 
+ Continuous end-tidal CO, monitoring 
+ Equal chest rise 
+ Bilateral breath sounds 


Aight common 
‘carotid artery 


Fight subclavian 
artery 


Aortic arch 


+ Unrecognized trachea~innominate artery fistula (Fig. 20,5) 
= Usually occurs within 3-4 weeks of placement 
~ Presentation: Bleeding around the tracheostomy tube 
(210 mL) or massive hemoptysis 
~ Requires, 
+ ETT cuif overinflation to compress the fistula, 
+ Digital pressure on stoma may be helpful to tam- 
ponade the bleeding, 
+ Place stomal ETT deep to bleeding fistula to protect 
airway. 
+ Definitive surgical intervention in operating room. 
Associated with high mortality 
+ Unrecognized tracheoesophageal fistula 
— Usually iatrogenic injury from TT placement or NG 
tube erosion 
~ Presentation: Dyspnea, copious TT secretions, recur- 
rent food aspiration, and gastric distention 
~ Requires 
+ Bronchoscopy or swallowing studies to confirm 
diagnosis 
+ Surgical repair or stenting 


Innominate 


Aortic arch 


Fig. 20.5 Anatomical relationship between the trachea andthe innominate artery. THF trachea-innominate artery fistula 
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21.1 Indications 

+ Failure to control the airway by other means 

+ Asa temporary measure while preparing for definitive 
airway control 

+ Securing the airway in crash airways in infants and small 
children 


21.2 Contraindications 


+ Absolute 
= Transection of the trachea below the cricothyroid 
‘membrane 
+ Relative 
= Inability to identify the cricothyroid landmarks 
= Anatomical distortion to the cricothyroid membrane 
— Supraglottic obstruction (preventing gas exhalation) 
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21.3. Materials and Medications (Fig. 21.1) 


Betadine, chlorhexidine, or similar skin sterilization 

solution 

12-to 16-gauge angiocatheter or transtracheal jet ventila- 

tion (TTIV) purpose-specific catheter 

10-mL. syringe filled with 4 mL of normal saline, 2 % 

lidocaine, or viscous lidocaine 

Hand-operated regulator valve 

‘Attach oxygen supply. 

— Connect kit tubing to wall oxygen OR. 

= Connect 7-0 endotracheal connector to bag valve 
mask (BVM) attached to oxygen, 
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Fig.21.1 (a) Tubing and regulator valve, (b) commercially available catheter, (e) 3. or 10-ml. syringe 


a 


Percutaneous Transtracheal Jet Ventilation 


135 


21.4 Procedure 


Fig.21.2 (a) Attach tubing and the hand-operated regulator valve to wall oxygen, and (b) adjust 


Attach the tubing and the hand-operated regulator valve 

to wall oxygen (Fig. 21.2a), and place the distal end of 

the thing near the patient in preparation for 

ventilation, 

Adjust regulator to maximum pressure, 50 psi if possible 

(Fig. 21.2b), 

Palpate the cricothyroid membrane just distal to the thy- 

roid prominence (Fig. 21.3). 

(a) Sterilize the area with a suitable cleansing agent. 

(b) Use the thumb and index finger of the nondomi 
nant hand to stabilize the trachea for the 
procedure. 

Attach the TTSV catheter (or angiocatheter) to the 

syringe (Fig. 21.4), 

Advance the catheter through the cricothyroid mem- 

brane at a 30-45° caudal direction while aspirating with 

the syringe (Fig. 21.5) 


posible) 


Return of air confirms entry into the trachea. 
I lidocaine is utilized, it can then be injected to prevent 
spasm during the procedure. 

Fully advance the angiocatheter and secure it while the 

needle and syringe are withdrawn, 

Remove the needle, secure it to the skin, and connect it 

to the regulator hose. 

Secure the distal end of the oxygen tubing (distal to the 

hhand-operated valve) to the catheter (Fig. 21.6) 

If'a BVM is used as the oxygen source: 

(a) Attach a 3-mL syringe to the angiocatheter. 

(b) Attach the BVM with the 7-0 endotracheal tube 
(ETT) connector to the end of the plungerless 3-mL. 
syringe (Fig. 21.7). 

Operate the valve 12-20 times a minute with long 

periods to allow gas exhalation and exchange 

ig. 21.8), 

Preparations should be made for a definitive airway as 

soon as possible—preferably within 15 min, 


ulator to maximum pressure (50 psi if 


136 


Fig.21.3 Airway anatomy 
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How It Works 


Figure 10-2. A range of typical resistors. See text for de- 
tails. 


How It Works 


In the process of impeding the flow of current 
and reducing voltage, a resistor absorbs electri- 
cal energy, which it must dissipate as heat. In 
‘most modern electronic circuits, the heat dissi- 
pation is typically a fraction of a watt. 


IfRis the resistance in ohms, lis the current flow- 
ing through the resistor in amperes, and Vis the 
voltage drop imposed by the resistor (the differ- 
ence in electrical potential between the twocon- 
tacts that are attached to it), Ohm’ law states: 


Ver/R 


power > moderation > resistor 


This is another way of saying that a resistor of 
10. will allow a current of 1 amp when the po- 
tential difference between the ends of the resis- 
toris 1 volt. 


IF Wis the power in watts dissipated by the resis- 
tor, in a DC circui 


Wever 


By substitution in Ohm’s law, we can express 
watts in terms of current and resistance: 


wePyR 


We canalso express wattsin terms of voltageand 
resistance: 


Weverr 
These alternates may be useful in situations 


where you do not know the voltage drop or the 
current, respectively. 


Approximately similar relationships exist when 
Using alternating current, although the power 
will be a more complex function. 


Variants 


Axial resistors have two leads that emerge from 
‘opposite ends of a usually cylindrical body. Ra- 
dial resistors have parallel leads emerging from 
‘one side of the body and are unusual. 


Precision resistors are generally defined as having 
a tolerance of no more than plus-or-minus 1%. 


General-purpose resistorsareless stable, and their 
value is less precise. 


Power resistors are generally defined as dissipat- 
ing 1 or 2 watts or more, particularly in power 
supplies or power amplifiers. They are physically 
larger and may require heat sinks or fan cooling. 


Wire-wound resistors are used where the compo- 
ent must withstand substantial heat. A wire- 
wound resistor often consists of an insulating 
tube or core that is flat or cylindrical, with multi~ 
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Fig.21.4 Attach the TTIV catheter tothe syringe 


Fig.21.6 Secure the distal end ofthe oxygen tubing tothe catheter 


Fig.21.5_ (a) Advance the catheter through the cricothyroid membrane 
ata 30-45° caudal direction (b) while aspirating with the syringe 
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ce syringe barat Fig-21.8 Operate the valve 12-20 times a minute with long periods to 
allow gas exhalation and exchange 


rico ring 


Cricothyroid 
membrane 


Fig.21.7 Atlach the BVM with the 7-0 endotracheal the (ETT) con 
nevior tothe end ofthe plungerless 3-m syringe 
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21.5 Complications 


+ Pneumothorax 
+ Pneumomediastinum 
+ Subcutaneous emphysema 
+ Catheter kink or misplacement 
‘+ Hypercarbia and respiratory acidosis 
= Use of TTIV for prolonged periods of time without 
adequate ventilation will elevate COs. 
+ Barotrauma 
+ Coughing in conscious patients 
+ Aspiration 
+ Persistent stoma 


21.6 Pearls and Pitfalls 


+ Ifthe wall connector does not have a pressure regulator, it 
can still be used although the risk of barotrauma is greater. 
Use the endpoint of chest rise to determine the end of 
ceach ventilation burst in this case. 


‘+ Higher pressures and lack of supraglottic air exchange are 
risk factors for pneumothorax. If the supraglottic area is, 
obstructed, a Y catheter can be attached to allow gas to 
escape before the next insufflation 

‘+ TTIV may or may not allow sufficient gas exchange to 
prevent hypercarbia, Preparations should be made to 
obtain a definitive airway as soon as possible, 

‘+ Endotracheal intubation may be facilitated by the high pres- 
sures insufflated in the trachea, and a repeat attempt may be 
performed after the transtracheal ventilation is achieved. 
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22.1 Indications 

Needle decompression thoracostomy is a procedure used in 
the emergent treatment of a tension pneumothorax. Tension 
pneumothorax is a clinical diagnosis. Decompression treat- 
‘ment should not be delayed in order to obtain radiographic 
confirmation. The following scenarios illustrate some of the 
clinical signs that may be present in such patients: 


+ Awake patient with suspected or confirmed tension 
pneumothorax 
= Chest pain 
= Respiratory distress 
= Decreased breath sounds with hyperresonance and/or 
subcutaneous emphysema 
= Trachea deviated away from the 
pneumothorax 
= Tachycardia 
~ Falling pulse oximetry (Sp0.) 
= Shock 
+ Ventilated patient with suspected or confirmed pneumo- 
thorax (often insidious) 
= Increased resistance to ventilation 
= Hypotension 
= Elevated central venous pressure 
= Tachycardia 


side of the 
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— Decreased breath sounds with hyperresonance and/or 
subcutaneous emphysema 

= Trachea deviated away from the 
pneumothorax 

~ Filling SpO; 

= Shock 

Injured patient (especially with penetrating chest trauma) 

‘with suspected or confirmed tension pneumothorax. 

= Inarrest 

— Unexplained hypotension 

= Apnea 

— Decreased breath sounds with hyperresonance and/or 
subcutaneous emphysema 


side of the 


1 Absolute Indications 


Patient in acute respiratory distress with rapid decompen- 
sation secondary to suspected or confirmed tension 
pneumothorax 

Injured patient in extremis with apnea, unexplained hypo- 
tension, or arrest 


22.2 Contraindications 


‘No absolute contraindications. 


22.3. Materials 


Large-hore neelefangiocatheter (minimum of 16 gauge) 
10-ml syringe (optional 

One-way valve (optional) 

Betadine(povidne-iodine) swab/chlorhexdine scrub 
Tape 
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22.4 Procedure 


1. Expose the anterior chest atthe level ofthe second intercos- 
tal space on the affected side (Fig. 22.1). Alternatively. 
‘expose the chest wall atthe level ofthe anterior axillary line 
in the fourth or fifth intercostal space on the affected side. 

2. Cleanse the area with a Betadine swab or chlorhexidine 
serub (Fig. 22.2), 

3. Using a gloved hand, locate the second intercostal space 
atthe midelavicular line. 

(a) The first rib is normally not felt, 

(b) The second rib is felt just below the clavicle. 

(©) The second intercostal space is the area between the 
second and the third ribs 

‘Note: Alternatively, this procedure may also be performed, 

‘on the midaxillary line in the fourth intercostal space of 

the affected side, The same general steps listed later are 

‘employed in this approach and care is taken to avoid the 

neurovascular bundles inferior to the fourth rib. 

4, Insert the needle/angiacatheter perpendicular to the chest 
wall into the second intercostal space just above the supe- 
rior edge of the third rib to avoid the intercostal neurovas- 
cular bundle (Fig. 22.3). 

(a) This step may be done with or without asyringe attached, 
(b) Local anesthesia is usually unnecessary but may be 
used if the patient is not in extremis, 


Fig. 22.1. The preferred site lor needle thoracostomy is the second 
intercostal space in the midelaviculr ine 


5. Carefully walk the needle over the third rib and advance 
until the pleural space is entered, 

(a) Entry into the pleural space is accompanied by a 
“popping” sound or a sensation of “giving way.” 

6. Ifyou are able to withdraw air with the syringe or hear a 
“hiss” of air escaping through the angiocatheter during 
expiration and inspiration, then placement is considered 
successful 

7. After removing the needle, secure the angiocatheter in 
place with tape (Fig. 22.4). 

Caution; Do not reinsert needle into the angiocatheter 

owing to the danger of sheering the angiocatheter. 

8. Assess the patient and evaluate the effectiveness of the 
procedure. 

(a) The patient should exhibit immediate and obvious 
Improvement in respiratory status including 
improved lung sounds and vital signs. 

(b) The procedure may be repeated if the patient is not 
improving. 

(©) Excess pleural air may be aspirated through the 
angiocatheter with a syringe. 

9. Obtain a chest radiograph to confirm success, 

(@) Repeat in 6 h, 

10, Because needle decompression is only a temporizing 

‘measure, tube thoracostomy (see Chap. 23) must be per- 

formed for definitive management of the pneumothorax. 


Fig.22.2 Prepare the skin with pavidone-indine or chlorhexidine 
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Fig.22.3 (a) Inert the needle into the second intercostal space just above the superior edge ofthe third eb und (b) avoid the neurovascular bundle 
by approaching the skin wit the needle perpendicular tothe chest wall just above the superior edge ofthe third rib 
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Fig.22.4 Afier removing the needle, secure the angiocatheter in place 
with tape 


22. Needle Thoracostomy 
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22.5 Complications 


+ Failure to resolve the tension pneumothorax. 
= Obese or muscular patients may require a longer nee- 
dle and catheter to reach the pleural space or, alterna- 
tively, may require proceeding immediately to tube 
thoracostomy. 
+ Iatrogenic pneumothorax. 
+ Laceration of intercostal artery or nerve. 
‘+ Rapid re-expansion may result in the development of pul- 
‘monary edema. 
+ Infection, 


22.6 Pearls and Pitfalls 


+ Use the sternum as a landmark to more easily locate the 
second and third ribs. 

+ The same procedure may also be done on the midaxillary 
line in the fourth intercostal space, which is usually land- 
marked with the nipple, 


+ Primary pneumothorax is unusual in those older than 
40 years. Consider the presence of underlying disease in 
this population, 


Acknowledgments: We would like to thank Antonios Likourezos, MA, 
MPH, and Abraham Lederman fr assisting with the photographs. 
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23.1 Indications 

+ Spontancous pneumothorax (large and/or symptomatic) 
+ Tension pneumothorax (or suspected) 

+ Iatrogenic pneumothorax 

+ Penetrating chest injuries 

‘+ Hemopneumothorax in acute trauma 

+ Patient in extremis with evidence of thoracic trauma 
+ Complicated parapneumonic effusions (empyema) 

+ Chylothorax/hemothorax 

+ Post-thoracie surgery 

+ Bronchopleural fistula, 


23.2 Contraindications 


+ Absolute 
= Emergent thoracotomy 

+ Relative 
= Coagulopathy 

Pulmonary bullae 

Pulmonary, pleural, or thoracic adhesions, 

Loculated pleural effusion or empyema 

‘Skin infection over the chest tube insertion site 
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23.3. Materials and Medications 


+ Tube thoracostomy tray 
~ #10 scalpel; 18-, 22-, and 25-gauge needles; 10-mL. 
syringes; forceps; clamps; scissors; drape; abdominal 
pads; 0 or 1-0 silk suture; needle driver; curved clamp 
(Fig. 23.12) 
+ Betadine (povidone-iodine) or other skin antiseptic prep- 
aration solution 
+ Lidocaine (1 % or 2 % with epinephrine) 
‘+ Appropriate chest tube size (approximate) 
~ Adult male: 28-36 French 
~ Adult female: 28 French 
~ Child: 12-24 French 
= Infant: 12-16 French 
~ Neonate: 10-12 French 


‘Vaseline gauze 
Chest drainage system (Fig, 23.1b) 
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power> moderation > resistor 


ple turns of resistive wire wrapped around it. The 
wire is usually a nickel-chromium alloy known as 
rnichrome (sometimes written as Ni-chrome) and 
is dipped in a protecting coating. 


‘The heat created by current passing through re- 
sistive wire is a potential problem in electronic 
circuits where temperature must be limited. 
However, in household appliances such as hair 
dryers, toaster ovens, and fan heaters, a ni- 
chrome element is used specifically to generate 
heat. Wire-wound resistors are also used in 3D 
printers to melt plastic (or some other com- 
pound) that forms the solid output of the device. 


Thick film resistors are sometimes manufactured 
in a flat, square format. A sample is shown in 
Figure 10-3, rated to dissipate 10W from its flat 
surface. The resistance of this component is 1K. 


Figure 10-3. A thick-film resistar measuring about 
‘square and 0.03" thick 


Surface-mount resistors generally consist of a re- 
sistive ink film printed on top of a tablet of alu- 
minum oxide ceramic compound, often approx- 
imately 6mm long, known as a 2512 form factor. 
Each surface-mount resistor has two nickel- 


Variants 


plated terminations coated in solder, which 
melts when the resistor is attached to the circuit 
board. The upper surface is coated, usually with 
black epoxy, to protect the resistive element. 


Resistor Array 
This is also known as a resistor network or resistor 
ladder, and consists ofachip containing multiple 
equal-valued resistors. 


A resistor array in a single-inline package (or SIP) 
may have three possible internal configurations: 
isolated, common bus, and dual terminator. 
These options are shown at top, center, and bot- 
tom, respectively, in Figure 10-4. The isolated 
variant is commonly available in SIPs with 6,8, or 
10 pins, The common-bus and dual-terminator 
configurations generally have 8, 9, 10, or 11 pins. 


Intheisolated configuration, each resistoriselec- 
trically independent of the others and is ac- 
cessed via its own pair of pins, Ona common bus, 
one end of each resistor hares a bus accessed by 
a single pin, while the other ends of the resistors 
are accessed by their own separate pins. A dual- 
terminator configuration is more complex, con- 
sisting of pairs of resistors connected between 
ground and an internal bus, with the midpoint of 
each resistor pair accessible via a separate pin. 
The resistor pairs this function as voltage dividers 
andare commonly used in emitter-coupled logic 
Circuits that require termination with -2 volts. 


‘A duat-inline package (DIP) allows a similar range 
of internal configurations, as shown in 
Figure 10-5, At top, isolated resistors are com- 
monly available in DIPs with 4, 7,8, 9, or 10 pins. 
Atcenter, the common bus configuration is avail- 
able in DIPS with 8, 14, 16, 18, or 20 pins, At bot- 
tom, the dual-terminator configuration usually 
has 8, 14, 16, 18, or 20 pins. 


The external appearance of SIP and DIP resistor 
arrays is shown in Figure 10-6. From left to right, 
the packages contain seven 1200 resistors in 
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Fig.23.1. (a) Tube thoracostomy tray, (b) chest drainage system 


23. Chest Tube Thoracostomy 
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23.4 Procedure (Fig. 23.2) 


1. Sterile skin preparation with sterile drape 

2. Anesthetize the appropriate area subcutaneously up to 
and including the rib periosteum with 5 mL. of 1 % lido- 
caine with epinephrine (Fig. 23.2). 

3. Using a #10 or #11 blade, make an approximately 4-em 
skin incision over the desired intercostal level of entry 
(most often the fourth or fifth intercostal space inthe 
ridaxillary line) (Fig, 23.2, ). 

If the incision is placed befow the fifth intercostal 
space, the risk of subdiaphragmatic placement into the 
abdominal space is increased 

4, Bluntly dissect with « hemostat or Kelly clamp through 
the subcutaneous tissue to the level of the intercostal 
muscles with intermittent opening of the dissection 
instrument during advancement (Fig. 23.24, 

5. Digitally palpate the selected intercostal space and the 
superior margin of the inferior rb (pay careful attention 
to avoid the neurovascular bundle lying inferiorly) 
Fig. 2.20, 

+ IF time permits, additonal analgesia is recommended 
at this point ofthe procedure 

6. Guiding the closed Kelly clamp over the upper margin 
of the rib, enter the chest wall into the pleural cavity 
(This will require some controled force and a twisting 
rmotion.) Once the pleural space is entered, a rush of air 
or fluid should occur (Fig. 23.22), 

Uncontrolled force anda linging motion can result in 
penetration tothe lung, heart, liver, or spleen 

7. Open the Kelly clamp while stil inside the pleural space 
and then withdraw while the clamp is still open to 


10, 


14, 


15 


enlarge the dissected tract of entry and allow easier pas- 
sage of the thoracostomy tube (TT). 

Explore the dissected tract with a sterile finger to appre- 
ciate lung tissue and possible adhesions. 

To estimate the length the TT is to be inserted, measure 
the distance between the skin incision and the apex of 
the lung. If preferred, place a clamp over the tube at the 
estimated length (Fig. 23.2h). 

Grasp the proximal end of the TT with the large Kelly 
clamp and pass the tube through the thoracic cavity 
along the previously dissected tract. 

Release the Kelly clamp and continue to advance the 
tube posteriorly and superiorly. 

Make sure all of the fenestrated holes of the TT are 
within the thoracic cavity to prevent unnecessary manip- 
ulation and/or replacement of the TT. 

Once the TT is in the desired position, connect the tube 
to the drainage device (Fig. 42.1b). Once connected, 
release the cross clamp on the distal end of the TT. 
Secure the TT to the skin with 0 or 1-0 silk or nylon 
suture, A simple, interrupted suture above and below the 
‘TT with each stitch wrapped tightly around the TT is 
recommended, 

Incomplete security of the TT leads to dislodging of 
the tube with routine patient movements, 

Apply petrolatum gauze over the skin closure surround- 
ing the TT and then apply a support dressing with 4x4 
gauze and adhesive tape (4 in.). 

Obtain a chest radiograph to confirm placement of the 
TT. 
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23.5 Complications 


+ Improper placement for pneumothorax 
~ Reposition if: 
‘+ Horizontal (over diaphragm) 
+ Subcutaneous 
+ Placed too far into the chest (against apical pleura) 
~ Remove if: 
‘+ Placed into the abdominal space 
+ Bleeding (Local vs. hemothorax) 
‘+ Hemoperitoneum (liver or spleen injury) 
+ Tube dislodgment 
+ Empyema (TT introduces bacteria into the pleural space) 
+ Retained pneumothorax (may require second TT) 
+ Re-expansion pulmonary edema 
+ Subcutaneous emphysema 


23.6 Pearls and Pitfalls 


+ Water seal acts as a one-way valve; ifthe system bubbles, 
there is an air leak 

+ In the Pleur-evac® systems, there is an orange floater 
which, when static, means the desired suction pressure 
(usually 20 emH,O) has been reached. 


+ The negative pressure in the chest cavity equals the 
‘amount of water in water seal plus amount of suction. 

‘+A chest tube can be removed when there is no air loss or 
blood for 24 h, 

‘+ When removing the tube, have the patient exhale and 
remove as quickly as possible. 

‘+ Leave petrolatum gauze in place for 48 h before changing 
it (allows wound to heal better) 
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Indications 


+ Therapeutic thoracentesis is performed to relieve dys- 
nea, hypoxia, or otherwise compromised respiratory 
function due to a large pleural effusion, 

+ Diagnostic thoracemesis is performed to aid in the diag- 
nosis and workup of: 
= Pleural effusions of unknown cause 
~ Unilateral pleural effusions 
Pleural effusions originally determined to be due to 

heart failure but persisting after 3 days of diuresis 


24.2 Contraindications 


+ Absolute 
= None 
+ Relative: 
= Coagulopathy, thrombocytopenia. 
— Small or loculated pleural effusion, These will increase 
the risk of missing the effusion and causing lung injury. 
~ Positive-pressure ventilation, 
= Skin infection over the needle insertion site, 
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24.3. Materials and Medications 


‘Thoracentesis tray (commercially available kits generally 

include the items in the following list) (Fig. 24.1) 

~ (1) Fenestrated drape 

— (1) 25-gauge> L-in. needle 

= (1) 2l-gauge> 1.5-in. needle 

— (1) 8-French catheter over 18-gauge needle 

~ (1) Small plastic syringe, 5 mL 

~ (1) Small plastic syringe, 10 mL. 

— (1) Large plastic syringe, 50-60 mL 

= (1) Three-way stopeack 

— Specimen vials and caps 

~ (1) Collection bag, 1500 mL, or vacuum container 

= (1) Tubing set 

~ (2) Hemostat 

~ Betadine (povidone-iodine) or other skin antiseptic 
preparing solution 

= 10-mL. lidocaine 1 % without epinephrine 


Fig.24.1. ‘Typical commercial thoracentesis tray 
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24.4 Procedure 


Place patient in seated position with arms at rest on a 

bedside table (Fig. 24.2) 

‘The location and height of the pleural effusion are con- 

firmed by physical examination. Auscultation of 

decreased or absent breath sounds, dullness to percussion, 
and decreased tactile fremitus are physical findings to 

confirm the location and height of the effusion (Fig. 24.3). 

Determine and mark the site of needle insertion. This will 

be at the midscapular line one or two intercostal spaces 

below the maximum height of the effusion as determined 
by a combination of imaging and physical examination 

(Fig. 244), 

+ Do not attempt thoracentesis inferior to the eighth 
intercostal space because respiratory cycle and ana- 
tomical variation place the diaphragm and intra- 
abdominal organs at risk 

Prepare the skin with the sterile skin preparation and 

sterile drape. 

Anesthetize the appropriate area subcutaneously using a 

25-gauge needle on a 10-mL syringe. Create a wheal in 

the skin and then infiltrate up to and including the peri- 
costeum of the rib inferior to the landmarked space with 

S mL of | % lidocaine. 

+ Remember that the neurovascular bundle is found at 
the inferior border of each rib. Keep this in mind as 
‘you approach the rib and throughout the rest of the 
procedure to avoid injury to these structures (Fig. 24.5). 

u gauge needle, slowly walk the needle up and 

over the superior border of the rib, Continue to advance 

the needle along the superior border of the rib with the 
syringe withdrawn and infiltrating lidocaine intermit- 
tently along the way. 

Pleural fluid will be aspirated once the pleural space is 

reached. Do not advance the needle further. Deposit 

1-2 mL more lidocaine, A hemostat can be placed on 

the needle atthe level of the skin to mark the depth of the 

pleural space and the needle can be removed. 


Fig.24.2 Patient in upright, seated position 


8 Some commercial kits may come with an adjustable 
depth guard to be positioned at the determined depth, On 
an 18-gauge catheter-over-needle device, position the 
depth guard to the appropriate depth determined from 
the prior step. If a depth guard is not available, use the 
index finger and thumb on the catheter at the appropriate 
depth. With the 5-mL syringe attached, advance the 
device over the superior border of the rib while aspirat- 
ing, expecting pleural fluid to return again at the deter- 
mined depth (Fig. 24.6). 

9. When the pleural space is reached, do not advance the 
needle further. Advance the catheter over the needle 

until the hub reaches the skin. Remove the needle during 

expiration and immediately cover the open hub with a 

gloved finger to prevent development of pneumothorax. 

Some kits provide catheters with one-way valves to pre 

vent air entry. 

Attach the 50-60-mL. syringe to the catheter via the three- 

way stopcock, Pleural luid can be drained and transferred 

to appropriate collection vials for diagnostic thoracentesis. 

A collection bag may be attached with tubing to the third 

port ofa three-way stopcock for larger volume evacuation 

inthe case of a therapeutic thoracentesis. Employ a syringe 
pump method to drain 50-60 mL. of fluid at atime to the 
collection bag. Fill the syringe by withdrawing the plunger 
while the stopcock is closed to the bag. Then, close the 
stopcock to the patient and pump the contents of the 
syringe to the bag. Next, close the syringe closed to the 
bag, and repeat the cycle until the desired volume is 
drained. A vacuum container is an alternative that simply 

attaches via tubing to the stopcock (Fig. 24.7). 

+ [fusing a three-way stopcock and a device that does 
not have a one-way valve on the catheter, be sure to 
always keep the stopcock closed to the patient unless 
withdrawing fluid in order to decrease the risk of 
pneumothorax. 

11. When the desired amount of pleural fluid is obtained, 

remove the catheter during expiration and apply an 
occlusive dressing, 


Fig.24.3 Determining the location and height of the pleural effusion 
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Fig.24.4. Marked site for needle insertion 


Fig.24.7 Pleural uid collection via syringe pump method 


Fig.24.5 The intercostal neurovascular bundle 


> 


Fig. 24.6 Needle and catheter insertion, thumb and index finger at 
desired depth 
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24.5 Complications 


+ Pneumothorax 
+ Re-expansion pulmonary edema 
+ Hemothorax, hematoma 

+ Intra-abdominal organ injury 

+ Air embolism 

+ Empyema 


24.6 Considerations 


+ If available, the use of bedside ultrasound is highly rec~ 
‘ommended because ultrasound guidance has been shown, 
to substantially reduce the risk of pneumothorax. Before 
the procedure, the height, width, and depth of the effusion 
ccan be appreciated by scanning the chest and viewing the 
effusion through the intercostal spaces. The use of ultra- 
sound aids in selecting the needle insertion site by: 

— Visualizing the distance the needle must pass to reach 
the parietal pleura 

— Confirming the thickness of the effusion in the site 
selected is at least a minimum of 1.5 cm 

— Providing the clinician with a view of the effusion and 
surrounding structures through the complete respira- 
tory cycle 

‘With these items in mind, the needle insertion site can be 

selected with confidence and marked before beginning 

the procedure. 

+ Inaddition, the use of bedside ultrasound in real time will 
allow the clinician to visualize the needle as it passes 
toward and enters the pleural space. This use requires 
sterile probe covers. 

+ Re-expansion pulmonary edema is a rare but feared com- 
plication of thoracentesis. The cause is not fully under- 
stood. Historically it was thought that re-expansion 
pulmonary edema was caused by removing too large a 
volume of fluid from the pleural space (>1-1.5 L) 
‘Another theory is that re-expansion pulmonary edema is, 
caused when great negative intrapleural pressures 
(<20 cmH,0) are generated during the procedure. The 
low incidence of this complication has yielded inconelu- 
sive evidence. 
~ In light of this, it is prudent to continue to limit the 

volume of pleural fluid removed to no more than 
1-1.5L. Pleural manometry is not widely available for 
use in the emergency department, but should also be 


considered if available to maintain intrapleural pres- 
sures from reaching more negative values, 


24.7 Pearls and Pitfalls 


‘+ Bedside ultrasound reduces the risk of complications. 
+ Never attempt thoracentesis below the eighth intercostal 
space. 
+ Thoracentesis should not be performed on pleural effu- 
sions demonstrated to be less than 1-1.5 cm thick by 
ultrasound or on a lateral decubitus film. 
+ Positive-pressure ventilation mandates extreme care 
‘while performing thoracentesis because the lungs can be 
punctured during inflation. In addition, ventilated patients 
‘will not be able to sit upright and will need to have the 
procedure performed in lateral decubitus position with 
the effusion side down and the posterior axillary line as 
the needle insertion site. Alternatively, the patient can be 
placed supine with the head of the bed elevated to 45° and 
the midaxillary line as the needle insertion site. 
~~ Routine post-procedure radiographs are not necessary 
to exclude pneumothorax. Indications for post- 
procedure imaging include onset of chest pain during 
the procedure, persisting cough or chest discomfort 
after the procedure, air aspiration along any step of the 
procedure, or positive-pressure ventilation. 

~ Pneumothorax rates are higher for inexperienced pro- 
vviders. Although an effusion compromising respira- 
tory function is considered a clear indication for 
therapeutic thoracentesis, the performance of nonur- 
‘gent diagnostic thoracentesis might best be delayed for 
those more practiced in the procedure. 
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25.1 Background 


‘Thoracic injuries are commonly associated with penetrating 
and blunt abdominal trauma and are implicated in 50-70 % 
of trauma deaths {1}. Cardiac tamponade, tension pneumo- 
thorax, massive hemothorax, airway obstruction, flail chest, 
and open pneumothorax represent the six immediately lie- 
threatening injuries attributed to chest trauma [2] 
Accordingly, they must be accurately identified and dealt 
with urgently 

Open pneumothorax (“sucking” chest wound) is seen in 
penetrating chest injuries. Ifthe associated chest wound is 
greater than 2/3 the diameter of the trachea (generally any- 
thing greater than 15-2 em), air can preferentially enter the 
intrapleural space, via the trachea, with each inspiration [3] 
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(Fig. 25.1). This allows equilibration of pressure between the 
pleural space and the atmosphere, causing the lung to col- 
lapse and leading to profound hypoventilation and hypo 
Flail chest results from high-energy blunt, crushing chest 
trauma causing two or more fractures in two or more con- 
tiguous ribs. Classically, the fractures are lateral or sternal 
Posterior rib fractures rarely cause flail physiology 
(Fig, 25.2). Flail chest has been reported to have mortality as 
high as 16 % [4]. This injury pattern is associated with a high 
incidence of underlying pneumothorax, hemothorax, pulmo- 
nary contusion, and chest wall instability. Mortality from 
flail chest is thought to be correlated with the degree of 
underlying pulmonary contusion and attendant hypoxia {2} 
Both open pneumothorax and flail chest are immediately 
life threatening and require early appropriate management. 
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Wound 


Fig. 25.1. Air preferentially wll enter the chest via the wound, collapsing the lung on the affected side 


Fig. 25.2 Fla chest: two or more rib fractures in two or more 
segments. Lateral fal (most common) and sternal ail segments 
represented below 


Variants 


power > moderation > resistor 


Figure 10-4, Multiple resistors can be embedded in a 
single-inioe package (SIP) in a variaty of formats. See 
text for adeltional details 


isolated configuration; thirteen 1200 resistors in 
bussed configuration; seven 5.6K resistors in 
bussed configuration; and six 1K resistors in 
bussed configuration. 


Resistor arrays with isolated or common-bus 
configurations are a convenient way to reduce 
the component count in circuits where pullup, 
pulldown, or terminating resistors are required 
for multiple chips, The common-bus configura- 
tion is also useful in conjunction with a 7- 


Figure 10-5. Multiple resistors can be obtained embed- 
ded in a dual-inine package (DIP). See text for akdtional 
tai 

segment LED display, where each segment 
mustbeterminated bya series resistor andallthe 
resistors share a common ground or common 
voltage source. 

Surface-mount chips are available containing a 


pair of resistors configured as single voltage di 
vider. 


Chips containing multiple RC circuits (each 
consisting of a capacitor and a resistor in series) 
are available, although uncommon. A package 
containing a single RC circuit may be sold as a 
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25.2 Initial Evaluation of Thoracic Trauma 

+ To the best extent possible, obtain good patient handover 
from the prehospital caregivers. 

+ Initial physical evaluation, 

= Appropriate attention should be given to the ABCs 
(airway, breathing, circulation) of ATLS (Advanced 
‘Trauma Life Support) management. 

= Evaluation and resuscitation are to be concurrent with, 
diagnostic procedures and immediate interventions. 

= Maintain a high degree of suspicion for open chest 
‘wound in impalement injury and destructive penetrat- 
ing trauma (blast injury or shotgun). 

— Maintain a high degree of suspicion for flail chest in 
high-energy direct impact trauma (motor vehicle crash, 
fall, crush injury). 

+ Administer high-flow O. with a non-rebreather mask. 

~ If patient is in respiratory distress, is unstable, or has 
aan obvious chest wall defect, consider early intubation 
to secure the airway. 

= Inspect the chest wall for occlusive dressings. 

+ Decompress the chest if tension physiology is present or 
suspected. 

= Immediate decompression of a suspected tension 
pneumothorax can be readily accomplished by remoy- 
ing any existing occlusive dressings or 

= Place a large-bore cannula over the rib, second inter- 
costal space, or midclavicular line, 

+ Specific immediate management appropriate to open 
cchest wound and flail chest (see later). 

+ Monitor continuous pulse oximetry and electrocardiogram, 

+ Initiate crystalloid resuscitation via large-bore intrave~ 
nous (IV) access. 

— Early mobilization of blood products if ongoing hem- 
orthage or expectation of excessive blood loss, 

~ Placement of resuscitative lines concurrent with man- 
agement of respiratory parameters. 

+ Early surgical consultation for management of intratho- 
racic injuries and management of chest wall defect. 


cotapsed lng 


25.3 Open Pneumothorax (“Sucking Chest 


Wound”) 


Immediate management requires attention to airway and 

respirations. 

~ [in respiratory distress, intubate. 

Close the chest wall defect with an occlusive three-sided 

dressing. 

— This includes a valve mechanism that allows trapped 
air to escape, preventing tension (Fig. 25.3) 

— An IV bag cut to fit the wound and then taped on three 
sides can be useful in an emergent situation. 

— Commercial products are available and appropriate for 
smaller wounds, including the Asherman Chest Seal 
and HyFin Vent. 

A completely occlusive dressing may quickly convert an 

‘open chest wound into a tension pneumothorax [2, 3, 5] 

‘and therefore should never be done. 

— The patient and dressing must be serially checked to 
censure that trapped air is allowed to escape. 

~ [there is any doubt, immediately remove the dressing 
and replace it with an appropriate dressing, 

‘These maneuvers are a bridge to definitive care. 

‘When the timing is appropriate (ie., time and resources 

are available), perform a formal tube thoracostomy and 

convert to a completely occlusive dressing over the 

‘wound. 

~ Avoid placing the tube through the open wound. 

Once tube thoracostomy, placement of occlusive dress- 

ing, and the airway are secured, the pathophysiology of 

the open pneumothorax becomes inconsequential, 

Immediate consultation with surgery for definitive care of 

associated intrathoracic injuries is required. 

= The patient may need urgent thoracotomy to treat asso- 
ciated injuries, 

Irrigation and debridement should take place in the 
‘operating room, 

— Depending on injury severity, the patient may need 
chest wall reconstruction, 


Fig. 25.3. Three-sided dressing, allowing a valve to decompress tension inthe chest 
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25.4 Flail Chest 


+ Diagnosis is made from mechanism and examination, not 
radiographically. 
— With inspiration, the affected chest will move inward 
swith negative pressure 
= With expiration, the 
outward. 


affected chest will move 
~ Patients who are intubated on positive pressure (and 
‘not spontaneously breathing) will often not show this 
paradoxical chest movement. 
+ Attention must be paid to presumed undertying blunt lung 
injury and contusion 
~ The degree of underlying contusion (not the fail seg- 
‘ment itself) is directly related to the degree of hypoxia 
and associated morbidity and mortality [2,3] 
~ There should be a low threshold for intubation to man- 
age respiratory distress, hypoxemia, or hemodynamic 
instability 
~The patient is at high risk for hemothorax and pneumo- 
thorax requiring tube thoracostomy. 
+ Abdominal injuries may be present in up to 15 % of 
patients (2 
+ After initial stabilization, treatment is supportive. 
= Intensive care unit admission for management of 
underlying pulmonary contusion. 


Pain control in the form of epidural or regional block 
for excellent pain control, 

= Close attention to pulmonary toilet and lung 

re-expansion, 

— Patients require observation and treatment in a moni- 
tored setting until ensured that respiratory parameters 
and oxygenation are improving. 

+ Surgical stabilization of the chest wall 
performed. 

~ Early surgical consultation for chest wall fixation in 


questionable cases is warranted, 


is rarely 
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26.1 Indications 

+ Penetrating chest trauma with recent or immanent loss of 
vital signs 

+ Consider in blunt trauma with pericardial tamponade or 
cexsanguination where aortic occlusion may provide prox- 
imal control 


26.2  Contraindications 


Absolute 
+ Prolonged cessation of vital signs 
‘+ Injury profile obviously incompatible with life 
+ Absence of surgical services to whom care can be 
transferred 
Relative 
+ None 
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26.3 Materials and Medications (Fig. 26.1) 


Betadine (povidone-iodine) for rapid skin preparation 
#10 Scalpel 

“Mayo or long Metzenbaum scissors 

Finochietto retractor (rib spreader) 

Long DeBakey or other tissue forceps (2) 

Satinsky vascular clamp and/or straight vascular clamp 
Long needle holders (2) 

Lebsche knife or sternal osteotome with hammer 

Lap sponges or gauze pads 
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Long-handled 


Tiss 


enbaum 8 
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I 


Finochietta retractor 


Fig. 26.1 Basic components of an emergency thoracotomy tray: vascular clamps (a Satinsky clamp and a DeBakey aortic occlusion 
Lebsche knife and mallet for crossing sterum (bone-cuting forceps or clamp), long-handled needle driver. tissue forceps, and Metenbaum 
‘stemal esteotome would also suffice), Finchieto retractor, traumatic scissors. No ilusrated Scalpel with #10 or #20 blade, Mayo scissors 
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26.4 Procedure 


26.4.1 Resuscitative Thoracotomy and Open 
Cardiac Massage 


1, Rapidly prepare the entire anterior and bilateral chest 
with Betadine 

2. Using a scalpel, incise the skin and subcutaneous tissue 
from just right ofthe sternum to the anterior margin of the 
left latissimus dorsi, following the curvature of the infra- 
mammary crease or the fourth or fifth intercostal space 
(Fig. 26.2. 

‘+ This incision is often made too low on the patient's 
chest. It should extend across the sternum, not at the 
level of the xiphoid. Upward retraction of the breast 
‘may help provide access to the fourth or fifth intercos- 
tal space, where the incision should be located, 

3, Bluntly enter the right pleural space through the fourth or 
fifth intercostal space, 

4, Using scissors, cut the intercostal muscles, dividing 
between the fourth and the fifth ribs from the sternum to 
the posterior axillary line, 

5. If better exposure to the heart is desired, some practitio- 
ners advocate extending the incision across the steraum 
using a Lebsche knife, sternal osteotome, or bone-cutting 
forceps at this time (Fig. 26.3). 

‘+ If the thoracotomy incision extends to or through the 
sternum, tie off the internal mammary arteries before 
closing the chest should the patient be successfully 
resuscitated, because these will have been divided 
with the incision, 

6, Insert a Finochietto retractor and retract the ribs in order 
to gain access to the left chest and expose the pericardium 
(Figs. 26.4 and 26.5), 

‘+ Insert a Finochietto retractor with the rack and pinion 
bar down and lateral, as in Fig. 26.4, so as not to inter- 
fere with extension of the thoracotomy across the ster- 
‘num into a clamshell maneuver if needed. 


7. If massive left pleural hemorrhage is encountered, inves- 
tigate and control the source at this time. 

8. Using tissue forceps, raise a portion of the pericardium 
anterior to the phrenic nerve, and enter the pericardium 
using scissors (Fig. 26.6). 

9. Widely open the pericardium with scissors, cutting in a 
cranial-caudal direction anterior to the phrenic nerve 
and deliver the heart (Fig. 26.7). 

10. If hemopericardium is encountered, investigate for and. 
initiate appropriate repair of identified cardiac injuries, 

11. Initiate open cardiac massage by cupping the heart 
between the flattened palmar aspect of the fingers of 
both hands and rhythmically compressing the heart from 
apex to base, relaxing completely between compres 
sions to allow filling (Fig, 26.8). 


26.4.2 Aortic Occlusion 


1. Expose the posterior aspect of the left mediastinum by 
hhaving an assistant retract the left lung superomedially, 
dividing the inferior pulmonary ligament if necessary 
(Fig. 26.9), 

2. Bluntly dissect the pleura separating the pleural and 
mediastinal space just anterior to the vertebral bodies, 
exposing the aorta (Fig. 26.9) 

3. Completely encircle the aorta with the finger of the non- 
dominant hand (Fig. 26.10), 

‘+ Differentiating the aorta from the esophagus when the 
patient is in a state of profound shock is very difficult. 
Having an assistant pass an orogastric tube may help 
distinguish the two. The aorta should be the most pos- 
terior structure, lying immediately on the anterior 
aspect of the vertebral bodies. 

4, With the sorta completely encircled, place a vascular 
clamp across the aorta and verify by sight and feel that 
the complete yessel is occluded within the clamp 
(Fig. 26.11), 
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Fig. 26.2. Raise the elt arm above the head. Make an incision long 
the left fourth intercostal space, just below the nipple ina male oe a the 
inframamillary crease ina female 


Fig.26.3 Use a Lehsche knife to extend the incision across the ser- 
rum to improve expose to the heart 


K.M.Jones and J. Menaker 


Fig. 26.4 to retractor placed through the fourth intercostal 
anterolateral incision, Note the rick and pinion bar placed posterolater- 
ally, where it will not impede access to the midline 


inochi 


Fig. 26.5 Finochicto retractor extended, exposing the left pleural 
space and the pericardium. In this case the sternum has been divided as 
hove, and the resultant winwaw into the right pleural space is seen 
lnterior to the pericardium, The lung is deflated im this postmortem 
Picture but would be far more an obstacle in the actively ventilated 
Patient. The clamp seen inthe upper portion of the picture is reappron- 
rating the pericardium, whic has previously hen divided, forthe sake 
of illustration 
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Fig. 26.6 The pericardium is lifted with tissue forceps and opened 
With a nick wsing scissors. The phrenic nerve is easily visualized run 
ning cranial-caudal just below the scissors inthis picture 


Fig.26.7 Open the pericardium widely in the cephalad-caudad plane 
Ba-267 Opes the rico wy inthe erlang. 26) Dc heart npc py nce fo 
Eo Cty ranting iaragcoue ese Bailes pene 


168 


KM Jones and J. Menaker 


Fig.26.9 ‘The heart and lung are retracted superomedially, allowing 
Vistalization ofthe left posterior mediastinal pleura: the sort lies just 
anterior to the vertebral boies and has been previously isolated throu 
the pleural interruptions scen here. The heart and lung are assertively 
retnicted here for the benefit of illustration of the posterior mediasti= 
‘num, Such retraction would completely oechude venous return 


Fig.26.10 After bluntly dissecting the mediastinal pleura, the aorta is 
looped using a finger ofthe nondominant hand 


Fig. 26.11 (a) A vascular clamp (a Satinsky clamp is used here, 
although any large atraumatic vascular clamp can be used) is applied 
across the descending aorta, (b) followed by visual and tactile confi- 
mation that dhe sorta is completely occluded 
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26.5 Complications 


+ Injury to care providers, by means of scalpel, needlestick, 
or sharp foreign body, is the principal concer. 

+ Post-emergency department thoracotomy infections are 
rare, even given the less than optimal sterile conditions. 

+ Damage to lung parenchyma during the initial incision is 
‘common and often leads to air leak in survivors. 

+ Neglect of the mammary arteries, often divided during 
‘emergent thoracotomy and not briskly bleeding in the shock 
state, will result in intrathoracic hemorrhage if not tied off. 


Selected Reading 


Bartlet RL. Resusctative thoracotomy. In: Roberts JR, Hedges JR, edi- 
tors. Clinical procedures in emergency medicine. rd ed 
Philadelphia: WB Saunders: 1998, 

Feliciano DV, Mattox KL. Indications, technique, and pitfalls of emer- 
‘gency center thoracotomy. Sung Rounds. 1981:4:32. 

‘Siemans R, Polk Jr MC. Indications for thoracotomy following pene- 
trating thoracic injury. J Trauma, 1977172493, 

‘Wall Jr MJ, Hh J. Mattox KL. Indications and techniques of thoracot- 
‘omy, In: Feliciano DY, Mattox KL, Moore EE, editors. Trauma 6th 
ced. New York: McGraw Hill 2008 


Lung Ultrasonography 


27 


Ali H. Dabaja, L. Connor Nickels, and Rohit Pravin Patel 


27.1 Indications 

‘+ Evaluation of respiratory failure and insufficiency due to 
pneumothorax, pleural effusion, pulmonary edema, acute 
respiratory distress syndrome (ARDS), and alveolar con- 
solidation (atelectasis, pneumonia, aspiration) 

+ Monitoring progress of diseases such as pulmonary 
‘edema and pneumothorax 

+ Procedural guidance during pleural fluid removal or pneu- 
mothorax treatment 

+ Procedural guidance for chest tube placement for com- 
plex pleural effusions, hemothorax, pneumothorax, and 
ther pleural diseases 


27.2 Contraindications 


+ None 


27.3 Materials 


+ Ultrasound equipment/machine, ultrasonography gel 

+ Microconvex or phased-array cardiac probe for sufficient 
evaluation of lung artifact (use abdominal preset). Linear- 
array probes, or vascular probes, can be used for more 
detailed evaluation of the pleura, although this is insuffi- 
cient for penetration to deeper structures 

+ Sterile materials and equipment where appropriate 
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27.4 Preparations 


Clean ultrasound equipment and use sterile operating 
procedures and ultrasound conductive gel whenever 
adequate, 

Ultrasound positioning. Place ultrasound device where it 
is easily accessible and in adequate view. 

Proper environment. Minimize light interference. Close 
shades and lights where appropriate. 

Position the patient, This helps optimize and expedite the 
examination, Supine position should be adequate for criti- 
cally ill patients. Upright positioning is best for all others, 
with arms abducted above the head or spaced away from 
the chest to allow space for the probe. Patients should be 
moved to the edge of the bed. Uncover appropriate areas, 
including anterior and lateral chest walls. 

Equipment use. Turn on equipment, enter patient data, 
and select proper probe (cardiac probe or abdominal 
probe with abdomen presets). Depth and gain should be 
adjusted accordingly, where depths in the range of 
4-10 em give proper evaluation of more superficial and 
deeper structures, respectively. 
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jeration > resistor 


power > mo 


Figure 10-6, Resistor arays in DIP and SIP packages, 

See tex fr values. 

snubber to protect contacts in a switch or re- 
yy that switches a large inductive load, More in- 

formation on snubber circuits is in the capaci 

tor entry of this encyclopedia; see “Snubber” 

(page 108). 


Values 


1 kilohm, usually written as 1K, is 1,000. 1 meg- 
ohm, usually written as 1M or 1 meg, is 1,000K. 1 
gigaohmis 1,000 megs, although the unitisrarely 
used, Resistances of less than 19 are uncommon 
and are usually expressed as a decimal number 
followed by the 0 symbol. The term milliohms 
(thousandths of an ohm) is used in special appli- 
cations. Equivalent resistor values are shown in 
Figure 10-7. 


Aresistance value remains unchanged in DC and 
AC circuits, except where the AC reaches an ex- 
tremely high frequency. 


In common electronics applications, resistances 
usually range from 1000 to 10M. Power ratings 
may vary from 1/16 watt to 1000 watts, but usu- 
ally range from 1/8 watt to 1/2 watt in most elec- 
tronic circuits (less in surface-mount applica- 
tions). 


Values 


0.001 0.000001 
10 oon 0.00001 
100 oa 0.0001 
1,000 a 0.001 
10,000 10 oot 
100,000 100 oa 
1,000,000 4,000 1 


Figure 107. Equivalent values in ohms, kilohms. and 
megohims 


Tolerance 

The tolerance, or precision, of a resistor may 
range from plus-or-minus 0.001% up to plus-or- 
minus 20%, butis most commonly plus-or-minus 
19%, 2%, 5%, oF 10%. 


The traditional range of resistor values was es- 
tablished when atolerance of 20% was the norm. 
The values were spaced to allow minimum riskof 
a resistorat one end of its tolerance range having 
the same value as another resistor at the oppo- 
site end of its tolerance range. The values were 
rounded to 10, 15, 22, 33, 47, 68, and 100, as il 
lustrated in Figure 10-8 where each blue dia- 
mond represents the possible range of actual 
values of a 20% resistor with a theoretical value 
shown by the white horizontal line at the center 
of the diamond. 


Resistor factors repeat themselves in multiples of 
10. Thus, for example, beginning with a resistor 
of 1000, subsequent increasing values will be 
150, 220, 330, 470, 680, and 1K, whereas the 
range of resistors beginning with 19 will be 1.5, 
2.2, 33,47, 6.8, and 100. 


Resistance multiplication factors are now ex- 
pressed as alist of preferred values by the Inter- 
national Electrotechnical Commission (IEC) in 
their 60063 standard. Intermediate factors have 
been added to the basic sequence to 
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5 Procedure 


Probe position (Fig. 27.1), Start examination at the mid- 
clavicular level at the space between the second and the 
third ribs. Probe positioning should be perpendicular to 
the ribs (longitudinal positioning) with the ultrasound 
marker pointed cephalad. This should place the most 
superficial structures at the top, with deeper structures at 
the bottom of the monitor. Upon completion, probe pos 
tioning can be mapped to evaluate three or four addi- 
tional areas, typically between the anterior and the 
posterior axillary Tines. Lateral views with the probe 
should be most posterior, typically along the posterior 
axillary line, tracking caudad toward the diaphragm. 
PLAPS (posterolateral alveolar and/or pleural syn 
drome) pointed posteriorly should also be evaluated, 
specifically in supine patients. PLAPS is lateral to the 
scapula and typically requires that the patient be lifted 
off the bed from one side. 

Identify the “bat sign” (Fig. 27.2). The initial view 
observed should be a window of lung flanked by two rib 
shadows. This view, termed the “bat sign,” should now 
allow evaluation of the parietal and visceral pleura, seen 
most superficial as echogenic line (approximately 
0.5 em below start of rib shadows), subsequent lung 
sliding, and other findings such as “A” and “B" lines, as 
well as abnormal lung tissue. 

Identify “A lines” (Fig. 27.3). A lines indicate air. These 
are multiple echogenic lines appearing horizontally in 
sequence deep to the pleural line. This artifact repre- 
sents reverberations of the pleura and can be found in 
aerated lungs, which can be normal or abnormal (e.g. 

pulmonary embolism, chronic obstructive pulmonary 
disease [COPD]). The first true A line, denoted “AL,” is 
found equidistant from the chest wall to the pleural line. 
Many other A lines might be seen and are denoted “A” 
lines. Subsequent equidistant A lines are “A2," “A3," 
and so on, 

Identify “B lines” (Fig. 27.4). These artifacts appear in 
well-aerated lung and are vertical echogenic lines (ray, 
flashlight, lung rockets) transmitted from the pleura to 
the deeper parts of the Iung on the ultrasound monitor 
field, They are due to thickened interlobular septa and 
represent alveolar fluid surrounded by air. True B lines 
arise from the pleural line and shoot all the way down to 
the far lung fields, whereas “comet tails” are seen only 
close to the pleural and are sometimes referred to as 
“shimmering” or “glimmering” during movement of the 
pleural line, When multiple B lines are seen in a patient, 
it is sometimes referred to as “Iung rockets” or “flash- 
lights” because many rays are shooting from the pleura, 


Even though most of the time B lines represent pulmo- 
nary edema, they can be seen in other conditions such as 
aspiration, pulmonary fibrosis, acute respiratory distress 
syndrome (ARDS), and pneumonia, 

Identify lung sliding (Fig. 27.5). Lung sliding identifies 

movernent of « normal parietal-visceral interface, Patient 

breathing causes a rhythmic movement of parietal against 
the visceral pleura appearing as movement of the hyper- 

‘echoic line. M-mode can be used to show a timed clip of 

this through a still image and should only be used as a 

method of reporting or saving for documentation pur- 

poses, A “lung point” is an area adjacent to lung sliding 

(parietal pleura) that is devoid of movement. This is 

highly specific for pneumothorax. If one suspects a pneu- 

‘mothorax, quantification of the size can be made by eval- 

uation at the anterior Iung points and movement toward 

the lateral wall of the chest. The more rib spaces found to 
have absent lung sliding, the larger the pneumothorax. 

Lung sliding (Fig. 27.5) can be evaluated with M-mode, 

which can help identify a normal parietal-visceral inter- 

face at that level. Obtain an adequate two-dimensional 
view (“bat sign’) and press the “M-mode” option on the 
equipment, A normal interface appears as multiple hyper- 

echoic lines, the pleura (termed “seashore”; Fig. 27.54), 

followed by a sandlike pattern, the lung tissue, This pat- 

tem together is termed a “seashore sign.” Air that disrupts 
the parietal-visceral interface, as found within a pneumo- 
thorax, is identified as horizontal repeating echogenic 
lines, similar to a barcode (Fig. 27.5b), and is termed 

“stratosphere sign.” M-mode can be discontinued, 

+ Lung sliding can be absent in conditions other than 
pneumothorax: apnea, right or left bronchial intuba- 
tion, lung collapse (blebs), pneumonia, and pulmo- 
nary fibrosis, 

Identify lung pulse. This appears as a shimmering of the 
pleural line due to cardiae activity. This is most apparent 
on the left side of the chest, closest to the heart. This 
helps to exclude pneumothorax as well 
Move posteriorly. Move the ultrasound probe laterally 
and posteriorly to the PLAPS point. The transducer can 
be directed toward the center of the patient's body in 
supine patients, Pleural effusions and consolidations are 
found in the dependent areas of the lung. 
Move caudally. With the marker still pointing cephalad, 
move along the posterior axillary line in two or three 
additional rib spaces. Identification of pleural disease 
and other pathology requires multiple views and will aid 
in evaluating the extent of the disease. This will also 
allow for identification of boundaries of the lung, such 
as the diaphragm, Identification of the diaphragm is 
most critical to determine location of fluid, 
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9. Identify the diaphragm and liver and/or spleen 
(Fig. 27.6). Along the posterior axillary line, or the pos- 
terior chest wall, move the probe caudad to identify the 
diaphragm. This appears as an echogenic curvilinear 
structure, with the liver or spleen being subdiaphrag- 
matic and typically of different echogenicity than the 
lung. Many times the diaphragm is very high in the 
supine critically il patient, Massive edema and obesity 
may also degrade image quality in this location, 

+ Always identify the diaphragm. Hypoechoic fluid sur- 
rounding the liver or spleen can appear as a pleural 
effusion and must not be mistaken as such. In addi- 
tion, lung tissue may mimic hepatic tissue in certain 
diseases such as dense consolidations termed “hepati- 
zation” of the lung. Proper probe positioning, clear 
identification of the diaphragm, subdiaphragmatic 
structures, and lung are crucial. This is a common 
error in novice operators owing to the confusion of the 
‘epatorenal or splenorenal recess for the diaphragm, 

+ Identifying the diaphragm can be technically difficult 
depending on patient position, size, and clinical con- 
dition. It maybe useful to start below the diaphragm, 
first identifying the hepatorenal recess (liver and kid- 
ney view interface) and then moving cephalad until 
the lung and diaphragm are visualized. In addition as 
ribs change their orientation anatomically, the probe 
may need to be adjusted while still in the longitudinal 
axis. Moving the probe clockwise and counterclock- 
‘wise may be of benefit to bring into view the lung, the 
diaphragm, and the subdiaphragmatic structures. 

10, Identify pleural effusions (Fig. 27.6). Confirming the 
presence of pleural effusions requires identifying 
anechoic material between the pleura and the lung. This 
‘can be seen as lung movement in an undulating pattern, 
which typically is facilitated by cardiac activity and res- 
pirations. This is termed “jellyfish sign,” where the lung 
flaps as it freely floats in the effusion. Floating debris 
can also confirm effusion, termed “plankton sign.” It is 
also important to identify the depth of the chest wall to 
the pleural fluid in order to determine the best location/ 
depth of needle insertion when attempting thoracentesis 
or chest tube insertion. The challenge is to find a safe 
path for needle insertion. The key when using ultrasound 
as guidance is that the angle of the needle/syringe 
assembly must duplicate the angle of the probe. The 
time between scan and needle insertion must also be 
minimized, Real-time guidance is not required. In 
patients who are obese or edematous, skin indentation 
during probe placement can result in underestimation of 


depth of needle insertion required and must be taken into 

account. Safety margin of thoracentesis is thought to be 

10 mm of visceral-parietal distance. Dry taps may be 

due to loculations the blocking needle, needle plugs, 

patient movement from scan to tap, and poor angle 
selection, 

+ Exudates, empyemas, and hemothoraces may appear 
more echogenic, unlike, for example, a transudative 
effusion that could be anechoic. Complex effusions 
can also appear as heterogeneous and echogenic. The 
consistency of the effusion can make identification 
technically difficult because this can limit lung 
motion. Sometimes the operator may think there is no 
effusion when there is an echo-dense effusion, 

Identify consolidations (Fig. 27.7). Compressed lung 

appears with alveolar consolidation pattern (tissue-like 

sign). Alveolar consolidations are devoid typically of air 
and appear as tissue density; these can be atelectasis, 
pneumonia, aspiration, or other diseased lung. 

““Hepatization” of the lung is typical, where the images 

mimic liver tissue, Images may also have hyperechoic 

foci representing air bronchograms, which would ind 


cate pneumonia. Probe location should be correlated 

with an anatomical lobular or segmental area, 

+ Lung may slide into the effusion during the respira 
tory cycle and can be problematic during needle 
insertion, causing pneumothorax or abnormal wire 
placement during the performance of pigtail chest 
tube catheters. This is called a “curtain sign.” 

Sinusoid sign (Fig. 27.8). M-mode is placed in the cen- 

ter of the visible lung when a large amount of pleural 

fluid is seen. A sinusoid sign strengthens the operator's 


determination that pleural fluid is present and that the 
pleural fluid is not necessarily compromising lung 
dynamics. If the sinusoid sign is absent, it may indicate 
“tapped” lung dynamic. 

Assessment and clinical decision making. Upon com- 
pletion of ultrasonography of bilateral lung fields, 
clinical decision-making tools may be of benefit, espe- 
cially in undifferentiated respiratory failure. A proto- 
ccol has been developed to organize the exam of a 
respiratory failure patient (on noninvasive or invasive 
ventilation only). The BLUE protocol assesses patients 
based on findings (e.g., A lines, B lines, lung sliding) 
of both lungs and incorporates them into an algorithm, 
With acceptable sensitivities and specificities, practi- 
tioners can diagnose pulmonary edema, pneumonia, 
pneumothorax, and COPD/asthma with the BLUE 
protocol. 
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( 
Fig.27.4 Two B lines can be appreciated (arros) 
Fig.27.1. lack circles indicate possible ultrasound view points, These 
ae just guides, and one may view a few intrspaces lelvright and cep 


slad/candad from each point to abiin be 


Fig.27.2 Typical bat sign with rib shadows (arrowhead) that surround 
the pleura (black arrow) and lung tissue, Incidentally, A lines (white 


fa) M-mode identifies the seashore sign, with the pleura 


Fig. 27.5 
her producing an 


(arrows) and the lang parenchyma (arrowhead) tog 
similar toa seashore (b) M-meal shows the stratosphere or bar 


ign. White arrows indicate the pleura, and the large triangle 
‘Amtifact from movement can 


se and belo the ple 


shows an area of artifact from movement 
Je distinguished by similar patter c 
ral line. On either side of the bracket isa continued horizontal line pat 


term typical of absent hing sliding 


Fig.27.3 Rib shadows can be seen, with multiple A lines (arrows) 
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Fig. 27.6 Diaphragm (white arrow), liver (white arrnvhead), lung Fig. 27.8 In M-mode, identification of pleural effusion becomes evi 


(black arrow), and anechoic fi, likely an effusion (open arrowhead). gent withthe sinusoidal sign (arrowhead) and identification of pleural 
Incidentally, hyperechoic fot in the lang tissue, likely represent 


air ‘uid (arrow) 
bronchograms, can he seen 


Fig.27.7 Lung here appears as tissue density likely representing the 
alveolar consolidation pat 
tization” and “issue-like x 


seen in pneumonia, and is termed “hep 
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Part IV 


Cardiac Procedures 


Repair of Cardiac Injuries 


Ronald Tesoriero 


Whether performed by an emergency physician or a surgeon, 
the majority of cardiac repairs performed at emergency 
department thoracotomy will be temporary in nature and 
require further revision in the operating room. This chapter's 
‘main focus is the temporary control of cardiac injuries. 


28.1 Indications 
‘+ Wounds to the heart in patients presenting with pulseless 
electrical activity (PEA) or asystole with evidence of car- 
diac tamponade 
= Penetrating wounds: <15 min of prehospital cardiopul- 
‘monary resuscitation (CPR) 
= Blunt wounds: <10 min of prehospital cardiopulmo- 
nary resuscitation (CPR) 


28.2 Contraindications 


+ Absolute 
Presenting rhythm of asystole and no evidence of peri- 
cardial tamponade on Focused Assessment with 
Sonography for Trauma (FAST) 
+ Relative 
= None 


R. Tesoriero, MD 
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University of Maryland School of Medicine, 
R Adams Cowley Shock Trauma Center, 
Baltimore, MD, USA 

‘email: esoriero@umm.cdt 
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28.3. Materials and Medications 


Diagnostic ultrasound 

Emergency department thoracotomy tray (Fig. 28.1) 

~ Sterile drapes, #10 scalpel, curved Mayo scissors, 
Finochieto retractor, Lebsche steal knife and mallet, 
forceps, curved Metzenbaum scissors, surgical skin 
stapler, Foley catheter, clamps, needle driver, 2-0 and 
3-0 polypropylene suture on MH or SH (noncutting) 
needle, Satinsky vascular clamps 

Betadine (povidone-iodine) or other skin antiseptic pre~ 

paring solution 

Defibrillator and internal cardiac panels 

Epinephrine 


79 


LL Ganti (ed), Alas of Emergency Medicine Procedures, DOL 10-1002978-1-4939-2507-0_2 


120 


.Tesoriero 


Fig.28.1 Emerssacy 
Apartment thoracotomy tray. 
“Left right: Sealpel curved 
Mayo seisory, Finoshict ib 
sprees, Defakey forceps, 
‘Metzenbaum slsors, needle 
diver, Lebsce Knife and male, 
Sink vascular clamp, sorte 
clamp, bone eter 
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28.4 Procedure 


di, 


. necessary owing to the location of injury, extend the in 


Identify the pericardium anterior to the phrenic nerve, 
pinch it between the fingers, and enter it by making a nick 
with the Metzenbaum scissors. Then open the pericar- 
dium longitudinally anterior tothe phrenic nerve 
IF the heart isnot contracting effectively (PEA, asystole, 
fibrillation), immediately begin intemal cardiac massage 
+ Unless the injury is so large that it cannot be con- 
trolled, taking time outst this point to repair the injury 
‘may lead to significant acidosis and inability to ees- 
tablish perfusing rhythm, 
While continuing intemal cardiac massage, identify the 
area of injury and attempt to contro it with manual pres- 
sure; if larger wound, use a Foley catheter to prevent 
continued bleeding 


sion to a bilateral anterolateral thoracotomy and transect the 
sternum with a Lebsche knife and mallet or heavy shears. 


If, after several minutes of internal massage and appropri- 


ate red blood cell and plasma transfusion, the patient 
remains in PEA or asystole, irrigate the heart with warmed 
saline and administer intravenous (IV) or intracardiac 
epinephrine 

If the heart enters ventricular fibrillation or ventricular 
tachycardia, cardiovert with internal paddles applied 
directly to the heart with an energy between 10 and 30 J. 


|. Once a perfusing chythm is reestablished, or if on initial 


evaluation the wound is so large that it cannot be con- 
trolled and will require immediate repair before internal 
‘massage can be effective, proceed to cardiac repair. 


Fig.28.2 Position the Finochietio retractor with the closed end toward 
the axilla. A Foley catheter may be used fr initial control of large ear- 
sae lacerations 


8. Choose the simplest method that will allow control of the 
injury until definitive repair can be performed in the oper- 
ating room, 

(a) Injuries to the atrium: The pliable nature of the atria 
will often allow placement of a Satinsky clamp for 
control followed by repair with a running 3-0 poly- 
propylene suture (Fig. 28.2). 

‘Small injuries to the ventricles: Control the injury 

with direct manual pressure and close with either 

interrupted 3-0 polypropylene suture or a surgical 

skin stapler (Figs. 28.3 and 28.4. 

‘Medium to large injuries to the ventricle: Attempt to 

control the wound by placing a Foley catheter through, 

it, then blow up the balloon and apply gentle traction. 

Either staple or suture the wound closed before deflat- 

ing the balloon and removing the catheter (Fig. 28.5). 

+ Place an occluding clamp on the open end of the cath- 
‘ter or blood loss will continue through the catheter 

+ Avoid excessive traction on the Foley because it will 
pull through the ventricle and make the hole larger 

Extensive or inaccessible injury: Perform temporary 
inflow occlusion to the heart by manually compress- 
ing the right atrium against the heart so that it cannot 
fill. The heart will likely immediately enter PEA, 
fibrillation, or asystole giving the physician a couple 
of minutes to gain control of the injury before the 
patient becomes unrecoverable. 

Injuries in proximity to coronary vessels: To avoid 

compression of the vessel, perform a horizontal mat- 

tress suture that passes beneath the artery, Teflon 

pledgets may assist in the repair (Fig. 28.6). 


(b) 
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Fig, 28.3 Awial injuries may be quickly controlled with a Satinsky 
lamp followed by repr with a 3-0 polypropylene sure 
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Fig.28.4 Injuries may be conlled with dst manual pressure and Fig. 28.6 Laccrations in close proximity 10 coronary vessels can be 
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{void coronary arterial compression 


Fig.28.5 A surpcal skin super is a quick way to gain initial control 
‘of simple cardiac lscerations with minimal isk to the provider 
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Figure 10-8. Graphical representation of standard resis 
tor values (white lines) established by the International 
Electrotechnical Commission, showing the acceptable 
range of actual values (dark blue areas) assuring preci 
sion of plus-or-minus 20%. The averlap, if any, between 
each range and the next s shown in black. 


accommodate better tolerances. A table 
showing resistor values for tolerances of plus-or- 
‘minus 20%, 10%, and 5% appears in Figure 10-9. 
Resistors with a tolerance of 5% have become 
increasingly common, 


power > moderation > resistor 


Resistor Tolerances (plus or minus) 
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Figure 10-9. Standard values for resistors of different 
precisions. For resistors outside the range shown, values, 
can be found by multiplying or dividing (repeatedly if nec~ 
essary) bya factor of 10, 


The IEC has established 3-digit preferred values 
for resistors with values accurate to plus-or- 
minus 0.5%. 


Because many capacitorsstillhaveatoleranceno 
better than 20%, their values also conform with 
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28.5 Complications 


+ Cardiac and/or pulmonary laceration during entry into the 
chest 

+ Bleeding 

+ Delayed hemorrhage (failure to control internal mam- 
mary artery, disruption of sutures or staples) 

+ Infections: empyema and sternal infection 

+ Missed intracardiac valvular or septal injury (echocar- 
diography should be performed after repair is complete) 

+ Air embolus 


28.6 Pearls and Pitfalls 


+ Pearls 
= There may be more than one wound to the heart (espe- 
cially with gunshot wounds). Look for them. However, 

if the wound is posterior and not bleeding with the 
heart in its natural position, it will be more prudent to 
leave the injury alone until the patient can be trans- 
ported to the operating room. Elevating the heart can 


cause both inflow and outflow obstruction, leading to 
dysthythmia that may be difficult to recover from, 

— To avoid sutures pulling through in patients with thin, 
edematous, or friable myocardium, consider horizon- 
tal mattress rather than simple sutures. These may be 
buttressed with Teflon pledgets for added security. 

+ Pitfalls 

~ The myocardium tears easily. When tying sutures, take 

care to not tighten them too forcefully. 
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Synchronized Electrical Cardioversion 
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‘Tachycardia is defined as >100 beats per minute 


29.1 Indications 

+ Non-sinus-rhythm tachycardias with a pulse including: 
= Atrial fibrillation 
= Atrial flutter 
 Monomorphic ventricular tachycardia (VT) 
= Refractory or unstable supraventricular tachycardia 

(SVT) 

+ Unstable signs and symptoms including acute coronary 
syndrome, decreased level of consciousness, chest pain, 
dyspnea, pulmonary edema, and hypotension 


29.2 Contraindications 


+ Absolute 
= Ventricular fibrillation and pulseless or polymorphic 
Giregular) VT require unsynchronized electrical car- 
ioversion (defibrillation), not synchronized 
cardioversion, 
= Known atrial thrombus, 
= Sinus tachycardia. 
+ Relative 
= Digitalis toxicity-related tachycardia 
= Atrial fibrillation of greater than 48 h duration without 
anticoagulation 
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= Multifocal atrial tachycardia 
~ Electrolyte abnormalities 

~~ Loft atrial diameter greater than 4.5 em 

— Patients with low probability of maintaining sinus 
rhythm and readily return to atrial fibrillation 

Patients with sick sinus syndrome or sinoatrial block- 
age who will require a pacemaker for maintenance of 
stable rhythm 


29.3. Materials and Medications 


+ Airway management equipment (laryngoscopes, endotra- 
heal tubes) 

+ Cardiac monitoring, pulse oximetry, end-tidal CO; 
monitoring 

+ Cardioverter/defibrillator 

‘+ Sedation and analgesic medications 


29.4 Procedure 


1. Obtain a 12-Iead electrocardiogram (ECG) and intrave- 
nous (IV) access. 

2. IF possible, correct underlying electrolyte abnormali- 
ties that may cause or contribute to the patient's 
arrhythmia 

3. Discuss risks, benefits, and alternatives including phar- 
macological cardioversion) with the patient and obtain 
consent. 

4, Prepare airway equipment and Advanced Cardiac Life 
Support (ACLS) code drugs. 

5. Consider IV sedation (c.., propofol, midazolam) 
Provide IV analgesia (eg. fentanyl, morphine). 

7. Place defibrillator adhesive pads (8- to 12-cm diameter 
in adults) or paddles on the patient. Pediatric-sized 
pads/paddles should be used if the patient is less than 
1Okg. 
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8. The first paddle/pad is placed to the right ofthe sternum. 
atthe secondithird intercostal space. The second paddle/ 
ppad can be placed in one of two equally efficacious 
positions: 

(a) Anterolateral position—left fourth/ifth intercostal 
space in the midaxillary line (Fig. 29.1) 

(b) Anteroposterior position—between the spine and 
the edge of the left scapula (Fig. 29.2) 

9. Tum the defibrillator/cardioverter into synchronized 

mode—marker above R-waves will be present 

(Fig. 29.3). 

Select the energy level to be delivered based on the 

‘underlying rhythm 

(a) Regular VT (with pulses)—Adults: 100 J 

(monophasic or biphasic), 200 J for subsequent 
shocks 


10, 


IL 


13, 
14, 


(&) Atrial fbrillation—120-200 J (biphasic), 200 3 
(monophasic), 360 J for subsequent shocks 

(©) Atrial flutter and paroxysmal SVT—S0-100 J 
(biphasic), 100 J for subsequent shocks 

(a) Pediatric dosage (regular and pulsed VT or SVT)— 
05-1 Mkg, up to 2 Jkg for subsequent shocks 
ig. 29.4) 

Announce that you are going to deliver the shock on the 

count of three, and ensure that everyone is clear of the 

patient. 

Deliver the shock by pressing button marked “SHOCK.” 

+ fusing paddles, apply firm pressure and keep pad- 

dles in place until shock is delivered 

Reassess the patient’s pulse and cardiac rhythm, 

Repeat with escalating energy in a stepwise fashion if 

cardioversion is unsuccessful. 


Fig.29.1 Antcrolateral pad placement 


Fig,29.2. Anteroposterior pad placement 
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Fig.29.3 Synchronized cardioversion—matk on R wave 


Fig.29.4 Podiatric pad placement 
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29.5 Complications 


+ Superficial burns if there is inadequate gel. 
+ Induced arrhythmias (bradycardia in patients with previ- 
ous inferior myocardial infarction, atrioventricular block, 
VT, ventricular fibrillation, asystole). 
‘+ Improperly synched cardioversion may rarely induce ven- 
tricular fibrillation, 
 Ectopy of the atria or ventricle in first 30 min after 
cardioversion 
= Atrial clot embolization in patients without adequate 
anticoagulation 
+ Apnea, hypoxia, hypercarbia, or hypotension may occur 
from sedation/analgesia, 
‘+ Medical professionals who incidentally touch the patient 
during shock delivery may be shocked or burned, 
+ Rarely, fire has occurred as a consequence of poor pad 
placement and a hyperoxygenated environment. 


29.6 Pearls and Pitfalls 


‘+ Hirsute males should be shaved at the pad/paddle place~ 
ment sites. 

+ Placing the cardioverter in “synchronized” mode avoids 
delivering a shock during the relative refractory segment, 
which could induce ventricular fibrillation 


‘+ Cardioversion of pregnant patients is performed as in the 
‘general adult population. 

+ Keep pacemakers and implantable _cardioverter- 
defibrillators at least 10 cm away from contact with 
paddles. 

‘+ If patient has implanted pacemaker, position pads so that 
they are not directly over the device. 
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(Defibrillation) 
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and Marie-Carmelle Elie 


Unsynchronized cardioversion or defibrillation is the delivery 
of a high-energy shock as soon as the button is pushed on 
defibrillator. This means it can be delivered anywhere in the 
cardiac cycle. By contrast, synchronized cardioversion 
(see Chap. 29) delivers a low-energy shock at the peak of the 
R wave in the cardiac (QRS) cycle. 


30.1 Indications 

+ Ventricular fibrillation (VF) 

+ Pulseless ventricular tachycardia (VT) 

+ Cardiac arrest due to or resulting from VF 


30.2 Contraindications 


+ Absolute 

= Conscious patient 

= Presence of a pulse 

~ Pulseless electrical activity (PEA) 

= Asystole 

= Multifocal atrial tachycardia 

= Defibrillation without knowing the rhythm 

— A second defibrillation before 2 min (or five cycles) of CPR 

= Advanced Directive, Physician Order for Life-Sustaining 
‘Treatment (POLST) indicating no cardiopulmonary 
resuscitation (CPR) or do not resuscitate (DNR) 
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Relative 

~ Potential electrical catastrophe (explosive environ- 
‘meat fie. operating rooms]) 

~ Dysrhythmias due to enhanced automaticity such as in 
digitalis toxicity and catecholamine-induced arrhyth- 
‘mia (because mechanism of tachycardia remains after 
the shock) 

Factors that are not contraindications 

~ Pregnancy. 

~ Chest trauma. 

~ Automatic implantable cardiac defibrillators (AICDs). 

~The patient is on a wet or moist surface. 

~ Piercings on the chest. 


30.3 Materials and Medications 


Electrocardiogram (ECG) monitor/defibrllator 
Self-adhesive defibrillation pads or defibrillation paddles 
(paddles may be more successful than self-adhesive pads, 
but they have more complications and pose more danger 
to operators). 

Conductive gel for defibrillation paddles (not ultra 
sound gel). 

ECG electrodes. 

Supplemental oxygen. 

Intubation equipment as needed, 
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30.4 Procedure 


Defibrillation is an emergent maneuver and, when necessary, 
should be promptly performed in conjunetion with or before 
administration of induction or sedative agents to facilitate 
intubation, 


1. Assess the ABCs (airway, breathing, circulation), 
+ Open the airway with a head til/chin lift (or jaw 
thrust in a suspected traumatic patient). Ifthe patient 
is apneic, provide breaths with a bag-valve-mask 
(BVM) and observe chest rise. 

+ Check for pulses. If absent, start CPR. 

+ CPR should be initiated before any shock while get- 
ting all equipment ready for at least 2 min to provide 
adequate circulation to the brain and heart. 

Wipe off the patient's chest if moist or wet. 

Remove transdermal patches, jewelry, and piercings if 

possible. 

4, Attach ECG electrodes to the patient. 

+ The self-adhesive defibrillation pads or defibrillation 
paddles can be used as ECG electrodes to access the 
shythm, 

5, Paddles: With conductive gel applied to the metal 
surface, place one paddle on the patient's right 
chest, just below the clavicle, near the sternal bor- 
der, The other should be on the left chest, midaxil- 
lary line above the fifth or sixth intercostal space 
(Fig. 30.1), 

+ The long axis of the paddles should be perpendicular 
to the ribs to allow for better transduction of current 
through the chest. 

+ Pads: Same placement as paddles except that pads 
ccan be placed in any orientation as long as they are in 
full contact with the chest. 


10. 


im 


+ Ifa lot of breast tissue is present, push the tissue to 
‘one side or lift it away and place the paddles or pads 
underneath. 

‘+ An error in pad or paddle placement can distort the 
thythm into looking like a rhythm that does not 
require defibrillation 

Place the ECG monitor/defibrillator into a mode to 

acquire a rhythm from the pads or paddles, 

+ Steps 1-3 can be done simultancously. 

Stop CPR and assess the rhythm and pulse for no longer 

than 10s, 

If VF or pulseless VT is observed, then switch the defi- 

brillator to charge mode. 

Charge to 200 J 

+ Continue CPR while the defibrillatoris being charged 

When the defibrillator indicates that it is charged, clearly 

order that everyone stop touching the patient and observe 

that there is no physical contact before defibrillating the 
patient. 

+ Ifusing the paddles, apply extra force to the chest 
through the paddles to deflate the lungs to allow for 
better defibrillation 

+ The operator should observe a muscle twitch during 
defibrillation. 

Restart CPR for 2 min or five cycles. 

+ Another operator may charge (but not fire) the defi- 
brillator while CPR is being performed to expedite 
the time between pulse/rhythm check and the initia- 
tion of a shock. 

After 2 min or five eycles of CPR, assess the rhythm and 

pulse and repeat steps 6-8 and give appropriate 

Advanced Cardiac Life Support (ACLS) medications. 

If successful return of spontaneous circulation (ROSC) 

occurs, initiate the hypothermia protocol per hospital 

guidelines. 
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30.5 Complications 


+ Skin burs (most common and likely due to improper 
technique). 


issue (myocardial necrosis secondary to 


~ ST segment elevation that lasts longer than 2 min usu- 

ally indicates myocardial injury unrelated to the shock. 

+ Abnormal heart shythms (usually benign like atrial, ven- 
tricular, and junctional premature beats) 


30.6 Pearls and Pitfalls 


+ Pearls 
~ Post-defibrillation cardiac dysthythmias are more com- 
mon following prolonged VF and higher-energy-level 
ccountershocks. Early defibrillation at the recommended 
energy levels minimizes this complication. Follow 
ACLS protocols to manage the resulting dysrhythmias. 
— The presence of liquid (body fuids, medications, or intra- 
‘venous fluids) may cause electrical arcing thermal burns 
to the skin and soft tissue and produce ineffective defibril- 
lation by allowing the current to pass across the trunk 
rather than transthoracically. To minimize this potential 
complication, ensure that any body fluids or liquids are 
wiped away from the skin before defibrillation attempts. 
+ Pitfalls 
~ Myocardial and epicardial injury (not direct thermal 
injury) may result from the electrical current applied in 


defibrillation. Use the minimal recommended energy 
levels to minimize injury. 

= Electrical injuries to health-care providers can result if 
participants remain in contact with the patient during 
delivery of a countershock because they can serve as a 
‘ground for the current discharged. 
+ This can be minimized by wearing gloves and using 

biphasic machines and electrode pads. 

~ Fires that can result from sparks in the presence of 
nitroglycerin patches or ointment, flammable gases, or 
an oxygen-rich environment can also be a source of 
injury to the patient or health-care providers. Ensure 
“all clear” from the patient before delivery of shock to 
avoid these complications. 
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31.1 Indications 

+ Hemodynamically unstable (i, hypotension, pulmonary 
edema, chest pain, shortness of breath, or evidence of 
decreased cerebral perfusion) bradyarrhythmias refrac- 
tory to medical therapies 

+ Asa bridge to a transvenous or permanent pacemaker 

+ Asan overdrive pacer in tachyarrhythmias 

+ Controversially, within the first 10 min of a witnessed 
systolic cardiac arrest 

+ Inchildren only with bradycardia associated with a known 
congenital cardiac defect or after cardiac surgery 


31.2 Contraindications 


+ Absolute 
= None 
+ Relative 
= Bradyarhythmia associated with hypothermia, 
(ventricles are more prone to defibrillation-resistant 
fibrillation) 
~ Prolonged cardiac arrest (>20 min) 
= Bradyarthythmia in children (usually secondary to 
hypoxia or a respiratory issue) 
'~ Patient is unable to tolerate the procedure despite seda- 
tion and analgesia 
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31.3 Materials and Medications 


+ Pacemaker device (modem units offer combined pacer 
‘and defibrillator functions) (Fig. 31.1) 
+ One set of standard electrocardiogram (ECG) electrodes 
+ One set of pacer pads 
+ Code cart and airway equipment (prophylactically) 
‘+ Sedation and analgesia (typically a short-acting benzodi- 
azepine and an opioid) 
~ Midazolam: 0.2-0.10 mg/kg intravenous (IV) push 
and may repeat with 25 % of initial dose after 3-5 min, 
Do not exceed 2.5 mg/dase or a cumulative dase of 
Smg 
~ Fentanyl: 1-2 meg/kg IV slow push over 1-2 min, 
‘may repeat dose in 30 min. (Fentanyl isthe opioid of 
choice because it is less likely to exacerbate any 
hypotension.) 


Fig.31.1. Pacemaker device 
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power> moderation > resistor 
the old original set of resistance values, although 
the units are expressed in farads or fractions of a 
farad. See the capacitors entry in this encyclo- 
pedia for additional information. 


Value Coding 

Through-hole axial resistors are traditionally 
printed with a sequence of three colored bands 
to express the value of the component, each of 
the first two bands representing a digit from 0 
through 9, while the third band indicates the 
decimal multiplier (the number of zeroes, from 0 
10.9, which should be appended to the digits). A 
fourth band of silver or gold indicates 10% or 5% 
tolerance respectively. No fourth band would in- 
dicate 20% tolerance, although this has become 
very rare. 


Many resistors now have five color bands, to en- 
able the representation of intermediate or frac- 
tional values. in thisscheme, thefirst three bands 
have numeric values (using the same color sys- 
tem as before) while the fourth band is the mul- 
tiplier. A fifth band, at the opposite end of the 
resistor, indicates its tolerance. 


In Figure 10-10 the numeric or multiplier value of 
each color is shown asa “spectrum at the top of 
thefigure. The tolerance, orprecision ofaresistor, 
expressed as a plus-or-minus percentage, is 
shown using silver, gold, and various colors, at 
the bottom of the figure. 


‘Two sample resistors are shown. The upper one 
has a value of 1K, indicated by the brown and 
black bands on the left (representing numeral 1 
followed by a numeral 0) and the third red band 
(indicating twoadditionalzeroes). Thegoldband 
at right indicates precision of 9%. The lower one 
has a value of 1.05K, indicated by the brown, 
black, and green bands on the left (representing 
numeral 1 followed by numeral 0 followed by a 
numeral 5) and the fourth band brown (indicat- 
ing one additional zero). The brown bandat right 
indicates a precision of 1%, 


Values 


10%, 


Figure 10-10. Color coding of through-hole resistors, See 
text for details 


Inextremely old equipment, resistors may be co- 
ded with the body-tip-dot scheme, in which the 
body color represents the initial digit, the end 
color represents the second digit, and a dot rep- 
resents the multiplier. The numeric identities of 
the colors is the same as in the current color 
scheme. 


In all modern schemes, the three or four bands 
that show the resistance value are spaced close 
together, whilea larger gap separates them from 
the band that shows the tolerance. The resistor 
value should be read while holding the resistor 
so that the group of closely-spaced numeric 
bands is on the left, 


Confusingly, some resistors may be found where 
the first three bands define the value, using the 
old three-band convention; the fourth band in- 
dicates tolerance; and a fifth band at the oppo- 
site end of the component indicates reliability. 
However, this color scheme is uncommon. 


Other color-coding conventions may befound in 
special applications, such as military equipment. 


Chapter10 St 
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31.4 Procedure 


1. Time permitting, clean and dry the skin, and shave any 
excess hair off the chest. 

2. Administer any appropriate sedation and analgesia. 

3. Attach the ECG electrodes to both the input port of the 
pacemaker unit and the patient. On the patient, the white 
lead is placed just above the right clavicle, the black lead 
is just above the left clavicle, and the red lead is around 
the left midaxillary line. 

4, Attach the pacer pads either in the anteroposterior or 
anterolateral positions as pictured (avoid placement over 
an implanted pacemaker or defibrillator; Fig. 31.2) 

5. Tum the machine on and switch it to synchronous (or 
‘on-demand) mode. 

+ Asynchronous (or fixed) mode fires impulses with no 
regard to the intrinsic cardiac cycle, increasing the 
likelihood of an R on T phenomenon, which could 
result in ventricular tachycardia or fibrillation 

+ Synchronous (or on-demand) mode will not fire an 
electrical impulse when a QRS complex is sensed: 
this is the preferred mode for transcutaneous pacing. 

6. Set the desired heart rate: typically 60-80 beats/min to 
achieve adequate perfusion, 

7. Select a lead on the pacemaker nit and then press Start. 


b 


8. Slowly increase the output current until electrical cap- 
ture is denoted by a visible pacemaker spike, which will 
precede every QRS complex on the ECG monitor 
(Fig. 31.3). 

+ Electrical capture is usually achieved between 50 and 
100m, 

+ Ifa patient is unconscious or truly deteriorating 
quickly oF in cardiac arrest, it may be prudent to 
set the initial currents at maximum to ensure rapid 
capture and then decrease the current to just above 
that at which electrical capture was achieved. 

9. After electrical capture is appreciated on the monitor, 
assess for mechanical capture by palpation of a pulse at 
arate that corresponds to that which the machine is set 
at, An improved blood pressure or resolution of chest 
pain, shortness of breath, or altered mental status also 
suggests that the heart rate has improved and perfusion 
has been restored. 


10. When pacing in overdrive for tachyarrhythmias, the 


pacer rate is set 20-60 beats/min faster than the detected 

tachycardic rate. 

+ Bear in mind that rhythm acceleration or the induc~ 
tion of ventricular fibrillation is a possibility with 
pacing, hence the recommendation of having a code 
cart and airway equipment in the room at all times. 


Fig.31.2 Pacer pus attached inthe anterolateral (a) or anteroposterior positions (b) 
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Fig.31.3 A visible pacemaker spike will precede every QRS Pacing above threshold (60mA), with capture (QRS 


‘complex on the ECG monitor ‘complax broad and ventricular, T wave opposite QRS) 
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31.5 Pearls and Pitfalls 


+ Pearls 

= Pacer pads can be prophylactically placed on brady- 

cardic but stable patients in preparation for potential 
decompensation, 

— It may be prudent to discuss with a stable but brady- 
cardic patient the option of trying the pacemaker not 
only to ensure that the machine and pads are working 
but also to gauge an idea of the output current that will 
be needed to electrically capture for quicker, more effi- 
cient, and potentially lifesaving pacing that may prove 
necessary. 

— When palpating for mechanical capture, the femoral 
pulse may be easier because carotid palpation may 
prove difficult with muscular contractions induced by 
the pacer impulses. 

= If impulses are not capturing, try slightly readjusting 
the pacer pads, making sure the leads are still on, the 
settings were not changed, the machine’s battery did 
not die, or that the machine is plugged in 

~ If electrical capture is achieved but mechanical is not, 
increase the rate until adequate pulses are palpated, 

~ Be careful to not miss an underlying ventricular fibril- 
lation if the monitor is not blanked or dampened by an 
ECG screen. 

~ Cardiopulmonary resuscitation (CPR) can be contin- 
ued even while transcutaneous pacing is taking place 


because the pacer pads are insulated and the power 
delivered in each impulse is minimal, making the risk 
of injury to health-care workers very low. 
+ Pitfalls 
= Certain factors including a large body habitus, the 
presence of large pericardial effusions, scarring sec~ 
ondary to intrathoracic surgeries, or large amounts of 
intrathoracic air associated with obstructive pulmo- 
nary diseases may not only increase the threshold for 
capture but also may even cause a failure to capture, in 
which case transvenous pacing should immediately be 
considered, 
— Be aware that long-term pacing and pacing in children 
increases the likelihood for cutaneous and soft tissue 
damage. 
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32.1 Indications 32.2 Contraindications 
Hemodynamic compromise in the presence of: + Absolute 
Prosthetic tricuspid valve 
+ Sinus node dysfunction + Relative 
+ Second- and third-degree heart block — Bradycardia in the presence of severe hypothermia 


‘+ Atrial fibrillation with slow ventricular response 
+ New left bundle branch block (LBBB) 

+ Right bundle branch block (RBBB) 

+ Bifascicular block 

+ Alternating bundle branch block (BBB) 

+ Implanted pacemaker malfunction 
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32,3 Materials and Medications (Fig. 32.1) 


+ Sterile gloves 
+ Sterile gown and drapes 

+ Face mask and surgical cap 

+ Two 10-mL syringes 

+ One 3-mL syringe 

+ Local anesthetic (1 or 2% lidocaine without epinephrine) 
+ 22-gauge needle 

+ Povidone-iodine or chlorhexidine/isopropyl alcohol 

+ Several 4x4-in, gauze sponges 

+ Sterile dressing pack 

+ 4-0 nylon or silk sutures 


Fig. 32.1. Materials and 
redhations 


Scalpel (#11 blade) 
Needle holder 

Scissors 

Introducer needle 

Guidewire 

Dilator 

Introducer sheath 

Collapsed sterile extension sheath 

Balloon-tipped pacing catheter 

Pacing generator with working battery 

Insulated cable with alligator clamps or other suitable 
connectors 

Electrocardiogram (ECG)/eardiac monitor 


32. Transvenous Cardiac Pacing 
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32.4 Procedure 


1 


10, 


U1. 


13 


14, 


15, 


Select appropriate catheterization site, 

+ Four sites provide superior access to right atrium: 
brachial, femoral, intemal jugular, and subclavian 
veins. The right internal jugular and left subclavian 
veins, respectively, are the most direct routes and, 
thus, the most commonly used in the emergency 
department setting. 

If clinical situation permits, explain the procedure fully 

to the patient and obtain consent 

Sterilize the skin and apply sterile drapes. 

‘Anesthetize the intended insertion site with lidocaine 

Prepare the pacing wire by inflating and deflating the 

balloon with I-1.5 mL. of air using a 3-mL. syringe, and 

confirm that locking lever functions correctly to main- 

tain balloon inflation (Fig. 32.2). 

Using ultrasound guidance by means ofa probe covered in 

a sterile sheath, insert the introducer needle into the vein 

While applying negative pressure to the attached 10-mL. 

syringe (as with standard central lin placement) (Fig. 32.3). 

When flashback of blood is visualized in the syringe, 

remove the syringe, stabilizing the introducer needle 

firmly in place 

Pass the guidewire through the needle to a depth of 

10-15 em. 

Holding the guidewire securely in place, remove the 

introducing needle. 

Using a scalpel, make a small incision (approximately 

the width of the catheter to be used) through the dermis 

atthe insertion site ofthe guidewire 

+ Avoid severing the guidewire by facing the sharp 
‘edge of the scalpel away from the guidewire 

Pass a dilator over the guidewire to make a tract in the 

skin and then remove the dilator. 

Pass the introducer catheter over the guidewire until the 

hub is in contact with the skin and then remove the 

guidewire (Fig. 32.4), 

Attach the collapsible sterile sheath to the hub of the 

introducer catheter. 

Attach the positive and negative connectors of the pac- 

ing wire to their respective terminals on the cable(s) 

connected to the generator. 

Set generator rate at 80 beats/min, output to 5 mA, and 

sensitivity to3 mV. 


16. 


18, 


25. 


27. 


Insert the free end of the pacing wire into introducer 
catheter with the balloon deflated and slowly advance 
the wire 

When the tip of the wire is within the superior vena cava, 

inflate the balloon, lock the valve to ensure that the balloon, 

remains inflated, and continue to advance the pacing wire. 

Closely watch the cardiac monitor for signs of capture 

(ie.,a wide QRS preceded by a pacing spike). 

+ Markings on the pacing wire indicate its depth of 
insertion. At 20 cm, the wire should be in the right 
ventricle. If there is no capture observed by 25 em, 
then the wire should be slowly withdrawn and 
advanced again. 

Once capture is achieved, deflate the balloon. 

Advance the wire a further 1-2 em, 

Coil the wire that remains outside the extended sterile 

sheath and suture it loosely but securely to the skin. 

Suture the introducer hub to the skin. 

Reduce generator output to zero and then increase it 

slowly to determine the minimum pacing threshold (i.e., 

the minimum voltage at which capture is achieved) and 

then set the output to twice this value. 

Set the generator rate. 

Stabilize the generator near the catheterization site 

+ For example, the generator can be attached to an 
intravenous (IV) fluid stand to the right of the 
patient's head if the pacing wire has been placed via 
the patient's right internal jugular vein. 

Obtain a chest x-ray to confirm pacing wire position and 

absence of potential complications (e.g., pneumothorax) 

(Fig. 32.5), 

Obtain a 12-Lead ECG (Fig. 32.6), 


FFig.32.2 Pacing wire balloon locking lever 
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Fig. 32.3 Insertion of intro- 
ddacer nese ino internal jugular 
‘vein with ultrsound guidance 


Fig. 32.4 Placement of 
ineoducer catheter over 
uid wire 
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Fig. 32.5. X-ray displaying correct postion of pacing wire inthe right 
ventricle 


i 
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Fig. 32.6 Cardiac monitor 
displaying wide-complex QRS. z 
ad pacing spike an 


202 


K.Jobn et al 


32.5 Complications 


+ Arterial puncture 

+ Venous thrombosis ; 

+ Thrombophlebitis, 

+ Pulmonary embolus 

+ Pneumothorax 

+ Fracture of guidewire with embolization 

+ Hemothorax 

+ Thoracic duct laceration 

+ Indwelling line infection (local or systemic) 

+ Dysthythmias/premature ventricular contractions (PVCs) 

+ Insertion of pacing wire into coronary sinusfpulmonary artery 

+ Left (rather than right) ventricular pacing through atrial 
septal defecl/ventricular septal defect (ASD/VSD) . 

+ Septal perforation 

+ Ventricular perforation 

+ Entrapmentitwisting of preexisting permanent pacing 
‘wires by the temporary pacing wire 

+ Balloon rupture 

+ Chordae tendineae rupture 

+ Pacing wire fractures 


partis essential for inflating and deflating the balloon but 
is frequently difficult to adjust owing to stiffness (and all 
the more so if covered in blood). 

‘The ideal position for the pacing wire tip is a 
diaphragmatic aspect of the right ventricle between its 
midpoint and its apex. This position is confirmed by 
development of an LBBB pattern with left axis deviation 
‘on the cardiac monitor. If difficulty is encountered achiev- 
ing this position, the tip of the pacing wire can be moved 
to the right ventricular outflow tract, where the wire is less 
stable, but adequate pacing can still be achieved. In this 
latter position, the threshold will need to be kept relatively 
hhigh and the monitor should display an LBBB pattern 
‘with an inferior axis. 

‘The use of balloon-tipped catheters enables the catheter 
tip to be directed with blood flow and its position (and 
successful capture) to be confirmed with a cardiac moni~ 
tor. Nonballoon-tipped catheters, however, have typically 
required insertion with guidance of either constant ECG 
monitoring or fluoroscopy. 


inst the 


+ Loss of capture owing to wire displacement or fracture 
+ Generator failure 


As 


32.6 Pearls and Pitfalls 


*+ Confirm all necessary equipment is present and functional 
before beginning the procedure, Ifa dedicated transvenous 
pacing set is unavailable, individual components required 
(e-g., pacing catheter, connector cables, introducer catheter, 
guidewire) may need to be “cannibalized” from several dif- 
ferent procedure kits in an emergency department. 

+ Become familiar with the locking valve for the pacing 
‘wire balloon before beginning the procedure. This small 


Silver MD, Goldschlager 
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33.1 Indications 

+ Treatment of hemodynamic compromise from cardiac 
tamponade 

+ To diagnose the cause or presence of a pericardial 
effusion 


33.2 Contraindications 


+ Absolute 
= Aortic dissection 
= Need for immediate surgery for trauma patients 
+ Relative 
= Coagulopathy 
= Anticoagulant therapy 
= Thrombocytopenia 


33.3 Materials and Medications 


+ Antiseptic (e.g., Chloraprep) 
+ 1% lidocaine 

+ 25-gauge needle, 5/8-in. long 

+ 18-gauge catheter-type needle, 14-nch long 

+ Syringes (10, 20, and 60 mL) 

+ Ultrasound (US) machine and cardiac/phased array probe 
+ Sterile US probe cover 

+ Cardiac monitor 


KS. Nguyen, DO 
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33.4 Procedure 


1 


Identify the point of maximal effusion with US. Evaluate 
for hypoechoic or anechoic (dark) effusion around the 
heart, between the pericardial sac and the myocardium. A 
patient with hemodynamic compromise from a pericar- 
dial effusion or tamponade will have right ventricular col- 
lapse, septal bulging, and dilation of the inferior vena 
cava, Diastolic collapse of the right ventricular free wall 
can be absent in elevated right ventricular pressure and 
right ventricular hypertrophy or in right ventricular 
infarction, 


‘Measure the distance from the skin surface to the effusion 
border to assess the expected needle depth 

Choose the needle trajectory based on the point of maxi- 
‘mal effusion in the path with the fewest intervening struc- 
tures. The most commonly used approaches are left 
parastemal, apical, and subxiphoid. For complex locu- 
lated posterior pericardial effusions, optional techniques 
such as transatrial and transbronchial may be performed 
by specialists. These types of loculated effusions can 
occur in autoimmune diseases, infective pericarditis, after 
cardiac surgery, and after radiotherapy. 

Sterile preparation: prepare the skin of the entire lower 
xiphoid and epigastric area with antiseptic. Prepare the 
US transducer with a sterile sleeve. 

Local anesthetic: if the patient is awake, anesthetize the 
skin and planned route of the needle. 

Pericardial needle insertion: depends on approach used. 
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Values 


Itis common for through-hole carbon-film resis- 
tors to have a beige body color, while through- 
hole metal-film resistors often have a blue body 
color. However, in relatively rare instances, a blue 
body color may also indicate a fusible resistor 
(designed to burn out harmlessly like a fuse, ifit 
is overloaded) while a white body may indicate 
a non-flammable resistor. Use caution when re- 
placing these special types. 


Some modern resistors may have their values 
printed on them numerically. Surface-mount re- 
sistorsalso have digits printed on them, but they 
are a code, not a direct representation of resist- 
ance. The last digit indicates the number of ze- 
roes in the resistor value, while the preceding 
two or three numbers define the value itself. Let- 
ter R is used to indicate a decimal point. Thus a 
3R3 surface-mount resistor has a value of 3.30, 
while 330 would indicate 330, and 332 indicates 
3,300. A 2152 surface-mount resistor would 
havea value of 21,5000. 


A surface-mount resistor with a single zero print- 
ed on it is a zero ohm component that has the 
same function as a jumper wire. It is used for 
convenience, asitis easily inserted by automated 
production-line equipment. It functions merely 
as a bridge between traces on the circuit board, 


When resistor values are printed on paper in 
schematics, poor reproduction may result in 
omission of decimal points or introduction of 
specks that look like decimal points, Europeans 
have addressed this issue by using the letter as a 
substitute for a decimal point so that a 5.6K re- 
sistor will be shown as 5K6, or a 3.3M resistor will 
be shown as 3M3. This practice is followed infre- 
quently in the United States. 


Stability 

This term describes the ability of a resistor to 
maintain an accurate value despite factors such 
astemperature, humidity, vibration, load cycling, 
current, and voltage. The temperature coeffi- 
cientofa resistor (often referred to asT.,0rT., not 
tobe confused with the time constant ofa charg- 
ing capacitor) is expressed in parts per million 


power > moderation > resistor 


change in resistance for each degree centigrade 
deviation from room temperature (usually as- 
sumed to be 25 degrees Centigrade). T, may be 
a positive or a negative value. 


The voltage coefficient of resistance—often ex- 
pressed as V,—describes the change of a resis- 
tor’s value that may occur as a function of 
changesin voltage. Thisis usually significantonly 
where the resistive element is carbon-based. If 
V1 is the rated voltage of the resistor, RI is its 
rated resistance at that voltage, V2 is 10% of the 
rated voltage, and R2 is the actual resistance at 
that voltage, the voltage coefficient, V,, is given 
by this formula: 


Ve 


190 * (RI - R2)) / (R2* (V1 - V2)) 


Materials 
Resistors are formed from a variety of materials 


Carbon composite. Particles of carbon are mixed 
with a binder. The density of the carbon deter- 
mines the end-to-end resistance, which typically 
ranges from 5Qto 10M. The disadvantages ofthis 
system are low precision (a 10% toleranceiscom- 
mon), relatively high voltage coefficient of re- 
sistance, and introduction of noise in sensitive 
circuits. However, carbon-composite resistors 
have low inductance and are relatively tolerant 
of overload conditions. 


Carbon film. A cheap and popular type, made by 
coating a ceramic substrate witha film of carbon 
compound. They are available in both through- 
hole and surface-mount formats. The range of 
resistor values is comparable with carbon- 
composite types, but the precision is increased, 
typically to 5%, by cutting a spiral groove in the 
carbon-compound coating during the manufac- 
turing process, The carbon film suffers the same 
disadvantages of carbon composite resistors, 
but to a lesser extent. Carbon film resistors gen- 
erally should not be substituted for metal film 
resistors in applications where accuracy is im- 
portant. 


‘Metal film. A metallic film is deposited on a ce- 
ramic substrate, and has generally superior char- 
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33.4.1 Subxiphoid Approach (Fig. 33.1) 


‘The US transducer is placed just inferior to the xiphoid 
process and left costal margin. 


Insert the needle between the xiphoid process and the left 
ccostal margin at a 30-45° angle to the skin, 
+ Aim for the 


ft shoulder. 


Path t6 fluid 


Fig.33.1 Subcostal approach (a) and corresponding wlirasound ima 


(b) Red line trough liver to obtain ud (no uid present om ultrasound 


KS. Nguyen eta 
33.4.2 Apical Approach (Fig. 33.2) 


+ The US transducer is placed at the patient's point of maxi- 
mal impulse and aimed at the patient's right shoulder for 
a four-chamber view of the heart. 
Insert the needle in the fifth intercostal space 1 cm lateral 
to and below the apical beat, within the area of cardiac 
dullness, 
+ Aim for the right shoulder. 
A Mayo Clinic review showed, in 80 % of total effusions, 
that the distance to the effusion was least and the size was 
maximal in the apical approach [1]. 


= 


Path to fluid 


Fig. 33.2 Apical approach (a) and corresponding ultrasound image 
(b). Red line with minimal distance to il f present (no uid present 
fon ultrasound image) 


33 Pericardiocentesi (Optional: Ultrasound Guidance) 
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33.4.3 Parasternal Long-Axis Approach 


+ The US transducer is placed obliquely on the left sternal 
border between the fourth and fifth ribs with the trans- 
ducer indicator aimed at the right shoulder. 
+ Insert the needle perpendicular to the skin in the fifth 
intercostal space medial to the border of cardiac 
dullness, 
~ Visualize and feel a giving way as the needle pene- 
trates the pericardium. Removal of fluid confirms sue- 
cessful entry, Remove fluid with the goal of restoring 
hemodynamic stability. Aspiration of fluid should 
result in improvement in blood pressure and cardiac 
output 

= Remove the catheter and apply a dressing. Optional: 
Place a pigtail catheter using the Seldinger technique 
for continued drainage. 


33.5 Complications 


+ Blind techniques are associated with 20 % morbidity and 
6 % mortality. The complication rate with US-guided 
approuches is less than $ % [2] 

+ Any vital structure within reach of the pericardial nee- 
dle has the potential for injury: pneumothorax; hemo- 
thorax; coronary vessel laceration; hemopericardium: 
heart chamber lacerations; intercostal vessel injury: 
dysrhythmias; ventricular tachycardia; puncture of the 
liver, diaphragm, or gastrointestinal tract; bacteremia; 
purulent pericarditis; air embolisms; and pleuroperi- 
cardial fistulas. 


33.6 Pearls and Pitfalls 


+ Pearls 
— A scoring index is available that can be obtained at 
initial presentation in patients without hemodynamic 
compromise that identifies those who require pericar- 

dial effusion drainage later in the course of treatment, 


The scoring index uses echocardiographic findings, 
etiological information, and the size ofthe effusion at 
end-diastole [3] 

~ Take care to avoid the left intemal mammary artery, 
which travels ina cephalad-to-caudad direction 3-5 em 
lateral to the left sternal border [4 

+ Pitfalls 

~ Tamponade should always be considered in the differ- 
ential diagnosis of shock or cardiac arrest owing to 
pulseless electrical activity (PEA). Complications of 
acute coronary syndrome, aortic dissection, and 
decompensations in chronic advanced constriction 
may also need treatment [5] 

= When cardiac compensation 
exhausted, small increases in pericandial volume can 
lead to an increase in ventricular diastolic pressure, 
systemic and pulmonary congestion, and decrease pre- 
load and cardiac output. 

~ Use US-guidance rather than a blind or an electracar- 
diogram (ECG)-alone-guided approach for pericardio- 
centesis to significantly decrease the risk of injury to 
vital structures [4 

~ Do not delay patient transport to the operating room to 
perform pericardiocentesis on a traumatically induced 
effusion unless the patient is hemodynamically unsta- 
ble and on the verge of cardiac arrest. 


mechanisms are 
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34.1 Indications 


Find the phased array probe, select the “cardiac examina: 
tion” on the machine, and make sure the orientation 


+ Undifferentiated respiratory distress markers pointed toward the right shoulder ofthe patient. 

+ Unexplained hypotension 3. Place the probe along the left side of the sternum over 

+ Evaluation for cardiac tamponade, pericardial effusion the fourth to sixth intercostal space. This should produce 

the image shown in Fig. 34.1 
4. Measure the diameter of the ventricle during the end of 

34.2 Contraindications diastole (normal values, 21 mm: mm; any measure- 

ment >25-30 mm is abnormal) 

+ Relative 5. Using the aorta as a landmark, evaluate the structures 
Morbidly obese patients starting with the pericardium (bright white line around. 
Patients with chest wall deformiti the heart), making sure there is no fluid around it. (Fluid 
Patient with subcutaneous. emphysema, _—ahove the aorta indicates a pericardial effusion, Fluid 
pneumopericardium below the aorta indicates a pleural effusion.) If a 


Combative or altered patients hypoechoic or anechoic stripe appears in the anterior 
side of the heart, it is most likely a fat pad. Fluid seen 
‘all around” categorizes it as an effusion, 


34.3. Materials and Medications 6. While keeping the probe in the same place, rotate the 
probe marker 90° clockwise toward the left shoulder to 
+ Portable ultrasound machine with appropriate probes obtain the parasternal short-axis view (Fig, 34.2). 


(phased array) 
+ Ultrasonic gel for the probe 
+ Drapes for the patient (ifthe condition allows) 


34.4 Procedure 


1, Begin with the parasternal long-axis view. If possible 
have the patient turn to the left decubitus side (that helps 
“move” the heart closer the chest wall) 


G. De Portu, MD + LC. Nickels, MD, RDMS 
M-C. Elie, MD, RDMS (©) 
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al short-avie view (PSSA), / right ventricle, 2 left 


Fig. 34.2 Paraster 


Fig. 34.3 Four-chamber view (4C). 1 left ventricle, 
J right ventricle, 4 ight atrium 


7. The parasternal short-axis view will give information on 
the contractility of the heart. The right ventricle should 
be anterior and to the left and the left ventricle to the 
right. The normal position of the septum bows slightly 
toward the right ventricle, 

8. Obtain a four-chamber view. Place the orientation 
‘marker to the patient's let 

9. Palpate for the point of maximum impulse (PMI) and 
place the transducer. All four chambers should appear in 
one view (Fig. 34.3). 

10. Compare the sizes of the ventricles and note any differ 

Notice also the interventricular septum. The nor: 
‘mal right-to-left ventricular ratio is less than 0.5. (In an 
unstable patient, this is probably the most useful because 
both ventricles can be quickly visualized and the ratio 
compared.) 

11. A subxiphoid approach is also possible. Make sure the 
orientation marker is toward the right side of the patient 
(Fig. 34.4, 


Fig. 34.4 Subcostalsubxiphoid view. RV 


atrium, LV let ventricle, LA left atrium 


Fig. 34.5. Inferior vena cava liver 2 inferior vena cava, H heart 


12. Use the liver for orientation. The right side of the heart 
will be nearest to the liver (think that the liver is on the 
right of the body); again note for any differences in the 
size ratio. 

13. Next taki 
ing the curved array transducer just inferior to the xiphoid 
in a longitudinal fashion, (Switch from the subxiphoid 
view to the IVC by rotating the probe counterclockwise 
until the IVC is seen.) Evaluate the IVC. During normal 
physiological inspiration, the drop in intrathoracic pres 
sure “pulls” blood into the heart, thus decreasing the rel 
tive IVC size. If something is preventing venous return, 
such as a massive PE, collapse will not be as evident and 
the suspicion for PE increases (fluid overload and 
increased central venous pressure [CVP] will also account 
for this finding). Normal IVC diameter is 1.2-2.3 em, and 
total collapse and greater than 50 4% collapse are normally 
visualized. An increase in IVC size and less than 50 % or 
rng change has been correlated with increased right atrial 
pressures (11 to >20 em Hg) (Fig. 34.5). 


look at the inferior vena cava (IVC) by plac: 


34 Ultrasound Evaluation of Pulmonary Emolism and Heart Strain 


34.5. Findings 


A right heart that is “strained” or pumping against a higher 
resistance owing to a PE will show some or all of these 
changes: 


1. Right ventricular dilation (Fig. 34.6). 

2. Right ventricular hypokinesis (especially of the middle 
segment), McConnell’s sign but normal motion of the apex. 

3. Tricuspid regurgitation. 

4, Abnormal septal motion: deviated toward the left ventri 
cle (normally it relaxes during diastole toward the right 


ventricle); as pressure increases, the right ventricle will 
rot empty properly and septal flattening can be seen, 

5, Dilated IVC with litle or complete loss of changes in 
diameter with respiration (variability); the IVC collapses 
less than 50 % during inspiration, 


Fig. 34.6 Four-chamber view that shows cight ventricular dilatation 
due to pulmonary embolism. Normally, the LV is greater than the RV 
daring diastole, but inthe case of increased pressure, the RV will be 
‘enlarged, AV right ventricle, LV left ventricle 
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34.6 Complications 
+ Ultrasound per se has been shown to cause no direct com- 


plications with proper use unless it is interfering with 
advanced airway or life-saving procedures. 


34.7 Pearls and Pitfalls 


pretation of the images is necessary 
because some normal anatomy could be confused with 
1 positive finding. Make sure to properly identify the 
structures because a common mistake is to identify the 
aorta thinking it is the IVC. 
Depth: increase to he sure to visualize all structures, 

+ Pitfalls 
Ulasound is user dependent, and the acquisition of 
images will vary with each user, creating the possibil 
ity of false-negatives if images not properly acquired, 
Reversal of the orientation owing to transducer 
misplacement could “reverse” the anatomy and allow 


mistakenly identification of structures. 
An enlarged right ventricular wall (>5 mm) is consid. 
cred hypertrophied and would indicate a more chronic 
etiology ofa right ventricular dilation. 
Gain problems: adjust so the heart chambers are 
anechoic and the walls are echogenic. 
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35.1. Pacemaker Function 

‘There are approximately 500,000 implanted cardiac pace- 
makers in the USA and another 100,000 are implanted each 
year [1]. In the emergency department, a physician may be 
faced with a pacemaker that is not functioning appropriately, 
‘To understand the ways in which a pacemaker can malfunc- 
tion or lead to medical complications, first it is important 
to understand how pacemakers work when they do so 
appropriately. 

‘A common pacemaker system is composed of a pulse 
generator and insulated wire leads that originate in the pulse 
generator and end within the myocardium. The pulse genera- 
tor is implanted in the pectoral region, It contains circuitry 
and the battery and creates the electrical impulses that depo- 
larize the myocardium, The leads leave the pulse generator 
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‘and are directed tothe heart by following the venous system 
Leads may terminate in the right atrium, the interventricular 
septum of the right ventricle, or biventricular pacing: a third 
lead navigates the coronary sinus to the left ventricular wall 
(Figs. 35.1 and 35.2). 

Early pacemakers produced impulses only at a set rate 
‘Today, however, virtually all pacemakers have sensing leads 
that detect intrinsic activity and react with electrical 
impulses when the intrinsic intervals fall outside of a set 
time threshold, Some pacemakers are programmed to allow 
for rate changes based on physical activity. To simplify the 
classification of different pacemaker types, the North 
‘American Society of Pacing and Electrophysiology and 
British Pacing and Electrophysiology Group (NASPE/ 
BPEG) developed a five-letter code to describe each 
pacemaker (Table 35.1) [2] 
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Flight til ead 


Fight ventricular lead 


Fig.35.1| Common pacemaker lead insertion sites 


Table 35.1 NASPE/BPEG five-Leter pacemaker code 


Fig,35.2 Common generator location and path of pacemaker leads 


Paced chamber ber ‘Rate modulation 
‘A=atrium [R=rate modulation 
‘Veventricle O=none 

al 


‘Reproduced with permission from Beraszin et al, [2] 
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35.2 Common Pacemaker Codes [3] 


+ VVE: ventricular paced and sensed, inhibited by normal 
intrinsic pacing; used for patients with a need for pacing 
if bradycardia occurs 

+ WVIR: ventricular paced and sensed, inhibited by normal 
intrinsic pacing; adaptive to changes in intrinsic rate for 
physically active patients 

+ DDD: dual-chamber paced and sensed, inhibited by nor- 
‘mal intrinsic atrial and ventricular electrical activity; used 
in third-degree atrioventricular (AV) block to allow for 
more physiological conduction 

+ DDDR: dual-chamber paced and sensed, inhibited by 
normal intrinsic atrial and ventricular electrical activity; 
adaptive to changes in intrinsic rate; used primarily in 
sinoatrial (SA) node dysfunction to closely mimic nor- 
mal, adaptable heart conduction 


35.3. Pacemaker Malfunction 


Malfunctioning pacemakers can have complicated program- 
ming that is best altered after thorough “interrogation” by a 
trained electrophysiologist. This type of evaluation is beyond 
the scope of this chapter and, in many clinical settings, sub- 
specialty support is not readily available. In the emergency 
department, it is vital to stabilize the patient and identify 
‘common pacemaker system issues. Pacemaker system mal- 
functions can be identified as a failure to sense, failure to 
pace, failure to capture, or pacing at an inappropriate rate [4] 
Another common abnormality associated with pacing is the 
“pacemaker syndrome” [3] 


+ Failure to sense: 
= Oversensing: The sensor interprets external stimuli 
as a normal ventricular rate leading to inappropriate 
inhibition. This may be due to lead fracture, fibrosis 
of the lead tip, or lead distodgment. Cross talk is 
present when the atrial stimulus is sensed on 
the ventricular lead causing inappropriate inhibi- 
tion. Oversensing is rarely due to failure of the 
generator. 
= Undersensing: Present when there is constant pacing 
despite cardiac activity that has not exceeded thresh- 
ld, This can be due to low-amplitude intrinsic cardiac 
activity, lead dislodgment, battery depletion, or meta- 
bolic abnormalities. 


Failure to pace: 

— Lack of pacing despite appropriate sensing of the 
intrinsic electrical activity or activity below the thresh- 
old rate 

~~ Typically caused by lead fracture, battery depletion, or 
fibrosis of the lead tip. 

~ Ibis rare for any specific part of the device to fail, but 
suspicion should be high if the patient had recent radi- 
ation therapy, electrocautery, defibrillation, electro- 
shock therapy, magnetic resonance imaging (MRD), 
lithotripsy, or transcutaneous electrical nerve stimula- 
tion (TENS) treatments. 

= Rarely due to battery depletion, 

Failure to capture: 

— A lack of cardiac response despite appropriate sensing 
‘and subsequent pacer stimuli 

— Commonly due to lead dislodgement, but can be due to 
myocardial perforation, lead fracture, fibrosis of the 
lead tip, poor lead placement, battery depletion, and 
antiarrhythmic medications, 

— Functional failure to capture occurs when pacer stimuli fall 
‘within the refractory period of previous depolarization, 

Pacing at an inappropriate rate: 

Likely due to an endless-loop reentry tachycardia 
known as pacemaker-mediated tachycardia. 

+ More common in DDD pacemakers. 

+ Initiated by a premature ventricular stimulus, which 
is carried retrograde through the intrinsic condue- 
tion system to the atrioventricular node (AVN) and. 
then the atria. This conduction is sensed by the 
atrial lead and causes triggering of pacing back in 
the ventricle, The ventricular depolarization is then 
sensed again in the atria, forming a loop. The intrin- 
sic conduction system acts as a retrograde limb and. 
the pacer circuit acts as the anterograde limb of a 
reentry tachycardia, 

‘The “pacemaker syndrome" 

= Constellation of symptoms found in 20 % of patients 
with pacemakers. 

~ Symptoms include syncope, near-syncope, dizziness, 
fatigue, weakness, pain, shortness of breath, and 
cough, 

— Ventricular rates are poorly timed with atrial activity 
such that atrial contraction occurs against closed mitral 
and tricuspid valves, 

— Ventricles lose the benefit of the atrial kick, the atria 
enlarge, and signs and symptoms similar to congestive 
heart failure ensue. 
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35.4 Initial Evaluation of the Patient 35.5 _ Interpreting the Type of Malfunction 
with a Pacemaker [4] Based on ECG 

+ History ‘The first step in evaluating the ECG of a malfunctioning 


~ Symptoms of syncope, near-syncope, chest pain, pal- 

Pitations, and irritation atthe generator pocket 

Brand and NASPE/BPEG code 

Date of implantation 

= Location of generator pocket and any previous 
locations 

“Most recent electrophysiological interrogation 

‘Medications that interfere with function, such as fle- 

cainide or lidocaine 

= Recent procedures, such as MRI, lithotripsy, or 
defibrillation 
+ Physical examination: 
~ Check vital signs, listen for heart sounds (paradoxi- 
cally split $2 is normal). 

Inspect generator pocket; tuning ofthe leads is associ- 

ated with Twiddler’s syndrome, in which a. patient 

compulsively touches the skin around the device. 
~ Look for jugular venous distension. 
+ Laboratory studies and electrocardiogram (ECG): 

Obtain a chest x-ray to determine effusions, infil 

trates, generator placement, and lead placement or 

fracture 

= Electrolyte imbalances must be detected and 
corrected. 

~ ECG: The following are examples of appropriate ECG 

patterns in patients based on type of pacing [3} 

+ YOO (asynchronous pacing): Regular pacer spikes 
lead to immediate QRS waveforms. Left bundle 
branch block (LBBB) is a normal finding in a right 
ventricular lead location, 

+ VVI: Pacer spikes and an LBBB waveform should 
be seen if the intrinsic rate is below the threshold 
rate 

+ DDD: Various patterns are possible. If the intrinsic 
rhythm and intervals are normal, then no pacer 
spikes will be seen. Ifthe atrial rate is slow and AV 
delay is normal, then an atrial spike will cause a P 
‘wave and a normal QRS. If AV delay is prolonged, 
then two spikes may be observed: a P wave and a 
QRS with an LBBB waveform. 

+ L-malfunction is suspected: 
~ Obiain intravenous (IV) access, place the patient on a 
heart monitor, and, if possible, consult cardiology for 
interrogation and reprogramming. 

Obiain a ring magnet: 

+ Positioning over the generator causes the pacing 
stimuli to revert to an asynchronous ventricular 
pacing mode at a set rate [5]. 


pacemaker is to determine the presence of pacing spikes [61 


‘+ Ifpacing spikes are noted on the ECG, determine whether 
capture is present by ensuring that an appropriate wave- 
form follows each pacer spike and that there is an associ- 
ated pulse. 

If capture is present, check the rate: 
‘+ If the rate is appropriate, the pacer is functioning 
normally. 
~ Ifthe rate is slow, suspect oversensing. 
If the rate is rapid, suspect undersensing or 
pacemaker-mediated tachycardia, 
~ If capture is not present, consider metabolic effects or 
component failure, 

+ If pacing spikes are not noted on the ECG, determine 
‘whether the patient is in an intrinsic rhythm: 
= If the patient is in an intrinsic chythm and the rate is 

appropriate, application of a ring magnet will cause 

pacer spikes to show up at a set rate. This is normal 

functioning, 

‘+ If application of the magnet does not cause pacing, 
suspect mechanical failure, 

~ Ifthe patient is notin an intinsie shythm, place a mag- 

net aver the generator. 

+ If magnet application causes pacing, consider 
oversensing 

+ [fit does not, consider mechanical failure 

‘+ Ifa patient is hemodynamically unstable and application of 
‘a magnet leads to stability, keep the magnet in place until 
the patient is able to have the pacemaker interrogated. 


35.6 Management of Pacemaker-Mediated 
Tachycardia 


+ After ensuring adequate IV access, placing a heart moni- 
tof, and interpreting a baseline ECG, put a ring magnet 
‘over the generator [5] 

Ifa normal rhythm results, keep the magnet on the chest. 

If it does not change the rate, attempt isometric pecto- 

ral exercises by having the patient press the left hand 

‘against the right shoulder, 

+ This is an attempt to overstimulate the pacemaker 
sensor and precipitate inhibition of pacer output. 

+ If this is unsuccessful, consider transcutaneous 
pacing, 

+ If wanscutaneous pacing is unsuccessful, then the 
leads may require surgical adjustment or removal. 


35. Pacemaker Evaluation in the Emergency Department 


215 


References 


Ford-Martin PA, Spiwak Al. Pacemakers. In: Gale encyclopedia of 
surgery= a guide for patients and caregivers. 2004, Encyclopedia, 
com: hutp/ivww:encyelopedia.com/doe/1G2-3406200337 html 
Accessed (1 Apr 2011 

Bemstein A. Daubert J, Fletcher R, et al. The revised NASPEY 
PEG generic ende for antibradycardia, adaptive-rate and muisite 
pacing. North American Society of Pacing and Electrophysiology/ 
British Pacing and Electrophysiology Group. Pacing Clin 
Electrophysiol. 2002:25:260-4 


‘Marx JA, Hockberger RS, Walls RM, Adams J, editors. Rosen's 
‘emergency medicine. 7th ed, Philadelphia: Mosby; 2000. 

Bonow RO, Mann DL, Zipes DP, Libby P, editors. Braunwald's 
heart disease: a textbook of cardiovascular meulicine, Oth ed 
Philadelphia: Saunders: 2011 

Roberts JR, Hedges JR, editors. Clinical procedures in emergency 
‘medicine. sth ed, Philadelphia: Saunders: 2004, 

Kaszala K, Huizer JF, Ellenbogen KA. Contemporary pacemakers: 
‘what the primary care physician needs to know [review], Mayo Cin 
roc. 2008:83:1170-86. 


power > moderation > resistor 


acteristics to carbon-film resistors. During man- 
ufacture, a groove may be cut in the metal film 
to adjust the end-to-end resistance. This may 
cause theresistor tohave higher inductancethan 
carbon-composite types, though it has lower 
noise. Tolerances of 5%, 2%, and 1%areavailable. 
This type of resistor was originally more expen- 
sive than carbon-film equivalents, but the differ- 
ence is now fractional. They are available in both 
through-hole and surface-mount formats. They 
are available in lower-wattage variants (1/8 watt 
is common). 


Thick-film resistors are spray-coated, whereas 
thin-film resistors are sputtered nichrome, Thin- 
films enjoy a flatter temperature coefficient and 
are typically used in environments that have a 
huge operational temperature range, such as 
satellites. 


Bulk metal foil The type of foil used in metal film 
resistors s applied toa ceramic wafer andetched 
toachieve the desired overall resistance. Typical- 
ly these resistors have axial leads, They can be 
extremely accurateand stable, but havea limited 
maximum resistance. 


Precision wire-wound. Formerly used in applica- 
tions requiring great accuracy, but now largely 
replaced by precision metal foil. 


Power wire-wound, Generally used when 1 or 2 
‘watts or more power dissipation is required. Re- 
sistive wire is wrapped around core thatis often 
ceramic. This can cause the resistor to be referred 
to, inaccurately, as “ceramic.” The core may alter- 
natively be fiberglass or some other electrically 
insulating compound that actively sinks heat. 
‘The component is either dipped (typically in vit- 
reous enamel or cement) or is mounted in an 
aluminum shell that can be clamped to a heat 
sink. Italmost always has the ohm value printed 
onitin plain numerals (not codes). 


‘Two typical wire-wound resistors are shown in 
Figure 10-11. The upper resistor is rated at 12W 
and 1800 whilethe lower resistors rated at 13W 
and 15K. 


Values 


Figure 10-11. Two wire-wound resistrs of greatly aiffer- 
ing resistance but similar power dissipation capability. 


A larger wire-wound resistor is shown in 
Figure 10-12, rated for 25W and 109. 


Figure 10:12. 4 large wirewound resistor rated to dissi- 
pate 25W. 


In Figure 10-13, two resistors encapsulated in ce- 
ment coatings are shown with the coatings re- 
moved to expose the elements, At left is a 1.50 
SW resistor, which uses a wire-wound element. 
Atrightis a very low-value 0.030 10W resistor. 
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Part V 


Spine Evaluation 


Cervical Collar Placement 36 


Justin Bennett and Lars K. Beattie 


‘The cervical spine (C-spine) accounts for the majority of all 
spinal injuries. In the US prehospital setting, patients are 
ofien transported using cervical collars (C-collars) and rigid 
backboards in trauma and when spinal cord injuries are sus- 
pected, After airway, breathing, and circulation, every effort 
‘must he made to secure the C-spine, 

‘There are two main subcategories of C-collars: the one- 
piece and the two-piece. One-piece C-collars include the 
Stifeck and the Ambu Perfit. Two-piece C-collars have pos- 
terior and anterior pieces, with the anterior piece usually the 
larger of the two. Examples of two-piece collars include the 
Aspen collar, the Philadelphia collar, and the Miami J collar, 
‘The basic features of a C-collar include: 


+ Adjustable circumference with fasteners (usually Velero 
straps) 

+ Adjustable height with a locking device of different sizes 

‘+ Hooks for a nasal cannula 

+ Exposure of the anterior neck for pulse checks and 
advanced airway procedures 

+ Posterior access for cervical palpation 

+ Padding to protect the soft tissues of the neck 
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36.1 Indications 


‘+ Prehospital suspicion for spine trauma: 
— Emergency department patients or trauma patients 
who fail clinical rule-out criteria such as NEXUS 
National Emergency X-Radiography Utilization 
‘Stdy) and Canadian C-spine rules (see Chap. 37) 


36.2 Contraindications 


+ Absolute: 
— Cervical dislocation with fixed angulation 
— Impaled foreign object in the neck 
— Massive soft tissue swelling in the neck 
+ Relative: 
= Unsecured airway 
~~ Surgical airway 
= Vomiting 
— Mandible or soft tissue injuries with potential for 
airway compromise 
~ Preexisting anatomical abnormalities 


36.3 Materials and Medications 


+ Properly fitting C-collar 
Consider: 
— Head blocks, if needed for lateral stabilization 
= Towels or backboard pads for custom support 
‘+ Under shoulders ~ pediatric patients 
‘+ Under occiput ~ adults with poor C-spine mobility 
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36.4 Procedure (Aspen Collar) 


L 


Address airway, breathing, and circulation while main- 
taining in-line immobilization, before placing a C-colla. 
Gather personnel 
(a) One person is needed to apply the collar to an awake 
patient. 
(b) Two or more people may be required when a patient 
hhas an altered level of consciousness: 
(i) One to maintain in-line immobilization in the 
neutral position 
(i) One to place the C-collar 
While the C-spine is being held in neutral position, ass 
the airway before placing the C-collar: 
(a) Anticipate and prepare for airway compromise early 
to avoid a crash intubation, 
(b) Place airway if necessary. 
Palpate and inspect the C-spine, head, and shoulders for 
evidence of trauma before placing the C-collar 
While maintaining the neutral position of the C-spine 
place the C-collar: 
(a) Remove loose clothing, jewelry, and earrings that 


‘may cause soft tissue pressure wounds, 
Begin with the piece of C-collar that fits under the 
occiput (Fig. 36.1), 

Fold the Velero straps behind the C-collar. 

Gently hold back the hair (Fig. 36.2). 

Slide the occipital section or piece of the C-collar 
behind the occiput (Fig. 36.3). (Use in-line C-spine 
stabilization in patients with an altered level of 
consciousness.) 

Wrap (one-piece) or place (two-piece) the anterior 


(b) 


© 
@ 
o) 


© 
section of the C-collar around the circumference of 
the patient's neck and snugly under the chin 
(Fig. 36.4), 


Fig.36.1 Fold Velcro strap of C-collar posteriorly 


(g) Once the Velero fasteners are in place, ensure that the 
height is properly adjusted on the C-collar to mini- 
mize C-spine mobility 

(i) Most C-collars have height adjustments that uti- 
lize a locking device that requires releasing a 
locking mechanism by pulling out. 


Fig. 36.2 Slide occipital section of collar hehind occiput at against 
stoctcher 


Fig.36.3 (a) Use of hand to guide C-collar bend oceipat; (b) unfold 
Velcro sap and position collar behind cervical spine 
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Fig. 36.4 (a) Corret orientation of anterior portion of C-colat 
(b) incorrect orientation of anterior portion of C-collar my cause injury 


(di) The Aspen collar is adjusted with a combination 
of pulling out while twisting a round knob at the 
sternal notch (Fig. 36.5). 


(ii) Pall out (away from patient) and twist for height 
adjustment of the Aspen two-piece collar. 
iv) Adjust the height of the Ambu Perfit one-piece 


collar by simultaneously pulling (away from the 
patient) the two locking pins out and adjusting 
the height of the collar before pushing the pins 
back in (toward the patient) to lock the collar at 
the desired height (Fig. 36.6). 

6, Special cases: 

(a) Depending on the age of the patient, it may be neces- 
sary to place towels under the shoulder blades to keep, 
the neck in a neutral position. 

(b) Children: 

(i) Head-to-body ratios are relatively larger than 
that of adults, 

i) Placement on a backboard may cause significant 
neck flexion because the occiput rests on a flat 
board, 

(iii) Towels can be placed under a child’s shoulders 
to minimize flexion, 


| 


Fig. 36.5. Aspen collar is adjusted with a combination of (a) pulling 
‘oat while (b)bvisting around knob a the sternal notch 


a = 

Fig. 36.6 Adjustment the height of the Amba Perfit one-piece collar 
hy simultaneously pulling (away from the patient) the two locking pins 
‘out and adjusting the height ofthe collar before pushing the ins back 
in (Qoward the patient to lock the collar atthe desired height 
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(©) Adults with excess soft tissue or degenerative changes 
that prevent C-spine straightening: 
(@) A towel or pad is placed behind the occiput to 
prevent hyperextension. 


36.5 Pearls and Pitfalls 


+ Pearls 
= Airway, breathing, and circulation should be assessed, 
before placement of the C-collar. 

= A high index of suspicion of C-spine injury is 
needed in intoxicated or comatose patients and the 
elderly. 

= Always remember to adjust the height and circumfer- 
ence of a C-collar for a snug fit 

+ Pitfalls 

Spinal immobilization increases the risk of aspiration 
in vomiting patients. 

— Failure to palpate and inspect the C-spine, head, and 
shoulders before C-collar placement may delay ree- 
ognition of an impending airway emergency and 
conceal signs of critical injury needing rapid assess- 
‘ment and care. 


~ Lateral C-spine motion is unsecured unless tape, rub- 
ber blocks, or towels are used for support, 

= Overlooking C-spine stabilization during C-collar 
placement leaves the C-spine at risk of further injury in 
patients with an altered level of consciousness. 

— C-collars that are too tight may decrease venous return 
from the head and may increase intracranial pressure. 
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Cervical Spine Clearance 37 


Braden Hexom and Tatiana Havryliuk 


37.1 Indications 


+ Assessment ofthe need for radiological imaging in trauma 


37.2. Contraindications 


+ Known unstable cervical spine (C-spine) fracture 
+ Known unstable ligamentous injury 

+ Intoxication/altered mental status 

+ Presence of distracting injury 


37.3 National Emergency X-Radiography 
Utilization Study (NEXUS) 
and Canadian C-Spine Rules (CCR) 
to Assess the Need for Imaging 


+ The NEXUS clinical criteria 
1, Tenderness at the posterior midline of the C-spine 
2, Focal neurological deficit 
3, Decreased level of alertness 
4, Evidence of intoxication 
5, Clinically apparent pain that might distract the patient 
from the pain of a C-spine injury 
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‘+ The presence of any one of the above findings is consid- 
cred to be clinical evidence that a patient is at increased 
risk for C-spine injury and requires radiographic 
evaluation. 

= CCR 
For alert (Glasgow Coma Scale [GCS] 15) and stable 
‘trauma patients 
1, Any high-risk factor that mandates radiography’? 

YES— Radiography 

+ Age older than 65 years 

+ Dangerous mechanism (Table 37.1) 

+ Paresthesias in extremities 

1No 

Any low-risk factor that allows safe assessment of 

range of motion? NO— Radiography 

‘+ Simple rear-end motor vehicle crash (MVC) 

+ Sitting position in emergency department 

+ Ambulatory at any time 

+ Delayed onset of neck pain 

+ Absence of midline C-spine tenderness 

YES 
3. Able to actively rotate neck? NO— Radiography 

+ 45° left and right 
JABLE 
No radiography 

+ CCR found to have higher sensitivity (99.4 % vs, 
90.7 96) and specificity (45.1 % vs. 36.8 %) and a lower 
rate of imaging (55.9 % vs. 66.6 %) than NEXUS crite- 
ria for C-spine clearance of low-risk alert trauma 
patients, 


Table 37.1, Dangerous Mechanism 


Fall fom elevation 33 105 stairs 
‘Axial loud to head (eg. ding) 
‘Motor vehicle rash a high speed (100 kaw), rollover, ejection 


‘Movorized recreational vehicles 


Bicycle crash 
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37.4 Type of Imaging 37.5 Materials 

+ Bones + Cervical collar (C-collar) (Fig. 37.1) 
C-spine computed tomography (CT)—the new gold 
standard 


Plain X-rays—less sensitive than CT; in one study 
X-rays missed 45 % of injuries that were picked up by 
cTiih 

+ Ligaments 

C-spine magnetic resonance imaging (MRI)—consider 
for possible ligamentous injuries and for further evalu- 
ation of obtunded patients. 
Flexion-extension X-rays—Iess sensitive than MRI for 
detection of ligamentous injuries in the acute phase. 
Delayed flexion-extension films are more sensitive for 
ligamentous injury than those done the day of injury, 
but less sensitive than MRI. 


Fig. 37.1 Assembly of C-collar Select appropriate size (a), Invert 
chinstrap and stp into place (b). Assembled C-collar (6) 


37. Cervical Spine Clearance 25 


37.6 Procedure (Fig. 37.2) 


1, Apply C-collar to stabilize spine. Select appropriate size. 
Perform a brief neurological examination and assess the 
patient's mental status; proceed only if both are normal 

3. Loosen the collar to palpate the midline while the patient 
holds his or her head still. If spinal tendemess exists 
replace the C-collar and proceed to imaging (Fig. 37.3). 

4, Instruct the patient to rotate the neck 45° to each side and 
flex the neck. Ifthe patient is pain free and with no neuro- 
logical comprise, the C-collar may be removed and no 
imaging of the C-spine is required (Fig. 37.4). 


Fig.37.2 Proper placement of C-collar: Slide C-collar under the neck 
‘while Keeping neck immobilized (a). Secure the collar (b). Correct 
(C-collar placement (c) 


226 8B. Hexom and T.Havryliuk 


Fig. 37.3 Assessment of C spine tendemess: Loosen C-collar while 
keeping neck immobilized (a. Palpate midline of C spine (b) 
Fig. 37.4 C-spine clearance: Instruct patient to rotate neck 45° each 
way (a), Instruct patient to flex neck (b) 


37, Cervical Spine Clearance 
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37.7. Complications 


+ Missing clinically important C-spine injury 
+ Pressure uleer from prolonged use of C-collar 


37.8 Pearls and Pitfalls 


+ Pearls 
= Select appropriate size of C-collar. 
= Ensure adequate mental status because further imag- 
ing might be required in obtunded/intoxicated patients. 
+ Pitfalls 
Avoid prolonged use of C-collar because this can lead 
to a pressure uleer. 
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How tou: 


Figure 10-13. Two low-value resistors with their cement 
castings removed to show the resistive elements 


In Figure 10-14, the resistor at right has an ex- 
posed 309 element while the resistor at left is 
rated 10W and 6.50, enclosed in an anodized 
aluminum shell to promote heat dissipation. 


Figure 10-14. 4 300 resistor (right) and 6.50 re: 
(ett) 


In power resistors, heat dissipation becomes an 
important consideration. fother factors (such as 
voltage) remain the same, a lower-value resistor 
will tend to pass more current than a higher- 
value resistor, and heat dissipation is proportion- 
al to the square of the current. Therefore power 
wire-wound resistors are more likely to be need- 


ed where low resistance values are required, 
Their coiled-wire format creates significant in- 
ductance, making them unsuitable to pass high 
frequencies or pulses. 


How to Use it 


Some of the most common applications for a re- 
sistor are listed here. 


In Series with LED 

To protect an LED from damage caused by ex- 
cessive current, a series resistors chosen to allow 
a current that does not exceed the manufactur- 
e's specification. In the case of a single through- 
hole LED (often referred to as an indicator), the 
forward current is often limited to around 20mA, 
and the value of the resistor will depend on the 
voltage being used. (See Figure 10-15.) 


When using high-output LEDs (which may con- 
tain multiple elements in a single Smm or 1mm 
package), or LED arrays that are now being used 
for domestic lighting, the acceptable current 
may be much greater, and the LED unit may con- 
tain its own current-limiting electronics. A data- 
sheet should be consulted for details 


» 


oo 


Figure 10:5. A series resistor is ne 
current that passes through an LED. 


cessary to limit the 


Current Limiting with a Transistor 
In Figure 10-16, a transistor is switching or am- 
plifying current flowing from B to C. A resistor is 
Used to protect the base of the transistor from 
excessive current flowing from point A. Resistors 
are also commonly used to prevent excessive 
current from flowing between B and C. 
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38.1 Indications 

+ Any patient arriving on a rigid backboard in the emer- 
‘gency department 

+ Assessment of posterior traumatic injuries 

+ Performed as early as possible after arrival to prevent skin 
breakdown from pressure ulcers 


38.2 Contraindications 


+ Improperly fitted cervical collar (C-collar) or unsecured 
cervical spine (C-spine) before log roll 

+ Unsecured endotracheal tube before log-rolling intubated 
patients 


38,3 Materials and Medications 


+ Personnel: three or four people 
= One to stabilize the C-spine 
= One or two to roll the patient 
= One to palpate the length of the spine 

+ Properly fitting hard C-collar 

‘+ Trauma shears for removing transport straps 
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38.4 Procedure 


Ensure that the airway, breathing, and circulation 

(ABCs) are established before attempting to remove the 

patient from the backboard, 

Gather personnel, at least three, but preferably four peo- 

ple. Larger patients will often require additional 

assistance, 

For intubated patients an additional person will be 

needed to secure the endotracheal tube during the log 

roll. 

Ensure the height is properly adjusted on the C-collar to 

minimize C-spine mobility (Fig. 38.1). 

Position the stretcher at an ergonomic lifting position for 

the person responsible for stabilizing the C-spine 

Clothing and transport straps should be removed before 

the log roll to improve visualization of injuries. 

‘The patient is asked to cross his or her hands over the 

chest. 

C-spine stabilization (at head of bed) 

+ Grasp the patient's trapezoids at the midclavicular 
line, 

+ Secure the sides of the patient’s head between the 
‘operator's forearms, 

+ Stabilize the patient's head in neutral anatomical 
position relative to the body using the operator's fore- 
arms (Fig. 38.2). 
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9. Thoracic and lumbar spine stabilization 
+ One or two (preferably two) people should stand next to 
the patient on the side to which the patient will be rolled. 
‘One person: Place hands over the patient's shoul- 
der and hip. 
— Two people 
+ First person places hands on the patient's 
shoulder and hip. 
+ Second person places hands on the patient's 
hip and knees, 

‘+ The decision to roll to the left or right side is deter- 
‘mined by injury sites, to minimize injury exacerba- 
tion and pain, and to minimize risk of endotracheal 
tube dislodgment. 


Fig. 38.2 (a) Incorrect: Single-point stabilization does not keep head 
(a) The height of the Ambu Peritone-piccecollaris adjusted and C-spine in lie with torso (b,c). Corrects The two-point stabiliza- 
by simultncously pulling the two locking pins out (away from the tion technique keeps the head and C-spin inline withthe torso during 
patient) and adjusting the height ofthe collar, (b) then pushing the pins the log rll 

buck in (toward the patient) to lock the collar atthe desired eight 


Fig.38. 
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10. The person at the head of the bed signals the initiation of 
4 synchronized log roll when everyone is in position. 

11, Attention should be directed at maintaining a neutral 
axis along the anatomical line of symmetry during the 
roll (Fig. 38.3) 

12. While the patient is on her or his side, the rigid back- 
board should be removed and secured to prevent injury 
of caretakers 

13. The patient's entire posterior should be exposed and 
‘examined, taking care to note lacerations and obvious 
deformities. 

14, The entire length of the spine is examined by inspection 
and then by palpation to assessed for tenderness, step- 
offs, and deformities (Fig. 38.4) 

15. Before returning the patient back onto the stretcher, 
ensure that any debris, slass, lumps of clothing, or blan- 
kets are removed. 


Fig. 38.3 (a) The interlocking hands of operators performing lateral 
Jog roll help maintain spine immobilization and minimize twisting. (b) 
Tyvo-paint cervical spine stabilization is maintained in neutral axis ela- 
tive to the anatomical line of symmetry during the rll. Appropriate bed 
height adjustment will increase the ease ofthe procedure 


Fig.38.4 (a-c) Allerbackboard has been removed, the entire length of 
the of the sine ean be appropriately palpated and assessed for injury 0 
the thoracie and lambs spine 
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38.5 Pearls and Pitfalls 


+ Pearls 
= The log roll should be performed in unison to avoid 
segmental rotation, 

— The ABCs should be established before initiating the 
log roll, which is part of the secondary survey in the 
trauma evaluation, 

= A proper log roll begins with stabilization of the 
spine because it is the most freely mobile part of the 
spine and, therefore, most frequently injured 

— Take the patient off the backboard as soon as possible 
to prevent formation of pressure sores. 

+ Pitfalls 

— Failure to establish a two-point stabilization between 
the patient's body and the head leaves the C-spine at 
risk of further injury during the log roll 

~ Patients should not be left on the backboard for spinal 
precautions, 

~ Failure to ensure that the ABCs are established before 
attempting a log roll 
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Part VI 


Neurologic and Neurosurgical Procedures 


Burr Hole Craniotomy 
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39.1 Indications 

+ Extradural hematoma (EDH) or subdural hematoma 
(SDH) with Glasgow Coma Seale (GCS) <8 and unavail- 
ability of timely neurosurgical intervention in the face of 
increased intracranial pressure 

+ Signs of increased intracranial pressure [1] 
= Deteriorating level of consciousness 
= Slowing of the pulse 
~ Dilating pupils 
= Focal seizures, 
— Hemiparesis 
= Extensor posturing of the limbs 


39.2 Contraindications 


+ Absolute 
= GCS>8 
= Immediate availability of neurosurgeon 
+ Relative 
~ Lack of imaging (in this case, decision is guided by 
neurologic findings and signs of increased intracranial 
pressure or impending herniation) 
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39.3 Materials and Medications 


+ Razor to shave area 

+ 2% lidocaine with epinephrine to numb scalp 

+ 10% povidone-iodine or chlorhexidine prep 

+ Light, suction, cautery, dressing tray 

+ Gelfoam 

+ Penrose drain 

+ 3.0silk 

‘+ #10 scalpel blade and #3 handle 

+ Small self-retractors or rakes 

‘+ Drill and drill bits: can be manual (Fig. 39.1) or automatic 
stopping variety (Fig. 39.2) 

+ Bone wax or electric cautery apparatus 

+ Suction apparatus 

‘+ Saline irrigation (IV tubing connected to a saline bag with 
clamp set so flow is low, or a saline syringe flush) 


\\ 


Fig.39.1. Hudson brace, burt. and perforator 
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Fig.39.2 Automatic stopping craniotomy drill st 


39.4 Procedure 
Preparation 


1. Patient should be supine, intubated, with appropriate 
‘C-spine precautions 
+ Hypertonic saline and/or mannitol can be considered 
for medical management of increased ICP iffas 
directed by neurosurgery 
Determine location and depth for burr hole placement 
(Figs. 39.3 and 39.4): 
+ Have CT images immediately available for viewing 
+ Most common location for EDH or SDH is temporal 
‘Temporal burr hole placement: 2 fingerbreadths 
above the ear, 2 fingerbreadths forward (Fig. 39.5) 
Parietal burr hole placement: 2 fingerbreadths above 
the ear, 3 fingerbreadths backward (behind the ear) 
Frontal burr hole placement; 3 fingerbreadths 
from midline, 3 fingerbreadths above hairline 
‘+ Estimate depth of hematoma by counting the number 


of slices the hematoma is as seen on CT scan and. 
multiplying by the slice thickness [2] 

Shave hair around area of hematoma. 

Prep skin with betadine and chlorhexidine. 

Anesthetize scalp skin with lidocaine and epinephrine. 
Accessing hematoma 


6. Make a vertical incision approximately 4 em long down 
to bones 

7. Use periosteal elevator or end of scalpel blade to scrape 
muscle and periosteum away from bone, 

8. Place self-retaining retractors (or rakes) to keep field 
open (Fig. 39.6). 

9. Using a drill with a clutch mechanism (2), drill through 
outer table (resistance), diploic space (no resistance), 
then inner table. 

+ Burr hole needs to be placed over the center of the 
hematoma (Fig. 39.7). 

10. Control bone bleeding with bone wax; control bleeding 
from veins and/or muscle with gelfoam sponge or cau- 
tery (diathermy), 

+ Wound edges may also be cauterized or tamponaded 
\with manual pressure +/~ epinephrine gauze. 


Once in the inner table, separate dura from bone 

12. Enlarge opening by switching to a conical or cylindrical 
burr or use a rongeur 

Evacuating hematoma 

13, EDH blood will be visible at this point and should be 
gently suctioned out. 

14, SDH blood will be seen as a tenting of the dura and may 
be clotted: lift the dura with a hook or make an incision 
with fresh scalpel through it to expose the clot and drain, 
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15. Irrigate with saline (this can be via a hand syringe or via 18. Place Penrose drain (Fig. 39.8) and close the dura first 


TV tubing connected to a saline bag at low sped flow). with a 3-0 absorbable suture, ensuring there is no dural 
16. Repeat gentle suction, leak (will lead to infection if present) 
Closure + A watertight seal of the duraplasty is essential to min- 
17. For temporal burr holes, ligate middle meningeal artery imize cerebrospinal fluid leakage, 
(if visible) or cauterize. 19. Loosely suture scalp using 3-0 silk. 


Fig.39.3 Positions ofurrhole 
placement 


Frontal burr hole 


‘Temporal burr hole 


Middle meningeal 
artery 


L Gant 


Fig. 394 (a,b) Anatomy for temporal bur hoe placement (most common location) 


Blood cat ving 
‘between endosteal 
layer and meningeal 
layer of dura 


2ygomatic arch 
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Fig. 39.7 Use penctrator drill to get through outer ible, Follow up 
‘with a burr to get through the rest ofthe layers. Can alsa use an auto- 
‘matic stop craniotomy dil 


Fig.39.5 Landmark for temporal burr hole above 2ygoma, make S em 


N 


Fig. 39.6 After incision is made, use retrators (preferably sell- 
‘etgining) to visualize field Fig,39.8 Suture in Penrose drain and close the wound 
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Figure 10-16. A resistor is typically necessary to protect 
the base ofa transistor trom excessive current. 


Pullup and Pulldown Resistors 

When a mechanical switch or pushbutton is at- 
tached to the input of a logic chip or microcon- 
troller, a pullup or pulldown resistor is used, ap- 
plying positive voltage or grounding the pin, re- 
spectively, to prevent it from “floating” in an in- 
determinate state when the switch is open. In 
Figure 10-17, the upper schematic shows a pull- 
down resistor, whereas the lower schematic 
shows a pullup resistor. A common value for ei- 
ther of them is 10K. When the pushbutton is 
pressed, its direct connection to positive voltage 
orto ground easily overwhelms the effect of the 
resistor. The choice of pullup or pulldown resistor 
may depend on the type of chip being used. 


Audio Tone Control 

A resistor-capacitor combination can limit the 
high-frequency in a simple audio tone-control 
circuit, as shownin Figure 10-18, Beneatha signal 
travelling fram Ato B, a resistor is placed in series 
with a capacitor that passes high frequencies to 
ground. This is known as a low-pass filter. 


RC Network 

A resistor will adjust the charge/discharge time 
when placed in series with a capacitor, as in 
Figure 10-19, When the switch clases, theresistor 
limits the rate at which the capacitor will charge 
itself rom the power supply. Because a capacitor 
has an ideally infinite resistance to DC current, 
the voltage measured at point A will rise until it 


How to Use it 


Figure 10-17, A pulldown resistor (top) or pullup resistor 
(bottam) prevents an input pin on a logic chip or micro 
‘cantroller from “floating” in an indeterminate state when 
the buttan is not being pressed. 


O81 — 0 


Figure 10-18. This configuration may be used to remove 
high frequencies from an audio signal. It is knawn as a 
low-pass fitar because iow frequencies are passed from A 
toB, 
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39.5 Complications 


+ Brain laceration/perforation 

+ Temporal artery laceration 

+ Wrong location (minimized when viewing images during 
procedure) 

+ Facial artery laceration 

+ Meningitis 

+ Brain abscess 


39.6 Pearls and Pitfalls 


+ Pearls 
= If brain herniates through the burr hole, there is likely: 
‘a hematoma at another location, 
= Remember this is only a lifesaving procedure that is 
to be done when timely neurosurgical intervention is, 
not possible, Do not delay transfer of the patient 


+ Pitfalls 
= Bone in temporal area is quite thin; if not using an 
automatic stop drill, be very careful not to go too far 

and perforate the brain. 
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External Ventricular Drain Placement 


Latha Ganti 


An external ventricular drain (EVD; also known as a ven- 
triculostomy tube) is placed via burr hole in one of the 
ventricles of the brain (Fig. 40.1) to drain excess cerebrospi- 
nal fluid (CSF) that causes elevated intracranial pressure. 


40.1 Indications 

+ Emergent need for intracranial pressure (ICP) monitoring 
and or management 

+ Enlarged ventricles on neuroimaging with Glasgow coma 
scale <12 

+ Subarachnoid hemorrhage with Hunt-Hess grade >3 
(Table 40.1) 

+ Coma 

+ Obstructive hydrocephalus 

+ Intraventricular hemorrhage 

+ Signs of increased intracranial pressure 


40.2 Contraindications 


+ Absolute 
= Immediate availability of a neurosurgeon who can do 
the procedure 
+ Relative 
= Coagulopathy 
= Scalp infection 
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40.3. Materials and Medications 


Intubation equipment and medications for sedation as 
needed 

Sterile gloves, gown, mask 

Ruler 

Surgical marking pen 

1-2 % lidocaine with epinephrine to numb scalp 

5S ce syringe and needles to give anesthetic 

10 % povidone-iodine solution and swabs, 

Razor to shave area 

Fenestrated clear drape 

Scalpel #11 blade (for scalp) and #15 blade (for perios- 
teum) with #3 handle (Fig, 40.2a) 

4d sterile gauze 

“Adson forceps 

Mosquito forceps 

Self-retaining eyebrow retractor (Fig. 400.2b) 

3-0 nylon suture and needle holder and/or skin stapler 
Scissors 

‘Avhand drill with variable chuck 

‘One or more drill bits with depth guards in 5/32" 
(G.97 mm), 13/64" (5.31 mm), and 1/4” (6.35 mm) sizes 
Ahex wrench for depth guard adjustment 

Ventricular catheter 

Primed ventricular drainage collection system 


40.4 Procedure 


Pat 


2. 


3B 


wient preparation 


Patient is intubated and placed supine in neutral position 
with head of the bed elevated 30-45° 

Administer one dose of intravenous antibiotics that cov- 
crs skin flora 

Make precise measurement of where the hole and inci- 
sion will be made. Most commonly, EVDs are placed in 
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Lateral ventricles 
Anterior horn 


Interventicular 
foramen (connects 
fateral ventricle and 
3rd ventricle) 


Inferior 
own ‘Third ventricle 


Inferior 


Carebral aqueduct ie 


(connects 3rd and 


4th ventricle) Median aperture 
(apertures of Fourth venticle Lateral aperture 
‘th vantcle 
lead to 
subarachnoid Cental eanal of 
space) spinal cord 
Anterior view Loft lateral view 


Fig.40.1. Ventrices of the brain that contain CSF 


Table 40.1. Hunt and Hess scale For subaréchoid hemorrhage [1] 


Grade ‘Signs and sympioms 

L ‘Alert and oriented, mild headache, slight or no nuchal rigidity 

2 ‘Aler and oriented, moderate to severe headache, nuchal rigidity, no neurologic deficit 
3 Drowsiness, confusion, mild focal neurologic deficit, 


‘Stupor, moderate-severe hemiparesis 


‘Coma, decerebrate posturing 


the right frontal scalp, as this is the nondominant hemi- 14. Put on a new pair of sterile gloves (prior to handling 


sphere in >95 % of the population, ventriculostomy catheter). 

4. Using a sterile skin/surgical marker, draw a line 11 em 15. Remove ventricular tubing from sterile package. It has 
back from nasion and then a point 3 cm to the right of markings on it that are | em apart 
that, which corresponds tothe mid-pupillary ine. Thisis 16. Insert yentriculostomy catheter perpendicular to the 
called Kocher's point (Fig. 40.3). skull atthe point of insertion, Catheter is cimed at the 

5. Once Kocher's point is marked, shave skin and remove ipsilateral medial canthus of the eye (anteroposterior 
loose hairs s0 field is wide enough for subcutaneous plane) and tras of ear (lateral plane) 
catheter placement and tunneling. 17. Advance ventriculostomy tube 5-6 em with stylet from 

6. Prep area with povidone-iodine. outer skull table so it sits in the anterior horn of the 

7. Place sterile clear drape over fel, Iateral ventricle (Fig. 40.7) 

8. Prep area of incision once more. 18. Ensure ventriculostomy catheter is draining CSF. 

9. Infltrate scalp with 1-2 % lidocaine with epinephrine 19. Attach metal trocar to tip of ventriculostomy catheter 
(the epinephrine acts as ahemostaic agent, keeping sur- and tunnel the trocar and catheter under the galea 
gical field clean) (Fig. 40.4) approximately 3-5 cm to the right of the original 

10. Make a 2 cm linear stab incision and extend incision to incision, Bring trocar out through separate stab incision 
skull (Fig. 40.5). in scalp. 

11, Use eyebrow self-retsining rtractors to hold skin edges 20. Remove trocar, make sure ventrculostomy catheter is 
back. still ruining CSF. 

12, Drill burr hole with hand drill (Fig. 40.6) 21. Place temporary cap on ventriculostomy catheter to pre- 

15. Inrigate burr hole with sterile saline. vent overdrainage of CSF. 
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22. Close the original incision with either sutures or 
staples. 
23. Secure catheter to the scalp using staples. 


#11 scalpol blade: elongated 
triangular blade, sharpened 
along the hypotenuse edge, 
‘with a strong pointed tp 
‘making it ideal fr stab incisions 


£15 scalpal blade: small curved 
‘cutting edge with flat back, used 
for making short and precise 
incisions 


Fig. 40.2 (a) Surgical scalpel blades. (b) Self-reaining eyebrow 


(Adults) 11-12 em 
behind nasion 


em off midline 


Fig. 40.3 Kocher's point for 
frontal EVD placement 


22. 


Cover incision with sterile transparent dressing 
Suture stopcock to ventricular catheter to ensure it does 
not come off (take care not to make suture too tight or it 
will occlude ventriculostomy catheter). 
Remove blind end of stopcock, attach ventricular eathe- 
terto ventricular drain system once it is primed. 

Priming, setup, and maintenance of ventricular 
drainage system 
Prepare drainage system by priming system with sterile, 
preservative-free saline. 
Place zero point of drainage system at midbrain (level of 
patient's ear tragus) or above midbrain at 15-20 em of 
1,0 (target ICP set by neurointensivist and will change 
depending on patient's situation) (Fig. 40.8). 

Attach drainage tubing, 

Patients who require an EVD should be closely moni- 
tored by nurses trained and competent in assessment and 
management of the drain and in recognizing signs of 
increased ICP in the patient. 
‘Assessment of the drainage system should be done a 
minimum of every 4 h, which includes inspecting the 
EVD from the insertion site along the entire drainage 
system, checking for cracks in the system or fuid 
leaking from the insertion site [2]. 

Post-procedure 
Obtain CT scan of brain to verify placement (Fig. 40.9), 


Mid-pupilary tine 


Se) 


‘Aim catheter 
toward ipsilateral 
‘medial canthus 

and ipsilateral tragus 


+.em anterior 
te coronal suture 
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Fig. 40.4. Anesthetize skin 


Fig. 40.5. Make stab incision 


Fig.40.7 Advance venticulostomy catheter with stylet 


40.5 Complications 


‘+ Hemorrhage 
Infection: meningitis, ventriculitis 
+ Tract hematoma 

+ Migration/dislodgement 


40.6 Pearls and Pitfalls 


+ Pearls 
— EVD needs to be re-leveled every time the patient 
‘moves. Family and all visitors must be informed that 

‘any patient movement or change in elevation of head 
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Fig. 40.8 Zero point of drsinage 
system placed at midbrain (level Colleton system 
‘of patient's ear tages) 


Zerosing'is 
placed at 

the evel 
ofthe esr 


— Back arrow on chamber 
Indicates pressure level 
set by surgeon 


Collection 


Venticies ot Drain i 


the brain 


of bed will require re-leveling of EVD in order to 
censure itis a the appropriate level for CSF drainage. 
CSF collection chamber should remain upright to pre- 
vent reflux/leakage. 
EVD placement in the parieto-occipital scalp or fron- 
totemporal or trans-sylvian locations is generally not 
done at the bedside due to higher rate of complica- 
tions. This is performed in the operating room, 

+ Pitfalls 
Ifthe drain is leveled too low: CSF will drain too eas- 
ily, which can lead to re-rupture of an unrepaired rup- 


tured cerebral aneurysm or cause a subdural hematoma 
due to shearing of bridging veins. 

If the drain is leveled too high, CSF will not drain or 
will not drain at desired rate, leading to hydrocephalus. 
‘The ICP will need to be higher in order for the CSF to 
drain 
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Lumbar Puncture in Adults 


41 


Kevin Tench, L. Connor Nickels, and Rohit Pravin Patel 


41.1 Indications 
+ Diagnostic 
= Evaluation for the possibility of a central nervous sys- 
tem (CNS) infection: viral, bacterial, and fungal men- 
ingitis and encephalitis 
~ Evaluation for inflammatory processes; multiple scle- 
rosis, Guillain-Barré syndrome 
— Evaluation for spontaneous subarachnoid hemorrhage 
(SAH) 
~ Suspicion of CNS diseases: oncological and metabolic 
processes 
+ Therapeutic 
= Therapeutic reduction of cerebrospinal fluid (CSF) 
pressure 
= Procedures 
anesthesia 


requiring lower body analgesia or 

= Intrathecal antibiotic administration for some types of 
meningitis, 

= Chemotherapy and methotrexate for some forms of 
leukemia and lymphomas 


41.2. Contraindications 


+ Presence of infection in tissues at or around puncture site. 
+ Increased intracranial pressure (ICP) from a space- 
‘occupying lesion; patients with signs of cerebral herni 
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tion or with potential of increased ICP and focal 
neurological signs. 

+ Bleeding diathesis (thrombocytopenia, anticoagulant 
therapy, hemophilia); may increase risk of spinal hema- 
toma, but level of coagulopathy that increases risk is 
unclear, 


Patients with cardiorespiratory compromise may worsen 
‘owing to position, 


Patients with prior history of lumbar surgery, osteoarthri~ 
tis, ankylosing spondylitis, kyphoscoliosis, or degenerative 
disk disease might have more success if lumbar puncture is 
performed by an interventional radiologist using imaging 
techniques and should be considered. 


41.3. Materials and Medications 
(See Fig. 123.1) 


+ Spinal needte(s) with stylet 

~ Adults: 3.5-in, 20-gauge needle; obese may require 
5.(sin, 22- to 24-gauge needle 

~ Children: 2.5-in, 22-gauge needle 

— Infants: 1.5-in, 22-gauge needle 

+ Three-way stopcock (optional: drainage catheter) 

+ Manometer (optional: extension tube for higher opening 
pressures) 

+ Specimen tubes (# may vary, but in general labeled 1-4, 
important to obtain from 1, 2, 3, 4 owing to cell count 
obtained from tubes | and 3) 

+ Local anesthetic (lidocaine | or 2 %), -to 10-mL. syringe 
and needle (25-gauge) for local anesthesia 

+ Sterile drapes and gauze 

+ Mask, sterile gown, sterile gloves 


‘+ Antiseptic solution for skin preparation (Chloroprep or 
iodine) 
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41.4 Procedure 


1 


Positioning 

+ Determined by practitioner preference or patient 
capability 

+ Options: lateral recumbent position, upright si 
position (Fig. 41.1) 

+ Lateral recumbent position is preferred to obtain aceu- 
rate opening pressure and to reduce the risk of post- 
puncture headache, 

+ Both positions require the patient to arch the lower 
back toward the practitioner in order to open up the 
intervertebral spaces (obtain the “fetal position” or 
arch “like a cat") 

+ Shoulders and hips should remain aligned during 
process 

Landmarks 

+ Determined by palpation 

+ Draw a visual line between the superior aspects of the 
iliac crests that intersects the midline at the LA inter- 
space. The L3-4 and LA-S spaces are preferred 
because these points are below the termination of the 
spinal cord. 

+ Palpate the posterosuperior iliac crests with the mid- 
point of a visual line that connects the two crests rep- 
resenting the L4 spinous process. 

+ Palpate the space between the L3—4 or the L4-S spi- 
nous processes and mark where the needle will be 
placed. 

Ultrasound guidance (optional) 

+ Helpful in obese patients, patents with previous surg 
cal scarring, or anyone in whom palpation of the spi- 
nous processes is not easily done. 

+ Sonographic measurement of the dura mater 
strongly correlates with needle depth needed to 
obtain CSF. 

+ Identify the spinal process in the short and long axis to 
determine the midline and the interspinous space. 

+ Identify the interspinous ligament for estimation ofthe 
depth of needle insertion. 

‘Commonly only the spinous processes are well 
visualized, and the interspinous ligament, ligamentum 
flavum, and subarachnoid space are less clearly seen 

+ High-frequency (5-10 MHz) linear probe to best eval- 
uate anatomy. 

+ Armarking pen can be used to create a cross-hair-type 
figure (Fig. 41.1, 

+ After placing the patient as described, locate the mid- 
line at the lumbar spine in transverse and longitudinal 
orientations. 

+ Bright echogenic structures with shadowing posteri- 
orly identify the spinous processes. 


ing 


4. 


+ Transverse probe positioning tw identify midline 
(Fig. 41.2), and then longitudinal probe positioning to 
identify interspinous space (Fig. 41.3). 

Sterile preparation 

+ After positioning and palpating the appropriate land- 
‘marks, the practitioner should then dress in the appro 
priate protective gear: mask, gown, and sterile gloves, 

+ Afier dressing, the practitioner can then sterilely pre~ 
pare the patient. 

— Make sure the patient's back is completely exposed, 

= Clean the patient's back with an antiseptic solution 
(Chloroprep should be scrubbed in an up/down and 
side/side fashion; iodine in a circular motion starting 
from the center of the anticipated insertion point). 

— Apply sterile drapes with the puncture site exposed. 

This is an optimal time to make sure all equipment in 
a standard lumbar puncture tray connects properly and 
that the stopcock for opening pressure measurement is 
assembled. Make sure the stopcock is closed away from 
the patient so that CSF can flow from the patient to the 
‘manometer. Ifthe assembly is done, it will decrease the 
amount of CSF lost after the puncture. 

Local anesthesia 

= 1% Lidocaine or anesthetic cream topically before 
preparing skin 

~ For injection, form a skin wheal over the insertion site, 

= Inject into the deep tissues below the wheal in all 
directions while only breaking the skin once. 

= Systemic sedatives and analgesics may also be used. 

Needle insertion 

+ Needle should be inserted in the midline between the 
13-4 or the L4-5 spinous process, and the stylet 
should be firmly in place, 

+ Initially parallel to the bed, but once into the subcuta~ 
neous tissue, the needle should be angled toward the 
umbilicus (slightly cephalad, 15°) with the bevel fac~ 
ing upward (Fig. 41.4). This sagittal plane orientation 
spreads rather than cuts the fibers of the dural sac, 
‘which run parallel to the spinal axis. 

‘+ If properly positioned, the needle passes through the skin; 
subcutaneous tissue; supraspinous ligament; interspinous 
ligament between the spinous processes; ligamentum fla- 
vum; epidural space including the intemal vertebral 
venous plexus, dura, and arachnoid; into the subarachnoid 
space and between the nerve roots of the cauda equina. 

+ Inmost cases, a “pop” will be felt when the needle pen- 
trates the ligamentum flavum, entering into the sub- 
arachnoid space; then intermittent withdrawal should 
be done in 2-mm intervals to assess for CSF flow, 

+ If bone is encountered during insertion, the needle 
should be withdrawn partially without exiting the skin 
and readjusted to a different angle more cephalad 


“41 Lumbar Puncture in Adults 


1.2 Transverse view, white arrow indicates spinous proces 
Place in middle of ultrasound view to locate appropriate midline access 
point 


+ If the tap is traumatic, CSF may be blood tinged but 
should clear as more is collected. If it does not clear, it 
may indicate intracranial hemorrhage or subarachnoid 
blood, Also in traumatic patients, clotting will be seen 
in the tubes; clotting does not occur in SAH owing to 
defibrinated blood heing present in the CSF. Blood- 
tinged CSF can also be seen in herpes simplex virus 
(HSV) encephalitis 

+A dry tap is usually due to incorrect positioning and 
misdirection of needle, often due to a superior direc- 
tion of the needle with obstruction by the lamina or 
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Fig. 41.3 Longitudinal view of lumbar spine. Dhick white arrows ini 
cle vertebral shadows thin white arrow indicates supraspinous lig 
ment. Red arrow indicates tajectory of needle 


spinous process of the superior or inferior vertebra. If 
the needle is too lateral, an inferior or superior articu- 
lar process may be hit. 
If flow slows down, rotate the needle 90° because a 
nerve root may be obstructing the opening 
6. Opening pressure measurement 
‘+ Must be performed in the lateral recumbent position, 
Although there are some conversion formulas from 
the sitting position, these are not standard of care. 
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Fig.41.4 Angle of insertion of needle, cephalad with bevel up 


+ Once the needle is in the subarachnoid space and CSF 
is lowing from the needle, the three-way stopcock 
should be attached to the needle and the manometer 
should be attached to the stopcock to take a measure- 
‘ment, Use the flexible tube to connect the manometer 
to the hub of the needle. 
+ Note the height of fluid in the manometer after it stops 
rising (normal opening pressure, <20 cm Hg); it may 
be possible to see pulsations from cardiac or respira- 
tory motion. 
= Elevated CSF pressure is seen with meningeal 
inflammation, hydrocephalus, pseudotumor cere- 
bri, SAH, and CHF, 

~ Decreased CSF pressure is seen in leakage of CSF 
and severe dehydration. 

7. Collecting CSF fluid 

+ Collect at least 1-2 mL of CSF fluid in each tube, 
going from 1 to 4 and never aspirate because this can 
cause hemorrhage. 

+ After collecting the fluid, replace the stylet and remove 
the needle, clean the skin, and place a bandage over the 
puncture site. 

+ General recommendations 
~ Tube 1: glucose, protein, protein electrophoresis 
~ Tube 2: Gram stain, bacterial and viral cultures 
= Tube 3: cell count and differential 

‘+ When ruling out SAH, cell count should be performed 
in tubes 1 and 3 or | and 4 to differentiate between 
SAH and traumatic tap. 
= Tube 4: Any special tests: myelin basic proteins, 

lactate, pyruvate, and smear on cell concentrates all 
depend on suspicion, 


41.5 Complications 


‘+ Implantation of epidermoid tumors: from introducing 
skin plug into the subarachnoid space and can be avoided 
by using stylet when advancing, 

‘+ Postlumbar puncture headache: most common, occurring 
in 36.5 % of patients within 48 h 

‘+ CSF leak: causes headache when CSF leak through pune- 
ture site exceeds rate of production 

+ Bleeding: most common in patients with bleeding diathe- 
sis; may result in spinal cord compression 

+ Epidural hematoma 

+ Infection: local cellulitis, abscess (local or epidural), or 
meningitis 

‘+ Hemiation syndromes: high risk can be identified by 
computed tomography but may not completely identify 
all patients with increased ICP 

+ Backache: local or referred pain 

+ Cardiorespiratory compromise 


41.6 Pearls and Pitfalls 


+ Pearls 
~ Positioning the patient is key to a successful procedure. 
= In adulis the spinal cord may terminate higher than 

previously thought and it may be okay to go one inter- 
space higher than recommended; but in infants owing, 
to the differential in longitudinal growth of the spinal 
canal and cord, the spinal cord usually ends in L3. So 
in children the tap must go L4-S or LS-SL. 

— Always keep the stylet in place until after the skin bar- 
rier is penetrated because this will avoid introduction 
of epidermoid tissue. 

+ Pitfalls 
— Postspinal headaches can be avoided with smaller nee- 

des and intravenous (IV) fluids. 

+ Having the patient lie on the back for 1 h after the 
procedure has no change in incidence of headache. 

+ Treatment consists of IV fluids initially, then caf- 
feine, and, ultimately, if the headache persists, a 
blood patch, 
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How to Use it 


is close to the supply voltage, This is often re- 
ferredtoasan RC (resistor-capacitor) networkand 
is discussed in greater detail in the capacitor 
section of this encyclopedia, 


é 


Figure 10-39. In. an RC (resistor-capacitar) network, a re 
sistor limits the rate of ncrease in potential af the capaci 
tor, measured at A, when the switch is clased. 


Voltage Divider 

Two resistors may be used to createa voltage di- 
vider (see Figure 10-20). If, is the supply volt- 
age, the output voltage, Vay, measured at point 
{Ais found by the formula: 


Vout = Vin ¥ (RZ / (RL + R2)) 


In reality, the actual value of Vay is likely to be 
affected by how heavily the output is loaded, 


If the output node has a high impedance, such 
as the input toa logic chip or comparator, it will 
be more susceptible to electrical noise, and 
lower-value resistors may be needed in the volt- 
age divider tomaintaina higher current flow and 
maintain stability in the attached device, 


Resistors in Series 

If resistors in series have values R1, R2, R3... the 
total resistance, R, is found by summing the in- 
dividual resistances: 


power > moderation > resistor 


RL 


Figure 10-20. In a DC circuit, a pair of resistors may be 
placed in series to function as a voltage divider. The vat 
‘age measured at A will be lower than the supply voltage, 
but above graund potential 


R=RL+R2+R3... 


The current through each of the resistors will be 
the same, whereas the voltage across each of 
them will vary proportionately with its resist- 
ance. If the supply voltage across the series of 
resistors is VS, and the total of all the resistor val- 
tues is RT, and the resistance of one resistor is R1, 
the voltage across that resistor, V1, will be given 
by the formula: 


Vi = VS * (RI / RT) 


Resistors in Parallel 

Where two or more resistors (R1, R2, R3...) are 
wired in parallel, their total resistance, R, is found 
from the formula: 


a/R = (4A) + (-4/R2) + (1/R3). . 


Suppose that R1, R2, R3....all have the same i 
dividual resistance, represented by RI, and the 
number of resistorsis N. Their total resistance, RT, 
when wired in parallel, will be: 


RT = RI /N 
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Reflex Eye Movements (Doll’s Eyes 


and Caloric Testing) 


42 


Thomas T. Nguyen, Tina Dulani, and Sadia Akhtar 


42.1 Doll's Eyes (Oculocephalic 2 
Reflex Testing) 

3. 

42.1.1 Indications: Doll's Eyes 4 


+ To assess brain stem function of a comatose patient 
+ To assess cerebral function in a comatose patient if brain- 
stem function is intact 


42.1.2 Cont 


ions: Doll's Eyes 


+ Absolute 
= Occult cervical spine injury; rule out radiographically 
and clinically 
 Basilar skull fracture 
+ Relative 
= Rheumatoid arthritis; increased risk of atlantoaxial 
subluxation resulting in spinal cord compression 
= Osteoporosis; increased risk of cervical spine injury 
= Cervical spine ankylosis; increased risk of cervical 
spine injury 


42.1.3 Procedure: Doll's Eyes (Fig. 42.1) 


1, Stand at the head of bed and grasp the patient's head with 
both hands. 
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Use the thumbs of both of hands to open the patient's 

eyelids, 

Rapidly move the patient's head to one side and hold, 

Simultaneously observe for the presence or absence of 

horizontal movements, 

(a) Head movement to one side should result in conju- 
gate eye movement to the opposite side and then in 
spontaneous return of the eyes to the midline (normal 
test), 

(b) Normal oculocephalic reflex is the observation of 

conjugate eye movements to the opposite side of head. 

turning. This indicates a functionally intact brainstem, 
in a comatose patient. 

Abnormal oculocephalic reflex: incomplete or absent 

horizontal eye movements. The eyes remain in the 

midline. This indicates impairment of the brainstem; 
caloric testing should be done if not contraindicated. 

A partially abnormal aculocephalic reflex: conjugate 

eye movement opposite to head turning but does not 

return to the midline means the brainstem is intact but 
cerebrum function is not 

Repeat by rotating the head to the opposite side. 

Vertical oculocephalic response can be tested by moving 

the patient's head up and down. A compensatory vertical 

eye movement should be observed. 

(a) This testis useful only if the horizontal oculocephalic 
reflex is negative. An intact vertical oculocephalic 
reflex with a negative horizontal oculocephalic reflex 
suggests a pontine lesion. 

Document the observations. 
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42.1.4 Pearls and Pitfalls: Doll's Eyes 


Oculocephalic reflex may not be present in the first 10 
day's of life and is unreliable until 2 years of age. 

Do not attempt the doll’s eye maneuver in patients with 
cervical spinal injures. 
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Fig. 42.1. The oculocephalic (doll’s eyes) reflex in a patent with an eyes will spontancously return to the midline, () Then rotate the head 
ict brainstem. (a) Start with the head facing upright and grasp as 180° 1 the left and dhe eyes should deviate to the right (opposite sie). 
‘depicted using both thumbs to keep the eyes open. (b) Rotate the head (e) The eyes will spontaneously return to the midline 

90" tothe right and the eyes deviate to the left (opposite side. (e) The 
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+ The doll’s eye reflex can be absent or partial in patients 
with ocular muscle nerve palsy (e.g, cranial nerve [CN] 6). 

+ Make sure the patient does not have a neuromuscular 
blockade agent or other toxins present. 

+ A conscious person can suppress the doll’'s eye or oculo- 
cephalic reflex. 


42.2 Caloric Reflex Testing 
(Vestibuloocular Reflex) 


42.2.1 Indications: Caloric Reflex Testing 


+ In any comatose patient with abnormal doll’s eye or if it 
cannot be performed 

+ To assess brainstem function of a comatose patient 

+ Toassess asymmetrical function in the peripheral vestibu- 
lar system 


+ Absolute 
~ Perforated tympanic membrane 
Presence of tympanastomy tubes 
Basilar skull fracture, petrous bone fracture 
Suspicion of cerebrospinal fluid (CSF) otorrhea 


42.2.3 Materials and Medications: Caloric 
Reflex Testing 


+ Otoscope 
+ 60-mL syringe 

+ 16-to 18-gauge angiocatheter 
+ Thermometer 

+ Ice-cold water (30-33 °C) 

+ Warm water (44 °C) 

+ Emesis basin (to collect water) 
+ Towels or Chus 


42.2.4 Procedure: Caloric Reflex Testing 
(Fig. 42.2) 


1, Place the patient supine and elevate the head to 30° to 
bring the lateral semicircular canal into the upright 
position, 

(2) Careful otoscopic examination should be done before 
caloric testing to make sure there are no 
contraindications, 


(b) Remove any cerumen from the external auditory 
canal (EAC); the irrigation fluid should be able to 
reach the tympanic membrane. 

Get a 60-mL syringe with an 18-gauge angiocatheter. 

Remove the plastic angiocatheter from the needle and dis- 

card the needle. 

3. Place the angiocatheter on the 60-mL syringe and fill it 
with ice water (30 °C), 

4. Place the angiocatheter in the EAC and squirt the water in 
over a period of 30-40 s. The water should freely enter 
and exit the auditory canal, 

(@) The stimulus depends upon the temperature of the 

water and not on water pressure, 

(b) Reflex horizontal movements may be delayed for up 

to 1 min after irrigation of the EAC. 

5. Observe: Have an assistant hold the eyelids open with the 
head still and facing forward, 

(a) Normal test: Cold water induces slight deviation of 
the eyes to the side being irrigated followed by a 
latent period of approximately 20 s and then nystag- 
‘mus to the opposite side (direction of the fast phase). 
Abnormal test: Eyes do not deviate; this implies 
brainstem problems 
(©) The quick phase may return in patients in a persistent 

vegetative state. Search for the slow, full eye devia- 

tion in response to caloric stimulation and not nystag- 


) 


‘mus when assessing a comatose patient. 
6, Pause at least § min so the auditory canal can warm up. 

(a) The same EAC can be irrigated with warm water if 

the contralateral side cannot be tested for any reason. 
7. Repeat steps 3-5 in the opposite ear 

(@) Warm water testing can be used if there is no response 
to cold water testing. Use warm water (44 °C) and. 
repeat testing, starting with one ear and then, after 
5 min, with the other ear. 

(b) Warm water induces nystagmus to the same side 

(direction of the fast phase). 

(©) COWS: Cold opposite, warm same (referring to the 
compensatory fast phase of eye movement, the 
nystagmus), 

8. Dry the patient off and reexamine the tympanic mem- 
branes to assess for testing-related injury. 


42.2.5 Com 


ions: Caloric Reflex Testing 


‘+ If contraindications are excluded, no significant compli- 
cations are expected, 

‘+ Tympanic membrane injury or EAC injury can occur 
from the angiocatheter, forceful irrigation, or injury dur- 
ing cerumen removal. 

+ Potential complications from caloric testing include men- 
ingitis, otitis media, and vomiting, 
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Fig.42.2 Depiction of the 
vestibuloocular reflexes with 
unilateral cold-water irrigation 


Calorie response 


‘Normal, awake patient 
(Fast phase nystagmus 


(Slow phase nystagmus 
—_—_> 


Conjugate deviation 


Disconjugate deviation 


Unresponsive 


Unilateral cold water irigation. 


Right car 


Lett ear 
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42.2.6 Pearls and Pitfall 
Testing 


Caloric Reflex 


+ A positive response to caloric testing indicates intact 
brainstem function, 

+ Iman awake patient, excessive reflex vagal activity may 
‘occur (ie., nausea, vomiting, dizziness), 

+ Absence of horizontal eye movement means comatose 
brainstem injury. 

+ Disconjugate or impaired reflex horizontal eye move- 
ments indicate impaired brainstem function at or below 
the level of the oculomotor nucleus. 

+ A comatose patient with intact full-reflex horizontal eye 
movements indicates that the lesion causing coma is in 
the cerebral hemisphere, 
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Dix-Hallpike Maneuver 


43 


Rui Domingues and Muhammad Waseem 


‘The Dix-Hallpike maneuver, also termed the “head-hanging 
positioning maneuver,” is helpful in confirming the clinical 
suspicion of benign paroxysmal positional vertigo (BPPV) 
‘This maneuver provokes abnormal nystagmus, which is 
characteristic feature of BPPV. 


43.1 Indications 
+ BPPV is one of the most common types of vertigo. 
= The pathophysiology of BPPY, in brief, is believed to 
be due to free-moving densities (canaliths/otoliths) in 
the posterior semicircular canal; with head movement, 
the particles would alter the flow of the endolymph and 
cause the stimulation of the ampulla. The particles in 
the canal cause slow or even reversal of the movement 
of the cupula and create signals that do not correlate 
with the actual head movements, therefore causing the 
sensation of nystagmus. 

= This maneuver locates the cause of vertigo as either 
the inner ear or the brain; if the problem is in the ear, 
this maneuver helps localize which ear is affected. 

+ This maneuver is indicated for patients presenting with 
vertigo, which is evoked by a change in position and has 
no symptoms at rest 

+ This maneuver is inexpensive, easily done, and part of the 
physical examination when a patient presents with the 
complaint of dizziness or vertigo. 
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43.2 Contraindications 


+ Severe cervical spine disease, 

+ Unstable spinal injury. 

+ High-grade carotid stenosis. 

+ Unstable heart disease. 

‘+ Elderly patients may not tolerate this maneuver. 

+ There is no need to perform this test in the presence of 
nystagmus at rest. 


43.3. Materials 


+ Examination table 

+ Flat cushion 

+ Frenzel goggles: These high-powered (+20 diopters) 
‘magnifying glasses can be placed on a patient during the 
performance of the maneuver and have shown to increase 
the sensitivity of the Dix-Hallpike mancuver by prevent- 
ing the patient from visually fixating on an object, thereby 
preventing suppression of nystagmus, They are not 
required to perform the maneuver; they usually are used. 
by specialists. 


43.4 Procedure (Fig. 43.1) 


1, Have the patient sit at the edge of a bed. The patient is 
instructed to maintain eye contact with the physician 
throughout the maneuver. 

2. With the patient seated, the examiner will extend the 
neck, approximately 20°, and turn the head to one side, 
approximately 30-45°, 

3. The examiner then assists the patient by lowering the 
patient quickly into a supine position, so that the head 
hhangs over the edge of the bed or table, with the neck in a 
hyperextended position. A flat cushion can be placed 


257 


1 Ganti (ed), Alas of Emergency Medicine Procedures, DOL 10.1007/978-1-4939-2507-0_43 


258 


Domingues and M, Waseem 


Fig.43.1 (a) With the patient seated, the doctor will extend the neck, 
approximately 20°, and turm the head to one side, approximately 
30-45. (b) The physician then assists the patient by lowering the 
patient quickly into a supine position, so that the head hangs over the 
‘edge of the bed or table, with the neck ina hyperextended postion 


beneath the person's back in the shoulder blade area to 
assist with obtaining head extension, 
4, This position is held, and the examiner observes for nys- 
tagmus for up to 60 s, 
(a) Nystagmus is a rapid, rhythmic movement of the eyes 
and usually appears after a brief period and lasts less 
than 30's 
(b) The direction of the nystagmus is usually up and 
twisted; therefore, the eyes will beat toward the 
‘ground. 


(©) If the patient becomes dizzy or the doctor sees nys- 
tagmus, the testis positive for the ear that is pointed 
to the floor, 

'5. The patient is then returned to the upright position and is 

again observed for nystagmus for 30. 
6. If nystagmus is not provoked, the maneuver is repeated 
‘with the head tured to the apposite direction, 
7. If nystagmus is provoked, the patient should have the 
‘maneuver repeated to the same side. 
(a) With each repetition, the intensity and duration of 
nystagmus should decrease. 


43.5 Complications 


+ Vertigo 
+ Nausea 


43.6 Pearls and Pitfalls 


+ The maneuver can be uncomfortable to the patient 
because it can cause vertigo and nausea. 
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Epley Maneuver for Vertigo (Particle 
ning or Canalith Repositioning 


Reposi 
Procedure) 


4A, 


Rui Domingues and Muhammad Waseem 


During the Dix-Hallpike test (see Chap. 43), the particles 
move in the canal and trigger a burst of upbeat-torsional nys- 
tagmus. The Epley maneuver causes resolution of positional 
nystagmus. This maneuver is effective in about 80 % of 
patients with benign paroxysmal positional vertigo (BPPV) 


44.1 Indications 


+ Performed to alleviate the symptoms of posterior canal 
BPPY 


44.2. Contraindications 


‘+ Back or spine injuries or other problems 
+ Presence of detached retina 


44.3 Materials 


+ Pillow or pad 
+ Padded table or bed 


44.4 Procedure (Fig. 44.1) 


1, The patient is positioned on the bed with the head slightly 
extended and tuned 45° to the affected side; hold this, 
position for 60s. 
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‘+ The patient may hold the physician's arm for support. 

‘The patient is then assisted by the physician to a supine 

position, with the head in extension, with a pillow or pad 

placed at the shoulder level allowing for extension; this 
position is held for a 60s. This position will likely pro- 
voke transient dizziness and vertigo, 

‘The head is then turned 90° to the opposite side; this posi- 

tion is held for 60 s. This position will likely provoke 

transient dizziness and vertigo. 

‘The head is then turned through a further 90° while the 

patient rolls onto the unaffected side; this position is held 

for 60, 

‘The patient then sits up slowly, by rolling up from lying 

oon the unaffected side: this position is held for 60 s. 

‘The patient should wait for 10-15 min before discharge. 

Discharge instructions are then provided. Home 

instructions: 

+ Instruct the patient to sleep in a semi-recumbent posi- 
tion for the next two nights; the patient should sleep 
ata 45° angle, which is most easily done by sleeping 
in a recliner or with several pillows arranged on a 
couch, 

+ Sleep on the nonaffected side. 

+ During the day, try to keep the head in a vertical pos 
tion; no sudden head movements to the right, left, up, 
or down, 

‘+ When men shave under their chins, they should bend 
their bodies forward in order to keep their heads 
vertical 

+ Do not go to the hairdresser or dentist because these 
require head movements. 

+ Care should be taken when putting in eye drops 
because it requires head extension, 

‘+ No vacuuming or mopping the floor. 

‘+ Try not to wear clothing that needs to be pulled over 
the head, Try to avoid bending dawn to tie shoes. 
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Fig.44.1. (a) Patient seated on the tble.(b) Patient in supine postion, 
With the head tuned 45° tothe affected side. (e) Head then turned to the 
unaffected side (45°). (@) Head turned additional 90° on the unaffected 
side, D direction of view of labyrinth 
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44.5 Complications 


‘When performing the previous maneuver, caution is advised 
should neurological symptoms occur. Occasionally such 
symptoms are caused by compression of the vertebral arter- 
ies; if it persists for a long period of time, a stroke can 
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+ Pearls 
= This maneuver should initially be performed by a 
trained therapist or medical physician. 
~ Ibis best to perform the Epley maneuver before going 
to bed at night. 
+ Pitfalls 
— The patient should not drive herself or himself home 
after the procedure, 
— Avoid rapid changes in head position that might pro- 
vvoke BPPV, 
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45.1 Indications 


+ Deep coma without any identifiable reversible causes 
‘+ Suspected brain death in a mechanically ventilated patient 


45.2 Contraindications 


‘+ Metabolic derangements 
+ Acid-base disorders 

+ Electrolyte abnormalities sufficient to cause the coma 
+ Profound hypotension 

‘+ Hypothermia (core body temperature <36°C) 

+ Drug overdose or toxic exposure 

+ Locked-in syndrome 
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45.3. Materials and Medications 


+ A bright light 
‘+ Intravenous (IV) catheter 

+ 30-mL syringe 

+ 50-mL of ice water 

+ Endotracheal suction catheter 

+ Long swab or tongue depressor 
+ Gauze 4x4 or saline eye drops 


45.4 Procedure 


1, Evaluate the motor response to pain. 

+ Apply pressure to the supraorbital nerve and nail beds 
No motor response is consistent with brain death 
(Figs. 45.1 and 45.2). 

2. Test for the absence of brainstem function, 

+ Check pupillary response to bright light. 

‘+ Check the oculocephalic reflex. With the eyelids held 
open, quickly tum the head to the side. The normal 
response is for the eyes to move in the opposite direc 
tion, maintaining the focus forward. Failure of the eyes 
to deviate during head rotation is consistent with brain 
death (Fig. 45.3). 

+ Check the oculovestibular reflex with cold caloric test- 
ing. Elevate the head of the bed to 30°, Attach an IV 
catheter to the tip of a 30-mL syringe. Inject 50 mL of 
cold water into the external ear canal. Observe the 
pupils for 1 min for deviation toward the ear with the 
cold stimulus. Wait 5 min before testing the other side. 
No deviation of the pupils is consistent with brain 
death (Figs. 45.4 and 45.5). 

+ Check for bulbar paralysis 
— Check for a cough response to bronchial suctioning. 
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power> moderation > resistor 
If each resistor has an equal resistance and also 
has an equal individual rating in watts (repre- 
sented by Wi), the total wattage (WT) that they 
can handle when wired in parallel to share the 
power will be: 


wr +N 


Therefore, if an application requires high- 
wattage resistors, multiple lower-wattage, 
higher-value resistors may be substituted if they 
are wired in parallel—and may even be cheaper 
than a single high-wattage wire-wound resistor. 
For example, if a SW, 500 resistor is specified, 10 
resistors can be substituted, each rated at 0.5W 
and 5000. Bear in mind that if they are tightly 
bundled, this will interfere with heat dissipation. 


What Can Go Wrong 


Heat 

Resistorsare probably the mast robust ofall elec- 
tronic components, with high reliability and a 
long life. It is difficult to damage a resistor by 
overheating it with a soldering iron. 


‘The wattage rating of a resistor does not neces- 
sarily mean that it should be used to dissipate 
that amount of power on a constant basis. Small 
resistors (1/4 watt or less) can overheat just as 
easily as big ones. Generally speaking, it is safe 
practice not to exceed 75% of a resistor's power 
rating on a constant basis. 


Overheating is predictably more ofa problem for 
power resistors, where provision must be made 
for heat dissipation. Issues such as component 
crowding should be considered when deciding 
how big a heat sink to use and how much venti- 
lation, Some power resistors may function relia- 
bly at temperatures as high as 250 degrees Cen- 
tigrade, but components near them are likely to 
be less tolerant and plastic enclosures may soft- 
en or met 


Noise 


The electrical noise introduced by a resistor ina 
Circuit will vary according to the composition of 


the resistor, but for any given component, it will 
be proportional to voltage and current. Low- 
noise circuits (such as those at the input stage of 
a high-gain amplifier) should use low-wattage 
resistors at a low voltage where possible. 


Inductance 

The coiled wire of a wire-wound resistor will be 
significantly inductive at low frequencies. This is 
known as parasitic inductance. It will also have a 
resonant frequency. This type of resistor is un- 
suitable for applications where frequency ex- 
ceeds SOKHz. 


Inaccuracy 
When using resistors with 10% tolerance, impre- 
cise values may cause greater problems in some 
applications than in others. In a voltage divider, 
for instance, if one resistor happens to be at the 
high end of its tolerance range while the other 
happens to be at the low end, the voltage ob- 
tained atthe intersection of the resistors will vary 
from its expected value. Using the schematic 
shown in Figure 10-20, fR1 is rated for 1K and R2 
is rated for 5K, and the power supply is rated at 
12VDC, the voltage at point A should be: 


vea*((5/ (S+1)) = 10 


However, if R1 has an actual value of 1.1K and R2 
has an actual value of 4.5K, the actual voltage 
obtained at point A will be: 


Vs42* (C45 / (4.5 + 1.1)) = 9.6 


If the resistors are at opposite ends of their re- 
spective tolerance ranges, so that RI has an ac- 
tual value of 9000 while the lower resistor hasan 
actual value of 5.5K, the actual voltage obtained 
will be: 


v=12* (( 5.5 / (5.5 + 0.9)) = 10.3 


The situation becomes worse if the two resistors 
are chosen to be of equal value, to provide half 
of the supply voltage (6 volts, in this example) at 
theirintersection. ftwo5Krresistorsare used, and 
theupperoneisactually 4.5K while the lower one 
is 5.5K, the actual voltage will be: 
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— Stimulate the posterior pharynx witha long swab or 
tongue depressor and observe for a gag. 

~ Check the comeal reflex by lightly touching the 
comea with acotton swab, comer of gauze, or drops 
of sterile saline and observe for blinking ofthe eye- 
lids (Fig. 45.6) 


3. Check for respiratory effort by performing an apnea test, 
Before starting the apnea test, the following conditions 
must be met: 

(a) The patient must not be hypothermic, The core tem- 


perature must be greater than 36°C. 


(b) The patient must be hemodynamically stable with a 


systolic blood pressure greater than 90 mmHg. 


(©) The arterial blood gas (ABG) must demonstrate a 


normal arterial partial pressure of carbon dioxide 

(PsCO:). The arterial partial pressure of oxygen 

(PaO.) may be elevated with preoxygenation to mini- 

mize the risk of hypoxemia prematurely ending the 

examination, 

‘+ Monitor the patient with a pulse oximeter, 

+ Disconnect the ventilator and deliver oxygen at 
6 Limin by cannula into the endotracheal tube. 

+ Alternately the patient can remain connected to 
the ventilator with no applied support, which 
allows for an in-line negative pressure monitor to 
be attached to the circuit, Note: Most ventilators 
are too sensitive to be used as the sole method of 
sensing respiratory effort as they can produce 
false-negative results 

‘+ Watch the chest and abdomen for respiratory 
motion, or monitor for negative inspiratory force 
‘on the pressure gauge. Check an ABG every 
10 min and when the test ends. 

+ Ifthe PaCO; increases by 20 mmlg or the PaCt 
is greater than 60 mmHg and there was no respira- 
tory effort, the testis consistent with brain death. 


+ The test must be aborted and the patient recon- 
nected to mechanical yentilation if the patient 
becomes hypotensive, desaturates, or develops 
cardiac arrhythmias, 

+ If there is respiratory effort, the patient must be 
reconnected to mechanical ventilation (Figs. 45.7 
and 45.8) 


Supra rdge 


Normal postion ot 
‘ars against head 


‘nt 


Fig. 45.1. Motor response to pain 1. Temporomandibular joint and 
supraorbitl ridge test supraoeital nerve function 
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Fig. 45.2 Motor response 10 
pain 2: Firm pressure can be 
applied to the nal beds with a 
penlightor similar instrument 
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| Normal reaction: Eyes move side to side when head is tumed 


b Abnormal reaction: Eyes remain in fhted position in skull when head is turned 


Fig. 45.3. (a, b) Oculocephalic reflex or “Doll's eyes.” Movement of the eyes away from the direction of head turing (i.e. 0 keep the gaze for- 
ward) indicates intact functioning 
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Fig. 45.4 Preparation of cold saline for testing of the oculovestibular 
reflex or “cold calories" 


‘a Normal calorie: Eyes 'b Abnormal caloric: 
vite to side of ee eyes do not deviate 
water appeation 


Fig. 45.5. (a,b) Oculovestibolar reflex Intact functioning is demonstrated by deviation of the gaze toward the side being tested 
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Fig.45.6. Use of cation hal or unwound tip of a colton swab fortest- Fig. 45.8. Ventilator waveform in a patient without spontancous respi- 


ing of the comeal reflex. A piece of sterile gauze ("4x4") is also com- rations during the apnea test 
monly used 


Fig. 45.7. Ventilator waveform before ypmes test 


45 Clinical Brain Death Examination in Adults 
45.5 Pearls and Pitfalls 


+ Pearls 
‘The clinical examination should be performed by 
someone with experience or training in brain death 
examinations, Local regulations as well as hospital 
policies should be reviewed in order to determine the 
requirements for brain death. Some locales require a 
repeat examination by a different practitioner, 

‘A patient with a cervical spine injury causing quadri 
plegia may not feel nail bed pressure and may be unable 
to respond to pain with more than facial movements, 

+ Pitfalls 
Pupillary constriction less than 3 mm is not consistent 
with brain death, 

Do not test oculocephalic reflex (doll’s eyes) on 
patients who may have a cervical spinal cord injury 
from trauma, 


Do not test the aculovestibular reflex with cold caloric 
testing in patients with a ruptured tympanic membrane. 
A large number of patients may demonstrate spinal 
reflex movements during brain death, These reflexes 
may be triggered by touch, noxious stimuli, or removal 
of the ventilator. These movements can include plantar 
Alexion, upper extremity posturing, eye opening, and 
the “Lazarus sign” (the arms raise off the bed and 
cross). Although the: 
ing to the health care 


e movements can be disconcert 
‘eam and family, they do not pre 
clude a diagnosis of brain death, 


45.6 Controvers 


+ Repeat examinations 
‘The American Academy of Neurology guidelines ree- 
‘ommend repeating the brain death examination at 6 h. 
‘The guidelines acknowledge that this is an arbitrary 
interval. Recent evident sts that the second 
examination may be unnect 
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+ Confirmatory Testing 
Confirmatory testing is an option if specific elements 
of the clinical examination cannot be performed. For 
example, a trauma patient with suspected cervical spi 
nal cord injuries precluding the oculocephalic reflex 
test would be a candidate for confirmatory testing. 
Conventional cerebral angiography will demonstrate 
no filling beyond the carotid bifurcation or within the 
circle of Willis. Electroencephalography demonstrates 

activity. Transcranial Doppler ultrasonog 

raphy will demonstrate vascular resistance associated 
with elevated intracranial pressure. Technetium-99m 
hexamethylpropylene-amine oxime brain scans dem: 

‘onstrate the “hollow skull” sign or no uptake of isotope 

in the brain (Fig. 45.9). 

‘Newer modalities of confirmatory testing include com. 

puted tomography (CT) angiography and magnetic reso- 

nance imaging/magnetic resonance angiography (MRU 

MRA). These tests are being used in some hospitals; 

however, the recent review by the American Academy of 

Neurology finds evidence insufficient to recommend 

using these newer modalities to confirm brain death 


no electri 


Fig.45.9. “Empty skull sign” on nuclear medicine Bow stady confirms 
Prin death 
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Ophthalmic Procedures 


Slit Lamp Examination 


Bobby K. Desai 


46.1 Indications 


+ Aslit lamp magnifies structures of the eye (Fig. 46.1). 

+ Gives the operator a three-dimensional view of the area 
visualized. 

+ Used to delineate abnormalities that cannot be visualized 
by other means. 

‘+ Helpful in foreign body removal. 
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46.2 Contraindications 


‘+ Not to be used in patients who cannot tolerate an upright 
posture (e.g., trauma patients). 
~~ In these cases if'a slit lamp examination is required, a 
portable slit lamp may be beneficial (Fig. 46.2). 


Fig. 46.1. A basic slit amp 


Fig. 46.2 A portable sit lamp 


wat Can Ga Wrong 


Vz 12 * (( 5.5 / (4.5 + 5.5)) = 6.6 


Whether this variation is significant will depend 
on the particular circuit in which the voltage di- 
vider is being used. 


Common through-hole resistors may occasion- 
ally turn out to have values that are outside their 
specified tolerance range, as a result of poor 
manufacturing processes. Checking each resis- 
tor with a meter before placing it in a circuit 
should bea standard procedure, 


When measuring the voltage drop introduced by 
a resistor in an active circuit, the meter has its 
own internal resistance that will take a propor- 
tion of the current. This is known as meter /oad- 
ing and will resultin an artificially low reading for 


power > moderation > resistor 


the potential difference between the ends of a 
resistor. This problem becomes significant only 
when dealing with resistors that havea high val- 
Ue (such as 1M), comparable with the internal 
resistance of the meter (likely tobe 10M ormore). 


Wrong Values 
When resistors are sorted into small bins by the 
User, errors may be made, and different values 
may be mixed together. Thisis another reason for 
checking the values of components before using 
them, Identification errors may be nontrivial and 
easily overlooked: the visible difference between 
aT megohm resistor and a 1000 resistor is just 
one thin color band. 
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46 Slit Lamp Examination 2a 


46.3 Materials 


+ The slit lamp is an eye-specific binocular stereoscope spe- 
cifically designed to examine the eye and its structures 
and gives the practitioner a three-dimensional assessment 
of the eye. 

+ The operator has full movement of the microscope in all 
directions and the apparatus can be locked in place if 
required. 

+ Its light source can be manipulated to change the charac 
teristics of the beam from its intensity to the angle at 
which it projects (Fig. 46.3). 

‘A low-power setting is typically used for normal 
examination, 


Fig. 46.4 Example of comeal abrasion scen witha cobalt blue filler 


A higher-intensity beam is used when evaluating the — (wius kind permission from Springer Science + Business Mei: Dis S, 

anterior chamber with a narrow slit beam. Chota A, Sibson GR, Taylor HR. Capsicum spray injury ofthe eye 
+ Ithas colored filters typically built within the slit Lamp. _fntermatonal Opuhalmology. 2008;2664-8):171-3) 

Cobalt blue: Used with fluorescein dye to evaluate for 

corneal abrasions (Fig. 46.4) and avulsions; the dye 

‘will collect where the corneal epithelium is absent, It 

results in a yellow glow oF hue visible through the 

microscope. 

Green filter: Used to increase contrast of blood vessels 

‘They appear black and the filter is useful fr the assess- 

‘ment of hemorrhage 
+ The operator is able to adjust the magnification of the 

microscopie typically through dial controls, 

Low magnifications are most helpful for general 

examination 

Higher magnifications are used for examination of a 

particular area in fine detail 


Fig. 46.3.‘The slit amp beam and the reflstion of the beam 


mm 
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46.4 Procedure 


1. As part of a complete eye examination, informed con- 

sent is not generally required. 

2. An explanation of the procedure and reassurance are 
helpful 

3. Lock the slit lamp before positioning the patient because 
unintended movement may inadvertently damage the 
‘equipment or cause injury to the operator or patient. 

4. The apparatus has a chin and a head rest. Ask the patient 
to place the chin and forehead in the respective areas 
(Fig. 46.5). 

5. Adjust the height of the apparatus and the patient's chair 
for optimum comfort (Figs. 46.6 and 46.7). It may be nec~ 
essary for children to stand during the examination. 

6. The patient may place his or her hands on the sides of 
the table that the lamp is mounted on; this ensures stabil- 
ity of both the lamp and the patient. 


Fig. 46.5. Appropriate 
Positioning fr sit lamp 


10. 


im 


Adjust the eyepieces of the microscope to fit the 

operator. 

‘Tum on the slit lamp at its lowest setting to avoid a sud- 

den power surge that could potentially damage the bulb. 

Move the stage forward and narrow the beam and angle 

it at 45° to the patient, Aim the beam laterally 0 as not 

to cause the patient discomfort. 

Focus the heam by manipulating the joystick to move 

the apparatus forward and backward so that the beam is, 

clearly visible and its lines are sharp. 

For each area of the eye to be examined, inspect the area 

thoroughly using the joystick to slowly manipulate the 

slit lamp across the eye in all directions, using the height 
adjustment of the joystick to slightly raise and lower the 
slit lamp as needed. 

+ The operator may find that the slit lamp may move 
too freely; in that case she or he may find slightly 
tightening the locking nut of the C-arm may provide 
better and more precise control 
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Fig. 46.6 ‘The slit lamp is too 
high 


Fig. 46.7. ‘The slit lamp is too 
low 
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46.5 Complications ‘This stream will fluoresce green or blue in distinction 
to the rest of the globe, which appears orange. 
‘There are no complications following routine slit lamp + The choice of solution to wet fluorescein strip is up to the 
examination. clinician because saline, tap water, or the recently used 
‘anesthetic solution may be used safely, 
+ Place the now-wet orange end on the lower lid of the 
patient’s eye. 


46.6 Pitfalls + Ask the patient to blink several times to allow the solution 
to spread evenly. 
+ Ensure a working bulb, + The clinician may use a Wood!’s lamp, penlight, or the 
+ Appropriately set the microscope’s oculars for the opera- cobalt blue filter on the slit lamp to examine the now- 
tor's pupillary distance stained eye 
+ Ensure all dials and knobs are firmly set. ‘The slit lamp is preferable owing to the potential for 
+ Inadequate focusing missing small abrasions 


‘+ Patient noncompliance 


46.7 Fluorescein Testing 
46.7.1 Indications and Uses 


‘+ Examination of the comea under a cobalt blue filter on a 
slit lamp or Wood's lamp: The chemical fluoresces under 
blue light and appears green under these circumstances. 

+ Useful for detecting corneal abrasions, comeal foreign 
bodies, and infections of the eye, 


46.7.2 Procedure 
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46 Slit Lamp Examination 
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46.7.3 Complications 


+ There is a theoretical risk of the development of superfi- 
cial punctate keratitis from instillation of topical anesthetic 
before fluorescein testing. 

+ Discoloration of soft contact lenses. 

+ Potential premixed fluorescein 

solution, 


for infection using 


46.7.4 Pitfalls 


+ Contact lens wearers should remove their lenses because 
the fluorescein will permanently stain the lens, 


= The wearer should not put the contacts back in for sev- 
eral hours. 


Selected Reading 


DuBois L. The slit lamp examination, In; DuBois L, Ledford JK, 
Daniels K, Campbell R, editors, Clinical skills forthe ophubalmic 
‘examination: basic procedures. 2nd ed. Thorofare: Slack: 2006, 
p.61-70, 

Galor A, Jeng BH. Red eye for the internist: when to teat, when to 
refer Cleve Clin J Med. 2008.75:137-4 

Lang GK. Ophthalmology: a shor textbook. Stuttgart: Thieme: 2000. 

LLediord IK, Sanders VN. The slit lamp primer. 2nd ed. Thorofare: 
‘Slack; 2006, 


Eye Irrigation 47 


Bobby K. Desai 
47.1 Indications 47.3 Materials and Medications 
+ Chemical burns to the eye + Inigating device—the Morgan lens (Fig. 47.1) 
+ Removal of superficial foreign bodies + Saline solution or lactated Ringer's (preferably warmed) 
+ Topical anesthetic drops (Fig. 47.2) 
+ Basin to secure the extruded solution 
47.2. Contraindications + Intravenous (LV) tubing to attach the LV bag tothe Morgan 


lens 
+ For suspected globe perforation, extreme care must be + pH paper (Fig. 47.3) 
taken to not exacerbate the injury. 


BK Desai, MD 
Department of Emergency Medicine, University of Florida Health 
Shands Hospital, Gainesville, FL, USA 

‘email: bdessi@ul ed 


© Springer Sciences Business Media New York 2016 29 
LL Ganti (ed), Alas of Emergency Medicine Procedures, DOL W0.1007/978-1-4939-2507-0_47 


220 
BK. Desal 


Alcor” 


‘eon shores 
Fae ROTH 61s 


Fig.47.3 (a,b) Examples of pH paper 
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47.4 Procedure 


1, Informed consent is generally not required, although a 
thorough explanation to the patient is warranted, 

Obtain pH of the eye before instilling anesthetic drops. 

3, Anesthetize the eye(s) with topical anesthetic of choice 
by instilling drops within the lower lid and then asking 
the patient to blink several times in order to evenly dis- 
tribute the solution, 

4, Ensure there are no foreign bodies on the inside of the 
upper lids by inverting the upper lid. 

‘+ Particulate foreign bodies may be removed with moist 
ened cotton tip applicators. 

5, After adequate anesthesia is ensured, place one end of the 
‘Morgan lens within the fornix of the upper lid (Fig. 47.4). 


Fig.474 Inserting the Morgan lens under the upper lid 


Fig.47.5_ Inserting the Morgan lens under lower lid 


6. Next, gently retracting the lower lid will ensure smooth 
placement of the remaining portion of the Morgan lens 
(Fig. 47.5), 

7. Using the end of the Morgan lens, screw in the prepared 
IV tubing (Fig. 47.6). 

8, Attach the end of the IV tubing to the saline bag and place 
at height to allow for gravity to ensure a smooth flow of 
solution, 

+ Continue to irrigate the eye until desired pH is 
obtained. 

9 To remove the Morgan lens, use the opposite technique 
for insertion, 


Fig.47.6 ‘The Moryan lens in place, ready tobe attached to IV tubing 
for saline irsigation 
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47.5 Complications 


+ Comeal abrasions may be caused by the Morgan lens and 
are treated in the usual fashion. 

+ Deep comeal injury may occur with 
inrigation, 


inadequate 


47.6 Pearls and Pitfalls 


+ Note that alkali burns will require significant irrigation 
‘and more topical anesthesia may be required, 


+ Ophthalmological consultation may be required, espe- 
cially for alkaline and hydrofluoric acid burns. 


Selected Reading 


Lang GK. Ophthalmology: a shor textbook. Stuttgart: Thieme: 2000. 

Rhee DJ, Pyfer MF, Rhee DM, editors. The Wills Eye manual: office 
‘nd emergency room diagnosis and treatment oF eye disease. 3 ed 
Philadelphia: Lippincott Williams & Wilkins; 1999 


Corneal Foreign Body Removal 48 


Bobby K. Desai 


48.1 Indications 48.2 Contraindications 


+ Presence of a comeal foreign body (Fig. 48.1) + An uncooperative patient may require ophthalmological 
consultation as well as sedation, 

‘+ Suspected foreign bodies from high-velocity injuries 
must be referred to an ophthalmologist subsequent to ini- 
tial evaluation, 

‘+ Any signs of globe penetration (e.g., hyphema) require 
emergent ophthalmological consultation. 

+ Overt globe rupture. 

+ Evidence of an inflammatory process such as iritis 
requires emergent ophthalmological consultation, 

‘+ Foreign bodies associated with corneal burns secondary 
to chemical exposure such as alkaline comeal burns will 
require emergent ophthalmological consultation, 


Fig.48.1. Corneal foreign body (With kind permission from Springer 
Science +Business Media: Zuberbubler B, Tull S, Gartry D, Spokes 
D. Ocular Surface and Reconstructive Surgery. In: Corneal Surger 
2013.29-48) 
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potentiometer 


Also known as a variable resistor; may be substituted for a rheastat. 


OTHER RELATED COMPONENTS 


+ rotational encoder (soe Chapter 8) 
+ resistor (see Chapter 10) 


What It Does 


‘When a voltage is applied across a potentiome- 
ter it can deliver a variable fraction of that volt- 
age Itis often used to adjust sensitivity, balance, 
input, or output, especially in audio equipment 
and sensors such as motion detectors. 


A potentiometer can also be used to inserta vari- 
ableresistance ina circuit,in which case it should 
really be referred to as a variable resistor, al- 
though most people will still call ita potentiom- 
eter. 


It can be used to adjust the power supplied to a 
ircuit, in which case it is properly known as a 
theostat, although this term is becoming obso- 
lete. Massive rheostats were once used for pur- 
poses such as dimming theatrical lighting, but 
solid-state components have taken their place in 
most high-wattage applications. 


A full-size, classic-style potentiometer is shown 
in Figure 11-1. 


‘Schematic symbols fora potentiometer and oth- 
er associated components are shown in 
Figure 11-2, with American versions on the left 
and European versions on the right in each case. 
‘The symbols for a potentiometer are at the top. 
The correct symbols for a variable resistor or 
rheostat are shown at center, although a poten- 
tiometer symbol may often be used instead, A 


Figure 114. A generic ar classic-style potentiometer. ap- 
‘proximately ane inch in diameter. 


preset variable resistor is shown at the bottom, 
often referred to asa trimmer or Trimpot.In these 
examples, each has an arbitrary rated resistance 
of 4,700. Note the European substitution of K 
for a decimal point. 
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48.3. Materials and Medications 


+ Eye chart for visual assessment 

+ Cotton tip applicator 

Slit lamp or other source of magnification 

+ 27-Gauge needle or ophthalmic foreign body needle 
(Fig. 48.2) 

+ Topical ophthalmic anesthetic 

+ Ophthalmic burr (Fig. 48.3) 


Fig. 48.3. Ophthalmic bure dell 


Fig.48.2 Foreign body needle 
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48.4 Procedure 


Informed consent may be required. 
Visual acuity and a formal assessment of the eye should 
be done and documented, 

Consider intraocular foreign body. 

+ Computed tomography (CT) scan may be used to 
assess for the presence of an intraocular foreign 
body. 

Eversion of the upper lid should be performed to evalu- 

ate for retained foreign body under the lid. 

+ These usually can be removed by: 
= A moistened cotton tip applicator 
= Inigation 

Magnification is preferable, but some foreign bodies 

may be large enough to see with the naked eye. 

Anesthetize the eye with topical anesthetic. 

For multiple loose foreign bodies, removal may be 

attempted with irrigation after appropriate anesthesia, 

Removal of the foreign body may be attempted with a 

moistened cotton swab, 

+ Metallic foreign bodies recently embedded within the 
cornea may be difficult to remove in this fashion, 

+ However, during the healing process, some metallic 
foreign bodies may be pushed closer to the surface 
during reepithelialization of the cornea. These poten- 
tially can be removed with this technique. 
= Care must be taken to avoid leaving a rust ring that, 

could permanently stain the cornea. 

A 27-gauge needle bent at a 90° angle may be used to 

remove foreign bodies by gently prying it out. 

+ Anadvantage of using a needle is that any rust ring as 
well as any metallic foreign body can potentially be 
removed 

‘Technique: A slit lamp may be used to magnify the area. 

+ See slit lamp chapter (Chap. 46) for details. 

‘+ The patient should be informed about the procedute: 
formal informed consent may not be required. 


+ Proper positioning is critical for success. 

+ The patient's head should be fully forward and firmly 
placed against the head rest. 

+ The patient's hands may be placed on the sides of the 
slit lamp stage for stabilization. 

+ Apply topical anesthesia to the cornea, 

11. Using the patient’s cheek as a bolster potentially avoids 
significant movement of the needle if the patient unex- 
pectedly moves. 

+ Other modalities for s 


lization include supporting 
the elbow by placing on a box or using towels. 
12. Have the patient gaze at one point in the far distance. 
+ Using the needle or burr as a scoop, gently manipu- 
late the foreign body out. 
~ Using a burr can allow for the total removal of any 
rust ring. 
13. Once the foreign body is removed, patching is not required 
14, Consider application of topical antibiotics, 
15. Tetanus prophylaxis should be given as for open other 
wounds. 
16, Arrange follow-up with a primary care physician or 
preferably an ophthalmologist. 


48.5 Complications 


‘+ Forceful attempts to dislodge a foreign body may result in 
corneal perforation. 
+ Incomplete removal of a foreign body, 


Selected Reading 


Lang GK. Ophthalmology: a shor textbook. Stuttgart: Thieme: 2000. 

Rhee DJ, Pyfer MF. Rhee DM, editors. The Wills eye manual: office 
‘nd emergency room diagnosis and treatment of eye disease. Sued 
Philadelphia: Lippincott Williams & Wilkins: 1999 

‘Thomas SH, White BA. Foreign bodies. In: Marx J, Hockberger R, 
‘Walls B, editors. Rosen's emergency medicine: concepts and clini- 
cal practice. Tth ed. Philadelphia: Mosby: 2010. p. 715-22. 


Ultrasound Evalua’ 


Detachment 


49 


Shalu S. Patel, L. Connor Nickels, and Rohit Pravin Patel 


49.1 Indications 


+ To aid in the evaluation of vision loss or change in vision 


49.2 Contraindications 


+ Relative: Suspicion of increased intraocular pressure 
+ Relative: Suspicion of globe rupture (see Chap. 50) 


49.3. Materials and Medications 


+ Bedside ultrasound machine with high-frequency (7.5- to 
10-MHz) linear transducer 

‘+ Transparent adhesive such as Tegaderm (optional) 

+ Sterile ultrasound gel 

+ Sterile gauze 


49.4 Procedure 


1. Position the patient supine with his or her eyes closed. 
‘The eyelid may be taped closed with a transparent adhe- 
sive if desired (Fig. 49.1), 

Place a liberal amount of ultrasound gel over the eyelid, 
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12, 


Place the ultrasound probe over the eye in a transverse 
position, 

Adjust the depth of the ultrasound so that the whole eye 
fills the screen, 

‘Scan through the eye fully in the transverse and sagittal 
planes, 

‘When viewing the ultrasound image, the normal eye is a 
circular hypoechoic structure (Fig. 49.2). The structures 
should be evaluated from anterior to posterior. 

Identify the cornea. This is the frst thin hypoechoic line 
in the anterior eye. 

Continuing posteriorly, identify the anterior chamber, 
which is an anechoic area bordered by the cornea, iris, 
and lens. The iris is an echogenic linear structure, and 
the normal lens is anechoic. 

Identify the vitreous chamber, the large anechoic region 
posterior to the lens 

Carefully evaluate the posterior globe, The normal ret- 
ina cannot be distinguished from the other choroidal lay- 
cers on ultrasound. 

‘A detached retina will appear as a hyperechoic linear float- 
ing membrane in the posterior vitreous chamber (Fig. 49.3). 
In the retrobulbar region, the optic nerve can be identi- 
fied as a hypoechoic linear structure perpendicular to the 
globe (Fig. 49.3), 
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Fig. 49.1. Probe positioning with Tegaderm 
applied to orbit: (a) sagital view, (b) axial 


Ab = hment appears as whyperechoic linea truce 
Corea <a (ovhite arrow). White bracket shows the optic nerve sheath shadow (see 
(Chap. 50 for more information) 


Ciliary body <— 


Orbital fat <—— 


Fig. 49.2 Ocular ultrasound with norms 
tt labels, (b) with anatomy labeled) 


anatomy findings ((a) with- 


49 Ultrasound Evaluation of Retinal Detachment 


229 


49.5 Complications 


+ Conjunctival infection 
+ Increased intraocular pressure (if too much pressure is 
applied) 


49.6 Pearls and Pitfalls 


+ Pearls 
= Use a transparent adhesive such as Tegaderm to 
decrease the risk of conjunctival infection. 
= Use a liberal amount of gel to obtain the best images. 
— Use minimal pressure to obtain the best images. 
~ False positives on ocular ultrasound may occur with 
disk edema or vitreous hemorshage. 


+ Pitfalls 
= Subacute retinal detachments may be missed on ocular 
ultrasound, 


Selected Reading 


Blaivas M. Bedside emergency department ultrasonography inthe eval- 
‘uation of ocular pathology. Acad Emerg Med. 2000:7:947-S0, 
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detected by bedside emergency ultrasonography of the opie nerve 
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Shinar Z, Chan L, Onlinksy M. Use of ocular ultrasound for the evalua- 
tion of retinal detachment. J Emerg Med. 201 1:4:53-7. 
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Ultrasonography in the Evaluation 
of Intraocular Pathology 
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Benjamin M. Mahon, Marie-Carmelle Elie, 
L. Connor Nickels, and Rohit Pravin Patel 


50.1 Indications 

+ Bye trauma 

+ Loss of vision or decreased vision 
+ Head injury 

+ Ocular pain 

+ Suspected foreign body 


50.2 Contraindications 


+ None 


50.3 Materials 


+ Linear probe (7.5-10 MHz) 
+ Tegaderm or other protective eye covering 
+ Copious amounts of water-soluble transmission gel 


50.4 Procedure 


1, Begin by asking the patient to close her or his eye, and 
then apply the Tegaderm or other suitable eye cover over 
both eyes. 

2. Apply a copious amount of transmission jelly over both 
eyes, 

3. Gently apply the ultrasound probe to the outer eyelid. If 
the operator has used a sulficient enough amount of jelly, 
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the probe itself should not need to be in actual contact 
with the eyelid. This becomes of critical importance in 
suspected globe trauma or intraocular foreign body, when 
excess manipulation of the intraocular contents could pre- 
cipitate further damage or worsening of present damage. 
Ensure the pressure is gentle enough to prevent this, but 
sufficient to obtain good imaging (see Chap. 49). 

4. Image the normal eye first, to become familiar with the 

patient's anatomy (see Chap. 49), before proceeding to 

the suspected abnormal eye. 

Start with low gain, 

6. Ask the patient to move the eye slowly from the left to the 
right. This is called kinetic echography and will provide 
information elaborated upon later. Have the patient keep 
her or his eye straight ahead, as the operator phases up 
and down and side to side, between the transverse and the 
sagittal planes, 

7. Increase gain slowly while the patient is moving the eye, 
Shifting from low gain to higher gain during the examina- 
tion will help to prevent overlooking certain disease pro- 
cesses. Asa fluid-filled structure, the eye provides its own 
acoustic window, and imaging is generally easy 


50.5 Complications 


+ Through excessive pressure applied to the eye, as 
described previously, further disruption of the intraocular 
contents and worsening of preexisting injury can occur. 


50.6 Pearls and Pitfalls 


+ Pitfalls 
— Applying too much pressure to the globe and disrupt- 
ing already damaged intraocular contents 
Failing to image with full spectrum of gain 
— Using an insufficient amount of gel 
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50.7 Specific Disease Processes/ 
Pathology [1] 


50.7.1 Vitreous Hemorrhage (Fig. 50.1) 


+ Best seen in high gain, 

+ Clinical: Very common pathology. Seen as “floaters” on 
the visual field. Can cause blindness if large 

+ Ultrasound: Appearance may vary. Early on in the evolu: 
tion of a hemorrhage, these can be seen as small dots or 
mobile linear opacities that float freely in the back of the 
posterior chamber with eye movement. Has been 

described as a “snow-storm appearance.” As hemorrhage 

ages, the blood organizes and membranes form, some: 

times layering inferiorly owing to gravity 


mobile, 


Fig. 50.1 


Vitreous hemorthage 
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50.7.2 Vitreous Detachment 


+ Best seen with higher gain, 
+ Clinical; Common in older patients. Presents as “flash. 
Vitreous gel loses its attachment from the internal 
membrane lining, 
+ Ultrasound: Seen as “swaying seaweed.” There are layer. 
ing opacifications. Also seen as “snow-globe appear 


ance.” Concurrent vitreous hemorthage is also common. 
+ Note: A small percentage of patients also have a retinal 
tear, so ophthalmology follow-up is necessary 


50.7.3 Retinal Detachment (Figs. 50.2 and 50.3) 


+ Best seen with lower gain 
+ Clinical: Acute loss of vision, usually painless, often pre. 
ceded by “flashers” and/or “floaters” as the neurosensory 
component of the retina pulls away from the retinal pig 
ment epithelium. An ophthalmological emergency. Can 


be caused by ocular trauma or no known precipitant at all 

+ Ultrasound: Seen as a taut, hyperechoic, linear opacity 
that moves with the eye, attached to the optic disc, in the 
posterior region of the globe, 


Fig. 50.2. Retinal detachment ultrasound image 
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Fig. 50.3. Retinal detachment graphical representation 


204 
50.7.4 Intraocular Foreign Body (Fig. 50.4) 


* Clinical: Usually a preceding episode of trauma, often 
from metalworking or landscaping, 

+ Ultrasound: Foreign bodies are seen as hyperechoic sub- 
stances in the eye often with distal shadowing. Certain 
shadow patterns distal to the for 


body, as well as 
comet tails, can help to differentiate the type of foreign 
body material 


reverberation ariacts 


and shadowing 


Fig. 50.4 Forcign bodies 
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50.7.5 Globe Rupture (Fig. 50.5) 


Clinical: Usually the result of trauma. Frequently, the 
mechanism causi 


g the injury has subsequently made the 
eye examination itsel 


impossible, if edema, blepharo. 
spasm, hyphema, or distorted anatomy makes visualiza: 
tion of the posterior chamber too difficult. In these 
circumstances ultrasound can be immeasurably helpful 
Ultrasound: Findings include decreased size of the ante- 
rior chamber, posterior chamber, or both, often with buck: 
led sclera. Globe rupture should be suspected when the 
injury mechanism is present and any major distortion of 
the ocular anatomy is appreciated, 


Fig.50.5. Globe suture 
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50.7.6 Increased ICP 


* Clinical: Increased ICP is encountered in a number of 


pathological processes, such as closed head injury from 
trauma, altered mental status, pseudotumor cerebri, 
space-occupying lesion, or any other process causing 


intracranial injury. Physical examination may be sugges- 
tive of an intracranial process, but often key examination 
findings such as papilledema are not appreciated, owing 
to both limitations from the patient and their mental sta 
tus, as well as limitations in the skill of the ED doctor, or 
the ability to dilate the eyes sufficiently, to appreciate the 
finding 

+ Ultrasound: The size of the optic nerve sheath diameters 


an indirect measurement of ICP. It is visualized as a 
hypoechoic linear strip radiating posteriorly from the 
edge of the back of the globe. A normal diameter is, 
5.0 mm or less. This measurement is taken at 3 mm back 
from the posterior edge of the globe (Fig. 50.6). Take 
measurements bilaterally to compare. Two or more mea: 
surements should be taken and then averaged on each 
side, 

+ A diameter greater than 5.0 mm, at 3.0 mm distal from the 
posterior globe border, is strongly suggestive of increased 
ICP and warrants further evaluation and imaging [2] 


Fig. 50.6. Optic nerve sheath mea 
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How It Warks 


ark 


4.1K 


KT 


Figure 11-2. American (left) and European (right) sym 
ols fora potentiometer, a rheastat. and a trimmer poten 
tometer. reading trom top to bottom. The 4.7K valve was 
chosen arbitrary 


How It Works 


A potentiometer has three terminals. The outer 
pair connect with the opposite ends of an inter- 
nal resistive element, such as a strip of conduc- 
tive plastic, sometimes known as the track. The 
third center terminal connects internally with a 
contact known as the wiper (or rarely, the pick- 
off), which touches the strip and can be moved 
from one end of itto the other by turning a shaft 
or screw, or by moving a slider. 


fan electrical potential is applied between op- 
posite ends of the resistive element, the voltage 
“picked off" by the wiper will vary as it moves. In 
this mode, the potentiometer works as a resistive 
voltage divider. For example, in a potentiometer 
with a linear taper (see “Variants,” coming up), if 
you attach the negative side of a 12V battery to 
the right-hand end terminaland the positive side 
to the left-hand end terminal, you will find an 8V 


power > moderation > potentior 


potential at the center terminal when the poten- 
tiometer has rotated clockwise through one- 
third of its range. In Figure 11-3, the base of the 
shaft (shown in black) is attached to an arm 
(shown in green) that moves a wiper (orange) 
along a resistive element (brown). The voltages 
shown assume that the resistive element has a 
linear taper and will vary slightly depending on 
wire resistance and other factors. 


Because a potentiometer imposes a voltage re- 
duction, it also reduces current flowing through 
it, and therefore creates waste heat which must 
be dissipated. In an application such as an audio 
circuit, small currents and low voltages generate 
negligible heat. if a potentiometer is used for 
heavier applications, it must be appropriately 
rated to handle the wattage and must be vented 
to allow heat to disperse. 


To use a potentiometer as a variable resistor or 
stheostat, one of its end terminals may be tied to 
the center terminal. the unused end terminalis 
left unconnected, this raises the risk of picking 
Up stray voltages or “noise” in sensitive circuits, 
In Figure 11-4, a potentiometer is shown adjust- 
ing a series resistance for an LED for demonstra- 
tion purposes. More typically, a trimmer would 
be used in this kind of application, since a user is 
unlikely to need to reset it. 


Variants 


Linear and Log Taper 

If the resistive element in a potentiometer is of 
constant width and thickness, the electrical po- 
tential at the wiper will change in ratio with the 
rotation of the wiper and shaft (or with move- 
ment of a slider). This type of potentiometer is 
said to have a linear taper even though its ele- 
ment does not actually taper. 


For audio applications, because human hearing 
responds nonlinearly to sound pressure, a po- 
tentiometer that has a linear taper may seem to 
havea very slow action atone end ofits scale and 
an abrupt effect at the other, This problem used 
to be solved with a non-uniform or tapered re- 
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Tonometry 


Bobby K. Desai 


51.1 Indications 


+ To measure intraocular pressure (IOP) 


51.2 Contraindications 


+ A relative contraindication is the presence of an active or 
indolent infection about the cornea or conjunctiva, unless 
‘a one-time-use device is used (e.g., a Tono-Pen XL). 

+ Recent trauma to the eye. 

+ Uncooperative patients because improper technique may 
cause damage to the eye. 


51.3 Overview 


+ Tonometry is the measurement of IOP obtained by evalu- 
ating the resistance of the eye to indentation by a force 
applied to it, 
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‘Can be obtained by several methods. 
‘Two methods are routinely used in an emergency depart- 
ment setting: 
= Impression tonometry: measures the indentation made 
by a plunger carrying a known amount of weight. 
— More weight can be added to the apparatus, 
— The more weight needed to indent the cornea results in 
a higher IOP reading. 
+ The Schiotz tonometer is the most commonly used 
apparatus to utilize this method (Fig. 51.1). 
Electronic indentation tonometry: does not exert pressure 
on the eye (Fig. 51.2). 
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Fig.51.1. Schiotz tonometer 


Fig.51.2 Tono-Pen 
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51.4 Schiotz Tonometry 
51.4.1 Procedure: Schiotz Tonometry (Fig. 51.3) 


1. Carefully clean the apparatus between each patient. 

+ Rubbing alcohol may be used, 

+ Because it is metal, it can be autoclaved, 

Calibrate the Schiotz tonometer with the metal test block 

provided, 

+ Test by placing the apparatus directly on the metal 
block, 

+ The needle should be at “0” atthe far end of the scale. 
= If not, loosen the serew at the base of the needle to 

rezero it, 

Ensure that the needle is completely straight 
because any bend will produce an erroneous 
reading. 

3. An explanation of the procedure is helpful because 
patient cooperation is critical for accurate results 

4. Anesthetize the eye with topical ophthalmic anesthetic 
of choice, 

5. The patient should be in a recumbent position, 

+ Have the patient focus on an area of the ceiling, 

6. Hold the instrument with the aid of the curved arms at 


the side of the tonometer. 


+ The operator can rest her or his hand on the patient's 
cheek or forehead to maintain stability. 

7. Gently rest the tonometer on the patient's eye such that 
the instrument is centered on the eye and the instrument 
is completely vertical; no pressure should be exerted on 
the eye, 

8. Note the scale reading. 

9. Lift the Schiotz directly off the cornea to avoid injury, 

10. Using the table provided with the Schidtz, the operator 
may convert the scale reading into the IOP. 
+ The scale is inversely proportional to the actual 
IOP. 
+ If the scale is low (ie., high IOP), the additional 
weights provided with the instrament may be used 
‘and the patient retested. 


51.4.2 Pitfalls 


+ Ensure the plunger is clean because it can transmit 
infection 

+ False readings 
calibration. 

+ Placing pressure on the instrument will cause false 
readings. 


may be obiained without proper 


Fig.51.3 Correct use of Schistz tmometer 
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51.5  Tono-Pen Tonometry + Press the black button twice 
— The letters “CAL” will appear in the display. 
51.5.1 Overview + Press the black button again, 
— After a few seconds the word “UP” will appear, 
+ Electronically measures IOP + Rotate the instrument so that the tip points upward 
= Combines applanation and indentation tonometry = If“GOOD” appears, the Tono-Pen is ready for use. 
+ Uses pressure-sensitive electronics to average four sue- — If “BAD” appears, repeat the process until “GOOD” 
cessive readings and displays the reading and a reliability appears. 
factor digitally + If "GOOD" does not appear, the device cannot be 
used. 
51.5.2 Calibration of the Tono-Pen 


‘+ Should be performed once daily 
‘+ Hold the instrument with the tip down (Fig. 51.4). 


Fig.51.4 Tono-Pen calibration position 
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51.5.3 Procedure: Tono-Pen Tonometry 


1, An explanation of the procedure is helpful because 
patient cooperation is critical for accurate results. 

2. Anesthetize the eye with the topical ophthalmic anes- 
thetic of choice. 

3. Place a probe cover on the unit. 

4. The patient should be in a comfortable position because 
the unit can be used in any position 

+ Have the patient focus on a specific area 

5. The best way to hold the instrument is similar to that of, 
apen, 

+ Ensure that the digital readout is visible. 

6. The operator can rest his or her hand on the patient's 
cheek or forehead to maintain stability 

7. Hold the unit perpendicular to the patient's cornea. 

8. Press the black button only once. 

+ If*ICALI" is seen, followed immediately by a single 
row of dashes [~~~], it indicates that the Tono-Pen. 
requires calibration before it will measure, 

oa seen and a “beep” is heard, the unitis ready. 

+ Proceed with measurement, 


9. Gently touch the Tono-Pen to the cornea and withdraw 
(Fig. 51.5). Repeat several times. 

+ Indentation is not required. 

10. The unit will “chirp” and a digital reading will be dis- 
played if a valid reading is obtained. 

11. After four valid readings are obtained, the average of 
these measurements as well as a single bar that signifies 
statistical reliability will appear on the readout, 

+ After the final beep ifthe liquid crystal display (LCD) 
readout shows “----." not enough valid readings were 
obtained. 

‘+ Inthis case, the measurement must be repeated. 


51.5.4 Pitfalls 


+ Unsuccessful calibration mandates a repeat attempt at 
calibration. 

+ Loosen the Ocu-Film tip cover and repeat for multiple 
failed attempts. 

‘+ Press the reset button and reattempt calibration, 

‘+ Replace the battery if necessary. 

Ifall else fails, use another device or Schistz tonometer. 


302 BK. Desai 


Fig.51.5 Proper use of 
‘Tono-Pen 


Incorrect 
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51.6 Complications Selected Reading 
+ Unusual if proper technique is used. Lang GK. Ophthalmology: a short textbook. Stuttgart: Thieme; 
"200, 


+ Hf too much force is applied, a comeal abrasion may y,-- py, pyfer ME; Rhce DM, eitors. The Wills eye manual: office 
‘and emergency room diagnosis and treatment of eye disease, Sed 


result, 
Philadelphia: Lippincott Williams & Wilkins; 1999 


+ Infection when using an improperly sterilized Schiotz 
tonometer. 
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52.1 Indications 


+ Absolute indications: In the presence of presumed or con- 
firmed retrobulbar hemorrhage 
= Acute visual loss 
= Intraocular pressure (IOP) greater than 40 mmHg (nor- 
‘mal IOP is 10-20 mmHg) 
= Proptosis not amenable to retropulsion 
+ Relative indications: In the context of presumed or con- 
firmed retrobulbar hemorrhage (Fig. 52.1) 
= Ophthalmoplegia 
= Cherry red macula 
= Profound eye pain 
= Afferent pupillary defect (Marcus Gunn pupil) 
+ This defect is seen with the swinging flashlight rest. 


Fig. 52.1. Retrobulbar hemorrhage 
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— Shine a light into both eyes; a normal response is 
equal constriction of both pupils. 

— In those patients with an afferent papillary 
defect, when light is swung from an unaffected 
pupil to an affected pupil, the pupil will seem to 
paradoxically dilate, rather than constrict. The 
pupil on the nonaffected side will similarly dilate 
as light is shown into the affected eye. This 
results from injury to the afferent fibers of cra- 
nial nerve (CN) IT on the affected side, while the 
efferent fibers, innervated by CN II, remain 
intact. 

— This procedure is most effective if performed as soon 
as possible because irreversible vision loss can occur 
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52.2 Contraindications 


+ Absolute 
= Globe rupture 
+ Relative 
= Suspected globe rupture: Heralded by a number of 
signs including hyphema, irregularly shaped pupil, 
exposed uveal tissue, or profound restriction of extra- 
‘ocular movement 


52.3 Materials and Medications 


+ Straight hemostat 

+ Suture or iris scissors 

+ Forceps 

+ 1-2 % lidocaine with epinephrine 

+ Sterile gloves 

+ Sterile towels/drapes 

+ dxcd gauze 

+ Face shield/mask 

+ Large-bore needle to withdraw anesthetic, 25-gauge nee- 
dle to infiltrate 

+ 10-ce syringe 

+ Normal saline 


52.4 Procedure 


1. Position the patient 
‘+ While waiting for the procedure to begin, the patient 
should initially be upright to produce any decrease in 

IOP that can be provided. 

+ Atthe start of the procedure, lay the patient supine. 

‘+ A cooperative patient is absolutely necessary because 
even slight movements can cause devastating iatro- 
genie injury. 

‘+ Ifthe patient is anxious or conscious, sedation may be 
required, 

+ In extreme cases of altered mental status or combative 
trauma patients, endotracheal intubation and mechani~ 
cal ventilation may be required. 

Gently irrigate the affected eye to remove any debris, 

3. Inject approximately 1-2 mL of 1-2 % lidocaine with 
epinephrine into the lateral canthus of the affected eye 
(Fig. 52.2), 

4, Using a curved hemostat, gently crimp the skin over the 
lateral corner of the patient's eye down to the orbital rim 
for 3 min to establish hemostasis and set the boundaries 
for the incision, 

+ Using forceps, use the hemostats to pick up the skin 
just crushed, 

‘+ Raise the skin with forceps and then use scissors to 
make a 1- to 2-cm incision from the lateral corner of 
the eye extending laterally outward (Fig. 52.3). 

— This incision can often sufficiently decrease IOP. 

~ Itis feasible to remeasure the IOP at this point, and 
if itis still greater than 40 mmHg, proceed to the 
next step. 

+ Visualize the lateral canthal tendon by retracting the 
inferior orbital lid inferiorly. 

+ Direct the scissors along the lateral side of the orbital 
rim away from the globe, and cut the lateral canthal 
tendon inferiorly (Fig. 52.4). 

+ At this point, again measure IOP, and if greater than 
40 mmHg, proceed to the next step. 

‘+ Direct the scissors along the lateral side of the orbital 
rim away from the globe, this time directed superi- 
orly, and cut the superior crux of the lateral canthal 
tendon. 


52 Lateral Canthotomy 307 


Fig. 52.2. Lateral canal tendon 
524 Further cut to reduce intraoeular pressure 


Fig. 52.3. Initial eut 
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Figure 11-3. inside a potentiometer. See text for details. 


sistive element. More recently, a combination of, 
resistive elements has been used as a cheaper 
option. Such a potentiometer is said to have an 
audio taper or a log taper (since the resistance 


fariants 
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Figure 
to.one of the end 
electrical noise. 


Tying the wipe 
minals reduces the risk of picking up 


may vary asa logarithm of the angle of rotation). 
A reverse audio taper or antilog taper varies in 
the opposite direction, but this type has become 
very uncommon. 


Classic-style Potentiometer 
This consists of a sealed circular can, usually be- 
tween 0.5" and 1" in diameter, containing a re- 
sistive strip thatis shapedasa segment of acircle. 
A typical example is shown in Figure 11-1, ak 
though miniaturized versions have become 
morecommon, Ashaft mounted onthecan turns 
the internal wiper that presses against the strip. 
For panel-mount applications, a threaded bush- 
ing at the base of the shaft is inserted through a 
hole in the front panel of the electronics enclo- 
sure, and a nut is tightened on the bushing to 
hold the potentiometer in place. Often there is 
also a small offset index pin that, when paired 
with a corresponding front panel hole, will keep 
the pot from spinning freely. 


Many modern potentiometers are miniaturized, 
and may be packaged in a box-shaped plastic 
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52.5 Complications 


‘+ Ione is making a superior incision, caution must be taken 
during this procedure to avoid injury to the lacrimal gland 
or artery. 

+ An additional complication of the procedure is ptosis due 
to iatrogenic injury to the levator aponeurosis, either par- 
tially or completely. 

+ The most obvious complication involves direct injury to 
the globe itself due to either operator error or poor patient 
control and immobility 

+ Hemorthage from inadequate hemostasis. 

+ Infection, 


52.6 Pearls and Pitfalls 


+ Abrupt decrease in pain, decrease in IOP, and resolution 
of afferent pupillary defect will herald a successful proce- 
dure, assuming it was performed within an early enough 
time frame. 

‘+ Having an assistant present is beneficial, 
= Inthis case, the role ofthe assistant is to provide lateral 

retraction of the tissues to decrease likelihood of globe 
rupture. 


‘+ After cantholysis of the inferior component of the lateral 
canthal tendon, the lower lid will become lax as its attach- 
‘ment to the lateral wall is separated. This signifies a suc- 
cessful incision, 

‘+ Incisions made during this procedure generally heal with- 
‘out the need for suturing 

+ Emergent ophthalmological consultation should ideally 
be sought before beginning this procedure. 

‘+ Emergent ophthalmological consultation is mandatory 
subsequent to the procedure. 
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53.1 Etiology 


+ Anterior source: approximately 90 % of nosebleeds, usu- 
ally Kiesselbach's plexus (Fig. 53.1) 
= Nose picking (“epistaxis digitorum”) 
= Trauma 
= Infection 
— Nasal foreign body 
= Dry air 
— Atmospheric pressure alterations (e.g., increased alti- 
tude, lower arterial partial pressure of oxygen [PaO:]) 
= Allergies 
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— Blood dyscrasias 

~ Malignancy (e.g., leukemia, lymphoma) 

Posterior source: approximately 10 % of nosebleeds, usu- 

ally sphenopalatine artery (Fig. 53.2) 

~ Tatrogenic coagulopathy (e.g., warfarin, heparin, high- 
dose aspirin) 

= Blood dyscrasia 

Liver failure 

= Renal failure 

— Malignancy 

= Older age 
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Fig.53.1 Vascular supply to the 
‘nasal septum 


Fig.53.2 Vascular supply of the 
lateral wall ofthe nose 


Anterior 
cethmoidal 
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53.2 Indications 


+ Acute/recurrent epistaxis 


53.3 Contraindications 


+ Resolution of epistaxis episode before arrival 
+ Massive facial trauma 


53.4 Materials and Medications 


+ Headlight with focused beam 

+ Gown 

+ Gloves 

+ Mask with visor 

+ Full-body drape or sterile towels 

+ Nasal packing material (any or all of the following, as 
needed [sce later]): several cotton pledgets, 3-5 feet of 
Vsinch ribbon gauze (preferably enriched with petroleum 
jelly and bacitracin), anterior epistaxis balloon nasal pack 

+ Topical vasoconstrictor (e.2., | % pseudoephedrine or 
1:1000 epinephrine) 

+ Topical anesthetic (eg. 4% lidocaine solution or 2 % 
tetracaine) 

+ Nasal speculum 

+ Bayonet forceps 

+ Anterior epistaxis balloon (e.g, Rhino Rocket) 

+ Any of the following commercial products, as needed 
(Gee later): Gelfoam, Surgicel, Crosseal, and FloSeal 

+ Foley catheter 


53.5 Procedure: Anterior Epistaxis 


+ Initial preparation 

1, Assemble necessary equipment at the bedside. 

2, Have the patient seated upright, with head and neck in 
the sniffing position, 

3. Universal precautions are mandatory: gown, glove, 
and mask. 

4, Drape the patient with towels or a large body drape. 

5, [finitial evaluation using the headlamp and nasal spec- 
uulum with gentle spreading in a vertical fashion or a 
simple visual examination reveals the source (anterior 
vs posterior), proceed with the appropriate manage~ 
‘ment pathway as determined late. 
= If clot obstructs visualization, it is recommended 

for the patient to gently blow her or his nose once 
to remove any easily friable clots, and then proceed 


with immediate inspection. If anterior nose bleeds, 

go to the next step. 

‘+ Management of anterior epistaxis: 

1, Initial step in the management of anterior nosebleeds 
involves pinching the patient's nostrils firmly for at 
Teast 10-15 min, 

— This can be done by the patient. 

— Simple pressure is very often enough to provide 
appropriate hemostasis in anterior nosebleeds. If it 
fails, proceed to the next step. 

A topical vasoconstrictor of choice (e.g., cocaine, oxy- 

metazoline, 1% pseudoephedrine) can be applied to 

the septum and lateral walls ofthe nose either topically 
with cotton-tipped applicators or by using soaked 
pledgets. 

3. Continue to apply firm pressure to the nares for 
10-15 min, and recheck the nose for evidence of 
bleeding. 

4. If the bleeding site can be easily visualized, chemical 
cautery may be attempted with silver nitrate (Fig. 53.3), 
— This can be accomplished with the help of a nasal 

speculum and a headlight. 

— It is advised to cauterize both the site itself and 
(0.5 cm around the site, by holding the silver nitrate 
stick to the site for at least 20 s until the bleeding 
stops. 

~ [bleeding then stops, cover the site with an absorb- 
able gelatin foam or an oxidized cellulose such as 
Gelfoam or Surgicel or simply apply topical antibi- 
otic to the site. 

‘5. If there is continued bleeding, the clinician may apply 
either two elongated cotton pledgets or a commercially 
available substitute (eg., a Rhino Rocket or similar 
device [Fig. 53.4]) presoaked in a few milliliters ora 1:1 
mixture of a topical vasoconstrictor and an anesthetic. 
Combinations can include the previously cited two 
agents, plus 2 % tetracaine or 4 % lidocaine. 

6. Universal instructions for the insertion of a commer- 
cially available anterior nasal pack include (Fig. 53.5): 
+ Soak the fabric via the manufacturer's recom- 

‘mended solution if required. 
‘+ Insert antibiotic ointment in the nares to facilitate 


insertion. 

‘+ Insert the entire length of the balloon along the 
inferior surface of the nasal cavity. 

‘+ The fluid within the nasal cavity should cause it to 
expand spontaneously while in the nares, after 
which the remaining exposed string can be taped to 
the cheek. 

+ For those devices that require air instillation, read. 
the manufacturer's instructions on how much air to 
instill within the device 
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7. Another option is to provide an anterior nasal pack- 53.5.1 Complications 
ing using a few feet of Yeinch ribbon gauze 
(Fig, 53.6). + Using an inadequate amount of packing when inserting 
8. It is preferable if this gauze is impregnated with the ribbon gauze, the entire product may serve as a plig 
petroleum jelly and is enriched with bacitracin with potential aspiration risk, rather than as a tool for 
‘ointment hemostasis, 
~ If itis not, bacitracin can be applied to the strip + Otitis, sinusitis, and toxic shock syndrome, 
before its insertion into the nasal cavity. 
9. To facilitate the insertion, bayonet forceps can be 
used to gently lay each successive strip on top of the 53.5.2 Pearls and Pitfalls 
‘one before it 
10. Begin inferiorly, laying each strip on top of the other, + Pearls 
about three or four layers at a time, with the end ~ Be sure to perform a reevaluation of both the posterior 
points protruding from the opening of the nasal oropharynx and the posterior nasopharynx after inser- 
cavity: tion of any of the previously discussed devices, and 
11. Pack the strands firmly. inspect for continued bleeding/oozing to ensure hemo- 
12. It may take several feet to pack the entire nasal stasis has been accomplished. 
cavity. ~ For those patients with nasal packs in place, consider 
13. This may be both uncomfortable for the patient and the use of oral antibiotics to avoid subsequent sinusitis, 
time consuming for the provider, so ensure adequate otitis, or toxic shock syndrome. 
time and copious topical anesthetic. + Appropriate antibiotic choices include cephalexin, 
14, Parenteral analgesic or anxiolytics may be required clindamycin, or amoxicillin-clavulanic acid, 
for any of these techniques. + The use of antibiotics for short-term packing has 
15. If none of these resources is available, another tech- not been proven. 
nique requires the use of two cotton pledgets gently ~ Consider admission for elderly patients or for those 
inserted into the nostrils after vasoconstrictor/anes- patients with potential airway complications such as 
thetic topical solution has been sprayed into the nose those patients with chronic obstructive pulmonary dis- 
either manually or with the addition of bayonet for- ease (COPD) and for those at risk for aspiration, 
eps, where they will remain for 20 min, supple-  ~ Have the patient follow up with otolaryngology within 
mented by firm pressure to the nares as described 2-3 days for reevaluation and packing removal 
previously. ~ Provide adequate discharge instructions warning the 
~ If the bleeding has then stopped, they can be patient against nose blowing, sneezing with the mouth 
removed at this time. IFit does not, itis advised to closed, or any movements or actions that cause a 
repeat the previous step a second time, this time Valsalva maneuver. 
‘with a longer period of pressure, before proceed- ~The patient should try to keep his or her head elevated 
ing to the next step. for the next 24-48 h even while sleeping to prevent 
16, Ifall of these techniques fail to control bleeding, the potential aspiration, 
clinician may apply a sealant spray or foam enriched + Pitfalls 
‘with thrombin to enhance clotting ~ Discharging a patient without an adequate period of 
= Commercially available options include Crosseal observation. 
or FloSeal ~ Failing to ensure appropriate follow-up. 
17. Finally, if none of these techniques manage to halt — Providing inadequate discharge instructions, 


‘what one is sure is only an anterior, albeit persistent, 

nosebleed, consult the otolaryngologist for further 

‘guidance. 

= Another consideration at this point may be that 
the uncontrollable anterior nosebleed is really 
a posterior nosebleed from an undetermined 
location, 

= It may be prudent to proceed to the algorithm for 
treatment of posterior epistaxis, even if a posterior 
bleed is not specifically confirmed, 


Mistaking an anterior nosebleed for a posterior 
nosebleed. 

Leaving silver nitrite on exposed nasal mucosa can 
lead to iatrogenic nasal septal perforation. 

— Not informing the patient that minimal oozing of blood. 
from the nose can be expected. 
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Fig.53.3. Example of silver nitrate stick and packaging 


Fig,53.5. Proper taping of « commercial anterior nasal pack 


Fig.53.4. Example of commercial nasal pack 
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53.6 Procedure: Posterior Epistaxis 


+ Preliminary Steps 
1, Owing to the possibility of extreme exsanguination 
from a posterior source of epistaxis or airway obstruc- 
tion from a large clot dislodgment or large volume of 
blood aspiration, the stability of the patient's airway, 
breathing, and circulation must be ensured first. 
= Appropriate interventions entirely depend on the 
presentation of the patient and therefore are not 
described in this chapter. 
~ Patients with posterior epistaxis can lose a large 
volume of blood quickly, so this needs to be an ini- 
tial consideration, 
Consider establishing intravenous access and placing 
the patient on a cardiac monitor. 
3, Because patients with posterior epistaxis tend to be 
either older, on various blood thinners, orto potentially 
have some type of coagulopathy, consider obtaining a 
complete blood count, prothrombin time, and partial 
thromboplastin time as part ofthe preliminary workup. 
4, Consider a blood type and screen, 
‘+ Management of posterior epistaxis: 
1, Inspect the nares as described in the previous section 
‘on anterior nosebleeds. 
2, Several of the techniques discussed may be attempted 
but may not be successful. 
3. Assemble necessary equipment at the bedside. 
4, Have the patient seated upright, with the head and 
neck in the sniffing position, 
5. Universal precautions including a gown, glove, and 
mask should be employed 
6, Drape the patient with towels or a large body drape, 
7. Apply a combination of a topical vasoconstrictor and 
anesthetic to the nose. 
~ An appropriate choice (e.g., 1 % pseudoephedrine 
or 1:1000 epinephrine in a 1:1 ratio with 4 % lido- 
caine or 2 % tetracaine) 


Be aware, however, that there are situations in 
which the bleeding may be too brisk, and this step 
may need to be avoided owing to time constraints 
and the volume of bleeding. So itis not unheard of 
to be required to intervene in posterior epistaxis 
without this initial step, 

8, Otolaryngology should be consulted as early as possi- 
ble in the workup of this condition, both for admission 
and in case the following techniques fail. 

9, An advised initial step for the treatment of posterior 
epistaxis is to proceed directly to insertion of a unilat- 
eral of, preferably, bilateral posterior nasal pack or 
balloon, 


— An example of these is the elongated version of 
the Rhino Rocket as described previously. 
= Insertion and securing of the product proceed 
essentially the same way, except that it is inserted 
deeper into the posterior oropharynx. 
10. Consider the use of a dedicated posterior balloon, 
such as a Nasostat or Epistat (Fig. 53.7) 
= These devices are double-balloon systems that are 
lubricated preferably with bacitracin (sterile jelly 
is also appropriate) and inserted into the posterior 
nasopharynx. 
= The posterior balloon is then inflated with the 
product-specific quantity of air. 
= The product is then withdrawn slightly to ensure 
that the posterior balloon is situated firmly in its 
desired location of the posterior nasal cavity. 
= The anterior balloon is then inflated with the 
device-specific quantity of normal saline, and the 
device is secured. 

‘+ If the previously discussed resources are not available, a 
clinician can insert an adult-caliber Foley catheter into the 
posterior nasopharynx, with inflation of the balloon, and 
gentle traction anteriorly to ensure the bulb is situated 
similarly to the Nasostat or Epistat, firmly in the posterior 
nasal cavity to tamponade off the bleeding (Fig. 53.8) 

‘+ If all of these techniques still fail to control bleeding, an 
otolaryngologist will likely need to intervene, performing 
techniques outside the scope of practice of the emergency 
physician, including electrocautery, submucosal lido- 
cainelepinephrine injections, or other surgical 
interventions, 

+ The final step in the management of this patient includes 
admission to a monitored bed, 


53.6.1 Pearls and 


itfalls 


+ Pearls 
= Consult otolaryngology early in the workup as soon as 
1 posterior bleed is identified. 

— Patients receiving packing will still need to be placed 
‘on antibiotics, such as a first-generation cephalospo- 
rin, clindamycin, or amoxicillin-clavulanie acid, 

~ Perform a good physical examination concomitantly 
with the management of the bleed specifically geared 
toward assessing the patient's volume status (ortho- 
statics, capillary refill, heart rate), because the patient 
may have significant volume loss depending on the 
duration and quantity of the bleed. 

— Take a good history including prior bleed, prior admis- 
sion requirements owing to epistaxis, any anticoagu- 


lant use, blood dyscrasias, and so on. 
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+ Pitfalls 

~ Misidentifying a posterior bleed as an anterior bleed. 
This can be catastrophic if the patent is discharged. 
Reference the “Etiology” section earlier 

= Discharging the patient. 

~ Consulting otolaryngology too late 

= Underestimating the volume of blood loss. It may be 
helpful to think of these patients as trauma patients in 
their initial management and to proceed down the stan- 
dard primary surveyfintervention/secondary_ survey! 


Fig.53.7 Example of posterior balloon 


intervention approach, ensuring that the volume needs 
are identified early. 

Infection. 

Pressure necrosis of the septum, 

Hypoxia. 

Aspiration, 

Arthythmias. 

Dysphagia. 

Dislodgment of the pack. 


Fig,53.8. Foley catheter in the posterior nasopharynx. 


Variants 


enclosure rather than a circular can. Their power 
ratings are likely to be lower, but their principle 
of operation is unchanged. Two variants are 
shown in Figure 11-5. 


Figure 11-5, Two modern miniaturized potentiometers. At 
left: SK. At right: 1OK. Both are rated ta dissipate up to 
Som, 


The three terminals on the outside of a potenti- 
ometer may be solder lugs, screw terminals, or 
pins for direct mounting on a circuit board. The 
pins may be straight or angled at 90 degrees. 


The resistive element may use carbon film, plas- 
tic, cermet (a ceramic-metal mixture), or resistive 
wire wound aroundan insulator. Carbon-film po- 
tentiometers are generally the cheapest, where- 
as wire-wound potentiometers are generally the 
most expensive. 


Wire-wound potentiometers may handle more 
power than the other variants, but as the wiper 
makes a transition from one turn of the internal 
wire element to the next, the output will tend to 
change in discrete steps instead of varying more 
smoothly. 


In a potentiometer with detents, typically a 
spring-loaded lever in contact with notched in- 
ternal wheel causes the shaft to tur in discrete 
steps that create a stepped output even if the 
resistive element is continuous. 


power > moderation > potentior 


The shaft may be made of metal or plastic, with 
its length and width varying from one compo- 
ent to another. A control knob can be fitted to 
the end of the shaft. Some control knobs are 
push-on, others havea set screw to secure them, 
Shafts may be splined and split, or round and 
smooth, orround witha flatsurface that matches 
the shape of a socket in a control knob and re- 
duces the risk of a knob becoming loose and 
turning freely. Some shafts have a slotted tip to 
enable screwdriver adjustment. 


Some shaft options for full-size potentiometers 
are shown in Figure 11- 


Figure 11-6. Three shaft options for potentiometers 


Multiple-Turn Potentiometer 

Toachieve greater precision, a track inside a po- 
tentiometer may be manufactured in the form of 
ahelix, allowing the wipertomakemultipleturns 
on its journey from one end of the track to the 
other. Such multiple-turn potentiometers typi 
callyallow3,5,or10tustomovethewiperfrom 
end to end. Other multiple-turn potentiometers 
may use a screw thread that advances a wiper 
along a linear or circular track. The latter is com- 
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Treatment of Septal Hematoma 


Bobby K. Desai 


54. 


Indications 


+ Septal hematomas occur after force applied to the nasal 
cartilage results in leakage of blood from the perichon- 
drium (Figs. 54.1 and 54.2). They may be unilateral or 
bilateral. 

~ Untreated, this hematoma can expand and mechanically 
obstruct the blood vessels that supply the nasal cartilage. 


Fig. 54.1 Example of a septal hematoma 


Fracture one 
‘asa septum 


Fig. 54.2 Dingram ofa septal hematomas 
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54.2 Contraindications 


+ In the setting of massive facial trauma, airway protection 
‘and consultation with otolaryngology or oral surgery may 
be required. 


54.3 Materials and Medications 


+ S.ce syringe 
+ 20-gauge needle (may use larger-gauge needle, but 
smaller ones may not allow for adequate suctioning) 

+ Topical antiseptic 

+ Sterile drapes, gown, eye protection, and gloves 

+ Light source—preferably a head lamp 

+ If using procedural sedation, specific medications of 
choice are needed as well as monitoring and resuscitation 
equipment 

+ Nasal speculum, 

+ 4 % liquid cocaine or 4 % liquid Tidocaine for anesthesia, 

+ Topical vasoconstrictor of choice (oxymetazoline or 
phenylephrine) 

+ Scalpel (#15 blade) 

+ Suction setup 

+ Saline for irrigation 

+ Sterile gauze 

‘+ Iodoform packing or sterile rubber band 

+ Anterior nasal pack (Rhino Rocket) 

+ Intravenous antibiotics to cover Staphylococcus aureus, 
group A P-hemolytic streptococci, Streprocaccus pne 
‘monia, and Haemophilus influenzae 


54.4 Procedure 


+ Preprocedure 
— Explain the procedure to the patient. 
= Informed consent may be required. 

+ Procedure—unilateral (Fig. 54.3) 

1. Place the patient in a seated position if the procedure is to 
‘be done without procedural sedation, 

+ If performing the procedure under procedural seda- 
tion, the patient may be placed in the supine position 
with appropriate monitoring and resuscitation equip- 
ment on standby. 


Provide local anesthesia by applying the topical 
anesthetic of choice to cotton pledgets, wringing out the 
excess before insertion, 

+ Remove after 10 min. 

+ [fusing lidocaine, a topical vasoconstrictor may be 
required that may be mixed with the lidocaine or 
applied directly on the nasal mucosa before the 
procedure. 

Using a nasal speculum, open the affected nares verti- 

cally as wide as possible. Horizontal use may obscure 

the hematoma. 

Using a #15 blade, make a vertical incision at the hema- 

toma extending the incision posteriorly at its base. 

+ Take care not to make too deep an incision hecause 
septal perforation may occur. 

Suction and gauze should be at the ready to remove as 

much blood as possible. 

Pack the incision site with iodoform gauze or a sterile 

rubber band in order to keep the incision open to prevent 

accumulation of blood 

‘This packing can be held in place with an anterior nasal 

pack. 

+ The pack should be placed in both nares to prevent 
deformity of the nasal septum. 

Consider administration of a dose of intravenous 

antibiotics. 

Send the patient home with a prescription for oral 

antibiotics. 

Arrange follow-up for 24 h. 

Procedure—bilateral (Fig. 54.4) 

If bilateral hematomas are present, otolaryngology con- 

sultation should be sought. 

‘One method involves the incision of one side only through 

the nasal septum so that both may drain through one side. 

+ Care must be taken NOT to penetrate the overlying 

‘mucosa of the other side. 

‘The second option is to repeat the unilateral drainage pro- 

cedure on the contralateral side. 

Care must be taken to not have the incision exactly in the 

same location as the contralateral side owing to the risk of 

permanent septal perforation, 
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Nasal 


* septum 


hematoma 


Perichondium 


Fig. 54.3. (a-d) Technique for drainage of a unilateral septal hematoma 


Fig. 54.4 Technique for drainage of a bilateral septal hematoma 
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54.5 Pitfalls and Complications 


+ Bleeding 
+ Infection: toxic shock syndrome 
+ Deformity of the nose 

+ Permanent septal perforation 

+ Inadequate drainage 

+ Reaccumulation of blood. 

+ Development of septal abscess 


Selected Reading 


Ginsburg CG. Consultation with the specialist: nasal septal hematoma. 
Pediatr Rev. 1998;10:142-3, 

Savage RR, Valvich C. Hematoma of the nasal septum, Pediatr Rev 
2006:27:478-9. 


Nasal Foreign Body Removal 


Bobby K. Desai 


55.1 Indications 


+ Visualized foreign body (FB) on inspection 
+ Continued unilateral nasal discharge of unknown etiology 
+ Recurrent epistaxis, 


55.2 Contraindications: Need Urgent 
Referral 


+ Those cases in which the emergency physician is not con- 
fident of success. 
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‘Combative patients who are not candidates for conscious 
sedation, 

Embedded FBs 

Penetrating injuries with an FB. 

Button batteries that cannot be removed, 

Patients with bleeding diathesis. 

Respiratory distress. 

FBs superior and medial to the middle turbinate owing to 
risk of puncture to the cribriform plate. 

Chronic FBs may be difficult to visualize and these should 
be referred, 
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55.3 Materials and Medications 


+ 1 % lidocaine without epinephrine (solution) for anesthesia, 
+ 2% lidocaine jelly 

+ 0.5 % phenylephrine to vasoconstrict vessels 

+ Nasal speculum (Fig. 55.1) 

+ Headlamp or other direct lighting instrument 


Fig.55.1 (a-c) Example of 
nasal speculum 


Ambu bag (Fig. $5.2) 
Alligator forceps (Fig. 55.3) 

Curved hook (Fig. 55.4) 

Foley catheter 

Suction: schuknecht catheter (Fig. 55.5) 

Eye and biohazard protection for the clinician 
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Fig.55.4 Example ofa curved hook 
Fig.55.2_ Example of Ambu bags 


| Fig,55.5. Example ofa schuknecht suction tube 


Fig.55.3. Example of alligator forceps 
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55.4 Procedures (Based on the Method 
Chosen) 


55.4.1 Alligator Forceps 


+ Perhaps the easiest method to use for easily visualized FBs. 

+ Care must be taken for those FBS that are easily broken apart 
(e.g. peas) to ensure that all ofthe matter has been removed, 

+ Using a nasal speculum, spread the nares as much as pos- 
sible to maximize visualization. 


+ Stabilize the head with the nondominant hand, or for chil- 
dren, consider a papoose board to secure the patient. 

‘+ Attempt to grasp the FB with the forceps, 

+ After removal, ensure the complete removal of the object 
‘and ensure that no other FBs are present. 

55.4.1.1 Pitfalls and Complications 

+ Pushing the object deeper into the nares. 

+ Inability to totally remove the FB. 

+ Attempted removal of an embedded FB may cause 
significant bleeding. 


55.4.2 Curved Hook 


‘+ Used for nongraspable objects especially in the anterior nares. 

‘+ Using a nasal speculum, spread the nares as much as pos- 
sible to maximize visualization. 

+ Stabilize the head with the nondominant hand, or for chil- 
dren, consider a papoose board to secure the patient. 

*+ Pass the hook behind the object, or if the object has holes, 
the hook may be placed inside the hole to facilitate removal. 

+ Slowly withdraw the hook, thereby removing the FB. 

+ After removal, ensure the complete removal of the object 
‘and ensure that no other FBs are present. 

55.4.2.1 Pitfalls and Complications 

+ This technique cannot be used if the object cannot be 
directly visualized because significant trauma may arise 
‘owing to the misplacement of the hook. 

+ Attempted removal of an embedded FB may cause sig- 
nificant bleeding. 


55.4.3 Foley Catheter Removal 


+ Use a5 or 6 French catheter. 
+ Anesthetize the nares with lidocaine with or without epi- 
nephrine and vasoconstrict the nasal vessels with 
phenylephrine, 
‘+ Ensure that the Foley balloon has no leaks. 
‘+ Place the patient in a supine position 
= Consider procedural sedation for children and/or a 
papoose board 
‘+ Lubricate the Foley tip and balloon with lidocaine jelly. 
+ Advance the tip past the object. 
+ Blow up the balloon with 2-3 mL. of air and gently with- 
draw the catheter. 
‘The amount of air may need to be adjusted depending 
on the size of the object to be withdrawn, 
Pulling too quickly may cause a soft FB to break 
apart, 


55.4.3.1 Pitfalls and Complications 

+ This technique may be used if the FB is not visible. 

+ In order for this technique to work, the catheter must be 
able to slide posterior to the object in order for the balloon 
to pull out the object. 


55.4.4 Suction 


+ A small metal suction catheter—the schuknecht cathe- 
ter—may be used, 

+ The suction is placed against the FB and slowly 
withdrawn, 

+ This technique works best for round smooth objects visu- 
alized in the anterior nares. 


55.4.4.1 Pitfalls and Compl 


tions 


‘+ May not work for posteriorly displaced FBs. 
+ May not work for objects too tightly entrenched in the 
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55.4.5 Nasal Posi 


Pressure 


+ This technique works best for round FBs occluding the nares. 

+ Place the patient in a supine position. 
— Consider a papoose board to secure the patient. 

‘+ Apply pressure to the contralateral nares to occlude it. 

+ Connect an Ambu bag to high-flow oxygen. 
= Use a facemask that covers only the mouth, 

+ Place the mask on the patient’s mouth and allow it to 
expand by covering the thumbhole. 

‘+ If this pressure is insufficient to expel the object, the Ambu 
bag may be compressed to add pressure to the attempt. 

+ This may allow the object to be seen and grasped in the 
anterior nares. 


1 Pi 
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‘and Complications 


+ Too much pressure could theoretically rupture the tym- 
panic membranes. 


Selected Reading 


Backlin SA. Postive-pressure technique for nasal foreign boy removal 
in children. Ann Emerg Med. 1995:25:554-5, 

(Chan TC. Utberg J, Harrigan RA et al. Nasal foreign body removal 
J Emerg Med. 2004:26:441-5. 

Kadish H, Ear and nose foreign bodies: itis all about the tools, Clin 
Pediat. 2008:44:665-10, 
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parable with a trimmer where multiple turns of 
ascrewdriver are used to rotate a worm gear that 
rotates a wiper between opposite ends of a cir- 
cular track. 


Ganged Potentiometer 

Two (or rarely, more) potentiometers can be 
stacked or combined so that their resistive ele- 
ments and wipers share the same shaft but can 
Use different voltages or have different taper. 
Each resistance-wiper assembly is known as a 
cup, and the potentiometers are said to be 
ganged, 


Flat ganged potentiometers combine two resis- 
tive elements in one enclosure. Some dual 
‘ganged potentiometers are concentric, meaning 
that the pots are controlled separately by two 
shafts, one inside the other. Suitable concentric 
knobs must be used. You are unlikely to find 
these potentiometers sold as components in 
limited quantities. 


Switched Potentiometer 

In this variant, when the shaftis tumed clockwise 
from an initial position that is fully counter- 
clockwise, itflipsan internal switch connected to 
external terminals, This can be used to power-up 
associated components (for example, an audio 
amplifier). Alternatively, a switch inside a poten- 
tiometer may be configured so that itis activated 
by pulling or pushing the shaft. 


Slider Potentiometer 

Also known as a slide potentiometer. This uses a 
straight resistive strip and a wiper that is moved 
to and fro linearly by a tab or lug fitted with a 
plastic knob or finger-grip. Sliders are still found 
on some audio equipment. The principle of op- 
eration, and the number of terminals, are identi- 
altothe classic-style potentiometer. Sliderstyp- 
ically have solder tabs or PC pins. In Figure 11-7, 
the large one is about 3.5" long, designed for 
mounting behind a panel that has a slot to allow 
the sliding lug to poke through. Threaded holes 
at either end will accept screws to fix the slider 
behind the panel, Aremovable plasticfinger-grip 


Variants 


(sold separately, in a variety of styles) has been 
pushed into place. Solder tabs underneath the 
slider are hidden in this photo. The smaller slider 
is designed for through-hole mounting on a cir- 
cuit board. 


Figure 117. Sider patentiometors 


Trimmer Potentiometer 

Often referred to as Trimpots, this is actually a 
proprietary brand name of Bourns. They are usu- 
ally mounted directly on circuit boards to allow 
fine adjustment or trimming during manufac- 
turing and testing to compensate for variations 
in other components. Trimmers may be single- 
turn or multi-turn, the latter containing a worm 
gear that engages with another gear to which 
the wiper is attached. Trimmers always have lin- 
ear taper. They may be designed for screwdriver 
adjustment or may have a small knurled shaft, a 
thumb wheel, ora knob. They are not usually ac- 
cessible by the end user of the equipment, and 
their setting may be sealed or fixed when the 
equipment is assembled. In Figure 11-8, the 
beige Spectro! trimmer is a single-turn design, 
Whereas the blue trimmer is multi-turn. A worm 
gear inside the package, beneath the screw 
head, engages with an interior gear wheel that 
rotates the wiper, 


In Figure 11-9, a 2K trimmer potentiometer has a 
knurled dial attached to allow easy finger adjust- 
ment, although the dial also contains a slot fora 
flat-blade screwdriver. 
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Cerumen Removal 
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56.1 Indications 


+ Hearing loss 
+ Profound dizziness 
+ Pain 


56.2 Contraindications 


+ Uncooperative patient 
+ Potential for foreign bodies 

+ Prior surgery to ear or mastoid 

‘+ History of middle or outer ear disease 


56.3 Materials and Medications 


+ Ear speculum (Fig. 56.1), 
+ Eye and biohazard protection for the clinician 
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Headlamp or other direct lighting instrument 

Cerumen-sofiening solutions 

= Carhamide peroxide 

— Mineral oil or other oil-based agents including almond 
cor olive oil 

— Liquid docusate sodium 

= Acetic acid 

= Sodium bicarbonate 

Alligator forceps (Fig. 56.2) 

‘Curved hook or cerumen spoon (Figs. 56.3 and 56.4) 

‘Suction—Schuknecht catheter 

Irrigation setup 

— Ear syringe (Figs. 56.5 and 56.6) 

20- to 60-mL. syringe with an 18-gauge angiocath 

attached 

= Commercial car irrigation setup 

~ Water (tap water may be used) 

Basin or other collection device 


Towels 
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Fig. 56.1. Example of an ear speculum 


( | Fig. 56.3 Examples of cerumen spoons 


Fig. 56.2. Example of alligator forceps 
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Fig. 56.5 Example ofa typical bulb syringe used in irrigation 
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56.4 Procedure 


1 


10. 


Explain the procedure to the patient to facilitate 

cooperation. 

+ Some discomfort may be involved, including a sen- 
sation of pressure and the cold, wet feeling from the 
water used, 

+ Nausea, vomiting, or a sensation of vertigo may also 
be experienced, 
= Consider pretreatment of vertigo with agent of 

choice. 

‘The patient may be seated or supine with the head 

slightly turned to the affected side to facilitate the col- 

lection of fluid. 

Stabilize the head with the nondominant hand, or for 

children, consider a papoose board to secure the patient. 

Pull the ear up and out to straighten the ear canal 

Before irrigation, if the cerumen is hard, alligator for- 

cceps or a cerumen spoon may be used under direct visu- 

alization to remove as much cerumen as possible. 

Use a cerumen-sofiening agent before irrigation by instill. 

ing and leaving in for 30 min to maximize softening. 

Place a collection device next to the patient's ear, or 

alternatively, have the patient hold a basin near the ear to 

collect any liquid, 

Attach an angiocath to a 20- or 60-mL. syringe, place the 

tip of the catheter within the ear canal, and aim toward 

the tympanic membrane. 

Slowly inject the solution into the ear canal 

+ Care must be taken to limit the force used owing to 
the potential for tympanic membrane rupture. 

‘+ The fluid can be injected in short bursts or all at once. 

Direct the stream as much as possible toward the rear of 

the cerumen to be removed. 


11. Continually reassess the ear canal to ensure that all ceru- 

‘men has been removed, 

+ If one large piece remains, use a cerumen hook to 
facilitate removal 

If the patient complains of severe sharp pain, stop the 

procedure and assess the tympanic membrane for 

rupture. 

+ Consider referral or otolaryngological consultation at 
this point. 

After successful removal, dry the ear canal with cotton- 

tipped applicators to prevent otitis externa, 
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56.5 Pitfalls and Complications 


‘+ Owing to instillation of room temperature water, a caloric 
response may occur including vertigo, nausea, and 
vomiting, 

‘+ Rupture of the tympanic membrane. 

‘+ Unsuccessful irrigation secondary to inadequate time 
given to softening agents before attempting removal. 

+ Bleeding of the external auditory canal 

+ Otitis externa, 

+ Hearing loss. 


Selected Reading 


Blake P, Matthews R, Homibrook J. When not to syringe an ear. NZ 
Med J. 199851112122. 

McCarter D, Courtney AU, Polat SM. Cerumen impaction, Am Fam 
Physician. 2007:75:1523-8. 

Roland PS, Smith TL, Schwartz SR, etal, Clinical practice guideline: 
‘cerumen impaction. Otolaryngol Head Neck Surg. 
2008:139:S1-21 


Ear Foreign Body Removal 57 
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57.1 Indications 


+ Visualized foreign body (FB) on inspection, 

* Continued unilateral otorthea of unknown etiology man- 
dates a search, 

+ Recurrent bleeding 

+ History of FB placement by patient. 


57.2 Contraindications: Need Urgent 
Referral 


+ Those cases in which the emergency physician is not con- 
fident of success. 

+ Combative patients are not candidates for conscious 
sedation, 

+ Embedded FBs, 

+ Penetrating injuries with an FB, 

+ FBs close to the tympanic membrane, 

+ Consider referral of spherical FBs because these may be 
difficult to grasp. 
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‘+ Chronic FBs may be difficult to visualize; these should be 
referred, 

+ Consider referral for those patients who have attempts 
made at other institutions, 


57.3. Materials and Medications 


+ Earspeculum (Fig. 56.1) 
+ Eye and biohazard protection forthe clinician 
+ Headlamp or other direct lighting instrument 
+ Alligator forceps (Fig. 56.2) 
+ Curved hook (Fig. 57.1) or cerumen spoon (Fig. 6.3) 
+ Suction—Schaknecht catheter (Fig. 57.2) 
+ Irigaton setup 
~ Earsyringe (Fig. 573) 
= 20- to 60-mL syringe with an 18-gauge angiocath 
attached 
~ Water (tap water may be used) 
= Basin or other collection device 
~ Towels 
+ Cyanoucrylate Fig. 57.4) 
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Fig.57.1 Example of «curved hook 


Fig,57.3. Example ofa typical syringe used in irrigation 


Fig.57.4 Example of cyanoacrylate 


Fig. 57.2 (a) Example of a Schuknecht suction tube, (b) example of 
‘car imigation setup using a Waterpik system 
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57.4 Procedures (Based on the Method 
Chosen) 


57.4.1 Alligator Forceps 


+ Ideal for easily visualized FBs, especially graspable FBS 
in the lateral third of the ear canal. 

‘May have limited success with rounded objects. 

+ Care must be taken for those FBs that are easily broken 
apart (e.g., peas) to ensure that all of the matter has been 
removed. 

— May need irrigation subsequent to the attempt. 

+ Explain the procedure to the patient to facilitate 
cooperation, 

‘+ Pull the ear up and out to straighten the ear canal. 

+ Consider using a specialized otoscope with magnification 
(an operating otoscope) to maximize visualization. 

+ The patient may be seated or supine with the unaffected 
side turned to the gurney or examining chair. 

+ Stabilize the head with the nondominant hand, or for chil- 
dren, consider a papoose board to secure the patient. 

+ Attempt to grasp the FB with the forceps, 

Ifusing an ear speculum, attempt to bring the object as 
close as possible to the speculum in order to stabilize it 
and slowly remove both. 

+ After removal, ensure the complete removal of the object 
‘and ensure that no other FBs are present. 


57.4.1.1 Pitfalls and Complications 

+ Pushing the object deeper into the auditory canal, 

+ Inability to totally remove the FB. 

+ Attempted removal of an embedded FB may cause sig- 
nificant bleeding. 


57.4.2 Curved Hook 


‘+ Ideal for spherical objects in the lateral third of the audi- 
tory canal. 

+ Can be used for non-graspable objects especially in the 
lateral third of the auditory canal, 

+ Direct visualization is necessary to avoid trauma to the 
cear canal 

+ Consider using a specialized otoscope with magnification 
(an operating otoscope) to maximize visualization. 

+ Explain the procedure to the patient to facilitate 
cooperation, 

+ The patient may be seated or supine with the unaffected 
side turned to the gurney or examining chair. 


‘+ Stabilize the head with the nondominant hand, or for 
children, consider a papoose board to secure the 
patient. 

+ Pull the ear up and out to straighten the ear canal. 

+ Pass the hook behind the object, or if the object has holes, 
place the hook inside the hole to facilitate removal, 
= In order for this technique to succeed, there must be 

sufficient area near the object to facilitate the hook 
going behind it. 

+ Slowly withdraw the hook, thereby removing the FB. 

+ After removal, ensure the complete removal of the object 
‘and ensure that no other FBs are present. 


57.4.2.1 


Pitfalls and Complications 

‘+ Pushing the object deeper into the auditory canal. 

+ This technique cannot be used if the object cannot be 
directly visualized because significant trauma may arise 
‘owing to the misplacement of the hook. 

‘+ Attempted removal of an embedded FB may cause sig- 
nificant bleeding. 

+ Do not use this technique if the object is close to the tym- 
panic membrane owing to risk of rupture. 


57.4.3 Suction 


‘+ A small metal suction catheter—the Schuknecht cathe- 
ter—may be used. 
‘+ Ideal for hard rounded objects in the lateral third of the 
car canal 
= Does not work as well for those objects closer to the 
tympanic membrane owing to lack of suction and the 
narrow ear canal 
+ Direct visualization of the object is mandatory. 
= The catheter must be placed directly on the object for 
this technique to succeed, 
+ Explain the procedure to the patient to facili 
cooperation. 
‘+ The patient may be seated or supine with the unaffected 
side turned to the gumey or examining chair. 
‘+ Stabilize the head with the nondominant hand, or for chil- 
dren, consider a papoose board to secure the patient. 
‘+ Pull the ear up and out to straighten the ear canal. 
‘+ Place the suction against the FB and slowly withdraw. 


57.4.3.1 Pitfalls and Complications 

‘+ Pushing the object deeper into the auditory canal 

‘+ May not work for objects too tightly entrenched in the ear 
canal 
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57.4.4 I 


+ Useful for small particulate matter unable to be grasped 
by forceps or too small for a hook to pull out 
— Cannot be used for button batteries or vegetable 

matter, 

‘+ Irrigation may cause an alkaline necrosis with the 
button battery. 

‘+ Vegetable matter may expand, increasing the diffi 
culty of removal. 

+ Explain the procedure to the patient to facilitate 
cooperation, 

— Some discomfort may be involved, including a sens 
tion of pressure and a feeling cold wetness from the 
water used. 

+ The patient may be seated or supine with the head slightly 
turned to the affected side to facilitate collection of fluid. 

+ Stabilize the head with the nondominant hand, oF for chil- 
dren, consider a papoose board to secure the patient. 

‘+ Pull the ear up and out to straighten the ear canal. 

+ Place a collection device next to the patient's ear, or alter- 
natively, have the patient hold a basin. 

+ Attach an angiocath to a 20- or 60-mL. syringe and place 
the tip of the catheter within the ear canal, or use a 
‘Waterpik system, 

‘+ Slowly inject the solution into the ear canal 
~ Care must be taken to limit the force used owing to the 

potential for tympanic membrane rupture. 

+ Direct the stream as much as possible toward the rear of 
the object(s) to be removed, 

+ Continually assess the ear canal to ensure that all foreign 
matter has been removed, 

+ Ifthe patient complains of severe sharp pain, stop the pro- 
cedure and assess the tympanic membrane for rupture. 

— Consider referral or otolaryngological consultation at 
this point. 


57.4.4.1 Pitfalls and Complications 

+ Owing to instillation of room temperature water, a caloric 
response may occur including vertigo, nausea, and 
vomiting, 

‘+ Rupture of the tympanic membrane, 


57.4.5 Cyanoacrylate 


‘+ Useful for objects that can be directly visualized. 

‘+ Ideal for hard rounded objects in the lateral third of the 
cear canal 
= Does not work as well for those objects closer to the 

tympanic membrane owing to lack of visualization 

‘+ Direct visualization of the object is mandatory. 
= The stick with the cyanoacrylate must be placed 

directly on the object for this technique to succeed, 

+ Consider using a specialized otoscope with magnification 
(an operating otoscope) to maximize visualization. 

+ Explain the procedure to the patient to facilitate 
cooperation. 

‘+ The patient may be seated or supine with the unaffected 
side turned to the gurney or examining chair. 

‘+ Stabilize the head with the nondominant hand, or for cl 
dren, consider a papoose board to secure the patient. 

‘+ Pull the ear up and out to straighten the ear canal. 

+ Place a small amount of cyanoacrylate on the end of a 
cerumen spoon or wooden end of a cotton-tipped 
swab, 

‘+ Using direct visualization, place the stick in the ear canal 
and touch the FB, 

‘+ Leave the stick on the abject for approximately 30-60 s to 
facilitate drying of the glue. 

‘+ Remove the stick and the FB. 


57.4.5.1 Pitfalls and Complications 

+ This technique cannot be used if the object cannot be 

+ The object must be relatively smooth to facilitate place- 
ment of the glue, 
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Treatment of Auricular Hematoma 


Bobby K. Desai 


58.1 Indications 


+ Presence of auricular hematoma 
= These occur after significant force is applied to the ear, 
= This type of hematoma will separate the perichon- 
dium from the cartilage. 

+ Untreated, this hematoma prevents the develop- 
‘ment of new cartilage, subsequently deforming the 
auricle, causing cauliflower ear (Figs. 58.1 and 
58.2). 


Fig.58.1. Example ofa cauliflower ear 
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58.2 Contraindications 
Perichondrium 
+ Uncooperative patient. 
isegtanawe. + Evidence of infection mandates plastic surgery or otolar- 


tissue 


Cartilage 


Skin 


Medial) 


Fig.58.2 Schematic of auricular hematoma 


Hematoma 


yagology consultation, 
+ Significant trauma to area around the eat, 


58.3 Materials and Medications 


+ S.ce syringe 
+ 20-gauge needle (may use larger-gauge needle, but 
smaller ones may not allow for adequate suctioning) 

+ Topical antiseptic 
+ Sterile drapes, gown, eye protection, and gloves 
+ 1% lidocaine for anesthesia 
+ Scalpel (#11 or #15 blade) 
+ Suction setup 
+ Saline for irrigation 
+ Hemostat and forceps 
+ Penrose drain or plain gauze packing 
+ Xeroform gauze 
+ Laceration tray setup 
— Needle driver 
— 4-0 Nonabsorbable suture 
+ Antibiotic ointment 
+ Gauze bandages 


58.4 Procedure (Needle Aspiration) 


1. Explain the procedure to the patient. 

2. Informed consent may be required 

3. The patient may be seated or supine with the unaffected 
side turned to the gurney or examining chair. 

4. Stabilize the head with the nondominant hand, or for 
children, considera papoose board to secure the patient 
+ Consider procedural sedation for children. 

5. Carefully clean the area with an antiseptic solution of 
choice (povidone-iodine [Betadine] or chlorhexidine 
solution) and allow to dr: 

6. Anesthetize the area where the hematoma is of greatest 
diameter with 1 % lidocaine, 

7. Inject the hematoma itself to promote increased 
anesthesia 

8. The clinician should prepare for the procedure by prac- 
ticing universal precautions. 

9. Drape the patients ear 

10, Attach a 20-gauge needle toa syringe. 

+ A Scce syringe should be sufficient. 

11. Attempt to aspirate the hematoma contents with the pre- 

pared syringe (Fig. 58.3) 


How to Use it 


Figure 11-8. Like mast trimmers, these are designed for 
through-hale mounting ona circutt board. 


Figure 11-9. A trimmer potentiometer with a knurled at 
to facta finger adjustment. 


How to Use it 


‘The classic-style potentiometer was once used 
universally to control volume, bass, and trebleon 
audio equipment but has been replaced increas- 
ingly by digital input devices such as tactile 
switches (see “Tactile Switch” (page 34)) or ro- 
tational encoders (see Chapter 8), which are 
more reliable and may be cheaper, especially 
When assembly costs are considered. 


power > moderation > potentiometer 


Potentiometersare widely used in lamp dimmers 
and on cooking stoves (see Figure 11-10). In 
these applications,a solid-state switching device 
such as a triac (described in Volume 2) does the 
actual workof moderating the power tothe lamp 
or the stove by interrupting it very rapidly. The 
potentiometer adjusts the duty cycle of the pow- 
er interruptions. This system wastes far less pow- 
er than if the potentiometer controlled the light- 
ing or heating element directly as a rheostat. 
Since less power is involved, the potentiometer 
can be small and cheap, and will not generate 
significant heat. 


Figure 1140. Typical usage of a potentiometer in conjune- 
tion with acc, tia. and capacitor to contol the bright- 
ness of an incandescent bulb, using an AC power supply. 
Diacs and triacs are discussed in Volume 2 

Because true logarithmic potentiometers have 
become decreasingly common, a linear potenti- 
‘ometer in conjunction with a fixed resistor can 
be used as a substitute, to control audio input. 
See Figure 11-11, 
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an 


12. “Milking” the hematoma may be required to fully 
remove the clot, 

+ Ifthe hematoma has been present for sufficient time 
for the blood to completely clot, needle aspiration will 
fail, and an alternative technique, described later, may 
be necessary to completely evacuate the hematoma, 

13, Place antibiotic ointment around the injection site. 

14, Loosely dress the area, 

15, Refer to an otolaryngologist or a plastic surgeon for fol- 
low-up care 


IF needle aspiration fails, a larger incision may be required 
using the following procedure: 


1, Perform the previously discussed steps. 
2. Consider a local field block of the greater auricular nerve. 
3. Make an incision over the hematoma, following the 
anatomy of the helix (Fig. 58.4), 
+ The incision should be 5-6 mm in length and curvi- 
linear, following the concavity of the helix. 
+ More than one incision may be required. 
4. Remove the hematoma with hemostats or forceps 
+ Suctioning may be used as well 
5. Copiously irrigate the cavity with saline to make certain 
of complete removal of the hematoma, 
6, Insert the Penrose drain or plain packing into the incision, 


Fig.58.3 Aspiration of « hematoma 


10. 
im 


Antibiotic ointment may be applied to the incision site, 

Place the Xeroform gauze over the incision site. 

Apply a compression dressing tothe ear (Fig. 58.5) 
Place dry cotton into the ear canal to protect from 
possible drainage and subsequent infection. 
Fig. 58.6). 

‘+ Mold Xeroform gauze in and around the contours of 
the helix (Fig. 58.7). 

+ With the aid of an assistant, place gauze behind the 
pinna and over the Xeroform gauze already molded 
to the anterior portion of the ear (Fig. 58.8). 

+ Place more fluffed gauze over the ear (Fig. 58.9), 

+ While the assistant holds the anterior and posterior 
gauze in place, use a web roll (Kerlix) around the 
head to keep the gauze in place. Then wrap the head. 
with an ACE wrap or stretchy bandage (Figs. 58.10 
and $8.11), 

+ These steps are critical to maintain equal compres- 
sion of the ear, which will help prevent future 
deformity. 

+ Alternatively, dental rolls can be secured with suture 
to the anterior and posterior site of the drained hema- 
toma (Fig. 58.12). 

Place the patient on prophylactic antibiotics. 

Refer to an otolaryngologist or a plastic surgeon for fol- 

low-up cate. 
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FFig.58.4 Incision of an auricular hematoma (a) Incision; (b) removal of clot with forceps: (e) aspiration of blood with syringe 
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Fig.58.5 Materials needed for 
‘compression dressing 


Fig. 58.6 Place cotom in the car to prevent drainage ilo ear 


Fig.58.7 (a,b) Mold Xeroform gauze around ear heli 
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Fig.58.8 (a,b) Mold sterile gauze on top of Xeroform gauze around 
cearbelix 


Fig. 58.10 (a-c) Wrap head with Kerix (sterile gauze rll) 


Fig.58.9 Pad outside of ear with 454 gauze pads 


BK. Desal 


Fig. 58.12. Dental rolls secured tothe ear 


58.5 Pitfalls and Complications 


+ Bleeding 

+ Infection—perichondritis 

Deformity of the auricle 

Inadequate clot removal 

‘+ Hematomas present for several days warrant a plastic sur- 
gery or an otolaryngology consultation 


Acknowledgement ‘The authors would like to thank Thor Shiva Stead 
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Incision and Drainage of Peritonsillar 


Abscess 


59 


Melinda W. Fernandez and Bobby K. Desai 


59.1 Indications 


+ Peritonsillar abscess 


59.2 Contraindications 


+ Absolute 
= Malignancy 
= Vascular malformations 
+ Relative 
~ Pediatric patient 
= Severe trismus 
= Uncooperative patient 


59.3 Materials and Medications 


+ #11 or #15 scalpel 

+ 27-gauge 15-inch needle, 18- to 20-gauge 1.5-inch or 
longer needle 

+ SomL syringe, 10- to 20-mL syringe 

+ Tape 

+ Trauma shears 

+ Viscous lidocaine 

+ Lidocaine 1 % with epinephrine 

+ Laryngoscope with MAC 3 or 4 or tongue blade(s) and 
‘headlamp or other light source 

‘+ Suction setup with Frazier or tonsil suction tip 
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59.4 Procedure: Aspiration 


1. Informed consent may be required. 

2. Raise head of bed to at least 600° and place a pillow or 
other support behind the patients head, 

3. Prepare an 18- to 20-gauge 1.5-inch needle on a 10- to 
20-mL syringe with a needle guard. 

+ This can be accomplished by using trauma shears to 
cut I-15 cm off the distal plastic needle cover and 
replacing the cover over the needle. 

+ This now creates a guard to prevent deep penetration 
into vascular structures (Fig. 59.1). 

4. Topically anesthetize area with viscous lidocaine (alterna- 
tively, can use Cetacaine [benzocaine, tetracaine hydro- 
chloride, and butamben] spray) 

5. Using lidocaine 1 % with epinephrine and a 27-gauge 
15-inch needle on a S-mL. syringe, infiltrate 1-2 mL, 
into the area. Blanching should be apparent. 

6. Palpate the oropharynx with the gloved finger to evalu- 
ate for fluctuance, 

7. Assemble a MAC 3 or 4 intubation blade on a laryngo- 
scope handle and open into the light-on position, Insert 
the blade into the patient’s mouth, and advance the blade 
as far posteriorly as possible without inducing gagging 
Have the patient hold the laryngoscope handle. 
‘Alternatively, use a tongue blade and head lamp or other 
light source, but the laryngoscope technique allows for 
an unobstructed view of the area and the weight of the 
handle helps hold the patient’s mouth open, 

8. Using the previously prepared needle guard on the long 
18: to 20-gauge needle on a 12-mL syringe, insert the 
needle into the most fluctuant area (as determined from 
the previous examination), aspirating as the needle 
advances (Fig. 59.2). The most fluctuant area will usu- 
ally be located in the superior pole of the tonsil, 

‘+ Ibis very important to be careful not to angle the needle 
laterally toward the carotid artery. Also remember, this is 
aperitonsillar abscess so do not aspirate the tonsil itself. 
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9. After aspiration, if there is a pus return, remove as much 
purulent drainage as possible. Typical drainage is 
between 2 and 6 mL. Ifa large amount of pus is obtained 
($6 mL), incision and drainage (I&D) may be indicated, 
(See later for details on 1&D.) 

10. IF the aspirate did not return pus, attempt aspiration 
again by moving the insertion site 1 em inferiorly to the 
middle pole of the peritonsillar space. IF there is still no 


Fig. 59.1. Guard o prevent deep penetration of vascular structures 


pus aspirated, make a final attempt by moving again 
1 cm inferiorly to the lower pole of the peritonsillar 
space. 

LL. Suction should be set up, readily available, and turned 
‘on. Use suction to prevent the patient from aspirating or 
swallowing any purulent drainage. 

12. Expect a small amount of bleeding when the procedure 
is complete and the needle is removed. 


Fig. 59.2 Aspiration of a pertonsillar abscess: (a) Aspirate superior pole Rist, Uno pus aspirated, move 1 em inferior tothe middle poe. If still 
‘no pus, make final attempt by moving 1 more cm inferiorly tothe inferior pole. (b) Demonstrates use of needle guard 


159. Incision and Drainage of Peritonsillar Abscess 
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59.5 Procedure: Incision and Drainage 


1, Raise the head of the bed and anesthetize the area as 
described previously. 

2. Have suction set up with a Fraser or tonsil tip, available, 
and turned on. 

3. Have the patient hold the laryngoscope handle after the 
blade has been inserted orally as described previously. 

4, Fashion a blade guard on a #11 or #15 blade scalpel by 
taping over the blade with only 0.5 em of the blade 


exposed at the tip. Incise the area that was previously 
aspirated with a small stab incision. Suction the area 
Insert a curved Kelly clamp into the incision and open 
gently to enter the abscess cavity and break up loculations 
(Fig, 59.3), Suction as necessary. 

Have the patient gargle with a saline solution and 
expectorate. 

Do not pack the abscess cavity. 

Observe for 2-4 h for bleeding. 


Fig. $9.3 Incision and drainage of peritonsillar abscess: (a) Gain acess the tip. Incse the area that was previously aspirated with a small stab 
with appropriate lighting. (b) Fashion a blade puardona #1 or #15 blade incision. (e) Insert a curved Kelly clamp into the incision and open gently 
scalpel hy taping over the blade with only 0 em of the blade exposed at to enter the abscess cavity and break uplaculations. Dont pack! 
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59.6 Complications 


‘+ Aspiration or incision of the carotid artery 
+ Excessive bleeding 

+ Aspiration of purulent material 

+ Pain 


59.7. Pearls and Pitfalls 


+ Pearls 
= Airway protection should always be considered, 
Intubation may be necessary for very large abscesses 

with airway compromise, 

— Bedsides ultrasound is a valuable tool in confirming 
the diagnosis of peritonsillar abscess. Perform using 
the intracavitary probe covered with a sterile glove or 
other appropriate probe cover and insert into the oro- 
pharynx. The abscess will appear as any other abscess: 
an encapsulated, hypoechoic structure. Doppler flow 
can also be used to locate the carotid artery relative to 
the abscess. 

— Empirical oral antibiotics after aspiration or 1&D are 
considered usual care and should cover for group A 
streptococcus and oral anaerobes. 

‘+ Amoxicillin/clavulanate or clindamycin is the most 
commonly used, 

A single dose of high-dose steroids may be helpful in 
relieving symptoms 


~ Patients who cannot tolerate oral fluids, cannot take 
coral antibiotics, or who appear to have a toxic response 
should be admitted. Others may be discharged with 
24-h follow-up. 
+ Pitfalls 
= The carotid artery is located approximately 2.5 cm 
posterolaterally tothe tonsils. Take care that the needle 
is not inserted too far laterally or the risk of aspirating 
the carotid artery is increased, 
~ Incision into the tonsil itself may cause excessive 
bleeding. Aspiration or incision into the tonsil will 
likely miss the abscess altogether and may result in 
misdiagnosis. 
= There is a 1-15 % failure and recurrence rate, 
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power> moderation > ps 


400K 


{hans 


22K 


Figure 11-11 inthis circuit, a 100K linear potentiometer is 
used in conjunction with a 22K resistor to create an ap- 
proximately logarithmic volume contal far an auch sys 
fem with input coming from a mano jack socket at lft 


A potentiometer may be used to match a sensor 
‘or analog input device to an analog-digital con- 
verter, or it can calibrate a device such as a tem- 
perature or motion sensor. 


What Can Go Wrong 


Wear and Tear 

Since classic-style potentiometers are electro- 
mechanical devices, their performance will de- 
teriorate as one part rubs against another. The 
long open slot of a slider potentiometer makes it 
especially vulnerable to contamination with dirt, 
water, or grease. Contact-cleaner solvent, 
lubricant-carrying sprays, or pressurized “duster” 
gas may be squirted into a potentiometer to try 
toextend its life, Carbon-film potentiometers are 
the least durable and in audio applications will 
eventually create a “scratchy” sound when they 
are tured, as the resistive element deteriorates. 


Ifthe wiper deteriorates to the point where it no 
longer makes electrical contact with the track, 
and if the potentiometer is being used as a vari- 
able resistor, two failure modes are possible, 
shown in Figure 11-12. Clearly the right-hand 
schematic is a better outcome. This is an argu- 
ment for always tying the wiper to the “unused” 
end of the track. 


If you are designing a circuit board that will go 
through a production process, temperature var- 
jations during wave soldering, and subsequent 


than Zero 


Figure 11.12. If the wiper of a potentiometer breaks (inal 
cated by the loose arrow head) as a result of wear and 
tear, and the potentiometer is being used as a variable re 
sistor, the voltage fram it will drop fo zero (top schematic) 
unless the wiper has Been tied to one end of the track 
(bottom schematic). 


washing to remove flux residues, create hostile 
conditions for potentiometers, especially sliders 
where the internal parts are easily contaminated. 
It will be safer to hand-mount potentiometers 
after the automated process, 


Knobs that Don't Fit 

Control knobs are almost always sold separately 
from potentiometers, Make sure the shaft of the 
potentiometer (which may be round, round- 
with-flat, or knurled) matches the knob of your 
choice. Note that some shaft diameters are ex- 
pressed in inches, while others are metric. 


Nuts that Get Lost 

For panel-mounted potentiometers, a nut that 
fits the thread on the bushing is almost always 
included with the potentiometer; an additional 
nut and lock washer may also be supplied. Be- 
cause there is no standardization of threads on 
potentiometers, if you lose a nut, you may have 
some difficulty finding an exact replacement. 


Chapter 95, 


Incision and Drainage 
of Sublingual Abscess 


Melinda W. Fernandez and Bobby K. Desai 


60.1 Indications 


+ Sublingual abscess (Fig. 60.1) 


Fig. 60.1 Sublingual abscess 
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60.2 Contraindications 


+ Relative 


Fig.60.2. Materials needed: #11 
scalpel, hemostats, Penrose drain, 
40 silk suture, 25°27-zauge 
15-inch needle for injecting 
anesthetic, 18- 20-gauge 
‘needle for drawing up anesthetic. 
‘5-10 10-m. syringe or contol 
‘syringe, viscous lidocaine (or 
‘other topical anesthetic), 
lidocaine 1 with epinephrine, 
light source, suction setup with 
tonsil suction tip, culture swab 
(optional) 


Pediatric patient 
Severe trismus—may need sedation or drainage in the 
‘operating room 

Uncooperative patient—may need sedation or drain- 
age in the operating room 

Coagulopathy, patients taking anticoagulants, or 
patients with a known bleeding disorder 


60.3 Materials and Medications (Fig. 60.2) 


+ HLL scalpel 

+ Hemostats 

Penrose drain 

+ 40ssilk suture 

+ 25- to 27-gauge 1.5-inch needle for injecting anesthetic 
+ 18: to 20-gauge needle for drawing up anesthetic 
+ 5-to 10-mL syringe or control syringe 

+ Viscous lidocaine (or other topical anesthetic) 

+ Lidocaine 1 % with epinephrine 

+ Light source 

‘+ Suction setup with tonsil suction tip 

+ Culture swab 


{60 Incision and Drainage of Sublingual Abscess 
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60.4 Procedure: Incision and Drainage 


1. After explaining the procedure, risks, and benefits to the 

patient, put the head of the bed in the most comfortable 

working position for the clinician and the patient. 

Alternatively, the clinician may also elect to position the 

patient in an upright procedure chair that has multiple 

positions, 

Apply viscous lidocaine topically with a cotton-tipped 

swab to the area to be injected with anesthetic. Leave in 

place fora minute or 2. Alternatively, spray the area with 

«topical anesthetic spray. 

3. Have suction set up with a tonsil tip, available, and 
turned on. 

4, Draw up the appropriate amount of lidocaine with epineph- 
Fine into a S-mL. syringe (control syringe if available. 

5. Direct light source to area to be worked on. Adequate 
lighting is essential. Options include a headlamp or an 
‘overhead adjustable light. 

6. Change needle to the 27-gauge needle and inject 1-2 mL 
of lidocaine with epinephrine using an inferior alveolar 
block. Alternatively, anesthetize the floor of the mouth 
around the most fluctuant area. Avoid injecting through 
Infected tissue to avoid possible spread into deeper 
spaces. 

7. Using the scalpel, make an intraoral stab incision super- 
ficially at the lowest point of the pus accumulation 
(Fig. 60.3). This will facilitate evacuation of pus under 
‘gravity. Have the suction catheter in the mouth and allow: 
the purulent material to drain into the suction, 

8, Obtain a specimen of the purulent fluid for culture and 
sensitivity. 


10. 


im 


12, 
13, 


Insert a hemostat into the incision to facilitate drainage, 
but do not open it up to avoid injury to neurovascular 
structures. Gently massage the soft tissue surrounding 
the abscess to assist drainage. Suction as necessary to 
avoid swallowing or aspirating the pus. 

‘Once adequate drainage has been achieved, place a 
small Penrose drain (or other rubber-type drain) into the 
cavity, and stabilize on one side with a silk suture that 
goes through the drain and the mucosa (Fig. 60.4) 

Have the patient rinse and spit with a half-strength per- 
‘oxide solution followed by either water or saline. 

Watch for signs of bleeding or upper airway symptoms. 
Ensure that the patient can tolerate oral fluids before 
discharge. 


Fig.60.3.Incise lowest portion of abscess 


b 


Fig.60.4 (a) Using hemosats, place small Penrose drain into the abscess cavity. (b) Suture Penrose in place with silk suture that goes through 


the drain and the mucosa 
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60.5 Complications (Generally Minimal) 


+ Excessive bleeding (apply pressure—to avoid potential 
nerve injury, do not cauterize or ligate unless absolutely 
necessary) 

+ Aspiration of purulent material (have the patient sit 
upright and use suction as the abscess is incised) 

+ Pain 


60.6 Pearls and Pitfalls 


paramount. Infections in this 

space can quickly spread to the submandibular region 

and can compromise the airway owing to swelling 

(Ludwig's angina), 

‘+ Assess for elevation of the floor of the mouth and 
tongue, ability to lie supine, drooling, stridor, and 
restlessness. 

‘+ If these signs are present, emergent surgical airway 
will be necessary before incision and drainage 
(&D), 

‘The sublingual space is bounded superiorly by the oral 

‘mucosa and inferiorly by the mylohyoid muscle. 


Infected premolars and first molars drain into this 

space because the apices of their roots are located 

superior to the mylohyoid muscle. 

= The source molar should be extracted as soon as pos- 
sible after I&D. 

— Empirical oral antibiotics after I&D should cover for 
‘group A streptococcus and oral anaerobes. Penicillin 
remains the drug of choice, but clindamycin or amoxi- 
cillin-clavulanic acid can be substituted. 

+ Pitfalls 

— The lingual artery, vein, and nerve are contained in the 
posterolateral area of the floor of the mouth, and the 
hypoglossal nerve is nearby. These must be avoided 
when performing I&D for sublingual abscesses. 
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Incision and Drainage of Parotid Duct 


Abscess 
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61.1 Indications 


+ Parotid duct abscess 


61.2 Contraindications 


+ Absolute 
= None 
+ Relative 
~ Pediatric patient 
= Severe trismus—may need sedation or drainage in the 
‘operating room 
= Uncooperative patient—may need sedation or drain- 
age in the operating room 
= Coagulopathy, patients taking anticoagulants, or 
patients with a known bleeding disorder 
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61.3. Materials and Medications (Fig. 61.1) 


+ HLL scalpel 

+ 4d gauze 

+ Hemostat 

+ Penrose drain or ¥-inch packing gauze 

+ Light source (headlamp or overhead light) 

= Culture swab 

+ 40ssilk suture 

+ 25- to 27-gauge needle, 1.5-2 inches long 

+ 18-gauge needle to withdraw anesthetic from vial 
+ SomL syringe 

‘+ Viscous lidocaine or other topical anesthetic 

+ Lidocaine with epinephrine 

‘+ Suction setup with Frazier or tonsil suction tip 
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Fig.61.1 Materials needed: #11 scalpel, hemostats, Penrose drain, 4-0 or control syringe, viscous lidocaine (or other topical anesthetic), Hido- 
lk suture, 25- to 27-gauge 15-inch needle for injecting anesthetic, cane | % with epinephrine Hight source, suction setup with tonsil suc- 
18- to 20-gauge needle for drawing up anesthetic, $-to 10-mL. syringe tion ip, culture swab (optional) 
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61.4 Procedure (Figs. 61.2 and 61.3) 


‘After explaining the procedure, risks, and benefits to the 
patient, put the head of the bed in the most comfortable 
working position for the operstor and the patient. 
Alternatively, position the patient in an upright proce~ 
‘dure chair that has multiple positions. 

Find the most fluctuant area. Apply viscous lidocaine 
topically with a cotion-tipped swab to the area to be 
injected with anesthetic. Leave in place for a minute 
or 2. Alternatively, spray the area with a topical 
anesthetic spray. 

Have suction setup with a tonsil tip, available, and tured 
Draw up the appropriate amount of lidocaine with epi- 
nephrine into a S-mL syringe (control syringe if 
available), 

Direct light source to area to be worked on. Adequate 
lighting is essential, Options include a headlamp or an 
‘overhead adjustable light, 

Change needle to a 25- or 27-gauge needle. Inject 
1-2 mL of lidocaine with epinephrine just beneath the 
‘mucosal surface. Avoid injecting through infected tissue 
to avoid possible spread into deeper spaces, 


Parotid land 


Subang 


Fig.61.2 Anatomy ofthe salivary glands 
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im 
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Using the scalpel, make an intraoral stab incision 
superficially into the area of greatest fluctuance 
(Fig. 61.4). Have the suction catheter in the patient's 
mouth and allow the purulent material to drain into the 
suction. 

‘Obtain a specimen of the purulent uid for culture and 
sensitivity 

Insert a hemostat into the incision to facilitate drainage, 
‘but do not open it up in order to avoid injury to neuro- 
vascular structures. Gently massage the soft tissue sur- 
rounding the abscess to assist drainage. Suction as 
necessary to avoid swallowing or aspirating the pus. 
Haye the patient rinse and spit with a half-strength per- 
oxide solution. 

lace a small Penrose drain (or other rubber-type drain) 
into the cavity, and stabilize on one side with a silk 
suture that goes through the drain and the mucosa. 
‘Alternatively, cut a stip of 14-inch packing gauze and 
insert into the abscess cavity 

Have the patient rinse and spit with a half-strength per- 
oxide solution followed by either water or saline 

Watch for signs of bleeding or upper airway symptoms. 
Ensure that the patient can tolerate oral fluids before 
discharge. 


uct ot 
patotdl gland 


Ducts of 
subsngual gland 


Suing 
‘land 
Submandbulae 
land 
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Parotid papilla 
with opening 
of parotid duct 


Fig. 61.3. Parotid papilla: opening of the parotid gland located adja- 
‘cent to third upper molar 


Fig.61.4 Parotid abscess; make a supertcial stab into most Nuetuant 


61.5 Complications 


+ Complications are generally minimal but may include: 
~ Excessive bleeding (apply pressure; to avoid potential 
nerve injury, do not cauterize or ligate unless abso- 
lutely necessary) 
~ Aspiration of purulent material (have the patient sit 
upright and use suction as the abscess is incised) 
= Pain 


61.6 Pearls and Pitfalls 


+ Airway protection should always be considered. 

‘+ Empirical oral antibiotics after incision and drainage are 
considered usual care and should cover for group A strep- 
tococeal and oral anaerobes, Penicillin remains the drug 
of choice, but clindamycin or amoxicillin-clayulanie acid 
can be substituted. 

‘+ Patients who cannot tolerate oral medications, cannot take 
oral antibiotics, or who appear to have a toxic response 
should be admitted. Pediatric patients should be admitted. 
(Others may be discharged with 24-h follow-up. 


Selected Reading 
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62.1 _ Inferior Alveolar Nerve Block 


62.1.1 Nerves Anesthetized 


+ Inferior alveolar, branch of the posterior division of the 
‘mandibular nerve (V3, branch of the trigeminal nerve) 

+ Incisive 

+ Mental 

+ Lingual (usually) 
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62.1.2 Areas Anesthetized (Fig. 62.1) 


‘Mandibular teeth to midline 
Body of the mandible 

Buccal mucoperiosteum, mucous membrane anterior to 
the mandibular first molar 

‘Anterior two thirds of the tongue and floor of the mouth, 
(via the lingual nerve) 

Lingual soft tissues and periosteum (via the lingual nerve) 
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What Can Go Wrong 


A Shaft that Isn't Long Enough 
When choosing a shaft length, ifin doubt, buy a 
potentiometer with a long shaft that you can cut 
to the desired length. 


Sliders with No Finger Grip 

Slider potentiometers are often sold without a 
knob or plastic finger-grip, which must be or- 
dered separately and may be available in differ- 
ent styles. The finger-grip usually push-fits onto 
the metal or plastic tab or lug that moves the 
slider to and fro, 


Too Big to Fit 

Check the manufacturer's datasheet if you need 
to know the physical size of the potentiometer. 
Photographs may be misleading, as. traditional- 
style potentiometer that is 0.5” in diameter looks 
much thesameasonethatis 1"in diameter. High- 
wattage potentiometers will be more costly and 
physically large (2 to 3 inches in diameter). See 
Figure 11-13. 


Overheating 

Be sure to leave sufficient air space around a 
high-wattage potentiometer, Carefully calculate 
the maximum voltage drop and current that you 
may be using, and choose a component that is 
appropriately rated, Note that if you use the po- 
tentiometer as a rheostat, it will have to handle 
more current when its wiper moves to reduce its 
resistance. For example, if 12VDC are applied 
through a 10-ohm heostat toa component that 
hasa resistance of 20 ohms, current in the circuit 
will vary from 0.4 amps to 0.6 amps depending 
on the position of the rheostat. At its maximum 
setting, the rheostat will impose a 4V voltage 
drop and will therefore dissipate 1.6 watts from 
the full length of ts resistive element. Ifthe rheo- 
stat is reset to impose only a 4-ohm resistance, 
the voltage drop that it imposes will be 2V, the 
current in the circuit will be 0.5 amps, and the 
theostat will therefore dissipate 1 watt from 
4/0ths of the length of its resistive element. A 


> moderation > potentiometer 


wire-wound potentiometer will be better able to 
handle high dissipation from a short segment of 
its element than other types of rheostat. Add a 
fixed resistorin series with a rheostat if necessary 
to impose a limit on the current. 


Figure 1113. The larga potentiometer is approximately 3° 
In diameter, rated at 5 ohms. and able to handle more 


than 4 amps. The small potentiometer is 5/8” diameter, 
rated at 2K and 1/4 watt. with pins designed for through: 
hole insertion n a circuit board, anda grooved shart that 
accepts @ pust-on knob. Despite the disparity in size, the 
principle of operation and the basic features are identical 


When using a trimmer potentiometer, limit the 
current through the wiper to 100mA as an abso- 
lute maximum value. 


The Wrong Taper 
When buying a potentiometer, remember to 
check the specification to find out whether it has 
linear or audio/log taper. If necessary, attach a 
meter, with the potentiometer set to its center 
position, to verify which kind of taper you have. 
While holding the meter probes in place, rotate 
the potentiometer shaft to determine which way 
an audio/log taper is oriented. 
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Fig.62.1. Areas anesthetized 
‘with inferior mandibular nerve 
block 


Lingual sot tissue 
and bone 


Alveolar mucous 
membrane 


Extraoral soft issue 


62.1.3 Indications 


‘+ When buccal soft tissue anesthesia is necessary 

‘+ When lingual soft tissue anesthesia is needed 

‘+ When performing procedures on multiple mandibular 
teeth in one quadrant 


62.1.4 Contraindic 


+ Infection or acute inflammation in the area of injection 
‘Patients who might bite their ip or tongue (e.g., very young 

child or physically or mentally handicapped adult or child) 
+ Inrelation to local anesthetic use 


Absolute 
+ Local anesthetic allergy 
~ Avoid all local anesthetics in the same chemical class 
(eg. esters) 


Tongue 


+ Bisulfite allergy 
— Avoid vasoconstrictor-containing local anesthetics. 


Relative 
+ Atypical plasma cholinesterase 
+ Methemoglobinemia (idiopathic or congenital) 
‘+ Significant liver dysfunction (American Society of 
‘Anesthesiologists [ASA] III-IV) 
+ Significant kidney dysfunction (ASA I-IV) 
+ Significant cardiovascular disease (ASA III-IV) 
~ Avoid high concentrations of vasoconstrctors. 
~ Use local anesthetics with epinephrine concentrations 
of 1:200,000 or 1:100,000 or 3 % mepivacaine or 4 % 
prilocaine. 
+ Clinical hyperthyroidism (ASA I-IV) 
~ Avoid high concentrations of vasoconstrictor 
~ Use local anesthetics with epinephrine concentrations 
of 1:200,000 or 1:100,000 or 3 % mepivacaine or 4 % 
prilocaine. 
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62.1.5 Materials and Medications + Needle (Fig. 62.4) 
— Gauge refers to the lumen of the needle: The smaller 
+ Local anesthetic carpule (1.7-1.8 mL) the number, the greater the diameter of the lumen, 
'— Mepivacaine 3 % (+epinephrine 1:100,000) — Needles are color coded by gauge: red=25 gauge, yel- 
= Anticaine HCI 4 % (epinephrine 1:100,000 or low=27 gauge, and blue=30 gauge. 
1:200,000) — Recommendations: For inferior alveolar nerve (IAN) 
= Lidocaine HCI 2 % (+ epinephrine 1:50,000 or block, itis best 10 use a 25-gauge long needle. 
100,000) (Fig. 62.2) + Mouth props 
~ Bupivacaine HCI 0.5 %-+tepinephrine 1:200,000 + Retractors 


+ Aspirating syringe (Fig. 62.3) 


Plunger indented Drug-identiying 


from rim of glass color-coded band Aluminum cap 
Slcon rubber Neck Rubber 
plunger diaphragm 


Fig. 62.2 Local anesthetic carpule(1.7-1.8 mL} 


tings _cattidge= 
Bovel Shatt Hub Syringe nee 


adaptor a 


Fig. 62.3. Aspirating syringe 


Fig.62.4 Necdle 


364 


S.Petry etal 


62.1.6 Procedure 


i 


‘Target area: [AN as it passes downward toward the man- 

dibular foramen, 

Landmarks. 

(a) Coronoid notch 

(b) Plerygomandibular raphe 

(©) Occlusal plane of mandibular posterior teeth 

Procedure. 

(a) Correct position for operator. 

(i) For a right IAN block, a right-handed adminis- 
trator should sit at the 8 o'clock position facing 
the patient. 

(ii) For a left IAN block, a right-handed administra- 
tor should sit at the 10 o'clock position facing in 
the same direction as the patient. 

(b) Recommended to position the patient supine and with 

the mouth wide open, 

Place thumb on the coronoid notch and index finger 

extraorally on the posterior border of the ramus in 

order to estimate the distance between these two 

points (Fig. 62.5). 

(i) The needle insertion should be three fourths of 
the anteroposterior distance from the coronoid 
notch to the deepest part of the pterygomandibu- 
lar raphe, 

Place the barrel of the syringe in the corner of the 

‘mouth on the contralateral side, usually correspond- 

ing to the premolars. 

Slowly advance the needle until bony resistance is, 

met. 

(@) For anxious or sensitive patients, a small volume 
of anesthetic may be deposited as the soft tissue 
is penetrated, 

Gi) Average depth of penetration to bony contact 
will be 20-25 mm, approximately two thirds to 
three fourths the length of a long needle, 

(iii) Ifthe bone is contacted too soon (less than half 
the length of a long needle), the needle tip is 
usually located too far anteriorly (laterally) on 
the ramus. To correct: 


© 


@ 


) 


+ Withdraw it slightly from the tissues and 
bring the syringe barrel anteriorly toward the 
lateral incisor or canine; reinsert to the proper 
depth, 

(iv) Ifthe bone is not contacted, the needle tip is usu- 
ally located too far posterior (medial). To comect: 
© Withdraw it slightly in tissue (leaving 

approximately one fourth its length in tissue), 
and reposition the syringe harrel more poste- 
riorly (over the mandibular molars). 
+ Continue the insertion until contact with the 
bone is made at an appropriate depth 
(20-25 mm). 
(2) Aspirate. If negative, slowly deposit 1.5 mL of anes- 

thesia over 60 s. 

(g) Wait 3-5 min before commencing the dental 
procedure. 

4, Preeaution: Do not deposit anesthesia if the bone is not 
contacted, The needle tip may be resting within the 
parotid gland near the facial nerve (cranial nerve VII), 
and a transient paralysis of the facial never may occur if 
solution is deposited, 


Fig. 62.5 Needle orientation fr inferior alveolar nerve lock 
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62.2 Buccal Nerve Block 62.2.2 Area Anesthetized (Fig. 62.6) 


62.2.1 Nerve Anesthetized + Soft tissues and periosteum buccal to the mandibular 


molars 
+ Buccal nerve, a branch of the anterior division of the man- 
dibular nerve 
[Lingual soft issue 
and bone 
Tongue 
Alveolar mucous 
‘Mental foramen ‘membrane 


Extraoral sot tissue 


Fig.62.6 Arcas anesthetized with buccal nerve block 
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62.2.3 Procedure 


a: 
2 
3. 


A.25-gauge long needle is recommended, 
Landmarks: mandibular molars and mucobuceal fold 
Orient the bevel of the needle foward the bone during 
injection, 

Correct positioning. 

(a) Fora right buccal nerve block, a right-handed admin- 
istrator should sit at the 8 o'clock position directly 
facing the patient. 

(b) Fora left buccal nerve block, a right-handed adminis- 
trator should sit at the 10 o'clock facing in the same 
direction as the patient. 

Procedure. 

(a) With the index finger, pull the buceal soft tissues in 
the area of injection laterally to allow for better 
visualization, 

(b) Align the syringe parallel to the occlusal plane of the 
teeth, 

(©) Penetrate the mucous membrane at the injection site, 
distal and buccal to the last molar (Fig. 62.7). 

Ivtissue at the injection site becomes swollen, stop depos- 

iting solution, 


Fig. 62.7. Neeilecrienation for buccal nerve block 


62.3 Mental Nerve Block 
62.3.1 Nerve Anesthetized 


‘+ Mental nerve, a terminal branch of the inferior alveolar 
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62.3.2 Area Anesthetized (Fig. 62.8) 


+ Buccal mucous membranes anterior to the foramen 
(around the second premolar) to the midline and skin of 
the lower lip 


Lingual soft tissue 
‘and bone 


Tongue 


‘Alveolar mucous 


Mental foramen membrane 


Extaoral soft issue 


Fig.62.8 Areas anesthetized with mental nerve block 
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62.3.3 Indications 


‘+ For buccal soft tissue anesthesia in procedures such as: 
Soft tissue biopsies 
— Suturing of soft tissues 


62.3.4 Procedure 


1, Area of insertion: mucobuccal fold at or just anterior to 

the mental foramen. 

Orientation of bevel should be toward the bone during 

injection 

3. Operator should sit in front of the patient so that the 
syringe is below the patient's line of sight. 

4, Locate the mental foramen, 

(@) Place the index finger in the mucobuccal fold and 
press against the body of the mandible in the area of 
the first molar. 

(b) Move the finger anteriorly until the bone beneath the 
finger feels somewhat concave. 


(©) Mental foramen is usually found around the apex of 
the second premolar. 

(@) Orient the needle with the bevel directed toward the 
bone. 

(e) Penetrate the mucous membrane and advance needle 
slowly; penetration depth is usually 5-6 mm. 

(0) If aspiration is negative, deposit approximately one 
third of the cartridge over 20 s 
(i) If the site balloons, stop the deposition of anes- 

thetic and remove the syringe. 
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Temporomandibular Joint 
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63.1 Indications 

+ Open lock: associated with yawning, vomiting, or open- 
ing the mouth wide 

+ Open lock: associated with a dental procedure 

+ Open lock: associated with endoscopy 

+ Open lock: associated with oral intubation 

+ Time duration: acute to 3 weeks or less duration 


63.2 Contraindications for Closed 
Reduction 


+ Absolute 
= Head wauma with fracture of the skull, maxilla, 
‘mandible, or mandibular 
Condyles 


‘CJ. Spencer, DDS + G. Weinstein, DDS (12) 

Department of Restorative Dental Sciences, University of Florida 
College of Dentistry, Gainesville, FL. USA 
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+ Relative 

~ Dislocation of 30 days or longer (will likely be unable 

to accomplish reduction without general anesthesia 
and/or open surgical approach) 


63.3. Materials and Medications 


‘+ Local anesthetic syringe. 

+ Lidocaine 2 % 1-2 mL. 

+ 25- to 27-gauge needle (long or approximately 2 inches 
long). 

+ Betadine (povidone-iodine) or other skin antiseptic 
preparation, 

+ Gauze padding for thumbs. 

+ Consider a muscle relaxant. 

+ Consider conscious sedation. 
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63.4 Procedure 


63.4.1 Manual Closed Reduction without Local 
‘Anesthesia (Figs. 63.1) 


1, Position the patient in an upright posture with the mandi- 
ble at the physician's flexed elbow height (physician's 
comfortable position) 


2. Place the thumbs on the mandibular molars with wrap- 
ping around the thumbs to protect from possible biting 
force once the mandible reduces, 

3. Apply bilateral firm force in an inferior direction. 

4, The mandible will move rapidly in an inferior and then a 
posterior direction as the condyles slide hack over the 
height of their respective articular eminences, 


Fig. 63.1. Reduction in progress: (a) n a mandibular dislocation, the 
condyle will be anterior and superior to the aticular eminence. 
(tb) Position the thumbs on mandibular molars, and apply firm pressure 
in an inferior direction to distract the TM joint condyles so that they can 


reposition themselves into the glenoid fossa so thatthe TM joint can be 
reduced. (¢) Lateral view ofthe distraction force with direction in an 
inferior direction to distract the condyle of the TM jeint 


63. Reduction of Dislocated Temporomandibular Joint an 


63.4.2 Manual Closed Reduction with Local 
Anesthesia 


+ Ifthe mandible will not respond to closed reduction with 
just thumb pressure, likely the masticatory muscles are 
contracting with sufficient force to prohibit the condyles 
from being sufficiently distracted owing to pain, 

1, Reduction of pain in the temporomandibular joint 
(TMD) with local anesthesia. 

wwriculotemporal block of V3: 

+ The auriculotemporal nerve that innervates the 
‘TMJ may be anesthetized inferior to the TMJ cap- 
sule. It can be accessed through the skin just ante- 
rior to the tragus, 


+ With the patient's mouth wide open (it already is, 
in this case), a triangular-shaped hollow will be 
evident inferior and posterior to the mandibular 
condyle, Insert the needle at a 20-degree anterior 
inclination, in the horizontal plane, at the level of 
the inferior border of the tragus of the ear 
(Fig. 63.2). The bevel of the needle should be 
anterior. 

+ The needle should be inserted behind the (poste- 
rior) ramus and approximately 2 cm deep (aiming 
for the medial aspect of the posterior border of the Fig. 63.2. Infiltration of cranial nerve V, the auriculoterporal branch 
ramus). If the posterior border of the ramus is eon- (V3) 


tacted, the needle will need to be directed in a more 
posterior direction, Then deposit 1-2 mL. of lido- 
caine 2 % 

3, Then, as before, place the thumbs in a bilateral posi- 
tion on the patient's mandibular molars, and depress 
the mandible to distract the condyles in an inferior 
direction, 

4, Conscious sedation may be utilized if the reduction pro- 
cedure has been arduous and stressful for the patient. 


power > moderation > capacitor 


capacitor 


Quite often referred to as a cap. Formerly known (primarily in the United Kingdom) as a 


condenser, but that term has become obsolete, 


OTHER RELATED COMPONENTS 


+ variable capacit 
tery (See 


(See Chapter 13) 
iapter 2) 


What It Does 


A capacitor connected across a DC power source 
will accumulate a charge, which then persists af- 
ter the source is disconnected. In this way, the 
capacitor stores (and can then discharge) energy 
like a small rechargeable battery. The charge/ 
discharge rateis extremely fast but can belimited 
bya series resistor, which enables the capacitor 
to be used as a timing component in many elec- 
tronic circuits 


A capacitor can also be used to block DC current 
while it passes pulses, or electrical “noise” or al- 
ternating current, or audio signals, or other wave 
forms. This capability enables it to smooth the 
output voltage provided by power supplies; to 
remove spikes from signals that would otherwise 
tend to cause spurious triggering of components 
in digital circuits; to adjust the frequency re- 
sponse of an audia circuit; or to couple separate 
components or circuit elements that must be 
protected from transmission of DC current. 


Schematic symbols for capacitors are shown in 
Figure 12-1, At top-left is a nonpolarized capaci- 
tor, while the other two indicate that a polarized 
capacitor must be used, and must be oriented as 
shown. The variant at the bottom is most com- 
monly used in Europe. Confusingly, the nonpo- 
latized symbol may also be used to identify a po- 


larized capacitor, if a + sign is added. The polar- 
ized symbols are sometimes printed without + 
signs, but the symbols still indicate that polarity 
must be observed. 


4b He 
“IF 


Figure 12-1. Schematic symbols for polarized and nonpo- 
larized capacitors. See text for details, 


How It Works 


In its simplest form, a capacitor consists of two 
plates, each with a lead attached to it for con- 
nection with a DC power source. The plates are 
separated bya thin, insulating layerknownas the 
dielectric, which is usually a solid or a paste but 
‘may be liquid, gel, gaseous, or vacuum 
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63.5 Complications 


+ Inability to reduce the condyles manually which may lead 
‘to more invasive procedures. 

+ Ifthe condition is acute (<24 h) and not associated with 
‘trauma, there are few if any significant complications or 


risks for this procedure. 


63.6 Pearls 


+ The manual pressure required on the mandibular molars 
needs to be sustained and very firm, 

+ If both condyles are dislocated, it is likely beneficial to 
attempt one side at a time. 

+ The clinician needs to protect the thumbs from the impact 
of the patient's molars during the sudden successful 


reduction because the biting forces are significant in the 
molar region 
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Dry Socket (Alveolar Osteitis, 
Fibrinolytic Osteitis) 64 


Michael A. Abraham, Amir Azari, Jennifer Westcott, 
and Franci Stavropoulos 


64.1 Indications (Fig. 64.1) 


+ Definition: severe pain occurring 2-3 days after tooth 
extraction 

+ Recent tooth extraction, especially of a mandibular tooth 
or an impacted third molar 

+ Partially or completely visible bone socket 

+ Intense radiating pain (often to the ear) 

+ Fotid odor without suppuration 

+ Absence of swelling, lymphadenitis, or bacteremia 

+ Foreign bodies present in the extraction socket 


Fig.64.1 Clinical photograph suggestive ofa dry socket. Clinical co 
relation is necessary 
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64.2 Contraindications 


+ Absolute 
Osteomyelitis 
= Jaw fracture 
+ Relative 
= Retained roots 
Infection 


64.3 Materials and Medications 


+ Warm saline or 0.12 4% aqueous chlorhexidine solution 
+ I2-mL syringe with curved tip (Monoject® syringe) 
+ 25-gauge needle, syringe 
+ Local anesthetic, 2 % lidocaine 1:100,000 epinephrine 
+ Suction with small tip or gauze 
+ Socket dressing 
— Gelfoam or small gauze strips 
+ Socket medicament 
~ Sultan dry socket paste® (guaiacol, balsam of Peru, 
eugenol, 1.6 % chlorobutano)),iodoform, or eugenol” 
(zine oxide eugenol dental cement) 
+ Curved forceps 


64.4 Procedure 


Administer local anesthesia as necessary. 

Remove any sutures closing the extraction site. 

Irrigate the wound gently with warm saline or 0.12 % 

aqueous chlorhexidine. 

4. Carefully suction or gently dry any excess saline; the 
socket area should be isolated from saliva by using gauze 
or cotton rolls. 

5. Gently place iodoform-soaked gauze, Gelfoam soaked in 
eugenol, or Sultan dry socket paste in the extraction 
socket with forceps/Monoject syringe. 

6. Rinse with saline and replace the dressing as needed for 
the first 2-3 days and every 2-3 days thereafter. 

7. Remove the dressing, if it does not dissolve, without 

replacement once the pain has resolved. 


8. Pain medication (nonsteroidal ant-inflammatory drugs 
INSAIDS] or narcotics) should be prescribed if necessary. 
9, Follow-up with dentist. 


64.5 Complications 


+ Delayed healing 
+ Wound dehiscence 


64.6 Pearls and Pitfalls 


+ Pearls 

= Wound irrigation may be so painful at the first visit that 
‘administration of a local anesthetic without a vasocon- 
strictor should be considered. 

~The patient should experience profound pain relief within 
‘minutes of placement of the soaked medicated dressing, 

— Ifa medicated dressing is necessary for more than 2 
‘weeks, reevaluate for development of osteomyelitis. 

~ “Dry socket” is not a progressive disease but may per- 
sist for 10-14 days whether treated or not; therapy is 
palliative. 

Instruct the patient to avoid the following, which can 
cause changes of pressure in the mouth: 
+ Smoking 
+ Using a straw: 
+ Spitting 
+ Drinking carbonated beverages (e.g., soda, seltzer 

water, beer) 
+ Pigfalls 

— Avoid over manipulating the socket because this will 

increase the amount of exposed bone and pain. 
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in Hemorrhage 
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Michael A. Abraham, Amir Azari, Jennifer Westcott, 


and Franci Stavropoulos 


65.1 Indications 

+ Recent tooth extraction site, presenting with more than a 
slight oozing of blood 

‘+ Full evaluation indicating amount of blood loss, present 
physical condition, and reason for hemorrhage including 
coagulopathy or medication use 


65.2 Contraindications 


+ Absolute 
= None 
+ Relative 
= None 


65.3 Materials and Medications 


+ 2x2 gauze pad 

+ Saline 

+ 25.gauge needle, syringe 

+ Local anesthetic without vasoconstrictor—2 % lidocaine 
plain 
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+ Gelfoam® (absorbable gelatin-compressed sponge) or 
oxidized cellulose 

+ Topical thrombin 

+ Suture kit with 3-0 chromic gut suture or 3-0 Viceyl® 
suture (synthetic absorbable sterile surgical suture com- 
posed of a copolymer made from 90 % glycolide and 
10 S1-lactide) 

+ Hemostat 


65.4 Procedure 


1. Use suction and saline irrigation to gently rinse the 
affected area. If a “liver” clot is present, irrigate and 
remove it with suction. 

2. Determine the source of hemorrhage without local anes- 
thesia, if possible, because the use of local anesthetic 
with an added vasoconstrictor may obscure bleeding 
sites, 

3. Moisten a folded 22 gauze pad with saline and place it 
directly onto the extraction sit. 

4. Instruct the patient to apply firm biting pressure, and 
observe for 1 h, changing gauze as necessary. 

5. If bleeding persists, an intraoral nerve block should be 
performed, 

+ Blocks are preferred to infiltrations; anesthetic with 
epinephrine infiltrated near the bleeding site will pro- 
duce only temporary local hemostasis from 
vasoconstriction, 

6. Gently curette the tooth extraction socket and remove 
areas of old blood clot or granulation tissue, 

7. Check soft tissue for associated arterial bleeding 
+ Ihemorthage is localized to soft tissue, use pressure 

or tie off vessels. 

8. Fold Gelfoam® into a small cylinder to fit into the extrac- 
tion socket. 

9. Place Gelfoam® with topical thrombin or Surgicel” 
(absorbable hemostat) into the socket and hold in 
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position with a figure-of-cight stitch using 3-0 chromic 
‘gut suture or 3-0 Vicryl suture (Figs. 65.1 and 65.2) 

10. Fold 2x2 gauze, moisten it with saline, and place it over 
the suture, 

11, Instruct the patient to bite down with firm pressure for 
30 min; repeat as necessary. 

12, Follow-up with dentist, 


Lm 


Fig.65.1 A resorhable igure-of-cight suture placed over an extraction 
socket 


Fig. 65.2 Gelfoam® (absorbable gelatin-compressed sponge) being 
placed into the extraction socket (Photograph courtesy of Dr. Michael 
Abraham) 


65.5 Complications 


Continued bleeding due to lack of patient compliance. 
‘+ Continued bleeding due to coagulopathy or medication 
‘+ If bleeding persists and coagulopathy is identified, the 
‘administration of intravenous blood replacement products 
‘may be necessary. 


65.6 Pearls and Pitfalls 


+ Pearls 
— Minor bleeding concerns may be addressed at home 
by instructing the patient to bite on the affected area 
with a tea bag for 30 min (tannic acid in tea is a 
‘vasoconstrictor), 
= It is normal for an extraction socket to ooze slight 
amounts of blood for 12-24 h; itis normal for patients 
to see some blood on their pillow after waking, 
= The patient should be instructed to avoid the follow- 
ing, which can cause changes of pressure in the mouth: 
+ Smoking 
+ Using a straw 
+ Spitting 
+ Drinking carbonated beverages (e.g., soda, seltzer 
water, beer) 
+ Pitfalls 
~ Small amounts of blood mixed with saliva may decep- 
tively appear as large amounts of blood, 
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Fractured Tooth 66 


Geraldine Weinstein 


66.1 Indications (Fig. 66.1) 66.2 Methods of Sustaining Dental 
Fracture 
+ Temporary repair of an acute dental fracture until follow- 
up by a dentist can be secured. ‘+ Traumatic injury to the head/facial area 
+ Falling down, 
‘+ Extensive tooth decay that has undermined the integrity 
of the tooth structure 
+ Biting down on something hard 


Fig. 66.1. Examples of fractured teeth 
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66.3 Four Types of Fractured Tooth 
(Fig. 66.2) 


+ Type J: contained to the enamel of the tooth, asymptom- 
atic, and can be treated easily with a composite filling by 
dentist. 

+ Type 2: involves a fracture through the dentin layer of the 
tooth. The patient may experience some sensitivity to 


crown | 


Neck 


temperature changes and chewing. Depending on the 
seyerily, treatment may include a root canal and a restora- 
tion by a dentist. 

Type 3: involves the pulp of the tooth and will require 
endodontic treatment by a dentist. 

‘Type 4: a root fracture in the tooth that makes it nonrestor- 
able and requiring extraction. It is diagnosed by means of 
‘periapical radiograph taken in a dental office. 


Enamel 


Pulp (contains nerves 
‘nd blood vessels) 


Gums 


Fig.66.2 Anatomy of a sooth 


Camentum 


Periodontal ligaments 
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66.4 Contraindications 


+ Relative 
Patients at high risk of aspiration owing to intoxication 
and altered mental status, 


66.5 Materials and Medications 


+ Warm saline or 0.12 % aqueous chlorhexidine solution 
for irigation of tissues and tooth 

+ Inigating syringe 

+ Suction with a small tip 

+ Gauze to control hemorrhage 

+ Resorbable sutures and local anesthetic as needed for soft 
tissue lacerations 

+ Temporary tooth restoration material like intermediate 
restorative material (IRM) and glass ionomer (like 
Fuji) 


66.6 Procedure 


1, Have the patient rinse the mouth out with warm water to 
clean out any debris. Apply an ice pack to the affected 
cheek to reduce swelling. 

2. Anesthetize the area, either locally at the tooth apex or 
with a nerve block (mental or inferior alveolar). 

3. Inrigate the area; assess the fracture intraorally and check 
for soft tissue lacerations. Use the gauze with finger pres- 
sure to contral bleeding in the soft tissue or the tooth, 

4. Check if the tooth or bony segment is mobile. If so, a 
referral to a dentist or oral surgeon is necessary as soon as 
possible for proper assessment. 

5. Type Il fractures (fracture limited to dentin layer): cover 
the exposed surface with a temporary dental cement. Ina 
pinch, 2-octyl eyanoacrylate (Dermabond) is an accept- 
able secondary alternative (Fig. 66.3). 

6. Type III (pulp involved) 

+ Provide immediate dental follow-up and analgesics. 
‘+ Initiate antibiotic coverage with penicillin or 
clindamycin, 


Repair 
Lost Fillings & Loose Caps 


DenTely z 


Dents 
Recommended 


One aS 


Easy To Apoliy 


Fig.66.3. Example of temporary dental cement (Reproduced with per- 
‘mission from DenTek Oral Care. Inc.) 
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66.7 Complications 


+ Loss of a tooth 

+ Infection or abscess 

+ Aspiration of a segment or a whole tooth 
+ Cosmetic deformity 


66.8 Pearls 


+ Be certain to perform a thorough intraoral examination, 
looking for tooth fragments or lacerations that may be 
hiding fragments. 

+ Dental blocks are very useful for pain control. 

+ Ifatooth 


not mobile and the pulp is exposed, immedi- 
ate referral (within a few hours) to a dentist is necessary 


for extraction or endodontic (root canal) treatment of 
the tooth. Placement of a temporary-type restoration on 
this tooth is nor recommended at this time because it 
may exacerbate symptoms. Prescribe pain medication 
and possibly antibiotics when the tooth’s pulp is 
exposed and the patient is unable to see the dentist, 
within 24 bh. 

If the tooth is not mobile and the pulp is not exposed, a 
temporary restoration can be placed on the tooth and the 
patient referred to a dentist for treatment. The fractured 
;part of the tooth should be saved in the event that it can be 
used. If temporary tooth restoration is unavailable in the 
emergency department, advise the patient that itis readily 
available at local pharmacies. 

ALL DENTAL FRACTURES, EXCEPT TYPE I, 
REQUIRE DENTAL FOLLOW-UP WITHIN 24 h. 


Dental Avul 


in Management 


Laura Tucker and Abimbola O. Adewumi 


67.1 Indications 


+ The tooth is completely displaced our of its socket, lead- 
ing to severance of the neurovascular pulp supply and 
‘separation of the periodontal ligament (Fig. 67.1). 

+ Diagnosis 
= Clinically, the socket is found empty or filled with 

coagulum, 
= Imaging (occlusal, periapical, and lateral views of the 
affected tooth and surrounding area) (Fig. 67.2) 

+ Confirm vacuous socket. 

+ Ensure that the missing tooth is not intruded. 

+ Diagnose root fracture or alveolar fracture 


67 


Fig, 67.1. (a, b) Empty socket following traumatic dental avulsion 
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How It Works 


The plates in most capacitors are made from thin 
‘metal film or metallized plastic film. To minimize 
the size of the component, the film may be rolled 
up to form a compact cylindrical package, or 
multiple flat sections may be interleaved. 


Electrons from the power source will migrate on- 
to the plate attached to the negative side of the 
source, and will tend to repel electrons from the 
other plate. This may be thought of as creating 
electron holes in the other plate or as attracting 
positive charges, as shown in Figure 12-2, When 
the capacitor is disconnected from the power 
source, the opposite charges on its plates will 
persist in equilibrium as a result of their mutual 
attraction, although the voltage will gradually 
dissipateasa result of leakage, either through the 
dielectric or via other pathways. 


Dielectric 


Figure 12-2. Because the plates ofa capacitor are electri 
cally conductive, they will become populated with positive 
and negative charges when connected with a DC pawer 
Ssaurce. As oppasite charges attract each ather, they will 
tend to congregate on either side ofthe dielectric, which 
Js an insulating layer. The battery symbol Js shown here 
colored for clarity 


When a resistor is placed across the leads of a 
charged capacitor, the capacitor will discharge 


power > moderation > capacitor 
itself through the resistor at a rate limited by the 
resistance. Conversely, if a capacitor is charged 
througharesistor, the resistorwilllimitthe charg- 
ing rate, 


A resistor in series with a capacitor is known as 
an RC network (Resistor-Capacitor network). In 
Figure 12-3, an RC circuit is shown with a SPDT 
switch that charges or discharges the capacitor 
via a series resistor. The voltage at point A in- 
creases nonlinearly (relative to the negative side 
ofthe power supply) while the capacitors charg- 
ing, and decreases nonlinearly while the capaci- 
toris discharging, as suggested by the graphs. At 
any moment, the time that the capacitor takes to 
acquire 63% of the difference betweenits current 
charge and the voltage being supplied to it is 
known as the time constant for the circuit. See 
"The Time Constant” (page 105) for additional in- 
formation. 


When a capacitor is connected across an AC volt- 
age source, each surge of electrons to one plate 
induces an equal and opposite positive surge to 
the other plate, and when polarity of the power 
supply reverses, the charges on the plates switch 
places. These surges may make it seem that the 
‘capacitor is conducting AC current, even though 
the dielectric that separates the plates is an in- 
sulator. See Figure 12-4, Often a capacitor is said 
to “pass” AC, even though this is not really hap- 
pening, For convenience, and because the con- 
cept is widely established, this encyclopedia 
refers to capacitors as “passing” AC. 


Depending on the size of the capacitor, it will 
block some AC frequencies while passing others, 
Generally speaking, a smaller capacitor will pass 
high frequencies relatively efficiently, as each lit- 
tle surge of current fills each plate. However, the 
situation is complicated by the inductive reac- 
tance (which creates the effective series resist- 
‘ance) of a capacitor, as discussed below. See “Al- 
termating Current and Capacitive Reactance" 
(page 106). 
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Fig.67.2. Lower occlusal radiograph shows complete avulsion of the 
‘mandibular right and left central incisors 


67.2. Contraindications 


+ Absolute 
~ Avulsed tooth isa primary tooth. 

+ DONOTREPLANTOR REPOSITION AVULSED 
PRIMARY TEETH. 

+ Replantation of primary teeth increases the poten- 
tial for damage to the developing permanent tooth 
owing to the increased frequency of pulpal 

+ Relative 

= Fractured root (further intervention required before 
replantation) 

~ Alveolar fracture (further intervention required before 
replantation) 

~ Prolonged extraoral dry time and out of compatible 
solution (>1 h) 

~ Immunocompromised host or congenital heart disease 

~ Severe seizure disorder that may put tooth at risk for 
coming out while the airway is compromised 

~ Patient with potential to lose airway reflexes 


67.3. Materials and Medications 


‘+ Hank's Balanced Salt (Save-A-Tooth) solution or milk in 
‘which to preserve tooth until it can be replanted 
= Normal saline if neither of those is available 
‘+ Normal saline rinse 
+ 20- or 18-gauge cannula for gentle irrigation of the socket 
‘+ Absorbable suture for gingival lacerations, if present 
‘+ Flexible splint materials 
= Round dental wire 
A flat pliable metal long enough to cover the affected 
tooth and the two teeth on other side (e.g., the metal 
nasal bridge from a respirator mask) 
+ Fixative 
~ Dental adhesive 
= Dermabond or some other brand of cyanoacrylate for 
adhesive skin closures 
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67.4 Procedure 


di 


2 


|. Be certain the tooth is a permanent one and not a primary 
tooth, 
If not done by the patient, gently wash the tooth under 
‘water for approximately 10's. 
+ Be certain to hold the tooth by the crown, not the root 

(Fig. 67.3) 

If the tooth cannot be replanted immediately, place the 
tooth in Hank’s solution or milk. 
If no such media is available, instruct the patient to hold 
the tooth inside his or her mouth between the cheek and 
the gums. 
Gently replant the tooth, using digital pressure only into 
as anatomical a position as possible (Fig. 67.4). 
‘+ Assess clinically for alignment. 
+ Radiograph for confirmation, 
‘Suture any gingival lacerations if present. 


Fig.67.4 Gentle replantation using digital pressure 


7. Apply a flexible splint, securing the affected tooth to the 
teeth on either side, 

+ Consider using skin adhesive both to secure the tooth 
to its neighbors and, perhaps, to apply a makeshift 
splint until the patient can be seen by her o his, 
dentist. 
~ Towel dry the teeth as best as possible, 
~ Apply skin adhesive (using the standard applicator) 

to the lateral edges of the avulsed tooth where it will 
‘make contact with its adjacent teeth, 

— If dental wire is available, apply adhesive to the 
buccal surfaces of the three teeth (the avulsed tooth, 
central to the other two) and apply length of metal 
to the Fixodent (Fig. 67.5). 

8. Systemic antibiotics 
empirical, 

9, Ascertain tetanus status for the patient; update if 
uncertain, 


with anaerobic coverage is 


Fig. 67.5. (a,b) Splint stailization 
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Complications 


Primary teeth 
Dilaceration (bend) in the permanent tooth crown 
Enamel defect of the lower permanent incisors as a 
result of avulsion of the preceding primary tooth 

Permanent teeth 
Discoloration as a result of loss of vitality of the 


avulsed tooth. 
Ankylosis of the alveolar ridge, leading to functional 
and aesthetic changes. 

Replacement resorption occurs when the replanted 
tooth is slowly replaced with bone. 

External inflammatory resorption is a progressive loss 
of tooth associated with destruction of adjacent alveo- 
lar bone. 

Infection 

Aspiration of an inadequately secured replanted 
tooth. 


L Tucker and A.0. Adewumi 
67.6 Pearls and Pitfalls 


+ Pearls 
‘At the initial examination, make sure that all avulsed 
teeth are accounted for. 

+ If not, a radiographic examination is necessary to 
ensure that the missing tooth is not completely 
intruded (pushed into the gum) or has sustained a 
root fracture with loss of the coronal fragment. 

In children, always consider the likelihood of nonac- 

cidental trauma (abuse), 

Short-term and long-term dental follow-up cannot be 

emphasized enough 

+ Pitfalls 
Ifthe avulsed tooth cannot be accounted for, aspiration 
is a possibility. 

+ Prognosis 
Depends on extraoral dry time (length of time the tooth 
has been out of the mouth and not stored in an appro. 
priate medium): 

+ Ideally, tooth should be implanted within 5 min. 

+ Extraoral dry time greater than 60 min has a poor 
prognosis for periodontal healing. 

Depends on stage of root development of the avulsed 

tooth (Fig. 67.6) 

+ The more advanced the root development, the lower the 

probability of pulp healing and survival 


| vy 


sof root development, from the les advanced (open apex, left) to the more advanced (closed apes, right) 
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68.1 Indications 

+ Acute pain within 72 h of thrombosis onset 

+ The thrombosis will be visible as a bluish-purplish pain- 
ful mass in perianal area (Fig. 68.1), 


Fig. 68.1 Buish-purplish appearance of an external thrombosed hem- 
‘orthoid. The ellipse denotes the area of the elliptical incision tobe made 
(Reproduced with permission from: Fargo and Latimer [3]) 
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68.2 Contraindications 


+ Absolute 
Severe coagulopathy 
— Hemodynamic instability 
= Concurrent internal hemorrhoid with rectal prolapse 
~~ Painless rectal mass (external hemorrhoids are almost, 
always painful, so 4 painless mass is not a thrombosed. 
external hemorrhoid; also, the whole point of doing 
this procedure is to provide pain relief). 
+ Relative 
= Allergy to local anesthetics 
~ Perianal infection 
— Inflammatory bowel disease 
~ Serious systemic illness or comorbidity that could 
increase risk of procedure 


68.3. Materials and Medications 


+ Sterile gloves and drape 
+ Alcohol swabs or pads 

+ 10% povidone-iodine or chlorhexidine prep 

‘+ 2% lidocaine with epinephrine 

‘+ Sm syringe with 25 or 27 gauge and 18 gauge needles 
+ #11 or #15 scalpel blade and handle 

+ Direct light source 

+ Forceps 

+ Iris scissors 

+ 4xd gauze pads 

+ Adhesive tape 

+ 3.0 absorbable suture 

+ U4 inch iodoform packing 

+ Silver nitrate sticks 

+ Sterile dressing 


389 


L. Gant (ed), Atlas of Emergency Medicine Procedures, DOL 10.1007/978-1-4939-2507-0 68 


390 


Land 


68.4 Procedure 


a: 


10, 


Patient should be in either prone, left lateral decubitus, 
‘or jackknife position (Fig. 68.2), 

Place 2 vertically oriented pieces of tape down each but- 
tock from lower back to upper thigh. Next, place a per- 
pendicular (horizontal) strip spreading buttocks to either 
side, securing gumey (Fig. 68.3). 

Place sterile drape over field and center direct lighting 
over field (Fig. 68.4). 

Wipe area with alcohol 

Inject 1-2 cc of anesthetic into base of hemorthoid 
Clean area with povidone-iodine or chlorhexidine prep, 
Make an elliptical incision in the roof of the hemorrhoid, 
being careful to avoid anal sphincter muscle. 

Remove blood clot(s); multiple clots are often present 
If profuse bleeding is a problem, consider cauterization 
with silver nitrate sticks, 

‘Wound can be closed with figure-of-8 absorbable suture 
OR can be loosely packed with1/4 inch iodoform gauze 


mn 


if not suturing (do not suture wound closed with packing 
inside). 

Cover wound with 4%4 gauze folded in half and taped 
into place (Fig. 68.5). 


Discharge medicines 

— Antibiotics generally not necessary. 

~ Prescribe ibuprofen and/or acetaminophen for analge- 
sia. Avoid opiates, which are constipating. 

~ Prescribe stool softeners, to be taken two to three times 
daily. 

Discharge instructions ta patient: 

— Sitz baths 3-4 times daily, for 20 min, warm not hot, 
water, 

— Packing should fall out spontaneously in 2 days. 

— Keep well hydrated, 

— Use gauze to protect underclothing from soilage/blood, 
stains, 

— Return to ED if pain persists beyond 48 b. 


Fig.68.2 ackknife postion 
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Fig.68.5. Dress wound with sterile gauze 


Fig. 68.3 Toping of buttocks to maximize visualization of 
‘hemorhoid 


Fig.68.4 Direct lisiting over field 
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68.5 Complications 


+ Common 
= Bleeding: usually self-limited. Can apply cautery or 
figure-of-8 suture if not previously done 


= Pain: usually controlled with ibuprofen or 
acetaminophen 
 Perianal skin tag: benign 
+ Rare 


= Infection rate is 5 % [1], 

= Recurrence rate is 5-19 %, vs. 30 % for simple 
Tancing [2]. 

= Stricture and/or incontinence: prevented by avoiding 
underlying external anal sphincter muscle 


68.6 Pearls and Pitfalls 


+ Pearls 
Elliptical excision of the hemorrhoid results in much 
lower recurrence rate than simple lancing. 
= Risk factors for thrombosed external hemorrhoids 
include constipation, 2nd or 3rd trimester pregnancy, 
and traumatic vaginal delivery. 


+ Pitfalls 
— Excision of multiple hemorrhoids in circumferential 
fashion on all sides of the anal canal can cause anal 
stenosis. 
— Excision of a painless mass: if itis painless, itis not a 
thrombosed external hemorrhoid, 
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Diagnostic Peritoneal Lavage 


Latha Ganti 


69.1 Indications (Table 69.1) 


+ Inability to perform FAST exam due to lack of equipment 
‘or operator 

‘+ Hemodynamically unstable patient in whom FAST exam 
is negative or equivocal 


Table 69.1. Comparison parameters for DPL, FAST. and CT [1] 
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DP FAST cr 
Speed 10-15 min Fastest <S min Variable 
Repeatable Yes, but rarely done Yes, and frequeatly done Yes, but not done often 
Cost s 3s 8 
Tavasive Yer No No 
Mobile Yes ‘Yeo No 
‘Advantages "Most sensitive for mesenteric and | Highest specificity Highly accurate bat can be hampered 
hollow viscus injuries bby patient movement 
Disadvantages | Mises retroperitoneal and Hampered by subcutaneous or ‘Misses diaphragm, small Bowel, and 
diaphragm injuries intra-abdominal air, obesity. and pelvic | pancreatic injuries 
fractures ‘Sl but significant risk of radiation- 
Significant false-negative rate associated malignancy 
‘Cannot he done at bedside 
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‘behavior of the capacitor. At bottom, the curve Mlustrates, 
Its discharging behavior 


Variants 


Format 

‘The three most common packages for capacitors 
are cylindrical, disc, and rectangular tablet. 
Acylindricalcapacitor may have axialleads(awire 


attached to each end) or radial leads (both wires 
emerging from one end). Radial capacitors are 


Variants 


> + 

+ > 
Figure 12-4. Jn the let diagram, a source of alternating 
current charges the upper plate of a capacitor positively 
and the lover plate negatively. This pracess entails a flow 
Of conventional current shown by the arrows. A moment 
later, when the AC currant flow reverses, the flow also re- 


verses, creating the impression that the capacitor “pass~ 
es" AC current, 


more widely used as they allow easy insertion 
into. circuit board, The capacitors usually pack- 
aged in a small aluminum can, closed at one end, 
capped with an insulating disc at the other end, 
and wrapped in a thin layer of insulating plastic. 
Some samples are shown in Figure 12-5 and 
Figure 12-6. 


Figure 12-5. Cylindrical capacitors with radial leads. All 
are electrolytic 
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69.2 Contraindications 


+ Absolute 

= Indication for laparotomy already exists. 
+ Relative 

= 2nd or 3rd trimester pregnancy 

~ Previous lower abdominal surgery 

= Inexperienced operator 

~ Abdominal wall infection 

= Coagulopathy 

= Cirthosis 

= Morbid obesity 


69.3 Materials and Medications 


+ 10 % povidone iodine prep 
+ 1% lidocaine with epinephrine 

+ Fenestrated drape 

+ #10 scalpel blade and scalpel holder 
+ Skin retractors 

+ Hemostats 


+ Diagnostic peritoneal lavage (DPL) catheter (standard 


peritoneal dialysis catheter) 
+ 1Wcesyringe 


‘+ Warmed lactated Ringer's or normal saline solution 


+ Skin stapler 
+ Simple suture tray with suture material 


69.4 Procedure 


69.4.1 Patient Preparation 


Place patient in supine position 
Ensure nasogastric and urethral catheter (Foley) are in 
place. 

Prep and drape the area from the umbilicus to the sym- 
physis pubis. 

‘Anesthetize the skin using I % lidocaine with epinephrine 
in the midline where incision will be made (Fig. 69.1). 


Fig.69.1. Anesthetze skin where incision will he made (supraumbili- 
cal incision shown here, can also make infraumbilical incision) 
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69.4.2 Three DPL Techniques 


+ Semiopen (Seldinger) technique 


L 


2 


3. 
4, 


11 


12, 


Using a #10 scalpel blade, make a 2 cm incision 
either superior or inferior to the umbilicus. 

Dissect subcutaneous fat until linea alba is exposed 
Hold incision open with skin retractors (Fig. 69.2). 
Grasp fascia with hemostats on either side of 
‘midline 

Insert 18 gauge needle at 45° angle toward pelvis 
(Fig. 69.3). 


.. First “pop” will be heard once fascia is penetrated. 
| Second “pop” will be heard once peritoneum is 


traversed. 
Pass guidewire through needle into pelvis (should 
pass easily without resistance). 

Remove needle while keeping wire stable. 

Pass dilator over the wire through fascia, and remove 
(Fig. 69.4. 

Slip DPL catheter over guidewire aiming toward 
pelvis. 

Aspirate peritoneal contents with syringe; aspiration 
of blood is a positive DPL and means immediate lap- 
arotomy (can stop DPL procedure here), 


Linea alba 


Fig.69.2 Hold incision open with skin retractors 


13, If no blood is immediately obvious, then connect the 
DPL. catheter to a liter of warmed lactated Ringer's 
(LR) oF normal saline (NS) solution for lavage 
(ensure setup has no one-way valves as solution and 
peritoneal fluid need to be able to freely mix). 
Place LR or NS bag on floor once it is almost empty 
(minimum 300-350 ml for adults or 10-15 ml/kg for 
children) and allow intra-abdominal fluid to return 
ig. 69.5). 
15, Send fluid for analysis (Table 69.2) 

16, Invigate wound, and close skin only with staples or 

sutures. 

+ Open technique 

|. Make a $ cm incision inferior to the umbilicus over 

linea alba and directly visualize peritoneal cavity 
2. Both fascia (absorbable suture) and skin (nonabsorb- 
able suture) need to be closed. 

+ Closed technique 

1. Access peritoneal cavity via percutaneous needle 

2. No surgical closure required. 


4, 


Pelvis 


Fig. 69.3 Insert 18 gauge needle at 45° angle toward the pelvis 
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Fig.694 Pass dilator over the wire through fascia and remove 


arte 
a 


<= 
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695 Lavage 


Table 69.2 Diagnostic peritoneal lavage red blood cell criteria 
(per mm’) (2) 


Positive Tndelerninate 
Timmediate gross return ‘Any amount 

of blood via catheter 

Timmediate return of Food ‘Any amount 
partcles/intestinal contents 

Aspiration of blood Wee 

RBC in blont wauma 100,000 20,000-100,000 
RBC in penetrating awa |10,000 5000-10000 
[RBC in gunshot wound 000 1000-000 
“Amylase level (U/L) 2175 

‘Alkaline phosphatase level [23 

quay 

WBCS (per mm’) 3500 350-500 
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69.5 Complications 


+ Wound infection or dehiscence 
+ Intraperitoneal injury to organs or vessels (iatrogenic 
hemoperitoneum) 
+ Unnecessary laparotomy due to false-positive result from 
bleeding within rectus sheath or from site of incision 
+ Potential failure to recover lavage fluid due to: 
= Inadvertent placement of the catheter into the preperi- 
toneal space 
— Compartmentalization of fluid by adhesions 
— Obstruction of fuid outflow (e.g., by omentum) 
~ Fluid pooling in the intrathoracic cavity due to dia- 
phragmatic injury 
+ Incisional hernia 


Prophylactic antibiotics are generally not indicated, 
+ Pitfalls 
= Inadequate decompression of stomach and urinary 
bladder increases the chance of injury to these organs; 
thus, nasogastric and Foley decompression is an 
‘important step in patient preparation, 
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69.6 Pearls and Pitfalls 


+ Pearls 
— When properly done, complication rate for DPL is low, 
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Manual Reduction of Abdominal Hern 


Latha Ganti 


‘An abdominal wall hernia is a protrusion of the intestine 
through an opening or area of weakness in the abdominal 
wall. See Table 70.1 for types of abdominal hernias and 


Fig. 70.1 for locations along the abdominal anatomy. 


Table 70.1. “Types of abominal hetnias 


70 


be Defeat 


‘Most commonly ween in 


Noes 


Tnguinal 


Intestine or bladder prota through 
sbdominal wall or into inguinal canal inthe 


‘Men because ofa natural weakness in 
this area 


96. of all groin hemias are 
inguinal; 4% are femoral 


grain 
Femoral Intestine enters canal carrying femoral ‘Women, especially dhose who are 
artery into the upper thigh Pregnant or obese 
Tecisonal Intestine pushes through abdominal wall at | Elderly or overweight people who are 
the site of previous sblominal surgery inactive alter abdominal surgery 
Umbilical Part ofthe small intestine passes through [Newborns and obese women or those —|In children, not repaired until 
‘abdominal wall ear the navel ‘who have had many childsen age five because often resolve 
fom their owen 
Hiatal Upper stomach squcezes through hiatus, an 


‘esophagus passes 


opening in the diaphragms through which the 
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Fig.70.1. Types of abdominal 
‘wall hernias 


Hiatal 


Ventral | Umbiteal 
hernias 

Incsional 

Spigatian 


bturator 


hheenias | Femoral 


Inguinal 


70. Manual Reduction of Abdominal Hernia 
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70.1 Indications 


+ Incarcerated hernia 


70.2 Contraindications 


+ Absolute 
~ Strangulated hernia (could result in placing dead bowel 
into abdominal cavity) 
+ Relative 
= Inability to get patient relaxed enough 
~ Previous unsuccessful attempts 


70.3 Materials and Medications 


+ Ice or cold compress 

+ Stretcher or gumey that can tilt to provide Trendelenburg 
position 

+ Moderate sedation drugs if providing moderate sedation 

+ Truss for post-procedure 


70.4 Procedure 


1, Patient positioning: 
+ For abdominal hernia: place patient supine. 


Fig.70.2 Frog leg postion in child 


+ Forgroin hernia in adult: place in 20 °of Trendelenburg 

+ For groin hernias in children: place in unilateral frog 
leg position (Fig. 70.2), 

Apply ice or cold compress directly over hernia site to 

reduce swelling. 

Administer opiate analgesia or moderate/procedural 

sedation, 

Wait up to 30 min as hernia may reduce spontaneously 

after swelling has gone down and patient is relaxed. 

Gently apply steady pressure distally on the tissue at the 

neck of the hernia with one hand and with other hand, 

guide hernia proximally through fascial defect. Too much 

pressure distally can cause hernia to balloon further, mak- 

ing manual reduction difficult. Takes up to 15~20 min. Do 

rot rush procedure. 

Once hernia is reduced, pain will improve. 

‘An extemal support garment or truss (Fig. 70.3) can be 

helpful to hold reduced hernia in place and serve as a tem- 

porizing measure until surgical repair can be done. 

‘Advise patient to schedule elective surgical repair. 

If unable to reduce the hernia, obtain surgical consulta 

tion. Do not force repeated attempts. 


Fig.70.3. An example of a truss or external support, that can be useful 
‘as temporizing measure until definitive hernia repair can be done 
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70.5 Complications 


+ Pain, 

‘+ Inability to achieve manual reduction, leading to strangu- 
lation of the hernia, 

+ Strangulation can result in peritonitis and sepsis, 

+ Recurrence. 

+ Hydrocele, 


70.6 Pearls and Pitfalls 


+ Pearls 

~ Definitive treatment for a hernia is surgery (hernior- 
thaphy). Without surgery, hernias grow larger over 
time; they do not disappear. Small hernias are easier to 
fix and result in fewer complications. 

= The only hernia that can resolve on its own is an 
umbilical hernia in a child. 

— Trusses, bandages, and tape may provide some com- 
fort but do not reduce risk of incarceration or 
strangulation. 


~ Note that if truss is wor, it should be in place after 
reduction of the hernia, Also, it can be impractical in 
hot climates. 
+ Pitfalls 
— When the constricting neck and the protrusion are both, 
reduced into the abdomen together (known as a reduc- 
tion en masse), without actually reducing the hemia 
itself, strangulation ensues even though it appears one 
has reduced the hernia, 
~ If there is still considerable pain after the reduction, it 
is likely the reduction was not successful or that dead 
bowel has been reduced into the abdominal cavity. 
= Not recognizing strangulation leads to gangrenous 
bowel, peritonitis, and sepsis. 
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Extended Focused Assessment 7 1 
with Sonography for Trauma 


Coben Thorn and L. Connor Nickels 


71.1 Indications 71.3 Materials and Medications 

+ Blunt abdominal or chest trauma + Ultrasound machine 

+ Penetrating abdominal or chest trauma ‘+ Probe(s): phased array probe (5 to | MHz) or curved array 

‘+ Undifferentiated hypotension probe (5 to. 2 MHz) 

+ The “E” in EFAST refers to the “extended” ability to ~ Phased array has a smaller footprint, allowing easier 
detect lung pathology such as a pneumothorax or hemo- access between intercostal spaces (Fig. 71.1); how- 
thorax during the otherwise standard trauma FAST exam ever, curved array provides better resolution of images 


using the same equipment with or without an additional 
transducer probe. 

+ Specific findings that can be detected on extended focused 
assessment with sonography for trauma (EFAST): 
~ Pericardial fluid 
= Pleural fluid 
= Free intraperitoneal fluid 
= Pneumothorax 


+ Free fluid appears as anechoic or black. ( 


71.2 Contraindications 


‘+ Need for immediate operative intervention 
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(Fig. 71.2), The linear array transducer (L38, 
10-5 MHz) is good for lung images. 
+ Gel 
+ Skilled ultrasound operator 
+ = Laboratory work, cardiac monitor, and two large-bore 
intravenous (IV) needles 
= Alltrauma alerts and unstable patients must have all of 
these, 


Fig.71.2. Curved array transducer (C60) with a larger foorprint and 
better resolution for deeper imaging tht can be used for FAST exami- 
nation as well as lung examination 


71.4 Procedure 


Ultrasound machine in the abdominal preset. 

Patient in the supine position, 

Phased array or curved array probe for focused assess- 

‘ment with sonography for trauma (FAST) and linear array 

for lung, 

Begin scanning the patient in a systematic fashion, 

+ All the views should be scanned by thoroughly sweep- 
ing through the area in question in order to maximize 
the information obtained. 

‘+ All views should be obtained in the same order every 
time, 

+ Obtain all four views, five views if pneumothorax is 
included. 


Variants 


Figure 12-6. Cylindrical capacitors with radial leads (top 
‘and bottom) and axial eads (center). All are electrolyte 

A disc capacitor (sometimes referred to as a but- 
ton capacitor) is usually encased in an insulating 
ceramic compound, and has radial leads. Modern 
small-value ceramic capacitors are more likely to 
bedippedin epoxy, orto be square tablets. Some 
samples are shown in Figure 12-7. 


Prot 
Poo 


Figure 12-7. Generic ceramic capacitors. Left! rated for 
(Ou at SOV. Conter:IyF at SOV. Right: IuF at 5OV. 


power > maderation > capacitor 


A surface-mount capacitors square or rectangu- 
lar, usually a few millimeters in each dimension, 
with two conductive pads or contacts at oppo- 
site ends, Itappearsalmost identical toa surface- 
mountresistor. Larger-value capacitorsare inevi- 
tably bigger but can still be designed for surface- 
mount applications, See Figure 12-8. 


Figure 12-8. Most surface-mount capacitors are as tiny 
as other surface-mount companents, but this 4700uF 
electrolytic (at 10V) has a base approximately 0.6" 
‘square. A solder tab is visible atthe center of the nearest 
edge. 


Many capacitors are nonpolarized, meaning that 
they are insensitive to polarity. However, elec- 
trolytic and tantalum capacitors must be con- 
nected “the right way around” to any DC voltage 
source. foneleadislonger than theother, it must 
be the “mote positive” lead. A mark or band at 
‘one end of the capacitor indicates the ‘more 
negative" end. Tantalum capacitors are likely to 
indicate the positivelead by using a+sign on the 
body of the component. 


‘An arrow printed on the side of a capacitor usu- 
ally paints to the "more negative" terminal. In an 
aluminum can with axial leads, the lead at one 
end will have an insulating disc around it while 
the other lead will be integral with the rounded 
end ofthe can. The wireatthe insulated endmust 
be“more positive” than the wireatthe otherend. 
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Extended Facused Assessment with Sonagraphy for Trauma 


71.4.1 Subxiphoid Four-Chamber View 


Fig. 71.3) 


Examine for free pericardial fluid. 

+ Anechoic (black) stripe seen between the myocardium 
and the pericardium 

Probe is placed in the subxiphoid area 

Indicator is to the patient's right 

Probe is directed toward the patient's left shoulder. 

Use a shallow angle in the head to feet direction. 

Should adequately visualize the following: 

+ Liver edge superficially 

+ Right ventricle 

+ Left ventricle 

+ Right atrium 

+ Left atrium 

If unable to obtain this view, proceed to parasternal long: 


+ Probe is plas 
border. 
+ Third to fourth intercostal space. 
+ Indicator is to the patient's right shoulder. 
+ Coronal section through the heart's long axis should 
adequately visualize the following: 
Right ventricle most superficially 
Left ventricle 
Mitral valve 
Left atrium 
Aortic valve 
Aortic outflow tract 


sd perpendicular at the left parasternal 
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Fig.71.3 (a) Image shows how to obtain the subxiphoid four-chamber 
View of the heart using the curved array transducer (C0) (Photograph 
courtesy of F. Bike Flach, MD).(b) Ultrasound image of four-chamber 
few of the heart (Used with permission from First aid forthe emer 
rency medicine clerkship Sed Ed, McGraw Hil, 2011.) AV right ver 
trcle, LV left ventricle, A right atrium, LA left atrium 


406, 
71.4.2 Right Upper Quadrant View (Fig. 71.4) 


1, Examine for free fluid in all of the following areas: 
+ Right intrathoraci 


space 
‘Anechoic area above the diaphragm 

+ Morison’s pouch: hepatorenal spa 
Anechoic stripe between the liver and the kidney 

+ Right paracolie gutter 
‘Ancchoic collection surrounding the inferior tip of 
the kidney 

Probe is placed in the midaxillary line on the right. 

Indicator is directed toward the patient's head, 


Probe isin the coronal plane, angle can be aimed obliquely 
‘while scanning anterior to posterior. 
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Fig. 7 
view of the FAST 


(a) Image shows how to obtain the right upper quadrant 


am using the curved array transducer (C650), The 
Probe is aimed slightly obliquely inthe coronal plane to get better 
‘ew between the ribs (Photograph courtesy of F.Eike Flach, MD). (b) 
Ultrasonographic view of the lier, (e) Ultrasonographic view of the 
liver-kidney interface (Morrison's pouch). liver, k kidney 
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71.43 Left Upper Quadrant View (Fig. 71.5) 


1. Examine for free fluid in all of the following areas: 
+ Left intrathoracic space 
Anechoic area above the diaphragm 
+ Subphrenic space 
‘Anechoic stripe below the diaphragm and above the 
spleen 
+ Splenorenal space 
‘Anechoic stripe between the spleen and kidney 
+ Left paracolic gutter 
‘Anechoic collection surrounding the inferior tip of 
the kidney 
Probe is placed in the midaxillary line on the left 
Indicator is directed toward the patient's head, 
Probe in the coronal plane, angle can be aimed obliquely 
‘while scanning anterior to posterior. 


Fig.71.5 (a) Image shows how to obtain the left upper quadrant view 
of the FAST examination using the curved array transducer (CE) 
‘Again, the probe is aimed slighlly obliquely and is placed more super 
‘rly inthe midaxillary line (Photograph courtesy of ‘8. MD), 
() Ultrasonographic view of spleen-kidney interface. $ spleen, K 
kidney 


71.4.4 Pelvic View (Figs. 71.6 and 71.7) 


1, Examine for intraperitoneal free fuid in the pelvis: 
+ Anterior pelvis, above the bladder 
Anechoic fluid above the bladder 
+ Posterior cul-de-sac (pouch of Douglas) 
Anechoie fluid posterior to the bladder or uterus 
2. Probe is placed above the pubic symphysis over the 
bladder. 
3. Scan through in both planes: 
+ Transverse plane (Fig. 71.6) 
Indicator is to the patient's right. 
‘Scan through the bladder in the head to feet direction, 
+ Sagittal plane (Fig. 71.7) 
Indicator is aimed to the patient's head. 
Scan through the bladder in a right to left 
direction, 


Fig. 71.6 Transverse pelvic view of the FAST examination using the 
phased array transducer (P17). With gentle force the probe is pressed 
downward in order to look hack behind the pubic symphysis and view 
the bladder (Photograph courtesy of F- Eike Flach, MD) 
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71.4.5 EFAST with Lung Views 
(Figs. 71.8 and 71.9) 


1. Examine for pneumothorax: 
+ Lang sliding 
Absence: pneumothorax 
Presence: normal lung 
+ Mumode tracing 
Stratosphere sign: pneumothorax 
Seashore sign: normal lung 
2. Probe is placed on the anterior chest in the midaxillary 
Tine. 
3. Level of the second to fourth intercostal spaces, 
4, Sagittal position, 
5. Center the probe over the pleural line between the ribs. 
‘+ Find the rib and then slide the probe toward the head or 
feet to center the pleural line 
6, Observe for lung sliding. 
7. Press M mode and move the line aver the pleural line and 
press M mode again to get the tracing. 
8. Examine multiple other areas anteriorly, moving distally. 
and in midaxillary line laterally, moving from superior to 
inferior. 


Fig.71.7 (a) Sagittal pelvic view of the FAST exam using the curved 
array transducer (C60). With gentle force, the probe is pressed down 
‘ward in order to look back behind the pubic symphysis and view the 
bladder (Photograph courtesy of F. Bike Flach, MD). (b) 
Ultrasonographic view ofthe bladder. # bladder 
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Fig. 71.8. Right lung view of the extended focused assessment with 
sonography’ for trauma (EPAST) examination using the linear array 
transducer (38). The probe is placed inthe sagital plane onthe ante 
ror chest inthe midaxillary line approximately at the second intercostal 
space and centered aver the pleura ine (Photograph courtesy of F. Eike 
Flach, MD) 
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Fig.71.9 Let lung view of the EFAST examination using the linear 
ray transducer (L38) (Photograph courtesy of F. Fike Flach, MD) 


71.5 Complications 


+ Overreliance on ultrasound to rule out abdominal injury: 
= FAST examinations do not detect retroperitoneal 
bleeding, solid organ injury, contained subcapsular 
hematomas, and bowel injuries. 
‘+ Not scanning through the object in question could lead to 
false-negative results. 


71.6 Pearls and Pitfalls 


‘+ Always follow the ABCs (airway, breathing, circulation) 
first in any unstable patient. 
‘+ Always make sure the depth is set adequately. 
= Recommend starting deeper to make sure positive 
findings are not missed and then adjustments can be 
‘made from there. 
‘+ The curved array probe may be used throughout the entire 
EFAST for convenience if necessary. 


71.6.1 Subxiphoid Four-Chamber View 


+ For larger body habitus, need to parallel the probe with 
the body in the subsiphoid area and use firm pressure to 
press the entire probe downward so as to look up under 
the xiphoid process atthe heart 

‘+ Moving the entire probe more to the patients right in the 
subxiphoid area while still looking toward the left shoul- 
der may improve visualization by using the liver as a 
window. 

+ Fatpad 
~ May be mistaken for pericardial fluid 
~ Contains echoes and, therefore, is hypoechoic rather 

than anechoic 
~ Should only be present anteriorly 
+ Fluid should be gravity dependent, completely 
encircling the heart, and seen in multiple views. 


71.6.2 Right Upper Quadrant View 


‘+ Normal artifacts of mirroring and loss of the spine are 
obscured when pleural fluid is present and, instead, the 
anechoic fluid is seen and there is loss of mirroring and 
continuation of the spine, 
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71.6.3 Left Upper Quadrant View 


+ Same as right upper quadrant view 
+ May be more difficult view to find than in right upper 
quadrant view for al of the following: 
= Spleen and kidney are more posterior and superior 
than in right upper quadrant view, 
= Spleen is smaller and less of a window for viewing, 


71.6.4 Pelvic View 

+ Bowel can be mista0ken for free fluid or vice versa, but 
holding the probe still and observing can sometimes help 
distinguish the two. 
= Peristalsis will occur with bowel. 
= Internal echoes may be present in bowel. 


71.6.5 Lung Views 


‘+ Ultrasound is more sensitive than a supine portable chest 


xray, 
= Apex anteriorly in midaxillary line 
+ Rib 
= Hyperechoic horizontal line with a dense shadow 
posteriorly 


— Evenly spaced along the chest 


+ Pleural line 
~ First hyperechoic line deep to the rib. 

= Actually includes the visceral and parietal pleura, but, 
appears as one line, 

— Lung sliding is present in normal lung. 

= Comet tal artifact. 

— M mode tracing will be the same in normal lung and 
pneumothorax above the pleural line and different 
below the pleural line. 

+ Seashore sign (Fig. 27.5a): 
= Appears as waves washing up on the shore. 
= Granular appearance represents movement. 
+ Stratosphere sign (Fig. 27.5b) 
= Appears as straight lines 
— Bar code appearance 
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72.1 Indications 
+ Evaluation of upper gastrointestinal (GI) bleeding (i 
tory of melena, bright red blood per rectum, or colfee- 
‘ground emesis) 
~ Only in the cases in which frank blood is obtained, the 
sensitivty/specificity in detecting upper GI bleeding is 
poor. 
= Itshould not be used for diagnostic purposes. It is used 
to remove blood that is irritating the stomach and to 
determine whether bleeding is still occurring (lavage 
does not clear) 
+ Commonly used in decompression of the GI tract (partial 
complete small bowel obstruction) 
+ Prevents aspiration and gastric dilation in intubated 
patients 
+ Used during gastric lavage and/or removal of toxins (acti 
vated charcoal) for acute overdose or poisonings 
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72.2 Contraindications 


+ Absolute 
— Facial trauma with possible cribriform plate fracture 

+ Relative 
= Severe coagulopathy tube 
placement) 

— Esophageal strictures and alkali ingestions (possible 
esophageal perforation) 

— Esophageal varices (studies show that it is actually 


safe) 


(consider orogastric 


72.3 Materials and Medications 


‘+ For awake patients, consider pretreatment: lidocaine gel 
(2 % viscous)/nebulized lidocaine (4 or 10 %), vasocon- 
strictors (e.g., phenylephrine 0.5 %), and antiemetic (e.g., 
ondansetron 4 mg). 

+ 16- or 18-French sump tube lubricating jelly 

+ 50- or 60-mL syringe stethoscope 
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72.4 Procedure 


+ Preparation 

1, Awake patients, should receive antiemetics 15 min 
before procedure. 

2, Anesthetize both nares at least 5 min before placement. 
~ Spray vasoconstrictor into both nares. 
= Inject about 5 mL of lidocaine gel along the floor of 

the nose, 
~_ Nebulized lidocaine via facemask also reduces both 
nasal and pharyngeal discomfort. 

3. Elevate the head of the bed to an upright position 
(when possible), 

44, Estimate tube insertion distance by measuring the tube 
from the xiphoid to the earlobe and then to the tip of 
the nose. Add 6 in. to this estimate and note the total 
distance. This helps with placement in the stomach and 
prevents esophageal placement or coiling in stomach. 
‘Mark the tube with markers or tape at the desired length. 

5. Lubricate the nasogastric (NG) tube. 

+ Insertion (Fig. 72.1) 

1, Always insert the tube gently into the nares along the 
floor of the nose under direct visualization. Always 
point inferiorly (do not point upward). 

If resistance is encountered, try to apply a small 

amount of pressure. STOP if unable to advance. Try 

the other side. It is necessary to prevent bleeding or 

dissecting the tissues. 

3. Have the patient flex his or her head forward when the 
tube is in the nasopharynx. This helps direct the tube 


Pharyr 


toward the correct placement in the esophagus and not 
the trachea, Have the awake and cooperative patient 
sip water from a straw and swallow as the tube enters 
the oropharynx. 

4, Making the tube more rigid by placing it in cold water 
will help advance it because the “warmer” tube will 
tend to coil, 

5. Once the tube is in the esophagus, rapidly advance the 
tube into the stomach, taking into consideration the 
previously marked depth, 

Confirmation of tube placement 

1. Insufflate air into the end of the NG tube, via a 50- or 

60-mL. syringe, while auscultating for a rush of air 

(borborygmi) over the stomach. 

Aspiration of gastric contents (pH<4, there is >90 % 

gastric placement) 

43. The awake and cooperative patient should be able to 
talk, and if coughing or severe discomfort occurs, con- 
sider that esophageal or bronchial placement might 
have occurred. 

4, Radiographic evaluation: 
= “Gold standard” is to evaluate simple radiograph 

for position, 
— Consider in comatose patients, 

‘Secure the tube 

1, Tape the NG tube in place by taping both the tube and 
the nose. A butterfly bandage is typically used. Some 
companies produce a specific fixation for the tube. 

2. Secure the tube to where it does not press on the medial 
of lateral nostril (can lead to bleeding/necrosis). 


\— Nasagastvie ube 


‘ 


Carsiac 
sphinctor 


Pyoric 
sphincter 


Fig.72.1 NG tube placement 
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72. Nasogastric Tube Placement 
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72.5 Complications 


Inability to pass the tube 
Bleeding 

Curling of the NG tube in the patient’s mouth 
Pulmonary placement 

‘Nasal necrosis, 


72.6 Pearls 


Pearls 

= NG tube placement was ranked #1 as the most painful 
procedure in the emergency department so it is impera- 
tive to maintain patient's comfort by using anesthetics 
and even maybe intravenous anxiol 

= Estimate the proper length of the tube before passage 
to avoid placing the tip of the tube in the esophagus or 
excessively coiling it in the stomach. 


~ If leaving the tube for a prolonged period of time, 
‘make sure that the suction is set “intermittent” or “off” 
to prevent irritation to the gastric mucosa owing to 
direct pressure. 
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73.1 Indications 


+ Patient presenting with any one or combination of the 
following: 
= Foreign body sensation in throat, neck, substernal 

chest, or epigastric area 
= Clear history of ingestion 
= Dysphagia 
= Airway compromise 
= Drooling 
= Inability to tolerate fluids 
= Inability to tolerate solids 
— Evidence of perforation 
= Active bleeding 

+ Allunstable patients should have immediate airway man- 
agement and urgent endoscopy. 

+ FBs lodged superior to the epiglottis may be retrieved by 
‘emergency physicians in an emergent situation, but gen- 
erally, a consultant should be present, whether ear, nose, 
and throat, gastroenterology, or general surgery. 


73.2 Contraindications 


+ Absolute 
= None 
+ Relative 
= Performing rapid sequence intubation (RSD) in a 
patient with an FB that could compromise the airway. 
= Generally, ifthe patient is breathing on their own, col- 
laborate with a consultant on the best method to secure 
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the airway (emergency department, intensive care unit, 
‘operating room). 

— Treating with glucagon repeatedly if it is inducing 
‘vomiting and/or not working. 

— Conservatively managing a patient who should other- 
wise undergo a procedure for removal. 


73.3 Materials 


Esophagoscopylendoscopy is the definitive diagnostic 

‘and therapeutic procedure for impacted esophageal FBs, 

— Generally, should not be performed by an emergency 
physician, 

— Devices used include forceps, baskets, polypectomy 
snares, and nets. 

= Endoscopic techniques include push into stomach, 
push plus fragmentation, pull with retrieval forceps, 
and pull with various items (basket, snare, nets). 

Foley catheter removal 

— Widely used technique for recently ingested single, 
smooth, blunt, and radiopaque objects 

— #12 to #16 French Foley catheter 

— Forceps (bayonet and Magill) of various sizes 

= Often done under fluoroscopic guidance 

Bougienage 

— A single, smooth object, such as a coin, lodged less 
than 24 h in a patient with no respiratory distress or 
esophageal disease can be advanced successfully into 
the stomach by using bougienage. 

~ Dilator size is selected based on age: 
+ 1-2 years: 28 French 
+ 2-3 years: 32 French 
+ 3-4 years: 36 French 
+ 4-5 years: 38 French 
+ Longer than 5 years: 40 French 

Relaxation of the lower esophageal sphincter (LES) 

~ Some FBs lodged at the LES can be medically man- 
aged by relaxation of the LES. 
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power> moderation > capacitor 


Acapacitor array containstwo or more capacitors 
that are isolated from each other internally and 
accessed by external contacts. They are sold in 
surface-mount format and also in through-hole 
chips of DIP (dual-inline package) or SIP (single- 
inline package) format. The internal components 
may be connectedin one of three configurations: 
isolated, common-bus, or dual-ended common 
bus. Technically the isolated configuration 
should be referred to as a capacitor array, but in 
practice, all three configurations are usually re- 
ferred to as capacitor networks. See Figure 12-9 
and Figure 12-10. 


Figure 12-9. 4 capacitor network most often consists of a 
single-niine package (SIP) chip containing maltile ca 
ppacitars in one of three configurations shown here. Top 
Isolated. Center: Common bus. Battom: Dual-ended com: 
‘mon bus. individual capacitor values ranging trom 
2.001pF to 0.4uF are common. 


Capacitor networks can reduce the component 
countin circuits where digital logic chips require 
bypass capacitors. They are comparable in con- 
cept to resistor arrays. 


Variants 
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Figure 1210. A capacitor array in through-hole, SIP for- 
mat. 


Chips containing AC circuits (multiple resistor- 
capacitor pairs) are available, although uncom- 
mon. 


Principal Types 

Electrolytic capacitors are relatively cheap, com- 
pact, and available in large values. These at- 
tributes have made them a popular choice in 
consumer electronics, especially for power sup- 
plies. The capacitive capability of an electrolytic 
is refreshed by periodic application of voltage. A 
moist paste inside the capacitor is intended to 
improve the dielectric performance when volt- 
ageis applied, but can dry out during a period of, 
years. Ifan electrolyticis stored for 10 years or so, 
it may allow a short circuit between its leads 
when power is applied to it. The capacitors in 
Figure 12-5 and Figure 12-6 are all electrolytic. 
The capacitor in Figure 12-11 is at the high end 
ofthe scale, 


A bipolar electrolyticis a single package contain- 
ing two electrolytic capacitors in series, end-to- 
end, with opposed polarities, so that the combi- 
nation can be used where the voltage of a signal 
fluctuates above and below OVDC. See 
Figure 12-12 and Figure 12-13, This type of com- 
ponent is likely to have “BP" (bipolar) or "NP 
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~ Most ingested FBs and impacted food boluses eventu- 
ally pass spontaneously. 
+ 1-2 mg of glucagon intravenously 
+ 0.4-0.8 mg of nitroglycerin sublingually 
‘+ 5-10 mg of nifedipine sublingually 
+ Carbonated beverage 


73.4 Procedure 


+ Push technique and push with fragmentation technique 

(generally performed by specialists) 

1. First accepted endoscopic method, 

2. Gentle pressure is applied with the tip of the endoscope 
on the esophageal food bolus after air insufflation, 

3. If pressure does not disimpact the bolus, fragmenta- 
tion can be attempted but is generally avoided owing 
to unknown pathology behind the food bolus, 

+ Foley catheter removal 

1, Moderate sedation and nasopharyngeal topical ane 
thesia may be used, 

2. Place the patient in a head-down Trendelenburg 


position. 

3. Check for symmetrical balloon inflation of the Foley 
catheter. 

4, Under fluoroscopy, visually pass the catheter distal to 
the FB, 


5. Fill the balloon slowly with 3-5 mL of saline or con- 
trast agent. 

6. Using steady, gentle traction, withdraw the catheter 
‘with the balloon inflated distal to the FB. 

7. Grasp the object with fingers, forceps, or clamp once it 
is visualized in the oropharynx. 

+ Bougienage 

1, Topical anesthesia is recommended. 

2. Blind esophageal bougienage resembles placement of 
an orogastric tube. 

3. Place the patient in a sitting position, 

4, Pass a well-lubricated, appropriately sized bougie poste~ 
riorly along the roof of the mouth, following the natural 
curve of the soft palate caudally to the hypopharynx. 

5. Encourage the patient to swallow (to help pass the 
dilator through the cricopharyngeus muscle). 

6, Ask the patient to phonate to help exclude accidental 
laryngeal intubation. 

7. Once past the cricopharyngeus muscle, extend the head 
to aid the bougie in passing distally to the stomach, 

8. Post-procedure radiograph is used to confirm passage 
into the stomach. 

+ Relaxation of the LES 
1, Premedicate with an antiemetic, such as ondansetron. 


2. Administer 1-2 mg of glucagon intravenously (0.02~ 
0.03 mg/kg in children, not to exceed 0.5 mg) with the 
patient in a sitting position over 1-2 min, 

3. Carbonated beverages given after glucagon ingestion 
have shown to have higher success rates. 

4, An alternative is to use either sublingual nitroglycerin 
(1-2 0.4 mg tabs) or 5-10 mg of nifedipine to relieve 
LES tone, 

5. This procedure does not work in patients with struc- 
tural abnormalities. 


73.5 Complications 


+ Esophageal FBs may cause esophageal pressure leading 
to edema, necrosis, infection, laceration, and/or 
perforation. 

+ Be cognizant of time (risk of complications is higher the 
longer the FB is left in place) and treatment side effects 
(e., do not continue to give patient water or glucagon if 
these induce vomiting), 

+ Aspiration and perforation during procedures. listed 
previously. 

+ Late complications: esophageal stricture, abscess, medi- 
astinitis, tracheoesophageal fistula, vascular injuries, 
pneumothorax, pericarditis, aspiration pneumonia, and 
vocal cord paralysis, 


73.6 Pearls 


+ Esophageal foreign bodies can be lodged in the upper 
(proximal), middle, or ower (distal) one thin: 
~ Proximal: cervical web, Zenker's diverticulum, 
~ Middle: eosinophilic esophagit 
structure, spastic dysmotility 
~ Distal: peptic stricture, eosinophilic esophagitis, can- 
cer, achalasia, esophageal diverticula, spastic 
dysmotility 
+ Because food bolus impactions are generally associated 
\with pathology, follow-up evaluation for these abnormali- 
ties should be considered. 
+ Esophagus foreign bodies should not be allowed to remain 
in the esophagus beyond 24 h from presentation, 
+ Button/dis batteries in esophagus (emergent removal) 
~ Considered an emergency, because liquefaction necro- 
sis and perforation can occur rapidly 
Most common ingestions are hearing aid batteries. 
= Ifin stomach, and patient is a symptomatic, can wait 
up to 24h. 
+ Sharp objects (emergent removal) 


. cancer, radiation 
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Fig. 73.1. (a) Anteroposterior (AP) and (b) lateral views demonstrat- 
ing’ coin in the esophagus, A coin in he trachea would present in the 
‘opposite manner—the coin would be seen on edge in the AP view and 


~ Cause the majority of complications (~35 %) with 
esophageal FBs 
Direct visualization with endoscopy is the only appro- 
priate removal technique. 
+ Magnets (urgent removal) 
= Can cause necrosis and fistula formation due to the 
way they adhere to the mucosa 
+ Esophageal coins (remove within 24 h) (Fig. 73.1) 
= Up to 80 % of coins at the LES will pass spontane- 
ously within 24 h without interventions. The watchful 
‘waiting approach is used only in patients with single 
coins and who are asymptomatic, 
~ Common complications of these procedures include 
mild bleeding, lip laceration, bradycardia with Foley 
catheter insertion, and teeth injuries. 
‘Some protocols include RSI as part of the management 
process and should be considered if lifesaving. 


- 


flat on the lateral view (Reproduced with permission from McGraw 
Hill: Stead LG, tal, First Aid for the Pediatrics Clerkship. New York 
MeGraw-Hil, 2010) 
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Indications 


+ Single-dose activated charcoal (AC) (Fig. 74.1) 


Does not meet criteria for gastric emptying. 
Gastric emptying may be too harmful. 

Ingestion of toxic xenobiotic is known to be adsorbed 
by AC. 

Ingestion occurred with a time frame amenable to 
adsorption by AC, or clinical factors are present that 
suggest that not all of the xenobiotic had already been 
systemically absorbed. 

Ingestion of extended- or 
formulations, 


sustained-release 


+ Multiple-dose activated charcoal therapy (MDAC) 


Life-threatening ingestion of: 
+ Carbamazepine 

+ Phenobarbital 

* Quinine 

‘+ Theophylline 


+ Dapsone 
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 Life-threatening ingestion of another xenobiotic that 
undergoes enterohepatic recirculation and is adsorbed 
toAC 

~ Ingestion of a significant amount of a slowly released. 
xenobiotic 

~ Ingestion of a xenobiotic known to form concretions or 
bezoars, such as aspirin 


Fig.74.1. Activated charcoal (AC) 
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74.2 Contraindications 


+ Absolute 


Gastric perforation, 
Gastrointestinal ileus, obstruction, or diminished 
peristalsis 

‘Nonintubated patients with the potential of losing pro- 
tective airway reflexes 

Intestinal obstruction 

Ingestion of: 

+ Corrosives 

+ Petroleum distillates, 


+ Relative 


Altered or decreased level of consciousness unless 
intubated. 

Vomiting. 

Xenobiotic has limited toxicity at almost any dose. 
Dose ingested is less than the dose expected to produce 
significant illness. 

Presentation many hours after ingestion, 

‘Minimal signs or symptoms of poisoning. 

Ingested xenobiotic has a highly efficient antidote 
Administration of charcoal may increase the risk of 
aspiration (‘e., hydrocarbons). 


74.3. Materials and Medications 


‘+ Nasogastrie (NG) tube/orogastric (OG) tube (Fig. 74.2) 

+ Baby bottle with split nipple (designed for drinking of 
slurry solutions, such as thickened formulas) or sippy cup 
without the valve 

+ Absorbent pad 

+ Basin 

+ Water-soluble lubricant 

‘+ Tubing connected to suction device 

‘+ Flavored syrup 


Fig.74.2 Drinking AC (by cup. sippy cup, or hot) is effective, butt 
‘may also be infused via nasogastric or orogastric tube 


74 Activated Charcoal 


an 


74.4 Procedure 


+ Single-dose administration 
= Adult 

+ Can be taken via a cup and straw (drunk) if the 
patient is cooperative. 

‘+ The optimal dose of AC is unknown, 

+ 50-100 gidose (1 g/kg), administered at a rate no 
less than 12.5 git or its equivalent, 

‘+ If vomiting is anticipated, an intravenous antiemetic 
is recommended. 

= Children 

+L ghkg or 10:1 ratio of AC to drug ingested. 

+ After massive ingestion, give 2 gikg. 

‘+ Many children will drink the suspension from a 
bottle or sippy cup, especially if it is mixed with 
juice or flavored syrup (e.g., chocolate or 
strawberry), 

+ MDAC 
= Adults: 0.5-1 glkg every 2-4 h for 2448 


74.6 Pearls and Pitfalls 


+ Pearls 
— If an OG or NG tube is used, time should be allowed 
for the last dose to pass through the stomach before the 
tube is removed. Suctioning the tube before removal 
‘may prevent subsequent AC aspiration. 
~ With children, the colder and sweeter the solution and, 
if the color is camouflaged (cup with a lid or a sippy 
cup), there will be increased success at oral adminis- 
tration (vs NG/OG). 
+ Pitfalls 
— No evidence-based literature supports the assertion 
that AC changes clinical outcome. 
— Xenobiotics and AC adsorption (Table 74.1), 
= Incorrect application (e.g., into the lungs) results in 
pulmonary aspiration, which can be fatal if 
unrecognized. 
‘+ Incorrect placement of NG/OG tube into trachea. 
+ Administration of AC to a patient with an ileus 


~ Children (<12 y old): 0.25-0.5 g/kg every 2-4 h orrate (cg. in anticholinergic overdoses). 
of 0.2 gikghh for 24-48 h No specific contraindication for AC in pregnant 
+ Mixtures women; however, diarthea or hypernatremia in the 
~ Ready to drink ‘mother may adversely affect the fetus. 
Powder form 
+ Add cight parts water to the selected powdered 
ina Table 74.1. Absorption of xenobiotics by AC 
*+ Gatorade or juices can also be used to help hide the “Good absorption oor absorption 
flavor and texture ‘Acetaminophen Alkali 
+ In children, the AC can be mixed with cold choco- Bupropion Chlorpropanide 
late or some other flavored syrup, which also hides Caffeine Dasepin 
the flavor. Carbamazepine Ethanol or oer aleobols 
= Shake liquid suspension well for 1 min Chiordecone Ethylene glycol 
~ If the patient vomits, the dose should be repeated, _Dapsone Fluoride 
‘Smaller, more frequent, dosing may be better toler _Digitoxin Heavy metals 
ated, and an antiemetic may be needed. Nadolol Imipramine 
Phesobarial Inorganic salts 
Phenylbutazone Tron 
74.5 Complications Prenton, Lids 
Salicylate Methowexate 
+ Aspiration pneumonitis Theophylline Mineral ac 
+ Transient constipation Pesiaion 
+ Intestinal bezoars Tubes 
* Bowel obstruction piloeaateopei 
Vancomycin 


+ Diarrhea, dehydration, hypermagnesemia, and hyperna- 
tremia with coadministered cathartics or MDAC 

+ Vomiting 

+ Comeal abrasion if spilled in the eyes 
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75.1 Indications 


+ Recent ingestion (<30-60 min), 

+ Life-threatening exposure where there is a high suspicion 
that a xenobiotic is still present in the stomach and evacu- 
ation is expected to contribute to an improved outcome 
(eg., iron, tricyclic antidepressants), 

+ Ingested agent is not absorbed with activated charcoal (e.g. pes- 
licides, hydrocarbons, iron, alcohols, lthium, and solvents). 

+ Activated charcoal is unavailable. 

+ Ingestion exceeds adsorptive capacity of initial activated 
charcoal dosing (c.g.,>100 mg/kg of pills) 

‘+ Ingestion of an agent likely to form a durable mass or 
bezoars after overdose. 


75.2. Contraindications 


+ Vomiting 

+ Unintubated patients with potential to lose airway protec 
tive reflexes 

+ Ingestion of a xenobiotic with aspiration potential (e.g., 
hydrocarbon) without intubation 

+ Ingestion of caustic substances (alkali or acidic) 

+ Ingestion of sharp metals 

+ Ingestion of a foreign body (e-g., drug packet) 

+ Risk for hemorrhagic gastrointestinal perforation 

+ Ingestion of xenobiotic in a form known to be too large to 
fit into the lumen of the orogastric tube 

+ Nontoxic ingestions 
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75.3 Materials and Medications 


+ Orogastric tube (Ewald tube or the Tum-E-Vac) (Fig. 75.1) 


— Adults and adolescents: 36-40 French 
— Children: 22-28 French 

Pen or tape to mark the length of the tube 

Water-soluble lubricant 

Suction 

Emesis basin 

“Absorbent pad 

Catheter-tip syringe with 2 mL water/saline to check 
position of the tube 

Room temperature irrigation fluid 

Bite block or oral airway to prevent patients from biting 
down on the tube 


(ANT PEE (tn 
ng 


Fig. 75.1 Materials nceded for gastric lavage include a large-bore 
nasogastric tube, a 60-cc non-Luer-Lok syringe, and a solution, typi- 
cally normal saline, for lavage 
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75.4 Procedure 


1. If there is potential airway compromise, endotracheal or 
nasotracheal intubation should precede orogastric 
lavage 

Place an oral airway or a bite block to prevent biting of 
the endotracheal tube if the patient recovers conscious- 
ness or has convulsions during the procedure. 

3. Ensure suction apparatus is available and functioning. 

4. Place the patient in an upright-seated position if awake 
and alert 

5. Place patient in the left lateral decubitus position if 
obtunded, 

6. Before insertion, the proper length of tubing to be passed 
should be measured from the mouth, back to the ear, and 
down anterior to the chest and abdomen, beyond the 
point where any side ports on the tube would be beyond 
the level of the estimated lower esophageal sphincter 
(Figs. 75.2 and 75,3), 

7. Ifthe patient is still awake, insert the gastric tube to the 
leyel of the glottis, and encourage the patient to swallow. 

8. Pass the tube to the stomach, 

(@) Coughing, airflow, or fog from the tube raises the 
concern for inadvertent tracheal positioning, 

9. After the tube is inserted, it is essential to confirm that 
the distal end of the tube is in the stomach, by “popping” 
5-10 mL of air into the tube while someone is listening 
with a stethoscope over the stomach. 


Pylorie 
sphincter 


Fig. 75.2. Diagram illustrates 
appropriate placement ofthe lavage 
tube 


Fig.75.3 Measuring correct placement ofthe tbe, Place the distal tip 
‘over the stomach and wrap the tube up behind the ear (usually the Fight 
car because the tubes generally pass easier through the sight nares) and 
around the nares, The blackline or centimeter mark atthe level of the 
nares isthe point of insertion when passage stops 


Earlobe to 
‘ose tip 


Nasogastric tube 


esophagus 


Cardiac 
sphincter 


‘Stomach 
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10. In adults, 250-mi. aliquots of a room temperature saline 
lavage solution are instilled via a funnel or lavage 
syringe. In children, aliquots should be 10-15 mL/kg to 
a maximum of 250 mL. and suctioned back out of the 
tube attached to low to moderate continuous wall suc~ 
tion. Instillation of lavage solution and suction is 
repeated (Fig. 75.4). 

11, Orogastric lavage should continue for at least several 
liters in an adult and/or at least 0.51 L in a child if the 
return is free of debris or until no particulate matter 
returns and the effluent lavage solution is clear. 

12, Those caring for the patient must remain protected at all, 
times, using goggles, mask, gown, and gloves. If the 
ingested poison is toxic via pulmonary or skin absorp- 
tion, isolate the ingestant immediately in a self-contained 
wall suction unit 

13. Any material still in the stomach should be withdrawn, 
and immediate instillation of the activated charcoal 
should be considered for large ingestions of xenobiotics 
known to be adsorbed by activated charcoal. 


75.5 Complications 


Vomiting 
Esophageal tears or perforation after orogastric tube insertion 
‘+ Inadvertent tracheal intubation and/or airway trauma 

+ Aspiration pneumonitis 


75.6 Pearls and Pitfalls 


+ Pearls 
— You must use a large-bore orogastric tube for maximal 
efficacy. 
= The left lateral decubitus position is recommended 
because the pylorus points upward in this orientation. 
This position theoretically helps prevent the xenobiotic 
from passing through the pylorus during the procedure. 
+ Pitfalls 
~ Large drug packets, adherent masses of pills, and plant 
and mushroom fragments will not pass through a 
40-French lavage tube. 


Fig.75.4 Lavage in progress 
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Variants 


Figure 12-11. This 12 000pF electrolytic capacitor is larg~ 
ethan would be required in most everyday applications 


(nonpolarized) printed onits shell. It may be used 
in audio circuits where polarized capacitors are 
normally unsuitable, and is likely to be cheaper 
than non-electrolytic alternatives. However, it 
suffers from the same weaknesses as all electro- 
Iytics, 


Tantalum capacitors are compact but relatively 
expensive, and can be vulnerable to voltage 
spikes, They are sensitive to application of the 
wrong polarity. Typically they are epoxy-dipped 
rather than mounted inside a small aluminum 
can like electrolytics, and consequently the elec- 
trolyte may be less likely to evaporate and dry 
out. In Figure 12-14, two tantalum capacitors 
(rated 330pF at 6.3V, left, and 100pF at 20V, right) 
are shown aboveapolyester film capacitor (rated 
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Figure 12-12. Schematic view of the internal configura- 
tion ofa bipolar electrolytic capacitor, also known as non 
polarized electrolytic capacitor. It consists of two electro 
Iytis in series, with opposing polarities. 


Figure 1213. Bipolar electrolytic capacitors. The larger 
Size of the one at top-left is 2 consequence of its higher 
voltage rating. "BP" on the other two capacitors i an ac- 
ronym for “bypolar.” meaning that they have no polarity, 
‘even though one lead may be shorter than the other. 


‘10uF at 100V). Surface-mount tantalum capaci- 
tors are decreasing in popularity as large-value 
ceramic capacitors are becoming available, with 
smaller dimensions and lower equivalent series 
resistance. 


Plastic-flm capacitors are discussed in the fol- 
lowing section. 


Single-layer ceramic capacitorsare often used for 
bypass, and are suitable for high-frequency or 
audio applications, Their value is not very stable 
with temperature, although the "NPO" variants 
are more stable, Multilayer ceramic capacitors 
are more compact than single-layer ceramic, and 
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Whole-Bowel Irrigation 
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76.1 Indications 
+ Whole-bowel irrigation (WBD should not be used rou- 
tinely in the management of the poisoned patient (because 
there is no clinical proof it will change clinical outcome). 
‘+ Ingestion of significant amount of medications, 
= Not adsorbed by activated charcoal 
+ Lead, lithium, arsenic, and zine 
‘+ Substantial amounts of iron (high morbidity and no 
other effective method to gastrointestinal 
decontamination) 
~ Sustained-release medications or enteric-coated drugs 
Disk batteries distal to the pylorus 
— Whole transdermal patches (fentanyl, clonidine, 
nicotine) 
= Drug concretions 
= Ingested packets of illicit drugs 


76.2 Contraindications 


+ Absolute 
= Bowel obstruction 
= Bowel perforation 
= Heus 
= Hemodynamic instability 
= Compromised or unprotected airway 
= Intractable vomiting 
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+ Relative 
= Concurrent or recent administration of activated charcoal 
(may decrease the effectiveness of activated charcoal) 


76.3 Materials and Medications 


‘+ Topical anesthesia, although not mandatory, will reduce 
the pain of nasogastric (NG) tube placement, 
~ 10% lidocaine spray 
~ Lidocaine gel 
‘+ Small-bore (12-French) NG tube (Fig. 76.1). 
‘+ Tape for securing the NG tube. 
+ Reservoir or feeding bag used for NG tube feedings 
(Fig. 76.2) 
+ Intravenous pole 
+ Bedside commode or toilet (Fig. 76.3). 
+ Polyethylene glycol-electrolyte solution 
(Fig. 76.4) 
+ Antiemetic, 
— No absolute indication for prophylactic use 
— May be helpful if vomiting ensues during infusion 
+ Metoclopramide 
= Antiemetic 
= Increases gastric motility 


(PEG-ES) 
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Fig.76.1 Nasogastric (NG) tube. Typically the infusion of the Lavage 
soliton is to rapid to be taken orally. so an NG tube can be placed, 
Since the irigation solution is of low viscosity, a small-bore NG tube Fig.76.2. Bag from which the lavage solution will drain; itis similarto 
should he used for comfort the bags used for gastrostomy tube feeding 


> 
Fig.76.3 Almost always, the patient will need to be seated on or very 
near a portable commode, as once the irigation solution starts to move 
through the bowels, defecation wil occur rapidly 


76 Whole-Bowel irigation 
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Fig.76.4 Example brands of intestinal irrigation electrolyte solutions 


76.4 Procedure 


1, An NG tube is required because most patients will not 
drink the PEG-ES at the necessary rate. 

2. Place a small-bore (12-French) NG tube to a sufficient 
distance that the tip lies in the central portion of the 
stomach, 

3. Confirm NG placement with a radiograph, 

4, Attach the tube to the reservoir bag of PEG-ES and hang 
from an elevated site (an extended intravenous pole), 

'5. The patient should be seated in an upright position. 

‘+ Promotes settling of the intoxicant in the distal portion 
of the stomach 
+ Decreases the likelihood of vomiting 

6. Dosing 
+ Children 9 months to 6 years: 500 mLJh 
+ Children 6-12 years: 1,000 mL/h 
+ Adolescents/adults: 1,500-2,000 ml/h 

7. Collect effluent. 

8. Continue infusion, 

+ Until the rectal effluent is the same color as the influ- 
ent (i.e., clear), usually between 4 and 6 h. 
+ You may continue beyond clear effluent if clinical evi- 
dence indicates ongoing effectiveness: 
~ Continued pill fragments or drug packets are pres- 
ent in the effluent. 
~ Radiographic evidence that pills, pharmacobezoars, 
or packets are still present. 


76.5 Complications 


+ Nausea, vomiting, and bloating 
+ Misplacement of the NG tube 

‘+ Esophageal perforation owing to NG tube placement 
‘+ Aspiration pneumonitis in the unprotected airway 


76.6 Pearls 


+ Overall, WBI is probably more effective than gastric 
lavage, bat probably less effective than activated charcoal 
in preventing poison absorption (when the intoxicant can 
bbe adsorbed to charcoal) 

+ Vomiting, 

— Usually secondary to the ingestant (ie., emetogenic 
toxins, such as iron) 

— May be due to rate of infusion 
+ Slow rate by 50 % for 30-60 min. 
+ Then return to original rate 

‘+ If resistance is encountered during NG tube placement, 
do not force passage. Remove and redirect, 
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77.1 Indications 

+ Life-threatening esophageal variceal bleed refractory to 
endoscopy and medical therapy 

+ Life-threatening esophageal variceal bleed refractory to 
medical therapy in the absence of possible endoscopy 


77.2 Contraindications 


+ Absolute 
= Known esophageal rupture 
= Unable to intubate or maintain airway 

+ Relative 
= History of prior esophageal trauma or strictures 
= Recent surgery of the gastroesophageal junction 
= Resolved or resolving variceal bleeding 
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77.3 Materials and Medications 


‘+ Sengstaken-Blakemore (SB) tube (Fig. 77.1) 

+ 60-mL syringe with catheter tip (Fig. 77.2) 

‘+ Sphygmomanometer (Fig. 77.3) or cuffalator (Fig. 77.4) 

+ ¥-Tube connector (Fig. 77.5) or 3-way stop-valve con- 
nector (Fig. 77.6) 

+ Vacuum suction device and tubing (Fig. 77.7) 

+ Tube clamps (4) (Fig. 77.8) 

+ Lubricant (water soluble) 

+ Lidocaine (Xylocaine) spray or gel 

‘+ Anchoring device such as a foothall helmet or catcher's 
mask (Fig. 77.9) 

‘+ Cup of water and straw if the patient is awake 

+ Scissors (Fig. 77.10) 

‘+ Intubation equipment 

+ Sterile water 
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Fig.77.1. Sengstaken-Blakemore (SH) tube 


Fig.77.2. Syringe 


Fig.77.4 Cuflalator 
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Fig. 77.9. Helmet traction setup 


Fig.77.10 Scissors 


774 Procedure 
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Sedate and/or intubate the patient for adequate control 
of the patient during the procedure. 

Ensure that the SB tube balloons are functional by inflat- 
ing and deflating the balloons to ensure the absence of 
Teaks. 

Perform gastric lavage and irrigate the stomach with 
copious amount of sterile water 

Coat the distal and proximal portions of the SB tube 
with a thin layer of lubricating jelly or lidocaine gel. 
Spray the nasal passage with lidocaine spray. 

Pass the SB tube via the nasogastric (NG) or the orogas- 
tric route (in intubated patients) to the 50-cm line. You 
may confirm placement with x-ray. 

Inflate the gastric balloon to 200 mL. of air and clamp the 
tube, 

Apply gentle traction of 1-2 Ib (0.4-2 kg) of force until 
itis felt that the gastric balloon has lodged at the gastro- 
‘esophageal junction (Fig. 77.11). 

Secure the tube to an anchor (e.g., football helmet or 
catcher's mask) placed on the patient's head, 

Aspirate and lavage the gastric aspiration port. If it is 
clear of blood, do not inflate the esophageal balloon. 

If it is not clear of blood, connect the esophageal tube of 
the SB tube to the sphygmomanometer/cuffalator using 
the 3-way stop-valve device (Fig. 77.12). You may use 
the Y-Tube connector instead, 

Inflate the esophageal balloon to the lowest pressure 
determined to stop bleeding, typically 20-45 mmHg. 
Clamp the balloon, 

Place an NG tube until itis felt overlying the top of the 
esophageal balloon of the SB tube, Check for further 
proximal esophageal bleed through aspiration and gen- 
te lavage. Attach this NG tube to intermittent section to 
aid in the clearance of secretions. 

Obtain a portable radiograph to confirm the position of 
the SB tube, 

‘The esophageal tube should be at the lowest pressure 
that prevents bleeding and kept inflated for 24h or untill 
other definitive treatment is obtained. 
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Fig. 77.11 Proper placement 
othe balloons 
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Fig. 77A2 Comection 
of the sphygmomanometer 
to the esophagus balloon port 


Esophagus 
balloon 


Gastic 
aspiration 


Gastic 
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Figure 12-14. Two tantalum capacitors are shown above a 
polyester fim capacitor. The polarity ofthe tantalum ca 
pacitors is indicated by the plus signs adjacent to the 
‘onger lead, in each case. The polyester capacitor ‘= nan- 
polarized. 


consequently are becoming increasingly popu- 
lar. Three multilayer ceramic capacitors are 
shown in Figure 12-15, Atbottom-right, even the 
largest (rated at 47pF at 16V) is only 0.2” square. 


Figure 12:15. Multilayer ceramic capacitars are extremely 
compact, and are nonpolarized. Top: L.000pF (12. InF) at 
1ODV, Botton lft pF at 25V. Bottom right: 47pF at 16V. 


Variants 


Dielectrics 
The dielectric used na capacitormost often con- 
sistsof an electrolytic layer,a ceramiccompound, 
a plastic film (polycarbonate, polypropylene, or 
polystyrene), or paper. 
‘An electrolytic layer in an electrolytic capacitor 
traditionally consists of paper soaked in an elec- 
trolyte.Itis interleaved with a thin film of alumi- 
num on which is deposited a layer of aluminum 
oxide. The layers are rolled up to create a cylin- 
drical component. The functioning dielectric is 
created when voltage is applied. 
Polyester 
‘Thisis the most common type of plastic film, 
with the highest dielectric constant, ena- 
bling highest capacitance per unit volume. 
Widely used in DC applications, but the rol- 
led layers create parasitic inductance. Often 
used in decoupling, coupling, and bypass, 
but not so suitable for situations requiring 
stability and low leakage. May not be suit- 
able for high current. 


Polycarbonate 
Thermally very stable, often specified for fil- 
ters and timing circuits that require a fixed 
frequency. An excellent type of capacitor, 
compatible for mil-spec applications, butex- 
pensive, 


‘Mylar, Polyester, and other plastic-film types are 

often used in audio circuits, where their voltage 

limitation (typically less than 100VDC) is not a 

problem, and their nonpolarized attribute is an 

advantage. 

Polypropylene 
Vulnerable to heat (a maximum of 85 de- 
gtees Centigrade is common), and less ther- 
mally stable than polycarbonate. A very low 
power dissipation factor allows it to handle 
higher power at higher frequencies. Avail- 
able with tolerances down to 1%. These ca- 
pacitors are a popular choice in crossover 
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77.5 Complications 


+ Esophageal rupture occurs owing to esophageal erasion 
‘and necrosis owing to a balloon tamponade effect on tis 
sue perfusion or overzealous balloon inflation. 

+ Airway obstruction owing to gastric tube deflation or fail- 
ure, allowing esophageal tube to move up and occlude 
airway. Keep scissors near the patient to cut the SB tube 
lumens and remove the tube as necessary. 

+ Regurgitation and aspiration pneumonia from failure to 


‘adequately suction oropharyngeal secretions. 


77.6 Pearls and Pitfalls 


+ Pearls 
= The esophageal balloon should not be inflated if the 
gastric balloon alone stops the bleeding. 
= Never inflate the esophageal balloon without the inflat- 
ing the gastric balloon first. This will prevent it from 
slipping proximally into the oropharynx and obstruct- 
ing the airway. 
— Nausea, vomiting, or aspiration is highly likely to 
‘occur. Use antiemetics and lavage the stomach before 
the procedure, 


= Intubate if there is airway compromise or risk of aspi- 
ration into the lungs. 
= Inflate the esophageal balloon only to the minimum 
pressure necessary to stop the variceal bleeding. 
= Using a catcher’s mask may be more practical and 
comfortable for the recumbent patient, 
+ Pitfalls 
— The SB tube may induce hiccups. 
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‘There are several types of gastrostomy tubes and related + Tube types: 


procedure variations: = 
+ Procedure variations: 7 
= Open gastrostomy tube (G tube) 7 
~ Percutaneous endoscopic gastrostomy (PEG) tube 
= Laparoscopic G tube = 
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PEG tube (Fig. 78.1) 

Malecot tube (Fig. 78.2) 

Balloon G tube (Fig. 78.3) 

Low-profile G tube (nonobturated, button) (Fig. 
78.4) 

Low-profile G tube (obturated, button) (Fig. 78.5) 
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Fig.78.1.Percutancous Internal retention 
‘endoscopic gastrostomy (PEG) 
tube 


Internal retention 
lugs 


Universal funnel 
adaptor 


Fig.78.2 Malecot tube 
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Fig.78.3 Balloon gastrostomy 
tube 


Retention balloon 


Feeding port 
cover 


Feeding port 
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Fig.78.4 Low-profile 
‘gastrostomy tube (nonobuurated, 
button) 
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Fig.78.5 Low-profile gastrostomy 
tube (obturated, bution) 


Obturator 


Bolus feeding 
extension sot 


‘Overnight feeding 
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78.1 Indications 


+ Inability to swallow 
— Neurological deficit 
— Head trauma 
— Facial burns 
— Decreased mental status 
+ Need for gastric decompression 
= Gastric outflow obstruction 
= Small bowel obstruction (SBO), ileus, or volvulus 
— Intra-abdominal malignancy 


78.2 Contraindications 


+ Absolute 
= Peritonitis 
= Ascites 
+ Relative 
— Hemodynamic instability 
~ Coagulopathy 
— Abdominal wall infection at surgical site 
History of gastric resection 
= Portal hypertension 
= Gastric varices 


78.3 Materials and Medications 


+ Materials 
= Gloves 
= Lubricant 
~ Grtube (commercial kit) or Foley catheter 
Sterile saline 
— External bolster 
— Multiple syringes 
= Suture material 
~ Needle driver 
= Scissors 
~ Stethoscope 
+ Medications 
~ PEG tube placement 
+ Moderate sedation (e.g., propofol, midazolam, 
fentanyl) 
+ Local anesthesia (e.g, lidocaine, bupivacaine) 
= Open or laparoscopic G tube placement (not an emer- 
gency department procedure) 
+ General anesthesia 
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78.4 Procedure (PEG Tube Replacement) 


1. If the G tube is only partially removed upon patient pre- 
sentation, the tube must first be removed. 

2. Remove the G tube by deflating the balloon and pull 
gently on the tube while applying pressure to the abdom- 
inal wall at the surgical site 

3. The G tube should slide out easily with gentle traction, 
and the procedure should be discontinued if it does 
not, 

4, Initially, itis important to assess the tract to determine 
the size and potential need for dilation. 

5. If necessary for tube passage, the tract can be dilated 
with a cotton-tipped applicator or hemostat; however, be 
sure to dilate gently because it is possible to create a 
false tract. 

6. Once the tract has been assessed, obtain the appropriate 
tube for replacement. 

7. Initially, attempt replacement of the patient's G tube 
with an identical ube, 


Fig.78.6 Placement of low-profile gastrstomyy tube 


10. 
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If an identical tube is not available, attempt placing a 
small Foley catheter in the tract to ensure that it stays 
‘open, 

To initiate placement, place lubricant on the tube and 
carefully advance the tube into the tract, 

‘Once the tube is in place, secure an air-filled syringe to 
the tip of the tube and insufflate a small amount of air 
into the stomach while auscultating to confirm passage 
of air into the stomach, 

Secondary procedural confirmation can be performed by 
aspirating gastric contents from the tube. 

Once placement is verified, do not forget to inflate the 
balloon with saline and then pull the tube backward until 
it abuts the inside of the stomach wall (Fig. 78.6). 
Finally, itis very important to secure the external portion 
of the tube to prevent the tube from being lost into the 
stomach, 

‘Commercial G tubes are accompanied by a bolster made 
specifically for the specific type of G tube in order to 
provide security of tube placement. 
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15, If'a Foley catheter is used to maintain tract patency, an 
external bolster must be created using the following 
steps: 
+ Trim a 2- to 34in. portion from the tip of the 
catheter. 
+ Cuttwo small holes just above each other on the 2-to 
3-in. trimmed catheter portion 
+ Slide the extemal portion of the Foley catheter 
through both holes of the bolster. 
+ Slide the bolster down the Foley catheter to the 
abdominal wall 
+ Secure the two ends of the bolster to the skin in order 
to maintain patency of the Foley catheter. 
+ An interventional radiologist may also be contacted Gastrostomy tube 
to advance the tube over a wire under fluoroscopic 
guidance. pS ee >) 
16. Radiographic confirmation, ‘ 


+ Typically, G tube placement is confirmed by injecting 
approximately 20 mL of Gastrografin® (diatrizoate 
meglumine, diatrizoate sodium) water-soluble con- 
trast into the G tube, followed shortly by an abdomi~ 
nal x-ray. 

+ Proper placement will result in an abdominal radio- 
graph showing contrast outlining the stomach 
Fig. 78.7), 


Fig. 78.7 An anteroposterior abdominal radiograph after PEG tube 
placement and injection of 25 ml. of gastrograin. The tube can be seen 
Projecting up the left side of the abdomen. and contrast medium appears 
{to eter the slomach lumen. The balloon isnot visualized i the stom- 
sch (Reproduced with permission from: Burke DT, El Shai A. Heinle 
E, and Pina BD, Comparison of gastrostomy tube replacement veriica- 
tion using air insufflation versus gastrografin. Archives of physical 
‘medicine and rehabilitation. 2006;87(11}: 1530-2) 
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78.5 Pearls and Pitfalls 


+ Pearls 
Even if a patient's G tube is only partially removed 
upon presentation to the emergency department, the 
tube likely needs complete removal and replacement, 
'— Most G tubes are easily removed at the bedside; how- 
ever, some are not able to be safely removed in the 
emergency department setting. Thus, if the tube does 
not withdraw easily, attempt to contact the procedural- 
ist who placed the tube in order to inquire about the 
best method for removal. 
+ Pitfalls 
= Never use barium contrast when confirming G tube 
placement radiographically because barium can cause 
significant intra-abdominal damage if accidentally 
injected in the intraperitoneal cavity. 


78.6 Complications 


+ Aspiration 
+ Surgical site infection 

+ Bleeding 

+ Pneumoperitoneum 

+ Accidental perforation of the colon or small bowel 
+ Tube dislodgment 

+ Peritonitis 
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Paracentesis 
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Shalu S. Patel and Bobby K. Desai 


79.1 Indications 

+ Diagnosis of infection in ascites 

+ Diagnosis of malignant ascites 

+ Diagnosis of hemoperitoneum in traumas 

+ Relief of abdominal pressure/pain or respiratory compro- 
mise secondary to ascites, 


79.2. Contraindications 


+ Severe coagulopathy 
= Prothrombin time (PT)>21 s 
~ International normalized ratio (INR)>1.6 
= Platelets<50,000/mm: 

‘+ Skin infection over the needle insertion site 

+ Acute abdomen that requires surgery 

+ Pregnancy 

+ Distended bowel 

+ Intra-abdominal adhesions 


79.3 Materials and Medications 


+ 18: to 22-gauge 1.5- to 3. 
25-gauge needle 

+ Lidocaine 1 or 2 % (10 mL) 

+ Syringes 


in. needle or angiocatheter, 
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= 10 mL (1), 50 mL 2) 
1-L vacuum bottle (4) (if therapeutic tap) 

‘Thoracentesis kit tubing or any high-pressure connection 
tubing (if therapeutic tap) 

Sterile gloves 

Surgical pen (recommended) 

Povidone-iodine (Betadine) or other skin antiseptic 
Sterile drape 

Sterile gauze (4x4) 

Band-Aid 

Bedside ultrasound (recommended) 


79.4 Procedure (Fig. 79.1) 


1 


Position the patient supine. If possible, adjust the head of 
the bed to make a 45° angle to help the fluid accumulate in 
the pocket. Sometimes, it may also be beneficial to have 
the patient lie recumbent toward the site of drainage 
Scan the abdomen with an ultrasound to determine 
‘whether there is a pocket of fluid that can be drained. This 
also allows the physician to see how far the needle needs 
to be inserted and how deep it can be placed without risk- 
ing injury to the bowel (Fig. 79.2). 
Mark the optimal needle insertion site with a surgical pen. 
Prepare the skin and drape in a sterile fashion, 
Using lidocaine, anesthetize the appropriate area subcuta- 
neously and then continue to insert the needle, and inject 
‘anesthetic through the deeper tissues until ascitic fluid can 
be drawn back. 
Withdraw the needle, 
‘When ready for the paracentesis, stretch the skin caudad 
‘and insert the needle or angiocatheter (connected to a 
syringe) while aspirating. Then, release the skin and con- 
tinue to insert the needle or angiocatheter through the 
peritoneal wall until fluid is retrieved. This will create a 
‘Zetrack” that will decrease leakage of peritoneal fuid 
through the skin, 
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Values 


networks for loudspeaker combinations, 
and are used in switching power supplies. 
‘They tend to be physically larger than other 
capacitors using film dielectric. 


Values 


Farads 

The electrical storage capacity of a capacitor is 
measured in farads, universally represented by 
the letter FA capacitor that can be charged with 
a potential difference between its plates of 1 volt, 
in a time of 1 second, during which it draws 1 
amp, has a capacitance of 1 farad. 


Because the farad Is a large unit, capacitors in 
electronic circuits almost always have fractional 
values: microfarads (uF), nanofarads (nF), and pi- 
cofarads (pF). The Greek letter ui (mu) should be 
used in the pF abbreviation, but a lowercase let- 
ter uisoften substituted. Thus, for example, 10UF 
‘means the same as 106. 


1F = 1,000,000pF, and 1)\F = 1,000,000pF. There- 
fore, 1 farad is equivalent to 1 trilion picofarads 
—a very wide range of possible values. See 
Figure 12-16and Figure 12-17 for charts showing 
equivalent values in different units. 


a 0.001 9.00000 
10 001 9.90001, 
100 oa 0.0001 
1,000 et 0.001 
10,000 10 0.01 
100,000 100 oa 
44000,000 1.000 1 


Figure 12-16. Equivalent values for picofards. nanotarads, 
and microfarads, The nF unit is used primanly in Europe. 


power > maderation > capacitor 


SS aS) 


1 0.000001 
40 0.00001 
100 0.0001. 
2,000 0,001 
10,000 0.01 
100,000 0. 
4,000,000 4 


Figure 12.17. Equivatent values for microfarads and far 
ads. Because the farad is such a large unt, electronic ci 
Cults almost always use fractional values. 


The nF unit is more common in Europe than in 
the United States. A 1nF capacitance is often ex- 
pressed in the US as 0.001} or 1,000pF. Similarly, 
a 10nF capacitanceis almost always expressed as 
2 0.01pF, and a 0.1nF capacitance is more likely 
to be expressed as 100pF. 


European schematics may use value-symbols as 
a substitute for decimal points. For example, a 
4.7pF capacitor may be shown as 4p7, a 6.8nF 
capacitor may be shown as 6n8, and a 3.3pF ca- 
pacitor may be shown as 33. 


Commonly Used Values 

The traditional range of capacitor values was es- 
tablished on the same basis as the traditional 
range of esistor values, by assuming an accuracy 
of plus-or-minus 20% and choosing factors that 
‘would minimize the possible overlap between 
adjacent tolerance ranges. The factors 1.0, 1.5, 
2.2, 33,47, 6.8, and 10 satisfy this requirement. 
See Chapter 10 for a more detailed explanation, 
including a graphical representation of values 
and overlaps in Figure 10-8, While many resistors 
are now manufactured with high precision, 20% 
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Ase tuid 


‘Transverse section 


Interior 
opigastic artery 


Blader (pty) 


Possibe sites of 


Fig.79.1. Paracentesis procedure 


8. Once fluid is retrieved, push in the catheter and remove 
the needle portion (if used) or hold the needle steady. 
9. Aspirate from the catheter to ensure that it is in the 
appropriate location. 
10. If fuid easily is aspirated, unscrew the syringe and con- 
nect a 50-mL syringe to the needle or catheter and fill it 
with fluid. This may be done twice. Alternatively, if the 


insertion 


1 


30° 1045" 


Act uid 


‘Withdraw ascitic fui for analysis. 
Cranial 


Needle tract 


Ascte uid 


Remove needie and allow 
‘cutaneous tissue to retract 10 
ctiginal postion, 


Rectus abdominis 
‘musele 


procedure is done for therapeutic purposes, attach the 
tubing that is already connected to the vacuum bottle to 
the catheter and allow the vacuum to withdraw fluid into 
the collection bottles. 

If fuid cannot be aspirated easily, the catheter can be 
repositioned further in the pocket or tumed by 45° 
‘sequentially as needed. 


79 Paracentesis 


Loops of small, bowe! 


Fig.79.2 Ultrasound to determine whether there is a pocket of uid 
that an be drained 


12. Once the fluid is aspirated, pull out the needle or angio- 
catheter and hold pressure with gauze. Bleeding should 
be minimal. 

13. Place a Band-Aid or other dressing over the site 

14, Send the fluid to the laboratory. Generally, laboratory 
analyses include protein, albumin, specific gravity, glu- 
cose, bilirubin, amylase, lipase, triglyceride, lactate 
dehydrogenase (LDH), cell count and differential, cul- 
ture and sensitivity (C&S), Gram stain, acid-fast bacil- 
lus (AFB), fungal culture, cytology, and pH. 


79.5 Complications 


+ Persistent leakage from the needle insertion site 
+ Abdominal wall hematoma 

+ Bowel perforation 

+ Introduction of infection 

‘+ Hypotension (after a large-volume paracentesis) 
+ Dilutional hyponatremia 

+ Hepatorenal syndrome 
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+ Bleeding 


+ Postparacentesis circulatory dysfunction 


79.6 Pearls and Pitfalls 


+ Pearls 
‘The preferred site of entry 
abdomen, below the umbilicus. 
‘The serum-ascites albumin 


in the midline of the 


in be 


radient (SAAG) 
used to identify the cause of the ascites. tis calculated 
by subtracting the albumin concentration in the ascites 
from the albumin concentration in the serum. A high 
gradient (1.1 g/dL) suggests portal hypertension, 
whereas a low gradient (<1.1 g/dL) suggests other 
Postparacentesis circulatory dysfunction (PPCD) 
‘occurs secondary to hypovolemia after large-volume 
paracentesis (>4 L) in citrhotic patients. It is associ- 
ated with worsening hyponatremia, renal dysfunction, 
shorter time to ascites recurrence, and increased mor- 
tality, Prevention of PPCD has been demonstrated with 
the administration of 6-8 g of albumin per liter of asci- 
tes removed. 

+ Pitfalls 
Polymorphonuclear lymphocyte (PMN) count greater 
than 250/mm’ is diagnostic of spontaneous bacterial 
peritonitis. 
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Anal Fissure Management 


80 


David P. Nguyen, L. Connor Nickels, and 


Giuliano De Portu 


80.1 Indications 


+ An anal fissure is a small ulcer of the mucosa at the anal 
verge (Fig. 80.1). 

+ Ibis the most common cause of intense sudden rectal 
bleeding. 

+ Posterior midline anal fissures are the most common type 
(90%), 
'— Mostly found in young adults (30-50 y) but can occur 

at any age. 
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= Usually associated with constipation (firm, large- 
caliber, painful bowel movements) or chronic 
diarrhea, 

— Most uncomplicated fissures resolve in 3-4 weeks. 

Can be extremely painful, during and after defecation. 

Classified as acute or chronic. 

‘Now believed to be caused by reduced anal blood flow in 

the posterior midline, anal sphincter hypertonia, and thus 

mucosal ischemia, 
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Anal fissure Anal fissure 


Fig. 80.1 (ab) Anal fissures 
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80.2 Contraindications 


+ Digital rectal examination should be avoided unless the 
diagnosis isin doubt. 

+ Surgical procedures are generally reserved for when medi- 
ccal management has failed after 1-3 months of treatment, 


80.3 Materials and Medications 


‘+ Standard precautions barrier protection for the provider. 
+ Good light source. 
+ Optional emergency department treatments: 
— Topical anesthetic/preparation (Anusol [pramoxine 
hydrochloride; zinc oxide] with cortisone). 
= Nitroglycerin (0.2 %) or nifedipine gel (2 %) is second- 
line therapy (relaxes muscles and promotes blood flow). 


80.4 Procedure 


1. Ina private, calm environment, gently spread the buttocks 
for complete visual inspection. 

+ This may cause an increase in the patient's pain and 
spasming. 

+ Ifa fissure is clearly identified, stop here 

Apply. topical anesthetic/preparation for symptomatic 

relief (optional, as the physician may want to just start 

‘with the treatments that follow). 

3. Discharge the patient with 
‘management. 

4, In acute anal fissures (onset of 3-6 weeks), medical man- 
agement is indicated along with dietary modifications 
(WASH regimen [warm baths, analgesia, stool softeners, 
high-fiber diet) 

+ Warm sitz baths. 
— Usually 20 min soaking each time 
— Recommended after every bowel movement 
— At least twice per day if not having regular bowel 
‘movements 
+ High-fiber diet with fiber supplements. 
+ Increase fluid intake. 
+ May add stool softeners if needed. 
+ If chronic or the previous regimen has been exhausted, 
‘one of the following may be considered: 
~ 0.2-0.4 % nitroglycerin cream applied to anal area 
+ May cause headache 
+ Recommend wearing a glove to prevent absorp- 
tion through digital skin 


conservative therapy 


~ Calcium channel blockers: 
+ Topical nifedipine 
+ 2% diltiazem cream 
~ Botulinum toxin A injection: 
+ Controversial; may have poorer success rates 
than surgery 
5, Provide surgical referral for nonhea 
+ Lateral internal sphincterotomy 
dure of choice. 


ing wounds. 
the surgical proce- 


80.5 Complications 


+ Infection 
+ Abscess 

Bleeding 

Chronic fissure formation 

‘+ Postsurgical fecal incontinence 


80.6 Pearls and Pitfalls 


+ Pearls 
= Multiple or recurrent fissures are associated with 
Crohn's disease, tuberculosis, syphilis, human immu- 
nodeficiency virus (HIV), and malignancy. 
+ Pitfalls 
= Suspect child abuse if an anal fissure is found in a 
child. 
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Part XI 


Genitourinary Procedures 


Bladder Catheterization 


81 


Maritza A. Plaza-Verduin and Judith K. Lucas 


81.1 Indications 

+ Obtaining a sterile urine specimen 

+ Preventing or relicving urinary retention 

+ Close monitoring of urine output for fluid balance with an 
indwelling urinary catheter 

+ Urgent cystourethrography 

+ Child with contusion or burns to the perineum and at risk 
for meatal swelling and obstruction to urine outflow 

+ Temporary measure to relieve lower urinary tract 
obstruction 

+ Neurogenic bladder 

+ Anesthesia-induced and/or surgery-induced urinary reten- 
tion has occurred, 


81.2 Contraindications 


+ Absolute 
= Potential urethral injury from wauma 
+ Pelvie fractures 
+ Known trauma to the urethra 
+ Blood at the meatus, 
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+ Relative 
— Recent genitourinary surgery (consult with a urologist, 
before placing a catheter) 


81.3. Materials and Medications 


‘+ Bladder catheterization kit 
~ Sterile gloves 
~ Sterile drapes 
~ Povidone-iodine (Betadine) solution 
= Cotton sponges or applicators for sterilizing solution 
= Lubricant 
— Specimen collection cup 
~ Catheter 
+ 5-French feeding tube for neonates 
+ 8-French catheters for Infants 
+ 10- to 12-French catheters in older children 
+ Local anesthetic (if desired—2 % lidocaine hydrachlo- 
ride jelly) 
+ Absorbent pad 
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81.4 Procedure 


ay 


2 


Inspect the urinary catheterization tray for all the appro- 

priate materials. 

Place the patient supine with an absorbent pad under the 

buttocks. 

(a) Girls should be placed in the frog-leg position 
(Fig. 81.1) 

Before sterilizing the field, locate the urethral opening. 

Remove any powder, ointments, or medicated creams the 

child might have on the perineum. 


.. If needed, apply anesthetic to the area. 


(a) Soak a cotton ball with anesthetic (2 % lidocaine 
hydrochloride jelly) and hold over the urethra open- 
ing for 2 min 

(b) 0.5-2.0 mL of anesthetic can also be injected into the 
urethra. 

Stetilize the area and place drapes appropriately, expos- 

ing the genitalia, 


1. Catheterization of males 


(a) uncircumcised, gently retract foreskin, if possible, 
for cleaning and visualization of the meatus. 

(b) Hold the penis using the nondominant hand at a 90° 
angle from the body (Fig. 81.2). 

(c) Lubricate the catheter tip. 

(d) Insert the lubricated catheter into the meatal opening 
and advance it while applying gentle traction to the 
penis from the ase of the penis. 

(e) Ifresistance is met, maintain gentle pressure with the 
catheter. 

+ Do not attempt to force the catheter that could 
create a false tract or traumatic fistula 

(0) Advance the catheter until urine is obtained, appro 
‘mately inserting the catheter to just beyond the penile 
length, 

(g) Once completed, gently withdraw the catheter, 

(h) Clean the area, wiping away the Betadine solution, 

(i) If uncircumcised, pull the foreskin over the glans to 


avoid paraphimosis. 
Catheterization of females 
(2) Sterilization of the area should occur from anterior to 
posterior. 
(b) Have an assistant hold the labia majora apart, 
() If no assistant is available, use the nondominant 
hand to hold the labia apart 
+ Holding the labia majora with a gentle out- 
ward, lateral, and upward traction will help 
visualize the meatus (Fig. 81.3). 


Fig. 81.1. Infant held inthe frog-leg postion for catheterization 
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Fig.81.2 bladder 
rather 


‘of amale; penis 
should beheld perpendicular to 
the body 
Gone latoral and 
‘outward traction 
of labia majora 


FFig.81.3 Positioning of labia for beter visualization of the meatus 
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+ Downward displacement of the cephalad (dq) Insert the lubricated catheter into the meatal 


aspect of the vaginal introital fold with a cot- opening. Advance slowly until urine is obtained 
ton-tipped applicator can help visualize the (Fig. 81.5), 
‘urethral meatus (Fig. 81.) (6) Once completed, gently withdraw the catheter. 

(c) Lubricate the catheter tip. (Clean area, wiping away the Betadine solution, 


Fig. 81.4 Better visualization of the 
rats is achieved with downward 
displacement ofthe introital mucosa 


Ural meatus 


Invrotal mucosa 
retracted downward 


Fig. 81.5. ladder catheterization of a female 


power> moderation> capacitor 
tolerance is still common for electrolytic capaci- 
tors. Other types of capacitors are available with 
an accuracy of 10% or 5%, but are more expen- 
sive, 


While large-value capacitors are likely to have 
their actual value printed on them, smaller ca- 
pacitors are identified by a variety of different 
codes, These codes are not standardized among 
manufacturers, and exist in various colors and 
abbreviations, A multimeter that can measure 
capacitance isa quicker, easier, and more reliable 
method of determining the value of a compo- 
nent than trying to interpret the codes. 


In addition to capacitance, a large capacitor is 
likely to have its working voltage printed on it. 
Exceeding this value increases the risk of dam- 
aging the dielectric. n the case of electrolytic ca- 
pacitors, a voltage that is much lower than the 
rated value should also be avoided, because 
these capacitors require an electrical potential ta 
maintain their performance. 


In common electronics applications, values larg- 
erthan 4,700pF or smallerthan 10pF are unusual. 


Electrolytics are available at a moderate price in 
a wider range of values than other commonly 
used capacitors. They range from 1)F to 4,700uF 
and sometimes beyond, Working voltages typi- 
cally range from 6,3VDC to 100VDC, but can be 
as high as 450VDC. 


Tantalum capacitors are usually unavailable in 
sizes above 150uF or for voltages above 35VDC. 


Single-layer ceramic capacitors have small val- 
tues ranging from 0.01 pF to 0.22yF, with working 
voltages usually not exceeding SOVDC, although 
very small-value capacitors may be rated much 
higher for special applications. Poor tolerances 
of +80% to -20% are common. 


Some variants of multi-layer ceramic capacitors 
are capable of storing up to 47pF, although 10uF 
is amore common upper limit. They are seldom 
rated above 100VDC. Some are accurate to plus- 
or-minus 5%, 


Values 


Dielectric Constant 

IF Ais the area of each plate in a capacitor (meas- 
ured in square centimeters), and T is the thick- 
ness of the dielectric (measured in centimeters), 
and Kis the dielectric constant of the capacitor, 
the capacitance, C (measured in farads) will be 
obtained from the formula: 


C= (8.0885 * K * A) /T 


Thedielectricconstantofairis 1.Otherdielectrics 
have different standard values. Polyethylene, for 
instance, has a constant of approximately 2.3. 
Thus a capacitor of 1 square centimeter plate 
area and polyethylene dielectric 0.01 centime- 
ters thick would have a capacitance of about 
20pF. A tantalum capacitor of equal plate area 
and dielectric thickness would have capacitance 
closer to 100pF; since the dielectric constant of, 
tantalum oxide is much higher than that of poly- 
ethylene. 


The Time Constant 

When a capacitar is charged in series through a 
resistor (itisused in an RC network), andiit begins 
with no charge on its plates, the time constant is 
the time, in seconds, required to charge the ca- 
pacitor to 63% of the supply voltage. After an 
additional, identical interval of time, the capaci- 
tor will acquire 63% of the remaining difference 
between itself and the power supply. In theory 
the capacitor gets closer and closer to a full 
charge, but never quite reaches 100%. However, 
fivetimecconstantsare sufficient forthe capacitor 
to reach 99%, which is regarded as close enough 
to being fully charged for all practical purposes. 


Refer to Figure 12-3 fora schematic of an RC net- 
work. 


The time constant is a simple function of the re- 
sistance and the capacitance. If Ris the value of, 
the resistor (in ohms), and C is the value of the 
capacitor (in farads), the time constant, TC, will 
be obtained by the formula: 


CAREC 
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81.5 Complications 


+ Urethral or bladder injury 

+ Infection if sterile field not maintained 

+ Paraphimosis owing to failure to restore a retracted fore- 
skin to its normal position 


81.6 Pearls and Pitfalls 


+ Pearls 

— Itis not necessary to fully retract a foreskin. This only 

causes trauma and increases the likelihood of paraphi- 

mosis. As the infant/boy ages, the foreskin will loosen 

and the naturally occurring adhesions will spontane- 
ously release. 

= The urethral meatus in an infant female is usually 
tucked just above the redundant hymen (as opposed 10 
the more anteriorly located meatus in the adult woman) 
and often looks like a dimple or small blind pouch. 

~ Using viscous lidocaine in lieu of, or blended with, 
lubricant anesthetizes the meatus and urethra as the 
catheter passes. 

— Have the specimen cup at the ready because, at times, 
once the (usually cold) Betadine or antiseptic solution 
is applied, the infant often releases the urine and it can 
be caught, literally, midstream. 

= In the uncircumcised male, be certain to return the 
foreskin over the glans to avoid paraphimoses. 

+ Pitfalls 

~ If catheterizing a child in search of infection, send a 
urine culture regardless of the urinalysis results 
because the younger infants can have false-negative 
urinalysis and still have positive cultures. 
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82.1 Indications 

+ Lower abdominal or pelvie pain 

+ Vaginal bleeding or discharge 

+ Cancer screening, 

+ Pregnancy 

+ Exposure to sexually transmitted disease 
+ Sexual assault 


82.2 Contraindications 


+ Physical or mental disability 

+ Recent gynecological surgery 

+ Third. trimester pregnancy with bleeding 

+ Premenstrual females (may not be indicated in adoles- 
cents, who are not sexually active, unless there is di 
charge, bleeding, suspicion for abuse, or a foreign body) 

+ Ifa speculum examination is necessary, examination 
under general anesthesia should be considered. 
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82.3. Materials and Medications 


+ Examination table with stirrups (Fig. 82.1) 
Reliable light source 

‘+ Appropriately sized speculum (Fig. 82.2) 

+ Endocervical brush or spatula 

+ Culture swab for gonorrhea and chlamydia 

+ Large cotton swabs for vaginal discharge or bleeding 
ig. 82.2) 

+ pH paper 

‘+ Saline and potassium hydroxide dropper bottles for wet 
preparations 

+ Lubricating gel 

+ Disposable gloves (Fig. 82.2) 

‘+ Small stool or chair for examiner 


82.4 Procedure 


1. Obtain permission from patient before beginning 
‘examination. 

2. Chaperone should be present (medical staff member) 

3. Make sure the examination table is clean and appropri- 
ately draped, 

4. Have the patient in a loose-fitting gown. 

5. Place the patient on the examination table in the lithot- 
omy position with both feet in the stirrups and have the 
patient's pelvis as close to the edge of the table as 
possible. 

6, Turn on the light source and adjust for optimum illumi- 
nation. Put on the disposable gloves. 

7. Communicate the procedure well to the patient. 

8. Begin the examination with inspection and palpation of 
the abdomen, 

9, Examine the external genitalia, Evaluate the skin, labia 
minora and majora, clitoris, urethral meatus, vaginal 
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Fig.82.1 Examination able 
vith stierups 


Fig.822 Gloves, speculum, and 
swabs 


10, 


canal, and Bartholin glands (Fig. 82.3). Look for skin 
abnormalities, lesions, masses, rashes, excoriation, 
abscesses, discharge, bleeding, or trauma. Palpate for 
tenderness 

Lubricate the appropriate-size speculum (mostly 
medium size), Insert the speculum through the vaginal 
‘opening with gentle downward pressure. The speculum 
should advance without any resistance until the cervical 
os is visualized. 


12, 


Inspect the vaginal walls for any lesions or masses 
Fig, 82.4), The cervical as is inspected to see if it is open 
or closed. Cervical cultures for gonorrhea and chlamydia 
are obtained with a cotton swab and sent for microbiology. 
‘A sample of the discharge or bleeding is taken with a 
large cotton swab. The color, odor, and amount should 
be noted. The pH of the vaginal discharge can be 
evaluated. Normal pH is less than 4.5. An elevated pH 
indicates an infection (Table 82.1), 
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Fig. 62.3. Female external genitalia 
Citoris Mons veneris 
Sascal cat {Labia mojus 
ane Labium minue 
‘Yaghnel venta: Vaginal intoitus 


Fossa navicularls 


Perineum 


Petitoneum 
Oviduet 


Hymen 
Posterior 


7 thu 

Broad ligament 
Oblurator interns 
muscle 

Cardinal garment 
Lavator ani muscle 


lechiorectal fossa 


vagina 
Fig.82.4 Female intemal 
genitalia 
Table 82.1. Wet preparation interpretation 
‘Appearance of 
Organism Preparation pu Microscope Cervix discharge 
Bacterial vaginosis Saline aS (Clue cells Redness Thin, milly, shy 
odor 
“Trichomoniasis Saline aS ‘Mote fagella Strawberry red Yellow-green, 
foamy 
Yeast Povassiam 3E435 [Budding yeast Normal White catage 
byeonide pseudohyphae cheese 


13, Next, a bimanual examination should be performed 
(Fig. 82.5). Lubricating gel is applied to the nondomi~ 
nnant gloved hand and the index and middle finger are 
inserted into the vagina until the cervix is felt, The other 
hhand is placed on the abdomen to palpate the uterus and 
ovaries, Pressure is applied to the abdomen while the 
vaginal hand is elevated upward. 


14, The cervix is palpated to elicit any cervical motion ten- 
derness. The uterus is palpated and the size, position, 
and mobility are noted. The adnexa are examined for 
masses and tendemess. If a mass is palpated, the size, 
mobility, consistency, and tenderness are noted. 

15. The final part of the pelvic examination is the rectovagi- 
nal examination, Lubricate the index and middle fingers 
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of the left hand. Place the index finger in the vagina and 
the middle finger in the rectum. Palpate for any fistulas 
‘or masses. With the finger, also palpate the uterosacral 
ligaments, the broad ligaments, and the pelvic side 
walls, The finger is then gently removed and any feces 
are inspected for mucous or occult blood. 

16, A wet preparation is made by obtaining a sample of the 
vaginal discharge and placing it in a vial mixed with 
saline solution. A drop of the solution is placed on a 


Se 


Fig.82.5 Bimanual pelvic examination 


Fig.82.6 Photomicrograph of 
‘vagina smear specimen 
depicting two epithelial cells, a 
‘normal cel, and an epithelial cell 
“with its exterior covered by 
bacteria giving the cll a 
‘roughened, stippled appearance 
known asa “clue cell” (From the 
‘CDC Public Healte Image 
library) 


microscopic slide and examined under high magnifica 
tion for the presence of clue cells (Fig. $2.6) diagnostic 
for bacterial vaginosis and trichomonads (Fig. 82,7) 
diagnostic for trichomoniasis. For yeast, two drops of 
the solution is mixed with two drops of potassium 
hydroxide, Presence of hyphae is diagnostic of candida 
(yeast) species (Fig. 82.8) 


82.5 Complications 


+ Urinary tract infection 
+ Vaginal bleeding 
+ Cramping 


82.6 Pearls and Pitfalls 


+ Pearls 
~ Good communication is essential to ensure the patient 
is comfortable and not anxious. 
~ The chaperone should be a medical staff member. 
~ Do not skip the pelvic examination if the patient is 
‘menstruating. 
+ Pitfalls 
~ Do not forget to perform a complete abdominal exam 
along with the pelvic exam to nile out any GI 
etiology. 
— In older females (>50), perform the DRE for a stool 
occult sample as a possible source of bleeding. 
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Fig. 62.7 Photomicrograph of 
trichomonads in wet mount 
Prepared witvh physiological 
saline (Prom the CDC Public 
Health Image library) 


Fig.82.8 Candida albicans 
from vaginal wet prep (From the 


CDC Public Health Image a 
lary) 
° 
° 
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Bartholin Gland Abscess/Cysts Drainage 83 


Holly H. Charleton, Marylin Otero, Diane F. Giorgi, 


and Joseph A. Tyndall 


83.1 Indications 


+ Bartholin gland cysts larger than 1 em or painful 
+ Bartholin gland abscess 


83.2 Contraindications 


+ Absolute 
= None 
+ Relative 


= Recurrent/complex abscess requiring general anesthe- 


sia in operating room 
= Coagulopathy 
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83.3 Procedure Types 


‘+ Incision and drainage (I&D) 
+ Indoform packing 

+ Word catheter 

+ Jacobi ring catheter 

+ Silver nitrate stick ablation (after 1&D) 
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83.4 Materials 


Sterile gloves 
Sterile skin preparatory solution/swabs and drapes 
Lidocaine 1 % (local anesthesia); may give oral or intra 
‘venous sedatives or analgesics 

Needles 25 or 27 gauge with 3-ml. syringe for lidocaine 
injection 

‘Scalpel #11 for incision 

Culture swab 

Hemostat or suture kit 

‘Word catheter (if choosing that method) (Fig. 83.1) 
Jacobi ring catheter (if choosing that method) (Fig. 83.2) 
3-mL. syringe with saline for inflation of Word catheter 
balloon 

Silver nitrate stick (if choosing that method) 

Gauze pads for bleeding and effluents 

odoform packing 


Fig. 83.1. Word catheter (inflatedideftated) 


Fig. 83.2. Jacobi sing catheter 


83.5 Procedures 


83.5.1 In 


n and Drainage 


‘Obtain informed consent from the patient, 
2. Place the patient in te lithotomy position, 
3. Prepare the cystabscess and the surrounding area 
With sterilizing fuid/swabs and drape the area, leaving 
the cyst/abscess accessible for the procedure (Fig. 83.3) 
4. May need to hold traction to the labia to Fully expose the 
cystlabscess (Fig. 83.4), 
5. Inject 1-4 mL of lidocaine at the planned site of incision 
Fig. 835). 
6. Hold one side of the cystabscess with a forceps or 
hhemostat to maintain traction while incising 
7. With a #11 scalpel, make an incision approximately 
05-1 em and 1.5 em deep in the intoitus or behind the 
hymnal ring to prevent vulvar scaring, The incision 
should be made through the fluctuant area of the abscess 
‘on the mucosal surface. The incision should be linear 
and large enough to fit the Word catheter (if using that 
method) 
8. Drain the cyst/abscess completely, using the hemostat to 
break up the loculations. 
9. Culture the abscess with a swab and send to 
microbiology. 
10, All previous steps should be done regardless ofthe pro- 
‘cedure type to follow. 


Fig. 83.3 Cystlabycess accessible forthe procedure 


83 Bartholin Gland Abscess/Cysts Drainage 


an 
Fig. 83.4 May nced 1 hold ‘oval Incision in 
traction to the labia to fully expose ‘vulvar mucosa 
the eystlabscess 


(Oval incision in 
cyst wall 


Fig. 83.5. Inject 1-4 ml of lidocaine a the planned site of incision 
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83.6 lodoform Packing 

1, Pack with iodoform packing, grasping the end of the 
packing material with a hemostat and inserting deeply 

within the cavity. 

‘The cavity should be filled with the packing material and 

4 small piece left exposed (for ease of retrieval during 

follow-up). 

3, Clean the site and cover with gauze. 


83.6.1 Word Catheter 


+ Afier culturing the abscess 

1, Place the Word catheter into the incision site as deep as 
possible (if the incision is too large, the catheter will 
slip out) (Fig. 83.6) 

2, Inflate the balloon of the Word catheter with 2-3 mL. 
of saline or water injected into the hub with a needle 
and syringe (Fig. 83.7. 

3. Tuok the end of the Word catheter into the vagina for 
comfort purposes. 

4, The catheter should remain in place for 4 weeks to 
allow for epithelialization ofthe tract. 


Fig. 83.6 Place the Word catheter into the incision site as deep as 
possible 


Fig, 83.7. Inflate the balloon of the Word catheter with 2-3 mL. of 
saline oF wale injected into the hub with aneeule and syringe 


Values 


|fwe multiply the R value by 1,000 while dividing 
the C value by 1,000, the time constant remains 
the same, and we can use the more convenient 
values of kilohms for the resistance and uF for the 
capacitance. In other words, the formula tells us 
thata 1K resistor in series with a 1,000uF capac- 
itor has a time constant of 1 second. 


The formula suggests that if the value of R di- 
minishes to zero, the capacitor will charge in- 
stantly. In reality, the charging time will be rapid 
but finite, limited by factors such as the electrical 
resistance of the materials used. 


Multiple Capacitors 
When two or more capacitors are wired in paral- 
lel, their total capacitances the sum of their sep- 
arate capacitances. When two ormore capacitors 
are wiredin series, the relationship between their 
total capacitance © and their individual capaci- 
tances (C1, C2, C3...) is given by this formula: 

4 / C= (a/ca) + (a/c) + (4/03)... 
The formula to calculate the total capacitance of, 
capacitors connectedin series resemblestheone 
used to calculate the total resistance of resistors 
connected in parallel. See Chapter 10. 


Alternating Current and Capacitive 
Reactance 

The apparent resistance of a capacitor to AC is 
properly known as capacitive reactance. In the 
following formula, capacitive reactance (Xc, in 
ohms) is derived as a function of capacitance (C, 
in farads) and AC frequency (f, measured in 
hertz): 


Ker /(2*n*f*c) 


The formula shows that when frequency be- 
comes zero, capacitive reactance becomes infin- 
ite; in other words, a capacitor has theoretically 
infinite resistance when DC current tries to flow 
through it. In reality, a dielectric has a finite re- 
sistance, and thus always allows some leakage. 


The formula also shows that capacitive reactance 
diminishes when the size of the capacitor increa- 


power > maderation > capacitor 


ses and/ar the frequency being applied to iti 
creases, From thisitappears thatan ACsignal will 
be attenuated less at higher frequencies, espe- 
cially if we use a small capacitor, However, areal- 
world capacitor also exhibits some degree of in- 
ductive reactance. This value will depend on its 
configuration (cylindrical vs. multiple flat plates), 
its physical length, the materials from which itis 
fabricated, the lengths of its leads, and other fac- 
tors, Inductive reactance tends to increase with 
frequency, and since capacitive reactance tends 
to decrease with frequency, at some point the 
curves for the two functions intersect. This point 
represents the capacitor's self-resonant frequen- 
‘oj whichisoften referred to simply asits resonant 
frequency. See Figure 12-18. 


Effective Series Resistance log scale) 


Frequency (log scale) 


Figure 12-18. As an AC current applied to a capacitor io- 
creases in frequency, the capacitive reactance ofthe com- 
ponent decreases, whle its inductive reactance increases 
The resonant frequency of the capacitor is found where 
the two functions intersect 


Equivalent Series Resistance 

A theoretically ideal capacitor would be purely 
reactive, without any resistance. In ality, capac- 
itors are not ideal, and they have equivalent series 
resistance, or ESR. This is defined as the resistor 
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83.6.2 Jacobi 


9 Catheter 


1, Grasp one end of the Jacobi ring with a hemostat and pass 
it through the initial incision site 

2, Atthis time, use a hemostat to break loculations and cul- 
ture the material for microbiology. 

3. Pull the Jacobi ring through the abscess cavity (be careful 
not to pull the suture out of the catheter) and make a sec~ 
‘ond incision to pull the catheter out through it. 

4, The two ends of the catheter are then tied, forming a ring, 


83.6.3 Nitrate Stick 


+ After sending the culture 

1, Take the silver nitrate stick and place it deep within the 
eyst/abscess cavity (Fig. 83.8). 

2. The patient is instructed to return in 48 h for removal 
of the remaining nitrate material and necrotic tissue 
and wound cleaning. 

3. The patient should be warned of side effects including 
pain, chemical burns of nearby tissue, edema, di 
charge, and scarring. 


Fig, 83.8 Silver nitrate sticks 
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83.7 Aftercare 

+ Follow-up care is required after each of these 
procedures. 

+ Abigh-risk patient (e.g., diabetic) may need to be covered 
with broad-spectrum antibiotics 

+ Pregnant women are also considered high risk and should 
be given antibiotics and followed closely 

+ The patient should be instructed to remain on pelvic rest 
(nothing in vagina) while the catheter is in place, wear a 
pad owing to discharge, use sitz baths and analgesics for 
pain control, and follow up 1-2 days after the procedure. 


Although a few other methods are available for draining 
Bartholin cyst/abscess including marsupialization, carbon 
dioxide laser vaporization, and excision, these methods are 
typically done by gynecologists and rarely, ifever, performed 
by an emergency department physician. 
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When the survivor of a sexual assault seeks medical care, in 
addition to addressing their medical needs, their forensic 
needs must also be addressed. This is best achieved by a spe- 
cialist examiner, who is trained to conduct a Sexual Assault 
Forensic Examination (SAFE). When the examiner is a 
nurse, she or he is referred to as a Sexual Assault Nurse 
Examiner (SANE). In designated centers, the forensic exam- 
iner and the nurse, physician, law enforcement officials, 
social workers, and patient advocates work together as a 
Sexual Assault Response Team (SART), 

‘The process of caring for survivors of sexual assault con- 
tinues to evolve and reflects the advances in forensic science, 
Judicial reform and our understanding of assault survivor 
psychology. 

However, when an emergency medical condition exists, it 
should be addressed by the designated medical team. The 
role of the SAFE examiner becomes secondary in these situ- 
ations. Life- or limb-threatening injuries always take priority 
over forensic evidence collection, although emergency medi- 
cal care can often be rendered without compromising exist- 
ing evidence, 


84.1 Indications 

+ Survivors of sexual assault who seek and consent to 
forensic examination, 

+ The upper limit of time for evidence collection varies 
from state to state (e.g., 96 h in New York State [1]) 
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84.2 Contraindications 


+ Absolute 
— Ifthe survivor does not consent to evidence collection 
+ Relative 
— Ifthe upper time limit has been exceeded 


84.3 Materials and Medications 


+ Ideally, a designated SAFE room should be available. 

‘+ Standardized sexual assault evidence collection kits. 

+ Gloves 

+ Camera. 

+ Portable light source, 

+ Swab dryer. 

+ Wood's lamp. 

+ Anoscope. 

+ Colposcope, ideally with a camera, 

‘+ Support material for survivors: information pamphlets, 
clothing. 

+ Prophylactic medications: 
contraceptives. 


antibiotics, antiretrovirals, 
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84.4 Procedure:“Prepare the Patient, 


i 


5. 


Prepare the Room” 


Informed Consent 

+ A separate consent is required for the SAFE. Obtaining 
consent has important psychosocial implications for 
the survivor and returns “control” and “choice” to him 
or her at this critical time [2]. If the survivor chooses 
not to undergo a SAFE, the examiner must respect his 
or her decision, Consent is not an “all-or-none” phe- 
nomenon and survivors can chose to consent to some 
steps and decline others. The examiner should be 
respectful of their decision, 

+ Consent for the SAFE should include consent for evi- 
dence collection, forensic photography, release of 
dence to law enforcement, and permission to discus 
the findings of the SAFE with investigators. 

Law Enforcement Involvement 

‘+ State laws vary in terms of reporting requirements for 
sexual assault, The examiner should be familiar with 
the requirements in the state in which she or he prac- 
tices, All survivors should be offered law enforcement 
involvement and the benefits of doing so should be 
outlined to them. 


Evidence Collection 
‘+ Sexual assault evidence collection kits are specialized 
preassembled kits containing essential materials for 
collecting and preserving evidence (Fig. 84.1). The kit 
contains written instructions, swabs, envelopes, body 
diagrams, and an integrity seal for the examiner's use. 

Forensic Interview and History Taking 

‘+ The forensic interview is the first step in the SAFE 
process. It is a therapeutic as well as a forensic exer- 
cise, designed to establish rapport with the survivor, 
offer support, and gather information to help guide the 
‘medical care and direct evidence collection. Acquiring 
information is @ continuous process that ends only 
‘when the survivor-SAFE interaction ends, 

‘+ The survivor's exact words with quotation marks should 
be recorded. A simple factual account of events should 
be documented. Avoid biased or prejudicial language, 
such as “allegedly” or “claims.” Relevant information 
includes the time of the assault, the type of contact 
involved (offender-survivor and survivor-offendes), the 
‘umber of people involved, and the survivor's activities 
since the assault, A basic medical and obstetrical-gyne- 
ccological history is also relevant. The SAFE interview is 
not an investigative interview. Investigation of the sex- 
ual assault is the role of law enforcement. 

General Physical Examination 

‘+ The patient should be asked to undress over a paper 
sheet to allow any trace evidence to fall and be col- 
lected. She or he should be given a gown to wear. A 


systematic head-to-toe examination should be under- 
taken, Identify any injuries, no matter how minor, 
Document them in writing, on a body diagram 
(Fig. 84.2), and, when possible, with photography. Pay 
attention to areas that can be easily overlooked: in the 
‘mouth, behind the ears, under the chin, and the soles of 
the feet, for example. Take time to palpate the scalp for 
areas of tenderness, 
6. Injury Documentation 
+ Always take time during documentation, Describe 
the type of injury—abrasion, contusion, laceration, 
oor bite mark. Document the size and site ofthe injury, 
ideally include a measuring device in the photograph, 
‘A commonly used scale is the one provided by the 
American Board of Forensic Odontology (ABFO) 
(Fig. 84.3). If an injury appears to have a shape or 
pattem (e.g., linear, circular, curvilinear, petechial), 
describe it without drawing specific conclusions, 
7. Bite Marks 
+ Bite marks require additional evaluation because they 
may have salivary trace evidence associated with 
them. In addition to being described and photo- 
‘graphed, they should be swabbed and the dried swabs 
included in the evidence collection kit. 
8, Forensic Pelvie Examination 
+ The purpose of the genital examination (external and 
speculum) is to identify injury and collect forensic 
evidence. 
9. Inspection 
+ Visually examine the external genitalia, Separate the 
labia and look in skin folds and at the posterior four- 
cchette for injury. The TEARS mnemonic (T=tear, 
E=ecchymosis, A=abrasions, R=redness, S=swell- 
ing) is a useful tool while inspecting and document- 
ing, External genital injury findings can be 
photographed using a standard camera (digital or 
conventional 35 mm) or a colposcope camera for 
additional magnification, 
10. Speculum Examination 
+ Insert a moistened speculum under a good light 
source and inspect the vault and cervix for any inju- 
ries or possible trace evidence for collection (pooled. 
secretions, hair, retained condom, debris). A colpo- 
scope (Fig. 84.4) is a useful adjunct and allows for 
magnification and assists in injury identification and 
photodocumentation, 
+ Bimanual pelvic examination may be a part of some 
protocols but is not mandatory. 
11. Rectal Examination 
+ Inspect the area looking for fissures, bleeding, or 
secretions. Anoscopy, if indicated by this history and 
permitted by the survivor, should be performed and 
the findings documented and photographed. 
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12. Evidence Collection 
+ The evidence collection kit should be opened and the 
contents laid out ina systematic way. Once the evidence 
collection kit has been opened, it cannot be left unat- 
tended at any time. Each envelope should be labeled with 
the survivor's name and the time and date of collection. 
‘The required swabs and slides are included inthe kit, 

13, Collection of Biological Material 

+ Evidence collection will include oral, anal, and va, 
nal swabs. Swabs should be allowed to air dry before 
being placed back in the envelopes. Trace evidence 
should be collected and may include nail scrapings, 
dried secretions, loose hair collection, and possible 
foreign bodies (e.g., soil, condom). A Wood's lamp 
may help the examiner to identify dried secretions on 
skin or clothing. When each step is completed, the 
envelope will be closed, sealed, and signed by the 
examiner and returned to the box, 

+ When completed, the Sexual Assault Evidence 
Collection Kit (SAECK) is closed, the provided evi- 
dence seal placed on the box, and the seal signed and. 
dated by the examiner. The evidence is then given to law 
enforcement (ifthe patient consents) or maintained in a 
redesignated, secure locked area if law enforcement is 
not yet involved in the case. Each time evidence is passed 
from person to person, the transfer must be documented 
in writing to ensure it is not compromised or tampered 
‘with in any way. This is the underlying principle of main- 
taining a “Chain of Custody.” This chain must be main- 
tained for evidence to be admissible in court, 

14, Collection of Clothing 

* Clothing may be considered “evidence” and col- 
lected in some cases. Depending on the case, this 
may include underwear and any feminine hygiene 
products. These may fit in the evidence collection kit 
itself, Larger items of clothing and/or shoes will need 
to be collected separately. They should be placed in 
‘an appropriately sized paper bag and labeled with the 
patient's name. The bag should be sealed, signed, and. 
dated by the examiner in the same way as all other 
evidence. Any additional evidence should remain 
with the SAECK. The survivor should be provided 
with replacement clothes and underwear. 

15, Forensic Photography 

+ Although the examiner is not expected to be a special- 
ized forensic photographer, photodocumentation of 
injuries is an important part of the SAFE. A separate 
‘consent is required. Either a conventional 35-mm cam- 
era or a high-resolution digital camera is acceptable. 

+ Atleast one image should include the survivor's face 
‘or some form of identifying marks. Near and far 
mages should be taken. The camera should be held 
‘at 90° to the surface to avoid distortion of the image. 


‘A tape measure should be included when an injury is 
being photographed, An identifier, like medical 
record number or case number, should be visible in 
the image if possible. The examiner should document 
in the records that photographs were taken, 

16. Investigations 

+ Baseline complete blood count (CBC), chemistry 

panel, and liver function tests are generally drawn 
before initiation of human immunodeficiency virus 
(HIV) prophylaxis. Serologic tests for syphilis, hepa 
titis B virus (HBV), hepatitis C virus, and HIV should 
be obtained. Urine should be sent for analysis and 
pregnancy testing. Urine for toxicology may be use- 
ful in selected cases. Testing for gonorthea and chla- 
mydia before starting prophylactic antibiotics may be 
undertaken, but this remains controversial 

17. Prophylaxis 

+ Survivors should be offered prophylaxis against 
pregnancy, common sexually transmitted infections, 

HBV, and HIV. The current Centers for Disease 

Control and Prevention (CDC) guidelines recom- 

mend the following: 

(a) HBV vaccination should be offered to sexual 
assault victims at the time of the initial examina- 
tion if they have not been previously vaccinated. 
Postexposure HBV vaccination, without hepatitis 
B immunoglobulin (HBIG), should adequately 
protect against HBV infection, Follow-up doses 
of vaccine should be administered 1-2 and 4-6 
months after the first dase. 

(b) An empirical antimicrobial regimen for chlamydia, 
gonorrhea, and trichomonas should be offered. 

+ Recommended regimens: 
= Ceftriaxone 125 mg intramuscularly in a 


single dase 
PLUS 

~ Metronidazole 2 g orally in a single dose 

~ PLUS 

= Acithromycin | g orally ina single dose 

— OR 

= Doxyeyeline 100 mg orally twice a day for 7 
days 


(c) Emergency contraception protocols are state and 
institution specific. A negative pregnancy test 
should be documented before evidence collec- 
tion, Commonly prescribed regimens are “Plan 
B.“Ovral;" and the recently approved “Ella.” 

(d) Update tetanus profile if indicated. 

(e) HIV postexposure prophylaxis. 

+ All patients with significant exposure should 
receive protest counseling and postexposure 
prophylaxis as per CDC guidelines [3]. The 
regimens are complex (Table 84.1), 
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Fig.84.1. Sexual assault evidence collection kit 
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Fig.84.4 Colposcope (Courtesy Bronx SART Program) 


CO 


Fig. 843 American Board of Forensic Odontology (ABFO) scale 
(Courtesy Bronx SART Program) 


Table 84.1. Postexposure prophylais as per Centers for Disease Control and Prevention (CDC) guidelines [3] 


Regimen [Dowee 
Zidovutine (Revove, 2DV. AZT) lamivodine (Epivir®, STC |2BV: 300m wee dally or 20 mg three mes daly with fod: wt 
‘available as Combivi™ 0 mg daily 


STC: 300 mg once daily or 150 mg twice daily 
Combine: oe tablet evice daly 
Zidovudine (Revove, 2DV, AZT) remsiciabine Emuiva, PTC) aersnr 2K) mg thre ies diy, i Foods ttl 


1600 mg/day, in 2 or 3 divided doses: FTC: 200 mg (one capsule) ance 
ily 


fenofovir DF (Viread, TDF)-+ lamivudine (Epi, STC) [Mio mg once daily 37: 300 mg once daily or 150 mg twice dally 


fenofevir DF (Viread, TDF)-+emiticitabine (Emtriva, FTC) ‘TDF: 300 mg once daily; FDC: 200 mg once daily 
“Truvaa: one tablet daily 


AZT szidotbymitine, FTC emtristabive, 77 lamivudine, TDP tenofovir disoproxil fumarate, ZDV zidovudine 
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84,5 Pearls and Pitfalls 


Pearls 

= Survivors will need to have both medical and psycho- 
social follow-up. Medical referrals should include 
gynecology and primary care for follow-up of their 
baseline serology, testing and completion of HBV vac- 
ination regimen, and so on. 

= Referrals for counseling and information with 24h 
hotlines should be provided. Recovery from a sexual 
assault is a process and is best achieved by a long-term 
support network [4] 

Piafalls 

~ Itis estimated that survivors are men in fewer than 
10 % of cases, although sexual assault in males appears 
to be greatly underreported. The same principles for 
evidence and prophylaxis apply for the SAFE. 
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85.1 Indications 


+ Ischemic (“low-flow”) priapism. 


85.2 Contraindications 


+ To cavernosal aspiration/irigation 
= Nonischemic (“high-flow”) priapism 
= Overlying cellulitis 
~ Uncontrolled bleeding disorder 
= Skin infection at the site of injection 
+ To intracavernosal injection of vasoactive 
(a-adrenergic sympathomimetics) 
= Severe hypertension 
= Dysthythmias 
— Monoamine oxidase inhibitor use 


agents 
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85.3. Materials and Medications (Fig. 85.1) 


+ Sterile gloves 

+ Antimicrobial solution and swabs 

+ 4x4 gauze sponges 

+ Local anesthetic (1 % lidocaine 5 ml. and 0.5 % bupiva- 
caine 5 mL. without epinephrine) 

+ 10-mL syringe 

+ 20-mL syringe 

+ 19- or 21-gauge butterfly or straight needles (2) 

+ Blunt needle 

+ 27-gauge needle 

+ Normal saline, 1000 mL 

+ Phenylephrine | % solution (10 mg/mL), | mL 
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power> moderation > capacitor 


that you would have to place in series with an 
ideal version of the capacitor, so that the combi- 
nation would behave like the real version of the 
capacitor on its own, 


IFX¢ is the reactance of the capacitor, then its Q 
factor (which means its quality factor) is given by 
the simple formula: 


Q =X / ESR 


Thus, the quality factor is higher if the ESR is rel- 
atively law. However, the reactance of the capac- 
itor will vary significantly with frequency, and 
thissimpleformulaisonlyan approximate guide. 


‘The Q-factor for capacitors should not be con- 
fused with the Q-factor for inductors, which is 
calculated quite differently. 


How to Use 


‘The figures illustrate some simplified schematics 
for common applications. 


Bypass Capacitor 

In Figure 12-19, a low-value capacitor (often 
O.1pF) is placed near the power input pin of a 
sensitive digital chip to divert high-frequency 
spikes or noise to negative ground. This bypass 
capacitor may also be described as a decoupling 
capacitor. 


Figure 12-19. 4 bypass capacitor (typically O.1uF) contig 
tured to protect an integrated circuit logic chip from volt 
‘age spikes and noise inthe power supaly 


How to Use it 


Coupling Capacitor 
In Figure 12-20, a 14F coupling capacitor trans- 
mits a pulse from one section of a circuit to an- 
other, while blocking the DC voltage. Some re- 
shaping of the waveform may occur. 


‘a= 


Pulse Input 
Ovots 


= IE 


Ground 


Pulse Output 


Ovots 


Figure 12-20. 4 coupling capacitor (typically around IuF) 
preserves DC isolation of ane section of a circuit from an 
‘other, while allowing a pulse to be transmitted, 


High-Pass Filter 

In Figure 12-21, 0.1 }.F capacitor blocks the low- 
frequency component of a complex waveform 
and transmits only the higher frequency thatwas 
superimposed on the low frequency. 


Low-Pass Filter 


In Figure 12-22, a 0.1pF decoupling capacitor di- 
verts the higher frequency component of acom- 
plexwaveform tonegative ground, allowing only 
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85.4 Noninvasive Therapy Preprocedure 


1, Administer analgesia 
benzodiazepines). 

2. Administer subcutaneous terbutaline as soon as the diag- 
nosis is suspected (0.25-0.5 mg subcutaneous in quad 
ceps, deltoid, or gluteus maximus) and repeat after 20 min 
if necessary. 

+ Ifresolution of priapism does not occur with subcuta- 
neous terbutaline, proceed to cavernosal aspiration. 


(eg. parenteral opiates 


85.5 Procedures 
85.5.1 Dorsal Penile Nerve Block Procedure 


1. Position the patient in the supine position, 
Apply povidone-iodine solution liberally to the penis 
and scrotum using a 4x4 gauze pad, 

3. Clean the glans and shaft of the penis in a circular 
motion, 

4, Establish a sterile field by placing drapes between the 
scrotum and the shaft, above the shaft, and on either side 
Gig. 85.2), 

5. Draw up 5 mL. 0.5 % bupivacaine and 5 mL. 1 % ligno- 
caine (both without epinephrine) into a single syringe. 

6. Using a 27-gauge needle, inject local anesthetic superfi- 
cially to raise skin wheals atthe (dorsal) 2 and 10 0°clock 
positions as proximal to the base of the penis as 
possible. 

7. Insert the needle through the wheal at the 2 o'clock posi- 
tion at the base of the penis until it contacts the pubic 
symphysis. 

8. Withdraw the needle slightly and walk the needle in a 
caudal fashion down the pubis until the needle passes 
immediately below the symphysis and advance to a 
depth of S mm deeper than the depth of the pubic sym- 
physis (Fig. 85.3). 

+ A transmitted “pop” may be felt as the needle pene- 
trates the superficial penile fascia beneath the 
symphysis, 

9. Aspirate to confirm the tip of the needle is not within the 
lumen of a vessel 

10. Inject 4 mL of solution. 
11. Repeat the injection of local anesthetic as outlined at the 

10 o'clock position of the penile hase to anesthetize the 

right dorsal penile nerve (Fig. 85.4) 
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Fig. 85.2 Priapism in sterile 
field 


Fig. 85.3. Schematic anatomy of dorsal penile nerve block 
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Fig. 85.4 Injection of local 
anesthetic 
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85.5.2 Cavernosal Aspit 


i 


Fig. 85.5. Aspiration of 
‘cavernowal blood 


tion Procedure 5 


Attach a 19- or 21-gauge needle to a syringe, 

Puncture the corpus cavernosa at the 2 o'clock or 10 

o'clock position (~+60° or ~60° from the midline) on the 6. 

suprapubic aspect of the penis approximately 3 cm from 

the penile base, directing the needle straight toward the 

center of the ipsilateral cavernosum, 

+ Never use the glans as a puncture site during this 7. 
procedure. 

‘Advance the needle slowly while drawing back on the 

plunger until blood is visible in the syringe (blood is usu- 

ally easily aspirated), 


. Once blood is obtained, do not advance further, stabilize 


the needle, and use one hand to aspirate 20-30 mL of blood 
‘while milking the corpus with the free hand (Fig. 85.5). 
‘+ The needle should not be advanced further once blood 
is visible in the syringe to minimize the risk of injury 
to the cavernosal artery. 8 
+ Avoid excessive negative pressure on the plunger 
because this often halts aspiration. 
+ Ifdetumescence is not achieved using the above steps, 
proceed with the following steps. 


Insert an irrigation needle by puncturing the corpus caver- 
nnosum on the same side of the penis punctured with the 
aspiration needle, approximately 1 cm from the penile 
base. 

Irrigate the oxygen-depleted blood in the cavernosa by 

injecting 20-30 mL of 0.9 % normal saline via the prox- 

imal needle in exchange for the blood aspirated 

(Fig. 85.6) 

Repeat the cycle of aspiration of 20- to 30-mL. volumes 

fof blood from the distal needle followed by irrigation 

‘with an equal volume of 0.9 % normal saline via the 

proximal needle until flow into the syringe of dark red 

(oxygen-depleted) blood ceases and bright red (oxygen- 

rich) blood is aspirated or until detumescence is achieved 

ig. 85.7. 

+ When removing the needle alter cavernosal aspiration, 
compress the puncture site for approximately | min to 
prevent hematoma formation, 

Wrap the detumescent penis in gauze or an elastic ban- 

dage to prevent return of priapism and to compress the 

Puncture site(s) (Fig. 85.8). 


Fig.85.7 Detumescence 
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Fig. 85.8 Dewmescent penis 
‘wrapped in compression dressing 


85. Treatment ofPriapism 


85.5.3 Intracorporeal Injection Procedure 


1. Prepare a diluted concentration of 100 g/mL 

(Q-mg/10 mL) phenylephrine solution by aspirating 

0.1 mL of standard 1 % (10 mg/mL) phenylephrine solu- 

tion into a 10-mL syringe and then adding normal s: 

to a total volume of 10 mL 

Attach a 25- or 27-gauge needle to the syringe. 

3. Puncture the corpus cavernosum at the 2 o’clock or 10 
o'clock position (-+60° or ~60° from the midline) on the 
suprapubic aspect of the penis approximately 1 em from 
the penile base. 

+ Puncture only one side of the penis 

4. Confirm the position of the needle by drawing back on the 
plunger to aspirate blood from the corpus cavernosa. 

5. Inject 1 mL of phenylephrine solution every 3-5 min. 

+ Repeat injections of phenylephrine (up to the maxi- 
‘mum dose of 1000 yg) should be continued until the 
erection resolves; only thereafier should this proce- 
dure be abandoned in favor of the more invasive 
approach of surgical shunt. 

6. Wrap the detumescent penis in gauze or an elastic ban- 
ddage to prevent the return of priapism and to compress the 
puncture site(s). 


85.6 Complications 


+ Of cavernosal aspiration/irrigation 
~ Hematoma (at puncture site) 
~ Infection (at insertion site or systemic) 
~ Thrombosis 


= Arteriovenous fistula 
 Pseudoaneurysm formation 
— Traumatic puncture of dorsal penile or urethra 
— Exsanguination (secondary to dislodgement of 
catheter) 
Cerebrovascular accident (secondary to air embolism) 
+ Of intracavernosal injection of vasoactive agents 
(a-adrenergic sympathomimetics) 
Fibrosis of the corpora, pain, penile necrosis, urinary 
retention 
— Phenylephrine toxicity 
= Acute hypertension, headache, reflex. bradycardia, 
tachycardia, palpitations, cardiac arrhythmia 


85.7 Pearls and Pitfalls 


+ Pearls 
= In ischemic priapism, the penis and corpora cavernosa 
are rigid and tender to palpation. 

Ischemic priapism commonly results from an underly- 
ing hypercoagulable state, tumor, infection, neurologi- 
cal impairment (“spinal shock”), or vasoactive drug 

~ During intracorporeal injection, the patient should be 
‘monitored for known side effects of sympathomimetics, 
including hypertension, headache, reflex bradycardia, 
tachycardia, palpitations, and cardiac arrhythmia, In 
addition, in patients with elevated cardiovascular risk 
profiles, blood pressure and electrocardiographic moni- 
toring should be performed. 

= Seek a urological consult as soon as possible for any 
patient presenting with priapism. 

Resolution of priapism can be verified by measure- 
ment of cavernous blood gases or measurement of 
blood flow by color duplex ultrasonography. 

~ Phenylephrine is the sympathomimetic agent of choice 


for intracavernosal injection because it is has a lower 
likelihood of causing adverse cardiovascular side 
effects than other agents. If this is unavailable, alterna- 
tives include epinephrine, norepinephrine, ephedrine, 
‘metaraminol, and etilephrine. 

~ Intracavernous aspiration/irrigation/injection therapy 
is unlikely to resolve ischemic priapism lasting for 
48 h or longer. In such cases, immediate surgical 


shunting is first-line treatment. 
= Once detumescence is achieved, any unmetabolized 
drugs in the corpus cavernosa enter the venous 
circulation, and thus, dosages of any vasoactive drugs 
injected must be monitored carefully. 
+ Pitfalls 
— The most common complication of ischemic priapism 
is complete erectile dysfunction, 
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85.8 Considerations 


85.8.1 Blood Gas Analysis 


This investigation provides a rapid distinction between 
ischemic and nonischemic priapism, Blood aspirated from 
the corpus cavernosum in ischemic priapism is dark in 


Table 85.1 Summary of cavernosa blood gas findings 


color with partial pressure of oxygen (PO.) less than 
30 mmHg, partial pressure of carbon dioxide (PCO.) 
greater than 60 mmHg, and pH less than 7.25. In nonisch- 
emic priapism, respective values will be PO. greater than 
90 mmHg, PCO, less than 40 mmHg, and pH of 7.4 
(Table 85.1). 


pH PO: (mm Hs) PCO: (sum Hg) 
‘chemi priapism 125 a0 >60 

“Arterial blood 740 >90 <t0 

“Mixed venous blood 735 0 0 


PCO. parial pressure of carbon dioxide, PO? partial pressure of oxygen 
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85.8.2 Sickle Cell Testing 


‘The sickle-solubility test detects any sickle hemoglobin 
(therefore, it is positive in patients with either sickle cell 
train or sickle disease). Hemoglobin electrophoresis with 
10 % or greater HbS suggests sickle cell disease. Anemia 
and increased reticulocyte count may also be present in 
sickle cell disease. 


85.8.3 Hemoglobin Electrophoresis, 

Confirmatory test for sickle status after a positive sickle- 
solubility test 

85.8.4 Complete Blood Count 

White blood cell (WBC) count may suggest infection or 
blood dyscrasia. Hemoglobin (Hb) and reticulocyte counts 
may suggest sickle cell disease. 

85.8.5 Color Duplex Ultrasonography 

Blood flow in cavernosal arteries is absent or minimal in 


ischemic priapism, whereas flow velocity is normal to high 
in nonischemie priapism, 


85.8.6 Urine Toxicology and Psychoactive 
Drug Screen 


‘The following drugs have been associated with priapism: anti- 
hypertensives, anticoagulants, antidepressants, alcohol, mari- 
Jjuana, cocaine, and other illegal substances. Intracavernous 
injection therapy using drugs such as alprostadil, papaverine 
prostaglandin El, phentolamine, and others may precipitate 
priapism, 
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Figure 12-21. A small capacitor (typically O.uF) can be 
Used to create a high-pass fter. passing high frequencies 
While blocking iow frequencies, 

the lower frequency to be preserved. A lower- 
value capacitor (such as 0.001 F) will bleed away 
high-frequency noise from an AM radio source 
without affecting audio frequencies. 


‘Smoothing Capacitor 
In Figure 12-23, a 1OOUF capacitor charges and 
discharges to smooth an AC signal after a diode 
has removed the negative portion. 


Snubber 

In Figure 12-24, an RC network (inside a white 
dashed line) is known asa snubber when used to 
protect a switch fromthe problem of arcing (pro- 
nounced “arking")—that is, a sustained spark 
that can quickly erode the switch contacts. Arc- 
ing may occurin switches, pushbuttons, orrelays 


power > moder 


tion > capacitor 


Mixed 
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Figure 12-22. A small capacitor (typically Q.uF) in this 
configuration routes high frequencies to negative ground, 
filtering them out of an analog signal 


volts 


that control an inductive load, such as a large 
motor. This problem can become significant at 
high DC currents (10A or more) or relatively high 
‘AC or DC voltages (100V or more). 


When the switch is opened, the magnetic field 
that has been sustained by the inductive load 
collapses, causing a surge of current, or forward 
EME. The capacitor in the snubber absorbs this 
surge, thus protecting the switch contacts, When 
the switch is closed again, the capacitor dis- 
charges itself, but the resistor limits the outrush 
of current—again, protecting the switch. 


A snubber placed around the switch in a DC cir- 
cuit could typically use a 0.1yF capacitor (poly- 
propylene or polyester) rated for 125VAC/ 
200VDC, anda 100-ohm carbon resistorrated 0.5 
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Reduction of Phimosis/Paraphimosis 


86 


Justin Chen and Muhammad Waseem 


Phimosis occurs when the distal aspect of the prepuce cannot 
be retracted over the glans, 

Paraphimosis is a true urological emergency; it occurs 
when retracted paraphimotic foreskin cannot be replaced to 
its normal position past the coronal sulcus, resulting in 
venous and lymphatic congestion leading to arterial occlu- 
sion, ischemia, and necrosis of the glans, 

Both conditions commonly result from chronic infection 
from poor local hygiene in uncircumcised males; it can also 
be due to redundant skin, 


86.1 Indications 

+ Phimosis: signs of acute urinary retention 

+ Paraphimosis: signs of present or impending arterial 
occlusion 


86.2 Contraindications 


+ Absolute 

= Failure to rule out penile swelling and pain due alter- 

native conditions (e.g., posthitis/balanoposthitis, 
angioedema, insect bite, constricting band) 


1. Chen, MD. MSe 
Department of Emergency Medicine, North Shore University 
Hospital, Manhasset, NY. USA. 

‘e:mail: chen justin@ gmailcom 

M. Waseem, MD (©) 

Department of Emergency Medicine, Lincoln Medical and Mental 
Health Center, New York, NY, USA. 

‘e-mail: waseemm2001 @ hotmail.com 


© Springer Sciences Business Media New York 2016 


86.3. Materials and Medications 


Latex-free gloves (sterile) 

Local anesthetic 

— 2% lidocaine without epinephrine (preferred) 

~ 2% lidocaine gel or eutectic mixture of local anesthet- 
ics (EMLA) cream (2.5 % prilocaine and 2.5 % 
lidocaine) 

25- to 27-gauge 1.5-in, needles (2) 

Small plastic syringe, 10 mL. (1) 

Bag of ice (1) 

2-inch elastic pressure dressing (1) 

Sterile gauze (1) 
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86.4 Procedure: Manual Reduction 


for Paraphimosis 


Grasp the swollen foreskin of the penis and apply gentle 

compression for a few minutes. 

Grasp the swollen foreskin and elevate upward. 

Push the glans into the foreskin, 

Place the patient in the supine position and carefully 

inspect the penis for constricting bands or foreign bodies 

(eg. piercings) 

Usage of penile block to provide analgesia to the shaft 

and glans penis depends on urgency, patient age, and 

cooperativeness (Fig. 86.1) 

(a) Use a 25- to 27-gauge needle to inject lidocaine into 
the base of the penis, at the junction between the 
penis and the suprapubic skin, away from the midline 
to avoid the superficial dorsal vein, 

() Inject lidocaine just deep to Buck's fascia (3-5 mm 
beneath the skin) to form wheals, where a slight 
“pop is felt as the needle penetrates the fascial layer. 

(6) Between 1 and 5 mL. of local anesthetic should be 
used, depending on the age of the patient, which can 
be delivered as follows: 

+ Half the volume should be injected at the 10 
o'clock position and the remainder at the 2 o'clock 
position or 

+ Full volume of local anesthetic is injected midline 
through Buck's fascia, directed toward each direc- 
tion, ensuring negative aspiration of blood. 

Alternatively, use gauze soaked in topical local anesthetic to 

cover the penis (2% lidocaine gel or EMLA cream [2.5 % 

prilocaine and 2.5 “ lidocaine]), which has slower onset. 


17. For phimasis 
(a) If acute urinary retention occurs, diate the foreskin 
under procedural sedation or penile block to allow 

Foley catheterization. 

8. For paraphimosis, 

(a) Once penile analgesia is achieved (typically in 5 min 
with penile block), relieve tissue edema before 
attempting reduction by using: 

+ Bag of ice (3 min ata time), or 

+ Granulated sugar (contraindicated in emergent 
Situations owing to time required), or 

+ Manual compression (squeezing the glans for 
5 min), or 

+ Pressure dressing (2-in, elastic bandage over the 
gland for S min) 

Place both thumbs over the glans, with both index 

fingers and long fingers surrounding the trapped fore- 

skin proximal from the paraphimotic tissue 

Use the thumbs to push the glans back into the fore- 

skin while pulling the trapped foreskin distally, which 

may require a few minutes of constant pressure 

(Fig. 86.) 

Can also attempt using Babcock (once in each quad- 

rant) or Adson (3 and 9 o'clock positions) forceps to 

rasp the paraphimotic tissue (Fig. 86.3). 

If ineffective owing to extreme tissue edema, seek 

emergent urological consultation. 

(9 Follow-up with urologist is always recommended; 
circumcision may be performed once infection and! 
or edema have resolved to prevent recurrence 
(Fig. 86.4) 


(b) 
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Fig. 86.1. Penile block 19 
‘provide analgesia tothe shaft and 
-lans penis 


Fig. 86.2 Use the thumbs to push the glans back into the foreskin 
‘while palling the trapped foreskin distally 


ini 
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Fig, 86.4 Circumcision may be performed once infection and/or 
edema have resolved to prevent recurrence 


t 


Fig. 86.3. (a) Babcock forceps. (b) Adson forceps 
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86.5 Complications 


+ Bleeding/infection of injection site(s). 

+ Phimosis and scarring due to foreskin manipula 

+ Usage of Adson or Babcock forceps may result in minor 
bruising and abrasion to the foreskin and glans penis, 


86.6 Pearls and Pitfalls 


+ Pearls 
= Phimosis 


‘a normal occurrence in young males 
(<S-6 years) and should be treated only in the presence 
of acute urinary retention. 

~ If arterial compromise is imminent in paraphimosi 
the emergency physician should attempt reduction if 
urological consult is unavailable. 


+ Pitfalls 
= Reduction of phimotic tissue over the coronal sulcus 
‘may lead to emergent paraphimosis. 
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Manual Testicular Detorsion 87 


Brandon R. Allen and L. Connor Nickels 


87.1 Indications ee 


+ Testicular torsion is a clinical diagnosis (Fig. 87.1). 
= Although no single clinical finding has 100 % sensitiv- Spates bond 
ity for the presence of testicular torsion, patients will 
have one or more of these signs and symptoms: nausea, 
or vomiting, pain for less than 24 h, high position of 
the testis, and/or abnormal cremasteric reflex [1] 
= If the diagnosis is in question, radionuclide scan or 
ultrasonography of the testicles may be helpful to 
assess blood flow and to differentiate torsion from Epididyis 
other conditions (Fig. 87.2) 


Urata 


‘Twisted spermatic cord 


Epididymis 
BR. Allen, MD + L.C. Nickels, MD, RDMS (2) 
‘Department of Emergency Medicine, University of Florida Health Teste 
Shands Hospital, Gainesville, FL, USA 
e-mail: brandonrallen@ ufledu;cnickels@ufl.edu Fig.87.1. Schematic of normal testicle and testicular torsion 
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L. Gant (ed), Atlas of Emergency Medicine Procedures, DOI 0.1001/978-1-4939-2507-0_87 


soz BR. Allen and LC. Nickels 


Fig.87.2 Doppler ultrasound of bilatral testes shows swollen right left testis which has normal fw (righ panel) (Reproduced with per- 
testis wih hypoechoic areas within and reduced arterial signal suggest- mission from: Bhagra etal [4]) 
ing testicular torsion with necrosis (lft panel) This is compared to the 
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87.2. Contraindications 


+ Do not attempt if the length of symptoms is greater than 
24h, 

+ Manual detorsion should not delay scrotal exploration 
‘and bilateral orchiopexy in the operating room [2] 


87.3. Materials and Medications 


‘+ Standard precautions barrier protection for the provider 

+ Local anesthetic (optional to anesthetize the spermatic 
ccord near the external ring) 

+ Intravenous sedation (optional) 


87.4 Procedure 


+ The physician stands at the patients feet and rotates the 
affected testicle away from the midline (as if opening a 
book) (Fig. 87.3). 
~ For detorsion of the left testicle: the physician will 
place his or her right thumb and index finger on the 
affected testicle and rotate the testicle 180° from 
‘medial to lateral (2 

~ For detorsion of the right testicle: the physician will 
place his or her left thumb and index finger on the 
affected testicle and rotate the testicle 180° from 
‘medial to lateral 


b 


Fig.87.3 (a) Asif opening a book, rotate the testicle away from the 
‘midline. (b) Affected testicle should be rotated 180° from medial to 
lateral 
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87.5 Pearls and Pitfal 


+ Pearls 
= The most common misdiagnosis is epididymitis. 
= Because torsion of greater than 360° degrees is possi- 
ble, more than one rotation may be needed to fully 
detorse the affected testis (Fig. 87.4). 
= Only surgical exploration can provide a definitive res- 
olution if testicular torsion is present [2]. 
+ Pitfalls 
= The most common causes of testicular loss after tor- 
sion are delay in seeking medical attention (58 %), 
incorrect initial diagnosis (29 4%), and delay in treat- 
‘ment at the referral hospital (13 %) [3] 


Fig. 87.4 Because torsion of greater than 360° degrees is posible, 
more than one rotation may be needed to fully detorse the affected 
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Skin and Soft Tissue Procedures 
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volts 


‘Smoothed DC. 
Output 


Figure 12-23. A capacitor of 1OQUF or mare smooths the 
Upper half of an AC signal that has passed through a di 
ade, The capacitar charges during each pasitive pulse and 
discharges to "fil the gaps" between them. 


watt or higher. Prepackaged snubbers contain- 
ing appropriate capacitor-resistor pairs are avail- 
able from some parts suppliers, primarily for in- 
dustrial use. 


In an AC circuit, a snubber can be placed around 
the inductive load itself. Although a diode is 
often used this way in a DC circuit, it cannot be 
used with AC. 


Although solid-state switching devices such as a 
solid state relay contain no mechanical con- 
tacts, they may still be damaged by substantial 
pulses of back-EMF, and can be protected by a 
snubber where they are controlling inductive 
loads that take 10A or more at 100V or more. 


What Can Go Wrong 


Figure 12-24. An RC network (outined with a white dash 
ed line) protects a switch that controls a high inductive 
oad, Used in this way, the RC netwark is known as a snus 
ber. 


Capacitor as a Battery Substitute 

A capacitor may be substituted for a battery for 
some applications, although it has a lower ener- 
gy density and will be more expensive ta manu- 
facture. A capacitor charges and discharges 
much more rapidly than a battery because no 
chemical reactions are involved, but a battery 
sustains its voltage much more successfully dur- 
ing the discharge cycle. 


Capacitors that can store a very large amount of, 
energy are often referred to as supercapacitors 


What Can Go Wrong 


Common problems associated with capacitors 
are age-related deterioration (especially in elec- 
trolytics), inductive reactance (especially in cy- 
lindrical formats), nonlinear response, resistivity, 
excessive current leakage, and dielectric memo- 
ry. Some of these problems are discussed below. 
A manufacturer's datasheet should be consulted 
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88.1 Indications 


+ Laceration repair 
+ Abscess incision and drainage 
+ Wound exploration 

+ Vascular access procedures 
+ Foreign body removal 

+ Lumbar puncture 


88.2 Contraindications 


+ History of allergy (usually to the ester class fe.g., pro- 
caine, tetracaine]), amide class (eg., lidocaine 
[Xylocaine], bupivacaine, mepivacaine) may be safely 


D. Ailes, MD + M. Waseem, MD (53) 

Department of Emergency Medicine, 

Lincola Medical and Mental Health Center, New York, NY, USA 
‘e-mail derekailes yahoo.com; waseemm2001 @hotmail.com 
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substituted if true allergy to esters and vice versa, One 
percent diphenhydramine (4 mL. normal saline: 1 mL. 5 4 
intravenous [IV] diphenhydramine [Benadryl] mixture) 
can be used in patients with true allergy. 

Topical preparations on mucous membranes, burns, 
braded/denuded skin, or eyes owing to potential toxicity 
from increased absorption and corneal injury. 

Common teaching is to avoid epinephrine-containing 
‘anesthetic solutions in nose, penis, and digits for concern 
of ischemia owing to end-artery constriction. Recent 
studies including prospective trials and comprehensive 
literature reviews, however, do not validate this concern 
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88.3. Materials and Medications (Fig. 88.1) + 18,25-, or27-gauge needles, syringes up to 10 mL. 
+ Sterile and nonsterile gloves, face shield 
+ 1% Xylocaine with or without 1:200,000 epinephrine, * Alcohol pads and povidone-iodine swabs 
0.25 % bupivacaine solution. 8.4 % (1 mL/mL,) sodium 
bicarbonate (optional) 


Fig.88.1 Local anesthesia 
riterials 
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88.4 Procedure 


Hy 


2, 


- 


Position the patient in a comfortable position (supine, sit- 
ting, anticipating vasovagal response). 

Draw the anesthetic with an 18-gauge needle into a 
syringe. Be aware of the maximum dose for the particular 
local anesthetic to avoid systemic toxicity. 


|. Take steps to minimize the pain of infiltration (Table 88.1), 


Prepare the area with povidone-iodine solution; cover 
surrounding areas with sterile drapes. 


Inject subcutaneously by direct infiltration with a 25- to 


27-gauge needle noting wheal and blanching. If a clean 


Table 88.1 Common anesthetics and their characteristics 


‘wound, may inject into wound edges. Usually no aspira- 
tion is needed because the infiltration is superticial to 
major blood vessels. 

For contaminated wounds or abscess incision and drain- 
age, perform field block by inserting the needle into clean 
intact skin adjacent to the wound and continuing in a cir- 
cular manner around the wound, injecting into the previ- 
ously anesthetized area (Fig. 88.2). 

‘Wait several minutes for the local anesthetic to provide 
the maximum effect. 

‘Test the area for sharp sensation with a needle tip or other 
sharp object. 


‘Maximum dose with 
Medication ‘Time to onset (min) | Length of action ‘Maximum dase (mg/kg) _| epinephrine (mg/kg) 
“Marcaine (bupivacaine) S10 53h. up 9h with 25 2535 

‘epinephrine 
‘Xylecane (lidocaine) 2 30-75 min (longer with 3 7 

‘inephrine) 


Fig.88.2 Local infiltration should be pesformed ina ctcular fashion 
with each injection performed over the prior anesthetized area 
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88.5 Complications 


+ Systemic toxicity 

+ Allergic reaction 

+ Infection 

+ Digital artery vasospasm from accidental injection of 
epinephrine (can be reversed with topical nitroglycerine 
‘or subcutaneous phentolamine) 

+ Vasovagal response 


88.6 Pearls 


+ Minimize or reduce the pain of infiltration by use of the 
following: 
= Warm Xylocaine before infiltration (blanket warmer or 
‘water bath) [3]. 

= Buffer Xylocaine with | mL 8.4 % sodium bicarbonate 
for every 10 mL of Xylocaine. Buffer bupivacaine with 
0.05-0.10 mL. sodium bicarbonate for every 10 mL of 
bupivacaine (greater chance of precipitation), 

~ Use a small-gauge needle (e.g., 27 gauge) and inject 
slowly. 

~ Use a small syringe (1-3 mL) to reduce the pressure of 
injection, 

~ Withdraw the needle and, just before exiting the skin, 
redirect and inject. 

= Inject in a circular manner around the wound with each, 
subsequent injection entering a previously anesthetized 
area, such that the patient feels only one needle stick 
(Fig. 88.2), 

= Inject into the subcutaneous plane as opposed to the 
intradermal plane. 

= Consider using a topical anesthetic before infiltration, 
especially in pediatrics (lidocaine, epinephrine, tetra- 
caine [LET)). 

+ Beware of toxicity by not exceeding the maximum dose, 
‘especially in large or multiple lacerations, Even at standard 
doses, toxicity can occur with inadvertent vascular injection, 
injection into highly vascular areas, or onto mucous mem- 
branes [4, 5] 


— Convert Se mg/ml. into mg/kg by moving the decimal 
one place to the right (e.g., 1% Xylocaine becomes 
10 mg/mL. and 0.25 % bupivacaine becomes 2.5 mg/ 
mL), 

— Xylocaine can be safely injected up to 3.5 mg/kg every 
30 min, up to 300 mg/dose. If the mixture contains epi- 
nephrine, 5-7 mg/kg is safe. 

~ Bupivacaine can be injected at 2.5 mg/kg and 3.5 mg/ 
kg with epinephrine and can be injected every 3 h with 
daily maximum of 400 mg [5] 

‘+ When treating a wound, itis important to first anesthetize 
so debridement, cleansing, and irrigation can adequately 
be performed. 

+ Choose appropriate anesthetics. Xylocaine lasts approxi- 
mately 75 min, and bupivacaine lasts several hours 
Adding epinephrine to either increases vascular constric- 
tion, thereby decreasing systemic absorption and signifi- 
cantly increasing the duration of effect. 

+ Topical anesthetics have a role in pediatric populations 
‘and in conjunction with or as an alternate to local infiltra- 
tive anesthesia. TAC is a mixture of 0.5 % tetracaine, 
0.05 % epinephrine, and 11.8 % cocaine. LET is 4 % lido- 
caine, 0.1 % epinephrine, and 0.5 % tetracaine. LET has 
‘been found to be safer and more cost-effective [6] 
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Regional Anesthesia (Nerve Blocks) 89 
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89.1 Indications 89.2 Contraindications 


+ Repair of wounds where preserving anatomical land- + Allergic to local anesthetic (see Chap. 88) 
marks or having precise anatomical alignment is impor- + History of coagulopathy or bleeding disorder 
tant (e.g., vermillion border of lip) ‘+ Injection through infected tissue 

+ Pain control in dislocation or fracture reductions 

+ Incision and drainage of abscesses 

+ Bum and wound care 

+ Extensive or multiple lacerations (reduces total amount of 
local anesthetic needed) 

+ Foreign body removal 
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89.3. Materials and Medications (Fig. 89.1) + 18-gauge, 20- to 30-gauge needles 2 in, in length 
+ 22-to 24-gauge spinal needles 
+ Povidone-iodine, alcohol swabs + Syringes up to 60 mL 


+ Sterile gloves and drapes 
+ Local anesthetic solution (e.g., lidocaine, Marcaine with 
‘or without epinephrine) 


Fig. 89.1. Materials 
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89.4 Procedure: General Block 


1, Obtain consent after explaining the risks of procedure 
including temporary paresthesias and expected duration 
of block. Perform neurological examination before proce- 
dure, documenting any preexisting deficits, 

2. Position the patient comfortably, preferably supine, antic~ 
ipating vasovagal response. 

3, Identify landmarks for the block. Clean area, prepare with 
povidone-iodine, and surround with sterile drapes. 

4, A small skin wheal of local anesthetic may be placed at 
the site of needle entry before block. 

5, Insert the needle into the site while aspirating to ensure it 
is not in a vessel. 

6, If paresthesia is elicited, withdraw the needle slightly 
allowing paresthesia to improve and inject. 

7, Wait 5-15 min for the block to reach full effect. 

8, Test for sharp sensation in the anesthetized area and 
document, 


89.5 Complications 


+ Infection 

+ Hemorthage 

+ Hematoma 

+ Allergic reaction 

+ Systemic toxicity (exceeded maximum dose or inadver- 
tent injection into vasculature) 

+ Paresthesias, pain 


+ Intraneural injection causi 
‘+ Intra-arterial injection of epinephrine causing vasospasm 
and tissue ischemia 


89.6 Pearls and Pitfalls 


+ Pearls 

Ibis important to aspirate before injecting anesthesia 
when performing regional anesthesia because, unlike 
local techniques, the needle is deeper and in proximity 
to larger vessels. 

= Shooting pain and/or paresthesias occurs when the 
needle contacts the nerve, When this happens, with- 
draw the needle | mm and wait for the paresthesia to 
resolve before injecting. 

= Injury can occur to a limb or digit if the patient manip- 
ulates it before the anesthesia wears off. The patient 
should be cautioned not to use the affected area until 
‘motor and sensation return. If an extensive block was 
done, monitor the patient in the emergency department 
until return of baseline neurological function, 

+ Pitfalls 

— Itis traditionally taught to avoid epinephrine-containing, 
solutions in blocks in end-artery blocks (e.g., digital 
blocks). However, evidence for any vascular insuffi 
ciency and necrosis as a result is lacking in standard 
commercially available lidocaine with epinephrine 
preparations. They should, however, be avoided in 
Patients with peripheral artery disease [1, 2] 
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89.7 Selected Specific Blocks 


+ Contraindications and materials are the same as general 


block. 


89.7.1 Facial Blocks: Trigeminal Nerve 


(Fig. 89.2) [2, 3] 


Fig. 89.2. Vertical plane through the 
ridpesition ofthe pupil shows the 
position ofthe suprantbital foramen, 
infraorbital foremen, and mental 


‘Supraodbital 
Opthalmic 


‘Supratrochlear — 


Maxiary 


Intraorital 


Mandibular 
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sis 


Supraorbital (Fig. 89.3) 

and Supratrochlear Nerve Block 

+ Indications 
‘To anesthetize the forehead from the orbital ridge to 
the vertex of the scalp. The supraorbital nerve emerges 
from the supraorbital foramen/notch and isa branch of 
the ophthalmic division of the wigeminal nerve. The 
supratrochlear nerve also is a branch ofthe ophthalmic 


89.7.1.1 


division of the trigeminal nerve and exits through the 
superior medial aspect of the orbit 
+ Procedure 
1. Inject local anesthetic solution over the midline of the 
forehead at eyebrow level 
2, Inject a 25- or 27-gauge needle through skin wheal 
aimed laterally while injectin, 
subcutaneously. Stop infiltrating when the needle 
reaches the midline of the orbit 


Fig. 89.3. Supraorital nerve block 


89.7.1.2._ Infraorbital Nerve Block 

+ Indications 
‘To anesthetize the medial cheek, upper lip, philtrum, 
skin between the lips and the nose, and nasal ala. The 
infraorbital nerve emerges from the infraorbital fora- 
‘men and is a branch of the maxillary division of the 
trigeminal nerve. Anesthesia to the infraorbital nerve 
will also provide anesthesia to its terminus, the supe- 
rior alveolar nerves 

‘+ Procedure: Extraoral Approach (Fig. 89.4) 

1. Palpate the inferior orbital foramen in its midline posi- 
tion. The infraorbital nerve is often tender on palpation 
as it exits the foramen, 

2. Inject a 25- or 27-gauge needle just above the infraor- 
bital foramen injecting 1-2 mL of local anesthetic. 

3, Take care not to inject into the foramen because there 
is an increased risk of intraneural injection, 

4. Hold a finger on the inferior orbital rim to avoid 
ballooning of the lower eyelid with injection. 

5. Intraoral approach is possible and preferred because it 
is less painful. 


Fig. 89.4 Extraoral approach tothe infraobital nerve block 
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Procedure: Intraoral Approach (Fig. 89.5) [3] 


Apply topical benzocaine or lidocaine gel to the point 
of insertion, which is the height of the mucobuccal fold. 
over the first premolar, which is the site of insertion, 
Wipe off after 1-3 min, 

Palpate with the finger of the noninjecting hand over 
the inferior border of the inferior orbital rim. Retract, 
the lip with the noninjecting hand. 

Using a long 25- to 27-gauge needle, with the bevel 
toward the bone, advance the needle at the insertion 
site toward the infraorbital foramen, Once the target 
is reached, aspirate and inject 1 mL of local 
anesthetic. 

Exert pressure on the foramen for 1 min after injection 
to force the anesthetic through the infraorbital foramen. 
If the needle is difficult to advance and the patient 
experiences pain on insertion, redirect the needle later- 
ally and advance. 

If analgesia is attained for the lip but not the eyelid, the 
analgesia was placed inferior to foramen, and if anal- 
gesia is attained for the eyelid but not the lip, plac 
ment was superior to the foramen, 


Fig. 89.5. Intraoral approach tothe infracrbital nesve block 


wat Can Ga Wrong 


carefully in conjunction with the notes regarding 
compositions in the preceding Variants section 
before making a commitment to a particular 
type of capacitor. 


Wrong Polarity 

A polarized capacitor may offer virtually no re- 
sistance if tis connected the wrong way around 
to a DC power source. A very high current can 
result, damaging the capacitor and probably 
other components in the circuit. Failing to ob- 
serve the polarity of a tantalum capacitor can 
have destructive or even explosive conse- 
quences, depending on the amperage. 


Voltage Overload 

Ifthe DC working voltage of a capacitor is excee- 
ded, thereisa risk of breaking down the dielectric 
and allowing a spark, or arc, that will form a short 
circuit. Note that the DC rating of a capacitor 
does not mean that it can be used safely with an 
equivalent AC voltage. The maximum AC voltage 
should be no greater than approximately 0.7 
times the DC rated voltage. if a DC-rated capac- 
itoris used directly across an AC powerline, it will 
create an effective short circuit. 


Ifcapacitors ate connected in series or in parallel, 
ideally the voltage rating for each capacitor 
should be the same, and certainly no less than 
the supply voltage. 


Tantalum capacitors are easily damaged by cur- 
rent spikes that exceed their maximum working 
voltage, and are unsuitable for high-frequency 
coupling because of their inductance. 


Leakage 
Charge leakage is a problem especially associ- 
ated with electrolytic capacitors, which are not 
suitable for storing a charge over a significant in- 
terval. Polypropalene or polystyrene film capac- 
itors are a better choice. 


Dielectric Memory 
Also known as dielectric absorption, this is a phe- 
nomenon in which a capacitor's electrolyte dis- 
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plays some percentage ofits former voltage after 
the capacitor has been discharged and then di 
connected from the circuit. Single-layer ceramic 
capacitors especially tend to suffer from this 
problem. 


Specific Electrolytic Issues 
Electrolytic capacitors have high inductive reac- 
tance, are not manufactured to close tolerances, 
and deteriorate significantly with age. While oth- 
‘er components may be stockpiled and used over 
aperiod of years, this isnota sensible policy with 
electrolytics. 


The ‘capacitor plague” affecting many of these 
capacitors manufactured from 1999 onward pro- 
vided a salutary lesson regarding their potential 
weaknesses. Faulty composition of the dielectric 
allowed it to deteriorate, liberating hydrogen 
gas, which eventually caused the aluminum 
shells of the capacitors to bulge and burst. Circuit 
boards from major manufacturers were affected. 
Because the problem took two years to become 
apparent, literally millions of boards with faulty 
capacitors had been sold before the fault was di- 
agnosed and eventually corrected, 


Unfortunately electrolytics cannot be easily re- 
placed with other types of capacitors in applica- 
tions such as power supplies, because substi- 
tutes will be considerably larger and more ex- 
pensive. 


Heat 

The equivalent series resistance (ESR) of a large 
capacitor inevitably means thatit must dissipate 
some power as heat during use. Ripple current 
can also create heat. Capacitor performance will 
change as the temperature increases. Acommon 
maximum component temperature for electro- 
lytic capacitors is 85 degrees Centigrade. 


Vibration 

In a high-vibration environment, electrolytics 
should be protected by clamping them mechan- 
ically in place, using a capacitor clamp, also 
known as a c-clamp. 
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89.7.1.3 Mental Nerve Block 


+ Indications 
‘To anesthetize the lower lip and chin and is especially 
useful in laceration repair at those sites. The mental 
nerve emerges from the mental foramen and is a branch 
of the mandibular division of the tigeminal nerve. 
‘Mental foramen lies in the vertical plane with the mid- 
point of the pupil and sits in the middle of the body of the 
mandible. 

+ Procedure: Extraoral Approach (Fig. 89.6) 

1, Inject local anesthetic solution over the identified 
location of the mental foramen, creating a skin 
wheal 

2. Advance a 25- or 27-gauge needle through the skin 
wheel until the mandible is contacted, injecting 
1-2 mL of local anesthetic. 

3, Intraoral approach is possible and preferred because it 
is less painful. 

+ Procedure: Intraoral Approach (Fig. 89.7) [3] 

1. Apply topical benzocaine or lidocaine gel to the point 
of insertion, which is the mucobuccal fold between the 
apices of the first and the second premolars. Wipe off 
after 1-3 min, 


2, Insert a 25- to 27-gauge needle, with the bevel toward 
the mandible, aimed toward the mental foramen. 

3, After advancing one-third the depth of the mandible and 
contacting the mandible, inject 1-2 mL of local 
anesthetic, 

4, By pressing firmly on the mental foramen for 2-3 min 
afler the mental foramen has been blocked, an incisive 
nerve block is also created. This is useful if anesthesia 
to the lower anterior teeth is also desired 


Fig. 89.6. Extraoral approach tothe mental nerve block 


Fig. 89.7. Intrsral approach tothe mental nerve block 
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89.7.2 External Ear Block (Fig. 89.8) [4] 


+ Indications 
‘To anesthetize the entire external ear, excluding the 
external auditory canal and the concha 
Especially useful in large lacerations of the ear and 
surrounding skin, hematoma evacuations, or incision 
and drainage of abscess 

+ Procedure: Auricular Ring Block (Fig. 89.9) [4] 

1. Using a 25- to 27-gauge needle, insert the needle just 


inferior to the earlobe directing it toward the tragus. 

2. Aspirate and advance the needle superiorly subcutane- 
ously injecting 3-4 mL. of local anesthetic (Fig. 89.9, #1). 

3. Withdraw the needle without fully removing it and 
redirect it posterosuperiorly along the inferior poste- 
rior auricular sulcus, aspirating and injecting as before 
(Fig. 89.9, #2), 

4, Remove the needle and insert it just superior to the 
point of helix insertion into the scalp. 

5. Advance the needle and aspirate and inject inthe direc 
tion of the tragus, Inject into the subcutaneous tissue 
while avoiding the ear cartilage (Fig. 89.9, #3) 

6, Withdraw and redirect the needle posteriorly and infe- 
riorly toward the skin behind the ear, injecting as 
before (Fig. 89.9.4). 

7. Beware of inadvertent cannulation of the superficial 
temporal artery, which crosses the zygomatic arch 
and crosses medial to the ear, If the artery is vio- 
lated, it requires 20-30 min application of firm 
pressure. 


Fig. 89.8 Auricular block anesthetizes four nerves that innervate the 
fauricle, | Great auricular nerve, 2 lesser occipital nerve, $ auricular 
branch of vagus nerve, 4 auriculetemporal nerve 


Fig. 89.9. Auricular ring block technique 
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89.7.3 Wrist Block (Fig. 89.10) [3, 5, 6] 


+ Indications 
‘To anesthetize the hand in preparation for laceration 
repair, fracture or dislocation reduction, or pain 
relief 


Fig. 89.10 Nerve distribution inthe hand 
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89.7.3.1 


Wrist Block: Median Nerve (Fig. 89.11) 


+ Procedure 


1 


Position the patient supine with the palmar surface of 
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.2 Wrist Block: Radial Nerve (Figs. 89.12 
and 89.13) [3, 7] 


+ Procedure 


1 


To block the radial nerve, block multiple peripheral 


the hand face up. branches on the dorsal and the radial aspects of the 
2. Have the patient make a fist and slightly flex the wrist lateral wrist 
so that the palmaris longus and flexor carpi radialis 2. A field block in and around the anatomical snuffbox 
tendons become prominent. may be performed, requiring roughly 5-6 mL of local 
3, Create a skin wheal of local anesthetic between the anesthetic. This anesthetizes the terminal branches of 
two tendons between the proximal skin crease and the the radius arising from the forearm, 
distal skin crease at the wrist. Alternatively, anesthetic 3. Position the patient's palm face up and inject a skin 
ccan be injected in line with the ulnar styloid process at ‘wheal to the area 1 mm lateral to the radial pulse and 
the proximal skin crease. in line with the proximal wrist crease. Inject 2 mL of 
4, The palmaris longus tendon is absent normally in local anesthesia with a 25- to 27-gauge needle. This 


10-20 % of the population. In this case, inject over the 
midpoint of the proximal skin crease at the level of the 
styloid process. 


Fig. 89.12 Radial neve block atthe wi 


anesthetizes the terminal trunk of the radial nerve. 


rail artery 


cal snuffbos 


Fig. 89.11 Median nerve block at the wrist: / proximal and distal 
‘wrist ereases radial artery. 2 flexor carpi radialis tendon, + palmaris 


us tendon, 4 ulnar artery, 5 styloid process 


Fig. 89.13 Radial nerve block tthe wrist: J radial artery, 2 flexor 
carpi radials tendon, 3 palmar longus tendon, 4 ulnar artery, $ proxi 
ral acd ds 
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89.7.3.3 Wrist Block: UInar Nerve (Fig. 89.14) 89.7.4 Digital Nerve Blocks: Ring, 
+ Procedure Web Space, and Tendon Sheath 
1. Position the patient with the hand face up. (Fig. 89.15) [3, 8, 9] 
2, Palpate the styloid process of the ulna and pisiform 
and find the ulnar artery pulse. + Indications 
3, Create a skin wheal of local anesthetic between lateral ‘To anesthetize the digits in preparation for laceration 
to the ulnar artery and medial to the flexor carpi ulnaris repair, nail bed repair, joint reduction, or pain relief 


tendon just proximal to the styloid process. This is at 
the level of the proximal wrist crease. 


Fig. 89.14 Ulnar nerve block atthe wrist: J proximal and distal wrist 
creases 2 flexor carp rials tendon, 3 palms longus tendon, ulnar 


artery, Ssyloid process, 6 flexor carp ulnaris 


Dorsal surface 


Extensor tendon 
‘mechanism 


Dorsal cigtal nerve 


fig 


Fig. 89.15 Cross section of sunereata rotunda 
finger forte. Palmar surface tendon 
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89.7.4.1 Ring Block (Fig. 89.16) [3] 
+ Procedure 

1. Insert a 25-gauge needle on the dorsal surface of the 
proximal phalanx of the digit tobe anesthetized. Injet 
T mL along the dorsal surface and withdraw the 
needle. 

2. Reinsert the needle again perpendicular to the last 
injection and running on the lateral surface of the phat 
lanx. Inject 1=1.5 mL. of local anesthetic to just past 
the phalanx base. 

3, Repeat the injection in the same fashion on the medial 
aspect of the phalanx. 

4, Do not inject more than 5 mL. into a digit 

5. Toe blocks are similar to finger ring blocks, except that 


Fig. 89.16 Dorsal surface injection of i 


th 
owing to its unique nerve supply. 


ction as well, 


feat toe requires plantar surface inj 


lock. Digital 


nerve block is performed by injecting onto the (a) dorsal, (b) late 
and (¢) medial surfaces ofthe proximal phalanx 
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.2 Web Space DI 

Procedure 

1. Have the patient abduct the fingers. 

2. Palpate the metacarpophalangeal joint and then insert 
25. to 27-gauge needle into the lateral web space 
subcutaneously, directing it dorsally. Aspirate then 
inject 1 ml. of local anesthetic. 

3. Withdraw the needle but before the exiting skin, redi- 
rect toward the palmar aspect until the tip is next to the 
‘metacarpophalangeal joint, and inject 1 mL. of local 
anesthetic 

4. Repeat the procedure on the medial web space of the 
digit. Each digit blocked requi 
lateral and the medial web spaces. 


ital Block (Fig. 89.17) [9] 


Fig. 89.17 Web space approach to the digital block, requiring injec 
tion on the medi 


1 lateral web spaces fora blocked digit 
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89.7.4. 


Intrathecal Digital Block: Flexor 
Tendon Sheath (Fig. £9.18) [8] 


+ Procedure 


1 


Fig. 89.18 Intrathec: 


Inject anesthetic directly into the flexor tendon sheath. 
Palpate on the palmar surface over and proximal to the 
‘metacarpophalangeal joint. Gentle flexion of digit may 
better reveal the sheath, Have the patient abduct the 
fingers. 

Insert a 25-gauge needle at a 45° angle to the skin and 
along the long axis of the digit directly into the flexor 
tendon sheath at the level of the distal skin crease. 
Inject 2 mL of local anesthetic. The anesthetic should 


flow freely ifitis in the sheath. Ifit does not, its likely 
in the tendon and should be withdrawn slightly. 
Contraindications to intrathecal block are local infec- 
tion and preexisting flexor tendon injury. 

Risk of tenosynovitis; sterilize the skin before intro: 
ducing the needle. 

If laceration has involved the tendon, anesthetic may 
Teak from the wound. 


/tendom sheath approach othe digital block 
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90.1 Indications for Primary Wound Repair 

+ Wounds that have been sustained less than $ h before pre~ 
sentation may be closed primarily 

+ Lf there is suspicion of broken glass or the presence of a 
foreign body, the patient should receive an x-ray before 
primary wound repair. OF note, x-ray has poor sensitivity 
for radiolucent foreign bodies such as wood and plastic. 

+ Wounds that are free of foreign bodies or show no gross 
evidence of infection or dead tissue may be closed 
primarily 


90.2 Contraindications for Primary Wound 
Repair 


‘+ History must address the factors that predispose a wound 
to greater risks of infection and not implement primary 
wound closure in such wounds that have had a duration 
‘greater than 8-12 h or contamination with saliva, stool, or 
foreign matter and a wound that has been sustained by 
blunt or crush mechanism, 

+ When wounds are highly contaminated with debris or if 
devitalized tissue is present, the wound should be left 
‘open for 3-4 days and then reevaluated, 

+ Affer a proper physical examination has been performed 
that assesses distal pulse and sensory and motor function of 
the surrounding region and distal extremity, if any of these 
‘are compromised, appropriate orthopedic and/or vascular 
consultation should be sought before wound closure, espe- 
cially in the setting of a suspicion for open fracture 
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+ Consider delayed closure in wounds over joints, 
‘+ Wounds that have a significant loss of skin should be left 
to heal by secondary intention 


90.3 Procedure for Wound Closure 
and Hemostasis 


1. Wound should be thoroughly prepared with Betadine 
(10 % povidone with 1 % iodine), which has a rapid 
onset with greatest antimicrobial effect. 

2. Skin surrounding the wound should be covered with 
sterile drapes (Fig. 90.1) so as to reduce additional con- 
tamination within the open wound. 

3. The most important determinant for preventing wound 
Infection is adequate high-pressure irrigation, 

4. Normal saline is the best solution for irrigation. Use 
pressures above 7 psi and an 18-gauge needle with a 
syringe of 30 ml. or more; this gauge needle will achieve 
pressure greater than 7 psi 

5. It has been suggested that tap water irrigation may be 
just as effective. Because this approach will reduce 
‘costs, it can be considered. 

6. Sharp debridement should be performed when foreign 
matter is found in an open wound that does not easily 
rinse out with saline. In this circumstance, consider 
wound closure by secondary intention or delayed 
primary closure. 

7. At this point, wounds that do not meet criteria for pri- 
mary closure must be left open, covered with a sterile 
dressing, and reevaluated in 3-4 days for consideration 
of delayed primary closure versus healing by secondary 
intention, 

‘8. Wounds that do meet criteria as previously discussed for 
primary closure should be closed with either sutures or 
staples. 

9. Staples are the preferred method of closure of scalp 
wounds and can be used under low wound tension, 
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10. The angle ofthe stapler is critical and must be positioned 
perpendicular to the intended area of delivery. A two- 
person approach can be utilized for optimal placement 
of the staple, using forceps to approximate the edges of 
the tissue. 

11, Synthetic oF monofilament sutures have a lower rate of 
infection than braided sutures (for closure techniques 
With sutures, see Chap. 92) 

12, Dermabond should be utilized only for the most superfi- 
ial linear lacerations and confers the benefit of efficiency 
of time and less discomfort to the patient. However, it 
should be mentioned that Dermabond does not offer any 
statistically significant difference in cosmesis when com- 
pared with suturing or other adhesives (see Chap. 93). 

13, When a wound presents with deep underlying tissue 
involvement and direct bleeding is evident, direct pres- 
sure may be used to achieve hemostasis within a wound. 
Surgicel may also be applied with pressure to achieve 
control of small capillary and venous oozing (Fig. 90.2) 

14, When a persistent bleed is visible within a wound that 
does not respond to direct pressure, a figure-of-cight 
suture (Fig. 90.3) may be used. 

15. Ifa bleeding vessel is visible within a wound, an alter- 
nate method of hemostasis may be achieved by utilizing 
ahemostat to clamp the vessel and then tying an absorb- 
able suture (Fig. 90.4). 


Fig.90.1. (a) High-pressure irigation using an 18-gauge needle (b) 


Fig, 90.2 Direct pressure with or without Surgicel may be used 10 
achieve hemostasis within a wound and also achieve contol of small 
capillary and venous oozing 
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Fig.90.3 (a) The locaton ofthe bleeding yessel in the subcutaneous Fig-90.4 (a) The culprit vessel is identified and clamped with a hemo- 
tissue is identified and an absorbable suture is threaded through the stat. (b) An absorbable suture is wrapped around the vesel inferior 10 
region. (b) In a diagonal diretion, a second suture is placed, which the bemostat, (e) Once the fist tie is placed being driven davsn with 
‘when ted will form the shape of an eight. (e) Once ted, the suture index finger, the hemostat may be removed and the knot can be com 


forms a igure eight in the tissue and hemostasis is achieved pleted fora total of three or four passes 


power> moderation > capacitor 


Misleading Nomenclature 

Rarely, in the United States, the term “mF” may 
be used as a probable alternative to yf. This can 
be a source of confusion and risk because mF is 
properly (but very rarely) used to mean “milifar- 
ads’ The term should always be avoided. 


What Can Go Wrang 


(Chapter 12 
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90.4 Complications 


+ Hematoma formation 
+ Infection 
+ Scar formation 


90.5 Pearls and Pitfalls 


+ Pearls 
= Antibiotic coverage should be employed judiciously 
depending on the wound and location. 

— Wounds to the face that are not heavily contaminated 
generally do not require antibiotics because the face 
and scalp have a significant vascular supply. 

~ Patients with diabetes have higher incidences of wound 
infection, and the physician should consider prophy- 
lactic antibiotics in such individuals. 


— Wounds that are clean-contaminated and sutured in the 
‘emergency department should have a nonadherent dress- 
ing applied for 48 h until epithelialization has occurred. 
‘After that, the dressing may be removed, and soap and. 
water gentle washing should commence to keep area 
clean. Only small amounts of bacitracin should be applied 
to wound inthe interim period before sutures are removed. 

+ Pitfalls 

= Wounds located on the extremities have greater inci- 
dences of infection than those on the trunk or head! 
face. 
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Burns result from exposure to heat, caustic chemicals, elec~ 
ticity, or radiation, Damage to the natural barrier provided 
by skin results in rapid fluid losses and risk of infection. 
Permanent scarring is a common long-term complication, 
‘They may also be complicated by sensory deficits due to loss 
of nerve connections and limb loss due to circulatory 
‘compromise. 
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91.1 Burn Description (Fig. 91.1) 

+ First degree or superficial: burn that remains confined to 
the epidermis (e.g, sunburn) 

+ Second degree or partial thickness: burn that extends into 
the dermis (e.g., blistering scald burns) 

+ Third degree or full thickness: burn invotving the entire 
depth of the dermis and epidermal appendages 


Fig. 91.1. Tes scald over the chest and shoulder of a chill sbowing 
heterogeneity of bun depth D deep (cond or thd degre) intrme~ 
dlte cond degree), 8 superficial (Hist depres) (Reproduced from: 
Enoch 8. Roshan A, Shab M. Emergency and easly management of 
tuum and sclds. BAY, 2008:3361057, with permission from BN 
Publishing Group Lid) 
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91.2 Indications 


+ Superficial, deep second degree, and third degree, 
+ First-degree burns generally need only supportive care, 


91.3 Materials and Medications 


+ Appropriate analgesia 

+ Antibiotic ointment 

+ Silver sulfadiazine (avoid on face) 

+ Sulfamylon for ears 

+ Alternative agents include bacitracin or polymyxin B 
ointments 

+ Cleansing solution such as chlorhexidine prep and water 

+ Basin 

+ Petroleum gauze 

+ Several 4x4 gauze pads 

+ Rolled gauze 

+ Tape 

+ Gloves 


Aipway, breathing, and circulation and cervical spine 
should be immediately assessed before any burn wound 
management. It is important to remember that any patient 
suspected of an inhalation injury or carbon monoxide ps 
soning should receive 100 % humidified oxygen until car- 
boxyhemoglobin returns to normal. Inhalation injuries may 
not present themselves until after fluid resuscitation has 
already been started, so early intubation is recommended in 
these cases. 


91.4 Sizing 


‘Total body surface area (TBSA) of body parts is estimated by 
multiples of 9 (Rule of Nines) 


+ Adults 
— Head and neck: 9 
= Arms: 9 each 
~~ Legs: 18 each 
= Trunk: 18 front and 18 back 
 Perineum and palms: 1 
+ Infants/children 
= Head and neck: 18 
= Arms: 9 each 
= Legs: 14 each 
— Trunk: 18 front and 18 back 


‘A second way to estimate TBSA in smaller burs is by 
using the palm surface area: using the patient's palm as a 
guide, each palmar surface equals 1 %. 

‘A third way to estimate TBSA is via the use of the Lund 
and Browder chart (Fig. 91.2) 
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‘useful tol for bur injury assessment, Burns, 2007;33(2)19S-9, with 


burns, with suggested fuid resuscitation guidelines (Reprinted from permission from Elsevier) 


Fig.91.2 Lund Browder chart for estimating total body surface area of 
‘Malic CC, Karoo RO, Austin O. Phipps A. Resuscitation burn card-2 
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91.5 Fluid Resuscitation 


Because fluid resuscitation is absolutely essential in the early 
aspects of burn care, the Parkland formula has been used to 
estimate fluid requirements in burn patients. The patient's 
weight in kilograms is multiplied by the percent body sur- 
face area (BSA) involveds this number is multiplied by 4 ml. 
of lactated Ringer's solution. Half of this amount is given 
during the first 8 h and the remaining amount is given over 
the next 16h of resuscitation. The goal is to keep urine out- 
put approximately 0.5-1.0 mL/kghh. 

In pediatric cases, the Galveston formula may be used 
instead: 5000 mL/m? BSA burned plus 2000 mL/m?. TBSA 
of 5 % dextrose in lactated Ringer’s solution intravenously 
over the first 4h, half in the first 8h, and the other half over 
the next 16 h. 


91.6 Procedure 


1. Provide appropriate analgesi 

Clean the wound with antiseptic solution and water (if it 

is a dry chemical burn, make sure to brush off as much 

chemical before using copious amounts of water to clean 

the wound). 

3. Debride any loose skin or foreign debris using a dry 4x4 
or rolled gauze. 

4, Apply antibiotic ointment or cream to the burn. 

5. Apply petroleum gauze in a single layer just over the 
affected skin, 

6. Use loose 44 gauzes and “fluff” them to make a thick 
layer of padding to place over the petroleum gauze. 

7. Either wrap the entire area with a rolled gauze or tape a small 
layer of 4x4 gauze over the “fluffed” layer of 4x4 gauze. 


A good rule of thumb is if it lanches and/or hurts, its a 

partial thickness burn. 

~ First-degree burns are not included in burn size estima- 
tions for fluid resuscitation calculation, 

= Bum size determines fluid requirements and transfer 
decision, 

~ Burm of greater than 20 % TBSA should receive intra- 
‘venous fluids, 

~ Patients who have inhalation injury, greater than 10 9% 
TBSA, high-voltage electrical injury, or chemical 
‘burns should be referred to burn unit 

Fluid resuscitation should be adjusted according to 
physiological response such as urine output (30- 
50 mLsh in adults and 1 mL/kg/h in children). 

= Assure tetanus is up to date. 

+ Pitfalls 

— Keep the patient warm in the first few hours. There is 
no need to apply ice. 

~All jewelry and rings should be removed, 

~ Prophylactic antibiotics are not recommended. 

= Silver sulfadiazine should be avoided in facial burns 
because of the risk of staining of the skin, 


Blister care is a very controversial topic. Current research 
suggests that it may be beneficial to keep the blister intact 
unless it appears to be tense or over a joint. Most blisters will 
rupture in 2-4 days, Ruptured blisters should be debrided 
with all the extra skin removed. Most burn units will scrub 
everything off once they receive a patient. 

‘Wounds should be kept clean to prevent an environment 
‘that will increase the chances of infection. Wrap in saline- 
soaked sterile gauze prior to transfer. 

Dressing changes should be done daily with all previ- 
ously applied antibiotic ointment removed before a reappli- 
cation of new ointment. It is important to provide analgesic 
30 min before a dressing change. 


91.7 Complications 


+ Wound infection 

+ Nonhealing wound requiring skin graft (deep second- 
degree and third-degree burns) 

+ Compartment syndrome (circumferential burns may 
require escharotomy) 

+ Rhabdomyolysis 


91.8 Pearls and Pitfalls 


+ Pearls 
= Determination of the depth of burns on initial presenta- 
tion is difficult (especially when covered with petroleum). 


91.9 Admission Criteria 


‘+ Partial-thickness burns of noncritical areas not including 
the eyes, ears, face, hands, feet, or perineum that total a 
BSA of 10-20 % in adults, 
‘+ Partial-thickness burns of noncritical areas involving 
5-10 % of BSA in children younger than 10 years 
‘+ Suspicious of non-accidental trauma 
‘+ Patients unable to care for wounds in outpatient settings 
+ Prompt referral to a burn specialist is required in the fol- 
lowing cases: 
~ Partial-thickness and full-thickness burns greater than 
10 % of the TBSA in patients younger than 10 years or 
older than 50 years of age. 

~ Partial-thickness and full-thickness burns greater than 
20 % of the TBSA in other age groups. 
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— Partial-thickness and full-thickness burns involving 
the face, eyes, ears, hands, feet, genitalia, or perineum. 
or the skin overlying major joints. 

 Full-thickness burns greater than 5 % TBSA in any age 
group. 

~~ Electrical burns, including lightning injury: significant 
‘volumes of tissue beneath the surface may be injured and 
result in acute renal failure and other complications, 

= Significant chemical burns. 

= Inhalation injury. 

= Bur injury in patients with preexisting illness that 
could complicate management, prolong recovery, or 
affect mortality. 

— Any burn patient in whom concomitant trauma poses 
aan increased risk of morbidity or mortality may be 
treated initially in a trauma center until stable before 
transfer to a burn center. 


= Children with burns seen in hospitals without qualified 
personnel or equipment for their care should be trans- 
ferred to a burn center with these capabilities. 

= Burm injury in patients who will require special social 
and emotional or long-term rehabilitative support, 
including cases involving suspected child abuse and 
neglect. 


Selected Reading 


Bevuhly M, Fish JS. Acute bum care. Plast Reconstr Surg, 
2012:130(2): 49-58, 

Rex $. Burn injuries. Curr Opin Crt Care. 2012:18(6):691-6. 

‘Wasiak J, Cleland H, Campbell F, Spinks A. Dressings for superficial 
‘and partial thickness burns. Cochrane Database Syst Rev 
2013:3):CD002106. 


Wound Closure 


92 


Oliver Michael Berrett, Jeffrey Joseph Harroch, 
Karlene Hosford, and Muhammad Waseem 


92.1 Indications 
+ Open wound of skin or mucosal tissues 
+ Purpose 

= Preserve function 

= Control bleeding 

— Promote healing 

= Cosmesis 


92.2 Contraindications 


+ Wounds caused by animal or human bites 
+ Contaminated, infected, or puncture wounds 
+ Complex wounds (may require operating room) 


92.3 Methods 


+ Suture placement 
+ Tissue adhesives 
+ Adhesive tapes 
+ Staples 


‘OM, Beret, MD + K. Hosford, MD + M. Waseem, MD (£2) 
Department af Emergency Medicine, Lincoln Medical and Mental 
Health Center, New York, NY, USA, 

‘e-mail: ombertett@ gmail.com: krlhos@ aol.com; 

‘waseemm2001 @botmail.com 

JU. Harroch, MD 

Department of Emergency Medicine, University of Miami Miller 
Schoo! of Medicine, University of Miami Hospital, 

Miami, FL, USA 

‘e-mail: jharroch @med miami edu 


© Springer Sciences Business Media New York 2016 


LL. Ganti (ed), Alas of Emergency Medicine Procedures, DOL 10.1007978-1-4939-250 


92.4 Preparation 


Obtain a complete history of injury 
= Mechanism 

= Time since injury 

= Tetanus status 

= Comorbidities 

Examine the extent of the wound, remove any contami- 
nants, debride devitalized tissue, inspect for foreign bod- 
ies. Obtain a radiograph if foreign body is suspected. 
Copious irrigation with normal saline. 

Clean around the wound with a povidone-iodine 
solution, 

Drape the area in sterile manner. 

Inject the anesthetic agent into the wound edges using a 
25- ar 27-gauge needle. The most common agent is lido- 
caine 2 % with or without epinephrine 1 % (maximum. 
dose is 3 mg/kg without epinephrine and 5 mg/kg with 
epinephrine). 

Close the wound using the appropriate technique (see 
later) 

Dress the wound. 

Update tetanus and diphtheria vaccination if needed, 
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92.5 Suture Repair 


92.5.1 Mater 


is and Medications 


+ Commercial kits commonly contain all the following 
except the suture material (Fig. 92.1) 
Povidone-iodine solution 


‘Normal saline for irrigation 


Fig.92.1. Suture kit 


5: to 12-mL syringe with a 25-gauge needle 
‘Anesthetic agent 
= Needle holder 
Pickups 
Suture scissors 
Suturing material 
Sterile drape or sheet, gloves, gauze 
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92.5.2 Gener 


Guidelines 


+ Local anesthetic lidocaine 1 % or lidocaine 1 9% with 
epinephrine. 

+ Minimize direct use of instruments on the tissues. 

+ Wound edges should be everted to maximize healing and 
cosmetic effect. This is achieved by inserting the needle at 
90° to the skin. 

+ Sutures should be evenly spaced, placed 1-3 mm apart 
‘and 2 mm from the wound edge. 

+ Optimal tension is achieved by tying the sutures so the 
‘edges lightly approximate. 


92.5.3 Suture Material 


+ Nonabsorbable 
Silk: for specialty use, reactive and weak 
= Nylon (Ethilon), polypropylene (Prolene): good. 
strength, good overall material for cutaneous wounds 
~ Polypropylene: good strength, difficult to use 
~ Require removal at a specified time 


+ Absorbable 

~ Undergo rapid degradation in tissues, losing their ten- 
sile strength within 60 days 

= Indication: buried suture to reduce wound edge 
tension 

~ Vieryl: subcutaneous placement, mucous membranes 

= Chromic: use for intraoral lacerations 

= Removal not required 


92.5.4 Suture 


+ 00-20: thick material for large wounds, trunk 

+ 03-04: used on medium-sized wounds, extremities, 
scalp 

‘+ 0.5-0.6: fine sutures, used on facial wounds 
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92.5.5 Suture Techniques 


+ Simple interrupted sutures (Fig. 92.2) 
= Most common method 
~ Postion needle 2mm from the wound edge at 90° angle. 
Enter the needle into the skin and ar through the wound 
edge and into the opposing edge at the same level, exiting 
the skin on the opposing side 2 mm from wound edge, tie, 
+ Deep dermal suture (Fig. 92.3) 
~ Also known as buried sutures, used to minimize ten- 
sion in a wound. 
Use absorbable suture material 
~ The needle is placed atthe base of the wound wall and 
arched upward, exiting the ipsilateral wall more superfi- 
cially. The needle is then directed across to the opposing 
‘wound wal atthe same level and directed downward, exit 
ing deep tic. Not: The knot will be deep in the wound, 
+ Simple running suture (Fig. 92.4) 
= This method provides rapid closure of long and rela- 
tively linear lacerations. 
~ Place the initial suture in the same manner asa simple 
suture, tie, cut the free strand, and leave the needle 
attached. Reintroduce the needle into the skin on the 
‘opposite side so the suture crosses the wound superfi- 
cially ata 65° angle. The needle is then inserted perpen- 
dicular tothe skin, emerging on the opposite side about 
3 mm from the wound edge. Repeat without tying until 
closure is complete, maintaining appropriate tension. 
‘When the last stitch is placed, leave a loose loop of 
suture on one side so that both ends can be tied together. 
+ Vertical mattress suture (Fig. 92.5) 
= Provides the benefits of both simple and deep tech- 
niques. For use on deeper, gaping wounds and wounds 
over high-tension areas such as joints. 
~ Position the needle 1 cm from skin edge, ata 90° angle, 
drive a deep are perpendicular through the wound, 
exiting the skin on the opposing side the same distance 
from the wound edge. Next, reinsert the needle on the 
ipsilateral side 2 mm from the edge, emerging on the 
‘opposing side and approximate, te. 
+ Horizontal mattress suture (Fig. 92.6) 
~ For large wounds with tension, 
~ Place the initial suture in the same manner asa simple 
suture, only do not tie. Reposition the needle on the 
ipsilateral side, horizontally 5 mm to the side of the 


exit at the same distance from the wound edge and 
drive through to the other side, tie. Note: The tie lies 
parallel to the wound, 


‘+ Half-buried horizontal mattress suture (Fig, 92,7) 


= Used on wounds with skin flap 

~ On one side, drive the needle percutaneously, and then 
pass horizontally through the dermal tissue of the tip of 
flap, finally passing into the dermis of the opposing 
edge and exiting the skin, tie. 


92.5.6 Recommendations 


+ Face 


~ 5.0-6.0nylon, 
= Remove after 3-S days. 


+ Scalp 


~ 2.0-3.0 nylon or staple. 
— Remove at 8-10 days. 


Fig. 92.2 Simple suture 
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+ Hand 
= 4.0-5.0 nylon, consider vertical or horizontal 
‘mattress, 
= 5.0-6.0 Monocryl for nail bed, 
= Remove at 10-14 days, use fora longer time if directly 
cover the joint. 
+ Extremity 
— Nonmobile skin: 3.0-4.0 nylon, remove at 8-10 days 
= Over joint: 3,0-4.0 nylon, remove at 10-14 days 
+ Trunk 
~ Anterior trunk: 3.0-4.0 nylon, remove at 8-10 days. 
— Posterior trunk: 2.0-3.0 nylon, remove at 10-14 days. 
= Consider staples. 
+ Oral mucosa 
= Thin mucosa: 4.0. Vieryl will absorb; duration, 
5-7 days 
~ Tongue: 3.0 Vieryl will absorb; duration, 5-7 days 


Fig.92.3 Deep suture 


Fig.92.4 Running suture 


Fig. 92.5. Vertical mattress suture Fig. 92.6 Horizontal matress suture 
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Fig. 92.7. Half-buried horizontal mattress suture 


92.6 Alternative Methods of Wound 
Closure 


92.6.1 Cyanoacrylate Tissue Adhesives 


‘See Chap. 93. 


92.6.2 Adhesive Tape 


+ Advantages 
~ Rapid and painless application 
— Inexpensive 
= Good cosmetic result 
+ Disadvantages 
= Minimal strength 
+ Contraindications 
= Allergy to product 
+ Precautions 
— For use with wounds under litle tension 
+ Procedure 


— Thoroughly clean the wound as described previously. 


~ Approximate the wound edges. 


= Apply adhesive tape directly over the wound with 


2-3 mm of space between strips. 


~ An adjunct adhesive, such as benzoin, may be used to 


improve durability. 
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92.6.3 Staple Closure (Fig. 92.8) 


‘Advantages 
~ Rapid 

= Inexpensive 

Disadvantages 

= Minimal strength 
Contraindications 

= Wounds on face, hands, or feet 
~ Procedure 


= Thoroughly clean the wound as described previously. 

= Anesthetize the wound edges. 

= Approximate the wound edges (may require an addi- 
tional set of hands). 

= Apply staples. 


Fig.92.8 Staple 


92.7 Pearls and Pitfal 


+ Pearls 
~ Sutures should not remain in place longer than the rec~ 
ommended period. If the wound is not completely 
healed, sutures should be removed and an adhesive 
tape may he used for edge approximation. 
~ Remember to verify tetanus status 
Antibiotics should be used judiciously. 
+ Pitfalls 
~ Wound infection. 
Incomplete healing may lead to wound separation, 
~ Tissue reaction to suture or adhesive materials 
Allergy to anesthetic agent. 
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93.1 Indications 


+ Small superficial skin incisions or laceration repairs 
\which require 5.0 or smaller-diameter sutures. 


93.2 Contraindications 


+ Absolute 
= Large irregular/stellate lacerations 
= Infected/contaminated wounds 
= Animal/human bites 
= Puncture wounds 
= Crush wounds 
= Skin ulcers 
= Mucous membranes and mucocutaneous junctions 
= Axillae and perineum (owing to high moisture) 
+ Relative 
= Wounds on extremities (unless kept dry) 
= Joints (unless kept immobilized with a splint) 


PS, Patel, MD 
Department of Emergency Medicine, University of Florida Heath 
Gainesville, FL, USA 

‘e-mail drpratik@ gmail.com 

LL Gant, MD, MS, MBA (52) 

Professor of Emergency Medicine, University of Cental Plot, 
(Orlando, FL, USA 

Director, SE Specialty Care Centers of Innovation, Orlando 
‘Veterans Alfairs Medical Center, Orlando, FL, USA. 

e-mail: lathagantimd@ gmail.com 


© Springer Sciences Business Media New York 2016 


93.3. Materials and Medications 


+ Dermabond (2-octyl cyanoacrylate) 
+ Betadine (povidone-iodine) solution 
+ 0.9 % normal saline solution 

+ 20-mL sterile syringe 

+ Sterile gloves 

+ Dry 4x4 gauze 


93.4 Optional Materials 


+ Topical anesthesia 
+ 1:1000 epinephrine solution 

+ Forceps 

‘+ Bacitracin ointment or sterile petroleum jelly ointment 
+ Gown and protective eyeglasses 

+ Splint 
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93.5 Procedure 

1, Have the patient rest comfortably on a chair or bed. 

2. Use universal prec: 
and eye-screen, if necessary for wound irrigation). 

3. Wash the wound with 0.9 % normal saline irrigation, 

4, Use a topical anesthetic such as LET (lidocaine, epi 
nephrine, tetracaine) or EMLA (eutectic mixture of 
local anesthetics) cream (lidocaine and prilocaine), or a 
1:1000 epinephrine solution soaked into gauze can be 
used to achieve hemostasis in a bleeding wound. 

5. Approximate the edges of the wound with fingers, 
Toothed forceps or other skin approximation devices 
may be used as an adjunct. Apply bacitracin ointment or 
‘Vaseline to the tips of the forceps and wipe off the excess 
to prevent sticking of Dermabond glue to the forceps, 

6. Crush Dermabond vial between the thumb and the finger 
while in the inverted position until the adhesive is seen 
at the applicator tip (Fig. 93.1) 


tion measures: sterile gloves (gown 


10. 


PS. Patel and L. Ganti 


Squeeze gently until a drop of adhesive forms at the 
applicator tip. 

Gently brush the adhesive at the applicator tip over the 
approximated wound edges (Fig. 93.2). (Do not force or 
press the applicator tip over the wound.) 

Cover the entire wound with single coat of adhesive, 
Hold the wound edges for 30 s to 1 min until it dries. 
Apply two or three more coats of adhesive over and 
around the wound in a circular or oval movement to pro: 
vide extra strength, 


2. Wipe off extra adhesive in the surrounding skin with 


gauze if needed. 
Apply a splint (optional) to provide wound stability over 
the joints 

Recommend the patient to keep the wound dry for 
4-5 days. Patients may shower but should be instructed 
to pat dry instead of rubbing a towel over the skin. 

No topical antibiotic ointment is required before or after 
application of Dermabond, 


Fig.93.1. (a) Before the tip has heen crushed. (h) The purple Dermabond isin the tip 


93 Wound Closure with Tissue Adhesive 545 


93.6 Complications 


+ Wound dehiscence 
+ Wound infection 


93.7 Pearls and Pitfalls 


+ Pearls 
‘Advantages of tissue adhesives for wound repair com- 
pared with sutures include faster repair time, better 
acceptance by patients (especially children), water- 
resistant covering, and no need for a second visit to 
remove sutures (sloughs off in 510 days). 

+ Pitfalls 
Dermabond is a super adhesive. Take care not to 
have the glove, finger, drape, gauze, or instrument 
inadvertently stuck to the wound or the patient by 
having a bacitracin or petroleum jelly coating around 
the wound, on gloved fingers, and on forceps as 
needed. 


Selected Reading 


Bruns TB, Worthington JM. Using tissue adhesive for wound rep 
Practical guide ta Dermabond. Am Fam — Physi 
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lacerations in children and adults. Cochrane Database Syst Rev 
2002;(3):C 003326. 
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Indications 


+ Removal of a fishhook from nonvital structures (Fig. 94.1) 


Eye 
— Gap 

Shank — Point 
Barb 


Bend 


Fig. 94.1. Anatomy of a fshhook 
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94.2 Contraindications 


‘+ Removal of hooks located near/in eyes or eyelids, embed- 
dded near or within neurovascular structures, or embedded 
within vital structures such as peritoneum, testicle, or 
urethra. 
= Fishhooks in 

consultation, 


these areas require specialist 


94.3. Materials and Medications 


‘+ Antiseptic cleansing solutions 
~ Betadine (povidone-iodine) 
= Chloraprep 
+ Local anesthetic 
= 1% lidocaine, with or without epinephrine 
+ Needle drivers or pliers 
+ 18- or 20-gauge needle 
‘+ 3.0silk suture or umbilical tape 
+ Wire cutters 
+ Protective eyewear 
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94.4 Procedures 


Retrograde technique (Fig. 94.2): simplest, least trau- 

matic, but least successful; good for small to medium 

hooks, superticially embedded hooks, and hooks with no 
barbs or a single barb, 

1, Detach extra hooks, line, or foreign materials (e.g., 
worms, fish, debris), 

2. Cleanse the puncture site and surrounding tissue with 
antiseptic solution, 

3. Infiltrate the entry site and surrounding area with local 
anesthetic. 

4, Apply downward pressure on the shank or shaft of the 
hook, near the eye, thus disengaging the barb from the 
tissue, 

5, Back the hook out of the skin along the path of entry. 

String and yank technique (Fig. 94.3): Good for small to 

medium hooks. Often requires no anesthesia, Good for 

areas of deep soft tissue penetration. Cannot be used on 
parts of the body that are not fixed, such as earlobes. 

1, Detach extra hooks, line, or foreign materials (e-g., 

worms, fish, debris), 

Cleanse the penetration site and surrounding area with 

antiseptic wash, 

3. Consider infiltrating the entry site with local anesthetic. 

4, Wrap 3-0 silk suture, fishing line, or umbilical tape 
several times around the bend of the hook (at the point 
of greatest curvature) 

5, The loose ends of the string need be held tightly. 
Sometimes the loose ends can be more firmly held if 
‘wrapped around a pencil or tongue depressor. 

6, The skin around the entry site should be well stabi- 
lized, while simultaneously depressing the shank, 
close to the eye of the hook. 

7. While stabilizing the skin and applying downward 
pressure on the shaft, quickly and firmly yank the 
string, in a parallel line to the shaft. Be certain down- 
‘ward pressure is applied along the shank. 

8. The hook will “fly” out quickly, Be certain to wear eye 
protection, 

Needle cover technique (Fig. 94.4): good method to 

remove large hooks with a single barb, especially if super- 

ficially embedded 


1. Detach extra hooks, line, or foreign materials (e.2., 

worms, fish, debris) 

Cleanse the penetration site and surrounding area with 

antiseptic wash, 

3._Infltrate the entry site and surrounding area with local 
anesthetic. 

4, Advance an 18-gauge needle along the entrance 
wound of the hook. Pass the needle parallel to the 
shank. The bevel should be pointed downward, toward 
the barb and point, 

5. The needle is advanced until it disengages the barb, 
entrapping it within the needle lumen, 

6. The hook and needle are advanced just enough to dis- 
engage the bat 

7. The hook and needle are withdrawn along the track of 
the wound. 

‘Advance and cut technique (Fig. 94.5). Almost always 

successful but does cause additional tissue trauma, 

1, Detach extra hooks, line, or foreign materials (eu., 
worms, fish, debris) 

2. Cleanse the penetration site and surrounding area with 
antiseptic wash, 

3._Infltrate the entry site and surrounding area with local 
anesthetic. 

4. If the hook has a single barb 
+ Grip the hook on the shank, near the bend, with 

cither a needle driver or pliers. 

‘+ Push the hook through along its natural trajectory, 
until the point and barb pass completely through 
the skin, 

‘+ Clip the point proximal to the barb, Be certain to 
‘wear eye protection because the point can fly off in 
an unpredictable direction, 

+ Withdraw the hook out back along its entry path, 

5. Ifthe hook has multiple barbs (Fig. 94.6) 

‘+ Grip the hook on the shank, near the hook’s bend 
with either a needle driver or pliers 

‘+ Push the hook through along its natural trajectory, 
until the point and barb pass completely through 
the skin, 

+ Clip the eye of the hook with wire cutters 

‘+ Grasp the point and withdraw the hook through the 
skin forward along its natural course 


94 Fishhook Removal 549 


0 Sik tle wrapped 
several times around 
‘band of hook 


Fig.94.3. String and yank technique 


Fig. 94.2. Retrograde technique. ! Push down along whole shank and 
Slightly forward to release the barb. 2 Pull back and out along hook's 
‘entry pat, applying steady downward pressure 


Pass 18-G needle through 
hook’s enty. 


™~ 


Follow hook’s bend, 
keeping needle’ 

Dovel downward 

along line of bend. 


Capture barb in beve 
then gently pull nedle/hook 
Fig. 94.4 Necile technique Unit out of skin along path. 
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variable capacitor 


Formerly known (primarily in the United Kingdom) as a variable condenser. The term is, 


now obsolete, 


OTHER RELATED COMPONENTS 


+ capacit 


(See Chapter 12) 


What It Does 


Avarlable capacitor allows adjustment of capac- 
itance in much the same way that a potentiom- 
eter allows adjustment of resistance. 


Large variable capacitors were developed pri 
marily totune radio receivers, in which they were 
known as tuning capacitors. Cheaper, simpler, 
and more reliable substitutes gradually dis- 
placed them, beginningin the 1970s. Today, they 
are still used in semiconductor fabrication, in RF 
plastic welding equipment, in surgical and den- 
tal tools, and in ham radio equipment. 


‘Small trimmer capacitors are widely available and 
are mostly used to adjust high-frequency cir- 
cuits. Many of them look almost indistinguisha- 
ble from trimmer potentiometers. 


‘The schematic symbols commanly used to rep- 
resenta variable capacitor and a trimmer capac- 
itor are shown in Figure 13-1 


A varactoris a form of diode with variable capac- 
itance, controlled by reverse voltage. See “Var- 
actor Diode" (page 225) for this component. 


How It Works 


The traditional form of variable capacitor con- 
sists of two rigid semicircular plates separated by 
an air gap of Imm to 2mm. To create more ca- 


Figure 13: Typical schematic symbols for variable ¢2- 
pacitor (lft) and trimmer capacitor (right) 


pacitance, additional interleaved plates are add- 
ed to form a stack. One set of plates is known as 
the rotor, and is mounted on a shaft that can be 
turned, usually by an externally accessible knob. 
The other set of plates, known as the stator, is 
mounted on the frame of the unit with ceramic 
insulators. When the sets of plates completely 
overlap, the capacitance between them is maxi- 
mized. As the rotor is turned, the sets of plates 
gradually disengage, and the capacitance dimin- 
ishes to near zero. See Figure 13-2 


The air gaps between the sets of plates are the 
dielectric. Air hasa dielectric constant of approx- 
imately 1, which does not vary significantly with 
temperature. 


The most common shape of plate is a semicircle, 
Which provides a linear relationship between ca- 
pacitance and the angle of rotation. Other 
shapes have been used to create a nonlinear re- 
sponse, 
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Fig. 94.5. Advance and cut technique Fig.94.6 Advance and cut a hook with multiple bars present 
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94.5 Postremoval Wound Care 


+ Immune competent, without peripheral vascular disease: 
1, Explore the wound for possible foreign bodies. 
2, Irigate or scrub the wound copiously with soapy 
solution. 
3. Apply antibiotic ointment and sterile dressing. 
4, Tdap (or Dtap) should be given to anyone in whom the 
last tetanus booster has been longer than 5 years, 
'5, Wound check in 24-48 h with care provider. 
‘+ Immunocompromised or a patient with peripheral vascu- 
lar disease: 
1, As previously, 
2. Give strong consideration to treating prophylactically 
with antibiotics, choosing fluoroquinolone, third~ 
generation cephalosporin, or aminoglycoside. 


94.6 Complications 


+ Infection 

+ Retained foreign body 

+ Injury to neurovascular structures, if method of removal is 
not carefully selected 

+ Injury to provider if adequate (eye) protection not used 


94.7 Pearls and Pitfalls 


+ Pearls 
Begin with either the retrograde method or the string- 
‘yank method, because these result in less tissue damage 


and are the easiest to perform, although they have the 

lowest rate of success. 

~ Eye protection is imperative, especially if utilizing the 

string-yank method or clipping any portion of the hook 

(eye or point) because the retraction of the hook, or its 

parts, is generally at a high velocity and travels an 

unpredictable path, 

When trying the advance and cut technique, stop 

immediately if, when advancing the hook, impasse, or 

resistance is met because this may indicate bone or 
neurovascular structures are blocking the natural path 
of the hook, 

— Fishhooks that embed into or near the eye or lids 
should be covered with a metal patch or cup and the 
patient should be sent (immediately) for ophthalmo- 
logic consultation, 

= Close follow-up is imperative to watch for signs of 
infection, 

+ Pitfalls 

— When utilizing the advance and cut technique, do not 
cut anything until certain there is another portion of the 
hook on which to grasp. 


Selected Reading 
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95.1 Indications 


+ Tick attachment to the skin 


95.2 Contraindications 


+ None 


95.3 Materials and Medications 


+ Gloves 

+ Skin disinfectant (commercially available product, 
such as Chloraprep, isopropyl alcohol, or Betadine 
[povidone-iodine]) 

+ Fine-toothed forceps 


95.4 Procedure 


1, Comfortably position the patient with the tick site 
exposed. 

2. Grasp the tick as close to the skin surface as possible 
(e.g., grasp the mouth parts) 

3. Gently pull upward with steady, nontwisting, even trac~ 
tion (Figs. 95.1 and 95.2. 

4, After removal, clean the bite area and apply antibiotic 
ointment. 
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Fig. 95.1. Place the forceps as close to the mouth of the tick as posi- 
ble, hold firmly, and poll straight up with steady gentle traction 


t 


Fig.95.2 Steady upward traction 
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95.5 Complications 


‘Multiple diseases including: 
= Lyme disease 

~ Haman granulocytic and monocytic ehrlichiosis 

~ Babesiosis, 

~ Relapsing fever 

~ Rocky Mountain spotted fever 

~ Colorado tick fever 

~ Tularemia 

= Qfever 

— Tick paralysis 

‘Secondary infection (methicillin-resistant Staphylococeus 
‘aureus [MRSA] and group A streptococcus). 

Scratching can lead to lichenification. 

Rare cases of alopecia when tick located in the scalp, 


95.6 Pearls and Pitfalls 


+ Pearls 

~ Do not twist or jerk the tick out (may cause breakage 
‘of mouth parts; they may remain in the skin). 

= Do not squeeze the body of the tick. 

= Do not use a hot match, gasoline, or other noxious 
stimulus for removal (causes irritation of tick and 
release of internal contents). 

— Lyme disease transmission increases significantly after 
24-48 h of attachment, so early removal is the key. 

— Patients should be monitored for up to 30 days for signs 
of tick-borne diseases, including erythema migrans 
(bull’s-eye rash) indicating Lyme disease (Fig. 95.3). 

— Prophylactic antibiotic treatment, a single dose of doxy- 
cycline, is used only in patients with an identified Ixodes 
scapularis tick that has been attached for longer than 36h 
and if treatment can start within 72 h of tick removal. 
~ Serological testing for Lyme disease is not indicated 

for a reported tick bite 

+ Pitfalls 
— Use of lidocaine subcutaneously can irritate the tick 

and cause it to regurgitate its stomach contents, 
increasing the risk of disease transfer. 


Fig. 95.3 Erythema migrans (the bullseye rash). the rash typically 
associated with Lyme disease. Often the rash is s0 pale as to g0 
‘unnoticed 
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Subungal Hematoma Drainage 96 


Pratik S. Patel and Latha Ganti 


96.1 Causes 96.4 Materials and Medications 
+ Crushing injury to the finger or toe + 18-gauge needle 
+ IlLfitted shoes/inadequate space for toes + Betadine (povidone-iodine) solution 

+ Gloves 


+ Topical antibiotic 


96.2 Indications 


+ Pain that isnot tolerable with nail edges intact 96.4.1 Optional materials 
+ Electrocautery tool 

96.3 Contraindications + Paper clip or sewing needle and sterilizing flame 
+ Finger splint 

+ Relative + Lidocaine (1 or 2.% with epinephrine) 


= Disrupted nail edges 
= Tolerable pain that can be managed conservatively 
— Skin infections around toe/finger 

= Bleeding disorder 
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96.! 


2. 


5 Procedure 


Have the patient rest the affected finger comfortably on 
a flat surface. 

Use universal precaution measures: gloves, gown, and 
eye screen, 

Sterile skin preparation with Betadine. 

Optional (for complicated subungal hematoma): use 1 or 
2 % lidocaine with epinephrine for providing local di 
tal block. 

Using the thumb and index finger gently twist the 
18-gauge needle with light pressure over the base of 
the nailbed or in the center of the hematoma until no 
resistance is felt. Do not apply any further pressure in 
order to avoid nailbed damage. Nail penetration is 


Fig.96.1 Subungal hematoma of right index finger 


confirmed by return of dark blood from the hole. This 
procedure is known as trephination (Figs. 96.1 and 
96.2), 

Apply light pressure around the tip of the finger and 
hematoma to facilitate drainage, In case of continuous 
bleeding elevate the digit and apply firm and continuous 
pressure over the nail with a gauze piece. 

Apply topical antibiotic ointment (e.g,, bacitracin) over 
the puncture hole, 

Apply a gauze dressing or a bandage over the wound 
site/fingernail, 

Apply a finger splint (optional) to provide additional 
comfort. 

Recommend the patient to keep the finger or toe dry 
(avoid soaking) and elevated for 1-2 days. 


¥ 


Fig. 96.2 Positioning of needle to perform subungal_ hematoma 
drainage 
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96.6 Complications (Rare) 


+ Infection 

‘+ Injury to nail bed or underlying bone if too much pressure 
is applied with puncture 

+ Onycholysis when there is incomplete drainage in rare 


96.7 Pearls and Pitfalls 


+ Pearls 

~ Multiple holes may be necessary for appropriate drain- 
age of the hematoma, 

~ When using electrocautery for hole puncture, execute 
high caution with acrylic nails because they are 
flammable, 

~ When using a paper clip or regular needle, make sure 
to sterilize the tip over a flame. 


~ Take a radiograph of the finger whenever necessary to 
rule out phalangeal fracture, 
= Check for avulsion of the extensor tendon, 
= Inform the patient that the existing nail may fall off 
and will regenerate in few months if the nailbed is 
intact. 
= Systemic or oral antibiotics are not recommended, 
+ Pitfalls 
— Development of a dark color change over the nailbed 
without any history of trauma should raise suspicion of 
‘a tumor and should be evaluated accordingly. 
= Do not remove the nail to evaluate injury to nailbed. 


Selected Reading 


Brown RE. Acute nil bed injuries. Hand Clin, 2002:18:561-75. 
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Incision and Drainage of Abscess 
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Nicholas D. Caputo, Karlene Hosford, 


and Muhammad Waseem 


97.1 Indications 


+ Abscess greater than 5 mm in diameter and in accessible 
areas (e.g., axilla, extremities, trunk) 


97.2 Contraindications 


+ Absolute 
= Absence of fluctuation 
~ Large, deep, and complicated (multiloculated) 
abscesses 
= Location 
+ Perianal 
+ Mastoid 
+ Relative 
= Location 
+ Face (e.g., nose, nasolabial fold) 
+ Palms 


N.D. Caputo, MD. MSe 
Emergency Department Critical Care, Lincoln Medical and Mental 
Health Center, New York, NY, USA, 

‘e-mail; Neaputo.md gmail.com 

K. Hosford, MD + M. Waseem, MD (3) 
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= Coagulopathy 

— Recurrent pilonidal cysts (may mandate operative 
excision) 

— Area of cosmetic importance where aspiration may be 
preferred 


97.3. Materials and Medications 


Incision and drainage tray (Fig. 97.1) 
~ Drape 

~ Betadine (povidone-iodine) swabs 

= 1% lidocaine 

= 18-and 27-gauge needles 

— 12-mL syringes, gauze pads 

— #11 scalpel, mosquito clamps (hemostat) 
— Iodoform packing of appropriate size 
Ultrasound machine (Fig. 97.2) 
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Fig.97.1. Supplies necessary for 
incision and drainage 


Fig.97.2. Bedside SonoSite ultrasound 


Variants 


Figure 13-2. In this simplified view ofa variable capacitor, 
the brovm plates constitute the rotor, attached to a cen 
tral shaft, while the blue plates are the stator. The colors 
hhave no electrical significance and are added merely for 
clarity. The area of overlap between rotor and stator de- 
termines the capacitance. 


Reduction gears may be used to enable fine tun- 
ing of a variable capacitor, which means multiple 
turns of a knob can produce very small adjust- 
ments of the capacitor. At the peak of variable 
capacitor design, units were manufactured with 
high mechanical precision and included anti- 
backlash gears. These consisted of a pair of equal- 
sized gears mounted flat against each other with 
a spring between them that attempted to turn 
the gears in opposite directions from each other. 
‘The pair of gears meshed with a single pinion, 
eliminating the looseness, or backlash, that nor- 
mally exists when gear teeth interlock. A vintage 
capacitor with a spring creating anti-backlash 
gearing (circled) is shown in Figure 13-3. Thisisa 
two-gang capacitor—itis divided into two sec- 
tions, one rated 0 to 35pF, the other rated 0 to 
160pF. 


power > maderation > variable capacitor 


Figure 13-3. A “traditional style" variable capacitor of the 
type designed to tune radio frequencies. The saring, cir 
led, enables ant-backlash gearing 


Variants 


The traditional variable capacitor, with exposed, 
air-spaced, rigid, rotating vanes, is becoming 
hard to find, Small, modern variable capacitors 
are entirely enclosed, and their plates, or vanes, 
are not visible. Some capacitors usea pair of con- 
centric cylinders instead of plates or vanes, with 
an external thumb screw that moves one cyli 
der up or down to adjust its overlap with the 
other. The overlap determines the capacitance. 


Trimmer capacitors are available with a variety of 
dielectrics such as mica, thin slices of ceramic, or 
plastic. 
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97 Incision and Drainage af Abscess 


97.4 Procedure 


1. Ultrasound (optional) may be helpful when abscess is 
suspected in the absence of fluctuation, Using the vascu- 
lar probe (7 mHz), confirm the clinical suspicion of 
abscess and check the depth and width of the abscess 
(Fig. 97.3). 

2. Sterile skin preparation with Betadine swab and sterile 
drape. 

3. Anesthetize the appropriate area subcutaneously with 
S mL of | % lidocaine by inserting the 27-zauge needle at 
an acute angle into the intradermal space (Fig. 97.4, b). 

4. Using a #11 blade, make an approximately 1- to 2-cm 
skin incision over the desired area parallel to the Langer 
lines. The incision must approach into the abscess cavity 

ig. 97.40). 

+ Some physicians still advocate the technique of mak- 
ing a cruciate incision. This may leave a larger scar 
and should be discussed with patient hefore doing so 
because of cosmetic consequences, 
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Allow for spontaneous drainage. After resolution of 
drainage, you may express more pus with gentle down- 
ward pressure. 

Using the hemostat, enter the incision to break any sus: 

pected loculations. This should be done with the clamps 

closed and curved part down. The clamps should then be 

opened and removed slowly (Fig. 97.44). 

After clearing the remaining loculations, the wound 

should be packed, 

+ Evidence suggests that packing the abscesses 
does not prevent recurrence; however, this is still 
practiced. If packing the wound, follow the next 
step. 

‘Take the iodoform packing with the hemostat, and place 

the packing into the incision site until no further packing 

will ft, 

Cut the packing leaving a tail out of the incision site 

(Fig. 97.4c). 

Apply dressing with 4x4 gauze and adhesive tape 

Qin). 


Fig. 97.3. (a) Example ofan abscess as viewed om hedside ultrasound. (b) A muliloculated abscess 
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FFig.97.4 (a) Abscess with overlying erythems. (b) Lidocaine injection in the superficial layer: (e) Linear incsion with #11 blade. () Expression 
‘of purulent material and breaking of loculations with clamps. (e) Optional placement of packing 
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97.5 Complications 


+ Recurrence of abscess 
+ Progression of cellulitis 
+ Neurovascular injury to adjacent structures 


97.6 Pearls 


Antibiotic coverage is a controversial topic. Methicillin- 
resistant Staphylococcus aureus (MRSA) is a concern not 
only in the immunocompromised and diabetic patients. S, 
‘aureus has been detected in up to 51 % of patients with 
abscesses. Of these isolates, approximately 75 % were 
MRSA. Bactrim (trimethoprim/sulfamethoxazole) should be 
utilized for all prophylactic measures. 
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Orthopedic Procedures 


Splinting 
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Christopher H. Stahmer and Muhammad Waseem 


98.1 Indications 


+ Need for immobilization for fracture, dislocation, or soft 
tissue injury 

+ Suspicion for occult injury of an extremity 

+ Immobilization for pain management 


98.2 Contraindications 


+ Absolute 

= Open fracture (requires operative intervention) 
+ Relative 

= Infection 

= Compartment syndrome 


98.3 Materials and Medications (Fig. 98.1) 


+ Plaster of Paris 
+ Fast drying: 5-8 min to set 
+ Extra fast drying: 2-4 min to set 
= Variety of widths depending upon splint of choice: 
= Splints may take up to 2 days to dry and achieve maxi- 
‘mum strength. 
‘+ Prefabricated splinting materials, 
~ Plaster OCL® (Orthopedic Casting Laboratories) 
+ 10-20 sheets of plaster with padding and cover 
‘+ Faster setup time but less customizable 


(CH. Stahmer, MD = M, Waseem, MD (©2) 
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Fiberglass splints 
+ Cure rapidly 
+ Less messy 
+ Less moldable 
+ Stronger and lighter 
Stockinett. 
Protects the skin, 
— Variety of sizes available. 
Soft wrap (Webril™), 
~ Provides padding. 
— Five to six layers depending on anticipated swelling. 
+ Too much padding reduces the stability of the 
splint, 
~ Use extra padding over bony prominences, 
~ Pad between digits for splinting of digits. 
— Avoid wrinkles, which generate pressure points, 
~ Do not wrap circumferentially 
‘+ Increased risk of ischemia, 
Ace wraps, 
— Variety of sizes depending. 
+ Larger widths over legs. 
‘+ Narrow widths around fingers and joints. 
~ Avoid bunching by using narrow widths at joints. 
Water 
— Warm water and splint sets more quickly but increases 
the risk of burns, 
+ Splint drying is an exothermic or heat-releasing 
reaction, 
— Hot water leaves less time to mold the splint, 
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98.4 Procedure 


1, Completely expose and examine the afflicted body part 
for tissue, vascular, or neurological injury. 
+ Address respective injuries before proceeding, 
2. Lay out all splinting materials before initiating procedure. 
+ Layer plaster of Pais. 
~ Upper extremity: 8-10 layers. 
~ Lower extremity: 12-15 layers. 
~ Up to 20 for a large person, 
— More layers of plaster of Paris increase the risk of 
burn and the weight of the splint. 
3. Administer appropriate anesthesia, 
+ Conscious sedation 
+ Hematoma block 
+ Intra-articular injection 
3.98.1. Posterio splint material: plaster of Pars, Ace wrap, sot 
pt Pole ai eset | ena i on 
Patient (eight layers) and the outer layer to pad the exterior (two * Oral pain medication 
layers) 4. Hang fractures as indicated for improved success of 
reduction to relax muscles before reduction attempt 
5. Reduce afflicted extremity. 
While maintaining reduction, apply respective splint. 
7. Apply in the following order for plaster of Paris splint. 
+ Stockinette (not necessary). 
+ Soft wrap. 
+ Select appropriate layers of plaster of Paris, 
+ Prepare plaster of Paris to create splint: 
~ Layer plaster with no overlap. 
~ Submerge completely into water, 
— Crumple into ball without letting go of the ends of 
the splint 
~ Release the lower end of the splint while holding 
the top tightly together. 
— Run fingers in a “squeegee” manner from top to 

bottom to smooth the splint (Fig. 98.2) 

+ This also removes excess water. 

+ Repeat until the splint is smooth and free of drip- 
ping water. 

~ Apply soft wrap layers tothe splint. 

+ Apply thicker layer to the patient's body. 

+ Apply two or thee layers of soft wrap to the exte- 
rior of plaster of Pars for padding and to facilitate 
arying, 

~ Apply Ace wrap to hold the splint and assist in con- 
touring the splint to the patient's extremity 

Fig. 98.3). 

+ Applying the Ace wrap too tightly may cause 
ischemia. Observe the patient after splinting for 
30 min for tingling, burning, pain, or 
discomfort. 

— Mold the splint without making indentations with 

the fingertips (Fig. 98.4). 

+ An indentation may cause a pressure point, 
Which may result in an ulcer 
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Fig. 98.2 Holi the top ofthe saturated plaster scurcly with onc hand Fig. 98.3 Apply Ace wrap to hold the splint and assist in contouring 
hil removing excess water with the other hand the splint to the patient's extremity 


4 Hold the splint ina 
natomical positon while 
taking care not to make 
indentations with the fingertips 
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= Allow the splint to cure while the practitioner main- 
tains the appropriate position. This will take approxi- 
‘mately 5 min depending upon water temperature and 
splint thickness. 


98.5 Complications 


‘+ Ischemia may result in compartment syndrome. 
= Advise the patient to unwrap the splint for the follow- 
ing indications. 
+ Increasing pain, 
+ Discoloration of fingers, 
extremity. 
‘+ Loss of sensation of splinted extremity. 
+ Bums 
~ Plaster drying releases heat. 
= Increased risk with limited layers of padding, 
— If pain is woubling the patient, remove the splint and 
add more padding. 


toes, or the splinted 


+ Pressure sores 
— Apply ample padding. 
= Smooth all wrinkles. 
Instruct the patient to return for increased discomfort 
+ Infection 
= Clean and débride all devitalized tissue before 
application. 
~ Requires close follow-up to reevaluate wounds. 


Selected Reading 
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Ulnar Gutter Splint 
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Jeffrey Kile, Katrina John, and Amish Aghera 


99.1 Indications 

+ Fractures and soft tissue injuries of the ring or little 
finger 

+ Fractures of the neck, shaft, or base of the fourth or fifth 
metacarpal 


99.2 Contraindications 


+ Relative 
= Evidence of compartment syndrome or any neurovas- 
cular compromise 
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99.3 Materials (Fig. 99.1) 


+ Splint roll (plaster of Paris, prefabricated foamcore, or 
fiberglass) 

+ Stockinette 

+ Cotton padding, such as simple cotton sheet wadding or a 
newer alternative such as Webril (Curity), Specialist 
(Gohnson & Johnson), and so on 

‘+ Elastic bandages, such as Ace (3M) or similar 

+ Shears 

+ Adhesive tape 

+ Gloves 
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Fig. 99.1. Materials and medications 


power> moderation > variable capacitor 


Values 

A large traditional capacitor can be adjusted 
down to a near-zero value; its maximum will be 
no greater than SO0pF, limited by mechanical 
factors. (See Chapter 12 foran explanation of ca- 
pacitance units) 


A maximum value for a trimmer capacitor is sel- 
dom greater than 150pf. Trimmers may have 
their values printed on them or may be color- 
coded, but there is no universal set of codes. 
Brown, for example, may indicate either a maxi- 
mum value around 2pF or 40pf, depending on 
the manufacturer. Check datasheets for details, 


‘The upper limit ofa trimmer's rated capacitance 
is usually no less than the rated value, but can 
often be 50% higher. 


Formats 

All trimmer capacitors are designed for mount- 
ing on circuit boards. Many are surface-mount, 
with a minority being through-hole. Surface- 
mount units may be 4mm x 4mm or smaller. 
Through-holeare typically Smm x Smm or larger. 
Superficially, trimmer capacitors resemble 
single-turn trimmer potentiometers witha screw 
head in the center of a square package. A 
through-hole example is shown in Figure 13-4. 


Figure 13-4. A trimmer capacitor rated 1.5pF to 70pF. 


How to Use it 


How to Use it 


A variable capacitor is often used to tune an LC 
circuit, 50 called because a coil (with reactance 
customarily represented by letter L) is wired in 
parallel witha variable capacitor (represented by 
letter C). The schematic in Figure 13-5 shows an 
imaginary circuit o illustrate the principle. When 
the switch is flipped upward, it causes a large 
fixed-value capacitor to be charged from a DC 
power source. When the switch is fipped down, 
the capacitor tries to pass current through the 
coil—but the coil’s reactance blacks the current 
and converts the energy into a magnetic field. 
Afterthe capacitordischarges, the magneticfield 
collapses and converts its energy back into elec- 
tricity. This flows back to the capacitor, but with 
inverted polarity. The cycle now repeats with 
current flowing in the opposite direction, A low- 
current LED across the circuit would flash as the 
voltage oscillates, until the energy is exhausted. 


Figure 13-5. Jn this imaginary circutt, the capacitor is 
‘charged thvough the double-pole switch ins upper posi 
tion. When the switch is tured, the capacitor forms an LC 
(inductance-capacitance) circuit with the cal, and reso- 
fates at a frequency determined by their values. n eal, 
‘extremely high values would be needed to obtain a visible 
result from the LED. 


Because the oscillation resembles water sloshing 
from side to side in a tank, an LC circuit is some- 
times referred to asa tank circuit. 
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99.4 Procedure 


1. Select the appropriate diameter stockinette according to 

the size of the forearm. 

+ Generally, 3-in. diameter stockinette is used for the 
ulnar gutter splint 

(Cut the stockinette to a length approximately 20 em lon- 

«ger than the total length of the desired splint. 

3. Apply the stockinette to the injured limb so that the 
stockinette extends approximately 10 cm beyond the 
region to be splinted proximally and distally. 

4. Cut the distal aspect of the stockinette to free the thumb 
and also the index and middle finger (Fig. 99.2), 

5. Insert cotton padding cut to the appropriate size between 
the ring and the litte fingers to prevent skin degradation 
(Fig. 99.3), 

6, Wrap cotton padding circumferentially around the entire 
region to be splinted, with each turn overlapping the pre- 
vious turn by approximately 25 % of its width. 

+ Generally, 3-in.-wide padding is used for the ulnar 
gutter splint. 

‘+ Apply padding to an approximate thickness of 1 em, 
with extra padding placed over the bony prominences 
of the wrist and carpometacarpal joints. 

‘+ Extend the padding at least an inch beyond the desired 
splint length so that it may later be folded back over 
the jagged ends of the plaster or fiberglass splint roll 
(Fig. 99.4), 

7. Unwrap and prepare an appropriate length splint. 

+ The width of splinting material used should be 
approximately one-half the circumference of the 
extremity measured at the wrist, such that it is wide 
enough to extend approximately halfway around the 
distal forearm once applied. 

‘+ Layer the splint eight sheets thick if using plaster roll 
and six sheets thick if using fiberglass roll, 

‘+ Ibis best to begin with a generous length of splinting 
material because both plaster and fiberglass splint 
rolls shrink slightly once moistened. If the wet splint 
tums out too long, the ends can be either folded back 
‘or cut with shears before hardening. 


18, 
19. 


Apply the dry splinting material to the ulnar aspect of 

the extremity from the midforearm to just beyond the 

distal interphalangeal joint ofthe little finger and cut the 
splint to approximately 20 cm longer than the desired 
length, 

Submerge the dry splint in water until bubbling stops 

Remove the splint from water, place on a hard flat sur- 

face, and smooth out the excess water to ensure no wrin- 

les are present. 

Apply to the splint to the limb over the cotton padding. 

‘+ Ifthe splint is too long at this stage, the ends may be 
folded back or cut with shears to the proper length. 
Once positioned properly, fold the side of the splint up 
around the ulnar aspect of the forearm and hand to form 

a gutter (Fig. 99.5) 

Fold the underlying cotton padding and stockinette back 

over the ends of the splint, which both protects the skin 

and holds the splint in place 

Secure the loose end(s) of the elastic bandage with adhe- 

sive tape. 

+ Avoid using the metal clips often packaged with elas- 
tic bandages because these can become displaced and 
embed in the skin. 

Manipulate the forearm and hand into the “neutral” 

position: (1) the wrist in slight extension (10-20"), (2) 

the metacarpophalangeal joints in 50° of flexion, and 

(3) the proximal and distal interphalangeal joints of the 

ring and little finger in slight flexion (10-15°) 

(Fig. 99.6). 

+ When splinting a boxer’s (.e., metacarpal neck) frac- 
ture, the metacarpophalangeal joint should be flexed 
10 90°, 

Mold the splint to the contour of the extremity (Fig. 99.7), 

+ Use only the palms of the hands when molding 
because the fingertips may cause indentations, result- 
ing in excessive skin pressure. 

‘Wrap the extremity with an elastic bandage in a distal-to- 

proximal direction to secure the splint in place (Fig. 99.8). 

Ensure the extremity is neurovascularly intact. 

Instruct the patient to loosen the elastic bandage if it feels 

too tight. 
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Fig.99.2.Stockincte applied 
to the forearm and hand 


Fig. 99.3. Covton padding 
applied to the ring and litle 
fingers 
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Fig. 99.4 Cotton paling 
applied tothe forearm and hand 


Fig. 99.5. Splint folded around 
the ulnar aspect of the forearm 
and hand 


Fig. 99.6 Forearm and hand 
inthe neutral postion 
(ithout splint) 
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Fig. 99.7. Splint molded 
to maintain the forearm 
snd hand in the neutral 
position 


Fig. 99.8. Splint secured in 
place with an elastic bandage 
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99.5 Complications 


+ Neurovascular or other soft tissue compromise (if the 
splinvbandage is too tight) 

+ Soft tissue degradation (if the splint is left in place too 
ong) 


99.6 Pearls and Pitfalls 


+ Pearls 

= Simple plaster of Paris splints are inexpensive and 
allow a thoroughly customizable fit but can be dam- 
aged by water and require more time to set and more 
clean up than prefabricated foamcore or fiberglass 
splint rolls. 

~ Simple fiberglass splints set quickly, are not damaged, 
by water, are stronger and lighter than simple plaster 
and prefabricated splints, and offer a fully customized 
fit, but are not applied as quickly as prefabricated 
splints. 

= Prefabricated fiberglass splints are quickly applied, 
require virtually no clean up, and are not damaged by 
‘water, but are relatively expensive and provide a some- 
‘what less customizable fit than simple splint rolls. 

= Stockinette protects the skin and, when folded back 
over the ends of the plaster or fiberglass splint roll, 
holds the wet splint in place before the elastic bandage 


is placed, and provides a padded rim with a profes- 
sional appearance. 
+ Pitfalls 

= Avoid wrinkling the cotton padding applied between 
the stockinette and the splinting material because, 
‘once under the pressure of the elastic bandage, wrin- 
les can cause unnecessary skin pressure. 

— Avoid using more or fewer layers of splinting material 
than recommended, Additional layers can result in 
excessive heat during the setting process and a splint 
that is too heavy, whereas insufficient layers can result 
in a splint that is too weak. 
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Shoulder Dislocation Reduction 
Techniques 1 00 


Katrina Skoog Nguyen, L. Connor Nickels, 
and Rohit Pravin Patel 


100.1 Indications + More subtle presentation. Patient will maintain arm 

locked in internal rotation and adduction; he or she 

+ Subjective history of new-onset dislocation or recurrent cannot externally rotate. Shoulder is fattened ante- 
dislocations combined with clinical assessment consistent riorly and rounded posteriorly. 

with shoulder distocation + Ultrasound can be used to prevent missed or delayed 

= Anterior dislocations (96 %) diagnosis Figs. 100.1 and 100.2 show probe position- 

+ Typical mechanism of injury being indirect, with ing and a diagram of abnormal ultrasound anatomy). 
combination of abduction, extension, and external Inferior dislocations (luxation erecta) 
rotation, Rarely, the etiology is a direct blow to the + Arm will be held fixed in overhead position, 
posterior shoulder. + Radiographs reveal shoulder dislocation. 

+ Prominent acromion with a palpable drop off below + Ultrasound can be used to identify the nature of the dislo- 
the acromion and subclavicular region fullness is cation (anterior or posterior) and can be determined by 
consistent with anterior shoulder dislocation the position of the humeral head relative to the transducer 

~ Posterior dislocations (4%) ‘and glenoid. Although at this point, it should not replace 

+ Mechanism of injury is indirect with acombination of radiographs owing to missed fractures. Advantages may 
internal rotation, adduction, and flexion. Precipitating include less radiation (decreased need for postreducation 
events include seizure, electrical shock, and falls. x-rays) and re-sedation if reduction is not complete 
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Humeral 
head 


Bone shadow 


Fig. 100.1. (a,b) Ultrasound image of normal shoulder anatomy. “Dot the side the marker ison the screen. This ensures when doing proce 
fits the Dot” means when looking atthe ultrasound machine fom the dures the direction of needle correction is the same asthe orientation of 


sotographer's standpoint, the side ofthe probe marker corresponds tothe probe (Images courtesy of Dr, Roit Patel) 


Fig.100.2 Anterior (a) and posterior (b) dislocations (Images courtesy of Dr. Rohit Patel) 
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100.2 Contraindications 


+ Associated fracture 
— This warrants orthopedic evaluation. 
+ Associated neurovascular deficit 
= May attempt reduction once but avoid multiple 
attempts. 


100.3 Materials and Medications 


+ 1% lidocaine, with syringe and needle and povidone~ 
iodine prep if administering local anesthesia 

+ Moderate sedation medications if administering moderate 
sedation 

‘+ Bed sheet for traction-countertraction method 

+ Dangling weight for Stimson maneuver 


100.4 Procedure 


+ Physical examination 
— Compare affected with unaffected shoulder, 
= Perform a complete neurovascular examination: test 
axillary, radial, ulnar, and median nerves for sensory 
deficit and motor function, 
+ Radiographs 
= Always obtain before attempting reduction for assess- 
ment of possible fracture and type and position of 
dislocation, 
~ Obtain three views: anteroposterior, scapular Y, and 
axillary lateral views. 
= Anterior dislocations: humeral head appears anterior 
to the glenoid fossa on lateral or Y views. 


Fig.100.3. Stimson maneuver 


= Posterior dislocations: on anteroposterior view 
(vacant glenoid sign, 6-mm sign, lightbulb sign; on 
lateral or Y view: humeral head appears posterior to 
glenoid fossa). 
Pain management and sedation 
~ Decide whether to use intra-articular lidocaine versus 
procedural sedation and analgesia, 
For intra-articular lidocaine 
+ Use 10-20 mL of | % lidocaine. 
+ Attach a 1.5-in., 20-gauge needle. 
‘+ Prepare the shoulder with povidone-iodine. 
‘+ Insert the needle lateral to the acromion process and 
2 em inferiorly into the sulcus. 
+ After withdrawing to ensure that the needle is not in 
a vessel, inject 10-20 mL. lidocaine into the joint. 
Reduction techniques: it is important for the emergency 
department physician to be familiar with several different 
techniques. The following techniques are presented: 


100.41. Stimson Maneuver (Fig. 100.3) 


1 


3. 


Patient is placed prone with 2, 
from the wrist 

Reduction may be facilitated by traction and external 
rotation of the arm. 

A success rate of 96 S has been reported using the com- 
bined prone position, hanging weights, intravenous drug 
therapy, and scapular manipulation. 


5-5 kg of weight hanging 


Advantage: can be performed by one person only. 
Disadvantages: requires time to gather materials; the dan- 
ger involved in the patient falling off the stretcher, requir- 
ing staff to monitor the patient. 
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10.4.2 Scapular Manipulation Technique 
(Fig. 100.4) 


|, Place the patient in the prone position with the affected 
arm hanging downward. 
Apply traction down on the arm. 

.. Locate the inferior tip of the scapula, Simultaneously 
push the inferior tip of the scapula medially toward the 


Fig. 100.4 Scapular manipulation method 


spine and use the other hand push the superior scapula 
laterally. 


Advantages: high success rate, greater than 90 “; very 
safe to perform. 

Disadvantages: it requires the patient to assume the 
prone position; may require another person to perform 
traction, 
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100.4.3 External Rotation Method 
(Fig. 100.5) 


1. Place the patient in the supine position with the affected 
‘arm adducted directly next to the patient's side with the 
elbow flexed to 90°. 

‘The operator uses one hand to direct downward traction 
fon the affected arm while maintaining it next to the 
patient's side, 


Fig.100.5.(a-d) Kocher technique: external otation method. 


‘The operator uses the other hand to hold the patient's 
‘wrist and guide the arm into slow external rotation, 
Reduction usually takes place between 70° and 110° of 
external rotation. 


Advantages: requires no strength by operator; well toler- 
ated by patients. 

Disadvantage: patient may have persistent dislocation dur- 
ing procedure, requiring operator to make adjustments. 


How to Use it 


In reality, unrealistically large values would be 
required to make the circuit function as de- 
scribed. This can be deduced from the following 
formula, where f is the frequency in Hz, Lis in- 
ductance in Henrys, and C is capacitance in Far- 
ads: 


fe1/(an*vLre) 


For a frequency of 1Hz, a massive coil opposite a 
very large capacitor of at least 0.1F would be 
needed, 


However, an LC circuit is well-suited to very high 
frequencies (up to 1,000MH2) by using a very 
small coil and variable capacitor. The schematic 
in Figure 13-6 shows a high-impedance ear- 
phoneanda diode (right) substituted for the LED 
and the resistor in the imaginary circuit, while a 
variable capacitor takes the place of the fixed ca- 
pacitor. With the addition of an antenna at the 
top anda ground wire at the bottom, this LC cir- 
cuit is now capable of receiving a radio signal, 
using the signal itself as the source of power. The 
resonant frequency of the circuit is tuned by the 
variable capacitor. The impedance peaks at the 
resonant frequency, causing other frequences to 
be rejected by passing them to ground. With 
suitable refinement and amplification, the basic 
principle of an LC circuits used in AM radios and 
transmitters. 


Because variable capacitors are so limited in size, 
they are unsuitable for most timing circuits. 


Trimmer capacitors are typically found in high- 
power transmitters, cable-TV transponders, cel- 
lular base stations, and similar industrial appli- 
cations. 


They can be used to fine-tune the resonant fre- 
quency of an oscillator circuit, as shown in 
Figure 13-7. 


power > moderation > variable capacitor 


Earphone: 


Figure 13-6. The principle of an LC circuit is used here in 
‘a basic ciruit that can tune into a radia station and cre 
‘ate barely audible sound through the earphone at right, 
Using onl the broadcast signal for power. The variable ca 
pacitor adjusts the frequency of the circuit to resonate 
with the carrier wave ofthe radio signal 


€ feedback 


Figure 137 A trimmer capacitor in series with a crystal 
fine-tunes the frequency ofthis basie circuit using an ap- 
amp. 


In addition to tuning a circuit frequency, a trim- 
mer capacitor can be used to campensate for 
changes in capacitance or inductance in a circuit 
that are caused by the relocation of wires or re- 
routing of traces during the development pro- 
cess, Readjusting a trimmer is easier than swap- 
ping fixed-value capacitors. A trimmer may also 
be used to compensate for capacitance in a cit- 
cuit that gradually drifts with age. 
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10.4.4 


h Technique (Fig. 100.6) 


1, Technique looks as though one is reaching up to grab an 
apple from a tree 

2, Abduct the injured arm up to the overhead position, 

3. Once in the overhead position, apply gentle vertical 
traction with external rotation, 

4, An adjustment may need to be made if the reduction does 
rot occur easily; push the humeral head upward into the 
alenoid fossa, 


+ Advantages: lack of complications; patient tolerance 
+ Disadvantage: variable success rate reported: 70-90 % 


Fig.100.6 (a,b) Milch technique 


100.4.5 paso Technique (Fig. 100.7) 


1, Place the patient in the supine position, 

2. Operator grasps the affected arm at the wrist and lifts the 
straight arm directly upward while applying longitudinal 
traction, 

3. Apply external rotation, 


‘+ Advantages: single operator, high level of success 
‘+ Disadvantage: may require more time to allow the shoul- 
der muscles to relax 


Fig. 100.7 (a-c) Spaso technique (Photographs courtesy of Dr. Pratik 
8, Patel) 
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10.4.6 


raction-Countertraction Technique 
(Fig. 100.8) 


1, With the patient is sitting up, have an assistant wrap a 
sheet around the upper chest and under the axilla of the 
affected shoulder. Have the assistant wrap the sheet 
behind her or his back. Now have the patient lay supine. 

2. Wrap another sheet around the flexed elbow of the 
affected arm and behind the operator's back, 

3. Both the operator and the assistant lean back, applying 
gentle traction, 


+ Advantage: many older physicians are familiar with this 
method and, therefore, have a high degree of success, 

+ Disadvantages: requires two people; may cause skin tears 
‘on elderly patients, 


Fig.100.8 (a,b) Hippocrates method/traction-countertaction method 


100.47. Posterior Shoulder 
Reduction 


1. Give adequate premedication. 

Place the patient supine and apply lateral traction on the 

proximal humerus, 

3. Have an assistant apply anterior pressure to the posteri- 
orly located humeral head 


+ Advantage: logical methods for reduction 

+ Disadvantages: require sufficient premedication because 
‘often posterior dislocations present late; may require open 
reduction 


10.4.8 Postreduction 


‘+ Obtain postreduction x-rays. There is some literature on 
using ultrasound to confirm adequate reduction, which 
allows repetitive assessments throughout procedure, as 
well as reduce radiation (see Fig. 100.2 for ultrasound of 
anterior and posterior dislocations). 

+ Dou postreduction neurovascular examination. 

‘+ Sling and swath or shoulder immobilizer for 2-3 weeks. 

+ Orthopedic follow-up in 1 week. 
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100.5 Complications 


+ Fractures 

+ Adhesive capsulitis, or frozen shoulder; especially a con- 
cern in the elderly with prolonged immobilization in sling 

+ Brachial plexus injury, especially of the axillary nerve 

+ Vascular laceration, most commonly of the axillary artery 

+ Rotator cuff tears 


100.6 Pearls 


+ It is imperative to document the pre- and postreduction 
neurovascular status in the medical record, 

‘+ If unsure whether the reduction was successful, attempt to 
place the palm of the injured extremity on the contralateral 
shoulder. This is a good sign the reduction was successful 


Acknowledgment The authors would like to thank Karthik Stead for 
serving as the subject in many of the photographs inthis chapter. 
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101.1 Indications 101.2 Contraindications 


+ Any dislocation of the elbow joint. Direction of the dislo- + Relative 
cation (ie., anterior, posterior, lateral and divergent — — Compound fracture dislocation 
radius, and ulnar dislocations) is determined by the posi- 
tion of the ulna relative to the joint space (Fig. 101.1). 


Fig.101.1 Anatomical 
depiction 


Posterior dislocation Anterior dislocation 


KK Joba, MBBS J. Kile, MBBS, Ph, MPH (©) 

‘Department of Emergency Medicine, Eisenhower Medical Center, 
Rancho Mirage, CA, USA. 

e-mail: trenjohn @ me.com:jeflrey.kile@ gmail.com 

A. Aghera, MD 

Department of Emergency Medicine, Maimonides Medical Center, 
"New York. NY, USA 

‘e-mail aaghera@maimonidesmed.org 


© Springer Sciences Business Media New York 2016 589 


L. Gant (ed), Alas of Emergency Medicine Procedures, DOL 10.1007/978-1-4939-2507-0_101 


590 


K.Jobn etal 


101.3 Materials and Medications 


+ Parenteral sedation and analgesia medications 
+ Local anesthetic for local and intra-articular anesthesia 
+ Splinting material 

+ Stockinewte 

+ Padding 

+ Elastic bandage 

+ Tape 

+ Sling 


101.4 Procedure for Posterior Dislocations 


1, Obtain a true lateral and anteroposterior radiographs of 

the affected elbow. 

Ensure adequate sedation and analgesia, 

Consider intra-articular analgesia. 

Check the neurovascular status of affected extremity. 

Follow a selected method for reduction as detailed later. 

Following successful reduction gently flex the elbow to 

censure full range of motion. 

7. Place a long-arm posterior splint with the elbow in atleast 
90° flexion and secure the arm in a regular sling. 

8, Check neurovascular status 

9, Obtain a postreduction radiograph of the elbow. 


ave 


101.4.1_ Method A (Fig. 101.2) 


1. Position the patient on a stretcher in the supine position 
Apply steady traction atthe supinated distal forearm keep- 
ing the elbow slightly flexed, while an assistant applies 
countertraction to the midhumerus with both hands. 


101.4.2 Method B (Fig. 101.3) 


Position the patient on a stretcher in the supine position, 
Extend the affected extremity over the edge of the stretcher. 
Apply traction to the supinated forearm slightly flexed at 
the elbow, while an assistant holds the distal humerus 
‘with both hands and uses thumbs to apply pressure to the 
olecranon as if pushing it away from the humerus, 


101.43 Method C (Fig. 101.4) 


1. Position the patient on a stretcher in the prone position, 

Hang the affected extremity over the side of the stretcher 

toward the floor, 

3. Apply downward traction to the pronated distal forearm 
and with the other hand just above the patient's antecubi- 
tal fossa lift the humerus toward you. 


Fig.101.2 Posterior method A 
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Fig.101.3 Posterior method B 
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101.5 Procedure for Anterior Dislocations 
(Fig. 101.5) 


|, Follow pre- and postprocedure steps as documented for 
the posterior dislocation. 


2, Position the patient on a stretcher in the supine position. 


Fig.101.5 Anteriorelbow 


3 


4. 


With one hand, apply traction to the supinated distal fore- 
arm with the elbow extended, while an assistant applies 
countertraction with both hands around the distal humerus. 
With the other hand apply downward and backward pres- 
sure over the proximal forearm just below the antecubital 
fossa. 
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101.6 Procedure for Radial Head 
Subluxations (See Also Chap. 127) 


1. This procedure can normally be performed without any 
sedation or parenteral analgesia 

2, Position the patient, most commonly a child aged 
1-3 years, facing forward on the caretaker's lap. 

3. Hold the flexed elbow of the affected extremity placing 
your thumb firmly over the radial head. 

4, With the other hand, take the child's hand and wrist, and 
in one continuous movement, hyperpronate and flex the 
forearm (Figs, 101.6 and 101.7) 


Fig.101.6 Subluxation 
hyperpronated 


Fig.101.7 Subluation 
typerpronated and xed 


Another method is to supinate and flex the forearm instead. 
of hyperpronating it (Fig. 101.8). 

Leave the room, encourage the caretaker to engage the 
child with distracting activities and reexamine the child 
in 10-20 min, at which stage, if reduction was success 
ful, the child should be using the extremity normally 
No. postreduction radiograph or immobilization is 
required, 
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Fig. 101.8 Subluxation 
supinated 
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101.7 Complications 


Concomitant fractures 
‘Vascular injury, most commonly to the brachial artery 
‘Median nerve injury/entrapment 

Recurrent dislocation—rare 


101.8 Pearls and Pitfalls 


Pearls 

= A tue lateral radiograph is necessary to accurately 
detect and identify elbow fractures, dislocations, and 
soft tissue abnormalities (.e., the fat pad sign). It is 
obtained with the patient's elbow in 90° flexion, in neu- 
‘ral rotation with the thumb pointing up and the arm and 
forearm resting on the radiograph cassette and the beam 
nearly perpendicular to the cassette. On a true lateral, 
the “hourglass” or “figure-of-eight” formation at the 

istal humerus should be clearly visible, and the rings of 
the capitellum and trochlea should be concentric. 

= During nursemaid elbow reduction, provide age appro- 
priate distractions to divert the child’s attention and 
‘minimize resistance. 

Pitfalls 

= On the pre- and postreduction radiographs, search for 
commonly associated fractures of the distal humerus, 
radial head, and coronoid process. 


= Inability to range the elbow after apparent reduction 
indicates possible trapped fracture fragments and the 
need for operative intervention, 

= Vascular or open injuries are common with anterior dis- 
locations, and early orthopedic consultation is advised. 

— Ninety percent of simple elbow dislocations are poste- 
rior, and this injury is rarely associated with vascular 
injury. However, it does occur, and vascular evaluation 
after every reduction is good clinical practice. 
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What Can Go Wrong 


Failure to Ground Trimmer 
Capacitor While Adjusting it 
Although trimmer capacitors are not polarized, 
the manufacturer may mark one terminal with a 
plus sign and/or the other with a minus sign. If 
the capacitor is adjusted while its negative ter- 
minal is floating or ungrounded, a metal screw- 
driver blade will create erroneous readings. Al- 
ways ground the appropriate side of a trimmer 
capacitor before fine-tuning it, and preferably 
use a plastic-bladed screwdriver. 


Application of Overcoat Material or 
“Lock Paint” 

Overcoat materialisa rubbery adhesive that may 
be spread over assembled components to im- 


What Can Go Wrang 


munize them against moisture or vibration. Lock 
paint is a dab of paint that prevents a screw ad- 
Justment from turning after it has been set. Most 
manufacturers advise against applying these 
‘materials to a trimmer capacitor, because if pen- 
tration occurs, the capacitor can fail. 


Lack of Shielding 

Variable capacitors should be shielded during 
Use, to protect them from external capacitive ef- 
fects, Merely holding one’s hand close to a vari- 
able capacitor will change its value, 
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Distal Interphalangeal Joint Reduction 1 02 


Justin Chen and Muhammad Waseem 


Distal interphalangeal (DIP) joint dislocation is rare, Itoccurs. 102.1 Indications 
when an axial force is applied tothe distal phalanx (Fig. 102.1), 
+ DIP joint reduction is performed to alleviate functional 
‘and anatomical derangements resulting from DIP joint 
dislocation, commonly dorsal, from axial compression, 


102.2 Contraindications 


+ Absolute 
= Absence of radiographic confirmation (anteroposte- 
rior, true lateral, and oblique) of simple DIP joint dis- 
location, especially in pediatric cases 
+ Relative 
= Open joint dislocation, associated fracture, or 
entrapped volar plate 
— Digital neurovascular compromise 


102.3 Materials and Medications 


+ Latex-free gloves 

+ Local anesthetic: 2 % lidocaine without epinephrine, 
15 % mepivacaine, 05 % ropivacaine, or 0.5 % 
bupivacaine 

+ 25-gaugex 1.S-in, needle (can substitute with 27 or 30 
gauge) 

+ Smal plastic syringe, 10 mL. 

+ Padded, malleable, aluminum digital splint 


Fig. 102.1. Distal interphalangeal joint dislocation 
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102.4 Procedure 


10. 


Place the patient in the seated position with the arms at 
rest on a bedside table or supported by an assistant. 
Pronate the patient's hand, remove rings if present, and 
rest on a flat surfac 


Insert a 25-gauge needle at the dorsolateral aspect of the 
base of the finger to form a wheal to reduce patient 
discomfort. 

Advance the needle and direct anteriorly toward the pha- 
langeal base. 

Inject 0.5-1 mL of local anesthetic as the needle is with- 
drawn 1-2 mm from the point of bone contact, 

Inject an additional 1 mL of local anesthetic continu- 
ously as the needle is withdrawn, 

‘The injection should never render the tissue tense nor be 
circumferential 

Hyperextend the DIP joint while applying longitudinal 
traction, followed by immediate joint flexion at the base 
of the distal phalanx, 

Place finger(s) in an aluminum digital dorsal splint in 
slight flexion for 2 weeks (Fig. 102.2). 

Postreduction radiograph is 
confirmation 


recommended for 


4J.Chen and M. Waseem 


Fig. 102.2 Padded aluminum splint applied to block the DIP joint in 
Alexion but allow further flexion, which eneourages active Bexiom ofthat, 


joint when the PIP joint flexes (Reproduced with permission from: 
HandLab Clinical Pearls Feb 2011, No 12. wwww-handlak.com) 
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102.5 Complications 


+ Irreducible dislocations 

+ Stiffness 

+ Recurrent dislocation 

+ Extensor lag in joints with residual subluxation 

+ Associated with dorsal joint prominences, swan-neck/ 
boutonniére deformity, and degenerative arthritis 


102.6 Pearls and Pitfalls 


+ Pearls 
— Lidocaine without epinephrine is preferred owing to 
the risk of vasoconstriction of the digital vessels with 
epinephrine. 
~ Regardless of the mechanism of trauma, all joints 
(DIP, proximal interphalangeal, metacarpophalangeal) 
should be assessed for instability. 


= Joint dislocations involving volar plate entrapment 
‘may require surgical repair (open reduction internal 
fixation) for successful reduction 
+ Pitfalls 
= Inreducible DIP joint dislocations may be due to 
entrapment of an avulsion fracture, the profundus ten- 
don, or the volar plate 
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103.1 Indications 


Displacement of the femoral head in relation to the acetabu- 
lum without concomitant femoral neck, head, or acetabulum 
fractures: 


+ Posterior hip dislocations make up 80-90 % of cases. 

+ Anterior hip dislocations make up 10-15 % of cases. 
‘These are classified into obturator, pubic, iliac, central, or 
inferior types. Central dislocations are associated with 
comminuted acetabulum fractures, and inferior disloca- 
tions are a rare occurrence normally occurring in children 
younger than 7 years of age. 

+ Prosthetic hip dislocations 


103.2 Contraindications 


+ Absolute 
= Femoral neck fracture: attempted reduction may 
increase the displacement of the fracture and increase 
the probability of avascular necrosis. 
+ Relative 
= Fractures in other parts of the affected lower extrem- 
ity: these may limit the pressure that can be applied 
necessary for traction during reduction. 
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103.3 Materials and Medications 


+ Parenteral sedation and analgesia medications 
‘+ Sheet or belt to fix the pelvis to the stretcher 
+ Knee immobilizer 

‘+ Abduction pillow 


103.4 Procedure 


1. Check the neurovascular status of the affected extremity, 
Obtain anteroposterior (AP) views of the pelvis and lat- 
cral views of the hip, 

Ensure adequate parenteral sedation and analgesia 

4. Decide upon a technique, as detailed later, and position 
the patient accordingly. 

5. Once the hip has been successfully reduced, test the joint 
for stability by moving it gently thought its range of 
motion, 

6. Place a knee immobilizer and an abduction pillow 
between the knees. 

7. Check the neurovascular status, 

8. Obtain repeat AP films of the pelvis. 
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103.4.1 Stimson Maneuver 


1, Place the patient prone on the stretcher with the affected 4. 

extremity hanging over the edge and the hip flexed to 90° 

Flex the knee and the foot to 90°. 

3. Apply downward pressure to the area just distal to the 
popliteal fossa with a hand (Fig. 103.1) or knee 


Fig. 103.1. Stimson maneuver with hand 
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(Fig. 103.2) while using the opposite hand to internally 
and externally rotate the hip at the ankle. 

Have an assistant simultaneously manipulate the dis- 
placed femoral head into position with both hands, apply- 
ing downward pressure over the affected buttock 
(Fig, 103.3). 


Fig. 103.2. Stimson maneuver with knee 
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Fig. 103.3 Manipulation ofthe femoral head 


Fig. 103.4 Allis flexion 
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103.4.2 Allis Maneuver 


1. Position the patient supine on the stretcher. 

‘The operator should stand on the stretcher to achieve 

‘maximum leverage or have the patient on a backboard on 

the ground. 

3. Have an assistant apply downward pressure to both iliac 
crests, 

4, Apply constant, gentle upward traction in line with 
the deformity while mancuvering the hip to 90° flex: 
ion and through internal and external rotation 
(Fig. 103.4), 

5. Have a second assistant provide lateral traction to the 
midthigh, 

6. Once the femoral head has cleared the outer lip of the 
acetabulum, continue traction while keeping the hip in 
external rotation and gently abducting and extending the 
hip (Fig. 103.5). 
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Fig.103.5 Allis extension 
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103.4.3 Whistler Technique 


1, Position the patient supine on the stretcher with the knee 
and hip flexed to 45°. 

2, Have an assistant stabilize the pelvis with downward 
pressure on both iliac crests. 

3, Stand on the side of the affected extremity and place one 
‘arm under the knee, resting the hand on the flexed knee of 
the unaffected extremity. 

4, Secure the ankle of the affected extremity with the other 
hhand and elevate the shoulder of the opposite arm, provid 
ing upward traction at the distal thigh and a strong ful- 
cum to reduce the dislocation (Fig. 103.6), 

5, Internal and extemal rotation can be achieved with the 
‘opposite hand at the ipsilateral ankle. 


Fig. 103.6 Whistler technique 


103.4.4 Captain Morgan Technique 


1. Position the patient supine on the stretcher with the knee 
and hip flexed to 90°. 

2. Stabilize and fix the pelvis with a sheet tied securely over 
the pelvis and under the stretcher. 

43. Standing on the side of the affected extremity, the opera- 
tor’s foot should be resting perpendicular on the stretcher 
with the knee placed under the patient's knee. 

4. With the opposite hand, apply downward pressure to the 
ankle and provide a sustained upward force tothe patient's 
thigh by elevation of the knee through plantar flexion of 
the toes and upward pressure of the other hand placed 
behind the patient's knee. 

5. Internal and external rotation can be applied simultane- 
ously if necessary by gently twisting the ankle (Fig. 103.7). 


Fig.103.7 Captain Morgan technique 
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103.5 Complications 


+ Sciatic nerve injury 

+ Avascular necrosis of the femoral head due to delay in 
adequate reduction 

+ Inability to perform reduction due to occult fractures and 
fracture fragments, incarceration of the joint capsule, or 
associated tendons 

+ Unstable or irreducible dislocations 

+ Traumatic arthritis and joint instability 


103.6 Pearls and Pitfalls 


+ Pearls 
— On AP radiograph, posterior dislocations can be more 
casily detected by the presence of a smaller femoral 
head compared with the unaffected side and poor visu- 
alization of the lesser trochanter. 

— On AP radiographs, anterior dislocations can be 
detected by a larger femoral head and a clear lesser 
trochanter seen in profile alongside the femoral shaft. 

~ Pay close attention to the femoral vessels and the sciatic 
nerve. Injury to the sciatic nerve most commonly affects 
the common peroneal branch, therefore causing weak- 
ness in great toe extension and foot dorsiflexion, Sensation 
‘may also be reduced over the dorsum ofthe foot. 

= Check the femoral head is intact and clearly in the acetab- 
‘ulum and for intact Shenton lines, symmetrical intra-artic~ 
ular spaces, and clear outlines of the lesser trochanter. 

— For any of the techniques requiring stabilization of the 
pelvis, an alternative is to fix itto the stretcher using a 
sheet or belt 

= To overcome the powerful muscles that oppose suc- 
cessful reduction, it is important to provide adequate 
‘muscle relaxation and steady, prolonged traction. 

— An assistant should stand on the floor behind to sup- 
port the operator if standing on a stretcher. 


+ Pitfalls 
= Owing to the force necessary to dislocate a native hip, 
this injury should serve as a red flag to the physician to 
consider other potentially life- or limb-threatening 
occult injuris 

Hip dislocation is a true orthopedic emergency and 
‘must be treated without delay. Delay in reduction, 
especially greater than 6 h, results in increased inci- 
dence of avascular necrosis of the femoral head and 
sciatic nerve injury. 

~ Review imaging carefully because associated fractures 
of the femoral head, neck, and acetabulum are often 
present. 

~ Itis recommended that anterior dislocations be reduced. 
by orthopedic surgeons under general anesthetic in the 
‘operating room. These are often more complicated and. 
difficult to reduce, and failure at closed reduction in 
the operating room can be followed by an open 
procedure. 

— Multiple attempts at reduction should not be per- 
formed in the emergency department because these 
are unlikely to be successful and will only delay defin- 
itive management and lead to an increased risk of 
complications. 
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104.1 Indications 


+ Dislocation of the knee/fibular head/patella 


104.2 Contraindications 


+ Absolute 
= None 

+ Relative 
= Immediate availability of orthopedic consultation 


104.3 Materials and Medications 


+ Parenteral sedation and analgesia medications 
+ Knee immobilizer or splinting materials 


104.4 Procedure 


104.4.1 Knee (Femur/Tibia) Dislocation 
Reduction 


Assess neurovascular function, 

2. Proteat the patient with sedation or analgesia as appropriate 

3. Position the patient supine with the affected leg fully 
extended. 

4, Instruct an assistant to stand near the patient's hip and, 

facing the patient’s affected knee, grasp the distal femur 

firmly with both hands to fix it in place. 
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5. Stand near the patient's foot and, facing the patient's 
affected knee, grasp the distal tibia and apply straight 
traction in a distal direction, 

+ Longitudinal traction-countertraction alone, as 
described previously, will usually reduce the disloca~ 
tion. If reduction does not occur, proceed with the 
following steps. 

6, While applying straight traction in a distal direction to 
the tibia with the dominant hand, with the nondominant 
hand: 

(a) Anterior dislocation: push the proximal tibia in a pos- 

terior direction (Fig. 104.1) 

(b) Posterior dislocation: lift the proximal tibia in an 

anterior direction (Fig. 104.2) 

(©) Lateral dislocation: push the proximal tibia in a 

medial direction (Fig. 104.3) 

(@) Medial dislocation: push the proximal tibia in a lat- 

eral direction (Fig. 104.4) 

(©) Rotary dislocation: rotate the proximal tibia into 

proper linear alignment with the femoral condyles 

(Fig. 104.5) 

+ Reduction may be facilitated by the use of two 
assistants rather than just one. The second assis- 
tant grasps the distal tibia and applies straight trac- 
tion in a distal direction, freeing the operator to 
‘manipulate the proximal tibia as described previ- 
‘ously using both hands. 

7. After reduction, reassess neurovascular function and, if 
available, obtain angiography. 

8. Immobilize the knee in 15° of flexion in a knee immobi- 
lizer or long-leg posterior splint. 
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Fig.104.1. Anterior dislocation 
fof te nce: the proximal tibia is 
pushed in a posterior direction. 
‘The armws indicate the direction 
in which force should be applied 
hy the operator daring reduction 
of dislocation 


Fig. 104.2 Posterior dislocation 
ff the knee: the rail tibia is 
Pushed in an anterior ditection, 
"The arrows indicate the direction 
in which force should be applic 
hy the operior during reduction 
of dislocation 


Fig.104.3 Lateral dislocation 
fof the knge: the proximal tibia is 
Pushed in x medial direction, The 
“arros indicate the direction in 
‘which force should he applied by 
the operator during reduction of 
dislocation 
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Fig. 104.4 Medial dislocation 
Sinkectepoiaaaes 
Peseta ection The 
repaint dso ak 
wich el be spied by 
Scope dig se of 
dseaion 


Fig. 104.5. Rotary dislocation of 
the knee: the proximal tibia is 
rotated into proper alignment 
with the femoral condyles, The 
arrows indicate the direction in 
‘which fore should be applied by 
the operator during reduction of 
dislocation 
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lar Head Dislocation Reduction 


1. Assess neurovascular function, 

2. Pretreat the patient with sedation or analgesia as 
appropriate 

Position the patient supine, 

Flex the knee to 90° to relax the biceps femoris tendon. 

Instruct an assistant to stand near the patient's hip and, 


facing the patient's affected knee, grasp the distal femur 
firmly with both hands to fix it in place. 

6, Stand near the patient’s foot and, facing the patient's 
affected knee, grasp the distal tibia and apply straight 
traction in a distal direction with the dominant hand and 

th the nondominant hand, 

(a) Anterior dislocation: push the fibular head in a poste- 

rior direction (Fig. 104.6) 
(b) Posterior dislocation: push the fibular head in an 
anterior direction (Fig. 104.7) 
+ Reduction may be facilitated by the use of two 
assistants rather than just one. Ifa second assistant 


Fig.104.6 Anteriordislocation 
ofthe fibular heads the fibular 
head i pushed in a posterior 
direction. The arr indicate the 
direction in which force should 
be applied by the operator during 
redaction of dislocation 


Fig.108.7. Posterior uislocation 
‘of the fibular head: the bular 
head is pushed in an anterior 
direction. The arm indicate the 
direction in which force should 
he applied by the operator during 
reduction of dislocation 


K.Jobn et al 
is available, instruct the second assistant to stand 
rear the patient's foot and, facing the patient's 
affected knee, grasp the distal tibia and apply 
straight traction in a distal direction, This enables 
the operator to grasp and move the proximal fibula 
as described previously using both hands. 

+ Reduction is often signified by a palpable and 
audible click as the fibula snaps back into 


position. 

After reduction, reassess neurovascular function and, if 

available, obtain angiography. 

+ Afier reduction, patients should receive orthopedic 
referral, avoid weight-bearing for the first 2 weeks, 
and then gradually increase weight-bearing over the 
next 6 weeks. 

+ Typically, immobilization is not required following 
reduction of an i.solated fibular head dislocation, 
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104.4.3 Lateral Patellar Dislocation Reduction + The lateral edge of the patella may be lifted slightly to 
facilitate its travel over the femoral condyle during 
| Pretreat the patient with sedation or analgesia as reduction (Fig. 104.8), 
appropriate. ‘+ After reduction, the knee should be immobilized in full 
2. Stand atthe side of the affected knee and, facing the knee, extension in a knee immobilizer or long-lez posterior 
‘grasp the distal tibia and slowly extend the knee with one splint, and the patient should receive orthopedic referral, 
hand, and with the other hand simultaneously apply gen- avoid weight-bearing for the first 2 weeks, and then grad- 
tle pressure to the patella in a medial direction. ually increase weight-bearing over the next 6 weeks. 


Fig.104.8 Lateral dislocation 
‘of the patella: the patella is 
pushed ina medial direction, The 
“arm indice the ditecton in 
‘which force should he applied by 
the operator during reduction of 
dislocation 
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104.5 Complications 


104.5.1 Knee (Femur/Tibia) Dislocations 
+ Distal ischemia (even requiring amputation) 

+ Degenerative arthritis 

‘+ Joint instability due to ligamentous injury 


104.5.2 Fibular Head Dislocations 
+ Peroneal nerve injury 

+ Fibular head instability/subluxation 

+ Degenerative arthritis 

104.5.3 Patellar Dislocations 

+ Failure of reduction 


+ Degenerative arthritis 
+ Recurrent dislocation/subluxation 


104.6 Pearls and Pitfalls 
104.6.1 Knee (Femur/Tibia) Dislocations 


+ Pearls 
Dislocations of the knee are described in terms of the 
tibia’s position in relation to the femur. 

All knee dislocations require orthopedic evaluation at 
the earliest possible opportunity 

~ Owing to the frequency of associated popliteal artery 
and peroneal nerve injury, a neurovascular examina- 
tion should be performed before and after any attempts 
at reduction or manipulation of the knee. 
Dislocations of the knee should be reduced as soon as 
possible, particularly if distal neurovascular compro- 
mise exists 
Operative ligamentous repair is often required approx- 
imately 2 weeks postreduction (once acute swelling 
hhas resolved) to achieve the maximum functional 
recovery. 

+ Pitfalls 

— If the knee hyperextends more than 30° when the 
horizontal leg is lifted by the foot, the knee is cor 
cred severely unstable. This is likely due to a previ- 
ous dislocation, and thus, the knee should be 
evaluated for the neurovascular complications of 
dislocation 


= Because the joint capsule is commonly disrupted dur- 
ing knee dislocation, synovial fluid may diffuse into 
the surrounding tissue, such that an effusion is not 
always present. 

= A. posterolateral dislocation may be irreducible 
because the medial femoral condyle traps the medial 
capsule within the joint. 


104,6.2 Fibular Head Dislocations 


+ Pearls 
~ Fibular head dislocations are usually anterolateral, 
but these do not result in neurovascular compromise. 
= A knee joint effusion is usually not seen in a fibular 
head dislocation because the tibiofibular ligaments are 
contained within a separate synovium, 
= Anterior dislocations typically result from a fall on the 
flexed, adducted leg, often combined with ankle 
= Flexion of the knee relaxes the fibular collateral 
ligament, reducing the stability of the tibiofibular 
joint. 
= Superior dislocation is accompanied by interosseus 
‘membrane damage and proximal displacement of the 
lateral malleolus. 
+ Pitfalls 
= Posterior fibular head dislocations usually result from 
direct trauma to the flexed knee and may be accompa- 
nied by peroneal nerve injury. 


104,6.3 Patellar Dislocations 


+ Pearls 

= Patellar dislocation occurs most frequently among 
adolescents, 

= Patellar dislocation typically occurs in the setting of 
external rotation combined with a strong valgus force 
‘and quadriceps contraction, 

= Patellar dislocations are described in terms of the 
patellar relationship to the normal knee joint. 

= The most common patellar dislocations are lateral 

~ Ifa spontaneous reduction has occurred, a knee effu- 
sion and tenderness along the medial aspect of the 
patella are likely to be present on examination, and the 
patellar apprehension test will be positive, 

~ Toperform the patellar apprehension test, flex the knee 10 
30° and push the patella laterally. If the patient senses an 
‘impending redislocation, the test is considered positive. 
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= Isolated lateral patellar dislocations do not usually 
require hospitalization, but orthopedic follow-up is, 
recommended owing to the likelihood of persistent 
instability 
= Intracondylar and superior dislocations require surgi- 
cal reduction. 
~ Patients with an isolated patellar dislocation typically 
present with the knee in 20-30° of flexion and the 
patella displaced laterally. 
+ Pitfalls 
= Dislocations tend to be recurrent, particularly in 
patients with patellofemoral anatomical abnormalities. 


Selected Reading 


Martinez D, Sweatman K, Thompson EC. Popliteal artery injury aso- 
ited with knee dislocations. Am Surg. 2001;67:165-7, 

Peskun CI, Levy BA, Fanelli GC, etal, Diagnosis and management of 
‘knce dislocations. Phys Sportsmed. 2010738: 
Ria JA, Groff YJ, Hamer CD, Cha PS. The acutely dislocated knee: eval- 
‘uation and management Am Acad Orthop Surg. 2004;12:33446, 
Roberts DM, Stallard TC. Emergency department evaluation and teat- 
‘ment of knee and leg injuries. Emerg Med Clin North Am. 
2000:18:67-84. vi 

Wascher DC, Dvimak PC, DeCoster TA. Knee dislocation: initial 
‘assessment and implications for weatment. J Onhop Traum, 
1997:11:525-9. 


Ankle Dislocation Reduction 


105 


Katrina John, Jeffrey Kile, and Amish Aghera 


105.1 Indications 


+ Dislocation of the ankle joint, This is defined by the art 
ulation of the talus with the mortise that is formed by the 
distal tibia and fibula. Dislocations can be posterior, ante- 
‘or, superior, or lateral and are classified by the position 
of the talus in relation to the tibial mortise. 


105.2 Contraindications 


+ Relative 
= Open dislocations where there is no evidence of acute 
neurovascular compromise are better managed defini- 
tively in the operating room to avoid further 
contamination, 


105.3 Materials and Medications 


+ Parenteral sedation and analgesia medications 
+ Local anesthetic for local and intra-articular anesthesia 
+ Splinting material 
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+ Stockinette 
+ Padding 

+ Elastic bandage 
+ Tape 

+ Sheet 


105.4 Procedure 


1, Check the neurovascular status of the affected foot and 
ankle. 

2. If there is no evidence of critical neurovascular compromise, 
obtain a lateral and an anteroposterior radiograph of the 
affected ankle. 

3. Ensure adequate parenteral sedation and analgesia to 
‘maximize success and limit pain and suffering. 

4, Position the patient on a stretcher with the knee flexed at 
90° over a folded pillow or rolled-up sheet or with the 
ower leg and knee hanging over the edge of the stretcher. 
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105.4.1 Poster 


Dislocations 4, Dorsiflex the foot while another assistant applies down 
ward pressure to the distal anterior leg (Fig. 105.2). 

1, Hold the heel in one hand and pull with longitudinal 5. Examine foot for restoration of normal anatomy and for 

traction, any new lak 


rations or defects to the skin. 

2, With the other hand, hold the top of the foot and gently 6, Recheck neurovascular integrity 
plantarflex it downward, while an assistant provides 
countertraction at the back of the midcalf (Fig. 105.1). 8. 

3. Continue longitudinal traction atthe heel and countertraction 
atthe calf 


Place the leg in a sugar-tong splint with the foot at 90°, 


Fig. 105.1. Plantartlesion with 
tudinal heel traction 


Fig. 105.2. Dersiflesion with 
Jongitudinal hee action 
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105.4.2 Anterior Dislocations 


1, Hold the heel in one hand and pull with longitudinal 
traction, 

2, With the other hand, hold the top of the foot and dorsiflex, 
‘while an assistant provides countertraction at the back of 
the midcalf (Fig. 105.3), 

3. Continue longitudinal traction at the het 
tion at the calf 


and countertrac: 


Fig.105.3. Dersiflexion with 
longitudinal heel traction 


Fig.105.4 Downward 
movement of foot (¢award the 
foo) with long 


ar 


Keeping the foot at 90° to the leg, hold the foot firmly and 
push the foot downward toward the floor while another 
assistant applies upward pressure to the distal posterior 
leg (Fig. 105.4), 

Examine the foot for restoration of normal anatomy and 
for any new lacerations or defects to the skin, 

Recheck neurovascular integrity 

Place the leg in a sugar-to 


splint with the foot at 90°, 
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105.5 Complications 


+ Compound fractures 
+ Neurovascular injury 

+ Skin and soft tissue damage 
+ Compartment syndrome 


105.6 Pearls and Pitfalls 


+ Pearls 
= The ankle rarely  dislocates 
fractures. 
+ Pitfalls 
— Ankle dislocation is an orthopedic emergency, and 
reduction should not be delayed by imaging if there is, 
evidence of neurovascular impairment. Complications 
that are exacerbated by delay in management include 
concomitant fractures, gross deformity of the ankle, 


without associated. 


severe stretching and tenting of the skin with resultant 
skin blisters, skin necrosis, and possible conversion to 
‘a compound fracture. 

~ Be sure to check the radiograph carefully for com- 
‘monly associated fractures notably of the malleoli 
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inductor 


‘The term inductor is used here to describe a coll that has the purpose of creating self- 
inductanceinan electronic citcuit, often while passingaltermating currentincombination 


‘ith resistors and/or capacitors. A choke isa form of inductor. By comparison, the el 


tromagnet entry in this encyclopedia describes a coil containing a center component 
of fertomagnetic material that does not move relative to the coil, and has the purpose 
of attracting or repelling other parts that respond to a magnetic field. A coll containing 
a center component of ferromagnetic material that moves as a result of current passing 
through the coil is considered to be a solenoid in this encyclopedia, even though that 


terms sometimes more broadly applied. 
OTHER RELATED COMPONENTS 


+ solenoid (Seo Chapter 21) 
«+ electromagnet (See Chale 20) 


What It Does 


An inductorisa coil that inducesamagnetictfield 
in itself or in a core as a result of current passing 
through the coil, It may be used in circuits to 
block or reshape AC current or a range of AC fre- 
quencies, and in this role can “tune” a simple ra- 
dio receiver of various types of oscillators. It can 
also protect sensitive equipment from destruc- 
tive voltage spikes. 


‘The schematic symbol for an inductor includes a 
coil that can be drawn in two basic styles, shown 
at the top and at the bottom of Figure 14-1. The 
style at the bottom has become more common. 
In each vertical section of the diagram, the func- 
tionality of the symbols is identical. 


‘One or two parallel lines alongside the coil indi- 
cate that itis wound around a solid core of ma- 
terial that can be magnetized, while one or two 


dotted lines indicate that it is wound around a 
core containing metal particles, such as iron fil 
ings. Where no cores shown, this indicatesan air 
core. 


Figure 141. The coil symbol for an inductor may be 
drawn io two styles whieh are functionally identical 
Line(s) beside the cail indicate a solid core. Dotted fne(s) 
Indicate a core containing metal particles. 
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106.1 Indications 


+ Diagnosis of septic joint 
+ Diagnosis of traumatic effusion 

+ Diagnosis of inflammatory effusion 

+ Diagnosis of erystal-induced arthritis 

+ Therapeutic relief of pain from effusion 


106.2 Contraindications 


+ Severe coagulopathy 

‘+ Skin infection over the needle insertion site 

+ Joint prosthesis 

+ Patients with bacteremia or sepsis (except to diagnose a 
septic joint) 


106.3 Materials and Medications 


+ Betadine (povidone-iodine) or other skin antiseptic, 
+ Sterile gloves 

+ Sterile towels 

+ Lidocaine 1 % or 2 % (5 mL.) or other anesthetic of choice 
+ 18- to 22-gauge needle, 25-gauge needle 

+ Syringes (5 mL, 5-50 mL) 

+ Sterile gauze (4x4) 

+ Band-aid 
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106.4 Procedure 


Informed consent may be required, 
Position the patient appropriately. The joint should be 
placed in slight flexion. 

Palpate the joint and identify anatomical landmarks, 

(a) For knee arthrocentesis, the needle should be 

inserted at the midpoint of either the medial or the 

lateral side of the patella (Fig. 106.1), 

For acromioclavicular (AC) joint arthrocentesis, the 

needle should be inserted at the superior surface of 

the AC joint (Fig. 106.2), 

For glenohumeral joint arthrocentesis, there are two 

approaches. 

(In the anterior approach, the needle is inserted 
into the groove lateral to the coracoid process 
(Fig. 106.3), 

(Gi) In the posterior approach (preferred), the needle 
is inserted below the posterior border of the 
acromion process and lateral to the border of 
the scapula (Fig. 106.4), 

Prepare the skin and drape in a sterile fashion, 

Using lidocaine (drawn up in 5-mL syringe), anesthetize 

the skin with the 25-gauge needle. 

Secure the 18- to 22-gauge needle on the 5- to 50-mL 

syringe (depending on the size of the joint) and insert it 

into the skin, 

Advance the needle slowly into the joint space while 

aspirating until joint fuid can easily be withdrawn, 

While inserting the needle into the joint space, avoid 

scraping the needle against the bone. 


) 
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8. If fluid cannot be aspirated easily, the catheter can be 10, Place a band-aid or other dressing over the site. 
repositioned further in the joint space or tured by 45° 11. Send the synovial fluid to the laboratory. Generally, lab- 


sequentially as needed. ‘oratory analyses may include crystals, protein, glucose, 
9. Once the joint fluid is aspirated, pull out the needle and cell count and differential, culture and sensitivity, and 
hold pressure with gauze. Bleeding should be minimal. Gram stain, 


Fig.106.2.Acromioclavicular joint anthrocentesis 


Fig.106.1. Knee anhrocentesis 


Fig.106.3Glenohumeral joint arthrocentesis: anterior approach 


106 Arthrocentesis 


Fig.106.4 Glenobumeral joint arthracentess: posterior approach 


106.5 Complications 


‘+ Introduction of infection 
+ Bleeding 


106.6 Pearls and Pitfalls 


+ The preferred site of entry is over the extensor surface of 
the joint, This will reduce the risk of damage to tendons, 
ligaments, and blood vessels. 

+ When assessing synovial fluid, the Rule of Twos may be 
used to differentiate among normal, inflammatory, and 
septic fluid. Normal synovial fluid has less than 200 white 
blood cells (WBCs)/mm’. Noninflammatory synovial 
fluid has 200-2000 WBC¥mm’. Inflammatory synovial 
fluid has greater than 2000 WBCs/mm' (but <50,000 
WBCymm'). Septic synovial fluid has greater than 
75,000 WBCs/mm’, 

+ Only septic synovial fluid will have a positive Gram stain 
‘and culture 
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Intra-articular Injection 
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Bharat Kothakota and Muhammad Waseem 


107.1 Indications 


+ Aspiration of fluid (arthrocentesis) 
~ For diagnosis: to rule out infection 
= To relieve pressure from large, painful joint effusion 
+ Injection of joints with inflammatory arthritis 
~ Tendinitis 
= Bursitis 
= Rheumatoid arthritis (RA) 
+ Injection of joints with osteoarthritis (OA) 
= Injection of large weight-bearing joints 
= Injection of small joints of hands 
+ Intra-articular anesthetic 
= Shoulder reduction 
= Ankle impingement syndrome 


107.2 Contraindications 


+ Cellulitis 
+ Bacteremia 
+ Fracture 


1 Kothakota, MD + M, Waseem, MD (£2) 
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107.3 Materials and Medications 


Glucocorticoid 

= Duration of effect inversely proportional to solubility 
‘+ Less soluble + longer acting 

= Choice of steroid is the personal preference of the 
physician 

— Methylprednisone (Depo-Medrol) and triamcinolone 
acetonide (Kenalog) 
+ Less likely to induce postinjection flare 

~ Kenalog and triamcinolone hexacetonide (Aristospan) 
+ Longest-acting agents 

Local anesthetic 


= 1% Lidocaine 
Needle 
~ 18- to 22-gauge used for knee, ankle, hip, elbow, and 


shoulder 
-gauge or smaller used for smaller joints 
interphalangeal) 

Syringe 
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107.4 Procedure 


1, Selecting an injection approach, 
+ Knee 
— Lateral approach: | em inferior to the patella later- 
ally (Fig. 107.1) 
— Medial approach: | cm inferior to the patella medi- 
ally (Fig. 107.2) 
+ Ankle 
— Lateral approach: just inferior to the lateral malleo- 
lus (Fig. 107.3) 
— Medial approach 
+ Plantar flex the foot. 
+ Angle the needle cephalad to pass between the 
‘medial malleolus and the tibialis anterior tendon 
(Fig. 107.4). 
+ Shoulder 
~ Posterior approach 
‘+ Insert the needle 1 cm inferior and 1 em medial 
to the posterolateral corner of the acromion, 
+ Direct the needle anterior and medial toward the 
coracoid process (Fig. 107.5). 
2. Skin preparation, 
‘+ Make three separate concentric outward spirals with 
iodine disinfectant 
+ Scrub with cyclohexidine preparation 
3. Mark the injection site by impressing the skin with a hard 
object, 
+ Sterile end of needle sheath 
+ Ball point pen with tip retracted 


Local anesthesia, 

+ 1% Lidocaine injected into the skin and subcutaneous 
tissue 

+ Short burst of ethyl chloride spray before iodine 
preparation 

‘+ Mixing lidocaine with glucocorticoid preparation 

Always aspirate joint fluid before injecting the 

corticosteroids. 

+ Use a L.S-inch 18-gauge needle for aspiration, 

+ Confirm that the needle is in the joint space, 

+ Reduced effusion size before injection can improve 
outcomes. 

+ Compress the opposite side of the joint to aid in aspira- 
tion (Fig. 107.6) 

After aspirating, change the syringe. 

+ Use a sterile hemostat or hand to stabilize the needle 
within the joint space (Fig. 107.7). 

+ Avoid injecting corticosteroids if the aspirate appears 
purulent. 

Injection of medication, 

+ Can use the same needle used for aspiration, 

+ Insert needle 0.75-1.25 inch in depth for injection, 

Remove the needle, wipe the iodine solution clean, and 

apply the bandage, 

Postinjection care. 

+ First 48 h: bedrest versus minimize walking 

+ Next 2-3 weeks: crutches or cane 
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Fig.107.1. Knee anhrocentesis, 
lateral approach 
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Thumb 
stabilizing 


patella 


Fig.107.2 Knee anthrocentesis, medial approach 


Fig.107.3 Ankle arthrocentesis, lateral approach 
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Fig.107.5. Shoulder anhrocentesis, posterior approach 


Fig.107.6 Compress opposite side of joint to aid i aspiration 


8. Kothakota and M. Waseem 
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Fig. 107.7 Use hemostat or hand to stabilize ncele within joint space 


107.5 Complications 


+ Local postinjection flare 
— Initation of the synovium by steroid microcrystals, 
= Can be confused for infection 
= Occurs and resolves within 48 h after injection 
= Treat with ice and appropriate analgesics. 

+ Iatrogenic joint infection 
~ Suspect if it begins later than, or lasts longer than, flare 
Increasing pattern of pain 
~ Fever, malaise, redness, or drainage around injection 

site 

= Staphylococcus aureus most common 

+ Subcutaneous atrophy and depigmentation 
— Leakage of corticosteroids into soft tissues 

‘+ Aspiration of blood 
= Indicative of 

(hemophilia) 

+ Systemic absorption 
— Water-soluble preparations 
= Dose dependent 
= Injection into multiple joints 
— Transient hyperglycemia in diabetic patients 
= Avascular necrosis of the femoral head 


trauma or bleeding disorder 


107.6 Pearls 


+ Mixing lidocaine with glucocorticoids 
— Reduces pain caused by injection of steroids into joint 
space 
— Less likely to cause soft tissue atrophy and tendon 
rupture 
= Immediate relief from anesthetic indicates proper 
injection 
‘+ Limiting intra-articular glucocorticoid injections per joint 
= OA 
+ Four injections per lifetime of the joint 
‘+ Injections reduce the rate of accelerated degenera- 
tion in joints 
- RA 
+ Limit of one injection per month. 
+ No evidence of glucocorticoid-induced cartilage 
loss 
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How It Works 


A selection of inductors designed for through- 
hole mounting is shown in Figure 14-2. 


Figure 14-2. Four inductors designed for throug)-hole in 
sertion into printed cicult boards. 


How It Works 


Direct current passing through an electrical con- 
ductor, such as a wire, creates a magnetic field 
around the conductor. In Figure 14-3, conven- 
tional current (flowing from positive to negative) 
is passing through a straight wire from left to 
right, as indicated by the red/blue arrow. The re- 
sulting magnetic field is indicated by the green 
arrows. If the wire is now bent into a curve, as 
shown in Figure 14-4, the magnetic field exerts 
an aggregate force downward through the 
curve. This magnetic force is conventionally said 
to flow from south to north, 


If direct current could be induced to circulate 
through an unbroken circle of wire, the resulting 
magnetic field could exert a force through the 
Circle as shown in Figure 14-5, assuming clock- 
wise circulation of conventional current as sug- 
gested by the red/blue arrows. 


Conversely, ifa magnet was pushed through the 
center of the circle, it would induce a pulse of 
electric current in the circle. Thus, electricity 
passing through a wire can induce a magnetic 
field around the wire, and conversely, a magnet 
moving nearawire can inducean electric current 


‘moderation > inductor 


Figure 14-3. Conventional current passing through a wi 
from lett to right (as indicated by the red/blue arrow) in- 
dices a magnetic field around the wire (shown by the 
‘green arrows). 


South 


North 


Figure 14-4. ifthe wire is bent into a curve, the magnetic 
fields can create a net force shown by the large green ar 


in the wire. This principle is used in an electrical 
generator, and also in a transformer, where al- 
ternating current in the primary coil induces a 
fluctuating magnetic field in the core, and the 
field in the core is tured back into alternating 
current in the secondary coil, 


Note that a static or unchanging magnetic field 
will not induce a flow of electricity. 
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Sugar-Tong Splint 
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Katrina John, Jeffrey Kile, and Amish Aghera 


108.1 Indications 


+ Fractures to the wrist or forearm 
+ To prevent motion at the wrist and elbow 
‘+ To prevent supination and pronation 


108.2 Contraindications 


+ Relative 
~ Evidence of compartment syndrome or any neurovas- 
cular compromise 
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108.3 Materials (Fig. 108.1) 


+ Stockinette 

+ Padding 

‘+ Splint material: lberglasv/plaster of Paris or prefabricated 
splint rolls, 2, 3, 4 inches depending on age and body 
habitus 

+ Trauma shears/scissors 

+ Elastic bandage 

+ Tape 

+ Container with water 

+ Gloves, eyemask, sheet 

+ Sling 
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Fig.108.1. £ 


108 SugarTong Splint 


108.4 Procedure 


1, Ensure the skin of the affected extremity is clean, dry, 
and intact, 

2. Cover the patient with a sheet or gown to protect the 
paticnt’s clothing and the surrounding area. 

3. Position the patient's arm abducted at 90° at the shoul- 
der and internally rotated with the elbow flexed at 9 
(Fig. 108.2), 

4. Measure the splinting material by running a single layer 
from the metacarpal heads of the dorsum of the hand 
along the extensor surface of the forearm over the elbow 


and humeral condyles and back down the flexor surface 
of the forearm to the palmar aspect of the hand to the 
‘metacarpal heads, 

5. If using non-prefabricated splint rolls, lay the measured 
piece of splinting material out on a flat surface and mul 
tiply the layers to the same length, 6-8 layers for fiber 
glass and 10-12 layers for plaster. 

6. Measure the stockinette from the finger tips to the mid 
humerus and cut a hole for the thumb, 


Fig.108.2 Arm positioning 


7. Place the stockinette on the arm (Fig. 108.3). 

8. Use a 3- to 4-inch padding roll to apply several layers of 
circumferential padding extending from the metacarpal 
heads to the midhumerus below the level of the stocki 
notte (Fig. 108.4), 

9. Wet the already prepared and measured splinting material 

and remove the excess water. 

10. Ensure the forearm is in the aforementioned position, 
and apply the splinting material from the metacarpal 
heads of the dorsum of the hand along the extensor sur 
face of the forearm over the elbow and humeral condyles 
and back down the flexor surface of the forearm to the 
palmar aspect of the hand to the metacarpal heads 
Fig. 108.5) 

11. Fold each end of the stockinette down over the padding 
and splinting material 

12. An extra layer of padding can be added at this stage. 

13. Secure the entire splint with two elastic bandages/ace 


‘wrap and apply tape to ensure the bandages stay in place 
Fig. 108.6), 
14, Place the arm in a sing, 


Fig. 108.3. Fiberglass heing measured and stocknette on patient 
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Fig. 108.5. (a) Application of splinting material ver padding (anteromedial view), (b) Application of splinting material over padding (anterola 
eral view) 
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Fig.108.6 Application of clastic bandage over splinting material 


108.5 Complications 


+ Compartment syndrome 


108.6 Pearls and Pitfalls 


+ Pearls 

~ This procedure is best done with an assistant to hold 

the extremity in the desired position and to prevent the 
splint slipping as it is secured. 

— Having the patient in the illustrated position enables 
the practitioner to use gravity to hold the splint in the 
correct position while securing it; especially helpful if 
aan assistant is not available. 

+ Pitfalls 

~ Ifthe splint is too short, it fails to immobilize the wrist, 

~ If the splint is to0 long, it will cause reduced motion 
and stiffness at the metacarpophalangeal joints and 
swelling of the fingers due to immobility. 
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Obstetric Procedures 


Fetal Heart Rate Monitoring 
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Nathaniel Lisenbee and Joseph A. Tyndall 


109.1 Indications 


+ Fetal heart rate (FHR) monitoring is important because it 
provides basic patterns that can be correlated to the acid~ 
base status, circulatory volume, and oxygenation status of 
the fetus through brainstem detection and subsequent car- 
diac response. It has numerous indications during the 
antepartum and intrapartum stages [1] 

+ Antepartum indications include: 
~ Nonstress test (consists of monitoring FHR in con- 

junction with fetal movements) 
~ Contraction stress test (consists of monitoring FHR dur- 
ing contractions, which are induced pharmacologically) 
~ Biophysical profile (BPP; consists of a nonstress test 
‘with an additional ultrasound) 

+ Intrapartum indications include monitoring FHR during: 
= Uterine contractions 
= Pain medicationsfanesthetic administration to the 

‘mother during labor 

Procedures performed during labor 

= Second stage of labor 

High-risk pregnancies, which can be defined by a 

number of conditions including [2,3 

+ Maternal diabetes, asthma, preeclampsia/ectampsia 

‘+ Multiple gestations 

+ Intrauterine growth restriction 

+ Premature rupture of membranes 

+ Lack of prenatal care 
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109.2 Contraindications 


Contraindications for internal FHR monitoring 

— Presence of placenta previa 

~ Lack of ability to identify the portion of the fetal body 
where device application is being considered 

~ Active herpes, active hepatitis, or human immunodefi- 
ciency virus (HIV) in the mother 

Contraindications for external FHR monitoring 

= None 


109.3 Methods 


‘Two methods for FHR monitoring: 
= Auscultation monitoring 
+ Defined as auscullating FHR every 15 min in the 
first stage of labor and auscultating every 5 min in 
the second stage 
+ Does not provide strips with information on FHR. 
variability or the shape of FHR accelerations and 
decelerations 
Electronic FHR monitoring 
= Allows for real-time continuous monitoring of FHR. 
activity 
~ Provides strips with information on FHR variability or 
the shape of FHR accelerations and decelerations 
— Can be performed by Doppler ultrasound or internal 
fetal electrocardiography (ECG) 


‘When comparing the two methods for electronic FHR 


monitoring, both are equally as reliable in most settings 
‘Thus, external monitoring is the preferred method because it 
is noninvasive. However, in instances in which external mon- 
itoring becomes difficult owing to poor quality or technical 
difficulties, invasive monitoring is indicated. 
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109.4 Equipment and Procedures 109.4.1 Doppler Ultrasound is a Noninvasive 
Method to Monitor FHR (Fig. 109.1) 
‘Multiple methods exist for electronic FHR monitoring [4]. 
‘The most commonly used are external monitoring by + Equipment 
Doppler ultrasound and internal monitoring by fetal ECG. ~ Electronic FHR monitor 
~ Contraction monitor sensor with belt 
— FHR sensor with belt (consists of ultrasound trans- 
ducer and ultrasound sensor) 
= Ultrasound coupling gel 
+ Procedure 
1. Place the patient in a supine position, 
2. Palpate the fetal anatomy through the maternal abdo- 
‘men to find the approximate location of the fetal hear. 
3. Place ultrasound coupling gel on the maternal abdo- 
‘men at the sight of suspected fetal cardiac activity 
4, Place the transducer probe on gel and locate the fetal 
heart tones. 
‘5. Once the fetal heart tones are located, secure the FHR 
sensor to the maternal abdomen with the attached belt. 
6. Place the contraction monitor sensor near the fundus 
in order to monitor uterine contractions. 
7. Attach the FHR sensor and contraction monitor to the 
electronic FHR: monitor to obtain printouts of FHR 
and uterine contractions. 


Fetal heart 
tale sensor 


Fig. 109.1 Extemal fetal heart rte monitoring 


109 Fetal Heart Rate Monitoring 
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109.4.2 Internal Fetal ECG is an Invasive 
Method to Monitor FHR and is Used 
Only in the Intrapartum Period 
(Fig. 109.2) 


+ Equipment 

Fetal scalp monitoring electrode 

= Leg plate electrode 

= Sterile vaginal lubricant 

= Electronic FHR monitor 
+ Procedure (Fig. 109.3) 

1. Place the patient in a dorsal lithotomy position, 

Sterilize the perineal area. 


tube and drive tube. 


6. Release the electrode locking device by pressing 


together the arms on the drive tube grip. 


7. Carefully slide the drive and guide tubes off the elee- 
trode wires while holding the locking device open. 
8. Attach the leg plate to the inner thigh of the mother 


‘as a means to eliminate electrical interference. 


9. Attach the spiral electrode wires to the color-coded 
leg plate, which is then connected to the electronic 


fetal monitor. 


Fig. 109.3. Internal fetal heart, 
tale monitoring 


|. Perform a bimanual vaginal examination to identity 

the presenting fetal head. (Note: rupture of mem- 

‘branes must occur before scalp electrode placement.) 

4, Place the spiral electrode guide tube on the fetal scalp 
‘and advance the electrode until it contacts the scalp. 

5. Rotate the drive whe clockwise approximately one 

rotation while maintaining pressure on the guide 


10, Do not forget to sterilize the area of electrode place- 
‘ment afier delivery is completed and the scalp elec- 
trode is removed, 


‘When comparing the two methods, both are equally reliable 
in most settings. Thus, external monitoring is the preferred 
‘method because it is noninvasive. However, in instances in which 
extemal monitoring becomes difficult owing to poor quality or 
‘echnical difficulties, invasive monitoring is indicated 
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109.5 Complications 


+ Complications of external FHR monitoring 
= Confusing maternal aortic pulsations with FHR 
= Inability to locate FHR 
+ Complications of internal FHR monitoring 
~ Fetal or maternal hemorrhage, fetal infection (usually 
scalp abscess at the site of insertion) 
= Uterine perforation 
= Subsequent fetal infection due to the invasive nature of 
the procedure 
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Figure 14-5. Hypothetical, if conventional current flows 
around a circular conductor (as suggested by the red/ 
blue arrows), it willereate a magnetic field that can create 
2 force as shown by the green arrow. 


DC Through a Coil 

If the wire is formed into a helix (a series of ap- 
proximate circles) as shown in Figure 14-6, and if 
DC current is passed through the wire, the ag- 
gregate of the magnetic fields can create a force 
in the direction of the green arrow in each ex- 
ample, depending whether the wire is wound 
clockwise or counter-clockwise, and depending 
onthedirection of the current. The helixis usually 
referred to as a coil or a winding. 


In actuality, a magnetic field is not open-ended, 
and its lines of force are completed by circling 
around outside the inductor, to complete a mag- 
netic circuit. This completion of the field can be 
demonstrated by the traditional high-school ex- 
periment of positioning a compass or scattering 
iron filings on a sheet of paper above a magnet. 
A simplified depiction of lines of force complet- 
ing a magnetic circuit is shown in Figure 14-7, 


€é 
a5 


Figure 14-6, When DC current flows thraugh coil it cre 
ates magnetic fields that will exert a force whose direction 
‘depends an the direction of the current and on whether 
the coil is wound clackwise ar counterclockwise. The force 
{s shown by the green arrow in each case. 


Where a coil is inducing the magnetic field. Note 
that throughout this encyclopedia, the color 
green is used to indicate the presence of mag- 
netic force, 


The completion of amagnetic fieldis not relevant 
to the primary function of the inductor. In fact 
the external part of the magnetic field is mostly 
a source of trouble in electronics applications, 
since it can interact with other components, and 
may necessitate the use of magnetic shielding. 
Inaddition, the field is weakened by completing 
itself through air, as air presents much greater 
reluctance (the magnetic equivalent of resist- 
ance) than the core of an electromagnet. 


The polarity of a magnetic field created by a coil 
can be demonstrated by moving a small perma- 
nent magnet toward the coil, as shown in 
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Ultrasonography for Ectopic Pregnancy 1 1 (0) 


L. Connor Nickels 


Anectopie pregnancy isa pregnancy occurring outside ofthe 
‘uterine cavity (fundus) (Fig. 110.1). 
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110.1 Indications 


‘+ Patient in the first trimester of pregnancy with any combi- 
nation of the following: 
= Vaginal bleeding, 
= Acute pelvic pain 
= Hypotension or shock. 
= Dizziness or syncope. 
~ Positive pregnancy test. 
= Adnexal mass, 
= Cervical tenderness. 
= Abnormal rise in the serum human chorionic gonado- 
tropin (hCG). 
~ No specific sign or symptom is absolute; therefore, the 
index of suspicion must be high, 
+ Risk factors for ectopic pregnancy 
~ Pelvic inflammatory disease (PID) 
~ Previous or current intrauterine device 


Infertility treatment 
= Previous tubal surgery 
= Tubal ligation 
~ Advanced maternal age 
Previous ectopic pregnancy 
+ Usialy 9 sonographic diagnosis 
+ Sonographic signs of an ectopic can include any of the 
following: 
— Gestational sac seen in one of the following: 

+ Adnexa with any of the following: 
~ Yolk sac (Figs. 110.2 and 110.3) 

— Fetal pole with or without cardiac activity 
— Both of these 

+ Low position in the cervix (cervical ectopic) 

+ Seemingly in the uterus, but off to one side and with, 
minimal surrounding myometrium (interstitial 
ectopic) 

‘+ Within the peritoneal cavity, outside of the tubes 
(abdominal ectopic) 


— Pscudogestational sac seen in the uterus 
+ Uterine enlargement or decidual reaction (single 
outline only) in the endometrium without a gesta- 
tional sac 
— Other unidentifiable adnexa mass 
— Free fluid in the pelvis or other gravity-dependent area 
(ie., Morison’s pouch in the right upper quadrant in a 
supine or reverse Trendelenburg patient) (Fig. 110.4) 
+ Small free fluid: tracks less than one third of the 
posterior cul-de-sac 

‘+ Moderate free fluid: racks less than two third of the 
posterior cul-de-sac 

+ Large free fluid: tracks greater than two third of the 
posterior cul-de-sac 

+ Right upper quadrant free fluid: 100 % predictabil- 
ity for ectopic 

— Empty uterus with serum hCG >1000 mIU/mL. 

Patient in the first imester of pregnancy with a serum 

CG at or above the discriminatory zone (.e., 1000 mIU/ 

mL) without a sonographically normal gestational sac 

visualized within the uterus has an ectopic pregnancy 

until proven otherwise and should have an obstetrics con- 
sult in the emergency department. 

— Discriminatory zone may differ depending on the ref- 
erence, but typically serum hCG between 1000 and 
2000 mIU/mL. 

~ For this chapter, we have used serum hCG greater than 
1000 mIU/mL [1]. 

Yolk sac should be first sign of definitive intrauterine 

pregnancy for emergency physicians because the decidual 

reaction and gestational sac are not 100 % accurate 

May be treated surgically or medically depending on 

findings. 

— Decision to be made by obstetrics consultant 
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Fig. 110.2 Transabdlominal transverse image of the uterus shows an 

ectopic pregnancy in the left adnexa (red circle) with the yolk sac pres- Fig. 110.4 Transvaginal sagittal image of an empty ulerus and large 

ent (Photo courtesy of L, Connor Nickels, MD, RDMS) free fluid in the posterior cul-de-sac in a patient witha presumed ecto 
pie pregnaney (Photo courtesy of L, Connor Nickels, MD, RDMS) 


Fig. 110.3 ‘Transvaginal sagital image of an empty uterus with an 
eciopic pregnancy (in red circle) noted just posterior in the adnexa, 
sljacent tothe ovary. Th ‘contains «yolk sae and there 
is free fluid surrounding the ectopic. concerning for rupture (Photo 
courtesy of L. Connor Nickels, MD, RDMS). YS-yolk sae 
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110.2 Contraindications 


+ Treating ectopic pregnancy medically when there is a 
fetal pole with fetal cardiac activity present 

+ Failing to consult obstetrics/gynecology when the patient 
thas a serum hCG above the discriminatory zone and no 
sonographic findings to diagnose intrauterine pregnancy 


110.3 Materials and Medications 


+ Ultrasound machine 

+ Probes: transabdominal and transvaginal 

+ Gel 

+ Skilled ultrasound operator 

+ Endocavitary probe covers 

+ Pelvic setup (speculum and cultures) 

+ Cardiac monitor, two large-bore intravenous needles 

+ Laboratory work: serum quantitative hCG, hemoglobin, 
‘group and Rh, type and screen 
~ May add additional laboratory tests depending on the 

stability and symptoms of the patient 


110.4 Procedure 


+ Ultrasound machine in obstetries preset 
+ Transabdominal 

1. Place the patient in the supine position, 

2. Ideally, the bladder will be full for a good acoustic 
window. 

3. Using a curvilinear probe, 3.5-5.0 MHz. 

4, Begin scanning the patient in a sagittal position to 
identify the uterus as it lies in position with the blad- 
der. Scan through the uterus completely in this plane, 
looking for signs of intrauterine pregnancy. 

‘5. Imaging in the transverse plane should be done in the 
same fashion. 

6. Any signs of an intrauterine pregnancy should be 
clearly identified and measured 
+ Gestational sac diameter 
+ Yolk sac diameter 
+ Fetal pole with crown rump diameter 

= If present, fetal cardiac activity should be 
recorded by using M mode to obtain a tracing 
and measure the fetal heart rate. 

7. Although sometimes limited transabdominally, an 
attempt to identify the adnexa should be performed in 
both planes bilaterally. 

8. Any abnormalities identified should be noted. 

‘+ Free fluid surrounding the uterus (anterior or poste- 
rior cul-de-sac) or ovaries 


+ On pelvic imaging or FAST examination 
‘+ Intrauterine contents not consistent with an intra- 
uterine pregnancy and/or not clearly, centrally visu- 
alized within the fundus of the uterus 
‘+ Masses or contained fluid collections outside the 
uterus 
+ Yolk sac or fetal pole with or without fetal cardiac 
activity seen outside the uterus 
9, Transvaginal scanning should be performed if a defini- 
tive intrauterine pregnancy is not identified on transab- 
dominal imaging. 

+ Transvaginal 

Place the patient in the lithotomy position. 

Bladder is preferably empty. 

Use a transvaginal probe, 5~7.5 MHz. 

Repeat same steps as transabdominal 

previously. 

+ The procedure is the same for all pelvic ultrasounds 
including transabdominal and transvaginal imaging 
because this should be performed in a systematic fash- 
ion so as to not miss pertinent findings. Therefore, the 
findings may change, but the examination remains 
the same. 

+ Yolk sac should be first sign of definitive intrauterine 
pregnancy for emergency physicians because the decidual 
reaction and gestational sac are not 100 % accurate. 


imaging 


110.5 Complications 


+ Bleeding: internal and/or external 
‘+ Maternal death if ectopic ruptures 

— Nine percent of pregnancy-related deaths 

= Leading cause of maternal death in the first trimester 
‘+ Sterility if tube(s) are damaged or surgically removed 


110.6 Pearls and Pitfalls 


+ Pearls 

= Following the algorithm despite the patient being 
asymptomatic can help avoid missed ectopic 
pregnancies. 

= Cervical ectopic pregnancy can be difficult to distin- 
guish from a spontaneous abortion. If the patient is 
aborting, the ultrasound findings should change 
quickly and the patient should have vaginal bleeding. 

~ Double decidual reaction versus pseudogestational sac 
can be a very subtle distinction and should not be made 
by emergency physicians; hence, the statement made 
carlier, requiring a yolk sac as the earliest definitive 
sign of an intrauterine pregnancy. 
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~ Fibroids, bicornuate uterus, and eccentrically located 
normal pregnancy can all appear similar to a cornual 
pregnancy. 
~The majority of times when the patient is pregnant, has 
‘an emply uterus on sonographic imaging, and has vag- 
inal bleeding, the final diagnosis is still unknown 
because it could still be an early normal pregnancy or 
‘an ectopic pregnancy. 
+ Pitfalls 
~ Failing to obtain a pregnancy test in all reproductive- 


age women who have not undergone a hysterectomy 
~ Failing to identify subtle signs of ectopic pregnancies 
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Definition: molar pregnancy=hydatidiform mole=anoma- 
lous growth of trophoblastic tissue 


+ Complete: 46,XX or 46,.XY Z 
= Completely paternal in origin % 
= Contains no fetal tissue 
= Most recognizable by clinical symptoms . 

+ Incomplete (partial mole): 69,.XXX or 69,.XXY . 
= Maternal and paternal in origin . 
= Contains fetal tissue . 
— More subtle clinical presentation . 


111.1 Indications 


+ Clinical 


111.3 Materials and Medications 


Ultrasound machine 


Probes: curvilinear (abdominal) and endocavitary 
(wransvaginal) 
Gel 


Skilled ultrasound operator 

Endocavitary probe covers 

Pelvic setup (speculum and cultures) 

Lab work: serum quantitative hCG, hemoglobin, group 

and Rh 

— May add additional laboratory tests depending on the 
stability and symptoms of the patient 


presentation of any combination of the 
following: 
= Vaginal bleeding 
= With or without vomiting, persistent hyperemesis + 

gravidarum 3 

= High blood pressure 
= Uterine size large for dates 

+ Serum human chorionic gonadotropin (hCG) very ele~ 
vated (more than would be consistent for dates) 
= Usually greater than 100,000 mIU/mL. 


111.2 Contraindications 


+ Conservative management 
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111.4 Procedure 


Ultrasound machine in obstetrics preset 

‘Transabdominal imaging 

1. Place the patient in the supine position, 

2. Ideally the bladder will be full for a good acoustic 
window. 

3. Using a curvilinear probe, 3.5-5.0 MHz, begin scan- 
ring the patient in a sagittal position to identify the 
uterus as it lies in position with the bladder. Scan 
through the uterus completely in this plane, looking 
{or signs of intrauterine pregnancy. 

4, Rotate the probe to a transverse position (counterclock- 
wise), with the probe indicator toward the patient's 
right. Scan through the uterus completely in this plane, 
looking for signs of intrauterine pregnancy. 

5. Any signs of an intrauterine pregnancy should be 
clearly identified and measured. 

6, Sonographic findings of a molar pregnancy include: 

+ Uterus filled with heterogeneous material. 
= Echogenic material interspersed with anechoic 
areas known as the “snowstorm” is the most 
‘common appearance of a mole (Fig. 111.1). 
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Can be confused with missed abortion or fibroid, 
underscoring the importance of the serum hCG 
because this will be markedly elevated, which 
would make the altemative diagnoses less likely. 

‘+ Theca lutein cysts are present in the adnexa, 
‘Multiple cysts that occur with trophoblastic dis- 
ease, multiple pregnancies (e.g., twins, triplets 
quadruplets), and induced ovulation. 

Although sometimes limited transabdominally, an 

attempt to identify the adnexa should be performed in 

both planes bilaterally 

Any abnormalities should be noted. 

‘Transvaginal scanning should be performed if a defini 

tive intrauterine pregnancy is not identified on transab- 

dominal imaging. 


+ Transvaginal imaging 


Place the patient in the lithotomy position. 

Bladder is preferably empty. 

Use an endocavitary probe, 5~7.5 MHz. 

Repeat the same steps as for transabdominal imaging 

previously discussed (#2). 

After scanning through the uterus in sagittal and trans. 

verse planes, the adnexa should be scanned in the same 

format bilaterally, looking for any abnormalities, as 

‘mentioned previously 

Again, any abnormalities should be noted: 

‘+ Free fluid surrounding the uterus (anterior or poste- 
rior cul-de-sac) and/or ovaries 

‘+ Masses or contained fluid collections outside the 


uterus 
+ Yolk sac or fetal pole with or without fetal cardiac 
activity seen outside the uterus 


LC. Nickels 


‘The procedure is the same for all pelvic ultrasounds, 
transabdominal and transvaginal imaging, because this 
should be performed in a systematic fashion so as to not 
miss pertinent findings. Therefore, the findings may 
change, but the examination remains the same. 

Yolk sac should be the first sign of definitive intrauterine 
pregnancy for emergency physicians because the decidual 
reaction and gestational sac are not 100 % accurate. 


Fig. 111.1 Uterus with “cluster of grapes” represents a molar preg 


nancy (With kind permission from Spr 


ger Science-+ Business Medi 


Swisher E, Greer B, Montz FI, Stenchever M. Chapter 14. In: tas of 
Clinical Gynecology. Nol. 4. 2002) 
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111.5 Complications 


‘+ Multiple complications can occur and include the 
following: 
— Invasive mole: when a hydatidiform mole recurs after 
a dilation and curettage and, subsequently, invades the 
‘muscle of the uterus. 
‘+ Molar tissue is extremely vascular and necessitates 
‘an ultrasound with color flow to visualize any resid- 
ual invasive tissue, 
= Choriocarcinoma: molar tissue develops into an 
aggressive malignancy, metastasizing early throughout 


scenario, the tumor takes on a very cystic 
appearance with an echogenic rim, When this is 
seen, one should attempt to view the liver as well 
for heterogeneous appearance consistent with 
metastasis or consider other imaging tests (more 
comprehensive ultrasound, computed tomography, 
‘or magnetic resonance imaging) as indicated to fur- 
ther assess concerns for malignancy. 

~ Extremely sensitive to chemotherapy, but most 
favorable results are seen when diagnosed and 
treated early. 


111.6 Pearls and Pitfalls 


+ Pearls 
= An obstetrics consult must be obtained in the emer- 
‘gency department when this diagnosis is made. 
‘Patient must have a dilation and curettage to evacu- 
ate the mole, 


+ Serum hCG must be followed to less than detect- 
able levels because they have a high rate of recur- 
rence (invasive mole) and potential for malignancy 
(choriocarcinoma), 

— May occur with intrauterine or ectopic pregnancies or 
after spontaneous abortions or full-term pregnancies 

= Qualitative and quantitative B-hCG results may be 
falsely negative in the setting of a molar pregnancy 
secondary to the “high-dose hook effect” found in 
sandwich immunoassays in which there is an over- 
abundance of antigen. This error can be corrected by 
diluting the urine or serum sample and repeating the 
test 

+ Pitfalls 

= Many pitfalls with potentially life-threatening conse- 
quences surround this diagnosis. Meticulous observa- 
tionof the entire picture, including clinical presentation, 
laboratory results, and ultrasound findings, will help to 
avoid these outcomes. 
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112.1 Indications 

A blighted ovum or anembryonic gestation is a pregnancy 
in which the embryo never develops in the gestational sac 
(Fig. 112.1) 

+ Presents as first-trimester vaginal bl 


ding and/or pelvic 
pain or cramping 
+ Criteria for defining an anembryonic pregnancy 
Based, in part, on mean gestational diameter (MGD), 
which is an average of three orthogonal measurements 
of the gestational sac 
+ MGD greater than or equal to 25mm with no 
embryo 
+ SMHz or less 
MGD greater than or equal to 20 mm without a 
yolk sac 
‘May have abnormally low sac position 
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+ References differ in their measurements depending on the 
approach, transabdominal versus transvaginal, and the 
frequency of the probe (e.g., 5 MHz vs. 6.5 MHz or 


greater), 


Fig. 112.1. Low-ying empty 
‘ovum (Photo courtesy of L. Connor Nickels, MD, RDMS) 


tational ste consistent with blighted 
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112.2 Contraindications 


‘+ Misinterpreting images as blighted ovum when any of the 
following could potentially be present 
~ Early intrauterine pregnancy 
~ Pseudogestational sac 
— Molar pregnancy 

+ Discussions with the patient should always involve an 
obstetrics consult or referral for definitive decisions and 
treatment. 


112.3 Materials and Medications 


+ Ultrasound machine 

+ Probes: transabdominal and transvaginal 

+ Ultrasound gel 

+ Endocavitary probe covers 

+ Skilled ultrasound operator 

+ Laboratory tests: serum quantitative human chorionic 
gonadotropin (hCG), hemoglobin, group, and Rh 
~ May add additional laboratory tests depending on the 

stability and symptoms of the patient 


9, Transvaginal scanning should be performed if a defini- 
tive intrauterine pregnancy is not identified on transab- 
dominal imaging. 

‘+ Transvaginal 

Place the patient in the lithotomy position, 

Bladder is preferably empty. 

Use a transvaginal probe, 5~7.5 MHz. 

Repeat the same steps as for transabdominal imaging 

previously discussed (#2). 

+ The procedure is the same for all pelvic ultrasounds 
including transabdominal and transvaginal imaging 
because this should be performed in a systematic fashion 
so as to not miss pertinent findings. Therefore, the find- 
ings may change, but the examination remains the same. 

+ Yolk sac should be first sign of definitive intrauterine 
pregnancy for emergency physicians because the decidual 
reaction and gestational sac are not 100 % accurate. 


112.5 Complications 


+ Bleeding 
‘+ Retained products of conception 


112.4 Procedure 


+ Ultrasound machine in obstetries preset 
+ Transabdominal 

1. Place the patient in the supine position, 

2. Ideally the bladder will be full for a good acoustic 
window. 

3. Use a curvilinear probe, 3.5-5.0 MHz. 

4, Begin scanning the patient in a sagittal position to 
identify the uterus as it lies in position with the blad~ 
der. Scan through the uterus completely in this plane, 
looking for signs of intrauterine pregnancy. 

‘5. Imaging in the transverse plane should be done in the 
same fashion. 

6. Any signs of an intrauterine pregnancy should be 
clearly identified and measured. 

+ Inthis case, gestational sac and any other intrauter- 
ine contents 

7. Although sometimes limited transabdominally, an 
attempt to identify the adnexa should be performed in 
both planes bilaterally. 

8. Any abnormalities should be noted. 

+ Free fluid surrounding the uterus (anterior or poste~ 
rior cul-de-sac) or ovaries 

‘+ Masses or contained fluid collections outside the 
uterus 

+ Yolk sac or fetal pole with or without fetal cardiac 
activity seen outside the uterus 


112.6 Pearls and Pitfalls 


+ Pearls 
~ See “Contraindications.” If following an algorithm, a 
blighted ovum would fall into indeterminate category 
and obstetrics consult is recommended in the emer- 
‘gency department. 
+ Pitfalls 
It is imperative to inform all pregnant patients that 
obstetrical ultrasonography performed by emergency 
physicians is limited and not used to detect fetal health 
and/or anatomy. 
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How It Works 


Figure 14-7. A magnetic fed in reality is not open-ended, 
and each line of force traveling through a rod-shaped 
magnet or electramagnet 's completed outside of the 
‘magnet. The completion of magnetic feds has been 
‘omitted from other diagrams here for clarity 


Figure 14-8. Ifthe magnet has opposite polarity 
to the coil, it will tend to be repelled, as like poles 
repel. fithas the same polarity, it will tend to be 
attracted, because opposite poles attract. This 
principle may be used in solenoids. 


Ss N 


Figure 14-8. A permanent magnet (left) will either be 
drawn toward a OC-energized coll or repelled from it, de- 
pending on the polarity af the two magnetic felds. 


power > moderation > inductor 
Magnetic Core 

The inductive power of a coil will be enhanced, 
and the saturation point will be reduced, by us- 
ing a magnetic core. The term “magnetic” in this 
context does not mean that the core is a perma- 
nent magnet; it means that the core can be mag- 
netized briefly by a transient pulse of electricity 
through the surrounding coil 


Acoreenhances the effectiveness of an inductor 
because it has lower reluctance than that of air. 
In other words, magnetic flux will flow much 
more readily through the core than through air. 


Roughly speaking, the permeability ofamagnetic 
circuit is the opposite of reluctance; it is a meas- 
ure ofhow easily amagneticfield canbeinduced, 
and is usually expressed relative to the permea- 
bility of air, which is approximately 1. The per- 
meability of different core types is discussed in 
the following “Values” section, 


The core of the coil contains magnetic domains 
that behave as tiny magnets, with north and 
south poles. In the absence of a polarizing mag- 
netic field, the domains are randomly aligned. As 
‘a magnetic field is introduced around them and 
grows stronger, the domains align themselves 
witht, increasing the total magneticforce. When 
the domains are almostall uniformly aligned, the 
core approaches magnetic saturation and ceases 
adding tothe net magneticfield. Atthis point the 
current in the inductor is said to be continuous. 


When power to the coil is disconnected, the do- 
mains revert partially to their previous random 
orientation. Thus the core remains a weak per- 
manent magnet. This effect is known as hystere- 
sis, while the weak residual field is known as re- 
‘manent magnetism. 


EMF and Back-EMF 

When DC current is connected through an in- 
ductor, the creation of a magnetic field takes a 
brief but measurable period of time. The field in- 
duces an EMF (electro-motive force) in the wire, 
Since this force opposes the supplied current, it 
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Ultrasonography for Threatened, 
Incomplete, or Compete Abortion 
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Key Points 

‘Threatened abortion: closed 0s, no passage of products of 
conception (POC), 

Inevitable abortion: open os, no POC. 

Incomplete abortion: open os, passage of POC. 

Complete abortion: closed os, empty uterus (all POC passed). 

Missed abortion: fetus has died and the uterus has failed to 
‘enlarge any further. 


113.1 Indications 


+ Vaginal bleeding in the setting of early intrauterine 
pregnancy 


113.2 Contraindications 


‘+ There are no contraindications to ultrasonography. 


113.3 Materials and Medications 


+ Ultrasound machine 

+ Probes: curvilinear (transabdominal) and endocavitary 
(wansvaginal) 

+ Gel 

+ Endocavitary probe covers 

+ Towels 

‘+ Skilled ultrasound operator 

+ Pelvic setup (speculum and cultures) 

+ Cardiac monitor and intravenous access if bleeding is 
significant 

+ Laboratory tests: serum human chorionic gonadotropin 
(hCG), hemoglobin, group and Rh, type, and sereen 
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113.4 Procedure 


‘The procedure is the same for all pelvic ultrasounds includ- 
ing transabdominal and transvaginal imaging because this 
should be performed in a systematic fashion so as to not miss 
pertinent findings. Therefore, the findings may change, but 
the examination remains the same. 


1. Place the patient in the supine position, 

2. Ultrasound machine in obstetrics preset with abdominal 
probe and gel 

43. Begin scanning the patient in a transabdominal sagittal 
plane to identify the uterus as it lies in position with the 
bladder. Scan through the uterus completely in this plane 
looking for signs of intrauterine pregnancy (gestational 
sac, yolk sac, fetal pole, fetal cardiac activity). 

+ For our purposes as emergency physicians, a yolk sac 
(at the least) must be seen within the uterus to defini- 
tively report an intrauterine pregnancy (Fig. 113.1). 
‘The decidual reaction and/or presence of gestational 
‘sac is not 100 % accurate. 

4. Transabdominal imaging in the transverse plane should 
be done in the same fashion, 

5. If an intrauterine pregnancy is clearly identified on 
twansabdominal scanning, appropriate measurements 
ccan be taken to estimate dates: 

+ Gestational sac diameter. 

+ Yolk sac diameter or crown rump length (CRL) 

+ If present, fetal cardiac activity should be recorded 
by using M mode to obtain a tracing and measure the 
fetal heart rate (Fig. 113.2). 

6. For a complete examination, the adnexa should be 
scanned in an attempt to identify the ovaries bilaterally 

7. Any abnormalities identified should be noted: 

‘+ Free fluid surrounding the uterus (anterior or poste- 
rior cul-de-sac) or ovaries 

— On pelvic imaging or focused assessment with 
sonography in trauma (FAST) examination 
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+ Intrauterine contents not consistent with an intrauter 
ine pregnancy and/or not clearly, centrally visualized 
within the fundus of the uterus, 

+ Any masses or contained fluid collections noted out. 


side the uterus 
+ Yolk sae or fetal pole with or without fetal cardiac 
activity seen outside the uterus 
8. Transvaginal scanning with the endocavitary probe 
should be performed if a definitive intrauterine preg- 
nancy is not identified on transabdominal imaging, 


9. Transvaginal imaging is performed in the sagittal and 
transverse planes to identify an intrauterine pregnancy, 
with bladder preferably empty. 


Fig. 113.1. Yolk sac present within the gestational sac with double 
decidual reaction (With kind permission from Sp 
‘Science +Business Media: Buja LM, Chandrasekhar C. Chapter 
pathology ofthe breast and female genital tract. In Krueger GRF. Buja 
EM, eds. Aas of Anatomic Pathology with Imaging. 2013) 


Fig. 113.2 Fetal cardiac activity recorded using M mode to obtain a 
tracing and measure the fetal heart rate (Wi kind permission from 


Springer ‘Science+Business Media: Hanprasertpong T, Phupong 
\V. First trimester embryonie/ftal heart rate in normal pregnant women, 
Archives of Gynecology and Obstetrics. 2006274(5)) 
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Measurements should be taken of any intrauterine 

findings, 

+ Same as #5, 

+ CRL >7 mm on transvaginal ultrasound should have 
tal cardiac activity 


Each adnexa should be scanned in the sagittal and trans- 


verse planes. 
Any abnormalities identified should be noted, 

+ Same as #7, 

The uterus will be empty in the case of a complete abor 
tion (Figs, 113.3 and 113.4), 


Fig. 113.3 Transvaginal sagittal image of an empty uterus (Photo 
courtesy of L. Connor Nickels, MD, RDMS) 


Fig.113.4 Transvaginal 


verse image of an empty uterus (Photo 


courtesy of L. Connor Nickels, MD, RDMS) 
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113.5 Complications 


‘Vaginal bleeding 
Miscarriage 
Rh isoimmunization 


113.6 Pearls and Pitfalls 


Pearls 
= Threatened abortion: 

‘+ Threatened abortion is not visible sonographically. 
I is the presumed diagnosis when a patient presents, 
with vaginal bleeding in the first 20 weeks of preg- 
nancy, an intrauterine pregnancy is found with dates 
corresponding to the patient's dates, and the cervix 
is closed. 

+ Fetal cardiac activity suggests a better prognosis, 
than those without. 

‘+ Fetal heart rate less than 120 bpm suggests impend- 
ing fetal death (only 6 % survival) 

~ Completed abortion: 

+ There are only three scenarios in which this diagno- 
sis can confidently be made in the emergency 
department: 

1. Intact gestation is passed and identified in the 

‘emergency room, 

2. Ultrasound shows an empty uterus in the setting 
of a prior known intrauterine pregnancy. 

+ Small internal echoes within the uterus may. 
represent blood rather than retained products 
of conception, but this determination should 
be made in consultation with obstetrics. 


3. Negative pregnancy test result in the setting of a 
prior known intrauterine pregnancy. 
+ In all other cases, the quantitative f-hCG must be 
followed until it is less than 2 mIU/mL. 
+ Pitfalls 

— Treating threatened abortion as fetal demise or abor- 
tion ~ many of these pregnancies actually go on to 
completion with a normal fetus. 

If there is any concer for alternative diagnoses in any 
of the abortion types (i.e, ectopic gestation), obstetrics 
consult should be obtained. 

— Failing to order a quantitative serum BCG to rule out, 
other possibilities (e.g., molar pregnancy) and to 
ensure that it is trending downward (if others to 
compare). 

Failing to establish follow-up for an incomplete abor- 
tion to ensure appropriate management. The patient 
‘may eventually require a dilation and curettage if prod- 
ucts do not pass naturally 
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Ultrasonography for Placenta Previa 1 1 4 


L. Connor Nickels and Giuliano De Portu 


Placenta previa is a condition in which the placenta covers * Marginal : Lower margin of placenta reaches the internal 
the internal cervical os. It is the leading cause of antepartum —_os but does not cover it (within 3 em). 


hhemorthage. There are four grades of the condition: + Low lying: Lower margin of placenta is located in the 
+ Complete: Placenta completely covers the internal os. lower uterine segment but does not reach the internal os 
+ Partial: Placenta partially covers the internal os. ig. 114.1) 
‘ 
Total 40% Partial 30% Marginal Low lying 
30% 


Fig.114.1, Varying degrees of placenta previa 
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114.1 Indications 


+ A patient in the second half of pregnancy who presents to 
the emergency room with bright red, painless vaginal 
bleeding OR premature labor should be evaluated for this, 
condition, 


114.2 Contraindications 


+ Absolute: 
= There are no absolute contraindications to transab- 
dominal ultrasonography. 
+ Relative: 
= Transvaginal ultrasound should be carried out with 
caution, so as to avoid hemorrhage. 


114.3 Materials and Medications 


+ Ultrasound machine 

+ Probes: curvilinear or phased array, endocavit 

+ Sterile gel 

+ Endocavitary probe covers 

+ Towels 

+ Sterile speculum (see previously) 

+ Cardiac monitor, two large-bore intravenous needles, lab- 
oratory tests, 


114.4 Procedure 


1. Place the patient in the supine position, 

2. Ultrasound machine with abdominal probe and gel. 

3. Begin scanning the patient in a transabdominal sagittal 
position (Fig. 114.2) to determine the placental position 
and whether it is lying in the lower uterine segment. 

4. The patient should then be scanned in a transverse fash- 
jon to further evaluate the exact position of the 
placenta, 

5. Ifthe placenta appears to lie in the lower uterine segment, 
the patient should be scanned in the oblique plane as wel 

6. The bladder should initially be full for best visualiza- 
tion, However, ifthe placenta appears to reside low or lie 
over the internal os, the scanning should be repeated 
after the patient has voided. 

+ An overdistended bladder may create the appearance 
of a placenta previa, The anterior wall of the uterus is 
compressed against the posterior wall by the dis- 
tended bladder, shortening the distance between the 
placenta and the internal os (Fig. 114.3). 

7. The following ultrasonographic findings exclude pla- 
centa previa [1] 

+ Direct apposition of the presenting part of the fetus 
and the cervix without space for interposed tissue 

+ Presence of amniotic fluid between the presenting 
part of the fetus and the cervix, without the presence 
of placental tissue 

+ Distance of greater than 2 em between the inferior 
aspect of the placenta 

+ Indirect visualization of the internal cervical os 

8. IF placenta previa cannot be ruled out with transabdomi- 
nal ultrasound, the patient should then be scanned trans- 
vaginally with the endacavitary probe because this is 
more sensitive for diagnosing placenta previa. 

9. A sterile speculum examination should be performed 
before transvaginal scanning to assess the cervix and 
ensure there are no presenting parts or bulging mem- 
branes. Transvaginal imaging is contraindicated if the 
patient has ruptured or bulging membranes, 

10. The probes should be swapped out and a sterile cover 
placed on the endocavitary probe with gel inside the 
cover and sterile gel on the outside of the cover, 

1. The endocavitary probe should be inserted into the vaginal 
canal, ensuring that caution is taken to stay off the cervix 
and distal toi, Keeping the cervix in view on the screen. 

12. The patient should be scanned in both the sagittal and 
the transverse planes to assess the inferior margin of the 
placenta. 
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13. IF the inferior margin appears to be located near the 
internal os, then the distance should be measured 
+ Steps 8 through 13 should only be performed by the 
‘emergency physician if he or she feels confident in 
this ultrasound skill and there is no obstetrics avail- 
able. If obstetrics is available, these steps should be 
performed in conjunction with them or by them to 
censure the best outcome for the patient. 


Fig.114.2.‘Transabdominal ultrasound of placenta previa, Note loss of 
the decidusl interlace between the placenta and the myometrium om the 
lower part of the wlerus and multiple intraplacental lacune (arrows) 
(Reproduced with permission from J Korean Med Sci. 2010; 
25(4)-651-5) 


Fig.114.3 (a) Oventistended Bladder 
bladder creating the appearance 

of placenta previa, (b) empty 
bladder showing the more 
accurate positon ofthe placenta 


Placenta Placenta 
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114.5 Complications 


+ Bleeding: 
= May range from self-limited to life-threatening 
hemorthage 
+ Maternal and/or fetal distress or death 


114.6 Pearls and Pitfalls 


+ Pearls 

= Risk factors include: 
+ Multiparity 
‘+ Multiple pregnancy 
‘+ Advanced maternal age 
+ Previous placenta previa 
+ Cigarette smoking 
+ Cocaine abuse 
‘+ Hypertension 
+ Previous cesarean delivery/uterine surgeries 

— Myometrium contraction: can mimic placenta previa 
by temporarily displacing the placenta in the lower 
uterine segment. 

— If ultrasound capabilities are not available, but the 
patient is in the second half of pregnancy and having 
vaginal bleeding, do not perform a digital cervical 


examination, 
+ Pitfalls 

Digital examination should be avoided because this 

‘may precipitate life-threatening hemorrhage and/or 
death. 


= Always consult obstetrics as soon as possible if this is 
suspected or known and the patient is symptomatic. 
Not consulting obstetrics could be detrimental to the 
‘mother and fetus. 

Gentle sterile speculum examination should be done 
only if an obstetrician is not available. This is to ensure 
the bleeding is coming from the cervix. If placenta pre- 
via is suspected or known and obstetrics are available, 
then abdominal ultrasound evaluation alone should be 
sufficient for the examination of the patient. 
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Vaginal Delivery 
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Umarfarook Javed Mirza, Christopher Shields, 
and Muhammad Waseem 


115.1 Indications 


+ Inevitable delivery of the fetus (cervix fully dilated at 
10 cm and fully effaced 1 mm with crowning of the head) 


115.2 Contraindications 


115.3 Materials and Medications (Fig. 115.1) 


+ 4 Crile clamps or Kelly clamps 
‘+ 1 Mayo scissor curved and 1 Mayo scissor straight 
+ 2sponge forceps 

+ towel clamps 

+1 Mayo-Hegar needle holder 

+L mouse-tooth forceps 


+ Absolute: + Suction bulb 
= Indications for emergent cesarean section (C-section) + Betadine (povidone-iodine) 
= Prolapsed cord ‘+ Umbilical cord clamp (Fig. 115.2) 


Prior C-section with classic vertical incision 
Placenta previa ~ complete/partial 
= Breech presentation — footling 
+ Relative: 
= Placenta previa ~ marginal/low lying 
= Breech presentation ~ complete/incomplete/frank 
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+ Incubator warmer (Fig. 115.3) 
‘+ Most importantly, help. 
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Fig.115.1. Equipment delivery 


Fig.115.2 Equipment: 
umbilical clamp 
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Fig.115.3. Equipment incubator warmer 


115.4 Procedure 


20. 


Determine the fetal presentation (breech or cephalic) 

with Leopold's maneuvers or bedside ultrasound, 

If breech, follow the breech pathway. 

Perform a vaginal examination. 

Check for cord prolapse. 

Check effacement. 

Check dilation. 

Prepare the site. 

Position the mother in the extreme lithotomy position, 

Deliver the head in a controlled manner. 

‘Check to see if the cord is wrapped around the neck, If 

present, follow cord presentation pathway. 

Deliver the anterior shoulder with downward traction of 

the head, 

Check for shoulder dystocia. If present, follow the 

McRobert-Rubin maneuvers (see Chap. 116). 

Deliver the posterior shoulder by gently pulling the 

trunk upward. 

Suction the airway. 

Clamp the cord 5 em from the umbilicus in two places 

and cut. 

Obtain Apgar score of the baby. Initiate resuscitation if 

required, 

Keep the baby warm in the incubator, 

Clamp the cord again closer to the vaginal opening, 

Use this clamp to help deliver the placenta, Use gentle 

controlled traction on the clamp with one hand while 

placing the other hand suprapubically to push the uterus, 

upward. 

If the placenta does not deliver easily, stop and wait a 

few minutes to allow it to come away from the uterine 

wall naturally and then try again. 

Placenta must be fully intact. If not, check for retained 

intrauterine placental products, and manually remove 

them; retained placenta may cause postpartum 

hemorrhage. 

+ Massage the fundus externally to prevent uterine 
tony, but only after all products have been removed. 

Repair any vaginal or cervical lacerations, 


power> moderation > inductor 


is referred to as back-EMF. It lasts only so long as 
thefieldis increasing toits full strength. After the 
field reaches a steady state, current flows 
through the coil normally. 


This transient resistive effectis caused by the self- 
inductance of the coil, and is opposite to the be- 
havior of a capacitor, which encourages an initial 
inrush of direct current until itis fully charged, at 
which point it blocks subsequent current flow. 


When high-frequency alternating current at- 
tempts to flow through an inductor, if each pulse 
is too brief to overcome the back-EME, the coil 
will blockthe current. Acoil can thus be designed 
to block some frequencies but not others, 


Even a simple electrical circuit that does not con- 
tain a coil will still have some self-inductance, 
simply because the circuit consists of wires, and 
even astraightlength of wire induces amagnetic 
field when the power is switched on. However, 
these inductive effects ate so small, they can 
generally be ignored in practical applications. 


‘The transient electrical resistance to alternating 
current caused by either an inductor or a capac- 
itoris knowns reactance, although it occurs un- 
der opposite electrical conditions, as the coil im- 
pedes an initial pulse of DC current and then 
gradually allows it to pass, while a capacitor al- 
lows an initial pulse of DC current and then im- 
pedes it 


When a flow of DC current through a coil is 
switched off, the magnetic field that was created 
by the coil collapses and releases its stored en- 
ergy. This can cause a pulse of forward EMF, and 
like back-EMF, it can interfere with other compo- 
nents in a circuit. Devices such as motors and 
large relays that contain substantial coils can cre- 
ate problematic spikes of back-EMF and forward- 
EME. The forward-EMF that occurs when power 
tothe coil is interrupted is typically dealt with by 
putting a diode in parallel with the coil, allowing 
current to circulate through it. This is known as 
clamping the voltage transient. A diode- 


He 


capacitorcombination knownasasnubberisalso 
commonly used. Fora schematic and additional 
information on this topic, see "Snubber” (page 
108). 


‘Asschematic to demonstrate EMF and back-EMF 
isshownin Figure 14-9. Thecoilcanbea 100-foot 
spool of 26-gauge (or smaller) hookup wire, or 
magnet wire, It will function more effectively ifa 
piece of ron or steel, such as half-inch galvanized 
pipe, is inserted through its center. When the 
button is pressed, current is briefly impeded by 
the back-EMF created by the coil, andis diverted 
through D1, makingitflash briefly. Then the coil’s 
reactance diminishes, allowing the current to 
flow through the coil and bypass the LED. When 
the pushbutton is released, the coil’s magnetic 
field collapses, and the consequent forward-EMF 
circulates through D2, causing it to flash briefly. 
Note that the polarity of back-EMF and forward- 
EME are opposite, which is why the LEDs in the 
circuit are oriented with opposite polarities. 


The 2209 resistor should be rated at 1/4 watt 
minimum, and the button should not be held 
down for long, as the electrical resistance of the 
coil is relatively low. The LEDs ideally should be 
rated for a minimal forward current of no more 
than SmA. 


Electrical and Magnetic Polarity 
Various mnemonics and images have been cre- 
ated to assist in memorizing the polarity or di- 
rection of the magnetic field that will be created 
by a flow of electricity. The right-hand rule sug- 
gests that if the fingers of the right hand are 
curled around a coil in the same direction in 
Which the turns of the coil were wound, and if 
conventional DC current also flows in this direc- 
tion, the extended thumb will paint in the direc- 
tion of the principal force that can be created by 
the magnetic field. 


By convention, the magnetic field is oriented 
from south to north, which can be remembered 
since the north end of the magnetic field will be 
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115.5 Complications 


+ Postpartum hemorrhage due to uterine atony or retained 
products 

+ Uterine inversion 

+ Rectal or urethral injuries 

+ Shoulder dystocia 

+ Meconium aspiration 


115.6 Pearls and Pitfalls 


+ Pearls 

~ Postpartum hemorrhage has a high incidence during 
the first hour postpartum, 

~ Be aware of possible second delivery 

= Oxytocin or Methergine (methylergonovine maleate) 
may be used after delivery of the placenta; both help 
increase uterine contractions and decrease postpartum, 
hemorrhage. 


+ Pitfalls 
= Rushing delivery of the head/shoulders can lead to 
‘trauma to the mother/baby. 

— Rushing delivery of the placenta, when the placenta is 
not ready to detach, may cause placental or cord tear- 
ing or uterine inversion, Remember: it may take up to 
20 min for the placenta to detach from the uterus. 
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Shoulder Dystocia Management 1 1 6 


Irina Fox Brennan and Joseph A. Tyndall 


116.1 Indications + Factors that signal the need for cesarean section: 
~ Complete/partial placenta previa 
+ Retracting fetal head (“turtle sign”) ~ Cord prolapse 
+ Failure of anterior shoulder delivery following gentle — — Brow/face presentation 
downward traction — Non-reassuring fetal heart rate 
+ Difficult face-chin delivery ~ Extensive uterine surgery and previous classic uterine 
+ Failure of shoulders to descend incision 
116.2 Contraindications 116.3 Materials and Medications 
+ Mother with diabetes and fetus larger than 4500 g + No specialized materials/equipment required. 
+ Mother without diabetes and fetus larger than 5000 g + Team coordination is of utmost importance. 
+ History of shoulder dystocia with prior birth 
LF Brennan, MD +A. Tyndall, MD, MPH ( 
Department of Emergency Medicine, University of Florida Health, 
Gainesville, FL, USA 
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116.4 Procedure 

1, Accurate documentation: Designate a team member to 
document the progress of labor, the position and rotation 
of the infant’s head, the time of delivery for the head and 
body, the presence of episiotomy, anesthesia require~ 
ments, the duration of shoulder dystocia, whether the 
shoulder is anterior or posterior at the time of delivery, 
the onset/duration/results of maneuver(s) performed, 
and Apgar scores, 

‘The HELPERR mnemonic is commonly employed: 

Help recruitment: Involve anesthesiology, pediatric 
resuscitation, and obstetric/gynecology colleagues 


cither as part of advance preparations or via activation of 

protocol during labor. 

Episiotomy consideration: Not required but might be of 

benefit if more space is needed for rotation maneuvers. 

+ Episiotomy alone will not release the impacted 
shoulder. 

Legs positioned for the McRoberts manewver: Position 

the woman’s thighs onto her abdomen by abducting 

and flexing her hips. Have two assistants help her, one 

on either side. This increases the functional size of 

the bony pelvis by rotating the pubic symphysis 

toward the mother's head, hence aiding delivery 

(Fig. 116.1), 


de. 
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Fig.116.1. McRobers 
‘maneuver: hyperflexion of the 
‘maternal thighs against the 
abdomen 


Y 
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5. Pressure suprapubically (Rubin I maneuver): While 
continuing downward traction, have a colleague place 
his or her hand suprapubically on the fetal anterior 
shoulder and apply pressure down and laterally on its 
posterior aspect in 30-second increments. This allows 
the fetal shoulders to enter the pelvis in an oblique fash- 
jon (pelvic inlet is widest in the transverse plane) 
(Fig, 116.2), 

6. Enter maneuver (internal rotation): Rotate the anterior 
shoulder into the oblique plane and under the maternal 
symphysis 

+ Itmay be necessary to push the fetus stightly up into 
the pelvis in order to successfully perform this 
(a) Rubin H maneuver: Insert one hand vaginally 

‘behind the fetal anterior shoulder and rotate the 

shoulder toward the chest. This will reduce the 

diameter ofthe fetal shoulder girdle and facilitate 

delivery (Fig. 116.3) 

The Woods corkscrew maneuver: Place one hand 

atthe front of posterior shoulder and push upward 

gently, This can be combined with the Rubin It 

‘maneuver (Fig. 116.4), 


(b) 


Fig. 116.2 Ruben I maneuver: suprapuiic pressure is directed at the 
anterior shoulder 


(©) The reverse Woods corkscrew maneuver: Place 
fone hand behind the fetal posterior shoulder and 
rotate in the direction opposite to that of the 
Woods corkscrew maneuver to adduct the 
shoulder. 

7. Remove the posterior arm: Flex the fetal elbow and 
deliver the forearm in a sweeping motion over the fetal 
anterior chest wall, This allows the fetus to drop into the 
sacral hollow, freeing the anterior shoulder impaction. 

+ Avoid grasping and pulling on the fetal arm directly 

‘hecause it may fracture the fetal humerus, 

8. Roll she patient (Gaskin maneuver): Position the patient 
om all fours (this acts as an upside-down McRoberts 
maneuver). Continue gentle traction. The turning itself, 
as well as gravity, will often dislodge the impacted 
shoulder. 

Last-resort maneuvers: 

9. Deliberate fracture of the feral clavicle: Apply direct 
pressure upward in the middle of the clavicle to reduce 
the shoulder-to-shoulder distance 


Fig. 116.3. Ruben Il mancuver: pressure is applied to the most acces- 
sable part of the fetal shoulder and rotated toward the chest 
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Fig.116.4 The Woods 
‘corkscrew maneuver: pressure is 
‘applied to the clavicle ofthe 
posterior arm, enabling rotation 
dnd dislodgement of the anterior 
shoulder 
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10. Zavanelli maneuver: Rotate the fetal head into the direct 
‘occiput anterior position, flex, and push back into the 
birth canal. Continue holding upward pressure until 
‘cesarean delivery. Ensure the operating and anesthesiol- 
‘ogy teams are present (Fig. 116.5). 

+ Do not perform this maneuver if the nuchal cord has 
‘been clamped or cut, 

11. Symphysiotomy: Place the patient in the exaggerated 
lithotomy postion, insert a transurethral catheter, displace 
the urethra laterally, and separate the cephalad portion of 
fibrous cartilage ofthe symphysis pubis under local anes- 
thesia with either a scalpel blade or Kelly clamp. 

+ Thistechnique is associated with significant maternal 
‘morbidity, including bladder neck injury and infec- 
tion. It is truly the last resort and should be used only 
‘when all other methods have failed and cesarean 
delivery is unavailable. 


Fig. 116.5. Zavanelli maneuver: the fetal head i rotated into the direct 
‘occiput anterior position, flexed, and pushed hack ito the birth cana. (a) 
[Rotation of the head to the occiput anterior postion. (b) Replace head 
‘with constant firm pressure on occiput with palm of hand flexing head 
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116.5 Complications 


+ Maternal: 
— Postpartum hemorrhage 
~ Fourth-degree laceration/soft tissue damage to cervix 


~ Uterine rupture 
~ Bladder atony 
= Symphyseal separation with or without femoral neu- 
ropathy (transient) 
— Sacroiliac dislocation 
+ Fetal: 
~ Brachial plexus palsies (Erb, Klumpke): most resolve 
within 6-12 months; permanent injury occurs in less 
than 10 % of patients, 
~ Clavicular and/or humeral fractures 
= Ischemia/hypoxia/asphyxia due to umbilical cord 
compression with or without neurological damage 
~ Significant fetal acidosis, with pH drop of 0.04 U/min 
between delivery of the head and trunk 
= Death 


116.6 Pearls and Pitfalls 


+ Pearls 
— Many cases of shoulder dystocia and birth trauma are 
encountered in the absence of risk factors and in non- 
‘macrosomic infants. Shoulder dystocia is largely nei- 

ther predictable nor preventable. 

— Presence of risk factors for shoulder dystocia should 
prompt advance preparation in anticipation of a diffi 
cult delivery. Risk factors include maternal diabetes, 
obesity, multiparity, advanced maternal age, prolonged 
pregnancy, macrosomia (fetal weight >4,500-5,000 g), 
male fetal gender, and prior birth complicated by 
shoulder dystocia, 


+ Pitfalls 

= Do not cut and clamp the nuchal cord if at all possible 
in order to avoid fetal hypoxia and hypotension should 
shoulder dystocia arise, 

= Labor induction or prophylactic cesarean delivery of 
‘macrosomic fetuses has not decreased rates of shoul- 
der dystocia, 

— Avoid fundal pressure in shoulder dystocia because it 
hhas been shown to increase the risk of permanent neu- 
rological damage and uterine rupture. 
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Kristin Stegeman, Sapnalaxmi Amin, Anton A. Wray, 
and Joseph A. Tyndall 


Breech presentation: the buttocks enter the pelvis before the + Incomplete/complete (flexed): 


head (Fig. 117.1) = One or both hips and knees flexed, buttocks presenting 
+ Footling: 

+ Frank (extended): = One or both hips and knees extended, foot presenting 
Hips flexed and knees extended, buttocks presenting ‘The emergent delivery of a breech baby is one of the most 
~ Most common challenging situations for an emergency physician. 

Complete Incomplete Frank 
breech breech breech 


Fig.117.1. Variations of the breech presentation 
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117.1 Indications 


+ Inevitable delivery of fetus with complete or frank breech 
presentation 
+ Absence of vertex presentation 


117.2 Contraindications 


+ Footling presentation (increased risk of cord prolapse and 
entrapment of the after-coming head). 

+ There is adequate time to transfer the mother safely to 
labor and delivery in the knee/chest position (administer 
subcutaneous terbutaline before transfer), 


117.3 Materials and Medications 


‘+ Supplemental oxygen for mother 

+ Ultrasound machine 

+ Piper forceps 

+ Sterile towels/gloves 

+ Betadine (povidone-iodine) or another antiseptic prepar- 
ing solution 

+ Sterile lubricant (Surgilube) 

+ Instruments to cut the umbilical cord/perform episiotomy! 
resuscitate baby (Kelly clamps/scissors/#10 scalpel/bulb 
suction) 

+ Available emergency department staff 

+ Pediatric, obstetrics, and anesthesia practitioners 


117.4 Procedure 


1. Assess the health of the mother and the baby (vitals/ 

physical examination/history). 

Listen to the fetal heart with stethoscope or Doppler 

ultrasound. 

+ Should be 120-160 beats/min, 

3. Identify the type of presentation by bedside ultrasound 
or by digital exam, 

4, Perform a sterile digital examination to confirm the 
position of the baby and the stage of labor. 

+ Membranes should not be artificially ruptured. The 
amniotic sac will help to dilate the cervix, lubricate 
the canal, and protect the umbilical cord from 
compression, 

5. IF footling presentation: await OB/general surgery for 
‘emergency C-section, 

6. If frank/completefincomplete: instruct the patient to 
push when the cervix is completely dilated. 

7. When the breech has descended to the perineum, con- 
sider performing an episiotomy if more space is needed. 
Cleanse the perineum with antiseptic and sterile Iubri- 
cant beforehand. 

8. Allow the baby to extrude to the umbilicus with mater- 


nal efforts alone. Do not exert traction before this time. 

9. If frank: deliver the posterior leg by gently guiding the 
sacrum anteriorly, grasping the thigh and flexing the leg 
atthe knee. 

10, Deliver the anterior leg in a similar manner while guid- 
ing the sacrum posteriorly. 

11. If incomplete: deliver the extended leg as #8 or #9 as 
appropriate. 

12, Delivery continues as it would for a complete 
presentation. 

13, Wrap the legs/buttocks in a clean towel to decrease 
trauma (create grip) 

14, Grasp the upper legs with the index fingers holding the 
anterior iliac crests. Place the thumbs on the sacrum 
ig. 117.2), 

15. Apply gentle traction as the mother pushes until the 
scapulae and axillae are visible. 

16. Ithereis difficulty delivering the shoulders, deliver the 
posterior shoulder by rotating the trunk 90° and apply- 
ing gentle downward traction to rotate the shoulder 
anteriorly. 

17. Rotate the baby 180° so as to deliver the anterior arm in 
a similar manner. 

18. IF the arms do not spontaneously deliver, a finger ean be 
hooked over the shoulders to bring the arm down while 
rotating the trunk as above (Fig. 117.3). 

19, Use the McRoberts position to increase the diameter of 
the pelvis (Fig. 117.4), 


Variants 
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Figure 14-9. 4 test circuit to demonstrate the EMF and 
back EMF created when DC cunent starts and stops 
passing through a coll See text for details. 


the negative end of the coil (north and negative 
both beginning with letter N) This mnemonic 
only works if conventional (positive) current 
flows through a coil that is wound clockwise 


Another model is the “corkscrew rule” in which 
we imagine conventional DC current flowing 
from the handle of a corkscrew, down through 
its metal section, toward the pointed end. If the 
corkscrew is turned clockwise, in the same direc- 
tion as the electricity, the corkscrew will sinkinto 
the cork in the same as the direction as the re- 
sulting magnetic force. 


Variants 


Variants include core materials, core shapes, ter- 
mination style (for through-hole mounting in 
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perforated board, or for surface-mount), and ex- 
ternal finish (some inductors are dipped in insu- 
lating material, while others allow their copper 
magnet wire to be exposed). 


In addition there are two functional variants: 
variable inductors and ferrite beads. Their sche- 
matic symbols are shown in Figure 14-10. 
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Figure 1410. Schematic symbols fora ferite bead (tar 
thest right) and variable inductors (all other symbols, 
which are functionally identical). 


Magnetic Cores 
‘A magnetic core may be made from solid iron, 
plates of ron or steel separated by thininsulating 
material, powdered iron mixed with a binder, or 
a ferrite compound derived from nickel, zinc, 
manganese, or a combination. An iron core has 
at least 1,000 times the permeability of air, while 
some ferrites are 10,000 times as permeable. 


‘One major disadvantage of a magnetic core is 
hysteresis, which in this context refers to the ten- 
dency of the core to retain some magnetic 
“memory” as a cycle of alternating current 
changes fram positive to negative. This residual 
magnetism must be overcome by the next posi- 
tive pulse of AC. The tendency of the core to re- 
tain magnetic polarity is known as its retentivity. 
Iron cores are especially retentive 


Another disadvantage of some magnetic coresis 
that they may host eddy currents induced by the 
magnetic field of the coil. These electrical cur- 
rentstendto circulate through thecore, teducing 
efficiency by generating waste heat, especially if 
coil currents are high. Forming a core from iron 
or steel plates, separated by thin layers of insu- 
lation, will inhibit these currents, Powdered iron 


124 


Encyclopedia of Electronic Components Volume L 


117 Breech Delivery in the Emergency Department on 


Fig.117.3. Rotation toward maternal symphysis pubis to avoid nuchal 
am 
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Fig.117.4 The McRoberts maneuver in vertex (head-first) presentation 
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Maintain the baby in the same plane as the vagina (sup- 

port the body with the forearm) and place the second and 

fourth fingers over the maxilla of the baby. Place the 

‘middle finger in the mouth or on the chin and the other 

hhand on the upper back/occiput (Fig. 117.5). 

+ Avoid extreme elevation of the fetus to prevent hyper- 
extension and cervical spine injury. Piper forceps 
‘may also be used to promote flexion. 

Deliver the head in the flexed position. 

+ Ifthe baby descends with the neck and abdomen fac~ 
ing anteriorly: Grasp the shoulders posteriorly with 
two fingers of one hand while the other hand flexes 


the abdomen and the baby’s feet are brought upward 
(Fig. 117.6). 

+ Ifthe baby’s neck remains extended: Leave the baby 
hanging (weight=traction). When the hairline 
appears under the symphysis, grab the baby by the 
feet and elevate upward (Fig. 117.7). 

22. Clamp and cut the umbilical cord (collect arterial and 
venous samples for pH), 

Suction the baby's mouth and nose, and resuscitate as 

indicated 

Deliver the maternal placenta. 

Repair tears or episiotomy made during delivery 


23, 


24, 
25. 


Fig.117.6 Correct hand placement if abdomen facing anterior 
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Fig.117.7 The Burns-Marsall mancuver (a) Allow baby to hang until you can see the hair at dhe nape of his neck; (b) swing the baby’s head 
‘lear ofthe birth canal (c) left hand guards and slips the perineum over fetal mouth; suction baby's ar passage to clear mucus: (d) hold baby's feet 
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117.5 Complications 


+ Umbilical cord prolapse 
+ Brachial plexus injury (from the nuchal arm) 

+ Fetal head entrapment 

+ Cervical spine injury (from hyperextension of the neck) 
+ Birth asphyxia 


117.6 Pearls and Pitfalls 


+ Pearls 
= Allow the uterine contractions to help deliver the baby. 
+ Pitfalls 
= Do not rush the delivery or use too much force. This 
can increase the risk of trauma to the baby and mother, 
= Beware of nuchal arm, To avoid brachial plexus injury: 
Rotate the face of baby toward the maternal symphysis, 
pubis. This will reduce the tension keeping the arm 
‘around the back of the fetal head (Fig. 117.3). 
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Management of Primary Postpartum 


Hemorrhage 


118 


Megan Kwasniak, Anton A. Wray, and Joseph A. Tyndall 


Postpartum hemorrhage (PPH) is defined as >500 ml blood 
loss within 24 h of vaginal delivery or 1000 mil loss within 
24 h of cesarean section. It is the leading cause of maternal 
mortality worldwide. 


118.1 Indications 


+ Excessive vaginal bleeding with or without pain and/or 
hemodynamic instability within 24 h of delivery 


118.2 Contraindications 


+ There are no absolute contraindications to the manage- 
ment of PPH. 


118.3 Materials and Medications 


+ Sterile technique 
+ Good lighting 
+ Sponge forceps 
+ Gawe 

+ Towels 
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+ IV fluids 
‘+ Type and sereen/erossmatch of blood 
+ Absorbable suture with curved needle 
+ Needle holder 
+ Tooth forceps 


118.4 Procedure 


‘+ Standard resuscitation measures: Place IV, O:, monitor, 

‘+ Assessment and treatment should occur simultaneously. 

+ All techniques should be performed under strict sterile 
conditions 


118.4.1 Uterine Exam 


1, Assess by placing the hand on the uterine fundus and 
checking its size and firmness. 

High, sofi, or boggy uterus implicates retained placenta 
or uterine atony. Start external fundal massage. 

3. Non-palpable uterus implicates uterine inversion, 


118.42 Vaginal Exam 


1, Keeping one hand on the abdomen, gently examine the 
vaginal canal using the other sterilely gloved hand. 

2. Gently scoop out any clots/retained placenta that are eas- 
ily removable. 

3. Look for traumatic sources of bleeding from the perineum, 
vaginal walls, and cervical lacerations. 

4, Gauze-wrapped ring forceps can be used to assist direct 
visualization and clearing of clots. 
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118.4.3 If Uterine Atony Suspected 


4 


Continue external fundal massage with the abdominal 
hhand. Make a fist with the vaginal hand and start biman- 
ual massage. Raise the uterus from the pelvis and pivot it 
anteriorly, compressing it between the external hand and 
the internal fist. This maneuver will result in expression 
of any clots present and decrease uterine bleeding via 
direct compression (Fig. 118.1), 

‘Administer oxytocin (20-40 units in 1 L of normal saline 
or lactated Ringer's solution intravenously [IVJ; alterna- 
tively give 10 units intramyometrially with a spinal 
needle). 

Methylergonovine may also be used at this time if oxyto- 
cin fails to reduce uterine bleeding (100 or 125 meg IV or 
intramyometrially; alternatively 200 or 250 meg may be 
given intramuscularly) 

Continue massage until bleeding slows and the uterus 
becomes more firm. This can take 1530 mins, 


Fig.118.1, Intrauterine massage for werine stony 


118.4.4 If Retained Placenta Suspected 


1, Manual removal of the placenta or any of its retained tis- 
sue should be facilitated with sedation or additional 
analgesia. 

Keeping the thumb and fingers together in a teardrop 

shape and using sterile technique as described previously, 

insert the hand through the vaginal canal and the cervix 
into the lower uterine segment. 

3. Keep the other hand on the lower abdomen to continue 
gentle yet firm upward pressure and massage 

4. Find the placental edge within the uterus, grasp it gently, 
detach it from the uterine wall, and withdraw the hand 
from the patient. 

5. Repeat the maneuver as necessary; remove any additional 
clots from the uterus and continue bimanual massage 
until it becomes firm and bleeding decreases, 

6. If the entire placenta has been removed this way, an assis- 
tant should be available to inspect it for completeness and 
any torn vessels. 

7. If the bleeding is particularly severe and placenta accreta 
is strongly suspected, pack the uterus with gauze and pre~ 
pare the patient for urgent surgical intervention. 


118.45. If Uterine Inversion Suspected 


1. Using sterile technique, insert a fist through the vaginal 
ccanal and push the inverted fundus back through the cer- 
vvical canal with pressure directed toward the umbilicus. 
Ifthe uterus has contracted, tocolyties such as IV magne 
sium sulfate or terbutaline can be used to aid myometrial 
relaxation, Alternatively, provided the patient is not 
overly hypotensive, nitroglycerin 50-100 meg IV may be 
administered to relax the myometrium and facilitate 
return to normal uterine position, 
3. If manual replacement is ineffective, hydrostatic reduc- 
tion may be attempted. Warm fluids are run into the upper 
vagina under high pressure while occluding the introitus. 
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118.46. Trauma: Genital and Perineal 
Lacerations 


1, For significant cervical lacerations: use absorbable 
sutures with a continuous interlocking stitch technique to 
close (Fig. 118.2) 
For vaginal wound repair: place the initial and final stitch 
above the apices of the lacerations and grab a good 
‘amount of tissue with the needle. Small bites can lead to 
‘ongoing bleeding and hematoma formation, 
3. Observe the repaired lacerations for any additional bleed- 
ing after the torn edges have been sutured. 
+ Apply additional pressure to any site that continues to 
ooze blood; gauze-wrapped ring forceps may be used 
for this purpose if necessary. 


If none of the above causes are apparent, consider under- 
lying coagulopathies and treat appropriately. This may 
require administration of fresh-frozen plasma, platelets, or 
clotting factors as indicated. 


Fig.118.2 Continuous interlocking stitch: perineal lacerations repair 


118.5 Complications 


‘+ Uterine perforation and scarring 
‘+ Urinary and genital tract trauma and injury 

+ Genitourinary and genitointestinal fistula 

+ Pelvic hematoma 

+ Genital vascular injury 

‘+ Infection and sepsis, 

+ Disseminated intravascular coagulation (DIC) 
+ Maternal death 


118.6 Pearls and Pitfalls 


+ Pearls 
— Causes of PPH can be divided into the “5 Ts”: 

+ Tone: uterine atony, occurring within the first 4h 
after delivery. 

+ Tissue: retention of the placenta, especially pla- 
centa accreta and its fragments, more common at 
extreme preterm deliveries. 

+ Trauma: injury to the uterus, cervix, and perineal 
structures after delivery of a large fetus, use of for- 
ceps and/or vacuum, frequent vaginal manipulation 
during delivery, and episiotomy procedures. 

+ Thrombosis: intrinsic or acquired coagulation dis- 
orders, including idiopathic thrombocytic purpura 
(ITP); hemolysis, elevated liver enzymes, and low 
platelets (HELLP) syndrome; and disseminated 
intravascular coagulation (DIC), as well as preex- 
isting conditions such as von Willebrand disease. 

+ Traction: inversion of the uterus during placental 
delivery secondary to excessive traction on the 
umbilical cord, The uterine fundus can be within 
the endometrial cavity, in the cervical canal, or out- 
side the external os and within the vaginal canal. 

= The administration of broad-spectrum antibiotics 
should be strongly considered following any manual 
removal, exploration, or instrumentation of the uterus 
and the genital tract 

— Bedside ultrasonography can be very helpful for iden- 
tifying uterine abnormalities, retained placental tissue, 
free fluid in the pelvis, and/or intrauterine hematoma. 

— Risk factors for PPH include prolonged active phase of 
labor, previous PPH, multiple pregnancy, and history 
of a bleeding disorder. 

+ Pitfalls 

Failure to recognize and treat PPH early increases 
morbidity and mortality 

— Underestimating the potential blood loss of PPH. The 
‘gravid uterus at term has a blood flow of 600 ml/min 
(non-gravid: 60 ml/h), 


a4 


IM. Kwasniak etal 


Selected Reading 


Anderson J, Duncan E. Prevention and management of postpartum 
‘hemorthage. Am Fam Physician. 2007;75:875-82. 

Druclinger L. Postpartum emergencies. Emerg Med Clin North Am, 
1994;12:210-37, 

Leduc D, Senikas V, Lalonde AB, etal. Active management ofthe thi 
‘stage of labour: prevention and treatment of postpartum hemar- 
sage. J Obstet Gynaecol Can. 2009:31:980-D3 

Miller S, Lester F, Hensleigh P, Prevention and treatment of postpartum 
‘hemorhage: new advances for low-resource sctings. J Midwifery 
Womens Health. 200449:283-92. 


Sheiner E, Sard L, Levy A, Seidman DS, Hallak M. Obstet risk fac- 
{tors and outcome of pregnancies complicated with early postpartum 
‘hemorshage: a population-based study. J Mate Fetal Neonatal 
‘Med. 2008:18:149-54, 

‘Tessier V, Pierre F. Risk factors of postpartum hemorrhage during labor 
‘and clinical and pharmacological prevention. J Gynecol Obstet Biol 
Reprod (Paris). 200433(8 suppl): $829-56, 

World Health Organization. World health repost 2005: make every 
‘mother and child count, Available at itp: ww who nth! 2005) 
‘he2005 np. 


Perimortem Cesarean Section 


Jordana J. Haber, Elaine B. 
and Muhammad Waseem 


119.1 Indications 


‘+ Maternal arrest with a viable fetus (gestation >24 weeks) 


119.2 Contraindications 


+ Stable mother 
+ Fetus less than 24 weeks” gestation 

+ Extreme fetal prematurity 

+ Maternal hypoxia longer than 15 min 


119.3 Materials and Medications 


+ Cesarean section instrument tray if available 

= #10 or #11 scalpel blade, scissors, bladder retractor, 2 

lange retractors, gauze sponges, hemostats, suction, 
forceps, and straight and curved clamps 
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‘+ Skin antiseptic preparing solution, such as Betadine 
(povidone-iodine) 

‘+ Silk suture with needle driver or skin stapler 

+ Sterile drapes 

+ Sterile gloves 

‘+ Obstetrical pack (See Chap. 115) 
Bulb syringe and umbilical cord clamp 

+ Clean blanket or towels for delivery 

+ Neonatal resuscitation equipment 


‘Owing to the rarity of this procedure in the emergency 
department, itis unlikely to have a prepared cesarean section 
tray available, In this case, a thorocotomy or thorocostomy 
tray combined with an obstetrical pack would contain all the 
supplies needed. At a minimum, a scalpel and an obstetrical 
pack are necessary. 


685 


686 


JU. Haber eta 


119 


10, 


u 


3. 


4, 


15, 


16. 


Procedure 


Prepare skin with antiseptic solution and a sterile drape, 
Insert a Foley catheter to empty the bladder. 

‘Continue cardiopulmonary resuscitation until delivery 
‘Obtain emergent obstetrician and neonatologist consult 
if available, but do not delay procedure. 

Using a #10 or #11 blade, make a vertical midline inci- 
sion beginning 4-5 om below the xiphoid process and 
extend the incision tothe pubic symphysis (Fig, 119.1). 
Incise through the subcutaneous fat no further than the 
rectus sheath, 

Lift the rectus sheath with a toothed forceps and make 
anincision with scissors to expose the uterus Fig. 119.2) 
With forceps and scissors, lft and incise the peritoneal 
membrane in the midline 

Identify and lift the bowel and cover it with saline- 
soaked gauze. 

Retract the rectus sheath and bladder with a bladder 
retractor or, if not available, use saline-soaked gauze or 
a towel 

Create a 2- to 4-cm midline vertical opening in the 
uterus. 

Place a finger in the opening directed caudally to protect 
the fetus while making a superior incision through the 
‘uterine wall. Once complete, repeat tis step inthe infe- 
rior direction. 

Use a clamp to rupture the amniotic membranes. 
Immediately deliver the fetus and clamp the umbilical 
cord. 

Expulse the head by placing a hand between the pubic 
symphysis landmark and the fetal occiput. Then, gently 
flex the fetus while simultaneously moving the head 
superiorly and anteriorly until delivery (Fig. 119.3). 
Suction the mouth and nose with a bulb syringe 
immediately. 

Deliver the shoulders, followed by the torso and extrem- 
ities. Secure the umbilical cord with a hemostat or 
umbilical cord clamp 10 cm distal to the fetus and a see- 
‘ond clamp 2m distal to this clamp. With scissors, incise 
the umbilical cord between the two clamps. 


17. Immediately begin resuscitation of the infant (Fig. 119.4), 
18. If the patient is still alive or regains vital signs, prepare 
to deliver the placenta. Begin with an oxytocin infusion 


at 20 U in 1 Lat 10 mL/h, Apply cautious traction to the 
‘umbilical cord until the placenta separates from the 
uterus (Fig. 119.5). 

Following delivery, the uterus should be closed using 
two layers with either 2-0 or 1-0 suture, In the case of 
maternal death, skin staples or a running stitch is an 
acceptable method of skin closure 


19, 


Fig. 199.1. Vertical incision 
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inhibits eddy currents because the particleshave 
limited contact. Ferrites are nonconductive, and 
are therefore immune to eddy currents. They are 
widely used. 


Hysteresis and eddy currents both incur energy 
losses with each AC cycle. Therefore, the losses 
increase linearly as the AC frequency increases. 
Consequently, inductor cores that suffer either of 
these problems are not well-suited to high fre- 
quencies. 


Nonmagnetic Cores 
The problems associated with magnetic cores 
may be avoided by winding the coil around a 
nonmagnetic core that may be hollow, ceramic, 
or plastic. A hollow core is referred to as an air 
core. The permeability of ceramic and plastic 
cores is close to that of air. 


‘An inductor with a nonmagnetic core will be im- 
mune to eddy currents and retentivity, but will 
have to be significantly larger than a magnetic- 
cored coil with comparable inductance. In the 
case of a very primitive radio receiver, such as a 
crystal set, the air-cored coil that selects a radio 
frequency may be several inches in diameter. A 
basic circuit diagram for a crystal set (so-called 
because it uses a diode containing a germanium 
crystal) is shown in Figure 14-11. The antenna, at 
top, receives signals broadcast from radio sta- 
tions. The coil can be tapped (as indicated by the 
black dots) as a simple way to select different in- 
ductance values, blocking all but a narrow range 
of frequencies. The T-shaped white component 
atrightisa high-impedance earphone. Thediode 
blocks the lower half ofthe alternating current in 
a radio signal, and since the signal is amplitude- 
‘modulated, the earphone responds to variations 
in intensity in the signal and reproduces the 
sound encoded in it. 


Variants 


Figure 14-11. An early and basic application for an induc: 
tor isto select radio-station frequencies, as inthis sche: 
‘matic for acrystal set. See text fr details 


Variable Inductors 

A variable inductor, also known as an adjustable 
inductor, is relatively uncommon but can be fab- 
ricated by using a magnetic core that penetrates 
the center of the inductor on an adjustable screw 
thread. The inductance of the assembly will in- 
crease as a larger proportion of the magnetic 
core penetrates into the open center of the coil. 
A photograph of a variable inductor is at 
Figure 14-12, 


Figure 14-12. A variable inductor. Its inductance is adjus 
ted via a screw thread that varies the insertion af the care 
in the coll. In tis component the core is turned by insert 
ing a hex wrench, as shown. It is rated fram 0.09.M to 
O12yH. 
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Fig. 119.2 Exposing ectus sheath 


Parietal 
peritoneum 


Cut edge of 
rectus fascia 


Fig. 119.3 Delivery ofthe fetus Fig. 119.4 Suctioning newborn as part of resuscitation 
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Fig. 119.5 Delivery ofthe placenta 


119.5 Complications 


‘+ Maternal sepsis 
‘+ Maternal visceral injury 

+ Maternal hemorthage 

+ Maternal death 

‘+ Fetal injuries and laceration 
+ Fetal sepsis 


119.6 Pearls and Pitfalls 


+ Pearls 
~ Perimortem cesarean section, although rarely per- 
formed, should be considered in any maternal arrest, 
when the fetus is greater than 24 weeks’ gestation 
= In addition to saving the life of the fetus, this proce- 
dure may aid in resuscitation of the mother. Emptying 
of the uterus may improve thoracic compliance and, 
therefore, improve maternal ventilation 
+ Pitfalls 
= The decision to perform an emergency cesarean sec- 
tion must be made early. There is a higher chance of 
survival if performed no more than 5 min after the 
onset of maternal cardiac arrest. 
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Peripheral Venous Catheterization 
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David N. Smith and Judith K. Lucas 


120.1 Indications (See Also Chap. 2) 


+ Fluid resuscitation 
‘+ Medication administration 
+ Blood draws 


120.2 Contraindications 


+ Relative 
= Avoid catheterizing areas of trauma in which extrava- 
sation of fluid is possible (e.g., burns, open wounds, or 
severe edema in tissue). 
= Avoid catheterizing in an area of local infection for 
risk of inoculating the circulation with bacteria (e.g., 
cellulitis). 
+ Absolute 
= None 
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120.3 Materials and Medications 


+ Gloves 

‘+ Skin disinfectant (isopropyl alcohol, chlorhexidine, or 
Betadine [povidone-iodine]) 

+ Appropriste-sized catheter (18- to 24-gauge [IV]) 
(Fig. 120.1) 
— Large child: 18 to 20 gauge 
= Infant or small child: 22 to 24 gauge 

+ Tourniquet 

+ Sterile 2x2 gauze 

‘+ Appropriate-sized Tegaderm transparent dressing 

+ Adhesive tape 

‘+ IV bag with solution set (tubing flushed and ready) or 
saline lock 

‘+ Sharps container 
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angiocathotor 


Fig. 120.1. 24-Gauge angiocatheter (yellow), 18-gange angioeatheter 
(rad, 20-gauge angiocatheter (blue) 


120.4 Procedure 


13, 


14, 
15 
16. 


17. 


Comfortably position the patient with the site exposed. 
Assemble the equipment and don a pair of (nonlatex) 
‘examination gloves. 

Apply the tourniquet to the extremity above the site to be 
catheterized (Fig. 120.2), 

Visualize and palpate the vein. 

Cleanse the site with a disinfectant swab using an 
expanding circular motion, 

Prepare and inspect the catheter and flush the tubing; be 
certain that the stylet and catheter separate easily, then 
fit again into the notch, aligning the bevel with the hub, 
Stabilize the vein and apply countertension to the skin, 
being careful not to touch the cleansed area, 

Insert the stylet through the skin and then reduce the 
angle while advancing through the vein (Fig. 120.3). 
Observe for “flashback” as blood slowly fills the ash- 
back chamber. 

‘Advance the needle approximately 1-2 mm further into 
the vein, depending on the gauge and age of the patient, 
to ensure that the catheter is within the vein, 

Slowly advance the catheter into the vein while keeping 
tension on the vein and skin (Fig. 120.4). 

While advancing the catheter, be certain to hold the sty 
let portion with the thumb and forefinger, s0 as to avoid 
advancing the needle portion into and through the oppo- 
site side of the vessel, thus “blowing” the vein, 

When the catheter is advanced about halfway, slowly 
withdraw and remove the stylet while simultaneously 
continuing to advance the catheter to its hub, 

‘Attach a 3-mL non-Luer-Lok syringe to the hub, 
Remove the tourniquet, 

Gently attempt to aspirate blood. The blood should be 
free flowing, 

Secure the catheter by either placing a transparent ocelu- 
sive dressing (e.g., Tegaderm) over the lower half of the 
catheter hub or taping over the catheter hub in a cruciate 
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fashion, taking care not to cover the IV tubing connec- 
tion (Fig, 120.5) 

Remove the cover from the end of the IV tubing and 
insert the IV tubing into the hub of the catheter (the tub- 
ing must have been flushed with IV solution before con- 
necting with the eatheter hub: the unit from the solution 
‘bag/boitle through the catheter must be air free), 

Open up the IV roller clamp and observe for drips form- 
ing in the drip chamber. 


18, 


19, 


Cephalic veln Bastic vein 
‘Accessory cephalic 


‘Median cubital 
vein 


Median antebrachial 


Fig. 120.2 Anatomy of the volar surface antecubital fossa and 
forearm 


Place a piece of tape over the catheter hub then make a 
small (kink-free) loop in the IV tubing and place a sec- 
‘ond piece of tape over the fist piece to secure the loop 
ig. 1206), 

Place a third piece of tape over the IV tubing above the 
site 

Ensure that the IV is properly secured and infusing 
properly 


|. Ensure tht all “sharps” are placed in the sharps container 
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Fig. 120.3 (a-d) After applying the tourniquet. palpate a vein, as straight as possible, and ideally without many “knots” (ie. valves) 
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Fig. 1204 With the tourniquet “up.” and the vein distended, apply 
‘waction to the skin, pierce the skin, and pass the catheter tip (into the 
‘ein) until blood return is noted inthe catheter hub 
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Fig. 120.5 (a-d) Securing the intravenous tine uilzing the erucat taping style 
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120.5 Pearls and Pitfalls 


+ Pearls 
— Start catheter attempts distal in the extremities and 
‘move proximally with each subsequent attempt. 
~ The use of ultrasound or a light source in infants ean 
aid in location of the vessel and placement of the line. 
~ In an emergent situation, in which fluids or medica- 
tions are needed quickly, intraosseous access (see 
Chap. 122) can be obtained if venous catheterization 
fails. 
+ Pitfalls 
= The use of lidocaine subcutaneously can improve 
patient comfort, but it does disrupt anatomical 
landmarks. 


Selected Reading 
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Department of Emergency Medicine, University of Ottawa, Peripheral 
intravenous access. 2003. hnip:/ww.med uotiawa cafprocedures! 
ivi Accessed 23 June 2014 

Kost S. Ultrasound-guided vascular (venous) access. UpToDate htp:// 
‘wwersuptodate.com/contents/principles-ol-ultrasound-guided- 
venous-access, Accessed 23 June 2014 

[Nursing Resource Administration. Medical procedure: insertion of 
Peripheral IV line. _hutp:inursing-resource.comiv-insertio 
‘Accessed 23 June 2014. 


Fig. 120.6 Commercially available hub stabilizer, minimizing the 
need for excessive tape 


Ferrite Beads 

A ferrite bead inverts the design of a typical in- 
ductor by running a wire through a hole in the 
center of the bead, instead of coiling the wire 
around the core, Two ferrite beads are shown in 
Figure 14-13. Attop, the bead is divided into two 
sections, each mounted in one-half of a plastic 
clam shell, which can be closed around a wire, At 
bottom, the bead must be threaded onto a wire. 
The purpose is either to limit radio-frequency ra- 
diation from a wire by absorbing it into the bead 
(where itis transformed into heat), or to protect 
a wire from external sources of radio-frequency 
radiation. Computer cabling to external devices; 
lamp dimmers; and some types of motors can be 
sources of radio frequency. 


Figure 14.13. Two examples of ferrite beads. They can 
Abit radio-frequency radiation fram a wire, or pratect the 
wire fram interference 


Toroidal Cores 

The magnetic circuit created by a rod-shaped 
core must be completed by the lines of force 
traveling back around from oneend ofthe rod to 
the other, through the surrounding air. Since air 
has low permeability, this is a major source of in- 


efficiency. By comparison, a torus (a geometrical 
shape resembling a donut) completes the entire 
magnetic circuit inside its core. This significantly 
increases its efficiency. Also, because its field is 
better contained, a toroidal inductor needs little 
or no shielding to protect other components 
from stray magnetic effects. 


‘Two through-hole toroidal inductors are shown 
in Figure 14-2. Bottom left: Rated at 3451H. Bot- 
tom right: Rated at 15H, The one at bottom-left 
has pins beneath it for insertion into a printed 
circuit board. 


Surface-mount inductors often are toroidal to 
maximize the efficiency of a component that has 
to function on a very small scale. Examples are 
shown in Figure 14-14, Figure 14-15, and 
Figure 14-16. 


@@ 


Figure 14-14. Jn a typical toroidal inductor, the coil 
wrapped around a magnetic care shaped as 2 torus. This 
‘e-maunt component (viewed fram the battor, at 
) is at the low end of the 

sd at 7500H. 


Figure 14.15. A mediu 
ductor (ve 
atright). 


sized surface-mount toroidal 
at lft, and fram the top, 
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Umbilical Venous Catheters (Insertion 


and Removal) 
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121.1 Indications 


+ Temporary vascular access for infants up to roughly 10 
days ofife (between 7 and 14 days) with shock or candio- 
pulmonary failure 

+ Emergency vascular access in this age group, when 
peripheral intravenous (IV) access cannot be rapidly 
obtained 

+ Proferred vascular access in infants less than 1000 g 


121.2 Contraindications 


+ Omphalitis 
+ Omphalocele 

+ Necrotizing enterocolitis 
+ Peritonitis, 
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121.3 Materials and Medications 


+ Anesthetic: not necessary; procedure is painless 

‘+ Soft ties to restrain infant's extremities 

+ Sterile gloves/gowns, 

+ Antiseptic solution 

+ Sterile towels/drapes 

+ 3.5- (infants <1500 g) or 5-French (>1500 g) umbilical 
venous catheter 

+ 5:French feeding tube 

+ Three-way stopcock 

‘+ 10-mL syringe with heparinized saline flush (1 U/mL) 

‘+ Umbilical tape or 3-0 silk on a cutting needle 

+ Non-toothed forceps 

‘+ Small hemostats (2) 

+ #11 scalpel and blade 

+ Scissors 

+ Graph depicting length of catheter insertion, iff placing 
‘umbilical venous catheter (UVC) above the diaphragm in 
either very small infants or infants for whom measure- 
ment of central venous pressure (CVP) is indicated 
(Fig. 121.1) 
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Procedure (Insertion) 


Place the infant under a radiant warmer. 

Using soft ties, restrain the infant's extremities. 

Scrub the umbilicus and surrounding abdomen with 

antiseptic solution, 

Drape the umbilicus and area in sterile manner (leave 

the infant's head exposed). 

Tie a loose loop with the umbilical tape around the base 

of the cord OR run the 3-0 silk through the skin of the 

cord in a purse-string fashion, 

+ This will be used later to anchor the line after place~ 
‘ment and to provide hemostasis should the line acc 
dentally be pulled out and bleeding ensue. 

Using the scalpel blade, cut the umbilical cord horizon- 

tally approximately 2 em above the junction between the 

ccord and the skin, 

Identify the umbilical vessels 

+ The vein is thinner walled, larger in diameter, and 
somewhat floppy appearing, relative to the umbilical 
arteries, and typically located at the 12 o'clock 
position. 

+ The arteries are smaller, thick walled, and paired 
(a single umbilical artery often signifies the presence 
of a congenital malformation/syndrome) and located 
at the 4 and 8 o'clock positions (Fig. 121.2) 


‘Umbilical veins 
+12 oiclock 


= Thin-walled 
+ Large lumen 


Fig. 121.2 Anatomy of the 


10, 


im 


12, 
13, 


14, 


Place the stopeack on the receiving end of the umbilical 

catheter or the 5-French feeding tube and flush with 

heparinized saline solution, and then close the 

stopcock. 

+ It is imperative that there is no air inthe catheter 

Introduce a closed smooth-surfaced forceps into the 

Jumen of the umbilical vein and allow the forceps to 

separate, allowing the vein to diate (Fig. 121.3). 

Insert the catheter (or feeding tube) into the lumen and 

gently advance, directing the catheter toward the right 

shoulder (Fig. 121.4, 

‘Advance the catheter only until good blood flow is noted 

and then another 1 to 2 cm (this should be «total of only 

4-5.em in a term infan) 

+ Do not force the advancement. 

+ At this level the tip ofthe catheter should still be infe- 
rior to the liver (Fig. 121.5) 

Tighten the umbilical tie or the purse-string suture. 

Secure the catheter with a tape bridge (Figs. 121.6, 

121.7, and 121.8). 

Although if placed only up to point of blood return, the 

catheter tip should be below the liver; it is best to get an 

aubdominal x-ray to confirm; many solutions are caustic 

to the liver and can result in complications. 


Umbilical stump 


‘Umbilical arteries 


umbilical cord when cut + Usually paired 
transversely approximately 2 em ‘+ Thick-wailed 
from abdominal wall + Smalliumen 
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Fig.121.3 Sterilely draped umbilicus, with umbilical tape loosely tied Fig. 121.5 Once there is easy blood return, pass the catheter an addi- 
at hase of umbilical cord, This ie willbe cinched and secured once the somal 1-2 em, The catheter should sill be inferior to the liver at this 
catheter ix placed, but meanwhile, can assist with homeostasis shoud point 

the catheter he inadvertently dislodged during placement. Gently dilate 

the umbilical yein with a smooth toothed forseps. Insert the distal most 

couple of mm of a closed forceps into umbilical vein and relax, so the 

forceps tps smoothly separite 


i 


Fig. 121.4 Gently pass the umbilical venous catheter (or SF feeding Fig. 121.6 Creating an umbilical catheter tape bridge: the uprights 
tue) until there is easy blood return 
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Fig. 121.7 Umbilical tape catheter bridge: the “crossbar secures the 
catheter without applying tape to the umbilical stamp 


Fig. 121.8 Fold the catheter over to create a “U." Be careful not to 
kink he catheter and secure with a second taped crossbar to lend adli- 
ional security to the eatheter and prevent displacement 


121.5. Procedure (Removal) 


1, The UVC should be removed as soon as adequate periph- 
eral venous access is obtained (unless in an infant esti- 
mated to weigh <1000 g). 

Tum infusions off. 

Be certain the stopcock is closed to the infant, 

Itis imperative that there be no air in the catheter before 
withdrawal (if air is present and infant takes inspiration, 
the negative pressure generated can pull significant 
amount of air into the central vasculature). 

5. Remove the securing tape from the infant. 

6, Withdraw the catheter gradually as a single maneuver, 


121.6 Complications 


+ Infection 

+ Bleeding due to disconnection of tubing (always use 
Luer-Lok connections) or perforation of vessels 

‘+ Amtrial injury by accidental perforation 

‘+ Hepatic injury and necrosis if the catheter sits within a 
portal vein 

+ Thrombosis 

+ Airembolus 

‘+ Dysthythmia or pericardial tamponade or perforation if 
catheter is advanced too far 
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121.7 Pearls and Pitfalls 


+ Pearls 
‘The umbilical vein is 2-3 cm long before it widens 
into the umbilical recess, just before intersecting with 
the left portal vein and the ductus venosus, 
Be certain to include the length of the umbilical stump 
in any calculations for placement, 
If using the calculating graph, measure from the right 
shoulder to the umbilicus (Fig. 121.9). 
Ifchoosing the above-iaphragm site for placement, cork- 
screwing the catheter clockwise while passing the cathe- 
ter will encourage it to pass through the ductus venosus, 
‘A kidney, ureter, and bladder study is mandatory in 
high UVC placement. 
+ Pitfalls 


1" 


10 


UVC insertion distance (ems) 


8 10 7 “ 16 18 
‘Shoulder to umblicus (ems) 
Fig. 121.9. Graph for estimation of insertion distance ofthe catheter: 


he Certain to ad the length (em) ofthe umbilical stump tothe insertion 
distance 


~ When preparing with Betadine (povidone-iodine), be 
certain to wipe away and remove any pooled Betadine 
along the infant's side because this will cool the infant 
initially: as the Betadine is warmed, it becomes highly 
invitating to newborn skin, 


Selected Reading 


‘Sudbury, Jones, Bartlet. Emergency vascular access, In: APLS: the 
pediatric emergency medicine resource. Sth ed. p- 741 

Magnan JP. Umbilical Vein Catheterization,  hupr/lemedicin, 
medscape,commarticle/S0469-overview 

Schlesinger AE, Braverman RM, DiPietre MA. Neonates and umbilical 
‘enous catheters: normal appearance, anomalous postions, compli- 
cations, and potemial aid to diagnosis. Presented atthe 2001 annual 
‘meeting ofthe American Roentgen Ray Society, Seatle, Apr 2001 
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122.1 Indications 


+ During cardiac arrest: Failure to attain vascular access 
after three peripheral intravenous attempts or 90 s, which- 
ever comes first 

+ Inability to gain vascular access in pediatric patients pre~ 
senting in shock due to hemorrhage (trauma), sepsis, pro- 
found dehydration, or cardiac failure 


122.2 Contraindications 


+ Absolute 
~ Fracture of the long bone considered for intraosseous 
(10) access, 
+ Relative 
= Previous IO access attempt inthe same long bone 
~ Cellulitis over the insertion site 
= Inferior vena cava injury (circulatory access proximal 
to the injury site is preferred). 
~ Osteagenesis imperiecta 
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122.3 Materials and Medications 


‘+ Preparation materials, such as an antiseptic solution and 
sterile drapes, IF the patient's stability offers the time. 

‘+ Lidocaine without epinephrine: Ift becomes necessary to 
place an [0 in a conscious patient, use lidocaine to anes- 
thetize the skin to the bony cortex; then once accessed, 
infiltrate 2-3 mL into the marrow to alleviate some of the 
pain of medications infusing through the marrow. 

+ 10 needle (a few examples shown) (Figs. 122.1, 122.2, 
and 122.3). 


Fig. 
(Jamashid, Cardinal Health Dublin, OH) 


122.1 Jamshidi disposable sternalic aspiration needle 
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Fig. 122.2 Cook intraosscous needle (Cook Critical Care, 
Bloomington, IN) 


Fig. 122.3. 2-10 (Vids-Care, San Antonio, TX) 


122.4 Procedure 


‘+ Most common site: proximal tibia 
Patient should be supine, with the intended leg 
slightly externally rotated and flexed at the hip. Flex 

the knee about 90°, 

2. Place a towel underneath the knee and the proximal 
lower leg, 

3. Palpate the tibial tuberosity. Then move fingers 2 em 
distal to the tuberosity (1-2 fingerbreadths) and 2 em. 
medial. This area is consistently flat and is distal to 
the growth plate (Figs. 122.4 and 122.5), 

4, [the patient is stable, create a sterile field focused on 
the insertion sit. 

5. Insertion site should be cleaned with an antiseptic 
solution. 

6, Pass the needle through the skin and subcutaneous 
tissue to the cortex, 

7. Once bone is reached, stabilize the IO with the thumb 
‘and first fingers adjacent to where the needle pene- 
trates the skin. 

8. Apply steady and firm pressure downward and with a 
twisting motion (back and forth) with the palm on the 
end of the device, Although inserting the needle per- 
pendicularly to the bone is totally acceptable, ideally 
‘angling the needle caudally slightly (~15°) will avoid. 
the growth plate (Fig. 122.6), 

9. As the cortex is fully penetrated indicating entrance 
into the marrow space, one may feel an ease in resis- 
tance, Do not advance the needle further. The needle 
should be able to stand up without support. 

10. Remove the inner trocar (Fig. 122.7), 

11, Attempt to aspirate marrow/blood. Not being able to 
do so DOES NOT mean inadequate or inaccurate 
placement. Instead, if marrow cannot be aspirated, 
affix a 10-mL. syringe with normal saline and attempt 
to infiltrate, Resistance to flow should be minimal, 
‘and one should not appreciate either extravasation 
‘around the insertion site, coolness, or tissue expan- 
sion posterior to the site (indicating the fluid is pass- 
ing through the 10). 
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12. Once placement is confirmed, connect an intravenous 
line, using a three-way stop-cock. 
13, Secure the needle with tape and gauze (Fig. 122.8), 
+ Alternative sites 
= Distal tibia 


~ Proximal humerus (Fig. 122.9) 
+ The patient should be supine, with the shoulder, 
upper arm, and elbow as clase to the body as pos- 
sible, yet still on the bed. The elbow should be 
flexed at 90°, with the forearm and palm resting on 


+ The landmarks are the medial aspect of the tibia 
(the flat portion), 2 fingerbreadths proximal to the 
‘medial malleolus. 

+ Again, externally rotate and abduct the hips, with 
the knee flexed about 60° (as with the proximal 
tibia), 

+ Angle the needle toward the knee (cephalad) about 
10-15° to avoid the distal tibia growth plate. 

‘+ The remainder of the 10 insertion is identical to the 
procedure for proximal tibia placement. 


Distal femur 


+ Slightly flex and externally rotate the hip. 

‘+ Flex the knee enough that the quadriceps muscle 
‘group is relaxed. 

+ The landmarks for the distal femur are the anterior 
thigh, midline, about 3 fingerbreadths proximal to 
the medial and lateral condyles. 

+ The IO is inserted perpendicular to the bone 
(because there is no growth plate in the distal femur 
other than the condyles). 

‘+ The remainder of the procedure is identical to the 
procedure for placement in the proximal tibia. 


the patient's abdomen, 

‘+ The provider slides his or her thumb up the anterior 
shaft of the humerus toward the shoulder until the 
greater humerus tubercle is palpated, which identi- 
fies the surgical neck of the humerus. 

+ The insertion site is perpendicular to the humerus, 
approximately 1-2 fingerbreadths proximal to the 
tubercle, 

+ The remainder of the insertion is identical to that 
for the proximal tibia. 

‘Sternum (not usually recommended for small children). 

+ Requires a special 10 needle and system, 

‘+ Method of placement is specific to the insertion sys- 
tem chosen, 

‘+ Manubrium is the desired site (as opposed to the 
body of the sternum, which would interfere with 
cardiopulmonary resuscitation), 

‘+ Risks specific to sternal placement include pneu- 
mothorax, mediastinitis, and great vessel injury. 


Fig. 122.4. Step 1. Mently the tibial therosity 


Fig. 122.5 Step 2, One 102 fingerbreadths below the tuberosity and 
‘medially tothe fat aspect ofthe proximal tibia 
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Fig. 122.6 Step 3. Angle the device slightly caudal to avoid growih Fig. 122.8. Step 5. Stabilize the intwosseous cannula 
plate 


Fig. 122.7. Step 4. Uncap the tp of the device and remove the trocar 


power> moderation > inductor 


Cy 
oer 


Figure 14-16. A Jarger-sized surface-mount toroidal in 
‘ctor (viewed from the battom, at left. and fram the top, 
tight). Its rated at 3 SUH. 


A chart showing some types of inductor cores, 
their commonly available inductances, and their 
maximum frequencies is shown in Figure 14-17. 


Gyrator 

A gytator is a small network, sometimes encap- 
sulated in a silicon chip, using resistors, a semi- 
conductor, anda capacitor to simulatesomebut 
not all of the behavior of a coil-based inductor. 
‘The semiconductor may be a transistor or a ca- 
pacitor, depending on the specific circuit. A sam- 
ple schematic is shown in Figure 14-18. Because 
no magnetic effects are induced, the gyrator is 
‘completely free from the problems of saturation 
and hysteresis, which affect coils with cores, and 
also produces no back-EME It simply attenuates 
a signal initially, and then gradually lowers its re- 
actance, thus imitating this aspect of an inductor. 


A gyrator may be used where a coil may be un- 
acceptably large (as ina cellular phone) or where 
signal quality is of paramount importance—for 
example, in a graphic equalizer or other audio 
components that perform signal processing at 
input stages, such as preamplifiers. 


Variants 
100 
i Types of 
Inductor 
Core 


ec! 
a 


100 
mH 


Aporoximate usable range of inductance in Henrys (og scele) 
8 i is 
ED Ferrite Core TT 


2g 28 #4 ge a8 
RM Ferrite Coe 
EEE Toroidal ferrite 
EE Variable with stug 
5001: EE Air cored, on former 
GHz ME Air cored, self supporting 
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Figure 14-17. Some commeanly used inductor cores and 
their characteristics. Adapted from "Producing wound 
components” by RClarkasureyacuk, 
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122. Intraosseous Access 


Fig. 122.9 10 insertion into prosimal humerus site 
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122.5 Complications 


+ Extravasation of fluid. 
= Occurs as a result of a misplaced 10, either not com- 
pletely in the marrow space anteriorly or through the 
cortex posteriorly. 
= Tissue necrosis 
+ Compartment syndrome 
recognized. 
+) Fracture and growth plate injury. 
+ Infection and osteomyelitis are rare complications if ster- 
ile technique is used, 
+ Fat embolism, considered rare and only in adult patients 


if extravasation is not 


122.6 Pearls and Pitfalls 


+ Be certain to avoid placing a hand beneath the IO site dur- 
ing placement in order to prevent possible [O penetration 
into the provider's tissue. 

+ Do not rely on the sensation of a “pop” to determine 
appropriate penetration into the cortex, especially in 
infants, 


‘+ Likewise, one may not be able to aspirate bone marrow or 
blood, even with an appropriately placed 10. DO NOT 
pull out the 10 if marrow cannot be aspirated. Rather, 
‘gently but firmly infiltrate 10 mL. normal saline. 

‘+ Blood gases, body chemistries, and blood typing can be 
obtained from IO samples, but the sample CANNOT be 
used for hematocrit determination, 
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123.1 Indications 


+ Evaluation of cerebrospinal fluid (CSF) for infection or 
malignancy 

‘+ Measurement of opening pressure 

+ Treatment of psoudotumor cerebri 

+ Diagnosis of central nervous system (CNS) metastases 

+ Instilation of intrathecal chemotherapy 

+ Injection of radiopaque dye for spinal cord imaging 


123.2. Contraindications 


+ Increased intracranial pressure 

+ Bleeding diathesis (platelet count <50,000) 

+ Overlying skin infection near the area of puncture site 

+ Spinal cord trauma or spinal cord compression 

+ Signs of progressive cerebral herniation 

+ Condition of the patient (e.g., unstable airway, potentially 
dangerous breathing problem, severe circulatory instabil- 
ity) that could cause an abrupt decompensation 

+ Known spinal cord deformity 
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123.3 Materials and Medications 


Lumbar puncture (LP) tray (Fig. 123.1) 
~ Sterile drapes 
~ Betadine (povidone-iodine) swabs or tray to pour 
Betadine 
Sterile sponges for preparing the puncture site 
~ Sterile 3-mL syringe with needle for lidocaine injection 
~~ Sterile collecting tubes (4) 
Sterile spinal needle with stylet (size depending on age 
of patient) 
+ Premature infant: 22 gauge or smaller, 1.5 inch 
+ Neonate to 2 years: 22 gauge, 1.5 inch 
+ 2-12 years: 22 gauge, 2.5 inch 
+ Older than 12 years: 20 or 22 gauge, 3.5 inch 
= Pressure manometer column with a three-way stopcock 
Betadine solution 
Sterile gloves 
Mask 
Lidocaine (1-2 % without epinephrine) 
4% Lidocaine cream (LMX-4) or lidocaine and prilocaine 
mixture (EMLA [eutectic mixture of local anesthetics]) 
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Fig. 123.1. Lumbar puncture 
(LP way 
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123.4 Procedure 

1. Position the child (Figs. 123.2 and 123.3). 

(@) Can be positioned in either the sitting or the lateral 
recumbent position with the hips, knees, and neck 
flexed. 

(b) For small infants or any patient with any degree of 
cardiorespiratory compromise, keep close monitor- 
ing of heart rate, respirations, and oxygen saturation 
while in the flexed position. 

2. Palpate the top of the iliac crest and draw an imaginary 
line connecting the two across the back, which should 
cross the midline just above the fourth lumbar spine 
(Fig. 123.4), 

3. Palpate L3-4 or L4-S space along this line. 

4, Place EMLA or LMX-4 on the area at this time and 
allow some time for anesthesia to occur (can take up to 
30 min to be effective). 

5. Prepare the skin in sterile fashion with Betadine solution 
using enlarging circles that begin at the puncture site, 

6. Drape the patient with sterile towels, exposing the pune- 
ture site, 

(a) [fan infant, do so conservatively to be able to moni- 
tor the infant during the procedure. 

7. Locate the intervertebral space (L3-4 or L4-5) once 
(@) Make a small mark on the chosen intervertebral 

space with a fingernail depression or the plastic cap 
of the spinal needle. 

8. [Fdesired, or if anesthetic cream was not previously used 
or more is needed, apply a small wheal of lidocaine at 
the desired puncture site using a 25-gauge needle. 

9, Insert the spinal needle in the intervertebral space. 

(a) Puncture the skin in the midline just caudal to the 
palpated spinous process. 

(b) Bevel should be positioned so that the dura mater is 
pierced parallel to its fibers (which will reduce the 
likelihood of CSF leakage), 

(i) [Fin the lateral recumbent position, the bevel of 
the needle should be positioned horizontally. 
[Fin the sitting position, the bevel of the needle 
should be positioned vertically 
‘Angle the needle slightly cephalad toward the 
umbilicus and parallel to the bed if the patient 
is in the lateral recumbent position or slightly 
‘caudal (perpendicular to the skin) if the patient 
is in the sitting position, 

10, Advance the needle several millimeters at a time and 
withdraw the stylet frequently to check for CSF flow. 
(a) Advance the needle until a loss of resistance is felt 

or approximately 1-2 em, 

(@) Inthe infants, whose dura are not so thick and a 

“pop” or give may be unnoticeable, after passing 


«iy 


iy 


nm 


15 
16. 


17, 


between the spiny processes and approximately 

2 em through the skin, remove the stylet fre~ 

quently to check for CSF return, This will allow 

you to avoid passing through the subarachnoid 

space. 

After the change in re 

tance is met again, pull back gently on the nee~ 

dle to reposition in the subarachnoid space and 

remove the stylet to check for CSF fluid. 

Once CSF is free flowing, attach a pressure manometer 

tothe needle hub via the three-way stopcock (Fig. 123.5). 

(@) Make sure to hold the spinal needle with one hand in 

place while attaching the manometer to prevent 

‘movement of the needle. 

Measure the CSF pressure once the CSF reaches the 

highest level in the manometer column, 

CSF pressures will be best obtained in the lateral 

recumbent position with the neck and legs extended. 

‘Normal CSF pressure is 5-20-em H,O with the neck 

and legs extended, 10-28-cm H,O with the neck and 

legs flexed, 

Have an assistant hold the top of the pressure 

manometer while the spinal needle is supported at 

the connection of the manometer and stopcack. 

Remove the manometer and collect the CSF into sterile 

tubes, 

(a) Make sure to keep the needle in place when remov- 
ing the manometer. 

(b) Continue to drain fluid into the collecting tubes, 
approximately | mL. per tube, 

(©) The tubes should be labeled for specific studies, 
depending on the order of collection, 

(i) First tube for gram stain and culture 

(i) Second tube for quantitative glucose and protein, 

(iii) Third or fourth tube for cell count and 
differential. 

(iv) Leftover tube for any additional studies that 
may be needed, 

(v) When the LP is to assess for possible subarach- 
noid blood, the first and fourth tubes are sent 
for cell count. 

Replace the stylet and remove the spinal needle, 
Cleanse the puncture area to avoid staining with the 
Betadine solution, 

Apply a sterile dressing to the puncture site 

Patients 4 years and older should remain in the supine 
position, with the head elevated no more than the height 
of a pillow (for comfort), for at least an hour to avoid 
spinal tap headaches. 

Likewise, after the LP, giving a fluid bolus of normal 
saline (10-20 mL/kg in children; 1 L in non-volume~ 
sensitive adults) will also assist with avoidance of spinal 
tap headaches. 
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Fig. 123.2 Curling up for an LP 


Fig. 123.3 Having the LP 
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123.5 Complications 


Minor 

~ Localized back pain 

— Transient paresthesia during procedure 

~~ Post-LP headache 

Major 

— Severe back pain associated with neurological signs 
(may be subdural or epidural spinal hematoma) 

~ LP-induced meningitis 

— Cerebral herniation 

— Acquired epidermoid tumor 

— Damage to adjacent structures (disk herniation, retro- 
peritoneal abscess, spinal cord hematoma) 
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Fig. 123.4 Anatomy ofthe lumbar spine showing the sites for dural * 
prunctare 


Fig. 123.5 Pressure manometer altached to the needle hub via the 
three-way stopesck 


123.6 Pearls and Pitfalls 


Pearls 

= Success of the LP depends on the positioning of the 
patient. 

+ Goal of positioning is to stretch the ligamentum fla- 
vum and increase the interlaminar spaces, 

+ In the recumbent position, the shoulder and hips 
should be perpendicular to the bed, keeping the spi- 
nal cord straight, with no rotation, 

+ Sitting position is useful with older, cooperative 
patients or with very young infants who are unlikely 
to struggle and may have increased respiratory dis- 
tress in the lateral recumbent position. 

~ Administration of an anxiolytic (e.g., midazolam) can 
be used to facilitate the procedure in an older child. In 
some cases, procedural sedation may be required. 

— Placing the tip of the thumb on the spinous process just 
above the space being entered can ensure good align- 
‘ment of the needle. 

= In older patients a “pop” may often be felt as a change 
in resistance occurs once the dura is penetrated; how- 
ever, in infants and neonates, that “pop” may be 
exceedingly subtle or not palpable. 

= If no CSF returns, attempt the following options 
+ Ensure the needle is in the appropriate position, 

withdrawing the needle slowly if necessary. 

+ Rotate the needle 90°, 

+ [fan infant, have the assistant massage the anterior 
fontanel to help facilitate CSF flow. 

+ If the procedure continues without CSF, withdraw 
the needle to just under the skin and redirect it, 

+ If the procedure continues without CSF, withdraw 
the needle and insert a new needle with stylet at an 
alternate site 
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+ If these steps do not yield CSF, the infant may be 
dehydrated, not allowing for adequate CSF flow. 
~ Give the patient a bolus and reattempt later. 
— Attempt putting the infant in a siting position to 
increase flow. 
+ Pitfalls 
— Traumatic LP 

+ Bloody CSF fluid, which usually clears as the CSF 
drains if the needle is in the correct space. 

‘+ Occurs with improper technique (inserting the nee- 
dle too far to one side into an epidural venous 
plexus or through the subarachnoid space into or 
adjacent to the vertebral body), 

+ Can occur with proper technique as well 

‘+ If fluid does not clear and clots form in the tubes, 
LP should be reattempted at a different site 

= Failed LP attempts despite proper procedure and 
positioning 


‘+ Ultrasound can be used to visualize the area and 
determine the reason for failure or the likelihood of 
success with future attempts. 
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124.1 Indications 


+ Collection of sterile urine for urinalysis and culture 
(avoiding urethral contamination) 

+ Collection of sterile urine in a child with gastroenteritis 
and frequent diarrheal stools 

+ Female child with labial adhesions or male child with 
minimally retractable foreskin 

+ Urinary retention 


124.2 Contraindications 


‘+ Empty or nonpalpable bladder 
+ Urination within 1 h before the procedure 

+ Anatomical abnormalities of the gut or genitourinary tract 
+ Bleeding diathesis 

+ Intestinal obstruction 
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+ Overlying cellulitis on abdominal wall 
+ Lower abdominal scars or wounds 


124.3 Materials and Medications 


+ Sterile gloves 

+ Lidocaine (1-2 4) with syringe and needle 
+ EMLA (eutectic mixture of local anesthetics) cream 
+ Betadine (povidone-iodine) solution 

+ Sterile syringe, 5-20 mL. 

+ Sterile needle 22 or 23 gauge, 1.9 inch 

+ Sterile specimen container 

+ Sterile towels 

+ Sterile gauze 

+ Sterile dressing 

+ Adhesive bandage 
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124.4 Procedure 
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Place the infant in the supine, frog-leg position 

(Fig, 124.1), 

Localize the bladder. 

Palpate the midline between the umbilicus and the pubis 

symphysis to feel for bladder fullness 

+ Use a portable ultrasound device to localize the blad- 
der and allow for approximation of bladder size (see 
later). 

Localize the symphysis pubis and the imaginary line 

midline from the umbilicus to the pubic symphysis 

ig. 124.2) 

Sterilize the area from the umbilicus to the urethra, 

Drape the area with sterile towels, keeping the puncture 

site area exposed. 

Area of insertion should be midline 1-2 em above the 

symphysis pubis on the abdominal wal. 

+ The suprapubic crease can usually be used as a guide 
line to the puncture ste 

Place a small wheal of anesthetic atthe intended pune- 

ture site or can apply EMLA cream. 

+ For use of EMLA cream, place before sterilization 
and allow some time for anesthesia to occu. 

‘Occlude the urethral opening to avoid spontaneous loss 

‘of urine specimen 

+ In males, apply gentle pressure to the base of the 
penis against the pubic symphysis 

+ In females, directly apply pressure to the urethral 
‘meatus, 

Puncture the skin with the needle (attached to the 

syringe) 

+ Puncture ata 10-20° angle to the perpendicular, aim- 
ing slighly cephalad (Fig. 124.3), 

Apply negative pressure to the syringe as the needle is 

advanced until urine enters the syringe; do not advance 

more than 1 inch. 

+ unsuccessful, draw back the needle until it rests in 
the subcutaneous fat and redirect 10° in either 
direction, 

+ Do not attempt more than three times. 

Cleanse the area of antiseptic solution and apply an 

adhesive dressing. 


Fig. 124.1. Frog-leg position 


Values 


Figure 1418. A possible schematic for a col substitute 
known as a gyrator. which may be used where a conver 
tional coll would be unacceptably bulky. 


A gyrator does impose some limits on circuit de- 
sign, While neither side of a real inductor needs 
to be at ground potential, a gyrator does require 
aground connection. However, the performance 
advantages of gyrators are significant, as they 
can emulate high inductance without parasitic 
effects, can be more accurately calibrated (lead- 
ing to more predictable performance), and do 
not create magnetic fields that can interfere with 
other components. 


Values 


Calculating Inductance 

The magnetic inductance of a coil is measured 
with a unit known as the Henry, named after Jo- 
seph Henry, a pioneer in electromagnetism. Itis 
defined by imagining a coil in which current is 
fluctuating, causing the creation of EME. If the 
rate of fluctuation is 1 amp per second and the 
induced EMF is 1 volt, the inductance of the coil 
is 1 Henry. 


The letter Lis commonly used to represent in- 
ductance. To derive a useful formula, L will be 
expressed in microhenrys.IfD is the diameter of, 
a coil, N is the number of turns of wire, and W is 


power > moderation > inductor 
the width of coil (when the windings are viewed 
from the side, as shown in Figure 14-19), the pre- 
cise relationship of the variables is complex but 
can be reduced to an approximate formula: 


approx (0? * N) / 18 * D) + (40 * W 


NeNumber of turns of wire 


W=Width of coil 


Figure 1419. Dimensions of a cal, referenced by a far 
‘mula to calculate its appraximate inductance. See text for 
tail 


From this, itis clear that inductance tends to in- 
crease with coil diameter, and also increases 
(more significantly) with the square of the num- 
ber of turns. Ifthe number of turns remains con- 
stant, inductance will be higher for a coil that is 
short and fat than for a coil that is narrow and 
long. 


Because the Henry is a large unit, inductors in 
electronics circuits typically have their inductan- 
ces measured in milihenrys (mH), microhenrys 
(UH), and nanohenrys (nH), where 1H=1,000mH, 
1 mH = 1,000pH, and 1H = 1,000 nH. This rela- 
tionship is shown in Figure 14-20. 


Calculating Reactance 
The reactance of an inductor (thatis, its dynamic 
resistance to alternating current) varies with the 
frequency of the current. Iffis the AC frequency 
(inHertz),and Lis the inductance (in Henrys), the 
reactance, X, in ohms, is given by the formula: 


Mezene eee 


From this equation, it’s apparent that as the fre- 
quency tends toward zero (DC current), or if the 
inductance tends toward zero (a short piece of 
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Fig. 124.2. Landmatks 


Fig. 124.3 Insert the needle 10-20° perpendicular to the skin 
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124.5 Complications ~~ Ultrasound-guided bladder aspiration: 
1. After preparing the sterile field, place a sterile 
+ Peritoneal perforation with or without bowel perforation sheath over the ultrasound probe and proximal 
+ Infection cable. 
+ Hematuria (a) Gel should be placed within the sheath to elimi- 
+ Inability to aspirate urine nate the air interface between the probe and the 
sheath. 
2. Apply gel to the abdomen above the symphysis 
124.6 Pearls and Pitfalls pubis. 
3. Locate the bladder and measure the maximum 
+ Tf no fluid is obtained: diameter as described previously. 
— Hydrate the child and reattempt in 1h. 4, Insert the needle midline at the location where the 
+ Ultrasound can be used to identify bladder size or for bladder wall is closest to the probe. 
ultrasound-guided aspiration: 5. Continue steps for aspiration as described 
— Use a portable ultrasound device with a standoff 7.5- previously. 


MHz sector probe o allow for superficial scanning and 
‘measurement of the diameter ofthe bladder. 
~ Bladder diameter measurement 
1. Apply approximately 5 ml of ultrasound transmis- Selected Reading 
sion gel tothe infants suprapubic region 


2. Apply pressure to the ureteral meatus as previously Kozer E, Rosenbloom E, Goldman D, etal. Pain in infants who are 
cel ‘younger than 2 months during suprapubic aspiration and transure- 
{hrl bladder catheterization: a. randomized, controlled. study 

3. Gently apply the probe to the suprapubic region in Petrie. 2006180516, 


the midline and scan the area in transverse plane, Leong ¥. Tang KW. Blair spration for diagnosis of urinary tact 
with the probe directed caudad or cephalad. as infection in infants and young chen J ‘Singapore Paediatr So 

needed to maximize bladder image. dhe rh 
ee Loiselle JM. Ultasound-assisted suprapubic bladder aspiration, In: 
+ Bladder will appear anechoic below the brighter "King C. Henreti FM, editors Textbook of pediatric emergency 
reflections of the rectus muscle and bladder wall, procedures. 2 ed. New York: Lippincot Willams & Wilkins. 

4. When maximum bladder size obtained, freeze the 2008. 

Pollick CY, Pollack ES, Andrew ME. Suprapubic blader aspiration 


ae versus urethral catheterization in ill infants: success efficiency and 
+ Measure the anteroposterior and transverse complication rates. Ann Emerg Med. 1994:23:225-30 

internal bladder diameters. Polnay L, Fraser AM, Lewis JM. Complication of suprapubic bladder 
+ Goal measurement is 2 cm or more of each sPiration. Arch Dis Child. 1975:50:80-1 


diameter. If either diameter is less than 2 em, the 
bladder is considered to be empty. 
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125.1 Indications 


+ Consider the diagnosis when presented with an append 
age that has a well-demarcated, circumferential, painful, 
edematous distal segment, adjacent to a nonedematous, 
rnonerythematous proximal portion (Fig. 125.1), 

+ Removal is imperative in all cases of tourniquet syndrome 
‘and should be undertaken without delay. 

‘+ Method of removal is determined by degree of constriction. 
= Unwrapping: in situations with minimal or no edema 

and the ability to visualize the offending hair or thread 
= Blunt probe, cutting: mild to moderate edema 
Incision: severe swelling or inability to visualize the 
constricting band; epithelialization 
~ Depilatory: for areas with mild to moderate edema, but 
without epithelialization 


Fig. 125.1. Hair tourniquet 
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125.2 Contraindications 


+ Absolute 
= There are no absolute contraindications; the tourniquet, 
‘must be removed, 
+ Relative 
= Based more on the specific approach (e.g., avoid inci 
ing the skin of a patient with hemophilia; avoid depila- 
tory creams in a patient with known allergies to such) 


125.3 Materials and Medications 


+ Unraveling technique 
= Fine-tipped, non-rat-tooth forceps or small fine 
hemostats 
+ Blunt probe and tourniquet cutting 
= Antiseptic solution of choice 
= Lidocaine 1 % without epinephrine for local or regional 
anesthesia 
= Scalpel blade #11 or Iris scissors 
= Blunt probe or metal earwax curette 
+ Incision technique 
= Antiseptic solution of choice 
= Lidocaine 1 % without epinephrine forlocal or regional 


anesthesia 

= Scalpel blade #11 

= Fine-tipped, non-rat-tooth forceps or small, fine 
hhemostats 


+ Depilatory technique 
= Commercial depilatory cream 


125.4 Procedures 


‘+ Unraveling method (Fig. 125.2) 
1. Place the appendage in an orientation that maximizes 

exposure, 

2. Apply skin traction such that as much of the tourniquet 
and base of the constriction can be seen. 

3. Look closely to identify a free end of the hair or thread. 
If no free end is visible, identify an area of bunching or 
aa knot. Break the knot from the strand and grasp the 
end with the forceps or hemostat. 

4, Slowly and gently pull and unwind the hair, 

5. This may take several attempts because the hair strand, 
or thread may break repeatedly during removal, 
‘Sometimes more than one hair strand may be involved, 

‘+ Blunt probe and cutting method (Figs. 125.3 and 125.4) 
1. Apply gentle traction to the skin to maximally expose 

the involved area and to make the base of the wedge 

caused by the tourniquet as shallow as possible. 

Gently impose a blunt probe or a metal ear curette 

between the skin and the tourniquet, starting proxi- 

mally to the band and sliding distally beneath the 
constriction. 

3. Cut the tourniquet by sliding the scalpel blade along 
the edge of the probe, placing the blunt edge of the 
scalpel against the skin and slicing the constricting 
‘material in a movement away from the skin, in order to 
avoid inadvertently cutting the skin, 

4. Once an end of the tourniquet has been created, the 
remainder of the offending strap can be removed via 
unraveling, 
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+ Incision technique for digits (Fig. 125.5) 

1, Perform a digital nerve block to anesthetize the 
extremity proximal to the constriction. 

2. Sterilize the involved area with antiseptic solution of 
choice and drape in typical protocol to allow as sterile 
a procedure as is possible outside a surgical suite, 

3. Incise the skin across the demarcation indicating the 
presence of the tourniquet at the 3 o'clock or 9 o'clock 
position or the midline dorsal area (12 o'clock), pass 
ing the scalpel blade proximally to distally and down 
to the bone (Fig. 125.6). Incision at these locations 
will avoid the laterally located neurovascular bundles 
of the digits. 

+ Incision technique for severe penile tourniquet 

1, Begin with a dorsal nerve block (Fig. 125.7). 

2. Sterilize the involved area with antiseptic solution of 
choice and drape in typical protocol to allow as sterile 
a procedure as is possible outside a surgical suite, 

3. A longitudinal incision is made at either the 4 o'clock 
or the 8 o'clock position, in order to avoid the penile 
neurovascular structures located dorsally. 


Fig. 125.2 A good example for se ofthe unraveling technique. The 
‘der is minimal and dhe hai is easily identifiable 


4, The incision should be made perpendicular to the tour- 
nniquet, but shallowly, in order to avoid penetration 
through the deep fascia, It will be necessary to repeat 
the incision, staying within the original incision, gen- 
tly but repeatedly in order to cut through the whole 
tourniquet. In this way the constriction is relieved, but 
the integrity of the corpus cavernosum and the corpus 
spongiosum is maintained (Fig. 125.8). 

5. Once the layers of the tourniquet have been interrupted, 
grasp an end of the hair/thread and remove the remain- 
der of the tourniquet utilizing the unraveling method, 

Depilatory method 

1. Depilatories work only on hair and will not work on 
threads. 

2. Apply the depilatory cream directly to the hair tourni- 
quet with a saturated cotton swab, so as to avoid apply- 
ing this potential irritant to surrounding tissue. 

3. Wait the recommended amount of time, as dictated by 
whatever brand of depilatory is used. 

4. After the appropriate time has elapsed, wash off the 
cream thoroughly with soap and water. 
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Fig. 125.3. Blunt and cut metho. 
[Notice the euting edge of the 

‘scalpel blade is away from the skin 
ast is placed adjacent to the probe 


land slips beneath the tourniquet 
‘Blunt probe 


Fig. 125.5. Incision technique for digits 


Fig. 125.4 Blunt and cut method 
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Fig. 125.6 Incision at 12 o'clock 
preferred 


Fig. 125.7, Dorsal nerve block 


Lateral superficial 
vein 


Corpus caveenosum 


Corpus spongiosum 


Fig. 125.8 Penile tourniquet 
schematic 
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125.5 Complications 


+ Necrosis of tissue distal to the tourniquet 

+ Neurovascular damage secondary to prolonged ischemia 

+ The incision technique can cut into the tendon insertions 
or neurovascular bundles of the digits or into the corpus 
callosum of the penis. Be certain to ascertain function 
after incision, 

+ Infection, especially after incision 


125.6 Pearls and Pitfalls 


+ Pearls 
= All tourniquets must come off. 

= The easiest way to get to the bottom of the tourniquet, 
regardless of method used, is to identify the knot or 
bunched area if possible, 

'— When using the incision technique, keep the incision 
in the longitudinal plane of the appendage and perpen- 
dicular to the tourniquet. 

= Do not use depilatories on open wounds, 

— 24-h follow-up is mandatory, although if the tourni- 
4quet has been present for an extended period of time, it 


may actually take several days for retum of color and 
blood flow. 
— Be certain to document neurovascular status before 
and after tourniquet removal. 
Consider surgical consult in cases of severe tissue 
edema or distorted anatomy. 
~ Touriquets have been described in the child abuse lit- 
erature. Consider that possibility in the preverbal child. 
+ Pitfalls 
= The depilatories will 
tourniquets. 


not work on nonorganic 
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126.1 Indications 126.3 Materials 


+ To determine the equipment size and the medication + Broselow Pediatric Emergency Tape (Armstrong Medical 
doses during a pediatric resuscitation, without having to Industries, Wilshire, IL) (Figs. 126.1 and 126.2) 
take the time to perform calculations 


126.2 Contraindications 


+ Premature infant or newborn whose eel, while the infant 
is fully extended, does not fall atleast into the white area 
(corresponding t 3, 4 and 5 kg), 

+ The length ofthe child exceeds the distal end ofthe green 
area (36 kg). ~ 
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Fig. 126.1. Broselow tape, proximal end (at patient's head) 


EK Locas, MD 
Department of Emergency Medicine, 
University of Florida Health Shands Hospital, 


Gainesville, FL, USA Fig, 126.2 Brosclow tape distal end (the tape will accommodate a 
‘e-mail: judihilces@ ufl.edu ‘36-kg child, at most) 
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126.4 Procedure (Figs. 126.3, 126.4, 


and 126.5) 


+ Place the infant or child on the bed in the supine 
position, 

+ Extend the Broselow Pediatric Emergency Tape next to 
the patient, placing the red line at the top of the patient's 
head. 

+ With the patient fully extended, especially through the 
hips and knees, align the bottom of the heel, while the 
ankle is flexed and toes upward, with the color on the tape 
adjacent to the heel. 


Fig. 126.3 Placement of the child on the tape 


Fig. 126.4 Placement of the child onthe tape 


‘+ The color on the tape corresponds to the patient's weight, 

‘+ The side of the tape with weights noted along the bottom 
thas medication doses for resuscitation, rapid-sequence 
intubation (RSI), and paralytics (Fig. 126.6). 

‘+ The top half of the other side of the tape has the appropri- 
ate dosing for managing seizures, overdoses, elevating 
intracranial pressure, and fluids. The bottom half of this 
side has the appropriate equipment sizes, such as endotra- 
cheal tubes, nasogastric tubes, chest tubes, and other 
equipment, that correspond to the patient's weight 
(Fig. 126.7), 


Fig. 126.5. Placement ofthe child on the tape 


power > moderation > inductor 


ac 


a 0.001 0.000001 
10 0.01 aoo001 
4100 on 0.0001 
1,000 fi oon 
10,000 10 oon 
190000 100 oa 
41000000 1.000 a 


Figure 14-20. inductance is typically measured in nano 
hhencys (oH), microhencys (uH). and miliheneys (rH), 
Equivalent values in these units are shown here, 


straight wire), the reactance will tend toward 
zero. Conversely, the inductor will impede cur- 


rent increasingly as the frequency and/or the in- 
ductance increases. 


Calculating Reluctance 

‘The letter S is often used to represent reluctance, 
while Greek letter js customarily represents per- 
meability (not to be confused with the use of 
as a multiplication factor of 1/1,000,000, asin uF, 
meaning “microfarad’). If A is the area of cross- 
section of the magnetic circuit and L isits length: 


s 


L/peta 


Datasheet Terminology 
A typical manufacturer's datasheet should in- 
clude an inductance index for an inductor, ex- 
pressed in wH per 100 tums of wire (assuming the 
wire isin a single layer) for inductors with a pow- 
dered iron core, and mH per 1,000 turns of wire 
for inductors with ferrite cores. 


‘The DCR is the DC resistance of an inductor, de~ 


rived purely from the wire diameter and its 
length. 


Values 


The SRF is the self-resonant frequency. An induc- 
tor should be chosen so that AC current passing 
through it will never get close to that frequency. 


ISAT (or la) is the saturation current, which re- 
sults in a magnetic core losing its function as a 
result of magnetic saturation. When this accurs, 
inductance drops and the charge current rate in- 
creases drastically. 


Series and Parallel Configurations 
Because the inductance of a coil conducting DC 
current is proportional to the current, the calcu- 
lations to derive the total inductance of coils in 
series or in parallel are identical to the calcula- 
tions used for resistors. 


In series, all the coils inevitably pass the same 
current, and the total inductance is therefore 
found by summing the individual inductances. 
When coils are wired in parallel, the current dis- 
tributes itself according to the inductances; 
therefore, if L1 is the reluctance of the first col, 
Listhe reluctance of the second coil, and so on, 
the total reluctance L of the network is found 
from the formula: 


afl = fla + afta + a/la. 


This is shown in Figure 14-21. In reality, differ- 
ences between the coils (such as their electrical 
resistance), and magnetic interaction between 
the coils, will complicate this simple relationship. 


Time Constant 

Just as the time constant of a capacitor defines 
the rate at which it accumulates voltage when 
power is applied througha resistor, the time con- 
stant of an inductor defines the rate at which it 
gradually allows amperage to pass through it, 
‘overcoming the EMF generated by the coil. In 
both cases, the time constant is the number of, 
seconds that the component requires to acquire 
approximately 63% of the difference between its 
current value and its maximum value. In the case 
of an inductor, suppose we assume zero internal 
resistance in the power source, zero resistance in 
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Fig. 126.6 Front of tape. Weight groupings are noted at the bottom, 
‘This is the side with resuscitation and RSI medications 


2 


Fig. 126.7 Reverse side of tape, This sie has medications fo eriical 
imerventions aside from the primary survey, as wells equipment sizes 


126.5 Pearls and Pitfalls 


+ Pearls 
Be certain that the top of the head is atthe red Iine and, 
that the patient's body is fully extended. Infants tend to 
lay flexed at the hips and knees. 
= Determining the appropriate color code depends on 
noting the bottom of the heel while the ankle is flexed 
and the toes are pointing upward. 
+ Pitfalls 
— Beware of the child who is unusually heavy compared 
with other children of the same height. 


Selected Reading 


‘Laten R. Errorandtime delay in pediatric trauma resuscitation: address- 
ing the problem with color-coded resuscitation aids. Surp Clin 
[North Am, 2002:82:303-14, vi, 

Lutes R, Broselow J. Standardization of product concentration in emer- 
‘gency dosing: a response to Fincherg and Arendt. Ana Emerg Med. 
2008524778 

Rosenberg M, Greenberger S, Rawal A, Latimer Pierson J, Thundiyil 
"TL. Comparison of Broselow tape measurements versus estimations 
‘of pediatric weights. Am J Emerg Med. 2011:29:482-4, 
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127.1 Definition 


+ An injury commonly seen in children between 6 months 
‘and late preteens, although generally seen between 1 and, 
3 years 

+ A subluxation of the radial head, usually resulting from 
sudden, longitudinal traction on an extended arm with the 
wrist pronated 

+ Ofien occurs when a parent/earegiver is holding the child 
by the hand while walking and suddenly pulls the child 
away from a dangerous situation (Fig. 127.1) 


Fig. 127.1. Note that the toddler prefers to hold her right arm promated 
and somewhat flexed a the elbow: When asked where it hurts, she may 
as often point to he wrist as to er elbow. There will be no soft issue 
swelling anywhere along the upper extremity 


EK. Laas, MD 

Department of Emergency Medicine, 
University of Florida Health Shands Hospital 
Gainesville, FL, USA. 

e-mail: juithklocas@ufl edu 
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127.2 Clinical Diagnosis 


+ History of pulling-type injury. 

+ Child presents with arm held slightly flexed at elbow and 
pronated, 

+ Patient may point to elbow or wrist as source of pain, but 
both areas are without any swelling and are nontender on 
palpation, 

+ Elbow cam be flexed and extended, but the forearm cannot 
be supinated. 

+ Radiography is not helpful, 


127.3 Indications 


* Clinical presence of subluxed radial head 


127.4 Contraindications 


+ Absolute 
~ Radiographic evidence of elbow or forearm fracture 
‘Swelling or pain about the elbow, forearm, or wrist 
+ Relative 
= Unknown history or witnessing of pulling-type injury 


127.5 Materials and Medications 


+ None 


127.6 Procedure 


127.6.1 Method A: Superpronation (preferred 
method) (Fig. 127.2) 


1, Explain to the caretaker that the reduction will cause the 
child very brief discomfort. 

2. Seat the child on the lap of a parent/caregiver or an assis 
tant, facing the operator and holding the child in such a 
‘way as to hold the child's humerus against her or his side. 

43. The person performing the procedure holds the elbow at 
approximately 90° and grasps the elbow, with the physi- 
cian's thumb over the region of the radial head (this is 
done in order to be able to palpate the reduction “clunk” 
or “click”) 

4. The physician then holds the patient's wrist firmly and 
rapidly hyperpronates the forearm. A palpable or audible 
“click” signifies successful reduction but may not be 
appreciable, 

5. The child may cry fora few minutes after reduction; how- 
ever, the provider should leave the bedside for S10 min 
and instruct the parents to allow the child to simply play, 
‘without focusing on the affected arm, 

6. After approximately 10 min, return to the bedside and 
reevaluate the child, who should have full use of her or his 
arm by then, 


127 Nursemal’s Elbow 7a 
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Fig. 127.2 Pronaton: (a) The examiner's left hand hols the patient's _hyperpromates the palien's forearm from the level ofthe wrist, Within 


radial head and medial condyle to better appreciate palpable reduction this mancuver, the examiner should fs 
ff the subluxation, (b) The examiners right hand gently, but firmly 


‘or sense a “pop” 
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127.6.2 Method B: Supination followed by flexing the elbow, bringing the patient's wrist 
(Fig. 127.3) up to the shoulder. 
3. Return to the fifth and sixth steps in Method A. 
1, Follow the first three steps in Method A. 
2. While holding the patient's wrist firmly, the operator 
steadily supinates the patient's forearm completely, 


Fig. 127.3 Supination: (a) With the examiner's left and in the same position as forthe pronation technique (b) the examiner supinats the fore 
1mm, from the level ofthe wrist, and fully flees atthe elbow. In either of these two maneuvers the examiner should feel or sense a “pop 
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127.7 Evaluation After Procedure 


+ Ifthe child has complete use of the arm, no further inter- 
vention is required, 

+ If the child is still unable to supinate the forearm after 
20-30 min, consider a repeat attempt at reduction. 

+ Ifthere is still no return to full function after 30 min and/ 
or repeated attempts at reduction, X-rays should be 
considered, 


+ Ina child who still refuses to use the arm and X-rays are 
negative, the child should be reevaluated in 24 h, 


127.8 Pearls and Pitfalls 


+ Pearls 
= Once reduced, there is rarely the need for analgesic 
‘medications. However, should the need arise, stay with, 
ibuprofen because itis a proven anti-inflammatory. 
= Ifnot seeing improvement within 15 min of reduction, 
consider this to be a fracture and obtain appropriate 
views of the elbow and forearm, 


+ Pitfalls 
— The longer the radial head has been subluxed, the lon- 
ger it will take the child to return to full use 


Selected Reading 


Krul M, van der Wouden JC, Koes BW, Schellevis FG, van Suijlekom- 
‘Smit LW. Nursemaid’s elbow: its diagnostic clues and preferred 
‘mean of reduction. } Fam Pract, 2010:59:e8-1, 

Krul M, van der Wouden JC, van Suiledom-Smit LW, Koes BW. 
Manipulative interventions for reducing pulled elbow in young 
children. Cochrane Database Syst Rey. 2009:4:CDO07759. dot 
10,1002/1468 1888,CD007759.pab2 

‘Macias CG, Bothne J, Wiebe R. A comparison of supination/Mexion to 
hhyperpronation in the reduction of radial head subluxations, 
Pediatrics. 1998:102:¢10-8 

(Quan L, Marcuse EK. The epidemiology and weatment of radial head 
subluxation, Am J Dis Chl, 1985:139:1194-7. 

‘Switeer JA, Ellis T, Swiontkowski ME. Wilderness omhopaedics, In 
‘Auerbach PS, editor, Wilderness medicine. Sth ed. Philadelphia: 
Elsevier; 2007. p. $73, 
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A 
‘Abdominal hernias 
‘complications, 404 
‘contraindications, 403, 
definition, 401 
indications, 403 
locations, 401, 402 
‘materials and medications, 403, 
procedure, 403, 
types of, 401 


[ABFO scale. See American Board of Forensic Odontology (ABFO) 


scale 
Abortion 
‘complications, 659 
ccontaindications, 657 
indications, 657 
‘materials and medications, 657 
pearls and pitfalls, 659 
procedure 
‘checking abnormalities, 657-658 
decidua reaction, 657. 658 
fetal cardiac activity, 657, 658 
transvaginal sagittal imaging, 658 
transvaginal transverse imaging, 658 
Abscess 
anal fissure, 455 
brain, 239 
difficult ricothyrotomy, 126 
incision and drainage 
‘Bartholin gland (see Bartholin gland abscessleyss) 
complications, 67 
contraindications, $63 
external ear block, $20, 
indications, 563, 
local anesthesia, $09 
materials and medications, $63, S64 
parotid duct (see Parotid duct abscess) 
pearls, $67 
peritonsillar (see Pertonsillar abscess) 
procedure, $65-566 
sublingual (ee Sublingual abscess) 
retroperitoneal, 717 
septal, 324 
‘Acromioclavicular (AC) joint arhrocentesis, 621, 622 
‘Activated charcoal (AC) adsorption 
‘complications, 423. 
‘containdications, #22 
indications 
MDAC therapy, 421 
single-dose activated charcoal, 421 
‘materials and medications, 422 
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pearls, 423, 

pital, 423, 

procedure, 423 
‘Acute anal fissures, 453, 455 
‘Acute dental fracture, 379 
“Acute respiratory distress syndrome (ARDS), 171, 172 
‘Adson forceps, 241, 498, 300, 
‘Advance and cut technique, 0,552 

‘with multiple barbs, $50, $52 

pearls and ptialls, $53 

‘vith singe barb, 550 
Airway assessment, See Difficult airway 
‘Airway management, See Cricothyroidatomy 
‘Allen test. 5,7 
‘Alligator forceps 

‘cerumen removal, 331, 332 

foreign body removal 

car, 335, 336, 338 
nasal, 336-328 

Allis maneuver, 605-606 
“Alveolar osteitis. See Dry socket 
‘Ambu bugs, 57, 326,327, 329 
‘Ambu Perit, 219, 21, 230 
‘American Academy of Neurology, 267 


"American Board of Forensic Odontology (ABPO) scale, 478, 482 


‘Anal fissures, 454 
‘complications, 55 
ccontaindications, 5S, 
definition, 453 
indications, 483 
‘materials and medications, 455. 
pearls and pitfalls, 455 
procedure, 455 
Anembryonic gestation, 655, 
complications, 656 
‘containdications, 656 
indications 
low-lying empty gestational sac, 655 
mean gestational diameter, 655 
inaterials and medications, 655 
pearls and pitfalls, 656 
procedure 
‘ransabdominal, 656 
transvaginal, 656, 
Anesthesia 
local (see Local anesthesia) 
‘mandibular nerve (see Mandibular anesthesia) 
‘over femoral artery. 9, 90 
regional (see Regional nerve block) 
for splinting, $72 
Ankle arthrocentesis, 626, 629 
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Ankle dislocation reduction pad outside ear 63, 346 
‘complications, 620, place dy cotton, 343 
ccontraindications, 617 secure dental rolls, 343, 348 
indications, 617 ‘materials and medications, 342 
‘materials and medications, 617 needle aspiration, 342-33, 
pearls and pitfalls, 620, pitfalls and complications, 48 
procedure Schematic of, 42 

anterior dislocations, 619 Auricular ring block technique, $20 
posterior dislocations, 618, ‘Auriculotempora block, 373 
Antepartum hemorthage, 661 ‘Auscultation monitoring, 641 
‘Anterior dislocation “Awake ororacheal intubation 
ankle, 619 ‘contraindications, $3 
elbow, 591, 594 indications, 53 
femur, 609, 610 ‘materials and medications, $3 
fibular head, 61 pearls and pitfalls, 56 
shoulder, 583, 584 procedure, 53-55 
Anterior epistaxis ‘deep structures and trachea lidocaine atomization of, $4, 55 
‘complications, 314 lidocaine lollipop. $4 
initial preparation, 913 lighted stylet, $4, 55 
‘management of, 313-314 mucosal atomizer. $4 
commercial nasal pack, 313, 315 nebulization of 4 & lidocaine, 93,54 
gauze method. 314, 316 posterior pharynx, lidocaine atomization of, $4, 85 
silver nitrate stick and packaging, 313, 315 preparation, $3 

pearls and pitfalls, 314 sedation, 54, 55 

Aortic occlusion, 165, 168 

‘Apnea test, 262, 266 

ARDS. See Acute respiratory distress syndrome (ARDS) B 

‘Arrhythmia, 19, 33,185, 188, 318 Babcock forceps, 498, $00, SOL 

‘Arterial cannulation Babysitters elbow. See Nursemaid’s elbow 
‘complications, 10 Bag-valve-mask (BVM) ventilation, 127, 133, 135, 138 
‘contraindications, 3 airway, 89 
critical care,3 complications, 50 
femoral artery (see Femoral artery cannulation) ‘contraindications, 47 
indications, 3 indications. 47 
pearls and pitfalls, 10-11 ‘materials, 47 
rial artery (see Radial artery cannulation) pearls and pitfalls, $0 

Antritis diagnosis. See Anthrocentesis procedure, 48-50) 

‘Arthrocentesis. See also intra-articular injection ‘nasal airway insertion, 48, 49 
acromioclavicular joint, 621, 622 ‘one-handed seal technique, 48, 49 
ankle, 626, 629 coral airway insertion, 48. 
‘complications, 623, ‘o-handed seal technique, 48, 50 
‘contraindications, 621 Balloon gastrostomy tube, 441, 443, 

Aid aspiration, 625 Balloon tamponade, 439) 
_glenohumeral joint, 621, 622 Batholin gland abscesseysts 
indications, 621 ‘conraindicaions, 471 
knee follow-up eare, 476 

lateral approach, 626,627 indications, 471 

medial approach, 626, 628 materials, 472 

procedure, 621,622 procedure, 471 
‘materials and medications, 621 incision and drainage, 472-473 
pearls and pitfalls, 623 fodoform packing, 474 
procedure, 621-622 Jacobi ing catheter, 475, 
shoulder, 626, 629 silver nitrate sticks, 475, 

Ascites, 445, 449, 51 ‘Word catheter, 474 

‘Aspen collar, 219-222 Basilic vein (BV) 

‘Arial fibrillation, 185, 186 ceutdown, 41 

‘Arial utter, 185, 186, PIV cannulation, scanning for, 14 

‘Arial injuries, 181 Benign paroxysmal positional vertigo (BPPV) 

‘Auricular hematoma, Dix-Hallpike maneuver, 257 
‘cauliflower ear, 341 Epley maneuver (see Epley mancuver for vertigo) 
‘contraindications, 342 Bezoars, 421,425 
incision procedure, 2-348 Bimanual pelvic examination, 467,468, 478 

‘compression dressing, materials needed for, 43, 45 Bladder eatheterization 
clastic bandage, wrap head with, 343, 347 complications, 463, 
Kerlix, wrap head with, 43, 346 contraindications, 459 
mold sterile gauze, 343, 346 indications, 459 


‘mold Xeroform gauze, 343, 345 ‘materials and medications, 459 
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rls and pitfalls, 463, 
procede, 460-462 
for females, 460-462 
frog-leg position, 460, 
for males, 460, 461 
Bleeding evaluation, gastrointestinal. See Nasogastic the (NT) 
placement 
lighted ovum See Anembryonic gestation 
Blister care, 534 
Blood gas analysis, 494 
Blunt probe and cutting method, 724, 726 
Body surface area (BSA), 534 
Bonfils intubation fiberscope, 109, 110 
Bougie. See Endotricheal tube (ETT) introducer 
Bowel ebstruction/perforation. See Whole-bowel irrigation (WBI) 
PEG. See British Pacing and Electrophysiology Group (BPEG) 
PPV. See Benign paroxysmal positional vertigo (BPPV) 
Brachial artery (BrA), Mt 
Brachial vein (Br), 14 
Bradyeardia 
‘wanscutancous pacing, 195, 196 
‘ransvenous cardiac pacing, 197 
Brain death examination in adults 
confirmatory testing, 267 
‘contraindications, 261 
indications, 261, 
‘materials and medications, 261 
pearls and pitfalls, 267 
procedure 
apnea test, 262, 266 
bulbar paralysis, 262,266, 
motor response, pain, 261-263 
‘oculocephalic reflex, 261, 268 
oculovestibular reflex, 261, 265 
repeat examination, 267 
Breech delivery 
breech presentation, 677 
‘complications, 682 
ccontraindications, 678, 
indications, 678 
materials and medications, 678 
pearls and pitfalls, 682. 
procedure 
‘Burns Marshall mancuver, 680, 681 
correct hand placement, 680 
hnead delivery in flexed position, 680 
McRoberts maneuver, 678, 679 
placing thumbs on sacrum, 678, 679 
rotating towards maternal symphysis pubis, 678, 679 
British Pacing and Electrophysiology Group (BPEG), 31 
Broselow Pediatric Emergency Tape 
‘contraindications, 729, 
indications, 729 
materials, 729 
pearls and pitfalls, 731 
procedure, 730-731 
Buccal nerve block, 367-368 
lar paralysis, 262, 266 
Burn care 
‘admission criteria, 64-835 
blister care, S34 
‘complications, 534 
first degree/superficial burn, S31 
fluid resuscitation, 534 
inhalation injuries, $32 
‘materials and medications, $32 
pearls and pitfalls, $34 


permanent scaring, S3t 
procedure, $34 
second degree/prtal thickness burn, 531, $32 
sensory deficits, $31 
‘TBSA, 532-533 
third degree/ull thickness burn, $31, $32 
Burns-Marshall maneuver, 680, 681 
Burr hole craniotomy 
‘complications, 240 
‘cantraindications, 235, 
indications, 235 
‘materials and medications, 238-236 
pearls and pitfalls, 240 
procedure 
anatomy, 236, 238 
Automatic stop craniotomy dil, 236, 239 
landmark for, 236, 239 
patient positioning, 236, 237 
ppenetrator dil, 236, 239, 
Penrose drain, suture in, 237, 239 
preparation, 236 
self-retaining retractors, placement of, 236,239 
wound closure, 237, 239 
BVM ventilation. See Bag-valve-mask (BVM) ventilation 


c 
Calorie reflex testing 
‘complications, 253 
‘containdications, 253, 
indications, 253 
‘materials and medications, 253, 
pearls and pitfalls, 255 
procedure, 253 
(Canadian C-spine rules (CCR), 223 
Canalith repositioning procedure. See Epley maneuver for vertigo 
Candida albicans, 468, 469 
Cannlation 
PIV, 14 
of radial and femoral arteries (see Arterial cannulation) 
ultrasound guided, 20,26 
Captain Morgan technique, 607 
(Cardiac arrest, 193, 194, 205 
Cardiac injury 
‘complications, 183 
‘containdications, 179 
indications, 179 
‘materials and medications, 179-180 
pearls and pitfalls, 183 
procedure, 181-182 
‘ial injuries, 181 
tirect manual pressure, 181, 182 
Finochieto retractor positioning, 18 
lacerations, 181, 182 
patient positioning, 181 
polypropylene suture 181, 182 
surgical skin stapler, 181, 182 
Cardiac massage. See Resuscitative thoracotomy 


Cardiac output monitoring 
‘definitions, 37 
Eaiwards Vigileo System, 38, 36 
‘contradictions, 37 
saterials, 38 
pearls and pitfalls, 398 
procedure, 38 
Cardiac pacing, trnsvenous. See Transvenous cardiac pacing 
Cardiac tamponade, 159, 179,203, 207 
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Cardioversion 


‘synchronized electrical (see Synchronized electrical 


cardioversion) 

_unsynchronized cardioversion 
‘complications, 192 
contraindications, 189 
high-energy shock, 189 
indications, 189 
‘materials and medications, 189 
pearls and pitfalls, 192 
procedure, 190-191 

Catheterization 

bladder 
complications, 463 
ccontraindications, 459 
indications, 459 
‘materials and medications, 459 
pearls and pitfalls, 463 
procedure, 460-462 

peripheral vein 
Contraindications, 693, 
indications, 693, 
‘materials and medications, 693, 694 
pearls and pital, 699 
procedure, 694-699 


‘umbilical vein (see Umbilical venous catheters (UVC) 


Cauliflower ear, M1 
‘Cavernosal aspiration procedure, 490-492 
‘CCR. See Canadian C-spine rules (CCR) 


‘Centers for Disease Control and Prevention (CDC) guidelines, 479, 482 


‘Central venous line 
‘contraindicatons, 17 
femoral vein access 

complications, 25-26 

pearls and pitfalls, 25 

procedure, 19, 21, 24.25 
indications, 17 


imeral jugular vein acess (sce Intemal jugular central venous line) 


‘materials and medications, 17-18 
removal of, 26 
subclavian vein access 
complications, 25-26 
pearls and pitfalls, 24 
procedure, 22-24 
ultrasound guided cannulation, 24,26 
Cephalic vein, 4, 695 
‘Cerumen removal 
‘contraindications, 331 
indications, 331 
‘materials and medications 
alligator forceps, 331,332 
bulb syringe, 431, 333 
cerumen-softening solutions, 31 
cerumen spoons, 331, 332 
car curettes, 31,38 
car speculum, 331, 332 
eye and biohazard protection, 331 
hheadlamp/direct lighting instrument, 331 
insigation setup, 331 
Schuknecht suction tube, 331 
specialized ear syringe, 431, 333, 
pitfalls and complications, 334 
procedure, 334 
‘Cerumen spoons 
‘ceumen removal, 331,332 
‘ar foreign body removal, 335, 336 
Cervical collar (C-collar) 


Aspen collar, 219-222 


‘cervical spine clearance (see Cervical spine clearance) 


ccontraindications, 219 
features of, 219) 
indications, 219 
log roll, 229 
‘materials and medications, 219 
‘one-piece C-colars, 219 
pearls and pitfalls, 322 
two-piece C-collars, 219 
Cervical ectopic pregnancy, 648 
Cervical spine clearance 
CCR, 223 
complications, 227 
computed tomography, 224 
‘cantaindicatons, 223 
flexion-extension X-rays, 224 
indications, 23 
‘magnetic resonance imaging, 224 
NEXUS clinical criteria, 223 
pearls and pitfalls, 227 
plain X-rays, 24 
procedure, 355-358 
(collar placement, 225 
CC spine tendemess assessment, 225, 226 
(Chemical buns, eye, 279 
(Chest trauma, 159 
‘Chest tube thoracostomy. See Tube thoracostomy 
‘Choriocarcinoma, 653 
(Chronic anal fissures, 453, 455 
Clue cell, 458 
Cobalt blue, 273, 


Color-coded pediatric emergency tape, See Broselow Pediatric 


Emergency Tape 
Color duplex ultrasonography. 495 
Colposcope, 478, 482 
Combitube 
‘contraindications, 85 
indications, 85 
materials, 8S 
pearls and pitfalls, 87 
procedure, 86-87 
‘Complete abortion, 657-659 
Complete breech, 677 
Computed tomography (CT) 
brain death examination, 267 
chorigcarinoma, 653, 
C-spine, 224 
EVD, 243,245 
herniation syndromes, 250 
intraocular foreign body, 285 
Cook intraosscous needle, 707, 708 
(Corneal foreign body removal 
‘complications, 285 
‘contraindications, 283, 
indications, 283 
‘materials and medications, 284 
procedure, 285 
Cotton ip applicator, 281, 284, 285 
Cricothyroidotomy 
complications, 126, 
‘containdications, 119 
indications, 19 
pearls, 126 
scalpel-bougie techniques 
‘materials and medications, 119-120 
procedure, 121-122 


How to Use it 


Total Inductance = Li + L1 +13 


1/Total Inductance = 
TE EIS 


Figure 14-21. Calculating the total inductance of induc: 
tors in parallel (top) and series (bottom). 


the coil windings, and an initial current of zero. If 
Lis the inductance of the coil and R is the value 
ofthe series resistor, then the time constant —TC 
—is given in seconds by the formula 
TCL Y/R 

Therefore a coil of 10 millihenrys (0.01 Henry) in 
series with a 100-ohm resistor will pass 63% of 
the full current in 0.0001 seconds, or 1/10 of a 
millisecond; it will take an equal additional 
amount of time for the current to rise by another 
63% of the remaining difference between its 
charge and the maximum amperage of the cir- 
cuit. In theory, the reactance of a coil can never 
diminish to zero, but in practice, five time con- 
stants are considered adequate to allow maxi- 
‘mum current flow. 


How to Use it 


Because the inductance of an inductor peaks as 
currentincreases,and then gradually diminishes, 


power > moderation > inductor 
an inductor can be used to block or attenuate 
high frequencies. A circuit that does thisis often 
referred to asa low-pass filter. The schematicand 
a graph suggesting its performance are shown 
in Figure 14-22. A basic application could be the 
crossover network in a loudspeaker system, 
where high-frequency signals are blocked from 
a low-frequency driver and are diverted to a 
high-frequency driver. 


Cor] oat 


i output 
a atalterent 
bas frequencies 
(ossuming 
constant 
a ‘80dB input) 


1 10 100 4k 10K 100K 
Frequency (log scale) 


Figure 14-22. By using the ability ofan inductor to block 
2 range of frequencies, a low-pass filter blocks higher fe- 
‘quencies 

If the location of the inductor is shifted so that it 
shunts the signal away from the output, the re- 
sults are reversed, and the circuit becomes a 
high-pass filter. The schematic and a graph sug- 
gesting its performance are shown in 
Figure 14-23. 


Note that capacitors may also be used to create 
frequency filters, but because their function is 
roughly inverse to that of inductors, the place- 
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‘Scalpel-Trousseau technique 
‘materials and medications, 123, 
procedure, 124-125 

Cricothyrotomy. See Cricothyroidotomy 

(Cuffaltor, 433, 434 

(Curved array transducer (C60) 

FAST examination 
‘with larger footprint, 406 
left upper quadrant view of, 409 
right upper quadrant view of, 408 
‘ncart subxiphoid four-chamber view of, 407 
‘Curved book 
cerumen removal, 331 
foreign body removal 
‘ar, 335, 336, 338 
nasal, 326-328 
‘Cyanoacryate, 335, 337, 339 


D 
Defibrillation. See Unsynchronized cardioversion 
Delivery 
breech birth (see Breech delivery) 
perimortem cesarean (see Perimortem cesarean section) 
shoulder dystocia (see Shoulder dystocia management) 
vaginal, 665-668 
Dental avulsion 
‘complications, 386 
‘containdications, 384 
indications, 383-388 
materials and medications, 384 
pearls and pitfalls, 386 
procedure, 385 
prognosis, 386 
oot development stages of, 386 
Dental fracture See Fractured tooth 
Depilatory method, hair tourniquet, 725 
Dermabond, 546-547 
Diagnostic peritoneal lavage (DPL) 
‘complications, 399 
‘containdications, 396 
indications, 395 
‘materials and medications, 396 
pearls and pitfalls, 399 
procedure 
‘closed technique, 397 
‘open technique, 397 
pitient preparation, 396 
semiopen (Seldinger technique, 397-398 
Difficult airway 
awake orotacheal intubation, $3, 
indications, 89 
‘materials and medications, 89 
pearls and pitfalls, 92 
procedure 
6D method, 90 
LEMON, predict dificult direct laryngoscopy. 89-90 
-MOANS, BM difficulty, 89 
‘obese patient, optimizing laryngoscopy in, 92 
Digital nerve blocks, 523 
intrathecal/endon sheath approach, 525 
ring block, 524 
‘web space approach, 524 
DIP joint reduction. See Distal interphalangeal (DIP) joint reduction 
Direct laryngoscopy. 118 
‘complications, 74 
‘containdications, 67 


indications, 67 
‘materials and medications, 68 
pearls and pitfalls, 74 
procedure, 69-74 
ETT, 69, 74 
lotic view, 69, 72-73. 
‘Macintosh blade insertion, 69, 71 
Miller blade insertion, 69,71 
patient positioning, 69, 70 
Dislocation 
ankle 
anterior dislocations, 619 
complications, 620, 
ccontraindications, 617 
indications, 617 
‘materials and medications, 617 
pearls and pitfalls, 620 
posterior dislocations, 618 
elbow 
anterior dislocations, S91, 59 
complications, 597 
‘contradictions, SL 
indications, SL 
‘materials and medication, $92 
pearls and pitfalls, 597 
posterior dislocations (see Posterior dislocation elbow) 
radial head subluxations, $95-596 
finger joint (sce Distal interphalangeal (DIP) joint reduction) 
hip (see Hip dislocation eduction) 
knee (see Knee dislocation reduction) 
shoulder (see Shoulder, dislocation reduction) 
{temporomandibular joint (see Temporomandibular joint (TMI) 
dislocation) 
Distal interphalangeal (DIP) joint reduction, 599 
complications, 6OL 
‘containdications, $99 
indications, 599 
‘materials and medications, $99 
pearls and pttalls, 601 
procedure, 600 
Dix-Hallpike maneuver 
complications, 258 
‘containdications, 257 
indications, 257 
materials, 257 
pearls and pitfalls, 258 
procedure, 257,258 
Doll's eyes 
brain death examination in adults, 261 
‘cntraindications, 251 
indications, 251 
pearls and pitfalls, 255 
procedure, 251, 252 
Doppler ultrasonography 
fetal heat rate monitoring, 642 
testicular torsion, $03, 504 
Dorsal penile nerve block, 487-489 
Double-lumen airway. See Combitube 
DPL. See Diagnostic peritoneal lavage (DPL) 
Diy socket 
‘complications, 376 
‘containdications, 376 
indications, 375 


‘materials and medications, 376, 
pearls and pitfalls, 376 
procedure, 376 

Durable mass, 425 


m2 Index 
E vs auscultation method, 641 
Ear canal impaction. See Cerumen removal external, 642 
Ear curetes, 331, 333 internal, 643, 
Ear foreign body removal Electron indentation tonometry See Tono-Pen tonometry 
alligator forceps, 335, 336, 338 [Embolisi See Pulmonary embolism 
‘cerumen spoon, 335, 336 Emergent delivery. See Breech delivery 
‘contraindications, 335, Emergent thoracotomy 
‘curved hook, 335, 336,338 ‘aortic occlusion, 165, 168, 
‘eyamoacrylate, 335, 337,339 complications, 169 
car speculum, 335,336 contraindications, 163, 
cer syringe, 335, 337 indications, 163 
ye and bichazard protection, 335 ‘materials and medications, 163-164 
‘neadlampldirect lighting instrument, 335 resuscitative thoracotomy and open cardiac massage, 165-167 


indications, 335 
ierigation setup, 335, 337, 339 
‘Schuknecht catheter, 335, 337, 338 

ar hematoma See Auricular hematoma 

Early pregnancy failure. See Anembryonic gestation 

Ear speculum 
‘cerumen removal, 331,332 
foreign body removal, 335, 336 

ar syringe, 335, 337 

Ear wax removal, See Cerumen removal 

Ectopic pregnancy, 645 
‘complications, 648, 
‘containdications, 648, 
indications 

in fist trimester, 646 
fre uid in pelvis, 646, 647 
gestational sac, 646, 647 
CG level, 646 
pseudogestaional sac, 646, 
Fisk factors, 646 
yolk sac, 648 
‘materials and medications, 648 
pearls and pitfalls, 648-649 
procedure 
‘ransabdominal, 648 
transvaginal, 648, 

Edwards Vigileo System, 35, 36 

‘containdications, 37 


‘materials, 38 
pearls and pts, 38 
procedure, 38 
PAST. See Extended focused asessment with sonography fr trauma 
(EFAST) 


Elbow dislocation reduction 
‘anterior dislocations, $91, 594 
‘complications, $97 
‘contraindications, SOL 
indications, $91 
‘materials and medication, $92 
pearls and pitfalls, $97 
posterior dislocations 

anatomical depiction, $91 
rthod A, 592 
method B, 592, $93, 
method C, 592, $93, 
rail head subluxations 
subluxation hyperpronated, 595 
subluxation hyperpronated and flexed, $95 
subluxation supinated, 595, 596 

Electrocardiography (ECG) 

‘complete lft bundle branch block, 29 
fetal heart rate monitoring, 643 
Electronic fetal heart rate monitoring 


Finochieto retractor. 165, 166 
Lebsche knife, 165. 166 
pericardium, 165, 167 
skin and subeutaneous issue incision, 165, 166 
[Empty skall sign, 267 
Encephalitis, 247 
Endocardial pacing. See Transvenous cardiae pacing 
Endotracheal tube (ETT) introducer, 116 
complications, 101 
‘contraindications, 99 
indications, 9 
‘materials and medications, 99 
pearls and pttalls, 101 
procedure, 100-101 
airway visualization, 100, 
epislots, 100 
placement, 100, 
removal, 100, 
Endotracheal tube (ETT) intubation 
fiberoptic stylet intubation (see Fiber-optic stylet 


intubation) 
lighted stylet intubation (see Lighted stylet (LS) 
intubation) 


LMA Fastrah, $0-81 
Store video laryngoscope (see Strz video laryngoscope) 
Episiotomy, 670, 678, 680, 685 
Epistat 317, 318 
Epistaxis control 
“anterior pistans (see Anterior epistaxis) 
‘contraindications, 313, 
indications, 313 
‘materials and medications, 313, 
nasal septum, vascular supply to, 31 
sos. lateral wall of, 311, 312 
posterior epistaxis 
‘management of, 317, 318 
pearls and pitfalls, 317-318 
preliminary steps, 317 
Epley maneuver for vertigo 
‘complications, 260, 
ccontraindications, 259 
indications, 259 
materials, 259 
pearls and pitfalls, 260, 
procedure, 259-260 
Exythema migrans, 556 
Esophageal foreign body removal 
complications, 418. 
‘containdications, 117 
indications, 417 
materials 
bougienage, 417 
‘esophagoscopylendoscopy. 417 


Index 
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Foley catheter removal, 419 
LES, relaxation of, 417-418, 
pearls, 418-419 
procedure 
bougienage, 418) 
Foley catheter removal, 418 
LES, relaxation of, 418, 
push technique, 418 
push with fragmentation technique, 418 
Esophagoscopy. 417 
EVD. See External ventricular drain (EVD) 
Extended focused assessment with sonography for tauma (EPAST), 
410-411 
Extemal ear block 
auricular ing block, $20, 
indications, 520 
External fetal heart rate monitoring, 642 
Extemal rotation method, 587 
External thrombosed hemorthoid, See Thrombosed external 
hemorthoid 
External ventricular drain (EVD) 
‘complications, 244 
ccontraindications, 241 
CSP. 241 
indications, 241 
‘materials and medications, 241, 243 
pearls and ptialls, 244, 245 
procedure, 241-245 
‘advance ventriculostomy catheter with stylet, 242, 244 
fanesthetize skin, 242,24 
brain, CT scan of, 243, 24 
Kocher's point, 242, 243, 
level of patents ear tragus, 243, 248 
smake burr hole, 242, 244 
make stab incision, 242, 244 
Extadurl hematoma (EDH), 335 
Exirauterine pregnancy, See Betopic pregnancy 


Bye 
‘comeal foreign body removal (see Corneal foreign body 
removal) 
intraocular pathology (see Intraocular pathology) 
itrigation 


‘complications, 282 
contraindications, 279 
indications, 279 
‘materials and medications, 279-280 
pearls and pitfalls, 282 
procedure, 281 
lateral canthotomy (see Lateral canthotomy) 
retinal detachment (see Retinal detachment) 
slit lamp examination 
complications, 276 
ccontraindications, 272 
‘comeal foreign body’ removal, 284 
‘luorescein esting (see Fluorescein testing) 
indications, 271, 272 
materials, 273 
pitills, 276 
procedure, 274-275 
tonometry (sce Tonometry) 


F 
Facial nerve block 
infraorbital nerve block, $17-S18 
meatal nerve block, 519 


suborbital and supratrochlear nerve block, $17 
PAST examination. See Focused assessment with sonography for 
trauma (PAST) examination 
Feeding tube, 459, 701-704 
Femoral artery cannulation. See also Arterial cannulation 
‘materials and medications, 3 
pearls and pitfalls, 10-11 
Seldinger technique, 3,9-10 
Femoral central venots line 
complications, 25-26 
pearls and pitfalls, 25 
procedure, 20, 21.24.25 
Femoral neck fracture, 603 
Femur dislocation reduction. See also Hip dislocation reduction 
anterior dislocation, 609, 610 
complications, 614 
lateral dislocation, 609, 610 
‘medial dislocation, 609, 611 
pearls and pitfalls, 614-615 
posterior dislocation, 609,610, 
rary dislocation, 609,61 
Petal hear rate (FR) monitoring 
complications, 644 
‘contraindications, 641 
clecttonic method 
"auscultation method, 641 
external, 642 
internal, 643 
indications 
antepartum, 641 
intrapartum, 641 
Fiberopti stylet intubation 
‘contraindications, 109 
indications, 109 
‘materials and medications, 109-110 
pearls and pts, 113 
procedure 
‘advancing scope, 111, 112 
endotracheal tube placement, 110 
epiglots visualization, 110, 1 
Jens fogging prevention, 110 
scope insertion, 110, 111 
scope removal. 11, 112 
Fibrinolytic osteitis. See Dry socket 
Fibular head dislocation reduction 
anterior dislocation, 612 
complications, 612 
pearls and pitfalls, 614 
posterior dislocation, 612 
Finger dislocation joint reduction. See Distal interphalangeal (DIP) 
joint reduction 
Finochieto retractor, 163-166, 179, 181 
Fishhook removal 
anatomy, 549 
complications, $53 
‘containdications, $49 
‘materials and medications, $49 
from nonvital structures, $49 
pearls and pitfalls, $53 
postremoval wound care, $53 
procedures 
‘advance and cut technique (see Advance and cut 
technique) 
needle cover technique, $50, $51 
retrograde technique, $50, 51 
String and yank technique, $50, 51 
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Index 


Fissures, See Anal fissures 
Fail chest 
abdominal injuries, 162 
blunt lung injury and contusion, 162 
chest wall, surpical stabilization of, 162 
diagnosis, 162 
‘morality, 159 
posterior rib fractures, 159, 160 
Fluorescein testing 
‘complications, 277 
indications and uses, 276 
pitfalls, 277 
procedure, 276 
Focused assessment with sonography for trauma (FAST) 
‘examination, 179 
abdominal/chest trauma, 40S 
‘complications, 411 
ccontraindications, 40S, 
wx DPL. 395 
free uid, 405 
hypotension, 405 
‘materials and medications, 405-406 
pearls and pitfalls, 411-412 
preumothoraxJhemothorax, 40 
procedure 
[EFAST examination, right and left lung view of, 410, 411 
left upper quadrant view, 409 
right upper quadrant view, 408 
sagittal pelvic view of, 409, 410 
stbxiphoid four-chamber view, 407 
transverse pelvic view of, 409 
Foley catheter, 417, 498, 688 
foreign body removal 
esophageal 417,418 
nasal, 326, 328 
large cardiac lacerations, control of, 181 
in posterior nasopharynx, 317, 318 
Forearm fracture. See Sugartong splint 
Foreign body (FB) removal 
‘corneal 
complications, 285 
‘cntaindications, 283, 
indications, 283, 
‘materials and medications, 284 
procedure, 285 
car (see Eat foreign body removal) 
esophageal (sce Esophageal foreign body removal) 
nasal (see Nasal foreign body removal) 
Forensic examination, sexual assault, See Sexual Assault Porensic 
‘Examination (SAFE) 
Practure 


‘concomitant. 597 
crbriform plate, facial trauma with, 413 
DIP joint dislocations, 601 

elbow, 597 

femoral neck, 603 

fetal clavicle, 672 

fetal humerus, 672 

jaw. 376, 

long bone, 707 

pelvic, 459) 

petrous bone, 253 

posterior rib Hil chest, 159, 160 


splinting (see Splinting) 
Fractured tooth 
anatomy of tooth, 380) 
‘complications, 382 
‘contraindications, 81 
indications, 379 
‘materials and medications, 381 
‘methods of, 379 
pearls, 382 
procedure, 381 
types of, 380 
Prank breech, 67 


G 
Galveston formula, $34 
Gaskin maneuver, 672 
Gastric aspiration. See Nasogastric be (NT) placement 
Gastric decompression. See Nasogastric ube (NT) placement 
Gastric iigation. See Gastric lavage 
Gastric lavage 
‘complications, 427 
ccontraindications, 425 
indications, 425 
‘materials and medications, 425, 
pearls and pitfalls, 427 
procedure, 426-427 
Gastrogratin®, 447 
Gastrostomy tube placement 
balloon G tbe, 441, 443, 
complications, 48 
‘containdications, 145 
‘general anesthesia, 45 
indications, 445 
laparoscopic G tube, 441 
low-profile G tube 
‘nonobturated, button, 441,43, 
‘obturated, button, 441, 448 
placement of, 446 
Malecot tube, 441,442 
materials, 445 
‘open gastrostomy tube, 441 
pearls and pitfalls, 448 
PEG tube, 441, 442 
local anesthesia, 448 
moderate sedation, 445 
replacement procedute, 446-47 
Getfoam?, 377, 378 
Genital and perineal lacerations, 685 
Glenohumeral joint arthrocentsis, 621, 622 
GlideScope 
complications, 96 
‘containdications, 93 
indications, 93, 
‘materials and medications, 93, 94 
pearls and pttalls, 9 
procedure, 95-96 
cable insertion, video moniter, 95 
Cobalt system. 95 
distal end, video cable connection, 95 
ETT abuts, 96 
GlideScope Video Laryngoscope (GVL) system, 93, 94 
Globe rupture, 294 
Glucoconticoids, 625, 626, 630 
Guillain-Baré syndrome, 247 
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u 
Hair tourniquet 
‘complications, 728 
‘containdications, 724 
indications, 725 
‘materials and medications, 724 
pearls and pitfalls, 728, 
procedure 
blunt probe and cutting method, 724, 726 
<epilatory method, 725 
digits, incision technique for, 725, 726 


severe penile tourniquet, incision technique for, 725,727 


vwnraveling method, 724, 725 
Half-buried horizontal mattress suture, $40, $43, 
Headache, 248, 250,493 

Head-hanging positioning maneuver See Dix-Hallpike 
Hear faire 


Edwards Vigileo System (see Edwards Vigileo System) 


pulmonary artery catheter, 29 
Hear strain, See Pulmonary embolism 
Hematomas 
‘auricular hematoma 
catliflower ear, 41 
‘contraindications, 342 
incision procedure, 42-48, 
‘materials and medications, 342 
needle aspiration, 42, 343, 
pitllls and complications, 498 
schematic of, 342 
sepal (sce Septal hematomas) 
subungal hematoma (see Subungal hematoma) 
Hemoperitoneum, 153, 449 
Hemorrhage 
antepartum, 661 
postextraction (see Postextraction hemorthage) 
postpartum (see Postpartum hemorshage (PPH)) 
retrobulhar, 30S. 
subarachnoid, 241, 242 
vitreous, 292 
Hepatitis B virus (HBV), 479 
Hernia. See Abdominal hernias 
High-frequency (5-8 MHZ) linear probe, 13 
High-risk pregnancy, 641 
Hip dislocation reduction 
“Alls maneuver, 605-606 
‘Captain Morgan technique, 607 
‘complications, 608 
ccontraindications, 603 
indications, 603 
materials and medications, 603 
pearls and pitfalls, 608 
‘Stimson maneuver 
femoral head manipulation, 604, 60S 
with hand, 604 
with knee, 604 
Whistler technique, 607 
Hippocrates method, $89 
Horizontal mattress suture, $40, 542 
Human immunodeficiency virus (HIV), 455,479, 641 
Hunt and Hess scale, 242 
Hydatidiform mole 
‘complications, 653 
‘contraindications, 65 
definition, 651 


indications, 651 
‘materials and medications, 651 
pearls and pitfalls, 653 
procedure 
‘ransabdominal imaging, 651-652 
transvaginal imaging, 652 
Hydrocephalus, 241,245, 250, 
Hypotension 
awards Vigileo System (see Edwards Vigileo 
System) 
PAST examination, 405 
pulmonary artery catheter, 29 
Hypovolemia, 19,23, 24,39, 451 


1 
IAN. See Inferior alveolar nerve (LAN) block 
ICP. See Intracranial pressure (ICP) 
Impotency, 493 
Incision and drainage (L&D), abscess 
Bartholin gland (see Bartolin gland abscesslcysts) 
complications, 567 
ccontraindications, 563, 
external ear block, $20, 
indications, 563 
local anesthesia, S09 
‘materials and medications, $63-S64 
parotid duct (see Parotid duct abscess) 
pearls, 567 
peritonsillar (see Pertonsillar abscess) 
procedure, 565-566 
sublingual (see Sublingual abscess) 
Incomplete abortion, 657-659 
Incomplete breech, 677 
Inevitable abortion, 67-659 
Infectious arthritis, See Arhrocentesis 
Inferior alveolar nerve (LAN) block 
‘anesthetized areas, 363-868 
anesthetized nerves, 363, 
‘contraindications, 364 
indications, 366 
‘materials and medications 
aspirating syringe, 365 
local anesthetic arpule, 365 
mouth props and rtractors, 365 
needle, 365 
procedure, 366 
Inferior ven cava (IVC), 
Infraorbital nerve block 
‘contraindications, $13, 
cextraoral approach, $17 
indications, 517 
intraoral approach, 518 
‘materials and medications, $14 
Inhalation injuries, 532 
Internal fetal hear rate monitoring, 643 
Internal jugular central venous line 
‘complications, 25-26 
procedure, 
‘angiocath, 21,23, 
informed consent, 18 
ip straightening, 19, 21 
long-and short-axis views, 18,20 
smarking, 19, 21 
patient positioning, 18 


108, 209 
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Inirs-atcular injection. See also Arthrocentesis 
‘complications, 630, 
‘contraindications, 625, 
indications, 625 
‘materials and medications, 625. 
pearls, 630 
procedure, 626-630 

ankle arthrocentesis, 626, 629 
joint uid aspiration, 626, 629 
knoe arthrocentesis, 626-628 
shoulder athrocentesis, 626, 629 
using sterile hemostat, 626, 630 

Intracorporeal injection procedure, 493, 

Intracranial pressure (ICP), 241, 243, 247, 295 

Iniraocular pathology 
‘complications, 291 
foreign body, 294 
lobe rupture, 294 
increased ICP. 295 
indications, 291, 
materials, 291 
‘optic nerve sheath measurement, 295 
pitfalls, 291 
procedure, 291 
retinal detachment, 2 
Vitreous detachment, 202 
vitreous hemorshage, 292 

Intraocular pressure (JOP), 289 
Tateral camthotomy, 305.306, 308 
tonometry (sce Tonometry) 

Intrapsseous (10) access 
‘complications, 712 
‘containdications, 707 
indications, 107 
‘materials and medications 

‘Cook inraosseous needle, 707, 708 

EZ10, 707, 108 

Jamshidi disposable sternal aspiration needle, 707 
pearls and pitfalls, 712 
procedure 

‘distal Femur, 709, 

sta iba, 709 

proximal humerus, 709, 711 

proximal bia, 113, 708, 709 

Sternar, 709 

Iniraosseous infusion. See Intrasseous access 

Inirathecal digital block, 525 

Intrauterine pregnancy, 657-659 

IOP. See Intraocular pressure (JOP) 

Ischemic priapism. See Pripism 

Ixodes seapularis, 556 
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J 
“Jacobi ring catheter, 471,472,475 

‘Tamshidi disposable stemaliliae aspiration needle, 707 
Toint aspiration, See Arthrocentesis 

Toint effusion treatment. See Arthrocentesis 

‘oint pain treatment, See Anthrocentesis 

Joint stabilization, splinting. See Splining 


K 
Kiesselhach’s plexus, 311, 312 
Kae arthrocentess 


Tateral approach, 626, 627 


medial approach, 626, 628 
procedure, 621,622 
Knee disloetion reduction 
complications, 614 
‘containdications, 609 
femurhibia 
anterior dislocation, 609, 610 
complications, 614 
lateral dislocation, 609,610 
‘medial dislocation, 609,611 
pearls and pitfalls, 614 
posterior dislocation, 609, 610 
rotary dislocation, 609, 611 
fibular head 
anterior dislocation, 612 
complications, 614 
pearls and pitfalls, 614 
posterior dislocation, 612 
indications, 609 
lateral patellar 
complications, 614 
pearls and pitfalls, 614-615 
procedure, 613 
‘materials and medications, 609 
Kocher technique, 587 


L 
Laparoscopic gastrostomy tbe placement, 441, 448 
Laryngeal mask airways (LMAS), 109, 119) 
complications, 83 
‘containdicaions, 75 
indications, 75 
LMA Classic Excel, 16-78 
IMA Pastrach, 76 
‘endotracheal intubation, 80-81 
insertion, 19 
removal of, 81-82 
LMA Unique, 76-78 
pearls and pitfall, 83 
sizing, 77 
Laryngotomy. See Cricothyroidotomy 
Lateral eanthotomy 
complications, 308, 
‘contraindications, 306, 
‘materials and medications, 306 
pearls and pitfalls, 308 
procedure, 306-307 
inital eu, 306, 307 
intraocular pressure further cut to reduce, 307 
lateral canthal tendon, 306, 307 
patient positioning, 306 
retrobulbar hemorrhage, 305 
Lateral patellar dislocation reduction 
complications, 614 
pearls and pitfalls, 614-615 
procedure, 613 
LES. See Lower esophageal sphincter (LES) 
Levitan FPS malleable fiber-optic stylet, 110 
Lighted stylet (LS) intubation 
‘contraindications, 103, 
indications, 103 
‘materials and medications, 103, 
pearls and pitfalls, 107 
procedure, 104-106 
‘dinvblurrd light, 104, 105, 
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ETT placement, 104, 106 
LS-ETT unit insertion, 104 
LS-ETT unit preparation, 104 
midline glow, use of, 104, 105 
patient positioning, 104 
preoxygenste, 104 
Light Wand, 103 
MAS. See Laryngeal mask airways (LMAS) 
Local anesthesia 
Bartholin gland abscessleysts drainage, 472 
bladder catheterization, 459 
characteristics, S11 
‘complications, $12, 
‘containdications, $09 
‘dorsal penile nerve block procedure, 487, 488 
dry socket, 376 
Fishhook removal, 549, 
indications, 509 
infiltration, S11 
intra-aniculr injection, 626 
Tumba puncture in ads, 248 
‘materials and medications, 510 
cede thoracostomy. 144 
pearls, 512 
PEG tube placement, 445 
pPhimosisparaphimosis, 497 
postextacton hemorthage, 377 
procedure, SUL 
Septal hematomas, 322 
‘TMI dislocation reduction, 973 


Log roll 
‘contraindications, 229 
indications, 229 


materials and medications, 229 
pearls and pitfall, 232 
procedure, 229-231 
‘Ambu Perfit one-piece collar height, 229, 230 
Anatomical line of symmetry, 231 
backboard removed, 231, 
(C-spine stabilization, 229, 230 
thoracic and lumbar spine stabilization, 230 
Lower esophageal sphincter (LES), 417-418, 426 
Low-profile gastrostomy tube 
‘nonobturated, button, 441, 443, 
cobturated, button, 441, 444 
placement of, 446 
Lumbar puncture (LP), in adults 
‘complications, 250, 
ccontraindications, 247, 
indications, 247 
materials and medications, 247 
pearls and pitfalls, 250 
procedure 
CSP fluid collection, 250 


needle insertion, 248-250 
patient positioning, 248, 249 
pressure measurement, 249, 250 
Sterile preparation, 248 
‘ltrasound guidance, 248, 249 

Lumbar puncture (LP) in pediatrics 

‘complications, 717 
ccontraindications, 713, 

indications, 713 

‘materials and medications, 713-714 


pearls and pitfalls, 717-718 
procedure 
attaching pressure manometer, 715,717 
chil, positioning of, 715, 716 
CSF fteetlow, checking for. 715 
iliac erest top. palpation of, 715, 717 
locating intervertebral space, 715 
spinal needle insertion, 715 


Lund Browder chart $32, $33, 
Lung ultrasonography 


‘contraindications, 171 
indications, 171 
‘materials, 71 
preparations, 171 
procedure, 172-175 
‘A lines identification, 172, 174 
‘assessment and clinical decision making, 173 
bat sign identification, 172, 174 
B lines identification, 172, 174 
consolidations identification, 173, 175 


tiaphragm, liver and spleen identification, 173, 175, 


lung pulse, 172 
lung sliding identification, 172, 174 
pleural efusions identification, 173, 195 
probe position, 172, 174 

Sinusoid sign, 173, 175 


Lyme disease, $56 


M 


Malecot tbe, 441,442 
Malfunctioning pacemakers 


ECG evaluation, 214 
failure to capture, 213, 

faire to pace, 213, 

failure to sense, 213, 

inappropriate rate, 213 

pacemaker-mediated tachycardia management, 214 
pacemaker syndrome, 213 


Mallampati classification, 61,90, 91 
Mandibular anesthesia 


‘buccal nerve black, 967-368 


inferior alveolar nerve block (Se Inferior alveolar nerve LAN) block) 


‘meatal nerve block, 368-369) 


Manual testicular detorsion. See Testicular torsion 
‘MeRoberts mancuver 


‘Mean gestational 
Meningitis, 


breech delivery, 678, 679 

shoulder dystocia management, 670, 671 
ameter (MGD), 655, 

40, 244, 247 


Mental nerve block, 368-369 


Methicillin-resistant Stplylococeus aureus (MRSA), 567 


‘contraindications, $13, 
cextraoral approach, $17 
indications, S13 

intraoral approach, 518 
‘materials and medications, $14 


Miami J collar, 219 
Mich technique, $88 
Miscarriage, 657-659 
Missed abortion, 657-659 
Molar pregnancy, 651-653 
‘Morgan lens, 279-281 


Multipledose activated charcoal (MDAC) therapy, 421, 423 


Myocardial infarction, 29 
‘Myometrum contraction, 664 
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N 
Nailbed injury. See Subungal hematoma 
Nail trauma, See Subungal hematoma 
[Nasal foreign body removal 

alligator forceps, 326-328 

‘Ambu bags, 326, 327 

‘contraindications, 325, 

ceurved hook, 326-328 

ye and biohazard protection, 326 

Foley catheter, 326, 328 

‘neadlampldirect lighting instrument, 326 


indications, 325 
lidocaine jelly, 326 
lidocaine without epinephrine, 326 


nasal positive pressure, 329, 
nasal speculum, 326 
phenylephrine, 326 
schuknecht suction tube, 326, 327 
Nasal trauma 
cpistars contol, 311 
septal hematomas (see Septal hematomas) 
[Nasogastri tube (NT) placement 
‘complications, 415) 
‘containdications, 113, 


indications, 413 
‘materials and medications, 413, 
pearls, 415 
procedure 

insertion, 14 

preparation, 414 


secure tube, 414 
tube placement, confirmation of, 414 
Nasopharyngeal airways, 47-49 
Nasostat, 317, 318 
National Emergency X-Ratiography Usilization Study 
(NEXUS), 223 
Needle cover technique, $50, $51 
Needle decompression thoracostomy 
‘complications, 147 
indications 
lbsolute, 143 
‘wake patient, 143. 
{injured patient, 143 
ventilated patient, 143, 
materials, 143 
pearls and pitfalls, 147 
procedure 
anterior chest exposure of, 144 
second intercostal space, needle insertion, 14, 145 
secure angiocatheter, 144, 146 
skin preparation, 44 
Noninvasive cardiac monitoring. See Cardi output monitoring 
NNonischemic priapism. See Priapism 


North American Society of Pacing and Electrophysiology (NASPE), 


211,212 
Nosebleeds, 311 
Nachal am. See Breech delivery 
Nursemaid’s elbow, 597 
clinical diagnosis, 754 
‘contraindications, 734 
definition, 733 
‘evaluation, 737 
indications, 754 
pearls and pitfalls, 237 
‘superpronation method, 734-735 
supination method, 736 


o 
‘Obstetric complications. See Breech delivery 
‘Ocular pathology. See Intraocular pathology 
culocephalic reflex. See Doll's eyes 
‘Oculovestibular reflex, 261, 265, 267 
‘One-handed seal technique, BVM ventilation, 48, 49 
‘Open chest wounds 
sucking chest wound, 159-161 
thoracie trauma, 159, 161 
‘Open gastrostomy tube placement, 441,445 
‘Open pmeumothorax, 159, 161 
(Opluhalmic bur drill, 284 
(Oral airways, 47.48 
Orogastic (OG) tube 
activated charcoal, 422, 423, 
‘strc lavage, 425 
COrotracheal intubation, 67. See also Awake orotrachel intubation 
Osteoarthritis (OA), 625, 630, 


Pe 
Pacemaker evaluation 
clectrocardiogram, 214 
impulses, 211 
insulated wire, 211, 212 
laboratory studies, 214 
‘malfunctioning (see Malfunctioning pacemakers) 
NASPEYBPEG code, 211, 212 
pacemaker codes, 213 
pacemaker lead insertion sites, 211, 212, 
patient history 
Physical examination, 214 
prevalence, 211 
pulse generator, 211, 212, 
Pacemaker-mediated tachycardia, 13, 
Pacemaker syndrome, 213 
Pacer pas, 19 
Paracentesis 
complications, 51 
‘contraindications, 449 
indications, 449 
‘materials and medications, 449 
pearls and pitfalls, 451 
procedure, 449-451 
Paraphimosis 
complications, SOL 
ccontraindications, 497 
indications, 497 
‘manual reduction, procedure for, 498-500 
‘Adsow/Babcock forceps, 498, 500 
circumeision, 498, 500 
patient positioning, 498. 
penile block, usage of, 498, 499 
‘materials and medications, 497 
pearls and pitfalls, SOL 
Parasternal long-axis view (PSLA), 207 
Parastemal short-axis view (PSSA), 207, 208, 
Parkland formula, $34 
Parotid duct abscess 
complications, 360 
‘containdications, 357 
‘materials and medications, 957-358 
pearls and pitfalls, 360 
procedure, 359-360 
intraoral stab incision, 355 
lighting, 355 
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parotid papilla, 359, 360 
patient positioning, 359 
salivary lands, anatomy of, 359 
Parotid papilla, 359, 360 
Particle repositioning. See Epley mancuver fr vertigo 
Patella dislocation reduction 
‘complications, 614 
pearls and pitfalls, 614-615 
procedure, 613, 
EG tube. See Percutaneous endoscopic gastrostomy 
(PEG) tbe 
Pelvic examination and wet preparation 
‘complications, 468 
ccontaindications, 465, 
indications, 465 
‘materials and medications, 465, 465 
pearls and pitfalls, 468. 
procedure, 465-468 
bimanual examination, 467, 468 
Candida albicans, 468, 469 
{emile extemal and internal genital 
normal and clue eel 458 
rectovaginal examination, 467 
trichomoniasis, 468, 469 
‘wet preparation interpretation, 466, 467 
SAFE, 478 
Pelvic ultrasound, 657-658 
Percutaneous endoscopic gastrostomy (PEG) tube, 
441,442 
local anesthesia, 445 
moderate sedation, 445 
replacement procedure, 46-447 
Percutaneous TIBV. See Transtracheal jet 
ventilation (TTIV) 
Pericardial effusion, 203, 205 
Pericardiocentess 
‘complications, 20S. 
‘containdications, 208, 
indications, 208 
‘materials and medications, 203, 
pearls, 205 
pitfalls, 20S 
procedure, 203, 
‘approach, 208 
parasternal long-axis approach, 20S 
Subsiphoid approach, 204 
Pericardium See Pericardiocentesis 
Perimortem cesarean section 
‘complications, 690 
‘containdications, 687 
indications, 687 
‘materials and medications, 687 
pearls and pitfalls, 690, 
procedure 
‘exposing rectus sheat, 688, 689 
{ets delivery, 688, 689 
placenta delivery, 688, 690, 
resuscitation of infant, 688, 689 
vertical incision, 688 
Peripheral intravenous (PIV) access, ultrasound-guided 
‘complications, 15 
‘containdications, 13 
indications, 13, 
‘materials and medications, 13 
pearls and pitfalls, 15 
procedure 


466, 467 


basic and cephalic veins, 14 
brachial artery and vein, 14 
needle insertion, preparation for, 14 
Pythagorean Theorem, concept of, Lt 
‘wansverse and longitudinal orientation, 14 
Peripheral vascular disease, 583 
Peripheral venous catheterization 
‘contraindications, 693 
indications, 693 
‘materials and medications, 693, 694 
pearls and pitas, 699 
procedure, 694-699 
applying tourniquet, 694 
hub stabilizer placement, 695, 699 
passing catheter tip, 694, 697 
secure intravenous line, 695, 698 
vein, palpation of, 694, 696 
Peripheral venous eutdown 
basic vein, 41 
cephalic vein, 41 
complications, 44 
‘cantraindicaions, 39 
indications, 39 
‘materials and medications, 39-40 
‘mini-cutdown technique, 43, 
‘moglfed/guide wire technique, 43 
pearls and pitfalls, 4 
saphenous vein, 41 
standard venous cutdown technique, 41-43 
distal and proximal ligatures, 41,42 
mobilization of vein, 41,42 
skin incision, 41, 42 
‘venous catheter, 41-43, 
vvenous incision, 41,42 
Peritonsillar abscess 
‘aspiration of, 349-350 
‘complications, 352 
‘containdications, 349 
incision and drainage of, 351 
indications, 49 
‘materials and medications, 349 
pearls and pitfalls, 352 
Phased aay transducer (PLT), 405 
Phenylephrine 
‘nasal foreign body emoval, 326 
priapism, 193 
Septal hematoma, 322 
Philadelphia collar, 219 
Phimosis, See also Paraphimosis 
complications, SOL 
‘containdications, 497 
indications, 497 
‘materials and medications, 497 
pearls and pttalls, SO 
procedure, 498-500 
pH paper, 279, 280 
Piles. See Thrombosed external hemorthoid 
Placenta previa 
complications, 64 
‘containdications, 62 
igrades, 661 
indications, 662 
‘materials and medications, 62 
pearls and pitfalls, 664 
procedure, 662-663 
varying degrees, 661 
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Placenta removal, 684 
Pleural effusions, 173, 175 
Preumonia, 172,173, 175 
Preumothorax, 156, 158, 405 
Poisoning treatment, See Acti 
adsorption 
Polyethylene glyeo!-cectrlyte solution, 429, 431 
Polymorphonuclear lymphocyte (PMN), 451 
Posterior dislocation 
ankle, 18, 
elbow 
anatomical depiction, $91 
method A, 592 
method B, 593 
method C, 593 
femur, 609, 610 
fibular head, 612 
shoulder, $83, 584 
Posterior epistaxis 
‘management of. 317 
pearls and pitfalls, 317 
preliminary steps, 317 
Postextraction hemorrhage 
‘complications, 378 
‘containdications, 377 
indications, 77 
‘materials and medications, 377 
pearls and pitfalls, 978, 
procedure, 377-378 
Postparacentesis circulatory dysfunction 
(PPCD), 45 
Postpartum hemorshage (PPH), 668 
‘complications, 685. 
ccontraindications, 683, 
definition, 683 
indications, 683 
‘materials and medications, 683, 
pearls and pitfalls, 685 
procedure 
continuous interlocking stitch technique, 685 
placenta removal, 684 
Uterine aton, intrauterine massage for, 684 
Uterine examination, 683, 
Uterine inversion management, 684 
vaginal examination, 683 
shoulder dystocia management, 675. 
Pregnancy 
blighted ovum (sce Anembryonic gestation) 
complications (see Placenta previa) 
fetusfembryo, removal of (see Abortion) 
high-risk, 641 
hnydatiiform mole (see Hydatidiform mole) 
tubal (see Ectopic pregnancy) 
Prise 
‘ood gas analysis, 44 
color Duplex ultrasonography, 495 
‘complete blood count, 495 
‘complications, 493, 
ccontraindications, 48S, 
hemoglobin electrophoresis, 49S 
indications, 485 
‘materials and medications, 485-486 
noninvasive therapy preprocedure, 487 
pearls and pitfalls, 493 


ed charcoal (AC) 


procedure 
‘eavernosal aspiration, 490-492. 
dorsal penile nerve block, 487-489 
intracorporeal injection, 493 
psychoactive drug screen, 495 
Sickle cel testing, 495 
‘rine toxicology, 495 
Prophylaxis. 479, 482 
PSLA. See Parasteral long-axis view (PSLA) 
PSSA. See Parasteral short-axis view (PSSA) 
Palle elbow. See Nursemad’s elbow 
Pulmonary artery catheter 
catheter preparation, 29 
complications, 33 
‘cantraindications, 29 
indications, 29 
‘materials, 29 
pearls and pitfalls, 33 
procedure, 30-32 
‘balloon inflation, 30 
chest radiograph, correct placement, 30, 32 
sterile plastic sleve, 30, 31 
thick and thin markings, 30, 31 
‘waveform and pressure readings, 30, 31 
Pulmonary embolism 
clinical findings, 209 
complications, 209 
ccontraindicatons, 207 
indications, 207 
‘materials and medications, 207 
pearls and pitfalls, 209 
procedure, 207-208 
{four-chamber view, 208, 
inferior ven cava, 207-208 
PSLA, 207 
PSSA. 207, 208, 
subiphoid approach, 208 
Pulmonary hypertension, 29, 30,33 
Pulses electrical activity (PEA), 179,189, 205, 
Pulseless ventricular tachycardia, 189 


R 
Radial artery cannulation. See also Arterial 
cannulation 
Allen test, 7-8 
‘overthe-needle catheter assembly with integrated guide 
wire,3,7 
pearls and pitfalls, 10-11 
Sandard overthe-needle catheter assembly 
‘materials and medications, 3,4 
procedure, 5-6 
Radial head subluxations. See also Nursemaid’s elbow 
subluxation hyperpronated, 595 
subluxation hyperpronated and flexed, 595 
subluxation supinated, 59S 
Radial nerve block, wrist, $22 
Rapid sequence intubation (RSI), 110 
‘complications, 65 
‘containdications, $7 
indications, 57 
‘materials and medications, $7, $9 
pearls and ptialls, 65 
procedure 
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Figure 14-23. Here the Inductor diverts law frequencies 
aay from the output, allowing high frequencies to pass 
through, 


‘ment of capacitor ina circuit would be opposite 
to the placement of the inductor. Examples of 
filter circuits using capacitors are found in the 
entry for that component in this encyclopedia. 


An inductor can be combined witha capacitorto 
form a bandpass filter, as shown in Figure 14-24, 
In this configuration, the inductor blocks the 
high frequencies while the capacitor blocks the 
low frequencies, allowing only a limited band of 
frequencies to get through 


‘Once again if the lacation of the components is 
shifted to shunt the signal away from the output, 
the results are reversed, as shown in 
Figure 14-25. This is known as a notch filter. 


‘The performance of these filters will depend on 
the component values, and in most applications, 
additional components will be necessary. So- 
phisticated filter circuits are outside the scope of 
this encyclopedia. 


Frequency (log scale) 


Figure 14-24. ifthe values af a capacitor and an inductor 
are correctly chosen, and the components are placed in 
series, the inductor blocks high frequencies while the ca 
ppacitor blocks low frequencies, creating a bandpass filter 
in which only @ narrow band of frequencies can get 
through. 


Inductors are of great importancein D¢-DCcon- 
verters and AC-DC power supplies where volt- 
age changes are enabled by rapid switching. See 
the relevant entries of this encyclopedia for ad- 
ditional details. 


Generally, as electronic equipment has become 
increasingly miniaturized, the unavoidable bulk 
of inductors has limited their application, How- 
ever they may still be used to tune oscillators, to 
block sudden spikes in power supplies, and to 
protect equipment from sudden voltage spikes 
(they are used, for example, in surge suppressors 
for computing equipment). 
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direct laryngoscopy (see Direct laryngoscopy) 
Induction, 60, 62 
paralysis, 60, 62 
positioning, 60,62 
postintubation management, 60, 64 
reoxygenation, 60,62 
preparation, 60,61 
pretreatment, 60, 62, 
proof of placement, 60, 64 
Rectal bleeding, 453 
Rectal effluent, 431 
Rectal pain, 453 
Recurrent epistaxis, 313, 325 
Re-expansion pulmonary edema, 133, 158 
Regional nerve block 
‘complications, $15, 
‘contraindications, $13, 
digital nerve blocks, $23 
inrathecalltendon sheath approach, 525 
ring block, 524 
‘web spice approach, 524 
‘extemal ear block 
‘auricular ring block, 320, 
indications, $20 
facial blocks, trigeminal nerve 
infraorbital nerve block, 517-518 
‘meatal nerve block, $19 
suborbital and supratrochlear nerve block, 519 
general block, procedure for, 515 
indications, 1 
materials and medications, S14 
pearls and pitfalls, $15 
‘wrist nerve block 
indications, S2t 
median nerve block, 522 
nerve distribution in hand, $21 
radial nerve block, $22 
tlnar nerve block, 523 
Respiratory failure, 171, 173 
Restscitative thoracotomy, 165-168 
Finochieto retractor. 168, 166 
Lebsche knife, 165, 166 
‘open cardiac massage, 165, 167 
pericardium, 165, 167 
Skin and subcutaneous tissue incision, 165, 167 
Retinal detachment 
‘complications, 289 
‘containdications, 287 
_sraphical representation, 292, 293 
indications, 287 
materials and medications, 287 
pearls and pitfalls, 289 
procedure, 287-288 
anatomy findings, 287, 288 
hyperechoic linear structure, 287, 288 
patient positioning, 287, 288 
ultrasound image, 292 
Retrobulbar hemorrhage, 305 
Reverse Woods corkscrew maneuver, 672 
Rheumatoid arthritis (RA), 90, 625, 630 
RSI See Rapid sequence intubation (RSI) 
Robin Il maneuver, 672 
Rabin I mancuver, 672 
Running suture, $40, $41 


s 
‘SAFE. See Sexual Assault Forensic Examination 
(SAFE) 
Salivary glands, anatomy of, 359 
Saphenous vein cutdown, 41 
‘SB tube. See Sengstaken Blakemore (SB) tube 
Scalpel-bougie techniques, See also Cricathyroidotomy 
‘materials and medications, 119 
procedure, 121-122 
Scalpel-Trousseau technique, See also Cricothyroidotomy 
‘materials and medications, 123, 
procedure, 124-125 
‘Scapular manipulation method, $86 
Schiotz tonometer, 297 
complications, 303, 
pitfalls, 299 
procedure, 299 
‘Schuknecht suction tube 
cerumen removal, 331 
foreign body removal 
car, 336-338 
nasal, 326-328 
Seidel test, 276 
Seldinger technique 
DPL, 397-398 
femoral artery cannulation, 3, 9-10 
‘Sengstaken-Blakemore (SB) tube 
complications, 439 
‘containdications, 433, 
‘materials and medications 
cuffalator, 433,434 
Fhelmet traction setup, 433, 436 
intubation equipment, 433 
lidocaine, 433 
lubricant (water soluble, 433, 
scissors, 433, 436 
sphygmomanometer, 433, 434 
Sterile water, 433, 
suction device and tubing, 433, 435 
syringe with catheter tip, 433, 434 
3-way stop-valve tube connector, 433, 435 
tube clamps, 433, 435 
water and sta, 433 
‘¥-Tube connector 433,435 
pearls and pitfalls, 439) 
procedure, 436-438 
balloons, placement of, 436, 437 
sphygmomanometer, connection of, 436, 438, 
variceal GI bleed, 433, 
Sepsis, 685 
Eaivards Vigileo System (see Edwards Vigileo 
System) 
Fea, 690 
‘maternal, 690 
peripheral venous cutdown, 46 
‘Septal hematomas 
‘contraindications, 322 
indications, 321 


‘materials and medications, 322 
pitfalls and complications, 324 
procedure 
bilateral hematomas, drainage of, 322-323 
preprocedure, 322 
‘unilateral hematoma, drainage of, 322, 323 
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Serum-ascites albumin gradient (SAAG), 451 symphysiotomy, 674 
Sexual Assault Forensic Examination (SAFE) ‘Woods corkscrew maneuver, 672, 673 
‘contraindications, 477 Zavanelli maneuver, 674 
indications, 477 Sickle cell anemia, 195 
lien theatening injuries, 477 Sickle-solubility test, 495 
‘materials and medications, 477 Silver nitrate stick ablation, 471, 475 
pearls and pitfalls, 483 Single-dose activated charcoal, 421 
procedure Slit amp 
biological material, collection of, 479 complications, 276 
bite marks, 478 ‘containdicatons, 272 
clothing collection of, 479 ccomeal foreign body removal, 284 
evidence collection kit, 478-480 fyorescein testing (see Fluorescein testing) 
forensic interview and bistory taking, 478 indications, 271, 272 
{orensie pelvic examination, 478 materials, 273 
forensic photography. 479 pitts, 276 
general physical examination, 478, 481 procedure, 274-275 
{informed consent, 478 ‘Spaso technique, $88 
injury documentation, 478, 481 ‘Sphenopaatine artery. 311, 312 
inspection, 478 ‘Sphygmomanometer, 433, 434 
investigations, 479 Spine immobilization, 22,231 
la enforcement involvement, 478, Splinting 
prophylaxis, CDC guidelines, 479, 482 complications, 574 
rectal examination, 478 ccontraindications, S7L 
speculum examination, 478, 482 DIP joint reduction, 600 
SANE. 477 indications, 71 
SART.AT? ‘materials and medications, $71-S72 
survivors, 477 procedure, $72-574 
Sexual Assit Nurse Examiner (SANE), 477 sugar-tong (see Sugar-tong splint) 
Sexual Assault Response Team (SART), 477 ‘ulnar gutter (see Ulnar gutter splint) 
Shoulder arthrocentess, 626, 629 ‘Spontaneous bacterial peritonitis, 451 
Shoulder. dislocation reduction Sterile urine aspiration. See Suprapubic bladder 
‘complications, $90, ‘spiration 
‘containdications, $85 Stifneck, 219 
indications ‘Stimson maneuver, 585 
anterior dislocations, 83, 584 femoral head manipulation, 604, 60S 
inferior dislocations, 583 swith hand, 604 
posterior dislocations, $83, $84 with knee, 604 
‘materials and medications, 585 ‘Stomach pumping. See Gastric lavage 
pearls, $90 ‘Stomal closing, 1 
procedure Storz C-Mac, 116 
‘extemal rotation method, $87 Store video laryngoscope 
Milch technique, 388 complications, 118: 
pin management and sedation, $85 ‘containdications, 11S, 
physical examination, S85 indications, LS 
posterior shoulder. $89 ‘materials and medications, 116 
postreduction, $89 pearls and pital, 118 
radiographs, $85 procedure 
scapular manipulation method, $86 blade, warming and insertion of, 116, 117 
Spaso technique, $88 ETT, placement of, 116, 117 
Stimson maneuver, $85 slot, direct and indirect visualization of, 116, 119 
traction-countertaction method, 589 String and yank technique, $50,551 
Shoulder dystocia management ‘Subarachnoid hemorthage, 241 
‘complications, 675. ‘Subelavian central venous line 
ccontraindications, 69 complications, 25-2 
indications, 669 pearls and pitfalls, 24 
‘materials and medications, 69 procedure, 22-24 
pearls and pitfalls, 675 ‘Subdural hematoma (SDH), 235 
procedure ‘Sublingual abscess, 353 
accurate documentation, 670 ‘complications, 356 
episiotomy consideration, 670 ‘containdications, 354 
Gaskin maneuver, 672 incision and drainage, 385 
help recruitment, 670 ‘materials and medications, 354 
‘McRoberts maneuver, 670, 671 pearls and pitfalls, 356 
reverse Woods corkscrew maneuver, 672 ‘Subosbital nerve block, 517 
Rubin Il mancuver, 672 ‘Subungal hematoma 


Rubin I maneuver, 672 ceases, 559 
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‘complications, SL 
‘containdications, $59 
indications, 559 
materials and medications, 559 
pearls and pitfalls, $61 
procedure 
positioning of needle $60 
right index finger, $60 
trephination, 560, 
Sucking chest wound, See Open paeumothorax 
Sugar-ong splint 
‘complications, 637 
‘contraindications, 633, 
indications, 633 
‘materials, 633-634 
pearls and pitfalls, 637 
procedure, 635-637 
arm positioning, 635 
clastic bandage application, 635, 637 
splining material application over padding, 635, 636 
stockinete positioning, 635, 
Superpronation method, nursemaid’s elbow, 734 
Supination method, aurcemaid’s elbow, 736 
Supraglotic airways, 109 
Suprapubic bladder aspiration 
‘complications, 722 
‘containdications, 719, 


indications, 719 
‘materials and medications, 719 
pearls and pitfalls, 722 
procedure 
applying negative pressure to syringe, 720 
landmark identification, 720, 721 
needle insertion, 720, 721 
‘occluding urethral opening, 720 
placing infant in fog-leg postion, 720 
Supratrochlear nerve block, 517 
Surgical airway management. See Cricothyroidotomy 
Swinging flashlight test, 30S 
Synchronized elecrial cardioversion 
‘complications, 188 
‘containdications, 18S 
indications, 185 
‘materials and medications, 185 
pearls and pitfalls, 18 
procedure, 185-187 
anterolateral postion, 186 
anteroposterior postion, 186 
efibrillatoricardiovertr, 186, 187 
pediatric pad placement, 186, 187 
Synovial fluid aspiration, See Arthrocentesis 


T 
‘Tachyarhythmias, 29, 193, 194 
‘Tachycardia, 185 
‘awake patient, 43 
direct laryngoscopy, 74 
‘non-sinus-thythm tachycardias, 185 
ppacemaker-mediated, 213, 214 
ventilated patient, 113 
‘TSA. See Total body surface area (TBSA) 
‘Temporary dental cement, 381 
‘Temporary pacemakers, 202 
‘Temporomandibula joint (TM) dislocation 
closed reduction 


contraindicatons for, 371 
‘with local anesthesia, 373 
‘without local anesthesia, 372 
complications, 374 
‘materials and medications, 371 
‘open lock, 371 
pearls and pitfalls, 374 
“Tension pneumothorax treatment, See Neale decompression 
thoracostomy:; Tube thoracostomy 
‘Testicular torsion 
‘contraindications, 0S 
Doppler ultrasound of, $03. $05 
‘materials and medications, 30S 
and normal testicle, schematic of, $03 
pearls and pitfalls, 12 
procedure, 50S 
Signs and symptoms, 503 
‘Thoracentesis 
complications, 158 
‘containdications, 15S 
indications, 185 
‘materials and medications, 155. 
pearls and pitfalls, 158 
procedure, 156-137 
intercostal neurovascular bundle, 156, 157 
needle and eatheter insertion, 156, 157 
reed insertion mark, 156, 157 
patient positioning, 156 
pleural effusion location and height, 156 
pleural id collection via syringe pump method, 
156, 157 
re-expansion pulmonary edema, 158 
‘ultrasound guidance, 158 
‘Thoracic trauma, 159, 161 
‘Thoracostomy 
needle (sce Needle decompression thoracostomy) 
‘pneumothorax, 25, 162 
tube (see Tube thoracostomy) 
‘Thoracotomy. See Emergent thoracotomy 
‘Thread tourniquet. See Hair tourniquet 
‘Threatened abortion, 657-659 
‘Three-way stop lock, 701, 709,713,715, 716 
‘Thrombin, 314,377 
‘Thrombosed external hemorrhoid 
‘complications, 394 
‘contraindications, 391 
indications, 391 
‘materials and medications, 391 
pearls and pitfalls, 394 
procedure, 392-393 
buttocks, taping of, 392, 393, 
direct lighting over fetd, 392, 393 
discharge medicines and instructions, 392 
dressing, 392, 393 
jackknife position, 392, 393 
‘wound closure, 392 
‘Tibia dislocation reduction. See Femur dislocation eduction 
‘Tick removal 
complications, $56 
ceythema migrans, $56 
indications, 585 
‘materials and medications, $55, 
pearls and pts, $56, 
procedure, $55 
"TMI dislocation, See Temporomandiular joint (TM) 
tislocaion 
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Index 


‘Tonometry 
‘complications, 903, 
ccontraindications, 297 
impression tonometry, 297 
indications, 297 
Schistz tonometer, 297 
pitfalls, 299 
procedure, 299 
‘Tono-Pen (see Tono-Pen tonometry) 
‘Tono-Pen tonometry 297,298 
‘applanation and indentation tonometry, 300 
calibration position, 300, 
pitfalls, 301 
pressure-sensitive electronics, use of, 300 
procedure, 301 
‘Tooth avulsion. See Dental avulsion 
‘Total body surface area (TBSA), $32, $34 
‘Tourniquet 
Inaisthread (see Hair tourniquet) 
peripheral venous catheterization, 694, 696, 697 
peripheral venous cutdown, 41,43 
‘Toxic ingestion treatment. See Activated charcoal (AC) adsorption 
‘Tracheal stenosis, 131 
‘Tracheostomy tube (TT) malfunction 
indications, 127 
‘materials and medications, 127 
‘obstruction procedure, 127, 128 
pearls and pitfalls 
false lumen during recannulation, 131 
stoma closing, 131 
tracheal stenosis, 131 
unrecognized trachea, 131 
‘unrecognized tracheoesophageal fistula, 131 
replacement procedure 
bougic/NG tube, 128, 129 
direct insertion, 127, 129 
fingertip technique, 127,130 
‘Trachlight”, 103, 107 
‘Traction-countertaction method, $85, $89, 609 
“Transcranial Doppler ultrasonography, 267 
‘Transcutancous pacing 
‘contraindications, 193, 
indications, 198 
‘materials and medications, 193, 
pearls and pitfalls, 196 
procedure, 194-195 
‘Transillumination, 107 
‘Transtracheal jet ventilation (TTIV) 
‘complications, 139 
‘containdications, 133, 
indications, 133 
‘materials and medications, 133, 
pearls and pitfalls, 139, 
procedure 
advancing catheter through cricothyroid membrane, 
attching BVM, 135, 138 
attaching catheter, 135, 136 
attaching tubing and regulator, 135 
‘operating the valve, 135, 138 
palpating ericothyroid membrane, 135, 136 
secure distal end of oxygen tubing, 135,137 
‘Transvenous cari pacing 
‘complications, 202, 
ccontraindications, 197 
indications, 197 
‘materials and medications, 198 


35,137 


pearls and pitfalls, 202 
procedure, 199-201 
‘cardiac monitor displaying, 201, 
guidewire placement, 199,200 
prcing wire balloon locking lever, 199, 201, 
pacing wire position, 201 
‘ultrasound guidance. 199, 200 
Trauma 
FAST examination (sce Focused assessment with sonogray 
teauma (FAST) examination) 
aasal, 311 
thoracic, 159, 161 
‘Traumagram, 478, 481 
‘Traumatic effusion treatment, See Arthrocentesis 
‘richomoniasis, 468 
‘TIIV. See Transtrachedl jt ventilation (TTIV) 
‘Tubal pregnancy See Ectopic pregnancy 
“Tube thoracostomy 
complications, 153 
‘contraindications, 149 
indications, 149 
‘materials and medications, 149-150 
‘open pneumothorax, 161 
pearls and pital, 153 
procedure, 151-152 
‘Tworhanded seal technique, BVM ventilation, 48, 50 
‘Tworpoint stabilization technique, 229, 250, 


for 


u 
Una bone fracture. See Sugar-tong splint 
Ulnar guter splint 
complications, SL 
‘containdications, $75, 
indications, 57S 
materials and medications, 57S 
pearls and pitfalls, $81 
procedure, $77-S80 
Ulnar nerve block, wrist, $23 
Ultrasonography 
ahortion (see Abortion) 
abscess incision and drainage, $65, 
bladder aspiration, 722 
blighted ovum (see Anembryonic gestation) 
‘ectopic pregnancy (see Ectopic pregnancy) 
fluid determination, 449, 451 
hhydatiiform mole (see Hydatidiform mole) 
intraocular pathology (see Intraocular pathology) 
Jung (see Lung ultrasonography) 
pelvic, 647-648 
pericurdiocentess (see Percardiocentesis) 
peripheral intravenous access (see Peripheral intravenous (PIV) 
‘socess ultrasound guided) 
placenta previa (see Placenta previa) 
‘pulmonary embolism and hear stain (see Pulmonary 
‘embolism 
retinal detachment (sce Retinal detachment) 
shoulder anatomy. $83, 584 
thoracentesis, 158 
Umbilical cord prolapse. See Vaginal delivery 
Umbilical tape, 701, 703, 70S 
Umbilical venous catheters (UVC) 
complications, 705 
ccontraindications, 70L 
indications, 101 
insertion procedure 


Index 
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catheter insertion, 703, 704 
dilating umbilical vein, 703securing catheter, 703, 70S 
‘umbilical catheter tape bridge, creation of, 703, 704 
umbilical vessels, identification of, 703 

‘materials and medications, 701-702 

pearls and pitfalls, 706, 

removal procedure, 705, 
Unsynchronized cardioversion 

‘complications, 192 

‘contraindications, 189 

high-energy shock, 189 

indications, 189 


‘materials and medications, 189 


ls and pitfalls, 192 


Pe 
procedure, 19 
Upper gastrointestinal (GI) bleeding evaluation. See Nasogasric tube 
(NT) placement 
Urine collection. See Suprapubic bladder aspiration 
Uterine tony 
delivery. 667 
‘management, 684 
Uterine inversion management, 684 
UVC. See Umbilical venous catheters (UVC) 


v 
Vaginal bleeding 

‘anembryonic gestation, 655 

carly intrauterine pregnancy, 657 

cxtopic pregnancy. 646, 648 

hhydatiiform mole, 651 

pelvic examination and wet preparation, 465, 468 

placenta previa, 62.664 

postpartum hemorshage, 683 

threatened abortion, 659 
Vaginal delivery 

‘complications, 68 

‘containdications, 65 

indications, 665 

‘materials and medications, 665-667 

pearls and pitfalls, 668 

procedure, 667 
Ventricular fibrillation (VF, 181, 185, 188, 189 
Ventriculostomy tube. See External vetscular drain (EVD) 
Vertical mattress suture, $40, 542 
Vestibuloocular reflex. See Calorie reflex testing 
Vision loss. See Retinal detachment 
Vitreous detachment, 292 
Vitreous hemomhage, 292 


w 
Web space digital block, 524 
Wet preparation. Se Pelvic examination and wet preparation 
Whistle technique, 607 
Whole-bowel itrgation (WBI) 

‘contraindications, 429, 

indications, 429 

‘materials and medications 

‘bedside commode, 429, 430 


lavage solution bag, 430 
nasogastric tube, 429 
polyethylene glyeol-clectrlyte solution, 429, 431 
pearls. 431 
procedure, 431 
‘Woods corkscrew maneuver, 672,673 
Word catheter, 471, 472, 474Wound closure 
adhesive tape, 543 
‘complications, $30 
‘containdications, $37 
‘with cyanoacrylate issue adhesive 
complications, $47 
contraindications, $45, 
indications, 545, 
‘materials and medications, $45, 
pearls and pitfalls, $47 
procedure, 546 
and hemostasis, procedure for, 527-529) 
‘dermabond, 528 
direct pressure, Surgice, $28 
figure-of eight suture, $38, 529 
high-pressure irrigation, $27,528 
staples, S27 
‘so-person approach, $28 
tying absorbable suture, $28, 529 
indications, 37 
‘methods, $37 
pearls and pitfalls, $30,544 
preparation, 537 
primary wound repair 
‘contraindications, $27 
indications, $27 
staple closure, 544 
suture repair 
deep dermal suture, $40, S41 
general guidelines, 539 
half-bured horizontal matress suture, $40, $43 
horizontal mattress suture, 540, 542 
‘materials and medications, $38 
recommendations, S40 
running suture, 540, $41 
simple interrupted sutures, S40) 
suture material, $39 
suture size, $39 
vertical mattress suture, $40, $42 
‘West fracture, sugar-tong splint. See Sugar-tong splint 
Wrist nerve blocks 
indications, 52 
‘median nerve, S22 
‘nerve distribution in hand, $21 
radial nerve, 522 
tlnar nerve, 523 


y 
Y¥-Tube connector, 433,435 


Zz 
‘Zavanelli maneuver, 674 
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Color Atlas of 
Anatomy 


A Photographic Study 
of the Human Body 


Structure of the human body snd the skeleton. Blui 


A 


Head (caput) 


Thorax (thoracie cavity) 


1 


joints 
Abdominal and 
pelvic cavities 


In contrast to most other mammals the human body is 
adapted for bipedal locomotion. Three general prin: 
ciples in the architecture of the human organism are 
recognizable: 

1. The principle of segmentation, which dominates in 
the trunk. The vertebral column and the thorax consist 
of relatively equal, segmentally arranged clements, 

2. The principle of bilateral symmetry. Both sides of the 
body are separated by a midsagittal plane and resemble 
each other like image and mirror-image. 

3. The principle of polarity between the head at one end 
of the body and the lower extremities at the other. As 
the center of the information system the head contains 
the main sensory organs and the brain. The head has a 
predominantly spherical form while the extremities 
consist of radially formed skeletal elements, the number 
‘of which increases distally. 


A. The skull consists of two parts: 1. a cranial part 
containing mainly the brain and the sensory organs and 
2. a facial part which contains the nasal and oral cavity 
and the chewing apparatus. The eranial cavity is con- 
tinuous with the vertebral canal which contains the 
spinal cord. 

B. The thorax contains the respiratory and circulatory 
organs (lung, heart, etc.) but also some of the abdomi- 
nal organs which are located underneath the diaphragm. 
C. The abdominal cavity contains the organs of 
metabolism such as the liver, the stomach and the 
intestinal tract as well as the excretory and genital 
organs (kidney, uterus, urinary bladder, ete,). The 
latter are located primarily in the pelvie cavity with the 
exception of the testes. 


1 Cranial part 10 Ras 
2 Racal ot J orthe skull th tga | Forearm 
3. Vertebral column 12 Pehis 
cervical part) 13 Wrist (carpals) 
4 Chivicle 4 sy Pan 
5. Scapula 15. Thigh (femur) 
6 Ribs 16. Patella and knee joint 
7 sternum 17 Tibia | gy 
§ Arm (humerus) is Fibula | 8 
9 Vertebral column } 


‘Cuaibar part) 


Sternum 
Right ventricle of heart 
Diaphragms 

Liver 


Mesentery 
Small intestine 
Uterus 


2 Urinary bladder 


Pubic symphysis 
Left atrium of heart 

‘Caudate lobe of liver 
‘Omental bursa or lesser sue 
‘Conus medullaris 

Pancreas 

‘Cauda equina 
Intervertebral discs 
(Gumbar vertebral columa) 


ian section through the trunk (female). 


12 Surface projection of the diaphragm 


Positon of the inner organs of the human body (anterior aspect) 
The main cavities of the body and their contents. 
up 


sion (viserecranium) 
and nasal cavities 
‘Trachea and larynx 

Thorax with the lungs 

Heart 


spleen 
Descending colon 
Testis 


through the human body (female) 
of the main cavities of the body 
organs are removed. The thi 


inner organs of the human body 


sof the body and their contents, 


4 
Planes of the body 
Transverse plane 


pl 
Frontal plane 
3 Sagittal plane (midsagitial) 


18 Urinary bladder 


What Can Go Wrong 


260 
ig output 
F atdifferent 
40 frequencies 
(assuming 
‘constant 
23 ‘8008 input) 


10 100 1K 10K 100K 
Frequency (log scale) 


Figure 14-25. Here the capacitor and inductor block all 
frequencies except a narrow band, which they avert from 
the output. The result isa notch iter. 

Core Choices 

Air-cored inductors have relatively low induc- 
tance, because of their low permeability. How- 
ever, they can be operated at very high frequen- 
cies up to the gigahertz range, and can tolerate 
higher peak currents. 


Inductors with an iron core suffer increasing 
power losses due to hysteresis and eddy currents 
as the AC frequency passing through the induc- 
tor increases. Consequently, iron-cored induc- 
tors are not suitable for frequencies much above 
10KHz. 


Miniaturization 
A low-value inductor can be formed by etching 


aspiralontoacircuitboard, inapplications where 
size must be minimized. They may also be incor- 
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porated in integrated circuit chips. However, in 
small devices such as cellular phones, itis more 
‘common to use a coil substitute such as a gyra- 
tor, as described previously, 


What Can Go Wrong 


Real-World Defects 

The theoretically ideal inductor hasno resistance 
or capacitance and suffers no energy losses. In 
reality, an inductor possesses both resistance 
and capacitance, also creates electrical noise, 
and may pickup electrical noise. Ittendstocreate 
stray magnetic fields, and generally is more trou- 
blesome to deal with than its two cousins, the 
resistor and the capacitor. 


Parasitic capacitance occurs between adjacent 
turns of wire. This capacitance becomes more 
significant at higher frequencies, leading ulti- 
mately toa situation where the coil becomes self 
resonant. 


‘The workarounds for these problems involve coil 
geometries and choices of core material that go 
beyond the scope of this encyclopedia, 


Agyrator should be considered as a possible sub- 
stitute where inductors are troublesome or ex- 
cessively expensive 


Saturation 

Inductance increases as the current passing 
through a coil increases, but if a magnetic core is 
Used, its contribution to inductance will stop 
abruptly when the core becomes magnetically 
saturated. In other words, when all of the ran- 
domly distributed magnetic domains in the core 
have been induced to align themselves with the 
pervasive magnetic field, the core cannot be- 
come more highly magnetized, and ceases to 
contribute to the inductance, Note that as a core 
approaches saturation levels, its hysteresis in- 
creases because reversing its magnetization re- 
quires greater energy. Antidotes to saturation 
would include a larger core, a lower current, a 
smaller number of turns in the coil, and using a 
core with lower permeability (such as air), 
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Axial skeleton 


Thorax 
15. Sternum 


In contrast 
horizoni 


Ossification of the scapula 
(left: an 


erior aspect, right: posterior aspect). 


Ossification of the hip bone 
(eft: medial aspect, right: lateral aspect). 


1 Bone tissue 
(vertebra body) 
2. Cartilaginous issue 
(lateral epiphysis) 
3 Inerverteheal discs 


Ossification of the sacrum (anterior aspect), 
Note the five vertebral bones, which are still separated 
from cach off 


1 Subscapular fossa 
2. Coracoid provess 
3. Glenoid fossa 

4 Acromion 

5) Spine of scapula 
Tnfraspinows fossa 


Cantlage ofthe iia erst 


ium 


1 
3 Cartilage 
4 


6 Acetabulum 


1 Bony tisve 
Vertebral arch 
(not complete 
united) 


3 Cartiaginows 
(lateral epiphysis) 
4 Sacral canal 


Ossification of the sacrum 
(posterior aspect) 


1 Metaphysis 
3 Medullary cavity in the dlaphysis 


y bone 


4 Compact bone 
5 Nutrient canal 

6 Disphysi 

7 Epiphyseal line (remnants of the epiphyseal plate) 
5. Epiphysis (head ofthe femur) 

© Fovex of hend 

10 ‘Trabecuiae of spongy bone 

LL Neck of the femur 

12 Greater trochanter 


13. Lester trochanter 
14 Articular surface 


18 Sartorius muscle 
19 Femoral artery and vein 

20 Great saphenous vein 

21 Gracilis muscle 

22. Adductor longus muscle 

23. Adductor magnus muscle 

Semimembranosus muscle 

Semitendinosus muscle 

Reetus femoris muscle 

Vastu lateralis muse 

Femur and medullary cavity 

‘Vastus intermedius muscle 

Sciatic nerve 

Bicops femoris muscle 

SSpongy bone trabeculae containing bone marrow 


‘Compact bone 
‘Osteon with Haversian lamellae 

33. Periosteur 

36 Blood vessels and nerves for periosteum and bone 


Femur of the adult. Left: the periosteum and the nutrient 
vessels are preserved. Right: coronal section of the proximal 
and distal epiphyses to display the spongy bone and the 


medullary cavity 


4 
6 ® 
13 
Coronal section through the proximal end Three dimensional representation on the trajectorial 
‘of the adult femur, revealing the characteristic lines of the femoral head (according to B. Kummer). 


trajectorial structure of the spongy bone 


ge of the thigh (axial section through the middle of 
the left thigh, the same level as the CT-Image), 


The bones of the skeletal system consist of two different 
parts, the spongy and the compact bone. The spongy bone 
trabeculae are highly adapted to mechanical forces 
revealing a trajectorial structure, The intertrabecular 
spaces are filled with bone marrow, the site of blood 
formation. The appearance of bones, muscles and soft 
tissues is quite different in CT and MRAmages. The 
(CT-images relate well o radiographs in that areas of great 
absorption such as bones are white, and those with little 


Coronal section through the proximal epiphysis of the 


adult 


former 


Note the zone of dense bone at the site of the 
epiphyseal plate (dotted line). 


(CTAmage of the section through the middle ofthe left 
thigh (axial section). Note the differences between the 
(CT-and MR-Image (see text below). 

absorption such as fat appear black. In contrast, the 

intensity of signals in MR-Images, obtained without 

X-rays but by magnetic forces, is different so that dense 

areas of bones appear black and soft tissues such as bone 

marrow and fat appear white (for comparison see above 
figures) 

A highly innervated periosteum is an essential structure 

for bone nutrition, blood supply, growth and bone repair 


Structure of bones of the skeletal system (after 
Benninghoff), Note that the compact bone reveals a lamellar 
structure with Haversian lamelise and canals 


ta 


General architecture of a synovial joint with 2 articulating bones 
and a synovial eavity (right side, anterior view). 

Coronal section throught the knee joint. 

Red line = Articular capsule with synovial membrane. 

Dotted red fine = extension of articular capsule (suprapatellar 
bursa). 


1 Articulating bones: a) Femur,b) Tibia 
2 Epiphysial line 

3 Articular cartilage 

44 Intenarticular ligaments (e.g. cruciate ligaments) 
5 Fibrocatilaginous dis (e.g. meniscus) 
6 
7 
8 


Collateral ligaments 
‘Anticular capsule with synovial membrane 
‘Tibiofibular articulation (cxample of gliding synovial joint) 
9 Fibube 


Movement Examples 
A. Fibrous joints 
1 Sutures No movements | Sutures ofthe sku 
2 Syndesmoses | Nomovements | Distal ibfofibulse join 
3 Gomphoss | Nomovements_ | Rootsof teeth inalveatar 
process 


1B Cartitaginous joints 
T Synchondroses | No movements | Epiphyscal plates, 
2 Symphyses | Slight movemen:| Symphysi pubis 
vertebral ses 


© Synovial joints 
1 liding Monaxial Interearpal joint 
Lntertarsal joint 
| Sacroiliac joint 

2 Hinge Monasial Interphalangeat joint 


Humeroulnar joint 
Talocrualj 
3 Pivot Monzsiat Auantoaxial joint 
joulnar joi 
Ellipsoidal Biaxial Rovdiocarpal joint 
5 Saddle Bias Carpometsearpal joint 
‘ofthe thurs 
6 Balkand-socket_| Multiaxiat Shiller and hip joint 


HD 


70 


WA 


Main types of joints. Arrows: axes of movement 


w 
" 


ivrous jos (symarthroses) 
Syrndosmoss 


Synovial joints (diarthroses) 
Hinge joints (nvm ingly mus 
A Extemion 

B. Flexion 

Sac joint (biaxial) 

Pivot joint (monaxal. rotation) 
Baleandsocket joint (multia, 


An articulation or joint is the functional connection 
between two or more bones. Joints can be divided into 
two categories depending upon whether the articulating 
surfaces of the bones are separated by a real cavity 
Gjoint cavity) so that they 
other (synovial joints) or whether the bones are firmly 


against each 


movable 


connected by fibrous or cartilaginous tissue and practi 
cally immovable (fibrous joints, cartilaginous joints, 
symphysis, etc.). Synovial joints always possess a joint 
(with a membrane). 


capsule vascularized synovial 


articular cartilages, and a joint cavity. They are grouped 
according to the degree of movement they permit. A 
hinge joint (ginglymus) permits movement in only one 
plane about a single axis (uniaxial or monaxial), an 
ellipsoidal joint permits movements in two planes (bi- 
axial), and ball-and-socket joints permit a range of 
movements around several axes (multinxial). The fol- 
lowing survey gives a few examples of these types of 


articulation 


1, Fibrous joints 
A Sutures 
a). Serrate or dentate 


b). Squamous suture 


Parietal bone 
Sphenoid bone 
Squama of 

temporal bone 


©) Plane suture 
(arrow) 
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RF Problems 

Radio frequencies (RF) introduce various prob- 
lems affecting the efficiency of inductors. The 
skin effect is the tendency of high-frequency AC 
current to flow primarily on the surface of a 
strand of wire, The proximity effect refers to the 
tendency of the magnetic fields caused by adja- 
cent wires to introduce eddy currents in the coil 


What Can Go 


Both of these effects increase the effective re- 
sistance of the coil. Various coil geometries have 
been developed to minimize these effects, but 
are outside the scope of this encyclopedia. The 
fundamental lesson is that coils specifically de- 
signed for RF are the only ones that should be 
used with RF. 
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Fusiform Bicipital Tricipital ‘Quadricipital 
(palmaris longus muscle) (biceps brachii muscle) (triceps surae muscle) cops femoris muscle) 


Digastric Multventral Multicaudal J 
Comohyoid muscle) (ectus abdominis muscle) (flexor prot. muscle) 1us anterior muscle) 


Semitendinous Broad, flat musele Ringslike 


(emitendinous muscle) (latissimus dorsi muscle) (external anal sphincter muscle) 


4 Soleus muscle 8 a 12. Tendinous intersect 
5 Achilles tendon . 13 Aponeurosis 
3. Gastroenemius mi 4 Js muscle tue med 14 Tend 


(medial head, lateral 7 Vastus lateralis ius 11 Intermediate tendon 


Left half of the pelvis (posterior aspect). 
Obturator internus musele as an example of @ muscle, the 
tendon of which does not actin the direction of the main 
muscle fibers Its fibers originate at the internal aspect of the 
‘obturator foramen, turn around the posterior rim of the 
ischium and insert at the greater trochanter of the femur. 
‘The ischium thereby serves asa pulley. 


1 ium 
2 Greater trochanter 


5 Pubis 
6 Femur 


3. Coccyx 
4 Obturatorintermus muscle 


1 Digital synovial 
sheaths of the 
tendons of fe 
xor digitorum 
superfcialis 
‘and profundus 
muscles 


sheaths of the 
tendon of long 
flexor pollicis 
Jongus muscle 

3. Common flexor 
synovial sheaths 
of flexor digito- 
um superficilis 
‘and profundus 
muscles 

4 Flexor retina 
cculum 


‘The synovial sheaths of the tendons on the palmar aspect 
Wf the left wrist (colored fluid has been 


Superior oblique muscle of the eyeball, right eye (superior 
aspect), The tendon of this muscle bends over the trochlea 
changing its direction so that it becomes attached to the 
posterior lateral quadrant of the eyeball 


‘Trochlea 6 
Medial rectus muscle 7 
Superior oblique muscle & 
Common snnvlar tendon 9 
Eyeball 


Superior rectus muscle 
Lateral rectus muscle 

Superior rectus muscle (tendon) 
LLevator palpebrae superiois 
muscle (vided) 


Mesotendon 
Blood vessels 
Synovial sheath 
-ndon 

Synovial bursa 
Bone (tuberosity) 


Structure ofa tendon sheath. The synovial membrane which 
‘also forms the mesotendon is indicated in red. (Schematic 
drawing.) 


Brain, the spinal cord and the spinal nerves in the fetus 
(posterior aspect) 


The be divided into three, function 
ally distinet parts: 1. the cranial part which comprises 
the great sensory organs and the by 


us system c; 


in, 2. the spinal cord 
Which shows a segmental structure and serves predomi: 


nantly as a refles-o} 


an, aind 3. the autonomic nervous 
system which controls the unvoluntary functions (sub- 


trol) of organs and tissues, The autonomic 
part of the nervous system forms many delicate plexus 
within the organs. At certain places these plexus contain 
aggregations of nerve cells (prevertebral and intramural 
inglia), The spinal nerves leave the spinal cord at 
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Spinal ganglia 
8 Spinal cord, lumbar enlargement 
9 Conus medallis 
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1 Cervical plexus (Formed from ventral rami of C)-C3) 
12 Brachial plexus (formed fom ventral rami of C 


13 Lumbosacral plexus (formed from venteal rami 
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Schematic drawing to illustrate the three main parts 


regular intervals, forming the 8 cervical, 


thoracic, 5 
lumbar, 5 sacral and a varying number of coceygesl 
segments. The ventral rami of the first four cervical 
spinal nerves (C\-C,) form the cervi 


I plexus (for 
innervation of the anterior neck), the ventral rami of the 
lower cervical spinal nerves (Cs-T)) form the brachial 
plexus which innervates the upper leg, and the ventral 
rami of the lumbar and sacral spinal nerves form the 
lumbosacral plexus (Lj-S,) which innervates the pelvic 
and genital organs and the lower extremity 


Organization of the spi 
‘which form the pain 


1 Corebrum 


Superficial nerves and vessels ofthe lower leg, 
illustrating the structural differences between veins 
and nerves, 
CCrural fascia 


(fascia eruris) 
Cutaneous nerves 


3. Superficial eutaneous veins 
4 Peeforating vein 


Superficial nerves and vessels. Temporal region. Note the 
differences between arteries, veins and nerves. 


Organization of the circulatory system. Arrows: direction of 
the blood flow. 


Vessel 
sel wall in blue 
Yellow 


A. Systemic circulation 
BHepatic portal circulation 
© Pulmonary circulation 


Pulmonary vein ‘Small intestine 
‘with capillary network 


13 Portal vein 


Superior vena cava 


MM Mesentericartery 


Lymipt 0 
Iymphatic vessels 18. Perforating veins for 

® Lung cutancous fatty tse 

9 Pulmonary artery 19. Smal artery 

10 Aor 20 Sall nerves 


1 Heart (branche 


Major vessels of the trunk. The position of the heart 
is indicated by the dotted line 


Internal jugular vein 
‘Common carotid artery 
‘Vertebral artery 


Inferior vena cava 
Celie trunk 

Superior mesenteric artery 
Renal vein 

‘Common iiae artery 
Larynx 

“Trachea 


Suprarenal gland 


Major arteries of the human body. (Schematic drawing.) 


18 Kidney 
19 Ureter 
20) Inferior mesenteric artery 


23 Axillary artery 
Brachial artery 
Radial artery 

26 Ulnar artery 
Deep palmar arch 

28. Superficial palmar arc 


1 Corpus callosum 
2 Hypothalamus 

3 Frontal sinus 

4 Cribritorm plate 

5 Ethmoidal air cells 

6 Middle nasal concha 
Inferior nasal conch 

8 Hard palate 

9 Tongue 

10 Epiglotis 

11 Mandible 

12 Mylohyoid muscle 

13. Tentorium of cerebellum 

14 Calearine fissure 

15. Cerebral aqueduct 

16. Pituitary gland 

17. Fourth ventricle 

18. Sphenoidalsinws 

19 Medutta oblongata 

20 Nasopharyn 

21 Uvula 

22 Densof axis 

23 Constrictor muscle of pharynx 
24. Oral pat of pharynx 

25. Cerebeum (right hemisphe 
26 Calvaria 

2 Cerebellum 


Sagittal section through head and neck (MR-Scan. 23-year-old female, courtesy of 
PD Dr. A, Heuck, Munich) 


al section through the head 
(schematic drawing). The red line represents the 
border between the neurocranium and 
ivus angle 


viscerocranium forming the 
‘The neural cavity contains the brain 

the viscerocranium comprises the orbit. 

the nasal cavity and the oral cavity arranged 
one beneath the other. 


General architecture of the skull (lateral aspect). The different bones are indicated 


in color (numbers ef, table). 


Lateral aspect ofthe disarticulated skull (palatine bone, 
lacrimal bone, ethmoid bone and vomer are not depicted) 


Hyoid 


Coronal suture 
Frontal bone 

Sphenoid bone 
Sphenafrontal suture 
Ethmoid bone 

Nasal hone 
Nasomaxillary suture 
Lacrimal bone 
LLactimomaxillary suture 
LLactimoethmoid suture 
‘Zygomatic bone 


‘Anterior nasal spine 


Masia 
Mandible 

Mental foramen 
“Mental protuberance 
Superior temporal line 
Inferior temporal line 
Parietal hone 
Temporal bone 
Squimous suture 
Lambdoid suture 
Temporal fossa 
Parietomastoid suture 
Occipital bone 
Zygomatic arch 


27 Ocxipitomastoid suture 


External acoustic meatus 
29° Mastoid process 


30 Tympanic portion of temporal hone 


31. Condylar process of 2 


nile 


32 Coronoid process of mandible 


Frontal bone (orange) 


Parietal bone (light green) 


Greater wing of sphenoid bone (red) 
Squama of occipital bone (blue) 


Ethioid bone (dark green) 


Splendid bome (red) 
Temporal bone excluding squama (brown) 
}ympanie portion af temporal bone (dark brow) 


Naval bone (white) 
Lacrimal bone (yellow) 
Inferior nasal concha 

Vomer 

Zygomatic bone (light yellow) 
Palatine bone 

Maxilla (violet) 

Manalible (white 


Malleus 

Tee within petrous portion of 
temporal bone 

Stapes 2 | 


cra 


ce of skull 


Lateral aspect of the skull 


Frontal 
Giabetla 
Supraorbital 


Parietal bone 
Temporal bone (sam 
Zygomatic 


(articular tubercle) 


Mastoid process 
Tympanie part (tympanic plate) 
and external acoustic meatus 

Occipital bone (squamous part) 
External occipital protuberance 


Occipital condyle 
Sphenoid bone (greater wing) 
Infratempora eret of sphenoid 


Nasal bone 
Ethmoid bone (oebital part) 
Lacrimal bone 
Zygomatic bone 
Maxita (body) 
Alveolar process and teeth 
Frontal process 
Anterior nasal spi 
Mandible (body 


Condylar process 
Mental foramen 
Mental protuberance 


Angle ofthe mandible 


Sutures 
Coronal suture 
Lambdoid suture 
Squamous suture 
Nasomanillary suture 
Frontosphenoid suture 


Sphen al suture 


quam 
(Occipitomastoid suture 


Ani 


aspect of the s 


The skull comprises a mosaic of numerous complicated 
bones which form the cranial cavity protecting the brain 
(neurocranium) and several cavities such as nasal and 


oral cavities in the facial region. The neurocranium 


consists of large bony plates which develop directly from 
the surrounding sheets of connective tissue (desmo- 
cranium). The bones of the skull base are formed out of 


Fro 
Giabell 
Supraorbital margin 
Supra 

5. Trochleae spine 


(6 Parietal bone 
Temporal 
8 Nasal 


on 


9 Lact 


10 Posterior lacrimal crest 
11 Ethmoid! hone 
Sphenoid bone 


12 Greater wi 


fsphenid bon 
sphenoid hone 
$ Superior orbital fissure 

15. Inferior orbital Fissure 

16 Zygomatic bone 


Masia 
17. Frontal process 
18. Infraorbital foramen 
19. Zygomatic process 
20 Body of maxilla 


21 ANeolar process with veeth 


Nasal ca 


Anterior nasal aperture 
23. Middle nasal concha 


24 Inferior nasil concha 


Ma 
Body of man 


ke 
Ramus of mand 
Metal foramen 
Alveolar part with teeth 
Base of mandi 

31. Mental protuberance 


Sutures 
32. Frontal suture 

38. Coronal suture 
M-Fromonasal suture 
38 Tovermasal suture 

36 Nasomasilary suture 


cartilaginous tissue (chondrocranium) which ossifies 
secondarily, The visceral skeleton which, in fish, gives 
rise to the gills, has in higher vertebrates been trans: 
formed into the bones of the masticatory and auditory 
apparatus (maxilla, mandible 


hyoid bone), 


auditory ossicles and 


Frontal bone 


Frontonasal suture 


Fromtomaxillary suture 


Internasal suture 
Sphenotronta 


1 
4 Supracrbital margin 


of sphenoid! bone 
8 Superior orbital fissure 
9 Lactimal bone 
10 Sphenotd bone (greater wing) 
LL Inferior orbital fissure 
12 Nasomatillary suture 
13 Infraorbital foramen 
4 Masia 
15 Vomer 
16 Body of mandible 
hone 
Temporal bone 


19. Sphenozygomatie suture 
Ethmoid by 
Zygomatic bone 


22 Nasal bone 
23. Zygomaticomavilary sutute 
Midalle nasal exncha 
Inferior nasal conch 
26 Anterior nasal aperture 

27 Mental foramen 
28 Ramus of mandible 


29) Base of mandible 


(Mental protuberance 


Bones 
Frontal bone (brown) 
Parietal bone light green) 
Temporal bone (atk brovn) 


Zsygomatic hone (yellow) 


Ethmoid home (dark green) 


Lacrimal bone (yellow) 
Vomer (orange) 
Manilla (solo) 

Nasal bone (ihite) 
Manuhible (white 


Anterior aspect of the skull (individual bones indicated by color). 


The following series of figures are arranged so that the bone to which the palatine bone and maxilla are 
mosaic-like pattern of the skull becomes understand- attached laterally; the small nasal and lacrimal bones fill 
able. It starts with the bones of the skull base (sphenoid the remaining spaces. Cartilages remain only in the 
and occipital) to which the other bones are added step external part of the nose 

by step. The facial skeleton is built up by the ethmoid 


Sphenoid bone (anterior aspect) 
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Sphenoid bor 


(posterior aspect) 


‘Occipital bone (from below), 


Sphenoid bone 
1 Greater wing 
5 


3. Cerebral or superior surface of preater wing 


44 Foramen rotnndam 


Anterior lino process 
5 Foramen ovale 
Foramen spinosum 

8 Dorsum sellae 

9 Optic canal 
10 Chiasmatie gs 
LL Hypophs 
RL 


re (sulcus chiasmatis) 


oss (sella turcica) 


14 Posterior clinoid process 
15. Pterygoid canal 
16 Lateral pterygoid plate of pterygoid process 


17 Prerygoid noteh 


18 Pherygoid hamuls 
19. Orbital surface of 


Sphenoid crest 7 
Sphenoid rostrum 
Medial pterygoid plate 


Superior orbital fissure 
4 Spine of sphenoid 
25 Temporal surface of greater wing 
26 Infratemporal crest 


Occipital bone 
CCivas with basilar part of occipital bone 
Hypoglossa eanal 

Fo 


Interna occipital protuberance 
a Fe 

32, Jugular tubercle 
33. Condylar canal 
34 Jugular proce 


1 for cerebral hemisphere 


35. Forumen magnum 
36. Groove for transverse sinus 

37. Groove for superior sagittal sinus 
3¥ Squamous part of the acepital hone 


39. Extemal occipital protuberance 


{0 Superior nuchal line 
41 Inferior nuchal line 
42 Condylar fossa 
Cont 
Pharyngealrubersle 
45 External occipital erest 


1 Greater wing 
Lesser wit 
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‘4 Foramen ovale 


samen rotundam 


@ Foramen tacerut 
Anterior clinokdl pro 
S$ Hypophysia 


10) Dorsum seliae and posterior clinoid 
proces 

11 Optic cama 

12 Sphenoid 1 
Media ptr 

Lateral ptery 


plate 
i pl 
15 Perygoid hamulu 


Temporal bone 
18 Squamous part 
Carotid canal 
20) Hiatus of facial canal 


(for the greater petosal nerve 


Areuate eminence 


Mastoi! foramen 


5 Zygamitie pr 
6 Marnlibula fossa 
Poirotympanic fissure 
8 Canalis museulotubarius 


(bony part of auditory ru 
29 External acoustic meatus 

Sphenoid, occipital and left temporal bone ({rom abve) 0 Siyloid proces (remnant only) 

Internal aspect ofthe base ofthe skull. The left temporal Stylomastoid foramen 


bone has been added to the preceeding figure Sees 
Mastod process 


Mastoid notch 


Left temporal bone (medial aspect) 


16 Groove far middle 

‘meningeal vess 
37. Parietal margin 
38 Sphenoid margin 
39 Ocsipital ma 


4) Cochlear can 
Aqueduct of the vestibule 
‘Apex ofthe petrous part 


Trigeminal impression 
Aticular tubercle 
Parietal noteh 


Groove for the superior 
petrosal sinus 


Occ 
48 Cisns 
19 Jugular tubercle 


Cony 

Foramen magnum 

Lower part of squamous 
‘pital bone 


(cerebellar fossa) 
53 Internal occipital protuberance 
S4 Groove for the transverse sinus 


58 Groove for the superior sagittal 
56 Internal occipital crest 


57 Upper part of squamous occipital 


boone (cerebral fossa) 
58 Condyle 

59 Nuchal plane 
{Superior nuchal tine 


6 3 occipital protuberance 
a foramen 

63 rich tine 

{64 Pharyngeal tubercle 


Sphenoid, occipital and left tempor: 
Base 


bone. 


the skull (external aspect), 


Left temporal b 


ne (lateral aspect) 


Part of a disurticulated skull (right Interal aspect), ‘The frontal bone and the maxilla are 
connected with the temporal bone by the zygomatic bone (orange). Sphenoid bone (green), 
palatine bone (red), lacrimal bone (yellow). 


Frontal bone 
1 Nasal margin 
2. Trochlear fossa 

Fossa for lacrimal gland 


4 Anterior ethmoidal foramen 


6 Nasal spine 
Supraorbital notch 

8. Supraorbital margin 

9) Orbital plate 

10. Roofs of the ethmoidal sir ells 

11 Ethmoidal notch 

Parietal margin 


13. Groove for superior sagittal simu 
4 Sa 
1S. Frontal erest 


sous pat of frontal hone 


16 Foramen cecum 
17 Nasal spine 

18 Zygomatic process of frontal bone 
19 Juga cerebralia 


Frontal bone (inferior aspect). The ethmoidal foveo 
cover the ethmoidal caviti 


‘ofthe ethmoid bone 


Masia 
Frontal process of maxilla, 
Lacrimal bone (yellow) 

Zygomatie bone (orange) 


Zypomaticofacial foramen 


‘Temporal bone 
Squamous part of temporal bone 
External acoustic meatus 
Mastoid process 

Styloid process 

Mandibular fossa 

Acticula tub 


Zygomatic process 


Occipital bone 
Frontal bone (posterior aspect). 32. Squamous part of occipital bone 


Calvaria (superior aspect) 


Calvaria (posterior aspect) 


Left parietal bone (external aspect) 


Frontal bone 


5. Superior temporal line 
6 Parietal foramen 


Left parietal bone (internal aspect). 


8 Sagital margin 
9 Occipital margin 
10 Frew 0 
LL Squamous margin 


Occipital bone 
External occipital protuberance 


al marg Inferior nuchal line 


Oceipitomastoid suture 
Temporal bone 
Mastoid process 


12. Sphenoidal angle 
13. Groove for middle meningeal artery 


14 Lambdoid suture Mastoid notch 


Base of the skull, calvaria removed (internal 


Frontal erest 
Foramen cecum 
3 Crista gat 
Cibritorm plate 
5 Leer wing 


cethmoid bone 


6 Superior o 
Foramen ro 
8 Carotid sulcus 
9 Middle eranal fossa 
n ovale 


ct), 
Clivus 

roove for superior pet 

Sugular foramen 

Groove for sigmoid sinus 
Internal oeeipital crest 
ternal acepital protuberance 
Marking of brain convolution 
Anterior eranial fossa 
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Optic ex 


AC-AC transformer 


OTHER RELATED COMPONENTS 


+ ACDC power supply (See Chopter 16) 
+ DE-DC converter (Seo Chapter 17) 
+ DE-AC inverter (See Chto" 12) 


What It Does 


A transformer requires an input of alternating 
current (AC). It transforms the input voltage to 
‘one or more output voltages that can be higher 
or lower, 


Transformers range in size from tiny impedance- 
matching units in audio equipment such as mi- 
crophones, to multi-ton behemoths that supply 
high voltage through the national power grids. 
Almostall electronic equipment thatis designed 
tobe powered by municipal AC in homes or busi- 
nesses requires the inclusion of a transformer. 


Two small power transformers are shown in 
Figure 15-1. Theoneatthe rearisrated to provide 
36VAC at 0.8A when connected with a source of 
125VAC. At front, the miniature transformer is a 
Radio Shack product designed to provide ap- 
proximately 12VAC at 300mA, although its volt- 
age will be more than 16VAC when itis not pass- 
ing current through a load. 


Transformer schematic symbols are shown in 
Figure 15-2. The different coil styles at left and 
right ate functionally identical. Top: A transform- 
er with a magnetic core—a core that can be 
magnetized, Bottom: A transformer with an air 
core, (This type of transformer is rare, as it tends 
tobe less efficient) The input forthe transformer 
is almost always assumed to be on the left, 
through the primary coil, while the output is on 


Figure 15:1. Two small power transformers. The one at 
the rear measures approximately 1" x 2" x 2" and is rated 
to provide 36VAC at OBA. The term "sec" on the smalor 
Units an abbreviation for “secondary: refering ta the rat 
ing forts secondary winding. 


the right, through the secondary coil, Often the 
two coils will show differing numbers of turns to 
indicate whether the transformer is delivering a 
reduced voltage (in which case there will be few- 
er turns in the secondary coil) or an increased 
voltage (in which case there will be fewer turns 
in the primary coil) 
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Base of the skull (internal aspeet, oblique lateral view from left side) 


Base of the skull (internal aspect, superior view). 


Individual bones indicated by color. 


Canals, fissures and foramina ofthe ase ofthe skull 


Foramen rotund 
Optic eanal 

Foramen ovale 
Foramen spinosum 
Internal acoustic meatus 
Jugular foram 
Foramen magnum 
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Sphenoid 
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Hypo 
Anterior clinoid 


Depression for trigeminal ganglion 
Petros part of temporal bone 

tam see (posterior cinoid process) 
Greater wing of sphenoid bone, groove for 


Me 


ian sectio 


Hypophysial fossa (sella turcica) 
Anterior elinoid process 
Frontal bone 


Ethmoidal air cells 
Sphenoidal sinus 
Superior conch 
Midale concha 
Manilla hiatas 

ferior concha 
Inte 


Anterior nasal spine and maxilla 
“Mental spine or genial tubercle 
Groove for middle meningeal 


through the skull, right half (internal aspect), 


Dorsum sellac 


Internal acoustic meatus 
Hypoglossal canal 

Occipital condyle 
Condylar proses 
[Lateral pterygoid plate 


‘Medial pterygoid plate 


Lingala of mandible 


‘Mandibular foram 


Mylohyoid groove 
Mylotyod line 
Submandibular fovea 


of pterygoid process 


1 Frontal sinus 
2 Frontal bone 
3. Crista galt 
4 Nasal bone 
5) Sphenoidal sinus 
Se pereg) torma 
7 Middle concha J bone 
8 Frontal process 
of maxilla 
9. Ethmoidal bulla 
10 Uncinate process 
11 Maxillary hiatus 
12. Palatine bone 
13. Greater palatine foramen 
14 Alveolar process of maxilla 
15 Central incisor 
16 Zygomatic bone 
17 Ethmoid bone 
1% Lacrimal bone 
19 Prerygopatatine fossa 
20. Maxillary sinus 
21 Lateral pterygoid plate 
22 Medial pterygoid plate 
23 Third molar tooth 
yet hamls 
5 Two premolar te 
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ial part of the skull (viscerocranium), divided in two halves (lateral and medial 
aspect). Right inferior concha has been removed to show the maxillary hiatus. Left 


ary sinus opened, 


Bones (indica 
1 Frontal bone (yellow) 


ed by colors) 


2 Nasal bone (white) 
3. Ethmoid bone (dark green) 
44 Lacrimal bone (yellow) 


Inferior nasil conch (pink) 

6, Palatine bone (white) 

7 Maia (violet) 

8 Mandible (white) 

9 Parietal bone (light green) 

10. Temporal bone (brown) 

LL Sphenaid bane (red) 

12. Petrous part of temporal 
bone (brown) 

13. Occipital bone (blue) 

14 Alsof vomer (light brown) 


Median section through the skull. ‘The nasal septum has been removed 
Bones indicated by colors. 


Because of the upright posture which the man devel- 
oped in the course of evolution, the cranial cavity 
fal skeleton 


greatly increased in size whereas the fa 
decreased. As a result, the base of the skull developed 
an angulation of about 120° between the clivus and the 
cribriform plate. The hypophysial fossa containing the 
pituitary gland lies at the angle formed between these 


two planes, 
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Part of the disurti 
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lated base of the skull, 
i, sphenoid and occipital bones (from above). 


;phenoid bone: yellow = ethmoid bone 


Jugular process 


32 Lambdoid margin 
33. Intrajugular process 
3 Condylareanal 

35. Lateral part of occipital 


36 Hypoglossal canal 
37 Foramen magnum 
38 Interml ocipitalerest 
39 Squam 

10 Internal occipital protuberance 


Masia 
41 Orbital 
2 Infraoebital 


Fe 43 Maxillary tuberosity with 
foramina 
44 Fromal proc 
Les 45. Nasolocrimal groove 


46. Infraorbital margin 


23 47 Amterior nasal spin 
25 48 Zygomatic process 
19 Alveolar proces 
24 
51. Sphenopalatine notch 
2 Sphenoidal process 
54 Horizontal plate 


$5 Pyramidal proce 


Disarticulated base of the skull (anteric 


aspect) 


moid and palatine bone (\steral aspect) Ethmoid bone (oblique anterior aspect), 


(Schematic drawing.) 


thm 
Cesta gal 
Ohial plat 
Middle concha 


ome 


Platine bone 
4 Horizontal plate of palatine bone 
Greater palatine canal 
6 Pyramidal process 
Maxillary process 


9. Sphenopatatine notch 
1W Perpenciculr plate of palatine hon 
11 Conchal rest 

12 Nasal eres 


13. Sphenoidal process 


Sphenoid bone 
14 Greater win 


Occipital bone 


18. Squamous pat of occipital bone 


Part of a disarticulated skull base, similar to the foregoing figures, but with Maxillary tuberosity 


palatine hone. Green = sphenoid bone: yellow = ethmoid bone; red = palatine Frontal process 


bone Orbital surtae 


Intraoral margin 
Infrae 


Left palatine bone (medial aspect 
posterior aspeet tothe left), 


Right maxilla and right palatine bone (lateral aspect). 


Left palatine bone (anterior aspect) 


Part of adi 


irticulated skull, 


The left maxilla is added to the preceding specimen, 


Left maxilla (lateral aspect), Probe 


infraorbital canal 


Occipital bone 


Sphenoid bone 

2. Dorsum sella 

3 Superior orbital fsure 
Lesser win 


5 Great 


Medial pterygoid plate 


Ethmoid bone 
8 Crista gal 
9) Ethmoidal arcll 


Perpendicular 
11 Orbital p 


Palatine bone 


Mails 
13. Frontal proses 

4 Inferior orbital fissure 
18. Infraorbital 


16 Orbital surface 

17 nfraorbital foramen 
Zygomatic prcest 

Anterior lacrimal eres 


21 Alveolar pr 
Anterior: 


24 Lacrimal groove 


Masilary tube 


26 Palatine process of maxilla 


16 
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Left maxilla (posterior aspect). 


20 


a 


Part of a disarticulated hase of skull. ‘The mosaic of the facial 
bones [sphenoid bone (green), ethmoid bone (yellow), and 
palatine bone (red)] is seen from the anterior-tateral aspect 


Loft maxilla and palatine bone (medial aspect 


re for super 
Internal occipital protuberance 


Sphenoid bone 
Greater wing (temporal surface) 
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ral pterygoid plate 


Orbital pln 
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Froatal proces 

Inferior orbital fisure 
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Amicrior nasal spine 
Infraorbital groove 

Zygomatic provess 

Location of infraorbital foramen 
Midale nasal meatus 

Inferior nasal meatus 

Marillary hiatus 

(ending to maxillary sinus) 
Third molar 


CConchat erest 
ody of maxis (nasal suri 
Nasal crest 


Palatine bone 
Orbital process 


Sphenopalatine not 
Sphenoidal prove 
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Conchal eres 
Horizontal ph 


Pyramidal proces 


Frontal bone 
Squamous part 


Frontal notch 
Fromal spine 


Inferior nasal concha 
Inferior nasa concha 
with maxillary pr 


6 3A 25 96 24 28 
Part of a disarticulated base of skull (medial aspect). Green ~ sphenoid bone; yellow = ethmoid bone: red = palatine bone: 


articutated base of skull 
The same specimen as shown above 
but with frontal be 


oblique: 


ateral aspect), 


Part of a disarticulated skull, showing the connection of the palatine bone (red) and the manila 
with ethmoid bone (yellow) and sphenoid bone (li 


Frontal bone Platine bone 
1 Squamous part 10 Orbital proses 19 Intraorhital groove 
2 Inferior temporal ine U1 Perpendiclar plat 20 Infraoebital foramen 
3. Temporal surfac 12 Concha erest 21 Zygomatie process 
4 Supraorbital foramen 13 Nasal crest Alveolar process with tecth 
5. Zypomatic process 14 Horizontal plate Palatine process 

Occipital bone Loft inferior nasal comcha, 
6 Squamous part Ethmoid bome 24 Anterior part of 

5 Orbital phat inferior concha 

Sphenoid hone 16 Ethmvoidal air coll 
7. Greater wing (temporal surface) Middle camcha 
8 Optic canal within the lesser wing 8 Perpendicular plate 


9 Lateral pterygoid plate (part of bony nasal septum) 


How It Works 
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oe 


Figure 15-2. Alternate symbols for a transfor 
ferromagnetic core (top) and air core (bottom). The di 
fering call symbols at left and right are functianally identi 


How It Works 


A simplified view of a transformer is shown in 
Figure 15-3, Alternating current flowing through 
the primary winding (orange) induces magnetic 
flux in a laminated core formed from multiple 
steel plates. The changing flux induces current in 
the secondary winding (green), which provides 
the output from the transformer. (In reality, the 
windings usually consist of thousands of turns of, 
thin magnet wire, also known as enameled wire; 
and various different core configurations are 
used.) 


The process is known as mutual induction. If a 
load is applied across the secondary winding, it 
will draw current from the primary winding, even 
though there is no electrical connection be- 
tween them, 


In an ideal, lossless transformer, the ratio of turns 
between the two windings determines whether 
the output voltage is higher, lower, or the same 
asthe inputvoltage. If V, and V, are the voltages 
across the primary and secondary windings re- 
spectively, and Np and N,arethe number of turns 
of wire in the primary and secondary windings, 
their relationship is given by this formula: 


Vp 1 Vs = Np J Ny 


Input: Primary 


iit 
put: 
Secondary Winding 


Figure 15-3. Three basic parts ofa transformer, shown in 
simplified form. 


‘Asimple rule to remember is that fewer turns 
lower voltage while moreturns =higher voltage. 


A step-up transformer has a higher voltage at its 
‘output than at its input, while a step-down trans- 
former has ahigher voltage at its input than atits 
output. See Figure 15-4, 


In an ideal, lossless transformer, the power input 
would be equal to the power output. If Vj, and 
Veurare theinputand outputvoltages, and |i,and 
Jue fe the input and output currents, their rela- 
tionship is given by this formula: 


Vin * Tin = Vout * Tout 


Therefore, ifthetransformer doubles the voltage, 
it allows only half as much current to be drawn 
from the secondary winding; and if the voltage 
is cut in half, the available current will double. 


Transformersare not 100% efficient, but they can 
be more than 98% efficient, and relationships 
between voltage, current, and the number of 
tums in the windings are reasonably realistic. 


When the transformer is not loaded, the primary 
winding behaves like a simple inductor with re- 
actance that inhibits the flow of current. There- 
fore a power transformer will consume relatively 
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Figure 15-4. The ratio of input voltage to output voltage is 
equal fo the ratio of primary turns to secondary tums in 
the transformer windings, assuming a transformer of 
100% efficiency. 


little electricity if itis left plugged in to an elec- 
trical outlet without any load connected to its 


output side. The power thatit does consume will 
be wasted as heat. 


The Core 

‘The ferromagnetic core is often described as be- 
ing made of iron, but in reality is more often fab- 
ricated from high permeability silicon steel. To 
reduce losses caused by eddy currents, the core 
is usually laminated—assembled from a stack of 
plates separated from each other by thin layers 
of varnish or a similar insulator. Eddy currents 
tend to be constrained within the thickness of 
each plate. 


Because a DC voltage would cause magnetic sat- 
uration ofthe core, all transformers must operate 


with alternating current or pulses of current. The 
windings and geometry of a transformer are op- 
timized for the frequency range, voltage, and 
current at which itis designed to operate. Devi- 
ating significantly from these values can damage 
the transformer. 


Taps 
A top on a transformer is a connection part-way 
through the primary or (more often) the secon- 
dary coil. On the primary side, applying an input 
between the start of a coil and a tap part-way 
through the coil will reduce the number of turns 
to which the voltage is applied, therefore in- 
creasing the ratio of output turns to input turns, 
and increasing the output voltage. On the sec- 
ondary side, taking an output between the start 
of acoil and a tap part-way through the coil will 
reduce the number of turns from which the volt- 
age is taken, therefore decreasing the ratio of 
output turns to input tums, and decreasing the 
output voltage. This can be summarized: 


+ Atap on the primary side can increase out- 
put voltage. 

+ Atap on the secondary side can provide a 
decreased output voltage 


Ininternational power adapters,achoiceofinput 
voltages may be allowed by using a double- 
throw switch to select either the whole primary 
winding, or a tapped subsection of the winding. 
See Figure 15-5. Modem electronics equipment 
often does not require a voltage adapter, be- 
cause a voltage regulator or DC-DC convert- 
er inside the equipment will tolerate a wide 
range of input voltages while providing a rela- 
tively constant output voltage. 


A transformer’s secondary winding is often tap- 
ped to provide a choice of output voltages. In 
fact, most power transformers have at least two 
outputs, since the cost of adding taps to the sec- 
ondary winding is relatively small, As an 
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Variants 


115vAc 


Figure 15-5. An international power adapter can provide 
2 fixed output voltage by using a couble-thraw switch to 
apply 230VAC voltage across a transformers primary 
winding, or LSVAC to a tapped midpoint of the primary 
winding. 


alternative to tapped outputs, two or more sep- 
arate secondary windings may be used, allowing 
the outputs to be electrically isolated from each 
other, See Figure 15- 


va 
v3 
ve 
Vi 


i 


Figure 15-6. Multiple output voltages may be obtained 
from a transformer by topping nto the secondary winding 
(top) or using two or more separate secondary windings 
(bottom), in which case the outputs wil be electricalyis- 
lated tram each other 


If the winding on the primary side of a trans- 
former is coiled in the same direction as the 
Winding on the secondary side, the output volt- 
age will be 180 degrees out of phase with the 


wersion > ac-ac trai 


input voltage. In schematics, a dotis often placed 
atone end of atransformer coil toindicate where 
the coil begins. if the dots on the primary and 
secondary sides are at the same ends ofthe coils, 
there will be a 180 degree phase difference be- 
‘tween input and output. For many applications 
(especially where the output from a power trans- 
former is going to be converted to DC), this is 
immaterial. 


Ifthere isa center tap on the secondary winding, 
and it will be referenced as ground, the voltages 
relative to it, at opposite ends of the secondary 
winding, will be out of phase. See Figure 15-7. 


Variants 


Core Shapes 
The shell core is a closed rectangle, as shown in 
Figure 15-3, This is the most efficient but most 
costly to manufacture. A C-shaped core is anoth- 
er option (three sides of the rectangle) and an E- 
I coreis popular, consisting ofa stack of shaped 
plates with two coils wound around the top and 
bottom legs of the E, or wound cancentrically 
around the centerleg ofthe. Anadditional stack 
ofstraight plates is added to close the gapsin the 
E and form a magnetic circuit. 


In Figure 15-8, the small transformer from 
Figure 15-1 hasbeen sliced open withaband saw 
and a belt sander to reveal a cross-section of its 
windings. This clearly shows that its primary and 
secondary windings are concentric. It also re- 
veals the configuration of its core, which isin the 
E-l format. In Figure 15-9, the E-| configuration is 
highlighted to show it more clearly. 


Power Transformer 

Typically designed to be bolted onto a chassis or 
secured inside the case or cabinet housing a 
piece of electrical equipment with solder tabs or 
connectors allowing wires to connect the trans- 
former to the power cord, on one side, and a cit- 
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Posterior belly of di Vagus nerve (n. X) and internal carotid artery 
Internal carotid artery 

Phatyax (middle constrictor muscle) Sympathetic trunk ank! superior cor 

Hyoid bone (greater horn 23 Ansa cervicals (uperior root of 

Trochlear nerve (a. IV) hypoglossal nerve) 

Facial nerve (n. VI) 24 Glossopharyngeal nerve (n, 1X) and 


vestibulocochlear nerve (nV sylopharyngeus muscle 


Cranial nerves of the orbit and pterygopalatine fossa. Le‘ orbit (lateral aspect), 
‘Note the zygomaticolacrimal anastomosis (arrow). 


Frontal lobe 
Supraorbital nerve 

‘Lacrimal gland 

Lacrimal nerve 

Lateral rectus muscle (divided) 
Optic nerve and short ciliary nerves 


Cranial nerves innervating extraocular muscles (lateral aspect). 
(Schematic drawing.) 
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Inferior oblique muscle 
Zygomaticnerve 

Inferior branch of oculomotor nerve and 
{inferior rectus muscle 

Infraorbital nerve 

Posterior superior alveolar nerves 

Branches of superior alveolar plexus adjacent to 
‘mucous membrane of maxilary sinus 

Central suleus of insula 

Superior rectus muscle 

Periorbita (roof of orbit) 

Nasocliary nerve 

‘ganglion 

‘Ocwlomotor nerve (0.111) 

‘Trochlear nerve (n. IV) 

Ophthalmic nerve (a.V,) 

‘Abducens nerve (2.1) (divided) 

“Trigeminal nerve (0.V) 

Trigeminal ganglion 

“Maxillary nerve (0. V;) and foramen rotundum 
‘Mandibular nerve (n. V5) 

External acoustic meatus 

Prerygopalatine nerves, 

Deep temporal nerves 

‘Buccal nerve 

Masseteric nerve 

Auriculotemporal nerve 

Trochlea and superior oblique muscle 


Cranial nerves of the orbit (superior aspect). Right side: su 
muscle and frontal nerve divided and reflected). Tentorium and dura mater partly re 


ficial layer; left side: middle layer of the orbit (superior 


(Cranial nerves at the skull base, The brain stem was divided and the tentorium, 


fenestrated, Both hemispheres were removed. 


joved. 


Frontal sinus (e 
Frontal nerve (divided and reflected) 
Superior rectus musele (divided) and ey 


Short ciliary nerves and optic nerve (n-11) 
Nasoxiliary nerve 

Abducens nerve (a. VI) and lateral 

rectus muscle 

Ciliary ganglion and superior rectus muscle 
(reflected) 

Oculomotor nerve (0.111) 

‘Trochlear nerve (a 1V) 

Crus cerebri and midbrain 
Inferior wall ofthe third ventricle connected 
with cerebral aqueduct 

Lateral and medial branch of supraorbital 
Supratrochlear nerve 

Superior rectus muscle 

Lacrimal nerve 


and internal eacoti artery 
Trigeminal ganglion 

Trigeminal nerve (0.V) 

Tentorial notch 

Fals cerebri 

Cerebellum 

Infundibulum 

Olfactory tact 


Frontal lobe of cerebrum 
Supraorbital nerve 

Lacrimal nerve 

Lacrimal gland 

Eyeball 

Optic nerve und shot ciliary nerves 
External nasal branch of 

anterior ethmoidal ner 

Ciliary ganglion 

Infraorbital nerve 

Infraorbital foramen and terminal 
‘ef inftaorbltal nerve 


ery gop 
Posterior superior alveot 

Superior dental plexw 

Buccinator muscle and buccal nerve 
Inferior dental ple 

‘Mental foramen and mental nerve 
Ante i muscle 
(Ophthalmic 

Ocalomotor nerve (1.1) 
‘Trochlear nerve (a. IV) 

Trigeminal nerve and pons 


Masillary nerve (0. V3) 
Trigeminal ganglion 


Auriculotemporal nerve 
External acoustic meatus (divided) 


Lingual nerve and chord tympani 
Mylohyoid nerve 
‘Medial pterygoid muscle 

veolar nerve 


of digastric muscle 


1 Frontal nerve 
2  Lacrimal gland and eyeball 
3 Lacrimal nerve 

4 Lateral rectus muscle 

5. Citiary ganglion 
6 Zygomatic nerv 
8 
9 


tral to optic nerve 


Inferior branch of oculomotor nerve 
‘Ophthalmic nerve (0. V;) 
Masillary nerve (a. V.) 

10 Trigeminal gangtion 

11 Mandibular nerve (n. V3) 

12. Posterior superior alveolar nerves 

13. Tympanic cavity, external acoustic 
‘meatus, and tympanic membrane 

14 Inferior alveolar nerve 

15, Lingual nerve 

16. Facial nerve (a. VIN) 

17. Vagus nerve (n. X) 

18 Hypogloual nerve (a. XII) and 
superior root of ansa cervical 

19. External carotid artery 

20. Olfactory tract (v1) 

21 Optie nerve (a. 1) (ineacranial past) 

22 Oealomotor nerve (nl) 

23 Abducens nerve (n. V1) 

24 Trochlear nerve (a. IV) 

25 Trigeminal nerve (0. V) 

26 Vesibulocochlear nerve (n, VIII) and 

yerve (VIN) 

27 Glossopharyngeal nerve (n. 1X) 
(leaving brain stem) 

28 Rhomboid fossa 


(Cranial nerves in connection with the bran stem. Left side (lateral superior mil bloga) 
aspect). Left half of brain and head partly removed. Notice the location of 31 Acceswory nerve (a. X1) (ascending 
trigeminal ganglion trom foramen tags) 


32 Vertebral artery 

38. Spinal ganglion and dura mater 
of spinal cord 

M4 Accessory nerve (n.X1) 

38. Internal carotid artery 

36 Lateral and medial branch of 
supraorbital nerve 

37 Infratrochlear nerve 


=e 38 Infraorbital nerve 

* 39 Pterygopalatine gangtion and 

H (entering superior dental plexus) 
= 41 Buccal nerve 


‘44 Otic ganglion (dotted line) 
45. Chorda tympani 

46, Mylohyoid nerve 

7 Submandilr gland 
48 Hyoid bone 


2 


Main branches of trigeminal nerve. (Schematic drawing of figure on opposite 
page.) 


Facial canal and tympani 
Branches of facial nerve: 


wvity opened, posterior wall of ext 
temporal branch; b = zygomatic branches; ¢ = buceal branches: 


d= marginal mandibular branch. 


1 Trochlear nerve 
2. Facial nerve with geniculate ganglion 
3. Cerebellum (right hemisphere) 

'$ Occipital belly of occipitofrontalis and 
greater occipital nerve 

5. Facial nerve at stylomastod foramen 

6 Splenius capitis muscle 

7 Cervical branch of facial nerve 

§ Sternocleidomastoid muscle and 
retromandibular vein 

9. Otbiculars ocali muscle 

10. Chorda tympani 

11 External acoustic meatus 

12 Facial artery 
13 Mastoid air cells 
14 Posterior auricular nerve 

Facial nerve, (Schematic drawing of the dissection above.) 15 Nuclous and genu of facial nerve 


Vees| (come 
oe oe 


oe 


Input 


e 


Output 
Input 
Output 


Figure 157. 4 dot indicates the start of each winding, 
Where primary and secondary windings are in the same 
direction, the voltage output wil be 180 degrees out of 
phase with the input. Where the dots indicate windings ia 
‘opposite directions. the voltage output will have the same 
phase as the input. Where a center tap an the secondary 
winding serves as a common ground, the voltages at op 
posite ends of the secondary winding will be opposite to 
ach other in phase. 


cuit board, on the other side. Smaller power 
transformers such as the onein Figure 15-1 have 

hrough-hole” design with pins allowing them. 
to be inserted directly onto circuit boards. 


Plug-in Transformer 
Usually sealed in a plastic housing that can be 
plugged directly into a wall power outlet. They 
are visually identical to AC adapters but have an 
AC output instead of a DC output. 


Variants 


Figure 15- 
this entry 
uration. 


The small transformer trom th 
jawn sliced open to reveal 


first figure in 
internal contig 


Figure 15-9. The “EI” shaped plates that form the core of 
the transformer are autined to shaw ther edges 


Isolation Transformer 

Also known as a 1:1 transformer because it has a 
1:1 ratio between primary and secondary wind- 
ings, so that the output voltage will be the same 
as the input voltage. When electrical equipment 
is plugged into the isolation transformer, it is 
separated from the electrical ground of AC pow- 
er wiring. This reduces risk when working on 
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Cranial nerves in connection with the brain stem (oblique-lateral aspect), Lateral portion of the 
skull, brain, neck and facial structures, lateral wall of orbit and oral eavity have been removed 
‘The tympanic cavity has been opened. The mandible has been divided and the muscles of 
mastication have heen removed, 


Optic tract LL Lingual branch oF hypoglossal nerve 


2 Oclomotor nerve (0.111) 12. External carotid artery B 
3. Lateral rectus muscle and inferior branch 13. Superior root of ansacervialis (branch of 24 
‘of oculomotor nerve hypoglossal nerve) 25 


and chord tympani 14 Lateral ventricle with choroid plexus and 


6 n 
7 2% 
s e Vagus nerve (n. ) 

9 Styloplossus muscle 19. Accessory nerve (1X1) 


10 Lingual branches of glossopharyngeal 20 Vertebral artery » 
nerve 21 Supeckw cervical gangiiow 


22 Hiypoglossa nerve (XII) 


Spinal ganglion with dual sheath 

Dura mater of spinal cord 

Internal carotid artery and carotid 

sinus branch of glossopharyngeal 

Dorsal roots of spinal nerve 

Spmpathetic trunk 

Branch of cervical plenus (ventral 

primary ramus of third cervical 
nerve) 

Ansa eervicalis 


Lateral superficial aspect of the face. Peripheral dist 


a= temporal branch; b = zygomatic bran 


Of the face. Note the facial plexus within the parotid gland, 


1 Temporoparietalis muscle 
2. Parietal branch of superficial temporal 


artery and ¥ 
3. Occipital 


J auricolotemporal 


Ay of oceipitofrontalis 


9 Sternocleidomastowd muscle and 


sof cervical plexus 


13. Angulae artery (terminal portion 
of facial artery) 


16 Facial artery and zygomaticus 
‘minor muscle 


20 Parotid duct 
21 Risorius muscle and inferior labial 


1. Medial branch of 
supraorbital nerve 

2 Nasalis muscle 

3 Levator lai supesioris 
alaeque nasi muscle 

4 Orbicularis ocull muscle 

5 Levator abil superioris 
muscle 

6 Facial artery und vein 

7. Zygomaticus minor and 
major muscle 

8 “Transverse facial artery 

9. Orbiculars ors muscle 

10 Buccal nerves, depressor 
abil inferioris muscle, 
facial artery and vein 

11. Parotid gland snd duet 
and masseter muscle 

12 Depressor anguli ors muscle 

13. Transverse cervical nerve 

14 External jugular vein 

15. Platysma muscle 

16 Supraclavicular nerve 

17 Galea aponcurotica 

18 Lateral branches of the 
supraorbital nerve 


9 
‘esipitofrontalis muscle and 
branches of superficial 

and artery 
2 poral artery 


‘Auriculotemporal nerve 
‘Zygomatico-onbital artery 
‘and temporoparictalis 
suscle 


23. Lesser occipital nerve 
24 Occipital belly of 
coccipitofrontalis muscle 
25. Occipital vein and occipital 
26 Greut auricular nerve and 
sternocleidomastoid muscle 
27. Trapezius muscle 
perficial layer of the hewd und neck. Parotid fascia removed. Branches of facial nerve: 28 Greater petrosal nerve 
‘4 = temporal branch; b = zygomatic branches; e = buccal branches; d = marginal 29 Geniculate ganglion 
mandibular branch 30 Chorda tympani 
31. Posterior auricular nerve 
32 Stylomastoid foramen 


to page 76 

22 Depressor Ibi inferioris muscle 

23 Depressor angulioris muscle 

24 Platysma muscle 

25 Terminal branches of transverse 
cervical nerve 


CCervieal branch of facial nerve 
Orbicularis aris muscle 

Facial artery and vein , 
Sternocleidomastoid muscle and Facial nerye. M: 
retromandibular vein (Schematic ding 


n branches 
m.) 


Lateral superficial aspect of the face. The parotid gland has been removed to display the parotid plexus of the 


a-¢ = branches of facial nerve 


branch; e = cervical branch, 


Superficial te 
auriculoremporal nerve 


oral artery and 


osterir auricular artery and nerve 
and tempo! 
icipital artery 


oparietalis muscle 


Facial nerve (n. Vit) (parotid plexus |x 


1 Temporal branches 
somatic branches 
branches 
inal mandibular branch 
© Corvical branch 
auricular nerve 
auricular artery 
Digastric muscle (posterior belly 
Lesser occipital nerve 
Posterior auricular vein 


temporal bi 


0 
" 


2 
B 
ry 
15 
6 
0 
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inch; b = zygomatic branches; ¢ = buccal by 


Retromandibular vein 

Hiypogloseal nerve and strnocicidornas 

Great auricular nerve 

Internal carotid artery 

External carotid artery 

Comanon carotil artery 

Branch 

Superior laryn 

External jugular vein and 
cleidomastoid muscle 


5 cexvical plexus 


Frontal brinch of superficial temporal artery 


lateral brsinch of supraorbital nerve, and 
frontal belly of occipitofrontalis muse 
Medial branch of supraorbital nerve 

Dor 


Angular artery and nasalis my 


riches: d = marginal mandibular 


Orbicntarisoenli muscle 
Zygomatieus minor muscle 

Buceal fat pad. 2ygomaticus major muscle 
and infraorbital nerve 


duct and masseter muscle 
Buccal artery 

Buceinator muscle 

Risorius muse 

Facial artery and vein 

Submental artery and depr 

ors muscle 

Mylotyoid nerve and mylohyoid muscle 
Digastric muscle (anterior belly) 

Facial vein and submandibular gland 
Superior thyroid artery 

Stemohyoid muse: 


Lateral superficial aspect of the 
artery and nerve, 


1 
3 


Gilea aponeurotiea 
Temporal 

Temp 

Parietal erica temporal 
Auricalotemporal nerve 

Frontal branch of superficial temporal 
Superficial te 


ticular die of| 
Joint 


Masseter muscle and temporal fascia have been partly removed to display the masseteric 


Hea of mandib 
Masscterie artery and nerve 
Mandibular otch 
Masseter muscle (divided) 
External carotid artery 
Great auricular ner 
Facial nerve (reflected) 
Frontal belly of ocepitofromtlis muscle 
‘Medial branch of suprabital ner 
Angular artery 
Orbicularis oculi muset 

aorbital nerve 


Zyeomaticus major musele 
Manilla artery 
Coronoid process 

sti duct (divided) 
Buccal ner 
Facial artery and vein 
Mental nerve 
Mandibular branch of facial ner 
CCervieal branch of facial nerve 
Transverse cervial nerve 
(communicating branch with facial 
rnerve) and sternoeleidomastoid muscle 


Deep dissection of facial and retromandibular regions, The coronoid process together with the insertions of temporalis muscle 
have been removed to display the maxillary artery. The upper part of the mandibular canal has been opened. 


Parietal branch ofthe superficial temporal 
Frontal branch of the superficial tempo 
Auriculotemporal nerve 

Manila artery 

‘Superficial temporal artery 
‘Communicating branches between facial 
and aurieulotemporal nerves 

Facial nerve 

Posterior auricular artery and ant 
auricular branch of superficial temp 
Internal jugular vein 


Mylobycid nerve 
Posterior belly of digastric musele 
Great auricular nerve and 
sternocleidomastord 

External jagular vein 
Retromandibular vein 
Submandibular gland 

‘Temporal fascia 

Temporalis tendon 

Deep temporal arteries 
Posterior superior aly 
Sphencpalatne arte 

Souasioe ax 


trie artery and nerve 
‘iyecal nerve and artery 

Lateral pterygoid 

Transverse facial artery and 

parotid duct (divided) 

Medial pterygoid 

Facial artery 

Lingual nerve 

Inferior alveolar artery and nerve 
(mandibular eanal opened) 


Retromandibular region with maxillary artery and branches of trigeminal nerve (n. V). 


Frontal belly of occipitofrontalis muscle 15. Depressor angul oris muscle Internal jugular vein 
Depressor supercilii muscle 16 Medial pterygoid musele and mylohyoid Styloglossus muscle 
Temporals muscle nerve Splenius capitis 
Orbiculars oculi muscle 17 Depressor lab inferioris muscle Posterior belly of diagastric 
Nasalis muscle 1S Hypoplossal nerve and hyoglossus muscle and occipital artery 
Infraorbital artery Superficial temporal artery 
Levator abil superiorisalaeque nasi = 19. M © Stylohyold muse 
muscle 20 Anterior belly of diag External carotid artery 
ymaticus minor muscle 21 Sternohyoid muscle Retromandibula w 
Levator labiisuperioris muscle 22 Thyrohyoid muscle Superior thyroid ar 
Infraorbital artery and nerve and 23. Galea aponcurotica Inferior constrictor muscle of the 
solar artery Occipital belly of eee pharynx 
UW ay muscle Sternoclcidomastoid muscle 
12. Lingual nerve Lateral pterygoid muscle and deep ‘Omohyoid muscle 
13 Inferior alveolar artery and nerve temporal artery (Common carotid artery and vagus nerve 
14 Buccinator muscle 26 Maxillary artery 


Dissection of deep facial and retromandibular regions after removal of mandible. Pterygoid muscles removed, temporalis muscle 


fenestrated, 


Superficial temporal artery and ein 
riculotemporal 
ralls tendon, deep temporal 
nerves and artery 
Maxillary artery 
Middle meningeal artery 


Great auricular nerve and 
sternocleidomastoid muscle 
sl nerve and superior root of 
rvicalis 
crnal carotid artery 

Suprattochlear nerve and medial 
branch of supraorbital artery 
Angular artery 
Posterior superior alveolar artery 
Infraorbital nerve 


Facial artery 
Parotid duct (divided) and 
‘Transverse section through oral cavity and pharynx. The location of bosdaataraeacle 
inferior alveolar nerve and artery is indicated by a needle Buccal artery and nerve 


Paru- and retropharyngeal regions. The mandible and the lateral wall of the orbit have been removed. The main branches of the 
trigeminal nerve and its ganglion are displayed. 


Mplohyoid nerv 
ve and submandibular 


Mental nerve and mental foramen 
Inferior alveolar nerve 
Mylohyoid muscle (divided) and 


Superior thyroid artery 
Common carotid artery 

Buceinator muscle 

Masseter muscle and mandible 
Entrance of mandibular canal 

Medial pterygoid muscle 

Platine tonsil 

Oral vestibule 

‘Tongue 

Inferior alveolar nerve, artery and vein 
Paryngeal constrictor muscle 


Pharynx 
Teatorium of cereb 
Trigeminal nerve a ganglion 
Mandibular nerve 
Superficial temporal urtery 
Auriculotemporal nerve and 
middle meningeal artery 
Facial nerve (divided) 
Masseter muscle 
Superior root of ansa cervcalis 
Lateral branch of supraorbital nerve 
mie nerve 

Lacrimal gland 
Ciliary ganglion and short ciliary nerves 
Angular artery 

erior branch of eculomotor nerve 
Maxillary nerve 
Infrarital nerve 
Anterior superior alveolar nerve 


Posterior superior alveolar nerve 


Parietal ranch of superficial temporal 
Auricvlotemporal 
Temporalis muscle 
Mandibular 


‘muscle (cut) 


Maxillary artery, external earotid artery 
and stylopharyngeus muscle 
terior belly of digastrie muscle 
J process and facial artery 
Vagus nerve (a. X) 
n. XI) 
(a. XI) and 
(cat) 
Stylohyoid muscle and 
_lossopharyngeal nerve (0. IX) 


Acces 
Hiypoplossal ner 
retromancibur vi 


Hypoglossal nerve (a. XII) and 
hyoglossus muscle 

Superior thyrokd artery 

24 Superior Ia 


geal artery and in 


J artery and superior 


nerves and posterior 
3M) Anterior deep temporal artery 
31 Masseteri nerve 

ior alveolar branches of 


Variants 


“live" equipment, as there will be negligible elec- 
trical potential between itself and ground. Con- 
sequently, touching a grounded object while al- 
so touching a live wire in the equipment should 
not result in potentially lethal current passing 
through the body. 


Autotransformer 

This variant uses only one coil that is tapped to 
provide output voltage, Mutual induction occurs 
between the sections of the coil. An autotrans- 
former entails a common connection between 
itsinput and output, unlike atwo-coil transform- 
er, which allows the output to be electrically iso- 
lated from the input. See Figure 15-10. Auto- 
transformers are often used for impedance 
‘matching inaudio circuits, and to provide output 
voltages that differ only slightly from input vol- 
tages. 


Output 


‘Common Ground. 


Figure 15-10. An autotransformer contains only one cail 
and core. A reduced output voltage can be obtained by 
tapping into the call. A commen cannectian prevents the 
‘output from being electrically solated from the input. 


Variable Transformer 

A variable transformer, also known as a variac, 
resembles a wire-wound potentiometer. Only 
one winding is used. A wiper can be turned to 
contact the winding at any point, and serves as 
a movable tap. Like an autotransformer, a vari- 
able transformer entails a common connection 
between input and output. 


Audio Transformer 

‘When signalistransmitted between two stages 
of a circuit that have different impedance, the 
signal may be partially reflected or attenuated. 
(Impedance is measured in ohms but is different 
from DC electrical resistance because ittakes nto 
account reactance and capacitance. It therefore 
varies with frequency.) 


Adevice of low inputimpedance will try to draw 
significant current from a source, and if the 
source has high output impedance, its voltage 
will drop significantly as a result. Generally, the 
input impedance of a device should be at least 
10 times the output impedance of the device 
thatis trying to drive it. Passive components (re- 
sistors, and/or capacitors, and/or coils) can be 
Used for impedance matching, but in some sit- 
uations a small transformer is preferable. 


IFN, andN, are the number of turns of wirein the 
transformer primary and secondary windings, 
and Z, Is the impedance of a device (such as an 
audio amplifier) driving the transformer on its 
primary side, and Z,is the impedance of a device 
(such asa loudspeaker) receiving power from the 
secondary side: 


Ny J Ne = (2p J 22) 
Suppose that an audio amplifier with rated out- 
put impedance of 6400 is driving a loudspeaker 
with 80 impedance. A matching transformer 
would be chosen with a ratio of primary turns to 
secondary turns give by: 


(64/8) = /86 = approximately 9:1 


The two transformers in Figure 15-11 are 
through-hole components designed for tele- 
‘communications purposes, but are capable of 
passing audio frequencies and can be used for 
impedance matching in applications such as a 
preamplifier 


ago 
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Skin 
alea aponeurutics 


1 
3. Feriranium (periosteum 
4 Skull with diploe 

5 Dura mater 
6 
7 
a 


Subdural space 
Arachnoid mater 
Subarachnoid space 

9 Arachnoid granulations 

10 Superior sagital sinus 

11 Pia mater with cerebral vessels 

12 Falk cerebri 

13 Cerebral cortex 

M4 Arachnoid and pia mater with 
cortical vessels 

15. Frontal belly of occipitofrontal muscle 

16 Branch of middle meningeal artery 

17 Lateral and medial branch of 
supraorbital nerve 

18 Orbicularis oculi muscle 

19 Zygomatico-orbital artery 

20. Auriculotemporal nerve, superficial 
temporal artery and vein 

21 Superior auricular muscle 

22 Occipital elly of occipitofrontais muscle 

23 Branches of greater occipital nerve 


Nerves and blood vessels of the sealp. Scalp and meninges are demonstrated by a 21 Occipital artery and vein 
series of window-like openings. 
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A coronal seetion through the vertex of the skull showing 
the arrangement of the meninges and vessels of the brain. 
Together the arachnoid mater and the pia mater form the 


eptomenins, 

40. Levator velipalatini muscle 

41. Gingiva and buesinator muscle 

42. Ascending pharyngeal artery and 
‘superior pharyngeal constrictor muscle 
(pterygopharyngeal part) 

43. Lingual nerve 

44 Sobmandibular ganglion and tongue 

45 Palatoglossus muscle 

46 Deep lingual artery 


25. Greater occipital nerve 
26 Sternocleidomastoid muscle 


Cross-section of the scalp and the meninges, The subarachnoid 
space is shown, 


Submandibular duet and genioglossus muscle 
Geniohyoid nerve and muscle 

Mylohyoid muscle 

Anterior belly of digastric muscle 

Hiyoid bone 

Thyrohyod muscle 

Omohyoid muscle (superior belly) 
Sternohyoid muscle 

Maxillary artery 


Median sagittal sec 


through the head and neck. 


Fals eereb 4 
‘Corpus callosum and septum pellucidum 15 
Interventecular foramen and fornix 16 
CChoroid plexus of third ventricle and 


Cerebral aqueduct 
Mamilary body and b 
Straight sinus 

Fourth yentride and cerebellum 
Pons and fax cerebelli 

Medalla oblongata 

Central canal 


Cerebellomedullary cistern 
the axis (odontold process) 


Frowtl sins 

Optic chiasma 
Pituitary gland (hy pophy 
Superior nasal eoncha 

Middle nasal concha and sphem 
Inferior nasal cone 


Superior longitudinal m 
Vertical moscle of the tongue 
Uyula 

Genioglo 

Pharynx 

Epiglotis 
Geniohyoid muscle 
Mylobyoid muscle 

Hyoid bone 
Vol fold 

Esophagus 


1d sinus of larynx 


Dura mater anc venous sinuses 
(left lateral aspect). (Schematic drawing.) 


1 Cranial eavity with dura mater 
(the right cerebral hemisphere 
has been removed) 

2 Frontal sinus 

3. Hypophysial fossa with pituitary 
gland 

4 Sphenoidal sinus 

5. Nasal eavity 


{6 Soft palate (uvuts) 
7 Orateavity 

8 Tongue 

9) Skin 


10 Calvaria 

1 Dura mater 

12 ‘Tentorium cerebeli 

18. Confluence of sinuses 

14 Infratentoral space (cerebellum 
and part of the bran stem have 
‘been removed) 

15 Vertebral eanal 

16 Frontal branch of middle 
meningeal artery and veins 

7 Middle meningeal artery 

18 Diploe 

1. Parietal beanch of middle 
‘meningeal artery and vein 

20 Occipital pole of left hemisphere 
covered with dura mater 


ian section through the head, Demonstration of dura mater covering the crat 
Brain and spinal cord are removed (right half of the head, as seen from 


medial), 


Dissection of durn mater and meningeal vessels. Left half of calvaria removed. 


1 Calvatia and skin of the 
seal 

Dura mater (divided) 

3 Position of lateral sues 

44 Frontal lobe covered by 
arachnold and pia mater 

5) Frontal sinus 

6 Olfactory bul 

7. Sphewoidal sinus 

8 Duss mater on civus and 
basilar artery 

9 Atlas (anterior arch, 
divides 

10. Soft palate 

11 Tongue 

12 Epiglotis 

13 Vocal fold 


18 Cerchellomedullary cistern 
19 Position of foramen 

and spinal cord 
20, Dens of axis 


21 Intervertebral dise 


Dissection of the brain with pia mater and arachnoid in situ, ‘The head is cut in hall 
except for the brain, which is shown in its entirety 


Superior cerebral veins 
Position of central suleus 


Pasition of lateral suleus and 
cistern of lateral 


12 Hemisphere of eerebetlam 
13 Medulla oblongata 


Brain with pia mater and arachnoid. Frontal pole to the left (lateral aspect). 


Parietal 


Brain and brain stem, median section. Frontal pole to the right, 


25 Epiplottis 


Median section through the head, (MR-Sean, ef 


‘opposite page.) 


1 Fromat lobe of cerebrum 


‘Optic chiasma 
Hypothalamus 


‘halam 
ventricle 
Colic of the midbrain 
10 Mibrain (interior portion) 
1 Cerebellum 

12 Pons 

13. Fourth ventricle 

14 Medulla 
15. Central canal 
16. Spinal cont 


bongata 


Median section through the head, Regions of the brain, Falx cerebri removed 


1. Prosencephalon 1, Telencephalon (cerebral 
hemispheres, striatum, ete.) 
Diencephalon (thalamus, 
metathalamus, hypothalamus, ete.) 


(forebrain) 


II, Mesencephalon Mesencephalon (colliculi, 
(midbrain) cerebral peduncles, tegmentum) 


| 111, Rhombencephalon _— 4. Metencephaton (pons, 
(hindbrain) = <<___ cerebellum) 
ix: nacephalon (medullt 


Main divisions of the brain 
[LITT = primary brain vesicles; 15 = secondary brain vesicles 


Scheme of brain divisions (c table). 

Red = choroidal plexus (Schematic drawing.) 

1 ‘Telencephalon (yeflow) with lateral ventricles, 

2 Dicneephalon (orange) wit II ventricle, 
‘optic nerve and retina 

3 Mesencephalon (blue) with cerebral aqueduct, 

4 Metencephalon (green) with IV ventricle Midbrain, pons and medulla oblongata are 

5 Myelencephalon (yellow-green) Drain stem. 


otively termed the 


Superior cerebral veins and parietal 
lobe 
2 Fromtal lobe 
Superfcil m 
cistern of lat 
Temporal lobe 
Occipital lobe 
Inferi 


7 Inferiae anastomotic vein 
slhum 


Hla oblongata 


Brain with pia mater. Cerebral veins (bluish). In the lateral sulcus the cistern of 
the lateral fossa is recognizable. Frontal lobe to the left. 


‘oronal section. Areas supplied by 


ind central arteries. Dotted lines indicate boundaries 
of arterial supply areas; arrows: direction of blood flow 


4 

Coronal section through the right hemisphere showing 
arachnoid, pia mater, and the arterial blood supply 
(anterior aspect) 


Anterior cerebral artery 8 Caudate nucleus 15) Palldostriate artery 
Midalte cerebral arteries, 9 Internal capsule 16 Thalamic artery 
Aachnoid 10 Insular lobe 7 Corpus callosum 

4 1 Claustrum 8 Pellucd sepnum 

5 12 Putamen 19 Lateral ventricle 

6 15 Posterior striate branch 20, Optic eiasen 


Arteries of the brain. 


1 Insula 
2. Middle cerebral artery [2 branches: 
a) Parietal branches, 


») Temporal branches} 


16 Posterior inferior cerebellar artery 


Lateral aspect of 
the left hemisphere. The upper part 
of the temporal lobe has been 
removed to display the insula and 


cerebral arteries, 


Inerventricula foramen 
Septum petluc 
Frontal lo 


Oculomotor nerve (9,111) 


Pons 
10 Basitar artery 

11 Compas callosum 

12 Forix 

13. Choroid plexus 

14 Third ventricle 

15. Pineal body 

16. “Tectum and cerebral aqueduct 
17 Fourth ventricle 

18 Cerobellum (arbor vitae, vermis) 


19 Median aperture of Magenulie 
20° Medulla oblongata 


Median section through the brain 
and brain stem. Cerebral arteries 
injected with red resin 


1 Anterior communicating 
artery 

2 Left anterior cerebral artery 

3 Internal carotid artery 
Pons an left superior 

cerebellar artery 

5 Anterior inferior corebellar 
artery 

6 Posterior inferior cerebellar 
artery 

7. Medulla oblongata 

8 Right anterior cerebral 


artery 

Posterior cerebral artery 

1S. Basile artery and abslucens 
nerve (n. VD) 


22 Oactory bulb 


Arteries of the hase of the brain, arterial circle of Willis 
(Schematic drawing.) 


> conversion > ac-ac transformer 


power 


Figure 151. Trough ole anstormers. Se et for de 
als 

InFigure 15-12, thetransformersaredesigned for 
audio coupling. The one on the right has impe- 
dances of 500 ohms (primary) and 8 ohms (sec- 
ondary). On the left is a fully encapsulated line 
matching transformer with a 1:1 turns ratio. 


Figure 15:12. Through-hole transformers. See text for de 
falls 


Split-Bobbin Transformer 

This variant has primary and secondary coils 
mounted side by side to minimize capacitive 
coupling, 


Values 


Surface-Mount Transformer 

May be less than 0.2" square and is used for im- 
pedance matching, line coupling, and filtering. 
Two surface-mount transformers are shown in 
Figure 15-13, 


Figure 1513. Two surface-mount transformers, each 
‘measuring less than 0.2” square, typically used in com- 
‘munications equiament and sulted for frequencies higher 
than 5 M2 


Values 


When selecting a power transformer, its power 
handling capability is the value of primary inter- 
est. It is properly expressed by the term VA, de- 
rived from “volts times amps” VA should not be 
confused with watts because wattsaremeasured 
instantaneously in a DC circuit, whereas in an AC 
circuit, voltage and current are fluctuating con- 
stantly. VA is actually the apparent power, taking 
reactance into account. 


The relationship between VA and watts will vary 
depending on the device under consideration. In 
a worst-case scenario: 


Wi = 0.65 VA (approximately) 


Inotherwords, theaveraged power youcan draw 
from a transformer should be no less than two- 
thirds of its VA value, 


Transformer specifications often include input 
voltage, output voltage, and weight of the com- 
ponent, all of which are self-explanatory. Cou- 
pling transformers may also specify input and 
output impedances. 
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Anterior cerebral artery 


2 Amerior communicating 


3) Middle cerebral artery 


Posteri cerebral artery 
minal nerve 


Hypoglossal nerve 
Accessory nerve 
1 inferior cerebellar 


Infunibulum and pituitary 
land 

Anterior choroidal artery 
and choroid plexus 


2), Basile artery 


Abducens nerve 


5 Temtorium cerebell 
Superior sogital sinus snd 
‘confluence of sinuses 
Anterior spinal artery 
28 Internal carotid artery 


29 Superior cerebellar artery 


Anterior inferior cerebellar 
Posterior inferior cerebellar 


rior spinal artery 
Ophthalmic artery 


Arterial circle of Wills (superior aspect) 


(Schematic dravit 


1 Central sulcus 
2. Precentral gyrus 

3 Procentral sulcus 

4 Frontal lobe 

5 Anterior ascending ramus of lateral sulcus 
6 Anterior horizontal ramus of lateral sulcus 


tral gyrus 
11 Postcentral sulcus 
Occipital lobe 

13 Cerebellum 

14 Superior frontal sulcus 
15 Midle frontal gyrus 
16 Lunat 


17 Longitudinal fissure 


18 Arachnoid granulations 


Brain, left hemisphere (lateral aspect). Frontal pole to the left 


Frontal lobe 
= Parietal lobe 

= Occipital lobe 
Yellow = Temporal lobe 
Dark red = Precentral gyrus 
Dark blue = Postcentral gyrus 


Brain (superior aspect), Right hemisphere with arachnoid and pia Brain (superior aspect). Lobes of the left 
hemisphere indicated by color; right hemisphere 
és covered with arachnoid and pia mater. 


mater. 


the temporal lobe 


Brain, left hemisphere (lateral aspect). Frontal pole to the lef. 


Motor speech area of Broca 


1 
4 


Acoustic area 


1 Precentral gyrus 
2 Precentral sulcus 
3. Superior frontal gyrus 


Pata ule 


Postcentral gyrus 
inal gyrus 


Supram 
7 Angular gyrus 
18 Occipital lobe 
19. Gerebetlum 
20. Horizontal fissure of cerebellum 


21 Medulla oblongata 


1 Procentral gyrus 


Precentral sulcus 
3 Cingulatesuleus 
44 Cingulate gyrus 
5 Sulcus of corpus callosum, 
i Fornis 

Genu of corpus callosum 
8 Interventricuar foramen 
9 Intermediate mass 


10. Aaterior commis 
11 Optic chiasma 
2 afundibulm 
13 Uneus hippocampi 
14 Posteentral gyrus 
15 Body of corpus callosum 


16 Third ventricle and thalamus 
17 Stria medullaris 

18. Parietooccipital sulcus 

19. Splenium of corpus callosum 

20 Communication f calearine and 


parictooccipital sulcus 


21 Calearine sulcus 
Pineal body 
Mamillary body 
Parahippox 

28 Oltucta 
26 Ofactory tract, 


Brain, right hemisphere (medial aspect). Frontal 
(midbrain divided, ce 


ole tothe left 


llum and inferior part of brainstem removed), 


2% Optic nerve 


29 Infandibulum and optic chiasma 
30 Optic tract 
31 Oculomotor nerve 


M Cerebral aqueduct 
35. Corpus callosum 

36 Longitudinal fissure 
37 Orbital 
38 Lateral root of olfactory tract 


39 Medial rot of olfactory tract 


40 Olfactory tubercle and anterior 


perforated substance 
41. Tuber cinercum 


42 Interpeduncular fossa 
13. Substa 

“Lb Collicli of the mibeain 

45 Lateral occpitotemporal gyrus 
46 Medial occipitotemporal gyrus 


Pink Frontal lobe 
Blue Parictal lobe 
Green Occipital lobe 
Yellow ‘Temporal lobe 
Dark red = Precentral lobe 
Dark blue = Postcentral lobe 
Orange = Limbic cortex 
(cingulate and 
Brain (inferior aspect), Midbrain divided. Cerebellum and inferior part of brain parahippocampal 
stem removed, Frontal pote at the top. we 


98. 


Brain (sagittal section). Frontal pole to the left 


Precentral gyrus 
Cingulate gyrus 
ingutate sulcus 
Septum pellucidum 
Gent of corpus callosum 
Fornix 

Frontal lobe 

Anterior commissure 
Hypothalamus 

Optic chiasma 
Infundibulum 
Oculomotor nerve 


Uncus 


ral lobe 


Central sulous 
Posteentral gyrus 

Body of corpus callosum 
Inverventricular foramen (arrow) 
Parietooccipital sulcus 
Intermediate mass 
‘Splenium of compus callosum 
ny 


Pineal 


Coltcul of miabrain 
Cerebral aqueduct 

Occipital lobe 

Macnillary body 

Fourth ventricle 

Vermis of cerebellum 

Right hemisphere of cerebellum 
Median aperture of Magendie (arr) 
Medulla oblongata, 

Oifactry tact 

Opticnerve 

Internal cat 


Interpeduncular cistern 
Superior cerebellar artery 
Anterior inferior cerebellar artery 
Vertebral artery 

Posterior inferior cerebellar artery 


lar artery 
Trigeminal nerve (n. V) 
Facial nerve (n. VII) 
Accessory nerve (n. NI), 
hypoglossal nerve (0. XI1) 
Cerebellum 


Superior cerebellar peduncle 
Midale cerebellar ped 
Cerebellar tonsil 
Inferior semilunar lobule 
Vermis 
Central lobule of vermis 
Inferior cerebellar pedunck 
Superior medullary velam, 
[Nodule of vermis 
Flocculus 
Biventral lobule 
Left cerebellar hemisphere 
Inferior semilunar lobule 
Biventral lobule 
Vermis of cerebellum 
Tuber of vermis 
Pyramid of vermis 
Uvula of vermis 
Tonsil of cerebellum 
Floceule of cerebellum 
Right cerebellar hemisph 

Cerebellum (inferior anterior aspect). The cerebellar peduncles have been se 22 Vermis (central lobule) 
Cerebellar ingula 
Ala of central lobule 
Superior cerebellar peduncle 
Feastigium 
Fourth ventricle 
Middle cerebel 
Note of ve 
Flocculas of 
Cerebellas tonsil 
Culmen of vermis 
Decliveof vermis 
Tuber of vermis 
Inferior semilunar lobule 
Pyramis of vermis 
Usulaof vermis 


Cerebellum (infer! rior aspect) 


Median section through the cerebellum, Right cerebellar hemisphere and right half of vermis, 


Lateral olf 


Anterior perforated substance 
Infundibulum (divided) 
Mamillary body 

Substantia nigra 


Pedunculus cerebri 
Red nucleus 

0 Decussation of superier cerebellar 
peduncle 

LL Cerebellar hemisphere 

12 Medial olfactory stria 


13 Optic nerve 
14 Opticehiasma 
1S. Optictrac 
16  Postetior perforate substance 
17 Interpeduncular fossa 
18 Superior cerebellar peduncle 
and cerebellorubra tract 
Dentate nucleus 
‘ermis of cerebellam 
ingulate gyrus 
Corpus callosum 
Stra terminalis 
Septum pellucidum 
25. Columna foricis 
Cerebral peduncle at midbrain level 
Pons 
Inferior olive 
Mediulla oblon 
pyramidal tract 
(Occipital lobe 


a with lateral 


Brain and cerebellum (inferior aspect). Parts of the cerebellum have been removed 
to display the dentate nucleus and the main pathway to the midbrain 


oy 


ie. =~ 


Disscetion of the cerebellar peduncles und their connection with midbrain 
and diencephalon. A small part of pulvinar thalami (*) has been cut to show 
inferior brachium. 


1 Lateral longitudinal stria 
ofndusium grseum 

2. Medial longitudinal tri 
indusiam griscum 

5 Cerebellum 


I. The fiber system of the corpus callo 
18 the cortex lying above it, Frontal ps 


Dissection of th 
displayed by re 


anterior horn of lateral ventricle 
4 Cavum 
5 Sop 


lateral ventricle 
5. Splenium of eorpas callosum 


10 Posterior horn of lateral ventricle 


4+ 13 Vermis of cerebellum 


Dissection of the brain II. The lateral ventricles and subcortical nuclei of the 
brain are dissected. The corpus callosum has been partly removed. Frontal pole 


at the top. 


Dissection of the brain III (superior view of lateral ventricle and subcortical nuclei of the brain). Corpus callosum partly 
removed. At right, the entire lateral ventricle has been opened, the insula with claustrum, extreme and external capsules have 
been removed, exposing the lentiform nucleus and the internal capsule, 


1 Lateral longitudinal stra 9 ral ventricle 16 Fes hippocampi 
2 Medial longitudinal stria 10 Splenium of corpus callosurn 17 Crus of fo 

3 Genu of corpus 11 Posterior horn of lateral ventricle 18 Vermis of cerebellum sith arachnoid and 
41 12 Anterior horn of lateral ventricle pia mater 

5) Septum peli (head of caudate nucleus) 19) Invceventricular foramen 

6 Stra terminalis 13 Putamen of tentiform nucleus 20 Right column of fornix 

7 Thatamus (lamina affix) 1 tnternal eapsu 1 Collateral eminence 

8 Choroid plexus of thind ventricle 15. Inferior horn of lateral ventricle 


Lateral longitudinal stria 
Medial longitudinal stra 


Corpus callos 
4 Septum pellucidum 

5 Insular gy 

6 Thalamostiate vein 

7. Anterior tubercle of thalamus 


8 Thalam 


9) Medullary stria of thalamus 


11 Habenular commissure 
12 Vermis of the cerebs 


1B Left 
14 Head of caudate nucleus 

15 Columns of fornix 

16 Puusme of letiorm nucleus 
17 Internal caps 
18 Tuenia of choroid plexus 


20° Lamina affix 

21. Third ventricle 

np ay 

23. Superior and inferior colliculus 


issection of the brain IVa, Temporal lobe, fornix and the posterior corpus 
callosum have been removed (this part of the specimen is depicted below), 
Frontal pole at top (superior aspect) 
Inferior horn of lateral ventricle 
Hippocampal d 


1 
2 tations 
3. Collateral eminence 


Splenium of corpus callosum 


{6 Posterior horn of lateral ventricle 
[Uncus of parahippocampal gyrus 

8 Body and ers of fornix 

9) Parahippocampal gyrus 

10 Pes hippocampi 

1 Dentate gyrus 

2 


Dissection of the brain IVb. Depicted is the portion of the 
brain removed from the specimen above, Temporal lobe an 
or aspect). Columns of fornix are served 


limbic system (supe 


How to Use it 


How to Use it 


For most electronic circuits, a power transformer 
will be followed by a rectifier to convert AC to DC, 
and capacitors to smooth fluctuations in the 
supply. Using a prepackaged power supply or 
ACadapterthatalready containsallthenecessary 
components will be more time-effective and 
probably more cost-effective than building a 
power supply from the ground up. See Chap- 
ter 16. 


What Can Go Wrong 


Reversal of Input and Output 
Supposea transformeris designed to providean 
output voltage of 10 volts from domestic AC 
power of 115 volts. f the wrong side of the trans- 
formeris connected with 115VAC by mistake, the 
output will now be more than 1,000 volts—easily 
enough to cause death, quite apart from de- 
stroying components that are connected with it. 
Reversing the transformer in this way may also 
destroy it. Extreme caution is advisable when 
making connections with power transformers. A 
meter should be used to check output voltage. 
All devices containing transformers should be 
fused on the live side and grounded. 


Shock Hazard from Common 
Ground 

When working on equipment that uses an auto- 
transformer, the chassis will be connected 
through the transformer to one side of 115VAC 
power, So long as a plug is used that prevents 
reversed polarity, the chassis should be “neutral” 
However, if an inappropriate power cord is used, 
or if the power outlet has been wired incorrectly, 
the chassis can become live, For protection, be- 
fore working on any device that uses 115VAC 
power with an autotransformer, plug the device 
into an isolation transformer, and plug the isola- 
tion transformer into the wall outlet. 


Accidental DC Input 

If DC current is applied to the input side of a 
transformer, the relatively low resistance of the 
primary coil will allow high current that can de- 
stroy the component. Transformers should only 
be used with alternating current. 


Overload 

Ifa transformer is overloaded, heat will be gen- 
erated that may be sufficient to destroy the thin 
layers of insulation between coil windings. Con- 
sequently, input voltage can appear unexpect- 
edly on the output side, Transformers with a tor- 
idal (circular) core are especially hazardous in 
this respect, as their primary and secondary 
windings usually overlap. 


Some (notall) power transformers containather- 
mal fuse that melts when it exceeds a tempera- 
ture threshold. Ifthe fuse is destroyed, the trans- 
former must be discarded. 


The consequences of moderate overloading may 
notbe obvious, and can be cumulative overtime, 
Ventilation or heat sinkage should be taken into 
account when designing equipment around a 
power transformer. 


Incorrect AC Frequency 
Single-phase AC power in the United States fluc- 
tuates at 60Hz, but Great Britain and some other 
countries use AC power at SOHz. Many power 
transformers are rated to be compatible with ei- 
ther frequency, but ifa transformer is specifically 
designed for 60H, it may eventually fail by over- 
heating if itis used with a 50Hz supply. (A SOHz 
transformer can be used safely with 60Hz AC) 
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(ett half) 
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Main pathways of limbic and olfactory system, 
drawing.) Blue = affercat pathways; red = effe 


1 Paraventricularmucleus 
2 Preoptic nucleus 
3 Ventromedial 


jeus | Hypothalamic 
4 Supraoptic nucleus | mucet 

5 Posterior nucleus 

6 Dorsomedial nucleus 


9 Lateral ventricle (showing caudate 
nucleus) 

10 Anterior commissure 

1 Colum of fornix 

12 Opti ehiasma 

13 Crus of fornix 


14 Medullary stra of thalamus 
15. Thalamus and interthalamic 
suhesion 


17 Cerebral peduncle 
18 Pineal body 


Median section through the diencephalon. Medial part of the thalamus 28 “ect of ietn 


and septum pellucidum have been removed to show the fornix and 
‘mamillothalamie tract. 


Median section through the diencephalon and midbrain; location of 
hypothalamic nuclei. 


" 


Bane 


hypothalamic nuclei. (Schematic diagram.) 


1 Circularsutcus of insula 
2 Long gyrus of insula 
3 Short gyri of insula 
+ Limen insulae 
5 Opercula (eut) 
a Frontal operculum 
by Frontoparietal opetculum 
« Temporal operculum 


Oifactory 
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pyramidal tract, 


nal eapsule 
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1 Corona radiata and internal capsule, 
left hemisphere, Lentiform nucleu 
removed (frontal pole to the left) 


1 Corona radiata 
Anterior horn of lateral 
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+ Potumen 

5. Anterior commissure 
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12 Choroid plexusof lateral 
ventricle 

13. Caudal extremity of eau 


4 Thalamus 
15. Cerebral arcuate fibers 
16 Globus pallid (remnants) 


Dissection of the subcortical nuclei a 
Frontal pole to the left, The lateral ventricle has been opened, and the insular gyri and 
claustrum have been removed, revealing the lentiform nucleus and the internal capsule 


jernal capsule, left hemisphere (lateral aspect). 


Dissection of the subcortical nuclei (lateral aspect). Lentiform nucleus removed, frontal 
pole to the left 
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29 Corpas callosum 
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Brain stem and the connections with the cerebellum, Internal capsule (lateral wspect). 
Red = pyramidal tract; yellow = middle cerebellar peduncle; green = inferior cerebellar ‘i 
peduncle; superior cerebellar peduncle. 28 
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Internal capsule and subcortical nuclei. L 
section. (Semischematie drawing.) Blue = affer 
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<I Position of ventricular cavities, (Schematic drawing.) 
The direction of flow of cerebrospinal fluid is indicated by 
Green = Right lateral ventricle 
Red = Choroidal plexus 
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(Cast of ventricular cavities (posterior aspect), Cast of ventricular cavities (superior aspeet), Frontal pole at top. 


Internal cap 
Head of the caudate nucleus 


Olfactory trigone 
4 Otfactory tacts 

5. Opticnerves 

6 Infundibulum 

8 Amygdatoid body 
9 Poms 

3) "Trigeminal ner 


Facial and vestibulocochlear nerve 


Hypoglossal nerve 


Glossopharyngeal and vagus nerves 
Olive 

15 Medilla oblongata 

16 Letiform nucleus 

17 Amlerior commmissu 


18 Thilof caudate nucleus 
19. Superior colliculus 
20 Inferior coli 


Trochlear nerve 

Superior cerebellar peduncle 
Inferior cerebellar peduncle 
Midate cerebellar peduncle 
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Brain stem (left lateral aspect). Cerebellar peduncles have 


been severed, cerebellum and cerebral cortex have been removed 
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Brain stem (dorsal aspect). Cerebellum removed. 


Coronal section through the brain atthe level of the anterior commissure 


Section 1 


Coronal section thro rain at the level ofthe third ventricle and the 
interthalamie adhesion, Section 2 
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Cross-section of the midbrain (mesencephalon) at the level Cross-section of the rhombencephaton at the level of the 
of the superior colliculus (superior aspect). Section 4 olive (inferior aspect), Section 6, 
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Cross-section through the rhomhencephalon at the level of 


Cross-section through medulla oblongata and cerebellum 
Pons (inferior aspect). Section 5 


(inferior aspect). Section 7. 
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(posterior aspect). Section 3, are indic 


Horizontal section through the head. 
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MR-Scan of the human head at the level of section 2 
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AC-DC power supply 


Also known as an ACadapter. When packaged as a palm-sized plastic package that plugs 
directly into a power outlet, itis occasionally known colloquially as a wall-wart. 


OTHER RELATED COMPONENTS 


+ transformer (See Chapter 15) 
+ DE-DC converter (Sea Chapter 17) 
+ DE-ACinverter (See Chapter 12) 


What It Does 


‘An AC-DC power supply converts alternating cur- 
rent (AQ) into the direct current (DC) that most 
electronic devices require, usually at alower volt- 
age. Thus, despite its name, a power supply ac- 
tually requires an external supply of power to 
operate. 


Larger products, such as computers or stereo 
‘equipment, generally have a power supply con- 
tained within the device, enabling it to plug di- 
rectly into. wall outlet. Smaller battery-powered 
devices, suchas cellular phones or media players, 
generally use an external power supply in the 
form of a small plastic pod or box that plugs into 
awall outlet and delivers DC via a wire terminat- 
ing in a miniature connector. The external type 
of power supply is often, but not always, referred 
toas an ACadapter. 


Although an AC-DC power supply is nota single 
‘component, itis often sold as a preassembled 
modular unit from component suppliers. 


Variants 


The two primary variants are a linear regulated 
power supply and switching power supply. 


Linear Regulated Power Supply 
Alinear regulated power supply converts AC to 
DC in three stages: 


1. Apower transformer reduces the AC input 
to lower-voltage AC. 

2. A rectifier converts the AC to unsmoothed 
DC. Rectifiers are discussed in the entry on 
diodes in this encyclopedia, 

3. A voltage regulator, in conjunction with 
one or more capacitors, controls the DC 
voltage, smooths it, and removes transients. 
‘The regulator is properly known as a linear 
voltage regulator because it contains one or 
more transistors, which are functioning in 
linear mode—that is, responding linearly to 
fluctuations in base current, at less than their 
saturation level. The linear voltage regulator 
gives the linear regulated power supply its 
name. 


simplified schematic of linear regulated pow- 
er supply is shown in Figure 16-1. 


This type of power supply may be described as 
transformer-based, since its first stage consists of 
atransformertodropthe ACinputvoltagebefore 
itis rectified. 
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level of the cochlea (posterior 
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‘membrane indicated by dotted line. 


Medial wall of tympanic eavity 
and its relation (o neighboring 
structures of the inner ear, facial 
nerve, and blood vessels. (Schematic 
drawing.) Frontal section through 
the right temporal bone (anterior 
aspect. 


Pasteriorsemicicular duet 
Stapes with stapodis muscle 


Stylomastd foramen 


Inferior recess of tympanic cavity 
(hypotympanon) 

Anternal joule vein 
Promontary with tympani 
(position of eochlea) 
‘Tensor muscle of tympanum 
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Figure 16-1 A basic near regulated power supply. 


Because the rectifier in a power supply generally 
passes each pulse of AC through a pair of silicon 
diodes, it will impose a voltage drop of about 
1.2V at peak current. A smoothing capacitor will 
drop the voltage by about 3V asit removes ripple 
from the current, whereas a voltage regulator 
typically requires a difference of at least 2V be- 
tween its input and its output. Bearing in mind 
also that the AC input voltage may fluctuate be- 
low its rated level, the output from the power 
transformer should be at least 8VAC higher than 
the ultimate desired DC output. This excess pow- 
er will be dissipated as heat. 


The basic principle of the linear regulated power 
supply originated in the early days of electronic 
devices such as radio receivers. A transistorized 
version of this type of power supply remained in 
widespread use through the 1990s. Switching 
power supplies then became an increasingly at- 
tractive optionas the cost ofsemiconductorsand 
theirassembly decreased, and high-voltagetran- 
sistars became available, allowing the circuit to 
run directly from rectified line voltage with no 
step-down power transformer required, 


Some external AC adapters are still transformer- 
based, but are becoming a minority, easily iden- 
tified by their relatively greater bulk and weight. 
‘An example is shown in Figure 16-2. 


Figure 16-3 shows the handful of components 
inside a cheap, relatively old AC adapter. The out- 
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Figure 16-2. A simple transformer based power supply 
‘can be encapsulated in a plastic shell. ready to plug into 2 
ppower outlet. However, today this format more typically 
Contains a switching power supply, which is usually light 
er, smaller, and cheaper. 


put from a power transformer is connected di- 
rectly to four diodes (the small black cylinders), 
which are wired as a full-wave rectifier. A single 
electrolytic capacitor provides some smoothing, 
but because there is no voltage regulator, the 
output will vary widely depending on the load. 
This type of AC adapter is not suitable for pow- 
ering any sensitive electronic equipment. 


Switching Power Supply 
Also known asa switched-mode power supply, an 
SMPS, or switcher, it converts AC to DC in two 
stages 


1. A rectifier changes the AC input to un- 
smoothed DC, withouta power transformer. 

2. ADC-DC converter switches the DC on and 
off at a very high frequency using pulse- 
width modulation to reduce its average ef- 
fective voltage. Often the converter will be 
the flyback type, containing a transformer, 
butthe high-frequency switching allows the 
transformer to be much smaller than the 
power transformer required in a linear 
regulated power supply. See the DC-DC eon- 
verter entry in this encyclopedia for an ex- 
planation of the working principles. 
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Figure 16-3. 4 relatively old, cheap AC adapter contains 
only the most rudimentary set of components, and does 
‘not supply the kind of properly regulated DC power re 
‘quired by electronic equipment. 


Asimplified schematic of a switching power sup- 
ply is shown in Figure 16- 


‘The interior of a relatively early switching power 
supply designed to deliver 12VDC at up to 4A is 
shown in Figure 16-5. This supply generated con- 
siderable waste heat, necessitating well-spaced 
components and a ventilated enclosure. 


‘The type of small switching power supply that is 
now almost universally used to power laptop 
computers is shown in Figure 16-6. Note the 
smaller enclosure and the higher component 
‘count than in the older power supply shown in 
Figure 16-5. The modern unit also delivers con- 
siderably more power, and generates less waste 
heat. Although this example is rated at 5A, the 
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Figure 16-4. Greatly simplified schematic showing the 
principal companents of a switching power supply. Note 
the absence of a IISVAC power transformer. The trans 
former that is inserted subsequently i the circuft func 
tions in conjunction with the high switching trequency, 
Which allows it to be very much smaller, cheaper, and 
lighter. 


transformer (hidden under the yellow wrapper 
atthe center ofthe unit)issmallerthan the power 
transformer that would have been found in an 
old-style AC adapter delivering just 500mA. 


The modem power supply is completely sealed, 
Where earlier versions required ventilation. On 
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3D-Reconstruction of the human visual system (MR-Im: 
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In binocular vision the visual field (40) is projected upon 
portions of both retinae (blue and red in the drawing), In 
the chiasma the fibers from the two retinal portions are 
combined to form the left optic tract. The fibers of the two 
eyes remain separated from each other throughout the 
entire visual pathway up to their final termination in the 
calcarine cortex (21). Injuries on the optic pathway 
produce visual defects whose nature depends on the loca: 

tion of the injury. Destruction of one optic nerve produces 
blindness in the corresponding eye with loss of pupillary 


light reflex, If lesions of the chiasma destroy the crossing, 
fibers of the nasal portions of the retina, both temporal 
fields of vision are lost (bitemporal hemianopsia). If 
both lateral angles of the chiasma are compressed, the 
nondecussating fibers from the temporal retinae are 
affected resulting in loss of nasal visual fields (binasal 
hemianopsia). Lesions posterior to the chiasma (i.., optic 
tract, lateral geniculate body, optic radiation or visual 
cortex) result in a loss of the entire opposite field of 
vision (homonymous hemianopsia). 
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15 Facial artery and vein 

16 Superior lacrimal canaliculas 

17 Inferior lacrimal canaliculus 


20) Lacrimal duet 
21 Mucous membrane of nasal cavity 
"alpebral conjunctiva of lower 


tid 

23 Lacrimal sae and superior lacrimal canaliculs 

24 Lateral fixation of levator aponeurass 
Infraorbital foramen 


Lacrimal apparatus of left eye (anterior aspect) 


1 Crista gal 
2 Pituitary gland and 
sella turcica 

3) Sphenidal sinus 
(Felatvely large) 


10 Perpendieular plate of 
sthimoid 

LL Cartilage of nasal septum 

12 Vomer 

13 Mard palate 

Nasal branch of anterior 
cthmoidal artery and 

anterior ethmoial nerve 

Nasopharyns 


septum 
17 Otfactory nerves 
18 Sepia artery 
19. Crest of nasal septum 
20° Incisive canal 

Anterior ethmodal artery 
tory buh 


4 


Posterior nasal an septal 
Nasopalatine nerve 
Choana (arros 

Tongue 


‘ SS eee 


Nasal septum, Mucous membrane removed, 


Nasal septum, Dissection of nerves and vessels, 


Sphenoidal sin 


Superior meatus 
Midalle meatus 
Tubal elevation 


11 Frontal sinus 
12 Sphenocthmoidal recess 
13. Superior nasal conch 
11 Middle nasal conch 


15 Inferior nasal conch 


16. Vestibul 


17 Inferior meatus 


Nasal hone (white) 


Frontal process of maxilla 


ine process of maxilla 
(violet) 
33 Nasal atrium 


Teft nasal eavity, medial aspect. 


Median section through the head with nasal and oral cavity. The middle and inferior nasal conchax 


show the openings of paranasal sinuses 


Great cerebral vein (Galen's vein) 
Tectum of midbrain 
Straight sinus 
Jnenoidal sinus 
Cerebetum 


Lateral wall of nasal cavity. Ope: 
(Schematic drawing.) 


ted by red arrows. 


en partly removed to 


Pharyngeal tonsil 
Cerebelomedallary cistern 
Median atlantoaxial joint 
Spinal cord 

of pharynx 
ty 


lasum and anterior cerebral 


Optic chasm and pituitary gland 
Superior nasal concha and ethmoidal 
bulla 

Semilunar hiatus 

1 openings to maxillary sinus 
cut edge of middle nasal concha 


estible 
Opening of nasolaerimal duct 
Inferior nasal concha (cut) 
Opening of suditory tube 

Incisive canal 

LLevator vel paatini muscle 
Salpingopharyngeal fold 

Lingual nerve and submandibular 
eanglion 

Submandibular duct 

Nasofrontal duct 

Nasolacrimal duet 
Sphennethmoidal recess 

{of Rosenmaller) 
Salpingopalatine fold 


6 Optic nerve and ophthalmi 
Oculomotor nerve 

‘8 Internal carotid artery and 
9 Sphenoidal sinus 

10 Nerve ofthe pterygoid canal 
11 Pterygopalatine gantion 


pharyngeal artery 
17 Lingual 


20. Posterior lateral nasal and 
septal arteries (branches of 
henopalaine artery) 
fedian alanto-axial joint 
Nerves of the lateral wall of nasal cavity 1. Sagittal section through the head. Mucous Soft palate and leswer palatine 
‘membranes partly removed, pterygoid eanal opened, 


erie (branches of descending 


cethmoidal artery 


Hard palate and greater 
Palatine artery (branch of 
‘descending palatine artery) 


43° Tigeminal nerve (a. V) 
44 Facial nerve (0. VIN) 
45 Geniculate ganglion 


46 Stylomastoid foramen 
47 Medial pterygoid muscle 


Arteriogram of the nasal septum, left side (lateral aspect) 


4B 
0 
30 
3 
2 


3 


Nerves of the lateral wall of nasal cavity I. Carotid canal opened, mucous membranes of 
pharynx and nasal cavity partly removed. 


5857 10 40 56 


Greater petrosal nerve 
Maxillary nerve 

Olfactory bull 

Olfactory nerves 

Internal nasal branches 
of anterior ethmoidal 
Lateral superior 
posterior nasal branches 
Lateral inferior 

posterior nasal branches 
Tncisive canal with 
nasopalatine nerve 
Greater palatine nerve 
Deep petrosal nerve 
Mandibular nerve 

[Nasal cavity and 

inferior nasal concha 
‘Opening of auditory tube 
“Tensor vel palatini muscle 
Levator yeti palatini muscle 
Pharyngeal recess in the 
‘nasopharyn 

Usula 

Palatoglossal arch 
“Tonsillar branch of 
ascending palatine artery 
Palatine tonsil 
Palatopharyageal arch 


Nerves of the lateral wall of nassal cavity. Body of sphenoid 
bone appears transparent (schematic drawing). 


Horizontal scetion through the nasal cavity, the orbits and temporal lobes of the brain atthe level of pituitary gland. 


Lens 

Vitreous body (eyeball) 

Head of optic nerve 

Medial rectus muscle 

Lateral rectus muse 

Optic nerve with dural sheath 

Internal carotid artery 

Pituitary gland and infundivalum 

Oculomotor nerve 

Superior tarsal plate of eye lid 

Fornixof conjunctiva 

Nasal ex 

Sdlera 

Ethmoidal sinus 

‘Nasal septum 

‘Sphenoidal sinus 

Temporal lobe 

Midale er 

External acoustic meatus 
rior sagital sinus 

Falecerebe 

Superior rectus and k 

palpebrae superiors muscles 

Eyeball and lacrimal land 


Maxillary sinus 
29 Inferior nasal eoncha 
Horizontal seetion through the head. - Hard palate 
Arrow: fracture: Superior longitudinal 
muscle of tongue 
‘Median fibrosus septum of tong 


Figure 16-5. The interior ofan early switching power sup- 
ply 

the downside, the plastic case of the switching 
supply requires a metal liner (removed for this 
photograph) to contain high-frequency electro- 
magnetic radiation, 


Unregulated Power Supply 

Typically this consists ofa transformer and recti- 
fying diodes with little or no smoothing or volt- 
age control of the output. 


Adjustable Power Supply 

This is usually a linear power supply incorporat- 
ing an adjustable voltage regulator. This type 
of supply has laboratory applications and is 
found as a benchtop item to power electronics 
design projects during their development. 


Figure 16-6. Th 
supply that po 


ror of the type of switching power 
32 laptop computer, 


Voltage Multiplier 

Devices such as photocopiers and laser printers, 
televisions, cathode-ray tubes, and microwave 
ovens require voltages significantly higher than 
those supplied by domestic AC power outlets. A 
voltage multiplier usually contains a step-up 
transformer followed by DC conversion compo- 
ents, but detailed consideration is outside the 
scope of this encyclopedia 


Formats 


‘An open frame power supply consists of compo- 
nents on a circuit board, usually mounted on a 
metal chassis, with no enclosure or fan cooling. 


A covered power supply is enclosed in a protec- 
tive perforated metal box with a cooling fan if 
needed, Power supplies sold for desktop com- 
puters are usually in this format. 
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Coronal section through the head at the level Coronal section through the head (MR-Scan, courtesy of 


of the second premolar of the mandible, Dr. A. Heuck, Munich). Note the situation of the head 


Inferior longitudinal 
‘muscle of tongue 
Sublingual gland 


Frontal lobe of brain and 
crista gal 
Lateral and medial eye 


Vertical and transverse 
muscles of tongue 

Second premolar of mandible 
Genioglossus muscle 
Platysma muscle 

Orbit and optic: 

Friform papillae 

Foramen cecum 

‘Root of tongue (ingusl tonsil) 
Palatine tonsil 

Vallocula of epiglotis 
Vestibule of larynx 
Median suleus of tongue 
Fungiform papillae 

Foliate papillae 


Suleus terminalis 


Epiglotis 
Greater cornu of byoid bone 


Dorsal surface of the tongue and laryngeal inlet, 


1 Nasal cavity 

2 Hard pal 

3 Upper lip and orbicularis ons 
muscle 

4 Vestibule of oral eaity 

5) First incisor 

6 Lower lip and orbiculars ors 
muscle 

7 Mandible 

8 Genioglossus muscle 

9 Geniohyoid muscle 

10 Amterior belly of digastric muscle 

LL Mylohyoid muscle 

12 Hyoid bone 

13. Nasopharyns 

14 Soft pol 

15) Orupharyas 

16 Root oft 


nd wa 


we and lingual tonsil 


17 Lary 
18 Epi 
19 Aryepiglotic Fld 


0 Laryngopharyny continuous with 
csaphages 
2 Laryne 


bone (anterior aspect) 


Muscles of the floor of the oral eavity (superior aspect) 


Lesser corm and body of hyo bone 
Hyoplossus muscle (divided) 


Ramus of mancible and inferior alveolar nerve 
le 2 Hyoid bon 


flossus muscle (divided) 10) Mandible 


6 Stylohyoid muscle (divided) . 11 Intermestate tendon of digastric musch 


ervation of the tongue. Lateral part of face and mandible removed, oral 


gvity opened. Arrow: submandibular duct. 


1 Siyoid process 4 Vagus nerve (0.X) 
2 Siyloglossus muscle 5 Lingual nerve (a. V,) 8 


terior belly) © Glossopharyngeal nerve (a. IX) 9 
10 Stylohyoid muscle 

11 Imernal braneh of superior heyngeal nerve 
(branch of vagus nerve, not visible) 

12 Middle constrictor muscle of pharynx 

13 Omohyuid muscle (divided) 

14 Thyrohyoid muscle 

roid rnuscle 


18 Buccinutor 
19 Superior constrictor muscle of pharynx 


Tongue 

Terminal branches of lingual nerve 
indie (divided) 

Genioglossus and geniohyoid muscles 


Mylohiyoid musee (divided and reflected) 
Sternohyoid muscle (divided) 


roid cartilage 
Anterior belly of digastric muscle 
2X Hyoid bane 


Supra- und infrahyoid muscles and pharynx (schematic 
drawing). 


‘Submandibular triangle, decp dissection, Right side, Mylohyoid muscle has been severed 


and reflected to display the lingual and hypoglossal nerves. 


Parotid gland and retromandibular vein 
Sternocleidomastoid 


Hypoglossal nerve and lingual at 
‘Vagus nerve and internal jugulse 
{© Superior laryngeal artery 


1 
3 Retromandibular vein, submandibular gland and stylohyoid muscle 
4 
5 


7 External carotid artery, thycohyoid muscle, and superior thyroid 


8 Common carotid artery and superior root of ans cervicalis 
9 Omohyoid and sternohyoid 

10 Masseter and marginal mandibular branch of facia! nerve 
11 Pacial artery nd vein 


2 
B 
4 


Is 
16 
7 
1s 
w 
20 


‘Manulible and submental artery and yein 
Mylotiyoid nerve 

‘Submanlbular duct, subling 
digastric muscle 

Mylohyoid (right side) 

Left mylohyoid and anterior belly of lett digastric muscle 
Hyoglossus muscle and lingual artery 

Lingual nerve 

Hypoglossal nerve 

Geniohyoid muscle 

Anterior belly of right digastric muscle 

‘Submandibular gland and duct 


sland, and anterior belly of 


Lingual nerve 
Hypoglossal nerve 
Mylohyoid muscle 
Geniohyoid muscle 
Anterior belly of digastric 
muscle 


Inferior alveolar nerve 
Chorda tympani 
Internal carotid artery 
Parotid glan 
Sphenomandibutarfigament 
Vagus 


Glossopharyngeal nerve 
jemporal artery and 
haryngeal artery 
Styloplossus muscle 

Posterior belly of digastric 


Midate pharyngeal constrictor 
muse 


Hyoglossus muscle 
Deep 


Hyoid bone 
Buccinator muscle 
Tongue 

Mandible (divided) 
Parotid duet 
Masseter muse 
Right and left sublingual papilla 


Dissection of major salivary glands. Left mandible and buccinator Location of the major salivary glands in 
‘muscle partly removed to view the oral cavity (inferior lateral aspect) relation to the oral cavity 


Cervical spine (oblique lateral aspect). 


1 oral bone 
2 Head of manuible 
3 Mandible 

4 Occipital bone 


5 Atlas 
6 Asis 

7. Thied cervial vertebra 

8. Spinous process of fourth cerveal vertebra 
9 Transverse process of fifth cervical vertebra 


with groove for spinal nerve 
10 Intervertebral foramen 

u ens (Cs) 
n 


13. Stermum (manubrium sterni) 
14 Adlantooesipital joint 

15 Lateralatlamoaxial joint 

16 Body of axis 

17 Body of fourth eervieal vertebra 
18 Body of fith corvieal vertebra 

19. Body of sixth cervical vertebra 
20. Body of seventh cervial vertebra 


Cervical vertebra and the organization of the neck. 
(Schematic drawing.) 


1 Sternohyoid and stermothyroid museles 

2 Omohyoic muscle 

3. Thyroid gland and trachea 

44 Sternocleidonmastoid muscle 

5 Recurrent laryngeal nen 

6 Internal jugular vein, common earorid artery and vagus 

7 Lonus colli and longus capitis muscles 

1 Sympathetic teunk 

9 Spinal nerve 

10 Ventral and dorsal root of spinal nerve 

11 True muscles of the neck 

12 Traperius muscle 

13. Body of cervical vertebra 

H4 Anterior whercle of transverse process and 
‘origin of sealenus anterior muscle 

15. Vertebral artery and foramen transversarium 

16 Posterior tubercle of transverse process and 
origin of scalenus medius and posterior muscles 

17. Superior facet of articular process 

= 18. Spinal cord 

19. Spinous process 


Uvula 


3. Geniogiossus muscle 
4 Mandible 

5. Geniohyoid muscle 
‘© Mylohyoid muscle 
7 Hyoid bone 

8 Thyroid catiage 

8) Manubriam stern 
10 Sphens 
11 Nasopharyms 
12 Oropharyns 
13 pilots 

14 Laryngopharyame 
15 Arytenoid m 
16 Vocal fold 
0 cr 
18 Trachea 


19) Left brachiocepatic vein 
20 Thy 

soph 
Occipital lobe 


23. Cerebellum and 4th ventricle 
24 Medulia 
25 Denso 


Median section through adult head and neck. Note the low position 
lf the adult larynx when compared with that of the neonate (ef, with 
figure below) 


Median section through neonate head and neck. Note the high 
position of the larynx permitting the epiglottis nearly to reach the 
‘uvula (cf. with the figure above). 


Muscles of the neck (anterior aspect) 


Suprahyoid muscles 
Anterior belly of digastric musele 
Myloliyoid auscle 

Posterior belly of d 
Stylohyeid muscle 


Infrahyoid rushes 
Omohyoid muscle 
Stemohye 
Thycohyoid muscle 
Sternoshyroid muscle 


“Other structures 


Sealenas muscles 
‘Trapezius muscle 
Cavite 

Firstrib $ 


4 Scapula 
5) Mandible 


Hyoid bone 
Laryns (thyroid extige) 


Trachea 
Subelavius muscle 
Manubrivm ster 
‘Mucus membrane of lays (conus 


elastics) 
Crooid cartilage 

Inferior horn of thyroid cartilage 
Esophagus 

Bealy of cervical verb 

Posterior root ganglion 

Spinal cord 

Spinous process 

Internal jugular vein, eommon carotid 
artery, and vagus nerve 

True muscles of the neck (semispinalis 
cervicis and capitis muscles) 


Cross-section of the neck at the level of the intervertebral dise between the Sth and 6th cervical vertebra (inferior aspect). 


Mandible 
Masseter muscle and facial 
Hyoid bone 


4 Median thyrabyoid ligament 

5 Thyrohyoid muscle 

16 Stermothyroid muse 

7. Thyroid gland (pyramidal lobe) 

8 Pectoralis major muscle 

9 Second rib 

10 Parotid gland 

11 Anterior belly of digastric 
rmascle 

12 Subsmandibular gland (divided) 

13. Mylohyoid muscle and 
mylohyoid raphe 

M4 External carotarery and 

1S Omobyid muscle 

Io. Thyroid cartilage 
ternacteidomastoid muscle 


20, Subetavius 
21 Jul fossa or suprasternal 


rch 
Muscles of the neck (anterior aspect). Sternocleidomastoid and stemnohyoid muscles on 
the right have been divided and reflected. 
a 
1 Trapezius 
2 Sternosteidomastoid 
3. coipital triangle 
1 Specular inne} Pete ame 


6 Submental trang 
7 Carotid triangle 
Muscular triangle 
Jgular fossa 
Regions and triangles of the neck. 10 Lesser supraclavicular fossa 


triangle 


Subang 
| a 


Lesser commu of hyoid bone 


‘Lateral thyrohyeid ligament 


5. Hou’ of hyoid bone 
{6 Superior commu of thyroid 
catilage 


Thyroepiglttc lg 
& Conus elasticus 


roid curtilage 
11 Cricoid cartitage 
2 Trachea 

13 Comiculate catia 
14 Arytenoid eat 
1S. Posterior erisoarytencig 


Higamgat 
16 Cricotiy 


0 
iconrytenoid joi 


Cartilages of the larynx and the hyoid bone 
(posterior aspect) 


2 Epielotis 
3. Thyrohyoid membrane 
4 Thyro 


jzament 

% Conus elasticus 
Arytenoid cartilage 

8 Cricoi cartlag 

9 Cricoarytenoid joint 
Cricothyroid joint 

Tracheal cartilages 

Corniculateeartilage 


3 Muscular process of arytenoid 


cartilage 
4 Vocal process of arytencid 
5 Lamina of ercoidcartitage 
16 Arch of ersoid catlag 


Cartilages of the larynx Cartilages and ligaments of the karymy 


(anterior aspect). Thyroid cartilage is (lateral aspect). (Schematic drawing.) 
indicated by the outline, 


(red) 
Lateral thyrohyoid 


Vocal tiga 


Greater corns of hyotd bone 


1 Epiglts 
5 Thyroid cartilage 

6 Corniculate cartilage 
7 Arytenoid cartilage 
8 Crienarytenoid joint 


9 Cricothgro 


joint 


10 Creo cut 


Cartilages of the larynx (oblique: Cartilages of the 
posterior aspect), aspect), 


(oblique-posterior 


power> conversion > ac-de power supply 


Power supplies are also available in rack-mount 
and DIN-rail formats. 


How to Use 


Because a switching power supply contains no 
power transformer, itis lighter and smaller, and 
may be cheaper than a linear power supply. Itis 
alsomoreefficientand generatesless wasteheat. 
‘These advantages have made switching power 
supplies the most popular option to provide DC 
powerforelectronics devices. However, thehigh- 
frequency switching tends to create electromag- 
netic interference (EM), which must be filtered to 
protect the output of the device and also to min- 
imize the risk of this interference feeding back 
into AC power wiring. The high-frequency 
switched power may also generate harmonics, 
which must be suppressed. 


High-quality linear regulated power supplies till 
find application in laboratory equipment, low- 
noise signal processing, and other niches where 
excellent regulation and low-ripple output are 
necessary. They are relatively heavy, bulky, and 
inefficient. 


See Figure 16-7 for a chart comparing the ad- 
vantages and disadvantages of linear and 
switching power supplies. 


What Can Go Wrong 
High Voltage Shock 


One or more capacitors in a power supply may 
retain a relatively high voltage for some time af- 
ter the unit has been unplugged. If the power 
supply is opened for inspection or repairs, cau- 
tion is necessary when touching components, 


Capacitor Failure 
If electrolytic capacitors fal in a switching power 
supply (as a result of manufacturing defects, dis- 
Use, of age), allowing straight-through conduc- 
tion of alternating current, the high-frequency 
switching semiconductor can also fail, allowing 


How to Use it 


input voltage to be coupled unexpectedly to the 
‘output. Capacitor failure is also a potential prob- 
em in linear power supplies. For additional in- 
formation on capacitor failure modes, see Chap- 
ter 12. 


Switching ur 
power supply | power supply 


com nosH oonexioa2 
0.05% 100.2% 0.005% 10 0.05% 
oe 
70% to 85% 40% to 60% 
‘High: Very low 
iow 
ES se 
Pa 
Usually Usually cooled 
management fan-cooled ‘by convection 


Figure 16-7. Comparison of attributes of near regulated 
power supplies and switching power supplies. (Adapted 
from Acopian Technical Company.) 


Electrical Noise 

If electrolytic capacitors are used, their gradual 
deterioration over time will permit more electri- 
calnoise associated with high-frequency switch- 
ing in a switching power supply. 


Peak Inrush 

Aswitching power supply allows an initial inrush 
or surge of current as its capacitors accumulate 
their charge. This can affect other components 
in the circuit, and requires fusing that tolerates 
brief but large deviations from normal power 
consumption. 
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Thyroid 


lage (ani 


ye larynx in the neck (oblique lateral aspect). 


6 Lamina 
7 Posteio 

rmascle 
8 Aryepizlottc fold and 


Laryngeal muscles I (lateral aspect) Laryngeal muscles II (lateral aspect) Shon Hemet 


Thyroid cartilage and thyroarytenoid Half of the right side of the thyroid cartilage 
muscle have been partly removed. has been removed, 


Laryngeal muscles, larynx (anterior Laryngeal museles, larynx (posterior aspect), Action o nuscles of the 


aspect). acrime..((Bhvocnnale deneiiiw:) 


al seetion through the larynx. 


Coronal section through larynx and trachea. 


Hyoid bone 

Epiglontis 

Thyroid cart 

Cricoid cartilage 

‘Vocal figament 

6 Thyrohyoid figament 

7 Arytenoid cartilage 

8 Comiculate cartilage 

9 Vocal fold 

10 Vestibular fotd 

11 Aryepiglottc fold 

12. Interarytenoid notch 

13° Mandible 

14 Anterior belly of 
digastric muscle 

1S Mylohyoid muscle 

16 Pyranpidal process of 
thyroid gland 

17 Sternohyoid and 
slernothyroid muscles 


18 Common carotid 


muscle 
Transverse arytenoid 


muscle 

23 Pharyns and inferior 
constrictor muscle 

24 Venticle of laryne 

25. Vocals muscle 

26 Trachea 

Superior cornu of 

thyroid cartilage 

28 Root of tongue 
(lingual toasit) 

20 Piriform recess 

30 Vocalis muscle 

31 Lateral ericourytenoid 
muscle 


Thyroid gland 


Dissection of superior and inferior laryngeal nerves. 
Pharyns has been opencd. 


Larynx and thoracie organs (anterior aspect). Dissection af 
laryngeal nerves, 


Innervation of the larynx. (Schematic diagram.) 


and recurrent 
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a 
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is 
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Scalenus anterior muscle 
Sealenus me 


Thyrohyoid membrany 


Ceicothyroid muse 
Trachea 

‘Lett recurrent larnygeal nerve 
Esophagus 


17. Loft subclavian artery 


{Left common carotid artery 
Second rib 

Tongue 

Superior cervical ganglion 
Sympathetic trunk 

Inferior constrictor muscle of 


byroid artery 
Gilossopharyngeal nerve 


Superior laryngeal nerve 
Epiglottic 
Posterior erisoarytenoid muscle ad 
cricoid cartilage 
Inferior laryngeal branch of recurrent 
laryageal nerve 
Thyroid land 
Superior thy 
Thyrocervical trunk 
Internal thorasie artery 
Phrenie nerve 
Hypoglossal nerve 
Transverse cervical artery 
ion 

Middle cervical eardiae nerves 

‘sympathetic trank) 


Midale servic 


Larynx and oral eavity (posterior aspect), Mucous membrane on the right half of pharynx has been removed. 


Midhrain (inferior colliculus) 
Rhombsol fossa and medulla oblongst 
\estibulocochlear and facial nerve 
Glossopharyngeal, vgs and accessory 
Occipital artery and posterior belly of 
digastic muscle 

Superior cervical gang 

ternal carotid artery 

ral cavity (Longus) 

Aryepiglotic f 

Psform recess 

Thyroid gland and common eatotid 


4 
16 
7 
8 
is 


Esophagus 
schlear nerve 
Occipital condyle 

Nasal eavty (choana) 

Aceeswry nerve 

Uvula and sot palate 
Palatopharyngeus muscle 
External cara 


Inferior beyngeal nerve 
Ans eervicalis 


Pharynx and parapharyngeal nerves in connection with b 
(posterior aspect) 


1 Inferior colliculus of midbrain 
2 Facial colliculus in Moor af thomboid fossa 
3 Vestibulocochlear and facial nerves 
1} Glossopharyngeal nerve 
5 Vagus nerve 
6 Accessory nerve 
7. Hypoglossa ne 
4 Pharyngobasitar fascia 
9 Superior constrictor muscle of pharynx 
10. Sympathetic trunk and superior cervical 
nglion (medially displaced) 
11 Middle constrictor muscle of pharynx 
12. Greater cornu of hyoid bone 
13. Inferior constrictor muscle of pharynx 
14 Trochlear nerve 
15 Internal acoustic meatus with facial and 
vestibulocachlear nerves 
lossopharyngeal, vagus 


(Occipital condyle 


18 Occipital artery 
Posteri belly of digastric muscle 
Accessory nerve (eNtracranial pat) 
Hypogloscl nerve (estreranial pat) 


Estemal carotid artery 
25 Carotid sinus nerve 
24 Unternal carotid art 

an carotid 


26 Vagus nerve 
27 ‘Thytoid land 


3) Medial prerygod plate 
31 Foramen lacerum 

32 Pharyngeal tubercle 

33 Hard palate 

san! lesser palatine foramen 


oid hamulas 
36 Lateral pterygoid plate 
37 Prerypoil cama 

38 Faramen ovale 

39 Mandibular fi 
40 Carotid canal 
41 Stylod process and stylomastoid foramen 


Inferior aspect of the skull, Red line = 
outline of superior constrictor musele in 
continuation with buccinator muscle and 
orbicularis oris muscle. (Semischematic drawing) 


1 Ascending pharyngeal artery 
Pharyngeal p 
Accessory nerve 


4. Superior cervical ganglion of 
sympathetic trunk 

5 Superior laryngeal nerve 

6 Carotid buy snd carotid sinus 


7 Left vagus nerve 

Common carotid artery and cardiac 
branch of vagus nerve 

5. Glossopharyngeal nerve 

10) Hypoplossal nerve 

11 Facial ne 


ly of digastric muscle 


13. Middle constrictor muscle of pharynx 
14 Right vagus nerve 
15 Sympathetic trunk 
16. Internal jugular vein 
17 Inferior constrictor muscle of pharynx 


18 Laryne 
19 Buceinator muscle 
20. Soft palate and palatine glands 


axial joint and 

27 Dens of axis 

2X Spinal cord 
r 


arable 
dibular canal with vessels and 


canotid artery 
7 Imernal carotid artery 

38 Atlas 

59) Vertebral artery 

30, Splenius capitis muscle 
41 Semispinalis capitis muscle 


Conenenction of bx 


“98 the level of thw aitin Uintiestor accent: 


section of phan 
aspect) 


supra: 


\dinfrahyoid museles IL, Oral cavity opened (lateral 


Maxilla 
Pterygomanclibular raphe 
Bucinator muscle 

Mandible (divided) 

Depressor anguli oris muscle 
Mylohyoid muscle 

Anterior belly of digastric 

Hyoid bone 

Thyroid cartilage 

Crivothyroid muscle 

Styloid process 

Medial perygoid muscle 
(cividea) 

Posterior belly of digastric 
muscle 

Styloglossus muscle 
Stylohyiid muscle 
‘Thyropharyngeal part of inferior 
constrictor muscle of pharynx 
Thyrobyoid muscle 
Cricopharyngeal part 0 
constrictor muscle of pharynx 


Trachea 
First molar of maxilla 

Tongue 

Inferior longitudinal muss of 
Genioglossus muscle 


Superior constrictor muscle 
of pharynx 


Hypoglossal nerv 


Hyoglossus muscle 
Superior laryngeal nerve and 
superior laryngeal artery 


Muscles of the pharynx (posterior aspect) 


” 


Sella turcica 
Internal acoustic meatus and petrous 
part of temporal bone 
Pharyngobasilar fa 

Fibrous raphe of 
Stglopharyn 
Superior constrictor muscle of 
pharynx 

Posterior belly of digastric muscle 
Siylohyoid muscle 

Middle constrictor muscle of pharymx 


Inferior constrictor muscle of pharynx 


“Muscle-ree area (Killian’s triangle) 
ophagus 
Trachea 
Tayroid and parathyroid glands 
Medial pterygoid muscle 
Greater horn of hyoid bone 
Internal jugular vein 
Parotid gland 
‘Accessory nerve 
Superior cervieal ganglion of 
sympathetic trunk 
Vagus nerve 
LLaimer’s triangle (area prone 
todeveloping diverticula) 
COrbicularis oculi muscle 
Nasalis muscle 
Levator lai superioris and levator 
Tabi alneque nasi muscles 

uli ois muscle 


Levator a 
Orbicularisoris muscle 


Buccinator muscle 
Depressor lab interiors muscle 
Hyoglossus muscle 

Thyrobyoid muscle 

Thyroid cartilage 

Cricothyroid muscle 
Prerygornandlibular raphe 
Tensor vei palatini muscle 
Levator veli pati’ musele 


Styloglossus muscle 


“Muscles of the pharynx. (Schematic draw 


-) 


Muscles of pharynx (lateral aspect). (Schematic drawing.) 


1 
4 
6 
7 
8 

ry 


Arteries of head and neck, Diagram of th main branches 
of external carotid and subclavian artery. 


to page 165 D> 
Galea aponeurotica 

Frontal branch of superficial 
Parietal branch temporal artery 
Superior auricular muscle 


Superficial temporal artery and ein 
Middle temporal artery 

Auriculotemporal nerve 

Branches of facial nerve 

Facial nerve 

Extemnal carotid artery within the retromancibulor fossa 
Posterior belly of digastric muscle 

‘Sternocleidomastoid artery 

‘Sympathetic trunk and superior cervical ganglion 
Stemnocleidomastoid muscle (divided and reflected) 
CCavicl (divided) 

‘Transverse cervical artery 

‘Ascending cervical artery and phrenic nerve 

Scalenus anterior muscle 

Suprascapular artery 

‘Dorsal scapular artery 


Frontal and parietal branches of supe 
temporal artery 

Superficial temporal artery 

Occipital artery 

Maillary artery 

Vertebral artery 

External carotid artery 

Internal carotid artery 

Common carotid artery (divided) 
Ascending cervical arte 

Inferior thywoid artery 
“Transverse eervieal artery with 2 branches 
(supertioial cervical artery and deseending 
‘scapular artery) 

Supraseapular artery 

“Thyrocervical trunk 

Contocervcal trunk with ? branches 
(deep cervial artery and supe! 
Internal thoracic artery 
Asilary artery 

Supraorbital and supeatrochlear arteries 
Angular artery 


orinterstal artery) 


9 Dorsal nasal artery 


‘Transverse facial artery 
Facial artery 

Superior labial artery 
Inferior labial artery 


Superior thytoid artery 
Brachiocephalic trunk 


‘Brachial plexus and axillary artery 
Thoracoacromial artery 

Lateral thoracic artery 

Median nerve (displaced) and 
pectorals minor muscle (reflected) 
Frontal belly of occipitofrontais muscle 
Orbital par of orbiculats oculi muscle 
“Angular artery and vein 

Facial artery 

Superior labial artery 


Zygomaticus major muscle 
Tnferior labial sstery 
Parotid duet 

Buccal fat pad 


Submental artery 
“Anterior belly of 
digastric muscle 


Main branches of head and neck arteries (lateral aspect). Anterior thoracic wall and clavicle partly removed; pectoralis muscle 
have been reflected to display the subclavian andl axillary art 


9 Hyoid bon, 
4) internal carotid artery walatery 
rsa trunk 
49. Vagus nerv 
Superior thyroid arter 
‘Common eatotid artery 51. Brachiocephalic trunk 
Thyroid anss of sympathetic 52. Superior vena cava (divided) 
éierkh:id hiaior thei antecy 3 Aciticacch 


50) Ansa subclavia of sympathetic trunk 


Arteries of head and neck (anterior-ateral aspect). Claviele, sternocleidomastoid and 
veins have been partly removed, the arteries were colored. 


Veins of head and neck, Sternocleidomastoid muscle and anterior thoracic wall partly 
removed, Note the venous connection with the superior vena cava. 


‘Occipital vein 
Superficial temporal vein 
Stemnocleidomastoid muscle 
‘Trapezius muscle 

Internal jugular vein 
External jugular vein 
Subelavian vein 


Supraorbital veins 
Angular vein 

‘Superior labial vein 

Inferior labial vein 

Facial vein 

Submental vein 

Superior thyroid vein 
Anterior jugular vein 
‘Thoracic duct 

Inferior thyroid vein 
Superior vena cava 
ceipital artery 

Internal carotid artery 
Cervical plexus 
Supraclavicular nerve 

wenie nerve and ascending 
cervical artery on scalenus 
anterior muscle 

Superficial ee 
Suprascapular artery and 
Brachial plexus and anterior 
circumflex humeral artery 
Lateral cord of brachial plexus 
“Thoracoacromial artery 


Lateral thoracic artery 
Superficial temporal artery 
Transverse facial artery 
Facial artery 
External carotid artery 
Superior thyroid artery 
‘Common carotid a 
‘vagus nerve and thyroid gland 
‘Thyrocervial trunk 
Sublavian artery ad 
scalenus anterior muscle 
Parotid gland and facial nerve 
Great auricular nerve 
External jugular vein 
Brachial plexus 
‘Cephalic vein in deliopectoral 
groove 
Axillary vein and artery 
Right brachiocephalic vein 
Superior vena 
Right lung (reflected) 
Superficial temporal artery 
and vein 
Facial artery and vein 
Cervical branch of facial nerve 
id 


and submandibular 
ternal jugular vein, 
carotid artery and omohyoid 
muscle 


Anterior jugular vein and 


thyroid glan 


ugular venous arch 
Lett brachiocephalic vein 
Pericardium of heart 

(ocation of sight atrium) 
Transverse cervical artery 


Veins of head and neck (anterior aspect). Part of the thor 
have been removed. Veins were colored blue, arteries red, 


‘The internal jugular vein is the continuation of the 


sigmoid sinus which drains most of the venous blood from 
the brain together with the external cerebrospinal fluid. 
By joining the subclavian vein it forms the right brachio- 
cephalic vein which continues on the right side directly 
into the superior vena cava. The common way to intro- 
duce the lead from a pacemaker device into the heurt is 
by way of the cephalic vein, On the left side the thoracic 
duct joins the internal jugular vein at that point where the 
subclavian vein and the internal jugular vein form the 


ic wall,claviele and sternocleidomastold muse 


left brachiocephalic vein, Note that the subclavian vein 
lies in front of the sealenus anterior muscle whereas the 
subclavian artery together with the plexus brachialis 
lies posterior to that muscle. The cephalic vein joins the 
axillary vein by passing into the deltopectoral triangle 
The subclavian vein is strongly fixed to the first rib so 
that it can be punctured with a needle at that point 
(underne: 

catheter (subclavian line) 


th the sternal end 


Lymph nodes and lymph yessels of the neck, left side oblique (lateral aspect). The sternocleidomastoid 


muscle and the left half of the thoracie wall have be: 


bbeen cut and laterally displaced to show the thoracic duct, 


Superficial parotid 
Parotid gland 

eat auricular ne 
Mandible 
Facial vein 
Anterior belly of di 
Submandibular gland 
Submental lymph nodes 
Superior thyroid artery 
Thyroid cartilage 
‘Omobyoid muse 
Stemohyoid mu 


Common carotid artery 
SupractavieularIympls nodes 
Anterior ju 
Thoracic duct, 
Jugular venous arch 

alc vein 


Jugulodigastre lymph nodes and jugular 
trunk 


4 


u 


removed, Lower part of the internal jugular vein 


Tater jugular vein 
External jugular vein 
Jugulo-omohyo 
Brachial plexus 
Cephalic 


Subelavian vein 
Lig 
Internal thoracic artery and ¥ 


Carotid triangle, left side 
(lateral aspect), Sternocleidomastoid 
muscle reflected. 


° 


Mylohyoid musele and facial artery 

Anterior belly of digastric muscle 

Thyzohyoid 

External carotid artery, 

superior thyroid artery and vein 

‘Omohyoid masele 

Thyroid cartilage 

‘Ansa cerviealis 

Stemohyoid muscle and superior 

thyroid artery 

9 Stylohyoid muscle 

10 Posterior belly of digastric muscle 

11 Sternocteidomastoid muscle 
(eflected) 

12. Superior cervical Iymph modes and 
sternocledomastol artery 

13. Hyoid tone and hypoglossal nerve 
(0. X11) 

14 Splenin 
scapulae muscles 

15 Superior laryngeal artery and 


tis and levator 


internal branch of superioe 


laryngeal nerve 

Accessory nerve 

7 Cervical plexus 
{nternal jugular vein 

Facial vein 


Jugulodigastric nodes 
“Tugulo-omohyoid nades 
Sugular tke 

29. Subclavian trunk 

30 Infraclavicular nodes 

31 External jugular vein 


Lymph nodes and veing of head and 
neck. Dotted lines = border 
between irrigation areas; arrows: 
direction of lymph flow. 


Neck (anterior aspect), 
The superficial fascia has been removed 


Cross-section of the neck at the level of the thyroid gland, 


Notice the postion of the three laminae of eervic 


fascia (23, 24,25) 


Anterior belly of digastric muscle 
Mylobyoid muscl 


Infrayoid mascies (sternohyoid, sternathy oid and 


Jugular veins 
Exteraal jugular vein 
Stemoeleidomastoid muscle 


branche 
ofcervial 


Transverse cervical nerve 
Lateral supractaicular nerves 
Middle supraclavicular nerve oa 
Medial supraclavicular nerve 

Cavite 

Platysina muse 
Prevertebral lamina of cervical fascia, covering longus 
I muscle 

Vertebral artery 

Scalenus muscles 

Trapesius muscle 

Superficial lamina of cervical fascia 

Pretracheal lamina of cervical fascia 

Prevertebral lamina of cervical fascia with 
sympathetic trunk 

Carotid sh 


th with common carotid artery 


Cervical part of sympathetic trunk 
Carotid sheath 


Anterior triangle (anterior aspect). The pretracheal lamina of cervical fascia and left sternocleidomastoid muscle have been removed. 


Mylohyoid muscle 
Anterior belly of digastric musch 
Facial artery 

Submandibotar gland 


Incernal jo and 


Tranwerse 8 omoh 
Sternobyoid muscle and superior thyroid artery 
Sternocleidomastoid muscle (sternal head) 
Left sternocleidomast ted) 
(clavicular head) 


muscle (re 


‘supraclavicular nerves 


3 Medial supraciavieular nerves 


thyroid cesternal caro 


18 Thyroid cartilage 


‘Supra- and infrahyoid museles. (Schematic drawing.) 


muscle (superior belly) 
tar vein and branches of ama 


land anu npaited inferior thyroid vin 
jor belly of digastric musele 
Stylohyold muscle 
rnohyoid muscle 
rnothyroid muscle 


Posterior and carotid triangles (lateral aspect) 
Superficial dissection 


1 Parotid gland and great Facial artery and vein and 


rius muscle and superGcial 
lamina of cervical fascia 18 Ma 
I supraclavicular 


er Cutaneous branches of cervical plexus. Erb’s point is indicated 
by an arrowhead. (Schematic diagram.) 


Posterior a 


Lesser occipital nerve 
Internal jugular vein 

Splenius capitis muscle 

Great auricular nerve 

Submandibular nodes 

Internal carotid artery and vagus nerve 
Accessory nerve 

“Muscular heanches of cervical plexus 
External jugular yein 

Posterior supraclayicular nerves 


carotid triangles (lateral aspect), Superficial dissection. The superficial lamina of cervical 
fascia has been removed to display the cutaneous branches of the cervical plexus and subcutaneous veins. 


‘Middle supraclavicular nerves 
Superior root of ansa cervicalis 
Pretracheal lamina of fascia of neck 


ernocleidomastoid muscle 
Intermediate tendon of omohyoid muscle 


cle has been cut and re play the pretracheal 


des and external jugular vein 
retracheal Lamina of cervical fascia 


9 Great auricular nerve 


DC-DC converter 


Often referred toas a switching regulator, and sometimes.asa switcher, not tobe confused 


with a switching power supply. 
OTHER RELATED COMPONENTS 


+ ADC power supply (See Chopter 16) 
+ voltage regulator (See Chapter 19) 
+ DE-ACinverter (See Chapter 12) 


What It Does 


ADC-DC converter, often referred to simply asa 
converter, receives a DC voltage as its input and 
converts it to a regulated DC voltage as its out- 
put. The output voltage may be higher or lower 
than the input voltage, may be user-adjustable 
by adding an external resistor, and may be com- 
pletely electrically isolated from the input, de- 
pending on the type of converter that is used. 
‘The overall efficiency is not greatly affected by 
the difference between input and output volt- 
age, and can exceed 90%, minimizing waste heat 
and enabling the unit to be extremely compact. 


ADC-DC converter is an integrated circuit pack- 
age that includes a high-speed switching device 
(almost always, a MOSFET) in conjunction with an 
oscillator circuit, an inductor, and a diode. By 
comparison, a linear regulator is usually based 
around bipolar transistors. Its input must always 
be at a higher voltage than its output, and its ef- 
ficiency will be inversely proportional with the 
voltage drop that it imposes. See the voltage 
regulator entry in this encyclopedia for addi- 
tional information. 


Thete is no single symbol to represent a DC-DC 
converter, Some simplified schematics showing 
the principles of operation of commonly used 
converters are referenced under the following 
Variants section. 


ADC-DC converter is also typically found in the 
output stage of a switching AC-DC power sup- 
ply. 


How It Works 


‘An internal oscillator controls a MOSFET semi- 
conductor that switches the DC input on and off 
atahigh frequency, usually from SOKH2to 1MHz. 
Output voltage is adjusted by varying the duty 
cyde of the oscillator—the length of each “on” 
pulse relative to each “off” interval. Thisisknown 
as pulse-width modulation, or PWM, The duty cy- 
dle is controlled by sampling the output of the 
converterand using acomparatorto subtractthe 
output voltage from a reference voltage, to es- 
tablish an error value. This is passed to another 
comparator, which subtracts the error voltage 
from an oscillator ramp signal. Ifthe error increa- 
ses, the oscillator signal is more heavily clipped, 
thus changing the effective ratio of on/off pulse 
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Neck, deep dissection (lateral aspect). The internal jugular vein has been reflected to expose the carotid artery and v 


Posterior belly of digastric muscle 


Facial artery and mylohy Stornocleidomastoid muscle and leser occipital nerve 
Anterior belly of digastric muscle 

‘Internal jugular vein, hypoglossal nerve, and 

superficial cervical lymph nodes 


Superior thyroid artery and vein and inferior pharyngeal const lenus posterior muscle 

Thyroid cartilage and vagus nerve Levator scapulae muscle 

Ansa cerviealis,omohyoid musee, and common earotid artery Posterior supraclavicular nerves 

Right superior thyroid artery Phrenic nerve 

Scalenus anterior muscle "2 Midale supraclavicular nerve 

Sternothyroid muscle and inferior thyroid artery 23. Brachial plexus 

“Muscular branches of ansa cervicalis to the infrahyoid mus Anterior supraclavicular nerves 
ior thyroid vein Stemocleidomasiold muscle 


Facial artery and mandible 
Submental artery 
Mylohyoid musele and nerve 
Hypoplossal nerve (lingual 
tranches) 


nerve (a. X11) 
6 Anterior belly of digastric muscle 
7. Hyoid bone 


nerve (n. XII) 

9. Omotyoid muscle and superior 
Inyroid artery 

10. Ansa cervical 

11 Posterior belly of digastric muscle 

12 Hypogloseal nerve (n. XII) 

13. Vagus nerve (n. X) 

Internal carotid artery 

1S. Superior root of ansa cervical 

16 External earotid artery 

17 Cervical plexus 

18 Common carotid artery 


Neck, submandibular region (lateral aspect). Hypoglossal nerve (n, XII). Mandible 
slightly elevated, 


C.-C, 


1 Hypoglossal nerve (a. X11) 

2. Communication ftom the ventral ramus 
‘of the first cervical spina 

3. Atlas 

4 Axis 

5 Third cervical vertebra 

6 Superior root of ansa cervcais 

7. Thyrohyoid branch of hypoglossal nerve 

of ansa conve 


al jugular vein 
11 Infesinr belly of omwhyoil muscle 

12 Goaiohyoid branch of hypoglossal nerve 
13. Goniohyoid muscle 

14 Hyoid bone 

15. Thyrohyoid muscle 

16 Superior helly of omohyoid muscle 
17 Sternohyoid muscle 

18 Sternothyroid muscle 

19 Clavicle 


‘Ansa cervicalis, 
Innervation of infrahyoid muscles, Cervical plexus 
and its communication with the hypoglossal nerve, 


ventral rami of cervical spinal nerves of the 


first Kone segments, 


5 Thyrohyoid branch of hypoglossal 


8 Omohyoid branch of hypoglossal 


0 


Neck, deep dissection (lateral aspect), Clayicle partly removed to show the sit between the scalenus muscles. Internal jugular 


vein removed, 


Masseter muscle 
Mylohyoid muscle and facial artery 
Anterior belly of digastrie muscle 
Hypoglossal nerve 

Sternohyoid muscle 

‘Omobyoid muscle, superior thyroid artery 
and vein 

‘Stemnothyroid muscle, thyroid eartilage, 

and pyramidal lobe of thyroid gland 
‘Common earatid artery and sympathetic 
trunk 

‘Ansa cervicalis 

Phrenic nerve ascending cervical artery and 
anterior scalenus muscle 


n 


Inferior thyroid ar 
internal jugular vein (c 
‘Thyroid gland and unpsited inferior thyroid 
venous plexus 

Thoracic duct and left subclavian trunk 

Subelavius muscle (reflected) Transverse cervical artery brachial 
Sternoeleidomastoid muscle (reflected) plexus. and sealenus posterior muscle 
Posterior belly of digastric muscle 27 Sobelavian artery and vein 

Superior cervical ganglion and splenius 28 Thoracoacromial artery and pectoralis 
muscle minor muscle 

Lesser occipital nerve 29 Pectorais major muscle 

Internal carotid artery and branch of the 

alossopharyngeal nerve tothe earotid body 

‘Exsernal carotid artery 


gusnerve and 21 Cervieal plexus and accessory nerve 
22 Inferior root of ansa cervialis 


Neck, deepest dissection (anterolateral aspect) Thyroid gland reflected to expos 


Superior cervical ganglion of sympathetic trunk and posterior 
trie muscle 


belly digastric muscle 
Facial urtery and common carotid artery (reflected anteriorly) 
Ascending cervical artery and longus coll muscle 

‘Omohyoid muscle and superior thyroid artery 

Sympathetic trunk and sternohyoid muscle 

Midale cervical ganglion and inferior pharyngeal constrictor 


muscle 

Scalenus anterior muscle and phrenic nerve 

Thyroid gland and inferior thyroid artery 
ss nerve and esophagus 


Recurrent laryngeal nerve and trachea 


sophagus and the recurrent laryngeal 


‘Common carotid artery and cervical cardae branch of vagus 
Sternocleidomastoid muscle and accessory nerve 
Splenins capitis muscle 


‘occipital nerve, longus capitis muscle and cervical plexus 


Phreni 
muscle 


verve, scalenus posterior muscle and levator seapulac 


Supraclavicular nerves and sealemus medius m 
Brachial plexus and pectorals major muscle (clavicular head) 
Transverse cervical artery and clavicle 

Subetavian artery 

“Thoracoacromial artery and pectoral minor muscle 

First rib, accessory phrenie nerve and subclavian vein 
Internal jugular vein, thoracic duct and subclavins eiestle 


‘Neck and arm, deepest dissection (anterior lateral aspect). Cervical and brachial plexus and their relation to the blood vessels 


are shown. Note the location and content of scalene triangle. Sternocleidomastoid muscle and claviele have been removed; 
the internal jugular vein was divided to display the roots of cervical and brachial plexus. 


1 Lesser ocipitat nerve 
2. Great auricular nerve 
3 Cutaneous 


riches of cervical plexus 
4. Supraclavicular nerve 

5. Suprascapular nerve and artery 

6 Brachial plexus 

7. Median nerve (with two roots) and musculocutaneous nerve 
8 Axillary artery 

9 Axillary vein 

10 Medial brachial cutaneous nerve 

11 Ulnar nerve 

12 Thoracodorsal nerve 

13. Parotid gland and facial nrve (cervical branch) 

14 Cervical plexus 

1S. Submandibular gland 

16 Superior thyroid artery 


17 Common earotid artery diving in internal and external 
carotid artery and superior root of ansa cervicais 

18 Omohyoid muscle and cervical branch of facial nerve 
Joining the transverse cervical nerve (C3,C)) 

19. Sternohyoid muscle 

20. Transverse cervical nerve and sternothyroid muscle 

21 Common carotid artery anc! vagus nerve 

22. Pheeaie nerve and scalenus anterior muscle 

23. Internal jugular vein 

24 Intereostobrachial nerves 

25. Long thoracic nerve 


Horizontal section through the neck at 
the level of the fissure of slattis, viewed 
from above. 


‘Thyroid cartilage 
Vocal fold and ge 
Arytenoid cartilage 
‘Common carotid artery 
Internal jugular vein 
Infrahyoid muscles 

Lateral thyroazytenoid muscle 
Sternocleidomastold muscle 
“Transverse arytenoid muscle 
Laryngopharynx and inf 
muscle of pharynx 
LLongus coll muscle 
External gular vein 
Body of cervical vertebra (C.) 
Spinal cord 

Vertebra arch 

Deep muscles of neck (semispinaliscervcis 
muscle) 

Trapezius muscle 

Rima glotidis 

Levator sap 
Lymph node 
Semispinalis eapitis muscle 
Splenius capitis musele 


rma gloticis) 


muscle 


Section through the neck af the level of 
larynx. (MR-Scan.) 


Hyoid bone 
Thyroid cartilage 

Cervical plexus (C-C.) 

Phrenie nerve (C.) 

Sealenus anterior muscle 

Brachial plexus (C;"T)) 

Scalenus medius and posterior muscles 
Subetavian artery 

Subclavian vein 

Superior vena cava 

ricci cartilage 

Thyroid gland 

Internal jugalar vein 

‘Common carotid artery 

Inferior thyroid vein 

Ascending aorta 

Descending aorta 

Second 


Scalene triangle, arrangements of blood 
vessels, and brachial plexus at the lower 
part of the neck, (Schematic diagram.) 


ye trunk, vertebral column, thoras, and pelvis 
pos ct) 


vertebral 
the adult. 


1 Manubrium seri 
2 Cavite 

3 Acromion 

¥ Coracoid proce: 

5. Glenoid cavity 

Body of sternum 
Costal 


8 Body of the twelfth thoracic vert 
9 Body of the first hambar 
0 Hipt 

LL Sacral pros 
12 Sacrum 
13 Anterior superior ili spine 


tel 


M4 Obturitor foramen 
15 Atlas 

16 Seventh cervical vertebra 
First ib 

8 Xiph 
19 Tweift ci 


20. Body ofthe fifth lumbar vertebra 
Hae crest 
Coce 


3 Symphysis pubis 


Skeleton of the trunk, vertebral column, pelvis, thorax, and shoulder girdle 


(anterior aspect), 


The trunk is divided into segments best visible in the 
thoracic region, where each segment consists of a pair of 


iorly by the sternum, 


ribs connected ante 


\d posteriorly 
by a thoracic vertebra. In the lumbar part of the 
vertebral column only vestiges of ribs are present which 
form what appear to be the transverse processes. In 


cervical vertebrae, remnants of ribs are part of the 


transverse processes. Each segment also comprises 


muscles (e.g. intercastal muscles), nerves, and vessels. 
However, in the cervical and lumbar region the muscu: 
lar segments fuse with each other forming large muscle 
the oblique muscles of the abdo- 


wental 


plates, for example 


men, while vessels and nerves still retain their s 


Variants 


lengths. A simplified schematic of the PWM cir- 
cuit is shown in Figure 17-1, which omits other 
components for clarity. The system of subtract- 
ing an error voltage from a ramp ascillator volt- 
age to obtain a pulse-width modulated signal is 
illustrated in Figure 17-2. 


Ramp 
loscitator 


Pulse Width Modulator Circuit 


Loaput, 


Figure 17. The heart of a DC-DC converter is a MOSFET 
switch, which operates at a high irequency with pulse: 
width madulation used to create an adjustable DC output. 


og gg 


JU 


Error Ramp Oscletor pu Pulse 
HE ever Ml Vottage Bi outpur 
Figure 172. To achive pulse-width modulation, an error 
(ove! voltage is estabished by comparing the output from 
the converter with a reference voltage. The rar lve 
shown as an orange line, is then subtracted from the out 
put from a ramp oscillator. The pulse width varies accor 
ingly. 


power > conversion> de-de converter 


The key to the efficiency of a DC-DC converter is 
an inductor, which stores energy in its magnetic 
field during “on” pulse and releases it in the dis- 
charge phase. Thus, the inductor is used as a 
temporary reservoir and minimizes the ripple 
current. All converter variants use a coil for this 
purpose, although its placement varies in rela- 
tion tothe diode and capacitor that complete the 
basic circuit. 


Variants 


Four basic switching circuits are used in DC-DC 
converters and are defined in the coming sec- 
tions, with a formula to determine the ratio be- 
tween input voltage (Vj,) and output voltage 
(Vout) in each case. In these formulae, variable D 
is the duty cycle in the pulse train generated 
through an internal MOSFET switch. The duty cy- 
cles the fraction of the total on-off cycle that is 
‘occupied by each “on” pulse. In other words, if 
Ton is the duration of an “on” pulse and Tyr is the 
“off” time: 


D = Too / (Ton + Tort) 


Buck Converter 

See Figure 17-3. The outputvoltageis lower than 
the input voltage. The input and output share a 
‘common ground. For this circuit: 


Vout = Vin * 0 


‘Common Ground 


Figure 17-3. Basic topology of a buck-type DC-DC con- 
verter. 
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General characteristics of the vertebrat 
Typical cervical, thoracic, lumbar vertebrae 


and sacrum, 


Green 

Red 
General characteristics of lumbar vertebrae Orange 
and sacrum (posterior aspect) Yellow 


Foramen transversarium 
Vertebral foramen 

Body of vertebra 
Superior articular facet 
Base of serum 

Anterior tubercle of 


Superior articular facet of atlas 
Transverse proces 

Posterior tubercle of atlas 
Dens of axis 


Superior articulae sur 


sverse process 
Spinous process 

Shall of ri 

Body of vertebra and head of sib articulating with each other 
wertebral 


Transverse process and tubetele of nib articulating with each other 


Transverse process 


Auricular surface 
Lateral part of sacrum 
Lateral sacral erest 
Intermediate si 


Super 

Inferic 
Inferior vertohral notch 
Superior vertebral notch 


ddemifacet for head ofr 


ddemitacet for head of ri 


Apex ofthe sactun 
Sacral corm 

Coccyx 

Dorsal sacral foramina 
Mamillay proses 
Pedicle 

Inferior articular process 


Ribs or homologous processes 
Muscular processes (transverse and spinous processes) 
Laminae and articular processes 

Articulat fa 


re ribs arranged in a craniocaudal direction, first rib-at top. I-XII = pairs of ribs; 1 = head of ib; 


2 = neck of rib; 3 = tubercle of rib; 4 = body of rib. 


The head of a typical rib articulates with the bodies of ribs) while the remaining five ribs are only indirectly 
adjacent vertebrae and the int ervertebral connected num (false ribs, ribs VIII to X) 


disc. The first seven ribs are dir or end freely in the lateral wall of the trunk (floating ribs, 
the ribs XI and X11). 


vertebrae (left lateral aspect) igaments of thoracic vertebrae and costovertebral joints 
(left anterolateral aspect) 

In the upper joint, most of the radiate ligament and the 
ib have be 
expose the two joint cavities and the interposed intra 


removed 10 


anterior patt of the head of th 


articular ligament 
1 Superiordemifacet forhead of rib 9. Inferior articular process 


Body of vertebra 10) Intervertebral foramen 


Inferior demifacet for head of rib 11. Spinous process 
TIniervertebraldise Anterior longitudinal ligament 
Inferior vertebral notch 15 Intraarticuar ligament 

Superior articular facet and 14 Radiate figament 

superior articular process 15. Superior eostotransvers ligament 
Pedicle 16 Body of rib 


Transverse provess and facet 17 Invertransverse ligament 


of costovertebral joints (superior aspect). 


Costovertebal joints, ‘Two thoracic vertebrae with an 
ed). Axis of movement indicated by 
dotted line. Blue = articular facets. (Schematic diagram.) 


articulating rity (separa 


Superior articular process 7 Shaft oF body of rib 
Vertebral canal Transverse proces 
Boxly of thoracic vertebra with articular facet 
Costovertebral joint (articular facets) 9 Spinous process 
Tubercle of rib 10. Costotransvers joint 


Head of rib (articular face 


dorsal aspect) 


section of the bodies of the vertebrae Ligaments of the vertebral column 
ise, each of which consists 


on (anulus fibrosus) 
(aucteus pulposes) 

ina Hgzament 
nal ligament and spinal dura mater eB 
lumbat vertebr 


6 Sacrum 


7 Supraspinows ligament 


The two caudal lumbar vertebrae and the sacrum with their Ligaments of the vertebral column, thoracie part 
intervertebral dises (anterior aspect). Anterior longitudinal (left lateral aspect). 


wed. 


Saemant 2: 


Atlas and axis (from above) 


1 Amterioe arch of alas with anterior tubercle 


Superior articular facet of atlas 


4 Foramen transversariam and transverse prosess 
4 arch of atlas and vertebral artery 

5. Posteri tubercle of atlas 

6 Dens of axis 

7 Superioe articular surface 


8 Body of axis: 
9. Pedicle and lamina of axis 
10. Spinous proce 
LL Inferior articular process 
12 Transverse pracess snd vertebrartrial foramen 
(oramen transversarium) 
3 Median aantoaxial joint (anterior part) 


‘Median atlantoaxial joint and transverse ligam: 


(from above). Dens of axis partly severed, 


14 Articulr capsule of atlantooeciptal jo 
15. ‘Transverse ligament of ath 


16 Occipital bone 


20. Superior longitudinal hand of 


Alar ligaments 

Transverse ligament of atlas 

Inferior longitudinal and of eracform ligament 
Spinous process of axis 

Dura mater 


Atlantooceipital and atlantoaxial joints (posterior aspect) 
Posterior part of occipital bone, posterior arch of atlas and 
‘axis have been removed to show the cruciform ligament 


Atlas und axis. Left oblique posterolateral aspect 


demonstrating the articulation of the dens of axis with 


allas (ef arrows), 


Occipital bone, 


External occipital protuberance 


Foramen magaum 
Atantooecipital joint 
Transverse process of atl 
Memb 

Poste 
Spinows p 
Occipital condyle 


cess of third cervical vertebra 


Cervical vertebral co 


to show the membrana tectoria 


atlas and axis (anterior aspect) 


nan skull with ligan 
(posterior aspect), Posterior arch of atlas and axis removed 


Lateral atlantoaxia jo 


Occipital bone 


Ata 
Axis 

Dens of axis 
Hiypoplossel canal 


Anterior longitudinal igament 


Cen 
(anterior aspect), Anterior part of occipital bone removed. 


cal vertebral column and skull with ligaments 


1 Axillary vein 
Intercostabrachial nerves 
Subscapularis muscle and 


thoracodorsal nerve 

4 Long thoracie nerve, 
thoracic artery and vein 

5. Latissimus dors muscle 

6 External intercostal muscles 

7. Secratus anterior muscle 

8. Lateral eutancous branches of, 
inersostal aves 

9 External abdominal oblique muscle 

10. Clavicle (divided) 

11. Second rib (costo-chondal 
junetion) 

12 Internal intercostal muscles 

13. External intercostal membrane 

14 Position of xiphoid process 

15 Costal arch o margin 

16 Anterior layer of rectus sheath 


‘Muscles of the thorax, superficial layer (lateral aspect), Upper limb elevated. 
Pectoralis major and minor muscles have been removed, 


Effect of intercostal muscles on the costovertebral and A. Action of internal intercostal muscles (expiration) 
costotransverse joints. Axes of movement indicated by lines; B_Action of external intercostal muscles (inspiration) 
direction of movements indicated by arrows, 


Anterior thoracic wall (posterior aspeet). Diaphragm par 
fenestrated on both sides, 


Stemnocleidomastoid muscle (divided) 
Claviete 

‘Sternothyroid muscle 

Tnternal intercostal muscle 
“Transversusthoracis muse 

Tntercostal arteries and ner 
Musculophrenic artery 

Superior epigastric artery and vein 
Diaphragm (divided) 

Ricci absdoninis mses 


y removed, posterior layer of rectus sheath 


Subctavian artery and brachial plexus 
Firstrib 

Internal thoraci artery and vein 
Tnermost intercostal muscle 
Intereostal artery and vein 

Xiphoid process 

Linea alba aa posterior layer 
rectus sheath 

“Transversus abdominis muse 


power> conversion > de-de converter 


Boost Converter 


See Figure 17-4. The output voltage is greater 
than the input voltage. The input and output 
share a common ground. For this circuit: 


Vout = Vin / (1-0) 


PWM 
Feedback 


Figure 17-4. Basic topology of a boost-type DO-DC com 
verter 


Flyback Converter with Inductor 
Commonly known as a buck-boost converter. See 
Figure 17-5. The output voltage can be less than 


or greater than the input voltage, The input and 
‘output share a common ground. For this circuit 


Vout = Vin * (D / (1-0) 


PWM 
Feedback 


output 


‘Common Ground 


Figure 17-5. Basic topology ofa flyback-type DC-DC con 
verter 


Variants 


Flyback Converter with 
Transformer 

See Figure 17-6. The output voltage can be less 
than or greater than the input voltage. The input 
and output are isolated from one another. For 
this circuit: 


Vout = Vin * (D / (1-0) 


PWM 
Feedback 


Output 


MOSFET 
‘switch 


Figure 17-6. Basic topology ofa lybaci-type DC-DC con- 
\erter- (Buck, boost, and flyback topologies adapted from 
Maxim Integrated Products.) 


Using a transformerin the converter allows mul- 
tiple outputs with different voltages, supplied 
through multiple transformer windings. 


Formats 

converter may be packaged in a flat rectangu- 
lar box that requires no additional heat sink and 
has pins for through-hole insertion into a PC 
board. Sizes usually range up to to 2" x 2" Power 
handling can range from 5 to 30 watts. Convert- 
ers of this type are shown in Figure 17-7. (Top: 
Input range of 9 to 18VDC, fixed output of SVDC 
at 3A completely isolated from the input. Typical 
efficiency of approximately 80%. The case is 
made of copper, providing goad heat dissipation 
with electrical shielding. Center: Input range of 9 
to 18VDC, fixed output of SVDC at S00mA com- 
pletely isolated from the input. Typical efficiency 
of approximately 75%, The manufacturer claims 
that external capacitors are only needed in crti- 
cal applications. Bottom: SIP format, fixed input 
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rior thoracic and abdominal wall. The fascia of pectoralis majo 
and the abdominal wall have been removed: the anterior layer of the sheath of the rectus abd 


muscle is displayed. 


Sternohyaid muscle 
astoid muscle 


Pectoral major muscle 


Anterior cutaneo 
External abdominal oblique muscle 
Lateral cutaneous branches of 


0 
" 
2 
B 
13 


Umbiticus and umbilical ring 
Clavicle 

Cephalic vein 

Serratus anterior muscle 


Linea alba 
ath of rectus abdominis muscle 


1 Mandible 

2. Facial artery 

3. Submandibular pland 

4 Hyoid bone 

5 Thyroid cartilage and 
sternohyoid muscle 

6 Claviele 

7. Subclavius muscle 

8 Second rib 

9 Anterior cutaneous branches of 
imercostal nerves 

10 External intercostal memirane 

11. Parotid gland 

12. External carotid artery 

13. Sternocleidomastoid musele and 
‘eutancous branches of cervical plexus 

14. Supraclavicular nerves 

15 Pectoralis major muscle and lateral, 
pectoral nerves 

16 Thoracoscromial artery and 
subclavian vein 

17 Pectoral minor muscle 

18 Medan und ulnar nerve 

19. Thoracoepigastrie vein 

20 Cephalic vein and long head of 
biceps brachii muscle 

21 Lateral thoracic artery and long 
thoracic nerve 

2 Lateral cutaneous branches of 
intercostal nerve 

23 Latissimas dorsi muscle 

Median neree 

Axillary artery 

Intercostobrachial nerves 

Thoracodorsal nerve 

Long thoracie nerve 

Latissimas dorsi muscle 

‘Serratusunterior muscle 

Thoracoaeromial artery 

Cavile 

External intercostal mosele 

Third rib 

Internal intercostal muscle 

‘Anterior intercostal 

Costal arch or margin 


‘Thoracie wall I (anterior aspect). Left pectoralis major muscle has been divided 
and reflected, Note the connection of the cephalic vein with the subclavian vein, 
Arrow: medial pectoral nerve, 


Thoracie wall (lateral aspect), Pectoralis major and minor muscles have been 
removed, A section of the 4th rib has been cut and removed to display the intercostal vessels and nerve. 


1 Anterior perforating branches 
of intercostal nerve 

land 

External abdominal obtique muscle 


Mamma 


4 Rectus sheath (anterior layer) 

5. Sternacleidomastoid muscle 

6 Clavicle 

7. Lateral thoracic artery 
and vein 

{8 Pectoralis major muscle 

9 Internal thoracic artery 
and vein 

10 Serratus anterior muscle 

LL Supeciarepigastrie artery 
and vein 

12 Costal margin 

13. Rectus abdominis muscle 

14 Cut edge of the anterior layer 
of the rectus sheath 

15- Subclavian artery 

16 Highest intercostal artery 

17 Internal thoracic artery 

18 Musculophrenic artery 

19) Superficial epigastric artery 

20. Deep circumflex iliac avery 

21 Superior epigastric artery 
Inferior epigastric arte 

23. Superticil cireumfles iliac artery 


‘Thoracic wall II (anterior aspect). 
vein, Left pectoralis major muscle partly removed. Anterior lamina of the rectus 
sheath on the left side has been removed. 


Main arteries 


1 Deltoidl muscle 

2. Cephatie vein 

3. Pectoralis major muscle (divided) 

4 Internal intercostal muscle 
Intercostal artery and vein (intercostal 


External abdominal oblique muscle 
Anterior layer of rectus sheat! 
Hing eest 
Superficial epigastric vein 
Superficial eircumfies iliac vein 
Saphenous opening 
Superfeial inguinal Iymph 
Superficial external pudenlal veins 
Great saphenous vein 
Nipple 
CCostal margin 
Subcutancous fatty tissue 
Ubi 
Anterior lier of heath 
Rectus abdeminis muscle 
rior layer of reetus sheath 
(ermal abdominal oblique muscle 
External abdominal He 
{ransversus abdominis muse 
Transversal fascia and peritoneum 
Psoas major muscle 
Body of lumbar vertebra (Ls) 
‘Quacratus lumborum muscle 
Medial tract af inac muscle 
al estor spinae muscle 


(ongissin stay mus 


‘Small intestine 
Left ureter 
Abdominal aorta 
Inferior sens cava 
Descending colon 
Simons pr 


Thoracic and abdominal wall I. Rig 
pectoralis major and minor muscles 
are divided, Muscles of thoracie 

and abdominal wall on right side are 
displayed. 


of the trunk at the 
level of the umbilicus, superior to 
arcuate line (inferior aspect). 


Thoracic and abdominal wall Il Right pectoralis major and minor muscles 
and anterior layer of rectus sheath have been removed on the right side 


1 Delioid musce 

2. Pectoralis major muscle (divided) 
Internal intercostal muscle 

Intercostal artery and vein 

Rectus abdominis muscle 

Tendinous intersections 

7. External abdominal oblique muscle 

8 Anterior superior iliac spine 

9 Superficial circumflex iliac vein 

10 Superficial epigastric vein 


11. Greatsaphenous vein 
12 Cephalic vein 
Pectorais major muscle 
Anterior cutaneous branches of 
intercostal nerves 
15 Nipple 
16 Linea alba 
17 Anterior layer of rectas sheath 
18 Umbilicus 
Inguinal ligament 
Pyramidalis muscle 
Superficial inguinal ring and spermatic 
cord 
22 Suspensory ligament of penis 
23 Longissimus and iiocosalis muscles 
24 Multifidus muscle 


25 Quadratus lumborum muscle 
26 Latissimus dorsi muscle 

27. Psoas major muscle 

28 Spinows process 

29. Body of Ist lumbar vertebra 
30, Transversus abdominis muscle 


31. Internal abdominal oblique muscle 


al section through the body 
at the level of 4th lumbar vertebra 
seen from below. (CT-Scan. 


Costal margin 
Rectuy sbdomtinis muscle 
External abdominal oblique muscle 
(reecied) 
Thoracoabdominal (intercostal) nerves 
with accompanying vessels 
Internal abdominal oblique muscle 
Aeuate fine (arrow) 
Inferior epigastric artery and vein 
4 ioinguinal nerve 
Porition of deep inguinal ring 


Superficial inguinal Iymph nodes 
Great saphenous vein 
Lines alba 


liohypogastrie nerve 
amidalis muscle 


‘Thoracic and abdominal wall IT. External abdominal oblique muscle has been 
divided and reflected on both sides. The right rectus muscle has been reflected 
medially to display the posterior layer of rectus sheath, Arrow: location of arcuate line. 


1 Medial column of intrinsic muscles 
of the hack 
2. Lateral column of erectorspinae muscle 
3 Thoracolumbar fascia with 
superficial and deep layer 
4 External oblique muscle 
5. Internal oblique muscle 
6 Transversus abdominis muscle 
7. Transversal fascia 
8 
9 


Posterior layer of rectus sheath 
Rectus abdominis muscle 


Horizontal-section of the trunk superior 
to arcuate line. (Schematic drawing.) 10. Anterior layer of rectus sheath 


‘Thoracic and abdominal wall IV. External abdominal oblique muscle has been 
divided and reflected on both sides. The right rectus muscle has been cut and 


1 Rectus abdominis musete (reflected) 

2. External abdominal oblique muscle 
(Givided) 

3. Posterior layer of rectus sheath 

4 Umbilical ring 

5 Internal abdominal oblique muscle 

6 Arcuate line (arrow) 

7 Inguinal ligament 

8 Inferior epigastric artery and yein and 
rectus abdominis muscle 
(divided and reflected) 

9 Coatal margin 

10 Linea alba 

11 Tendinous intersection 

12 Tiohypogastric nerve 

13 lioingainal nerve 

14 Pyramidalis muscle 


15 Spermatic cord 


reflected to display the posterior layer of reetus sheath. Arrow: location of arcuate line, 


1 Peritooeum 

2. Transversalis fascia (green) 

3 Transversus abdominis muscle 

4 Internal abdominal oblique muscle 

5 External abdominal oblique muscle 

6 Fascia of external abdominal oblique 
muscle (green) 

7 Skin 

Linea alba 

9 Rectus sbviominis muscle 


‘Transyerse sections through the abdominal wall 
superior (a) and inferior (b) to arcuate Tine, 
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“Thoracic and abdominal wall (schematic drawing), Note the segmental 
organization of the blood vessels and nerves, Right side: superficial layers 
left side: deeper layers. 


Horizontal section of the abdominal wall (from above) showing the 
location of the intercostal arteries (left side) and nerves (right side), 


9 


Sternocleidomastoid muscle 
Deltoid muscle 

Pectoralis major muscle 

Anterior catancous branches of 
intercostal nerves 

Cut edge of anterior layer of rectus 
sheath 

Rectus abdominis muscle 
Tendinaus intersection 

External abdominal oblique muscle 
Lateral femoral cutaneous nerve 
Femoral vein 

Great saphenous vein 

‘Medial supraclavicular nerves 
Pectoralis minor muscle (reflected) 
and medial poctoral nerves 
‘ilar vein 

erve and lateral 


Long thorn 
thoracic artery 

Internal thoraeie artery 
Antercosta nerves 

{Lateral cutaneous branches of 
intercostal nerves 

Superiore 


Thoracoatdominal (intercostal) 
‘Transversus abdominis muscle 
Posteri layer of rectus sheath 
Inferior epigastric artery 
Lateral femoral 
Inguinal ligament and ilioinguinal 


Femoral nerve 
Femoral artery 

Spermatic cord 

Testis 

Posterior intercostal arteries 
Internal abdominal oblique muscle 
Lateral cutaneous branch of 
inercostal nerve 

Dosa branch of spinal nerve 
Latssimus dors! muscle 


5 Deep muscles of the back (medial 


and lateral tract) 
“Anterior layer of rectus sheath 
Posterior layer of rectus sheath 
“Thoracolumbar fascia 

Spinal cord 

Aowt 

Ventral root ) of spinal 
Dorsal raot | nerve 


| Rectus abdominis muscle 

2. “Tendinous intersection 

3 Internal abdominal oblique muscle 

4. External abdominal oblique muscle 
(refected) 


5. Anterior superior iliac spine 
6 Hlvinguinal nerve 

7. Spermatic cord 

S Costal margin 

9 Superior epigastric artery 


10) Thoracoabdominal (increostal) nerves 
HL Posterior layer of rectus sheath 

12 Transversus abdominis muscle 

13. Semilunar line 

14 Arcute ine 

15. Inferior epigastee artery 

16 Inguinal figament 


‘Abdominal wall with vessels and nerves. The left rectus abdominis muscle has been 
divided and reflected to display the inferior epigastric vessels. The left internal 
abdominal oblique muscle has been removed to show the thoracoabdominal nerves 


1 tmtermal shorasie artery 
2 Intereostalartery 
3. Superior epigastric artery 
4 Musculophrenic artery 
5. Gallbladder 
6. Rectusabdominis muscle 
7 Extemal abdominal oblique muscle 
8 Deep citcumflesiligeariery 
9. Supetficial epigastric artery + 
10 Inferior epigastric artery 
11 Superficial crcumfles iliac artery 
12. Femoral artery 
13. Intercostal nerve 
14 Thoracoabdominal nerve (Ths) 
15 Transversus abdominis muscle 
16. Posterior layer ofthe rectus sheath 
17 Itionypogastrie nerve (L)) 
18 Wioinguinal nerve (L;) 
19. Spermaticcord 
20 Genitofemoral nerve (Ls, Ls) 
Arteries and nerves which supply the thoracic and abdominal wall. Note their ‘4 Femoral branch 
5 Genital branch 


‘segmental arrangement. (Schematic drawing.) 


Valu 


of 12VDG, fixed output of SVDC at 600mA com- 
pletely isolated from the input. Typical efficiency 
of approximately 75%. Requires external capac- 
itors for ripple rejection) 


Figure 177. A selection of sealed DC-DC converters 


Lower-power converters are also available as 
surface-mount devices. 


Some adjustable-output convertersare supplied 
as multiple surface-mounted components pre- 
installed on a mini-board that has pins for 
through-hole insertion in a printed circuit board. 
Their high efficiency enables them to handle a 
lot of power for their size. In Figure 17-8, the con- 
verter accepts a 4.5 to 14VDC input range and 
hasan adjustable outputof0.6to 6VDC. Itis rated 
ata surprising 10A or SOW and is more than 90% 
efficient. However, it draws 80mA in a no-load 
state, causing it to become quite hot. A thermal 
cutoutorautomaticshutdown may beusedifthe 
converter will not be driving a consistent load. 


converter 


Figure 17-8. An adjustable DC-DC converter rated for 10A 
(or SOW. The output voltage is determined by adding an 
external resistor or trimmer potentiometer. Extermal 
‘smoothing capacitors are required. as shown in the com= 
ponent's datasheet. 


The miniboard in Figure 17-9 accepts an input 
voltage from 7 to 36VDC and has an adjustable 
output ranging from 2.5 to 12.6VDC, at up to 6A. 
It is non-isolated (has a common negative bus) 
and claims to be more than 95% efficient at full 
load. 


The miniboard in Figure 17-10 accepts an input 
voltage from 4.5 to 14VDC and has an adjustable 
output ranging from 0,6 to 6VDC at up to 20A. It 
isnon-Isolated (has a common negative bus) and 
claims to be more than 90% efficient at full load. 


Values 
Relevant values include: 


Nominal Input Voltage and 
Frequency 

Awide range of input voltages is often accepta- 
ble, as the PWM can vary accordingly. Converters 
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Inguinal canal in the male 1. Dissection of superficial layer, right side 
(anterior aspect) 


Inguinal canal in the male Ml, right side (anterior aspect). 
‘The external abdominal oblique muscle has been divided to display 
‘ie tneednnt cucsal, 


Regions and reference lines 
for delineating surface projections, 
Reference lines and regions 
Median tine 


1 
2 Lateral sternal fine 
3. Parasternal line 
4 


Left lateral or midclavicula line 


5 Midaxillary fine 
6 Transpylorc plane 

7. Transtubercular plane 
8 Hypochondriac region 
9 Epigastrie region 

10 Lumbar region 

11 Umbilical region 

12 Tlie region 

13 Hypogastric region 


1 Anterior superioriiae spine 
2 Medial crus of inguinal ing 
3. Inguinal ligament 
4 
5 


Lateral erus of inguinal ring 
Superficial spigastri vein 

6 Saphenous opening 

7. Superficial inguinal lymph nodes 

8 Great saphenous vein 
Anterior cutancous branches of femoral nerve 

Anterior layer of rectus sheath 

Tatercrural fibers 

‘Supeafical inguinal ring 

Spermatic cord and genital branch 

‘of genitofemoral nerve 

Penis 

15 Aponeuross of external abdominal oblique 
‘muscle (divided and reflected) 

16 Internal abdominal oblique muscle 

17 Mioingui 

18 An 


orcutancous branches of iiohypogastric 


19 Superficial external padendal veins 


Inguinal canal in the male IIT, Deep dissection (anterior aspect, right 
side). Spermatic cord with exception of ductus deferens (probe) has 
‘peen divided and reflected. 


General characteristics of lower part of anterior abdominal 
wall and inguinal canal. (Schematic drawing.) 


1 
4 


Internal abdominal oblique muscle (reflected) 
Transversus abdominis muscle 

Inguinal igament 

Spermatic cord with the exception of the ductus 
deferens (divided and reflected) 

uctus deferens and interfoveoar ligament 


Superficial circumflex iliac a 
Femoral artery und vein 
‘Superficial inguinal lymph nodes and ingwinal 
Iymph vessel 

Inferior epigastric artery and vein 

Falx inguinalis or conjoint tendon (cut) 

Pubic branch of inferior epigastcc artery 
Superficial 

Penis 
External abdominal obligue muscle 
Anterior superior iliac spine 


Intercrural fibers 
Fascia lata and sartorius muscle 

Saphenous opening and great saphenous vein 
Deep inguinal ring 

‘Skin of scrotum and dartos muscle 
(Cremaster muse 
Internal spermatic 
Duetus deferens 
Epididymis 
Pritoneum (blue) 
Remnant of processus vaginalis 

“Tunica vaginalis testis 

Rectus absominis muscle 

Spermatic cord with ductus deferens covered 
by external 

Anterior 
Suspensory ligament of penis 
Testis and epididy 

Ductus deferens 


spermati fascia 
of rectus sheath 


Pampiniform venous plexus and testicular 
artery 

Inferior epigastric artery 

Lateral femoral cutaneous nerve 

Hioingui 


Deep dorsal vein of penis 


Inguinal hernias may either pass 
through the inguinal canal lateral to the 
inferior epigastric artery (indirect or 
lateral inguinal hernias, A and C) or 
directly penetrate the abdominal wall 
through the inguinal triangle located 
medial to the inferior epigastric artery 
(direct or medial inguinal hernias, B). 
The lateral hernias can be congenital 
ss remains open (C) 


if the vaginal proc: 
or acquired (A) if the hernia develops 
independently of @ patent processus 
vaginalis. 

Femoral hernias generally protrude 
through the femoral ring below the 
inguinal ligament. Proper assessment of 
the site of herniation requires the 
identification of both the inguinal 
ligament and the epigastric artery. 


rior aspect). On the right, the spermatic cord was dissected to display the ductus 
deferens and the accompanying vessels and nerves. The fascia lata on the left side has been removed. 


Inguinal and femoral region in the male (a 


Layers of sp ‘cord and types of hernias. Left: Normal situation; middle; Location of 
‘A= indirect; B = direct inguinal hernia. Right: congenital indirect inguinal hernia (C); the 
I bilical fold, containing urachus chord. 

TI =Medial umbitical fold with remnants of umbilical artery and vein 

IIL = Lateral umbilical fold with inferior epigastric artery and vein, 


ed inguinal hernias; 
process remained open. 


Aponeurosis of external abdominal 

‘oblique muscle 

Internal abdominal oblique muscle 

(Givided and reNected) 

3. Transversus abdominis muscle 
Superficial circumflex iliac artery and 

vein 

Superficial inguinal ring with fat pac 

‘Medial and lateral crural fibers 

Round ligament (ligamentum teres uti) 

Labium majus padendi 

‘Anterior layer of rectus sheath 

Superficial epigastric artery and vein 

Inguinal ligament 

‘Cutaneous branch of ilioinguinal nerve 

Superficial inguinal lymph nodes 

Entrance of round ligament into the 

labium majas 

External pudendal artery and vein 

Position of deep inguinal ring 

ioimguinal nerve 

8 Internal abdominal oblique muscle 
Pubic branch of inferior epigastric 


Brou8se 


Inguinal region inthe female (anterior aspect) Let side: superficial layer: 
right side: external and internal abdominal oblique musele divided and reflected. 


branch of genitofemoral nerve 
21 Fat pad of inguinal canal 

ioinguinal nerve 
Sheath of round ligament (inguinal 
canal) 
24 Transversal fascia 


Inguinal canal of the female I (anterior aspect, right side), Inguinal canal of the female II (anterior aspect, right side), 
‘The external abdominal oblique muscle has been divided and The external and internal abdominal oblique muscle have 
reflected, to display the ilioinguinal nerve and the round been divided and reflected to show the content of the inguinal 


ligament. canal. 


1 Occipital belly of cccipitafrontalis muscle 
2. Splenius capitis muscle 

3. Stemocleidomastoid muscle 

4 Trapezius muscle 

5 Deltoid muscle 
6 
7 
8 
9 


‘eres minor muscle 
“Medial margin of seapula 
Rhomboid major muscle 
“Teres major muscle 

10 Latissimus dorsi muscle 

11 Thoracolumbar fascia 

12 External abdominal oblique muscle 

13 Mac crest 

14 Gluteus maximus muscle 

15 Position of lst coeeygeal vertebra 

16 Anus 

17 Semispinalis capitis muscle 

18  Splenius cervicis muscle 

19 Levator scapulae muscle 

20 Spine of sapula 

21 Rhomboideus minor muscle 

Infraspinatus muscle 

23 Triceps brachii muscle 

24 Serratus anterior muscle 

25. Miocostalis muscle 

26 External intercostal muscle 

27. Serratus posterior inferior muscle 

28 Latissimus dorsi muscle (cut edge) 

29 Fascia over gluteus medius muscle 

30. Long head of biceps femoris muscle 


Muscles of the back I, Superficial layer on the leit, deeper layer on the 
‘ight. Right latissimus dorsi and trapezius muscles are removed, 


Muscles of the back I. Dissection of deep muscles. Erector spinae muscle 


drawing.) 


ctus capitis posterior minor muse 


Spinous process of axis 
‘Semispinals cervicis muscle 
Spinous process of seventh vertebra 


inalis capitis muscle (divided) 
Longissimus ca 

LLevatorseapulae muscle 
Longissimas cervicis muscle 
Rhomboid major muscle 

Spinals thoracis mascle 


9 Serratus posterior inferior muscle 


sof second lumbar 


Muscles of the back IIL. Transversospinal muscles, deepest layer on the right, 
Where all parts of semispinalis and multiidus muscles have been removed. 


sversospinal and 
intertransversal system, (Schematic 
drawing.) 


Rectus capitis posterior minor muscle 
(Obiiquus capitis superior muscle 

Rectus capitis posterior major muscle 
Obiiquus capitis inferior muscle 

Spinous process of axis 

Longissimos capitis muscle 

‘Trapezius muscle (reflected) and 
accessory nerve (n.X1) 

Spinous processes 

Rhomboid major muscle 

Transverse processes of thoracie 
vertebrae 

‘Teres major muscle 

Intertransverse ligaments 

Levatores eostarum muscles 

Rotatores muscles 

Tendons of iliocastais muscle 
Intertransversarii lumborum muscle (lateral) 
lac erest 

‘Gluteus maximus muscle 

Semispinalis capitis muscle 

Semispinalis ervicis muscle 

Semispinals thoracis muscle 

External intercostal muscles 

Mulifidas muscle 

Intertransversari posterior cervicis muscle 
Spinal thoracis muscle 


1 Occipital belly of occipitofrontalis muscle 
2. Splenius capitis muscle 

3 Trapezius muscle 

4 Medial cutancous branches of dorsal rami of 


5) Medial margin of scapula 

{6 Rhomboid major muscle 

7 Latissimus dorsi muscle 

§ Lateral cutaneous beanches of dorsal ami of 
spinal nerves 

9 Thoracolumbar fascia 

10 External abdominal oblique muscle 

M1 Miacerest 

12 Last eoceygeal vertebra 


13 Anus 
14. Greater osspital nerve 
15. Thitd occipital nerve 


16 Lesser occipital nerve 


17 Cutaneous bes 

18 Levator scapulae muse 

19 Deltoid muscle 

20 Rhomboid major and minor muscles 

21. Upper lateral cutaneous nerve of arm 
(branch of axillary nerve) 

22. Teres major muscle 

23. tliocostalis thoracis muscle 

24 Serratus posterior inferior muscle 


nes of cervical plexus 


25. Superior cluncal nerves 
26 Midale clancal nerves 
27- Inferior cluneal nerves 
28 Posterior femoral eutancous nerve 


‘To page 21 
1 Trapezias muscle 
2. Infraspinatus muscle 
3 Left htissimus dorsi muscle 
4 Thoracolumbar fascia 
5 
6 
1 


Splenius cervicis muscle 
‘Serratus posterior superior muscle 
Medial branches of dorsal rami 
‘of thoracic spinal nerves 

8. Lateral branches of dorsal 
‘of thoracic spinal nerves 

ocostalis muscle 

Serratus posterior inferior muscle 

11 Latissimus dorsi muscle (reflected) 


Innervation of the back I. Superficial (left) and deeper (right) layers. 
Right trapezius and latissimus dorsi muscles removed. 10 


9 


‘General characteristics ofthe innervation of the buck. 
Distribution of dorsal branches of spinal nerves. Note the 
segmental arrangement of the innervation of the dorsal part of 
the trunk. (Schematic drawing.) 


Position and branches of spinal nerves in one segment of 
thoracic wall. (Schematic drawing.) 


Greater capital nerve (Cs) 
Subocepital nerve (C,) 

Medial branches of dorsal rami of spinal nerves 
Lateral branches of dorsal rani of spinal nerves 
Superior claneal nerves (Li-Ls) 

Midale clancal nerves (5-81) 

Inferior cluneal nerves (derived from branches 
‘of the sacral plesus, ventral rami) 

Lesser occipital nerve 

Great auricular nerve 

‘Trapezius muscle 

Deltoid muscle 

Latissimus dorsi muscle 

luteus maximus muscle 

External intercostal muscle 

Internal intercostal muscle 

Innermost intreostal muscle 

Dorsal ramus of spinal nerve 

Spinal nerve and spinal gangtion 

‘Sympathetic trunk with ganglion 

Tntercostal nerve 

Laer cations ah ecm 
Anterior cutaneous branch 
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Figure 17-8. Another adjustable DO-DC converter. The 
output voltage is determined by acing an external resis 
tar or tnemmer potentiometer. External smoathing capact 
tars are required, as shawn in the components datasheet, 


Figure 170. Another adjustable DC-DC converter. The 
‘ultput voltage is determined by adding an external resis 
tar or trimimer potentiometer. External smoothing capaci 
tors are required, as shown in the component's datasheet. 


Values 


often allow equipment to be usable internation- 
ally, on any voltage ranging from 100VAC to 
250VAC, at a fequency of SOHz or 60H2, without 
any adaptation. 


Output Voltage 

As previously noted, many converters allow the 
output voltage to be adjusted by adding an ex- 
ternal resistor or potentiometer, Alternatively, 
there may be multiple fixed output voltages, ac- 
cessible via different pins on the package. They 
may also provide a positive voltage and equally 
opposite negative voltage relative to a ground 
pin. 


Input Current and Output Current 
Because input voltage and output voltage are 
likely to be different, the current alone is not a 
reliable guide to power handling, 


A datasheet should specify inputcurrentwith no 


load (open circuit on the output side). This cur- 
rent will have to be entirely dissipated as heat. 


Load Regulation 
This is usually expressed as a percentage and 
suggests the extentto which output voltage may 
be pulled down when the load on a DC-DC con- 
verter increases. If Vj is the measured output 
voltage with no load, and Vyas is the measured 
output voltage with the maximum rated load: 


Load regulatior 


10 * (Vax ~ Vnae)/Vnax 


However, note that some converters are de- 
signed with the expectation that they will never 
be used with zero load across the output. Inthese 
€25e5, Vp will be the voltage at minimum rated 
load. 


Efficiency 
This is a measure of haw much input current 
must be dissipated as heat. A converter with a 
12-volt input, drawing a maximum 300mA input 
current, will consume 3.6 watts (3,600mW). Ifitis 
80% efficient, it will have to dissipate roughly 
20% of its power as heat, or 720mW. 
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Lumbar portion of spinal cord. Note the relation between 
the nervous and muscular segments 


Innervation of the hack IV. Spi 
the vertebral canal (opened), Longissimus 
been removed and iliocostal 


9 Spinal arachnoid mater 
10 lum terminate 
dullaris 


Dorsal primary rams 


Terminal part of spinal cord, Dura removed. 


1 Arch of vertebra (divided) 
2 Spinal nerve with meningea covering 
3 Dorsal mots thoracie spinal nerves 
4 Spinal eord (thoracic portion) 
5 Spinal anglia with meningeal cover 
6 Piamater with blood ve 
7 Dura mater (opened) 
Denticulate ligament 
9) Lateral branch of dorsal amu 
Doryal ramus of spinal nerve 


branch) 
Medial branch of dorsal ramus 
af spinal ner 
Spinal dura mater 

of sacral segments 


‘Thoracic portion of spinal cord (dorsal aspect), Vertebral canal and dura 


opened. 


‘Terminal part of spinal cord with dura 
nater (dorsal aspect). Dorsal part of 
‘sacrum removed, 


1 Trapezius muscle Meningeal coverings 
Dura matee 


2. Semispinalis capitis muscle 
3 Suldutal sp 


Dorsal ramus of spinal 


nerve Extradural or epidural 
Sternocleidomastoid muscle space with venous plexus 
5. Platysma muscle und fat ts 


Arachnoid (green) 


ventral roots 
Subarachnoid space 
Pia mater (pink) 
3 Nucleus pulposus 


7 Spinal ya 

& Posterior belly of digastric 
muscle 

Ventral ramus of spinal 


Crus of diaphragm 


Incervertchal 


ody of ist lumbar 

10 Vertebral artery vertebra 

HL Great auricular nerve Spinal cord 

12 Superficial temporal artery 38 Conus medullaris 

15. Styloid proce 39 Cauda equina 

14 Internal jugular vein ad 30 Filum terminate 
innernal earoti attery 41. Spinous pro 


15. Rectus capitis posterior 
major muscle 


Horizontal section of the neck. Dissection of the second 
cervical spinal nerve. Posterior surface at top of figure. 


interior articular facet of atlas 
[Longus capitis muscle 
Pharyngeal cavity 

Meal perygoi 

Periosteum of vertebral 
canal 


5 Posterior spinal arteries 
Anterior spinal artery 


Meningeal coverings of the spinal cord (anterior aspect) 
(Schematic drawing.) 


Sagittal section through the vertebral canal, TL. 
(MR-Scan.) 


Median section of the head and trunk in the Median section of th 
adult (female). The conus medullaris of the that in the neonate the 


spinal cord is located at the level of L. extends far more caudally than in the adult. 


Smal inestin 
3. Uterus 


Mella « 29 Thymus 
10 Stomach Spinal cord 


1 Sternodleidomastoid muscle 
2 Lesser occipital nerve 
3 Descending fibers of trapezius muscle 


Thin . 
13. Splenius capitis mu 


Dorsal aspect of neck HI. Deeper layer. The left trapevius muscle has been divided and reflected. On the right, trapezius, 
rhomboid and splenius muscles have been divided, Right levator scapulae muscle has been slightly reflected. 


Galea apo Left trapezius musele and acces Splenius cerviis musele 
Occipital belly of muse LLevator seapulae muscle Right accessory nerve and superficial 
‘Occipital artery Superficial branch of transverse cervcs branch of transverse cervical artery 
artery Right levator scapulae muscle 
Semispinalis capitis musele Thomboid minor musele 23. Dorsal scapular nerve and deep branch 
Sternocleidomastoid muscle Rhomboid major muscle of transverse ceFvical artery 
Lesser occipital neve Medial margin of scapula Serratus posterior superior muscle 
Let splenias capitis muscle Medial branches of dors rami of sph Right trapezius muscle (divided and 
Third occipital nerve (C3) reflected) 
tum nuchoe 26 Right rhomboid major musck 
Splenive copie muscle (div (divided and reflected) 


Dorsal aspect of neck IIL. Deepest layer. Nuchal 
we been divided and partly rem 


Semispinalis capitis muscle 
divided) 
2 Fxter 


al occipital protuberance 

3 Obliquus capitis superior 

h muscle 

‘ Wis Rectus capitis posterior minor 
muscle 


i Rectus capitis posterior major 
’ \g ‘Vertebral artery 
¥ / ‘blue capt tferor muse 
NG : 


4 Spinous proces of axis 
BOWNEY Ni Third cervical vertebra 
A Neh 410 Osiptal belly ot 
a cceptfrontals muscle 
Greater ocpital nerve 
Subocsiital nerve (C)) 
Thin occipital nerve (C3) 
5 Masioid process and 
pts muscle 


6 Al 

7 Axis 

18 Spinous process of third cervical 
vertebra 

Right semispinals cervicls 

muscle 


Deep cervie 
Lett spe 

ivided) 
Left sternocleidomastoid 


muscle 
Great auricular nerve 

Left semispinlls capitis musele 
ef longissimus cervicis muscle 
to seapulae muscle 


(aivided) 
Medial branches of dorsal 
‘rami of spinal nerves 

30 Occipital artery 

31 Dorsal scapular nerve 


Dorsal aspect of neck IV. Deepest layer, suboccipital triangles right semispinalis capitis muscle 


divited and reflected, 


tangle and position of the vertebral artery 
je drawing.) 


u 


Insertion of semispinalis capitis muscle (divided) 
Lesser occipital neve (from cervical 

plexus) 

Suboccipital nerve (C;) 

Greater occipital nerve (C;) 

Splenius capitis muscle (reflected) 


Splenius cervicis muscle 
Levatar seapulae mus 
(ei) teapesos smaeele 


LLongissimus cervieis muse 
iocostaliscervicis mus 
Medial ewtaneus tranches of dorsal 
of spinal nerves (C..C,) 
Longissimusthoracis muscle 

pin of scapula 

is posterior minor muscle 
Obliquus capitis superior muscle 
Rectus capitis posterior major muscle 


Semispinalis cervicis muscle 
Semispinalis capitis muscle 
clivided and reflected) 
“Transverse cervical artery 

perfeial branch) 
Serratus posterior superior mus 
divided and reflected) 
Rhomboid igor muscle 
(divided and reflected) 

26 Rhomboid major muscle 
(divided and rele 


How to Use it 


Ripple and Noise 
Sometimes abbreviated R/N, this may be meas- 
ured in mV or as a percentage. Check the speci- 
fication carefully to determine whether the 
ripple-and-noise values require use of external 
smoothing capacitors. Often, this is the case. 


Isolated or Non-Isolated 

This crucial piece of information is often found 
near the top of a datasheet, not in the detailed 
specifications. 


How to Use it 


Because a converter creates electrical noise, it 
should be prevented from affecting other com- 
ponents by adding substantial bypass capaci- 
tors as close as possible to its input and output 
pins, For most converters, external capacitorsare 
mandatory, and their effective series resistance 
(ESR) should be as low as possible (see the ca- 
pacitor entry in this encyclopedia foran explan- 
ation of ESR). Tantalum capacitors are preferable 
to electrolytics for this reason, and are also more 
durable, Some manufacturers recommend plac- 
ing a tantalum capacitor in parallel with an elec- 
trolytic. Asmall ceramiccapacitor, typically 0.1pF, 
is often recommended in an addition to larger- 
value capacitors on the output side. 


The voltage rating of each capacitor should be 
twice the voltage atthe pointin the circuit where 
it is used. The capacitance value will usually be 
higher for higher-current converters. Values of 
100pF are common, but for high amperage, a 
value may be as high as 1,000. 


While datasheets are often inadequate for some 
types of components, datasheets for DC-DC 
converters usually include detailed instructions 
regarding bypass capacitors, Following these in- 
structions is essential. In the relatively rare in- 
stances that a datasheet makes no mention of 
bypass capacitors for a converter, this does not 
necessarily mean that the capacitors are unnec- 
essary. The manufacturer may assume that they 
will be used as a matter of course, 
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Converters are used in a very wide range of de- 
vices, supplying power ranging from a few milli- 
amps to tens of amps. At the lower end of the 
scale, devices such as cellular telephones, 
portable computers, and tablets contain sub- 
Circuits that require different voltages, some of 
which may be higher than the voltage ofa single 
battery or battery pack that powers the device, 
Aconverter can satisfy this requirement. Because 
a converter can be designed to maintain a fixed 
output in response to a range of input voltages, 
itcan also compensate for the gradual decline in 
voltage that occurs during battery usage. 


A boost-type converter can be used to double 
the voltage from a single 1.5V battery in an LED 
flashlight where 3 voltsare required to power the 
LED. Similarly, a boost-type converter can pro- 
vide the necessary voltage to run a cold-cathode 
fluorescenttube that provides backlighting inan 
LCD computer display. 


On a circuit board that is primarily populated 
with SVDC components and is fed by a single 
5VDC power supply, a converter can be used to 
supply 12VDC for ane special purpose, such as 
an analog-digital converter or a serial data con- 
nection 


If electromechanical relays or other inductive 
loads share a common ground with compo- 
ents such as logic chips or microcontrollers, it 
may be difficult to protect the sensitive compo- 
ents from voltage spikes. A A flyback converter 
with a transformer separating the output from 
the input can allow the “noisy” section of the cit- 
cuit to be segregated, so long as the converter 
itself does not introduce noise. Since the elec- 
tromagnetic interference (EMI) introduced by 
converters varies widely from one model to an- 
other, specifications should be checked carefully. 


Very low-power components can pick up EMI 
from the wires or traces leading into and out of 
aconverter.Inthis type of circuit, adequate noise 
suppression may be impossible, and a converter 
may not be appropriate. 
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‘Neck, deepest layer. Spinal cord und medulla oblongata (dorsal aspect). Cranial cavity opened 


1 Vermis ofthe cerebellum 
2 Medulla oblongata and posterior spinal artery 
3 Vertebral artery 

4 Spinal ganglion 

5. Occipital artery 

6 Cerebellum 

7 Cerebellontedul 


Greater occipital nerve (C:) 
Levator scapulae muscle and imertransverse ligament 
Dorsal roots of spinal nerves 

Vertebral 

Denticulate ligament and arachnoid mater 


Area where pia mater has been removed 
Dura mater 
Dorsal rumi of spinal nerves 


Deeper layer of the dorsal neck (oblique lateral aspect). Trapezius and semispinalis capitis muscles hav 


removed. 


Great auricular nesve 
Accessory nerve (1X1) 
Sealenus posterior muse 
Tansve ical artery 


Muscular branch of cervical plexus 


Traperins muse 
(Occipital artery 

Greater occipital nerve 
Semispinalis capitis mus 
LLongissimus capitis muscle 
Splenius capitis muscle 


Splenius cerviels muscle 
Serratus posterior superior muscle 
r ical vein (ariant) 
Rhomboid minor muscle 


7 Levator scapune muscle 


Sternncieidomastokd muscle. 


‘Thoracic organs, heart and lungs in situ (ventral aspect). Anterior thoracic wall, parietal 


pleura and pericardium had been removed. 


‘Sagittal section through thoracic cavity. The divisions 
of the mediastinum are indicated by colors, 


1 Thyroid gland 
2 Internal jugular vein 

3 Right common carotid artery 
4 Right 
5 Right brachiocephalic vein 
{Superior lobe of right ung 
7 Right arium 
8 
9 
0 
1 


Right coronary artery 
Middle lobe of right lung 
Right ventricle 
Diaphragm 

Liver (left lobe) and 
fate 


ligament 

13, Loft internal jugular vein 

14 Trach 

15. Left brachiocephalic vein 

16. Superior lobe of left lung 

17. Cut edge of pericardium 

18 Ascending aoet 

19 Pulmonary tank 

20 Inferior lobe of left lung 

21 Left ventricle 

22. Costal margin 

23, Right pulmonary artery 
Esophagus 

Descending aorta 

Pericardium 

Aortic valve 


Thymus 
Diaphragm 


Main content 


[Superior “Trachea, brachiocephalic veins, 
mediastinum thymus, aortic arch, esophagus, 
(yellow) thoracie duct 
Middle Heart, ascending aorta, pulmonary| 
‘mediastinum trunk, pulmonary veins, phrenic 
ight blue) nerves 
Posterior Esophagus with vagus nerves, 
mediastinum descending aorta, thoracic duct, 
(red) sympathetic trunks 


‘Anterior mediastinum 
(pink) 


small vessels, connective and fatty 
tissue, and thymus in a child 


Right internal 
Vagus nerve 
Right comm 
Right subclavian vein 
Right brachiocephalic vein 
Superior vena eavs 

8 Upper lobe of right lung 
Right au 
Midale lobe of right tung 
(Oblique fissure of right lung 


4 Faleform ligament 
Trans 
Thyroid gland 
Trachea 
Loft internal jugular vein 
Left cephalic vein 
Lett brachiocephalic vein 
2 Pericardium (cut 
Uppet lobe of left ung, 
Right ventricle 
Left ventricle 
Anterior interventricular suet 
7 Lower lob 
28 Xiphoid proce 
29 Liver 


Positions of thoracic organs. 
Arrow: horizontal fissure of right lung, 


Sagittal section through the left thorax, 2 cm lateral to the 


median plane 


Sagittal section through the lef thorax, 3.5 em lateral to 
the median plane. 


Sagittal section through the thorax. MR-Scan 


33. Pulmonary trunk 

34 Left ventricle and bulb of aorta 
35 Left atrium 

36. Left msin bronchus 

37 Bsophagus 

38 Descending aorta 

39. Serratus anterior muscle 

40. Teres major muscle 


41 Rib 
42. ‘Trapecius muscle 
43° Right atium 


44 Left pulmonary vein 
45. Right pulmonary vein 


ht mai bronchus 


7 Azygos-vein 
48. Body of vertebra 
49. Spinal cord 
50 Scapa 
51. Left common carotid artery 
2. Sternoclavicuar articulation with dise 
53 Right pulmonary artery 
54 Remnants of thymus 
55 Aortic bulb 
36 Right atrium 
Entrance of inferior vena cava in right atrium 
58 Panereas 
59 Left renal vein 
60 Dood 
61. Transverse colon (dilated) 


Small intestine 
Umbiliews 
Left subchivian artery 
Aortic arch 


Thoracic worta 

(67 Abdominal sorta 

{68 Intervertebral dise 

69 Body of lumbar vertebra 

70 Aorticvalve 

11 Cat 
Suprarenal 


3 Splenic vein 


1 Sphenoid sinus 
Pharyngeal opening of auditory tube 
3 Spinal cord 
Dens of axis 
Orophar 


& Esophage 
9 Upper lobe of right tun 

10 Azygos vein 

11 Broches of pulmonary artery 

2 onchs 

3 of trachea 

14 Tiibutaries of right pulmonary veins 
15) Midas foe of ight hun 


16. Lower he of right lang 
17. Fromtalsinus 

18 Superior nasal conch 
9 Middle nasal e 
Inferior nasal 


Hard palate 


Soft pate with uvuta 


Vocal fold 


Lays 
26 Trachea 
Upper lobe of fet hung 


29 elt 
30. Left pulmonary veins 


Lower lobe of left lung 


To poge 24 
Respiratory system. The lungs have been fixed in expiration and turned 1 Nasal casity 
laterally. Head bisected and turned laterally 2 Pharynx 


3 Larynx thyroil cartilage) 
4 Trachea 
5) Upperobe of right lang 


zontal fssute of right hung 
5) Middle lobe of right lun 


10 Oblique fissures of lings 


11 Lowerlobe of right lang 


13. Upper lobe of eft tung 
14 Left maim bronchus 
15. Hronchi supplying bronchopolmas 


16 Lower 
Cosa margin 

18 Hyoid bone 

19 Right superior lobe bronchus 

20. Right mide lobe bronchus 

2 Ri 

22 Lett superior lobe bron 


24. Segmental bronchi 
Bronchi 


e (ventral aspect). The lung tissue has been removed. The 25 Branches of pulmonary arteries 


bronchopulmonary segments are numbered 1-10, pulmonary veins 


Larynx, trachea and bronchial tree (anterior aspect) nie 


jon and positions of respiratory organs. 
(Schematic drawing.) 


section of the bronchial tree, pulmonary veins, nd pulmonai 


arteries of right lung (left) and left lung (right) 
(medial aspect), Segmental bronchi are numbered 1-10. 


Surface projections of lungs and pleura on the thoracie wall. Left: anterior aspect; right: right-lateral aspect. 
Red = margins of the lung; blue = margins of pleura. The numbers indicate ribs. 


Surface projections of lungs and pleura on thoracic wall, Left: posterior aspect; right: left-lateral aspect. 
Red = margins of lung; blue = margins of pleura, The number indicate ribs. 


Left tung (lateral aspect) 


Right lung (medial aspect) 


Apex of ung 8 Upperlobe of ett ing 5 Beonchi 
Upper lobe of right a 9) Impressions of ribs Right pulmonary vein 


Horizontal fissure ofright ling 10 Oblique fissure of left lung Pulmonary ligament 4 Groove of esophagus 


Oblique fissure of right ung 11. Lowerlobe of left lun Diaphragmatie sur 25. Cardiac impression 
Middle lobe of ight lung oove of subclavian arte Groove of sortie arch 26 Lingua 
Lower lobe of right lung oove of azygos arch Left pulmonary artery 

7 Inferior border Branches of right pulmonary artery 21 ‘Branches of left pulmon: 


Right lung (medial aspect). Left lung (medial aspect) 


Right lung (lateral aspect). Loft lung (lateral aspect) 


ous colors. Notice that there is no segment 
ith the schematic drawing on the 


egments of the lungs are differentiated by the v 
in the left lung that corresponds to the 7th segment of the right lung. Compa 
facing page. 


‘The bronchopulmonary 
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What Can Go Wrong 


Electrical Noise in Output 

Electrolytic capacitors may be inadequate to 
smooth the high frequencies used. Multilayer ce- 
ramic capacitors or tantalum capacitors may be 
necessary. Check the manufacturer's datasheet 
for minimum and maximum values. Also check 
the datasheet for advice regarding placement of 
capacitors on the input side as well as across the 
output. 


Excess Heat with No Load 

Some converters generate substantial heat while 
they are powered without a load, The manufac- 
turer's datasheet may not discuss this potential 
problem very prominently or in any detail. Check 
the input rating, usually expressed in mA, speci- 
fied fora no-load condition, Allofthis current will 


What Can Go 


ong 


have to be dissipated as heat, and the very small 
size of many converters can result in high local- 
ized temperatures, especially since many ofthem 
allow no provision for a heat sink. 


Inaccurate Voltage Output with 
Low Load 

‘Some converters are designed to operate with at 
least 10% of full rated load across their output at 
all times. Below this threshold, output voltage 
can be grossly inaccurate, Read datasheets care- 
fully for statements suchas this: “Lower than 10% 
loading will result in an increase in output volt- 
age, which may rise to typically double the speci- 
fied output voltage if the output load falls to less 
than 5%” Always usea meter to verify the output 
voltage from a converter at a variety of different 
loads, and perform this test before installing the 
converter in a circuit. 
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Distribution of bronchopulmonary segments of the lungs and thei 

The bronchopulmonary segments are morphologically and functionally separate indepenclent respiratory unit 

Each segment is surrounded by connective tissue which is continuous with the vis 

seginent are central, elosely accompanied by branches of the pulmonary arteries whereas the tribut 

run between the segments. Thus, the veins serve two adjacent segments which drain for the most part into more than one vein, 
segment is therefore not a complete vascular unit, but segmentation is the result of a specific architecture 


A bronchopulmonary 
Of the lung vasgulature, 


ion to the bronchial tree (after J. F Huber). 
of the lung tissue. 


pleura. The segmental bronchi in a 


| Right ang 


vat tng 
1 paca 142 pee 
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2. Posterior segment | UPP=s postrorsegment | Seer 
3 Annie wot s Karson Urperte 
it 
4 Lateral segment } Middle lobe 4 Superior lin segment | Inferior 
5 Nenacgment } hemtan 3 nic tapear nga 
6 Sapo pa) eget 6 Spero eget 
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ecto ot 
8 Anserbsalegnen f Le*erot # Ameromeiatasegnenn } Lawe' 
2 Lawraltepne 3 ate beeamen 
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ies of the pulmonary veins 


Heart of 30-year-old woman (anterior aspect) Heart of 30-year-old woman (oblique posterior view), 


1 Left subelavian artery 9 Coronary sulcus 18 Left ventricle 
2. Left common carotid artery 10. Right ventricle 19. Apex of the heart 

3. Braciocephalic trunk 11 Aortieatch 20) Left atria 

4 Superior vena cava 12 Ligamentum ateriosum 21 Epicardial fat overlying coronary sinus 
5 Ascending aorta 13. Left pulmonary veins 2 Pasterir interventricular suleus 

6 Bulbof the aorta 14 Left auricle Right pulmonary artery 

7 Right auricle 15 Pulmonary trunk Right pulmonary veins 

8 Right atriam 16 Sinus of pulmonary trunk 25 Inferior vena cava 


17 Anterior interventricular sulcus 


1 Right brachiocephalic vein 
2 Superior vena enva 

3. Ascendingaorta 

4 Right atrium 

5. Right veotricl 


6 Inferior vena cava 
7 Left internal jugular vein 

8 Lett common carotid artery 
9 Left axillary artery and vein 
10. Lefe brachiocephalic vein 
11 Pulmonary trunk 

12 Left auricle 

Position of heart and its vessels within the thorax, 13. Left ventricle 

(Schematic drawing.) 14 Descending aorta 


1 Larynx (thyroid cartilage) 

2. Sternocteidomastoid muscle 
(divided) 

3. Trachea (divided) and right 
{internal jugular vein 

4 Vagus nerve 

5. Right common carotid artery 
and cephalic vein 

6 Esophagus 

7) Right axillary vein 

8 Right and lett brachiocephalic 

9. Superior vena cava 

10 Right auricle 


13 Diaphragm 

1M. Pericardium (cut edges) 

15. Costal margin 

16 Omohyoid muscle 

17 Left common carotid artery 

18 Left internal jugular vein 

19. Chaviele (divided) 

20) Left recurrent laryngeal nerve 

21 Subelavian vein 

22 Pericardial reflection 

23. Palmonary trunk 

24 Ascending aorta 

25. Anterior interventricular sulcus 
and anterior interventricular 
‘branch of left coronary artery 

26 Right ventricle 

27 Left ventricle 

28 Aortic valve 

29 Tricuspid or right 
aioventricular valve 

30 Inferior vens cava 

‘a 31 Pulmonary veins 
Heart and related vessels in situ (anterior aspect). Anterior thoracic wall, pericardium 32 Pulmonary valve 


and epicardium have been removed; trachea divided, Lt pean eld 


Heart in situ, Position of valves (anterior aspect). (Schematic drawing.) 


1 Brachiocephalic trunk 
Superior 
Suleus termi 


4 Right auricle 
Right ateium 

6 Aortic valve 

7. Cems arteriosus (interventricular septum) 
8. Right atrioventricular (tricuspid) valve 


Anterior papillary muscle 
Myocardium of right ventricle 


Left common eaotid artery 


Left suhclavian artery 
Aortic arch 


[Ligamentum arteriosum (remnant of ductus 
15. Thoracic wo 
16 Ascending wor 
17 Left pulmonary vein 
18 Pulmonary trunk 
19) Left auricle 


(descending aorta) 


20. Pulmonie valve 
21 Anterior papillary muscle with chordae 
tendineae 

22 Myocardium of eft ventricle 
23 Posterior papillary muscle 

ventricular septum, 
25. Right and ltt bra 
26 Chordae tendis 
27 Papillary muses of right v 
28 Leftatrium 
29. Infundibulum 


iocephalic veins 


Anterior papillary muscle of left ventesle 
31 Left atrioventricular (bicuspid oF mitral) valve 
and chordac tendineae 


32 Apex of heart 


Anterior aspect of the heart. The anterior walls ofthe ventricles and 
fof the aorta and pulmonary trunk have been fenestrated to show the 
aortic valve 


Circulation within the heaet. (Schematic drawing.) The arrows 
indicate the direction of the blood flow through the heart 
Blue = right heart; red = left heart 


‘Heart in situ, Myocardium and coronary arteries 
(anterior aspect), 


1 Toternal jugular vein 
2. Common carotid artery 

3. Brachiocephalic trunk 

4 Ascending uorta 

5. Ripht ung 

6 Right auricle 

7 Right coronary artery 

8 Myocardium of right ventricle 

9 Diaphragm 

10 Costal margin 

11 Thyroid gland and internal jugular vein 
12 “Trachea and left common carotid artery 
13 Left brachiocephalic vein 

14 Left lung 

15) Pevieardium (cut edge) 

16 Pulmonary trunk 


17 Anterior interventricular artery 
18 Myocardium of left ventricle 

19 Museular vortex (right ventricle) 
20. Posterior interventricular sulews 
DL Anterior interventricular sulcus 
22. Museular vortex (eft ventricle) 
23. Aorticarch 

24 Let atrium 

25. Coronary sinus 

26. Superior vena cava 

27 Right pulmonary vein 

28 Right atcium 

29. Inferior vena cava 

30. Coronary ulus 

31 Myocardium of left ventricle 

32 Loft pulmonary artery 

33 Left pulmonary vein 

34 Apex of heart 


Heart (posterior aspect). The myocardium of the left Vortex of eardiae muscle fibers (from below). 
ventricle has been fenestrated to show the muscle fiber 


bundles of the deeper layer with their more circular course. 


1 Superior vena cava 
Crista terminalis 
Fossa ovalis 
Opening of 
5. Opening of coronary sinus 


6 Right auricle 
Right coronary artery and coronary sulews 
8 Anterior cusp of tricuspid valve 
9 Chordae tendineae 

Anterior papillary muscle 

peas 


12 Pulmonary tun 
13 Ascending aorta 
a Pal 

15 Conus arteriosus (interventricular septum) 


16. Septal papillary muscle 
17 Septomarginal or moderator band 
18 Apex of heart 

Left auricle 
Aortic valve 
Left ventricle 
Pulmonary veins 


tion of fossa ovals 
Left avium 

5 Left atrioventricular (bicuspid or mitra 
§ Coronary sinus 


7 Left coronary actery 
8 Posterior papillary muscle 
29 Leftsubclavian artery 
30 Descending sorta 

31. Left pulmonary artery 


Right heart (anterior aspect). Anterior wall of right atrium 


Left heart, Left atrium and ventricle opened. Aortic and Left heart, Aortic valve cut open. Left atrium and 
mitral valve cut open. ventricle opened. The atrial wall was cut near the anulus 
fibrosus of the mitral valve, 


1 Palmonic valve 
2. Sinus of pulmonary tr 
3 Left coromary artery 

tical (mitral) valve 


iaspid) 


10. Bulb of aorta 
Anterior semilunar eusp of 
pulmonic valve 

12 Left seminar eusp of pulmonic 
valve 
Right semilunar cusp of pulmonic 
ave 
Left semitunar cusp of aortic val 
Right semilunar cusp of aortic val 
Posterior semilunar cusp of sortie 
tricuspid valve 
le tendineae 
Trabeculaccarncae 
Interventrcular septum 
‘Valves of heart (superior aspect). Left and right atrium removed. Dissection of Septal cusp of tiuspit val 


coronary arteries, Above: anterior wall of the heart apillary muscle 


Pulmonic and aortic valves (from above). Anterior w Right atrioventricular (tricuspid) valve (anterior as 


the heart at the top. Both valves are closed, removal of the anterior wall of the right ventricle). 


Ascending worta 
2 Superior ven cava 

Right auricle 
ight telus 
Coronary sues 
ight ventricle 
Pulmonary trunks 
Let auricle 


Anterior interventricular sulcus 


Loft ventricle 

Right pulmonary artery 

2 Sulews terminalis with sinuatrial nade 
Line indicating plane of position of valves 

Myocardium of right atrium 

Inferior vena ca 

Valve of pulmonary trunk 

Tricuspid valve 

Myocardium of right ventricle 


Heart, fixed in diastole (anterior aspect). The ventricles are relaxed, atria 
contracted, 


Morphological changes during heart 
movements, Note the changes in positon af the 
valves (arrows). Contracted portions of heart 
are indicated in red, 

A, Diastole, muscles of the ventricles relaxed; 
atrioventricular valves open, semiluunar valves 
closed. 

H. Systole, muscles of ventricles contracted; 
Heart, fixed in systole (anterolateral aspect), The ventricles are atrioventricular valves closed, semilunar valves 
contracted, atria dilated. ‘open, 


15] 


‘bundle branch (probes). 


1 Superior vena cava 5) Muscle fiber bundles of right atrium 9 
2 Suleus terminalis {6 Coronary sulcus (with rightcoronary artery) 10) 
3 Bulb of aorta 7 Aottiesinus " 
4 Sinuatrial node (arrows) 8 Entrance to left coronary artery 2 
ry 
u 
is 
6 
7 
18 


Right atrium, anterior wall, showing the location of the 
sinuatrial node (arrows), 


Left ventrick 
of conducting system (probes) 


dissection of the left limb or bundle branch, 


Aortic valve 
Branches of left bundle branch 
Purkinje ib 


Left auricle 
Interventricular septum 


Ascending aorta 
Right atrium 
Opening of 
Altrioven 
Septal cusp of tricuspid valve 
Pulmonary trunk 

ticular bundle (bundle of His) 
Bifurcation of atrioventricular bundle 
Right bundle branch 

Inferior vena civ 

Left 
Left bundle branch 


Atrio 


Papillary muscles with Purkinje fibers 


Conducting system of the heart. 
(Schematic drawing.) 


Coronary arteries (anterior aspect), The epicardium and 
subepicardial faty tissue have been removed. The 
arteries have been injected with red resin from the aorta, 


1 Ascending aorta 
2 Aortic bulb and (in the above specimen) sinuatsial branch of right 
3 Right 
4 Right coronary artery 
5 Right atsium 
6 Coronary suleus 

ight wentrile 
81 
9 Pulmonary trunk 


‘Vessels of the heart. Co 


FY arteries (red) and veins 
(blue) of the heart (anterior aspect). 


Right coronary artery and veins of the heart (dorsal aspect), 
The epicardium and subepicardial faty tissue have been 
removed 


10 Circumfles branch of eft 
11 Left coronary artery 


12. Diagonal branch of lft artery 
1B Great cardiac vein 

14 Anterior interventricular artery 
15 Anterior interventricular suleus 
16 Left ve 
17. Apex of heart 

18. Right pulmonary vein 


19 Leftatriam 

20. Left pulmonary veins 

21 Oblique vein of lle atrium (Marshalls vein) 
Coronary sinus 

Great cardiac vein 

Coronary sulcus (posterior portion) 

Posterior vein of left ventricle 

Midate ca 

pulmonary artery 


Inferior vena cava 
Right atrium 
Posterior interventricular branch of right coronary artery 


Superior vena cava 
Right marginal bronch 
Branch of sinuate 
Minimat 


Hie veins 
cardiae vein 


Si 


‘Mammary gland (sagittal section; pregnant female). 


Platysma muscle 

Clavie 

Deltoid muscle 

Pectorais major muscle 

5. Deltopectoral groove 
and cephalic vein 

6 Latissimus dorsi muscle 


7. Medial mamarian branches 
of intercostal nerves 

8 Breast tissue 

9 Arcola 

10 Nipple (pepilla) 

11 Costal margin 

12. Pectoral fascia 

13 Mammary gland 

14. Serratus anterior muscle 

1S. Lactiferous sinus 

16 Lactferous ducts 


Galactogram of mammary gland (adult female), 
Notice multiple duct cysts 


Thoracic wall and organs (ventral aspect). The left clavicle and ribs have heen partially removed, and the right intercostal spaces 
pened to show the internal thoracie vein and artery 
Right imernal jugular vein 
‘Omohyoid muscle Right interna thoracic artery and vein Brachial plexus 
Steenohyoid muscle and external Fasciles of transversus thoracis muscle Vagus nerve 
iagular vein internal intercostal muscles Left axillary vein 
Serratus anterior muscle 
Costal margin 25 Ribs and thoracie wall (cut) 
External abdominal oblique muscle Costal pleura 
Pectoralis major muscle terior sheath of rectus abominis muscle Xiphoid process 
nocleidomastoid muse Supe 
ctoralis minor musel Left internal jugular vein 29 Diaphragm 


External intercostal muscle 


Body of sternum Teansverse cervical artery 


Stermothyroid musele an its nerve 
(branch of the ansa vervicalis) 
Right internal jugular vein 

Right common carotid artery 
Cephalic vein 

Right subelavian vein 

Right brachiocephalic vein 
Pectoralis major muscle (divided) 
Pectoralis minor muscle (divided) 
Parasteral Iymph node 

Internal thoracic artery and vein 


nd pleura, Ribs, clavicle and sternum have been partly removed. 


= lymph ve 


u 
2 


4 
15 
6 
i 
1s 
ry 


and nod 


Anterior margin of costal pleur 
Pesicaedin 

Sth and 6th ribs (divided) 

and serratus anterior muscle 
Costodiaphragmatic recess 
External abdominal oblique muscle 
Rectus ahdominis muscle 
Laryns (thyroid eartilage) 

Thyroid gland 

Trachea 


Left brachiocephalic vein 


Left internal thoracic artery and vein 
Thymus 
Costa pleura 
Costal margin 
rior epigastric artery 
Margin of costal pleura 


30 Cut edge of anterior sheath of re 
aldominks nivscle 


1 Larynx (thyroid cartilage) 
2 Thyroid gland 
3. Trachea 
4 mernal jugular vein 
S- Brachial plexus 
{Right brachiocephalic vein and common carotid 
7. Right phrenic nerve 
8 Ascending sorta 
9 Pectoralis minor muscle (divided) 
10 Pulmonary trunk (covered by periardiuan) 
11 Costa pleura 
12. Pericardium and heart 
13. Serratus anterior muscle 
14 Xiphoid process 
15 Costal margin 
External abdominal oblique muslee 
Sternothyroid muscle (divided and reflected) 
‘Vagus nerve 
Left common carotid artery 
Left sympathetic trunk 
Left recurrent laryngeal nerve 
[Left internal thoracic artery and vein (divided) 
Margin of costal pleura 
Intercostal nerves and vessels 


Superior epigastric artery 
Rectus abso 
Diaphragm 
Ansa cervicalis 

Phrenie nerve and scalenus anterior muscle 
External jugular vein (divided) 

Right subclavian vein 

Right brachiocephalic vein 

Internal thoracic artery (divided) 

Internal thoracic vein (divided) 

Right lung 

Cricothyroid muscle 

Omobyoid muscle 

‘Thymus 

Left lung 


‘Thoracic organs (ventral aspect). The internal thoracie vessels have been removed, and the anterior margins of the pleura and 
lungs have been slightly reflected to display the anterior and middle mediastinum, including the heart and great vessels. 


‘Thoracic organs (ventral aspect). The pleura has been opened and the lungs exposed. R, 
pericardium are seen 


Right internal jugular vein 
Phrenic nerve and sealenus anterior muscle 
le (divided) 
subclavian artery and vein 
Internal thoracie ut 
Right brachiocephalic vein 
Brachiocephalic trunk 
Thymus (atrophic) 
Upper lobe of right lung 
Horizontal fissure of right lung (incomple 


u 
2 
3B 
1 
1S 
6 
: 
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Midale lobe of right lung 
Oblique fissure of right lang 
Lower lobe of right lung 
Xiphold proc 

Diaphragm 

“Thyroid gland 

Left internal jugular vein 


ynmon carotid artery an 
brachiocephalic vein 
Internal thoracic artery and vein (divided) 
Ascending aorta and aortic arch 
Upper lobe of left lang 
Pesicaria 
26 Oblique fissure of left lung 
27 Lower lobe of lft lng 
28 Costal margin 


Thoracic organs (ventral aspect), The thoracic wall, enstal pleura, per 


Internal jugular vein 
External jugular vein (displ 
Brachial plexus 

Trachea 

Right common carotid artery 
CCavisle (divided) 

Right brachiocephalic vein 
Upper lobe of right hung 
‘Thymus (atrophic) 

Horizontal fissure of right lung 
Midale lobe of right tung 


Pericardium (cut edges) 
Oblique fissure of lung 
Lower tobe of right lung 
Diaphragm 


Location of larynx 
Left internal jugular vein 
Thyroid gland 

‘Omohyoie muscle (divided 


ardium and diaphragm have been partly removed 


Left subclavian vein 
Ist ib (divided) 

Internal thoracic artery and vein 

Pectorals major and pectorais minor muscles 
(cat edges) 

Upper lobe of left lung 

Right ventricle 

Cardiae notch of eft tung 
Interventricularsuleus of heart 

Left ventricle 

Lingala 

[Lower lobe of lft hin 


and the pericardium have been removed and the lungs slightly reflected 


Thyroid gland 11 Transverse pericardial sinus (probe) __-21._Left brachiocephalic vein and 
and scalenus anterior muscle 12. Right inferior thyroid vein 


ind internal jugular vein 13 Middle lobe of right lung internal thoracic artery and vein 
Clavicle (divided) Right ventricle (divided) 
5) Brachial ploxus and subclavian artery Cut edge of pericardium Upper margin of pericardial sae 


Subelavian vein Diaphragm 
Internal thoracic artery Internal jugular vein onary trunk 
Brachiocephalic trunk and right Trachea Left phrenie nerve and lee pest 
brachiocephalic vein Left recurrent laryngeal nerve cardiacophrenic artery and vein 
Superior vens cava sna thymic vein {Left common carotid artery and lobe of lft lng 


ight phrenic nerve vas ner ventricle 


‘Thoracic organs, position of heart, dissection of coronary vessels in situ (yentral aspect). ‘The anterior wall 
of thorax, costal pleura and pericardium have been removed. 


Intermediate supraclavicularnerve 12. Rightatrium 21. Left reeuerent laryngeal nerve 
Internal jugular vein 13 Right coronary artery and Trachea 
Right phrenic nerve small cardiae vein Left internal thoracie artery and vein (divi 
Right vagus nerve 14 Right yentrite Thymic veins 
It common carotid artery 15 Cat edge of pericardium 25 Margin of pericardial 
Right subclavian vein 17 Costa margin Pulmonary trunk 
Right brachiocephalic vein 18 Larymy (cricothyroid muscle Leftlung 
cal 2% Left ventricle 
Superior vena cava 19. Thyroid gland 29 Anterior interventricular artery and vein 
Ascending aorta 20. Left common carotid artery and 30 Lingula 
Right lung left vagus nerve 3 Liver 


(ventral aspect). Anterior wall of thorax, pleura and anterior portion 
of per ave been removed. The right atrium and ventricle have been opened to show the right 
trioventricular and pulmonary valves. 


‘Omobyoid muse Branches of pul 
Pyramidal lobe of thyroid gland Right auricle 
Internal jugular vein Right atrium 
Thyroid gland Right atrioventricular (tricuspid) valve 
Right subclavian vein 
Brachiocephalic trunk erior papillary muscle 
Right brachiocephalic vein 
Right internal thoracic artery 
ight phrenic ner Loft phrenic nerve 
Soperior vena cava Sealenus anterior muscle 
Pulmonary vein Brachial plexus 
‘Thyrocervical trunk 


Left common carotid artery 
Left subclavian arte 

[Left internal thoraeie artery 
Apex of left ung 

Left recurrent laeyngeal nery 
Cut edge of perienndia 
Pulmonary trunk (fenestrated) 
Pulmonic valve 
Supraventrcular eres 
Anterior pupillary muscle 
Left ventricle 


‘Thoracic organs, pericardiu inum (ventral aspect). Anterior wall of thorax and heart hav 
removed and the lungs slightly reflected. Note probe within transverse pericardial sinus, 


ight internal jugular vein and 12 Ripht phrenic nerve and right peri- 22 Left common carotid artery an lft vagus nerve 
right yagus nerve cardiacophenic artery and vein 23 Left internal thoracic artery and Vein (divided) 
igh phrenic nerve and scalenus anterior muscle 13. Right pulzsonary vein Vagus nerve at sortie atch 

Right common carotid art Oblique sinus of pericardium Cut edge of pericardium 

Brachial plex 5 Inferior vena cava Ascending aorta 

Right subclavian artery and vein Diaphragmatic part of pericardium 27 Pulmonary trunk (clvided) 

Right brachiocephalic vein Diaphragm Left pulmonary veins 


Right internal thorace artery (div Costal margin 29 Left phrenic nerve and left pericardiacophren 
Brachiocephalic trunk Thyroid gland artery and vein 
Upper lobe of right tung Trachea Contour of esophagus beneath pericardium 


Superior vena ca Left recurrent laryngeal nerve and 31 Contour of aorta beneath pericardium 


pericardial sinus ( inferior thyroid vein 2 Pericardium (cut edge) 


DC-AC inverter 


power > conver: 


n> de-ac inverter 


A power inverter must not be confused with a logic inverter, which functions as a digital 
component in logiccircuts to invert the state of a low-voltage DC input from high to low 
or low to high. Logic inverters are discussed in Volume 2. 


OTHER RELATED COMPONENTS 


+ ACDC power supply (See Chopter 16) 
+ DE-DC converter (Sea Chapter 17) 


What It Does 


How It Works 


A power inverter is included here as counter- 
point to a power supply or AC adapter, since it 
has the opposite function, The inverter receives 
an input of direct current (typically 12VDC from a 
car battery) and delivers an output of alternating 
current (AC) in the range 110VAC-120VAC or 
220VAC-240VAC, suitable to power many low- 
wattage appliances and devices. The interior of 
a low-cost inverter is shown in Figure 18. 


Figure 18-1. The interior components in a 175-watt inver 
ter 


The first stage of an inverter typically raises a 
12VDC input to a higher DC voltage via an inter- 
nal DC-DC converter, then uses a switching cir- 
cuit to create an approximation of the sinusoidal 
profile that is characteristic of AC valtage, 


Digital switching components naturally tend to 
create square waves, whose simple appearance 
conceals the presence of higher frequencies, or 
harmonics, that are ignored by some devices (es- 
pecially those that convert electricity into heat) 
but can be troublesome in consumer electronics 
equipment. A primary objective of inverter 
design is to adapt or combine square waves to 
emulate a classic AC sine wave with reasonable 
fidelity. Generally speaking, the more accurately 
an inverter emulates a sine wave, the more ex- 
pensive it tends to be. 


The most primitive inverter would create a plain 
square wave such as that shown in red in 
Figure 18-2, superimposed on a comparable sine 
wave (in green). Note that alternating current 
rated at 115 volts actually peaks at around 163 
volts becausethe number 115istheapproximate 
root mean square (RMS) of all the voltage values 
during a single positive cycle. In other words, if 
the voltage is sampled x times during a cycle, an 


157 


Internal thoracic vein 
Superior vena cava 
(Oblique sinus of pericardium 
Right pulmonary veins 
sop 
Branches aright vagus nerve 
Mesoeardium 

le obe of right lung 
Diaphragm 
Upper lobe of lft hing 
Ascending aot 
Pulmonary trunk 
Transverse pericardial sinus 


5. Left pulmonary veins 
Descending sorta and left vagus nerve 
Left ung (adjacent to pericardium) 
Pericardiam 
Left subcavian arte 


Vagus nerve 

ft recurrent lary 
Descending aorta 
Pulmonary artery 


smmion carotid artery 
Brachiovephalic trunk 
Arygos arch 

Right atria 

Right ventricle 

Aortic arch 


rior wall of the pericardium has been opened to show the adjacent 
esophagus and aorta. 


Heart with epicardium (posterior aspect). Arrows: oblig) Heart ith epicardium (anterior aspect). Arrow 
cardial reflection. 


4 
8 
8 
° 


Mediastinal organs after removal of he 


Supraclavicular nesves Azygos arch (divided) 22 Esophagus and left recurrent 
Internal jugular vein Bifurcation of tac laryngeal nerve 

‘Omohyoid muscle : Trachea 

Right vagus nerve Right pumonary veins Left yagus nerve 

Right common carotid artery Right lung Left common carotid artery 

Right subclavian arte 16 Esophagus snd branches Aortic arch 

Brachiocephalic unk fof right vagus nerve Left recurrent laryngeal nerve 
Right brachiocephalic vein 7 Inferior vena cava branching off from vagus nerv 
Superior cervial cardi branch Pericardium 28 Left pulmonary veins 

fof vagus nesve Larynx (thyroid cartilage, cricothyroid musele) 29 Thoracie aorta and left vagus nerve 
Inferior cervical cardiac branche 20 Thyroid gland Lett tung 

of vagus nesve 21 eternal jugular vein 31. Left phrenic nerve (divid 


1 Internal jugular vein 
2 Right 

3 Thyroid gland 
44 Right recurrent laryngeal nerve 
5 

6 


Brachiocephalic trunk 
Trache 

7. Bifurcation of trachea 

8 Right phrenic nerve 

9 Inferior vena cava 

10 Diaphragm 

11 Leftsubslavian artery 

12 Left common carotid artery 

13. Left vagus aerve 

14 Aortic arch 

15 Esophagus 

16 Esophageal plexus 

17 Thoracie aorta 

18 Left phrenic nerve 

19) Pericardivm atthe central wndon of 
diaphragm 

20 Right pulmonary artery 

21-_Leftpulmonary artery 

22 Tracheal lymph nodes 

23. Superior tracheobronchial lymph nodes 

24 Bronchopulmonary lymph odes 


Bronchial tree in situ (ventral aspect). Heart and pericardium have been 
removed; the bronchi of the bronchopulmonary segments are dissected, 
1-10 = numbers af segments, 


Relation of aorta, pulmonary trunk and esophagus to trachea 
and bronchial tree. (Schematic drawing.) 
1-10 = number of segments (ef. p.230 and 235). 


Organs of posterior medi 


Supraclavicular nerve 
Right internal guar vein with ansa cervicalis 
‘Omohyoid muscle 

Right vagus nerve 

Clavie 

Right subclavian artery and recurrent 

laryngeal ner 

Right sub 
Superior ervic 


ardiac branch of vagus nerve 
Inferior cervical ear branch of v 
Azygos arch (divided) 


Right lung 


2 
8 


Right pulmonary artery 
Right pulmonary veins 
Esophag 

Esophageal plexus 

Right phrenic nerve (vided) 
Infe 

Pericardium covering the diaphragm 
Larynx (thyroid cartilage and ericathyre 
Thyrold sland 

Left internal jugular vein 

Esophagus and left eeurrent laryny 
Trachea 


muscle) 


1m (ventral aspect). The heart with the pericardium has been removed, and the lungs and 
aortic arch have heen slightly reflected to show the vagus nerves and their branches 


Left yg 
{Left common carotid artery 


Acmtic arch 
Loft recurrent laryngeal nerve 
Bifurcation of trachea 


Left primary bronchus 
Descending aor 
Left pulmonary veins 

ranch of left vagus nerve 


35 Left phrenic nerve (divided) 


Mediastinal organs (ventral aspect). Heart and distal part of esophagus have been removed to display the vessels and 
nerves of the posterior mediastinum. 


Thyroid gland Arygos 21. Brachiooephlic trunk 
Right internal jugular v Thoracic duct, 22 Left vagus nerve 
Right v Posterior intercostal artery and vein Aortic arch 
Point, where right recurrent laryng {in front ofthe vertebral eoluma) 24 Lett recurrent laryngeal nerve 
is branching off the vagus nerve Right plirenic nerve Left bronchial artery 
Right brachiocephalic vein Inferior vena cava Lymph node 
Trachea Diaphragm 7 "Thoracic aorta 
Left brachiocephalic vein (reflected) sft vagus nerve °8 Esophageal plenus 
Esophagus 18" Thyrocervical trunk 29 Left phrenic mer 
Right bronchial artery Left subclavian artery 
10 Posterior intercostal artery 20 Left common carotid artery 


Diaphragm and organs of mediastinum (xnterior aspect). Heart and lungs have 
‘been removed; the costal margin remains in place. Note the different courses of 
left and right vagus. 


Right subdlavian artery 14 Liver (quadrate tobe) 
Right cecurrent laryngeal nerve 1S Left common caratid artery 

Right brachiocephalic vein 16 Left recurrent laryngeal nerve 
Superior cerveal cardiac nerve 17 Esophageal branches of let vagus 
Inferior cervical eardixe nerves nerve and esophagus 

and pulmonary branches 18 Trachea 

‘itureation of traches 19 Acnic arch 

Esophagus (thoracie part) 20. Left vagus nerve 

Bronchi of lateral and medial segments 21 Left recurrent laryngeal nceve with 
‘of middle lobe inferior cardiae nerve 

Esophageal plexus and branches of 22 Lett primary bronchus 

right vagus nerve 23 Superior and inferior lingular bronchi 
Inferior vena cava and right phrei 24 Esophageal plexus of left vagus nerve 
nerve (eut) 25 Descending worta 

Sternal part of diaphragm 26 Central tendon of diaphragm 

CCostal part of diaphragm covered with pericardium 

Falciform ligament of liver 27 Left phrenic nerve (divided) 


‘Organs of posterior mediastinum 
(ventral aspect). (Schematic draw. 
ing.) Three regions in which the 
‘esophagus is narrowed are shown: 
A. atthe level of the ericoid car- 
tilages 
B atthe level ofthe aorticarch; 
C at the level ofthe diaphragm, 


28 Costal margin 
Liver, left lobe 

Pharynx 

Secondary bronchi 

Esophagus (abdominal part) 

Diaphragm 

34 Abdominal aorta 


Inferior segment of posterior medi 


um (anterior aspect), 


sof the posterior wall of thoracic and 
abdominal eavity. (Schematic drawing. 


1 Right vagus nerve 
‘Thyroid gland and trachea 
3 Imtercostal netve 
Aortic atch 
Arygos vein 
Posterior interso 
ater splanchnic 
Diaphragm 
Liver 
Proper hepatic artery and hepatic plexus 
Loft recurrent laryngeal 
Inferior cervical cirdiae nerves 
[Loft vagus nerve and left recurrent lary, 
Left primary bronchus 
Thoracic aorta and left vagus nerve 
Esophagus snd esophageal plenus 
Thoracie duct, 
Spleen 
ic plexus ana! stomach (divided) 
Splenic artery and splenic plexus 
and celine plexus 
Ramus communicans 
Sympathetic trunk sod sympathetic ganglion 
sein and artery 
Right brachiogophalic vein 
Superior vena cava 
Ascending lumbar vein 
Lumar veins 
Right external ihe ve 
Trachea 
Accessory hemizygos vein 
Posterior intereosal veins 
Hemiazygos vein 
Inferior ven cav 
Median saeral vein 
Internal iliae vein 


Mediastinal organs (right lateral aspect). Right lung and pleura of right half of the thorax have 


been removed. 


Posterior intercostal arteries 
Ganglion of sympathetic trunk 
Sympathetic trunk 

Vessels and nerves of the intercostal space 


(trom above: Posterior intercostal vein and 
artery and intcreostal nerve) 

Right primary bronchus 

Ramus communicans of sympathetic trunk 


7. Esophageal plexus (branches 


8 


‘of right vagus nerve) 


Pulmonary veins 
Posterior intercostal vein 
Azygos vein 

Esophagus 


12 Greater splanchnic nerve 


Right vagus nerve 


Right phrenic nerve 
Inferior cervical catdiae branches 
of vagus nerve 

Aortic arch 

Superior vena cava 

Right pulmonary artery 

Heart with pericardium 
Diaphragm 


Organs of posterior and superior mediastinum (left lateral aspect). 


Left superior intercostal vein 
‘Loft atrium with pericardian 
Left phrenie nerve sn! pericardiacophrenic 


10 Apes of heart with pericardium 


19 Left primary bronchus 
Brachial plexus 2 


20 Thorac a0 
(Ghoracie part) 


5 arteries 
ns of sympathetic 
intercostal artery and 
nd intercostal nerve 


Superior vena cava 
Right atrium 

Right ventricle 

Costa part of diaphragm 
(Costa 

Position of eostodisphragmatic recess 
Lateral arcuate ligament 

Medial arcuate figament 

Right crus of lumbar part of diaphragm 
(Quadratus lumborum muscle 
Ascending aorta 

Pulmonary teunk 

Left ventricle 

Pericardium, diaphragm 

Esophageal hiatus and abdominal 
part of esophagus (cut) 

‘Lamba part of diaphragm 

Aortic hiatus 


Pooas major muscle 
Lumbar vertebra 


Diaphragm in situ (anterior aspect). Anterior walls of thor 
been removed, Natural position of the heart above the cent 


‘Changes in the position of the diaphragm and thoracic cage 
uring respiration, Left: lateral aspect: right: 

aspect, During inspiration the diaphragm moves downwards 
and the lower part of the thoracic cage expands forward and 
laterally, causing the costodiaphragmatic recess (R) to enlarge 
(€6 dotted arrows), 


Variants 


RMS value can be derived by squaring each sam- 
ple, adding all the samples, dividing by x, and 
then taking the square root of the result. The RMS 
value is importantas a means to calculate actual 
power delivered because it can be multiplied by 
the current to obtain an approximate value in 
watts, 


163 
15 


Time 


Figure 18-2. Comparison of an AC voltage sine wave 
(green) and a square wave of the same frequency (re) 
both delivering a roughly similar amount of power. 


Variants 


Asa first step toward a better approximation of, 
a sine wave, gaps of zero voltage can be inserted 
between square-wave pulses. This "gapped" 
square wave is shown in Figure 18-3. 


Time 


Figure 18-3. Introducing pauses or gaps of zero voltage 
between square-wave pulses can produce slightly sa 
proved resemblance toa sine wave 
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A further improvement can be achieved ifan ad- 
ditional, shorter pulse of higher voltage is added 
to each primary pulse, as shown in Figure 18-4. 
Outputs of this kind ate referred to as modified 
sine wave, although they are actually square 
waves modified to emulate a sine wave. Thei 
accuracy is expressed as total harmonic distor- 
tion (THD). Some authorities estimate that the 
THD of gapped square-wave output is around 
25%, whereas the addition of shorter square 
waves reduces this to around 6.5%. This sa topic 
onwhich few people agree, but thereis no doubt 
that “stacked” sequence of square waves pro- 
vides a closer emulation of a sine wave. 


Time 


Figure 18-4. A secondary stream of narrower square- 
wave pulses can improve the fidelity of an inverters out: 
put 


Atruesinewave invertertypically uses pulse-width 
‘modulation (PWIM) to achieve THD of less than 
196, It generates a stream of pulses much higher 
in frequency than that of the AC output, and 
varies their widths in such a way that their aver- 
aged voltage closely approximates the voltage 
variations in a sine wave. A simplified represen- 
tation of this principle is shown in Figure 18-5. 


Values 


Small inverters are typically rated to deliver up to 
100 watts and may be fitted with a 12VDC plug 
for insertion in a vehicle's cigarette lighter. Since 
a cheap inverter may be only 80% efficient, 100 
watts at 135VAC will entail drawing as much as 
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Figure 18-5. Pulse-width madulation adjusts the widths 
(of pulses delivered at a high frequency. The pulse widths 
‘can be averaged to generate voltage that follaws a clase 
approximation ofa sine wave 


10 amps at 12VDC. Cigarette lighters are usually 
fused at 15 or 20 amps, so 100 watts is a reason- 
able value, Inverters that are rated above 150 
watts usually have cables terminating in oversize 
alligator clips for direct connection to the termi- 
nals of a 12V battery. 


While the cold cranking rating of a car battery 
may be 100 amps or more, the battery is only 
designed to deliver that power for up to 30 sec- 
onds ata time. Inverters rated foras much as 500 
watts will exceed the normal capacity of a single 
car battery, although if the battery is mounted in 
a vehicle, it can be supplemented by running the 
engine so that the alternator shares some of the 
load. A 500-watt inverter is better supplied by 
two or more 12-volt car batteries wired in paral- 
lel 


How to Use 


Small inverters are typically used in vehicles to 
run cellphone chargers, music players, or laptop 
‘computers. Large inverters are an integral part of 
off-the-grid solar and wind-powered systems, 
where battery power must be converted to AC 
house current. Uninterruptible power supplies 
contain batteries and inverters capable of run- 


How to Use it 


ning computer equipment for a brief period. 
Battery-driven electric vehicles with AC motors 
use inverters with an exceptionally high current 
rating. 


There is a lack of consensus regarding possible 
harmful effects of powering electronics equip- 
ment with a low-cost modified sine wave inver- 
ter, Anecdotal evidence suggests that where the 
equipment uses its own switching power supply 
or uses an AC adapter either mounted internally 
or as an external plug-in package), the filtering 
built into the power supply will block harmonics 
from the inverter. 


Other evidence suggests that cheap inverters 
may have adverse effects on devices containing 
synchronous motors that run direct from AC. 
There are reports that fluorescent lighting and 
photographic electronic flash systems may be 
unsuitable for use even with modified sine wave 
inverters. However, differences in productdesign 
and component quality make it impossible to 
generalize. A cheaply made inverter may gener- 
ate a wave form that is not even a close approx- 
imation of a square wave. See Figure 18-6, 


Time 


Figure 18-6. A cheaply made inverter can generate a dis 
torted wave form that is even higher in noise than a pure 
square wave. This sample is adapted from an actual ascil- 
lescope trace. 
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wat Can Ga Wrong 


What Can Go Wrong 


Ifmultiple batteriesare connected in parallel, us- 
ing suitably heavy-gauge wire to power a large 
inverter, the batteries must be identical in spec- 
ificationandage, and mustall be equally charged 
to prevent high and potentially dangerous flows 
of current among the batteries as they attempt 
to reach an equilibrium among themselves. In- 
terconnections must be firmly clamped to clean 
battery terminals. For additional information, see 
the battery entry in this encyclopedia. 


Problems associated with inverters are likely to 
be mundane. A 12V wiring to the inverter can 
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overheat if items such as clothes or bedding are 
left on top of it; a high-wattage fan-cooled i 
verter can overheat if the fan is obstructed by 
poor placement or impaired by accumulated 
dirt; alligator clips may become dislodged from 
battery terminals; and power surges drawn by 
inductive loads such as motors may trigger the 
inverter’s breaker, especially if they are used in 
conjunction with other equipment. 


Asalways, high amperage should betreated with 
caution and respect, regardless of it being deli 
eed at ‘only 12 volts.” 
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voltage regulator 


Correctly known as a linear voltage regulator to distinguish it from a switching regulator 
orDC-DC converter. However, thefull termisnot generally used, and‘voltageregulator” 
is normally understood to mean a linear voltage regulator. 


OTHER RELATED COMPONENTS 


+ DE-DC converter (Seo Chapter 17) 
+ ACDC power supply (See Copter 16) 


What It Does 


Alinear voltage regulator provides a tightly con- 
trolled DC output, which it derives from an un- 
regulated or poorly regulated DC input. The DC 
output remains constant regardless of the load 
on the regulator (within specified limits). It is a 
cheap, simple, and extremely robust compo- 
nent. 


‘There is no single schematic symbol for a linear 
voltage regulator. 


‘The general physical appearance of acommonly 
Used type of regulator, rated for an output of 
around 1A DG, is shown at Figure 19-1. The 
UM17805, LM7806,LM7812,and similar regulators 
inthe LM78xxseriesareencapsulatedin thistype 
of package, with pins that are spaced at 0.1" and 
have functions as shown. Other types of regula- 
tor may differ in appearance, or may look identi- 
cal to this one but have different pin functions. 
Always check datasheets to be sure, 


How It Works 


All linear regulators function by taking some 
feedback from the output, deriving an error val- 
ue by comparing the output with a reference 
voltage (most simply provided by azener diode), 


and using the error value to control the base of, 
a pass transistor that is placed between the input 
and the output of the regulator. Because the 
transistor operates below saturation level, its 
output current varies linearly with the current 
applied to its base, and this behavior gives the 
linear regulator is name. Figure 19-2 shows the 
relationship of these functionsin simplified form; 
Figure 19-3 showsa little more detail, with a Dar- 
ington pair being used as the pass transistor, The 
base of the pair is controlled by two other tran- 
sistors and a comparator that delivers the error 
voltage. This version of a voltage regulator is 
known as the standard type. 


The voltage difference required between the 
base and emitter of an NPN transistor is a mini- 
mum of 0.6V, Because multiple transistors are 
Used inside a standard-type voltage regulator, it 
requires a minimum total voltage difference, be- 
tween its input and its output, of 2VDC. This volt- 
age difference is known as the dropout voltage. If 
the voltage difference falls below this minimum, 
the regulator ceases to deliver a reliable output 
voltage until the input voltage rises again. Low 
dropout regulators allow a lower voltage differ- 
ence, butare more expensive and less commonly 
used. They are described under the following 
Variants section. 
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Branches of celiac trunk; blood supply o 


+, pancreas and spleen, The stomach, superior part of duodenum and celine 


ganglion have been removed to reveal the anterior aspect of the posterior wall of the lesser sac (omental bursa) and the vessels. 


and duets of the hepatoduodenal ligament. The pancreas has been slightly 


Lang 
Liver (visceral surface) 

Lymph node 

Inferior vena ava 

Ligamentum teres (reflected) 

Right branch of hepatic artery proper 
Diaphragm 

‘Common hepatic duet (dlsted) 

Cystic duct and astery 

Gallbladder 

Probe in epipoie foramen 

Right lobe of iver 

Portal vein 

Right gastric artery 

Duodenum 

Pylorus 

Right cole flexure 

Right pastro-omental (gastroepipoic) artery 
Transverse colon 

Abdominal part of esophagus (cardiac part of stomach) 
FFundus of stomach 

Esophageal branches of left gastric art 


flected anteriorly, 


23, Lumbar part of diaphragm 
2 Leftgastricartery 

25. Celine trunk 

26. Splenic artery 

27. Pancreas 

28 Common hepatic artery 

29 Left gastro-omental (gastroepiploic) artery 
3 Gasteoduodenal artery 

31. Pylori part of stomach 

32. Greatercurvature of stomach 

33 Gastrocolic ligament 

M4 Superior pane 

35. Short gastric arteries 
36 Aorta 

37 Spleen 

38 Caudate lobe of iver 

39. Left branch of hepatic artery proper 
40 Descending part of duodenum (cut) 
41 Leftinfeior pheenicartery 

42. Suprarenal gan! 

43 Kidney 

44 Traveverse mesncoton 


aticoxtuodenal artery 


3 
4 
6 
1 


Pancreas and extrahepatic bile ducts in situ (anterior aspect). The gastrocolic 
ligament has been divided, the transverse colon and the stomach were replaced to 
display pancreas and superior mesenteric vessels. 


Stomach (pylori part) and pylorus 8 Midie colic artery 
Right gastro-omental (gastroepiploic) 9 Transverse colon 

artery 10. Greater eurvature of stomach 

Fundus of gall bladder (remnants of gastrocolie ligament) 

Liver, right lobe 11 Body of stomach 

Head of pancreas 12 Body of pancreas 

Superior mesenteric artery and vein 13. Left gastro-omental(gasiroepiploic) artery 
Duodenum 4 Splenic artery 


Blood supply of upper abdominal organs (branches ofthe celia trunk and 
superior mesenteric artery). (Schematic drawing.) 


‘Spl 
Tail of pancreas 

Let cole exure 

Jejunum 

Lung (inferior lobe of right lung) 
‘Common hepatic duet and caudate lobe 
of iver 

Portal vein and hepatic artery proper 
Cystic duct and right gastric artery 
Common bile duct and gastroduos 
artery 

Pylorus (cut) 

Major and minor duodenal papilla (probes) 
‘Duodenum (inferior part) 
Right kidney, ureter and ovarian 
Iigcolie artery and inferior vena cava 
Right and left vagal trunk 

Esophagus 

Diaphragm 

‘Cut edge of evophagus, left gastric artery 
with esophageal branch 

Celiac trunk 

‘Common hepatic artery, main panereatic 
duct and pamereas 

Renal vein 

Duodenojejunal Nexure 

Lett kidney 

Jejunal arteries 

‘Abdominal aorta and left ureter 

Cystic artery 

‘Hepatic proper artery 

Celine trunk 

Right gastric artery 

‘Common hepatic artery 
Gastroduodenal artery 

‘Superior mesenteric artery 

Superior posterior pancreaticoduodenal 
artery 

Superior anterior pancreaticoduodenal 
artery 

‘Short gastric arteries 

Left gastric artery 

Posterior pancreatic branch of splenic 
Inferior pancreaticoduodnal artery 


fc duets. The pancrea 
is Arrow: probe within the epiploic 


‘Schematic drawing of the specimen dey ve, Note the branching of the celiac trunk 
(partially covered by the body of thy s),and the main arterial supply of liver, spleen, 
as, stomach, and duodenum. 


Liver 
Falciform ligament 

3 Hepatoduodenal igament 
Pylorus (divided) 

Gallbladder 

Probe within the epiploic foramen 
Duodenojejunal flexure (divided) 


Greater om 

Rootot 

Ascending colon 

Free coe taenia 

End of ileum (divided) 

13 Vermiform appendis with mesoappenin 
ecu 


5 Pancreas and site of lesser se 
Diaphraam 

Spleen 

Caria (part of st 

Head of pance 

Body and tail of pancreas 

‘Transverse mesocolon 

“Transverse colon (divided) 

Descending colon 

Cut edge of mesentery 

Sigmoid enlon 

Rectum 

Attachment of bare area of liver 

Inferior ven 

Kidney 

Attachment of right colic flexure 

Root of transverse mesocolon 

Junction between descending and horizomtal putts 

ff duodenum 

Bare surface for ascending colon 

34 Meaceeal recess 

35 Retrocecal recess 

36. Root of mesoappendi 

37 Superior recess 

38 Isthmus (opening) 

39. Splenic recess 

40. Superior duodenal reces 

AL Inferior duodenal recess 

42. Bare surface for descending colon 


wach, divided) 


Abdominal cavity after removal of stomach, jejunum, ileum 
and part of the transverse colon. Liver has been slightly raised. % 


of leer sac 
(omental bursa) 


413. Paracolie recesses 

44 Root of mesentery 

45. Root of mesesigmoid 

45 Imtersigmoid recess 

47 Hepatic veins 

48 Duodenojejunal flexure 

39 Attachment of loft colieFlesure 

50 Esophagus 

S51 Entrance to lessor sae through the epiplic 
foramen 


Peritoneal reflections fom organs and the position 
of root of mesentry and peritoneal recesses on the 
posterior abdominal wall, (Schematic drawing.) 


Peritoneal recesses on the ps liver, stomach, jejunum, ileum, and colon have been re 
The duodenum, panereas, and spleen have been left in place. 


ects abdlominis muscle 
Palciform ligament 

Liver (right lobe) 

Inferior vena cava 

Diaphragm 

Intervertebral dise 

Liver (left lobe) 

Rib 

Liver (caudate lobe) 

Abdominal (descending) aorta 
Stomach 

Spleen 

Spinal cord 

‘Longissimus and iiocostalis muscles 
Body of vertebra 

‘Abdominal rectus muscle 

External abdominal oblique muscle 
“Transverse colon 

Head of pancreas 
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Horizontal section through 
the abdominal cavi 
at Level I (from below) 


Horizontal section through 
the body, MR-Sean. 
corresponding to level 1 
Arrow: stomach 


Greater duodenal papilla 
Duodenum 
Suprurenal gland and ureter 
Kidney 
Round ligament of liver 
Superior mesenteric artery and vein 
Psoas major muscle 
Descending colon 
‘Quadratus lumborum muscle 
'auda equina 
Right renal vein 
call intestine 
iacus musele 
Heoceeal valve 
Cecum 
‘Common iliac artery and vein 


luteus medius mus 
Vertebral canal and dura mater 


Horizontal section through 


LL 


Posterior abdominal wall with duodenum, pancreas and spleen (anterior aspeet). Dissection of pancreatic and common bile duct, 


Gallbladder and cystic artery 
‘Common hepatie duct and portal vein 
Right gastric artery (pylorus with superior part of duodenum, 
cut and rellected) 
Gastroduodenal artery 
Connon bite duct 
abe within the minor duodenal papi 
Accessory pancreatic duct 
Probe within the major duodenal papi 
Descending part of duodenuns (opened) 
Middle colic artery and inferior pancreaticoduodenal artery 


3 Horizontal part of duodenum (distended) 


Superior mesenteric artery 
Liver (left 

lobe of liver and hepatic artery proper 
Abdominal part of esophagus (cut) 
Probe in epipoie foramen and lymph 
Left gastric artery 
Spleen 
Splenic vein and branches of splenic artery 
Pancreatic duct and head of pancreas 
Left coie flexure and tail of pancreas 


uexlenojejunal Nexure 


Parasagittal section through the thoracic andl 
‘abdominal cavities (right side, medial aspect). 


Parasagittal section through the abdominal eavity. 
(MR-Scan, courtesy of Prof. W, Réd!, Erlangen). 


iaphragm are indicated, 
(Schematic drawing.) 


Right lung (superior and midklle lobes) 


Right lung (inferior lobe) 
7 Diaphragm 
8 Liver 


19 Colon 


Pyloric antrum 


4 Vestibule of lesser se 
5 Inferior vena eava and liver 
{6 Body of firs lumbar vertebra 


7 Cauda equina 
8 Right kidney 
9 Latissimus dorsi muscle 
10  Tiocostalis muscle 

eetus abdominis muscle 


14 Splenic vein 
15. Superior mesenteric artery 
16. Pancreas 


21 Leftkidney 
sous major muscle 
Muhifidus muscle 


Jb the abdominal 


Horizontal se 
(from below) 


Margin of pleura 

26, Renal pelvis 
Leftureter 

Descending colon 

Rectum 

Right suprarenal gland 

1th rib 


Ascending colon 
Right ureter 


fermiform appendix 

36. Urinary bladder 

37 Liver 

38 Anterior ayer of renal fascia 
Duodenum 


Positions of urinary organs (posterior view). Notice that the Retroperitoneal tisue, location ofthe right 
upper part ofthe kidney reaches the level of the margin of Kidney: (Schematic drawing ) Yellow = 
ploura und fang, adipose capsule of kidney 


How It Work 


Output 


Input 


Figure 19.1. The package design of a commonly used 
voltage regulator. Others may be significantly different 
and the pin funetions may vary. Check mnanufacturer da- 
tasheats for details 


Discrete components could in theory be used to 
build a voltage regulator, but this ceased to be 
cost-effective several decades ago. The term is 
now understood to mean one small integrated 
package containing the basic circuit augmented 
with additional, desirable features, such as auto- 
matic protection against overload and excessive 
heat. Instead of burning out if it is overloaded, 
the component simply shuts down. Mostvoltage 
regulators also tolerate accidentally reversed 
power connection (as when batteries ate inser- 
ted the wrong way around) and accidentally re- 
versed insertion of the regulator in a circuit 
board. 


Other components can satisfy the requirement 
to deliver power ata reduced voltage. Most sim- 
ply, if two resistors in series are placed across a 


Unregulated 
Power In 

Corrective 

Feedback 
Regulated 
Power Out 


Figure 19-2. A linear voltage regulator basically consists 
ofa transistor whose base is controlled by corrective feed 
back derived from the autput 


Reference] 
Voltage 


Figure 19-3. The fundamental internal features of 
standord-type voltage regulator, including a Darlington 
par, two transistors. a voltage dlvider, comparator. and 
reference vattage source, shown inside the dashed white 
line. 
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Scalenus anterior, medius and posterior muscles 
‘eft subclavian artery 
Left subclavian vein 


Arterial cone 
Right ventricle of heart, 
Liver 

8 Stomach 


1 
4 Pulmonic valve 


10 Small intestine 
1 Leftlung 

2 Left main bronchus 

13. Branches of pulmonary vein 

14 Lett ventricle of heart 

15. Spleei 

16 Splenic artery and vein and pancreas 

17 Left kidney 

18 Psoas major muscle 

19 Inferior vena cava 

20, Renal vein 

Body of 12th thoracic verte and vertebral cant 
Right kidney 

23. Superior mesenteric artery 

24 Superior mesenteric vein 


5 Pancreas 
26 Abdominal sort 

27 Left psoas major and quadratus lumborum muscles, 
28 Anterior layer of renal fascia | 6G, 

2 Posterior yer of renal fascia 1 FO" 
30 Perirenal fatty tissue 

31 Abdeninal cavity 

32 Descending and sigmoid colon 


Parasagittal section through the thoracic and abdominal 
the level ofthe left kidney 
(3.5 em left of median plane). 


Horizontal section through the retroperitoneal region. Retroperitoneal tissue, position of left kidney: 
at level of 12th thoracic vertebra, (CT-Scan, from below.) (Schematic drawing.) 


Coronal section through right kidney and suprarenal gland 
(posterior view). The renal pelvis has been opened and the 
fatty tissue removed to display the renal vessels 


rior view). Partial coronal section 
to expose internal aspect of the kidney. 


Renal vein 
Renal artery 

Renal pelvis 

Abdominal part of ureter 
‘Major renal calyx 

Cibriform ares of renal papilla 
Cortex of suprarenal 

Medialla of supe 

Cortex of kidney 
Medalla of kidney 

Renal papilla 

Minor renal calyx 

Renal sinus 

Renal coluinas 


5 Fibrous capsule of kidney 


Each kidney can be divided in five segments 
supplied by individual interlobar arteries 
considered as end arteries, Thus, obstruc- 
tion leads to infarcts marking the trace of 


se borders, The anterior kidney sur 
face reveals four segments, the posterior 
only three (No, 1,4 and 5). 


1 Hepatic vein 
2. Anterior and posterior vagal trunk 

3. Inferior vena cava 

4 Lumbar part of diaphragm 

S$. Right greater and lesser splanchnic nerves 
6 Celiac trunk 
7 
5 
9 


Celiac gangtion and plexus 
Superior mesenteric artery 
Lett renal vein 
10 Right sympathetic trunk and ganglion 
11 Abdominal aorta 
12. Left sympathetic trunk 
13 Esophagus (cut), 
left greater splanchnie nerve 
14 Loft supearenal gland 
1S Left renal artery 
nal pelvis 
17 Renal papilla with minor calyx 
18 Left testicular vein 
19 Left ureter 
20 Psoas major muscle 
21 Quadratus lumborum muscle 
22 Glomerulus 
23 Afferent arteriole of glomerulus 
Glomeruli 
Radiating cortical artery 
Subcontical or arcuate artey 
Subcortical or arcuate 
Interlob 
Interlobul 
Interlobar artery and vein 
Vessels of renal capsule 
Efferent arteriole of glomerulus 
‘Vasa reeta of renal medulla 
Spiral at 


Left kidney and suprarenal gland in situ. The anterior cortical layer 
of the kidney has been removed to display the renal pelvis and 
papill 


ies of renal pelvis 


AX. 


Glomeruli (210%). Scanning electron micrograph showing glomeruli Architecture of vascular system of kidney. 
and associated arteries. (Schematic drawing.) 


1 Anteriolae rectae of renal 
medulla 
2 Interlabar artery 
3 Interlobular ater 
Contial glomeruli 
nedullary glomerull 


i ih 


rey. (Arteriogram.) Abdominal aorta, (Subtraction angiograph.) 


1 Right common casoti artery 

2. Right subelavian artery 

3 Brachiocephalic trunk 
Thoracic aorta 


% 
5) Diaphragm 
6 Coline trunk 


Right renal artery 
Superior mesenteric artery 

9 Lumbar arteries 

10 Right common iliac artery 

11 Internal lie artery 

12 externa lie artery 

13 Leftcommon carotid artery 

1 Leftsubclavian artery 

15. Highest intercostal artery 

16 Aortic arch 

17 Posterior intercostal arteries 

18 Leftrenslartery 

19 Lefttestieulae (or ovarian) arte 


20° Inferior mes 
21 Median sera 
Superior suprarena artery 
Upper eapsular artery 
Anterior branch of renal artery 
25. Perforating artery 


26. Lower capsular artery 


2 
28 Right inferior pheenic artery 


32. Posterior branch of renal artery 


Ultrasound image of the right kidney (upper and lower 
border of the kidney marked by crosses. 
Arteries of kidney and suprarenal gland, (Schematic drawing.) X = small cortical cyst). 


Retroperitoneal organs, urinary system in the male (anterior view). The perito 


removed, 


9 External iliac artery ater 


Ureter (pelvic pat 
Duetus 


2 Right renal vein 

3 Right kidney 

Rectum (cut) 
umbilical ligament 


inary bad 


2 Testis and epidyis 


3 Celi trunk 


8. Hliacus muscle 17 Inferior mesenteric 


Retroperitoneal organs, 
removed. Red = arteri 


1 Diaphragm 


Hepatie veins 
Inferior vem cava 
Como hepatic artery 
Right suprarenal gland 
Celiac trunk 

Right renal vei 


Tliacus muscle 
jt lateral femoral 
nal ie setery 
wal nerve 


21 Cardiae part o 


m has been 


cophageal branches of 
lett gasri artery 
Spleen 

Splenicartes 


Left suprarenal gland 


3 Testicular artery and vein 

32 Transversus abominis muscle 

33. Left commonilise artery 
[Left common iliae vein 
Lateral femoral sutancous 
Genitofemoral nerve 

37 Rectum (cut) 

38 Urinary badd 


Tnternal jugular vein 
Right common carotid 
nrery and right vagus ne 


Right lmphatie duct 

Suhetavian trunk 
subclavian vein 

Bronchomedastinal trun 
Aygos vein 
Diaphragm 
Right kidney 
Right lumbar trunk 
Right ter 

3. Common iliac lymph nodes 
Right internal sac artery 

5 External iliac lymph nodes 
Right externa iliac artery 


Left common carotid artery 


Deep cervical Iymph nodes 
Thorasie duct entering 
left jugular ang 

Left subclavian vein 
Left brachiocephalic vein 
“Thoracic duct 
Mediastinal lymph 1 
Thoracic norte 

Left suprarenal gland 
Left renal artery 

Left kidney 

Cisterma chvl 

Lumbar lymph node 
Abdominal aorta 

Left 


ind lymph nodes of the posterior wall 0 
). Green = lymph vessels and nodes; blue = veins; red = arteries; 


‘Vessels and nerves of posterior abdominal wall (anterior aspect). Part of the left psoas major 


‘muscle has been removed to display the lumbar plexus Red = arteries, blue = veins. 
1 Diaphragm 11 Common iliac artery 20 Splenic artery 31. Phos major muscle 

2 Hepatic veins 12 Miacus muscle 21 Celiac trunk (Givided) with supplying 
3 Unferior ven cava 13. Right ureter (divided) 22 Superior mesenteric artery artery 

4 Inferior phrenic artery 14 Lateral femoral cutancousnerve 23. Left renal artery 32 Rectum (eut) 

5) Right renal vein 15. Intemalilac artery inguinal nerve 33. Urinary bladder 

6 Wiohypogastrie nerve Lo Femoral nerve 25. Sympathetic trunk 

7 Quadratuslumborum muscle 17 External ie artery 26 “Transversus abdominis muscle 

8 Subcostal nerve 18 Inferior epig n 

9 Inferior mesentericartery 19 Cardiae part of stomach and 28 Left genitofemoral nerve 

10 Right genitofemoral nerve ‘esophageal branches of left 29 Left obturator nerve 


and psoas major muscle gastric artery 30 Median sacral artery 


snd abdorninal cavities with sympathetic trunk, 
cic and 


power> 


egulation > voltage regulator 


power source, they form a voltage divider, which 
provides an intermediate voltage at the connec- 
tion between them, However, this voltage will 
vary depending on fluctuations n the input volt- 
age and/or load impedance. A voltage regulator 
is the simplest way to supply a voltage that re- 
mains stable regardless of excursionsin theinput 
or fluctuations in power consumed by the load 


The disadvantage of a standard-type voltage 
regulator is that itis inefficient, especially when 
a relatively high input voltage is used to deliver 
a relatively low output voltage. If Vi is the input 
voltage, Vous is the output voltage, and lauxis the 
outputcurrent, theaverage power loss, P.isgiven 
by the formula: 


P= Tout * (Vin - Vout) 


For example, ifthe outputcurrentis 1A, theinput 
voltage is 9VDC, and the output is SVDC, 44% of 
the input power will be wasted, and the compo- 
nentwill be only56% efficient. The wasted power 
(about 4 watts, in this case) will be dissipated as 
heat. Even when a standard-type regulator runs 
at its minimum 2VDC dropout voltage, it must 
dissipate 1W when delivering 0.5. 


Variants 


Packaging 

‘The package for the LM78xx series of regulators, 
shown in Figure 19-1, incorporates an aluminum 
plate drilled with a hole so that it can be bolted 
to a heat sink. Voltage regulators with a lower 
rated maximum output current (typically, 
100mA) do not have the same need for a heat 
sink, and are available in a package that resem- 
bles a small transistor. 


Some integrated circuits are available containing 
‘two voltage regulators, electrically isolated from 
each other. 


Popular Varieties 
IntheLM78xxseries, thelasttwodigitsinthe part 
number specify the output voltage, which is 
fixed. Thus the LM7805 delivers SVDC, the 


Variants 


LM7806 delivers 6VDC, and so on. For regulators 
with a fractional voltage output (3.3VDC being 
common), anadditional letter may be inserted in 
the part number, as in the 78M33, 


‘Many copies of the LM78xx series are made by 
different manufacturers, the copies being func- 
tionally identical, regardless of additional letters 
that are added to the part number to identify its 
source or other attributes. 


The LM78xx regulators are mostly rated to be ac- 
curate within 4%, although actual samples al- 
most always deliver voltages that are more pre- 
cise than this range suggests. 


Adjustable Regulators 
While the majority of regulators havea fixed aut- 
put, some allow the user to set the output by 
adding one or more resistors. The LM317 is a 
popular example. Its output voltage can range 
from 1.25VDC ta 37VDC and is set via a resistor 
and a trimmer potentiometer, as illustrated in 
Figure 19-4. IF R1 is the fixed-value resistor and 
R2is the trimmer, as shown in the schematic, the 
output voltage, Va is given by the formula 


Vou = 1625 * (1 + (R2 / R1)) 


Typical values for R1 and R2 would be 2400 and 
5K, respectively. With the trimmer at the middle 
ofits range, Voue would be 1.25 * (1 + (2500/240)) 

approximately 15VDC, requiring an input of at 
least 17VDC. However, ifthe trimmer is reduced 
to 7200, the output would be SVDC. In practice, 
the value of a trimmer should be chosen so that 
amid-range setting provides approximately the 
desired output. This will enable fine adjustment 
of the output voltage. 


While the versatility ofan adjustable regulator is 
desirable, its overall power dissipationis still pro- 
portional to the difference between the input 
voltageand the output voltage. To minimizeheat 
loss, this difference should not exceed the drop- 
out voltage by a larger amountthan isabsolutely 
necessary. 
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15. Brachial pleeus 
16. Left subclavian artery 
17 Left recurrent laryng 


18 Inferior cervical cardine 
19. Thoracic aorta 

20 Esophageal plecus 

21 Azygos vein 


23. Splenic artery 

24 Lelt renal artery and plexus 

25 Inferior mesenteric ganglion 

and artery 

Left external ila artery 

27 Superior cervical ganglion of 
sympathetic trunk 

28 Superior cardiac branch of 
sympatheti trunk 

20 Middle cervical 
sympathetic trunk 

W) Inferi cervical ganglion of 
sympathetic unk 


nglian ot 


1 Right recucrent laryngeal 

32. Lesser splanchnic nerve 

33. Lumbar splanchnic nerves 

M4 Sacral splanchnic nerves 

35 aferior hypogastric gangl 
and plexus 

36 Left recurrent laryngeal 


plesus ns 


38 Ganglion impar 
39 Esgphagus with branches of 


40. Hepatic veins 

81 Right erus of diaphragm 

42 Inferior phrenic artery 

43, Right yagus nerve entering 
the celine ganglion 

{4 Right lumbar lymph trunk 

(anterior view). The kidneys and the inferior vena cava with its tributaries have been 85 “Lumbar part of right 


removed (compare pp, 264 and 265). < mennii 
447 Psoas major muscle 


1 Right vagus nerve 48 Tliac crest 
2. Right subclavian artery 49 Inferior vena cava 
3 Esophagus 50) Hiacus muscle 
4 Aorticarch 51 Urster 
5) Sympathetic ten 52. Left vagus nerve forming the 
6 Greater splanchnic nerve esophageal ples 
7 Intercostal nerve 58. Left vagus nerve forming the 
1 Abslominal part of szastrc pleyus 
‘esophagus and yg trunk 54 Bsaphagus continuing into 
9 Celiac trunk with celine the eandige part of stomach 
sang [Lumbocostal triangle 
10. Superior mesenteric artery Postion of 12th ry 
‘and ganglion [Left Tumbar lymph trunk 
11 Pyoas major muscle and 58 Ganglion of sympathetic 
enitofemoral nerve trunk 
12 Common tise artery 59 Quadratus tumborum muscle 
13. Superior hy pogasteie plexus 4) Lari tt of et 
‘and gang symputheti tun 


14 Lett vagus nerve 61 Thine Iymph vessels 


al sphincter muscle 


Positions of male genital organs (right lateral aspect). 
tic drawing.) 


Male urogenital system. (Schematic drawing.) 


1 Sigmoid colon 
2 Ampal 
3 Amplla of ductus deferens 
4 Extemal anal sphincter musele 
5. Internal anal sphincter muscle 
6 
7 
8 


‘Anal ea 
Bulb of penis 
‘Testis (cut surface) 

9 Median umbilical li 

10 Urinary bladder 

11. Internal urethral orifice and sphincter 
imuscle (sphincter vesieae) 

12 Pubic symphysis 

13. Prostatic part of urethra 

14 Prostate gland 

15 Mombranous urethra and external urethral 
sphincter musele 

16 Conpus eavernosum of penis 

17. Spongy wet 

18 Corpus spong 


sur of penis 
19. Foreskin or prepuce 

20 Glans penis 

21 Kidney 

22 Renal pelvis 

23. Abdominal part of ureter 
24 Pelvic part of ureter 

25. Seminal vesicle 


jaculatory dict 
27 Bulbourethral or Cowper's land 

28 Ductus deferens 

29 Epididymis 

30 Umbilicus 

31 Trigone of bladder and ureteie orifice 


32. Naviculae fossa of urethra 
3 al urethral oriice 


‘The prostate is located between bladder and urogenital 
diaphragm, The penis includes the urethra and thus serves 
for both ejaculation and micturition. The internal 
(involuntary) and external (voluntary) urethral 
sphincters are widely separated. The ureter having 
crossed the ductus deferens enters the urinary bladder at 
its base, The peritoneum is reflected off the posterior 
surface of the bladder onto the rectum thus forming the 
rectovesical pouch. 


1 Uret 
2. Ductus deferens 
In 

u 
Seminal vesicle 
Trig 

Prostatic urethra with seminal colliculus 


of ler 


and urethral crest 


9 Membrano 
10 Spongy a 
11 Mucous membrane of mrinary bladder 

12 Internal urethral orifice and uvula of bladder 


13 Prostate 
4 Prostatic atic 

15) Right snd left compas eavernosam of penis 

16. Ejaculatory duct 

17 Sphincter urethrue muscle 

18 Median tmbilical fold with remnant of urachus 
19 Medial umbilical fold with remnant of umbilical 


Urinary bladder 
Rectovesical pouch 
Rectum 


Sacrum 
Deep iliac circumflex artery 
Deep inguinal ring and ductus deferens 
External ifsc artery and vein 


Femoral nerve 
2 Obturator nerve 
29. Thum an sacrum 
30. Inferior epigastric artery 
31. Tiopsoas muscle 


Male urogenital organs; isolated (anterior view). Urinary bladder, prostate 
and urethra have been opened. The urinary bladder is contracted, 


Pelvic cavity in the male (viewed from above). Posteri 


ethra and prostate in 
continuity with neck of bladder (anterior view). 


Apex of urinary bladder with 
urachus 


Ducts deferens 
Ampalla of ductus deferens 

‘Seminal vesicle 

Prostate 

Bulbourethral or Cowpers land 
Balt of penis, 

Corpus spon 

Corpus eavemosum of penis 

Testis nl epididymis with coverings 
Gilans penis 

Funds of bladde 

Head of epididymis 

Testis 

Mucous membrane uf bladder 

Trigone of adder 

Internal urethral orifice 

Seminal eoliculus 

Prostate 

Prostatic urethr 

Membranous urethra 

Spongy (penile) urethra 
Skin of pent 

Deep dorsal vein of penis (unpaired) 
Dorsal artery of penis (paired) 
Tunica albuginea of corpora 
Septum of penis 

Deep arter 

Tunica albuginea 

spongiosum 

Deep fase of penis 


Cross-section of penis (anterior view). 


jiew, open longitudinally). 


1 Corpus cavernosum of penis 
2. Corpus spongiosum of penis 
3. Corona of glans penis 
4 Glans penis 

5. Suspensory ligament of penis 

6 Inferior pubic ramus 

7 Crus penis 

8. Bulb of penis 

9. Deep dors vein of penis 

10. Septum pectniforme 

11 Dorsal artery of penis 

12. Bulbourethral or Cowper's gland 
13. Urinary bladder 

14 Seminal vesicle 

15 Ampulla of ductus deferens 

16 Ductus deferens 

17 Membranous urethra 


“Male external genital organs (lateral view). The corpus spongiosum of the 
penis with the glans penis has been isolated and reflected 


Male external genital organs and accessory 
Resin cast of erected penis. glands. (Schematic drawing.) 


Testis and epididymis wi 
layers (lateral view), 


1 Spermatic eord covered with 
cromanteri fascia 
‘Cremaster muscle 
Posi 


3 ‘of epididymis 
'$ Internal spermatic fascia 
3 Position of testis 
(Internal spermatic fascia with adjacent 


Longitudinal section through testis and epididym 


Testis and epididymis (lateral 
view). The tunica vaginalis has 
been opened 


Head of epididymis 

8 Testis with tunica vaginalis 
(isceral Layer) 

9 Body of epididymis: 

10 Pampiniform venous plexus 
(anterior veins) 

11 Testicaar a 


- The left figure shows the 


testicular septa after removal of the seminiferous tubules. 


‘Testis, epididymis and spermatic 
cord, Dissection of spermatic cord 
and ductus deferens (left side, 
posterolateral aspect), 


12 Taniea vaginalis 


(parietal layer, eut edge) 


and darios muscle (reflected) 


1S Amery of duetus deferens 
16. Posterior veins of pampiniform plexus 
17 Til of epididymis 
18 “Transition of epididymal duet 

to ductus deferens and venous plexus 
Paricta layer of tunica vaginalis 
Appendix of epididymis 
‘Appendix of testis 
Gubernaculum testis 


Spermatic cord (cut surface) 
Head of epididymis (cut sue 


“Mediastinum testis 
Tunica albugines 

Superior poe of testis, 
CConyoluted seminiferous tubules 
Inferior pote of testis 


ugh the pelvie 


andl seminal vesicles, 


Horizontal section through pelvic cavity at level of prostate 


Daca deferens 

Seaninal vesicle 

Ampulla of ductus deferens 
Ejaculatory du 
(proximal portion) 
Prostat 

‘Mombranous urethra 
Bolbourethral or Cowper's 
sland 

Bull of penis 

Penis 

Glans pet 


Head of epididymis 
Beginning of ductus 
deferens 

Testis 

Tail of epidys 
Corpus cavernosa of penis 
Spermatic cord 

Pectincus snd adductor 


tof urethra 
(seminal soliculs) 
Recturn 

Great saphenous vein 
Sartorius muscle 

Femoral artery and vein 
Rectus femoris muscle 
Tensor fascia latae muscle 
Pectineus musele 

Iiopsoas muscle 

Vastus lateralis muscle 
CObturator externus muscle 
Feinur 

Ischial tuberosity 
Giuteus maximus mussle 


Coronal section th al at the level of prostate and hip joint (anterior aspect 


1 Acetabulum of hip joint (0 Deep transverse perineus muscle 19 Seminal vesiel 
8 penis and ischiocavernosus muscle 2) Internal anal sphincter muscle 
Se part of urethra External anal sphincter muscle 


us musee Inervertebral ise 
Bulb of penis 25 Hum 

7 Ampulla of rectum Ligament of the heal of the femur 
8 Amal eanal 7 Sacral pro 


Pelvic cavity in the male (right half of parasagittal section). The arteries have be 


injected 


with red resin. The parietal layer of peritoneum has been removed. The urinary bladder is 


filled to a great extent. 


1 Lett common iiae artery 
2 Right common iliae artery 

3 Right ureter 

4) Right inter lie artery 

5. Right external iliac artery and vein 


Ripht obtarator artery and nerve 
Umbilical artery 
Sigmoid and superior vesial artery 

9 Left ductus deferens 

10 Urinary bladder 

11 Pui bone (cut) 

12 Prost 

13 Vesicoprostatic venous plexus 

14 Deep dorsal vein of penis snd 
dorsal artery of penis 


Penis and superficial dorsal vein 
Sperm tester artery 
alls af pend: xind deep artery of pews, 


(Cauda equina and dura mater (divided) 
Intervertebeal dise between ith 
lumbar vertebra and sacrun 

Sacral promontory 

Mesosigmoid 

Left ureter 


Let 
Isehial spine (ct 
inferior plu 
Lit infer 
Se 
Levator ani muscle 


Branches of inferior rectal artery 
Perineal artery 

Anus 

Posterior seroal branches 

ndendal nerve and sicrotuberal ligament 


Variants 


An adjustable regulator may require larger by- 
pass capacitors than a regulator with a fixed out- 
put. A manufacturer's recommendations for the 
LVB17 are shown in Figure 19-4. 


Negative and Positive Regulators 
While most linear voltage regulators are de- 
signed for “positive input” (conventional current 
flow from input to output), some are intended 
for “negative input” In this variant, the common 
terminal is positive, and the inputand output are 
negative in relation to it. 


LM3i7L 


Figure 19-4, Schematic fr the LM3I7L adjustable volt- 
age regulator, based on a circuit recommended by Nation 
al Semicondlictor, with bypass capacitors added for ripple 
rejection 


Low-Dropout Linear Regulators 
Low-dropoutregulators (sometimes referred to.as 
LDO regulators) allow a much lower dropout 
voltage by using a single PNP or MOSFET tran- 
sistor. LDO regulators are popularly used in 
battery-powered devices where efficiency 
should be maximized and heat dissipation 
should be minimized, For example, the LM330 is 


power > regulation > voltage regulator 


a regulator with a SVDC output, tolerating a 
dropout voltage of 0.6¥, allowing it to be used 
with four AAA cells. InanLDO regulator the drop- 
out voltage actually varies with load current and 
may diminish to as little as one-tenth of its rated 
value when the output current is minimal. 


The majority of low-dropout regulators are sold 
in surface-mount packages, and are designed for 
maximum output of 100mA to 500A. Only a 
few exceptions exist. They tend to be slightly 
more expensive than regulators with the typical 
2V dropout rating. 


Three voltage regulators are shown in 
Figure 19-5. From left to right, they are rated 
SVDC at 1A, 12VDC at 1A, and SVDC at 7.5A. The 
‘two smaller regulators are of the LM78xx series. 
Thelarger regulator claimsalow maximum drop- 
outvoltage of 1.5VDC, andits output voltage can 
be adjusted with an external potentiometer and 
resistor. 


Figure 19-5. Two voltage regulators from the LM7Bsx ser- 
Jes, and a thie high-current, low-dropout. adjustable reg 
Ulator rated SVDC (adjustabie upward) at 75A. 
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‘Vessels of pelvic cavity in the male (midsagittal section, right 
side, medial aspect). Urinary bladder and rectum have been 
partly removed; the hypogastric plexus is displayed, 


Main branches of 
(Schematic drawing.) 


Intervertebral dise between 
Sith lumbar vertebra and sacrum 
Right common iliae artery 
Sacral promontory 

Right internal iiae artery 
Femoral nerve 


Right externa iliac artery 


‘Umbilical artery 
‘Medial umbilical ligament with 
obliterated umbilical artery 
CObturator nerve 

Superior hypogastric plexus 
Sacral spinal nerve 

(of sacral plexus) 

Inferior hypogastric ples 
Rectum 

Hiolumbar artery 


Lateral soeral artery 
Superior gluteal artery and saeral 
spinal nerve 

Pudendal and coceygeal plexus 


Inferior gluteal artery 
Internal pudendal artery 
Cocey 


overlying 


us Higament 


Superior vesical artery sn 
branch to the ductus deferens 
Pubic bone (cut) 
Bulbospongiosus muscle 


Right ductus deferens 
Left ureter 

Urinary bladder 
Prostate 

Urogenital diaphragm 
Deep artery of penis 
Dorsal artery of penis 
Penis 

Tests 

Left common iliac artery 
Obturator artery 
Inferior vesical artery 
Levator ani muscle 
Inferior rectal artery 


Extornal spermatic Fascia 


1S. Superf 
16. Glans penis 


Male external genital organs with penis, testis and spermatic cord, deeper layers (ventral aspect), 
‘The deep fascia of the penis has been opened to display the dorsal nerves and vessels, 


17 Testicular vein 

18 Testiculae artery 

19) Deep dorsal vein of penis 

20, Dorsal artery of penis 

a1 Wel 

22 Prepuce 
is with tunica albuginea 


J plexus 


M_ Artery of hull of penis 
Internal pudendal artery 

33 Corpus spongiosum of penis 

34 Corpus eavernosum of penit 

35. Urethra 

36. Cremaserc fascia with eremaster muscle 

37 Dorsal nerve of penis 

38 Bpididymis 

39 Tania vaginalis (visceral layer) 

40° Tunica 


nals (parietal layer) 


Male genital organs (lateral aspect). (Arteri 


441 Testis with vascular loops 


1 Gllans penis 
2 Corpus spongiosum of penis 
3. Coxpas cavernosum of penis 
‘4 Graciis muscle 
6 


Adductor mus 
Ischiocavernosus muscle 
‘overlying crus of penis 

7 Perineal body 
8 Gluteus maximus muscle 
9 Coceys 

10 Bulhospongiosus muscle 

11 Deep transverse perineus 
muscle covered by inferior 
fascia of urogenital 
sdaphragm 

12 Superficial transverse 
perineus muscle 

13 Anus 

14 External anal sphincter muscle 

15 Levator ant muscle 

16 Anococeygeal ligament 

17 Obturatorinternus muscle 

18. Urethra 

19 Deep transverse perineus 
muscle 


Muscles of urogenital and pelvic diaphragms in the male (from below). 
3 
1s 
2 
10 

10: 2 5 
‘ \ 6 
7 7 i —19 
BLA = ‘ 12 


Muscles of urogenital and pelvic diaphragms 
in the male (from below). The penis has been 
divided, (Schematic drawing.) 


Right testis (reflected laterally and 
upward) 

Bulbospongiosus muscle 
Ischiocavernosus muscle 
Adductor magnus muscle 
Posterior scrotal nerves snd 
superficial perineal arteries 
Posterior seroal artery and vein 
Right artery of bulb of penis 
Perineal body 

Perineal branches of pudendal 
Pudendal nerve and internal 
pudendal artery 

Inferior rectal arteries and 
Inferior cluneal nerve 

‘Coceyx (location) 

Penis 

Left testis (reflected laterally) 
Left posterior scrotal artery 
Deep transverse perineal muscle 
Left artery of bulb of penis 
Posterior femoral cutaneous 
External anal sphincter moscle 
‘Anus 

Giuteus maximus muscle 
Annococcygeal nerves 
AAcetabulum (femur removed) 
Ligament of Femoral head 
Body of ischium (eat) 

Sciatic nerve 


Levator ani muscle 
2 iococeygeus muscle 
> pubococcygeus muscle 
€ puborectais mu 
Prostatic verious plexus 
Body of pubis 

Tes 


‘Urogenital diaphragm and external genital organsin the male with vessels and nerves 
(From below). The testes have heen reflected laterally. 


Pelvic diaphragm and external 
genital organs in the male. The 
ght half of the pelvis including 
obturator internus muscle and 
femur had been removed to 
jsplay the right half of levator 


1 Right testis (reflected) 
2 Posterior scrotal nerves 
3 Left crus penis with 
Inchiocavernosus muscle 
‘Anus 

Inferior eluneal nerves 


Let tests (reMected) 
Dorsal artery and nerve of 


penis 

9 Urethra 

10 Deep transverse perineus 
muscle 

11 Perineal branch of pudendal 

12 Attery of bulb of penis 
(reflected) 

13 Branch of posterior femoral 


4 Internal pudendal artery nd 
pudendal nerve 

15. Inferior sovta arteries and 

16 Gluteus maximus muscle 

Dorsal nerve of penis 

18. Posterior femoral cutaneous 

19. Perineal branches of pudendal 

20 Inferior reetal nerves 


24 Inferior rectal artery and veins 


‘Urogenital diaphragm and external genital organs in the male (from below). 
‘The left crus penis has been isolated and reflected laterally together with the bulb ofthe 
penis, The urethra has been cut 


Urogenital and anal region in the male 
(from below). Right side: nerves; 
arteries and veins, 


ide: 


Right testis (reflected) 
2 Corpus spongiosum of penis 
3 Corpus cavernosum of penis 

Perineal branch of posterior 


femoral cutaneous nerve 


Left tests (ent surface) 


cof penis 


Artery of bull of penis 

Superficial transverse perineus 

muscle 

Lett artery of bulb of penis 

Perineal branch of pudendal nerve 

‘Anus 

12. External anal sphincter muscle 

23, Gluteus maximus muscle 

4 Internal pudendal artery and 
paidendal nerve 

15 Sacrotuberous ligament 


Coccyx 
Urogenital diaphragm (deep 
{ransverse perineus muscle) 
‘Tendinous center of perineum 


Anocoxeygea ligament 
Obturator internus muscle 
Dorsal artery of penis 


region in the male (from below). The root of penis has bes cut. 


Dissection of the urogenital diaphragm 


Urogenital and pelvic diaphragms in the male (trom below). ‘The penis has been 
removed. The arrows indicate the course of vessels and nerves. (Schematic draw 


Coronal section through the female urinary bladder and urethen 
(anterior view). 


Femal internal genital organs. Pelvic cavity (from above), 


1 Muscular coat of urinary bludder 
2. Folds of mucous membrane of urinary 
badder 
3 Right ureteric orifice 
4 Interureterie Fo 
5 Internal urethral oritiee 
{6 Vesicouterine venous plexus 
7 Urethra 
& Pubicbome (cut edge) 
9 External urethral orifice 
10 Vestibule of vagina 
Li Lefturetericorifice 
12 Trigone of hladder 
13. Obturarorinternus muscle 
14 Levator ani muscle 
15 Bulb ofthe vestibule 
16 Left labium minus 
17 Uterine 
Mesosalpinx 
19 Ovary 
20, Sigmoid colon 
21 Saphenous open 
22 Urinary bladder 
23. Vesicouterine pouch 
24 Fundus of uterus 
25 Rectouterine pouch (of Douglas) 
26 Ampulia of rectum 
27 Kidney 
28 Abdominal part of ureter 
29 Pelvic part of ureter 
30 Anal canal 
31 Perineum (perineal body) 
32 Umbilicus 
33 Infundibulum of werine tube 
34 Vaginal portion of ervin of uterus 
35 Vagina 
36. Pubic symphysis 
37 Clitoris 
38 Deep transverse perineus muscle 


male urogenital system (midsagittal section), 
(Schematic di ) 


Regional relations of female internal genital organs 
(medial aspect). (Schematic drawing.) 


5. Right ureter (aivied) 


‘Recto-uterine pouch (of Douglas) 


milla fold with urachus 
Ampulia of uterine tube 

Fimbriae of uterine tube 

Ovary 

Uterine tube (isthons) 

Uterus 

Vesico-uterine 
Urinary bladder 
Vagina 

Pubic symphysis 
Urethra 


Clitoris 
Labi minus 

Insertion of uterine tube at fundus of uterus 

Round ligament of uterus 

Ligament ofthe ovary 

Suspensory ligament of ovary 

Right common iliac artery (covered by peritoneum) 
Infundibulum of uterine tube 


Female internal genital organs in situ, Right half of the pelvis and sacrum have been 
removed. 


1 Body of Sth lumbar vertebra, 
suspensory ligament of ovary 
and sacral promontary 

2 Ureter 

3. Medial umbilical ligament 

(remnant of umbilical artery) 

Infundibulum of uterine tube 

Ampulls of uterine tube 


10 Levator ani muscle 
(pelvic diaphragm — cut edge) 
LL External anal sphincter muscle 
12 Anus (probe) 
13 Internal ise artery 
14 Remnant of urachus 
{median umbilical ligament) 
15 Uterus 
16 Round ligament of uterus 


19 Clitoris 

20 Laban minus 

21 External orifice of urethra 
(red probe) 

22 Vaginal orifice (green probe) 
Lateral umbilical ligament 


Inferior epigastric artery 


Obturator artery, vein and nerve 
External ia wrtery 
Recto-uterine pouch (of Douglas) 
Recto-uteri 


pouch 


Vesico-uteri 


0) Suspensory ligament of ovary 
31 Greater vestibular gland and bull 
ofthe vestibule 


pelvic cavity has bees 
display uterine tube, vessels, and 
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Quasi-Low-Dropout Linear 
Regulators 

Where a standard regulator uses a Darlington 
pair as the pass transistor and an LDO uses a 
single PNP transistor, the so-called Quasi-LDO 
Uses a combination of NPN and PNP transistors 
and has an intermediate dropout voltage, typi- 
cally a maximum of 1.5VDC. However, the terms 
LDOand Quasi-LDO are not used uniformly inthe 
industry. One manufacturer markets Quasi-LDO 
regulators as LDO regulators, and describes its 
LDO regulators as Very Low Dropout regulators. 
Consultdatasheets to determinethe actual spec- 
ification of the product, regardless of its classifi- 
cation. 


Additional Pin Functions 

Some voltage regulators include an extra pin, 
typically known as an enable pin, which switches 
off the device in response to a signal from a mi- 
crocontroller or lagic gate. 


Some regulators offer another option, an addi- 
tional status pin that can signal a microcontroller 
that an error mode exists if the regulator output 
falls significantly below its rated value. 


In battery-powered devices, alow-battery sensor 
is a desirable feature, since a regulator may sim- 
ply shut down without warning if the input volt- 
age is insufficient. A few regulators, such as the 
LP2953, provide a low-battery warning output 
via an extra pin. 


Values 


Linear voltage regulators with a single, fixed out- 
put are commonly available to supply DC out- 
puts of 3.3, 5, 6,8, 9, 10, 12, 15, 18, and 24 volts, 
with a few variants offering fractional values in 
between, The most commonly used values are 5, 
6,9, 12, and 15 volts, The input voltage may be 
as high as 35VDC. 


Values 


‘Maximum output current is typically 1A oF 1.5A, 
in the traditional three-pin, through-hole, 
TO-220 format. A surface-mount version is avail- 
able, Other surface-mount formats have lower 
power limits 


Accuracy may be expressed as a percentage or 
asa figurefor load regulationin mV. Atypicalload 
regulation value would be SOmV, while voltage 
regulation accuracy ranges from 1% to 4%, de- 
pending on the manufacturer and the compo- 
nent. Whilelow-dropout regulators are generally 
more efficient, they do require more ground-pin 
current. This is not usually a significant factor. 


How to Use it 


Some components, such as many old-design 
CMOS chips or the traditional TTL version of the 
555 timer, allowa wide range of acceptable input 
voltages, but most modern logic chips and mi- 
crocontrollers must have a properly controlled 
powersupply. Regulators suchas theLM7805 are 
traditionally used to provide this, especially in 
small and relatively simple devices that draw a 
moderate amount of current, have a low com- 
ponent count, and are powered via a battery or 
an AC adapter. A fully fledged switching power 
supply is overkill in this kind of application, 


A linear voltage regulator cannot respond in- 
stantly to changes in input voltage. Therefore, if, 
the input supply contains voltage spikes, these 
spikes may pass through the regulator. Bypass 
capacitors should be applied preventively. A 
sample schematic showing an LM7805 regulator 
with bypass capacitors recommended by a man- 
ufacturer is shown in Figure 19- 


In a battery-powered device where standby 
power is required for long periods and full power 
is only needed intermittently, the quiescent cur- 
rent drawn by a minimally loaded voltage regu- 
lator is important. Modern LDO regulators may 
drawaslittleas 100uA when they are very lightly 
loaded. Other types may consume significantly 
more. Check datasheets to find the most appro- 
priate component for a particular application. 
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through the pelvic eavity of the female. (MR-Scan.) 


Midsagittal section through the female trunk. The urinary bladder is empty. the 
position and shape of the uterus are normal. 


Psoas major muscle 
Ampulla of reetum 

Uterus 

Urinary bladder 
Obturator internus muscle 
Promontory 

Sigmoid colon 

Uterine tabe 
Head of femur 

Urethra 

Vagina 

Labium minus 

Umbilicws 

uodenum 

‘Ascending part of duodenum 
Root of mesentety 
Mesentery 

Vesico-uterine pouch 
Urinary bladder (collapsed) 
Pubie symphysis 
Anterior fornix of vagina 
Ciitoris 


Labium minus 
Labium majus 

Vertebral canal with cauda equina 
Intervertebral disc 

Body of Sth lumbar vertebra 
Sacral promontory 

Mesosigmoid 

‘Recto-uterine pouch (of Douslss) 
Posterior fornix of vagina 

Cervix of uterus 

External anal sphincter muscle 
Anal canal 

Internal anal sphincter musele 
‘Anus 

Hymen 


‘Small intestine 
Rectus abdominis muscle 


Female genital organs, isolated (anterior view). The anterior wall of the vagina has been opened to display the vaginal portion of 


the cervix, 


Female internal genital organs. (Schematic drawing.) 


Ovary 
Mesovarium 

Fundus of uterus 
Vesico-uterine pouch 
Cervix of mers 

Vaginal portion of cervix 


Vagina 
Crus of clitoris 
Labium minus 


Fimbriae of uterine whe 
Infundibulum of uterine tube 
nent ofthe vary 
exosalpine 

Uterine tube 


Suspensory ligament of ovary 
(caudally displaced) 

Broad ligament of uterus 
Round ligament of uterus 
Corpus cavernosum of citris 


Linea terminals of pelvis 
Pubic symphysis 


Female internal genital organs, isolated (superior-posterior view). 


Right ovary and uterine tube, isolated (superior-posterior view). The fimbriae 
Of the uterine tube have been reflected to show the abdominal ostium, 


Uterus and related organs (posterior view). The posterior wall of the uterus has 
been opened. 


indus of uterus 
Uterine tube 
Ligament of the ov 


Ovary 
Infundibulum of uterine tube 
3 of uterine tube 


Rectum 
‘Apex of urinary bladder and 
median umbilical ligament 
Urinary bladder 

Round ligament of uterus 
Mesosalpins 

Mesovariam 

Rectouterine pouch (of Douglas) 
Sospensory ligament of ovary 

Searting of ovary (following 
ovulation) 

‘Abdominal opening of uterine 
tube 

Body of uterus 


Cervical 
Vaginal portion of cervix of uterus 
congestion) 

Vagina 

“Mucous membrane of uterus 


Anterior fornix of vagina 


Arteries of female genital organs. (Schematic drawing.) 


(Ovarian branch of uterine artery (amas 


2. Tubal branch of ovarian artery 


3 Ovarian branch of ovarian artery 


Vaginal orifice 

Tnfundibulum of uterine tube 
Fundus of uterus 

Uterine tube 

Vaginal portion of ceris of uterus 
Vagina 

Ciitor 

Corpus cavernosum of clitoris 


Main drainage routes of lymph vessels of uterus and its adnexa 
(indicated by arrows). (Schematic drawing.) 

Red = arteries; black = lymph vessels and nodes 

yellow 


genital organs, 


Full term uterus with placenta (anterior view). The anterior wall of 
the uterus has been removed to show the location of the placenta, 


1 Placenta 
2 Amnion and chorion 
3. Adnexa of uterus 
(terine tube and ovaries) 
4 Myometrium 
5 Round ligament of uterus 
6 Internal orifice of uterus 
7 Cervix of uterus 
8 Umbilial cord 
9) Lumbar lymph nodes 
10 External iliac lymph odes 
11 Inguinal lymph nodes 
12 Abdominal sorta 
13. Suspensory ligament of ovary 


18. Uterine tube 
19 Interna tae Iymph node 


2 Uterine artery 
25 Internal pudendal artery 
26 Middle sseral artery 

27 Uterine cavity 

28 Femoral artery 


20 Vessels of labium majus 
Pelvic vessels in the female (anterior posterior view). (Arteriogram.) 30 Femur 


aad 
External genital organs in the female (anterior aspect). Labia 
reflected. 


10 


15 


Female external genital organs in relation to internal genital orga 
and urinary system (isolated, anterior aspect), 


1 Glans clitoris 
2 Labium majas 
3 Vestibule of vagina 
4 Hy 

5 Posterior 


6 Mody of 
Labiuin minus 

8 External orifice of urethra 
Vaginal orifice 

10 Ureter 

11 Adneta of uterus 


12 Prepuce of eltors 
13 Crus of clitoris 

18 Greater vestibular glands 

15 Anus and internal anal sphineter muscle 


16 Median umbilical ligament containing urachus 


17. Urinary Bladder 
18 Tofundibulum of uterine tube 
19 Ovary 

20. Ampulla of werine tube 

21. Suspensory ligament of the osry 
22 Bulbospongiosus muscle and bulb of vestibule 
23. Central tendon of perincum (perineal body) 
24 External anal sphincter muscle 


Cavernous tissue of female external genital organs, Urogenital and pelvic diaphragms (anterior aspect). 


isolated (anterior aspect) (Schematic drawing.) 


Blue = cavernous tissue of clitoris and bulb of vestibule. 


3011 


Inguinal canal and round ligament of uterus in situ 
(right side, ventral aspect), 


Body of eltoris 


Crus of elitris 


3 Bulb of vestibule 


Tlioinguinal nerve 
Tnererural fibers 

Superficial inguinal ring 

Round ligament of uterus 

Medial crus of superficial inguinal 
Aponeurosis of external abdom 
oblique muscle 

Deep transverse perineus muscle with 
fase 


8 Greater vestibular gland 


‘Superficial transverse perineus muscle 
Levator ani muscle 

‘Gluteus maxi 

Suspens 


1 muscle 


ligament of eit 


External orifice of urethra 
Bulb of vestibule 

Perineal body 

Eternal anal sphincter muscle 
‘Anus 


Muscles of pelvic and urogenital diaphragms (from below) 
(Schematic drawing.) 


Greater vestibular gland 


8 Perineal branches of pudendal nerve 


Levator ani muscle 

Inferior rectal nerves 

External anal sphincter muscle 

‘Gluteus masimas muscle 

Coccyx 

Fatty tissue of mons pubis 

External orifice of urethra 

Urogenital diaphragm with fascia of deep transverse 
perineus muscle 


7. Vaginal orifice 
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What Can Go Wrong 
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Figure 19-6. Typical schematic for use of an LM7805 reg: 
lator, with capacitor values based on recommendations 
fram Fairchild Semicanductor. 


Note that DC-DC power converters may draw a 
lot of current when they are lightly loaded, and 
will dissipate large amounts of heat as a result. 
‘An LDO is therefore preferable in this situation. 


What Can Go Wrong 


Inadequate Heat Management 

The ability to “dial up” a wide range of voltages 
from an adjustable regulator such as the LM317 
can be a temptation to use it on a “one size fits 
all" basis, to deliver any output ranging from 
5VDC to 18VDC froma uniform 24VDC input. As- 
suming 1A output current, the worst-case power 
dissipationin this scenario would be almost 20W. 
To achieve reasonable efficiency and maintain 
waste heat at a manageable level, the input volt- 
age should not exceed the output voltage by 
‘much more than the dropout voltage. 


power > regulation > voltage regulator 


Even when a voltage regulator is used correctly, 
it can generate more heat than was expected if 
the requirements of a circuit are altered during 
development. An initial handful of components 
may draw only 100mA, but as more capabilities 
are requested and more parts are added (espe- 
cially relays or LED displays) the power consump- 
tion can quickly add up, generating an unexpec- 
ted amount of waste heat and raising the possi- 
bility of a sudden (and mysterious) shutdown if 
the regulator does not have an adequate heat 
sink. 


Transient Response 
When thereis a major fluctuation in the demand 
by the load (for example, ifan inductive device is 
switched on elsewhere in the circuit), the voltage 
regulator requiresa finite timeto adjustitself and 
maintain its specified output voltage. This time 
lag is known as its transient response. If a mo- 
mentary fluctuation is likely, and other compo- 
ents may be sensitive to it, a larger capacitor 
should be used between the output of the volt- 
age regulator and ground. 


‘The transient response time may also be insuffi- 
cient to block sudden, brief spikes in input volt- 
age. This may occur, for example, when a low- 
cost AC adapter that does not have a properly 
smoothed output is used as the power source, 
Additional 14F bypass capacitors may be added 
atthe input and output of a regulator to provide 
better protection from power fluctuations. 


Misidentified Parts 

Many types of linear voltage regulators appear 
physically identical, Careis needed to distinguish 
those which have fixed output from those that 
allow a variable output. When using the LM78xx 
series, double-check the last pair of digits in the 
part number, which provide the only guide re- 
garding the output. Using an LM7808 instead of 
an LM7805 may be sufficient to destroy all the 
5VDC chipsin a logic circuit. Itis advisable to use 
ameterto check the output of any power supply 
before connecting it with a circuit. 
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Misidentified Pins 

‘The LM78xx series of voltage regulators uses a 
very intuitively obvious and consistent scheme 
for the functions of its pins: input on the left, 
ground in the center, and output on the right, 
when looking at the regulator from the front, 
with its pins facing downward. Unfortunately the 
consistency of this scheme can encourage an 
unthinking habit for making connections. The 
LII79xx series of negative voltage regulators 
swaps the identity of the input and ground pins, 
whereas adjustable regulators use yet another 
different scheme. Good practice suggests check- 
ing a component against the manufacturer's da- 
tasheet before connecting it. 


Dropout Caused by Low Battery 

Ifa regulator rated to deliver 6VDC has a 2V0C 
dropout voltage and is powered from a 9V bat- 
tery, the battery can easily drop below the mini- 
mum acceptable 8VDC if it becomes old or de- 
pleted. When this happens, the output from the 
regulator will tend to fall, or may oscillate. 


Inaccurate Delivered Voltage 

A voltage regulator maintains its output voltage 
between its output pin and ground pin, Thin 
traces on a circuit board, or a long run of very 
small-gauge wiring, can impose some electrical 
resistance, reducing the actual voltage delivered 
toacomponent. Ohm's Law tells us that the volt- 
age drop imposed by a trace (or thin wire) will be 
proportional to the current flowing through it. 
For example, if the resistance between the out- 
put pin of a voltage regulator and a component 
is 0.50 and the current is 0.1, the voltage drop 
will be only 0.05V. But if the current increases to 
1A the voltage drop is now 0.5V. Bearing this in 
mind, a linear voltage regulator should be posi 
tioned close to voltage-sensitive components. In 
printed circuit designs, the traces that deliver 
power should not have significant resistance. 


When using linear voltage regulators with ad- 
justable output, there may be a temptation to 


What Can Go 


ong 


connect adjustment resistor R1 to the positive 
end of the load, to obtain a “more accurate" de- 
livered voltage. This configuration will not pro- 
duce the desired result. R1 should always be con- 
nectedas closely as possible between the output 
pin and the adjustment pin of the voltage regu- 
lator, while R2 should connect between the ad- 
justment pin and the negative end of the load. 
This is illustrated in Figure 19-7, where the gray 
Wirein each schematic indicates that it possesses 
significant resistance. 


Right 


isi7L 


out 
Adjust | 


RL 


ad 


R41 [loaa 


Resistive Wire 


Figure 19-7. When the connection between an adjustable: 
‘output voltage regulator and load components has a sig 
fificant resistance (shown here as a gray “resistive wie"). 
FRI should always be connected as closely as possible fo 
the pins ofthe regulator. as shown Inthe upper schemat 
ic. (Derived from schematics prepared by National Sem 
conductor.) 
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of right wrist and hand (palmar aspect). 


The human hand is one of the most admirable structures 
of the human body. The carpometacarpal joint of the 
thumb, a saddle joint, enjoys wide mobility, so that the 
thumb can get in contact with all other fingers, thus 
enabling the hand to become an instrument for grasping, 
and psychologic expression. During evolution these 
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newly developed functions appeared after the erect 
posture of the human body was achieved. An inevitable 
prerequisite for the development of human cultures is not 
only the differentiation of the brain but also the develop- 
ment of an organ capable of realizing its ideas: the human 
hand. 
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Opponcns digit minimi muscle 
Flexor digit minim brevis muscle 
Tendons of flexor di 


35 
a 
38 
9 
40 
41 
a 


“4 


Posi 


A Deep layer 
B Superficial layer 


1 Flexor pollicis longus muscle (blue) 
2. Flexor digitorum profundus muscle (red) 

3. Pronator teres musele (red) 

4 Flexor carpi radials muscle (red) 

5. Flexor carpi ulnaris muscle (red) 

6 Flexor digitorum superficial muscle (blue) 


Supinator muscle 


Extensor carpi radials brevis muscle 


Tendon of flexor carpi radials muscle 
Promator teres muscle (insertion of radius) 


Lumbrical muscles 
Tendon of flexor digitorum profundus muscle 


Tendon of flexor digitorum profundus muscle having passed 
jons of the flexar digitorum superficalis 


through the divided te 
muscle 
Flexor retinaculum 


of flexors of fingers and hand. (Schematic drawing.) 


1 Biceps brachii muscle 
2. Brachials muscle 

3 Pronator teres 

4 Brachion 

5 Radius 
om of flexor carpi radi 


muscle 


6 Te 
7 “iendom of abductor poli 
8 Opponens pollicis muscle 
9 Adductor pollicis muscle 
10 Tendon of flexor pollicis longus muscle 
11 Triceps brachii muscle 

12 Medial intermuscular septum 

13 Medial epicondyle of humerus 

HA Common flexor mass (divided) 


Ulnw 


onseous membrane 
‘quadratus muscle 
radon of flexor carpi ulnaris muscle 


form bone 
Abeluctor digi minim muscle 
Flexor digiti minimi brevis muscle 

Tendons of flexor digitorum profundus muse 
Tendons of fleyor digitorum superficialis mus 
tinaculun 


es 


7 Common synovial sheath of flexor tendons 
moval sheath of tendon of flexor pollicis 


longus muscle 
29 Digital synovial sheaths of flexor tendons 


Synovial sheaths of flexor tendons (palmar aspect of Fight 


Mascles of the forearm, deep layer (ventral aspect). All 
flexors have been removed to display the pronator quadratus, awing.) 


muscles together with the interosseou 


hand). (Semischematic 


and pronator ter 


membrane. Forearm in supination. 


Right supinator and elbow joi 
(anterior aspect). Forearm in pronation. 
3 24 


Synovial sheaths of flexor muscles 
(palmar aspect of right hand). 
Blue PVA-solution has been inje 


1 Humerus 
2. Lateral epicondyle of humerus 
3 Anticulareapsule 
44 Position of capitulum of humerus 
5. Deep branch of radial nerve 
Supinator muscle 
7. Entrance of deep branch of radial nerve to extensor muscles 
8 Radius and insertion of pronator teres muscle 
9) Interosseous membrane 
10 Median nerve 
11 Triceps brachii muscle 
12. Trochlea of humerus 
13. Tendon of biceps brachii muscle 
14 Rrachial artery 
1S Pronator teres muscle 
16 Tendon of pronator teres muscle 
17 Ula 
18 Promator quadratus muse 
19 Tendon of flexor carpi radalis muscle 
20 Thenar muscles 
21 Synovial sheath of tendon of flexor policis longus muscle 
22. Fibrous sheath of flexor tendons 
23. Digital synovial sheath of Mexor tendons 
24. Flexor digitorum superficialis muscle 
25. Tendon of flexor earpi ulnaris muscle 
26 Common synovial sheath of flexor tendons 
27. Position of pisiform bone 
28 Flexor retinaculum 
28 Hypothenar muscles 
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A Axis of flexion and extension 
B Axis of rotation 
Arrows 
S Supination 
P Pronation 


Diagram illustrating the two axes of the elbow joint, 


Muscles of thumb and index finger (medial 


aspect), The tendlons of the extensor muscles of 
the thumb and the insertion of the flexor tendons, 


of the index finger are displayed 


Tendons of extensor pollicis brevis 
‘and abductor pollicis longus muscle 
Extensor retinaculum 

‘Tendon of extensor pollicis longus muscle 
‘Tendons of extensor carpi radials longus 
and brevis muscles 

First dorsal interosseous mu 
Tendon of extensor digitorum muscle for 
index finger 

Location of metacarpophalangeal joint 
Tendon of humbrical muscle 


Extensor expansion of index finger 
Tendon of flexor carpi radials muscle 
(cut) 

Anatomical snuftbox 

Tendon of abductor pollicis longus muscle 
Tendon of extensor policis brevis muscle 
Tendon of abductor pollicis brevis muscle 


Muscles of hand (palmar aspect), The tendons of the flexor muscles and 


been openee. 


Extensor expansion of extensor of thumb 
Vineulum longum 

Tendons of flexor digitorum 
superficias muscle dividing to allow 

passage of deep tendons 

Vincula of flexor tendons 

Tendon of flexor digitorum profundus musele 
Vinculum breve 

Radial carpal eminence (cut edge of 
flexor retinaculum) 

‘Opponens pollicis muscle 

[Deep head af flexor pilicis brevis muscle 
Albductor poli 

Superficial head of flexor pollicis brevis 
muscle (cut) 

Oblique head of addue 
“Transverse bead o 
Tendon of exor polics longus muscle (cut) 


brevis muscle (cut) 


+ pollicis muscle 
adductor pollicis muscle 


parts of the thumb muscles have been removed, The carpal tunnel has 


‘Lumbrical mus 


cut) 
First dorsal interosseous muse 

Position of earpal tunnel 

Tendon of lexor carpi ulnaris muscle 


Location of pisiform bone 
Hook of hamate bone 

Ablucto digit minim muscle 
Flexor digit minimi brevis muscle 
Opponens digit minimi muscle 

2nd palmar interosscous muscle 
3rd palmar interosseous muscle 
4th dorsal interosseous muscle 
3rd dorsal interosseous muscle 
Tendon of flexor digitorum 
pprofundus muscle (cut) 

Tendons of flexor digitorum 
superlicilis muscle (cut) 

Fibrous flexor sheaths 


Muscles of right hand, 
hypothenar muscles have been removed to display the 
interosseous muscles, 


layer (palmar aspect). The thenar and 


‘Transverse section through the right hand, showing the carpal tunnel 
(canalis carpi). 


Actions of interosseous muscles in abduction and 
adduetion of fingers (palmar aspect, schematic 
drawing), Arrow: carpal tunnel. 

Red = abduction 

(dorsal interosseous muscles, abductor digiti 

minimi and abductor pollicis brevis muscles) 

Black = adduction 

(palmar interosseous muscles, adductor pollicis muscle). 


Pronator quadratus muscle 
Tendon of flexor carpi raalis muscle 
Abductor pollicis brevis muscle (divided) 
Aadductor pollicis musele (divided) 
Tendon of flexor pollicis longus muscle 
Lumbrical muscles (cut) 
7. Tendon of flexor carpi ulnaris muscle 
8 Pisiform bone 
9 Abductor digit minimi muscle (divided) 
10 Dorsal interosseous muscles 
11 Palmar interosscous muscles 
12 Radius 
13 Ulna 
14 Flexor retinaculum 
15 Tendons of exor digitorum 

profundus muscle 
16 Tendons of flexor digitorum 

superfcialis muscle 


17 Capitate bone 
Trapezium bone and trapezoid bone 

Radial artery 

Tendon of flexor muscles 

First metacarpal bone 

Median 

Thenar muscles 


Hamate bone 
Hypothenar muscles 


Ulnar artery and nerve 
‘Carpal tunnel (canalis carpi) 


Extensor muscles of forearm and hand, superficial layer 
(dorsal aspect). Tunnels for extensor tendons indicated 
by probes. 


te 


been injected with blue 
gelatin. 


‘Synovial sheaths of extensor 
tendons on the back of right 
\wrist (indicated in blue) 

Notice the six tunnels for the 


hs of extensor 
dons, The sheaths have 


passage of the extensor 
tendons beneath the extensor 
retinaculum. (Semischematic 
drawing.) 


ral intermusculer septum 


fendon of triceps brachii muscle 
Lateral epicondyle of humerus 
Oleeranon 

Ancaneus 


Extensor carpi ulnaris musele 
Extensor digitorum muscle 
Extensor digiti minimi muscle 
Exteosor retinaculum 
‘Tendons of extensor digit minim muscle 
‘Tendons of extensor digitorum muscle 
Intertendinous connections 
Brachioradialis muscle 
Extensor carpi radials longus muscle 
Extensor carpi radialis brevis muscle 
Abdluctor pollicis longus muscle 
Extensor pollicis brevis m 
Tendon of extensor pollicis longus muscle 
‘Tendons of bath extensor carpi radials longus 
nd extensor carpi radials brevis muscles 
“Tendon of extensor indicis muscle 
Ist tunnel: Abductor pollicis longus muscle 

Extensor pollicis brevis muscle 
2nd tunnel; Extensor carpi radials longus and brevis muscles 
3rd tunnel: E 
4th tunnel: Extensor digitorum muscle 


ensor pollicis longus muscle 


Extensor indicis muscle 
Sth tunnel: Extensor ditt minimi muscle 
{th tunnel: Extensor earpi ulnaris muscle 


Extensor muscles of forearm and hand, deep layer 
(dorsal aspect), 
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20 


ieps brachii muscle 
Lateral iotermuscular septum 
Lateral epicondyle 
Anconeus muscle 
Extensor digitorum and extensor digit minim muscles (cut) 
Supinator muscle 


‘of humerus 


Exionsor carpi ulnar muscle 

Extensor retinaculum 

and 4th dorsal interosseous muse 

dans of extensor digitorum muscle (cul) 

11. Beeps brachii muscle 

12. Brachialis musele 

13 Brachioradialis muscle 

14 Extensor carpi radials longus muscle 

15 Extensor carpi radialis brevis muscle 

16 Absluctor pollicis longus muscle 

17. Extensor polics longus muscle 

18. Extensor pollicis brevis muscle 

19 Extensor indicis muscle 

20. Tendons of the extensor carpi radials longus 
and extensor carpi radials brevis muscles 

21 Ist dorsal interosseous muscle 


Position of extensor museles of forearm and hand, (Semischematic 
drawing.) 
A. Extensors of thumb B_Extensors of fingers and hand 


Abductor polis longus muscle $- Extensorearp ulnaris muscle 


(red) (blue) 
Extensor pollicis brevis muscle 6 Extensor digitorum muscle 

(blue) (rea) 

Extensor pollicis longus muscle 7 Extensor earpi radials brevis muscle 
(rea) (biue) 

Extensor indiis muscle 8 Extensor earpi adialis longus muscle 


(blue) (blue) 


ot 


branches of right subel 


ant 


10 A112:13_ 14:15 16 17 


3534367 


an and axillary arteries (anterior aspect). Pectoralis muscles have been refl 
or wall of thorax removed and right lung divided. Left lung with pleura and thyroid gland have been reflected laterally to 


display aortic arch and common carotid artery with their branches, 


1 Pectoralis minor muscle (reflected) 
2 Anterior citcumilex humeral artery 
3 Musculocutancous nerve (divided) 
4 Axillary artery 

5 Posterior circumflex humeral artery 
(© Profunda brachii artery 

7. Median nerve (vat) 

Brachial artery 

9 Biceps brachii muscle 

10 Thoracoacromial artery 

11 Suprascapular artery 

12. Descending seapular artery 

13. Brachial plexus (middle trunk) 

14 Transverse cervical artery 


15. Scalenus anterior muscle and phrenic nerve 
16 Right incernal carotid artery 

17. Right esterna carotid artery 

18 Carotid sinus 

19. Superior thyroid artery 

20. Right common carotid 

21 Ascending cervical 


Thyroid gland 
Inferior thyroid artery 
Internal thoracieurtery 


Brachiocephatie unk 
Left brachiocephalic vein (divided) 
Left vagus nerve 
‘Superior vena cava (divided) 
‘Ascending ao 
Median nerve (divided) 
Phrenic nerve 

Right lung (divided) and pulmonary pleura 
Thoracodorsal artery 

Subscapular artery 

Lateral mammary branches (variant) 
Lateral thoracic artery 

Thyrocerviea trunk 

Superior thoracic artery 


Superior ulnar collateral artery 
Inferior ulnar collateral artery 
Midale collateral artery 


30 


7 


clavicle and 


Radial col 
Radial recur 
Radial artery 


Anterior 


Princeps polis artery 
Deep palmar arch 
Common palmar digital arteries 
Umar recurrent artery 
Recurrent interosseous artery 
Common interosseous artery 
Ulnar artery 

perfil palmar arch 
Meslian nerve and brachial artery 
Bicops brachii muscle 
Ulnar nerve 
Flexor pollicis longus muscle 
Palmar digital arteries 
Anterior interosseous artery 
Flexor carpi ulnaris muscle 
Superficial palmar branch of radial 
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electromagnet 


‘The term electromagnet is used here to mean a coil containing a core of ferromagnetic 
material that does not move relative to the coll. The core is used solely to create a mag- 
netic field that attracts or repels other parts that have appropriate inherent magnetic 
properties, Where a center component moves in response to the magnetic force created 
by current through a coil, this is discussed in the solenoid entry. By comparison, the 
inductor entry describes a coil that may or may not have a ferromagnetic core, and is 
sed for the specific purpose of creating reactance, or self inductance, in an electronic 
Circuit, often in association with alternating current and in combination with resistors 
and/or capacitors. The inductor entry contains a basic discussion and explanation of 
magnetic force created by electricity 


OTHER RELATED COMPONENTS 


+ solenoid (Seo Chapter 21) 

«+ electromagnet (See Chale 20) 
+ Demeter (See Chspier 22) 

+ AC motor (See Ciapter 22) 


What It Does 


An electromagnet consists of a coil that creates 
a magnetic field in response to an electric cur- 
rent. The field is channeled and reinforced by a 
core of magnetic material (that is, material that 
can be magnetized). Electromagnets are incor- 
porated in motors, generators, loudspeakers, mi- 
crophones, and industrial-sized applications 
such as mag-lev trains. On their own, they pro- 
vide a means for electric current to hold, lft, or 
move objects in which a magnetic field can be 
induced. 


A very small, basic electromagnet about 1 inch 
in diameter is shown in Figure 20-1. No specific 
schematic symbol for an electromagnet exists, 
and the symbol for an induction coil with a solid 
core is often used instead, as shown in 
Figure 14-1 (the center variant of each of the 
three) in theinductor entry of this encyclopedia. 


Figure 20-1. An electromagnet appraximately 1 inch in di 
‘ameter. rated to draw 0.258 at 12VDC. 


How It Works 


Electric current flowing through a circle of wire 
(ora series of connected loops that form a helix 
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ch) 


Arteries of the upper limb, (Schematic drawing.) 


lateral aspect; anterior thoracic wall) 


hhas been opened). 


Superficial temporal artery and vein 
‘Occipital vein 


External jugular vein 
Internal jugular vein and common carotid artery 
Delioid muscle 
Aaillary vein 

cephalic vein within the 


lateral thoracic vein 


Cephalic vein on forearm 
‘Venous network on dorsum of hand 


Superficial veins of upper limb. 
(Semischematic drawing.) 


Dorsal metacarpal veins 
Facial artery and yein 
Submandibular gland 

‘Anterior jugular vein, hyoid bone 
and omohyoid muscle 

“upular venous arch and thyroid gland 
[Right and left brachiocephelie veins 
Retrosternal body 

(remmant of thymus gland) 


asilic vein 


Median cubital yein 
Digital veins 


Main branches of radial nerve. (Schematic drawing.) 
Posterior divisions of trunks and posterior cord and its 
branches are indicated in green 


Brachial plexus 


1 
2 La 
3 Post 
4 Me 
5 Asillary 
6 Radial 
7. Posterior cutaneous nerve of arm 
8 Lower lateral cutancous nerve of sem 
9 Posterior cutaneous nerve of forearm 
10 Superficial branch of radial nerve 

11 Deep branch of radial nerve 

12. Dorsal digital nerves: 


Main branches of musculocutaneous, median and ulnar 


nerves. (Schematic drawing.) 
Anterior divisions of the trunks and all the components 
arising from them are indicated in yellow 


13. Roots of median nerve 
14 Masculocutancous nerve 

1S Median nerve 

16 Ulnar nerve 

17 Medial cutaneous nerves of arm and forearm 
18 Lateral cutaneous nerve of foreatm 

19 Antcriorinterosseous nerve 

20) Palomar branch of median nerve 

21 Dorsal branch of ulnar nerve 

22 Deep branch of ulnar nerve 

23. Common palnar digital nerves of median nerve 
24 Superficial branch of ulnar nerve 


Cutaneous nerves of right upper fi 
(Semischematic drawing.) 


Medial supractavicular nerve 
Intermediate supraclavicular nerve 
Upper lateral 

“Terminal branches of intercostobrachil nerves 


neous nerve of arm 


‘Lower lateral cutaneous nerve of arm 
Lateral cutaneous nerve of forearm 

Terminal branch of superficial branch of radial nerve 
Palmar digital nerve of thumb (branch of median nerve) 
Palmar digital branches of median nerve 

Anterior cutaneous branches of intercostal nerves 
Lateral cutaneous branches of intercostal nerves 
Medial eutancous nerve of forearm 


Cutaneous nerves of the upper limb (dorsal aspect) 
(Semischematic drawing.) 


Palmar cutsmeous branch of ulnar nerve 
Palmar branch of median nerve 

Palmar digital branches of ulnar nerve 

‘Cutaneous branches of dorsal rani of spinal nerves 
Dersal branch of ulnar nerve 

Dorsal digital nerves 

Posterior supraclavicular nerve 
Posterior cutancous nerve of arm 
Posterior eutancous nerve of forearm 
Superficial branch 

Dorsal digital branches 


fom radial nerve 


Dorsal region of shoulder, superiicial layer. Note th: 


segmental arrangement of the cutaneous nerves of the back. 


Trapezius muscle 
Dorsal branches of posterior intercostal artery and vein 
(medial cutancous branches) 

“Medial branches of dorsal rami of spinal nerves 
Rhomboid major muscle 

Lateral branches of dorsal rami of spinal nerves 
LLatissimus dorsi musele 

Posterior supraclavicular nerves 

Spine of scapula 

Deltoid muse 

Infraspinatus muscle 
“Teres minor muscle 

‘Triangular space with circumflex scapular artery and vein 


Upper lateral cutaneous nerve of arm with artery 
“Teres major musele 

Terminal branches of intercostobrachal nerve 
Medial cutaneous nerve of rm 

Tendon of triceps brachii muscle 

Lateral cutaneous branches of imereostal nerves 
Medial eutaneous nerve of forearm 

Long head of triceps brachii muscle 
‘Quadrangular space with axillary nerve and 


posterior humeral circumflex artery 


“Anastomosis between profunda brachi artery and pos 
humeral circumflex artery 

Cours 

Lateral head of tic 
Course of descending scapular a 


of radial nerve and profunda brachil artery 
1 brachii musele 
ery and dorsal scapular nerve 


Course of suprascaputor nerve, artery and vein 


Shoulder and arm (dorsal aspect). Dissection of the 
‘quadrangular and triangular spaces of the axillary region. 


Course of vessels and nerves to shoulder and upper limb, 
(Schematic drawing.) 


Scapular region, urm and shoulder, deep layer (dorsal 
aspect). Part of deltoid muscle has been cut and reflected to 
display the quadrangular and triangular spaces of the axillary 
region 


‘Trapezius muscle 
Spine of seapula 

Infraspinatus musele 

‘Teres minor muscle 

‘Triangular space containing circumflex scapular artery and vein 
‘Teres major muscle 

Latissimus dorsi muscle 

Deltoid muscle (cut and reflected) 

‘Quadrangular space containing axillary nerve and posterior 
circumflex humeral artery and vein 

Long head of triceps brachii muscle 

‘Cutaneous branch of axillary nerve 

Lateral head of triceps brachii muscle 


Terminal branches of ineseostobraci 
ateral cutaneous branches of intercostal nerves 
Medial cutaneous nerve of arm 


Medial cutancous nerve of forearm 
Upper lateral eutancous nerve of arm 


Anastomosis between profunda brachil artery and posterior 


Radial collateral artery 


Middle collateral artery 


Lower lateral eutancous nerve of 


Posterior cutaneous nerve of forearm 
Teadon of triceps beachil muscle 


‘Scapular region and posterior brachial region; arm 
and shoulder, deep layer (dorsal aspect). The lateral head 
Of the triceps brachii muscle has been cut to display 

the radial nerve and accompanying vessels. 


Dorsal regions of neck and shoulder (dorsal aspect), Left side: superficial layer. 
Right side: trapezius and Iatissimus dorsi muscles have been removed. 


Dissection of dorsal branches of spinal nerves 


Greater occipital nerve 
Ligamentum nuchae 
Splenius capitis muscle 
Sternocleidomastoid muscle 
Lesser occipital nerve 
Splenius cervicis muse 
Descending and transverse Fibers of tapes muscle 
Medial cutaneous branches of dorsal rami of 
Asconding fibers of trapezius muscle 
Latissimas dorsi muscle 

Cutaneous branch of thitd occipital nerve 
Great auricular nerve 

‘Accessory nerve (n. XI) 

Posterior supraclavicular nerve and levator scapulne muscle 
Branches of suprascapular artery 


Deltoid muscle 
Rhomboid major muscle 

Infraspinatus muscle 

“Teres minor muscle 

Upper lateral cutaneous nerve of arm (branch of axillary nerve) 
‘Teres major muscle 

Medial margin of scapula 

Long head of triceps muscle 

Posterior cutaneous nerve of arm (branch of radial nerve) 
Latissimus dorsi muscle (divided) 
‘Ulnar nerve and brachial artery 

Lateral entaneous branches of dorsal ra 
iliocastals thoracis muscle 

External intercostal muscle and seventh ri 
Serratus posterior inferior muscle 


spinal nerves and 


Clavicle 
altoid muscle 


rior transverse scapular 


6 Terex minor muscle 
Arillary nerve and posterior 
circumflex humeral artery 


11 Greater acepital norve 

12 Lesser occipital nerve 

13. Great auricular nerve 

14 Splenius capitis musele 

15 Accessory nerve (n. XI) 

1G Third occipital nerve and 
levator seapulae muscle 

17 Serratus posterior superior 


muscle 


and dorsal scapular nerve 
20 Rhomboid major muscle 


22, Radial nerve and profunda 
brachii artery 

23 Thoracodorsal artery 

24 Thyrocervical trunk 

25. Roots of brachial plexus 


Dorsal fegion of shoulder; deepest layer. Rhomboid and scapular muscles fenestrated: 
posterior part of deltoid muscle refls 


Collateral circulation of shoulder. 
Anastomosis of suprascapular and 
circumfles scapular arteries 
remiatic drawing 


Scapular region, arm and shoulder (dorsal aspect). Arteries of scapular 
Trapezius, deltoid and infraspinatus muscles are partially removed or ref 


ocleidamastoid muscle 


Splenius capitis muscle and thie occipital nerve 
XI) 

‘Splenius cervicis muscle and transverse cervical artery 

{deep branch) 

6 Levator of scapula muscle 

7 Tr 

Spine of seapula and serratus posterior superior muscle 

9. Rhomboid major muscle 

10 Trapezias muscle 


sverse cervical artery (superficial branch) 


n are injected. 


d 


Latissimus dorsi muscle 


tery andl supraspinatus muscle (rellected) 
lary nerve, posterior circumtle ery and 
Tnteral head of triceps, brachii muscle 

Teres minor muscle 


meral a 


Long head of triceps brachii muscle 
ircumex seaputar artery and teres major 
Infraspinatus muse 


Right shoulder and thoracic wall, superficial layer (anterior aspoet). Dissection of 


the cutaneous nerves and veins 


1 Trapetius muscle 
2 Posteri 
Mile 


Deltoid muscle 

6 Cephalic vein within the detopectoral groove 
Upper lateral cutaneous nerve of arm 
(branch of axillary nerve) 

8 Latissimus dorsi muscle 

9 Cephalic vein 

10. Biceps brachii muscle 

11 “Triceps brachii muscle 


Lateral eutaneous branches of inters 


13. Transverse cervical nerve and external 


Superficial veins of right arm have 
been injected with blue gelatin 


Sternosleidomastoid muscle 
‘supraclavicular nerve 


CClavieular part of pectoralis major musele 
Sternocostal part of pectoralis major muscle 
Perforating branch of internal thora 

Anterior cutaneous branches of| 


ctoralis major muscle 


Accessory cephalic vein 


Variants 


or coil) will induce a magnetic field through the 
center. Thisis illustrated in the inductor entry of, 
this encyclopedia, specifically in diagrams 
Figure 14-3, Figure 14-4, Figure 14-5, and 
Figure 14-6. 


Ifa stationary piece of ferromagnetic material is 
placed in the center of the circle or coil, itenhan- 
ces the magnetic force because the reluctance 
(magnetic resistance) of the material is much 
Jowerthan the reluctance ofair. The combination 
ofthe coil and the coreis an electromagnet. This 
is illustrated in Figure 20-2. For a lengthier dis- 
cussion of this effect, see “Magnetic Core" (page 
122). 


Figure 20-2. Direct conventional current flowing through 
2 wire colled around a ferromagnetic rod induces a mag: 
etic force in the red, conventionally considered fo flow 
fram south to north, 


The magnitude of the electromagnetic flux den- 
sity will be proportional to the current flowing 
through the coil, assuming a DC power source. 


Variants 


Electromagnet designs vary according to their 
application. The simplest design consists ofa sin- 
gle coil wound around a rod which may termi- 


lectromagnetism > linear > electromagnet 
nate in a plate for applications such as lifting 
scrap metal. This design is relatively inefficient 
because the magnetic circuit is completed 
through air surrounding the electromagnet. 


Amore efficient, traditional design consists of a 
U-shaped core around which are wound one or 
two coils, If the U-shaped core is smoothly 
curved, it resembles a horse-shoe magnet, as 
shown in Figure 20-3. This design has become 
relatively uncommon, as it is cheaper to make 
windings across two separate, straight vertical 
cores and bridge them. However, the horseshoe 
configuration is extremely efficient, as the coils 
induce north and south magnetic polarities in 
the open ends of the U-shaped core, and the 
magnetic circuit is completed through any ob- 
ject that is attracted toward the open ends and 
links them, The attracted object is shown as a 
rectangular plate in Figure 20-3. Because a mag- 
netic circuit will naturally attempt to limit its ex- 
tent,and because this goal will beachieved when 
the circuit is completed, the attractive force of 
the U-shaped magnet is maximized. 


An electromagnet powered by direct current 
naturally produces a consistently polarized, sta- 
ble magnetic field. When AC current is applied, 
an electromagnet may still be used to exert an 
attractive force on a passive object that is not 
magnetized but is capable of being magnetized. 
The electromagnet will change its polarity at al- 
most the same frequency as the AC, and will i 
duce equal and opposite fluctuating polarity in 
the target, causing mutual attraction. The core of, 
the magnet will be composed of plates separa- 
ted by thin layers of insulation to inhibit the eddy 
currents induced by the AC, but still an AC- 
powered electromagnet will be less efficient 
than a comparable DC-powered electromagnet 
because itwill also sufferfrom hysteresisas power 
isconsumed by repeatedly reversing the polarity 
of the magnetic domains in the core. 


Some electromagnets that are described as suit- 
able for AC power actually contain rectifiers that 
convert the AC to DC. 
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Right deltopectoral triangle, infraclavicular region 
(anterior aspect), The pectoralis major muscle has been cut 


and reflected, 


Accessory nerve 

“Trapezius muscle 

Pectorals major muscle (clavicular part) 

Acromial branch of thoracoaeromial artery 

Pectoralis major muscle 

Lateral pectoral nerves 

Abdominal part of pectoralis major muscle 

External jugular vein 

Cutaneous branches of cervical plexus 
jerneclekdonvastoid muscle 


Subelavius muscle 
CClavicular branch of thoracoscromial artery 


Sabelavian vein 
“Thoraconeromial artery 

Pectoral branch of thoraenasto 
Medial pectoral nerve 

Ind 


‘Thoracic wall and shoulder, deep layer. Right axillary 
region (anterior aspect), The pectoralis major muscle has 
been cut and partly removed. 


Pectoralis minor muscle 
Sed ib 
Deltoid musele 
Pectorais major muscle (reflected), br 
median nerve 
25. Short head of biceps brachii muscle 
26 Thoracodorsal artery and nerve 
27 Medial cutaneous nerve of arm 
28. Intercostobrachial nerve (T:) 
29, Long head of biceps brachii muscle 
30 Medial cutancous nerve of forearm 
31 Latissimus dorsi muscle 
432. Lateral eutancous branches of intercostal nerves 
(posterior branches) 
33 Serratus anterior muscle 
I pectoral nerve 
Long thoracie nerve and lateral thoracie artery 
36 Intersastobrachial nerve (T)) 


37 Lateral cutaneous branches of intercostal nerves 
(anterior branches) 


Right axillary region (inferior aspect). Dissection of superficial axillary nodes and ty 
‘The pectoralis major muscle has been slightly elevated 


Deltoid muscle 
Cephalic vein 
Median nerve 
Brachial arte 
“Meeial cutaneous nerves of arm and forearm 
Ulnar nerve 
Baslic Vein 
Intercostebrachial nerves 
Circumflex scapular artery 
ficial axillary nodes 
U1 Lateral thoracic artery 


Toracoworsal at 
Lateral eutane neh of intercostal ery 
Latssimus dorsi muscle 
Thoracoepizastric vein 

Serratus anterior muscle 
“Musculocutaneous nerve 

Radial nerve 

Peotorais major muscle 

Nipple 


nphatic vessels. 


Axillary 
divided and reflected, Shoulder girdle and arm elevated and reflected. 


mn (anterior 3 


ect). Dissection of deep axillary nodes, Pectoralis major and minor 


1 Deltoid muscie 13 Maseulocutancous nerve 

2. Insertion of pectoralis major muscle M4 Subelavius mus 

3. Coracobrackialis muscle 15. Thoracoaeromial artery 

4 Roots of median nerve, allay urtery 16 Axillary vein 

5. Short head of biceps brachii muscle 17 Cavite 

6 Ulnar nerve and medial cutaneous nerve 18 Pectoralis major and minor museles (reflected) 
of forearm 19 Nipple 

7. Thoracoepigasiric vein Anterior cutaneous branches of intercostal nerves 

8 Deep axillary node 21 Anterior layer of rectus sheaths 

9 Latissimus dorsi muscle 


10 Serratus anterior muscle 
11. Cephalic vein 
12. Insertion of pectoralis minor muscle (corueoid process) 


Right axillary region (anterior aspect). The pectoralis major 
and nerves of the axilla 


Sternocleidomastoid muscle (cut and reflected) 
Cervical plexus 

Trapezius muscle 

Pectoralis minor muscle and medial pect 

Deltoid musele 

Pectoralis major muscle and lateral pectoral nerve 
Median nerve und brachial arts 

CCireumflex scapular artery 

Short heal of biceps brachii muscle 
Thoracodorsal artery and nerve 

Long head of biceps brachii muscle 
Latissimus dorsi muscle 

Serratus anterior muscle 

Internal jugular vein 


1 and minor muscles have been cut and reflected to display the vessels 


Phrenic nerve and ascending cervical artery 
Brachial plosus (atthe levels of the trunk 
Clavicl 

Subelavius muscle 

Thoracoacromial artery 

Subslavian vein (cut) 

Aaillary artery 

Subscapular artery 

Superior thoracic artery 

[Lateral thoracie artery and long thoracic 1 
External intercostal muse 

Insertion of pectoralis minor muscle 
Intercostobrachial nerves 

Lateral cutaneous branches of intercostal nerves 


Insertion of pestoralis major muscle 
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15 
16 


is muscle and accessory nerve 
Brachial plexus 
Claviete(eut) 
‘ectoralis minor muscle 
‘Axillary (subclavian) artery 
Deltoid muscle 
Museatocutaneous ner 
Aailary nerve 


Short head of b 
Medial cutaneous nerves of arm and forearm 
Long head of biceps brachii muscle 
Latissimus dorsi muscle 


Cephalic vein 
Cervical plexus 

Murenie nerve and scalemus anterior 
Descending seupular artery 
Suprascapularattery 

Internal thoracic artery 


3 Subclavian vein 


Thoracoacromial artery 
Superior thoracic artery 


Invercostobrachial nerve 
Insertion of the pectorlis minor muscle into the 2nd-Sth ibs 
Lateral cutaneous branches of intereostal nerves 
Abdominal part of pectoralis major muscle (cut) 


‘Suprascapular nerve and artery 
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Brachial plexus (anterior aspect). Clavicle and the two pectoralis muscles have been partly removed. 


Main branches of brachial plexus, Posterior cord in rel, lateral cord in yellow 
and medial cord in purple. (Schematic drawing.) 
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Right arm, Dissection of vessels and nerves (medial asp 


Radial artery and superficial branch 
of radial nerve 

Lateral cutanenus nerve of forearm 
Brachioradialis muscle 

Ulnar artery 

‘Tendon of biceps brachii muscle 

Brachialis muscle 

Pronator teres muscle 

Median nerve 

Medial epicondyte of humerus 
Inferior ulnar collaceral artery 

Ulnar werve 

Medial cutaneous nerve off 

Brachial artery 

Biceps brachii muscle 

Intercostobrax 

Latissimus 

Thoracodorsal nerve and artery 

Serratus anterior muse 

Subscapular artery 

Pectoralis major muscle (reflected) and lateral p 
Radial nerve and profunda brachi artery 
Axillary nerve 

Roots ofthe median netve with axillary artery 
Musculocutaneaus nerve 

Pectorals minor muscle (reflected) and medial pectoral nerve 
Posterior cord of brachial plesu 

Clavicie (eu 

Lateral cord of brachial plexus 

‘Medial cord of brachial p 

Subclavian ater 

Brachial 


18 
has been r 
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Right arm. Dissection of vessels and nerves, deeper lay 
Biceps muscle has been reflected, 


1d cutaneous neryes of 
forearm and hand (anteromedial aspect) 


Sagittal section through the forearm at the level of the humeroulnar 
articulation (MR-Scan, after A. Heuck, G. Luttke, and J.W, Rohen, 199). 


Cephalic vein 
Brachioradiais muscle covered by its 
Posterior cutaneous nerve of forearm 
(branch of radialis nerve) 
-phalic vein of forearm 
Extensor pollicis longus and 
is muscles covered by ther fascia 
cubital vein 
‘cutaneous nerves of forearm 
h of musculocutancous nerve) 
Intermedian vein of forearm 
Superficial branch of radial nerve 


Dorsal digital branches of radial 
Triceps brachii muscle 

‘Venous network on the dorsum 
‘of the hand 

Oleeranon 

Humeroulnar articulation 

Uina 

Radiocarpal articulation 

Biceps brachii muscle 


§ Trochlea of humerus 


Flexor muscles of forearm 
‘Carpal bones 


Na 
Vessels and nerves of right forearm, superficial layer 
(dorsal aspect) 


cops brachii muscle 11 Extensor retinaculum 
Dorsal branch of ulnar nerve 


Extensor digitorum muscle 


$- Extensor earpiulnaris muscle 


Tongus muscle 
‘muscle 
sor carpi ulnaris musee 


Extensor pollicis brevis musc 


2 Superficial branch of radial nerve 


Posterior branch of anterior 
Supinator musel 


Cutaneous nerves and veins of forearm and hand 
(superficial layer, dorsal aspect), 


Tanervation pattern of dorsal surfaces of hand 
2h nerve, Note 
that the terminal branches to the dorsal surfaces of the 

distal phalanges are derived from the palmar digi 


nerves. The cutaneous distribution varies; often 3'/ digits 


are innervated by the radial and 1's digits by the ulnar 


mn of forearm and hand (deeper layer). 
Extensor digitorum muscle has been partly removed. 


Posterior eutaneous nerve of forearm (branch of radial nerve) 
Extentor digitorum muscle 

Tendon of extensor carpi lars muscle 

Extentor retinaculum 

‘Ulnar nerve 

etwork of 
Absluctor pollicis 
ep 

PHONED pollicis brevis muscle 


Venous sui of hand 


Radial nerve, superficial branch 
Radial artery 
‘Tendon of extensor pollicis longus muscle 


Dasa digital branches of radial nerve 
Tendons of extensor digitorurn muscle with intertendinous connections 
Posterior interosseus nerve (branch of the deep radial nerve) 

Posterior interosscous artery 

Styloid process of ulna 


orga interosseus muscle 1V 
Dorsal carpal branch of radial artery 


Lateral cutaneous nerve of forearm (branch of musculocutancous nerve) 


Dorsal 


ons supplied by palmar digital nerves (ulnar nerve) 
ons supplied by palmar digital nerves (median nerve) 
Communicating branch with ulnar nerve 


Figure 20-3. This traditional design for an electromagnet 
has a pedigree stretching back for more than a century. It 
‘maximizes efficiency by campleting a magnetic circuit 
through any object that the magnet attracts 


Values 


Electromagnets are typically calibrated in terms 
of their power consumption and retaining force 
(the weight of an iron target that they can sup- 
port). The retaining force is usually measured in 
grams or kilograms. 


How to Use it 


Electromagnets are used mostly as subassem- 
blies in other components, such as motors and 
generators, relays, loudspeakers, and disk drives. 
They have also been used in audio (and video) 
tape recorders to magnetize ferric oxide on tape, 
using a magnetic field of varying strength to re- 
cord an audio signal, In this application, a form 
of horseshoe magnet with an extremely narrow 
gapis used, the width ofthe gap determining the 
highest frequency that the electromagnet can 
record, in conjunction with the speed of the tape 
moving past the head. 


Valu 


The tape recording process can be reversed 
when the electromagnet “reads’ the tape and 
turns the signal back into a weakalternating cur- 
rent that can be amplified and reproduced 
through a loudspeaker. 


Asimple application for an electromagnet is in a 
traditional-style doorbell, where one or two coils 
attract spring-loaded lever, at the top of which 
isa knob that hits a bell, When the lever is pulled 
toward the bell it breaks a contact that supplies 
powertotheelectromagnet, Thisallowsthelever 
to spring back to its original position, which re- 
establishes the circuit, repeating the process for 
as lang as power is applied to the bell, The bulk 
and weight of the component parts in this type 
of doorbell are making it obsolete, as electronic 
versions containing small loudspeakers become 
relatively cheaper, However, a solenoid may still 
be used in the type of bell that creates a single 
chime or pair of chimes. 


In any device using a cathode-ray tube, electro- 
magnetic coils are used to form a yoke around 
theneck of the tube, to deflect the beam of elec- 
trons on its way to the screen. A similar principle 
is used in electron microscopes. In some cases, 
electrostatically charged plates are used to ach- 
ieve the same purpose 


An electromagnet may be used to activate a reed 
switch (the diagram in Figure 9-7 shows such a 
switch). In this application, the combination of 
the electromagnet and the switch are function- 
ing asa relay. 


When an electromagnet is energized by alter- 
nating current, itcan be used to degauss (in other 
words, to demagnetize) other objects. The AC is 
either applied with diminishing current, so that 
the alternating magnetic polarities gradually 
subsideto zero, or theelectromagnetis gradually 
moved away from the target, again reducing the 
magnetic influence to (virtually) zero. This latter 
procedure may be used periodically to demag- 
netizerecordand replay heads on taperecorders, 
Which otherwise tend to acquire residual mag- 
netism, inducing background hiss on the tape. 
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Cubital regi 


middle layer (anterior aspect). The bieipi 
aponeurosis has been removed 


Median nerve 
Bicops brachii musele 
Brachial artery 

neous nerve of forearm 
(terminal branch of masculocutaneous nerve) 
Brsebalis muse 
‘Tendon of biceps brachii muscle 


Ina arts 
Superficial branch of radia nerve 
Lateral eutancous nerve of forearm 


tier sieve 


Cubital region, middle layer (anterior aspect). 
The pronator teres and brachioradialis muscles 


have been slightly reflected. 


Inferior winar collateral artery 

16 Anterior branch of medial cutaneous nerve of forearm 

17 Medial epicondyle of humerus 

8 Median nerve with branches to pronator teres muscle 

19 Pronator teres muscle 

20. Flexor e 
Deep branch 


radials muscle 
radial nerve 
Radial recurrent artery 
nator muscle 
24 Modi intermuscular septum of am 


Cubital region, deep layer (anterior aspect)."The pronator 
teres and flexor carpi ulnaris muscles have been cut and jorum superficialis and the ulnar head of the pronator 
reflected. teres have been cut and reflected 


Biceps brachii muscle Median nerve 
Brachials muscle 3) Media epicondyle of humerus 

Brachioradialis muscle Humeral bead of pronator teres muscle 

Superficial branch of radial nerve Ulnar artery 

Deep branch of radial nerve Ulnar head of pronator teres muscle 

‘Tendon of biceps brachii mus Ulnar recurrent artery 

Radial recurrent artery Anterior interasscous nerve 

Supinator muscle Common interasseous artery 

Insertion of pronator teres muscle Tendinous arch of flexor digitorum superficialis muscle 
Radial artery Anterior interosscous arte 

Ulnar nerve Flexor digitorum superfcialis muscle 

Medial intcrmuscular septam of atm an Flexor digitorum profundus muscle 

superior ulnar collateral arter Flexor pollicis longus muscle 
Brachial artery 


Vessels and nerves of 


rm and hand, deep layer (anterior 


aspect). The superficial layer of the flexor muscles has been 


Biceps brachii muscle 


Brachioradialis muscle 
Deep branch of radial nerve 
branch of radial nerve 


palmar digital branches of median nerve 
palmar digital arteries 
Proper puilmar digital nerves (median nerve) 


eda intermusculse septum of arm 


5 Superior ulnar collateral artery 


7 Medial epicondyle of humerus 


Pronat 
Bicipital aponeurosis 
‘Ulnar artery 
Palmar longus muscle 
Flexor carpi raialis muscle 

xor digitorum superficilis muscle 


Hypot 
Sup 


Superficial tra sen 


Proper palmar di 
Anterior interosseous artery and nerve 
Flexor digitorum profundus muscle 
Common palmar digital arteries 

Imar branch of median nerve 
Flexor pollicis longus muscle 
Palmar branch of ulnar nerve 


(Schem 
‘Cutaneous innervation of palmar surface 
3% digits by median nerve. 

1/sdligits by ulnar nerve 


Right hand, superficial layer, dissection of vessels and nerves 
(palimar aspect), 


1 Tendon of palmaris longus muscle 
2 Radial artery 

3. Tendon of flexor carpi radials muscle and median nerve 
4 Distal part of antebrachial fascia 

5. Radial artery passing into the anatomical snuffoox 

6 Abductor pollicis brevis muscle 

7 Superficial head of flexor pollicis brevis muscle 

8 Palmar digital artery of thumb 

9 Common palmar digital art 

10 Proper palmar digital nerves (median nerve) 


11 Ulmarngrve 
12. Tendon of flexor carpi ulnaris muscle 
13 Ulnar artery 

14. Superficial branch of ulnar nerve 

15 Palmaris brevis masele 

16 Palmar aponcurosis 


Right hand, superficial layer, dissection of vessels and 
nerves (palmar aspect), The palmar aponeurasis has been 


removed to display the superficial palmar arch 


17. Palmar digital nerves (ulnar nerve) 
18. Superficial transverse metacarpal ligament 
19) Proper palmar digital arteries 

20. Superficial palmar branch of radial artery 


the superficial palmar arch) 
21 Flexor retinaculum 
2 Medi 
AAbductordigiti minimi muscle 
it minim brevis muscle 


i minim muscle 
ch 


Tendons of flexor digitorum superficilis muscle 


Common palmar digital branch of ulnar nesve 


‘Common palmar digital br: 
Fibrous sheath of feyor tendons 


Coronal section through the right hand (palmar aspect). 
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Radiocarpal articulation 

Seaphoid (navicular) bone 

Radial artery 

Trapetoid bone 

‘Traperium bone 

First metacarpal bone 
Metacarpophalangeal articulation of thumy 
Interosscous muscles 

Proximal phalanx of thumb 


Proximal phalanx of fingers 
rticulations 


Interphalangeal 
‘Middle phalanx 
Distal phalans 
Ulna 


Coronal section through the right hand (palmar aspect) 
(MR-Scan, courtesy of Dr. A. Heuck, Munich). 


Antcular disk 
Lunate bone 
‘Triangular bone 
Capitate bone 
Hamate bone 


siti minim masee 
Fifth metacarpal bone 
Metacarpophalangeal articulation 
Adductor pollicis muscle 

Proper palmar digital arteries 


Horizontal section through shoulder joint (section 1; MR-Image; 


Horizontal section through the right shoulder at the level of T; 
(section 1; inferior aspect). * 


Upper lobe of lung. 


through the middle of the 


jon 2; MR-Image, inferior aspect) right arm (section 


jis major muscle 
Greater tubercle and tendon of 
biceps muscle 


Lesser tubercle 


et extremity, location of sections 1-S 
(MR-Scans, courtesy of Dr. A. Heuck, Munich} 


Head of humerus and anicular cavity of 


shoulder joint 
Deltoid muscle 

Seapula 

Infraspinatus muscle 
Serratus anterior muscle 
Sternum 

Inatyoid muscles 
Trachen 

Body of thoracie vertebra 


Vertebral canal and spinal cord 
Deep muscles of the back 


Brachial muscle 
Radiat nerve and profunda 


Axial section through the middle of the 


inferior aspect). 


Triceps brachii muscle 
Cephali 
Biceps brachii muscle 


Musculocutaneous nerve 
Utnar nerve 
Medios nerve 


24 Brachial artery and vein 
25 Shaft of humerus 
26 Brachioradialis muscle 
Radial nerve 
28 Olecranon and articular cavity 
of elbow joint 
29 Basle vein 
30 Hun 
31. Pronator teres muscle 
32. Extensor muscles of forearm 
33 Ramus profundus of 
ails nerve 


34 Anterior interomseus 
vessels and nerve 


35. Interosseous membrane 
n through the elbow ‘Axial section through the right elbow 3% Ulna 

joint (section 3; MR-Image; inferior joint (section 3; inferior aspect). 37 Radius 

aspect). 38 Radial artery and 


superficial branch of 


radial neve 
39 Flexor pollicis longus muscle 
40 Flexor digitorum superticilis 
nd profundus muscles 

41 Ulnar nerve, ulnar artery and 
42. Flexor carpi ulnaris musele 
43. Radial artery 

444 Metacarpal bones 11 and IV 
45. Carpal canal with tendons of 


46 Hypothenae muscle 

47 Median nerve 

48 Interosscus muscles 

49 First metacarpal bone 

50 Thenar muscles 

51. Antculareavity of 
hhumeroradial joint 

52. Median eu 


tal vein 


Axial section through the right 
of the forearm (se: forearm (section 4; inferior aspect), 
inferior aspect) 
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Axial section through the right hand (metacarpus; 
MR-Image; section 5; inferior aspect). 


Aaial section through the right hand at the level of the 
‘metacarpus (section 5; inferior aspect). 


Arteries and nerves of the right hand 
(palmar aspect), (Schematic drawing.) 


a 
Right hand, superficial layer (palmar aspect). Dissection of 
the superficial palmar arch, 


Longitudinal section through the hand 
atthe level of the third finger 


Longitudinal section through the hand 
at the level of the third finger (MR-Sean, 
courtesy of Dr. A. Heuck, Munich) 


What Can Go Wrong 


Traditional large-scale applications for electro- 
magnets tend to involve lifting and moving 
heavy objects or scrap metal, suchasjunked cars. 
‘Amore modern application is in magnetic reso- 
nance imaging (MRI), which has revolutionized 
some areas of medicine. 


Very large-scale applications for electromagnets 
include particle accelerators, in which multiple 
magnetic coils are energized sequentially, and 
fusion-power generators, where — high- 
temperature plasma is contained by a magnetic 
field. 


electromagnetism > linear 


electromagnet 


What Can Go Wrong 


Because an electromagnet requires constant 
power to maintain its magnetic force, yet itis not 
doing any actual work so long as its target re- 
mains stationary (in contact with the core of the 
magnet), the current running through the coil of 
the magnet must be dissipated entirely as heat. 
Further discussion of this issue will be found at 
“Heat” (page 177) in the solenoid section of this 
encyclopedia. 
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Right hand, middle layer (palmar aspect). The flexor 
retinaculum has been removed. 


1 Superficial branch of radial nerve 
2. Tendon of flexor carpi radialis muscle 

3 Radial artery 

4 Median nerve 

5) Tendon of flexor digitorum superticials muscle 
6 Tendon of abductor pollicis longus muscle 

7. Tendon of extensor polis brevis muscle 

8 Superficial palmar branch of radial artery 

9 Abductor pollicis brevis muscle 

10 Superficial head of flexor pollicis brevis muscle 

11. Terminal branches of superficial branch of radial nerve 
12 Common palmar digital nerves (median nerve) 

13. Proper palmar digital arteries of thumts 

14 Proper palmar digital nerves (median nerve) 

15. Tendon of lexor carpi ulnaris muscle 

16 Ulnar artery 

17 Position of psiform bone 

18 Superficial branch of ulnar nerve 

19. Fleror retinaculum 

20, Deep branch of ulnar nerve 


Arteriogeam of the right hand (palmar aspect) 


Abductor digit minimi muscle 
‘Common palmar digital nerves (ulnar nerve) 
Superficial palmar arch 

“Tendons of flexor digitorum muscles 

‘Common palmar digital arteries 

Palmar digital nerves (ulnar nerve) 

Proper palmar digital arteries 

‘Carpal tunnel 

Fibrous sheaths for the tendons of flexor digitorum 
muscles 

Deep palmar arch 
Princeps pollicis artery 
Palmar branch of median nerve 
‘Common digital palmar 
Ulnar nerve 
Capillary network of finger 
Radius 

Carpal bones 


Metacarpal bone 
Taterosseus muscles 

Proximal phalanx 

‘Middle phalanx 

Distal phalanx 

Dorsal branch of ulnar nerve 

‘Tendons of flexor digitorum profundus (upper) 
and superficilis (lower) muscles 


Right hand, deep layer (palmar aspect). The carpal tunnel has 
been opened, the tendons of the flexor muscles have been 
removed and the superficial palmar arch has been cut 


Right hand, deep layer (palmar aspect). Dissection of the deep 
palmar arch. 
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Tendon of flexor carpi radialis muscle 
Radial artery 

Tendon of abductor pollicis longus muscle 
[Abductor palicis brevis muscle 

Superficial and deep heads of flexor pollicis 
brevis muscle 

‘Oblique and transverse heads of adductor 
pollicis muscle 

Median nerve 

Tendons of flexor digitorum supecfcialisand 
profundus muscles 

‘Tendon of flexor polis longus muscle 
Pronator quadratus muscle 

Tendon of flexor carpi ulnaris muscle 

Ulnar artery 

Superficial branch of ulnar nerve 

Deep branch of ulnar nerve 

Abductor digit! minim muscle 

Superficial palmar arch (cut end) 

‘Commion palmar digital nerves (ulnar nerve) 
Palmar metacarpal arteries of deep palmar arch 
Palmar digital artery of the Sth finger 
Fibrous sheaths of tendons of Nexor muscles 
Palmar interosseous muscles, 

‘Opponens pollicis musele (cut) 

Deep palmar urch 

1st dorsal interosseous muscle 


Ist lumbrical muscle 


Coronal section through pelvis and thighs (MR-Scan of the male, courtesy of Dr. A. Heuck, Munich) 


Coronal section through the legs (MR-Scan, courtesy of 
Dr. A. Heuck, Munich), 


Sacral promontory 
Gluteus medius muscle 

Small intestine and urinary bladder 
Acetabulum 

Head of femur 

Greater trochanter of femur 
Vastus lateralis muscle 


Femur 
Adductor muscles 
Knee joint with menise 
Tibia 

muscle 


interior musele 
Distal ubiofibular articulation 
Talocrural articulation 

Fibula (lateral malleolus) 


The lower limb (extremity) is specialized for 
support of the upright posture, locomotion and 
maintaining balance. In contrast to the upper 
limb, the lower limb is more restricted in its 
movements, and the joints are more tight and 
fixed by strong ligaments The hip joint is a ball 
and socket type of synovial joint between head 
of femur and acetabulum. The knee joint is a 
hinge type of synovial joint that permits only 
limited rotation, The talocrural joint is a hinge 
joint between talus, fibula, and tibia only allow- 
ing movements of flexion and extension. 

The long axis of the foot is at right angle to that 
of the leg, thus, forming an effective arch for 
the upright stance of man, 


A. Pelvic gindle Phatange 


The pelvic girdle is firmly connected to the vertebral 
column at the sacroiliac joint. Therefore the body can 
be kept upright more easily even if only one limb is used 
for support (as in walking), The mobility of the lower 
limb is more limited than that of the upper limb, 


Skeleton of pelvic girdle and lower limb Organization of pelvie girdle and lower limb, 
(anterior aspect). The talocrural joint has been 
dislocated. 


Right hip bone (lateral aspect). hip bone (medial aspect) 
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Anterior superior iliac spine 


16 Anterior inferior iliac spine 
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19 Acetabular notch 

20. Pecten pubis 

21 Pubic tubercle 

Body of pubi 

23 Hiae fossa 

24 Areuate line 

5 tliopubic eminence 

26 Articular surface 


Auricular surface of sacrum 


32. Lateral sacral rest 
33 Median sacral crest 


34 Obtutator groove 
Sacrum and coeeyx (lateral aspect). 35 Coccyx 


‘Sacrum (posterior aspect), Sacrum (anterior aspect) 


Female pelvis (superior aspect). Note the differences between the male 
predominantly inthe form and dimensions of the sucrum, the superior and inferior apertures and 


the alae ofthe ium. 


the female pelvis, 


Male pelvis (superior aspect), Compare with the female pelvis (depicted above), 


Superior articular process of sacrum 
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Base of sacrum 
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Anterior inferior iliac spine 
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Lines terminalis 


Female pelvis (anterior aspect), Note the differences between the form and dimensions of the male 
and the female pelvis. The fema 1e male, The obturator foramen in the 
female pelvis triangular, while that in the male pelvisis ovoid, 


pubic arch is wider than 1 


Male pelvis (anterior aspect). Compare with foregoing figure 


1 Anterior superior iia spine 


2 Mine Fossa 9 Pubiearch 
3 Position af sieroiiae joint 10. Anterior inferior lie spine 

lopubic eminence ML Sacrum 
5 Lumate surface of acetabulum 12 Linea terminals (at margin of superior aperture) 
6 Acetabulir notch 13 Pubiesymphysis 

CObturator foramen 14 Ischial spine 
8 Ischia tuberosity 1S Coceys 


Female pelvis (posterior inferior aspect). Note the differences between the fem 
and male pelvis, especially with respect to the inferior aperture, the shape of the sacrum, 
the two sciatic notches and the pubic arch, 


Male pelvis (posterior inferior aspect), Compare with the female pelvis (depicted above). 
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solenoid 


The term solenoid was historically used to describe any coil without a magnetic core. 
Morerecently and more commonly itdescribes a coilinside of whicha cylindrical plunger 
moves in response to the magnetic field generated by the coil. In this encyclopedia, the 
term electromagnet has its own entry, and describes a coil with a center component 
of ferromagnetic material thatdoes not move relativeto the coll tis used solely to.attract 
or repel other parts that have inherent magnetic properties. By comparison, the induc 
tor entry describes a coil that is used for the specific purpose of creating reactance, or 
self-inductance, in an electronic circuit, often in association with alternating currentand 
in combination with resistors and/or capacitors. The inductor entry contains a basic 


discussion and explanation of magnetic force created by electricity. 


OTHER RELATED COMPONENTS 


+ inductor (‘See Chapter 14) 
+ solenoid (See Chapter 21) 


What It Does 


Atypical solenoid consists of a hollow coil inside 
a frame, which may be a sealed cylinder or box- 
shaped with open sides. In the case of a cylinder, 
its opposite ends may be referred to as pole faces, 


Atleast one of the pole faces has a hole through 
which a plunger (also known as an armature) is 
pulled or pushed by the solenoid. Thus, the sol- 
‘enoid isa device for applying linear mechanical 
force in response to current passing through it. 
In most solenoids, current must be maintained 
in order to maintain the mechanical force. 


A small open-frame solenoid is pictured in 
Figure 21-1, The upper section of the figure 
shows the three basic parts: frame, compression 
spring, and plunger. The lower part of the figure 
shows the parts assembled. 


Alarger, closed, cynlindrical solenoid is shown in 


Figure 21-2, with the plunger and spring re- 
moved. 


‘A3D rendering showing a simplified, imaginary, 
gylindrical solenoid cut in half appears in 
Figure 21-3, The diagram includes a gray cylin- 
drical shell, often described as the frame; the coil, 
shown in orange; the plunger, which is pulled in- 
tothecollby its magneticfield;and the triangular 
stop, which limits the plunger’s upward travel. 
The frame of the solenoid exists not merely to 
protect thecoil, but to provideamagneticcircuit, 
Which is completed through the plunger. 


The lower end of the plunger is often fitted with 
a nonmagnetic yoke or perforated plate for con- 
nection with other components, Stainless steel 
can be used for this purpose. The stop may be 
fitted with a thrust rod (also fabricated from 
stainless steel) if the solenoid is intended to 
push’ as wellas “pull” Springs to adjust the force 
ofthe plunger, orto return it to its initial position 
When the current through the coil is interrupted, 
are not shown in the rendering. 
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How It Works > linear > solenaid 


Figure 21-2. A larger solenoid rated for 24VDC. 


Because thereisno standardized schematic sym- 
bol fora solenoid, and because this type of com- 
ponent is so widely used in conjunction with 
valves, any diagram invalving solenoids is more 
likely to emphasize fluid or gas low with symbols 
that have been developed for that purpose. In 
such circuits, a solenoid may be represented sim- 
ply bya rectangle. However, the symbols shown 
in Figure 21-4 may occasionally be found. 


How It Works 


Current flowing through the coil creates a mag- 
netic force. This is explained in the inductor en- 
try of this encyclopedia, using diagrams in 
Figure 14-3, Figure 14-4, Figure 14-5, and 
Figure 14-6. 


If the plunger is fabricated from a material such 
as soft iron, the coil will induce an equal and op- 
posite magnetic polarity in the plunger. Conse- 
‘quently the plunger will attempt to occupy a po- 
sition insidethe coil where the ends of the plung- 
er are equal distances from the ends of the coil, 
Ifa collar is added to the free end of the plunger, 
this can increase the pulling force on the plunger 
Figure 21-1. A small 12VDC solenoid. when it is near the end of its throw because of 
the additional magnetic pull distributed be- 
‘tween the collar and the frame of the solenoid. 
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Figure 21-3. A simplified view of a solenoid cut in halt, 
“showing the primary parts. 


Figure 21-4. Although no standard schematic symbol for 
a solenoid exists, these symbols may sometimes be 
found, 


A spring can be inserted to apply some resistive 
force to compensate for the increase in pulling 


force that occurs as a larger proportion of the 
plunger enters thecoil. A spring may also be used 
to eject the plunger, partially at least, when cur- 
rent to the coil is interrupted. 


Ifthe plungeris a permanent magnet, reversing 
DC current to the coil will reverse the action of, 
the plunger. 


A solenoid with a nonmagnetized plunger may 
be energized by AC current, since polarity rever- 
sals in the magnetic field generated by the coil 
will induce equal and opposite reversals in the 
polarity of the plunger. However, the force curve 
ofan AC-powered solenoid will be different from 
the force curve of a DC-powered solenoid. See 
Figure 21-5, The alternating current is likely to 
induce humming, buzzing, and vibration. 
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Figure 21:5. A comparison of the force exerted on a 
plunger, relative to its position as it enters the cola hy 
ppothetical AC and DC solenoid: 


‘The frame of the solenoid increases themagnetic 
power that the coil can exertby providing a mag- 
netic circuit of much lower reluctance than that 
of air (reluctance being the magnetic equivalent 
of electrical resistance). For a lengthier 
discussion of this effect, see “Magnetic Core" 
(page 122) in the inductor entry of this 
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Tendon of flexor hallucs longus muscle 
Lateral condyle of femur 

Head of fibula 

Tbialis posterior muscle 

Tendon of flexor digitorum longus muscle 
Flexor retinaculum 

3 Caleaneal tendon 

Calcaneal uberosity 

5 Crossing of tendons in sole 

(Quadratus plantae muscle 

TTendons of flexor digitorum longus mussle 
Tendon of tibialis anterior muscle 

Area of insertion of tibialis posterior muscle 
[Lumbrical muscles 

Flexor hallucis longus muscle 


Deep flexor muscles of right leg and foot (posterior Sole of foot; tendons of long flexor muscles (oblique medial and inferior 
oblique medial aspect). Felxor digitorum brevis aspect) 
and flexor hallucis longus muscles have been removed. 


Extensor muscles of right leg and foot Extensors of the right leg and foot 
(oblique anterolateral aspect), (anterior aspect). Part of the tibialis anterior muscle 
has been removed. 


Patella Tendon of peroneus tertius muscle ‘Tendon of tibialis anterior muscle 
Patella ligament Extensor digitorum brevis muscle Extensor hallucis brevis muscle 
Anterior margin of tibia Tendons of extensor digitorum Tendon of extensor hallucis 

Tibialis anterior muscle a longus muscle 

Extensor digitorum longus muscle Common tendon of gracilis, 
Superior extensor retinaculum 8 ntendinosus and sartoris muscles 
Inferior extensor retin Tibia 


Extensor muscles of the leg Sole of foot, first layer of muscles (from below). 
(right side). The plantar aponeurosis and the fasciae of the 
superficial muscles have been removed. 


Longitudinal bands of plantar aponeurosis 
Plantar aponcurosis 

Position of tuberosity of Sth metatarsal bone 
Muscles of Sth toe with fascia 

Caleaneal tuberosity 

Muscles of great roe with fascia 

Tendons of flexor digitorum longus muscle 
Tencions of flexor digitorum brevis muscle 
Lumbrical muscle 

Flexor digit minimi brevis muscle 

Flexor digitorum brevis musele 


2 
B 
1“ 
1s 
16 
7 
18 
9 
20 
2 


2 


‘Tendon of peroneus longus muscle 
Abductor digti minimi muscle 

Tendon of flexor hallucs longus muscle 
Flexor hallucis brevis musele 
Abdactor hallucis muscle 

Plantar aponcuross (cut) 

Peroneus longus muscle 

Peroneus brevis muscle 

‘Tibial anterior muscle 

Extensor hallucis longus muscle 
Extensor digi 


Sole of foot, plantar aponeu- 
rasis (from below). 


Sli 


Course of abductor and adductor 
muscles of foot. (Scher 
drawing.) 

Red arrows = abduction 
Black arrows = adduction, 


Planar interossei muscles (black) 
Absuctor digit minim musctes (red) 
Dorsal interossei muscle (red) 

sverse head of adductor 

muscle (black) 
Oblique head of adductor 

muscle (black) 

Abxluetor hallucis muscle (red) 


Muscles of sole of foot, second layer ({rom below), 
‘The flexor digitorum brevis muscle has been divided. 


Tendons of flexor digitorum brevis 
muscle 
Tendons of flexor digitorum longus 


LLumbrical muscles 
Taterossei muscles 
Flexor digiti minimi brevis muscle 


Muscles of sole of foot, second layer ({rom below). 
The tendons of the flexor muscles and the crossing 
of tendons are displayed. The flexor digitorum brevis 


muscle has been divided and reflected, 


Abductor digit! minimi muscle 
7 Quadratus plantae muscle 


Tendon of flexor hallucs longus muscle 


Flexor hallucis brevis muscle 


Abdustor ball 


itorum brevis muscle (divided) 


Tuberosity of Sth metatarsal bone 
Tendon of peroneus longus muscle 

nsverse head of adductor hallucis 
muscle 


Crossing of tendons insole of foot 
Medial malleolus 
Plantar aponeurosis (divided) 


Muscles of sole of foot, third layer (from helow), The flexor Muscles of sole of foot, fourth layer (érom 


digitorum brevis muscle has been removed, and the quadratus below). The interosseous muscles and the canal 
plantae muscle and the abductor hallucis and digiti minimi for the tendon of peroneus longus muscle are 
muscles have heen divided shown, 
1 Tendoas of flexor digitorum brevis 8 Quadratus plantae muscle with tendon 15 Tendon of tibialis posterior muscle 
muscle of flexor digitorum longus muscle 16 Dorsal interossei muscles 
2. Transverse head of adductor hallucis 9 Caleaneal tuberosity 17 Plantar interossci muscles 
muscle 10 ‘Tendons of flexor hallucisIongus muscle 18. Tuberosity of Sth metatarsal bone 
3. Abductor digit minimi muscle (ivided) 19 Tendon of flexor digitorum longus muscle 
4 Interosseous muscles 11. Tendon of flexor digitorum longus muscle (crossing of plantar tendons) 
5. Flexor digit minimi brevis muscle 12 Flexor hallucis brevis muscle 20 Long plantar ligament 
{6 Opponens digit minim muscle 13. Oblique head of adductor hallucis muscle 


Tendon of peroneus longus muscle 14 Abduetorhallucis musele (cut) 


Main arteries and neryes o 


Ascending branch of lateral circumflex 
femoral ar 

4 Deseendin 
femoral artery 


ranch of lateral circumflex 


plantar artery 
artery with dorsal metatarsal arteries 
h plantar metatarsal arteries 


i artery with perforating 


15 Descending genicular artery 
16 Media} superior genicular 


fii and deep circumflex iia arteries 
Femoral nerve 
Lateral 


nfl femoral artery 

Sartorius muscle (cut nd reflected) 
Rectus femoris muscle 
‘Vastus medialis 
Inguinal ligament 

29 Femoral vein (cut) 

30 External pudendal artery and vein 


2 spbenous vein 
3 Obturator artery and nerve 
34 Gracils muscle 


36 Tendinous wall of adduetor canal 
Anterior cutaneous branch of femoral nerve 
tellar branch of saphenous nerve 


41 Medial head of gastrocnemius muscle 


femoris muscle 

43. Common peroneal nerve 
al head of 

43, Soleus muscle 


47. Flexor hallucis longus muscle 
88 Spermatic cord 


Arteries of the right leg (posterior aspect) 


Superficial veins of lower limb, right side 
(medial anterior aspect). The veins have 
been injected with red solution 

Medial malleolar region. Dissection of 
tibial nerve, posterior tibial vessels, and 
reat saphenous vein (veins injected with 
blue resin) 


M 
(Schemat 


drawing.) 


reins of lower limb, right side (anterior aspect) 


Superficial epigastric vein 
Superficial circumflex iliac vein 

Femoral vein 

Small saphenous vein 

Extemnal line vei 

External pudendal vein 

Great saphenous vein 

Dorsal venous arch 

Saphenous opening with femaral vein 
Venous anastomoses of small saphenous val 
with great saphenous vein 


Patella 
Penis 


3. Medial malleolus 


Poplitea fossa 
Perforating veins 

Lateral mallets 

Dorsal digital veins of foot 
Dorsal venous arch of foot 
Dorsal metatarsal veins of foot 
Anterior tibial artery and veins 
Tibia 

Posterior tibial artery and veins 


Fibula 


cof erural fascia 
a layer of crural fascia 
eins III (of Cockett) 


Perforating 


Tibial nerve 


Arcuate 
Saphenous nerve 
Medial dorsal cutaneous nerve 


(branch of superficial peroneal nerve) 
Posterior tibial vein 


Variants 


encyclopedia. If current flowing through the coil 
increases to the point where the frame becomes 
‘magnetically saturated, the pulling power of the 
solenoid will level off abruptly. 


The heat generated by a solenoid when it is 
maintained initsenergized state may bereduced 
ifthe manufacturer includes a series resistor and 
a switch that functions as a bypass switch. The 
switch is normally closed, but is opened me- 
chanically when the plunger reaches the end of, 
its throw, thus diverting electricity through the 
series resistor. This itself will generate some heat 
asa result of the current flowing through it, but 
by increasing the total resistance of the system, 
the total heat output will bereduced. The resistor 
value is chosen to provide the minimum power 
needed to retain the plunger at the end of its 
throw. 


Variants 


The most common variant is tubular, with open- 
frame as a secondary option. A tubular solenoid 
has been shown in Figure 21-2. 


Additional variants include: 


Low Profile 
A shorter, fatter solenoid which may be used ifa 
short throw is acceptable, 


Latching 
A permanent magnet holds the plunger when it 
reaches the end of its travel, and continues to 
hold it after power to the solenoid is disconnec- 
ted. The plunger itself is also a permanent mag- 
net, andis released by running current of reverse 
polarity through the coil, 


Rotary 
This variant is similar in principle to a brushless 
DC motor and causes the armature to rotate 
through a fixed angle (typically ranging from 25 
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to 90 degrees) instead of moving linearly. It is 
used as a mechanical indicator in control panels, 
although it is being displaced by purely elec- 
tronic indicators. 


Hinged Clapper 
Instead of a plunger, a small hinged panel (the 
“clapper”) moves in when the solenoid is active, 
and springs back when the powers interrupted. 


Values 


The stroke length, duty cycle, and holding force 
are the most significant values found in solenoid 
datasheets, 


Holding forces for DC solenoids can range from 
a few grams to hundreds of kilograms. The hold- 
ing force will be inversely proportional to the 
length of the solenoid, if all other variables are 
equal. The force that the solenoid can exert on 
its plungeralso varies depending on theposition 
of the plungerin the length of its throw. 


Duty cycle is of special importance because the 
solenoid continues to draw power and create 
heat so long as it is holding the plunger at the 
end ofits throw (assuming the solenoid isnot the 
latching type). The initial current surge in an AC 
solenoid generates additional heat. 


The duty cycle is simply calculated. If T1 is the 
time for which the solenoid is on and 72 is the 
time for which the solenoid is off, the duty cycle, 
D, is derived as a percentage from the formula 


D = 100 * (TL / (11 + 12)) 


Some solenoids are designed to withstand a 
100% duty cycle, but many are not, and in those 
cases, there is a maximum value not only for D 
but for the peak ‘on’ time, regardless of the duty 
cycle. Suppose a solenoid is rated for a 25% duty 
cycle. Ifthe solenoids appropriately switched on 
foronesecond and offfor three seconds, the heat 
will be allowed to dissipate before it has time to 
reach overload levels. If the solenoid is switched 
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Superficial veins of leg (posterior 
aspect; injected with blue resin). 


Superficial veins of leg. The Veins of leg. The anastomo 
perforating veins of Cockett have superficial and deeper 
been dissected. dissected 


Anastomoses between superficial 
‘and deep veins of the leg (after 
Aigner). (Schematic drawing.) 
Arrows: directions of blood flow. 


Superficial veins on dorsum of foot 
{injected with blue resin) 


Lumbosacral plexus in situ, right side (medial aspect) 
sans with peritoncum and part of the levator ani muscle have been removed, 


‘Transversus abdominis muscle 
liohypogastricnerve 
Hioinguinal nerve 
Femoral ner 
Lateral femoral cutaneous ner 
curt nerve 
(Obturator internus muscle 
Pubic bone (cut edge) 
Levator ani muscle (remnant) 
Dorsal nerve of penis 
Posterior serotal nerves 
Adductor longus muscle 
Graciis muscle 
Body of th humbae vertebra 
Cauda equina 
Intervertebral dse 

ral promontory 


Sacrum 
Lumbosaeral tank 
Sciatic plexus 
Sacrospinous ligament 
radendal nerve 
Inferior rectal 
Perineal nerves 
Subcutaneous fat tse 
luteal region 
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Nerves of lower limb, right side (lateral aspect), 
(Schei ing.) 


Spinal cord with intercostal nerves. Inferior thoracic region (anterior aspect). Anterior portion of thoraci 
vertebrae removed, dural sheath opened and spinal cord slightly reflected to the right to display the dorsal 
and ventral roots. 


Dura mater Eleventh rib Anterior root filaments 
Spinal cord 7 Intercostaln Spinal (dorsal root) ganglion 
CCostotransvers ligament Collateral branch of interes Posterior root filaments 

Tnnermost intereostal muscle Tntercostal ncrve (entering the Arachnoid mater and denticulate liga 
‘Vertebral arches (cut surfaces) intermuscular interval) Anterior spinal artery 


‘Organization of spinal cord segments 
jebral column 


segments; Co = coceygeal bone 


sah 
‘Spinal cord and lumbae plexus in situ (anterior aspect), 


4 iohypogastiic nerve 7 Lateral femoral cutaneous nerve 
8 Femoral nerve 
0 Obturator nerve 


1 Conus medullaris 
2 Filum terminate 5 Wioinguinal nerve 
3 Subcostal nerve 6 Genitofemoral nerve 


1 Snguina ligament 
2 Superficial circumfex iliac vein 

3 Femoral branch of genitofemoral nexve 

4 Superficial inguinal lymph nodes 

5. Saphenous opening wth femoral artery and vein 
6 Lateral femoral cutaneous nerve 

7 


at saphenous vein 
8 Amteriorcutancous branches of femoral nerve 

9. Patella 

10) Terminal branches of subcostal nerve 

11 Terminal branches of lohypogasric nerve 

12. Superficial inguinal rng 

13 External pudendal vein 

14 Spermatic cord with genital branch of yenitofemoral nesve 
15. Penis with superficial dorsl vein of penis 

16 Testis and its coverings 

17 Saphenous nerve 

18. Infrapatelar branch of saphenous nerve 


19 Lateral sural cutaneous nerves 

20 Intermediate dorsal cutaneous branch of superficial 
peroneal nerve 

21 Cutaneous branch of obturator nerve 

22 Superficial peroneal nerve 

23 Medial dorsal cutaneous branch of superficial peroneal 

24. Deep peroneal nerve 

25. Femoral nerve 

25 Femoral artery 

27 Superficial epigastric vein 

28 Femoral vein 

29 Lateral dorsal eutancous branch of sural nerve 

30, Inguinal nodes (enlarged) 

31 Lympathic vessels 

32. Sartorius muscle 


‘Cutaneous nerves and veins of thigh (anterior aspect) Inguinal nodes with lymphatic vessels (anterior 
‘The fascia lata and fasciae of the thigh muscles have been aspect) 
removed. 


Anterior region of right thigh (anterior aspect), 


The fascia lata has been removed, and the sartorius muscle 


hhas been slightly reflected. 


1 Anterior superior ilite spine 


iiae artery 


44 igpsoas muscle 
5 Tensor fascine latne muscle 
Femoral nerve 


Lateral circumfex femoral artery 
Sartorius muse 

9 Reetus femoris muscle 

10 Hiotbial tact 

TL Vastus laterals muscle 


2. Anterior sheath of rectus abdominis muscle 
13. Inferior epigasteic artery 

14. Spermati cord 

15. Femoral artery 


Anterior region of right thigh (anterior aspect), 


The fascia lata has been removed, and the sartorius muscle 


has been divided. 


Pectineus muscle 
Femoral vein 

Great saphenous vein (divided) 

Adductor longus muscle 

Saphenous nerve 

Muscular branch of femoral nerve 

Graciis muscle 

‘Vastus medialis muscle 

Ascending branch of lateral circumflex femoral artery 
brinch of lateral circumflex femoral artery 


incumilex femoral artery 
Adductor longus muscle 


Penis 
19 Entrance to adductor canal 
YVastoadduetory lamina of fascia beneath sartorius muscle 


Anterior region of right thigh (anterior aspect). 
‘The fascia lata has heen removed, Sartorius muscle, 
pectineus muscle and femoral artery have been cut to 
display the deep femoral artery with its branches. The 
rectus femoris muscle has been slightly reflected, 


An 
Inguinal ligament 


Tensor fasiae latae muscle 


Deep ciecumfes iliac artery 


iopsoas mus 
Sartorius muscle (cut) 
Femoral nerve 

Lateral circumfle femoral artery 

“Ascending branch of lateral eircumflex femora artery 
Descending branch of lateral circumflex femoral artery 
Rectus femoris muscle 

Vastus medialis muscle 


Vastu lateralis muscle 


Femoral vein 
Pectineus muscle (cut) 
Femoral artery (cut) 


or region of right thigh (anterior aspect), 
The sartorius, pectineus, adductor longus and rectus 
femoris muscles have been divided and reflected, 
The greater part of the femoral artery has be 
removed. 


Obturator nerve 
funda femoris artery 


As 
“Medial cireuonfex fe 


circum femoral artery 
ery 


ing branch of mes 


daluctor longus muscle 
Gracis muscle 

Saphenous nerve 

Distal part of vastoadductory lamina 

Recius femoris musele with muscular beanch of femoral nerve 
Adductor longus muscle (divided) 

Posterior branch of obturator nerve 

Anterior branch of obturator nerve 

Point at which perforating artery branches off from profuncla 
femoris artery 

“Muscular branch to vastus medias muscle 


Gluteal region, right side (posterior aspect) 


Mine erest 
Gioteus maximus muscle 
Middle cuneal nerves 
Anococeygeal nerves 

ineal branch of posterior Femoral 
Adduetor magmas muscle 
Superior cuneal nerves 
Position of great 
Inferior clameal nerves 
10 Semitendinosus muscle 
11 Posterior femoral cutaneous nerve 
12 Long head of biceps femoris musele 


ter trochanter 


A. Suprapisiform foramen 
fof greater sciatic foramen 


‘Superior gluteal artery vein and nerve 


1B Infrapititorm foramen 
of greater sciatic foramen 
Sia 
Inferior gluteal artery, vein and nerve 
Posterior femoral cutaneous nerve 
Internal pudendal artery ad vein 
Pudendal nerve 


© Lesser static foramen 


Pudendal nerve 
Internal pudendal artery and vein 


Gluteal region, right side (posterolateral aspect), Location of 


sciatic foramina in relation to the bones. 
(Schematic drawing.) 


ed Hines 
Spine-tuber ine. 
Inthe middle of this line the infraptiform foramen is 
situated 
Spine-trockanter line. 
In the upper third the suprapritorm foramen is located 
‘Tubertrochanter lin 
Between the middle andl posterior third, the iehiadic 
nerve ean he found 
‘Other structures 
Posterior superior iliae spine 
ae crest 
Greater trochanter 
Ischia! tuberosity 
Sucrum 
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on for one minute and off for three minutes, the 
duty cycle is still 25%, but the heat that may ac- 
cumulate during a one-minute “on” cycle may 
overload the component before the “off” cycle 
can allow it to dissipate. 


Coil Size vs. Power 

Because additional windings in a coil will induce 
a greater magnetic force, a larger solenoid tends 
to be more powerful than a smaller solenoid. 
However this means that if larger and a smaller 
solenoidare both designed to generate thesame 
force over the same distance, the smaller sole- 
noid will probably draw more current (and will 
therefore generate more heat) because of its 
fewer coil windings. 


How to Use 


Solenoids are primarily used to operate valves in 
fluid and gas circuits. Such circuits are found in 
laboratory and industrial process control, fuel in- 
jectors, aircraft systems, military applications, 
medical devices, and space vehicles. Solenoids 
may also be usedin some electronic locks, in pin- 
ball machines, and in robotics. 


What Can Go Wrong 


Heat 

Overheating is the principal concern when using 
solenoids, especially if the maximum ‘on" time is 
exceeded, or the duty cycle is exceeded. If the 
plungeris prevented from reaching the end of its 
throw, this can be another cause of overheating, 


Because coil resistance increases with heat, ahot 
solenoid passes less current and therefore de- 


How to Use it 


velops less power. This effect is more pro- 
nounced in a DC solenoid than an AC solenoid. 
‘A manufacturer's force curve should show the 
solenoid performance at its maximum rated 
temperature, which is typically around 75 de- 
grees Centigrade, ina hypothetical ambienttem- 
perature of 25 degrees Centigrade. Exceeding 
these values may result inthe solenoid failing to 
perform. As in all coils using magnet wire, there 
istheriskofexcessive heat melting theinsulation 
separating the coil windings, effectively short- 
ening the coil, which will then pass more current, 
generating more heat. 


AC Inrush 

Whenan ACsolenoidreachestheend ofitstravel, 
the sudden stop ofthe plunger results in forward 
EMF that generates additional heat. Generally 
speaking, a longer stroke creates a greater surge. 
Rapid cycling will therefore exacerbate coil heat- 
ing 


Unwanted EMF 

Like any device containing a coil, a solenoid cre- 
ates back EMF when power is connected, and 
forward EMF when the power is disconnected. A 
protection diode may be necessary to suppress 
power spikes that can affect other components. 


Loose Plunger 

The plunger in many solenoids is not anchored 
or retained inside the frame and may fall out if, 
the solenoid is tilted or subjected to extreme vi- 
bration, 
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Gluteal region, right side (dorsal aspect).'The gluteus maximus and gluteus medius muscles have been divided 
and reflected. Notice the position of the foramina above and below piriformis muscles and the lesser sciatic foramen. 


Mine crest 

Glutous maximus muscle (eut) Giuteus mesdius muscle (cut) 

Inferior gluteal nerve Deep branch of superior gluteal artery 

Piriormis muscl Gluteus minimus muscle 

cular branches of inferior gluteal artery 

Pudendlal nerve and internal pudendal artery within the 

esse ie pudendal eanal) 
Tendon of obturator internus and superior gemellus muscles 
Posterior femoral cutaneous nerve 

Inferior rectal nerve Inferior gemellus must 

Inferior rectal arterie Sciatie nerve 

Perforating cutaneous ner 23 Quadratus femoris muse 

Long head ensor fasciae latae muscle 


i 


neous nerves of thigh (posterior aspect) 


idle cluneal nerves 


branch of posterior femoral cutaneous neeve 


1 
3 femoral cutaneous nerve 
4 Somimembranosus muscle 


jendinosus muscle 


2 Cutaneous veins 
Long head of biceps femoris muscle 
houibial tract 

Short head of biceps femoris musele 


Popliteal fossa 


Lateral sural eu 
Lateral head 
Common peroneal nerve 
Tendon of biceps femoris muscle 


Inferior gluteal nerve 


gastrocnemius muscle 


Sacrotuberous ligament 
13 Inferior rectal branches of pudendal nerve 

Gluteus medivs muscle 

Piriformis muscle 

Sciatic nerve 

Inferior gluteal artery 

Giluteus maximus musele (cut) 

Quadratus femoris muscle 

Sciatic nerve diving into its two branches: the common 
‘peroneal nerve and the bial nerve 

32 Muscular branches of sciatic nerve to hamstring muscles 


35. Sinall saphenous vein (cut) 
36. Long head of biceps femoris muscle (cut) 
37. Superficial peroneal nerve 


region fright es 
in s cutaneous nerve 
ves and veins 


Right leg, po 


p layer (posterior aspect). Right leg, popliteal fossa, deepest layer (posterior aspect) 

The muscles have been reflected to display the genicular Tibial nerve and popliteal vein have been partly removed 

arteries. and a portion of the soleus muscle was cut away to display 
the anterior tibial artery 


Semitendinosus muscle ran 


Popliteal artery 
Medial head of gastrocnemius muscle 
Middle genicular artery 


7 Muscular branches 
A Medial inferior genicular artery 


of plantaris muscle 
W Tibial nerve (cut) 
11 Biceps femoris muscle 


Right leg. Cutaneous veins and 
nerves (posterior aspect), 


Great saphenous vein 
‘Venous anastomosis between small and 


Surat nerve 
Calcaneal te 


Right leg. Cutaneous nerves 
and veins (posterior aspect 


ial layer of the 
removed. 


reat saphenous veins Lateral malleolus 


Medial malleolus Semitendinosus muscle 


Popliteal fossa Medial hend 


Position of head of fibula Saphenous nerve 


Lateral sural cutancous nerve 
‘Small saphenous vein Medial sural 


Common peroneal nerve 


Cutaneous veins and nerves 
right leg (anterior-medial aspect 
veins are colored). 


rfisial peroneal nerve 
sal Yeni arch 

Intermediat 

Infrapa 

“Terminal branches of saphenous 


Modal dorsal cutaneous nerve 


‘) 


Right popliteal 
The c med e as been divided 


Semimembranosus muscle 


1 


Popliteal 


9. Tendon of plant 
10. Posterior tii 

1 Medial malle 
12 Biceps femoris muscle 


13. Common peroneal nerve 


16 Lateral head of gastrocnemius muscle 
17 Soleus muscle 

18 Caleaneal tendon 

19 Lateral malleolus 


Tendons of extensor digitorum longus muscle 
Anterior tibialis artery 
Fibula 


39 Tendons of pero 


Jongus and brevis muscles 


Cross 
(from below) 


‘ction of the leg, superior to the malleoti 


1d dorsum of foot; is 1d foot; cutaneous nerves and veins 
). 


ght leg and dorsum of foot; cutaneous nerves 


vsition of fb 
Surat nerve 

Small saphenous yein 

Caleanea tendon 

Lateral calcancal branches of sural nerve 
Venous network at lateral malleus 


7 Cutaneous branch of sural nerve 


Tendon of peroneus brevis muse 
Tendons of extensor digitorum longus muse 


veins (lateral aspect). 


cil peroneal nerve 
of tibia 

Lateral eutaneous branch 

Medial cutaneous bratich 

Lateral malleolus 

Dorsal digital nerves 

Dorel yenous arch 

Deep peroneal 


} ot superna perme nerve 


Coronal section through 
(anterior aspect). 


Jocrural joint 


Uiotibal tract 
‘Common peroneal nerve 
Position of head of fibula 

Extensor digitorum longus muscle 

‘Muscular branches of deep peroneal nerve 
Superficial peroneal nerve 

Tendon of extensor digitorum longus muscle 
Lateral malleolus 

Extensor digitorum brevis muscle 

Tendons of extensor digitorum longus muscle 
Patella 

Patella ligament 

Anterior margin of tibia 

Anterior tibial artery 

Tibialis anterior muscle 

Deep peroneal nerve 

Extensor hallucis longus muscle 


‘Tendon of tibialis anterior muscle 
Extensor retinaculum 


Dorsalis pods artery 


Extensor hallucis brevis muscle 
Deep peroneal nerve (an dorstim of foot) 


Dorsal digital nerves (terminal branches of deep peroneal nerve) 


Deep peroneal nerve 
P 
Superficial peroneal nerve (with peroneal muscles laterally 


cus longus muscle (cut) 


reflected) 


Coronal section through the foot (MR-Scan alter 
A. Heuck, G, Luttke and J. W, Rohen, 1994), 


Pe 
Lateral anterior malleolar artery 
Fibula 

Distal tibiofiuar joint (syndesmosis) 


neus brevis muscle 


Interosseous talocalcaneal ligament 
Caleaneus 

Tendon of peroneus brevis muscle 
Cuboid bone 

Lateral cuneiform bone 

Metatarsal bone 

Dorsal interosseous muscles 


Medial malleolus 
Talus 
‘Talocalcanconavicular joint 
Navicular bone 

Medial cuneiform bone 


Metatarsophalangeal joint of great toe 
Proximal phalanx of great toe 

Distal phalanx of great toe 

Heads of metatarsal bones ILIV 


Dorsum of the right foot, superficial layer (an 
aspect) 


Superficial peroneal m 
Superior extensor retinaculum 
Lateral malleolas 
Ver rk of lateral malleolys and 
tributaries of small saphenous vein 
Lateral dorsal cutaneous nerve (branch of 
sural nerve) 

Tatermediate dorsal cutaneous nerve 
Tendons of extensor digitorum longus muscle 


8 Dorsal digital nerves 


Dorsum of the right foot, superficial layer. The fascia o} 


dorsum hi 


Tendon of tibialis a 
Saphi 


Venous network of medial malleos and 


tributaries of great saphenous vein 
Meal! malleolus 

Medial dorsal cutancous nerves 
Dorsal venous are 
Dorsal digital nerve (a deep pers 
Tendon of extensor hallucis longus muscle 


Dorsal digital arteries 
Peromeal muscles 

Deep planar branch of dorsalis pe 
artery anastomosing with plantar 
Extensor digitorum longus muscle 
Extensor hallucs longus muscle 
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the quadratus plantae muscle with the tendons of the flexor 


digitorum longus muscle and some branches of the medial 
plantar nerve have been removed, The flexor hallucis brevis, 
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removed to show the somewhat atypical course of the media 
plantar artery and deep muscles of the foot, 
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# 
DC motor 


Inthissection, the term “traditional DC motor’ isused to describe the oldest and simplest 
design, which consists of two brushes delivering power via a rotating, sectioned com- 
mutatorto two or more electromagnetic coils mounted on the motor shaft. Brushless DC 
motors (in which DC is actually converted toa pulse train) are also described here because 
“brushless DC” has become acommonly used phrase, and the motor is powered by direct, 
current, even though this is modified internally via pulse-width modulation. 


OTHER RELATED COMPONENTS 


+ AC mot 


(Soe Chapter 23) 
+ stepper motor (See 0! 3pl0r 25) 
+ serve motor (See Chapter 28) 


What It Does 


Atraditional DC motor uses direct current to cre- 
ate magnetic force, which turns an output shaft. 
When the polarity of the DC voltage is reversed, 
the motor reverses its direction of rotation, Usu- 
ally, the force created by the motor is equal in 
either direction 


How It Works 


Currentpassesthrough two or more coils thatare 
mounted on the motor shaft and rotate with it. 
This assembly s referred to as the rotor. The mag- 
netic force produced by the current is concen- 
trated via cores or poles of soft iron or high- 
silicon steel, and interacts with fields created by 
permanent magnets arrayed around the rotor in 
a fixed assembly known as the stator. 


Power to the coils is delivered through a pair of 
brushes, often made from a graphite compound. 
Springs press the brushes against a sleeve that 
rotates with the shaftand is divided into sections, 
connected with the coils. The sleeve assembly is 


known as the commutator. As the commutator 
rotates, its sections apply power from the brush- 
es to the motor coils sequentially, in a simple 
mechanical switching action. 


The most elementary configuration for a tradi- 
tional DC motor is shown in Figure 22-1. 


In reality, small DC motors typically have three or 
more coils in the rotor, to provide smoother op- 
eration. The operation of a three-coil motor is 
shown in Figure 22-2. The three panels in this 
figure should be seen as successive snapshots of, 
‘one motor in which the rotor turns progressively 
counter-clockwise. The brushes are colored red 
and blue to indicate positive and negative volt- 
age supply, respectively. The coils are wired in 
series, with power being applied through the 
commutator to points between each pair of coils. 
The direction of current through each coil deter- 
‘mines its magnetic polarity, shown as N for north 
or S for south. When two coils are energized in 
series without any power applied to their mid- 
point, each develops a smaller magnetic field 
than an individually energized coil. This is 
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Mushrooming Without Fear 


It’s Safe, Easy and Fun 


Follow this guide and you can enjoy picking and eating delicious mushrooms uninhibited by fear and 
doubt. In order to enjoy a homemade gourmet mushroom dinner you do not really need to know what 
basidia or hyphae are. Nor do you need to know how to identify dozens of tasteless or poisonous 
mushrooms which you wouldn’t want to eat in the first place. 


Even advanced mushroom pickers face many uncertainties. 
The same mushroom looks different in the various stages of its development and different again when 
conditions are, for example, very wet or very dry. There are no end of edible mushrooms. Twenty- 
odd of these are of serious culinary interest, of which about a dozen are outstanding. Quality, not 
quantity, is what you are after. By good luck, the quality mushrooms are also among the most easily 
identifiable mushrooms and some of these are among the most frequently encountered. 


Mushrooms may look beautiful, but that does not mean that they are edible. 


You wouldn't buy a soggy, wormy, half rotten mushroom in the supermarket, So why pick it in the 
wood? Quality is what the discerning mushroom hunter is after. 


Figure 22-1. The simplest tracitionaf DC motor contains 
these parts, The combination af col shaft, and commmuta 
for is the rotor. The fixed magnetic structure in which it 
rotates isthe stator. 


indicated in the diagram with a smaller white 
lowercase n and s. When two ends of acoil are at 
equal potential, the coil produces no magnetic 
field at all 


The stator consists of a cylindrical permanent 
magnet, which has two poles—shawn in the fig- 
ure as two black semicircles separated by a ver- 
tical gap for clarity—although in practice the 
magnet may be made in one piece. Opposite 
magnetic poles on the rotor and stator attract 
each other, whereas the same magnetic poles 
repel each other. 


DC motors may be quite compact, as shown in 
Figure 22-3, where the frame of the motor meas- 
ures about 0.7” square. They can also be very 
powerful for their size; the motor that is shown 
disassembled in Figure 22-4 is from a 12VDC 
bilge pump rated at 500 gallons per hour. Its out- 
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Figure 22-2. Three sequential views ofa typical three-col 
DE matar viewed from the end of ts shaft (the shaft seit 
's nat shown). Magnetic effects cause the rotor to turn, 

which switches the currant to the eauls via the comnuta 

far atthe canter. 


put was delivered by the small impeller attached 
to the rotor at right, and was achieved by using 
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With the safe method explained in this book, you will be able to identify the best mushrooms 
positively by their unique and unmistakable features. 


Your part in the safe method is: 


1. As a beginner, leave alone most mushrooms you pass 
2. Look closely at what you see before you, not at what you wish was there 
3. Stick to the rules and tick off every stage in the mushroom identification process 


The fly agaric is the most well-known species. For gnomes, pixies, fairies and other such folk it is 
safe. For us common mortals it is poisonous! Do not believe any old wives’ tales regarding the 
identification of poisonous mushrooms. Stick to the safe method in order to identify the best edible 
mushrooms. 


Why is the safe method safe? If you follow the safe method to the letter, you'll automatically steer 
clear of deadly mushrooms or mushrooms causing permanent damage. 


In the families of mushrooms presented and recommended here, there is not one deadly mushroom. 


This is the reason why the field mushroom is not in this guide. 
The field mushroom belongs to the group of mushrooms with gills, and especially when young, the 
feld mushroom can be confused with some deadly species. The safe method therefore asks you to 
ignore all mushrooms with gills because it is within the gilled group that all the seriously poisonous 
and deadly mushrooms are found. If you're absolutely sure about the field mushroom, then pick it by 
all means. But unless you are 100 percent certain, hunt for field mushrooms and other species with 
gills in the supermarket only. 


Within the recommended groups you will find some slightly poisonous mushrooms but these happen to 
be so bitter, hot-tasting or strong-smelling that nobody sane would eat them anyway should they find 
their way into a meal (which they won’t if you follow the safe method). 

Poisonous mushrooms in the recommended groups cause gastrointestinal trouble of varying intensity. 
In other words: tummy ache. 

Nevertheless there is absolutely no reason for complacency: a harmless tummy ache together with an 
existing medical condition can be dangerous. 


Now, enough with the warnings. With this guide in hand, you are sure to have a safe and memorable 


experience collecting delicious mushrooms. Good luck and have fun! 


How to use this guide 


1. Read the entire book twice in order to understand the approach 

2. Study the “Gills,” “Tubes,” “Spines” and “Ridges” sections until you’re confident you can 
correctly distinguish these features; then you’ re ready for a foray 

3. Double-check at home by going through the full identification process step-by-step 


The size of mushrooms 


The size of mushrooms varies enormously, so any measurements given in this book are only a rough 
average. Don’t be put off if you see an exception. The size can vary disproportionately due to weather 
conditions: if it is very dry, the mushrooms will be smaller than average. The other great variable is 
the growing medium. Don’t be surprised if near a building site, for example, you find surprisingly 
large mushrooms growing out of sawdust, or where woodchips have been laid at the edges of paths. 


What is a Mushroom? 


A mushroomis a highly complex organism. Here are the essentials: 


The mycelium 


This is a close-up of about 4 mm of the mycelium above, as seen under a microscope. When 
conditions are right, the mycelium forms a fruitbody, pushing the mushroom up in order to disperse the 
spores or to wait for you to come along and pick it. 


Rule number 1 


Never, never take a mushroom with gills!!! 


Identifying gills is the first and most important step. You must be sure that you’re able to identify gills. 
Caps of gilled mushrooms come in many different shapes. Gills are the radiating blades on the 
underside of the cap. They fan out in a distinctly regular way. Gills have precise forms and come in 
many colors. Some of them are brittle some of them are soft. They can be rubbed off or separated 
from the underside of the cap quite easily. Gills are always attached to the stem or to the cap ina 
uniform way. 


In perfect conditions the distinctly regular way in which the gills fan out is clearly visible. 


Weather-beaten or old gills might be damaged or broken but on closer inspection their regularity will 
become apparent. Damage or no damage: either way they look as if drawn with a ruler. 
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two extremely powerful neodymium magnets, 
just visible on the inside of the motor's casing (at 
top-left) in conjunction with five coils on the ro- 
tor. 


Figure 22-3. A miniature LSVDC motor measuring about 
7" square, 


Variants 


Coil Configurations 

‘The series connection of coils used in Figure 22-2 
is known as the delta configuration, The alterna- 
tive is the wye configuration (or Y configuration, 
or star configuration). Simplified schematics are 
shown in Figure 22-5. Generally speaking, the 
delta configuration is best suited to high-speed 
applications, but provides relatively low torque 
at low speed. The wye configuration provides 
higher torque at low speed, but its top speed is 
limited. 


Gearhead Motor 

A gearhead motor (also often known as a gear 
motor) incorporates a set of reduction gears that 
increase the torque available from the output 
shaft while reducing its speed of rotation. This is 
often desirable as an efficient speed for a tradi- 
tional DC motor may range from 3,000 to 8,000 


Variants 


Figure 22-4. A traditional DC motor removed from its cy 
lindrical easing. Tha brushes of the motor are attached to 
the white plastic end piece at bottomlft. Large squares 
‘on the graph paper inthe background are 1” «1° divided 
in 01" increments. The motor was used in a small bilge 
pump. 


RPM, which is too fast for most applications. The 
gears and the motor are often contained in a sin- 
gle sealed cylindrical package. Two examples are 
shown in Figure 22-6. A disassembled motor, re- 
vealing half of its gear train under the cap and 
the other half till attached toa separate circular 
plate, appears in Figure 22-7, When the motor is 
assembled, the gears engage. As in the case of, 
the bilge-pump motor, the stator magnets are 
mounted inside the cylindrical casing, Note that 
the brushes, inside the circular plate of white 
plastic, have a resistor and capacitor wired to 
suppress voltage spikes. 


Spur gears are widely used for speed reduction. 
Planetary gears also known as epicyclicgears) are 
a slightly more expensive option. Spur gears 
suchas those in Figure 22-8 may require three or 
more pairs in series. The total speed reduction is 
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In their regular way, gills differ in spacing and formation. 
For example: 


Gills can fork once or more. 


Gills can be mixed: long and short gills. 


Gills are always uniformly attached to the cap or the stem. They start radiating from the same height 
along the stem or the same line around the cap. 


Rule number 2 


Only take mushrooms with tubes, spines and ridges and the mavericks portrayed in this 
book 


Tubes 
Tubes are fine and tightly packed on the underside of the cap. The openings at the ends of the tubes 
are called pores. 


Spines 
Spines hang like stalactites from the cap. 


Ridges 
Ridges are cross-veined, irregular and don’t form a distinct pattern. Ridges are not attached to the 
cap: they are part of the cap. 


Remember Rule number 1 


1, never take a mushroom with gills!!! 


Tubes 


This is the underside of a cap with tubes. The tubes are fine and tightly packed and the openings at the 
end which are seen here are called pores. Tubes can be removed easily from the cap. 


Pores forma regular pattern resembling a sponge. 


This cross-section shows the tubes and the pores. 


Variants 


Power from 
commutator 
for controller 


Power from 
commutator 
fr controller 


Figure 22-5. Coils on the rotor ofa traitignal DC mator 
may be connected in delta configuration (top) or wye con 
figuration (bottom). 


Figure 22-6, Twa typi 


small gearhead motors 


found by multiplying the individual ratios. Thus, 
if three pairs of gears have ratios of 37 : 13, 31: 
15, and 39: 17, the total speed reduction *is ob- 
tained by: 
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R= (37*31*39) / (13 "15" 417) 


Figure 22-7, Spur gears fram a gearhead motor provide 
speed reduction and inereased torque, 


Therefore: 


R = 44733 / 3315 = about 13.5: 1 


Datasheets almostalwaysexpress Rasan integer. 
For example, the gear train shown in Figure 22-7 
is rated by the manufacturer as having an overall 
reduction of 50:1..n reality, the reduction can be 
expected to have a fractional component. This is 
because if two gears have an integer ratio, their 
operating life will be shortened, as a manufac- 
turing defect in a tooth in the smaller gear will 
hitthe same spots in the larger gear each time it 
rotates, For this reason, the numbers of teeth in 
‘two spur gears usually do not have any common 
factors (as in the example above), and if a motor 
rotates at 500 RPM, a gear ratio stated as 50:1 Is 
very unlikely to produce an output of exactly 10 
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Spines 


Spines hang like stalactites from the cap. 


Ridges 


Ridges are on the underside of the cap and are part of it. They are not just attached to the cap or stem: 
they’re part of them, which is why you can’t rub them off or pull them off easily. 


Ridges are cross-veined, irregular and they don’t form a set, uniform pattern. 


They are not attached to the stem in a distinct and regular way, as gills are: they are part of the stem. 


The ridges are part of the stem. There is no distinct pattern in the way they grow out of the stem. Some 
ridges begin further up, some further down the stem. There is no regularity. 


In contrast to gills and tubes, the section of a mushroom with ridges shows no typical features. 
Because of the irregular nature of ridges each section will look different whereas with tubes and gills 


you will find the same features each time. 


How to Pick Mushrooms 


Rule number | says not to take anything with gills. This also means you do not touch or cut every 
mushroom you spot in order to check for gills. 


In nine out of ten cases you can see whether a mushroom has gills or not without even touching it. 
Looking under the cap by kneeling down provides good exercise. 


If you really can’t see what's underneath a cap, break off just a little to see what’s there. If you want 
to be absolutely safe, you could use surgical gloves or a paper napkin which you discard later. 


If you have established that you have, say, a mushroom with tubes and it is in reasonable condition 
and it tallies with the field identification card—then, and only then, should you pick i 


Rules: 


Rule number 1 


Never, never take a mushroom with gills!!! 


This is our life insurance. 


Rule number 2 


Only take mushrooms with tubes, spines and ridges and the mavericks portrayed in this book 


This means thoroughly understanding the information on pages 18-27 of this book. 
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RPM, Since traditional DC motors are seldom 
used for applications requiring high precision, 
thisisnot usually significantissue, butit should 
be kept in mind, 


Figure 22-8. A pair of spur gears. 


Figure 22-9 shows planetary gears, also known as 
epicyclic gears, The outer ring gear is properly re- 
ferred to as the annulus, while the sun gear is at 
the center, and the intermediate planet gears 
may be mounted on a carrier. The greatest speed 
reduction will be achieved by driving the sun 
gear while the annulusis kept in a stationary po- 
sition and the output is taken from the carrier of 
the planet gears. fAis the number of teethin the 
annulus and S is the number of teeth in the sun 
gear, the total speed reduction, R, is given by the 
following formula: 


R= (Stay /S 


Note thatiin this drive configuration, the number 
of teeth in each planet gear is irrelevant to the 
speed reduction. In Figure 22-9, the sun gear has 
27 teeth whereas the annulus has 45 teeth, 
‘Therefore, the reduction is found by: 


R= (27 + 45) / 27 = about 2.7 : 1 


Successive reductions can be achieved by stack- 
ing planetary gear sets, using the carrier of one 
set to drive the sun gear in the next set. 


Planetary gears are used primarily if a motor 
drives a heavy load, as the forceis divided among 


Variants 


Figure 22-9. Planetary gears, also known as epicyclic 
‘gears, share the torque from a motor among more teeth 
than simple spur gears. 


more gear pairs, reducing wear and tear on gear 
teeth and minimizing the breakdown of lubrica- 
tion. A planetary gear train may also be more 
compact thana train of spur gears. These advan- 
tages must be evaluated against the higher price 
and slightly increased friction resulting from the 
larger number of gears interacting with each 
other. 


Brushless DC Motor 

Ina brushless DC motor, sometimes referred to.as 
a BLDC motor, the coils are located in the stator 
and the permanent magnets are relocated in the 
rotor. The great advantage of this design is that 
power can be applied directly to the coils, elimi- 
nating the need for brushes, which are the pri- 
mary source of failure in DC motors as a result of 
Wear and tear, However, since thereis no rotating 
commutatorto switch the DC currentto the coils, 
the current must be switched by electronic com- 
ponents, which add to the cost of the motor. 


In the inrunner configuration the stator sur- 
rounds the rotor, whereas in the outrunner con- 
figuration the stator islocated in the center of the 
‘motor while the rotor takes the form ofa ring or 
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Rule number 3 


Only eat mushrooms which you have clearly identified with ALL the positive ID marks 


The mushrooms you take must be a certain size in order to show all the identification marks. In their 
baby stage, so to speak, some deadly and poisonous mushrooms are almost indistinguishable from 
harmless species. 


Rule number 4 


If a mushroom smells rotten, it is rotten and if it feels soggy, it is soggy 


There are a surprising number of people who believe that somehow a half decomposed, soggy, smelly 
mushroom will improve on the way home. It never does. Only take mushrooms which are in mint 
condition, that is, the flesh is firm and there are hardly any worms. 


Rule number 5 


lever, never eat wild mushrooms raw 


The reasons for this are manifold but, to state the obvious, some areas in some woods are dog-ridden. 


Rule number 6 


Look before you cut 


Always cut mushrooms, do not pull them out. You don’t chop down an apple tree to pick the apples. 
Cut just above the ground and cover the remaining stem with a little mud or dead leaves. Whether this 
is of any conservational value is disputed but it does no harm. My recommendation is to cut and 
cover. 


Picked mushrooms want to breathe. Do not suffocate them in plastic bags. Use a wicker or rattan 
basket or a linen bag. If possible use a proper mushroom knife with an integrated brush for cleaning, 
As the first cleaning of the mushroom should be done in the woods, the brush is very usefull. However, 
any knife will do, as long as the blade can be folded into the knife handle, for safety. Common sense 
is your best adviser but be aware of any likelihood of ticks where you go mushrooming. 


You might want a stick. It can be any kind of stick and you will find it helpful on the slopes. But you 
will also find it useful for pushing aside the grass and ferns, affording you a better look at the ground. 
Different mushrooms can be put together in your wicker basket. Better still, have a few paper bags in 
the basket; one paper bag (breathable) for each species. Putting, say, all trumpet chanterelles in the 
same bag helps you to spot the odd one out which you have inadvertently cut while not fully 
concentrating (see page 78). 


Rule number 7 


Mushrooms want to breathe: Do not suffocate them in plastic bags 


Either in the woods or at home. 


Rule number 8 


If in doubt, leave it 


Now you're ready for a foray. 


Positively Identifying Mushrooms 


Always remember 


Rule number 1 
Never, never take a mushroom with gills!!! 


Rule number 2 
Only take mushrooms with tubes, spines and ridges and the mavericks portrayed in this book 
Rule number 3 
Only eat mushrooms which you have clearly identified with ALL the positive ID marks 
Rule number 4 
Ifa mushroom smells rotten, it is rotten and if it feels soggy, it is soggy 
Rule number 5 
Never, never eat wild mushrooms raw 
Rule number 6 
Look before you cut 
Rule number 7 
Mushrooms want to breathe. Do not suffocate them in plastic bags 
Rule number 8 


If in doubt, leave it 


Mushrooms With Tubes 


Cep or King Bolete 


Boletus edulis 


The cep is the king of mushrooms. Some trufiles are rarer, pricier and confined to relatively small 
areas in France and Southern Europe. The cep on the other hand reigns supreme everywhere. Ceps 
can be found in the same location year after year. They can disappear in certain areas for a couple of 
years only to return spectacularly in masses. 

Some people gather only ceps which is understandable because of their beauty, taste and the thrill of 
finding them on the same spot time after time. Ceps vary greatly in general appearance, color and 
size. The size of the little fellow in the foreground of the picture above is about 2 inches in height 
whereas the giant is about 14 inches in height. 

If conditions are right (starting off with a nice wet and humid spring or early summer) you should 
begin to look for ceps as early as the beginning of July. July and August are the months of the summer 
ceps. 


White network 


These are summer ceps. However all ceps, summer or autumn, show a fine white network on the top 
of the stem right underneath the tubes. 


Acclassic autumn cep, the king of mushrooms. 


Variants 


cup that spins around the stator. This is a com- 
mon design for small cooling fans, where the 
blades are attached to the outer circumference 
of a cup that Is lined with permanent magnets. 
‘An example is shown in Figure 22-10. In this pic- 
ture, the stator coils are normally hidden from 
view, being fixed to the fan housing (shown at 
the top ofthe picture). Poweris controlled by the 
surface-mount components on the green circu- 
lar circuit board. The cup attached to the fan 
blades contains permanent magnets. 


Figure 2210. A typical brushless DC cooling fan uses sta 
tionary cols, with permanent magnets rotating around 
them, 


The use of a solid-state switching system to en- 
ergize the coils sequentially is known as electron- 
iccommutation. Hall effect sensors may be used 
to detect the position of the rotor and feed this 
information back tothe frequency control circuit, 
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so that it stays ‘one step ahead” of the rotor 
(when bringing it up to speed) oris synchronized 
with the rotor (fora constant running speed). The 
system is comparable to a reluctance mator or 
synchronous motor. These variants are described 
in the AC motor section of this encyclopedia. 


While traditional OC motors have been commer- 
cially available since the late 1800s, brushless DC 
motors were not introduced until the 1960s, 
when the availability of solid-state control elec- 
tronics began to make the motor design eco- 
nomically viable. 


Linear Actuator 

Linear actuator is a generic term for any device 
that can exert a pushing or pulling force in a 
straight line. In industrial applications, actuators 
may be powered pneumatically or hydraulically, 
but smaller-scale units are usually driven by a 
traditional DC motor. These are more properly 
(but not often) referred to as electromechanical 
linear actuators. 


The rotational force of the motors typically con- 
verted to linear motion by using a threaded mo- 
tor shaft in conjunction with a nut or collar. The 
Units often mounted inan enclosure containing 
limit switches that stop the motor automatically 
at the limits of travel. For an explanation of limit 
switches, see “Limit Switches" (page 46) in the 
switch entry in this encyclopedia. 


Values 

‘Amanufacturer’s datasheet should list the max- 
imum operating voltage and typical current con- 
sumption when a motor is moderately loaded, 
along with the stall current that a motor draws 
when itis so heavily loaded that it stops turning. 
If stall current is not listed, it can be determined 
empirically by inserting an ammeter (or multi- 
meter set to measure amperes) in series with the 
motor and applying a braking force until the mo- 
tor stops. Motors should generally be protected 
with slow-blowing fuses to allow for the power 
fluctuations that occur when the motor starts 
running or experiences a change in load. 
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ID mark. The white net-pattern must be visible! All ceps, regardless of their time of 
emerging or stage of their development, have a fine white net-pattern at the top of their stalk. 


This is what a cep ideally looks like when cut. Not a single worm has even looked at this beauty. The 
tubes and the flesh do not change color when cut or touched. 


Cep tubes are off-white and firm when young, Later they turn yellow-olive and are less firm. In 
maturity the tubes are olive. Tubes of mature ceps are soft as a sponge and the tubes of old ones are 
soggy and often like those of the big fellow on page 38. This does not always mean that the inside of 
old ceps is rotten but more often than not, it is. 


Cep stalks vary greatly in appearance. These specimens clearly show the white net-pattern all over 
the stalk. 


Nevertheless, it is that top section of the stalk just below the cap where it matters: there the white 
network must be clearly visible. 


Positive ID Checklist 


Cep or King Bolete 


| | Tubes, pores and flesh do not change color when cut or bruised 
| | Tubes are off-white, cream, yellow-olive or olive 

| |Pores do not show any pink tinge 

| | White network on top of stem 


| | Cap matches the color bar range (above) 


‘Avg, size across cap: 5 inches when mature 


Appearance: July to November in eastern North America; July and August in the southern 
Rockies; September to November in the Pacific Northwest; November to 
February in California 

Habitat; Conifers, oak, beech, and birch in eastern North America; Engelmann spruce in. 


the Rockies; pines and spruce in the west 
Tip: Where you find one cep, you'll often find others in the vicinity. 


Red Cracked Bolete 


Xerocomus chrysenteron 


The red cracked bolete is probably the most common of all mushrooms with tubes. Its name describes 
its key identification feature perfectly. 

As the mushroom matures, the cracks become more prominent. Some people love eating the red 
cracked bolete, others quite like it and there are a few who don’t take to it at all. The reason is its 
distinct fruity smell. In any case the red cracked bolete should only be picked as long as the pores are 
bright yellow and firm. The ideal size of the cap is about I inch across. Anything larger will make 
your dish all slimy. 


Chrysenteron means ‘with golden-yellow flesh.’ 


The color of the cap ranges from a velvety dark brown to a light brown. 


Stems vary in color from yellow, to yellow with a little red to yellow flushed with red. Note the 
bright yellow pores. The stem and the pores bruise blue. The intensity of the bruising varies. See 
picture opposite page, far left. 


This specimen is too old for the kitchen. The pores have lost their brightness. The dull yellow signals 
that it’s no good anymore. When the pores are this color, the mushroom feels soft-to-soggy. 


This is the perfect specimen. It has bright, firm golden-yellow pores and a nice firm cap about | inch 
across. 


The caps are invariably cracked or lightly damaged. The typical identification mark of the red 
cracked bolete is the red showing through the cracks or the eaten-away patches. 
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In addition, the torque that a motor can deliver 
should be specified. in the United States, torque 
is often expressed in pound-feet (or ounce- 
inches for smaller motors). Torque can be visual- 
ized byimagininganarmpivotedatoneendwith 
a weight hung on the other end. The torque ex- 
erted at the pivot is found by multiplying the 
weight by the length of the arm 


In the metric system, torque can be expressed as 
gram-centimeters, Newton-meters, or dyne- 
meters, A Newtonis 100,000 dynes. Adyneis de- 
fined as the force required to accelerate a mass 
of 1 gram, increasing its velocity by 1 centimeter 
per second each second. 1 Newton-meter is 
equivalent to approximately 0.738 pound-feet. 


‘The speed of a traditional DC motor can be ad- 
justed by varying the voltage to it. However, ifthe 
voltage drops below 50% of the rated value, the 
motor may simply stop. 


‘The power delivered by a motor is defined as its 
speed multiplied by its torque at that speed. The 
greatest power will be delivered when the motor 
is running at half its unloaded speed while deliv- 
ering half the stall torque. However, running a 
motor under these conditions will usually create 
unacceptable amounts of heat, and will shorten 
its life 


Small DC motors should be run at 70% to 90% of 
their unloaded speed, and at 10% to 30% of the 
stall torque. This is also the range at which the 
motor is most efficient. 


Ideally, DC motors that are used with reduction 
gearing should be driven with less than their rat- 
ed voltage. This will prolong the life of the motor. 


When choosing a motor, itis also important to 
consider the axial loading (the weight or force 
that will be imposed along the axis or shaftofthe 
motor) and radial loading (the weight or force 
that will beimposed perpendicularly to the axis). 
Maximum values should be found in motor da- 
tasheets, 


How to Use it 


In the hobby field, motors for model aircraft are 
typically rated in watts-per-pound of motor 
weight (abbreviated w/Ib). Values range from 50 
to 250 w/lb, with higher values enabling better 
performance. 


Relationships between torque, speed, voltage, 
and amperage in a traditional DC motor can be 
described easily, assuming a hypothetical motor 
that is 100% efficient: 


ifthe amperage is constant, the torque will also 
be constant, regardless of the motor speed. 


ifthe load applied tothe motor remains constant 
(thus forcing the motor to apply a constant tor- 
que), the speed of the motor will be determined 
by the voltage applied to it. 


ifthe voltage to the motor remains constant, the 
torque will be inversely proportional with the 
speed. 


How to Use it 


A traditional DC motor has the advantages of 
cheapness and simplicity, butis only suitable for 
intermittent use, as its brushes and commutator 
willtend tolimitits lifetime. ts running speed will 
be approximate, making it unsuitable for precise 
applications, 


Asthe cost of control electronics has diminished, 
brushless DC motors have replaced traditional 
DC motors. Their longevity and controllability 
provide obvious advantagesin applications such 
as hard disk drives, variable-speed computer 
fans, CD players, and some workshop tools, Their 
wide variety of available sizes, and good power- 
to-weight ratio, have encouraged their adoption 
in toys and small vehicles, ranging from remote- 
controlled model cars, airplanes, and helicopters 
to personal transportation devices such as the 
Segway. They are also used in direct-drive audio 
turntables, 


Where an application requires the rotation of a 
motor shaft to be converted to linear motion, a 
prepackaged linear actuators usually more teli- 
able and simpler than building a crank and 
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When cut, the white-to-bright-yellow flesh turns blue. This can be very light blue and confined to 
certain patches. 


Positive ID Checklist 


Red Cracked Bolete 


|_| Yellow tubes 

|| Yellow pores bruise blue (varying intensity) 

| |Flesh bruises blue (varying intensity) 

| |Cracks and damaged patches in cap show a distinct red tinge 
| |Cap matches the color bar (above) 


Avg. size across cap: 2 inches when mature 


Hen of the Woods 


Grifola frondosa 


For thousands of years, the hen of the woods mushroom has been prized for its medicinal and culinary 
value in China and Japan, Maitake, the 

Japanese name for the hen of the woods, means “dancing mushroom” and one of the many 
interpretations of this name is that those who found a hen of the woods started to dance with joy 
because it was such a highly-prized mushroom. 


It can be cultivated commercially. However, the wild hen of the woods mushroom you pick is 
infinitely superior because, firstly, you found it yourself: and secondly because it is as different from 
the farmed version as is a wild salmon to a farmed one. Finding a hen of the woods is indeed a reason 
to dance: a culinary event of the first order—and it’s good for you too. There aren’t that many things 
in life of which that can be said. 


The hen of the woods is a cluster of fan-shaped overlapping caps. 


On the underside of the cap (approx. 2 inches across) the tubes are at this stage visible to the naked 
eye. At this point the hen of the woods reaches gourmet status. Start picking now. 


Actual size 2 inches 


The fan-shaped caps with radial furrows are typical of the hen of the woods. 


The tubes are clearly visible at this stage. 


The cross-section shows a cauliflower-like structure with one central stem. The widest part of this 
particular specimen is approx. 12 inches. 


On older specimens the tubes are larger in diameter but remain whitish. As the tubes grow larger they 
almost look like spines-but tubes they are. 


The main colors of the hen of the woods range from off-white, gray-beige, gray-brown, gray-black, 
brown-black to light brown-black. The hen of the woods can grow up to 30 inches across. 


The culinary value of the hen of the woods depends on its age. Size is not always an indicator of age. 
Some specimens grow very big, very fast. Despite their size these are still young specimens with 


white, firm, fibrous flesh with a pleasant smell. 
Older specimens have a distinct unpleasant smell and their caps get more and more flabby and the 
edges crumble. 


Positive ID Checklist 


Hen of the Woods 


| |Central stem 
| |Fan-shaped caps 

|| Caps with dark radial streaks 

|_| White flesh does not change color when cut 
| | Cauliflower-structured cross-section 

|| White tubes 

| | Tubes do not change color when bruised 

| |Main cap color matches color bar (above) 


Avg. size across cap: 12 inches, but can grow up to 30 inches 


Appearance: Common to ubiquitous in the fall in eastern North America 
Habitat: ‘Almost exclusively at the base of large oak trees 
Tip: Grows on the same spot for many years 


How to Use it 


connecting rod, or cam follower, from scratch. 
Large linear actuators are used in industrial au- 
tomation, while smaller units are popular with 
robotics hobbyists and can also be used to con- 
trol small systems in the home, such as a remote- 
controlled access door toa home entertainment 
center. 


Speed Control 
A sheostat or potentiometer may be placed in 
series with a traditional DC motor to adjust its 
speed, but will be inefficient, as it will achieve a 
voltage drop by generating heat. Any rheostat 
must be rated appropriately, and should proba- 
bly be wire-wound. The voltage drop between 
the wiper and the input terminal of the rheostat 
should be measured under a variety of operating 
conditions, along with the amperage in the cir- 
cuit, to verify that the wattage rating is appro- 
priate. 


Pulse-width modulation (PW) is preferable as a 
means of speed control for a traditional DC mo- 
tor. A circuit that serves this purpose is some- 
timesreferred to asa chopper, asitchopsa steady 
flow of current into discrete pulses. Usually the 
pulses have constant frequency while varying in 
duration. The pulse width determines the aver- 
age delivered power, and the frequency is suffi- 
ciently high that it does not affect smoothness of, 
operation of the motor. 


A programmable unijunction transistor or 
PUT can be used to generate a train of pulses, 
adjustable with a potentiometer attached to its 
emitter. Output from the transistor goes to a 
silicon-controlled rectifier (SCR), whichis placed in 
series with the motor, or can be connected di- 
rectly to the motor if the motor is small. See 
Figure 27-7. 


Alternatively, a 555 timer can be used to create 
the pulse train, controlling a MOSFET in series 
with the motor. 


A microcontroller can also be used as a pulse 
source. Many microcontrollers have PWM capa- 
bility built in. The microcontroller will require its 
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own regulated power supply (typically SVDC, 
3.3VDC, or sometimes less) and a switching com- 
ponent such as an insulated-gate bipolar transis- 
tor (/GB1) to deliver sufficient power to the motor 
and to handle the flyback voltage. These com- 
ponents willall add to the costof the system, but 
many modern devices incorporate microcontrol- 
lers anyway, merely to process user input. An- 
other advantage of using a microcontroller is 
that its output can be varied by rewriting soft- 
wate, for example if a motor is replaced with a 
new version that has different characteristics, or 
if requirements change for other reasons. Addi- 
tionally, a microcontroller enables sophisticated 
features such as pre-programmed speed se- 
quences, stored memory of user preferences, 
and/or tesponsesto conditions suchas excessive 
current consumption or heat in the motor. 


‘A PWM schematic using a microcontroller and 
IGBT is shown in Figure 22-11. 


Peak 
current 
sensor 


Figure 22.11. A sample schematic for control of a DC mo- 
fer via pulse-width modulation, using a micracontroller 
‘and an insulated-gate bipolar transistor. 


Direction Control 

The H bridge is a very eatly system for reversing 
the direction of a DC motor simply by swapping 
the polarity of its power supply. This is shown in 
Figure 22-12. The switches diagonally opposite 
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Larch Bolete 


Suillus grevillei 


It is as if pure gold has grown out of the ground-and where there is one nugget, there are others. It’s 
very rare to find a single larch bolete. 

More often than not larch boletes form a fairy ring. Always found near larch trees, this beautiful and 
delicious mushroom is covered with a yellow veil when young (above left). As the maturing 
mushroom grows, the veil breaks, leaving a transient ring on the stalk (above, center, and right). 
Always peel the cap of the larch bolete on the spot because otherwise it will make your basket and 
later your recipe all slimy. In wet conditions, the cap of the larch bolete is always slimy. 


Grevillei refers to the Scottish mycologist R. K. Greville. 


The veil still covers the cap in a ‘baby’ larch bolete. 


The tubes must be clearly visible when you view a cross-section, 


‘As the mushroom grows, the veil breaks. This picture (right) shows a larch bolete shortly after the 
breaking of the veil. The ring is transient (i.e., it often drops off) but even in the mature larch bolete 
you can always see a mark where the ring has been, 


Above the ring marks: net pattern (can be very faint). Below the ring marks: mature specimens show 
distinct reddish-rusty streaks on the yellow stem. 


Ifa larch tree is nearby and you see several gold nuggets,they are bound to be larch boletes. The 
beautifully golden (and slimy when wet) caps are the key sign. Positive identification however 
requires ticking off all of the identification marks. 


Positive ID Checklist 


Larch Bolete 


Yellow tubes 

Solid stem 

Bright orange-yellow or golden-yellow sticky cap (slimy when wet). 
Flesh in cap flushes lilac (faint) 

Found near larch trees 

Other specimens found in the vicinity 

Young: tubes covered with a veil 

Intermediate stage: ring visible, faint net-pattern above ring zone 
Mature: ring zone still visible, faint network above ring zone 

Cap color matches cap color bar (above) 


Avg. size across cap: 2.5 inches when mature 


Bay Bolete 


Xerocomus badius 


The bay bolete is an excellent mushroom and by good luck, it is also very common. The main bay 
bolete months are September and October but it can be found as early as June. If you find one, there 
are bound to be others nearby. 


Badius means ‘beautifully brown.” 


Off-white pores: 


Thisis the 
the bay bolete 


ranges 


The off-white pores bruise green-blue. 


The change in color of the pores to green-blue varies in intensity. Here it’s quite extreme. 


The young bay bolete has pale yellow tubes which then turn to yellow, olive-yellow and dirty olive- 
yellow as the mushroom matures. Whatever the stage, the tubes and the flesh bruise blue. 


The intensity of the coloring varies but pores, tubes and flesh will always bruise green-blue. 


This is what the ideal bay bolete looks like: off-white pores and tubes, white to white-yellow flesh, 
without a trace of a worm. 


Not as good: but if you discard the soft pores and cut away the wormy parts, it will still be excellent. 
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each other are closed, leaving the other two 
switches open;and then toreversethe motor, the 
switch states are reversed. This is obviously a 
primitive scheme, but the term "H bridge” is stil 
sed when prepackaged in a single chip such as 
the LMD18200 H bridge motor controller from 
National Semiconductor. 


Figure 22-12. A DC motor can be reversed by this very 
basic circuit, known as an H bridge, by opening and clos: 
Ing parrs of switches that are diagonally opposite each 
‘ther. 


A double-throw, double-pole switch or relay 
can achieve the same purpose, as shown in 
Figure 22-13. 


Limit Switches 

When a traditional DC motor is used reversibly 
within a restricted range of motion, it can be fit- 
ted with limit switches to prevent the motorfrom 
stalling and burning out at either end of its per- 
mitted travel. Limit switches are explained in 
“Limit Switches" (page 46) in the switeh entry in 
this encyclopedia. 


What Can Go Wri 


—s 
— 


Figure 22-13. A DPDT switch or relay can reverse the di 
rection ofa traditional DC matar simply by swapping the 
polarity of the power supply 


What Can Go Wrong 


Brushes and Commutator 

The primary cause of failure in DC motorsis abra- 
sion of the brushes and wear and tear, oxidation, 
and/or accumulation of dirt on the commutator. 
Some motors are designed to allow replacement 
ofthe brushes; sealed motors and gearhead mo- 
tors generally are not. High current and high 
speed will both tend to accelerate wear in the 
areas where the brushes meet the commutator. 


Electrical Noise 

The intermittent contact between the brushes 
and sections of the commutator of a traditional 
DC motor can induce voltage spikes that may 
travel back into the power supply for the motor 
and cause seemingly random effects in other 
components. Sparkingin the commutator canbe 
a significant source of electromagnetic interfer- 
ence (EMM, especially where cheap or poorly fit- 
ted brushes are used, Even if the commutator is 
running cleanly, the rapid creation of amagnetic 
field ina motor winding, following by collapse of 
the field, can create spikes that feed back into the 
power supply. 

Wires that power a motor should be in twisted- 
pair configuration, so that their radiated EMI 
tends to cancel itself out. They should be routed 
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The color of the cap will always be “bay” (chestnut brown) but bay has a considerable range. 


When wet, the cap will be slightly slimy and this will intensify the color of the cap. 


When dry, the color of the cap will be duller. 


Positive ID Checklist 


Bay Bolete 


Yellow tubes 
Off-white to gray pores (yellowish when aged) bruise green-blue 
Tubes and flesh bruise blue 

Stem is vertically frosted with brown streaks 

There is no net-pattern of any description on the stem 

Cap color matches cap color bar (above) 


‘Avg, size across cap: 3.5 inches when mature 


Appearance: June to November in northeastern North America; west to Minnesota 
Habitat: Pine, spruce, and hemlock; often found growing on rotten logs 
Tip: Remove soft tubes 


Birch Bolete 


Leccinum scabrum 


The birch bolete is the most common of the “rough stalks.” Rough stalks are mushrooms with a scaly 
stem. The birch bolete and its cousin, the orange birch bolete, are the most common rough stalks. 
Birch woods or groups of birch trees are the places to look for them. 

The birch bolete and the orange birch bolete have numerous relatives, all of which have a black or 
brown scaly stalk. They are all edible but it is recommended to stick to the two species presented 
here. 


Scabrum means “rough.” 


Close-up of stalk, showing black scales. 


Stalk covered with black scales 


Pores and tubes change from off-white to a gray-white color as the mushroom matures. As a rule, you 
should only pick the birch bolete if it is firm and the pores are off-white. 


Occasionally larger specimens are still nice and firm especially when conditions have been very dry. 


These are the perfect birch boletes: a feast for the eyes and delicious to eat. 


The orange birch bolete, Leccinwm versipelle, is a beautiful mushroom. Its key identification mark is 
the stem covered with black scales, and of course the orange cap. When cut, the flesh turns faintly 
blue at the stalk base, displays traces of wine red and finally turns and stays gray. This color 
combination doesn’t look especially appetizing but be assured the orange birch bolete is delicious. 


Positive ID Checklist 


Birch Bolete 


| | Pores off-white 
| Pores bruise brownish 

|_| Stalk with small black scales 

| Cap color matches cap color bar (above) 


‘Avg, size across cap: 3.5 inches when mature 


Appearance: July to October in eastern North America; winter in California 
Habitat: Birch; ornamental birch in California. 
Tip: Discard ster and tubes of larger specimens 


What Can Go Wrong 


away from data lines or encoder outputs, and 
may be shielded if necessary. Data lines from 
sensors in brushless motors may also be shiel- 
ded, 


Installing a capacitor across the motor terminals 
can significantly reduce EMI, Some motors have 
capacitors preinstalled. Ifthe motor isin a sealed 
casing, it may have to be disassembled to reveal 
whether a capacitor is present. 


Heat effects 

Since all motors in the real world are less than 
100% efficient, some power is lost by the motor 
during normal operation, and will be dissipated 
as heat. The resistance of motor windings, and 
consequently the magnetic force that they gen- 
erate, will decrease as the temperature rises. The 
motor becomes less efficient, and will try to draw 
‘more current, worsening the situation. A manu- 
facturer’s rating for maximum temperature 
should be taken seriously. 


The insulation of the coil windings is usually the 
most vulnerable part of a motor if excess heat 
persists. Short circuits between adjacent coils as 
a resultof insulation breakdown will degrade the 
performance of the motor while increasing its 
power consumption, which will create even 
more heat. 


Where motor casings have protruding ridges, 
these cooling fins should be exposed to ambient 
air, 


Frequent starting, stopping, and reversing will 
tend to generate heatasa result of power surges, 
and will reduce the lifetime of the motor. 


Ambient Conditions 

A warm, dry environment will tend to dry out 
bearing lubricants and graphite brushes. Con- 
versely, a very cold environment will tend to 
thicken the bearing lubricants, Ifa motor will be 
used in unusual environmental conditions, the 
manufacturer should be consulted. 
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Wrong Shaft Type or Diameter 
Motors have a variety of possible output shaft 
diameters, some measured in inches and others 
in millimeters, and shafts may be long or short, 
‘or may have a D-shaped cross section or splines 
to mate with appropriate accessories such as 
gears, pulleys, or couplings. Careful examination 
of datasheets and part numbers is necessary to 
determine compatibility. In the hobby- 
electronics world, retailers may offer purpose- 
built discs or arms for specific motor shafts. 


Incompatible Motor Mounts 
Mounting lugs or flanges may or may not be pro- 
vided, and may be incompatible with the appli- 
cation for which the motoris intended. The same 
motor may be available with a variety of mount 
options, differentiated only by one letter or digit 
in the motor’s part number. Amount option that 
‘was available in the past may become obsolete 
‘or may simply be out of stock. Again, examina- 
tion of datasheets is necessary. 


Backlash 

Backlash is the looseness or “slack” in a gear train 
that results from small gaps between meshing 
gear teeth. Because backlash is cumulative when 
‘gears are assembled in series, it can become sig- 
nificant in a slow-output gearhead motor. When 
measured at the output shaft, it is generally in 
the range of 1 to 7 degrees, tending to increase 
as the load increases. Ifa geared motoris used as 
positioning device, ands fitted with an encod- 
er to count rotations af the motor shaft, control 
electronics may cause the motor to hunt to and 
fro in an attempt to overcome the hysteresis al- 
lowed by the backlash. A stepper motor or set 
vo motor is probably better suited to this kind 
of application. 


Bearings 
When using a motor that is not rated for signifi- 
cantaxial loading, the bearings may bedamaged 
by applying excessive force to push-fitan output 
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Always remember 


Rule number 1 
Never, never take a mushroom with gills!!! 
Rule number 2 
Only take mushrooms with tubes, spines, and ridges and the mavericks portrayed in this book 
Rule number 3 
Only eat mushrooms which you have clearly identified with ALL the positive ID marks 
Rule number 4 
Ifa mushroom smells rotten, it is rotten and if it feels soggy, it is soggy 
Rule number 5 
Never, never eat wild mushrooms raw 
Rule number 6 
Look before you cut 
Rule number 7 
Mushrooms want to breathe. Do not suffocate them in plastic bags 
Rule number 8 


If in doubt, leave it 


Mushrooms With Ridges 


Chanterelle 


Cantharellus cibarius 
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The chanterelle is not surprisingly the most popular mushroom. It is delicious and very common. As it 
is imported throughout the year, the supermarket is a good place to familiarize yourself with the 
chanterelle. There is, however, nothing like the chanterelle you find yourself. Refrain from picking 
tiny chanterelles, that is, little yellow buttons which hardly show the identification marks. At some 
time you'll come across one lonely chanterelle standing there in the middle of nowhere for no 
particular reason at all. Leave it. 


Cibarius means “belonging to food.” 
The classic color of the chanterelle is egg-yolk yellow which, however, can vary from light yellow or 


yellow-orange to yellow-ochre. The chanterelle does not change color when bruised. The entire 
mushroom is of the same color. 


The more mature the chanterelle, the more funnel-shaped it becomes. 


Whether young or mature, the chanterelle’s ridges must be clearly visible. 


Some mature forms can look highly irregular but on closer inspection, the funnel shape will still be 
there. 


Positive ID Checklist 


Chanterelle 


Young specimen: Flat, wavy-edged cap, slightly out-rolled margin 
Mature specimen: Funnel-shaped 

Solid stem 

Found in groups on the ground, but not clustered at the base of trees; never on wood 
Ridges must be clearly visible 

Color matches cap color bar range (above) 


Be Careful: 
Don’t mistake the chanterelle for the Jack O*Lantern, a mushroom that grows across eastern 


North America. The Jack O’Lantern is orange, glows in the dark, has gills, and is not 
edible. 


Avg. size across cap: 2 inches when mature 


Trumpet Chanterelle 


Cantharellus tubaeformis 


In comparison to the attractively-colored chanterelle, the trumpet chanterelle (also known as the 
autumn chanterelle, and winter chanterelle) looks modest. On closer inspection, however, it is just as 
beautiful as the chanterelle. The trumpet chanterelle pops up overnight so quickly that you could 
watch it grow. It is an endearing mushroom not least because it tends to appear in great numbers and 
is frost-resistant, 


Tubaeformis means “trumpet-shaped.” 


A cluster of trumpet chanterelles. 


Color and shape vary according to age and weather conditions. Each individual trumpet chanterelle 
has more than one color. The cap is brownish and has a hole in the center. The ridges and the stalk 
range from brown-yellow to gray-yellow to gray-lilac. 


The jagged edges here are due to frost. 


The advantage of having a paper bag for each species (see page 32) is seen here. You can spot the 
odd one out immediately. 


tromagnetism > rotational > de mator 


gear or pulley onto the motor shaft. Even minor 
damage to bearings can cause significant noise 
(see the following section) anda reduced lifetime 
for the component. 


In brushless DC motors, the most common cause 
of failure is the deterioration of bearings. At- 
tempting to revive the bearings by unsealing 
them and adding lubricant is usually not worth 
the trouble. 


Audible Noise 

While electric motors are not generally thought 
of as being noisy devices, an enclosure can act as 
a sounding board, and bearing noise is likely to 
increase over time. Ball bearings become noisy 
over time, and gears are inherently noisy. 


What Can Go 


Ifa device will contain multiple motors, or will be 
used in close proximity to people who are likely 
tobe sensitive to noise (for example, ina medical 
environment), careshouldbetakentoinsure that 
motor shafts are properly balanced, while the 
motors may be mounted on rubber bushings or 
in sleeves that will absorb vibration. 
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PositiveI Checklist 


‘Trumpet Chanterelle 


| | Found in groups 
| | Brownish, thin-fleshed, wavy-edged cap with hole in center 
| | Hollow stem 
| Ridges 

| |Cap color matches color bar (above) 


‘Avg, size across cap: 0.75-1 inch when mature 


Always remember 


Rule number 1 
Never, never take a mushroom with gills!!! 
Rule number 2 
Only take mushrooms with tubes, spines, and ridges and the mavericks portrayed in this book 
Rule number 3 
Only eat mushrooms which you have clearly identified with ALL the positive ID marks 
Rule number 4 
Ifa mushroom smells rotten, it is rotten and if it feels soggy, it is soggy 
Rule number 5 
Never, never eat wild mushrooms raw 
Rule number 6 
Look before you cut 
Rule number 7 
Mushrooms want to breathe. Do not suffocate them in plastic bags 
Rule number 8 


If in doubt, leave it 


Mushrooms With Spines 


Hedgehog Fungus 


Hydnum repandum 


There are other mushrooms with spines but the only one of real culinary interest is the hedgehog 
fungus. The hedgehog fungus is a great delicacy, It grows on the ground but never on trees. 


Repandum means “bent upwards” and refers to the way the cap often reveals its underside. 


The spines are the key identification marks of the hedgehog fungus. The flesh is matte white and 
colors in places to a yellow-brown or rusty yellow. 


Some hedgehog fungi grow in a very irregular fashion, up to the size of two fists. Nevertheless, all 
hedgehog fungi have distinctive spines. The specimens here show the entire color range of the cap. 
No other mushroom with spines has these colors. 


Take only specimens where the spines are clearly visible. The hedgehog fungi pictured here are the 
perfect size for the kitchen. The cap size is 2.5-4 inches across. 


Positive ID Checklist 


Hedgehog Fungus 


| | Spines 

| |Flesh matte white when freshly cut; flesh colors in places to yellow-brown or rusty 
yellow 

| |Cap margin wavy-edged 

| Found on ground but not on trees 

| |Cap color matches color bar (above) 


‘Avg, size across cap: 2.5 inches when mature 


Always remember 


Rule number 1 
Never, never take a mushroom with gills!!! 
Rule number 2 
Only take mushrooms with tubes, spines, and ridges and the mavericks portrayed in this book 
Rule number 3 
Only eat mushrooms which you have clearly identified with ALL the positive ID marks 
Rule number 4 
Ifa mushroom smells rotten, it is rotten and if it feels soggy, it is soggy 
Rule number 5 
Never, never eat wild mushrooms raw 
Rule number 6 
Look before you cut 
Rule number 7 
Mushrooms want to breathe. Do not suffocate them in plastic bags 
Rule number 8 


If in doubt, leave it 


Mavericks 


Common Puffball 


Lycoperdon perlatum 


The common pufiball is a curious little mushroom, One cluster of common puffballs might number 
merely four specimens; the next about forty. The common pufiball is a welcome addition to any mix of 
mushrooms. Cooked on its own, it is not everyone’s cup of tea because of its distinct taste. The giant 
puffball is another matter and as good a reason as you'll get for a dinner party. 


Perlatum means “widely spread.” 
The conical spines are visible to the naked eye and leave an unmistakeable net-pattern when rubbed 


off. Only pick specimens on which the white conical spines are clearly visible. The common pufiball 
has no unpleasant smell. 


These common puffballs are the perfect size (height 1-2 inches) and condition. When cut, the inside is 
all white and firm. Only when the flesh is uniformly white and firm, is the mushroom all right for use. 


A variation of the common pufiball is the pestle puffball. It too has spines but these are finer than 
those of the common puffball. It is pestle-shaped and it grows larger (height up to 8 inches) than the 
common puffball. It has no smell. If the flesh is uniformly white, and firm, it is good to eat. 


The big brother of the common pufiball is the giant puffball. Giant means it can grow to 3 feet in 
diameter. From a distance it looks all white but it can have a light yellow or yellow-brown tinge. The 
surface is smooth and feels rather like suede. The small specimen cut in two in the picture is about the 
size of a fist. When cut open, the flesh must be white and firm. Only then is the giant puffball edible- 
and delicious at that. 


Positive ID Checklist 


Common Puffball 


| |Conical spines 

|| Flesh must be firm and all-white 

|_| Flesh undifferentiated, no thick rind or outline of mushroom visible in cross-section 
Net-patterned when spines are rubbed off 

|| Color Color white to off-white 

| | Found Found in groups 

| No unpleasant smell 


| Cap color matches cap color bar (above) 


Be Careful: 


Don’t mistake the Puffball for the Stinkhorn, which has a thick rind and black-and-white 
interior, or the Destroying Angel, which has gills and a differentiated interior. They are not 
edible. 


Avg, size across cap: Size ofa golf ball. Giant puffball 12 inches 


Appearance July to November in eastern North America; fallin the Pacific Northwest; 
November to February in California 


Habitat: ‘Seems to feel at home everywhere, but especially in grassy areas 


Horn of Plenty 


Craterellus cornucoploides 


The horn of plenty is a real challenge to the mushroom forager. 
Growing low on the forest-floor, it is so well-camouflaged that you can look at masses of them and 
not see any at all. If you spot one, there will be more: proceed with the utmost care because they are 
easily trampled. The horn of plenty is without a shadow of doubt one of the most delicious 
mushrooms in the world. But it has its price. Cleaning the horn of plenty can be quite a job but the 
reward is well worth the effort. Besides, when everybody joins the cleaning party, it is fun. 


Cornucopioides refers to a cornucopia, or horn of plenty. 


The horn of plenty is a funnel, the outer side of which looks smooth but in fact is slightly wrinkled. 
The color on the outer side is ash-gray, gray or pale gray with a bluish or lilac tint. 


The inside of the funnel is brown, brown-gray, soot-gray or black. The surface is scaly or flaky and 
the top is out-rolled. In older specimens the top is wavy and split. 


The horn of plenty seen from above in dry conditions. 


The horn of plenty seen from above in wet conditions. 


The funnel shape and the out-rolled top are typical. 
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AC motor 
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The distinction between AC and DC motors has become blurred as controllers for DC 
motors make increasing use of pulse-width modulation, which can be viewed as a form 
of alternating current. All motors that consume DC power are referenced in the DC mo- 
tor section of this encyclopedia, regardless of whether they modulate the power inter- 
nally. Stepper motors and servo motors are considered as special cases, each with its 
own entry. AC motors, described here, are those that consume alternating current, usu- 


ally in the form of a sine wave with a fixed frequency. 


OTHER RELATED COMPONENTS 


+ De motor (soo Chapter 22) 
«+ stepper motor (see Chapter 25) 
+ serve motor (see Chapter 24) 


What It Does 


‘An AC motor uses a power supply of alternating 
current to generate a fluctuating magnetic field 
that turns a shaft. 


How It Works 


‘The motor consists primarily of two parts: the 
stator, which remains stationary, and the rotor, 
which rotates inside the stator. Alternating cur- 
rent energizes one or more coils in the stator, 
creating fluctuating magnetic fields that interact 
with the rotor. A simplified representation is 
shownin Figure 23-1,wherethecoilscreatemag- 
netic forces indicated by the green arrows, Nrep- 
resenting North and S representing South. 


Stator Design 

Plug-in electric fans typically use AC motors. The 
stator from a large electric fan is shown in 
Figure 23-2, where the large diameter of each coil 


Figure 2344 A simpliied representation of a basic AC 
‘motor. The green arrows indicate magnetic force. 
maximizes its magnetic effect. The stator from a 
smaller electric fan is shown in Figure 23-3, in 
which only one coil is used. (The coil is wrapped 
in black electrical tape.) 
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This looks a rather battered group of horn of plenty. Some of the tops have already split. Don’t be put 
off-they still taste good. 


Positive ID Checklist 


Horn of Plenty 


|_| Found in groups 

| Funnel shaped 

|_| Smooth-looking but slightly wrinkled outer surface 

|_| Scaly inside surface 

| | Outer surface matches color bar above (top line) 

| Inside surface matches color bar above (bottom line) 


Avg, size across cap: 0.75-1 inch when mature 


Appearance: ‘July to Octeber in eastetn North America; fallin the Pacific Northwest; January to 
March in California 

Habitat: Under beech in eastern North America; conifersin the Pacific Northwest; oak in 
California 


Tip: Always split them down the middle when cleaning and evict residents 


Cauliflower Mushroom 


Sparassis crispa 


This is the mushroom of superlatives. For many people it is the very best of all. It may be a bit chewy 
but each bite releases a unique culinary sensation. If you fall for it, you'll be a dedicated cauliflower 
mushroom hunter forever. It resembles a cauliflower or a sponge. 

Once you learn to recognise its spicy smell, you could identify the cauliflower mushroom 


blindfolded. And then there is the size: it can grow so big that people simply overlook it. This 
specimen weighed in at 


Crispa means 


Not all specimens grow to giant size. This one here is about the size of two fists. Its cauliflower or 
sponge-like appearance and the curved lobes are the key identification marks. There is nothing 
pointed or jagged in the cauliflower mushroom. The color ranges from creamy white to light brown. If 


it turns any browner than the specimen here, it has spoiled. 


Lobes 


Curved lobes 


Positive ID Checklist 


Cauliflower Mushroom 


| No gills, pores, tubes or spines 


| |No stem 

|_| Looks like a cauliflower or sponge 
| Lobes 

| | Matches range of color bar (above) 


‘Avg, size across cap: 12 inches but can grow up to three feet 


Appearance: July to October in eastern North America; fallin the Pacific Northwest; Decem- 
ber to February in California 


Habitat: On pine stumps; at the base of oaks in the Northeast 
Ti: Grows on the same spot for many years 


Mushrooming Miscellany 


The Mushrooming Regions 


Eastern North America 


Throughout this book, “Eastern North America” means regions primarily north of Georgia. 


The Pacific Northwest 


The Pacific Northwest consists primarily of Washington and Oregon (and parts of Idaho). 


California 


Throughout the book, “California” refers to the Bay Area, two hours north and south of San 
Francisco. Mushrooms also grow in Los Angeles and San Diego, but these appear toward the end of 
the California season. 


‘As you can sce, the timing and proliferation of mushrooms varies regionally. A good mushroom crop 
also depends heavily on weather conditions over the whole year. So the dedicated mushroom hunter 
need not confine himself to a mere couple of months of pleasure. 


How It Works 
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Figure 23-2. The stator from a large electric fan. Each 
call af copper wire is centered on a lug painting inward to 
the hole at the canter. where the rator would normally be 
mounted. The coils overlap because their diameter is 
‘maximized fa increase their magnetic effect. Each col is 
tapped to allow speed selection in steps via an external 
rotary switch 


The core of a stator resembles the core of a 
transformer in that it usually consists of a stack 
of wafers of high-silicon steel (or sometimes alu- 
minum orcastiron).The layers are insulated from 
one another by thin layers of shellac (or a similar 
compound) to prevent eddy currents that would 
otherwise circulate through the entire thickness 
of the stator, reducing its efficiency. 


The coil(s) wound around the stator are often re- 


ferred to as field windings, as they create the 
magnetic field that runs the motor. 


Rotor Design 
In most AC motors, the rotor does not contain 
any coils and does not make any electrical con- 


Figure 23-3. This stator from a smaller electric fan uses 
only a single coll wrapped in black tape. tis sufficient to 
Induce a magnetic fold but is generally less efficient than 
‘a motor using mutiple cals 


ection with the rest of the motor. tis powered 
entirely by induced magnetic effects, causing 
this type of motor to be known generally as an 
induction motor. 


‘As the AC voltage changes from positive to neg- 
ative, the magnetic force induced in the stator 
collapses and a new field of opposite polarity is 
created. Because the stator is designed to create 
an asymmetrical field, induces a rotating mag- 
netic field in the rotor. The concept of a rotating 
magnetic field is fundamental in AC motors. 


Like the stator, the rotor is fabricated from wafers 
ofhigh-silicon steel; embedded in the wafers are 
nonmagnetic rods, usually fabricated from alu- 
minum but sometimes from copper, oriented 
approximately parallel to the axis of rotation. The 
rods are shorted together by a ring at each end 
of the rotor, forming a conductive “cage,” which 
explains why this device is often referred to col- 
loquially as a squirrel cage motor. 
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Trees and Mushrooms 


Beech, birch, oak, pine, spruce, aspen and larch are the most important trees in mushroom-hunting. 
which are easily identifiable by their leaves or bark or both. It is most useful to know these five 
ies of tree because if, for example, you explore a new wood, they will guide you to the 

mushrooms. 


Beech 
Especially: horn of plenty 


Oak 
Especially: chanterelle 


Birch 
Especially: birch bolete 


Pine 
Especially: cauliflower mushroom 


Larch 
Especially: larch bolete 


The larch is the only tree whose needles change color in autumn. You can’t miss it 


Always remember 


Rule number 1 
Never, never take a mushroom with gills!!! 
Rule number 2 
Only take mushrooms with tubes, spines, and ridges and the mavericks portrayed in this book 
Rule number 3 
Only eat mushrooms which you have clearly identified with ALL the positive ID marks 
Rule number 4 
Ifa mushroom smells rotten, it is rotten and if it feels soggy, it is soggy 
Rule number 5 
Never, never eat wild mushrooms raw 
Rule number 6 
Look before you cut 
Rule number 7 
Mushrooms want to breathe. Do not suffocate them in plastic bags 
Rule number 8 


If in doubt, leave it 


Handling, Storage and Cooking 


Handling 


The first rough cleaning of the mushroom should be done in the woods. Once you're at home you 
verify your spoils against the positive ID check lists and then-and only then-can you start the fine- 
cleaning. Do not wet mushrooms to clean them. Brush or wipe them with a cloth. Part of the cleaning 
process is to check the quality. Evict residents, cut away soft and soggy tubes and cut the remaining 
mushroom into bite-size pieces. 


Storage 


Drying 


Drying is the classic way to store mushrooms. This method actually intensifies the taste of the 
mushrooms and they'll keep for years if you follow the procedure correctly. Do not dry anything you 
wouldn't eat fresh. Drying does not improve the overall quality of your mushrooms. There are various 
methods of drying mushrooms but there is only one way which guarantees consistent high-quality 
results and that is the only one I recommend: a dehydrator. Whatever the make, the principle is the 
same: warm air circulation. The sliced mushrooms are placed on trays and then dried in the 
dehydrator. Dried mushrooms are best stored in any air-tight container or a sealed plastic bag and 
then kept ina dark place. Mix all the species except the cauliflower mushroom, The more species in 
the mix, the better the taste. The cauliflower mushroom should be dried and stored separately (see 
page 115). Do not dry chanterelles. All other mushrooms in this book are suitable for drying. Dried 
mushrooms should be crackle-dry and snap when broken. 


Freezing 


Freezing is the other method. Results improved enormously when home vacuum-packaging machines 
became available. I recommend only freezing vacuum-packed mushrooms. Frozen mushrooms retain 
their color, texture and taste. 


Never thaw frozen mushrooms! 
Put deep frozen mushrooms in sizzling butter or hot water. Like this they keep their texture. 
- Mix all the species except the cauliflower mushroom. Again: the more species in a mix, the 
better. 


- I recommend deep freezing some cep, and horn of plenty, separately. You might want to add 
just a few of them for a particular dish or use the cep for a tasty starter. 


The cauliflower mushroom should always be frozen separately (see page 115). 


The chanterelle must be cooked before deep freezing - all other mushrooms in this book can be frozen 
raw. 
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Figure 23-4 shows the configuration of a rotor 
cage with the surrounding steel wafers removed 
for clarity. In reality, the rods in the cage are al- 
most always angled slightly, as shown in 
Figure 23-5, to promote smooth running and re- 
duce cogging, or fluctuations in torque, which 
would otherwise occur. 


pmetimes copper) in which 
‘25 2 result of the rotating magnetic field 
Inside the steel body of the rotor (which is omitted here 
for clanty). These currents cause their own magnetic 
fields, which interact with the fields generated by calls in 
the stator 


In Figure 23-6, the steel wafers of a rotor are 
shown, with channels to accommodate an an- 
gled aluminum cage. Figure 23-7 shows a cross- 
section of a rotor with the cage elements in pale 
red and the steel wafer in gray. 


Figure 23-5. Ta pramote smaath cunning of the motor 
the longitudinal elements ofthe cage are typically angled, 
2s suggested in this rendering. 


Figure 23-6. The stee! wafers in the ratar of an AC motor 
are typically offset as shown here. The channels are to ac: 
‘cammodate a cage of aluminum ar copper conductors 
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Drying or freezing? 


Either way, use only perfectly fresh mushrooms. Drying mushrooms gives them that deep, strong 
mushroom taste. The frozen mushroom is more subtle, but the colors of frozen mushrooms are as 
bright as on the day they were picked and this adds considerably to the pleasure of eating. Dried and 
frozen mushrooms can be mixed to get the best of both worlds. 


Cooking 


Famous chefs win awards for stylish cuisine. Simplicity as a rule is not in their repertoire because no 
stars can be won by doing as little as possible. There are some really attractive mushroom books with 
some really attractive recipes but my advice is: do not try to emulate the recipes of the famous chefs - 
you'll never get there anyway. The place to enjoy grand cuisine is in the restaurant. 

Do what you can do better than the professionals and do what they can’t do and you're in for a feast. 
Besides, it’s much less trouble, expense, and frustration to do it your own way rather than to follow 
recipes which pre-suppose the infrastructure of a five star establishment. 

So where can’t the professionals compete with you? 

1. Freshness 


This is not to say that restaurants use old mushrooms. They’re just not as fresh as yours. 


Chervil is a tasty and attractive herb for mushroom dishes. 


Your mushrooms have the shorter way from the wood to your kitchen. As a rule the restaurants’ 
mushrooms come from a market and some of those mushrooms on the market have traveled a long 
way, some of them half way round the world. 


2, Sourcing 
You know where your mushrooms came from, whereas the chef in the restaurant, as a rule, knows 


only that it is the type of mushroom he wants. You know the very wood from which you picked them, 
and this is important because, for example, a cep can taste differently from one wood to another. 


3. Quality 


You know exactly where your mushrooms come from, and therefore you know their quality. In other 
words, you can be sure, for example, that your mushrooms grew in a non-polluted habitat or a dog- 
free zone. 


4, Freedom 

You are at liberty to vary the mushrooms that go into dish and to change ingredients. In top restaurants, 
recipes are more precise and designed to he produced time and again. Your mushroom feas the other 
hand, can be unique each time. 

5. Soul 

There is a satisfaction in picking your own wild mushrooms and cooking them yourself that not an 


match. 


Garnishing with finely chopped vegetables makes your mushroom dish a feast for the eyes. 


Mushrooms are not garnish 


The mushrooms in this book are of culinary value in their own right and should be treated 
accordingly. Treat a wild mushroom with the same culinary respect as you would a wild salmon. 


Olive oil and mushrooms 


Most contemporary mushroom cookbooks recommend olive oil for cooking mushrooms, but if you 
really want to draw out all the subtle flavors of your mushrooms and realize their full culinary 
potential, then olive oil is, generally, not a good idea. Unsalted butter brings out the best in your 
mushrooms. 


Chives are the classic garnish for mushrooms. 


Kills all known germs 


There is a potential but very low risk of catching something nasty from a mushroom, To reduce that 
risk to zero, do not eat raw ‘mushrooms and in the cooking process, increase the heat at one stage so 
that the dish either boils for a couple of seconds or sizzles in the butter. For that brief moment, turn the 
mushrooms in the pan so that they’re exposed to the heat on all sides. 


Curly or flat-leafed parsley underline the mushroom taste and add aesthetic appeal. Sprinkle on raw 
just before serving. 


Special Cases 


Chanterelle 


The chanterelle must not be dried because it goes chewy. It must not be frozen without prior cooking 
because it will turn bitter. 


Hom of Plenty 


Some people like it on its own. Others use it only as a spice to add to a mix of mushrooms. In order to 
find out what you like best, dry and freeze separately. 


Cauliflower mushroom 


The cauliflower mushroom is also very distinct in taste and perhaps best on its own. Dry or deep 
freeze separately. 


Basic preparation for fresh or frozen mushrooms 


There’s a lot of flexibility in these basic preparations. The amounts stated can vary considerably and 
you'll still get an excellent result. And the beauty of it is that you can’t overdo mushrooms. The key to 
culinary success is the quality of the mushrooms. 


Serves 4 


What you need 
Essential: 


5-8 cups fresh or frozen mushrooms 
4 cups water 

1 cup white wine 

1 teaspoon salt 

I shallot or small onion, chopped 

1 cup cream 

Y% cup chives or parsley 


Optional: 


Anmix of finely chopped vegetables, such as carrot, zucchini, and celery: approx. / cup 
Y% cup chervil 


What you do 


Ubu 


xa 


Put water, white wine, salt, and shallot into a pan 

Do not thaw frozen mushrooms. Add frozen or fresh mushrooms and bring to the boil 

Reduce heat and simmer until approx % of liquid has evaporated 

Add cream 

Simmer again until approx. half the liquid has evaporated. Stir occasionally, If you feel there’s 
too much liquid, simmer until it reduces still further. The less liquid, the more intense the taste 
and vice versa. Add water or cream to taste. 


. Add more salt and pepper to taste 
. You now have a wonderful mushroom sauce which you can serve with meat (chops, steak, 


etc.) or on its own with pasta or rice. Sprinkle with chives, parsley or chervil and the finely 
chopped vegetables 


Basic preparation of dried mushrooms 


Serves 4 


What you need 
Essential: 


1-2 ounces dried mushrooms 

4 cups lukewarm water 

1 shallot or small onion, chopped 
¥% cup dry white wine 

1 teaspoon salt 

% cup cream 

Y cup chives or parsley 


Optional: 


A mix of finely chopped vegetables e.g, carrot, zucchini, and celery: approx. / cup 
Y% cup chervil 


What you do 


1. Take the dried mushrooms and put in a bow! or pitcher. Add 4 cups of lukewarm water. Soak 
for 1% hours (until the mushrooms float in brown liquid) 

2. Put wine, shallot, salt, mushrooms and the brown liquid into a pan 

3. Bring to the boil for 10 seconds Reduce heat and simmer until 4 of the liquid has evaporated 

4. Add the cream 


How It Works 


Figure 23,7 Cross-section of a rotor with steel shown in 
gray and embedded elements of an aluminum cage 
shown in pale red. 


The actual rotor from an induction motor is 
shown in Figure 23-8, This rotor was removed 
from the stator shown in Figure 23-3. The bear- 
ings at either end of the rotor were bolted to the 
stator until disassembly. 


Although the cage is nonmagnetic, itis electri- 
cally conductive, Therefore the rotating magnet- 
icfield that isinduced in the steel partof the rotor 
generates substantial secondary electric current 
in the cage, so long as the magnetic field inside 
the rotoristurning fasterthan the rotoritself. The 
current in the longitudinal elements of the cage 
creates its own magnetic field, which interacts 
with the fields created by coils in the stator. At- 
traction and repulsion between these fields 
causes the rotor to turn. 


Note that if the turning speed of the rotor rises 
tomatch the frequency of thealternating current 
powering the coils in the stator, the cage in the 
fotorisnolonger turning through magneticlines 
of force, and ceases to derive any power from 


electromagnetism > rotational > ac mator 


Figure 23-8. The rotar from a smal fan mator, The alum: 
‘num cage and its end pieces are the pale gray sections, 
steo! plates are the darker sections 


them. in an ideal, frictionless motor, its unloaded 
operating speed would be in equilibrium with 
the AC frequency. In reality, an induction motor 
never quite attains that speed. 


When power is applied while the rotor is at rest, 
the induction motor draws a heavy surge of cur- 
rent, much like a short-circuited transformer. 
Electrically, the coils in the stator are comparable 
to the primary winding of a transformer, while 
the cage in the rotor resembles the secondary 
winding. The turning force induced in the sta- 
tionary rotor is known as locked-rotor torque. AS 
the motor picks up speed, its power consump- 
tion diminishes, See Figure 23- 


When the motor is running and a mechanical 
load is applied to it, the motor speed will drop. 
As the speed diminishes, the cage of conductors 
embedded in the rotor will derive more power, 
as they returning more slowly than the rotating 
magnetic field. The speed of rotation of the field 
is determined by the frequency of the AC power, 
and is therefore constant. The difference in rota- 
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5. Simmer until approx. half the liquid has evaporated. Stir occasionally. If there is too much 
liquid, simmer until further reduced. The less liquid the more intense the flavor, and vice 
versa Add water or cream to taste 


6. Add salt to taste 
7. You now have a wonderful mushroom sauce which you can serve with meat (chops, steak, 
etc.) or on its own with pasta or rice. Sprinkle with chives, parsley, or chervil and the finely 


chopped vegetables 


Beyond the Stove 


No summer or winter woodland walk will ever be the same again once you become aware of the 
amazing universe of the forest floor, which in terms of color and life is a match for any coral reef. 
And the forest floor is right at your feet, so to speak, or at least not far from your door. 


When in autumn you walk through a beech wood and marvel at the intensity and variety of the colors, 
think for a moment about those leaves. 


There are about 2 tons of leaves to one acre of beech wood. After their job is done on the branches, 
they fall to the ground. If they did not decompose we would soon be swimming through a sea of 
leaves. 


Likewise, unrotted fallen branches would in time pile up as insurmountable obstacles. 


A leaf falls to the ground, inspiring on its way a poet who happens to be passing by: but on a more 
practical level, bacteria are the first organisms to get busy. 


Shortly afterwards, it is fimgi, algae and protozoans which play their part in the work of 
decomposition. 


Soon, millions of organisms and little animals are at work on that single leaf. In due course the leaf is 
fully decomposed, its constituent parts recycled back into the forest soil, keeping it fertile by 
providing the essential substances for all the plants in the wood. 


The vital role of mushrooms 


Fungi are key players in maintaining tree growth and health, The reason the birch bolete is always 


found near birch trees, and the larch bolete always near larch trees, is that these pairs live in a 
symbiotic relationship. They need each other. 

The mycelium of the birch bolete and the fine root-ends of the birch tree link up and exchange 
substances. There is a lot of chemistry going on, with a net result of mutual benefit. There are 
intricacies and complexities in all matters fungi and there are, so to speak, vast uncharted areas on the 
fungal map. However, even the most half-hearted mushroom-hunter will soon become aware of the 
all-encompassing interrelations in the wood. Mushrooming makes you sce and appreciate the 
woodland differently. 


There is a practical point to these impressions which will help you in your mushrooming. 


The similarity of patterning between the trunk of the birch tree and the stalk of the birch bolete is there 
for all to see. The similarity in color between the larch needles (once they change color in autumn) 
and the larch bolete seems obvious. These pointers can all act as nature’s clues and reminders for the 
mushroom forager. But why is this so? Whatever the scientific answer, if indeed there is one, this 
similarity illustrates beautifully the interconnected nature or, if you prefer it, the mutual dependence, 
of life in the wood. 


Perhaps even more intriguing is the similarity between the pine bark and the cauliflower mushroom, 
which grows near pine trees. It could be a coincidence or it could be a complex pattern at work. 
Either way, the cauliflower mushroom is utterly delicious - but if you mull over a conundrum like this, 


doesn’t it add interest and pleasure to mushroom hunting? 


But I still want more advice on the secrets of successful mushrooming. 


Mushroom hunting and the world of fungi have more than their fair share of mysterious lore, 
imponderables and surprises. Take that inexplicable instinct for the right spot to find mushrooms, for 
example. The experienced mushroomer knows his favorite haunts and whenever conditions are right, 
the mushrooms seem to call him. The dedicated mushroom hunter doesn’t have to make a conscious 
effort to memorize the perfect weather conditions for a particular species. Nor does he have to keep a 
log on the wind direction. Over the years, he just knows that on the right day he has to go to spot X. 
As vague as that sounds, the mushrooming “instinct” may well have a rational explanation, but it 
needn’t be a conscious one. 


No exact science to mushrooming-hunting, then? 


True, if you meet gnomes, pixies, fairies, elves or goblins in the woods, your rationality will be 
doubted. 

But when fingers of fog creep eerily through the lonely wood, mythical creatures don’t seem far away. 
When out mushrooming in the twilight, you can easily understand how our forebears believed there 
were strange goings-on in the woods. Perhaps there were: and perhaps our modern powers of 
perception are just that much weaker than they used to be. The cold light of reason may have evicted 
all those colorful beings from the woods and now nobody is quite sure where they are anymore. 


But they did leave their mark. The last bastion of mysticism is the fly agaric (left) which to this day 
has the power to fire the imagination. No decent fairy tale illustration is complete without the fly 
agaric. If the cep is the king of mushrooms, the fly agaric must be the queen. And as always with 
mushrooms, the mystical mixes with the scientific. 


Fly agarics are usefull indicators: where they are, there are often ceps nearby. Fly agarics wave and 
shout “Over here! Over here there are beautiful ceps!” The king is always near the queen. 


Yet another mingling of fact and fiction: the fly agaric got its name from its surprising powers: it is a 
natural insecticide. Pieces of it are put in milk to attract flies. The flies then get drugged and die. In 
fact, the hallucinogenic properties of the fly agaric have inspired some mind-boggling theories and 
experiences. 
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Figure 23-9. An approximated graph showing the typical 
current consumption of an AC induction motor as it starts 
from rest and gains speed over 2 period of time. 

tional speed between the magnetic field and the 
rotor is known as slip. Higher levels of slip induce 
greater power, and therefore the induction mo- 
tor will automatically find an equilibrium for any 
load within its designed range. 


When running under full load, a small induction 
motor may have a slip value from 4 to 6 percent. 
In larger motors, this value will be lower. 


Variants 


Variants of the generic induction motor de- 
scribed above are generally designed to take ad- 
vantage of either single-phase or three-phase al- 
termating current, 


Asynchronous motors a variant in which the ro- 
tor maintains a constant speed of rotation re- 
gardless of small fluctuations in load. 


Some AC motors incorporate a commutator, 
which allows an external connection to coils 
mounted on the rotor, and can enable variable 
speed control. 


Variants 


A linear motor may consist of two rows of coils, 
energized by a sequence of pulses that can move 
a permanent magnet or electromagnet between 
the coils. Alternatively, the linear motor’s coils 
may move as a result of magnetic interaction 
with a segmented fixed rail. Detailed description 
of linear motors is outside the scope of this en- 
cyclopedia, 


Single-Phase Induction Motor 

The majority of induction motors run on single- 
phasealtermating current (typically, from domes- 
tic wall outlets). This type of motoris not innately 
self-starting because the stator coils and rotor 
are symmetrical. This tends to result in vibration 
rather than rotation. 


To initiate rotation, the stator design is modified 
sothatitinducesan asymmetrical magnetic field, 
Which is more powerful in one direction than the 
other. The simplest way to achieve this is by 
adding one or more shorting coils to the stator. 
Each shorting coil is often just a circle of heavy- 
gauge copper wire. This ploy reduces the effi- 
ciency of the motor and impairs its starting tor- 
que, and is generally used in small devices such 
as electric fans, where low-end torque is unim- 
portant. Because the shorting coil obstructs 
some of the magnetic field, this configuration is 
often known as a shaded pole motor, 


Copper shorting coils are visible in the fan motor 
shown in Figure 23-3. 


A capacitor is a higher-cost but more efficient 
alternative toa sharting coil. f power is supplied 
to one or more of the stator coils through a ca- 
pacitor,itwill create a phase difference between 
these coils and the others in the motor, inducing 
anasymmetrical magnetic field. When the motor 
reaches approximately 80% of its designed run- 
ning speed, a centrifugal switch may beincluded 
to take the capacitor out of the circuit, since itis 
no longer necessary. Switching out the capacitor 
and substituting adirect connection tothe stator 
coils will improve the efficiency of the motor. 
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Shamans, or holy priests, reportedly used the hallucinogenic fly agaric to make contact with the gods, 
while lesser mortals joined in the ritual by drinking the urine of the shaman. This would have been 
little more than water with the hallucinogenic substances still active in it, because, before the 
ceremony, the shaman had to fast for several days before ingesting the fly agaric. 


The phrase “to go berserk” refers to the Berserkers (Viking warriors) who went fearlessly into battle 
and were reported to fight “like mad dogs and wolves.” This is said to be the fly agaric’s work. 


It surely now comes as no surprise that Santa Claus is also linked to the fly agaric. After all, there are 
the same distinctive colors: and there he is in his reindeer-powered sleigh, flying all over the world, 
filling stockings, and involuntarily cleaning chimneys. Only a full-blown shamanic fly agaric ritual 
could take Santa Claus and come up with a tale like that! 


These are just a few of the theories and ideas linked to the fly agaric. Fly agarics are also supposed to 
bring good luck, and in certain parts of the world they remain a popular emblem in advertising, on 
stamps, and on Christmas and New Year’s cards. Luck is a fitting theme with which to conclude this 
book. Don’t trust your luck when identifying mushrooms. Follow the instructions in this book and 
enjoy mushrooming without fear. 
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Techniques of Grafting 


learning objectives INTRODUCTION 

+ Explain the requirements for 
successful graftage. 

+ Describe the techniques of 
detached scion graftage, 
approach graftage, and repair 
graftage. 

+ Discuss the preparation for 
4grafting—tools, accessories, 
‘machines, automation, and 


Since people first learned to graft plants, a myriad of grafting techniques 
have been developed. In The Grafters Handbook, Garner (19) enumer- 
ates and describes some forty different grafts 

Here we describe the most important grafting methods. Among them, 
a person who can use a sharp knife can find one that meets any specific graft- 
ing need. However, success in grafting depends not only on a technically cor- 
rect graft but in preparation of the scion and rootstock for grafiage. Equally 
critical are the oprimum time for grafting, and proper aftercare. 


processing scionyood, With high labor costs, only a few of the more efficient grafts are uti- 
4 Explain the erefurvanship of lized in United States woody ornamental nurseries, including the side 
grafing—manual techaiques, veneer, splice (whip graft), and whip-and-tongue graft; use of approach 
record keeping, and and repair graftage is limiced. With fruit crops, depending on the species, a 
mechanization, number of different apical, side, and root grafts are utilized around the 
+ Describe the aftercare of world. Chip budding and T-budding, which are described in deta 
drafted plants—in bench Chapter 13, are two of the most common budding methods for woody 
drafting systems, and field ‘ornamentals and fruit crops. Vegetable grafting has increased dramatically 
and nursery grafting systems worldwide—and is commonly done in Asia and Europe where land is 
+ Identity field, bench, and mis- intensively used and crops are not rorated. Grafting onto rootstock resist- 
callaneous grafting systems. ant to soil pathogens and environmental stress helps increase yield and 


reduce chemical usage (12, 21, 34). For example, some of the most impor- 
tant grafts with cucurbit vegetables (melon, squash) include hole insertion 
grafting, tongued approach, and one coryledon graft (also known as the 
splice slant, or the Japanese tube graft), which are described in the chapter. 
Some robotic vegetable grafting machines can produce 800 grafts per hour. 

‘This chapter is divided into three sections: (a) the types of grafts, 
(b) production processes of graftage—including the preparation, 
crafismanship, and aftercare of grafted plants, and (c) grafting systems, 
including field grafting, bench grafting, and miscellaneous grafting 
systems—such as herbaceous graftage, cutting grafis, and micrografting. 


REQUIREMENTS FOR SUCCESSFUL GRAFTING 


For any successful grafting operation, producing a plant, as shown in 
Figure 12-1, requires five important elements: 


1. The rootstock and scion must be compatible. They must be 
capable of uniting. Usually, but nor always, closely 
related plants, such as two apple cultivars, can be grafted 
together. Distantly related plants, such as oak and apple, 
cannot make a successful graft combination (see Chapter 
11 fora discussion of these factors). 


aoe 
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Figure 12-1 
Cultivar of Japanese maple (Acer palmatum) grafted on seedling rootstock. The 
characteristics of the genetically diferent scion and rootstock remain distinctly 
different after grafting, exactly to the junction (arrow) of the graft union. (a) Prepping 
seedling raatstack.(b) Attaching darker scion va side veneer graft () Composite 
plant with grafted cultivar lsafing cut Coures 8 Upchurch, 


2. The vascular cambium of the scion must be placed 
in direct contact with that of the rootstack. The cut 
surfaces should be held together tightly by 
wrapping, nailing, wedging, or some similar 
method. Rapid development of the graft union is 
necessary $0 that 
the scion may be 
supplied with water 
and nutrients from 
the rootstock by the 
time the buds start 


vascular cambium 
The tissue responsible 
for the formation of 
new xylem and phloem 
in the development of a 


to open, successful graft union, 


3. The grafting operation must be done at a time when 
the rootstock and scion are in the proper physiologi- 
cal stage. Usually, this means that the scion buds 
are dormant while at the same time, the cut 
tissues ar the graft union are capable of producing 
the callus tissue necessary for healing of the graft. 
For deciduous plants, dormant scionwood is 
collected during the winter and kept inactive by 
storing at low temperatures. The rootstock plant 
may be dormant or in active growth, depending 
upon the grafting method used. 

4. Immediately after the grafting operation is completed, 
all cut surfaces must be protected from desiccation. 
‘The geaft union is covered with tape, grafting wax, 
Parafilm tape, Buddy Tape, or the grafts are placed 
in moist material or a covered grafting frame, 

5. Proper care must be given to the grafis for a period 
of time after grafting. Shoots (suckers) coming 
from the rootstock below the graft will often 


oho 
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choke out the desired growth from the scion. In 
some cases, shoots from the scion will grow so 
vigorously thar they break off unless staked and 
tied or cur back. 


TYPES OF GRAFTS 


Grafting may be classified according to the part of 
the rootstock on which the scion is placed—a root, or 
various places in the top of the plant, Types of grafts can 
be categorized as (1) 

detached scion | detached scion graftage 


grafiage, which | A¥Pe of graft used when 
Includes apical, side, | 2 ction ofthe shoot of 
bark, and root 

graftage; 2) approach | g'fted to the apex or 


graftage, where the | sid® of the rootstock. Its 
Toot syatem of the | 250 used in grafting roots 


the scion is removed and 


scion and the shoor | (rest graftage). 

system of the root | approach graftage The 
stock are not removed | root system of the scion 
until after successful | and shoot system of the 
graft union formation | rootstock are not removed 
occurs; and (3) repair | until after successful graft 


graftage of estab- | union formation occurs. 
lished trees, The repair graftage Graft 


grafts that are catego- | used in repairing or 
rized in Tables 12-1 | reinforcing injured or 
and 12-2 are weak trees. 


described in greater 
decal later in the chapter. 


12_DAVI4493_08 SE_Cl2.qxd 8/28/10 7:52 AM Page 466 


A66 var THREE Be vere PROPAGATION 


Table 12-1 
‘Types oF GRaFts 


|. Detached Scion Graftage 
A. Apical Graftage 
Whip-and-tongue graft 
Splice graft (whip graft; with vegetables—One cotyledan graft [OCG] or Japanese tube graft) 
lft graft eplit graft) 
Wedge graft (saw-kerf graft) 
Saddle graft 
Fourflap graft (banana graft) 
Hole Insertion Graft (HIG) or Terminal/Tip Insertion graft with vegetables 
B, Side Graftage 
Side-stub graft 
Side-tongue graft 
Side-veneer graft 
Side insertion graft (SIG) with vegetables 
C. Bark Graftage 
Bark graft (ind graft) 
Inlay bark graft 
D. Root Graftage 
Whole-root and piece-root grafting 
Nurse-root grafting 
IL. Approach Graftage 
Spliced appraach graft 
TTongued approach graft (TAG) 
Inlay approach graft 
1, Repair Graft 
Inarching 
Bridge graft 
Bracing 


Table 12-2 
Uriuization AND Roorsrock CRriTerIA OF SELECTED GRAFTS 
Graft type Diameter of rootstock _Rootstock condition Uses 
Whip-and-tongue graft Small: 610 13 mm(1/4to Dormant; however, active Bench grafting; container 
1/2 inj; same diameter with bench grafting of | _grafting; some topworking 
a scions container rootstock in feld; root grafting; a 
popular graft 
Whip graft (splice Small:6 10 13mm (1/4 to Dormant; however, active Bench grafting; container 
graft) —also called One 1/2in); same diameter. with bench grafting of grafting; some topworking 
cotyledon graft (OCG) as scions; See Figure container rootstock, in field; grafting of 
of Japanese tube graft 12-46 for schedule greenwood grafting, vegetable liner plants; root 
with vegetables, and vegetable crops grafting; a popular graft 
Cleft graft (split graft) Moderate: 2.5 to 10cm Darmant—before active Topwarking infield 
(1 t04 in) ‘growth starts in spring 
Wedge graft (saw-kerf Moderate: 2.510 10cm Darmant—belare active Tapwarking in field 
gratt) (1 t04 in) ‘growth starts in spring, 
Saddle graft Small: 6 t0 19 mm (1/4 to Dormant Bench grafting via hand or 
3/4 in); same diameter machine; container 
as scion grafting; root grafting 
Fourflap graft (banana Small: up to 2.5 em/(1 in); Active; bark must be Topwarking small caliper 
graft) same diameter as scions slipping trees 
Hole insertion graft (HIG) or Bench grafting; container 


inal/Top insertion crafting of liner vegetable 
plants 
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‘Small to moderate 
rootstack larger than 
scion: grafted on 
rootstock branches up to 
25 cm (Vin) in diameter 

‘Small: 6 to 19 mm (1/4 to 
3/4 in); diameter of 
scion slightly smaller 
than rootstock 

‘Small: 6 to 19 mm (1/4 to 
3/4 in); same diameter 
as scion 


Side-stub graft 


Side-tongue graft 


Sideveneer graft 


Side insertion graft (SIG) Works wel using 
vegetable rootstock 
with wide hypocotyls. 

Large: 2.5 to 30 em 
(1 to 12 in 

Large: 25 to 30 em 
(1 to 12 in 

‘Small: 6 to 19 mm (1/4 to 
3/4 in); same size as 
scion; exception is 
mange grafting in India 
‘on larger, established 
trees 

‘Small: 6 to 19 mm (1/4 to 
3/4 in); same size as 
scion 


Bark graft rind graft) 
Inlay bark graft 


Spliced approach graft 


Tongued approach graft 
(TAG) 


‘Small: 6 to 19 mm (1/4 to 
3/4 in); bark of 
rootstock ie thicker than 


Inlay approach graft 


selon 

Inarching Large: 15 em (6 in) and 
larger 

Bridge graft Large: 15 em (6 in) and 
larger 

Bracing Limbs of tree bound by 


pulling together two 
strong young lateral 
shoots from limbs to be 
braced 


Dormant Topworking in field 


Dormant Bench grafting; container 
dgratting of broad- and 
narrow-leaved evergreen 
species 

Bench grafting; container 
drafting of smaller liner 
potted plants; a popular 
graft for conifers, 
deciduous trees and 
shrubs, and fruit crops: 

Bench grafting; container 
‘grafting of liner vegetable 
plants 

Topworking in field 


Dormant 


Active 


‘Active; bark must be 
slipping 
Active; bark must be 


slipping 
Active 


Topworking in field (e.g. 
pecans) 

Container grafting with 
diffcultto-graft species; 
scion and stock grafted as 
two independent, self- 
sustaining plants; only 
limited topworking infield 

Container grafting with 
difficut-to-graft species; 
scion and stack grafted 
as two independent, self 
sustaining plants; also 
used with vegetables 

Container grafting with 
dlifficult-to-graft species; 
scion and stack grafted 
as two independent, 
self-sustaining plants 

Used to replace a weak or 
damaged root system of 
an established tree 

Repair injury to trunk of tree 


Active 


Active 


Dormant 


Active; bark must be 
slipping 

Active or dormant Natural grafting used to 
strengthen scaffolding 
limbs of a tree 


Detached Scion Graftage— 
Apical Graftage 

‘There are many variations of apical geaftage. As the 
name suggests, the scion is inserted into the tap of the 


severed rootstock shoot. 


Whip-and-Tongue Graft The whip-and-tongue graft, 
shown in Figures 12-2 and 12-3, is particularly useful for 
grafting relatively small material about 6 to 13 mm (1/4 to 
1/2in) in diameter. Icis highly successful if done properly 
because there is considerable vascular cambium contact, 


ares 


rae 
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PREPARING THE SCION 


‘Aang, sloping cutis 
‘made at the base of 
the scion the same 
length as the cut on 
the sock 


‘A second cuts 
‘mace under the fist 
lust as for the stock 


‘The stock and scion are sipped 
together, te tongues interociong, 


@ 
Figure 12-2 


Whip-andl-tongue graft (a) This method is widely used in grafting small plant material and is especially valuable in making « 


‘The grftis then tied and waxed, 


(b) 


grafts as illustrated here. (b) Whip-and-tongue of bench grafted pear 


plus it heals quickly and makes strong union. Preferably, 
the scion and rootstock should be of equal diameter. The 
scion should contain two or three buds, and the graft 
made in the smooth internodes area below the lower bud. 

‘The cuts made at the top of the roorstock should 
be the same as those made at the bottom of the scion. 
First, a smooth, sloping cut is made, 2.5 to 6 cm (1 to 
2.1/2 in) long; longer cuts are made when working 
with large material, This first cut should preferably be 
made with one single stroke of the knife, in order to 
leave a smooth, flat surface. To do this, the knife must 
be razor sharp. Wavy, uneven cuts made with a dull 
knife will not result in a satisfactory union 


On each of these cut surfaces, a reverse cut is made. 
Ieis started downward at a point about one-third of the 
distance from the tip and should be about one-half the 
length of the first cut, To obtain a smooth-fitting graft, 
this second cut should not just split the grain of the 
wood bur should follow along under the first cut, tend- 
ing to parallel it. 

‘The rootstock and scion are then inserted into 
cach other, with the tongues interlocking. Iris extremely 
important thar the vascular cambium layers match 
along at least one side, preferably along both sides. The 
lower tip of the scion should not overhang the stock, 
because it increases the likelihood of the formation of 
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lange callus knots. The use of scions larger than the roor- 
stock should be avoided for the same reason. 

After the scion and rootstock are firted together, 
they are securely tied with budding rubber strips, plastic 
(poly) budding/grafting tape, or raffia. Ic is important 
that the tissues in the graft union area not dry our, so 
cither sealing the graft union with grafter's wax, Parafilm, 
or Buddy Tape, or placing the plants under high relative 
humidity, is essential until the graft union has formed, 

In bench graftage (page 502) the bare-root 
grafted plants can be stored in a grafting box (withour 
sealing the graft union with grafter’s wax) and packed 
with slightly moist peat or bark. Grafted plants in liner 
pots can be placed in a polytent in a temperarure-con- 
trolled greenhouse (Fig. 12~4). If bare-roor, bench- 
grafted plants are to be directly planted in a field nurs- 
ery, the graft union is temporarily placed below the soil 
level. Any poly budding rape will need to be removed 
after graft union formation co prevent girdling the 
stem. Grafts wrapped with budding rubbers and tem- 
porarily covered with soil or media should be inspected 
later; the rubber decomposes very slowly below ground 
and may cause a constriction at the graft union, 

If the whip-and-tongue graft is used in field graft- 
ing, the graft union of the topworked (page 422) plant 


a 


Figure 12-3 
Pracedures in making a whip-and- 
tongue graft: (a) Slice cut is made 
across both the rootstock and scion 

(b) A second cut is made ta the tongue 
the grafters hands are locked tagether 
to avoid injury (¢and dl Fitting and 
lacking the tongues of the graft 
partners. (e) Wrapping the whole-roat 
apple graft with grafting tape. 


‘must be tied and sealed with grafier’s wax, Parafilm, or 
Buddy Tape. Aftercare of grafted plants is further 
described in the section “Production Processes of 
Graftage” (page 491), 


Splice Graft (Whip Graft) The splice graft is simple 
and easy to make (Fig. 12-5). It is the same as the 
whip-and-tongue graft except that the second, or 
“tongue,” cut is not made in either the rootstock or 
scion. A simple slanting cut of the same length and 
angle is made in both the rootstock and the scion. 
‘These are placed together and wrapped or tied as 
described for the whip graft. I the scion is smaller than 
the rootstock it should be set at one side of the root- 
stock so that the vascular cambium layers will match 
along that side (Fig, 12-5). 

‘The splice graft is particularly useful in grafting 
plants that have a very pithy stem or that have wood 
thar is not flexible enough to permit a tight fir when a 
tongue is made as in the whip-and-tongue graft. The 
splice graft is used in greenhouse production of veg- 
erable crops for grafting disease-resistant rootstock. 
For vegetable crops such as cucurbits or Solanaceae, this 
graft is sometimes referred to as One Cotyledon 
Grafting (OCG), the slant graft, or Japanese tube graft 
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Figure 12-4 
Polytent or closed case system for 
‘maintaining grafted plants under high relative 
humidity, Light intensity and temperature are 
controlled in the greenhouses. (a) After the 
grafted Japanese maples and (b) conifer 
grafts have callused, the paly cover is 
removed; the pely was temporarily lifted so 
the grafted plants could be phatographed. 
(cand d) The majority of Korean and 
Japanese vegetables are produced from 
grafted plants. The grafted plants are initially 


e) placed in the dark or under very low light 
intensity and high relative humieity until the 
graft has healed. Protx cand dures M Pec. 
€ 
Scion. 
Vania: Vascular 
anes ‘Cambium 
a rootstock 
“The vascular cambium 
layers are malched on | 
‘only one side. 
4 
‘The scionis plod on 
‘ona sido ofthe rootstock ootstock 
FRONT VIEW SIDE VIEW 
@ ) 
Figure 12-5 


Splice graft (whip graft) (a) Procedures in making the splice graft with a slice cut that slants across the grafting partners. Ideally, 


the rootstock and scion are ofthe same caliber. (b) Method of making a spice graft 
the rootstock, It is important that the eambium layers be matched cn one side, 


ae 


when the scion is considerably smaller than 
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BOX 12.1 


CORRECT INSERTION OF THE SCION 


GETTING MORE IN DEPTH ON THE SUBJECT 


* 


In all types of grafting, the scion must be inserted right 
side up. That i the apical tip of the buds an the scion 


(Figs. 12-6 and 12-7) (11, 12, 21). The graft can be 
performed manually or with sophisticated, robotic 
grafting machines; see Figures 12-43, 12-44, and 
12-45, pages 498-99. The rootstock and scion must be 
held together while tying the splice graft. In field graft- 


Rootstock 


should be pointing upward and away from the rootstock. 
The graft will not be successful if this rule is not observed, 


ing, ic is not a convenient method co use at ground 
level, and must be performed higher up on the root- 
stock, where the geafter must do both the cutting and 
tying. The whip-and-tongue does not have this limita- 
tion, since the tongue holds the graft together, so that 


Figure 12-6 
‘One cotyledon grafting 
(OCG), which is a form of the 
splice graft used with cueurit 
vegetable crops; also called 
the slant graft and Japanese 
tube graft (12, 21), tusrators 


Figure 12-7 
(One cotyledon grafting (OCG): A form af splice graft used 
with cucurbits. (a) Preparation of squash roatstock leaving 
a single cotyledon leaf. (b) Watermelon scion with slant 
cut. (€) Plastic lip used to hold scion and rootstock 

(d and @) Plastic clips used! to hold watermelon scion and 
squash rootstock (f) Grafts are allowed to heal under very 
high humidity and dark to very low light conditions unt 
draft union formation has accurred. (g) Successfully healed 
OCG. Photar courtesy of Hasal 


Variants 


A third option to initiate rotation Is to add a sec- 
ond winding in the stator, using fewer turns of, 
smaller-gauge wire, which have a higher resist- 
ance than the main winding. Consequently the 
magnetic field will be angled to encourage the 
motor to start turning. This configuration is 
known as a split-phase induction motor, inwhich 
the starter winding is often referred to as the 
uxilliary winding and consists of about 30% of 
the total stator windings in the motor. Here 
again, a centrifugal switch can be incorporated, 
to eliminate the secondary winding from the cir- 
cuit when the motor has reached 75 to 80 per- 
cent of its designed running speed. 


The relationship between motor speed and tor- 
que ofthe three types of motors described above 
is shown in Figure 23-10. These curves are sim- 
plified and do not show the effect that would be 
produced by introducing a centrifugal switch. 


400 ~ Capacitor start and run 


8 


8 


‘Split Phase 
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“Shaded Pole 
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Figure 23-10. Agpraximate curves showing the relation: 
ship between speed and torque for three types of single 
‘phase induction motor. (Graph derived from AC Induction 
Motor Fundamentals published by Microchip Technology 
Inc.) 


Three-Phase Induction Motor 
Larger induction motors are often three-phase 
devices. Three-phase AC (whichis by farthe most 


electromagnetism > rotational > ac motor 


common form of polyphase AC) is delivered by a 
power utility company or generator via three 
wires, each of which carries alternating current 
with a phase difference of 120 degrees relative 
to the other two, usually for industrial applica- 
tions. A common configuration of stator coils for 
a three-phase motor is shown in Figure 23-11, 
Since the three wites take it in turns to deliver 
their peak voltage, they are ideally suited to turn 
the stator of a motor via induction, and no short- 
ing coil or capacitor is needed for startup. Heavy- 
duty 3-phase induction motorsare extremely re- 
liable, being brushless and generally 
maintenance-free 


Synchronous Motor 
Asynchronous motor is a form of induction mo- 
tor that is designed to reach and maintain equi- 
librium when the rotor is turning in perfect syn- 
chronization with the AC power supply. The 
speed of the motor will depend on the number 
of pales (magnetic coils) in the stator, and the 
number of phases in the power supply. IfRis the 
RPM of a synchronous motor, fis the frequency 
of the AC current in Hz, and p is the number of 
poles per phase: 


R= (120*f)/p 


This formulaassumes 60HzAC current. In nations 
where 50Hz AC is used, the number 120 should 
be replaced with the number 100. 


‘Two basic types of synchronous motors exist: di- 
rectcurrentexcited, which require external power 
to start turning, and non-excited, which are self- 
starting, Since non-excited synchronous motors 
are more commonin electronicapplications, this 
encyclopedia will not deal with direct current ex- 
cited variants. 


A hysteresis motor is a synchronous motor con- 
taining a solid rotor cast from cobalt steel, which 
has high coercivity, meaning that once itis mag- 
netized, a substantial field is required to reverse 
the magnetic polarity. Consequently the polarity 
ofthe rotor lags behind the constantly changing 
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the grafter has both 
hands free for tying, 
or the fitted graft can 
be left for a helper or 
“tier” to tie and seal 
A splice graft is used 
jin bench grafting 
and grafting of con- 
tainer plants, 


grafter The person 
cutting the stock and scion 
and inserting the scion 
piece, 

Tier The person who 
completes the grafting 
process by tying, and 
sometimes waxing, the 
graft area 


Cloft Graft (Split Graft) ‘The cleft or spl graft is one of 
the oldest methods of field grafting. Iris used to topwork 
trees, cither in the trunk of a small eee or in the scaffold 
branches of a larger tree (Figs. 12-8 and 12-9). Cleft 
grafting is used for crown grafting (see the “Grafting 
Systems” section, page 504) or grafting smaller 
plants such as established grapevines or camellias. In 


PREPARING THE STOCK. 


‘Testun iepit 
severalcm (a) 


‘Namooth straight | 
ned section sould 
‘llbe even, 
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topworking trees, this method should be limited to roor- 
stock branches about 2.5 to 10cm (1 to 4 in) in diame- 
ter, and to species with fairly straight-grained wood that 
will split evenly. 

Although cleft grafting can be done any time dur- 
ing the dormant season, the chances for successful heal- 
ing of the graft union are best if the work is done in 
early spring just when the buds of the rootstock are 
beginning to swell, bur before active growth has 
started. If cleft grafting is done after the tree is in active 
growth, the bark of the rootstock may separate from 
the wood, making it difficult to obtain a good union. 
When this separation occurs, the loosened bark must 
be firmly nailed back in place. The scions should be 
made from dormant, 1-year-old wood. Unless the 
grafting is done early in the season (when the dormant 
scions can be collected and used immediately), the 


PREPARING THE SCION 


‘Theseionie made 
by eating along, 
tapering 


Neoge 


‘The outside edge of 
the wedge should be 
slighty thiexsr 


INSERTING THE SCIONS INTO THE STOCK 


_ 


\ 


splitin te stocks 
held open bya wedge for 
Insertion of he scion. 


the epi The scions must 


be carefully paced so the 
amoium layers match 


tunion, ncusing the ips of th 
Is then thoroughly covered with 
grating wax 


Figure 12-8 
Steps in making the cleft graft 
(eplit graft, This method ie very 
widely used and is quite 
successful if the scions are 
inserted so that the cambium 
layers of stock and scion match 
properly 


= 
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scionwood should be collected in advance and refriger- 
ated. In sawing off the branch for this and other top- 
working methods, the cur should be made at right 
angles to the main axis of the branch, 

In making the cleft graft, a heavy knife, such as a 
butcher knife, or one of several special cleft grafting 
tools, is used to make a vertical split for a distance of 
5 t0 8 cm (2 to 3 in) down the center of the stub to be 
grafted (Figs, 12-8 and 12-9). This splic is made by 
pounding the knife in with a hammer or mallet. The 
branch is sawed off in such a position that the end of 
the stub thar is left is smooth, straight-grained, and free 
of knots for at least 15 cm (6 in). Otherwise, the split 
may nor be straight, or the wood may split one way and 
the bark another. The split should be in a tangential 
rather than radial direction in relation to the center of 
the tree to permit better placement of the scions for 
their subsequent growth. Sometimes the cleft is made 
bya longitudinal saw cut rather than by splitting. After 
a good, straight split is made, a screwdriver, chisel, or 
the wedge part of the cleft-grafting tool is driven into 
the top of the split to hold ir open 

‘Two scions are inserted, one at each side of the 
stock where the vascular cambium layer is located. The 
scions should be 8 ro 10.cm (3 t0 4 in) long, about 10 


Figure 12-9 
(2) Tools used in making a clef pli) graft. (b) Making 
the deft by splitting the roatstack top. (e) Scionwaod 
with the outside wedge slightly thicker than the inside, 
(e) Inserting the fist of twa scions. The split rootstock 
is temporarily separated by the tool. Cleft grafted 
yellow kivi (scion) to replace the standard kiwi 


to 13 mm (3/8 to 1/2 in) thick, and should have nwo or 
three buds. The basal end of each scion should be cut 
into a gently sloping wedge about 5 cm (2 in) long. Icis 
nor necessary that the end of the wedge come to a 
point. The side of the wedge which is to go to the ourer 
side of the rootstock should be slightly wider than the 
inside edge. Thus, when the scion is inserted and the 
tool is removed, the full pressure of the split rootstock 
will come to bear on the scions at the position where 
the vascular cambiuim of the rootstock touches the vas- 
cular cambium layer on the outer edge of the scion. 
Since the bark of the rootstock is almost always thicker 
than the ark of the scion, it is usually necessary for the 
outer surface of the scion to set slightly in from 
the outer surface of the rootstock in order to match the 
vascular cambium layers, 

The long, sloping wedge cuts at the base of the 
scion should be smooth, a single cut on each side made 
with a sharp knife. Both sides of the scion wedge 
should press firmly against the rootstock for their entire 
length. A common mistake in cutting scions for this 
type of graft is to make the cut on the scion too short 
and the slope too abrupt, so that the point of contact is 
only at the top. Slightly shaving the sides of the split in 
the stock will often permit a smoother contact, 
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Afier the scions are properly made and inserted, the 
tool is withdrawn, without disturbing the scions, which 
should be held tightly by the pressure of the rootstock so 
that they cannot be pulled loose by hand. No further 
tying or nailing is needed unless very small rootstock 
branches have been used. In this case, the top of the roor- 
stock can be wrapped tightly with poly grafting tape or 
adhesive tape to hold the scions in place more securely. 

‘Thorough waxing of the completed graft is essen- 
tial. The top surface of the stub should be entirely cov- 
ered, permitting the wax to work into the split in the 
stock. The sides of the grafted stub should be well cov- 
cred with wax as far down the stub as the length of the 
split. The tops of the scions should be waxed but not 
necessarily the bark or buds of the scion. Two or three 
days later, all the grafts should be inspected and rewaxed 
where openings appear. Lack of thorough and complete 
waxing in this type of graft is a common cause of failure 


Wedge Graft (Saw-Kerf Graft) Wedge grafting is illus- 
trated in Figure 12-10, Like the cleft graf, it can be made 
in late winter (in mild climates) or early spring before the 
bark begins to slip (separates easily from the wood). 

‘The diameter of the stock to be grafted is the 
same as for the cleft grafi—5 to 10 cm (2.t0 4 in), and 
the scions are also the same size—10 to 13 cm (4 to 
5 in) long and 10 to 13 mm (3/8 to 1/2 in) in thickness. 

A sharp, heavy, short-bladed knife is used for mak- 
ing a V-wedge in the side of the stub, about 5 cm (2 in) 
long. Two cuts are made, coming together at the bottom 
and as far apart at the top as the width of the scion. 
‘These cuts extend about 2.cm (3/4 in) deep into the side 
of the stub. After these cuts are made, a screwdriver is 
pounded downward behind the wedge chip from the top 
of the stub ro knock out the chip, leaving a V-shaped 
opening for insertion of the scion. The base of the scion 
is trimmed to a wedge shape exactly the same size and 
shape as the opening. With the two vascular cambium 
layers marching, the scion is tapped downward, firmly 
into place, and slanting outward slightly at che top so 
that the vascular cambium layers cross. IF the cut is long 
enough and gently tapering, the scion should be so 
tightly held in place chat it would be difficult to dislodge. 

Ina stub that is 5 cm (2 in) wide, 2 scions should 
be inserted 180 degrees apart; in a 10-cm (4 in) stub, 
3 scions should be used, 120 degrees apart. After all sions 
ly tapped into place, all cur surfaces, including 
the tips of the scion, should be waxed thoroughly. 


Saddle Graft The saddle graft can be bench grafted by 
hand or machine (see Fig. 1241, page 497). The roor- 
stock and scion should be the same size. ‘The scion is 
prepared by cutting upward through the bark and into 


He 


the wood on opposite sides of the scion (Fig, 12-11, 
page 476). The knife should penetrate more deeply into 
the wood as the cuts are lengthened, Before the knife is 
withdrawn, it is tured towards the middle of the scion 
piece, and the saddle shape is gradually formed by 
removing pieces of the wood, The rootstock is cut trans- 
versely and receives two upward cuts on either side to 
expose the vascular cambium of the rootstock, in order 
to match vascular cambium in the saddle of the scion. 
‘The apex of the rootstock is carved to fit the saddle, The 
graft needs to be tied, and all exposed cut surfaces sealed 
or stored in a grafting case until the graft union has 
formed. The saddle graft is used for bench grafting grape 
and Rhododendron cultivars (19). 


FourFlap Graft (Banana Graft) The four-flap graft is 
used in topworking small-caliper trees or tree limbs up 
to 2.5 em (I in) in diameter. This field graft is normally 
done manually [Figs. 12-12 (page 476) and 12-13, 
(page 477)], but there is.a tool thar aids in stripping the 
rootstock bark flaps from the wood (Fig. 12-13). Both 
the scion and rootstock should be of equal diameter, 
and the best fit is obtained when the scion is slightly 
larger than the rootstock. The four-flap graft is done 
with pecans in Texas from April to mid-May, when the 
rootstock bark is actively slipping (39). Scionwood, 
which is collected while dormant during the winter, is 
taken from cold storage and used immediately. 

‘The rootstock with a primary stem or lateral limb 
is severed horizontally with sharp pruning shears. On 
the rootstock where the horizontal cut was made, 4 ver- 
tical, equally spaced cuts 4 cm (1.5 in) long are made 
with a grafting knife that penetrates from the bark down 
to the interior wood. A 15 cm (6 in) piece of scionwood 
with 3 axillary buds is cut on 4 sides with a knife. Cuts 
are made on the scion through the bark down to the 
wood—withour removing much wood. There should 
be 4 thin slivers of bark, with the vascular cambium at 
the corners, which gives the prepared scion a square 
diameter appearance. The 4 flaps of bark are pulled 
down 4 cm (1.5 in) on the rootstock, and the inner 
wood is removed with pruning shears, The scion piece is 
inserted upright on the rootstock and the 4 flaps of the 
rootstock are pulled up to cover the 4 cut surfaces of the 
scion. A rubber band is rolled up onto the flaps to hold 
them in place. The cut flap areas are then tied with flag- 
ging tape, green floral tape, or white budding tape. The 
tip of the scion is painted with tree paint or sealed with 
white glue to prevent it from drying out. 

‘Then the taped graft arca is covered with alu- 
minum foil to protect it from heat. A hole is made in 
the comer of a clear poly bag (freezer bag) and the poly 


he 
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PREPARING THE ROOTSTOCK PREPARING THE SCION 
‘Abe sharp kris ‘The scion shouldbe about 
1010 18 em (410 in) ong, 
‘pounded ino the side of 
fhe stub to make two 1040 12mm (8 12in} 
ca to forma V. thik, and with 2 03 
healthy vegetative buds. 
The basal ends shouldbe 
cuttoa V-shaped wedge, 
‘matching the opening in 
the took. 
A screwciver i used 
toflp out the V-shaped 
chip, leaving a space 
forinserton of the 
scion. 
INSERTING THE SCIONS 


INTO THE ROOTSTOCK 


The sconis gel apped Scion shouldbe sete atan Aer sions are in place 
inthe V-shaped operngin angle otha the carbium all cul surfaces are 
the stock, matching the layers ofstockand scion are thoroughly covered with 
camtium ayers ata sight casey malcbed, barely gating wax. 

angle so thatthe cambium crossing each oer. 

of stock and scion cos. 


® 


Figure 12-10 
(2) Wedge graft (saw-kerf grat). Sometimes called the saw-kerf because the cuts in the side of the rootstock can be made with 
22 saw, rather than with the sharp tool depicted. (b,c, d,¢, and f) Wedge graft of cherry whips infield using one scion piece 
(6) Trimming scionwood with grafting knife, (c and) inserting scionwood into rootstock, (e) wrapping graft with poly () sealing 
with grafting wax—notice wax container (arrow) and (q) tied graft with poly and grafting wax covering bottom of scion and graft 
Union area (arrow) used to fil n tissue separation, 
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Scion 


Rootstock 


/o™ 


Figure 12-11 
Steps in making the saddle graft. The scion is cut to have a 
saddle appearance and the understack to form a blunt point, 
‘The cambium layers are matched up and the graft ted, 


slid down over the graft area so thar ic is just covering 
the aluminum foil (no poly should cover the apex of 
the scion, nor should it touch any exposed wood). Air 
is expelled so the poly fits snugly over the aluminum 
foil, and itis tied ar both ends with stretchable plastic 
budding tape or rubber bands. The function of the 
poly bag is to maintain a high relative humidity in 
the graft area. In 4 to G weeks after the graft has taken, 
the ties, poly bag, and aluminum foil are removed. 

‘The vegetative growth of the rootstock plant 
must be kept in check, since many new shoors will 
appear on the rootstock below the graft. Some of these 
shoots are needed for maintaining tree vigor, but the 
rootstock shoots should not become dominant or 
exceed the height of the scion—the growing tips of the 
rootstock shoots will have to be removed several times 
during the growing season. After 2 to 3 years, all roor- 
stock branches are removed below the graft and the 
scion becomes the dominant shoot system. 


Hole Insertion Graft (HIG) or Terminal/Top Insertion 
Graft This technique is used for grafting watermelon to 
squash rootstock (12, 21). This is most popular graft used 
in China because it is suitable for Lagenaria (Cucurbita) 
and interspecific squash as rootstacks, requires few mate- 
rials, is highly efficient (1,500+ plants/day/worker), and 
allows simpler management techniques (34). When both 
cotyledons and first true leaf start to develop, the root- 
stock plant is ready to graft (7 to 10 days after sowing) 
Remove the growing point with a sharp probe, and then 


br 


Fubter 
tard 
Rootstock 
Sen 
boa 
tan ostsock 
utara 
Aurinun Sealed 
Fall aly bag 


Figure 12-12 


‘The faurlap or banana graft. Top The top of the rootstock is 
cut horizontally, and the bark is cut vertically into four strips. 
‘The four bark flaps are peeled dow and the inner wood 
remaved, Middle: The scion bark is removed and the wood 
retained, The flaps of the ractstack cover the cut surfaces of 
the scionwood and are temporarily held by a rubber band, 
‘The grafts then tied with white grafting tape. Bottom left 
‘Aluminum foil is wrapped around the graft to exclude heat 
from the graft. Bottom right: The grafted area covered with 
aluminum foil is wrapped with a cut poly bag, which is sealed 
to retain high relative humiclty until the graft takes (39) 


open a hole on the upper portion of the rootstock 
hypocotyl with a bamboo needle or 1.4-mm drill bit. The 
scion is then cut on a 35- to 45-degree angle, on both 
sides, on the hypocotyls and inserted into the hole made 
in the rootstock. The cut surfaces are matched together, 
held with or without a grafting clip and transferred 10 a 
humidity chamber or healing room, Grafted plants 
should nor be older than 33 days before transplanting 
(Figs. 12-14 and 12-15, page 478) (21). 
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Figure 12-13 


(h) 


Steps in the fourflap or banana graft. (a) Preparing the rootstock by severing the rootstock top. (b) The four bark flaps of the 
rootstock with the “wood” of the reotstack remaved, (c and d) Prepping the scion by removing the bark of the scian with wood 


left intact. (@ and f) Flaps of the rootstock cover the cut surfaces of the scicrwoad and are tempor 


ly held by grafting tape, 


then covered with aluminum foil and poly to prevent desiccation, (g and h) A taal for the fourflap graf, which is lid over the 


rootstock and used to cut and peal the four flaps. 


Detached Scion Graftage—Side Grafting 

‘There are many types of side graftage. As the name sug- 
gests, the scion is inserted into the side of the rootstock, 
which is generally larger in diameter than the scion. 
‘This method has proven useful for large-scale propaga- 
tion of nursery trees (36). Generally, the rootstock 


shor is removed after the graft takes, and the scion 
becomes the dominant shoot system, 


Side-Stub Graft The side-stub graft is useful in grafting 
branches of trees that are too large for the whip-and- 
tongue graft, yet nor large enough for other methods such 
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Insertion 
1. Scion es cm tool 
} YY 
44 5. 
Rootstock 
a 


Hole insertion graft (HIG) or terminal/top insertion graft (12, 2). 


bk 
(b) 


Figure 12-15 
(aand b) Hole insertion graft (HIG) for grafting watermelon 
to squach rootstock. This is the most popular graft used in 
China because its suitable for Lagenaria (Cucurbita) and 
interspecific squash ae rootstocks, requires few materials, has 
high efficiency, 1500+ plants/eay/warker, and simpler 
management techniques (34). Photos en 


as the cleft or bark graft. For this type of side graft, the 
best roorstocks are branches about 2.5 em (I in) in diam- 
eter. An oblique cut is made into the rootstock branch 
with a chisel or heavy knife at an angle of 20 to 
30 degrees. The cut should be about 2.5 cm (1 in) deep 
and at such an angle and depth that when the branch is 
pulled back, che cur will open slightly but will clase when 
the pull is released. 

‘The scion should contain two or three buds and 
be about 7.5 cm (3 in) long and relatively thin, At the 
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basal end of the scion, a wedge about 2.5 em (1 in) long 
is made. The cuts on both sides of the scion should be 
very smooth, each made by one single cut with a sharp 
knife, The scion must be inserted into the rootstock at 
an angle, as shown in Figure 12-16, co obtain maxi- 
mum contact of the vascular cambium layers. The 
grafter inserts the scion into the cut while the upper 
part of the rootstock is pulled backward, being careful 
to obrain the best cambium contact, then the rootstock 
is released. The pressure of the rootstock should grip 
the scion tightly. The scion can be further secured by 
driving two small flat-headed wire nails [20 gauge, 
1.5 cm (5/8 in) long] into the stock through the scion. 
Wrapping the roorstock and scion at the point of union 
with nursery tape also may be helpful. After the graft is 
completed, the rootstock may be cut off just above the 
union. This must be done very carefully or the scion 
may become dislodged. The entire graft union must be 
thoroughly covered with grafting wax, sealing all open- 
ings, The tip of the scion also should be covered with 
wax or sealed with white glue (57). 


Side-Tongue Graft. The side-tongue graft, shown in 
Figure 12-17, page 480, is useful for small plants, espe- 
cially some of the broad- and narrow-leaved evergreen 
species. The rootstock plant should have a smooth sec- 
tion in the stem just above the crown of the plant. The 
diameter of the scion should be slightly smaller than 
that of the rootstock. The cuts ar the base of the scion 
are made in the same way as for the whip-and-tongue 
graft. Along a smooth portion of the stem of the roor- 
stock a thin piece of bark and wood, the same length as 
the cut surface of the scion, is completely removed. 
‘Then a reverse cut is made downward in the cut on the 
rootstock starting one-third of the distance from the 
top of the cut. This second cut in the rootstock should 
be the same length as the reverse cut in the scion. The 
scion is then inserted into the cut in the rootstock, the 
two tongues interlocking, and the vascular cambia 
matching, The graft is wrapped tightly, using one of the 
methods described for the whip-and-tongue graft 

‘The top of the rootstock is left intact for several 
weeks until the graft union has started to heal. Then it 
may be cut back above the scion gradually or all at once 
to force the buds on the scion into active growth. 


Side-Veneer Graft The side-vencer graft is widely 
used for grafting small ported liner plants such as 
seedling conifers, deciduous trees and shrubs, and fruit 
crops (Figs. 12-18, 12-19, and 12-20, pages 480-83). 
‘A shallow downward and inward cut from 25 to 38 mm 
(1 t0 1 1/2 in) long is made ina smooth area just above the 
crown of the rootstock. At the base of this cur, a second 
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PREPARING THE STOCK 


Storting the 
ut, using o 
fhin-bloded 
chisel oF 

heavy knife 


The cutis made 
one-third Yo one-half 
{f the way through 
the branch 


INSERTING THE SCION INTO STOCK 
“The top of the stock branch 
is pulled bock ond the 


selon inserted, inion ts waxed. 


The scion is 
‘angled slightly 

1o.give maximum 
combial contact 


pas int 


Side view Front view 


short inward and downward cut is made, intersecting the 
first cut, that removes the piece of wood and bark. The 
scion is prepared with a long cut along one side and a 
very shore one at the base of the scion on the opposite 
side. These scion cuts should be the same length and 
wwideh as those made in the rootstock so that the vascular 
cambium layers can be matched as closely as possible. 
After inserting the scion, the graft is tightly 
wrapped with poly budding strips, budding rubbers, 
Buddy Tape, or with nursery adhesive tape. The graft 
may or may not be covered with wax, depending upon 
the species. A common practice in side grafting small 
potted plants of some woody ornamental species is to 
plunge the grafted plants into a slightly moist medium, 
such as peat moss, so that ic just cavers the graft union. 
Inserting the grafted liner plants in polytents in tem- 
perature-controlled greenhouses is another common 
practice (Fig. 12-4). To maintain high humidity, the 


ah 


thin-bladed chisel, as illustrated here, 
ideal for making the cut, but 2 heawy 
butcher knife could be used satisfactory 


newly grafted plants may also be placed for healing in a 
‘mist propagating house (but the grafts are not directly 
placed under mist), or set in grafting cases, The latter 
are closed boxes with a transparent cover, which per- 
mits retention of high humidity around the grafted 
plant until che union has healed. The grafting cases are 
kkept closed for a week or so after the grafts are put in, 
and then gradually opened over a period of several 
weeks; finally, the cover is taken off completely. 

‘Afr the union has healed, the rootstock can be cut 
back above the scion either in gradual steps or all at once. 


Side Insertion Graft (SIG) The Side Insertion Graft 
(SIG) has been largely replaced by the OCG or 
Japanese tube graft, hole insertion graft (HIG), and 
tongue approach graft (TAG) (12, 21). The SIG is suit- 
able for rootstocks with wide hypocotyls (Fig, 12-21, 
page 483). Production of rootstocks and scions is the 
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1/4 through 


Front vew 


‘A second downware 
cutis made forming 
athin tongue” 


A piece of bark 
‘and wood, about 


stor is removed 
along one sida, 
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PREPARING THE SCION 


| 


‘A second cutis made 
Under the first forming 
athin “tongue as 
‘made on the stock, 


‘Along sioping 
‘cutis made at the 


the base of the scion, 


“The scion is sipped into the cut 
inthe stock, the tongues int 
locking and the cambium ayers 
‘matching along one sie. 


Figure 12-17 


‘The grat may 
be waxed, 


Sidetangue graft. This method is very useful for grafting broadleaved evergreen plants. Final tying may be done with budding 
rubbers, poly tape, or waxed string, The graft may be waxed, or wrapped with a sealing tape such as Parafl or Buddy Tape. 


same as that described for hole insertion grafting. A slit 
is cur on the hypocotyl of the rootstock with a razor 
blade and held open with a toothpick, A 35- 0 
45-degree-angle cut, on both sides is made on the 
hypocotyl of the scion, Then the scion is inserted into 
the slit in the hypocotyl of the rootstock and the tooth- 
pick is removed. Two cut surfaces are marched together 
and held with a grafting clip or silicone sleeve. The top 


of the rootstock is cut off 5 days after grafted plants are 
moved from the high-humidity growth chamber (21). 


Detached Scion Graftage—Bark Grafting 
Bark grafting is done in ropworking established plants 
‘The rootstock must be in an active stage of growth so 
thar the bark will slip. The scion is inserted becween the 
bark and wood of the rootstock. Bark grafting can be 


be 
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ROOTSTOCK PREPARATION 


Along shallow cut 
‘is made info one 
Side of the ster, 


{is made into 


[Ashort second 
‘lownwars cutis 


made at the base 
of the fist removing 
apiece of the bark 
and wood. 


‘Along shallow cut 


side ofthe stom, 


[A second shortcut 
'0n the opposite side 


SCION PREPARATION 


‘The scion is inserted info The graft union is tied Tha reotstackis cut back 
the rootstock so thatthe tighty with plastic tape, in stages to the scion, 


ccamium layers match, at __ifleafy scions are used, 
least along one side. itis placed under cover. 
IRtmay or may not be waxed, 


(a) 
Figure 12-18 


(b) 


(2) Steps in making the sice-veneer graft. This method is one of the most popular grafts for propagating conifers and shrubs. 
The graft is quite versatile and can be used on a larger number of species than ather grafts, such as the whip-anc-tongue. 


(©) Side-veneer grafted connifer 


performed on branches ranging from 2.5 em (1 in) up 
to 30cm (1 fi) or more in diameter. The latter size is not 
recommended, because it is difficult to heal over such 
large stubs before decay-producing organisms attack. 
Scions must be collected for deciduous species 
during the dormant season and held under refrigera- 
tion, For evergreen species, freshly collected scionwood 


can be used. In the bark graft, scions are nor as securely 
attached to the rootstock as in some of the other meth- 
ods and are more susceptible to wind breakage during 
the first year, even though healing has been satisfactory. 
‘Therefore, the new shoots arising from the scions prob- 
ably should be staked during the first year, or cut back 
to about half their length, especially in windy areas. 


he 


After a few years’ growth, the bark graft union is as 
strong as the unions formed by other methods. Tiva 
‘modifications of the bark graft are described next 


Bark Graft (Rind Graft) Several scions are inserted into 
each rootstock stub (Fig. 12-22, page 484). For each 
scion, a vertical knife cut 2.5 to 5 cm (1 t0 2 in) long is 
‘made ar the top end of the rootstock stub through the 
hark to the wood. The bark is then lifted slightly along 
both sides of this cut, in preparation for the insertion of 
the scion, The dormant scions should be 10 to 13 cm (4 t0 
5 in) long, contain 2 or 3 buds, and be G to 13 mm (1/4 10 
1/2 in) thick. One cur—about 5 cm (2 in) long—is made 
along one side ar the base of the scion. With large scions, 


jectromagnetism > rotational > ac motor 


e@8 
@ ® 
§@ 


Voltage on each of 3 coils 


Time 


Figure 23-11. The graah shows voltage delivered via three 
wires constituting a three-phase power supply. (The curve 
colars are arbitrary.) A three-phase motor contains a mut 
tiple of three cols—often six, as shawn here diagrammati 
cally. The three wires of the power supply are connected 
‘directly ta the calls, which induce a rotating magnatic 
fila 


polarity of the stator, creating an attracting force 
that turns the rotor. Because the lag angle is in- 


dependent of motor speed, this motor delivers 
constant torque from startup. 


Reluctance Motor 

Reluctance is the magnetic equivalent to electri- 
cal resistance. Ifa piece of iron is free to move in 
a magnetic field, it will tend to align itself with 
thefieldto reducethe reluctance ofthemagnetic 


Variants 


circuit. This principle was used in very early re- 
luctance motors designed to work from AC and 
has been revived as electronics to control vari- 
able frequency drives have become cheaper. 


The simplest reluctance motor consists of a soft 
iron rotor with projecting lugs, rotating within a 
stator that is magnetically energized with its own 
set of inwardly projecting poles. The rotor tends 
to turn until its lugs are aligned with the poles of 
the stator, thus minimizing the reluctance. 


AA basic reluctance motor design is shown in 
Figure 25-2. It is located in the stepper motor 
section of this encyclopedia, as stepper motors 
are a primary application of the reluctance prin- 
ciple. 


Although a reluctance motor can be used with 
polyphase fixed-frequency AC power, a variable 
frequency drive greatly enhances its usefulness. 
The timing of the frequency is adjusted by the 
speed ofthe motor, whichisdetected bya sensor. 
Thus the energizing pulses can remain ‘one step 
ahead” of the rotor. Since the rotor is nota mag- 
net, it generatesnoback-EMF, allowing ito reach 
very high speeds. 


The simplicity of the motor itselfis a compensat- 
ing factor for the cost of the electronics, as it re- 
quires no commutator, brushes, permanent 
magnets, or rotor windings. Characteristics of re- 
luctance motors include: 


+ Cheap parts, easily manufactured, and high 
reliability. 


+ Compact size and low weight. 

+ Efficiencies greater than 90% possible. 

+ Capable of high start-up torque and high 
speed operation 


Disadvantages include noise, cogging, and tight 
manufacturing tolerances, as the air gap be- 
tween the rotor and stator must be minimized 


A reluctance motor can function synchronously, 
ifitis designed for that purpose. 


Chapter23 197 
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Figure 12-19 


(@) Cultivars of the highly diverse Japanese maple (Acer palmatum) are grafted onto seedling rootstock. (band ¢) A budding 


rubber (arrow) is used to wrap the dormant, leafless scion to the rootstock. (a) Side-veneer-grafted Japanese maples in potted 


liner pots which will be maved ta a plytent area farcallusing, and (e) postallusing liner praduction, 


this cut extends about one-third of the way into the scion, 
leaving a “shoulder” at the top. This shoulder reduces the 
thickness of the scion to minimize the separation of bark 
and wood after insertion in the rootstock. The scion 
should not be cut too thin, or it will be mechanically weak 
and break off at che point of attachment to the rootstock. 
If small scions are used, no shoulder is necessary, On the 
side of the scion opposite the first long cut, a second, 
shorter cut is made, as shown in Figure 12-22, bringing 
the basal end of the scion to a wedge shape. The scion is 
then inserted between the bark and the wood of the roor- 
stock, centered directly under the vertical cut through the 
bark. The longer cut on the scion is placed against the 
wood, and the scion’s shoulder is brought down until it 
rests on top of the stub, The scion is then ready to be fas- 
tened in place. The scion is nailed into the wood, using 
two nails per scion, Flat-headed nails 15 t0 25 mm (5/8 to 
1 in) long, of 19- or 20-gauge wire, depending on the size 
of the scions, are satisfactory: The bark on both sides of the 
scion should be nailed down securely or it will end to peel 
back from the wood. 


Another method commonly used with soft-barked 
trees, such as the avocado, is to insert all the scions in the 
stub and then hold them in place by wrapping waxed 
string, adhesive tape, or poly budding tape around the 
stub. This method is more effective than nailing for pre- 
venting the scions from blowing out, but probably does 
nor give as tight a fit. A combination of nailing and 
wrapping are advisable for maximum strength, [Fa wrap- 
ping material is used, it must be checked to avoid con- 
stricting the rootstock. After the stub has been grafted 
and the scions fastened by nailing or tying, all cur sur- 
faces, including the end of the scions, should be covered 
thoroughly with grafting wax. 


Inlay Bark Graft Two knife cuts about 5 cm (2 in) long 
are made through the bark of the rootstock down to the 
wood, rather than just one (Fig, 12-23, page 485). The 
distance between these two cuts should be exactly the 
same as the widch of the scion. The piece of bark 
berween the cuts should be lifted and the terminal rwo- 
thirds cut off. The scion is prepared with a smooth 


12_DAVI4493_08 SE_Cl2.qxd 8/28/10 7:53 AM Page 483 P 


reenaaues or amrne_ Qi enarenveeon 463 


(d) 
Figure 12-20 
Side veneer graft of Eugenia (Myrtaceae). (a,b, and e} Graft 
‘wrapped with Parafilm tape, (d) Healed graft. Photo courtesy 
John Gi 


slanting cur along one side at the basal end, completely 
through the scion, This cut should be about 5 em (2 in) 
Jong but without the shoulder, in contrast to the bark 
graft. On the opposite side of the scion, a cut about 
13 mm (1/2 in) long is made, forming a wedge at the base 
of the scion. The scion should fit snugly into the opening 
in the bark with the longer cut inward and with the wedge 
at the base slipped under the flap of remaining bark. 

‘The scion should be nailed into place with two 
nails, the lower nail going through the flap of bark cov- 
cring the short cut on the back of the scion. If the bark 


Scion 


Rootstock 


oho 


fee: 


along the sides of the scion should accidentally become 
disturbed, it must be nailed back into place. Flat-point 
staples in the vertical position, or budding or flagging 
tape have all been used to secure the graft (40). The 
inlay bark graft is well adapted for use with thick-barked 
trees, such as walnuts and pecans, on which itis not fea- 
sible to insert the scion under the bark; it is used when 
topworking an existing orchard (Fig. 12-24, page 486). 


Detached Scion Graftage—Root Graftage 
A number of plants are propagated commercially by 
root grafting—apples, pears, grapes, and selected 
woody ornamental shrubs and trees (17, 18). 


Root Grafting (Whole-Root and Piece-Root Graftage) 
In root grafting, the rootstock seedling, rooted cutting, or 
layered plant is dug up, and the roots are used as the roor- 
stock for the graft. The entire root system may be used 
(whole-root geaft—Figs, 12-3 and 12-25, page 487), or 
the roots may be cut up into small pieces and each piece 
used asa rootstock (piece-root graft—Fig, 12-25). Both 
methods give satisfactory results. Since the roots used are 
relatively small [0.6 to 1.3 cm (1/4 to 1/2 in) in diame- 
ter), the whip-and-tongue graft is frequently used. In 
England, Rhododendron cultivars are saddle-grafted on 
roots of R. ponticum; the root graft is then tied and placed 
in a propagation case (19). Tree peony and herbaceous 
peony are root-grafied with a cleft graft using the root of 
herbaceous peony. Root grafts are usually bench-grafted 
indoors during the late winter or early spring. The 
scionwood collected previously is held in storage, while 
the rootstock plants are also dug in the late fall and stored 
uunder cool [1.5 to 4.5°C (35 to 40°F)] and moist condi: 
tions until the grafting is done. The term bench grafting is 
given to this process, because it is performed indoors with 
dormant scions and rootstocks at benches by skilled 
agrafiers as part of a large-scale operation. 

In making root grafts, the root pieces should be 
7.5 t0 15.0.cm (3 to 6 in) long and the scions about the 
same length, containing 2 to 4 buds. After the grafts are 


Figure 12-21 
Steps in preparing the Side 
Insertion Graft (SIG). The SIG 
has been largely replaced by 
the OCG er Japanese tube 
graft hale ingertian graft 
(HIG), and tongue approach 
graft (TAG). The SIG is 
suitable for rootstacks with 
wide hypocotyls (12, 20) 
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PREPARING THE ROOTSTOCK 


Avera et 25 1 5 om 
(1102 in) longs made 


PREPARING THE SCION 


‘The scion is cut as shown below, along cut with a 
‘shoulder on one side, and a shorter cut on the 


esha katte te ‘opposite site, 
‘The bark on both sides| Side view Front view 
ofthe cutis sighty 
agen nm 
wood next othe wood of 
the roctstock,) 


INSERTING THE SCIONS INTO THE ROOTSTOCK 


ut 


made and properly tied, they are bundled together in 
groups of 50 to 100 and stored for callusing in damp 
sand, peat moss, or other packing material 


Nurse-Root Grafting Stem cuttings of a difficult- 
to-root species can sometimes be induced to develop 
adventitious roots by making a temporary “nurse-root” 
graft. The plant to be 
grown on its own roots 
is temporarily grafted 
as the scion, The scion 
may be made longer 
than usual and the graft 
planted deeply, with 
the major portion of 
the scion below 
ground. Scion rooting 
can be promoted by 
applying an auxin, such 
as indole-3-butyric 
acid, into several vertical cuts made through the bark at 
the base of the scion, above the graft union before plant- 
ing. The grafis are set deeply, so that most of the scion is 


scion rooting The 
development of 
adventitious roots from 
the grafted scion, 
desirable in nurse-root 
grafting, which is a 
temporary graft, but 
problematic in other 
grafts where the size 
control or disease- 
resistant characteristics of 
the rootstock may be lost 


Figure 12-22 
Steps in preparing the bark graft 
(cind graf). In grafting some 
thick-barked plants, the vertical 
cut in the bark is unnecessary, 
the scion is inserted between the 
bbark and wood of the stack, 


covered (mound layered) with soil (28). After one season 
of growth the scions have roots, and the temporary nurse 
rootstock is cut off and discarded. The rooted scion is 
replanted to grow on its own roots it can later be used as 
a rootstock and grafted to a scion fruit cultivar. 

‘Methods of nurse-roor grafting include reversing the 
polarity of the nurse-root rootstock, The rootstock piece will 
eventually die if itis grafted onto the scion in an inverted 
position (Fig. 12-26, page 487) (37). A graft union is 
formed—the inverted rootstock piece sustains the scion 
until ic roots—but the rootstock fails to receive sufficient 
carbohydrates from the scion and eventually dies, leaving 
the scion on its own roots. Another method is gindling the 
rootstock just above the graft union at the scion base. The 
rootstock is girdled with budding rubber strips (0.016 
gauge) (7). Budding rubbers disintegrate within a month 
when exposed to sun and air; however, when buried in 
the soil, they will last as long as 2 years allowing sufficient 
time for the scion to become rooted. In a third method, 
an incompatible rootstock is used. When the graft is planted 
deeply, scion roots will gradually become more dominant 
in sustaining the plant. Examples of this are apple scions 
oon pear rootstock, and lilac scions on ash rootstock. 


aoe 
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‘end the scons slpped under the 
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faeah boinc trash te 


‘The grated tbs then 
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Approach Graftage 
‘The distinguishing feature of approach grafting is thar 
two independent, self-sustaining plants are grafted 
together. After a union has occurred, the top of the 
rootstock plant is removed above the graft, and the base 
of the scion plant is removed below the graft 
Sometimes it is necessary to sever these parts gradually 
rather than all at once. Approach grafting provides a 
means of establishing a graft union between certain 
plants which are otherwise difficult to successfully 
graft. Ic is usually performed with one or both of the 
plants growing in a container. Rootstock plants in con- 
tainers may also be placed adjoining an established 
plant thar is co furnish the scion part of the new, 
grafted plant (Fig. 12-27, page 488). 

‘This type of grafting should be done at times of 
the year when growth is active and rapid healing of the 
graft union will cake place. Three useful methods of 


he 


Figure 12-23 
Inlay bark graft, With Texas 
pecans, the scion of the inlay 
bark graft is stapled or nailed, 
{and aluminum foil and a cut 
poly bag are used instead of 
‘grafting wax (4), 


making approach grafts are described as follows, and 
illustrated in Figure 12-28 


Spliced Approach Graft In the spliced approach 
graft, the nwo stems should be approximarely the same 
size (Fig. 12-28, page 489). An exception to this is the 
spliced approach graft of mango in India, where the 
scion is considerably smaller than the field-grown root- 
stock; the scion, in a pot, is hung from the branch of 
the larger rootstock (19). Ar the point where the union 
is to occur, a slice of hark and wood 2.5 to 5 cm (1 to 
2 in) long is cur from both stems. This cut should be 
the same size on each so that identical cambium pat- 
terns are made. The cuts must be perfectly smooth and 
as nearly flat as possible so that when they are pressed 
together there will be close contact of the vascular cam- 
bium layers. The two cut surfaces are bound rightly 
together with raffia or poly grafting tape, then the 
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Figure 12-24 


(cd, and e) peaches. 


reduce heat buildup. 


whole union should be covered with grafting wax. After 
the parts are well united (which may require consider- 
able time in some cases) the rootstock above the union, 
and the scion below the union are cut, and the graft is 
completed. It may be necessary to reduce the leaf area 
of the scion if it is more than the root system of the 
rootstock can initially sustain. 


‘Tongued Approach Graft (TAG) The tongued approach 
graft is the same as the spliced approach graft, except that 
after the first cur is made in each stem to be joined, a sec- 
ond cut—downward on the stock and upward on the 
scion—is made, thus providing a thin tongue on each 
piece. By interlocking these tongues a very tight, closely 
firting graft union can be obtained (Fig, 12-29, page 489). 


TATIVE PROPAGATION, 


Topworking an existing orchard using the inlay bark graft for (a) citrus, (b) pecan and 


(b) For topworking pecans in Texas, the inlay bark graf is 


covered with alurninum foil to reduce the heat load and polyethylene to retain 
‘moisture; conditions are too hat for using grafting wax. (c,d, and e) Topwarked peach 
orchard in Israel using an inlay bark graft. (c and d) The grafts have aluminum covers to 


For grafting vegetable crops, after the rootstock has fully 
developed cotyledons and scion has coryledon and first 
true leaf, plants are pulled out from the tray (21), Make a 
cut at a 35- to 45-degree angle into the hypocoryl of the 
rootstock approximately halfway with a razor blade, and 
make a cut of the opposite angle on the hypocotyl of the 
scion, Cuts need to be made so that the scion will be on 
top of the rootstock when completed. Two cut hypocotyls 
are placed together and sealed with aluminum foil or 
Buddy Tape to help healing and prevent the graft from 
drying our. The two plants are transplanted into a bigger 
cell that will accommodate the two roor balls. The top of 
the rootstock is cur off 5 days after grafting, and the bor- 
tom of the scion is cut off 7 days after the top of the roor- 
stock is removed (Fig. 12-29). 


Boe 
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Figure 12-25 
Root graftage with a saddle graft an a small root section 
cr piece-root (left) and a whole root roatstack (right) 

‘See Figure 12-3 which isa whip and tongue graft using a 
whale root apple rootstock 


Inlay Approach Graft ‘The inlay approach graft may 
be used if the bark of the rootstock plant is considerably 
thicker than that of the scion plant. A narrow slot, 7.5 
to 10 cm (3 to 4 in) long, is made in the bark of the 
rootstock plant by cutting two parallel channels and 
removing the strip of bark between (Fig. 12-28); this 
can be done only when the rootstock plane is actively 
growing and the bark “slipping,” The slot should be 
exactly as wide as the scion to be inserted. The stem of 
the scion plant, at the point of union, should be given a 
long, shallow cur along one side, of the same length as 
the slot in the rootstock plant and deep enough to go 
through the bark and slightly into the wood. This cur 
surface of the scion branch should be laid into the slor 
cut in the rootstock plant and held there by nailing with 


INVERTED RooTSTOCK 


‘two or more small, flat-headed wire nails. Then the 
entire union must be thoroughly covered with grafting 
wax. After the union has healed, the rootstock can be 
cut off above the graft and the scion below the graft. 


Repair Graftage 

Inarching Inarching is similar to approach grafting in 
thar both rootstock and scion plants are on their own 
roots at the time of grafting. It differs in that the top of 
the new rootstock plant usually does not extend above 
the point of the graft union, as i does in approach 
grafting. Inarching is used to replace roots damaged by 
cultivation equipment, rodents, or disease, It can be 
used to very good advantage to save a valuable tree or 
improve its root system (Fig. 12~30, page 489). 

Seedlings (or rooted cuttings) planted beside the 
damaged tree, or suckers arising near its base, are 
grafted into the trunk of the tree to provide a new root 
system to supplant the damaged roots. The seedlings to 
be inarched into the tree should be spaced about 13 to 
15 cm (5 t0 G in) apart around the circumference of the 
tree if the damage is extensive. A damaged tree usually 
will stay alive for some time unless the injury is very 
severe. The procedure for inarching is to plant seedlings 
of a compatible species around the tree during the dor- 
‘mant season, and graft when active growth commences 
in carly spring, Inarching may also enhance growth of 
uninjured, older trees (22). 

As illustrated in Figures 12-30 and 12-31 (page 
490), the graft is similar to an inlay bark graft. The 
upper end of the seedling, which should be 6 to 13 mm. 
(1/4 to 1/2 in) thick, is cut shallowly along the side for 
10 to 15 cm (4 t0 6 in). This cur should be on the side 
next to the trunk of the tree and deep enough to 
remove some of the wood, exposing two strips of cam- 
hium tissue. Another, shorter cut, about 13 mm (1/2 in) 
long, is made on the side opposite the long cut, creating 
a sharp, wedge-shaped end on the seedling stem, 


Figure 12-26 
Reversing the polarity of the 
rootstock piece of the root gratis 
fone methad of "nurse-roat™ 
grafting. The nurserant graft ie @ 
temporary graft used te induce the 
scion to develop ite awn racts. The 
rurse reat sustains the plant until 
the scion roots form, then it ds. In 
the method showin, the roatstack 
piece is inverted, so the distal of 
the roatstock is temporarily joined 
to the proximal ofthe scion, 
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A long slor is cut in the trunk of the tree by 
removing a piece of bark the width of the seedling and 
just as long as the cut surface made on the seedling. A 
small flap of bark is left at the upper end of the slor, 
under which the wedge end of the seedling is inserted. 

‘The seedling is nailed into the slot with four or five 
small, flat-headed wire nails. The nail at the top of the 
slot should go through the flap of bark and through 
the end of the seedling. If the bark of the tree along 
the sides of the seedling is accidentally pulled loose, it 
should be nailed back into place. The entire area of 
the graft union should then be thoroughly waxed. 


Bridge Grafting Bridge grafting is another form of 
repair grafting—used when there is injury to the 
trunk, such as by cultivation equipment, rodents, dis- 
ease, or winter injury. If the damage to the bark is 
extensive, the tree is almost certain to die, because the 
roots will be deprived of their carbohydrate supply 
from the top of the tree. Trees of some species, such as 
the elm, cherry, and pecan, can compartmentalize 
extensively injured areas by the development of a 
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Figure 12-27 
Approach grafting, Top: Initial grafting of the 
containerized scion and rootstock plants 
Below: Campleted graft unian with seion 
severed from its own rocts, and shoots of 
rootstock severed above the graft union 


wound periderm of callus tissue. However, most 
woody species with severely damaged bark should be 
bridge grafted if they are to be saved, as illustrated in 
Figure 12-32, page 491. 

An interstock bridge graft system has been 
used with marure apple trees for grafting M9 dwarf- 
ing rootstock (as the interstock) onto semi-dwarfing 
apple rootstock, leading to 20 percent reduced shoot 
growth, but a 30 percent increase in yield and 
increased soluble sugars and starch in the scion (53). 
‘A ring of bark 8 cm wide was removed from the 
trunk about 30 cm from ground level. Bridge grafts 
composed of I-cm-wide split interstocks were 
inserted perpendicular around the ring, and then 
tightly wrapped with plastic during graft healing 
(New Zealand). 

Bridge grafting is best performed in early spring 
as active growth of the tree is beginning and the bark 
is slipping easily. The scions should be obtained when 
dormant from 1-year-old growth, 6 to 13 mm (1/4 to 
1/2 in) in diameter, of the same or compatible species, 
and refrigerated until grafted. In an emergency, one 
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Tongued Approach Graft 


Iniy Approach Graft 
Figure 12-28 

Three methods of making an approach graft: spliced., 
tongued- and inlay-appraach graf. 


may successfully perform bridge grafting late in the 
spring, using scionwood whose buds have already 
started to grow; the developing buds or new shoots 
are removed. 

‘The first step in bridge grafting is to trim the 
wounded area back to healthy, undamaged tissue by 
removing dead or torn bark. A scion is inserted every 
5 to 7.5 cm (2 to 3 in) around the injured section and 
attached at both the upper and lower ends into live, 
undamaged bark. It is important thar the scions are 
right side up. If reversed, a union may form, but the 
scions will not enlarge in diameter as they would if 
inserted correctly. Figure 12-33, page 491 shows the 
details of making a bridge graft. 

After all the scions have been inserted, the cut 
surfaces must be thoroughly covered with grafting wax; 
particular care should be taken to work the wax around 
the scions, especially at the graft unions, 


a 


ay 


Figure 12-29 
Tongued Approach Graft (TAG) with cucutbits. An easy 

‘graft that requires no special equipment or graft healing 
chambers, has @ high success rate, but is labor intensive 
(12, 21), thetations cures RL Hal 


Figure 12-30 
(2) Inarches that have just been inserted (arrows). The one on 
the left has been waxed. The one on the right has been 
nailed inta place and is ready for waxing. (5) Inarching can be 
used for invigorating established trees by replacing a weak 
rootstock with a more vigorous one, Here a Persian walnut 
tree has been inarched with Paradox hybrid seedlings 
(glans hindsi J. regia). 


Bracing Bracing is a form of natural branch grafting 
that is used by fruit producers to strengthen scaffold- 
ing limbs of a tree in order to support the weight of the 
fruit crop. Natural grafting of roots or shoot systems 
occurs in species such as fig (Ficus), rubber trees 
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Vertical cuts about 
1.0m (6 in) long are 
‘made through the bark 
near the base of the 
tree to be inarched, 


‘The upper portion of 
‘the seedling is cut 
about 1/3 through on 
the side adjacent to 
the tree to be inarched. 
‘The cutis about 

15 om (6 in) long. 


(On the opposite 
side, a short cut 

Is made in the tip of. 
the seedting bringing 
itto a wedge. 


View of the cut 
surface to be 
placed against the 
‘wood of the tree. 


Horizontal cuts at the 
top and bottom of the 
stn permit its removal 
A short fap of bark is 
retained at the top. 


‘The seedling, cut as shown 
above, fits tightly into the 
slot with the wedged tip 
inserted under the flap of 
bark itis then naled in 
place and waxed 


Figure 12-31 
Steps in inarching a large plant, with smaller ones planted around its base 


(Hevea), birch (Betula), beech (Fagus), ash (Fraxinus), 
maple (Acer), pine (Pinus), and climbing species such 
as English ivy (Hedera) (see Chapter 11). Branches and 
trunks can naturally graft when they come in contact 
with each other during early development. The union 
begins with compression and constant and increasing 
pressure that ruptures the outer bark of the graft part 
ners, followed by continued secondary growth, which 


leads to graft union formation and the joining of the 
independent vascular systems of the partners. 

‘When bracing limbs, fruit producers will pull 
together two strong, young lateral shoots from the limbs 
to be braced. A rope or cord is used to temporarily brace 
the larger limbs. The weaved smaller shoots, which will 
naturally graft, are tied with waxed string or poly tape to 
keep them together (Fig. 12-34, page 492), 


he 
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Figure 12-32 


Injured trunk of cherry tree successfully bridge grafted 


(arrows) by a modification of the bark graft. 


PREPARING THE STOCK 


All dead and damaged 
bark around the wound 
ictrimmed back fa tive, 

= |__ heathy tissue 


Cute are made in 
the bark at top and 
bottam of the 


PRODUCTION PROCESSES 
OF GRAFTAGE 


Success in grafting depends 45 percent on preparation, 
including the quality and preparation of the scion and 
rootstock material, 10 percent on craftsmanship, and 
45 percent on the aftercare of the grafted plant (26, 
38). The production goals of grafting are achieving a 
high success rate, or “take,” and obtaining high speed 
and accuracy in performing the graft. Preparation for 
grafting begins with the proper tools and accessories, as 
well as the selection and handling of the scion and root- 
stock (Table 12-3). Since grafting is a repetitive, labor- 
intensive process, grafting machines and grafting 
automation, including robotics, continue to play a 
greater role, 


PREPARING THE SCIONS 


One tong, slanting 
‘cutis made at each 
and of the scion, 
with both cuts on 
the same side 


wound, ust 3s for —__.] 
the inlay bark grat. 

The slots in the 

bark should be the 

‘same width as the 

Scions to be 

inserted 


‘Assocond, short 
slanting cut is made 

fon the back side of 

the scion, bringing 

the ends to a sharp —«] 
‘wedge. Buds can 

be vimmed off the 
scions if desired 


‘Scions are inserted in each slot, the wedge 
‘0Ing under the flap bark at each end. The 
Scions should be put in “ight side up" and 

allowed to bow outward sighlly 


The scions are nailed in place, then the 
Lunions at top and bottom are thoroughly 
covered with grafting wax 


Figure 12-33 
A satisfactory methad af making 
bridge graft, using a madification af 
the inlay bark grat 


Variants 


Variable Frequency Drive 
A basic induction motor suffers from significant 
problems. The surge of power thatit draws when 
starting from rest can pull down the supply volt- 
age enough toaffect other devices that share the 
‘AC power supply. (Hence, the brief dimming of 
lights that may occur when the compressor inan 
air conditioner or refrigerator starts running.) 
While the motors turning, it can introduce elec- 
trical noise, which feeds back into the power 
supply, once again causing potential problems 
for other devices. In addition, the narrow range 
of speed of an AC induction motor is a great dis- 
advantage. 


The advent of cheap solid-state technology en- 
couraged the development of variable-frequency 
powersupplies for induction motors, Because the 
impedance of the motor will diminish as the fre- 
quency diminishes, the current drawn by the 
motor will tend to increase. To prevent this, a 
variable frequency supply also varies the voltage 
thatit delivers. 


Wound-Rotor AC Induction Motor 
The stator of this variant is basically the same as 
that of a single-phase induction motor, but the 
rotor contains its own set of coils. These are elec- 
trically accessible via a commutator and brushes, 
asin a DC motor. Because the maximum torque 
{also known as pull-out torque) will be propor- 
tional to the electrical resistance of the coils in 
the rotor, the characteristics of the motor can be 
adjusted by adding or removing resistance ex- 
ternally, via the commutator, A higher resistance 
willenable greater torque at low speed when the 
slip between the rotor speed and rotation of the 
magnetic field induced by the stator is greatest. 
This is especially useful in corded power tools 
such as electric drills, where high torque at low 
speed is desirable, yet the motor can accelerate 
tofullspeed quickly when theexternalresistance 
is reduced. Typically, the resistance is adjusted 
via the trigger of the drill. 


Figure 23-12 shows a wound-rotor AC induction 
motor. The disadvantage of this configuration is 


electromagnetism > rotational > ac mator 


the brushes that supply power to the rotor will 
eventually require maintenance. Much larger 
wound-rotor motors are also used in industrial 
applications such as printing presses and eleva- 


tors, where the need for variable speed makes a 
simple three-phase motor unsuitable, 


Figure 23:12. A motor ina corded electric dil uses coils 
ina brushed rotor to enable variable speed output. In 
‘most AC motors, the speed is not adjustable and the rotor 
does not make any electrical connection with the rest of 
the motar. 


Universal Motor 

‘A wound-rotor motor may also be described as 
a universal motor if its rotor and stator coils are 
connected in series. This configuration allows it 
to be powered by either AC or DC. 


DC supplied to the rotorand the stator will cause 
mutual magnetic repulsion, When the rotor 
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BOX 12.2 GETTING MORE IN DEPTH ON THE SUBJECT 
LARGE-SCALE BRIDGE GRAFTING 


* 


‘After World War |, thousands of fruit trees were bridge: 
‘grafted in France to repair damage that occurred during the 


‘Wend Saber Branches 


Figure 12-34 
Bracing of fruit tree limbs by encouraging natural grafting. 
‘The tree limbs are braced with a twisted rope or electrical 
cord, and smaller shoots from the limbs are woven tagether 
and graft naturally a8 secondary growth occurs. 


Preparation for Grafting 
Tools and Accessories for Grafting Common tools 
and accessories used for grafting include grafting 
knives, tying and wrapping materials, and grafting 
waxes. Special equipment needed for any particular 


Table 12-3 
PRODUCTION PROCESSES OF GRAFTAGE 


Preparation for Graftage 
* Toole and accessories for grafting 
* Grafting machines and grafting automation! 
robotics, 
* Selection, handling, and starage of scionwood 
+ Handling of rootstock. 
‘The Craftsmanship of Grating 
* Manual techniques: speed, accuracy, enhancing 
success rates 
+ Record keeping 
‘Aftercare of Grafted Plants 
* In bench grafting systems 
* Infield and nursery grafting systems 


war. Alternatively, trunks from mutilated trees lass than 
20.cm (8 in) in diameter were cut off and crown grafted (23) 


method of geafting is illustrated, along with the 
description of the method, in the remaining pages of 
this chapter. For example, grafting planes are some- 
times used for more accurate fitting of scions with a 
hard and thick wood (Fig. 12-35) (61). 


Konives, The two general types of knives used for propa- 
gation work are the budding knife and the grafting knife 
(Fig, 12-36). Where a limited amount of either budding 
or grafting is done, the budding knife can be used satis- 
factorily for both operations, The knives have either a 
folding or a fixed blade. The fixed-blade type is stronger, 
and ifa holder of some kind is used to protect the cutting 
edge, it is probably the most desirable, A well-built, 
sturdy knife of high-carbon steel is essential. Grafting 
blades are flat on one side and have a tapered edge on the 
other to make a sharp, clean cut. Grafting knives are aval- 
able for either right- or lefi-handed people. 


Tying and Wrapping Materials. Grafting methods, 
such as the whip-and-tongue, splice (whip), and side- 
veneer graft, and budding methods, such as chip bud- 
ding and T-budding, require thar the graft union be 
held together by tying until the parts unite. A number 
of materials can be used for tying or wrapping grafts 
and budding. Some of these tying materials can also 
seal and help maintain a high relative humidity in the 
graft union area, which can help eliminate produ: 


Figure 12-35 
The grafting plane isa small woodworking plane equipped 
with a disposable heavy-duty razor blade, It allows more 
precise fitting of scions with hard and thick wood (61) 


ah 
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steps for applying a hot wax sealant on top of the tying 
materials, or the need for maintaining the grafts in spe- 
cial poly chambers or “sweat boxes.” 

Some common tying materials for budding and 
grafting include: 


+ Budding rubbers (also used in grafting). 

+ Clear or colored polyethylene or polyvinyl chloride 
(PVC) budding and grafting strips, which are 0.5 
to 1.3 cm (3/16 to 1/2 in) wide and slightly elastic, 
allowing for a more secure wrap; this is also called flag- 
ging tape, green floral tape, white budding tape, or 
orange grafting tape. 

+ Plastic clips and silicon tubing (for manual and 
robotic grafting). 

+ Raffia (strips of palm leafstalk fiber—an older wrap- 
ping material, bur still used). 


Since PVC budding and grafting strips are not self- 
adhesive, they must be tied with a half-hitch knor 
(Fig. 12-37), which is done at the final rurn of the 
tape by slipping it under the previous turn, With the 
exception of budding rubber, which deteriorates in 
full sunlight (but not when buried with the graft 
below ground), or Buddy Tape, the wrapping materi- 
als must be removed later to prevent girdling the 
plant. 


Self Adhering Tying Materials. A time-tested tying 
material is waxed string or twine, which adheres 10 


Figure 12-36 
Folding, budding-grafting knives. (a) Tina 
buding-grafting knife. a,b, and e) The metal 
flap (arraw) opposite the sharp end of the 
blade is used to separate the bark during the 
"T"-cut of the rootstock. (b) The quil is also 
used to separate the bark during Tbudding 
(6) Grafting knives are sharpened an one side, 
sa there ia flat side of the blade for better 
contra 


@ 


Figure 12-37 
(@) Sometimes a loop is included in the final hal-hitch knot of 
the rubber (arrow) or polyethylene budding and grafting 
strips. This allaws easy unraveling of the strins after the graft 
has “taken” and avoids potential girdling problems inthis side 
veneer graft of Japanese maple. Various tying material: 


(b) rata, (2 poly tape, (4) nursery tape, and (e and f) Buddy 


“Tape (similar to Parafilm) used to cover magnolia scion pieces. 


itself and to the plant parts without tying. It should be 
strong enough to hold the grafted parts together, yet 
‘weak enough to be broken by hand. 
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‘Nursery adhesive tape is similar to surgical adhe- 
sive tape bur lighter in weight and nor sterilized: it 
‘more convenient to use than waxed cloth tape. Adhesive 
tape is useful for tying and sealing whip grafts. When 
using any kind of tape or string for wrapping grafts, itis 
important not to use too many layers or the material 
may eventually girdle the plant unless it is cut. When 
this type of wrapping is covered with soil, it usually rots 
and breaks before damage can occur. On a limited scale, 
adhesive tapes, such as duct and electrical tape can be 
used, while masking tape tends co unravel (54). 
Regardless of the wrapping material, itis best to remove 
or cut it afier the graft has taken ro avoid girdling. 

Selfsealing tying materials include Parafilm tape, 
which has been used with successful results to wrap graft 
unions rapidly (5) and for chip-budding roses (Fig. 
13-6). This material is a waterproof, flexible, stretch- 
able, thermoplastic film with a paper backing. The film 
is removed from the paper, wrapped around the graft 
union, and pressed into place by hand. Buddy Tape 
(buddytape.com) is similar to Parafilm rape, but thinner 
and more economical, It seals and holds the geaft or bud 
piece in place, and is chin enough for the bud to elon- 
gate and pass through it once the graft “takes” (Fig. 
12-37). Sometimes budding rubbers are used to tie a 
graft, which is then sealed with Parafilm tape. Self sealing 
cure crepe rubber sheets are used for herbaceous grafts 
and small woody plant material. Rubber patches up to 
4 em (1 1/2 in) are fixed with a staple and used for 
budding (Fig. 12-38). 


Miscellaneous Fastenings and Wrapping Material. 
Miscellaneous fastenings and wrapping material 
2-cm (3/4-in) nails, 1.6-em (5/8-in) 
5 as used in the inlay bark graft of 
pecans (40), and plastic graft clips, used in manual 
and machine splice grafting of vegetable crops (Figs. 12-7 
and 12-39). The combi of aluminum foil and 
polyethylene bags wrapped around a four-flap or inlay 
bark graft replaces the need for waxing the graft (which 
‘would melt and be unsuitable in spring field grafting in 
‘Texas or other warm regions) (Figs. 12-13 and 12-24), 

Metal shoot guide clips (Fig. 13~4) are used for field 
budded, dormant rootstock to compel upright growth 
from the bud. Silicon tubing has been used to hold graft 
unions of single-node scions of oak and ash with high 
rooting success (Fig. 12-40, page 496) (14). 

Splints made of toothpicks, bamboo, or metal 
skewers are used with bench grafting of herbaceous 
plants such as cacti. The splints are later removed after 
the graft has taken. 
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(b) 


(c) 


Figure 12-38 
Rubber patch tying materials: (a) Rubber patches that come 
with a fixed stainless steel staple. (b) The rubber sheet 

is pullad ever the bud and pulled securely around the 
rootstack.(¢} The staple is pushed through the flap to secure 
the patch. The rubber patch narmally deteriorates later with 
LY light fram the sun or ean easily be removed. 


Ina novel approach for developing robotic grafting 
systems for vegetable crops in Japan, Chinese cabbage 
seedling (scions) are horizontally grafted co turnip roor- 
stocks. In grafting Solanaceae and Cucurbitacae vegetable 
crops, the graft partners are joined by a chemical adhe- 
sive, followed by spraying a chemical hardener to set up 
and solidify the adhesive around the graft (see Fig. 
12-43, page 498 (29, 34, 47, 48) ) 

‘Whether a sealant, such as grafting wax, may be 
applied depends on the type of graft, the grafting sys- 
tem, and type of material used. Sealants are generally 
not used with budding, since tying with budding 
rubbers, rubber patches, Buddy Tape, or Parafilm 
tape is sufficient to alleviate desiccation problems. If 
the bench-grafted plant is to be placed in a high rela- 
tive humidity graft box or temperature-controlled 
polytent, or immediately outplanted in the field with 
the union below the soil surface, waxing may be 
omitted 


Grafting Waves. Grafting wax has two chief purposes: 
(a) Ir seals over the graft union, thereby preventing the 


ah 
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Figure 12-39 


7) 


Grafting of heirloom tomatoes in high tunnels can lead to increased yield, earlier season extension (compared to field-grown), 
soll-bome disease resistance and inereased nutrient uptake with a potential reduction in fertilizer inputs. (a,b, and d) OCG. 
cr Japanese tubegrafting system. (c and d) Plastic clip holding graft. (e and f) High tunnel production of grafted heirloom 

‘tomatoes. The system enhances PM—integrated pest management—and organic production systems fer vegetable crops (52) 


loss of moisture and death of the tender, exposed cells of 
the cut surfaces of the scion and rootstock. These cells 
are essential for callus production and healing of the 
graft union. (b) It prevents the entrance of various 
decay-producing organisms that ror wood. 

‘An ideal grafting wax should adhere well ro the 
plane surfaces, nor be washed off by rains, not be so 
brittle as to crack and chip during cold weather or so 
soft thar it will melt and run off during hot days, but 
still be pliable enough 
to allow for the swelling 
of the scion and the 
growth enlargement of 
the rootstock without 
cracking. Hot waxes 
require heating, while 
cold waxes contain 


hot waxes Waxes that 
are paraffin based and 
must be heated to melt 
and apply. 
cold waxes Waxes that 
contain a volatile solvent 
that preserves the wax 
liquid. After application 
the solvents evaporate 
and the wax hardens, 


volatile solvents that 
keep the wax liquid. 
‘The cold wax solidifies 


ahs 


when the solvents evaporate. Most nurseries develop 
their own hot wax, which is low-melting, soft, and flex- 
ible, so that subsequent handling of the graft does not 
cause cracking and flaking, Thermostatically controlled 
wax heaters are available to provide instant liquid wax 
when needed. The wax should be hot enough to flow eas- 
iy yer not be boiling, which damages plant tissue. 

Various recipes for making hot and cold waxes are 
listed by Garner (19). For hor wax, blocks of premixed 
grafting wax containing the necessary ingredients (e.g., 
‘TrowBridge’s grafting wax, Walter E. Clark & Son, 
‘Orange, Conn., USA) can be purchased from nursery 
supply houses. 


Grafting Machine 
or devices have been developed to prepare graft and 
bud unions, and a few have been widely used, especially 
in propagating grapevines (2, 3). 

Various bench grafting machines for the wedge 
graft or French-V are available, including a portable and 


Several bench grafting machines 
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fa) (b) 


(© (d) 


Figure 12-40 
High grafting success has been ebtained using silicone 
tubing te hold graft unians tagather of single-nade scians of 
oak and ash: (a) Digital caliper to measure stem diameter. 

(b) Single node of oak grafted using silicone tube (aro). 

(6) Oak graft after B weeks (arrow showing tubing). (d) Healed 
ash graft after 12 weeks. Photographs coutey of, Oovale (I) 


bench-mountable device made in New Zealand by 
Raggett Industries, Ltd., Gisborne (www.raggettindus- 
tries.co.nz) (Fig. 12-41). This device makes a type of 
‘wedge graft, cutting out a long V-norch in the rootstock 
and a corresponding long, tapered cut at the base of the 
scion, By reversing the position of the rootstock and scion, 
i could also make a saddle graft (Fig. 12-11). Although 
the cuts fit together very well, che operation is slow 
because the graft union must be either tied with a budding 
rubber or poly tape or stapled together. This machine has 
been used successfully in propagating grapes and fruit 

‘There are machines for making omega geafts, 
which are hand-operated (Fig. 12-42) or foot- 
operated. One device for grape grafting is the Pfropf- 
Star grafting machine manufactured in Germany. It 
cuts through both the rootstock and scion, one laid 
on cop of the other, making an omega-shaped cut and 
leaving the two parts interlocked, While these 
machines work fine for grape grafting, most ornamen- 
tal nurseries that graft do not use machines. Instead, 
they rely on hand-grafting, which may be faster and 
more reliable given the larger number of genera 
and species grafted (35). Without question, finding 
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skilled grafters is a severe production problem; hence 
the importance of developing mechanized and auto- 
mated grafting systems. 


Grafting Automation/Roboties Prototypes and com- 
mercial robotic machines for grafting vegetable 
seedlings have been developed (Figs. 12-43, 12-44, 
and 12-45, pages 498-99). The production of grafted 
vegetable crops is becoming more common in the 
United States. However, grafted vegetable seedlings are 
used extensively in heavily populated countries such as 
Japan, Korea, some other Asian countries, and in parts 
of Europe, where the land use is highly intensive, farm- 
ing areas quite small, and crops are not rorated. Grafted 
seedlings account for 81 percent of the commercial 
outdoor and greenhouse vegetable production in 
Korea, and 54 percent and 81 percent, respectively, for 
Japan (12, 29, 30, 33). Vegetable rootstock used are 
resistant to soil-borne pathogens and nematodes, which 
build up under these intensive cultivation conditions. 
Some of the commercialized grafting robots can graft 
800 or more Solanaceae vegetable seedlings per hour 
(Figs. 12-43 and 12-45) (49). 


Selection, Handling, and Storage of Scionwood. 


Kind of Wood. Since bench or field grafting of decid- 
uuous species takes place in winter or early spring, it is 
necessary to use the scionwood that grew the previous 
fall, 


In selecting such scion material the following 
points should be observed: 


+ For most species, the wood should be 1 year old or 
less (current season's growth). Avoid including older 
growth, although with certain species, such as the fig 
or olive, 2-year-old wood is satisfactory, or even 
preferable, if itis of the proper size. 

+ Healthy, well-developed vegetative buds should be 
present. Avoid wood with flower buds. Usually, vege- 
tative buds are narrow and pointed, whereas flower 
buds are round and plump (see Fig. 13-3) 

+ The best type of scion material is vigorous (but not 
overly succulent), well-marured, hardened shoots from 
the upper part of the tree, which have grown 60 to 
90 cm (2 to 3 fi) the previous summer. Such growth 
develops on relatively young, well-grown, vigorous 
plants; high production of scion material can be 
promoted by pruning the plant back heavily the previ- 
‘ous winter. Water sprouts from older trees sometimes 
make satisfactory scionwood, but suckers arising from 
the base of grafted trees should nor be used, since they 
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Figure 12-42 
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Figure 12-41 
(and b) Wedge grafting made by French-V grafting devices 
{b) Raggett top grafter(€) Grape grat union healing with pr 
callusing (arow) ane month after bench grafting with a wedge 
graft of Freneh-\. Grafts can be made with these devices much 
faster than by the whip-and-tongue graft method, Thase mach 
‘a saddle graft by these machines, by reversing the 
cuts so the scion piece has the salle shape (see Fig, 12-11). 


(2) Grafting tool for making an amega graft (b and e) Omega graft locks in place and then is held together with grafting tape. 


The scion and stock must be the same diameter 


—h— 
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pithy, and low in stored carbohydrates, should be dis- 
carded. Mature wood with shore internodes should 
be selected. 


Source of Material, Scionwood should be taken 
from source plants of the correct cultivar known to be 
pathogen-tested and genetically true-to-type (see 
Chapter 16). Virus-diseased, undesirable sports, 
chimeras, and virus-like genetic disorders must be 
avoided. Source plants may be of three basic types: 


1. Plants produced in an orchard, vineyard, ornamen- 
tal field, container nursery, or landscape are 
selected when the flowering, fruiting, and growth 
habits are known. It is best to take propagation 
‘material from bearing plants whose production his- 
tory is known, Visual inspection, however, may not 
reveal the true condition of the proposed source 
plant and, appropriate indexing and progeny tests 
are required to be sure (see Chapter 16) 

2, In commercial nurseries, special scion blocks, where 


Figure 12-43 plants are grown particularly for propagation, may 
Commercial grafting robot for Solanaceae (tomatoes, melons, he maintained. Such plants are handled differently 
| cueurbits) vegetables on seecling rootstock suitable for than they would be for producing a crop. For exam- 
intensive planting and resistant to disease, insect and envirn- de: Bie Gees toy be paca back ali each ads 
® dena Slee ple, y be pr year to pi 
‘mental stress. Plant vigor and yield can alzo be enhanced with ikics 3 ipe sna auply of lang, Hagprcacabwcks 
superiar rootstock, (a) Tomato and fo) melon grafting robots. y 


well-suited for scionwood. Such special blocks 
would usually be handled to conform to registration 


may consist of rootstock material. A satisfactory size is and certification programs and would be subject to 
from 0.6 to 1.2 em (1/4 to 1/2 in) in diameter. isolation, indexing, and inspection requirements. In 
+ The best scions are obtained from the center portion addition, itis important to maintain source identity 
or from the basal two-thirds of the shoots. The termi- of scion material through the entire propagation 
nal sections, which are likely to be too succulent, sequence, so that over a period of time proper 


Figure 12-44 
Finished grafts fram a commercial melon 
aalting robot, (a) The grafted plants are 
tmaved on a conveyor belt system for 
processing. (b) Spice grafted scan and 
b) rootstock held together by a grafting clip. 
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Figure 12-45 


(b) 


a Ligevvrr rwewve 499 


‘Two techniques used in herbaceous grafting are manual and rabotic grafting. (a) Fully automated grafting robot for cucurbits 


(BRAIN, Saitama, Japan), and {o) semiautomated Korean of 


ting machine, Plants are grafted at the 2 to 4 leaf stage, The 


advent of OCG, “tube-grafting” or "Japanese top-grafting” has become the most popular graft for tomato. Grafting robots can 


‘make up to 800 grafts/hr, whereas an individual can make 1,000 grafts/day Pots» an courtesy of € Kubota ard M Pet respectively 


sources of the various cultivars can be identified and 
maintained. 

3. For vegetable grafting, commercial seed from 
selected roorstocks and scions are sown under pro- 
tected cultural conditions. Selected rootstock for 
vegetable grafting is listed in Table 12-4, A time- 
line for grafting heirloom tomatoes, starting with 
sowing rootstock seed 2 to 5 days prior to sowing 
scion sced, is depicted in Figure 12-46, 


Collection and Handling. For deciduous plants to 
be grafted in early spring, the scionwood can be col- 
lected almost any time during the winter season when 
the plants are fully dormane (6). In climates with severe 
winters, the wood should not be gathered when it is 


Table 12-4 


frozen, and any wood that shows freezing injury should 
nor be used. Where considerable winter injury is likely, 
i is best to collect dormant scionwood and pur it in 
cold storage after leaf fll but before the onset of winter. 


Storage. Scionwood collected prior to grafting must 
be properly stored. It should be kept slightly moist and 
at a low enough temperature to prevent elongation of 
the buds. A common method is to wrap the wood, in 
bundles of 25 to 100 sticks, in heavy, waterproof paper 
or in polyethylene sheets or bags, All bundles must be 
labeled accurately. 

Polyethylene bags are useful for storing small 
quantities of scionwood. They allow the passage of 
oxygen and carbon dioxide, which are exchanged during 


SELECTED ScION AND RooTsTOcK COMBINATIONS FoR VEGETABLE GRAFTING (50) 


Scion 


Rootstock 


Watermelon (Chrullus vlgaris syn. C.lanata) 


Melon (Cucumis melo) 


‘Cucumber (Cucumis sativus L) 


Aubergine (Solanum melangena L) 


Tomato (Lycopersicon esculentum) 


Bottle gourd (Lagenara slerarial 
Wiite gourd (Berincaea hispid) 
Ccinbita spp. 

White gourd (Benincasa hispida Cogn.) 
Cucumis spp.; Cucurbita spp. 
C.maoschata xC. maima 

Pumpkin (Cucurbita pp) 

Cucurbita fala 

Solanum integnifolium: 

Solanum torvum; Solanum melongena 
Tamato (Lycopersicon esculentum) 
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the respiration process of the stored wood, but retard 
the passage of water vapor. Sometimes the natural mois- 
ture in the wood is sufficient, so slightly moist packing 
‘material is not needed in the sealed. poly bags, In com- 
mercial field rose production, the scionwood (bud- 
wood) is harvested dormant, wrapped in slightly moist 
newspaper and sealed in poly bags, and maintained at 
=1.7 t0 ~0.6°C (29 to 31°F) for up to 7 months 

‘The temperature at which the wood is stored is 
important. If it is to be kept only 2 or 3 weeks before 
grafting, the temperature of a home refrigerator— 
about 5°C. (40°F) —is satisfactory. If stored for a period 
of 1 to 3 months, scionwood should be held at about 
0°C (32°F) (6) to keep the buds dormant. However, 
buds of some species, such as the almond and sweet 
cherry, will stare growth after about 3 months, even at 
such low temperatures. Do not store scionwood in a 
home freezer because the very low temperatures, about 
=18°C (0°F), can injure the buds. 

Storage of scions should not be attempted if suc- 
culent, herbaceous plants are being grafted; such scions 
should be obtained at the time of grafting and used 
immediately. Certain broad-leaved evergreen species, 
such as camellias, olives, and citrus, can be grafted in the 
spring before much active growth starts, without previ- 
us collection and storage of the scionwood. Grafts are 
taken directly from the tree as needed, using the basal 
part of the shoots containing dormant, axillary buds. 
‘The leaves are removed at the time of collection. 


Environmental 
ania ‘conditions 
Sr 
asd 4 
Greemoure cantons 
Sow acon weet eae 
orate ani 
7-10Gays 
2 Taio gate adore |] 
3 iShating Santer || Den mani 
= 0 a08 ha 
= er if 
re aca ats 
' Gradually increase 
era tmnt ea 
z Figure 12-46 
Govgates —] 5 
lon Grafting timeline fr heirloom 
Greenhouse conitons tomatoes. a) Grafts in healing 
ee er ag, chamber, (b) Hatdlened-off 
grated plant, with grafting 
saa clip falling off—ready for 
espa oe transplanting (52). tlustrations 


courtesy of Rand and F Lane 


Attempting to use scionwood in which the buds 
are starting active growth is almost certain to result in 
failure, In such cases, the buds quickly leaf out before 
the graft union has healed; consequently, the leaves 
withdraw water from the scions by transpiration, and 
cause the scions to die, In addition, the strong com- 
peting sink of a developing shoot can interfere with 
graft union formation, 

In topworking pecans (4), good results are 
obtained by using precut scions; thar is, scions cur in 
advance by skilled persons at a convenient time, that 
are then held in cold storage in polyethylene bags for 
up to 9 days before being inserted in the graft unions. 
Grafting success is reduced only slightly by the use of 
precut scions, 


Handling of Rootstock for Bench Gr 
rootstock of maple (Acer) is established in liner pots for 


1 year, brought into a greenhouse in the fall after leaf 
drop, and placed in bortom-heated benches at 13 to 
16°C. (55 to 60°F). Bench grafting of the container 
rootstock with a splice graft is done in January and 
February (Canada), when white roots appear along the 
perimeter of the rootballs (26). 

In North Carolina, rootstock liners of woody 
ormamental plants are allowed to harden-off in 
minimum-temperature-controlled poly houses in the 
fall, and maintained just above freezing, When new roots 
emerge from the roorstock in late winter, plants are 


a 
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() (d) 


ready for grafting (Fig. 12-47) (56). In general, bench 
grafting is best when new, white root tips of 6 mm 
(1/4 in) occur or buds start to swell on the rootstock of 
ported liner plants, 


The Craftsmanship of Grafting 

Grafting is both an art and a skill. Successful grafting is 
a repetitive task that requires a high degree of accuracy 
and speed; to become skilled, it is essential for the 
grafter to climinare all unnecessary movements. To 
increase grafting efficiency, it is important to organize 
the workplace so that scion material, knives, and graft- 
ing tape are all within easy reach (42). Grafting is gen- 
rally more efficient with a team approach, in which 
each worker performs a certain task, in order to reduce 
inefficient motion of materials and repetitive picking 
up and putting down of different tools. 


‘Manual Techniques: 
Success Rate: 


peed, Accuracy, and Enhancing 
‘Tips on improving grafting techniques 
and ergonomics include the following (42): 


+ Concentrate on accuracy first, and allow grafting 
speed co build up—aim at initially completing at 
least 200 bench grafts a day. 


re 


Figure 12-47 
Proper rootstock preparation 

(a) Hardening-off Acer palmatum 
rootstock liners in late September 
(North Carolina). b) New roots 
‘emerging fram rontstack in January 
prior to grafting. (c) Proper after 
care of grafted, labeled plants 

in poly covered, temperature- 
controlled hoop house. (4) Buds 
‘avelling on grafted A. palmatum 
"Fireglaw in mid ta late March (56) 


Use a graft method that is less time-consuming (yet 
still successfull) and that can be done with lesser skill 
and preparation of the rootstock [e.g., bench grafting 
with a splice (whip) graft, compared to a whip-and- 
tongue or side-veneer graft (43)]; this works well with 
Betula, Carnus, Fagus, Ginkgo, Quercus, and Acer (26). 

Grafting is best with two people: in bench grafting 
with the whip-and-tongue, one person does the graft, 
and the other moves the potted liner rootstocks and 
waxes the graft union. In T-budding field roses, the bud- 
der prepares the rootstock and inserts the shield bud of 
the scion, while the “tier” follows and ties the budding 
rubber around the budded graft (see Fig. 13-13). 

“The grafting knife should always be held with a relaxed 
grip to improve accuracy and reduce repetitive strain 
injuries (e.g., carpal 
tunnel syndrome); it 
is necessary to restrict 
and control your arm 
movements, 


carpal tunnel syndrome 
Nerve damage in the 
wrist caused by the 
stress of repetitive hand 


There are two basic | 7" Movements. 


cuts in grafting: the slice cut, which is made using the 
arm and shoulder to pull the knife [eg., in the making 
of a splice (whip) graft]; and the cross cut, in which 
the grafter’s arm and knife are rotated using the thumb 


electromagnetism > rotational > ac motor 


turns, the brushes touching the split commuta- 
tor reverse the polarity of voltage in the rotor 
coils, and the process repeats. This configuration 
is very similarto that ofa conventional DC motor, 
except that the stator in a universal motor uses 
electromagnets instead of the permanent mag- 
nets that are characteristic of a DC motor. 


When powered by AC, the series connection be- 
tween stator and rotor coils insures that each 
pulse to the stator will be duplicated in the rotor, 
causing mutual repulsion, The addition of a 
shorting coil in the stator provides the necessary 
asymmetry in the magnetic field to make the 
‘motor start turning, 


Universal motors are not limited by AC frequen- 
cy,and are capable of extremely high-speed op- 
eration, They have high starting torque, are com- 
pact, andarecheaptomanufacture. Applications 
include food blenders, vacuum cleaners, and hair 
dryers, In a workshop, they are found in routers 
and miniature power tools such as the Dremel 
series, 


Because a universal motor requires commutator 
and brushes, it is only suitable for intermittent 
use, 


Inverted AC Motors 

‘Somemodern domesticappliances may seem to 
contain an AC motor, but in fact the AC current 
is rectified to DC and is then processed with 
pulse-width modulation to allow variable speed 
control, The motor is really a DC motor; see the 
entry on this type of motor for additional infor- 
mation, 


Values 


Because a basic AC induction motor is governed 
by the frequency of the power supply, the speed 
ofa typical four-pole motors limited to less than 
1,800 RPM (1,500 RPM in nations where SOHz AC 
is thenorm). 


Variable-frequency, universal, and wound-rotor 
motors overcome this limitation, and can reach 


Values 


speeds of 10,000 to 30,000 RPM. Synchranous 
motors typically run at 1,800 or 1,200 RPM, de- 
pending on the number of poles in the motor. 
(They run at 1,500 or 1,000 RPM in locations 
Where the frequency of AC is SOHz rather than 
60H2), 


Fora discussion of the torque that can be created 
by a motor, see "Values" (page 184) in the DC 
motor entry in this encyclopedia. 


How to Use It 


Old-fashioned record players (where a turntable 
supports a vinyl disc that must rotate at a fixed 
speed) and electric clocks (of the analogue type) 
weremajor applications for synchronous motors, 
Which used the frequency of the AC power sup- 
ply to control motor speed. These applications 
have been superceded by CD players (usually 
powered by brushless DC motors) and digital 
clocks (which use crystal oscillators). 


Many home appliances continue to use AC- 
powered induction motors. Small cooling fans 
for use in electronic equipment are sometimes 
‘AC-powered, reducing the current that must be 
provided by the DC power supply. An induction 
‘motor generally tends to be heavier and less ef- 
ficient than other types, and its speed limit im- 
posed by the frequency of the AC power supply 
isa significant disadvantage. 


simple induction motor cannot provide the so- 
phisticated control that is necessary in modern 
devices such as CD or DVD players, ink-jet print- 
ers, and scanners, A stepper motor, servo mo- 
tor, and DC motors controlled with pulse-width 
‘modulation are preferable in these applications. 


A reluctance motor may find applications in high- 
speed, high-end equipment including vacuum 
cleaners, fans, and pumps. Large variable reluc- 
tance motors, with high amperage ratings, may 
be used to power vehicles, Smaller variants are 
being used for power steering systemsand wind- 
shield wipers in some automobiles. 
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as a pivor, with both hands joined to prevent the knife 
from cutting the grafter—a whip-and-tongue is cre- 
ated when the scion and rootstock are sliced and then 
cut across in four (economical) movements. 

Hang the grafting tape around your neck so that you 
know where it is and it stays free of contamination, 
In most cases, speed is more important than 100 per- 
cent accuracy; increase speed by developing a routine 
when grafting, and avoiding useless movements. 

‘Try to hold the grafting knife in your hand at all 
times (e.g. in your little finger). 

Make sure that everything is ata height that is easy to 
reach, 


Record Keeping Maintaining good records is impor- 
tant for successful grafting 


+ Keep records on the grafiers to determine daily quanti- 
ties grafted; some oper- 
ations pay on a 
piecework or bonus 
system (see Chapter 
10). Records kept by 
the supervisor can be 
constructively used to help grafters improve their 
technique and efficiency (9). 

Keep records on the plant material to determine the 
optimum windows of time to graft (43) and to assure 
having the best available material to graft. Records 
should be kept on the conditions of the grafting 
material, grafting problems encountered, and after- 
care of the grafts. Should a crop failure occur, records 
can generally help pinpoint the cause and help man- 
agers improve efficiency (9) 

Importance of developing and sticking to a grafting 
time-line schedule. A timeline schedule is critical for 
commercial success (Fig. 12-46). 


piecework A bonus 
system awarded to 
workers when they 
exceed daily graft 
production quotas. 


AFTERCARE OF GRAFTED 
PLANTS. 


In Bench Grafting Systems 
Acommon method of bench grafting is to wrap the 
union with budding rubbers, poly or plastic tape, plas- 
tic clips and silicone tubing, biodegradable cloth tape, 
or older materials such as raffia. Depending on the 
wrapping material, the entire union may be covered 
with grafting wax. 


Root Grafting The ror grafts may be placed under 
refrigeration at 7°C (45°F) for about 2 months. For 
general callusing purposes, temperatures from 7 co 
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21°C (45 to 70°F) are the most satisfactory. The callus- 
ing period for apples can be shortened to around 
30 days if the grafts are stored ata temperature of about 
21°C (70°F) and ata high humidity. To use this higher 
callusing temperature, the material should be collected 
in the fall and the grafts made before any cold weather 
has overcome the rest period of the scion buds. After 
the unions are well healed, the grafts must be stored at 
cool temperatures—2 to 4°C (35 to 40°F)—t0 over 
come the “rest period” of the buds and to hold them 
dormant until planting (24). The root grafts are lined- 
out in early spring in the nursery row directly from the 
low-temperature storage conditions. 


Hot Pipe Callusing System — With some plants, the graft 
union should be kept warm, 24 to 27°C. (75 to 82°F), 
bur the roots and the buds on the scion should be kepr 
coal, about 5°C. (41°F), to prevent premature growth 
before the graft union has callused and healed together. 
‘An ingenious system for regulating temperature was 
developed for whip-grafting hazelnut (Corylus), which 
are notoriously difficult to root graft (Fig. 12-48). This 
hot-pipe callusing system keeps the graft union warm by 
recirculating hor water in a PVC pipe onto which the 
grafts placed. The scion and roots protrude into areas of 
lower temperatures to keep the plant dormant until 


ready for transplanting. This hot-pipe callusing system, 
when used outdoors in late winter or early spring, has 
increased the root grafting “takes” of hazelnut and other 
difficult-to-graft species (31). Some aeration of the cal- 
lusing grafts is required, so airtight containers should not 


Figure 12-48 
Hot-pipe callusing system for bench gratting difficult plants 
‘The graft union is placed in a slot ina large plastic pipe. 
Inside the large pipe is a smaller pipe through whieh 
thermostatically controlled hat water circulates, Insulating 
‘material laid over this pipe retains the heat. The protected 
roots and scions protrude into areas of cooler temperatures, 
hich retards their development, 


ah 
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be used. Virtually any graft used in bench grafting can be 
callused with the hot-pipe system, including apples, 
pears, peaches, and plums (32), and ornamentals such as 
Acer, Cedrus, Corylus, and Fagus. Not all species 
respond—the higher graft union temperature does not 
enhance graftage of spruce (Picea), for instance. 


Closed Case Waxing may be omitted if the bare-root 
grafts are to be protected from drying by packing the 
grafts in boxes containing slightly moist peat, Some pro- 
ducers still dip the grafts in rose wax from the scion end 
to the taped union of the graft prior ro boxing (51) 
‘Then the boxes are moved to a callusing room at 21°C 
(70°F) for about 12 days. Once the grafts have formed 
sufficient callus, the boxed geafts are held in cold storage 
at 2°C (35°F) until ourplanted in the field (51). Another 
form of the closed case is the use of a polytent in a 
heated greenhouse for callusing the grafts of potted 
rootstock liners (Fig. 12-4). Provided light irradiance is 
controlled, glass mason jars can be used as a closed-case 
system for grafted plants in containers (Fig. 12-49). 


Figure 12-49 
(aand b) A closed case system of covering containerized 
‘grafted plants with glass Mason jars (a) Uncovered plant 
Condensate is visible inside the glass jars. (b) These grafted 
plants are maintained under shade to reduce the light 
irradiance and minimize heat buildup. 


—H— 


Open Case (Open Bench) Grafting is also done in a 
temperature-controlled greenhouse or unheated poly- 
house (depending on the season). Waxing can be omit- 
ted in the bench grafting of potted rootstock liners by 
plunging the container and burying the graft in slightly 
moist peat moss or bark in a temperature-controlled 
greenhouse. The medium is bottom heated and kept at 
18 to 21°C (65 to 70°F) for 3 to 6 weeks for callusing; 
ideally, the air temperature should be cooler to discour- 
age any initial rop growth. Wrapping a graft with poly 
grafting tape is also sufficient without waxing 
Optimum periods for grafting selected ornamental 
species in a greenhouse are listed in Table 12-5. 


Outplanting of Bare-Root Grafts. As soon as the 
ground can be prepared in the spring, the grafts are 
lined-out in the nursery row 10 to 15 cm (4 to 6 in) 
apart. Grafts should be planted before growth of the 
buds or roots begins. If growth starts before the grafts 
can be planted, they should be moved to lower temper- 
atures (-1 to 2°C, 30 to 35°F). The grafts are usually 
planted deep enough so that the graft union is just 
below the ground level, but if the roots are to arise only 
from the rootstock, the graft should be planted with 
the union well above the soil level [i.e., 7 10 15.cm (3 t0 
G in)]. It is very important to prevent scion rooting 
where certain definite influences, such as dwarfing or 
lisease resistance, are expected from the rootstock. 

‘After one summer's growth, the grafts should be 
large enough to transplant to their permanent loca~ 
tion, If not, the scion may be cut back to one or two 
buds, or headed-back somewhat to force out scaffold 
branches and allowed to grow a second year. With the 
older root system—a strong, vigorous top is obtained 
the second year. 


Aftercare in Field and Nursery 
Grafting Systems 
Afiercare of fild- and nursery-grafted plants is described 
in “Production Processes of Grafiage” starting on page 
492. In the section “Types of Grafts" (page 466), see the 
descriptions for grafting 


and aftercare using such | crippling or loping 
grafts as the whip-and- | Bending (restriction) or 
tongue, four-flap, and | cutting halfway through 
inlay bark graft. Chapter | the rootstock stem 

11 describes heading- | above the bud union to 
back (lopping) as well | help force out the bud 
as the crippling tech- | and maintain growth of 
niques that are used in | the grafted plant. The 
field and container nurs- | rootstock tops are later 
eries to encourage the | cut off 
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Table 12-5 


“Optimum WinDows" oF THE YEAR WHEN SELECTED ORNAMENTAL SPEcies CAN Be GRAFTED 


IN THE GREENHOUSE IN OREGON, USA (43) 


‘Month 


Crop 


Feb. Mar. Apr. May 


June July Aug. Sept. Oct. Now Dec. 


Abies 
‘Acer palmatum 
Aesculus 
Carpinus 
Cedrus 

Cercis 

Corus 

Fagus 

Ginkgo 
Hamamelis 
Larix 
Lguidambar 
Uriodendron 
Picea 

Pious sop 
Wisteria 


x 
x 


Pee Sere 
moans 


HEHE EE HH EE HE HE 3 I HH 3 
xx 


x 
x 


x 


scions of grafted and budded plants to overcome the api- 
cal dominance of the rootstock and begin final produc- 
tion development. 


Aftercare in Tepworking Systems (Top-Grafting and 
Top-Budding) After the actual top-grafting (or top- 
budding) operation is finished, much important work 
needs to be done before the topworking is successfully 
completed. A good grafting job can be ruined by 
improper care of the grafted trees. 

‘The trees should be carefully inspected 3 to 5 days 
after grafting, and the graft unions rewaxed if cracks or 
holes appear in the wax, However, using wax in top-graft- 
ing pecan trees is not feasible, given the high-temperature 
conditions of Texas, so inlay bark grafts are covered with 
aluminum foil and polybags to control desiccation and 
heat stress during the grafting process (Figs. 12-13 and 
12-24), In Israel the grafis of topworked peaches have 
aluminum covers to reduce heat buildup (Fig. 12-24). 


FIELD, BENCH, AND 
MISCELLANEOUS GRAFTING 
SYSTEMS 

Some of the different grafting systems have been 
described in the sections on types of grafting and the 
production processes of graftage. Grafting systems 
are categorized as field, bench, and miscellancous graft- 
ing systems (Table 12-6). 


Field Grafting Systems 
Crown Grafting The crown graft originally referred 
to scions grafted onto 
larger rootstock. The 
large rootstock stem 
was grafted with a 
number of scions, 
which sometimes were 


crown grafting 
Grafting that is done at 
the crown of the 
rootstack, which is the 
junction of the root and 
shoot system. In earlier 
times it referred to 
grafting several scions 
ina crownlike circle 


in a crown-like circle 
(19), Today, the term 
includes grafting onto 
an established rootstock: 
with single or multiple 
scions, using the whip- 
and-tongue, cleft, wedge, side-veneer, inlay bark graft, 
and others. The choice of the graft depends on the 
species and size of the rootstock. In California, seedling 
walnut trees are planted in the nursery and then grafted 
at the crown—close to the junction of the roor and 


onto an established 
larger rootstock 


shoot—of the rootstock. 

Crown grafting of deciduous plants is done from 
late winter to late spring. In cach species, grafting 
should take place shortly before new growth starts. The 
scions should be prepared from mature, dormant wood 
of the previous season's growth, 

IF the graft is above the soil level, the union must 
be well tied (or nailed) and sealed to firmly hold the 
graft and prevent desiccation, However, when the oper- 
ation is performed just below, at, or just above the soil 


abe 


Table 12-6 


Fieto, BENCH, AND MISCELLANEOUS GRAFTING SYSTEMS 


Field Grafting Systems 
* Crown grahage 
+ Topworking 
+ Frame working 
ir graftage—see page 487 
working (by grafting and budding}—sometimes bench grafted 


Bench Grafting Systems—see page 502 
* Root graftage 
+ Nurse-root graftage 


* Grafting of plants in liner pots under protected culture 
‘+ Herbaceous grafting—including grafting of vegetable crops 
‘+ Approach graftage—sometimes field grafted 


Miscellaneous Grafting Systems 


* Cutting grafts—simultaneous raoting and grafting (stenting) of roses, citrus, etc. 


“= Micragrafting 


level, it is possible to cover the graft union, or even the 
entire scion, with soil and thus eliminate the necessity 
for waxing or ceiling. In all cases, the union should be 
tied securely with tape to hold the grafted parts 
together until the graft takes. 

Topworking Topworking is used primarily ro change 
the cultivar of an estab- 
lished plant—tree, shrub, 
or vine—by grafting (see 
Fig, 12-24). Topworking, 
can be done with any of 
the apical or side graftage 
grafts described earlier in 
this chapter, depending, 
con the plane species. This procedure may be preferred to 
removal and replacement of the entire plant, since a 
return to flowering and fruiting is faster with topworking, 
an established plane than with transplanting a new nurs- 
ery plant—particularly if the topworked plant is young, 
healthy, and well cared for. Plants that are old, diseased, 
or of a short-lived species are not satisfactory candidates 
for topworking. 


topworking Using 
either top-grafting or 
top-budding when a 
scion is grafted or 
budded onto an 
established plant in the 
orchard 


Preparation for Topworking. ‘Top-grafting is usually 
done in the spring, shortly before new growth starts. 
‘The exact time depends on the method to be used. The 
cleft, side, whip, and wedge grafts can be done before 
the bark is slipping, bur the bark graft must be done 
when the bark is slipping, preferably just as the buds of 
the stock tree are starting to grow: 

Iris usually advisable to obrain an ample amount 
of good-quality scionwood prior to grafting and store it 


= 


under the proper conditions, although for broad-leaved 
evergreens, such as avocado or citrus, scionwood can be 
collected at the time of the grafting operation, See the 
earlier section on the selection and handling of 
scionwood (page 496) 

In preparing for topworking, one must decide for 
each individual rootstock tree how many scaffold 
branches, if any, should be used (usually 3 to 5). 
However, no scaffold branches are retained when top- 
working pecans in Texas with the inlay bark method. 


Double-Werking (Grafting or Budding) A double- 
worked plant has three genetically distinct parts: the 
rootstock, the interstock, and the scion (Fig. 12-50). 
Such a plant has two unions, one between the rootstock 
and interstock and one between the interstock and the 
scion. The interstock may be less than 25 mm (1 in) in 
length or extensive enough to include the trunk and 
secondary scaffold branches of a tree. 

Double-working is used for various purposes (see 
Chapter 11 and Chapter 13). Examples of double-work- 
ing are (a) the propagation of ‘Bartlett’ pears on quince 
asa dwarfing rootstock by using a compatible interstock 
such as ‘Old Home’ or ‘Hardy’ pear (Fig. 12-50, page 
506), and (b) the propagation of dwarfed apple trees 
consisting of the scion cultivar grafted onto a dwarfing 
"M 9’ or ‘M 27’ interstock that is grafted onto a more 
vigorous rootstock such as MM 106,"°M 111," or apple 
seedlings (Fig. 11-11) (10). Another form of double 
working is using a bridge-graft with a dwarfing rootstock 
(as the interstock) on older, mature apple rootstock in 
an established orchard, as previously described (53). 
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Several methods are used for developing double- 
worked nursery trees. The grafting in these techniques 
can be done with the whip graft: 


+ Rootstock “liners"—seedlings, clonal rooted cuttings, 
or rooted layers—are set our in the nursery row in 
carly spring, These are then fall-budded with the inter- 
stock buds, growth from which, a year later, is fall- 
budded with the scion cultivar buds. Generally, 3 years 
are required to produce a nursery tree by this method, 

+ The interstock piece is bench grafted onto the rooted 
rootstock—either a seedling or a clonal stock—in 
late winter. After callusing, the grafts are lined-out in 
the nursery row in the spring, and fall-budded co the 
scion cultivar, By this method, the nursery tree is 
propagated in 2 years. 

+ A variation of the previous method is ro prepare, by 
bench grafting, two graft unions—the scion grafted 
to the interstock and the interstock grafted to the 
rooted rootstock. After callusing, the completed 
graft, with two unions, is lined-out in the nursery 
row. Depending on growth rate, a nursery tree can be 
obtained in 1 or 2 years. 


Figure 12-50 
‘There are three 
genetically distinct parts 
and twa graft unions in a 
doublawarked plant. The 
"Bartlett pear scion is 
grafted on an 'Old Home! 
pear interstock—then 
grafted to quince 
rootstack 


+ Double-shield budding (T-budding) is used for dou- 
ble-working in one operation by budding (Fig. 
13-21). A nursery tree is produced in 1 year or, if 
growth is slow, 2 years after budding, 

+ The interstock shoots still on the plant can be’T-budded 
in late summer with the scion buds inserted about 
15 cm (6 in) apart. During late winter, the budded 
interstock shoots are removed with the budded scion at 
the terminal end of each piece and bench grafted with a 
whip graft onto seedling roorstocks. After callusing, the 
completed graft—now consisting of rootstock inter- 
stock and a budded scion—is ready for planting in the 
nursery row (16). 


Bench Grafting Systems 
‘The rerm bench grafting (bench working) tradi 
ally refers to any geaft procedure performed on a root- 
stock and scion that are not initially planted, including 
root graftage, nurse-roor graftage, or any graftage per- 
formed on bare-root rootstock. Bench grafting also 
applies to potted liner rootstock thar is grafted on a 
bench or table, as is commonly done with selected 


= 


(d) 


woody ornamental species (43) or selected vegetable 
crops (Fig. 12-51) (29). Certain approach grafts are 
bench grafted, while others, such as the spliced 
approach graft of mangos in India, are field grafted, 
with the potted rootstock grafted to the established 
scion in the field. 

Herbaccous types of plants are grafted for various 
purposes, such as studying virus transmission, stock- 
scion physiology, and grafting compatibility, as well as for 
the commercial greenhouse and field production of 
selected vegetable crops, particularly in Japan, Korea, and 
Europe (Fig. 12-51). The rootstock is grafted shortly 
after seed germination, while the plants are quite small. 
Such material is generally very soft, succulent, and sus- 
ceptible to injury. The one cotylendon graft (OCG) or 
Japanese tube graft, is described in detail (see Figs. 12-6, 
12-7, and 12-46) (21). Automated procedures of veg- 
table grafting using robotics and plastic grafting clips 
were described earlier (Figs. 12-43, 12-44, and 12-45). 


Miscellaneous Grafting Systems 
Cutting-Grafts In the curting-graft, a leafy scion is 
grafted onto a leafy, unrooted stem piece (which is to 
become the rootstock), and the combination is placed 
ina rooting medium under intermittent mist for simul- 
tancous grafting and rooting of the rootstock. Leaves 
‘must be retained on the rootstock piece in order for it 
to root. This procedure was utilized many years ago in 
studying stock-scion physiology in citrus (20), and has 
been used in commercial propagation of various types 
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Figure 12-51 
(22nd b) Bench grafting of 
vegetables in Canada and 
Japan. () Machine grafted, 
‘cucumber cuttings, 

(2) Growing grafted seedlings 
indoars under actifical lights 
(29), countess © Kubore 


of citrus on clonal dwarfing rootstocks (13). Iris also of 
value in propagating certain difficult-to-root conifers 
(55), thododendrons (15, 41), and macadamias (1), as 
well as a number of 
apple, plum, and pear 
cultivars (44). Ie is used 
in the Netherlands and 
Israel in propagating 
greenhouse roses, where it is called stenting (Figs. 
12-52 and 12-53) (58, 59). 

For citrus, a simple splice graft is used. The slope 
of the cut is at a 30-degree angle 1.3 to 2 cm (1/2 to 
3/4 in) long; the union is tied with a rubber band. The 
base of the rootstock is dipped into an auxin, such as 
IBA, and then the grafts are placed under mist, or in a 
closed case, in flats of the rooting medium over bottom 
heat. After healing of the union and rooting of the stock, 
the grafts are allowed to harden by discontinuing the 
‘mist and bottom heat for about 2 weeks. Then the grafts 
are ready to be planted in 3.8-liter (I-gal) containers. 


stenting A Dutch term 
for simultaneously 
grafting and rooting the 
rootstock 


Micrografting Grafting of tiny plane parts can be done 
aseptically using tissue culture techniques described in 
Chapters 17 and 18, in which the small grafts are grown 
in closed containers until they are large enough to be 
transferred to open conditions. Micrografting has been 
used mostly with citrus, apple, and some Prunus species 
to develop virus-free plants, where a virus-free shoot tip 
can be obtained bur cannot be rooted. The shoor tip is 
grafted aseptically onto a virus-free seedling, thus pro- 
viding a complete virus-free plant from which other 
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Figure 12-52 
Simultaneously grafting and 
rooting roses for cut flower 
production in lsraal. (a and) 
Rooting in Rockwool racting 
blocks, (b and ¢) Grafted rose 
with plastic graft lip for 
simultaneous racting and 
successful callus bridge 
formation. (c) Rooted, 
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Figure 12-53 
Rates in the Netherlands being propagated by simultaneous raating and grafting. (a) Lef: Shoot cut apart to be used for 
rootstock. Only internadas are used. Right: Sections cut for scions. One leaf is used per scion. (a) Saddle graft made with an 
(Omega grafting machine. (c) Graft wrapped with tape for healing. (d) Completed graft with union healed and stock wall rooted, 
ready for planting, In the Netherlands this process is called “stenting,” a contraction of the Dutch wards stekken ("to strike a 


cutting”) and entan ("to graft”) Courtesy P A Vande Po 8,57) 
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“clean” plants can then be propagated (8, 25, 27, 46). 
‘Tests conducted some years after the shoot-tip grafts 
were made and the resultant trees were fruiting showed 
thar the fruits were normal for the cultivar, disease-free, 
and with no variations appearing (45). The procedures 
for micrografting are described in Chapter 17. 
Micrografting can also be done without tissue 
culture techniques. The non-asepric propagation of 


DISCUSSION ITEMS. 


very small nursery trees by grafting tiny seedlings with 
‘march-like scions, chen growing the minute grafts long 
enough co have a viable plant, is a promising procedure 
(60). This is useful particularly in the tropics, where 
nursery plants sometimes must be shipped long dis- 
tances, often by air, into inaccessible regions. 
‘Quantities of such tiny plants can be transported much 
‘more readily than full-sized nursery trees, 


1, What are five important requirements necessary 
for successfully producing a grafted plant? 

2. What are the three major types (classifications) of 
grafts, and whar criteria are used co categorize a 
specific graft into one of these three types? 

3. What are the three types of nurse-root grafis? Why 
use an expensive process such as nurse-roor grafting? 

4. How does approach graftage differ from repair 
graftage? Give examples of grafts used. 

5. Why are grafting waxes nor used as much today as 
in the past? What kinds of substitutes are being 
used in their place? 

6, Why is there increased interest in grafting auroma- 
tion/roborics? 

7. What are some important considerations in the 
collection, handling, and storage of scionwood for 
grafting? 
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What Can Go Wrong 


Compared with other devices that have moving 
parts, the brushless induction motoris one of the 
most reliable and efficient devices ever invented. 
However, there are many ways it can be dam- 
aged. General problems affecting all types of 
motors are listed at “Heat effects" (page 188). 1s- 
sues relating specifically to AC motors are listed 
below. 


Premature Restart 

Large industrial three-phase induction motors 
can be damaged if powers reapplied before the 
motor has stopped rotating. 


Frequent Restart 
Ifa motoris stopped and started repeatedly, the 
heat that is generated during the initial surge of, 
current is likely to be cumulative, 


Undervoltage or Voltage Imbalance 
Avoltage drop can causethe motorto draw more 
current than itis rated to handle. Ifthis situation 
persists, overheating will result. Problems also 
are caused in a three-phase motor where one 
phase is not voltage-balanced with the others. 
The most common cause of this problem is an 
open circuit-breaker, wiring fault, or blown fuse 
affecting just one of the three conductors. The 
motor will try to run using the two conductors 
that are still providing power, but the result is 
likely to be destructive. 


electromagnetism > rotational > ac mator 


Stalled Motor 

When power is applied to an induction motor, if 
the motor is prevented from turning, the con- 
ductors in the rotor will carry a large current that 
is entirely dissipated as heat. This current surge 
will either burn out the motor or blow a fuse or 
circuit breaker. Care should be taken, in equip- 
ment design, to minimize the risk that an induc- 
tion motor may stall or jam. 


Protective Relays 

Sophisticated protective relays are available for 
industrial 3-phase motors, and can guard against 
all of the faults itemized above. Their details are 
outside the scope of this encyclopedia, 


Excess Torque 

As has been previously noted, the torque of an 
induction motor increases with the slip (speed 
difference) between therotation ofthe magnetic 
field and the rotation of the rotor. Consequently, 
ifthe motoris overloaded and forced to run more 
slowly, it can deliver more rotational force. This 
can destroy other parts attached to the motor, 
such as drive belts. 


Internal Breakage 

Anoverloaded induction motor may suffersome 
cracking or breakage of its ator. This may be ob- 
vious because of reduced power output or vi- 
bration, but can also be detected if the motor’s 
power consumption changes significantly. 
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Wild garlic Allinyy camaddense 
Abo odie rumen, autumn 


Habitat: common, open woodlands, fields, prairies. Identification: perennial 
berb wo 58 cm (23 in) high; underground bulb brown, egg-shaped 10 nearly 
alohe-shaped, 2-3 em (0.8-1.2 in) across. Stem (scape) erect. Leaves several, 
from or near base, linear, to 39 cm (13.8 in) long, 2-5 mm (0.1~0.2 in) wide, 
rarely wider, flat, flexible, with strong anion ador when broken, shiny green 

Plower (spring) clusters consist of several tiny white to purple bulbils (rxinia- 
ture bulbs) amd zero to few pink to white flowers on long, flexible stalks. 
Fruiting capsules rounded os nearly so, 2~3 mm (0.1 ia) long, 3-pasted, smooth 
‘on top; seeds triangular, tiny, black. Harvest: Use whole plant in early spring 
before flower stalk appears, or use bulbs in spring and fall. Bundle bulbs with 
15~20 cm (6-8 in) stems and dry at room temperature for later use. Pick green 
top bulb clusters on flower stalk in lace spring before ripe. Preparation: For 
salad or vegetable, remove tough outer layers of young whole plant. Chop into 
‘green salad or boil whole for V2 hein sulted water, then drain, season with butter, 
and serve. For soup, use drained-off water to make cream of onion soup. Com- 
bine 1 qeonion water, 2 tbsp bucter, 1 cup half-and-half. Add smooth mixture of 
2 thsp flour in milk, heat to simmer, and serve. Use this plant in any soup recipes 
calling for onions or with many cooked vegetables and meats. For other uses, see 
wuDowios (preceding). Relaed edible species: win owiow, wi.o une (next), and 
several other Allinm species. Poisonous look-alikes: See wi.n omion. 


Wild leek, Ramp Allin tricvccum 
Als edible summer, autumn 


‘Habitat: rich, neutral, moist woods, frequently under maples. Identification: 
colonial herb. Leaves directly from bulb, 2 ar 3 in number, 10-30 em (4~12 

in) long, 2-6 em (0.8-24 iu) wide, light green, smooth, fleshy, onion scented, 
appearing in early spring, shrivel by flowering in midsummer. lowers sll, 
white, in hemispherical cluster on leafless stalk 15—40 em (6-16 in) all, Fruit 
capsule small, 3-lobed, each lobe with 1 hard seed. Harvest: young tops before 
they unfurl into broad leaves; bulbs from early spring through autumn. Prepara- 
tion: add fine-chopped young leaves to salads oF boil whole for 20 min in salred 
‘water, drain, season, and serve. Excellent in soup. Bulbs excellent pickled, 
chopped in silads, cooked alone, or with meat or other vegetables. Add chopped 

fine bulbs to mashed potatoes. For fried leeks parboil 3 min, drain, add more 
‘water, boil until ender. Saute in burter, serve covered with bread crumbs. Can- 
tion: Leeks are often very strong flavored and may cause gastric distress. Eat 
sparingly. Related edible species: wup oow, wap Ganuc (preceding), and sev- oO 
eral other Allium species. Poisonous look-alikes: See wD oxioN. 
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Corn lily, Clincon’s lily Clintonia borealis 


Habitat: rich woodlands, deep thickets, higher elevations, cool moist sites. 
Identification: perennial herb to 40 cm (16 in) high, from a slender under- 
ground stem (rhizome); each plant sith 2-5 large basal leaves. Leaves usually 
broadest near or above the middle, 10-38 em (A—15 in) fomg, 4~14 em (1.6~5.5 
in) wide, pointed a tip, entire along margin, dark shiny green. Plowers 3-8 at 
top of erect stalk, nodding, each with 6 greenish-yellow, narrow petallike struc~ 
tures 1,3-1.8 em (0.5-0.7 in) long. Fruits are globe-shuped, bright blue ber- 
ries 8-10 mm (0.304 in) in diameter. Harvest: Gather leaves before fully 
‘unfurled. Fully formed leaves are tough and unpleasant tasting, Preparation: 
Chop young leaves into salad with other greens of the season, Boil leaves about 
10 min and serve with butter and seasonings. Related edible species: White 
lintonia (C, wmbellara) has white flowers and black fruit. Poisonous look-alikes: 
Be pusitive of corn lily's young-groweh identification features because some simi- 
lar-looking species are poisonous. 


Asparagus Asparagus officinalis 
Habitat: roadsides, disturbed sites, especially sandy and well-drained soils. 
Identification: perennial berb 1-2 m (3.36.6 fi) high from thick, white, un- 
<derground stem (chizome); stems upright, often branched, green, becoming very 
slender at top. Leases alternate, reduced to small scales, lance-shaped, to 2.5 em 
(1 in) long. Flowers produced along upper stems, usually singly or in pairs, 
banging on slender stalk, narrowly bell-shaped, 36 mm (0.1~0.2 in) long, 
‘yellow to greenish-yellow, G-lobed. Fruits ace globe-shaped berries 4-8 mn 
(0.20.3 in) én diameter, bright red, fleshy, containing 36 black seeds. Har- 
‘vest: identical to cultivated asparagus. Locate by presence of dried Christmas 
tree-shaped stalks of previous year. Slice off young stalks just below ground level 
when green shoots protrude only a few inches. More shoots will grow, allowing 
reharvesting. Caution: Arofd alder stalks and other parts, which are mildly taxic 
Preparation: Wash stalks and peel off any tough covering near base. Tie stalks in 
bundle and steam or boil until tender, usually 10-15 min. Serve with butter and 
‘seasonings or cream sauce. Excellent prepared as cream soup. See any vegetable 
cookbook for other recipes, Related edible species: none. Poisonous look- 
alikes: none 


Eastern camass: flower and field ( 


Common greenbrier: fruiting branch (Eli 
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Eastern camass, Camass lily Camassia silloides 
Ali elle summer, autumn, winter 


Habitat: fields, wee meadows, moist open woodlands. Identification: perewmi- 
ul berb from a globe-shaped bulb 1-3 cm (0.4~1.2 in) in diameter. Leaves ut= 
tached at hase, long-narrow, 20-60 emt (7.9-23.6 in) long, $=17 mm (0.2-0.7 
in) wide, pointed at tip. Flowering stalk upright 0 60 em (24 in) tall; stalked 
flowers in narrow cluster; euch flower with 6 white, blue, or violet petals or 
petallike structures 7-12 mm (0.3~0,5 in) long. Fruit small, nearly globe- 
shaped, 3-parted capsule 6-12 mm (0.2~0.5 in) in diameter. Harvest: Dig or 
pull bulbs any season; safest when blue flowers distinguish it from pear cauass. 
Dig and transplant in ground free of pearatcamass, Study descriptions of oar 
caus carefully. Preparation: Raw bulbs are palatable. May be boiled 25-30 
‘min or baked in foil for 45 min at 175°C (350°F) but best preparation is the pit 
method used by Indians and described in the Introduction, ia which eastern 
camass is baked for 1-3 days. The baked bulbs are very dark and sugary. Slice 
pit-baked or boiled bulbs, Then dry in sun or warm oven before storing in paper 
hag in dry place. Bulbs can he used as a potato substitute, Related edible spe- 
cies: wrstean camass. Poisonous look-alikes: oravi casas, narrow-leaved 
plants with green, white, or bronze flowers, single or several in narrow spike. 


Common greenbrier, Catbrier Smilax rotundifolia 
Ali edile summer 


Habitat: common plant of roadsides, secondary woodlands, woodland clearings, 
screamsides, thickets. Identification: climbing perennial vine, stems tough, 
becoming woody, aften strongly 4-sided, green, tendrils many, armed with 
stout, sharp thorns, Leaves alternate, deciduous to almost evergreen (southern 
ppart of range), 4—10 em (1.6-4 in) long, nearly as wide, broadest near base to 
nearly circular, pointed at tip, entice along margin, leathery, dark shiny green. 
Vines bearing either male or female flowers in several-flowered, flat-topped clus- 
ters, green or yellow. Fruits bluish-black berries, globe-shaped 3-9 mm (0,2— 
0.4 jn) in diameter, often containing 2 or 3 seeds. Harvest: Gather new shoots 
and growing tips, plus uncurling leaves and tendrils, while they are sill crisp and 
tender during spring and summer. Preparation: excellent raw as tail nibble. For 
salads use tenderest parts raw or boil slightly older tips 2-3 min, drain and cool. 
‘Add your favorite salad dressing, Steam or boil bundled shoots like asparagus or 
boil tendrils, leaves, and shoots together like spinach. Cook unc tender and 
serve with sauces and seasonings as you would other vegetables. Related edible 
species: several other Suilax species, including susan and canniox nowER 
(next). Poisonous look-alikes: none. 
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Bullbrier, Greenbrier Smile bonne 
Alin edible resmer 


Habitat; open woodlands, fields, abandoned farmlands, condsides, disturbed 
sites. Mdentification: perennial climbing vine, stems 4-sided, becoming woody, 
frequently branching, green, tendrils present, with scattered stiff thorns oF thorn- 
less. Leaves alternate, deciduous, 48 em (1.6~3.2 in) long, triangular in shape, 
broadest near base, pointed at tip, entire or with few sharp teeth along thickened 
margin, almost leathery texture. Vines with either male or female flowers in 
several flowered, rounded or flar-topped stalked clusters, Fraits black berries, 
lobe-shaped oF nearly $0, 6~9 mem (0.20.4 in) ém diameter, usually L-seeded. 
Harvest and preparation: shoots, tips, tendrils, leaves same as COMMON GRE. 
twuiek, Also, dig and clean tuberous roots. Cut them into short pieces and pound 
them in metal container until bers are separated and gelatinous sediment is 
released, Wash sediment from fibers and allow to settle. Strain out fibers and 
other floating matter. Carefully pour off water and allow sediment to dry and 
tum red, Boil | tbsp powdered sediment per cup of water for 10 min, Cool to 
make jelly or dilute and sweeten for drink. Also use powder as thickener for 
stews or substirure for part of flour in pancake batter. Related edible species: 
COMMON OREENORIER (preceding) and CARLION moweK (next), Other tuberous- 
rooted Smilax species, such a5 China-roor (S. tammoides) in the East and S, cali- 
Jfornica in the West, are usable for gelatin. Poisonous look-alikes: none. 


Carrion flower Smilax: berbacva 
Alin odie summer 


Habitat: open woodlands, margins of woodlands, roadsides, fields. Identifics 
tion: perennial climbing ene; green stems, never woody, freely branching, ten- 
rile present, lacking prickles or thorns. Leaves alrernate, deciduous, broadest 
near base ro almost rounded, pointed to rounded at tip, heart-shaped to rounded 
at base, entire along, margin, becoming leathery. Vines bearing either male or 
female flowers on long stalks from junctions of uppermost leaves; flowers in 
densely-clustered rounded heads, Frits in dense, rounded clusters, each frwit a 
berry, globe-shaped, #12 mm (V.3~0.5 in) 4m diameter, dark blue to blnish- 
black, containing several seeds, Harvest and preparation: same as for comNion 
‘ciwenuniex and SULLMAIFR (preceding). Related edible species: comoss onres. 
tuxen and nuttERIER, Poisonous look-alikes: none. 
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Bullbrier: flowering and fruiting b 


Carrion flower: flowering branch (NYBG). Fruiting branch (Kavasch), 
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servo motor 


Should be referred to as an AC servo if it is intended for use in small devices that are 
remote-controlled and battery powered. However, in practice, the RC acronym is often 


omitted, 


OTHER RELATED COMPONENTS 


See Chapter 23) 
+ Demeter (See Chspie: 22) 
« stepper motor (See “hap te 25) 


What It Does 


Aservo motor is actually a combination of amo- 
tor, reduction gearing, and miniaturized control 
electronics, usually packaged together inside a 
very compactsealed plasticcase, The motoritself 
may be AC or DC, and if DC, it may be brushed or 
brushless. What distinguishes a servo from other 
types of motor is that itis not designed for con- 
tinuous rotation. It is a position-seeking device. 
Its rotational range may be more than 180 de- 
grees but will be significantly less than 360 de- 
grees. Two typical RC servos are shown in 
Figure 24-1. A side view of a motor is shown in 
Figure 24-2. 


‘The electronics inside the motor enclosure inter- 
pret commands from an external controller. The 
command code specifies the desired turn angle 
measured as an offset either side of the center 
Position of the motor’s range. The motor turns 
quickly to the specified position and stops there. 
So long as the command signal continues and 
power to the motor is sustained, the motor will 
hold its position and “push back” against any ex- 
ternal turning force. In the absence of such a 
force, while themotorisstationary, twill use very 
little current, 


Figure 24-1. A typical RC serve matar 's capable af mare 
than 50 inch-ounces af torque yet can be dhven by three 
‘or four AA alkaline cells in series, and weighs under 2 oun 


The electronics inside a typical RC servo motor 
are shown in Figure 24-3. 


How It Works 


Servo motors are generally controlled via pulse- 
width modulation (PWM). 
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Cattail Typha latifolia 
Al edible semen, antume, winter 


Habitat: shallow water of lakes, ponds, bays, ditches, marshes. Identification: 
large upright perennial herb to 3 m (9.8 ft) cal, with large stout, horizontal un- 
derground stems (rhizomes). Leaves sheathing at the base of stem, [2.5m 
GB.2-8.2 fr) long, 8-24 mm (0.3-0.9 in) wide, narrow, swordlike, pointed at 
ip, grayish green, Flowers ut tip of erect stalks, tiny male flowers densely clus- 
tered in narrow, cylinder-shaped mass directly above female flowers densely 
clustered in a eylinder-shape 5~20 em (2-8 in) long. Praits in eigur-sbaped 
clusters 2-3.5 cm (0.8-14 in) thiek which break apart in soft doway-haired 
seeds in auruma, Harvest and preparation: In early spring, dig up roots to 
locate small, pointed dormant sprouts at ends of roots. Sprouts are edible raw oF 
cooked. Later, similar sprouts appear on roots at bases of leaves, From then until 
plants are 60-90 cm (2-3 fe) tall, erasp leafy stalks below water surface and pull 
straight up, usually breaking stalks off at root. Peel away tough leafy layers to 
tender core, about 12 mm (0.5 in) diameter and to 30 em (12 in) long. This 
‘Cossack asparagus” is excellene raw, eaten like celery, or sliced into a salad, Or, 
cover cores with boiling water and simmer about 10 min. Serve with butter, salt 
and pepper or with oil-and-vinegar. Later pick green bloom spikes while still in 
papery sheaths and before pollen ripens above them. Remove sheaths and boil 
spikes in slighty salted water until tender, Bat like corn on cob, or scrape: ids 
from cores for “corn” casserole. As pollen ripens, shake and rub it off stalks inco 
container. Sift rough fine screen to remove nonpollen materials. Substitute for 
part of flour in muffin, frie, or pancake batter, For white flour, dig roots from 
fall through early spring. Wash and peel roots, crush cores thoroughly in contain- 
cr of water, and strain out fibers. Wash resulting starch several times, leting it 
settle and carefully pouring off water after each washing. Dry thoroughly for 
storage or use wet. Related edible species: waxnow-tsAvED carrait (next). Poi- 
sonous look-alikes: stalks and roots of wild iris species (including vau0% FLAG, 
suk FAG). Harvest cattails where old stalks are abundant. 


Narrow-leaved catcail Typha angustifolia 
Alte edible tammer, autumn, winter 


Habitat: ponds, lakes, swamps, bays, ditches. Identification: Jarge upright pe- 
rennial herb to 2.10 (6,6 ft) tall, with chick, horizontal, underground stems ( 
2omes). Leates sheathing at base of stem, 0.6-1.5 m (2-5 ft) long, 3-8 mm 
(0.1-0.3 in) wide, very marrow, strap-shaped, flattened, pointed at ip. Flowers 
at tip of erect stalks, tiny male flowers densely clustered in narrow, cylinder- 
shaped column 2.57.5 cm (1-3 in), shaced at intertals above the larger, 
brown, eylinder-shaped clusters of female flowers 3~12 cm (1.24.7 in) long, 
Fruits are narrow, cigar-shaped elusters $~15 em (2~6 in) long which break 
apart into soft, downy-haired seeds in autumn. Harvest and preparation: same 
as for cartatt (preceding). Related edible species: carrsit- Poisonous look- 
allikes: See carrait for details 
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Hard-stem bulrush Scirpus acasus 
Ali edible cxmaer.antume, sinter 


Habitat: shores of ponds, lakes, streams, rivers, marshes. Identification: peren- 
nial berb 1-3 rm G3.2-9.8 fo high, from thick, cough, brownish underground 
stems (rhizomes); stems upright, roundel, stiff, yellowish-green, unbranched, 
leaf blades absent or sometimes present, £0 10 cm (4 in) long, Flowering heads 
(spikes) densely clustered and originating from ane place near the tip of the 
stem, with 1 to several stalks each bearing several heads, each head cylinder- 
shaped, 8-18 mm (0.30.7 in) long, composed of several overlapping scal 
Fruits are hard, somewhat flarcened seeds 2—3 mm (0.1 in) long, Harvest: See 
‘ouear sutkustt (next). Preparation: Peel and cut firm older roots into sections 
Crush them and boil in water uatil you have white gruel. Separate out any fibers 
and dry gruel inco flour. For biscuit dough, add oil and water 10 reach right 
consistency. Add salt and baking powder, knead and roll to about 14-in thickness, 
Bake ac 230°C (450°F) or twisted on stick by campfire, Also prepare flour by 
drying cleaned roots thoroughly, crush, and remove fibers, Pound and geind re= 
‘maining material into flour. Use pollen as flour additive. Also grind seeds to use 
alone or with pollen ancl root flour for baking. Also see oxsaT nuinust, Relaved 
edible species: All North American Scirpus species may be edible. Poisonous 
look-alikes: none because the fruiting pattern is distinctive, 


Great bulrush, Tule Scirpus ralidus 
‘Ale edible somemer,antume, winter 


Habitat: shallow water of lakeshores, ponds, and streams; fresh and brackish 
water marshes. Identification: perenwial herb co 3 m (9.8 ft) high from tough, 
reddish scaly underground scems (chizomes); stems upright, rounded, soft, pale 
green, unbranched: Wea blades absent. Flowering heads (spikes) produced near 
Hem tips, with several stalkes, branched clusters, each head ega-shaped, 0.41 
cm (0.1-0.4 in) long, somewhat flattened, composed of a series of overlapping 
scales. Fruits hard, flattened seeds 2-3 mm (0.1 in) long. Harvest: Buleushes, 
like cavraits, provide food year-round. Cut off young shoots in early spring or 
when they've formed in aurumn. Later remove cores from bases of older stalks. 
Shake and beat pollen from stalks intn bucker in summer and recurn to collect 
seeds the sume way from late summer into winter. Dig up roots year-round co use 
firm, sweet ones as vegetable or as sugar source and older ones for flour. Prepa- 
ation: Peel new shoots and youngest rootstocks and separate cores from older 
stalks. Bat them raw, sliced in salads, or boiled, Roast young shoots and roots, or 
slice and fry like poraroes, Bruise young roots and boil for several hours, boiling 
‘olf water to produce sweet syrup. For other preparations, see Hakb-srew ULMUsi 
(preceding). Related edible species: 1i9un-sri¥ nuitust. Poisonous look- 
alikes: none, 


Hard-stem bulrush: flowers (Speas), 


Great bulrush: fruiting (Kavasch 
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Pigweed, Redroot Amaranthus retreflesns 
Aue eie samover, ante 
Habiat: common and widespread; especially recently abandoned land, waste 
areas, roadsides, Identification: caerse annual herb to 2 m (6.6 f0) high; stem 
upright, stout, usually branched, Lestes alternate, long-stalked, broadest near 
base, 5-10 6m (2-4 in) long, 2.5-6 em (12.4 in) wide, blunt to shore pointed 
wavy along margin, Flowers lace summer and fall, densely crowded an 
narrow spikes 6-18 cm (2.47.1 in) long, on upper part of stem. Fruits fla 
ened, 1-2 mm (0.1 in) across, dry, each partially enclosed by rigid pointed 
bracts 5-8 min (0.20.3 in) long; setts sounded, shiny black, tiny. Harvest: For 
_areens, pick young leaves when plants are only a few inches tall and before stem 
becomes woody. Use leaves fresh or dry. Pick seed clusters as plants macure but 
before sceds begin to drop. Dry, thresh by shaking or trampling, winnow by 
shifting in breeze. Dry on tay at 1XP°C (375°F) for 40—30 min, stirring occasion- 
ally. Store in paper bag in dry place. Preparation: Fresh greens excellent as 
potherb, Boil for 10-20 min until tender and serve with seasonings and butter, 
For livelier favor, boil with other greens such as mustard or dandelion, or add 
vineuar, bacon, hanl-boiled engs, or grated cheese. For walad, use fresh young, 
leaves as major component of tossed salad. Use dried leaves in soups. Seeds 
edible whole ar ground into meal using food mill or scones. For muffins, combine 
| cup pigweed meal, 15 cup whole-wheat flour, 2 tsp baking powder, | 
tbsp honey, brown sugar, or molasses. Add 2 en yolks, 114 cups m 
‘cup butter. Blend until mix is moist. Bear 2 egg whites until stiff and fold into 
‘mix. Bake in greased muffin tin abour 20 min at LPC (375°F). Makes approxi 
‘mately 18. Thin batter with milk for pancakes. Related edible species: ont 
PlowrED (next) and several other Amantnthie species. Poisonous look-alikes: 


Since pigweed is a concentrator of nitrates, plants from nitrate-fertilized areas 
should be eaten only in moxleration. 
Green pigweed Amarantas bybrids 


Ali eile sumer, autaran 


Habitat: common and widespread in eastern and midwestern North America; 
fields, roadsides, disturbed sites. Identifications coarse annual herb to 2m (6.6 
fi) high; stems upright, with several upright branches, Leaver alternate, long 
stalked, broadest below or near middle, 815 em 3.26 in) lang, 2-3 cm (0.8— 
2 in) wide, shore-pointed at tip, wavy along margin. Flowers tiny, densely erowd- 
ed in slender, green to red spikes, Fruits tiny, flattened, 1.52 mm (0.1 in) 
across, dry, partially enclosed by sbort, flexible bracts © 2 me (0.1 in) long; 
seeds tiny, rounded, shiny black. Harvest and preparation: Same as for ricween 
(preceding). Related edible species: ricwexn and related species. Poisonous 
look-alikes: See piowrrn, 


Pigweed: basal sulk and flow 


Green pigweed: fruiting stalks (Hardin 
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Lamb's quarters Chemapodino allure 
‘Aled autumn 
Habitat: common and widespread; yards, vacant lors, roadsides, waste areas, 


disturbed sites; introduced from Europe. Identification: small to medium-size 
annual herb to 0.6.m (2 fe) high; stems erect, usually branched, with a pale green 
or whitish cast. Leaves alternate, lower onesalmost triangular, 3~10 cm (1.2~ 
‘in) long, blunt at tip, coursely toothed along margin, mealy white beneath, 
stalked, upper ones smaller, Flosers in late spring to aurumn, tiny, Znconspicu- 
ous, produced in dense short spikes in junctions of upper leaves and at tip. 
Fruits tiny, globe-shaped bur depressed at ip, enclosed in persistent calyx lobes, 
in short dense spikes, Harvest: Pick young leafy stems to 25 em (10 in) tall or 
tender growing tips of older plants. Gather abundant seeds in autumn by rubbing 
fruiting spikes into paper bag and winnow away chaff. Preparation: a superlative 
green vegetable, lacking strong flavor and high in vitamins A and C, Use leafy 
stems alone ia salad or mix with stronger ureens, For potherb, use large quantity 
of greens because cooking grearly diminishes bulk. Boil young leafy stems in 
‘small quantity of water abour 5 min until tender. Add butter, sale and pepper or 
sauce of V4 cup diced onion, 4 slices crisp bacon chopped fine, \4 cup vinegar, 
sale and pepper, simmered gently. Use same sauce on raw greens as salad dress- 
ing. Soften seeds by boiling, crush, grind in food mill or blender. This produces 
nutritious black flour, good mixed with wheat flour for pancakes and muffins, 
Related edible species: Berlandiers lamb's quarters (C, lerlandieri), Fremont’s 
Jamb’s quarters (C. fremontit). Poisonous look-alikes: Species of Chemypudinn 
that have bad odor and taste can be somewhat toxic. 


Poverty weed Monolepic nuttalliana 
Alue edible ania 


Habitat: dry areas of high sliity or alkaline soils. Mdemtification: annual herb 
to 55 em (22 in) tall, spreading; branches numerous, stout, somewhat fleshy, 
Upright or nearly so, Leaves alternate, triangular to lance-shaped, \-4 em 
(014-16 in) long, pointed a che tip, entre oF iregalarly roothed along the mar. 
sin, sharply lobed! at the base. Flowers small, numerous, inconspicuous, pro- 
duced in junction of upper, smaller leaves, each bisexual, greenish, petals ab= 
Sent, Fruits ate small, fattened, brown; winged seeds 1 mm (less than 0.1 in) 
‘cross, Harvest: Pick young leafy stems. Roots are edible buc usally no sty. If 
you have the patience, strip seeds from stems when fully ripe late in growing 
season. Preparations Like its relative, Lan’s quakraxs (preceding), which it su- 
perficilly resembles, poverty weed isa good green vegetable. Boil young stems 
in small quantity of water until tender, bur avoid overcooking. Serve with butter 
tnd seasonings oF che following sauce hot: Simmer together for a few minutes 1 
‘cup dried onion, 4 slices crisp bacon (chopped fine), 14 cup vinegar, sale ancl 
pepper. Southwestern Indians ground seeds with com and mesquite beans to 
make pinole, Related edible species: Species of the Chenopodium genus (includ 

‘uiantens) are of the same family as poverty weed. Poisonous look- 
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Glasswore Sulicornia ewvopaes 
Aloe eile summer, saan 
Habitat: sea coast, salt marshes, alkaline soils. Identification: zmnual berb co 


40 em (16 in) high; stems erect to spreading, tiff, succulent (may be unbranchest 
to many branched), green wring orange or red in autumn; leaves opposite 
minute, scalelike, appearing leafless. Flowers (late summer) tiny, aumerous, 
produced /w erect to slightly spreading spikes 26 cm (0.82.4 in) Zong, joints 
longer than broad. Pruits are seeds, tiny, egg-shaped, 1.2-3 mm (0.1 in) in 
diameter, Harvest: Pick wender tips from branches midspring to aurumn. Prepa- 
ration: Tips are crispy and salty; good for tral nibble. Or chop and serve caw as 
salad with spicy vinegar dressing or add co other salad greens. For pickles pack 
jars with very tender, clean, raw tips or older tips that have been boiled in a little 
water for 5 min, Make pickling liquid from 4 cups cider or wine vinegar, 3 tbsp 
pickling spices, 1 grated onion, 1 cup honey or sugar, plus gatlic, bay leaves, of 
other spices. Combine ingredients and boil 5-6 min. Gover glasswort with baile 
ing liquid and seal jars. Store a least 1 month, For vegetable, place tips in boiling 
water and cook until fender 5~10 min, Serve buttered, Related edible species: 
Other species of Salicernia look very similar and are edible; one is perennial 
(5: sirginica). Poisonous look-alikes: none. 


Russian thistle, Salewort Salsa bali 
Al edie sammer 


Habitat: sandy beaches on East Coast; dry, alkaline soils in West. Identifica- 
ion: annual herb co 1 m 3.2 f) high; stems beanching, upright to spreading, 
smooth, hairy, or with mealy appearance. Leaves alternate, simple, fleshy, 
rounded, 2-5 ent (0.82 in) long, lance- to needle-chaped, spine-tipped, entice 
along margins, lacking distinct leafstalk. Flowers numerous in narrow, elongated 
spikes in junctions of stems of upper leaves and ar branch tips; each flower tiny, 
bisexual, sepals 5, winged on margins; petals absent. Fradts are flattened, 
winged, and nearly circular, 3-6 mm (0.10.2 ia) across, yellowish to slate: 
colored, Harvest; Pull up shoots of new spring growth when less than 15 em 
G6 in) tall, also succulent new plants after rains in law spring and in summer. 

-ware of spines at leaf tips. Caution: Plants occasionally contain toxic levels of 
nitrates and oxalates. Preparation: Cut off roots. Wash tops and boil for about 
15 min, Serve like spinach with butter and seasonings, cream sauce, oF vinegae 
Mix with other greens of season, Related edible species: other Saline species 
mainly in the Southwest. Poisonous look-alikes: nooe. 


How It Works 


al t=} 


Figure 24-2. RC servo motors are mostly similar in size. 
This isa typical side view 


An industrial servo typically requires a controller 
that is an off-the-shelf item sold by the manu- 
facturer of the motor. The encoding scheme of 
the control signals may be proprietary. A heavy- 
duty servo may be designed to run from three- 
phase poweratarelatively high voltage, and may 
be used in applications such as production-line 
automation. 


The remainder of this encyclopedia entry will fo- 
cus primarily on small RC servos rather than in- 
dustrial servos. 


For small RC servos, the stream of control pulses 
is at a constant frequency of 20ms, with the pos- 
itive durations of each pulse being interpreted as 
a positioning command to the motor, and the 
gaps between the pulses being disregarded. A 
typical range of pulse widths for a small motor is 
‘Ims to 2ms, specifying a range of -90 to +90 de- 
grees either side of a center location, Many 
modern motors are capable of excursions be- 
yond these limits, and can be calibrated to es- 
tablish the precise relationship between pulse 
width and turn angle. The motor can then be 
controlled by a lookup table in microcontroller 
software, or by using a conversion factor be- 
tween degree-angle and pulse width. 


Figure 24-4 shows the typical range of pulse 
widths within the fixed 20ms period (a frequency 
of 50Hz) between the start of ane pulse and the 


electromagnetism > rotational > servo mator 


start ofthe next, and the meaning of each pulse 
width to the servo motor. Intermediate pulse 
widths are interpreted as instructions to rotate 
to intermediate positions. 


Figure 24-3. The electronics inside a serv motar decode 
a stream of pulses that specify the turn angle of the mo- 


Small servo motors require the user to provide a 
controller that will conform with the above spec- 
ification. This is often achieved by programming 
a microcontroller, and some microcontroller 
chips make this especially easy by providing a 
PWM output specifically tailored to the require- 
ments of an RC servo, Either way, the microcon- 
troller can be directly connected to the servo, 
enablingan extremely simple and flexible way to 
manage a positioning device. 


Alternatively, a simple pulse generator such asa 
555 timer chip can be used, or controller boards 
are available from hobbyist supply sources. 
Some controller boards have USB connections 
enabling a servo to be governed by computer 
software. 
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Stinging nettle, Nettle Urtica dioica 


Habitat: widespread, especially in moist fertile soils in disturbed areas, margins 
of woods, trails, stream banks, roadsides, vacant lots. Identification: perennial, 
upright, to Lm (3.2 fe); erect stem with bristly, stinging bairs. Leaves opposite, 
Jong-stalked, blade 5—14 em (2-5.5 in) long, broadest near base, coarsely toothed, 
veins depressed, with stiff, stinging bairs on both surfaces, Each plant either 
male or female. Flowers produced in junctions of leafstalks, each flower tiny, 
male or female, borne in many-flowered, loosely branched, elongated, cream- 
colared clusters. Fruits tiny, inconspicuous, hard, aueletike, about 2 mm (0.1 in) 
long. Harvest: In spring, wear gloves to avoid stinging hairs, or use scissors to 
‘cut young shoots and cender top leaves directly into pot or bag. Later leaves are 
tough and gritty, Preparation: Boiling destroys irritant. As potherb, barely cov- 
cr with water and sitnmer until tender, Drain, add seasonings, butrer, lemon 
juice, or wine vinegar. Use cooking water as beverage with lemon and sugar or as 
soup with sale, pepper, and vinegar. To make a simple stinging nettle puree, rub 2 
‘cups cooked stinging nettles with juice through sieve, or puree in blender. Re- 
heat, add 2 thap butter, salr co taste, simmer 10 min more. Stir in 14 cup light 
cream; season with black pepper. A versatile plant, stinging nettle cooking juice 
may also be used as rennet (milk cosgulant) for junket pudding and as beer 
ingredient, Plane is high in vitamins A and C, protein, and minerals. Related 
edible species: wood nettle (Laporte canadensis), slender nettle (U. gracilis), Poi 


sonous look-alikes: none, 
Plantain (Al edible summer, antamn) Plantago major 
Habitat: yards, roadsides, disturbed sites; common weed introduced from Bus 


rope. Identification: perennial herb with fibrous root system. Leaves basal, 
numerous, broadest near or below middle, 5-20 em (2-8 in) lang, 2.512 cm 
(14,7 in) wide, rounded to pointed at ip, toothed, entire oF wavy along mars 
rough on both surfaces, smooth or hairy. Flowers ti, numerous along upper 
hurt of erect spike to 20 cm (8 in) high, each flower with 4 translucent petals. 
Fruits are tiny capsules produced along spike; each capsule contains 10~18 
seeds. Harvest: Pick young leaves before flower stalk appears or pick new leave 
through summer; otherwise leaves develop stringy veins that are rough to ches 
Strip ripe seeds from flower stalks from late spring through fall. Preparatio 
Use cenderest leaves in salads with other greens of season. For cooked vegetable, 
soak leaves in sale water for 5 min. Boil with litle water in covered pot un 
tender but nor overcooked. For beverage, steep handful of leaves in pint of bo 
ing water for V2 hr or longer. Dry seeds thoroughly and grind into flour. For 
pancakes, combine 2 cups plantain flour with 3 sp baking powder, 19 esp salt, 3 
thsp sugar, 2 eggs, 3 ebsp cooking oil, I cup milk, Mix thoroughly, Add more 
milk or flour for proper consistency; add fruit, if desired. Cook on hot griddle. 
Related edible species: Species of the Plantayo genus are found throughout 
North America; mostare edible. Boil leaves of bitter species in sweetened water 
Seaside plancain (P. amides) is one of the best and is found only along East 
Coast. Poisonous look-alikes: none. 
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Shepherd's purse Capra ursa-pastors 


Habitat: yards, vacant lots, roadsides, other disturbed areas; widespread wees, 
incroduced from Europe. Kdentification: small 0 medium-size annual ar bien 
nial berb to 60 cm (2 2) high, unbranched or sparingly branched, with « fat- 
‘ened, basal rosette of leaves, the basal leaves 410 em (1,64 in) long, uni 
formly wide to broadest neat tip, shallowly to deeply lahed alang vides. Upright 
stems with few, smaller, airower leaves, Flowers produced in narrow elongate 
luster, each riny, stalked, with 4 white petals 2-4 mm (0.1 in) long. Frwfts 
lightly flattened, heart-shaped, watched at tip, 410 mm (0.20.8 ia) long 
Harvest: Gather leaves before flowering stage. If oo peppery, bleach by caver. 
ing wich sawdust, leaves, or flower pots for week oF more. Strip off sced povls as 
they ripen. Preparation: Use raw leaves as salad greens, if nor too peppery, oF 
with other milder greens. For a patherb, boi leaves in water for about 20 min 
with one change of water if needed. Season with sale and vinegar. Use dried pods 
and seeds as seasoning in soups and stews. Western Indians once ground seeds 
into meal, bur process is tedious. Related edible species: red shepherds purse 
(C. rublla) and slenice shepherd's purse (C. grail). Poisonous look-alikes: 


Toothwort Dentaria laciniasa 


Habi jst deciduous woodlands, ravines, Aoodplains. Identification: pe- 
reonial herb from a jointed, white underground stem (rhizome); stem upright, 0 
40m (15.7 in) high. Basal leaves absent a lowering, stem leaves ina whorl of 3 
‘on upper balf, deeply 3-parted, leaf segments lance-shaped, coarsely tootbed to 
nearly entire, the terminal sezment often deeply parted, Flowers produced in a 
terminal, elongate, hairy cluster, each flower stalked, with 4 white petals 1.2~2 
em (0.5-0.8in) long. Fruits narrow, elongate, 24 em (0.81.6 in) long, splicing. 
open lengthwise at maturity co release the tiny seeds. Harvest: Dig coorstocks in 
small numbers from areas where plentiful. Other plants will grow from pieces of 
perennial root cemaining inthe soil. Preparation: Use as spicy tail nibble. Wash 
roots, chop and grind them in vinegar, add a dash of salt; use like horseradish, 
Add chopped roots 0 wikl tossed green salads to liven flavor. Related edible 
species: Ac leas six other species, similar in appearance, are distributed in moist 
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woodlands ofthe Eat and West All ay be ue! Hke the species decibel. 


Poisonous look-alikes: none. 
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Peppergeass Lepidinm sirginicum 
Habitat: fields, vacant los, roadsides, other disturbed areas, waste sites, Identi- 
fication: annual or biennial herb, upright ro 50 cm (19.7 in) high, occasionally 
taller. Basal rosette of leaves 4—10 em (1.6~3.9 in) long, 0.8-2 cm (0.30.8 in) 
‘wide, broadest near tip, doubly toothed, lobed, or deeply dissected along margin; 
stem leaves smaller, toothed of entire, becoming linear near top. Flowers pro- 
duced in several, narrow, elongate clusters; each flower stalked, with 4 small 
white petals. Fruits flattened, widest ner middle to almost circular, 24mm 
(0.1 in) ong, nearly as wide, slightly notched at tip, containing tiny reddish- 
brown seeds, Harvest: young shoots and leaves in spring. Preparation: another 
member of the mustard family. Use peppergrass greens sparingly in salad with 
Jess bitter species. Asa porherb boil in L or 2 changes of water. Try recipes given 
for other susranos. Leaves high in vitamins A und C. Peppery seeds can be used 
to season meats, soups, and salads, Related edible species: Fremont’s pepper- 
grass (L. fremont) and nero carss (next). Poisonous look-alikes: none. 
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Field cress, Cow cress Lepidinm campestre 


Habitat; fields, vacant lots, roadsides, disturbed sites; introduced from Europe. 
Identification: annual or biennial berb, upright ro 60 cm (2 ft) high, stems 
densely bairy. Basal leaves 48 cm (1.63.2 in) long, 11.6 em (0.4-0.6 in) 
wide, narrow bur broadest near tip, coarsely toothed, lobed or dissected along 
margin; stem leaves smaller, almost circular in shape, lobed at base. Flowers 

duced in several, narrow, elongate clusters; cach flower stalked, with 4 small, 
white petals, Fruits flattened, wisest neat tip toabmost round in outline, 2-3 
‘mm (0,1 in) long, slightly notched at tip, narcowly winged, containing tiny dark 
brown seeds. Harvest and preparation: same as for exermonass (preceding), 
Related edible species: revernckss and related species. Poisonous look-alikes: 
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Field penaycress Thlaspi arvense 
Habitat: fields, vacant lots, waste areas, other disturbed sites; more common in 


northern portion of its range. Identification: anuual berb 40-80 cm (16-32 
in) high; stems branched, upright, smooth. Basal leaves narrow, widest near tip, 
withering and absent at flowering. Stem leaves 2-10 em (0.8~4 in) fang, 0.43 
cm (0.2- 1.2 in) wide, lance-shaped to narrow but broadest near tip, wavy or 
coarsely toothed or entire along margin, lobed at base, lobes pointed. Flowers 

| numerous in narrow, elongate clusters (racemes), each flower stalked, with 4 


uhite petals. Fruits flattened, nearly circular in outline, 0.818 cm (0.3~0.7 
in) in diameter, deeply notebed at tip, broadly winged, comaining several tiny 
Ihlack seeds. Harvest: young shoots and leaves in spring. Prepar. 
plane has characteristic bitterness of austako family, boil shoots and k 
2 changes of water for 15—25 min, Serve with butter, salt and pepper. Use ten- 
der greens if noe too bitter with other species in tossed salads. Related edible 

species: pennycress 7. perfoliatum) and many other members of mustard family 
Cruciferae. Poisonous look-alikes: none. 


jon: Since 


Garlic mustard: young plant 


Common chickweed: flowering plants (NYBG). 


James chickwee branch and flower (NYBG) 
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Garlic mustard (Ale adie saminer Alliarisa oficinats 
Habitat: partially shaded roadsides, paths in open woods, shady disturbed areas, 
Identification: biennial berb, 2nd year growth t0 90 em (3 ft). 

gular to beart-shaped, coarsely toothed, lang-stalked, with garlic wdor when 
crushed. Flowers white, 6-8 mn (0.20.3 in) across, in clusters at Lips of stems 
and at leaf bases, April-June, Eruits are very slender pod (silimes) ta 8 em (2 
in) long, containing numerous tiny seeds. Harvest: young leaves, blossoms, and 
seed pods in spring and early summer. Preparation: chop tender growth raw in 
salad; for cooked vegetable steam or boil ia little season with sale and 
burter. Use for garlic favor with meats and vegetables. Related edible species: 
no other Alliaria species present; many other members of usraKD family (Cra 
cifras) are edible. Poisonous look-alikes: 


Common chickweed (Ale ile ammer, satan, winter) Selleria media 
Habitat: yards, disturbed sites, moist and wer areas, cultivated land, woodlands; 
common weed introduced from Europe. Identification: annual herb sometimes 
to 30 cm (12 in) high; stems weak, trailing along ground before becoming up- 
right, with cows of hairs. Leaves opposite, simple, 1-3.5 em (0.A~1.4 in) dong, 
about % as wide, usually broadest near base or middle, pointed at tip, entire 
along margin, rounded at hase, lower leaves with a conspicuous leafstalk 
Flowers single or in few-flowered clusters at tips, loug-stalked, each flower 
with 5 deeply lobed, white petals that are shorter than sepals, Fruits are small 
reddish-brown capsules 5—8 mm (0.20.3 in) long, eug-shaped, containing many 
small seeds. Harvest: Pick tender leaves and stems from young plants any cime 
they are not blooming; available year-round in some regions. Quicker method, 
pull up the whole plant and cur off tender growth with scissors, Preparati 
Mild flavored chickweed is excellent by itself or with other, stronger greens. Use 
‘generously raw in salads. Boil only 2~5 min; add it to other less delicate greens 
near end of their cooking period. Serve with butter, seasonings, and a little 
chopped onion. Also see jaatrs ciickwunp (next), Related edible species: 10s 
cruckweep, Poisonous look-alikes: none. 


James chickweed (Ale ible summer, axtamn) Stellar jamesiame 
Habitat; mountain meadows, seepage areas, woodlands, usually between 1,220— 
2,590 m (4,008,500 ft) elevation, Identification: small pereunial berb to 35. 
‘em (14 in) tall from slender roots with thickened tuberlike structures; stems erect 
or nearly so, branched frequently, hairy. Leaves opposite, simple, 415 em (L6— 
in) long, abont one-fourth as wide, lance-shaped, long pointed at tip, entire 
along margin. Flowers pradaced in loose, spreading elusters at tips and at june~ 
tions of upper leaves in spring and early summer. Each flower with 5 deeply 
notched white petals, Fruits are small tan capsules, 3-3 mm (0,2 in) long, con- 
taining many tiny, dark brown seeds, Harvest: same as co\vNON CHICKWEED (pre 
ceding). Preparation; Add chickweed to soups and stews. For pancakes, drain 
and blot 1-2 cups leaves, Blend into prepared pancake batter (2 cups mix to 113 
‘cups warer). Adjust consistency. Fry and serve with butter and tart jelly. Related, 
edible species: cowows cmickwreD, star chickweed (S. pubvra), and mouse-car 
chickweed (Cerastinn sulgatum). Poisonous look-alikes: none. 
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Lew (preceding). Edible related species: See cusavexs. Poisonous look-alik 


Cleavers, Goosegrass, Bedstraw Galium purine 
Ale oibleremmer 


[Habieat: wide spread on moist sites, rch woodlands, along streams lakes, vacant 
lots and fields. Identification: annual berh; stems weak, slender, often leaning 
‘on other plants or rumbling along ground, 4-sided, with numerous tiny, stiff 
hooked hairs causing plants to cling to clothing; leaves én whorls of 8, each very 
narrow but widest above middle, 4-8 cm (1.6~3.2 in) long, 2-6 mon (0.10.2 
in) wide, with recurved hairs along margin. Flowers tiny, white, produced 
usualy 3flowered, staked clusters in junction of upper leaves in late spring or 
carly summer, Fruits consist of twin, fused, globe-shaped, dry structures 2-4 
‘mm (01 in) long, covered with unmerous hairs booked at tip. Harvest and 
reparation: Pick young greens in spring when tender. Steam leafy stems in 
strainer or colander over boiling water for S~10 min or bol in small amount of 
water until tender. Serve with butter and seasonings. Combines well with nettle 
‘areens, For salad take 3 cups boiled, cooled cleavers and add 1 cup cooked aspar- 
agus cut in 1 in lengths, '2 cup slivered nuts, %4 cup French dressing. Gather 
fruits in June and July as they turn brown, For excellent noncaffeine coffee sub- 
stitute, roast fruits in warm oven 150°C (3007'F) until dark and crisp, about Uhr. 
Grind in blender or erush on any hard surface. Simmer %4 cup prepared fruits in 
1 ge water until medium to dark brown. Steain and serve. Edible related spe- 
cies: NokTn sensraaw (next, Note: The many species of cleavers or bedstraw 
io North America are difficult to tell apart; however, none of them is known to 
be poisonous. Poisonous look-alikes: none. 


Northern bedsteaw Galivm boresle 


Habitat: stream banks, fields, open woodlands. Identification: perennial herbs 
stems usually upright, eo 1 m (3.2 £0, slender, 4-sided, smooth. Leaves én whorls 
of 4, each narrawly lance-sbaped, 2.55 em (\—2in) long, 2-7 vam (O,1~0.3 in) 
wide, with 3 main veins, finely hairy along margins. Flowers tiny, white, pro- 
duced in compact many-flowered, branched, elongated clusters (inflorescences) 
at or near growing tips. Fruits consist of2 fused, glahe-shaped structures (rare~ 
by 1) that are 2-3 mam (0.1 in) in diameter, smooth or with long straight bairs 
tor shorter anes booked at tip. Harvest and preparation: sume as for cuxavens 
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Rotate 90 degrees 
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| l Center l 
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Figure 24-4. The turn angle ofa small RC servo motor is 
determined by a pulse width from a controller ranging 
from Ims ta 2m in duration. The frequency of the pulses 
Js canstant at 50h, 


In Figure 24-5, a schematic illustrates the con- 
nection of a 555 timer with an RC servo, with 
component values to create a constant frequen- 
cy of about 48H2 (slightly more than 20ms from 
peak to peak). The 1pF capacitor in the circuit 
charges through the 2.2K resistor in series with 
the diode, which bypasses the 28K resistor. This 
charging time represents the ‘on’ cycle of the 
timer chip. The capacitor discharges through the 
28K resistor, representing the “off” cycle. The 1K 
potentiometer in series with the 5K resistors, acts 
as.a voltage divider applied to the control pin of 
the timer, adjusting the timer’s charge and dis- 
charge thresholds. Turning the potentiometer 
will lengthen or shorten the “on” time of each 
cycle, without changing the frequency. In prac- 
tice, because capacitors are manufactured with 
wide tolerances, the frequency of the timer out- 
put cannot be guaranteed. Fortunately most ser- 
vos will tolerate some inaccuracy. 


Since the motor shares the power supply of the 
timer in this circuit, a protection diode and ca- 
pacitor have been added between the power 
supply to the motor and negative ground, to 
suppress noise and back-EMF. 


Variants 


Figure 24-5. An RC serva can be controled via @ S55 tim 
er with aparopriate component values. The potentiometer 
‘determines the angular position ofthe servo 


Inside a servo motors casing, the electronics in- 
clude a potentiometer that turns with the 
output shaft, to provide feedback confirming the 
motor’s position. The limited turning rangeofthe 
potentiometer determines the turn limits of the 
motor output shaft, 


Variants 


‘Small servos may contain brushed or brushless 
DC motors. Naturally the brushless motors have 
greater longevity and create less electrical noise. 
See the DC motor entry in this encyclopedia for 
a discussion of brushed versus brushless motors. 


Servos may use nylon, “Karbonite," or metal re- 
duction gearing, The nylon gears insidea cheap- 
er RC servo are shown in Figure 24-6, 


Brushless motors and metal gears add slightly to 
the price of the motor. Metal gears are stronger 
than nylon (which can crack under load) but may 
wear faster, leading to backlash and inaccuracy 
in the gear train. The friction between nylon-to- 
nylon surfaces is very low, and nylon is certainly 
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Bugleweed Lyeopes sniflores 
Alo edible autumn, winter 

Habitat; low wet or boggy ground in North, wer woodlands and mountain bogs 
jin South. Identification: perenuial berb to 1m (3.2 fe) tall; stems upright, 
unbranched or sparingly branched, finely hairy. Leates opposite, simple, 3-10 
ccm (1.2=4 in) long, 0.6-3.4 em (0.2—13 in) wide, Lance-shaped to almost uni 
formly wide, pointed at tip, with few teeth along margin, tapering at base, light 
fereen and papery; leafstalks absent. Flowers produced in compact, many-fla= 
ered clusters in junctions of upper leaf stems; each flower tiny, petals white, 
fused, with 2 upper and 3 lower lobes. Fruits are tiny, flartened, irregular auclets 
12 mm (less than 0.1 in) long, with small bumps (tubercles) on top. Harvest: 
‘Tubers grow best close to the base of old stems in loose sandy soil. Dig tubers 
from fall through early spring when they are highest in stored nutrients. Preps 
ration: Add peeled, sliced tubers to tossed salad or chop fine as mild relish, Boil 
tubers in salted water until render, about 10-15 min, Serve with butter and 
seasonings. For pickles, peel tubers, boil in water about 5 min, drain and cover 
with wine vinegar. Store for several weeks before using, Relaced edible species: 
sessile-leaved water horehownd (L- amplecens) is found in sandy East Coast areas, 
Other species of Lycopas lack tubers. Poisonous look-alikes: none 
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Edible valerian Veeleriama edits 
Alon edible anton, winter 


Habitat: open moist sites, meadows, prairies, ditches, swamps. Identification: 
perennial herb co 1.2 m (3.8 fe) from large, elongated root. Leaves oppacite, 
featherlike (pinnate) divided; basal leaves spoon-shuped, widest neat tip, 12-30 
Jem (4.7=12 in) long, entire or sometimes featherlike (pinnate) divided with 
narrow lateral segments, thick, hairy along margins; stem leaves pinnately di- 

ded into few narrow segments, smaller Flowers tiny, produced in tightly 
branched, elongated, many-flowered clusters at tips in late sprin 
white to pink, 3-5 mm (0.1~0.2 in) long. Fruits dry, flarcened, 
shaped, 34 mm (0.2 in) long. Harvest and preparation: Dig roots in autumn, 
and early spring, when firm, Steam 24 hr or longer to remove disagreeable odor. 
Then use in soups as you would potato or squash. Dry and grind steamed roots 
into flour for use in bread, as did the Indians, Bake Indian pit style 2 days, 
Related edible species: Orher valerians have been used in folk medicine. Poi- 
sonous look-alikes: toxicity of look-alikes not well documented. 
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Wild strawberry Fragaria virginiana 
Alls oils saomer 
Habitat: open woodlands, margins of woodlands, fils, Identification: small 
Perennial herb, lacking distinct stem, sometimes producing runners. Leaves ba- 
al, compound and 3parted (wifoliolate), leaflets widest near of above mide, 
2-10 cin (0.84 in) long, sharply toothed along margin, hairy Keneath. Flowers 
several in short spreading cluster, each with 5 white petals 8-14 mm (0.30.5 
) long. Fruits are tiny, hard (achenes), embedded in large, fleshy tissue (re~ 
ceptacte) that is 0.52 cm (0.2-0.8 in) in diameter, ed, sweet. Harvest: one of 
the best wild fruits, Locate your site early and cheek regularly from early June for 
ripe berries. Collect leaves anytime but best in late summer. Preparation: Use 
wild strawberries in any strawberry recipes. For quick beverage, crush handful of 
berries and mix with 1 cup water and allele sugar. For fruit leather, add eb 
sugar or honey to each cup of fruit. Bring justo boil, cool, and process through 
food mill Pour no more than 5 mm (0.2 in) thick onto Teflon cookie sheet. Heat 
in oven ac lowest setcing for 6-7 hr. When leathery, roll and geal in plastic wrap. 
Stores well at any eemperature, See basic pie anata recipes in book's introdue- 
tory material, For tea high in vitamin C, steep 2 handfull fesh or V2 cup dried 
leaves in 1 gt boiling water for 5 min. To dry leaves, spread on clean surface in 
warm, dry area (sun or shade). When thoroughly dried (use warm oven, if neces 
sary), crumble leaves and store in paper lng in dry place. Related edible spe- 
cies: Several are widely distributed, basically alike, and easy to identify. Poison- 
‘ous look-alikes: none 


Spring beauty Claytonia virginica 


Habitat: rich woodlands, wooded floodplains, wer fiekis. Klentification: peren 
nial herb 40 es (16 in) tll, fom glohe-shaped, bulblike tuber 15 em (04 
2 in) in diameter; stems several, upright, weak, sometimes leaning, Leaves si 
ple, 514 em (2-5.5 in) lang, 0.22 em (01-08 in) wide, Linear to narrow but 
widest above che middle, blade gradually merging with leafstalk. Flowering stem 
with 520 weakly stalked flowers, each flower white ta pink with dark pink 
teins, petals 5, 1.2-2 cm (0.50.8 in) across. Fruits are exxe-shaped to nearly 
lobe-shaped capsules 5—10 mm (0.20.4 in) long, containing numerous, tiny, 
dark red seeds. Harvest: Because this is a beautiful spring flower, use only where 
very abundant or whea desperately needed. In spring, pick young leaves and dig 
tubers when identifiable by blossoms. Keep only largest eubers, replant others 
Preparation: Use leaves as trail nibble or chop a few in green salads. Boil leaves 
for a few minutes in salted water for edible but not exceptional vegetable. Eat 
‘washed tubers raw oradd to salads, Boil cubers with jackets in salted water about 
10-15 min, Peel and serve whole oF mashed, fried, oF in salad like pos 
“Tubers also good bakes; peel before cating, Relaced edible species and poison- 
‘ous look-alikes: See AUN stwinc: weavry (next. 
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Claytonia meyarbica 


Alpine spring be 
Habitat: cocky crevices, rock slides in alpine zone, tunclea. Identification: fore 
perennial berl from thick, fleshy, purple to dark-red taproot. Basal leaves 
spreading, forming lange rasette, leaves 2-15 cm (0.8-6 in) long, broadest 
near tip ta almost circular iy outline, pointed to rounded at tip, entire along 
margin, gradually tapering and winged at base; stem leaves alternate, linear to 
narrow and broalest near tip. Flowers stalked, produced in elongate cluster, 
each flower 122.5 em (0.51 in) across, with 5 white to pink petals with red 
teins, 6-10 mm (0.2-0.4 in) long. Fruits are tiny, 3-parted, egg-shaped cap. 
sules. Harvest: Because of habitat and scarcity, ase as survival food only. Pick 
rosettes of leaves or pull up whole plant for fleshy root. Preparation: similar 
sraixc BEAUTY (preceding). Peel roots before boiling to avoid strong flavor and 
use like tubers of suc aratty, Related edible species: sraiic SeATy, west 
smmise wratrry (next); also Carolina spring eauty (C. cardliniana), widely disteib- 
uted in northern U. §. Poisonous look-alikes: To avoid confusion with poison- 
‘ous lilies, learn to identify leaves or collect when in bloom, 


Western spring beauty Claytonia lanceolata 


Habitat: mid c high mountain slopes, moist woodlands o alpine zone. Ident 
cation: perennial berb to 20.m (8 in) high, from nearly globe-sbaped, bulblike 
underground stene bute (corm) 1-2 cm (04-08 in) in diameter: stems 1 to 
several, upright, Basal leaves 1 or 2, 4-8 cm (1.6~3.2 in) long, broadly lance- 
shaped; stem leates 2, oppasite, 3-6 em (1.2-2.4 in) long, nacrow to broally 
lance-shaped, 0.8-2 cm (0,3-0.8 in) wide. Flowering stems upright, with 3~15 
stalked flowers, each bowl-shaped, with 5 pink petals 081.2 em (0.3-0.5 in) 
long. Fruits are egg-shaped capsules 3-5 mm (0,1~0.2 in) long, containing a few 
shiny, black seeds, Harvest and preparation: Because of habitat and scarcity, 
tuse as survival food only, Similar to spminG pkacty. Leaves are edible but not 
exceptional; boil 10-15 mia. Crispy but small cubers ure good raw or cooked for 
bout 25 min at about 1,640 m (5,400 fe altitude. Related edible species and 
poisonous look-alikes: See atrevt sruine nxavty (preceding) 


Miner's lettuce: fos 
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Miner's lettuce Montia perfliata 
Al aide senmer (synonym: Clastonie perfoliata) 
Habitat: valleys, lower mountain slopes, springs, moist sites, Introduced from 
Europe; miner’ lettuce has expanded its range in the East. Identification: am 
anual berb 30 cm (12 in) high, from fibrous root system. Leaves mostly basil, 
simple, 6~20 cm (2.4~8 in) long including the long leafstalk, blade variable, 
usually broadest below or above middle, eotire along margin, smooth; stem 
leaves 2, opposite and fused inta a circular dise just below flowering stalk. 
Flower stalk elongate, bearing numerous, whorled, shore-stalked flowers, each 
tiny, with 5 white, clawed perals 3-6 mm (0.1~0.2 in) long. Fruits are tiny, 3 
parted capsules containing 13 shiny, black seeds. Harvest: blossoms, leaves, 
stems, and roots any time during growing season, Preparation: Young upper 
leaves and stems are excellent as picked or in salads. Include blossoms when 
available. For salad add chopped hard-boiled eggs and oil and vinegar dressing. 
For cooked vegetable, boil leaves and stems ia very litle water unel tender; boil 
young leaves as litle as 34 min. Excellear source of vitamin C. Wash roots and 
boil for just a few minutes. Butter and lightly season to bring out water chestaut 
flavor. Related edible species: Siberian miner's lewuce (M. silirica) of southern 
Alaska. Poisonous look-alikes: 


Canada violet Viale canadensis 
Ali eible wwemer 

Habitat: mixed deciduous woodlands, bluffs, rocky to deep, rich soils, Ment 
cation: perennial herb with thick underground stem (chizome); stems upright, 
smooth, to 40 cm (16 in) high. Lewees basal and along stem, simple 4-12 em 
(1.64.7 in) long, nearly as wide, broudest near hase, long pointed at tip, 
toothed along margin, beart-sbuped at base, leafstalks long, with small, lance 
shaped bract (stipule) at base of each leaf. Flowers produced on upper third of 
plant, each stalked, ucbite often with purple ow back, 2-3 cm (0.8-1.2in) across, 
petals 5, lateral ones fringed. Fruits arc egg-shaped! to nearly globe-shapes cap- 
sules 5=10 mmm (0.2-0.4 in) long, containing several tiny brown seeds, Harvest: 

Strip blossoms from plants, avoiding stems, When possible gather bright green 
leaves which are young and tender, but even older leaves in late summer are 
le. Preparation: Leaves and blossoms are superior sources of vitamin C; the 
leaves are high also in vitamin A. Use blossoms as snack straight from plant or for 
jelly, jam, syrup, and candy. For jelly, see book's introduction, Use leaves and 
flowers raw with other ingredients in tossed salad. Cook chopped leaves with 
minimum water in covered pot for abou 15 min, Season anil serve alone oF with 
mustard greens. For tea, dry leaves in warm shacle and store in paper bag in cool 
dry places. Steep 1 oz dried leaves per cup of boiling water. Related edible 
species: paix viourt (nexd), and wooo viourT, and souTHRNS Woon viourT. Ie is likely 
‘hac all ofthe species of violets are edible, with some more palatable than others, 
Some, especially yellow-flowered violets, may be cathartic, Thus, moderate ini- 
‘ial consumption is advised. Poisonous look-alikes: Violet leaves may resemble 
leaves of other wildflowers, some of which are toxic. So it's safest ro collect violet 
leaves only when flowers are in bloom, 
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Pale violet Viale stata 
Ali ible summer 


Habitat: wooded floodplains, meadows, stream banks, [dent 

i herb with short thick underground stem (rhizome); stems several, upright oF 
‘eelining, smooth, to 50 cm (20 in) high. Basal leaves soon withering; stem leaves 
simple, 8 em (1.23.2 in) long, as wide or nearly so, broudest near bese and 
almost circular in outline, pointed to blunt at dip, toothed along, margin, shal 

lowly heart-shaped at base, leafstalks long; with large, leaflike bract (stipule) at 
base of each leaf. Plowerr usually produced at tips of stems, each on a slender 
stall, creamy white with purplish-brown veins near base, 2~2.5 om (0.8-1 in) 
across, petals 5, lateral ones densely fringed, forming spur 3-6 mm (O.\-02 
in) long on backside, Fruits are egg-shaped to globe-shaped capsules 4-8 mm 
(@.2-0.3 in) long, Harvest and preparation: same as for caNaba vious (preced= 
ing), Related edible species: cxwana viowrt. Poisonous look-alikes: See caw 
tba viourr for deals 


jon: perewni- 


Pokeweed Phytolacca americana 


Habitat: woodland margins, disturbed sites, waste pround, roadsides, fencerows, 
Identification: large, perennial herb co 3 1. (9.8 fo all with thick fleshy roots; 
stems branched, upright, smooth, with disagreeable odor when broken. Leaves 
alternate, 9-30 em (3.5—12 in) long, $12 em (1.2-4.7 in) wide, broadest near 
base, pointed at rip, entire along margin; leafstalks to 5 cm (2 in) long. Flowers 
greenish to wbite, produced in narrow elongate clusters (racemes); each flower 
2-4 mm (0.1 in) long, petals abseat. Fruits are 5-12-parted bervies, wider than 
Jong, 6-10 mm (0.2-0.4 in) in diameter, green turning purplisheblack at ma- 
iurity, Harvest: young shoots up to L5 em (6 in) long in late spring before leaves 
unfold. Mentify from presence of previous year’s stalks. Cut stems from perenni- 
al root as you would asparagus, Castion: The rot is potionows;avotd all parts ofthe 
plant except young shoots. shoots show any purple coloration, avoid chem as well 
‘ss mature stems, For winter use, dig root in fall and plant in large container of 
soil. After hard freeze move to warm area and water regularly. Harvest shoots as 
above, Preparation: Boil shoots 10 min with 1 or 2 water changes; drain, add 
fresh boiling water and season, cover, and simmer until render. Serve like broc- 
coli or asparagus with butter, cheese, or other sauces, For casserole, alteroate 
layers of cooked pokeweed shooss, white siuce, and slice, boiled egus. Top with 
seasoned bread crumbs. Bake 30 min at low temperature 165°C (330°P). Boiled, 
peeled shoots may also be pickled. Related edible species: none. Poisonous 
look-alikes: None, but see atatien above, 


Japanese knotweed: young shoots (Dykeman). Flowering bra 


Wintercress: entire plant, leaf, and flowering head (Dykeman 


Figure 24-6. Nylon gearing inside a servo} 


adequate and may be preferable if a servo will 
not be heavily loaded. "Karbonite" is claimed to 
be five times stronger than nylon and may be a 
satisfactory compromise. Ifa gear set experien- 
ces failure (for example, teeth can be stripped 
asa result of excessive load), manufacturers usu- 
ally will sell a replacement set to be installed by 
the user. Installation requires manual dexterity 
and patience, and some skill 


Servos may have roller bearings or plain sintered 
bearings, the latter being cheaper but much less 
durable under side loading, 


So-called digital servos use faster internal elec- 
tronics than the older, so-called analog servos, 
and because they sample the incoming pulse 
stream at a higher frequency, they are more re- 
sponsiveto small, rapid commands fromthe con- 
troller. For this reason they are preferred by hob- 
byists using servos to control the flight of model 
airplanes. Externally, the control protocol for dig- 
ital and analog servos is the same, although a 


.ctromagnetism > rotational > servo mator 


digital servo can be reprogrammed with new 
code values establishing the limits to its range. A 
standalone programming unit must be pur- 
chased to achieve this, 


The most popular manufacturers of small servo 
motors are Futaba and Hitec. While their control 
protocols are virtually identical, the motor out- 
put shafts differ. The shaft is typically known as 
the spline, and is grooved to fit push-on attach- 
ments. The spline of a Futaba motor has 25 
grooves, while Hitec uses 24 grooves, Attach- 
ments must be appropriate for the brand of mo- 
tor that has been chosen, 


Values 


Assmall servo typically weighs 1 to 2 ounces, has 
arotation time of 1 to 2 seconds from one end of, 
itstravelto the other, and can exerta surprisingly 
robust torque of 50 ounce-inches or greater. 


Voltage 
‘Small servos were originally designed to run 
from 4.8V rechargeable batteries in model 
aircraft. They can be driven with SVDC to 
6VDC on a routine basis, A few servos are 
designed for higher voltages. 


‘Amperage 
The datasheets provided by most manufac- 
turers often fail to specify the power that a 
servo will draw when itis exerting maximum 
torque (or indeed, any torque at all). Since 
small servos are often driven by three or four 
‘AAalkaline batteries in series, the maximum 
current draw is unlikely to be much greater 
than 1 amp,When themotorisenergized but 
not turning, and is not resisting a turning 
force, its power consumption is negligible. 
This feature makes servos especially desira- 
ble for remote-controlled battery-powered 
devices. 


Some motors that have a turning range exceed- 
ing 180 degrees will respond to pulses of less 
than 1ms or greater than 2ms. A newly acquired 
motor should be tested with a microcontroller 
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Japanese knotweed. Polygounm cuspidatum 
Hiabitat: disturbed and waste sites, vacant lots, roadsides; introduced weed from 
Asia, Identification: large perennial herb to 3 n (9.8 fd) bigh, often forming 
dense colonies; stems upright, with hollow core, smooth, mottled, frequently 
branching, Leaves alternate, simple, 10-16 em (46.3 in) long, 612 «m (2.4~ 
4.7 in) wide, broadest neur base, long tipped, wuey along margin, squared to 
rounded at base, almost leathery; leafstalk stout und enclosed at base by mem- 
branows sheath that also surrounds stem. Flowers produced in elongate, 
branched clusters in junctions of upper leaves, cach flower tiny, 1-2 mm (less 
than 0.1 in) long, white. Fruits are dark brown, shiny, winged nutlets, Harvest: 
Locate papery dry stalks of previous year. Gather young shoots up ro 30 cm (1 fe) 
ong for potherb, up e 90 cm (3 f) for other use. Preparation: Boil tips of 
young shoots in salt water or steam 4~5 min, Serve like asPanacis, hot on toast 
with butter or white sauce, or cold in salad, Also, force cooked shoots through 
mill for puree. Add sale, butter, sweetener, co aste, and reheat. Or prepare cass 
role of cooked young shoots, bread crumbs, grated cheese, cream, and sexson- 
ings; bake ae 200°C (390°F) until top is browned, Peel older stalks 30-90 cm (1— 
3 fc) and use like rhubarb, For sauce combine 4 cups peeled and cut shoots, 1 cup 
sugar, and nutmeg. Simmer until soft, Serve hot or cold. See basic jam recipe in 
book's Introduction. Prepare pie from peeled shoots using thubarb pie recipes. 
Related edible species: giant knotweed (P. sachulinense), Alaskan knowweed! (P- 
alaskanum), asieaican vistORT, ALPINE BISTORT, LADY'S THUMB and others, Some may 
‘cause a light-sensitive skin reaction, Poisonous look-alikes: none. 


Wintercress Barheree vulgaris 
‘Ali edible ainwm, inter 

Habitat; fields, wet meadows, ditches, conisides; common and widespread, in- 
troduced from Burope. Identification: biennial or perennial berb 10 0.7 m(28 
in) high; stems erect, sparingly branched above. Lower stem leaves broalest near 
for above middie, 7—15 em (2.8-6 in) long, deeply lobed along sides, stalked: 
leaves of upper stem much smaller, salkless and lobed ar base, coarsely toothed. 
Flowers from April to June, numerous in eylinder-shaped custers, each flower 
narrow, stalked. with 4 marrow, yellow petals. Fruit pods very narrow, 13-3 
em (0,-1.2 in) loug, tipped with short beak to 3 mm (0.1 in) long, spliting 
‘open lenghwise to release tiny seeds, Harvest: Pick leaves after frosty weather 
and into spring until flower stalks appear. Leaf rosettes grow on warm winter 
slays; become bitter in spring. Leaves blanch and lose bitterness if you tie them in 
bundle with plane rooted and cover with a bucket. Pick buds and flowers uatil 
April or May, Preparation: Use early and blanched leaves in, 
late-winter foods such as coMon DAY LILY tubers and watt 
uss. Boil later, bitter leaves in 2 changes of water until tender and treat as for 
niack ssrakD (next). Buds and flowers are excellent with cheese sauce. Cover 
clusters with boiling water for | min. Drain, cover with fresh boiling water, heat, 
and boil 3 min more. Drain, season, and cool for 5 min, Related edible species: 
carly winterceess (B. rera), Poisonous look-alikes: none. 
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Black mustard (Al alle wrer) Brassica nigra 


ii Sc sa ls Sl a ac 
ri res alae ornare 
Role ra ep eae ie res 
leaves narrower, wavy toothed. Flowers few in narrow, elongate, loose clus- 
Pee cree emer nec trpaeecie opt eros 
ice ice miata or Geer ermaciaie 
is Pores ergeye rh atiupmre ee ier es 
Se ee es ee 
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Sue eee ee 
‘Use early and blanched leaves in salads. Boil older greens with | change of water, 
Reagie nu scam lee at es ey ee ee 

& Ese urna cae 
Eaten iuimee arnt emerge yee 
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spices to taste, Related edible species: field mustard (B. rapa), Chinese mustard 
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Marsh marigold, Cowstip Caltha palustris 


HES Sees Sine eee 
Aidney-shaped, I- em (0.411 in) Jong, 0.4-2.2 cm (0.2-0.8 in) wide, 
rounded at tip, toothed along margin, heart-shaped at base; stem leaves smaller, 
Fue Rulieep meee ipe ome mee Ane 
until properly treated! Wash leaves and cover with boiling water, Reheat to boil- 
EB riches ree buds wih biting wate aces for leaves Do not bol. Drain 
O Sine tee eee 


Black mustard: entire plants (NYBG), 


th marigolds plants in typical streamside 


Sow thistle: fruiting head, left, and flower (Mathisen). 
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Evening primrose Ocnothens biewnis 
lie eille antumn, winter 

Habitat: disturbed sites, along roads, prairies, fields. Identification: biennial 
herb of 1.6 m (5.3 ft) high, from elongated taproot; stems upright, hairy. Leaves 
of first year in low rosette; second year leaves on flower stalk, alvernate, lance- 
shaped to broadest near middle, 818 cm (3.27 in) long, 2~6 ei (0.8-2.4 in) 
wide, pointed at tip, entire ro toothed along margin, tapering at base, hairy 
Flaacers second year, many in terminal, elongated cluster, each flower with 
narrow, tabular calyx. 15-3 cm (0.6-1.2 in) lang, 4 large spreading, bright 
yellow petals 1.5-3 cm (0,6~1.2 in) long. (Flowers open after dusk and often 
‘lose by midmorning.) Fruits are eylinder-sbaped, angled capsules 14 en 
(04-16 in) feng, containing many small, reddish seeds. Harvest: Dig tsproots 
of first year growth between auruma and early spring. Pick leaves from rosettes 
in early spring or even earlier from areas clear of snow. Preparation: Pec! tap- 
roots and boil ia 2 changes of water for 20-30 min. Serve with butter and sea 
sonings or slice and fry. Cook sliced roots with meat or in stews, partially boiling 
Toots first if flavor is t00 strong. Simmer boiled roots in sugar syrup for 20-30 
‘min until candied. Peel leaves and use sparingly in salads. Or boil leaves 15-20 
min in 2 changes of wacer and serve with butter or vinegar. Related edible 
species: other species of this large genus. Poisonous look-alikes: none, but 
ddon’e confuse leaves with those of ather early-blooming species, 
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Sow thistle Sonchus arvensis 


Habitat: disturbed sires such as roadsides, fields, milroad right-of-ways, gravel 
banks; introduced weed from Europe. Identification: Not to be mistaken for 
the more common and generally more palatable thistles of the Cirsiam genus, 
sow thistle isaperennial berb to 1 m (3.2 fe) high with deep vertical and spread- 
ing horizontal coarse roots; stems upright, smooth, with milky sap. Leaves alter- 
nate, simple, broadest aear or above middle, 10—35 em (414 in) long, 414 em 
(1.65.5 in) wide, deeply labed along margin, upper leaves less so, spiny-tooth- 
ed, lohed leaf bases clasping stems, usually smooth. Flowering beads produced 
in loosely branched, elongated, erect cluster, each head 3-5 em (1.2~2 in) 
‘across, with lance-shaped bracts on the outside and many small yellow flowers 
‘within. Fruits are stnall, dark-brown nudlets 2.53 mm (0.1 in) long. Harvest: 
Locate by noting concenteations of mature plants the previous year, Pick when 
only a few inches tal; leaves become increasingly bitter with age. Caution: Sou x 


thistle ocasionally contains toxs levels of nitrates, Prepars {Foor roo bitter, cut 
land mix leaves with other, blander salad greens, Boil in very little warer for 3—4 
min, change water, and then boil until ender. Serve with butter and seasonings 
or vinegar. If too bitter, mix with blander greens such as Lasts Quanrens. Re= 
lated edible species: Several species of the Sonchus genus are variously distrib- 
‘uted and edible when very young, Some have leaf spines that must be removed, 
Poisonous look-alikes: none. 


Prickly leeeuce Lactuce serriale (synonym: L-scariola) 
‘Habitat: disturbed sites such as fields, rondsides, vacant lors; introduced weed 
from Europe. Identification: annual or biennial herb to 2 m (6.6 fe) high, 
with milky juice in stems and leaves, stoms upright, slender, usually armed with 
spreading prickles. Stem leaves alternate, lance-sbaped, 5-25 em (2-10 in) 
ong, 1.5~12 cm (0.6~4.7 in) wide, with several deep lobes or lobeless, toothed 
and spiny along margin and spiny along main vein on lower leaf surface, with 
pointed lobes at base and often clasping stem. Flowering heads sparingly pro- 
duced in branched clusters, each head 1=1,5 em (0.4-0.6 in) long, 3-6 mm 
(0.1-0.2 in) werass, containing 6-12 yellow flowers. Fruits are tiny gray 0 
brown nudlets $4 mm (0.1 in) long. Harvest: Like other wild lettuce species, 
prickly lettuce is good only when very young. Pick leaves when plants are less 
than 20 cm (8 in) tll. Preparation: Use alone or with other greens in tossed 
salad. Boil leaves in yery litte water for 23 min. Serve with butter and season- 
wilted lettuce pour boiling water over lertuce leaves and let sit for 5 
min, Drain. Make dressing of 3 slices of erisp bacon crumbled into 4 cup hot 
vinegar with 1 tsp sugar and 1 esp salt. Pour over hot lettuce. Cantivn: Large 
quantity of raw young, leaves may canse digestive apset. Related edible species: 
‘many species of the Larzwaa genus widely distributed; most noticeable of these is 
wild lettuce (L. canadensis), which lack prickles on leaves and lower stem. Poi- 
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sonous look-alikes: none, 
Dandelion Taraxacum officinale 
Al edible autunon, winter 
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Goat's beard Traxopegon pratensis 


Habitat: roadsides, fields, other disturbeu sites; introduced from Europe. Iden- 
tification: perennial or biennial herb vo 76 cm (30 i) high with caproor and 
milky juice; stems upright. Leaves alternate, linear, grasslike, 15~30 em (6-12 
in) Jong, 1-2 cm (0.40.8 in) wide, pointed at cp, entire along margin, base 
partially circling stem, smooth. F/owering beads procuced singly at tip of stems, 
resembling dandelion, with 8 lance-sbaped outer bracts, many yellow flowers. 
Fruiting heads globe-shaped, light, fluffy, consisting of umerous small auclers, 
cach tipped with light, Feacheslike bristles. Harvest: See saiiry (preceding). 
Roots of goats beard may be smaller, tougher, less palatable, Preparation: Same 
28 sasir Cool boiled roots and saute in oil until browned oF prepare lke pots- 
toes. Roasted and ground roots make coffee substitute. Use very young leaves in 
salad if nor bitter of boil for 510 min and serve with butter and seasonings 
Related edible species: satsiry, yellow goats beard (T. dubius). Poisonous 
look-alikes: none in the flowering stage 


xs 


Common milkweed Aslepias syria 
Als edible nmomer 


Habitat: fields, meadows, roadsides, woodland margins. Identification: peren- 
rial berb to 1.8 m (6 fe) tll; stems upright, usually unbranched, hairy. Leaves 
opposite, broadest near hase or middle, 10-28 em (4~11 in) long, 4—12 cm 
(1.6-4.7 in) wide, pointed at tip, entire to wavy along margin, thick, leathery, 
bury above, with milky sap. Flowers in dense, rounded beads 6~10 em (2.4 
in) across, each flower rose, dull purple 10 greewish-white, 812 cm (3.2—4.7 
in) long, with 5 reflexed petals. Fruits are elongated rods, browlest near base 
and gradually tapering to curved point, 8-14 em (3.25.5 in) long, covered with 
small, soft, green projections. Seeds small, each with conspicuous, soft, 
featherlike hairs at one end. Harvest: Cut new shoots when less than 20 cin (8 
in) tall. Pick newly opened leaves until buds ere formed; then pick clusters of 
buds and flowers. Later pick firm pods 23 cm (0.8~ 1.2 in) long, Preparation: 
“To remove bitterness from all parts, cover with boiling, water and bring back 

Ss boil. Discard water and repeat 2-3 times with boiling water. Do not use cold 
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lowering stale (Elias), Flowers (NYBG), 


tromagnetism > rotational ator 


that steps through a wide range of pulse dura- 
tions, to determine the limits empirically. Pulses 
that are outside the motor’s designed range will 
generally be ignored and will not cause damage 


‘The turn rate or transit time specified in a data- 
sheet is the time a servo takes to rotate through 
60 degrees, with no load on the output shaft. A 
high-torque servo generally achieves its greater 
turning force by using a higher reduction gear 
ratio, which tends to result in a longer transit 
time, 


How to Use it 


‘Typical applications for a small servo include ro- 
tating the flaps or rudder of a model aircraft, 
steering a model boat, model car, or wheeled ro- 
bot, and turning robotic arms. 


A servo generally has three wires, colored red 
(power supply), black or brown (ground), and or- 
ange, yellow, or white (for the pulse train from 
the controller). The ground wire to the motor 
must be common with the ground of the con- 
troller, and consequently a ceramic bypass ¢ 
pacitor of 0.1uF or 0.01) should be placed be- 
tween the (red) power wire to the motor and 
ground. A protection diode should alsa be used. 
Neither a diode nora capacitor should be attach- 
ed to the wire carrying control signals, as it will 
interfere with the pulse train. 


‘When powering the motor, an ACadapter should 
only be used with some caution, as its power 
output may be inadequately smoothed. A volt- 
age regulator is not necessary, but bypass ¢ 
pacitors are mandatory. Figure 24-7 shows two 
hypothetical schematics. The upper section of 
the figure shows a battery-driven system, possi- 
bly using four 1.2V NiMH rechargeable batteries. 
Since batteries do not generally create voltage 
spikes, no capacitors are used, but a diode is in- 
cluded to protect the microcontroller from EMF 
when the servo stops and starts. The lower sec- 
tion of the figure shows the additional precau- 
tions that may be necessary when using DC pow- 
er from an AC adapter. The DC-DC converter, 


How to Use it 


which derives 6VDC for the motor requires 
smoothing capacitors (this should be specified 
in its datasheet), and so does the voltage regu- 
lator, which delivers regulated SVDC power to 
the microcontroller. Once again, the protection 
diode is included. In both diagrams, the orange 
wire represents the control wire transmitting pul- 
ses to the servo motor. 


Microcontroller 


Vireconroter ] 


Figure 247, Two possible schematics torun a small servo 
‘motor. the upper example using battery power (for exar 
ple, from four .2V NiMH cells) and the ower example us 
ing a SVDC AC adapter. See text for additional explana 
tion. 


Various shaft attachments are available from the 
sameonline hobby-electronics suppliersthatsell 
servos. The attachments include discs, single 
arms, double arms, and four arms in a cross- 
shaped configuration. A single-arm attachment 
is often known as a horn, and this term may be 
applied loosely to any kind of attachment. The 
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Fireweed Epilobium angustifolinne 
lie edile summer 

Habitat: woodlands, ravines, clearings; commonly grows after fires. Wdentifica- 
ion: perennial ber 1-2 m (3.265 fe) high; stems erect, usually single, 
smooth, Leaves alternate, narrow and broadest sear base, $~20 cm (2-8 in) 
Jong, to 3 em (1.2 in) wide, nearly stalkless, long-pointed ut ip, entire or nearly 
so along margin. Flowers many on elongate spikes; each flower stalked, spread- 
ing, with 4 pink ta purple, rarely white, clawed petals 1-2 cm (04-08 in) 
long: Brat a narrow capsule 3-8 em (1.2~3.2 in) long, with reddish or purplish 
cast, 4-parted. Harvest: Cur young shoors in spring; new leaves, flower bud 
clusters, and marure stems later. Older leaves are good for tea but too bitter for 
potherb. Preparation: Not a very tasty food plant but widespread, abundant, 
‘easy to identify, andl has several edible parts. Cook young shoots like asranacus 
and season with burcer, hollandaise, or cheese sauce. Use young leaves and later 
flower-busl clusters in salad with ather greens. For potherb, stir 4 cups small 
leaves and 3 tbsp water into 2 thsp melted butter in skillet over high heat. Cover 
and cook 2~3 min, season and serve. Boil flower bud clusters 10-15 min and 
serve with butter, salt and pepper. Peel stems too old for cooking and chew on 
raw pith of use pith in soups, Dry mature leaves and blend with other suitable 
leaves for a tea. Relaced edible species: dwarf fireweed (E. latifaliam) and other 
related but smaller species. Poisonous look-alikes: none. 


Alfilaria, Filaree, Storksbill Enadinw cicatarinm 


Hiabieac: fields, pastures, roadsides, other disturbed sites; common weed intro- 
duced from Europe, Identification: anual or biennial berb with 1 ro several 
spreading stems, huiry, Leaves emerge at base and along stem, alternate, 2-10 
em (08-4 in) long, featberlike (pinnate) compound, leaflets (pinnae) cleft 
‘tnd coarsely toothed. Flowers 2~10/in sal, branched, rounded-headed cluster 
ft tips of shoors; each ower about 2.5 cm (I in) across, with 5 rose-purple 
petals, Fruits are narrow, clongave capsules 2~4 em (0.8-1.6 in) long, opening 
from base toward tip. Harvest: Gather young, overwintered leaves in early 
spring when other wild foods are scarce. Be certain leafstalks are hairy. Prepara- 
tion: Chop leaves for silad with other greens. Boil leaves in lightly salted water 
until tender, about 10-20 min. Serve with butter, lemon juice, and herbs. Re- 
lated edible species: none recommended. Poisonous look-alikes: Leaves re- 
semble those of the pursey family including roson neatocs. Picking only hairy- 


stemmed leaves very early in spring should help you avoid errors. Be sure of a4 


identification! 
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Live-forever, Orphine Seda purpuresn 
Alo eible ann, winter 


Habitat: roadsides, open slopes, woodlands, and disturbed sites; introduced Eu- 
ropean weed. Identification: perennial berb co 80 em (32 in) tal, from fleshy 
tubers. Stems upright, succulent; leaves alternate or whorls of 3, simple, fleshy 
3-6 em (1.2~2.4 in) long, 1-3 cm (0.412 in) wide, pointed or blunt at tip, 
tire oF toothed along margin, green to bluish-green. Flowers produced in & 
compact, branched cluster at tips of branches, each flower bisexual, 6-10 mm 
(0.2-04 in) across, with 5 reddish-purple to deep pink petals. Fruits small 
capsules 46 mm (0.2 in) long, splitting open along | side only. Harvest: young, 
leaves in spring and tubers from fall through spring, 3s long as they are firm and 
crisp, Preparation: Add raw, very young leaves 0 salads, Boil leaves gathered 
through eaely summer for 5~10 min and serve as cooked green. Pour bot pick- 
ling liquid over tubers and leave for several days before eating. For pickling, 
liquid boil 2 ebsp mixed pickle spices in cloth bag in solution of I qt vinegar and 1 
cup sugar. Boil tubers like those of Connon pa¥ uty for about 20 min. Serve with 
butter and seasonings. Related edible species: Other Sediem species provide 
edible leaves; some are more pungent than others. Roseroot (5. raed) is the most 
frequently used. Poisonous look-alikes: none. 


Lady's thumb Polygonum persicaria 
Abe eb semmer 
Habitat: distuched sites, especially low wer ground, along roadsides, lakes, 


streams, pons; widespread weed introduced from Europe. Identification: an- 
nnal berb to 1m (3.2 fo) high; stems soon branching, spreading to upright, 
smooth, Leaves alternate, narrowly lance-shaped, 4—12 em (1.64.7 in) long, 
06-3 em (0.21.2 in) wide, aftew with zrregular or triangular purplish spot 
‘above, pointed at tip, wavy along, margin, tapering at base, enclosed at buse by 
‘membranous sheath that also surrounds stem. Matare stems reddish. Flowers 
numerous, dense én eylindershaped spikes 2-4 cm (0.8-1.6 in) long, each 
flower pink to rose, Feuits are tiny, broadly ega-shaped nutlets 2-2.5 mm (0.1 
in) long, Harvest: Gather young leaves, mainly in spring but later if not 100 
peppery. Preparation: Add chopped raw leaves to tossed salad. Boil leaves in 
small amount of water for 5-10 min, Serve with vinegar. Related edible spe- 
cies: Lome histor, avanese kNOTwERD, Known as the smartweeds, other Paly- 
sven species may be as good as lady's chumb, and none are known co be poison- 
fous. Caution: Some species may canse light-sensitive reactinns, Poisonous took- 
alikes: none. 
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Common burdock Arctium minus 
Also edie summer antunn 
Habitat: roadsides, vacunt lots, disturbed sites; introduced from Europe and 


Asia. Identification: biennial berb co 1.8 m (6 f® high; stems upright, often 
branches, usually smooth. Leaves alternate, basal leaves large, 30-30 em (12— 
20 in) fomg, 20-30 em (8-12 in) wide, widest near base, deeply Inbed at base, 
with conspicuous hollow stalk upper-stem leaves smaller and pot lobed at base 
Flowering beads produced during second year along upper stems or in 
branched elongaced clusters; heads 1.7—2.8em (0.7—1.1 in) across, outer bracts 
spine-tipped; flowers pink to purple. Seeds small, hard nutlets 4—6 mm (0.2 in) 
long. Harvest: Dig roots of first-year plants during summer, later if necessary 
Pick first-year basal leafstalks and young flower stalks of second year. Prepara- 
tion: Peel roots, slice V2-in thick and boil 20 min with pinch of baking soda 
Change warer and boil until tender. Serve with butter and seasonings, of mash 
pieces and make fried patties. Peel flower stalk, removing all green rind. Bat like 
celery, slice into salad, or boil until tender. Good in casseroles and many other 
recipes. Simmer pieces of cooked flower stalls in maple syrup to make candy. Eat 
peeled leafstalks raw or boiled, but since they are hollow, there's not muich left 
after peeling. Related edible species: Just ss wood, great buntock (A, lappa) is 
larger, with larger burrs on solid leafstalks, Poisonous look-alikes: Leaves re- 
semble rhubarb leaves but flowers are greatly different, 


Salsify, Oyster plane Trasoposun porrifeins 
Habieat: roadsides, elds, cailtoad right-of-ways, other disturbed sites: intro: 
dluced weed from Europe, Identifiention: biennial ar perennial herb to 1 m 
{3.2 fo) with long taproot and milky juice; stems upright, sullen just below 
Alowering beads, Leaves seeroate lance-shaped, 18-32 cr (712.6 i) long, to 
2 cm (0.8 in) wie, long:-pointed at tp, entire along marin, base cieling stem. 
Flowering beads solitary, usually 3-4 em (12-16 in) ong, with 611 lance- 
shaped outer bracts and numerous purple lowers. Fruiting heais globe-shaped, 
fluffy, consisting of many small nulets, each vipped with featherike bristles. 
Harvest: This is the cultivated species of salsify oF oyster plant dha abo grows 
wid. Roors and leaves must be harvested before plant produces flowerstalk. This 
isa problem since grasslike leaves grow among leaves of many other plants. Learn 
to recognize leaves so you can harvest them and dig roots while still palatable. 
Preparation: Scrub and scrape roots as you would carross, putting them in cok 
water to prevent discoloring. Cut into 1-in slices. If they are cough, add pinch of 
baking soda to cooking water and boil for 10 min, then change water and cook 
ntl ender. Drain and serve with butter and seasonings or with white sauce. For 
other uses see oo4r's ntano (next), Related edible species: cosr's mato. Pol 
sonous look-alikes: none in flowering stage 


Bull thistle: young plane (Dykeman). Fi 


Chicory: basal leaves and young plants (Dy 
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Bull thistle Cinsinw vulgare 


Habitat: fields, meadows, roadsides, disturbed sites; introduced from Europe 
and Asia. Identification: biennial herb to 1.8 m (6 R) high, fram taproot; stems 
upright, hairy, winged, wings lobed and armed with spines. Leaves alcernate, 
broadest near or above midlle, deeply and eariously dissected along margin, 
8-30 cm (3.212 in) long, 4-12 em (1.64.7 in) wide, stiff, spiny, stiffly hairy 
above, with soft white «© green hairs below, leaf bases extending onto stem, 
Flowering beads second year, several, outer bracts spiny, 2—4 em (0.81.6 in) 
long; flowers purple. Sceds are hard, 3~4 mm (0.2 in) long and tipped with 
bristles. Harvest: Dig roots of first-year growth (thistles without stems). With 
loves and knife, harvest leaves and young second-year stems at top of root early 
in growing season. Preparation: Peel young stems and remove spines from 
leaves before using raw in salad or boiling unel tender for green vegetable. Re- 
move all spiny covering from core of leaf bases. Boil cores with washed, peeled 
roots for about 15 min, changing water if necessary to remove bitterness, Serve 
salted with butter or vinegar, Slice boiled roors and fry until browned, Bail roots 
several hours until mushy, dry and grind into flour, Because of spines, you may 
prefer to use thistles only as survival food. Related edible species: Many species 
of thistles are available; some are more palatable than others. Poisonous look- 
alikes: Honst Serie is a low herb with prickly stems but no spines on leave 


Chicory Cichorinm intsbas 
Alin edible autumn, sinter 


Habitat: roadsides, fields, vacant lors, other disturbed sites; introduced weet 
from Europe. Identification: perennial berh to 5 m (5 2) high, with large 
deep tapront; stems erect or nearly 40, often branching. Leates alternate, lance 
shaped 10 broadest above middle, 10-32 em (412.6 in) ong, 2-8 em (0.83.1 
in) wide, upper leaves reduced, toothed and often lobed along margin, sap 
milky. Flowering heise produced along upper purt of stems in junctions of 
upper smaller leaves; each bead \—1.6 em (0-A-0.6 in) long, 3-4 em (12 

1.6 in) across im flower, containing many bright blue, rarely pink or white, 5- 
lobed flowers, Fruits are tiny, brown or black nudets 2-4 mm (0.1 in) long. 
Harvest: Pick leaves, including crown a top of root, as early as possible. Dig 
00r, fall through spring. Chicory leaves are similar to those of nannitioN; collect 
and use leafy parts of the wo together. Preparation: Slice bleached under- 
zround portion of leaf crown for use raw in salad, along with oil and vinegar or 
with other spring edibles. Boil crown bases about 5 min and serve with butter 
and seasonings. Same for leaves but water changes may be needed to remove 
bitterness, especially later in spring. For coffee substicute, scrub roots and roast 
slowly in oven until brown throughout, Grind and brew like coffee, Related 
edible species: none, but similar to paNnexiON in early stages. Poisonous look- 
alikes: none. 
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Henbie Laminm amplexicaale 


Habitat: fields, yards, vacant lots, disturbed sites; introduced from Eurasia, com- 
mon and widespread. Identification: small annual berb to 40 cm (16 in) tall; 
stems usually branching with upper parts upright, 4-sided. Leaves opposite, 
mainly on lower half of stem, 0.7-3.4 em (0.3-1.3 in) long, nearly rounded, 
coarsely round-toothed along margin, heart-shaped at base, hairy above, lower 
leaves long-stalked. Flowers purple, produced near tip, each marrow, funnel 
shaped, 12-18 mm (0.50.7 in) long, 2-lipped, lower lip 2-lobed, upper lip 3- 
lobed, hairy on ourer surface. Fruits are 4 small nuclets, partially enclosed by 
persistent calyx, Harvest: young leaves and shoots in spring. Preparation: Com- 
bine with other greens in salads; use young leafy shoots as potherb, For spiced 
henbie, chop 4 cups shoots, cover with water, and boil 10 min. Separately mele 3 
thsp butter or margarine, add 1 tsp curry powder, 2 whole cloves, and V4 tsp 
‘ground cinnamon. Stir and cook 1 min. Stirin 2 tbsp flour and cook 1 more min, 
‘Ada V3 cup water from boiling hebie and stir uatil smooch, Add cooked henbit 
and 54 cup sour cream, Simmer 15 min gently, Related edible species: Henbic 
(L. purpurcam), sith the same distribution, is very similar except leaves are 
stalked. Poisonous look-alikes: none. 


‘Wood violet Viole palmate 
Alte edible wmmer 
Habitat: wooded floodplains, rich deciduous forests, especially on slopes and 


lexjges. Identification: perennial herb from thick, elongated underground stern 
(chizore); above ground stem absent, Leaves simple, 6-12 em (24-47 in) 
Zong. often wider, broadest near base, blade deeply 5-to 1 1-lobed, lobes various- 
ly toothed, smooth or hairy, leafstalks long, ro 20.em (8 in); with linear to nar- 
rowly lance-shaped bracts (stipules) at base ofeach leaf. Flowers produced singly 
at tip of stalk as long as leaves, deep reddisheeialet to violet, 1.7~A cm (0.7— 
1.6 in) across, petals 5, lateral ones beanded, with shore spur in back. Fruits are 
‘egg-shaped capsules 6-12 mm (0.2-0.5 in) long. Harvest: Gather flowers leav- 
ing stems behind. Give preference to bright-green, young, tender leaves: but 
older darker-green summer leaves are edible too. Preparation: Use fresh 
flowers as trail snack or for jelly, jam, syrup, candy. For jelly, cover 2 cups 
flowers with boiling water in jar and leave overnight. Then strain and discard 
flowers, Add juice of 1 lemon and 1 pkg pectin. Bring to boil and add 4 cups 
sugar. Boil again for 1-min. Pour ino sterilized jars and seal. For syrup, pour 2 
‘cups boiling water over 6 cups flowers and leave overnight. Strain and discard 
flowers. Combine liquid with 2 cups suzar. Boil until syrup thickens 
covered jars in refrigerator. For other uses, see caxana vioirr. Related edible 
species: CANADA ViOUT, PALE VIOLET, WesterD MoUntaiN violet, (V. purpuerea), and 
southern wood violet (V. hirvwtula). [eis likely chat all of the violet species are 
edible, with some more palatable than others, Some may have a cathartic effect. 
Poisonous look-alikes: Violet leaves resemble leaves of other wildflowers, 
(5 safest to colleet leaves only when flowers are in 


some of which are toxic. So 
bloom, 


flowering pl 


Orange-flowered jewelweed: flowering plant (Dykeman). Young plane (El 


Yellow-flowered jewelweed: flowering stalks (Elias), 


at Can Go 


‘ong 


horn is usually perforated so that other compo- 
nents can be fixed to it by using small screws or 
nuts and bolts, Figure 24-8 shows a variety of 
hors. 


Figure 24-8. Various shaft attachments, known as horns 
are available from motor manufacturers. The blue ane is 
‘metalic: the others are plastic. 


After the horn is pushed onto the spline (the mo- 
tor shaft), it is held in place with one central 
screw. As previously noted, the two major man- 
ufacturers of small servos, Futabaand Hitec, have 
incompatible splines. 


Modification for Continuous 
Rotation 


Itis possibleto modifyasmall servo motorso that 
itwill rotate continuously. 


First the motor case must be opened, and the 
potentiometer must be centered by using a con- 
troller to send some 1.5ms pulses. The potenti- 
ometer must then be glued or otherwise secured 
with its wiperin this precise center position, after 
Which the potentiometer is disconnected from 
the drive train. 


Mechanical stops that would limit the rotation of. 
the motor shaft must be cut away, after which 
the motor is reassembled. Because the potenti- 
ometer has been immobilized, the motor’ inter- 
nal electronics will now "see" the shaft as being 
ints center position at al times. f the controller 
sends a pulse instructing the motor to seek a po- 
sition clockwise or counter-clockwise from cen- 
ter, the motor will rotate in an effort to reach that 


lectromagnetism > rotational > servo mator 


position. Because the potentiometer will not 
provide feedback to signal that the motor has 
achieved its goal, the shaftwill continueto rotate 
indefinitely. 


In this mode, the primary distinguishing charac- 
teristic of the servo has been disabled, in that it 
can no longer turn toa specific angle. Also, stop- 
ping the servo may be problematic, as it must 
receive a command that precisely matches the 
fixed position of the potentiometer. Since the 
potentiometer may have moved fractionally dur- 
ing the process in which it was immobilized, 
sometrial and error may be needed to determine 
the pulse width that corresponds with the po- 
tentiometer position. 


The purpose of modifying a servo for continuous 
rotation Is to take advantage of its high torque, 
small size, light weight, and the ease of control- 
ling it with a microcontroller. 


In response to the interest shown by hobbyists 
in modifying servos for continuous rotation, 
some manufacturers now market servos with 
continuous rotation as a built-in feature. Typical- 
ly they include a trimmer potentiometer to cali- 
brate the motor, to establish its center-off posi- 
tion. 


What Can Go Wrong 


Incorrect Wiring 
The manufacturer's datasheet should be 
checked to confirm the color coding of the wires. 
While a simple DC motor can be reversed by i 
verting the polarity of its power supply, this is 
totally inappropriate for a servo motor. 


Shaft/Horn Mismatch 

Attachments forthe spline of one brand of motor 
may not fit the spline of another brand, and can- 
not be forced to fit. 
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Orange-flowered jewelweed, Spotted touch-me-not Impatiens bffors 
(ayeonym: 1. capensis) 


Habitat: wislespread in wet areas, along streams, ponds, springs, swamps, low 
‘moist wooslands, floodplains, bottomlands. Wdentfication: annual herb; stems 
Upright, 0 1.5 m (5 fe) high, branched, aery juiey, smooth, Leaves alternate, 4— 
12 em (1.64.7 in) long, 3-7 cm (1.2~2.8 in) wise, broadest ator below midi 
blunt-or round-toothed along margin, loog-stalked. Flowers showy, in few-flow- 
xed, speeating clusters; each flower stalked, with conspicuous sactke spur in 
rear, orange to orange-yellow spotted with reddish, yellow, or white spots on 
‘face. Fruit elongate, cylinder shaped capsule 1.5-2.5 om (0.6-1 in) long, at 
‘maturity exploding suddenly when touched to scatter seeds. larvest and prep- 
aration: For potherb, pick yoamg shoots co 15 ex (6 i) high; wiles quickly. 50 
tse immediately. Cover wich water; boil 10-15 ma, draining and adding fresh 
boiling water ewice. Season and butter. Caution: Frequent use asa potherb is not 
recommend: because of abundance of calcium oxalate crystals. Seeds: As pods 
ripen, shake plant over fine net; separate seeds from rest of fruit. Tastes like 
surrenurs; exe as gathered or use as topping for desserts, Medicinal use: Applied 
to skin, juice prevents and relieves symproms of rosos ivy, Nermss, and fungal 
dJeematitis. Apply raw juice or concentrated boiled juice of crushed stems. Ex- 
tract spoils quickly, but frozen extract retains medicinal properties. Antifungal 
agene is 2-methoxy-t, 4-naphthoquinone. Related edible species: vruow-mtow 
up jrwutwrtD (n€x0, Poisonous look-alikes: none. 


Yellow-flowered jewelweed, Pale touch-me-not Impatiens pallida 


Habitat: moist woodlands, wet meadows; not as abundant and usually occurring 
in slightly drier sites than oxaNoe-nowsarn yoweuveed. Identification: annual 
herby stems upright, w@ 2m (6.6 fe) high, freely branched, rery juicy, smooth, 
Leaves alternate, long stalked, blades 4~14 cm (1.6—5.5 in) long, 3-8 em (1.2— 
3.2 in) wide, broadest at or below mildle, blunt or round coothed along margin 
Flowers showy, in few-flowered clusters in junctions of upper leaves, each 
flower stalked, vith conspicuous saclike spur in rear, pale yellow with reddish 
spots on face. Fruit elongate, cylinder-shaped capsule 2-2.6 em (08-1 in) 
Tong, at maturity exploding suddenly whem touched to scatter seeds. Harvest 
and preparation: same as for onancr-roowexsD zewe.weed (preceding), Related 
edible species: oxavor-nowrnr jewsiwerd. Poisonous look-alikes: none. 
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Sheep sorrel Rome: acetoselle 
Ally eile summer, ane 

Habitat: disturbed sites, gardens, old fields, mainly on acid soils. Edentifica- 
tion: annual or perennial herb co 50 em (20 in); stems upright, 4-sided, un. 
branches! or branched. Basal leaves present, shaped like a narrow arrowhead 
Stem leaves 24—5 em (1-2 in) long, 0.52 em (0.20.8 in) wide, narrow ar- 
‘rowbead-shaped, pointed at tip, with slender pointed lobes at base, with papery 
sheath around stem where leaves are attached. Flowers tiny, green, yellow, resi 
to purple, clustered on marrow elongate spikes. Feuits ace tiny wutlets 1.2L 
‘mm (less than 0.1 in) long, 3-angled, shiny yellow-brown, enclosed by persistent 
calyx, Harvest: Pick or cut leaves from healthy, deep green clumps from spring, 
uuncil autumn, but flowering clumps may be tough. Preparation: Sour taste 
makes sheep sorrel leaves an excellent thirst-quenching trail nibble. Use leaves 
liberally with bland greens in tossed salad. For beverage boil 1 cup loosely 
packed leaves in 1 qt warer for 23 min; then cover and steep for atleast 15 min, 
Strain, add sugar or honey to taste, and serve hot or cold. Boil leaves in 2 changes 
cof warer for pleasantly sour potherb or mix with other cooked greens. Use leaves 
with chicken broth 10 make soup or sauce to use with fish, rice, oF vegetables. 
Caution: Large quantity may canse stamach upset. Related edible species: Many 
species of dock, including souk Doce (nex), are edible; sheep sorrel has the most 
dlstinctive sour flavor. Poisonous look-alikes: none. 


Sour dock, Curled dock, Yellow dock Rames: crisps 
Alo ofible rummer, autumn, winter 
Habitat; common in disturbed sites, fields, roadsides, vacant lots. Identifica- 


tion: large herb, usually biennial, to 1.5 m (5 fe) all; stems upright, smooth, 
ibbed. Lewes 14-24 cm (5.59.4 in) long, 2~6.5 cin (0.82.5 in) wide, uni- 
formly wide to widest near base, poinced at tip, strongly wavy and curled along 
‘margin, rounded 10 heart-shaped at base, dark green, with papery, straw-col- 
ored sheath around stem where leaver are attached, Flowers small, usually 
greenish, stalked, densely clustered on 1 to several narrow, clongated stalks. 
Pruits I-parted, 46 mm (0.2 in) across, dark red to reddish-brown, each en 
closing 3 uutlets 1.5—3 mm (0.1 in) in diameter, Harvest: leaves in early spring, 
or even through late winter when they may be tinged wieh red and yellow. Strip 
seeds from stalks in late summer and autumn. Preparation: Young leaves 
cooked for about 10 min in small amount of water taste like young beet greens 
Older leaves may need longer cooking with 1-2 warer changes to make them 
render and remove bitterness. Cook with other wild greens of season. Serve with 
butter, bacon, hard-boiled egg, seasonings. Caution: Large quantity may case 
stomach apt. With much effore seeds can be hulled, winnowed, ground, and 
sifted to produce palatable flour. Use half and half with regular flour. Relared 
edible species: While most species of dock are likely edible, sour dock is one of 
the most flavorful. Poisonous look-alikes: none. 
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Eastern hemlock Tange canadensis 


Habitat: cool moist ravines, protected valleys, lowlands. Identification: medi- 
lum or large evergreen tree to 25 m (82 fe), rarely taller, with deeply furrowed, 
reddish-brown of cinnamon red bark, Leaves small, 0.71.6 em (0.3=0.6 in) 
Jong, 12 mm (less than 0.1 in) wide, linear, arranged in I plane horizontal to 
ground, flattened, dack yellowish-sreen with 2 whitish bands underneath. 
Male flowering cones tiny, yellowish, at ips of branches; female cones small, 
sareen, leathery. Fraiting cones 1.21.9 em (0.5~0.7 in) fong, hanging, widest 
hear miklle, rounded of pointed at tip, ight brown; cone scales nearly rounded: 
seeds tiny, egg-shaped, winged. Harvest: needles any time but preferably young 
ones in spring. Inner bark best in winter and eatly spring. Preparation: For tea, 
boil needies in covered pot and steep about 10 min. Tea i high in vitamin C. To 
avoid damage to tree, use inner bark only in emergency. It may be eaten raw oF 
boiled, or dried and ground co mix with flour. Related edible species: Carolina 
hemlock (7. carliniana), western hemlock (T. beteropbylla), mountain hemlock 
(T, mertensiana). Poisonous look-alikes: aaunicax vew is a commonly cultivated 
shrub that has longer needles and bright red, fleshy pulp surrounding seeds. 


Yellow birch Betula alleghaniensis 
Al oie anti, winter (eynonym: B. later) 


Habitat: rich woodlands, lower slopes, and occasionally cool marshlands, usually 
below 1,000 m (3,300 fe) elevation. Identification: medium-size tree with 
rounded crown and pecling ragged-edged, reddish-brown bark turning dull yel- 
Jou or yellowish-brown. Broken twigs have mild wintergreen fragrance. 
Leaves alternate, deciduous, simple, 7-11 em (2.8~4.3 in) long, 33 em (1 
in) wide, usually broadest near base, with double row of sharp-pointed teeth 
along margin. Male and female flowers in separate catkins oa same tree in spring. 
Fruits broud, upright cones 2.5-3,5 em (114 in) long, with numerous 3- 
lobed scales and tiny winged seeds. Harvest: For sap, tap like sucan tarts, 3-4 
‘weeks after maple sap flow begins. Flow copious but sugar content lower than 
from maple, For use of twigs and inner bark, see instructions under more flavor- 
ful swerrmisc (next), Preparation: Boil sp in shallow open container outdoors, 
aulding more as volume decreases, until evaporation leaves viscous, molasses- 
flavored syrup with temperature about 104°C (20°F). Ratio of sap to ultimate 
syrup is far greater than for stGsk Nar Store in sterilized, filled, sealed jars. 
Related edible species: sweet siicn. Poisonous look-alikes: none: 


Sweet birch, Black birch (Alo eile summer, axtumn, winter) Betula lent 


Habjeat: forest or open woods, especially moist, north-facing, protected slopes, 
in deep, rich, wellslrained soils, Identification: medium-size «ree with rounded 
crown anxl stuoath, dark red to almost black bark. Broken twigs bave winter- 
sreen fragrance. Leaves alternate, deciduous, simple, 6~15 em (2.46 in) long, 
‘4-8.cm (L6-3.2 in) wide, broadest near hase, with double row of fine, sharp- 
pointed teeth along margin. Male and female flowers in separate, small catkins 
‘on same tree in spring, Fruits in erect, brownish cones 2.53 em (11.2 in) long, 
containing many tiny, winged seeds. Fruits maturing in late summer and early 


Yellow birch: trunk (Dykeiman), Branch with fruits (Elias 


Sweet birch: spring branch with male flowers (Dykeman), Fruit ia summer 
(Bliss), Trunk (Dykeman), 


Sassafras: summer branch with fruits (Blias). Spring branc 
NYBG) 


Sugar maple: fruiting branch (Soderstrom), 
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fall, Harvest: «wigs, red inner bark, larger roots: year-round but best in spring 
For sap in spring, 34 weeks later than suoaK wars, See instructions under yr 
tow sinc (preceding). Preparation; inner bark raw as emergency food, boiled 
like noodles, or dried and ground into flour. Dry inner bark at room tempera 
ture; store in sealed jars. For tea, steep (do not boil) ewigs or fresh or dried inner 
bark in water or, preferably, birch sap. Boiling destroys volatile wintergreen wil 
For birch beer, pour solution of 4 gal birch sap and 1 al honey (or 5 gal sap and 3 
1h sugar), which has been boiled 10 min, over 4 a¢ fine twigs in crock. Cool, strain 
to remove twigs, add I cake yeast. Cover; ferment about | week, until cloudiness 
starts to settle. Borrle and cap tightly, For birch syrup, see vetiow mec. Related 
edible species: yrtiow sncut. Poisonous look-alikes: none 


Sassafcas (Als wlibe mmm, anton, winter) Sassafras bid 


tat: bottomlands, moist soil of open woodlands, lower slopes. Ident 
m: sinall 10 medium-size tree with open, flactopped crown and smooth t0 


6 én) Long, 5~10 cm (2-4 in) wile, broadest near base, bright green, with spicy 
odor when crushed. Flowers produced in clusters in spring, each small, yellow, 
and either male or female (each tree male or female). Fruits exg-shaped 1— 1.5 em 
(0.4-0.6 in) long, dark bive, stalked, enclosed at base by small red cup. Harvest 
and preparation: year-round, Carefully pall several suckers near base of parent 
tree to obrain small roots. For larger harvest, brittle roots require digaing, Flavor 
is in root bark. Boil washed roots or roor bark in water (or maple sap) until liquid 
is red. Sweeten to taste; drink hot or coli. Roots may be reused. Dried, pulver- 
ized root bark is pungent meat spice. Dried, pulverized leaves flavor and thicken 
soups and gravies. Use green winter buds and young leaves in salads, Gavrion: 
Sassafras reportedly has carcinogenic properties, Basic jelly recipe: Make jelly 
with 3 cups strong sassafras tea, 3 02 powdered pectin, U2 tsp citric acid, 4 cups 
sugar; or use 2 cups tea, pkg pectin, 3 cups honcy, powdered root bark to taste 
Related edible species: seicr muss. Poisonous look-alikes: none. 


Sugar maple (Alle wlth tanner, winter Aver saccharam 


Habitat: eastern deciduous forest, common and widespread, especially at lower 
‘elevations. Identification: medium-size to tall ¢ree to 30 m (98 fe) with rounded 
crown, slightly fissured to furrowed dark gray bark. Leaves opposite, simple, 
7.5~20 em (3-8 in) long and broad, broadest near base, 3- to S-lubed, lobes with 
4 few course teeth along margin, bright green, smooth above and below. 

Flowers small, bisexual, produced in slender hanging clusters before leaves 
emerge. Fruits are winged (samara), 33.5 em (12-14 in) long, wings 
spreading at 60° angle. Harvest: Obtain sap from first spring flow, until buds 
swell. Good sap flow requires freezing nights and warm days. Drill hole [11 mm 
(he in) for commercial spe} slightly upward and 5-8 cm (2—3 in) ineo trunk. 

Drive spile in far enough to hold bucket, not so hard 10 split wood. Collect sap 
and store cold until you have 25~30 gal. Collect winged seeds before fully eipe, 
usually from June co Seprember. Preparation: Boil sap outdoors, indoors only if 
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you like sticky walls. Use large surfaced, open pan, adding sap us water boils off. 
After adding all sap, continue boiling until temperature is 4°C (7"F) above that of 
boiling water on that particular day. You may wish co boil for the last two degrees 
‘on a controllable stove. Pour syrup chrough milk filter, filing sterilized canning 
jars, and seal. Yields about 3 qt. For maple sugar, boil 1 pe syrup in saucepan with 
frequent stirring until temperature is at lease 110°C (2307F). Remove from heat, 
cool and stir until surface loses sheen, Pour quickly onto foil or waxed paper, 
‘When partially hardened, score into pieces with knife. Use sap fresh as beverage, 
fermented to form mild vinegar, oF reduced by boiling to \ original volume as 
base for teas, Soak seeds and remove wings. Boil until tender, drain, season, and 
roast for 10-15 min. Related edible species: Sap of all oative maples may be 
used for syrup. Sugar maple is sweetest. Poisonous look-alikes: none; avoid 
Norway maple (A. platanoides), which has milky sap, 


Summer 


By summer most of the leafy edibles chat were tender in spring have toughened 
and become unpalatable. Yer many late-starting plants arc usable through the 
‘summer and include the mints of fielis and water's edge as well as purslane from 
the unrended garden. Spring strawberries are succeeded by a host of other deli 
ious fruits including raspberries, mulberries, blueberries, blackberries, service- 
berries, and beach plums. So summer is the prime season for pies, jams, jellies, 
and juices, as well as food-drying projects 

‘As the days grow shorter in late August and September, fewer and fewer 
shrubs and trees yield juicy, favorful fruits. Yer this slow period before the fall 
fruit and nue season can still keep a forager busy. Now you can find ripe seed 
clusters from many of the same plants whose greens served as edibles in spring; 
some of these include lambs quarters, amaranth, plantain, and dock. Threshed, 
‘winsiowed, and ground, these seeds provide tasty and urritious flour supple- 

(Of course, summer is also the season to heware of stinging nettles, poison ivy, 
and pesky briars, the briars coming in many disguises 
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Additional summer edibles 
Plants listed below have parts char are edible in summer and ar least one addition- 
al season. Descriptions and photos of these plants appear in a seasonal section 
other than “Summer,” as indicated. 


Allegheny chinkapin (Castanea Lady's thumb (Palygoeun persivaria), 
pumila), p. 234 p10 
Arrowhead (Sagittarta latifolia), Lotus lily (Nelambo Jatea), p. 210 
Pp 2i2 Miner's lereuce (Monti perfoliata), 
Black mustard (Brassica migra), p. 100° p. 94 
Bullbrier (Smilax bons-nos), p. 66 Narrow-leaved eattail (Typhi 
Butternut (Juglans cinerea), p. 2 “anguitifolia), p. 68 
California grape (Vitis californica), Pale violet (Viele striata), p, 96 
p. 216 Pigweed (Amaranthus retmflexus), 
California rose (Rosa californica), p72 
p. 220 Plantain (Plantago major, p78 
Canada vinlet (Viole canadensis), p.94 Riverside grape (Vitis riparia), p. 214 
Carrion flower (Smilax herbacea), Russian thistle (afile hall), p76 
p66 Sassafras (Susrafras albidam), p. 124 
Catal (Typha latifolia), p. 68 Sheep sorrel (Rumex acvaslie), p. 120 
Common burdock (Arctiam minas), Sour dock (Ramax eriipas), p. 120 
p.1lL Spice bush (Linders benzein), p. 218, 
Common chickweed (Sulleria modie),  Squashberry Viburnum edule), 
PBt p. 226, 252 
Common greenbrier Syrilas Sugar maple (Acer saccharum), p. 124, 
ratandifolea), p. GA 256 
Common milkweed (Audepias Sweet birch (Betula lenta), p. 12, 
syria), p. 106 252 
Eastern camass (Camassia willsdes),  Sweetbrier rose (Resa eglanteria), 
p. 64 b, 
Firewecd (Epilobinm angustiflinm), Wild garlic (Allium camadense), p. 60 
p. 108 Wild leek (Allin tricoccum), 60. 
Frost grape (Vitis salping), p. 214 Wild onion (Allivm cerauum), p. 38 
Garlic mustard (Alliaria officinalis), Wild potato vine (Ipumoes pandunata), 
p84 p26 
Glasswort (Salicoraia exropea), p. 76 Wil rose (Rose carolina), p. 222 
Great bulrush (Scirpus owlidus), p. 70 Wild strawbeery (Fraparia 
Green pizweed (Amanunthus tirginiana), p. 90 
bybridus), p. 72 Wintercress (Barhares calearit), p. 98 
Hardestem bulrush (Scirpus aeutus), Wood violet (Viol palmate ), p. 116 
p70 Wrinkled rose (Rosa rugosa), p. 222 


James chickweed (Stellaria jamesiana), Yellow pond lily (Nupbar aileena), 
p84 p22 


Reed grass: flowering plants (Feldman). Flowers (Moblenbrock 


Wild rice: flower stalk with male flow ost and stalks with female Flowers (Elias) 


electromagnetism > rotational > servo motor 


Unrealistically Rapid Software 
Commands 

Microcontroller software that positions a servo 
must allow sufficient time for the servo to re- 
spond before the software specifies a new posi 
tion. It may be necessary to insert delay loops or 
other wait times in the software. 


Jitter 

Aservo arm that twitches unpredictably usually 
indicates that the pulse train is being corrupted 
by external electrical noise. The control wire to 
the servo should be as short as possible, and 
should not run closely adjacent to conductors 
carrying AC or high frequency current switching, 
or control wires for other servo motors. 


Motor Overload 

Aservo capable of delivering 2 Ibs of force 1 inch 
from its shaft can easily generate enoughtorque, 
When it stalls, to break itself free from its mounts, 
or bend or break any arm or linkage attached to 
its shaft. Ideally, arelatively “weaklink” should be 
included so that if breakage occurs, it will be pre- 
dictable and will be relatively easy and cheap to 
repair. 


What Can Go 


Unrealistic Duty Cycle 
Small servos are designed for intermittent use. 
Constant cycling will cause wear and tear, espe- 
cially ifthe motor has a brushed commutator or 
metal reduction gears. 


Electrical Noise 

Brushed motors are always a source of electrical 
interference, and any servo will also tend to cre- 
ate a voltage dip or surge when it starts and 
stops. A protection diode may be insufficient to 
isolate sensitive microcontrollers and other inte- 
grated circuit chips. To minimize problems, the 
servo can be driven by a source of positive volt- 
age that is separate from the regulated power 
supply used by the chips, and larger filter capac- 
itors may be added to the voltage supply of the 
microcontroller. Acommon ground between the 
motor and the chips is unfortunately 
unavoidable. 
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Reed grass, Phragmites (Ali wlib antnme, winter, spring) Phragmites communis 


Habicac: margins of streams, lakes, ponds, marshes, springs, ditches. Identifica- 
tion: tall perennial grass, with long, spreading unlerground stems (rhizomes), 
often forming dense clumps; stems upright, 24 m (6.6~13 ft) high, stout; leaf 
blades fat, long, 18-60 ene (7-24 in) long, narrow, 1-6 em (0.4~2.4 in) wide, 
smooth, base of leaf sheathing part of scem. Flowers many in large, dense, elow- 
gated, branched, plumelike clusters 1540 em (6-16 in) fong, purplish at frst, 
turing tan to whitish at maturity, side branches ascending, each spikelet (small 
simple cluster of flowers sharing the same stalk) 1~1.6 cm (0.4-0.6 in) long, 
with numerous long, silky hairs. Fruits are tiny, hard, reddish grains (sceds) 
many people overlook. Harvest: Gather new shoots (at base of old stalks) and 
leaves early in growing season. Collect hardened sap from wounded stems. Cut 
whole stems hefore blooming. Gather seed heads in late summer and aucun 

Failure to produce seed is common. Dig roots and underground stems all year. 

Preparation: Eat early shoots raw, or boil or steam until tender; serve as vegeta 
ble. Eat hardened gum fresh ot toast near fire. Dry stems in sun, beat or grind, 
sift our fine powder, Moisten powder and place near fire 0 swell and roast like 
marshmallows. For gruel, remove seeds by hand, Crush seeds with hulls and mix 
‘with spicy berries. Add boiling warer and cook uneilehin rediish gruel, about $0 
min; add sweetener. Fur use of roots and underground stems, see carta. Re- 
lated edible species: none. Poisonous look-alikes: none, bur avoid roots and 
shoots of iris (yiLLOW FAG, HELE RAG) and other inesibles. 


Wild rice (Alo edible antemn) Zivawia aquatica 


Habitat: marshes, shallow ponds, lakes, streams, o bays of fresh and brackish 
water. Identification: tall anuwal grass; scems upright, usually 1-3 m (310 
fi), stout; leaf blades long, narrow (0.3—1 m (12-39 in) long, 2-5 cm (0.8~2 in) 
wide, soft. Flowers many, in large, open, branched, elongate, plumelike clus- 
ters to 60 em (2,t) high, side beanches 1520 em (68 in) long, fower branches 
spreading to ascensiing and only with male flowers: upper branches erect, bear 
ing only female flawers, cach about 2 cm (0.8 in) long; seed case tipped with 
long, stiff, hairlike structures; seed narrow, hard, brown. Harvest and prepara 
tion: Grains ripen in late summer to early fall. Timing is critical; ripe sees easily 
{all from plant. Small, shallow-draft boat oF canoe provides best harvesting con- 
tainer. Carefully bend stalks over boat and knock ripe grains int it, Several visits 
days apare needest for maximum harvest, Spread grains to dry; then parch, stir- 
fing occasionally, for 3 hr at 175°C (350°P). Thresh husks from grains by pound- 
ing or rubbing. Winnow by pouring from one container to another in narural or 
fan-generated breeze. Wash grains in cold water to eliminate smoky flavor. Use 
like euleivaced rice. Cooking: Bring. 3 cups water and 1 tsp salt to boil. Sririn 1 
cups rice grains and return to boil. Cover and simmer until render, 30—49 mio. 
Serve buttered or with sweetener. For flour, substitute ground rice for parc of 
wheat flour in baking recipes. Related edible species: Texas wildrice (2, fex- 
ana), Poisonous look-alikes: none, but poisonous pink or purple fungus (Char? 
‘4pi species) occasionally replaces some grains. Leara to recognize and avoid it, 
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Chufa, Yellow nut grass Capers exelentns 
Ali elie anton winter, spring 
Habitac: ditches, margins of ponds and steams, low wer sols, waste places 


Identification: perennial herb with slenuler underground stems (rhizomes) and 
early rounded tubers 6~10 mm (0.2-0.4 in) in diameter; stems triangular in 
‘erass section, upright, 20-90 cm (836 in) rll, stout, smooth; stem leaves nar- 
row, 5-10 mm (0.20.4 in) wide; with 3-10 leaves at base of flowering clus- 
Jers but much longer thin flower clusters, Flowering clusters braudly cylinder 
shaped ta almost globe-sbuped, composes of numerous spikelets (smal simple 
cluster of flowers on same stalk); spikelets narrow, elongate, 0.5—3 ci (0.2-1.2 
in) long, 4-sided, many-flowered, Fruits are small nutlets, 11.5 mm (less than 
0.1 in) Long, triangular-chaped, yellowish. Harvest: Gather tubers best from 
Joose o sandy soil where whole plane with tubers is easily pulled or dug from 
depth of less than a few inches. Gather any time ground! is not frozen, Prepara- 
tion: Tubers palatable and useful raw, boiled, candied, dried, and ground into 
flour, and as beverage base. For lour, cry slowly until cubers break apare instead 
‘of mash when hammered lightly. Grind fine in blender or food mill. Use flour 
half and half with wheat flour. For beverage soak 1/~2 cups tubers for 2 days. 
Drain and mash of bl: 

solids before drinking. For coffee substitute, roast tubers until dark brown 
throughout. Grind and brew 1 thsp per cup. Related edible species: Several 
species of Cyperus have tubers or tuberlike structures, Poisonous look-alikes: 


x! in 1 ge water with V4 cup sugar oF honey. Strain out 


Pickerelweed Pontederia cordata 
Allo edible anism 

Habitat: along shores or in shallow water of lakes, ponds, slow moving streams, 
bays. Identification: perennial herb w | m (3.2 f) high, with short, thick un- 
derground stem. Leates basal, blade 6-20 cm (2.4-8 in) long, 2-12 em (0.8 
4.7 in) wide, broadest near base to very narrow, shape variable but usually ar 
rowhead-shaped, smooth leafstalk stout, 6-32 em (2.A~13 in) lang. Flowering 
stalk slightly taller chan leaves, bearing 1 or 2 leaflike bracts, attractive blue 
Mlawers densely clustered on spike $~16 em (26.3 in) lang, each flower fun 
nel-shaped, 2-lipped. Fruits are sift, exg-shaped capsules 4—10 mm (0.20.4 in) 
Jong, enclosed by persistent ragged femains of flower. Harvest: Pick young leal- 
stalks in early summer before leaves are fully unfurled. Strip fruits off spikes as 
they ripen in early autumn, Preparation: Wash, chop, and add young leafsalks 
to salads. As potherb boil leafstalks abour 10 min, drain, and season, Fruits each 
contain a solid seed, edible as trail snack or dried and ground like grain, Related 
edible species: Lancr-LEaven ricemusiwnsb (next), used the same as this species. 
Poisonous look-alikes: none. 


Lance-leaved pickerelweed: plant and flowering stalk (NYBG) 


Sweet flag: leaves (Dykeman), Flowering spike (Elias). Rootstock (D; 
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Lance-leaved pickerelweed Pontederia lanceolata 
‘Ale elible autunn 
Habitat: shallow water along shores of lakes, ponds, streams, marshes. Identifi- 


‘cation: perennial herb to 1 m (3.2 ft) tall with thick, creeping underground stem 
(thizome), Leaves mainly basal, blade 6~20 cm (2.4-8 in) long, 2~12 em (0.8— 
4,7 in) wide, variable in shape but usually aarrowly heart-shaped to arrowhead- 
shaped, smooth; leufstulk stout, 830 cm (3.2-12 in) long. Flowering stalk as 
tall or slightly taller chan leaves, usually with 2 leaflike brace about midway; 
Alwers densely clustered on narrow spike 6~18 em (2.47 in) long, each flower 
blue to purple, funnel-shapesl, 2-lipped, covered with short glandular buirs. 
Pruits stiff, egg-shaped capsules 4-8 mm (0.2-0.3 i) long, usually as broad or 
broader than long. Harvest and preparation: See mcstauiwerD (preceding) 
Related edible species: nicemsiwin0, Poisonous look-alikes: none. 


‘Sweet flax, Calamus Acorai calamas 


Habitat: dicches, swamps, pond edges lakes, and streams; may grow with atu 
rac, water flag, and cartaits, Identification: perennial herb with large, stout, 
aromatic underground stem (chizome), Leaves crowded near base, erect, narrow, 
linear, swordlike but flexible, usually 1-LS m (3-5 ft long, rately 10 2m (6.6 
fo, 1-3 em (04-12 in) wide, mideein off-center, greenish-yellow, with aro~ 
matic, almost spicy, odor when cut. Underground stem portions red. Flowers 
tiay, bisexual, wumerous om narrow, tapering spike (spadix) produced about 
V4 of way up leaflike stalk; spikes often overlooked. Fruits inconspicuous, 
borne on flowering spike. Harvest and preparation: Harvest tender young, 
stalks when less than 30 cm (1 fe) all with short underground stems, Grasp and 
poll fiemly. Vertical stem usually breaks off at rhizome. To obtain underground 
stem, dig with trowel to sever anchoring roots. Inner portions of render young, 
stems provide spicy trail snack or salad ingredient. For candy, use especially red 
underground part of stem. Remove roots, wash, peel, slice into Tem (0.4 in) long, 
pieces. Cook in several changes of boiling water until pungency is tolerable. 

Simmer 20 min in syrup of | cup water to 2 cups sugar. Drain, dey, roll in sugar. 

Related edible species: none. Poisonous look-alikes: Irises (yeuiow MLAs, ALLE 
riac) cause severe digestive upset. Iris leaves lack spicy odor when cut. Flowers 
are showy 
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Spanish bayonet, Datil (Als aie pring) Voce baer 


Habitat: dry slopes, usually in sandy or ocky soils from 920-2,440 m (3,000- 
8,000 fp. Identification: long-lived perennial with short inconspicuous truak, 
sometimes in clumps. Leaves elustered near base, blade lance-shaped, 50-76 
em (20-30 in) long, 3-7 em (1.2-2.8 in) wide, stiff, tip sharp-pointedl and end. 
ing in stout spine, with coarse, recurved fibers along margin, fattened or con- 
cave, grayish-green, Flowering stalk in spring, upright 1—1.5 m (3.2—5 © high, 
densely flowered along upper half, flowers showy, fleshy, sepals 4, reddish- 
brown on outer surface, petals 3, cream-white, 6-12 em (2.44.7 in) long. 
Fruits are fleshy capsules, 1418 em (5.5~7 in) lang, broaslest near the middle, 
3-parted, curning reddish brown at maturity and splitting open to release seeds. 
Harvest: young flower stalks before buds expand and fruits as they are available 
late spring through summer. Use buds and flowers as described for sosrwern 
(next), but not as good. Preparation: Cur young flower stalks into sections, boil 
25-30 min or roast until core is tender. Peel off tough rind. Serve with butter, 
lemon juice, and seasonings. Fat fruit raw or cooked. Roast whole fruits until 
tender, scrape our pulp and separate from seeds. Sweeren if desired. Use raw 
pulp for pie. Strain pulp and dey by boiling to paste and finishing in oven as thick 
sheet. Eat dry or dissolve for beverage. Roast seeds at 190°C (375°F) until dry 
and crisp. Grind coarsely and boil as veuetable until tender. Related edible 
species and poisonous look-alikes: See sawed, 


Soapweed (Al edible spring) Yineca glance 


Habitat: prairie 
rocky sols. Identification: perennial with short stem. Lewves densely clustered 
tuear base and covering stem, blade linear, 38-60 em (15-24 in) long, 0.8-1.2 cm 
(03.0.5 in) wide, sf, hard and sharp-poineed ac tp, with narrow white band and 
‘occasional loose threallike strands along margin, concave, gray-ereen. Flowering 
stalk in spring, upright co 1m (3.3 f), with stalked flowers along upper haf, 
flowers bowl-shaped, showy, with 3 grcenish-white sepals, 3 white petals 4.5- 
5.5 cm (18-2.2 in) long. Fruits are eylinder-sbaped dry capsules 5-8 om 2 
3.2 in) fowg, 34.5 cm (12-18 in) in diameter, cursing brown, 3-parted and 
splitting open at maturity to release seeds. Harvest: Pick young flower stalks 
before bus expand. Pick flowers and buds a5 available. Preparation: Cover 1 
cup flowers or buds with water and boil unl wader, 15-20 min. Deain and chop 
coarsely. Add with pimeato or green pepper to several eggs and litte mill. Cook. 
like scrambled eyes. For salad boil 1 cup flowers and buds as above. Drain, chop, 
and cool. Add celery, chopped! apple, raisins, nutmeats, cabbage, and mayonnaise 
asin Waldorf salad, For flowcr stalks see seaxist navontr (preceding). Unripe 
fruies are bitter but can be made palatable by boiling or baking. Related edible 
species: all vcd species including soansi wavows. Flower and bud uses apply 
best to dry-fruited species, fuic uses to fleshy-fruited species, Spiny leaved Agave 
looks similar and is also edible. Poisonous look-alikes: none. 


oadsides, pastures—usually in dry, well-drained sandy or 


ish bayonet: plants (NYBG) 


Soapweed: flowering scalk (NYBG). Ph 
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‘Common day lily Hemerocallis fulea 
‘Ali edible autumn, spring 


Habitat: garden plant chat commonly grows wild in abandoned home sites, va- 
cent lots, along roads. Identification: large perennial herb from a fibrous root 
system with short, fingerlike tubers, with numerous Jong, marrow basal leaves. 
Each leaf 0.51.5 m (1.75 fe) long, 1.5~3 cm (0.6-1.2 in) wide, gradually taper 
ing to long narrow dp, tapering with edges folded inward at base, light green to 
greenish-yellow. Flowers in clusters of 3~5 at tip of upright stalks, stalks to 2m 
(6.6 fe); lower buds narrow, tubular; each flower 1015 ent (4-6 in) long, nar- 
rowly tubular at base, funnel-sbaped above, with 6 large, showy petallike seg- 
‘ments, orange to tauny-orange, darker inside, flowering from late May to July, 
each flower open 1 day only. Fruits fleshy, 3-parted capsules: Harvest: cubers 1 
‘em (0.4 in) x 2-3 em (08-12 in). Spade roots over; pick only fiem tubers all 
year. Replant roots. Tubers regenerate rapidly. Pick buds when half to nearly full 
size. Pick flowers when fully opened or wilting, Preparation: Raw tubers give 
sweet nutty flavor to salads, or bol in salted water until tender, season. Excellent 
potato substiture, Boil buds a few minutes, butter, and season. Great cooked 
vegetable; raw they irritate the throat. Dip buds or Mowers in exe batter and fry 
in hot oil or add them to soups at end of preparation for gelatinous quality. Dry 
bbuds and flowers at air eemperature aboura week; store in sealed jars for larer use 
soups or other recipes. Cautian: Bat in maderation to avvid lasutive effet. Re~ 
le species: none. Poisonous look-alikes: Leaves slightly resemble 
(veuiow r.ac, nits ¥.40), but common day lily leaves arch over with 
tip pointed to ground; iris leaves are upright and darker. 


Western camass, Camass lily Camassia quamash 
Ate edible antumn, winter, ring 

Habitat: coastal mountain forests, wet meadows of interior mountains, Ldentifi- 
cation: perennial berb to 80cm (32 in) high, from bulb 2-3 cm (0.8-1,2 in) 
across; gntsslike leaves several from base, narrowly lance-shaped, 20~50 cm (8— 
20 in) long, 0.6~1.8 cm (0.20.7 in) wide, pointed a tip. Flower stalk 20-80 em, 
(8-32 in) high, flowers several, stalked, showy, with 6 blue to bluisb-violet 
petals or petalike structures, each 23.6 em (0.8-1.4 in) long. Fruits are dry 
capsules 0.8~2.4 cm (0.3~1 in) Jong, egg-shaped, splitting open at maturity t0 
release seeds. Harvest: Dig or pull bulbs any season, safest when blue flowers 
distinguish it from peaTH canass. Dig and transplant to safe place where you 
now there is no sari canass. Be certain of identification! Preparation: Raw 
bulbs are palatable porato substicure. May be boiled 25~30 min or baked in foil 
for 45 min at 175°C (350°P). Indians baked bulbs in pit up to 3 days, the resulting 
prosiuct being very dark and sugary. Slice pit-haked or boiled bulbs, dey in sun or 
warm oven, store in paper bag in dry place. Related edible species: rastes 
CcaNass, Poisonous look-alikes: nesriicanass (Ziadenas species), narrow leaves 
plants with green, white, ar bronze flowers, single or several in narcow stalk. 


). Flowering stalks (NYBG). Flowers Ros). 


Indian fig: plane (Fo 
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Indian eveumber Modela virginiana 


Habitat: rich moist woodlands, protected slopes, margin of bogs and swamps. 
Identification: perennial herb, with swollen tuberlike white underground 
stems (rhizomes) horigontal to ground; stem erect, 0 80 cm (2.8 f0, usually 
about 30 em (1 fo, slender, covered with wooly hairs when young, bearing 
whorl of 510 leaves about midway and another whorl of 3 leaves near Lop. 
Leaves simple, patalle-veined, to 10 cm (4 in) long, and uniformly wide to broad- 
lest neat tip; upper leaves smaller and broaulest near base. Stalked flowers 3-9 in 
cluster ut tip of stent, some flowers banging beneath upper leaves, in May anc\ 
June, each flower with 6 pale greenish-yellow petals 6-10 mm (0.2-0.4 in) long, 
Feuits small, rounded, dark purple berries 6~8 mm (0.2~0.3 in) in diameter, 
not edible, Harvest: common, easily identified plane reliable source of limited 
quantity of eubers for trail food. Digging destroys plant, but any remaining tubers 
vill produce new growth, Preparation: Wash and eat tubers raw as trail snack or 
in salad, Has delieate cucumber flavor. For pickles combine 1% cups tubers, 44 
cup water, 14 cup vinegar, | thsp salt, 2 tsp sugar, 1 clove garlic, V4 small, 
chopped red pepper, | ssp pickling spice, Bring to boil, place in small hor sterl: 
ined jars, covering tubers with liquid, and seal. Store at least 2 months. Related 

i sl, inedible starflower (Tvientalis borealis) looks 
similar except for nec-veined leaves. Poisonous look-alikes: none 


Indian fig, Prickly pear (Ais ae spring, aetamn) Opuntia bumifusa 


Habitat: rocky bluffs, sand dunes, dry rocky or sandy grasslands. Identifica- 
tion: perennial herb with fibrous roor system, sprawling along ground, often 
forming clumps. Plesby segments or joints nearly circular to broalest above 
middle, sometimes uniformly wide, 5-20 cm (28 in) Jong, strongly flattened, 
pale wo dark green, dotted with small reddish-browa bumps containing umerous 
tiny, barbed hairs; spines absent or occasionally 1. Flowers produced June—July 
fon upper part of segments, showy, yellow with red center, 3~9 em (23.5 in) 
across, usually with 10-12 petals. Frait broadest above middle to nearly club- 
shaped, 3-6 em (1.22.4 in) long, red 10 purple, becoming fleshy, containing, 
many flatened, nearly circular seeds. Harvest: Wear leather gloves co war off 
spines and barbed hairs. Cut young segments during spring and summer. Pick 
fruits as they ripen in late summer and autumn. Preparation: Flame segments (0 
remove spines, roast segments over fire, then peel or peel first, then slice and use 
like string beans. Edible bur somewhat sticky. Also, deep fry like onion rings 
Dry pulp for later use. To eat fruits fresh, chill if possible, trim off both ends, cut 
skin lengthwise, scoop out sweet pulp. Or, dip 1-2 min in boiling water and 
peel. Be careful, fruits also have fine, spiny bristles. Dry fruit pulp for larer use, 
New ic for dessert, or boil it down and strain out seeds to make syrup ort 
prepare jelly, Briefly roast seeds and grind into meal for soup thickener oF flour. 
For emergency water, peel and chew leafy sezments. Related edible species: 
Fleshy fruits and segments of all fla-stemmed Opuntia species are edible. Poi 
sonous look-alikes: none. 
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Prickly pear, Indian fig Opuntia phacecantha 
Al olible ante, spring 


Habitat: hills, canyons, valleys, usually in cocky or sandy soils, Identi 
shrub to I m (3,2 fe), sometimes sprawling or forming clumps to 6 m (19.7 fe) ia 
diameter. Flesby cactus segments or joints rounded or nearly so, sometimes 
‘widest above middle, 10-25 em (4-10 in) foug, flattened, bluish-sreen; cacti 
spines usually on upper half, \~6 per cluster, 2.5-7.5 em (1-3 in) long, 
straight or curved. Flowers proxtuced near top of upper segments, showy, yel- 
fou, 6-8 em (2.4~3.2 in) long, to 8 cm (3.2 in) in diameter, with many petallike 
structures. Fruits elongate, usually broadest above middle, 36 eva (1.2~24 i) 
Song, to 3.8 em (1.5 im) in diameter, fleshy, red, depressed at tip, containing 
‘numerous, flattened and rounded seeds. The several varieties ofthis prickly pear 
differ primarily in segment shape. spine distribution, color, and length. Harvest 
and preparation: ispia% nic (preceding). Related edible species: all flat 
stemmed prickly pear cacti. Poisonous look-alikes: none. 


May apple, Mandrake Padophsllam peltatum 
Habitat: rich deciduous woodlands, meadows, moist shaded toad banks. Ident 
fication: perennial herb o 50 cm (20 in) tall, frequently in large dense patches 
with creeping underground stems and thick, fibrous roots, short stem, first-year 
planc with I leaf, second-year flowering plants with 2. Leaves large, umbrellalike, 
12-36 em (4.714 in) iu diameter, nearly circular in outline, deeply 3— 
S-parted, toothed; leafstalk attached at center of leaf. Flowers solitary, pro- 
duced in junction of 2 leaves, stalked, nodding, each with 6 sepals, 6-9 waxy 
white petals 2.54 cm (1—1.6 in) long. Fruit an egg-shaped berry 2.59 em (1-2 
in) long, usually yellow, but red in one form. Harvest: Gather fruit when yellow; 
practically falls from plant into your hand. Leaves will be curning yellow by this 
time. Unripe fruit and other parts of plant contain poison poxiophyllin, The root 
thas. long history of medicinal use. Preparation: Eat ripe fruit fresh; taste sensa- 
‘on varies fram person to person. For preserves, jam, or pie filling, remove both 
‘ends, quarter fruit, and force through food mill 1o remove seeds before cooking, 
If skins are desired in final product, squeeze pulp from quartered fruit before 
removing seeds. Chop skins and add to pulp later. Sce recipes for jam and pie 
cearly in book. Also combine juice with lemonade, sumac ade, or other juices for 
new flavors. Related edible species: none. Poisonous look-alikes: none; do 
Hot attempt co use unripe May apples or any other part of the plant, 


Prickly pear: plant (Elias), Fruits (Dykeman). 


May apple: flowering plant (Dykeman). Fruit (NYBG) 
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Bunchberry Cornus canadensis 


Habitat: northern moist woods, bogs, woodlands, mountains especially in south- 
cn part of range. Identification: pereanial, forming mats from spreading, un- 
derground stems (rhizomes): aboveground stems $24 cm (3.29.4 in) high, 
cach stem with whorl of 46 lewves near top and 1-2 pair smaller leaves below. 
Leaves 4-7 cm (1.6~2.8 in) long, 1.5~3.5 em (0.6- 14 in) wide, broadest near 
hase or tip, pointed at tip, with 23 pair lateral veins. Flowers produced in May 
‘or June, tiny, im tight, dense clusters surrounded by + conspicuous, ubil 
petallibe bracts (ower clusters plus bracts resemble a single flower), Fruit pro- 
‘duced in midsummer to aueumn, in dense clusters, each a fleshy stone-fruit, 
‘dlobe-shaped, 6-8 mum (0.20.3 in) in diameter, Harvest: Berries ripen through 
July in clusters of « few to 12. Ripe when scarlet; usually plentiful and easily 
picked in quantity. Preparation: Eat nearly tasteless berries raw, but pulp is 
difficult to separate from seeds. Better cooked and strained for use with more 
flavorful fruits or for pudding. Related edible species: Swedish bunchberry 
(C.suecica) in northern regions bas sweeter and more acid fruits. Laplanders 
‘make pudding fram this species by boiling fruits with whey until thick. Poison- 
ous look-alikes: none. 


Peppermint Mentha piperita 


Habitat: wer places, especialy ditches, along streams, wet meadows. [dentifica- 
tion: perennial herb, seems erect, 0.6-L1 m (2—3.6 fo) tall, -sided, purplish, 
smooth to slightly hairy. Leaves opposite, each pair alternating along stem, each 
with short leafstalk, blade 3.26.4 cm (1.3~2.5 in) long, 1=1.6 em (0.40.6 in) 
‘wide, usually broadest near base, sharply toothed along margins, with distinct 
peppermint smell when broken or crushed. Flowers tiny, light purple, crowded 
topether in dense, many-flowered, interrupted spikes at tips, June-October. 
Fruits with 4 siny qutlets enclosed by persistent calyx. Harvest and prepara- 
tion: Pick leaves at any stage. Great variation in flavor among populations from 
different areas. Callect leaves on dry day and dey on paper in warm area. Store in 
tight container. Jelly: Addl 2 cups boiling water to 2 cups crushed fresh leaves in 
saucepan, Place inverted lid on saucepan, with small amount of ice and water in 
lid to condense water vapor andl flavorful ois. Bring mint mix ro simmer, remove 
from heat, steep 10 min. Strain; add 4 cups sugar and 14 cup cider vinegar to 2 
‘cups mint flavored water. Add green food coloring, if desired. Stir until sugar is 
dissolved. Dissolve 1 pkg powdered pectin in 3 cup water, heat and boil hard 1 
min. Add pectin solution to mine syrup, stir, pour into sterilized glasses, and seal. 
For other uses, see s#EaRMiNr (next). Related edible species: sreansivr, several 
hybrids of native and introduced species. Poisonous look-alikes: none. 
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Spearmine Mentha spicata 


Habitat: grows in wild, especially in wee arcas along roads, ditches, streams, 
Identification: perennial, spreading by creeping rootstock; stems erect to Lm 
(3.2 f, derided, smooch or nearly so. Leaver opposite, each pair alternating 
along stem, leafsalks absent or neatly so, blade 2.57.5 em (1-3 in) long, 0.8— 
24cm (0.3—1 in) wide, broadest at or below middle, toothed along margin, with 
strong smell of spearmint when crushed or broken. Flowers tiny, light purple t0 
near whice, produced in dense, elongate, many-flowered clusters 4~12 em (1.6— 
4.7 in) long, ac growing tips. Fruits riny auclets enclosed in persistent calyx. Hlar~ 
vest and preparation: Pick leaves at any stage. Great variation in flavor among, 
plants from different areas. Collect leaves on dry day and dry on paper in warm 
area. Store in tight container. For tea pour 1 cup boiling waver aver V2 tsp crum 
bled, dried leaves or 14-15 cup fresh leaves. Cover; steep 3 min, Do not boil 
ain, add sweetener and lemon to taste. High in vitamin C. Chop fresh leaves in 
azreen salad, Crush fresh leaves in iced tea. For candy wash and pat dey 2dox fresh 
leaves. Beat 1 ex white until stiff: Dip leaves, ome at atime in egg white, then in 
confectioner's sugar. Dry in oven at low heat, about 100°C (210°P), for 30 min or 
until crisp. Real mint-leaf candy! For jelly recipe see verensavr (preceding). Re 
lated edible species: revrrnsiwr, several other Menthe species, and many hy- 
bridls becween native and cultivated species. Poisonous look-alikes: none, 


American brooklime Veronica americana 
Aloe edie spring 


Habitat: common, along stream banks, swamps, clear ponds, springs, often with 
watercress, Identification: Perennial herb, usually creeping ot sprawling: 
stems smooth, fleshy. Leaves opposite, lanceshaped to broadest near base, 3-8 
cm (1.2-3.2 in) long, 1-4 cm (0.4—L6 in) wide, pointed at tip, toothed along, 
‘margin, stalked. Flowers stalked, produced along terminal, elongated spike 
each flower with 4 pale violet to lilac petals, 4-8 mm (0.2-0.3 iu) werass. 
Fruits are small, nearly round capsules, 3-3 mm (0.1-0.2 in) across, almost as 
long. Harvest: young growth tips from unpollured water during late spring and 
summer. If water quality is questionable, wash tips in clean water to which iodide 
purifying cablets sold in camping stores have been added. Rinse with potable 
water. Preparation: Use like warexcatss in salads or as potherb with bland 
_areens co offset bitterness of brooklime. Related edible species: several other 
species of speedwells (Veronica spp.), some widely distributed. Poisonous look- 
alikes: none. 
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Marsh mallow (Abe wie autumn winter) Althaea officinalis 


Habitat: edges of brackish and salt marshes; introduced from Europe and now 
grows wild, Identification: perennial berb from 0.6- 1.2 m (2-4 fr) all, from 
thick, large taproor, stems upriaht, often branched, stout, hairy. Leaves alrernate, 
simple, broadest near base, 6-12 em 2.44.7 in) long, about 2% as wide, offen 
shallovely 3-lobed, short-pointed at tip, rounded at base, irregularly and coarse- 
ty tucthed along margin, densely hairy. Flowers several in cluster at base of 
‘apper leaves in summer; each with 5 pink, spreading petals 2% cm (08-12 
long Fruit is dry, flattened dise, divided into 13-20 segments, Harvest 
leaves in early summer, flower buds in summer, and roots from late summer 
through winter, Preparation: whole plant contains mucilagelike material; roots 
are best source. Use young leaves in early summer as okravlike soup thickener or 
as potherb. Pickle lower buds. Boil chin sliced, peeled roots for 20 min in 
enough water to cover them, Strain off roots; for candy sweeten the liquid and 
boil until very thick. Beat and drop spoonfuls on waxed paper to cool. Roll pieces 
in confectioner’s sugar. For vegetable, fry boiled root slices wich butter and 
chopped onion until browned. Use water from boiling any parts of plant as sub- 
stitute for egg white in meringue or chiffon pies. Also used for hand lotion and 
‘cough syrup. Use leaves for poultices for infected wounds, Related edible spe- 
cies: other Mallow funily species, especially those of genus Male. Eat Malea 
fruits raw oF substitute roots for meringue. Poisonous look-alikes: none. 


Watercress Nasturtium officinale 
‘Ali fie antunun, winter, spring (synonym: Roriphe nasturtaneagnaticum) 


Habitat: slow moving clear water, especially springs, cool streams; introduced 
from Eurasia. Identification: perennial herb, growing in shallow water or 
‘ual; stems weak, partially floating in water or lying flac in mud wich white roots 
rowing from floating stems, Leaves alternate, 4-10 cm (1.6-6.3 in) long, 2~5 
‘em (0.82 in) wide, dissected into 3-11 lobed and usually rounded dark green 
leaflets: upper leaves nearly rounded. Flowers numerous in narrow, elongate 
clusters, cach flower stalkes, with 4 white petals, 3-5 mm (0.2 in) long. Fruits 
narrow, slender, capsulelike, 12.5 em (0.41 in) long, beaked, containing sev- 
ceral tiny reddish-brown seeds, Harvest: Collect young growth neatly sll year 
from wapollured water sources. Removal does not hurt plant, 1f water quality is 
questionable and plant is to be eaten raw, disinfect shoots by washing in water 
with iodide purifying tablets sold in camping stores. Rinse in potable water. 
Preparation: As potherb, cook and serve just like spinach or add to more bland 
potherh greens, ar stir-fry 4-5 min in skillet with 2 tbsp cooking oil and 1 tbsp 
fresh grated ginger root. Serve with soy sauce. Warercress is an excellent soup 
ingredient. Use ridish-tasting stems and blossoms as garnish or as main salad 
fngredient. For nasturcium salad: Make slightly sweetened oil and vinegar dress- 
ing. Mix | cup young watercress leaves, 1 cup watercress bucls and blossoms, 2 
cups mixed mild greens, and 1 chopped scallion in large bowl. Add dressing, (oss 
and serve. Vary ito of watercress to other greens to get desired taste. High in vita 
mins and minerals. Related edible species: none. Poisonous look-alikes: none. 


Ground cherry: flowering plant (NYBG). Flower and fruits (Paw 


Ground nut: flowering plant (NYBG). Underground ruber (Kavasch. 


stepper motor 


electromagnetism > rotational > stepper motor 


# 


Also often referred to as a stepping motor, and sometimes known as a step motor. Itis a 
type of induction motor but merits its own entry in this encyclopedia as it has acquired 
significant and unique importance in electronics equipment where precise positioning 
of a moving part is needed and digital control is available. 


OTHER RELATED COMPONENTS: 


+ Demotor (See Chapter 22) 
+ AC motor (See Chapter 23) 
+ serve motor (See Chapter 28) 


What It Does 


A stepper motor rotates its drive shaft in precise 
steps in response to a timed sequence of pulses 
(usually one step per pulse). The pulses are de- 
livered to a series of coils or windings in the sta- 
tor, which is the stationary section of the motor, 
Usually forming a ring around the rotor, which is 
the part of the motor that rotates. Steps may also 
be referred to as phases, anda motor thatrotates 
in small steps may be referred toas havinga high 
phase count. 


Astepper motor theoretically draws power forits 
stator coils at a constant level that does not vary 
with speed. Consequently the torque tends to 
decrease as the speed increases, and conversely, 
it is greatest when the motor is stationary or 
locked. 


‘The motor requires a suitable control system to 
provide the sequence of pulses. The control sys- 
tem may consist of a small dedicated circuit, or a 
microcontroller or computer with the addition of 
suitable driver transistors capable of handling 


the necessary current. The torque curve of amo- 
tor can be extended by using a controller that 
increases the voltage as the speed of the control 
pulses increases. 


Because the behavior of the motor is controlled 
by external electronics, and its interior is usually 
symmetrical,a stepper motor can bedriven back- 
wardand forward with equaltorque,and can also 
be held in a stationary position, although the 
stator coils will continue to consume power in 
this mode. 


How It Works 


The stator has multiple poles made from soft iron 
or other magnetic material. Each pole is either 
energized by its own coil, or more commonly, 
several poles share a single, large coil. In all types 
of stepper motor, sets of stator poles are mag- 
netized sequentially to turn the rotor and can re- 
‘main energized in one configuration to hold the 
rotor stationary. 


The rotor may contain one or more permanent 
magnets, which interact with the magnetic fields 
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Ground cherry Phyvalis pubecense 


Habitat: moist sites, open woodlands, recently cultivated fields, disturbed! sites. 
Identification: annual berb wo G0 cn (24 in) high; stems weak, wide branching, 
often trailing, hairy, Leaves alvernate, simple, broadest near base, 3.5-8 cm 
(1.4—3.2in) long, L.7—Gem (0.7-2.4 in) wide, pointed at rip, variably counded at 
hase, nearly entire, thin, pale green, bairy, long stalked, Flowers stalkes, in 
junction of upper leaf stems, 5~ 10 cm (2—4 in) across, yellow with dark center. 
Prat sweet yellow berry 1.21.8 cm (0.50.7 in) in diameter, enclosed by 5- 
sided inflated persistent calyx resembling paper lantern 23 em (0.8-1.2 in) 
Jong, umgled, with conspicuous veins, Harvest: Fruits fall before fully ripe. So 
pick mid to late summer and ripen in husks a few weeks until fruits are yellow 
aand sweet, Unripe fruit and green plant parts are strong flavored! and somewhat 
poisonous. Preparation: excellent crail saack and dessert, For pie recipe, see 
book's Introduction. To preserve fruits boil until clear and tender in syrup of 1 
cup sugar, 2 cups water, 5 thsp lemon juice. Seal in sterilized jars. For jam boil 
for 5 min | gt crushed fruits, Vj cup lemon juice, V2 cup water, and 1 pkg pectin. 
‘Adal 3 cups sugar, boil again to reach jelly point, 119°C (240°F). Seal in sterilized 
jars. Use cherries in relishes. Related edible species: Several Physalis species 
are distributed throughout North America. Ripe fruits yellow, red, purple, or 
blue-black according to species; all are identifiable by lanternlike husk. Use only 
ripe fruit! Poisonous look-alikes: Learn to distinguish species af Phy salir from 
poisonous nightshacles (Sofanam) (see nMson waeD and HORSE NETTI), 


Groundnut (Ads elie eutune, winter spine) Apins americana 


Habitat: moist woodlands, boromlands, thickets. Identification: perennial 
vine from 1 or more fleshy tubers arranged in arow, the whers 1-2 em (0.4-0.8 
in) thick; stems smooth, twining around nearby plants; very white and easy t0 
spot when marure, milky juice. Leares alternate, featherlike compaund (pi 
tate), 10-20 cm (4=8 in) long, composed of 5-9 leaflets, rarely less, leaflets 
usually 3~6 cm (1.22.4 in) long, lance-shaped, pointed at tip, rounded at hase, 
smooth to hairy. Flowers July-September, densely clustered on short stalk 15 
em (2-6 in) long, each flower with 5 brownish-purple petals, resembling pea 
flower; fragrance resembles that of the violets. Fruits are dry, linear pows 5~ 12 
cn (24,7 in) long, 4~7 mm (0.20.3 in) broad, containing 2 to several seeds, 
splitcing open lengehwise into 2 spirally ewisting valves. Harvest: Pick poxs in 
rmaidsummer to autumn as seeds marure: pods seldom abundant though. Dig tu- 
bers, starting at base of stem, working slong root to obeain whole string. Good all 
year. Preparation: Roast pods at 190°C G75°R) for 20-25 min. Cool; remove 
seeds and brown in oil over low heat. Boil tubers in heavily salted water until 
tender. Season, Slice and fry leftovers, or grease and roast to regain tenderness, 
flavor. Also thinly slice raw cubers and fry ike potatoes in butter oF pork; season, 
Or bake at 175°C (350°F) 45-60 min until tender, Flavor turnip-like, Related 
edible species: groundaur (A. pricexne) with | large tuber, Poisonous look- 
alikes: species of verchlings (Lsthyras) ratleburs (Crotalaria), mill vetches (A- 
‘raga, and point locoweeds (Oxytrpis) 
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‘Common breadroot Prorales esculenta 


Habitat: prairies, plains, dry rocky woodlands, Identification: perewmial ber 
to 38cm (15 in) tll, developing from 1 or more swollen, elongated taproots \~ 
10 cm(1,6—4 in) long; stems shore, stout, frequently branched, hairy. Leaves 
alternate, Ausndlike (palmate) compound, longestalked, compased of 5 leaflets 
teach 3—Gem (1.2-2.4 in) long, uniformly wide to widest above middle, covered 
with long hairs. Flowers produced in dense elongate elusters 3-8 cm (1.23.2 
in) lang, each flower with leaiike bract, flowers blue, composed of 5 petals 
shaped like clover flower. Fruits are small pods 5-8 mm (0.2-0.5 in) long, 
broalest near base, long beaked, splitting open lengthwise along 2 valves. Har- 
vest: Dig taproot from its hard prairie soil in early summer as stems and leaves 
begin to turn brown, Later above-ground parts dry and blow away making roots 
nearly impossible to locate, Preparation: important wild food staple. Peel and 
cet root raw, roast in campfire oF boil until tender. Season like potatoes. For 
storage, peel and dry slowly. Grind dried root into Hour or meal and use for 
baking. Indians cookes! meal with meat and corn, Reconstiture with water ro use 
as vegetable, Related edible species: P. hypogala, also of the plains region, pro- 
sluces a smaller but similar taproot. Poisonous look-alikes: Scurf pea (P, terwifi- 
ia) and other Puorlea species have been toxic to horses and cattle, and so soul 
rot be eaten. 


incergreen, Checkerberry Goanloberias procumbens 
Alia elie anturen, winter, spring 


Habitat: woodlands, clearings, usually in poor acid soils. Identification: small 
herb with slender stems creeping along soil surface and erect leafy stems co 18 
cm (7 in). Leaver crowded near top, each widest near or above middle, 2~5 em 
(0.8-2 in) long, entire or with tiny rounded tweth along margin, leathery tex 
ture, shiny, with wintergreen smell when erusbed, Flowers usally solitary on 
short drooping stalk, white, ura-shaped to cylinder-shaped, S-parted at tip, 6= 
10 mm (0,2=0.4 in) long. Fruits bright red berries 6-10 mm (0.2~0.4 in) 
diameter, globe-shaped to elongate. Harvest: leaves any time of year; berries 
from fall chtough winter. Preparation: Use leaves as trail nibble or brew into 
tea. Cover | gt young leaves with boiling water, cover container loosely and 
steep 1-2 days. Reheat gently, sweeten, and enjoy. Wintergreen oil concentra 
tion in tea increases with prolonged steeping. Berries ripen in fall bue improve 
with freezing so look for them in winter and spring and use as trail nibble; ad to 
pancakes-and muffins, or, if plentiful, make uncooked jam. Combine in blender 2 
‘cups fresh berries, | oz lemon juice, 1 cup strong wintergreen tea. Blend until 
smooth, pour into mixing bowl, add 4 cups sugar. In saucepan bring to hard boil 
1 pki pectin and %4 cup water. Boil 1 min and stir into berry mix. Mix thor- 
‘oughly, ladle into sterile jars, and scal. Store in refrigerator or freezer. Leaves 
and fruits contain aspirin like methyl salicylate and effectively reduce fevers and 
‘minor aches and pains. Related edible species: ckisvive sNownenny (next). Poi- 
sonous look-alikes: none. 


Common breadroot: July plant with remnant lower cluster on right 
Young). 


Wintergreen: fruiting plant, cop (Dykeman), Flowering plant (Elias) 


erry: fruiting plant (Elias) 


Mountain sorrel 
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Creeping snowberry Gaultheris hispidula 
‘Ml edible antum, winter, spring 

Habitat: northern coniferous forests, mountains in subalpine and alpine zone, 
Identification: small creeping berb with very leafy stems; leaves alternate, sim 
ple, evergreen, broadest near base, t0 almost round, 0.5=1 cm (0.2-04 in) 
fomg, entire, bright green and smooth above, paler with long. stiff hairs beneath, 
Flowers May-June, solitary in junction of leaves, exch tiny, white, bell-shaped, 
3 mm (0.1 in) long, on short drooping stalk. Fruits are flesby bright white 
berries 6=10 mm (0.204 in) long, slightly longer than wide, with spicy aro- 
‘matic smell when crushed, bristly. Ripen by August. Harvest and preparation: 
leaves same as wissrincnsts (preceding). Also prepare as cooked green vegetable 
Fruits ripen mid chrough late summer. Excellent fresh and in baked goods, jam 
(sce wivrexcne#y), and preserves, For no-cook preserves wash and smash or 
‘erind fruit thoroughly. Add equal amount of sugar slowly with constant stirring. 
Pack in sterile jars and seal, Related edible species: wiwrexcnt#, cxatrins Win 
encase, stat, and G. ebetifalia, also called sala, of northwest U. S. Poisonous 
look-alikes: none. 


Mountain sorrel Oxyria digyns 


Habitat: high mountains, subalpine and alpine fields, usually in rocky places 
2,450~3,950 m (8,000~13,000 fr), Identification: perennial herb co 40 cm (16 
in) high; stems upright, simple or sparingly branched, smooth. Leater alternate, 
sometimes kidney shaped, simple, mostly basal, blades swally rounded, \.6~ 
3.2 em (0.6~1.3 in) across, entire, smooth, long-stalked, stalk 6= 12 em (2.44.7 
in) long. Flowers small, arranged im densely flowered, elongate, conypact elus- 
ters; each flower stalked, bisexual, with 4 red to greenish sepals that persist in 
fruiting, Freits facened, browdly winged, rounded, dark red, small, dry, bard, 
1-seeded, not splitting open at maturity. Harvest: leaves while still tender, before 
plane flowers. Preparation: Use fresh leaves as trail nibble or in salad. Combina- 
tion of sour mountain sorrel and pungent species nich as warrxcntss works well 
with other, mote neutral greens, Use a phiin oil dressing, Add leaves to other 
sereens for added flavor when cooked. In arctic regions, natives ferment moun 
fain sorrel as sauerkraut. For puree, mash greens with food mill or blender and 
add to small amount of boiling water. Boil 5-10 min. Add 3 cups puree to 1 gt 
hor milk (or 1 cup milk and 3 cups chicken stock). Salt and pepper to taste. Bring 
to boil and simmer 5~10 min with stirring, Slowly add 3 beaten egg yolks, Add 
flour paste for desired thickness. Blend in 4 thsp melted butter. For other uses 
sce sium? sonk. Related edible species: none, but sis? sox and souk b0cK 
are used similarly. Poisonous look-alikes: Some species of dock (newex) accu- 
ulate sour-tasting oxalates, 
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American bistore, Western bistort Polygonum bistrtotdes 
Ad edible antamn, spring 

Habitat: along streams, wee meadows, subalpine meadows, Idem 
rennial berb to 70 cm (28 in) high, from thick, fleshy, borizontal rootstock 
stems erect, slender, smooth, Leav 25 em 
(4-10 in) long, 2-5 em (0.82 in) wide, lower leaves uniformly wide ro broadest 
near tip, upper ones lance-shaped and smaller, stalked, each sheathing stem at 
base. Flowering spikes eylinder-shaped at end of stem, 2-6 cm (08-24 io) 
Jong, 1 1.5 cm (0.6 in) thick, pink to white, individual Nowers tiny, lacking, 
petals. Fruits are small, shiny brown nutlets 3~4 mm (0.10.2 in) long, Harvest 
and preparation: Use rootstocks and young leaves as for aunt wistor (next) 
Rootstock larger in American bistore, bur edible hulblets are absent from flower 
stalks. Both species provide valuable survival fare in mountain regions where 
other wild foods may be unavailable. Related edible species and poisonous 
look-alikes: See sums mistoxr. 


alternate, entire, mostly basal, 10 


Alpine bistort, Alpine smartweed Polygonum viviperam 
Asai sacuan pring 

Habicat; arctic regions, alpine and subalpine slopes, gravelly and rocky soils 
Identification: perennial herb to 43 con (18 in) high, from short, thickened, 
ually twisted, underground stem; stem upright, sheathed at base of leaves. 
Lower leaves alternate, simple, 3-10 em (1.2~4 in) long, t0 2.5 em (1 in) ide, 
narrauly lance-sbaped, pointed at tip, apering at base, long stalked, upper 
leaves much smaller. Flowering spike 3-8 em (I.2-3.2 in) long, wpper flowers 
ink or white, tiny, lacking petals, lower flowers producing tiny reddish of pur- 
ple bulbils. Fruits ate small, reddish-brown, angled nutlets 2-4 mm (0.10.2 
in) ong. Harvest and preparation: Stip tiny bulbils from lower part of flower 
stalks and eat raw. Dig rootstocks (easiest to find dusing growing season) and eat 
‘aw, boil, or roast. Young roors tender hue older ones may require cooking. Boil 
40 min or bake at 165°C (330°F) for 40 min. Season like potatoes. Though ap- 
pearance of unpeeled roots may nor be inviting, flavor is good. Use young leaves 
in salad with other greens or prepare as cooked greens. Boil until render and 
season with butter, salt and pepper. Related edible species: aweaycax wsroxr 
(preceding) and tapy’smuts used as cooked oF sald green. Also JAPANESE kKor 
weno, giant knorweed (P_sachalinense), Alsskan kootweed (P. alaskenum), aa 
others. Poisonous look-alikes: No species of Palygonam are known eo be poi 
sonous. But some may cause light-sensitive skin reaction. They vary in usefulness 
4s cooked or salad greens, some being very peppery or acs some, like tartary 
buckwheat (P. setarium), produce edible seeds. 
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Purslane, Pusley Portulaca sleracea 


Habieat: fields, vacant lots, waste sites; common garden weed. Identification: 
annual berb, Lying flat on graund or nearly so ans! forming mats to 1 sq ft, 
stems smooth, fleshy, shiny, often reddish purple. Leaves alternate and oppo- 
site, 2-5 cm (0.8-2 in) long, 1-2 em (0.40.8 in) wide, fleshy, broadest near 
the rounded tip, entire along margin. Flowers single, or few clustered at ips of 
branches, flower 0.5~L cm (0.2-0.4 in) wide, with 5 yellow petals. Fruits are 
capsules, 48 ron (0.20.3 in) long, broadest near base and rounded at tip, top 
portion falling away at maturity to expose datk red to black seeds. Harvest: 
Pinch or cut young leafy tips June—September. Pick larger stems in midsummer 
for pickles. To gather seeds, spread whole mature plants on sheet to dry for 2 
‘weeks, then sieve and winnow. Preparation: One of best wild shoots cooked or 
in salad. Common and nutritious; acid taste; high in iron, For tossed salad com 
bine raw shoots with other ingredients. Use oil and vinegar dressing. Cook young. 
plants as potherb 10 min and season with butter and salt. For casserole chop 
cooked shoots str in I beaten egg and enough bread crumbs to-make damp mix 
‘Add salt and pepper, bake in moderate oven. Pickle stems same as cucumbers, 
Blanch and freeze tips for later use. To dry, boil thick stems in alittle water tor 
20 min, Drain, dry in warm shacly area, store in paper bag for later use in soups or 
stews as thickener, Dry seed 1 week in shade, store in paper bag. Grind and use 
half and half with flour, Related edible species: at least 2 (P. wegluta and P. 
refusa) which are very similar. Poisonous look-alikes: none. 


Sunflower (Als edie waren) Heliantbus annuus 


Habitat: prairies, plains, roudsides, disturbed sites, Identification: perennial 
ber 1-2.5 m (3.2-8.2 ft) high, from large raproor: stem upright, unbranched (0 
branched, with stiff hairs. Leaves mostly alternate, simple, 6,530 em (2.6-12 
in) fomg, nearly as wide at base, browdly to narrowly triangular, tapering 
short oF long-pointed tip, toothed near tip, heart-shaped at base, with stiff hairs 
‘on both surfaces. Flowers produced in heads to 15 em (6 in) across, single, 
stalked, base of head cup-shaped, ray flowers with yellow petals 2.55 em (12 
in) Fomg, central dise lowers lacking showy petals, brown. Fruit fattened, dry, 1- 
seeded, 46 mm (0.2 in) long. Harvest: Gather seed heads in late summer to 
‘early autumn before seeds are dry enough to be released. Hang in warm, dry 
place. Preparation: Indians parched then ground unshelled seeds into fine meal 
‘Meal was added to water and drunk or mixed with marrow to form dough and 
eaten, To separate nurmears from shells, break hulls with chopper, very coarse 
grinder, or food mill, Pour broken seeds into water, stir vigorously, ler sere, 
'Nutmeats will sink and shells will rise to top. Skim shells for making coffee. For 
use in nur recipes, drain, dry, and roast nurmeats. Grind qurmeats into meal and 
use for part of flour in muffin and bread recipes. For nut bucter grind raw nut- 
‘meats into paste; add honey or maple syrup if necessary to improve favor. To 
produce oil, thoroughly crush oF grind raw seeds. Boil in water. Skim oil off 
broth, Related edible species: All of the nearly 60 species in North and South 
America are edible. Poisonous look-alikes: none. 


Purslane: lowering, 


Sunflower: flowering stalks (Elias), Cultivated 
form with larger flowering head (Feldman). 


Quickweed: flowering plant and flowers (NYBG) 


Bearberry: fruiting branches (Bliss 


How It Works 


generated in the stator, Note that this s different 
from a squirrel-cage AC motor in which a ‘cage 
is embedded in the rotor and interacts with a ro- 
tating magnetic field, but does not consist of 
permanent magnets. 


Three small stepper motors are shown in 
Figure 25-1, Clockwise from the top-left, they are 
four-wire, five-wire, and six-wire types (this dis- 
tinction is explained in the following section). 
The motor at top-left has a threaded shaft that 
can engage with a collar, so that as the motor 
shaft rotates counter-clockwise and clockwise, 
the collar will be moved down and up. 


Figure 25-1. Three small stepper motors, 


Reluctance Stepper Motors 

The simplest form of stepper motor uses a rotor 
that does not contain permanent magnets. Itre- 
lies on the principle of variable reluctance, reluc- 
tancebeing the magneticequivalentofelectrical 
resistance. The rotor will tend to align its protrud- 
ing parts with the exterior source(s) of the mag- 
netic field, as this will reduce the reluctance in 
the system. Additional information about vari- 
able reluctance is included in “Reluctance Mo- 
tor” (page 197) in the section of this encyclope- 
dia dealing with the AC motor. 


electromagnetism > rotational > stepper mator 


A variable reluctance motor requires an external 
controller that simply energizes the stator coils 
sequentially. This is shown in Figure 25-2, where 
six poles (energized in pairs) are arrayed sym- 
metrically around a rotor with four protrusions, 
usually referred to as teeth, Six stator poles and 
four teeth are the minimum numbers for reliable 
performance of a reluctance stepper motor, 


In the diagram, the core of each pole is tinted 
green when itis magnetized, and is gray when it 
is not magnetized. In each section of this di 
gram, the stator coils are shown when they have 
just been energized, and the rotor has not yet, 
had time to respond, External switching ta ener- 
gize the coils has been omitted for simplicity. In 
a real motor, the rotor would have numerous 
ridges, and the clearance between them and the 
stator would be extremely narrow to maximize 
the magnetic effect. 


In a6-pole reluctance motor where the rotor has 
four teeth, each time the controller energizes a 
new pair of poles, the rotor turns by 30 degrees 
counter-clockwise. This is known as the step an- 
gle, and means that the motor makes 12 steps in 
each full 360-degree rotation of its shaft. This 
configuration is very similar to that of a 3-phase 
AC induction motor, as shown in Figure 23-11 in 
the ACmotor section ofthis encyclopedia. How- 
ever, the AC motoris designed to be plugged into 
‘a power source with a constant frequency, and is 
intended to run smoothly and continuously, not 
in discrete steps. 


Generally, reluctance motors tend to be larger 
than those with magnetized rotors, and often re- 
quite feedback from a sensor that monitors shaft 
angle and provides this information to control 
electronics. This isknown asa closed loop system. 
Most smaller stepper motors operate in an open 
Joop system, where positional feedback is con- 
sidered unnecessary if the number of pulses to 
the motor is counted as a means of tracking its 
position. 
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Quickweed, Galinsoga Galinsoga parviflora 
Habitat: disturbed sites, roadsides, yards; also garden weed. Identification 
annual herb to 70 cm (28 in) high, often bushy, stems usually spreading, smooth 
to slightly hairy. Leaves opposite, simple, usually lance-shaped, 2.58 cm (1~3.1 
in) long, 1.2-4 em (0.5-16 in) wide, pointed at tip, small blunt teeth along 
margin, tapering to rounded at base, with 3 principal veins, papery, usually 
stalked. Flowers tiny, praduced in heads, 4-5 outer scale-tike bracts (invalu- 
ere) 2-3 mm (0.1 in) high, green; outer (vay) flowers white, inner (disc) 
Hlowers yellow. Fruits small hard outlets 1-15 ma (0.1 in) long, neatly black, 
hairy. Harvest: young plants during middle of growing season. Preparation 
Discard roots. Boil tops about 15-25 min and serve with sale, pepper, and bar- 
ter. Add more flavorful greens and vinegar to compensate for quickweed bland 
ness. Related edible species: G. ciliata (also called quickweed) plus a few other 
Galinsoga species, all introduced from southwest U.S., Mexico, and points south. 
Poisonous look-alikes: none. 


Bearberry, Kinnikinick Arctostaphylos wes-ursi 


Hiabicae: circumboreal, subarctic; sandy oF rocky soils, higher elevations in 
southern part of range. Identification: low spreading shrub, forming mats 
‘ith tough flexible cwigs. New twigs hairy and sticky; mature ones dark rel 
dish-brown or gray, papery and peeling. Leaves alternate, simple, evergreen, 1 — 
3 em (OA-1.2 in) long, broadest near rounded tip, entire, shiny above, leathery. 
Flowers tiny, 5-12 per elongated cluster, each white to pale pink, uroshaped, 
4-6 mm (0.2 in) long. Fraits bright or dull red berries 4-10 mm (0.2-0.4 in) 
in diameter, mealy, not tasty. Harvest and preparation: leaves called finn 

finick, an Indian tobacco substitute also used by frontiersmen, For smoking, 
leaves are mildest in summer; dry in sun or near fie, crumble, and light up. 
Dried leaves make medicinal tea, good for indigestion. Fruits ripen late in grow- 
ing season. Raw, they are bland and dey, but cooked they become palatable with 
cream and sugar. Not great snack but useful survival food. Related edible spe- 
cies: alpine bearberry (A. wipina) and several manzanitas plus many species in 
cther genera in heath family. Poisonous lookalikes: none 
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Salal, Western wintergreen (Alle adil autumn) Ganltheria shallon 


Habitac: woods, clearings, brushy areas below 800 m (2,630 fe), from West 
Coast to west slope of Cascades. Identification: upright, many branched shrub 
0.3-2,5 m (1-82 fo) ll, Frequently forming dense thickets. Leaves evergreen, 
alternate, simple, uniformly wide to broadest near middle, 3-10 em (1.24 in) 
long, finely toothed, dark, shiny above, paler beneath, Flowering clusters narrow, 
clongate, composed of 5~ 15 stalked flowers, each urn-shaped, white or pink, 8 
10 mm (0,3-0.4 in) long; prominent leaflike bract and 2 bractlets at base of 
flower stem, Fruits darkpurple berries, 7-8 mm (0.3 in) in diameter, nearly 
round, thick skinned, star-shaped depression on end, with several seeds. Har- 
vest: Fruits ripen in summer and persist several weeks. Preparation: edible 
fresh bur sometimes quite spicy and not juicy: berter cooked. Also dry in sun or 
‘warm attic. Good in jam, jelly, pies, baked goods. See basic jelly and jam recipes, 
GP i socks tncoxtacion For beverage crush and boil bere, extract juice, and 
add equal amount of water. Sweeten, if necessary. Related edible species: wis 
“TERGRUN, CREEPING WINTENGHEEN (next), CREEMING sNOWNERAY, and G. anatifolia, also 
called salal, of northwest U.S. Poisonous look-alikes: none. 


intergreen (Alia efile stun, winter) Ganleheria bamifisa 


: subalpine and alpine zones and moist slopes of western and Pacific 
Northwest mountains. Identification: low shrub with shore spreading branches 
along ground, Leaves alternate, simple, evergreen, broad, broadest near base or 
middle, 1-2 cm (04-08 in) long, almost as wide, entire or with tiny teeth 

Op Se ae. een Flowers solitary in junction of leaves, each white, urn- 
shaped, 34 mm (0.10.2 in) long, Fruits are dry herries 4-8 mm (0.2—0:3 in) 

8 in diameter, ounced, red at maturity, Harvest and preparation: same as 


wistencises, Dryness makes fruit less palatable than other Gaultberia species, 
Related edible species: See saat (preceding). Poisonous look-alikes: 


Labrador tea (Ali ele animmn, winter, pring) Ledum: groenlandicum 


Habitat: bogs, fens, heats, northern woous, exposed blufls, Mdenefiearion 
Tow thru upto (2 high with eect, edsh-brown branches, densely 
Iniry when joung, Eeevesaltenate, simple, erergreen, fragrant, crowed eat 
Spof tiga, 135 em (06-2 i) long 4-12 mm (022-03 fn) wile, uoiforay 
We co slightly wider at middle, rounded at cp, margin entire and rolled wn- 
der, leathery, dull dark green above, densely bairy beneath, white at first, 
hurning rusty. Bowers produced n late spring or sumer in rounded clsters, 
tach with 5 eream white peal, stalked, Fruit re dry capsules 4-6 mum (0.2 i) 
Jong slender lone stalked, splicing open fom Sue, Harvest anytime but leas 
sv in miwioer. ick leaves when dense pile beneath is rust colored, Dry in 
= Sun, over low fie, or in oven. Preparation: Steep 1 tbsp dried leaves in L cup 
IR} boiting hor water for 10 min. Do nor boil water with leaves in it, which may 
release « harmfalallaloi. Serve hot or cok, Related edible species: northern 
Libis ea. pense Poros oes nanan Lara te 
© sandeosum) is described by some sources ws poisonous. 


Mountain cranberry (NYBG). Fruiting plant (Elias). 


Cranberry: flowering plants (NYBG). Fruit (Elias). 
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‘The BLUEBERRY and CRANBERRY GENUS Vaccinium 


Blueberries, cranberries, huckleberries, and bilberries are all closely related 
groups of species of the Vacvinium genus, There are perhaps 39 species in North 
‘America, bat hybridization is common, Fruits of most species are edible and 
range in taste from tart to sweet. The domesticated blueberries are selections of 
the highbush blueberry (V. corymbosum). Wild bluebesries sold commercially are 
commonly obtained from late sweet blueberry (V. amgutifaiam) or velvet 
leaved blueberry (V. myrtillede), The supermarket cranberty (V. macrocarpom) is 
the same as the wild. Berries are rich in vitamin C. 


Mountain cranberry, Lingenberry, Foxberry Vaascininm vitisidaca 
Al oli asnsam, winter 

Habitat: widespread subarctic and alpine plant, bogs, cold seepage areas, rocky 
acid soils, Identification: small, creeping plant, co 15 em (6 in) with slender 
stems; feaves alternate, simple, evergreen, broadest above middle, 0.6~1.8 em 
(0.2-0.7 in) long, 4-10 mm (0.20.4 in) wide, entire, leathery, with scattered 
black glandular hairs beneath, midrib furrowed. Flowers tiny, pink co reddish, 6~ 
0.3 in) long, narrowly bell-shaped. Fraits red herries, rounded, 6~ 
10 mm (0.2-0.4 in) in diameter, often persisting over winter, slightly acid tast- 
ing. Harvest and preparation: Fruits ripen August and September; many persist 
fon plant through winter, Tare to bitter at firs; flavor improves after frost. Good 
trail snack, better used in any cooked cranberry recipes. Related edible species: 
‘chantenny (next). Poisonous look-alikes: none. 


Cranberey (Als alte autwran, winter) Vaccinium macrocerpon 
Habitat: widespread northern plant; bogs, swamps, shores of cold acid lakes 
Identification: /ow, trailing shrub with slender brown, flaky-barked stems; 
Jeaves alternate, simple, evergreem, uniformly wide to broadest near middle, 5~ 
16 mm (0.20.6 in) lang, rounded at tip, leathery, whitish beneath. Flowers 
single or in few-flowered clusters on Jong stalks in junction of upper leaves, each 
stalk with 2 leaflike bracts, each flower pink, uen-shaped, 4 perals bent back, 6~ 
10 mm (0.2-0.4 in) long Frasts are berries 1-2 cm (0.40.8 in) in diameter, 
‘elobe-shapesl, green turning bright red at maturity, each on long slender stalk, 
Harvest: Fruits ripen September through October and persist into winter in 
protected areas, Fruits may be harvested with coothed scoop. Preparation: Fresh 
acidic fruits keep well in cool storage. Freeze or dry for long storage. To dry 
berries, spread on tray or fol in oven for 4 hr at 110°C 230°F), Experiment with 
substituting dried, powdered berries for part of flour in baking recipes. Mose 
‘common use of fresh and frozen berries is ia sauce served with roast turkey 

Bring 10 boil 2 tb fresh cranberries, 2 cups sugar, | cup water (or berries plus 1 
cup maple sugar and I cup cider). Reduce heat and simmer until all berries pop, 
and mix looks glassy. For storage, ladle into sterile jars and seal. Check recip 

books. Related edible species: nouwtatn cxanwenn (preceding); small cranber- 
cy (V. oxycoccs) is similar but smaller. HIGHBUSH CRANBERRY is not related but has 
almost identical fruits, Poisonous look-alikes: none. 
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Bog bilberry Vaccinia uliginowwn 


Habitat: widespread boreal and artic plant; bogs, rocky outcrops, high moun- 
tain slopes. Identification: fow shrub to 06 m (2 fe) high branches out, usu 
ally spreading: leaves alternate, simple, deciduous, broadest near tip or middle 

@D 80 uniformity wide, 05-2 em (02-08) long, rounded a vip, entire, frm to 
Jeathery texture, dull green. Flowers solitary or in clusters of 2-4 on short 

QP tates in junctions of leaves; each pink to whitish, urn-shaped. Fraits flsby 
berries 5-8 mm (0.20.3 in) in diameter, dark blue ta black, sweet, wth any 
tiny seeds, Harvest and preparation: same as ivr svicr niumnenay. Relaced 
edible species: Se Lars swerr ntumaenay, Poisonous look-alikes: none 


Highbush blueberry, Swamp blueberry Vaccinium corymboswne 


Habitat: widespread in eastern North America; bogs, low wet woodlands 
swamps, occasionally drier soils. Identification: shrubs, variable in shape, I— 
4.5 m (3.2-14.8 fo) bigh; leaves alvernate, simple, deciduous, broadest near base 
of middle, sometimes narrowly s0, 3-8 cm (1.23.2 in) long, 2~3 cm (0.8~1.2 
in) wide, usually entire, greenish-yellow. Flowers densely clustered, each tubu- 
lar to urn-shaped, white to pink, 5-10 mm (0.20.4 in) long. Praits fleshy 
berries, rounded, 6-12 mm (0.2-0.5 in) in diameter, dark blue to bluish- 
black, sweet, containing many tiny seeds. Harvest: Gather ripe fruits in late 
summer, They can be eaten as trail snack or stored for ater use. Fruits ripen as do. 
those of Lark swesr eLvenenny (next), but are easier to gather. Hand pick o shake 
berries onto blanket or plastic tarp spread beneath bush. Preparation: Same as 
Latrsweer auurnexny. Also see basic recipes early in book, Add cup dried blueber- 
ey fies to favorite stew recipe. For fritters prepare batter from I cup biscuit mix, 3 
thsp sugar, 4 cup milk, 1 beaten eg, 1 cup fresh blueberries. Drop spoonfuls 
0 hot cooking oil; brown both sides. Drain; dust with sugar. Relaced edible 
species: See iste sweer nivenexny. Poisonous look-alikes: none 


Late sweet blueberry Vasccivinn angustifolian 


Habitat: dry cocky soils, barrens, mountain slopes, occasionally bogs; northcen- 
tral and northeastern North America, Identification: low sbrut 190.3 m (0, 
much branched, often forming thickets. Leates alternate, simple, deciduous, 
narrow and broadest at or below middle, 1~3 em (0.4~1.2 in) long, finely 
toothed along margins, bright grcen, smooth. Flowers produced in short tight 
‘clusters, each neatly cylinder shaped, white to pinkish tinged, 5~6 mm (0.2 i) 
long. Fruits ate fleshy berries 5=12 mm (0.2-0.5 in) im diameter, rounded, 
bright blue, white bloom, sweet. Harvest: This and other blueberry species 
ripen in summer, generally ater raspberries (neo nasPnexn) and hefore blackber- 
ries (comMoN ntacksenky) where those berries grow. Pick by hand. Preparation: 
Blueberries were probably the most important fruit to American Indians. Exc 
lent dried like raisins and fresh, both raw and in most berry recipes, especially 
pies, jams, and breads (see basic recipes early in book). Dry thoroughly in sun or 
‘warm attic about 10 days or in 100"C (210°E) oven for 45 he; store in sealed 

GF Saesiee roc bent end es ceed Ro, 3 tp bakeg wort, or 


Highbush blueberry 


Late sweet blueberry: 
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salt, 6 tbsp shortening, 4 tbsp powdered milk. Mix in 1 cup blueberries, then V5 
cup water, Shape into 1 in thick cake, dust with flour, place in heated frying pan, 
Cook over coals until hottom is crusty. Tura with sparula and bake unr don 
test with straw or sliver. See niciausi nuusneRRy (preceding) for other uses. Re- 
lated edible species: Other vaccines. Poisonous look-alikes: none. 


Black huckleberry Guaslasracia baccata 


Habieat: woodlands, clearings, dry to moist soils. Identification: shrub co 1.2. 
fi, often forming low thickets; branches oumerous, stiff, resembling bluebe 
ry bush, Leaves alternate, simple, deciduous, 3~6 cm ( .2—2c4 in) long, uni 
formly wide to broadest near or below middle, entire, glandedotted above and 
below, Flowers fow an short elongated clusters, each white, small, cone-shaped 
to almost tubular, 4-7 mim (0.20.3 in) long. Fraits fleshy berries 6-9 mm 
(0.2-0.4 in) in diameter, black at maturity, containing, 10 tiny seeds, sweet 
Harvest and preparation: Pick berries as they ripen in late June in south to 
September in far north, Eat as fresh fruit or use in desserts, pancakes, jam, and 
jelly. For pancakes add 1 cup berries to 3-4 cups batter. To dry, spread berries 
in single layer on tray, foil, ar paper in warm attic; dry about 10 days or until 
squashed berty releases no juice. Store in sealed container. Use dried berries in 
baking or pemmican, Or add ¥5—1 cup dried berties to beef stew. See tareswner 
nivnwexsy and nicHoust suvmnerny for other recipes. Related edible speci 
Dwarf huckleberry (G. dumosa), box huckleberry (G. bracbycers), and dangleber- 
ty (G. froudosa) all yield berries edible bur inferior to blueberries. Poisonous 
look-alikes: none. 


Beach plum Pow maritima 
Ale oie antumn 

Habitat: coastal regions, sandy soils. Mdentification: shrub to 2.5 m (8 fe) low 
and stragaling, branches hairy when young, smooth lacer. Leaves alternate, sim 
pile, deciduous, 3-7 cm (1.22.8 in) loug, 1.53.5 em (0.61.4 in) wide, broad- 
est aror below middle, rarely widest above middle, pointed ac tip, sharply cootb= 
ed along margin, dull green and smooth above, sofily hairy beneath. Flowers 
24 per cluster, each 11.5 ens (0.50.6 in) aeross, with 3 white petals. Fruits 
rounded or neatly 0, 1.52.5 em (06-1 in) im diameter, deep purple to red- 
disb-black at maturity, flesby, sour tating, enclosing large stone. Harvest: Pick 
fruit from August through October, depending on location. Slightly unripe fruit 
best for jelly. Preparation: similar to astucan punt bur fruit is more tae, Use 
jelly and jam recipes early in book, Also, make jellies and jams from blend of 
plum and other fruits. Combine with peaches or other sweet pulpy fruit fr pie 
filling see basic plum pie recipe early in book. To dry fruit for later use, slic skin 
and remove pit, Pits contain tonic hydroeyanic acid. Spread frit in sun oF warm 
Sven until no juice can be squeezed from them, about 4~6 hr. Makes tare cra 
‘ack, Related edible species: avexicas rium, marwooo rius, and several oth- 
crs, Poisonous look-alikes: none. 
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CURRANT or GOOSEBERRY GENUS Ries 


This large group of about 120 species is centered in western North America 
and the Andes Mountains of South America. They are shrubs, sometimes armed 
with spines, with simple, mapleltke, alternate leaves, flowers in small clusters, 
and a L-celled pulpy berry, sometimes transparent, variously colores, containing 
several seeds. North American species are sometimes difficult to distinguish 
Fortunately, none is known to be poisonous, We recommend 2 common yellow: 
flowered species with smooth fruits and 2 pink- ro purple-flowered species with 
landular hairy fruits. Harvest: Pick fruits in summer as they ripen. Prepars 
tion: Sweeiness and juiciness vary greatly among species. Some fruits can be 
‘eaten fresh. Some are spiny and so require cautious eating, Adapt recipes to 
berry characteristics. For no-cook currant or gooseberry preserves, wash and 
‘mash fruits thoroughly. Slowly mix in sugar equal co yolume of crushed fruit, 
Pour into sterilized jelly glasses and seal. For preserves wash and stem 1 Ib cur- 
‘ants; add 3 Ib sugar and let stand overnight. Bring slowly to boiling point and 
boil 3—5 min. Ler stand overnight, pour into jelly glasses, and seal. To make 


Golden currant: flowers (NYBG). Fruiting branches (USDA), 


Figure 25-2. n a variable reluctance stepper 
inimize magnet 


the next pair af coils is 
hhave been energized a 
time ta respond, 


> rotational > stepper 
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nator, the 
reluctance each time 
nerpized. At each step, the calls 
rament before the rotor has had 


Permanent Magnet Stepper 
Motors 

More commonly, the rotor of a stepper motor 
contains permanent magnets, which require the 
controller to be capable of reversing the mag- 
netic field created by each of the stator coils, so 
that they alternately attract and repel the rotor 
magnets, 


Ina bipolar motor, the magnetic field generated 
by a coil is reversed simply by reversing the cur- 
rent through it. This is shown diagrammatically 
in Figure 25-3. Ina unipolar motor, the magnetic 
field is reversed by applying positive voltage to 
the center tap of a coil, and grounding one end 
or the other. This is shown diagrammatically in 
Figure 25-4. 


"Fo 


Figure 25-3. Ina bipolar motor. the mag id gener 
ated by each stator col is reversed simply by reversing the 
turrent through the col 


Either type of motor is often designed with an 
upper and lower deck surroundinga single rotor, 
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curtant/gnoseberry conserve, wash and stem 3 Ib berries. Grate rind of 3 oranges 
and cur up pulp. Mix berries, orange tind and pulp, 1 Ib seeded raisins, and 3 Ib 
sugar, cook slowly until thick. Pour into sterilized jars and seal. For simple cur- 
ant/gooscberry pie wash and stem 1 pe berries. Cook in saucepan with 1 cup 
sugar and simall amount of water about 15 min until berries soften, Pour into pie 
‘crust, add top crust, bake at 175°C (350°F) oven until crust is done. Add fresh or 
dried berries to kuchen dough and muffins. To dry whole or mashed berries 
spread io thin layer on baking sheet; place in sun oF 105°C (20°F) oven until dry 
Store in paper bag in dry place, To make pemmican mix 1 Ib dried and finely 
round or pounded meat with V4 cup brown sugar and 1 cup dried berries. Add 
14 Tb melted suet and blend into paste. Form into bars and store dry. Eat as is, 
boil, or fry. For pie and cooked jelly see recipes early in book. Related edible 
species; many in aldition to the four described; widely distributed. Poisonous 
look-alikes: Sticky currant (R. rivestisimwm) is reported to bea strong vomitory. 
Teas a sticky substance on the leaves, wigs, and fruit. Some fruits are covered 
with shore, brisely hairs 


Golden currant Ribes aurea 


Habitat: along streams, ravines, washes, mountain slopes, mainly between 750~ 

2,380 m (2,460~7,800 fe) elevation. Identification: shrub, erect, open, to 2m 
(6.6 fi); branches stiff, nearly smooth, Leaves alternate, deciduous, 1.2—4.5 em 
(05-1. in) long, L3—3 em (0.6~2 in) wide, broadly rownded to widest near 
base, 3-lobed, rounded at tip, entire to coarsely toothed along margin, light 
green, smooth, stalked. Flowers produces in drooping, 5~15-flowered, elon- 
gated clusters in late spring, each flower bright yellow, S-parred, 6~10 mm 
(0.2-0.4 in) long, smooth. Frits stalked berries, rounded, 6-9 me (0.2-0.4 
in) in diameter, red or occasionally black, smooth, beuked (persistent floral 
parts), produced in summer, Harvest and preparation: See cukka‘Ts, costs 
zis (preceding). This species both wild and cultivated was much used by western 
Indians; one of the best flavored species 


QQEen~ 
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Wax currant Rites cereus 


Habitat: canyons, dry ravines, hillsides, prairies, open woodlands, Identifica 
tion: open spreading shrub to 1 m (3.2 fe) high; branches stiff, crooked. Leaves 
alternate, simple, deciduous, 2-2.5 em (0.8-1 in) long, 2.5—3 em (11.2 in) 
wide, broudly rounded, wider than long, shallowly 3-lobed, rounded at tp 
itregularly round soothed along margin, yellowish-ereen, glandular hairy on 
both surfaces, leafstalk 8-15 mm (0.30.6 in) long. Flewers in drooping, 1— 
6-flowered, elongated clusters in late May or June, cach flower white to pinkish, 
S-parted, 6~10 mm (0.20.4 in) long. Fruits stalked berries, globe-sbaped, &— 
12. mm (0.305 in) in diameter, dull to bright red, with stalked glandular 
basis, beaked (the persistent floral parts), produced in July or August. Harvest 
and preparation: See curnawts, coosearnaits (preceding). Wax currant is native 
in West, though frequendy cultivated in East. 


Subalpine prickly currant Ries montigensem 


Habitat along streams, wer forests, ravines, washes, maialy in subalpine zone 
2,140~3,800 m (7,000~ 12,500 fe) elevation. Identification: sbrab, open, 
spreading, sometimes stragaling, to 0.7 m (28 in) high; branches tough, densely 
covered with glandular bairs, stiff bristlelike prickles with small spines at 
Jeaf bases. Leaves alternate, deciduous, simple, 0.8-3 can (0.31.2 i) long, as 
wide or wider, almost circular in outline, defy Slobed, pointed tip, sharply 
toothed along margin, glandular hairy on both surfaces, stalked. Flowers pro: 
duced in drooping, few-flowered clusters in late spring or early summer, each 
Hower stalks, purplish, 5-pasted, 4-8 min (0.2-0.3 in) long, covered with 
slundular bairs, Fruits salkes berries, rowsded, 46 mn (0.2 in) ia diameter, 
red, covered with glandular hairs, produced in surnmer. Harvest and prepara: 
tion: See cuRtasts, coosenenus (preceding). 


Fragranc golden currant Rites adorarum 


Habitat: prairies, open woodlands, bluffs, ledges, cavines. Identification: 
shrub, upright, open, 0 1.3 m (5 f0; branches tough, reddish-brown, haity, 
spineless. Leaves aleernace, simple, deciduous, 3~6 em (1.2~2.4 in) long, slightly 
‘wider, broadly rounded ro widest near base, 3-5-lobed, pointed co blunt at tip, 
coarsely toothed along margin, hairy, stalked. Flowers produced in drooping, 
few-flowered clusters from older wood in spring, each flower pale yellow, 5- 
parted, 12-16 mm (0.5~0.6 in) long, smooth, Fraits, produced in summer, 
stalked berries, globe-shaped, 9-12 mm (0.4~0.5 in) in diameter, purplish 
black, smooth, with beaked persistent floral parts. Harvest and preparation: 
See cunsans, cooseneanits (preceding). 


Wax currant: fruiting branches (Ross) 


American hazelnut: fruiting branches (Elias) 


Beaked hazelnut: fruits (Speas) 
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American hazelnut Corstus americana 
Ale ible antunon 


Habieae: widespread, dey to moist woodlands, thickets. Wdentification: shrub co 
$m (16.4 fe) with rounded head and glandular hairy rwigs. Leaves alternace, 
simple, deciduous, 5~15 cm (26 in) long, 3~12 cm (1.2~4.7 in), broadest be- 
low or above middle, long-pointed a tip, doubly footbed along mara, usually 
hairy beneath. Male flowers in dense slender eatkins in ealy spring, Female 
flowers usually solitary of paired, tiny, inconspicuous in early spring. Fruits are 
hard-shelled nuts, broader than long, \-1.5 cm (OA-0.6 in) across, partially 
‘enclosed hy 2 ragged-edged leaflike lacs, nutmeat sweet. Harvest: Nuts ma- 
‘ure in late summer or autuma. Preparation: Remove husk, shell, and ea sis 
OF use in any recipe calling for suts. For no-cook candy, mix 1 egg white with 2 
cups confectioners sugar, Addl 2 tsp butter or margarine and blend unl smooth, 
Work in 2 cups chopped hazelnuts and form into balls, Ear and enjoy. For hazel- 
tut hor cakes finely grind 0.2 kx (13 Tb) dried hazelnuts. Boil in 2 cups water 
until mushy, about 30:min, Add I tp maple syrup and ¥ cup fine cornmeal, stir 
well, lee stand for 20 min or until tick. Hear Ys cup frying oi in skillet. Drop 
barter by tablespoontfuls into hor ol, Brown on one side, lip, atten, brown on 
other side. Drain and serve hor or cold. See also scans naztnncr (next). Related 
edible species: araxsn nazsixtr. Poisonous look-alikes: none, 


Beaked hazelnut Consus carmuta 
Ale edie antion 
Habitat: dry or moist woodlands, hills or mountain slopes, absent on Coastal 


Plain, Identification: shrub co 3 m (9.8 fo), often forming thickets; twigs hairy 
‘when young. Leaves alternate, simple, deciduous, 3~10 em (1.24 in) long, 2-8 
em (0,8-3,2 in) wide, broadest near base, long-pointed at tip, doubly toothed 
along margin, hairy beneath. Male flowers in dense, slender catkins in early 
spring. Female flowers solitary or few per cluster, tiny, inconspicuous. Fructs are 
thin-shelled nuts, broadest near base, 1~1.5 cm (0.4~0.6 in) in diamecer, en 
closed by 2 bristly leaflibe bracts 4~7 em (1.-2.8 in) long which form narrow 
ewk; murmeat sweet. Harvest: Nuts mature in late summer or autumn, Prepa- 
ration: Remove husk, Shell and eat as is or use in recipes calling for nuts or grind 
into meal to use as flour. For hazelour torte preheat moderate oven 175°C 
(350°F), Beat 11 egg yolks well, add 0.5 kg (1 Ib) confectioner’s sugar, continuing 
tw bear. Add 0,5 kg (1 Ih) ground hazelnuts and 1 ssp instane coffee. Fok! in 11 
stiflly beaten epg whites, Bake in 30 cm (12 in) greased and floured spring baking 
form for 30-60 min, See also aqrnican uaztuntr (preceding). Related edible 
species: auenican nazenur. Poisonous look-alikes: none 


BOQ 
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Sweet fern Compuonia peregrina 
Ali ibe winter, spring 


Habitat: dry rocky, sandy, oF gravelly soils of clearings, pastures, poor open 
‘woodlands. Identification: small shrub 0.41.2 m (1.34 f0 high, with rounded 
shape: young branches hairy. Leaves in ferolike pattern, alternate, simple, decid- 
uous, 6=14 em (2.4-5.5 in) long, 0.8=1.2 em (0.3~0.5 in) wide, widest near 
middle or base, deeply lobed along margin, fragrant due to numerous resinous 
glands on leaves and twigs. Male and female flowers produced in separate small 
catkins on same bush in spring. Fruits small, green burrs 12 em (0.4-0.8 io) 
in diameter, each partially oF totally enclosing 1-4 nutlets, maturing in mid to 
late summer. Harvest: leaves any time for fragrant tea. Immature nutlets during 
June and July while still tender. Preparation: For tea add 1 tsp dried or 2 esp 
fresh leaves per cup boiling water; steep. When camping, put 8 tsp fresh, 
chopped leaves per qc of waver in glass jar. Cap and place in sun 3 he oF until 
water is dark. Strain, dilure to taste, sweeten if desired. Not bitter like many 
brewed teas. Strong tea (infusion) has been used to alleviate dysentery. Using 
thumbaail, separate nutlets from burrs when immature and eat raw. Edible re- 
lated species: northern bayberry (Myrica fenzyleunica), sonienn naysexny and 
swirr catz (next). Poisonous look-alikes: none. 


EQ 


Southern bayberry, Wax myrtle Myrica cerifers 
‘Ali odie ata, wrnter 


Habitat: coastal plain, swamps, along ponds and lakes, pine barrens, wet sandy 
soils. [dentificarion: shrub or small tree co 8 m (26 fe) with rounded crown and 
slender, hairy, glaamd-dotted twigs. Leaves alternate, simple, deciduous but often 
persisting until second year, 3.510 emt (1.44 in) long, 0.6~1.2 em (0.2-0.5 in) 
wide, marrow bur broadest near tip, coarsely toothed along margin, yellow- 
green, gland-dotted, fragrant when rubbed. Male and female flowers on sepa 
rate bushes én spring; male flowers in slender catkins 12-19 em (0.50.7 in) 
Jong; female flowers in broader catkins (.6~ 1.2 em (0.2-0.5 in) long on older 
twins, Fruits few to several clustered on short spikes, each rounded, 2~4 mm 
(0.1 in) in diameter, covered with light blue waxlike coating. Harvest and 
Preparation: Pick leaves any time available but best in early summer. Wash and 
spread to dry thoroughly in warm shaded area, Store in sealed jars in dark place. 
Crumble and blend into stews and sauces for cooking and serving meats. Also use 
berries picked from lare summer into winter as seasoning and to provide wax 
used in candles, Related edible species: northern bayberry (M. pensyleanica) 
static war spe spc af ntl he seme way. Alo se at (05) 
used for seasoning but fruits lack wax. Poisonous look-alikes: nane. 


Sweet fern: mature plant and branch with fruit (Elias). 


Southern bayberry: fruiting branches (NYBG) 
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Sweet gale Myrica gale 
‘Alo edible atm, winter 
Habitat: swamps and shallow water along ponds and streams. Identification: 
shrub 0.3-2 m (1-646 fi tall with upright brown branches, Leaves alternate, 
simple, deciduons, wedge shaped, rounded, broadest wear tip, toothed near tip, 
dark green above, pale beneath, downy on veins, 2~? cm (0.8-2.8 in) long, 
seromatic when crushed. Male flowers in spikelike cathins at end of twigs; 
female flowers usually on separate plants, abot 8 ren (0.3 i) lon, af base of 
Teaves. Fruit small nutlike, wot waxy, resin doves, aromatic, with 2 winglike 
scales, in small conelike clusters, Harvest: Pick leaves as described for sours 
& neon (ree) and romatc tts fm summer trough winter 
Preparation: Dry and use leaves as described for sours navnexny and for 
{5 making hot tea. Use nutet lke dried leaves for seasoning, Related edible spe- 
WW cies: See soxirinis navuenay. Poisonous look: 


New Jersey tea Ceanatbus americana 


Habitat: open woodlands and prairies, in wellsirained rocky, gravelly, or sandy 
soils. Identification: sbrab to 1 m (3.2 f2 with slender, reddish-brown, densely 
hairy cwigs. Leaves alternate, simple, 3-ribbed, deciduous, 4-8 em (1.6-3.2 i 
Jong, 2-4 con (0.8 -1.6 in) wide, broadest near base, rouncded ar tip, finely 
toathed along margin, green above, gray and hairy beneath. Flowers tiny, 
ubite, produced in dense, short eylinder-shaped, branched elusters in spring, 
each with 5 white petals shaped like tiny tobacco pipes. Clusters from leaf june 
‘dons. Fraits produced in rounded clusters in lave spring or early summer, each 
eupsalelike, 3-6 mm (0.2 in) long, splitting open to release tiny, reddish-brown 
seeds. Harvest: Gather fresh leaves in summer, best when bushes are flowering. 
Dry leaves thoroughly in sun, by fire, or in warm oven. Preparation: For tea, 
steep | thsp fresh or | tsp dried leaves in | cup boiling water for 15 min. Sweeten 
to taste. Caffeine free. Dried root bark tea was used as sesative by ladians. Re- 
lated edible species: Red root (C. orwtas) i also known as New Jersey tea. C 

54 americans has wider leaves and flower clusters at leaf junctions instead of at end 

{W of twig. Poisonous look-alikes: none. 


Silver buffaloberry: fruiting branches (Elis). Flowering branch (NYBG} 


BRAMBLES, BLACKBERRIES, RASPBERRIES Rates 


‘This is a large and variable group of approximarely 300 10 400 species in the 
temperate regions of the world. Members of this geaus are shrubs or trailing, 
often prickly, vines, collectively known as brambles, Fruits may oF may not sepa 
rate from the spongy core of the feuir base when picked, ‘The genus normally is 
divided into subcategories; one containing blackberries and dewberries, another 
containing thimbleberries, another raspberries. Most of the species have edible 
fruits; many have delicious fruits. Sic of the more common species are treated on 
the following pages. Harvest and pre} 


ition: Pick fruit as i ripens. Berries of 
‘most species are excellent fresh, except for thimbleberries which have a rather 
dry taste and may require mixing with other berries. The berries are good with 
cream and sugar, in pan and in jams, jellies, and pies. To make 
berry bannock over campfire, mix 2 cups flour, 3 tsp double-acting baking pow 
dee, V4 tsp sale, 6 thsp margarine or butter, and 4 ebsp powdered milk unl 
uniformly mixed into mealy texture. Addl 1 cup washed camp berries; mix gently 
to coat fruit. Add 4 cup water to make workable dough. Shape into I-in-thick 


kes, on cere 


How It Wor 


Figure 25-4. The magnetic field af this cil i reversed by 
applying positive voltage constantly to a center tap and 
‘rounding one end of the colar the ather. 


as suggested in Figure 25-5. A large single coil, or 
center-tapped coil, induces a magnetic field in 
multiple poles in the top deck, out of phase by 
one step with a second set of poles, energized by 
their own coil, in the bottom deck. (All three mo- 
tors shown in Figure 25-1 are of this type) The 
rotor of the motor is tall enough to span both 
decks, and is rotated by each of them in turn. 


In Figure 25-6, the decks of a two-deck four-wire 
motor have been split apart. The rotor remains 
in the left-hand section. It is enclosed within a 
black cylinder that is a permanent magnet divi- 
ded into multiple poles. in the right-hand sec- 
tion, a coil Is visible surrounding metal “teeth” 
that function as stator poles when the coil is 
energized. 


In Figure 25-7, the same motor has been further 
disassembled, The call was secured with alength 
of tape around its periphery, which has been re- 
moved to make the coil visible. The remaining 


.ctromagnetism per matar 


Figure 25-5. 4 simplified rendering of the common “twa 
deck” type of motor. See text for details 


Figure 25-6. A two-deck stepper motor split open to re 
veal its rotor (left) and one ofthe stators (right) encircled 
halfof the motor, at top-right, cantainsa second, 
concealed but identical coil with its own set of 
poles, onestep out of phasewith those in the first 
deck 


Because the field effects in a two-deck stepper 
motor are difficult to visualize, the remaining di- 
agrams show simplified configurations with a 
minimum number of stator poles, each with its 
own coil 
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Silver buffaloberry Shepherdia arsentes 
Al olible antunn 


Habitat: riverbanks, low meadows, plains, canyons, Identification: spreading 
shrub or small cree to 5m (16 fe) with duil gray bark shredling in long strips: 
branches stout, covered swith silvery-white scales, usually thorny. Leaves oppo- 
site, simple, deciduous, 3-5 cm (1.2-2 in) long, 7-10 mm (0.3-0.4 in) wide, 
uniformly wide to widest near middle, entire, feathery, dewsely covered with 
silvery scales on both surfaces, Male and female flowers on separate trees; 
flowers small, inconspicuous, lacking petals. Fruits berrylike, rounded, 6-9 mm 
(0.2-0.4 in) long, smooth, bright red, slightly fleshy, enclosing single Nattened 
seed. Harvest: late summer fruits pleasantly tart, becer after frost has sweetened 
them. Shrub is frequently prolific fruit producer. Handpick or spread carp be- 
neath shrub and shake branches, Preparation: Use fruit fresh or dry thoroughly 
in sun. Use prefrost berries for jelly. Eat ripe fruit fresh or dried add sugar as 
desired. Seeds are chewable. For beverage crush 1 cup fresh berries with 1 cup 
sugar in 3 cups hor water or mash I cup dried berries in I pe water. Add sugar to 
taste. Strain and drink. Cook berries with meat or prepare like ceawuenny sauce 
for use with meat. For dessert mash fresh fruits and whip or blend inte froth 
Blend in sugar if needed. Related edible species: Canadian buffaloberry (5. 
canadensis) and silverberry (Elacagnas argentea) are edible but less flavorful, and 
are improved by cooking and adding sugar. Poisonous look-alikes: none 


cake, dust with flour, place in warm, greased fry pan. Cook over moderate heat 
until crust forms on bottom. Turn over with spatula and cook until browned and 
no dough sticks to fork inserted into center of dough. Adapt other berry recipes 
from your favorite cookbooks, Tender growth tips of many species are edible, 
and leaves of many are good for ea. Related edible species: See above, Poison- 
ous look-alikes: none. 
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Red raspberry Rubus idacus vat. strigasns 
(ynonyan: R stripes) 


etic: margins of woodlands, clesng, rouse, abandoned elds, Klett 
cation: subshrub to 2 m (6.6 ft) high; branches spreading to trailing along 
@ 20U04 ofien with « whivish case, armed with usually numerous prickles end 
stiff hairs. Leaves alternate, deciduous, compound on nonflowering canes, with 
{85 3-7 leaflets, cach leaflet broadest near base, 2-10 cm (0,84 in) long, long: 
{W@W pointed at tip, coarsely and sharply toothed along margin, pale green to whitish 
and bairy beneath. Flowers white to greenish-white, 1.2—1,8 cm (0.5-0.7 in) 
across, produced June—July in small clusters of 2-5 flowers along upper part of 
canes, Fruits glabe-shaped or nearly sa, 1.2—2 cm (0.5~0.8 in) im diameter, 
right red, juicy, separating easily from fraiting stalk and base, maturing 
from July-September, Harvest and preparation: See snaxinies (preceding) 


Wineberry Rubus plvenicolasins 


Habitat: introduced from Asia; grows wild in disturbed sites, along streams, 
rivers, roads, especialy in coastal eastern U.S. Identification: shrub to 2.5 m (8 
fo) high; brauches spreading, often arching over, lacking spines but with dense, 
red, gland-tipped hairs. Leaves alternate, deciduous, 3-parted (tifoliolate), 
WD broadest wear base and often as broad as long, 4-10 em (1.6-4 in) long and 
wide, often lobed, toothed. Flowers white, produced in elongate, many-flow- 
ered clusters; each 2-3 em (0.81.2 in) across (including calyx lobes), petals 
shorter than the narrow, pointed, calys lobes. Fruits glohe-shuped, 0.81.2 em 
(0.3-0.5 in) in diameter, bright red ac macutity, juicy, maturing from midsum- 
‘mer to early autumn, Harvest and preparation: See nrasturs (preceding). 


en 


& Windies ser porti 


Rei eee eg rent ce stallerel oiaaeman atin ries res 
areas, along rads, tril stress, Ideneification: shrub co 2 (6.6 f) high with 
upright to spreading branches, without spines bar with glandular hairs. Leaves 

155 liccoate, deciows, site, SLebud, 5-15 cm (2-6 én) lem ae wide, sharply 
toothed along margin. Flowers large, white to pink, 2~5 em (0.8-2 in) across, 
Fatal ia looke, 2-9: fcwerkl, sealing Chisecs. Pealtr large, lobe: 

GP pedi ow 105-07 tm) cory, ieht redo sceres, see, cy, co 

e" throughout seson, Harvest and preparation: See unawaus (preceding), 


Wineberry: fruiting branch (Elia). 


Thimbleberry: fruiting branch (McNab. 


Common blackberry; mature fruits (Elias). 


Black raspberry: fruicing branch (Elias), Flowering branch (Dykeman), 
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Common blackberry Raties alleghenienss 
Habitat: margins of woodlands, old fields, fencerows; also roadsides, thickets, 
mountain slopes. Identification: shrub, sometimes to 3 m (9.8 0, branches 
upright co spreading, sometimes trailing, with scattered straight spines. Leaves 
alternate, deciduous, palmately compound, uswally with 5 leaflets, sometimes 
3, variable, typically broadest near or just below middle, long-pointed at tip, 
‘usually 10-18 cm (47 in) long, with numerous sharp-pointed teeth along mar- 
kin, pale green beneath. Flowers white, 1.7~2,5 cm (0.71 in) across, prosuced 
én May, June, or early July (usually about 2~5 weeks later than black raspberry) 
in clongated 6-15-flowered clusters. Fraits globe- to short eylinder-shaped, to 
2 em (0.8 in) long, juicy, sweet, black at maturity; maturing in late July or Au- 
‘gust. Harvest and preparation: See naawnuss (preceding). 


Black raspherry Rubes vividentalis 
Habieat: disturbed areas, especially margins of woodlands, ravines, fields, 
cts; sometimes in full shade. Identification: shrub with upright to sp 
branches, sometimes arching to ground; stems with scattered, straight or 
‘curved, sinut spines. Leates alvernate, deciduous, compound, exch leaf with 3— 
5 leaflets, cerminal leaflets broadest near base, pointed at ap, sharp and irregular- 
ly toothed along margin; lateral leaflets smaller, whitish beneath. Flowers white, 
produced in May or June in 3- to 7-flowered nearly flat clusters. rafts puer- 
plish-black to black, 0.81.2 em (0.30.5 in) across, rounded or nearly so, easi- 
ly separated asa unit from fruiting stalk and base, juicy, sweet, maturing in June 
or July. Harvest and preparation: See nxannuzs (preceding) 


California blackberry: fruits (Ross). 


Smooth sumac: feuiting branch (Dykeman). Fruits (Elis), 
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California blackberry Rubus uesinas 


Aiscurbed sites, along trails, roads, canyons, felds, open woodlands; 
at lower elevations, below 1,000 (3,200 fi), Kdentifieation: sbrub, of. 
branches spreading to trailing along ground: aemed with slender, 
slightly flattened spines. Lewves alternate, deciduous, usually 3-parted (trifolt 
Jate), sometimes simple; leaflets broadest near base, 612 em (244.7 in) 
Jong, 4=10 em (1,64 in) wide, coarsely toothed, occasionally shallowly lobes 
Flowers white, produced in elongate, loose, 3-12-flowered clusters; each 1-3 
‘em (0.41.2 in) across. Fruits shart evlinder-sbaped to nearly cone-shaped, 1 
2m (0.4-0.8 in) long, black at maturity, juicy, sweet. Harvest and prepara- 
tion: See maawates (preceding) 


‘Smooth sumac Rhus glabra 
Ali el ete 

Habitat: common and widespread; abandoned farmlands, fields, margins of 
woodlands, along streams. Identification: shrub or small free w 7 m (23 f) 
ith smouth stont branches and open rounded crown. Leaves alternate, decid 
‘ous, featherlike (pinnate) compound, with L131 leaflets, leaflets usually 
lance-shaped, 59.5 em (23.7 in) long, 1.2-3 em (0.5 - 1.2 in) wide, long point 
ced ar tip, sharply toothed along margin, dark shiny green above, whitish beneath 
Male and female flowers on differenr plants, produced ia dense, cone-shapex! 
clusters 10-25 cm (4—10 in) long. Fruits produced in autumn in large cone 
shaped clusters, each fruit berrylike, rounded, $-¥ num (0.10.2 én) in diame 
ter, dark red, fuzzy. Harvest: Pick fruie clusters when glazelike bloom appears 
oon bright red berries. Lick like lollipop for delicious lemony thirst quencher. 
Flavor is washed out by rains more quickly than in staciomw sumac, Preparae 
tion: same as sTAcHORN suMAC. Make delicious jelly from 

(see beverage under sractions sumac) and 2 cups eklerberry juice. Boil juice and 
‘extract with 1 pkg powdered pectin. Add 5 cups sugar. Bring to hard boil, boil 1 
min, remove from heat, skim, pour into jars, seal. For other recipes, see sauaw 


ups sumac extract 


BUSH and STAGHORN SUMAC (next). See caution under sraGHOKS sumac. Related 
edible species: 
ia) of southern California and sugar bush (R. arte) of the Southwest, Poisonous 
look-alikes: Poison sumac (Toatowdendroe veruis) grows in wet areas and has 
white fruits. Avoid white fruited sumacs. roison ivy and poison oak (7. dirersilo- 


a) are in the sumac genus 


sTAGHORN SLMMAC, squawaUSH, plus lemonade sumac (R. fetegrife 
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Squawbush Rha trilobata 
‘Alin elie entnnn 

Habitat: foothills, canyons, slopes, washes, often in dry rocky soils. Identifien 
tion: shrub to 2 m (6.6 9 with numerous spreading branches and densely hairy 
wcigs, with strang odor when broken. Leaves alternate, deciduous, with 3 leaf- 
lets (erfoliolate), occasionally | leafler, leaflets broadest near base of tip, 13 em 
(4-12 in) long, nearly as wide, with large rounded teeth along margin, 
rounded at tip, hairy. Flowers yellow, small, densely clustered in short spikes in 
spring. Fruits berrylike, rounded, 41-6 mun (0.2 in) in diameter, red, bairy, 
sticky, Harvest: Gather fruits from end of August. Preparation: Suck on fresh 
fruits for refreshing sour taste, For beverage and jelly see soot sumac (preced- 
ing) and staction® suniac (next). For syrup combine V3 cup dried, ground, sifted 
berries with 1M cups water and 54 cup honey (or 1 cup sugar). Cover, boil 
30 sec, reduce heat, simmer 15 min. Uncover and boil until mix thickens, sirting 
constantly. Pour into jar and reftigerate for further thickening. Gond dessert 
topping oF spread on bread. If fresh berries are uses, crush, simmer, and strain 
before adding honey or sugar. Then boil and complete process as above, See 
‘aution wader stachons siniac. Related edible species: See swoorisusac. Poi- 
sonous look-alikes: Leaves resemble those of poison oak (R. deversifohs) ans 
poison ivy, both with white fruits. See also soon sustac 


Staghorn sumac Rhus typbinw 
‘Ali edible autumn, winter 


Habitat: woodland margins, fencerows, roadsides, old fields, streambanks. 
Identification: shrub or small free vo 10 m (33 fo) with thick densely hairy 
branches and twigs, Leaves alternate, deciduous, featherlike (pinnate) com- 
pound, 40-60 em (16-24 in) long, with 11-31 leaflets, leaflers usually lance- 
shaped, 512 em (24.7 in) long, 2-4 cm (0.8-1.6 in) wide, sharply toothed 
along margin. Male and female flowers on same ar separate trees, produced in 
‘crowed cone-shaped clusters, Fruits produced in dense, cone-shaped clusters 
10-20 em (4-8 in) long; euch fruit berrylike, rounded, 3-3 mm (0.10.2 in) 
in diameter, deusely covered with dark red hairs, Harvest: Pick fruit clusters 
lace summer to autumn when deep red and fruits have developed strong lemony 
taste, Dense hairs on fruits prevent rain from penetrating cluster and washing out 
all malic acid flavor s0 fruits are usable though less potent through winter. Dry 
soime clusters for winter use. Preparation: For beverage separate fruits from 
twigs. Steep in near boiling water (no less thaa | cup fruits 1 qe water) for at 
least 15 min, Strain through cloth, diluce, sweeten co taste. Drink hot or cold but 
in moderation; some people show allergic reaction. Using whole heads of fruits 
will include small arthropods within them, and ewigs may add slight bitterness, 
‘See other uses unsler soorsunac and squawust (preceding). Related edible 
species: suoor sumac and squaveousit, and lemonade berry (R. integriflia). Poi- 
sonous look-alikes: See swooTy suMAc. 


Squawbush: fruiting branch (Dykeman), 


Staghorn sumac: fruiting branch, left (Dykeman). Fruits (Elias) 


Screwbean mesquite: fruiting branch (Feldman), 


Glandular mesquite: (Feldman). Seprember 
branches (Hurchins). 


electromagnetism > rotational > stepper motor 


Figure 25°7. The stepper motor from the previous figure, 
further disassembled. 


Bipolar Stepper Motors 
‘The most basic way to reverse the currentina.coil 
is by using an H-bridge configuration of switches, 
as shown in Figure 25-8, where the green arrow 
indicates the direction of the magnetic field. In 
actual applications, the switches are solid-state, 
Integrated circuits are available containing all 
the necessary components to control a bipolar 
stepper motor. 


Four sequential steps of a bipolar motor are 
shown in Figure 25-9, Figure 25-10, 
Figure 25-11, and Figure 25-12, The H-bridge 
control electronics for each coil are omitted for 
clarity. As before, energized coils are shown with 
the pole inside the coil tinted green, while non- 
energized coils ate gray, and the rotor is shown 
beforeit hashad timetorespond tothemagnetic 
field in each step. 


Unipolar Motors 
‘The control electronics for a unipolar motor can 
be simpler than those for a bipolar motor, as off- 
the-shelf switching transistors can ground one 
end of the coil or the other. The classic five-wire 
unipolar stepper motor, often sold to hobbyists 
and used in robotics projects and similar app 

cations, can be driven bynathing more elaborate 


Figure 25-8. The simplest and most basic way to reverse 
the current thraugh a coll is via an H-bridge circuit. In 
practice, the switches are replaced by solid-state compo~ 
ents 


Step a 


Figure 25-9. A bipolar stepper motor depicted a moment 
before the rotor has had time to make ils first step in re- 
sponse fo magnetic fields created by the stator cols. 
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Screwbean mesquite Prosopis pubescens 
Al edible usm 

Habitat: gullies, washes, stream banks, riverbottoms, floodplains. Wdentifica- 

: shrub or small spreading tree co 10 m (33 ft) with slender branches armed 
with pair of sharp spines at each leaf base. Leaves alternate, deciduous, twice 
compound and featherlike (bipinnate), with 1 oF 2 paits of side beanches (pi 
inte), exch 3.45 cm (1.5~2 in) long, composed of 3-8 pairs of sinall leaflets 
Flowers produced in densely flowered cylinder-shaped spikes $~7.5 em (2-3 in) 
long, each flower greenish-white to yellow, 3-4 mm (0.2 in) long. Fradts are 
spiral twisted pods 3-5 om (1.2~2 in) long, brown, hairy, becoming hard and 
tough at maturity. Harvest: Gather and clean immature pods, the younger the 
tenderer. Preparation: Boil until soft or cook with other vegetables. The pods 
can be boiled down to make a sweet syrup with many uses, Related edible 
species: GLANDULAK MESQUITE (next) and mesquite (P. relwztina). Poisonous look- 
Tie ugh saute us, that ha fener 4 


Glandular mesquite Prosopis sandals 
Alia die ata 

Habitat: desert valleys, open range, grazing lands where plant becomes a pest. 
Identification: shrub or soall spreading trce to 8 (26 f) with slener branches 
that have paired, sharp-pointed spines where each leaf is attached. Leaves al- 
temnate, deciduous, twice compound and featherlike (bipinnate), with 1 pair of 
side branches (pinnae), each 1220 cm (4.78 in) ong and composed of 718 
pairs of leaflets, Flowers produced from May © August in densely flowered, 
narrow, cylinder-shaped clusters; each flower yellow, 3-4 mm (0.2 in) long, 
Frnits long, narrow, straight pods 10-25 em (410 in) Fong, rounded, slightly 
constricted between seeds, Harvest: Gather flower clusters as they open and 
fruits as they ripen during summer, Preparation: Suck suga-rich nectar from 
newly open flowers. The yellowish gelatinous to mealy pulp surrounding seeds in JSS 
marure pods contains up © 309% sugar and can be eaten fresh, Make beverage by 
boiling clean pods in fresh water and straining off residue. Dry pons, grind, mix 
‘ith little water to form dry, mealy dough; bake in sun for several hours or over 
very low heat. Soak seeds in water several hours for lemon-flavored drink or 
arind dry seeds into meal and use to make porridge. Discard those seeds infested 
with larvae of bean beetle, Related edible species: scxewneax wesquire (prec 
ing) and mesquite (P- relvurina). Poisonous look-alikes: may resemble coma. 
min, wh hs le et 4 
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American elder, Common elder (Als alile spring) Sambucus canadensis 


Habitat; rich moist soil of woodland margins, stream and river banks, fencerows 
and right-of-ways. Identification: mainly shrubby, 1-4 m G—13 f, with u 

right to spreading branches and broad rounded crown. Leaves opposite, decidu: 

‘ous featherlike (pinaate) compound, 15~25 cm (6~10 in) long, composed of 5 
11 leaflets, each leaflet broadest near base to uniformly wide, 6-12 em 2.4—4,7 
in) long, 2-4 em (0,8-1,6 in) wide, pointed, othe, dark shiny green. Twigs 
with prominent white pith, Flowers white, small, io branched, round or flat~ 
topped showy clusters in lawe spring or early summer. Fruits berrylike, round 
ed, 46 mm (0.2 in), deep purple, juicy, 3-seeded, in large clusters, maturing in 
mid to late summer. Harvest: Wheo flowers are fully open, pick whole clusters 
or shake pets of old flowers into container. When fruit is deep purple, pick 
whole clusters or strip berries from bush, Preparation: Dip flower cluster in 
friteer bateer and deep fey; dust with sugar and sprinkle with orange juice. Add 
‘cup of blossoms to pancake batter. Extract juice from fresh fruit by simmering. 
mix of I cup water per L gt mashed berries 20-25 min; strain through cloth 

Sweetened juice good with tart juices. Use juice with (staGion suMac) extract in 
jelly. Fresh fruit has rank flavor; improves with drying; use dried fruit for pies 
and breads. Dry fruit in sun or warm attic; before using stew in litte water. 

Flowers and fruit excellent for wine. Fruits high in vieanin C, Waring: Roots, 
stems, leaves, unripe fruits are somewhat toxic. Related edible species: stu 
‘pen (next), Poisonous look-alikes: See nut ripe 


Blue elder (Abe oil spring) Sambucus cerulea 


stream banks, gullies, washes, margins of fields, woodlands, pastures. 
sation: shrub or small tree with broad rounded crown, Leaves opposite, 
deciduous, featherlike (pinnate) compound, 12-18 cm (4.77.1 in) long, com 
posed of 5-9 leaflets, leaflets broadest at middle to uniformly wide, $=15 cm 
(2-6 in) long, 1.25 cm (0.5~2 in) wide, long-pointed at tip, coarsely-toothed, 
bright green above, Flowers tiny, yellowish-white, produced in spreading, 
many-flowered, flat-topped clusters it late spring oF early summer. Eraits in 
clusters, each herrylike, rounded, 6-10 mm (0.2-0.4 in), dark blue 10 nearly 
Si} black, juicy, macuring in mid to late summer, Harvest: Flowers in early summer, 
fruits in late summer, ean he eaten raw or dried like raisins. Preparation; Pre- 
pare tea from blossoms. For jelly, wash berries, partially crush, cover with water, 
cook over low heat 10 min, Pour contents into wet jelly bag and collect juice; do 
‘nor squeeze bag. Add 2 cups elderberry juice to 3 cups apple juice prepared in 


wo 
ic} 
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boil, add 6 cups sugar. Scir unc! rolling boil exnnot be stired down; continue for 
1 min. Pour mix into prepared jelly jars; cover with \4 in paraffin; seal wih lid. 
For other uses see aumican ata (preceding). Related edible species: american 
‘nen, Mexican elder (S. mexicana), and black berried elder (S. mclanocarp). 
sonous look-alikes: Red fruited elder (S. pudens) of East ancl Midwest somewhat 
toxic, Pacific elder (S. cellcurpa) bitter but not poisonous, 


American elder: fruiting branches (Elias). Flowers (NYBG), 


Blue elder: fruiting bush and fruits (Kavasch) 
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Singleleaf pinyon pine Pinus mesophyll 
Habitat: lower mountain slopes, foothills, canyons from 650~2,350 m (2,100— 
7,800 fi) elevation; often growing with junipers. Identification: small, spread- 
ing tree with rough, irregularly furrowed, dark brown bark. Leaves (needles) 1 
per sheath, 2.55 cm (1-2 in) lang, sharp-pointed, stiff, often curved toward 
branches, yellowish-ereen to gray-green:; only native North American pine with 
single leaves. Fruits hard, egg-shaped cones 5~7.6 cm (2~3 in) long, composed 
Of thick, stiff, light brown, blune scales, cach scale bearing 2 large, egg-shaped, 
brown, wingless seeds 1.8-2 cm (0.708 in) long. Trees produce moderate to 
large cone crops every 2-3 yr. Each cone requires 2 growing seasons to mature. 
Harvest and preparation: Gather second year cones in August or September. 
Oily seeds, rich in protein and oils, have nutty taste and can be eaten fresh. Thin 
shell can be cracked with teeth. Roast nearly ripe cones to failitare seed removal 
and improve flavor, Store cones or seeds for lacer use, especially ater roasting, 
Several cones tossed into campfire coals 10-20 min yield an excellent snack. 
Carry roasted cones or seeds in backpack for trail snack. If large numbers of 
seeds are available, roast and grind into meal and use in breads, soups, oF mixed 
‘with commeal of flour. Related edible species: sucan "xe, DIGGER rive, Mhvo% 
pist, Mexican pinyan pine (P. cembroide:). Poisonous look-alikes: none 


Sugar pine Pinus lambertiana 


Habitat: mountain slopes from 750 3,000 m (2,500-9,850 ff) elevarion. Iden- 
tification: tall erees to 65 m (213 fd) with tall, straight trunk and thick, deeply, 
iereygularly Furrowed, dark, reddish-brown to purplish-brown bark. Leaves (nec 
des) 5 per sheath, 8.810 em (3.54 cm) long, stout, stiff, deep bluisb-green 
cand marked with silvery lines. Fruits large woody cones, 27~46 em (\0.6~18 
jn) Zomg, to 12 cm (4.7 in) in diameter; seeds nearly egs-shaped to football: 
shaped, 1.21.5 cm (0.5-0.6 in) long, dark chocolate-brown, nearly black, 
winged, Harvest: See sincistsarnnvon ive (preceding). Note: Cones with seeds 
are difficulr ta obtain because of height of the trees. Preparation: same as for 
SINGHIIEAFMNvON PINE. Related edible species: Coulter pine (P, walter), mocen 
rive (next), and the prevon mises. Poisonous look-alikes: none. 


Digger pine Pinus sabiniana 


Habitat; foothills, lower mouncain slopes from 20- 1,000 m (66-3,500 fo) ele. 
‘vation, often found with numoak. Identification: medium-size spreading tree co 
15 m (50 fo) with short, thick trunk, soon branching, with irregular, scaly, dark 
brown co almost black bark. Leoes (needles) 3 per sheath, 17-43 em (0.717 
in) lang, slender, flexible, dull blue-green. Fruits harge 15~25 ene (610 in) 
Zong, to 18 cm (7 in) broad, light reddish-brown, scales thick, each armed with 
lawlike spine; seeds 1.7-2 cm (0.7-0.8 in) long, egg-shaped, with hard, dark 
brown to almost black shell. Harvest and preparation: same as for sincurtrsr 
mnvox ms. Related edible species: muon ents, Coulter pine (P. coulteri), su 
‘an ree (preceding). Poisonous look-alikes: none. 


Ha 
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JUNIPER GENUS Toniperus 


‘The 13 species of junipers native ro North America are mostly common wide- 
spread trees and shrubs, These evergreen conifers are more abundant in the drier 
western states, although eastern redcedar and southern redcedar are prevalent ia 
the easte All junipers provide excellent cover for small game and food for 
many binds, Only three species, all western, are recommended for their edible 
fruits and then primarily as a survival food. The stems, leaves, and fruits contain 
varying amounts of resins which affect fragrance and taste 


Rocky Mountain juniper Jemiperas scopulorum 
Ajo elle autumn, winter 

Habitat: bluffs, ridges, cliffs, dey rocky hillsides from sea level to 3,000 m 
(9,850 fy) elevation. Identification: large evergreen shrub or small tree to 15 m 
(49 fe) with reddish-brown to gray scaly bark separating in long, narrow strips 
Leaves tiny, scalelike, opposite each other, closely pressed against branchlets, 
2-4 mm (0.1 in) long with tiny gland on back, pale green to grayish green, 
resinous. Male and female flowers on separate trees in spring, inconspicuous and 
cesily overlooked. Fracts small, fleshy, sweet, berrylike cones, nearly rounded, 
5-9 mm (0.2-A in) in diameter, bright blue, maturing in 2 seasons, contain 
ing 1-2 seeds. Harvest: Gather ripe berries from summer co early winter. Use 
fresh or dry and store for later use, Preparation: Although high in sugars, ripe 
fruits have an unpleasant resinous taste, so fresh fruits become strictly survival 
fare. Use a few fresh berries as substituce for sage in flavoring mears. Roast dried 
fruits, grind, and use as coffee substitute. Related edible species: vrav juswer 
andi cautronia UNE (next). Poisonous look-alikes: Take cae in identification 
of junipers. Fruits of most species have such high resin content that they are 
unpalatable or may cause stomach upset. 


55 
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California juniper Juniperus californica 
Alin edible autumn, winter 
Habitat: dey slopes, canyons, desert slopes from 125-1,350 m (410—4,500 fe) 
clevation, Identification: large shrub or small tree with fluted and ridged trunke 
and reddish-brown to ash-gray bark that splits into long, loose, shredding strips 
Leaves tiny, sealelibe, arranged in 3s, overlapping and closely pressed against 
branchlets, 24 mm (0.1 in) long, with tiny gland on back, light yellowish-green, 
Male and female flowers on separate trees in spring, inconspicuous and easily 
AG owerlookes. ruts are lember, berrlike cones, almost rounded, 10-16 mm 
(0.4-0.6 in) fu diameter, dry, sweet, not resinous, light reddish-brown, matur- 


ing ia 2 seasons, each containing 1-3 eels, Harvest and preparation: same as 

2. for rocky mounTAIn juNtPen (preceding) except that nonresinous fruits are superi- 

or to those of ocher junipers as wild food source. Related edible species: ura 

55 JUNIPER (next), KOCKY MOUNTAIN JUNIER. Poisonous look-alikes: same as for 
ok HOUNTANS NER 
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Utah juniper Juniperus estessperma 
Allele antum, winter (synonym: J. wabensis) 
Habitat: mesas, mountain slopes, high plains, principally from 1,000-2,650 mm. 
6,300-8,700 fo) elevation in dry rocky or gravelly soils. Identification: large 
shrub or small bushy tree to 8 m (26 ft) high with furrowed asb-gray bark that 
shreds in long, loosely attached strips. Leaves tiny, sealelike, opposite and 
overlapping one another in 2s, closely pressed against branchlets, 3A mm 
(0.1-0.2 in) long, usually gland-dorted on back, sharp-pointed at tip, yellow- 
ish-green. Male and female flowering cones usually produced in spring on sepa- 
rate trees, inconspicuous and usually overlooked. Fruits small, leathery berries 
6-9 mm (0.2-0.4 in) Jn diameter, nearly globe-sbaped, reddish-brown, resin~ 
‘ous, sweet, with mealy texture, containing 1, rarely 2, sceds. Harvest and prepa- 
ration: same as for Rocky oU'NTAIN JUNIPER, Related edible species: caLiroxnia 
juwiren and nocky MOUNTAIS JeNtOMR (preceding), Poisonous look-alikes: same as 
for nocKY MOUNTAIN JUNIPER 


Sea grape Corsoloba wife 


Habitat: beaches, along sea shores; Southern Florida, Bermuda, Bahama Islands, 
the West Indies. Identification: very distinctive large shrub oF tree to 15.m (30 
fo) with compact rounded crown, trunk short, covered with pale blotchy bark. 
Leaves alternate, simple, persistent and appearing evergreen, 10-27 om (A— 
10.6 in) fomg, 12-25 em (4.710 in) wide, almast cirenlar in outline, roundes 
at tip, entice, heart-shaped ar base, hick, leathery, dark shiny green above. 
Flowering clusters produced along narrow, elongate stalks to 30.¢m (12 in) long. 
Fruits crowded together in long, banging clusters, each fruit nearly rounded, 
1,8-2.5 em (0.71 in) long, grcenish-white to purple, wich thin, juicy Mesh; seed 
hard, nutlike. Harvest: Since fruits do not ripen uniformly, spread sheet under 
bush and shake branches vigorously. Ripe fruits will fall while green ones persist 
in cluster. Preparation: best used for jelly. Partially crush 2 qt clean ripe fruits 
with 14 cup water and cook for 20 min, Strain juice through jelly bag. Boil juice 
with equal amount of sugar until jelling point is reached. Skim off foam, pour 
into sterilized jars, seal with paraffin. Related edible species: dove plum ( 
dirersifolia) of coastal southeastern Florida, but not a recommended substitute 
for sea grape. Poisonous look-alikes: none: 
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California laurel, California bay Unellularia californica 
Abie elibe entumm, spring 


Habiae lower muna dope, hile, Mats nae of ois ic 
POC uo ne syne res 
middle, usually palates at tip, entire, dark green and sbiny, leathery, with 
Ibias wes erasdals aegis toons) enemas 
Hower ecm Lem (04-06 aoa olow, Pes renting ae 
stb, gobeapel to brules:nent bes 2-20 ow (08 ie fae ay 
fy Coen a ean eerie Tan 
Fen ey enema ama or ee 
ieediteeigiiiy cade eee eee: Oe eee 
Greist Petes eacre cela oe Dmerscons Uae eas 
Sisciaa ye ere cleat limeipeic area rion 
by M4 unless stronger flavoring is desired, Good in stews, chili, spaghetti sauce, 
stops Riese esthete olk oeeanel at pedis Rat el 
fad eee eae tlie of Conear leets ectoea cee. Aen 
Fey ie ett: cone. votonaes oseitcr soe 


Pawpaw, Papaw Asimina trilgba 
Als edible anteovn 


Habieat: river valleys and bortomlands, usualy in deep, rich, moist soils; grows 
in association with sweetgam, swamp chestnut, black gum, cherrybark oak Iden 
tification: large shrub or small tree with thin, smooth bark (dark brown with 
aray blotches) 3~12 m (1040 f9 ell. Leaves alternate, deciduous, simple, 18- 
30 em (7=12 in) long, 814 cm (3,2~5.5 in) wie, usually broadest near tip, 
entire along margin, papery textured, light green. Flowers green turning deep 
purple, produced in spring along stems of previons year, bell shaped, with 3 

ee ernie ren 2-26c0 0-1) one Risin, 


cylinder-shaped, 4-10 em (1.6~4 in) long, aromatic, green turning, yellow then 
black and fleshy at maturity; mature in late summer or early auruma, Harvest: 
ey when fruits mature or while still green but full size; store in cool place (safe from 
small animals) until ripe. Preparation: Tasty sweet pulp of fruit can be eaten 
g raw. Cook creamy, custardlike pulp, minus seeds and skin, and use in puddings, 


breads, ice cream. Caution: Fruits disagree with some people. Related edible 
Iwarf pawpaw (A. parviflora). Poisonous look-alikes: none. 


Variants 
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Figure 25-10. The bipolar stepper motor from the previ 
‘us figure is shown with its rater having advanced by one 
stop, and coll polarity changed to induce it to make a sec 
‘ond step, 


Step 3 


seb 


Figure 25411. The bipolar stepper motor after taking its 
secand step, immediately before making ts third step. 
than a set of 555 timer chips, However, this type 
of motor is less powerful for its size and weight 
because only half of each coil is energized at a 
time, 


In Figure 25-13, Figure 25-14, Figure 25-15, and 
Figure 25-16, the simplest configuration of a uni- 
polar system is shown in diagrammatic form us- 
ing four stator coils and a rotor containing six 
magnetic poles. Each figure shows the stator 
coils when they have just been energized, a mo- 
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Figure 25:12. The bipolar stepper motor after taking its 
third step. When the rotor responds to the new pattern af 
‘magnetic fields, its arientatian will be functionally identi- 
cal with that shown inthe first stop. 


ment before the rotor has had time to move in 
response to them. Coils that are energized are 
shown with the metal cores tinted green. Wires 
that are not conducting current are shown in 
gray. The open and closed positions of switches 
a, b,c,and d suggest the path that current is tak- 
ing along the wires that are colored black. 


Note thatcoils on opposite sides ofthe motorare 
energized simultaneously, while the other pair of, 
coils is de-energized. Adjusting the controller so 
that it overlaps the ‘on" cycles of the coils can 
generate more torque, while consuming more 
power. 


‘A motor containing more stator poles can ad- 
vance in smaller steps, ifthe poles are separately 
energized. However, ifthe coils have individual 
windings, this will increase the cost of the motor. 


Variants 


In addition to bipolar and unipolar variants, pre~ 
viously described, three others ate available. 


High Phase Count 

This term describes any type of stepper motor in 
which additional poles reduce the step size. The 
advantages of a high phase count include 
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White mulberry (Alo elite spring) Morus alba 


Habitat: introduced and cultivated tree that now grows wild along fencerows, 
roadsides, margins of abandoned fields, and in woodlands. Identification: me: 
‘um-size tree with widespreading, rounded crown and thick, irregularly furrowed, 
light to dark gray co yellowish-brown bark and milky sap. Leaves alternate, de- 
ciduous, simple, 6-16 emt (2.46.3 in) long, 3-8 ome (1.23.2 in) wide, broad- 
est near base, pointed at tip, unlobed or 2-3 lobed, sharply touthed along mar- 
‘gin. Male flowers tiny, clustered on short spikes; female flowers tiny, clustered 
in round heads, both appearing in spring on new growth. Fruits globe-shaped to 
short cylindrical, 1~2 em (0.4-08 in) long, blackberrylike, fleshy, white to 
Dinkish at maturity (June—July). Harvest and preparation: Pick fruits as they 
ripen from late May through July. Fully ripe berries may be shaken from tree 
‘onto plastic sheets but tend to be very syrupy and too sweet for most palates. Dry 
like raisins for breads, cookies, and puddings. Use plastic or aluminum screen 
supported so air can reach all sides of fruit. If solar drying, protece from dew 
condensation at night. Dry until crushed fruie lacks any watery juice, Drying 
time: bright sun, 2 days; warm attic, 4 days; warm oven, 10-15 hr. Store dried 
berries in sealed containers. Afghans grind dried fruit with almonds for nutritious 
combination. Substitute any other type of nu, roll small balls of ground mix in 
confectioner’s sugar, eat as candy. Pick shoots and prepare as RED MULBERRY (next). 
Related edible species: xx wutsueny, Texas mulberry (M. micrnphylla), black 
mulberry (M. nigra). Poisonous look-alikes: none; see neD muLutKRY caution, 


Red mulberry (Alin elite spring) Morus eubrs 


Habitat: river valleys, floodplains, lower slopes of hills, usually in rich, moist 
soils. Identification: small to medium-size cree with broad, rounded crown and 
irregularly fissured, dark reddish-brown bark and milky sap. Leaves alrernate, 
deciduous, simple, 7.510 ent (34 in) long, 55.8 em (22.3 im) wide, broad- 
est mear base to almost rounded, unlobed or 1-3-lobed, heart-shaped at base, 
bointed at tip, with course teeth along margin, with whitish buirs on lower 
surface, Male flowers tay, crowded together in slender, hangings clusters; female 
flowers tiny, crowded in broader, elongated clusters. Fruits cylindershaped, 
blackberrylite, 2.23 em (11.2 in) long, fleshy, red turning dark purple to 
almost black, sweet, macuring from May o July. Harvest and preparation: 
Pick ripe fruit from ladder, or spread tarps beneath tree and shake limbs. Deli- 
cious as picked or with cream. Do aot let persistent small stem and axis of fruit 
bother you. For beverage mash and squeeze fruit through cheesecloth or use 
electric juicer or blender. Add sweetener and lemon juice to taste. Serve with ice 
and, if desired, club soda. Also good for pies, jams, jellies. Use like orher berries 
in breads, muffins, cakes. Pick shoots as leaves are heginning to unfold. Boil 20 
‘min, drain, add butter and seasoning. Gaution: Raw shoots and unripe fruits con- 
‘ain hallucinogens. Related edible species: wire nutameny (preceding), Texas 
mulberry (M. microphylla), black mulberry (M. nigra). Poisonous look-alikes: 


suse — 203 


American plum, Wild plum Prunus amerioans 


Habitat: common, mixed deciduous woodlands, along streams, fencerows, mar 
«sins of fields. Identification: shrub or small tree co 11 m (36 fe) with spreading 
‘crown and spiny branches. Lewves alternate, simple, deciduous, 610 em (24—4 
in) Jong, 3.54.5 cm (14-18 in) wide, with double row of sharp pointed teeth 
along margin, dark green and smooth. Flowers produced 2-5 per cluster in 
carly spring, ike cherry blossoms, cach with 5 rounded, white petals 9-12 mm 
(0.4-0.5 in) long. Fruits solitary or 24 per cluster, each rounded or nearly s0, 
18-2.5 em (0.7-1 in) in diameter, orange to red, juicy. Harvest: ripe fruits in 
mid to late summer. Preparation: Boil uaripe fruits with sugar for emergency 
food. Use fresh ripe fruics in any cultivated plum recipes. Especially good in jams 
and jellies, For plam barter, puree pulp and skins after extracting juice for jelly 
Blend with equal amount of maple sugar or honey in crock or bean pot and bake 
at 165°C (330°R) for 3 he with occasional stirring. Seal in hot, sterilized jars. For 
jam add (3 cup water to each 2 cups raw pitted fruit. Boil until skins are tender, 
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‘min to jelly stage with constant stirring. Pour into sterilized jars and seal. For pie, 
use plumns with equal volume of sweeter fruit such as peaches and use basic pie 
recipe. Related edible species: several throughout the country, including nesct, 
ius, FLaTwooD FLU (next), and cherries, Poisonous look-alikes: none. Pits and 
seeds contain hydrocyanic acid which can reace with stomach acids «o release 
highly poisonous eyanin, 


Flatwood plum Prunus wubelata 


iG si ea eon ast Gea ete ain de 
Ei IGRI a i) Sr ale et re ed 
ee a tote, so eee oa loc 23 ee 
(1-16 in) wide, broadest at or above middle, rounded to slightly heart-shaped £ 
Eg i prahgere ic eeeeerie 
Pee ea il Pee eel 
eet foal Pains liaaes oeclctaess mntiod 13m on) 
Haile” auteg ullcr bas, sone oid adobe es 
vest: Handpick fruits as they mature from June ro September, Preparation: See ey 


edible species: nari viv, anenican run, and several other species. Poisonous 
Jook-alikes: none. 


204 summer 


£ 
y¥ 
S 
& 


Black cherry Pranus sertina 


Habitat: widely distributed; mixed hardwood forests, woodlands. Identifiea- 
tion: ce to usually 20 m (66 f9, rarely taller, with rounded crown and dark 
reiiish-brown «0 nearly black bark: inner bark with odor of almond extract. 
Leaves alternate, simple, deciduous, 5~15 em (2-6 in) long, 25-4 em (1-16 
in) wide, narrow but widest near base to uniformly wide, wit waomerons blunt 
teeth along margin, datk green an shiny. Flowers and fruits prodnced in mar- 
row elongated clusters 10-15 om (4-6 in) ong, each fower with 3 white round- 
ed petals, Fruits fleshy, rounded, 8~10.mom (0.30.4) i diameter, dark red 
to black at maturity (lace sume, juicy, enclosing egg-shaped stone, slighty 
bitter tating. Harvest: Handpick fruit oF if fully ripe shake loose onto tarp 
‘August through September. Preparation: Eat fresh as trail sack or with sugar 
and cream as dessert, chough pits make eating an effort. Prepare jelly as de~ 
scribed under conto chiowsciEnny (nex hut use 2 cups each of apple and cher- 
1y juice. Also use black cherries for brandied cherries, breads, beverases, pies, 
wine. For pie add 1/3 cups sugar, 2 tbsp cornstarch or our, and 4 esp sal to 1 
pitted cherries (a pitter makes the task easier). Mix anal pour into uacooked in 
piecrust. Addl top crust oF lattice of pastry. Bake at 230°C (450°F) for 20 min, 
then reduce heat to 190°C (375°F) and bake 10 more mia. Indians prepared and 
used dried black cheeries as described under cownion cvosscurnny. Related edi 
ble species: See coxmon cHoxrcay. Poisonous look-alikes: See conow 
cosscienny for details. 


Common chokecherry (Ali file antems) Prunus virginiana 


Habitat: common and widespread; moist soils of roadsides, fencerows, wood- 
lane! margins. Identification: shrub or small tree 8 m (26 fe) with smooth 
usually reddish-brown bark, Leares alternate, simple, deciduous, 5~10.em (2—4 
in) long, 2.55 em (1-2 in) wide, uniformly wide to broadest near base, pointed 
at tip, with umerous sharp teeth along margin, dark green and smooth, 
Flowers produced in short eytinder-shaped clusters 8-15 em (3.26 in) long, 
cach with 5 white, rounded petals, Fruits fleshy, rannded, 8-10 mu (0.3-0.4 
in) iw diameter, usually dark red or black, juicy, enclosing, egg-shaped stone 
Harvest: Pick fruit from midsummer to October, depending oa location, Prepa- 
ation: Best use, aside from trail thirst quencher, is for jelly. Prepare juice by 
‘crushing 1 qe unpiteed cherries in 1 cup water. Simmer, stirring about 30 min and 
strain out juice, Quarce whole apples, cover with water, simmer until 
tender, Steain off juice, Combine 2 cups apple juice with | cup cherry juice. Add 
4 cups sugar and stir uncl dissolved. Boil rapidly until jelly cemperacure is 
reached. Pour into sterilized jelly glasses and seal. Or use sour cherry jelly recipe 
accompanying pectin package. Indians ground whole fruits, leached poison from 
seeds, formed pulp into cakes, and dried them in sun for sauce and pemmican. 
Related edible species: nisck cittany (preceding) and several other sweet and 
sour fruited species, with yarious ranges, Poisonous look-alikes: Autumn and 
wilted leayes and pits of fruits contain hydrocyanic acid. Do not eat them! Also, 
Carolina laurelcherry (P. caroliniana) fruits are somewhat coxic 
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SERVICEBERRY GENUS Amelenchier 


‘There are about 25 species of serviceberties native to North America, Europe, 
Northern Africa, and Asia. In North America, they are small trees or shrubs that 
occur in deciduous forests and mountains, where their attractive white flowers 
announce spring. Many birds and wildlife eat the small fruits produced in sum- 


Downy serviceberry Amelanchier arborea 
(synonym: A. laevis) 


Habieat: woodlands, rocky slopes, river banks, and along swamps; often growing 
with Oak, hickory, tulip tree, swerr incr. Identification: shrub of sama tree 
with rounded crown and thick, slightly ridged and furrowed, ash-gray to nearly 
black bark. Leaves alternate, deciduous, simple, 3-9 em (2~3.5 in) long, 2.5~ 
3.3 em (1-14 in) wide, widest ar or near middle, finely toothed along margin. 
Flowers white, attractive, produced in spring (February in South to May in 
North), each with 5 strap-sbaped petals 1-14 cm (0.4~0.6 in) tong. Feuits in 
<lusters, each rounded, 6-10 mm (0.2-0.4 in) in diameter, red to dark purple, 
fleshy, containing 5-8 black seeds, Harvest and preparation: Pick berries 
when ripe, usually mid to late summer. Eat as picked. Use fresh in recipes for 
jelly, jam, pie; fresh or dried in breads. For fruit sauce, stew 3 cups berries with 1 
cup sugar for about 20 min, Mix dried berries with dried beef and suet to form 
pemmicanlike product. Related edible species: siskaTOON sexvicenenay 
(next) and other less common species. Poisonous lookalikes: none. 


Saskatoon serviceberry Amelanchier alniflia 
(syeonyen: A, florida) 


Habitat: mountain slopes, mois hillsides, prairies, mangos of lakes an seams 
Identification: shrub or small tee, sometimes forming thickets, with rounded 
crown and thin, smooth, o finely furrowed, brown bark. Leaner alternate, decid- 
uns, simple, 2-6. (0.824 in) long, 2.3—4-em (l- LG in) wide, brosdese near 
bate to uniformly wide, entire moar base, sharply died coursely tootbed alan, 
mpper margin. Flowers showy, white, produced in early spring, each with 5 
‘strap-sbaped petals 0.91.5 cm (0.40.6 n) long Frits in clusters, each round- 
6 to easshapes, 6-11 mm (0.20.4 in) long, dark rekdish-purple to alone 
black. Harvest and preparation: Fruits ripen in mi to late summers ee raw oF 
dried but better cooked. Use fruits in recipes calling for frit, as in cakes, pies, 
jellies, puddings. To make jelly, wash fruits thoroughly, drain, partially crush, 
cover with water, nd cook over low ro medium heat until sof Powe contents 
ico wet jelly bag. For clear jelly do not squceze bag Simmer juice 5 min, remo 
ing any surface foam. Add sugar while stcring (cup juice to 24 cup susat) 
Simmer 10-15 min or until mix shows sign of jelling. Pour mix into properly 
prepare jelly ars ro within Vin of rop. Cover with Vin meted paratin, Rex 
laced edible species: nowy invicenran’ (preceding) "and other less common 
species Poisonous look-alikes: none 
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Autumn 


Autumn is the season for fruits and nuts. These come mainly from trees and 
shrubs that require a full growing season before flowers transform into mature 
seeds and fruits. Oaks, beech, hickories, walnuts, hawthorns, viburnums, and 
grapes are common sources and easy to identify. In autumn you can gather large 
quantities of edibles and consume chem then or store them. The oaks, beech, 
walnuts, and hickories are cyclic in nut production, or mast crop. That is, a large 
mast crop is normally followed by two or three years of smaller crops. So one 
year you may encounter a large crop of hickory nuts and the next year run into 
the acorn bounty of oaks instead. 

‘This is also the time to note or even map populations of native edible plants 
(other than nuts) for harvest the next year. Keep track of the edible populations, 
especially immature ones; and avoid overharvesting them. Many plant species 
have been seriously depleted by greedy collectors. On the other hand, if you 
harvest fruits and nuts, you don't destroy che trees and shrubs. They will live to 
produce again, and cheir offspring will evencually be producers too—especially if 
you plant a fruic or nut now and then, 


Additional aucumn edibles 


Plants listed below have parts that are edible in autuma and atleast one addition- 
al season, Descriptions and photos of these plants appear in a seasonal section 
‘other than “Autumn,” as indicated. 


‘Alpine bistort Polygonum vivipurum), Chicory (Cicborinm intybxs), p. V4 


p. 154 Chufa (Cyperas esculentus), p. 130 
American bistort (Polygonum Common burdock (Arctium minus), 
bistoraides), p. 194 p. 112 
American hazelnut (Corylus Common chickweed (Stlaria media), 
americana), p. 72 p. 84 
Beach plum (Pranas maritima), ‘Common chokecherry (Prenus 
p. 166 tirginiana), p. 204 
Beaked hazelnut (Corylar corauta), Common day lily (Hemerocallis fulta), 
pe l72 p.136 
Bugleweed (Lyeopur wnifloras), p.88 Cranberry (Vastinium macrocarpon), 
California juniper (Juniperus p. 162 
‘alifornica), p. 194 Creeping snowberry (Gumltheria 
California laurel Umbllabaria bupidala), p. 152 
californica), p. 198 Creeping wintergreen (Gaultheria 


Cattail (Typha latifolia, p. 68 bumifusz), p. 160 
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Step 4. Steps 


Figure 25-13. The coils ofthis unipolar stepper motor are Figure 25-15. The same motor from the previous fi 
shown an instant atte rBized, before — shawn wit pergized to induce the rotor ta mak 
the rator has had time to respond by making its third step, 


Step 2 Step 4 


Figure 25.14. The same motor from the previous figure is Figure 25:16. When the rator makes its fourth step, it will 
‘shown with cols energized to induce the rotor to make its be back in an orientation that is functionally identical wi 
‘second step. the fist gure inthis sees. 


Chapter25 215 


autumn 209 


Dandelion (Tanasacum officinale), Prickly pear (Opuntia phacacaatha), 
p. 104 p. 140 

astern camass (Camaisie sillides), Reed grass (Phragmites communis), 
p. 64 p.128 

Ealible valerian (Valeriana edulis), Rocky Mountain juniper ( Juniperas 
p88 scopularam), p. 194 

Evening primrose (Qcnothena biewnis),  Salal (Geulthera shallon), p. 160 
102 Sassafras (Sassafras alkidum), p, 124 

Glandular mesquite (Prosepis Screwbean mesquite (Prosopis 
landless), p-188 pubescens), p. 188 


Glasswort (Selicornia europea), p.76 Sheep sorrel (Riemex acetosella), p. 120 
Great bulrash (Scirpus valida), p.70 Silver buffaloberry (Shepberdia 


Green pigweed (Amaranthus cargentea), p. 178 
‘bybridas), p. 72 SSmonth sumac (Rbus cara), p. 184 
Groundnut (Apios americana), p. 148 Sour dock (Rumer crisps), p- 120 
Hard-seem bulrush (Seirus acatus), Southern bayberry (Myris erfers), 
p70 pl7d 
Indian fig (Opentia bumifuse), p- 138 Squawhush (Rbwe tilbata), p. 186 
James chickweed (Stllaria Staghora sumac (Rows t3phina), 
jamesiana), p84 p.250 
Labrator toa (Ladum srenlandicum), Sunflower (Helianthas annus) p. 136 
. 160 Sweet birch (Berle lente), p. 122, 
Lamiss quarters (Chenopodium album), 252 
p74 Sweet gale (Myrice pale) p. 176 
Lance-leaved pickerelweed Utah juniper Jemiperas steasperma), 
(Pantederia lawclats), p. 132 P.196 
Live-forever Sum purparcum), Watercress (Nasturtium officinale), 
p. 110 p. M6 
Marsh mallow (Althaea officinalis), Western camass (Comarsia quamasb), 
p16 p. 36 
Mountain cranberry (Vaccinium vitis- Will garlic (Allin canadense), p. 60 
“aea),p. 162 Wild leek (Allium orca) p. 60 
Narrow-leaved catal (Typha Will onion (Allin cernmum), p58 
angustifolia), p68 Will rice (Zisania aquatica), 128 
Pawpaw (Aviming tila), p.198 Wild strawberry Prazarta 
Pickerclweed (Pontederiacordata), sirginiana), p.90 
p. 130 Wintergreen (Gaultheria procumbens), 
Pigweed (Amaranthus reales, . 150 
p72 Yellow birch (Betula alleghanientis, 
Planeain (Plantago major), p. 78 p. 122, 254 


Poverty weed (Monulipis nzttalliana), 
p74 
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Jerusalem artichoke Helianthus tuberasus 
‘Ali edible sinter, spring 
Habitat: damp or rich thickets, waste areas, roadsides; often cultivated toslay as 


by Indians in past. Identification: perennial herb co 3 m (9.8 fe) all, forming. 
colonies; stems upright, rough-hairy, from a root system with elongated, fleshy, 
edible tubers 7.5—12.5 cm (3~5 in) long. Leaves opposite or in whorls of 3 on 
Jower part of stems, alternate above, broadest near base, to 25 cnt (10 in) long, 
{615 cm (2.4-6 in) wide, tapered at tip and base, hairy abore, rough, leathery. 
Flower beads yellow with rounded central disc 1~2.5 em (0.41 in) across, 10— 
20 ray flowers, each about 4 cm (1.6 in) long, several flower heads per plant, on 
slender stems from leaf bases on upper part of stems, Harvest: Identify colonies 
{in summer when in bloom; dig tubers from first frost through winter. Prepara- 
tion: Peel or scrub tubers before using. Slice raw in salad, make potato salad, boil 
and mash, roast with meat, slice and fry. For pickles, peel and boil 3— mi 
cover with wine vinegar, age 3-5 weeks. Adapt to many potaro and curror rec” 
ipes. Food value equal ro potato. The carbohydrates are mostly inulin and su 
able for low starch diets, Related edible species: other sumuowens (Helianthus 
species) produce edible seeds. Poisonous look-alikes: none, 


Lotus lily, American locus Nelusbo lutea 
Abie spring, swmmier 


Habiat: lakes, ponds, slow-moving streams, bays and tidal waters, Identifica- 
tion: aquatic perennial herb; roots large, thick with swollen tubers. Leanes 
Jarge, 20-70 cm (8-28 in) across, circular, often rising above water level, cen- 
ter depressed, bluish-areen; leafstalk attached at center of blade, variable in 
length, strong but flexible. Flowers solitary on long stalks, showy, 14-26 em 
(5.5-10.2 in) across, with numerous pale yellow petals or perallike structures 
Fruits produced in large cone-shaped, flai-topped receptacles tsised above wa- 
ter level; each fruit dry, hard, autlike, globe to egg-shaped, 1~2 em (0.40.8 in) 
long. Harvest: Some part edible most of year. Pick unopened leaves and young 
suilks in spring. Pick seed receptacle either before or after seeds ripen during. 
summer through auturnn. Dig up cuberous root in autumn or early spring if you 
can overcome the difficulty of its deep water bed. Preparation: Leaves and 
young stalks are edible, but nor exceptional, potherbs. Immature seeds are excel- 
lene raw, boiled, or roasted. Mature seeds are hasd-shelled, crack shells before 
boiling to soft chestnutlike texture. Or roast /resh mature seeds, crack, and re 
move shells. Fat like nuts, oF yrind into meal and substitute for part of flour in 
bread and muffin recipes. Bake or boil tubers like sweet potatoes until render. 
Peel and mash, ‘To every cup add 1 thyp butter, V% tsp salt, and a litle hot milk 
Beat t smooth texture. Related edible species: various species of vriiow pons 
tiny (next) and water lily (Nymphaea). Poisonous look-alikes: none 


Yellow pond lily, Spateerdock Nuphar advens 
Als edible winter spring, wmmer 


Habitat: lakes, ponds, slow streams, swamps, tidal waters, Identification: 
aquatic perennial berb; soos (actually stems or ehizomes) large, thick, to 13 em 
(G in) in diameter, elongate, branching, covered with leaf scars. Leaves large, 
10-40 cm (4=16 ia) long, 316 em (2-633 in) wide, broadest below mide, 
deeply lobed at base to form U- or V-shaped eleft, shiny green, usually raised 
‘above water level, sometioes floating; leafsalk thick, stout, attached at base of 
cleft. Flowers solitary on long stalks, showy, 310 cm (1A in) across, with 
numerous yellow, green-tipped petals. Fruits broadly urn-shaped, 2~5 cm 
(0.82 in) long, with shore thick neck and flanened cop, ribbed, green, contain 
ing numerous, yellowish-browa, small, egg-shaped seeds. Harvest: Cut fruits 
free of stalk as chey ripen (late summer of fall) Airy uncil fruits pull apart co 
separate seeds, Dump seeds in bucket of water. After 5~6 he gos ones sink ry 
in sun or warm oven, Loosen tuberous roots from mud in bottom of pon from 
aautuma to spring, Indians used their toes. Preparation: Seeds store well. Pop 
seeds like popcom or remove shells by parching over coals or in oven, pounding 
lighcy co crack shells, and winnowing. Then boil auemeats like rice of grind and 
tse like coramal, Peel, slice, and boil roors in 2 water changes. Mash, seuson, 
and serve like potatoes oe dey and use like flour. Related edible species: several 
other species of yellow pond lilies (Naphar), most important is cow lily (N. fy 
‘zpalum) in West. Poisonous look-alikes: none 


Acrowhead, Duck potato, Wapato Sagituaria latifolia 
Alin edible winter spring saraner 

Habieat: shores of lakes, ponds, streams, ditches, bogs, wet meadows; common 
nd widespread, Identification: perennial berb 0.0~1.2 m 2—4 fe) high, with 


fibrous roots developing small tubers (potatolike) 0.55 em (0.22 in) in diame- 
ter, Leaves all at hase, blades 10-25 cm (4~10 in) long, 1-25 em (0:4~10 in) 
wide, urrowhead-shaped with long pointed lobes at base, leaf shape highly 
tariable for extterely narrow to very broad, smooth or hairy; leafstalks flex: 
ble, to 1 m (3.2 fe) long. Flowering stalk aller than leaves; flowers in clusters of 
isalong upper part of spike, exch flower with 3 delicate, ubite petals. Fruiting 
heads globe-shaped of nearly so, containing numerous fat, winged seeds, Har- 
vest: Collect tubers from late suinmer through early spring, whenever there is no 
ice. Dislodge tubers from roots in mud beneath water with rake or hoe, oF wasle 
imas the Indians did and loosen them with your toes. Tubers will loat to surface 
‘and are easily collected, Preparation: Tubers are edible but not always casty raw; 
better cooked like potatoes. Bake or boil about 30 min until tender; peel after 
cooking, Serve ropped with mixture of butter and lemon juice or stAGHORNSLMAC 
extract. Use in potato recipes, To dry tubers for storage, boil until render, drain, 
slice about V4-in thick, dey thoroughly in sun or warm oven, Store in warm dry 
place, Before using soak 20 min; allow 20 min cooking time, Related edible 
species: several other arrowhead species (Sigéttaria); all have arrowhead leaves; 
ccerantwian has similar leaves but lacks tubers. Poisonous look-alikes: none. 
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WILD GRAPES Vitis 


North America has about 50 native species of grapes along with several intro: 
duced ones that now grow wild. While its easy 10 identify a grape vine, deter- 
‘mining grape species can be challenging. It is bese to familiarize yourself with the 
‘grapes in your region and the variation in fruit quality, Grapes are climbing vines 
‘with large lobed or toothed Jeaves, numerous small flowers in elongate clusters, 
and then fruit bunches. Three of the more common grapes are described here 
Harvest: Gather leaves in spring when young and tender but full grown. Collect 
fruits between August and October, depending upon species and region. Prepa- 
ration: Boil leaves until tender, and serve with other vegetables, Check cook- 
book recipes for scuffed grape leaves. Most fresh grapes are too acid to eat in 
quantity. Best ro make juice, jelly, preserves, pie, and wine, For jelly, use mix 
ture of ripe and unripe (for pectin) fruits. Wash, drain, remove stems, and mash 
in kettle. Add small amount of water and cook until fruit comes apart, about 15— 
20 min. Strain juice ehrough jelly bag. Prevent crystallization in jelly by letting 
juice sit overnight or cooking 1 cup tart apples with each 4 cups of grapes. Boil 4 


Riverside grape Vitis riparia 
Al elible spring, some 
Habieat: stream and river banks, margins of woodlands, thickets. Identifien 


tion: large vine, usually climbing; branches tough, rounded, becoming smooth, 
Bey pith chambered. Leaves alternate, simple, deciduous, 12-20 em (4.78 in) lomg, 

8-16 cm (3-6 in) wie, nearly circular in outline to broadest near base, usually 
S-lobed, long-bointed at tip, coarsely toothed along margin, heare-shapest at 
base, smooth ahove, buiry beneath. Flowers tiny, prosiuced in many-flowered, 
elongate clusters «9 10 cm (4 in) long, Fruits are dense bunches of berries, each 
rounded, 8-14 mm (0.3~0.6 in) in diameter, black with whitich bloom, sour 
tasting, Harvest and preparation: See wiun cna (preceding) 


Frost grape Vitis vulpina 
g ‘Aline spring, swt 

Habjeat: streams and river banks, low wetlands, thickets, Identification: large 
tine, often climbing; branches stout, rounded, becoming smooth, pith cham. 
bered, Leaves alternate, simple, deciduous, 10-18 ew (4-7 in) lomg, almost as 
wide, very broad, widest near base to almost round, aswally unlobed or slightly 
lobed, pointed ac tip, coarsely coothed along margins, heart-shaped at base, 
‘smooth above, smooth below exeepe for junctions of major veins. Flowers tiny, 
produced in many-flowered, elongated clusters to 18 em (7 in) long. Fruits are 
Clusters of berries, each rounded, 4—10 mm (0.2~0.4 in) in diameter, black, 


See roel oe eee areata prep e e oe 
B icine 
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cups juice with 4 cups sugar uatil jelling point is reached. Skim off foam, pour 
into sterilized jars, seal with paraifin. For pie, squeeze skins from 4 cups ripe 
‘grapes, Simmer pulp antl ie comes apart; sieve to remove seeds. Chop skins and 
combine with strained pulp, 1V2 cups sugue, 2 esp flour, V4 tsp salt, Urbsp lemon 
juice, 2 bsp melted butter. Mix well and pour into unbaked pie shell. Ficand slit 
top crust. Bake at 205°C (400°F) for 30-40 min until crust is browned, For juice, 
tse ripe fruit, Crush in kettle, heat and simmer for 30 min, but do not bol. Press 
through sieve and strain ehrough jelly bag. Sweeten to taste. For wild grape but 
tet, puree remaining pulp, Add equal amoune ro maple sugar or honey and blend 
in bean pot. Bake in preheated 160°C (320°P) oven, stirring occasionally, for 3 
hr. Seal in sterilined jars. For emergency water source, cut off large vine and 
drain sap. Poisonous look-alikes: moonseed (Memispermum canadens) is 4 vine 
with simple entire or shallowly labed leaves and clusters of black fruits resem 
bling a bunch of grapes. The leafstalk is attached on the lower surface of the 
blacle above the base (peleate) and rhe leaves are nor coarsely toothed as those of 
apes, Single seed a flar crescent 


riting branch (Elias). Brose geape: fruiting branch (Elias). 
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California grape Vitis californica 
‘A elible spring, sammer 

Habitat: stceam and river banks, moist canyons, margins or clearings of forests, 
Identification: large woody vine, climbing; branches stout, rounded, with 
shredding bark, pith chambered. Leaees alternate, simple, deciduous, 6-14 ent 
(24-55 in) long, nearly as wide, circular in outline, nearly unlobed to 3 
Jobed, short-pointed at tip, coarsely toothed along margin, deeply lobed at base, 
hairy above, dense cobweblike hairs beneath. Flowers tiny, produced in many~ 
lowered, branched, elongated clusters. Fruits are dense bunches of berries, 
each rounded, 6-10 mm (V.2-0.4 in) &x diameter, dark purple and covered 
§ with whitish bloom. Harvest and preparation: See win Gxares (preceding) 


Wild potato vine Ipomoea pandurata 
Ali elle spring, mer 

Habitat: fields, fencerows,roadsies; dey, open or partly shaded areas. Mdentifi- 
cation: peremrial tailing or slightly «wining vine, 0.9-3.6 m G~12 fi) long, 
often purplish along stem, beanching, from a large tuberous roat £0 9 ky (20 
Ibs), tertical, deep, slightly mithy, cesemble a yam, Leaves 48 em (1.6~3.2 in) 
Jong, 3~8 cm (1.23.2 in) wide, heart-shaped, pointed at the tip, entire along 
the margins. Flowers to 7.5 cm (3 in) across, with a ubite (sometimes purple 
centered), funnel-sbuped corolla, like 4 morning glory flower. Fruit « 2-cham: 
bered capsule 0.81.2 cm (0.30.5 in) long, broadest near the base and tapering 
toa tip. Harvest: Dig deep root any time when ground isnot frozen, but best not 
in summer when starch level is low. Young roots are preferred to older, woody 
‘ones. Preparation: Boil or bake roots like sweet potatoes. When boiling. change 
water 2 of 3 times for bitter ones; others will not need changing. All roots have 
‘ough outer skins and require peeling, Serve with butter and seasonings. Some 
‘older roots may be too woody 10 use. Dry peeled slices of root for later use 
Related edible species: Bush morning glory (. eptopbylla) of the West is vari 
‘ously described from excellent to nearly inedible, Edibility of other species has 
not been reported, Poisonous look-alikes: Flowers may resemble those of si 
SoN warn however, snuson ween is an upright herb with large, coarsely toothed 
leaves. 


‘Common barberry: fruiting beanch (Dykeman) 


Spice bush: fruising branch (Elis). Flowers (NYBG). 


Variants 


smoother running at high speed and greater 
precision when selecting a desired motor posi- 
tion. Theadditional coils also enable higher pow- 
er density, but naturally tend to add to the cost 
of the motor, 


Hybrid 
This type of motor uses a toothed rotor that pro- 
vides variable reluctance while also containing 
permanent magnets. It has become relatively 
common, as the addition of teeth to the rotor 
enables greater precision and efficiency. From a 
control point of view, the motor behaves like a 
regular permanent-magnet stepper motor. 


Bifilar 

In this type of motor, also sometimes known asa 
universal stepper motor, two coils are wound in 
parallel foreach stator pole, fthere are two poles 
or sets of poles, and both ends of each winding 
are accessible via wires that are run out of the 
motor, there will be eight wires in total. Conse- 
quently this type is often referred to as an 8-wire 
motor. 


The advantage of this scheme is that it allows 
three possible configurations for the internal 
coils. By shorting together the wires selectively, 
the motor can be made to function either in uni- 
polar or bipolar mode. 


In Figure 25-17, the upper pair of simplified dia- 
grams depicts one end of one coil connected to 
the beginning ofthe other, while positive voltage 
is applied at the midpoint, asin a unipolar motor. 
The magnetic polarity of the coil is determined 
by grounding either end of the coil. The section 
of each coil that is not conducting current is 
shown in gray. 


The center pair of diagrams shows the adjacent 
ends of the coils tied together, so that they are 
now energized in parallel, with the magnetic po- 
larity being determined by the polarity of the 
voltage, as in a bipolar motor. 


electromagnetism > rotational > stepper motor 


The coils may also be connected in series, as 
shown in the lower pair of diagrams. This will 
provide greater torque at low speed and lower 
torque at high speed, while enabling higher- 
voltage, lower-current operation. 


a 
al ad 
pa ye 


Figure 25-17 na bifilar mator, two colls are wound in par 

allel around each stator pole and can be connected with a 
‘center tan to emulate a unipolar motor (upper diagrarms), 
fr can be energized in parallel (middle chagrams) or senes 
(lower diagrams) to emulate a bipolar motor. 


Multiphase 
In a multiphase motor, multiple stator coils are 
usually connected in series, witha center tap ap- 
plied between each pair. A possible configura- 
tion is shown in Figure 25-18, where the two di- 
grams show two consecutive steps in rotation, 
although the step angle could be halved by 
changing the voltage polarity in only one loca- 
tion ata time. Theway in which the motoris wired 
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Common barberry Berberis vulgaris 
Habitat: widely planted European shrub; also grows wild, the seeds spread by 
birds; disturbed woodlands, fencerows, fields, roadsides. Identification: shrub 
1-3 m (3-10 fi) high, with rounded crown, Branches grooved, yellowish-red, 
cumming gray by second season, with 3-forked sharp-spines, Lewes alternate, 
simple, deciduous, often erowded together um shart shoots, 24.8 em (0.8-2 in) 
long, 0.8~2.4 cm (0,3~1 in) wide, broadest above middle, rounded at tip, fine= 
ly sharp-toothed along margin. Flowers produced in spring, stalked, in 10-20- 
flowered, elongited, narrow clusters, each flower greenish-yellow. Pruits iu 
drooping clusters in late summer or early autumn, berries 8-12 mm (0.3-0.5 
in) Jong, orange-red to scares. Harvest and preparation: Pick fruits in autumn 
when full color has developed. For jelly, 4 cups crushed barherries, 2 whole 
ranges, chopped, 2 cups warer, 1/5 cups sugar, I pkg pectin. Combine berries, 
oranges, and water. Bring co boil, simmer until tender, about 20 min, Strain juice 
through cloth or jelly bag. Combine juice and sugar; bring to rolling boil. Add 
pectin; bring to boil. Pour into hor, sterilized jars; seal. Yields 3 pr. For straight 
barberry jelly, cook berries and extract juice. Boil juice ro 105°C (200°F); pour 
into hot, sterilized jars, seal. Needs no pectin, very tart. Juice also good in sauces 
and beverages where tartness is needed. To relieve thirst, chew a few leaves 
Related edible species: red-fruited barberry (B. baemaroctrpa), southwestern 
U.S; American bacbecry (B, canadensis), southeastern U.S.; and other species 
Poisonous look-alikes: none 


Spice bush Lindera benzos 
‘Al edie winter, spina, wmmer 

Habitat: rich woodlands, stream banks, especially in moist soils. Identification: 
shrub to 5 m (16.4 fe) high, with aumerous, spreading to upright, smooth 
branches, with spicy fragrance when broken. Leaves alternate, simple, decid 
ous, 6-14 cm (2-4~3.5 in) long, 3~6 em (1.22.4 in) wide, broadest near or 
above middle, long-pointed at tip, entire along margin, thin, smooth, bright 
green, stalked. Flowers in early spring before leaves appear, yellow, small, 
Produced iu dense clusters along previous year's twigs. Fruits produced in 
clusters, each a berry, widest at middle, rounded at end, 6~10 mm (0.2-0c4 én) 
Jong, srcen curning bright red at maturity. Harvest: young leaves in spring, 
bark and wigs all year; fruits in lare autumn before migrating, flacks af birds eat 
them all. Preparation: For tea steep 15 leaves or handful of tresh ewigs and bark 
in 4 cups boiling water for 15 min. Strain if necessary: serve with honey and milk 
for best flavor. Dry fruits thoroughly in warm oven. Grind and use as substicute 
for allspice. Related edible species: none, Poisonous look-alikes: none. 
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Desert hackberry, Spiny hackberry Celts pallida 


Habitat: desert foothills and mesas at 450—1,050 m (1,500-3,500 ft) Identifi- 
cation: shrub or small tree, to) m (16 fe) tall, single o in thickets, densely 
branched, twigs with many single or paired spines at base of leaves. Leaves 
simple, alternate, evergreen, broadest near or below the middle, 2.5~7.5 1 
(1-3 in) long, mmequaal at hase, footbed from mid margin to tip, rough upper 
surface. Flowers in spring, small, greenish white, in long clusters at base of youn 
ser leaves. Fruits single, fleshy, 6-8 mm (0.20.3 in) diamever, yellow to red 
orange, sweet, containing | large seed. Harvest: fruits in lace September and 
October; crop frequently abundane if rain was sufficient. Preparation: Eat fresh 
or dried as snack. Dry whole or mashed and formed into small cakes; dry in sun 
‘or 100°C (212°F) aven. Store in dry place, Ror seedy jam, mash 6 cups fresh 
berries in saucepan with 2 cups sugar, 3 thsp lemon juice, and U5 cup water. 
Bring to boil; reduce heat and simmer with stirring unsil thick. Ladle into steril- 
ined jars and seal with paraffin, If seeds are annoying, grind fruit fine before 
cooking. Use fresh or dried fruits in baking: Related edible species: American 
hackberry (C. accidental) and several other species are edible; palatability de~ 
pends on species and weather. Poisonous look-alikes: none. 


ROSES: Rove 


‘There are about 35 species of roses native to North America and several intro- 
cluced species that now grow wild on roadsides and disturbed sites. While its easy 
to distinguish roses from other groups of plants, the distinctions among individ 
val species are often difficult, Fortunately, all roses have edible parts although 
quality and size vary greatly. Roses are shrubs normally with spiny branches, and 
alternare featherlike (pinnate) compound leaves. The large attractive flowers 
hhave 5 petals, and many stamens and pistls. Four of the more common species 
are treated on upcoming pages. Harvest and preparation: Gather fruits (hips) 


California rose Rosa californica 
Alin eile winter, summer 


Habitat: along streams, rivers, washes, and in moist canyons. Identification: 
shrub co 3 m (9.8 fo tall with coarse, erect to nearly erect branches, armed wih 
stiff, fattened, usually curved spines, Leaves alternate, deciduous, compound, 
each with 3-7 leaflets, leaflets broadest near buse and gradually tapering © a 
pointed co blune tip, 123.6 cm (0.5—1-4in) long, abour half as wide, with | or 2 
rows of sharp teeth along margin, hairy. Flowers in few-flowered clusters in 
spring or summer, each with green smooth floral eube (hypanthium), narrow 
lance-shaped sepals, 5 white or pink petals 1.2-2.5 em (0.51 in) long. Fruits 
(hips), Deshy, egg so globe-sbaped, 1.2~L.8 cm (0.50.7 in) in diameter, with 
distinct neck, red, smooth. Harvest and preparation: See preceding, Related 
edible species: all native roses, Poisonous look-alikes: none 


Desert hackberry: fruiting branch (Cramer). 


as they ripen in aueumn (after frost) or during winter, wash and remove dries 
persistent flawer parts from top of hips, then split open and remove seeds. Es 
pulpy portion fresh or in jellies or sauces. Dry whole or halved cleaned fruits for 
lazer use (soak overnight in warm water) or finely grace o grind dried hips to 
yield a slightly 
‘on hot breakfast cereals or use to make hot tea. Also wash young leaves, cut into 
nd dry for hot rose tea. Flower petals can be used in candy, tea, and 
s, but fruits are more nutritious. 


-agrant powder rich in vitarnin C anc! essential mineral, Sprinkle 


pieces, 


California rose: fruits and lower (McNeal 
oe 
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Wild rose, Pasture rose (Alo efile winter, semen) Rows carina 


Habitat: open woodlands, margins of woodlands, fields, pastures, rocky out 
crops. Identification: low shrub ro 1.5 m (5 ft) high, with slender arching, 
branches, with stiff hairs and armed with broad-based straight or curved spines, 
especially on lower half. Leaves alternate, deciduous, compound, each with 37, 
rarely 9, leaflets, leaflers usually broadest near middle to almost rounded, |.6— 
3.8 cm (0.6-15 in) long, about half as wide, pointed to blunt at tip, eorsely 
sharp-toothed along margin. Flowers usually solitary and peoxluced in spring ot 
early summer, each with glandular-bairy floral tube (hypanthium), narrow 
lance-shaped sepals, and 5 pink petals 23.2 ema (0.81.3 in) long, Fradts (hips) 
fleshy, nearly globe-shuped, 6-10 mm (0.20.4 in) iu diameter, red, containing 


several seeds, Harvest and preparation: See nosts. Related edible species: all 
native roses. Poisonous look-alikes: none, 
Sweethrier rose (Alo elibe winter, wmmer) Rosa eglanteria 


Habitat: disturbed sites such as roadsides, abandoned pastures and fields, edges 
‘of woodlands, fencerows. Identification: shrub ro 3 m (9.8 fe) high, with large 
arching coarse branches, new branches with laterally flattened, broad-based, 
spines curved or straight. Leaves alternate, deciduous, compound, apple odor 
when crushed, each leaf with 7-9 leaflets leaffets broadest near of above mid- 
ule, 14 cm (0.41.6 in) ong, pointed or blunt at tip, doubly toothed and glan- 
dalar along margin, bairy. Flowers solitary or in few flowered clusters from 
May to July, each with green, smooth or sparsely hairy floral tube (bypanthi- 
uum), featherlike (pinnate) glandalar sepals, and 5 pink petals L4~2.4 can (0.6: 

1 in) long. Fruits (hips) fleshy, elongate and broadest wear middle, 1.52 em 
(0.6-8 in) ong, red, containing several seeds. Harvest and preparation: See 
sosts, Related edible species: all native roses. Poisonous look-alikes: none 


Wrinkled rose (Als edible winter, summer) Reva ragoca 


Habitat: introduced from Asia; grows wild along roadsides, in dunes, and near 
seashores, Identification: shrub to 2.m (6,6.m) all, with coarse, arching branch 
es, densely covered with stiff hairs and stiff needle-shaped spines. Plants form- 
ing dense clumps. Leaves alternate, deciduous, compound, each leaf with 5-9 
leaflets, leaflets widest near or above middle, 2-5 cm (0.82 in) long, about half 
as wide, pointed co rounded at tip, with teeth curving downward (recurved) along, 
margin, dark green, deeply furrowed or wrinkled. Flowers solitary or in few 
flowered clusters in spring, summer, or early fall, each with green, smooth floral 
tube (hypanthium), marrow spoon-shaped sepals, and 5 rose-purble to wbite 
petals 2.5~5 cm (1-2 in) long. Fravits (hips) fleshy, globe-shaped but depressed 
‘at top and bottom, 2-2.5 em (08-1 in) im diameter, res, smooth, containing 
many seeds. Harvest and preparation: Sec noses. Related edible species: all 
native roses. Poisonous look-alikes: none. 
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Highbush cranberry Viburnum trilobum 
All edible winter 


Habitat: stream banks, wee thickets, moist woodlands. Identification: Not a 
real cranberry, this is a shrub, upright, co 3 m (16.4 ft) high; branches upright co 
spreading, ash-geay with age. Lewoes opposite, simple, deciduous, 6~12 om (2.4— 
4.7 in) long, almost as wide, broadest near hase, deeply 3-lobed, long pointed at 
tip, coarsely toothed along margin, rounded to squared at base, dark green and 
sparsely hairy above, hairy beneath; leafstalks with 1 or 2 small glands. 
Flowers produced in dense, many-flowered, round-topped clusters, with showy 
white sterile flowers on margin of flower cluster; sinall sterile lowers in center. 
Fruits berrylike, rounded to egg-shaped, 8-14 mm (0.30.6 in) long, bright 
red, translucent when ripe, juicy, containing single flartened stone. Harvest: 
Fruits ripen in late summer but persist on shrub and become less sour through 
winter. To make sure your shrub is highbush cranberry and not its bitter look 
alike, the intcoduced guelder rose (V. opulus), make a harmless taste tes. Pick in 
fall and winter, Preparation: much the same as cxanneany except large seeds 
‘muast be removed. While cooking add lemon or orange peel shavings to eliminate 
bad odor of berries. For sauce, cover several quarts of berries with water in 
kettle. Addl outer peels of 2 lemons or oranges. Bring to boil and simmer 5 min, 
Mash thoroughly and simmer another minute or cwo. Force juice and pulp 
through coarse strainer to remove seeds. Add 1 pkg pectin to 4 cups strained 
fruit, bring to boil, and add 5 cups sugar, Boil again for | min and seal in sterile 
jes refrigerate. If fruits are picked before first frost, pectin may not be need 
ed, For juice and jelly, cook berries as above but strain through jelly bag. For 
juice, dilute and sweeten to taste. For jelly, proceed with 4 cups juice as for 
sauce, Related edible species: Hospuewusi, Nannvsenty, and sovastneny 
(nex0), and in the Pacific Northwest the ceanberry tree (V. pusciflornn). Poison 
ous look-alikes: none. 


Hobblebush Viburnum alnifoliun 


Habitat: stream banks, moist woodlands, ravines. Identification: shrub, often 
spreading, co 3. (9.8 {0 high, branches spreading, some drooping und rooting 
in ground. Leaves opposite, simple, deciduous, 10-24 cm (49.4 in) long, al- 
most as wide, broadest mear base, shorcpoinced at tip, heart-shaped at base, 
finely double toothed along margin, hairy beneath. Flowers produced in many 
flowered, raund-tapped clusters, with sterile flowers, each with showy pink or 
white petals 2-38 em (O8=L5 in) wide on margin of flower cluster: tiny 
fertile flowers in center. Fruits berrylike, slightly flattened, egg-shaped, 6~12 
sen (0.2-0,5 in) long, black, containing single flatened stone. Harvest: fruits in 
auruma, generally oaly on shrubs in open area, not in dense woods. Peepara- 

same as NaNnYHEREY (next, Related edible species: See naxwvaenay. Poi- 


Highbush cranberry: fruiting branches (Elias). Flower cluster (Stevenson 


Hobblebush: fk 


Nannyberry: feuits and lower cluster (Dykeman), 


Squashberry: fruit fh (Clawson), 
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Nannyberry Viburnum lentage 


Habitat: swamps, stream banks, rocky hillsides, margins of woodlands. Ident 
cation: shrub or small ree to 10 m (33 ft) with shore branching trunk and slen- 
der tough, dark redclish-brown branches. Leaves opposite, simple, deciduous, 5 
10 em (2-4 in) long, 2.54 cm (1~1.6 in) wide, broadest near base or middle, 
occasionally counded, with many fine, sharp teeth along margin, bright shiny 
zreen and smooth, Flowers produced in dense, many-flowered, rounded beads 
to 12 em (4.7 in) in diameter, each flower white (0 cream, S-lobed. Fruits 
berrylike, rounded, 8-12 mm (0.3~0.5 in) in diameter, dark blue to black, 
sweet, juicy, containing single flartened seed. Harvest: fruits when ripe in su 
‘umn as leaves are falling, Preparation: fruits good for trail snacks; flavor excel 
leat, seeds « nuisance. For pudding add 1¥4 cups water to 1 qt fruits, boi for 5 
‘min. Mash and work pulp ehrough food mill. If pulp remains with seeds, scrape 
residue into small pan and add 1 cup water. Sti, mash, mill again. Yields about 1 
cup pulpy syrup, Add 1 thsp lemon rind, juice of Ya lemon, 1 cup sugar, ¥4 tsp 
cinnamon, *%4 cup water. Bring to boil and simmer 15 min. In separate pan com. 
bine 14 cup cornstarch with 1 cup cold warer. Blend inco fruit mixture. Cook 
slowly 15 min, pour into mold, and cool. Serve plain or with whipped cream. 
Related edible species: black haw (V. prunifolinm), northern wild raisin (V. 
casinoides), and wowoisbust (preceding); use fruits in same ways as for nanny 
berry. Poisonous look-alikes: none. 


Squashberry Viburnum edule 
‘lie edible winter, summer 

Habicat: stream banks, wer thickets, margins of woodlands, moist low wood 
lands. Identification: shrub, often sprawling, to 2.5 m (8 fe) high; stems usually 
spreading, smooth. Leaves opposite, simple, deciduous, 411 em (1.6-4,3 in) 
long and wide, broadly circular in outline, with 3 shallow lobes, sharply and 
irregularly toothed along margin, squared wo slightly heart-shaped at base, som 

times hairy beneath. Flowers produced in loose, round-beaded clusters 46 «m 
(1.62.4 in) across, each flower milky white, S-lobed. Fruits berrylike, round- 
ed, 6-10 mm (0.2-0.4 in) in diameter, red, containing single fattened seed. 
Harvest: fruits similar to ncnnuist caanoenny but smaller and less acid. Pick in 
late summer through winter. Preparation: same as 1icis0si'CKANBERRY, excep 
juice does not require dilution for use as beverage. Related edible species: See 
uicimusi cranuanny. Poisonous look-alikes: none 
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Piayon pine Pinus edulis 


Habitat: mesas, plateaus, lower mountain slopes, and foothills fram 825 2,350 
'm (2,700-7,700 fe) elevation. Often occurs with junirexs, Ganse'soak, and pon= 
derosa pine. Identification: small, spreading, bushy cree with thin, iregularly 
furrowed, scaly ridged, gray to reddish-brown bark. Leaves (needles) 2 per bun 
dle (rarely 1 oF 3), 1.2~5 ent (0.6~2 in) long, stiff, sharp-pointed, curved inward 
toward branches, bluish-green when young, turning yellowish-greea with age. 
Fruits hard, short, exa-shapest cones 3.85 em (1.5~2 in) long, composed of 
thick, blunt, yellowish-brown scales, each scale with 2 seeds. Seeds egg-shaped, 
12-14 em (0,5-06 in) long, wingless, pale yellow with reddish-brown mark. 
ings, oily, sweet. Harvest and preparation: large cone crops produced every 3~ 
4 yr. Gather ripe, almost open, cones in autumn. Store dry so that scales will 
separate to release seeds. Fat seeds fresh or after roasting 20-30 min. Roasting 
dlries cones, facilitates seed removal, improves nutty flavor of seeds, and permits 
longer storage. Grind roasted nuts into meal. Seeds are rich in protein (14.5%) 
and fats and have high caloric content. Related edible pines: siyoutzar nvvox 
ive, Mexican pinyon (P. cembroides), Parry pinyon (P. quadrifulia\. Poisonous 
Jook-aliks 


OAKS Quercus 


‘This large genus of about 55 native trees and shrubs north of Mexico offers 
important food sources to wildlife and provides nuts edible to people as well 


North American oaks are divided into two subgenera: the white oak group and 
the red/black oak group, 
White Oak Group Querns subgenus Quercus 


This large group of related oaks occurs in the Americas, Europe, and Asia. 
‘There are 32 native species north of Mexico. They are distinguished from other 
oaks by a combination of characteristics: leaves entire, toothed, or lobed bar 
never bristle-tipped; acorns maturing at end of first growing season on current 
‘year’s ewigs, and inner surface of acorn shell lacking hairs. Four of the most com- 
‘mon species are discussed on upcoming pages. Harvest and preparation: Gath 
cer acorns in autuma as they turn browa and fal. They are usually sweet and need 
tno leaching to remove tannins (if any bitterness exists, process as NOMTHERN ED 
‘oxkacorns). Store nuts in cool dry place or shell for immediate use. For grits, dry 
rutmeats in sir or warm oven and grind coarsely. Use like chopped nuts, For 
‘meal, regrind grits wo finer texture and redry in warm oven, stirring occasionally. 
Use in recipes under asp oak group. For candy combine 2 cups sugar, | cup 
‘water, Ug tsp cream of tartar, and pinch of salt in small pan and boil until carmeli- 
zation begins. Maincain liquid by placing in larger pan of boiling water. Dip dried 
whole nutmeats in syrup and place on wax paper to harden, 


White oak Quercus ala 


Habitat: mised deciduous forest in sandy, gravelly, loamy soils; widespread, 
often growing with hickories or other oaks. Identification: medium-size to tall 


> rotational > stepper motor 


enables only one stator coil to be unpowered 
during any step, becauseits two endsareatequal 
potential. Therefore this type of motoris capable 
of high torque in a relatively small format. 


In some multiphase motors, additional wires al- 
lowaccess to both ends of each coil, and the coils 
are not connected internally. This allows control 
of the motor to be customized. 


Microstepping 

An appropriately designed stepper motor can be 
induced to make very small, intermediate steps 
if the control voltage is modulated to intermedi- 
ate levels. Step angles as lowas 0.007 degrees are 
claimed by some manufacturers, However, amo- 
tor running in this mode is less able to generate 
torque, 


The simplest form of microstepping is half- 
stepping. To achieve this in a unipolar motor, 
each coil passes through an “off” state before its 
magnetic polarity is reversed. 


Sensing and Feedback 

Solongas the series of pulsesto the motor allows 
the rotor ample time to respond, no feedback 
mechanism from the rotor is necessary to con- 
firm its position, and an open-loop systems suf- 
ficient. Ifsudden acceleration, deceleration, load 
fluctuations, and/or rotation reversal will occur, 
or if high speeds are involved, a closed loop sys- 
tem, in which a sensor provides positional feed- 
back, may be necessary. 


Voltage Control 

Rapid stepping ofa motorrequiresrapid creation 
and collapse of magnetic fields in the stator 
windings. Therefore, self-inductance of the 
‘windings can limit the motor speed. One way to 
overcome this is to use a higher voltage. A more 
sophisticated solution is to use a controller that 
provides a high initial voltage, which is reduced 
or briefly interrupted when a sensor indicates 
that coil current has increased sufficiently to 
overcome the self-inductance of the windings 


Variants 


Figure 25.18. A multiahase stepper motor By appl 
valtage in the pattern shown, anly one coil is nat ener- 
‘ized during each step. This’ enables high torque com: 
pared with the size of the motor 


and has reached its imposed limit, This type of 
controller may be referted to as a chopper drive 
as the voltage is “chopped” usually by power 
transistors. Itis a form of pulse width modulation. 
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branch (Elia 


tree with broad round crown and thick, shallow o deeply furrowed, tight ash 
gray bark. Leaves alternate, deciduous, simple, 12~22 em (4.7-8,7 in) lomg, 5~ 
10 cm (2-4 in) wide, with 7-10 shallow to deeply rounded labes along mar- 
sin, bright green, smooth. Fruits are acorus on current year's wigs, 1.2-2 em 
(0.5-0.8 in) lomg, widest near middle or base, light brown at maturity,.acorm cup 
bowlsbaped, 8-12 mm (0.30.5 wm) deep, enclosing about VA of wut, cp 
seales thick, warty; nutmeat sweer. Harvest and preparations See HITE OAK 
ccna (preceding) 


Chestout oak Quercus prinas 


Habitat: mixed deciduous woodlands, especially dry to moist welldrained 
slopes and ridges. Identification: medium-size tree with broad, open, rounded 
crown and thick, deeply furrowed, dark brown to reddish-brown bark. Leaves 
alternate, deciduous, simple, 12-25 em (310 in) long, 3.6~7.5 emt (14-3 in) 
wide, broadest above mickdle, coarsely und irregularly round-toothed alomg 
margin, greenish-yellow. Fruits are acorns 2.53.8 em (11.5 in) ang, uniform- 
ly wide to broadest near base, acorn cup deeply bowl-shaped to top-shaped, 
enclosing about bulf of mut; cups scales thick, warty; nutmeat sweet. Harvest 
and preparation: See wiirt oax cxour (preceding). 


Gambel’s oak Quercus gambelit 
Habitat: dry foothills, canyons, lower mountain slopes, usually from 1,350~ 
2,800 m (4,400-9,200 ff) elevation. Identification: shrub or small tree with 
rounded crown and thin, ight gray to grayish-brown, rough, scaly bark. Leaves 
alternate, deciduous, simple, 8-16 em (3.26.3 in) Long, 4.5~7.6 em (1.8~3 in) 
wile, broadest above middlle to uniformly wide, with 5-9 maderately deep to 
deep lobes along margin, leathery, yellowish-green. Fruits ate aearns on cur- 
rent year's twigs, 22.5 ene (0.8-1 in) long, neatly globe-shaped, aearn cup shal- 
ow to deeply bowlshaped, enclosing V4 to Vs of mut, scales thick; nutmeat 
sweet, Harvest and preparation: See write oak Gxour (preceding) 


Blue oak Querens dowslasté 
Habitat: interior valleys, rolling hills, ower mountain slopes to 1,350 m (4,400 
fi) elevation, Identification: small to medium-size tree with rounded crown and 
thick, checkered, light gray bark. Leares alternate, deciduous, simple, 3.8~10 
‘em (1,54 in) long, 1.93 em (0.72 in) wide, uniformly wide to broadest above 
middle, entire to shallowly and irregularly lobed along margin, bluish-green. 
Fruits are acorns on current year’s branches, 1.6~3.1 cm (0.61.2 in) long, 
broadest near base; acurm eup saucer-shaped, enclosing only base of nut, cup 
scales small, warty; nutieat somewhat sweet, Harvest and preparation: See 
‘wit oat ekour (preceding) 
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Red/Black Oak Group Quercus subgenus Erthrebalanas 


‘The red oak species and black oak species and the numerous relatives in this 
subgenus occur only in the Americas. This group is characterized by leaves en- 
tire, toothed, or lobed and always with bristlelike tips extending beyond the 
margin of the leaf; acorns maturing at end of second year on the previous year’s 
‘wigs, and the inner surface of the acorn shell hairy, Acorn nutmeats are nearly 
alway’ bitter. Because of this, only 1 species is discussed here as edible, although 
‘most species can be utilized after the biter properties have beea removed. 


Northern red oak Qnerens rabee 


Habitat: valleys, ravines, lower and mid slopes of hills and mouncains. Identit 
cation: medium-size tree to 20 m (66 fe), rarely taller, with open, irregular crown 
and shallowly furrowed, checkered bark. Lesves alvernare, deciduous, simple, 
10-22 em (48.7 in) lomg, 6~ 12 em (2.45 in) wide, widest above middle, with 
7-9 moderately deep labes, dull green and smooth above, paler beneath and 
‘with occasional tufts of hairs in junction of principal veins. Fruits are acorns on 
revious year's twigs 12-25 em (0.5L in) long, acorn cup saucer-shaped, 
‘enclosing about 14 of nut, cup scales thin, overlapping; nutmeat biter. Harvest 
and preparation: Gather acorns in aurumn as they urn brown and fall. Store ia 
cool dry place or shell for immediate use, Place whole, chopped, or coarsely 
ground nutmeats in cloth (clean T-shire will do) and tie with string. Place in 
boiling water until water ras brown, drain, add more boiling warer. Repeat 
‘many times until water remains clear. In the field, place bag filled with nuemeats 
in clear running stream until nutmeats are no longer bitter, from 1 to several 
days. Spread leached acorns in pan and dey in sun or warm oven. Use whole 
rnutmeats or prepare and use as grits or meal as described under witT# ax GROUT. 
For acorn muffins, cream 4 cup burter with | cup sugar or molasses, Add 
alternately and blend 2 eggs, L cup milk, and dry mix of | cup acorn meal or grits, 
2 cups flour, 4 rsp baking powder, % tsp salt. Beat thoroughly. Bake in greased 
‘muffin pan at 200°C (390°F) for abou 20 min. For pancake batter, repeat muffin 
recipe but add 1 more ex plus milk. For acorn coffee, roast acorn meal at 175°C. 
(350°F) until dark and crisp, about 30 min, Use V2 cup roasted meal to 4 cups 
water. Combine, bail 15 min, stain, and serve. 


American beech Fagus grandifolia 


Habitat 
in rich, moist soils. Identification: medium-size to rall tree with narrow 10 
spreading, rounded crown and thin, smoath, light gray to bluisbgray bark. 
Leaves alternate, deciduous, simple, 6-14 em (2.4—5.5 in) long, 2.5~7.2.em (1— 
3 in) wide, broadest just below middle, sharply toothed along margin, leathery 
texture at maturity. Male flowers ciny, in globe-shaped, hanging heads; female 
Aowers tiny, usually paired at or near tips of branches, Fruits consist of 2 trian- 
gular nuts enclosed in 2 spiny bracts, bracts 1.6-2.2 cm (0,6-1.9 in) tong, 


river valleys, lower mountain slopes, mixed deciduous forests, usually 
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‘opening in late summer to release oily nuts. Harvest and preparation: Gather 
nuts as they deop from trees following hand frost. Separate burrs from nuts by 
shaking and winnowing or singly by hand, Dry in open, warm area. Crack brown 
shells by heating in oven; remove shells by beating or rubbing in hands and 
winnowing, Nutmeats are edible raw. Grind and air dry nucmears for four, erush 
and boil in water; skim off excellent oil for cooking. Roast nutmeats at 160°C 
(3207F) 30-40 min and grind for coffee substitute. For beechnur pie, substirute 
115 cups beechnuts for pecans in ricaw pie recipe. Thoroughly whip 3 exxs. 
Slowly beat into them U cup melted butcer or margarine, 1 cup white com syrup, 
and 4 cup sugar. Turn into unbaked 9-in pie shell and bake at 150°C (30°F) 35 
min, Remove pie long enough to cover quickly with nuts. Return to oven, turn 
up heat to 175°C (350°F), and bake another 15 min, Edible related species: 
‘none, Poisonous look-alikes: aone. 


Allegheny chinkapin Castanea pumila 
‘Alo oible summer 
Habicat: widespread; dry woodlands and mountain slopes or along coast in dey 


sandy soils. Identification: shrub or small tree to 8 m (26 fe) with a rounded 
crown and light reddish-brown bark, Twigs densely hairy when young, Leaves 
alternate, simple, deciduous, 6.816 em (2.76.3 in) lomg, 3.85 enn (1.52 
‘wide, broadest near meddle, with numerous large teeth along the margin, 
‘whitish and hairy beneath, Male flowers numerous on the upper # of semi-erect 
spikes; female flowers fewer on the lower 15 of flowering spike. Fruéts are spiny 
ures 3-4 em (14 in) in diameter, enclosing 1, rarely 2, nuts; nuts broadest 
near the base and pointed at tip, nutmeat sweet. Harvest and preparation: 
Gather nuts as they ripen in late summer or early autumn, Separate nuts from 
burs and store whole, or shell, blanch, and dry autieats, To shell and blanch the 
huts, cover with boiling water and boil until shell and skin can be easily removed! 
‘Then place nutmeats in shady place about 1 week until dry and shriveled. Store 
shelled and dried or unsbelled nuts in porous beg in dry place. Before using nuts, 
soak in water for 30 min, Use chestnuts in stuffings, soups, desserts, as a vegeta~ 
ble, and as a coffee subscire. Nuts can be eaten directly by slitting shells and 
roasting over coals or in hot oven. For soup, combine 14 cups dried ground 
chestnuts, 2 sliced carrots, 1 cup sliced acora or butternut squash, 2 thsp 
chopped fresh parsley, 14 tsp oregano or native plant seasonings, and 5 cups 
‘water. Cook until tender, about 40~50 min. For coffee, chop freshly shelled 
chestnuts, spread on foil, and roast at 190°C (375°F) until dark and dry. Grind to 
powder as needed. Boil gently 28 grams (1 02) powder per cup of water for 15 
‘min, Strain and serve. Related edible species: American chestnut (C. dentata) 
produces lange sweet nuts but the persistent chestnut blight has lcerally elimi- 
rated i from its native range. Poisonous look-alikes: Do nor confuse poisonous 


(WH borsechestnuts with true chestnuts, Horsechestnucs (Aesculus species) have com~ 


pound (palmate) leaves and nuts with a large circular sear, and belong to the 
Family Hippocastanacese. Allegheny chinkapin and true chestnuts have simple 
leaves and belong to the beech family (Fagaceae). 
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HAWTHORNS Cravaegus 


‘This large group of trees and shrubs contains highly variable species thar are 
often difficult to distinguish. Nearly all of the 26 distinguishable North Ameri- 
can species of hawthorns have edible fruits. They are mostly small spreading 
trees with dense branches often armed with long sharp spines. The toothed 
leaves may be entire, shallowly or deeply lobed. Bisexual flowers are generally 
whire, with 5 petals and che sounded to pear-shaped fruits yellow, green, red, 
orange, or nearly black ar maturity. Four common species are discussed on up- 
coming pages. Harvest: Most fruit ripens in aurumn and may persist for several 
months, but some southern species, including May hawthorn (C. weitfealis), have 
fruit ripening in lace spring, The fruits vary greatly in flavor from sweet to bieer. 
Sample the fruits from each plant and harvest the hest, bur be careful of the 
vicious thorns. Preparation: Eat sweetest fruits fresh. For jelly, crush 14 kg 3 
1b) fruit oF 1 kg (2 Ib) if a juicy type, cover with water, and cook until soft. Add 
more water if necessary. Strain juice through jelly bag. Bring 4 cups juice to boil. 
Unless fruits are unripe, add 1 pkg pectin, stir, add 6~7 cups sugar, stir, and 
bring to rolling boil. If no pectin is added, boil to 115°C (239°R). Remove from 
heat, skim, pour into sterilized jelly glasses, and seal If fruits donot scem acid 
‘enough, add juice of 1 or 2 lemons. For tea, steep 2-3 thsp crushed fruits and 
sprig of mint in cup of boiling water for 3-10 min, Fruits can be dried and stored 
for winter use. Substicute hawthorn fruits ia recipes calling for rose hips. The 
fruits were used by Indians to some extent in pemmican. Related edible spe- 
cies: many Creteegus species. Poisonous look-alikes: none 


Washington hawthorn Crataegus pbaenopyrum 


Habicat: stream banks, old fields, openings in woodlands. Identification: small 
tree to 12 m (40 fe), with rounded, spreading crown; branches dark reddish- 
brown, zigzagaing, armed with slender sharp-pointed spines 3-5 em (12-2 in) 
Jong. Leaves alternate, simple, deciduous, 2~6 cm (0.8-2.4 in) long, 
(0.8-2 in) wide, broadest near base, with 1-4 puirs of shallow lobes, pointed at 
tip, broadly rounded at base, sharply toothed along margin, dark green, shiny, 
smooth. Flowers white, attractive, produced in branched, spreading many 
flowered clusters. Fraits are dry, berrylike, globe-sbaped, 5~8 mm (0.3 in) in 
diameter, bright red. Harvest and preparation: See siawrvonns (preceding) 


Downy hawthorn Crataegus mollis (syn C. aroldizma, C. canadensis, C.sabmellis) 


Habjeat: along streams and rivers, bottomlands, lowland fields, clearings. Mlen- 
tification: small eee to 12 m (40 ft) high, with dense, wide-spreading crown; 
branches covered with dense white haits when young, wlmast thornless, occa 
sionally with sharp, slender dark reddish-brown spines to 5 em (2 in) lone. 
Leaves alteraate, simple, deciduous, 3.5~10 em (14-4 in) long, 38 cm (1.2~ 
3. in) wide, usually broadest near base, sharp-pointed along margin, dark yel- 
lowishrgreen, bairy on lower surface, Flowers white, attactive, produced in 
branched, spreading clusters in spring. Fruits stalked, dry, berrylike, slobe- 
shaped, 9-16 mm (0.4-0.6 in) in diameter, red. Harvest and preparation: See 
awraons (preceding) 
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Fleshy hawthorn 


Habitat: along coast, hillsides, abandoned fields, usually in rocky or gravelly 
soils, Identification: shrub or small tree ro 8 m (26 fe) high, with irregular, 
usually rounded, crown; branches stout, slightly 2igzagging, gray, armed with 
‘frequent, stiff, slightly curving, dark reddish-brown spines 34.9 cm (1.2—1.8 
in) long, Leaves alternate, simple, 3-7 em (1.2—2.8 in) long, 2-5.2 cm (0.8~2 
in) wide, broadest abuve Or below middle, shallowly lobed near lip, pointed ac 
tip, tapering at base, sharply pointed and deuble-tontbed along margin, dark 
xurven, shiny. lowers white, attractive, produced in branched, spreading clusters 
in spring. Fruits stalked, dry, berrylike, globe-sbaped, 0.8~1,6 em (0.30.6 in) 
in diameter, bright red. Harvest and preparation: See Hawrwouns (preced: 
ing) 
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Cockspur hawthorn Cretaegas oras-pall 
(synonyms: C, wef, C. canst, C: repli, C.pyeacanthvides) 


Habitat: hillsides, lower mountain slopes, river valleys, abandoned fiekds. Iden= 
tification: small tree to 8 m (26 ft) high, with broad spreading, nearly flat- 
topped crown; branches stiff, light beown to gray, armed with stout, slender, 
straight to slightly curved, sharp-pointed spines. Leares alternate, simple, decid- 

.2.em (0-A~1.3 in) wide, usually broadest 
od at tip, gradually ta- 
pering at base, sharply toothed along upper wrgin, glossy, dark green. 
Flowers white, pink, or red, attractive, proxluced in branched, spreading clusters 
in spring, Frufts stalked, dry, berrylike, globe-shaped, 0.7—1 cm (4 in) in 
diameter, dull red to green. Harvest and preparation: See nawrsonss (preced- 
ing) 
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Common persimmon Diospyras virginiana 
Ale edible winter 


Habitat: rich bortomlands, especially Mississippi River Valley, margins of wood 
lands and fickls, rocky hillsides, along fencerows and highways. Identification: 
large shrub or small eo medium-size tree with thick dark gray to grayish-browa 
bark tha forms small square blocks, Leaves alternate, deciduous, 7~13 mt (2.8 
5.1 in) Fong, 3.58 cm (1.43.2 in) wide, broalest near hase oF middle, entire, 
dark greet and shin. Male and female flowers om separate trees, produced at 
bases of leaves along younger branches, each lower tubular or urn-shaped, 
greenish-yellow to cream-white, Fruits are globe-shaped, 2~6 cm (0.8-2.4 in) 

@& Mi thameser, orange to arange-purpe, fleshy, coaiving few Hawene seeds 
1.2-2 em (0.50.8 in) long. Harvest: Fruits marure in early autumn and persist 

55 on trees Ineo early wineer. Best collected after first frost when soft and skin 

| becomes slightly wrinkled, Prior to that fruit wll be very sour. To obtain many 


to remove seeds and skin, can be used to make bread, pie, pudding, jam, even 


fruits, shake branches, Preparation: Delicious as fresh fruit. The pulp, strained 
oy frozen for later use. See jam recipe carly in book. A tea can be made from clean 


dried leaves, Related edible species: 
look-alikes: none. 


‘exas persimmon (D. texans). Poisonous 
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Values 


The step angle of a stepper motor is the angular 
rotation of its shaft, in degrees, for each full step. 
This will be determined by the physical construc- 
tion of the motor. The coarsest step angle is 90 
degrees, while sophisticated motors may be ca- 
pable of 1.8 degrees (without microstepping). 


The maximum torque that a motor can deliver is 
discussed in "Values" (page 184) in the DC mo- 
tor entry of this encyclopedia. 


Motor weight and size, shaft length, and shaft 
diameter are the principal passive values of a 
stepper motor, which should be checked before 
itis selected for use. 


How to Use it 


Stepper motors are used to control the seek ac- 
tion in disk drives, the print-head movement and 
paper advance in computer printers, and the 
scanning motion in document scannersand cop- 
iers, 


Industrial and laboratory applications include 
the adjustment of optical devices (modern tele- 
scopes are often oriented with stepper motors), 
and valve control in fluid systems. 


A stepper motor may be used to power a linear 
actuator, usually via a screw thread (properly 
known as a lead screw) or worm gear. For more 
on linear actuators, see “Linear Actuator” (page 
184). While the stepper motor will enable greater 
accuracy thanatraditionalDC motor, the gearing 
inevitably will introduce some imprecision. 


Advantages of stepper motors include: 


+ Precise positioning, typically within 3 per- 
cent to 5 percent per step, The percentage 
step error does not accumulate as the motor 
rotates 

+ Able to run at a wide range of speeds, in- 
cluding very slow speeds without reduction 
gearing 


+ Trouble-free start, stop, and reverse action 


electromagnetism > rotational > stepper mator 


+ Cheap controller hardware where open- 
loop applications are acceptable 


«+ High reliability, since no brushes or commu- 
tator are involved 


Disadvantages include: 


+ Noise and vibration 
+ Resonance at low speeds 
+ Progressive loss of torque at high speeds 


Protection Diodes 

While a small stepper motor may be driven di- 
rectly from power transistors, darlington pairs, ot 
even 555 timers, larger motors will create back- 
EMF when the magnetic field of each stator coil 
is induced or forward EMF when the field is al- 
lowed to collapse, and bipolar motors will also 
induce voltage spikes when the current reverses. 
In a unipolar motor, while only one-half of the 
coil is actually energized via its center tap, the 
other half will have an induced voltage, as the 
coil acts like a linear transformer. 


A simplified schematic illustrating diode place- 
mentfor abipolarmotorisshown in igure 25-19, 


Figure 25.19. The H-bridge circuit must be augmented 
with protection diodes to guard against back-EMF created 
by floctuating current inthe stator ol. 
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Sorbus americana 
‘Alla edible winter 


Habitat: rocky slopes, seepage areas along ridges, at higher elevations, Identifi- 
cation: shrub or small tree to 9m (30 fe) with open, rounded crown and thin, 
light gray smooth bark. Leaves alternate, deciduous, featberlike (pinnate) 
compound, 12-25 cm (510 in) long, with 9-17 leaflets, each leaflet 38 em 
((.2-3.2in) long, lance-shaped to uniformly wide, finely toothed along margin, 
lull geen, Flowers in dense, vered, flat-topped clusters to 15 cin (6 
in) across, each flower tiny, with 5 white petals. Fruits én large, dense clusters, 
bersisting into winter, each fruit 4-8 mm (0.2-0.3 in) in diameter, bright 
‘orange-red, shiny, slightly fleshy, containing | oF 2 seeds. Harvest and prepa- 
ration: Fruits become palatable in winter after 1 or more freezings and are easily 
stripped from twigs. Edible raw but better cooked. For sauce, stew like CRAwnen 
nies; bring to boil 2 Ib fruits and 2 cups sugar in | cup water, or berries plus 1 cup 
maple sugar (sucaK starts) and 1 cup cider. Reduce heat and simmer ual berries 
mash easily and a drop of the sauce gels on cold place, Pour into mold or storane 
jars. For pie, o stuce (above) add rind of Y lemon and Ya tsp cinnamon. Line pie 
plate with crust, put in sauce, cover with crisscross strips of crust, leaving spaces 
between. Bake at 230°C (450°F) 20 min, Try basic jelly recipe with vinewar re 
placing about “4 of water for sauce to serve with game. Also use regular jelly 
recipe. Berries keep well but must be dry for prolonged storage. Related edible 
species: European mountain ash (S. ancaheria), Greene mountain ash (S, op 
Jing), Sitka mountain ash (S.sitebenss). Poisonous look-alikes: none. 


Pecan Carya illinoensis 


Habitat: bortomlands, rich moist soils; also extensively cultivated. Identifica- 
tion: tall tree with open round crown and thick, irregularly furrowed, dark red- 
dlish-brown bark. Leares alternate, deciduous, featherlike (pinnate) compound, 
32-52 em (13~21 in) long with 9-17 leaflets; leaflets 8-20 em (3.28 in) long, 
2.57.5 em (1-3 in) wide, Lance-shaped, coarsely wothed along margins. Male 
flowersin slender hanging catkins; female flowers short inconspicuous, at tips of 
branches; flowers aecur in early spring as leaves unfold. Frarts in clusters of 3— 
6, each large, uniformly wide, 3.5-5 cm (142 in) long, bush splitting into 4 
thin sections to expose nut, Nuts cylinder-shaped to broadest near base, pointes 
at tp, light brown to reddish-brown, shell thin, meat oily, sweet, Harvest: Gath- 
er nuts in aurumn as leaves turn and begin to fall. Preparation: Excellent eaven 
directly from shell, or use in any recipes calling for nurs. For pecan pie filling, 
beat 3 ems, add 14 cup sugar, I cup dark corn syrup or molasses, V4 tsp sal, L esp 
vanilla, 1s Cup melted butter, Spread 1 cup pecans aver bottom of 9-in pie shell 
Pour above ingredients over pecans and bake 10 min in 230°C (450°F) oven, 
then reduce heat 0 175°C (350°F) and hake 35 mia longer. Related edible 
‘species: ile stiniunans mieKoRY 

lowing). Poisonous look-alikes: 
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Big shellbark hickory Carga laciniosa 


Habitat: deep rich sols of floodplains and bottomlands, especially of Ohio and 
Mississippi River valleys. Identification: large tree with rounded crown and 
light gray, somewhat shaggy bark. Leaves alrernate, deciduous, featherlike 
(pinnate) compound, 25~60 em (10-24 in) long, with 3-9 leaflets, usually 7; 
leaflets 6-25 em (2.410 in) long, 3.7—12.5 em (1.5~5 in) wide, lance-shaped to 
broadest near base, sharp-pointed at ip, with numerous tiny teeth along margin, 
Male flowers in slender hanging catkins; female flowers short, inconspicuous, at 
‘ends of branches; both produced in early spring as leaves unfold. Fruits solitary 
Or in pairs, globe- co egg-shaped, 3.5~7 em (1.42.8 i) long, thick husk splitting 
lengthwise into 4 parts 10 expose nut. Nat egg-shaped, usually cided, shell 
thick, bard, nutmeat sweet, Hacvest: Gather nuts in aucumn as leaves tur and 
fall; recaw (preceding) and stacuane (next) nuts-are superior because they have 
thinner shells. Preparation: Remove autmeats from shells; sce stiactank HICko. 
ay, Use in any nue recipes. For nuccorn pudding, combine thoroughly 114 cups 
cooked corn, 14 cup shelled, dried hickory nuts, 2 bsp out butter or oil, | cup 
boiling warer, 2 beaten eggs, 2 thsp honey, 2 thsp fine cornmeal, V4 cup seeds, 
raisins, or edible blossoms. Pour into well-greased casserole. Sprinkle top with 
more hickory nutmeats, Bake in preheated 175°C (350°F) oven for 1 hr. Serve 
hot. See other hickory species for additional uses. Trees can be tappe' 

winter for sap, Prepare syrup as with susan wanct. Related edible speci 


SHAGHAMK FCKERY, MOCKERNUT HICKORY, Poisonous look 


Shagbark hickory Cara vnata (synonym: C, carolinae-septentrionalis) 


Habitat: dry upland slopes, well-drained soils of lowlands and valleys. Identi 
cation: medium-size to tall tree with open rounded crown and light to dark 
‘gray, shagey bark, Leaves alternate, deciduous, featherlike (pinnate) compound, 
20-56 em (814.2 ia) long, usually with 5, sometimes 7, leaflets: leaflets 
broadest near middle or tip, 8-18 cm (3—7 in) long, 1.5~6 cin (0,6~2,4 in) wide 
with fine, sharp-pointed teeth along margin. Male flowers in slender, hairy 
catkins 1013 cm (45.1 in) long; female flowers short, inconspicuous, at tips of 
branches; lowers occur in spring as leaves unfold, Fruits produced singly or in 
2s, epg: to globe-shaped, 35 cm (1.2~2 in) long, husk thick, splitting lengthwise 
into 4 equal parts to expose the egg-shaped, 4-ided wuts, Nuts with thin shell 
fand sweer outmeat. Harvest and preparation: Gather nuts in early autumn as 
they fall with leaves, Crack nuts with hammer and remove meats with nurpick 
For efficient extraction, erack nuts enough to identify and eliminate wormy ones. 
‘Then smash enough ta loosen meats. Place pounded nutmeats in pot, cover with 
‘water, and bring to boil. Most of meats will rise and can be skimmed off if de- 
sited. Indians boiled mix slowly and skimmed oil from surface to use as butter: 
then meats were skimmed and mixed with potatoes or meal, or dried into cakes. 
Boiled mix separated from shells is nucricous soup Indians called powrobicora 
For hickory pic, use mcay pie recipe, but increase amount of nuts to LY cups. 
See other hickory recipes. Related edible species: cay, nic SHILLBARK HICKORY 
(preceding), socstanur nickoRY (next). Poisonous look-alikes: none, 
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Mockernut hickory Carve tomentosa (synonyen: C, alba) 


Habitat: ridges, hills, slopes, river valleys, Identification: large tree with 
rounded crown and dark gray, shallowly furrowed bark. Leaves alternate, deci 
uuous, featherlike (pinnate) compound, 14~32 cm (5.5~ 12.6 in) long, with 5 or 7 
leaflets; leaflets 8-22 cm (3-9 in) Tong, 6=12-5 em (24-5 in) wide, marrore, 
broadest above middle, pointed at tip, toothed along margin, Male flowers in 
slender, stalked, clustered catkins; female flowers small, 2~5 at tips of branch- 
es. Fruits solitary or few-clustered, globe- to exg-shaped, 48 cm (1,6-3.2 in) 
Jong, almost as wide, husk splitting lengthwise to expose nutmeat. Nut nearly 
rounded, often 4-sided, shell thick, hard, nutmeat sweet. Harvest: Gather nuts 
fn aurumn as leaves turn; vican and sHAGRAnK HicKORY (preceding) are superior 
because of thin shells. Preparation: Remove nutmeats from shell; see SHAGHARK 
exony inseructions. Use any nut recipe including those for other hickories. For 
salad dressing, combine 4 cup ground hickory nuts, 114 cups vegetable cil, 
3 tbsp lemon juice or sraciony suwac extract, 2 thap vinegar, V4 tsp pepper, 1 
chopped clove garlic. Shake well and use on salads. Tap crees ia late winter for 
sap and prepare syrup as with suGaK warte. Related edible species: ncax, si4c- 
BANK HICKORY, BG SHELLBARK HICKORY, Poisonous look-alikes: none, 


Black walnut Juglans nigra 


Habitat: bortomlands, floodplains, rich low mixed deciduous forest, especially 
in well-drained soils. Identification: large tree with open rounded crown and 
thick, deeply furrowed, light co prayish-browa co almost black bark. Leaves alter- 
nate, deciduous, featherlike (pinnate) compound, 20-60 cm (8-24 in) long, 
ith 15~23 leaflets; leaflets 4—9 em (1.6~3.5 in) long, 23.5 cm (0.71.4 jn) 
wide, broadest near base to broadly lance-shaped, with numerous fine, sharp- 
pointed teeth along margin. Male and female lowers separate, appearing, 
spring. Fruits large, rounded, 4~6 em (1.6~24 in) in diameter, with thick 
busk enclosing glabe-shaped nut, ut 3—4 cm (12-16 in) in diameter, shell 
irregularly and deeply furrowed, thick, nutmeat ‘lobed at base, sweet. Har- 
‘vest: Gather nuts in auruma as they fall from trees. Remove thick brown-staining 
hhusks immediately by partially crushing, then rubbing with gloved hands or 
scrubbing with stiff brush to remove all remaining husk material. (Indians first 
suspended nuts in mesh bag in running water for several days.) Allow hulled nuts 
to dry thoroughly before using, Preparation: Crack shell with hammer, rock, of 
vise, applying blow or pressure at right angles to seam. Use aupick. Indians 
crushed shells well to obtain oil and meats. See siacnanx vicknay. Afer boiling 
crushed nuts for 30 min oF more, allow shells and autmeats to settle; chen skim 
off oil, Boil again and use sieve to skim nurmeats as they rise above shells. Re- 
move coarse shell pieces, dey and grind nutmeats, Use ol like thar of hickories 
Use nutmeats in baking or grind with honey or herbs co make nut butter. Use sap 
under suGan saPut. For other uses, see surrranur, hickory species, and book's 
Introduction. Related edible species: aurrramsr, catironsta watntT (next, Tex 
asblack walnut (J. mierocarba), Arizona waloue (J- major), Hinds wala (I, bind- 
17). Poisonous look-alikes: none, 
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California walnut Iuslans californica 
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Butternut (Abe edie ener) Juslens cinersa 


Habitat: bottomlands, floodplains, mixed deciduous forests. Identification: 
medium-size tree with open, broadly rounded crown and thick, deeply furrowed, 
Tight gray co light brown bark, Leaves alternate, deciduous, feathertike (pinnate) 
compound, 3060 em (12-24 in) long, with 11-17 leaflets; leaflets S~U1 cm 
(2-43 in) long, 2-6 em (0.8-2.4 in) wide, lance-shaped t0 widest above middle, 
finely toothed along margin, Male and female lowers separate, both appearing in 
carly spring, Praits large, egg-shaped, 5-8 em (2~3.2 in) in diameter, often 4- 
sided, husk not splitting open at marurity. Nut egg-shaped, 36 cm (1.2~2.4 in) 
in diameter, 4-ribbed, shell deeply furrowed, thick, nurmeat sweet. Harvest: 
Pick partly grown nuts in summer for pickling when needle will penetrate husk, 
Gather ripe nuts in autumn as they fall from trees. Remove brown-staining hulls 
immediately as described for atack waiNus. Dry thoroughly before using, Prep- g 


aration: Crack like stack waists or hokd nut in vertical position and hammer on 
fend until well cracked, Remove nutmeats with nutpick or use Indian method 
Sescrbed under bi4cs WALNUT to prepare oil and nut burter. For pickling, sald 
immature nur and remove all outer fuzz. Place nuts in kettle; cover with water 

tind boil until water dliscolors, Change water and continue boiling. Repeat water 
changin and boiling until water remains clear. Pack nuts in canoing jars with | 

Sill lower, 3 walnut leaflets, 1 heapinw sp pickling spices, 1 ep alt, 4 sp alum. 

Fill jar with boiling cider vinegar and seal. Age atleast 1 month, For other uses 

a oi eta books cory section, Relaced edie 
Species: BLACK WAINUT, CALIFORNIA WAINUT (Preceding), Arizona walnut J. majer), 
Hinds walnut (J. Finds), and Texas black walnut (J. wrirecarpa). Poisonous 
look-alikes: none. 


Winter 


Winter is hardly che season for wild plant foraging—especialy in colder climates 
Aboveground, edibles are basically limited to berries 
twig bark for cea, and the inner bark of some trees, The most nutritious plant 
parts are underground; these are the starch-rich roots and tubers of perennials 
and biennials. Bur, in winter, roots and tubers are difficult to locate and identify, 
even if there's no snow cover. Besides, digging them in frozen ground would cost 
you more calories than the plants would rerura 

‘What about survival foods? You can survive many days without food, provided 
stay warm and reasonably dry, and drink sufficiene water to prevent dehydra- 
If you decide to stay put undl help arrives, choose or fashion a sbelter you 
can heat with a reflected campfire, In selecting a ste, consid 
water, and an open area for distress signalling. Expend as little energy as possible, 
If you expect a long wait, consider passive means of obtaining meat: fishing with 


hat persist into winter, 


set lines or setting snares on small-game trails. Ifyou have a firearm, you could 


tromagnetism > rotational > step 


Integrated circuit chips are available taht incor- 
porate protection diodes, in addition to the nec- 
essary power transistors, Stepper motors may al- 
so have protection diodes built in. Consult the 
manufacturer's datasheet for details before at- 
taching a motor to a power source. 


Positional Control 

‘The built-in control electronics of a serve mo- 
tor typically turn the shaft to a precisely known 
position in response to pulse-width modulation 
from an exterior source such as a microcontrol- 
ler, whereas the angle of rotation of a stepper 
motor in an open-loop system must be calcula- 
ted by counting the number of steps from an in- 
itial, home position, This limitation of a stepper 
motor can be overcome by using a closed-loop 
system, but that will require monitoring the mo- 
tor, adding complexity to the external controller. 
The choice between stepper and servo motors 
should be evaluated on a case-by-case basis. 


What Can Go Wrong 


General problems affecting all types of motors 
are listed in “Heat effects" (page 188). Issues re- 
lating more specifically to stepper motors are lis- 
ted in the following sections. 


Incorrect Wiring 
Because a stepper motor is driven via multiple 
conductors, there is a significant risk of wiring 
errors, especially since many motorsare not iden- 
tified with part numbers. The first challenge, 
then, may be to determine what type of motor it 
is, When the motor is disconnected from any 
power, and the shaft is rotated with finger and 
thumb, a magnetized-rotor motor will not spin 
as freely asa reluctance motor, because the mag- 
nets in the rator will provide intermittent turning 
resistance. 


Hfa unipolar motoris relatively small andis fitted 
with five wires, almost certainly the motor con- 
tains two coils, each with a center tap, and their 
function can be determined by applying positive 


What Can Go 


voltage to the red wire and grounding each of 
the other wires in turn. Attaching a small piece 
of tape to the motor shaft will assist in viewing 
its orientation, 


‘A multimeter set to measure ohms can also be 
useful in deducing the internal coil connections 
of the motor, since the end-to-end resistance of, 
a coil should be approximately twice the resist- 
ance between the center tap and either end of 
the coil 


‘A multiphase motor may have five wires, but in 
this case, the resistance between any two non- 
adjacent wires will be 1.5 times the resistance 
between any two adjacent wires. 


Step Loss 
In an open-loop system, if the motor skips or 
misses pulses from the controller, the controller 
no longer has an accurate assessment of the 
shaft angle. This is known as step loss. Since this 
canbe caused by sudden changes in control fre- 
quency, the frequency should be increased (or 
decreased) gradually. This is known as ramping 
the motor speed. Stepper motors cannot re- 
spond instantly to changes in speed, because of 
inertiain the rotor orin the device that the motor 
is driving 


Where the motortumsone ormore steps beyond 
its commanded stopping point, this is known as 
overshoot. 


Step loss may also occur if the motor continues 
turning after power has been interrupted (either 
intentionally or because of an external fault). In 
an open-loop system, the controller should be 
designed to reset the motor position when pow- 
ers initiated. 


Excessive Torque 
When the motor is stationary and not powered, 
detent torque is the maximum turning force that 
can be applied without causing the shaft totum. 
When the motor is stationary and the controller 
does deliver power to it, holding torque is the 
maximum turning force that can be applied 
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watch game trails from your shelter or arcempe co call predators to you by imitat- 
ing the squeal of an injured rabbie. 

In winter, Indians sometimes raided the nut caches of squirrels and arrowhead 
tubers cached by muskrats. Bur such raids are strenuous, Besides, getting into a 
smuskrats house can be a wer, cold ordeal 

‘Some northern Indians made the inner bark of tees their major winter food 
staple. Since bark scripping kills trees, today ie should be done only for survival, 

You can also partake of wild edibles in winter by manipulating the seasons. 
‘That is, you can feast on wild preserves you harvested earlier. Or, if you ate 
highly dedicated, you can in autumn dig up the whole roots of dandelion, chico: 
ry, dock, and pokeweed. Thea plane the roots in a deep, soil-filled container until 
after a hard freeze, Bring the container into a dark cellar. Watered and kept at 
15°C (55°F), the roots will produce several crops of blanched, ceades, and mild 
leaves for salads or cooking 

The plane species shown in upcoming pages provide berries you can eat raw, 
berries and cwigs for beverage flavoring, inner bark for gruel and flour, and sap 
for pure water or boiling down to syrup and sugar. These plants are shown as 
they look in winter, though most of them are also shown elsewhere in this book. 
Many other winter-edible plants are difficult co locate and identify in winter and 
soare not described in this winter section. In some regions, edible plants normal- 
ly harvested in autumn may also be gathered in eaely winter. 


(Dykeran) 
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Staghorn sumac Rhus typhina 


Ali oid tani, ate 


Habieat: common; woodland margins, fencerows, roadsides, and along streams. 
Identification: shrub or small cree to 10 m (33 f) with thick, densely hairy 
branches and twigs with large orange to olive pith. Leaf scars C-shaped, nearly 
surrounding bluutly couical, hairy buds. No end bud. Fruits persist into win- 
ter in dense, cone-shaped elusters 10-20 em (4-8 in) long: each fruit berry- 
like, rounded, 3-5 mma (0.10.2 in) iu diameter, densely covered with dark 
red hairs, See also p. 186. Harvest: Fruits ripen in lare summer to autumn and 
have strong lemony taste. Dense hairs on fruits prevent rain from penetrating 
cluster and washing our all favor, so fruits are edible although less potent in 
‘winter. Preparation: For beverage, steep berries, with all wigs removed, in near 
boiling water for a least 15 min (atleast I cup fruit to 1 ge water). Strain through 
cloth, dilute and sweeten to taste. Drink hot or cold but in moderation; some 
people show allergic reactions such as hives and eramps. To make jelly prepare 
extract as for beverage. Bring to boil 4 cups extract with 1 pkg powdered pectin 
‘Add 5 cups sugar, boil hard 1 min, remove from heat, skim, pour into sterilized 
jars and seal with paraffin. Related edible species: suvori suac and suaw- 
hush and lemonade herry (R. #ntegrfalia). Poisonous look-alikes: Poison sumac 
(R. rernis) has white fruits and grows in swampy areas 


Highbush cranberry Veburaum trilebum 
Alsy eile autumn 


Habicat: along streams, wet chickets, moist woodlands. Identification: shrub, 
‘upright, 9 5m (16.5 fe) high; branches upright to spreading, Twigs light reddish- 
brown turning ash-gray with age. Buds oppor tend bud. Praits berrylibe, 
iu elusters of 10 or more, rounded to egg-shaped, 8-14 mm (0.3-0.5 in) lang, 
bright red, translucent when ripe, juicy, sour, containing 2 single flattened 
stone, See also susiwust RaNDERKY on page 224. Harvest: Fruits ripen in lave 
summer bur persist on shrub and become: less sour in winter. Make sure your 
shrub is highbush eranberry and not its bitter look-alike, the introduced guelder 
ose, V, pilus, Tasting will ell you. Best to pick in fall and winter. Preparation: 
‘much the same as cnaxnrany (Vaaeciniem macrocarpon), except large seeds must be 
removed. While cooking add lemon or orange peel shavings t» eliminate bad 
‘odor of berries. For sauce cover several quarts of berries with water in a kettle, 
‘Add outer peels of 2 lemons or oranges. Bring to boil and simmer 5 min. Mash 
thoroughly and simmer another minute or two. Force juice and pulp through 
coarse strainer 10 remove seeds. Add 1 pkg pectin to 4 cups strained fruit, bring 
to boil, and add 5 cups sugar. Boil again for 1 min and seal in sterile jars or 
refrigerate. Before first frost, pectin may not be needed. For juice and jelly, cook 
as for sauce above bur strain through jelly bag, For juice, dilute and sweeten to 
taste, For jelly, proceed with 4 cups juice as for sauce, Related edible species: 
SQUASHDERRY (next), HOMMLEMUSH, NANNYHEREY, and the cranberry tree (V. 
pauciflorum), of Pacific Northwest. Poisonous look-alikes: none, but the 
iguelder rose (V. opulus) has biteer fruits 


Highbush cranberry: early autumn branches (Blias) In winter berries look like 
this and are sweeter, though leaves will have fallen 


Squashbercy: early auruma branch (Clawson). In winter, berries look like this 
and are sweeter, though leaves will have fallen 


Sweet birch: winter «reetop, trunk bark, and immature male catkins (Dykeman). 
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Squashberry Viburnum edule 
All edible ramen, autnmse 

Habitat: along streams, wet thickets, margin of woodlands, moist low wood- 
lands. Identification: shrub, often sprawling, co 2.5 m (8.1 f) high; stems usu 
ally spreading, smooth. New branches redulish brown, older ones gray. Buds 
opposite, dark red, shiny, 2-sealed; both side and end buds present. Praits in 
small clusters, berrylike, rounded, 6-10 mm (02-04 in) in diameter, red, 
containing « single flattened seed. See also squasinenny 00 page 226. Harvest: 
Fruits are similar to iiceuste Craxenay bur smaller and less sour. They ripen in 
August but persist through winter so are listed here. Preparation: See miciBusit 
ccrasmeany (preceding), except juice does not require dilution for use as hever 
age. Makes excellent jelly. Related edible species: wicnust caassexny. Poi- 
sonous look-alikes: none; the introduced guelder rose (V. opal) is biteer but 
rot roxic 


‘Sweet birch, Black birch Betula lent 
Ali elie spring, summer, aatomn 


Habitat; forest or open woods, especially moist, north facing, protected slopes: 
in deep, rich, well-drained soils. Identification: medium-size tree with rounded 
crown and smooth, dark red to almost black bark. Broken twigs bave winter- 
green fragrance. Buds alternate, both side and end buds present, 5~7 mm (0.2— 
0.3 in) long, light brown, broadest near base and tapering to a point, Fruits in 
‘erect, brown cones, 2.53 em (11.2 in) lang, containing many tiny, winged 
seeds. Fruits macure in late summer and early fll. Cones persise into winter. New 
male flower catkins 2-3 em (0.81.2 in) long at tips of twigs in winter. See 
also p. 122. Harvest: ewigs, red inner bark, and bark of larzer roots year round 
bur best in late winter and spring. Sap in early spring, 3—4 weeks later than scan 
writ. Preparation: Eat inner bark fresh as emergency food, boiled like noodles, 
or dried and ground! into or. Dry inner bak a oom terperatre sore in 
sealed jars for later use. For tea, steep (do not boil) twigs or fresh or dri 

bark in water or, preferably, birch sap. Boiling removes volatile wintergrcen oil i] 
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Yellow birch Betula alleghamiensis 
Al edible spring, antamn (synonym: B, dat) 
Habitat: rich woodlands, lower slopes and occasionally cool marshlands, usually 
below 1,000 m G,300 ft) elevation, Identification: medium-size tree with 


unded crown and peeling, raggeed-edgedl, reddish-brown bark turning grayish 
dull yellow or yellowish-brown, Buds alternate, end bud alent, side buds 5-7 
‘mm (0.20.3 in) long, brown, broadest near base and! tapering to sharp point, 
somewhat sticky, with several scales, New male flower eathins 2-3 em (0.8-1.2 
in) long at Lips of twigs. Sce also veu10w ainci on page 122. Harvest: For syrup, 
tap as with sucan Marte beginning 34 weeks after maple sap flow begins. Drill 
hin hole (just over 11 mm) slightly upward about 7 em (3 in) into a mature 
tree. Hammer in metal or wood spile only uncil firmly anchored; driving spile to0 
far may split wood. Hang bucket and wait. Flow of sap copious but sugar concent 
lower than from maple. For use of twigs and inner bark, see sweer wines (preced- 
ing); wintergreen flavor is milder in yellow birch. Preparation: Boil sap in open 
container, ountoors, adding more as volume decreases, until evaporation leaves a 
viscous, molasses flavored syrup with boiling cemperature of about 104°C 
220°P). Store in sterilized, complerely filed, sealed jars, Related edible spe- 
cies: sweet nec. Poisonous look-alikes: none. 
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American mountain ash Sorls americana 
Abie eile eutaman 


Habitat: rocky slopes, seepage areas along ridges at higher elevations. Identifi- 
Spanien canines yc eters 
light-gray smooth bark. Leaf sears alternate, slightly raised on twig surface, 
Buds rather conical, end bad 6-12 mm (0.2-0.5 in) long, curved and gummy; 
Be rene ae ea eae rene 
co aires ay rere nares 
bright orange-red, shiny, slightly fleshy, containing | or 2 seeds. See also avn. 
ICAN MOUNTAIN Asi On page 240, Harvest and preparation: Fruits become palat- 
able in winter after one or more freezings and become easy to strip from twigs. 
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well; but for prolonged storage, dry them to prevent mold. Related edible spe- 
Se Vis eel ers pelea 
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Sugar maple Acer saccharum 
Ais edible spring, summer 

Habicat: eastern deciduous forest, common and widespread, especially at lower 
elevations. Identification: medium-size to tall trees to 30 m (98 fe) with a 
rounded crown, slightly fissured to furrowed dark-gray bark. Buds opposite, 
end and side buds present, light brown, scaly; end bud 6-12 mm (0.2-0.5 in) 
Jong, cone shaped; side buds smaller. See also SuGAR MaPtE on page 256. Harvest: 

(Obvain sap from first spring flow until buds swell. Good sap flow requires freez- 
ing nights and warm days. Drill 7h cin hole (just over 11 mm) for commercial 
spile, slightly upward and 58 cm (2~3 in) into trank. Drive spile just far enough 
to hold bucket, not so hard that you split wood. Collect sap and store cold uatit 
you have 2530 gal. Collect winged seeds before fully ripe, usualy from June ro 
September. Preparation: Boil sap outdoors, indoors only if you like sticky wall 

Use large surfaced, open pan, adding sap as water boils away. When 25 gal or so 
of sap has been added, continue to boil liquid uneil temperature is 4°C (7°F) 
above that of boiling water on that particular day. You may wish to boil for the 
last two degrees on a regulated stove. Filter syrup ehrough milk Gleer into steril- 
ized canning, jars. Fill jars completely and seal. Yields abour 3 q¢. For maple 
‘sugar, boil | peof syrup in saucepan with frequent stirring uncil cemperature is at 
least 110°C (230°F). Remove from heat, cool, and stir until surface loses sheen. 

Pour quickly onto foil or waxed paper. When partially hardened, score into piec- 
ces with knife, Use sap fresh as a beverage, fermented to form a mild vinegar, or 
reduced by boiling to 25% its original volume as a base for teas. Soak seeds and 
remove wings. Boil until eender, drain, season, and roast for 10=15 min. Re- 
lated edible species: Red maple (A. rubrum); sap of all oative maples may be 
used for syrup but sugar maple is best. Poisonous look-alikes: none; buc avoid 
Norway maple (A. platansides), which has milky sap. 
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Poisonous plants 


Plants that are inedible and even poisonous to varying degrees grow among the 
edible ones. So its wise to learn co recognize poisonous plants, especially those 
that may resemble the eslibles. In this section, you'll find full coverage of 20 
planes chat are particularly toxic, and you'll also find mention of many more re 
hated toxic species. To learn more about poisonous plants nor fully covered here, 
consult a guidebook for your region, 

Unfortunately, there are no general rules for recognition of poisonous plants. 
Even though birds or mammals eat a particular plant, that plant may still be 
poisonous to humans. For example, birds readily consume the fruits of poison ivy 
with no ill effects. Bue if you tried this, you'd be in serious trouble. Ironically, 
sometimes the most roxic plants are among the most beautiful. Some oxic beat- 
ties include blue flag, yellow flag, star of Bethlehem, and butterfly weed. 

“The more field experience you gain identifying plants, che easier youl sort che 
edibles from the inedibles. Try to identify ac least a few new poisonous plants 
each season, 


Star of Bethlehem Ornithoszlaon umbellatom 


Habitat; fields, grassy areas, roadsides, and open woodlands. Identification: 
small perennial herb to 35 cm (13.8 in) bigh, from an egg-shaped bulb 3-4 em 
(1.2-1.6 in) long. Leaves mainly basal, long, marrow, 15~40 em (3.9-15.7 iu) 
Jong, 3-6 mm (0.1-0.2 in) wide, channeled, main vein abmost white, Plower- 
ing stem erect, bearing: several, short- to long-stalked flowers at the tip; euch 
Hower showy, bisexual, with 6 spreading petallike segments, white with a 
‘green stripe on lower side, each segment 1.5~ 2.5 em (0.61 in) long. Fruits are 
& 3lobed, egg-shaped capsule 5~10 mm (0.20.4 in) long containing a few, 
nearly globe-shaped, black seeds, Poisonous constituents: Bulbs contain one or 

ee ee eee arene 
introduced species, 0. nutans, also has poisonous bulbs. 


Death camass Higadenns venennsns 


Habitat: meadows, fields, scrubby woodlands along coast, in foothills, and conif 
cerous forests, Identification: perennial herb from an ege-shaped bulb 1.2 
em (0.5-1 in) long, with dark outer seales; stems upright, 24-60 em (9.4 
slender, smooth. Leaves around base and an lower stem; basal leaves 
very marrow (linear), 15-30 em (6~12 in) long, 5-10 mm (0.20.4 in) wide: 

stem leaves usually shorter and sheathing the stem. Stalked flowers numerous 
along an upright, unbranched, elongate cluster (lower-most flowers opening 
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What Can Go Wrong 


without causing the shaft to tur, and pull-in tor- 
queis the maximum torque which the motor can 
apply to overcome resistance and reach full 
speed. When the motor is running, pull-out tor- 
queisthe maximum torquethe motor an deliver 
without suffering step loss (pulling it out of sync 
with its controller). Some or all of these values 
should be specified on the motor’s datasheet. 
Exceeding any of them will result in step loss. 


Hysteresis 

Whena controller directsa stepper motor to seek 
a specified position, the term hysteresis is often 
used to mean the total error between the actual 
position it reaches when turning clockwise, and 
the actual position it reaches when turning 
counter-clockwise. This difference may occur be- 
cause a stepper motor tends to stop a fraction 
short of its intended position, especially under 
significant load. Any design that requires preci- 
sion should be tested under real-world condi- 
tions to assess the hysteresis of the motor. 


Resonance 

‘A motor has a natural resonant frequency. If itis 
stepped near that frequency, vibration will tend 
to be amplified, which can cause positional er- 
rors, gear wear (if gears are attached), bearing 
wear, noise, and other issues. A good datasheet 
should specify the resonant frequency of the 
motor, and the motor should run above that fre- 
quency if possible. The problem can be ad- 
dressed by rubber motor mounts or by using a 
resilient component, such asa drive belt, in con- 
junction with the drive shaft. Damping the vibra- 
tion may be attempted by adding weight to the 
‘motor mount. 


Note that if the motor has any significant weight 
attached directly to its shaft, this will lower its 
resonant frequency, and should be taken into 
account, 


electromagnetism > F motor 


Resonance may also cause step loss (see preced- 
ing sections). 


Hunting 
In a closed-loop system, a sensor on the motor 
reports its rotational position to the controller, 
and if necessary, the controller responds by ad- 
justing the position of the motor. Like any feed- 
back system, this entails some lag time, and at 
certain speeds the motor may start hunting or 
oscillating as the controller over-corrects and 
must then correct its correction, Some closed- 
loop controllersavoid thisissue by running most- 
ly in open-loop mode, using correction only 
when the motor experiences conditions (such as 
sudden speed changes), whicharelikely to cause 
step loss. 


Saturation 

While it may be tempting to increase the torque 
from a stepper motor by upping the voltage 
(which will increase the current through the sta- 
torcoils),in practice motorsare usually designed 
so that the cores of the coils will be close to sat- 
uration at the rated voltage. Therefore, increas- 
ing the voltage may achieve very litle increase 
in power, while causing a significant increase in 
heat. 


Rotor Demagnetization 

The permanent magnets in a rotor can be parti 
ally demagnetized by excessive heat. Demag- 
netization can also occur if the magnets are ex- 
posed to high-frequency alternating current 
when the rotoris stationary. Therefore, attempt- 
ing to run a stepper motor at high speed when 
the rotor is stalled can cause irrevocable loss of 
performance. 
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first), each flower with 6 petals or petallike structures, whitish, broadest near 
base, pointed at tip, bisexual. Fruit a small, ege-shaped capsule 11,5 em (0.4 
0.6 in) long, spliting open ar maturity to release tiny, brown seeds, Poisonous 
constituents: All plant parts, especially the bulbs, contain alkaloids thac ean 
cause gastrointestinal distress, weakness, loss of motor function, and death. This 
plant and its relatives have killed many horses and cattle. Related poisonous 
species: All 12 native Zigadenas species should be considered ex 


‘Star of Bethlehem: flowering 
plants (NYBG), 


Atamasco lily: 


Yellow flag: fox 
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‘Atamasco lily Zephyrantbes atansasco 


Habitat: floodplain and low wee woodlands, wet fiekis and meadows, coastal 
plain and lower piedmont. Identification: perennial herb to 30 em (12 in) high, 
from a small onionlike bulb 2—3 em (0.91.2 in) in diameter. Leaves all basal, 
Jong, narrow (Linear), 20-40 om (8-16 in) long, 4-8 mm (0.15-03 in) wide, 
channeled, brightgzeen to bluish-sreen, shiny. Flowering stalk upright, 10 30 

cam (12 in) high, bearing a single lower atthe tip; flowers ubite, rarely pink, 
showy, 6-10 ens (24~3.9 in) long, fnnel-shaped with the 6 lobes spreading. 
Fruits are papery to leathery, nearly globe-shaped capsules, each lobed anc 
splitigg open at maturity to release the shiny, black seeds. Poisonous constitu- 
‘ents: Toxic compounds in the bulbs have produced staggzting, collapse, and 
<eath in arzing nial. Ths, they shoud be regarded as een poisonous. 
Related poisonous species: All 12 native species of Zephyrunties should be 
considered extremely poisonous 


Yellow flag Iris pseudoacorns 


Habitat: swamps, ditches, borders of ponds, lakes, and streams; common, intro- 
duced from Europe, Identification: large perennial herb 0.6~1.2 m (2~3.9 fi) 
high, from spreading, underground stems (rhizomes). Leaves long, narrow, 
sword-sbaped, 0.4-0,8 m(1.3~2,7 fe) long, 2—4 em (0.8- 1.6 in) wide, fattened, 
erect, ple green, sheathing the flowering stalks. Flowering stalks usually shorter 
than the leaves, bearing a large, showy flower; flowers usually bright yellow, 
with 3 spreading, petallike sepals each crested with brownish, irregular spots and 
3 narrower, upright petals, Fruits are elongate, slighely angled capsules 3~10 em 
(2-4 in) long, splitting open lengthwise o celease the seeds. Poisonous constit 
tuents: leaves and roots; see Sie FLAG (next). Related poisonous species: All @ 
native and introduced species of irises should be considered poisonous. 


Blue flag Iris versicolor 


Habitat: wet meadows, ditches, swamps, marshes, along ponds and streams, na 
tive. Identification: Large perennial herb to 1 m (3.3 ft) high, from thick, 
shreading, underground stems (rhizomes). Leaves long, narrow, sword- 
shaped, 0.A~1 m (1.4—3.3 9) long, 1-3 cm (0.4~1.2 in) wide, fattened, erect, 
pale green ro grayish-kreen, sheathing the stalks. Flowering stalks with 1 t0 3 
large, showy flowers; lowers bluishpurple to violet, with 3 broadly spreading, 
petallike sepals with conspicuous white veins and yellowish near base, petals 3, 
erect, narrow, \4 £0 V5 as long as sepals. Fruits are elongate, 3-angled capsules 
34-5,6 em (1.4-2.2 in) long. Poisonous constituents: Leaves and roots are 
toxic and can cause an inflammation of the mucous membrane of the stomach and 
intestine, Most grazing animals avoid wild irises, but calves have been fatally 
poisoned by them, Relaced poisonous species: All native and introduced spe 
Ces of iries should be considered poisonous. 
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Common buttercup Ranunculus acris 


Habitat: yards, fields, clearings, and other disturbed sites. Identification: slen- 
der perennial berb co 1m (3.3 ft) high, from a short, thick underground stem 
(chizome); stem upright, branched, usually with spreading hairs. Basal leaves 
rounded in outline, 4-10 cm (1,6~3.9 in) across, deeply 5-7 lobed, each lobe 
coarsely toothed of with narrow lobes, sofdly hairy, with long leafstalks; stem 
aves similar t0 other leaves except smaller and gradually becoming salkless, 
Flowers several in a branched, open, spreading cluster; each flower with 5 
bright glossy, yellow to whitish petals 7-14 mo9n (0.25~0.5 in) long, broadest 
fear the tip. Fruits are clusters of flattened, broad, beaked, thin-walled nuts 
about 2-3 mm (about 0.1 in) long, Poisonous constituents: Leaves and stems 
are bitter tasting, possibly due co oils. These oils can cause abdominal pains from 
an irritated stomach and intestines. Fresh buttercups have caused! diarchea and 
& Bindncts in rasing animals. Related poisonous species: All naive species of 
buttercups contain toxic or otherwise iritaring oils and should nox be eaten, 


Jimson weed Datura stremaninn 


Habitat: disturbed sites and waste grounds, old fields, roadsides, barnyands, 
Identification: coarse atmual herb to 5 m (5 fi) high, from a short taproot; 
stems upright, branche, usually smooth. Leaves browdest near the base, 8-16 
cm 3.26.4 in) long, 4-12 cm (1.64.7 i) wide, coarsely and irregularly 
large-toothed along the margin, Flowers large, 5-8 em (23.1 im) long, showy, 
white to light purple, upright, produced singly on upper stem; petals fused and 
narrowly funnel-shaped, the lobes spreading, with a heavy fragrance. Fruits wp 
right, egg-shaped capsules 3~5 em (12-2 in) long, usually with short spines, 
splitting open along 4 valves to release dark pitted seeds. Poisonous constitu- 
‘ents: All plant parts, including seeds, are poisonous, Alkaloids will cause im- 

2 paired vision, thirst, delirium, unpredictable movements, possibly coma and 
death. Related poisonous species: All Datura species 


May apple Podoplyllnm peltatum 
Habitat: rich and open woodlands, wet fields and meadows, pastures, occasion. 
ally roadsides. Identification: artractive perennial herb to 50 ca (20 in) tall, 
from a fleshy, spreading, underground stem (rhizome); stem single, short, pro- 
ducing single or paired leaves and single blossom between. Leaves large, nearly 
circular in ontline, 15~40 em (5.9-15.7 in) in diameter, deeply 59 parted, 
‘margins with a few coarse teeth or lobes; leafitalk attached ta center of blade. 
Flower somewhat showy, cup-shaped, with 6~9 white petals, each 35 em (1.2 
2 in) wide, produced on a nodding stalk. Prait ai egg-shaped, fleshy, yellow 
(rarely red) berry 2.5~5 cm (1-2 in) long, containing several seeds, Poisonous 
constituents: Leaves and particularly the roots contain 4 resiaous compound 
known as podophyllin thar can cause violent cathartic reactions. Consumption of 
small quantities will produce severe gastric upset and vomiting. Death may occur 
from larger quantities. The fleshy pulp of the fruic is edible, although he seeds 

2 should not be eaten. See ay Aretr on page 140. Related poisonous species: 
fone in North America. 


planes Jimson weed: frviting branch after 


Trost (Dykema) 


wering plant in May (NYBG). 
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Horse nectle Solanuna carsinense 


disturbed sites, fields, vacant lot, roadsides, and sandy waste areas 
Identification: coarse perennial herb ro | m (3.3 fe high, from spreading under- 
‘ground stems (shizomes); stem and leaves with branched hates and slender 
‘spines. Leaves aernate, simple, broadest near base, 612 em (2.4-4.7 ia) long, 
3-6 em (1.2-2.4 in) wide, eowrsely and irregularly harge-toothed along muar- 
sin, rongh to touch, Flowers few on elongated terminal cluster, each flower 
white 10 light purple, 2-3 cm (08-1.2 in) across, five-part petals spreading 
and even bending backward, broadest near base. Fruit a yellow fleshy berry 

1.6 em (0.4-0.6 ia) in diameter, smooth. Poisonous constituents: Leaves and 
fruits concsin the alkaloid solanine, which can cause vomiting, nausea, abdominal 
pains, and other gastrointestinal problems, Related poisonous species: Many 
species of the genus Solanum contain the solanine alkaloid in varying amounts. 
‘Among species o avoid are European nightshade (S. dcemara), black or deadly 
nightshade (S. nigrum), and silverleaf nightshade (S. elaeapnifolivm) 


White hellebore, False hellebore Veratrum viride 


Habitat: wetlands, swamps, floodplains, near streams and rivers, low wet sites in 
‘woodlands, Identification: large perennial berb w 2 m (66 fd) high, from 
thick, fibrous roots; stems upright, stout, unbranched. Leaves numerous along, 
stem, broadest near hase or middle, 15-32 cm (5.9-12.6 in) long, about half 
14s wide, entire along margin und pointed at tip, nearly stalkless and almost clasp- 
ing stem, with conspicuous, slightly sunken ribs. Flowers numerous in large, 
erect, branched clusters 20-90) (7,819.7 ia) high, hairy; each flower yellow- 
ish-green, with 6 spreading, petallike segments, Fruits are egg-shaped capsules 
1.8-2.6 cm (0.71 in) long, containing numerous seeds. Poisonous constitu- 
‘ents: Several alkaloids from white and other hellebores have been used in medi- 
ines and insecticides. While all plant parts contain alkaloids, the roots concen: 

trate chem, Eating this plane can cause depressed heart activity, headaches, a 
burning sensation in the mouth and throat, and prostrarion. Related poisonous, 
‘species: All 12 native Veratram species should be consisered poisonous. 


Yellow sweetclover Meliloces officinalis 


Habitat: disturbed sites and waste areas, roadsides, fencerows, old fields: intro- 
duced weed from Europe and Asia. Identification: bieanial herb to 2 m (6.6 fe) 
high, stems sparingly branched and weakly upright, usually smooth. Leaves com- 
pound, composed of three leaflets (trifoliolate); leaflets broadest near or above 
‘middle, 1,2~2.5 em (0,5~1 in) long, $~15 mm (0.2~0.6 in) wide, Finely toothed 
along margin, greenish-yellow, usually smooth; leafstalks with conspicuous leaf- 
like brace (stipule) at junction of stalk and stem. Flowers numerous on slender, 
elongated clusters 4~12 cm (1.64.7 in) long, each flower yellow, resembling 
tiny pea blossom. Fruits are egg-shaped pods 2-4 mm (0.1-0.2 in) long, 
smooth, stalked. Poisonous constituents: Improperly dried sweetclover will 
easily mole and in the process produce coumarin, an anticoagulant chat can cause 
severe internal bleeding and death. Moldy sweetclover mixed in bay has killed 
‘many cattle. Thus, avoid chis plane when gathering green leafy edibles. Related, 


1G). Fruit cluster 
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poisonous species: Also introduced from Europe, white sweetclover (M. alla) is 
equally dangerous 


Pokeweed Phytalacca americana 


Habitat: woodland margins, diseurbed sites, waste ground, roadside 
Identification: large, perennial herb co 3 m (9.8 fe) all with thick, fleshy roots; 
stems branched, upright, smooth, with disagreeable odor when broken. Leaves 
alternate, 930 em (3.5~11.8 in) long, 3~12.cm (1.24.7 in) wide, broadest near 
base, pointed at tip, entire along margin; leafstalks to 5 cm (2 in) long. Flowers 
greenish to white, produced in narrow, elongate clusters (racemes); each 
flower 2-4 mm (0.1 in) loog, petals absent. Fruits are 5~12-parted berries, 
wider thas long, 610 mm (0.20.4 fu) in diameter, green turning purplish 
black at maturity, Poisonous constituents: Toxins ure more prevalent in nia 
ture leaves, stems, and particularly in roots chan in young growth and berties, 
Diarrhea, vomiting, cramps, sweating, reduced breathing capacity, or even death 
can occur from eating this plant. You can eat young cooked shoots if you discard 
the cooking water, See also POREWEED on page 96. Related poisonous speci 
none. There is only one species of pakeweed in North America 


feacerows. 


Dogbane Apocymen androsaemifidiam 


Habitat: open woodlanuls, margins of woodlands, fields, roadsides, usually drier 
sites. Identification: perennial herb to 50 cm (19.7 in) high; stems upright, 
branching, with milky juice iu all parts, Leaves opposite, broadest near base 
10 almost uniformly wide, 4B em (1.6~3.2 bn) long, 24.5 evn (08-8 in) 
ride, entire along margin, pointed at tip, dark green above, hairy beneath, some- 
times drooping, with slender leafstalk. Flowers several in branched, roundl- 
‘topped clusters at top or upper part of seems; each flower bell-shaped, 5~10 mm 
(0.2-0.4 in) long, white to pink, S-parced, spreading to drooping, Fruits are 
marrow, cylindrical, cupiulelike pods 6-18 om (2.4~7 in) long, slender point- 
‘ed at tip, containing numerous sinall seeds, each tipped with long silky hairs. 
Poisonous constituents: All plant parts contain resins and glycosides capable of 
affecting the cardiovascular system of mammals. Related poisonous species: All 
fof the 6 or 7 native species of doghane (A\pacyuum) contain milky sap and proba 
bay the glycosides. Thus, all should be considered poisonous. 


Butterfly weed Auleptas taberosa 
Habitat: fields, meadows, prairies, open woodlands, margins of woodlands. 
Identification: perennial herb, upright, 30-80 cm (118-315 in) tall; stems 
single or branched, stout, haity. Sap uot milky, leaves alternate on stems and 
opposite on branches, variable in shape but often very narrow and widest near 
base of tip, 5~10 cm (24 in) long, 0.4—2,5 em (0.1-1 in) wide, pointed at np, 
usually without leafstalk, haiey, especially beneath. Plowers produced in 
showy, branched, flat-topped elusters: each flower orange to red or yellow, 5~ 
parted, petals (corolla) deeply lobed. Fruita dry, narrowly egg-shaped capsule 8~ 
Lem (3.1-3.5 in) long, splitting open only along I side to release tiny, flattened 
seeds tipped with aumerous, long, silky hairs. Poisonous constituents: Plant 
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parts contain some glycosides, alkaloids, and resinoids thar can cause weakness, 
staggering, and even seizures. The various species of Asclepiat have killed sheep, 
cattle, horses, and goats. Related poisonous species: All 30 native species 
should be considered potentially poisonous, 


Poison hemlock Conium maculsium 


Habitat: disturbed sites such as fencerows, roadsides, stream and river banks, 
old fields and vacant lands; introduced from Europe. Identification: large, bi- 
ennial herb to 3 m (9.9 f) high, from large, white, carrotlike taproot, stems 
Upright, branching, purple-spotted, hollow, smonth, Leaves basal, repeatedly 
branched, irregularly divided and highly dissected, resembling parsley leaves, 
broadly triangular in outline, smooth, dark green, with odor of parsmips when 
crushed. Tiny white flowers produced in compouni, flat-topped clusters (1m= 
Gels) 4-8 cm (1.63.1 in) wide; flower cluster stalks 4—10 ern (1.6~3.9 in) long. 
Fruits dry, egg-shaped, 3-4 mm (0.1 in) long, flatened on inner surface, con: 
spicuously ribbed, grayish-green. Poisonous constituents: All plant parts, espe 
<Gally the stem, leaves, fruits, and root are extremely poisonous. The toxic alka- 
loids cause nervousness, trembling, reduced heartbeat, coma, and even 
respiratory failure. Related poisonous species: A relaced genus, Ciauta, con. 
tains several species, commonly called waren viemtock (next), which are also ex- 
‘tremely poisonous, 


‘Water hemlock Chenta maculata 


‘Habitat: wer sites such as swamps, stream and river banks, ditches and botcom- 
lands, Wentification: Large biennial or perennial herb to 2am (6.6 fe) high, 
from one to a cluster of several, thick, fleshy, tuberlike roots; stems upright, 
branched, often purple spotted, smooth, exuding yellow liquid when cut. Leaves 
Jarge, bic oF teipinnately compound on lower stem, upper stem leaves less di 
sected, leaf segments usually 48 em (1.6~3.1 ia) long, 0.53 cm (0.2—1,2 in) 
wide, toothed, smooth, with odor of raw parsnips when crushed. Small white 
flowers numerous in large, compound, flat-topped clusters (umbels), Evuits 
brown, dry, egg-shaped, 3~4 mm (0.15 i) long, with conspicuous ribs 

ous consticuents: All parts of this plane are extremely poisonous. A resialike 
cicutonin causes severe abdominal pains, excessive salvation, vomiting within 
minutes of consumption, and can cause death. One of the most deadly poisonous 
North American plants! Related poisonous species: All 10 native species of 
Giewta are extremely poisonous. Also see roson Hiwinc (preceding) 


# ~ 
diode | (. 3) 


The term diode almost always means a semiconductor device, properly known as a PN 
Junction diode, although the full term is not often used. Itwas formerly known asa crystal 
diode. Before that, diode usually meant a type of vacuum tube, which Is now rarely used 
outside of high-wattage RF transmitters and some high-end audio equipment. 


OTHER RELATED COMPONENTS 


«+ rectifier (See "Rectification" (page 227) 
+ unijunction transistor (Seo Chapter 27) 
+ LED (light-emitting diode) (Volume 2) 


What It Does See Figure 26-1 for schematic symbols repre- 
senting a generic diode. 

A diode is a two-terminal device that allows cur- 

rent to flow in one direction, known as the for- 


ward direction, when the anode of the diode has 

a higher positive potential than the cathode. in So ° ° 
this state, the diode is said to be forward biased. | Cathode sextiode: seotiode 
Ifthe polarity of thevoltageis reversed, the diode 

is now reverse biased, and it will attempt to block 

current flow, within its rated limits. 

Diodes are often used as rectifiers to convert al- ‘Anode Anode 
ternating current into direct current. They may ° ‘> ° 


also be used to suppress voltage spikes o pro- 
tect components that would be vulnerable to re- 
versed voltage, and they have specialized appli-. Figure 26-1. Commonly used schematic symbols for 2 


4 generic dode. All the symbols are functionally identical 
cations in high: frequency dlrcults, ‘The direction of the arrow formed by the triangle indicates 


A Zener diode can regulate voltage, varactor di. the direction of conventional current (fom positive to 
‘ode can control a high-frequency oscillator, and “°#2t¥6? when the clode is forward: biased. 

tunnel diodes, Gunn diodes, and PIN diodes have The basic diode symbol is modified in various 
high-frequency applications appropriatetotheir ways to represent variants, as shown in 
rapidswitching capability. ANLED (light-emitting Figure 26-2. 

diode) is a highly efficient ight source, which is 

discussed in Volume 2 of this encyclopedia. A AU 13 ioscan Pepi 
photosensitive diode will adjust its ability to Sipe: denen apenas. deoehnnspennsitinl 
acs current depending on the light that falls Zener diode. All are functionally identical. 
Upon it, and is included as a sensor in Volume 3. 
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Poison hemlock: 


Water hemlock: flowering 


(Bogel). Fruiting branches (NYBG' 
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Southwestern coral bean, Enythrina flelliformis 


Habitat: canyons, washes, desert grasslands, open oak woodlands. Wentifica 
tion: large spiny shrub or small tree to 5m (16-4 0; stems leafless except in 
summer, thick, brite, armed with short spines. Lacres alternate, featherlike 
(pinnately) compound with 3 leaflets, the leaflets broadly triangular an ta 
peting ro a poine, 2,5~ 7.5 em (1—3 in) long, 4~8.7 em (1.5—3.5 in) wide, grayish 
zereen; main leafstalk Jong, armed with several short, hooked spines. Flowers in 
large, showy clusters usually in spring, each narrow, elongated, pea-shaped, 
with 5 bright red to scarlet petals. Fruits are long, leathery pods 10—25 cm (4 

10 in) long, constricted between the seeds; seeds hard, bright red, 1~2 em (0.4— 

028 in) long, Poisonous constituents: Sece! wall contains highly poisonous alka 
Jods that can cause death, even when consumed in small amounts. The seeds are 
sometimes used co make necklaces, which some wearers unfortunately have 
played with between their teeth. Related Poisonous Species: All species of & 
Enthrina are poisonous, Eastern coral bean (E. berbaces) is native to the Coastal 
Plain from North Carolina to Texas. 


American yew Tacs canadensis 


Habitat rich woodlands, pine forests, bogs, thickets, Identification: shri, 
ssually tow, spreading and steagaly, occasionally upright, up to 2m (6 &) 
high branches curing relsh-rown with age. Leaves pirully arranged and 
spreading in 2 ranks along stem, warron (lina), 1~2 em (O4¢-0.8 in) lon, 
‘thon! 2 mm (0-1 tn) wide, abrapily finepointed at ip, dark yellowish geen 
“hove, with 2 palegren bands beneath, lexfalk shor. Flowers tiny cones, 
Cither male or female Frafts consist ofa bard, dark, egg-shaped red about 1 
(04 in) long, encloed in bright red to red-orange, lsy dive, Poison 
tus consticaents: Leaves and secs contain one or more alklois called tine, 
which can case suden death in people as well ax horses and cate. The Res 
rel diac around the sed is edible but beter avoided because of the highly 
tonic seeds, Related posonous species: Leaves and seeds Of ll species of yew 
(Tasuy) are extremely poonous. The introduced Engh yew (T- barat) axl @ 
the Japanese yew (T pido) are widely planted as orsamental 
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Poison ivy Toxicodenstron radicans 
(synonym: Riss nadicans) 
Habitat: woodland margins, pastures, streams and river banks, fencerows, and 
disturbed sites. Identification: low shrub or vine, often climbing, wieh hairy, 
light-brown ewigs. Leaves alternate, deciduous, compound of three leaflets (sr 
foliolate), leaflets broadest near base, 10-16 cm (3.96.3 in) long, 510m (2 
3.9 in) wide, pointed at tip, entire or with a few course teeth along margin, 
yellowish-arcen, dull, often smooth, leafstalks reddish near junction with 
Blade, Plants either male or female. Tiny male flowers produced in elongated, 
branched clusters 5~ 10 cm (23.9 in) long oa new growth; stall female flowers 
produced in smaller branched clusters 46 em (1.6~2.4 in) long, Fradts are 
rounded, ‘6 mm (0.1 in) in diameter, creamy white, smooth, produced in 
clusters like grapes. Poisonous constituents: All parts of the plant have an oily 
resin containing urushiol. Contact with urushiol can cause minor to severe der- 
atitis, consisting of a rash and blisters. This affliction can be serious and most 
‘uncomfortable in the mouth, throat, and nasal passages as a result of eating ber- 
fies or breathing smoke produced from burning plants. Related poisonous spe- 
cies: Poison oak (Rhus toxicedendren) of sandy sols, pine forest, or barrens in the 
eastern ULS., and Rhus diveriloba, also called poison oak, of the Pacific coastal 
cess eh contin oy resin opebla of precing derma ke dha cated by 
poison ivy 


Ohio buckeye, Horsechestnut Aescals glabra 


Habitat: woodlands, hillsides, especially riverbortoms and stream banks. Iden 
fication: broad spreading tree with open, rounded crown and dark-brown, 
deeply furrowed bark. Leaves opposite, deciduous, bund-sbuped compound 
(palmate) with 5 or7 leaflets, leaflets usually widest near middle, 10—15 em (4— 
6 in) long, 3.56 em (1.42.4 in) wide, pointed at tip, finely toothed along mar- 
an, yellowish-green, leafstalks long. Flowers produced in large, erect clusters 
12,515 cm (5-6 in) long, pale yellowish green, with S-lobed ealys, 4 petals 
sometimes with red stripes. Fruits a leathery, 3-parted capsule 2.5~5 em (12 
in) long, with short blunt spines on outer surface of husk, containing 1 or 2 
large, shiny, dark reddish-brown seeds. Poisonous constituents: All plant 
parts, especially the large seeds, cnntain aesculin, a glycoside. If ingested, this 
toxin can cause vomiting, stupor, ewitching, paralysis, and possibly even death. 
Seeds of buckeyes or horsechestnuts resemble those of edible chestnuts. Re- 
ated poisonous species: All native species of the buckeye genus (Aesculus) 
should be considered poisonous. Compounds from some species have been used 

@, metal. 4 coumain pycside, iculside, oboe from the Exropean 
hhorse chestnut (A. bippcastanum), has been used to treat hemorchois, 


Picking Wild Foods 

State and local regulations on picking wild plants vary, 
but mostly there are restrictions against taking plants or plant 
parts on public land. You should always check with park officials 
before foraging anywhere but on your own land. 

In gathering plants, pick only on lands off non-posted 
access roads or from fields with owner's permission. Move from 
place to place, picking sparingly and only when there is several of 
any one plant. In addition: due to nature's changes and people's 
advances, many plants are now endangered. Even though this 
guide's plants are not endangered now, they may be in the future. 
Check your Local State library or Department of Agriculture for 
updates. Do not pick any endangered plants on private property. 


FORAGING RULES 
1. DO NOT collect plants closer than 200 feet from a road. 
2. NEVER collect from areas sprayed with herbicides, pesti- 
Cides, or other chemicals. 

3. ALWAYS be familiar with all dangerous plants in the area. 
4, POSITIVELY IDENTIFY all plants you intend to use for 
food or medicine. Check against three good field references 
with excellent illustrations 


If you are trying a plant for the first time, after checking 

your field guides, do the following. 

1. Snip a piece of the plant and roll between your fingers and 

sniff. Discard if objectionable. If you like the smell, then rub the 

tiny piece on your GUMS, above your teeth. 

2. Wait twenty minutes. 

3. CHECK For burning, nausea, stinging, itching (all allergy 
results). Poisonous plants USUALLY produce one or more of 
these symptoms. 

4, If no untoward reaction results, take another tiny bit of the 
plant and make a weak tea. (Place piece in teacup, pour boil- 
ing water over, cover, and steep for 10 minutes. Ingest a small, 
amount) 
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5. Wait another twenty minutes! Check for signs of irritation. If 
none, then reheat the tea and sip sowly. 

6. Keep all samples away from children and pets. Keep edibles sep- 
arate from samples to be identified—poisons will give their bad 
qualities to food through contamination. Bag foods, poisons, 
and samples separately. 

7. Be aware that heating or boiling does not always destroy tox- 
icity. 

In general, it's a good idea to store all seeds and bulbs 
away from children and pets. Tape down the lids or use a locked 
closet for any questionable foods so children cannot reach them. 
Likewise, teach children to keep all plants away from their mouths 
Do not let children chew on or suck nectar from unknown plants. 

‘Avoid smoke from burning plants. Smoke may irritate the 
eyes or cause allergic reactions. Also, be aware of your neighbor's 
habits with regard to chemicals, pesticides, and herbicides. Ask 
questions! Call and report any chemical spills, contaminated areas, 
or other situations that may negatively affect your gathering safety. 


Growing up with Wild Foods 
AS a child, | always mashed and ate wild plants. This wor- 
ried my Daddy. He began to teach us what not to eat and what good 
plants to enjoy. He showed us how to pick flowers from the top of 
‘ocotilo plants while on horseback. We sucked the honey from the bot- 
tom of each flower, much as Easterners used honeysuckle. The ocotil- 
lo flowers are just delicious. Our parents ran a cow ranch in Mohave 
County for fy years, and we picked our ocotillo lowers often from 
horseback. A lovely lfe!”—Danielle Stephens, Kingman, Arizona, 


Gathering 
Decide which plant you will harvest on a particular day 
and take along a basket, a bag, or a sheet. Burlap is excellent if you 
are going to dry the plants, but biodegradable plastic bags gener- 
ally are better for gathering because burlap gets heavy when wet. 
Do any aquatic plant gathering in the morning, asthe cool 
air and water will keep your collection fresher. Plastic bags are 
waterproof and lightweight, but remember to use biodegradable 
bags, and reuse them asoften as possible. (Do not leave wild food 
in the sun, especially inside a plastic bag, because the food will 
wilt quickly; | have spoiled hundreds of milkweed buds this way!) 
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A fiat, round tray also works well for gathering in tall 
‘grass, especially when gathering fireweed. It can be great fun 
wading through a field of these magenta flowers, snapping off the 
tips and tossing them onto a tray held above your head. 

For most gathering, | use a clean sheet and a two-foot 
section of string. A small amount of wild food will ft in your bas- 
ket or bag, while a winter's supply will fill a clean sheet. When 
the sheetis folded up and tied with a string, it can be hung up eas- 
ily in a warm, airy spotto dry. The sheet method of collection also 
allows the bugs to crawl out of the food and provides an easy 
view of how much you have gathered. 

When gathering wild foods, remember that certain plants, 
snap off easily while others are better cut cleanly with a knife or 
scissors. Ifthe plant gives you any resistance to a snap, give way 
to a tool immediately. A clean cut will help the plant recover 
quicker and you'll have greater gathering speed and accuracy. 

Cutting a batch of leaves on the stem is simple when you 
hold the stem with one hand and with the other cut the stem with 
a sharp knife. When | gather with a penknife or scissors, | side 
my fingers into the middle of the clump and go for inside growth 
The plant then folds up around what | took and rejuvenates nice- 
ly. Goldenrod, asters, yarrow, and Queen Anne's lace work espe- 
cially well this way. 

IF you're using the sheet method, you may want to strip the 
leaves off the stems while gathering for ease in drying. At this time 
you can also separate your favorite flowers for tea. Don't forget to 
save the stems, though, as they can be valuable, especially mint, 
spearmint, yarrow, and thyme. 

When you've gathered enough, pull the corners of the 
sheet together, and use the twine to tie it closed. | often hang the 
bundle from a tree 
or other obvious 
spot and retrieve it 
later. This method 
also helps mark the 
trail. (I use a cactus 
in the desert since 
trees are sparse.) 


e Saguaro as a food tree 


Tie enough stems together to make a bunch, but be sure 
the leaves aren't packed too tight, lest you prevent air penetra- 
tion. Asa rule, when you swish the bundle in the air you should 
“feel” and hear the air moving through it. 

Waists and belt loops also work well for carrying bundles 
of plants. You can also use burdock leaves or mullein to roll up 
several smaller items, Roll up nuts inside large leaves and put 
them in your pockets as you go. Fruits, twigs, nuts and flowers all 
wrap well in large leaves. 


Leaf Bundles: A) White birch bark waterproof container, B) A bark 
tray, C) Hollow bark, D) Burdock leaf wrapping for small foods, E) 
Mullein leaf wrapping for small objects, F) Kit of white birch 
strings, and G) Bundle of foods, grasses or twigs. 


In summary, here is a list of tools | generally use for gathering: 
+ A sheet 

+ Scissors 

+ 2-foot length of string 

+ Biodegradable plastic bags 

+ Penknife and Bowie knife 

* Gloves 

+ Snake stick with fluorescent handle (in the West) 

+ Hand axe (in the East) 

* Burlap bag 


Washing the Foods 

Certain plants attract aphids, ants, and “no-see-ums,” as 
well as-collect the usual dirt and dust. In the Adirondacks a near- 
by stream is always available, so washing large quantities of plants 
is always easy, no matter how dirty they are. But in Arizona, 
apartment living demands the use of a bathtub—it’s the easiest 
way to wash a large quantity of food. Of course, it’s always best 
to use a hose first, especially for roots, eliminating most of the soil 
before taking them into the house. 

When cleaning small plants or bunches of leaves that 
aren't too dirty, it’s a good idea to use a drainable container such 
asa colander. Some containers can be made to drain by poking 
holesin the bottom. Some plants may need more soaking, how- 
ever, and may even need to soak overnight. In this case, soak in 
V4 cup vinegar to a tubful of water. In any case, it's best not to 
put too many types of plantsin the same tub, since you may have 
difficulty separating them later. 

Finally, here’s a quick tip that will make it easier to clean 
your tub and prevent a clogged drain: Before filling the tub, 
place a piece of cheesecloth over a rubber stopper and use it as 
the plug. When you're ready to drain the tub, pull the stopper, 
but hold the cheesecloth in place. When the water is drained, 
just shake out the cheesecloth and save it for the next time! 


Edible Wild Flowers 

The following are common wild flowers utilize often. 
Birch_catkins—unopened catkins eaten raw or brewed as tea. 
Dried or frozen for storage. Also cooked. 

Blue Asters—All wild asters and flower buds may be eaten raw, 
cooked or dried and ground for flour. 

Cattails—Flowers and flower buds are eaten raw, cooked, or 
dried and ground for flour. Used in tea, 

Chamomile—White flowers and flower buds may be eaten raw, 
cooked, steeped for tea, or dried for storage. 

Clover, Red or White—Flowers and flower buds are eaten raw, 
cooked, dried for tea, & frozen in ice cubes. 
Dandelions— Whole flower and flower buds may be eaten raw in 
salads, stir-fried in garlic frozen for use later. Used in tea 
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What It Does 


Bottom-left 
Tunnel diode. 


Bottom-center 
Schottky diode. 


Bottom-right 
Varactor. 


Atriangle with an open center does not indicate 
any different function froma triangle witha solid 
center. The direction of the arrow always indi- 
cates the direction of conventional current, from 
positive to negative, when the diode is forward- 
biased, although the functionality of Zener di- 
odes and varactors depends on them being 
reverse-biased, and thus they are used with cur- 
rent flowing opposite to the arrow symbol. The 
bent line used in the Zener symbol can be 
thoughtofasan openedletterZ, while thecurled 
line used in the Schottky diode symbol can be 
thought of as a letter S, although these lines are 
sometimes drawn flipped left-to-right. 


* 
* 


me 
* 


Figure 26-2. Commonly used schematic symbols for 
specialized types of diodes. See text for details. 


A range of rectifier and signal diodes is shown in 
Figure 26-3. (Top: Rectifier diode rated 7.5A at 
35VDC. Second from top:Rectifierdioderated SA 
at 35VDC. Center: Rectifier diode rated 3A at 


discrete semiconductor > single junction > diode 


35VDC. Second from bottom: 1N4001 Rectifier 
diode rated 1 at 35VDC. Bottom: 1N4148 signal 
switching diode rated at 300mA) All values are 
for forward continuous current and RMS voltage. 
Each cylindrical diode is marked with a silver 
stripe (a black stripe on the 1N4148) to identify 
its cathode, or the end of the diode that should 
be “more negative” when the component is for- 
ward biased. Peak current can greatly exceed 
continuous current without damaging the com- 
ponent. Datasheets will provide additional infor- 
mation. 


Figure 26-3. Diodes ranging in continuous forward- 
current capabilty from 75A (top) to 300mA (bottom). 
‘See text fr additional details 
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Fireweed—W hole flower and flower buds are eaten raw, cooked, 
Or dried for storage. 

Goldenrod—Whole flower and flower buds are eaten raw as a 
tonic, and dried for tea. Frozen for storage; used in tea, 

Maple— Flower buds are eaten raw, cooked, or dried for tea and 
storage. Can also be frozen. 

Meadowsweet—Flowers and buds are eaten raw, cooked, or 
dried for a sugar substitute or tea. 

Milkweed— Eastern flower is cooked as a vegetable, or frozen or 
dried for storage. Western varieties are caustic from desert sand. 
Mint—Flowers and flower buds are eaten raw or cooked, or 
dried for storage; frozen in ice cubes; used in tea 
Mustard—Flowers and flower buds vary in intensity; may be 
‘cooked or eaten raw, and frozen. 

Pine—Pine flowers or young cones are called catkins and are 
eaten raw, cooked, and dried for tea; also frozen. 

Prickly Pear—Flowers are eaten raw in salads, and cooked; 
frozen for storage. 

Queen Anne's Lace—Flowers and buds are eaten raw, cooked, 
frozen, and dried for storage. 

Roses— Flowers and flower buds are eaten raw in salads, cooked, 
also frozen in cubes for storage. 

‘Thyme—Flowers and buds are eaten raw, cooked, or dried for 
tea; also frozen. 

Violets—Flowers and flower buds are eaten raw in salads, 
‘cooked, and dried or frozen for storage and tea. 
Wintercress—Flowers and buds are eaten raw, cooked, and 
an 


For information sections on drying and freezing flowers, see 
pages 33, 37, 39, 42 and 43 respectively. 
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‘Wild Popsicles 


Edible Roots 

During my homesteading days! became interested in the 
many uses of plant roots. A particular experience gave me a last- 
ing respect for the roots of wild plants. 

In mid-winter, the ground was frozen and a snow- 
encrusted world was our environment. My son Todd had devel- 
oped a bad cough. Soon Todd's condition worsened and he was 
coughing steadily. He needed more than the usual remedy of 
pine tea and honey. | knew about the antihistamine properties of 
mullein root. | could see the tall brown spikes of mullein poking 
above the snow like sentries standing beyond our camp. But the 
temperature was 20 degrees below zero and the ground was 
frozen solid. 

The woodstove was filled with hardwood coals. | col- 
lected a pail of coals, put on my snowshoes, and went out to 
make a path to the closest mullein plant | could find. | scraped 
away as much snow as | could from around the plant and poured 
the hot coalson the icy crust at its base. (A very heavy pail isnec- 
essary for this, as coals will burn through a thin pail very quickly.) 
Sizzle, sizzle. The coals sunk quickly into the crusty ice. | 
returned to the house and fetched more coals, Pausing a few 
minutes between pailfuls, | scraped away each layer of slush until 
I reached mud. | placed a circle of dry wood around the base of 
the plant and made a large campfire inside the circle. With the 
wood concentrating the heat at the plant's base, the fire became 
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hot in no time. | used birch bark to keep it very hot, adding a 
large sheet or two at a time. We were lucky to live next to a 
sawmill that cut white birch logs, and sheets of bark were plenti- 
ful. Never cut birch strips off a live tree. 

‘After a long, cold hour, | scraped the remaining coals out, 
from the circle and easily dug out a foot-long mullein root. It was 
partly decomposed, but there was more than enough root to 
brew a concentrated tea for Todd. He drank 2 tablespoons every 
hour, and his cough was calmed, Mullein root tea is an effective 
expectorant, helping Todd discharge mucus from his throat and. 
bronchial tubes. This wintertime experience gave me untold 
security, knowing that mullein roots were out there if we needed 
them for medicine or food. This “underground farm” took on 
new meaning: it was available to us even through several feet of 
snow and in 20 below temperature. 


The following edible roots are ones | use: 
Amaranth—Used asa vegetable; dried & ground for flour. 
Arrowhead—Tuber used as potatoes. 

Balsam fir—Used for medicinal purposes (sedative), & tonic. 
Burdock— Used as a vegetable, dried and ground for flour. 

Cal ried and ground for flour. 

Chicory— Used as a coffee substitute 

Dandelion— Used as a vegetable and tonic. 

Evening Primrose—Used as a vegetable flour. 

Fireweed—Used as a medicine and a food. 

Goldenrod—Used for a blood tonic tea. 

Malva neglecta—Used as vegetable; dried & ground for flour. 
jine—Used for tonic and stimulant as well as rope making 
Plantain—Used for vegetable and as an antiseptic 
Purslane—Used asa vegetable; dried and ground for flour. 
Queen Anne’s Lace—Used as a vegetable and dried food. 
Strawberry—Used as a vegetable, a medicine and as an appetite 
‘stimulant. 

Wild lettuce—Used as a vegetable. 


Plant roots are greatly under utilized, and their magnificent 
properties barely understood. For example, many are aromatics. 

Roses, for instance, have an aromatic root that can be 
reused many times, until the scent and color are gone. Scrub off 
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any mold or black spots before use. Mullein root can be reused 
many times for tea, as can mint roots. 

Clip newly gathered roots from the plant and scrub with 
a toothbrush. Then use fresh, or dry and store. 

To use fresh, peel the root as you would a carrot or 
parsnip and slice crosswise or lengthwise. To dry the roots, place 
in a paper bag and label carefully with the name of the plant and 
the year you collected. Hang to dry. Reconstitute in boiling 
water or place in a grinder and grind to flour. 
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Harvesting roots: peel & slice Storing roots: A) hang on wall, 
either crosswise or lengthwise. _B) dry & store in paper bag 
©) store dried slices in glass jars 
Edible Parts of Trees and Shrubs 

Many trees and shrubs have edible parts and can be a 
major source of food in the wilderness. The chemical content, 
vitamins and mineralsare found in leaves and flowers, butin con- 
centrated form in shrubs and tree bark. Inner bark, the layer 
underneath bark, is the “meat” of a tree. Twigs have both bark 
and inner bark. For example, pine or balsam fir bark strips, cut 
1/3 inch to 1 inch wide, to filla 2-quart glass container will yield 
‘a winter's supply of tea. One small shrub, such as a rose bush, 
can yield a winter's supply of tea. 

In calculating your yield, figure one twig, 6 to 8 inches 
long, yields a moderately strong cup of tea. This tea could be 
used as a soup base. To prepare for cooking or tea, break the 
twig several times to release the flavor and steep or boil as intend- 
ed. To store twigs and stems, place in dark paper bag. Or, place 
in glass jar and cap tightly. Wrap with opaque paper or foil to 
keep it dark. And, of course, label with the collection date. 

The following diagram shows two different methods of 
peeling bark. Method A shows types of plants which will allow 
big piecesto be peeled. Method B makes smaller wispy pieces by 
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first splitting along the length, then peeling small pieces around. 
the girth from one side of the split to the other. 


Peeling bark in strips. 


The following are trees and shrubs and commonly harvested for 
their edible parts: 


+ Balsam fir—Parts of the entire tree are edible, especially the 
inner bark, sap, twigs, needles, and flower buds and seeds. 

+ Birch—Entire tree is high in mineral content and medicinal 
value; sap, buds, catkins and seeds are edible. Birch catkins, 
buds, twigs and bark, as well as inner bark, are all loaded with 
trace minerals, and beta-carotene. 

+ Blackberry—Inner bark, twigs, flowers, fruits and seeds are edi- 
ble. 

+ Blueberry—The twigs, bark and roots are edible as well as fruits 

+ Maple—Entire tree is edible, especially inner bark, sap, twigs, 
buds, young leaves, and seeds, 

+ Meadowsweet—Entire plant is high in minerals and medicinal 
value; inner bark, twigs, buds and flowers, leaves and seeds are 
not to be eaten in bulk, 


3 


+ Pine—Entire tree is edible; inner bark, sap, twigs, needles, 
Catkins, and in one species, Pinon pine nuts. 

+ Prickly pear—Buds, flowers, pads and fruits of plant are edible. 

+ Raspberry—Entire shrub is edible, including inner bark, sap, 
twigs, buds, flowers, fruits and seeds. 

+ Rose— Entire shrub is edible, especially inner bark, sap, twigs, 
buds and flowers, leaves and seeds (hips). 

+ Saquaro—Buds, flowers and fruits, and seeds are edible, 

+ Sumac—Flowers, fruits and seeds are edible. 

+ Tumbleweed— Twigs, buds, and leaves are edible. 

+ Willow—Entire tree has high mineral content or medicinal 
value and should not be eaten in bulk. Inner bark, sap, twigs, 
buds and catkins, leaves and seeds are eaten in moderation. 


Teas from Wild Plants 

Gathering and preparing teas from wild plants is simple 
and rewarding, For example, a large supply of thyme for tea can 
be harvested in just two minutes with scissors. Drying requires no 
more than a screen and takes but a few hours. Using the back 
shelf of my car, | can have it dried and ready for storage in a few 
hours, In a few days, the patch grows back and | can harvest it 
again. Thisis true for most tea plants. 


Plants commonly gathered for tea include: 


+ balsam fir + meadowsweet 
+ birch + mint 

+ blackberry + mullein 

+ blueberry + raspberry 

+ chamomile + strawberry 

+ chicory + thyme 

+ clover + violet 

+ dandelion + willow 

+ fireweed + wintergreen. 
+ goldenrod 


(See Part Il, the Field Guide, for information on individual plants.) 


Picking Nettles 


Do you want to try nettles but are afraid to pick them? 
Take your gloves, a pair of scissors, and a container and head for 
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the nettle patch. Cut the leaves directly into the container, hold- 
ing the plant with your gloves. Or, to take home the entire nettle 
plant, cut two individuals of a plant that is long and straight, such 
as goldenrod. Lay them on the ground parallel like railroad 
tracks. Cut the nettle, using your gloves and scissors, pile them 
across the top. Then pull the goldenrod stems up and fold over 
so you can carry your bundle home without getting pricked by 
stickers 


Storing Teas 

You might enjoy fresh tea brewed from raw materials. 
Remember that raw material is a bit less effective and tastes 
weaker than dried. 

Wild plants or leaves that have dried until crisp can eas- 
ily be stripped clean for storage. Place a clean sheet on a count- 
er and put bundles on top. Using gloved hands, pull the dried 
leaves, seeds, or flowers down gently, then scoop up and crum- 
ble by twisting the sheet and wringing it. Thisis what is known as 
‘a rough grind. In some cases you can obtain the same results by 
using your hands. Store rough ground teas in glass jars 

You may store twigs in “tea sizes’, such as six inch sec- 
tions of willow equals approximately 2 aspirin. Six inches of a 
rose stem equals 1 cup of tea. Four inches of goldenrod stem 
equals one cup of tea. If you use a mayonnaise or quart size jar 
many cups of tea are easily stored 
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Flour from Wild Grains 


Bulrushes and phragmites grow prolifically in wet lands. 
They are a familiar sight to most. 


of us, yet few people realize ri 
what a valuable food source 

they are. In both the East and 9 
West, | have gathered and in4 ip 


ground bulrushes to make flour. 
The flour makes delicious 
muffins, cookies, and breads. 
What's more, there are com- 
mon grasses growing in most 
people’slawns that can likewise 
be harvested for flour. My 
favorites are listed on page 35. 

Gathering bulrush 
stalks is an easy task, so long as 
the water is clean. Know where the water comes from and look 
carefully at the stems as you cut them. Itis a good idea to wear 
gloves until you are well used to spotting the stems of the rushes, 
Poison hemlock may be in the same marsh, so be careful! (see 
Part Il, Field Guide, and Part V, Poisonous Look-Alikes). 

Cut one of the two stems of a bulrush plant at a time, sid- 
ing your gloved finger down the stem, cutting, and placing the rush 
up and under your armpit. As you move along, the batch of plants 
under your arm will grow. When you have enough, stop and tie 
them into a bundle. Hang the bundle in a tree or make a yoke for 
around your shoulders. Pick from the centers of the bulrush 
‘clumps, 50 the plant will grow back quickly. 

Dry bulrush in an attic, car, or other warm and dry area 
Let dry thoroughly. They may appear to be dry, but check. The 
stems break, crack or snap easily when dry. Place in glass containers 
until you can grind the grain to flour. 

When you are ready to grind to flour, check bulrushes for 
tiny black dots. These may represent ergot, a poisonous fungus. If 
present, discard the plants. 

Each bulrush stem yields several teaspoons of flour, and 
a screen full of stems and flowers yields approximately 1 cup of 
finely ground flour. The color of the flour depends on the bul- 
rush: it will be green if bulrushes are picked early in the season, 
tan if picked later. 


Bullrush 
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"He causeth the grass to grow for the cattle, and the 
herbs for the service to man; that he may bring forth 
food out of the earth." 

Psalm 104:14 


"Also, to every beast of the earth, to every bird of the 
air, and to everything that creeps on the earth, in 
which there is life, | have given every green herb for 
food, and it was so." 

Genesis 1:30 


Harvesting Grasses 
The following are common lawn grasses that make excel- 

lent flour. They are also known as Graminae, since they are in 
that family of plants, Since these plants are not described in Part 
Il, check identification in several other reliable field guides. The 
grains may also be cooked whole for granola, cereal, and other 
uses. 

Barnyard grass— Echinochloa crus-galli, Graminae Family 
Barley arass— Hordeum pusillum nott, Graminae Family 
Broomsedge— Andropogon virginicus, Graminae Family 
Crabarass— Digitaria sanguinalis, Graminae Family 

oxtail grass Setaria italica, Graminae Family 
Goosegrass— _Eleusine indica, Graminae Family 

tungle grass Echinochloa colonum, Graminae Family 
Quackarass— _Agropyron repens, Graminae Family 


Rye grass— Lolium temulentum, Graminae Family 

Wild oats— Avena fatua, A. barbara, Graminae 
Family 

Wild rice __Zizania palustris, Graminae Family 


Wheat grass— Triticum aestivum, Graminae Family 
Yellow nutsedge— Cyperus esculentus, Graminae Family 


Some grains are better sheared with scissors, such as 
crabgrass. Others are easily collected using a pillow case. Ifthe 
seeds come off the stem easily, just put the pillow case over the 
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tops, bend the grasses over, and wring the seeds off. This method. 
is especially good for marsh grasses. I've happily spent many an 
evening gathering a quart or two of seed heads while watching 
the dragonflies in the setting sun. 
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Barnyard Grass, Goose Grass & Wild Oats 

‘After the grains are dried, they can be ground to flour. 
Use your own method; grinders, processors, and mortar and pes- 
tle are all successful 

| usually clip stemsto six inches from the grain. Grinding 
a bit of the stem adds to the fiber content. 

Grains contain protein, and protein is one of the building 
blocks of life. Unrefined grains are best because the natural ele- 
ments have not been processed out. Much of wheats protein 
and vitamins € and B® are lost in the refining process. Asa result 
we have “enriched” bread, which tries to make up for the loss. 
Isr ita better idea to keep those nutrients to begin with? This is 
why whole wheat flour and whole natural grains are the wise 
nutritional choice today. Also, fiber is lost in the processing of 
wheat flour. Yet the higher the fiber content of our food, the bet- 
ter for our digestive system. Unrefined, natural grains are truly 
the only answer to better health. 

Blend one-half cup of assorted wild grains putting them 
into a wide-mouth thermos and then pour boiling water over 
them. Cap tightly and let sit overnight to create an instant hot 
cereal for the morning or the ingredients for a rough bread dough 
or wild “pancake.” Add a little vegetable flour such as amaranth 
or clover for a high-energy meal! 
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discrete semiconductor > single junction > diode 


How It Works 


APN diode is a two-layer semiconductor, usually 
fabricated from silicon, sometimes from germa- 
nium, and rarely from other materials. The layers 
are doped with impurities to adjust their electri- 
cal characteristics (this concept is explained in 
more detail in Chapter 28). The N layer (on the 
negative, cathode side) has a surplus of elec- 
trons, creating a net negative charge, The P Jay- 
er (on the positive, anode side) has a deficit of 
electrons, creating anet positive charge. The def- 
icit of electrons can also be thought of as a sur- 
plus of “positive charges,” or more accurately, a 
surplus of electron holes, which can be consid- 
ered as spaces that electrons can fill 


When the negative side of an external voltage 
source is connected with the cathode of a diode, 
and the positive side is connected with the 
anode, the diode Is forward-biased, and elec- 
trons and electron holes are forced by mutual 
repulsion toward the junction between then and 
players (see Figure 26-4). Inasilicon diode, ifthe 
potential differenceis greaterthan approximate- 
ly0.6 volts, this isknown as the junction threshold 
voltage, andthe chargesstarttopassthroughthe 
junction. The threshold is only about 0.2 volts in 
‘a germanium diode, while in a Schottky diode it 
is about 0.4 volts 


Ifthe negative side of an external voltage source 
is connected with the anode of a diode and pos- 
itive side is connected with the cathode, the di- 
ode is now reverse-biased, and electrons and 
electron holes are attracted away from the junc- 
tion between the n and p layers. The junction is 
now a depletion region, which blacks current. 


Like any electronic component, a diode is not 
100% efficient. When it is forward-biased and is 
passing current, it imposes a small voltage drop 
of around 0,7V fora silicon-based diode (Schott- 
ky diodes can impose a drop of as little as 0.2V, 
germanium diodes 0.3V, and some LEDs be- 
‘tween 1.4V and 4V). This energy is dissipated as 
heat. When the diode is reverse-biased, itis still 
not 100% efficient, this time in its task of blocking 
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Current Flow No Flow 


Figure 26-4. Inside a PN junction diode. Left in forward 
biased mode, vottage from a battery (bottom. with plates 
colored for clanty) forces charges in the N and Players to 
\ward the central junction of the diade, Current begins to 
flow, Right: in reverse-biased mode, charges in the N and 
P layers are attracted away from the central junction. 
which becomes a depletion region, unable to pass sign 
sant currant. 


current. The very small amount of current that 
managestogetthroughisknownas leakage. This 
is almost always less than 1mA and may be just 
a few uA, depending on the type of diode. 


The performance of a theoretical generic PN di- 
ode is illustrated in Figure 26-5. The right-hand 
side of the graph shows that ifa diodes forward- 
biased with a gradually increasing potential, no 
current passes until the diode reaches its junc- 
tion threshold voltage, after which the current 
rises very steeply, as the dynamicresistance of the 
diode diminishes to near zero. The left-hand side 
of the graph shows that when the diode is 
reverse-biased with a gradually increasing po- 
tential, initially a very small amount of current 
passes as leakage (the graph exaggerates this for 
clarity). Eventually, if the potential is high 
enough, the diode reaches its intrinsic break- 
down voltage, and once again its effective resist- 
ance diminishes to near zero. Ateither end of the 
curve, the diode will be easily and permanently 
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Preserving Nature’s Bounty 

Drying for tea or grinding to flour, as the preceding sec- 
tions describe, are major ways to preserve and enjoy wild food, 
but there are other possibilities as well. You can collect roots, 
branches, needles, and flowers in season and either dry them or 
freeze them for later use in a variety of ways. 

In the Adirondacks, my pantry was full of wild foods pre- 
served for winter. The assortment varied from year to year, and 
when | moved West, there were many substitutes, Tumbleweed 
took the place of fireweed. Malva neglecta was used instead of 
arrowhead for flour. The caption to the illustration on the next 
page tells what wild foods! commonly had in my pantry, East and 
West. 


Typical Pantry Storage 
Eastern cupboards were always filled with certain staples. 
| did not own a freezer in those years. All staples were dried. 


Car drying racks. 


Plants hanging in storage 
pantry. 
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‘The Pantry 


Gallon jars of leaves included: Amaranth, asters, lamb’s quarter, 
strawberry, clover, red and white clover, chicory, daisy leaves, dan 
delion, dock & malva neglecta, Western jars also included tumble- 
Eola Jar ot fetes teas Included Roses mtaowsweet, pine, bale 
sam, birch, maple & willow, and, in the West, ephedra (Mormon tea). 
Separate jars of dried flowers: Aster, clover, chamomile, chicory, 
dandelion and rose, both in the East and West. 
Pa 


My closets always had a few choice branches stored 
whole: pine, balsam, willow, and maple. Closets in both East and 
West are filled with paper cartons of grasses for future use as flour 
and, of course, the Christmas tree and wreath from year to year! 


Preparing Food for Storage 

Once you've gathered your bounty, shake off any soil and 
wash plants, leaves or roots gently under running water. Wash all 
foods except cattail pollen. Scrub roots with a toothbrush. 

Trim off any dead leaves or parts. Remove and separate 
leaves, seeds, flowers, and roots for separate drying; or leave 
plant whole (as you might dry lamb’s quarters or amaranth for 
flour). Cut stems to storage-container lengths. 


Drying Methods 

There are a few basic “don'ts” about drying food that you 
should know before you begin. Don't dry leaves in direct sun- 
light; find a warm, airy place outofthe sun. Never dry foodsnear 
a road or garage, or you'll taste exhaust fumes. Lastly, don't dry 
pine needles in an oven or microwave. They are very volatile 
and may explode. 

The best indoor drying apparatus | know is a window 
screen, convenient for either an apartment or a home. You sim- 
ply bring home your favorite wild foods, wash them well, trim, 
and shake off excess water. Lay the foods on the screens, keep- 
ing any branches apart somewhat. Slide the screen into bracket 
and start the next screen. (See page 33 for an illustration of 
screen assembly.) 

When you feel that food isas dry asit can be, preheat the 
‘oven to 300 degrees and turn off. Heat the foods for five minutes, 
then put in hot clean jars, or put the gatherings in the jar, without 
the lid and heat jar, foods, and all for five minutes at 300 degrees. 
Often | simply turn the oven to 300 for a while, put the food in, 
and turn off the oven, leaving it to cool slowly. | take the jar out 
when the oven is partly cool, then cap tightly for storage. 

There is another method. Although you may feel odd 
driving around town with a rack of “weeds’ in the back of your 
car, it is by far the most efficient drying rack! In uly and August, 
one day on the back window shelf of your car will thoroughly dry 
most leaves. J ust think, while spending money driving around 
town, you are performing an energy-saving task and making a 
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step toward long-term food storage, ultimately saving dollars. 
The car doesn’t have to be in the hot sun all the time, Parkin the 
shade if you wish. 


Caution: Don't dry foodsin a car when the outside temperature is 
over 80 degrees— toxic fumes may arise from plastic or vinyl seats 


The Drying Roof 

There are more ways to dry wild plants. Here's a simple 
method | used. 

Looking around for a flat place to put the screens used 
to dry plants on, | noticed that the roof seemed to take up a lot of 
space—space that didn’t do much other than keep the rain out. 
So | climbed a ladder and began to place the screens on the roof. 
Since there were poplars surrounding the cabin, the shade was 
perfect for drying apples and berries. We even nailed on boards 
as scaffolding to create a large accessible drying space. You may 
not want to go this far, but with a little ingenuity you'll find almost 
any place can be used to dry fruits, berries, and such. 

We dried several types of wild apples. We did this every 
year using the larger varieties, choosing about half the normal 
size apple. We also dried crabapples on the roof. We gathered 
the crabapples by spreading a sheet under the tree and shaking 
the limbs, making fruit fall. We cored the apples and then sliced 
them crosswise about 1/3 inch thick. We threaded these slices on 
old broom handles, then hoisted them up to the roof. After a few 
days, the crabapples had shriveled and became leathery. After a 
5-minute baking in the oven to dry them completely (oven pre- 
heated to 300 F. then turned off), we stored them in glass jars. In 
winter we used them in everything from cereal to cobblers, pies, 
and snacks. 


Linda says- You can also string the dried apple slices togeth-| 
er with a needle and string. Not unlike the garlic and hot pep- 
pers in the Southwest, your wild foods can decorate your| 
kitchen. | even string roots this way. 


Label the jars with the date of drying before storing. The 
storage place is important. Closets work best. You need dark- 
ened spaces for dried foods, out of direct sunlight. 


40 


Store whole leaves and grind them into flour as you need it. 
For long-term storage, grind and place the flour in a shallow L-inch 
pan and toastfor five to ten minutesin a preheated 300 degree oven 
turned off. Store in glass for up to several weeks, Vegetable flour 
does not have a long life, so avoid storing for more than six months 
ata time. 

Rinse dried branches to clean off any dust before you use 
them. Rose or raspberry vines, pine or balsam branches, and weep- 
ing willow can be stored for years, but will accumulate dust. 


ers for Dried Foods 

Generally, Il save just about any glass jar and use it to store 
dried foods. As long as they are in glass with a tight-fitting lid, wild 
foods can be stored for long periods of time. My friends bring me 
their glass jars: in fact, | have begun to consider myself a recycling 
center! Of course, brown glass is best because it lets in less light, but 
itis not readily available. You can find green jars with narrow screw 
tops, however, and these are ideal for storing seeds, nuts, and 
berries—things that pour well from a narrow top. 

The best container for large amounts of stored leaves, twigs, 
branches, and such are the half-gallon glass containers that deviled 
e995, pickles, and mayonnaise come in. Restaurants or convenience 
stores might save them for you. 

Devices that seal plastic bags, removing the air, work almost 
as well for long-term storage. Roots store well in paper bags, as well 
as nuts, twigs, barks, and branches to a lesser degree. As long as 
food is as dry as possible, long-term storage is possible. 
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Storage Jars: #1 vegetables, #2 flowers, #3 twigs, #4 roots, 
45 stems, #6 nuts, #7 corms, #8 buds, #10 flour 
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Storage Problems and Solutions 

Problem: Pine needles that are stored in glass begin to 
display black spots or black mold. 

This is known as ergot and develops on incompletely 
dried wild foods which are then sealed in airtight containers, 
Discard the contaminated foods as these molds are highly toxic. 
Similarly, grain that was incompletely dried also hosts this toxic 
black mold. Willow branches stored in a damp area outside 
develop black spots, also recognized as a poisonous mold. 


Freezing Your Wild Foods 
Freezer packages of vegetable matter have a life of six 
months. Roots, twigs and tubers asta bit longer asa rule. When 
| find freezer crystals throughout the freezer package, it’s time for 
‘a massive green soup! Then you may re-freeze the soup. 
The following are the wild foods successfully frozen. All 
must be steamed the indicated time before freezing. 


Steam Time Steam Time 
‘Aloe Vera raw Plantain 1-2 minutes 
‘Amaranth 1-2 minutes Prickly pear 2-3 minutes 
Arrowhead 1-2 minutes Purslane 1.2 minutes 
Aster 3 minutes Malva 
Blackberry 2-3 minutes neglecta leaf 1-2 minutes 
Blueberries 1-2 minutes Maple 23 minutes 
Burdock 3 minutes Milkweed 
Cattal 3 minutes heads 3 minutes 
Chamomile 1-2 minutes leaves 2 minutes 
Chickweed 1 minute Mint 1.2 minutes 
Chicory 3 minutes Queen Anne's 1 minute 
Clover 1.2 minutes Raspberry 2-3 minutes 
Daisy leaves 1-2 minutes Rose minute 
Dandelion 3 minutes Saguaro buds 3 minutes 
Dock 3 minutes Shep.spurse 1.2 minutes 
Evening Strawberry 

primrose root 1 minute leaves 2 minutes 
Filarie 1-2 minutes Thistles (all) 1-2 minutes 
Fireweed 3 minutes Thyme minute 
Goldenrod 1.2 minutes Tumbleweed — 1 minute 
Grape 2 minutes Violets A minute 
Lamb's quarters 3 minutes Wild letuce 1 minute 
Mustard 1.2 minutes Wood sorrel. © 1 minute 
Nettie leaves 2 minutes Yerrow minute 
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‘Some inexpensive freezing tools youll need are: 
+ Plastic wrap 

+ Large plastic bags 

+ Labels or marker pen 


To freeze vegetables, steam and drain the vegetable in a 
sieve; save the liquid for stock if desired. (See Soup Recipes start- 
ing on page 198.) Place one-foot-iong piece of plastic wrap on 
the tray. Add 1/2 pieces of steamed vegetable and fold the edges 
in, Roll package tightly to seal. Any remaining liquid will seep 
‘out of package. Place the package in a large plastic bag and label 
with contents and date of freezing. 


Freezing rolls of vegetables, flowers in blocks. 


Freezing wildflowers is a simple matter of freezing whole 
flowers in solid blocks of ice. A frozen whole rose looks fantastic 
ina punch bowl. Use an ice cube with a rose inside instead of 
plain ice, As long as you use a container that will take freezing, 
you can create a bunch of frozen roses that looks like a crystal 
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dream. My favorite luncheon surprise is layering a selection of 
flowersin different colors in a large, round bowl. | put in the bot- 
tom layer, add a little water, and freeze. A day later, | add anoth- 
er layer, add water, and freeze. And | repeat this unti the display 
isto my liking, 

To freeze whole roses, for instance, put a few inches of 
water in your containers, so that the flower does not float. Keep 
the pitcher of water handy so that you can reach it easily with one 
hand. Hold the stems in your other hand, and arrange the colors 
and shapes to suit you. (I cut the stems to uniform lengths first, 
making the job of holding them easier.) Then pour some water 
slowly around the sides, holding down the stems. Put on a lid or 
plate to hold the arrangement and freeze. 

Whole heads of roses opened moderately and without 
the stems can be layered easily. The more rosesin the container, 
the better. They won't remain in exactly the same position as you 
put them once you pour in the water, but if they don't float 
around a lot, the layers will be moderately undisturbed. 

Pansies are relatively simple to freeze. Layer them in a 
sandwich bag and add a litte water, then seal the bags. To freeze 
Queen Anne's lace flowers, spread plastic wrap or wax paper on a 
flat surface. Place the flowers face down on the wrap and roll up 
the wrap like a rug. If you have difficulty rolling a single piece of 
wrap with flowers, place cover sheet of wrap over the flowers and 
roll. Freeze the roll. Whenever you want some flowers, unroll the 
wrap take what you need, re-roll and return to the freezer. Queen 
Anne's lace flowers will turn brown when frozen, but they retain 
their delicious carrot taste and apparently their nutrition as well 


Freezing Queen Anne's Lace flowers. 
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Besides vegetables and fruits, you can successfully freeze 
vegetable stock and leftover fruits. Save all liquid from steaming 
or boiling vegetables or from leftover tea. The stock is best stored 
in freezer containers, ice cube trays, or heavy duty plastic bags. 
‘Soup stock can be frozen in layers until the container is full 

To freeze fruits, possibly for a mixed juice, layer the fruits 
ina large container as they are available. You might have a cup 
of raspberries—not quite enough to make jelly. Freeze in a large 
plastic container. Are there blueberries left over from making a 
pie? Add these to the fruit cache. When you have filled your 
container, you'll have the makings for a mixed fruit jelly or juice 


Decorations Can Be Edible Too 


A blustery winter wind whistles outside the door, and my 
spirit needs a cup of hot rose tea—rose tea is filled with vitamin C, 
for muscle repair and vitality, nerve restoration, and a general feel- 
ing of well-being. From the rose-stem wreath on the north wall of 
my home, | break offa bunch of twigs, a few leaves, and one small 
dried flower. After rinsing and placing them in a tea pot, | cover 
the rose stems, leaves, and buds with boiling water. I lett steep for 
five minutes savoring the bouquet, and then serve myself tea from 
my old china teapot. Nature’s bounty! 

| had ventured out to a spot in the woods where wild roses 
grew. There they were, inviting me to make lush wreaths from the 
green shoots. 

| took my loppers, and a big bag or length of twine, and 
began clipping offa few vines. | wound two vinestogether to make 
a circle, then added string to the overlapping ends to secure the 
wreath. | twisted more vines on the base, poking the ends through. 
When | finished, my decorative rose wreath was hung on the wall 
to provide a winter's supply of tea as well as to be a feast for my 
eyes and nose. 

My home abounds with wild food wreaths. Circular, heart- 
shaped, sprays—all wreaths are either leaves or flowers for teas, 
grains for bread flour, vines or leaves for vegetables, and twig 
spices for herbal teas. | decorate every nook and cranny with food 
wreaths. 

Wreaths made from wild grains are not only beautiful but 
practical. Since prehistoric days, people have twisted vines into 
Coils and wreaths, combining craft with foraging. The Chippewa 
nation still does this today with wild rice hoops or wreaths. 
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What plants make the best food wreaths? Here's a list. 


Food Wreaths GrainWreaths ‘Tea Wreaths 
+ Amaranth + Bulrush + Balsam fir 

+ Aster + Crabgrass + Birch 

+ Chicory + Phragmities + Blackberry 

+ Cholla + Spice wreaths + Maple 

+ Clover + Catnip + Meadowsweet 
* Daisy + Chamomile + Pine 

* Dock + Clover + Raspberry 

+ Fireweed + Mints + Rose 

* Grape + Strawberry + Sumac 

+ Lamb’s quarters + Thyme + Willow 

+ Malva neglecta + Wintergreen 

+ Queen Anne's Lace + Yarrow 

+ Rose 


Food Wreaths (from left to right, top to bottom): Yarrow tea, 
Grape vine with tendrils for food, Raspberry canes for food 
and tea, Rosemary sprig for spice, Spice rope of thyme, mint & 
chamomile, (2nd row) Balsam fir & meadowsweet flowers for tea 
and food, Balsam sprig, Grasses, oats & dock seeds for food 
and flour, and Rose hoop for tea. 
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Variants 


damaged by excessive current. With the excep- 
tion of Zener diodes and varactors, reverse bias 
on a diode should not be allowed to reach the 
breakdown voltage level. 


‘The graph in Figure 26-5 does not have a consis- 
tent scale on its Y axis, and in many diodes the 
magnitude of the (reverse-biased) breakdown 
voltage will be as much as 100 times the magni- 
tude of the (forward-biased) threshold voltage. 
The graph has been simplified for clarity. 


Permanent 
Damage 


Maximum Farward Current 


Forward Current 
Breadkdown 
Voltage 


Permanent 


Figure 26-5. As the forward voltage across a diode rea 
ches the junction threshold, the diode begins passing cur- 
rent. I te voltage across the diode is reversed, inialy a 
‘small amount of current leaksage occurs. Excessive for- 
ward or reverse voltage will create sufficient current to de- 
‘troy the component. 


Variants 
Packaging 


Some diodes have no information at all printed 
on them, while others may have a part number. 
Any additional information is rare. No conven- 
tion exists for indicating the electrical character- 


discrete semiconductor > single junction > diode 


istics of the component by colors or abbrevia- 
tions. fone terminal is marked in any way, almost 
certainly itis the cathode. One way to remember 
the meaning of a stripe on the cathode end of a 
rectifier diode or signal diode is by thinking of it 
as resembling the line in the diode schematic 
symbol. 


Signal Diodes 

Also known as switching diodes and high-speed 
diodes, their small size provides a low junction 
capacitance, enabling fast response times. They 
are not designed to withstand high currents. Sig- 
nal diodes traditionally were packaged with axial 
leads for through-hole installation (like 
traditional-style resistors). Although this format 
stillexists, signal diodes are now morecommonly 
available in surface-mount formats. 


Rectifier Diodes 

Physically larger than signal diodes, and capable 
of handling higher currents. Their higher junc- 
tion capacitance makes them unsuitable for fast 
switching, Rectifier diodes often haveaxial leads, 
although different package formats are used 
where higher currents are involved, and may in- 
cludea heat sink, or may have provision for being 
attached to a heat sink. 


There are no generally agreed maximum or min- 
imum ratings to distinguish signal diodes from 
rectifier diades, 


Zener Diode 

A Zener diode generally behaves very similarly 
toa signal or rectifier diode, except that its break- 
down voltage is lower, 


‘The Zener is intended to be reverse-biased; that, 
is, conventional current is applied through it “in 
the wrong direction’ compared with conven- 
tional diodes. As the current increases, the dy- 
namic resistance of the Zener diode decreases. 
This relationship is shown in Figure 26-6, where 
the two colored curves represent the perfor- 
mance of different possible Zener diodes. (The 
curves are adapted from a manufacturer's data- 
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Encyclopedia of Electronic Components Volume L 


If you grow your own roses, treat them with a spray of 
mild soap and water instead of pesticides and herbicides to ensure 
their future edibility. Be sure your bush is at least 100 feet away 
from any busy street. And be aware of your neighbor's habits with 
sprays and wait a season to eat transplanted nursery stock. 

When the time comes to buy your holiday tree, make 
sure it is organic. Christmas trees are often sprayed for insects 
‘and sometimes sprayed green to darken the needles. Find an 
organic dealer or cut your own tree. When the holidaysare over 
and your tree is dry, spread a sheet around the base and shake off 
the dry needles. Place needles in a large oven container (a roast- 
er, for example). Heat the oven to 300 degrees and then turn it 
off. Place the roaster with the pine needles in the oven and 
remove when the oven has cooled. Do not try to bake the nee- 
dies! The resin is combustible. Put the completely dry needles 
into glass containers and enjoy five years more of your Christmas 
tree astea. 

The trimmings from your tree also make fantastic tea 
wreaths. Collect them before they are completely dry, rinsing and. 
swishing any dust off the needles. Shape into wreaths and hang 
in your home for a source of fresh tea for weeks. 
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Notes 


Left: garden sorrel Right: wintergreen 
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Part II: Field Guide to Wild Foods 
Edible Plants 


This Field Guide section provides illustrations and 
descriptions of the fifty-nine foods discussed in this book. It is not 
intended to substitute for a comprehensive field guide to wild- 
flowers, trees, or plants. Rather, it should be used in conjunction 
with three well-illustrated, comprehensive guides to the plant life 
of your region. Also please note that plant sizes vary with envi- 
ronment, and measurements given here are intended as general 
guidelines only. 

The material that follows is organized as following, infor- 
mation where applicable: 


Common nam 
Scientific (Latin) name of species, or genus, only if the entry 
describes a group of related plants. 

Family to which the plant belongs. 

Other Names: Other common names by which the plant is 
known; also, types are described if the entry deals with a group of 
plant rather than a species. 

History: Brief background information on the origin of the plant 
and a notation if used by Native Americans. 

Habitat: General growing requirements—where the plantis likely, 
to be found, 

Characteristics: Whether the plants tree, shrub, or herbaceous 
plant; whether annual, biennial, or perennial; major physical 
characteristics to help you identify it in the field. 

Primary Uses: Whether used for food, medicine, or as a cosmet- 
ic; some mention of the uses the plant has been put to (not meant 
to be comprehensive), 

Nutritional Value: When applicable, a general indication of the 
plant's value to human nutrition. See also the Nutritional Value 
tables at the end of Part Il for further information on the nutri- 
tional value of these plants. 

Medicinal Value: When applicable, information on medicinal 
uses of the plant. See the Appendix for explanations of these 
medical terms. 

Cosmetic Value: When applicable, an indication of how the plant 
is used as external treatment or otherwise. 

Collection and Storage: Tips on harvesting and preparation for 
immediate use or long-term storage. 

Caution: There are some wild plants that can be mistaken for 
these edible plants, See the section on Poisonous Look-Alikes, 
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Part V. Note also that entries in the Field Guide include occa- 
sional cautions or warning notices about collecting and handling 
some plants. Be sure to heed these cautions. 

Comments: Personal remarks and additional information on the 
plant and its uses for us all 


Foreground: fiddleheads 
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Legend to the Uses of Wild Foods 


These symbols appear in the description of each wild food and 
indicate the main uses of that plant at a glance 


Beverage =| Salad ge 
i 


Bread Soup 
Casserole E> Sweets 


Cereal Tea a 
= 


Flour Toothpaste —_ 

J Vegetabl a. 

am jegetable Seep 
4 

Medicine Wine 

Pickles 


These symbols are used later in the poisonous look-alike section 


Edible (©) Poisonous 7) 
-< 
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Aloe Vera 


Aloe perfoliata vera 
Family: Liliaceae 


Other Names Medicinal aloe, 
Barbados aloe. 

History: Probably native to 
Mediterranean. Used by 
Native Americans, 

Habitat: Temperate zones, 
desert, arid regions, 
Characteristics: Bushy succu- 
lent. Green fleshy leaves, 
called spikes, are filled with clear gelatinous liquid. Mature plant 
has spikes up to 3 feet high with dense, arrow-shaped clusters of 
yellow or orange flowers. 

Primary Uses: Flowers, edible raw. Medicinal, cosmetic. In tea 
{as an antispasmodic, antihistamine (asthma, colds, congestion), 
anodyne, or as tranquilizer or diuretic. Crushed leaves yield gel 
which is applied as poultice for burns or sores, promoting growth. 
of new tissue. 

Medicinal Value: An antibiotic, astringent (to accelerate wound 
healing), coagulating agent, biochemical bandage, pain inhibitor, 
growth stimulator, "wound hormone”, demulcent, antihistamine, 
mild laxative, burn healer. 

Cosmetic Value: Skin conditioner, astringent. Also aloe has bac- 
teria- inhibiting qualities that make it an excellent underarm 
deodorant. 

Collection and Storage: Harvest in summer; buds, flowers, young 
leaves. For external use, slice leafin half and place directly where 
needed. For internal use, remove gel and place in water. 
Refrigerate or freeze. Freezes well. Where aloe grows naturally, 
both young and old leaves are thick. Since old leaves are tough 
and the gel is bitter, harvest the new, thinner leaves. 

Caution: Do not use as bulk food. Use sparingly for medicinal 
purposes only. 


Linda Says- Aloe vera is the most important native plant in 
the West. Preparing aloe is fun. | take a leaf, turn the fiat side 
down, and lay iton a flat surface. The skin comes off easily by 
slicing under the skin from tip to larger end. The gel scrapes 
off quickly with a spoon, Then | scoop the gel into a bowl, 
whip it thoroughly with an egg beater, and put it into an ice 
cube tray to freeze. | use one cube to a 6-ounce glass of 
orange juice for a tonic. One cube also works wonders for 
immediate application on sunburns. 


While aloe isa Western plant, mullein in the East has many of 
the same properties. 


ferent Plants, Similar Uses 


‘ALOE VERA MULLEIN 

[Antihistamine Antihistamine 

Burn healer, pain reliever Burn healer, pain reliever 

[Growth stimulator Growth stimulator, reduces 
swelling 

Wound hormone Wound healer-promotes quick 
healing 

Pain inhibitor Pain inhibitor 

Astringent, accelerated Whole leaf bandage, antiseptic 

{wound healing 

Demulcent ‘Antispasmodic 

[Coagulating agent Tranquilizer, biochemical 
bandage 

Antibiotic Mild sedative 

Deodorant, inhibitor of bacteria 

Mild laxative ‘Anadyne, a medicine that 
relieves pain 

(Cosmetic, skin softener ‘Cosmetic, skin softener 
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Amaranth 


Amaranthus retroflexus 
‘Amaranth family, Amaranthaceae 


Other Names: Green amaranth, 
Pigweed, red root, carelessweed, 
choohugia (Pima name). 
History: Native to tropical America; 
naturalized throughout the world. A 
staple food of the Zapotec Indians of 
Mexico. (Sturtevant 1972) Coastal 
Algonquins collected amaranth for a 
vegetable and used its ashes as salt. 
The plantis naturalized in Asian coun- 
tries. Itis cultivated in tropical Africa 
and J amaica as a potherb. Seeds are Common Amaranth 
used for flour in India and Nepal. “(Western US.) 
Amaranth yields 8 ounces of seed from 

plants covering 1 square yard of ground. 

Habitat: Cultivated soil 

Characteristics: Annual herb. Averages 2 foot, but may reach 6 
feet or more. With bristly seed heads, clustered on multi-branch 
stems from a central stalk. Flower 
seeds are black and shiny; leaves are 
smooth and veined with slightly 
toothed margins. Eastern amaranth 
seed headsor “flowers” are denser and 
shorter than the Western species. 
Western varieties may have long, 
spindly, bristly seed heads, and white 
seed pods with black seeds inside. 
Primary Uses: Culinary, cosmetic. Use 
leaves and stems like spinach, eaten 
raw, steamed, sautéed, cooking liquid 
is drunk, Leaves are also dried and 
ground for flour. They are used in 
soups and stews. Seeds are used raw 
or dried for baked goods, cereal, 
mush. 


‘Common Amaranth 
(Eastern US.) 


Nutritional Value: High in vegetable protein. High calcium and 
vitamin E. 

Cosmetic Value: Astringent, wrinkle cream. 

Collection and Storage: Use entire plant. Harvest lower leaves 


and branches in summer as vegetables. Refrigerate or freeze; dry. 
Wait until plant is full grown for large seed heads. Amaranth 
seeds are easily collected in autumn by tapping the seed head 
‘over a bowl, even in summer on the desert. 


Linda Says- The first time | saw amaranth | couldn't believe 
my eyes! Tall, wondrous plants heavy with seeds bordering 
pasture and barn areas. There were hundreds of these 
"weeds" some bent over from the weight of their seeds. In less 
than 20 minutes! bundled enough amaranth for a week's sup- 
ply of fresh vegetable and almost a winter's supply of flour. It 
did not take long to discover the wonders of amaranth in 
brownies, as a cooked green, or asa gruel. 


Arrowhead 


Sagittaria species, S. chinensis 
Water Plantain Family, Alismataceae 


Other Names: Duck potato, wild 
potato, Wapatoo (Indian). 

History: Native to North America 
Lewisand Clark used Arrowhead for 
food, taught by Native Americans, 
The explorers wrote, “(they) can be 
ground fine. A flair for pudding, 
cakes, etc. They are nearly equal to 
Irish potatoes, and are a bread sub- 
siitute.” Chinese sell it in market- 
places for food. 


Habitat: Widely distributed. Marshes, wet bogs, mud flats. 
Characteristics: Aquatic perennial with tubers. Grows in swamp 
water to a height of about 10 inches. Arrowhead-shaped leaves 
and filmy white-petal flowers. Roots have walnut-size tubers. 
Primary Uses: Culinary. Root corms: Used as potatoes, sliced or 
whole, boiled, sautéed, or raw. Strung and dried then ground for 
flour. 
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Nutritional Value: Easily digestible; a nutritious food, especially 
for convalescents, 

Collection and Storage: When harvesting arrowhead tubers, use 
‘a pitchfork and lift gently. The tuberstend to snap off in the mud. 
and the pitchfork creates less tension. Freezes and dries well 
Scrub the small tubers thoroughly and string with a needle and 
thread. Hang the strings to dry, then store in glass. 

Caution: If water purity is in doubt, use purification tablet and 
soak tubers in water purifying solution 

Comments: There aren't too many arrowheads in my area of 
northern New York, but southern New York and areas of New 
Jersey have immense quantities in marshes and wetlands; they 
are also in wetlands in the West 


Linda Says- My marshes do have a few “secret” areas for 
Arrowheads, Misty, boggy, muddy, slimy, and mossy, the 
‘marsh’s loam logs rot away to the richest, blackest soil | have 
ever seen. Mosquitoes are an inch long where the arrow- 
heads poke up above the mud! I pray silently, dip my pitch- 
fork under the plant, and lift sowly. | used a needle and 
thread to string the tubers in the cabin, drying them for the 
winter. Easily reconstituted in water, the tubers make deli- 
cious soups and stews. 


discrete semiconductor > single junction > diode 
sheet) This behavior allows the Zener to be used 
in simple voltage-regulator circuits, as it can al- 
lowa reverse current to flow ata voltage limited 
by the diode'’s breakdown voltage. Other appl 
cations for Zener diodes are described in "DC 
Voltage Regulation and Noise Suppression” 
(page 230). A typical Zener diode is shown in 
Figure 26-7. 
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Figure 26-6. A manufacturer's datasheet may include 
Braphs of this kind. showng the variation in dynamic re 
sistance of twa reverse-biased Zener diodes in respanse 
fa changes in current. 


Figure 26-7. A 1N4740 Zener diode. 


Variants 


Transient Voltage Suppressor 
(Tvs) 

A form of Zener diode designed to protect sen- 
sitive devices from transient voltage spikes by 
clamping them—in other words, diverting the 
energy to ground. A TVS can absorb as much as 
30,000 volts from a lightning strike or static dis- 
charge. Typically the Zener diode is incorporated 
in a network of other diodes in a surface-mount 
integrated circuit chip, 


Zener diodes can also be used in circuits to han- 
dle electrostatic discharge (ESD), which can oc- 
curwhena person unknowingly accumulates an 
electrostatic potential and then grounds it by 
touching an electronic device. 


Schottky Diode 

This type has a low junction capacitance, ena- 
bling faster switching than comparable generic 
silicon diodes, It also imposes a lower forward 
voltage drop, which can be desirable in low- 
voltage applications, and allows less power dis- 
sipation when a diode is necessary to control 
current flow. The Schottky diode is fabricated 
with a semiconductor-to-metal junction, and 
tends to be slightly more expensive than generic 
silicon diodes with similar voltage and current 
specifications. 


Varactor Diode 

‘Also known as a varicap, this type of diode has 
variable capacitance controlled by reverse volt- 
age. While other diodes may exhibit this same 
phenomenon, the varactor is specifically de- 
signed to exploit it at very high frequencies. The 
voltage expands or contracts the depletion re- 
gionin thejunction between theP and Nregions, 
Which can be thought of as analogous to moving 
the plates of a capacitor nearer together or far- 
ther apart. 


Because the capacitance of a varactor has a low 
maximum of about 100pf, its uses are limited. It 
is used extensively in RF applications where its 
voltage-controlled variable capacitance pro- 
vides a uniquely useful way to control the 
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Aster 


‘Aster nemoralis 
Composite Family, Asteraceae 


Other Names: Blue, pink, laven- 
der, white & yellow aster. 

History: Native to North America. 
Staple of the Iroquois Indians in the 
Northeast; food of tribes in the 
Midwest and West. Used in sweat 
lodges by Objibwa Indiansto revive 
consciousness by putting on the hot 
rocks. Used as a food in South 
‘America. 

Habitat: Fields and meadows, 
roadsides. 

Characteristics: Perennial herb. 
Many varieties. Height varies, average 24 inches; may reach 40 
inches. Numerous extensions jutting with multi-petaled flowers 
from a central stem. Petals are layered in flat, /2-inch-long sec- 
tions. Colors vary from white to pink, yellow, blue, and purple. 
Primary Uses: Culinary, Medicinal. Leaves eaten raw, steamed, 
boiled, sautéed, cooking liquid is drunk. Flowers stewed or 
steamed whole; chopped fine and stewed or steamed. Entire plant 
is dried, then stripped and ground for flour. Sprinkled on dishes, 
especially tomato-based dishes such as lasagna. The pith of the 
aster stem is edible, even in mid-winter. As emergency food, eat 
raw or cook in soup, 

Medicinal Value: Dried stems and flowers are used as a wash for 
theumatism; also excellent blood tonic tea. Roots of dwarf purple 
aster used for diarrhea control. 

Collection and Storage: Snip the long stems at ground level and 
bundle together with string. | carry 2foot lengths of string around 
my shoulders, and harvest the flowers until | have a bundle 10 to 15 
stems thick. Stop bundling stems together when the flowersare too 
tight to be airy for drying. Take only a few plants from each 


area (or 1 out of 4). Hang bundles upside down on a clothesline 
to dry. When dry, strip down onto sheet, crumble, and store. 
‘Also, leaves can be frozen. 

Caution: Do not eat domestic asters. 


Linda Says- Nature's abundance is particularly clear to me 
when | harvest the Iroquois staple, the wild aster. There are 
250 varieties of wild aster in the United States: blue, lavender, 
yellow, and white prevail in the Adirondacks; blue, lavender 
and yellow in Western states. Field may have flowers as far as 
the eye can see. In less then 15 minutes | have enough to 
make a winter's supply of wild aster flour. | grind this bounty 
into flour for baking from dried storage food. The flour is par- 
ticularly strong, nutritious. | recommend adding a small 
amountto regular recipes. Thislroquois staple remains one of 
my favorites. 


Balsam Fir 


Abies balsamea 
Pine Family, Pinaceae 


Other Names: Christmas tree. 
History: Native to North 
‘America. Soft inner bark was 
used as emergency food at 
Valley Forge. Native American usage. 

Habitat: Grows in cool, moist, acidic soil along roadsides, woods, 
or lawns and in softwood forests. 

Characteristics: Evergreen tree. Has small, short needles grow- 
ing alternately from under stem, 1 to 1-1/2 inches long. Growsto 
height of 40 to 60 feet. 

Primary Uses: Culinary, medicinal, cosmetic. Bark is chewed, 
ground or dried for flour. Sap is chewed as gum. Branches and 
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twigsare stripped and ground for flour. Needlesare used raw for 
food; steeped raw or dried for tea. Used in wine. Ground raw or 
dried for emergency flour. Dried needles are used to fill balsam pil- 
lows and sachets, They lend a fresh scent to drawers and closets, 
Nutritional Value: Good source of vitamin C. 

Medicinal Value: Roots used as a poultice to soothe syphilitic 
sores and gonorrhea. Sap (pitch) is a “glue” for cuts, scratches, 
bites, and sores. Dried sap is chewed for colds, bronchitis, 
influenza, pneumonia, upper respiratory diseases. 

Cosmetic Value: Oil used for flavoring, scents, perfumes, soaps 
Collection and Storage: One branch yields a winter's supply. 
Balsam fir tipsare a lighter green, indicating newer growth. | snip 
off needles here and there, filling a bag with dozens of twigs. 
Needles dry easily and quickly indoors in a sunny spot. For tea, 
simmer 1 cup needles until water is dark green. You may reuse 
needles or bark several times, adding water and simmering. Poke 
sap blister and gather liquid for emergency glue; store in glass if 
possible. 
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Linda Says- Rather than throw away your Christmas tree, 
use it for nutrition as well asa room refresher. For a wonder- 
ful aroma throughout the winter, simmer needles in water 
until they reach a thick, gummy state. Use twigs and parts of 
older branches as a fresh-smelling incense. To dry sap for 
medicine, make small fiat cakes of sap and dry in a thin layer 
at the back of a wood stove or above the pilot light of a gas 
stove. 
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Birch 


Betula species 
Birch Family, Betulaceae 


Other Names: White birch, paper 
birch, yellow birch, golden tree. 
History: Native to North America. 
Scandinavians boiled, baked and 
added birch sawdust to their 
breads. Loggers say that their 
white birch sawdust used to be 
taken to American bread compa- 
nies. Native Americans used birch 
dust for tea, and the strong inner 
bark was fashioned into many 
crafts. The Cree Indians folded 
birch bark and bit patterns into it, 
then unfolded it. Hundreds of 
Confederate soldiers were saved during their retreat to Monterey, 
Virginia, when they used birch bark as food? (Harris 1973). 
Habitat: Woods, roadsides. 

Characteristics: ‘Deciduous tee. Alternate simple saw-toothed 
leaves. Papery bark of white and yellow birch peels in curls, 
Primary Uses: Birch isan excellent cabinet-making wood; it makes 
Strong hardwood furniture. Culinary, medicinal, cosmetic. Inner 
bark, sap, twigs, buds, and young leaves eaten raw as emergency 
food; dried and ground for flour. Sap is drunk raw for nutritious 
liquid. Twigs are used to make wines, dried for tea or crispy treat. 
Buds eaten raw. Young leaves steamed, sautéed, cooking liquid 
drunk. 

Nutritional Value: High in minerals, calcium and phosphorous. 
High in potassium and beta carotene. 


Ben Charles Harris, p. 444 


Medicinal Value: Buds are a tonic, since birch bark contains salix, 
or acetylsalicylic acid. A strong tea made from the bark has been. 
used as an aspirin substitute. 
Cosmetic Value: Birch bark used for skin problems, eczema, skin 
eruptions, pimples, dandruff, and scalp disorders. Dried, pow- 
dered leaves used for chaffed skin; birch oil for hair tonic or 
body oil. 
Collection and Storage: Use the bark of downed trees, or follow 
‘a logging trail and gather the sheets of bark left behind. You can 
also peel the bark off firewood in the spring. Strips of birch bark 
make a quick, sure fire. Four 5 1/2 inch strips = 2 cups fine flour 
(a winter's supply). One branch approximately 4 feet long = win- 
ter's supply for 4 people. 

Tap the trunks in spring (April une) like maple trees 
One tree yields an average of 1 gallon of syrup in a few hours. 
Twigs, inner bark, and sap can be used all year. Buds and twigs 
have a wintergreen taste. The sap can be boiled down and used 
‘asa syrup or in birch beer. Boil down birch syrup further to make 
birch molasses. Store dried and ground inner bark in glass as an 
emergency food. The inner bark makes a delicious mineral tea; 
carry a chunk with you when doing hard physical work. The 
inner bark dries to a breakable sheet ready to be used as tea; 
store in glass containers. 
Caution: People allergic to aspirin may have a reaction to salix 
wild foods such as birch 
Caution: Peeling the bark of a living birch will kill the tree. Thisis 
called girdling a tree. The bark isliterally the skin of the tree, and 
without it the birch will die. 


Linda Says- Birch bark is one of my most precious posses- 
sions. | use it in every season for tinder and generally keep 
sheets of it in quantity. In the middle of one winter | received 
an order for birch-bark baskets. Since | had no bark on hand, 
| got permission to go up a logging trail with Ken and Todd. 
What a day-20 degrees below zero, with 4 feet of snow and no 
snowshoes! As| peeled bark off stumps of white birch 
knife and hatchet, Todd played in the drifts. That night my 
back ached in remembrance of the work, but | had enough 
bark for hundreds of baskets, with plenty left over for 
Christmas cards and for starting fires. 
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Blackberry 


Rubus villosus and other 
bramble berry 
species 

Rose Family, Rosaceae 


Other Names: Creeping 
blackberry, cloudberry, wine- 
berry, dewberry. 

History: Native to North 
‘America and elsewhere. 
Used asa fruit in all countries 
where found 

Habitat: Roadsides, fields, meadows. 

Characteristics: Biennial trailing stems, Bush varies in size, up to 
5 or 6 feet tall. Saw-toothed leaves in groups of 3 to 5; thorns on 
angular, arching stem; fruit pebbly and black when ripe. Canes 
produce fruit on second year's growth. Fruit does not separate 
from receptacle when picked. 

Primary Uses: Culinary, medicinal, cosmetic. Young stems and 
shoots eaten raw or cooked; used fresh or dried for tea. Fruit is 
eaten raw, and cooked for jellies, jams, syrups; also juices and 
wines. Flowers entirely edible raw. Young leaves are edible as a 
cooked vegetable in the spring, 

Nutritional Value: Young stems and fruit are good source of 
itamin C. 

Medicinal Value: Bark of stem helpful for intestinal problems. Tea 
made from blackberry root helps control diarrhea. Thistea is also 
an astringent, a mouthwash for mouth sores. Asa strong tea or 
eaten raw, all parts ofthis plant can be used to relieve diarrhea or 
asa blood cleanser. 

Cosmetic Value: Leaves are good for facials, masks, lotions, and 
astringents. In an extract, clears blemishes, eases scalp itches, 
and heals scales. 

Collection and Storage: Tie a lightweight receptacle around your 
‘waist and use both hands to pick berries. Hand-pick young leaves 
in early summer. 


icking Blackberries in Adirondack Bear Country 
The dirt road next to the shanty led down to an old 

log bridge. The bridge spanned the Cedar River, and there 
was nothing but private wilderness for several miles. 1 
crossed the river and climbed the wooded path for one 
mile. In another half-mile, | came to the largest blackberry 
patch | had ever seen. | was equipped with lightweight 
containers for the berries and fly repellent made of olive oil 
and pennyroyal. 

| whistled a tune as! approached the patch, wary of 
the bears known to be in the area. | knew if | blended in 
too much, the bears might resent it. This philosophy had 
worked for me before-either | was allowed into their 
domain or | was not. Then | became aware of a very large 
body up ahead. | could hear and smell the bear shuffling 
slowly through the woods. | waited. Testing the wind for 
the bear smell and listening with my ears as | whistled, | 
knew the bear shuffled away. 

| picked blackberries with both hands, dumping 
them into a plastic bottle and then into a large bucket. 1 
worked my way around the path from left to right. 
Experience told me that | needed two hours to obtain eight 
quarts of juicy blackberries, and this particular day | picked 
eight quarts and then left the patch to the bears again. 

When | worked with my son, Todd, we had our two 
coffee cans filled in moments and proceeded to dye our 
sweatshirts blue-black with the weight of the juicy fruit. 
With over a gallon of ripe blackberries we made jelly that 
night over an evening campfire. Breakfast was a treat! 
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Blueberry 


Vaccinium myrtilus 
Heath Family, Ericaceae 


Other Names: Bilberry. 
History: Native to North America. 
Used by Native American tribes. 
Habitat: Acid soil, fields, roadsides, 
waste areas, bogs, marshes, woods. 
Characteristics: Low spreading 
plant or woody shrub. Many vari- 
eties, from ground-hugging plants to high bushes. Fruit isin clus- 
ters in groups of 2 to 10. (Huckleberry often grows near blue- 
berry; edible fruit looks similar, but huckleberry has stony pit and 
tart taste.) Wild blueberry looks like bilberry: both are edible, 
although true bilberry is not very tasty. 

Primary Uses: Culinary, Medicinal. Fruit is eaten raw or cooked 
for jellies, jams, syrups; also wines. 

Nutritional Value: High source of Vitamin C. 

Medicinal Value: Blueberry leaves used medicinally in a tea. 
Because they contain myrtillin, an antispasmodic and relaxant, 
blueberries were used as a drink during childbirth to relax the 
mother. Leaves, fruit, and twigs can be made into an infusion and 
drunk for kidney problems. Dried berries are chewed slowly and. 
thoroughly to aid control of diarrhea. Leaves and twigs can be 
used separately or together as teas, tisanes, and throat gargle. 
Collection _and Storage: Blueberries are best picked by first 
pulling sections with both hands rather roughly and letting berries 
fall on to a sheet spread around the bushes. After rough-picking 
‘a few bushes, rustle the branches for the many berries caught 
between the leaves. Gently gather up the sheet and pour the 
berries on a tray. 


8 jars jelly 

2 cups dried berries 

1 quart frozen berries 

Twigs can be dried or dug up under the snow. Berries are placed 
in cold water. The immature berries and leaves float to the top 
for easy removal. To dry, spread on a tray; cover with a screen or 
cloth, For storage, berries can be dried until they rattle, or frozen. 
Caution: Positively identify; crush fruit for characteristic blueber- 
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ry smell. Blueberries have a slight frill and an opening on the side 
away from the stem. A species of buckthorn, which is poisonous, 
has blue berries without a crown or frills. 
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Linda Says- The fields behind the old McConnel place were 
filled with ripe berries, and became my favorite place to pick. 
''d place a sheet around the bushes, and use both hands for 
picking. With a sheet you can become lightning fast, but itis 
sill a challenge to pick enough berries for a pie before the 
blackflies find you. | usually made smudges before the clouds 
of fies found me if| wanted to take my time picking. Then I'd 
dry blueberries on screens covered with a cheese cloth, 
Those berries in my cereal on a winter's morning made it 
seem like spring, 


Bulrush 


Scirpus validus and other 
sedge varieties 
Sedge Family, J uncaceae 


Other Names: Sedge, tule, 
great bulrush, nupiaskun 
(Crow Indian) 

History: Found nearly 
throughout the world. Used 
as food from Moses’ time 
including use by all Native 
‘Americans. The Crow made 
mats by sewing together bul- 
rushes with basswood string 
and a bone needle. 

Habitat: Wet areas, drainage spots, bogs, swamps; alongside 
waterways and ocean bays. 
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Characteristics: Grasslke herb. Many varieties with height to 24 
inches or more. Stems smooth, round, with pith; head of flower 
spike full of seeds and pollen. 

Primary Uses: Culinary, medicinal. Roots cooked as potato. Early 
shoots eaten raw, steamed, boiled, sautéed; cooking liquid drunk 
Flower clusters dried and ground for flour. Bulrush flour is sweet 
and nutty—it has the most branlike taste of all the grains. Pollen 
used as flour. Seeds ground and roasted. 

Nutritional Value: Highly nutritious, roots rich in complex carbo- 
hydrates. 

Medicinal Value: A plaster or poultice for aches and pains. 
Collection and Storage: 

-8 bulrush plants = up to 1 cup leaves 

+ Lcup leaves = 1/2 cup bulrush flour 

+ L teaspoon powdered bulrush leaves = 1 cup tea 


See page 34 for collection details. 
coo 
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Dry the bulrushes whole, bundle the long stems and hang them 
upside down in a warm, airy spot out of the sunshine, To ensure 
dryness, dry in a 300° F. oven for 5 minutes, then turn oven off 
and wait until cool. Follow this drying procedure even if using 
the bulrush strictly for decorative purposes. 


Linda Says- | have spent many wonderful mornings watch- 
ing dragonflies and frogs playing in the swamp while | gath- 
ered bulrushes. Swamping is not only fun, but profitable-l've 
fed many people on bulrush bread. 

Insects love to lay tiny eggs in bulrush tops, so even if 
|| am using the bulrushes for decoration, | leave them outside 
for 24 hours so the bugs can leave. After drying, | use them 
in lovely arrangements or grind them to a fine, delicious flour 
for baking. 


Values 


frequency of an oscillator circuit, In almost all ra- 
dio, cellular, and wireless receivers, a varactor 
controls a phase-locked loop oscillator. In ham 
radio receivers, itcan be used toadjust thetuning 
ofafilterthat tracks anincoming radiofrequency. 


A varactor is always reverse-biased below its 
breakdown voltage, so that there is no direct 
conduction, The voltage that controls a varactor 
must be absolutely free from random fluctua- 
tions that would affect its resonant frequency. 


Tunnel Diode, Gunn Diode, PIN 
Diode 

Mostly usedin very high frequency or microwave 
applications, where ordinary diodes are unac- 
ceptable because they have insufficiently high 
switching speeds. 


Diode Array 

Two or more diodes may be encapsulated in a 
single DIP or (more commonly) surface-mount 
integrated circuit chip. The internal configura- 
tion and the pinouts of the chip will vary from 
one device to another. Diode arrays may be used 
for termination of data lines to reduce reflection 
noise. 


Bridge Rectifier 

Although this is a diode array, it is commonly in- 
dexed in parts catalogues under the term bridge 
rectifier. Numerous through-hole versions are 
available with ratings as high as 25A, some de- 
signed for single-phase input while others pro- 
cess three-phase AC. Screw-terminal compo- 
nents can rectify more than 1,000 volts at 1,000 
amps. The package does not usually include any 
provision for smoothing or filtering the output. 


See “Rectification” (page 227) for more information 


on the behavior of a bridge rectifier. 


Values 


‘A manufacturer's datasheet for a typical generic 
diode should define the following values, using 
abbreviations that may include those in the fol- 
fowing list. 


discrete semiconductor > single junction > diode 


+ Maximum sustained forward current: |; Orly 
OF lomax 


+ Forward voltage (the voltage drop imposed 
by the diode): V; 


+ Peak inverse DC voltage (may be referred to 
asmaximum blocking voltage or breakdown 
voltage): Pj, OF Vac OF Var 


+ Maximum reverse current (also referred toas 
leakage):|, 


Datasheets may include additional values when 
the diode is used with alternating current, and 
will also include information on peak forward 
surge current and acceptable operating temper- 
atures, 


A typical signal diode is the 1N4148 (included at 
the bottom of Figure 26-3), which is limited to 
about 300mA forward current while imposing a 
voltage drop of about 1V. The component can 
tolerate a 75V peakinverse voltage. These values 
may vary slightly among different manufactur- 
ets, 


Rectifier diodes in the 1N4001/1N4002/1N4003 
series have a maximum forward current of 1A 
and will impose a voltage drop of slightly more 
than 1V. They can withstand SOV to 1,000V of i 
verse voltage, depending on the component. 
Here again, the values may vary slightly among 
different manufacturers. 


Zener diodes have a different specification, as 
they are used with reverse bias as voltage- 
regulating devices rather than rectification devi- 
ces, Manufacturers’ data sheets are likely to con- 
tain the following terminology: 


+ Zener voltage (the potential at which the di- 
ode begins to allow reverse current flow 
when it is reverse-biased, similar to break- 
down voltage): V, 


+ Zenerimpedance or dynamicresistance (the 
effective resistance of the diode, specified 
When it is reverse-biased at the Zener volt- 
age):Z, 
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Burdock 


Arctium lappa 
Sunflower Family, Asteraceae 


Other Names: Beggar's but- 
tons, burs. 

History: Native to Europe and 
Asia; widely naturalized in 
North America, 

Habitat: Fields, roads, most 
waste areas. 

Characteristics: Bush like, 
large green leaves over a foot 
wide, and many veined. 
Tubular, purple or white flow- 
ers followed by spherical 
burrs, 3/4” diameter. In the 
fall, burs dry to brown, sticky seed pods, 

Primary Uses: Culinary, medicinal. Roots are boiled; dried and 
powdered for nutrient additive. Stem pith isbaked, boiled; eaten 
as pickle, candy. Early leaves are eaten raw, steamed, boiled, 
sautéed; cooking liquid drunk. Large leavesare used as trays and. 
receptacles for small plants. Burs when young and still pliable are 
steamed and eaten; when mature, broken in half and white pith 
eaten raw. 

1 large leaf holds 2 cups green burs 

1 B:inch root = enough raw root for 2 or 3 people 

Nutritional Value: High in vegetable protein. Containsinulin, the 
‘chemical source of insulin. 

Medicinal Value: Tea used to heal infections. Root isa diaphoret- 
ic; as wash infusion, for poultice, bruises, sore or tired feet. 
Cosmetic Value: Seeds for skin problems, eczema, cleansing. For 
pet's fleas, simmer a small handful of brown burs, strain, and cool. 
Wash your pets with the decoction. Kills fleas quickly! 
Collection and Storage: When you can, harvest the young roots 
before the flower stalk develops (usually the second year of 


growth}. When digging roots, side the shovel thoroughly down. 
one side, then another, until all 4 sides have been deeply cut. 
Keeping the shovel in one side, pry up the root without breaking 
itoff. You will feel the pop when the root releases from the earth. 
Ifthe tip remains, the plant will grow again. Steam and wrap burs 
individually to freeze. Slice and fry or simmer and then freeze 
roots. Gather burdock in any season. Similar in size to rhubarb 
leaves, the gigantic burdock leaf forms its own carrier. In spring, 
place tiny new burs on a leaf, roll the leaf, tuck in the ends, and 
put the leaf in your pocket. In winter the burs are brown. | take 
aa few brown burs, stroke the bushes, and gather a ball in no time. 
| stick the burs together in a large ball and carry them on my 
shoulder, freeing both hands for further picking. 


Carrying Burs 


Linda Says- When harvesting, cut over the joint of the root 
where the stem begins. Scrub the root with a brush then peel 
root until you reach fiber. The fiber will turn from white to 
brown very quickly; this is normal oxidizing. You can peel the 
brown off again when serving, but I just steam the burdock 
pieces and freeze for a winter's meal. Drying the peels makes 
a crunchy, chewy root food. 


Cattail 
Typha latifolia 
Cattail Family, Typhacerae 


Other Names: Supermarket of the 
‘swamp, punk, upakiotipa (Crow 
Indian) 

History: Native to North America, 
Europe, Asia. Cattail has been 
used for food throughout record- 
ed history by people in all coun- 
tries where it is found, 

Habitat: Bogs, swamps, wet areas. 
Characteristics: Perennial herb. 
Grows in wet areas to a height of 
10 feet or more. Stalks have hot 
dog-shape heads, pollen flag in 
early spring. Very tall slender leaves with 1 vein. 

Primary Uses: Culinary, medicinal. Roots are dried and ground 
for flour. Early shoots are eaten raw. Stem pith is eaten raw, 
boiled, and pickled. Early green heads are eaten raw, cut and 
cooked as ear of corn. Early brown heads are ground for flour. 
Pollen is used as nutrient additive. Leaves are used for basket 
weaving, mats, other crafts. 

Nutritional Value: Plant holds about 30 percent complex carbo- 
hydrates; highly nutritious. 

Medicinal Value: Flower heads used in tea for diarthea control. 
Collection and Storage: Pollen collected in spring; shake into a 
paper bag. Stems harvested before the cattail flowers, whenever 
possible. Roots dug from winter to early spring. Gather fluff from 
mature heads for excellent insulation or stuffing for jackets. The 
fluff floats and is waterproof, and serves as excellent tinder and 
torch. Can be used as cotton, 

Caution: If water purity is in doubt, use purification tablet and 
soak plant in solution. 

Caution: Pollen fluff may cause skin to break out in hives. 


Cattailing Seasons 

‘The morning is misty and cool. The Adirondack. ice 
has finally left the swamp and the crystals have melted along 
the edges of the mossy mats. The cattail shoots will soon be 
through. Water is beginning to show the spring signs of life. | 
saw bugs skating yesterday and heard a frog peep. Steam isris- 
ing from the invisible shield above the water. The old, dried 
stalks of cattails, left after winter's fury, lay bent and crooked, 
disheveled, The matted fuzz of the old tails looks pathetic as the 
new growth heads toward the surface of the shield. 

There are bladesgreen shootspoking up from the 
‘swamp. | take my trusty shears, long boots, plastic garbage bag, 
4foot board, and towel (should | fall in the boggy mud), to 
gather cattail shoots to can for winter. Laying the board from 
at to mat, | gingerly move the length, clipping the shoots and 
dragging my filing bag behind me. Glancing back into the 
‘swamp, | can tell where | have harvested. The shootswill come 
again, reaching toward the sun of summer. 

Later in spring, green plumes meet my eyes. The 
headsare like corn on the cob. | can taste and smell the meaty, 
nutritious flesh, My board goes down gingerly now. The 
‘swamp is dotted with thousands of green spikes. Gathering 
carefully, | pick only cattails with a full cob. Making piles of 8 to 
10 stems, | bunch them in a pattern behind me, then | wrap 
each bundle with the leaves, winding them round. 

Though the water is much warmer now, steam rises as 
dozens of insects zoom through. Mosquitoes glide by, legs 
tucked up underneath, looking like tiny planes with their land- 
ing gear drawn for a landing. Frogs and peepers croak and 
splash off their pads. | have cut the largest harvest ever. Now 
winding my way back | pick 10, 20, 30 tails at once. I'm com- 
ing back to camp with a supply of cobs to savor. 

‘Summer is here and the murky mud is tough going, 
The cattails have filled the swamp with heavy bushy stems and 
bladesrich with brown cobs. They are ready for harvest. Flour 
time! Bread time! Pancake time! 

The cattail stems have swelled to 1 inch, sometimes 1 
‘1/2 inches thick. Inside liesa creamy white pith that makes deli- 
cious pickles. Sweet and highly nutritious, they will supply a 
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winter's fat. The cattal is heaviest now so | gather only a few, 
counting up to 10. | need 20 to 30 to make a loaf of bread. The 
mosquitoes are merciless, and the 90 degree August heat is 
causing the brackish water to make a stench. Under the cattails, 
‘grow pennyroyal, mint, and other grasses. The harvest is half 
done for the winter. Another day and | will have seven or eight 
gallon containers filed with the pure starch piths. 

Fall is here and my last trip for the year to the swamp 
isa sad one. Most mosquitoes have disappeared when the tem- 
perature dipped to 50 degrees. Ice crystals will form soon. 
Soon 40 mile per hour wind will swirl snow. Life will be in a 
dormant stage for many monthsnow, but the precious cobs will 
be our insulation, our stuffing for pillows, blankets, and winter 
jackets, This collection isthe easiest. As fast as! cut a cob, the 
pollen pops out and my bag fils with creamy fluff. The tough 
brown skin holds some heads together, awaiting a twist by both 
hands to rip open and fluff out the rich pollen. 

‘The mud has an almost fishy odor, and its full of algae 
and frogs. At this last harvest of the year, the rewards come in 
floods, and the swamp holds my deepest respect | have 
reaped its finest fruitthe supermarket plant of the swamp: the 
aquatic cattail. 


Cattails and Cobweb 
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‘Chamomile 


Matricaria chamomilla 
Composite Family, 
Asteraceae 


Other Names: Ground 
apple, Roman chamomile, 
mayweed, German 
chamomile, pineapple 
weed, 

History: Some varieties 
native to North America; 
many naturalized from 
Europe. Used throughout 
Europe. Also cultivated for 
‘commercial use, such asin 
shampoos and teas, Oil is extracted for many products, includ- 
ing hair rinse and insect repellents. The fragrance is called man- 
anilla in Spain. Used especially in Italy, England, and Germany. 
Habitat: Roadsides, “people places,” walkways, gardens. 
Characteristics: Biennial herb. Height average of 3 inches; may 
reach 12 inches or more. Tight-budded flowers, tiny yellow 
daisy; sweet, pineapple-like smell 

Primary Uses: Culinary, medicinal, cosmetic. Twigs are dried for 
Crispy treat. Leaves are eaten raw; steamed; sautéed; cooking 
liquid drunk. Steeped raw or dried for tea. Flowers are eaten 
raw; steamed; sautéed; cooking liquid drunk. Entire plant is 
steamed; boiled; used in soups and stews. Steeped raw or dried 
for tea. 

Nutritional Value: High in minerals; calcium, iron, potassium, 
and niacin. 

Medicinal Value: Stomatic, diuretic, chapped skin ointment, 
root used for toothache. 

‘Cosmetic Value: Compress for eyes, shampoos, rinses for hair luster. 
Collection and Storage: Grows near pathways, and a winter's 
supply can be picked in a few minutes. Shear with scissors. 
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Linda Says The smell of chamomile tea means fields, sun- 
shine, and peace for me. | especially ike to dry the flowers for 
tea, but any part of the plant will serve just as well. This love- 
ly plant has more uses than tea, though. | eat the plantraw as 
amid tranquilizer. The plant's parts make a delicious addition 
to salads. Chamomile flowers frozen in ice cubes bring a 
touch of spring to a drink on a cold winter's day. 

To use asa hair rinse, simmer the entire plant-leaves, 
roots, and flowersin water. Simmer until water is green, 
about 15 minutes. Cool the water, strain, and apply. Let this 
st on your hair for a while, then rinse again. It will give your 
hair amazing vitality. 

Try seeding chamomile in your garden or lawn and 
let it go wild. 


‘Chickweed 
Stellaria_ media (common 
chickweed), Cerastium 


(mouse ear chickweed) 
Pink Family, Caryphyllea 


Other Names: Star flower, 
chickweed, stitchwort, star- 
wort. 

History: Stellaria native to 
Europe and Naturalized in 
North America; Cerastium 
native to North America. 
Widely distributed; used by 
Native Americans. 

Habitat: Fields, lawns, road- 
sides, waste places. 
Characteristics: Annual or perennial. Flowers petaled, 5 pairs, 
deeply cleft in half. Tiny and white above long stalk 4 to 6 inch- 
es, Leaves ovate and smooth. All types of chickweed are small 
ground plants with some parts erect but mostly prostrate. Prolific, 
seen year-round in some areas, even under the snow. Flowers 
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can be found most months of the year. Mouse-ear chickweed has 
minute hair on all leaves and stems. 

Primary Uses: Culinary, medicinal. Whole plant is edible raw. 
Used as a vegetable or salad green. Also stewed, stir-fried, dried 
or frozen for later use. Mouse-ear chickweed is cooked to 
remove hairs. 

Nutritional Value: High in calcium, potassium, and ascorbic acid; 
trace minerals. 

Medicinal Value: Soothing effect; upper respiratory; externally for 
poultices on inflamed skin. 

Collection and Storage: The tiny star-shaped flower petals have 
atiny notch at the end. Leavesare easily twisted and picked from 
stems, Gather as you would dandelion leaves (see page 24). 
Young leaves are best. | have always identified them by this. 


Linda Says- A bit of garlic and steaming hot chickweed make 
‘a nutritious meal for the forager because itis high in calcium, 
potassium, ascorbic acid, and trace minerals. | once found 
myself sitting on a hillside, pulling handfuls of chickweed and 
eating them with gusto! The most amazing feeling is the del- 
icate leaves of chickweed. When | put my fingers down into 
the thick mat of tiny nourishing leavesto pull up a handful, my 
contact with this plant always is one of delicacy and gentle- 
ness. 4 little washing, oil and vinegar and the feeling is easily 
transferred to my mouth!!! 
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Chicory 
Cichorium intybus 
Composite Family, Asteraceae 


Other Names: Blue sailor, blue 
daisy, coffee weed, wild succory, 
Barbe de capuchin, whitloff, 
ragged sailor, wild bachelor but- 
ton, blue dandelion, blue daisy. 
History: Native to Europe, natu- 
ralized throughout much of 
North America. Used by Native 
Americans and a staple 
European food. Each year the 
United States imports tons of 
chicory root for use as a coffee 
substitute, coffee flavor, and cof- 
fee extender. 

Habitat: Roadsides, fields, dry 
sandy areas. 

Characteristics: Perennial herb. Growsto height of 2 feet but may 
reach 4 feet. Has deep taproot and milky juice. Red-veined, deep- 
Cleft leaves are thicker than dandelion to touch. Stem has many 
star-blue ray flowers. When broken, root exudes a white milky sap, 
as do the stem and leaves. Plant begins in a lettuce-like whorl of 
leaves on the ground, heads up in a bunch, then shoots a stalk 
upwards from the center. Roadsides show bunches of deep green, 
deeply indented leaves; not unlike dandelion, but a bit more uni- 
form in clusters before the stalk appears. 

Primary Uses: Culinary and medicinal. Rootsare dried and ground 
to coffee. Leaves are eaten raw in salads and sandwiches. May be 
steamed, stirfried, boiled as a vegetable, sautéed; cooking liquid 
drunk. Stems are entirely edible as are the flowers and seeds. 
Nutritional Value: Roots are rich in beta-carotene and niacin as 
well as carbohydrates, 

Medicinal Value: For stomach and kidney disorders. 

Collection and Storage: Gather roots in early spring. Roots may 
be stored in strips for easier grinding (see page 30 for illustration 
‘on stripping roots). Store whole roots in paper bags in a warm, 
dry area for future pulverizing or boiling. 
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+ 1/2 paper grocery bag of dried leaves 
flour 
+ 1/2 paper grocery bag of dried chicory roots = 1 quart ground 
coffee substitute 
To collect pull up entire plant by grasping stem as close to 
root as possible and pull straight up. Hack off the root (I use an ax), 
gather and wash the leaves, and scrub the root with a toothbrush. 
When the roots are clean, slice lengthwise into strings. These dry 
easily on a screen or may be strung over a wood stove to dry. 


11 quart rough ground 


Linda Says- Chicory roots pull up easily from sandy soil. | put 
my bounty in a rain barrel to keep the entire plant fresh until 
| can work on it. All summer, Todd mows the lawn where 
there is chicory. The reddish vein makes it easy to identify the 
plant. To tell chicory from the common dandelion, just feel 
both leaves. Chicory leaves are thicker and not shiny. 
Dandelion is softer and shiny. 


Cholla 


Opuntia fulgida 
Cactus Family, Cactaceae 


Other Names: J umping cactus. 
History: Native to North America 
Used by Hohokam, prehistoric 
desert people. Indian women used 
baskets, sticks, and wooden tongs 
made from saguaro ribs to gather 
the buds. A firepit was dug in the 
desert floor, and the buds and 
joints were placed in a mesquite 
fire, roasted, and split in two to eat 
the succulent insides. 
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discrete semiconductor > single junction > diode 
+ Maximum or admissible Zener current (or 
reverse current): 12 OF lam 


+ Maximum or total power dissipation: Py or 
Prot 


Zener voltage may be defined within a minimum 
and maximum range, or as a simple maximum 
value, 


Limits on forward currentare often not specified, 
as the component is not intended to be forward- 
biased. 


How to Use it 


Rectification 

Avrectifierdiode, as its name implies, is commonly 
Used to rectify alternating current—that is, to 
turn ACinto DC. A half-wave rectifier usesa single 
diode to block one-half of the AC sinewave. The 
basic circuit for a half-wave rectifier is shown in 
Figure 26-8, At top, the diode allows current to 
circulate counter-clockwise through the load. At 
bottom, the diode blocks current that attempts 
to circulate clockwise, Although the output has 
“gaps” between the pulses, itis usable for simple 
tasks such as lighting an LED, and with the addi- 
tion ofa smoothing capacitor, can power the coil 
of a DC relay. 


A full-wave bridge rectifier employs four diodes 
to provide a more efficient output, usually fil 
tered and smoothed with appropriate capaci- 
tors. The basic circuit is shown in Figure 26-9. A 
comparison of input and output waveforms for 
half-wave and full-wave rectifiers appears in 
Figure 26-10. 


Discrete components are seldom used for this 
purpose, as off-the-shelf bridge rectifiers are 
available in a single integrated package. Rectifier 
diodes as discrete components are more likely to 
be used to suppress back-EMF pulses, as de- 
scribed below. 


An old but widely used design for a full-wave 
bridge rectifieris shownin Figure 26-11. Thisunit 
measured approximately 2” x 2” x 1.5” and was 
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Figure 26-8. A haltwave rectifier. In this configuration 
the diode allows AC current to circulate counter-clochwise 
but Blocks it clockwise. 


Figure 26-9. The basic cireut commonly used ta form a 
bridge rectifier. with color added to indicate polanty. Wires 
shown in black are not passing current because diodes 
‘are blocking it Note that the polarity atthe load remains 
constant. 


divided into four sections (as indicated by the 
solder terminals on the right-hand side), each 
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Habitat: Desert. 
Characteristics: Treelike cactus with many branches. Cholla cac- 
tus has dozens of individual egg-shaped barbarous sections extend- 
ing from tree-like stems reaching heights of 3 feet or more. Flower 
is light rose color, fruit is green and smooth. 

Primary Uses: Culinary, medicinal, cosmetic. Edible flowers, seeds, 
fruits, and bud extensions. Fruits are eaten raw, boiled, or baked. 
Dried for long-term storage. Fruits used in soups, casserole. 
Nutritional Value: High in calcium and iron. 

Medicinal Value: Gel applied on skin burns. 

Cosmetic Value: Gel used as skin softener. 

Collection and Storage: Use tongs and paper bags to collect fruit, 
leaves, and flowers of cholla. Spines and glochids are removed in 
any of several methods. Indians used flash fire, holding a flame 
under the burr to remove the glochids, so that they could be 
opened easily and handled with the fingers Another method isto 
place burrsin one paper bag and transfer to another several times. 
Dry cholla buds on screens in the sun. Cover with cheesecloth if 
birds pick at them. Dried budsare stored in paper bags until need- 
ed. When needed, reconstitute in water about 3 to 4 hours, then 
boil for one-half hour. 


Evelyn Neithammer (1974) found that the easiest way to 
clean cholla budsis to fill each of 2 saucepansone-third full of clean 
gravel. The buds are added and the gravel and buds poured from 
‘one pan to the other four or five times, or until rid of spines and 
glochids. (Glochids are minuscule, dense pockets of small barbs 
which protrude from the pads of prickly pear cactus. They are 
small but mighty protection against antelope, deer, and cattle ofthe 
Western plains) 


Caution: Spines and glochids will penetrate skin with a voracious 
sting and burning sensation. Do not touch the cactus with bare skin. 
Caution: All cholla, prickly pear, and saguaro cactus is "protected 
plant, by State of Arizona,” but itis legal to pick fruits and buds of 
the species in this field guide for food. The rare crested saguaro is 
completely protected, so NO fruits or parts may be taken, Be sure 
to check the regulations in your state. 
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‘Teddy Bear Cholla 

My first introduction to cholla isa painful, clear mem- 
ory. My brother, Paul, and | were taking a first tour of the 
desert together. | was listening to him carefully. ‘Walk behind 
me, check your shoes carefully for the cholla burrs, and never 
step over the bushes here...walk around in the bare spaces." | 
was trying to listen, but the 100 degree temperature became 
a problem and | began doing my Adirondack way of walking 
| stepped over a bush, but never put my other foot down. It 
was stuck to my rear with a thousand fire barbs. (The burrs 
were attached to my sneaker heel, which brushed my rear 
closely enough to get the burrs attached to my skin.) 
Screaming, | stood an embarrassed 20 minutes while Paul 
picked out the hundreds of minute hairs with tweezers. 
Needless to say, | remember the rules now and thank him for 
a lesson well learned! 


Clover 


Trifolium pratense (red clover) 
Trefolium repens (white clover) 
Legume Family, Leguminosae 


Other Names Long stalk, strawberry 
clover (red clover); common, sweet, short 
stalk clover (white clover). 

History: Naturalized from Europe. With 
‘over 300 species, clover has been used by 
all cultures throughout history. Native 
‘Americans used it widely as a vegetable 
or cure for chest congestion. 

Habitat: Roadsides, fields, lawns 
Characteristics: Biennial or perennial Red Clover 
herb. Red clover reaches height of 10 inches or more, with hairy 
stems. Red or purple blossom with oval nectar sections; elongat- 
ed leaves form trefoil with white vein when mature. White clover 
reaches height of 2 inches or more. White blossoms have dozens 
of nectar filled sections; round leaves form trefoil at end of stem. 
Primary Uses: Culinary, medicinal, cosmetic. Leaves are eaten 
raw; steamed; boiled; sautéed; cooking liquid drunk. Dried and 
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ground for flour. Flowers eaten raw; 
steamed; sautéed; fried; cooking liquid 
drunk. Dried for tea; used for wines. 
Seeds crushed for cereal; sprouted 
Entire plant is steamed or boiled and 
used in soups and stews; cooking liquid 
isdrunk. 

Thier Clover Nutritional Value: High in calcium, potas- 

sium, niacin and vegetable protein 

Medicinal Value: Red clover is used as tea for cough, whooping 
ough; blood tonic or purifier. Clover syrup used for chest con- 
gestion and bronchitis. 
Cosmetic Value: Cosmetics, facial creams, rinses, shampoos, wash 
{or pimples, poultices for athlete's foot fungus. 
Collection_and Storage: Plants are 
most succulent in spring and early 
summer. Gathering a winter's supply 
of clover takes only a few minutes 
Clover can be frozen by placing it in a 
single layer on freezer wrap, folding 
over 2 sides to hold the clover in place, 
and freezing. Afterthe clover isfrozen, __Sheering Clover 
roll the paper to make a compact package, fasten, and label. Dry 
seed heads separately for an attractive potpourri. 


Linda Says - White clover has a particularly different flavor 
from red Clover, with a smaller flower and leaf. The white 
clover leaves aré easily sheared for food as they grow close to 
the ground in patches. One clover patch 3 feet wide will pro- 
vide dozens of servings in one season. One summer | con- 
ducted an experiment. Shearing a 3-foot patch every morning 
for 3 weeks, | successfully fed 200 people several different dish- 
es of clover: clover with rice or potatoes, clover casserole, 
breaded clover heads, clover tea, candied clover heads. The 
clover flowers went well in spaghetti sauce for meatballs too! 
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‘A Protection Powerhouse 

Red clover borders almost every road edge. It 
appears to grow on all lawns, & is found in dozens of varieties, 
throughout the world. When | discovered that the plant 
leaves were vegetable protein, | was ecstatic. 1 had been 
walking into town every two weeks for supplies, including 
cheese. My biggest nutritional concerns were protein and cal- 
cium,. & then | read that clover has tremendous amounts of 
protein. Indeed, five large clover leaves provided the same 
amount of vegetable protein as 1 ounce of cheese. That did 
it! | began to put clover leaves between two pieces of whole 
wheat bread, calling it cheese, Within three days! was eating 
the leaves raw, saying "I need energy." | would forage freely 
on a small amount of raw leaves. 

‘A vegetable, a tea, a vegetable flour, clover has 
become one of my staples. | add clover to rice dishes, simmer 
clover soup, & steam casseroles with clover as an ingredient. 


Crabgrass 
Digitaria sanguinalis L. 
Grass Family, Gramineae 


Other Names: Finger grass (Horizontalis, 
ischaemun (smooth); serotina (creeping); 
longiflora; simpsonit; filiformis, and more.) 
History: Native to North America, Asia, 
Mediterranean and North Atlantic coast 
as well as Europe. A drink called 
Mannagrit is a popular recipe. Used in 
most areas of the Mediterranean as flour 
for pita cake. 

Habitat: Lawns, roadsides, waste places, edges of fields. The 
large crabgrass prefers moist soil, streams, ditch banks. 
Characteristics: Grassiike, many varieties reaching heights from 3 
to 24 inches or more. Summer annual and perennial, the bract 
or seed tips may vary in amounts and thickness, as well as smooth 
seeds or heavy bracts. 
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Primary Uses: Seed bracts as well as leaves are dried and ground 
to flour. Used raw, steamed, boiled, sautéed, and cooking liquid 
drunk. Pollen used as flour; seeds are sautéed; stirfried, or 
ground and used as flour. 

Nutritional Value: Highly nutritious; roots rich in complex carbs. 
Medicinal Value: Used asa poultice for aches and pains. 
Collection and Storage: Shear bracts and leaves, as if mowing 
awn, Dry thoroughly, store whole in glass. Grind to flour when 
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Linda Says- I'l never forget the feeling when | realized that a 
2foot section of crabgrass would yield a batch of muffins 
every 2 weeks or so. When | read that the Bedouins pulver- 
ized crabgrass to a rough flour and made a cake the same as 
| did, | knew then that my cakes were a universal recipe. 


Daisy 
Chrysanthemum leucanthemum 
Composite Family, Asteraceae 


Other Names: She loves me, she 
loves me not; oxeye daisy. 

History: Native to Europe and Asia, 
widely naturalized throughout North 
‘America. 

Habitat: Fields, roadsides, lawn, 
waste places. 

Characteristics: Biennial herbs. 
White petaled flower about a long, 
erect stem 18 to 20 inches tall. Flower center has a yellow peb- 
bly disk of seeds. Flower ranges from 1 1/2 to 2 inches in cir- 
cumference. Petal number varies. Leaves are dark green and 
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irregularly lobed in a scalloped design. Smooth and succulent, 
they form a thick basal rosette the first year of growth, sending the 
stem up with flower the 2nd year. 

Primary Uses: Culinary, Petals eaten raw; used as tea. Stem and 
leaves edible as a salad green, vegetable. Dried stems are added 
to soupsor stews. Leaves eaten raw, put in sandwiches or soups. 
Nutritional Value: Leaves very high in beta-carotene, riboflavin, 
niacin and potassium. Low in carbohydrates and calories. Petals 
are very high in beta-carotene and niacin. 

Collection and Storage: Gather petals only, leaving yellow centers, 
Caution: Do not eat the yellow center, as it may cause indigestion. 
Collect clumps of new spring leaves for salads. Chew leaves or 
stems while hiking for a taste treat. Dries and freezes well. 


Daisy 
"She loves me, she loves me not!" We all enjoy and play this 
game, but think of how much more fun if you popped the suc- 
culent white petals in your mouth! Why not make a treat of 
the petals in salad or gelatin, or even in chocolate ice cream. 
I have put them in popsicles for kids. 

Using the petals for food became a real survival tool 
when | spent hours picking blueberries or raspberries. They 
usually grow nearby, and when | found the petals edible, | 
could vary my diet from fruit to flowers. Then | discovered 
that daisy leaves are fantastic. From that moment on, Todd 
and | ate them while walking, playing, and working in the 
mountains of the Adirondacks, | can never look ata daisy and 
not remember the freedom of this period of my life! 
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Dandelion 


Taraxacum officinale 
Composite Family, Asteraceae 


Other Names: Dent-de-lion, 
wild spinach, wild lettuce, red- 
seeded dandelion, wasanswak 
(Crow Indian). 

History: Probably native to 
Europe, but widely distributed 
through the world. Used by 
many different cultures. 
Cultivated onthe 
Mediterranean island of 
Minorca after locusts destroyed vegetation. 

Habitat: Moist areas, lawns, roadsides, fields. 

Characteristics: Perennial herb. Grows to height of 2 inches or 
more; clumped. Leaves saw-toothed; whorl from center. Yellow 
sectioned flowers mature to fluffy “pompoms” with seeds that 
blow in the wind. 

Primary Uses: Culinary, medicinal. Early roots are eaten raw. 
Dried whole roots are pulverized or boiled. Leaves are eaten 
raw; steamed; boiled; sautéed; cooking liquid is drunk. Steeped 
for tea. Dried and ground for nutrient additive or flour. Flowers 
are eaten raw; sautéed; fried. Used for wine. Entire plant is 
steamed; boiled; sautéed; cooking liquid is drunk, Used in soups 
and stews. 

Nutritional Value: High in protein, calcium, and vitamin A 
Medicinal Value: Use as tea for jaundice and other liver prob- 
lems; a tonic, blood cleanser, purifier, stomatic, diuretic, laxative; 
for swellings, sores. Also effective for nervousness and 
hypochondria: an effective relaxant. 


To reduce swelling and cleanse a wound, grind fresh 
leaves to a paste and spread over wound or fracture. Use dan- 
delions as a bandage to bind wounds, Use as blood tonic by pul- 
verizing either roots or leaves and mix 50-50 with whole wheat or 
rice flour. Make bread. 

Cosmetic Value: Facials, wash for eczema; any external cosmetic 
skin treatments 

Collection and Storage: Gather flower heads in season. Yellow 
petalsare very sweet. Twist the green base from the yellow flower 
petals and eat the petalsraw. Roots can be dug year-round, even 
under the snow. Young leaves and stems are tastiest. Collect roots 
in early spring when most succulent and not bitter; dry and grind 
to coffee. Roots may be stored in strips (see page 30 for illustra- 
tion on stripping roots). Store whole roots in paper bags in a 
warm, dry area. 


Leaves 
* 1/4 grocery-size bag = 8 cups leaves 

+ 8 cups raw leaves = 10 servings 

+ 8 cups steamed and frozen leaves = 4 servings 

+ 8 cups fresh leaves, dried on a screen = 1/2 cup flour 
Flowers 

+ 1/4 grocery-size paper bag = 8 to 10 meals 


Linda Says- Security— that is the only word | use for dande- 
lion. Dandelion is always there, even frozen green under the 
snow, easily found, along edges of tree trunks or rocks, Ruth 
Spring taught me to core down the root, then peel the white 
succulent core for the first taste of a spring thaw. "Asa tonic," 
she said, ‘the body will grab at it 

The former mayor of Vineland, New J ersey, started a 
large business growing and harvesting dandelions for the 
gourmet markets of Europe. The annual dandelion dinner he 
gave was nothing short of a gala feast. 


Dock 


Rumex crispus 
Buckwheat Family, Portulaceae 


Other Names: Curly dock, yellow 
dock. 

History: Native to Europe, wide- 
spread in North America, Pima 
Indians use roots, stems, and leaves. 
Habitat: Fields, roadsides, rich soil. 
Characteristics: Perennial herb. 
Grows to height of 14 inches, may 
reach 24 inches. Elongated leaves 
curl; seeds turn dark brown when 
dry. 

Primary Uses: Culinary, medicinal, 
cosmetic. Roots cooked as carrot. 
Leaves eaten raw; steamed; boiled; sautéed; cooking liquid is 
drunk. Stems eaten raw or cooked. Seeds ground for flour. 
Entire plant makes excellent yellow dye, Seeds are a decorative 
craft material, useful in flower arranging. 

Nutritional Value: High in vitamin A, minerals, and protein. 
Medicinal Value: Roots used for skin infections or itches, and for 
healing wounds and sores, Stems and roots are laxative and 
tonic. Pulp of leaves used as a poultice for bruises, burns, and 
swellings. Boiled and mashed, bound on boils and swellings. 
Collection and Storage: You can spot dock easily in a field by its 
deep chocolate-colored tops. Several stands of dock are often in 
a field; the dark brown tops stand out in peaked clusters, espe- 
cially above a winter's snow. Gather seeds when rust brown. 
Leaves are collected in early spring or when young. Roots are 
gathered in early spring for medicinal storage. Dries and freezes 
well 


The Department of Agriculture suggests collecting roots 
in the late summer and splitting while green for drying and grind- 
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Linda Says- | remember the summer Ruth Spring showed 
me dock. When | saw how many thick clusters of seeds 
there were on just one plant, | decided dock would be a 
main source of flour. | am constantly amazed at how many 
quarts of flour can be derived from one clump of dock. 
Because of the high vitamin A content of curly dock, this 
flour should be used sparingly only with another flour such 
‘as whole wheat. Curly dock seeds have 20,000 units of vita- 
min A per 1/2 cup. A few teaspoons in your recipe is ade- 
quate for vitamin content. 


Evening Primrose 

enothera biennis 

Evening Primrose Family, 
Onagraceae 


Other Names: Meadow rose. 
History: Native to North Ameri- 
cas. Used by Native Americans, 
Habitat: Gravelly dry soil, road- 
sides, waste areas, 

Characteristics) Biennial night- 
flowering herb. Has pinwheel 
rosette of leaves that are toothless 
with whitish midrib. Basal leaves 
brown in spring, hugging the 
ground. Stalk shoots upward, with 4-petaled flowers on top of 
multiple branches. With 4 petals, the flowers are not unlike a 
rose, exceptionally sweet smelling and waxy. Hairy stem. 
Between stalk bottom and root underground is a strip of red or 
pink to scarlet indicative of primrose. Single root with many hair- 
like extensions. 

Primary Uses: Culinary, medicinal, cosmetic. Young leaves are 
eaten as a vegetable or salads. Dried and frozen for storage. 
Buds edible before flowering. Seeds edible. Roots look and taste 
like parsnip (peppery flavored), may be eaten raw or cooked 
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Figure 26-10. Top: The vottage-amplitude sinewave of an 
alternating current source that fluctuates between post 
tive voltage (shown red) and negative voltage (shown 
blue) relative toa neutral (black) baseline. Center: AC cur- 
rent converted by afull-wave rectifier Because the diodes 
‘do nat conduct below their threshold valtage. small gaps 
appear between pulses. Bottom: Output from a half-wave 
rectifier. 


section corresponding with the functionality of, 
one modern diode. Figure 26-12 shows relatively 
modern rectifier packages, the one on the left 
rated at 20A continuous at 800V RMS, the one on 
the right rated 4A continuous at 200V RMS. In 
Figure 26-13, the one on the leftis rated 4 con- 
tinuousat SOV RMS, whereasthe oneontheright 
israted 1.5A at 200V RMS. 


DC output from rectifier packages is usually sup- 
plied via the outermost pins, while the two pins 
near the center receive AC current. The positive 
DC pin may be longer than the other three, and 
is usually marked with a+ symbol. 


Full-wave bridge rectifiers are also available in 
surface-mount format. The one in Figure 26-14is 
rated for half an amp continuous current. 


Back-EMF Suppression 
A relay coil, motor, or other device with signifi 
cant inductance will typically create a spike of 
voltage when itis tured on or off. This EMF can 


semiconductor > single junction > diode 


Figure 26-11. Prior to the perfection of chip fabrication in 
the late 1960s, it was comman to find siicen rectifiers of 
this type, measuring about 2" square 


Figure 26:2. Full-wave bridge rectifies are commonly 
available n packages such as these, See text for details. 


beshunted through arectifier diodeto safeguard 
other components in the circuit. A diode in this 
configuration may be referred to as a protection 
diode, a clamp diode, or transient suppressor. See 
Figure 26-15. 
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Dried for long-term storage. 
Medicinal Value: Evening primrose oil used for soothing the cen- 
tral nervous system as well as relieving stomach and gastroin- 
testinal stress. See below. 

Cosmetic Value: Creams, skin preparations, 


Collection and Storage: Pick young leaves in early spring. Pinch 
flowers off stem. Dig rootsand scrub, Roots can be dug in winter. 
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Linda Says- Rumor has it that oil from this delectable wild- 
flower is one of the most expensive, as well as most beneficial 
for human beings. Its composition close to the constituents 
of mother's milk, evening primrose offers many medicinal 
remedies. 

| began picking and eating the flowers in quantity. | 
Use olive oil to make evening primrose oil, just press the flow- 
ers into a small jar and add boiling olive oil. (Be careful to 
avoid splatters.) Pressthe flowers down with a spoon and pour 
in oil until flowers are saturated and air has bubbled up. Cap 
tightly and shake every day or so for a week. Strain the oil and 
refrigerate. It's potent tonic when added to your salads. 


Filarie 
Erodium circutarium 
Cranesbill Family, Geraniaceae 


Other Names: alfilaree, alflar- 
ia, redstem, stork’s bill, pin 
clover. 

History: Native to Europe and 
probably introduced to North 
‘America by the Spaniards; 
Native American use. 
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Habitat: Dry areas, desert areas with a little moisture, particular- 
iy clay soils. 

Characteristics: Annual or biennial, reproducing via seeds at the 
base of storks bill-shaped shoots. Flowers on long stalks shoot up 
from fern-like leaves lying in thick mats, Minute hair on stalks and 
stems, Stalks have purple flowers, then seed buds. Seed has a 
corkscrew tail, driving it into the soil for propagation. 

Primary Uses: Culinary. Fern-like leaves are eaten raw like cel- 
ery. Used in soups, stems, sandwiches. May be steamed and 
frozen for summer vegetable, Roots are like celery, delicious raw 
or in soups; steamed or pickled. Both roots and leaves are dried 
and ground to a flour. 

Nutritional Value: Leaves are very high in calcium, potassium 
and beta carotene, niacin and vitamin C. 

Collection and Storage: In the west! used a gloved hand, taking 
the most succulent leaves only up into your hand, pulling them. 
upwards, and with a twist of your wrist, twist the leaves off the 
root. This leaves the root and flower stems. 

Caution: Do not ingest flowers or stork’s bill fruits, as they are 
known to be toxic. Itis generally safe to ingest a large amount of 
filarie leaves if the vein in the center of the leaf is not pink or red. 
Filarie tends to pick up nitrates from the desert soil, turning the 
vein of the leaf as well as the stem of the flower red. Look care- 
fully for healthy plants, green and luscious before eating. 
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Linda Says- A winter's filarie sandwich has become a ritu- 
al. The greens appear after the rains on the Arizona desert. 
| clip them with scissors, wash them, and make a mild, nutri- 
tious raw vegetable served with a dip. Pickled in apple cider 
vinegar, they make a delicious salad ingredient. 


Fireweed 
Epilobium angustifolium 


Evening-Primrose Family, 
Onagraceae 


Other Names: Great willow herb, 
deerthorn, wild asparagus, wickup 
ocacadii (Potawatomi), 

History: Native to North America. 
Staple food in Northern Asia and 
Iceland. First plant to re-seed itself 
after all wars of wasteland or defo- 
liation. Grew on sides of Mt. St. 
Helen 3 weeks after volcano cov- 
ered area in potash. Grows back 
first after fires. The Potawatomi 
Indians used its root as a soap by 
lathering it in water. 

Habitat: Areas where there has been fire, waste areas, areas of 
regrowth, roadsides, fields. 

Characteristics: Perennial herb with unbranched tall spikes up to 
2.6 feet and willowlike. Spikes not unlike upside down asparagus. 
‘Stems hollow with white pith. 

Primary Uses: Culinary. Pith iseaten raw or boiled; used in soups 
and stews; steeped for tea, Buds are eaten like asparagus; tips 
picked before they flower are eaten raw or used in soups and 
stews. Flowers may be eaten, but buds are more palatable. 
Young leaves eaten raw or prepared as spinach; dried for tea. 
The fluff makes excellent winter tinder; used as cotton. 
Nutritional Value: Exceptionally high in beta carotene and potas- 
sium as well as most minerals. 

Collection and Storage: Perennial herb. Reaches height of 2 feet 
‘or more. Spike of magenta or pink 4-petaled flowers; elongated 
top of buds, 
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Linda Says- The best way to see the old fireweed beds is 
when itis snowy. The plants’ spiral top, tall and fuzzy, swirls 
with cotton fuzz. In season, fireweed shows a magenta top 
with flowers. Above the flowers are asparagus-like tips that | 
harvest as a delicious vegetable. They taste best fresh 


Goldenrod 


Solidago odora 
‘Sunflower Family, Compositae 


Other Names: Golden elixir, 
sweet goldenrod, —_asawush 
(Ojibive Indians). Poco moon- 
shine is yet another species, 
augustifolum, 

History: Native of North America 
Used by pioneers. Ojibive Indians 
used it in tea as a carminative, 
antispasmodic, and _ intestinal 
astringent (Smith 1932). 

Habitat: Dry, open fields, woods, 
road banks, pine barrens; acidic 
soil 

Characteristics: Perennial herb. 
Grows to height of 24 inches or 
more. Hundreds of tiny fluffy yel- 
low flowers on top stalk. Flowers 
smell like anise. 

Primary Uses: Culinary, medici- 
nal, cosmetics. 

Roots eaten raw; dried and pul- 
verized for tonic powder. Stems dried for tonic nibble. Leaves 
picked and eaten fresh. Dried for tonic tea. Stems, buds, flow- 
ers, and seeds eaten or used as tea. 

Medicinal Value: Energizer and tonic. As a tea, for diarrhea, 
bladder tone, colic. Mashed leaves for a poultice, raw flowers 
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chewed for sore throat. Leaves and roots are tonic for colds and 
upper respiratory problems. Powdered leaves are sprinkled in 
sores and wounds because goldenrod is an astringent. Helps stop 
internal hemorrhaging as a strong tea. 

Cosmetic Value: Shampoo, astringent with diaphoretic qualities; 
‘aromatic and stimulating, 

Collection and Storage: Gather the entire plant, bundle it, and 
hang ituupside down until dry in a warm, airy place out ofthe sun- 
light. The bundles are dry when the stems snap easily. Place a 
clean sheet under the bundles. Hand strip and gather up the 
bounty. To store a winter's supply of tea, gather the stripped and 
dried goldenrod parts in a pillowcase or other cloth bag, then 
wring to crush the leaves A handful of flowers and leaves will 
brew 6 to 8 cups of tea. 

Caution: Do not use as bulk food. Use sparingly for medicinal 


purposes. 


Linda Says- So easy to gather and bundle, the golden elixir 
grows thick and bountiful. Although its tonic qualities are 
present any time, the goodness is strongest just before the 
pollen formsin the flower head. If you choose to collect at this 
time, watch out for the bees! They love the flowers and fre- 
quently hide in the caps or rest in them. 

For a perfect yellow tea, snip off the blossoms. Dry 
separately on a screen and store in glass bottles. 
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Grape 

Vitis arizonica (Western) 
Vitis labrusca (Eastern) 
Vitis rotundifolia (South) 
Vitis Family, Vitacere 


Other Names: Wild grape. 
History: Native to North 
‘America. 

Habitat: Thickets, edges of 
woods. 

Characteristics: Deciduous vine. Forked tendrils at end and 
joints of high-climbing vines. Branches have a brown pith 
Leaves tiny to large, coarse, saw-toothed, lobed, heart shaped 
Fruit round, fleshy. One to 4 pear-shaped seeds in several colors 
from purple or black to amber. 

Primary Uses: Culinary. Fruit cooked to make jellies, jams, juice, 
syrups, and flavorings. Leaves are used as a wrapper for main 
dishes. Leaves may be eaten raw, stir-fried, or steamed. Tendrils 
are pickled. 

Nutritional Value: Fruit is high in vitamin C. 

Collection and Storage: Pick tendrils all year; clip with scissors. 
Grapes in season may be gathered by hand. Young leaves are 
picked at any time. Freeze leaves for stuffing; laying between 
sheets of wax paper, folding paper after each layer. 


Ewer 


Linda Says- | wandered the hills of Syracuse, New York, with 
a famous gourmet cook looking for grape tendrils. There they 
were, curling down from yards of grape vines. | rolled and 
sniffed them firs for their characteristic grape smell, then used 
scissors to clip hundreds of tendrils into a bowl. Later, my 
friend and | stirfried the tendrils into delicacies, as well as froze 
them for use later in the year. The tendrils make me pucker. 
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Lamb's Quarters 


Chenopodium album 
Goosefoat Family, Chenopodiaceae 


Other Names Pigweed, goose- 
foot, wild spinach, chiciquelite, 
hwahai (Pima Indian). (Toakush 
Crow Indian). 

History: Used in most countries 
and most civilizations, Recent 
archaeological findings in 
Denmark show it wasan early food 
there. Now cultivated by Navaho 
and Mexicans, The Zapotec 
Indians use the flour as a staple 
food. 

Habitat: Native to North America, Europe, Asia 

Characteristics: Annual herb. Grows to height of 18 inches or 
more. Leaf shaped like goose's foot, dark green with whitish 
underlay. New leaves have white or lavender-tinged powder 
near center whorl. Leaf beads with water when wet. Green 
seed-like flower clusters. 

Primary Uses: Culinary, medicinal. Young shoots are boiled, cook- 
ing water is drunk. Leaves are spinach-like; eaten raw; steamed; 
boiled; sautéed; cooking liquid is drunk. Dried and ground for 
flour. Flower and seeds are ground for mush or cereal; sprouted, 
dried and ground for flour. Seed is excellent food for wild birds 
and canaries. Roots can be used asa soap substitute; wet hands 
and rub cleaned root, Young stems eaten raw or cooked. 
Nutritional Value: High in nutrition, vitamins, calcium. 
Medicinal Value: All parts used as a poultice for swelling, 
rheumatism, arthritis. Chewed raw for toothaches. Also, gelatin 
capsules filled with lamb's quarters are a potent vitamin. 


Collection and Storage: Harvest large amounts with a long knife 

or small amounts with scissors and bag. Hang large bunches 

upside down to dry. When crispy dry store in glass for longevity 

or steam and freeze. 

* 1 large bunch (stems bunched together to about 1 inch thick- 
ness) = 2 cups flour when dried and stripped. 

+ 1 large screen of leaves and seeds = 2 cups flour 

+ 1 large bunch chopped and steamed = approx. 12 to 14 
sandwich sized plastic bags. 

Caution: The lamb’s quarters’ leaf resembles poisonous, mal- 

‘odorous look-alike, nettleleaf goosefoot, which has.a tough card- 

board-like leaf, Crush and smell leaf. The rank odor will tell you 

immediately if you have this look-alike. Identify carefully. See 

page 294. 

Comments: Chenopodium ambrosiodes; also known as 

Jerusalem oak, wormseed or Mexican goosefoot, is a type of 

lamb’s quarters found in Arizona and other Western states. A 

sprig added to beans renders them anti-latulent. 


Lamb's Quarters 

During World War Il, the US government gave out 
information that garden weeds were good food. The top 
weeds included amaranth and lamb’s quarters. Not only are 
these plants nutritious, but they are not bothered by cut 
worms or aphids. 

Lamb's quarters grows phenomenally fast. In fact, 
just one plant yields all | need for a summer's meals for me! 
To gather, | pinch the tops and tips of each branch. | wait two 
or three days, then repeat; for each top taken, two or three 
will grow in its place. So just a few plants can yield an entire 
fall and winter supply. 

Dried leaves make a delicious and nutritious flour. 
Mix it with a bit of water to make a tortilla, or combine with 
wheat flour to make an enriched pita bread or fry bread. 

To make the flour, | pound the dried leaves with my 
favorite rock, but you can feed the leaves through a hand 
grinder for the same results. You can also place the crispy 
dried leaves in a pillow case and wring. 
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Malva 


Malva Neglecta 
Mallow family, Malvaceae 


Other Names 
Cheeseweed, button weed, 
cheeses, mallow. 

History: Introduced from 
Europe; sold in the market- 
places of China and J apan. 
Habitat: Fields, roadsides, 
waste areas. 
Characteristics: Perennial 
or biennial herb. A stout, 
bushy plant branched and 
spreading from its base. 
Reaches height from 2 feet to 4 feet. 

Primary Uses: Culinary, medicinal. Leaves used in soups, main 
dishes, stirfried, Stems are vegetable stir-fried in garlic and olive 
oil. Flowers, buds and stems, and cheeses (seed cases) are all edi- 
ble raw, steamed, sautéed, or dried and stored, 

Nutritional Value: Very high in iron and calcium. 

Medicinal Value: A mucilagenic, increasing the flow of saliva. 
Chewed for sore throats, upper respiratory problems. 

Collection and Storage: Clip whole stems, pick off buds and 
leaves. Cut stems into sections for stir-fry or freezing, Cut leaves 
as large as you can for rolling around tofu, fried beans, potatoes, 
rice. Collect in bunches for abundance. Do not pick malva with 
red stems. Red stems may depict nitrate from the soil; pick fresh 
young plants when possible. Mince malva leaves and marinate in 
oil and vinegar before cooking. 
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‘Add 1 cup salsa to ice cube trays, a spoonful of fried 
beans, roll tightly in malva leaves and freeze. Easy to defrost and 
bake at a later date. (See recipe for Malva Rice Roll-Ups.) 


Stuffed Malva Leaves 


Linda Says- Malva has cheese-wheel seeds. | love to gather 
them and dry them for potato salads, sti-fries, or eat them as 
they are. 

Seeds are dried to use as "nuts" in winter. Large 
leaves used for wrapping foods. Stems are used for delicate 
sautéed vegetable, and younger leaves for salads and sand- 
wiches. Once dried, all parts of malva can be ground for 
flour! I cook with malva flour a lot. As a general rule, | use 1 
cup malva flour to 3 cups of wheat or other gluten flour. 


6 


Figure 26-13. Smaller full-wave bridge rectifiers capable 
‘of L5A to 44 continuous curent 


Figure 26-14. This surface-mount campanent contains 
four diodes forming a full-wave bridge rectifier circu. and 
‘can pass 0.54 continuous current. It measures appra 
‘mately 0.2" square 


Voltage Selection 

A diode is sensitive to the relative voltage be- 
‘tween its anode and cathode terminals, In ather 
words, if the cathode is at 9V relative to the 
ground in the circuit, and the anodeisat 12V, the 
3V difference will easily exceed the threshold 
voltage, and the diode will pass current. (Actual 
tolerable values will depend on the forward volt- 
age capability of the diode) If the voltages are 
reversed, the diode will block the current, 


How to Use it 


Figure 26-15. A rectifier diode is very often placed across 
‘a motor (top). relay (bottom). ar other device with signif 
Cant inductance that creates a spike of reverse voltage 
\when switched on or off. The surge is shunted through the 
ode, protecting other components inthe circuit 


This attribute can be used to make a device 
choose automatically between an AC adapter 
and a 9V battery. The schematic is shown in 
Figure 26-16. When an AC adapter that delivers 
12VDC is plugged into a wall outlet, the adapter 
competes with the battery to provide power to 
a voltage regulator. The battery delivers 9VDC 
through the lower diode to the cathode side of 
the upper diode, but the AC adapter trumps it 
with 12VDC through the upper diode. Conse- 
quently, the battery ceases to power the circuit 
untilthe ACadapteris unplugged, at which point 
the battery takes over, and the upper diode now 
prevents the battery from trying to pass any cur- 
rent back through the AC adapter. 


The voltage regulator in this schematic accepts 
either 12VDC or 9VDC and converts it to SVDC. 
(ln the case of 12VDC, the regulator will waste 
more power, which will be dissipated as waste 
heat) 
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Maple 
‘Aceraceae Family 


Other Names: 
red maple. 
History: Many species native to United 
States. Native Americans were early users 
of the tree's products. Chippewa Indians 
pressed the seeds into cakes calling them 
maple cakes. 

Habitat: All environments except lower Rocky Mountains and the 
Plains states, areas with rich, well drained soil 

Characteristics: Deciduous tree. Most leaves have 5 pointed lobes, 
are irregular toothed, and are opposite on branches. Leaves turn 
golden yellow to scarlet in early fall. Seeds have brown wings and 
‘occur in pairs, All have sweet sap to a varying degree. 

Primary Uses Culinary. Sap used for syrup, candy, flavorings 
Seeds eaten raw or pressed into cakes. Twigs and young leaves 
Used for tea and emergency food. 

Nutritional Value: Leaves high in minerals, beta carotene and veg- 
etable protein. 

Collection and Storage: Cut the seed off the wing with scissors, dry 
‘on a screen, and put through the grinder. Twigs, inner bark, and 
sap can be collected and used in winter. Collections of twigsissim- 
ple because they snap off easily by hand. Syrup collection is 
through a tap drilled into tree using a collector pail. (Author used 
plastic milk bottles from a nearby dump.) Please refer to other ref- 
erences to details of syrup collection. 


CELTS 


Maples in Winter 

| was relaxing in front of a fie in the crispness of early 
morning when Crack! A sound like an explosion came from 
behind me in the woods. | scanned the trees and saw that a 
maple tree had "exploded." The explosion caused a big crack in 
the tree about three feet high. When a winter wind stirs the 
frozen trees, they sometimes appear to burst vertically. When it 
was 40 degrees below zero at night, | lay awake and listened to 
trees explode. That'sa true wilderness thermometer! 


Sugar, silver, sof, rock and 
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Meadowsweet 


Filipendula ulmaria 
Rose Family, Rosaceae 


Other Names: Queen-ofthe-mead- 
‘ow, meadow sweet. 

History: Native to North America, 
used by native Americans 

Habitat: Meadows, old pastures 
from Nova Scotia and New 
Brunswick to North Carolina and west to Minnesota and Arkansas. 
Characteristics: Perennial herb. Bush with symmetrical branches, 
30 inches long or more. Flower spires, shaped like church 
steeples, are white and fluffy in spring. The steeples turn seedy 
and chocolate brown in the winter, giving it a characteristic look 
against the snow. Twigs have hundreds of tiny nodes between the 
branches and are characteristic of meadowsweet, not other hard- 
hacks. 

Primary Uses: Culinary. Twigs chewed or steeped as tea. Dried 
and stored for winter. Flowers are dried as a sugar substitute; 
‘sweet enough for teas & cereals, but flower must be dried. Used 
in wines. Seeds are also edible. Leaves used for tea. 

Nutritional Value: High in vitamins and minerals. Also high in 
beta carotene, potassium, and niacin 

Medicinal Value: Mineral tonic. Flu and Rheumatic pains. (con- 
tains salicylates.) Twigs, inner bark and sap can be used in winter. 
Collection and Storage: Collect twigs by breaking off when young 
‘and store in paper bag. Collect flowers by pinching off easily with 
fingers. Dry on screens. 
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Linda Says- Shearing meadowsweet flowers with scissors is 
by far the quickest way to harvest them. Pick with both 
hands, breaking brittle twigs. Swing a handful from your 
right hand up under your left armpit. Hold tight and con- 
tinue until bunch is cumbersome, then tie and set aside. 
Gather bunches and tie together. 
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Milk Thistle 


Silybum marianum 
Composite Family, 
Compositae 


Other Names: Horse thistle, 
marian, holy thistle. 

History: Native to the 
Mediterranean, also hot 
regions of North America, 
including Southern Arizona, 
Cultivated and dried in 
Europe. Used by Native 
‘Americans, 

In west, commonly 
found in ditches; waste 


Grows 3 to 6 feet tall. White milk splotches on prickly leaves, 
named “Mother Mary's milk.” Large prickly, fuzzy thistle flower 
with long prickers from central stem. Vigorous grower; 1 plant 
will quickly spread to a bed 3 feet around: 

Primary Uses: Culinary, medicinal. Young leaves parboiled to 
remove prickers, for soup or stirry. Cooking liquid is drunk. 
Leaves dried and ground for extract. 

Nutritional Value: High in vitamins and minerals. High in phos- 
phorous, vitamin K, and thiamin and niacin. 

Medicinal Value: For treatment of liver disease. A valuable 
source of the chemical silymarin. Mineral tonic, flu and rheu- 
matic pains (contains salycylates). 

Collection and Storage: Use a long blade or sharp machete to cut 
off prickly leaves. Extract young leaves from center of plant with 
long knife and tongs. Plant tends to pull up nitrates from the soil, 
so harvest young leaves. | dry the leaves by placing them face 
down on a screen. You can handle prickly leaf safely by pinching 
the back vein of the leaf. 
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Linda Says- The gigantic prickles on the milk thistle once 
scared me. | was aware of the multiple benefits of these omi- 
nous leaves, but how to gather them? Gloves did not help. 
The best tools are a long-handled tongs and a long kitchen 
knife. Slice the leaf off with the knife and pick it up with your 
tongs and bag it. Washing them becomes the next challenge, 
and cooking to a safe texture is yet another. The leaves fairly 
“melt" in cooking; even the barbs become tender if the leaf is 
simmered long enough. | cut off the barbs with scissors, then 
simmer a few minutes and drink the broth 


Milk Thistle 


Milkweed 


Asclepias species 
Milkweed Family, 
‘Aslepiadaceae 


Other Names: Silkweed, but- 
terfly weed, cotton tree, 
pleurisy root. 

History: Native perennial 
with many species Known 
since ancient times, used dur- 
ing World War II in rubber 
experiments, fluff considered 
for life preserver stuffing. 
Habitat: Fields, roadsides, gardens. 

Characteristics: Perennial herb. Single stem 2 to 5 feet high. 
Leaves opposite in pairs from 4 to 9 inches long. Heavily veined, 
smooth leaf with white milky sap throughout plant. Flowers are 
round clusters of pleasantly fragrant single stars at end of dozens 
of branches, making a round ball of blossoms. Flowers give rise 
to a green bristly pod, in which flufFbearing seeds form. White 
sap exudes from all parts, including roots. 

Primary Uses: Culinary and medicinal. Flowers and seeds are 
edible. New sprouts are used as vegetable, cooked. Young 
leaves and buds are cooked as vegetable. Stalks are peeled for 
strong fibers; used for fishing line, especially if braided. Bark is 
braided into ropes of varying thickness. Pods picked young are 
used in soups and stews. 

Nutritional Value: Shoots high in niacin, potassium and vegetable 
protein: 

Medicinal Value: Milky sap used in wart removal. 

Collection and Storage: Break off buds, young leaves, and flow- 
ers by hand. Use a paper bag. The milk tends to turn the plant 
sour if kept in plastic bags. Strip stem fibers and braid for emer- 
gency fishing line or rope, as well as shoelaces (in the wild). 
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‘As a vegetable; young leaves and buds can be dried or frozen. 
Sprouts can be frozen. Buds should be simmered twice for 3 to 4 
minutes, changing water in between, Roll any wide leaf with 
goodies and bake in salsa for a wild Mexican delight. 


‘Wild Mexican delight! 


Milkweed Abundance 

Gathering milkweed is by far the easiest way to find 
food for my family. The abundant pebbly tops beckon to me. 
| move from every fourth plant or so with ease. | fill a large 
bag and then go to the Cedar River log bridge to wash them, 
The time spent swishing the milkweed buds in the cool water 
are some of the most precious moments of homesteading, 
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Mint 


Mentha species 
Labiatae family 


Other Names Spearmint, pep- 
permint, horehound, giant hys- 
sop, wild bergamont, bee balm, 
oswego tea. 

History: Mostly native to North 
‘America and widely distributed 
throughout the world. Used 
since ancient times in scents, cos- 
metics, flavorings, food and med- 
icines, 

Habitat! Found in most areas 
from swamps to fields, gardens to 
lawns, 
Characteristics: Perennial herb. 
All mints are aromatic. Most 
mints have square stems; leaves 
are opposite with usual unevenly 
saw-toothed edge. Prominent 
veins; leaves may be smooth or 
coarse, sharply pointed in most species. Characteristic fuzzy 
leaves in wild varieties, especially swamp mints. Plants range 
from 5 inches to 2 feet high. 

Primary Uses: Culinary, medicinal, cosmetic. Leaves, flowers, 
stems and roots eaten raw in salads, candies; leaves steeped for 
tea. Flowers dried for teas. Whole plant ground for aromatic tea. 
Nutritional Value: High in vitamin C and iron. 


103 


Medicinal Value: Well known as a stomachic, or stomach 
soother. Also used for insomnia, stomach ache, fevers and colds. 
Cosmetic Value: Aromatic stimulant, astringent, restorative; used 
for scents, in soups and potpourris. 

Collection and Storage: Cut stems where desired, as plant reju- 
venates quickly. | used to pick and wind one plant into a bunch, 
then string bunches together for ease of harvesting as well asdry- 
ing. Also, freeze flowers in ice for pretty edible cubes. Mints 
transplant easily and have characteristic prolific growth in an. 
herb garden. 


Linda Says- The camp always smelled good when the mint 
was drying for winter. Our family eats the leaves often. 
Since a leaf holds a whopping amount of iron, it is under- 
standable why | eat at least 1/2 cupful every time | go out to 
pick it. 


Mint Aromas, 

Lightning flashing all around me, | lay prostrate in a 
large patch of mint. The air was blue-black. Tired and clutch- 
ing my bundle of freshly picked plants, | almost welcomed the 
respite, though | was a bit nervous. 

Mint picking is always done around swamps, streams, 
and riverbeds, and this day | was able to gather a sixweek 
supply before a typical Adirondack thunderstorm kept me 
waiting for 30 minutes. 


Verbascum thapsus 
Snapdragon Family, 
Scrophulariaceae 


Other Names Candlewick, flan- 
nel leaf, Aaron’s rod, feltwort, 
hare’s beard; velvet plant, velvet 
dock, blanket leaf. 

History: Native to Europe, natu- 
ralized throughout pasture land of 
United States. Plant also known in 
Roman and Greek history; 
Quakers, Native Americans. 
Habitat: Waste wet areas as well 
as roadsides, gravel-filed fields. 
Characteristics: Biennial herb. 
Tall spikes with yellow flowers, vel- 
vety leaves whirl around spike. 
Grows up to 10 feet tall. Produces 
basal leaves in first year, then spike the second year. Leaves furry 
or velvety, ranging from 3 inches to 2 feet long. Flowers are suc- 
culent and sweet smelling, attracting bees. 

Primary Uses Culinary, medicinal, cosmetic. Root used for 
medicinal tea, leaves and flowers dried for tea and medicine. A 
normal root, up to 1 foot long, may be reused dozens of times, | 
put large leaves in my sneakers when walking long distances; they 
help soothe tired feet, and prevent blisters. Native Americans put 
leaves on cradle boards to heal elbows and shoulder blades. 
Antiseptic, mullein is invaluable for inflammation. 

Medicinal Value: All parts of mullein, from single tap root to flow- 
ers have an antihistamine quality among other qualities. (See 
chart page 53 for comparing mullein to aloe vera.) 

Cosmetic Value: Astringent and emollient properties, decoction 
of flowers for hair rinses to lighten hair color; flowers steeped in 
olive oil used as application for sores or massaging oils. 


Collection and Storage: Second-year leaves may be harvested 
{rom the spike individually, flowers harvested individually, and root 
harvested at any time, any season. | harvest single leaves, roll them 
up, and dry them on a screen, These rollsmay be kept in glass con- 
tainers and taken along when hiking. 

Floated in olive oil, mullein wicks ill burn cleanly & clear- 
ly for 3 hours or more or until the olive oil is used up. Pour a table- 
spoon of olive oil on the top of a glass of 
water. (You must float the mullein by 
crossing 2 toothpicks, poking the ends of 
the toothpicks in a tiny piece of foam or 
buoyant material.) Place the wick in the 
center, letting a piece touch the oil you 
have poured on the top of the water. 


Linda Says- | used mullein for 
lamp wicks when snowed in, A 
small piece of the flannel leaf cut to 
size, dried, and soaked in oil wil 
burn for quite a while, 


Figure 48 Rolling and 
Drying Mullein leaves. 


Mullein 

| feel asif the 6-foot high plant were a person. | address 
the mullein and ask to pick its flannel leaves and flowers! 

One summer, my Girl Scout Troop was horseback rid- 
ing on a field trip in Indian Lake, New York. One of the hors- 
es moved too close to the one in front and the forward horse 
kicked, clipping the child on the ankle. It was obvious she had 
a bad injury. Removing her shoe, | shouted to get mullein, 
quick! The scouts came running with fresh mullein. ‘Roll the 
leaves and crush them quickly with a rock, girls" Poultices 
were made and applied on the swollen ankle. The mullein 
stalks became splints and the leavesbecame bandages until we 
could get the small scout to a hospital. Soon thereafter a doc- 
tor called to ask "What wasthat plant around the scouts ankle? 
She had a chip fracture but no swelling or pain!" Mullein, sir! 
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How to Use it 
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Voltage 
Reguistor 


ov 
battery 


Figure 26:6. Two diodes with their cathodes tied tageth 
er wil choose automaticaly betwean an AC adapter that 
‘oles I2VDC and an internal SV battery. 


Voltage Clamping 

A diode can be used to clamp a voltage to a de- 
sired value. If an input to a SV CMOS semicon- 
ductor or similarly sensitive device must be pre- 
vented from rising out of range, the anode of a 
diode can be connected to the input and the 
cathode to a SV voltage source. f the input rises 
much above 5.6V, the potential difference ex- 
ceeds the diode's junction threshold, and the di- 
ode diverts the excess energy. See Figure 26-17. 


5vDC 
+ 
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Figure 26:17. 4 clamping diode can limit output voltage— 
in this example, to about 56V. If the input ises above that 
value relative to the common ground, the potential ciffer- 
fence across the diode feeds the excess voltage back 
through ito the SV source, 


Logic Gate 

A signal diode is less than ideal as a logic gate, 
because it imposes a typical 0.6V voltage reduc- 
tion, which can be significant in a SV circuit and 
is probably unacceptable in a 3.3V circuit. Stil it 
can be useful on the output side—for example, 


disere 


semiconductor > single junction> diode 
if two or more outputs from a logic chip or mi- 
crocontroller are intended to drive, or share, an- 
other device such as a single LED, as shown in 
Figure 26-18. In this role, the diodes wired in par- 
allel behave similarly to an OR gate, while pre- 
venting either output from the chip from feeding 
current back into the other output. 


a* 


Figure 26-18. Two or more outputs from a Jogic chip or 
‘microcontroller may be coupled with diodes to power a 
‘ther dvice, such as an LED, while protecting the chip 
from backflow of current. The diodes form a logical OR 
sate. 


DC Voltage Regulation and Noise 
Suppression 

As previously noted, the dynamic resistance of a 
reverse-biased Zener diode will diminish as the 
current increases. This relationship begins at the 
point where breakdown in the diode begins—at 
its Zener voltage-and is approximately linear 
over a limited range. 


The unique behavior of the Zenermakesit usable 
asa very simple voltage controller when placed 
in series with a resistor as shown in 
Figure 26-19. tt is helpful to imagine the diode 
and the resistor as forming a kind of voltage di- 
vider, with power being taken out at point A in 
the schematic. If a supply fluctuation increases 
the input voltage, this will tend ta increase the 
current flowing through the Zener, and its dy- 
namic resistance will diminish accordingly. A 
lower resistance in its position in the voltage di- 
vider will reduce the output voltage at point A, 
thus tending to compensate for the surge in i 
put voltage. 


Conversely, ifthe loadin thecircuitincreases, and 
tends to pull down the input voltage, the current 
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Mustard 


Brassica species 
Mustard Family, Brassicerceae 


Other Names: Charlock mustard, field 
mustard, yellow mustard. 

History: Native to Europe, pasture land 
in North America. Used medicinally in 
Greek, Anglo-Saxon history. A pot herb 
in English history, 

Habitat: Fields, roadsides in cooler 
regions. 

Characteristics: Annual herb. Growsto height of 10 feet or more. 
Leaves rounded, with extra protuberances of tiny leaves below 
main part of leaf. Crushed leaf yields herby pungent smell. Four- 
petaled yellow flower; petals in form of cross. Black seedsin pod 
Primary Uses: Culinary. Stems used raw as pungent spice. 
Leaves all eaten raw, used as pungent spice; steamed, boiled in 
soups, stews. Flowers are eaten raw; steamed, Seeds dried and 
used as spice; ground for mustard. 

Nutritional Value: High in beta-carotene, minerals, vegetable pro- 
tein, 

Medical Value: Dried leaves and flowers used as a poultice, or 
mustard plaster for respiratory distress. 

Collection and Storage: Collect young leaves by snipping off stalk 
with fingers. Collect pods separately in season when seeds are 
mature, pods almost dry. 


Linda Says- When eating mustard greens boil in water for 
15-20 minutes, Mustard is a very pungent vegetable. 
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‘Assoon asthe temperature rose to between 32 and 40 
degrees, | would make a beeline to the back of Alice and Walt 
Sherman'sbarn. The mustard plants were always green, grow- 
ing beneath the snow against the warm barn boards. There 
are no words to describe the taste of the first mustard leaves of 
the season. My body fairly roars with energy for daysto follow! 
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Nettles 


Urtica species 
Urticaceae Family 


Other Names: Stinging, slender, great, 
dwarf, nettle. 
History: Native to Europe, widely natural- 
ized in North America. Used worldwide. 
Habitat: Fields, fertile soil from Alaska 
throughout continental US. 
Characteristics: Perennial herb. Leafy 
plant. Leaves opposite in pairs, coarsely 
veined, oblong tapered to tip with rough, 
sharp saw-toothed edges. Entire plant fuzzy 
with tiny stinging bristles or minute hairs. Flowers are tiny green 
seed-like clusters between stalk and branches. 
Primary Uses: Culinary, medicinal, cosmetic. Leaves and flowers 
boiled for soups and stews, cooked in sti-fries. Seeds are used in 
herbal teas. Excellent tea! 
Nutritional Value: High in protein, iron and vitamin C. 
Medicinal Value: Tea well known asa nutritious restorative tonic. 
Cosmetic Value: Commercial uses: nettle shampoo, herb wraps. 
Collection and Storage: Use leather gloves when collecting nettles 
When harvesting for vegetable, hold a bag or bowl under separate 
leaves and clip off with a pair of scissors. A few plants sustain a 
whole family, since several nettle leaves grow where pruned. 

Clip seeds separately if desired, plant will continue to pro- 
duce until mature. Place nettles in water to simmer away hair 


and leave a nutritious main dish, 
Ss a 
este 
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Linda says- | can still feel that prickly burn on my leg from 
each tiny hair as | approach the tall, stately plants. | learned 
my lesson. Blessing the “armored” leaves, | soon practiced 
safe collection. My young scout troop once gathered a bunch 
of nettles and presented a “bouquet to Utica's city scouts; 'm 
sure their lesson became the same painful memory. 
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Phragmities 


Phragmities communis 
Grass Family, Graminae 


Other Names: Reed, giant reed, 
History: Native to Europe and North 
‘America. An ancient food, craft mate- 
rial, fiber. The Gosiute Indians gath- 
ered a sweet secretion formed on the 
leaves by aphids and used it as sugar 
(Chamberlain 1911). The Panamint 
Indians dried the entire reed, ground it, 
and sifted out the flour (Colville 1892) 
This moist and sticky substance was 
then set near a fire until it swelled and 
browned, when it would be eaten like 
taffy. The best time to gather the culms 
(stalks) was spring. 

Habitat: Grows throughout the United 
States except inland areas of South Atlantic and south-central 
States; also Europe, Asia. Likes marshes, swamps, wet areas, road- 
sides. 

Characteristics: Tall, reed-like stalks with feathery seed tips. Up to 
68 feet tall 

Primary Uses: Culinary. Stalks are dried and ground to flour. 
Gummy substance in the stalk can be used as gum or in drinks 
Stems woven for mats, bedding, thatching, grass huts. Excellent 
tinder. Fibers in stalk made into ropes by twisting together. Seed 
heads are made into a gruel, cereal, or flour. Used in cellulose, 
arrow shafts, If seeds are not present, chaff is ground into flour. 
Roots or rhizome (underground stems} are gathered and ground 
into flour. Eaten raw, roasted, or boiled into a sweet, gummy con- 
fection not unlike candy or marshmallow. 

Collection and Storage: Study the cycle ofhead (seed) maturation. 
There isa 2-week period when seed head is full and ripe. Past that 
stage the seeds drop and blow away. Clip heads with scissors in the 
middle of summer, before seeds mature and fall out of seed head. 
Caution: The water in which phragmities grows is often polluted, 
50 test the water before eating the plant. 


Linda says- Imagine my surprise when told that the waving 
reed was edible and could be ground to flour! It wasnt long 
before | began to experiment. The thought that such a 
tremendous proportions of the world was home to this plant, 
but few people were baking with it became another reason 
for thisbook. (The water in which phragmities grows is often 
polluted, so test the water before eating the plant.) 


Pine 
Pinus species 
Pine Family, Pinaceae 


Other Names: Too numerous 
to mention, but including white 
pine in East and pinyon in West. 
History: Native to most parts of 
the world. Used by Native 
‘Americans, 

Habitat: Woods, forests, land- 
scaped area; soil varies from 
dry to moist, 

Characteristics: Evergreen tree. 
Cone-bearing. Needles vary in 
length, usually long and slender occurring along the twigs 
Bundles of 2 to 5 needles common. (White pine with 5 needles 
shown in picture.) 

Primary Uses: Culinary, medicinal, cosmetic. Needles eaten raw 
or cooked as vegetable; tea, flour. Catkins eaten as candy; raw, 
dried for tea, salads. Cone and nuts (seeds) are eaten as snack; 
ingredient in baked goods. Bark is emergency food, roots are 
eaten raw, steeped for tea. Sap has medicinal application for 
small cuts, scrapes, blisters. 

Nutritional Value: High in Vitamin C. 

Medicinal Value: Colds, lu; as a tea, mixed with honey. 
Cosmetic Value: Deodorant, air freshener; soaps, lotions, cleans- 
ing oils. 

Collection and Storage: Gather needles, twigs, and bark. Using 
a knife, peel a section of bark lengthwise from a young branch; 
this may be chewed for a long time. (See “Peeling bark in strips” 
on page 31.) To harvest needles, let branches dry thoroughly 
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until needles fall. Gather needles in a sheet, then break up twigs 
into small sections. Place needles in glass jars. Preheat oven to 
300 degrees, then turn off! Place jar with needles in oven and 
leave until the oven is cool. Cap immediately and store. 

To do twigs, place them in a glass jar, leaving the cap off. Put in 
a turned off 300° F. oven, leaving until cool. Put in a sunny area 
for further drying, ifneeded (until they snap easily). Cap for stor- 
age. 

Caution: Needles are volatile and catch fire easily. 


Jinda says- Many was the time | ploughed through snow- 
drifts looking for meadowsweet, maple and beech twigs, and 
succulent fresh pine needles. Pine provides the energy to go 
on! tis the taste and smell of the forest. Save every bit of 
your Christmas tree for pine tea if it has not been sprayed or 
dyed a darker green. 
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Plantain 

Plantago major (common 
plantain) 

P. J uncoides (Long-Leafed 
Plantain) 

Plantain Family, 
Plantaginaceae 


Other Names: Turnip leaf, 
carttract plant, cuckoo’s 
bread, English plantain, 
goosetongue, Indian 
wheat, pale plantain, rib- 
wort, rippleseed plantain, 
seaside plantain, seashore 
plantain, snake weed, sol- 
diers herb, White man’s 
footprint. ‘Common Plantain 
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History: Many types native to Europe 
and naturalized in North America. 
Used as vegetable in France; cultivated 
in England. Some varieties native to 
Asa. 

Habitat: Lawns, roadsides, fields, 
waste areas, 

Characteristics: Biennial or annual 
herb. Turnip-ike flat roundish leaves, 
with prominent parallel veins. Center 
stalk lined with seeds. Considered a pot 
herb in Europe, this plant has many 
species. Common plantain has spade- 
like flat leaves, whorling on the ground 
from a center point, with tall stalk in 
center with many seeds around stalk up 
to tip. Long-leafed plantain has long 
narrow leaves with heavy vein and sim- 
ilar texture, taste, and smell. Stalk has 
seeds at only top inch or so. 
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Primary Uses: Culinary, cosmetic. Young leaves are eaten raw or 
Cooked. Stalks are dried for vegetable chewies. Seeds are eaten 
as sprouts. Entire plant is edible. 

Collection and Storage: Turnip-like leaves are easily twisted from 
the ground by hand. The stalks are clipped and dried in a day or 
so. Use scissors. Leave stalks until the seeds are easily removed. 
Save stalks for a crispy stick food, 


Long-leaf Plantain. 


inda says- The plantain leaf | eat is also a fantastic under- 
arm deodorant! Prepare the leaves by placing 3 leaves togeth- 
ee, then crush with a rock or hammer until the juices flow. 
Remove the inside leaf and wipe juice on underarm. Free sup- 
ply abounds under my feet. Plantain has surrounded all the 
camps! have lived in throughout my homestead years. 
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Prickly Pear 
Opuntia megacantha and other 


species 
Cactus Family, Cactaceae 


Other Names: Devil's tongue, 
beavertail, Indian fig, tuna. 
History: Native to North and 
South America. Used by 
Native Americans, 

Habitat: Hot, dry, well drained 
soil 

Characteristics: Fleshy, low- 
spreading cactus. Has flat 
stems and pads with long nee- 
dies. Thorny fruits are preced- 
ed by waxy flowers, yellow or 
red. Fruits ripe for harvesting are yellow-green to purplish black. 
Primary Uses: Culinary, cosmetic. Pads are cut up for food; strips 
parboiled and french-fried; simmered for hair tonic and softener. 
Flowers eaten raw, cooked to candy, jelly; also frozen in cubes for 
drinks. Buds cooked for jellies, jams, syrups, deserts, candies; 
juices also made. Water from fruit and young pads may be used 
{as a liquid in an emergency. Seeds may be dried and ground to 
flour; used as a soup thickener. 

Nutritional Value: High in carbohydrates and calories. 
Medicinal Value: Pads split open for soothing gel for burns, 
wounds, sunburn. 

Cosmetic Value: Hair tonic, softener. 

Collection and Storage: Handle pads only with leather gloves 
‘and tongs. To harvest, use a long stick, handle, or shovel to knock 
off each pad. With a deliberate touch-and-push movement, the 
pads break off and fall to the ground with ease. When you pick 
them up, slide a board underneath or use tongs, and put them in 
a container. One pad isa large filet, or 2 servings. It can be cut 
up and frozen in cubes for drinks. 


One hair rinse pad is good for several shampoos. Fruit 
and seed pulp also harvested with tongs. Flowers are easily 
removed by hand, petal at a time. Petals eaten raw, cooked to 
candy, jelly 

‘To prepare padsas poultice, hold gingerly with thumbs and 


forefinger. Using point of a knife, poke firs, then slice carefully in 
half. Spread out and scrape off watery meat for use as.a poultice. 


Caution: Prickly pear is a protected plant. OK to harvest pads, 
flowers, buds as a survival food on the desert. Do not remove 
whole plants. 


Preparing Prickly Pear. 


Linda says- My personal attachment to this plant came in a 
way different from the usual. | led a wild food field trip to the 
desert in Black Canyon City. The temperature was only 90 
degrees, but the sun was vicious to my fair, sensitive skin. | 
knew my sun block was not working so well. | scraped the 
needles off some prickly pear and cut the pad in half, applied 
the cactus meat to my sunburned face. The prickly pear and 
| became good friends from then on! 
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Purslane 


Portulaca species 
Purslane Family, Portulacaceae 


Other Names Low pigweed, 
pusley. 

History: Native to Europe, 
widely naturalized in United 
States. 

Habitat: Fertile soil, topsoil. 
Characteristics’ Annual herb. 
Prostrate peddle-shaped succu- 
lent leaves on branching fleshy 
vines. Forms mats in masses of 
growth, Five to 7 petaled tiny 
yellow or red flowers are prolif 
ic. Multitudes of tiny black 
seeds produced on each plant. 
Primary Uses: Culinary. All parts edible, raw or cooked, Pursiane 
also pickled. 

Nutritional Value: Shoots contain a balance of minerals for only 
16 calories per half a cup, 

Medical Value: A succulent that quenches thirst as well as puts a 
‘quantity of minerals in the body of an active person. Contains a 
high mineral content. 

Collection and Storage: Gather mats, snapping off branches, and. 
leave root for rejuvenation. Gather succulent young branches for 
raw treats. Also grows well indoors. 


Linda says- My first harvest of purstane yielded 34 jars of 
pickles. Since then | have picked and pickled virtually hun- 
dreds of jars of purstane. 
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Queen Anne's Lace 


Daucus carota 
Parsley Family, 
Umbelliferae 


Other Names: Wild 
Carrot. 

History: Native to Europe, 
especially common in 
England; widespread in 
United States. Used by 
pioneers and Native 
‘Americans, 

Habitat: Fields, waste 
areas. 

Characteristics: Biennial 
herb. Reaches height of 2 
feet or more. Carrot-like odor in stem and leaves as well as seeds, 
Flower clusters flat-topped, umbrella-like, lacy and often have 
single purple flower in the center. Old flowers “bird cage up” and. 
turn brown. Leaves are parsley-like, feathery and smell like a car- 
rot. All parts of stems have tiny fuzz, essential for proper identifi- 
cation. 

Primary Uses: Culinary. Stems may be cut into sections and used 
for flavoring in stews & soups, Buds may be sautéed in oil, 
Nutritional Value: Beta-carotene is exceptionally high, asis niacin. 
Medicinal Value: The brown dried seeds are an excellent salt sub- 
stitute. 

Collection and Storage: Leaves are gathered in early spring and 
young leavesall season. Gather roots as carrots in early spring or 
fall; may be dug under leaves or hay even after winter snow. 
Gather flowers in summer. Collect seeds in fal. 

Caution: Seeds of the wild carrot have a high content of vitamin 
‘A and shouldn't be eaten in excess. 

Caution: Easily confused with Poison hemlock, resulting in severe 
burns of the fingers and hands as well as almost certain death if 
ingested. Check for the fuzz on the stem, as well as sandpaper- 
like feeling on dried stems from old dried fuzz. Use the foraging 
rule and crush, roll, and smell firs; do not ingest. Determine the 
carrot smell and then look for the hair or fuzz. 
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discrete semiconductor > single junction > diode 


Figure 2639. A simplified. basic circuit iustrating the 
ability ofa Zener diode to compensate for variations in the 
‘power supply a load in a circu. creating an approximate. 
Jy constant voltage at point 


flowing through the Zener will diminish, and the 
voltage at point A will tend to increase, once 
again compensating for the fluctuation in the 
circuit. 


As the series resistor would be a source of heat, 
a transistor could be added to drive the load, as 
shown in Figure 26-20. 


Load 


Figure 26-20. A transistor could be added to the circuit 
Jn the previous figure to reduce power waste through the 
resister. 


A manufacturer's datasheet may provide guid- 
ance regarding the dynamic resistance of a Zener 
diode in response to current, as previously 
shown in Figure 26-6. In practice, a packaged 


How to Use it 


voltage regulator such as the LM7805 would 
most likely be used instead of discrete compo- 
nents, since it includes self-calibrating features, 
requires no series resistor, and is relatively unaf- 
fected by temperature. However, the LM7805 
contains its own Zener diode, and the principle 
of operation is still the same, 


AC Voltage Control and Signal 
Clipping 

‘Amore practical Zener application would be to 
Jimit AC voltage and/or impose clipping on an AC 
sinewave, using two diodes wired in series with 
opposed polarities, The basic schematic isshown 
in Figure 26-21 ,whileclipping ofthe ACsinewave 
is illustrated in Figure 26-22. In this application, 
when one diode is reverse-biased, the other is 
forward-biased. A forward-biased Zener diode 
works like any other diode: it allows current to 
pass relatively freely, so long as the voltage ex- 
ceeds its threshold. When the AC current rever- 
ses, the Zeners trade their functions, so that the 
first one merely passes current while the second 
one limits the voltage. Thus, the diodes divert 
peak voltage away from the load. The Zener volt- 
age of each diode would be chosen to be a small 
margin above the AC voltage for voltage control, 
and below the AC voltage for signal clipping. 
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Figure 26-21. Two Zener diodes placed in series, with op- 
posite polarities. can clp or lit the voltage sinewave of 
an AC signal 


Voltage Sensing 
A Zener diode can be used to sense a small shift 


in voltage and provide a switched output in re- 
sponse, 
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Comments: In the fall, the flowers of wild carrot curl up; | call this 
"bird caging,” At this time, | gather the seeds and a few seeds go 
along way! | get a winter's supply of “salt” from a few flowers. 


Queen Anne's Lace Chips 

| will always remember my switch from potato chips 
to Queen Anne's|ace flowers. In the wilderness, potato chips 
are a rare commodity, but Queen Anne's lace flowers crisp to 
a "chip" of carroty crispy flavor. | dip the flowersin hot oil and 
then put the brown crispy delights on hot rocksto cool. Todd 
loved to fly by and grab a few crispy flowers and pop them in 
his mouth using the stems as a handle. 


Raspberry 


Species 
Rose Family, Rosaceae 


Types: Cloudberry, Thimble- 
berry, wild red. 

History: Some varieties native 
to North America, others natu- 
ralized from Europe, Asia. 
Used as a fruit in all countries 
where raspberries are found, 
especially Europe. 

Habitat: Roadsides, rocky 
fields, thickets 

Characteristics: Hardy shrub, biennial canes from perennial roots 
Varies in size to average of 5 feet high. Saw-toothed leaves in 
groups of 3. Round, erect stem with short thorns. Stems have a 
white powder on them. Flower white; fruit pebbly and red or pur- 
ple when ripe, pulls away from receptacle. 

Primary Uses: Culinary, medicinal, cosmetics. Early leaves used fresh 
or dried for tea. Buds and flowers are edible. Frozen in ice for 
drinks. Fruit eaten raw, cooked for jellies, jams, syrups, fresh for 
juices, wines. Stem peeled and chewed, tea made from young twigs 
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Nutritional Value: High in vitamin C. 
Medicinal Value: Tea from leaves good for control of diarrhea. 

Relaxes muscles of the uterus, beneficial for menstrual cramps and 
strengthening the reproductive system. 

Cosmetic Value: Stimulating astringent in herbal hair rinses and 
bath mixtures 

Collection and Storage: For quick, efficient berry harvesting, hang 
‘a container around your waist and pick using both hands. When. 
drying berries, spread a fine cloth over trays of berries to keep fies 
and birds away. Harvest young leaves. 

Caution: Reddish-tinged mature leaves may be toxic. Use only 


young green leaves. 
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Linda says The Adirondacks are inundated with black 
bears during berry season. One time | came upon a huge 
mama bear lying on her back under a thicket of raspberry. 
‘She was stupefied from gorging on the fermented, overripe 
berries. As she rolled over, she hiccuped and burped, then 
addled off. See page vii 


Rosa rugosa, R. Caroline 
Rose Family, Rosaceae 


Other Names Garden rose, wild 
rose. 
History: R. Caroline native to 
North America; R. rugosa native to 
Asia but naturalized in United 
States. The symbol of love and 
beauty in ancient mythology. In 
Middle Ages, rose was symbol of 
secrecy (Subrosa). Also a heraldic 
symbol (War of Roses). Native 
‘Americans used all parts of plant. 
Europe and Asia (Sturtevant) 
Habitat: Meadows, fields, woods, and coastal beaches. 
Characteristics: Perennial or hardy shrub. Usually 5-petal flower, 
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yellow, pink, red or purple. 
‘Thorny stems, particularly central 
stem. Fruit is called rose hip and 
has prominent calyx lobes 
Primary Uses: Culinary, medici- 
‘ial, cosmetic, Petalseaten raw or 
cooked, in salads, as a garnish. 
Petals are used for teas for rose Rose Hip. 
ice cubes or popsicles. Rosehips 
remain at end of stem after the petals fall off. This bulbous end is 
edible raw or cooked, siced in salads. Leaves used raw in salads, 
dried for leaf tea. Stems peeled and brewed as tea; roots peeled 
‘and chewed; brewed as tea. Hips used in jam, jellies, tea, candy, 
or confections. Brewed as tea; dry and reuse, or store in glass jars 
Also used in incense & lamp oil. 
Nutritional Value: Rose hips are high in vitamin C. 
Medicinal Value: Known to help with colds and coughs. All parts, 
including roots, pounded and powdered as snuff to clear sinuses. 
In the past, the bark was mashed and applied to boils, wounds, 
sores. Today, rose oil is used to soothe headaches and asa healing 
ointment. 
Cosmetic Value: Soaps & perfumes. 
Collection and Storage: Gather all parts. Early rose shoots are eas- 
ily clipped with scissors, Save all parts. Leaves may be clipped at 
any time and wear gloves and use a canvas bag or paper bag, one 
for leaves, one for roses and hips. Full roses snip 1 inch below hip. 
Pull petals off and use hips later. 

‘Sauté rose petalsin light ol for delicious treat. Rolll in con- 
fectioner’s sugar and refrigerate for candy. 

Make rose oil by adding 1 ounce of rose powder (ground, 
petals) to 4 tablespoons olive oil and store for a few weeks 
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inda says- Imagine what it's like to find yourselfin a field of 
wild roses. Wandering among the bushes, | felt | was in the 
Garden of Eden. | wore gloves, dungarees and a long sleeve 
shirt for this experience. Nearby the Hudson River flowed 
past. Dragonflies and birds flew around me. When | tired of 
stuffing bags with petals for drying, | took a dip in the clean 
upper Hudson. 
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Saguaro 


Carnegiea gigantea 
Cactus Family, Cactaceae 


Other Names: Monument of the desert. 
History: Native to North American desert. 
Used by desert dwellers, Native 
‘Americans. Papago Indians make heavy 
syrup and intoxicating wines. 

Habitat: Rocky, gravel soil; hills, canyons, 
and dry washes, 

Characteristics: Treelike cactus. Has one 
or more founded arms extending branch- 
like from a single, thick trunk. Shallow 
root system with small roots radiating out 
the height of the cactusand then some; no 
taproot. Long thick trunk can be 2 1/2 feet 
wide and 50 feet high. Large, thick grooves running laterally on all 
parts, glochids and thick fishhook barbs on all parts of the cactus. 
Circle of white flowers on top branch. Fruit is egg shaped, 2 to 3 
inches long. 

Primary Uses: Culinary. Flower budsand seedsare eaten, Flowers 
are seen first, then buds with seeds inside, Fruit iseaten raw; husks 
and seeds are boiled, baked; fruits, husks and seeds used for syrup 
or jam. Dehydrated pulp used for flour, also oil, soft drinks, wine, 
and vinegar. 

Nutritional Value: Buds, or fruits are high in niacin, fiber, carbohy- 
drates as well as ash. 

Collection and Storage: Harvest fruit in J uly and monthly there- 
after by using a long stick to knock off bulbs. The skin splits and 
bark curls back when fruit is mature. May be dried for storage or 
be cut in half and soaked in water for about 1 hour after removing 
seeds, 

Caution: Saguaro is a protected cactus tree. The Department of 
Agriculture must give permission to remove cactus from the desert 
Fruits, buds may be used for food in a survival way, but permission 
must be noted in larger quantities, No permission will be granted 
to remove a rare crested specie of saguaro. 
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Jinda says- The saguaro is a monument to desert life, pro- 
tecting myriads of insects, mice, fruit-eating bats, owls, and 
other creatures of the desert. During a field walk with Willie 
Whitefeather, my Cherokee friend, | saw the buds of the giant 
saguaro harvested correctly. Willie fashioned the dried ribs of 
an old saguaro hulk together, lashed a hook-like end on the 
tip. The tool was 16 feet long and bent like a giant fishing rod 
in the desert wind. Deftly, he pulled the saguaro buds to the 
waiting crowd below. 
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“Desert Saguaros” by Paul Runyon, Linda’s brother. 


Sheep Sorrel 
Rumex acetosella 
Buckwheat Family Polygonaceae 


Other Names: Garden sorrel, field sorrel, R. 
acetoea, 

History: Native to Europe and Asia, natural- 
ized throughout North America. Garden sor- 
rel is cultivated for use as cooked green. 
Habitat: Waste areas, roadsides. 
Characteristics: Perennial herb. Reddish- 
tinged grassy tops. Mature seeds grow in 
spreading areas, standing out easily. The 
arrow shaped leaves are sour in taste 
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Flowers are tiny and give way to seed quickly. 
Primary Uses: Culinary. Leaves or stalks, eaten raw in salads or 
Cooked as vegetable. Can be used in cold drinks. 

Nutritional Value: High in vitamin C. 

Medicinal Value: J uice has mild antiseptic effect (crush and place 
‘on wound asa poultice). J uice acts as laxative. 

Collection and Storage: Use scissors and shear clumps of seeds 
easily, collecting in a bag or basket. Strip leaves off separately for 
soups, drinks. Seeds dried and stored in glass jar for use as spicy 
food additive 

Caution: All parts contain oxalic acid crystals. These may inhibit 
the absorption of calcium in the body. Place in boiling water for 
‘a minute or so to destroy the crystals. 


See 


Linda says- | was amazed to taste the arrow head shaped 
leaves and find they were the same bitey, sour lemony taste 
as wood sorrel, (See page 137.) 


Shepherd's Purse 


Capsella bursa-pastoris, 
Mustard Family, Brassicacae 


Other Names: Heart seed, field 
‘cabbage, purse seed, pick purse. 
History: Native to Europe, widely 
naturalized in North America 
Used by Native Americans. 

Habitat: Waste areas, roadsides. 
Characteristics: Annual _herb. 
Erect plant from 3 inches to 1 1/2 
feet high. Slender stem comes up 
from a spreading rosette of leaves 
formed flat on the ground. Deeply 
lobed leaves resemble wild lettuce 
or dandelion, but are more sym- 
metrical. Has small white flower 
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with petals only 1/12 to 1/8 inch long, jutting out from the branch- 
eson a single stalk. Flowers give rise to seeds that resemble upside- 
down hearts. 

Primary Uses: Culinary, medicinal. Basal leaves eaten in sand- 
wiches, salads, soups, vegetable. Stalk is stir-fried, eaten raw. Buds 
and flowers eaten raw. Seeds are stirfried and used as pepper, 
spice, seasoning. Roots are used fresh or dried as substitute for gin- 
{ger or candied in syrup, 

Nutritional Value: High in vitamin K, vegetable protein, potassium, 
calcium as well as beta-carotene and minerals. 

Medicinal Value: Dried to use as blood-clotter and valuable taken 
in quantity for internal bleeding. 

Collection and Storage: Look for upside-down heart shaped seeds 
to distinguish plant from other wild mustards and pepper grasses. 
Gather leaves at any stage. Gather seeds when ripe. Entire plant 
may be gathered and chopped for vegetable, as well as dried for 
additive. Add seed pods to soupsand stews for a pepper-lke flavor. 
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2 (Harrington 1967) 


inda says- In the East | ate the litle heart-shaped seedpods 
with gusto, but in the West | seek them with a vengeance. 
Shepherd's purse is known to help relieve strong menses and 
internal bleeding. According to Peter Bigfoot in his book 
Arizona Wild Herbs, pick the mature, flowering plants in the 
Arizona Desert foothills in springtime. Dosage: 1 teaspoon 
dried herb per cup of hot water. Steep 15 minutes and drink 
the tea cool. Take 2 or more cups full per day as needed. 
Drink it quickly, do not sip for best effect with internal blee 
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Sow Thistle 


Sonchus oleraceus 
Composite Family, Compositae 


Other Names: Hoitgamivakhi 
(Pima Indian). 

History: Native to North Africa, 
Europe, and western Asia; intro- 
duced to the United States and 
now found throughout most of 
Arizona. Used by Native 
‘Americans as greens. 

Habitat: Roadsides, damp fields, 
waste areas 

Characteristics: Annual herb. 
Dandelion-type deeply lobed 
leaves begin from a central stem 
‘on the ground, clasping around stalk to a sharp point, like a sow's 
ear. Top of stalk bears branches, at the end of each growsa yellow 
flower that looks somewhat like a dandelion flower. After seeding, 
‘a white fuzz appears with single seeds on the end of the flu, 
Primary Uses: Culinary. Buds, flowers, and seeds edible raw or 
Cooked. Stems may be cut into inch long pieces with scissors and 
sir fried or sautéed in oil as beans, Roots may be scrubbed and 
stewed in crock pot. Young leaves gathered and eaten as spring 
green, also eaten raw. Flowers stir-fried as vegetable or dried as 
well as frozen. 

Nutritional Value: Very high in minerals. 

Medical Uses: Milk reported to be somewhat diuretic. 

Collection and Storage: One may trim leaves off long stems easily 
by leaving plant in ground and trimming off with a long knife. Use 
long handled knife or scissors, and wear gloves. Cut leaves over a 
basket or bag. To harvest large amounts, cut 2 long goldenrod or 
wild lettuce stalks and lay parallel to each other. Using a gloved 
hand, place the thistle plants across the parallel stalks. When a 
bundle is accumulated, pull golden rod stalks up and wrap around. 
Carry by holding both ends of the goldenrod together. 


Linda says- My introduction to sow thistle was an experi- 
ence. Early in the morning, when the dew was still on the 
grass, | wandered through a field of barley grass. The sow 
thistle wasa succulent emerald green amid the grasses. Since 
I carry water with me; | rinsed offthe leaves and munched on 
the sweetest breakfast | ever had in the West. 


Strawberry 


Fragaria virginiana 
Rose Family, Rosaceae 


Other Names: 
Heartberry, wood straw- 
berry. 

History: Native to North 
‘America; Used in early European cultures, especially popular in 
France. Grows throughout Northern Hemisphere, excluding trop- 
ics. Native Americans steeped wild strawberries in warm water, 
then strained and cooled the liquid. The resulting lotion was a 
wash for irritations and skin ulcers. 

Habitat: Fields, roadsides, meadows. 

Characteristics: Low perennial, reaching height of 2 inches to 8 
inches. Lobed saw-toothed basal leaves in groupsof 3. Tiny, heart- 
shaped strawberry fruits. Small white flowers. 

Primary Uses: Culinary, medicinal, cosmetic. Flowers are edible 
raw. Leaves eaten raw, dried for tea. Fruit eaten raw; cooked for 
jellies, jams, syrups; raw for juices, wines. Entire plant is steamed, 
boiled, used in soups and stews; cooking liquid is drunk. 
Nutritional Value: Leaves and fruit high in vitamin C. 

Medicinal Value: Leaves infused and used for sore throats. J uice 
is mixed with water for eye wash. Historically, roots are infused for 
gonorrhea remedy. Fruits are dried for stomach problems, diar- 
thea, dysentery liver pain, jaundice. To juice, puta nylon stocking 
over a bowl, Place washed berries in stocking, then squeeze the 
juice into the bowl. 

Cosmetic Value: Astringent and facial cleanser, useful for oily skin 
Fruit is tartar remover for teeth; crush fruit, rub on, and rinse. 


125 


Collection and Storage: Pick fruits as you would cultivated straw- 
berries With container around your waist, pick fruit and leaves 
easily using both hands. 

Caution: Dry leaves thoroughly for tea. Partially dried leaves can 
cause a toxic reaction. 


ge ESBkEL 


Linda says- Picking wild strawberries in the Adirondacks is 
difficult because the berries are very small and they ripen in 
blackfly season. The hardiest folk pick them in the wee morn- 
ing hours or at night or in a rain. Snapping turtles eat the 
berries, as do other critters. | enjoy finding berries with 
chunks missing, and speculate what had breakfasted before 
me—insect, turtle, or mouse. 


Sumac 


Rhus species 
Cashew Family, Anacardiaceae 


Other Names: Staghorn, smooth, 
scarlet, dwarf, shining, mountain, 
hairy, velvet, fragrant, virginian, 
‘and winged sumacs; lemonade 
tree. 

History: Mostly native to North 
‘America. Used by Native 
‘Americans and colonists 

Habitat: Roadsides, field edges. 
Characteristics: Deciduous tree 
or shrub. Bushes or shrubs with 
some varieties to height of 20 feet. 
Fern-like leaves 14 to 24 inches 
long. Flaming red fuzzy berry 
clusters, hairy and lemonade tasting. Stems and branches exude 
white milk when broken, Plants need heavy sunshine to produce 
berry clusters. 
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Figure 26-22. AC input showing a pure sinewave (left) 
and a clipped version (right) created by Zener diodes 
Wired in series, asin the previous figure 

In Figure 26-23, the upper schematic shows a 
Zener diode preventing voltage from reaching 
the emitter of a PNP transistor while the divided 
input signalis below the Zener (breakdown) volt- 
age of the diode. In this mode, the transistor is 
relatively non-conductive, very little current 
flows through it, and the output is now at near- 
zero voltage. AS soon as the input signal rises 
above the Zener voltage, the transistor switches 
onand poweris supplied tothe output. Theinput 
is thus replicated in the output, as shown in the 
upper portion of Figure 26-24. 


In Figure 26-23, the lower schematic shows a 
Zener diode preventing voltage from reaching 
the base of an NPN transistor while the input sig- 
nal is below the Zener (breakdown) voltage of 
the diode. In this mode, the transistor is relatively 
non-conductive, and power is supplied to the 
output. As soon as the input signal rises above 
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e semiconductor > single junction > dio 
the Zener voltage, the transistor is activated, di- 
verting the current to ground and bypassing the 
‘output, which is now at near-zero voltage. The 
inputs thus inverted, as shown in the lower par- 
tion of Figure 26-24 (provided there is enough 
current to drive the transistor into saturation). 


PNP 


&) 


Output 


Figure 26-23. A Zener diode can be used in conjunction 
with a PNP transistor. See text for details 


What Can Go Wrong 


Overload 
If maximum forward current is exceeded, the 
heat generated is likely to destroy the diode. If 
the diode is reverse-biased beyond its peak i 
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Primary Uses: Culinary. Flowers and seeds are the fruits. Fruits 
eaten raw or crushed in water as lemonade, Frozen in ice cube 
trays for popsicles. 

Nutritional Value: High in vitamin C. 

Collection and Storage: Collect fruit before completely mature, 
when spirestum dark red. Collect spires by breaking off stems. For 
tea, strain out hairs by overlapping balsam branches as a sieve or 
use cheesecloth. Look carefully at the whole tree to avoid acci- 
dental contact. | once pulled down a poison sumac branch grow- 
ing in the midst of an edible sumac tree. 


Caution: Poison sumac has white or greenish-brown clustersinstead 
of red spires. When dried, a tan spire is evident. See Part V. 
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Linda says- There is nothing more beautiful than a glass 
decanter filled with sumac berries. Scarlet tea! Sumac lemon- 
ade is a year-round treat. Collect and rinse the heads early in 
the season. Do not wait until fall, when insects have made their 
nests in them! Summer seed heads may be dried and stored in 
glass, or bagged and frozen. 


Sunflower 


Helianthus species 
Composite Family, Compositae 


‘Types: Annual, wild, Western, com- 
mon, tall, giant, weak, saw-toothed, 
swamp, little, aspen, showy, and 
woodland sunflower; Marigold of 
Peru. 

History: Native to the Americas, 
probably originated in Peru. Used 
by Native Americans. 

Habitat: Widespread but_more 
‘common in West. Gardens, fields, sunny open areas. 
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Characteristic: Annual herb. Composite flowers on plants from 
3 to 14 feet high. Yellow ray flowers with purplish red to brown 
disk flowers in center. Stems may be smooth or hairy. Leaves 
opposite or alternate, characteristically narrow, long, rough, and. 
saw-toothed. 

Primary Uses: Culinary, cosmetic. Seeds crushed and boiled; oil 
skimmed off top and eaten. Pith edible raw and cooked in soups. 
Used for paper making, organic fertilizer, oil, lubricants, candles. 
Petals used for yellow dye. 

Nutritional Value: Seeds high in protein. 

Cosmetic Value: Oil, soaps. 

Collection and Storage: After flower matures and petals fall off, 
gather seeds. Snap off dried center and dry seeds on screen, then. 
bottle. Large heads dried in a closed paper bag will mature even- 
tually. Scrape the heads across a sieve with holes sized such that 
the seeds can drop through. Place seeds on cookie sheet and 
roast in dry, low oven. Bottle in glass for long-term storage. Pith 
is collected by peeling outer fresh stem when plant is dry and 
pulling out white pith. 


Linda says- Snapping off the tiny dried heads of desert sun- 
flowers is fun and very profitable for my table. A few crushed 
heads and a bit of water yielded a nutritious gruel with an obvi- 


‘ous energy boost. Storage is simple: | put the dried sunflower 
heads in a glass jar. 


Thistle 


Circium species 
Composite Family, Compositae 


Other Names Bull thistle, yellow 
thistle, plumed thistle, swamp thistle, 
field thistle. 

History: Native to North America. 
Used since colonial times and by 
Native Americans, 


Habitat: Roadside, fields, waste areas. 
Characteristics: Biennial plant with dozens of varieties. Reaches 
height of 2 to 6 feet. Leaves and stems have sharp spines (bulbs) 
on all parts. One to 3 large, purplish flower heads with spines 
around base produced second year. 

Primary Uses: Culinary. Flowers steamed and eaten raw much 
like an artichoke. Leaves dried and ground to a fine, green flour. 
Dried leaves also used for tea. Steamed leaves eaten as a veg- 
etable. Stems peeled, sliced, and cooked as a vegetable. Roots 
boiled for tea. 

Nutritional Value: High in potassium, phosphorus, and vegetable 
protein. 

Medicinal Value: Roots are used for restorative tonic. Roots can 
be harvested year round, but early summer is best. 

Collection and Storage: Early in the spring, use a penknife to cut 
beneath the basal leaves as you would a head of lettuce, being 
careful not to disturb the root. Cut leaves off central stem, hold- 
ing a bag underneath. Use tongs and strainer to wash. Dries and 
freezes well. 


Les 


Linda says- The beginnings of a thistle plant are succulent Its 
thorny whorls are clear blue-green. The trick isto get as much 
of the core as possible, leaving the basal root. The thistle will 
grow again if you carefully take the upper part of the root along 
with the leaves, leaving the deeper root alone. The firs time | 
did this | wondered if it was worth the effort. Now I use tongs 
and a strainer, and find the preparation time negligible while 
the taste is lasting! 


Thyme 


Thymus vulgaris 
Mint Family, Labiatae 


Other Names: Bee plant, wild 
thyme, mountain thyme, 
creeping thyme. 

History: Native to Europe; in 
North America gardens vari- 
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ety has expanded to woods and fields. Adapted and used by 
Native Americans, 

Habitat: Fields, roadsides, roadbanks, lawns. 

Characteristics: Woody perennial. Prostrate herb growing to 
height of about 4 inches. Several varieties, all with pepper-like 
smell. Many spikes of leaves and lavender spike flowers. Grows 
in thick patches. 

Primary Uses: Culinary, medicinal, cosmetic. All parts edible. 
Ground to powder; twigs, leaves, and flowers simmered for stim- 
ulant tea. Added as seasoning to soups, stews, fish, meat dishes. 
Nutritional Value: Has. high count of vitamin C, iron and niacin 
Medicinal Value: For headaches, stimulant, antiseptic, aromatic, 
carminative, diuretic, diaphoretic, emenogogic, and antispas- 
modic. Treatment for sore throats. 

Cosmetic Value: Oil is aromatic, antiseptic, diaphoretic, stimu- 
lant, disinfectant, and used in cosmetic lotions. An effective 
deodorant, mouthwash, aftershave lotion, and wash. 

Collection and Storage: Easily sheared with scissors. Mow thyme 
patches regularly for a winter supply. For best results, rub dried 
thyme through a screen to remove stems and twigs. 
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It's Thyme Time 

Lying next to a patch of lavender thyme flowers and 
nibbling the pungent, peppery twigs and flowers soon 
became a favorite activity after a busy day. My favorite patch 
was near Cedar River Road in the Adirondacks. Those days 
were spent building structures, gathering large amounts of 
food, experimenting with storage and cooking methods, and 
just plain surviving. | would lay full length next to the bees 
working the thyme. The bees never minded, lifting off and 
moving as! raised my hand to pluck a stem to munch on. The 
thyme was a perfect stimulant. | returned to finish the 
evening renewed. 
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Tumbleweed 


Salsola kali 
Goosefoot Family, 
Chenopodiaceae 
Other Names: Russian thistle. 
History: Native to Russia, 
brought to United States in 
flaxseed 100 years ago, 
Habitat: Open desert, fields, 
roadsides, hot dry country. 
Characteristics: Annual herb, 
Reaches height of 2 feet in bushy 
and roundish intricately branched 
plant. Often reddish with ridged 
stems and many tiny ends. Late in 
season, plant breaks off at base and rolls around freely, dropping its 
many seeds. 
Primary Uses: Culinary. Tipseaten cooked as vegetable or in soups 
and stirfries 
Nutritional Value: High in calcium, vegetable protein, carbohy- 
drates, fiber, potassium and extremely high in niacin. 
Collection and Storage: Choose tumbleweed that does not have 
many buds and flowers, and harvest young seedlings whenever 
possible. Ifyou don't have time to stand and clip the bush, remove 
a few branches and let wilt naturally. Clip ends that wilt the most; 
this ensures getting the most succulent ends, Drop succulent ends 
ina bowl, wash well, or soak overnight in a large bow! of water and 
a teaspoon of vinegar. The more you clip the more the plant grows 
to maturation, producing many more branches. 
Caution: Do not ingest raw except in extreme emergency, chewing 
thoroughly. 


Linda says- Making tumbleweed soup is simple. | find a 
tumbleweed without prickly seeds and flowers, and shear the 
succulent ends into a basket. Wash the succulent tips well, 
quickly cook them in boiling water, then pack half-cup quan- 
tities into soup bags and freeze. You'll have a month's worth 
of delicious soup. 
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Violets 


Viola species 
Violet Family, Violaceae 


Other Names: Heart leaf, baby face, 
wild violet 

History: World wide distribution, 
including North America. Used by 
Native Americans, 

Habitat: Rich, moist woods, swamp 
Sides, stream banks, damp lawns. 
Characteristics: Annual or perennial 
herb. “Smooth, heart-shaped leaves 
with litte scalloping on edges. Single stem. Flowerson single ster 
from leaf base; five-petaled, arising from a center spur, usually yel- 
low. Lower petal has heavy veins and there is a bearded design. 
Colors vary from white or yellow to purple or blue. 

Primary Uses: Culinary, medicinal, cosmetic. Flowers used aslittle 
“Fruits”, eaten raw and candied; also used in jam, jelly, wine. Buds, 
flowers, and leaves dried for tea. Leaves eaten raw in sandwiches 
or salads, cooked, as thickening agent. Roots of violets may be 
eaten raw or cooked in a crockpot. Stems may be snipped into 1 
inch sections and added as "beans" to soups. 

Nutritional Value: ‘High in vitamins A and C. 

Medicinal Value: Good for colds, flu. Eaten for dry, scratchy throat. 
Raw flowers eaten in quantity for varicose veins. 

Cosmetic Value: An astringent; used in cold creams, oil lotions 
(infusion of flowers). 

Collection and Storage: Clip violets easily with scissors, but use fin- 
{gers when gathering leaves. Choose large leaves to wrap up tofu, 
fice, potatoes, beans. 

Caution: Yellow wood violets may be cathartic; small, common. 
fawn violets are not. 


Soeeey 


Linda says- Tiny faces peeping out of the dew-covered grass 
= violets are a favorite of mine, whether next to a stream in 
early spring or on the back lawn. The violet's face is a spring 
flag, heralding renewed life. 

Todd loved the litte faces in his ice cream. 1 would 
lightly stir a handful of violets into his vanilla ice cream, 
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Wild Lettuce 


Lactuca canadensis 
Composite Family, Compositae 


Other Names: Milk lettuce, chicory let- 
tuce, horseweed 

History: Native to North America, 
Used by Native Americans; The 
Menominees use wild lettuce as a 
sedative? 

Habitat: Fields, waste ground, road- 
sides. 

Characteristics: Biennial herb. Deeply 
serrated leaves, coming off a central stalk. Tiny buds and exten- 
sions off of top stalk. Dozens of yellow dandelion-like ray flowers. 
White milk in stem, Stem veins are characteristic. 

Primary Uses: Leaves eaten in salads. Flowers and buds are stir- 
‘fied. Flowers and seeds are eaten raw or cooked, sautéed in oil 
and garlic. Stems (young) cut to bean size and cooked. Leaves 
dried and ground for seasoning. Roots have been used asa gum. 
Nutritional Value: High in beta-carotene, ascorbic acid, (vitamin C) 
Medicinal Value: Tea from milky leaves is sedative. Sap induces 
‘sweating and is used as a fever reducer. Decoctions of sap are 
known to ease irritability and insomnia, 

Collection and Storage: Collect leaves, stems, flowers as you 
would lettuce, use raw. 


FESS 


Linda says- The topsor buds of this great plant are delicious. 
Stirfried with a little olive oil and garlic salt, wild lettuce 
makes a wild meal! 


2Densmore, Francis. How the Indians Use Wild Plants for Food. 
New York: Dover, 1974. 
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Willow 


Salix species 
Willow Family, Salicaceae 


Types: _Beaked, black, 
blue, Canada, coastal 
plain, crack, Drummond’s, 
ward, weeping willow. 
History: Grows throughout 
the world but abundant in 
cooler parts of Northern 
Hemisphere. In North 
‘America, used by Eskimos, 
Native Americans. Eskimos dry inner bark, strip, and cook like 
spaghetti; Inner bark layer called keeleeyuk in Eskimo, meaning 
“the scrape.” 

Habitat: Damp areas, stream sides, swamps. 

Characteristics: Deciduous shrubby tree. Over 100 species, many 
with drooping branches alternate 2 inch leaves, sectioned twig ten- 
dril, Flowers (catkins) are furry, present before leaves. Roots seek 
water; have thousands of white hair-like extensions. 

Primary Uses: Culinary, medicinal, cosmetic. Inner bark eaten 
raw; may be dried and pounded to flour. Buds, flowers or catkins, 
seeds are brewed astea, Leaves are emergency food, tea, but use 
sparingly as they contain “aspirin”. Willow sprouts provide early 
spring food. 

Nutritional Value: Very high in beta-carotene. 

Medicinal Value: All parts have acetylsalicylic acid, or salix, an 
aspirin source. Ten to 15 catkins or one 6 to 8 inch tendril, equal 
approximately 2 aspirins. 

Cosmetic Value: Astringent; used in lotions, creams, facial washes. 
Collection and Storage: Break tendrils into 6-inch pieces and dry. 
Store in glass container. Collect catkins or leaves by running hand 
down tendril. Dry and store. A supply of aspirin was easily kept 
through the year by stripping catkinsin the spring, drying, and plac- 


ing in glass. 
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Beneath the Weeping Willow 

1 sit under my favorite weeping willow tree. My fin- 
gers fly as | make a supple willow basket. At the same time, 
the tiny catkins hanging from the twigs are irresistible. | first 
munch only four or five, remembering that these catkins are 
like aspirin. But the catkins are so delicious. | quickly down 
about 1/2 cup of them while | make the basket. When | stand 
Up, my ears ring and | wobble, almost faint. | sit down imme- 
diately and put my head between my knees to stop the dizzi- 
ness. | curl up and go to sleep. Much later, | awake with a 
gigantic headache that lasts almost two days. A hard-learned 
lesson about the potency of willow catkins! 


Wintergreen 
Gaultheria procumbens 
Heath Family, Ericaceae 


Other Names: Checkerberry. 
History: Native to North America, 
especially East 

Habitat: Wooded areas, acid soils, 
under softwood trees. 
Characteristics: Perennial herb. 
Drooping waxy white flowers hidden by flat shiny evergreen 
leaves. Has bright red berries. 

Primary Uses: Culinary, medicinal, cosmetic. Leaves used fresh 
or dried, crush or steep for tea. Oils are distilled for flavorings. 
Buds, flowers, and seeds (berries) edible. 

Nutritional Value: Fruit or berry, high in acetylsalicylic acid, or 
aspirin. Contains niacin. 

Medicinal Value: Leaves contain acetylsalicylic acid (aspirin) 
Steeped for astringent. Boiled and applied to wounds or used as 
eyewash. Tea breaks a fever. Used as an anti-rheumatism gargle, 
to treat wounds or hemorrhages, asa poultice for insect bites and 
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bruises, or as vaginal douche (see page 138). Oils used for rheuma- 
tism or arthritis, sciatica, 

Cosmetic Value: Aromatic oil used as flavoring for candies, tooth- 
paste. 

Collection and Storage: Snip leaves; dig roots, and collect berries. 
Wintergreen isknown to grow under the snow; dig and eat during 
winter. Dried, powdered wintergreen leaves have more flavor 
than fresh leaves. Plant transplants easily, loves acid soil 

Caution: Contains acetylsalicylic acid (aspirin). Overdose of oil 
may produce drowsiness, congestion, and delirium. 


Linda Says- Driving from Plainfield, New J ersey, to Indian 
Lake in upstate New York wasa 17-hour drive in 1940. My frus- 
tration asa child was greatly relieved by chewing a wintergreen 
leaf! picked in the woods. | soon learned to recognize the flat, 
shiny, three-leafed plant growing close to the ground. If | was 
lucky enough to find a red wintergreen berry, | savored that 
berry for an hour of the drive! 


Winter Harvest 

Itwas the first time | trooped through snowdrifts look- 
ing for food. | thought it would be hard work, but balsam and 
pine trees were always within reach of the trail. Bushes of 
meadowsweet poked above the snow. | would never starve if 
| ate twigs and bark. But I did not know then that the Iroquois 
‘Abanake (bark eaters) did just that for centuries. Following 
the deer trail, | located the wintergreen. Reaching deep into 
the snow opening, | pulled out a few plants. The shiny green 
aromatic leaf never tasted so good! 
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Figure 26-24. Theoretical output from the transistors in 
te two previous schematics. 

verse voltage limit, the current will overwhelm 
the diode’s ability to block it, and an avalanche 
breakdown will occur, once again probably de- 
stroying the component. The graph in 
Figure 26-5 illustrates the performance range of 
a hypothetical generic diode. 


Reversed Polarity 

Zener diodes look almost identical to other 
types, and all diodes share the same convention 
of marking the cathode for identification. Yet 
Zeners must be reverse-biased while others are 
forward-biased. This creates a significant risk of 
installing a diode "the wrong way around,’ with 
potentially destructive or at least confusing re- 
sults, especially when used in a power supply. 
The very low resistance of a diode ta forward 
current makesitespecially vulnerableto burnout 
ifinstalled incorrectly. 


Wrong Type of Diode 

Ifa Zener diode is used accidentally wherea sig- 
nalorrectifier diodeisappropriate, the circuit will 
malfunction, as the Zener will probably have a 
much lower breakdown voltage, and therefore 
will not block reverse current. Conversely, ifasig- 
nalorrectifier diode is used where the circuit calls 
for a Zener diode, reverse voltage will be clam- 
ped (or regulated at the diode's forward voltage 
value). Since diodes are often poorly marked, a 
sensible precaution is to store Zener diodes sep- 
arately from all other types, 
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Wood Sorrel 


Oxalis species 
Wood-Sorrel Family, 
Oxalidaceae 


Other Names: Clover sorrel, 
shamrock sorrel, lemon sorrel. 
History: Eaten as spicy salad for 
centuries. Introduced to North 
America and used by 
Europeans and all Native 
‘American cultures except Crow 
and Menomini. George 
Washington Carver, of peanut 
fame, made pies and confections from wood sorrel; he even made 
a paint from sorrel. 

Habitat: Fields, woods, moist places, under trees, or shrubs 
Characteristics: Low-growing perennial herb. Leaves alternate or 
basal, in 3 heart-shaped leaflets (a shamrock), sour lemon tasting, 
Grows from 2 inches to 8 inches in bunches or carpets. Flowers 
long, with 5 yellow, rarely green petals, sometimes red at the base. 
Leaves fold up sometimes when extremely warm or in sunshine. 
Primary Uses: Culinary, cosmetic. Leaves cooked in soups, stews 
‘Seeds cooked in soups, stews, Buds and flowers cooked in soups, 
stews. Many commercial uses. Stems are edible. Cut into inch 
pieces and add to soups, stews. 

Nutritional Value: High in vitamin C. Because wood sorrel is high 
in oxalic acid, it hastens the elimination of calcium from the body 
and inhibits absorption of calcium. Therefore, limit intake of raw 
leaves to no more than 15 at most. Cook for safety. Drop entire 
plantin hot water. When color changes from bright emerald green 
to olive green, oxalic acid is neutralized. 

Cosmetic Value: Antiseptic wash for skin and skin eruptions 
Collection and Storage: Gather seeds when they are red. Gather 
leaves year-round Collect flowers any time of year. Cut stems, 
leaves, and seedsto dry for soup or use asa salad ingredient, 
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Yarrow 


Achillea millefolium 
Composite Family, Compositae 


Other Names: Milfoil, field 
hop, old man’s pepper. 
History: Native to Europe. 
Naturalized in North America. 
Habitat: Old fields, roadsides. 
Characteristics: "Perennial 
herb. Grown to height of 2 
1/2 feet. Creeping rootstock; 
fern-like, lacy leaves, slightly 
hairy. Flowers typically white 
in wild, but occur in red, rosy, 
yellow, and magenta in orna- 
mental gardens. Flowers 
have 5 petal-like rays, dozens 
in flat top clusters. Each 
flower ison its own stem, orig- 
inating from one stem. 
Primary Uses: Culinary, 
medicinal, cosmetic. 
Stimulant tea. Boil any part of plant in small amounts. Leaves 
used raw in salads, or cooked for green. Seeds and flowers 
crumpled for seasoning. First-year roots peeled and cooked as 
vegetable. 

Nutritional Value: High in calcium, and potassium. 

Medicinal Value: Moves fluids in the body. Diaphoretic; cleans- 
es the blood; tonic, stimulant, antiseptic; soothes burns. 
Strengthens immune system. 

Cosmetic Value: Astringent; cleansing herb in facial mixtures, 
vaginal douches, shampoos; for dandruff and baldness treat- 
ments. Mouthwash for toothaches. 

Collection and Storage: Clip flowers with scissors or break off 
with fingers. Pull leaves down stalk 
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Yarrow for Teeth Cleansing 

‘A dentist appointment loomed ahead. | hated to 
leave the forest and drive the old truck to Indian Lake, but 
having no phone, | could not cancel. | picked a yarrow stem 
and stripped off the leaves, | placed a leaf under my forefin- 
ger and scrubbed my teeth with the yarrow. Very astringent 
and satisfying. Using the stem, | picked here and there. Then 
| drove the pickup to town. In the dentist chair, the doctor 
exclaimed, ‘Linda, you've been in the yarrow again!" | did not 
realize that the yarrow had dyed the inside of my mouth 
green, especially my teeth— temporarily, of course 


The author begins her exploration of wild food. 
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Notes 
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‘Amaranth 
Amaranthus retroflexus Amaranth Family, Amaranthaceae 


ai 


Arrowhead 
Sagittaria species, S. chinensis Wate Plantain Family, Als 


Aster 
‘Aster nemoralis Composite Family, Asteraceae 


a2 


Birch 


Betula species Birch Family, Betulaceae 
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Blackberry 
Rubus villosus and other bramble berry species Rose Family, Rosacese 


Blueberry 
Vaccinium myrtillus Heath Family, Erraceae 


14a 


Chi 
Matricaria chamomilla Composite Family, Asteraceae 
a6 


Chicory 
CCIchorium Intybus Compost Family, Asteraceae 
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Clover, white 
‘Trefolium Repens Legume Family, Leguminosae 


Crabgrass 
Digitaria sanguinalis, Grass Family, Graminea 


ag 


Dandelion 
‘Taraxacum officinale Composite Family, Asteraceae 
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Evening Primrose 
Oenothera biennis Evening Primrose Family, Onagraceae 
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Filarie 
Erodium circutarium  Cranesbill Family, Granlaceae 


Fireweed 
Eplloblum angustifollum Evening Primrose Family, Onagraceae 
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a 
Goldenrod 
Solidago odora Sunfower Family, Compostae 


Grape 
Vitis arizonica (Western) Vitis labrusca (Eastern) Vitis rotundifolia (South) 
Vitis Family, Vitaceae 
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Lamb's Quarters 
Chenopodium album Gooseloot Family, Chenopodiaceae 


Malva 
Malva Neglecta Mallow Family, Malvaceae 
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Maple 


ap 
Aceracene Family 


Meadowsweet 
Fllipendula ulmarla Rose Family, Rosaceae 
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Milk Thistle 
Silybum marlanum Composite Family, Compostae 


‘Ascleplas species Milkweed Family, Asepiadaceae 
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unijunction transistor 


The unijunction transistor (UJT) and programmable unijunction transistor (PUT) are dif- 
ferent internally, but are sufficiently similar in function to be combined in this entry. 


OTHER RELATED COMPONENTS 


jode (See Chapter 25) 
ipolar transistor (Soo Chapter 22) 
+ field-effect transistor (See Chapter 29) 


What It Does 


Despite their names, the unijunction transistor 
(UJT) and programmable unijunction transistor 
(PUT) are not curtent-amplification devices like 
bipolar transistors. They are switching compo- 
nents that are more similar to diodes than to 
transistors, 


The UJT can be used to build low- to mid- 
frequency oscillator circuits, while the PUT pro- 
Vides similar capability with the addition of more 
sophisticated control, andis capable of function- 
ing at lower currents. The WJT declined in popu- 
larity during the 1980s after introduction of com- 
ponents such as the 555 timer, which offered 
more flexibility and a more stable output fre- 
quency, eventually at a competitive price. UJTs 
are now uncommon, but PUTs are still available 
in quantity as through-hole discrete compo- 
ents. Whereas an integrated circuit such as a 
555 timer generates a square wave, unijunction 
transistors in oscillator circuits generate a series 
of voltage spikes. 

‘The PUTis often used to trigger a thyristor (de- 
scribed in Volume 2) and has applications in low- 
power circuits, whereit can drawas litleas a few 
microamps. 


‘Schematic symbols for the two components are 
shown in Figure 27-1 and Figure 27-2. Although 
the symbol for the UJT is very similar to the sym- 
bol for a field-effect transistor (FET), its behavior 
is quite different, The bent arrow identifies the 
UIT, whilea straight arrow identifies the FET. This 
difference is of significant importance. 


The schematic symbol for a PUT indicates its 
function, as it resembles a diode with the addi- 
tion of a gate connection. 


Emitter 


Base 1 


Figure 274. Schematic symbol for a unjunction transis 
tor (UIT). Note the bent arrow, The symbol for a feld- 
effect transistor looks similar, but has 2 straight arrow. 
The functionality ofthe two components is very different. 
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Mullein 
Verbascum thapsus Snapdragon Family, Scrophulariaceae 
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Mustard, yellow 
Brassica species Mustard Family, Brassacaceae 


Mustard, black 
Brassica species Mustard Family, Brassicercene 
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Phragmities 
Phragmities communis Grass Family, Graminae 
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Prickly Pear 
Opuntia megacantha Cactus Family, Cactaceae 


Purslane 
Portulaca species. Purslane Family, Porulacacese 
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Queen Anne's Lace 
Daucus carota Parsley Family, Umballiferse 


Raspber 
Species Rose Family, Rosaccae 
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Saguaro 
Carnegiea gigantea Cactus Family, Cactacese 
163 
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Sunni 
Helianthus species Composite Family, Compositae 
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How It Works diser 
In Figure 27-3, the transistors at left and center 
are old-original unijunction transistors, while the 
one at right is a programmable unijunction 
transistor. (Left: Maximum 300mW, 35V inter- 
base voltage. Center: 450mW, 35V interbase volt- 
age. Right: 300mW, 40V gate-cathode forward 
voltage, 40V anode-cathode voltage.) 


Anode 
Gate 


Cathode 


Figure 27-2. Schematic symbol for a pragrammable uni 
junetion transistor (PUT). The symbol accurately sug 
‘ests the similarity in functian to a diode, with the ad 
tion of agate to adjust the threshald voltage 


Figure 27-3. The unjunction transistors at lft and center 
are bacaming obsolete; the ane atthe right isa programy 
mmable unjunction transistor (PUT). stil realy avaiable 
nd widely used asa thyristor trigger 


How It Works 


The UJT is a three-terminal semiconductor de- 
vice, but contains only two sections sharing a 
single junction—hence its name. Leads attached 
to opposite ends of a single channel of N-type 
semiconductorare referred to as base | and base 
2, with base 2 requiring aslightly higher potential 
than base 1. A smaller P-type insert, midway be- 
tween base 1 and base 2, is known as the emitter. 


1e semiconductor 


single junction > unijunction transistor 
The diagram in Figure 27-4 givesan approximate 
idea of internal function, 


When no voltage is applied to the emitter, a rel- 
atively high resistance (usually more than 5K) 
prevents significant current flow from base 2 to 
base 1. When the positive potentialat theemitter 
increases to a triggering voltage (similar to the 
Junction threshold voltage of a forward-biased di- 
ode), theinternal resistance ofthe UJT drops very 
rapidly, allowing current to enter the component 
via both the emitter and base 2, exiting at base 
1. (Theterm “current” refers, here, to convention- 
al current; electron flow is opposite.) Current 
flowing from base 2 to base 1 is significantly 
greater than current flowing from the emitter to 
base 1 


Figure 27-4. Internal workings of aunijunction transistor. 
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Thyme 
‘Thymus vulgaris. Mint Family, Labiatae 
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Tumbleweed 
Salsola kali Goaseoot Family, Chenopodiaceae 


vi 
Viola species Violet Family, Vilaceae 
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Wild Lettuce 
Lactuca canadensis Composite Family, Composite 


Willow 
Sallx species. Willow Family, Salicacese 
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Wintergreen 
Gaultheria procumbens Heath Family, Ericacese 


Wood Sorrel 
Oxalis species Wood Sorrel Family, Oxalidaceae 
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Field in Pots 


Home Health Aides Provided Lunch for Linda 
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Nutrient Value of Wild Foods 


| do not advocate giving up one’s daily diet, but rather sup- 
plementing it with wild foods. My homesteading days taught me 
the value of a balanced vegetarian diet. Note the following dated 
1997 - Some variations have been noted to date. 


‘Some USDA recommended daily dietary allowances for adults are: 


+ Vitamin A—1,000 micrograms (males) and 800 micrograms 
(females) 

+ Vitamin C—60 milligrams 

min D—5 micrograms 

+ Vitamin B1 (thiamin)—1.4 milligrams (males) or 1.0 milligrams 
(females) 

+ Vitamin B2 (riboflavin)— 1.6 milligrams (males) or 1.2 milligrams 
(females) 

+ Vitamin B3—20 milligrams 

+ Vitamin B6—2 milligrams 

+ Vitamin B12—3 micrograms 

+ Calcium—1,200 milligrams 

+ tron—18 milligrams 

+ Phosphorous— 800 milligrams 

+ Potassium—1,875 milligrams 

+ Protein—56 grams (males) or 44 grams (females) 


So, you can see from the above how well wild foods can 
boost the nutritional value of your meal. 


The listings that follow show the nutritional values for 1/2 
cup quantities of uncooked plant matter. 

‘As much as possible, the data was derived from Duke 
and Atchley, 1986 CRC Handbook of Proximate Analyses, CRC 
Press, 1986. Duke's FNF database; or from J oseph Laferriere’s 
Nutricomp database. When no other data were available we 
used Mark Pedersen’s Nutritional Herbology (Pedersen 
Publishing, 1987). 

When available data was not specific to the plant or 
plant part we used data from a related species, or genus, or sim- 
ilar species in a different family. When absolutely no pertinent 
data was uncovered—as, for example, for violet flowers—aver- 
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ages for flowers such as those published by Duke and Atchley, 
were used, Occasionally it was necessary to estimate the water 
content, back-calculating from dried to a fresh basis. Adjustments 
were then made for carbohydrate and/or fiber content, ensuring 
that the figures were within a normal range for the plant. 


How to read the Nut 


ional Listings 


All quantities given are amounts per 1/2 cup raw food item (=100 
grams). 


The figure for Calories is number of Calories per 1/2 cup (100 g) 
raw food. 


Column 1: Measurements are in grams (g) per 100 g (1/2 cup). 
(Because of the mathematical coincidence, this could also be 
expressed as a percentage of the whole.) 

Abbreviations: 

+ Carbos. = Carbohydrates 

trace amount. 


leasurements are in milligrams (mg) per 100 g (1/2 


cup). 
Abbreviations 

+ Phos. = Phosphorus 

+ Ascorbic. = Ascorbic acid 


+ Tr. = trace amount. 


Column 3: Measurements are in micrograms (1g) per 100 g (1/2 
cup). 
Abbreviations: 
B Carotene = Beta-carotene 
+ Tr = trace amount. 
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No. 1 Aloe Juice 
“Amount otmuirient per 100g (About Za cup) I Calories 1 

‘Water 99.58 —[ calcuum _2mg | p Carotene 
Proven 0.1 g | Phos. 2m Thiamin Tr 

Fat Tr Tron ‘02mg | Riboflavin Tr. 
Carbos__0.4g | Sodium 0.3 mg | Niacin Tr. 
Fiber 0.1 Powssumh 0 mg 

No, 2 Amaranth Leaves 

"Amount of nutient per 100 (About V-cup) J Calories 35 

Water 91.68 [Calcum 448mg [6 Carowenc —4}00 ug 
Protein 2.98 | Phon. SS mg | Thiamin 65 us 
Fat 04g | Iron’ 13mg | Ribollavin 300 yg 
Carbos__45g | Sodium 20mg | Niacin 1300 
Fiber gf Potassium 617 mg 


No. 3 Amaranth Seed 


Calories 355 


‘Water ‘Calcium [Carotene OO me 
Prowein Phos. Thiamin 140 wu 
Fat Tron Riboflavin 320 yg 
Carbos _65.1,g | Sodium ‘Niacin 10004 
Fiber 7g | Potassium 

No. 4 Arrowhead Tubers 

‘Armount of nuivient per 100g (About va cup) | Calories 99 

Water 72.5¢  [Calcum 10mg | @Caroiene Ong 
Protein 5.38 | Phos. Tamg[ Thiamin 200 sg 
Fat 03g [ron 26mg | Ribollavin 100 ua 
Carbo 20.2.g | Sodiam 225 mg | Nisin 1700 yi 
Fiber 08 Potassium 922 mg 
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stored in a retrieval system, or transmitted in any form or by any 
means, electronic, mechanical, recording or otherwise, without the 
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discrete semiconductor > single junction 
‘The graph in Figure 27-5 outlines the behavior of 
a UJT. As the voltage applied to the emitter in- 
creases, current flowing into the component 
from the emitter increases slightly, until the trig- 
gering voltage is reached. The component's in- 
ternal resistance now drops rapidly. This pulls 
down the voltage at the emitter, while the cur- 
rent continues to increase significantly, Because 
of the drop in resistance, this is referred to as a 
negative resistance region. The resistance actual- 
ly cannot fall below zero, but its change is nega- 
tive, After emitter voltage drops to a minimum 
known as the valley voltage, the current contin- 
tues to increase with a small increase in voltage. 
On datasheets, the peak currentis often referred 
toas |, while valley currentis |, 


‘Tiggering Voltage 


Sauwration 
Region 


Negative 
Resistance 


EmitterVoltage > 


Valley Voltage 


Emitter Current 


Figure 27-5. Response curve of a unijunetion transistor 
(UIT). When positive potential at the emitter reaches the 
triggering voltage, internal resistance drops radically and 
the component goes through a phase known as “negative 
resistance” as current increases, 


Figure 27-6 shows a test circuit to demonstrate 
the function of a UJT, witha volt meter indicating 
its status. A typical supply voltage would range 
from 9VDC to 20VOC. 


> unijunction transistor 


How 


Figure 27-6. A test circuit far @ unjunction transistor 
(UIT) using a volt meter to show its response as a potenti: 
‘meter increases the voltage applied to its emitter, 


‘A PUT behaves similarly in many ways to a UJT 
butis internally quite different, consisting of four 
semiconducting layers and functioning similarly 
toa thyristor. 


The PUTis triggered by increasing the voltage on 
the anode. Figure 27-7 shows a test circuit for a 
PUT. This component is triggered when the volt- 
age atts anode exceeds a threshold level, while 
the gate sets the threshold where this occurs. 
When the PUT is triggered, its internal resistance 
drops, and current flows from anode to cathode, 
with a smaller amount of current entering 
through the gate. This behavior is almost identi- 
calto that of a forward-biased diode, except that 
the threshold level can be controlled, or “pro- 
grammed? according to the value of the positive 
potential applied at the gate, with RT and R2 es- 
tablishing that potential by functioning asa volt- 
age divider. 
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Introduction 


What power do words have? 


You surely remember fairy tales from your childhood where the 
wicked queen cast a spell on the hero. The spell usually consisted of 
some gesture, accompanied by a “Magic Formula” with powerful 
effects. Sometimes the spell was a curse or malediction (literally: words 
which convey a wish that harm come to someone). 


During your childhood people around you cast all kinds of spells 
on you. Very often you were not aware of it, but Magic Formulas - 
transformed into so-called “killer sentences” - had their effect on your 
mind, and continued harming you in subtle ways. 


Let's look ata few examples. Has anyone ever said something to 
you like: 


- You're really good for nothing. 

- You'll never make it. 

- Blockhead!!! 

- You're just a chip off the old block! 

- You're even worse than your mother. 

- You're not going to start crying again, are you!?! 
- Stop trying to be so special... 

- Itnever fails : you're incapable of being on time. 
- What an idiot you are! 

- You have absolutely no sense of humor. 

- You're always sick. 
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- You just don’t have any talent. 
- You should never... 


Every time someone used the words “be” or “have” or “always” 
or “never” when referring to you, chances are they were casting a 
harmful spell on you. 


How harmful spells affect your life 


Because these kinds of sentences were stored in your subconscious 
at an age when you were not able to question their validity, they con- 
tinued to affect you in subtle ways right into adulthood. 


Of course they may be more specific: 


- Beware of women. 

- Beware of men. 

- You'll never understand anything about math. 
- Mechanics is a man’s job. 

- Never trust a Frenchman. 

- Making love is dirty. 


These kinds of thoughts may not prevent you from getting mar- 
ried, making love or repairing your car, but the causes for your lack 
of confidence, for the problems and failures you encounter in life, can 
very often be traced back to these negative seeds. 


You are also casting spells on yourself 


Do you sometimes talk to yourself? Of course you do, just like 
everyone else. And do you sometimes blame yourself for the way 
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you behave? Are you ever negative about yourself? Of course you 
are. 


- What an idiot I am! 

- I'll never make it. 

- I'm always so clumsy when I'm with other people. 
- I'm just not lucky. 

- I'm going to get shafted (taken for a ride) again. 

- I'm not good enough. 

- I'm so much less talented than... 


You've taken up where the others have left off, and are casting 
spells on yourself! Ideally you would identify these kinds of negative 
reproaches and replace them with stimulating, positive thoughts 
which liberate you, make life easier, and affirm your worth instead of 
inhibiting and prohibiting you. 


How to weed out these negative thoughts? 


Using the Dictionary of Self-Affirming Powerful Quotations is 
an excellent way to discover where these seeds of failure, anxiety, 
health or relationship problems, etc. are hidden. It's as if, by consult- 
ing the dictionary, you are trying to defend yourself against them. 
Whenever a positive thought makes you uncomfortable, or bothers 
you without your knowing exactly why, or just seems stupid, take it 
as a sign. Continue working with that thought until it reveals its se- 
cret meaning to you. 


You can also make a list of the difficulties you have to face, the 


problems you encounter, and then use a corresponding positive 
thought as an antidote. 
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Try to remember what was said to you just before you started 
feeling “down on yourself” or depressed. 


How to neutralize the power of negative spells 


Many people before you have had to deal with these kinds of 
negative thoughts. That's why therapists, doctors, and specialists in 
the art of suggestion have developed antidotes in the form of posi- 
tive affirmations. The Dictionary of Self-Affirming Powerful Quota- 
tions offers you a selection of the best of these. 


Better still, they’ ve all been transcribed into the first person (I) so 
that you can use them to replace the negative spells you are casting 
on yourself. Here’s what to do: 


1. Using the alphabetical headings and index, find a positive 
thought that can serve as an antidote. If you like you can copy 
the structure of existing affirmations to create your own new 
ones. 


2. Read it carefully, out loud if possible. Then repeat it silently to 
yourself. Copy it on a pad or in a notebook that you carry 
around with you. Make it a theme of meditation: while driving, 
or riding on the train or bus, or lying the beach - any time your 
mind starts wandering - repeat the positive thought. 


3. Use altered states of consciousness resulting from relaxation, 
meditation or self hypnosis to impregnate your subconscious 
more deeply. You can tape an hypnosis-inducing text on cassette, 
followed by your positive thought(s), and then a wake-up mes- 
sage. 
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Discuss your situation with a friend or close relative. Exchange 
points of view with persons who do not have the same problem 
as you do, in order to understand how their minds work, and 
eventually to use them as models for your own behavior. Also 
try to read personal accounts of how others have successfully 
dealt with the same type of problem. 


5. Allow at least 21 days for your inner transformation to take 
place. If you are trying to make some very drastic changes, per- 
severe for at least 3 months. 


A marvelous tool for personal development 


The Dictionary of Self-Affirming Powerful Quotations is a con- 
stant companion, always ready to inspire you and guide you along, 
the paths of life. It will help you learn to know yourself better, and 
exploit the formidable power of your subconscious to help you attain 
your goals. 


You can also use it as an instrument of divination: just ask your- 
self a question, and then open the book at random. You'll be sure to 
find an answer, or at least its essential elements. 


Copy the thoughts you find most inspiring. The simple act of 
writing out a thought helps make it your own. 


If you're living through a difficult period in your life or feel that 
you're under a lot of stress, immerse yourself in the Dictionary of 
Self-A firming Powerful Quotations and let it wash away all the nega- 
tive influences and emotions you experience during the course of a 
day. 
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And if you happen to be a therapist or teach some form of relax- 
ation or meditation, or if you want to use positive suggestions to help 
your children, the dictionary will provide you with a constant source 
of counsel and guidance. 


A valuable tool in your interpersonal relations 


Does your child have a tummy ache? Does he or she have trouble 
concentrating? Is your sister in the process of rebuilding after a diffi- 
cult divorce? Is your partner having business problems? 


Open the Dictionary of Self-Affirming Powerful Quotations to 
the appropriate page. Select one or a number of sentences. A single 
positive thought can change your life. It can be the branch that saves 
a drowning person, the talisman, the blessing that breaks the evil spell. 


Offer these thoughts to others as you would offer a bouquet of 
flowers. The Dictionary is like a jewel box, the positive thoughts it 
contains are like precious gems. Offer them as gifts to your friends 
and loved ones. And like jewels they will reflect the light of love and 
dispel the shadows of despair. 


As you'll soon discover, this dictionary is an amazing collection 
of positive thoughts with almost magical powers. It’s almost like an 
Aladdin’s lamp, ready to grant all your wishes. All you have to do is 
keep reading it. In no time at all your life will become simpler and 
easier, free of all the obstacles which have been holding you back in 
the past. 


Life gives you what you expect of it, on condition that you culti- 
vate positive and creative thoughts. And the Dictionary of Self-Af- 
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firming Powerful Quotations will help you change your way of think- 
ing. You'll see opportunities where others see only obstacles, solu- 
tions where others see only problems, lessons to be learned where 
others see failure, and beauty where others see nothing at all. 


Consider this dictionary asa great prayer of enthusiasm and con- 
fidence in life and in humanity, full of gratitude. 


Christian H. Godefroy, mailto:webmaster@hypnotic-words.com 
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ABUNDANCE 


This great power, the power to choose, gives me the necessary 
hope and the necessary state of mind and the necessary courage to 


get everything I really want out of life. 
J. Marin Kote, Your Greatest Power, published by A Different if Lad, 1979 


I believe in abundance, I desire abundance, I receive abundance. 
Shakti Gawain, Reflections In The Light, New World Library, 1978 


I allow this infinite abundance to pass freely through me and 
through all those who listen to me, just as I freely give up the money 
I possess, allowing it to flow through my hands, giving where it can 


do the most good. 
Robert Collier, Riches At Your Doorstep, S.P. 1962 


Tam grateful, and I rejoice in a life full of abundance. 
rr Joseph Murphy, The Miraculous Power To Attract Infinite Wealth, Godefroy Publications, 1979. 


Head a rich and abundant life, physically, spiritually, and on other 


levels. 
‘Shad Helmstetter, The Power Of nner Motivation, 1987. 


The universe is a horn of plenty which everyone can draw from. 
My very nature is abundance, and I accept it fully. Abundance is what 
I really am. And I accept it fully and joyfully. The universe is pure 


abundance! 
‘Shakti Gawain, Techniques Of Creative Visualization, Eiitions Soleil, 1978. 
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ACCOMPLISHMENT (Also see Success) 


By using my imagination I move towards accomplishment. I re- 
move the debris caused by the wounds I have suffered, which de- 


prive me of the inner security I deserve. 
Dr, Maxwell Mails, Psychocybernetcs and Self Accomplishment, published by A Different World La, 1970 


I was conceived to accomplish, built for success, and gifted with 


the seeds of greatness. 
Zig Ziglar, Rendezvous At The Summit, published by A Different World Li, 1975 


live better. 
of Mental Self-Conditioning, 
lishing Company, Inc. 1968. 


I will do things that will make me live longe: 
JV. Cerney, Stay Younger - Live Longer through the 
Parke 


ACNE (See Urticaria, Eczema) 


ACTION (Also see Opportunity) 


From now on I will savor every one of my actions! 
Shakti Gawain, Techniques Of Creative Vualizaton, Editions Sle, 1978 


I will act immediately. 
Og Mandino, The Greatest Secret In The World, published by A Different World, 1979. 


Tact constructively. I do what my conscience dictates. 
W.Clement Stone, Napoleon Hil, Success Through Constructive Thinking, Godefioy Publications, 1978, 


I flow with my energy - all the time. 
Louis Prot, Sl Healing, Pats Pullicatons, 190 


Variants 


Figure 277. A test circut for a programmable unjunction 
transistor (PUT) using a volt meter to show its response 
a a potentiometer increases the voltage applied to its 
anode, 


The voltage output of a PUT follows a curve that 
is very similar to that shown in Figure 27-5, al- 
though current and voltage would be measured 
atthe cathode. 


Variants 


PUTs and UJTS are not made as surface-mount 
components. 


UsTs are usually packaged in black plastic, al- 
though older variants were manufactured in 
cans, PUTS are almost all packaged in black plas- 
tic. With the leads pointing downward and the 
flat side facing toward the viewer, the lead func- 
tions of a PUT are usually anode, gate, and cath- 
ode, reading from left to right. 


smiconductor > single junction > unijunction transistor 


Values 


The triggering voltage of a UT can be calculated 
from the values of R1 and R2 in Figure 27-7 and 
the voltage at base 1. The term Ry, is often used 
to represent the sum of R1 + R2, with Vi, repre- 
senting the total voltage across the two resistors 
(this is the same as the supply voltage in 
Figure 27-6). Vy the triggering voltage, is given 
by: 
Ve = Vio * (RI / Rap) 


The term (R1/Ry,) is known as the standoff ratio, 
often represented by the Greek letter 9. 


‘Typically the standoff ratio in a WTis at least 0.7, 
asR1ischosentobelargerthan R2. Typical values 
for R1 and R2 could be 1800 and 1000, respec- 
tively. fR4is SOKanda 100Klinear potentiometer 
is used for R3, the PUT should be triggered when 
the potentiometers near the center of its range. 
‘The emitter saturation voltage is typically from 
2Vto av. 


If using a PUT, typical values in the test circuit 
could be supply voltage ranging from 9VDC to 
2OVDC, with resistances 28K for R1 and 16K for 
R2, 200 for RS, 280K for R4, and a 500K linear po- 
tentiometer for R3. The PUT should be triggered 
when the potentiometer is near the center of its 
range. 


Sustained forward current from anode to cath- 
ode is usually a maximum of 150mA, while from 
gate to cathode the maximum is usually SOmA. 
Power dissipation should not exceed 300mW. 
These values should be lower at temperatures 
above 25 degrees Centigrade. 


Depending on the PUT being used, power con- 
sumption can be radically decreased by upping 
the resistor values by a multiple of 100, while 
supply voltage can be decreased to SV. The cath- 
ode output from the PUT would then be cannec- 
ted with the base of an NPN transistor for ampli- 
fication. 
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Tact in a positive way. 
Sub Power Subli Cont Ei te, 1989. 


Tact. 
(Christian H. Godefroy arut John Clark, How To Have More Time, Godefroy Publications, 1989. 


I cease all actions which work against me. Then the right actions 


are revealed to me. 
Vernon Howard, Psycho- Pictography, $..P,, 1965 


I don’t want to remain passive in the face of life any longer, nor 
allow myself to be carried along by circumstances. I want to act. I 


want to attain my goals. 
Raymond Hull, Wanting is Power, Les Editions de Homme, 1969. 


Inow know that to overcome fear I have to act without hesitation 
and my doubts will disappear. I now know that action transforms 
fear into serenity. I will live this day as if it were my last. Action is the 
bread and the wine that nourishes my success. Action is the spark 
that gives life to my dreams, my plans, my goals, and transforms them 


into reality. 
(ff Manin, The Greats Secret in The Wor, published by A Diferent World, 1978 


Tam capable of action. 
Jean Charter, 


w To Acquire A Superior Personality, Published by Dangle, 1971 
Tam in the process of changing my life through my actions. This 
is a choice that belongs to me. 


Richard Corriere & Joseph Hart, Staying In Psychological Shape, Les Editions de I’Homme, 1973. 


Tam completely ready. 
Raymond Hul, Wanting Is Power, Les Eton de Homme, 1969 


I simplify my life. I get rid of disorder and actions which are not 
fruitful. I continue asking myself questions, at least once a week: 
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“What is it, above and beyond my daily routine, that constitutes the 
essence of my life, and what are the real activities to which I should 
be devoting my time?” 

Denis Wate, Sods Of Grenness, Edtons Pocket Boos, 184 


ADVERSITY 


I face up to things courageously. I stay calm. 
Alan Howel, How To Dea! With Diffcule People, Godefioy Publications, 1990. 


Tam happy to encounter a certain form of opposition. It offers me 
an opportunity to test my strength and my ideas. 


Raymond Hull, Wanting Is Power, Les Eiitions de Homme, 1969. 


Adversity always contains the seed of a new opportunity. I can 


do it, if I believe I can! 
W. Clement Stone & Napoleon Hill, Success Through Constructive Thinking, Godefroy Publications, 1978 


Once I start playing a game I always do my best to hit the ball 


back and defeat my opponent. 
Charles Albert Possant& Christian Godefo, The Secret Of Beng A Milionare, Godefroy Publications, 1987 


AEROPHAGY (Flatulence) 


Although my stomach is swollen, I know the swelling will gradu- 
ally disappear. Little by little my stomach will regain the strength 
and elasticity it lost, and as it regains this strength and elasticity it 
will return to its normal size, and carry out the functions of digesting 
food and sending it to the intestines more and more easily, until my 


stomach and intestines are in perfect form. 
Emile Cou, Complete Works, Astra Publications, 1976. 
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ADVICE 


God will tell me what I should do. 


Robert Collier, Wealth At Your Doorstep, $.LP,, 1959. 


My subconscious becomes a more and more important part of 
myself... Ican ask it questions... it answers... itadvises me and guides 
me. 


Marcel Rowet, Motivating Your Subconscious, Dangles Press, 1982. 


AFFECTION 


Tam affectionate. 
Ds Wayne W. Dyer, Your Ergenous Zones, Thou, 1976. 


The positive emotions of love, affection and patience appear when 


Tam in touch with my true self. 
Vernon Howard, Psycho-Pictography, SP, 1965 


AFFIRMATION 


Thave the right to be myself. Affirmation is a measure of my suc- 


cess. I affirm myself more and more, in all areas of my existence. 
Charles Albert Post & Chistian Godefoy, The Secret Of Being A Milionare, Godefroy Publications, 1987 


AGING 


Tavoid being inactive and doing nothing... I make sure not to let 
my movements slow down too much... I cultivate vivacity in order to 
keep myself alert. 
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Tam sure I will stay forever young... my mind will remain lucid... 
and I will not suffer the pains of aging until very late in life... my life 


is rich and productive. 
Marc Rowet, Mastering Your Subconscious, Dangles Press, 1982 


Tadapt to the ups and downs of life by maintaining my sense of 
humor. I keep the child alive and awake within me. 
Denis Waite, Secs Of Greatness, Pocket Books Pres, 1988 
I may be aging, but I am also improving with age. 


Emrika Padus, Encyclopedia of Emotions Arad Health, Edi Inter, 1991 


AGITATION 


At the least sign of becoming over-excited I react and remain im- 


passive. 
Pau-Clemen ogot, How To Deep Your Personal Magnet, published by Danles, 1982 


AGREEMENT 


I try to reach explicit agreements in the form of contracts. 
Pere Nicolas, Tome fs Money - aad Pleasure, Inter Editions, 1981 


AGGRESSION 


The spirit in me is my shield. The spirit in me is my saviour. I 


have nothing to fear - the power of the spirit protects me. 
Marcelle Auclat, The Book Of Happiness, Editions de Sel, 1959, 


The spirit in me is my refuge and my fortress. 
Marcelle Auli, The Book Of Happiness, Eton de Seu 1958 
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AIDS 


My immune system is back to full strength again. 
Louis Proto, Self Healing, Piatkus Publications, 1990 


ALCOHOLISM (Also see Sobriety) 


Drinking is no longer important to me. 

Drinking is no longer a necessity for me. 

I forgive myself for past mistakes which led me to drink. 
Tam becoming a more relaxed person. 

My self confidence is growing day by day. 

like people, and I feel they like me. 

I think of myself as a positive person. 


I like to think of myself as a person who doesn’t drink. 
Dr. Anthony and Mary Zafiuto, Alphagenics, Quebec] Amerique Publications, 1874 


Ilike drinking water. 
Subli Power, Sublihealth, Edi Inter, 1989, 


I free myself of the habit of alcohol. I love myself, and I love life 


more every day. lam proud of myself. 
Kar Stocer, Psycho-taning, Godefroy Publications, 1988 


I don’t have to have a drink whenever I am upset or frustrated. I 
can survive life’s frustrations without alcohol. And because I have 
proven to myself over and over again that I have never been able to 


handle alcohol intelligently, I am going to abstain altogether. 
Frank 8. Coprio, M.D. an Joseph. Berger, Helping Yourself With Self Hypnosis, Prentice Hall In. 1974 


Thave no trouble controlling my drinking habit. I now drink al- 
cohol in moderation. I can easily go several days without having a 
drink. The less I drink the healthier I get. Iam mastering my habits, 
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and my general health is improving day by day. I like my body, and I 
want to keep it healthy for as long as possible. So I take care of it. I 
drink very moderately. There are many days I don’t drink at all, and 
I'm perfectly happy. 

Iam giving up alcohol completely. I have no trouble not drinking 
at all, and I feel a lot better. My body and mind are completely free of 
the alcohol habit. I have more and more control over my emotions. I 
can stop drinking completely, starting right now. From now on I'll be 
sober and happy. 


Christian H. Godefroy, Helping Yourself Through Self Hypnosis, Godefroy Publications, 1985, 


I couldn’t care less about drinking, any place, any time, under 


any circumstances. Others can drink, but I’m really not interested. 
Clement Auger, Transform Your Life Through Auto-sugeeston, Heritage Press, 1979 


I feel as if all my problems were fading away.. I’ve solved them 
all... nothing can change my mind... I feel absolutely no desire for 
alcohol any more... drinking doesn’t interest me... it turns me off... 
more and more... even the thought of alcohol turns me off... just look- 
ing at alcohol makes it even more repulsive. 

From now on I won’t drink any alcohol... nothing can make me 
change my mind... I’m happy to be improving my health, and I feel 
better every day... I’ll never drink alcohol again. I find it more and 
more repulsive. Even the though of alcohol disgusts me. 

If I drink a single glass, I’ll get sick. My stomach can’t take any 
alcohol... even a glass will make me very sick... I will try not to suc- 
cumb to temptation. 

I'll never drink alcohol again. 

Just the sight of alcohol makes my disgust grow... I’m so happy to 
be free of it... nothing can make me change my mind. I can’t drink 


any alcohol... and I won't! 
Professor Kurt Teperavin, Secret Techniques of Hypnosis, Godefroy Publications, 198 
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Tam capable of resolving my problems, and thus of freeing my- 


self from the burden of alcoholism. 
Professor Kurt Tepperawein, Think and Heal, Godefroy Publications, 1984. 


I’m going to stop drinking not because others want me to, but 


because I really want to. 
Karl 0, Steer, Psycholraning, Godefoy Publications, 1984. 


I'm a nice person when I don’t drink. I look better when I don’t 
drink. I work better when I don’t drink. I lose weight when I don’t 


drink. I’m healthier when I don’t drink. 
Editorial staff of Practical Health Guides: How To Activate Your Body's Natural Defe 
Godefroy Publications, 1989 


ALLERGIES 


Thave more and more fun with cats. Cats are gentle, affectionate 


animals. My body reacts completely normally when I'm with them. 
Christian H. Godefroy, Helping Yourself Trough Self Hypnosis, Godefroy Publications, 1985 


I’ma healthy normal person. My body functions normally, under 
any conditions. I function perfectly normally in the presence of ani- 
mals. My body functions normally, whatever the surrounding odors 
are. I am free of past negative influences which have been causing 
my allergic reactions. Soon I'll be able to eat any food I like. Each day 
that goes by strengthens my conviction that I am in the process of 
resolving all past problems. I perceive of myself as a person who is 


not allergic to anything. 
Dr. Anthony and Mary Zaffuto, Alphagenies, Quebec - Amerique Publications, 1974 


ALLERGIES (Food) 


T can now eat — (name the food) easily and find it delicious. I 
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am free of past negative influences. My body now reacts normally to 
all the foods I eat. 


Christian H. Godefroy, Helping Yourself Through Self Hypnosis, Godefroy Publications, 1985, 


ALTRUISM 


To me loving means listening unconditionally and without preju- 
dices, to the needs of another person, and fully appreciating his or 
her worth. 

Denis Waite, Sees Of Greatness, Pocket Books Pres, 1988 


Thave the right to be open with other people. 


Christian. H. Godefroy & John Clark, How To Have More Time, Godefroy Publications, 1989. 


I stop thinking only about myself, and think more about others. 
Every day I try to do something kind, something that brings a smile 


to a suffering face. 
Dale Carnegie Overcome Your Worries, Flammarion, 1954. 


Talways take other people’s feelings into consideration. [am aware 
of their feelings, sensitive to their attitudes and opinions. I know how 
to listen. I show a sincere interest in the convictions, thoughts and 
ideas of others. And since my interest is sincere, other people recog- 


nize that and start counting on me. 
Shad Helmstetter, The Power Of ner Motivation, Published by Le Jour, 1987 


AMBITION 
(Also see Vitality, Dynamism, Enthusiasm) 

I maintain a victorious attitude towards life. I know there is no 
task a person cannot accomplish once he or she has made up his mind. 
I want to accomplish... (name the task). My ambition is completely 
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legitimate. I want to make progress in my work, as well as in my 
intellectual and moral development. I will leave nothing to chance. 


Attaining the success I aspire to depends solely on me. 
Professor Robert Tocquet, The powers Of The Will, Godefroy Publications, 1989.¥ 


I reconstruct myself with a brighter future. 
Vernon Howard, Psycho-Pictography, S.LP, 1965, 


Tam not content with being less than I can become. I’m as capable 
as any other human being who has ever lived. I am not afraid of my 
own greatness. 

I always remember that I can become anything I choose to be, 


and that greatness is there for the taking if I really want it. 
Woyne. W, Dyer, The Sky's The Limit, Mortagne Publications, 1988 


Tam no longer satisfied with what I can get, but only with what I 


want to get. 
Louis Proto, Self Healing, Piatkus Publications, 1990 


I know I can obtain everything... gain access to the highest circles... 
Tonly have to wantit... and have faith in my success, and I will suc- 


ceed. 
‘Marcel Rouet, Mastering Your Subconscious, Dangles Press, 1982 


Tam aware, conscious, and ready! I am overflowing with vitality 
and ambition. I exploit every opportunity with dynamism and en- 


thusiasm. 
‘Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


Tama CEO (ora lawyer, or any profession of your choice). Every 
day brings me closer to my goal. I know I am already there. It’s fan- 


tastic. I accept my own amazing future. 
Charles Baudouin, Psychology And Practice of Auto Suggestion, Megraph Publications, 1990 


Tam full of ambition, and there is nothing wrong with that. I want 
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to succeed in my work, as well as in my personal development. 
Henry Durvle! Wat To Succeed, Durvle Publication, 1968. 


ANAEMIA 


My blood is getting richer and richer, more and more red, more 
and more nourishing. It is getting to be more and more like healthy 
blood. My anaemia is gradually disappearing, carrying away with it 


the host of problems that accompany being anaemic. 
Enle Coue, Complete Works, Astra Publications, 1976. 


My blood is rich, and is replenished daily. 


Louis Proto, Self Healing, Piatkus Publications, 1990. 


ANAESTHESIA (Also see Pain, Wounds) 


With each pinch the anesthesia spreads. At first I pinch lightly, 
adding, pressure each time. The fourth time I pinch, the anesthesia 


will be complete. 
Leste M. Le Cro, Liberte The Forces In You Through Self Hypnosis, Thou! Ariston, 1968 


All right, now I’m going to count to three, and on the count of 
three my arm will become rigid, and the more I try to bend it, the 
more rigid it will get. During this time my right hand will grow more 
and more numb, more and more numb... more and more insensitive. 
Now even my left hand is becoming rigid, so the anesthesia in my 


right hand is getting stronger. 
Dr. GR. Roger, Hypnosis, Sophrology and Medicine, Fayard Publications, 1973, 


discrete semiconductor > single junction 


How to Use it 

Figure 27-8 showsa simple oscillator circuit built 
around a UJT, Figure 27-9 shows a comparable 
circuit for a PUT. Initially the supply voltage 
charges the capacitor, until the potential at the 
emitter of the UIT or the gate of the PUT reaches 
the threshold voltage, at which point the capac- 
itor discharges throughthe emitter and the cycle 
repeats. Resistor values would be similar tothose 
used in the test circuits previously described, 
while a capacitor value of 2.2uF would provide a 
visible pulse of the LED. Smaller capacitor values 
would enable aster oscillation. Inthe PUT circuit, 
adjusting the values of R1 and R2 would allow 
fine control of triggering the semiconductor. 


re R2 
+ ad 

co 
RA 


Figure 27-8. A basic oscillator circuit using a unijunction 
transistor (UT). As the capacitor accumulates charge, 
the valtage on the emitter increases unti it triggers the 
UIT, at which point the capacitor discharges through the 
emitter 


Probably the most common use for a PUT at this 
time isto trigger a thyristor. 


unijunetion transistor 


What Can Go Wrang 
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cn 
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Figure 27-9, A basic ascilatr circuit using a programma: 
blo unjunetion transistor (PUT). As the capacitor accu- 
‘mulates charge, the voltage on the anode increases unt it 
triggers the PUT, at which point the capacitor discharges 
through the anodb. The gate voltage is preset by Rl and 
2 to adjust the triggering voltage 


What Can Go Wrong 


Name Confusion 

A programmable unijunction transistor (PUT) is 
sometimes referred to simply as a “unijunction 
transistor” (UJT). Bearing in mind the totally dif- 
ferent modes of operation of UIT and PUT, the 
PUT should always be identified by its acronym 
or by its full name. A circuit will not function ifa 
USTs substituted for a PUT, or a PUT is substitu- 
ted fora WT. 


Incorrect Bias 

Neither the UJT nor the PUT is designed to oper- 
ate with reverse bias. In the WJT, a small forward 
bias should be applied from base 2to base 1 (that 
is, base 2 should be at a higher potential relative 
to base 1) regardless of the voltage on the emit- 
ter. The emitter voltage may vary from 0 volts 


Chapter 27 239 
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ANAESTHESIA - DENTAL 


My cheek is numb, I can prick it with a needle, and not feel a 
thing... My lower gum is numb, I can prick it with a needle, and not 
feel a thing... My whole mouth including gums and teeth are totally 


numb, like a block of wood. 
Giovanni Sciuto, Real Hypnosis, Dangles Press, 1975. 


ANGER (Also see Migraines) 


What other people think or say about me doesn’t bother me. If 
my inner Guide is with me, if He (or She) approves of my thoughts 


and actions, then everything is all right. Iam calm and strong! 
KO. Schmidt, Sucess At Your Serie, Astra Publications, 1986, 


It’s normal to get angry from time to time. 
Dr Anthony anal Mary Zafiuto, Alphagenies, Quebec - Amerique Publications, 1974 


I take responsibility for my emotions. When I begin to get angry I 
acknowledge the fact that I own my emotions. I remove myself from 
any potentially hostile situations, When I talk about my anger or dis- 
satisfaction I say: “I feel angry when Isee that happening,” instead of 
saying, “You make me angry when you do that.” Only I can make 
myself angry. 


Denis Waitley, Seeds Of Greatness, Pocket Books Press, 1984. 


I master my emotions. I never get angry for no reason, nor do I 


react violently to any situation whatsoever. 
‘Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 
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Tam very careful not to get angry. have a good character, I dem- 
onstrate patience, and I always think before I act. I avoid complain- 


ing. 


Professor Robert Tooquct, The Powers Of The Will, Godefroy Publications, 1989, 


When I get angry about not achieving the results I want in a situ- 
ation, I move quickly from “stewing to doing.’ I ask, “What can I do 
to turn this situation around? Is there anything I can salvage from 
this situation? What can I learn from this situation? How can I pre- 


vent it from happening again?” 
Dre Marty Seldman, Super Selling Though Self Talk, Price Stern Sloan, 1986 


When I get angry I remind myself that everyone has the right to 
be what s/he chooses to be, and demanding that others be different 
will only result in prolonging my anger. make sure to let other people 


make their own choices. After all, don’t I claim that right for myself? 
Wayne Dyer, Your Erogenous Zones, Tehow Press, 1976. 


When I feel myself getting angry I quickly give myself the sug- 
gestion that I can switch my thoughts to something else. If need be I 
can always walk away from the person who is provoking the anger 
reaction, or expend my energy in doing something that will divert 
my mind - finding some other outlet for my pent-up emotions. I am 
going to remind myself that people can make me angry only if I al- 
low them to do so, and that getting angry is actually flattering the 


other person. 
Frank S. Caprio, M.D. & Joseph R. Berger, Helping Yourself With Self Hypnosis, Prentice Hall Ie, 1978 


ANGINA (Chest) 


The attack is passing and my heart is beating normally. 
Dr. Gaston Durie and Dr. Andre Durill, Montel Cure, Naturist Institute Publications, 1923 
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ANSWERS 


My Real Self knows all the answers I need. 


Vernon Howard, Psycho-Pictography, SLP, 1965. 


ANXIETY 


From now on, whenever I feel anxious I will breathe deeply, re- 


lax, and feel a surge of energy rising through me. 


Editorial Staff, Practical Health Guides, How To Stimulate Your Body's Natural Defenses, 
Godefroy Publications, 1989, 


I express the anxieties I have about myself, and then let go of 
them. 


‘Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


Tam completely calm... completely calm... A marvelous feeling of 
peace and harmony spreads through my body... am happy... my cir 


culation is regular and my digestion is perfect. 
Professor Kurt Teperavin, Secret Techniques Of Hypmasis, Gaefoy Publications 1981 


I feel a hot current flowing through my solar plexus. 
Karl O, Stoeber, Psychotraong, Godefioy Publications, 1984. 


In the past I would look anxiously outside, waiting nervously for 
something bad to happen. From now on I look inwards, full of 


confidence. I look to my Inner Guide. 
K.O. Schmidt, Success At Your Service, Astra Publications, 1986. 


Tam learning to interpret my anxiety as a state of excitement in- 


stead of nervousness. 
Dr. Martin Shephard, How To Overcome Your Cares, Marabout Publications, 1973 
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I stop anxiously fighting all the little complications of life. I sim- 
plify my affairs. 
T have to work towards freeing myself of all forms of fear and 
anxiety. 
I feel less tense and anxious. 
Vernon Howard, Psyco-Pctography, SP, 1965. 


Tam in the process of becoming a much more self confident per- 


son. 
Dr. Anthony and Mary Zaffuto, Alphagenies, Quebec - Amerique Publications, 1974. 


I see my life and everything that happens from the calm, clear 


perspective of my conscience, and profound understanding. 
Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


My tension can be an ally because if I feel any anxiety, I take it as 
a sign to call on the means at my disposal to deal with the situation. 

I take a deep breath and relax. Everything’s all right. Iam in con- 
trol of the situation, and of myself. 

It’s all over, I've succeeded. 

It wasn’t as bad as I thought it would be. 


Jean-Marie Boisvert and Madeline Beaudry, Self Affirmation and Communication, Godefroy Publications, 1979. 


Everything is fine. 


Marcel Auclair, The Book Of Happiness, Seuil Publications, 1959 


ANXIETY - SOCIAL 


It does no good to worry. It’s much better thinking about what I 
can do rather than becoming anxious. I have plenty of time to take a 
deep breath and relax before dealing with the situation. 

I don’t have to prove anything to anyone. If others accept me, all 
the better. If they don’t, too bad. I’m not trying to make everyone 
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love me. 
I concentrate on the present moment. What do I have to do now? 
I think mostly about the things I have to do, and about the posi- 
tive results these actions will bring. 
If I deal with the situation step by step, I won’t have any trouble. 
I can’t expect people to always think as I do, and do what I want 


them to. 
Jean-Marie Boisvert and Madeline Beaudry Self Affirmation and Communication, Godefroy Publications, 1979. 


APLOMB 


In all situations where I used to be too impressionable, I am now 


protected by a suit of armor through which nothing can penetrate. 
Charles Baudouin, Psychology And Practice of Self Suggestion, Idegraph Publications, 1990. 


I develop my aplomb and my confidence. 
SubliPower, Sub Confidence, Edi Iter, 1989 


I feel an imperturbable calm in the face of anything that happens. 


Paul Clement Jagot, Education Of The Word, Dangles Press, 1975, 


I don’t allow anyone to influence me. 
Paul Clement Jagot, Education Of The Word, Dangles Press, 1975. 


APPEARANCE (PHYSICAL) 


I know that my appearance, my weight and my well being de- 
pend solely on me. I do everything necessary, every day and every 
instant, to create the “me” I really want to be. 

Tam in control of myself. Only I decide what my physical appear- 


ance is like, how much I weigh, and how I feel. 
Sind Hetmsteter, The Power Of ter Motivation, Published by Le Jour, 1987 
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APPETITE (Also see Digestion, Stool) 


I'm hungry at mealtimes... lam attracted by natural, healthy foods. 
Sublpoer, Subl Health, Ei ter, 1988, 


APPREHENSION 


Tam calm, courageous and free! My inner Guide fills me with 
confidence, self assurance, love and harmony. I feel free, joyous and 


strong. I am free, and secure under Your wing. Iam free! 
KO. Schmidt, Sucess At Your Serie, Asta Publctons, 1986, 


Negative suggestions, phobias, apprehensions, dark or sad 
thoughts all gradually disappear of their own accord, without my 
having to fight them. Even dark thoughts and feelings which are based 


on reality are gradually receding. 
Chaves Baudouin,Peyhology And Practice of Self Suggestion, legraph Publications, 1890, 


APPROVAL 


I feel good because I want to, and my feeling good has nothing to 
do with you. 

No one is unhappier than people who need (the approval of) other 
people. But those who want to love others become happy themselves. 

I thank people who tell me things that can help me, even if what 
they say is difficult to accept. My feeling of gratitude replaces my 
need for approval. 

I stop looking to my spouse, or to anyone else, for approval of 
what! say, by cutting out things like, “Isn’t that true, dear?” or... “Don’t 
you agree?” or... “Ask so and so, she'll tell you.” 
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Ireprimand myself out loud every time I find myself seeking other 
people’s approval. By doing so Ibecome aware of this kind of behav- 


ior, so that I can stop it. 
Wayne Dyer, Your Erogenous Zones, Tehiou Pres, 1976, 


It is completely normal that people forget to express or even feel 
gratitude; therefore, if I expect other people to reward me through a 
show of gratitude, I am only exposing myself to a flood of bitter dis- 


appointments. 
Dr. Martin Shephard, How To Overcome Your Cares, Marabout Publications, 1973 


I’m sure the sales manager will notice my effort and my results. 
Dre Marty Seliman, Super Selling Though Self Talk; Price Stern Slo, 1986 


ARCHERY 


Tam perfectly relaxed when I practice archery. 

My reflexes are getting faster and more efficient. I can hit the tar- 
get more and more easily, shot after shot. I am improving all aspects 
of my archery. My vision and reflexes are working marvelously well. 
Archery is easy for me. 


Clirstian H. Godefroy, Helping Yourself Through Self Hypmosis, Godefroy Publications, 1985. 


ARTHRITIS 


Trelax the muscles around my joints. I feel a cascade of clear wa- 
ter flowing over my joints, washing them, purifying them, making 
them strong. The water carries away the pain. I see the cool clear 
water flowing over my fingers, my knees, my shoulders. It calms me, 
washing away the inflammation. I can already feel the water sooth- 
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ing my joints, relaxing them, so that I can move with no pain at all. 


Eslitorial Staff, Practical Health Guides, How To Stimulate Your Body's Natural Defences, 
Godefroy Publications, 1989, 


My joints are supple again, and feel smooth and comfortable. 
Louis Proto, Sl Healing, Pats Publications, 190. 


My energy circulates more and more freely through my whole 
body, which is becoming light and luminous. My pains completely 
disappear because the amazing power of my subconscious mind is 


healing me completely. 
CivstianH. Gadefro, Helping Yourself Through Self Hypnosis, Godefroy Publication, 1985 


ARRHYTHMIA 


My heart beats slowly and calmly. 


Tam my heart. 
Dr GR. Rager, Hypnosis, Sophiology and Medicine, Fayand Publcatims, 1973. 


ASKING 


Thave the courage to ASK. 


Christian Godefroy Collection, Magic Formulas For Success And Happiness, Godefroy Publications 


ASSIDUITY (Also see Perseverance) 


I’m interested in material things, and I do my work conscien- 


tiously. 
Professor Kurt Teperwvin, Think And Heal, Gadefoy Publications, 1984 
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Work that you’re interested in is never difficult, and sure to suc- 


ceed. 
Charles Albert Poissant & Christian Godefroy, The Secret Of Being A Millionaire, Godefroy Publications, 1987. 


ASSIMILATION 


I'm getting stronger day by day. I assimilate information more 
and more rapidly and precisely, and my willpower is getting stron- 
per. 


Paul Clement Jagot, The Power Of The will, Dangles Press, 1950. 


ASSISTANCE 


The universe is always there to help me. 
Shakti Gawain Cente Visualization Telnques, Sle Publications, 1978 


ASSISTANCE - SPIRITUAL 


Isend you strength and courage. United with the forces of your 
inner Guide, I consciously direct our plenitude towards you, so that 
we can offer you assistance and stimulate the right conditions which 
will help your development. 

T love you and send you energy, faith and courage. May a clear 
vision awaken in you of the right path to follow. Everything good 


you wish to accomplish will succeed. 
KO. Schmidt, Sucess At Your Serie, Asta Pablctons, 1986 


Right now divine love is doing its perfect work for the benefit of 
all. 
From now on may divine love and light work through me. 
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Divine love goes before me and prepares the way. 


From now on God will show me the way. 
Shakti Gawain, Creative VeualizationTeclnques, Sle Publications, 1878, 


ASSOCIATES 


My time and energy are precious. I choose to surround myself 
with positive associates who are focused on possibilities, learning, 
improving, and taking responsibility for results. I guard my mental 


life against negative influences. 
Dr. Marty Selman, Super Selling Though Self Talk, Price Stern Sloan, 1986 


ASSURANCE (Also see Self Confidence) 


Every day I feel more and more sure of myself, and it’s great. A 
beautiful, exciting life is awaiting me; it's wonderful to feel this sense 
of assurance growing in me, this confidence in myself that I feel get- 


ting stronger and stronger. 
Charles Baudouin, Psychology And Practice of Auto Suggestion, Megraph Publications, 1990 


I’'mready for action, [look more assured, more vibrant, more con- 


vincing. I speak with conviction and tread firmly. 
Professor Rater! Tocuel, The Powers Of The Wil, Godefroy Puliatons, 188. 


I feel strong and calm no matter what happens. 
Paul Clement Jago, Education OF The Word, Dangles Press, 


Talways feel calm and self assured. 
Raymond Hull, Wanting Is Power, Les Eaitions de !' Homme, 1969 


I can be whoever I want to be with total support. I can go fast or 


slow - it’s my choice. I am protected. 
Barbara J. Gress, Personal Power Cards, Aslan Publishing, 1991 


diser 


iat Can Ga Wrong 


upward, The PUT must be forward biased be- 
tween its anode and cathode (the anode must 
have a higher potential relative to the cathode), 
with an intermediate positive voltage at the gate 
established by resistors R1 and R2 functioning as 
a voltage divider (see Figure 27-7). Failure to ob- 
serve correct biasing will result in unpredictable 
behavior and possible damage ta the compo- 
nent, 


fe semiconductor > single junction > uniju 


tion transistor 


Overload 

Like any semiconductor, the UJT and the PUT 
mustbe protected from excessive current, which 
can burn out the component. Never connect ei- 
ther of these components directly acrossa power 
source without appropriate resistances to limit 
current flow. Maximum continuous power dissi- 
pation for UJTs and PUTS is usually 300mW. 


240 


Encyclopedia of Electronic Components Volume L 
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Tam calm and confident. I possess the tranquil assurance that my 


life will be a success. 
Shad Helmsletter, The Power Of luner Motivation, Published by Le Jour, 1987. 


Iam happy, self assured and strong. 
Kar, Steer, Psychotrning, Godefoy Publications, 1284. 


Tam confident. 
‘Matthew MeKay & Patrick Fanning, Self Esteem, New Harbinger Publications, 1990 


ASTHMA 


Every day I feel more and more free and relaxed. I react normally 
to all situations. I fill my lungs fully when I breathe. And I can easily 
overcome any tension or anxiety I feel. I am in perfect control of my 
body in all situations. 

My bronchial tubes and lungs are strong and relaxed. I breathe 
calmly and deeply in all situations. I always stay calm, and control 
my body’s reactions. I feel more and more confident and relaxed all 


the time. 
Christian H. Godefroy, Helping Yourself Through Sef Hypnosis, Godefoy Publications, 1985. 


I send energy from my brain into my nostrils, which will remain 
open, sending air to my longs, for as long as I want. 


My lungs are relaxing, air is entering, the attack is subsiding. 
Dr. Gaston Durie and Dr. Andre Dur, Mentl Cre, Naturist Institute Pubiaton, 1923 


Iam completely relaxed, breathing deeply and freely. 


Louis Proto, Self Heating, iatkis Publications, 1990 
Tam convinced that my asthma problem is getting better every 


day. 
I free myself of the causes of my asthma attacks. 
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Tam convinced that I don’t have to have these attacks. 

I’m becoming a relaxed person. 

I feel stronger and healthier every day. 

Isee myself as a healthy, normal person. 

Talways breathe easily and normally. 

I don’t have to use an asthma attack to get other people’s atten- 
tion. 

I can now share my feelings with others more easily. 

Thave strong willpower, and I can easily control my physical re- 


actions. 
Dr, Anthony arat Mary Zafuto, Alphagenies, Quebec - Amerigue Publications, 1974. 


My breathing is relaxed and effortless. 
Denis Waite, Seeds Of Greatness, Pocket Books Pres, 1988 


My breathing is slow and regular; with each breath the muscles 
in my bronchial tubes and lungs relax more and more deeply; air 
enters my rib cage more and more freely, and my breathing becomes 
easier and easier. 

After each session I see myself gradually improving. I breathe 
much more easily, the wheezing in my chest is disappearing, I am 
becoming much calmer, much more relaxed, and much less nervous. 

As soon as I place my left hand on my chest, the muscles in my 
lungs and bronchial tubes relax; I feel them relaxing, I feel the air 
flowing more and more freely into my lungs, my breathing becomes 
easier and easier; with each breath my chest muscles relax more and 
more, and my breathing becomes calm, regular, calm, regular and 


easy. 
Dr. GR. Roger, Hypuosis, Sophrology and Medicine, Fayard Publications, 1973, 


My breathing is completely normal, deep, regular and calm. 
Kari. Stoeer, Psychtraining, Godefroy Publications, 1984. 


A Page 3. 


ASTHMA ATTACK 


It’s stopping, I’m already breathing easier. 
Ican feel myself breathing more easily. One more breath and it'll 


be over. 
Dr. Gaston Durville and Dr. Andre Durcille, Mental Cure, Naturist Institute Publications, 1923. 


AUDACITY (Also see Courage) 


I will go where failures fear to tread. 
(Og Mandino, The Greatest Seeret In The World, A different World Press, 1979. 


I dare to do what I want. I act! I'm no longer afraid, and I will 


succeed. 
Charles Albert Poissant & Christian Godefroy, The Secret Of Being A Millionaire, Godefroy Publications, 1987. 


I dare take the first step towards my rightful castle. 
Vernon Howard, Psycho-Pictography, S.LP, 1965, 


I can’t always be reasonable and please everybody if I want to 
feel good about myself; I have to take risks, risks which develop a 


feeling of direction in me. 
Wayne. W, Dyer, The Sky's The Limit, Mortagite Publications, 1988. 


1 Can, I Want, I Dare, I Act. 


Robert Collier, Wealth At Your Doorstep, $.L2, 1959. 


I want to dare. 
Jean Charter, How To Acquire A Superior Personality, Dangles Press, 1971 


To succeed I risk failure, and that is the proof of audacity. 
W. Clement Stone and Napoleon Hil, Success Through Postce Thinking, Godeioy Publications, 1978 
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If there’s nothing to lose and a lot to gain, I'll go for it. 


W. Clement Stone, Passport To Success, Godefroy Publications, 1962. 


AUTOSUGGESTION (Also see Hypnosis) 


Tam going to follow the suggestions which I implant in my sub- 


conscious mind. 
Frank S, Caprio, M.D. & Joseph R. Berger, Helping Yourself With Self Hypnosis, Prentice Hall Inc, 1974. 


AVAILABILITY 


Tam always available for people whom I consider important, and 


for things which I consider important. 
Pierre Nicolas, Time Is Money. An Pensure,nter Publications, 1981 


AWARENESS (See Self Awareness) 
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BAD CHARACTER 


Tam acquiring a pleasant and joyous character. 
Raymond Hl, Wanting Is Power, Les Eton de Homme, 1963 


I believe that my bad temper can be controlled, and I am not go- 


ing to rationalize by thinking that I cannot help myself. 
Frank. Caprio, MLD. & Joseph, Berger, Helping Yourself With Self Hypnosis, Prentice Hall nc, 1978 


BAD HABITS (See Habits - Negative) 


BACKACHE 


Alll the muscles in my back are relaxing. The tension in my dorsal 
region is dissolving completely. My whole back feels better and as 
this happens my confidence grows. My spine is relaxing. My back is 


getting stronger every day, and all tension is disappearing. 
Christian H. Godefroy. Helping Yourself Though Self Hypnosis, Godefroy Publications, 1985 


BALANCE (Also see Peace, Strength, Wisdom, 
Health, Harmony) 
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In the past I used to suffer from fears that almost made me physi- 
cally sick, but I am gaining strength as I become more and more bal- 


anced, and the strong and healthy person I know myself to be. 
Arthur Wassmer, The Art Of Making Friends And Being Happ Belfond Publications, 1978, 


Teat and sleep well. 
I take care of my physical balance, since it plays such an impor- 

tant role in my ability to work well, and remain emotionally stable. 
I know that the best thing is to maintain a constant and balanced 

relationship with my body, instead of getting preoccupied with it from 


time to time. 
Pierre Nicolas, Time Is Money... And Pleasure!, Inter Publications, 1981. 


Tam well structured and balanced. 
Louise L. Hay, You Can Heal Your Life, Hay House, 1984, 


Tam a balanced person. 
Pierre Nicolas, Time Is Money. An Pensure, ter Publications, 1981 


Tam perfectly balanced. 
Dr Joseph Murpy, These Truths Wil Change Your Lif, Pblished by Le our, 1982 


A sign of the presence of God in me is my feeling of peace and 
balance. 

Dr Joseph Murpey Mastering Yourself And Others, Published by Le our, 1988 

My body is balanced, in perfect harmony with the universe. Iam 


always deeply relaxed and balanced. 
Shakti Gawain, Creative Visualization Teclnques, Sle Publications, 1878, 


BALDNESS 


Now that Iam no longer using my energy to work, I will channel 
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it to my scalp; the energy flows more normally, replenishing my hair 
as it did in the past so that it grows quickly. 
Like crabs who grow new legs I can regrow my hair. 
I want my hair to look like... (add description). 
My hair is growing... growing. 
Dr. Gaston Durvile and De. Andre Durcille, Mental Cure, Naturist Institute Publications, 1923, 


BEAUTY (Also see Health) 


Every day my beauty shows little more clearly. Every day Imove 
closer to this promise of beauty. I feel better and better. 
Chaves Baudouin, Peyhology And Practice of Self Suggestion, ldegraphPublctons, 1890 


I give thanks for ever increasing health, beauty and vitality. 
Lin KrafMacoy, 30 Days To Happiness, Stlpont 1987 


My body is pure and beautiful. I love nature and count my bless- 


ings. I see beauty in others, and experience it in myself. 
Barbara J. Gress, Personal Power Cards, Aslan Publishing, 1991 


BEHAVIOR 


The totality of my actions and behavior determines how others 


decide they should treat me. 
Vernon Howard, Psycho-Pictography, S.LP, 1965. 


BEING 


Iam a strong, affectionate and creative being. 
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Tam a radiant expression of God. From now on my body and 


mind will express divine perfection. 
Shakti Gawain, Crevice VeualizatonTeclnques, Sle Publications, 1878, 


BELIEF 


Iallow myself to hold something sacred in life. 
Wayne. W Dyer, The Sky The Limit, Mortage Publications, 1958 


BELONGING 


I move forward with confidence and chances are I will experi- 


ence a sense of belonging. 
Dr. Mall Malt, Psycoybernetics and Self Realization, A Different Word Lid Plains, 1970 


BENEVOLENCE (Also see Sincerity) 


Tlook at myself with benevolence and I can thus fend off my soli- 


tude indefinitely. 
Dr, Maxwell Maits, Psychocyberntics aat Self Realization, A Different World Ltd. Publications, 1970, 


Tam more and more benevolent towards myself and towards oth- 
ers. 


Sublipower, Subliconfidence, Edi Inter, 1989, 


Tam always serene and benevolent. 
‘Alan Howe, How To Deal With Dificult People, Goefoy Publications, 1990 


Everyone wants the best for me. 
Francoise and Michel Moine, Develop Your Psi Powers, Stock Editions, 1982 
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[I treat everyone with kindness. I treat everyone as a precious 
and passing gift.] 


Link Krafl-Macoy, 30 Days To Happiness, Silipoint, 1987. 


BEST 


T accept and deserve the best, which is flowing to me now that I 


have become an open channel. 
LiahKpMacoy 30 Days T Happiness, Silpint, 1967 


BIRTHING 


I prepare for giving birth every day, and make sure to practice the 
techniques I’m learning in my prenatal classes to make the birthing 
easier. [ am a woman who is in full control of myself and my reac- 


tions. 
Marcel Roel, Mastering Your Subconscious, published by Dangles, 1982. 


I feel very good, and I look forward to the birth impatiently... all 
this is engraved in my subconscious... As soon as I look at my right 
hand, I experience a state of deep relaxing sleepiness... pain does not 
exist... All [have to do is look at the palm of my hand and all the pain 


disappears... I feel completely fine. 
r. Kurt Tepperavin, Secret Tchniqusof Hypnosis, Godefroy Publications, 198 


BLAME 


I don’t expect anything from anybody, and I have no one and 


nothing to blame. 
Dr. Martin Shephard, How To Overcome Your Cares, Marabout Publications, 1973 
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BLESSING 


May God bless all my undertakings. 


Norman Vincent Peale, When You Want, You Cant, A Different World Press, 1974 


T accept the good that comes to me, here and now. 
Shakti Gownin, Creatice Visualization Techniques, Solel Publications, 1978 


Hove so that I see only what is good, give only what is good, and 


receive only what is good. 
Rober Collin, Welt At Your Doorstep, SP, 1958. 


I count my blessings. 
(Og Marino, The Greatest Secret In The Worl, A Difrent World Pres, 1978 


I thank God for the gift of life. 


Denis Waite, Sees Of Gretess, Pocket Books Pres, 1988 
From this moment on I am a complete expression of love and 


gratitude for God. I realize that there is so much good in my life. 
Charles Barker, The Science Of Success, Dangls Press, 1983 


Tam ready to receive all the blessings of this abundant universe. 
‘Shukti Gawain, Creative Visualization Techniques, Soleil Publications, 1978. 


Iam grateful for the blessings I receive daily. 
Louis Prot, Sl Healing, Pats Pulao, 190. 


Tam thankful for everything that happens to me. 


Christian H. Godefroy, Helping Yourself Through Self Hypnosis, Godefroy Publications, 1985, 


BLISS 


I feel the happiness and bliss of being alive. 


‘Shakti Gawain, Creative Visualization Techniques, Soleil Publications, 1978. 


bipolar transistor 


# 


The word transistor, on its own, is often used to mean bipolar transistor, as this was the 
type that became most widely used in the field of discrete semiconductors. However, 
bipolar transistor is the correct term. It is sometimes referred to as a bipolar junction 


transistor or BIT. 


OTHER RELATED COMPONENTS 


+ unijunction transistor (See Chapter 27) 
+ field-effect transistor (Seo Chapter 29) 
+ dine (Volume 2) 

+ trae (Volume 2) 

+ relay (Volurne 2) 

«solid-state relay (Volume 2) 


What It Does 


How It Works 


A bipolar transistor amplifies fluctuations in cur- 
rent or can be used to switch current on and off. 
In its amplifying mode, it replaced the vacuum 
tubes that were formerly used in the amplifica- 
tion of audio signals and many other applica- 
tions. In its switching mode it resembles a 
lay, although in its “off” state the transistor stil 
allows a very small amount of current flow, 
known as leakage. 


A bipolar transistor is described as a discrete 
semiconductor device when it is individually 
packaged, with three leads or contacts. A pack- 
age containing multiple transistors is an integra- 
ted circuit. A Darlington pair actually contains 
two transistors, buts included here as a discrete 
component because itis packaged similarly and 
functions like a single transistor. Most integrated 
circuits will be found in Volume 2 of this ency- 


clopedia. 


Although the earliest transistors were fabricated 
from germanium, silicon has become the most 
commonly used material. Silicon behaves ike an 
insulator, in its pure state at room temperature, 
but can be “doped” (carefully contaminated) 
With impurities that introduce a surplus of elec- 
trons unbonded from individual atoms. The re- 
sult is an N-type semiconductor that can be in- 
duced to allow the movement of electrons 
through it, ifit is biased with an external voltage. 
Forward bias means the application of a positive 
voltage, while reverse bias means reversing that 
voltage. 


Other dopants can create a deficit of electrons, 
which can be thought of as a surplus of “holes" 
that can be filled by electrons, The result is a P- 
type semiconductor. 


Abipolar NPN transistor consists ofa thin central 
P-type layer sandwiched between two thicker N- 
type layers, The three layers are referred to as 
collector, base, and emitter, with a wire or contact 


2aL 


¢ 
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BLUSHING 


My blood is descending into my feet. My feet are getting hot. My 


feet are burning! 
K.0. Schmit, Sucess At Your Serie, Astra Publications, 1986, 


BODY 


T have a body, but I am not my body. My body may be tired or 
rested, healthy or sick, but that has nothing to do with the real me. 
My body is a precious instrument which I use to experience and act 
on the outer world. But it is only an instrument. I treat it well, I try to 
keep it in good health, but it is not me. [have a body, but am not my 
body. 


Dr. Robert Assagioli, Psychosynthesis, Ep, 1965. 


BOREDOM 


Every day I try to overcome my boredom by working on achiev- 


ing worthwhile goals. 
Dr. Maxwell Mats, Psychocyberntics and Self Realization, A Different Word Lid Plains, 1970 


I overcome boredom because I concentrate on the details and 
nuances of each new situation. Because I’m always interested in learn- 


ing, I stay interested in my work. 
Dr. Marty Sekiman, Super Sling Through Self Til Price Ster loan, 1986, 


Boredom disappears for good when I observe the vastness of life. 
Vernon How, Psycho-Pilography, SP, 196, 


No matter what happens I will not allow boredom or obstacles 


on my path to deprive me of my peace of mind. 
Orison Swett Marden, The Joy Of Living, eter Publication, 
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BOWLING 


My bowling style is getting better every day. My approach is 
supple and relaxed. I release the ball with more and more precision. I 
am able to control the ball and put the effect I want on it. I can hit 
strikes with ease. My score is getting better every time I play. Bowl- 


ing is easy for me. 
Christian H. Gadefro, Helping Yourself Through Self Hypnosis, Godefroy Publication, 1985 


BRAGGING 


I learn to control myself when I am about to brag or try to take 


advantage of someone. 
Wayne. W, Dyer, The Sky’ The Limit, Mortage Publication, 1988 


BRAVERY (Also see Strength, Courage) 


Iam in the process of becoming a brave person. 
Dr. Anthony and Mary Zaft, Alphagencs, Quebec - Ameriqle Publication, 1974 


BREAKING UP 


I chose to love you. That was then, but now I’ve changed my 


mind. 
Wayne Dyer, Your Evogenous Zones, Tehow Press, 1976. 


BREASTS 


My breasts are developing... growing... at the same time they are 
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becoming firmer and firmer... my breasts are becoming beautiful. 

My breasts are becoming more beautiful every day... more and 
more beautiful... firmer and firmer... my breasts are becoming fantas- 
tic... I feel them swelling... pushing outward... growing... they grow 
larger every week. 

Isee myself with beautiful breasts... pushing against my sweater... 
attracting men’s looks. 

My chest will develop more and more... and I'll be proud of my 
breasts... which are becoming more and more beautiful... more and 


more attractive. 
‘Marcel Rowet, Mastering Your Subconscious, Dangles Press, 1982. 


BREATHING 


My breathing is full, regular and deep; am developing the habit 
of correct breathing even when I don’t think about it, and I know that 
it is helping to keep my blood healthy. 


Charles Baudouin, Psychology And Practise of Autosuggestion, ldegraph Publications, 1990, 


My breathing is regular and calm. 
Professor Robert Toque, The Powers Of The Wil, Godefroy Plicatons, 1988, 


My breathing is completely calm and regular. 
Kari O. Steer, Psychotranng, Godefoy Publications, 1984. 


Iam breathing a little more slowly. 
Dr. Anthony and Mary Zaft, Alphagenics, Quebec = Ameriqle Publication, 1978 


Every day I do deep breathing exercises... to maintain the elastic- 
ity of my lungs... increase their capacity... to purify my blood... and 


give my organism even more vitality. 
“Marcel Rouet, Mastering Your Subconscious, Dangle Press, 1982 
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BRIDGE 


I defend myself very well at bridge. 


Wayne Dyer, Your Evogenous Zones, Tehow Press, 1976. 


BUDGET 


Tallow myself a budget for personal expenses. 
Piere Nicolas, Time Is Money. And Pensure, nter Publications, 1981 


BUSINESS (Also see Money) 


Allmy money comes from God. He has sincerely given me enough 
to meet all the needs of my business, or if He hasn't given it to me yet, 
it won't be long in coming. If I need more, He will provide more. 
Therefore, I don’t even want to think about easy ways of making 
money by taking advantage of others. God gives abundantly, and 
I’m going to manage this business as if He were always here, close to 


me. 
Robert Collier, Riches At Your Doorstep, SP, 1962 


Tam becoming a better businessman / woman. 
Vernon Howard, Psycho-Pictoraphy, Si, 1965 


My business affairs are the affairs of God - they are owned, oper- 


ated and expanded by divine guidance. 


R. Charles Barker, The Science Of Success, Dangles Publications, 1983. 
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BUYING 


I get the coat (house, car, etc.) that I want for a great price. Wear- 
ing it (or living in the house, or driving the car, etc.) gives me an 


enormous amount of pleasure. 
Raymond Hull, Wanting Is Power, Les Editions deI'Homme, 1969. 
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CALM (Also see Self Control) 


I feel calm and in control of myself under all circumstances. 
RL. Charpentier, Autosuggestion And Its Practical Application, Champs Elysees Publications, 1958. 


Tuse my resolute calm to combat the threatening attitudes of vain, 


excitable and impulsive people. 
Paul Clement Jago, Education Of The Word, Dangle Pres, 1975. 


T cultivate calm. 
Norman Vincent Peale, Whew You Want, You Can!, A Different World Press, 1974. 


Tam becoming a calmer, more relaxed person. 
Dr. Anthony and Mary Zaft, Alphagencs, Quebec Ameriqle Publication, 1978 


I feel calm, rested and radiant. 
Tam becoming calm and balanced. 
And as I become calm, I feel peaceful. 


Tam completely calm and reposed. 
RL. Charpentier, Autouggestion And its Practica! Applicaton, Champs Elysees Publications, 158. 


I stay calm, no matter what happens! 
‘Alan Howel, How To Deal With Difficult People, Godefioy Publications, 1990. 


Tam calm and am comfortable being who I am. 
Pierre Nicolas, Time Is Money... And Pleasure!, Inter Publications, 1981. 


Tam calm... calm... calm... calm... calm... calm... 
Professor Robert Tocquet, The Powers Of The Will, Godefroy Publications, 1989. 
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Tam calm, tranquil, imperturbable. 
Paul Clement Jago, The Power Of The Wil, angles Pres, 1950 


Tam calm, very calm. 
Francoise and Michel Moine, Decelop Your Psi Powers, Stock Editions, 1982. 


Tam calmer and calmer in all situations. 
Christian H. Godefroy, Helping Yourself Through Self Hypnosis, Godefroy Publications, 1985. 


Tam imperturbable, calm. I am relaxed and peaceful. 
Dr Josep Murphy, These Truths Will Change Your Lif Published by Le fur, 


Tam completely calm. 
Dr. GR Rage, Hypnosis, Sophrology and Medicine, Fayard Publication, 1973 


My breathing is calm. My heart is beating peacefully. Iam as tran- 
quil as the depths of the sea. 


K.O. Schmidt, Success At Your Service, Astra Publications, 1986. 


Tam cool, calm and collected. 
Paul Clement Jagot, How To Develop Your Personal Magnetism, Dangles Press, 1982. 


I control myself with the confidence of a master psychologist, and 

I stay cool under the most difficult circumstances. 
Franck Ruuolph Young, Cyclomancia, SIP, 1966. 
Tam cool, calm and lucid no matter how important the person 


I'm speaking to is. 


Paul Clement Jagot, Eduention Of The Word, Dangles Press, 1975, 


CANCER 


I now imagine my tissues getting rid of this waste, becoming 
healthy again, clean and normal. My treatment is a success. I'm in 
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good health. I’m getting stronger and stronger. I feel better and bet- 
ter. I smile a lot. I see myself as a smiling, happy, active, healthy per- 
son. Everything’ fine. I am healed. 

Now I imagine my cancer being defeated. My cancerous cells re- 
treat, they are beaten, they disappear over the horizon, far, very far 
away, out of sight. My cancer disappears, melts into the distance, very 


far away, so far no one can ever find it. 
Editorial Sif Pract! Heath Guides, How To Stimulate Your Boy's Natural Defences, Gaefoy Pubations, 195, 


For me, the word ‘incurable’ simply means that the illness cannot 
be cured from the outside, but only from the inside ... Dissolving 
mental patterns dissolves disease. 

Anything can be healed. So, Iam realistic, and plan for a miracle! 

The doctors are amazed at my total remission. 

My body is healing itself totally. 


Louis Proto, Self Healing, Piatkus Publications, 1990. 


CARDIAC TROUBLE 


My heart is beating calmly and regularly. 


Karl O. Stoeber, Psychotraining, Godefroy Publications, 1984. 


CARE 


The more I take care of myself, the more others take care of me. 
Louis Proto, Self Healing, iatkus Publications, 1990. 


CAREER 


God leads me forward in a career filled with success. 
R. Charles Barker, The Science Of Success, Dangles Press, 1983 
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I know that I can earn a living in different ways, that I don’t have 
to stick to the same job or even the same career just because I already 
have a lot of time invested in what I'm doing. I give myself permis- 
sion to be whoever I want, and get into new areas which may have a 


bearing on my professional decisions. 
Wayne. W Dyer, The Sky’ The Limit, Mortage Publications, 1988 


I find the ideal job that perfectly fulfils all my needs and desires. 


Charles Albert Poissant & Christian Godefroy, The Secret Of Being A Millionaire, Godefroy Publications, 1987. 


I see every job change or career change as an opportunity to at- 
tain my objectives. [have a positive opinion of myself, and I feel good 
about myself. I am clear, calm, confident, and in control. 

I never feel committed to work or a career that isn’t totally ben- 
eficial. 


‘Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


CHALLENGE 


I look at every day as a challenge; and I try to give it the best shot 
Thave. I start the day by making myself receptive to the outside world, 
and setting objectives which I try to define very clearly. I then decide 
what I can do to attain those objectives, and get right to work. I de- 
velop the habit of exploiting the opportunities that arise every day in 


order to attain my goals. 
Dr. Maxwell Mate, Psychocyberntics and Self Realization, A Different Word Lid. Pulbliations, 1970. 


Each victory strengthens me for the next challenge. 
Zig Ziglar, Rendez-vous At The Top, A Diferent World Publications, 1975 


At this moment, even as I express these truths about myself, I 
know that I can succeed and that I will succeed. If I think about the 
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challenges awaiting me, whatever they are, I know I can win. 
Just look what I can accomplish today! I am incredible... and to- 
day is the ideal day to prove it! 


‘Shad Helmstetter, The Power Of nner Motivation, Published by Le Jour, 1987. 


Tam eager to face new challenges! 
W. Clement Stone and Napoleon Hil, Success Through Postce Thinking, Godeioy Publications, 


Challenges are stimulating. I meet each challenge with determi- 
nation and dynamism, and with the absolute certitude that I will get 


the best possible results. 
‘Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


CHANGE (Also see Habit) 


It is easy for me to reprogram the computer of my mind. Alll of 


life is change, and my mind is ever new. 
Louise L. Hay, You Can Heal Your Life, Hay Howse, 1988 


Thave the courage and strength to make the changes that need to 


be made. 
Louis Proto, elf Healing, Piatkus Publications, 1990. 


Thave the power to change myself the way I want. 
‘Sublipower, Sublicontrol, Edi Inter, 1989. 


I stop thinking that I have to change my situation before I can 
change myself. I change myself, and my situation changes naturally. 


Vernon Howard, Psycho-Pictography, SP, 1965. 


Istart this day in a new and better way. 
Dr, Maxwell Maite, Psychocybernetics and Self Realization, A Different World Ltd. Publications, 1970 


I will really begin a new life. 


How it Works discrete 
attached to each of them, When a negative 
charge is applied to the emitter, electrons are 
forced by mutual repulsion toward the central 
base layer. Ifa forward bias (positive potential) is 
applied to the base, electrons will tend to be at- 
tracted out through the base. However, because 
the base layer is so thin, the electrons are now 
close to the collector. If the base voltage increa- 
ses, the additional energy encourages the elec- 
trons to jump into the collector, from which they 
willmake their way tothe positive currentsource, 
which can bethoughtof as having an even great- 
er deficit of electrons, 


Thus, the emitter of an NPN bipolar transistor 
emits electrons into the transistor, while the col- 
lector collects them from the base and moves 
them out of the transistor. It is important to re- 
member that since electrons carry a negative 
charge, the flow of electrons moves from nega- 
tive to positive, The concept of positive-to- 
negative current is a fiction that exists only for 
historical reasons. Nevertheless, the arrow in a 
transistor schematic symbol points in the direc- 
tion of conventional (pasitive-to-negative) cur- 
rent. 


Ina PNP transistor, a thin N-type layer is sand- 
Wiched between two thicker P-type layers, the 
base is negatively biased relative to the emitter, 
and the function of an NPN transistors reversed, 
as the terms “emitter” and “collector” naw refer 
to the movement of electron-holes rather than 
electrons. The collectors negative relativeto the 
base, and the resulting positive-to-negative cur- 
rentflow moves from emitterto base to collector. 
The arrow in the schematic symbol for a PNP 
transistor still indicates the direction of positive 
current flow. 


Symbols for NPN and PNP transistors are shown 
in Figure 28-1. The most common symbol for an 
NPN transistoris shown attop-left, with letters C, 
B, and E identifying collector, base, and emitter. 
In some schematics the circle in the symbols is 
omitted, as at top-right. 


emiconductor > mult-junction > bipolar transistor 
APNP transistors shown in the center. This s the 
most common orientation of the symbol, since 
its collector must be at a lower potential than its 
emitter, and ground (negative) is usually at the 
bottom of a schematic. At bottom, the PNP sym- 
bol is inverted, allowing the positions of emitter 
and collectorto remain the sameasin the symbol 
for the NPN transistor at the top, Other orienta- 
tions of transistor symbolsareoften found, mere- 
ly tofacilitate simpler schematics with fewer con- 
ductor crossovers, The direction of the arrow in 
the symbol (pointing out or pointing in) always 
differentiates NPN from PNP transistors, respec- 
tively, and indicates current flowing from posi- 
tive to negative 


c 
8 

E 
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or inverted. The circle may be omitted, but the function of 
the companent remains the same. 


NPN transistors are much more commonly used 
than PNP transistors. The PNP type was more dif- 
ficultand expensive to manufacture initially, and 


242 


Encyclopedia of Electronic Components Volume L 
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The world will start to become better as soon as I choose to make 
it better. I won't wait for others to improve the world. I won’t wait for 
my neighbor to improve him or herself. I'll be the one to start. 

Ican change my own small world, and that’s what counts. I choose 
to believe that I can change it. 

If use my power to choose it is amazing how well things work 


out for me, even beyond my wildest expectations. 
J. Martin Kote, Your Greatest Power A Diferent World Li, 1973 


Ican change if I make the necessary effort. 
Tam going to be different. 
Wayne Dyer, Your Erogenous Zones, Teou Pres, 1976, 


I want to change this. 
I want to change. 


I want something different. 
Richard Correr, Joseph Hart, Getting Into Psychological Spe, es Eiitions de Homme, 1979 


CHARM (Also see Slimness, Health, Sincerity) 


Tam a radiant being, full of love and light. 


From now on my perfect partner will find me divinely irresist- 
ible. 


‘Shakti Gwoain, Creative Visualization Techniques, Soleil Publications, 1978, 


Tam a warm, sincere, caring and affectionate person. And I see 
these qualities in others as well. 
Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


Other people appreciate me because I try to make them feel good. 
T’mattractive in many ways. I attract other people, their interest, their 
enthusiasm, their friendship and their confidence. I bring the best 
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out in everyone, and that makes me attractive. 
Shad Helmstetter, The Power Of ner Motivation, Published by Le Jour, 1987 


My relations with men and women are more and more harmoni- 
ous. I'm becoming more charming every day. I am capable of loving 


and of being loved. 
Karl 0, Stocber, Psychotning, Godefoy Publications, 1284. 


CHILL 


I feel fine, I'm not cold, I’m not going to catch cold. 
Dr. Gaston Durie and Dt. Andre Durie Mental Cure, Naturist Institute Publications, 1923 


CHOICE OF PROFESSION 


Before making a choice that will determine the course of my en- 
tire existence I will spend weeks - months if necessary - gathering, as 
much information and data as I can find concerning my future pro- 


fession. 
Dale Carnegie, Overcome Your Worries, Flammarion, 1944. 


I completely abandon myself to You, my inner Guide. Lead me 
along the right path, and tell me what the right decision is. Enlighten 
me as to my vocation so that I can choose the profession that is best 


suited for me. 
K.O. Schmidt, Suecess At Your Service, Astra Publications, 1986 


CIRCULATION (Also see Anemia) 


My heartis beating normally and regularly; my circulation is regu- 
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lar; I know how my heart and circulation are affected by emotions, 
thoughts and suggestions. Thus I can achieve perfect circulation; if 
an organ has a tendency to become congested and swollen, it will 
receive less blood and less nourishment from now on, so that it gradu- 
ally shrinks back to its normal size. If an organ tends to become ane- 
mic it will receive more blood. This, plus the fact that the blood it 
receives will be of a better quality due to my improved digestion, 


will make it grow stronger. 
hares Baudouin, Peyhology And Practice of Self Suggestion, legraph Publications, 1880, 


My blood circulates freely, my heart beats calmly and strongly. 
Sublipower,Subleath Edi Iter, 1989 


CIRCUMSTANCE 


I create my own future circumstances. I change myself today, and 


tomorrow’s circumstances will be as I wish them to be. 
Vernon Howard, Psycho-Pictography, S.LP, 1965. 


CLARITY 


By cleaning and tidying up my physical environment, Iclean and 


enlighten my whole life. 
Shakti Gawain, Cente Visualization Teclnques, Sle Publications, 1878, 


CLIENTS 


The people I call need my products and services. 
I can’t lose what I don’t have. Any prospect I gain is one more 


than I have now. 
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I'm widening the base of my contacts. 
Dre Marty Seliman, Super Selling Though Self Talk; Price Stern Sloan, 1986 


COLD (Common) 


It's getting better now. It’s getting better. 
Dr Josep Murphy, Exploit The Power Of Your Subconscious, Tho] Ariston, 1962 


Tam getting rid of my tendency to catch colds. 


Norman Vincent Peale, When You Want, You Cant, A Different World Press, 1974 


Iam breathing more and more easily now. My nose and sinuses 
are clearing up completely, and I feel myself breathing well. I feel 
wonderful. All my respiratory passages are opening. 


CivstianH. Gadefro, Helping Yourself Trough Self Hypnosis, Godefroy Publication, 1985 
My sinuses are perfectly healthy. My head is completely clear, 


and my eyes are dry. 
Eur Sif Pract! Heath Guides, How To Stimulate Your Boy's Natura Defences, Goefoy Pubations, 195, 


COLIC (Biliary or Hepatic) 


Tam relaxing my biliary passages; the channels are dilating; the 


stone is moving down into my intestine. 
Dr. Gaston Durie and Dr. Andre Dur, Mental Cure, Naturist Institute Publications, 1923 


COMFORT (Feeling At Ease) 


I feel completely comfortable when I’m with other people. 
Shakti Gawain, Techniques of Cretce Visualization, Eton Sle, 1978 
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I feel at ease, sure of myself, and others appreciate me. 
Claude Arpe,“ Have Confidence In Muself"- A Subininal Method, Procauc Publication, 1986 


Every day I appreciate other people more, and find them fasci- 


nating. I feel more and more comfortable in the presence of strangers. 
Poul-Clement jagot, Eduction ofthe Word, Dangles Press, 1975 


COMMITMENT 


Tlearn to say NO as if it means YES, I am already committed. One 
of the best ways to relieve stress is to schedule my time so that I can, 


comfortably, keep my commitments. 
Denis Waite, Sects Of Greatness, Pocket Books Pres, 1988 


I don’t commit myself halfway, but all the way in order to attain 


my objectives. 
Sad Hetmsteter, The Power Of Iner Motiaton, Plblished by Le Jour, 1987 


Thonor my commitments. 
Sublipower, Sublisuccess, Edt Inter, 1989. 


Everything I do involves a price to pay. 
Matthew McKay and Patrick Fanning, Self Esteem, New Harbinger Pulictions Inc, 1990 


COMMUNICATION 
(Also see Confidence, Tension) 


It's easier and easier for me to see other people’s points of view. 
Christan H, Godefroy, Human Relations and Communication: The Sublininal Meth, Gtefoy Publications 
1887 


Thave the right to be open with other people. 


Christian H. Godefroy arul John Clark, How To Have More Time, Godefroy Publications, 1989. 
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I communicate with ease and with joy. 
Louse L Hy, You Can Hel Your Life, Hay Howse, 1988 


Talways communicate clearly and effectively. 
‘Shakti Gawain, Crevice VeualizatonTeclnques, Sle Publications, 1878, 


The first thing I do is show the respect I have for the other person. 
Charles Albert Possant & Christin Gadefoy, The Secret Of Being A Millionaire, Godefiny Publications, 1987. 


I speak with ease, anywhere and to anyone. 
Paul Clement Jago, Education Of The Word, Dangle Pres, 1975. 


I share my emotions. 
Ienjoy speaking in public. 


(Christin H. Godefroy, Human Relations and Commurication: The Subliminal Method, Godefroy Publications, 1987. 


Talways think about saying what I feel. 


Dr. Martin Shephari, How To Overcome Your Cares, Marabout Publications, 1973, 


Iam the best judge of my actions, thoughts and feelings, and am 
the one who is responsible for their consequences. 

In order to develop, learn and evolve I communicate with others 
about my limitations. 

In my search for happiness, it is in my best interests to communi- 
cate with others about conditions that promote our mutual well be- 
ing. 

Jean-Marie Boisoert and Madeline Beaudry, Self Affirmation and Communication, Godefioy Publications, 1979 

Tam in charge of what I say and how I say it. Realizing that noth- 
ing is learned while I talk, much of my communication is listening, 
observing and qualifying. When I communicate I am prepared to 
deliver a message that offers value and leads to mutual understand- 


ing on the part of the receiver. 
Denis Waitley, Seeds Of Greatness, Pocket Books Press, 1984 
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There’s no mystery about communicating. I know how to listen, 


and I always listen with a clear and receptive mind. 
‘Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


People feel at ease with me. People feel good in the presence of 


someone who radiates relaxation. 
Frank S, Caprio, M.D. & Joseph R. Berger, Helping Yourself With Self Hypnosis, Prentice Hall Inc, 1974. 


COMPANY 


My company is there to serve me, and not vice versa. 
Christian H.Gotefroy and Jl Clark How To Have More Tine, Godefroy Publications, 1989, 


COMPASSION 


I will not forget that my compassion can make me free. 
Dr Maxwell Malts, Psychocyberetis and Self Realization, A Different World Lud, Puliations, 1970. 


Ican’t offer compassion to others unless I am compassionate with 


myself, I am not unfair with myself. 
‘br Maxwell Mate Psychocyberntics and Self Realization, A Different Word Lid. Pulbliations, 1970. 


I know that others are equally worthy, equally imperfect. I have 
compassion for them because they are engaged in the same struggle 
for survival that I am. Since I know that everyone is doing his or her 


best, it’s easy for me to feel sympathy and compassion for other people. 
“Matthew McKay and Patrick Fanning, Self Esteem, New Harbinger Publications Inc, 1990 


COMPETENCE (Also see Money, Skill) 


Thave confidence in my competence. 
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Iam competent. 
Editorial Sif, Practical Health Guides, How To Stinulate Your Body's Natural Defences, Gadefroy Publications, 1989, 


I'm always learning something new. I’m happy with the skills I 
already possess, and try to become even more competent in all my 
activities. 

Sad Hetmsteter, The Power Of Iner Motiaton, Plblished by Le four, 1987 


Tam becoming the best in my field, and money flows to me as if 
by magic. 


Charles Albert Poissant & Christian Godefroy, The Secret Of Being A Millionaire, Godefroy Publications, 


I'm competent, hard-working, and really good at what I do. 
Matthew McKay an Patrick Fanning, Self Esteem, New Harbinger Publications Inc, 1990 


Iam open to learn new things every day, and that gives me the 


optimism, energy and inspiration to create a future full of success. 
Dre Marty Seliman, Super Selling Though Self Talk, Price Stern Slo, 1986 


Tam strong and competent. 
Emrika Padus, Encylopedia of Emotions And Health, Edi Inter, 191 


I want to develop my skills to their highest level, and acquire 


superior competence and ability in my fields of expertise. 
Prul Clee Jager, Power Of The Wil, Dangles Press, 1950 


My confidence is growing, and as my confidence grows so does 
my competence. 


Zig Ziglar, Rendez-vous At The Top, A Different World Publications, 1975. 


COMPETITION 


Thave confidence in myself and in my subconscious mind. I can 
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develop all the skills necessary for me to get ahead of the competi- 


tion. 
Marcel Rouet, Motivating Your Subconscious, Dangles Press, 1982. 


Inever compare myself to others in order to compete with them, 
because I can never become someone else, and therefore I cannot at- 
tain exactly what someone else attains. But what I can do that no one 
else can do is to be myself, fulfill my life’s tasks, and reach the very 


summit of my own field of endeavour. 
K.O. Schaidt, Success At Your Seroice, Astra Publications, 1986 


COMPLEX 


Tembrace life openly... with no complexes... so that I can partake 


of the quintessential joy and pleasure of really being alive. 
Mace Rout, Moioting Your Subconscious, Dangles Pres, 1982 


COMPLEX - INFERIORITY 


T have no complexes at all towards people I judge superior to 


myself. 
Dr. Anthony and Mary Zaft, Alpgenics, Quebec -Amerique Publications, 1978 


Tam no longer preoccupied with what other people think about 
me, since I know that all they’re doing is wondering what I think 
about them. 

Iam totally indifferent to the opinions of others. 

I thank my enemies for using their sharp eyes and tongues to 
point out the weaknesses in my life, and myself. 

I thank everyone who has deceived me for making me more vigi- 
lant, and for having prevented me from becoming dishonest myself. 
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I know they probably all enjoyed doing this for me, but that is small 


payment for the service they provided. 
Clement Auger, Transform Your Life Tough Aulosuggston, Heritage Publctons 1873 


I know that in certain respects I am superior to many people Iam 


acquainted with. 
Marcel Rowet, Motivating Your Subconscious, Dangles Pres, 1982. 


The best way not to feel inferior of others is to do something about 
my inferiority complex. Confidence follows accomplishment. Feel- 
ing sorry for myself will never cure me of my shyness. Working hard, 
making myself useful, doing something for someone else will give 
me the kind of inner satisfaction that brings with it a feeling of self 
confidence. 

I must not use my sense of inferiority as an alibi for being too lazy 


to improve myself. 
Foank S. Caprio, MLD. & Joseph R. Berger, Helping Yourself With Self Hypnosis, Prentice Hall Ie, 197% 


When I am with another person I never consider myself inferior 
to that person, not even in my thoughts. I always see myself as an 
equal. Because my personality is unique, just like his or hers, and I 
am the only one who can do what I must do. 

I don’t think about another person's professional or financial 
standing, but only about the person in whom, like myself, there lives 
an inner Guide whose role it is to harmonize personal good with the 
general good, so that I have no reason to fear, but rather sufficient 
reason to love and see in the other person an accomplice to my evolu- 


tion. 
K.O. Schmidt, Success At Your Service, Astra Publications, 1986. 


COMPLEX - SEXUAL 


Iet Nature do its work; I let myself get carried away in (sensual) 


circuit design evolved around the NPN type. In 
addition, NPN transistors enable faster switch- 
ing, because electrons have greater mobility 
than electron-holes. 


To remember the functions of the collector and 
the emitter in an NPN transistor, you may prefer 
to think in terms of the collector collecting pos- 
itive current into the transistor, and the emitter 
‘emitting positive current out of the transistor. To 
remember that the emitteris always the terminal 
with an arrow attached to it (both in NPN and 
PNP schematic symbols), consider that “emitter” 
and “arrow" both begin with a vowel, while 
“base” and “collector” begin with consonants. To 
remember that an NPN transistor symbol has its 
arrow pointing outward, you can use the 
mnemonic *N/ever P/ointing i/N.” 


Current flow for NPN and PNP transistors isillus- 
trated in Figure 28-2. At top-left, an NPN transis- 
tor passes no current (other than a small amount 
ofleakage) from its collector to its emitter so long 
as its base is held at, or neat, the potential of its 
emitter, which in this case is tied to negative or 
ground. At bottom-left, the purple positive sym- 
bol indicates that the base is now being held at 
a relatively positive voltage, at least 0.6 volts 
higher than the emitter (fora silicon-based tran- 
sistor). This enables electrons to move from the 
emitter to the collector, in the direction of the 
blue arrows, while the red arrows indicate the 
conventional concept of current flowing from 
positive to negative. The smaller arrows indicate 
a smaller flow of current. A resistors included to 
protect the transistor rom excessive current, and 
can be thought of as the load in these circuits. 


At top-right, a PNP transistor passes no current 
(other than a small amount of leakage) from its 
emitter to its collector so long as its base is held 
at, or near, the potential of the emitter, which in 
this case is tied to the positive power supply. At 
bottom-right, the purple negative symbol indi- 
cates that the base is now being held at a rela- 
tively negative voltage, at least 0.6 volts lower 
than the emitter. This enables electrons and cur- 
rent to flow as shown. Note that current flows 


multi-junction > bipolar transistor 


into the base in the NPN transistor, but out from 
the base in the PNP transistor, to enable conduc- 
tivity. In both diagrams, the resistor that would 
normally be included to protect the base has 
been omitted for the sake of simplicity. 


‘NPN PNP 
le 
8 
3/py G 
fe 
aly 
aoe eS 
aie aoe 
Figure 28-2. Current fw through NPN and PNP transis 
fore See text for details 


‘An NPN transistor amplifies its base current only 
so long as the positive potential applied to the 
collector is greater than the potential applied to 
the base, and the potential at the base must be 
greater than the potential at the emitter by at 
least 0.6 volts. So long as the transistor is biased 
in this way, and so long as the current values re- 
main within the manufacturer's specified limits, 
asmall fluctuation in current applied to the base 
will induce a much larger fluctuation in current 
between the collector and the emitter. This is 
why a transistor may be described as a current 
amplifier. 


Chapter 28 243 
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improvisations which arise spontaneously in my partner or myself, 
because I know that everything is normal and good about the ways 


men and women use to express their love for one another. 
Clement Auger, Transform Your Lif Through Autosuggeston, Heritage Publications, 1979, 


Tam free to express my sexuality as I choose. 
Louis Proto, Self Healing, iatkus Publications, 1990 


COMPLIMENTS 


Talways say “Thank you” when I am paid any compliment, by 
any one, for any reason. Neither do I try to play down or play up 
value that is bestowed. The ability to accept is the universal mark of 


an individual with solid self esteem. 
Denis Watley, Seeds Of Greatness, Pocket Books Press, 1984. 


COMPOSURE 


I cultivate composure... and stay calm under all circumstances. 
‘Marcel Rovel, Mastering Your Subconscious, Dares Pres 1982 


I want to acquire constant composure, imperturbable self assur- 


ance and confidence that is worthy of who Iam. 
Paul Clement Jago, The Power Of The Wil, Dangls Press, 1950 


COMPREHENSION 


I make sure I understand the person I’m talking to correctly by 
reformulating his or her point of view, and asking if I've summed it 


up well. 
Piere Nicolas, Time Is Money. An Pensure,nter Publications, 1981 
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CONCENTRATION (Also see Delegating) 


Tam learning to concentrate. 
Dr Maxell Male, Psychocueretics a Self Realization, A Different Word Ltd Publications, 2970. 


I concentrate all my energies on the challenge at hand, and my 


actions help me forget about everything else. 
(Og Manaino, The Greatest Secret In The Word, A dfirent World Pres, 1979, 


I'm in control of my thoughts and my imagination. 
Denis Waitley, Secs Of Greatness, Pocket Books Pres, 1988 


I believe I can concentrate. I am going to make concentrating a 
habit. I am going to reduce distractions to a minimum whenever Iam 
reading or studying. I am going to visualize myself as a person hav- 
ing a good mind, the capacity to listen well, to become interested in 


everything, to concentrate better and achieve success in life. 
Frank S: Caprio, M.D. & Joseph R. Berger, Helping Yourself With Self Hypnosis, Prentice Hall Ine, 1974. 


I develop and improve my powers of concentration. 
Christan H.Gotefoy and Jl Clark How To Have More Tine, Godefroy Publications, 1988, 


I master my powers of concentration perfectly. I can direct my 
attention and control my thoughts. My mental faculties are getting 
sharper every day, and I'm always looking for opportunities to make 
them even better, and to develop and improve my concentration. I 
practice concentrating my attention and my thoughts, so that I am 


the master of my own mind. 
Shad Helmstettr, The Power Of ner Motivation, Published by Le Jour, 1987 


I concentrate on what I desire and prevent myself from thinking 


about what I don’t want. 
W. Clement Stone and Napoleon Hill, Success Through Positie Thinking, Godefy Publications, 197 
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I can control my thoughts. 


Wayne Dyer, Your Evogenious Zones, Tehow Press, 1976. 


Ican concentrate. 

T can concentrate better and better. 

Thave a powerful ability to concentrate. 

Nothing can distract me when I concentrate. 

I do concentration exercises every day, I do them with pleasure, 


and they don’t tire me out at all. 
Marcel Rout, Techniques And Practice Of Hypnotism, Paris Production 


DE, 1974 


I know I'm moving in the right direction; I look ahead, never back- 
wards. Since I am able to concentrate on one thing at a time, I concen- 


trate on the work at hand and finish it! 
‘Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


Tam calm, I feel good. I feel very good. Nothing can disturb my 
mind. 
Marcel Beugin, Hypnotism, Suggestion and Telepsyce, Scientific Distribution, 1956 


My powers of concentration are improving day by day. Ican there- 


fore accomplish all my tasks more rapidly and effectively. 
Charles Albert Possant & Christian Godefoy, The Secret Of Ben A Millionaire, Godefroy Publications, 187 


The power of concentration has no limits, and I use it every time 


I speak or act. 
Raymon Hul, Wanting Is Power, Les Eton de Homme, 1969 


My mind does not wander. 
Dr. Anthony and Mary Zaft, Alphagencs, Quebec -Ameriqle Publication, 1974 


My mind can focus effectively on one thing at a time. The best 
use of my time and energy is to concentrate on the details of the task 


at hand and take things one step at a time. 
‘Dr. Marty Selman, Super Selling Through Self Talk, Price Stern Sloan, 1986 
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Not now, I’m concentrating on something. 
Professor Kurt Teppertcin, How To Learn The Painless Way, Godefroy Publications, 1983. 


CONFIDENCE 


The answer is Yes! 
Marcel Auclair, The Book Of Happiness, Seuil Publications, 1959 


I trust in the process of life. I am safe. 
Louise L. Hay, You Can Heal Your Life, Hay House, 1984. 


Thave confidence in — (name the person). 
EtoilStaf,Pracil Heath Ges, How To Stimulate Yur Body's Natural Defeses, Godoy Publications, 1989 


([Thave a right to be here. Iam a person too. I am okay.) 
urbara J. Gres, Personal Power Cards, Aslan Publishing, 1991 


There are no weaknesses in my outlook... I always see the future 


serenely... with tranquil certitude and confidence. 
Marcel Rouet, Motioatin Your Subconscious, Dangle Pres, 182. 


I leave yesterday behind and search for goals that will liberate 


my creative abilities. 
Dr. Maxell Mat, Psychocubretics and Self Realization, A Different Word Ltd Publications, 2970. 


I will not let this insignificant impression (or event) affect me. 
Paul Clement jagot, Power OF The Will, angles Press, 1950 


Ican do everything I want. 
Richa Corer Joseph Har, Geting Into Psychological Shape, Les Eton de Homme, 1973 


Ican handle it. 
Euitorial Staff, Practical Health Guides, How To Stimulate Your Body's Natural Defenses, Gadefioy Publications, 1989. 
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Tam capable. 
Robert Collin Welt At Your Doorstep, SL. 1958. 


Trelax and trust the environment to support me. I place my trust 
in the Universe which helps me whenever I follow the dictates of my 


heart. 
Louis Proto, Self Healing, Paths Publication, 1990. 


People like me. 
Dr. Anthony and Mary Zaft, Alpgenics, Qubec-Amerique Publications, 1978 


The Real Me is completely confident, in any situation. 
Vernon Howard Psycho-Pitorapy, SP, 1965. 


No person and no thing has power over me. 
Louis Prot, Self Healing, Pats Publications, 190, 


I do nothing I cannot talk about, and I'm ready to talk about ev- 
erything I do. 


Dr. Martin Shephard, How To Overcome Your Cares, Marabout Publications, 1973, 


If I confide in others, others will confide in me. 
Dr. Martin Shephard, How To Overcome Your Cares, Marabout Publications, 1973, 


CONFIDENCE IN THE FUTURE 


My future is bright, healthy, loving, prosperous and SAFE. Being 
healthy, happy, loved and with no problems feels totally SAFE. My 
life gets better and better with every day that passes. With every day 
that passes I feel stronger and more alive. I look forward to the future 


with confidence and trust. 
Louis Proto, Self Heating, iatkus Publications, 1990 
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CONFIDENCE - SELF (See Self Confidence) 
I think about my conflict situations. I try to find solutions. But I 
also now live joyously, as if my problems were already resolved. I 


live with this confidence, which never leaves me. 
Dr Joseplt Murphy, Mastering Yourself And Others, Published by Le Jour, 1988. 


If I’m in conflict with someone, I imagine that I am both myself 


and that other person. 
Dr. Martin Shephand, How To Overcome Your Cares, Marabout Publications, 973, 


If [have to deal with a delicate or a conflict situation I make sure 
to create a positive atmosphere of respect for the persons opposing 


me at the moment. 
Piere Nicolas, Time Is Money... And Pleasure, ter Publications, 1981 


From this moment on all the difficulties between — (name) and 
myself are erased and our relationship is marvelous. 
‘Shakti Gawain, Creative VeualizationTelaques, Sl Publications, 1978, 
CONFORMING 


Iam infinitely more important than all these rules and social norms 
which are imposed on us for appearance’s sake... talking ina certain 


way, never leaving the beaten path... that kind of repressive nonsense. 


Richard Corriere, Joseph Hart, Getting Into Psychological Shape, Les Editions de "Homme, 


CONGRATULATIONS 


Tonight when I go to bed I will review my accomplishments of 
the day and reinforce my self image. I will think about them calmly 


and with pleasure; chances are I will have a very good sleep. 
Dr. Maxell Mat, Psychocuberntics ad Self Realization, A Different Word id Publications, 2970. 
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I did my job perfectly today. I'm becoming more efficient every 
day. 


Raymond Hull, Wanting Is Power, Les Editions de !' Homme, 1969. 


I'm pleased with myself. My work was impeccable. 
yond Hl, Wanting Is Per, Les Eton de Homme, 1969 


CONSENSUS 


I always look out for an agreement or some kind of consensus, 


even if certain things cannot be formulated officially. 
Pierre Nicolas, Time Is Money... And Plensure!, ner Publications, 1981 


CONSIDERATION (Also see Respect) 


I show others my consideration by making myself really avail- 
able when I’m with someone, and through concrete actions that can 


help, rather than just empty words and wasted time. 
Pare Nicolas, Time Is Money... nud Pleasure! iter Publications, 1981 


I give myself the consideration and respect I deserve. 
Christan H. Godefroy and Jl Clark How To Have More Tine, Godefroy Publications, 188, 


I treat myself as well as I would like others to treat me. 
Sublipower, Sublicontrol, Edi Inter, 1989. 


People see me as a good worthwhile person. Those who fail to 
see my worth have something on their screen that keeps them from 
seeing what a good person Iam. When people really see me, they see 


me as a good person. 
“Matthew MeKay and Patrik Fanning Sef stom, New Harbinger Publication ne, 190, 
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CONSTIPATION 


From this moment on I will feel the need to go to the bathroom 
every morning after breakfast... every morning without fail I will feel 
the need to empty my bowels... 

I will feel the need to go to the toilet... at night before going to 
bed, I will go to the toilet... where all my tensions will be released... 
my stool is normal... evacuation is easy... all my tension disappears... 
my digestion is perfect... I’m so happy not to have digestion prob- 


lems any more. 
Prfssr Kurt Teper, Secret Techniques Of Hypnosis, Gade Publications, 196) 


Using my own nervous energy I can provoke a bowel movement... 
lam trying. 


Dr. Gaston Durville and Dr. Andre Durcille, Mental Cure, Naturist Institute Publications, 1923. 


Every morning when I get up, or more precisely twenty minutes 
after breakfast, I have a bowel movement without having to take any 


medication, or depend on any artificial substances whatsoever. 
Enile Cove, Complete Works, Astra Publication, 1976 


CONSTRAINT 


Tam now ready to give up control. Ino longer hurt myself. [am 
strong, wonderful and free. 
Link KrafMacoy, 30 Days To Happiness, Stlpont 1987 


CONTACT 


Every person is a link in the golden chain of my own, as well as 


the universal well being. 
Marcel Auch, The Book Of Haines, Sul Pblications, 1958. 
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I can choose the people I want to associate with. 


Richard Corriere, Joseph Hart, Getting Into Psychological Shape, Les Editions de Homme, 1979, 


I touch others more often. 
Dr. Martin Shephard, How To Overcome Your Cares, Marabout Publications, 1973 


CONTRACT 


I make sure the contract is mutually profitable, i.e. that the sum 
of the gains for both parties present is as large as possible. 

Talso make sure the contract is equitable, i.e. that the sacrifices or 
losses (and not the gains) are equally spread among the parties present. 

I then establish a contract with the other parties which precisely 
defines “who does what, how, and with what means.” 


And I always include a clause that allows for renegotiation. 
Pierre Nicolas, Time Is Money... And Pleasure!, Inter Publications, 1981. 


CONVERSATION 
Whenever I’m involved in important or delicate discussions I take 


careful notes and eventually I offer a summary of the conversation to 


the other party and ask if he or she agrees with my interpretation. 
Pere Nicolas, Time fs Money... And Pleasure, ter Publications, 1981 


CONVICTION 


I speak with conviction to everyone, and this influences them. 
Poul Clement Jagot, Education Of The Word, Dangles Press, 1975. 
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COOPERATION (Also see Help) 


Itis easier and easier for me to receive and give aid and coopera- 


tion. 
Christian Godefroy Collection, Magic Formulas For Success And Happiness, Godefroy Publications 


I commit myself to cooperate with others on constructive projects. 
‘Dr, Maxwell Maite, Psychocybernetics aat Self Realization, A Different World Ltd. Publications, 1970 


I meet my ideal business partner. 


(Charles Albert Poissant & Christian Godefroy, The Secret Of Being A Millionaire, Godefroy Publications, 1987. 


COUGH 


I don’t cough anymore. 
Earl Sta Paci Heath Cues, How T Stimulate Your Boys Natwa Defense, Gafoy Publications, 195, 


COURAGE (Also see Dynamism, Resistance, 
Energy, Enthusiasm, Strength, Bravery) 


Today is a magnificent day for courage. 
Norman Vineet Peale, When You Went, You Can, A Different Wort Pres, 1974 


Everything important in life deserves fighting for. 


W. Clement Stone and Napoleon Hill, Success Through Positive Thinking, Godefroy Publications, 1978 


Thave the courage to aim higher. 
W. Clement Stone an Napoleon Hil Success Through Psitce Thinking Gaefoy Pubiations 1 


I summon my courage. 
Norn Vincent Pe, When You Want, You Cant, Different World Pres, 1974 


How It Works 


A voltage dividers often used to control the base 
potential and ensure that it remains less than the 
potential on the collector and greater than the 
potential atthe emitter (in an NPN transistor).See 
Figure 28-3. 


See Chapter 10 for additional information about 
the function of a voltage divider. 


Figure 28-3, Resistors RI and R2 establish a voltage di 
vider to apply acceptable bas fo the base of an NPN tran 
sistor. 


Current Gain 

The amplification of current by a transistor is 
known as its current gain or beta value, which can 
be expressed as the ratio of an increase in col- 
lector current divided by the increase in base 
current that enables it. Greek letter B is custom- 
arily used to represent this ratio. The formula 
looks like this: 


Beat, / Oty 


discrete 


emiconductor > multi-junction > bipolar transistor 


where [is the collector current and I, is the base 
current, and the A symbol represents a small 
change in the value of the variable that follows 
it 


Current gain is also represented by the term hee, 
where E is for the common Emitter, F is for For- 
ward current, and lowercase letter h refers to the 
transistor asa “hybrid” device. 


‘The beta value will always be greater than 1 and 
is often around 100, although it will vary from 
one type of transistor to another. It will also be 
affected by temperature, voltage applied to the 
transistor, collector current, and manufacturing 
inaccuracies. When the transistor is used outside 
of its design parameters, the formula to deter- 
mine the beta value no longer directly applies. 


There are only two connections at which current 
can enter an NPN transistor and one connection 
where it can leave, Therefore, if leis the current 
from the emitter, lc is the current entering the 
collector, and lp is the current entering the base: 
Rhek+h 
If the potential applied to the base of an NPN 
transistor diminishes to the point where itis less 
than 0.6V above the potential at the emitter, the 
transistor will not conduct, andisin an off” state, 


although a very small amount of leakage from 
collector to emitter will stil occur. 


When the current flowing into the base of the 
transistor rises to the point where the transistor 
cannot amplify the current any further, it be- 
comes saturated, at which point its internal im- 
pedance has fallen to a minimal value. Theoreti- 
cally this will allow a large flow of current; in 
practice, the transistor should be protected by 
resistors from being damaged by high current 
resulting from saturation. 


Any transistor has maximum values for the col- 
lector current, base current, and the potential 


244 
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I feel courageous, full of energy and enthusiasm. 
RL Charente, Autosuggeston And ls Practica! Applicaton, Champs Elysees Publications, 1958. 


I feel happy, joyous and courageous. 
LL Charente, Autosusgestion And ls Practica! Applicaton, Champs Elysees Publications, 158. 


I try to enjoy everything I do. I feel courageous, energetic and 
enthusiastic; the things I have to do seem easy. Work distracts me, 


interests me and attracts me. 


Professor Robert Tacquet, The powers Of The Will, Godefroy Publications, 1989, 


I take hold of my courage with both hands; it’s so easy to aban- 
don everything, and so hard to keep your head held high. 


Norman Vincent Peale, When You Want, You Cant, A Different World Press, 1974. 


Iam brave, I am strong, I am courageous. 
George Barbrin, Hoo To Overcome Fear And Anzety, Dangle Pres, 1974 


When I work I am supple, relaxed and happy. 


RAL Charpentier, Autosuggestion And Its Practical Application, Champs Elysees Publications, 1958. 


Work distracts me, interests me and attracts me. 
RL Charente, Autosuggestion And lis Practica! Applicaton, Champs Elysees Publications, 158. 


The things I have to do seem easy. 
Ru Charpentier, Autosuggestion And ls Practical Applicaton, Champs Elysees Publications, 1958. 


COURTESY 


I am honest and sincere with everyone. I treat everyone I meet 


with courtesy and respect. 
Shnd Hetmsttter, The Power Of ner Motcaton, Published by Le Jour, 1987 
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COWARDICE (See Lying, Laziness) 


CREATION (Also see Money) 


From now on Ihave the firm intention of creating — (specify what) 
here and now! 
Shakti Gawain, Creaice VeualizatonTeclaques, Sle Publications, 1878, 


CREATIVITY (Also see Sensitivity, Love) 


In my own unique way, Iam a genius. 
Shai Gaon, Reflection In The Light, New Word Library, 1978 


My aim is to understand an idea with maximum clarity. 
Vernon Howard Psycho-Pitography, SP, 1965. 


I recognize and approach problems creatively. I view all prob- 
lems as “situations needing improvement” or as “temporary incon- 
veniences” and “opportunities to grow.” 

I take time to ride my bike, build sand castles, fly a kite, smell a 
rose, walk in the woods or walk barefoot in the sand. I explore the 
wonderful creative world of children (and I’m going to do just that 
this weekend). 

I know that ideas are expendable, and there's always a new and 
better one. I challenge myself to make them work and get them into 


practical use. 
Denis Waite, Seeds Of Greatness, Pocket Books Pres, 1988 


Iam becoming more and more creative every day. I realize that 
the only limits on my creativity are the ones I imposed on myself in 
the past. I now choose not to limit my creativity any longer. 
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I'm not afraid of exploring new ground or looking for the best 
solutions to problems concerning every aspect of my life. 

The more I make use of my creativity, the more creative I become. 
The more creative I am the more successful I am in my undertakings. 

I use my creativity to explore the source (of universal energy) 
from which all ideas spring forth. I ask myself a question, and the 
answer appears in my mind. I define the problem, and my creative 


mind indicates a solution. 
‘Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


Inever experience “writer’s block” when I write a letter or memo. 
Pierre Nicolas, Time Is Money... And Pleasure!, Inter Publications, 1981. 


I step beyond the limits of conventional ideas. 
Cristian H.Goiefoy and fol Clark, How To Have More Tne, Godefroy Publications, 1289. 


I will always be a part of the living spirit. The creative power of 


God is in me and acts through me. 
. Charles Barker, The Science Of Success, Dangles Pres, 1983, 


Tam more and more creative and inspired in all areas of my life. I 
find plenty of ideas and solutions to my problems because I am able 
to draw from the inexhaustible wealth of my subconscious mind. 


Tam more and more creative. 
Christian H. Godeftoy, Helping Yourself Through Self Hypnosis, Godefroy Publications, 1985. 


I feel more and more inspired every day. I feel more creative in 


dealing with life situations, full of new and original ideas. 
Charles Baudouin, Psychology And Practice of Self Suggestion, ldegraph Publications, 1990. 


From this moment on I am an open channel for creative energy. 
Tam the architect of my life. 
From now on I will create my life exactly as I want. 


Tam an inexhaustible source of creative energy. 
Shakti Gawain Creative Visualization Techniques, Sle Publications, 1878, 
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Tam the creative power in my world. 
Lose L Hay, You Can Hel Your Li, Hay Howse, 1988 


I am wise. I am intelligent and creative. I accept that a positive 


mental attitude is an important part of creating my reality. 
Barbara J. Gress, Personal Power Cards, Aslan P 


ishing, 1991 


My subconscious provides me with answers for everything. Ican 
always look to my subconscious for solutions to problems that arise. 


Now I feel creative, I feel inspired to get the best out of life, always. 
Charles Baudouin,Peycholog And Practice of Self Susgestion,legraph Publications, 1890, 


If I try to get both hot and cold water out of the same tap at the 
same time, Lonly end up with water that is lukewarm. If] try to criti- 
cize and create at the same time, I can neither criticize objectively, nor 
create ideas with enthusiasm. I am therefore going to concentrate on 


creating new ideas, and leave the criticizing for later. 
Virginia Godoy and Thierry de Foichangs, How Got it Of My Money Problems Once And For Al 
Gatefoy Publications, 1985 


If the problem appears to be a new one requiring new solutions, I 
rely on the creative approach. 


Pierre Nicolas, Time Is Money... And Plensure!, nter Publications, 1981 


I do what is necessary to make each day a creative day. 
Dr. Mall Mat, Psycoubernetics and Self Realization, A Different Word Lid Publications, 2970 


CREDIT 


Iam going to get my loan. 


My bank manager will approve the loan. 
Earl Sif, Practical Heath Guides, How To Stimulate Your Boy's Natura Defences, Gaefoy Putin, 196, 
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CRISIS 


It is entirely possible not to suffer the burdens of one crisis after 
another. 


My Real Me can understand and resolve each crisis. 
Vernon Howard, Psycho-Pictography, S1LP, 1965. 


I never fail to take five minutes alone to get hold of myself (dur- 


ing a time of crisis). 
Christian H. Godefroy and John Clark, How To Have More Time, Godefroy Publications, 1989. 


CRITICISM 


I want to judiciously examine all the ideas that come to me spon- 
taneously, that I read about or hear about, before accepting them as 


valid. 
Poul Clement Jagot, The Power Of The Will, Dangles Press, 1950. 


I do my best. Then I open my old umbrella and walk tranquilly 


through the storm of criticism, which no longer gets under my skin. 
Dale Carnegie, Overcome Your Worries, Flammarion, 1984. 


Iaugh at critics... at bad reviews... which cannot disturb my se- 


renity... nor destroy my confidence. 
Marcel Rovet, Motioatin Your Subconscious, Dangle Pres, 182. 


I never forget that unjust criticism is often a compliment in dis- 


guise. I tell myself that criticism is often just a form of jealousy. 
Dale Carnegie, Overcome Your Worries, Flammarion, 194 


I never talk badly about anybody. I avoid criticizing, and even 
teasing people. Iam only hard on myself. I try to notice other people’s 
qualities in order to imitate them, and the bright side of situations in 


order to enjoy life. 
Professor Robert Toque, The Powers Of The Wil, Godefroy Pulicatons, 1988, 
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Tkeep a scrupulous account of all my blunders and write my own 
criticism of each one. Since no one can hope to be perfect, I try to do 
what a little soap salesman once told me: “I seek out frank, useful 


and constructive criticism.” 


Dale Carne, come Your Worries, Flammarion, 1944. 


Outside criticism doesn’t bother me as long as I stay calm and 
don’t react negatively. I have criticized others, it’s human nature, but 
I want to get rid of the habit. In future I won’t judge anyone on ap- 
pearances. I'll let my inner Guide be the judge, which means I can 
accept everything and everyone with benevolence instead of criti- 
cism. And this will immunize me against hostile remarks. I’ll take 
them with a smile, learn what I can and then continue on my way 
without being affected. My success is the best proof that the path I 


have chosen is the right one. 
K.O. Somat, Secs At Yur Seize, Astra Pblctos, 1986 


Ithank my critics for spurring me on to ever greater achievements 
by offering criticism, which I may have misconstrued as a desire for 


vengeance, in the past. 
Clement Auger, Transform Your Life Through Autosuggest, Heritage Publications, 1979. 


If Thad to read all the criticism that is directed at me, never mind 
answer it all, I'd be better off closing down shop. I do my best with 
the capabilities I have, and try to see things through to the end. If it 
turns out that I'm right, then what was said against me is of no im- 
portance. And if I'm wrong, well ten angels could swear I’m right 


and it wouldn't make any difference. 
Wayne Dyer, Your Erogenous Zones, Tehow Press, 1976. 


CURIOSITY 


T experience the world with excitement and curiosity so that ev- 


ery day is a great day for me. 
Dr Maxell Mal, Psycocvberetics and Self Realization, A Different Word Lid Pllications, 1970 
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DANGER 


In case of danger I don’t panic... I summon all my energy. 
Marcel Rovet, Mtioating Your Subconscious, Dangle Pres, 182. 


There is a force in me that always makes me stronger than what- 
ever is threatening me. I dominate the situation and come out a win- 
ner. 

KO. Schmidt, Success At Your Serice, Astra Publications, 1986 


DEAFNESS 


T hear the truth. I know and love the truth. My ears are in tune 
with God’s perfect plan. That is why my hearing is good. Divine har- 


mony is revealed to me through the perfection of its instruments. 
De Joseph Murphy, Mastering Yourself And Others, Published by Le fur, 1988. 


DEBT (Also see Money, Projects) 


Tobtain the sum of money I need to finance my project and repay 
my debts. 


Christian H. Godefroy. Helping Yourself Trough Self Hypnosis, Godefroy Publication, 1985 
My business is not encumbered with debts, and my cash flow is 


good. 


Dr Joseph Murphy, Mastering Yourself And Others, Published by Le Jour, 1988. 
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DECISIONS 


I forget about past mistakes; I stop torturing myself about them. 
Today is a day that will never return; I have to do everything I can to 
seize good opportunities when they occur. 

T will not run around in circles any longer; I will set a direction for 


myself that will help me attain objectives which are really worthwhile. 
Dr Maxwell Mat, Psycoevernetics and Self Realization, A Different Word Ltd. Publications, 1970 


I will always choose the correct course of action and accomplish 
it, because my Guide influences my thinking, inspires my words and 
directs my actions. With my Guide’s help I can solve any problem 
and make positive decisions. I know what I want. I will succeed. Iam 


succeeding! 
K.O. Schmit, Sucess At Your Serie, Astra Publications, 1986 


Icreate a hierarchy of my priorities in order to develop clear cri- 


teria upon which to base my decisions. 
Pere Nicolas, Time Is Money... And Pleasure, ter Publications, 1981 


I will not allow anyone to influence my decisions... to make me 
do what I don’t want to do. 


‘Marcel Rouet, Mastering Your Subconscious, Dangles Press, 1982 


I will never make a hasty decision. 
Paul Clement Jagot, How To Develop Your Personal Magnetism, Dangles Press, 1982. 


I make judicious decisions. 
When I learn to think with an open mind, the decisions I have to 


make on a daily basis become easy and profitable. 
Vernon Howard, Poycho-Pitography, SL, 1965. 


I make my decisions at the most opportune time. 
I transform my decisions into actions that result in both profit 


D Page 80 


and satisfaction. 


Inever go around in circles. 
Pierre Nicolas, Time Is Money. An Pensure, inter Publications, 1981 


I will be able to define what would please me the most, and thus 
make decisions. I will feel that my decisions are the right ones. At the 
same time I will try to improve my life, by continuing with my stud- 
ies, for example. 

hares de Liguori, Hypotisn, de Vcc Publications, 


75. 


Tam certain that I’ve based my decisions on a solid foundation, 
one that would benefit both myself and those close to me. 


Thave no trouble making decisions. 
Dr, Anthony anal Mary Zafuto, Alphagenies, Quebec - Amerigue Publications, 197 


My subconscious mind guides me towards making the right de- 


cisions in all my undertakings. 
Charles Albert Possnt & Christian Godefo, The Secret Of Beng A Milionsre, Godefroy Publications, 1987 


When I have an important decision to make I not only try to opti- 
mize the quality / price ratio, but also the quality / time-spent ratio. 

Itry to involve the people close to me in the decisions Imake, and 
try to explain my way of thinking to them. 

If I can’t decide between two options, I look for new ways to ap- 
proach the problem. 

Before committing myself to a course of action I evaluate the im- 
pact my decision will have on the people concerned (and on my even- 
tual public). 


Pierre Nicolas, Time Is Money... And Plensure!, nter Publications, 1981 


I approve of myself and my decisions are always perfect for me. 
Louise L Hay, You Can Hel Your Life, Hay Howse, 1988 
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DEFEAT 


I never talk about defeat. 
Norman Vincent Peale, Whew You Want, You Cant, A Different World Press, 1974 


DEFEATISM 


There is only goodness, and the manifestations of goodness. 
“Marcel Aucar, The Book Of Happiness, Sul Publications, 2958. 


I never accept “no” as a satisfactory answer. I say “yes” to vic- 


tory, I say “yes” to life! 
Charles Aibert Boissant & Christian Godefioy, The Secret Of Being A Millionaire, Godefroy Publications, 1987. 


I never, never accept defeat. 
Norman Vincent Peat, When You Want, You Cant, A Different World Press, 1974 


DEFENCE 


Thave the courage and strength to defend myself. 
Lous Prot, Self Healing, Pats Plicatons, 190 


DEFIANCE 


I become more self confident, and this confidence gives me the 
certitude that I am capable not only of doing well, but of doing very 
well, of accomplishing anything I desire, within reason of course, and 
also of fulfilling my duty. 


Emile Cove, Complete Works, Astra Publications, 1976. 


discrete semiconductor 


difference between collector and emitter. These 
values should be provided in a datasheet. Ex- 
ceeding them is likely to damage the compo- 
nent, 


Terminology 
In its saturated made, a transistor’s base is satu- 
rated with electrons (with no room for more) and 
the internal impedance between collector and 
emitter drops as low as it can go. 


‘The cutoff mode of an NPN transistor is the state 
where a low base voltage eliminates all current 
flow from collector to emitter other than a small 
amount of leakage. 


‘The active mode, or linear mode, is the intermedi- 
ate condition between cutoff and saturated, 
where the beta value or hre (ratio of collector 
current to base current) remains approximately 
constant. That is, the collector current is almost 
linearly proportional to the base current. This lin- 
ear elationship breaks down when the transistor 
nears its saturation point. 


Variants 


‘Small signal transistors ate defined as having a 
maximum collector current of 500 mA and max- 
imum collector power dissipation of 1 watt. They 
can be used for audio amplification of low-level 
inputs and for switching of small currents, When 
determining whether a small-signal transistor 
can control an inductive load such as a motor or 
relay coil, bear in mind that the initial current 
surge will be greater than the rated current draw 
during sustained operation. 


Small switching transistors have some overlap in 
specification with small signal transistors, but 
generally havea faster responsetime, lower beta 
value, and may bemore limited in their tolerance 
for collector current, Check the manufacturer's 
datasheet for details. 


multi-unetion > bipolar transistor 


Variants 


High frequency transistors are primarily used in 
video amplifiers and oscillators, are physically 
small, and have a maximum frequency rating as 
high as 2,000 MHz. 


Power transistorsare defined as being capable of 
handling at least 1 watt, with upper limits that 
can be as high as 500 watts and 150 amps. They 
are physically larger than the other types, and 
may be used in the output stages of audio am- 
plifiers, and in switching power supplies (see 
Chapter 16). Typically they have a much lower 
current gain than smaller transistors (20 or 30 as 
opposed to 100 or more), 


Sample transistors are shown in Figure 28-4. Top: 
‘A.2N305S NPN power transistor. This type was 
originally introduced in the late 1960s, and ver- 
sions are still being manufactured, It is often 
found in power supplies and in push-pull power 
amplifiers, and has a total power dissipation rat- 
ing of 115W.Secondrow, farleft:general purpose 
switching-amplification PNP power transistor 
rated for up to SOW power dissipation. Second 
row, far right: A high-frequency switching tran- 
sistor for use in lighting ballast, converters, in- 
verters, switching regulators, and motor control 
systems. It tolerates relatively high voltages (up 
to 700V collector-emitter peak) and is rated for 
up to 80W total power dissipation. Second row, 
center-left and center-right: Two variants of the 
2N2222 NPN small signal switching transistor, 
first introduced in the 1960s, and still very widely 
used. The metal can is the TO-19 package, capa- 
ble of slightly higher power dissipation than the 
cheaper plastic TO-92 package (1.8W vs. 1.5W 
with a collector temperature no greater than 25 
degrees Centigrade). 


Packaging 
Traditionally, small-signal transistors were pack- 
aged in small aluminum “cans" about 1/4” in di- 
ameter, and are still sometimes found in this 
form. More commonly they are embedded in 
buds of black plastic. Power transistors are pack- 
aged either in a rectangular module of black 


Chapter 28 245 
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Tam regaining confidence in myself. 
RL Charente, Autosuggeston And lis Practica! Applicaton, Champs Elysees Publications, 1958. 


DELEGATING 


I concentrate on what is essential, on where my efforts are profit- 
able, and delegate the rest. 


Tonly do one thing at a time, with variations in what I do. 
Piere Nicolas, Time Is Money... And Pleasure, iter Publications, 1981 


Tam learning to organize, to delegate a portion of my powers, to 


direct and to survey. 


Dale Carnegie, Overcome Your Worries, Flammarion, 1944. 


I delegate as much as possible. 
I know how to make other people work. 


Pierre Nicolas, Time Is Money... And Pleasure!, Inter Publications, 1981. 


I delegate a portion of my reading to subordinates and then tell 


them to sum up the text orally, or ina memo. 
Pierre Nicolas, Time ls Money... And Pleasuet, ter Publications, 1981 


DEPENDENCE 


Tam convinced that my whole life depends on my relation with 
the Creator... I don’t rely on people, or on the conditions around me... 


Irely on the Infinite... on the Eternal. 
Clauile M. Bist 


|, Harold Sherman, Your Inner Power = TNT, A Different World Publications, 1954. 
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DEPRESSION 
(Also see Conditioning, Confidence, 
Happiness, Health, Abundance, Optimism) 


Day by day I feel better and better... I feel more and more happy... 
more and more joyful... I feel completely comfortable with my life. 
My self confidence is growing day by day... I feel more and more 
happy... more and more joyful... I feel absolutely wonderful. 
My mind is clear, free of all dark thoughts. I feel joyful and happy. 


Professor Kurt Tepperwein, Secret Techniques Of Hypnosis, Godefroy Publications, 1981. 


I try to consider depression as a passing feeling. I don’t consider 
it a permanent part of myself. 


Ibanish my depression. 
Vernon Howard, Paycho-Pitography, SP, 1965. 


Istart and end each day with a smile. All day long I make a con- 
scious effort to smile and to feel good about myself. 

Tonly allow myself to get carried away by thoughts that can help 
me attain my most important goals. My thoughts are always clear, 


constructive and powerful. 
Sad Hetmsteter, The Power Of ter Motivation, Published by Le Jour, 1987 


I believe that life with all its complications and hardships is worth 
living. I am going to stop brooding because I’m depressed. I am go- 
ing to remind myself that depressed spells quite often vanish - that 
they are transient and that everyone at times experiences the ‘blues’ 
or low moods. 

If my depression is chronic or too deep-seated, I will contact my 
physician, have him check me physically, and will let him decide 


whether I should consult some specialist. 
Frank S, Caprio, M.D. & joseph R. Berger, Helping Yourself With Self Hypnosis, Prewtce Hal Inc, 1974 
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Tam becoming a stronger person. 
Tam free of the negative conditioning of the past. 
Tlike myself. 


Dr, Anthony and Mary Zaffuto, Alphagenies, Quebec - Amerique Publications, 1974 


I allow my hidden feelings to surface. I study them and sort 
through them. I keep those I like and reject the others. It’s normal to 
feel depressed from time to time. But then I free myself of these feel- 
ings of melancholy. I don’t allow myself to become a prisoner. I am 
free because I am able to reject feelings that make me sad or depressed. 

I feel strong, healthy and full of energy. Everything is working 
out in my life. lam liked by other people. I like what I do. My life is 
happy and serene. I know what peace is. I feel good about myself. I 
have confidence in the future. 


I don’t know what real depression is. 
Editorial Staff, Practical Health Guides, How To Stimulate Your Body’s Natural Defences, Godefioy Publications, 1989 


Although I feel depressed for the moment, I know it won't last. 
And soon, when I've practiced more, these kinds of feelings won't 


affect me at all. 
Poul Clement Jagot, The Power Of The Will, Dangles Press, 1982. 


Iwill not allow myself to miss out on any more of the good things 
in life, I have no intention of falling back into a stupid feeling of de- 


pression which I know only too well. 
Vernon Howard, Psycho-Pictography, SP, 1965. 


Tam abundance. 
Tam becoming a stronger and stronger person. I have confidence 
in life and I’m recovering my sense of joy. May this feeling of joy stay 
with me. I feel more and more happy. The current of life flows through 
me, bringing me an abundance of love and happiness. 
I congratulate myself for handling the affair so well. And in fu- 
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ture I will always handle myself just as well. I'm in great shape, and 
I’m completely positive. I'm in a very good mood. I congratulate 
myself. 

Every day, and in all aspects, I am becoming stronger, more con- 
fident, happier and healthier. 


Christian H. Godefroy, Helping Yourself Through Self Hypnosis, Godefroy Publications, 1985. 


I am relaxed, calm and happy. Everything is fine. I feel good. I 
await the future with confidence. Everything is fine, everything is 
calm. 

Even if the weather is bad at the moment I know it won't last, and 


besides the weather isn’t important. 
Editorial Sif, Practical Health Guides, How To Stimulate Your Bady’s Natural Defenses, Gdefry Publications, 1989, 


Tam happy, confident and strong. 


Karl O, Stoeber, Psychotraining, Godefroy Publications, 1984. 


I want my perceptions of things to be just as positive, and my 
feelings just as pleasant as they are negative and demoralizing when 


I'm depressed. 
Richa Corer Joseph Har, Getting Into Poyhologial Shae, Les Eton de Homme, 1973, 


Everything is going well, really well. 


Norman Vincent Peale, When You Want, You Cant, A Different World Press, 1974 


DERMATOSIS 


My blood is pure. My skin is beautiful. 


Professor Kurt Tepperwein, Think And Heal, Godefroy Publications, 1984 


DESIRE 
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Thave desires, but I am not my desires. My desires are transitory 
and sometimes contradictory. Attraction alternates with repulsion. 


There are desires in me, but they are not me. 
Dr. Robert Assagioli, Psychosynthesis, Epi, 1965 


I now have enough time, energy, wisdom and money to realize 


all my desires. 
Shakti Gawain, Cente Visualization Techniques, Sle Publications, 1978, 


I know that by applying the principles of autosuggestion, any 
desire that I choose to go after will soon materialize, first through 


external signs, and then as the attainment of the goal itself. 
Napoleon Hil, Think And Get Rich, Tehou | Ariston, 1966 


The power of Infinite Understanding is at work in my conscious- 
ness and will realize all the desires in my heart. 
1. Charles Barker, The Seience Of Success, Dangles Pres, 1983, 
Now I very much want what I desire. Now I have the strength, 
energy and courage to be myself. 


Charles Bausdouin, Psychology And Practice of Autosuggestion, ldegraph Publications, 1990, 


If I really desire something I can obtain it. 
Christan Goefoy Collection, Mage Formas Fr Success And Happiness, Godefroy Publications. 


DESIRE - SEXUAL (See Sexual Desire) 


DESTINY 


Thus, day by day I write my own destiny; for inexorably I be- 


come what I do. 
Denis Wailey, Seeds Of Greatness, Pocket Books Pres, 1988 
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Thave the power to create the life I wish for. 
‘Sublipower, Sublicontrol, Edi Inter, 1989. 


Ican create my life with my thoughts. 
Tam responsible for everything that happens to me. 
Change my thoughts, and I change my life. 


Link Kraft-Macoy, 30 Days To Happiness, Stillpoint, 1987. 


I can orient my thoughts accordingly and, this done, and by us- 
ing the greatest power I have - the power of choice - 1 am indirectly in 


a position to control circumstances. 
J: Martin Kole, Your Greatest Power,  Diferent World Lid, 1978 


Tam the Master of my Destiny, Iam the Captain of my Soul. 
Robert Clin Wealth At Your Doorstep, SL. 1958. 


Tam the master of circumstances. 
Sublipower, Subliconfidence, Edi Inter, 1989, 


Only I can decide what my destiny will be. Imust do what I want 


to do, despite the obstacles. 
Charles Albert Poissant & Christian Godefioy, The Secret Of Being A Millionaire, Godefroy Publications, 1987. 


Above all I want, I want with all my strength, all the power lying 


dormant within me. I want to build a beautiful destiny. 
Henry Durville,! Want To Succeed, Durville Publications, 1968. 


DETERMINATION (Also see Energy) 


It is only by being relentless that I will succeed. I will therefore 


not be stingy with my efforts... 
Norman Vincent Peale, Whew You Want, You Cant, A Different World Press, 1974 
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I keep my head high. I look like the winner I am, and I act and 
think like a winner. Every time a problem starts wearing me down, I 
act immediately. I straighten up and attack my problems, and I solve 
them. Frustration and failure only make me stronger, more positive, 
better organized and more determined than ever! 

Ican imagine myself attaining my goals. I’m becoming more posi- 


tive every day, and I’m more committed than ever! 
‘Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


I will never fail if my determination to succeed is strong enough. 
( Mandino, The Greatest Secret In The Worl, A ferent World Pres, 1978 


I never let myself stray from the path I have chosen, nor allow 


anything or anyone to influence me in any way. 
‘Maree Rout, Mastering Your Subconscious, angles Pres, 1982 


Ican do what I please if I have enough determination and energy. 
Charles Albert Possnt & Christian Godefo, The Secret Of Being A Milionare, Godefroy Publications, 1987 


Thave great determination. I know that nothing can stop me ex- 


cept myself. That's why I never stop moving forward. 
Sind Helmsteter, The Power Of ner Motioaton, Piblished by Le four, 1987 


I know that determination is the ultimate ingredient of all suc- 
cess, and I have a lot of it. 

Tam resolute, able to make decisions, constant, persevering and 
committed. 

Each day I see how determined I am to attain all the goals I have 
established for myself, concerning both work and my personal life. 

And because I accept and respect myself, I know that I really do 
deserve to be a winner in life. And that gives me the determination I 
need to be a winner, every day, in the most positive and beneficial 


sense of the word. 
‘Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 
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I want to do the right thing at the right time, despite any obstacles 


or warnings which may try to prevent me. 
Paul Clement Jagot, The Power Of The Will, angles Press, 1950, 


If work assiduously enough and for long enough to attain what 


I believe in, I will make the dream a reality. 
Charles Albert Poissant & Christian Godefioy, The Secret Of Being A Millionaire, Godefroy Publications, 1987. 


I don’t act with precipitation, but with determination. 
‘Marcel Rouet, Mastering Your Subconscious, Danes Press, 1982. 


I want to decide my own course of action and adhere inflexibly to 


the resolutions and decision I have made after proper deliberation. 
Paul Clement Jagot, How To Develop Your Personal Magnetism, Dangles Press, 1982. 


DIALOG 


Talways let other people express themselves freely and completely. 


lam attentive and reassuring when other people talk to me. 
‘Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


DIET (Also see Hygiene, Negative Habits) 


At each meal I eat half as much as usual. 
Professor Kurt Tepperwein, Think And Heal, Godefroy Publications, 1984 


From now on I will no longer eat between meals. 
Professor Kurt Teppertei, Think And Heal, Godefioy Publications, 1984. 


Tlike to eat the foods that are part of my diet. They are quite enough 


for me. 
Raymond Hull, Wanting Is Power, Les Editions de ' Homme, 1969. 
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Now I no longer want to eat what I crave at any given moment. 
Shakti Gawain, Creative Visualization Techniques, Solel Publications, 1978 


My diet is doing me a world of good. I’m losing a pound and a 
half every week. 


Raymond Hull, Wanting Is Power, Les Eiitions de Homme, 1969. 


DIFFERENCE 


Please forgive me. I don’t ask you to approve of what I did, or 
agree with me, but I do ask you to forgive me. I want to put our dif- 


ferences in the past, wipe the slate clean, and start fresh. 
Matthew McKay and Patrick Fanning, Self Esteem, New Harbinger Publications bu., 1990. 


DIFFICULT TASKS 


This job looks so big that I’m avoiding doing anything. I’m going 
to break it down into smaller, manageable tasks and then get started 


on the first step. 
Dr Marty Seldman, Super Selling Through Self Talk, Price Stern Sloan, 1986. 


This task was destined for me. I can do it. 
‘Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


DIFFICULTY (Also see Worry) 


This is a tough situation. I'll have to dig deeper. Now is the time 
to really use my professional skills. | welcome the chance to test my- 


self. 
Dr. Marly Seldman, Super Selling Through Self Talk, Price Stern Sloan, 1986. 
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Each difficulty is a challenge which I accept. 


Christian H. Godefroy, Positive Thinking: The Subliminal Method, Godefroy Publications, 1987. 


I succeed in dominating all difficulties that arise. 
Poul Clement Jagot, The Power Of The Will, Dangles Press, 1982. 


The Spirit in me knows, the Spirit in me can. 
“Marcel Auch, The Book Of Haines, Sul! Publications, 1958. 


When a difficulty arises I don’t ask, “Who's to blame?” Instead I 
ask, “What's to be done?” 


Pierre Nicolas, Time Is Money... And Plensure!, nter Publications, 1981 


Whatever happens I will react as calmly and intelligently as pos- 
sible. 


Dr, Maxwell Maltz, Psychocybernetics and Self Realization, A Different World Ltd. Publications, 1970. 


DIGESTION (Also see Appetite, Stool) 


Thave a good appetite, I eat calmly, and I digest my food per- 
fectly normally. 


Professor Kurt Tepperiein, The Powers Of The Will, Godefroy Publications, 1989. 


I feel no more pain, I have no weakness, my digestion is good, 


my circulation is very regular, all my bodily functions are normal. 
Henry Darcie, Course In Hypnosis and Suggestion, Durie Publications, 1938. 


I transform the sunlight warming my skin into energy which I 
send to my lazy stomach to help it digest properly. 


Dr. Gaston Durville and Dr. Andre Durcille, Mental Cure, Naturist Institute Publications, 1923. 


My digestion and metabolism are functioning well. Every day at 
mealtime I tell myself that I am feeling very hungry; I eat with plea- 
sure, but also with moderation; I get into the habit of chewing my 


How to Use it 


Figure 28-4. Samples of commonly used transistors. Seo 
text for details. 


plastic with a metal back, or in a round metal 
"putton’ Both of these forms are designed to 
dissipate heat by being screw-clamped to a heat 
sink, 


Connections 

Often a transistor package provides no clueas to 
which lead is the emitter, which lead is the base, 
and which lead is the collector. Old can-style 
packaging includes a protruding tab that usually 
points toward the emitter, utnot always. Where 
power transistors are packaged in a metal enclo- 
sure, itis typically connected internally with the 
collector. In the case of surface-mount transis- 
tors, look for a dot or marker that should identify 
the base of a bipolar transistor or the gate of a 
field-effect transistor. 


A through-hole transistor usually has its part 
number printed or engraved on its package, al- 


discrete semiconductor > multi-Junction > bipolar transistor 


though a magnifying glass may be necessary to 
see this. The component's datasheet may then 
be checked online. if a datasheet is unavailable, 
meter-testing will be necessary to confirm the 
functions of the three transistorleads, Somemul- 
timeters include a transistor-test function, which 
may validate the functionality of a transistor 
while also displaying its beta value. Otherwise, a 
meter can be put in diode-testing mode, and an 
unpowered NPN transistor should behave as if 
diodes are connected between its leads as 
shown in Figure 28-5. Where the identities of the 
transistor’s leads are unknown, this test will be 
sufficient to identify the base, after which the 
collector and emitter may be determined empit- 
ically by testing the transistor in a simple low- 
voltage circuit such as that shown in Figure 28-6. 


Collector 


Emitter 


Figure 28-5. An NPN transistor can behave as if it con- 
tains two diodes connected as shown. Where the func- 
tions of the laads ofthe transistar are unknown, the base 
can be identified by testing for conductivity. 


How to Use it 


The following abbreviations and acronyms are 
‘common in transistor datasheets. Some or all of 
the letters following the initial letter are usually, 
but not always, formatted as subscripts: 
hee 

Forward current gain 


B 
Sameas hFE 


Veeo 
Voltage between collector and emitter (no 
connection at base) 
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Encyclopedia of Electronic Components Volume L 
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food well so that digesting is easier. I also know how sensitive my 
stomach and intestines are to emotions and to cerebral activity, and 
therefore to suggestion. Thus I can make my stomach and intestines 
function normally through the power of suggestion. If I digest prop- 
erly I will assimilate my food properly as well. This means my organ- 
ism will be nourished as it should be. And finally, my bowel move- 


ments are completely normal. 
Charles Baudouin, Psychology And Practice of Autosuggestion, legrap Publication, 1950 


My digestion is fine. 


Euitorial Staff, Practical Health Guides, How To Stimulate Your Body's Natural Defenses, Godefioy Publications, 1989, 


I digest food freely and easily. 


Sublipower, Sublirelax, Edi Inter, 1989, 


My stomach is ready to do its work harmoniously. I’m happy to 
sit down at the table since the meals I eat will be perfectly assimilated 
by my body. 


Karl O. Stoeber, Psychotraining, Godefroy Publications, 1984. 


My stomach is functioning normally again. It has all the energy it 
needs to do its work and assimilate all the foods I eat, Iam now di- 
gesting more and more easily. I assimilate foods with ease. My diges- 
tion takes place normally and easily, and I am relaxed and in good 
spirits. 

Christian H. Godefroy. Helping Yourself Though Self Hypnosis, Godefroy Publications, 1985 


Since my digestion is good I will also assimilate foods well; my 
body will benefit from all the foods I give it, using the nourishment 
to create blood, muscles, strength, energy - in short, life - so that each 


day I get stronger and more vigorous. 
Enile Cove, Complete Works, Astra Publication, 1976 


Since I digest well, my intestinal functions are also normal. Every 
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morning when I get up I feel the need to have a bowel movement, 
and without having to use any kind of medication or artificial stimu- 
lus whatsoever I perform the function normally and to my complete 


satisfaction. 
Emile Coue, Complete Works, Astra Publications, 1976. 


DIGNITY 


I stop debasing myself. 


Inever neglect my human dignity. 
Dr: Maxwell Maits, Psychocyberetics and Self Realization, A Different World Ltd, Publications, 1970, 


I will by worthy of respect, confidence and esteem. I want to set a 
noble example. I will therefore overcome any faults I have, in order 


to live up to this esteem. 
Henry Durclle,1 Want To Succeed, Durville Publications, 1968 


Tam worthy. 
Ere taf, Prac! Heth Guides, How To Sint our Bay’ Natl Defences Gay Pulao 1988 


DIPLOMA 


I will make sure to finish my program of studies since I want to 
obtain my — (specify which) diploma. 


Raymond Hull, Wanting Is Power, Les Eiitions de Homme, 1969. 


Tama successful person. There is no way I won't get my doctoral 
degree (or any other diploma - specify which). I am certain to suc- 
ceed, because I know my success is already a part of the order of 


things. A new and fascinating life is opening up for me. 
Charles Baudouin, Psychology And Practice of Autosuggestion, legraph Publication, 1950 
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DIRECTING OTHERS 


I know how to be encouraging and understanding. I incite others 
to do their best and to fulfil themselves. I always seek out and find 
the best in the people who work for me, and instruct them in a posi- 
tive way. Since I expect the best from others, I always get it. | assume 
complete responsibility for my person. And when I exercise my di- 


rectorial functions, I let others assume their responsibilities as well. 
Shad Helmstetter, The Power Of nner Motivation, Published by Le Jour, 1987 


DISAGREEMENT (Also see Feud) 


Tomorrow (add name) will announce that s/he has 
changed his / her mind. 


Christian H. Godeftoy, Helping Yourself Through Self Hypnosis, Godefroy Publications, 1985. 


I don't feel insulted by people who disagree with me. 
Frank S. Caprio, MD. & Joep. Berger, Helping Yourself With Sef Hypnosis, Prentice Hall nc, 1974 


If, by chance, our opinions happen to coincide, all the better. If 
they don’t, we can’t do anything about it. 


Dr. Martin Shephant, How To Overcome Your Cares, Marabout Publications, 1973, 


My willpower is strong; I will calmly refrain from arguing. 
Paul Clement Jag, The Power Of The Wil, Dangles Press, 1982 


DISAPPOINTMENT 
I try to laugh at my little failures and disappointments. 


I try to see the funny side of things. I tell myself that it’s not the 
end of the world, and that things will work out better next time. I 
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overcome my disappointments by not making mountains out of mole- 
hills. 


Emrika Padus, Encyclopedia of Emotions And Health, Edi Inter, 1991 


I’mdisappointed with the results I’m getting so far. I'd better find 
out as much as I can about what is going wrong in this situation so I 
can improve it or at least get feedback to help me perform better in 


the future. 
Dr. Marty Seman, Super Selling Through Self Tl, Price Stern Slomn, 1986. 


DISAPPROVAL 


When faced with someone's disapproval I react automatically by 
using sentences beginning with “you.” I let anyone who is trying to 
make me feel guilty know that I am quite capable of surviving their 


disapproval. 
Wayne Dyer, Your Emgenous Zones, eho Pres, 1976. 


DISCIPLINE (Also see Laziness, Disorder) 


Iam teaching myself to be disciplined, and to listen with defer- 


ence and goodwill to the people in charge of my education. 
Professor Robert Toque, The pers Of The Wil, Godefroy Publications, 1988.¥ 


DISCOMFORT 


It won't be long before I feel better. 
Paul Clement Jagot, The Power Of The Will, Dangles Press, 1950. 
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DISCOURAGEMENT 


I will not let the hesitations and errors caused by my inexperi- 


ence discourage me. I can always learn something very important. 
Charles Albert Possnt& Christian Godefoy, The Secret Of Beng A Milionare, Godefroy Publications, 187 


DISCUSSION 


At the end of a discussion I make sure everyone involved has 
understood each other. 

At the end of a discussion I specify the conclusions I have drawn, 
and ask the other parties to do the same. 

I define, along with the other persons, the goals of the discussion 
and the points to be covered. 

I make sure I am completely available for the entire duration of 
the discussion: 

I try to terminate a discussion within the allotted time, even when 


Tam talking to long-winded persons. 
Piere Nicolas, Time Is Money. And Pensure, ter Publications, 2981 


When a difficult moment in a discussion arises I try to concen- 


trate on what I like or appreciate about the other person(s). 
Pierre Nicolas, Time Is Money... And Pleasure, ter Publications, 1981 


DISOBEDIENCE 


Tam becoming more obedient and reasonable. 
RL. Charpentier, Autosuggestion And Its Practical Application, Champs Elysees Publications, 1958. 
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DISORDER (Also see Discipline, Laziness) 


Alll areas of my life are becoming more and more orderly. T am 
becoming a disciplined and orderly person. Iam more and more en- 
thusiastic and I enjoy my work. I take pleasure in accomplishing all 
my day to day activities, I have all the energy I need to do what I 
have to do. Every morning I wake up overflowing with energy, and I 


attack the day with determination and discipline. 
CivstianH. Godefroy, Helping Yourself Through Self Hypnosis, Godefroy Publications, 1985 


Tam learning to organize my mind and my time more effectively, 
and to relax and free myself of worries about all kinds of things that 


are out of my control. 
‘Arthur Wasser, The Art Of Making Friends And Being Happy, Blond Publications, 1978 


DISSATISFACTION 


When I am dissatisfied I ask myself what I would like to be doing 


at that moment, and then I try to do it. 
Dr. Martin Shepard, How To Overcome Your Cares, Marabout Publications, 1973. 


DISTRACTION 


Tam going to keep myself busy and utilize my leisure time to 
advantage. I will always find something to do that will give me a lift, 
like seeing a good movie, reading an interesting book, listening, to 
music or anything that will help me relax and make me forget my 


troubles. 
Frank S, Caprio, M.D. & Joseph R. Berger, Helping Yourself With Self Hypnosis, Prewtice Hall In, 1974. 
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DISTRESS 


My inner Guide always advises me correctly, and shows me the 
right path to take. My Guide will rescue me from distress. S/ He has 
the answers to all the questions that are tormenting me. S/He dis- 
solves all my doubts. I have complete confidence in my Guide, and I 


know S/He is advising and assisting me at this very moment. 
KO. Schmidt, Sucess At Your Serie, Asta Publications, 1986, 


DOUBT (Also see Self Confidence) 


Here we are, with no doubts whatsoever. 
Norman Vincent Peale, Whew You Want, You Cant, A Different World Press, 1974 


DREAMS (Also see Fear of the Unknown) 


Iet myself dream. I tell myself that I can have everything I want. 
With no taboos or prohibitions. That I have all the money I need to 
live out my fantasies for a period of fifteen days. I see that almost all 
my fantasies are realizable, that I don’t desire the moon but simply 
things that I can obtain on condition that I get rid of my fear of the 


unknown and make the effort to stretch out my hand. 
Wayne Dyer, Your Erogenous Zones, Tehou Pres, 1976, 


Iwant to remember one of my dreams, I can remember one of my 
dreams, and tomorrow morning I will have a clear recollection of 


that dream. 
Christion Govefiny, Mental Dynamics, Robert Lafont Publications, 1976, 


Tonight, as on all nights, 1am going to live a new adventure, and 


tomorrow I will remember all of it! 
Pierre Fluchaire, The Dream Revolution, Dangles Press, 1985. 
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My dreams are becoming concrete reality more easily every day. 
Sublpower,Sublisucess, Edi Iter, 1988 


Thave peaceful dreams, and my mind is at rest. 
Ru Charpentier, Autosuggestion And ls Practica! Applicaton, Champs Elysees Publications, 158. 


I can modify my dreams when I want to. 
Christion Goveiny, Mental Dynarncs, Robert Lafont Publications, 1976, 


Ican (I want to) remain conscious when I dream. 
Cristian Gaefny, Mental Dynamics, Robert Lafont Publications, 1976. 


When I have a clear and lucid dream I feel perfectly rested. 
Chiristion Godefroy, Mental Dynamics, Robert Lafiont Publications, 1976. 


DRIVING 


I always stay calm when I’m driving. All my tension and ner- 


vousness disappears. I think before I react. 
Professor Kurt Teperuvin, Thnk And Heal, Gadefoy Publications, 1984 


Tam a competent driver. I pass my test easily and effortlessly. 


Driving gives me pleasure. I find it easy and fun. 
Vera Pfeifer, Postoe Thinkin, Element Books, 1989 


DRUG ADDICTION 


I feel more and more detached from my real life... lam free of my 
negative, annoying thoughts... Nothing is important... 1 abandon 
myself to this feeling of deliverance. 

Everything around me becomes clear, clean and more and more 
beautiful... Colors and music blend into pleasant images... | abandon 
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myself to the sounds and colors... nothing can disturb me. 

I am indifferent to the noises from outside... I concentrate on 
myself... 1am in a state which is much higher than any drug can take 
me... can enter this state whenever I like... and be free of all worries, 
problems and negative influences. 

No drug can do this for me... I don’t need — (specify the drug) 
which is ruining my health... and my health is improving every day. 

Thave confidence in my destiny, which I control through my de- 
sires... but nothing will make me go back to taking drugs... I don’t see 
the point anymore. 

Drugs disgust me... nothing on earth could make me start taking 
drugs again... if I feel the need to shut out reality, I will do some self 
hypnosis or meditation... things which regenerate my entire organ- 
ism. 

Ido a few minutes of meditation every day... I concentrate on my 
future... | am overflowing with strength and energy... the solution to 
my problems becomes clearer every day... and I'm doing more and 


more to attain my goals. 
Prafessor Kurt Teppervein, Secret Techniques Of Hypnosis, Godefioy Publications, 1981 


I'm proud of myself and my success. 
People like me when I'm not on drugs. 
I'm healthy when I’m not on drugs. 


I work much more efficiently when I’m not on drugs. 
Euitral Sta, Paci Heath Guides, How T Stimulate Yur Body's Natura Defense, Gafoy Publications 195, 


DRUGS 


I will not forget that tobacco, coffee and alcohol are drugs. ie. 
means of stimulating my body. They can be positive, but there is also 
a risk of becoming dependent. 
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T avoid using one drug to compensate for the effects of another 
(for example drinking coffee when I've had too much alcohol). 
I change my habits from time to time, especially those concern- 


ing drugs, to determine if I’m addicted or not. 
Piere Nicolas, Time Is Money. An Pensure, ter Publications, 1981 


DUTY 


I will do today’s duty today. 


(Og Mandino, The Greatest Seeret In The World, A different World Press, 1979. 


DYNAMISM (Mental - Also see Ambition, 
Enthusiasm, Vitality) 


When I'min the alpha state I condition my mind to become more 
open to the suggestions and directives I give it. I feel better every 


time I practice my alphagenic exercises. 
Dr. Anthony and Mary Zaft, Alphagenics, Quebec -Amerique Publication, 


74. 


From this moment on I will always be ready and alert, strong and 
conscious of my goals. Nothing can distract me from attaining my 
objectives, I am untiring, opinionated and persevering. I take more 


and more pleasure in the joy of creation. 
K.O. Schmit, Sucess At Your Serie, Asin Publications, 1986, 


From this moment on Iam positive and I am going to keep mov- 


ing forward! 
Claude M, Bristol, Haro Sherman, Your Ter Power 


Different World Publications, 1954. 


Tam a super dynamic person. 
Jean Charter, How To Acquire A Superior Personality, Dangles Pres, 1971 


multi-junction > bipol 


voc 


470 
10K 


“ 


2K. 


Figure 28-6. This simple schematic can be used to 
breadboard-test a transistor empincally, determining its 
functionality and the identities of ts collectar and enutter 
feads. 


Vesa 
Voltage between collector and base (no con- 
nection at emitter) 


Veco 
Voltage between emitter and base (no can- 
nection at collector) 


Veesat 
Saturation voltage between collector and 
emitter 


Vaesot 


Saturation voltage between base and emit- 
ter 


Current measured at collector 


lar transistor 


How to Use it 
tow 
Maximum peak current at collector 
tau 
Maximum peak current at base 
Pror 
Total maximum power dissipation at room 
temperature 
q 


Maximum junction temperature to avoid 
damage 


Often these terms are used to define “absolute 
maximum values" fora component. Ifthese max- 
imums are exceeded, damage may occur. 


‘Amanufacturer’s datasheet may includea graph 
showing the safe operating area (SOA) for a tran- 
sistor, This is more common where power tran- 
sistors are involved, as heat becomes more of an 
issue. The graph in Figure 28-7 has been adapted 
from a datasheet for a silicon diffused power 
transistor manufactured by Philips. The safe op- 
erating areais bounded atthe top bya horizontal 
segment representing the maximum safe cur- 
rent, and at the right by a vertical segment rep- 
resenting the maximum safe voltage. However, 
the rectangular area enclosed by these lines is 
reduced by two diagonal segments representing 
the total power limit and the second breakdown 
limit. The latter refers to the tendency of a tran- 
sistor to develop internal localized “hot spots" 
thattend to conduct more current, which makes 
them hotter, and able to conduct better—ulti- 
mately melting the silicon and causing a short 
Circuit. The total power limit and the second 
breakdown limit reduce the safe operating area, 
Which would otherwise be defined purely by 
maximum safe current and maximum safe volt- 
age. 

Uses for discrete transistors began to diminish 
when integrated circuits became cheaper and 
started to subsume multi-transistor circuits. For 
instance, an entire 5-watt audio amplifier, which 
used to be constructed from multiple compo- 
nentscannow beboughtona chip, requiring just 
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DYSFUNCTION (Organ) 


Generally speaking, if I have one or a number of organs which 
are defective to a greater or lesser degree, I tell myself that these or- 
gans are starting to function better and better, so that they gradually 


return to normal and I am completely healed. 
Enile Coue, Complete Works, Astra Publications, 1976. 


My mind is in command. All my organs obey my mind. 
‘Marcel Auchr, The Bok Of Happiness, Sui Pliications, 1958. 


I make sure all my organs are functioning well; my heart beats 
normally and my blood circulates as it should; my lungs are working 
well; my stomach, intestines, liver, bladder and kidneys all perform 
their functions normally. If one of these organs happens to be mal- 
functioning at the moment, the problem will diminish day by day, so 
that in the very near future it will disappear completely, and the or- 


gan will resume its normal function. 
Enile Cove, Complete Works, Astra Publication, 1976 


DYSPEPSIA 


Isend my stomach the order to contract. 
De Gaston Durvile and De. Andre Durolle Mental Cure, Naturist stitute Publications, 1923, 
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EASE 


It’s easier for me to do what is good for me. 
Sublipower, Sublicontol, Ei Inter, 1989, 


I master X technique (specify) easily and pleasantly. 


Raymond Hull, Wanting Is Power, Les Eiitions de Homme, 1969. 


ECONOMIZING 


Inever spend my money stupidly. [know the value of wise spend- 
ing. All my financial decisions are based on the principles of economy 


and moderation. 
Shad Helmstetter, The Power Of ner Motivation, Published by Le Jour, 1987. 


ECZEMA (Also see Acne, Urticaria) 


From now on I will stop thinking about my eczema, and think 
about my intestines instead; I have to get rid of the toxins that are 
being eliminated through my skin through the mucous membrane of 
my large intestine instead. As soon as I start doing this my eczema 


will disappear. 
Dr. Gaston Durie and Dt. Andre Durill, Mental Cure, Naturist Institute Publications, 1923 
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Tama healthy person, pure and perfect; my skin is healthy, and I 
am healed. 
My skin is perfect. 


Dr. Joseph Murphy, The Miracles Of Your Mind, Dangles Press, 1984 


My skin is becoming normal, my eczema is disappearing and my 
skin is becoming smooth, beautiful to the touch, and perfectly nor- 


mal. 
Clement Auger, Transform Your Life Through Autosugeestion, Heritage Publications, 1979. 


EDUCATION 


Asa father of six children I know from experience that the great- 
est gifts a parent can give their children (and that managers can give 
their employees) are roots and wings. Roots of responsibility and 


wings of independence. 
Denis Waitey, Seeds Of Greatness, Pocket Books Pres, 1988 


It is my responsibility to teach my child, by example, what real 
love is and how to work out his problems intelligently, instead of 
emotionally, how he can live with the greatest amount of happiness 


in this society of ours. 
Frank 5. Caprio, MLD. & Josep, Berger, Helping Yourself With Sef Hypnosis, Prentice Hall ne, 1978 


I never resort to exaggerated threats or warnings which are for- 
gotten in any case. I stick to my word. 

I tend to give large or small rewards on all kinds of occasions. 

For me each day is an opportunity to show, by setting an example, 
what the best way to live is. 


I teach the values I believe in by setting a good example. 
Sad Helmsteter, The Power Of Iner Motioaton, Published by Le Jour, 1987 


E Page 105 
—————— ee 


T understand the difference between punishment, discipline and 
teaching, and I always try to consider these elements from their proper 


perspective. 
Sha Helmstetier, The Power Of nner Motioation, Published by Le ou, 1987. 


My children are my greatest joy. Their noisy games are a sign of 
their minds’ vitality and vivacity. My spouse brings life into the home, 
and merits all my love. We smile at each other a lot and understand 


each other better each day. 
KO. Schmidt, Success At Your Service, Astra Publications, 1986 


First, I am able to recognize my children’s unique abilities and 
talents - to reinforce them, nurture them and help them recognize 
what is special about themselves. 

Second, I am able to understand their behavior in the context of 
who they are -I don’t misinterpret natural shyness as being unfriendly, 
ora need for privacy as rejection. Seen in context, even negative be- 
havior is more understandable and predictable. 

Third, seeing my children accurately helps me focus on changing 
only the behavior that is important to change - behavior that’s harm- 
ful to them, behavior that isolates them socially, or behavior that is 


disruptive to the family. 
Matthew McKay and Patrick Fanning, Self Esteem, New Harbinger Publications kn., 1990 


EFFICIENCY 


Every day Iam improving, I'm improving more and more in all 


ways. 
‘Shakti Gawain, Creative Visualization Techniques, Soleil Publications, 1978. 


I give the best of me in everything. 
Denis Watley, Seeds Of Grentness, Packet Books Pres, 1984. 
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Iam efficient in everything I do. 
Vernon Hooard, Psycho-Pitorapy, 6. 1965. 


Tuse my time well, I do everything I have to do quickly and pas- 


sionately. 
Reymond Hl, Wanting Is Power, Les Eton de Homme, 1969 


I concentrate my time and energies on the 20% of my activities, 
contacts and concepts that have proven most productive to me in the 
past. 


Denis Waitley, 


zeds Of Greatness, Pocket Books Press, 1984 


Ido my best. 


‘Matthew McKay aru Patrick Fanning, Self Esteem, New Harbinger Publications Ine, 1990 


I do my work as well as possible, and I am no more incompetent 


than anyone else. 


Editorial Staff, Practical Health Guides, How To Stimulate Your Body's Natural Defenses, Godefroy Publications, 
1939, 


always do my best according to my awareness at the moment. 
Matthew McKay and Patrick Fanning, Self Esteem, New Harbinger Publications kn., 1990 


Iremind myself to only do one thing at a time. 
Dr. Maxwell Mate, Psychoeybernetics and Self Realization, A Different Word Lid. Pulbliations, 1970. 


Tam an organized and efficient person. I am mastering the art of 
doing more in less time. 


Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


I'm doing my job better. My performance is improving. 
Professor Kurt Teperwein, Think And Heal, Godefioy Publications, 2984, 
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EFFORT 


Master of my body, master of my thoughts, I want my effort to 


also be others’ salvation. 
Henry Durville,| Want To Succeed, Durville Publications, 1968. 


Every effort also constitutes an investment. 
Charles Aibert Poissant & Christian Godefroy, The Secret Of Being A Millionaire, Godefroy Publications, 1987. 


EGOISM 


Attaining an objective implies sharing it with other people, and 


thus I move from isolation to happiness. 
Dr Maxwell Malts, Psychocyberetics an Self Realization, A Different World Ltd. Publications, 1970. 


By developing a love of humanity in myself I eliminate all hate, 
envy, jealousy, all egoism and all cynicism from my heart, because I 
know that harboring a negative attitude towards others can only re- 


sult in disappointment. 
Napoleon Hil, Think Anu Get Rich Teo] Ariston, 1966. 


ELIMINATION (Bowel Movement) 


I will assure better elimination of my body waste. 
1LV. Corey, Stay Younger, Loe Langer Through The Masic Of Menta SelfConstioning, 
Parker Publishing Company tn, 1968 


ELOCUTION 


Every one of my words is spoken deliberately, fluently, and pro- 
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nounced clearly. 
Paul Clement Jago, Education Of The Word, Dangle Pres, 1975. 


Thave all the tools I need for perfect elocution. 
Paul Clement Jagot, Education Of The Word, Dangles Press, 1975, 


I dare speak out. 


Paul Clement Jagot, Education Of The Word, Dangles Press, 1975, 


I pronounce my words strongly, clearly and fluidly. 
Paul Clement Jago, Education Of The Word, Dangle Pres, 1975. 


Iam determined to make my words become influential and domi- 
nating. 
Paul Clement Jago, Education OF The Word, Danes Pres, 1975 


I’m going to think carefully before saying anything - being mind- 
ful of the effect my words may have on others. I am going to avoid 
being sarcastic, learn to become more diplomatic and develop the art 
of friendly and interesting conversation. I am going to be less argu- 
mentative. If I learn to control the impulse to say the wrong thing in 
haste, I will become a better person, one who will be loved and re- 


spected. 
Frank S Capra, MD. & Joseph R Berger, Helping Yourself With Sef Hypnosis, Prentice Hal Inc, 1974 


I make sure I have the language, with enough vocabulary and 
sufficiently varied examples, to best adapt what I’m saying to the 


person or people listening to me. 
Pierre Nicolas, Time Is Money. An Pensure,nter Publications, 1981 


I'm becoming much more articulate and effective in my use of 
language. 


Paul Clement Jagot, Eduention Of The Word, Dangles Press, 1975, 


My elocution is becoming clear, harmonious and supple. 
Ru Charente, Autosuggestion And ls Practical Applicaton, Champs Elysees Puliations, 1958. 
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EMOTION 


Today I will be the master of my emotions. 
(x Mandino, The Greatest Seret In The Worl, A ferent World Press, 1978 


T have emotions, but I am not my emotions. These emotions are 
innumerable, changing, often conflicting, yet I always remain my- 
self, through hope and despair, joy and pain, irritation and calm. I 
can observe, understand and judge my emotions; I can master them 
and channel them and use them in better and better ways. I have 


emotions, but I am not my emotions. 
Dr. Rober Assay, Paychosyndhesis pi, 1965, 


I dominate my emotions. 
Dr. Anthony and Mary Zaft, Alphagencs, Quebec = Amerique Publication, 1978 


Tam able to control my emotions. 
Claude Arpe, Self Confidence: The Sublininal Method, roca Publctons, 1986 


When a problem arises I avoid becoming emotional. I Stay Calm. 
Norman Vincent Peale, When You Went, You Can, A Different Word Pres, 197. 


EMOTION - NEGATIVE 
(Also see Fear, Anxiety, Nervousness) 


I cease being the victim of negative emotions. I realize that they 
have absolutely no power over me. 

I know Iam on the path towards dissolving all my negative emo- 
tions when I begin to consider what they really are. 

I become my best friend by trying to understand my negative 
emotions. 

The power of self awareness allows me to reject negative emo- 
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tions whenever they try to influence me. 
I destroy unhealthy thoughts and harmful emotions as soon as I 


start becoming aware of them. 
Vernon Howard, Psycho-Pictography, S.LP, 1965, 


Tam able to control my emotions perfectly in all situations. [am 
gaining complete mastery of my reactions. [am more and more posi- 


tive and fulfilled in all situations. 
Christian H. Godefroy, Helping Yourself Through Self Hypnosis, Godefroy Publications, 1985. 


Tam going to keep my negative emotions under control. 
Frank $. Caprio, MD. & joseph R, Berger, Helping Yourself With Sef Hypmasis, Prentice Hall nc, 1978 


EMOTIONAL SCARS 


Terase the scars of my negative feelings. 
Dr. Maxwell Mate, Psychocyerntics and Self Realization, A Dilerent Word Lid. Pulliations, 1970. 


EMPHYSEMA (Also see Asthma Attacks) 


Tam calm, Iam breathing, my lungs are relaxing, my kidneys are 


opening. 
Dr. Gaston Durie and Dr: Ande Durie, Mental Cure, Naturist Institute Publintions, 1923 


ENCOURAGEMENT 


Iplay a role in the lives of all the people I get close to. By treating 
someone like the person they should be, I offer a powerful encour- 


agement for them to become that person. 
Zig Ziglar, Rendez-vous At The Top, A Different World Publications, 2 
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ENDURANCE (Also see Dynamism, Courage) 


Since I take good care of myself I have a lot of energy, endurance 
and vitality. 

Inow have more energy and endurance than I did before. 

Tove life, and I’m happy to be alive. 


Shad Helnistetter, The Power Of Inner Motivation, Published by Le Jour, 1987 


I have more and more endurance... more and more strength... 1 


get stronger every day... I can make progress... and become stronger. 
Marcel Rouet, Mticatin You Subconscious, Dangle Pres, 1282, 


Tknow that success isn’t due to chance. Real and durable success 
requires a sum of intellectual and moral qualities. The principal physi- 
cal quality is endurance. I must be healthy. Therefore I want to live in 
a healthy way. 


Henry Durville,| Want To Succeed, Durville Publications, 1968. 


I possess dynamism, courage and endurance. I have a very posi- 
tive attitude towards myself and towards everything I do. I am prac- 
tical and realistic, but I also believe in getting the best possible results 


from any situation. 
Sid Heimsteter, The Power Of liner Motioaton, Published by Le our, 1957 


Thave more and more endurance, more and more strength. 
Professor Robert Tocquet, The Powers Of The Will, Godefroy Publications, 1989, 


Thave more endurance than X (specify). 
Paul Clement Jago, Education Of The Word, Dangle Pres, 1975. 
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Figure 28-7, Adapted from a Philips datasheet for a pow: 
er transistor. this graph defines a safe operating area 
(SOA) for the component. See text for details 


a few external capacitors. More powerful audio 
equipment typically uses integrated circuits to 
process inputs, but will use individual power 
transistors to handle high-wattage output. 


Darlington Pairs 
Discrete transistorsare useful in situations where 
current amplification or switching is required at 
just one location in a circuit. An example would 
be where one output pin from a microcontrol- 
Jer must switch a small motor on and off. The 
‘motor may run on the same voltage as the mi- 
crocontroller, but requires considerably more 
current than the typical 20mA maximum avail- 
able from a microcontroller output. A Darlington 
pair oftransistors may be used in thisapplication. 
The overall gain of the pair can be 100,000 or 
more. See Figure 28-8. Ifa power source feeding 


discrete se 


smiconductor > multi-junction > bipolar transistor 


through a potentiometer is substituted for the 
microcontroller chip, the circuit can function as 
a motor speed control (assuming that a generic 
DC motor is being used). 


In the application shown here, the microcontrol- 
ler chip must share a common ground (not 
shown) with the transistors. The optional resistor 
may be necessary to prevent leakage from the 
first transistor (when in its “off” state) from trig- 
ering the second. The diode protects the tran- 
sistors from voltage transients that are likely 
when the motor stops and starts. 


Figure 28-8. Where the emitter of one NPN transistor is 
‘coupled to the base of another, they form a Darlington 
pair (identified by the dashed rectangle in this schomat 
‘e). Multiplying the gain of the frst transistor by the gain of 
the second gives the fatal gain ofthe pai. 


A Darlington pair can be obtained in a single 
transistor-like package, and may be represented 
by the schematic symbol shown in Figure 28-9. 


Various through-hole Darlington packages are 
shown in Figure 28-10. 
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ENERGY (Also see Courage, Determination, 
Strength, Vitality, Health) 


Each day I accumulate new energy in my solar plexus region. 
Marcel Rowe, Telriques And Practice Of Hypnotism, Pris Productions NOE, 1974 


Ihave energy. 
Pie Niclas, Time Is Money. An Plensurl,Inler Publications, 1981 


inhale and am inspired. I exhale and energy flows through me. 
Christan Godefroy, The Seven Eternal Ls of Succes, Godefioy Publications, 1980 


Tam overflowing with more and more energy and strength. 
Christian H. Godefioy, Helping Yourself Through Self Hypnosis, Godefroy Publications, 1985. 


I will destroy the negative images my enemies have tried to inject 
into my mind, and replace them with joyful images that encourage 
me and increase my energy. 

Orison Swett Marden, The Joy Of Living, L4H. Jeleber Publications. 

I feel very good today! I have more energy than ever. 

Ican do great things. And every task I accomplish gives me even 
more energy! 

Thave a lot of energy, which I nourish with my curiosity and en- 
thusiasm. 

Thave more and more energy every day. I am full of life, in great 
shape, and in an exceptionally good mood. 

When I do something that requires a surplus of energy I call on 
my reserves and find that I always have more than I need. 

Every day I am becoming more and more aware of my energy 


and vitality. I create an unlimited reserve of energy in myself. 
‘Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


I do not waste my emotional energy. 
Vernon Howard, Psycho-Pictorapy, SP, 1965. 
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I feel the life force flowing through my body. 


Shakti Gawain, Reflections In The Light, New World Library, 1978. 


Tam in excellent health, overflowing with energy. 
Earl Sif Practicl Heath Guides, How To Stimulate Your Boy's Natural Defences, Goefoy Puan, 196, 


Tam bursting with energy. 


Charles Baucdouin, Psychology And Practice of Autosugeestion, ldegraph Publications, 1990, 


Energy flows freely through my body. 


Sublipower, Sublielax, Edi Inter, 1989. 


My breathing is getting deeper and energy is circulating freely 
through my body. 


Sublipower, Sublihealth, Edi Inter, 1989, 


My most powerful energy for creating my life is present in me at 
this moment. 

My energy is stimulated by my breathing, by love, and by life- 
giving thoughts and words. 


Tam bursting with energy and light. 
Lith Kraf-Macoy, 30 Days To Happiness, Stlpont, 1987 


To be energetic I act energetically! 
W. Clement Stone and Napoleon Hil, Success Through Pestce Thinking, Godeioy Publications, 1978 


Every day and from all points of view I am more and more ener- 


getic. 
Charles AltertPoissant & Christian Godefroy, The Secret Of Bein A Millionaire, Godoy Puan, 1987 


I feel great! I’m full of energy! I'm so strong, I’m always going to 
feel healthy! 


Link Krafl-Macoy, 30 Days To Happiness, Silipoint, 1987. 


I balance my energy. 
Norm Vincent Peale, When You Want, You Ca, A Different Word Pres, 1974 
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I’m in good physical condition. 
Francoise and Michel Moine, Decelop Your Psi Powers, Stock Editions, 182. 


I'm in great shape. 


Editorial Staff, Practical Health Guiles, How To Stimulate Your Body's Natural Defeuces, Godefroy Publications, 
1939, 


ENERGY - CREATIVE 


Tam overflowing with divine light and creative energy. 
Shakti Gawain, Creative VeualizatonTeclaques, Sl Publications, 1978, 


ENERGY - VITAL 


Tabsorb the energy scattered throughout the atmosphere, and store 
itin me. I exhale air, but I retain the energy which is carried into my 
body by the air I breathe, and which I make my own. 


Paul Clement Jagot, The Power Of The Will, Dangles Press, 1982, 


ENJOYMENT 


Irelish each golden day. 


Denis Waite, Sees Of Greatness, Pocket Books Pres, 1988 
All the obstacles to my total expression in life and my complete 


enjoyment of existence are now dissolved. 
Shakti Gawain, Crevice VeualizatonTectnques, Sle Publications, 1878, 


ENLIGHTENED MIND 


My mind is clear, alert and ready to meet any challenge. 
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I enthusiastically wait for opportunities to put my mind to the 
test and improve it. Instead of considering problems as difficulties to 
avoid, I see them as opportunities to sharpen my mental faculties. 

Tam awake and fully conscious. My senses are sharp, my mind is 
clear. Iam aware of everything around me, and I am in control of my 
life. 


Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987 


Divine light and divine love are flowing through me. 
Shakti Gren, Reflection n The Ligh, New World Library, 1978 


ENTERITIS 


If 1 am suffering from enteritis I imagine the enteritis is clearing 
up; the intestinal inflammation is gradually disappearing, and the 
phlegm and other secretions are becoming, less and less abundant 


until they disappear and I am completely cured. 
Emile Cane, Complete Works, Astra Publication, 1976 


ENTERPRISING SPIRIT 


The search for the best in myself is my greatest enterprise. It is a 
creative adventure, because it leads me towards self acceptance. 

With an enterprising spirit I can combat all negative feelings which 
belittle me and destroy my true identity. 

With an enterprising spirit I increase the power of my personal- 
ity as I find new horizons, and fully accept what I have already dis- 
covered. 

With an enterprising spirit I progress towards a world of pure 
dynamic energy. 

My enterprising spirit is the creative effort I make to resolve the 


E Page 116 


enigma which is in me, to try and understand my complexities and 


problems in order to overcome them. 
‘Dr. Maxwell Malte, Psychocybernctics and Self Realization, A Different World Ltd. Publications, 1970, 


ENTHUSIASM (Also see Ambition, 
Dynamism, Vitality, Energy, Courage) 


Today is the first day of the rest of my life. 


Charles Albert Poissant & Christian Godefroy, The Secret Of Being A Millionaire, Godefroy Publications, 1987. 


Thunder and lightning! Life electrifies me! 


Norman Vincent Peale, Whew You Want, You Cant, A Different World Press, 1974 


Tam naturally enthusiastic. 
Vernon Howard, Psycho-Pictography, S.LP, 1965. 


Tam enthusiastic about my goals; I develop this quality which is 
so essential to my success. 

I apply myself with gusto to creative endeavors. I understand 
that life can be enjoyable and fun. 


Every day I see myself in top form. 
Di, Maxell Mate, Psychocyberntics and Self Realization, A Different Word Lid. Pulbliatons, 1970. 


Thave an iron will... nothing can discourage me... on the contrary, 
problems only give me more energy... the energy I need to overcome 
them... nothing can stifle my enthusiasm... absolutely nothing. 


I cultivate my enthusiasm... my passion for everything I do. 
Ruel, Mastering Your Subconscious, Dales Pres, 1982 


I give myself a chance to become spontaneously enthusiastic about 
what I’m doing. 


Tam enthusiastic about everything I choose to undertake. 
Wayne. W, Dyer, The Sky's The Linit, Mortage Publications, 1988, 
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I stimulate my enthusiasm by maintaining a high level of inter- 
est. The more my activities interest me, the more enthusiastic I am. 
The more enthusiastic I am, the more energy I have. 

Iregularly program my mind with positive instructions designed 


to keep me in shape, full of youthful enthusiasm. 
Sad Hetsteter, The Power Of liner Motioat 


1, Published by Le Jour, 


I am enthusiastic about life and filled with energy and enthusi- 


asm. 
Louise L. Hay, You Can Heal Your Life, Hay House, 1984. 


Life interests me. 
‘Matthew McKay aru Patrick Fanning, Self Esteem, New Harbinger Publications Ine, 1990 


My day starts when I wake up in the morning and shake off the 
numbness of sleep, overcome my negative impulses and promise to 
make this day exciting. 

I will not spend my day doing nothing; I have exciting goals and 


I’m full of enthusiasm. 
Dr. Maxwell Maltz, Psychocyberneties and Self Re 


ion, A Different World Ltd, Publications, 1970 


Tam enthusiastic about my life. 
Christian H. Godefioy, Positioe Thinking: The Subliminal Method, Godefroy Publications, 1987. 


Oh, this is a great day for getting out there and conquering the 


world! 
Zig Zigler, Rendez-vous At The Top, A Different World Publications, 1975, 


To be enthusiastic I act enthusiastically! 


W. Clement Stone an Napoleon Hl, Sucess Through Pastoe Thinking, Godefroy Publications, 1978 
Every day, in all ways, am becoming more and more enthusias- 


tic. 
Charles Albert Poissant & Christian Godefroy, The Secret Of Being A Millionaire, Godefroy Publications, 
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ENURESIS (Bedwetting) 


From now on I will stop wetting my bed, and I won’t get angry 
when I have to go to bed. My bed won't be wet when I wake up in the 
morning. 

I like going to bed at night. 

If Ihave to go to the bathroom at night I get up and use the toilet. 
As soon as I get back into bed I fall asleep and my bed stays dry. 


Professor Kurt Tepperwein, Think And Heal, Godefroy Publications, 1984 


From now on I will have a very strong desire to overcome this 
shameful habit, which is really a feeling of inferiority. A moment will 
come when my desire to control my bedwetting will be stronger than 
anything else. 

IT can now control myself much better than before. 

Every night before falling asleep I order myself to wake up as 
soon as I feel the need to go to the bathroom. If It happens I will wake 
up. 

Ian control myself. I will not wet my bed. I am capable of con- 
trolling my bladder no matter what. Even if bedwetting has some 
hidden meaning for me, even if I want to be obstinate, I can still over- 
come my enuresis. 

And even if Ihave a relapse, it doesn’t mean anything. I will look 
for the cause of the relapse. I no longer suffer from enuresis. I can 


control it, and I will succeed in controlling it. 
Charies de Liguori, Hypnotism, de Vecchi Publications, 1975. 


Talways call my mummy, and my bed is always clean. 

Emile Coue, Complete Works, Astra Publications, 1976. 

IT always ask my mummy when I have to go to the toilet, and I 

always stay clean when I sleep. It’s easy for me to stay dry and clean 
the whole night long. 


Christian H. Godefroy, Helping Yourself Through Self Hypnosis, Godefroy Publications, 1985. 
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Ican restrain myself all night long and my bed is always clean 
and dry. 


Emile Cove, Complete Works, Asta Publications, 1976. 


Tama pretty little girl and people like me a lot. Everyone likes me 
because I’m so likable, so happy and gay. People like me because I 
only sleep in a clean, dry bed. I always sleep in a warm, dry bed. If I 


have to go to the bathroom, I always wake up in time. 
Zig Ziglar, Rendea-vous At The Top, A Diferent World Publications, 1975 


My bed is clean and dry, and I always wake up when I have to. 
RL Charpentier, Autosuggeston And ls Practica! Application, Champs Elysees Publications, 158. 


If I concentrate on what I feel as I urinate during the day, I will 


feel the same sensation at night when I’m asleep, and after I’ve gone 
to the bathroom I'll get back in bed and fall asleep instantly. 


Dr. GR. Roger, Hypuosis, Sophrology and Medicine, Fayard Publications, 1973, 


ENVY 


This is so wonderful! I rejoice in that person’s prosperity, and wish 


him/her more and more good fortune. 
Dr Joseph Murpy The Miracles Of Your Min, Dales Pres, 1988 


EQUILIBRIUM (See Balance) 


EQUANIMITY 


I maintain my tranquillity and equanimity. 
Norma Vincent Peale, When You Want, You Can A Different Wort Pres, 1974 


E Page 120 


ERRORS (See Mistakes) 


ESTEEM (Also see Self Esteem) 


I accord myself this elementary form of respect. I do not deny 
who Iam. I'm worth more than that. lam in no way obliged to lead a 
monotonous existence. 

Charles Albert Possnt& Christian Godefo, The Secret Of Beng A Milionsre, Godefroy Publications, 1987 


Testeem myself. I know I am a good person. 
Claude Arpe, Self Confidence: The Sublininal Method, roca Publctons, 1986 


I never belittle myself to myself. 
Norman Vincent Peale, When You Want, You Can A Different Wort Pres, 1974 


EVOLUTION 
Iam a directly linked representative of the ever-evolving, ever- 


expanding consciousness of the Creator. lam spirit expressing through 


a physical structure. I am patient with myself. 
Burbaro J. Gress, Personal Power Cards, Alan Publishing, 1991 


EVOLVING 


Thave the right to develop, to learn and to evolve. 
Jear-Marie Boisvert and Madeline Beaudry, Self Mfrmation and Communication, Godefroy Publications, 1979. 


EXAMS 


(Say this to yourself on the night before an exam): I will not waste 


E Page 121 
ees 


a single minute more on this stupid activity, and I really don’t care if 


I pass or not. 
Dr Maxwel Mats, Psylacyernetics, Godery Publications, 1978 


From now on I always concentrate only on what I’m doing, and 
any noises only serve to reinforce my concentration. 

I prepare very carefully for all my exams. 

T am calm and relaxed. I can always remember what I learned 
when I need to, and therefore all my answers are clear and precise. 

I channel all my attention towards my goal. 

My marks are improving daily. 

Tam in complete control in all situations, and I attain the goals I 


set for myself within their prescribed time limits. 
Professor Kurt Teperwein How To Learn The Pinless Way, Godefroy Publications, 1983 


I study hard. Iam certain to be ready on exam day. 
Reymond Hl, Wanting Is Power, Les Editions de Homme, 1969 


I will pass my exam. 
Earl Sif Paci Health Guides, How T Stimulate Your Body's Natural Defense, Gafoy Publications 195, 


Tam going to pass the exam. I am calm and my mind is clear. 
Professor Kurt Teper, Thnk And Heal, Gdefioy Publications, 2984, 


Tam secure in the knowledge that I have prepared well for my 
exam, My thorough revision is now paying off. Everything I have 
revised is ready in my mind to be recalled easily and effortlessly dur- 


ing the exam. 
Vera ier, Posie Thinkin, Element Bos, 1988 


EXCHANGE 


I like to give and I like to receive. 
‘Shakti Gawain, Creative Visualization Techniques, Soleil Publications, 1978. 


discrete semiconductor > multi-junction > bipolar transistor 


Figure 28-9. When a Darlington pair is embedded in a 
single transistor-ike package, it may be represented by 
this schematic symbol. The eads attached to the package 
can be used as i they are the emitter. base, and collector 
ofa single NPN transistor 


Figure 28-10. Various packaging options for Darlington 
pairs. From left to right: The 2N6426 contains @ Daring: 
fon pair rated to pass up to S00mA continuous collector 
‘current. The 2N6O43 is rated for 8A continuous. The 
ULN2003 and ULN2083 chips contain seven and eight 
Darlington pairs, respectively 


Seven or eight Darlington pairs can be obtained 
ina single integrated chip. Each transistor pair in 
these chips is typically rated at 500mA, but they 
can be connected in parallel to allow higher cur- 
rents. The chip usually includes protection di 
odes to allow it to drive inductive loads directly. 


Atypical schematic is shown in Figure 28-11. In 
this figure, the microcontroller connections are 
hypothetical and do not correspond with any ac- 
tual chip. The Darlington chip is a ULN2003 or 
similar, containing seven transistor pairs, each 
with an “input” pin on the left and an “output” 


How to Use it 


pin opposite iton theright. Any of pins 1 through 
7 down the left side of the chip can be used to 
control a device connected to a pin on the op- 
posite side. 


Ahigh inputcan be thoughtofas creating aneg- 
ative output, although in reality the transistors 
inside the chipare sinking currentvia an external 
device—a motor, in this example. The device can 
have its own positive supply voltage, shown here 
as 12VDC, but mustsharea common ground with 
the microcontroller, or with any other compo- 
nent which is being used on the input side. The 
lower-right pin of the chip shares the 12VDC sup- 
ply because this pin is attached internally to 
damp diodes (one for each Darlington pair), 
which protect against surges caused by induc- 
tive loads, For this reason, the motor does not 
have a clamp diode around it in the schematic. 


The Darlington chip doesnothavea separate pin 
for connection with positive supply voltage, be- 
cause the transistors inside it are sinking power 
from the devices attached to it. 


voc 


6 


Figure 28-11. A chip such as the ULN2003 contains sov- 
fen Darlington pairs. it wil sink current from the device it is 
driving, See text for details. 


A surface-mount Darlington pair is shown in 
Figure 28-12, This measures just slightly more 
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I give and I receive. 
Sublpower,Sublisucess, Edi Inter, 1989 


EXCUSES 


Once and for all, and from this moment on, I will get rid of these 
excuses. 
I will not excuse myself all the time, especially when I’m really 


not sorry for what I said or did. 
Wayne Dyer, Your Erogenous Zones, Tehow Press, 1976. 


I can decide not to start acting in such and such a way again, I can 
realize that I'm wrong to adopt such and such a behavior, but excus- 
ing myself all the time is a sickness which makes me feel responsible 


for the emotions of others. 
Wayne Dyer, Your Erogenous Zones, Thou Press, 1976. 


EXERCISE (Also see Obesity, Nutrition) 


Thave to exercise every day so that I won't get sick... and stay in 
top shape. 

By exercising every day... never missing a single day... even if only 
for a few minutes if I’m pressed for time... I will live at least ten healthy 


years longer. 
Marcel Rouct, Motioatng Your Subconscious, Danes Pres, 1982 


Every time I exercise I have a better opinion of myself. I’m really 
proud of the extraordinary work I’m accomplishing. 

T always get the exercise I need. I don’t stop until I have attained 
my objective, every time I exercise. 

Inever force myself too much or hurt myself physically or other- 
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wise. I do exactly the amount of exercise I need. 

Icouldn’t live without exercise. It helps keep my healthy. It makes 
me alert, makes me feel better, and allows me to give the best of my- 
self! 

I set objectives for myself and then I achieve them. I’m ona regu- 
lar exercise program, Ieat healthy food and I get enough sleep. Ispend 


a part of each day staying in shape. 
‘Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


like doing exercise. 
I feel like moving, walking... 
Sublipower, Subleath Edi Iter, 1989 


I can’t wait to do some exercise today. 
‘Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


I will do a moderate amount of exercise every day, and I'll have 
fun doing it. 

1. Comey, Stay Younger, Lie Longer Through The Magic Of Mental Se-Contioning, 

Parker Publishing Company In, 1968 


Tam going to engage in some form of moderate daily exercise. 
Frank 8 Caprio, MLD. & Joseph R, Berger, Helping Yourself With Sef Hypnosis, Prentice Hall nc, 1978 


Any amount of exercise (running, jumping rope, aerobic danc- 
ing, bicycle riding, etc.) gets my mind and body working much bet- 
ter. Exercise makes joy! 


Exercising brings me joy. 
Link KrafMacoy, 30 Days To Happiness, SHlpont, 1987 


EXPERIENCE 


Ihave learned from my experiences, even if sometimes they were 
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painful. 


Louis Proto, Self Healing, Piatkus Publications, 1990. 


I listen for the secret messages hidden in my experiences. I let 


these help me develop positive and useful habits. 
Vernon Howard Poycho-Pictograpy, Si, 1965. 


To get into a specialty I first have to learn the basics. 
Charles Albert Poissant & Christian Godefioy, The Secret Of Being A Millionaire, Godefroy Publications, 1987. 


EXPRESSING ONESELF (See Self Expression) 
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FAILURE 


From this moment on I will very calmly devote all my energy to 
finding ways likely to reduce the impact of the consequences which I 
have already mentally accepted. 


Dale Carnegie, 


vercome Your Worries, Flammarion, 1944 


This is NOT a catastrophe! This is not horrible, humiliating, or 
the end of the world! It’s inconvenient. I’m disappointed. Now I’m 


going to learn something and start again. So let’s get going! 
‘Dr. Marty Seidman, Super Selling Through Self Talk, Price Sern Sloan, 1986. 


Tam learning that failure, no matter how serious, can be a tram- 


poline to success and not a chopping block. 
ig Ziglar, Renes-ous At The Top, A Different World Publications, 2975. 


At least once a week I review my goals and find out what I truly 
want now. Iam willing to risk giving up all Ihave been for what I can 


become. 
Linh Kraft-Macoy, 30 Days To Happiness, Stillpoint, 1987. 


I'll do better next time. 
‘Marcel Auclair, The Book Of Happiness, Seuil Publications, 1959. 


I transform failure into success. 
Charles Albert Poisant & Christian Godefroy, The Secret Of Being A Millionaire, Godefroy Publications, 1987. 


Next time I will succeed. 
Professor Kurt Tepperwein, Think And Heal, Godefioy Publications, 1984. 


F Page 126 


FAILURE (In School) 


Ican, therefore I must. I could have avoided this mistake, I should 
have been able to avoid it. I could have learned the lesson better and 
more quickly, so I should have done it. I could have done better, so I 
should have. 


Professor Robert Tacquet, The powers Of The Will, Godefroy Publications, 1989, 


FAITH (Also see Fear) 


Belief helps me follow the way. 


Denis Waitley, Seeds Of Greatness, Pocket Books Press, 1984. 


Thave faith, faith in my ideas, in my destiny, and faith in God. 
Charles Albert Possant & Christian Godefoy, The Secret Of Beng A Millionaire, Godefroy Publications, 187 


Tam free of all fear, I am firm in my faith. 
R. Charles Barker, The Science Of Success, Dangles Press, 1983. 


Faith is invincible. 
I believe, I really believe. 


Norman Vincent Peale, Whew You Want, You Cant, A Different World Press, 1974 


Well directed faith adds amazing power to all of my thoughts. 
Napoleon Hil, Think And Get Rich Toho | Ariston, 1966 


FALSE BELIEFS 


I never let my convictions trap me into passivity. Becoming at- 
tached to a belief based on past experience is like trying to escape 
reality. Only the present exists, and what is true in the present may 


F Page 127 
ee 


not necessarily be true of the past. I do not base my behavior on what 
Ibelieve but on what is, what I experience in the present. By opening 
myself to the present experience instead of clouding reality with my 


beliefs, I realize that the unknown is a vast and fascinating domain. 
Wayne Dyer, Your Erogenous Zones, Tehow Press, 1976. 


Iam ready to clear up any beliefs that hold me back from the 


good I want in life. 
Lith KrafMacoy, 30 Days To Happiness, Stlpont, 1987 


FAMILY LIFE 


My professional life and my family life are mutually enriching. 

My family life is rich and creative. 

Tam there for my loved ones, giving them both time and my full 
attention. 

My family understands and appreciates my professional activi- 
ties, 

I don’t feel guilty about being absent from home when I work. 

I make sure that my family life plays an important role in my 
balance as a human being and my personal fulfillment. 

Talways make a note of any meetings with my spouse or children 
in my agenda, in the same way that I keep track of meetings with my 
boss, or clients. 

Task myself if there is anything positive in my family life that can 


also be applied to my professional life (and vice versa). 
Pierre Nicolas, Time Is Money. And Plensure, ter Publications, 1981 


FASCINATION 


Others find me fascinating and terrific. 
Link Krafl-Macoy, 30 Days To Happiness, Silipoint, 1987. 
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FATIGUE 


I like my work, but I also make sure to take time out to have fun: 


in this way I rarely feel tired. 
W, Clement Stone and Napoleon Hil, Sucess Through Postoe Thinking, Godefroy Publications, 1978 


Tam not in the least tired. 
De, Gaston Durvile and De. Andre Durolle Mental Cure, Naturist stitute Publications, 1923, 


Tam never lazy... physically or mentally. 


Marcel Rowet, Motivating Your Subconscious, Dangles Press, 1982 


I'min great shape. 
Earl Sta, Paci Heath Guides, How T Stimulate Yur Body's Natu Defenses, Gafoy Publications, 195, 


The sensations of fatigue and weakness that I sometimes feel will 
gradually disappear and be replaced by sensations of strength and 


vigor which will become stronger every day. 
Enile Cove, Complete Works, Astra Publications, 1976 


FAULTS 


Every day Iam going to improve and eventually I will succeed in 


eliminating the faults I have discovered in myself. 
Cinute M, Bristol, Harold Sherman, Your lner Power = TNT, A Diffrnt World Publications, 1958 


T accept the helpful criticism of my friends, and I use self hypno- 


sis to purge myself of whatever personality shortcomings I possess. 
Frank S. Caprio, M.D. & Josep R. Berger, Helping Yourself With Self Hypnosis, Prentice Hall ln., 1974. 


T accept my weaknesses and my faults so that I feel all right even 


when I fail. 
Dr. Maxwell Maltz, Psychocybernetics and Self Realization, A Different World Lid, Publications, 1 


70 
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Tuse my faults as inspiration to motivate me to improve and save 


more time. 
(Christian H. Godefroy aut John Clark, How To Have More Time, Godefroy Publications, 1989, 


FEAR (Also see Emotional Paralysis, Anxiety, 
Nervousness, Guilt, Rejection) 


I confront my fears with a positive state of mind and positive 


behavior. 
Wayne Dyer, Your Evogenous Zones, Tehow Press, 1976. 


I do what frightens me. 


Norman Vincent Peale, When You Want, You Cant, A Different World Press, 1974 


Thave nothing to fear, the Spirit in me is watching, I have every- 
thing to hope for. 


‘Marcel Auelair, The Book Of Happiness, Seuil Publications, 1959. 


I fear nothing since my faith in the Mystery is great. 
. Charles Barker, The Science Of Suess, Dangles Pres, 1983, 


I know that the love of goodness fills my soul and dissolves all 


fears. I now live in the joyous expectation of goodness. 
Dr Joseph Murp, Mastering Yourself nd Others, Published by Le our, 1958. 


Simply because I am aware of it, and because I abhor it, because I 


absolutely don’t want this to happen - it will not happen! 


Paul Clement Jagot, How To Develop Your Personal Magnetism, Dangles Press, 1982. 


Nothing can harm me since I am united with my inner Guide! 
KO. Schmit, Sucess At Your Serie, Asta Publctons, 1986 


The Real Me knows no fear. 


Vernon Howard, Psycho-Pictography, S.LP, 1965, 
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No matter what threatens me I will face up to it and meet the 
challenge! 


Dr. Maxwell Malte, Psychocybernetics and Self Realization, A Different World Lid. Publications, 1970. 


If I find myself in a situation that frightens me, for example, I 
think about something that will calm me down. 


Franck Rudolph Young, Cyelomancia, SIP, 1966, 


What cannot defeat me only makes me stronger. 
KO. Schmidt, Success At Your Serice, Astra Publications, 1986 


Every day I overcome my fears, worries and any other destruc- 
tive thoughts. 


Claude M. Bristol, Harold Sherman, Your Inner Power = TNT, A Different World Publications, 1954. 


[To overcome fear use my mind.] 
Denis Woiley, Seeds Of Greatness, Pocket Books Pres, 1968 


I confront my fears and I accept them. 
Sublpower, Sublicontrol, Edi Iter, 1989, 


I free myself of my fear of what other people think. 


(Christian H. Godefroy arut John Clark, How To Have More Time, Godefroy Publications, 1989. 


Only I can free myself from my fears. I start by becoming aware 
of what I fear, and stop myself whenever I find that I’m thinking or 
talking about it. I become aware of the ‘fear-talk’ around me, and 
stop listening to it. 

I specify my fears. As long as they remain unclear they continue 
to have power over me. 

Task myself what the worst that could happen is. Not only is the 
worst hardly likely to occur, the answers often make me laugh! 

I don’t suppress fear. I feel it, talk about it objectively. 

Tam as safe as I allow myself to be. Only good comes to me. I 
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have nothing to fear. 
Lis Krntacoy, 30 Days To Happiness, Spin, 2987 


Tallow myself to be, without the need to prove myself to anyone. 
Ilive my power without fear of defeat or rejection. I control my dreams, 
my life. 


‘Barliara J. Gress, Personal Power Cards, Aslan Publishing, 1991 


Tam not afraid of being afraid. 


Knowing myself helps free me from fear. 
Norman Vincent Peale, When You Want, You Can A Different Wort Pres, 1974 


I reject useless fears. 


Tunderstand my fears and I can explain them rationally. 
Dr: Anthony and Mary Zaft, Alphagencs, Quebec -Ameriqle Publication, 1978 


Ismile and my fears evaporate. [am strong. lam powerful. Ihave 


confidence in myself. 
Eur Sif Pact! Heath Guides, How To Stimulate Your Boy's Natura Defences, Goefoy Pubations, 196, 


Tam calm and relaxed. 
Fears may come and go, but it doesn’t matter; I can control them 
as long as I stay relaxed. 


When I can control my thoughts, I can control my fears. 
Jean-Marie Boisvert and Madeline Beaudry, Self Afrmation and Communication, Gdefroy Publications, 1979, 


Tam inviolable, I am invulnerable. 
George Barbarin, How To Overcome Fears And Anxiety, Dangles Press, 1974 


The Eternal is my refuge, and I make the Highest of the high my 
home. 


‘Marcel Auclair, The Book Of Happiness, Seuil Publications, 1959 


The Real Me cannot be afraid of anyone. 


Vernon Howard, Psycho-Pictography, S.LP, 1965. 
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than 0.1” long but is still rated for up to SoOmA 
collector current or 250mW total power dissipa- 
tion (at a component temperature no higher 
than 25 degrees Centigrade). 


Figure 28-12. A surface-mount package for a Darlington 
ppatt Each square in the background grid measures 0.1 
‘See text for additional deta 


Amplifiers 
Two basic types of transistor amplifiers are 
shown in Figure 28-13 and Figure 28-14, The 
common-collector configuration has current gain 
but no voltage gain. The capacitor on the input 
side blocks DC current from entering the ampli- 
fier circuit, and the two resistors forming a volt- 
age divider on the base of the transistor establish 
a voltage midpoint (known as the quiescent 
point or operating point) from which the signal to 
be amplified may deviate above and below. 


The common-emitter amplifier provides voltage 
gain instead of current gain, but inverts the 
phase of the input signal, Additional discussion 
of amplifier design is outside the scope of this 
encyclopedia. 


In switching applications, modern transistors 
have been developed to handle a lot of current 
compared with earlier versions, but still have 
some limitations, Few power transistors can han- 
dle more than 50A flowing fram collector to 
emitter,and 1,000V is typically a maximum value. 
Electromechanical relays continue to exist be- 
cause they retain some advantages, as shown in 
the table in Figure 28-15, which compares 
switching capabilities of transistors, solid-state 
relays, and electromechanical relays. 


discrete se 


smiconductor > multi-junction > bipolar transistor 


Figure 2813. The basic schematic for a commen 
collector amplifier. See text for detail. 


Figure 28-14, The basic schematic for a common-emitter 
amplifier. See text far details 
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FEAR OF ANIMALS 


From now on Iam no longer afraid of — (name the animal). I 
find them tranquil, calm animals. When I see them I identify as much 


as possible with them. 
Eitri Sif Pacticl Heath Guides, How To Stimulate Your Boy's Natural Defence, Gaefoy Puan 195, 


Tlove all animals. 
Jean Charter, How To Acquire A Superior Personality, Dangles Press, 1971 


FEAR OF DEATH 


I meditate on death every day in order to give my life more mean- 
ing. 


Dr. Martin Shephard, How To Overcome Your Cares, Marabout Publications, 1973. 


FEAR OF ELEVATORS 


Thave no trouble taking the elevator. I now feel perfectly relaxed 
whenever I enter an elevator. I am able to control my reactions and 
emotions completely. I am able to master the situation completely, 


remaining calm and relaxed. 
Christian H. Godefroy. Helping Yourself Though Self Hypnosis, Godefroy Publications, 1985 


FEAR OF EXAMS (Also see Stagefright) 


I know I can pass my exam. I know the material perfectly. I'm 


ready. I have no reason to worry. 
Eitorial Sta, Practical Health Guides, How To Stimulate Your Body's Natural Defenses, Gadefoy Publications, 1988 
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FEAR OF FAILURE (Also see Disapproval) 


I'm making a common mistake. I’m thinking of failure as the en- 
emy of success. But it isn’t at all. Failure is a teacher - a harsh one 
perhaps, but the best. I can be discouraged by failure - or I can learn 


from it. 
Dr. Marly Seldman, Super Selling Through Self Talk, Price St 


tera Sloan, 1986. 


I remind myself that fear of failure is really often a fear of disap- 
proval or ridicule, and I tell myself that everyone has a right to their 


own opinion, but that other people’s opinions don’t concern me. 
Wayne Dyer, Your Erogenous Zones, chou Pres, 1976 


I do not fear failure. [am responsible for my actions. I acquire the 
necessary knowledge and skills to succeed, and I move forward. 


Tam never afraid to try. 
Sad tietmsteter, The Power Of ter Motivation, Published by Le Jour, 1987 


FEAR OF FLYING 


I like airplanes, I am fascinated by them, they are a wonderful 
way to travel, and I am fortunate to be living in an age where this 
mode of travel is available to me. am sharing the benefits of modern 


progress with many thousands of other people. 
FrankS. Caprio, MLD. & Joseph, Berger, Helping Yourself With Sef Hypnosis, Prentice Hall nc, 1978 


FEAR OF REALITY 


I remind myself that nothing human is foreign to me. I can be 
what I choose to be. I engrave this sentence in my mind, and I recall 
this aphorism every time I fall into the familiar habit of trying to es- 
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cape reality. 
Wayne Dyer, Your Erogenous Zones, Thou Pres, 1976 


FEAR OF REJECTION 


It’s better to ask for what I wish to obtain and get “no” for an 


answer than never to ask for anything, and never get anything. 
Dr. Martin Shephard, How To Overcome Your Cares, Marabout Publications, 973. 


FEAR OF THE DARK 


From now on Lam no longer afraid of the dark. Nothing changes 
when it gets dark. There is no reason to be afraid. On the contrary, I 
know that darkness is my friend because it helps me rest. 


The darkness is my friend, it helps me get a good night's rest. 
Earl Sta, Paci Heath Guides, How To Stimulate Your Boys Natural Defenses, Gaefoy Publications, 196, 


FEAR OF THE FUTURE 


Starting today I am no longer afraid of the future. I feel strong. I 
am in control of my destiny. I have absolutely no reason to be afraid. 


The future belongs to me. I am happy, loved and respected. 
Editorial Sif Practical Heath Guides, How To Stimulate Your Boy's Natural Defences, Gofoy Pubcon, 198, 


(From now on only beautiful things will happen in my life. 
I rejoice at the thought of the beautiful moments I am going to 


experience.) 
LiahKpMacoy 30 Days To Happiness, Silpint, 1967 


Tam very happy... feel good about who Iam... [ook confidently 
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into the future... and I know: my destiny is full of wonderful events. 
Day by day, in all ways, things are getting better. 


Professor Kurt Tepperwein, Secret Techniques Of Hypnosis, Godefroy Publications, 1981 


Life is for me. 
Lowise L. Hay, You Can Heal Your Life, Hay House, 1984. 


Guide me, celestial light, guide me on the right path; I don’t ask 
to see what the distant future holds in store for me. Just the next step 
is enough. 


Dale Carnegie, Overcome Your Worries, Flammarion, 1944. 


FEAR OF THE OPPOSITE SEX 


I feel better and better in my relations with the opposite sex. I feel 
more and more comfortable with men / women. My relationships 
are harmonious. Iam completely at ease, and men / women find me 
attractive. I am more and more confident and sure of myself with 


men / women. 
Christian H. Godeioy, Helping Yourself Through Self Hypnosis, Godefroy Publications, 1985. 


FEAR OF THE UNKNOWN 


If I really believe in myself, everything is possible. The totality of 
human experience is at my disposal from the moment I decide to 
adventure into unknown territory, without asking for guarantees of 
any kind. Just because it’s different, and I’ll have fun doing it. 

If I see myself shrinking back from the unknown, I ask myself: 
“What is the most terrible thing that can happen?” 


Wayne Dyer, Your Erogenous Zones, Tehou Press, 1976. 
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FEAR OF VEGETABLES 


From now on Iam no longer afraid of — (name the vegetable). I 
know I am stronger. I see them as friends. They are beautiful plants, 
basking in the same sunshine as we do. We share the planet with 


them. 


Eaitrial Staff, Practical Health Guides, How To Stimulate Your Body's Natural Defenses, Godefroy Publications, 1989, 


FEAR OF WATER 


From now on Iam no longer afraid of water. I know there is noth- 
ing to fear because water is an element of nature. I am confident, lam 
happy, I feel good in the water. 


Euitorial Staff, Practical Health Guides, How To Stimulate Your Body's Natural Defenses , Godefroy Publications, 1989, 


FEELINGS 


To attain emotional maturity each of us must learn to develop 
two critical capacities: the ability to live with uncertainty and the abil- 


ity to delay immediate gratification in favor of long range goals. 
Denis Waitley, Seeds Of Greatness, Pocket Books Pres, 1988 


Taccept all my feelings as forming a part of myself. 

From now on | will try to live all my feelings. 

It’s good to express my feelings, and from now on I will allow 
myself to do so. 


Ilike myself when I express my feelings. 
Shakti Gawain Creative Visualization Teclnques, Sle Publications, 1878, 


Thave the right to express my feelings. 
Christan H. Goto and Jn Clark How To Have More Tne, Godefroy Publications, 1288, 
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Tam in control of my feelings. 
Dr. Anthony and Mary Zaft, Alphagencs, Quebec -Ameriqle Publications, 1978 


I can assume responsibility for my own feelings. 
Christan H. Gotefoy and Jolt Clark How To Have More Tine, Godefroy Publications, 188, 


Ican control my feelings. 
Wayne Dyer, Your Emogenous Zones, Thou Pres, 1976. 


I know how to communicate my feelings to other people. I un- 
derstand them and they understand me. I am not afraid of approach- 
ing people and telling them what I feel. 


Editorial Staff, Practical Health Guides, How To Stimulate Your Body's Natural Defenses, Godefroy Publications, 1989, 


If there’s no feeling in it I don’t want it any more. 
Louis Prot, Self Healing, Pats Pulao, 190 


FEELINGS - NEGATIVE 


Trefuse to allow images of disaster and of a terrible future to take 
root in my mind and dominate my personality with feelings of fail- 
ure. 

Trefuse to allow distorted, rambling thoughts to occupy any space 
in my mind. 

Dr. Maxwell Maits, Psychocyberetics and Self Realization, A Different World Ltd, Publications, 970. 


Trying to rise above my negative feelings means that I am mak- 


ing progress. 
Dr Maxell Malte, Psycocybemtis and Sef Reaization, A Dien World Lid Pblctons, 1970. 


FEELINGS - POSITIVE 


Tam working to continue my past successes and create entirely 
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new ones. As a constructive observer of the mind, I make sure my 


feelings of success are constantly growing in my imagination. 
‘Dr. Maxwell Mate, Psychoeybrntics and Self Realization, A Difrent World Lid. Pulbliations, 1970. 


FERMENTATION (Intestinal) 


Under my hand my intestine is contracting and pushing the gas 


upwards. 
Dr. Gaston Durie ql Dr. Ande Durie, Mental Cure, Naturist stitute Publitions, 1923 


FEUDING 


I want my problems with (name the person) to stop. 
Paul Clement jagot, How To Develop Your Persona Magnetism, Dangles Press, 1982. 


To cut the thread of my negative thoughts towards someone I cut 


the knot attached to my own mind. 
Vernon Howard, Psycho-Pictography, S.LP, 1965. 


Your inner Guide is allied with my own. Together they can bring 
us peace. I understand you, and you understand me. Our inner Guide 


is our only guide. 
KO. Schmit, Sucess At Your Serie, Asem Publctons, 1986, 


FEVER 


My temperature is going down. 
Dr. Gaston Durie and Dr. Ane Du 


,, Mental Cure, Naturist Institute Publications, 1923. 
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FIBROMA 


The contractions of my uterine muscles strangle the blood ves- 
sels which nourish my fibroma; lacking blood, it atrophies and dis- 


appears. 
Dr. Gaston Durville and Dr. Andre Durcille, Mental Cure, Naturist Institute Publications, 1923. 


FIGHTING SPIRIT 


I know that I have the fighting spirit to attain my objectives; that 


means I try, and when I try I succeed. If I fail I try again. 
Dr, Mell Mal, Psychocrnetics ad Self Realization, A Different Word Lid Pllications, 2970 


I develop the habit of reacting positively and with a fighting spirit 
to threats and problems. I do this by adopting a positive, fighting 
attitude towards all day to day problems, as well as the problems in 


my mind. 
Dr Maxell Malt, Psychocabertetcs, Gaeioy Publications, 1978 


FILING 


I equip myself with the necessary material ( office furniture) to 


set up an efficient filing system. 
Piere Nicolas, Time Is Money... Ad Pleasure! iter Publications, 1981 


FINANCE 


I find it easy to organize my finances. 
Sad Helmsteter, The Power Of ner Motiaton, Pllishe by Le four, 1987 
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[L attain my financial objectives.] 
Denis Woitey, Seeds Of Greatness, Pocket Books Pres, 1988 


My finances are prospering more every day. 
Shalt Gawain Creative VeualizationTeclaques, Sle Publications, 


FIRMNESS 


Ican achieve goals in this situation with firmness. I don’t need to 
be this angry. I can assert myself and be firm without being so angry 


or demanding. 
Dr. Marty Sekinan, Super Sling Through Self Til Price Ster Sloan, 1986, 


Thave the right to say no to someone without losing that person’s 


love or respect. 
Christian H. Gade Helping Yourself Tough Self Hypnosis, Godefoy Publications, 1986 


Tam learning to say no. 
Cristian H. Godefroy and Jol Clark How To Hae More Tne, Godefroy Publications, 1989, 


Inever cave in to pressures or demands imposed by others... ex- 


cept if I have personal reasons for doing so. 
Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


I know how to say ‘No’ without being aggressive or timid. 
Piere Nicolas, Time Is Money. And Pensure, ter Publications, 1981 


IT want to maintain a firm and dignified attitude, without becom- 
ing arrogant or cynical, without violence and without fear. 


Henry Durville,! Want To Succeed, Durville Publications, 1968. 


Other people can say ‘No’ to me without my being affected. 
Christian Goefoy Collection, Magic Formas Fr Sucess An Happiness, Godefroy Publications. 


F Page 141 
—————— ee st 


FLAB 


Tam aware of the weight I’ve put on around the waist and stom- 
ach... my waist is going to get a little smaller every day... and my 
kidneys will purge my body of fat. 


‘Marcel Rowet, Motivating Your Subconscious, Dangles Press, 1982 


FORCE OF NATURE 


No force of nature is bad - it all depends on how it is used. 
Eaitorial Staff, Practical Health Guides, How To Stimulate Your Body's Natural Defenses, Godefroy Publications, 1989, 


FOREIGN LANGUAGES 


Studying this language gives me more pleasure every day... lawait 
each class with impatience. I concentrate exclusively on learning this 
new language... nothing can distract me. Every new word I learn is 
engraved forever in my subconscious... I don’t forget anything that 


T’ve learned. 
Professor Kurt Tepperwein, Secret Techniques Of Hypnosis, Godefroy Publications, 1981. 


I learn the —— (specify) language easily. My memory absorbs 
new words more and more easily. I understand the language better 
and better, and I’m also speaking much more fluently. My memory 
for this new language is improving day by day. Learning — is easy 
for me. 

ChvstianH. Garo, Helping Yourself Through Self Hypnosis, Godefroy Publication, 1985 


discrete semiconductor > multl-junction > bipolar transistor 


OK at high speed 


Price advantage 
for low-voltage 
low-current 


Price advantay 
for high-voltage 
high-current 


Tigger circuit 
Isolated from 
switched elruit 


Figure 2815. A comparison of characteristics of switch 
ing devices. 


What Can Go Wrong 


Wrong Connections on a Bipolar 
Transistor 

Failing to identify a transistor’s leads or contacts 
correctly can obviously be a potential source of 
damage, but swapping the collector and emitter 


What Can Go Wrong, 


accidentally will not necessarily destroy the tran- 
sistor. Because of the inherent symmetry of the 
device, it will in fact function with collector and 
emitter connections reversed. Rohm, a large 
semiconductor manufacturer, has included this 
scenario in its general information pages and 
concludes that the primary indicator of trans- 
posed connections is that the B value, of hre, 
drops to about 1/10th of specification. If you are 
using a transistor that works but provides much 
less amplification than youexpect, checkthatthe 
emitter and collector leads are not transposed. 


Wrong Connections on a 
Darlington Pair Chip 

While a single-component package for a Dar- 
ington pair functions almost indistinguishably 
fromasingle transistor, multiple Darlington pairs 
in a DIP package may create confusion because 
the component behaves differently from most 
other chips, such as logic chips. 


A frequent error is to ground the output device 
instead of applying positive power to it. See 
Figure 28-11 and imagine an erroneous connec- 
tion of negative power instead of the 12VDC pos- 
itive power. 


Additional confusion may be caused by reading 
a manufacturer's datasheet for a Darlington pair 
chip such as the ULN2003, The datasheet depicts 
the internal function of the chip as if it contains 
logic inverters. While the chip can be imagined 
as behaving this way, in fact it contains bipolar 
transistorsthat amplify the current applied tothe 
base of each pair. The datasheet also typically will 
not show the positive connection that should be 
made to the common-diode pin (usually at 
bottom-right), to provide protection from surges 
caused by inductive loads, This pin must be dis- 
tinguished carefully from the common-ground 
pin (usually at bottom-left). The positive connec- 
tion to the common-diode pin is optional; the 
common-ground connection is mandatory. 


Chapter 28 251 
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FORGIVENESS (Also see Resentment) 


It is over, I can forgive myself. 
Matthew McKay and Patrick Fanning, Self Esteem, New Harbinger Pulictions Inc, 1990 


Every night I forgive all my enemies for everything. 
Dale Carnegie, Overcome Your Worrts, Flammarion, 194 


I forgive my father with a sincere heart. He acted as he thought 
best. I accept what he did. I wish him peace, joy and harmony. I am 


sincere. I say what I think. 
Di. Joseph Murphy, Mastering Yourself And Others, Published by Le Jour, 1988 


I forgive all those who have offended me. 
‘Marcel Auclair, The Book Of Happiness, Seuit Publications, 1959, 


I forgive others, they are only human. I forgive myself, I’m hu- 
man also. If I harbor resentment I may be able to hurt other people, 
but I am sure to hurt myself with the poison my resentment builds 
up in me. A person who can’t forgive is not really alive. 

When I forgive others I take a giant step towards maximum re- 


laxation; and when I forgive myself, I attain it. 
Dr Maxwell Mate, Psychoevberntics and Self Realization, A Different Word Lid Plains, 1970 


I forgive —— (name the persons who offended you). I will radi- 
ate love, peace, benevolence and all good things under heaven to- 
wards them. They are free and I am free. I know I am free of them 
because I can think about them without any pain, but rather with a 


gentle feeling of peace and a blessing that springs from my heart. 
Dr Josep Murphy, These Trt Will Change You Lif, Published by Le our, 1982 


Iam willing to forgive anyone who ever hurt me, and wish them 


well. 
Louis Proto, Self Healing, Piatkus Publications, 1990. 
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I fully and freely forgive you. I loose you and let you go. I do not 
wish to hurt you. I am free and you are free and all is well again 
between us. I feel love toward you and I glory in your success, pros- 


perity and complete good. 
Lith KraftMacoy, 30 Days To Happiness, Stlpont, 1987 


I now forgive you and liberate you all. 
‘Shalt Gawain, Creitive Visualization Telnques, Sle Publications, 1878, 


I may not be able to overcome my human weakness and actually 
love my enemies, but for the sake of my own health and happiness I 
forgive them and forget about them. 

Please open your heart to me. Understand, accept and forgive. 


I wish this hadn't happened, but I was trying to meet my needs. 
Matthew McKay and Patrick Fanning, Self Esteem, New Harbinger Publications kn., 1990 


FORESIGHT 


Inever undertake something without having a contingency solu- 


tion, just in case. 
Piere Nicolas, Time Is Money. An Pensure, ter Publications 1981 


I consider what I will do in case of success as well as in case of 


momentary failure. 
Charles Albert Possant& Christian Godefoy, The Secret Of Beng A Milionsre, Godefroy Publications, 1987 


FORTUNE 


My happiness? My fortune? They are within me. 


‘Marcel Auclair, The Book Of Happiness, Seuil Publications, 1959 
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FOUNTAIN OF YOUTH 


I feel and think as if Thad a magic charm, as if were much younger 
than] am. I NEVER consider myself older than twenty-eight to thirty- 


five years old. 
Franck Rudolph Yours Cytomancia, SIP, 196. 


FRANKNESS (Candor) 


I am always frank about everything I do. I never lie out of self 
interest, negligence or even for amusement. Everything my conscience 


finds reprehensible I refrain from doing. 
Prfssor Roert Toque, The poaers Of The Wil, Godefroy Publications, 1988 


I force myself to play the game frankly and openly. 


Dr. Maxwell Malta, Psychocybernetics and Self Realization, A Different World Lid, Publications, 1970. 


If I realize I’ve made a mistake I admit it; I try to learn from the 


experience in order to change my line of action. 
Paul Clement Jagot, How To Develop Your Personal Magnetism, Dangles Press, 1982. 


FRATERNITY 


My activities and my life, in fact my entire being finds meaning 


in the spirit of human generosity and fraternity with all people. 
Dr Joseph Murp, Mastering Yourself And Otters, Published by Le our, 1958. 


FREEDOM 


Tam not resistant to new truths. They can free me. Iam not bound 
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to a sad past except by my own mental chains. I break them apart. I 
can be totally free of negative feelings linked to the past. And this 


freedom makes everything in the present seem fresh and new. 
Vernon Howard, Psycho-Pictography, S.LP, 1965. 


Iplan ahead and free my energy in order to benefit others. Ibreath 
in goodness, which liberates me. 
Ibreath the desire to give into my heart, instead of just taking all 


the time, and I feel free and full of power. 
Dr. Maxwell Maltz, Psychocybernetics aut Self Realization, A Different World Ltd, Publications, 1970. 


I know that there are infinite forces at work within me. I want to 


free them, and make them grow constantly. 
Henry Durville, 1 Want To Su 


od, Durcille Publications, 1968. 


(Lam limitless, I know no boundaries as I live unconditional love 
and creativity. I recognize my true identity.) 


Barbara J. Gress, Personal Power Cards, Aslan Publishing, 1991 


Tuse my power to choose wisely. 
(i Manino, The Greatest Secret In The Worl, A fret World Pres, 1978 


I choose what happens in my life instead of leaving things to 


chance. 
‘Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


Tam now at peace with my past. It's finished, and I am free! 
From now on I will forgive everyone whom I come in contact 
with. We are all happy and free. I don’t have to try and please others. 


1am worthy of being loved and appreciated, whatever I do! 
Shakti Gawain Creative VeualizatonTeclaques, Sli Publications, 1978, 


Tam free to act as I wish. 
Francoise and Michel Moine, Develop Your Psi Powers, Stock Editions, 1982, 
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Tam free to live in any way I choose. 
Lous Prot, Self Healing, Pats Pulbliatons, 190 


I want to be free; free of myself as well as of others. 
Henry Durville,| Want To Succeed, Durville Publications, 198. 


When my mind is really free I won't be imprisoned by my emo- 
tions. A man who is freed from prison doesn’t have to think about 


freedom or imprisonment any longer. 
Vernon Howard, Psycho-Pictograpy, SP, 1965. 


In harmony with the whole universe I find my individual free- 


dom. 
Shakti Gawnin, Reflections In The Light, New World Library, 1978 


FREE TIME 


I never miss an opportunity to do nothing, and give myself the 


time to do so regularly. 
Piere Nicolas, Time Is Money. An Penure, ter Publications 1981 


FRIENDSHIP 


I need friends, I need to be surrounded with people who will 
help me as I help them. 


Richard Corriere, Joseph Hart, Getting Into Psychological Shape, Les Editions de Homme, 


I like others and I like myself. I find it easy to make new friends. 
Vera Pfeifer, Pasitioe Thinking, Element Books, 1989, 


I create close links of friendship around me, in which the prin- 


ciple attractions are not problems or needs, but values and goals. 
Denis Waitley Seeds Of Greatness, Pocket Books Pres, 1988 
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I cultivate friendships which are important to me. I allow myself 


to have confidential relationships with certain people. 
Wayne. W, Dyer, The Sky's The Limit, Mortage Publication, 198. 


I keep making new friends. 


Professor Kurt Tepperwein, Think And Heal, Godefioy Publications, 1984 


I make friends easily, and I have a lot of respect for them. My 
friends can count on me. 
Sad Helmsteter, The Power Of Iner Motioaton, Pllished by Le Jour, 1987 


Tonly have friends. 
Jean Carte, How To Acquire A Superior Personality, Dangles Pres, 1971 


I never neglect my friendship with others. 
Dr, Maxwell Malte, Psychocyberetic and Self Realization, A Different World Ltd. Publications, 1970, 


Iam funny and adorable, and Ihave some very, very good friends. 
“Matthew McKay an Patrick Fanning, Sef Esteem, New Harbinger Publications Inc, 1990 


Tam surrounded by friends. 
Francoise and Michel Moine 


velop Your Psi Powers, Stock Publications, 1982. 


I appeal to You, my Inner Guide, to give me the power to radiate 
love and sympathy all around me, so that I can attract others to me. 
Help me find those with whom I can forge real and lasting friend- 
ships. Let these people cross my path, and help us recognize immedi- 
ately that we are on the same wavelength, that we belong to each 
other. I thank You for your help and guidance. 


K.O. Schmidt, Success At Your Doorstep, Astra Publications, 1986. 


FRIGIDITY 


Thave gained a better understanding of my problem. I know that 


F Page 148 


Tam not really frigid, that I am a warm person and that the sex act is 
an expression of love. 


Tam not frigid and I can achieve an orgasm. 
Frank S. Caprio, MLD. & Joseph, Berger, Helping Yourself With Sef Hypnosis, Prentice Hall nc, 1978 


Hove my body and I have the right to be sexually satisfied. I find 
it easier and easier to have an orgasm. I love orgasms, and abandon 
myself completely, with complete confidence. Iam becoming a sexu- 
ally fulfilled woman, vibrant with sensuality. I find it easy to attain 
orgasm, and to satisfy my partner. I love my body, and my partner’s 


body, and Iam becoming a more and more desirable woman. 
Christian H. Godefroy. Helping Yourself Through Self Hypnosis, Godefroy Publications, 1985 


Ilike my body and [like myself. I reach orgasm with ease. lawaken 
my partner's desire and I know how to satisfy him. I am a sensual 


woman and I can abandon myself to my desire. 
Kar Stocber, Psychorning, Godefoy Publications, 1984 


Tama normal woman who functions normally. 

Ican be perfectly relaxed and enjoy a sexual encounter. 

I know that having an orgasm is completely normal. 

Tama healthy woman; I relax completely and open myself to my 
partner. 

accept my orgasm without forcing it or wanting it too much. 

Tam convinced that making love is a beautiful and pleasant ex- 
perience. 

I see myself as a woman who can always have an orgasm. 

My body and mind are free of past sexual failures. 

Tam a woman, a feminine being, and I love to make love with my 


companion. 
Dr, Anthony anal Mary Zaffuto, Alphagenies, Quebec - Amerique Publications, 1974. 
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FRUGALITY 


Whether I’m out or at home I enjoy eating small portions. 
‘Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


I found health by living in moderation and eating frugally, sim- 


ply in order to assure my survival. 
W. Clement Stone an Napoleon Hil, Sucess Through Pastoe Thinking, Godefroy Publications, 1978 


like leaving the table still feeling a little hungry. 
Subipower, Subliheath Ed Inter, 1989 


I will only eat healthy foods, and never to excess. 
1 Corey, Stay Younger, Lie Longer Through The Magic Of Mental Se-Conitonin, Parker Pullishing 
Conpeny In, 1968 


When I sit down to eat I always tell myself: “I live better when I 
eat less.” 

I like eating less, Although I am always well nourished, I really 
like eating small portions and staying a bit hungry. 

I never eat more than I should. I know how much food I need, 
and I'm proud of myself because I eat well, Iam reasonable, and I've 


never looked better! 
‘Shad Helmstetter, The Power Of nner Motivation, Published by Le Jour, 1987. 


FRUSTRATION 


I stop brooding about the best way to do things and simply start 
doing them. 


Vernon Howard, Psycho-Pictography, S.LP, 1965, 


I remind myself that frustration is a waste of time. 
Dr. Maxuell Maits, Psychocybernetics and Self Realization, A Different World Ltd, Publications, 1970, 
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I can always reap an advantage of some kind from a negative 
experience. I no longer react to frustration as I did at one time, for I 
know that I can profit from whatever happens, good or bad, in one 


way or another. 
Frant 8 Caprio MD. & Joep R Berger, Helping Yousef Wih Self Hypnos, Pec Hall In, 1974 


FULFILLMENT 


Iam burning to discover the best part of myself, that confident, 
companionable and responsible person I sometimes am. I avidly 
search for occasions to fulfill myself and refuse to get frustrated and 
boxed into a dead end. 

I never neglect the responsibility I have to myself to open the 


doors of my real personality and live my life to the fullest. 
‘Dr. Maxwell Mal, Psychocyberntics and Self Realization, A Different Word Lid. Pulbliatons, 1970. 


[I am excited to be alive. Iam glad to be here. I am a bright shiny 
star that glows every day and night. 


Barbara J. Gress, Personal Power Cards, Aslan Publishing, 1991 


In future everything I say will tend to magnify my life. I want to 
live a noble and full life, spreading good to those around me, in an 


atmosphere of clarity and serene joy. 
Henry Durville,1 Want To Succeed, Durvill Publications, 1968 


I want to live fully. 


Jean Charter, How To Acquire A Superior Personality, Dangles Press, 1971. 


I feel fulfilled. 


Richard Correre, Joseph Hart, Getting lnto Psychological Shape, Les Editions de Homme, 1979, 
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FUTURE 


I try to be as conscious and as positive as possible when making 


decisions that affect my life and my future. 
‘Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


This is a great opportunity. I am constructive and positive, and I 


am starting to work on my future. 
Vera Pfeifer Postoe Thinking Element Books, 1989 


wat Can Ga Wrong 


Soldering Damage 
Like any semiconductor, transistors are vulnera- 
ble to heatand can be damaged while soldering, 
although this seldom happens if a low-wattage 
ironisused. A copperalligator clipcanbe applied 
asa heat sink to each lead before itis soldered. 


Excessive Current or Voltage 

During use, a transistor will be damaged if itis 
subjected to current or voltage outside of its rat- 
ed range. Passing current through a transistor 
without any series resistance to protect it will a- 
most certainly burn it out, and the same thing 
can happen if incorrect resistor values are used. 


The maximum wattage that a transistor can dis- 
sipate will be shown in its datasheet. Suppose, 
for example, this figure is 200mW, and you are 
using a 12VDC supply. Ignoring the base current, 
the maximum collector current will be 200 / 1 
approximately 15mA. If the transistor’s emitter is 
connected to ground, and the load applied tothe 
transistor output has a high impedance, and if, 
we ignore the transtesistance, Ohm's Law sug- 
gests that a resistor that you place between the 
collector and the supply voltage should have a 
resistance of at least 12 /0.015 = 800 ohms. 


smiconductor > multi-junetion > bipolar transistor 


When transistors are used in switching applica- 
tions, itis customary for the base current to be 
1/Sth ofthe collector current. In the example dis- 
cussed here,a 4.7K resistor might be appropriate, 
A meter should be used to verify actual current 
and voltage values. 


Excessive Leakage 

In a Darlington pair, or any other configuration 
where the output from ane transistor is connec- 
ted with the base of another, leakage from the 
first transistor while in its “off” state can be am- 
plified by the second transistor. If this is unac- 
ceptable, a bypass resistor can be used to divert 
some of the leakage from the base of the second 
transistor to ground. Of course the resistor will 
also steal some of the base current when the first 
transistor is active, but the resistor value is typi 
cally chosen so thatit takes no more than 10% of 
theactive current. See Figure 28-8 foran example 
ofa bypass resistor added to a Darlington pair. 


252 
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GAMBLING (Games Of Chance) 


Tam incredibly smart. I know which (card, horse, number, etc.) is 
going to win. 
Win, win, win. 
Dr Josept Murty, These Truths Will Change Your Lif Published by Le our, 1982 


Inever play. 


NEVER. 


Dale Carnegie, Overcome Your Worries, Flanomarion, 1944. 


GASTRITIS (Inflammatory) 


Blood flows into my stomach and intestines, repairing my mu- 
cous membranes, which are red and inflamed; my white blood cells 


close up the sores, and my mucous membrane is healed. 
Dr. Gaston Durie and Dr. Andre Durill, Mental Cure, Naturist Institute Publications, 1923 


GENEROSITY 


[Iam gentle and generous with the people I like.] 
Louis Prot, Sel Healing, Pats Plans, 190, 


Tam a generous and loving person. 
Emrika Pais, Encyclopedia of Emotions And Heath Edi Iter, 1991 
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The more I share my possessions the more is given to me in re- 


turn. 
W. Clement Stone and Napoleon Hill, Success Through Positive Thinking, Godefroy Publications, 1978 


GIFTS (Talents) 


Every day I develop the gifts that have been bestowed upon me. 
Icultivate them assiduously, and with more and more noticeable suc- 
cess. Once again I let my inner Guide act through and for me. His will 
is my own. 

Tam united with my inner Guide. It activates my inner aptitudes, 
especially my gift for.... (specify). Every day this gift gets stronger. 


K.O. Schmidt, Success At Your Service, Astra Publications, 1986. 


GOALS (Aims) 


Every time I want to do something or change something about 
my life I write it down, I develop a plan for attaining my goal, and set 
myself a deadline. In this way all my goals are transformed into ac- 
tion. 

Whenever I want to change something about myself, or get some- 
thing in life, I set myself a goal, I write it down, I read it over every 


day, and I take the necessary steps to attain my objectives. 
Shad Helinstetter, The Power Of ner Motivation, Published by Le Jour, 1987 


I find my goals and decide now to go after them (intense desire 
makes things happen!). 

I write my goals down. (Writing goals has magic. I have a plan, 
rather than a wish or daydream. Writing is a commitment). 

Tread my goals every day (I reinforce my commitment, and in- 
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spire action). 

I visualize myself reaching my goal (just after awakening and 
just before falling asleep). 

Imake an affirmation for my goal and affirm myself. (Affirmations 
are the fuel for motion. I affirm my objective(s) many times each day. 
I keep building my confidence. I repeat each day’s words aloud 10 


times, 3 times daily). 
Link KrafMacoy, 30 Days To Happiness, Stlpont 1987 


I will not waste my strength on idle pleasure or useless work, All 


my actions will lead towards my goal. 
Henry Durvle, Want To Succeed, Drvlle Publication, 196. 


I don’t get all worried about results. I take pleasure in the journey 


towards my goal. I know exactly what I want. 
Vernon Howard, Psycho-Pictography, S.LP, 1965, 


T always set new and higher goals once the old ones have been 


attained. 
(Og Manddino, The Greatest Seeret In The World, A different World Press, 1979. 


I know what I want. 
Raymond Hull, Wanting Is Power, Les Editions de Homme, 1969 


I know I am capable of attaining the goal I set for myself; there- 
fore I demand continued and indefatigable action from myself, di- 
rected towards my goal. 

Thave a clear written description of the precise goals I set for 


myself, and I will not stop trying to attain them. 
Napoleon Hill, Think Anu Get Rich, Tehou | Ariston, 1966. 


Tam strong. Iam courageous. I pursue my choices with focus and 


confidence. 
Barbara J. Gress, Personal Power Cards, Aslan Publishing, 1991 
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Once I set goals for myself, I find it easy to attain them. 
Sullipower, Subli Success, Ed Inter, 1989. 


My desires lead to positive goals which direct my life. 
Sublpower, Sub Success, El inter, 1988 


My prayers are powerful, and I know they will help me attain my 
goal. 


Clausle M. Bristol, Harold Sherman, Your Inner Power = TNT, A Different World Publications, 1954. 


One of the keys to my success is knowing precisely what I want 


to do. 
Charles Albert Poissant & Christian Godefroy, The Secret Of Being A Millionaire, Godefroy Publications, 1987. 


GOLF 


My golf swing is improving day by day. [hit the ball with power 
and precision, no matter what the situation. My swing is becoming 
elegant and effective. I hit my irons as well as my woods. And I'm 
doing very well with my putter too. Golf is becoming easy for me. 


My score is improving all the time. 
Christian H. Godefroy. Helping Yourself Through Self Hypnosis, Godefroy Publication, 1985 


GOOD HUMOR 


At the center of every human being there lives an inner Guide. 
May my Guide awaken and transform the sullen side of my person- 


ality into a friendly, joyous and harmonious disposition. 
KO. Schmidt, Sucess At Your Serie, Asta Publctons, 1986, 


I try to maintain my good humor and enthusiasm. 


Every morning I try to wake up ina good mood, ready for action! 
Sad Heimsteter, The Power Of lner Motioaton, Published by Le four, 1987 
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GOODNESS 


I try to see the good in others, but first I look for what is good in 


myself. 
‘Dr. Maxwell Mate, Psychocybrntics and Self Realization, A Difrent Word Lid. Pulbliatons, 1970. 


I put my best self out there. 
Lin Kraf-Macoy, 30 Days To Happiness, Stlpoin, 1987. 


Tam good. 
Rober Collin, Welt At Your Doorstep, SP, 1958. 


IfI want to find happiness I have to stop thinking about the grati- 


tude or ingratitude of others, and give solely for the joy of giving. 


Dale Carnegie, Overcome Your Worries, Flammarion, 1944. 


If man is good, the world is good. 
W. Clement Stone and Napoleon Hil, Success Through Postce Thinking, Godeioy Publications, 1978 


GRATITUDE 


Inow give thanks for all the good things I have and all that is still 


to come. 
‘Shakti Gawain, Creative Visualization Techniques, Soleil Publications, 1978, 


If I want my children to be grateful I have to show them how 
myself, by being grateful to others. 


Dale Caruegie, Overcome Your Worries, Flantmarion, 1944. 


I give thanks for having been allowed to discover the divine as- 
pect of my mind and body, and for the help I received in settling my 
business affairs and personal relations. 

Now I give thanks for this life full of health, wealth, happiness, 
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and perfect self expression. 
‘Shakti Gawain Crevice VeualizatonTeclaques, Sle Publications, 1978 


GREED 


Thave more material wealth than I need, because I am not greedy 
and desire only what I can use constructively in my life. It took a lot 
of effort to get where I am, and I have always observed the laws of 
nature by developing positive habits to which I adhere. 


W. Clement Stone and Napoleon Hill, Success Through Positive Thinking, Godefroy Publications, 1978 


GRIEF (Also see Forgiveness) 


I free myself of my grief, and the incessant flow of negative 
thoughts. 


Dr. Maxell Maltz, Psychocybernetics and Self Realization, A Different World Ltd. Publications, 1970. 


GRIEVANCES 


Tagree to let bygones be bygones, and bury my grievances in the 


past. 
Dr Maxwell Mats, Peychocyberetics ant Self Realization, A Diferent World Ltd, Publication, 1970. 


GROWTH 


I'm open to new ideas. The best in me surges forward, never stop- 
ping, never ending, filling me with joy and freedom. That is the law 


of growth working within me, leading me towards what is good. 
Dr Joseph Murpey, Mastering Yourself And Otters, Pblished by Le our, 1988 
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My world is opening and expanding. 
Denis Waitley, Seeds Of Greatness, Pocket Books Pres, 1988 


GROWTH - PHYSICAL 


Thave a good appetite, I am digesting my food better, my lungs 


are getting stronger, I’m becoming robust, and developing normally. 
Emile Coue, Complete Works, Astra Publications, 1976 


GUILT (Also see Fear, Rejection) 


Feeling guilty won’t change the past and won’t make me a better 
person. 

I tell myself that the past can never be changed, no matter how 
unpleasant it may be. What's done is done. I can feel as guilty as I 
like, but that won't change anything. 


Wayne Dyer, Your Erogenous Zones, Tehow Press, 1976. 


Thave the right not to feel responsible for other people’s feelings. 
Christan H. Godefroy and Jn Clark, How To Hae More Tine, Godefroy Publications, 1988 


I stop feeling needlessly guilty. I try to find the reason for a mis- 
take, without blaming myself. 


Vernon Howard, Psycho-Pictography, S.LP, 1965, 


I give myself the right to make mistakes. 
Pierre Nicolas, Time Is Money. And Penure, ter Publications, 1981 


I pardon and absolve myself of all guilt, here, now and forever! 
Shakti Gawain, Cente Viuaization Techniques, Sl Publications, 1978, 


I forgive all those who tried to make me feel guilty about sex and 
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my body. 


Louis Proto, Self Healing, Piatkus Publications, 1990. 


I thank God every day for what life brings me. I an thankful for 
my luck and for my joys, and also for the obstacles and deceptions. I 
ask forgiveness for my prejudices against others, and thus free my- 
self of guilt. 


Professor Kurt Tepperwein, Think And Heal, Godefroy Publications, 1984 


Everybody makes mistakes, it’s only human. 

I accept the consequences of my actions without embarrassing 
myself by blaming myself for past errors. 

However bad a decision I made, it doesn’t matter. I accept myself 
as a person who, like everyone else, is just trying to survive. 

Ican learn from my mistakes without guilt or worry. 

Tam not responsible for others. 


Everyone's awareness is different, so comparisons are worthless. 
Matthew McKay & Patrick Fain, Self Esteem, New Harbinger Publications, 190 


Ishake offall my erroneous thoughts, as well as those of the people 


around me. My mind is perfectly clear and free. 
‘Marcel Aucar, The Book Of Happiness, Sul Publications, 2958. 
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HABIT 


I reject my negative habits, those which don’t do me any good; I 


cultivate my positive habits, those which work to help me. 
Dr. Maxwell Mate, Psychoeybrntics and Self Realization, A Different Word Lid. Publications, 1970. 


I know that habits can be changed. I have already altered old habits 
and acquired new ones, whether in sales, bowling, or thinking. Ihave 
done it (1) when I became aware of the habit; (2) when I became con- 
vinced it was blocking me from reaching my goals; (3) when I worked 


at substituting a new, more useful habit. 
Dr Marty Seldman, Super Selling Through Self Talk, Price Stern Sloan, 1986. 


Tam completely free of this habit. Harmony and peace of mind 


reign over me. 
De Joseph Murpey Exploit The Power Of Your Subconscious, Teo | Ariston, 1962 


HABITS - NEGATIVE 
(Also see Diet, Habit, Hygiene) 


No negative habit can dominate or influence me. I am in control 
of myself and my actions. I always do what is best for me and for my 


future. 
Shnd Hetmstetter, The Power Of ner Motcaton, Published by Le Jour, 1987. 


Thave decided not to have any unhealthy habits. 


‘Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 
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I do not identify with undesirable habits. They are only acquired 


traits, and are not part of my real Self. 
Vernon Howard, Psycho-Piclography, SP, 1965, 


Tam free of this habit, I have peace of mind. 
Dr. Joseph Murphy, The Miracles Of Your Mind, Dangles Press, 1984. 


My bad habits disappear easily and are replaced by positive ones, 
especially concerning my diet and hygiene. And this naturally con- 


tributes to improving my general state of physical health. 
Charles Baudouin, Psychology And Practice of Autosuggestion, Iegraph Publications, 1990 


It is easy for me to replace one habit with another. 
Sublipower, Sublicontrol, Edi Inter, 1989. 


HABITS - POSITIVE 


I will develop good habits and become their slave. 
(Og Mandino, The Greatest Secret In The World, A different World Press, 1979 


Thave good working and living habits. 


Pierre Nicolas, Time Is Money... And Plensure!, Inter Publications, 1981 


I am going to develop habits that are going to make me think 


better and feel better. 
Frank S. Caprio, M.D. & JosepltR. Berger, Helping Yourself With Self Hypnosis, Prentice Hal! ln., 1974. 


HAIR 

I can improve the condition of my hair... help it grow back... 
through mental action... I feel my hair revitalizing... getting stronger 
and more vigorous every day. 

I’m not afraid my hair will fall out... losing my hair is no longer a 


field effect transistor 


2S 


‘The term field-effect transistor encompasses a family primarily consisting of the june- 
tion field-effect transistor (or JFET, which isthe simplest generic type) and the metal-oxide 
semiconductor field-effect transistor (or MOSFET, also sometimes known as an insulated- 
gate field-effect transistor, or IGFET). Because the principles of operation overlap consid- 


erably, the entire FET family is grouped in this entry. 


OTHER RELATED COMPONENTS 


+ bipolar transiter (Seo Chapter 28) 
+ unijunetion transistor (Seo Chapter 27) 
fe (See Chapter 26) 


What It Does 


How It Works 


field-effect transistor creates an electricfield to 
control current flowing through a channel in a 
semiconductor. MOSFETs of microscopic size 
form the basis of complementary metal oxide 
semiconductor (CMOS) integrated circuit chips, 
while large discrete MOSFETs are capable of 
switching substantial currents, in lamp dimmers, 
audio amplifiers, and motor controllers. FETs 
have become indispensable in computer elec- 
tronics. 


A bipolar transistor is generally thought of as 
a current amplifier because the current passing 
through it is controlled by a smaller amount of 
current passing through the base. By contrast, all 
FETs are considered to be voltage amplifiers, as 
the control voltage establishes field intensity, 
which requires little or no current. The negligible 
leakage through the gate of an FET makesitideal 
for use in low-power applications such as 
portable hand-held devices. 


This section is divided into two subsections, de- 
scribing the most widely used FETs: JFETs and 
MOSFETs. 


JFETs 

‘A junction field-effect transistor (or JFET) is the 
simplest form of FET. Just as a bipolar transistor 
can be of NPN or PNP type, a JFET can have an V- 
channel or P-channel, depending whether the 
channel that transmits current through the de- 
vice is negatively or positively doped. A detailed 
explanation of semiconductor doping will be 
found in the bipolar transistor entry. 


Because negative charges have greater mobility, 
the N-channel type allows faster switching and 
ismore commonly used than the P-channel type. 
A schematic symbol for itis shown in Figure 29-1 
alongside the schematic for an NPN transistor. 
These symbols suggest the similarity of the de- 
vicesas amplifiers or switches, butitisimportant 
toremember thatthe FET isa primarily a voltage 
amplifier while the bipolar transistor is a current 
amplifier. 
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problem... because I know I can keep my hair. 
I think about caring for my hair every day... helping to give it 
strength and vitality. 


‘Marcel Rowet, Motivating Your Subconscious, Dangles Press, 1982 


HAIR LOSS 


I’m not at all worried about going bald one day... I know I will 
keep my hair... 1 don’t think about losing it any more... on the con- 
trary I’m certain I have the power to keep my hair... I am free of the 
fear of losing my hair... I actually feel it getting stronger and thicker... 


growing more and more... 
Mare Rout, Motioting Your Subconscious, Dangles Pres, 1982 


HALITOSIS 
My breath smells fresh. 
Euitoril Sta, Pratcl Healt Guides, How To Stimulate Your Body's Natural Defences, Codefay Publications, 
1968, 
HANDICAP 


I can be greater than anything that happens to me. 


Norman Vincent Peale, Whew You Want, You Cant, A Different World Press, 1974 


HAPPINESS 
(Also see Love of Self, Confidence, Intimacy) 


None of my past sufferings, nothing unpleasant or tragic that 
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happened to me will enter my mind. I will only allow positive 
thoughts, thoughts of joy and of the friends with whom shared happy 
times, thoughts of peace and success, to enter my mind today. 

Iwill not allow anything to disturb my happiness: I have the right 
not only to exist today, but to really live. 

I don’t want to be unhappy today, whatever happens. I want to 
live and rejoice to the fullest on this day. I won’t let anything make 


me angry. 
Orison Swett Marden, The Joy Of Living, |, Jeheber Publications 


Today is the best day ever. 


Denis Watley, Seeds Of Greatness, Pocket Books Press, 1984. 


God wants me to be happy. 
The happier I am, the happier the people around me are. 


Louis Proto, Self Healing, Piatkus Publications, 1990. 


I assert my permanent good health, my happiness, the perfect 


creative expression of myself. 
Charles Barker, The Science Of Success, angles Press, 1983 


Ihave the right to be happy. I work on getting better at being 
happy. 


Christian Godefroy Collection, Magic Formulas For Success And Happiness, Godefroy Publications 


Thave the right to try to be as happy as possible as long as I re- 


spect others. 
Jean-Marie Boisvert and Madeline enusry, Self Affirmation ana Communication, Godefoy Publications, 1979 


Talways have what I need to be happy here and now. 
Tam rich, I feel good about myself, I am happy. 
I do, however, also accept responsibility for trying to make the 


world an oasis of happiness and abundance for everyone. 
Shakti Gawain, Creative Visualization Telnques, Sl Publications, 1878, 
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I believe that happiness comes from the ability to enjoy life and 


an unselfish desire to comfort and help others. 
Frank S, Caprio, M.D. & joseph R. Berger, Helping Yourself With Self Hypnosis, Prewtce Hall Inc, 1974 


I make an effort to be happy. 


Wayne Dyer, Your Erogenous Zones, Tehow Press, 1976. 


I deserve to be happy, healthy and wealthy. My mind’s natural 


state is happiness. 
Linh Kraf-Macoy, 30 Days To Happiness, Stllpoint, 1987. 


Tam immersed in happiness. 
Eira Sif Practica! Heath Guides, How To Stimulate Your Boy's Natural Defences, Gafoy Puan 196, 


I think of happiness as a state of inner freedom. 
Vernon Hooad, Psyho-Pitograpy, SP, 1965. 


Tknow how to savor each instant of happiness. I live intensely, in 
the present moment. 
Christin Godefroy, 1997. 


I will be happy. 


(Og Mandino, The Greatest Seeret In The World, Different World Press, 1979, 


Tam happy to be alive and to be building my success. 
hares Baudouin,Peyholog And Practice of Self Suggestion, ligraph Publications, 1890, 


The spirit in me is the artisan of my happiness. 
‘Marcel Aucain The Boo Of Haynes, Sui! Plications, 1958. 


My mind and my soul are a haven of happiness, joy and confi- 
dence. 
Dr Joseph Murpey Mastering Yourself And Others, Published by Le our, 1988 
To be happy I make others happy! 
Thave found happiness by helping others find it. 


W. Clement Stone and Napoleon Hill, Success Through Positive Thinking, Godefroy Publications, 1978, 
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For me, true happiness never comes alone... 
“Marcel Aucar, The Book Of Happiness, Sul Publications, 2958. 


HARMONY 


I accept the divine balance between male and female. I experi- 
ence this male / female relationship with love and understanding, I 


allow this relationship to expand and strengthen me every day. 
Barbara J. Gress, Personal Power Card, Aslan Publishing, 1991 


Tam in perfect harmony with the universe. 
Editorial Staf, Practical Healt Guides, How To Stimulate Your Body's Natural Defenses, Godefroy Publications, 1989, 


HARMONY - CONJUGAL 


Each day I shall remind myself to be less sensitive. Love frustra- 
tions are often the result of over sensitivity. We all know couples who 
truly love each other, yet constantly bicker over trivialities, each over- 
sensitive and on the defensive. Their love is like a duet, played on a 
discordant note. 

I must give my wife companionship. 

I must not expect my wife to conform to my way of thinking about 
everything. 


Frank 5, Caprio, M.D. & Joseph R. Berger, Helping Yourself With Self Hypnosis, Prentice Hall Inc, 1974. 


I like being married and I take advantage of the numerous ben- 
efits it offers. 

My marriage is a success because I do my part. I don’t take my 
success for granted, and I make a conscious effort to make my mar- 
riage a success, and help it grow. 

My marriage is proof of the effectiveness of teamwork. Iam never 
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alone in life, because I am part of a loving, attentive and successful 
team. 
Irespect my marriage and my partner, and I always try to resolve 


our differences in as positive a way as possible. 
Shad Helmsteter, The Power Of Iner Motiaton, Plblishe by Le Jour, 1987 


Tbegin and end each day with a declaration of love for my spouse, 
and during the day, if possible, I devote three minutes of telephone 
time just to chat with him / her and express my love. 

I’ma good listener. I care about my spouse's life, about the thou- 
sand and one details and little incidents that occur every day. I re- 
mind myself that things done out of duty may be done well, but things 
done out of love are done with grace. see how something begun as a 
duty can be transformed into a work of love. It’s actually amazing 
how fascinating the ‘little things’ in life can be. 

I do not force my spouse to compete with the children for my 
attention. I make sure to spend time alone with my spouse. 

When we disagree about something I think that it is possible to 
have different opinions without arguing. However, we never go to 


sleep before resolving our differences. 
ig Ziglar, Rendez-ous At The Top, A Different World Publications, 1975. 


I know and believe that there is a man out there who will love 
and take care of me. I also know that I can contribute to his happiness 
and peace. He will accept me the way I am. He won't want to re- 
educate me, and I don’t want to be re-educated. It won't be necessary, 
because our relationship will be based on love, freedom and mutual 
respect. 

I can picture very clearly the qualities I’d like to see in my hus- 


band. I think about these qualities, so that they also become my own. 
De Joseph Murphy, Mastering Yourself And Otters, Published by Le four, 1988 


Tam you and you are me. We are one, nothing can separate us. 
10. Schmidt, Sucess At Your Serie, Asta Publctons, 1986 
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Every day our relationship is becoming more and more harmoni- 
ous. We are happy to live together, we compliment each other and 


our love for each other is growing. 
Kar 0, Steer, Psycholrning, Godefoy Publications, 1984 


We always solve our differences with understanding and consid- 
eration. 

Trespect the unique character of my spouse. I admire the numer- 
ous qualities in her / him which makes this relationship unique. 

Tam honest and sincere, and I express my thoughts and opinions 


openly, while taking what my partner has to say into account. 
Shad Helmstetter, The Power Of ner Motivation, Published by Le Jour, 1987 


Our relationship is going very well. 


Editorial Staff, Practical Health Guides, How To Stimulate Your Body's Natural Defences, Godefioy Publications, 1989, 


HARMONY - FAMILIAL 


(I invest in the well being of my children. And I must make my 


wife feel like a woman and not a mother substitute.) 
Frank S, Caprio, M.D. & Joseph R. Berger, Helping Yourself With Self Hypnosis, Prentice Hall Inc, 197 


HARVEST 


Task God to bless each furrow of ploughed earth. Every seed that 
is put into the seeder is blessed, and I have a clear image in my mind 


of the abundant harvest that will come later, God willing. 
Robert Collier, Wealth At Your Doorstep, $.LP, 1959. 
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HATE (Also see Love) 


Wherever I feel an impulse of hate or anger arising in me I re- 
place it with a loving thought and act as if I feel love instead of aver- 


sion. 
K.O. Schmidt, Success At Your Service, Astra Publications, 1986. 


Icelebrate a general amnesty, freeing all those who have hurt me. 
I wish them all peace, health and happiness, and send them my bless- 
ings. 

Dr Joseph Murphy Exploit The Power Of Your Subconscious, Thou | Ariston, 1962 


HEALING 


My healing powers are developing and getting stronger. 
Sublpower,Subieath Ea Iter, 1989 


What the mind causes the mind can cure. 
Frank S, Caprio, M.D. & Joseph R. Berger, Helping Yourself With Self Hypnosis, Prentice Hall Inc, 1974 


My thoughts are becoming more positive every day, healing me, 


assuring my success and bringing me happiness. 
Professor Kurt Teperwein, Think And Heal, Gaefoy Publications, 1984 


I love my body. I have the power to heal myself. 


Editorial Staff, Practical Health Guides, How To Stimulate Your Body's Natural Defenses, Godefioy Publications, 1989, 
I believe and know that divine love is in the process of healing 
me. 


Dr Joseph Murphy, Mastering Yourself And Others, Published by Le Jour, 1988. 


I direct all the energy in me towards God and His powers of heal- 
ing. And the seed of this attitude sprouts and grows in the fertile soil 
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of my subconscious mind. 

Tknow that the infinite power of healing is healing me right now. 
It can heal me despite any logical proofs to the contrary. I feel it, I 
believe it, and I’m ready to attain my objective, which is my complete 


recovery. 
rr Joseph Murphy, Mastering Yourself And Others, Published by Le Jour, 1988. 


I will recover. 
Emile Coue, Complete Works, Astra Publications, 1976 


I rejoice in this new body and give thanks. 


R. Charles Barker, The Science Of Success, Dangles Press, 1983 


Iam getting better. 


I want to get better. 
Professor Robert Tocquet, The powers OF The Will, Godefoy Publications, 1989.¥ 


The love of God saturates my entire being. The peace that comes 
from God fills my soul, and I give thanks for the marvelous healing 


that is taking place in me at this very moment. 
Dr, Josep Murphy, These Trths Will Change Your Lif, Published by Le Jour, 1982. 


The power of my subconscious heals my body and makes it per- 
fectly healthy. 


Thave the power to heal myself. 
Christian H. Godefroy, Helping Yourself Through Self Hypnosis, Goefoy Publications, 198. 


The doctors are amazed at my progress. 
Louis Proto, Self Healing, Pats Publications, 190 


My state if health is improving. 
Dr Joseph Murphy The Miracles Of Your Mind, Dangles Pres, 1988 


If one of my organs is functioning badly the natural power of 
healing will work on curing the anomaly day by day. 
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My healing powers are strong and protect me against all disease. 
Sublipower, Subliheat, Edi Inter, 1989. 


The power of suggestion accompanied by effective treatment will 


assure my recovery. 
RL. Charpentier, Autosuggestion And Its Practical Application, Champs Elysees Publications, 1958. 


Every day, and in all ways, I am feeling better and better. 
Emile Cave, Complete Works, Astra Publication, 1976 


Everything is fine. 
Marcel Aucr, The Book Of Haines, Sui! Plato, 1958. 


HEALTH - GENERAL (Also see Beauty, 
Vitality, Confidence, Happiness, Looking 
Good, Slimness, Charm, Balance, Harmony, 
Self Expression, Peace, Success, Prosperity, 
Love of Life, Energy) 


As my essential functions of digestion, circulation, breathing and 


sleep get better and better, so does my general health. 
Charles Baudouin, Psychology And Practice of Aulosuggeston, degraph Publications, 1990. 


From today on I will develop my body and mind. I will remain in 


good health. I am solid and strong because I have decided to be so. 
Raymond Hull, Wanting Is Power, Les Editions de !' Homme, 1969 


Calm and relaxed, I regain my strength and health. 
RL Charente, Autosuggestion And Us Practica! Applicaton, Champs Elysees Publications, 158. 


Every cell of my body breathes harmony and health. My whole 
body radiates health. I feel wonderful. I’m in great shape. The way I 
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look and move expresses health and harmony. I radiate well being. 

Every day my positive thoughts keep me healthy. My thoughts 
create harmony in my body and in my relations with people. These 
harmonious thoughts give me strength and health. 


Charles Bauctouin, Psychology And Practice of Autosugeestion, ldegraph Publications, 1990, 


Every day I get more beautiful and healthy! 
Everything I do promotes my health and beauty. 


‘Shakti Gawain, Creative Visualization Techniques, Soleil Publications, 1978. 


The prototype of my body inall its perfection can be found in my 


subconscious mind. 
Charles Barker, The Science Of Success, Dangles Press, 1983 


Ican feel my body more healthy now. I visualize, think and speak 


well of my health. I use positive self-talk on a regular basis. 
Denis Wailey, Sects Of Grentess, Pocket Books Pres, 1988 


Tam acquiring good health. I make sure to keep all the parts of 
my body healthy. 


Raymon Hull, Wanting Is Power, Les Eiitions de Homme, 1969. 


T have an increasingly positive mental attitude in a perfectly 
healthy body. 

Iam constantly creating positive images and thoughts which keep 
me healthy and in top shape. 


Christian Godefroy, Mental Dynamics Seminar, 1978 


I listen to my inner voice which always tells me the truth about 
my physical condition. I always listen to its warnings and advice. 

My mind takes good care of me. By giving it clear inner instruc- 
tions, I consciously condition it to keep my body bursting with health, 
energy and vitality. My mind always obeys my commands. 

I am very healthy, but I don’t take my health for granted. I am 
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Figure 29-1. A comparison between schematic symbols 
for N-channel JFET (left) and NPN bipolar transistor 
(ight) supgests their functional simuanty as switches or 
amplifiers, although their behavior is markedly diferent 


Three JFETs are shown in Figure 29-2. The N- 
channel J112 type is supplied by several manu- 
facturers, the figure showing two samples, one 
from Fairchild Semiconductor (left) andthe other 
from On Semiconductor (right).Although the full 
partnumbersare different, the specifications are 
almost identical, including a drain-gate voltage 
of 35Y, a drain-source voltage of 35V, and a gate 
current of SOmA. The metal-clad 2N4392 in the 
center has similar values but is three times the 
price, with a much higher power dissipation of 
1.8W, compared with 300mW and 350mW for the 
other two transistors respectively. 


Figure 29-2. Junction Field Etfect Transistors (JFETS). 
‘Soe text for deta 


Schematic symbols for N-channel and P-channel 
JFETs are shown in Figure 29-3, N-channel being 
on the left while P-channel is on the right. The 
upper-left and lower-left symbol variants are 
both widely used and are functionally identical. 


screte semiconductor > mult-junction > field effect transistor 


mean the same thing. Because the upper variants 
are symmetrical, an S should be added to clarify 
which terminal is the source. In practice, the $ is 
often omitted, allowing some ambiguity. While 
the source and drain of some JFETs are in fact 
interchangeable, this does not apply toall types. 


The circle around each symbol is accasionally 
omitted when representing discrete compo- 
nents, and is almost always omitted when mul- 
tiple FETs are shown connected to form an inte- 


grated circuit. 
cs) es) 
Figure 29-3. Schematic symbols for junction feld-tfect 
transistors (FET) Left: N-channel. Right: P-channel. The 
symbols a top and Bottom an each sie are functionally 
‘ential icles may be omitted, Letter S may be omitted 


{rom the symmetrical symbol variants, even though this 
creates some ambiguity. 


The internal function of an N-channel JFET is 
shown diagrammatically in Figure 29-4 In this 
‘component, the source terminal is a source of 
electrons, flowing relatively freely through the N- 
doped channeland emerging through the drain. 
Thus, conventional current flows nonintuitively 
from the drain terminal, to the source terminal, 
which will be of lower potential. 


‘The JFET is like a normally-closed switch. Ithas a 
low resistance so long as the gate is at the same 
potential as the source. However, ifthe potential 
of the gate is reduced below the potential of the 
source—that is, the gate acquires a more rela- 
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proud of the efforts I make to stay healthy. 


Shad Helmstetter, The Power Of nner Motivation, Published by Le Jour, 1987. 


Tuse the power of my mind to control my thoughts, and keep my 
body and mind healthy. 


Euitrial Staff, Practical Health Guides, How To Stimulate Your Body's Natural Defenses, Godefroy Publications, 1989, 


I will consult my dentist and physician for periodic checkups. I 


am going to devote a portion of each day to improving my health. 
Frank S. Caprio, M.D. & JosepltR. Berger, Helping Yourself With Self Hypnosis, Prentice Hall ln, 1974 


(I feel good, Look good, Iam good.) 


Louis Proto, Self Healing, Piatkus Publications, 1990. 


I feel very healthy! I feel happy! I am in great shape! 


W. Clement Stone and Napoleon Hill, Success Through Positive Thinking, Godefroy Publications, 1978, 


(Lama friend to my body. I always let my body guide me in per- 


fect equilibrium. I have confidence in my body.) 
Barbara J. Gress, Personal Power Card, Aslan Publishing 1991 


I feel good. 
Tam in perfect health. 


George Barbarin, How To Overcome Fears And Anxiety, Dangles Press, 1974. 


I feel fine... I'm healthy... I have confidence in my subconscious... 
which watches over me and keeps my sympathetic nervous system 
in balance... my sympathetic nervous system which regulates all my 
bodily functions... and which keeps me in perfect health... 

Nothing can affect me... nothing can harm me... my health can 
withstand anything... my vital forces are inexhaustible... | am in per- 
fect health... in great shape. 


‘Marcel Rowet, Mastering Your Subconscious, Dangles Press, 1982. 
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Tam now in perfect health. 
Shakti Gren, Reflections In The Light, New Word Library, 1978 
Tam very healthy. God is my health. 


Dr. Joseph Murphy, These Truths Will Change Your Life, Published by Le Jour, 1982. 


I will always live with a positive frame of mind, and that will 
keep my body healthy. 
Day by day my health is improving. 


Professor Kurt Tepperwein, Think And Heal, Godefroy Publications, 1984 


My body’s natural state is exuberant health! I see myself perfectly 


healthy, radiant and strong. I focus on health. 
Linh Kraf-Macoy, 30 Days To Happiness, Stllpoint, 1987. 


The idea of perfect health now fills my mind. 


Dr. Joseph Murphy, Exploit The Power Of Your Subconscious, Tehou / Ariston, 1962. 


Every cell, every tissue of my body is regaining its health and 
harmony. 

My health is improving day by day, I am glowing with health. 
My strength is growing and my health is improving daily. 


Christian H. Godefroy, Helping Yourself Through Self Hypnosis, Godefroy Publications, 1985. 


The life of God penetrates every fiber of my being. I AM well and 
whole in every part of my body. I am composed of billions of cells all 
containing intelligent life, and this intelligence guides me towards 
health, happiness and prosperity. 

Robert Clin, Welt At Your Doorstep, SL. 1958. 

My body is my friend. 

The power of life is in me and regenerates me. 

Sublpower, Subleath Edi Iter, 1989 


My body is perfect. 


Wayne. W, Dyer, The Sky's The Limit, Mortagne Publications, 1988. 
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Everything about me is an affirmation of balance and health. 
RL Charente, Autosuggeston And ls Practica! Applicaton, Champs Elysees Publications, 1958. 


HEART 


I feel each heart beat. My heart is strong. It is doing its work per- 
fectly. I can count on it. It is strong, healthy and vigorous. It is beating 
regularly, calmly. It is strong. 

My heart is vigorous. The blood it circulates is pure. 

My cardiovascular system is purified. My arteries are free of all 


obstructions. My arteries are healthy. I feel good. I feel fine. 
Earl Sif Pract! Health Guides, How To Stimulate Your Boy's Natural Defences, Gaefoy Putin, 196, 


My heartbeat is slow and regular. 


Denis Waitley, Seeds Of Greatness, Pocket Books Press, 1984. 


My heart is beating slowly and regularly. 
My heart is beating regularly, calmly, and strongly. It is working 


completely normally. 
Karl 0, Stocber, Psychotrning, Godefoy Publications, 1984 


My heart is strong again, and functioning normally. 
Lous Prot, Sl Healing, Pats Plato, 190 


My heart is getting stronger and stronger, more and more calm, 
more and more rested. It is beating slowly and regularly, easily send- 
ing fresh blood full of oxygen to all parts of my body. My heart is 
getting stronger day by day, becoming more and more calm and pow- 
erful. 


Christian H. Godefroy, Helping Yourself Through Self Hypnosis, Godefroy Publications, 1985. 


My heart feels fine. 


Eaitrial Staff, Practical Health Guides, How To Stimulate Your Body's Natural Defenses, Godefroy Publications, 1989, 
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I’m feeling better and better. 

My heart is beating normally and regularly. 
My heart is perfectly calm. 

My heart is perfectly healthy. 

My heart is doing fine. 


Editorial Stuff, Practical Health Guides, How To Stimulate Your Body's Natural Defenses, Godefroy Publications, 1989, 


HEART ATTACK (See Tachycardia) 


HELP (Also see Cooperation) 


God is with me, God helps me, He cannot abandon me. 
‘Marcel Baugin, Hypnotism, Suggestion and Telepsychic Phenomena, Scientific Distribution, 1956. 


T accept the help others give me. 
Subli Power, Sublicontrl, Edi Inter, 1989, 


Thave the courage to ask for help. 
‘Shakti Gawain, Rfectons In The Light, New worl Ltrary, 1978 


I make use of everything that can or could help me. 
Christan H. Golefroy and fl Clark How To Have More Tie, Godefroy Pulicatons, 1989, 


Tam supported by life. 


Louise L. Hay, You Can Heal Your Life, Hay Howse, 1984. 


May God give me the patience to accept what I cannot change, 
the courage to change what I can, and the wisdom to know the differ- 


ence. 
W, Clement Stone & Napoleon Hill, Success Through Positive Thinking, Godefioy Publications, 1978 


Everybody loves me and supports me wherever I go. 
Louis Prot, Self Healing, Pats Publications, 190 
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HESITATION 


As soon as I decide something... I do it, after having considered 
all the advantages... I do it right away... enthusiastically... and I reso- 


lutely eliminate all doubt and hesitation from my mind. 
‘Marcel Rouet, Mastering Your Subconscious, Dangles Press, 1982 


HINDRANCES 


I now get rid of all the feelings of guilt, fear, resentment, disap- 
pointment and hate I may have accumulated. I am free of all hin- 


drances! 
‘Shakti Gawain, Creative Visualization Techniques, Soleil Publications, 1978. 


I free myself of the hindrances that are no longer useful. 
SulPoer, SubliContl Ea Inter, 1989 


HOMEWORK (Also see Studies) 


When I’m at home I concentrate on my homework. I finish all of 
it carefully. I don’t let myself get distracted. I’m not going to be tempted 
to do anything else until my homework is completed and my courses 


for tomorrow are prepared. 
Professor Kurt Teperwein, Thnk And Heal, Gdefoy Publications, 1984, 


HOMOSEXUALITY 


Tamaman. 


A boy’s penis smells bad. It’s horrible, disgusting. 
Dr GR. Rage, Hypnosis, Sophrology and Medicine, Fryar Publication, 1973 
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HOME 


I find my dream home. It’s exactly what I've been looking for, 
and corresponds to all my needs. My subconscious is an infallible 
guide. 


Christian H. Godefroy, Helping Yourself Through Self Hypnosis, Godefroy Publications, 1985. 


HONESTY (Also see Frankness, Sincerity) 


Honesty demands that I rid myself of the need to evaluate my 
own worth in terms of exterior values, instead of looking at myself as 
objectively as possible, with an eye towards an even better life than 
the one I am living today - in other words, instead of being more or 
less faithful to ‘the way it’s always been.’ 

Being honest with myself requires that I realistically evaluate my 
strong points and my weak points so that I can identify and separate 
all the defence mechanisms I’ve built up around me from my valid 
inner messages, and eliminate them. 

I can decide to continue listening to false inner signals, trying to 
hide my real self from others, but even if I do, from now on I will be 


totally honest with myself. 
Wayne, W, Dyer, The Sky's The Linit, Mortagne Publications, 1988 


HONOR 


I would be ashamed not to live up to my responsibilities and de- 
lude myself; therefore I must live up to my responsibilities to others, 


and not try to delude them. 
Raymond Hull, Wanting s Power, Les Editions de Homme, 1969. 
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HOPE 


I build my hope, and never destroy it. 


I choose to believe that something good can happen. 
J. Martin Koke, Your Greatest Power, A Different World Ltd, 1979. 


Everything is tranquil around me. I feel good. Iam confident. My 
life unfolds under the sign of hope. Iam proud of what I have accom- 
plished up to now. And I will continue being proud. My life is calm, 
pleasant and full of hope. 


Editorial Staff, Practical Health Guides, How To Stimulate Your Body’s Natural Defences, Godefioy Publications, 1989, 


HUMILIATION 


No one can humiliate or upset me. I won't allow it. 


Dale Carne, come Your Worries, Flammarion, 1944. 


Humor 


Tam going to convince myself that a sense of humor is an anti- 
dote to worry. It will help me develop a balanced personality, and is 
as essential to intelligent living as food is for survival. 

Ineed to laugh for the maintenance of good health, for the relax- 
ation of my mind and body. I am going to remind myself not to take 
either myself or my troubles too seriously. Laughter will help me make 
life more bearable. Laughter is a habit. I am capable of cultivating it 
by simply repeating each day that I will find something to laugh about. 


Frank S, Caprio, M.D. & Joseph R. Berger, Helping Yourself With Self Hypnosis, Prewtice Hall Inc., 1978 


Thave a kindly sense of humor about myself. 
Lia KrafMacoy, 30 Days To Happiness, Stlpont, 1987 
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HURT 


Only the False Me can hurt me. 
Vernon Howard, Psycho-Piclography, S.LP, 1965, 


No one can hurt me unless I authorize them to do so. 
Vernon Howard, Psycho-Piclography, S..P, 1965, 


Teliminate the hurt of a negative emotion by refusing to identify 
with it; this means that I don’t see it as a permanent part of myself, 
but rather as a feeling that is just passing through me. 

I try to put a definitive end to my inner hurt instead of seeking 


temporary solutions. 
Vernon Howard Psycho-Pictorapy, SP, 1965. 


HYGIENE (Also see Negative Habits, Dieting) 


I give my body the best. 


Tove my body and I admire my beauty. 
Lik KrafMacoy, 30 Days To Happiness, Stlpont, 1987 


Iwill keep my body and mind clean because I want to live longer 


and stay young. 
1V. Cemey Slay Younger, Live Longer Through The Masic Of Mental Sel-Conitoning, 
Parker Publshing Company ne, 1968 


Tam good to my body and my body is good to me. 


‘Shakti Gownin, Creative Visualization Techniques, Solel Publications, 1978 
I am going to develop habits that are conducive to making me 


think and feel better. I am going to cultivate healthy living habits. 
Frank S. Caprio, M.D. & Joseph R. Berger, Plelping Yourself With Self Hypnosis, Prentice Hall ln, 1974. 
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HYPERTENSION 


My blood pressure is always normal, and my heart beats regu- 
larly. 


Christian Godefroy, Mental Dynamics Seminar, Godefroy Publications, 1978 


HYPNOSIS 


Tam certain I can put anyone under, at any time. 
Marcel Rout, Techniques And Practice Of Hypnotism, Paris Productions N.O.E., 1974. 


Tam going to use the technique of self hypnosis to develop a will 
to improve, a desire to study, learn and make progress in every as- 


pect of my life. 
Frank. Capio, M.D. & Josep, Berger, Helping Yourself With Self Hypnosis, Pret 


Hall Ine, 1974. 


My hypnotic powers are developing day by day. 


Pr, Lawrence Powers, The Ten Secrets Of Hypnotic Power, Godefroy Publications, 1982, 


Tam influencing your mind. Iam going to put you to sleep. You 
cannot resist me. 
Marcel Beugin, Hypnotism, Suggestion aud Tlesyce, Scientific Distribution, 1956. 


My hypnotic power is developing day by day. 


Dr. Lawrence Powers, Ten Secrets Of Hypnotic Power, Godeftoy Publications, 1982, 
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IDEALS 


intend to become... (specify). 
Richa Corie Joseph Har, Getting Into Poyholgial Shae, Les Eton de Homme, 1973, 


Iwill become great. 
(Of Mandino, The Greatest Secret In The Worl, A ferent World Press, 1978 


I can be one of the cogs in a great cause. I strive to attain my 
highest ideals, which always include excellent physical and mental 
health. 


W. Clement Stone and Napoleon Hil, Success Through Positive Thinking, Godefroy Publications, 1978, 


My role is to try to acquire the intellectual and moral qualities of 
the person I wish to imitate. I therefore observe my ideal model closely. 


Tam aware of the value of each word I speak. 
Henry Durvle,L Want To Succeed, Durvle Publication, 1968 


My ideal is my guide. It is easier and easier for me to attain the 


goals I set for myself. 
hrstian H, Godefroy, The Seven Eternal Laws of Sues, Gadeioy Publications, 1980 


IDEAS 


I don’t forget the ideas that enter my mind. 


Pierre Nicolas, Time Is Money... And Pleasure!, Inter Publications, 1981 


discrete semiconductor 


tively negative voltage than thesource—thecur- 
rent flow is pinched offas a result of the field cre- 
ated by the gate. This is suggested by the lower 
diagram in Figure 29-4. 


Gate voltage Drain 
same as 
Source voltage 
Conventional 
Gate Current 
Electron 
No 
field Hae! 
effect Soutoe 
Gate voltage Drain 
ower than 
Source voltage 
Reduced 
Conventional 
Gate Current. 
Field Effect: Perey 
Increased ection’ 
Depletion aes 
Region Source 


Figure 29-4. At top, conventianal current flaws freely 
from drain to source through the channel of an N-doped 
FET. At bottom, the lowered voltage of the gate relative to 
ihe source creates a field effect that pinches aff the flow 
of current. 


‘The situation for a P-channel JFET is reversed, as 
shown in Figure 29-5. The source is now positive 
(but is still referred to as the source), while the 
drain can be grounded. Conventional current 
now flows freely from source to drain, so long as 
the gate is at the same positive potential as the 
source. Ifthe gate voltage rises above the source 
voltage, the flow is pinched off. 


A bipolar transistor tends to block current flow 
by default, but becomes less resistive when its 
base is forward-biased. Therefore it can be re- 


multi-junction > field effect transistor 


Gate voltage rain 
same as 
Source voltage 
Gate Electron 
Flow 
Conventional 
No Current 
fiela 
effect Source 
Gate voltage Drain Pchannel 
higher than JFET 
Source voltage 
Reduced 
Gate Electron 
Flow 
Field Effect: 
Increased Reduced 
Depletion Conventional 
Region Source Current 


Figure 29-5, At top, conventional current flows freely 
‘rom source ta drain through the channel of a P-doped 
LIFET. At bottom, the higher vottage ofthe gate relative to 
the source creates a feld effect that pinches off the flow 
of current. 

ferred to as an enhancement device. By contrast, 
an N-channel JFET allows current to flow by de- 
fault, and becomes more resistive when its base 
isreverse-biased, which widensthe depletion lay- 
er at the base junction. Consequently it can be 
referred to asa depletion device. 


The primary characteristicts of a junction field- 


effect transistor relative to an NPN bipolar tran- 
sistor are summarized in the table in Figure 29-6. 


JFET Behavior 

The voltage difference between gate and source 
of a JFET is usually referred to as Vg, while the 
voltage difference between drain and source is 
referred to as Vas. 
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I make a conscious effort to think of new and better ideas, which 


are the subconscious keys to the vault of my mind. 
Charles Barker, The Science Of Success, Dangles Pres, 1983, 


I try to put an idea to practical use in my business or job, at home, 
and in my social relations. 

I often review the immensely beneficial ideas I have concerning 
my Real Self and my False Self. 

I take all these ideas and store them in my mental filing cabinet. 

If an idea is really effective, it will prove itself sooner or later. I 


want to give my ideas a chance to prove their worth. 
Vernon Howard, Psycho-Pictography, S.LP, 1965, 


The idea that will enable me to succeed is already in my mind. I 
just have to think to get it out. 


Norman Vincent Peale, When You Want, You Can, A Different World Press, 1974 


Iam part of the vital flow of divine ideas. I gather them and re- 


joice in them. 
Charles Barker, The Science Of Success, angles Press, 1983 


The exact idea Ineed today will appear in my mind. Coming from 
the Divine Intelligence, it also contains all the subsidiary ideas Ineed. 


Tallow this right idea to govern my thoughts. 
1. Charles Barker, The Science Of Success, Dangles Pres, 1983, 


IDEAS - LUCRATIVE 


I find the idea I need to double my revenue in one year. 

My subconscious comes up with ideas for rapidly earning $50,000 
(or the amount you need). 

My subconscious comes up with ideas for rapidly earning 
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$100,000. 


Charles Albert Poissant & Christian Godefroy, The Secret Of Being A Millionaire, Godefroy Publications, 1987. 


My mind is always creating new and lucrative ideas. 
Christan H. Gotefioy, Prosperity: The Subliminal Meth, Gaefoy Publications, 1967 


IDEAS - NEGATIVE 


Ilet go of any mental pattern which is creating negative effects in 
my life. 


Louis Proto, Self Healing, Piatkus Publications, 1990. 


IDEAS - PRECONCEIVED 


T have a conversation with someone whom I’ve avoided up to 
now. I soon notice that my preconceived ideas, when re-evaluated, 


paralyze me and nourish my indifference. 
Wayne Dyer, Your Emgenous Zones, Tehou Pres, 1976. 


IDENTITY 


I master the principles of perception. I learn to know myself. I 


discover my real identity. 
Norman Vincent Peale, When You Want, You Can A Different Word Pres, 1974 


(specify what kind) of person. 


Richard Corviere, Joseph Hart, Getting Into Psychological Shape, Les Editions de I'Homme, 1973. 


Tam happy being me right now. 


Denis Waitley, Seeds Of Greatness, Pocket Books Press, 1984. 


I Page 184 


Tam ME. 


Editorial Stof, Practical Health Guides, How To Stimulate Your Body's Natural Defences the same way as I give 
Godefroy Publicalions, 1989, 


IGNORANCE (Also see Sickness) 


As| give myself the right to make mistakes, I also give myself the 
right to be ignorant. 


Pierre Nicolas, Time Is Money... And Pleasure!, nter Publications, 1981 


Divine force is manifesting itself in me, I am positive, positive, 


positive. I have the power to destroy sickness and ignorance. 
Richard Ingles, The Power OF The Min Bales Publications, 1982 


ILLNESS (Also see Pain, Ignorance) 


In the final analysis I must love in order not to fall ill. 

Thave learned the lesson(s) I needed to learn and no longer need 
to be ill, 

intend to enjoy myself in spite of my illness, rather than brood- 


ing over it and bringing myself down with worry. 
Louis Prot, Self Healing, Pats Pulao, 190 


I have now transcended all preconceived ideas about illness. 1 


am free and healthy! 


Shakti Gawnin, Reflections In The Light, New World Library, 1978 


I forget about illness. 
Lith KrafiMacoy, 30 Days To Happiness, Stlpont 1987 


I feel better. 


‘Marcel Baugin, Hypnotism, Suggestion and Telepsyche, Scientific Distribution, 1956. 
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I know I can resist all diseases... whatever they are... I cannot be 
sick... I feel full of vitality... no discomfort whatsoever... no illness can 


catch my subconscious off guard. 
‘Maye! Rowe, Mastering Your Subconscious, Dales Press, 1982 


Illness begins in the mind. I will never allow my mind to fall prey 


to thoughts which are likely to result in disease. 
Editorial Staff, Practical Health Guides, How To Stimulate Your Body's Natural Defenses, Godefroy Publications, 


You couldn’t get the better of me, you will never get the better of 


me again. 
mile Coue, Complete Works, Asi Pablcton, 1976. 


Tam in good health, and my body no longer has any trace of dis- 
ease. I look in the mirror and I feel happy. My skin is clear, my eyes 
shine with health. I feel good. I have energy. Life interests me. Every- 
thing is fine. My body is healthy, perfectly healthy. 


Editorial Staff, Practical Health Guides, How To Stimulate Your Body's Natural Defenses, Godefroy Publications, 1989, 


ILLUSION 


If | accept myself I choose reality and its accompanying roles: 
happiness, confidence and success. I don’t have to live ina world of 


illusion any longer, because I’m very happy to be who I am. 
Dr, Maxwell Mas, Psycocbernetics and Self Realization, A Different Word Lid Pllications, 1970 


I get rid of outdated attitudes and acquired convictions. My life 


will be free of illusions. 
Vernon Howard, Psycho-Pictography, S.LP, 1965, 
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IMAGINATION 


Tuse my imagination in a constructive way. 
My imagination is a friend, responsible for my past successes. I 
construct my present based on these positive images of the past, and 


make progress towards building a good and pleasant life for myself. 
‘Dr. Maxwell Mats, Psychocybernetics an Self Realization, A Different World Lid Plains, 1970 


The power of my imagination is my greatest strength. 

Even if I haven’t had a lot of success, what I have accomplished 
remains in my imagination, where it really counts. 

I use my imagination to help establish goals for myself; it pro- 
vides me with realistic objectives, unclouded by fantasies, which will 
make me a happier person. 

Tallow my imagination to work creatively for me and for others, 


by planning sensible and attainable goals. 
Dr. Mawel Mate, Psychoeybrnetics and Self Realization, A Different Word Lid Pliations, 1970 


My imagination is a powerful tool for creation. 
Shakti Gren, Reflections I The Light, New Word Library, 1978 


My imagination always helps me find new ways to succeed... new 
and enriching paths to follow. 

Thave confidence in my imagination, which shows me the best 
ways to overcome obstacles. 

My imagination is becoming more and more fertile. I am con- 
stantly discovering things I had no idea about... things that enrich 
and diversify my mind... so that I have a definite advantage over those 
whose horizons are limited. 


T know I can count on my imagination. 
“Marcel Rowel, Mastering Your Subconscious, Dargles Press, 1982 


All the strokes of luck I have benefited from in life already ex- 
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isted in my imagination. 
Imagination is my mind’s workshop. It is where I convert my 


mental energy into action and wealth. 
[Napoleon Hill, Think And Get Rich, Thou | Ariston, 1966. 


IMMUNITY 


(I am convinced that unconditional love is the most powerful 


stimulant for the immune system.) 
Louis Proto, Self Healing, Piatkus Publications, 1990 


IMPASSE 


When faced with an insurmountable obstacle I try to see things 


ona higher level. 
Pierre Nicolas, Time Is Money. An Pensure,nter Publications, 1981 


IMPATIENCE 
I will no longer feel impatient or angry; on the contrary I will 


always be patient, always in control of myself. And from now on the 


things that used to bother or irritate me won't affect me any more. 
Emile Cove, Complete Works, Astra Publications, 1976. 


IMPOTENCE (Also see Premature Ejaculation) 


Tonight when I am alone with my partner I will feel exactly as I 
do now. I will be completely confident, sure of myself, I'll feel vigor- 
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ous and healthy, exactly as I do now. 
Dr. GR. Rage, Hypnosis, Sophology and Medicine, Fayard Publications, 1973 


It’s easy for me to get a strong and long lasting erection. And I 
have no trouble satisfying my sexual partner. I only ejaculate when I 
want to - I have perfect control. I like making love more and more, 
and I’m more and more skillful and loving with my partner. I am 


becoming more and more virile, and I satisfy my partner completely. 
Christian H. Godefroy. Helping Yourself Trough Self Hypnosis, Godefroy Publication, 1985 


Thave perfect control of my erections. I love to make love, and I 
know how to satisfy my partner. Day by day I am becoming more 


and more virile and loving. 
Karl O. Stoeber, Psychotraining, Godefroy Publications, 1984. 


Tama normal man, with normal functions. 

I feel confident with the woman I have chosen as my sexual part- 
ner. 

Just as I am able to stay erect when I masturbate, I can do the 
same when I am making love. 

Tam anormal man, with normal sexual habits. 

Tonly think about my successful sexual encounters. 


I know that my sexual functions are normal. 
Dr. Anthony and Mary Zaft, Alphagencs, Quebec -Amerique Publications, 1978 


IMPULSE - NEGATIVE 


I want to control my physical and emotional impulses and refuse 
to act on those which run counter to goals, principles and which dis- 
turb my vital balance. Next time I’m going to think before I act. Iam 


absolutely determined to control my impulses. 
Paul Clement Jago, The Power Of The Wil, Dangls Press, 1950 
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Tam always calm... and I control all my impulses. I never act be- 


fore deliberating... but once I’ve made a decision I see it through. 
Marcel Rowet, Mastering Your Subconscious, Dangles Press, 1982. 


INCOME 


I now have a satisfactory income of $—— per month. 
Shakti Gawnin, Creative Visualization Techniques, Solel Publications, 1978 


I'm doing what I really like. I therefore excel at what I do and my 


income is constantly increasing. 
Charles Albert Possant& Christian Godefo, The Secret Of Beng A Millionaire, Godefroy Publications, 1987 


My abilities are improving and helping to increase my income. 
Charles Albert Possnt & Christian Godefoy, The Secret Of Beng A Milinare, Godefroy Publications, 1987 


INDECISION 


Tam no longer undecided, I make no more mistakes or errors of 
judgment. My conscience is a perfect center of Intelligence of the uni- 


versal Understanding which is God. 
R. Charles Barker, The Science Of Success, Dangles Press, 1983 


INDEPENDENCE 


As an independent and positive observer of the mind, I do my 
best to be a complete and independent person. I refuse to let others 


dominate and control my thoughts. 
Dr Maxuell Malts, Psychocybernetics and Self Realization, A Different World Ltd, Publications, 1970. 
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I don’t need to be accompanied by a friend to do what I want to 
do. 


Dr. Martin Shephard, How To Overcome Your Cares, Marabout Publications, 1973, 


Thave the right to live my own life, as long as I don’tharm myself 
or others. 


live my own life. It belongs to me. 
Vernon Howard, Psycho-Pictorapy, Si, 1965. 


I will never allow others to think for me. I must remain the mas- 
ter of my thoughts and actions. I am capable of steering my boat the 


way I want. 
orl Saf, Prac Heath Gus, How To Stimulate Your Body's Natural Defenses, Godoy Publications, 1989 


Tam the sole creator of my universe and day and night I watch 
over my thoughts and feelings in order to guarantee my indepen- 


dence from others. 
R. Charles Barker, The Science Of Success, Dangles Press, 1983. 


INDEPENDENCE - FINANCIAL 


I make a good living! I am heading for even greater success and 
financial independence. 

I appreciate the financial independence which allows me to at- 
tain my financial objectives. The more precise and detailed my finan- 
cial planis, the more rapidly I will attain my objectives, and the more 
financially independent I will be. 


Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


I aim for financial independence and I make sure I don’t owe 
anyone anything. If I have to beg for money I become its slave. In 


cases where I can’t borrow money I find a creative way to earn it. 
Wayne Dyer, Your Erogenous Zones, Thou Pres, 1976. 
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INDIGESTION 


My digestive system is calming down. 
Emrika Pas, Encyclopedia of Emotions And Heath Edi Iter, 1991 


INDIVIDUALITY 


Tam a unique creature. 
(x Mandino, The Greatest Secret In The Worl, A ferent World Press, 1978 


INFARCTUS 


After each session I feel the pain in my chest diminishing. I will 
not feel my heart laboring. It now beats regularly and much more 
strongly. 

The fear I feel about my heart is disappearing, and I will stop 
thinking about it all the time. My heart is now healthy and strong 


enough, and I am recovering. 
Dr. GR. Rage, Hypnosis, Sophrology and Medicine, Fayard Publication, 1973 


INFERIORITY (See Complex) 


INFLUENCE 


Thave a positive influence on other people. 
Sublpower,Sublconfdence, Ei ner, 1989. 


influence the people around me at will. 
Christan H. Gero, Helping Yourself Through Self Hypnosis, Gdeioy Publications, 1985 


NPN Bipolar | N-Channel 
Transistor aFET 
Cree Current. Voltage 
ampli 
Active bios Nan Negative 


RET) Nonconductive Conductive 
state 
More conductive Less conductive 


Figure 29-6. This table contyasts the characteristics of 
an N-channel JFET with thase af an NPI bipolar transis 
tor 


Suppose the gate of an N-channel JFET is con- 
nected with the source, so that Vq.=0. Now if, 
Vas increases, the current flowing through the 
channelofthe JFETalsoincreases,approximately 
linearly with Vg,.In other words, initially the JFET 
behaves like a low-value resistor in which the 
voltage across it, divided by the amperage flow- 
ing through it, is approximately constant. This 
phase ofthe JFET's behavioris knownasits ohmic 
region. While the unbiased resistance of the 
channel in a JFET depends on the component 
type, it is generally somewhere between 100 
and 1K. 


If Vag increases stil further, eventually no addi- 
tional flow of current occurs. At this point the 
channel has become saturated, and this plateau 
zoneiis referred to as the saturation region, often 
abbreviated ls, meaning “the saturated drain 
current at zero bias’ Although this is a nearly 
constant value for any particular JFET, it may vary 
somewhat from one sample of a component to 
another, as a result of manufacturing variations. 


If Va, continues to increase, the component fi- 
nally enters a breakdown state, sometimes re- 
ferred to by its full formal terminology as drain- 
source breakdown, The current passing through 
the JFET will now be limited only by capabilities 


discrete semiconductor > multi-junction > field effect transistor 


of the external power source. This breakdown 
state can be destructive to the component, and 
is comparableto the breakdown state of atypical 
diod 


What if the voltage at the gate is reduced below 
the voltage at the source—such as Vj. becomes 
negative? In its ohmic region, the component 
now behaves as ifit has a higher resistance, and 
it will reach its saturation region at a lower cur- 
rent value (although around the same value for 
Vgd. Therefore, by reducing the voltage on the 
gate relative to the voltage at the source, the ef- 
fective resistance of the component increases, 
and in fact it can behave as a voltage-controlled 
resistor. 


The upper diagram in Figure 29-7 shows this 
graphically. Below it, the corresponding graph 
for a P-channel JFET looks almost identical, ex- 
cept that the current flow is reversed and is 
pinched off as the gate voltage rises above the 
source voltage. Also, the breakdown region is 
reached more quickly witha P-channel JFET than 
with an N-channel JFET. 


MOSFETs 

MOSFETs have become one of the most widely 
used components in electronics, everywhere 
from computer memory to high-amperage 
switching power supplies. The name is an acro- 
nym for metal-oxide semiconductor field-effect 
transistor. A simplified cross-section of an N- 
channel MOSFET is shown in Figure 29-8, 


‘Two MOSFETS are shown in Figure 29-9, 


Like a JFET, a MOSFET has three terminals, iden- 
tified as drain, gate, and source, and it functions 
by creating a field effect that controls current 
flowing through a channel. (Some MOSFETS 
have a fourth terminal, described later). Howev- 
er,ithasa metal sourceand drain making contact 
with each end of the channel (hence the term 
“metal” in its acronym) and also has a thin layer 
of silicon dioxide (hence the term “oxide” in its 
acronym) separating the gate from the channel, 
thus raising the impedance at the gate to at least 
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Encyclopedia of Electronic Components Volume L 
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I will tell X that 
erful effect. 


(specify) and my words will have a pow- 
Paul Clement Jago, Education Of The Word, angles Pres, 1975. 


Tam sure of myself, no one can resist my influence. 
Marcel Rowe, Teliques And Practice Of Hypnotism, Pris Productions N.O.E, 1874 


I intimidate you, and you can do nothing to resist me. 
Marcel Baugi, Hypnotisn, Suggestion and Telepsyce, Scientific Distribution, 1956. 


The fact of understanding another person gives me power and 


influence over that person. 
Vernon Howard, Psycho-Pictography, S.LP, 1965, 


The acts and words of others have no power or authority over 
me. 
. Charles Barker, The Science Of Success, Dangles Pres, 1983, 


X! During our meeting on — (specify) your opinions will change 
when I tell you that —— (specify). 


Poul Clement Jagot, The Power Of The Will, Dangles Press, 1950. 


INFORMATION 


Itry to promote the exchange of a maximum of information, con- 
sidering that other people are, ina sense, really strangers, and that I 
am also a stranger to myself. 

Piere Nicolas, Time Is Money... And Pleasure, ter Publications, 1981 

I make sure I’m well informed about new developments in my 
field. 


Pierre Nicolas, Time Is Money... And Pleasure!, Inter Publications, 1981. 


Other people (superiors, subordinates and colleagues) know what 
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I’m doing, as well as why and how. 

Tam well informed about everything that has to do with my work 
and with my business. 

I make sure there are no misunderstandings about the informa- 
tion I circulate. 

I consider that a part of my work consists of circulating informa- 
tion. 

If I’m in doubt about whether or not to divulge a piece of infor- 
mation, I go ahead and do it. 

I make sure to always reformulate the information I receive in 
order to verify that I’ve understood it correctly. 

I do not hesitate to be redundant, i.e. to repeat the same informa- 
tion two or three times in slightly different forms, to make sure that I 


have been understood correctly. 
Piere Nicolas, Time Is Money. An Pensure, ter Publications, 1981 


INNER DIALOG 


I stop focusing my thoughts on the negative. I just let them go! 


Being realistic doesn’t demand focusing on a problem continuously. 
Link KrafeMacoy, 30 Days To Happiness, Stlpont, 1987 


I turn all negative ‘self-talk’ into positive ‘self-talk.’ 
Link Krafl-Macoy, 30 Days To Happiness, Silipoint, 1987. 


INNER GUIDE 


I learn to take charge of myself. 
Norman Vincent Peale, Whew You Want, You Cant, A Different World Press, 1974 


Tlearn to take orders from my inner headquarters - the Real Me. 
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It is always a sure guide. 
Vernon Hooard, Psycho-Pitorapy, S., 1965. 


I listen to my inner guide for everything that is good, honest and 
positive. 
Sublipower, Sublicontrol, Ei Inter, 1989. 


The law of love guides me. 

The inner force which guides me shows me how I can best serve 
humanity. In my dealings with friends and clients I am conscious of 
the fact that God resides in them, and I work with them for the tri- 


umph of happiness, prosperity and peace. 
Dr Joseph Murpey, Mastering Yourself And Otters, Published by Le our, 1958. 


My true Self guides me in all my actions. 
Divine love guides me and always takes care of me. 


It is now my inner wisdom that is my guide. 
Shakti Gawain, Cente Visualization Techniques, Sle Publications, 1878, 


INNER PEACE 


Toften practice mental relaxation. When I want to relax completely, 
even if only for a moment, use my imagination to project myself to 
a place where I know I will immediately feel inner peace. 

I possess inner peace. I live in a positive and interesting way. I 
have a reason for being here. I like what I am, and that gives me even 


greater assurance and inner peace. 
Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


The secret place where I find refuge is found deep in my own 


mind. 
Dr. joseph Murphy, Mastering Yourself And Others, Published by Le Jour, 1988. 
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INNER STRENGTH (See Strength - Inner) 


INSOMNIA 


Every night from the moment I want to go to sleep to the moment 
I want to wake up the next morning, I will fall into a deep, calm, 
tranquil sleep during which I will have no nightmares. When Iawaken 


I will be completely refreshed and feel great. 
Emile Cove, Complete Works, Astra Publication, 1976 


As soon as I go to bed I fall asleep. 
As soon as I go to bed I fall into a deep sleep. I sleep all night 


long, and wake up refreshed and full of energy. 
Professor Kurt Teper, Think And Heal, Gdefoy Publications, 2984, 


Being physically and mentally relaxed will enable me to sleep 
well again... a deep, restorative sleep... This sleep will make me feel 
completely rested when I wake up. 

I will never be nervous again... always relaxed... I know how to 
relax and fall asleep when I want to. 

Iwill sleep deeply all night long... nothing can bother me. And in 
the morning when I wake up I'll feel happy, lucid, completely rested... 


and full of joyous and well channeled energy. 


‘Marcel Rouet, Mastering Your Subconscious, Dangles Press, 1982 


Lalways get enough sleep; my body makes sure to get all the rest 
that it needs! 

I love sleeping. I get tired, and sleep comes. Iam going to have a 
deep sleep. 

My body craves sleep. I will sleep well right through the night, 
and I'll wake up happy and full of new energy! 
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I feel the peaceful calm of the night making me drowsy; I am 
completely relaxed; I am in a state of repose, peace and harmony. I 
am calm, I feel [am a part of the rhythm of the night... [am weary and 
relaxed... I feel free and in tune with the natural rhythm of nature, 
which sleeps at night... my thoughts are getting fuzzy... I’m so tired... 


I’m falling asleep... sleep. 
KO. Schmit, Sucess At Your Serie, Asta Publctons, 1986, 


Isleep deeply and calmly. 


RL. Charpentier, Autosuggestion And Its Practical Application, Champs Elysees Publications, 1958. 


I sleep better and better. 


Emile Cove, Complete Works, Astra Publications, 1976. 


I fall asleep easily, I will sleep deeply all night long and wake up 
refreshed and full of energy and good humor. 


Karl O. Stoeber, Psychotraining, Godefroy Publications, 1984. 


I fall asleep easily. I savor my sleep. Every night when I go to bed 
I forget my worries, fears and anxieties. [ am happy, relaxed, calm, 
and ready for a great night's sleep. 

I don’t wake up during the night. Everything is fine. Everything 
is calm. I sleep deeply right through to the morning, Iam calm and I 
don’t think about anything. I sleep deeply. 

Everything around me is calm. I do not wake up. I sleep deeply. I 
am relaxed and happy. Everything is fine. 


Euitorial Staff, Practical Health Guides, How To Stimulate Your Body's Natural Defenses, Godefroy Publications, 1989, 


I couldn’ care less about whether I’m going to sleep or not. Even 


if I stay up till tomorrow morning it wouldn't bother me. 
Dale Carnegie, Overcome Your Worries, Flammarion, 184 


Tam calm... my muscles are loose... my nerves relaxed. Iam calm... 
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and Iam falling asleep. 
Professor Ror! Tocuel, The Powers Of The Wil, Godefroy Publications, 188. 


Tam a normal person and I can fall asleep naturally. 

The noise in my room helps me sleep. 

The noise outside my room helps me sleep. 

Ican sleep the whole night through, without waking up, as [have 
done many times. 

When I go to bed I leave my worries and preoccupations behind. 

Tam relaxed, free of all the negative influences that troubled my 
sleep in the past. 


I don’t have to try to sleep any more - I just let myself fall asleep. 
Dr. Anthony and Mary Zaffuto, Alphagenics, Quebee - Amerique Publications, 1974 


Iam going to use self hypnosis and practice relaxing my body 
and my mind. Iam going to sleep soundly and awaken in the morn- 


ing feeling refreshed and invigorated. 
Frank 5: Capio, MLD. & Joseph R, Berger, Helping Yourself With Sef Hypnosis, Prentice Hall ne, 1974 


A wonderful feeling of quiet and harmony spreads through my 
body... I feel happy... Every night when I go to bed this feeling over- 
comes me. 

fall asleep immediately... my sleep is healthy and natural... when 
I wake up I feel rested and refreshed... I can feel the peace and har- 
mony spreading through me... I'll be happy when I wake up... day by 
day things are getting better and better. 

Every night when I go to bed I eliminate all negative or annoying 
thoughts... I fall asleep right away... and sleep all night long until the 
next morning... When I awaken this marvelous feeling of peace and 
harmony is still there... I feel happy... day by day my condition is 
improving. 

Professor Kurt Tepper, Secret Techniques Of Hypnosis, Godefoy Publications, 1981 
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INSOMNIA - CHILDREN 


Ilove to go beddy-by because it feels so good. 
RuL Charpentier, Autosuggeston And ls Practica! Application, Champs Elysees Publications, 158. 


INSPIRATION (Also see Creativity, Optimism) 


Every day ideas and creative inspiration come to me. 
Shakti Gawain, Creaioe VeualizatonTeclques, Sle Publications, 1878 


Something good is waiting for me. And God sends me love. God 
is the light of my life, the source of all my knowledge and inspiration. 
God, who is at the heart of my being, knows all. He provides the 
nourishment for my thoughts, ideas which serve me well, and clear 


divine intelligence. 
Robert Collier, Wealth At Your Doorstep, $.LP, 1959. 


Iam now guided by God. His love fills my soul. God inspires me 
and enlightens my life. I am full of goodwill and love for all. Every 


instant of my life I submit to the will of God. 
DD Joseph Murphy, Mastering Yourself And Others, Published by Le fou, 1988. 


Iam optimistic and inspired. 
Sublpower,Subliconfdence, Ei ner, 1989. 


The inspiration I need will come to me while I sleep. Tomorrow I 


will resolve all my problems easily. 
Prato Kurt Tepperavin, Secret Techniques Of Hypmasis, Gaefoy Publications, 1981 


My subconscious helps me discover the solution I am looking for. 
The answer I seek comes to me with ease. What is the best way to — 
— (specify)? 


Christian H. Godefioy, Helping Yourself Through Self Hypnosis, Godefroy Publications, 1985. 
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If I am stymied or at a dead end with a problem, I change the 
scenery and my mood. I try relaxing and reflecting by getting away 
for a day at the ocean or in the country. I remember that the right 
brain creative problem solver in my mind is always available for re- 


view when my left brain logic slows down. 
Denis Waite, Sees Of Greatness, Pocket Books Pres, 1988 


INTELLECT 


Thave an intellect, but Iam not my intellect. Itis fairly developed 
and active; it lacks discipline but it can be controlled and channeled; 
itis an instrument for gaining knowledge, both of the exterior world 
and the inner world, but it is not me. I have an intellect, but Iam not 


my intellect. 
Dr Robert Assgil,Peyhasyntess, Ep 1965 


INTELLIGENCE (Also see Self Confidence) 


The self image I choose depends only on me. I can choose to con- 
sider myself intelligent by applying my own criteria. Forme, the hap- 


pier I am the more intelligent I am. 
Wayne Dyer, Your Emogenous Zones, Teton Pres, 1976. 


Tam intelligent. 
Dr. GR. Rage, Hypnosis, Soprology and Medicine, Fayard Publications, 1973 


I am wise. I am intelligent and creative. I accept that a positive 


mental attitude is an important part of creating my reality. 
Barbara J. Gress, Personal Power Cards, Aslan Publishing 1991 


Tam an intelligent person. 
Dr. Anthony and Mary Zaft, Alphagenics, Quebec = Ameriqle Publication, 1978 
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INTIMACY 


Thave the right to be intimate with someone. 
CChstion H. Godefroy al oho Clark, How To Have More Time, Godefroy Publications, 1989, 


Tam capable of being intimate. I like having someone close to me. 
Tam not afraid of intimacy. I'm ready to commit myself to an enrich- 


ing relationship. I am happy to love someone. 
Eira Sta, Paci Heath Guides, How T Stimulate Yur Bays Natu Defense, Gaefoy Publications, 195, 


Tam completely happy. My intimate relations are deeply satisfy- 
ing and enriching. 

Took at my being and my intimacy with enthusiasm and hope. I 
believe that I deserve the best. I am worthy of the very best, and I 
obtain it. 

Tam aware of my most intimate feelings and desires. I possess a 
fabulous treasure - my magnificent intimacy with another human 
being. 


Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


INTRANSIGENCE 


I will never convince anyone by using force. The feelings this 


would create are very negative and the results are short lived. 
Henry Durville,1 Want To Succeed, Durvill Publications, 1968 


INTRODUCTIONS 


Talways greet the people I meet with a smile. When introducing 
myself in any new association I take the initiative to volunteer my 
own name first, clearly; I always extend my hand first, looking the 
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person in the eyes when I speak. 
‘Denis Waitley, Seeds Of Greatness, Pocket Books Pres, 1988 


INTUITION 


By listening to my intuition I can hear the voice of God. 
Claude M, Bristol, Harold Sherman, Your lner Power = TNT, A Different Worl Publication, 1958 


Tam intuitive... my intuition is the voice of my inner Guide. S/He 


leads me and I obey. 
Marcel Auch, The Book Of Haines, Sul! Publications, 1958. 


My intuition is getting better and better... and this intuition comes 
from my subconscious, which protects me... which knows what I 
should do... to stay healthy... to be loved... to succeed in my affairs... 


to earn money. 
[Marcel Rouet, Mastering Your Subconscious, Dangles Pres, 1982. 


I develop my intuition and heed its advice. 
Christan H. Godefroy and Jl Clark, How To Have More Tne, Godefroy Publications, 1989. 


I recognize my own intuitive ability. 
Louise L Hay, You Can Heal Your Life, Hay Howse, 1968 


I know what I need to know each moment. My consciousness is 


forever expanding and deepening. 
. Charles Barker, The Science Of Success, Dangles Press, 1983 


Iam receptive to the counsel of my inner self. 
Vernon: Howard Psycho-Pictorapy, Si, 1965. 


The Universal Understanding which is in me knows things that I 
don’t. [let this great force of understanding and the power of action 
do what has to be done. All the wisdom, all the spirit and all the 
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CCharacteristios of Hypothetical N-channel FET. 
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Figure 297. The top graph shows current passing 
though the channel of an N-channel JFET. depending an 
‘gate voltage and source voltage. The lower graph is for a 
P-channel JFET. 


100,000 gigaohms and reducing gate currentes- 
sentially to zero, The high gate impedance of a 
MOSFET allowsit to be connected directly to the 
output of a digital integrated circuit. The layer of 
silicon dioxideis a dielectric, meaning that afield 
appled to one side creates an opposite field on 
the other side. The gate attached to the surface 
of the layer functions in the same way as one 
plate of a capacitor. 


How It 


Body Terminal 


Figure 29-8. Simpified diagram of an N-channel MOS- 
FET. The thickness of the silicon dioxide layer has been 
‘greatly exaggerated for clarity. The black terminals are 
‘metal. 


Figure 29-9. Two MOSFETS. At left, the T0-220 package 
claims a drain current of up to 65A continuous, and a 
‘rain-to-source breakdown voltage 100V. At right, the 
smaller package offers a drain current of I75mA continu- 
‘us, anda drain-to-source breakdown voltage af 300. 


The silicon dioxide also has the highly desirable 
property of insulating the gate from the channel, 
thus preventing unwanted reverse current. In a 
JFET, which lacks a dielectric layer, if source volt- 
ageisallowed to rise more than about 0.6V high- 
er than gate voltage, the direct internal connec- 
tion between gate and channel allows negative 


Chapter29 257 
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intelligence of God are now working through me to accomplish my 


goals. 
Charles Barker The Science Of Success, Danses Pres, 1983, 


The spirit in me knows. 
Marcel Aucar, The Book Of Happiness, Sui! Plliations, 1958. 


Intuition is not merely a hunch, but is an irresistible light which 
must be followed. 


I never ignore my inner messages. 
Lis KrafMacoy, 30 Days To Happiness, Stlpont, 1987 


My intuition is perfect, my perception of things is also perfect. 
nude M, Bristol, Harold Sherman, Your lner Power = TNT, A Different World Publications, 1958 


INVESTMENT 


I resolve to get my money working instead of me. 
Charles Albert Poissant & Christian Godefroy, The Secret Of Being A Millionaire, Godefroy Publications, 1987. 


INVOLVEMENT 


linsist on my right to be a constructive member of the great hu- 
man family. 

No one can force me to isolate myself. 

I live in the present, even in moments of tension, pain or grief. 

I voluntarily strive to attain new and inspiring objectives. 

I make sure I am open towards people. 

I get involved in constructive projects. 

Today is another day during which I can become wholeheartedly 


involved with other people. 
‘Dr. Maxwell Mate, Psychocyberntics and Self Realization, A Different Word Lid. Pulbliations, 1970. 
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IRRITATION 


Tam starting to free myself from anger, resentment and irritation 
as I recognize that the causes of my anger are mostly in my mind, and 
disappear as soon as I modify my mental attitude. 

If I get into a bad mood I sit or lie down, I close my eyes, I rest, 
breathing deeply a number of times and concentrating on an image 
of tranquility I repeat, ‘I am at peace. I am at peace. I am calm, lam 


strong.” 
KO. Schmidt, Success At Your Service, Astra Publications, 1986 


I don’t get irritated every time a problem arises. 
Norman Vinci Peale, When You Went, You Can, A Different Word Pres, 1974 


ISOLATION 


I reject whatever can separate me from others. 


If Ineglect my self esteem I will find myself isolated. 
Dr Mall Malte, Psycocdternetcs and Self Realization, A Different Word Lid. Publications, 2970. 


Tam overcoming my feeling of isolation from others. 
Dr Manel! Mat, Psycocvberetics and Self Realization, A Different Word Lid Publications, 2970. 
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JEALOUSY 


Thave complete confidence in my husband / wife. 
Tam no longer afraid that s/he will leave me. 
I won't try to eavesdrop on his / her telephone conversations 


any more. 
I know s/he loves me as much as I love him / her. 
Euitorial Staff, Practical Health Guides, How To Stimulate Your Body's Natural Defenses, Godefroy Publications, 1989, 


Tove him / her as s/he loves me - unselfishly. 
“Marcel Aucar, The Book Of Haines, Sui! Pliations, 1958. 


Tam ready to allow Love to flow through me, working for the 
benefit of all. I free myself of all hate, all unpleasant thoughts, and all 


jealousy. 
Charles Barker, The Science Of Success, Dangles Press, 1983 


May my confidence shine through all my actions and attitudes. I 
show my love for my spouse by doing special little things for him / 
her, and I do everything I can to fulfil his / her needs and desires. I 
don’t ask for anything s/he is not willing to give voluntarily; I firmly 
believe in our love, and I see how the magic power of love and mu- 
tual confidence changes both of us for the better. 


K.O. Schmidt, Success At Your Serice, Astra Publications, 1986. 
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JOBS (Also see Remuneration) 


From now on I have a perfectly satisfying and well paying job. 


‘Shukti Gawain, Creative Visualization Techniques, Soleil Publications, 1978, 


Inow have a good job. 
Christan H. Gero, Helping Yourself Through Self Hypnosis, Gadgioy Pablcations, 1985 


I will find the ideal job. 


Charles Albert Poissant & Christian Godefroy, The Secret Of Being A Millionaire, Godefroy Publications, 1987. 


Tam keeping my job. 


Eaitorial Staff, Practical Health Guides, How To Stimulate Your Body's Natural Defenses, Godefroy Publications, 1989, 


Teasily find a well paid and pleasant job such as (specify). 


Raymond Hull, Wanting Is Power, Les Eiitions de ! Homme, 1963. 


The ideal job for me does exist. But I have to start by believing it 


if I want to find it. 
(Christian H, Godefroy and Jolin Clark, How To Have More Time, Godefroy Publications, 1989, 


Infinite Spirit, give me the possibility of having a job (or a house, 
or abundance, or anything else you desire) which pleases me, a job 
that keeps me busy, a job where I am needed, and which no one else 
can do as well as I. May I meet the right people so that I find a job 
where I can offer good service and get well paid for it. Lead me to 
where I can make the right contacts. I leave it up to You, and I know 


that all will be well. 
Robert Collier, Wealth At Your Doorstep, S.LP, 1959. 


Taccept the inevitable. 
Dale Carne 


come Your Worries, Flammarion, 1944. 
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JOIE DE VIVRE (See Love Of Life) 


JOY 


Ismile a lot. I feel happy inside, and I show it. 
I’m a happy person by nature. I try to look at life with warmth 


and joy, and I believe that life is worth living. 
Sind Heimsteter, The Power Of Iner Motiaton, Pllished by Le four, 1987 


Today is a great day. And Ihave everything I need. So I choose to 


live wonderfully, in joy and love! 
Shad Hetmstete, The Power Of ter Motivation, Plblished by Le Jour, 1987 


Each day I prepare myself to be receptive to joy. 
‘Dr: Maxwell Matz, Psychocybernetics and Self Realization, A Different World Lid. Publications, 1970, 


Every day my mind is filled with joy, love and peace. 


Editorial Staff, Practical Health Guides, How To Stimulate Your Body's Natural Defences, Godefioy Publications, 1989, 


I now choose harmonious thoughts and let the joy flow freely 
through me. 


Louise L. Hay, You Can Heal Your Life, Hay Howse, 1984. 


I let go of the past and now live totally in the present. 
Louis Proto, Self Heating, Piatkus Publications, 1990 


I think and act joyously, and so I am joyous. 
Dale Carnegie, Qcerome Your Worries, Flammarion 198 


I smile because I want to share my joy. 
Jean Charter, How To Acquire A Superior Personality, Dangles Pres, 1971 


Tam as joyous as possible. 
Dr Maxwell Mate, Psythocyberntics and Self Realization, A Different Word Lid. Pulao, 1970. 
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(Lam excited to be alive.) 
Barbara J. Gress, Personal Power Cards, Aslan Publishing, 991 


I am always joyous, active and energetic. Eternal joy is my 


strength. am always in a good mood, free and full of happiness. 
Dr Joseph Murphy, These Truths Wil Change Your Lif, Published by Le our, 1982 


Because my morale is getting stronger and stronger, I feel more 
and more in control of all situations, however difficult they are. In- 
stead of all those negative and depressing thoughts, I will concen- 
trate my mind on thoughts of health, courage, confidence in life and 


in myself, certitude and joy. 
Charles Boudouin, Psychology And Practice of Autosuggestion, legrap Publication, 1950 


JUDGMENT (Also see Action, Memory) 


Moderation, common sense, good judgment and balance are all 


important elements of the way I live. 
‘Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


I channel my thoughts and take the time to exercise judgment 


concerning all my activities. 
Sad Heimsteter, The Power Of Iner Motiaton, Pllished by Le four, 1987 


Inever act contrary to my own better judgment. 
Paul Clement Jagot, How To Develop Your Personal Magnetism, Dangles Press, 1982. 


My thoughts are ordered and clear. 


My judgment is rapid and sure, my memory is accurate. 
Ru. Charpentier, Autosuggestion And ls Practica! Applicaton, Champs Elysees Publications, 158. 


Inorder to clarify my judgment I try to understand other people’s 


opinions about my behavior, my ideas and my emotions. 
Jean-Marie Bosvert and Madeline Beaudry, elf Affrmation and Conmunicaton, Godefroy Publications, 1978 
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JUSTICE 


To be just, I act justly. 
W, Clement Stone an Napoleon Hil, Sucess Through Pastoe Thinking, Godefroy Publications, 1978 


JUSTIFICATION 


I refuse to justify everything I do. If someone asks why I do such 
and such a thing, I reply that I have no reasonable explanation. I do 
what I do simply because I feel like it. 


Wayne Dyer, Your Erogenous Zones, Tehow Press, 1976. 
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KLEPTOMANIA (Also see Honesty) 


I no longer feel the need to steal. I am in perfect control of my 
reactions and my impulses. In stores I always pay for the merchan- 
dise I take. I can easily master my impulses. I take pleasure in spend- 
ing money for objects I desire. I am a perfectly honest person, and 
happy about it. 


Christian H. Godefroy, Helping Yourself Through Self Hypnosis, Godefroy Publications, 1985, 


KNOW-HOW 


I trust myself to acquire the knowledge and skills I need if this 


plan or approach does not lead to the results I want. 
Dr. Marty Seldman, Super Selling Through Self Tl, Price Stern Slomn, 1986, 


KNOWLEDGE 


I seek knowledge in order to make wiser choices. 

My daily job is to broaden my knowledge. 

I can do whatever I want, but what I want is determined by what 
Iknow. 


‘Matthew MeKay aru Patrick Fanning, Self Esteem, New Harbinger Publications Ine, 1990 


Iraise my consciousness, my level of understanding. 
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Traise my level of knowledge. 
Vernon Howard, Psycho-Pitorapy, 6. 1965. 


Imake harmonious and confident use of the knowledge I acquire 
in my life. 
Prof 


‘or Kurt Tepperwein, How To Learn The Paisess Way, Godefroy Publications, 1983, 


I collect all the information I can. 

I replace the effort of thinking with a tranquil understanding of 
everything that is going on. 

I transform my acquired knowledge into personal knowledge. 
And then I experience the miracle of peace, every day. 

The supreme secret for breaking out of the vicious circle of prob- 


lems is knowledge. 
Vernon Howard, Psycho Pitograpy, SP, 1965. 


I invest in my own knowledge. I enroll in an extension or semi- 
nar class in some aspect of personal or professional development. I 
make the bookstores and fitness centers my new haunts for ‘happy 


hour’ 
Denis Waitley, Seeds Of Greatness, Pocket Books Press, 1984. 


(Each person’s knowledge is different, therefore no comparison 


is of any value.) 
Matthew McKay ani Patrick Fanning, Self Esteem, New Harbinger Publications Inc, 1990 
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LACK 


People give to me freely: I do not have to beg or fight. 
Louis Proto, Self Healing, Piatkus Publications, 1990 


LAUGHTER 


From now on I will cultivate laughter. I will smile, and my diges- 
tion will improve; I will rejoice and my burden will grow lighter; I 
will laugh, and my life will be prolonged, because that is the secret of 


long life, and it is now mine. 
(Og Mandino, The Greatest Secret In The World, A different World Press, 1979 


My scale of values changes as my inner self develops. So now I 


laugh about things that caused me to suffer in the past. 
Vernon Howard, Psycho-Pictography, S.LP, 1965. 


LAZINESS (Also see Cowardice, Lying, 
Disorder, Discipline) 


Tomorrow I will wake up at — (specify) o'clock. I will feel rested 
and eager; I will not waste a minute lying around in bed; I will jump 
out of bed and joyously greet the day that awaits me. I will maintain 
my enthusiasm throughout the day, and I will work with joy and 


How It Works 


charges to flow freely from source to gate, and as 
the internal resistance will be very low, the re- 
sulting current can be destructive. Thisis why the 
JFET must always be reverse-biased. 


‘A MOSFET is freed from these restrictions, and 
the gate voltage can be higher or lower than the 
source voltage. This property enables an N- 
channel MOSFET to be designed not only as a 
depletion device, but alternatively as an en- 
hancement device, which is ‘normally off" and 
can be switched on by being forward-biased, The 
primary difference is the extent to which the 
channel in the MOSFET is N-doped with charge 
cartiers, and therefore will or will not conduct 
without some help from the gate bias. 


Ina depletion device, the channel conducts, but 
applying negative voltage to the gate can pinch 
off the current. 


Inan enhancement device, the channel does not 
conduct, but applying positive voltage to the 
gate can make it start to do so. 


In either case, a shift of bias from negative to 
positive encourages channel conduction; the 
depletion and enhancement versions simply 
start from different points, 


This is clarified in Figure 29-10. The vertical (log- 
arithmic) scale suggests the current being con- 
ducted through the channel of the MOSFET, 
while the green curve describes the behavior of, 
a depletion version of the device. Where this 
curve crosses the centerline representing 0 volts 
bias, the channel is naturally conductive, like a 
JFET. Moving left down the curve, as reverse bias 
is applied (shown on the horizontal axis), the 
component becomes less conductive until final- 
ly its conductivity reaches zero. 


Meanwhile on the same graph, the orange curve 
represents an enhancement MOSFET, which is 
nonconductive at 0 volts bias. As forward bias 
increases, the current also increases—similar to 
a bipolar transistor. 


To make things more confusing, a MOSFET, like a 
JFET, can have a P-doped channel; and once 


discrete semiconductor 


multi-junction > field effect transistor 


N-Channel 
Depletion 
MOSFET, 


Drain-Source Current. = 


N-channet 
Enhancement 
MOSFET 
ee meen 
Gate Voltage Relative to Source Voltage 


Figure 2910. The currant conduction of deplation and 
enhancement N-charinel MOSFETs. See text for details 
((nfluenced ty The Art of Electronics by Horowitz and 
Hill) 


again it can function in depletion or enhance- 
mentmode. The behavior of this variantis shown 
in Figure 29-11, As before, the green curve shows 
the behavior of a depletion MOSFET, while the 
orange curve refers to the enhancement version. 
The horizontal axis now shows the voltage dif- 
ference between the gateand thedrain terminal. 
The depletion component is naturally conduc- 
tive at zero bias, until the gate voltage increases 
above the drain voltage, pinching off the current 
flow. The enhancement component is not con- 
ductive until reverse bias is applied. 


Figure 29-12 shows schematic symbols that rep- 
resent depletion MOSFETs. The two symbols on 
the leftare functionally identical, representing N- 
channel versions, while the two symbols on the 
right representP-channel versions. Asin the case 
of JFETs, the letter “S” should be (but often isnot) 
added to the symmetrical versions of the sym- 
ols, to clarify which is the source terminal. The 
left-pointing arrow identifies the components as 
N-channel, while in the symbols on the right, the 
right-pointing arrows indicate P-channel MOS- 
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presence of mind, certain that my efforts will lead to the desired re- 
sults. 

Starting today I will not allow myself to waste time on insignifi- 
cant things, in order to prevent the bacteria of laziness from taking 
over my mind and my body. I walk straight and stand tall, not bent 


over like a crescent moon. 
K.O. Schmidt, Success At Your Seraice, Astra Publications, 1986. 


Tam becoming a good worker, committed, courageous, and more 


and more frank and sincere. 
Emile Cove, Complete Works, Astra Publications, 1976. 


I will react against laziness and I will work with courage and regu- 
larity (dedication). 


Professor Robert Tocquet, The Powers Of The Will, Godefroy Publications, 1989. 


I’m starting to like what I do again. 
TR. Charpentcn Autosuggestion And its Practica! Appliation, Champs Elysees Publications, 158. 


I can now get up on time every morning, feeling great. 
Christin H. Godefioy, Helping Yourself Through Self Hypnosis, Godefroy Publications, 1985 


Tam rested and full of drive. I rejoice in the things I have to do. 
Today is a lucky day for me. Iam calm and serene, and I can handle 


any situation! 
KO. Schmit, Sucess At Your Serie, Asin Publctons, 1986, 


LEARNING (Also see Knowledge) 


Learning is like depositing gold in the bank of your mind. I in- 


vest in myself every day. I can learn whatever I want. 
‘Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 
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Hove to learn. I find the time to learn new things, and constantly 


develop my mind. 
Christan H. Godefroy, The Seven Eternal Ls of Succes, Gadeoy Publications, 1980 


Tam constantly learning! 
W. Clement Stone, Passport To Success, Godefroy Publications, 1962 


After you have gained general knowledge in a field or subject, 
concentrate on learning one aspect of it well. Succeed in specializing, 
before you diversify. Doing one thing well, until you have mastered 


it, brings confidence and a reputation for excellence. 
Denis Waitey, Seeds Of Gentes, Pocket Books Pres, 1988 


I take great joy in learning. 

Tam completely relaxed, and assimilate the text perfectly. 

I can easily remember everything I learn when I wish, and Iam 
satisfied with my progress. 

I will stick to the program I set up for myself right to the end, and 
I will not let myself get distracted. 

Tam very happy to learn so quickly and easily in this way, and I 
feel great. 

I listen enthusiastically to the information I want to acquire, and 
assimilate it as if it were the easiest thing in the world to do. 

T always concentrate on what I am doing, at the moment I’m do- 
ing it. 

Learning brings me more joy every day. 

I feel free of all obstacles, and learn with enthusiasm. 

Each time I make progress I get more pleasure from my work. 

Each day brings me a greater and greater understanding of the 


deeper meaning of what I learn. 
Professor Kurt Teper, How To Lear The Painless Way, Godefroy Publications, 1983 


Ibelieve I can learn anything. 
Link KrafMacoy, 30 Days To Happiness, Stlpont 1987 
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LEARNING WHILE ASLEEP 


Soon I will be deeply asleep. And yet I will easily be able to hear 
what I taped, and memorize it without waking up. I will learn the 


text on the tape easily, while I am completely calm and relaxed. 
Cirstian H. Godefroy, Helping Yourself Trough Sif Hypnosis, Godefroy Publication, 1985 


Ina few minutes, when I fall asleep, and even if I sleep very deeply, 
I will be able to hear the tape recorder; it will be easy to learn and 


memorize everything I hear. 
Valery Saf, Practical Guide To Self Hypnosis de Vecchi Publictons, 1987 


LEISURE 


I engage in inspirational recreation. I get out the kites, grab the 
Frisbees, dust off the picnic basket, share a project with the children, 
attend little theatre productions, musicals, and concentrate most of 


my television and movie viewing on shows that warm my heart. 
Denis Waitley, Seeds Of Greatness, Pocket Books Pres, 1984 


My leisure time is full. 

Tam aware that I can take an active part in managing my leisure 
time, just as I manage my professional life, or anything else I want to 
do. 

I don’t consider leisure time as wasted, or just time to kill. On the 
contrary it is an opportunity to develop myself and to relax. 

Every now and then I review how I make use of my leisure time, 


and plan various ways to use it better (theatre, vacations, etc.). 
Pierre Nicolas, Time ls Money... And Pleasure ter Publications, 1981 


L Page 215 
——————————— 


LESIONS 


If there are lesions in one or another of my organs, these will heal 
up day by day, and will rapidly disappear. 


Emile Cove, Complete Works, Astra Publications, 1976. 


LEVEL HEADEDNESS 


Tam always level headed, calm and serene. God’s peace perme- 
ates my mind and my soul, my entire being. I am full of goodwill, 


and sincerely wish all people peace and happiness. 
Dr Joseph Murpty Mastering Yourself And Others, Published by Le our, 1988 


LIFE 


Life is an amusing game which I want to play. 
Shalt Gawain Cente Visualization Techniques, Sle Publications, 1878, 


Inow dedicate my entire mind to the Divine Plan of creative life. 
I refuse to be a mediocre person achieving mediocre results in my 


life. God has given me the genius of the Spirit. 
Charles Barker, The Science Of Success, angles Press, 1983 


Now is the best time to be alive. 
Denis Waitley, Seeds Of Greatness, Pocket Books Press, 1984. 


LIKABILITY 


Tam likable and affectionate, and I have a lot to share with others. 
‘Shukti Gawain, Creative Visualization Techniques, Soleil Publications, 1978. 
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Tam likable. 


Dr. Wayne W. Dyer, Your Erogenous Zones, Tehou Press, 1976. 


Tam always relaxed, never irritable, and therefore always smil- 
ing and likable. 


‘Marcel Rouet, Mastering Your Subconscious, Dangles Press, 1982 


LIMITATION 


Inever allow the obtuse thoughts of others to limit me; instead I 


open myself to limitless possibilities. 
Siad Helmsteter, The Power Of lner Motiaton, Pulblished by Le Jour, 1987 


There is no limit to how good I can feel. 
Louis Proto, elf Healing, Piatkus Publications, 1990. 


Tam limitless. I know no boundaries as I live unconditional love 


and creativity. I recognize my true identity. 
Barbara J. Gress, Personal Power Cards, Aslan Publishing, 991 


Iam free, nothing frightens me, nothing can limit me. The realm 


of the mind has no boundaries. 
‘Marcel Auclair, The Book Of Happiness, Seuil Publications, 1959 


(Lam a limitless being.) 
Shatti Gawain, Cente Visualization Teclnques, Sle Publications, 1878, 


All thoughts of limitation and poverty are now erased from my 


mind. 
R. Charles Barker, The Science Of Success, Dangles Press, 1983. 


No task is impossible if I know and understand my limits. 
Dr. Maxwell Maltz, Psychocybernetics and Self Realization, A Different World Lid. Publications, 
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My only limit is my mental image. 
Christian H. Gero, Helping Yourself Through Self Hypnosis, Gaeoy Publications, 1985 


LISTENING 


I listen to what other people are saying instead of preparing my 
answers, and I make sure they have finished expressing their point of 


view before responding. 
Pierre Nicolas, Time Is Money. An Pensure, ter Publications, 1981 


I listen to everything the people I’m talking to have to say, not 
only a part of it. To me listening doesn’t mean waiting for my turn to 
speak. When I listen, I really listen. 

Tam an attentive listener. I don’t listen just for the sake of listen- 
ing, but to understand. 

I listen to other people’s thoughts, but I also listen to my inner 
voice, the voice of my best friend and advisor. I listen to the advice I 
receive. 

Every day I become more and more skilled in the art of positive 
listening. I like to use my listening skills every time I have an oppor- 
tunity to do so, no matter who it is I'm talking to, what the occasion 


is, or where Iam. 
‘Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


LOGIC 


Tam a rational person. 
Dr. Anthony and Mary Zaft, Alphagencs, Quebec -Ameriqle Publication, 1974 


My thoughts are coherent and organized in an orderly way. 
Sublipower, Sublimemory, Edi Inter, 1989. 
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LOOKING GOOD 
(Also see Weight, Losing Weight, Health) 


Tam gradually reaching my ideal weight. Every day I am closer 
to having the figure I dream about. I’m looking better every day. My 
body is firm, and I feel light. Life is nourished by life: I feel like eating, 
living nourishing food, rich in vitamins. I love the life-giving taste of 
fresh raw fruits and vegetables, which enhance my beauty and en- 
ergy. 

Each day I feel my body becoming more beautiful and I rejoice in 
the life flowing through me. 


Charles Baucdouin, Psychology And Practice of Autosugeestion, ldegraph Publications, 1990, 


When I take an honest look at myself in the mirror I like what I 


see. I’m proud of the efforts I make to look and feel good! 
Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


(I know I have to look good as good as I can to please my hus- 
band / wife.) 


‘Matthew MeKay ara Patrick Fanning, Self Esteem, New Harbinger Publications n., 1990 


I vibrate with immense happiness, ina magnificent body sculpted 


by the immense power of my subconscious. 
Charles Baudouin,Peycolggy And Practice of Autsuggestion, legraph Publication, 1950 


LOSING WEIGHT 
(Also see Strength, Body Fitness) 
Vllsoon reach my ideal weight. I feel happy, and my body is look- 


ing better and better every day. I don’t have to deprive myself of any- 
thing. I like my body, I like myself. My subconscious mind is my most 
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powerful ally. Through the power of my subconscious I can completely 
master my eating habits. I am free and happy. As I lose weight I feel 
more fulfilled, I am more active, more considerate of others, and 


prouder of my image. 
Kar 0, Steer, Psychotrning, Godefoy Publications, 1284. 


Every time I start eating I rapidly lose my hunger. I will not eat 
any more foods that make me gain weight, and I won't eat between 
meals. My body will function on a strict minimum of food and, by 


perspiring, will eliminate all toxic substances. 
Valery Sanfo, Practica! Gude To Self Hypnosis, de Vecchi Publintion, 1987 


Tose a couple of pounds every week, and I feel fine. 
Professor Kurt Tepperavi, Secret Techniques of Hypnosis, Godefroy Publications, 198 


From now on I will be slim, strong and in perfect condition, what- 


ever I do. 
‘Shakti Gawain, Creative Visualization Techniques, Soleil Publications, 1978. 


I find it pleasant and easy to lose X number of pounds. 
Reymond Hul, Wanting Is Power, Les Eton de Homme, 1969 


Tove this new beautiful body my subconscious is sculpting day 
after day. I'm losing weight. I'm looking better. I feel good. Every 
breath I take is filled with health and energy. Every time I exhale I get 
rid of toxins and excess fat. 

My fat is melting. I’m looking better and better every day. [have 
less and less desire for useless foods that do nothing for my health. I 
am free of all that. I feel light, so light. I'm in great shape. And I feel 
great. 

I feel so much better being myself in a slim body, free of all those 


false cravings and superficial pleasures. 
Charles Baudowin, Psychology Anu Practice of Auto Suggestion, degraph Publications, 1990, 
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Iam gradually reaching my ideal weight, and can maintain it 
easily. My health is improving. My appearance is also getting better 
and better, and people like to be with me more. I’m looking better 
every day. I only eat healthy foods, which help me lose weight with- 
out feeling hungry. I am becoming more and more attractive and 
healthy, thanks to the power of my subconscious mind. I can easily 
reach my ideal weight, and stick to it with no effort. I like my body, 
and the new self image my subconscious is helping me create. Iam in 
perfect control of my eating habits. I love my body, and I have the 


power to lose weight. 
Christian H. Godefioy, Helping Yourself Through Self Hypnosis, Godefroy Publications, 1985. 


Thave no trouble maintaining my ideal weight. 
Sad Heimsteter, The Power Of lner Motivation, Published by Le Jour, 1987 


Tam always slim and healthy. 
Eure Sta, Practical Heath Guides, How T Stimulate Yur Boys Natural Defense, Gafoy Publications 195, 


Whenever I sit down to eat I never let anyone else influence me, 
tempt me, or discourage me in a negative way. I am learning to say 


no to food and yes to success. 
‘Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


Losing weight the self hypnosis way will definitely improve my 
appearance. 

Losing weight the self hypnosis way will change my personality, 
giving me greater self confidence, a sense of pride, a feeling of ac- 
complishment. 

Losing weight the self hypnosis way will make me less tired and 
sluggish. 

Losing weight the self hypnosis way will improve my sex life by 
making me more attractive. 

Losing weight the self hypnosis way will prolong my life. 


Frank S, Caprio, M.D. & Joseph R. Berger, Helping Yourself With Self Hypnosis, Preutice Hall In, 197. 
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LOST OBJECTS 


You know all things; therefore You know where my ring is and 


You will reveal where it is to me. 
Dr. Joseph Murphy, The Miracles Of Your Mind, Dangles Press, 1984. 


LOVE (Also see Success, Happiness) 


To love is to look beyond other people's faults and failings. I con- 
centrate on the good in other people. 
I love, and I never hesitate to go that extra mile, or spend that 


extra time to show someone my love. 
Denis Waitley, Seeds Of Greatness, Pocket Books Press, 1984 


Every time my partners affectionate, I forget all my worries, and 


feel full of love and tenderness. 
Professor Kurt Tepperwein, Think And Heal, Godefroy Publications, 1984 


My life is an experience of love and warmth. 
Christan H, Godefroy, Positive Thinking: The Subliminal Method Goefoy Publications, 1987. 


Giving and accepting love makes me strong. I always treat love 
as the most prized gift. The natural state of my heart is love. 
Linh Kraf-Macoy, 30 Days To Happiness, Stllpoint, 1997. 
Taccept appreciation for my loving actions. As I give freely, I also 
receive freely. | appreciate myself as a male and female. 


Barbara J. Gress, Personal Power Cards, Aslan Publishing, 1991 


I greet this day with my heart full of love. 


(Oy Mandino, The Greatest Seeret In The World, A different World Press, 1979. 


I love to love and be loved. 


P-channel 
Depletion 
MOSFET 


Drain-Source Current —= 


P-channel 
Enhancement, 
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Figure 2911. The current conduction of depletion and 
‘enhancement P-channel MOSFETs. See text for details. 


FETs, The gap between the two vertical lines in 
each symbol suggests the silicon dioxide dielec- 
tric, The right-hand vertical line represents the 
channel. 

& Ss e Ss 


Figure 29:12. Schematic symbols for depletion MOS: 
FETS. These function similarly to JFETs. The two symbols 
‘on the Jeft are functionally identical, and represent N- 
‘channel depletion MOSFET. The two symbols an the right 
are both widely used to represent P-channel depletion 
MOSFET. 


For enhancement MOSFETs, a slightly different 
symbol uses a broken line between the source 
and drain (as shown in Figure 29-13) to remind 


multi-junction > field effect trans! 


Norks 


Us that these components are “normally off” 
when zero-biased, instead of “normally on." Here 
again a left-pointing arrow represents an N- 
channel MOSFET, while a right-pointing arrow 
represents a P-channel MOSFET. 


et s ei s 
Figure 2913, Schematic symbols for enhancement 
MOSFETS. The two on the left are functionally identical 
‘and represent N-channel enhancement MOSFETs. The 


‘hwo on the right represent P-channel enhancement MOS: 
FETs. 


Because there is so much room for confusion re- 
garding MOSFETs, a summary is presented in 
Figure 29-14 and Figure 29-15. In these figures, 
the relevant parts of each schematic symbol are 
shown disassembled alongside text explaining 
their meaning. Either of the symbols in 
Figure 29-14 can be superimposed on either of 
the symbols in Figure 29-15, to combine their 
functions. So, for instance, if the upper symbol in 
Figure 29-14 is superimposed on the lower sym- 
bol in Figure 29-15, weget an N-channel MOSFET 
of the enhancement type. 
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The more I love, the more love I have to give to others. 

From now on I will love and receive love without any reserva- 
tions. 

All the love I seek is already in my heart. 

The more I love myself, the more I love 

Tove and loves me. 


I now invoke the quality of love. 
Shakti Gawain, Creative VeualizationTectnques, Sli Publications, 1978, 


I love life, and life loves me in return. 
Norman Vincent Peale, When You Want, You Can!, A Different World Press, 1974 


Tlove. 
Jean Chartier, How To Acquire A Superior Personality , Dangles Press, 1971 


Tlearn to think in terms of love in my mind, and I feel love in my 


heart. 
Frank S. Capri, M.D. & Joseph R. Berger, Helping Yourself With Self Hypnosis, Pret 


Hall Ine, 1974. 


I give and receive love freely. 
Christian H. Godefroy. Helping Yourself Trough Self Hypnosis, Godefroy Publication, 1985 


I don’t hate anyone, I don’t envy anyone, but I love and respect 


the whole of humanity. 
W.Clement Stone an Napoleon Hil Sucess Though Pstoe Thinking, Gade Puliaions, 1978 


I could stop loving you, but for the time being I prefer to con- 


tinue. 
Wayne Dyer, Your Erogenous Zones, Tehow Press, 1976. 


I radiate love through my thoughts, words and actions. Love 
brings harmony and happiness to my life, and to my relations with 


others. 
Dr. Joseph Murphy, Triumph Over Yourself And Others, Le Jour Publications, 1988. 
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Tam always in love with the universe, with life, and with myself. 
Shai Grea, Reflections n The Light, New Word Library, 1973 


Tam a person worthy of love and affection. 
Shakti Gawain, Creative VeualizatonTeclnques, Sle Publications, 1878 


I live in a cosmic universe, and I can hate no person, nation or 


race. 
R. Charles Barker, The Science Of Success, Dangles Press, 1983. 


I live according to the law of love. 
Robert Collier, Wealth At Your Doorstep, S.LP, 1959. 


Tove you. 
Marcelle uc, The Book Of Happiness, Seu Publications, 1959 


The emotions of love exists in me when I can be with other people 


and not want anything from them. 
Vernon Howard, Psycho-Pictography, SLP, 1965, 


The Spirit in me loves the Spirit in you. 
Marcelle Aula, The Book Of Happiness, Seu Publications, 1959 


Harmony surrounds me. I listen with love to the pleasant and the 


good. Iam a centre for love. 
LoviseL Hy, You Can Heal Your Life, Hay Howse, 1988 


I fill myself with love and always expect the best. 
Lith KrafMacoy, 30 Days To Happiness, Stlpont, 1987 


LOVE - FILIAL (Also see Creativity, Sensitivity, 
Optimism, Peace, Joy, Tenderness) 


Ilove and respect my father because he is good for me. 
Wayne. W Dyer, The Sky The Limit, Mortage Publication, 1988 
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Tove my mother, but I'm not responsible for her happiness. 
Lous Prot, Self Healing, Pau Publications, 190. 


LOVE LIFE 


Trespect myself and assume the responsibility of being myself in 
my love life. 

Tam loving and caring both towards my partner and myself. 

I don’t consider marriage an institution where one partner domi- 
nates the other. [have faith in love, in the support and opinions of my 
partner, but I am the only one who is in control of my life. 

Tike the way my partner looks at me, and I know that this look is 
a reflection of my approval and appreciation for him / her. 

I feel sincere admiration for my partner, and I show it. I often 


express my admiration and approval, both in public and at home. 
Sad Heinstter, The Power Of liner Motioaton, Published by Le our, 1957 


LOVE OF LIFE (Also see Prosperity, Happiness, 
Self Confidence, Courage, Peace, Love) 


Tam going to regain my zest for life. 
Frank 8. Caprio, MD. & Joseph R, Berger, Helping Yourself With Self Hypnosis, Prentice Hall nc, 1978 


Life is fantastic. That's right, fantastic. 


Norman Vincent Peale, When You Want, You Cant, A Diferent World Press, 1974 
[I am going to make a positive effort to enjoy life, based on the 
principle that happiness is an attitude that can be cultivated.] 


Frank S, Caprio, M.D. & Joseph R. Berger, Helping Yourself With Self Hypnosis, Prentice Hall Inc, 1974 


Tam excited to be alive. I’m glad to be here. I am a bright, shiny 
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star that glows every day and night. 


Barbara J. Gress, Personal Power Cards, Aslan Publishing, 1991 


I rejoice in life, and Iam happy to be alive at this point in history. 


I contemplate the bounty and richness of life all around me. 
. Charles Barker, The Science Of Success, Dargls Press, 1983 


I profit from life. 
Jean Charter, How To Acquire A Superior Personality, Dangles Press, 1971 


Iam full of life. I love life and I’m happy to be alive. I ama very 


special person, living an extraordinary life. 
Sad Helmsteter, The Por Of Iner Motiaton, Pllished by Le Jour, 1987 


Life is fun and pleasurable. 
Link Krafl-Macoy, 30 Days To Happiness, Silipoint, 1987. 


LOVE OF SELF 
(Also see Self Confidence, Self Esteem) 


(The more responsibilities I accept, the more energy and self love 
Thave.) 


Link Krafl-Macoy, 30 Days To Happiness, Sillpoint, 1987. 


Hove the body I was given. Itis a part of me, and Ilove who Iam. 
Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


Tove and appreciate myself as Iam. 
Shakti Gawain, Crevice VeualizationTelnques, Sle Publications, 1878, 


Hove myself without condition or judgment. Iam an energy pat- 
tern like no other before or after me. I am comfortable in my indi- 
viduality. 


Barbara J. Gress, Personal Power Cards, Aslan Publishing, 1991 
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Tove myself the way Iam. 
Estoril Sta, Practica Heath Guies, How To Stimulate Yur Body's Natura Defenses, Gaefoy Publications, 195, 


I respect and love myself. 
Sublipower, Sublisucess, Edi Iter, 1989, 


I feel warm and loving towards myself. 
“Matthew McKay ani Patrick Fanning, Sef Esteem, New Harbinger Pblcntions In, 1990 


LOYALTY 


invest my sincerity and loyalty in others. This brings me closer 
to people. 


Dr. Maxwell Maltz, Psychocybernetics and Self Realization, A Different World Ltd, Publications, 1970. 


LUCIDITY (Also see Self Control) 


By acquiring a lucid and constructive mind I become my own 
judge; not a judge who condemns with impunity, but a compassion- 
ate judge who does everything to plead my cause. 

The lucidity of my mind is my laboratory. 

My lucidity helps me develop positive habits. 


Dr. Maxwell Malte, Psychocybernetics and Self Realization, A Different World Lid. Publications, 1970. 


I think clearly and judiciously. 


Vernon Howard, Psycho-Pictography, S1LP, 1965. 


I want to be perfectly lucid under all circumstances, remain in 
control of myself whatever happens, and feel perfectly at ease with 


everyone I meet. 
Paul Clement Jago, The Power Of The Wil, Dales Press, 1950 
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My mind is always clear and lucid, and the results I obtain are 
the proof. 


Claude M. Bristol, Harold Sherman, Your Inner Power = TNT, A Different World Publications, 1954. 


LUCK (Also see Money) 


Tam lucky. 
Marcel Auch, The Book Of Haines, Sul Publications, 1959. 


Tam getting luckier and luckier. 
Christen H, Godefroy, Positive Thinking: The Subliminal Method, Goefray Publications, 1987. 


Thave the right to be lucky and rich. 


Christian H. Godefroy, Helping Yourself Through Self Hypnosis, Godefroy Publications, 1985. 


I go through life smiling. 


Christian Godefroy Collection, Magic Formulas For Success And Happiness, Godefroy Publications. 


Tam a magnet for everything good. 
Link KrafMacoy, 30 Days To Happiness, Stlpont, 1987 


Love, that divine magnet, attracts everything that is good. 
Robert Coley, Wealth At Your Doorstep, SP, 1959 


Everything comes to me easily and effortlessly. 
From now on everything will contribute to make my life beauti- 


Everything good comes to me easily and effortlessly. 
Shakti Gawain Cente Visualization Teclnques, Sle Publications, 1878, 


LUNG DISEASE 


My lungs are getting stronger. 
Sublipower,Subleath Edi Iter, 1989, 
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My lungs are clean and strong. I can breathe deeply. 
Sad Hetmsteter, The Poaer Of laner Motivation, Pullished by Le four, 1987 


LYING (Also see Cowardice, Laziness) 


Talways tell the truth. 


RL Charpentier, Autosuggestion And Its Practical Application, Champs Elysees Publications, 1958. 
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MAGNETISM (Also see Influence) 


Tam accumulating great magnetic power. 

Taccumulate all ambient magnetic energy in my solar plexus. 
My magnetism is becoming more radiant every day. 

The magnetic power I emit makes my suggestions irresistible. 
Ican easily concentrate the magnetism in me, and project it where 


and how I want. 
Marcel Rout, Techniques And Practice Of Hypnotism, Pars Productions N.O.E, 1974. 


I am projecting my magnetic force. I am saturating this person 
with the flow of my magnetic energy. 


‘Marcel Baugin, Hypnotism, Suggestion and Telepsyche, Scientific Distribution, 1956. 


The people who enter my life are attracted by my own personal 


level of magnetism. 
Vernon Hoard, Psycho-Pitorapy, SP, 1965. 


Thave magnetism because I am in control of my mind and body... 
this gives me great inner strength... this force... each day... I feel it 
developing in me. 

I control and channel my thoughts at will... and this cohesion of 
my personality has a positive influence on those around me. 

Such thoughts attract similar forces... of love and benevolence... 
which reinforce my personal magnetism. 

I feel myself radiating a powerful magnetic force... which helps 
me succeed in life... which makes me attractive... to both men and 
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women... I always try to be friendly, hoping to benefit them in some 


way... with my magnetic force. 
‘Marcel Rouel, Mastering Your Subconscious, Dales Press, 1982 


I now exert an irresistible attraction on people. 
‘Shakti Gawain, Cente Visualization Telaques, Sle Publications, 1878, 


I project my personal magnetism. 
“Marcel Baugin, Hypnotism, Suggestion and Telepsyche, Scenic Distribution, 


I feel attractive, bursting with all the power in my soul. 
Henry Durvle, 1 Want To Succeed, Durvle Publication, 1968 


I feel more and more attractive, more and more powerful and 
magnetic. I have a positive influence on everyone around me. More 
and more people are attracted to me. Yes, day by day I feel my mag- 


netism getting stronger. 
Charles Baudouin, Psychology And Practice of Autosugestion, legrap Publications, 1950 


Other people love to have me around. 
Liak KrafMacoy, 30 Days To Happiness, Stlpont, 1987 


My personality is becoming more and more magnetic. I can influ- 
ence the people around me at will. 
People are attracted to me more and more. I’m liked by everyone 


I meet. 
985. 


Christian H. Godefroy, Helping Yourself Through Self Hypnosis, Godefroy Publications, 


I'm working on my facial expression: I want it to be frank, full of 


light and strength, ready to spread my power wherever necessary. 
Henry Durville, 1 Want To Succeed, Durvill Publications, 1968 


No one can resist the power of my eyes. 


Professor Lawrence Powers, The Ten Secrets Of Hypnotic Power, Godefroy Publications, 1982, 
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Nothing can resist my gaze. 
Marcel Rout, Tecniues And Practise Of Hypnotism, Paris Productions N.O.E, 1974 


MAIL 


Tanswer my mail, or throw it away, or delegate it every day, so 


that it doesn’t pile up. 
Christin H, Godefroy and Jon Clark, low To Have More Time, Godefy Publications, 1989, 


The mail I send projects a positive image of my service and of 
myself. 

Taking care of my correspondence doesn’t take a lot of time. 

Tuse empty blocks of time to take care of my mail. 

I write creatively. 

Tam learning (through practice) to write clean copy on the first 
draft. 

I am learning (through practice) to dictate a clean copy to my 


secretary on the first draft. 
Piere Nicolas, Time Is Money... And Pleasure, ter Publications, 1981 


MANAGEMENT 


I build other winners too. 
Denis Waitley, Seeds Of Greatness, Pocket Books Press, 1984. 


MANAGEMENT - MONEY 


Tenjoy managing money carefully and successfully. 
Shakti Gronin, Reflections In The Light, New Word Library, 1978 


How It Works 


N-channel MOSFET 
Source relatively negative 
Drain relatively positive 

Gate relatively negative 
changes conductivity as 
‘gate becomes more negative 


P-channel MOSFET 
‘Source relatively positive 
Drain relatively negative 
Gate relatively positive 
changes conductivity as. 
‘gate becomes more positive 


& 


Figure 29-14. Either ofthe two symbols can be combined 
ith either af the two symbols in the next figure to create 
‘one ofthe four symbols for a MOSFET. See text for details, 


Depletion MOSFET 
‘normally ON 

Change of gate voltage 
(more negative for N-channel, 
‘more positive for P-channel) 
pinches off the current flow. 


Enhancement MOSFET 
Normally OFF 

‘Change of gate voltage 
(less positive for N-channel, 
Jess negative for P-channel} 
pinches off the current flow. 


e/e 


Figure 29-15. Either of the two symbols can be combined 
with either ofthe two symbols from the previous figure, to 
create one ofthe four symbols for a MOSFET. See text for 
details. 


In an additional attempt to clarify MOSFET be- 
havior, four graphs are provided in Figure 29-16, 
Figure 29-17, Figure 29-18, and Figure 29-19. Like 
JFETs, MOSFETs have an initial ohmic region, fol- 
lowed by a saturation region where current flows 
relatively freely through the device, The gate-to- 


discrete semiconductor 


nulti-junction > field effect transistor 


source voltage will determine how much flow is 
permitted, However, itis important to pay close 
attention to the graph scales, which differ for 
each of the four types of MOSFET. 


‘N-channel Depletion MOSFET 


‘Saturation region 


Gate Minus Source = +1V 


‘Current from Drain to Source, in mA 


5 1 1520 
Drain Voltage Minus Source Voltage, in volts 


Figure 29-16. Current flow through a depletion-type, N- 
‘channe] MOSFET. 


Inall of these graphs, a bias voltage exists, which 
allows zero current to flow (represented by the 
graph line superimposed on the horizontal axis). 
In other words, the MOSFET can operate as a 
switch. The actual voltages where this occurs will 
vary with the particular component under con- 
sideration. 


The N-channel, enhancement-type MOSFET is 
especially useful as a switch because in its 
normally-off state (with zero bias) it presents a 
very high resistance to current flow. It requires a 
relatively low positive voltage at the gate, and 
effectively no gate current, to begin conducting 
conventional currentfromits drain terminal toits 
source terminal. Thus it can be driven directly by 
typical 5-volt logic chips. 


Depletion-type MOSFETS are now less common- 
ly used than the enhancement-type. 
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I know how to manage my money. I have a healthy respect for 


what I earn and what I know, and I put them to the best possible use. 
‘Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


I know where I stand financially. 
My spending is in line with my resources, with a sufficient mar- 


gin for maneuvering. 
Piere Nicolas, Time Is Money. An Pensure, ter Publications, 2981 


MANAGEMENT - TIME 


I dedicate about twenty minutes a day to managing my time: ten 
minutes in the morning going over the list of things I have to do, and 
one minute per hour throughout the day. 

I regularly ask myself what I can do to save time. 

Tallow myself sufficient time alone to think about how I’m orga- 
nizing my time. 

I know how to say ‘no! and avoid time wasting activities. 

Pierre Nicolas, Time Is Money... And Pleasure! Inter Publications, 1981 


I make a list of my daily tasks, in order of importance. 

I know how important it is to remain in control of my time and 
my priorities. 

Since I establish my own priorities and since I am aware of the 
importance of each of my actions, I give them exactly the amount of 


time and degree of attention they merit. 
‘Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


(I manage my time well.) 
-Matihew McKay and Patrick Fanning, Self Esteem, New Harbinger Publicntions In, 1990 


I take time for sunsets and flowers. 
Denis Waitley, Seeds Of Greatness, Pocket Books Press, 1984. 
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MARRIAGE 
Tam wanted by someone. I am happily married to a good and 


loving man / woman who is interested in things of the mind. I am 


secure. 
Dr Joseph Murphy, Exploit The Power Of Your Subconscious, Tehouw | Ariston, 1962. 


MATURITY 


Tam becoming more mature every day. 
Frank S. Caprio, MLD. & Joep, Berger, Helping Yourself With Sef Hypnosis, Prentice Hall nc, 1978 


MEDICAL TREATMENT 


This treatment is totally successful and feels very comfortable. 


My pills are working wonders - and with no side effects. 
Louis Prot, Sl Healing, Pats Plicatons, 190, 


MEDITATION 


I bow before the power that is in me. 
Christian H. Gaefrou, Helping Yourself Trough Self Hypnosis, Godefroy Publications, 1985 


T remain awake in a passive way. 
Dr. Anthony and Mary Za, Aphagenics, Quebec -Ameriqle Publication, 1978 


MEETING PEOPLE 


Ilike to meet people and I focus on their good qualities. My goal 
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is to make each person glad they talked with me. 
Dr Marty Seiman, Super Sling Through Self Til, Price Stern Sloan, 1986, 


I take great pleasure in meeting other people, and I always see 
their good side. I am in no way unconsciously fearful of people, I 
know that the Spirit in all people is one of warmth and loving friend- 
ship. I give thanks for all the people I know, and for those I will meet 


in the future. 
R. Charles Barker, The Science Of Success, Dangles Press, 1983. 


I approach people with heartfelt friendship. 


Dr. Maxwell Maltz, Psychocybernetics and Self Realization, A Diferent World Lid. Publications, 970. 


I can’t select all the people I'd like to work with and be with; but 
I control whom I spend most of my time with, and I can meet new 
people. I can change my environment and seek out successful role 


models to learn from and share with. 
Denis Watley, Seeds Of Grentness, Packet Books Pres, 1984 


Now I meet exactly the type of people I want to know. 


‘Shakti Gawain, Creative Visualization Techniques, Soleil Publications, 1978. 


The more I meet different people, the more opportunity I have to 
realize that my fears were all a waste of time. With this in mind the 
unknown becomes something that I want to explore instead of some- 


thing I want to shy away from. 
Wayne Dyer, Your Erogenous Zones, Thou Press, 1976. 


You are you and Iam me. 

Tam not in this world to meet your expectations. 
You are not in this world to meet mine. 

Tam here to do my thing. 

You are here to do your thing. 

Sometimes we will meet - and that’s beautiful. 
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Sometimes we won't. Too bad. 
Louis Proto, Self Healing, Piatkus Publications, 1990. 


MEETINGS 


I always get to my meetings slightly ahead of time, and I make 


sure I never miss a plane or train. 
Pierre Nicolas, Time Is Money. An Pensure, inter Publications, 1981 


Each time I am called upon to make a presentation to my depart- 
ment I prepare carefully and arrive at the meeting feeling completely 
sure that I know my material and that I will be in control of the meet- 
ing. 

Each time I meet with our financial advisors I feel very much a 
part of the family. Being young only emphasizes my capabilities. Sit- 
ting with my colleagues I feel calm and serene, one member of a team 
all collaborating to achieve the same objectives. Because my mind is 
concerned with the decisions that we will soon have to make, I am 
oblivious to my body, and I am calm, concentrated and completely 


without tension. 
Arthur Wassmer, The Art Of Making Friends And Being Happy, Belfond Publications, The 1978, 


I prepare for my meetings. 

I make sure that the person chairing the meeting does his or her 
job properly. 

Only the people who are required to make the meeting more ef- 
fective are allowed to participate. 

The meetings I chair always result in explicit decisions being made 
and understood by all participants. 

When I'm not chairing a meeting that I find is going badly I try to 
exert a positive influence by getting myself appointed secretary, or 
by suggesting that we take time out to evaluate the proceedings. 


Pierre Nicolas, Time Is Money... And Plensure!, ner Publications, 1981 
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Whenever I am asked a point-blank question in a group meeting 
Tam usually able to respond because I always pay attention to the 
discussion. I feel calm. I don’t worry about coming up with the “right” 


answer because after all, I am the expert. 
‘Arthur Waser, The Art Of Making Friends Ana Being Happy Belfond Publications, 1978 


MELANCHOLY 


Tam never melancholy. 
Vernon: Howard, Psycho-Pictorapy, SP, 1965. 


When I am in one of my melancholy moods I will make sure not 


to project my disturbed feelings of gloomy disposition onto others. 
Frank S. Caprio, MD. & Joseph R, Berger, Helping Yourself With Sef Hypnosis, Pretce Hall nc, 1978 


MEMORY 
(Also see Concentration, Judgment, Willpower) 


Starting today all aspects of my memory are improving, It is get- 
ting better and better. I retain everything I need to know more and 
more easily. I have confidence in my memory. It is more and more 


accurate. It is becoming more and more effective. 
Charles Baudouin, Psychology And Practice of Autosuggestio, legal Publication, 1950 


What I record in my memory is written in indelible ink, and stays 


there forever. 
Prof 


or Kurt Teperwein, How To Learn The Pinless Way, Godefroy Publications, 1983 
Whenever I repeat the word X three times in a row my memory 


becomes perfectly active. It is ready to assimilate data, and I learn 
everything I have to with ease. Whenever I read or listen to some- 
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thing my mind will be more open and will store as much information 
as possible. My memory is improving, and it is much easier to con- 


centrate on the subject at hand. 
Valery Sanfo, Practical Guide To Self Hypnosis, de VeechiPuiations, 1987. 


Thave a good memory... a faultless memory... I can retain what- 
ever I want. 
My memory is powerful... and improving every day... as I orga- 


nize my thoughts. 
‘Marcel Rouet, Mastering Your Subconscious, Dangles Press, 1982. 


like going to classes more and more as my memory improves. 
Ru. Charente, Autosuggeston And lis Practica! Applicaton, Champs Elysees Publications, 1958. 


My memory is improving daily. My memory is getting better day 
by day, so that I can remember everything I need for my work. 

All aspects of my memory are improving. From now on I can 
easily remember everything I have to, under any circumstances and 
in any place. My memory is more and more precise and faithful. I 
absorb all the information I need in my day to day life more and more 
easily. My memory is improving daily, and will soon be completely 
effective. I control my memory under any circumstances. 

I congratulate myself. I really have a fantastic memory. I should 
be proud to have such a good memory. I can easily remember all the 
dates, events, statistics, thoughts, words, reading and work-related 
information I need to know. I really have an effective memory. Once 
again, bravo! I congratulate myself! 

Christian H. Godefioy, Helping Yourself Through Self Hypnosis, Godefroy Publications, 1985. 

Itrain my memory in order to make it more powerful, and I use it 
to advance in my chosen profession. 


Raymond Hull, Wanting Is Power, Les Editions de !' Homme, 1969 


limagine my memory as a fruit (any fruit). It is healthy, perfectly 
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smooth, free of imperfections. It is perfect. That is my memory. 

Tam relaxed. Everything is going well, everything is calm. My 
memory is improving day by day. I have a good memory, a faithful 
memory. I can count on my memory because it is becoming more and 
more accurate. 

My memory is faithful. I can count on it. It is becoming more 
faithful every day. I am happy about the progress it is making. 


Euitorial Staff, Practical Health Guides, How To Stimulate Your Body's Natural Defenses, Godefroy Publications, 1989, 


I always remember my conversations with others clearly. I can 
repeat important parts word for word. This helps in my work, and in 


all other areas of my life. 
‘Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


Iam going to devote a part of each day to improving my memory. 
Frank S. Caprio, M.D. & Joseph R. Berger, Helping Yourself With Self Hypnosis, Prentice Hall ln., 1974. 


I want to make my memory fast and accurate, my assimilation 


(of information) clear and correct, and my willpower faultless. 
Paul Clement Jago, The Power Of The Wil, Dangls Press, 1950 


My mind stores information with ease. 

All have to do is give myself a mental command to retrieve any 
information I want from my memory. 

Every day I work on developing my concentration and memory. 

My memory is getting better every day. 

Thave confidence in my memory, as it becomes more and more 
accurate. 

My memory is getting stronger every day. 

My thoughts transform into images, which are engraved on my 
mind. 

Ican easily recall any information I need, when I need it. 

Thave the power to remember everything I see, hear or read. 
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My memory is my friend, and I can count on it. 
If I want to forget an event, a thought, a person or an object, my 
memory obeys. 
The more I use my memory, the more accurate and faithful it be- 


comes. 
Sublipowver, Sublimemory, Edi Inter, 1989. 


I now have complete confidence in my memory. It is now fully 
effective. I can control it under any circumstances. It absorbs every- 
thing I need to know, and provides me with the information I need, 


when I need it. 
Charles Baucouin, Psychology And Practice of Autosuggestion, Idegraph Publications, 1990, 


MENOPAUSE 


Tam not at all worried about my life as a woman... because I can 
stay young... stay young for a very long time. 

T feel good... I am relaxed... I am not worried... I am resolutely 
optimistic... at this age where women reach their full potential... A 
great life lies ahead... full of promise... and I feel good, wonderfully 
good. 

Tam going to manage my menopause and make it another, even 


more enriching stage in my life as a woman. 
Marcel Rowel, Mastering Your Subconscious, Dangles Pres, 1982 


MENSTRUATION 


I know that the menstrual cycle should occur regularly every 
twenty-eight days, and not every thirty days as many people believe. 
It will last for four days, no more, no less, and the flow will be neither 
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too abundant or too sparse, both before and during the period; I should 
not suffer from kidney or lower back pains, headaches or any other 
kind of pain, since this natural function should take its course natu- 


rally, without my having to suffer in any way at all. 
Enile Cove, Complete Works, Astra Publication, 1976 


Tam balanced and peaceful in all changes of cycles, and I bless 
my body with love. 


Louise L. Hay, You Can Heal Your Life, Hay House, 1984. 
My uterus is tightening, emptying itself. 


My uterus is becoming empty; I want it to be empty. 
Dr. Gaston Durie and Dr. Ande Duro, Mental Cure, Naturist institute Publications, 1923 


MENTAL CONTROL 


I take charge of my thoughts. I can do what I will with them. 
Dr Marty Seldnuan, Super Selling Through Self Tl, Price Stera Sloan, 1986, 


Tam responsible for the thoughts in my head. 
Wayne. W, Dyer, The Sky+ The Limit, Mortage Publication, 198. 


MENTAL FACULTIES (Also see Concentration) 


My faculties are developing day by day. 


RL. Charpentier, Autosuggestion And Its Practical Application, Champs Elysees Publications, 1958. 


MENTAL FATIGUE 


My thoughts are clear and precise, my mind is fresh and alert. 
Karl O, Steer, Psychotnng, Godefoy Publications, 1984 
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I do not hesitate to take a break from my work if I’m tired... to 
relax my muscles... to breathe deeply and restore my energy... or to 


relax my brain by emptying my mind. 
“Marcel Ruel, Mastering Your Subconscious, Dangle Press, 1982 


MENTAL PROJECTION 


I develop my faculties of concentration and mental projection. I 
learn to project my mind and all my senses in the desired direction, to 


any place and any level in the universe. 
Cvstian Gaefny, Mental Dynamics, Robert Lafont Publications, 1976. 


Tam learning to develop my five senses, my concentration, and 


to project my mind to any place and any level in the universe. 
Christian Goefroy, Mental Dynamics, Roert Lafont Publications, 1976 


MENTAL RETREAT 


In my place of retreat I am free, and Iam in control of my subcon- 


scious. 
Euitorial Staff, Practical Health Guides, How To Stimulate Your Body's Natural Defenses, Godefioy Publications, 1989, 


MERIT 


I merit the best, and from now on only the best will come to me. 
‘Shakti Gawain, Creative Visualization Techniques, Soli! Publications, 978, 


I was just talking about luck, but luck had nothing to do with it. 1 
got that good grade because I deserved it. 


Wayne Dyer, Your Erogenous Zones, Tehow Press, 1976. 


discrete semiconductor > multi-junction > field effect transistor 


channel Depletion MOSFET 


‘Saturation region 


Variants 


P.channel Enhancement MOSFET 


Saturation region 


Gate Minus Source = -1V 


ov 


Curent from Source to Drain, in mA 


Drain Voltage Minus Source Voltage, in volts 
Figure 29-17. Current flow through a depletion-type, P- 


‘channel MOSFET. 


‘N-channel Enhancement MOSFET 


‘Saturation region 


Gate Minus Source = +7 


Vy 


+5V 
+4V 


Current from Drain to Source, in mA 


$3V 


5 10 1520 
Drain Voltage Minus Source Voltage, in volts 


Figure 29.18, Current flow through an enhancement: 
type, N-channel MOSFET. 


Gate Minus Source =-7V 


ou 


[ioe aa 
Drain Voltage Minus Source Voltage, in volts 


Figure 29-19. Current flow through an enhancement 
‘ype, P-channel MOSFET. 


The Substrate Connection 

Up to this point, nothing has been said about a 
fourth connection available on many MOSFETs, 
known as the body terminal. This is connected to 
the substrate on which the rest of the compo- 
nent is mounted, and acts as a diode junction 
with the channel. It is typically shorted to the 
source terminal, and in fact this is indicated by 
the schematic symbols that have been used so 
far. It is possible, however, to use the body ter- 
minal to shift the threshold gate voltage of the 
MOSFET, either by making the body terminal 
more negative than the source terminal (in an N- 
channel MOSFET) or more positive (in a P- 
channel MOSFET). Variants of the MOSFET sche- 
matic symbols showing the body terminal are 
shown in Figure 29-20 (for depletion MOSFETS) 
and Figure 29-21 (for enhancement MOSFETS). 


A detailed discussion of the use of the body ter- 
minal to adjust characteristics of the gate is be- 
yond the scope of this encyclopedia. 
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I want to imitate the examples of those who succeed, of those 
who fear no obstacles. I want to merit and obtain success, joy, power 


and love. 
Henry Durville,! Want To Succeed, Durville Publications, 1968. 


MIGRAINE (Also see Emotion) 


Ican relax at any time. My head feels cool... my head feels light... 


my neck and shoulders are supple and relaxed. 
Professor Kurt Teperavin, Secret Techniques Of Hypnosis, Gtefoy Publications, 1981 


Ina few moments my mind will become clearer. The excess blood 
congesting my head is flowing back down to other parts of my body. 


Soon my headache will be gone. 
Kar O Steer, Psychotrning, Godefoy Publications, 1984. 


I feel my head getting calm. 

I feel my head relaxing, getting lighter. 
I feel free of all mental stress. 

I feel my head is normal, clear. 

Tam in control of my emotions. 


I feel free of the past events which caused my migraines. 
Dr. Anthony and Mary Zaft, Alpgencs, Qube -Ameique Publications, 1978 


I will feel good today, my head will be clear and lucid. 
Leslie M. Le Cro, Liberate The Forces In You Through Self Hypnosis, Toul Ariston, 1968 


Iam going to free myself of migraines. 
Estria Sta, Paci Heath Guies, How To Stimulate Yur Body's Natura Defenses, Goefoy Publications, 195, 


My head is opening, becoming calm and light. Energy is once 
again circulating normally though my head, eliminating all fatigue 
and all tension. My blood is irrigating every part of my brain fully, 
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bathing it in a soft light. My head is completely relaxed. 
Christan H. Gero, Helping Yourself Through Self Hypnosis, Gdeioy Publications, 1985 


My forehead feels pleasantly cool. 


Dr. GR. Rager, Hypuosis, Sophrology and Medicine, Fayard Publications, 1973, 


My headache has disappeared. 


Emrika Padus, Encyclopedia of Emotions And Health, Edi Inter, 


Go away! Go away! 
KO. Schmidt, Sucess At Your Serie, Asta Publctons, 1986, 


MIND (Also see Memory, Concentration) 


[use the vast power of my mind. 


I concentrate my mind on one thing at a time. 
Vernon Howard, Psycho-Pictography, S.LP, 1965. 


I want to be mindful of everything because whatever I am aware 


of can inspire new ideas and opportunities. 
Henry Durvl, 1 Wont To Su 


nd, Durcille Publications, 1968. 


All the functions of my mind, like memory, attention, etc. are 
improving. 
Charles Baudouin,Peyholog And Practice of Sef Suggestion, ligraph Publications, 1990, 


Like an eagle my mind was created to rise to great heights. 
I rely on my aptitude for developing maximum mental power. 


Vernon Howard, Psycho-Pictography, S.LP, 1965. 


I affirm the existence of the Real Me. 
‘Marcel Auclair, The Book Of Happiness, Seuil Publications, 1959 


I will never use the power of my mind to do harm to others. 
Ealtoral Sif, Paci Heath Guides, How To Stimulate Yur Boys Natura Defenses, Gafoy Publications, 195, 


M Page 244 
ae 


I rejoice in this Life which exists for me. I am an incarnation of the 
Mind of all life. 


R. Charles Barker, The Science Of Success, Dangles Press, 1983 


1AM everything of substance that is. 


Robert Collier, Wealth At Your Doorstep, S.LP, 1959. 


[I am going to think with my mind and not my emotions. I am 


learning to think love in my mind, so that I will feel love in my heart.] 
Frank S. Caprio, MLD. & Joseph. Berger, Helping Yourself With Sef Hypnosis, Prentice Hall nc, 1974 


My mind is a divine center of operations. 
Rober Collin Welt At Your Doorstep, SP, 1958. 


Everything is the Mind. When the Mind is well, everything is 


well. 
‘Marcel Auclair, The Book Of Happiness, Seuil Publications, 1959. 


MIND PROJECTION 


I want X (specify who) to be forced to reveal (specify what). 


Paul Clement Jagot, How To Develop Your Personal Magnetism, Dangles Press, 1982. 


MIRACLES 


The light in me is accomplishing miracles in my life, here and 
now, 
The light in me is accomplishing miracles in my body, in my mind, 


and in my affairs, here and now. 
Shakti Gawain, Ceaioe VeualizationTeclnques, Sl Publications, 1878, 


Iam the greatest miracle in nature. 
(Og Manaino, The Greatest Secret In The Word, A diferent World Pres, 1979, 
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Divine love is working in me here and now in order to create 
something. 
The Christ in me is accomplishing miracles in my life, here and 


now. 
‘Shakti Gawain, Creative Visualization Techniques, Soleil Publications, 1978. 


My own words create miracles in my life. 


Texpect a miracle. 
Lith KraftMacoy, 30 Days To Happiness, Stlpont, 1987 


MISOGYNY 


I will make an attempt to understand and appreciate feminine 
psychology so as to better comprehend the underlying motivations 
for my wife’s behavior. 

I cannot expect love and respect from my wife if I belittle or abuse 
her. 

I must also remind myself that little courtesies, tender attentions 


and acts of kindness are as important to her as material gifts. 
Frank S. Caprio, M.D. & Josep R. Berger, Helping Yourself With Self Hypnosis, Prentice Hall ln., 1974. 


MISTAKES 


Icollect my mistakes with pleasure. I consider them as tools for 


learning. 
Raymond Hul, Wanting Is Power, Les Eton de Homme, 1969 


Thave the right to make a mistake. 


To err is human. I ama human being. 
Christan H. Goieroy and Jl Clark, How To Have More Tine, Godefroy Publications, 1989, 
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Inourish my conviction to rise above my mistakes. 
Dr. Maxell Mate, Psychoeyberntics and Self Realization, A Different Word Lid. Pulbliatons, 1970 


Tlearn from my mistakes. 
Sublpower, Sublisucess, Edi Inter, 1989 


(My father thought that it is important not to make mistakes. But 
Thave to learn how to do this work. I can only learn by trying. If I 


worry about mistakes I will stagnate, I won't learn anything.) 
Matthew McKay and Patrick Fanning, Self Esteem, New Harbinger Publications bu., 1990. 


1 know that I am free to make mistakes, it is fine to make mis- 
takes. I do the best I can. I always do the best I can within the limits of 
my awareness. Within the limits of what I know at any given time I 
do the best I can. I love myself, mistakes and all. lam a good person. 
Ilearn from my mistakes, and I am free to make them. 

Tam free to make mistakes. I can learn from my mistakes without 


guilt or worry. The past is over and there is nothing I can do about it. 
‘Matthew McKay and Patrick Fanning, Self Esteem, New Harbinger Publications bu., 1990. 


When I make a mistake or get ridiculed or rejected, I look at mis- 
takes as learning experiences, and ridicule as ignorance. After a rejec- 
tion, I take a look at my BAG - Blessings, Accomplishments, Goals. I 
look at rejection as part of one performance, not as a turndown of the 


performer. 
Denis Waite, Seeks Of Grete, Poke! Boks Pres, 1988 


Here's a mistake I promise myself I'll never make again, with the 
help of God! 


‘Marcel Auclair, The Book Of Happiness, Seuit Publications, 1959. 
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MISTRUST 


I believe everything —— (name the person) tells me about his / 
her activities. 
Editorial Staf, Practical Health Guides, How To Stimulate Your Bady’s Natural Defences, Godefroy Publications, 1989. 


MISUNDERSTANDING 


Imake sure not to mistake a misunderstanding fora real disagree- 


ment. 
Pierre Nicolas, Time Is Money... And Pleasure!, nter Publications, 1981 


MODERATION (Also see Discernment) 


Tam happy to possess this or that object. I promise to use it wisely 


and in moderation, so that I get as much pleasure as I can from it. 
Raymond Hull, Wanting Is Power, Les Editions de Homme, 1969 


When I reprimand someone or express my unhappiness I try to 
do so after the urge to fight or become upset has subsided. The best 
way to get my feelings across is when I can speak in a normal voice, 
without all of the warlike body language. When I am upset I try a 
substitute physical exercise such as running, tennis, racquetball, or 
handball, in which there is impact involved to release the built-up 
adrenaline in my system. I do speak my mind, but I criticize the be- 


havior without attacking the other person. 
Denis Watley, Seeds Of Grentness, Packet Books Pres, 1984 


Everything has its just measure, and I respect it. 
RL Charpentier, Autosuggestion Anu Its Practical Applicaton, Champs Elysees Publications, 1958 
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Tam going to observe moderation in everything I do. 
Frank 8. Caprio, MD. & Joseph, Berger, Helping Yourself With Self Hypmasi, Prentice Hall nc, 1974 


MONEY (Also see Business, Luck, Competence, 
Creation, Projects, Debts, Vocations) 


From now on I have more money at my disposal than I need. 
Shatti Gawain, Creative VeualizationTetnques, Sl Publications, 1978, 


Tearn more money than I spend. 
Christian Goefro Collection, Magic Formulas For Being Happier And More Successful, Godefroy Publication. 


Imanage my affairs wisely and confidently. learn enough money 


to satisfy my needs. 
Reymond Hl, Wanting Is Power, Les Eton de Homme, 1969 


I don’t dislike money... it gives me security... and I know that I 


can make money if I want to. 
Marcel Rouet, Mtioating Your Subconscious, Dangle Pres, 182. 


I can do anything I want to extremely well, including making 


money. 
J. Martin Kole, Your Greatest Power, A Different World Ltd, 1979 


Iam receiving plenty of money for doing exactly what I want to 
do. 


Shakti Gawnin, Reflections In The Light, New World Library, 1978 


Tam mentally and spiritually connected to the money I gave —— 
— (name) and it will come back to me multiplied and magnified in 


the Divine Scheme. 
Dr. Joseph Murphy, These Truths Will Change Your Life, Published by Le Jour, 1982 
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I bless you so that you can bless others in turn. May you enrich 
everyone you touch. I thank God on your behalf, but I thank Him 
even more for the thousands of others like you. I bless this infinite 
abundance. I thank God for it, and receive it with an ever more open 


mind. 
Robert Collier, Wealth At Your Doorstep, S.LP, 1959. 


I find the money I require to buy the car I need. 
Charles Albert Possant & Christian Godefoy, The Secret Of Beng A Millionaire, Godefroy Publications, 1987 


Money is energy, and I control its flow. 
Lia Kraf-Macoy, 30 Days To Happiness, Stlpont 1987 


Money makes me, and the people close to me, happy. 
Money allows me to help others. 


Money comes to me without effort. 
Christian H. Godefoy, Prosperity: The Subliminal Method, Godefioy Publications, 1987. 


Money comes to me freely. 
Louis Proto, Self Healing, Paths Publication, 1990 
Life places people on my path who can help me progress finan- 
cially. 


Charles Albert Poissant & Christian Godefroy, The Secret Of Being A Millionaire, Godefroy Publications, 1987. 


On the first of —— (month), 19— (five years from now) I will 
have $50,000, accumulated gradually over a 5 year period. In ex- 
change, I will do my best to provide excellent service as a (describe 
the service or merchandise) salesman. 

I firmly believe that I will have that money. My conviction is so 
strong that I can already see it in front of me. I can touch it... it’s there 
waiting for me to take it. I instruct my subconscious mind to come up 
with a plan that will get me that money, and as soon as my subcon- 


scious mind forms a plan I will put it into action. 
Napoleon Hil, Think And Get Rich, eho] Ariston, 1966. 
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I become more financially comfortable every day. 
Cristian H. Godefroy. Helping Yourself Though Self Hyphosis, Godefroy Publications, 1985 


MOODS 


From now on I will be in a good mood more and more often. Joy, 


happiness and serenity will become my normal states of mind. 
Dr Joseph Murphy, Exploit The Power Of Your Subconscious, Tho | Ariston, 1962 


Tam going to devote time to studying the reasons for my mood 


swings. 
Frank S Capo, MD. & Josep R Berger, Helping Yourself With Self Hypnosis, Prentice Hal Inc, 1974 


MOROSITY 


I greet this day with a heart full of love. 


Eaitrial Staff, Practical Health Guides, How To Stimulate Your Body's Natural Defenses, Godefroy Publications, 1989, 


Ino longer think there is no point to life. I use the principles of 
truth to discover goals in life. 

Life is worth living when I understand the value of the richness 
of life. 

My life becomes richer and fuller when I can free myself from my 


negative self and the errors that part of me commits. 
Vernon Howard, Psycho-Pictography, S.LP, 1965, 


Oh, what a wonderful day for going out and enjoying what the 
world has to offer! 
ig Ziglar, Rendez-ous At The Top, A Different World Publications, 1975. 


This is the day God has made; I will rejoice and be happy on this 
day. I thank God for the abundance of life, I thank God for lasting 
love. I thank God for joy. I thank God for magnificent health, I thank 
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God for infinite abundance. 

I have awakened to a new day. I feel at one with the birds and 
with all living creatures, celebrating this new day with a burst of song 
and thanksgiving. God, I thank You for the abundance that is mine. 


Robert Collier, Wealth At Your Doorstep, S.L.P, 1959. 


MOTIVATION 


I like (specify an activity which you like but which you 


haven’t had the courage to undertake.) 
Editorial Sta, Practical Health Guides, How To Stimulate Your Body's Natural Defences, Godefroy Publications, 1989, 


I feel rich! I feel happy! I feel great! 


W. Clement Stone and Napoleon Hill, Success Through Positive Thinking, Godefroy Publications, 1978 


Ienjoy my professional activities. 
Tam enjoying the new project I'm working on. 
Vernon Hood, Psycho-Pitograpy, SP, 1965. 


Ishow my self respect through this inner motivation which keeps 
me on the path of achieving my goals, on the path of success, even if 
1 fail now and then. 

Tam my goal. 

Tam success, even before I attain it, since Iam already on the path 


of full realization. 
Dr. Maxwell Maltz, Psychocybernetics and Self Realization, A Different World Ltd. Publications, 1970. 


If I want to achieve permanent, sustaining success, the motiva- 
tion that will drive me toward that goal must come from within. It 
must be personal, deep-rooted and a part of my innermost thoughts. 
All other motivation, the excitement of a crowd, the stimulation of a 
pep-talk, the exhilaration of a passing circumstance is external and 


Variants 
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Figure 29-20. Schematic symbol variants for depletion 
MOSFETS, showing the body terminal separately access 
ble instead of being tied to the source terminal, 


© 
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Figure 29-21. Schematic symbol variants for enhance: 
‘ment MOSFETs, showing the body terminal separately ac 
cassible instead of being tied to the source terminal 


Variants 


‘A few FET variants exist in addition to the two 
previously discussed, 


MESFET 

The acronym stands for MEtal-Semiconductor 
Field Effect Transistor. This FET vatiant is fabrica- 
ted from gallium arsenide and is used primarily 
inradio frequency amplification, whichisoutside 
the scope of this encyclopedia. 


discrete semiconductor 


multi-junction > field effect transistor 


V-Channel MOSFET 

Whereas most FET devices are capable of han- 
dling only small currents, the /-channel MOSFET 
(which is often abbreviated as a VMOS FET and 
has a V-shaped channel as its name implies) is 
capable of sustained currents of at least S0A and 
voltages as high as 1,000V. It is able to pass the 
high current because its channel resistance is 
well under 19. These devices, commonly re- 
ferred to as power MOSFETs, are available from all 
primary semiconductor manufacturers and are 
‘commonly used in switching power supplies. 


Trench MOS 

The TrenchMOS or Trenchgate MOS is a MOSFET 
variant that encourages current to flow vertically 
rather than horizontally, and includes other it 
ovations that enable an even lower channel re- 
sistance, allowing high currents with minimal 
heat generation. This device is finding applica- 
tions in the automobile industry as a replace- 
ment for electromechanical relays. 


Values 


‘The maximum values for JFETs, commonly found 
listed in datasheets, will specify Vg, (the drait 
source voltage, meaning the potential difference 
between drain and source); Vig (the drain-gate 
voltage, meaning the potential difference be- 
tween drain and gate); Vg. (the reverse gate- 
source voltage}; gate current; and total device 
dissipation in mW. Note that the voltage differ- 
encesare relative, not absolute. Thus a voltage of 
50V on the drain and 25V on the source might be 
acceptable in a component with a Vas of 25V. 
Similarly, while a JFET's “pinch-off” effect begins 
as the gate becomes “more negative” than the 
source, this can be achieved if, for example, the 
source has a potential of 6V and the gate has a 
potential of 3V, 


JFETs and MOSFETs designed for low-current 
switching applications have a typical channel re- 
sistance of just a few ohms, and a maximum 
switching speed around 10Mhz. 


262 
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temporary. It will not last. 
Dr. Marty Seliman, Super Sling Through Self Til, Price Stern Sloan, 1986, 


MOTIVATION - SCHOOL 


After I finish this lesson I can go and watch the football game. 


I'll do three more chapters, and then I can watch the movie on TV. 
Professor Kurt Teppertein, How To Learn The Painless Way, Godefroy Publications, 1983, 


MOVING 


I’m soon moving to a really nice apartment that will make my life 


more stimulating. 
Reymond Hl, Wanting Is Power, Les Eton de Homme, 1969 


MUSCLES 


Every muscle in my body is controlled by my Muscle Coordina- 


tion Center. 
Franck Rudolph Young, Cyelomancia, SIP, 1966, 


My muscles are relaxed and warm. 
Denis Waitey, Seeds Of Greatness, Pocket Books Pres, 1988 


My muscles are strong and supple. 
My muscles are supple and healthy. 


Esitorial Stof, Practical Health Guides, How To Stimulate Your Body's Natural Defenses, Godefroy Publications, 1989, 
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MUTUAL AID 


Every day I find occasions to help my peers and accomplish con- 
structive things. 
Chute M. Bristol, Harold Sherman, Your Inner Power = 7 


"A Different World Publications, 1954. 


MYOPIA (See Nearsightedness) 
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NAIL BITING 


Every time I bring my nails to my mouth to bite them, as soon as 
I put my nails in my mouth, I will experience an extremely bitter 
taste, and the taste will get more and more bitter, more and more 
unbearable to the point where I will feel sick and want to vomit. 

Gradually, as I grow up, I will become more and more attractive. 
So I don’t want to harm my appearance by having ugly hands; beau- 
tiful hands with well trimmed nails will make me even more attrac- 
tive, and for this reason I will make a determined effort to stop biting 
my nails. 


Dr. GR. Rager, Hypuosis, Sophrology and Medicine, Fayard Publications, 1973, 


Ino longer feel any need to bite my nails. I find it easy to break 


the habit, and my hands are becoming beautiful and elegant. 
Christian H. Godefroy, Helping Yourself Trough Self Hypnosis, Godefroy Publication, 1985 


NATURAL 


Tam natural and confident. 


Tact as naturally as I feel inside. 
Wayne. W, Dyer, The Sky's The Limit, Mortagne Publications, 1988. 


NEARSIGHTEDNESS 


The lens of my eye, too rounded (too convex)... is relaxing. 
Dr. Gaston Durie and Dr. Andre Dur, Mentel Cure, Naturist Institute Publication, 1923 
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NEED 


Thave legitimate needs and wants. I can choose what I need and 
want without having to justify it to anybody. I make choices, and I 


take responsibility for them. 


‘Matthew MeKay and Patrick Fanning, Self Esteem, New Harbinger Publications In., 1990 


It’s all right to meet my needs as I see fit. 
‘Matthew McKay and Patrick Fanning, Self Esteem, New Harbinger Publications bu., 1990. 


I express my needs honestly, listen to the needs of others, and 
look for the deepest truth. 


Shakti Gawnin, Reflections In The Light, New World Library, 1978 


I first understand my own needs, and then the needs of others. 
Dr. Maxwell Maits, Psychocybernetics and Self Realization, A Different World Ltd, Publications, 1970. 


I can invent new ways to satisfy a need and wisely choose the 


best option. 
Matthew McKay ani Patrick Fanning, Self Esteem, New Harbinger Publications Inc, 1990 


Tam secure enough to grow. I ask for what I need. All my needs 
will be fulfilled. 


Barbara J. Gress, Personal Power Cards, Aslan Publishing, 1991 


The universe always provides for my needs. 
‘Shalt Gawain, Creative Visualization Telnques, Sle Publications, 1878, 


What I say, I get. 
And I always have everything I need. 


Linh Kraft-Macoy, 30 Days To Happiness, Stillpoint, 1987. 
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NEGOTIATING 


I know how to break off negotiations if I have to. 

My negotiations always result in clear, explicit and concrete agree- 
ments. 

Before negotiating I clearly define my objective(s) in order to know 
exactly what I want and what I don’t want to happen. 

Before negotiating I clearly define my bottom line (without nec- 
essarily telling the other party) in order to use dissuasive strategies 
without being forced to walk away from the table. 

When I negotiate I try to remember that any business relation- 
ship is comprised of one part cooperation and one part competition, 
each of which may predominate according to the time and circum- 
stances. 

Tam careful not to get boxed into an undesirable choice: friend or 
enemy, trust or mistrust, cooperation or competition. 

I make clear pronouncements of the points of agreement as they 
occur. 

I know how to break down my negotiations, so that the discus- 
sion about one clause does not systematically bring into question all 
the clauses already agreed to. 

Breaking down the negotiating agenda allows me to remain firmly 
opposed to the other party on certain points. 


Pierre Nicolas, Time Is Money... And Plensure!, ner Publications, 1981 


If I negotiate without having the power of decision, I make sure 
the scope of my delegated authority is clear in my mind, and in the 


minds of everyone involved. 
Piere Nicolas, Time Is Money. An Pensure,nter Publications, 1981 
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NERVOUS BREAKDOWN 
(Also see Nervousness) 


From now on I will no longer be taken by surprise as I was in the 
past; every time I feel a nervous attack coming on I will be warned by 
certain symptoms; but these symptoms will no longer frighten me at 
all, because at the same time as I feel them I will hear a voice inside 
me saying, as quickas lightning, “No... no... | will not allow this break- 
down to happen. My nervousness is disappearing... it has disap- 


peared.” 
Emile Coue, Complete Works, Astra Publication, 1976 


NERVOUSNESS (Also see Agitation, Anxiety, 
Fear, Nervous Breakdown) 


I always act calmly... without making needless gestures... and I 


never swear in moments of impatience. 
‘Marcel Rouel, Mastering Your Subconscious, args Press, 1982 


I don’t have to be nervous and tense. I am capable of relaxing, I 


have learned how to relax my mind and body. 
Frank S. Caprio, MLD. & Josep, Berger, Helping Yourself With Sef Hypnosis, Prentice Hall nc, 1978 


I want to dominate my anxiety, fear, nervousness and any other 
paralyzing emotions. 


Poul Clement Jagot, The Power Of The Will, Dangles Press, 1950. 


When I find my Real Self, nervousness disappears forever. 
Vernon Howard Psycho-Piclorapy, SP, 1965. 
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NERVOUS SYSTEM 


My nervous system is making amazing progress. I am affecting it 
in two ways, which makes my influence doubly effective. Firstly I 
influence it directly through suggestion, since the nervous system is 
directly related to the brain; secondly I influence it indirectly by im- 
proving my general state of health, since the nervous system is also 
affected by the body’s general state. My nervous system is becoming 
more and more sensitive and vibrant, as it should be, and at the same 
time it is becoming more and more calm, strong and resistant, as it 


also should be. 
Charles Baudouin, Psychology Anu Practice of Autosuggestion, ldegraph Publications, 1990, 


NEW BEGINNING 


Tam making a new beginning towards a new and better life, and 


I will get involved with other people. 
Dr. Maxwell Mate, Psychocyberntics and Self Realization, A Different Word Lid. Pulbliations, 1970. 


NOISE 


Noise doesn’t bother me... 1 know how to adapt to any situation... 


without becoming nervous. 
Marcel Rout, Mastering Your Subconscious, Dangle Press, 1982 


NOSTALGIA 


I should not be nostalgic about the past. I should think about to- 
day. 
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Today is the day I should be living. 

Tam doing all I can to love this day. 

I will use this day to express my positive qualities freely. 

Tam ready for a day of confidence and accomplishment. 

I combat negative emotions which will destroy my having a good 
day. 

Icall on my positive qualities: life is lived in the present. 

Inourish my enthusiasm for the present moment. 


I will use this day to try and express the best of myself. 
Dr, Maxwell Maite, Psychocyberetics and Self Realization, A Different World Ltd. Publications, 1970. 


The good old days are here and now! 
Denis Wailey, Seeds Of Greatness, Pocket Books Pres, 1988 


NOVELTY 


I like to invite people with very diverse opinions about things. I 
seek out novelty instead of limiting myself to conventionality, where 


the unpredictable is excluded. 
Wayne Dyer, Your Erogenous Zones, Tehow Press, 1976. 


NUMBNESS 


I want (specify which part of your body) to become numb. I im- 
pose my will. 

Marcel Baugin, Hypnotism, Suggestion and Telepsyche, Scien- 
tific Distribution, 1956. 


My hand feels dead, completely numb... and this numbness will 
soon move up into my wrist, my forearm, my upper arm, right up to 
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my shoulder... I can feel it moving upwards... my whole arm is be- 
coming numb... there is no feeling at all... it is becoming more and 


more numb... my whole arm is dead... numb... completely numb. 
Marcel Rouet, Teiniques And Practise Of Hypnotism, Paris Productions NOE, 1974 


NUTRITION 


Tonly eat foods which are good for me. 
T only eat foods which are healthy and which help me maintain 


my ideal weight. 
Sad Hetmstter, The Power Of Iner Motiaton, Published by Le Jour, 1987 


I put only the best fuel into my body. 


Link Krafl-Macoy, 30 Days To Happiness, Silipoint, 1987. 


[I am constantly fulfilled in my life. Since I know life, I nourish 


myself with joy. I construct my body in a balanced way.] 
Barbara Gress, Personal Power Cards, Asn Publishing 991 


Tam going to eat good wholesome food and not overeat, or over- 
indulge in foods that are not good for my health. 


Frank S, Caprio, M.D. & Joseph R. Berger, Helping Yourself With Self Hypnosis, Prentice Hall Inc, 1974. 


fe) Page 26. 


OBESITY (Also see Nutrition, Physical 
Exercise) 


I respect my body, I care for my body, I need my body to live. 


Dr. GR. Rager, Hypuosis, Sophrology ant Medicine, Fayard Publications, 1973. 


Tam gradually reaching my ideal weight. 


Christian H. Godefroy, Helping Yourself Through Self Hypnosis, Godefroy Publications, 1985, 


I maintain my ideal weight. It’s easy to do because I exercise and 


eat ina balanced and healthy way. 
‘Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


I never eat between meals. 

I chew my food very slowly. 

I don’t eat food that contains wheat. 

I don’t eat food that contains sugar. 

I don’t eat standing up. 

I visualize the body I want. 

Teat smaller portions. 

I don’t need to be encouraged not to overeat. 
Ilike myself and I want to be the best I can be. 


I persevere until I attain my goal. 
Dr. Anthony and Mary Zaft, Apgenics, Quebec -Amerique Publications, 1978 


Losing weight through self hypnosis will keep me from develop- 
ing health complications associated with obesity, such as hardening 


discrete semiconductor 


‘The datasheet fora MOSFET will typically include 
valuessuchas gate threshold voltage, which may 
be abbreviated Va, (or Vx) and establishes the 
relative voltage at which the gate starts to play 
an active role; and the maximum on-state drain 
current, which may be abbreviated lgjan) and es- 
tablishes the maximum limiting current (usually 
at 25 degree Centigrade) between source and 
gate. 


How to Use 


‘The combination of a very high gate impedance, 
very low noise, very low quiescent power can- 
sumption in its off state, and very fast switching 
capability makes the MOSFET suitable for many 
applications. 


P-Channel Disadvantage 

P-channel MOSFETs are generally less popular 
than N-channel MOSFETS because of the higher 
resistivity of P-type silicon, resulting from itslow- 
er carrier mobility, putting it at a relative disad- 
vantage, 


Bipolar Substitution 

In many instances, an appropriate 
enhancement-type MOSFET can be substituted 
for a bipolar transistor with better results (lower 
noise, faster action, much higher impedance, 
and probably less power dissipation). 


Amplifier Front Ends 

While MOSFETs are well-suited forusein the front 
end of an audio amplifier, chips containing MOS- 
FETs are now available for this specific purpose, 


Voltage-Controlled Resistor 

A simple voltage-controlled resistor can be built 
around a JFET or MOSFET, so long as its perfor- 
mance remains limited to the linear or ohmic re- 
gion. 


Compatibility with Digital Devices 
AJFET may commonly use power supplies in the 
range of 25VDC. However, it can accept the high/ 


multi-junction > field effect transistor 


How to Use it 


low output from a SV digital device to control its 
gate. A 4.7K pullup resistor is an appropriate val- 
tue to be used if the FETs to be used in conjunc- 
tion with a TTL digital chip that may have a volt- 
age swing of only approximately 2.5V between 
its low and high thresholds. 


What Can Go Wrong 


Static Electricity 

Because the gate of a MOSFET is insulated from 
the rest of the component, and functions much 
like a plate of a capacitor, it is especially likely to 
accumulate static electricity. This static charge 
may then discharge itself into the bady of the 
component, destroying it. A MOSFET is particu- 
larly vulnerable to electrostatic discharge be- 
‘cause its oxide layeris so thin. Special care should 
be taken either when handling the component, 
or when it is in use. Always touch a grounded 
object or wear a grounded wrist band when han- 
dling MOSFETs, and be sure that any circuit using 
MOSFETs includes appropriate protection from 
static and voltage spikes. 


‘A MOSFET should not be inserted or removed 
while the circuit in which it performs is switched 
on of contains residual voltage from undis- 
charged capacitors. 


Heat 

Failure because of overheating is of special con- 
cer when using power MOSFETs. A Vishay Ap- 
plication Note (‘Current Power Rating of Power 
Semiconductors") suggests that thiskind ofcom- 
ponent is unlikely to operate at less than 90 de- 
grees Centigrade in real-world conditions, yet 
the power handling capability listed in a data- 
sheet usually assumes an industry standard of 25 
degrees Centigrade. 


On the other hand, ratings for continuous power 
are of little relevance to switching devices that 
have duty cycles well below 100%, Other factors 
also play a part, such as the possibility of power 
surges, the switching frequency, and the integ- 
rity of the connection between the component 
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of the arteries, coronary disease, diabetes, etc. 
Frank 8, Caprio, M.D. & joseph R. Berger, Helping Yourself With Self Hypnosis, Prewtce Hall Inc, 1974 
I stay at my ideal weight no matter what I eat. 
Sublipowe, Subliealth, Edi Iter, 1989, 


OBJECTIVES (Also see Goals, Self Control) 


Every day I make progress towards attaining my objectives. 

Every day I continue moving forward by trying as much as pos- 
sible to avoid the hazards of life. To do this I summon my inner re- 
sources to lead my to my objectives. 

I learn to attain my objectives by mastering my fears and reject- 
ing my negative emotions. 

I choose realistic objectives and then work on attaining them. 

T concentrate on my objectives. 

I try to attain my objectives every day. I break out of the prison I 


have created for myself and strive to reach my objectives. 
Dr. Maxwell Mats, Psychoeybernetics and Self Realization, A Different World Lid Plains, 1970 


It is easier and easier for me to realize all my dreams. 
Christian H. Godefioy, Prosperity: The Subliminal Method, Godefroy Publications, 1987. 


Thave clear objectives which guide me in determining my priori- 
ties. 

I often review my priorities in life, my professional and personal 
priorities, in order to discern convergencies or contradictions, and 
any lack of coherence. 

I define my priorities in order to make them concrete, stimulat- 
ing, and attainable. 

Tam make sure to explain my objectives to superiors and subor- 
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dinates. 
I work on my objectives. 
For each objective I strive for harmony between the objective it- 


self, the results it yields and the methods used to attain it. 
Piere Nicolas, Time Is Money... And Pleasure, ter Publications, 1981 


Teasily attain all the objectives I set for myself. 
Charles Albert Possant& Christian Godefoy, The Secret Of Beng A Millionaire, Godefroy Publications, 187 


Imake a list of goals that I hope to achieve for the day. I visualize 
myself accomplishing each goal in the best way. I write a note of thanks 


that I’ve reached my goals. 
Linh Kraf-Macoy, 30 Days To Happiness, Stlpoint, 1987. 


Testablish my objectives and then use the resources I possess with 
devotion and perseverance in order to obtain the desired results. 
When I keep my mind fixed on an objective I increase my chances 


of attaining it immeasurably. 
Zig Ziglar, Rendez-ous At The Top, A Different World Publications, 1975. 


Imake sure my objectives are clear to myself. 
Wayne. W, Dyer, The Sky The Limit, Mortage Publication, 1988 


I set precise objectives and deadlines for myself. 
Sublpower, Sublsucess, Ea Inter, 1989 


I set my objectives, write them down, and review them often. 

My objectives are a clear illustration of my future! 

I spend a few minutes every day reading over the file of objec- 
tives I’ve written for myself. I read over my objectives every morning 
after I get up, and every evening before going to sleep. 

My objectives are very precise. The more detailed and precise they 
are the better I can visualize them and make them a concrete part of 
my life. 
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I set myself an objective. I don’t hesitate, but start striving to at- 
tain it. I know the universe is overflowing with opportunity. Look at 
what I can do! Where I can go! Look at what I can accomplish, simply 
by saying “Yes!” to myself. 


Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


Inever lose sight of my long term objectives. 
Sad Helmstetey The Power Of Iner Motiaton, Published by Le four, 1987 


I'm in my car driving towards my destination. I’m in the driver’s 
seat, and I don’t let anyone else drive my car. [am the driver. If I get 
to a dead end I back up, turn around and continue my journey to- 
wards my objective. 


Iremind myself to concentrate on my objective all day long. 
Dr. Maxwell Mate, Psychocybernctics and Self Realization, A Different Word Lid Publis, 1970. 


I eliminate this objective for such and such reasons. I realize I no 
longer need it, or no longer want it. My initial idea is now only a 
memory of a desire. It has no more power or effect on me. Itno longer 
interests me. I am now concentrating all my interest and all my en- 


ergy on anew and better objective. 
Raymond Hl, Wanting Is Power, Les Eton de Homme, 1969 


My objectives in this situation are important. If I don’t achieve 
them, I'll be disappointed and it will be inconvenient, but it will not 
be a catastrophe or a horrible event. By thinking about negative re- 
sults as a catastrophe, I’m creating tension and fear that actually re- 


duce my chance of success. 
Dr. Marty Seliman, Super Selling Though Self Talk Pri 


Stern Sloan, 1986. 


OBJECTIVES - FINANCIAL 
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In one year I will find the $ ———I need to buy a house. 
Charles Albert Possant 6 Chistian Godefoy, The Secret Of Beng A Milionare, Godefroy Publications, 1287 


OBLIGATION 


I always respect the obligations I accept. I never accept obliga- 


tions which I cannot respect. 
‘Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


OBSESSION 


Tam now calmly and confidently concentrating my mind on an- 


other subject. 
Raymond Hull, Wanting Is Power, Les Editions de Homme, 1969 


IfI cannot meet such and such a deadline, I won't let it become an 


obsession. I am satisfied knowing I’ve done my best. 
Eat Sif Paci Heath Cues, How T Stimulate Yur Body's Natura Defenses, Gaefoy Publications 195, 


OBSTACLES 


I eliminate the word impossible from my vocabulary! 


I possess the means to overcome all obstacles. 
Norman Vincent Peale, When You Want, You Cant, A Different Word Pres, 1974 


Ican overcome obstacles by mentally flying over them. 
Norman Vincent Peale, When You Want, You Cant, A Different Word Pres, 1974 


I will take care of all kinds of obstacles as I encounter them. I will 


go as far as I can, and when I get there I'll be able to see even farther. 
Zig Ziglar, Rendez-ous At The Top, A Diferent World Publications, 1975. 
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Iwas born to win, to succeed. Iam very prosperous, and through 
the power of God I overcome all obstacles and all problems. I am 
happy, joyous and free. 


rr. Joseph Murphy, These Truths Will Change Your Life, Published by Le Jour, 1982 


Ican overcome anything, and see everything through to the end. 


George Barbrin, How To Overcome Fenrs And Araiety, Dangle Pres, 1974. 
Up to now no problem has been able to get the better of me: I’ll 
overcome this one as well. 


K.O. Schmidt, Success At Your Service, Astra Publications, 1986. 


Now everything will work out. 
Norman Vincent Peale, When You Went, You Ca! A Different Word Pres, 1974 


The greatest obstacle to my success lies within me. What prevents 


me from doing what I want to do is my belief that I cannot do it. 
Charles Albert Boissant & Christian Godefioy, The Secret Of Being A Millionaire, Godefroy Publications, 1987. 


OFFERING 


The more I give the more I receive and the happier I feel. 
Shakti Gawain Cente Visualization Telaques, Sle Publications, 1978, 


OPINIONS 


I don’t have to give up my opinions for those of another person 


just because that person seems sure of him/herself. 
Vernon Howard, Psycho-Pictography, S.LP, 1965, 


I can refuse to discuss my opinions or try to convince someone of 
the logic of my position, and simply believe that I am right. 
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When I buy clothes or other personal objects I have confidence in 
my taste, and I don’t start by asking advice from someone whose 


opinions I deem to be more valuable than my own. 
Wayne Dyer, Your Erogenous Zones, Teton Pres, 1976. 


Other people can disagree with me without it affecting me. 
Civstian H. Gadefroy. Helping Yourself Trough Self Hypnosis, Godefroy Publication, 1985 


OPPORTUNITY 


I take action! I seize opportunities! 
Lith KraftMacoy, 30 Days To Happiness, Stlpont, 1987 


I readjust my objectives according to circumstances, in order to 
exploit opportunities to their fullest. 


Pierre Nicolas, Time ls Money... And Pleasure!, Inter Publications, 1981 


I am always at the right place at the right time, doing the right 


and successful thing. 
Shakti Gawain, Cesive Visualization Techniques, Sli Publications, 197 


8 


I take advantage of every opportunity. 
Vernon Howard, Psycho-Pictography, SP, 1965, 


A favorable opportunity will give me a sign if am meant to see 
it; Iam on the lookout for opportunities, and I always try to take 


advantage of them. 
Dr Maxwell Mats, Paychocyeretics an Self Realization, A Difrent World Lt, Publications, 1970. 


OPTIMIZING 
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I always try to make the next hour better and more productive 


than the one that has just past. 
‘Og Manaino, The Greatest Secret In The Worl, A diferent World Pres, 1979, 


OPTIMISM (Also see Depression, Inspiration, 
Positive Thinking) 


Whenever my attention strays from what is constructive and posi- 


tive I immediately concentrate on things that are good and beautiful. 
Dr. Joseph Murphy, Exploit The Power Of Your Subconscious, Tehow | Ariston, 1962 


Hove life... it’s wonderful... full of all kinds of surprises and sud- 
den developments... Inever get morose... I’m never bored... because I 
only see the good side of things. 

I stay away from pessimistic people... people who criticize and 
complain all the time... who are never satisfied with anything... in- 
stead I seek out spiritual people, people who radiate health, and whose 


inner life is calm and serene. 
Marcel Rowe, Mastering Your Subconscious, Dangles Press, 1982. 


I listen to upbeat, inspiring music. When I am getting ready for 
work or school I turn the radio on to a good FM station. I stay away 
from the morning TV news. I can brief myself by scanning the news 
on the front page of the Wall Street Journal. I resist the temptation to 
waste time reading the sordid details of someone else’s tragedies. I 
listen to music or cassette tapes in my car. If possible I have breakfast 
and lunch with an optimist. Instead of sitting in front of the TV at 


night, I spend time listening to and being involved with those I love. 
Denis Waite Seeds Of Greatness, Pocket Books Pres, 1988 


I use positive words. Never negative words. I use the RIGHT 
WORDS! 


Norman Vincent Peale, When You Want, You Can!, A Different World Press, 1974 
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inject myself with optimism. 
Dr. Manel! Mat, Psychocubernetics and Self Realization, A Different Word id Publications, 1970. 


I always expect the very best for myself. 
Lik Krajl-Macoy, 30 Days To Happiness, Stlpoint, 1987. 


I feel good, very good, my life is going wonderfully well. I have 
no reason to be afraid. I never get depressed. I’m an optimist. I have 
confidence in the future, the people close to me love me, my colleagues 


respect me. I do my work well. [have no fears about the future. 
Earl Sif Paci Heath Cues, How T Stimulate Your Body's Natwa Defenses, Gafoy Publications 198, 


One of the best ways to make other people happy is to spread 
optimism and good humor. Every one of my words and actions can 
contribute to that. 


ous At The Top, A Different World Publications, 1975. 


OPULENCE 


Tamever thankful for God’s riches, presents always, unchanged 


and abundant. 
Dr, Joseph Murphy, Miraculous Power Attracts Infinite Riches, Godefroy Publications, 1978. 


ORDER 


Order which is the Spirit is, from this moment on, a part of all my 
affairs, a part of the way I use my time, a part of my body, my thoughts, 


my mind and the world. 
Marcel Auch, The Book Of Haines, Sul! Publications, 1958. 


Now I put my life in order as I prepare to accept all the good that 


awaits me. 
‘Shakti Gawain, Creative Visualization Techniques, Solel! Publications, 1978. 
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ORGANIZATION (Also see Efficiency) 


T accomplish my tasks in order of importance. 


Dale Carnegie, Overcome Your Worries, Flammarion, 194. 


Tam well organized in my work. 
Piere Nicolas, Time Is Money. And Pensure,nter Publications, 1981 


I possess an organized and orderly mind, and that shows in the 
way I live. 
Tam very organized. Every night I draw up a list of tomorrow’s 
activities. I establish my priorities and I stick to them. 
Shad Helmstetter, The Power Of ner Motivation, Published by Le Jour, 1987 
I take time out to think about the problem at hand, and then I act 
scientifically. 


(Christian H. Godefroy ad Jolin Clark, How To Have More Time, Godefroy Publications, 1989, 


I get the best out of my time. 
Vernon Howard, Psycho-Pictography, S.LP, 1965, 


ORIENTATION (See Choice of Profession) 


ORIGINALITY 


I will find the original me when I eliminate all acquired percep- 
tions concerning myself. I am eliminating them. 
Vernon Howard, Psycho-Pitography, SP, 1965. 
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OUT OF BODY EXPERIENCE 


I know that I can condense my identity and appear in a distant 


place. 
Dr Josep Murphy, These Truths Will Change Your Life Publish by Le Jour, 1982 


OVERWORK 


Thave the right to take my time. 
Christin H. Godefroy a oho Clark, How To Have More Time, Godefroy Publications, 1989. 


Thave the right to live in the present. 
Christin H. Godefroy a ohn Clark, How Ty Have More Time, Godefroy Publications, 1989. 


Thave the time I need to do what I want to do. 
CChristion H. Godefroy a oho Clark, How To Have More Time, Godefroy Publications, 1989. 


I keep my Workaholic firmly under control. 


Louis Proto, Self Healing, Piatkus Publications, 1990. 


Ican stay relaxed and focused on my timetable. 
Matthew McKay and Patrick Fanning, Self Esteem, New Harbinger Publications Ine, 1990 


Tam relaxed and balanced. I have all the time I need to do all the 
things I have to do. 


‘Shakti Gawain, Creative Visualization Techniques, Soll! Publications, 1978. 


My days unfold tranquilly, at the pace I like. I am satisfied with 
my accomplishments, and with my life. I am affectionate with the 
people close to me, and greatly appreciated by those around me. I 
react positively. 

Editorial Staf, Practical Health Guides, How To Stimulate Your Body’ Natural Definses, Godefroy Publications, 1989. 


wat Can Ga Wrong 


and its heat sink, The heat sink itself creates un- 
certainty by tending to average the temperature 
of the component, and of course there is no sim- 
pleway toknowtheactual junction temperature, 
moment by moment, inside a MOSFET. 


Bearing in mind the accumulation of unknown 
factors, power MOSFETs should be chosen on an 
extremely conservative basis, According to a tu- 
torial in the EE Times, actual current switched by 
a MOSFET should be less than half of its rated 
current at 25 degrees, while one-fourth to one- 
third are common. Figure 29-22 shows the real- 
world recommended maximum drain current at 
various temperatures. Exceeding this recom- 
mendation can create additional heat, which 
cannot be dissipated, leading to further accu- 
mulation of heat, and a thermal runaway condi- 
tion, causing eventual failure of the component. 


Maximum Drain Current 
for a power MOSFET 

‘at selected case 
‘temperatures 


Drain Current in Amperes 
68 8 8 8 8 


° 
25° 50 75 100 125 150 


Case Temperature (Centigrade) 


Figure 29-22. Maximum advised drain current through a 
power MOSFET, related to case temperature of the cam: 
‘ponent. Derived from EE Times Power MOSFET Tutorial 


discrete semiconductor > multi-junction > field effect transistor 


Wrong Bias 

As previously noted, applying forward bias to a 
JFET can result in the junction between the gate 
and the source starting to behave like a forward- 
biased diode, when the voltage at the gate is 
greater than the voltage at the source by ap- 
proximately 0.6V or more (in an N-channel JFET), 
The junction will present relatively little resist- 
ance, encouraging excessive current and de- 
structive consequences. tis important to design 
devices that allow user input in such a way that 
User error can never result in this eventuality. 
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PACE 


I adapt my pace to the activity I am engaged in. I make sure to 
work at the right pace. 


Pierre Nicolas, Time Is Money... And Pleasure!, Inter Publications, 1981 


PAIN (Also see Hepatic Colic, IIIness, Wounds, 
Anesthesia) 


Soon the pain will pass. I will feel fine. 
Leslie M, Le Cron, Liberate The Power In You Through Self Hypnosis, Teou Ariston, Forces 


As soon as I press the nail of my thumb against the inside of my 
little finger I will block all the nerves conducting the pain. 

Awonderful feeling of calm and security will pervade my body... 
as long as I keep pressing my thumb nail against the inside of my 


little finger I will feel no pain... I will feel completely fine. 
Professor Kurt Teperavin, Secret Techniques Of Hypmasi, Godefoy Publications, 1981 


I eliminate the pain. 
Marcel Beugin, Hypnotism, Suggestion and Telepsyce, Scientific Distribution, 1956 


Irelax my entire body and forget about the pain. 
Dr. Gaston Durie and Dr. Andre Dur, Mental Cure, Naturist Institute Publications, 1923 


Iconcentrate on calming my body down. Iam completely relaxed, 
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and feel this sense of relaxation throughout my whole body. I don’t 
think about the pain at all. Instead I savor this beneficial sensation of 
total relaxation. 

As I count down from five the sensation of pain will diminish. 
Each number eases the pain even more. When I reach the number 
one the pain will be completely gone. Now I'm counting down... five... 


four... three... the pain is disappearing... two... one... 
Dr Anthony anal Mary Zafiuto, Alphagenies, Quebec - Amerique Publications, 1974 


Energy circulates harmoniously in me. A wonderful wave of heat 
and well being spreads throughout my body, which is becoming light, 
very light and pure, full of light and life. My pain dissolves and dis- 
appears completely in this wave of light and heat. The power of life 
flows and spreads through my regenerated body. I am completely 
healed. 


Charles Baudouin, Psychology And Practise of Autosuggestion, ldegraph Publications, 1990, 


Pain is sometimes caused by, and always amplified and aggra- 
vated by nervous tension and anxiety... Therefore as soon as I relax I 
start feeling better. And gradually, as [become more relaxed, the pain 
gets less and less intense. And now I feel so totally and completely 
relaxed that the pain is gone. 


Dr. GR. Rage, Hypnosis, Sophology and Medicine, Fayard Publications, 1973 
My pain is disappearing. Soon I won't feel it at all, it will be com- 


pletely gone. I’m already suffering a lot less, less and less... In an hour 


(or in a few minutes - set a time limit) I will not be suffering at all. 
Karl O, Stoeber, Psychotraining, Godefioy Publications, 1984. 


PARALYSIS 


God has not given me a fearful mind, but a mind full of power, 
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love and health. My faith is in the curative powers of God, my cre- 
ator. [am relaxed and peaceful. Each one of my nerves is also one of 
God's ideas, and I feel revitalized, energized and healed. I give thanks 
to God. 


Dr Joseph Murphy, These Truths Will Change Your Life, Published by Le Jour, 1982 


PARTNERSHIP 


I find the partner I need to help with my work. Our association 


will be mutually profitable. 
Christian H. Godefroy. Helping Yourself Trough Self Hypnosis, Godefroy Publication, 1985 


PASSION 


The only way to be happy and make a lot of money is to do what 
really like to do. 


Charles Albert Poissant & Christian Godefroy, The Secret Of Being A Millionaire, Godefroy Publications, 1987. 


PATIENCE (Also see Understanding) 


It’s easy for me to be patient, understanding and just. 
RL Charpentier, Autosugeestion Anu Its Practical Applicaton, Champs Elysees Publications, 1958, 


When [ have to wait I do so without getting impatient... by using 


the time to relax. 
[Marcel Rouet, Mastering Your Subconscious, Dangles Press, 1982. 


Nothing can stop me today. If I need some extra determination, 


I'll find it! If I need extra energy and drive, well I’ve got it! Whatever 
task or problem awaits me, I have the power and the patience to over- 
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come it. 


‘Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


PEACE (Also see Joy, Love, Wisdom, 
Prosperity, Health, Success) 


God, my Father, all my thoughts are of You. My body, my heart, 
my intelligence, my soul, my mind, depend on You. In You I find 
refuge, light and life. 


‘Marcel Auclair, The Book Of Happiness, Seuil Publications, 1959. 


Tinhale the peace of God, and exhale the peace of God for all. 


Dr, Joseph Murphy, Miraculous Power Attracts Infinite Riches, Godefroy Publications, 
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Tam completely relaxed physically and intellectually. I am free. I 
believe in the wisdom of God and I feel my mind filling with His 


peace. I feel it right to the bottom of my heart and my being. 
Dr. Joseph Murphy, Mastering Yourself And Others, Published by Le Jour, 1988. 


Tam at peace with myself and with others. 
. Charles Barker, The Science Of Success, Dangles Pres, 1983, 


Peace is in me... peace reigns in this home. 
“Marcel Aucar, The Book Of Happiness, Sul! Publications, 1958. 


The current of God’s peace flows freely through my whole being, 
and I am immersed in the peaceful river of God at this moment. 

Tam relaxed and calm. Iam at peace. A peace which goes beyond 
understanding fills my mind. Peace is in my home, in my heart, and 


in all my affairs. 
Dr Josept Murty, These Truths Will Change Your Lif, Published by Le our, 1982 


Joy now flows freely through me, and I am at peace with life. 
Lose L Hay, You Can Hel Your Life, Hay Howse, 1988 
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Iraise my soul towards you, Lord. 
Marcel Aucar, The Book Of Happiness, Sui! Pllicatons, 158. 


PEACE OF MIND 


Tam at peace with myself. 


My mind is at peace. 
Ru Charentcn, Autosuggestion And ls Practica! Appliaton, Champs Elysees Publications, 158. 


PERFECTION 


Tam whole and complete unto myself. 
‘Shakti Gawain, Creative Visualization Techniques, Solel Publications, 1978 


My life unfolds in total perfection. 


‘Shakti Gawain, Creative Visualization Techniques, Soleil Publications, 1978, 


Tam perfect. 
Christian #1. Godefoy at Jo Clark, HowTo Have More Time, Godeioy Publications, 1989. 


I always try to improve myself, eliminate my faults, resist my 
negative impulses and become a better and more perfect person each 
day. 


Professor Robert Tocquet, The Powers Of The Will, Godefroy Publications, 1989, 


PERFECTIONISM 


It doesn’t bother me to be imperfect. 
Richard Corrier, Joseph Hart, Getting Ino Psychological Spe, es Eiitions de Homme, 1979 


I stop trying to attain perfection in myself. 
Dr. Masel Mal, Psychocybernctics and Self Realization, A Different Word Lid Plains, 1970 
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I stop making it an obligation for me or my children to succeed at 


everything we undertake. 
Woyne. W, Dyer, The Sky's The Limit, Mortagne Publications, 1988. 


I always do my best. Each thought and action is the best I am 
capable of at the time. Because I’m human, I make mistakes. I accept 
my mistakes without blame or judgment. When I make a mistake I 


learn from it. Iam imperfect, and I forgive myself for my mistakes. 
Matthew McKay and Patrick Fanning, Sef Esteem, New Harbinger Publicntions Ine, 1990 


PERFORMANCE (Also see Self Image) 


My concentration always improves when I make an effort... con- 
centrating allows me to unite all my energies into one effort... and 


thus improve my performance. 
Marcel Rouet, Mastering Your Subconscious, Dangles Pres, 1982 


I maintain and develop my image of technical performance. 
Piere Nicolas, Time Is Money. And Penure,nter Publications, 1981 


One of the best, quickest and most effective ways to improve my 
image and my performance is to be part of an organization which has 


useful goals. 
Zig Ziglar, Rendez-vous At The Top, A Different World Publications, 1975. 


PERFORMANCE - SPORTS 


Ina short time I will regain my superiority. 

I’m sleeping more and more deeply... more and more deeply... I 
take pleasure in competition because I know my performance is im- 
proving day by day... day by day my performance is improving... I 
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feel very good. 


Professor Kurt Tepperwein, Secret Techniques Of Hypnosis, Godefroy Publications, 1981 


PERSEVERANCE 


Itis still too soon to abandon everything, and I won't give up. 
Norman Vincent Peale, When You Went, You Can, A Different Word Pres, 1974 


Ikeep trying. 


Norman Vincent Peale, When You Want, You Cant, A Different World Press, 1974 


Vl go that extra mile. 
(Oy Mandina, The Greatest Secret In The Worl, A frend World Pres, 1978 


I tell myself to persevere and attain my objective; I refuse to be 
swayed by doubt and fear. 


Dr. Maxwell Maltz, Psychocybernetics and Self Realization, A Different World Lid, Publications, 1970. 


I never forget that my life belongs to me. I continue trying. If I 
can’t make it on my own, someone else will probably help. But I keep 
trying and I persist. 

‘Dr. Maxell Mat, Psychocybrnetics and Self Realization, A Difirent Word Lid. Plato, 1970. 


I persevere until I succeed. 
Charles Albert Possant& Christian Godefoy, The Secret Of Beng A Milionare, Godefroy Publications, 1987 


I will persevere until I succeed. 
As long as there is a breath left in me I will persist. Because Inow 
know one of the most important elements of success - if I persevere 


long enough I will win. 
(i Manno, The Greatest Seret In The Worl, A fret World Pres, 1978 


I persist with my dreams; they'll become real. 
Link KrafiMacoy, 30 Days To Happiness, Stlpont 1987 
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Iwill stay healthy and generate new strength which will help me 


want to act with perseverance. 
Henry Durville,1 Want To Succeed, Durville Publications, 1968 


Tam strong... I succeed at everything I do because I persevere... I 


see things through to the end... am conscious of my power! 
KO. Schmidt, Sucess At Your Serie, Asta Publctons, 1986 


I want to play an active role and dedicate all my strength to at- 
taining my goals. I will persevere despite all obstacles because I am 
certain that properly directed willpower can overcome anything, if 


the goal is just and honorable. 
Henry Durvle, Want To Succeed, Durvle Publication, 196. 


Once I make a decision I persevere in carrying it out for as long as 
Ibelieve I am right. 


Paul Clement Jagot, How To Develop Your Personal Magnetism, Dangles Press, 1982. 


If I don’t succeed on the first attempt I try again and again. 
Norman Vincent Peat, When You Want, You Cant, Different World Press, 1974 


PERSONAL AFFAIRS 


Iam very efficient at taking care of my personal and/or family 


affairs. 
Pierre Nicolas, Time Is Money... Anu Plensure!, Inter Editions, 1981. 


PERSONAL DEVELOPMENT 


Tam changing my life. I experience a deeper connection with my 


true self. Iam excited about my growth. 
Barbara J. Gress, Personal Power Cards, Aslan Publishing 1991 
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PERSONALITY 


Tam asserting my real personality more and more every day. 
Charles Albert Possant& Christian Godefoy, The Secret Of Beng A Milionsre, Godefroy Pullicatons, 1987 


I do what I have to do, and you do what you have to do. 
Dr. Martin Shephard, How To Overcome Your Cares, Marabout Publications, 1973. 


I don’t try to do better; I try to be different. 
Vernon Howard, Psycho-Pictography, S.LP, 1965, 


I don’t imitate others. I try to understand my personality fully, 


and be myself. 
vercome Your Worries, Flammarion, 198 


Dale Carne 


I don’t compare myself to others. 
Linh Kraf-Macoy, 30 Days To Happiness, Stllpoint, 19 


Tam not inferior, Iam not superior. I am simply me. 
Dr. Maxwell Mat, Pychoeybrntics and Self Realization, A Different Word Lid Plains, 1970 


I'm not going to let myself imitate the undesirable personality 


traits of other people. 
Frank 8 Caprio, MLD. & Joseph R. Berger, Helping Yourself With Self Hypnos, Petice Hal Ine, 1974 


I’m not here to live the way you want me to. 
Dr. Martin Shephard, How To Overcome Your Cars, Marabout Publications, 973 


Imake a firm decision to be myself and not an imitation of some- 
body else. 


Dr. Maxwell Maltz, Psychocybernetics and Self Realization, A Different World Lid, Publications, 1970. 


Tam me and you are you. 
Dr. Marti Shepard, How To Overcome Your Ca 


,, Marabout Publications, 1973, 
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Tamme. 
Robert Collier, Wealth At Your Doorstep, $.LP,, 1959. 


Tam a unique being and I express my self fully, aiming for suc- 


cess and wealth. 
Charles Albert Poisson! & Christin Godefroy, The Secret Of Beng A Millionaire, Godefioy Publication, 1987. 


Tam unique and I like it that way. 
Sublpower,Sublconfdence, Ei ner, 1988. 


Tam unique, from head to toe. Imay resemble other persons, act- 


ing and speaking like them, but I am not them, [am me. 
Sind Heimsteter, The Power Of Iner Motiaton, Pils by Le Jour, 1987 


Iwant to acquire constant calm, imperturbable self assurance, and 


justified confidence in myself. 
Paul Clement Jago, The Power Of The Wil, Dangles Pres, 1973 


My personality is who I think Iam. 


Christian H. Godefroy, Helping Yourself Through Self Hypnosis, Godefroy Publications, 1985, 


The more I express myself, the happier I feel. 


Louis Proto, Self Healing, Piatkus Publications, 1990. 


You are not alive to live the way I want you to live. 
‘Dr. Martin Shephard, How To Overcome Your Cares, Marabout Publications, 1973. 


PERSUASION 


The most persuasive influence I have over others is my mature 
personality. 
Vernon Howard, Psycho-Pictography, S.LP, 1965, 


Schematic Symbols | [=] 


This section contains a compilation of schematic 
symbols for components that have been 
described in this volume. They are sequenced 
primarily in alphabetical order, as this section is 
intended for use as an index. However, symbols 
that havea strong similarity are grouped togeth- 
er; thus potentiometer is found adjacent to re- 
sistor, and all types of transistors are in the same 
group. 


‘The symbol variants shown in each blue rectan- 
gle are functionally identical. 


Where a component has mandatory polarity or 
is commonly used with a certain polarity, a red 
plus sign (+) has been added for guidance. This 
sign is not part of the symbol. In the case of po- 
latized capacitors, where a plus sign is normally 
shown (orshould be shown) with the symbol, the 
plus sign is a part of the symbol and appears in 
black. 


This is not intended to be an exhaustive compi- 
lation of symbol variants. Some uncommon ones 
may not be here. However, the list should be suf- 
ficient to enable identification of components in 
this volume. 
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PESSIMISM 


I forgive myself for holding on to negativity, and now let go of it. 
Louis Proto, Sl Healing, Pats Publications, 190, 


Iwill not allow my personal opinions to distort the facts in a nega- 


tive and pessimistic way. 
Dr Maxwell Mate, Psychoeybrnetics and Self Realization, A Difrent Word Lid. Plato, 170. 


PHOBIAS (Also see Fear, Negative Thoughts) 


Tam in harmony with God, and I have nothing to fear. 
Dr Joseph Murphy, Mastering Yourself And Others, Published by Le our, 1988 


My phobia is afraid of me because it knows I am much stronger 
than itis. lam at ease, perfectly relaxed and confident of my strength. 
I smile because my phobia has no more power over me. It is unim- 


portant. 
Eitrial Sif, Practical Health Guides, How To Stimulate Your Body's Natural Defenses, Gdefry Publications, 1989, 


Little by little I see these fears, these ideas, these phobias appear- 
ing less and less frequently in my mind; they are getting weaker and 
weaker, less and less tenacious; they have less and less influence on 
me; I am eliminating them right now by repeating the formulation: 


“It’s over, it’s all over...” 
Emile Cove, Complete Works, Astra Publications, 1976. 


PHYSICAL STRENGTH (See Strength - Physical) 


PLANNING (Also see Money) 


Above all it is essential I obtain such and such results, which will 
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bring me closer to my ultimate goal, whether materially, or by in- 


creasing my worth or my power. 
Paul Cement ag How To Develop Your Personal Magnet, Dales Press, 1982 


Thave finally come up with a working plan, and I intend to stick 


to it. 
Raymond Hull, Wanting Is Power, Les Eiitions de Homme, 1969. 


Every day I draw up a list of things to do. 

I determine the time required for each activity. 

Tallot some time for pauses, unexpected events, and a margin of 
error. 

I draw up my list of things to do every day. 


I make plans. 
Pierre Nicolas, Time Is Money. An Pleasure, nter Publications, 1981 


I study, I think, I take the time to make plans! 


W. Clement Stone and Napoleon Hil, Success Through Positive Thinking, Godefroy Publications, 1978, 


I do high priority work first. I set my priorities on a must-do- 


now, should-do-soon, and would-like-to-do-when-possible basis. 
Denis Waitley, Seeds Of Greatness, Pocket Books Press, 1984. 


I gave myself orders and I carried them out. 
Reymond Hl, Wanting Is Poe, Les Eton de Homme, 1969 


Inever waste my time because I plan, And since I always stick to 


my schedule, I have enough time to accomplish what I choose to do. 
‘Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


Tam in control of my time. My time is the very essence of my life, 
and I take control of it. 


I create as much free time as I like, and I know how to delegate. 
Christian Godefroy, The Creativity Method, Godefroy Publications, 1992, 
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Planning builds self confidence. I know beforehand what I am 
going to do each day. This enables me to develop self discipline, which 
is so essential to success. 

Planning gives my life direction. I must know where I am going, 
the goals I wish to attain, and how not to dissipate my time. As my 
plans materialize I become inspired by a sense of achievement. 

Planning enables me to get more fun out of life. The habit of day 
to day planning should include time for enjoyment of life whether it 
is reading an interesting book, listening to soothing music, playing 
golf or other sports, seeing a good movie or play or anything else that 
will relax my mind. To be happy I must make plans for happier liv- 
ing. 

Frank S, Caprio, M.D. & JosepltR. Berger, Helping Yourself With Self Hypnosis, Prentice Hall ln., 1974 


When I plan, I don’t just plan FOR the future, I plan so that I will 
HAVE a future. 

This task needs to be done but I can’t do it right now. I'm going to 
schedule a time when I know I'll be able to do it and stick to that 
schedule. If I don’t there’s a good chance I won't get to it. Now that 
I’ve scheduled it I can forget about it and concentrate on the job at 
hand. 


Dr. Marly Seldman, Super Selling Through Self Talk, Price Stern Sloan, 1986. 


I choose which Concepts, Contacts and Commitments warrant 
the most attention and effort. I am responsible for which of them be- 
come contractual, with priorities and deadlines. I create my own track 


to run on - slow, medium, or fast - in my commitments. 
‘Denis Waite, Sends Of Greatness, Pocket Books Pres, 1968 


I finish each task before moving on to the next one. 
Sublipower, Sublisuccess, Edi Inter, 1989. 
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PLANS 


Tam open to new points of view, perspectives and plans. 
God as Understanding knows what I should know, and I am 
united with this universal Understanding so that I know everything 


Ineed to know. 
R. Charles Barker, The Science Of Success, Dangles Press, 1983. 


From now on | live in harmony with the divine plan assigned to 
my life. 
From now on I recognize, accept and conform to the divine plan 


of my life, as it is revealed to me step by step. 
Shakti Gawain, Creative Visualization Teclniques, Sle Publications, 1978, 


Talking about ideas and plans needs to be balanced by trying them 
out. Theory and practice converge into wholeness. I field-test my ideas. 


Denis Waitley, Sewds Of Greatness, Pocket Books Press, 1984. 


Starting today I will become the architect of my life. 
Charles Albert Poissant & Christian Godefioy, The Secret Of Being A Millionaire, Godefroy Publications, 1987. 


PLAY 


(Lam free to enjoy myself any way I want.) 
Louis Proto, Self Healing, Piatkus Publications, 1990 


I take time to play like a child. 


Denis Waitle 


Seuds Of Greatness, Pocket Books Press, 1984. 


PLEASING OTHERS 


I please everyone I meet. I have confidence in life because I have 
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confidence in myself. I know I can count on this immense reservoir of 
energy that is within me, and which attracts others. I radiate the en- 


ergy that is mine. 
Cares Baudouin, Psychology And Practice of Autosuggeston, legraph Publications, 1990 


I want to please everyone. 
Jean Charter, How To Acquire A Superior Personality, Dangles Press, 1971 


PLEASURE 


I begin the day with pleasure! 


(Christian H, Godefroy and Jolin Clark, How To Have More Time, Godefroy Publications, 1989, 


PLEASURE - SEXUAL 


I deserve love and sexual pleasure. 
Shakti Gawain, Cente Visualization Telnques, Sle Publications, 1878, 


PLEURISY 
Tcall on the forces of nature to help heal me. I absorb the curative 


forces of nature and unite them with my own. I eliminate the gas and 


other waste products which are making me ill. 
Paul Clement Jagot, The Power Of The Will, Dangles Press, 1950 


POSITIVE MENTAL ATTITUDE 


Ilike people and people like me. 


‘Shakti Gawain, Creative Visualization Techniques, Soleil Publications, 1978, 
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Tam learning to love instead of suffer! I am learning to love what 
Thated, and transform negative forces into positive energy. Iam forg- 
ing a path towards happiness. I react positively, even if it takes a great 
effort at first. And I remain positive even if an adversary is not as 
positive as I am. I notice the changes this is producing in my life and 


in the way people see me. 
KO. Schmidt, Sucess At Your Serie, Asta Publctons, 1986, 


Whatever the situation, I always adopt a positive mental attitude. 
And I succeed thanks to my positive mental attitude. 
W. Clement Stone and Napoleon Hil, Success Through Positice Thinking, Godefroy Publications, 1978 
Every morning I am going to condition my mind and instill a 
positive mental attitude for the rest of the day. 


Frank S, Caprio, M.D. & Joseph R. Berger, Helping Yourself With Self Hypnosis, Prewtice Hall Inc, 197. 


Tam developing a positive mental attitude. 
W. Clement Stone and Napoleon Fl, Sucess Through Pestce Thinking, Godeioy Publications, 1978 


POSSESSION 


Ican have anything I want! 
Shakti Gawain, Ceaioe Veualizaton Techniques, Sle Publications, 1878 


POSSIBILITY 


Talways exceed my possibilities. 
x Mandino, The Greatest Secret In The Worl, A ferent World Pres, 1978 


POTENTIAL 


Tawaken the giant within me! 
W. Clement Stone an Napoleon Hil, Sucess Through Pastoe Thinking, Godefroy Publications, 1978 
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Inourish my real potential. 
‘Dr: Maxwell Malte, Psychocyhernetics and Self Realization, A Different World Ltd. Publications, 1970 


POVERTY 


I will buy it! I’ll get it! 
J Martin Kohe, Your Gre 


est Power, A Different World Ltd, 1979, 


My inner Guide is the spirit of plenitude and will preserve me 


from all misery. I will lack nothing. 
KO. Schmid, Sucess At Your Serie, Asta Publications, 1986 


POWER (Also see Self Confidence) 


Ican do anything. 
Cristian H. Godefroy. Helping Yourself Trough Self Hypnosis, Godefroy Publications, 1985 


Tcan. 
I can do it if I believe I can! 


I can make it if I believe I can! 
W. Clement Stone and Napoleon Hill, Success Through Positive Thinking, Godefroy Publications, 1978 


I possess a great and marvelous power. 
J. Martin Kote, Your Greatest Power,  Diferent World Lid, 1978 


T could do it. 
Richard Correre, Joseph Hart, Getting Into Psychological Shape, Les Editions de Homme, 1979, 


When I want to do something within reason, or when I have to 
do something that is my duty to do, I always imagine that whatever 
I do is easy. May words like difficult, impossible, I can’t, it’s too much 
for me, I can’t help myself... and so on, disappear from my vocabu- 
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lary. They are not English. I don’t understand them. What I do under- 


stand is: it’s easy, and I can do it. 
Emile Cove, Complete Works, Astra Publications, 1976. 


Each day brings me more strength and power. 
Shalt Gawain, Creative Visualization Teclaques, Sle Publications, 1878, 


Day by day, inall ways, Iam becoming more powerful and confi- 
dent. 
Chvstian H. Garo, Helping Yourself Through Self Hypnosis, Godefroy Publication, 1985 


I possess vast power which I have not yet realized. 
Vernon Howard, Psycho-Pictography, S.LP, 1965, 


Tam united through my inner Guide with an inexhaustible source 
of health, courage, abundance and prosperity. It fills me with strength 
and spirit. It provides me with everything I need to move forward 
ceaselessly. I am confident in its power; it is my strength and my wis- 
dom. It makes me strong and independent of things and people. Iam 


persevering, strong and courageous. I am strong! 
KO. Schmid, Sucess At Your Serie, Asta Publctons, 1986, 


My constant contact with God gives me the power of an eagle 


soaring above the clouds and the humility of a gentle dove. 


Clause M. Bristol, Harold Sherman, Your Inner Power = TNT, A Different World Publications, 1954. 


POWER - PSYCHIC 


Tam learning how to use my mind in extraordinary ways, like 


mastering my psychic powers, and Iam becoming a different person. 
Franck Rudolph Yu, Cylomancia, SU, 196. 
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POWER - SPIRITUAL 


I can touch the sky. I can be big. I can fly if I want to - I can do 
anything. 


Barbara J. Gress, Personal Power Cards, Aslan Publishing, 1991 


POWER - SUBCONSCIOUS 


T have unshakable faith in the power of my subconscious... un- 
shakable faith. 


‘Marcel Rowet, Mastering Your Subconscious, Dangles Press, 1982. 


PRAISE 


S/he worked hard to get the promotion s/he wanted. I wish him/ 


her well. 
Raymond Hull, Wanting Is Power, Les Eiitions de Homme, 1969. 


Tallow others to love me and praise me. 
Lith KrafMacoy, 30 Days To Happiness, Stlpont, 1987 


PRAYER 


God has received my request. 
Ricard Inglese, The Power Of The Mind, Dangles Publications, 198 


May my comings and goings be done in all honesty, and in the 
full light of day; not in disorder and drunkenness, not in licentious- 
ness, not in anger or envy. I place my faith in our Lord Jesus Christ, I 


care nothing for the needs of my body, or for my frivolous desires. 
W. Clement Stone and Napoleon Hil, Success Through Positice Thinking, Godeioy Publications, 


8 
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I pray, I really pray. 


Norman Vincent Peale, When You Want, You Cant, A Different World Press, 1974. 


PRECAUTIONS 


I care for myself enough not to expose myself to physical risks or 


emotional damage. 
Louis Prot, Sl Healing, Pats Pllicatons, 190, 


PREGNANCY 


Tawait my pregnancy with pleasure. 
I will be happy to be pregnant. 


I want to get pregnant. 


Eaitorial Staff, Practical Health Guides, How To Stimulate Your Body's Natural Defenses, Godefroy Publications, 1989, 


I feel marvelous... I know the birth will be easy. 

I’m enthusiastic about the prospect of having a wonderful child. 

My thoughts have a positive influence on the health of my child... 
on his development. If I am assailed by negative thoughts I always 
remember that they can hurt my child... and I immediately replace 
them with joyous, optimistic thoughts of a radiant future. 

Everything is going fine... I am firmly optimistic... firmly opti- 
mistic. My pregnancy is progressing normally... and will continue to 
do so right up to the birth, which will be easy... very easy. 

I know that my child is developing perfectly. I am sure to have a 
beautiful baby... a superb, magnificent child. 


Marcel Rowet, Mastering Your Subconscious, Dangles Press, 1982. 


I will not suffer from morning sickness. 
I'll get my figure back after giving birth. 
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Tam thrilled at the idea of waiting for my baby. 


Editorial Staff, Practical Health Guides, How To Stimulate Your Body's Natural Defences, Godefioy Publications, 1989, 


PREJUDICE 


Tam now dissolving all my negative and limiting prejudices. They 


no longer have any power over me. 
‘hat Gawain, Crete Visualization Techniques, Sl Publications, 1878 


PREMATURE EJACULATION 
(Also see Impotence) 


I control my ejaculation. 
Dr. Anthony and Mary Zaft, Alphagencs, Quebec -Ameriqle Publications, 1978 


PREOCCUPATION 


Everything is going very well. 


Marcel Auclair, The Book Of Happiness, Seuil Publications, 1959. 


PRESSURE 


I choose not to spend my life trying to live up to other people's 
expectations. I don’t let others pressure me with their beliefs unless I 


accept them. 
Shad Hetmstetter, The Power Of ner Motioaton, Published by Le Jour, 1987. 


When external pressures become too strong I call on my inner 
strength to combat them; to do this I mentally review the successes I 
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have already achieved. 


Dr, Maxwell Maltz, Psychocybernetios and Self Realization, A Different World Ltd, Publications, 1970. 


PRIDE 


(Lam proud of my accomplishments and goals.) 
Denis Waitey, Seeds Of Greatness, Pocket Books Pres, 1988 


PRIORITIES 


Thave enough time for my priorities: 80% of the time, every day, 
I work on two out of three priorities. 

I set deadlines and time limits for myself, and I ask others to do 
the same. 


I regularly sit down and review my priorities. 
Piere Nicolas, Time Is Money. An Pensure,nter Publications, 1981 


I re-evaluate my priorities. 
Christian #.Goiefoy and Jl Clark How To Have More Tne, Godefroy Publications, 188, 


Tam a person who is responsible and I act in timely manner to 


reach my goals and priorities. 
Dre Marty Seliman, Super Selling Though Self Talk, Price Stern Sloan, 1986 


PROBLEMS 


Before attacking a problem I try to formulate it in terms of “How 
to do what for whom?” 

Before attacking a problem I ask myself, “Am I really determined 
to resolve this problem?” 
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If the problem consists of choosing between a relatively small 


number of clearly defined options, I use the “Pros and Cons” method. 
Pierre Nicolas, Time Is Money... And Pleasure!, Inter Publications, 1981 


Allright, here's the problem. I look at it calmly and carefully study 
its elements. I consider its implications. I take time out for careful 


reflection. And above all... no emotions! 
Norman Vincent Peale, When You Want, You Can, A Different World Press, 1974 


This is my problem. I can do anything I want about it. know the 


answer to everything. I will find the solution. 
Robert Clin, Welt At Your Doorstep, SP, 1958. 


It works! 


My subconscious knows the answer to all my problems. 
Christian H. Godefroy, Helping Yourself Through Self Hypnosis, Godefroy Publications, 1985 


Tonight my subconscious mind will resolve the problem of — 
(specify). When I wake up tomorrow morning I will remember the 


solution, either as a dream, or asa flash of inspiration during the day. 
Cision Gaefny, Mental Dynamics, Robert Lafont Pullcations, 1976. 


In quietness I find the answer to every problem. Everything Ineed 


to know is inside me. 
Linh Kraft-Macoy, 30 Days To Happiness, Stillpoint, 1987. 


Tam learning to see problems on a higher level of understanding. 
They seem to solve themselves under my very eyes. I try to approach 
a problem as if I had no connection to it whatsoever. This prevents 
me from clinging to prejudices and ideas which are impossible to 
realize, and allows me to access a higher level of understanding. In 


fact a problem can only be solved when it is completely understood. 
Vernon Howard Psycho-Pictorapy, SP, 1965. 


Tseek an end to all problems. 
Norman Vincent Peale, Whew You Want, You Cant, A Different World Press, 2 


74. 
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I know that the resolution of my problem depends on me: the 
answer is in me because God is in me. I now feel calm and relaxed. I 
am at peace. I know that confusion never comes from God. I am now 
in harmony with the infinite. I believe and know that infinite wis- 
dom will reveal the correct solution to me. 

I know that all problems can be solved when the mind is calm. I 


confide in God because He knows the answer. I am at peace. 
Dr Joseplt Murphy, Mastering Yourself And Others, Published by Le Jour, 1988. 


I attack the problems of life without being afraid to make mis- 
takes, and thus I break free of my chains. 


Dr. Maxwell Maltz, Psychocybernetics and Self Realization, A Different World Ltd, Publications, 1970. 


I’'mnotafraid of problems, I solve them. I don’t try to ignore them, 
I confront them. I don’t avoid them, I conquer them! 
I know that every problem’s solution has a key. Therefore the 


clearer the problem is, the better I can determine its solution. 
‘Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


Ican easily resolve — (specify the problem). 
Richa Corie, Joseph Har, Getting Into Psychological Shope, Les Editions de Homme, 197 


Took at each problem as an opportunity. 
Christan H. Geo, Self Confidence: The Subliminal Method, Godefroy Publications, 1967 


T overcome any problems easily. My life is enjoyable and posi- 
tive. 


Vera Pfeifer, Positive Thinking, Element Books, 1989, 


I know my victory over my problems is certain because I know 


that my intelligence is a part of God. 
. Charles Barker, The Science Of Success, Dangles Pres, 1983, 
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Tknow you have the answer to this question and I know you will 
give it to me when you are ready. I will wait patiently, in complete 


confidence. 
Zig Ziglar, Rendez-vous At The Top, A Different World Publications, 1975. 


I see you with the eyes of love. There is a harmonious solution, 


and I accept it now. 
LoviseL Hay, You Can Hel Your Lif, Hay Howse, 1988 


Easy is right. 


Louis Proto, Self Healing, Piatkus Publications, 1990. 


Only living beings have problems. The more problems I have, 


the more alive I am. Iam happy to have these problems. 
Norman Vincent Peale, When You Went, You Cat, A Different Word Pres, 1974 


Trelax and let divine wisdom and the divinely accurate action of 
my subconscious mind resolve this problem. I disassociate myself 


from the problem and let things take their course. 
Dr, Joseph Murphy, Miraculous Power Attracts Infinite Riches, Goefoy Publications, 


I offer thanks to my Father for His Divine solution. 


rr Joseph Murphy, These Truths Will Change Your Life, Published by Le Jour, 1982 


PROCRASTINATION 


Today I will do my work without wasting time. 
Thave finally decided to correct my habit of putting things off for 


later. 
Raymon Hull, Wanting Is Power, Les Editions de !' Homme, 1969. 


Right now is the best time. 
Robert Collier, Wealth At Your Doorstep, SP, 1959. 
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This task is important and it’s the kind I might procrastinate on 
or forget to do at all. I'm going to do it now and get it out of the way. 
It won't be hanging over my head and I'll be mentally free to concen- 


trate on my other work or just rela: 
‘Dr. Marty Selitman, Super Selling Through Self Talk, Pri 


Stern Sloan, 1986. 


Tact immediately. 
Christian H. Godefroy and John Clark, How To Have More Time, Godefroy Publications, 1989. 


It is my duty to finish what I begin. 
Christian H. Godefroy and John Clark, How To Have More Time, Godefroy Publications, 1989. 


I stop worrying about what I can’t do now, and do what I can do 


with all my heart and soul. 
Vernon Howard, Psycho-Pitorapy, SP, 1965. 


T always do what I have to do on time. 

Timmediately transform all indecisiveness into ACTION, and so 
I stop stalling. 

I don’t let chance decide for me. Since I can make decisions rap- 
idly, stick to my convictions and act in consequence, Ihave no time to 
stall around. 

Thave learned to recognize all the arguments that tend to drag 
me down, and I avoid them instead of avoiding the tasks I encounter 


in the course of doing my work. 
‘Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


I do everything I have to do at the right time. 
‘Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


IT do it now! 
John Clark, Do It Now, Godefroy Publications 


I'll do it without wasting a minute. 
W, Clement Stone, Passport To Success, Godefroy Publications, 1962, 
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Vl do it right away... I'll do it immediately! 
W. Clement Stone and Napoleon Hil, Sucess Through Postoe Thinking, Godefroy Publications, 1978 


I set to work immediately and passionately. 
Charles Albert Poissant& Chistian Godefo, The Secret Of Beng A Milionare, Godefroy Publications, 187 


I will not neglect today’s tasks by putting them off for tomorrow, 


because I know that tomorrow never comes. 
(Oy Manuino, The Greatest Secret In The World, A diffrent World Pres, 1979, 


I profit from each day: I don’t put off what I have to do, and I do 
it with joy. 
Raymond Hull, Wanting Is Power, Les Editions de Homme, 1969 
When I’m faced with a problem I solve it right away if I have all 
the facts. I don’t put off making decisions. 


Dale Carnegie, Overcome Your Worries, Flammarion, 1944. 


If I want to succeed I have to start this very day. 
Charles Albert Boissant & Christian Godefioy, The Secret Of Being A Millionaire, Godefroy Publications, 1987. 


I do everything I undertake with care, and I complete it before 
moving on to some other occupation. I never put off for later what I 


should and can do now. 
Professor Robert Tocquet, The Powers Of The Wil, Godefroy Publications, 1989, 


PRODUCTION 


Tam satisfied with the results produced by my working time. 
Pierre Nicolas, Time Is Money. An Pensure, inter Pablcatons, 1981 


PRODUCTIVITY 


Whenever I make a change in my life, from the current way am 
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doing something, I anticipate a temporary drop in productivity and 
efficiency. I don’t worry if a change I made in profession or lifestyle 
isn’t bearing fruit right away. It takes time for a change to be assimi- 
lated. As familiarity and confidence rebuild, productivity will increase 


again. I don’t stew, I let it simmer for awhile. 
Denis Waitley, Seeds Of Greatness, Pocket Books Press, 1984. 


PROFESSION (Also see Wealth) 


I deserve to have a profession that satisfies me 100%, and which 
gives me the opportunity to develop and enrich myself beyond my 


expectations. 
Charles Albert Possant & Christin Godefoy, The Secret Of Being A Millionaire, Gofioy Publications, 987. 


There are experts and professionals in my field who will help me 
learn, improve and excel. They will respond to my sincere, thought- 


out questions and concerns. 
Dr Marty Seliman, Super Selling Though Self Tal, Price Stern Sloan, 1986 


PROFIT 


I profit from the present moment. 
Sublipower, Sublisuccess, Ea Inter, 1978 


PROGRESS 


I have everything I need to make profitable progress under the 


present circumstances. 
Paul Clement Jago, The Power Of The Wil, Dales Press, 1950 
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I move forward with all my strength. 
Jean Charter, How To Acquite A Superior Personality, Dales Press 1971 


I develop affirmative statements, about five words in length, de- 
scribing my correct performance, in the present tense. I relax and lis- 
ten to myself state the affirmation, and visualize the accompanying 


action or feeling. 
Denis Waite, Secs Of Greatness, Pocket Books Pres, 1988 


Tam pleased with the progress am making, I’m going to tell my 


best friend about it. 
Jean-Marie Boisvert and Madeline Beaudry, Self Affirmation and Communication, Godefioy Publications, 1973. 


I move forward! 
W. Clement Stone and Napoleon Hil, Success Through Positive Thinking, Godefroy Publications, 1978 


I want to do better. 


T want to do more. 
Richard Cori 


oseph Hart, Getting Into Psychological Shope, Les Editions de I'Homme, 1979 


PROJECTS (Also see Debt, Money) 


Iset a deadline for every project. 
Christian H. Godefroy and John Clark, How To Have More Time, Godefroy Publications, 1989. 


This project does not have to succeed, and if it fails the world 
won’t come to an end. But I want it to succeed, and so I'm going put 


all my energy and enthusiasm into it, What do I risk by doing that? 
Joln Clark, Do It Now, Godefroy Pubiatons 


Creative wisdom is at work through me to bring all my projects 


and plans to fruition. 
Dr Joseph Murphy Exploit The Power Of Your Subconscious, Tha] Ariston, 1962 
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PROMISES 


Every time I promise something I keep my word faithfully and 


exactly. 
Prose Robert Toque, The Powers Of The Wil, Godefroy Publications, 198, 


PROMOTION 


Tam qualified for the promotion to (specify the job you wish to 
get) because everyone appreciates me and because I always demon- 


strate goodwill towards my employer and my colleagues. 
Raymond Hul, Wanting ls Power, Les Eton de Homme, 1969 


Thave a right to my place under the sun. I carve out this place 
through my work, through the contacts I make, through the dignity 


of my life, through friends and the help I give to others. 
Henry Durvle, Want To Succeed, Durvle Publication, 196. 


PROSPERITY (Also see Happiness, Budget, 
Love Of Life, Health, Peace, Success) 


Every day I am acquiring better health, a greater love of life and 


more and more prosperity. 
nude M, Bristol, Harold Sherman, Your lner Power = TNT, A Different World Publication, 1958. 


My interests are prospering day and night. 


Dr. Joseph Murphy, Exploit The Power Of Your Subconscious, Tehou Ariston, 1962. 


Taccept and believe in prosperity for myself. 
Lia KrafiMacoy, 30 Days To Happiness, Stlpont 1987 
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I organize my budget well, and my affairs prosper. 
amon Hull, Wanting Is Poe, Les Eitons de Homme, 1969 


I believe with all my heart that health, peace, success and pros- 
perity in my affairs are mine to enjoy. I see myself under the spiritual 
sign of peace, harmony and inner development, an image which is 
completely oriented towards success and prosperity. 

I impregnate my subconscious mind with ideal images of pros- 
perity and success. I rely on the infinite source from which every- 
thing I need flows, I listen to the voice of God in me. His voice guides 
and directs me in everything I undertake. I feel linked to the wealth 
and generosity of God. I believe and I know that there are new and 


better opportunities in store for me. God will reveal them to me. 
Dr. Joseph Murphy, Mastering Yourself And Others, Published by Le Jour, 1988 


I deserve prosperity and happiness. From now on I will be pros- 
perous and happy. 

Tam now ready to accept all the joy and prosperity that life offers 
me. 

Tam blessed with financial prosperity. Each day makes me more 


prosperous. 
‘Shakti Gwwain, Creative Visualization Techniques, Soleil Publications, 1978, 


Thave divine guidance all day long, and everything I do pros- 
pers. Divine justice and the law of divine order govern all my under- 
takings, and everything I do succeeds. 

I know that prosperity means spiritual growth from all points of 
view. God helps me succeed in mind, body, and in the things I do. 
God's willis constantly at work in me, bringing me health and wealth, 


and making me an expression of divine perfection. 
Dr. Joseph Murphy, Miraculous Power Attracts Infite Riches, Godefroy Publications, 1978. 
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PROTECTION 


I remain under the protection of the Most High. 
Dr. joseph Murphy, Mastering Yourself And Others, Published by Le Jou, 1988. 


Tam never afraid because I know that the Divine Presence which 


is in me is my saviour. 
Charles Barker, The Science Of Success, Dangles Press, 1983 


Tam safe and secure at all times. Love surrounds me and protects 


me. All is well. 
Louise L. Hay, You Can Heal Your Life, Hay Howse, 1984. 


Iam guarded, I am protected. 


George Barbarin, How To Overcome Fears And Anxiety, Dangles Press, 1974. 


The Spirit walks ahead of me, showing me the path... Ihave abso- 
lutely nothing to fear, the Spirit protects me... the wisdom of the Spirit 


guides me in all my actions. 
Marcel Aucar, The Book Of Happiness, Sui! Publications, 1958. 


PSYCHIC SHIELD 


I will completely reject and ignore all negative and pessimistic 


“facts” which I can do nothing to change. 
Dr Maxwell Malt, Psychocybernctics and Self Realization, A Difeeu Worl Ld. Publication, 197. 


PUBLIC SPEAKING 


I like talking to people. When I address a group I feel self confi- 


dent and relaxed. 
‘Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 
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As soon as I begin speaking... I feel transported... I speak with 
conviction and warmth. 

I could speak for hours... ideas keep coming to me one after the 
other. 

Ata meeting or conference... 1am more and more likely to get up 


and express my ideas. 
Marcel Rout, Mastering Your Subconscious, Dangles Press, 1982 


Thave the energy, assurance and complete self control I need to 
speak in public. I speak easily and eloquently. 

I feel relaxed in public. I feel at ease in any situation. I have com- 
plete confidence in myself and in what I have to transmit to others. 
Everything will be fine. 

Tam the most important thing I have to transmit to others. I am 
perfectly at ease. I am in perfect control of myself. I know exactly 


what I have to say. I am perfectly at ease in public. 
Charles Baudouin, Psychology And Practice of Autosuggestion, Megraph Publications, 1990 


Thave nothing to fear. I’m going to concentrate on the message I 
wish to pass on to my audience and not on myself - Ihave confidence 


in the power of my own mind. 
Frank S. Caprio, MD. Joseph R. Ber 


Helping Yourself With Self Hypnosis, Prentice Hall In, 1974. 


I feel comfortable in public. I feel at ease under any circumstances. 
Thave complete confidence in myself, and in what I have to transmit 
to others. Everything will be fine. 


Charles Bauctouin, Psychology And Practice of Autosuggestion, ldegraph Publications, 1990, 


Tam the most important thing I have to transmit to others. I am 
perfectly at ease. I am in perfect control of myself. I know exactly 


what I have to say. I am perfectly at ease in public. 
(Charles Boudouin, Psychology And Practice of Autosugeestion, Idegrapht Publications, 1990, 
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PUBLISHING 


Infinite Intelligence paves the way for the acceptance and publi- 
cation of my writing. 
Dr Josept Murphy, These Truths Will Change Your Lif, Published by Le our, 1982 


PULMONARY DISEASE (See Lung Disease) 


PUNCTUALITY 


Larrive on time for my meetings. 


Larrive at the prescribed time. 
Piere Nicolas, Time Is Money. An Pensure,nter Publications, 1981 


Tam always punctual. 
Siad Heimsteter, The Power Of liner Motioaton, Published by Le our, 1957 


Irarely hurry, and I feel good about myself. 


Pierre Nicolas, Time Is Money... And Plensure!, nter Publications, 1981 


PURIFICATION 


Every breath I take cleanses my body totally. With every out breath 


Irid my body of toxins. 
Louis Prot, Self Healing, Pats Publications, 190 


I eliminate gasses and all other waste products from my body. 
Paul Clement Jago, The Power Of The Wil, Dangles Pres 1973 


I clean my mind with the waters of love and life. 
Dr. Joseph Murphy, Mastering Yourself And Others, Published by Le Jour, 198 
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QUALIFICATIONS 


Thave the necessary qualifications, and everything else I need to 


succeed. 
Karl O. Stoeber, Psychotraining, Godefroy Publications, 1984. 


QUALITY 


It is my —— (specify which quality) that people appreciate in 
me. 
Richard Corriere, Joseph Hart, Getting Into Psychological Shape, Les Editions de I'Homme, 1979. 


Thave the potential to develop all the qualities I admire in others. 
Sublipower, Sublicontrol, Edi Inter, 1989. 


I cultivate and develop my qualities. 


Sublipower, Sublicontrol, Edi Inter, 1989, 


Tacknowledge my qualities, as well as those of others. 
Christan H, Godefroy, Positive Thinking: The Subliminal Method, Goefray Pliations, 1987. 


QUALITY OF LIFE 


The quality of my life improves day by day. 


Louis Proto, Self Healing, Piatkus Publications, 1990. 
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RADIANT 


Tam a being of light. I am energy. I am whole as a spirit, mind, 
and body. 


Barbara J. Gress, Personal Power Cards, Aslan Publishing, 1991 


The more radiant I am the more I attract good things. 
Shakti Gawain, Creative Visualization Techniques, Solel Publications, 1978 


REACTION 


Iam perfectly capable of reacting in a happy and healthy way, no 
matter what happens to me. 
Vernon Howard, Psycho-Piclography, SP, 1965, 


READING 


Tlook at books as working tools. 

Sometimes I read very quickly, sometimes very slowly, depend- 
ing on what my objective is. 

Thave an alarm system that goes off every time I find myself get- 
ting distracted, reading a sentence over and over without really tak- 
ing it in because I’m thinking about something else. 

When I finish reading something I ask myself what I got out of 
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the book or article, and how I can put this information to good use. 
Pierre Nicolas, Time ls Money. An Pensure, inter Publications, 1981 


Realization 


All my thoughts tend to materialize in my life. 
Charles Albert Possant& Christian Godefoy, The Secret Of Beng A Milionare, Godefroy Publications, 1987 


What the mind can conceive and believe, it can also realize! 


W, Clement Stone, Success Through Constructive Thinking, Godefroy Publications, 1978. 


Thave the right to realize my desires. 
Christian H. Godefroy and John Clark, How To Have More Time, Godefroy Publications, 1989. 


Ican do anything I believe I can. 
Lith KrafMacoy, 30 Days T Happines 


Stilipoint, 1987. 


T'll do it! 


ent World Publications, 1975. 


Zig Ziglar, Rendes-vous At The Top, A Diff 


Ican do anything through the power of my subconscious mind. 
Dr Joseph Munpy Exploit The Power Of Your Subconscious, eho | Ariston, 1962. 


I realize what I want to do. 
Christian Godefiy, Mental Dynamics Seminar, Godefoy Publications, 1978 


The universe is now paying me to do what I really love. 
Shakti Gren, Reflections n The Light, New World Library, 1978 


Everything I have to do is simple and easy. 


R.L Charpentier, Autosuggestion And Its Practical Application, Champs Elysees Publications, 1958. 
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REALIZATION - SELF 


Every day I take a small step towards self realization. 
Di, Maxell Male, Psycocdteretics and Self Realization, A Different Word Ltd. Publications, 2970 


REALISM 


I take care to always remain in contact with reality. 
‘Marcel Rowet, Mastering Your Subconscious, Dangles Press, 1982. 


Tam practical and realistic, and I keep my feet planted firmly on 
the ground. But I also give myself the freedom to live according to 
my ideals. 


‘Shad Helmstetter, The Power Of nner Motivation, Published by Le Jour, 1987. 


Tam a realist. 
Christian H, Godefroy and Jolin Clark, How To Have More Time, Godefroy Publications, 1989, 


REBIRTH 


Today I start a new life. 
( Manino, The Greatest Secret In The Worl, A fret World Pres, 1978 


Justas the pain of childbirth is forgotten, I experience each aspect 
of my life as a manifestation of peace and joy. The past is dead. Iam 
free of all suffocating prejudices. Iam reborn every instant, I triumph 
in my rebirth and my new and happy being. 


‘Marcel Auclair, The Book Of Happiness, Seuil Publications, 1959 
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RECEPTIVITY 


Tam receptive to healthy ideas and techniques. 
Vernon Howard, Psycho-Pictography, SP, 1965, 


REFLECTION 


I determine the time a task will take before starting it. 
I sit down from time to time to reflect on things that are impor- 


tant to me. 
Paul Clement Jagot, The Power Of The Will, Dangles Press, 1950. 


I always find a solution if I take the time to reflect. 
Norman Vincent Peale, When You Want, You Cant, A Diferent World Press, 1974 


I give myself the time to reflect on subjects that are important to 
me. 

I write these subjects down in my agenda so I won't forget about 
them. 

I know that reflection takes time, and that this time is not neces- 
sarily directly connected to solving my problems: a time of reflection 
can also be a time of maturing. 

Whenever possible I either write down or record the fruit of my 
reflections. 

Whenever possible I allow myself time for reflection before mak- 
ing a decision. 

As I reflect I establish “satisfaction criteria” concerning the re- 
sults I hope to achieve from the decision I make. 

I use my time of reflection to gather ideas which I would then 


note down in my agenda. 
Piere Nicolas, Time Is Money. An Pensure, ter Publications, 1981 
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I want to think about things, because every profound idea con- 


tains information that is only revealed through reflection. 
Henry Durville,1 Want To Succeed, Durville Publications, 1968 


REFUSAL 


I always say no when it’s the right thing to do. 

By not giving in to the demands or influence of others I become 
more aware of my freedom and my self control. 

Tam able to say no easily. I am self confident, and always in con- 
trol of my life. 

Inever feel obliged to do something I honestly haven’t chosen to 
do. I say what I think. I am frank, direct and honest. I know what I 
want and where I am, and I express my opinions clearly and without 
hesitation. 

Tallow no one to sell me anything against my will. I live accord- 
ing to my own decisions, without ever giving in to pressures from 


salespersons or anyone else. 
Sad Heinsteter, The Power Of liner Motioaton, Published by Le our, 1957 


REGULARITY - ABDOMINAL 


My solar plexus radiates heat. 


I feel a source of heat in my abdomen. 
Dr. GR. Roger, Hypuosis, Sophrology and Medicine, Fayard Publications, 1973, 


REGULARITY - RESPIRATORY 


Iam all breathing, there is something breathing inside me, I feel 
my rib cage rising and falling like a boat on the ocean, my breathing 
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is calm, I listen to my breathing. I am breathing gently. 
Dr GR. Rage, Hypnosis, Soprology and Medicine, Fayard Publications, 1973 


REJECTION 


(I confront my fear, rejection and guilt and let go of them. Iam 
going to discover and overcome these feelings which are obscuring 
my real light.) 


Barbara J. Gress, Personal Power Cards, Aslan Publishing, 1991 


Iallow myself to be, without the need to prove myself to anyone. 
Ilive my power without fear of defeat or rejection. I control my dreams, 
my life. 


Barbara J. Gress, Personal Power Cards, Aslan Publishing, 1991 


REJOICING 


It’s good for me to have fun and rejoice, and that’s what I do! 
‘Shakti Gawain, Creative Visualization Techniques, Soleil Publications, 1978, 


The more I enjoy myself, the more alive I feel. 
Lous Prot, Self Healing, Pats Publications, 190 


RELATIONS - COMMERCIAL 


Ican never control another person; I can only influence him. If I 
expect to be able to control him I'll probably be angry and frustrated. 
If I accept that I can influence his free choices I'll be calmer, learn 


more about him, and be much more effective. 
Dr. Marty Seldman, Super Selling Through Self Talk, Price Stern Sloan, 1986. 
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RELATIONS - FAMILY 


Tove my family. 
Jean Charter, How To Acquite A Superior Personality, Dales Pres, 1971 


My relations with my family are improving. 
Professor Kurt Teperwein, Thnk And Heal, Gadefoy Publications, 1984 


RELATIONS - HARMONIOUS 


Thave the right to be happy with my chosen love. 

My relationship with X is becoming more and more harmonious, 
happy and enriching every day. We are evolving together. We always 
compliment each other perfectly. I give love and receive abundance 
in return. I live in the abundance of love and life. X is abundance, I 


am abundance. 
Christian H. Godefroy, Helping Yourself Through Self Hypnosis, Godefioy Publications, 1985, 


Tam now ready to get involved in a fulfilling and happy relation- 
ship. 

Tam ready to have harmonious relations with everyone. 

Divine love is now working through me to establish a perfect re- 
lationship with —. 


Shakti Gawnin, Creative Visualization Technigues, Solel Publications, 1978 
The spirit in me speaks to the spirit in —— so that there is only 


harmony, peace, love and understanding between us. 
Dr Joseph Murphy, These Truths Will Chang Your Lif, Published by Le our, 1982 
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RELATIONS - HUMAN 


To improve my human relations I accept people as they really are 
and not as I would like them to be. 
Vernon Howard, Psycho-Pictography, S.LP, 1965, 


I choose my relations. I deliberately seek out people with high 


moral values who see the beauty in life. 
Zig Ziglar, Rendez-ous At The Top A Different World Publications, 1975. 


Tam not interested in relating to anybody who does not respect 


me as much as I respect myself. 
Louis Proto, Self Healing, Paths Publications, 1990. 


My relations with people are becoming happier and more fulfill- 
ing every day. 


‘Shakti Gawain, Creative Visualization Techniques, Soleil Publications, 1978, 


When I change my inner self, I also change all my external rela- 
tions. 
Vernon Howard, Paycho-Pitography, S12, 1965. 


From now on my relations with others will be happy, satisfying 
and full of love. 


‘Shakti Gawain, Creative Visualization Techniques, Soll! Publications, 1978. 


Thave confidence in myself and I like being with other people. 
‘Alan Howe, How To Deal With Difficult People, Gefy Pbliations, 190 


Thave fruitful and pleasant relations with the people I see (both 
professionally and socially). 

If Tam with someone, I give them all my attention. 

I try to discern what other people are feeling. 

I may take a calculated risk of breaking off a relation if that is the 
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only way I can work things out. 

Tam careful to concern myself with only one pole of the relation 
at a time: me, the other person, or the situation. 

I periodically review my personal relations and evaluate them, 
dividing the people I spend time with into positive and negative cat- 
egories. I then determine those with whom I'd like to try and im- 
prove my relations, and those with whom I'd like to establish a rela- 


tion, but haven't done so as yet. 
Pieré Nicolas, Time Is Money... Ad Pleasure, ter Publications, 1981 


Thave very easy-going human relations. 

Tunderstand the natural laws governing relationships, and I work 
in harmony with them. 

When Iam in touch with my Real self, all my relations are cordial 
and effective. 

Any sincere effort to improve my human relations will be reward- 
ing. 


Vernon Howard, Psycho-Pictography, S.LP, 1965. 


I like people a lot, and I like to be nice to them. 
Arthur Wassmer, The Art Of Making Friends And Being Happy, Belfond Publications, 1978. 


I like to thank others. 

The more I like myself, the easier it is for me to like others. 

Tam available for other people. 

Iknow how to listen. I encourage people to talk about themselves. 
I listen to them, and they confide in me. 

I find it easy to meet new people. 

Taccept people the way they are. 

I like to demonstrate my care and thoughtfulness. 

Tam sincerely interested in other people. 


I wish others only positive things. 
Christian H. Godefroy, Human Relations and Communication: The Subliminal Method, Godefroy Publications, 1987. 
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I will try to be a little more friendly towards others. 
Dr. Maxwell Malte, Psychocybernetics and Self Realization, A Different World Lid. Publications, 1970. 


I will do all I can to understand and maintain good relations with 


—— (specify such and such member of the family, colleague, etc.). 
Raymon Hl, Wanting Is Power, Les Eton de Homme, 1969 


imagine myself at my best and I project that image to others in 


order to improve my relations and become a happier person. 
Dr. Mawel Male, Pychoeyhrntics and Self Realization, A Different World Lid Plains 


70 


Iam going to practice the technique of self-relaxation whenever I 
find myself in a situation that may precipitate an argument. 

Whenever I find myself baited into a heated argument I will 
change the subject or will remind myself to remain calm and realize 
that the other person may have reasons for feeling as he does. 

I am going to give myself the daily suggestion that I will talk 
more to people, act more friendly and initiate the kind of conversa- 


tion that will enlist the interest of the other person. 
Frank S. Caprio, M.D. & Joseph R. Berger, Helping Yourself With Self Hypnosis, Prentice Hall ln., 1974. 


I seek and find the essential quality of each person I meet. 
Sad Helmsteter, The Power Of Iner Motivation, Pllishe by Le four, 1987 


Iam in harmony with others. 
Jean Chartier, How To Acquire A Superior Personality, Danes Pres, 1971 


I treat others as I would have them treat me. 
Dr. Martin Shephard, How To Overcome Your Cares, Marabout Publications, 1973 


I want to maintain the friendly and harmonious relations I have 
created with the people around me, my family, friends and colleagues. 


Raymond Hull, Wanting Is Power, Les Editions de ! Homme, 1969 


The only kind of relation I can have with anyone, no matter who 
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that person is, is one of love, understanding and peace. I am a free 


expression of God. 
Charles Barer, The Science Of Success, Dangls Press, 1983 


RELATIONS - PERSONAL 


People are important to me. I like the people who are a part of my 
life, and I know they like me. 

Inaturally attract honest and sincere people who respect my opin- 
ions, as I respect theirs. 

My personal relations are warm, meaningful and enriching. Iam 
always honest and sincere with the people I meet, whatever the situ- 
ation, and whatever kind of relation we have. 

I am worthy of confidence, I am responsible, and other people 
greatly appreciate these qualities in me. 

Tam always ready to give someone the benefit of the doubt, what- 
ever the situation. When I’m uncertain, I always imagine the best 


possible scenario. 
Sad Heimsteter, The Power Of liner Motioaton, Published by Le our, 1957 


RELATIONS - PROFESSIONAL 


The basis of all the thoughts, words and actions I use to address 


my superiors and colleagues is my ever present good will. 
Dr Joseph Marple, Mastering Yourself And Others, Published by Le our, 1988. 


My relations with associates are governed by the law of harmony. 
Dir Joseph Murpey, Mastering Yourself And Others, Published by Le our, 1988. 
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RELAXATION 


Every time I take a breath, and every time I exhale, I relax more 


and more deeply. 
Kar O Stoeer, Psychotrainng, Goefoy Publications, 1984. 


Each inhalation and exhalation relaxes me even more. 

Each new movement makes me a little more relaxed. I breathe in 
deeply and hold the air for the time it takes to count to five. I exhale 
very slowly. My body is feeling more and more rested, making me 
even more relaxed. And the more I relax, the better I feel. The feeling 


of being completely relaxed is very pleasant and reassuring. 
Dr. Anthony and Mary Za, Aphagenics, Quebec -Ameriqle Publications, 1978 


I feel more and more relaxed. 
Louis Proto, Self Healing, Piatkus Publications, 1990. 


I know how to relax and let go. I can flow with the current. 
Shakti Gawain, Creative Visualization Techniques, Solel Publications, 1978 


I know how to organize spaces of relaxation, even during very 


intense activity. 
Piere Nicolas, Time Is Money. An Pensure, ter Publications, 2981 


Tam relaxing now. I am at peace. 
Denis Waite, Seeds Of Greatness, Pocket Books Pres, 1988 


I am going to take time each day for some form of recreational 
relaxation to balance my day with work and play. 


Frank S, Caprio, M.D. & Joseph R. Berger, Helping Yourself With Self Hypnosis, Prentice Hall Inc, 1974. 


My body is loose and relaxed. 


Emrika Padus, Encyclopedia of Emotions And Health, Edi Inter, 1991 


Every time I do my alphagenic induction exercises I relax quickly 
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and deeply. 

I do relaxation exercises every day. 

I feel completely numb and insensitive to the position of my body. 
Iam cut off from the people around me. I feel secure and in control of 
the situation. 

My body is relaxing more and more. I am becoming numb to all 
sensation. 

I feel relaxed from head to foot. Every part of my body is relaxed, 
and I stop analyzing my feelings. I am not thinking about anything 
except relaxing as I watch the indicator continuing to descend. Soon 


I will be completely impervious to everything around me. 
Dr Anthony and Mary Zaft, Apingenics, Quebec -Anerique Publications, 1978 


With each breath I become more relaxed, with each breath my 


body becomes looser, heavier and more numb. 
Dr. GR. Rager, Hypnosis, Sophrology and Medicine, Fayard Publications, 1973. 


Iam falling asleep. My whole body is resting. I will awaken in 
half an hour, at exactly — (specify the time), rested and full of en- 


ergy. Iam so light I feel as if I’m floating! 
K.O. Schmit, Stecess At Your Serie, Astra Publications, 1986, 


Trelax every night. 


Pierre Nicolas, Time Is Money... And Pleasure!, Inter Publications, 1981 


Tcan relax. 
Norman Vincent Peale, When You Want, You Cant, A Different World Press, 1974 


I feel good, very relaxed. 
A feeling of well being gently spreads through my body. 
My scalp is relaxing little by little. 

My forehead and face are relaxing. 

My tongue is loose in my mouth, 

Irelax my throat, my tonsils, my vocal chords. 
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The muscles around my eyes are relaxing. 

My neck and back are loosening up. 

My tension is dissolving day by day. 

My breathing is unobstructed and is getting fuller all the time. 
My diaphragm massages my internal organs. 


My solar plexus is relaxing. 
Subipower,Sublieaxation, El Inter, 1988 


(Lam going to practice relaxation as a way of life. Iam going to 
practice relaxing each part of my body (progressive relaxation) until 
Ihave learned to master the technique of relaxing my entire body 
(complete relaxation). When my body is relaxed my mind will relax. 
Relaxation is the best antidote for worry. I am going to make good 


use of my new habit of hypnotic self-induced relaxation.) 
Frank S. Caprio, MLD. & Joseph R Berger, Helping Yourself With Sef Hypnosis, Prentice Hall nc, 1978 


Relaxing is important to me, and I always make sure to get my 
required dose, I use my time not only to pursue my goals, but also to 
appreciate the beauty of life. 


Sad Hetmsteter, The Power Of taner Motivation, Published by Le Jour, 1987 
Everything is relaxing... everything is opening... becoming, peace- 


ful and relaxed... my head is heavy, my jaws are loose... my body 


becomes calmer and calmer every minute. 
Paul Clement Jgot, HowTo Develop Your Personal Magnets, Dangle Pres, 1982. 


RELAXATION - DIGESTIVE 


My solar plexus radiates warmth. 
Professor Robert Toque, The Powers Of The Wil, Godefroy Plicatons, 1989, 


RELAXATION - MENTAL (See Inner Peace) 
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REMUNERATION (Also see Job) 


Thave a wonderful job and I am very well paid. I offer a valuable 


service and do my work admirably. 
Shakti Gawain, Creative VeualizatonTeclnques, Sl Publications, 1878, 


REPARTEE 


T can answer any question at all without hesitating. 
Professor Kurt Teppervein, Think And Heal, Gadefioy Publications, 1984 


REPRESSION 


As I count to ten I start becoming conscious of these emotions. I 
feel them more and more strongly. I will feel them intensely, in every 
fiber of my being. 


Charles de Liguori, Hypnotism, de Vecchi Publications, 1975. 


REPROACH 


I remind myself that my relatives, my spouse, my friends, my 
boss, my children and all kinds of other people I come in contact with 
will often disagree with my behavior, but their reproaches have abso- 


lutely nothing to do with my inner self. 
Wayne Dyer, Your Erogenous Zones, Tehou Pres, 1976, 


I start accepting certain attitudes which I have chosen to adopt 
but which others may disapprove of. Therefore, if a relative or my 
boss or a neighbor or even my spouse reproaches me for such and 


Symbols 


18*D) + (40*W, 128 
1:1 transformers (see isolation 
transformers) 


A 


absolute encoding, 53 
AC adapters, 142, 143, 157, 159 
‘AC inrush, 177 
‘AC motors, 191-200 
design of, 191 
function of, 191 
potential problems, 200 
types of, 195 
Use of, 199 
values for, 199 
‘AC-AC transformers, 135-142 
design of, 136 
function of, 135 
potential problems, 142 
schematic symbol for, 135 
types of, 138 
use of, 142 


values for, 141 
AC-DC power supplies, 143-147 
function of, 143 
potential problems, 147 
types of, 143 
use of, 147 
accumulators, 5 
active mode, 245 
actuators, 38, 
adjustable inductors, 125 
adjustable output converters, 152 
adjustable voltage regulators, 
163 
Ah/AH/A/H (see amp-hours) 
air cores, 125 
alkaline cells, 8, 13 
alternate pushbuttons, 33 
alternating current (AC), 135, 143, 
157,196, 221 
amp-hour capacity, 11,13, 
amp-hours (Ah), 11 
amplifiers, 250 
amplitude-modulated, 125 
analog servo motors, 204 
annulus, 183 
anodes, 6, 221 
anti-backlash gears, 114 


apparent power, 141 
arcing, 47, 72, 108 

armatures, 66 

audio tone control, 85 

audio transformers, 140 
audio-taper potentiometers, 91, 
96 

automotive fuses, 23 
automotive relays, 69 
autotransformers, 140 

auxiliary winding, 196 
avalanche breakdown, 233 

axial leads, 99 

axial loading, 185 

axial resistors, 76 


back EMF, 108, 218, 227, 228 
backlash, 188, 204 
bandpass filters, 131 
basic switches, 39 
batteries, 5-16 
capacitors as, 109 
capacity, 11 
DC-AC inverters and, 160 
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such behavior, I find it completely natural that they do so. 


Wayne Dyer, Your Erogerious Zones, Tehow Press, 1976. 


No more blaming! 
“Matthew MeKay and Patrick Fanning, Self Esteem, New Harbinger Publications Inc, 1990 


RESENTMENT (Also see Forgiveness) 


No feelings of resentment can enter my mind because I have a 
spiritual understanding of all beings. I contemplate the love of God 


in people, which blesses me and fills me with goodness. 
BR. Charles Barker, The Science Of Success, Dangles Press, 1983 


I give up all my resentment; this done I find I can be honest with 
myself. 

I reject my feelings of resentment; I use my intelligence to find 
ways to spend my days fruitfully. I forget the day’s setbacks and, 
above all, I stop being obsessed with the numerous injustices I suf- 


fered in the past. 
Dr. Maxwell Mal, Psychocyberntics and Self Realization, A Different World Lid Pliations, 1970 


I forgive you. I may not approve or agree, but I can forgive. I can 
let go of the past and wipe the slate clean. I know better than to ex- 
pect atonement. I let go of revenge and resentment. Our differences 
are in the past. I am in control of the present and I can forgive you in 


the present. I can leave my anger behind. 
Matthew McKay and Patrick Fanning, Self Esteem, New Harbinger Publications kn., 1990 


I want to get rid of all my bad memories, eliminate all hate and 
resentment from my heart and retain nothing which can degrade or 


belittle me. 
Henry Durville,| Want To Succeed, Durville Publications, 1968. 
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RESOURCES 


God is the infallible and unlimited source of all my resources. 
‘Shukti Gawain, Creative Visualization Techniques, Soleil Publications, 1978, 


My mind is strong and its resources allow me to control my body, 


my emotions and my thoughts. 
Dr Anthony ant Mary Zaft, lphageics, Quebec Amerigue Publications, 197 


RESPECT (Also see Consideration) 


Tearn the respect of others. 
Denis Waite, Serds Of Greatness, Pocket Books Pres, 1984 


Tam respectful and listen to people who have experience. 
W, Clone Stone an Napoleon Hil, Sucess Through Pastoe Thinking, Godefroy Publications, 1978 


First I respect myself, then I respect others. 
Dr Maxwell Maits, Psychocybernetics and Self Realization, A Different World Ltd, Publications, 970, 


I respect myself enough to say ‘yes’ only when I mean it. 
Louis Proto, Self Healing, Piatkus Publications, 1990 


I respect myself. I respect my values, my thoughts, my ideas and 
acts. And I respect myself the most when I stick to the path I have 
chosen. 

Thave a healthy attitude towards myself. I really like myself. I 


cultivate a very positive self image, and a deep respect for who Iam. 
Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


I respect others and they respect me. Every person I meet is im- 
portant to me. I can easily create a feeling of respect and confidence 


between myself and others. 
Sad Helmsteter, The Power Of Iner Motiaton, Pllished by Le four, 1987 
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Above all I respect myself. 
Wayne. W, Dyer, The Sky The Limit, Mortage Publication, 1988. 


RESPONSIBILITY 


(Iam completely responsible for my thoughts, feelings and ac- 


tions.) 
Dr. Marty Seldmnn, Super Sling Through Self Talk, Price Stern Sloan, 1986. 


I consider everything that happens to me as being my fault. 
Dr. Martin Shephand, How To Overcome Your Cares, Marabout Publications, 973. 


Thave to accept my responsibilities with joy in order to relax my 
Real Self. 


Vernon Howard, Psycho-Pictography, SP, 1965. 


I will leave nothing to chance because chance does not exist, and 


the success I aspire to depends solely on myself. 
Henry Duro, Wart To Succeed, Durvle Publication, 196. 


I assume responsibility for my strength, my happiness, and for 
my positive and healthy attitude; am responsible for my past, present 


and future. 
Shad Helmstetter, The Power Of ner Motcaton, Published by Le Jour, 1987. 


Tam grabbing hold of my life. 


Linh Kraft-Macoy, 30 Days To Happiness, Stillpoint, 1987. 


Iam happy to realize that am nota victim of life’s circumstances. 
Tam creating the happy life I lead. I am the author of my own life 
story. 
I don’t need to make up excuses, and no one is obliged to assume 
my responsibilities for me. I carry my burden with pride and joy. 
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Every day I recognize and assume responsibility not only for my 


actions, but also for my emotions, my thoughts, and even my beliefs. 
Sind Hetmsteter, The Power Of taner Motiaton, Published by Le Jour, 1987 


Tam in control of myself and my environment. I take charge of 


myself! 
Sad Heimsteter, The Power Of lner Motiaton, Plblished by Le four, 1987 


Iam responsible for what happens to me. 
Christian Gaefoy Collection, Magic Formalas Fr Success And Hopines, Godefroy Publications. 


Tam responsible for my life. 
“Matthew McKay and Patrick Fanning, Self Esteem, New Harbinger Publications Ine, 1990 


Iam responsible for myself because I have chosen to be so. 
Wayue Dyer, Your Emgenous Zones, Tehou Pes, 1976. 


Iam responsible. 
Sublipower, Sublicontrol, Edi Inter, 1989. 


I want more responsibilities. 
Richard Corviere, Joseph Hart, Getting Into Psychological Shape, Les Editions de I'Homme, 1973. 


REST (Also see Sleep) 


Lalways allot myself sufficient time for rest and relaxation. I get 
enough sleep, and my sleep is deep and regenerating. 
I give both my mind and body enough rest, but I don’t depend 


solely on rest to recharge my energy. 
Shad Helsttter, The Power Of ner Motcaton, Published by Le Jour, 1987 


Iam resting peacefully. 


RL. Charpentier, Autosuggestion And Its Practical Application, Champs Elysees Publications, 1958. 
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As long as I don’t move and don’t get upset I am in perfect re- 


pose. 
Dale Carwegie, Overcome Your Worries, Flanomarion, 1944. 


REST - MENTAL 


When one minute has passed I will count from one to seven. When 
T reach the number 7 I will emerge from my state of mental rest and 


feel as if [had slept deeply for two hours. 
Professor Kurt Teperwein, Thnk And Heal, Gaefoy Publications, 2984, 


RESULTS (Also see Work) 


I get more done because I work harder. I like to make that extra 
effort and obtain better results. 

I feel great satisfaction in knowing that I work hard and well. I 
try to be more efficient and get better results every day. 

Iimprove my results by concentrating my energy and attention 
on what I am doing. When I have a task to accomplish, it is the only 
thing I think about. 


‘Shad Helmstetter, The Power Of nner Motivation, Published by Le Jour, 1987. 


Infinite Intelligence shows me the best ways to get better results. 
Dr, Joseph Murphy, Miraculous Power Attracts Infinite Riches, Godefiny Publications, 1978 


Iam getting better results at work every day. I find my work more 


and more fulfilling. 
Christian H. Godefvoy, Helping Yourself Through Self Hypnosis, Godefroy Publications, 1985. 


I let the results come naturally and effortlessly. 
Vernon Howard, Psycho-Pictography, S.LP, 1965, 
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From now on the divine light within me produces perfect results 


in all aspects of my life. 
‘Stak Gawain, Ceaioe VeualizatonTectniques, Sl Publications, 1878, 


RESULTS - SCHOLASTIC 


My interest is growing day by day and my scholastic results are 


improving. I am doing everything in my power to attain my goal. 
Professor Kurt Teperwei, Think And Heal, Gdefioy Publications, 1984, 


RETIREMENT 


Tam going to make my golden years interesting and meaningful. 
I’m not going to be a stay-at-home just because I am past 60 or even 
70. Growing old graciously means practising being kind, unselfish 


and understanding. 
Frank S. Caprio, MD. & Joep, Berger, Helping Yourself With Self Hypnosis, Prentice Hall nc, 1974 


REVENUE (See Income) 


REWARD 


I reward myself with gifts! 


Christian H, Godefroy an Jolin Clark, How To Have More Time, Godefroy Publications, 1989, 


I give myself what I want; I feel I deserve it. 
Lith Kraf-Macoy, 30 Days To Happiness, Stlpont, 1987 


I reward myself when I bring a project in on time. 
Christan H.Goteffoy and fl Clark How To Hae More Tine, Godefroy Pllicatons, 1988, 
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(I deserve this reward.) 
Matthew McKay ani Patrick Fanning, Self Esteem, New Harbinger Publications Inc, 1990 


I will spend this Saturday doing something I really want to do. I 
don’t mean next month. I mean this Saturday. I will enjoy being alive 
and being able to do it. I deserve it. There will never be another me. I 


will spend at least one day a week on ME! 
Denis Woitley, Secs Of Greatness, Pocket Books Pres, 1988 


When this project is finished I’ll buy myself the new suit I’ve been 


wanting. 
Jol Clark Do lt Now, Godefroy Publican. 


When this job is finished I'll relax and have something to eat. 
Jolin Clark, Do It Now, Godefroy Publications 


When I complete this assignment I’m going to reward myself with 
my favorite —— (specify which food, item of clothing, TV show, 


movie, sports or leisure activity). 
Dr. Marty Selman, Super Selling Through Self Tl, Price Stern Slomn, 1986, 


If finish all this today I'll go to a movie tonight. 
[ol Clark Do It Now, Godefroy Pubiatons 


RICHES (See Wealth) 


RISK 


T accept responsibility for some of the risks involved in the deci- 
sions I make, because taking calculated risks is the only way to ac- 
quire experience. Therefore I always ask myself this question: ‘If this 


fails, am I ready to assume responsibility for the consequences” 
Pierre Nicolas, Time Is Money. An Pensure!, Inter Publications, 1981 
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Irisk nothing if I fear nothing. 


Editorial Staff, Practical Health Guides, How To Stimulate Your Body's Natural Defenses, Godefroy Publications, 1989, 


I take risks that may complicate my life, but which could prove to 


be extremely profitable. 
Wayne Dyer, Your Erogenous Zones, Teiou Pres, 1976, 


My path is a luminous one of sunshine and promise. I follow it 
with joyous anticipation. When I take a necessary risk, I look ahead, 
anticipating the best, and never turn back. 

I reduce the risk of running risks by informing myself as much as 
possible in advance. Then, once my decision is made, I accomplish 
each stage with the determination to succeed. 

I take positive risks which always bring the desired reward, and 
contribute to my health and well being. 

I only take risks which provide me with even more positive en- 
ergy, and which contribute to my well being, as well as to the well 


being of those close to me. 
Shad Helmstetter, The Power Of ner Motivation, Published by Le Jour, 1987 


RIVALRY 


Ino longer feel any rivalry with my neighbors. 
Dr. Maxell Mat, Psychocubernetics and Self Realization, A Different Word Ltd Publications, 2970. 


ROUTINE 


I take risks to break the routine. For example, I take unplanned 
vacations, with no reservations, no maps, telling myself that what- 
ever happens I am capable of dealing with any situation. I apply for a 
new job, or talk to someone I’ve avoided in the past because I was 
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afraid of what might happen. I take a different route to get to work, 
or I eat at midnight instead of at six. Why? Because it’s different, and 


because I feel like it. 
Wayne Dyer, Your Erogenous Zones, Tehow Press, 1976. 
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SADNESS 


If I sometimes got sad or bored, moody or overcome by dark 
thoughts, I know that this will no longer happen, and instead of be- 
ing sad, instead of feeling melancholic and dark I will be joyful, joy- 
ful for no reason perhaps, but joyful all the same, just like I got sad for 
no reason in the past. And what's more, even if I have reason to be 
sad, real reasons that cause me to feel dark and melancholic, I will 


not do so. 
Emile Coue, Complete Works, Astra Publications, 1976, 


I will fill this day with my laughter; I will fill this night with song. 
I will never have to work to be happy; instead I’ll keep myself too 


busy to be sad. Today’s happiness must be enjoyed today. 
(Og Mandina, The Greatest Secret In The Worl, A ferent World Pres, 1978 


SALARY (Also see Work, Value) 


My salary is in accordance with my integrity and honesty. I ex- 
ploit my talents to their fullest. I am appreciated and sought after, 
and I am indispensable. It’s wonderful! 

My salary is in line with my spiritual values. My revenue corre- 
sponds to my faith and my expectations. My wealth depends on the 
Universal Substance, and the degree to which people accept me de- 
termines the amount of my salary. I accept all the good that comes 


design of, 6 
disposable, 7,8 
fuel cells,8 
function of, 5 
potential problems, 15 
rechargeable, 7,9 
schematic symbols for, 6 
use of, 14 
values for, 11 
voltage, 13 
battery acid, 9 
battery chargers, & 
bearings 
failure of, 189 
beta value (B), 244 
biased relays, 67 
biased semiconductors, 241 
bifilar motors, 216 
bipolar electrolytic capacitors, 
102 
bipolar junction transistor (BJT) 
(see bipolar transistors) 
bipolar motors, 211 
bipolar stepper motors, 213 
bipolar transistors, 241-252 
design of, 241 
function of, 241 
potential problems, 251 
schematic symbols for, 242 
types of, 245 
use of, 246 
BLOC motors (see brushless DC 
motors) 
blown fuses, 21,27 
body terminals, 261 
boost-type converters, 151, 154 
boots, 43 
break-before-make switches, 39, 
53 
breakdown state, 256 
breakdown voltage, 224 
breakers, 160 
breaking capacity, 22, 
bridge rectifiers, 226 
brushes, 179, 187, 198 
brushless DC motors, 183, 
buck converters, 150 
buck-boost converters (see fly- 
back converters) 


bulk metal foil, 83 
bushings, 38 

button capacitors (see disk ca- 
pacitors) 

button cells, 5 

bypass capacitors, 107, 154 
bypass switches, 176 


c 


clamps, 110 
Crate, 12 
capacitance, 105,115 
capacitive reactance, 106 
capacitor arrays, 101 
capacitor clamps, 110 
capacitor networks, 101 
capacitors, 8, 97-111, 97, 
(see also variable capacitors) 
as alternative to shorting coils, 
195 
design of, 97 
function of, 97 
potential problems, 109 
schematic symbols, 97 
types of, 99 
use of, 107 
values for, 104 
capacity, 11-14 
caps (see capacitors) 
carbon-composite resistors, 82 
carbon-film potentiometers, 95 
carbon-film resistors, 82, 
carriers, 183 
cartridge fuses, 23 
cathode-ray tubes, 171 
cathodes, 6, 221 
cells, 5,6 
ceramic capacitors, 103 
charging 
incorrect voltage and, 15 
reverse charging, 16 
chatter, 72 
chokes, 119 
chopper drives, 217 
ircuit breakers, 15,21 
ircuits 
RC circuits, 79 


clamp diodes, 230 
closed-loop systems, 210, 217 
CMOS (complementary metal ox- 
ide semiconductor), 253 
code samples 

digital access to, 3 
coded rotary switches, 53 
cogging, 193 
oils, 66, 121, 135, 170 
cold cranking rating, 159 
collectors, 242, 246 
common contacts, 38 
common-bus configurations, 78 
common-collector amplifiers, 250 
common-emitter amplifier, 250 
commutators, 179, 195, 198 
complement-coded rotary 
switches, 54, 
complementary metal oxide sem- 
iconductor (see CMOS) 
components 

definition of, 2 
condensers (see capacitors) 
contact bounce, 61 
contacts 

burnout of, 63 

contamination of, 48, 73, 

overloading of, 57 

relays and, 66 

vulnerability of, 57 
continuous inductors, 122 
contractors, 70 
control shaft encoders, 59 
conventional current, 7 

inductors and, 120 
converters (see DC-DC convert- 
ers) 
cores, 119, 132, 137, 138 
coupling capacitors, 107 
covered power supplies, 146 
crossover networks, 130 
crystal diodes (see diodes) 
caystal sets, 125 
cup (potentiometer), 93 
current, 5 

inadequate, 15 

stall current, 184 
current amplifiers, 243, 253 
current gain (hFE), 244 
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my way, here and now. 
Dr fost Murphy, These Tuts Will Change You Life Published by Le our, 1982 


SALES 


Tam learning about the marketplace. I'm widening my base of 


contacts. The people I call need my products and services. 
Dr. Marty Selman, Super Selling Though Self Talk, Price Stern Sloan, 1986 


Starting today my sales will increase every day. 
Christian H. Godefroy. Helping Yourself Trough Self Flyynosis, Godefroy Publication, 1985 


I will develop my understanding of people, of myself and of the 
merchandise I am selling in order to multiply my sales. 

I will become the top salesman in my department because I am 
unique. 

I will be the greatest salesperson the world has ever known. 

I will work harder than ever, pushing my body to its limit, and 
then I'll do even more. I'll make more contacts than ever, more sales 


than ever, and I'll make more money than ever. 
(Manno, The Greatest Seret In The Word, A ferent World Pres, 1978 


I'm not just any salesperson. I am an experienced salesperson. I 


am a champion salesperson. 
Reymond Hul, Wanting Is Power, Les Eton de Homme, 1969 


Iam a spiritual magnet, attracting clients who are interested by 
what I have to offer. The service I give is improving day by day. lam 
highly successful in everything I undertake. I bless everyone who 
comes into my store, and treat them well. All these thoughts are now 
filtering down into the deepest part of my subconscious mind, trans- 
forming my life into one of abundance, security and peace of mind. 
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It's wonderful. 
Dr, Joseph Murphy, These Truths Will Change Your Life, Published by Le Jour, 1982. 


I am an excellent salesperson. I like to sell and I appreciate the 
numerous rewards my profession offers me. 

I always put in the time required to find new clients. It is natural 
and easy for me to generate new business. 

Talways take care of details related to my work, I like everything 
that has to do with sales, and I always have the time to pay attention 
to details. 

Thave a great talent for sales. I am a professional salesperson, 


and it shows. 
‘Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


I am going to start out every morning with the idea that this is 
going to be a good day for me, that I am going to experience an inner 
feeling of confidence, a feeling that I can sell almost anything to any- 
one, that I can make more sales than I ever have before. 

I believe in the usefulness and value of what I am selling. 

Tam going to train myself not to do all the talking, but to listen 
well, ask questions so that my client is made to feel comfortable and 
not high-pressured into buying something against his better judg- 
ment. 

Tam going to read and study as many books as I can, pertaining 
to the psychology of selling and apply whatever knowledge I acquire 


Frank S, Caprio, M.D. & Joseph R. Berger, Helping Yourself With Self Hypnosis, Prentice Hall Inc, 19 


Phone calls lead to appointments; appointments lead to sales; sales 
lead to referrals. 

Each person I contact has the potential of opening up a world of 
new customers and referrals. 

I am taking charge of my inner life by choosing my self-talk. I 
warm up mentally by focusing on effective self-talk and I prepare 
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thoroughly for every sales interaction. 
Tam thankful to have this opportunity to present myself and my 


product. 
Dr Marty Sedma, Super Selling Through Sell, Pie Str Slay, 1986 


My sales are increasing every day. 
Dr Joseph Murphy Exploit The Power Of Your Subconscious, Thou | Ariston, 1962 


Despite all the people who have come before me, if I constantly 
try to surpass my own record I will constantly make progress, more 


sales and lots of money. 
Zig Ziglar, Rend 


vous At The Top, A Different World Publications, 1975, 


SALES - REAL ESTATE 


Infinite intelligence will bring me the right buyer for this house, 
someone who needs it and will benefit from it. The person will be 
attracted to me through the creative intelligence of my subconscious 


mind, which commits no errors. 
Dr Joseph Murphy, Exploit The Power Of Your Subconscious, Tehow | Ariston, 1962. 


SATISFACTION 


I always get what I need when I need it. 
Louis Proto, Self Heating, Piatkus Publications, 1990 


I tell myself that I did the best thing at the best time. 
Tam satisfied with myself at the end of the day. 


Pierre Nicolas, Time Is Money. An Pesure, ter Publications, 1981 
I feel good about myself, and all aspects of my life provide me 


with great satisfaction. 
Shad Helmstetter, The Power Of ner Motivation, Published by Le Jour, 1987 
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SAVINGS 


Iam fully insured (or protected by my savings). 


Pierre Nicolas, Time Is Money... And Pleasure!, Inter Publications, 1981 


Because I know how to manage my money I am always able to 
save a part of it. I set myself monthly and annual savings goals, and I 


respect them. 
Shad Helmstetter, The Power Of ner Motcaton, Published by Le Jour, 1987 


SCHOOLWORK 


From now on I will concentrate totally on what my professors are 
saying. 
Professor Kurt Tepper, Think And Heal, Gadefroy Publications, 1984 


From now on I will concentrate on what my teachers at school 
are saying... I will not let myself get distracted... I will raise my hand 
whenever I know the answer to a question... I will participate enthu- 
siastically in all my classes. 

I will do my homework conscientiously. I will concentrate on my 
lessons. 

I won't let myself get distracted. I won't do anything else until 
I’ve finished my homework, and prepared for the next day’s courses. 

I’m doing much better in school... I'm happy with my results. 

Day by day Iam improving my performance at school... I work 
with joy... and my work is improving day by day... day by day my 
schoolwork is improving. 

Prafessor Kurt Teppervin, Secret Teconques Of Hypnosis, Godefioy Publications, 1981 
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SECURITY 


Security is found in myself. 
Christan H. Godefroy. Helping Yourself Though Self Hypnosis, Godefroy Publications, 1985 


Intimately united with you, my inner Guide, I am stronger and 
stronger in all situations. I feel secure under your protection and guid- 
ance. I am independent of exterior circumstances, things and people. 
You help me and thanks to you all obstacles become incentives. Your 
strength is my strength. Your supremacy creates my superiority. You 
make everything succeed for me, and transform all things to my ad- 


vantage. 
KO. Schmidt, Success At Your Service, Astra Publications, 1986 


(Ihave what I need. I will always have what I need.) 
Louis Prot, Sl Healing, Pats Pulbliatons, 190 


Tam at home. I am comfortable as I move into a deeper connec- 


tion with my true self. I am flexible and secure in my life. 
Barbara J. Gress, Personal Power Cars, Aslan Publishing, 991 


I try as much as possible to eliminate external explanations from 
my behavior, and external circumstances from my life, my thoughts 


or my feelings. 
Wayne. W Dyer, The Sky The Limit, Mortage Publication, 1958 


SEDUCTION 
I am responsible for keeping, myself physically attractive, clean 


and desirable for my husband. 
Frank S. Caprio, M.D. & Joseph R. Berger, Helping Yourself With Self Hypnosis, Prentice Hall Inc, 1974. 


Tam becoming more seductive every day. 
Shatt Gawain, Creative Véuaization Tetnques, Sl Publications, 1878, 
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Tam seductive. 
Charles Baudouin, Psychology And Practise of Autosugeestion, Idegraph Publications, 1990, 


I want to make a favorable impression on —. 
Paul Clement Jot, HowTo Develop Your Personal Magnetism, Dangle Pres, 1982. 


SELF ACCEPTANCE 
(Also see Self Confidence, Self Expression) 


I continue searching for the best in myself. I accept myself the 
way I am, and at the same time I do what is required in order to 


improve myself and gain ever greater satisfaction. 
Dr. Maxell Malt, Psychocuberetcs and Sef Accomplishment, published by A Difrent World Lad. 1970 


I accept my situation and I feel perfectly good about it. 
Professor Kurt Teppervein, Secret Techniques Of Hypnosis, Godefioy Publications, 1981 


T accept all my feeling as part of myself. 

I like myself and accept myself the way Iam. 

I don’t have to try and please anyone, I please myself and that’s 
what counts. 

I like myself the way I am, and I feel better and better. 


‘Shukti Gawain, Creative Visualization Techniques, Soleil Publications, 1978, 


Thave the right to be myself. 


Christan H.Goieffoy and fn Clark How To Have More Tine, Godefroy Publications, 1289, 
I like who I am, and live each day in the freedom of self accep- 
tance and self confidence, and with the joy of expressing myself fully. 


‘Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


Ilike and accept both my body and my spirit. 


‘Shakti Gawnin, Reflections In The Light, New World Library, 1978 
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T exercise my right to self acceptance. 
Tam learning to accept myself. 
I accept myself for who I am, and I don’t try to imitate anyone 


else. 
Dr. Maxwell Maltz, Psychocybernetics and Self Realization, A Different World Lid, Publications, 1970. 


I stop concerning myself with social popularity. Iam working on 


accepting myself. 
Vernon Howard, Pycho-Picography, LP, 1965 


Taccept myself and I accept others. 
Eure Sif, Pact! Health Guides, How To Stimulate Your Bay's Natura Defences, Gaefoy Pubations, 196, 


(I stand tall and shine brightly. I appreciate myself and respect 
myself.) 


‘Barbara J. Gress, Personal Power Cards, Aslan Publishing, 1991 


I'd make a bad somebody else, but I’m the best ‘me’ there is. 
ous At The Top, A Different World Publications, 1975. 


SELF AFFIRMATION 


Here I am. I have as much right to be here as anyone else. I mat- 


ter. 
Louis Proto, Self Healing, Piatkus Publications, 1990. 


Thave the absolute right to be who I am, to think what I think, to 


feel what I feel, and to want what I want. 
Arthur Wassmer, The Art Of Making Friends And Being Happy, Belfond Publications, 1978, 


Thave the right to say ‘NO’ to someone without losing their love 


or friendship. 


Esitorial Stof, Practical Health Guides, How To Stimulate Your Bady’s Natural Defenses, Godefroy Publications, 1989, 
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T have the right to affirm myself, and it is to my advantage to 
communicate. I have the right to ask for what I want. I give others the 
freedom to say ‘yes’ or ‘no.’ If don’t express what I want, no one will 
know and I'll always be dissatisfied. 

Thave the right to have needs, and to fulfill them, as long as it 


doesn’t harm anyone. 
Jean-Marie Boisvert and Madeline Beaudry, Self Afirmation and Communication, Godefroy Publications, 


SELF AWARENESS 


I know that I never waste time asking myself what other people 
think about me. If I want to know, I simply ask them! In this way I 


obtain the information I need, and I also feel I know myself better. 
Wayne. W, Dyer, The Sky's The Limit, Mortagne Publications, 1988. 


Self awareness helps me see that unhappiness is not a part of the 
Real Me, and is therefore not necessary to endure. Relaxation and 
tranquility are the result of self understanding. I make self under- 
standing my goal each day. 


Vernon Howard, Psycho-Pictography, S.LP, 1965, 


The more I know myself the more I love myself. 
Lous Prot, Self Healing, Pats Plicatons, 190, 


Tam convinced that I am a center of pure self awareness; I am a 
center of willpower, capable of dominating and influencing, using all 
my psychological and bodily functions. 


Dr. Robert Assagioli, Psychosynthesis, Ep, 1965. 


Tam MYSELF, a Center of pure consciousness. 
Dr. Robert Assugioli, Psychosynthesis, Epi, 1965, 
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SELF CONFIDENCE (Also see Self Esteem, 
Self Control, Competence, Depression) 


My self confidence grows stronger every day. 


Thave confidence in myself. 
Euitorial Staff, Practical Health Guides, How To Stimulate Your Body's Natural Defenses, Godefroy Publications, 1989, 


I'm more confident of myself every day. I’m getting stronger. I 


AM ME. I love who I am. I can handle any situation. 
Karl O. Stoeber, Psychotraining, Godefroy Publications, 1984. 


Thave more and more confidence in myself every day. 
I often tell myself: “It’s easy, you can do it.” 

I speak clearly and articulately. 

I decide what I really want, and act accordingly. 


I can now depend on myself. 
Supligower, Sublconence, El inter, 1968 


Ihave confidence in my abilities. 


I trust in myself and believe in my innate wisdom. 
Link KrafMacoy, 30 Days To Happiness, Stlpont 1987 


Thave confidence in my inner powers. 
Vernon Howl, Paycho-Pitography, SL, 1965. 


Thave confidence in myself and in the future. 
Henry Durville, | Want To Succeed, Durville Publications, 198. 


Tam confident in myself, in others and in life. 
Christian Godefroy Collection, Magic Formulas For Success And Happiness, Godefroy Publications. 


Thave confidence in you. 
Richard Corvere, lsc Hart Getting Ino Psychological Shape, Les Ectons de Homme, 
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Thave faith in myself. 


‘Robert Collier, Wealth At Your Doorstep, $.L., 1959. 


Thave everything I need to be happy, here and now. 
Everything I need is already within me. 


‘Shakti Gawain, Creative Visualization Techniques, Soleil Publications, 1978. 


I have absolute confidence in myself... and I feel at ease under 
any circumstances... even in public I feel no apprehension... all my 


faculties remain intact... because I am sure of myself. 
Marcel Rowet, Motivating Your Subconscious, Dangles Press, 1982 


Ilike who Iam. 


I feel good about myself. 
Dr. Anthony and Mary Zaft, Alphagencs, Quebec = Ameriqle Publications, 1978 


I will reach the highest summits through the power of this 


newfound confidence in myself. 
Napoleon Hil, Think Anu Get Rich, Teo] Ariston, 1966. 


I trust my inner knowing in all situations. 
Shakti Gren, Reflections n The Light, New Word Library, 1978 


Ibelieve in myself. 
Norman Vincent Peale, When You Want, You Can A Different Wort Pres, 1974 


I develop my self confidence and have faith in my clear conscience, 
letting it guide me without fear as my confidence grows. 

I avoid negativity. I help myself live more fully in the present 
moment, by keeping in mind the confidence I felt when I succeeded 
in the past. 

Thave confidence in my abilities. 


The more I am myself, the more I believe in myself. 
Dr. Mawel! Mats, Psycoceretics and Self Realization, A Different Word Lid Publications, 1970 
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damping, 220 
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Iam gradually gaining more and more self confidence. 
‘Alon Fuel, How To Deal Wih Dificult People, Gefoy Publications, 1990. 


I congratulate myself on each new success. 
Christian H. Godefoy, Self Confidence: The Subliminal Method, Godefroy Publications, 1987. 


I feel calm and sure of myself. 
Tam confident. 
I build up my confidence. 


My approach is relaxed, calm, tranquil and confident. 
RL Charpentier, Autosuggestion And ls Practica! Applicaton, Champs Elysees Publications, 1958. 


I prefer not to be a chronic worrier. Iam going to manifest faith in 
everything I do - faith in the thought that nothing will happen. My 
faith in a Higher Power will always come to my rescue and provide 


me with peace of mind. 
Frank 5. Caprio, MD. & Joep, Berger, Helping Yourself With Self Hypnosis, Prentice Hall nc, 1978 


Tam the greatest miracle in the world! 
(Og Mandino, The Greatest Secret In The World, A different World Press, 1979. 


Iam a positive person and I have confidence in myself. I emit 
positive vibrations. If you look closely you can even see a halo around 
my head. 

If [have suffered from a lack of self confidence in the past I don’t 
anymore. Today is an ideal day for getting rid of all those false beliefs 
which have paralyzed me up to now. 

It doesn’t matter what I demand of myself, I can do it, I know I 
can. 

Today, right now, Iam capable of offering myself the gift of solid, 


unshakable self confidence. 
‘Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


Others appreciate my company. I have self confidence and self 
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esteem. I like myself, and others find that irresistible. 
‘Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


Now I am very sure of myself. I have complete confidence in 
myself, and confidence in life. I know my life will be very beautiful, 
because it is a pleasure to use this newfound confidence to work on 


myself, and to give to others. 
Charles Baudouin, Psychology And Practice of Self Suggestion, Lega Publications, 1990 


I trust and follow my ‘gut feelings’ at all times. 
Luis Prot, Sl Healing, Pats Plicatons, 190 


SELF CONTROL (Also see Objectives, 
Calm, Self Confidence, Willpower) 


I'm in control of my body, now. 
Denis Woitey, Seeds Of Greatness, Pocket Books Pres, 1988 


Tam in complete control of my thoughts and faculties. I use them. 
to attain my objectives. 


Professor Kurt Tepperwein, Think And Heal, Godefroy Publications, 1984. 


Tcommand and then I obey my own command. 
(Ox Mandino, The Greatest Secret In The World, A ferent World Pres, 1978 


Every day I am in better control of my habits. 
Sublipower, Sublicontrol, Edi Inter, 1989. 


I become a mental magician when I control not only what I want 
to do, but also what I don’t want to do. 


Vernon Howard, Psycho-Pictography, S.LP, 1965, 


All my thoughts lead to acts. 
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I control my thoughts, and I control my world. 
My thoughts make things happen. 


Link Krafl-Macoy, 30 Days To Happiness, Silipoint, 1987. 


Tam in perfect control of my mental impressions. 
Paul Clement go, Edeaton Of The Word, Dangle Pres, 1975. 


Every day I expect to gain greater control of my feelings and my 
thoughts. 


Clause M. Bristol, Harold Sherman, Your Inner Power 


‘NT, A Different World Publications, 1954. 


Tam in control of my thoughts, ideas and feelings. 
Dr Joseph Murpty, Mastering Yourself And Others, Published by Le our, 1958 


From this moment on I am ready to control the personality which 
awakens in me each morning. I will control my emotions by acting in 
a positive way, and it is by controlling my emotions that I can control 
my destiny. 

I become my own master. 

(Oy Manulno, The Greatest Secret In The World, A diffrent World Pres, 1979. 


I feel in complete control of myself. 
Francoise and Michel Moine, Develop Your Psi Poers, Stock Editions, 1982. 


I take full control of my mind and my emotions. 
Charles Barker, The Science Of Success, Dangles Press, 1983 


Tam the master of my life and my own authority. 
Louis Proto, Self Healing, Piatkus Publications, 1990 


Iam in control of my gestures, my thoughts, my emotions. I am 
free of the things I inherited, free of my impulses which Ihave brought 
to heel. Iam free of all restraints. I follow my chosen path calmly and 
firmly. 


Henry Durville,| Want To Succeed, Durville Publications, 1968. 
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SELF CRITICISM 


Tcan calmly review and critique my performance and then make 
improvements without calling myself names or blaming my perfor- 


mance on someone else. 
Dr. Marty Seldman, Super Selling Through Self Talk, Price Stern Sloan, 1986. 


Itry to be myself as much as possible. I don’t criticize myself that 


much. After all, you have to live a little. 
Dr: Maxuell Malte, Psychocybernetics and Self Realization, A Different World Ltd, Publications, 1970, 


When I make a mistake I don’t scold or berate myself with left- 
brain criticism. I develop an affirmative statement, about 5 words in 
length, describing my correct performance, in the present tense. I re- 
lax, and listen to myself stating the affirmation, and I visualize the 


accompanying action and feeling. 
Denis Woitey, Sects Of Greatness, Pocket Books Pres, 1988 


SELF ESTEEM 
(Also see Self Confidence, Self Love) 


Increase my self esteem and I will be better respected by every- 


one. 
Frank S, Caprio, M.D. & Joseph R. Berger, Helping Yourself With Self Hypnosis, Prewtice Hall In, 1974. 


Testeem myself and recognize that I am capable of exploiting the 
potential of every aspect of my being. 


Shad Helmstelter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


(Ihave enough self esteem to accept what I think is the best.) 
Louis Proto, Self Healing, Piatkus Publications, 1990 


s Page 346 


I speak about myself in a positive way. 
‘Matthew McKay and Patrick Fanning, Sef Esteem, New Harbinger Publications Inc, 1990 


Tam capable of handling a position of authority. But to do that I 


must start by improving my self esteem. 
Charles de Liguori, Hypotisn, de Vecchi Publications, 1975. 


Tama human being. I am worthwhile just because I exist and try 
to survive. I take care of myself. I take myself seriously. I correctly 
take myself into consideration first in all matters. No one is any more 
or less worthy than I. 


‘Matthew MeKay and Patrick Fanning, Self Esteem, New Harbinger Publications In., 1990 


I'ma wonderful person just the way I am. 
Lith KrafMacoy, 30 Days To Happiness, Stlpont 1987 


Tam really unique. I like who I am and I feel good about myself. 
always wanted to be someone, and now I know that I am. 

I prefer being me to any other person in the world. 

I like what I feel, I like the way I think and act. 


‘Shad Helmstetter, The Power Of ner Motivation, Published by Le Jour, 1987. 


I reject thoughts of “I’m this way...” or “I’m like that...” as much 
as possible. 

I let the people close to me know that I intend to try to get rid of 
certain labels which are attached to me. I choose the labels I want to 
eliminate first, and ask them to tell me whenever I continue using 
them. 

I make a decision to act differently than I did in the past. I set 
myself the task of eliminating one label per day. 

I tell someone I can confide in about my decision. 

Task him / her to tell me every time I seem to fall back and start 
hiding behind a negative image or label. 

I try to get rid of all these labels day by day. 


Wayne Dyer, Your Erogenous Zones, Tehow Press, 1976. 
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The farther I get away from my old habit of underestimating 
myself and my abilities, the more excited I become about the pros- 
pect of living my life in a really fulfilling way. 

Artie Wassmer The Art Of Making Friends And Being Happy Blond Publications, 1978, 


I sometimes fail on purpose. If I lose a tennis match or a game of 
cards, does that in any way impair my integrity? Or do I remain an 
estimable individual who is simply participating in an activity for 
the fun of it? 


Wayne Dyer, Your Erogenous Zones, Tehou Press, 1976. 


SELF EVALUATION 


Icease evaluating myself according to other people's standards. I 


use my own personal standards. 
Dr, Manuel! Malt, Psychocuberetics and Self Realization, A Different Word Ltd Publications, 1970. 


SELF EXPRESSION (Also see Self Acceptance, 
Self Confidence, Health, Happiness) 


Every time I express my personal opinion I do it as precisely as 
possible, speaking in the first person. I explain my expectations clearly, 
and I encourage others to do the same. 

Texpress my opinions frankly, making sure not to be aggressive 
towards others, and I do not hesitate to express emotions like satis- 


faction or disappointment when I feel it is necessary. 
Piere Nicolas, Time Is Money... And Please, ter Publications, 1981 


I speak with gentleness and love. I exhale only the good. 
Lise L Hay, You Can Hel Your Life, Hay Howse, 1988 
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I know how to express myself in a dynamic way. 
I express myself freely, fully and easily. 


‘Shakti Gawain, Creative Visualization Techniques, Soleil Publications, 1978, 


Iam capable of expressing everything I feel, even if I don’t know 


ahead of time what these feelings will be. 
Richard Correre, Joseph Hart, Getting Into Psychological Shape, Les Editions de Homme, 


Tam conscious of myself. I believe in my ability to express myself 


fully ona physical, spiritual or emotional level. 
Sind Helmsteter, The Power Of lner Motioaton, Published by Le four, 1987 


I want to express my feelings. 
Jean Charter, How To Acquire A Superior Personality, Dales Pres 1971 


When I express myself I pay attention to other people's reactions 
(verbal or non-verbal) in order to make sure that I am being under- 
stood. 

If necessary I know how to talk in very simple language, using 


images, gestures and illustrations to get the point across. 
Piere Nicolas, Time Is Money... And Pleasure, ter Publications, 1981 


SELF FORGIVENESS 


Tama human being, worthy but imperfect. Iam like you. We are 
both just trying to survive. When I hurt you I was just trying to do 
what seemed best for me at the time. If I had then the awareness I do 
now, I would have chosen differently. But at the time, I could only do 
what! did. 1 understand that I hurt you, and I want you to know that 


hurting you was not my goal. 
Matthew McKay an Patrick Fanning, Self Esteem, New Harbinger Publications Inc. 1990. 
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SELF HEALING 


I trust that I have the power to heal myself. 
Louis Proto, Self Heating, Piatkus Publications, 1990 


My healing power is getting stronger day by day. 


Sublipower, Subli Health, Edi Inter, 1989, 


SELF HYPNOSIS 


I feel fine, perfectly fine. This session is over, and I’m going to 
resume my normal activities, I am in full possession of all my facul- 


ties. 
Francoise and Michel Moine, Develop Your Psi Powers, Stock Editions, 1982 


Now I am sleeping. So calm, so serene! Everything is tranquil. 
My mind is free, calm. This feeling of calm encompasses everything. 


I feel it in my legs right up to my chest, in my arms and in my head. 
‘hares de Liguori, Hypotis, de Vecchi Publications, 1975. 


My ability to practise self hypnosis is improving from session to 
session. My eyelids are heavy... they’re getting heavier and heavier... 
They are so heavy that soon I will have to close them, and when I do 


I will enter a state of self hypno: 
Christian H. Godefroy, Helping 


urself Through Self Hypnosis, Godefroy Publications, 1985. 


SELF IMAGE 


As much as possible I am going to think: ‘Success is inevitable, 
and I am already the kind of person I want to be.” Iam going to feel 


and act like that new person. 
Dr, Maxwell Malte, Psychocybernetic and Self Realization, A Different World Ltd. Publications, 1970. 
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Thave a positive self image. 
Claude Arpe, Self Confidence: The Sublininal Method, Procauni Publications, 1986 


Tencourage myself to choose and stick to the path that gives me a 
healthy self image. 

To improve my self image I learn from the school of successful 
failures. 

Now that I like myself the way I am I consolidate my self image 
every day. 


Zig Ziglar, Rendez-vous At The Top, A Different World Publications, 1975, 


allot myself some free time each day to work on a better me. 

This decision to improve myself each day gives me the strength 
to improve the image I have of myself. This is going to be a good day, 
and my self image will be even more positive. 


I concentrate on strengthening my self image. 
Dr, Massel Malts, Psychocybernetis and Self Realization, A Different World Lud, Pulistions, 1970. 


I know that my dominating thoughts have to go through a num- 
ber of stages before they become reality; that’s why I devote 30 min- 
utes every day to thinking about the man I intend to become, creat- 


ing a precise image of that person. 
Napoleon Hil, Think Anu Get Rich, Tho] Ariston, 1966 


When I visualize myself “in the present” as if I were already ac- 
complishing one of my goals, I make certain my visual image is as I 
would see it out of my own eyes, not “watching me do it” through 
the eyes of a spectator. 


Denis Waitley, Seeds Of Greatness, Pocket Books Press, 1984. 


Alll the negative images and attitudes I have about myself are 


now dissolved. I love and appreciate myself. 
Shakti Gawain Cente VbualizatonTeclnques, Sle Publications, 1978, 
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SELF IMPROVEMENT 


Ibelieve that I am capable if improving my life by improving my 
way of thinking. 


Frank S, Caprio, M.D. & Joseph R. Berger, Helping Yourself With Self Hypnosis, Prewtice Hall In, 1974. 


I dedicate a little time each day to improving myself as a human 
being. 

I make a daily resolution to improve myself. 

Progressing towards my goals implies a powerful desire to im- 
prove myself. In other words I want to become better, I want to 
strengthen the image I have of myself. I search for new horizons, I 


want to give my life a deeper meaning. 
Dr: Maxwell Maite, Psychocybernetics aut Self Realization, A Different World Ltd. Publications, 1970, 


I love and approve of myself totally, every moment. 
Louis Proto, Self Healing, iatkus Publications, 1990 


I stand tall and shine brightly. I appreciate myself. I respect oth- 
ers 


Cards, Aslan Publishing, 1991 


I'd rather be me than anyone else in the world. 
Denis Waitley, Seeds Of Greatness, Pocket Books Press, 1984. 


Tam a unique and valuable human being. I always do the best I 
can. I love (like) myself, mistakes and all. 


‘Matthew McKay and Patrick Fanning, Self Esteem, New Harbinger Publications Inc, 1990 


I see what is positive in me and I appreciate it. 
Sublipower, Subliconfidence, Edi Inter, 1989. 
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errata, web address for, 4 voltage rating, 22 high-speed diodes, 224 
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hot switching, 37 
G hunting, 220 
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ferromagnetic cores, 137 gear motors (see gearhead mo- hysteresis motors, 197 
field effect transistor FET) tors) 
design of 253 gearhead motors, 181, 188 
function of, 253, gears i] 
potential problems, 263 nylon vs. metal, 204 
types of, 262 general-purpose resistors, 76 IGBT (see insulated-gate bipolar 
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flooded design, 9 rotational encoders, 59 
flux density, 170 indicators, 84 
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design of, 21 heat sinks, 76, 246 insulated-gate bipolar transistor 
function of, 21 Henry units, 128 (GBT), 186 
potential problems, 27 high phase count motors, 216 
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SELF LOVE (See Love Of Self) 


SELF PUNISHMENT 


I reward myself, never punish myself. 
Link Kraf-Macoy, 30 Days To Happiness, SHlpont, 1987 


SELF REJECTION 
Iam trying to feel better about myself. 


I offer myself my own friendship. 


I will never abandon my sense of self. 
Dr. Maxwell Maltz, Psychocybernetics and Self Realization, A Different World Lid, Publications, 1970. 


SELF RESPECT 


I respect myself and appreciate myself. 
Denis Woitley, Sees Of Greatness, Pocket Books Pres, 1988 


SELF SUFFICIENCY 


I do not have to try so hard. I have enough. I am enough. 
Louis Proto, Sef Healing, Piotkus Publications, 1990. 


SENSATION 


Taccept and experience all my feelings. (wrong section!) 
Shakti Grea, Reflections In The Light, New Word Library, 1978 
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Tam in control of my way of sensing things. 
Vernon Hooard,Psycho-Pitorapy, SP, 1965. 


SENSE OF SMELL 


My sense of smell is improving fantastically... I am able to per- 
ceive odors with amazing accuracy... over unusual distances... I am 
surprised at the number of different odors I can smell... and their in- 
tensity... My sense of smell is developing... I can sense even the most 


subtle odors... my sense of smell is becoming very developed. 
Marcel Rove, Telques And Practice Of Hypnotism, Pris Productions NOE, 1974 


SENSES 


All my senses are sharpened. My vision, sense of smell, hearing, 


and even my sense of touch are more awake than ever. 
Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


SENSITIVITY 


I concentrate my mental energy, my time and emotions on what 


concerns me. 
Raymond Hull, Wanting Is Power, Les Editions de ' Homme, 1969. 


Tam a magnificent, sensitive, likable, creative and valuable be- 


ing. 


Louis Proto, Self Healing, Piatkus Publications, 1990. 
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SENSUALITY 


T express my love and my sensuality in many ways. 
Shakti Gronin, Reflections In The Light, New Word Library, 1978 


SERENITY 


I love the tranquility and peace I create in my mind. 
‘Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


From now on I will feel deep inner peace and serenity. 
Shakti Gawain, Creative VeualizationTelaiques, Sle Publications, 1878, 


Tam calm, tranquil and serene. 
LoviseL Hay, You Can Heal Your Lif, Hay Howse, 1988 


Talways remain in a state of serene and peaceful balance because 
I know that God will always provide the right solution to any prob- 


lem I encounter. 
Dr Joseph Murphy, Mastering Yourself And Others, Published by Le Jour, 1988. 


Nothing can disturb my serenity. 
Marcel Rout, Techniques And Practice Of Hypnotism, Paris Productions NOE, 1974 


SERVICE 


I try to be useful, pleasant, set a good example and help others on 
all occasions. 
Profesor Robert Tocquet, The Powers Of The Will, Godefivy Publications, 989, 


I can get everything I want out of life if I help other people get 
what they want. 
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If 1 do something for someone who can’t help me in return, I still 


get more than I give. 
Zig Ziglar, Ren 


is At The Top, A Different World Publications, 1975, 


SETBACKS 


Inever allow a setback to make me physically ill. 
Pierre Nicolas, Time Is Money. And Pensure, ter Publications, 1981 


Tam coming back stronger day by day! 

Now life is starting to look like a friend instead of the enemy it 
appeared to be before. The more I get into the habit of not expecting 
any help from anyone, except from my inner Guide, the closer I get to 
realizing my hopes and fulfilling my desires, while my fears of pow- 


erful adversaries and those who wish me harm disappear. 
KO. Schmidt, Sucess At Your Serie, Astra Publications, 1986, 


SEXUAL BLOCKS 


Women (or men) like and accept me the way I am. 

Whether or not my sexual activities always work out is of no im- 
portance. 

My sexual life is enjoyable, and does not cause me any tension or 


anxiety. 
Dr. Anthony and Mary Zaft, Alphagencs, Quebec - Amerique Pulintions, 1974 


SEXUAL DESIRE 


I feel more and more sexually aroused. My whole body vibrates 
with desire and love. I am more and more desirable, and I find my 
partner —— (name) more and more desirable. I am irresistibly at- 
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tracted to him / her. I find my partner charming and sensual. My 
desire grows stronger day by day, and all aspects of my sexual life are 
improving. 

Christin H. Godefioy, Helping Yourself Through Self Hypnosis, Gdefroy Publications, 1985 


SEXUALITY 


Igive my fantasies the freedom to live in my mind and strengthen 
the joy and beauty of my love life. 

I take the time to let my partner know about my needs and thus 
allow him / her to participate in my sexual fulfillment. 

The intimate sexual expression of my being constitutes one of the 
greatest joys of my life. I give myself the freedom to experience plea- 
sure with my whole being. 

I love touching. I have no trouble expressing myself physically 
with the person of my choice. 

I know it is good for me to express my sexuality, which consti- 
tutes a positive and important part of my overall well being. 

Tama GREAT lover! I know how to relax and satisfy both myself 
AND MY PARTNER, simply by being myself. 


Shad Helmstetier, The Power Of Inner Motivation, Published by Le Jour, 1987. 


I know that the sexual act is an expression of love on a physical 
level; I know that it is natural for me to be a warm, sensual woman, 
and there is absolutely nothing wrong with that. 

I know that sexual pleasure is a right given to us by nature; I 
know that the union of two beings is creative in ALL senses of the 
word; it is the earthly expression of oneness with the total BEING 
through union with another. 

I am constantly more enthusiastic, both actively and passively, 
when I make love with my husband; it’s easy for me to close my eyes 
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and savor all the pleasant sensations associated with the act of love; I 
am relaxed and not in a hurry; I abandon myself to the tide of plea 


sure without even trying to think about having an orgasm. 
Clement Auger, Transform Your Lif Through Autosuggeston, Heritage Publications, 1979. 


Tam comfortable with my sexuality. 
Louise L. Hay, You Can Heal Your Life, Hay House, 1984. 


Iam free to express my sexuality as I choose. I enjoy my sexuality 


tremendously. 
Louis Prot, Sl Healing, Pats Pllicatons, 190, 


Tam going to enjoy the sex act; I can and will have complete sexual 


fulfillment whenever I have sexual relations with my spouse. 
Frank S. Caprio, MD. & Joseph, Berger, Helping Yourself With Self Hypnosis, Prentice Hall nc, 1978 


When I take my partner in my arms an irresistible desire over- 
comes me... feel ready to move on to the act of love... physical love is 
completely natural... and when I make love I am relaxed and free of 
complexes. 

Tam happy with my partner... just thinking about it awakens my 


physical desire... Iam ready for love. 
Profssor Kurt Teper, Secret Techniques Of Hypnosis, Gaefoy Publctions, 1981.8 


My body is alive. 


Richard Corriere, Joseph Hart, Getting Into Peychological Shape, Les Editions de I'Homme, 


SHARING 


I give to others. Doing so makes me feel good. I practice my abil- 


ity to share with others. 
Dr, Maxwell Maits, Psychocybertics aat Self Realization, A Different World Ltd. Publications, 1970, 
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I give and I share. 
‘Sublipower, Sublisuecess, Edi Inter, 1989. 


I don’t ask favors from anyone, but I have the privilege of shar- 
ing the blessings I have received with those who want to partake of 
them. 

Ishare a part of the good and desirable things I possess with oth- 


ers. 
W. Clement Stone and Napoleon Hill, Success Through Positive Thinking, Godefrey Publications, 197 


The more I have the more I want to give. 
Shakti Gawain, Creative VbualizatonTeclaques, Sli Publications, 1978, 


The richer I get, the more I have to share with others. The more I 


receive, the more I have to give. 
Shakti Gawain, Crevice VeualizatonTectnques, Sle Publications, 1978 


As I give to myself, it is fun to give to others. 
Shakti Gawain, Reflections In The Light, New World Library, 1978 


SHORTNESS OF BREATH 
(Also see Breathing, Smoking) 


Tam catching my breath. 
Estria Sta, Praca Heath Guies, How To Stimulate Yur Body's Natu Defense, Gafoy Publications, 195, 


My breathing is regular and calm. 


Professor Robert Tocquet, The Powers Of The Will, Godefroy Publications, 1989, 
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SINCERITY 
(Also see Benevolence, Warmth, Honesty) 


I will be sincere with myself, and not create any more illusions or 
overestimate my qualifications or possibilities. I will also be sincere 
with other people. 


Paul Clement Jagot, How To Develop Your Personal Magnetism, Dangles Press, 1982. 


Tam warm, sincere, honest and authentic. [ am all this and much 
more. All these qualities are a part of me! I love who I am, and I'm 
happy to be me. 


Shad Helmstetter, The Power Of Inner Motivation, Published by Le four, 1987. 


My attitude towards friends is sincere, and my sincerity is real. 
Since I like, appreciate and accept others, benevolence and sincerity 


are a part of my personality. 
Sad Helnsteter, The Power Of liner Motioaton, Published by Le our, 1957 


SKIN 


My skin is becoming more and more beautiful and radiant. My 
face is glowing with health. My skin is improving day by day, be- 
coming as fresh as a rose. My skin looks younger every day as it re- 
gains its freshness, elasticity and radiance. 

My skin is getting softer and smoother. 


Christian H. Godefroy, Helping Yourself Through Self Hypnosis, Godefroy Publications, 1985. 


SLANDER 


The storm will soon blow over, and in any case slanderous words 
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cannot hurt me. 
Shad Helmstetter, The Power Of ner Motivation, Published by Le Jour, 1987 


I never talk about anyone except to express my esteem. I never 


slander anyone. 
W. Clone Stone and Napoleon Hil, Sucess Through Postce Thinking, Godefo Publications, 1978 


SLAVERY 


I flee from servitude; instead I look for ways to become involved. 


In this way I move from isolation towards happiness. 
Dr. Maxwell Mats, Psychoeybrntics and Self Realization, A Different World Lid. Plains, 1970 


SLEEP (Also see Rest) 


Every night brings me deep restorative sleep. I sleep, I sleep (in- 
hale), Iam deeply asleep, I am deeply asleep (exhale). 


II fall deeper and deeper into sleep. 
Cirstian H. Godefroy. Helping Yourself Trough Self Hypnosis, Godefroy Publications, 1985 


Tonight, tomorrow night, and on all nights to come, as soon as I 
wish to sleep I will fall asleep, and sleep right through the night until 
the next morning, until the hour I set for myself to wake up. I will 
sleep deeply, calmly, tranquilly, and when I awaken I will feel com- 
pletely refreshed, happy and ready to greet the day. 


Emile Coue, Complete Works, Astra Publications, 1976. 


Isleep perfectly every night, and wake up fully rested. 


Professor Rober! Tocquet, The Powers Of The Wil, Godefroy Publications, 1989, 


I slide gently into a tranquil sleep. 
Tonight I will feel calm and relaxed. 


s Page 361 
———— ee 


I will fall asleep with a calm body and mind. 
My sleep will be deep and calm. 
My sleep is calm and restful. 


Every night I will sleep more and more deeply. 
FL. Chapenten Autosuggestion And ls Practical Appliaton, Champs Elysees Publications, 1958. 


Iam falling asleep in harmony and plenitude. 
Christan Goefoy Collection, Magic Formas Fr Sucess An Happiness, Goefroy Publications. 


I feel good and I am secure when I sleep. 
Tove sleeping in a natural, normal way. 


Inever resist sleep, whatever time of day it is. 
Dr. Aithony and Mary Zaft, Alphagencs, Quebec - Ameriqle Publication, 1978 


Iwill soon fall calmly asleep... my muscles are relaxing... my mind 
is calm... just one minute more and I'll be asleep... the thought of sleep 


fills my mind... lam going to sleep. 
Henry Durie yprtism and Suggestion, Durie Puliations, 1938. 


I will get into the habit of going to bed at approximately the same 


hour each night. 
Frank 8 Capra, MD. & Joseph R Berger, Helping Yous With Self Hypnosis, Prentice Hal Ine, 1974 


Just before falling asleep I flex and then relax every muscle in my 
body, starting with my feet and moving progressively upwards. I rid 


each muscle of tension. 
‘Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


When I wake up I will feel full of energy. I'll be ready to doa 
thousand and one things, because I will have slept wonderfully well. 
I'll be in a good mood, happy, enthusiastic. I’m sleeping better every 
night. I’m sleeping better and better. Everything is fine. I sleep deeply. 
Allis tranquil. 


Editorial Staff Practical Health Guides, How To Stimulate Your Body's Natural Defences, Godefioy Publications, 1989, 
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Now I will fall deeply asleep until tomorrow morning... | am 
deeply asleep... deep deep sleep. 


Professor Kurt Tepperawein, Secret Techniques Of Hypnosis, Godefroy Publications, 1981. 


My sleep is calm, deep, restful, restorative. It lasts right through 
until morning, from the time I want to go to sleep to the time I want 


to wake up, and I wake up exactly on time. I must do this. 
Charles Baudouin, Psychology And Practice of Autosuggestion, legraph Publication, 1950 


I sleep deeply... As soon as I get into bed I forget about all my 
problems... I fall asleep right away. My sleep is healthy, natural and 
restorative... In the morning I feel rested and happy to face the new 
day. 


Professor Kurt Tepperwein, Secret Techniques Of Hypnosis, Godefroy Publications, 1981. 


When I wake up I shall feel totally refreshed, energized and well. 


Louis Proto, Self Healing, Piatkus Publications, 1990. 


Every night, from the moment I want to go to sleep to the mo- 
ment I wake up, I sleep deeply, calmly and tranquilly. 


Sublipocver, Sublihealth, Edi Inter, 1989, 


SLIMNESS (Also see Charm, Looking Good, 
Health, Weight Loss) 


Female goal: I enjoy weighing — (specify your ideal weight) 
pounds and looking slim in my new bathing suit. 


Male goal: I weigh a trim, athletic — (specify your ideal weight) 
pounds and enjoy exercising every day. 
Denis Waite, Secs Of Greatness, Pocket Books Pres, 1988 


I know that my weight depends solely on the way I see myself, 
and what I tell myself, I am learning to see myself as slim, in shape, 
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healthy and very happy. 


‘Shad Helmstetter, The Power Of ner Motivation, Published by Le Jour, 1987. 


Tam now slim. 


I'm getting slimmer every day. 
Christian H. Godefroy, Helping Yourself Trough Self Hypnosis, Godefroy Publication, 1985 


Everything I eat makes me more beautiful, healthy, slim and 
charming. 
Shakti Gawain Cente Visualization Techniques, Sle Publications, 1878, 


SMILING 


I belong to the compliment and smile club, When I smile at some- 


one and the person smiles back I automatically feel better. 
Zig Ziglar, Rendes-ous At The Top, ADiferent World Publications, 2975. 


I remind myself to laugh a little every day. 
Frank S. Caprio, MD. & Joseph R Berger, Helping Yourself With Sef Hypnosis, Prentice Hall nc, 1978 


Ismile at life. 
(Og Mandino, The Greatest Secret In The World, A different World Press, 1979 


Tam going to smile at least three times a day. 


Dr. Maxell Maltz, Psychocybernetics and Self Realization, A Different World Ltd, Publications, 1970. 


SNACK 


T have the willpower and assurance to control myself. I decide 
what I eat, and when I eat! 

I will not eat between meals out of habit any longer, nor replace 
meals with impulsive snacking. From now on I will eat regular meals 


s Page 364 


of just enough healthy and nourishing food. 

Inever eat between meals to soothe my anxiety, my nervousness, 
my tension or solitude. I solve my problems by facing up to them and 
working on them. But I never replace a solution with a snack. 

Ino longer eat just to pass the time, or while I’m reading, work- 
ing, talking or watching TV. 

Every day I manage to eat less and less between meals. I am de- 
veloping the healthy habit of keeping my weight down. I am a win- 


ner, and Iam proving it every day! 
‘Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


SOBRIETY (Also see Alcoholism) 


I will not drink today. 
Dr. Maxwell Maltz, Psychocybernetics and Self Realization, A Different World Lid, Publications, 1970. 


Tam acquiring the habit of sobriety, and I can control myself. 
Reymond Hull, Wanting Is Power, Les Eton de Homme, 969 


I will never allow drinking to become a problem; I will use dis- 


cretion as to how many drinks I can have or handle. 
Frank S. Caprio, M.D. & Joseph R. Berger, Helping Yourself With Self Hypnosis, Prentice Hall Inc, 1974 


I don’t drink any more and I feel better both mentally and physi- 
cally every day. 


Karl O. Stoeber, Psychotraining, Godefroy Publications, 1984. 


Tam sober. I don’t drink alcohol. I’m making a success out of my 


life. Iam happy and serene. 
Earl Sif Prac Health Guides, How T Stimulate Your Boys Natural Defenses, Gadfoy Publications, 196, 


I will surmount life’s frustrations without drinking. I am sober 
and happy. 


Karl O, Stoeber, Psychotraining, Godefroy Publications, 1984. 
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Sobriety and peace of mind are now mine to enjoy, and [am thank- 
ful. 


Dr Joseph Murphy, Exploit The Power Of Your Subconscious, Tehou / Ariston, 1962. 


Tam affirming my sobriety more and more strongly every day. I 
am becoming completely sober. My Guide is helping me faithfully, 
removing temptation from my path until I have completely van- 
quished this harmful habit. I am strong, I am joyous, I am free! I am 


strong, I am joyous, I am free! 
KO. Schmit, Sucess At Your Serie, Astra Publications, 1986 


SOLITUDE 


Ilike myself and I naturally attract loving relationships. 


My relations with people are solid and affectionate. 
Shakti Gawain, Crevice VeualizatonTelnques, Sle Publications, 1978, 


I treat others with benevolence. 
The fact of not criticizing myself so much any more means that I 


am being fair with myself, and that I am overcoming my solitude. 
Dr Mawel! Mat, Pycocvbernetics and Self Realization, A Different Worl Li Pllications, 1970 


I find a partner who likes me, and who is cultivated, sincere, spiri- 
tual, faithful, happy, and at peace with him / herself. We feel an irre- 
sistible attraction for each other. In my life only things which are the 
result of love and truth can occur. I gratefully accept the fact that there 


is someone out there who is the ideal partner for me. 
Dr. Joseph Murphy, Mastering Yourself And Others, Published by Le Jou, 1988. 


Tam a center of creative intelligence, love and good grace. I am 
no longer alone, because Divine Love is flowing through me, making 
all people feel affection for me. I attract those who are in the same 
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state of mind as I am. 
R. Charles Barker, The Science Of Success, Dangles Press, 1983. 


I want to be loved. 
Jean Charter, How To Acquire A Superior Personality, Dangles Press, 1971. 


IfLam always myself I will be sure to meet people who love and 


respect me. 
Dr. Martin Shephard, How To Overcome Your Cares, Marabout Publications, 1973 


SOLUTIONS 


Inow see this point in a completely new light. 
Richard Corsere,fseph Hart Getting Into Psychological Shope, Les Editions de Homme, 1978 


There is a solution, and I'm going to find it. 
Christian H. Godefroy. Helping Yourself Trough Self Hypnosis, Godefroy Publications, 1985 


I gather as much information as possible concerning my prob- 


lem. Knowing the problem is the key to finding the right solution. 
Norman Vincent Peale, When You Want, You Ca, A Difeent Word Pres, 1974 


I dare to be aware of myself! Iam completely capable of finding 
the solution I need. 

I stop running around looking for solutions. I simply remain 
calmly receptive to my Real Self; it always provides a solution to my 
problem. 


Solution, solution, solution... 
Dr Joseph Murp, Mastering Yourself And Otters, Published by Le our, 1988 


Tam now being guided towards the perfect solution to this prob- 


lem. 
‘Shakti Gawain, Creative Visualization Techniques, Soleil Publications, 1978, 
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At night I ask my subconscious to find a solution for a problem I 
cannot solve, using the ‘blackboard’ technique. The next day when I 
wake up, or sometime during the day, the solution appears in my 


mind. 
Professor Kurt Tepperwein, Think And Heal, Godefroy Publications, 1984 


Dear God, I know that You have the answer, and so I submit my 


question. It is in Your hands, and I will patiently await the solution. 
Zig Zig, Rendez-vous At The Top ADiferent World Publications, 1975. 


SORROW 


Today I start a new life. I will forget everything that has caused 


me pain, sorrow or shame in the past. 
Orson Swett Marden, The oy Of Living, |. eheber Publications. 


SOULMATE 


From now on I won't be afraid to approach a person who attracts 


me. Iam strong. [am ready to love and be loved. 
Eultoral Sif Paci Heath Guides, How T Stimulate Your Body's Natura Defenses, Goefoy Publications, 198, 


I will attract a man who is honest, sincere, loyal, good, faithful 
and prosperous. He is peaceful and happy. These qualities are now 
engraved on my subconscious, and as I assimilate them, they become 
a part of me. I know that the law of attraction is irresistible, and that 
I will attract the man who corresponds to my subconscious convic- 


tions, and deepest feelings. 
Dr Joseph Murphy, The Miracles Of Your Mind, Dangles Pres, 1988 


I will meet my ideal partner, someone whom I love deeply, and 
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who loves me deeply in return. 
Christian H. Godefroy, Helping Yourself Though Self Hypnosis, Godefroy Publications, 1985 


My ideal partner is waiting for me, and I will meet him (or her) in 
the right place, at the right time. 


Vera Pfeifer, Positive Thinking, Element Books, 1989, 


SPEECH MAKING 


My voice will be strong enough for this speech, and my positive 


thoughts are now helping me systematically improve my speech. 
Norman Vincent Peale, When You Want, You Ca! A Different Word Pres, 1974 


When I speak my voice is clear, firm and distinct. I breathe deeply 
and regularly. My body is perfectly calm. When I look up from my 
notes I look at my audience, making sure to make eye contact with as 


many people as possible. 
Arthur Waser The Art Of Making Friends And Being Happy Belfond Publications, 1978 


SPENDING 


Every dollar I spend comes back to me multiplied. 
Christan Godefroy Collection, Mage Formas Fr Sucess And Happives, Godefroy Publications. 


I deserve to spend money on things I desire. 
Shakti Gaenin, Reflections ln The Light, New Word Library, 1978 


Tearn more money than I spend. 
Christan H. Goteioy, Prosperity: The Subliminal Meth, Gaefoy Publications, 1987 


Inever spend impulsively, nor do I feel obliged to spend simply 


for the pleasure of spending. 
‘Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 
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SPIRITUALITY 


God is always good. 


W. Clement Stone and Napoleon Hill, Success Through Positive Thinking, Godefroy Publications, 1978 


He's got the whole world in his hands - and that includes ME. I 


surrender to the will of God. 
Louis Proto, Self Healing, Piatkus Publications, 1990. 


I believe in the existence of a Higher Power, A Force of Love, that 


is eternal, that puts meaning into our lives. 
Frank S. Caprio, M.D. & Josep R. Berger, Helping Yourself With Self Hypnosis, Prentice Hall ln., 1974. 


Tam one with my supreme nature and my creative power is infi- 
nite. 

God is in me and manifests in the world through me. 

Divine light and divine love flow through me and radiate from 
me, lighting up everything around me. 


‘Shakti Gawain, Creative Visualization Techniques, Soleil Publications, 1978. 


Tam the king’s son. 
Marcel Aucar, The Book Of Happiness, Sul Publications, 2959. 
SPORT 
I weigh a trim, athletic — pounds, and enjoy exercising every 
day. 


Denis Waitley, Seeds Of Greatness, Pocket Books Press, 1984. 


I doa lot of sports. 
Piere Nicolas, Time Is Money. An Pensure,nter Publications, 1981 


Tam capable of taking part in sports. 
Editorial Staf, Practical Health Guides, How To Stimulate Your Body’ Natural Defences, Godefroy Publications, 1989 
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Taking take three deep breaths through my mouth gives me the 
strength to perform great sporting feats. 
My performance in sports is improving day by day. 
Profssor Kurt Tepperwein, Think An Heal, Godefroy Publications, 1984 


STAGEFRIGHT (Also see Fear Of Exams) 


Starting today I will no longer experience stage fright. 

Thave overcome it once and for all. 

Tam confident, I know my strong points. 

I feel relaxed, calm and serene, just like when I — (describe a 
personal and pleasant event). 

From now on whenever I have to write an exam I will feel as 
comfortable as on the day I — (insert your personal and pleasant 
experience). 

My stage fright is disappearing gradually. 

Thave overcome it, and I am a stronger person. 


Thave confidence in myself, I know Iam going to succeed. 
Eater Sta, Paci Heath Guides, How T Stimulate Yur Boys Natural Defense, Gaefoy Publications 195, 


T have the ability to concentrate on what I am going to accom- 
plish before the fact... I think of nothing else... and I concentrate my 
energy... also... I never feel any anxiety... even at the idea of speaking 
in public... lam never afraid... |am never anxious... lam sure of my- 
self. 

So I speak and act with vitality... knowing that my stage fright 
has disappeared... my mind is perfectly clear. 

I am not afraid to speak out.... whether I’m with friends... or in 
front of a group of people I don’t know. 


‘Marcel Rowe, Mastering Your Subconscious, Dangles Press, 1982 


s Page 371 
ee 


I sing wonderfully well. 


Tan tranquil, serene, calm and full of confidence. 
Dr. Joseph Murphy, Exploit The Power Of Your Subconscious, Tehou Ariston, 1962. 


Tam calm and relaxed. 


Ican deal with any situation. 
Karl O, Steer, Psychotrning, Godefoy Publications, 1984 


Tam strong! I will triumph! I will succeed! 
K.O. Schmidt, Success At Your Service, Astra Publications, 1986. 


(I'm ready. I have already succeeded in the past.) 
Dr. Marty Selman, Super Selling Though Self Tak, Price Stern Sloan, 1986 


STAYING IN SHAPE 


I'min great shape. 
Charles Boucouin,Poychology And Pract of Autosuggestio, degra Publication, 1990 


Tam conscious of my body and its importance vis-a-vis my over- 
all well being. I always to what is necessary to stay in top shape. 

I do everything I have to do to stay healthy and in shape, and 
maintain my well being. 

Tenjoy the challenge of getting and staying in shape. I accept the 


challenge, and nothing can prevent me from succeeding. 
Sad Helmsteter, The Power Of Iner Motioaton, Pilih by Le four, 1987 


STOMACH ACHE 


Rays of healing energy flow through my stomach. Everything is 


fine and my stomach is functioning normally. 
Kari Steer, Psychtraining, Godefoy Publications, 1984 


nanohenrys (nl), 128 
negative resistance region, 237 
negative voltage regulators, 164 
neon bulbs, 31 
neutral relays, 67 
Newton-meters, 185 
nichrome (Ni-chrome) elements, 
7 
nickel-cadmium batteries (nicad/ 
NiCd), 9, 10 
nickel-metal hydride batteries 
(NIMH), 3, 10 
noise 
electrical, 87,97, 132, 147,155, 
207 
reduction of, 189, 230 
non-excited synchronous motors, 
196 
non-flammable resistors, 82 
nonlatching relays, 67 
nonmagnetic cores, 125 
nonshorting switches, 53, 57 
normally closed (NC), 31, 39 
normally open (NO), 31, 39 
notch filters, 131 
nuisance opening, 27 
nylon vs, metal gears, 204 


(e) 


octal base, 69 
OCV (see open circuit voltage) 
‘ohmic region, 256 
‘on-off switches, 37 
‘open circuit voltage (OCV/Vac), 
B 
‘open-frame power supplies, 146 
open-frame switches, 51 
‘open-loop systems, 210, 217 
‘operating point, 250 
‘optical mouse, 59 
oscillating, 220 
‘ounce-inches, 185 
output 

voltage regulators and, 166 
outrunner configuration, 184 
overcoat material, 117 


overheating 
DC-AC inverters and, 160 
MOSFETs, 263 
potentiometers, 96 
transformers and, 142 
overshoot, 219 


P 


Player, 223, 
P-channel, 253 
Patype semiconductors, 241 
paddle switches, 44 
panel-mount switches, 45, 49 
panel-mounted pushbuttons, 32 
parallel batteries 
high current flow, 16 
parasitic capacitance, 132 
parasitic inductance, 87, 103 
pass transistors, 167 
PC board rotary switches, 55 
PC mount switches, 45 
PC pushbuttons, 32 
PC terminals, 45 
peak inrush, 147, 177 
peak inrush current, 27, 
permanent magnet stepper mo- 
tors, 211 
permeability, 122 
Peukert number, 12 
phase count, 209 
phases (steps), 209 
pick-offs, 90 
picofarads (pF), 104 
piles, 5 
pin configurations 
correct identification of, 167 
relays, 67, 72 
PIN diodes, 221, 226 
pitch, 18 
planetary gears, 182 
plasticflm dielectrics, 103 
plug fuses, 22 
plug-in transformers, 139 
plungers, 173 
PN junction diodes (see diodes) 
polarity 
danger of incorrect, 15, 110 


danger of reversed, 233 
DC relays and, 67 
mnemonics for, 123 
preventing reversed, 142 

polarized relays, 67 

pole faces, 173 

poles, 29, 30, 37, 38, 38 

polymeric positive temperature 

coefficient fuse, 24 

polyphase AC, 196 

positive charges, 98 

positive voltage regulators, 164 

potentiometers, 75, 89-96, 186 
design of, 90, 
function of, 89 
potential problems, 95 
schematic symbols for, 89 
types of, 90, 
use of, 94 

pound-feet, 185 

power cells, 5 

power cords 
cortect choice of, 142 

power MOSFETs, 262 

power resistors, 76 

power transformers, 139 

power transistors, 245 

power wire-wound resistors, 83 

PPR (see pulses per rotation) 

precision resistors, 76 

precision wire-wound resistors, 

83 

press-twice pushbuttons, 33 

primary cells, 7 

primary coils, 135 

programmable unijunction tran- 

sistor (PUT), 235, 239 

protection diodes, 278, 228 

proximity effect, 133 

PTC/PPTC (see polymeric positive 

temperature coefficient fuse) 

pullin torque, 220 

pull-out torque, 220, 

pulldown resistors, 85 

pullup resistors, 56, 85 

pulse-width modulation (PWM), 

144, 150, 158, 186, 199, 201, 217 

pulses per rotation (PPR), 61 
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STOOL (See Digestion, Appetite) 


STRENGTH (Also see Courage) 


I decided I was strong. 


I dare to be healthy and strong. 
Norman Vincent Peale, When You Want, You Cant, A Diferent World Press, 1974 


Thave faith. Strength will come. It lies sleeping in me. I make an 
effort, I struggle. My hidden strength will surge to the surface. I per- 
severe, knowing that my strength is growing, is transforming me. 
Weak as I am now, I will become strong and robust. I stop my crying 
and hold my head high. I reject negative thoughts. I don’t believe my 


strength will abandon me. 
Henry Durvl, Want To Succeed, Durvlle Publication, 196. 


Iseek out and use my personal strength. 
The greatest contribution I can make to others is to be strong within 
myself. People need my strength. 


Vernon Howard, Psycho-Pictography, S.LP, 1965. 


I feel stronger with every moment that passes. 
Louis Proto, Self Healing, Piatkus Publications, 1990. 


Iam strong. 
Chaves Baudoun, Psychology An Practice of Auosugestion, legraph Publication, 199 


Iam very strong. Stronger than I’ve ever been in my life. Stron- 


ger, much much stronger. I am surprised at how strong I am. 
Dr, Maxwell Matz, sychocybernetics, Godefroy Publications, 1978, 
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STRENGTH - INNER 


I feel a more and more irresistible strength growing within me. 
Marcel Rou, Tecniques And Practice Of Hypnotism, Paris Protons NOE, 1974 


STRENGTH - PHYSICAL 
(Also see Losing Weight, Staying In Shape) 


Every time I say the word X (choose a word) three times the 
strength of my muscles will immediately double. My muscles will be 


perfectly nourished by my blood, giving me perfect muscle tone. 
Valery Safi, Praca Guide To Self Hypnosis, de Vecchi Publetons, 1987 


STRESS 


As soonas I lie down I feel completely calm. My problems disap- 


pear. My body and nerves relax. 
Professor Kurt Teperwein, Thnk And Heal, Gadefoy Publications, 2984, 


I approach life in a relaxed way. 
Norma Vincent Peale, When You Want, You Can A Different Wort Pres, 1974 


Stress slides of me like water off a duck’s back. I relax with each 
breath I take. If a stressful event occurs I take a deep breath and re- 


gain my inner calm. 
Christan H, Gof, The Creativity Method, Godefroy Publiatons, 1992. 


I create pressure in any situation by what I focus on and what I 
say to myself. I can remove pressure by concentrating on doing the 


best job I can right now and learning all I can. 
Dre Marty Seliman, Super Selling Though Self Talk, Price Stern Sloan, 1986 
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Trelease any thought that subjects me to any stress whatsoever. 
Louis Proto, Self Healing, Piatkus Publications, 1990 


Inever allow destructive tension to accumulate in me. I overcome 
stress by attacking its causes. I make a conscious effort to guard my- 
self against stress and tension by maintaining a long-term perspec- 
tive, by establishing simple goals for myself, and by taking appropri- 
ate measures such as exercise and relaxation. 

I feel the peace that comes from relaxation and contentment. Ev- 
ery time I repeat these words to myself I become more confident and 
more relaxed, and I free myself from all the stress inherent in all areas 


of my life. 
‘Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


Tam happy because my attitude is making my life more joyous 
and serene. I am free of stress. 

Tama totally individual being, with my joys and heartaches. Iam 
healthy and good. Every time I feel some tension building up inside 
me I take refuge behind my mental shield. Stress cannot break through 
my shield. I feel protected, night and day. I see all kinds of tension 
smashing into my mental shield without being able to break through 
it. 

Tension cannot affect me. I am protected against stress. Other 
people may become upset, but I do not. I go about my life tranquilly, 


at my own pace. Everything is fine. 
Eutrial Sta, Praca Heath Guides, How T Stimulate Yur Boys Natural Defense, Gafoy Publications, 195, 


Iam completely calm... relaxed... I will concentrate on everything 
Ido, and I will remain calm and relaxed inside... [do my work calmly... 
nothing can upset me... I know I can deal with any situation... and 
this certitude fills me with strength and energy. 

Tam sure of myself... It is a marvelous feeling to be able to say: ‘I 
will triumph! I will realize all my projects while remaining calm and 
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relaxed.’ 

Day by day my sense of inner calm and self assurance grows stron- 
ger. 

Tam more and more calm... I feel completely comfortable with 
my situation, My heart beats calmly, regularly... My circulation is regu- 
lar... any effort only makes me stronger... my health is improving day 
by day. I feel completely good about my situation... Day by day, and 


in all ways, things are improving. I feel better and better. 
Professor Kurt Teperavin, Secret Techniques Of Hypnsi, Gdefoy Publications, 1981 


STUBBORNNESS 


Tam learning to be mentally supple in all situations. 
Vernon How, Paycho-Pitography, SL, 1965. 


The universe is running its course to perfection. [have no need to 
be stubborn. 


‘Shakti Gawain, Creative Visualization Techniques, Soleil Publications, 1978. 


STUDIES 


Today I learn things easily. My memory is functioning perfectly. 

If I have an exam I will remain calm and relaxed, and find the right 

answers. My marks will improve day by day, and I will take pleasure 
in learning. 

Professor Kurt Teperwein, How To Lear The Painless Way, Godefroy Publications, 1983 


May God show help me complete my — (specify which) year 


of university, in harmony with divine law and order. 
Dr Joseph Murphy, These Truths Will Change Your Lif, Published by Le our, 1982 
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Ido my homework and learn my course material. 
I participate in courses whenever I can. 


Learning interests me. 
Eater Sif, Paci Heath Guites, How T Stimulate Yur Body's Natu Defense, Gafoy Publications 195, 


I know I can do this work since I am studious... may I also be 
wise. 
Prufessor Robert Tacquet, The powers Of The Will, Godefroy Publications, 1989, 


When I study I do nothing else! I concentrate my mind and en- 


ergy on the object of my study. 
Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


When my homework is done I prepare for the next day’s courses. 
Everything I undertake I do conscientiously. So I also do a good 


job preparing for tomorrow’s courses. 
Professor Kurt Teperwein, Thnk And Heal, Gaefoy Publications, 1984 


My thoughts are organized, and my comprehension is growing. 
Ru Charpentier, Autouggestion And ls Practical Application, Champs Elysees Pllications, 1988. 


If draw a blank ona certain subject, like algebra for example, it’s 
just a natural result of the choices I made up to now. If I decided to 
make an effort to study these subjects by putting in the necessary 


time, I would certainly make progress. 
Wayne Dyer, Your Erogenous Zones, Teo Pres, 1976 


STUTTERING 


Every time I say the word —— in my mind I will feel calm and 
relaxed, the muscles in my windpipe will remain completely relaxed 
and I will speak very well, with confidence and ease. It will be easy 


for me to communicate with others. 
Valery Sanfa, Practical Guide To Self Hypnosis, de Veechi Publications, 1987. 
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I can now express myself correctly... correctly... with no problem 


whatsoever... correctly. 
Profesor Robert Tocquet, The Powers Of The Will, Godefioy Publications, 1989, 


SUBCONSCIOUS MIND 


Tam united with the infinite wealth of my subconscious mind. 
Dr Joseph Murphy, Exploit The Power Of Your Subconscious, Tehou | Ariston, 1962. 


SUBCONSCIOUS PROGRAMMING 


I program my subconscious in order to realize my desires... my 
projects... my subconscious gives my imagination the means to attain 


my goals. 
‘Mayet Roue, Mastering Your Subconscious, Dales Press, 1982 


SUBMISSIVENESS 


I remind myself that habit is not a reason for doing something. 
Just because I’ve always had a submissive attitude doesn’t mean I 


have to continue being submissive. 
Wayue Dyer, Your Emgenous Zones, eho Pres, 1976 


SUCCEEDING 


Thave the right to succeed and get the best out of life. 


Sublipowwer, Sublisuccess, Edi Inter, 1989. 


Thave everything I need to succeed. 
Marcel Aucar, The Book Of Haines, Sul Publications, 1958. 
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I do everything in my power to succeed at such and such an en- 


deavor. 
Raymond Hull, Wanting Is Power, Les Editions de Homme, 1969. 


Tam determined to succeed. 
Paul Clement Jagot, The Power Of The Will, Dangles Press, 1950. 


Tam succeeding. 
I know I will continue to succeed, as I have done up to now. I am 

more determined than ever to reject anything that can become an 

obstacle to my success, anything that is unhealthy in my life. 
Everything I do succeeds. 


Editorial Staff Practical Health Guides, How To Stimulate Your Body's Natural Defenses, Godefioy Publications, 1989, 


Tam happy and successful because I have decided to succeed. 
Raymond Hull, Wanting Is Power, Les Editions de IHomme, 1969. 


Today Iam going to succeed wonderfully well in everything I do. 


Dr Joseph Murphy, Exploit The Power Of Your Subconscious, Tehow | Ariston, 1962. 


I want to be happy and succeed. 
Shakti Gawain, Creative Visualization Techniques, Soli! Publications, 1978, 


I want to succeed. 
Henry Durville,! Want To Succeed, Durville Publications, 1968. 


The greatest secret in the world is that I just have to be a little 
better than mediocre... that’s all I need to succeed. 


(Og Mandino, The Greatest Secret In The World, A different World Press, 1979. 


I succeed at everything I do. 
Christan H. Godefioy, Prosperity: The Subliminal Meth, Gaefoy Publications, 1987 
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SUCCESS (Also see Wealth, Happiness, Self 
Love, Peace, Prosperity, Health) 


Stocks may go up or down on the exchange, but in life my abili- 


ties are constantly helping me reach new heights of success. 
‘Dr, Maxwell Maits, Psychocybernetis aal Self Realization, A Diferent World Ltd. Publications, 1970, 


Tam now willing to be happy and successful. 
Link KrafMacoy, 30 Days To Happiness, Stlpont, 1987 


Thave the certitude that I am making the best use of what I have. 
With this in mind, and armed with the desire and determination to 
see things through, chances are very good that I will attain success. 

I believe I was put on earth to succeed, to be happy and healthy, 


and to attain useful goals. 
ig Ziglar, Renez-ous At The Top, A Difeent World Publications, 1975. 


I know that my future is one of progress, creative endeavor and 
financial security. This in no way depends on external factors. It de- 
pends on my mind, and I am grateful only to God, in the present as 


well as in the future. 
1. Charles Barker, The Science Of Success, Dangles Pres, 1983, 


Imake my dreams a reality. 
Charles Albert Possant& Christian Godefo, The Secret Of Beng A Milionare, Godefroy Publications, 1987 


I make sure to take advantage of events. 
Wayne Dyer, Your Emogenous Zones, Teton Pres, 1976. 


Tam attaining a higher level of existence as I become more recep- 
tive to superior powers. 


Vernon Howard, Psycho-Pictography, S1LP, 1965, 


I turn to you, my inner Guide, with my prayer. I am confident 
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you will assist me in everything that has to do with my inner progress 
and my exterior success, both today and all the days to come. 

You are helping me attain the goal I so ardently desire. I thank 
you for your support. You are the power that makes my desires a 
reality. Iam one with my desires and I attain success. With your help 


Talways attain success. 
KO. Schmidt, Sucess At Your Serie, Asta Publctons, 1986 


I will succeed by attracting the forces necessary for my success, 
by always being the first to be of service, and by instilling in my peers 


a desire to help me. 
Napoleon Hil, Think And Get Rich, Teo] Ariston, 1966. 


I will succeed because I am able to handle any situation. 
Karl O. Stoeber, Psychotraining, Godefroy Publications, 1984. 


Tam succeeding more and more easily at everything I do. 
Christian H. Godefroy. Helping Yourself Trough Self Hypnosis, Godefroy Publication, 1985 


I succeed very well in certain areas. 
Tam in the process of becoming a successful person. 
Dr. Anthony and Mary Zaft, Alpes, Quete 


- Amerique Publications, 1974 


Iam strong, I feel better every day, and I will succeed at what I 
do. 


Karl O. Stoeber, Psychotraining, Godefroy Publications, 1984. 


Life is beautiful. I am succeeding! I am succeeding! 
Charles Baudouin, Psychology Anu Practice of Autosuggestion, ldegraph Publications, 1990, 


My mind is constantly opening to new ideas. I use all the means 
at my disposal to achieve success. I am open to new ideas which lead 
to my success. 


Dr. Joseph Murphy, These Truths Will Change Your Life, Published by Le Jour, 
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Today is God's day. I choose to let harmony, success, prosperity, 


abundance, security, and divine justice guide my actions. 
Dr. Josep Murphy, Miraculous Power Attracts Infite Riches, Godefroy Publications, 1978 


Taccept the responsibility of being alive. I concentrate my thoughts 
on what I want to do and who I want to be. I know I can obtain all the 
good things I can imagine. I rid my subconscious of all negative 
thoughts which can prevent me from achieving what I desire. They 
do not exist. God’s power over me is now complete, and I progress 
on the path of right thinking. I await the results of my actions, and I 
give thanks. 


R. Charles Barker, The Science Of Success, Dangles Press, 1983 


I grant myself success, happiness, love of self and love of others. 
Sublpower,Sublconfdence, Ei ner, 1988. 


Took to my past successes. 


and not failure. 
Psyhocyberetcs ad Self Realization, A Different World Ltd Publications, 1970. 


Ionly envisage the possibility of success... and so I succeed. 
W. Clement Stone, Passport To Success, Godefroy Publications, 1962. 


I persevere until I attain success. 

Tam more and more successful in everything I do. I am able to 
attain all my objectives more and more easily. I am becoming a suc- 
cessful person. Life smiles on me. Everything I do succeeds. I move 


from one success to another, more and more easily. 
Christian H. Godefroy, Helping Yourself Through Self Hypnosis, Gdefroy Publications, 1985 


Tam the personification of success. I do my work, allowing God 
to guide me in all my undertakings. 
The divine wisdom in me will reveal the solutions and means I 


need to attain professional success. 
Dr Joseph Murpey, Mastering Yourself And Others, Published by Le our, 1958. 


push-lock push-release pushbut- 
tons, 33 
push-on push-off pushbuttons, 
33 
push-push pushbuttons, 33, 
pushbutton switches, 29 
pushbuttons, 29-36 
‘current ratings, 35 
design of, 29, 
function of, 29 
potential problems, 35 
‘schematic symbol for, 29 
types of, 30 
use of, 35, 
pushwheel switches, 55 
PUT (programmable unijunction 
transistor), 235, 239 
PWM (see pulse-width modula- 
tion) 


Q 


‘quadrature output, 61 
quality factor, 107 
quast-low-dropout voltage regu- 
lators, 165 

‘quick connect terminals, 45 
quiescent current, 166 
quiescent point, 250 


radial leads, 99 
radial loading, 185 
radial resistors, 76 
radio buttons, 35 
radio crystal set, 125 
radio frequencies (RF), 133 
ramping, 219 
rated current 
fuses, 22 
rated voltage, 22 
RC (resistor-capacitor) network, 
86, 98 
RC circuits, 79 
RC servo motors, 201 
reactance, 115, 123, 128 


real-coded rotary switches, 54, 
rechargeable batteries, 7, 9-11 
rectified current, 199 
rectifier diodes, 224, 227,233 
rectifiers, 142, 143, 144, 170, 221 
reed relays, 68, 72 
reed switches, 68, 177 
relative devices 
rotational encoders, 59 
relative encoding, 53 
relays, 65-73 
current rating, 70 
design of, 66 
function of, 65 
possible problems, 72 
schematic symbols for, 65, 67 
types of, 67 
use of, 71 
reluctance, 121, 129, 170, 176 
reluctance motors, 184, 197, 199 
reluctance stepper motors, 210 
remanent magnetism, 122 
reserve batteries, 9 
resettable fuses, 21,24 
resistance, 210 
rotational encoders, 51 
resistor arrays, 77 
resistor ladders, 56 
resistor networks/ladders (see re- 
sistor arrays) 
resistor-capacitor (RC) network, 
86,98 
resistors, 75-88 
design of, 76 
function of, 75 
materials, 82 
possible problems, 87 
schematic symbols for, 75 
types of, 76 
use of, 84 
values for, 79 
resistors in parallel, 86, 
resistors in series, 86 
resonant frequency, 106, 220 
response curves, 237 
retentivity, 124 
reverse charging, 16 
rheostats, 89, 186 
right-angle PC rotary switch, 54 


right-angle PC terminals, 45 
right-hand rule, 123 
ripple-and-noise values, 154 
RMS (see root mean square) 
rocker switches, 40, 
root mean square (RMS), 158 
rotary DIP switches, 53 
rotary switches, 51-57 
current rating, 56 
design of, 52 
function of, 51 
potential problems, 57 
schematic symbol for, 51 
types of, 52 
use of, 56 
rotational encoders, 47, 59-63 
current rating, 61 
design of, 52 
function of, 59 
potential problems, 62 
types of, 60 
use of, 62 
rotors, $1, 113, 179, 191, 192, 209 
demagnetization of, 220 
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Safari Books Online, 3 
safe operating area (SOA), 247 
saturated mode, 245 
saturation, 132, 220, 244 
saturation current, 129 
saturation region (Idss), 256 
saturation, magnetic, 176 
schematic symbols, 265 

ACAC transformers, 135, 138 

batteries, 6 

bipolar transistors, 242 

capacitors, 97 

diodes, 221 

fuses, 21 

inductors, 119 

MOFSET, 259 

potentiometers, 89 

pushbuttons, 29, 

relays, 65, 67 

resistors, 75, 82 

rotary switches, 51 
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I succeed when I attain my objectives, but I also succeed each 
day, on the voyage of life. I know that success does not only exist at 


my final destination, but at every step along the way. 
Shad Helmstetter, The Power Of ner Motivation, Published by Le Jour, 1987 


Tam aware of my worth. I know I merit success in everything I 


undertake, and that I also merit the rewards my success will bring. 
Shad Helmstetter, The Power Of ner Motivation, Published by Le Jour, 1987 


Iam on the road to success. 
Paul Clement Jago, The Power Of The Wil, Dangles Press, 1950, 


All the powers of my subconscious are working for my success. 

Negative thoughts and doubts are erased and replaced by new 
ideas and positive thoughts of success. 

Thave all the qualities I need to succeed. 

The creative power of the universe is at my disposal to help me 
succeed. 

I like having a goal and persevering until I succeed. 

Each day I take a step closer to success. 

Thave confidence in my intuition, which is guiding me towards 
success. 


Sublipower, Sublisuccess, Edi Inter, 1989. 


SUCCESS - FINANCIAL 
(Also see Marketing, Happiness) 


Financial success comes to me easily and effortlessly. 
Shakti Gawain, Creative Visualization Teclques, Sle Publications, 1878, 
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SUFFERING 


It’s going away, it’s going away... 
Emile Coue, Complete Works, Astra Publications, 1976 


(I choose to ignore death. I live my life based on what I think and 
feel.) 


Barbara J. Gress, Personal Power Cards, Aslan Publishing, 1991 


When I face up to my suffering and treat it, my present suffering 


frees me from future suffering. It must be confronted. 
Vernon Howard, Psycho-Pictography, S.LP, 1965, 


SUGGESTION - POSITIVE 


Thave a positive attitude towards each one of these suggestions, 
and Iam convinced that they will make me a happier person. 
The suggestions I am receiving will help me and I will listen to 


them. These suggestion will influence me every day of my life. 
Dr. Anthony and Mary Zaft, Alphagenics, Qebec- Amerique Publications, 1978 


SUPERIORITY 


The person opposing me is no trouble at all. $/he knows nothing 
about my expertise or experience on the subject, and so I have every 
advantage over him / her. am strong! Much stronger that s/he imag- 


ines. 
‘Marcel Baugin, Hypnotism, Suggestion and Telepsyche, Scientific Distribution, 1956. 
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SUPPLENESS 


Every breath I take makes me more supple. 
Marcel Beusin, Hypnotism, Suggestion ad Telepsyce, Scientific Distribution, 1956 


My bones must always stay healthy, and my joints, especially those 
in my spine, should move freely and easily. 
Imake sure that my muscles are healthy, able to respond rapidly, 


and always ready to function. 
Christian Godefiy, Mental Dynamics Seminar, Godefroy Publications, 1978 


SUPPORT 


Everyone around me helps me to grow. 
Lia KrafMacoy, 30 Days To Happiness, Stlpont, 1987 


SURGERY 


The operation is a total success. Everything is healing as it should. 
Louis Prot, Sl Healing, Pats Pulbliatons, 190 


Nothing is going to disturb my recovery. I’ll have no complica- 


tions, and I will feel good because I know it’s all over. 
Dr. GR. Rager, Hypnosis, Sophrology and Medicine, Fayard Publications, 1973. 


SURPASSING 


Today I will surpass everything I did yesterday. 
Itisn’t important to surpass others; the only important thing is to 


surpass myself. 
(i Mandino, The Greatest Secret In The Worl, A fret World Pres, 1978 
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SWEETS 


I don’t eat sweets. I imagine life without sweets. I imagine that I 
(specify a daily activity) without feeling the need to eat sweets. I don’t 
like sweets. But I do like to be healthy. am in great shape and full of 
energy. I don’t eat sweets. 

Inow reject my tendency to eat sweets. I don’t like sweets. I reject 
them because they harm my body. They are bad for my teeth. They 
make me gain weight. I don’t like them. Sweets disgust me. 

Because I have always succeeded at what I tried in the past, I will 
also succeed in getting rid of this harmful habit. I don’t eat sweets. 
They’re bad for my health. I want to be healthy, slim and full of en- 
ergy. 

Without sweets my skin looks fresh and pure. 

Without sweets I do not gain weight. 


Without sweets I don’t run the risk of becoming diabetic. 
Editorial Staff, Practical Health Guides, How To Stimulate Your Body's Natural Defences, Gadefioy Publications, 1989, 


I give up candy, chocolate and sweets. 
Professor Kurt Tepper, Think And Heal, Godefroy Publications, 1984 


Sweets disgust me... and day by day this feeling of disgust grows 
stronger... From this moment on I won’t eat any more sweets. I will 
lose two pounds every week... I feel a lot better... [have lost this vora- 
cious craving... I eat two meals a day... and I don’t snack between 
meals. 

My health is improving day by day... my digestive functions are 
working wonderfully well... Eating doesn’t interest me... I feel great. 

I don’t eat a lot at mealtimes... and I don’t snack on sweets be- 


tween meals... day by day I find sweets more and more disgusting. 
Professor Kurt Tepperavin, Secret Techniques Of Hypnosis, Gaefoy Publications, 2981 


Imake sure I don’t overeat. 
Pierre Nicolas, Time Is Money... And Pleasure!, Inter Publications, 1981. 
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SYMPATHY 


I feel more and more sympathetic towards people. People like 


me and spontaneously seek me out. 
Christian H. Godefroy. Helping Yourself Through Self Hypnosis, Godefroy Publications, 1985 
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TACHYCARDIA 


I want my heart to slow down now. 
My heartbeat is becoming regular. 


Dr. Gaston Durville and Dr. Andre Durcille, Mental Cure, Naturist Institute Publications, 1923. 


My heart is beating regularly and normally. 
Professor Kurt Teperwein, Think And Heal, Gadefoy Publications, 1984 


TACT 


Tam adept at treating people tactfully. 
Vernon Howard, Psycho-Pictography, S.LP, 1965, 


TALENT (Also see Gift, Salary, Service) 


Thave talent, I am intelligent and creative. 
‘Shakti Gawain, Creative Visualization Techniques, Soleil Publications, 1978. 


Thave a number of talents which are just waiting to be awakened 


and used to carry me right to the top. 
KO. Schmidl, Success At Your Serice, Astra Publications, 1986 


(I change everything. I share my creative talents in my daily life. 


Tama ray of sunshine.) 
Barbara J. Gres, Personal Power Cards, Asan Pullishing, 191 
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I possess numerous qualities and numerous talents. I even have 
aptitudes which I’m still not aware of. I’m always discovering new 


ones. 
‘Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


I take what I have and use it, and my talent grows, which brings 
me more profit. 
Since I possess the only me there is, I am precious. So I take my- 


self and my talent and I exploit them. 
ig Ziglar, Reniez-ous At The Top, A Different World Publications, 2975. 


I proclaim my uniqueness. 
(3 Mandine, The Greatest Secret In The Worl, A ferent World Pres, 1978 


I find a job which exploits my talents and qualities to the fullest. 
Charles Albert Possant& Christian Godefoy, The Secret Of Beng A Milinare, Godefroy Publications, 1287 


TELEMARKETING 


Ican improve my phone technique. 
Dr Marty Seldman, Super Sling Throh Sl Tl, Pie Stern Sloan, 2986 


TELEPATHY 


Iwill make ..... (specify who) think about me... s/he won't be able 
to resist thinking about me.... my image is forcing its way into his / 


her mind. 
Paul Clement Jagot, The Power Of The Will, Dangles Press, 1950. 


I perceive each of your sensations, all your states of mind, your 
emotions, everything that enters your mind. 
From this moment on our minds are very close, our minds inter- 
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penetrate and fuse with each other, transforming us into a single mind. 

From this moment on I will have no trouble reading your thoughts; 
all your thoughts will appear to me as clear and precise mental sen- 
sations. 

I find myself in your body; your body has become my own, your 
mind is my mind. I see through your eyes, I hear with your ears, I 
think with your brain. 

Your thoughts are present in me; I perceive them very clearly, 
they are my thoughts. 


Tam perfectly capable of reading your mind... 
Valery Sano, Practical Guide To Telepathy, de Vechi Publication, 1988 


I am going to read your mind... I can read your thoughts... but 
first I will empty my own mind... [am not thinking about anything... 
then when I tell myself to... your thoughts will appear in my mind 
like writing on a blackboard, and they will be easy to read... I will see 


them clearly... and I will tell you what they are. 
Marcel Rou, Techniques And Practice Of Hypnotism, Paris Productions NOE, 1974 


TELEPHONE 


In my telephone communications at work or at home I answer 
the telephone pleasantly, immediately giving my own name to the 
caller, before I ask who’s calling. 

Wherever I initiate a call to any residence or place of business 
where someone new may answer, I always give my own name up 
front, before I ask for the party I want and before I state my business. 


By leading with my own name I underscore my value. 
Denis Waite, ers Of Greatness, Pocket Books Pres, 1988 
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TEMPTATION 


I have mastered the blind force which caused me to submit to 
temptation and I have subjugated it to my will; I will consciously 


make use of this force for positive ends. 


Paul Clement Jagot, How To Develop Your Personal Magnetism, Dangles Press, 1982 


Ikeep the force that is pushing me to give in to this temptation to 


myself. 2?? 
Paul Clement Jot, How To Develop Your Personal Magnets, Davgles Pres, 182. 


TENACITY 


What others call defeat or failure never stops me. I know that so- 
called failure is nothing more than a detour. So I get over it and con- 
tinue on my way. 

Whenever I set a precise goal for myself, whatever it is, and de- 
velop a specific plan to attain it, I never let it out of my sight, and 


pursue it tenaciously. 
Sad Hetmsteter, The Power Of lner Motioaton, Published by Le four, 1987 


Each step brings me closer to victory. Each obstacle contains the 


seed of a blessing and of even greater opportunity. 
Charles Albert Possand& Christian Godefoy, The Secret Of Beng A Milionare, Godefroy Publications, 1987 


I never stop trying; I will make it through. I will stick with it. 


Everything will work out in the end. 
Norman Vincent Peale, When You Want, You Can A Different Word Pres, 1974 


I persist in a positive and flexible manner until I get things done. 
Dre Marty Seliman, Super Selling Though Self Talk Price Stern Slo, 1986. 


IT keep at it and I will succeed. 
Norman Vincent Peale, When You Want, You Cant, A Different World Press, 1974 
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One last effort may be all that is keeping me from success. I'm 
going to do it, right now! 
Charles Albert Possant & Christin Godefroy, The Secret Of Being A Millionaire, Godfivy Publications, 997. 


TENDERNESS (See Love) 


TENNIS 


I find it easier and easier to play tennis. And I'm making more 
and more of my shots. Tennis is becoming easy for me. I'm improv- 


ing day by day, and I’m winning more and more matches. 
CivstianH. Gadefro, Helping Yourself Trough Self Hypnosis, Godefroy Publication, 1985 


TENSION (Also see Confidence, 
Communication) 


With each exhalation I get rid of my worries and tension. 
Sublpower,Sublielas, Ea Inter, 1989 


As I breathe in deeply I am able to overcome my tension. 
It is easy for me to relax. 

[avoid situations that create tension. 

The image I project is of a relaxed person. 

I like being a relaxed person. 


I perceive myself as a relaxed person. 
Dr. Anthony and Mary Zaft, Alpagencs, Quebec = Amerique Publication, 1974 


I let my benevolent mind support me in moments of tension; it 


gives me confidence in my ability to overcome any kind of tension. 
Dr. Mall Malt, Psycoybernetcs and Self Realization, A Difeent Word Lid Publications, 1970 


slide switches, 41 

switches, 49 

Unijunction transistors, 235 
Schottky diodes, 225 
SCR (see silicon-controlled rectifi- 
en) 
screw terminals, 45, 
secondary cells,7 
secondary coils, 135, 
self-discharge rate, 8 
self-inductance, 119, 217 
self-resonance, 132 
self-resonant frequency, 106, 129 
semiconductors, 223 
series resistors, 84 
servo motors, 201-207 

design of, 201 

function of, 201 

potential problems, 206 

types of, 203 

Use of, 205 

values for, 204 

vs. stepper motors, 279 
settling time, 61 
shaded pole motors, 195 
shell cores, 138 
shielding 

variable capacitors and, 117 
shock hazards 

ACAC transformers and, 142 

AC-DC power supplies, 147 
short-circuited batteries, 15, 26 
short-circuited switches, 48 
shorting coils, 195, 
shorting switches, 39, 53, 57 
shunts (see jumpers) 
signal clipping, 231 
signal diodes, 224, 233 
silicon-controlled rectifier (SCR), 
186 
single side stable relays, 67 
single-coil latching relays, 67 
single-inline package (SIP), 77 
single-layer ceramic capicitors, 
110 
single-phase induction motors, 
195 
single-pole switches, 37 
single-throw (ST) switches, 37 


SIP (see single-inline package) 
SIP switches, 44 
skin effect, 133 
slide pushbuttons, 41 
slider potentiometers, 93 
slider pushbuttons, 31 
slider switches, 40,48 
sliding noise, 62 
slip, 195 
Slo-Blo fuses, 23 
slow-blowing fuses, 26 
small cartridge fuses, 23 
small-signal relays, 69 
small-signal transistors, 245 
small-switching transistors, 245 
SMPS (see switching power sup- 
ply) 
SMT (see surface-mount fuses) 
snap-action switches, 35, 39 
snap-in mount switches, 45 
snubbers, 35, 47,79, 108 
SOA (see safe operating area) 
solder lug terminals, 45, 
soldering damage, 27, 252 
solenoids, 173-177 

design of, 174 

function of, 173 

potential problems, 177 

types of, 176 

use of, 177 

values for, 176 
solid-state relays, 65 
splines, 204 
split-bobbin transformers, 141 
split-phase induction motors, 196 
sponge (lead), 9 
spur gears, 182 
squire-cage motors, 192 
squirrel-cage motors, 210 
SRF (self-resonant frequency, 129 
stability 

resistors and, 82 
stall current, 184 
stall torque, 185 
standard type regulators, 161 
star configuration, 181 
stationary contacts, 38 
stators, 113, 179, 191,209, 
status pins, 165 


step angle, 210 
step loss, 219 
step motors (see stepper motors) 
step-down transformers, 136 
step-up transformers, 136 
stepper motors, 209-220 

design of, 209 

function of, 209 

potential problems, 219 

types of, 214 

use of, 218 

values for, 218 
stepping motors (see stepper 
motors) 
stops, 52 
strip fuses, 24 
subject-oriented organization, 2 
subminiature fuses, 24 
subminiature paddle switches, 44 
subminiature slide switches, 41 
subminiature switches, 40, 
subpanel mount switches, 45, 
substrate connections, 261 
sulfurization, 16 
sun gear, 183 
supercapacitors, 8, 109 
surface mount switches, 45 
surface-mount (SMT) fuses, 26 
surface-mount capacitors, 100 
surface-mount resistors, 77 
surface-mount transformers, 141 
surface-mounted pushbuttons, 
32 
surge sensitivity, 22 
switch bounce, 48, 62 
switched potentiometers, 93, 
switched-mode power supply 
{see switching power supply) 
switchers (see DC-DC converters) 
{see switching power supply) 
switches, 17, 37-49, 51 

{see also rotary switches) 

design of, 37 

function of, 37 

potential problems, 47 

terminology, 38 

types of, 38 

use of, 46 

values for, 45 
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I feel calm and relaxed. 
R.L Charpentier, Autosuggestion And Its Practical Application, Champs Elysees Publications, 1958. 


A good part of my tension disappears because I feel secure and 
good about myself, and because I put all the little things that irritate 
me into their proper perspective. 

In short, little things don’t annoy me any more. 

My bank account of confidence is growing, the communication 
barriers in my life are falling by the wayside, and my family life is 


benefiting as well. 


Zig Ziglar, Rendez-vous At The Top, A Different World Publications, 1975, 


(I will no longer live in a state of constant tension, afraid to relax, 
not allowing myself to smile and spending too much time reliving 
unhappy memories from the past. I'm going to make every single 
day a pleasure. 

Inorder to prevent nervous tension from developing, I try to keep 
my mind relaxed and free of unpleasant thoughts that tense me up. I 
nourish myself with pleasant thoughts. 

Tuse the technique of self hypnosis to relax my muscles. Relaxing 
my body relaxes my mind.) 

Fran S. Caprio, M.D. & Joseph R. Berger, Helping Yourself With Self Hypnosis, Prentice Hall Inc, 1974. 

All my tension is disappearing. 


Emrika Padus, Encyclopedia of Emotions And Health, Edi Inter, 1991 


TEST 


Tam very well prepared for — (specify the situation). 


Raymond Hull, Wanting is Power, Les Eiitions de Homme, 1969. 
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THOUGHTS 


I choose my thoughts... I can do it... I change my thoughts... I can 
do it. 


J. Martin Kole, Your Gre A Different World Ltd, 1979, 


THOUGHTS - NEGATIVE 


Every day I create new positive and harmonious thoughts and 


emotions. They transform my life, bringing me happiness and health. 
Christian Godefoy Collection, Magic Formas For Success An Happines, Godefroy Publication. 


I prohibit myself from thinking negative thoughts. Everything 


that happens to me has a positive side. 
Editorial Sif, Practical Health Guides, How To Stimulate Your Body's Natural Defences, Godefroy Publications, 1989, 


I drop negative thoughts like hot pans! 
Linh Kraf-Macoy, 30 Days To Happiness, Stlpoint, 1987. 


Ireject and rid my subconscious of all acquired negative thoughts. 
Iam the Spirit, and thus I am in no way affected by disease, death, 
unhappiness, poverty or frustration. All these things no longer exist 


in my subconscious mind. 
Charles Barker, The Science Of Success, Dangles Press, 1983 


I recognize my wealth and material energy. I get rid of negative 
thoughts which sap my strength. 


Vernon Howard, Psycho-Pictography, S.LP, 1965. 


THOUGHTS - POSITIVE 


Tam going to discover for myself that I have the power within me 
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to control and influence my mind at will, that I can quickly convert 
negative thinking into positive thinking. 


Frank S, Caprio, M.D. & Joseph R. Berger, Helping Yourself With Self Hypnosis, Prewtice Hall In, 1974. 


Thave positive thoughts. 
Claude Are, Self Confidence: The Sulina Method, Poca Pabiations, 1986, 


(Lavoid other people's negativity. (Iam strong. I do not share in 
the failures that stem from the minds of others.) 
I do not get mired down by depression, fear, anger, poverty, dis- 


ease, lack of energy, struggle, conflicts or bad relationships.) 
Lia KrafMacoy, 30 Days To Happiness, Stlpont 1987 


I change my mental diet and refuse to ingest negativity. 
Zig Ziglar, Rendez-vous AL The Top, A Different World Publications, 1975 


I concentrate on good thoughts. I retain thoughts which are likely 


to help me, and reject the others. 
J. Martin Kole, Your Gre 


Power, A Different World Ltd, 1979, 


I think positively. 


Sublipower, Subliconfidence, Edi Inter, 1989, 


I saturate my subconscious with well directed positive thoughts 


which help get me what I expect out of life. 
[Napoleon Hill, Think And Get Rich, Tehou | Ariston, 1966. 


I am confident of my power to forge the future through the 
thoughts of today. That is why I take care to formulate them in accor- 


dance with my most sincere wishes. 
Professor Kurt Teppereein, Think And Heal, Godefroy Publications, 1984 


My thoughts are positive. 


Francoise and Michel Moine, Develop Your Psi Powers, Stock Editions, 1982. 
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YES. 


Editorial Staff, Practical Health Guides, How To Stimulate Your Body's Natural Defences, Godefioy Publications, 1989, 


My thoughts are more and more positive. 
Editorial Staf, Practical Health Guides, How To Stimulate Your Bady’s Natural Deinces, Godefroy Publications, 1989. 


TIME 


Thave all the time in the world for what I want to do. 
Louis Proto, Self Healing, Piatkus Publications, 1990. 


TIMIDITY 
(Also see Inferiority Complex, Self Confidence) 


I find it easy to talk to individuals and groups of people. 


Tam at ease in the company of members of the opposite sex. 
Dr. Anthony and Mary Zaffuto, Alphagenies, Quebe - Amerique Publications, 1974 


Each time I mentally repeat the word X at least three times I will 
feel perfectly relaxed; I am sure of myself, and talk to people with a 


strong sense of confidence and serenity. 
Valery Sufi, Practical Gute To Self Hypnosis de Vecchi Publications, 1987 


I confront the unknown, and triumph over it. 
Claude Arpe, Self Confidence: The Sublininal Method, Procavi Publications, 1986. 


I take great pleasure in meeting impressive, well-known people. 
Paul Clement Jago, Education Of The Word, Dngies Pres, 1975. 


I dare to speak out. 
Paul Clement Jago, Education Of The Word, Dangle Pres, 1975. 
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I no longer attach much importance to what other people think 
about me... and this frees me from my shyness. 

I never waste an opportunity to fight my timidity... I often ap- 
proach people I don’t know and engage them in conversation. 

I like to get involved in group discussions... in the street I don’t 
hesitate to find some pretext or other to talk to people. 

When I talk to people I look them right in the eye... naturally and 
openly... without trying to avoid eye contact... without being shy... 


with absolutely no timidity whatsoever. 
Marcel Rowel, Mastering Your Subconscious, Dangles Pres, 1982 


I must not consider shyness as something to be ashamed of. Shy- 
ness is merely a symptom of a lack of self confidence, feelings of inse- 


curity, inferiority and a fear of people. 
Frank S. Caprio, MLD. & Joseph. Berger, Helping Yourself With Self Hypnosis, Prentice Hall ne, 1978 


I will not be shy; I won't be nervous when I talk to people, no 
matter who they are. 


I will be perfectly at ease in all situations. 
Paul Clement Jago, Education Of The Word, Dangle Pres, 1975. 


If my inner Guide approves of me, which is always the case when 
I feel His presence, then whatever other people think or say about me 
doesn’t matter. It doesn’t affect me. I see my goal, and let my inner 


Guide lead me to it. 
K.O. Schmidt, Success At Your Service, Astra Publications, 1986. 


TOBACCO ADDICTION 
(Also see Shortness Of Breath, Cough) 


I can easily stop smoking. I completely renounce the smoking 
habit. At the same time my health and general state will improve. I 
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can control my reaction to cigarettes. I have absolutely no desire to 
smoke. Iam becoming a new person with absolutely no need to smoke. 
My subconscious is helping me to stop smoking easily, completely 
and forever, without gaining weight. 

I don’t smoke any more. I stopped smoking completely and de- 
finitively. My health is great. I’m breathing better and I feel wonder- 
ful. 

I congratulate myself for having stopped smoking. I really look a 
lot better. I’m in great shape. This is fantastic. I have stopped smok- 
ing. 

Christan H. Godefroy, Helping Yourself Through Sef Hypnosis, Godefroy Publications, 1985 

I feel less and less like smoking, and I have less and less need for 
cigarettes. I feel good. I feel better every day. I'm smoking less and 
less. I already feel a lot better. 

I'm smoking less. I feel better. I feel full of energy, and I have the 
courage to continue. I know I’m going to stop smoking once and for 
all. I already smoke less and less, and I feel great. 

I don’t smoke any more. I don’t need tobacco. I’m breathing bet- 
ter. | fill my lungs with pure air. Each breath fills me with pure oxy- 
gen and vitality, recharging my body with energy and doing me a 


world of good. 
Charles Baudouin,Poycholggy And Practice of Autosuggestion, legraph Publication, 1950 


Thave an image of myself without cigarettes. I imagine myself as 
anon smoker. I give up tobacco, I reject the habit. My body rejects it, 
my mind rejects it. I don’t smoke and I feel great. 

I reject cigarettes because I know they are harming me. I do it for 
myself, for my health and well being. And since my life is a success, I 
will continue to succeed as a non smoker. I choose to be a non smoker. 

I’m breathing better and better, and I have more and more en- 
ergy. I feel wonderful. I breathe easily, I have more endurance. The 
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people around me are happy at my success. I feel marvelous without 


cigarettes. Iam a non smoker! 
Earl Sif Practical Heath Guides, How To Stimulate Your Boy's Natural Defences, Goefoy Putin, 196, 


I’m learning to do without cigarettes... 1 don’t want to smoke any 
more... it doesn’t interest me... smoking doesn’t interest me at all... 
Even the idea disgusts me... Whenever I smell smoke I feel this dis- 
gust. 

Now I don’t smoke anymore... Nothing can make me change my 
mind. 

I’m happy to be able to improve my health by not smoking. 

My health is improving day by day... | don’t smoke anymore. 

Day by day it’s getting easier not to smoke. 

Thave absolutely no interest in smoking... even the idea of smok- 
ing is enough to make me feel disgusted with cigarettes... The smell 
of cigarette smoke disgusts me more and more. 

I’m very happy not to smoke anymore... Nothing can make me 


change my mind... I’ll never smoke again. 
Projssor Kurt Tepperavin, Secret Techniques Of Hypmasi, Gaefoy Publications, 1981 


I will smoke less or not at all. 


/.V. Cerney, Stay Younger, Live Longer Through The Magic Of Mental SelfCondlitioning, 
Parker Publishing Company lnc, 1968. 


I don’t feel like smoking anymore. My health is already better, 
I'm breathing better, I’m becoming a new person. Not smoking is an 
expression of my freedom. My subconscious is my most powerful 
ally, and it is helping me to stop smoking, to build a new self image 


which is more free and more fulfilled. 
Karl O. Stoeber, Psychotraining, Godefroy Publications, 1984. 


I don’t smoke and I’m proud of myself. 
When I see a cigarette or think about smoking, the words ‘I Do 
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Not Smoke’ automatically enter my mind and I abstain. 

I really like breathing fresh clean air, I like being healthy and in 
complete control of my mind and body. 

My lungs are healthy. I can breathe deeply. 

It’s easy for me to be anon smoker. After all, I was born that way, 
so the state is completely natural for me. Iam anon smoker! I do not 
smoke. 

I let myself relax, breathe deeply and feel good. I appreciate be- 
ing healthy and a non smoker no matter what the circumstances. 

Ido not in any way see cigarettes as a symbol of power, of intelli- 
gence or of prestige. I see cigarettes for what they are, and refuse to 


allow them any place in my life. 
Sad Helmsteter, The Power Of lner Motiaton, Pllished by Le four, 1987 


Iam breathing deeply... and this purifying breath eliminates my 
need to smoke... with each purifying breath my need to smoke di- 
minishes... I need to smoke less and less... 

Iam breathing deeply... and each exhalation gets rid of the toxins 
which tobacco has deposited in my lungs... lam cleaning my body of 
these poisons which have been contaminating my blood... weaken- 
ing my organism... and ruining my health. 

Notsmoking will give me new vitality... make me more dynamic... 
more active... I will feel better from all points of view... and I will be 


victorious in gaining mastery over myself. 
“Marcel Rot, 


lastering Your Subconscious, Dangles Press, 1982. 


Iknow Iam going to get more satisfaction from not smoking than 
I did from smoking. 

I know that I am indifferent to cigarettes, anywhere, anytime, 
under any circumstances; other people may smoke but as for me, I 


don’t care about cigarettes. 
Clement Auger, Transform Your Life Through Autosuggeston, Heritage Publications, 1979 
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Thave decided to make life as pleasant as possible by becoming a 
non smoker. I have made a deliberate choice not to smoke, and I feel 
great. I am a non smoker. I’ve found the way to get rid of my bad 
habits. 

The next time I need to relax I’ll do a few breathing exercises and 
drink a glass of water or juice instead of lighting up a cigarette. 

The next time I go to a restaurant or take a plane I'll sit in the non 


smoking section. 
Estria Sto, Practica Heath Guides, How T Stimulate Yur Body's Natura Defenses, Gaefoy Publications, 195, 


I’m intelligent, I've got common sense. I need my body to live, 


and cigarettes are poison. 
Dr GR. Rage, Hypnosis, Sophology and Medicine, Fayard Publications, 1973 


Iam free of the habit of smoking. 
Jack Ensign Addington, How To Set Gols And Aan Them, A Difenent World Publicntions Lad, 2977 


T absolutely want to stop smoking. 
The taste of tobacco is disgusting. 
I don’t need to smoke anymore. 
Tam aware that it is much better not to smoke. 
I want my breath to smell good, without the after odor of tobacco. 
I respect my body. 
Tam in good health. 
Tam gradually freeing myself of my dependence on tobacco. 
I substitute the harmful habit of smoking with beneficial habits 
of nutrition. 


As I stop smoking I watch what I eat so I won't gain weight. 
Dr. Anthony and Mary Zaffuto, Alphagenies, Quebec - Amerique Publications, 1974 


Freedom and peace of mind are now mine. I know that believing 
and affirming these truths will allow them to penetrate deeply into 
my subconscious, which will in turn force me to give up cigarettes, 
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because smoking is harmful and breaks the laws of my subconscious 


mind. 
Dr. Joseph Murpiy, Miraculous Power Attracts Infinite Riches, Godefroy Publications, 1978. 


My voice is normal again. 
I don’t cough anymore. 


My mouth is fresh tasting and I feel better and better every day. 
Professor Kurt Tepperten, Think And Heal, Gadefroy Publications, 1984 


If I light up a cigarette I won’t get any pleasure out of it. On the 
contrary the taste will disgust me, to the point where I'll have to put 


the cigarette out. It will be impossible for me to smoke. 
Valery Sano, Practical Guide To Self Hypnosis, de Vecchi Publications, 1987. 


If I must smoke I will smoke in moderation. 
Frank S, Caprio, M.D. & Joseph R. Berger, Helping Yourself With Self Hypnosis, Prewtice Hall In, 1974 


TOLERANCE 


From now on I will think, feel and act justly. I will do what is 
right, and never deviate from the path of justice. I think, speak and 
write without taking sides or being prejudiced. From now on I will 
not react like an ignorant fanatic, but base all my actions on the di- 
vine spirit that resides in me. I wish from the bottom of my heart that, 
all men may live in liberty, and rejoice fully in their right to life and 


happiness. I obey the golden rule and the law of love. 
Dr Joseph Murp, Mastering Yourself nd Others, Pblshed by Le our, 1958. 


I accept and respect the right of each person to choose. 


‘Shukti Gawain, Creative Visualization Techniques, Soleil Publications, 1978, 


(Luse self hypnosis techniques to strengthen my potential for tol- 
erance, and I never have any problems.) 


switching diodes, 224 
‘switching power supplies, 143, 
144,159 

switching regulators (see DCC 
converters) 

synchronous motors, 184, 196 


T 


tactile swithes, 34 
tank circuits (see LC circuits) 
tantalum capacitors, 102, 110 
taps, 137 
Ter/Te (see temperature coetffi- 
cient) 
teeth (rotor), 210 
temperature coefficient (Ter/Te), 
82 
terminals, choosing correct, 48 
terminals, for switches, 45 
THD (see total harmonic distor 
tion) 
thick-film resistors, 77, 83, 
thin-film resistors, 83, 
three-phase induction motors, 
196 
through-hole chips (capacitors), 
101 
through-hole fuses, 24, 26 
through-hole terminals, 45 
throws, 30, 38 
thumbwheel switches, 55 
time constant, 105, 130 
time-delay relay switches, 70 
toggle switches, 41 
tolerance 
resistors, 79 
toroidal core inductors, 126 
torque 
‘expression of, 185, 
fluctuations in, 193 
motor overloading and, 200 
stepper motors and, 220 
total harmonic distortion (THD), 
158 
tracks, 90 
transformer-based power sup- 
plies, 143, 


transient response, 166 
transient suppressors, 228 
transient voltage suppressor 
(TVS), 225 
transients, 143, 
transistors, 241 
(see also bipolar transistors) 
resistors and, 84 
transit time, 205, 
TrenchMOS, 262 
triggering voltage, 236 
trimmer capacitors, 113,117 
trimmer potentiometers, 89, 93, 
13 
Trimpots (see trimmer potenti- 
‘ometers) 
trip current, 25 
tripped fuses, 27 
true sinewave inverters, 158 
tuning capacitors, 113, 
tunnel diodes, 221, 226 
tum rate, 205 
TVS (see transient voltage sup- 
pressor) 
‘two-contact pushbuttons, 29 
‘two-pole switches, 37 
‘two-way switches, 37 


U 


UIT (see unijunction transistor) 
unijunction transistor (UIT), 235- 
240 
design of, 236 
function of, 235, 
potential problems, 239 
schematic symbol for, 235 
types of, 238 
use of, 239, 240 
values for, 238 
Uninterruptible power supplies, 9 
Unipolar motors, 211,214 
universal motors, 198 
Universal stepper motors (see bi- 
filar motors) 
unloaded speed, 185, 


Vv 


V-channel MOSFET (VMOS FET), 
262 
VA (see volts times amps) 
vacuum tubes, 221, 241 
valley voltage, 237 
value coding, 88 
resistors, 81 
valve-regulated lead-acid batter- 
jes (VRLA), 9 
vandal resistant switches, 45, 
varactor diodes, 221, 225 
variable capacitors, 113-117, 113 
(see also capacitors) 
design of, 113 
function of, 113 
possible problems, 117 
types of, 114 
use of 115 
values for, 115 
variable condensers (see variable 
capacitors) 
variable frequency power sup- 
plies, 198 
variable inductors, 125 
variable reluctance, 210 
variable resistors, 89 
variable transformers, 140 
variacs (see variable transform- 
ers) 
varicaps (see varactor diodes) 
Vc (see voltage coefficient) 
Very Low Dropout voltage regu- 
lators, 165 
vibration 
capacitors and, 110 
damping of, 220, 
relays and, 73 
Voc (see open circuit voltage) 
voltage, 13 
automatic selection of, 229 
imbalance in AC motors, 200 
inaccurate in converters, 155 
inaccurate in voltage regula- 
tors, 167 
multiple outputs, 138, 
regulation with diodes, 230 
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Frank S, Caprio, M.D. & Joseph R. Berger, Helping Yourself With Self Hypnosis, Prewtice Hall In., 1974. 


I cease imposing temporary conditions in order to organize and 


program other people’s live: 
Wayne. W, Dyer, The Sky The Limit, Mortage Publication, 1988. 


I never force others to share my points of view. 
Dr Maxwell Malts, Psychocybernetis and Seif Realization, A Different World Lud, Publiations, 1970. 


Tam full of tolerance for myself and for others. 
Christian H. Godefioy, Self Confidence: The Subliminal Method, Godefroy Publications, 


(Lam a warm, open and tolerant person.) 
‘Matthew McKay and Patrick Fanning, Self Esteem, New Harbinger Publications ln, 
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Iam going to criticize less and be a little more tolerant of others, 
of their faults, their failures and errors. I will interpret their actions in 
the best light possible. 


Dr. Maxzvell Malte, Psychocybernetics and Self Realization, A Different World Lid, Publications, 1970. 


TOOTHACHE (Also see Pain) 


Ijust have to touch my —— (name the part of the body) for it to 


become numb. 
Christian H. Godefvoy, Helping Yourself Through Self Hypnosis, Godefroy Publications, 1985. 


TORMENT 


I calmly try to reduce the impact of extreme circumstances. 
Dale Carnegie, Overcome Your Worries, Flammarion, 1985 


This too will pass. 
‘i Manno, The Greatest Secret In The Worl, A ferent Worl Pres, 
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Tam learning to mentally detach myself from external turmoil. 
Vernon Howard, Psycho-Piclography, SP, 1965, 


I calmly determine what worst case scenario is that I may have to 
deal with. 


Dale Carnegie, Overcome Your Worries, Flammarion, 1944. 


I prepare myself to accept the irremediable if necessary. 
Dale Carnegie, Overcome Your Worries, Flammarion, 194. 


Inever abandon myself; I support myself when things go badly 


or start getting difficult. 
Dr. Maxwell Mate, Psycocvberetics and Self Realization, A Different Word Lid Publications, 1970. 


TOXINS 


With every out breath I rid my body of toxins. 


Louis Proto, Self Healing, Piatkus Publications, 1990. 


TRANQUILLITY 


My mind and body are tranquil. 


Pierre Nicolas, Time Is Money... And Pleasure!, Inter Publications, 1981 


Tam completely tranquil. 
Dr GR Rage, Hypnosis, Sophology and Medicine, Fayar Publication, 1973 


When I repeat the word X just once, my mind enters a state of 


rest. 
Valery Sanfo, Practical Guide To Self Hypnosis, de Veechi Publications, 1987. 


TRANSACTIONS 
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God is always present in my transactions, and I never finish a 


day without accomplishing something valuable. 
Clauie M, Bristol, Haro Sherman, Your Ter Power = TNT, A Different Worl Publications, 1958 


Infinite intelligence governs and protects all my financial trans- 
actions. 
Dr Joseph Murphy Exploit The Power Of Your Subconscious, Tho | Ariston, 1962 


TRANSFORMATION 


Today I am starting a new life. 
Christian H. Godefroy, Helping Yourself Through Self Hypnosis, Godefroy Publications, 1985 


I find it easy to transform myself. 
Sublipower, Sublicontrol, Edi Inter, 1989. 


Tam transformed. 
Dr. Joseph Murphy, Exploit The Power Of Your Subconscious, Tehou | Ariston, 1962. 


Tam a new person every minute. 
Link KrafiMacoy, 30 Days To Happiness, Stlpont, 1987 


I want everyone around me to notice my transformation. I have 
an improved attitude. I am straightening up: my muscles are firmer 


and stronger. I feel new life flowing through me. 


Henry Durville, Want To Succeed, Durville Publications, 1968. 


TRAVEL TIME 


Before going somewhere I make sure I am using the means of 
transportation that is going to save me the most time, not necessarily 


T Page 405 
—————— ee 


the one which is fastest. 
Piere Nicolas, Time Is Money... And Pleasure, ter Publications, 1981 


I try to organize my traveling time so that my mind is clear, and I 
can use it to work or think. 


Tavoid encumbrances, and only move around when I have to. 
Pierre Nicolas, Time Is Money... And Pleasure!, inter Publications, 1981 


TROUBLE 


I try not to bother too much about my troubles. 
Dr. Anthony and Mary Zaffuto, Alphagenies, Quebec - Amerique Publications, 1974 


Lavoid blaming myself for things I cannot change. 


They aren’t really important. 
Dr. Anthony and Mary Zaffuto, Alphagenies, Quebec - Amerique Publications, 1974 


Tassign a lot less time for worrying about things. 

I give myself ten minutes in the morning and ten minutes in the 
afternoon to vent my anxiety and reassess all the catastrophes I can 
think of during those time periods. 

Then I use my ability to control my thoughts and stop troubling 


myself until the next worry period. 
Wayne Dyer, Your Emogenous Zones, Thou Pres, 1976. 


Everything is fine the way itis. 


W. Clone Stone and Napoleon Hil, Sucess Through Postce Thinking, Godeioy Publications, 1978 
Tam going to auto condition my mind every morning with a posi- 


tive attitude toward each new day. 
Frank S. Caprio, M.D. & Joseph R. Berger, Helping Yourself With Self Hypnosis, Prentice Hall Inc, 1974. 


TRUTH 
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Thave the courage to look truth in the eye. 
W. Clement Stone and Napoleon Hil, Success Throws Positioe Thinking, Godefroy Publications, 1978 


I seek the truth. 


W. Clement Stone and Napoleon Hill, Success Through Positive Thinking, Godefroy Publications, 1978, 


Tam full of desire to unlearn false ideas and learn new truths. 

I don’t need to fall into any traps. Desire without hope dissolves. 
T have nothing to fear. There is enough of everything to satisfy my 
real needs. I place Truth above all else, and everything else comes to 
me. The mental struggle is useless. I just have to relax. 1 am aware, 


and I let Truth liberate me. 
Vernon Howard, Psycho-Pictography, S.LP, 1965, 


Thave to confront myself and search for truth within myself, with 
my own means, because I consider it important. 

Whether Iam aware of it or not my mind is functioning ina unique 
and natural way, based on the fundamental principle of showing me 


the truth about any situation I encounter. 
Wayne, W, Dyer, The Sky's The Linit, Mortagne Publications, 1988 


TUBERCULOSIS 


Every cell, every nerve and every muscle in my lungs is now be- 
ing purified, strengthened and perfected. My whole body is healthy 


and harmonious. 
re Joseph Murphy, The Miracles Of Your Mind, Dangles Press, 1984 


TUMOUR 
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I want my little tumor to go away. 
‘De Gaston Durcille and Dr Andre Dursile, Mental Cure, Naturist Institute Publications, 1923. 
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ULCERS (Also see Digestion) 


My body is building a protective barrier of tissue around the 
wound; the wound stops bleeding and heals up. 
My wound is no longer painful; all the reflexive reactions disap- 


pear; my stomach is calm and digests normally. 
Dr. Gaston Durie and Dr. Andre Dur, Mental Cre, Naturist Institute Publications, 1923 


My stomach digests better and better. 
Christian H. Godefioy, Helping Yourself Through Self Hypnosis, Godefroy Publications, 1985. 


UNCERTAINTY 


(When I’mnot very sure about what I'm doing I examine the con- 


sequences of each possible course of action.) 
“Matthew McKay and Patrick Fanning, Self Esteem, New Harbinger Publications Inc, 1990 


UNDERTAKINGS 


T have a clear conscience; it will surely guide me in all my en- 


deavors. 
W. Clement Stone and Napoleon Hil, Success Through Positive Thinking, Godefroy Publications, 1978 


T undertake things which I have always avoided under the pre- 


text that I didn’t understand enough about them. 


Wayne Dyer, Your Erogenous Zones, Tehow Press, 1976. 
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UNEMPLOYMENT 


All right. [haven't got a job. I have to react immediately. I’m go- 
ing to find work this week. In any case, it’s not serious. It'll do me 
good to see different things, meet different people. Because in fact, I 
didn’t really like the job I had. I was starting to get really bored. 

Tam competent. I have experience. I'm due for some luck. I am 
convinced that somewhere out there, right at this very moment, is 
my ideal job. And I'm going to find it. 


Christian H. Godefroy, Helping Yourself Through Self Hypnosis, Godefroy Publications, 1985. 


In the universal harmony where all human beings have their place, 
Thave the useful and well paying job I deserve. Thank you! 


“Marcel Auclair, The Book Of Happiness, Seuil Publications, 1959 


The god in me knows what kind of work suits me best, where it 
is, and what I must do to carry it out. May this knowledge in me 
become a living revelation to my conscious mind, so that may know 


where my real work lies, and the steps I must take to find it. 
Robert Collier, Wealth At Your Doorstep, S.LP, 1959, 


UNEXPECTED EVENTS 


I schedule the time I need to deal with unexpected events. 
Pere Nicolas, Time Is Money... And Pleasure, ter Publications, 1981 


Inever let myself get flustered. 
Paul Clement Jot, HowTo Develop Your Personal Magnets, Davgles Pres, 1982. 


UNHAPPINESS 


I stop trying to be happy. I try to understand the causes of my 
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unhappiness. 


Vernon Howard, Psycho-Pictography, S.LP, 1965. 


I believe I have the mind-power to survive all life’s frustrations, 


disappointments and misfortunes. 
Frank S. Caprio, M.D. & JosepltR. Berger, Helping Yourself With Sef Hypnosis, Prent 


Hall Ine, 1974. 


UNIFORMITY 


I remind myself that uniformity and death are the opposite of 
fulfillment. 


Wayne Dyer, Your Erogenous Zones, Tehow Press, 1976. 


UNION 


I know that an irresistible law of attraction exists and that I will 
attract a man / woman who is in harmony with my subconscious 


beliefs. I attract what my subconscious believes to be true. 
Dr. Joseph Murphy, Exploit The Power Of Your Subconscious, Tehow | Ariston, 1962. 


I know that the intelligence of my subconscious mind has united 


us in accordance with the divine order of things. 
Dr. Joseph Murphy, Exploit The Power Of Your Subconscious, Tehou | Ariston, 1962. 


Tam in union with Life, Love and Truth, because I live with God. 
1am united with all beings because the image and reflection of per- 


fect Life resides in everyone. 
R. Charles Barker, The Science Of Success, Dangles Press, 1983. 
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URINE RETENTION (Uremia) 


Ina minute I am going to empty my bladder completely. 
Dr. GR Rage, Hypnosis, Soprology and Medicine, Fayard Publications, 1973 


I will urinate tonight, and then more tomorrow. 
De. Gaston Durvile and De. Andre Durolle, Mental Cure, Naturist stitute Publications, 1923, 


URTICARIA (See Eczema, Acne) 


USED CARS 


I will find the used car I am looking for. At a good price. It is in 
excellent condition. It corresponds exactly to my needs. My subcon- 


scious mind is infallibly guiding me towards this car. 
Christan H. Gaiefro, Helping Yourself Through Self Hypnosis, Gaeioy Publications, 1985 


UTERINE BLEEDING 


My uterus is tightening; the blood vessels are closing; the flow of 
blood is stopping. 
I feel my uterus getting tighter as I tighten my fist. 


Dr. Gaston Durville and Dr. Andre Durcille, Mental Cure, Naturist Institute Publications, 1923. 


UTERINE SPASMS 


My uterus is relaxing, the pain is going away, and I feel fine. 
Dr. Gaston Durie an Dr. Andre Dur, Mentel Cure, Naturist Institute Publication, 1923 


‘sensing with diodes, 232 voltage spikes wye configuration, 181 


voltage amplifiers, 253, protection against, 71, 221 
voltage coefficient (Ve), 82 voltage-controlled resistors, 256 
voltage dividers, 56,56, 75,86, volts times amps, 141 ¥ 
163,244 VRLA (see valve-regulated lead- 
voltage multipliers, 146 acid batteries) Y configuration, 181 
voltage overload yokes, 171 
bipolar transistors and, 252 
capacitors and, 110 Ww Z 
voltage rating, 22 garni 
5, 161- wall-warts, 
eae Sterns? windings, 121, 209 Zener diodes, 221, 225, 230,231, 
function of, 161 wipers, 90, 140 2 
potential problems, 166 wire lead terminals, 45 Zener voltage, 230 
types of, 163 Wire-wound resistors, 77 zero ohm components 
use of, 165, 167 wound-rotor AC induction mo- resistors, 82 
hens tors, 198 zine-carbon cells, 8 


values for, 165 
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VACATION 


(This is good, I'll be able to relax, I'll take a vacation.) 
Louis Prot, Sel Healing, Pats Pulicatons, 190 


I try to take short vacations instead of extended ones which would 
probably exceed my real need for physical and emotional relaxation. 

I remind myself that other people have the same need for relax- 
ation as I do. 

I plan my vacations, and discuss them with my spouse and chil- 
dren. 

I know that I am not obliged to spend all my vacations with my 
family (relatives, spouse, children, etc.). 


I make sure I get a lot of free time when I’m on vacation. 
Pierre Nicolas, Time Is Money... And Pleasure!, Inter Publications, 1981 


VENGEANCE 


Inever try to do the same to my enemies as they have done to me 
because by seeking revenge I hurt myself more than the people I want 
to hurt. I follow General Eisenhower's example: I never waste even a 
minute thinking about the people I don’t like. 


Dale Carnegie, Overcome Your Worries, Flammarion, 1944 
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VERTIGO (Dizziness) 


Starting today I won’ suffer from vertigo anymore. Every time I 
feel dizzy I will think that I feel as good as on the day I (insert a 
pleasant experience). am serene, happy and confident. I can go wher- 


ever I like. I am in control of my sensations. 
Editorial Sta, Practical Health Guides, How To Stimulate Your Body's Natural Defences, Godefioy Publications, 1989, 


VICE 


Iam free of the vice that has been sapping my strength. No nega- 
tive impulses can make me renounce my freedom. They no longer 
have any power over me. I see my goal clearly, and nothing can dis- 


tract me. 
K.O. Schmidt, Success At Your Service, Astra Publications, 1986. 


VICTORY 


Tam the greatest of nature’s miracles, And nature knows no fail- 
ure, It always wins, as will I starting today. And thanks to my victo- 


ries the struggles to come will be less severe. 
Og Manaino, The Greatest Secret In The Word, A diffrent World Press, 1979, 


I embark on the path of life with a new ideal. I embark with a 
victorious attitude, and a generous and beautiful soul. I know I will 


be victorious. And I want to be worthy of my victory. 
Henry Durville,1 Want To Succeed, Durvilt Publications, 1968 


Tam a victory. 
Charles Albert Possant & Christian Godefoy, The Secret Of Beng A Milionsre, Godefroy Publications, 1987 


Vv Page 414 
a, 


I want to be victorious. 
Henry Durville,1 Want To Succeed, Durville Publications, 1968 
I want to be victorious, and to do so I must start by triumphing 


over myself. 
Henry Dural Was! To Succeed, Duro Publistions, 196. 


VIGILANCE 


(L always expect the unexpected.) 
Denis Waitley, Seeds Of Greatness, Pocket Books Press, 1984. 


Tam always vigilant for opportunities. 
Vernon Howard, Psycho-Pictorapy, Si, 1965. 


I concentrate on performing with a smooth, relaxed alertness. 
‘Dr. Marty Seldman, Super Selling Through Self Talk, Price Sern Sloan, 1986. 


VIGOR 


I see myself as a vigorous person in the best of health. 
Dr. Anthony and Mary Zaft, Alphagencs, Quebec -Ameriqle Publication, 1978 


A guaranteed way to stay young and vigorous is to first change 


my inner self. The energy will follow. 
Vernon Howard Psycho-Pictorapy, SP, 1965. 


VISION 


I relax the muscles in my eyes, in both eyes, and my vision is 
improving. 
Christian H. Godefroy. Helping Yourself Through Self Hypnosis, Godefroy Publication, 1985 
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Ican see better and better; I have excellent vision, in an intellec- 
tual, spiritual and physical sense. 

The divine spirit, which has the infinite power of healing, is now 
opening my eyes and recreating my visual faculties. My eyes are the 
instruments of perfection desired by God, and allow me to see both 
inside myself and out into the exterior world. The magnificence of 


God is revealed to me through my eyes. 
Dr. Joseph Marphy, Mastering Yourself And Others, Published by Le Jour, 1988. 


My vision is becoming clear again... I can see better and better. 
Dr. Gaston Durie and Br. Andre Dur, Mental Cure, Naturist Institute Publication, 1923 


VISION - POSITIVE 


I see with love and joy. 
Lose L Hay, You Can Hel Your Life, Hay Howse, 1988 


Visualization 


Who I see in my imagination will always rule my world. 
Denis Woitley, Sends Of Gentes, Pocket Books Pres, 1988 


lincrease my receptivity to mental images. I make them work for 


me more and more. 
Vernon Howard, Psycho-Pictography, S1LP, 1965. 


T use my senses on all mental levels as I experience the external 
world. 


Christian Godefroy, Mental Dynamics Seminar, Godefroy Publications, 1978 


Ican obtain what I want by visualizing it. 
Sublpower,Sublisucess, Edi Inter, 1989, 
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VITALITY (Also see Ambition, Dynamism, 
Enthusiasm, Beauty, Health) 


Every breath I take increases my aliveness. 


Every day that passes I feel stronger and more alive. 
Louis Prot, Self Healing, Pats Pulao, 190 


Tam overflowing with more and more energy and strength. 
Christian H. Godefroy, Helping Yourself Through Self Hypnosis, Godefroy Publications, 1985 


Tam overflowing with vitality and enthusiasm! 
Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


Tam regaining my balance and vitality. 
R.L Charente, Autosusgestion And lis Praca! Applicaton, Champs Elysees Publications, 158. 


Tam energetic and overflowing with vitality. 
I give thanks for my ever increasing health, beauty and vitality. 


‘Shakti Gawain, Creatice Visualization Techniques, Solel Publications, 1978. 


Tam strong and vital. 
Denis Waite, Sees Of Greatness, Pocket Books Pres, 1988 


My natural state is to have radiant health, boundless energy and 


vitality throughout my life. 
Lik Kraf-Macoy, 30 Days To Happiness, Stllpoin, 1987. 


VIVACITY 


Thave a pleasant and lively mind, and I find that people appreci- 
ate it because I use it a little more each day. 
Arthur Wassmer, The Art OF Making Friends And Being Happy, Belfond Publications, 1978 
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Tam intelligent, my mind is lively, alert, brilliant and amusing. 
Since my thoughts are positive, my mind creates harmonious situa- 


tions in my life. 
Sad Hetmsteter, The Power Of laner Motiaton, Plblished by Le Jour, 1987 


VOCATION (Also see Money) 


I trust my preferences to show me where my true vocation lies. 
Louis Proto, Self Healing, Piatkus Publications, 1990 


My subconscious mind will infallibly guide me to the vocation 
where I will succeed best, and which will bring me all the money I 


need. 
Charles Albert Poissant & Christian Godefroy, The Secret Of Being A Millionaire, Godefroy Publications, 1987. 


Subconscious Mind, help me discover the vocation that pleases 


me the most. 
Charles Albert Poissant & Christian Godefioy, The Secret Of Being A Millionaire, Godefroy Publications, 1987. 


VOICE 


Tam certain I won't lose my voice, not even for a moment. 
‘Marcel Rowet, Ma 


ring Your Subconscious, Dangles Press, 1982, 


I want my voice to be more confident; I want it to express my 


decisions not as commands, but rather as well thought out advice. 
Henry Durclle,1 Want To Succeed, Durville Publications, 1968 
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WAKING UP 


I wake up every morning full of joy and confidence. 
Christian H. Godefroy. Helping Yourself Trough Self Hypnosis, Godefroy Publication, 1985 


All I have to do is concentrate on a given time in order to wake 


up at that time feeling refreshed and ready to face the world. 
Christan Goefroy, Mental Dynamics, Robert Lafont Publication, 1976 


When I wake up I feel great and full of energy. 


Sublipower, Sublihealth, Edi Inter, 1989, 


Whenever I use my mental clock and sincerely want it to work, I 


wake up at the exact time I choose. 
Christian Goveiny, Mental Dynamics, Robert Lafont Publications, 976. 


Tomorrow at precisely —— o'clock I will wake up feeling re- 


freshed, and get out of bed immediately. 
KO. Schmidt, Sucess At Your Serie, Asta Publctons, 1986, 


I want to wake up at — o'clock. 
Dr Joseph Murphy Exploit The Power Of Your Subconscious, Thou | Ariston, 1962 


WARTS 


The blood vessels in my wart are contracting; the wart is no longer 
being nourished with blood, and is drying up. 


Dr. Gaston Durville and Dr. Andre Durcille, Mental Cure, Naturist Institute Publications, 1923. 
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WEAKNESS 


I give up being helpless. 


Linh Kraf-Macoy, 30 Days To Happiness, Stlpoint, 1987. 
Thave the right not to be strong. 


Christian H. Godefroy arut John Clark, How To Have More Time, Godefroy Publications, 1989. 


WEALTH (Also see Profession, Success, Value) 


This year I will double my income to $——, and in six years 


from now, that is on — (specify the date) I will be a millionaire. 
Marc Fisher, The Instant Mion, Golden Pubiatons Ld. and Godefroy Publications, 1986. 


Each day I am getting wealthier in all things. 


Robert Collier, Wealth At Your Doorstep, S.LP, 1959. 


Each day brings me closer to wealth. 

I desire to be rich. 

Tam capable of being rich. 

I want to be rich. 

My subconscious is guiding me infallibly towards wealth. 


Christian H. Godefroy, Prosperity: The Subliminal Method, Godefroy Publications, 1987. 


Every day, in all ways, Iam becoming more and more wealthy. 
Robert Collier, Welt At Your Doorstep, S., 158. 


Every day Iam more and more wealthy in everything. 
Rober Collier, Welt Ai Your Doorstep, SP, 1958. 


There is no logical reason which can prevent me from becoming 


wealthy. 
Tam getting more and more wealthy. 
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Tam becoming wealthy. 
Iam getting wealthier day by day. 


Charles Albert Poissant & Christian Godefroy, The Secret Of Being A Millionaire, Godefroy Publications, 1987. 


Thave confidence in you, my inner Guide, and from now on ev- 
erything will be fine. I feel my mental distress and the obstacles sepa- 
rating me from enjoying wealth disappearing. I feel lam flowing with 
the current of abundance, and I am moving forward with it. I know 


that with your help my wishes will be granted. 
KO. Schmidt, cess At Your Serie, Astra Publications, 1986 


Thave the right to be rich, healthy and prosperous. 


Dr. Joseph Murphy, Exploit The Power Of Your Subconscious, Tehouw | Ariston, 1962. 


I opt for the richness of life here and now. Wealth is already up- 
permost in my thoughts. Yes, I am grateful for all the wealth of my 
mind and my life. I feel wealthy. [am wealthy. lam becoming wealthier 
every day. 

All the riches of the world circulate joyously and freely in my life, 
and Iam very grateful. I know that all my needs are satisfied because 
Iaccept wealth. The world is there for me to enjoy, and Iam rich. lam 
rich because I accept being rich. I can feel all my wealth now. I feel it 
with gratitude. 

Charles Boutouin, Psychology And Practise of Autosugeestion, Mdegraph Publications, 1990, 


Tam becoming more and more wealthy. 
Charles Albert Possant& Christian Godefo, The Secret Of Beng A Milionsre, Godefroy Publications, 187 


Tam becoming wealthy. 
Charles Albert Possant& Christian Godefoy, The Secret Of Beng A Milionsre, Godefroy Publications, 1987 


Tenrich myself day by day. 


Charles Albert Poissant & Christian Godefioy, The Secret Of Being A Millionaire, Godefroy Publications, 1987. 
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I do not believe that wealth is the private domain of a selected 
few, but rather that the abundance of life offers wealth to everyone 


who creates it. 
Shad Helmstetter, The Power Of ner Motivation, Published by Le Jour, 1987 


I do things that are likely to bring me good fortune... I don’t bar- 
gain with God... I don’t set an amount that I'd like to reach... I con- 
duct my business by submitting to His impulses, knowing that He 


will give me what I firmly desire. 
Claude M, Bristol, Harold Sherman, Your lner Power = TNT, A Different World Publication, 1958 


I reflect with a positive mental attitude, and I become rich! 
The more I share what I possess with others the more my wealth 


increases. 
W. Clement Stone and Napoleon Hil, Success Through Positive Thinking, Godefroy Publications, 1978. 


Tam now a mental millionaire. 
Vernon Howard, Psycho-Pictography, S.LP, 1965. 


Tam rich. 
Charles Baucdowin, Psychology And Practice of Autosuggestion, ldegraph Publications, 1990, 


Tam a child of infinity, and wealth flows through me freely, joy- 
ously and eternally. I am enriched with happiness, peace, wealth, 
success and extraordinary sales. I seek wealth in the deepest recesses 


of my mind, and abundance is the result. 
Dr. Joseph Murphy, Miraculous Power Attracts Infinite Riches, Godefroy Publications, 1978. 


The power of ‘collective consciousness’ helps make my fortune 
and my money grow. 
I think and become rich because nothing, absolutely nothing can 


stand in my way. 
[Napoleon Hil, Think And Get Rich, Tow Ariston, 1966, 


Science / Electronics 


Components 
Signal Processing 


Encyclopedia of Electronic 


4 


Want to know how to use an electronic component? This second book of a 
three-volume set includes key information on electronics parts for your 
projects—complete with photographs, schematics, and diagrams. You'll learn 
what each one does, how it works, why it's useful, and what variants exist. No 
matter how much you know about electronics, you'll find fascinating details 


you've never come across before. 


Convenient, concise, 
well-organized, and precise 


Perfect for teachers, hobbyists, engineers, 
and students of all ages, this reference puts 
reliable, fact-checked information right at 
your fingertips—whether you're refreshing 
your memory or exploring a component for 
the first time. Beginners will quickly grasp 
important concepts, and more experienced 
users will find the specific details their 
projects require. 


«= Unique: the first and only encyclopedia set 


on electronic components, distilled into 
three separate volumes 

+ Incredibly detailed: includes information 
distilled from hundreds of sources 


Charles Platt 


Easy to browse: parts are clearly organized 
by component type 


Authoritative: fact-checked by expert 
advisors to ensure that the information is 
both current and accurate 


Reliable: a more consistent source of 
information than online sources, product 
datasheets, and manufacturer's tutorials 


Instructive: each component description 
provides details about substitutions, 
common problems, and workarounds 


Comprehensive: Volume 1 covers power, 
electromagnetism, and discrete semicon- 
ductors; Volume 2 includes integrated 
circuits, and light and sound sources; 
Volume 3 covers a range of sensing devices. 


Charles Platt's lifelong love of electronics began when he built a telephone answering machine at age 15. A 
contributing editor to Make Magazine, he wrote the widely acclaimed Make: Electronics. He's also a science- 
fiction writer (author of The Silicon Man), and a former senior writer at Wired magazine. 
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My connection to infinite being and infinite intelligence is quite 
enough for me to amass a considerable personal fortune. 
Christian H. Godefroy, Mental Techniques For Eouancal Independence, Goefioy Publications, 2983, 


My life is a free flow of infinite wealth. 
This universe is bursting with riches for every one of us. 
Infinite wealth appears easily in my life. 


Tam wealthy within and without. 
Shakti Gawain, Cente Visualization Techniques, Sle Publications, 1878, 


My affairs are improving every day. lam making progress, mov- 
ing forward, and I am richer every day. 


Dr. Joseph Murphy, The Miracles Of Your Mind, Dangles Press, 1984 


One day I will be a millionaire. 
J. Martin Kole, Your Greatest Power, A Different World Ltd, 1979 


WEIGHT 


Now that I weigh— pounds I feel fine, Ilook great and my physi- 


cal condition is excellent. 
‘Shakti Gawain, Creative Visualization Techniques, Solel! Publications, 1978. 


WELL BEING 


Tam responsible for creating my life. 
Lith Kraf-Macoy, 30 Days To Happiness, Stlpont, 1987 


There is no limit to how good I can feel. 
Louis Proto, Self Healing, Piatkus Publications, 1990. 


Thave the power to feel good. 
RichandCorvere,lseph Hart ettng Into Peychologia Shape, Les Editions de Homme, 1978 
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Tlove my body and accept it totally. 
Tove doing what makes me feel good. 


It is good to be alive on this earth. 
‘Shakti Gawain, Creative Visualization Techniques, Soleil Publications, 1978. 


I experience continual well being. 
Professor Robert Tocquet, The powers Of The Will, Godefroy Publications, 1989.¥ 


Tam at home in my body. 
LoviseL Hay, You Can Hea Your Life, Hay Howse, 1988 


I'm doing fine, intellectually, physically and financially, I feel fine, 
day and night. 


Dr. Joseplt Murphy, Mastering Yourself And Others, Published by Le Jour, 1988. 


I feel good about myself. 
Claude Arpe, Self Confidence: The Sublininal Method, Procauvi Publications, 1986. 


I feel good, really good. 


Norman Vincent Peale, When You Want, You Can!, A Different World Press, 1974. 


I feel fine. 


‘Marcel Baugin, Hypnotism, Suggestion and Telepsyche, Scientific Distribution, 1956. 


I feel better and better. 
‘Marcel Baugin, Hypnotism, Suggestion and Telepsyche, Scientific Distribution, 1956. 


I feel relaxed and happy. I feel good about myself. 


Editorial Sta; Practical Health Guides, How To Stimulate Your Body’s Natural Defences, Godefroy Publications, 1989, 


Iam completely calm... [experience a marvelous sensation of calm 
and harmony spreading through me... a feeling of indescribable joy 


flows from my heart. 
Profssor Kurt Teper, Thnk And Heal, Gadfroy Publications, 1984 


My persevering quest for the principles of truth will be sure to 
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produce an inner change which, in turn, will produce a warm feeling 


of well being. 
Vernon Howod, Psycho-Pitography, SL. 1965. 


Irefrain from doing anything that may inadvertently cause me 
harm. 


W. Clement Stone and Napoleon Hil, Success Through Positive Thinking, Godefroy Publications, 1978 


WILLPOWER 
(Also see Self Control, Self Confidence) 


Thave confidence in myself. My willpower is already very strong, 
and it is getting stronger and stronger. I want to succeed. I want to 
follow the examples of those who have attained the goals they set for 
themselves. I will persevere because I know with certitude that prop- 
erly directed willpower will succeed when itis working for a just and 


honorable goal. 
Professor Ror! Toequet, The Powers OF The Wil, Godefroy Pulicatons, 1988. 


Thave willpower... I never give in to outside influences... I don’t 
care what people may think. 


Marcel Rowet, Mastering Your Subconscious, Dangles Press, 1982. 


Thave the willpower to act. 
Jean Chartier, How To Acquire A Superior Personality, Dangles Pres, 1972 


I desire — (specify) and I am in the process of obtaining it. 
Emile Cou, Complete Works, Astra Publications, 1976 


I do not let circumstance defeat me. I control them psychologi- 


cally. 


Norman Vincent Peale, When You Want, You Can, A Different World Press, 1974 
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I can act according to my reason, and that is how I want to act. 
got, How To Develop Your Personal Maguctsm, Dangles Press, 1982 


I can encourage my mind to think ina certain way, and direct my 
actions towards accomplishing a certain project. 

When my willpower is intensified to the point where I can defy 
circumstances and realize the project I envisage, I will achieve results 


in my life which will astonish everyone. 
Franck Rudolph Young, Cyclomancia SUP, 1966 


Ican have or be anything I want as long as I have enough energy 


and willpower. 
Robert Colin Welt At Your Doorstep, SP, 1958. 


T can do it and I want to do it. 
Leon Kendal, Personal Magnetism, Godefroy Publications, 1911 


I can do it! It’s easy. I can do this task better than anyone else. 
Thanks to the power of my inner Guide no obstacle can stop me. I 
succeed at everything I do! 


K.O. Schmidt, Success At Your Serice, Astra Publications, 1986. 


I know what I want and I believe I can get it. 
Norman Vincent Peat, When You Want, You Cant, A Different World Press, 1974 


I know exactly what I want and I authorize my subconscious to 
act according to the law so that it becomes immediately manifest. 
All paths are free, all doors are open. At this very moment all my 


actions are perfect, and I will get what I want. 
'R Charles Barker, The Science Of Success, Dangles Pres, 1983, 


I feel my willpower getting stronger and stronger. 
Professor Lawrence Powers, Te Secrets OF Hypnotic Power, Godefroy Publications, 1982. 


Tam in control of my actions, my thoughts and my emotions. I 
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am free of all restraints. My willpower is getting stronger and stron- 


ger. Ihave confidence in myself and in the future. 
Professor Rotert Tocquet, The Powers OF The Wil, Godefroy Publications, 189, 


Tam a centre of conscious willpower. 
Isabelle Copano, The Powers Of the Wil, De Vec Publications, 1987 


(Lam going to develop the technique of self hypnosis in order to 
develop my willpower to improve, my desire to study, to learn and 


to make progress in all aspects of my life.) 
Frank S.Capio, MLD. & Joseph, Berger, Helping Yourself With Sef Hypnosis, Prentice Hall ne, 1978 


I want to train my willpower until it is strong enough to change 
my life. 


Poul Clement Jagot, The Power Of The Will, Dangles Press, 1973, 


I want, I can, and I am sure of myself. 
Prgessor Lawrence Pers, The Ten Secrets Of Hypnotic Power, Godfrey Publications, 1982 


I want, therefore I can. 
RL Charpentier, Autosuggeston And ls Practica! Applicaton, Champs Elysees Publications, 158. 


T want... I want... I want... 
Clause M. Bristol, Harold Sherman, Your Inner Power 


‘NT, A Different World Publications, 1954. 


Playing my role means trying to acquire the intellectual and moral 
qualities of a man of willpower. I want it with all my strength, with 
all the power I have. I want to create a beautiful future. 

My willpower is getting stronger and stronger. 

To play my role faithfully, I first develop the attitude of a person 


who is strong and who wants to succeed. 
Professor Rober! Tocquet, The Powers Of The Will, Godefiny Publications, 1989, 


My willpower is getting stronger and stronger, more and more 
powerful. 


Marcel Rowet, Techniques And Practice Of Hypnotis, Paris Productions N.O.E., 1974. 
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My willpower is consolidating. 


‘Marcel Baugin, Hypnotism, Suggestion and Telepsyche, Scientific Distribution, 1956. 


When I want to, I can. 
Norman Vincent Peale, Whew You Want, You Cant, A Different World Press, 1974. 


WINNING 


I now win all the time. 
Louis Proto, Self Healing, Piatkus Publications, 1990. 


T won! I won! I won! 


Richard Corriere, Joseph Hart, Getting Info Psychological Shape, Les Editions de ' Homme, 1979 


Thave the right to win. 


Christian H. Godefroy and Jol Clark, How To Have More Time, Godefroy Publications, 1989 


I know that everything depends on me, and nothing but me. Ev- 
erything will depend on the way I see things, and on what I do. That's 


what success is all about, and that’s why I always win. 
‘Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


I play to win. 
Charles Abert Possant& Christian Gadefoy, The Secret Of Beng A Milionsre, Godefroy Publications, 1987 


I’m a winner. I’m a winner. 
Denis Waitley, Seeds Of Grentuess, Pocket Books Press, 1984. 


I’m a winner. I'm a likable person, I’m enthusiastic, warm and 
honest, the type of person people like to be with. 

Every day my personality becomes stronger and more radiant, 
revealing ever more clearly the positive, optimistic spirit that ani- 
mates all my actions. 

Shad Helmsetter, The Power Of liner Motivation, Published by Le four, 1987 
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My ability to become a full time winner depends entirely on my 
determination to want to think like a winner, and erase all self im- 
ages of being a loser that I may have accumulated in the past. My 
capacity for being a person with No Limits, and reaching beyond even 


my own wildest dreams is entirely in my own hands. 
Wayne. W Dyer, The Sky The Limit, Mortage Publication, 1988 


Tam a winner in my life. I am not a victim, I’m a winner! 
‘Shad Helmstetter, The Power Of Inner Motivation, Published by Le Jour, 1987. 


WISDOM 


Now joy, wisdom and the peace of God are uppermost in my 
mind. 


Dr. Joseph Murphy, These Truths Will Change Your Life, Published by Le Jour, 1982. 


With God everything is possible. All powerful God is the spirit 


living in me, and the source of all wisdom and enlightenment. 
Dr Joseph Murph, Mastering Yourself And Otters, Published by Le our, 1958. 


I trust myself and believe in my innate wisdom. 
Link Kraf-Macoy, 30 Days To Happiness, Stlpont 1987 


I pray every day, not to amass more wealth, but to become wiser 
so that I can recognize and benefit from the abundance of goods which 


are always in my possession, and take pleasure in them. 
W. Clone Stne an Napoleon Fil, Sucess Through Postve Thinking, Godefroy Publications, 1978 


I am wiser than I think. When I rid my mind of false notions, 


wisdom surges upward like an underground spring. 
Vernon Howard, Psycho-Pictography, S.LP, 1965. 


Tam full of the wisdom of divine life. 
Dr. Joseph Murphy, Exploit The Power Of Your Subconscious, Tehou | Ariston, 1962. 
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Tama balanced being of love. Creation is my playground. I open 
to my inner wisdom and live it every day. 
Burbaro J. Gress, Personal Power Cards, Alan Publishing, 1991 
My heart contains perfect wisdom. 


‘Shakti Gawain, Creative Visualization Techniques, Soleil Publications, 1978. 


WISDOM - SUBCONSCIOUS 


My subconscious knows exactly what is good for me, and what 


can help me in life. 
ChvstianH. Godefroy. Helping Yourself Through Self Hypnosis, Godefroy Publications, 1985 


WISH 


It’s okay to ask for what I want - and get it. 
Louis Proto, Self Healing, Piatkus Publications, 1990 


(specify your wish) will come to me easily and without 
effort. 


Shakti Gawain, Crevice VeualizatonTeclnques, Sle Publications, 1878, 
Life is a self fulfilling prophesy; I won't necessarily get what I 


want in life, but in the long run I will usually get what I expect. 
Denis Waitley, Seeds Of Grentuess, Pocket Books Pres, 1984. 


WIFE 


My wife wishes to be loved and respected as a person. 
Frank S. Caprio, MLD. & Joseph, Berger, Helping Yourself With Sef Hypnosis, Prentice Hall nc, 1978 
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WONDER 


I never lose my sense of wonder about life. 
Dr. Maxwell Maltz, Psychocybernetics and Self Realization, A Different World Lid, Publications, 970. 


WORK (Also see Reward, Salary, Worth) 


Today I'll finish all the work I have joyously and easily. Every- 
thing I have to do interests me. My mind is constantly present and 
alert; Lam ready to use the opportunities this work, or any other week 


provide, to do my best to succeed. 
KO. Shit, Sucess At Your Serie, Asta Publications, 1986 


In my life work and play are the same. 
Shakti Gren, Reflections Iu The Light, New World Library, 1978 


I like my job, my colleagues and my responsibilities. Through 


them I add value to life, and thus I become useful to God. 
R. Charles Barker, The Science Of Success, Dangles Press, 1983 


Ilike my work, therefore my work likes me. 
Charles Albert Possant& Christian Godefoy, The Secret Of Being A Milinare, Godefroy Publications, 1987 


Ilike my work. It fulfils me on both a creative and financial level. 
‘Shakti Gwonin, Creative Visualization Techniques, Soleil Publications, 1978, 


I choose to do this because it is in my best interests, based on the 
current realities and my current goals. No one is forcing me to do 
this, and I don’t ‘have to’ do it. I’ve assessed the consequences and 


alternatives and on that basis I choose to do this. 
Dr. Marty Seldman, Super Selling Through Self Tl, Price Stern Slomn, 1986. 


Imake my work an exercise in concentration: I do it consciously, 
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with interest, and I apply myself body and soul. In no time at all my 
work becomes a pleasure. Instead of being bored, I discover new 
sources of interest and opportunities for success in my work that I 


had no idea existed until now. 
K.O. Schmidt, Success At Your Serice, Astra Publications, 1986. 


I find my work more and more fulfilling. 
Christian H. Garou, Helping Yourself Through Self Hypnosis, Godefroy Publication, 1985 


I'm happy in my work. 


Emrika Padus, Encyclopedia of Emotions Arad Health, Edi Inter, 199 


I work well. 
Editorial Staff, Practical Health Guides, How To Stimulate Your Body's Natural Defences, Gadefioy Publications, 198, 


My work is interesting and easy, and I do it with pleasure. Prob- 
lems are made to be overcome. I will see things through. And I have 
the strength to do even better. Not only does my work provide me 


with real benefits, it also enriches my mind. 
K.O. Sohmidt, Success At Your Serice, Astra Publications, 1986. 


My work is a joy and a pleasure. 
Louis Prot, Sl Healing, Pats Plicatons, 190, 


When I think about my business and the office I am filled with 


love and joy, inner peace and harmony. 
Dr Joseph Murpy, Mastering Yourself And Others, Published by Le our, 1958. 


All my work bears fruit in accordance with the divine order of 
things. 


Dr. Joseph Murphy, Exploit The Power Of Your Subconscious, Tehou / Ariston, 1962. 


All work becomes simple and pleasant for me. 
Ru. Charpentier, Autosuggestion And ls Practica! Applicaton, Champs Elysees Publications, 158. 
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Want to know how to use an electronic component? This second book of a 
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+ Incredibly detailed: includes information 
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Easy to browse: parts are clearly organized 
by component type 


Authoritative: fact-checked by expert 
advisors to ensure that the information is 
both current and accurate 


Reliable: a more consistent source of 
information than online sources, product 
datasheets, and manufacturer's tutorials 


Instructive: each component description 
provides details about substitutions, 
common problems, and workarounds 


Comprehensive: Volume 1 covers power, 
electromagnetism, and discrete semicon- 
ductors; Volume 2 includes integrated 
circuits, and light and sound sources; 
Volume 3 covers a range of sensing devices. 


Charles Platt's lifelong love of electronics began when he built a telephone answering machine at age 15. A 
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CAN $3199 
1.4493-3418-5 


SMs34 085! 


vat 


52a 99 
IM 


9 


Make: 


makezine.com 


= 
» 
a 
is] 
a 
< 
& 
3 
i=" 
i 
g 
i 
i 
: 
Ss 
3 
: 
ha] 
2 
8 
=z 
z 
2 
=z 
m 
J 
> 


Charles Platt with Fredrik Jansson 


ten 


Encyclopedia of -pi- 


Electronic 
Components 


Signal Processing 
LEDs « LCDs « Audio - Thyristors 
Digital Logic - Amplification 


Make: 


makezine.com 


w Page 43: 


WORRY 


Instead of worrying about being afraid, I am going to do some- 
thing about it. am going to read various books explaining the psy- 
chology of fear. I am going to learn the difference between normal 
and abnormal fears. If I understand the facts about various fears I 


will be more successful in overcoming them. 
Frank S, Caprio, M.D. & Joseph R. Berger, Helping Yourself With Self Hypnosis, Prentice Hall Inc, 1974 


God is watching over me, and that’s wonderful! 
Dr. Joseph Murphy, These Truths Will Change Your Life, Published by Le Jour, 1982 


I describe the things around me to myself. While I do that I stop 


thinking about my worries. 
Jean-Marie Bosvrt and Madeline Beaudry, Self Affrmation and Conmuniaton, Godefroy Publications, 1978 


Iam getting stronger day by day. At the same time all my worries 
and fears, all my inner problems are dissolving. I am strong and free. 
Thave all the energy of my Guide at my disposal, and S/He will surely 


lead me to my goal. My goal is near, and I will succeed! 
KO. Shit, Sucess At Your Serie, Astra Publications, 1986 


I don’t want to worry about that now; I'll worry about it tomor- 
row. 
Dr. Maxwell Mats, Psychocybernetics and Self Realization, A Different World Lud. Publications, 1970 


Stop! Fear and worrying are a waste of time and energy, and they 


block me from using my skills. 
Die Marty Seliman, Super Selling Though Self Talk; Price Stern Sloan, 1986 


God is the light shining on my path; Iam no longer groping, trem- 
bling with vain hopes, I see no seeds of worry or struggle on my 
path, but only seeds of joy and love of life. 


Robert Collier, Wealth At Your Doorstep, $.LP,, 1959. 
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Teliminate worrying, the major consumer of wasted time, as much 


as possible. 
Christan H.Gotefroy and Jol Clark How To Have More Tine, Godefroy Publications, 1989 


I count my reasons for being happy instead of unhappy. 


Dale Carne; come Your Worries, Flammarion, 1944. 


Worries and negative thoughts slide off me like water off a duck’s 
back. 


Christian H. Godefroy, Positioe Thinking: The Subliminal Method, Godefroy Publications, 1987. 


My mind is free of all worry. 


Francoise and Michel Moine, Develop Your Psi Powers, Stock Editions, 1982 


My mind is free of doubt and worry. 
Since these words come from my soul, they erase all my negative 


thoughts and negative feelings. 
Dr. Joseph Murphy, Mastering Yourself And Others, Published by Le Jou, 1988. 


No matter what happens or doesn’t happen to me today there is 


one thing I am sure of: I want to get the most I can out of this day. 
COrison Swett Marden, The Joy Of Living L2H, [eheber Publications 


Two months from now I will have completely forgotten this set- 
back, so why should I worry about it today? 
Why not assume the attitude I'll probably have in two months 


right now? 
Dale Carnegie Overcome Your Worries, Flammarion, 1954. 


From now on the setbacks in life no longer affect me. If I am as- 
sailed by doubt, fear and worry, I know that my faith will overcome 
them. 


Dr Joseplt Murphy, Mastering Yourself And Others, Published by Le Jour, 1988. 


If am sometimes assailed, pursued, haunted by harmful and 
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unhealthy thoughts, by fears, phobias, temptations or resentment, I 
know they will fade away gradually, seeming to melt from my mind, 
growing faint like a distant cloud which will soon disappear com- 
pletely. 

As dreams disappear when I awaken, so will all these vain im- 


ages disappear as well. 
Emile Cone, Complete Works, Asra Publication, 1976 


WORTH (Also see Wealth, Work, Salary) 


Today I will multiply my worth a thousand times. 
x Mandivo, The Greatest Secret In The Worl, A frent World Pres, 1978 


Every day I multiply my worth a hundred times, and my success 
grows asa result. 

Day by day, in all ways, Tam becoming better and better. All ar- 
eas of my life are enriched, because I multiply my worth a hundred- 
fold. 


Charles Albert Poissant & Christian Godefroy, The Secret Of Being A Millionaire, Godefroy Publications, 1987. 


Tam aware of my worth. 
Claude Argel, Self Confidence: The Subliminal Method, Procauoi Publications, 1986 


Thave worth because I struggle to survive. 
Matthew McKay and Patrick Fanning, Self Esteem, New Harbinger Publications bn., 1990. 


Tevaluate my real worth by asking how good I feel about myself. 
Recognizing my own worth is the beginning of a mature accep- 


tance of myself and others. 
‘Dr. Maxwell Mats, Psychocybernctics and Self Realization, A Different World Lid. Publications, 1970 


I believe I am unique and special. 
Denis Woitley, Seeds Of Greatness, Pocket Books Pres, 1988 
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Tam a rare, exclusive, different, unique individual on this earth. 


These attributes give me enormous worth. 
Zig Ziglar, Rendez-vous At The Top, A Different World Publications, 1975 


Tama worthy person. 
Alan: Houel, How To Deal With Difcule People, Godefiay Publications, 1990 


Tam unique and unlimited. 
Jean-Marie Boiswert and Madeline Beaudry, Self Affirmation and Communication, Godefroy Publications, 1979, 


Tam unique. My worth is multiplying, allowing me to do a job 
which I like and which pays very well. 


Charles Albert Poissant & Christian Godefroy, The Secret Of Being A Millionaire, Godefroy Publications, 1987. 


(I deserve to be who I am.) 
Shakti Grea, Reflections In The Light, New Word Library, 1978 


The best way to increase my worth is to improve my self image. 
Charles Albert Possnd& Christian Godefoy, The Secret Of Beng A Milionare,Goefray Publications, 187 


The more I realize my true worth, the more everybody respects 


me. 
Louis Proto, Self Healing, Piatkus Publications, 1990. 


Whatever anyone says or does to me, I remain a worthy person. 
Alan Howel, How To Deal With Difficult People, Godefioy Puiications, 1990. 


WOUNDS (Also see Pain, Numbness) 


Now the pain is disappearing from my —— (name the part of the 
body) and my blood is coagulating rapidly. The pain is diminishing 
rapidly. I won't feel any more pain for half an hour. It will disappear 
completely. Now I’m going to count to five. And on the count of five 
my pain will disappear completely for half an hour (or substitute the 
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desired period). One, two, three, four, five! 
Christian H. Godefroy. Helping Yourself Through Self Hypnosis, Godefroy Publications, 1985 


WRINKLES 


Tam relaxing the muscles in my face... in my forehead... I feel a 
cool wave of relaxation... 

Every time I feel myself getting tense or upset... I will think of the 
word serenity... and immediately all the muscles in my face will re- 
lax. 

My face will look younger... it is going to look younger... releas- 
.. relaxing all my features will prevent wrinkles from forming... 
smooth over those that are already there... and chase away my wor- 
ries. 


Marcel Rouet, Mastering Your Subconscious, Dangles Press, 1982. 
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YOUTH 


I do not accept the passive lifestyle of many elderly persons. I 
live an active life. 
I refuse to always think about the past, as too many elderly per- 


sons do. am alive today; I live in he present moment. 
Dr. Manel! Mat, Psychocveretics ad Self Realization, A Different Word td Publications, 2970. 


Tam going to remain young in mind and heart by finding new 


pleasures, new interests and new friends. 
Frank 5. Caprio, MLD. & Joseph, Berger, Helping Yourself With Sef Hypnosis, Prentice Hall nc, 1978 


My body is getting younger and more vigorous. I am regaining 
(or maintaining) optimum use of my bodily functions. My hearing, 
my vision and my memory are becoming more and more efficient 
and healthy. I am in excellent health. My face looks younger every 
day, and I'm looking better and better. I feel more and more young, 
more and more relaxed, more and more healthy. I am regaining my 
youthful enthusiasm and sense of curiosity. Youth. Youth. Youth. I 
am more and more energetic, creative, and young in body and mind. 
Christian H. Godefroy, Helping Yourself Through Self Hypnosis, Godefroy Publications, 1985. 
(Ican be whoever I want to be with total support. I can go fast or 
slow - it’s my choice.) 


Barbara J. Gress, Personal Power Cards, Aslan Publishing, 1991 


I’m losing weight... I am happy to feel so good about myself... 


Y Page 438 
OOOO 


day by day everything is getting better... my skin is supple... I feel 
younger and younger... slimmer and slimmer... full of newfound en- 
ergy. 


Professor Kurt Tepperwein, Secret Techniques Of Hypnosis, Godefroy Publications, 1981 
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ASSISTANCE - SPIRITUAL 
ASSOCIATES. 
ASSURANCE (Also 
ASTHMA 
ASTHMA ATTACK 
AUDACITY (Also see Courage)... 
AUTOSUGGESTION (Also see Hypnosis) 
AVAILABILITY ice 
AWARENESS (See Self Awarenes 
BAD CHARACTER 
BAD HABITS (See Habits - Negative 
BACKACHE... 
BALANCE (Also si 
BALDNESS 
BEAUTY (Also see Health) 
BEHAVIOR 
BEING.. 
BELIEF... 
BELONGING.. 
BENEVOLENCE (Also 
BEST wise 
BIRTHING 
BLAME 
BLESSING 
BLISS.. 
BLUSHING 
BODY... 
BOREDOM 
BOWLING 
BRAGGING 
BRAVERY (Als 
BREAKING UP 
BREASTS... 
BREATHING .. 
BRIDGE... 
BUDGET. 
BUSINESS (Also si 


.e Self Confidence) 


2 Peace, Strength, Wisdom, Health, Harmony) 


Sincerity) 


ee Strength, Courage) 
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BUYING 
CALM (Also see Self Control). 
CANCER 
CARDIAC TROUBLE .. 
CARE... 
CAREER. 
CHALLENGE 
CHANGE (Also see Habit) 
CHARM (Also see Slimness, Health, Sincerity) 
CHILL.. ante 


CHOICE OF PROFESSION 
CIRCULATION (Also see Anemia} 
CIRCUMSTANCE. 

CLARITY .. 


CLIENTS 
COLD (Common) 
COLIC (Biliary or Hepatic) 
COMFORT (Feeling At East 
COMMITMENT 
COMMUNICATION (Also s 
COMPANY 
COMPASSION .. 
COMPETENCE (Also see Money, Skill 
COMPETITION : 

COMPLEX 
COMPLEX - INFERIORITY . 
COMPLEX - SEXUAL 
COMPLIMENTS 
COMPOSURE. 
COMPREHENSION 
CONCENTRATION (Also see Delegating) 
CONFIDENCE .. 3 
CONFIDENCE IN THE FUTURE..... 
CONFIDENCE - SELF (See Self Confidence) 
CONFORMING 
CONGRATULATIONS . 
CONSENSUS. 
CONSIDERATION (Also see Respect) 
CONSTIPATION és 

CONSTRAINT .. 


Confidence, Tension) 


Encyclopedia of 
Electronic 
Components 
olume 2 


Charles Platt 
with Fredrik Jansson 


€D MAKERMEDIA 


SEBASTOPOL, CA 


Page 442 


CONTACT 
CONTRACT 
CONVERSATION 
CONVICTION... 
COOPERATION (Also see » Help) 
COUGH 
COURAGE (Also see Dynamism, Resistance, Energy, Enthusiasm, 
Strength, Bravery) 
COURTESY 
COWARDICE (See Lying, Laziness) . 
CREATIVITY (Also see Sensitivity, Love) 
CREDIT s 
CRISIS 
CRITICISM 
CURIOSITY 
DANGER 
DEAFNESS 
DEBT (Also 
DECISIONS 
DEFEAT..... 
DEFEATISM 
DEFENCE 
DEFIANCE 
DELEGATING 
DEPENDENCE 
DEPRESSION 
(Also see Conditioning, Confidence, Happ s, Health, Abundance, 
Optimism) 
DERMATOSIS 
DESIRE... 
DESIRE - SEXUAL (See Sexual Desire)... 
DESTINY. 
DETERMINATION (Also see Energy) 
DIALOG. 
DIET (Also see Hygiene, Negative Habits) 
DIFFERENCE oe 
DIFFICULT TASKS . 
DIFFICULTY (Also see Worry) 
DIGESTION (Also see Appetite, Stool) .. 
DIGNITY 3 2 
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DIPLOMA 
DIRECTING OTHERS...... 
DISAGREEMENT (Also see Feud) 
DISAPPOINTMENT... 
DISAPPROVAL 
DISCIPLINE (Also see Lazin 
DISCOMFORT... 
DISCOURAGEMENT ... 
DISCUSSION... 
DISOBEDIENCE 
DISORDER (Also see Discipline, Laziness) 
DISSATISFACTION 3 
DISTRACTION 
DISTRESS 
DOUBT (Also see Self Confidence) 
DREAMS (Also see Fear of the Unknown) 
DRIVING a 

DRUG ADDICTION 
DRUGS .. 
DUTY... 
DYNAMISM (Mental - Also see Ambition, Enthusiasm, Vitality) 
DYSFUNCTION (Organ) 
DYSPEPSIA. 
EASE ws 
ECONOMIZING 
ECZEMA (Also see Acne, Urticaria) . 
EDUCATION. 
EFFICIENCY .. 
EFFORT 
EGOISM . . 
ELIMINATION (Bowel Movement) .. 
ELOCUTION .. a 
EMOTION 
EMOTION - NEGATIVE . 
(Also see Fear, Anxiety, Nervousness) 
EMOTIONAL SCARS .. 
EMPHYSEMA (Also see Asthma Attacks) 
ENCOURAGEMENT... 
ENDURANCE (Also see .e Dynamism, Courage) 
ENERGY (Also see Courage, Determination, Strength, Vitality, Health)112 


Disorder) 
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ENERGY - CREATIVE 
ENERGY - VITAL 
ENJOYMENT 
ENLIGHTENED MIND. 
ENTERITIS. 
ENTERPRISING SPIRIT 
ENTHUSIASM (Also see Ambition, Dynamism, Vitality, Energy, 
Courage). on 
ENURESIS (Bedwetting) 
ENVY... 
EQUILIBRIUM (See Balance) 
EQUANIMITY .. 
ERRORS (See Mistakes) 
ESTEEM (Also see Self Esteem’ 
EVOLUTION .. 
EVOLVING 
EXAMS... 
EXCHANGE 
EXCUSES 
EXERCISE (Also see Obesity, Nutrition) 
EXPERIENCE 
EXPRESSING ONESELF (See Self Expression) 
FAILURE ‘ 
FAILURE (In School. 
FAITH (Also see Fear) . 
FALSE BELIEFS. 
FAMILY LIFE... 
FASCINATION 
FATIGUE 
FAULTS... 
FEAR (Also see Emotional Paraly 
Rejection) 
FEAR OF ANIMALS 
FEAR OF DEATH 
FEAR OF ELEVATORS 
FEAR OF EXAMS (Also see Stagefright) 
FEAR OF FAILURE (Also see Disapproval 
FEAR OF FLYING : 
FEAR OF REALITY 
FEAR OF REJECTION . 


Anxiety, Nervousness, Guilt, 
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FEAR OF THE DARK 
FEAR OF THE FUTURE .. 
FEAR OF THE OPPOSITE SE! 
FEAR OF THE UNKNOWN 
FEAR OF VEGETABLES... 
FEAR OF WATER 
FEELINGS és 
FEELINGS - NEGATIVE 
FEELINGS - POSITIVE 
FERMENTATION (Intestinal). 
FEUDING 


FINANCE 
FIRMNESS 
FLAB. 
FORCE OF NATURE. 
FOREIGN LANGUAGES . 
FORGIVENESS (Also see Resentment) 
FORESIGHT 
FORTUNE 
FOUNTAIN OF YOUTH 
FRANKNESS (Condor) 
FRATERNITY 
FREEDOM 
FREE TIME 
FRIENDSHIP... 
FRIGIDITY 
FRUGALITY 
FRUSTRATION 
FULFILLMENT 
FUTURE..... 
GAMBLING (Games Of Chance) 
GASTRITIS {iniiamnatory) 
GENEROSITY 
GIFTS (Talents). 
GOALS (Aims) .. 
GOLF... 
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GOOD HUMOR. 
GOODNESS. 
GRATITUDE 
GREED .. 
GRIEF (Also see Forgiveness) . 
GRIEVANCES 4 
GROWTH. i 
GROWTH - PHYSICAL. 
GUILT (Also see Fear, Rejection) 
HABIT .... 
HABITS - NEGATIVE (Also see Diet, Habit, Hygiene) .. 
HABITS - POSITIVE 
HAR... 
HAIR LOSS 
HALITOSIS 
HANDICAP. 
HAPPINESS (Also see Love of Self, Confidence, Intimacy 
HARMONY 8 i 
HARMONY - CONJUGAL 
HARMONY - FAMILIAL . 
HARVEST 
HATE (Also see Love). 
HEALING ae 
HEALTH - GENERAL (Also see Beauty, Vitality, Confidence, 
Happiness, Looking Good, Slimness, Charm, Balance, Harmony, 
Self Expression, Peace, Success, Prosperity, Love of Life, Energy) 


HEART ATTACK (See Tachycardia) .. 
HELP (Also see Cooperation) .. ‘ 
HESITATION. 
HINDRANCES.. 
HOMEWORK (Als 
HOMOSEXUALITY 
HOME ... 
HONESTY (Also see Frankné 
HONOR... i 
HOPE... 
HUMILIATION 
HUMOR 


see Studie: 


ss, Sincerity) 


HYGIENE (Also see Negative Habits, Dieting) 
HYPERTENSION. ined 
HYPNOSIS 
IDEALS... 
IDEAS... 
IDEAS - LUCRATIVE. 
IDEAS - NEGATIVE 
IDEAS - PRECONCEIVED 
IDENTITY 
IGNORANCE (Also see Sickness)... 
ILLNESS (Also see Pain, Tgnofnat) 
ILLUSION 
IMAGINATION 
IMMUNITY 
IMPASSE 
IMPATIENCE 
IMPOTENCE (Also see Premature 
IMPULSE - NEGATIVE .. 
INCOME 
INDECISION . 
INDEPENDENCE. ® 
INDEPENDENCE - FINANCIAL ... 
INDIGESTION .. 
INDIVIDUALITY. 
INFARCTUS .. 
INFERIORITY (See Complex) 
INFLUENC 
INFORMATION. 
INNER DIALOG 
INNER GUIDE .. 
INNER PEACE... 
INNER STRENGTH (See Strength - Inner) 
INSOMNIA B 
INSOMNIA - CHILDREN 
INSPIRATION (Also see Creativity, Optimi m) 
INTELLECT 
INTELLIGENCE (Also sce Self Confidence) . 
INTIMACY 
INTRANSIGENCE .. 
INTRODUCTIONS .. 


Ejaculation} 
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INTUITION 
INVESTMENT. 
INVOLVEMEN 
IRRITATION... 
ISOLATION 
JEALOUSY 
JOBS (Also see Remuneration) 
JOIE DE VIVRE (See Love Of Life) 
JOY ween 
JUDGMENT (Also 
JUSTICE. 
JUSTIFICATION 
KLEPTOMANIA (Also see Honesty) 
KNOW-HOW 
KNOWLEDGE .. 
LACK... 
LAUGHTER i 
LAZINESS 00(Also see Cowardice, Lying, Disorder, Discipline 
LEARNING (Also see Knowledge)... 
LEARNING WHILE ASLEEP .. 
LEISURE 
LESIONS a 
LEVEL HEADEDNESS 
LIFE 
LIKABILITY 
LIMITATION .. 
LISTENING 
LOGIC... ne 
LOOKING GOOD (Also see Weight, Losing Weight, Health) 
LOSING WEIGHT (Also see Strength, Body Fitness) 
LOST OBJECTS ae 
LOVE (Also see Success, Happines: i 
LOVE - FILIAL (Also see Creativity, Sensitivity, Optimism, Peace, Joy, 
Tenderness) bi 
LOVE LIFE ‘ 
LOVE OF LIFE (Also see Prosperity, Happiness, Self Confidence, 
Courage, Peace, Love)... 
LOVE OF SELF. 8 
(Also see Self Confidence, Self Esteem)... 
LOYALTY... 


Action, Memory) 
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LUCIDITY (Also see Self Control)..... 
LUCK (Also see Money) 
LUNG DISEASE, 
LYING (Also see Cowardice, Laziness) . 
MAGNETISM (Also see Influence)... 
MAIL 
MANAGEMENT .. 
MANAGEMENT - MONEY. 
MANAGEMENT - TIME 
MARRIAGE 
MATURITY 
MEDICAL TREATMENT . 
MEDITATION 
MEETING PEOPLE 
MEETINGS, 
MELANCHOLY 
MEMORY (Also see Concentration, Fudgment, Willpower) 
MENOPAUSE : 
MENSTRUATION 
MENTAL CONTROL .. 
MENTAL FACULTIES (Also see Concentration) . 
MENTAL FATIGUE... 
MENTAL PROJECTION 
MENTAL RETREAT..... 
MERIT .. 
MIGRAINE (Also see Emotion)... 
MIND (Also see Memory, Concentration) .. 
MIND PROJECTION .. 
MIRACLES 
MISOGYNY 
MISTAKES 
MISTRUST 
MISUNDERSTANDING 
MODERATION (Also see Discernment) . 
MONEY (Also see Business, Luck, Competence, Creation, Projects, 
Debts, Vocations). 2 
MOODS. 
MOROSITY 
MOTIVATION 
MOTIVATION - SCHOOL 
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MOVING 
MUSCLES 
MUTUAL AID 
MYOPIA (See Nearsightedn 
NAIL BITING 
NATURAL 
NEARSIGHTEDNESS .. 
NEED 
NEGOTIATING — 
NERVOUS BREAKDOWN (Also see Nervousness) . 
NERVOUSNESS (Also see Agitation, Anxiety, Fear, Nervous 

Breakdown) .. 
NERVOUS SYSTEM 
NEW BEGINNING. 
NOISE.... 
NOSTALGIA. 
NOVELTY 
NUMBNESS. 
NUTRITION 
Obesity (Also see Nutrition, Physical Exercise) 
OBJECTIVES (Also see Goals, Self Control) .. 
OBJECTIVES - FINANCIAL 
OBLIGATION a 
OBSESSION 
OBSTACLES 
OFFERING .. 
OPINIONS 
OPPORTUNITY 
OPTIMIZING 
OPTIMISM (Also see Depression, Inspiration, Positive Thinking) 
OPULENCE 
ORDER 
ORGANIZATION (Also see Efficiency) 
ORIENTATION (See Choice of Profession) 
ORIGINALITY .. 
OUT OF BODY EXPERIENCE 
OVERWORK .. 
PACE.. ‘ 
PAIN (Also see Hepatic Colic, Illness, Wounds, Anesthesia). 
PARALYSIS 5 4 


PARTNERSHIP 
PASSION 
PATIENCE (Also see Understanding) 
PEACE (Also see Joy, Love, Wisdom, Prosperity 
PEACE OF MIND oe 
PERFECTION 
PERFECTIONISM ‘i 
PERFORMANCE (Also see Self Image) 
PERFORMANCE - SPORTS. : 
PERSEVERANCE 
PERSONAL AFFAIRS .. 
PERSONAL DEVELOPMENT 
PERSONALITY 
PERSUASION 
PESSIMISM 
PHOBIAS (Also see Fear, Negative Thoughts) 
PHYSICAL STRENGTH (See Strength - Physical, 
PLANNING (Also see Money) 

PLANS... : 
PLAY... 
PLEASING OTHERS 
PLEASURE 
PLEASURE - SEXUAL 
PLEURISY 
POSITIVE MENTAL ATTITUDE 
POSSESSION .. 
POSSIBILITY .. 
POTENTIAL 
POVERTY 
POWER (Also see Self Confidence’ 
POWER - PSYCHIC 
POWER - SPIRITUAL 
POWER - SUBCONSCIOUS. 
PRAISE. 
PRAYER. 
PRECAUTIONS 
PREGNANCY 
PREJUDICE 
PREMATURE EJACULATION (Also see Impotence) 
PREOCCUPATION...... sue 
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PRESSURE 
PRIDE 
PRIORITIES 
PROBLEMS 
PROCRASTINATION .. 
PRODUCTION.. 
PRODUCTIVITY 
PROFESSION (Also see Wealth). 
PROFIT... 
PROGRESS. 
PROJECTS (Also see Debt, Money) ... 
PROMISES .. 
PROMOTION 
PROSPERITY (Also 
Peace, Succes 
PROTECTION 
PSYCHIC SHIELD 
PUBLIC SPEAKING 
PUBLISHING 
PULMONARY DISEASE (See Lung Disease) 
PUNCTUALITY 0 ees 
PURIFICATION 
QUALIFICATIONS 
QUALITY... 
QUALITY OF LIFE . 
RADIANT 
REACTION 
READING 
REALIZATION 
REALIZATION - SELF. 
REALISM 
REBIRTH . 
RECEPTIVITY 
REFLECTION 
REFUSAL 
REGULARITY - ABDOMINAL 
REGULARITY - RESPIRATORY .. 
REJECTION 
REJOICING 
RELATIONS - COMMERCIAL 


e Happiness, Budget, Love Of Life, Health, 
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RELATIONS - FAMILY 
RELATIONS - HARMONIOU 
RELATIONS - HUMAN 
RELATIONS - PERSONAL 
RELATIONS - PROFESSIONAL... 
RELAXATION 
RELAXATION - DIGESTIVE 
RELAXATION - MENTAL (See Inner Peace) 
REMUNERATION (Also see Job 
REPARTEE .. 
REPRESSION 
REPROACH 
RESENTMENT (Also 
RESOURCES... 
RESPECT (Also 
RESPONSIBILITY 
REST (Also see Sleep). 

REST - MENTAL 8 
RESULTS (Also see Work) 
RESULTS - SCHOLASTIC 
RETIREMENT 
REVENUE (See Income) . 
REWARD 
RICHES (See Wealth) .. 
RISK... 
RIVALRY 
ROUTINE 
SADNESS 


e Forgiveness) 


e Consideration 


Work, Value) 


SALES - REAL ESTATE 


SATISFACTION 
SAVINGS 
SCHOOLWORK. 
SECURITY. 
SEDUCTION . 7 iy ms 
SELF ACCEPTANCE (Also see Self Confidence, Self Expre: 
SELF AFFIRMATION... — a 

SELF AWARENESS ...... 
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SELF CONFIDENCE (Also see Self Esteem, Self Control, Competence, 
Depression) 
SELF CONTROL (Also see Objectives, Calm, Self Confidence, 
Willpower) . ae " 
SELF CRITICISM . 
SELF ESTEEM (Al: 
SELF EVALUATION .... 
SELF EXPRESSION (Also see Selt Acceptance, Self Confidence, Health, 
Happiness) a 
SELF FORGIVENESS .. 
SELF HEALING 
SELF HYPNOSIS 
SELF IMAGE . 
SELF IMPROVEMENT . 
SELF LOVE (See Love Of Self) 
SELF PUNISHMENT .. 
SELF REJECTION 
SELF RESPECT. 
SELF SUFFICIENCY 
SENSATION ... 
SENSE OF SMELL 
SENSES... 
SENSITIVITY . 
SENSUALITY 
SERENITY 
SERVICE... 
SETBACKS 
SEXUAL BLOCKS 
SEXUAL DESIRE .. 
SEXUALITY 
SHARING 
SHORTNESS OF BREATH (Also see Breathing, Smoking) 
SINCERITY (Also see Benevolence, Warmth, Honesty) 
SKIN . 
SLANDER... 
SLAVERY es 
SLEEP (Also see Rest) .. 
SLIMNESS (Also see Charm, Looking Good, Health, Weight Los 
SMILING i 
SNACK.. 


see Self Confidence, Self Love 
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SOBRIETY (Also see Alcoholism) ..... 
SOLITUDE 
SOLUTIONS 
SORROW 
SOULMATE 
SPEECH MAKING . 
SPENDING 
SPIRITUALITY... 
SPORT... 
STAGEFRIGHT (Also see Fear Of Exams 
STAYING IN SHAPE 
STOMACH ACHE 
STOOL (See Digestion, Appetite) 
STRENGTH (Also see Courage). 
STRENGTH - INNER... 
STRENGTH - PHYSICAL (Also see Losing Weight, Staying In Shape) 373 
STRESS .. i 
STUBBORNNESS.. 
STUDIES. 
STUTTERING 
SUBCONSCIOUS MIND 
SUBCONSCIOUS PROGRAMMING 
SUBMISSIVENESS. 
SUCCEEDING. 
SUCCESS (Also see Wealth, Happiness, Self Love, Peace, Prosperity, 
Health) 
SUCCESS - FINANCIAL (Also see Marketing, Happines 
SUFFERING. 
SUGGESTION - POSITIVE 
SUPERIORITY 
SUPPLENESS 
SUPPORT... 
SURGERY... 
SURPASSING 
SWEETS. 
SYMPATHY 
TACHYCARDIA 
TACT. 
TALENT (Also see Gift, Sala 
TELEMARKETING 


Service)... 
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TELEPATHY 
TELEPHONE .. 
TEMPTATION 
TENACITY. 
TENDERNESS (See Love) 
TENNIS .. 
TENSION (Also see Confidence, Communication) 


THOUGHTS - NEGATIVE 
THOUGHTS - POSITIVE 
TIME ones i i 
TIMIDITY (Also see Inferiority Complex, Self Confidence) 
TOBACCO ADDICTION (Also see Shortness Of Breath, Cough) . 
TOLERANCE —_ 

TOOTHACHE (Also see Pain) 
TORMENT 
TOXINS 
TRANQUILLITY, 
TRANSACTIONS 
TRANSFORMATION... 
TRAVEL TIME 
TROUBLE 
TRUTH 
TUBERCULOSIS 
TUMOUR 
ULCERS (Also see Digestion) .. 
UNCERTAINTY 
UNDERTAKINGS 
UNEMPLOYMENT 
UNEXPECTED EVENTS 
UNHAPPINESS 
UNIFORMITY 
UNION .. 
URINE RETENTION (Uremia) 
URTICARIA (See Eczema, Acne) 
USED CARS. 
UTERINE BLEEDING... 
UTERINE SPASMS . 
VACATION 
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VENGEANCE 
VERTIGO (Dizziness 


VIGILANCE 
VIGOR . 
VISION 
VISION - POSITIVE. 
VISUALIZATION 7 
VITALITY (Also see Ambition, Dynamism, Enth 
Health) sees 

VIVACITY 
VOCATION (Also see Money) 
VOICE . a 

WAKING UP .. 


‘asm, Beauty, 


WEALTH (Also see Profession, Success, Value). 
WEIGHT. 
WELL BEING 
WILLPOWER (Also 
WINNING . 
WISDOM 
WISDOM - SUBCONSCIOUS. 
WISH 
WIFE .. 
WONDER i 

WORK (Also see Reward, Salary, Worth) 
WORRY i 

WORTH (Also see Wealth, Work, Salary) 
WOUNDS (Also see Pain, Numbness) 
WRINKLES 
YOUTH .. 


-¢ Self Control, Self Confidence’ 
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In fond memory of my father, Maurice Platt 


Opening Prayer 


Om 


For the peaceful resolution 

From the illusionary nature of dualistic existence, 

I ground myself before the lotus feet of the gurus, 

Who remind me that the light I search for is within me 
Bringing stillness to the whirling of the cascading ego mind 
I behold the awakened joy of my own Soul 

Realizing the truth of pure radiance 

That we are in fact the same 

To the self-awakened gurus of the past, present, and future, 
I salute 


Om 


Daniel Lacerda, Mr. Yoga 


A MESSAGE FROM MR. YOGA 


The ultimate goal of yoga is self-realization. You do not need to go to the mountaintop to find it or pay 
a teacher to show you the way. There are currencies that we exchange with one another that are much 
more valuable than money: kindness, selflessness, being one part of the greater good. Nor do you 
need to look outside yourself. If you have an open mind, a sincere desire to learn and to apply that 
knowledge on a daily basis, and the commitment to follow through on what you've begun, you can 
achieve self-realization. 


Self-realization is the knowledge that we sentient beings are interconnected and that what we think, 
say, and do affects those around us. Burdened by the pressures and demands that exist outside of 
ourselves—of our jobs, bills, desire for status and for material possessions—we forget this. Self- 
realization is the ability to achieve freedom from these demands and to know that true happiness 
comes from fulfilling our own potential and from lifting up those around us without the thought of self 
gain, Dedicating yourself to the regular practice of yoga can help bring you back to this place. 


Yoga is, indeed, an excellent form of exercise that carries with it many immediate and long-term 
physical benefits from improved flexibility to stronger muscles and bones. However, yoga is not just 
about moving through the poses. Mindfulness plays an essential part in any dedicated yoga practice. If 
performed properly, yoga quiets the mind of all distracting thoughts from the outside world 
(chittavritti, meaning mind chatter), bringing you to a place of peace within. In turn, being mindful of 
your thoughts will allow you to be mindful of, and truly connected with, your body, thus completing 
the cycle of mental and physical health that will allow you to enjoy all the wonderful things that life 
has to offer. 


For the past eleven years, I have dedicated my life to yoga, teaching an average of twenty-five classes 
seven days a week. I have done this to make a difference in the lives of my students. Now it’s my 


pleasure to share this passion and dedication with you. 


Namaste! 


A HISTORY OF YOGA 


Most of us know yoga as a set of poses performed in a gym or yoga studio setting. The majority of 
yoga styles practiced today were invented in the last quarter of the 20th century and are either a far 
cry from yoga’s roots or have no authentic lineage. 


If we really want to examine the roots of yoga, we need to go back to the Harrapan culture, dating 
back 3,500 years, when yoga was a meditative practice. According to some, around 1500 BCE, 
Harrapan culture was diminished due to Aryan invasion. Barbarians from Normandy introduced the 
caste system and enforced a set of religious rituals that involved blood sacrifice practices. Along 
with these religious practices came sacred scriptures called the Vedas, a large body of spiritual texts 
originating in India. The word “yoga” was first mentioned in the oldest of the Vedas, Rig Veda. It 
referred to the concept of discipline. 


Fast forward to 800BcE. The Upanishads, a collection of texts that contain some of the earliest 
concepts of Hinduism, prescribed the method of achieving enlightenment by studying under a teacher 
and dedicating one’s life to a yoga practice. The Upanishads outlined two paths to enlightenment: 
Karma Yoga (selfless dedication to the service of others) and Jnana Yoga (intense study of spiritual 
writings). Around the 3rd century BCE, the Maitrayaniya Upanishad prescribed a six-step process to 
enlightenment, which included mastering pranayama (breath control), pratyaharia (sense 
withdrawal), dhyana (meditation), dharana (one-pointed concentration), tarka (self-reflection), and 
samadhi (absolute absorption) in order to unite the Atman (individual’s spirit) and Brahman 
(universal spirit or source of creation). The sacred syllable om appeared in this particular Upanishad 
as a symbol of union between mind and breath. 


At around the same time that Maitrayaniya Upanishad was introduced, Bhagavad Gita gained 
prominence. This scripture combined and mythological tales that later made their way into a 
celebrated collection of tales, Mahabharata. Three methods of devotion were outlined in Bhagavad 
Gita: Karma Yoga, Jnana Yoga, and Bhakti Yoga (devotion). 


Compiled around 400cr by Patanjali, The Yoga Sutras introduced the eight-fold path to yoga 
practice, which is considered to be the classical yoga manual and the foundation of many of today’s 
yoga practices, particularly Ashtanga Yoga. We will hear more about this eight-fold path in The Eight 
Limbs of Yoga (here), which include yama (self-restraint) niyama (self-purification by self-restraint 
and discipline), asana (seat or posture), pranayama (control of breath), pratyahara (sense 
withdrawal), dharana (one-pointed concentration), dhyana (meditation), and samadhi (total 
absorption). 


Around the 4th century cE, Tantra Yoga emerged. This new form of yoga celebrated the physical body 
as a vehicle to enlightenment, The philosophy behind Tantra Yoga can be summarized by the idea of 
uniting all the dualities within a human body (e.g, male and female; good and evil), which gave 


Tantra a very sexual reputation. This is, however, a common misunderstanding, since Tantra practices 
extend far beyond sexuality. 


Hatha Yoga was introduced in the 10th century CE. It combined the physicality and conscious intent of 
using bodily postures, or asana practice, and pranayama breath control for the goal of self: 
realization. 


In 14th century ce, the Yoga Upanishads were introduced. One of these sacred texts, Tejo Bindu 
Upanishad, added seven more important parts of yoga practice on top of Patanjali’s eight, They were 
as follows: mula bandha (root lock), balance, undisturbed vision, tyaga (abandonment), mauua 
(quiet), desha (space), and kala (time). 


It was not until the 20th century that yoga gained any kind of popularity in Western Europe and North 
America. Swami Sivananda Saraswati was one of the first yogis to travel outside of India to spreac 
the teachings of yoga to the West. He established yoga centers in North America at the time Swami 
Satchidananda also delivered an opening speech at the Woodstock Festival in 1969. However, T. 
Krishnamacharya is arguably the father of the yoga practice with which Westerners are familiar 
today, In the 1930s, he began teaching his students the Mysore vigorous sequences of yoga poses that 
emphasize strength and athletic ability, Students were only allowed to learn the next and more 
challenging pose after they had grasped the previous one. His three most prominent and influential 
students are Pattabhi Jois, Iyengar, and Indra Devi. Pattabhi Jois established Ashtanga yoga. It is om 
of the most popular types of yoga practiced in the West. Iyengar became successful by creating his 
own sequences of yoga poses, which were characterized by a focus on the alignment of the body and 
the use of various props. Indra Devi is considered the first famous yogini (female yoga master). 
Krishnamacharya also educated his son Desikachar in yoga. An engineer by training, Desikachar saw 
great value in studying yoga only when he was already a college graduate. Desikachar developed 
Vinyoga, which is a more therapeutic and less intense approach to physical practice, as compared to 
Ashtanga. 


The 21st century presents us with an endless variety of yoga “styles” or “brands,” such as Bikrarr 
Yoga, Power Yoga, Kundalini Yoga, and countless more. It is important to be open-minded, try as 
many styles and approaches as possible, and figure out what gives you the best results in terms of 
achieving both your physical and spiritual goals. There is no wrong way to achieve self-realization. 
Just make sure you are mindful, patient, practical, and consistent in your practice. 


A Note on the Naming of Poses: 


One of the ways that the distance from yoga’s roots expresses itself in Western culture is in the 
naming of the poses. “Seated forward bend,” “eagle pose,” and “dolphin pose,” for example, are all 
imprecise translations of the original Sanskrit name. Garudasana, for example, is widely known as 
eagle pose, but traditionally this pose was named in dedication to Garuda, who is a Hindu deity, 
portrayed as half-man and half-eagle. He is the charioteer of Lord Vishnu, who is part of the Holy 
Trinity in Hinduism. Knowing this history adds a whole new dimension to our understanding of the 
significance, philosophical depth, and essence of the pose, and can in turn enrich our practice. 


The poses throughout this book are identified by both their English and Sanskrit names. The Englis! 
name is a direct translation of the Sanskrit, which sometimes differs from the more common Western 
name, also provided in the notes. For a literal translation of each part of the Sanskrit name, you may 
consult the glossary at the back of the book. The intention is to provide you with as much information 
about the name of the pose and its history as possible, so no matter what style of yoga you practice, 
you will have the most complete understanding of the names of the poses. 


THE EIGHT LIMBS OF YOGA 


The Yoga Sutras, also known as The Eight Limbs (Ashtanga) of Raja (King) Yoga was the first fully 
developed and recorded system of yoga. Created by Patanjali around 400 ce, this system influences 
much of the yoga that is practiced today. Although most of the sutras were originally focused on 
mindfulness, the yoga practiced in the West today seems to focus more on the body. Somewhere along 
the way, it seems, we began to practice the movement of yoga in isolation from its original 
philosophies. 


For those interested in truly integrating the mindfulness of yoga with its movement, I recommend that 
you read The Eight Limbs of Yoga in its entirety and digest it very slowly. Take time to reflect on it 
piece by piece so you can implement it into both your practice and your daily life. Wisdom is in the 
doing. The following, however, is a useful summary of The Eight Limbs of Yoga, which will 
introduce you to the basic concepts of the philosophy. A deep understanding of yoga philosophy and 
history will greatly enhance the benefits of your practice and put you on the path to mindfulness and 
self-realization. 


There is a wonderful lesson in Buddhism that applies here: 


Once, a very old king went to see an old hermit who lived in a bird’s nest in the top of a tree. He 
asked the hermit, “What is the most important Buddhist teaching?” The hermit answered, “Do no evil 
do only good. Purify your heart.” The king expected to hear a long and detailed explanation. He 
protested, “Even a five-year-old child can understand that!” “Yes,” replied the wise sage, “but even 
an eighty-year-old man cannot do it.” 


Your biggest obstacle to self-realization is you. As it says in the Bhagavad Gita, “The mind is 
restless and hard to control, but it can be trained by constant practice (abhyasa) and freedom from 
desire (vairagya). A man who cannot control his mind will find it difficult to attain this divine 
communion; but the self-controlled man can attain it if he tries hard and directs his energy by the right 


means. 
Pantanjali’s Eight Limbs of Yoga will help you form the necessary groundwork to get on the right 
track, but you must decide to confront your problems at their roots. Reading and intellectualizing is 
not enough. If you want to reap the full benefits of the yoga experience, implement the Eight Limbs 


into every aspect of your life. You must live it, breathe it, and engage this planet and its inhabitants 
with the lessons below. 


The first and second limbs, Yama and Niyama, form your foundation. Here, awareness and 
realization is established. Yama and Niyama lay the footing for everything to come. A serious student 
should be mindful of every limb, as each of these limbs need constant reflection. As you commit 
yourself to their study and practice, your depth of understanding for each limb will get deeper over 
time. In our world that perpetuates instant gratification, many people will take shortcuts and go 


straight to the yoga poses. Others will go straight to meditation and neglect physical health. I highly 
recommend starting with Pantanjali’s first two limbs. Your practice will be at its deepest and most 
fulfilling if the first two limbs are practiced at a high level. If the first two limbs are not practiced at a 
proficient level, the rest of the limbs will be performed at a more superficial and less effective level. 


FIRST LIMB Yama (Self-Restraint) 


The focus of the first limb is on being an ethical and moral person, and on improving your 
relationship with the outer world. These values are as important today as they were centuries ago. 
The Yamas, as they are referred to, are not meant to be a moral straitjacket, but instead are meant to 
help develop a greater awareness of one’s place in the world. It is not a coincidence that this is the 
first limb of the practice. When taking steps to transform our inner world, our outer world becomes a 
total reflection of this effort. There are five Yamas: 


. Ahimsa: Non-violence 
Replace harmful thoughts, speech, and actions with that of loving kindness toward yourself 
and others. 


2. Satya: Truth to be expressed in thought, word, and action 
Be honest in your thoughts, words, and actions toward yourself and others. 


3. Asteya: Non-stealing and non-covetousness 
Curb desires for things that are not your own. Share the beauty of your thoughts, speech, 
actions, and material belongings to uplift others instead of stealing and hoarding them for 
yourself, 


4. Brahmacharya: Abstinence from sexual intercourse when not married, practicing 
monogamy and not having sexual thoughts about another person who is not your spouse 
It is believed that a life built on celibacy and spiritual studies done by free will increases 
energy and zest for life. Celibacy may sound like an unrealistic goal today, but it may help to 
remember that brahmacharya is also about monogamy. When brahmacharya is fully realized 
in marriage, the sex lives of both partners improve because the level of trust and devotion 
deepens their connection. It is important that the sexual activity is an expression based on the 
highest level of mutual respect, love, selflessness, and wisdom. 


5. Aparigraha: Non-possessiveness or non-greediness 
Replace the habit of hoarding with sharing. Do not take without giving back. If you wan 
something, work for it. This builds appreciation for what you have. This will help minimize 
the insatiable desire to constantly consume. An appetite that is not wisely disciplined leads to 
personal ill health, financial debt or poor credit, and destruction of the planet's natural 
resources. The Greek god Apollo’s motto, “Nothing in excess. Alll things in moderation,” is a 
great way to describe aparigraha. 


SECOND LIMB Niyama (Self-Purification by Self-Restr: 


t and Discipline) 


The second limb helps refine your spiritual path. Discipline and self-restraint lead to a more orderly 
and productive life. From the perspective of ancient yoga texts, life is extremely short and we need to 
make the most of it while we can. This limb gives us guidance. There are five Niyamas: 


wv 


. Svadhyay 


. Shaucha: Purity of body and mind 


When you develop shaucha (cleanliness), unwholesome thoughts that lead to foul speech and 
a sick body are cleared. Purity starts with your mind. Speech and action follow. So, the 
second limb directs you to make a habit of consuming both food and mental stimuli that 
support well-being for yourself and the environment (humanity and the planet). This will 
allow destructive habits (hatred, greed, and delusion) to dissolve. 


. Santosha: Contentment with what one has 


When you achieve santosha (contentment), bonds to the material world are broken and 
authentic peace and happiness are established within. A lack of contentment is often based on 
a distorted perception of what one has versus what others have. You advance on the path to 
sel f-realization when you can be content with your lot, whether you sit on a throne of dirt or 
gold. 


. Tapas: Self-discipline, sometimes associated with austerity, and being able to conquer 


the body and mind through mental control 

Tapas literally means “heat” or “glow.” This refers to a burning desire to accomplish one’s 
goal despite what obstacles may appear. The commitment to achieving a goal, no matter how 
challenging it becomes, builds character. However, note that the highest level of tapas is to 
complete one’s goal without a selfish motivation. When tapas is attained, laziness is 
overcome and willpower is developed for future use. 


: Self-study that leads to introspection and a greater awakening of the soul 
and the source of creation; traditionally studied through Vedic scriptures 

Svadhyaya (self-study) leads to a greater awakening of your true potential, the root of one’s 
place in this world and how to live in harmony with the Earth and all its inhabitants, 


. Ishvara pranidhana: The surrender to God 


When you accept that all things come froma higher power, pride and egocentric behavior are 
turned into humility and devotion. This strengthens your practice of all the limbs leading up to 
samadhi (the eighth limb). 


Asana and Pranayama are the third and fourth limbs, and they relate to health and longevity, which 
allow us more time to achieve the ultimate goal of yoga, Self-Realization or Enlightenment. The thirc 
and fourth limbs are important, as they prepare the body for meditation, which will be the key to 
calming your mind and discovering your true potential. 


THIRD LIMB Asana (Seat or Posture) 


Here is a question: If Gandhi is one of the greatest yogis of our time, does that mean he can touch his 
toes or bring his foot behind his head? The answer is that it doesn’t matter. Gandhi’s ability to 


perform the asanas had very little to do with what he contributed to the world as a great yogi. The 
same applies to you. The practice ofasanas is as much about training the mind as it is the body. How 
you approach your asana practice is often a reflection of how you approach life. Do you keep a sense 
of peace and calm when a challenge presents itself? Do you break down the impossible into smaller 
tasks, making the whole possible through commitment to and reflection on each of the parts? Do you 
overcome self-perceived limitations on your own or do you accept support from others? 


Your practice of yoga poses should be characterized by two components: steadiness (sthira) and ease 
(sukha). Concentrating on the sound of your breath (ujjayi, the most commonly practiced breathing 
technique in yoga, sce here), can provide the steadiness. If you lose your breath, it is most likely 
because you are pushing too hard; ease off the pose and let the pose cater to the breath. 


There is no such thing as a perfect pose; let the poses come like the steps of a dance. Just like in 
dance, when we focus too much on the mechanics, we let go of the ability to enjoy the music. While 
the mechanics of alignment are important to prevent injury, never forget the final goal. Feel the music 
of life flow through you as you do each pose and your body will learn the moves naturally. There are 
more than enough postures to keep you busy for the rest of your life, so allow yourself to let go of 
ambition and enjoy the journey. Incorporating a combination of forward bends, backbends, twists, and 
inversions in your yoga session is optimal for health, 


Remember, too, that asanas help prepare the mind and body for meditation, relieving tension and 
protecting the body from disturbances by purifying the nervous system. 


FOURTH LIMB Pranayama (Control of Breath) 


The English word “spirit” comes from the Latin spirifus, meaning “breath.” 


The breath and the mind are interconnected. Deep, rhythmic, and fluid breathing will energize yet 
calm the mind and body. Rapid, irregular, and strained breathing produces a chaotic and disturbed 
mind. A calm mind will give you the mental space to make better decisions and a life in which you 
take control instead of feeling like a victim of circumstances. 


Breathing properly is fundamental to our very existence. Your brain feeds on oxygenated blood, 
which is supplied with every inhalation. If you are unable to draw oxygen into your body, you will 
become brain dead after a few minutes. On the other hand, proper exhaling helps expel carbon 
dioxide. If your ability to exhale were impaired, you would most likely die due to the toxic buildup of 
carbon dioxide and poison. Stress tends to negatively affect breathing patterns, which contributes to a 
chain of effects that cause wear and tear on both your body’s nervous and immune systems. In fact, 90 
percent of illness is stress-related and, for this reason, attention to breathing properly is, indeed, a 
mutter of life and death. 


FIFTH LIMB Pratyahara (Sense Withdrawal) 


Our perception of reality is predominantly influenced by our sensory experience—what we see, feel, 


hear, touch, and taste. Pratyahara refers to the withdrawal of the senses from external objects and 
our modern-day need for constant gratification from sensory stimuli. Our minds are constantly being 
pulled outward to evaluate all the information the senses bring in. Evaluation involves categorizing 
what has been perceived; often, we hold on to what we believe is desirable, push away what we 
believe is undesirable, and ignore what we believe to be neutral. Pratyahara gives our minds a 
moment to rest and teaches us to be free of the grasping and clinging to the things we enjoy and 
avoiding the undesirable. 


When you throw a pebble into a pond, your reflection becomes distorted by the resulting ripples. 
Your mind works in very much the same way: Every thought creates a ripple that distorts the ability to 
see your true self clearly. Constantly disrupted by these ripples, you begin to believe that the distorted 
reflection is who you really are. Practicing pratyahara calms the mind, allowing you to see yourself 
clearly. 


SIXTH LIMB Dharana (One-Pointed Concentration) 


Asanas, pranayamas, and pratyahara help prepare us for meditation. 


When the mind moves from experiencing random scattered thoughts to single one-pointed 
concentration, it can then find complete absorption in the present moment. By practicing one-pointed 
concentration, we clear the mind of all distracting thoughts. This can be achieved by focusing on your 
breath, counting, reciting mantras, or observing a candle flame or an image. Because we are 
constantly entangled in reliving past memories or living in anticipation of what is to come, it is very 
seldom that we live in the present moment. It is even less common to be mindful of the present 
moment with a calm and focused mind. However, this is crucial when trying to achieve self 
realization. The power is in the now! 


SEVENTH LIMB Dhyana (Meditation) 


Just as there are many different types of yoga poses, there are many ways of meditating. Meditationis 
a form of inner contemplation that allows you to access a state of mind that has transcended the ego. 
This is a state of pure awareness of the present moment that is free of judgment, All meditation leads 
to a state of full awareness that does not discriminate or categorize things in a dualistic manner, 
which is to say the perception of what is good versus what is bad, beautiful versus ugly, pleasant 
versus unpleasant, etc. When we examine reasons behind such judgments, we find many of these 
beliefs are based on learned behavior, may vary from one culture to another, and have no fixed or 
concrete reality. With consistent reflection and an open mind, we can correct our biased perceptions. 
You will develop that part of you called “the Observer.” Once grounded in a regular seated 
mediation, it is important to take it into a moving mediation throughout your daily life. 


EIGHTH LIMB Samadhi (Total Absorption) 


Samadhi occurs when the analytical mind becomes absent and at one with the object of meditation. 
The object of meditation can be whatever you are focusing on in your meditation that is used to 


achieve one-pointed concentration. The word om, a deity, or a candle flame are all examples of 
objects of meditation. Total absorption involves the feeling of oneness with all creation, dissolving 
all lines between the act of meditation and the object being meditated upon. 


It is the absorption in the present moment (amanaska) where dualistic thinking is transcended. Many 
are mistaken in believing samadhi is the final goal of yoga. It is but a temporary state of mind that we 
enter based on the conditions that we have nurtured to support it. 


It’s useful to remember that every moment in your life gives you an opportunity to practice the eight 
limbs. Learn at your own pace, but stay focused, be consistent, and enjoy the journey! 


THE UJJAYI BREATH 


Breath is an essential staple of every yoga practice. By focusing on the breath, a yogi is able to stay in 
the present moment. Since the breath is neutral, a yogi neither seeks to avoid it, nor is she eager to 
chase it. Proper and continuous breath helps clear the mind of distracting thoughts and to remain in the 
present moment with one-pointed concentration. 


Deep, conscious breathing also slows down the heartbeat and activates the parasympathetic nervous 
response, which soothes the nervous system, and allows the muscles to relax into the stretches and 
stay strong in the strength-based yoga poses. Maintaining deep, fluid breathing will help transform 
your yoga practice into a moving meditation. 


Ujjayi pranayama is one of the most commonly used breathing techniques in every yoga practice. 
Ujjayi means “victorious” in Sanskrit. When practicing this breathing technique, a yogi creates what 
can be described as the “ocean sound” in the back of the throat by gently squeezing the glottis (the 
opening between the vocal cords in the throat). You're aiming to create a breathy and whispery sound 
atthe back of the throat. The sound is often compared to the sound Darth Vader makes when 
breathing! In order to practice ujjayi breath, first sit in a comfortable position. Inhale through the nose 
and, as you exhale, imagine you are trying to fog up a glass. Try to inhale with the same sound. Once 
you feel like you have an understanding of the ujjayi breath technique, seal your lips in order to 
prevent the throat from drying out. (A dry throat usually leads to coughing and drinking water, which 
distracts you from your yoga practice.) Inhale and exhale through the nose, while still maintaining the 
sensation in the throat of trying to fog up a glass. 


Using breath to facilitate poses: 


« Keep your breath deep and rhythmic. 


* If your breathing becomes restricted or choppy, there is a good chance that you are pushing 
yourself unnecessarily. In this case, you should ease off the pose and return to a place that 
promotes smooth and fluid breathing, 


© The body lifts up and lengthens on the inhale. For example, lift up from a forward bend into a 
mountain pose on the inhale, using the inhale to lengthen the limbs of the body and the spine. 
Use the exhales to go deeper into the pose. 


THE BANDHAS 


Bandha means “lock.” Bandhas were traditionally believed to regulate the flow of life energy 
(prana) throughout the body. In contemporary yoga practice, bandhas serve a more practical purpose. 
They are contractions, or “body locks,” that you can implement to help correct your posture or aid 
you in proper alignment. 


There are three major bandhas: mula bandha, uddiyana bandha, and jalandhara bandha. The 
combination of all three bandhas is called maha bandha, or “the great lock.” 


Mula bandha refers to the triggering of the perineum muscle that is located between the genitals and 
the anus. Mula means “root,” therefore mula bandha translates as “root lock.” When this bandha is 
engaged, you will feel a slight pull on the inside of the thighs, similar to what you feel when trying to 
stop the flow of urine. 


Uddiyana bandha means “flying/moving up.” To engage this bandha, place three fingers below the 
belly button and pull your lower abdominal muscles slightly in and up. This will cause your pelvis to 
tilt forward slightly with an upward action, protecting the lower back and strengthening the lower 
abdominals. 


Mula and uddiyana bandhas should be engaged throughout the yoga practice. Together they help 
correct the posture and create proper alignment, which will reduce the chance of injury. 


Jalandara bandha is a chin lock. To practice this lock, bring the chin toward the clavicle bone while 
keeping your spine upright and moving your shoulder blades down the back. This bandha is rarely 
used, but can be found when engaged in Dandasana, Staff Pose. 


THE DRISHTIS 


Drishtis are the meditation gazing points to focus on while performing the poses. They are designed 
to aid with proper alignment, as well as to strengthen the focus on the present moment. While 
practicing we tend to look around, compare ourselves to others in the room, or look at the clock. This 
takes away from the focus on the internal aspects of the practice. Drishtis are meant help you look 
inward. 


They are as follows: 


1. Nasagrai or Nasagre (nose) 

. Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
. Nabhi, Nabhicakre, or Nabi Chakra (belly button) 

. _Hastagrai or Hastagre (hands) 

. Padayoragrai or Padayoragre (toes/feet) 

. Parshva Drishti (to the right) 

. Parshva Drishti (to the left) 

. Angushtamadhye or Angushta Ma Dyai (thumbs) 

). Urdhya or Antara Drishti (up to the sky) 


Cam ItN AN RwWN 


Drishtis can be complicated to grasp at first. However, there are general guidelines for the gaze. It 
comes down to letting your eyes follow the direction of the stretch. For example, in backbends we 
look at our third eye in order to let the head roll back and deepen the backbend. Similarly, in seated 
forward bends, such as Paschimottanasana (Western Intense Stretch Pose), we gaze at the toes to 
lengthen the spine. The purpose of drishtis is not for you to become cross-eyed; they are a way to 
softly focus without intensely staring, 


HOW TO APPROACH YOGA POSES 


Yoga poses provide much more than a physical workout. Performing them builds character. Facing 
your fears and challenges that extend beyond your comfort zone with a sense of peace, calmness, and 
psychological equanimity will help you overcome your self-perceived limitations. 


| find it helpful to think of every yoga pose as a prayer you do with your body. While you perform the 
pose, focus on what is good in your life with a feeling of gratitude. Being at one with your mind and 
body in this place of grace helps you transcend the ego, which helps you get closer to the ultimate 
goal of yoga, which is enlightenment. 


Universal Alignment Cues 


Engage mula and uddhiyana bandhas. 


Engage the ujjayi breath and maintain deep conscious breathing all throughout the yoga session. If 
your breath is suffering, then back off a bit. 


Keep the chest open and shoulder blades down the back. 
Lengthen the body and limbs on the inhale, deepen the pose on the exhale. 


Avoid jerky and uncontrolled movements during the poses that are based on flexibility. 


Square your hips. 


Don't let your knee go past your ankle when doing any kind of lunge. 


In Plank and the majority of arm balances, shoulders should be just over the fingertips. 


Even if you are intermediate or advanced, start with the beginner modifications in order to ensure 
proper form and get the blood into the targeted muscle as a warm-up. 


Universal Flexibility Cues 
e Hold flexibility for a minimum of 30 to 90 seconds. 
Stretch to the edge of comfort and stimulation without straining. 


« Don’t overstretch to the point of pain; your muscles will tighten up in order to protect themselves 
and your flexibility will decrease. 


RELAXATION AND MEDITATION 


Relaxation 
Corpse Pose (Shavasana) 


(Shava in Sanskrit means “corpse") 
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After an intensive asana practice, the final resting yoga pose, Corpse Pose or Shavasana, helps 
deepen the connection between our physical body and mind and helps prepare both for meditation. 
Shavasana can be thought of as an awakening, giving us the time to contemplate the question “If I died 
today, would I be fully satisfied and content with what I accomplished in this lifetime?” Have you 
lived up to your full potential? Have you fully acknowledged the people in your life that are of great 
importance to you? Would you be able to pass on with no regrets? 


1. Lie down on your back, shoulder blades tucked in, legs apart, Relax your arms and let your palms 
face the ceiling. Let your fingers naturally curl. Relax your body into a neutral, comfortable 
position. 


2. Close your eyes. Let your jaw naturally separate as you relax your whole body as if it were 
sinking down to the floor. Release all tension from your body. 

3. Without letting the mind wander, concentrate on your breathing to reach a deep state of conscious 
relaxation, both physically and mentally. 


Meditation 
Easy Pose (Sukhasana), Seated Lotus Pose (Padmasana) 


1. Start in Staff Pose (Dandasana), both legs extended in front of you. Grab onto your sitting bones 
and pull back the flesh to lengthen your legs and spine. 

2. Sit in a cross-legged position that is comfortable. You can sit on a chair, in Easy Pose 
(Sukhasana), in Half Lotus (Ardha Padmasana), or Full Lotus (Padmasana). Press your sitting 
bones into the ground as you extend up through the spine. Lift the crown of your head up to the sky. 
Place one hand on top of the other and have the thumbs lightly touch. Gently close your eyes. 
Perform the 1:4:2 Healing Breath Zen Meditation as follows: 


Inhale for a count of 4 and feel your lower abdomen expand as you push it out. Hold and retain the 
air in your lungs for the count of 16, Exhale for a count of 8 as you squeeze the belly button back to 
the spine. Visualize the numbers as you count throughout the set. This will help develop what is 
called “one-pointed concentration.” Your breathing must be so fine that it would not ruffle a 
feather. Each count should be one second long. 


After 10 breath cycles are performed, the exercise is finished. In an authentic yoga practice, the 
ego may not be permitted to intrude into the process. Don’t “perform” the exercises as if you had 
an appreciative audience. This is your personal journey. Explore and express yourself while you 
gain the wonderful physical and mental benefits. This breathing technique is called Abdominal 
Breathing and should be maintained during the entire yoga practice. 
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In Sanskrit the word chakra can be translated into “wheel” or “turning.” In the yogic interpretation, 
the chakras are based on the concept of a vortex and are visually portrayed as a lotus flower. 


According to various Eastern yogic spiritual practices such as Hinduism and Tantric Buddhism 
chakras are described as wheels or rings of energy found in the subtle (non-physical) body; the 
culmination of the mind, intelligence, and ego, which influences the gross physical body. Within this 
subtle body there are energy channels called nadis that carry the life force or vital energy (prana). 
The mainnadi that runs through the chakras is called the sushumna (brahma) nadi. The sushumna 
joins two other important nadis (ida and pingala) together at the first and seventh chakras. The 
diameter of a singular nadi is believed to be no thicker than a thousandth of a hair’s width and is 
located along the spine. 


There are various opinions on how many chakras there are, but it is generally agreed that chakras 
spin ina “wheel-like” motion to draw in vital energy that creates a balance between the spiritual and 
physical body. 


The earliest known recording of chakras dates back to the ancient Vedas (1700 Bcr). The most 
popular chakra model used today is based on two Indian texts: Shat-Cakra-Nirupana, written by a 
Bengali yogi named Purnananda Swami in 1577, and the Padaka-Panchaka, written in the 10th 
century. 


Chakras are activated in the following ways: 
By stretching open the area where the chakra is located. For example, the throat chakra can be 
activated in Camel Pose (Ushtrasana). The head is rolled back so there is a stretch in the front of the 
throat. 


e 


By applying physical pressure on the area where the chakra is located. Throat chakra, for example, 
can be activated in Staff Pose (Dandasana). The Chin Lock Valadhara Bandha) is engaged by 
bringing the chin to the clavicle bone, therefore applying pressure to the throat area. 


By combining the two methods above, throat chakra is activated in full version of Inverted Locust 
Pose (Viparita Shalabhasana). The head is rolling back, creating a stretch in the front of the throat. 
At the same time, the throat area is pressed to the floor, so there is physical pressure on that area. 
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2 diac.. 
What It Does .. 


BENEFITS AND CAUTIONS FOR 8 CONDITIONS 


CONDITION 
1. Headache & Migraine 
Many headaches are caused by tension and stress. In yoga we breathe deeply and relax. The yoga 
practice stretches the tight muscles in the upper body, releases endorphins (a “feel good” hormone) 
and relaxes the mind. It helps release tension by increasing blood flow to the muscles, making the 
nervous system less agitated and reducing a chance ofa headache or migraine. 
Poses that put weight or pressure on the head and neck should be avoided. If you suffer from 
migraines, avoid poses that dramatically increase blood flow to the head. If your migraines are 
severe, avoid practicing yoga poses and lie down in a dark room. 


BENEFICIAL POSES 


Seated forward bends—Ex. Both Hands to Ankle Head to Knee Pose Dwi Hasta Kulpa Jam 
Shirshasana) here. Seated forward bends release tension in the hamstrings and lower back and 
help prevent headaches caused by tension in the legs and lower back. 

Seated twists—Ex. Half Root Lord of the Fishes Pose (dha Mula Matsyendrasana) here. Seated 
twisting poses can help prevent headaches caused by tension in the upper and lower back. 

Hand position of the pose dedicated to Garuda-Ex. Hand Position of the Pose Dedicated tc 
Garuda in Child’s Pose (Hasta Garudasana in Balasana) here. Any pose with this hand position 
helps stretch the upper back and back shoulder heads and can help prevent headaches caused by 
tension in the muscles of the upper back. 

Hand position of Cow Face Pose-Ex. Hand Position of Cow Face Pose in Bound Angle Pos 
(Hasta Garudasana in Baddha Konasana) here. Any pose with this hand position helps stretch the 
triceps, front shoulder heads, and rotator cuffs and can help prevent headaches caused by tension in 
the arms and shoulder muscles. 


POSES TO APPROACH WITH CAUTION 


Inversions-Ex. Peacock Feather Pose Picha Mayurasana) here, Leg Position of One-Leggec 
King Pigeon | Version B in Headstand 5 (Pada Eka Pada Raja Kapotasana 1 B in Shirshasana 5 
here, and Leg Position of the Pose Dedicated to Garuda in Hands Bound Supported Whole Bod 
Pose (Pada Garudasana in Baddha Hasta Salamba Sarvangasand, also known as Shoulderstand 
here. Avoid any intense inversions that require a lot of strength, as they increase the heart rate and 
blood flow to the head and may trigger headaches or migraines. 

Backbends with feet and head on the floor-Ex. Bridge Pose (Setu Bandhasana) here. Avoid 
poses that put pressure on the head and neck, as they may trigger headaches or migraines. 


CONDITION 
2. Carpal Tunnel 
To help prevent or alleviate carpal tunnel syndrome with yoga, you'll need to practice poses that 
strengthen and stretch the flexor muscles of the forearm, which are the muscles on the palm side of 
the forearm. Depending on the severity of your condition, you may want to start with poses that 
bear less weight on the wrist joint. 


BENEFICIAL POSES 


Poses that strengthen the wrist without straining it-Ex. Staff Pose (Dandasana) here. Stretching 
and gently strengthening the wrist and muscles of the forearm can help prevent or reduce carpal 
tunnel syndrome. 

Poses with hands in the reverse prayer position-Ex. Hidden Lotus Pose (Gupta Padmasana) here 
and Reverse Prayer Mountain Pose (Viparita Namaskar Tadasana) here. These poses help stretch 
out the wrists, forearms, front shoulder heads, chest, and rotator cuffs. Releasing tension from these 
areas is helpful because muscles in the upper body are interconnected and carpal tunnel can be 
caused or worsened by a chain reaction of tense muscles. 


Poses that have hands in prayer (Anjali Mudra)-Ex. Revolved Prayer Standing Rising Winc 
Relieving Pose (Parivritta Namaskar Stiti Utthita Vayu Muktyasand) here. Stretching the wrists 
and forearm muscles can promote blood flow and lessen tension in the area. 

Poses with bound hands, palms facing out-Ex. Mountain Pose—Raised Bound Hands (adasana 
Urdhva Baddha Hastasand) here These poses help stretch the forearm muscles that are strained 
and tight in most people who have carpal tunnel syndrome. 


POSES TO APPROACH WITH CAUTION 


Arm balances with both feet off the floor-Ex. Crane Pose (Bakasana) here. These poses have the 
entire body weight resting on the wrists, which puts a great amount of strain on the carpal tunnel 
and may drastically worsen its symptoms. 

Backbends with hands and feet on the floor-Ex. Upward Bow Pose (Urdhva Dhanurasana) here 
and Wild Thing Pose (Chamatkarasana) here. These poses are very hard on the wrists. 

Backbends with straight arms—Ex. Upward Facing Dog Urdhva Mukha Shvanasana) here. These 
poses put strain on the wrist joints because most of the upper body weight rests on the hands. 


ADDITIONAL NOTES: There are some options to avoid pressure on the wrist while practicit 
Upward Facing Dog Pose Urdhva Mukha Shvanasana) here or Downward Facing Dog (Adho 
Mukha Shvanasana) here. If you feel that these poses irritate the carpal tunnel, drop the knees to 
the floor and rotate the hands 45 degrees to the outside to take the pressure off the nerve. You may 
also experiment with placing props (rolled-up yoga mat, thin book, or slant board) under the heels 
of the palms to shift the weight to the knuckles and fingers to reduce the compression of the wrist. 


CONDITION 


3. Asthma 


Yoga can help bring awareness to your breathing patterns and release tension from the neck, upper 
back, chest, and shoulders. Focus on developing full and complete breaths through seated 
mediation sitting in Easy Pose (Sukhasana) here. Since a symptom of asthma is short shallow 
breaths, developing control of the breath will help the body obtain the oxygen needed and help 
calm the body, preventing future attacks. 

Some yoga poses may be strenuous to the respiratory system and could cause asthma attacks. It’s 
recommended that you pace yourself, gradually raising your body temperature and gradually 
cooling down. Cold air can cause bronchi to contract and cause an asthma attack. Hot and humid 
air can cause dehydration and can also cause an asthma attack. Find a room with a comfortable 
temperature. 


BENEFICIAL POSES 


Poses on hands and knees-Ex. Going from Tiger Pose (Vyaghrasana) here to Unsupported Tiger 
Pose (Niralamba Vvaghrasana) here. Many people who suffer from asthma have tension in the 
upper back and chest from coughing during asthma attacks. Combining mild backbends with mild 
forward bends gently stretches the chest, upper back, and the neck, which can help reduce the 
symptoms of asthma worsened by tension in those areas. 

Mild backbends-Ex. Fish Pose (Matsyasana) here. Mild backbends help open the chest and front 
shoulder heads and improve the quality of breathing, 

Lions Pose variations—Ex, Lion Pose Dedicated to an Avatar of Lord Vishnu in Garland Pose 
(Narasimhasana in Malasana) here. Lion’s Pose variations can help release tension in the throat, 
neck, and jaw because you “roar” like a lion in these poses. They also can help push the stale air 
out of your lungs. 

Seated meditation focusing on breathing—Ex. Lotus Pose (Padmasana) here. Bringing awareness 
to your breath and developing control can be useful during an asthma attack. It can also help 
prevent an attack from happening. 

Inversions-Ex. Headstand 5 (Shirshasana 5), also known as Tripod Headstand here. Inversions 
help promote proper movement of the diaphragm during an exhalation. Since the majority of the 
body is upside down, gravity works with the exhalation, not against it. 


POSES TO APPROACH WITH CAUTION 


Inversions on the shoulders-Ex. Ear Pressure Pose (Karnapidasana) here. Inversions on the 
shoulders compress the neck and chest, especially when the knees are bent toward the head. This 
compression restricts your breathing and may cause an asthma attack. 

Backbends on the chin and chest-Ex, Inverted Locust Pose Viparita Shalabhasana) here. These 
poses compress the throat and restrict your breathing, and may cause an asthma attack. 

Seated forward bends—Ex. Western Intense Stretch Pose (Paschimottanasana) here. These poses 
compress the lungs and restrict your breathing, and may cause an asthma attack. 


Cardio-intense poses-Ex. Crocodile Pose (Nakrasana) here. Poses that require a lot of strength 


and that are demanding on the cardiovascular system can cause shortness and shallowness of 
breath, and may cause an asthma attack. 

Intense backbends-Ex. Little Thunderbolt Pose Caghuvajrasana) here. These poses can be 
stimulating and cause shortness of breath if you have asthma. It is recommended to start with mild 
backbends and progress into deeper ones slowly, according to how your body feels. 


Arm balances with both feet off the floor-Ex. Uneven Half Repose Pose Dedicated to Ashtavakr: 
(Vishama Ardha Shayana Ashtavakrasana) here. These types of poses require a lot of strength and 
endurance and may cause shortness of breath. 


CONDITION 
4. Neck Pain 


Yoga practice can help prevent and relieve neck pain. The combination of gentle stretches and 
strengthening movements can open up tight muscles in the body, increasing neck flexibility and 
rebalancing postural muscles. Simple and slow movements will lubricate the neck and increase its 
range of movement. Hold each pose for 30 to 90 seconds. 

While it’s important to strengthen and stretch the neck muscles in order to help prevent neck injury, 
if you already have a neck concern it’s best not to aggravate it. Poses that are most strenuous for the 
neck are the ones that bear the majority of the body’s weight on the head or neck. 


BENEFICIAL POSES 


Seated neck stretches-Ex, Easy Pose with Neck Stretch Gukhasana) here. Neck pain can be 
caused by tension in the neck muscles. Stretching these muscles can help prevent or reduce neck 
pain. 


Seated twists-Ex. Pose Dedicated to Bharadvaja | @haradvajasana 1) here. Muscles in the neck 
are connected to the muscles in the upper back. Seated twists increase the range of motion in the 
upper back and neck and can help prevent or reduce neck pain caused by tension in these areas. 
Poses on hands and knees-Ex, Going from Tiger Pose (Vyaghrasana), modification knee to the 
forehead, here to Tiger Pose (Vyaghrasana), also known as Cat Tilthere, top. Rounding the back 
and then going into a mild backbend can help strengthen the neck muscles and stretch the front of 
the neck (in Dog Tilt) and the back of the neck (in Cat Tilt). 

Hand position of the pose dedicated to Garuda-Ex. Hand Position of the Pose Dedicated tc 
Garuda in Hero Pose (Hasta Garudasana in Virasana) here. Any pose with this hand position 
helps stretch the upper back and back shoulder heads and can help prevent neck pain caused by 
tension in the muscles of the upper back. 


POSES TO APPROACH WITH CAUTION 


Full inversions-Ex. Revolved Leg Position of One-Legged King Pigeon | Version B in Headstan 
5 (Parivritta Pada Eka Pada Raja Kapotasana 1 B in Shirshasana 5 here, One-Legged 
Unsupported Whole Body Pose ka Pada Niralamba Sarvangasand, also known as 
Shoulderstand here Full inversions with the head on the floor put strain on the neck since the 


majority of the body weight tends to rest on the head or neck. If you have a neck injury, it’s best to 
avoid these. 


Backbends with feet and head on the floor-Ex. Inverted Tip Toe Bow Pose (Viparita Prapada 
Dhanurasana), also known as Headstand Bow Pose (Shirsha Dhanurasana) here. Backbends 
with head and feet on the floor require a lot of neck strength and should be avoided if you have a 
neck concern. 


CONDITION 
5. High Blood Pressure 


If you think you may be at risk or have already been diagnosed with high blood pressure, it is 
advisable to speak with your health care provider. Practicing yoga may help with blood pressure 
management since it combines the benefits of meditation, muscle relaxation, and strength training 
exercise, When practicing yoga poses, ensure that you are able to breathe comfortably and deeply. 
If you have any difficulty breathing, come out of the pose and rest or perform an easier version of 
the pose. If difficulty breathing persists, then consult your health care provider immediately. 


BENEFICIAL POSES 


Seated backbends-Ex. Hands Bound Lotus Pose @addha Hasta Padmasana) here. Seated 
backbends gently open the chest and improve the flow of oxygen to the lungs. They release tension 
in the chest and front shoulder heads often caused by stress and hunching over a computer on a 
daily basis. This can help lower high blood pressure that is a result of stress. 

Seated twists-Ex. Revolved Easy Pose (Parivritta Sukhasana) here. Seated twists help release 
tension from the upper back and detoxify the body. This can help lower high blood pressure that is 
a result of tension in the upper back. 

Supine forward bends-Ex. Reclining Both Hands to the Leg Pose Gupta Dwi Hasta Padasand 
here. Supine forward bends stretch the hamstrings without increasing blood pressure, as opposed 
to standing forward bends where the head is below the heart. This can help lower high blood 
pressure that is a result of muscle tension of the lower back and legs. 


POSES TO APPROACH WITH CAUTION 


Inversions—Ex. Feet Spread Out Intense Stretch Pose 2 Prasarita Padottanasana 2) here and 
Crane Pose in Headstand 5 Prep. @akasana in Shirshasana 5 Prep.) here. Inversions should be 
avoided if you have high blood pressure that is not controlled. They are very stimulating postures 
since the head is below the heart, which causes an increased demand for oxygen. These increase 
blood flow and heart rate, generating pressure to the blood vessels of the brain, and may cause 
blood pressure to rise dramatically. 

Lunges with back knee off the floor-Ex. Revolved Son of Anjani (Lord Hanuman) Lunge Post 
with Hands in Prayer (Parivritta Anjaneyasana Namaskav) here. These poses can require a lot of 
lower body strength if you are not used to practicing them. They can raise the heart rate and 
increase blood pressure. 


Arm balances with both feet off the floor-Ex. Leg Position of Cow Face Pose in Pendant Pos: 
(Pada Gomukhasana in Lolasana) here. These poses are demanding on the upper body and may 
increase heart rate, which can increase blood pressure. 
Backbends with hands and feet on the floor-Ex. Elevated Both Legs Inverted Staff Pose Utthita 
Dwi Pada Viparita Dandasand) here. Poses such as these can be demanding on the upper body 
and can elevate blood pressure by increasing heart rate. 


CONDITION 
6. Menstruation 


During a period, uterine contractions can cause painful cramps in the lower abdomen and lower 
back. Yoga can help release endorphins to relax the body. Stretch out the lower body and back to 
help release the pain. Forward bends, inside hip openers, and gentle twists can help relieve the 
symptoms of menstruation. 


Some are of the opinion that inversions can cause engorgement in the blood vessels of the uterus, 
which may increase blood flow, and should be avoided during a period. On the other hand, B.K.S 
lyengar’s book The Path to Holistic Health recommends inversions during a period to reduce 
blood flow. You should listen to your own body and judge accordingly. If you are not feeling 
strong, engage in a slower-paced yoga pose practice. 


BENEFICIAL POSES 


Supine hip openers-Ex. Universal All-Encompassing Diamond Pose Vishvavajrasana) here. 
Poses such as this open up the hips and groin and allow the lumbar spine to rest, which can help 
relieve the menstrual discomfort. 

Low squats-Ex. One Leg Bound Garland Pose Eka Pada Baddha Malasana here. Practice poses 
such as this to stretch out the groin, the chest, and front shoulders. Releasing tension from those 
areas can help relieve menstrual discomfort. 

Seated hip openers-Ex. One Legged King Pigeon Pose 1 Prep. @ka Pada Raja Kapotasana i 
Prep.) here. Poses such as this help open up the hip and stretch the lower abdomen, which can help 
relieve menstrual discomfort due to tension in that area. 

Backbends on the knees—Ex. Camel Pose (Ushtrasana) here. Poses such as this can help stretch 
out the lower abdomen and release tension from that region, which can help relieve menstrual 
discomfort. 

Gentle seated twists-Ex. Easy Lord of The Fishes Pose Prep. Gukha Matsyendrasana Prep.) 
here. Seated twists stimulate internal organs and can help relieve the symptoms of menstruation by 
gently encouraging the natural blood flow during menstruation. 


POSES TO APPROACH WITH CAUTION 


Arm balances with hands and feet on the floor-Ex. Four Limbed Staff Pose Chaturanga 
Dandasana) here. Poses such as this are very demanding on the upper body and core, and may 


worsen the symptoms of menstruation due to overstraining. 


Arm balances with both feet off the floor-Ex. Pose Dedicated to Galava, One-Legged Variatior 
(Eka Pada Galavasana) here. These poses demand a lot of strength and may worsen the symptoms 
of menstruation due to overstraining. 

High squats-Ex. Tip Toe Fierce Pose (Prapada Utkatasana) here. Poses such as this are 
demanding on the legs and core, and may worsen the symptoms of menstruation due to 
overstraining, 

Backbends on hands and feet-Ex. Partridge Pose (Kapinjalasana) here. Intense backbends put a 
lot of strain on the body, because they engage the entire body. They may worsen the symptoms of 
menstruation due to overstraining, 


CONDITION 
7. Pregnancy 
Don’t engage in a vigorous yoga practice with jump-through and jump-back Vinyasas. Jumping is 
dangerous during pregnancy. Avoid hot yoga classes that can dangerously elevate your core 
temperature or cause dehydration. After giving birth, be mindful when going into deep stretches. 
The levels of relaxin (the hormone that loosens the muscles and joints to accommodate birth) in the 
body may still be high, increasing the danger of injury due to overstretching. If you had a C-section, 
make sure the wound heals properly. Avoid doing any intense twists or backbends, as they may 
interfere with healing of the wound. 


BENEFICIAL POSES 
Seated inner hip openers-Ex. Knees Spread Wide Hero Pose Prasarita Janu Virasana) here. 
Poses suchas this stretch out the inner hips without compressing the abdomen. 
Wide-legged squats-Ex. Lotus Hand Seal in Upward Hands Pose Dedicated to Goddess Kal 
(Padma Mudra Urdhva Hasta Kalyasand here. Wide-legged squats strengthen quadriceps (front 
of the thighs), hamstrings (back of the thighs), and glutes (buttocks) without putting pressure onto 
the abdomen. 
Standing side bends-Ex. Extended Side Angle Pose (Utthita Parshva Konasana) here. Standing 
side bends stretch out the side of the torso and lower back while strengthening the legs without 
putting pressure onto the abdomen. 
Poses on hands and knees-Ex. Tiger Pose (Vyaghrasana) here. Poses on hands and knees can be 
done during pregnancy because they do not compress the abdomen. 
Mild backbends on the knees-Ex. Half Camel Pose rdha Ushtrasana) here. Mild backbends 
can be practiced during pregnancy since they don’t compress the abdomen. 


POSES TO APPROACH WITH CAUTION 


Inversions-Ex. Repose Pose (Shayanasana) here. Don’t do any inversions where your heart is 
above your head beyond the first trimester. Turning your body upside down creates pressure on 


your internal organs and may be damaging to the developing fetus. 
Forward bend twists—Ex. Two Hands Revolved Western Intense Stretch Pose (Dwi Hasta 
Parivritta Paschimottanasana) here. Don’t do any forward bends or twists that compress the 
abdomen and squeeze the fetus and placenta. 

Core poses-Ex. Revolved Boat Pose Parivritta Navasana) here. Don’t do strenuous core poses 
that compress the abdomen. 

Prone poses-Ex. One-Legged Pose Dedicated to Siddhar Konganar Gka Pada Konganarasana) 
here, Avoid prone poses since they put a lot of pressure on the abdomen. 

Supine poses where the back is flat on the floor-Ex. Reclined Leg Position of Cow Face Posi 
(Supta Pada Gomukhasana) here. Supine poses with the back flat on the floor take out the natural 
curve in the lumbar spine that is present during pregnancy and can compress the fetus and placenta. 
Intense backbends—Ex. One-Legged Pigeon Pose Eka Pada Kapotasana) here. Intense backbends 
create too much stretch in the abdomen and should be avoided during pregnancy. 


CONDITION 
8. Menopause 
Common symptoms of menopause such as hot flashes and mood swings can be alleviated with 
regular yoga pose practice. Focus on poses that open up the pelvic area as well as mediation to 
help control stress. 
Avoid practicing hot yoga and avoid overexertion. Both can trigger menopause symptoms. It is 


recommended to avoid vigorous Sun Salutes, as they can increase body temperature and cause hot 
flashes. 


BENEFICIAL POSES 
Mild supine backbends-Ex. Bridge Whole Body Pose Getu Bandha Sarvangasana) here. Mild 
backbends open up the chest and heart area. They can help balance blood pressure and hormonal 
secretions as well as help relieve mood swings and hot flashes. 
Supine hip openers-Ex. Reclined Bound Angle Pose (Supta Baddha Konasana) here. These poses 
open up the chest, heart and pelvic areas. Blood flow is increased into the pelvic area and 
reproductive organs and that can help balance hormonal functions. These poses can help relieve 
high blood pressure, headaches, and breathing problems. 
Supine thigh openers-Ex. Reclined Hero Pose (Supta Virasana) here. Poses such as this can help 
improve blood circulation in the ovarian region and stimulate the pelvic organs, which can help 
balance hormonal functions and relieve the symptoms of menopause. 


POSES TO APPROACH WITH CAUTION 
Backbends on hands and feet-Ex. Tip Toe One Hand Upward Bow Pose Prapada Eka Hasta 
Urdhva Dhanurasana) here. Poses such as these can be too strenuous on the upper body (arms and 
shoulders). They can raise the body temperature and cause hot flashes. 


Core poses—Ex. Boat Pose (Navasana) here. Avoid any vigorous core yoga poses, as it creates too 
much tension around the abdominal organs and may worsen the menopause symptoms. 

Standing twists-Ex. Revolved Side Angle (Parivritta Parshva konasana) here. Avoid any intense 
twists, as it creates too much compression around the internal organs of the torso, which may 
worsen the menopause symptoms. 

Inversions-Ex. Headstand 1 (Shirshasana 1) here. Avoid any full inversions, as they increase 
blood flow to the internal organs of the torso and raise heart rate which may cause hot flashes. 
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MOUNTAIN POSE: HANDS BELOW THE HEAD 


Mountain Pose 


Tadasana 

(tuh-DAHS-uh-nuh) 

Also Known As: Equal Steady Standing, State of Balance (Samasthiti) 
Modification: palms rotated forward 

Pose Type: standing 

Drishti Point: Nasagrai or Nasagre (nose) 


Mountain Pose with Hands in Prayer 


Tadasana Namaskar 

(tuh-DAHS-uh-nuh nuh-muhs-KAHR) 

Modification: hands in Anjali Mudra (Hands in Prayer); feet to the front, toes lifted 
Pose Type: standing 

Drishti Point: Nasagrai or Nasagre (nose) 


¢ 


Reverse Prayer Mountain Pose 


Viparita Namaskar Tadasana 

(vi-puh-REE-tuh nuh-muhs-KAR tuh-DAHS-uh-nuh) 

Also Known As: Penguin Pose, Back of the Body Prayer Mountain Pose (Paschima Namaskara 
Tadasana) 

Modification: feet rotated out 

Pose Type: standing 

Drishti Point: Nasagrai or Nasagre (nose) 


@ 


Hands Bound Mountain Pose 


Baddha Hasta Tadasana 

(BUH-duh HUH-stuh tuh-DAHS-uh-nuh) 

Pose Type: standing 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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MOUNTAIN POSE: HANDS ABOVE THE HEAD & TANDAVA AND LASYA DANCE MODIFICATIONS 


Upward Salute Pose 


Urdhva Hastasana 

(OORD-vuh huh-STAHS-uh-nuh) 

Also Known As: Volcano Pose 

Modification: arms shoulder width apart 

Pose Type: standing, mild backbend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Upward Salute Pose 


Urdhva Hastasana 

(OORD-vuh huh-STAHS-uh-nuh) 

Also Known As: Volcano Pose 

Modification: palms pressed together 

Pose Type: standing, mild backbend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Mountain Pose—Raised Bound Hands 


Tadasana Urdhva Baddha Hastasana 


(tuh-DAHS-uh-nuh OORD-vuh BUH-duh huh-STAHS-uh-nuh) 
Also Known As: Mountain Pose (Parvatasana) 
Pose Type: standing 

Drishti Point: Nasagrai or Nasagre (nose) 
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Mountain Pose 


Tadasana 

(tuh-DAHS-uh-nuh) 

Modification: shoulder opener, intense version 

Pose Type: standing 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 


Pose Inspired by Parvati’s Graceful Dance 


Lasyasana 

(lahs-YAHS-uh-nuh) 

Modification: both legs straight; one leg extended to the front, heel up; one arm up over the head 
reaching to the floor, other arm reaching up to the sky; deep backbend 

Pose Type: standing, backbend 


Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Standing Crescent Pose 


Indudalasana 

(in-doo-duh-LAHS-uh-nuh) 

Modification: grabbing onto the wrist of the top hand 
Pose Type: standing, side bend 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Sideways Mountain Pose—Raised Bound Hands 


Parshva Tadasana Urdhva Baddha Hastasana 
(PAHRSH-vuh twh-DAHS-uh-nuh OORD-vuh BUH-duh HUH-STAHS-uh-nuh) 


Also Known As: Side Bending Pose (Parshva Bhangi) 
Pose Type: standing, side bend 


Drishti Point: Nasagrai or Nasagre (nose) 
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Revolved Upward Mountain Pose—Raised Bound Hands 


Parivritta Urdhva Tadasana Urdhva Baddha Hastasana 
(puh-ri-VRIT-twuh OORD-vuh twh-DAHS-uh-nuh OORD-vuh BUH-duh HUH-STAHS-uh-nuh) 
Also Known As: Side Bending Pose (Parshva Bhangi) 

Pose Type: standing, side bend, backbend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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One-Legged Standing Crescent Pose 


Eka Pada Indudalasana 

(EY-kuh PUH-duh in-doo-LAHS-uh-nuh) 

Modification: grabbing onto the wrist 

Pose Type: standing one-legged balance, side bend 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Side Stretch Pose 


Parshvasana 

(pahrsh-VAH-suh-nuh) 

Modification: fingers interlocked, palms pressed together 

Pose Type: standing, side bend 

Drishti Point: Nasagrai or Nasagre (nose), Urdhva or Antara Drishti (up to the sky) 


Pose Inspired by Shiva’s Vigorous Cycle of Life Dance 


Tandavasana 

(tahn-duh-VAHS-suh-nuh) 

Modification: heels down, legs crossed, arms up over the head 
Pose Type: standing, side bend, backbend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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TANDAVA AND LASYA DANCE MODIFICATIONS 


Pose Inspired by Parvati’s Graceful Dance 


Lasyasana 

(lahs-YAHS-uh-nuh) 

Modification: legs crossed, knees bent; one hand on the hip, one arm over the head 
Pose Type: standing, side bend 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Pose Inspired by Parvati’s Graceful Dance 


Lasyasana 

(lahs-YAHS-uh-nuh) 

Modification: front leg ankle stretch, both knees bent, legs crossed, one arm toward the opposite 
knee, other arm up over the head 

Pose Type: standing, side bend 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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SIDE BENDS: ONE ARM UP OVER THE HEAD, OTHER ARM ALONG THE SIDE OF TORSO 


One Hand Side Stretch Pose 


Eka Hasta Parshvasana 

(EY-kuh HUH-stuh pahrsh-VAH-suh-nuh) 

Modification: one arm up over the head, other hand sliding down the leg 
Pose Type: standing, side bend 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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SIDE BENDS: ONE ARM UP OVER THE HEAD, OTHER ARM ALONG THE SIDE OF TORSO 


Swaying Palm Tree Pose os 


Tiryak Tala-Vrikshasana 
(TIR-yuhk TAHL-wh-vrik-SHAHS-uh-nuh) 
Pose Type: standing, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 


How to Perform the Pose: 


1. Begin by standing in Mountain Pose (Tadasana). Engage your mula bandha, uddhiyana bandha, 
and ujjayi breathing, 

2. Inhale; step your feet slightly wider than shoulder-distance apart with toes facing forward and feet 
parallel to each other. Expand your chest and hold your arms straight out to the sides, parallel to 
the floor. 

3. Exhale as you side bend to the left, dropping your left hand either to the side of the left thigh or the 
left shin. (Avoid putting pressure on the knee joint.) Bring your right arm over head and bend it at 
the elbow. 

4. Inhale as you rotate your chest up to the sky; do not collapse it forward. Feel the deep stretch on 
the right side of your torso as you look toward your right hand (Pose #1). 

5. On your next exhale, try to reach your right arm over your head with fingertips pointing toward the 
floor (Pose #2). 

6. Hold the pose for at least 30, and up to 90, seconds in order to receive the full benefits of the 
stretch. Exhale as you release the pose. Inhale as you press strongly into both feet to come up. 

7. Exhale, come back to Mountain Pose (Tadasana), and repeat on the left side. 


Modification: elbow of the top arm bent 
1. mild version 
2. intense version 


tiryak = horizontally, sideways, obliquely, across 


tala-vrikshasana = palm tree 
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STANDING BACKBENDS: LEGS STRAIGHT 


Hands Bound Rising Standing Locust Pose 


Baddha Hasta Utthita Stiti Shalabhasana 

(BUH-duh HUH-stuh UT-ti-tuh STI-ti shuh-luh-BAHS-uh-nuh) 

Also Known As: Baddha Hasta Utthita Nindra Shalabhasana 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Sun Salutation Pose—Raised Bound Hands 


Surya Namaskarasana Urdhva Baddha Hastasana 
SOOR-yuh nuh-muhs-kahr-AHS-uh-nuh OORD-vuh BUH-duh huh-STAHS-uh-nuh) 


Pose Type: standing, backbend 
Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Rising Standing Cobra Pose 


Utthita Stiti Bhujangasana 
(UT-ti-tuh STI-ti bu-juhng-AHS-uh-nuh) 


Also Known As: Utthita Nindra Bhujangasana 
Modification: toes down, hands on the front of the knees 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Sun Salutation Pose 


Surya Namaskarasana 

(SOOR-yuh nuh-muhs-kahr-AHS-uh-nuh) 

Modification: palms facing up 

Pose Type: standing, backbend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Sun Salutation Pose 


Surya Namaskarasana 
(SOOR-yuh nuh-muhs-kahr-AHS-uh-nuh-uh-nuh) 


Modification: fingers interlocked, pointer fingers out 
Pose Type: standing, backbend 
Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Reverse Facing Intense Stretch Pose 


Tiryang Mukhottanasana 

(TEER-yuhng mu-ko-tahn-AHS-uh-nuh) 

Also Known As: Full Wheel Pose (Purna Chakrasana) 

Modification: grabbing onto the shins 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Reverse Facing Intense Stretch Pose 


Tiryang Mukhottanasana 

(TEER-yuhng mu-ko-tahn-AHS-uh-nuh) 

Modification: grabbing onto the front of the knees 
Pose Type: standing, backbend 


Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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STANDING BACKBENDS: KNEES BENT 


Standing Upward Facing Intense Ankle Stretch Bow Pose 


Stiti Urdhva Mukgattana Kulpa Dhanurasana 

(STI-ti OORD-vuh mu-ko-TAH-nuh KUL-puh duh-nur-AHS-uh-nuh) 

Also Known As: Nindra Urdhva Mukgattana Kulpa Dhanurasana 
Modification: hands to the heels 

Pose Type: standing, backbend, balance 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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ONE LEG STANDING BALANCE: KNEE BENT—HEEL TO THE SITTING BONES 


One Hand to Foot Rising Standing One-Legged Frog Pose 


Eka Hasta Pada Utthita Stiti Eka Pada Bhekasana 


(EY-kuh HUH-stuh PUH-duh UT-ti-tuh STI-ti EY-kuh PUH-duh bey-KAHS-uh-nuh) 

Also Known As: Eka Hasta Pada Utthita Nindra Eka Pada Bhekasana 
Modification: grabbing onto the foot, arm crossed in front; foot toward the glutes 
Pose Type: standing one-legged balance, binding 

Drishti Point: Hastagrai or Hastagre (hands) 


Lord of the Dance Pose 


Natarajasana 

(NAH-tuh-rahj-AHS-uh-nuh) 

Modification: one hand to foot, foot toward the glutes 
Pose Type: standing one-legged balance, backbend 
Drishti Point: Hastagrai or Hastagre (hands) 
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Both Hands to Foot Rising Standing One-Legged Frog Pose 


Dwi Hasta Pada Utthita Stiti Eka Pada Bhekasana 
(dwi-huh-stuh PUH-duh UT-ti-tuh STI-ti EY-kuh PUH-duh bey-KAHS uh-nuh) 


Also Known As: Dwi Hasta Pada Utthita Nindra Eka Pada Bhekasana 
Pose Type: standing one-legged balance 


Drishti Point: Nasagrai or Nasagre (nose) 
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ONE LEG STANDING BALANCE: KNEE BENT—HEEL TO THE SITTING BONES—HALF FORWARD BEND 


Bowing with Respect Lord of the Dance Pose 


Nantum Natarajasana 

(NUHN-tum NAH-tuh-rahj-AHS-uh-nuh) 

Modification: half forward bend, both hands to the back foot, foot toward the glutes 
Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Half Bound Bowing with Respect Lord of the Dance Pose 


Ardha Baddha Nantum Natarajasana 

(UHR-duh BUH-duh NUHN-tum NAH-twh-rahj-AHS-uh-nuh) 

Modification: grabbing onto the back foot with opposite hand 
Pose Type: standing one-legged balance, forward bend, binding 
Drishti Point: Nasagrai or Nasagre (nose) 
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Half Moon Bow Pose Prep. 


Ardha Chandrachapasana Prep. 

(UHR-duh CHUHN-druh-chahp-AHS-uh-nuh) 

Modification: grabbing onto the back foot with the hand on the same side 
Pose Type: standing one-legged balance, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Hand to Foot Revolved Half Moon Bow Pose 


Hasta Pada Parivritta Ardha Chandrachapasana 

(HUH-stuh PUH-duh puh-ri-VRIT-tuh UHR-duh CHUHN-druh-chahp-AHS-uh-nuh) 

Also Known As: Lord of the Dance Pose Modification (Natarajasana) 
Pose Type: standing one-legged balance, forward bend, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Half Bound Unsupported Bound One-Legged Intense Stretch Pose Prep. 


Ardha Baddha Niralamba Baddha Eka Pada Uttanasana Prep. 

(UHR-duh BUH-duh nir-ah-LUHM-buh BUH-duh EY-kuh PUH-duh ut-tahn-AHS-uh-nuh) 

Also Known As: Lord of the Dance Pose Prep. Modification (Natarajasana Prep.) and Half Bound 
Unsupported Bound One-Legged Forward Bend Prep. 

Modification: one hand to the floor 

Pose Type: standing one-legged balance, forward bend, binding 

Drishti Point: Hastagrai or Hastagre (hands), Nasagrai or Nasagre (nose) 
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ONE LEG STANDING BALANCE: KNEE BENT—HEEL TO THE SITTING BONES—FORWARD BEND 


One Leg Stretched Upward Pose Prep. 


Urdhva Prasarita Ekapadasana Prep. 

(OORD-vuh pruh-SAH-ri-tuh EY-kuh-puh-DAHS-uh-nuh) 

Modification: top leg bent, heel toward the glutes; both palms to the floor 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet), Nasagrai or Nasagre (nose) 
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Unsupported Bound One Foot Intense Stretch Pose 


Niralamba Baddha Eka Pada Uttanasana 
(nir-ah-LUHM-buh BUH-duh EY-kuh PUH-duh ut-TAHS-uh-nuh) 

Also Known As: Unsupported Bound One Foot Full Forward Bend 
Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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ONE LEG STANDING BALANCE: KNEE BENT—HALF FORWARD BEND 


Revolved Half Moon Bow Pose 


Parivritta Ardha Chandrachapasana 

(puh-ri-VRIT-twuh UHR-duh CHUHN-druh-chahp-AHS-uh-nuh) 

Pose Type: standing one-legged balance, backbend, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky), Padhayoragrai or Padayoragre (toes/feet), 
Hastagrai or Hastagre (hands) 


es00 


Pose Dedicated to Yogi Gitananda 


Gitanandasana 

(geet-ah-nuhn-DAHS-uh-nuh) 

Also Known As: Lord of the Dance Pose Modification (Natarajasana) 
Modification: foot away from the head 

Pose Type: standing one-legged balance, backbend, forward bend 
Drishti Point: Hastagrai or Hastagre (hands) 
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Pose Dedicated to Yogi Gitananda 


Gitanandasana 

(geet-ah-nuhn-DAHS-uh-nuh) 

Also Known As: Lord of the Dance Pose Modification (Natarajasana) 
Modification: foot to the head 

Pose Type: standing one-legged balance, backbend, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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ONE LEG STANDING BALANCE: HANDS BOUND BEHIND THE BACK 


Toppling Tree Pose 


Patan Vrikshasana 

(PUH-tuhn vrik-SHAHS-uh-nuh) 

Modification: both knees bent 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Toppling Tree Pose 


Patan Vrikshasana 

(PUH-tuhn vrik-SHAHS-uh-nuh) 

Modification: both legs straight 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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ONE LEG STANDING BALANCE: KNEE BENT—FOOT TO THE ELBOW CREASE 


Lord of the Dance Pose Prep. 


Natarajasana Prep. 

(NAH-tuh-rahj-AHS-uh-nuh) 

Modification: foot to the elbow crease, arms open to the sides, elbows bent 
Pose Type: standing one-legged balance, backbend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Prayer Lord of the Dance Pose 


Namaskar Natarajasana 

(nuh-muhs-KAHR NAH-tuh-rahj-AHS-uh-nuh) 

Modification: foot to the elbow crease 

Pose Type: standing one-legged balance, backbend 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Half Moon Bow Pose Prep. 


Ardha Chandrachapasana Prep. 
(URH-duh chuhn-druh-chahp-AHS-uh-nuh) 


Modification: foot to the elbow crease 
Pose Type: standing one-legged balance, backbend, forward bend 
Drishti Point: Hastagrai or Hastagre (hands) 
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ONE LEG STANDING BALANCE: KNEE BENT BEHIND 


Lord of the Dance Pose 
Natarajasana 
(NAH-tuh-rahj-AHS-uh-nuh) 


Also Known As: Baby Dancer’s Pose (Bala Natarajasana) 
Modification: hand to the foot on the same side using an under-head grip, back knee bent 
1. thigh parallel to the floor 

2. thigh 45 degrees to the floor, half forward bend 


Pose Type: standing one-legged balance, backbend 
Drishti Point: Hastagrai or Hastagre (hands) 


ONE LEG STANDING BALANCE: KNEE BENT BEHIND 


Hand Position of Mermaid Pose in Bowing With Respect es oGe 
Lord of the Dance Pose 


Hasta Naginyasana in Nantum Natarajasana 

(HUH-stuh nuh-gin-YAHS-uh-nuh in nan-toom NAH-tuh-rahj-AHS-uh-nuh) 

Pose Type: standing one legged balance, backbend, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) or Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


How to Perform the Pose: 


1. Begin by standing in Mountain Pose (Tadasana). Engage your mula bandha, uddhiyana bandha, 
and ujjayi breathing, 


2. Inhale and bring your weight onto the left foot. Exhale as you bend your right knee, grab onto the 
right foot with your right hand, and bring your right heel to your right sitting bone. Keep your 
standing leg strong and straight by pulling the knee cap up and engaging the front thigh muscles 
(quadriceps). Keep your knees together. 

3. On the next exhale, start pushing your right foot back and up to the sky, while tipping your torso 
forward. 

4. Exhale as you bring the right foot to the right elbow crease and bend your right arm to keep the foot 
in place. 

5. Inhale as you reach your left arm out in front of you. Exhale, bend the left elbow, and grab onto the 
right hand with your left hand (Pose #2). This is the arm position of Mermaid Pose (Hasta 
Naginyasana). 

6. To deepen the shoulder stretch, on the next exhale start walking your left hand down your left 
forearm. Grab first onto the left elbow and then to your left tricep (Pose #1). 

7. Hold the pose for at least 30, and up to 90, seconds in order to receive the full benefits of the 
stretch. Exhale as you release the pose, come back to Mountain Pose (Tadasana), and repeat on 
the right side. 


hasta = hand 
naga = great mythological snake 
nantum = to bow with respect 


Nataraj = name of Shiva as a cosmie dancer 


Open Heart Lord of the Dance Pose 


Anahata Chakra Natarajasana 

(uhn-AH-huh-tuh CHUHK-ruh NAH-tuh-rahj-AHS-uh-nuh) 

Modification: back knee bent, arms open to the sides, foot working toward the head 
Pose Type: standing one-legged balance, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Lord of the Dance Pose 
Natarajasana 
(NAH-tuh-rahj-AHS-uh-nuh) 


Modification: hand to opposite foot using an under-head grip, back knee bent 
Pose Type: standing one-legged balance, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Lord of the Dance Pose 
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Natarajasana 

(NAH-tuh-rahj-AHS-uh-nuh) 

Modification: standing leg bent, heel to the floor; hand to the foot on the same side using an overhead 
grip, foot to the shoulder 

Pose Type: standing one-legged balance, backbend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Lord of the Dance Pose 


Natarajasana 

(NAH-tuh-rahj-AHS-uh-nuh) 

Also Known As: Lord of the Dance Pose | (Natarajasana 1) 

Modification: both hands grabbing onto the back foot with overhead grip, foot away from the head 
Pose Type: standing one-legged balance, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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ONE LEG STANDING BALANCE: GRABBING ONTO THE BACK KNEE 


Bound Lord of the Dance Pose 


Baddha Natarajasana 

(BUH-duh NAH-tuh-rahj-AHS-uh-nuh) 

Also Known As: Yogi Yogananda Pose (Yoganandasana) 

Modification: hand binding to the knee on the same side of the body; back foot away from the head 
Pose Type: standing one-legged balance, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Bound Lord of the Dance Pose 


Baddha Natarajasana 

(BUH-duh NAH-tuh-rahj-AHS-uh-nuh) 

Modification: one hand binding to the knee on the same side of the body, other arm crossed in front of 
the neck 

1. left side view 

2. right side view 

Pose Type: standing one-legged balance, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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Bound Lord of the Dance Pose 


Baddha Natarajasana 

(BUH-duh NAH-tuh-rahj-AHS-uh-nuh) 

Also Known As: Yogi Yogananda Pose (Yoganandasana) 

Modification: hand binding to the inside of the thigh on the same side of the body, back foot away 
from the head 

Pose Type: standing one-legged balance, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Supported Sideways Hand to Knee Lord of the Dance Pose 


Salamba Parshva Hasta Janu Natarajasana 
(sah-LUHM--buh PAHRSH-vuh HUH-stuh JAH-nu NAH-tuh-rahj-AHS-uh-nuh) 
Pose Type: standing one-legged balance, forward bend, twist 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Unsupported Sideways Hand to Knee Lord of the Dance Pose 


Niralamba Parshva Hasta Janu Natarajasana 
(nir-ah-LUHM-buh-nuh PAHRSH-vuh HUH-stuh JAH-nu NAH-tuh-rahj-AHS-uh-nuh) 


Pose Type: standing one-legged balance, forward bend, twist 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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ONE LEG STANDING BALANCE: KNEE BENT IN FRONT 


Hand Bound Rising Standing Wind Relieving Pose Prep. 


Baddha Hasta Utthita Stiti Vayu Muktyasana Prep. 

(BUH-duh HUH-stuh UT-ti-twh STI-ti VAH-vu muk-TYAHS-uh-nuh) 

Also Known As: Baddha Hasta Utthita Nindra Vayu Muktyasana Prep. 

Modification: knee of the standing leg bent; fingertips to elbows, arms parallel to the floor, knee of 
the lifted leg to the forearm 

Pose Type: standing one-legged balance 

Drishti Point: Nasagrai or Nasagre (nose) 
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Standing Rising One-Legged Chin to Knee Pose Prep. 

Stiti Utthita Eka Pada Chibi Janu Shirshasana Prep. 

(STI-ti UT-ti-tuh EY-kuh PUH-duh CHI-bi JAH-nu sheer-SHAHS-uh-nuh) 

Also Known As: Nindra Utthita Eka Pada Chibi Janu Shirshasana Prep. 
Modification: 1. arms wrapped around the shin 2. fingers interlocked over the shin 


Pose Type: standing one-legged balance, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 


\ 


a 


} 


ONE LEG STANDING BALANCE: KNEE BENT IN FRONT—BINDING & TWISTS 


Standing Rising Wind Relieving Pose 


Stiti Utthita Vayu Muktyasana 

(STI-ti UT-ti-tuh VAH-yu muk-TYAHS-uh-nuh) 

Also Known As: Nindra Utthita Vayu Muktyasana; Standing Pose Dedicated to Marichi (Nindra 
Marichyasana) 

Modification: standing up straight 

Pose Type: standing one-legged balance, forward bend, binding 

Drishti Point: Nasagrai or Nasagre (nose) 
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Revolved Prayer Standing Rising Wind Relieving Pose 


Parivritta Namaskar Stiti Utthita Vayu Muktyasana 
(puh-ri-VRIT-twh nuh-muhs-KAHR STI-ti UT-ti-tuh VAH-yu muk TYAHS-uh-nuh) 

Also Known As: Parivritta Namaskar Nindra Utthita Vayu Muktyasana 
Modification: hands in Anjali Mudra (Hands in Prayer) 

Pose Type: standing one-legged balance, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 


eo30 


Revolved Bound Standing Rising Wind Relieving Pose 


Parivritta Baddha Stiti Utthita Vayu Muktyasana 
(puh-ri-VRIT-tuh BUH-duh STI-ti UT-ti-twh VAH-yu muk-TYAHS-uh-nuh) 

Also Known As: Parivritta Baddha Nindra Utthita Vayu Muktyasana 
Modification: binding around the back of the thigh 

1. foot on the knee 

2. foot away from the knee 

Pose Type: standing one-legged balance, forward bend, twist, binding 
Drishti Point: Nasagrai or Nasagre (nose) 
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Revolved Bound Standing Rising Wind Relieving Pose 


Parivritta Baddha Stiti Utthita Vayu Muktyasana 
(puh-ri-VRIT-tuh BUH-duh STI-ti UT-ti-twh VAH-yu muk-TYAHS-uh-nuh) 

Also Known As: Parivritta Baddha Nindra Utthita Vayu Muktyasana 
Modification: binding around the shin 

Pose Type: standing one-legged balance, forward bend, twist, binding 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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ONE LEG STANDING BALANCE: BOTH KNEES BENT—BINDING & TWISTS 


Revolved Bound Standing Rising Wind Relieving Pose Prep. 


Parivritta Baddha Stiti Utthita Vayu Muktyasana Prep. 
(puh-ri-VRIT-twh BUH-duh STI-ti UT-ti-twh VAH-yu muk-TYAHS-uh-nuh) 

Also Known As: Parivritta Baddha Nindra Utthita Vayu Muktyasana Prep. 
Modification: foot resting on the knee, standing leg bent 

Pose Type: standing one-legged balance, forward bend, twist, binding 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


eo00e 


Pose Inspired by Shiva’s Vigorous Cycle of Life Dance 


Tandavasana 

(tahn-duh-VAHS-uh-nuh) 

Modification: knee to the opposite elbow, foot resting on the knee, standing leg bent, heel down 
Pose Type: standing one-legged balance, forward bend, twist 

Drishti Point: Nasagrai or Nasagre (nose), Hastagrai or Hastagre (hands) 
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Pose Inspired by Shiva’s Vigorous Cycle of Life Dance 


Tandavasana 

(tahn-duh-VAHS-uh-nuh) 

Modification: both arms straight, one forearm to the opposite knee, other arm straight up to the sky, 
both knees bent 

Pose Type: standing one-legged balance, forward bend, twist 

Drishti Point: Hastagrai or Hastagre (hands) 
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ONE LEG STANDING BALANCE: HEEL UP 


Tip Toe Pose Inspired by Shiva’s Vigorous Cycle of Life Dance 


Prapada Tandavasana 

(PRUH-puh-duh tahn-duh-VAHS-uh-nuh) 

Modification: knee to the opposite elbow, foot resting on the knee, standing leg bent 
Pose Type: standing one-legged balance, forward bend, twist 

Drishti Point: Nasagrai or Nasagre (nose), Hastagrai or Hastagre (hands) 
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Tip Toe Pose Inspired by Parvati’s Graceful Dance 


Prapada Lasyasana 

(PRUH-puh-duh lahs-YAHS-uh-nuh) 

Modification: deep backbend, one arm reaching up to the sky, other arm reaching down to the floor; 
standing leg straight, other knee bent; foot to the inside of the knee of the opposite leg 

Pose Type: standing one-legged balance, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Hastagrai or Hastagre 
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Intense Ankle Stretch Tip Toe Lord of the Dance Pose 


Uttana Kulpa Prapada Natarajasana 

(ut-TAHN-wh KUL-puh PRUH-puh-duh NAH-tuh-rahj-AHS-uh-nuh) 

Also Known As: Tip Toe Pose Inspired by Parvati’s Graceful Dance (Prapada Lasyasana) 
Modification: standing leg bent, toes curled under, overhead grip, foot to the shoulder 
Pose Type: standing one-legged balance, backbend 

Drishti Point: Hastagrai or Hastagre (hands) 
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ONE LEG STANDING BALANCE: KNEE BENT IN FRONT, BINDING, FORWARD BENDS 


Half Standing Wind Relieving Intense Stretch Pose 1 & 2 Prep. 


Ardha Stiti Vayu Muktyuttonasana 1 & 2 Prep. 

(UHR-duh STI-ti VAH-yu muk-tew-ton-AHS-uh-nuh) 

Also Known As: Ardha Nindra Vayu Muktyuttonasana; Standing Wind Relieving Half Forward Bend 
Modification: fingers interlocked on the knee, half forward bend 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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One Hand Bound Half Standing Wind Relieving Intense Stretch Pose 


Eka Hasta Baddha Ardha Stiti Vayu Muktyuttonasana 

(EY-kuh HUH-stuh BUH-duh UHR-duh STI-ti VAH-yu muk-tew-ton-AHS-uh-nuh) 

Also Known As: Eka Hasta Baddha Ardha Nindra Vayu Muktyuttonasana; One Hand Bound Standing 
Wind Relieving Half Forward Bend 

Modification: binding around the shin, palm to the rib cage, foot resting on the thigh of the standing 
leg 

Pose Type: standing one-legged balance, forward bend, binding 


Drishti Point: Hastagrai or Hastagre (hands) 
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Standing Wind Relieving Intense Stretch Pose 1 


Stiti Vayu Muktyuttonasana 1 

(STI-ti VAH-yu muk-tew-ton-AHS-uh-nuh) 

Also Known As: Nindra Vayu Muktyuttonasana; Standing Wind Relieving Half Forward Bend 1 
Modification: chin away from the shin, binding on the inside of the thigh 

Pose Type: standing one-legged balance, forward bend, binding 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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ONE LEG STANDING BALANCE: KNEE BENT IN FRONT, BINDING, TWIST FORWARD BENDS 


Standing Wind Relieving Intense Stretch Pose 2 


Stiti Vayu Muktyuttonasana 2 

(STI-ti VAH-yu muk-tew-ton-AHS-uh-nuh) 

Also Known As: Nindra Vayu Muktyuttonasana; Standing Pose Dedicated to Sage Marichi (Nindra 
Marichyasana) and Standing Wind Relieving Full Forward Bend 


Modification: chin away from the shin, binding around the shin 
Pose Type: standing one-legged balance, forward bend, binding 
Drishti Point: Padhayoragrai or Padayoragre (toes/feet) 
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Revolved Half Standing Wind Relieving Intense Stretch Pose 


Parivritta Ardha Stiti Vayu Muktyuttonasana 

(puh-ri-VRIT-twuh UHR-duh STI-ti VAH-yu muk-tew-ton-AHS-uh-nuh) 

Also Known As: Parivritta Ardha Nindra Vayu Muktyuttonasana; Revolved Standing Wind Relieving 
Half Forward Bend 

Pose Type: standing one-legged balance, forward bend, twist, binding 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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ONE LEG STANDING BALANCE: KNEE BENT IN FRONT—BACKBENDS 


Hand to Knee Pose Inspired by Parvati’s Graceful Dance 


Hasta Janu Lasyasana 
(HUH-stuh JAH-nu lahs-YAHS-uh-nuh) 


Modification: arm up over the head and parallel to the floor 
Pose Type: standing one-legged balance, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Hastagrai or Hastagre 
(hands) 
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ONE LEG STANDING BALANCE: KNEE BENT IN FRONT—BACKBENDS—GRABBING ONTO THE ANKLE 


Standing One-Legged Hero Pose 


Stiti Eka Pada Virasana 

(STI-ti EY-kuh PUH-duh veer-AHS-uh-nuh) 

Also Known As: Nindra Eka Pada Virasana; Standing One-Legged Thunderbolt Pose (Nindra Eka 
Pada Vajrasana) 

Modification: hand grabbing onto the foot, heel toward the glutes, shin parallel to the floor, other arm 
up to the sky 

Pose Type: standing one-legged balance 

Drishti Point: Nasagrai or Nasagre (nose) 
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Hand to Foot Pose Inspired by Parvati’s Graceful Dance 


Hasta Pada Lasyasana 

(HUH-stuh PUH-duh lahs-YAHS-uh-nuh) 

Modification: arm up over the head reaching to the sky 

Pose Type: standing one-legged balance, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Hastagrai or Hastagre 
(hands) 
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ONE LEG STANDING BALANCE: KNEE BENT, KNEES IN LINE, FORWARD BENDS 


Hand to Ankle Half Standing Wind Relieving Intense Stretch Pose 


Hasta Kulpha Ardha Stiti Vayu Muktyuttonasana 

(HUH-stuh kul-puh UHR-duh STI-ti VAH-yu muk-tew-ton-AHS-uh-nuh) 

Also Known As: Hasta Kulpha Ardha Nindra Vayu Muktyuttonasana; Knee to Ear Half Standing 
Wind Relieving Intense Stretch Pose (Janu Karna Ardha Nindra Vayu Muktyuttonasana) and Hand to 
Ankle Standing Wind Relieving Half For-ward Bend 

Modification: one hand grabbing onto the ankle, knee to the temple: other arm up to the sky, elbow 
bent 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Hand to Foot One-Legged Half Intense Stretch Pose 


Hasta Pada Eka Pada Ardha Uttanasana 

(HUH-stuh PUH-duh EY-kuh PUH-duh UHR-duh ut-tahn-AHS-uh-nuh) 

Also Known As: Hand to Foot One-Legged Half Forward Bend 

Modification: hand to the foot from the same side, heel to the sitting bone, other palm to the floor 
Pose Type: standing one-legged balance, forward bend 


Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 


Hand to Foot One-Legged Intense Stretch Pose 


Hasta Pada Eka Pada Uttanasana 

(HUH-stuh PUH-duh EY-kuh PUH-duh ut-tahn-AHS-uh-nuh) 

Also Known As: Hand to Foot One-Legged Full Forward Bend 

Modification: hand to the foot on the same side, heel to the sitting bone; other palm to the floor 
Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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One-Legged Intense Stretch Pose 1 


Eka Pada Uttanasana 1 

(EY-kuh PUH-du ut-tahn-AHS-uh-nuh) 

Also Known As: One-Legged Full Forward Bend 1 

Modification: leg bent, heel to the sitting bone, knees together; fingertips to the floor, arms extended 
behind the foot 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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One-Legged Intense Stretch Pose 2 


Eka Pada Uttanasana 2 

(EY-kuh PUH-du ut-tahn-AHS-uh-nuh) 

Also Known As: One-Legged Full Forward Bend 2 

Modification: leg bent, heel to the sitting bone, knees together; fingertips to the floor, arms extended 
behind the foot 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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ONE LEG STANDING BALANCE: BOTH KNEES BENT & SHIVA DANCE IN THE RING OF FIRE 


Pose Inspired by Shiva’s Vigorous Cycle of Life Dance 


Tandavasana 

(tahn-duh-VAHS-uh-nuh) 

Modification: both knees bent, both elbows bent 
Pose Type: standing one-legged balance 
Drishti Point: Nasagrai or Nasagre (nose) 
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Pose Inspired by Shiva’s Vigorous Cycle of Life Dance 


Tandavasana 

(tahn-duh-VAHS-uh-nuh) 

Modification: standing leg straight; other knee bent, foot to the inside of the knee: one forearm to the 
opposite knee, other arm extended up to the sky 

Pose Type: standing one-legged balance, twist 

Drishti Point: Hastagrai or Hastagre (hands) 
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Pose Inspired by Shiva’s Vigorous Cycle of Life Dance 


Tandavasana 

(tahn-duh-VAHS-uh-nuh) 

Modification: standing leg straight, other knee bent at 90 degrees; both elbows bent, fingertips 
reaching to the sky; twisting to the outside of the body 

Pose Type: standing one-legged balance, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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ONE LEG STANDING BALANCE: KNEE BENT TO THE SIDE 


Pose Inspired by Shiva’s Vigorous Cycle of Life Dance 


Tandavasana 

(tahn-duh-VAHS-uh-nuh) 

Modification: knee to the tricep on the same side; both elbows bent, one arm up over the head 
Pose Type: standing one-legged balance, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Pose Inspired by Shiva’s Vigorous Cycle of Life Dance 


Tandavasana 

(tahn-duh-VAHS-uh-nuh) 

Modification: standing leg straight, other knee bent, toes pointing away from the head; fingertips to 
the temples 

Pose Type: standing one-legged balance 

Drishti Point: Nasagrai or Nasagre (nose) 
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Extended Hand to Big Toe Pose 2 Prep. 


Utthita Hasta Padangushtasana 2 Prep. 

(UT-ti-tuh HUH-stuh puh-DAHNG-goosh-tahn-AHS-uh-nuh) 

Also Known As: Extended Hand to Big Toe Pose B Prep. (Utthita Hasta Padangushtasana B Prep.) 
Modification: knee bent 

Pose Type: standing one-legged balance 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Easy Tree Pose Modification 


Sukha Vrikshasana 

(SOOK-uh vrik-SHAHS-uh-nuh) 

Modification: hands on the hips 

1. toes to the floor 

2. foot to the calf muscle 

Pose Type: standing one-legged balance 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Tree Pose with Hands in Prayer 


Vrikshasana Namaskar 
(vrik-SHAHS-uh-nuh nuh-muhs-KAHR) 


Pose Type: standing one-legged balance 
Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs), Nasagrai or Nasagre (nose) 
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Reverse Prayer Tree Pose 


Viparita Namaskar Vrikshasana 

(vi-puh-REE-tuh nuh-muhs-KAHR vrik-SHAHS-uh-nuh) 

Also Known As: Back of the Body Prayer Tree Pose (Paschima Namaskara Vrikshasana) 
Pose Type: standing one-legged balance 

Drishti Point: Nasagrai or Nasagre (nose) 
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Revolved Half Bound Tree Pose 


Parivritta Ardha Baddha Vrikshasana 

(puh-ri-VRIT-twuh UHR-duh BUH-duh vrik-SHAHS-uh-nuh) 

Pose Type: standing one-legged balance, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Tree Pose with Hands in Prayer 


Vrikshasana Namaskar 

(vrik-SHAHS-uh-nuh nuh-muhs-KAHR) 

Modification: backbend 

Pose Type: standing one-legged balance, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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ONE LEG STANDING BALANCE: KNEE BENT TO THE SIDE 


Tree Pose esge 


Vrikshasana 
(vrik-SHAHS-uh-nuh) 
Also Known As: Upward Hands Tree Pose (Urdhva Hasta Vrikshasana) or Pose Dedicated to Royal Sage Bhagiratha 


(Bhagirathasana) 
Pose Type: standing one-legged balance, mild backbend 
Drishti Point: Angusthamadhye or Angustha Ma Dyai (thumbs) 


How to Perform the Pose: 


1. Begin by standing in Mountain Pose (Tadasana). Engage your mula bandha, uddhiyana bandha, 
and ujjayi breathing, Find a still point on the floor to keep your gaze on. This will help you find 
and keep your balance. 

2. Inhale and bring your weight onto the right foot. Exhale as you bend your left knee, and bring it out 
to the left side, opening the inside of your left hip. Keep your hips leveled and parallel to the floor 
(don’t let your left hip go higher than your right). Keep the lower abdomen engaged to take out the 
compression (the arch) in the lower back. 

3. Exhale as you place the sole of your left foot to the left calf muscle. Make sure the toes of your left 
foot are pointing to the floor. 

4. On the next exhale, grab onto the left ankle with your left hand and slide the left foot up to the 
inside of your left thigh, keeping the toes of the left foot pointing to the floor. Avoid putting 
pressure on your right knee. Make sure to keep the left knee out to the side as you open the inside 
of your left hip. 

5. Inhale as you reach both arms up over your head, fingertips pointing up to the sky. Keep them 
straight and shoulder-width apart. Make sure to lengthen your neck and keep your shoulder blades 
down your back. 

6. Exhale and bring your gaze to your thumbs (Pose #1). You can experiment with rolling your head 
all the way back, feeling the stretch in the front of your neck (Pose #2). 

7. Ifyour shoulders are open, the neck is long, and your breathing is not constricted, you can bring 
your palms together on the exhale and look at your thumbs (Pose #3). With your palms pressed 
together, you can also experiment with rolling your head all the way back, feeling the stretch in the 
front of your neck (Pose #4). 

8. Hold the pose for at least 30, and up to 90, seconds in order to receive the full benefits of the 
stretch. Exhale as you release the pose, come back to Mountain Pose (Tadasana), and repeat on 
the other side. 


Modification: arms extended up over the head 
1. arms shoulder width 

2. arms shoulder width, head rolling back 

3. palms together 

4. palms together, head rolling back 


vriksha = tree 
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Hand Position of Cow Face Pose in Tree Pose 


Hasta Gomukhasana in Vrikshasana 
(HUH-stuh go-muk-AHS-uh-nuh in vrik-SHAHS-uh-nuh) 
Modification: Gomukhasana arms 

Pose Type: standing one-legged balance 
Drishti Point: Nasagrai or Nasagre (nose) 
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Hand Position of the Pose Dedicated to Garuda in Tree Pose 


Hasta Garudasana in Vrikshasana 

(HUH-stuh GUH-ru-duh-AHS-uh-nuh in vrik-SHAHS-uh-nuh) 

Pose Type: standing one-legged balance 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Sideways Tree Pose 


Parshva Vrikshasana 


(PAHRSH-vuh vrik-SHAHS-uh-nuh) 

Modification: side bend toward the bent knee 

Pose Type: standing one-legged balance, side bend 
Drishti Point: Hastagrai or Hastagre (hands) 
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Upward One Hand Half Bound Lotus Tree Pose 


Urdhva Eka Hasta Ardha Baddha Padma Vrikshasana 
(OORD-vuh EY-kuh HUH-stuh UHR-duh BUH-duh PUHD-muh vrik-SHAHS-uh-nuh) 


Pose Type: standing one-legged balance, binding 
Drishti Point: Nasagrai or Nasagre (nose) 
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Revolved Half Bound Lotus Tree Pose 


Parivritta Ardha Baddha Padma Vrikshasana 
(puh-ri-VRIT-twuh UHR-duh BUH-duh PUHD-muh vrik-SHAHS-uh-nuh) 

Pose Type: standing one-legged balance, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 


eo 


Hand to Foot Hand to Knee Tree Pose 


Hasta Pada Hasta Janu Vrikshasana 

(HUH-stuh PUH-duh HUH-stuh JAH-nu vrik-SHAHS-uh-nuh) 

Modification: grabbing onto the foot and the knee, knee to the outside 
Pose Type: standing one-legged balance 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Hand to Foot Hand to Knee Tree Pose 


Hasta Pada Hasta Janu Vrikshasana 
(HUH-stuh PUH-duh HUH-stuh JAH-nu vrik-SHAHS-uh-nuh) 


Modification: backbend, grabbing onto the foot and the knee, knee to the outside, looking straight 
ahead 


Pose Type: standing one-legged balance, backbend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Hand to Foot Hand to Knee Toppling Tree Pose 


Hasta Pada Hasta Janu Patan Vrikshasana 

(HUH-stuh PUH-duh HUH-stuh JAH-nu PUH-tuhn vrik-SHAHS-uh-nuh) 
Modification: grabbing onto the foot and the shin, knee to the outside 
Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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ONE LEG STANDING BALANCE: LEG STRAIGHT IN FRONT 


Both Hands to Foot Pose 


Dwi Hasta Padasana 

(dwi-huh-stuh puh-DAHS-uh-nuh) 

Also Known As: Raised Up Leg and Back Stretch Pose (Utthita Eka Pada Paschimottanasana), 
Standing Head to Knee Pose (Dandayamana-Janushirasana) 

Modification: chin to the shin 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Padayoragrai or 
Padayoragre (toes/feet) 
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Extended One Foot Pose 


Utthita Ekapadasana 

(UT-ti-tuh EY-kuh-puh-DAHS-uh-nuh) 

Also Known As: Extended Hand to Big Toe Pose D (Utthita Hasta Padangushtasana D; found in 
Ashtanga Yoga System) 

Modification: hands on the hips 

Pose Type: standing one-legged balance 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Extended Hand to Big Toe Pose 1 


Utthita Hasta Padangushtasana 1 

(UT-ti-tuh HUH-stuh puhd-ahng-goosh-TAHS-uh-nuh) 

Also Known As: Extended Hand to Big Toe Pose A (Utthita Hasta Padangushtasana A) 
Modification: lifted leg in front of the body 

Pose Type: standing one-legged balance 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Extended Pose Dedicated to Trivikrama—Conqueror of the Three 
Worlds (Vishnu) 


Utthita Trivikramasana 
(UT-ti-tuh tri-vi-kruh-MAHS-uh-nuh) 


Also Known As: Extended Hand to Foot Stretch Pose (Utthita Hastha Pada Uttanasana) 


Modification: knee away from the shoulder 


Pose Type: standing one-legged balance 
Drishti Point: Nasagrai or Nasagre (nose) 
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ONE LEG STANDING BALANCE: LEG STRAIGHT TO THE SIDE 


Pose Dedicated to Trivikrama—Conqueror of the Three Worlds 
(Vishnu) 


Trivikramasana 
(tri-vi-kruh-MAHS-uh-nuh) 


Also Known As: Leg to the Side Pose Dedicated to Trivikrama—Conqueror of the Three Worlds 
(Vishnu) (Parshva Pada Trivikramasana) 

Modification: arm wrapping around the leg on the same side 

Pose Type: standing one-legged balance 

Drishti Point: Nasagrai or Nasagre (nose) 
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Rising Standing Sundial Pose 


Utthita Stiti Surya Yantrasana 

(UT-ti-tuh STI-ti SOOR-yuh yuhn-TRAHS-uh-nuh) 

Also Known As: Utthita Nindra Surya Yantrasana 
Modification: side bend 

Pose Type: standing one-legged balance, side bend, twist 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Pose Dedicated to Trivikrama—Conqueror of the Three Worlds 
(Vishnu) 


Trivikramasana 


(tri-vi-kruh-MAHS-uh-nuh) 

Also Known As: Leg to the Side Pose Dedicated to Trivikrama—Conqueror of the Three Worlds 
(Vishnu) (Parshva Pada Trivikramasana) 

Modification: both hands grabbing onto the leg, shoulder to the back of the knee, looking to the side 
Pose Ty standing one-legged balance, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Pose Dedicated to Trivikrama—Conqueror of the Three Worlds 
(Vishnu) 


Trivikramasana 

(tri-vi-kruh-MAHS-uh-nuh) 

Also Known As: Leg to the Side Pose Dedicated to Trivikrama—Conqueror of the Three Worlds 
(Vishnu) (Parshva Pada Trivikramasana) 

Modification: one hand grabbing onto the opposite foot, shoulder to the front of the knee, other arm 


straight out to the side, looking straight ahead 


Pose Type: standing one-legged balance 
Drishti Point: Nasagrai or Nasagre (nose) 
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ONE LEG STANDING BALANCE: LEG STRAIGHT TO THE SIDE—BINDING & TWISTS. 


Extended Hand to Big Toe Pose 2 


Utthita Hasta Padangushtasana 2 

(UT-ti-tuh HUH-stuh puhd-ahng-goosh-TAHS-uh-nuh) 

Also Known As: Extended Hand to Big Toe Pose B (Utthita Hasta Padangushtasana B), Standing Leg 
Going to the Side Pose Prep. (Utthita Parshvasahita Prep.) 

Pose Type: standing one-legged balance 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Half Bound Pose Dedicated to Trivikrama—Conqueror of the Three 
Worlds (Vishnu) 


Ardha Baddha Trivikramasana (UHR-duh BUH-duh tri-vi-kruh-MAHS-uh-nuh) 
Also Known As: Leg to the Side Half Bound Pose Dedicated to Trivikrama—Conqueror of the Three 
Worlds (Vishnu) (Parshya Pada Ardha Baddha Trivikramasana) 

Modification: one arm wrapping around the leg on the same side, other arm behind the back, hand to 
the inside of the thigh 

Pose Type: standing one-legged balance, binding 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 


eso 


Bird of Paradise Pose 


Svarga Dvijasana 

(SVUHR-guh dwij-AHS-uh-nuh) 

Pose Type: standing one-legged balance, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Revolved Extended Hand to Foot Pose 


Parivritta Utthita Pada Hastasana 

(puh-ri-VRIT-twh UT-ti-twh PUH-duh huh-STAHS-uh-nuh) 

Also Known As: Revolved Hand to Big Toe Pose (Parivritta Hasta Padangushtasana) 
Pose Type: standing one-legged balance, twist 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Revolved Bird of Paradise Pose 


Parivritta Svarga Dvijasana 

(puh-ri-VRIT-tuh SVUHR-guh dwij-AHS-uh-nuh) 

Also Known As: Raised and Revolved Bound Leg Pose (Utthita Parivritta Baddha Padasana) 
Pose Type: standing one-legged balance, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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ONE LEG STANDING BALANCE: BOTH LEGS STRAIGHT—BACKBEND 


Lord of the Dance Pose 


Natarajasana 

(NAH-tuh-rahj-AHS-uh-nuh) 

Modification: under-head grip with one hand on the same side; both legs straight 
Pose Type: standing one-legged balance, backbend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Pose Dedicated to Yogi Yogananda 


Yoganandasana 

(vo-gah-nuhn-DAHS-uh-nuh) 

Also Known As: Pose Dedicated to Vishnu Devananda (Vishnu Devanandasana) 
Modification: both legs straight, grabbing onto the back leg with an under-head grip 
Pose Type: standing one-legged balance, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Yogi Sivananda’s Pose 


Sivanandasana 

(shiv-ah-nuhn-DAHS-uh-nuh) 

Modification: grabbing onto the shin 

Pose Type: standing one-legged balance, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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ONE LEG STANDING BALANCE: BOTH LEGS STRAIGHT—FORWARD BEND 


Pose Dedicated to Sage Sundaranandar 


Sundaranandarasana 
(sun-duh-RAH-nuhn-duh-RAHS-uh-nuh) 

Modification: palms to the floor, forehead to the shin 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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One Leg Stretched Upward Pose 


Urdhva Prasarita Ekapadasana 

(OORD-vuh pruh-SAH-ri-tuh ey-kuh-puhd-AHS-uh-nuh) 

Modification: one hand grabbing onto the ankle on the same side, palm of the other hand to the floor, 
head away from the shin 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) or Nasagrai or Nasagre (nose) 
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One Leg Stretched Upward Pose 


Urdhva Prasarita Ekapadasana 

(OORD-vuh pruh-SAH-ri-tuh ey-kuh-puhd-AHS-uh-nuh) 

Modification: both hands grabbing onto the ankle, forehead to the shin 
Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) if chin touches the shin 
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Unsupported One Leg Stretched Upward Pose 


Niralamba Urdhya Prasarita Ekapadasana 

(nir-AH-luhm-buh OORD-vuh pruh-SAH-ri-tuh ey-kuh-puhd-AHS-uh-nuh) 

Modification: arms straight along the sides of the torso, fingertips to the sky 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Padayoragrai or Padayoragre (toes/feet), Bhrumadhye or 
Ajna Chakra (third eye, between the eyebrows) 
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Bound Unsupported One Leg Stretched Upward Pose 


Baddha Niralamba Urdhva Prasarita Ekapadasana 

(BUH-duh nir-AH-luhm-buh OORD-vuh pruh-SAH-ri-tuh ey-kuh-puhd-AHS-uh-nuh-uh-nuh) 

Pose Type: standing one-legged balance, forward bend, binding 

Drishti Point: Nasagrai or Nasagre (nose), Padayoragrai or Padayoragre (toes/feet), Bhrumadhye or 
Ajna Chakra (third eye, between the eyebrows) 
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ONE LEG STANDING BALANCE: LEG STRAIGHT TO THE SIDE—HALF FORWARD BEND 


Bowing with Respect Extended Hand to Big Toe Pose 2 


Nantum Utthita Hasta Padangushtasana 2 

(NUHN-tum UT-ti-tuh HUH-stuh puhd-ahng-goosh-TAHS-uh-nuh) 

Modification: forward bend, grabbing onto the big toe of the lifted leg; other arm extended to the side 
parallel to the floor 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 


eo0 


Bowing with Respect Both Hands Extended to Big Toes Pose 2 


Nantum Utthita Dwi Hasta Padangushtasana 2 

(NUHN-tum UT-ti-tuh DWL-huh-stuh puhd-ahng-goosh-TAHS-uh-nuh-uh-nuh) 

Modification: forward bend, grabbing onto the big toes with both hands, leg lifted higher than the hip 
Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Bowing with Respect Half Bound Hand to Leg Pose 


Nantum Ardha Baddha Hasta Padasana 

(NUHN-tum UHR-duh BUH-duh HUH-stuh puhd-AHS-uh-nuh) 

Modification: half forward bend 

Pose Type: standing one-legged balance, forward bend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


edG0e 


tae 


ONE LEG STANDING BALANCE: STANDING KNEE BENT & STRAIGHT—FORWARD BEND 


Bowing with Respect Bird of Paradise Pose Prep. 


Nantum Svarga Dvijasana Prep. 

(NUHN-tum SVUHR-guh dwij-AHS-uh-nuh) 

Modification: 1. standing leg bent; other knee to the back of the shoulder, leg bent 
2. standing leg bent; other knee to the back of the shoulder, leg straight 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Bowing with Respect Bird of Paradise Pose 


Nantum Svarga Dvijasana 

(NUHN-tum SVUHR-guh dwij-AHS-uh-nuh) 

Modification: half forward bend 

Pose Type: standing one-legged balance, forward bend, binding 
Drishti Point: Nasagrai or Nasagre (nose) 
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Benu Bird Pose 2 


Benvasana 2 

(ben-VAHS-uh-nuh) 

Modification: both knees bent, chest toward the quadriceps, arms open to the sides 
Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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ONE LEG STANDING BALANCE: ONE LEG STRAIGHT TO THE BACK, HANDS TO THE FLOOR 


Half One Leg Stretched Upward Pose 


Ardha Urdhva Prasarita Ekapadasana 

(UHR-duh OORD-vuh pruh-SAH-ri-tuh ey-kuh-puh-DAHS-uh-nuh) 

Also Known As: One Leg Stretched Upwards Pose Prep. (Urdhva Prasarita Ekapadasana Prep.), 
Warrior 3 Prep. (Virabhadrasana 3 Prep.) 

Modification: fingertips to the floor 

Pose Type: standing, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One Leg Stretched Upward Pose Prep. 


Urdhya Prasarita Ekapadasana Prep. 

(OORD-vuh pruh-SAH-ri-tuh ey-kuh-puh-DAHS-uh-nuh) 

Modification: standing leg bent, shoulder to the back of the knee, arms extended to the back 
Pose Type: standing, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Half Moon Pose Prep. 


Ardha Chandrasana Prep. 

(UHR-duh chuhn-DRAHS-uh-nuh) 

Modification: with yoga block prop, hand on the hip 
Pose Type: standing one-legged balance, forward bend 
Drishti Point: Hastagrai or Hastagre (hands) 
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Half Moon Pose 


Ardha Chandrasana 
(UHR-duh chuhn-DRAHS-uh-nuh) 


Pose Type: standing one-legged balance, forward bend 
Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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ONE LEG STANDING BALANCE: ONE LEG STRAIGHT TO THE BACK—HANDS OFF THE FLOOR 


Warrior 3 


Virabhadrasana 3 

(VEER-uh buh-DRAHS-uh-nuh) 

Also Known As: Bird Pose A (Dikasana A) 

Pose Type: standing one-legged balance, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Warrior 3 


Virabhadrasana 3 

(VEER-uh buh-DRAHS-uh-nuh) 

Also Known As: Bird Pose B (Dikasana B) 

Modification: arms extended to the back and parallel to the floor 
Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Reverse Prayer Warrior 3 


Viparita Namaskar Virabhadrasana 3 
(vi-puh-REE-tuh nuh-muhs-KAHR VEER-uh buh-DRAHS-uh-nuh) 


Also Known As: Back of the Body Prayer Warrior 3 (Paschima Namaskara Virabhadrasana 3) 
Pose Type: standing one-legged balance, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Hand Position of the Pose Dedicated to Garuda in Warrior 3 


Hasta Garudasana in Virabhadrasana 3 
(HUH-stuh guh-ru-DAHS-uh-nuh in VEER-uh-buh-DRAHS-uh-nuh) 


Pose Type: standing one-legged balance, forward bend 
Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Half Lotus Warrior 3 


Ardha Padma Virabhadrasana 3 

(UHR-duh PUHD-muh VEER-uh-buh-DRAHS-uh-nuh-uh-nuh) 

Pose Type: standing one-legged balance, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 


eo 


Intensity. 
SCP. 
Efficacy. 
Efficiency 

How to Use It. 
Relative Advantages 
Derating 

What Can Go Wrong. 
High Temperature Environment 
Fire Risk. 
Current Intush . 
Replacement Problems. 


18. neon bulb 
What It Does 
How It Works 

Construction . 
Ionization . 
Negative Resistance. 
How to Use It. 
Limited Light Output. 
Efficiency 
Ruggedness . 
Power-Supply Testing . 
Life Expectancy 
Variants 
Nixie Tubes 
What Can Go Wrong. 
False Indication 
Failure in a Dark Environment 
Premature Failure with DC, 
Premature Failure through Voltage Fluctuations. 190 
Replacement 


20, fluorescent light . 
What It Does 
How It Works 

Ballast and Starter 
Flicker . 
Variants 
CFLs. 
Sizes 
‘Comparisons. 
Values 
Brightness. 
Spectrum 
What Can Go Wrong 
Unreliable Starting . 
Terminal Flicker 


xiv Encyclopedia of Electronic Components Volume 2 


ONE LEG STANDING BALANCE: ONE LEG STRAIGHT TO THE BACK—FACING THE SIDE & BINDING 


Half Moon Pose os 


with Hands in Prayer 


Ardha Chandrasana Namaskar 

(UHR-duh chuhn-DRAHS-uh-nuh nuh-muhs-KAHR) 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: 1. Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 2. Urdhva or Antara 


Drishti (up to the sky) 


How to Perform the Pose: 

1. Begin by doing Extended Triangle Pose (Urthita Trikonasana) with the left foot in front and your 
left hand to the floor outside the left foot (either on the fingertips or with the palm flat on the 
floor). Engage your mula bandha, uddhiyana bandha, and ujjayi breathing. 

2. Exhale as you slide your left palm out to the front while bending your left knee. Experiment with 
the distance to find your balance. 

3. Inhale and lift your right foot off the floor until your right leg is parallel to the floor. Keep it 
straight and reaching away from your head. Straighten your standing left leg. 

4. Exhale and rotate your chest to the side so that your shoulders stack one on top of the other. 

5. On your next exhale, lift your left arm up off the floor and bring your hands into prayer at the center 
of your chest. 

6. Youcan either find a gazing point on the floor that is not moving to help keep your balance (Pose 
#1) or challenge yourself by looking up to the sky (Pose #2). 

7. Hold the pose for at least 30, and up to 90, seconds in order to receive the full benefits of the 
stretch. Exhale, lower your right foot to the floor, coming back into Extended Triangle Pose 
(Utthita Trikonasana), and repeat on the other side. 


Modification: 
1. looking down 
2. looking up to the sky 


ardha = half 
chandra = moon 


namaskar = greeting with hands in Anjali Mudra (hands in prayer) 


ONE LEG STANDING BALANCE: ONE LEG STRAIGHT TO THE BACK—FACING THE SIDE & BINDING 


Reverse Prayer Half Moon Pose 


Viparita Namaskar Ardha Chandrasana 

(vi-puh-REE-tuh nuh-muhs-KAHR UHR-duh chuhn-DRAHS-uh-nuh) 

Also Known As: Back of the Body Prayer Half Moon Pose (Paschima Namaskara Ardha 
Chandrasana) 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Bound Half Moon Pose 


Baddha Ardha Chandrasana 

(BUH-duh UHR-duh chuhn-DRAHS-uh-nuh) 

Pose Type: standing one-legged balance, forward bend, binding 

Drishti Point: Nasagrai or Nasagre (nose) or Padayoragrai or Padayoragre (toes/feet) 
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Revolved Bound Half Moon Pose 


Parivritta Baddha Ardha Chandrasana 

(vi-puh-REE-tuh BUH-duh UHR-duh chuhn-DRAHS-uh-nuh) 

Modification: looking up to the sky 

Pose Type: standing one-legged balance, forward bend, twist, binding 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Half Firelog Pose in Half Moon Pose Prep. 


Ardha Agnistambhasana in Ardha Chandrasana Prep. 
(UHR-duh uhg-ni-stuhm-BAHS-uh-nuh in UHR-duh chuhn-DRAHS-uh-nuh) 
Modification: foot on top of the knee, palm to the lower back 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Half Bound Lotus Half Moon Pose Prep. 


Ardha Baddha Padma Ardha Chandrasana Prep. 
(UHR-duh BUH-duh PUHD-muh UHR-duh chuhn-DRAHS-uh-nuh) 


Modification: arm behind the back, binding to the inside of the thigh of the leg in Half Lotus 


Pose Type: standing one-legged balance, forward bend, twist, binding 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Leg Position of Half Cow Face Pose in Half Moon Pose Prep. 


Pada Ardha Gomukhasana in Ardha Chandrasana Prep. 
(PUH-duh UHR-duh go-muk-AHS-uh-nuh in UHR-duh chuhn-DRAHS-uh-nuh) 


Also Known As: One-Legged Cow Face Pose in Half Moon Pose Prep. (Eka Pada Gomukhasana in 
Ardha Chandrasana Prep.) 


Pose Type: standing one-legged balance, forward bend, twist 
Drishti Point: Hastagrai or Hastagre (hands) 
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ONE-LEGGED STANDING BALANCE: HALF LOTUS 


Half Bound Lotus Intense Stretch Pose Prep. 


Ardha Baddha Padmottanasana Prep. 
(UHR-duh BUH-duh puhd-mo-tahn-AHS-uh-nuh) 


Also Known As: Half Bound Lotus Half Forward Bend Prep., Half Lotus Half Intense Stretch Pose 


(Ardha Padma Ardha Uttanasana), Half Lotus Half Forward Bend 
Modification: half forward bend, fingertips of both hands to the floor 

Pose Type: standing, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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Half Bound Lotus Intense Stretch Pose Prep. 


Ardha Baddha Padmottanasana Prep. 

(UHR-duh BUH-duh puhd-mo-tahn-AHS-uh-nuh) 

Also Known As: Half Bound Lotus Half Forward Bend 

Modification: half forward bend 

Pose Type: standing one-legged balance, forward bend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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Half Bound Lotus Intense Stretch Pose 


Ardha Baddha Padmottanasana 
(UHR-duh BUH-duh puhd-mo-tahn-AHS-uh-nuh) 


Also Known As: Half Bound Lotus Full Forward Bend 
Pose Type: standing one-legged balance, forward bend, binding 
Drishti Point: Nasagrai or Nasagre (nose) 
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GARUDA LEGS 


Pose Dedicated to Garuda 


Garudasana 

(guh-ru-DAHS-uh-nuh) 

Also Known As: Eagle Pose 

Modification: hands intertwined in front, low stance 

Pose Type: standing one-legged balance 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Reverse Heart Chakra Seal in Leg Position of the Pose Dedicated to 
Garuda 


Viparita Anahata Chakra Mudra in Pada Garudasana 
(vi-cpuh-REE-tuh un-AH-huh-tuh chuh-kruh MU-druh in PUH-duh guh-ru-DAHS-uh-nuh) 

Also Known As: Reverse Heart Chakra Seal in Leg Position of the Eagle Pose 
Pose Type: standing one-legged balance 

Drishti Point: Nasagrai or Nasagre (nose) 
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Pose Dedicated to Garuda 


Garudasana 

(guh-ru-DAHS-uh-nuh) 

Also Known As: Eagle Pose 

Modification: elbows to the knees 

Pose Type: standing one-legged balance, forward bend 
Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Leg Position of the Pose Dedicated to Garuda 


Pada Garudasana 
(PUH-duh guh-ru-DAHS-uh-nuh) 


Also Known As: Leg Position of the Eagle Pose 
Modification: arms straight out to the sides behind the back 
Pose Type: standing one-legged balance, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Revolved Bound Leg Position of the Pose Dedicated to Garuda 


Parivritta Baddha Pada Garudasana 

(puh-ri-VRIT-twuh BUH-duh PUH-duh guh-ru-DAHS-uh-nuh) 

Also Known As: Revolved Bound Leg Position of the Eagle Pose 
Pose Type: standing one-legged balance, forward bend, binding, twist 
Drishti Point: Nasagrai or Nasagre (nose) 
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Hands Bound Leg Position of the Pose Dedicated to Garuda 


Baddha Hasta Pada Garudasana 
(BUH-duh HUH-stuh PUH-duh guh-ru-DAHS-uh-nuh) 


Also Known As: Hands Bound Leg Position of the Eagle Pose 
Pose Type: standing one-legged balance, forward bend 
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Drishti Point: Nasagrai or Nasagre (nose) 
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ONE-LEGGED SQUATS: TWISTS 


Revolved Half Standing Wind Relieving Intense Stretch Pose 


Parivritta Ardha Stiti Vayu Muktyuttonasana 

(puh-ri-VRIT-twuh UHR-duh STI-ti V2 ‘NAHS-uh-nuh) 

Also Known As: Parivritta Ardha Nindra Vayu Muktyuttonasana; Revolved Standing Wind Relieving 
Half Forward Bend 

Modification: knees together; elbow to the opposite knee, other arm extended to the back 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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Revolved Half Standing Wind Relieving Intense Stretch Pose with 
Hands in Prayer 


Parivritta Ardha Stiti Vayu Muktyuttonasana Namaskar 

(puh-ri-VRIT-twuh UHR-duh STI-ti VAH-yu muk-tew-to-NAHS-uh-nuh nuh-muhs-KAHR) 

Also Known As: Parivritta Ardha Nindra Vayu Muktyuttonasana Namaskar; Revolved Standing Wind 
Relieving Half Forward Bend with Hands in Prayer 

Modification: back leg crossed under the front leg 

Pose Type: standing one-legged balance, forward bend, twist 

Drishti Point: Nasagrai or Nasagre (nose) 
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Bound Revolved Half Standing Wind Relieving Intense Stretch Pose 


Baddha Parivritta Ardha Stiti V: Muktyuttonasana 

(BUH-duh puh-ri-VRIT-tuh UHR-duh STI-ti VAH-yu muk-tew-to-NAHS-uh-nuh) 

Also Known As: Baddha Parivritta Ardha Nindra Vayu Muktyuttonasana; Bound Revolved Standing 
Wind Relieving Half Forward Bend 

Pose Type: standing one-legged balance, forward bend, twist, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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ONE-LEGGED SQUATS: KNEES IN LINE—HEEL TO THE SITTING BONES—GRABBING ONTO THE ANKLE 


Revolved One Hand to Foot Half Standing Wind Relieving Intense 
Stretch Pose 


Parivritta Eka Hasta Pada Ardha Stiti Vayu Muktyuttonasana 

(puh-ri-VRIT-twh EY-kuh HUH-stuh PUH-duh UHR-duh STI-ti VAH-yu muk-tew-to-NAHS-uh-nuh) 

Also Known As: Parivritta Eka Hasta Pada Ardha Nindra Vayu Muktyuttonasana; Revolved One 
Hand to Foot Standing Wind Relieving Half Forward Bend 

Modification: knees together; elbow to the opposite knee, other hand grabbing onto the ankle 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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Both Hands to Foot Half Standing Wind Relieving Intense Stretch Pose 


Dwi Hasta Pada Ardha Stiti Vayu Muktyuttonasana 

(DWI-huh-stuh PUH-duh UHR-duh STI-ti VAH-yu muk-to-NAHS-uh-nuh) 

Also Known As: Dwi Hasta Pada Ardha Nindra Vayu Muktyuttonasana 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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ONE-LEGGED SQUATS: KNEES IN LINE—HEEL TO THE SITTING BONE—HEEL OF THE STANDING LEG UP. 


One Hand to Foot Tip Toe Half Standing Wind Relieving Intense 
Stretch Pose 


Eka Hasta Pada Prapada Ardha Stiti Vayu Muktyuttonasana 
(EY-kuh HUH-stuh PUH-duh PRUH-puh-duh UHR-duh STI-ti VAH-yu muk-to-NAHS-uh-nuh) 
Also Known As: Eka Hasta Pada Prapada Ardha Nindra Vayu Muktyuttonasana 
Pose Type: standing one-legged balance, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


e°G¢e 


Both Hands to Foot Tip Toe Half Standing Wind Relieving Intense 
Stretch Pose 


Dwi Hasta Pada Prapada Ardha Stiti Vayu Muktyuttonasana 
(DWI-huh-stuh PUH-duh PRUH-puh-duh UHR-duh STI-ti VAH-yu muk-to-NAHS-uh-nuh) 

Also Known As: Dwi Hasta Pada Prapada Ardha Nindra Vayu Muktyuttonasana 
Pose Type: standing one-legged balance, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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ONE-LEGGED SQUATS: TWISTS—GRABBING ONTO THE FOOT, LEG STRAIGHT IN FRONT 


One-Legged Pose Dedicated to Yogi Shankara 


Eka Pada Shankarasana 

(EY-kuh PUH-duh shunk-uhr-AHS-uh-nuh) 

Modification: forehead to the shin 

Pose Type: standing one-legged balance, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Revolved One-Legged Pose Dedicated to Yogi Shankara 


Parivritta Eka Pada Shankarasana 

(puh-ri-VRIT-tuh EY-kuh PUH-duh shunk-uwhr-AHS-uh-nuh) 

Modification: twisting to the inside of the leg 

Pose Type: standing one-legged balance, forward bend, twist, side bend 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Revolved One-Legged Pose Dedicated to Yogi Shankara 


Parivritta Eka Pada Shankarasana 

(puh-ri-VRIT-twh EY-kuh PUH-duh shunk-uhr-AHS-uh-nuh) 

Modification: twisting to the outside of the leg 

Pose Type: standing one-legged balance, forward bend, twist, side bend 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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ONE-LEGGED SQUATS: FOOT ON TOP OF THE KNEE 


One-Legged Fierce Pose | 


Eka Pada Utkatasana 1 

(EY-kuh PUH-duh ut-kuh-TAHS-uh-nuh) 

Also Known As: One-Legged Prayer Fierce Pose (Eka Pada Namaskar Utkatasana) 

Modification: hands in Anjali Mudra (Hands in Prayer) 

Pose Type: standing one-legged balance 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 


One-Legged Fierce Pose 2 


Eka Pada Utkatasana 2 

(EY-kuh PUH-duh ut-kuh-TAHS-uh-nuh) 

Also Known As: Both Hands to Ankle One-Legged Fierce Pose (Dwi Hasta Kulpa Eka Pada 
Utkatasana) 

Modification: both hands to the ankle 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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One-Legged Fierce Pose 3 


Eka Pada Utkatasana 3 

(EY-kuh PUH-duh ut-kuh-TAHS-uh-nuh) 

Also Known As: Arms Spread One-Legged Fierce Pose (Prasarita Hasta Eka Pada Utkatasana) 
Modification: arms straight out to the sides, forward bend 

Pose Type: standing one-legged balance, forward bend 


Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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One-Legged Fierce Pose 4 


Eka Pada Utkatasana 4 

(EY-kuh PUH-duh ut-kuh-TAHS-uh-nuh) 

Also Known As: Hands Bound One-Legged Fierce Pose (Baddha Hasta Eka Pada Utkatasana) 
Modification: hands bound behind the back, forward bend 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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ONE-LEGGED SQUATS: HALF LOTUS 


Half Bound Lotus Fierce Pose 


Ardha Baddha Padma Utkatasana 
(UHR-duh BUH-duh PUHD-muh ut-kuh-TAHS-uh-nuh) 


Modification: hips low 
Pose Type: standing one-legged balance, binding 
Drishti Point: Hastagrai or Hastagre (hands) 
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STANDING: FORWARD BEND—FOOT TO KNEE & FOOT TO ARMPIT 


Baby Cradle Pose in Intense Stretch Pose 


Hindolasana in Uttanasana 

(hin-do-LAHS-uh-nuh in ut-tahn-AHS-uh-nuh) 

Also Known As: Baby Cradle Pose in Full Forward Bend 
Modification: foot behind the knee of the standing leg 
Pose Type: standing one-legged balance, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Standing Bound Yogic Staff Pose 


Stiti Baddha Yoganandasana 
(STI-ti BUH-duh yo-gah-nuhn-DAHS-uh-nuh) 


Also Known As: Nindra Baddha Yoganandasana 
Pose Type: standing one-legged balance, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Yogic Staff Intense Stretch Pose 


Yogadananda Uttanasana 

(vo-gah-nuhn-duh ut-tahn-AHS-uh-nuh) 

Also Known As: Yogic Staff Full Forward Bend 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet), Nasagrai or Nasagre (nose) 
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STANDING HALF FORWARD BEND: LEGS CROSSED 


Hand Position of the Pose Dedicated to Garuda in Sideways Half 
Intense Stretch Pose 


Hasta Garudasana in Parshva Ardha Uttanasana 
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(HUH-stuh guh-ru-DAHS-uh-nuh in PAHRSH-vuh UHR-duh ut-tahn-AHS-uh-nuh) 

Also Known As: Hand Position of the Pose Dedicated to Garuda in Sideways Legs Crossed Half 
Forward Bend 

Modification: legs crossed 

Pose Ty standing, forward bend, twist 

Drishti Point: Hastagrai or Hastagre (hands) 


os 


STANDING HALF FORWARD BEND: ONE KNEE BENT 


Reverse Prayer Uneven Legs Half Intense Stretch Pose 


Viparita Namaskar Vishama Pada Ardha Uttanasana 

(vi-puh-REE-tuh nuh-muhs-KAHR VISH-uh-muh PUH-duh UHR-duh ut-tahn-AHS-uh-nuh) 

Also Known As: Back of the Body Prayer Uneven Legs Half Intense Stretch Pose (Paschima 
Namaskara Vishama Pada Ardha Uttanasana), Reverse Prayer Uneven Legs Half Forward Bend 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Bound Uneven Legs Half Intense Stretch Pose 


Baddha Vishama Pada Ardha Uttanasana 
(BUH-duh VISH-uh-muh PUH-duh UHR-duh ut-tahn-AHS-uh-nuh) 
Also Known As: Bound Uneven Legs Half Forward Bend 
Pose Type: standing, forward bend, binding 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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STANDING HALF FORWARD BEND: ONE KNEE BENT—TWISTS & BINDING 


Revolved Uneven Legs Half Intense Stretch Pose 


Parivritta Vishama Pada Ardha Uttanasana 
(puh-ri-VRIT-twh VISH-uh-muh PUH-duh UHR-duh ut-tahn-AHS-uh-nuh) 


Also Known As: Revolved Uneven Legs Half Forward Bend 
Modification: one hand to the floor, other hand up to the sky; looking down 
Pose Type: standing, forward bend, twist 

Drishti Point: Hastagrai or Hastagre (hands) 
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Reverse Prayer Revolved Uneven Legs Half Intense Stretch Pose 


Viparita Namaskar Parivritta Vishama Pada Ardha Uttanasana 

(vi-puh-REE-tuh nuh-muhs-KAHR puh-ri-VRIT-tuh VISH-uh-muh PUH-duh UHR-duh ut-tahn-AHS-uh-nuh) 

Also Known As: Back of the Body Prayer Revolved Uneven Legs Half Intense Stretch Pose 
(Paschima Namaskara Ardha Parivritta Uttanasana), Reverse Prayer Revolved Uneven Legs Half 
Forward Bend 

Pose Type: standing, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Hands Bound Revolved Uneven Legs Half Intense Stretch Pose 


Baddha Hasta Parivritta Vishama Pada Ardha Uttanasana 
(BUH-duh HUH-stuh puh-ri-VRIT-twh VISH-uh-muh PUH-duh UHR-duh ut-tahn-AHS-wh-nuh) 
Also Known As: Hands Bound Revolved Uneven Legs Half Forward Bend 
Pose Type: standing, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Bound Revolved Half Intense Stretch Pose 


Baddha Parivritta Ardha Uttanasana 


(BUH-duh puh-ri-VRIT-twh UHR-duh ut-tahn-AHS-uh-nuh) 

Also Known As: Bound Revolved Half Forward Bend 
Pose Type: standing, forward bend, twist, binding 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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STANDING HALF FORWARD BEND: HANDS OFF THE FLOOR 


Arms Extended Half Intense Stretch Pose 


Utthita Hasta Ardha Uttanasana 

(UT-ti-tuh HUH-stuh UHR-duh ut-tahn-AHS-uh-nuh) 

Also Known As: Arms Extended Half Forward Bend 

Modification: palms pressed together 

Pose Type: standing, forward bend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs), Nasagrai or Nasagre (nose) 
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STANDING HALF FORWARD BEND: HANDS ON THE FLOOR 


Half Foot Big Toe Pose 


Ardha Padangushtasana 

(UHR-duh puhd-ahng-goosh-TAHS-uh-nuh) 

Pose Type: standing, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Sideways Half Intense Stretch Pose 


Parshva Ardha Uttanasana 

(PAHRSH-vuh UHR-duh ut-tahn-AHS-uh-nuh) 

Also Known As: Sideways Half Forward Bend 

Modification: fingers interlocked, palms to the floor on the outside edge of the foot 
Pose Type: standing, forward bend, side bend, twist 

Drishti Point: Hastagrai or Hastagre (hands) 
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STANDING HALF FORWARD BEND: HANDS ON THE FLOOR—HEELS UP 


Tip Toe Half Intense Stretch Pose 


Prapada Ardha Uttanasana 

(PRUH-puh-duh UHR-duh ut-tahn-AHS-uh-nuh) 

Also Known As: Tip Toe Half Forward Bend and Downward Facing Tree Pose Prep. (Adho Mukha 
Vrikshasana Prep.) 

Pose Type: standing, forward bend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Tip Toe Intense Stretch Pose 


Prapada Uttanasana 

(PRUH-puh-duh ut-tahn-AHS-uh-nuh) 

Also Known As: Tip Toe Full Forward Bend 

Modification: arms straight and pointing to the back, both arms on the inside of the legs 

1. head up 

2. forehead toward the shins 

Pose Type: standing, forward bend 

Drishti Point: 1. Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 2. Nasagrai or 
Nasagre (nose) 
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STANDING FULL FORWARD BEND: BALLET TOES. 


Intense Ankle Stretch Intense Stretch Pose 1 


Uttana Kulpa Uttanasana 1 

(ut-TAHN-wh KUL-puh ut-tahn-AHS-uh-nuh) 

Also Known As: Intense Ankle Stretch Forward Bend 
Modification: legs together 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Intense Ankle Stretch Intense Stretch Pose 2 


Uttana Kulpa Uttanasana 2 

(ut-TAHN-wh KUL-puh ut-tahn-AHS-uh-nuh) 

Also Known As: Intense Ankle Stretch Forward Bend 
Modification: scissor legs 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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STANDING FULL FORWARD BEND: ONE-LEGGED 


Extended One Hand to Foot Intense Stretch Pose 1 


Utthita Eka Hasta Pada Uttanasana 1 

(UT-ti-tuh EY-kuh HUH-stuh PUH-duh ut-tahn-AHS-uh-nuh) 

Also Known As: Extended One Hand to Foot Full Forward Bend 1 
Modification: hand grabbing the foot on the same side 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Extended One Hand to Foot Intense Stretch Pose 2 


Utthita Eka Hasta Pada Uttanasana 2 

(UT-ti-tuh EY-kuh HUH-stuh PUH-duh ut-tahn-AHS-uh-nuh) 

Also Known As: Extended One Hand to Foot Full Forward Bend 2 
Modification: hand grabbing the foot on the opposite side 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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STANDING FULL FORWARD BEND: HANDS TO THE FLOOR & HANDS TO THE BACK OF THE LEGS 


Intense Stretch Pose 


Uttanasana 

(ut-tahn-AHS-uh-nuh) 

Also Known As: Full Forward Bend 

Modification: palms to the floor, fingers pointing to the back 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Intense Stretch Pose 


Uttanasana 

(ut-tahn-AHS-uh-nuh) 

Also Known As: Full Forward Bend and Standing Turtle Pose (Nindra Kurmasana) 
Modification: feet hip width apart, grabbing onto the calves, elbows bent 

Pose Type: standing, forward bend 


Drishti Point: Nasagrai or Nasagre (nose) 
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Intense Stretch Pose 


Uttanasana 

(ut-tahn-AHS-uh-nuh) 

Also Known As: Full Forward Bend and Locked Elbows Standing Intense Stretch Pose (Baddha 
Padahastasana) 

Modification: grabbing onto triceps behind the calves 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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STANDING FULL FORWARD BEND: GRABBING ONTO THE FEET 


Foot Big Toe Pose 


Padangushtasana 
(puh-ahng-goosh-TAHS-uh-nuh) 


Pose Type: standing, forward bend 
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Drishti Point: Nasagrai or Nasagre (nose) 
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Hand Under Foot Pose 


Pada Hastasana 

(PUH-duh huh-STAHS-uh-nuh) 

Pose Type: standing, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Intense Stretch Pose 


Uttanasana (ut-tahn-AHS-uh-nuh) 

Also Known As: Full Forward Bend 

Modification: arms crossed, grabbing onto the outside edges of the feet, half forward bend 
Pose Type: standing, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) or Nasagrai or Nasagre (nose) 
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Forward Bend 


Uttanasana 

(ut-tahn-AHS-uh-nuh) 

Also Known As: Full Forward Bend and Hands to Feet Pose Modification (Pada Hastasana) 
Modification: fect hip width apart, arms crossed, grabbing onto the outside edges of the feet, elbows 
moving toward the feet 

1. half forward bend 

2. full forward bend 

Pose Type: standing, forward bend 

Drishti Point: 1. Padayoragrai or Padayoragre (toes/feet) 2. Nasagrai or Nasagre (nose) 
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STANDING FULL FORWARD BEND: UNSUPPORTED 


Intense Stretch Pose 

Uttanasana 

(ut-tahn-AHS-uh-nuh) 

Also Known As: Full Forward Bend 

Modification: grabbing onto the triceps, swaying from side to side 
Pose Type: standing, forward bend, side bend 

Drishti Point: Nasagrai or Nasagre (nose) 


Intense Stretch Pose 


Uttanasana 

(ut-tahn-AHS-uh-nuh) 

Also Known As: Full Forward Bend and Unsupported Forward Stretch Pose (Niralamba Uttanasana) 
Modification: arms straight out to the sides behind the back, forehead to the shins 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Hands Bound Forward Bend Modification 


Baddha Hasta Uttanasana 

(BUH-duh HUH-stuh ut-tahn-AHS-uh-nuh) 

Also Known As: Hands Bound Full Forward Bend and Unsupported Forward Stretch Pose 
(Niralamba Uttanasana) 

Modification: knees bent, chest to the quadriceps 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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STANDING FULL FORWARD BEND: HANDS TO THE FLOOR—ARMS OPEN WIDE 


Intense Stretch Pose 


Uttanasana 

(ut-tahn-AHS-uh-nuh) 

Also Known As: Legs Crossed Full Forward Bend 

Modification: legs crossed, forehead to the shins, hands to the floor in line with the feet, elbows bent 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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STANDING FULL FORWARD BEND: TWISTS, 


Sideways Intense Stretch 


Parshva Uttanasana 

(PAHRSH-vuh ut-tahn-AHS-uh-nuh) 

Also Known As: Sideways Full Forward Bend 

Modification: one hand grabbing onto the opposite ankle, fingertips of the other hand to the floor 
Pose Type: standing, forward bend, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 


Sideways Intense Stretch 


Parshva Uttanasana 

(PAHRSH-vuhut-tahn-AHS-uh-nuh) 

Also Known As: Sideways Full Forward Bend and Sideward Forward Stretch (Parshva Bhaga 
Uttanasana) 

Modification: fingers interlocked, palms to the floor on the outside edge of the foot 

Pose Ty standing, forward bend, twist 

Drishti Point: Nasagrai or Nasagre (nose) 
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Revolved Intense Stretch Prayer Pose 


Parivritta Uttana Anjalyiasana 

(puh-ri-VRIT-uh ut-TAHN-wh uhn-juhl-YAHS-uh-nuh) 

Also Known As: Revolved Full Forward Bend Prayer Pose 
Pose Type: standing, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 


Revolved Intense Stretch 


Parivritta Uttanasana 

(puh-ri-VRIT-twh ut-tahn-AHS-uh-nuh) 

Also Known As: Revolved Full Forward Bend 

Modification: grabbing the outside edge of the feet, feet hip width apart 
Pose Type: standing, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 


STANDING FULL FORWARD BEND: TWISTS—FEET SLIGHTLY WIDER THAN HIPS. 


Revolved Intense Stretch 


Parivritta Uttanasana 

(puh-ri-VRIT-twh ut-tahn-AHS-uh-nuh) 

Also Known As: Revolved Full Forward Bend 

Modification: feet wide; one hand grabbing onto the ankle, back of the other hand to the floor in front 
of the opposite foot 

Pose Type: standing, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Revolved Intense Stretch 


Parivritta Uttanasana 

(puh-ri-VRIT-twh ut-tahn-AHS-uh-nuh) 

Also Known As: Revolved Legs Crossed Full Forward Bend 
Modification: feet wide, legs crossed, feet flat on the floor 
Pose Type: standing, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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STANDING FULL FORWARDS BEND: BINDING 


Firefly Pose 2 A 


Tittibhasana 2 A 

(ti-ti-BAHS-uh-nuh) 

Also Known As: Intense Stretch Pose Stork Modification (Uttanasana), Standing Bound Arms Head 
Between Knees Pose (Utthita Baddha Hasta Janu Shirshasana) 

Modification: arms wrapped around the legs, fingers interlocked behind the head 

Pose Type: standing, forward bend, binding 

Drishti Point: Nasagrai or Nasagre (nose) 
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Firefly Pose 2 B 


Tittibhasana 2 B 

(ti-ti-BAHS-uh-nuh) 

Also Known As: Inverted Firefly Prayer Pose (Viparita Tittibha Anjali Asana) 
Modification: hands in Anjali Mudra (Hands in Prayer) 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Complete Firefly Pose 2 


Paripurna Tittibhasana 2 

(puh-ri-POOR-nuh ti-ti-BAHS-uh-nuh) 

Also Known As: Firefly Pose B (Tittibhasana B), Inverted Firefly Pose (Viparita Tittibhasana), 
Standing Firefly Pose Modification (Utthita Tittibhasana), Bound Firefly Pose, Standing Tortoise 
Pose (Nindra Kurmasana) 

Modification: hands bound 

Pose Type: standing, forward bend, binding 

Drishti Point: Nasagrai or Nasagre (nose) 
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Firefly Pose 3 A Prep. 


Tittibhasana 3 A Prep. 
(ti-ti-BAHS-uh-nuh) 

Modification: hands on the ankles, heels up 
Pose Type: standing, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Firefly Pose 3 A 


Tittibhasana 3 A 

(ti-ti-BAHS-uh-nuh) 

Also Known As: Firefly Pose C Prep. (Tittibhasana C Prep.) 
Modification: hands on the ankles, one foot lifted 

Pose Type: standing one-legged balance, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Firefly Pose 4 A 


Tittibhasana 4 A 

(ti-ti-BAHS-uh-nuh) 

Also Known As: Firefly Pose D (Tittibhasana D), Standing Firefly Pose (Utthita Tittibhasana) 
Modification: fingers interlocked in front of the ankles 

Pose Type: standing, forward bend, binding 

Drishti Point: Nasagrai or Nasagre (nose) 
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Firefly Pose 4 B 


Tittibhasana 4 B 

(ti-ti-BAHS-uh-nuh) 

Also Known As: Inverted Both Legs Prayer Pose (Viparita DwiPada Anjaliasana) 
Modification: hands in Anjali Mudra (Hands in Prayer) 

Pose Type: standing, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Complete Firefly Pose 4 


Paripurna Tittibhasana 4 

(puh-ri-POOR-nuh ti-ti-BAHS-uh-nuh) 

Also Known As: Inverted Bound Legs Pose (Viparita DwiPada Baddhasana) 
Modification: hands bound 

Pose Type: standing, forward bend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Book Stand Pose 


Grantadara 

(gruhn-tah-DAH-ruh) 

Also Known As: Chikkyasana 

Modification: hands to the head, palms facing up, looking to the side 
Pose Type: standing, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Revolved Feet Spread Mountain Pose 


Parivritta Prasarita Pada Tadasana 

(puh-ri-VRIT-twh pruh-SAH-ri-tuh PUH-duh tuh-DAHS-uh-nuh) 

Modification: arms straight out to the sides 

Pose Type: standing, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Feet Spread Mountain Pose in Hero Succession Series 


Prasarita Pada Tadasana in Vira Parampara 

(pruh-SAH-ri-tuh PUH-duh tuh-DAHS-uh-nuh in VEER-uh puh-ruhm-puh-RAH) 
Modification: backbend, hands on the calf muscles 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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LEGS WIDE: ARMS UP OVER THE HEAD 


Easy Feet Spread Upward Hands Pose 


Sukha Prasarita Pada Urdhva Hastasana 

(SUK-kuh pruh-SAH-ri-twuh PUH-duh OORD-vuh huh-STAHS-uh-nuh) 

Also Known As: Part of Hero Succession Series (Vira Parampara) 
Modification: palms together, looking up 

Pose Type: standing, mild backbend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Feet Spread Upward Hands Pose 


Prasarita Pada Urdhva Hastasana 

(pruh-SAH-ri-tuh PUH-duh QORD-vuh huh-STAHS-uh-nuh) 

Also Known As: Equal Angle Pose (Sama Konasana) 

Modification: legs open extremely wide: palms together, looking straight ahead 
Pose Type: standing 

Drishti Point: Nasagrai or Nasagre (nose) 
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__ 
Angle Pose 
Konasana 


(ko-NAHS-uh-nuh) 

Also Known As: Triangle Pose (Konasana) 

Modification: fingers interlocked, palms together; side bend 

Pose Type: standing, side bend 

Drishti Point: Urdhva or Antara Drishti (up to the sky), Nasagrai or Nasagre (nose) 
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Book Stand Pose with Upward Bound Hands 


Grantadara Urdhva Baddha Hastasana 
(gruhn-tah-DAH-ruh OORD-vuh BUH-duh HUH-STAHS-uh-nuh) 

Also Known As: Chikkiasana Urdhva Baddha Hastasana 
Modification: fingers interlocked, palms facing up, looking up 
Pose Type: standing 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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KALI SQUAT: HEELS DOWN—ARMS UP OVER THE HEAD 


Lotus Hand Seal in Upward Hands Pose Dedicated to Goddess Kali 


Padma Mudra Urdhva Hasta Kalyasana 
(PUHD-muh MU-druh OORD-vuh HUH-stuh kahl-YAHS-uh-nuh) 


Modification: heels down; arms extended to the sky, fingertips open 
Pose Type: standing 
Drishti Point: Nasagrai or Nasagre (nose) 


os 


lames 


Sideways Hands Bound Pose Dedicated to Goddess Kali 


Parshva Baddha Hasta Kalyasana 
(PAHRSH-vuh BUH-duh HUH-stuh kahl-YAHS-uh-nuh) 


Modification: side bend, fingers interlocked 


Pose Type: standing, side bend 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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KALI SQUAT: HEELS DOWN—ARMS AT HEAD HEIGHT. 


Pose Dedicated to Goddess Kali 


Kalyasana 

(kahl-YAHS-uh-nuh) 

Modification: elbows bent, palms facing the sky, heels down 
Pose Type: standing 

Drishti Point: Nasagrai or Nasagre (nose) 
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Hand Position of the Pose Dedicated to Garuda in Pose Dedicated to 
Goddess Kali 


Hasta Garudasana in Kalyasana 


(HUH-stuh guh-ru-DAHS-uh-nuh in kahl-YAHS-uh-nuh) 
Pose Ty standing 
Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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KALI SQUAT: HEELS DOWN—ARMS BEHIND 


Hands Bound Pose Dedicated to Goddess Kali 


Baddha Hasta Kalyasana 

(BUH-duh HUH-stuh kahl-YAHS-uh-nuh) 

Modification: head rolling back, heels down 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


es0G0e 


Bound Pose Dedicated to Goddess Kali 


Baddha Kalyasana 

(BUH-duh kahl-YAHS-uh-nuh) 

Pose Type: standing, binding 

Drishti Point: Nasagrai or Nasagre (nose) 


eso 


KALI SQUAT: HEELS DOWN—ONE ARM SIDE BENDS 


Pose Dedicated to Goddess Kali 


Kalyasana 

(kahl-YAHS-uh-nuh) 

Modification: one hand to the forehead, arm to the knee on the same side 
Pose Type: standing 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Pose Dedicated to Goddess Kali 


Kalyasana 

(kahl-YAHS-uh-nuh) 

Modification: one arm straight and parallel to the floor, other arm bent, palm facing up 
Pose Type: standing 

Drishti Point: Hastagrai or Hastagre (hands) 
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Sideways Pose Dedicated to Goddess Kali 


Parshva Kalyasana 

(PAHRSH-vuh kahl-YAHS-uh-nuh) 

Modification: leaning to one side, one arm out to the side—elbow slightly bent, palm facing up, other 
hand to the face—palm down 

Pose Type: standing, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Sideways Half Bound Pose Dedicated to Goddess Kali 


Parshva Ardha Baddha Kalyasana 
(PAHRSH-vuh UHR-duh BUH-duh kahl-YAHS-uh-nuh) 


Modification: forearm to the knee on the same side 
Pose Type: standing, side bend, binding 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Sideways Pose Dedicated to Goddess Kali 


Parshva Kalyasana 

(PAHRSH-vuh kahl-YAHS-uh-nuh) 

Modification: one hand to the floor, other arm up to the sky 
Pose Type: standing, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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KALI SQUAT: HEELS DOWN—FORWARD BEND 


Bound Pose Dedicated to Goddess Kali 


Baddha Kalyasana 
(BUH-duh kahl-YAHS-uh-nuh) 


Modification: forward bend 
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Pose Type: standing, forward bend, binding 
Drishti Point: Nasagrai or Nasagre (nose) 
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Pose Dedicated to Goddess Kali 


Kalyasana 

(kahl-YAHS-uh-nuh) 

Modification: forward bend, arms straight and parallel to the floor, palms together 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Pose Dedicated to Goddess Kali 


Kalyasana 

(kahl-YAHS-uh-nuh) 

Modification: forward bend, arms crossed, hands to the floor 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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KALI SQUAT: HEELS DOWN—FORWARD BEND & FORWARD BEND TWISTS 


Revolved Half Bound Pose Dedicated to Goddess Kali 


Parivritta Ardha Baddha Kalyasana 
(puh-ri-VRIT-twuh UHR-duh BUH-duh kahl-YAHS-uh-nuh) 
Modification: arm under the opposite leg 

Pose Type: standing, forward bend, twist, binding 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Revolved Pose Dedicated to Goddess Kali 


Parivritta Kalyasana 

(puh-ri-VRIT-twh kaht-YAHS-wh-nuh) 

Modification: hands to the knees 

Pose Type: standing, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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KALI SQUAT: HEELS UP—ARM POSITIONS 


Tip Toe Pose Dedicated to Goddess Kali 


Prapada Kalyasana 

(PRUH-puh-duh kahl-YAHS-uh-nuh) 

Modification: head down, elbows bent, back of the hands on the knees 
Pose Ty standing 

Drishti Point: Nasagrai or Nasagre (nose) 
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Lotus Hand Seal in Upward Hands Tip Toe Pose Dedicated to Goddess 
Kali 


Padma Mudra in Urdhva Hasta Prapada Kalyasana 
(PUHD-muh MU-druh in OORD-vuh HUH-stuh PRUH-puh-duh kahl-YAHS-uh-nuh) 


Pose Type: standing 
Drishti Point: Nasagrai or Nasagre (nose) 
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Tip Toe Pose Dedicated to Goddess Kali 


Prapada Kalyasana 

(PRUH-puh-duh kahl-YAHS-wh-nuh) 

Modification: one hand behind the back in reverse prayer, one elbow on the knee 
Pose Ty standing 

Drishti Point: Hastagrai or Hastagre (hands) 
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Reverse Prayer Tip Toe Pose Dedicated to Goddess Kali 


Viparita Namaskar Prapada Kalyasana 

(vicpuh-REE-tuh nuh-muhs-KAHR PRUH-puh-duh kahl-YAHS-uh-nuh) 

Also Known As: Back of the Body Prayer Tip Toe Pose Dedicated to Goddess Kali (Paschima 
Namaskar Prapada Kalyasana) 

Pose Type: standing 

Drishti Point: Nasagrai or Nasagre (nose) 
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KALI SQUAT: HEELS UP—SIDE BENDS 


Sideways Tip Toe Pose Dedicated to Goddess Kali 


Parshva Prapada Kalyasana 

(PAHRSH-vuh PRUH-puh-duh kahl-YAHS-uh-nuh) 

Modification: one palm to the forehead, fingertips of the other hand to the floor 
Pose Type: standing, side bend 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 


ese 


x 
rn 


KALI SQUAT: ONE HEEL UP, ONE HEEL DOWN 


Sideways Uneven Tip Toe Pose Dedicated to Goddess Kali 


Parshva Vishama Prapada Kalyasana 
(PAHRSH-vuh VISH-uh-muh PRUH-puh-duh kahl-YAHS-uh-nuh) 
Modification: side bend 

Pose Type: standing, side bend 

Dristhi Point: Padhayoragrai or Padayoragre (toes/feet) 


KALI SQUAT: HEELS UP—FORWARD BENDS 


Tip Toe Pose Dedicated to Goddess Kali 


Prapada Kalyasana 
(PRUH-puh-duh kahl-YAHS-wh-nuh) 


Modification: forward bend, arms crossed, hands to the floor, fingertips pointing toward each other 
Pose Type: standing, forward bend 
Drishti Point: Hastagrai or Hastagre (hands) 
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Tip Toe Pose Dedicated to Goddess Kali 


Prapada Kalyasana 

(PRUH-puh-duh kahl-YAHS-uh-nuh) 

Modification: forward bend, arms crossed, hands to the floor, fingertips pointing away from each 
other 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Tip Toe Pose Dedicated to Goddess Kali 


Prapada Kalyasana 

(PRUH-puh-duh kahl-YAHS-uh-nuh) 

Modification: forward bend, hands to the floor, fingertips to the floor facing away from each other 
Pose Type: standing, forward bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Tip Toe Pose Dedicated to Goddess Kali 


Prapada Kalyasana 

(PRUH-puh-duh kahl-YAHS-uh-nuh) 

Modification: forward bend, arms open wide 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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KALI SQUAT: HEELS UP—BINDING 


Extended Side Revolved Hands Bound Half Pose Dedicated to Goddess 


Kali 


Utthita Parshva Parivritta Baddha Hasta Ardha Kalyasana 
(UT-ti-tuh PAHRSH-vuh puh-ri-VRIT-tuh BUH-duh HUH-stuh UHR-duh kahl-YAHS-uh-nuh) 


Pose Type: standing, forward bend, twist 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Hands Bound Pose Dedicated to Goddess Kali 


Baddha Hasta Kalyasana 

(BUH-duh HUH-stuh kahl-YAHS-uh-nuh) 

Modification: hands bound under the leg, heels down 
Pose Type: standing, forward bend, binding 

Drishti Point: Nasagrai or Nasagre (nose) 
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KALI SQUAT: HEELS UP—BINDING 


Tip Toe Hands Bound Pose Dedicated to Goddess Kali 


Prapada Baddha Hasta Kalyasana 
(PRUH-puh-duh kahl-YAHS-uh-nuh) 

Modification: hands bound under the leg 
Pose Type: standing, forward bend, binding 
Drishti Point: Nasagrai or Nasagre (nose) 
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Tip Toe Half Bound Pose Dedicated to Goddess Kali 


Prapada Ardha Baddha Kalyasana 

(PRUH-puh-duh UHR-duh BUH-duh kahl-YAHS-uh-nuh) 

Modification: one arm bound under the leg, palm to the rib cage, other forearm to the floor 
Pose Type: standing, forward bend, binding 

Drishti Point: Nasagrai or Nasagre (nose), Angushtamadhye or Angushta Ma Dyai (thumbs) 
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LEGS WIDE: HALF FORWARD BEND 


Half Feet Spread Out Intense Stretch Pose 


Ardha Prasarita Padottanasana 

(UHR-duh pruh-SAH-ri-tuh puhd-o-tahn-AHS-uh-nuh) 

Also Known As: Feet Spread Out Half Forward Bend 
Modification: legs straight, hands on the shins 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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LEGS WIDE: HALF FORWARD BEND, HANDS TO THE FLOOR—HEELS DOWN & HEELS UP 


Half Feet Spread Out Intense Stretch Pose 


Ardha Prasarita Padottanasana 
(UHR-duh pruh-SAH-ri-tuh puhd-o-tahn-AHS-uh-nuh) 


Also Known As: Feet Spread Out Half Forward Bend 
Modification: 1. toes pointing straight ahead, palms flat on the floor 2. toes pointing slightly outward, 


back of the hands to the floor, fingertips pointing toward each other 
Pose Type: standing, forward bend 
Drishti Point: Hastagrai or Hastagre (hands) 


ese 


= 


Tip Toe Half Feet Spread Out Intense Stretch Pose 


Prapada Ardha Prasarita Padottanasana 

(PRUH-puh-duh UHR-duh pruh-SAH-ri-tuh puhd-o-tahn-AHS-uh-nuh) 

Also Known As: Tip Toe Feet Spread Out Half Forward Bend 
Modification: toes pointing straight ahead, heels up, palms flat on the floor 
Pose Type: standing, forward bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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LEGS WIDE: FULL FORWARD BEND—HANDS TO THE FLOOR 


Feet Spread Out Intense Stretch Pose | 


Prasarita Padottanasana 1 

(pruh-SAH-ri-tuh puhd-o-tahn-AHS-uh-nuh) 

Also Known As: Feet Spread Out Intense Stretch Pose A (Prasarita Padottanasana A), Feet Spread 
Out Full Forward Bend A 

Modification: palms to the floor, elbows bent at 90 degrees 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Feet Spread Out Intense Stretch Pose 1 


Prasarita Padottanasana 1 

(pruh-SAH-ri-twh puhd-o-tahn-AHS-uh-nuh) 

Also Known As: Feet Spread Out Intense Stretch Pose A (Prasarita Padottanasana A), Feet Spread 
Out Full Forward Bend A 

Modification: arms straight, palms to the floor, fingertips pointing away from the head 

Pose Type: standing, forward bend 


Drishti Point: Hastagrai or Hastagre (hands) 
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Feet Spread Out Intense Stretch Pose 4 


Prasarita Padottanasana 4 

(pruh-SAH-ri-tuh puhd-o-tahn-AHS-uh-nuh) 

Also Known As: Feet Spread Out Intense Stretch Pose D (Prasarita Padottanasana D), Hands to Big 
Toes Feet Spread Out Full Forward Bend (Hasta Padangushta Prasarita Padottanasana) 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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LEGS WIDE: FULL FORWARD BEND—ARMS BEHIND THE BACK 


Feet Spread Out Intense Stretch Pose 2 


Prasarita Padottanasana 2 

(pruh-SAH-ri-tuh puhd-o-tahn-AHS-uh-nuh) 

Also Known As: Feet Spread Out Intense Stretch Pose B (Prasarita Padottanasana B), Feet Spread 
Out Full Forward Bend 


Pose Type: standing, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Feet Spread Out Intense Stretch Pose 5 


Prasarita Padottanasana 5 

(pruh-SAH-ri-tuh puhd-o-tahn-AHS-uh-nuh) 

Also Known As: Reverse Prayer Feet Spread Out Full Forward Bend (Viparita Namaskar Prasarita 
Padottanasana) 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Feet Spread Out Intense Stretch Pose 3 


Prasarita Padottanasana 3 

(pruh-SAH-ri-tuh puhd-o-tahn-AHS-uh-nuh) 

Also Known As: Feet Spread Out Intense Stretch Pose C (Prasarita Padottanasana C), Feet Spread 
Out Full Forward Bend, Hands Bound Wide Legs Forward Fold (Baddha Hasta Prasarita 
Padottanasana) 


Pose Type: standing, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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LEGS WIDE: FULL FORWARD BEND—ARMS OPEN WIDE 


Feet Spread Out Intense Stretch Pose 6 


Prasarita Padottanasana 6 

(pruh-SAH-ri-tuh puhd-o-tahn-AHS-uh-nuh) 

Also Known As: Feet Spread Out Full Forward Bend 6 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Feet Spread Out Intense Stretch Pose 7 


Prasarita Padottanasana 7 
(pruh-SAH-ri-twh puhd-o-tahn-AHS-uh-nuh) 


Also Known As: Feet Spread Out Full Forward Bend 7 
Pose Type: standing, forward bend 


Drishti Point: Nasagrai or Nasagre (nose) 
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LEGS WIDE: FULL FORWARD BEND—TWISTS 


Revolved Half Feet Spread Out Intense Stretch Pose 


Parivritta Ardha Prasarita Padottanasana 
(puh-ri-VRIT-tuh UHR-duh pruh-SAH-ri-tuh puhd-o-tahn-AHS-uh-nuh) 

Also Known As: Revolved Feet Spread Out Half Forward Bend 
Modification: palm to the floor 

Pose Type: standing, forward bend, twist 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Revolved Half Feet Spread Out Intense Stretch Pose 


Parivritta Ardha Prasarita Padottanasana 
(puh-ri-VRIT-tuh UHR-duh pruh-SAH-ri-tuh puhd-o-tahn-AHS-uh-nuh) 


Also Known As: Revolved Feet Spread Out Half Forward Bend 
Modification: forearm to the floor 


Pose Type: standing, forward bend, twist 
Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Revolved Paying Homage Feet Spread Out Intense Stretch Pose 


Parivritta Namasya Prasarita Padottanasana 

(puh-ri-VRIT-tuh nuh-MUHS-ya pruh-SAH-ri-tuh puhd-o-tahn-AHS-uh-nuh) 

Also Known As: Revolved Paying Homage Feet Spread Out Forward Bend 
Modification: legs crossed, hand to the back foot, other arm extended to the sky 
Pose Type: standing, forward bend, twist 

Drishti Point: Hastagrai or Hastagre (hands) 
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Bound Revolved Feet Spread Out Intense Stretch Pose 


Baddha Parivritta Prasarita Padottanasana 

(BUH-duh puh-ri-VRIT-tuh pruh-SAH-ri-tuh puhd-o-tahn-AHS-uh-nuh) 

Also Known As: Bound Revolved Feet Spread Out Full Forward Bend 
Modification: arm straight, looking up 

Pose Type: standing, forward bend, twist, binding 


Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Hands Bound Revolved Feet Spread Out Intense Stretch Pose 


Baddha Hasta Parivritta Prasarita Padottanasana 

(BUH-duh HUH-stuh puh-ri-VRIT-tuh pruh-SAH-ri-tuh puhd-o-tahn-AHS-uh-nuh) 

Also Known As: Hands Bound Revolved Feet Spread Out Full Forward Bend 
Pose Type: standing, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Revolved Paying Homage Feet Spread Out Intense Stretch Pose 


Parivritta Namasya Prasarita Padottanasana 

(puh-ri-VRIT-tuh nuh-MUHS-ya pruh-SAH-ri-tuh puhd-o-tahn-AHS-uh-nuh) 

Modification: outside edges of the feet to the floor, legs crossed, forward bend, both hands on the 
back foot 

Pose Type: standing, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Revolved Feet Spread Out Intense Stretch Pose 


Parivritta Prasarita Padottanasana 

(puh-ri-VRIT-tuh pruh-SAH-ri-tuh puhd-o-tahn-AHS-uh-nuh) 

Also Known As: Revolved Feet Spread Out Full Forward Bend 
Modification: grabbing onto the knee and the foot 

Pose Type: standing, forward bend, side bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Revolved Feet Spread Out Intense Stretch Pose 


Parivritta Prasarita Padottanasana 

(puh-ri-VRIT-tuh pruh-SAH-ri-tuh puhd-o-tahn-AHS-uh-nuh) 

Also Known As: Revolved Feet Spread Out Full Forward Bend 
Modification: grabbing onto the ankles 

Pose Type: standing, forward bend, side bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Revolved to the Side Feet Spread Out Intense Stretch Pose 


Parivritta Parshva Prasarita Padottanasana 

(puh-ri-VRIT-tuh PAHRSH-vuh pruh-SAH-ri-tuh puhd-o-tahn-AHS-uh-nuh) 

Also Known As: Revolved to the Side Feet Spread Out Full Forward Bend) 
Modification: grabbing onto the foot with both hands 

Pose Type: standing, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 


os 


How to Use This Book 


‘This is the second of three volumes. Its purpose 
isto provide an overview of the most commonly 
used electronic components, for reference by 
students, engineers, hobbyists, and instructors. 
While you can find much of this information dis- 
persed among datasheets, introductory books, 
‘websites, and technical resources maintained by 
manufacturers, the Encyclopedia of Electronic 
Components gathers all the relevant facts in one 
place, properly organized and verified, including 
details that may be hard to find elsewhere, Each 
entry includes typical applications, possible sub- 
stitutions, cross-references to similar devices, 
sample schematics, and a list of common prob- 
lems and errors. 


You can find a more detailed rationale for this 
encyclopedia in the Preface to Volume 1. 


Volume Contents 


Practical considerations influenced the decision 
to divide this encyclopedia into three volumes. 
Each deals with broad subject areas as follows. 


Volume 1 

Power; electromagnetic devices; discrete semicon- 
ductors 

‘The power category includes sources of electric- 


ity and methods to distribute, store, interrupt, 
convert, and regulate power. The electromagnet- 


ic devices category includes devices that exert 
force linearly, and others that create a turning 
force. Discrete semiconductors include the pri- 
mary types of diodes and transistors, A contents 
listing for Volume 1 appears in Figure P-1. 


Volume 2 
Thyristors (SCRs, diacs, and triacs); integrated cir- 


cuits; light sources, indicators, and displays; and 
sound sources 


Integrated circuits are divided into analog and 
digital components. Light sources, indicators, and 
displays are divided into reflective displays, sin- 
gle sources of light, and displays that emit light. 
Sound sources are divided into those that create 
sound, and those that reproduce sound, A con- 
tents listing for Volume 2 appears in Figure P-2. 


Volume 3 
Sensing devices 


The field of sensors has become so extensive, 
they easily merita volume to themselves, Sensing 
devices include those that detect light, sound, 
heat, motion, pressure, gas, humidity, orienta- 
tion, electricity, proximity, force, and radiation, 


At the time of writing, Volume 3 is stil in prepa- 
ration, while Volume 1 is complete and is avail- 
able in a variety of formats. 


DOWNWARD DOG 


Downward Facing Dog Pose 008 


Adho Mukha Shyanasana 
(wh-DO MUK-uh shwa-NAHS-uh-nuh) 
Pose Type: standing, forward bend 


Drishti Point: Nasagrai or Nasagre (nose) 


How to Perform the Pose: 


1. Start by lying on your stomach with your whole body flat on the floor. Place your palms on the 
floor at the bottom of your ribs with fingertips facing forward and elbows tucked in. Engage your 
mula bandha, uddhiyana bandha, and ujjayi breathing, 


2. Exhale as you engage your core and lift your torso off the floor, and straighten your arms, coming 
into a distinct upside-down V shape with your sitting bones up to the sky. Your feet should be in 
line with your sitting bones and your hands should be shoulder width apart. 

3. Try to keep your legs as straight as possible while pressing the heels to the floor. You should feel 
a deep stretch in the back of your thighs (the hamstrings) and your calf muscles. 

4. Inhale as you lengthen your spine, keeping your neck long and your shoulder blades down your 
back. Try not to round your lower back, keeping it long. Exhale as you press through your chest, 
moving it toward your thighs. You should feel a deep stretch in the back of your shoulders. 

5. Youcan either keep your head off the floor (Pose #1) or bring your forehead to the floor (Pose #2) 
if your shoulders are open. 

6. Hold the pose for at least 30, and up to 90, seconds in order to receive the full benefits of the 
stretch. 

7. To come out of the pose, inhale as you rock into Plank Pose, and exhale as you bend your elbows 
into Four Limbed Staff Pose (Chaturanga Dandasana) and lower all the way down to the floor 
into the starting position. 


Modification: 
1. head off the floor 
2. forehead to the floor 


adho = downward 
mukha = face 


shvana = dog 


DOWNWARD DOG: FOREARMS AND HEAD ON THE FLOOR 


Downward Facing Pose Dedicated to Makara on the Head 


Adho Mukha Shirsha Makarasana 
(wh-DO MUK-uh SHEER-shuh muh-kuh-RAHS-uh-nuh) 


Pose Type: forward bend, inversion, core 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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DOWNWARD DOG: KNEES BENT 


Downward Facing Dog Pose 


Adho Mukha Shvyanasana 
(uh-DO MUK-uh shwa-NAHS-uh-nuh) 


Modification: knees bent, heels up 
Pose Type: standing, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Downward Facing Dog Pose 


Adho Mukha Shyanasana 

(wh-DO MUK-uh shwa-NAHS-uh-nuh) 

Modification: knees bent, heels up, spine in Cat Tilt, forehead toward the knees 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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DOWNWARD DOG: WIDE-LEGGED 


Feet Spread Downward Facing Dog Pose 


Prasarita Pada Adho Mukha Shvanasana 
(pruh-SAH-ri-tuh PUH-duh uh-DO MUK-uh shwa-NAHS-uh-nuh) 
Modification: heels down, palms down 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Tip Toe Feet Spread Downward Facing Dog Pose 


Prapada Prasarita Pada Adho Mukha Shvyanasana 

(PRUH-puh-duh pruh-SAH-ri-tuh PUH-duh uh-DO MUK-uh shwa-NAHS-uh-nuh) 

Modification: one palm on top of the other, fingertips to the floor, head above the arms 
Pose Type: standing, forward bend 

Drishti Point: Hastagrai or Hastagre (hands), Nasagrai or Nasagre (nose) 
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DOWNWARD DOG: ONE-LEGGED—KNEES TOGETHER 


One-Legged Downward Facing Dog Pose 


Eka Pada Adho Mukha Shvanasana 

(EY-kuh PUH-duh wh-DO MUK-uh shwa-NAHS-uh-nuh) 
Modification: back leg bent, knees together 

Pose Type: standing, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Leg Position of the Half Cow Face Pose in Downward Facing Dog Pose 


Pada Ardha Gomukhasana in Adho Mukha Shyanasana 

(PUH-duh URH-duh go-muk-AHS-uh-nuh in uh-DO MUK-uh shwa-NAHS-uh-nuh) 

Also Known As: Leg Position of the One-Legged Cow Face Pose in Downward Facing Dog Pose 
(Eka Pada Gomukhasana in Adho Mukha Shvanasana) 

Pose Type: standing, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 


es00 


DOWNWARD DOG: ONE-ARMED 


Revolved Downward Facing Dog Pose 


Parivritta Adho Mukha Shvanasana 
(puh-ri-VRIT-twh uh-DO MUK-uh shwa-NAHS-uh-nuh) 


Pose Type: standing, forward bend, twist 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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DOWNWARD DOG: ONE-ARMED—ONE-LEGGED 


Hand to Knee One-Legged Downward Facing Dog Pose 


Hasta Janu Eka Pada Adho Mukha Shvanasana 
(HUH-stuh JAH-nu EY-kuh PUH-duh uh-DO MUK-uh shwa-NAHS-uh-nuh) 
Modification: hand grabbing onto the opposite knee 

Pose Type: standing one-legged balance, forward bend 
Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Hand to Ankle One-Legged Downward Facing Dog Pose 1 


Hasta Kulpa Eka Pada Adho Mukha Shvanasana 1 

(HUH-stuh KUL-puh EY-kuh PUH-duh uh-DO MUK-uh shwa-NAHS-uh-nuh) 

Modification: grabbing onto the ankle on the same side; back leg bent, knees together 
Pose Type: standing one-legged balance, forward bend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Hand to Ankle One-Legged Downward Facing Dog Pose 2 


Hasta Kulpa Eka Pada Adho Mukha Shvanasana 2 

(HUH-stuh KUL-puh EY-kuh PUH-duh uh-DO MUK-uh shwa-NAHS-uh-nuh) 

Modification: grabbing onto the ankle on the opposite side; back leg bent, knees together 
Pose Type: standing one-legged balance, forward bend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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DOWNWARD DOG: ONE-LEGGED 


One-Legged Downward Facing Dog Pose 


Eka Pada Adho Mukha Shvanasana 
(EY-kuh PUH-duh uh-DO MUK-uh shwa-NAHS-uh-nuh) 


Modification: knee bent 


Drishti Point: Nasagrai or Nasagre (nose) 
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Pose Type: standing, forward bend 
One Leg to the Side Downward Facing Dog Pose 


Parshva Eka Pada Adho Mukha Shvanasana 


(PAHRSH-vuh EY-kuh PUH-duh uh-DO MUK-uh shwa-NAHS-uh-nuh) 
Pose Type: standing, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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One-Legged Downward Facing Dog Pose 


Eka Pada Adho Mukha Shvanasana 

(EY-kuh PUH-duh uh-DO MUK-uh shwa-NAHS-uh-nuh) 

Also Known As: One-Legged Downward Facing Dog Shoulder Press 
Modification: bottom knee bent; elbows bent, fingertips to the floor 
Pose Type: standing, forward bend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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One-Legged Downward Facing Dog Pose 


Eka Pada Adho Mukha Shvanasana 
(EY-kuh PUH-duh uh-DO MUK-uh shwa-NAHS-uh-nuh) 


Also Known As: One Leg Raised Up Downward Facing Dog Pose (Utthita Eka Pada Adho Mukha 
Shvanasana) 
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Modification: back leg straight and extended up to the sky 
Pose Type: standing, forward bend 
Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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DOWNWARD DOG: TWISTS 


Uneven Legs Revolved Downward Facing Dog Pose | 


Vishama Pada Parivritta Adho Mukha Shvanasana 1 
(VISH-uh-muh PUH-duh puh-ri-VRIT-tuh uh-DO MUK-uh shwa-NAHS-uh-nuh) 
Modification: one knee bent, foot crossed over 

Pose Type: standing, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Uneven Legs Revolved Downward Facing Dog Pose 2 


Vishama Pada Parivritta Adho Mukha Shvanasana 2 
(VISH-uh-muh PUH-duh puh-ri-VRIT-tuh uh-DO MUK-uh shwa-NAHS-uwh-nuh) 


Modification: both legs straight, one leg crossed over 


Pose Type: standing, forward bend, twist 
Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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INTENSE SIDE STRETCH: STRAIGHT SPINE TO BACKBEND 


Upward Bound Hands Pose in Hero Succession Series 


Urdhva Baddha Hastasana in Vira Parampara 
(OORD-vuh BUH-duh huh-STAHS-uh-nuh in VEER-uh puh-ruhm-puh-RAH) 


Modification: arms up to the sky, fingers interlocked, spine straight 
Pose Type: standing 
Drishti Point: Nasagrai or Nasagre (nose) 
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Hands Bound Pose in Hero Succession Series 


Baddha Hastasana in Vira Parampara 
(BUH-duh huh-STAHS-uh-nuh in VEER-uh puh-ruhm-puh-RAH) 
Modification: grabbing onto the triceps behind the back 
Pose Type: standing, backbend 


Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Reverse Prayer Pose in Hero Succession Series 


Viparita Namaskarasana in Vira Parampara 

(vi-puh-REET-tuh nuh-muhs-kahr-AHS-uh-nuh in VEER-uh puh-ruhm-puh-RAH) 

Also Known As: Back of the Body Prayer in Hero Succession Series (Paschima Namaskara in Vira 
Parampara) 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


e900060e 


Upward Bound Hands Pose in Hero Succession Series 


Urdhva Baddha Hastasana in Vira Parampara 

(OORD-vuh BUH-duh huh-STAHS-uh-nuh in VEER-uh puh-ruhm-puh-RAH) 

Modification: deep backbend 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Angusthamadhye or 
Angustha Ma Dyai (thumbs) 
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INTENSE SIDE STRETCH: HALF FORWARD BEND 


Intense Side Stretch Pose Prep. 


Parshvottanasana Prep. 

(pahrsh-vo-tahn-AHS-uh-nuh) 

Modification: arms straight out in front, palms pressed together 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Intense Side Stretch Pose Prep. 


Parshvottanasana Prep. 

(pahrsh-vo-tahn-AHS-uh-nuh) 

Modification: one hand to the lower back, one arm extended out in front and parallel to the floor 
Pose Type: standing, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Hastagrai or Hastagre 
(hands) 
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Intense Side Stretch Pose Prep. 


Parshvottanasana Prep. 

(pahrsh-vo-tahn-AHS-uh-nuh) 

Modification: grabbing onto the triceps behind the back 
Pose Type: standing, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Intense Side Stretch Pose Prep. 


Parshvottanasana Prep. 
(pahrsh-vo-tahn-AHS-uh-nuh) 

Modification: arms open to the sides 
Pose Type: standing, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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INTENSE SIDE STRETCH: HALF FORWARD BEND—GRABBING ONTO ONE LEG 


Intense Side Stretch Pose Prep. 


Parshvottanasana Prep. 

(pahrsh-vo-tahn-AHS-uh-nuh) 

Modification: both hands on the shin on the front leg 
Pose Type: standing, forward bend 

Drishti Point: Padhayoragrai or Padayoragre (toes/feet) 
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Extended Both Hands to Foot Intense Side Stretch Pose 


Utthita Dwi Hasta Pada Parshvottanasana 

(UT-ti-tuh DWI-huh-stuh PUH-duh pahrsh-vo-tahn-AHS-uh-nuh) 

Modification: toes of the front foot flexed in and lifted off the floor 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Intense Side Stretch Pose 


Parshvottanasana 

(pahrsh-vo-tahn-AHS-uh-nuh) 

Modification: both hands grabbing onto the calf of the back leg 
Pose Type: standing, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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INTENSE SIDE STRETCH: FULL FORWARD BEND—ARMS IN FRONT AND ARMS POINTING TO THE BACK. 


Intense Side Stretch Pose Prep. 


Parshvottanasana Prep. 

(pahrsh-vo-tahn-AHS-uh-nuh) 

Modification: palms to the floor on either side of the front foot 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Intense Side Stretch Pose Prep. 


Parshvottanasana Prep. 

(pahrsh-vo-tahn-AHS-uh-nuh) 

Also Known As: Hero Succession Series (Vira Parampara) 

Modification: arms reaching to the back, fingertips to the floor 

1. chin to the shin 

2. forehead to the shin 

Pose Type: standing, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet), Nasagrai or Nasagre (nose) 
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INTENSE SIDE STRETCH: FULL FORWARD BEND—HANDS IN PRAYER, HANDS IN REVERSE PRAYER AND 
BEHIND 


Intense Side Stretch Pose Prep. 


Parshvottanasana Prep. 

(pahrsh-vo-tahn-AHS-uh-nuh) 

Modification: hands in Anjali Mudra (Hands in Prayer), arms wrapped around the front leg 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Revolved Intense Side Stretch Pose 


Parivritta Parshvottanasana 

(puh-ri-VRIT-tuh pahrsh-vo-tahn-AHS-uh-nuh) 

Modification: hands in Anjali Mudra (Hands in Prayer), arms wrapped around the front leg, twist 
Pose Type: standing, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Intense Side Stretch Pose 


Parshvottanasana 

(pahrsh-vo-tahn-AHS-uh-nuh) 

Also Known As: Reverse Prayer Intense Side Stretch Pose (Viparita Namaskar Parsvottanasana), 
Back of the Body Prayer Intense Side Stretch Pose (Paschima Namaskara Parshvottanasana) 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Hands Bound Intense Side Stretch Pose 


Baddha Hasta Parshvottanasana 

(BUH-duh HUH-stuh pahrsh-vo-tahn-AHS-uh-nuh) 

Modification: both legs straight 

Pose Type: standing, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet), Nasagrai or Nasagre (nose) 
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Organization 


Reference versus Tutorial 

Asis title suggests, this is a reference book, not 
tutorial. A tutorial begins with elementary con- 
cepts and builds sequentially toward concepts 
that are more advanced. A reference book as- 
sumesthat you may dip intothetextat any point, 
learn what you need to know, and then put the 
book aside. if you choose to read it straight 
through from beginning to end, you will find 
some repetition, as each entry is intended to be 
self-sufficient, requiring minimal reference to 
other entries, 


My books Make: Electronics and Make: More Elec- 
tronics follow a tutorial approach. They don't go 
into as much depth as this Encyclopedia, be- 
‘cause tutorial inevitably allocates a lot of space 
to step-by-step explanations and instructions, 


Theory and Practice 
This book is oriented toward practicality rather 
than theory. | assume that the reader mostly 
wants to know how to use electronic compo- 
ents, rather than why they work the way they 
do. Consequently, | have not included proofs of 
formulae or definitions rooted in electrical theo- 
ry. Units are defined only to the extent necessary 
toavoid confusion 


Many books on electronics theory already exist, 
if theory is of interest to you. 


Entries 
This encyclopedia is divided into entries, each 
entry being devoted to one broad type of com- 
ponent. Two rules determine whether a compo- 
nenthasan entry all to itself, ors subsumed into 
another entry: 
Rule 1 
A component merits its own entry if itis (a) 
widely used, or (b) notso widely used buthas 
aunique identity and maybe some historical 
status. The bipolar transistor entry is an 
example of a widely used component, 


Whereas the unijunction transistor entry 
is an example of a not so widely used com- 
ponent with a unique identity. 


Rule2 
‘A component does not meritits own entry if 
it is (a) seldom used, or (b) very similar in 
function to another component that is more 
widely used. For example, a rheostat is sub- 
sumed into the potentiometer section, 
while silicon diode, Zener diode, and germa- 
nium diode are combined together in the di- 
ode entry. 


Inevitably, these guidelines required judgment 
calls which in some cases may seem arbitrary. My 
ultimate decision was based on where | would 
expect to find a component if! was looking for it 
myself, 


Subject Paths 

Entriesarenotorganized alphabetically. They are 
grouped by subject, in much the same way that 
books in the nonfiction section of some libraries 
are organized by the Dewey Decimal System. 
This is convenient if you don't know exactly what 
you are looking for, or if you don't know all the 
options that may be available to perform a task 
that you have in mind. 


Each primary category is divided into subcate- 
gories, and the subcategories are divided into 
component types. This hierarchy is shown in 
Figure P-2. tis also apparent when you look at 
the top of the first page of each entry, where you 
will find the path that leads to it. The diac entry, 
for instance, is headed with this path: 


discrete semiconductor > thyristor > diac 


Any classification scheme will run into excep- 
tions, You can buy a chip containing a resistor ar- 
ray, for instance. Technically, this is an analog in- 
tegrated circuit, but a decision was made to put 
it in the resistor section of Volume 1, because it 
can be directly substituted for a group of resis- 
tors. 
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INTENSE SIDE STRETCH: FULL FORWARD BEND—ONE ARM IN FRONT—ONE ARM BEHIND 


Uneven Legs Tip Toe Intense Side Stretch Pose 


Vishama Pada Prapada Parshvottanasana 

(VISH-uh-muh PUH-duh PRUH-puh-duh pahrsh-vo-tahn-AHS-uh-nuh) 

Modification: 1. one arm stretched out to the back and up to the sky; other arm stretched out to the 
front, fingertips to the floor 2. both arms stretched out in front, fingertips to the floor 

Pose Type: standing, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Intense Side Stretch Pose Prep. 


Parshvottanasana Prep. 

(pahrsh-vo-tahn-AHS-uh-nuh) 

Modification: opposite arm wrapped around the front calf, chin to the shin 
Pose Type: standing, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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TRIANGLE POSE 


Extended Side Triangle Pose 


Utthita Parshva Trikonasana 

(UT-ti-tuh PAHRSH-vuh tri-ko-NAHS-uh-nuh) 
Modification: top arm parallel to the floor 
Pose Type: standing, forward bend, side bend 
Drishti Point: Hastagrai or Hastagre (hands) 
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TRIANGLE POSE 


Extended Triangle Pose e300 


Utthita Trikonasana 
(UT-ti-tuh tri-ko-NAHS-uh-nuh) 
Pose Type: standing, forward bend, side bend 


Drishti Point: Angusthamadhye or Angustha Ma Dyai (thumbs) 


How to Perform the Pose: 


1. Begin by standing in Mountain Pose (Tadasana). Engage your mula bandha, uddhiyana bandha, 
and ujjayi breathing. 

2. Inhale and step your feet about elbow distance apart with toes facing forward and feet parallel to 
each other. Expand your chest and hold your arms straight out to the sides, parallel to the floor. 

3. Keep your legs strong and straight by engaging your quadriceps and pulling the kneecaps up. Turn 
your left foot 90 degrees to the left. Turn your right foot as close to 45 degrees to the left as 
possible. 

4. On your next exhale, reach over to the left as far as you can with good form and drop your left 
hand toward the left shin (or left foot or to the floor either on the inside or the outside of the left 
foot). 

5. Reach your right arm up to the sky and look at your right thumb (the drishti point). Make sure that 
your chest is not collapsing down toward the floor by lengthening both arms, grabbing onto the big 
toe of your left foot with pointer finger and middle finger and thumb locked on top, and leaning 
back far enough so that your shoulders are stacked one on top of the other. 

6. Hold the pose for at least 30, and up to 90, seconds in order to receive the full benefits of the 
stretch. Exhale as you release the pose. Inhale as you press strongly into both feet to come up. 

7. Exhale, come back to Mountain Pose (Tadasana) and repeat on the other side. 


Modification: 
1. front view 
2. back view 


utittha = extended 
wri = three 


kona = angle 


TRIANGLE POSE: BINDING 


Half Bound Extended Triangle Pose 


Ardha Baddha Utthita Trikonasana 

(UHR-duh BUH-duh UT-ti-twh tri-ko-NAHS-uh-nuh) 

Pose Type: standing, forward bend, side bend, binding 
Drishti Point: Nasagrai or Nasagre (nose) 
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Bound Extended Triangle Pose 


Baddha Utthita Trikonasana 

(BUH-duh UT-ti-tuh tri-ko-NAHS-uh-nuh) 

Modification: fingers interlocked on the inside of the thigh 
Pose Type: standing, forward bend, side bend, binding 
Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Bound Extended Triangle Pose 


Baddha Utthita Trikonasana 

(BUH-duh UT-ti-tuh tri-ko-NAHS-uh-nuh) 

Pose Type: standing, forward bend, side bend, binding, twist 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Revolved Sideways Extended Triangle Pose 


Parivritta Parshva Utthita Trikonasana 
(puh-ri-VRIT-tuh PAHRSH-vuh UT-ti-tuh tri-ko-NAHS-uh-nuh) 
Modification: grabbing onto both shins 

Pose Type: standing, forward bend, side bend, twist 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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TRIANGLE POSE: REVOLVED & BINDING 


Revolved Triangle Pose 


Parivritta Trikonasana 
(puh-ri-VRIT-twh tri-ko-NAHS-uh-nuh) 


Also Known As: Revolved Intense Side Stretch Pose (Parivritta Parshvottanasana) 
Modification: hands in Anjali Mudra (Hands in Prayer) 

Pose Type: standing, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Revolved Triangle Pose 


Parivritta Trikonasana 

(puh-ri-VRIT-tuh tri-ko-NAHS-uh-nuh) 

Pose Type: standing, forward bend, twist 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Revolved Bound Triangle Pose 


Parivritta Baddha Trikonasana 

(puh-ri-VRIT-tuh BUH-duh tri-ko-NAHS-uh-nuh) 

Also Known As: Bound Leg Twisted Angle Pose (Baddha Pada Parivritta Konasana) 
Pose Type: standing, forward bend, twist, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 


WARRIOR 2 & SIDE ANGLE POSE 


Extended Side Angle Pose es 


Utthita Parshva Konasana 
(UT-ti-tuh pahrsh-vuh-ko-NAHS-uh-nuh) 
Pose Type: standing, side bend 


Drishti Point: Hastagrai or Hastagrahe (hands) 


How to Perform the Pose: 


1. Begin by standing in Mountain Pose (Tadasana). Engage your mula bandha, uddhiyana bandha, 
and ujjayi breathing, 

2. Inhale and step your feet about wrist-distance apart with toes facing forward and feet parallel to 
each other. Expand your chest and hold your arms straight out to the sides parallel to the floor. 

3. Keep your legs strong and straight by engaging your quadriceps and pulling the kneecaps up. Turn 
your left foot 90 degrees to the left. Turn your right foot 45 degrees to the left as much as possible. 

4. Exhale and bend your left knee until your left thigh is parallel to the floor, coming into Warrior 2 
Pose (Virabhadrasana 2). 

5. On the exhale, bend to the left and drop your left elbow to the left thigh. Reach your right arm over 
your head and rotate your chest to the side until your right shoulder is on top of your left shoulder. 

6. You can experiment with bringing your left palm to the floor on the inside of your left thigh or the 
outside of your thigh. 

7. Hold the pose for at least 30, and up to 90, seconds in order to receive the full benefits of the 
stretch. Exhale as you release the pose. Inhale as you press strongly into both feet to come up. 

8. Exhale, come back to Mountain Pose (Tadasana) and repeat on the right side. 


Modification: 

1. armto the inside of the thigh 
2. elbow on the thigh 

3. armto the outside of the thigh 


utthita = extended, rising, risen 
parsva = side 


kona = angle 


Some components have hybrid functions. A 
multiplexer, for instance, may pass analog sig- 
nals and may have “analog” initsname. However, 
itis digitally controlled and is mostly used in con- 
junction with other digital integrated circuits. 
This seemed to justify placing it in the digital cat- 
egory. 


Inclusions and Exclusions 

There is also the question of what is, and is not, 
a component. Is wire a component? Not for the 
purposes of this encyclopedia. How about a DC- 
DC converter? Because converters are now sold 
in small packages by component suppliers, they 
are included in Volume 1 as components. 


Many similar decisions had to be made on acase- 
by-case basis. Some readers will disagree with 
the outcome, but reconciling all the disagree- 
ments would have been impossible. The best | 
could do was to create a book which is organized 
in the way that would suit me best if| were using 
it myself. 


Typographical Conventions 
Within each entry, bold type is used for the first 
occurrence of the name of component that has 
its own entry elsewhere, Other important elec- 
tronics terms or component names may be pre- 
sented in italics. 


Thenames of components,and the categories to 
Which they belong, are all set in lowercase type, 
except where a term is normally capitalized be- 
cause it is an acronym ora trademark. The term 
Trimpot, for instance, is trademarked by Bourns, 
but trimmer is not. LED is an acronym, but cop 
(abbreviation for capacitor) is not. 


The European convention for representing frac- 
tional component values eliminates decimal 
points, Thus, values such as 3.3K and 4.7K are ex- 
pressed as 3K3 and 4K7. This style has not been 
adopted to a significant degree in the United 
States, and is not used in this encyclopedi 


In mathematical formulae, | have used the style 
that is common in programming languages. The 


* (asterisk) is used as a multiplication symbol, 
while the / (forward slash) is used as a division 
symbol. Where some terms are in parentheses, 
they must be dealt with fist. Where parentheses 
are inside parentheses, the innermost ones must 
be dealt with first. So, in this example: 


A=30/(7+(4*2)) 


‘You would begin by multiplying 4 times 2, to get 
8; then add 7, to get 15; then divide that into 30, 
to get the value for A, which is 2. 


Visual Conventions 

Figure P-3 shows the conventions that are used 
in the schematics in this book. A black dot always 
indicates a connection, except that to minimize 
ambiguity, the configuration at top right is avoi- 
ded, and the configuration at top center is used 
instead, Conductors that cross each other 
without a black dot do not make a connection. 
The styles at bottom right are sometimes seen 
elsewhere, but are not used here, 


All the schematics are formatted with pale blue 
backgrounds. This enables components such as 
switches, transistors, and LEDs to be highlighted 
in white, drawing attention to them and clatify- 
ing the boundary of the component. The white 
areas have no other meaning. 


Photographic Backgrounds 

All photographs of components include a back- 
‘ground grid that is divided into squares measur- 
ing 0.1", Although the grid is virtual, itis equiva- 
lent in scale to physical graph paper placed im- 
mediately behind the component. Ifthe compo- 
nent is photographed at an angle, the grid may 
be reproduced at a similar angle, creating per- 
spective on the squares, 


Background colors in photographs were chosen 
for contrast with the colors of the components, 
or for visual variety. They have no other signifi- 
cance. 
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Warrior 2 


Virabhadrasana 2 

(veer-th-buh-DRAHS-uh-nuh) 

Also Known As: Half Side Angle Pose (Ardha Parshva Konasana) 
Pose Type: standing 

Drishti Point: Hastagrai or Hastagre (hands) 
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SIDE ANGLE POSE 


Extended Side Angle Pose Prep. 


Utthita Parshva Konasana Prep. 

(UT-ti-tuh pahrsh-vuh-ko-NAHS-uh-nuh) 

Modification: back knee on the floor, palm to the floor on the inside of the front leg 
Pose Type: standing, side bend 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Both Arms Extended Side Angle Pose Prep. 


Dwi Hasta Utthita Parshya Konasana Prep. 
(DWI-huh-stuh UT-ti-tuh pahrsh-vuh-ko-NAHS-uh-nuh) 
Modification: back knee on the floor 

Pose Type: standing, side bend 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Both Arms Extended Side Angle Pose 


Dwi Hasta Utthita Parshva Konasana 
(DWi-huh-stuh UT-ti-tuh pahrsh-vuh-ko-NAHS-uh-nuh) 


Modification: back knee off the floor 
Pose Type: standing, side bend 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Tip Toe Extended Side Angle Pose Prep. 


Prapada Utthita Parshva Konasana Prep. 

(PRUH-puh-duh UT-ti-tuh pahrsh-vuh-ko-NAHS-uh-nuh) 

Modification: front heel lifted, fingertips to the floor on the inside of the leg, other arm resting on the 
side of the torso 

Pose Type: standing, side bend 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Tip Toe Both Arms Extended Side Angle Pose 


Prapada Dwi Hasta Utthita Parshva Konasana 
(PRUH-puh-duh DWI-huh-stuh UT-ti-tuh pahrsh-vuh-ko-NAHS-uh-nuh) 
Modification: back knee off the floor 

Pose Type: standing, side bend 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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SIDE ANGLE POSE: BINDING 


Half Bound Extended Side Angle Pose 


Ardha Baddha Utthita Parshva Konasana 
(UHR-duh BUH-duh UT-ti-twh pahrsh-vuh-ko-NAHS-uh-nuh) 
Modification: hand to the floor on the inside of the front leg 
Pose Type: standing, side bend, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Bound Extended Side Angle Pose 


Baddha Utthita Parshva Konasana 

(BUH-duh UT-ti-tuh pahrsh-vuh-ko-NAHS-uh-nuh) 

Modification: fingers interlocked on the inside of the front thigh 
Pose Type: standing, side bend, binding 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Bound Extended Side Angle Pose 


Baddha Utthita Parshva Konasana 
(BUH-duh UT-ti-tuh pahrsh-vuh-ko-NAHS-wh-nuh) 
Also Known As: Bound Arms Side Angle Pose (Baddha Hasta Parshva Konasana) 


Pose Type: standing, side bend, binding, twist 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Pose Dedicated to Vishvamitra Prep. 


Vishvamitrasana Prep. 

(VISH-vah-mi-TRAHS-uh-nuh) 

Modification: knee bent wrapped around the tricep, grabbing onto the foot 
Pose Type: standing, arm balance 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Pose Dedicated to Vishvamitra Prep. 


Vishvamitrasana Prep. 

(vish-vah-mi-TRAHS-uh-nuh) 

Modification: knee bent, shin to the tricep 

Pose Type: standing, arm balance 

Drishti Point: Hastagrai or Hastagre (hands), Padayoragrai or Padayoragre (toes/feet) 
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SIDE ANGLE POSE: REVOLVED 


Revolved Side Angle Pose Prep. 


Parivritta Parshva Konasana Prep. 

(puh-ri-VRIT-tuh pahrsh-vuh-ko-NAHS-uh-nuh) 

Modification: one arm under the leg, hands in Anjali Mudra (Hands in Prayer), 

1. back knee on the floor, looking up to the sky 2. back knee off the floor, looking down 
Pose Type: standing, twist 

Drishti Point: 1. Urdhva or Antara Drishti (up to the sky) 

2. Padayoragrai or Padayoragre (toes/feet) 
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Revolved Side Angle Pose Prep. 


Parivritta Parshva Konasana Prep. 
(puh-ri-VRIT-twh pahrsh-vuh-ko-NAHS-uh-nuh) 

Modification: hands in Anjali Mudra (Hands in Prayer) 
1. back knee on the floor, looking up to the sky 

2. back knee off the floor, looking up to the sky 

Pose Type: standing, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Both Hands Free Revolved Side Angle Pose 


Dwi Mukta Hasta Parivritta Parshva Konasana 

(DWI muk-twh HUH-stuh puh-ri-VRIT-tuh pahrsh-vuh-ko-NAHS-uh-nuh) 

Modification: bottom hand off the floor, fingertips pointing in opposite directions 
1. back knee on the floor 

2. back knee off the floor 

Pose Type: standing, twist, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Revolved Side Angle Pose Prep. 


Parivritta Parshva Konasana Prep. 
(puh-ri-VRIT-twh pahrsh-vuh-ko-NAHS-uh-nuh) 


Modification: palm to the floor, other palm to lower back 
Pose Type: standing, twist, side bend 
Drishti Point: Hastagrai or Hastagre (hands) or Padhayoragrai or Padayoragre (toes/feet) 
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SIDE ANGLE POSE: REVOLVED BOUND 


Component Availability 

Because there is no way of knowing if a compo- 
nent may have a long production run, this ency- 
clopedia is cautious about listing specific part 
numbers. To finda specific part that hasa narrow 
function, searching the websites maintained by 
suppliers will be necessary. The following sup- 
pliers were checked frequently during the prep- 
aration of the book: 


+ Mouser Electronics 
+ Jameco Electronics 


To show there is a connection 


=e a= |=e 


This style 


This sie is used ‘enotused 


To show there is no connection 


+ +4 


This style 


ie ieed ‘These styles are not used 


Figure P-3. Visual conventions that are used in the sche 
‘matics inthis book 


When seeking obsolete parts, or those that are 
nearing theendof their commerciallife, eBay can 
be very useful. 


Issues and Errata 

If you believe you have found an error in this 
book, you will find guidance on how to report it 
here: hrtp://bit.ly/eec_v2_errata, 


Before posting your own erratum, please check 
those that have been submitted previously, to 
see if someone else already reported it. 


| value and encourage reader feedback. Howev- 
ef, before you post feedback publicly to a site 
suchas Amazon, |havearequest. Please beaware 
of the power that you have as a reader, and use 
it fairly. A single negative review can createa big- 
ger effect than you may realize. It can certainly 
outweigh half-a-dozen positive reviews. If you 
feel you have not received a prompt or adequate 
response from the O'Reilly errata site mentioned 
here, you can email me personally at: 


‘make.electronies@gmail.com 


Icheckthataddressirreqularly—sometimes only 
once in a couple of weeks. But | do answer all 
messages 


Safa 


Books Online 


Safari Books Online is an on-demand digital li 
brary that delivers expert content in both book 
and video form from the world’s leading authors 
in technology and business. 


Technology professionals, software developers, 
web designers, and business and creative pro- 
fessionals use Safari Books Online as their pri- 
mary resource for research, problem solving, 
earning, and certification training. 


Safari Books Online offers a range of plans and 
pricing for enterprise, government, education, 
and individuals. 


‘Members have access to thousands of books, 
training videos, and prepublication manuscripts 
in one fully searchable database from publishers 
like Maker Media, O'Reilly Media, Prentice Hall 
Professional, Addison-Wesley Professional, Mi- 
crosoft Press, Sams, Que, Peachpit Press, Focal 
Press, Cisco Press, John Wiley & Sons, Syngress, 
‘Morgan Kaufmann, IBM Redbooks, Packt, Adobe 
Press, FT Press, Apress, Manning, New Riders, 
McGraw-Hill, Jones & Bartlett, Course Technolo- 
gy, and hundreds more. For more information 
about Safari Books Online, please visit us online. 
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Revolved Side Angle Pose 


Parivritta Parshva Konasana 

(puh-ri-VRIT-twh pahrsh-vuh-ko-NAHS-uh-nuh) 

Modification: 1. palm to the floor, back knee on the floor 2. palm to the floor, back knee off the floor 
Pose Type: standing, twist, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Bound Revolved Side Angle Pose 


Baddha Parivritta Parshva Konasana 

(BUH-duh puh-ri-VRIT-tuh pahrsh-vuh-ko-NAHS-uh-nuh) 

Also Known As: Hands Bound Revolved Side Angle Pose Prep. (Baddha Hasta Parivritta Parshva 
Konasana Prep.) 

Modification: 1. back knee on the floor 2. back knee off the floor 

Pose Type: standing, twist, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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REVERSE WARRIOR 


Both Arms Extended Reverse Warrior Pose Prep. 


Dwi Hasta Utthita Viparita Virabhadrasana Prep. 
(DW-huh-stuh UT-ti-tuh vi-puh-REE-tuh vee-ruh-buh-DRAHS-uh-nuh) 
Modification: back knee on the floor, arms straight, palms together 
Pose Type: standing, backbend, side bend 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Tip Toe Both Arms Extended Reverse Warrior Pose 


Prapada Dwi Hasta Utthita Viparita Virabhadrasana 

(PRUH-puh-duh DWI-huh-stuh UT-ti-tuh vi-puh-REE-tuh vee-ruh-buh-DRAHS-uh-nuh) 

Modification: arms straight, palms together 

Pose Type: standing, backbend, side bend 

Drishti Point: Bhrumadhye (third eye, between the eyebrows) or Hastagrai or Hastagre (hands) 
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Revolved Sideways Tip Toe Reverse Warrior Pose 


Parivritta Parshva Prapada Viparita Virabhadrasana 

(puh-ri-VRIT-tuh PAHRSH-vuh PRUH-puh-duh vi-puh-REE-tuh vee-ruh-buh-DRAHS-uh-nuh) 

Modification: front heel up, one arm in front and parallel to the floor; other elbow bent, palm facing 
up, hand to the crown of the head 

Pose Type: standing, backbend, twist, side bend 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Tip Toe Reverse Warrior Pose 


Prapada Viparita Virabhadrasana 

(PRUH-puh-duh vi-puh-REE-tuh vee-ruh-buh-DRAHS-uh-nuh) 

Modification: front heel up, both elbows bent, one arm up over the head, other arm in front of the 
torso 

Pose Type: standing, backbend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Half Bound Reverse Warrior Pose 


Ardha Baddha Viparita Virabhadrasana 
(UHR-duh BUH-duh vi-puh-REE-tuh vee-ruh-buh-DRAHS-uh-nuh) 


Pose Type: standing, backbend, binding 
Drishti Point: Hastagrai or Hastagre (hands) 
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Reverse Warrior Pose 


Viparita Virabhadrasana 
(vi-puh-REE-tuh vee-ruh-buh-DRAHS-uh-nuh) 
Also Known As: Reverse Warrior Pose 2 (Viparita Virabhadrasana 2) 


Modification: hand to the calf of the back leg; low lunge, low stance 
Pose Type: standing, backbend 
Drishti Point: Hastagrai or Hastagre (hands) 
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WARRIOR 1 


Warrior | Prep. 


Virabhadrasana 1 Prep. 

(vee-ruh-buh-DRAHS-uh-nuh) 

Modification: both legs straight, palms pressed together 
Pose Type: standing 

Drishti Point: Nasagrai or Nasagre (nose) 
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Warrior | 


Virabhadrasana 1 
(vee-ruh-buh-DRAHS-uh-nuh) 
Also Known As: Raised Arms Warrior Pose (Urdhva Hasta Veerasana), Hero Succession Series 


(Vira Parampara) 
Pose Type: standing 
Drishti Point: Nasagrai or Nasagre (nose) 
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Warrior | 


Virabhadrasana 1 

(vee-ruh-buh-DRAHS-uh-nuh) 

Modification: arms out in front and parallel to the floor, palms facing the sky 
Pose Type: standing 

Drishti Point: Hastagrai or Hastagre (hands) 
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Bound Warrior | 


Baddha Virabhadrasana 1 

(BUH-duh vee-ruh-buh-DRAHS-uh-nuh) 

Modification: fingers interlocked on the inside of the front thigh 
Pose Type: standing, binding 

Drishti Point: Nasagrai or Nasagre (nose) 
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Warrior | 


Virabhadrasana 1 
(vee-ruh-buh-DRAHS-uh-nuh) 


Modification: arms up over the head and open to the sides; front leg, toes rotated out; deep backbend 
Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Open Heart Chakra Hands Bound Warrior 


Anahata Chakra Baddha Hasta Virabhadrasana 
(uh-NAH-huh-tuh CHUHK-ruh BUH-duh HUH-suh vee-ruh-buh-DRAHS-uh-nuh) 


Pose Type: standing, backbend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Raised Bound Hands in Warrior | 


Urdhva Baddha Hastasana in Virabhadrasana 1 
(OORD-vuh BUH-duh huh-STAHS-uh-nuh in vee-ruh-buh-DRAHS-uh-nuh) 
Modification: fingers interlocked deep backbend 

Pose Type: standing, backbend 

Drishti Point: Hastagrai or Hastagre (hands) 
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WARRIOR 1: FORWARD BEND—TO THE SIDE 


Spread Out Hands Side Angle Pose 


Prasarita Hasta Parshva Konasana 
(pruh-SAH-ri-tuh HUH-stuh pahrsh-vuh-ko-NAHS-uh-nuh) 
Also Known As: Down Dog Lunge Pose 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Hand Position of the Pose Dedicated to Garuda in Side Angle Pose 


Hasta Garudasana in Parshva Konasana 
(HUH-stuh guh-ru-DAHS-uh-nuh in pahrsh-vuh-ko-NAHS-uh-nuh) 
Pose Type: standing, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Hand Position of Cow Face Pose in Side Angle Pose 


Hasta Gomukhasana in Parshva Konasana 
(HUH-stuh go-muk-AHS-uh-nuh in pahrsh-vuh-ko-NAHS-uh-nuh) 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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WARRIOR 1: FORWARD BEND—ARMS BEHIND 


Bowing Warrior with Hands in Prayer 


Nama Virabhadrasana Namaskar 
(NUH-muh vee-ruh-buh-DRAHS-uh-nuh nuh-muhs-KAHR) 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Bowing Hands Bound Warrior 


Nama Baddha Hasta Virabhadrasana 
(NUH-muh BUH-duh HUH-stuh vee-ruh-buh-DRAHS-uh-nuh) 
Modification: grabbing onto the triceps behind the back 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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How to Contact Us 


Please address comments and questions con- 
cerning this book to the publisher: 


Make: 
1005 Gravenstein Highway North 
Sebastopol, CA 95472 

800-998-9938 (in the United States or 
Canada) 

707-829-0515 (international or local) 
707-829-0104 (fax) 


Make: unites, inspires, informs, and entertains a 
growing community of resourceful people who 
undertake amazing projects in their backyards, 
basements, and garages. Make: celebrates your 
right to tweak, hack, and bend any technology 
to your will. The Make: audience continues to be 
a growing culture and community that believes 
in bettering ourselves, our environment, our ed- 
cational system—our entire world. This is much 
more than an audience, i's a worldwide move- 
‘ment that Make:is leading—we call it the Maker 
Movement, 


For more information about Make; visit us on- 
line: 


Make: magazine: http://makezine.com/maga 
zine/ 

Maker Faire: htto:/makerfaire.com 
Makezine.com: httpy/makezine.com 

Maker Shed: http://makershed.com/ 


We have a web page for this book, where we list 
errata, examples, and any additional informa- 
tion. You can access this page at: http://bit.ly/ 
encyclopedia_of_electronic_components_v2. 
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Bowing Reverse Prayer Warrior 


Nama Viparita Namaskar Virabhadrasana 

(NUH-muh vi-puh-REE-tuh nuh-muhs-KAHR vee-ruh-buh-DRAHS-uh-nuh) 

Also Known As: Bowing Back of the Body Prayer Warrior (Nama Paschima Namaskara 
Virabhadrasana) 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 


ese 


Bowing Hands Bound Warrior Pose 


Nama Baddha Hasta Virabhadrasana 

(NUH-muh BUH-duh HUH-stuh vee-ruh-buh-DRAHS-uh-nuh) 

Also Known As: Warrior Veerastambana Pose (Veerastambanasana), Bound Hands Side Angle Pose 
(Baddha Hasta Parshva Konasana) 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 


es0e 


Bowing Hands Bound Warrior Pose 


Nama Baddha Hasta Virabhadrasana 
(NUH-muh BUH-duh HUH-stuh vee-ruh-buh-DRAHS-uh-nuh) 


Also Known As: Bound Hands Side Angle Pose (Baddha Hasta Parshya Konasana) 
Modification: arms bound around the front leg 

Pose Type: standing, forward bend, binding 

Drishti Point: Padhayoragrai or Padayoragre (toes/feet) 
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SIDE ANGLE POSE: HEAD BEHIND LEG 


One Foot Behind the Head Side Angle Pose 


Eka Pada Shirsha Parshva Konasana 
(EY-kuh PUH-duh SHEER-shuh pahrsh-vuh-ko-NAHS-uh-nuh) 
Modification: arms crossed in front of the chest 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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One Foot Behind the Head Side Angle Pose 


Eka Pada Shirsha Parshva Konasana 

(EY-kuh PUH-duh SHEER-shuh pahrsh-vuh-ko-NAHS-uh-nuh) 
Modification: palms together, arms straight on the floor 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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One Foot Behind the Head Bound Side Angle Pose 


Eka Pada Shirsha Baddha Parshva Konasana 
(EY-kuh PUH-duh SHEER-shuh BUH-duh pahrsh-vuh-ko-NAHS-uh-nuh) 
Pose Type: standing, forward bend, binding 

Drishti Point: Nasagrai or Nasagre (nose) 
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LUNGE: BACK KNEE ON THE FLOOR 


Equestrian Riding Horse Lunge Pose 


Ashva Sanchalanasana 


(UHSH-vuh suhn-chuh-luh-NAHS-uh-nuh) 
Modification: back knee on the floor, hands to the floor on either side of the front foot, looking up to 
the sky 


Pose Type: standing, forward bend 
Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Equestrian Riding Horse Lunge Pose Prep. 


Ashva Sanchalanasana Prep. 

(UHSH-vuh suhn-chuh-luh-NAHS-th-nuh) 

Also Known As: Son of Anjani (Lord Hanuman) Lunge Pose Prep. (Anjaneyasana Prep.) 
Modification: back knee on the floor, both hands on the front knee 

Pose Type: standing 

Drishti Point: Nasagrai or Nasagre (nose) 


LUNGE: BACK KNEE ON THE FLOOR—FORWARD BEND 


Hands Bound Extended Lizard Tail Lunge Pose 


Baddha Hasta Uttana Pristhasana 

(BUH-duh HUH-stuh ut-TAHN-uh prish-TAHS-uh-nuh) 

Also Known As: Bowing Warrior Pose Prep. (Nama Virabhadrasana Prep.) 
Modification: back knee on the floor, forehead to the floor 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Tip Toe Extended Lizard Tail Lunge Pose 


Prapada Uttana Pristhasana 
(PRUH-puh-duh ut-TAHN-uh prish-TAHS-uh-nuh) 


Modification: back knee on the floor, shoulder to the back of the knee, one arm straight out in front, 
other arm straight to the back, forehead to the floor 
Pose Type: standing, forward bend 


Drishti Point: Nasagrai or Nasagre (nose) 
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Extended Lizard Tail Lunge Pose 


Uttana Pristhasana 

(ut-TAHN-wth prish-TAHS-uh-nuh) 

Modification: back knee on the floor 

1. forearms to the floor on the inside of the foot 
2. forearms to the floor on either side of the foot 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 


esGe 


Unsupported Extended Lizard Tail Lunge Pose 


Niralamba Uttana Pristhasana 

(nir-AH-luhm-buh ut-TAHN-uh prish-TAHS-uh-nuh) 

Also Known As: God Favour Seeking Sacrifice Ritual Pose (Yajnasana), Christ’s Cross Pose 
Modification: arms straight out to the sides 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 


ese 


Bound Extended Lizard Tail Lunge Pose 


Baddha Uttana Pristhasana 

(BUH-duh ut-TAHN-uh prish-TAHS-uh-nuh) 

Also Known As: Bound God Favor Seeking Sacrifice Ritual Pose (Baddha Yajnasana), Bound 
Christ’s Cross Pose) 

Modification: back knee on the floor 

Pose Type: standing, forward bend, binding 

Drishti Point: Nasagrai or Nasagre (nose) 
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Hands Spread Out Extended Lizard Tail Lunge Pose 


Prasarita Hasta Uttana Pristhasana 

(pruh-SAH-ri-tuh HUH-stuh ut-TAHN-uh prish-TAHS-uh-nuh) 

Also Known As: God Favour Seeking Sacrifice Ritual Pose (Yajnasana), Christ’s Cross Pose 
Modification: back knee on the floor, shin to the tricep 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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LUNGE: BACK KNEE ON THE FLOOR—BACKBEND—ARMS BEHIND THE BACK. 


Bound Hands Son of Anjani (Lord Hanuman) Lunge Pose 


Baddha Hasta Anjaneyasana (BUH-duh HUH-stuh uhn-juh-ney-AHS-uh-nuh) 
Also Known As: Open Heart Chakra Hands Bound Equestrian Riding Horse Pose (Anahata Chakra 
Baddha Hasta Ashva Sanchalanasana) 

Modification: back knee on the floor, backbend, hands to the floor on the inside of the back knee 
Pose Type: standing, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Son of Anjani (Lord Hanuman) Lunge Pose 


Anjaneyasana (uhn-juh-ney-AHS-uh-nuh) 

Also Known As: Open Heart Chakra Equestrian Riding Horse Pose (Anahata Chakra Ashva 
Sanchalanasana) 

Modification: back knee on the floor, backbend, fingertips to the floor on either side of the back knee 
Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


eo0060e 


One Hand Son of Anjani (Lord Hanuman) Lunge Pose 


Eka Hasta Anjaneyasana (EY-kuh HUH-stuh uhn-juh-ney-AHS-uh-nuh) 

Also Known As: Equestrian Riding Horse Pose (Ashva Sanchalanasana) 

Modification: back knee on the floor, one arm extended up over the head, other hand to the floor 
Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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LUNGE: BACK KNEE ON THE FLOOR—BACKBEND—ARMS UP OVER THE HEAD 


Son of Anjani (Lord Hanuman) Lunge Pose 


Anjaneyasana (uhn-juh-ney-AHS-uh-nuh) 

Also Known As: Crescent Lunge Pose 

Modification: front heel on the floor, back knee down, back toes curled in; arms shoulder width 
apart, fingertips up to the sky 

Pose Type: standing, mild backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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Tip Toe Son of Anjani (Lord Hanuman) Lunge Pose 


Prapada Anjaneyasana (PRUH-puh-duh uhn-juh-ney-AHS-uh-nuh) 

Also Known As: Tip Toe Crescent Lunge Pose 

Modification: front heel off the floor, back knee down, back toes curled in; arms shoulder width 
apart, fingertips up to the sky 

Pose Type: standing, mild backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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Williams, Tim: The Circuit Designer's Companion, 
2nd edition, Newnes, 2005. 


lalso made extensive use of information on ven- 
dor sites, especially: 

+ Mouser Electronics 

«+ Jameco Electronics 

«+ All Electronics 

+ sparkfun 

+ Electronic Goldmine 

+ Adafruit 

«+ Parallax, Inc. 


In addition, some individuals provided special 
assistance. My editor, Brian Jepson, was im- 


mensely helpfulin the developmentofthis book. 
Philipp Marek and Steve Conklin reviewed the 
text for errors, My publisher demonstrated faith 
in my work. Kevin Kelly unwittingly influenced 
mewithhislegendaryinterestin “access totools” 
Itwas Mark Frauenfelder who originally brought 
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ham Rogers, William Edmondson, and John Wit- 
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—Charles Platt, 2014 
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Son of Anjani (Lord Hanuman) Lunge Pose 


Anjaneyasana (uhn-juh-ney-AHS-uh-nuh) 

Also Known As: Monkey Pose (Kapyasana), Crescent Lunge Pose 

Modification: arms up over the head, back knee on the floor, palms pressed together 

Pose Type: standing, mild backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Angusthamadhye or 
Angustha Ma Dyai (thumbs) 
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Standing Pose of the Heavenly Spirits Prep. 


Stiti Valakhilyasana Prep. (STI-ti VAH-luh-kil-YAHS-uh-nuh) 

Also Known As: Nindra Valakhilyasana; Son of Anjani (Lord Hanuman) Lunge Pose (Anjaneyasana), 
Crescent Lunge Pose) 

Modification: back knee on the floor, arms up over the head, palms open to the sky, arms parallel to 
the floor 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Standing Pose of the Heavenly Spirits 


Stiti Valakhilyasana (STI-ti VAH-luh-kil- YAHS-uh-nuh) 

Also Known As: Nindra Valakhilyasana 

Modification: back knee to the floor, grabbing the back heel with overhead grip 
Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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LUNGE: BACK KNEE ON THE FLOOR—TWISTS AND SIDE BENDS 


Sideways Son of Anjani (Lord Hanuman) Lunge Pose 


Parshva Anjaneyasana 

(PAHRSH-vuh uhn-juh-ney-AHS-uh-nuh) 

Modification: back knee on the floor; one hand to the inside of the opposite knee, other arm up over 
the head 

Pose Type: standing, side bend, backbend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Revolved Paying Homage Lunge Pose 


Parivritta Namasyasana 
(puh-ri-VRIT-twh nuh-muh-SYAHS-uh-nuh) 
Also Known As: Curtsey Lunge 


Modification: front leg crossed over to the side, opposite elbow over the front knee, back knee on the 
floor 


Pose Type: standing, twist 
Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Revolved Son of Anjani (Lord Hanuman) Lunge Pose 


Parivritta Anjaneyasana 

(puh-ri-VRIT-tuh uhn-juh-ney-AHS-uh-nuh) 

Modification: back knee on the floor, toes curled in; one hand to the floor, other arm up in the sky; 
twisting to the inside of the front knee 

Pose Type: standing, twist 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Tip Toe Sideways Son of Anjani (Lord Hanuman) Lunge Pose 


Prapada Parshva Anjaneyasana 

(PRUH-puh-duh PAHRSH-vuh uhn-juh-ney-AHS-uh-nuh) 

Modification: back knee on the floor, toes pointed to the back, one hand to the floor, other arm up in 
the sky, twisting to the outside of the front knee 

Pose Type: standing, twist 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Revolved Son of Anjani (Lord Hanuman) Lunge Pose 


Parivritta Anjaneyasana 

(puh-ri-VRIT-tuh uhn-juh-ney-AHS-uh-nuh) 

Also Known As: Revolved Monkey Pose (Parivritta Anjaneyasana) 
Modification: back knee on the floor 

Pose Type: standing, twist 

Drishti Point: Padhayoragrai or Padayoragre (toes/feet) 
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LUNGE: BACK KNEE ON THE FLOOR UNDER THE HIP SOCKET 


Tip Toe Revolved Son of Anjani (Lord Hanuman) Lunge Pose 


Prapada Parivritta Anjaneyasana 
(PRUH-puh-duh puh-ri-VRIT-tuh uhn-juh-ney-AHS-uh-nuh) 
Pose Type: standing, twist 

Drishti Point: Nasagrai or Nasagre (nose) 
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Horse Pose Prep. 


Vatayanasana Prep. 

(vah-tah-yuh-NAHS-uh-nuh) 

Modification: back knee and foot on the floor 

Pose Type: standing 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Fighting Warrior Pose 1 


Yudhasana 1 

(yu-DAHS-uh-nuh) 

Pose Type: standing 

Drishti Point: Hastagrai or Hastagre (hands) 
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Fighting Warrior Pose 2 


Yudhasana 2 

(vu-DAHS-uh-nuh) 

Modification: back knee on the floor 

Pose Type: standing 

Drishti Point: Hastagrai or Hastagre (hands) 
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LUNGE: BACK KNEE ON THE FLOOR UNDER THE HIP SOCKET—FORWARD BEND 


Half Equestrian Riding Horse Lunge Pose 


Ardha Ashva Sanchalanasana 
(UHR-duh UHSH-vuh suhn-chuh-lwh-NAHS-uh-nuh) 


Modification: spine in Cat Tilt, back knee down, toes pointing away from the head 
Pose Type: standing, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Tip Toe Bound Son of Anjani (Lord Hanuman) Lunge Pose 


Prapada Baddha Anjaneyasana 

(PRUH-puh-duh BUH-duh whn-juh-ney-AHS-uh-nuh) 

Modification: front leg bound, back knee on the floor, toes pointing away from the head 
Pose Type: standing, forward bend, binding 

Drishti Point: Nasagrai or Nasagre (nose) 
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One Foot Behind the Head Extended Lizard Tail Lunge Pose 


Eka Pada Shirsha Uttana Pristhasana 

(EY-kuh PUH-duh SHEER-shuh ut-TAHN-uh prish-TAHS-uh-nuh) 

Modification: back knee under the hip, toes pointing away from the head 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 


One Foot Behind the Head Extended Lizard Tail Lunge Pose 


Eka Pada Shirsha Uttana Pristhasana 
(EY-kuh PUH-duh SHEER-shuh ut-TAHN-uh prish-TAHS-uh-nuh) 


Modification: legs working toward full vertical splits, toes of the back leg curled in 
Pose Type: standing, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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LUNGE: BACK KNEE ON THE FLOOR UNDER THE HIP SOCKET—BACKBEND 


Son of Anjani (Lord Hanuman) Lunge Pose 


Anjaneyasana 

(uhn-juh-ney-AHS-uh-nuh) 

Modification: deep backbend; chest open, arms to the side, elbows bent; back knee on the floor, toes 
pointing away from the head 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Tip Toe One Hand to Foot Son of Anjani (Lord Hanuman) Lunge Pose 


Prapada Eka Hasta Pada Anjaneyasana 

(PRUH-puh-duh EY-kuh HUH-stuh PUH-duh uhn-juh-ney-AHS-uh-nuh) 

Modification: deep backbend; hand to the ankle on the same side 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Both Hands to Foot Son of Anjani (Lord Hanuman) Lunge Pose 


Dwi Hasta Pada Anjaneyasana 

(DWI-huh-stuh PUH-duh uhn-juh-ney-AHS-uh-nuh) 

Modification: backbend 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Tip Toe Both Hands to Foot Son of Anjani (Lord Hanuman) Lunge Pose 


Prapada Dwi Hasta Pada Anjaneyasana 

(PRUH-puh-duh DWI-huh-stuh PUH-duh uhn-juh-ney-AHS-uh-nuh) 

Modification: deep backbend, back knee on the floor, back toes curled in 
Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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LUNGE: BACK KNEE ON THE FLOOR—FOOT OFF THE FLOOR 


One-Legged King Pigeon Pose 2 Prep. 


Eka Pada Raja Kapotasana 2 Prep. 
(EY-kuh PUH-duh RAH-juh kuh-po-TAHS-wh-nuh) 
Modification: arms open wide and raised 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Half Bound Revolved One-Legged King Pigeon Pose 2 Prep. 


Ardha Baddha Parivritta Eka Pada Raja Kapotasana 2 Prep. 
(UHR-duh BUH-duh puh-ri-VRIT-tuh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Pose Type: standing, twist, binding 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 


os 


Tip Toe Extended Lizard Tail Lunge Pose Prep. 


Prapada Uttana Pristhasana Prep. 

(PRUH-puh-duh ut-TAHN-uh prish-TAHS-uh-nuh) 

Modification: arms straight to semi-straight, back foot lifted off the floor 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Bound Revolved Side Angle Pose Prep. 


Baddha Parivritta Parshya Konasana Prep. 

(BUH-duh puh-ri-VRIT-tuh pahrsh-vuh-ko-NAHS-uh-nuh) 

Also Known As: Bound Revolved Son of Anjani (Lord Hanuman) Lunge Pose Prep. (Anjaneyasana 
Prep.) 

Modification: back knee bent, heel toward the sitting bone 

Pose Type: standing, forward bend, twist, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Foot to Knee Revolved Son of Anjani (Lord Hanuman) Lunge Pose with 
Hands in Prayer 


Janu Pada Parivritta Anjaneyasana Namaskar 
(JAH-nu PUH-duh puh-ri-VRIT-twh uhn-juh-ney-AHS-uh-nuh nuh-muhs-KAHR) 
Pose Type: standing, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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LUNGE: BACK KNEE ON THE FLOOR—GRABBING ONTO THE BACK FOOT 


Tip Toe One-Legged King Pigeon Pose 2 Prep. 


Prapada Eka Pada Raja Kapotasana 2 Prep. 

(PRUH-puh-duh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: both hands grabbing onto the back foot with under-head grip 
Pose Type: standing, mild backbend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Revolved One-Legged King Pigeon Pose 2 Prep. 


Parivritta Eka Pada Raja Kapotasana 2 Prep. 

(puh-ri-VRIT-tuh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: grabbing onto the back foot with the opposite hand using an under-head grip, twisting 
toward the front knee 

Pose Type: standing, twist 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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One Hand in Prayer Revolved One-Legged King Pigeon Pose 2 Prep. 


Eka Hasta Namaskar Parivritta Eka Pada Raja Kapotasana 2 Prep. 
(EY-kuh HUH-stuh nuh-muhs-KAHR puh-ri-VRIT-tuh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 
Modification: opposite hand to the back foot, other hand to the heart 

Pose Type: standing, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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One Hand to Foot Extended Lizard Tail Lunge Pose 


Eka Hasta Pada Uttana Pristhasana 

(EY-kuh HUH-stuh PUH-duh ut-TAHN-uh prish-TAHS-uh-nuh) 

Modification: forward bend, elbow to the floor, grabbing onto the back foot with opposite hand, heel 
to the glutes 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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LUNGE: BACK KNEE ON THE FLOOR—FOOT TO THE HIP SOCKET 


Spear Pose Prep. 


Kuntasana Prep. 

(kun-TAHS-uh-nuh) 

Modification: grabbing onto the foot with one hand, arm crossed over in front, other arm parallel to 
the floor, foot away from the hip 

Pose Type: standing, twist 

Drishti Point: Hastagrai or Hastagre (hands) 
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Spear Pose 


Kuntasana 

(kun-TAHS-uh-nuh) 

Modification: grabbing onto the foot with one hand, arm crossed over in front, other hand to the knee, 
foot close to the hip 

Pose Type: standing, twist 

Drishti Point: Hastagrai or Hastagre (hands) 


Both Hands Bound Revolved Spear Pose Prep. 


Dwi Hasta Baddha Parivritta Kuntasana Prep. 
(dwi HUH-stuh BUH-duh puh-ri-VRIT-tuh kun-TAHS-th-nuh) 


Pose Type: standing, twist, binding 
Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Spear Pose with Hands in Prayer 


Kuntasana Namaskar 
(kun-TAHS-uh-nuh nuh-muhs-KAHR) 

Pose Type: standing 

Drishti Point: Nasagrai or Nasagre (nose) 
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Half Bound Revolved Spear Pose Prep. 


Ardha Baddha Parivritta Kuntasana Prep. 
(UHR-duh-BUH-duh puh-ri-VRIT-tuh kun-TAHS-uh-nuh) 
Modification: foot to the inside of the elbow 

Pose Type: standing, twist, binding 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Spear Pose 


Kuntasana 

(kun-TAHS-uh-nuh) 

Pose Type: standing 

Drishti Point: Hastagrai or Hastagre (hands) 


ooo 
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Hands Bound Ankle Stretch Pose 


Baddha Hasta Kulpasana 
(BUH-duh HUH-stuh kul-PAHS-uh-nuh) 


Pose Type: standing, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 


eo0G0e 


LUNGE: BACK KNEE ON THE FLOOR—HEAD BEHIND THE FRONT LEG, GRABBING ONTO THE BACK FOOT 


One Foot Behind the Head Extended Lizard Tail Lunge Pose 


Eka Pada Shirsha Uttana Pristhasana 

(EY-kuh PUH-duh SHEER-shuh ut-TAHN-uh prish-TAHS-uh-nuh) 

Modification: grabbing onto the foot with the opposite hand, back knee under the hips 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 


os 


One Foot Behind the Head Extended Lizard Tail Lunge Pose 


Eka Pada Shirsha Uttana Pristhasana 

(EY-kuh PUH-duh SHEER-shuh ut-TAHN-uh prish-TAHS-uh-nuh) 

Modification: grabbing onto the foot with the opposite hand, chest and quadriceps on the floor 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 


eo0 
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LUNGE: BACK KNEE ON FLOOR—ONE-LEGGED KING PIGEON 2 


One-Legged King Pigeon Pose 2 Prep. 


Eka Pada Raja Kapotasana 2 Prep. 

(EY-kuh PUH-duh RAH-juh kuh-po-TAHS-wh-nuh) 

Modification: back knee bent toward the glutes, front heel down; arms on the sides, spine straight 
Pose Type: standing 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


ese 


Tip Toe One-Legged King Pigeon Pose 2 Prep. 


Prapada Eka Pada Raja Kapotasana 2 Prep. 

(PRUH-puh-duh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: back knee bent toward the glutes, heel of the top foot up; hands on the hips, backbend 
Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


eo0G0 


One-Legged King Pigeon Pose 2 


Eka Pada Raja Kapotasana 2 

(EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: prep —arms up over the head, back knee bent toward the glutes 
Pose Type: standing, mild backbend 

Drishti Point: Nasagrai or Nasagre (nose) 


eso 


The acronym SCR is derived from silicon-controlled rectifier, which is a gate-triggered 
type of thyristor. A thyristor is defined here as a semiconductor having four or more 
alternating layers of p-type and n-type silicon. Because It predated integrated circuits, 
and in its basic form consists of a single multilayer semiconductor, a thyristor is consid- 
ered to bea discrete component in this encyclopedia, When a thyristor is combined with 
other components in one package (as in a solid-state relay), itis considered to be an 
integrated circuit. 


Other types of thyristor are the diae and triac, each of which has its own entry. 


Thytistor variants that are not so widely used, such as the gate turn-off thyristor (GTO) and 
silicon-controlled switch (SCS), do not have entries here. 


OTHER RELATED COMPONENTS 


«+ dine (s0@ Chapter 2) 
«tine (see Chapter 3) 


What It Does 


In the 1920s, the thyratron was a gas-filled tube 
that functioned as a switch and a rectifier. In 
1956, General Electric introduced a solid-state 
version of it under the name thyristor. In both ca- 
ses, the names were derived from the thyroid 
glandin the human body, which controls the rate 
of consumption of energy. The thyratran and, 
subsequently, the thyristor enabled control of 
large flows of current. 


‘The SCR (silicon-controlled rectifier) isa type of 
thyristor, although the two terms are often used 
asif they are synonymous. Text thatrefersloosely 
toa thyristor may actually be discussing an SCR, 
and vice versa. In this encyclopedia, the SCR, di- 
ac, and triac are all considered to be variant 
types of thyristor. 


‘An SCR is a solid-state switch that in many in- 
stances can pass high currents at high voltages. 


Like a bipolar transistor, itis triggered by volt- 
age applied toa gate. Unlike the transistor, it al- 
lows the flow of current to continue even when 
the gate voltage diminishes to zero. 


How It Works 


This component is designed to pass current in 
one direction only. it can be forced to conduct in 
the opposite direction if the reversed potential 
exceeds its breakdown voltage, but this mistreat- 
ments likely to cause damage, 


By comparison, the diac and triac are designed 
to be bidirectional. 


The SCR has three leads, identified as anode, 
cathode, and gate. Two functionally identical 
versions of the schematic symbol are shown in 
Figure 1-1. Early versions sometimes included a 
Circle drawn around them, but this style has be- 
come obsolete. Caremustbetaken to distinguish 
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Tip Toe One-Legged King Pigeon Pose 2 Prep. 


Prapada Eka Pada Raja Kapotasana 2 Prep. 

(PRUH-puh-duh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: fingertips to the floor, front heel lifted 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


e900060e 


Intense Ankle Stretch One-Legged King Pigeon Pose 2 


Uttana Kulpa Eka Pada Raja Kapotasana 2 

(ut-TAH-nuh kul-puh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: prep —fingertips to the floor, front toes curled under 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
e00000e 


LUNGE: BACK KNEE ON FLOOR—ONE-LEGGED KING PIGEON 2 


One-Legged King Pigeon Pose 2 Prep. 


Eka Pada Raja Kapotasana 2 Prep. 

(EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: 1. grabbing onto the foot on the same side 

2. grabbing onto the foot with the hand on the same side, foot toward the hip 

3. grabbing onto the foot with the opposite hand, foot twisted toward the opposite glute 
Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


e00000e 
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Revolved One-Legged King Pigeon Pose 2 


Parivritta Eka Pada Raja Kapotasana 2 
(puh-ree-VRIT-tuh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-wh-nuh) 


Pose Type: standing, forward bend, twist 
Drishti Point: Parsva Drishti (to the right), Parsva Drishti (to the left) 


es 


Mermaid Pose 2 


Naginyasana 2 

(nuh-gin-YAHS-uh-nuh) 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
esoeee@ 


LUNGE: BACK KNEE ON FLOOR—ONE-LEGGED KING PIGEON 2—OVERHEAD GRIP 


One-Legged King Pigeon Pose 2 


Eka Pada Raja Kapotasana 2 

(EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: grabbing onto the foot with the opposite hand, palm of the other hand to the floor on the 
side 

1. foot to the head 

2. heel to the forehead 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
es0eecee 


One-Legged King Pigeon Pose 2 


Eka Pada Raja Kapotasana 2 

(EY-kuh PUH-duh RAH-juh kuh-po-TAHS-wh-nuh) 

Modification: both hands grabbing onto the foot 

1. foot to the head 

2. heel to the forehead 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
eo00000 


Half Bound One-Legged King Pigeon Pose 2 


Ardha Baddha Eka Pada Raja Kapotasana 2 

(UHR-duh BUH-duh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Pose Type: standing, backbend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
e@00000e 


LUNGE: BACK KNEE ON FLOOR—ONE-LEGGED KING PIGEON 2—FOOT TO THE BACK OF THE HEAD 


Necklace Pose Prep. 


Graivasana Prep. 

(gr-eye-VAHS-uh-nuh) 

Also Known As: Chain Pose (Gaivasana) 

Modification: back foot to the back of the head, hands to the floor 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


e00000e 


Necklace Pose Prep. 


Graivasana Prep. 

(gr-eve-VAHS-uh-nuh) 

Also Known As: Chain Pose (Gaivasana) 

Modification: back foot to the back of the head, hands in Anjali Mudra (Hands in Prayer) 
Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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LUNGE: BACK KNEE ON FLOOR—ONE-LEGGED KING PIGEON 2—ARM CROSSED OVER IN FRONT 


Bound Hand to Foot Supported One-Legged King Pigeon Pose 2 


Baddha Hasta Pada Salamba Eka Pada Raja Kapotasana 2 
(BUH-duh HUH-stuh PUH-duh SAH-luhm-buh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 
Modification: arm crossed in front of the neck, other hand to the floor 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


e90000e 


Bound Hand to Foot Unsupported One-Legged King Pigeon Pose 2 


Baddha Hasta Pada Niralamba Eka Pada Raja Kapotasana 2 
(BUH-duh HUH-stuh PUH-duh nir-AH-luhm-buh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 
Modification: arm crossed in front of the neck, other arm straight out in front 
Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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LUNGE: FRONT LEG STRAIGHT—BACKBEND 


Both Hands to Foot Son of Anjani (Lord Hanuman) Lunge Pose 


Dwi Hasta Pada Anjaneyasana 

(DWI-huh-stuh PUH-duh whn-juh-ney-AHS-uh-nuh) 

Modification: front leg straight 

1. back knee on the floor 

2. back knee off the floor 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
e00000e 
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ONE LEG STRAIGHT, OTHER KNEE ON THE FLOOR: SIDE BEND 


Gate Pose foPa bate] 


Parighasana 
(puh-ri-GAHS-uh-nuh) 


Pose Type: standing, side bend 
Drishti Point: Hastagrai or Hastagrahe (hands) 


How to Perform the Pose: 


1. Begin by standing on your knees with sitting bones lifted off the feet. (Make sure your knees are 
comfortable by rolling up the yoga mat a couple of times.) Engage your mula bandha, uddhiyana 
bandha, and ujjayi breathing. 

2. Exhale and extend your right leg straight out to the side with the right foot on the floor. You can 
either point the toes to the right (Pose #1) or point your toes straight ahead, lifting the arch and 
pressing the outside edge of the right foot to the floor (Pose #2). 

3. Inhale as you expand your chest and hold your arms straight out to the sides, parallel to the floor. 
4. On your next exhale, side bend to the right and bring your right hand onto your right shin (Pose #2), 
while extending your left arm over your head to the right with the palm facing down. Make sure 
your chest is rotated to face forward and not collapsing toward the floor. Look toward your right 

hand. You can also experiment with dropping your right palm to the floor on the inside of your 
right leg (Pose #1). 

5. Hold the pose for at least 30, and up to 90, seconds in order to receive the full benefits of the 
stretch. Inhale as you come up and bring your right knee back to the floor by your left knee. Repeat 
on the other side. 


Modification: bending to the opposite side of the bent knee on the floor 
1. palm to the floor, toes of the straight leg pointing to the side 
2. hand on the shin, toes of the straight leg pointing straight ahead 


parigha = iron bar used for locking a gate 


How It Works 


between the SCR symbol and the symbol that 
representsa programmable unijunction tran- 
sistor (PUT), shown in Figure 1-2. 


+ oF 


Cathode Cathode 


Figure 14. To functionally identical schematic symbols 
for an SOR (silicon-controlled rectifier). The symbol on 
the lefts more commen. 


‘Anode 
Gate ¥ 


Cathode 


Figure 1-2. The symbal shawn here is for 2 programma: 
ble unjunetion transistor (PUT). Care must be taken to 
listinguish it from the symbol for an SCR. 


Switching Behavior 

When the SCRis in its passive or nonconductive 
state, it will block current in either direction be- 
tween anade and cathode, although a very small 
amount of Jeakage typically occurs. When the 
SCRis activated by a positive voltage at the gate, 
current can now flow from anode to cathode, al- 
though itis still blocked from cathode to anode. 
When the flow reaches a level known as the 
latching current, the flow will continue even after 
the triggering voltage drops to zero. This behav- 
jor causesitto be known asa regenerativedevice. 


Ifthe current between anode and cathode starts 
to diminish while the gate voltage remains zero, 
the current flow will continue below the latching 
level until it falls below the value known as the 
holding current. The flow now ceases. Thus, the 
only way to end a flow of current that has been 


discrete semiconductor > 


yristor > SCR 


initiated through an SCRis by reducing the flow 
or attempting to reverse it. 


Note that the self-sustaining flowis a function of 
current rather than voltage. 


Unlike a transistor, an SCR is either ‘on’ or “off” 
and does not function as a current amplifier. Like 
a diode, itis designed to conduct current in one 
direction; hence the term rectifier in its fullname, 
When it has been triggered, the impedance be- 
tween its anode and cathode is sufficiently low 
that heat dissipation can be managed even at 
high power levels. 


The ability of SCRs to pass relatively large 
amounts of current makes them suitable for con- 
trolling the power supplied to motors and resis- 
tive heating elements. The fast switching re- 
sponse also enables an SCR to interrupt and ab- 
breviate each positive phase of an AC waveform, 
to reduce the average power supplied. This is 
known as phase control. 


SCRs are also used to provide overvoltage protec- 
tion. 


SCR packages reflect their design for a wide 
range of voltages and currents. Figure 1-3 shows 
an SCR designed for on-state current of 4A RMS 
le, measured as the root mean square of the 
alternating current). Among its applications are 
small-engine ignition and crowbar overvoltage 
protection, so named because it shorts a power 
supply directly to ground, much like a crowbar 
being dropped across the terminals of a car bat- 
tery (but hopefully with a less dramatic out- 
come). See Figure 1-15. 


In Figure 1-4, the SCR can handle up to 800V re- 
petitive peak off-state voltage and SSA RMS. Pos- 
sible applications include AC rectification, crow- 
bar protection, welding, and battery charging. 
The componentin Figure 1-5is rated for 25A and 
SOV repetitive peak off-state voltage. To assess 
the component izes, bearin mind thatthe graph 
line spacing is 0.1" 
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Gate Pose 


Parighasana 

(puh-ri-GAHS-uh-nuh) 

Modification: bending to the side of the bent knee on the floor, hand to the floor on the outside of the 
bent leg, toes of the straight leg pointing straight ahead 

Pose Type: standing, side bend 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 


os 
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Half Bound Gate Pose 


Ardha Baddha Parighasana 

(UHR-duh BUH-duh puh-ri-GAHS-uh-nuh) 

Modification: bending to the side of the bent knee on the floor, forearm to the floor on the side of the 
bent leg, toes of the straight leg pointing straight ahead 

Pose Type: standing, side bend, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Gate Pose 


Parighasana 

(puh-ri-GAHS-uh-nuh) 

Modification: bending to the opposite side of the bent knee on the floor, forearm to the floor, toes of 
the straight leg pointing to the side 

Pose Type: standing, forward bend, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 


eo00 


ONE LEG STRAIGHT OTHER KNEE ON THE FLOOR: SIDE BEND & BINDING 


Gate Pose 


Parighasana 

(puh-ri-GAHS-uh-nuh) 

Modification: bending to the opposite side of the bent knee on the floor, palm to the top of the foot of 
the straight leg, toes of the straight leg pointing to the side 

Pose Type: standing, forward bend, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 


os 


Gate Pose 


Parighasana 

(puh-ri-GAHS-uh-nuh) 

Modification: bending to the opposite side of the bent knee on the floor, both hands to the top of the 
foot of the straight leg, toes of the straight leg pointing to the side 

Pose Type: standing, forward bend, side bend 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 


os 


Revolved Half Bound Gate Pose 


Parivritta Ardha Baddha Parighasana 

(puh-ri-VRIT-twuh UHR-duh BUH-duh puh-ri-GAHS-uh-nuh) 

Modification: hand to the floor on the outside of the straight leg, rotating the chest to the sky, toes of 
the straight leg pointing to the side 

Pose Type: standing, side bend, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 


eso 
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Revolved Bound Gate Pose 


Parivritta Baddha Parighasana 

(puh-ri-VRIT-tuh BUH-duh puh-ri-GAHS-uh-nuh) 

Modification: toes of the straight leg flexed in, toes of the bent leg pointing away from the head 
Pose Type: standing, forward bend, side bend, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 


eso 


Revolved Bound Half Lotus Gate Pose 


Parivritta Baddha Ardha Padma Parighasana 
(puh-ri-VRIT-twuh BUH-duh UHR-duh PUHD-muh puh-ri-GAHS-uh-nuh) 
Modification: toes of the straight leg pointing to the side 
Pose Type: standing, side bend, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 


eso 


ONE LEG STRAIGHT OTHER KNEE ON THE FLOOR: TWISTS 


Revolved Gate Pose 


Parivritta Parighasana 

(puh-ri-VRIT-tuh puh-ri-GAHS-uh-nuh) 

Modification: forearm to the floor, hand grabbing onto the opposite foot, other arm straight up to the 
sky, toes of the straight leg pointed to the side, toes of the bent leg pointing away from the head 
Pose Type: standing, forward bend, twist 

Drishti Point: Hastagrai or Hastagre (hands) 


eso 


Revolved Half Bound Gate Pose 


Parivritta Ardha Baddha Parighasana 

(puh-ri-VRIT-twuh UHR-duh BUH-duh puh-ri-GAHS-uh-nuh) 

Modification: forearm to the floor, twisting toward the straight leg, toes of the straight leg pointing to 
the side 

Pose Type: standing, forward bend, twist, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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ONE LEG STRAIGHT OTHER KNEE ON THE FLOOR: FORWARD BEND 


Half Pose Dedicated to Lord Hanuman 


Ardha Hanumanasana 

(UHR-duh huh-nu-mahn-AHS-uh-nuh) 

Also Known As: Pose Dedicated to Lord Hanuman Prep. (Hanumanasana Prep.) 

Modification: back toes pointed away from the head, fingertips to the floor on the outsides of the 
straight leg 

Pose Type: standing, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 


eo 


Half Pose Dedicated to Lord Hanuman 


Ardha Hanumanasana 

(UHR-duh huh-nu-mahn-AHS-uh-nuh) 

Also Known As: Pose Dedicated to Lord Hanuman Prep. (Hanumanasana Prep.) 
Modification: back toes curled in, toes of the straight leg flexed in, arms extended to the front, 
fingertips to the floor 

Pose Type: standing, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Half Bound Half Pose Dedicated to Lord Hanuman 


Ardha Baddha Ardha Hanumanasana 

(UHR-duh BUH-duh UHR-duh huh-nu-mahn-AHS-uh-nuh) 

Also Known As: Pose Dedicated to Lord Hanuman Prep. (Hanumanasana Prep.) 
Modification: toes of the bent leg pointed away from the head 

Pose Type: standing, forward bend, binding 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 


es 
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Half Pose Dedicated to Lord Hanuman 


Ardha Hanumanasana 

(UHR-duh huh-nu-mahn-AHS-uh-nuh) 

Also Known As: Pose Dedicated to Lord Hanuman Prep. (Hanumanasana Prep.) 

Modification: toes of the straight leg flexed in; hand grabbing onto the back foot on the same side, 
heel to the sitting bone 

Pose Type: standing, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Half Lotus Half Pose Dedicated to Lord Hanuman 


Ardha Padma Ardha Hanumanasana 

(UHR-duh PUHD-muh UHR-duh huh-nu-mahn-AHS-uh-nuh) 

Also Known As: Pose Dedicated to Lord Hanuman Prep. (Hanumanasana Prep.) 
Modification: fingertips of both hands on the sides of the straight leg 

Pose Type: standing, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 


os 
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HORSE POSE: FORWARD BEND, BINDING & TWIST 


Revolved Leg Position of Horse Pose with Hands in Prayer 


Parivritta Pada Vatayanasana Namaskar 
(puh-ri-VRIT-tuh PUH-duh vah-tah-yuh-NAHS-uh-nuh nuh-muhs-KAHR) 
Pose Type: standing, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 


eso 


discrete semiconductor > thyristor > SCR 


igure 1-3, SOR rated for 400V repetitive off-state vot 
‘ge, no greater than 4A RMS, 


Figure 1-4, SCR rated for BOOV repetitive of-state volt 
‘age, no greater than S5A RMS. 


Internal Configuration 


‘The function ofan SCR can be imagined as being 
similar to that of a PNP transistor paired with an 
NPN transistor, as shown in Figure 1-6. In this 
simplified schematic, so long as zero voltage is 
applied to the “gate” wire, the lower (NPN) tran- 
sistor remains nonconductive, Consequently, 
the upper (PNP) transistor cannot sink current, 
and this transistor also remains nonconductive. 


Internal Configuration 


When voltage is applied to the “gate, the lower 
transistor starts to sink current from the upper 
transistor. This switches it on. The two transistors 
now continue to conduct even if power to the 
“gate” is disconnected, because they have cre- 
ated a positive feedback loop. 


Figure 15. Stud-packaged SCR rated for SOV repetitive 
offstate voltage, no greater than 25A RMS, 


anode 


gate 


cathode 


Figure 1-6. An SCR behaves similarly to an NPN and a 
PNP transistor coupled together. 


Figure 1-7 shows the same two transistorsiin sim- 
plified form as sandwiches of p-type and n-type 
silicon layers (on the left), and their combination 
in an SCR (on the right). Although the actual con- 
figuration of silicon segments is not as simple or 
aslinearas this diagram suggests, the SCR can be 
described correctly as a PNPN device. 


Chapter! 3 


Half Lotus Extended Lizard Tail Lunge Pose 


Ardha Padma Uttana Pristhasana 

(UHR-duh PUHD-muh ut-TAHN-uh prish-TAHS-uh-nuh) 

Modification: 1. palms to the floor, elbows bent 90 degrees 

2. forearms to the floor 

3. one forearm to the floor; other elbow to the floor, hand to the face 

Pose Type: standing, forward bend 

Drishti Point: | & 3. Nasagrai or Nasagre (nose) 

2. Padhayoragrai or Padayoragre (toes/fect) and Angusthamadhye or Angushta Ma Dyai (thumbs) 
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Bound Half Lotus Extended Lizard Tail Lunge Pose 


Baddha Ardha Padma Uttana Pristhasana 
(BUH-duh UHR-duh PUHD-muh ut-TAHN-uh prish-TAHS-uh-nuh) 
Pose Type: standing, forward bend, binding 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 


os 


One Foot Behind the Head Bound Half Lotus Extended Lizard Tail 
Lunge Pose 


Eka Pada Shirsha Baddha Ardha Padma Uttan Pristhasana 
(EY-kuh PUH-duh SHEER-shuh BUH-duh UHR-duh PUHD-mih ut-TAHN-uh prish-TAHS-uh-nuh) 
Pose Type: standing, forward bend, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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HORSE POSE: SPINE STRAIGHT 


Half Bound Revolved Leg Position of Horse Pose 


Ardha Baddha Parivritta Pada Vatayanasana 
(UHR-duh BUH-duh puh-ri-VRIT-twuh PUH-duh vah-tah-yuh-NAHS-uh-nuh) 
Modification: wrist to the knee of the front leg 

Pose Type: standing, binding 

Drishti Point: Hastagrai or Hastagre (hands) 
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Horse Pose 


Vatayanasana 

(vah-tah-yuh-NAHS-uh-nuh) 

Also Known As: Sea Horse Pose 

Modification: 1. Front View 

2. Side View 

Pose Type: standing 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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ONE KNEE BENT TOWARD THE HIP: SPINE STRAIGHT 


One-Legged Frog Pose in Camel Pose 


Eka Pada Bhekasana in Ushtrasana 

(EY-kuh PUH-duh bey-KAHS-uh-nuh in oosh-TRAHS-uh-nuh) 

Modification: spine straight 

Pose Type: standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


OO 


Mermaid Arm Position in Half Camel Pose 


Hasta Naginyasana in Ardha Ushtrasana 

(HUH-stuh nuh-gin-YAHS-uh-nuh in UHR-duh oosh-TRAHS-uhna) 

Modification: spine straight 

Pose Type: standing (on the knees), mild backbend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Revolved One-Legged Frog Pose in One-Legged King Pigeon | Version 
B 


Parivritta Eka Pada Bhekasana in Eka Pada Raja Kapotasana 1 B 
(puh-ri-VRIT-twh EY-kuh PUH-duh bey-KAHS-uh-nuh in EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 
Modification: fingertips to the floor in front 

Pose Ty standing (on the knees), twist, binding 

Drishti Point: Padhayoragrai or Padayoragre (toes/feet) 
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Half Bound Revolved One-Legged Frog Pose in One-Legged King 


Pigeon | Version B 


Ardha Baddha Parivritta Eka Pada Bhekasana in Eka Pada Raja Kapotasana 1 
B 

(UHR-duh BUH-duh puh-ri-VRIT-tuh EY-kuh PUH-duh bey-KAHS-uh-nuh in EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 
Pose Type: standing (on the knees), twist, binding 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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COW FACE POSE AND GARUDA ON THE KNEES 


Leg Position of Cow Face Pose on the Knees 


Janu Pada Gomukhasana 

(JAH-nu PUH-duh go-moo-KAHS-uh-nuh) 
Modification: hands on the hips 

Pose Type: standing (on the knees) 
Drishti Point: Nasagrai or Nasagre (nose) 
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Leg Position of Cow Face Pose on the Knees 

Janu Pada Gomukhasana 

(JAH-nu PUH-duh go-moo-KAHS-uh-nuh) 

Modification: 1. one hand on the hip, other arm straight over the head, side bend 

2. one arm crossed in front of the body, other arm over the head, elbow bent, side bend 
Pose Type: 1. standing (on the knees) 


2. standing (on the knees), side bend 
Drishti Point: Padayoragrai or Padayoragre (toes/feet), Hastagrai or Hastagre (hands) 
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KNEES ON THE FLOOR: LOTUS POSE 


Half Pose Dedicated to Sage Goraksha 


Ardha Gorakshasana 

(UHR-duh go-rak-SHAHS-uh-nuh) 

Modification: spine straight, one hand to the heart, other hand to the side of the thigh 
Pose Type: standing (on the knees), balance 

Drishti Point: Nasagrai or Nasagre (nose), Hastagrai or Hastagre (hands) 


eo 


my 


Pose Dedicated to Sage Goraksha 


Gorakshasana 

(go-ruhk-SHAHS-uh-nuh) 

Also Known As: Yogic Seat Pose A (Yogapithasana A) 

Modification: hands in Anjali Mudra (Hands in Prayer) 

Pose Type: standing (on the knees), balance 

Drishti Point: Nasagrai or Nasagre (nose), Hastagrai or Hastagre (hands) 
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LUNGE: BACK KNEE OFF THE FLOOR 


Fighting Warrior Pose 2 


Yudhasana 2 

(vu-DAHS-uh-nuh) 

Modification: back knee off the floor 

Pose Type: standing 

Drishti Point: Hastagrai or Hastagre (hands) 
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Son of Anjani (Lord Hanuman) Lunge Pose 


Anjaneyasana 

(uhn-juh-ney-AHS-uh-nuh) 

Modification: arms open wide, forward bend, back knee bent and off the floor 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Son of Anjani (Lord Hanuman) Lunge Pose 


Anjaneyasana 

(uhn-juh-ney-AHS-uh-nuh) 

Also Known As: Warrior | Modification (Virabhadrasana 1 Modification) 
Modification: hands on the hips, back knee off the floor 

Pose Type: standing 

Drishti Point: Nasagrai or Nasagre (nose) 
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Internal Configuration 


‘An SCR is comparable with an electromagnetic 
latching relay, except that it works much faster 
and more reliably. 


Twobpoartansisos | Son 
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are shown here in simplified form as two stacks of p-type 
and n-type silicon layers. These layers are combined in an 
SCR, an the right. 


Breakdown and Breakover Voltage 
The curves in Figure 1-8illustrate the behavior of, 
a hypothetical SCR, and can be compared with 
the curves shown for a diac in Figure 2-5 and a 
triacin Figure 3-10. Beginning with zero voltage 
applied between anode and cathode, and zero 
current flowing (ie, at the center origin of the 
graph), if we apply a voltage at the anode that is 
increasingly negative relative tothe cathode (ie, 
We attempt to force the SCR to allow negative 
current flow), we see a small amount of leakage, 
indicated by the darker blue area (which is not 
drawn to scale). Finally the breakdown voltage is 
reached, at which point the negative potential 
overcomes the SCRand itsimpedance drops rap- 
idly, allowing a surge of current to flow, probably 
damaging it. 


Alternatively, starting once again from the cen- 
ter, if we apply a voltage at the anode that is in- 
creasingly positive relative to the cathode, two 
consequences are possible. The dashed curve 
assumes that there is zero voltage at the gate, 
and shows that some leakage occurs until the 
applied potential atthe anode reaches the break- 
overvoltage, at which pointtheSCRallowsalarge 


discrete semiconductor > thyristor > SCR 
current flow, which continues even when the 
voltage decreases, 
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Figure 1-8. The solid curve shows current passing be- 
tween the anode and cathade of a hypathetical SCR for 
varying voltages, while a triggering voltage és applied to 
the gate. The dashed curve assumes that no triggering 
voltage is applied to the gate 


In practice, the SCR is intended to respond to a 
positive gate voltage. Under these circumstan- 
ces, its behavior is shown by the solid curve in 
the top-right quadrantin Figure 1-8. The SCR be- 
gins to conduct current without having to reach 
the breakover voltage at the anode. 


+ When used as itis intended, the SCR should 
not reach breakdown or breakover voltage 
levels, 


SCR Concept Demo 
In Figure 1-9, pushbutton $1 applies voltage to 
the gate of the SCR, which puts the SCR in self- 
sustaining conductive mode. When S1 is re- 
leased, the meter will show that current contin- 
tues to pass between the anode and the cathode, 
‘The X0403DF SCR suggested for this circuit has a 
holding current of SmA, which a SVDC supply 
should be able to provide with the 1K resistor in 


4 Encyclopedia of Electronic Components Volume 2 


LUNGE: BACK KNEE OFF THE FLOOR 


Equestrian Riding Horse Pose osoGge 


Ashva Sanchalanasana 
(UHSH-vuh suhn-chuh-luh-NAHS-un-nuh) 
Pose Type: standing, forward bend 


Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) or Padhayoragrai or Padayoragre (toes/feet) 


How to Perform the Pose: 

1. Begin in Intense Stretch Pose (Uttanasana), also known as Full Forward Bend Pose. Engage your 
mula bandha, uddhiyana bandha, and ujjayi breathing. 

2. Inhale and bend your knees enough for your fingertips to touch the floor on the sides of the feet. 

3. Exhale as you step your left foot to the back, keeping your toes curled in, your left knee off the 
floor and keep your left leg strong and straight. Make sure your right knee is on top of your right 
ankle to prevent wear and tear on your knee joint. 

4. Rest your torso on your right thigh. Inhale as you lengthen your spine, stretching your body in two 
opposing directions: crown of the head moving to the front and the heel of the right foot pushing to 
the back. You can look at the toes of the right foot. 

5. Hold the pose for at least 30, and up to 90, seconds in order to receive the full benefits of the 
stretch. 

6. Exhale as you step your left foot to the front in line with your right foot, and repeat on the other 
side. 


Modification: back knee off the floor, fingertips off the floor on either side of the front foot 


ashva sanchala = horse, riding posture 


Reverse Prayer Son of Anjani (Lord Hanuman) Lunge Pose 


Viparita Namaskar Anjaneyasana 

(vi-puh-REE-tuh nuh-muhs-KAHR whn-juh-ney-AHS-uh-nuh) 

Also Known As: Back of the Body Prayer Son of Anjani (Lord Hanuman) Lunge Pose (Paschima 
Namaskara Anjaneyasana) 

Modification: back knee off the floor 

Pose Type: standing 

Drishti Point: Nasagrai or Nasagre (nose) 
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Son of Anjani (Lord Hanuman) Lunge Pose 


Anjaneyasana 

(uhn-juh-ney-AHS-uh-nuh) 

Modification: palms together, thumbs to upper back, back knee off the floor 
Pose Type: standing 

Drishti Point: Nasagrai or Nasagre (nose) 
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LUNGE: BACK KNEE OFF THE FLOOR, BACK LEG STRAIGHT—BACKBENDS 


Tip Toe One Hand Son of Anjani (Lord Hanuman) Lunge Pose 


Prapada Eka Hasta Anjaneyasana 

(PRUH-puh-duh EY-kuh HUH-stuh uhn-juh-ney-AHS-uh-nuh) 

Modification: deep backbend, one arm up over the head; fingertips of the other hand to the floor, 
back knee off the floor 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Son of Anjani (Lord Hanuman) Lunge Pose 


Anjaneyasana 

(uhn-juh-ney-AHS-uh-nuh) 

Also Known As: Warrior | Modification (Virabhadrasana 1 Modification), Crescent Lunge Pose 
Modification: hands up over the head and shoulder width apart, back knee off the floor 

Pose Type: standing, mild backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One Hand Rising Standing Pose of the Heavenly Spirits 


Eka Hasta Utthita Stiti Valakhilyasana 

(EY-kuh HUH-stuh UT-ti-tuh STI-ti vah-luh-khil-YAHS-uh-nuh) 

Also Known As: Eka Hasta Utthita Nindra Valakhilyasana; Son of Anjani (Lord Hanuman) Lunge 
Pose (Anjaneyasana) 

Modification: grabbing the back ankle overhead on the same side, other hand to the floor, back knee 
off the floor 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Rising Standing Pose of the Heavenly Spirits 


Utthita Stiti Valakhilyasana 


(UT-ti-tuh STI-ti vah-luh-khil-YAHS-uh-nuh) 
Also Known As: Utthita Nindra Valakhilyasana; Son of Anjani (Lord Hanuman) Lunge Pose 
(Anjaneyasana) 


Modification: grabbing the back ankle overhead with both hands, back knee off the floor 
Pose Type: standing, backbend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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LUNGE: BACK KNEE OFF THE FLOOR, BACK LEG STRAIGHT—FORWARD BENDS 


Extended Lizard Tail Lunge Pose 


Uttana Pristhasana 

(ut-TAH-nuh prish-TAHS-uh-nuh) 

Modification: elbows to the floor on the inside of the front leg, back knee off the floor 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Pose Dedicated to Sage Punnakeesar Lunge 


Punnakeesarasana 

(pu-nuh-kee-suh-RAHS-uh-nuh) 

Also Known As: Bound God Favor Seeking Sacrifice Ritual Pose (Baddha Yajnasana), Bound 
Christ’s Cross Pose 

Modification: back knee off the floor 

Pose Type: standing, forward bend, binding 

Drishti Point: Padhayoragrai or Padayoragre (toes/feet) 
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Extended Lizard Tail Lunge Pose 


Uttana Pristhasana 

(ut-TAH-nuh prish-TAHS-uh-nuh) 

Modification: elbows bent at 90 degrees, palms to the floor, back knee off the floor 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Extended Lizard Tail Lunge Pose 


Uttana Pristhasana 

(ut-TAH-nuh prish-TAHS-uh-nuh) 

Modification: forearms to the floor on either side of the front foot, back knee off the floor 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Tip Toe Extended Lizard Tail Lunge Pose 


Prapada Uttana Pristhasana 

(PRUH-puh-duh ut-TAH-nuh prish-TAHS-uh-nuh) 

Modification: arms straight and reaching in the opposite directions, heel of the front leg up, top of the 
back foot to the floor, back knee off the floor 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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LUNGE: BACK KNEE OFF THE FLOOR, BACK LEG STRAIGHT—TWISTS, 


Sideways Son of Anjani (Lord Hanuman) Lunge Pose 


Parshva Anjaneyasana 
(PAHRSH-vuh uhn-juh-ney-AHS-uh-nuh) 


Modification: top of the back foot on the floor, back knee off the floor 
Pose Type: standing, side bend, backbend 
Drishti Point: Hastagrai or Hastagre (hands) 
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Revolved Son of Anjani (Lord Hanuman) Lunge Pose with Hands in 
Prayer 


Parivritta Anjaneyasana Namaskar 
(puh-ri-VRIT-twh uhn-juh-ney-AHS-uh-nuh nuh-muhs-KAHR) 
Modification: elbow over knee, back knee off the floor 
Pose Type: standing, twist 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Revolved Son of Anjani (Lord Hanuman) Lunge Pose with Hands in 
Prayer 


Parivritta Anjaneyasana Namaskar 
(puh-ri-VRIT-twh uhn-juh-ney-AHS-uh-nuh nuh-muhs-KAHR) 
Modification: arm under the knee, back knee off the floor 
Pose Type: standing, twist 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 


eso00 


Bound Revolved Son of Anjani (Lord Hanuman) Lunge Pose 


Baddha Parivritta Anjaneyasana 

(BUH-duh puh-ri-VRIT-tuh uhn-juh-ney-AHS-uh-nuh) 
Modification: back knee off the floor 

Pose Type: standing, twist, binding 

Drishti Point: Padhayoragrai or Padayoragre (toes/feet) 
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Revolved Son of Anjani (Lord Hanuman) Lunge Pose 


Parivritta Anjaneyasana 

(puh-ri-VRIT-tuh whn-juh-ney-AHS-uh-nuh) 

Modification: one hand to the floor, other arm up in the sky, twisting to the inside of the front knee, 
back knee off the floor 

Pose Type: standing, twist 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Tip Toe Sideways Son of Anjani (Lord Hanuman) Lunge Pose 


discrete semiconductor > thyristor > SCR 
the circuit, If necessary, this resistor can be re- 
duced to 6800. 


Now if pushbutton $2 is pressed, the flow is in- 
terrupted. When S2 is released, the flow will not 
resume. Alternatively, if pushbutton $3 is pressed 
while the SCR is conducting current, the flow is 
diverted around the SCR, and when the push- 
button is released, the flow through the SCR will 
not resume, Thus, the SCR can be shut down ei- 
ther by a normally closed pushbutton in series 
with it (which will interrupt the current), or anor- 
mally open pushbutton in parallel with it (which 
will divert the current) 


ow (liamps) 


Figure 1-9, in this test cirult, SI triggers the SCR, while 
‘$2 or $3 will stop it. See text fr adlitional details. 


The test circuit is shown installed on a bread- 
board in Figure 1-10. In this photograph, the red 
and blue wires supply a minimum of SVDC. The 
two red buttons are tactile switches, the one at 
top left being 51 in the schematic while the one 
at bottom rights $3. The large switch with a rec- 
tangular button is $2; thisis normally closed, and 
opens when pressed. The X0403DF SCR is just 
below it and to the right. The square blue trim- 
mer is set to the midpoint of its range. 


AC Current Applications 
Ifthe SCRis used with alternating current,itstops 
conducting during each negative cycle, and is 
retriggered in each positive cycle. This suggests 
one of its primary applications, as a controllable 
rectifier that can switch rapidly enough to limit 


Variants 


theamount of current that passes through itdur- 
ing each cycle. 


Figure 140. A breadboarded version of the SCR test cr 
cult. The two red buttons correspond with SI and S3 in 
the schematic. while the large rectangular buttan at top 
right opens S2_See text for details. 


Variants 


SCRs are available in surface-mount, through- 
hole, and stud packages, to handle increasing 
currents and voltages. Some special-purpose 
SCRs can control currents of hundreds of amps, 
While high-power SCRs are used to switch thou- 
sands of amps at more than 10,000V in power 
distribution systems. They are too specialized for 
inclusion in this encyclopedia. 


Typical power ratings for SCRs in general use are 
summarized in the next section. 


Values 


Any SCR will impose a forward voltage drop, 
which typically ranges from around 1V to 2V, de- 
pending on the component. 


Because SCRs are often used to modify AC wave- 
forms, the current that the component can pass 
is usually expressed as the root mean square 
(RMS) of its peak value. 
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Prapada Parshva Anjaneyasana 

(PRUH-puh-duh PAHRSH-vuh uhn-juh-ney-AHS-uh-nuh) 

Modification: one hand to the floor, other arm up in the sky, twisting to the outside of the front knee, 
back knee off the floor 

Pose Type: standing, twist 

Drishti Point: Hastagrai or Hastagre (hands) 
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Revolved Paying Homage Lunge Pose 


Parivritta Namasyasana 

(puh-ri-VRIT-twh nuh-muhs-YAHS-uh-muh) 

Also Known As: Curtsey Lunge 

Modification: front leg crossed over to the side, opposite elbow over the front knee, back knee off 
the floor 

Pose Type: standing, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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SIDE LUNGE: SITTING BONES LIFTED—ARMS BELOW HEAD 


Extended Leg to the Side Squat Pose 


Utthita Parshva Pada Upaveshasana 

(UT-ti-tuh PAHRSH-vuh PUH-duh u-puh-vey-SHAHS-uh-nuh) 

Also Known As: Plyo Side Lunge 

Modification: high stance, fingers interlocked in front of the chest 
Pose Type: standing 

Drishti Point: Nasagrai or Nasagre (nose) 
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Tip Toe Extended Leg to the Side Squat Pose 


Prapada Utthita Parshva Pada Upaveshasana 

(PRUH-puh-duh UT-ti-tuh PAHRSH-vuh PUH-duh u-puh-vey-SHAHS-uh-nuh) 

Modification: high stance; arms straight out to the sides, toes of the straight leg flexed in 
Pose Ty standing 

Drishti Point: Hastagrai or Hastagre (hands) 


eo 


Extended Leg to the Side Squat Pose 


Utthita Parshva Pada Upaveshasana 

(UT-ti-tuh PAHRSH-vuh PUH-duh u-puh-vey-SHAHS-uh-nuh) 
Modification: arms crossed in front of the chest, forward bend 
Pose Type: standing, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Extended Leg to the Side Squat Pose 


Utthita Parshva Pada Upaveshasana 

(UT-ti-tuh PAHRSH-vuh PUH-duh u-puh-vey-SHAHS-uh-nuh) 

Modification: leaning toward the bent leg, one arm straight to the side, fingertips flexed in; other 
elbow to the side, fingertips to the back of the head 

Pose Type: standing, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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SIDE LUNGE: SITTING BONES LIFTED—ARMS ABOVE THE HEAD 


Extended Leg to the Side Squat Pose 


Utthita Parshva Pada Upaveshasana 

(UT-ti-tuh PAHRSH-vuh PUH-duh u-puh-vey-SHAHS-uh-nuh) 

Modification: side bend toward the straight leg, one arm parallel to the floor, other arm extended to 
the sky 

Pose Type: standing 

Drishti Point: Hastagrai or Hastagre (hands) 
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SIDE LUNGE: SITTING BONES LIFTED—HANDS TO THE FLOOR 


Tip Toe Extended Leg to the Side Squat Pose 


Prapada Utthita Parshva Pada Upaveshasana 
(PRUH-puh-duh UT-ti-tuh PAHRSH-vuh PUH-duh u-puh-vey-SHAHS-uh-nuh) 
Modification: one palm to the floor 

Pose Type: standing, forward bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Extended Leg to the Side Squat Pose 


Utthita Parshva Pada Upaveshasana 

(UT-ti-tuh PAHRSH-vuh PUH-duh u-puh-vey-SHAHS-uh-nuh) 

Modification: both hands to the floor, side bending toward the straight leg 
Pose Type: standing, forward bend, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Intense Ankle Stretch Extended Leg to the Side Squat Pose 


Uttana Kulpa Utthita Parshva Pada Upaveshasana 
(ut-TAH-nuh kul-puh UT-ti-tuh PAHRSH-vuh PUH-duh u-puh-vey-SHAHS-uh-nuh) 
Modification: both palms to the floor, arms crossed 

Pose Type: standing, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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SIDE LUNGE: SITTING BONES ON THE FLOOR 


Lotus Hand Seal Extended Leg to the Side Squat Pose 


Padma Mudra Utthita Parshva Pada Upaveshasana 
(PUHD-muh MU-druh UT-ti-tuh PAHRSH-vuh PUH-duh u-puh-vey-SHAHS-uh-nuh) 
Modification: forward bend, forehead to the floor, arms extended in front 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Uneven Arms Extended Leg to the Side Squat Pose 


Vishama Hasta Utthita Parshva Pada Upaveshasana 
(VISH-uh-muh HUH-stuh UT-ti-tuh PAHRSH-vuh PUH-duh u-puh-vey-SHAHS-uh-nuh) 


Modification: forward bend, one forearm to the floor, other hand to the face 
Pose Type: standing, seated, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Revolved Extended Leg to the Side Squat Pose | 


Parivritta Utthita Parshya Pada Upaveshasana 1 
(puh-ri-VRIT-twh UT-ti-tuh PAHRSH-vuh PUH-duh u-puh-vey-SHAHS-uh-nuh) 


Modification: both hands to the foot of the straight leg 


Pose Type: standing, seated, forward bend, side bend, twist 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Revolved Extended Leg to the Side Squat Pose 2 


Parivritta Utthita Parshva Pada Upaveshasana 2 

(puh-ri-VRIT-twh UT-ti-tuh PAHRSH-vuh PUH-duh u-puh-vey-SHAHS-uh-nuh) 

Modification: grabbing onto both feet 

Pose Type: standing, seated, forward bend, side bend, twist 

Drishti Point: Hastagrai or Hastagre (hands), Padayoragrai or Padayoragre (toes/feet) 
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SIDE LUNGE: SITTING BONES LIFTED—TWISTS AND BINDING 


Extended Leg to the Side Squat Pose 


Utthita Parshva Pada Upaveshasana 

(UT-ti-tuh PAHRSH-vuh PUH-duh u-puh-vey-SHAHS-uh-nuh) 

Modification: fingertips to the floor, toes of the straight leg flexed in 
Pose Type: standing, forward bend 


Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Knee to Shoulder Extended Leg to the Side Squat Pose 


Janu Bhuja Utthita Parshva Pada Upaveshasana 
(JAH-nu BHU-juh UT-ti-twh PAHRSH-vuh PUH-duh u-puh-vey-SHAHS-wh-nuh) 
Modification: toes of the straight leg pointed 

Pose Type: standing, forward bend, side bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Bound Extended Leg to the Side Squat Pose 


Baddha Utthita Parshva Pada Upaveshasana 

(BUH-duh UT-ti-tuh PAHRSH-vuh PUH-duh u-puh-vey-SHAHS-uh-nuh) 

Modification: binding around the shin of the bent leg, toes of the straight leg flexed in 
Pose Type: standing, side bend, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Revolved Half Bound Extended Leg to the Side Squat Pose 


Parivritta Ardha Baddha Utthita Parshva Pada Upaveshasana 
(puh-ri-VRIT-twuh UHR-duh BUH-duh UT-ti-tuh PAHRSH-vuh PUH-duh u-puh-vey-SHAHS-uh-nuh) 
Modification: toes of the straight leg pointed 

Pose Type: standing, side bend, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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SIDE LUNGE: SITTING BONE TO THE HEEL—ARMS HIGHER THAN HEAD LEVEL 


Extended Leg to the Side Tip Toe Squat Pose 


Utthita Parshva Pada Prapada Upaveshasana 
(UT-ti-tuh PAHRSH-vuh PUH-duh PRUH-puh-duh u-puh-vey-SHAHS-uh-nuh) 
Modification: toes of the straight leg to the floor 

Pose Type: standing, forward bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Extended Leg to the Side Tip Toe Squat Pose 


Utthita Parshva Pada Prapada Upaveshasana 

(UT-ti-tuh PAHRSH-vuh PUH-duh PRUH-puh-duh u-puh-vey-SHAHS-uh-nuh) 

Modification: elbow to the knee of the bent leg, toes of the straight leg to the floor 
Pose Type: standing, forward bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Extended Leg to the Side Tip Toe Squat Pose 


Utthita Parshva Pada Prapada Upaveshasana 

(UT-ti-tuh PAHRSH-vuh PUH-duh PRUH-puh-duh u-puh-vey-SHAHS-uh-nuh) 

Modification: side bend toward the straight leg, one arm parallel to the floor, other arm extended to 
the sky, toes of the straight leg pointed 

Pose Type: standing, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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How to Use It 


Commonly Used Abbreviations 


Voam Maximum repetitive forward voltage 
that may be applied to the anode while no 
voltage is applied to the gate (i.e, when the 
SCRis not in conductive mode). 

Vega Maximum repetitive reverse voltage 
that may be applied to the anode while no 
voltage is applied to the gate (i.e, when the 
SCRis not in conductive mode). 

Vy Maximum on-state voltage while the 
SCR is in conductive mode. T indicates that 
this value changes with temperature, 

Vew Forward maximum gate voltage. 

Ver Minimum gate voltage required to trig- 
ger. 

Veo Maximum gate voltage that will not trig- 
ger. 

Jon Peak repetitive forward blocking cur- 
rent (ie, maximum leakage), 

Jagyy Peak repetitive reverse blocking current 
(ie, leakage in the off state), 

Jay Maximum forward gate current. 

rms) Maximum RMS current between 
anode and cathode while the SCR is in con- 
ductive mode, T indicates that this value 
changes with temperature, 

fray) Maximum average current between 
anode and cathode while the SCR is in con- 
ductive mode. T indicates that this value 
changes with temperature, 

or Maximum gate current required to trig- 
ger. 

1 Typical holding current. 

i, Maximum latching current. 

T Case temperature, usually expressed asan 
acceptable range. 

T, Operating junction temperature, usually 
expressed as an acceptable range. 


discrete semiconductor > 


yristor > SCR 


Surface-mount variants may tolerate maximum 
anode-cathode currents that typically range 
from 1A to 10A. Maximum voltages as high as 
500V are allowed in some cases. Leakage in the 
“off” state may be as high as 0.SmA or as low as 
SUA. Gate trigger voltage is likely to range from 
0.8V to 1.5V, and trigger current of 0.2mA to 
15mA is typical. 


Through-hole variants may be packaged in 
0-92 format (like discrete transistors) or, more 
commonly, in TO-220 format (like a typical 1A 
voltage regulator). They may be rated for a max- 
imum of SA up to 50A, depending on the com- 
ponent, with maximum voltages ranging from 
50V to S00V. Leakage is similar to surface-mount 
variants. The gate trigger voltage is typically 
around 1.5V, and trigger current ranges from 25 
SOMA. 


A stud-type SCR may have a maximum 50A to 
500A currentrating, although some components 
are capable of tolerating even higher values. 
Maximum voltages of SOV to SOOV are possible, 
Leakage is likely to be higher than in other for- 
mats, with SmA to 30mA being common. The 
gate trigger voltage is typically 1.5 to 3V, and 
trigger current may range from around SOmA to 
200mA. 


How to Use It 


Although other applications are possible, in 
practice SCRs have two main applications: 


+ Phase control, which interrupts each posi- 
tive phase of an AC power supply. It can 
moderate the speed of a motor or the heat 
generated by a resistive load. 

+ Overvoltage protection. This can safeguard 
sensitive components in a circuit where 
there is a DC power supply. 


SCRs are often incorporated in ground-fault cir- 
cuit interruptors (although not usually as dis- 
crete components) and in automotive ignition 
systems, 
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Extended Leg to the Side Tip Toe Squat Pose 


Utthita Parshva Pada Prapada Upaveshasana 

(UT-ti-tuh PAHRSH-vuh PUH-duh PRUH-puh-duh u-puh-vey-SHAHS-uh-nuh) 

Modification: side bend toward the straight leg, arms extended to the side and straight, toes of the 
straight leg to the floor 

Pose Type: standing, side bend 

Drishti Point: Hastagrai or Hastagre (hands), Padayoragrai or Padayoragre (toes/feet) 


eso 


Both Arms Extended Leg to the Side Tip Toe Squat Pose 


Dwi Hasta Utthita Parshva Pada Prapada Upaveshasana 
(DWi-huh-stuh UT-ti-tuh PAHRSH-vuh PUH-duh PRUH-puh-duh u-puh-vey-SHAHS-uh-nuh) 
Modification: side bend toward the bent leg, toes of the straight leg to the floor 
Pose Type: standing, side bend 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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SIDE LUNGE: SITTING BONE TO THE HEEL—HAND TO THE FLOOR 


Extended Leg to the Side Tip Toe Squat Pose 


Utthita Parshva Pada Prapada Upaveshasana 

(UT-ti-tuh PAHRSH-vuh PUH-duh PRUH-puh-duh u-puh-vey-SHAHS-uh-nuh) 

Modification: one hand on the knee, other hand to the floor, toes of the straight leg pointed 
Pose Type: standing, forward bend 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Extended Leg to the Side Tip Toe Squat Pose 


Utthita Parshva Pada Prapada Upaveshasana 

(UT-ti-tuh PAHRSH-vuh PUH-duh PRUH-puh-duh u-puh-vey-SHAHS-uh-nuh) 

Modification: one palm to the floor, other arm straight and parallel to the straight leg, toes of the 
straight leg to the floor 

Pose Type: standing 

Drishti Point: Padayoragrai or Padayoragre (toes/feet), Hastagrai or Hastagre (hands) 
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SIDE LUNGE: SITTING BONE TO THE HEEL—1 ARM OVERHEAD, OTHER HAND TO THE FLOOR 


Extended Leg to the Side Tip Toe Squat Pose 


Utthita Parshva Pada Prapada Upaveshasana 

(UT-ti-tuh PAHRSH-vuh PUH-duh PRUH-puh-duh u-puh-vey-SHAHS-uh-nuh) 

Modification: side bending toward the bent knee, one hand to the floor, other arm extended up over 
the head, toes of the straight leg to the floor 

Pose Type: standing, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Extended Leg to the Side Tip Toe Squat Pose 


Utthita Parshva Pada Prapada Upaveshasana 

(UT-ti-tuh PAHRSH-vuh PUH-duh PRUH-puh-duh u-puh-vey-SHAHS-uh-nuh) 

Modification: side bending toward the straight leg, one hand to the floor, other arm extended up over 
the head, toes of the straight leg to the floor 

Pose Type: standing, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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SIDE LUNGE: SITTING BONE TO THE HEEL—TWISTS & BINDING 


Revolved Extended Leg to the Side Tip Toe Squat Pose with Hands in 


Prayer 


Parivritta Utthita Parshva Pada Prapada Upaveshasana Namaskar 
(puh-ri-VRIT-tuh UT-ti-tuh PAHRSH-vuh PUH-duh PRUH-puh-duh u-puh-vey-SHAHS-uh-nuh nuh-muhs-KAHR) 
Modification: toes of the straight leg to the floor 

Pose Type: standing, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Revolved Bound Extended Leg to the Side Tip Toe Squat Pose 


Parivritta Baddha Utthita Parshva Pada Prapada Upaveshasana 
(puh-ri-VRIT-twh BUH-duh UT-ti-tuh PAHRSH-vuh PUH-duh PRUH-puh-duh u-puh-vey-SHAHS-uh-nuh) 
Modification: toes of the straight leg to the floor 

1. knee on the floor 


2. knee off the floor 

Pose Type: standing, twist, binding 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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CHAIR SQUAT: HIGH STANCE 


Fierce Pose 


Utkatasana 

(OOT-kuh-TAHS-uh-nuh) 

Also Known As: Chair Pose 

Modification: palms pressed together, high squat 

Pose Type: standing, mild backbend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Fierce Pose 


Utkatasana 

(OOT-kuh-TAHS-uh-nuh) 

Also Known As: Chair Pose 

Modification: hands shoulder width apart, low squat 

Pose Type: standing 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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CHAIR SQUAT: HIGH STANCE—HANDS TO THE FLOOR 


Wagtail Bird Pose Prep. 


Khanjanasana Prep. 

(kuhn-juh-NAHS-uh-nuh) 

Modification: hands to the floor, palms facing up, feet together 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye/Ajna Chakra (third eye, between the 
eyebrows) 
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Intense Wrist Stretch Fierce Pose 


Uttana Manibandha Utkatasana 
(ut-TAH-nuh muh-ni-BUHN-duh OOT-kuh-TAHS-uh-nuh) 


Also Known As: Intense Wrist Stretch Chair Pose 
Modification: palms to the floor, fingertips facing the toes 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Wagtail Bird Pose 


Khanjanasana 

(kuhn-juh-NAHS-uh-nuh) 

Also Known As: Shoulder Pressure Pose Prep. (Bhujapidasana Prep.) 
Modification: shoulders to the back of the knees, fingertips to the heel 
Pose Type: standing, forward bend 

Drishti Point: Bhrumadhye/Ajna Chakra (third eye, between the eyebrows) 
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CHAIR SQUAT: HIGH STANCE—ONE HAND TO THE FLOOR 


Intense Wrist Stretch Half Bound © 
Fierce Pose 


Uttana Manibandha Ardha Baddha Utkatasana 
(ut-TAH-nuh muh-ni-BUHN-duh UHR-duh OOT-kuh-TAHS-uh-nuh) 

Also Known As: Intense Wrist Stretch Half Bound Chair Pose 

Pose Type: standing, forward bend, binding 

Drishti Point: Hastagrai or Hastagrahe (hands) 


How to Perform the Pose: 


1. Begin by standing in Mountain Pose (Tadasana). Engage your mula bandha, uddhiyana bandha, 
and ujjayi breathing. 

2. Exhale, bend your knees until your thighs are parallel to the floor, and drop both your hands to the 
floor. Rest your torso on top of your thighs. 

3. Inhale as you externally rotate your right arm to point the fingertips of your right hand toward your 
feet. 

4. On your next inhale, bring your left arm behind your back and your left hand to the inside of your 
right thigh. Try to seal the gap between your ribcage and your elbow. 

5. Hold the pose for at least 30, and up to 90, seconds in order to receive the full benefits of the 
stretch. 

6. Exhale as you release your left arm and bring your left hand to the floor. Repeat on the right side. 


Modification: hand to the floor, fingertips pointing toward the toes 


ut = intense 
tan = to stretch, to extend 
manibandha = wrist 
ardha = half 

baddha = bound 


utkata = fierce 


discrete semiconductor > thyristor > SCR 
Phase Control 

Phase control is a convenient way to control or 
limit the AC power delivered to a load by abbre- 
Viating each pulse in the AC waveform. This is 
done by adjusting the gate voltage so that the 
SCR blocks the first part of each positive phase, 
then conducts the remainder, and then stops 
conducting below its holding level. The SCR will 
then block the reversed flow in the negative 
phase of the AC waveform, but an additional SCR 
with opposite polarity can be added. 


This is a form of pulse-width modulation. It is 
highly efficient, as the effective internal resist- 
ance of the SCR is either very high or very low, 
and the component does not waste significant 
‘energy in the form of heat. 


‘On a graph showing the fluctuating voltage of 
an AC waveform, a single cycle is customarily 
divided into four stages: (1) zero voltage, (2) max- 
imum positive voltage, (3) zero voltage, (4) min- 
imum negative voltage, all measurements being 
made between thelive side of the supply and the 
neutral side of the supply. 


‘The cycle then repeats. Its transitions are often 
referred to as phase angles of 0 degrees, 90 de- 
grees, 180 degrees, and 270 degrees, as shown 
in Figure 1-11. 


‘The fluctuating voltage in an AC power supply is 
proportional with the sine of the phase angle. 
This concept is illustrated in Figure 1-12. If an 
imaginary point (shown as a purple dot) is mov- 
ing in a circular path counterclockwise at a con- 
stant speed, its vertical distance (shownin green) 
above or below the X axis (harizontal centerline) 
can represent an AC voltage corresponding with 
the angle (shown as purple arcs) of the circle ra- 
dius to the point, each angle being measured 
from at the center relative to a start position at 
right on the X axis, 


When an SCRis used for phase control, the point 
at which it starts to conduct may be anywhere 
from Oto almost 180 degrees. Thisis achieved by 
diverting a small amount of the AC power into an 
RC network attached to the gate of the SCR, as 


How to Use It 


shown in Figure 1-13. The capacitor in this sche- 
matic introduces a delay that can be varied by 
the potentiometer. This enables the SCR to be 
triggered even after the peak of the AC power 
signal. In Figure 1-14, the AC power is shown by 
the center (green) curve, and the slightly de- 
layed, reduced voltage at the gate is shown by 
the upper, purple curve, When the gate voltage 
rises to the trigger level, it causes the SCR to be- 
gin conducting current, creating an abbreviated 
output shown in the bottom curve. In this way, 
triggering from an AC phase angle of 0 degrees 
to almost 180 degrees is possible. The phase an- 
gle where the SCR begins to allow conduction is 
known as the conduction angle. 


If two SCRs with opposite polarity are placed in 
parallel with each other, they can be used to pro- 
vide phase control on both the positive-gaing 
and negative-going sections of an AC cycle. This 
configuration is used in high-powered devices. A 
triac is used for the same purpose with lower 
current. 


Six SCRs may be used to control three-phase 
power, 


Overvoltage Protection 

The tolerance of an SCR for high current makes it 
suitable for use in a crowbar voltage limiting 
circuit. 


In Figure 1-15, the SCR does not conduct current 
(other than a small amount of leakage) until the 
Zener diode senses a voltage above the maxi- 
mum level considered safe. The diode then al- 
lows power to reach the gate of the SCR. Its im- 
pedance drops immediately, and the resulting 
surge of current trips the fuse. After the cause of, 
the overvoltage condition is corrected, the fuse 
can bereplaced and the circuit may resume func- 
tioning. 


Acapacitorisincluded so brief spikes in the pow- 
er supply will be passed to ground without trig- 
gering the SCR. A resistor ofaround 100ensures 
that the gate voltage of the SCR remains near 
zero during normal operation. When the Zener 
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CHAIR SQUAT: HIGH STANCE—HANDS IN FRONT & FINGERS INTERLOCKED BEHIND THE BACK 


Elephant Old Form 


Gaja Vadivu 

(GUH-juh vah-dee-vuh) 

Pose Type: standing, forward bend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 


Hand Position of the Pose Dedicated to Garuda in Half Intense Stretch 
Pose 


Hasta Garudasana in Ardha Uttanasana 

(HUH-stuh guh-ru-DAHS-uh-nuh in UHR-duh ut-tahn-AHS-uh-nuh) 

Also Known As: Hand Position of the Pose Dedicated to Garuda in Half Forward Bend 
Modification: knees bent, feet hip width apart 

Pose Type: standing, forward bend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Hands Bound Ear Pressure Fierce Pose 


Baddha Hasta Karnapida Utkatasana 
(BUH-duh HUH-stuh kahr-nuh-PEE-duh ut-kuh-TAHS-uh-nuh) 

Also Known As: Hands Bound Ear Pressure Chair Pose 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Hands Bound Revolved Fierce Pose 


Baddha Hasta Parivritta Utkatasana 
(Buh-duh HUH-stuh puh-ri-VRIT-tuh ut-kuh-TAHS-uh-nuh) 

Also Known As: Hands Bound Revolved Chair Pose 
Pose Type: standing, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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CHAIR SQUAT: HIGH STANCE—TWIST, ONE HAND TO THE FLOOR 


Intense Wrist Stretch Revolved Half Bound Pose Dedicated to Yogi 
Shankara 


Uttana Manibandha Parivritta Ardha Baddha Shankarasana 
(ut-TAHN-uh muh-ni-BUHN-duh puh-ri-VRIT-tuh UHR-duh BUH-duh shuhng-kuhr-AHS-uh-nuh) 


Pose Type: standing, forward bend, twist, binding 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Revolved Pose Dedicated to Yogi Shankara 


Parivritta Sankarasana 

(puh-ri-VRIT-twh shuhng-kuhr-AHS-uh-nuh) 

Pose Type: standing, forward bend, side bend, twist 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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CHAIR SQUAT: HIGH STANCE—TWIST AND ELBOW OVER THE KNEE 


Revolved Fierce Pose 


Parivritta Utkatasana 

(puh-ri-VRIT-twh ut-kuh-TAHS-uh-nuh) 

Also Known As: Revolved Chair Pose 

Modification: feet wide apart, hands in Anjali Mudra (Hands in Prayer) 
Pose Type: standing, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Revolved Fierce Pose 


Parivritta Utkatasana 

(puh-ri-VRIT-tuh ut-kuh-TAHS-uh-nuh) 

Also Known As: Revolved Chair Pose 

Modification: fect together, hands in Anjali Mudra (Hands in Prayer) 
Pose Type: standing, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Revolved Fierce Pose 


Parivritta Utkatasana 

(puh-ri-VRIT-twh ut-kuh-TAHS-uh-nuh) 

Also Known As: Revolved Chair Pose 

Modification: hands behind the head 

Pose Type: standing, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 


Revolved Fierce Pose 


Parivritta Utkatasana 

(puh-ri-VRIT-twh ut-kuh-TAHS-uh-nuh) 

Also Known As: Revolved Chair Pose 

Modification: arm wrapped under the knee, hands in Anjali Mudra (Hands in Prayer) 
Pose Type: standing, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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CHAIR SQUAT: HIGH STANCE—TWIST AND BINDING 


One Hand Bound Revolved Fierce Pose 


Eka Hasta Baddha Parivritta Utkatasana 

(EY-kuh HUH-stuh BUH-duh puh-ri-VRIT-tuh ut-kuh-TAHS-uh-nuh) 

Also Known As: One Hand Bound Revolved Chair Pose 
Modification: 1. one hand to the heart 

2. hand grabbing onto the biceps, other elbow over the opposite knee 
Pose Type: standing, forward bend, twist, binding 

Drishti Point: 1. Urdhva or Antara Drishti (up to the sky) 

2. Padhayoragrai or Padayoragre (toes/feet) 


Revolved One Leg Bound Fierce Pose 


Parivritta Eka Pada Baddha Utkatasana 
(puh-ri-VRIT-twh EY-kuh PUH-duh BUH-duh ut-kuh-TAHS-uh-nuh) 
Also Known As: Revolved One Leg Bound Chair Pose 
Pose Type: standing, forward bend, twist, binding 
Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Revolved One Leg Bound Fierce Pose 


Parivritta Eka Pada Baddha Utkatasana 
(puh-ri-VRIT-twh EY-kuh PUH-duh BUH-duh ut-kuh-TAHS-uh-nuh) 

Also Known As: Revolved One Leg Bound Chair Pose 
Modification: binding around one leg, hands bound overhead 
Pose Ty standing, forward bend, twist, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Revolved Both Legs Bound Fierce Pose 


Parivritta Dwi Pada Baddha Utkatasana 
(puh-ri-VRIT-twuh DWI-puh-duh BUH-duh ut-kuh-TAHS-uh-nuh) 

Also Known As: Revolved Both Legs Bound Chair Pose 
Pose Type: standing, forward bend, twist, binding 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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CHAIR SQUAT: HIGH STANCE HEELS UP—CHEST AWAY FROM QUADRICEPS 


Tip Toe Fierce Pose 1 


Prapada Utkatasana 1 

(PRUH-puh-duh ut-kuh-TAHSuh-nuh) 

Also Known As: Tip Toe Chair Pose 1 

Modification: arms up over the head, fingers interlocked 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Tip Toe Fierce Pose 3 


Prapada Utkatasana 3 

(PRUH-puh-duh ut-kuh-TAHSuh-nuh) 

Also Known As: Tip Toe Chair Pose 3 

Modification: both elbows bent, one arm up in front, one arm down to the back 
Pose Type: standing, forward bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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CHAIR SQUAT: HIGH STANCE HEELS UP—KNEES TO THE ARMPITS, VARIOUS HAND POSITIONS TO THE 
FLOOR 


Crane Pose Prep. 


Bakasana Prep. 

(buhk-AHS-uh-nuh) 

Modification: hands to the floor in front of the feet 

1. fingertips to the floor 

2. palms flat to the floor, arms shoulder width apart, fingertips pointing away from the head 
Pose Type: standing, forward bend 

Drishti Point: Hastagrai or Hastagre (hands), Nasagrai or Nasagre (nose) 
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CHAIR SQUAT: HIGH STANCE HEELS UP—ARMS IN FRONT & BEHIND 


Tip Toe Fierce Pose 


Prapada Utkatasana 

(PRUH-puh-duh ut-kuh-TAHS-wh-nuh) 

Also Known As: Awkward Pose (Utkatasana) 

Modification: arms out in front and parallel to the floor, sitting bones lifted off the heels 
Pose Type: standing 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 


Tip Toe Fierce Pose 2 


Prapada Utkatasana 2 

(PRUH-puh-duh ut-kuh-TAHS-uh-nuh) 

Also Known As: Tip Toe Chair Pose 2 and Tip Toe Diver’s Pose 

Modification: arms extended to the back, chest to the quadriceps, palms facing down 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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What Can Go Wrong 


diode starts to conduct current, the resistor acts 
asa voltage divider with the diode, so that suffi- 
cient voltage reaches the SCR to activate it. 


This circuit may be unsuitable for low-voltage 
power supplies, because the Zener diode has to 
be chosen with a high enough rating to prevent 
small power fluctuations from tripping it. Bear- 
ing in mind that the real triggering voltage of the 
diode may be at least plus-or-minus 5% of its rat- 
ed voltage, the diode may haveto be chosen with 
at least a 6V rating in a SV circuit, and it may not 
beactivated until the voltageisactually 6.5V. This 
may be insufficient to protect the components 
being used with the power supply. 
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Figure 11, An AC waveform is customarily measured in 
‘degrees of phase angle 


What Can Go Wrong 


Like other semiconductors, an SCR can be ad- 
versely affected by excessive heat. Usual precau- 
tions should be taken to allow sufficient ventila- 
tion and heat sinking, especially when compo- 
nents are moved from an open prototyping 
board toan enclosure in which crowding is likely. 
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Unexpected Triggering Caused 
by Heat 

(Ona datasheet, the values for triggering current 
and holding current are valid only within a rec- 
ommended temperature range. A buildup of 
heat can provoke unexpected triggering. 


Unexpected Triggering Caused 
by Voltage 

A very rapid increase in forward voltage at the 
anode can inducea triggering voltage in the gate 
by capacitive coupling. As a result, the SCR can 
trigger itself without any external application of 
gate voltage. This is sometimes known as dv/dt 
triggering. f necessary, a snubber circuit can be 
added across the anode input to prevent sudden 
voltage transitions. 


Figure 142. The fluctuating voltage of an AC power sup- 
ply (shown as vertical green lines) is proportional with the 
Sines of the angles (purple arcs) in this diagram. The an- 
‘les are referred to as phase angles 


Confusion of AC and DC Ratings 

The on-state current for an SCRis averaged only 
over the width of each pulse that the SCRactually 
conducts. It is not time-averaged over an entire 
AC cycle, and it will be different again from a DC 
rating, Care must be taken to match the current 
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Head to Knees Tip Toe Fierce Pose 2 


Janu Shirsha Prapada Utkatasana 2 

(JAH-nu SHEER-shuh PRUH-puh-duh ut-kuh-TAHS-uh-nuh) 

Also Known As: Head to Knees Tip Toe Chair Pose 2 and Head to Knees Tip Toe Diver’s Pose 
Modification: knees together, arms straight out to the sides, forehead to the knees 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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CHAIR SQUAT: HIGH STANCE HEELS UP—BACK OF THE KNEE OVER THE SHOULDER 


Unsupported Tip Toe Wagtail Pose 1 


Niralamba Prapada Khanjanasana 1 
(nir-ah-LUHM-buh PRUH-puh-duh kuhn-juh-NAHS-uh-nuh) 
Modification: elbows bent, hands reaching to the front 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Unsupported Bound Tip Toe Wagtail Pose 


Niralamba Baddha Prapada Khanjanasana 
(nir-ah-LUHM-buh BUH-duh PRUH-puh-duh kuhn-juh-NAHS-uh-nuh) 
Pose Type: standing, forward bend, binding 

Drishti Point: Nasagrai or Nasagre (nose) 
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Supported Tip Toe Wagtail Pose 


Salamba Prapada Khanjanasana 

(sah-LUHM-buh PRUH-puh-duh kuhn-juh-NAHS-uh-nuh) 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Unsupported Tip Toe Wagtail Pose 2 


Niralamba Prapada Khanjanasana 2 

(nirsah-LUHM-buh PRUH-puh-duh kuhn-juh-NAHS-uh-nuh) 

Modification: fingertips reaching away from the head, palms pressed together, high stance 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 


eyebrows) 
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CHAIR SQUAT: HIGH STANCE—BALLET TOES FROM CHEST HIGH TO LOW—ARMS APART TO ARMS 
TOGETHER IN FRONT AND BACK 


Intense Ankle Stretch Tip Toe Fierce Pose 3 


Uttana Kulpa Prapada Utkatasana 3 

(ut-TAH-nuh KUL-puh PRUH-puh-duh ut-kuh-TAHS-uh-nuh) 

Also Known As: Intense Ankle Stretch Tip Toe Chair Pose 3 

Modification: both elbows bent, one arm up in front, one arm down to the back 
Pose Type: standing, balance 

Drishti Point: Hastagrai or Hastagre (hands) 
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Revolved Intense Ankle Stretch Tip Toe Uneven Legs Half Intense 
Stretch Pose 


Parivritta Uttana Kulpa Prapada Vishama Pada Ardha Uttanasana 
(puh-ri-VRIT-twh ut-TAH-nuh KUL-puh PRUH-puh-duh VISH-wh-muh PUH-duh UHR_duh ut-tahn-AHS-wh-nuh) 
Also Known As: Revolved Intense Ankle Stretch Tip Toe Uneven Legs Half Forward Bend 
Modification: fingertips off the floor 

Pose Type: standing, balance, forward bend, twist 

Drishti Point: Hastagrai or Hastagre (hands) 
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Intense Ankle Stretch Tip Toe Fierce Pose Prep. 


Uttana Kulpa Prapada Utkatasana Prep. 

(ut-TAH-nuh KUL-puh PRUH-puh-duh ut-kuh-TAHS-uh-nuh) 

Also Known As: Intense Ankle Stretch Tip Toe Chair Pose Prep. 
Modification: fingertips to the floor 

Pose Type: standing, forward bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Intense Ankle Stretch Tip Toe Fierce Pose 2 


Uttana Kulpa Prapada Utkatasana 2 

(ut-TAH-nuh KUL-puh PRUH-puh-duh ut-kuh-TAHS-uh-nuh) 

Also Known As: Intense Ankle Stretch Tip Toe Chair Pose 2 and Intense Ankle Stretch Tip Toe 
Diver's Pose 

Modification: arms extended to the back, chest to the quadriceps 

Pose Type: standing, balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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CHAIR SQUAT: HIGH STANCE HEELS UP—ANKLES CROSSED, HANDS TO THE FLOOR 


Revolved Tip Toe Pose 


Parivritta Prapadasana 

(puh-ri-VRIT-tuh pruh-puh-DAHS-uh-nuh) 

Modification: ankles crossed, one arm to the back, other hand toward the floor in front of the feet 
Pose Type: standing, forward bend, twist 

Drishti Point: Hastagrai or Hastagre (hands) 
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Tip Toe Pose 


Prapadasana 

(pruh-puh-DAHS-uh-nuh) 

Modification: ankles crossed, arms crossed, fingertips to the floor in front of the feet 
Pose Type: standing, forward bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Pendant Pose Prep. 


Lolasana Prep. 

(lo-LAHS-uh-nuh) 

Modification: ankles crossed 

Pose Type: standing, forward bend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs), Nasagrai or Nasagre (nose) 
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SQUAT: 


ELS UP—LEGS CROSSED 


Easy Leg Position of the Pose Dedicated to Garuda in Yoga Squat with 
Hands in Prayer 


Sukha Pada Garudasana in Upaveshasana Namaskar 
(SUK-kuh PUH-duh guh-ru-DAHS-uh-nuh in u-puh-veysh-AHS-uh-nuh nuh-muhs-KAHR) 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Hastagrai or Hastagrahe (hands) 
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Easy Leg Position and Complete Arm Position of the Pose Dedicated to 
Garuda in Yoga Squat 


Sukha Pada Paripurna Hasta Garudasana in Upaveshasana 
(SUK-kuh PUH-duh puh-ri-POOR-nuh HUH-stuh guh-ru-DAHS-uh-nuh in u-puh-veysh-AHS-uh-nuh) 
Pose Type: standing, forward bend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 


eo 


Revolved Easy Leg Position of the Pose Dedicated to Garuda in Yoga 
Squat 


Parivritta Sukha Pada Garudasana in Upaveshasana 
(puh-ri-VRIT-twh SUK-kuh PUH-duh guh-ru-DAHS-uh-nuh in u-puh-veysh-AHS-uh-nuh) 
Modification: both knees off the floor, arms open wide and straight 
Pose Type: standing, forward bend, twist 

Drishti Point: Hastagrai or Hastagrahe (hands) 
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Revolved Easy Leg Position of the Pose Dedicated to Garuda in Yoga 
Squat 


Parivritta Sukha Pada Garudasana in Upaveshasana 
(puh-ri-VRIT-twh SUK-kuh PUH-duh guh-ru-DAHS-uh-nuh in u-puh-veysh-AHS-uh-nuh) 
Modification: bottom knee on the floor, arms open wide and straight 
Pose Type: standing, forward bend, twist 

Drishti Point: Hastagrai or Hastagrahe (hands) 
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Revolved Easy Leg Position of the Pose Dedicated to Garuda in Yoga 
Squat 


Parivritta Sukha Pada Garudasana in Upaveshasana 
(puh-ri-VRIT-tuh SUK-kuh PUH-duh guh-ru-DAHS-uh-nuh in u-puh-veysh-AHS-uh-nuh) 
Modification: elbow over the opposite knee, other arm straight out to the side 
Pose Type: standing, forward bend, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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SQUAT: HEELS UP—KNEES APART 


Hand Position of the Pose Dedicated to Garuda in Half Tip Toe Hero 
Pose 


Hasta Garudasana in Ardha Prapada Virasana 

(HUH-stuh guh-ru-DAHS-uh-nuh in UHR-duh PRUH-puh-duh veer-AHS-uh-nuh) 

Modification: one knee on the floor, one foot to the floor on the inside of the knee 
Pose Type: standing, forward bend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 


Half Bound Hand to Foot Uneven Tip Toe Pose 


Ardha Baddha Hasta Pada Vishama Prapadasana 

(UHR-duh BUH-duh HUH-stuh PUH-duh VISH-uh-muh pruh-puh-DAHS-uh-nuh) 

Modification: one hand crossed in front, grabbing onto the heel; other hand to the inner thigh on the 
opposite side 

Pose Type: standing, forward bend, twist, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 


discrete semiconductor > thyristor > SCR 
rating with the way in which the component will 
actually be used. 


Maximum Current versus 
Conduction Angle 

Current-carrying capability will be very signifi- 
cantly affected by the length of the duty cycle 
when the SCR is being used to abbreviate each 
positive AC pulse. When the SCR imposes a 120- 
degree conduction angle, it may be able to han- 
dle twice the average on-state current as when 
itisimposing a 30-degree conduction angle. The 
manufacturer's datasheet should include a 
graphical illustration ofthis relationship, |fan SCR 
is chosen for a high conduction angle, and the 
angle is later reduced, overheating will result, 
and damage is likely. 


Load 


©) 
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Figure 1413. In this schematic, an SCR is used to apply 
phase control, adjusting the power that passes through a 
foad. 


Confusing Symbols 

When reading a schematic, unfortunate errors 
canresultfrom failure to distinguish between the 
symbol fora programmable unijunction tran- 
sistor (PUT) and the symbol for an SCR. The 
characteristics of a PUT are described in Volume 
1 of this encyclopedia, 


Controt voltage 
at gate 


Input 
voltage 
atanade 


Output 
voltage 
from 
cathode 


Figure 144. If the AC power applied to the anode of an 
SCR (center) is reduced in voltage and delayed slightly by 
an RC natwork, it can trigger the SCR (top), causing it to 
pass only an abbreviated segment of each positive AC 
pulse (bottom), 
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Hand Position of the Pose Dedicated to Garuda in Half Lotus Tip Toe 
Pose 


Hasta Garudasana in Ardha Padma Prapadasana 
(HUH-stuh guh-ru-DAHS-uh-nuh in UHR-duh PUHD-muh pruh-puh-DAHS-uh-nuh) 
Modification: 1. Both knees on the floor 

2. One knee on the floor 

Pose Type: standing 

Drishti Point: 1. Angusthamadhye or Angustha Ma Dyai (thumbs) 
2. Nasagrai or Nasagre (nose) 
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SQUAT: HEELS UP—KNEES TOGETHER—ARMS BELOW HEAD, 


Tip Toe Pose 


Prapadasana 

(pruh-puh-DAHS-uh-nuh) 

Also Known As: Noose Pose Prep. (Pasasana Prep.) 
Modification: 1. fingertips to the floor on the outside of the knees 
2. one hand to the heart, other hand to the floor 

3. hands on the hips 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 


Hands Bound Tip Toe Pose 


Baddha Hasta Prapadasana 

(BUH-duh HUH-stuh pruh-puh-DAHS-wh-nuh) 

Modification: arms straight out in front, palms facing out, chest to the quadriceps 
Pose Type: standing, forward bend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Tip Toe Pose with Hands in Prayer 


Prapadasana Namaskar 

(pruh-puh-DAHS-uh-nuh nuh-muths-KAHR) 

Modification: knees together, chest to the quadriceps 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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SQUAT: HEELS UP—KNEES TOGETHER—ARMS HEAD LEVEL OR ABOVE HEAD 


Tip Toe Pose 


Prapadasana 

(pruh-puh-DAHS-uh-nuh) 

Also Known As: Garland Pose Prep. (Malasana Prep.), Full Squat Pose (Purna Utkatasana) 
Modification: 1. arms straight out in front and parallel to the floor 

2. arms up over the head, palms pressed together, elbows bent 

Pose Type: standing 

Drishti Point: Hastagrai or Hastagre (hands) 

Drishti Point: 1. Hastagrai or Hastagrahe (hands) 

2. Nasagrai or Nasagre (nose) 
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Half Bound Tip Toe Pose 


Ardha Baddha Prapadasana 

(UHR-duh BUH-duh pruh-puh-DAHS-uh-nuh) 

Modification: one hand binding to the opposite hip behind the back, other arm straight and extended 
out to the side 

Pose Type: standing, binding 

Drishti Point: Nasagrai or Nasagre (nose) 


SQUAT: HEELS UP—KNEES TOGETHER—KNEES SHOULDER LEVEL 


Seated Tip Toe Pose 


Upavishta Prapadasana 

(u-puh-VISH-tuh pruh-puh-DAHS-uh-nuh) 

Also Known As: Crouching Tip Toe Pose; Upavistha Prapadasana 
Modification: elbows resting on the knees, fingers interlocked in front of the face 
Pose Type: standing, forward bend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Hands Bound Seated Tip Toe Pose 


Baddha Hasta Upavishta Prapadasana 

(BUH-duh HUH-stuh u-puh-VISH-twh pruh-puh-DAHS-uh-nuh) 

Also Known As: Hands Bound Crouching Tip Toe Pose; Baddha Hasta Upavistha Prapadasana 
Modification: arms away from the body 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 


Knees to the Shoulders Seated Tip Toe Pose 


Janu Bhuja Upavishta Prapadasana 

(JAH-nu BHU-juh u-puh-VISH-tuh pruh-puh-DAHS-uh-nuh) 

Also Known As: Knees to the Shoulders Crouching Tip Toe Pose; Janu Bhuja Upavistha Prapadasana 
Modification: 1. palms together to the floor 

2. palms apart and to the floor, elbows bent 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Supported Seated Tip Toe Pose 


Salamba Upavishta Prapadasana 
(sah-LUHM-buh u-puh-VISH-tuh pruh-puh-DAHS-uh-nuh) 


Also Known As: Supported Crouching Tip Toe Pose; Salamba Upavistha Prapadasana 
Modification: fingertips to the floor in front of the feet 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Supported/Unsupported Intense Ankle Stretch Seated Tip Toe Pose 


Salamba/Niralamba Uttana Kulpa Upavishta Prapadasana 
(sah-LUHM-buh-/nir-ah-LUHM-buh ut-TAHN-uh KUL-puh u-puh-VISH-tuh pruh-puh-DAHS-uh-nuh) 

Also Known As: Supported/Unsupported Intense Ankle Stretch Crouching Tip Toe Pose; 
Salamba/Niralamba Uttana Kulpa Upavistha Prapadasana 

Modification: 1. hands to the floor by the hips 

2. arms wrapped around the shins, grabbing onto the triceps 

Pose Type: 1. standing, forward bend 

2. standing, balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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SQUAT: HEELS UP—TWISTS 


Tip Toe Easy Noose Pose Prep. 


Prapada Sukha Pashasana Prep. 
(PRUH-puh-duh SUK-kuh puh-SHAHS-uh-nuh) 


Modification: elbow on the inside of the thigh, arms open wide 


Pose Ty standing, twist 
Drishti Point: Hastagrai or Hastagre (hands) 


eo 


i 


Uneven Legs One Hand to Foot Noose Pose 


Vishama Pada Eka Hasta Pada Pashasana 
(VISH-uh-muh PUH-duh EY-kuh HUH-stuh PUH-duh puh-SHAS-uh-nuh) 


Modification: one heel up, one heel down 
Pose Type: standing, twist, binding 
Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 


Extended Side Tip Toe Noose Pose 


Utthita Parshva Prapada Pashasana 

(UT-ti-tuh PAHRSH-vuh PRUH-puh-duh puh-SHAHS-uh-nuh) 

Modification: one hand to the floor, other arm extended up over the head 
Pose Ty standing, forward bend, twist 

Drishti Point: Hastagrai or Hastagre (hands) 


eo 


Tip Toe Noose Pose with Hands in Prayer 


Prapada Pashasana Namaskar 

(PRUH-puh-duh puh-SHAHS-wh-nuh nuh-nuhs-KAHR) 

Pose Type: standing, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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One Hand to the Foot Tip Toe Noose Pose 


Eka Hasta Pada Prapada Pashasana 

(EY-kuh HUH-stuh PUH-duh PRUH-puh-duh puh-SHAHS-uh-nuh) 

Modification: one hand to the opposite heel, other hand binding to the opposite hip behind the back 
1. right side view 

2. left side view 

Pose Type: standing, twist, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 


Tip Toe Noose Pose Prep. 


What Can Go Wrong, discrete semiconductor > thyristor > SCR 


Figure 15. In this schematic, an SCR is used to provide 
‘crowbar overvoltage protection for sensitive components. 
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Prapada Pashasana Prep. 

(PRUH-puh-duh puh-SHAHS-uh-nuh) 

Modification: 1. binding around one leg with a strap 
2. binding around one leg without a strap 

Pose Type: standing, twist, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Tip Toe Noose Pose 


Prapada Pashasana 

(PRUH-puh-duh puh-SHAHS-uh-nuh) 

Modification: binding around both legs 

Pose Type: standing, forward bend, twist, binding 
Drishti Point: Nasagrai or Nasagre (nose) 
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SQUAT: HEELS DOWN—ARMS BELOW HEAD 


Intense Wrist Stretch Garland Pose Prep. 


Uttana Manibandha Malasana Prep. 

(ut-TAH-nuh muh-ni-BUHN-duh mah-LAHS-uh-nuh) 

Modification: heels down, knees together, palms to the floor, fingers facing the toes, chest to the 
quadriceps 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Garland Pose with Hands in Prayer Prep. 


Malasana Namaskar Prep. 

(mah-LAHS-uh-nuh nuh-muhs-KAHR) 

Modification: heels down 

Pose Type: standing, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 


Garland Pose Prep. 


Malasana Prep. 

(mah-LAHS-uh-nuh) 

Also Known As: Full Squat Pose (Purna Utkatasana) 

Modification: knees together, heels down; arms straight out to the front, palms down 
Pose Type: standing, forward bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Arms Spread Out Garland Pose Prep. 


Prasarita Hasta Malasana Prep. 

(pruh-SAH-ri-tuh HUH-stuh mah-LAHS-uh-nuh) 

Also Known As: Full Squat Pose (Purna Utkatasana), Flying Bird Pose (Khagasana) 
Modification: knees together, heels down, arms straight out to the side 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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SQUAT: HEELS DOWN—ARMS ABOVE HEAD 


Upward Hands Garland Pose Prep. 


Urdhva Hasta Malasana Prep. 

(OORD-vuh HUH-stuh mah-LAHS-uh-nuh) 

Also Known As: Full Squat Pose (Purna Utkatasana) 
Modification: knees together, hands to the sky 

Pose Type: standing, forward bend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Easy Noose Pose 


Sukha Pashasana 

(SUK-kuh puh-SHAHS-uh-nuh) 

Also Known As: Revolved Yoga Squat (Parivritta Upaveshasana) 

Modification: heels down, shoulder between the knees, one palm flat on the floor, other arm straight 
out to the back 

Pose Type: standing, forward bend, twist 

Drishti Point: Hastagrai or Hastagre (hands) 
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Extended Side Noose Pose 


Utthita Parshva Pashasana 

(UT-ti-tuh PAHRSH-vuh puh-SHAHS-uh-nuh) 

Modification: heels down, one hand to the floor, other arm extended up over the head 
Pose Type: standing, forward bend, twist 

Drishti Point: Hastagrai or Hastagre (hands) 
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SQUAT: HEELS DOWN—TWISTS 


Noose Pose with Hands in Prayer 


Pashasana Namaskar 

(puh-SHAHS-uh-nuh nuh-muhs-KAHR) 

Modification: heels down 

Pose Type: standing, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 


Half Bound Noose Pose 


Ardha Baddha Pashasana 

(UHR-duh BUH-duh puh-SHAHS-uh-nuh) 

Modification: heels down 

Pose Type: standing, forward bend, twist, binding 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Noose Pose 


Pashasana 

(puh-SHAHS-uh-nuk) 

Modification: heels down, binding with a strap 

1. binding around one leg 

2. binding around both legs 

Pose Type: standing, forward bend, twist, binding 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Noose Pose 


Pashasana 

(puh-SHAHS-uh-nuh) 

Modification: heels down, binding around both legs 

1. side view 

2. front view 

Pose Type: standing, forward bend, twist, binding 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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ONE-LEGGED SQUAT: FOOT TO KNEE 


One-Legged Tip Toe Pose 


Eka Pada Prapadasana 

(EY-kuh PUH-duh pruh-puh-DAHS-uh-nuh) 

Also Known As: Half Bound Lotus Tip Toe Pose Prep. (Ardha Baddha Padma Padangushtasana 
Prep.) 

Modification: 1. both hands to the floor on the sides 

2. hands in Anjali Mudra (Hands in Prayer) 

Pose Type: standing one-legged balance 

Drishti Point: Nasagrai or Nasagre (nose) 
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One-Legged Tip Toe Pose 


Eka Pada Prapadasana 

(EY-kuh PUH-duh pruh-puh-DAHS-uh-nuh) 

Also Known As: Half Bound Lotus Tip Toe Pose Prep. (Ardha Baddha Padma Padangushtasana 
Prep.) 

Modification: 1. one hand on the hip, other hand to the floor 

2. one hand on the hip, one arm up over the head 

Pose Type: standing one-legged balance 

Drishti Point: Nasagrai or Nasagre (nose) 
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Baby Cradle Pose with Hands in Prayer in One-Legged Garland Pose 


Hindolasana Namaskar in Eka Pada Malasana 

(hin-do-LAHS-uh-nuh EY-kuh PUH-duh mah-LAHS-uh-nuh) 

Also Known As: Baby Cradle Pose with Hands in Prayer in One-Legged Yoga Squat (Hindolasana 
Namaskar in Eka Pada Upavesashana) 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Baby Cradle Pose in One-Legged Tip Toe Pose | 


Hindolasana in Eka Pada Prapadasana 1 
(hin-do-LAHS-uh-nuh in EY-kuh PUH-duh pruh-puh-DAHS-uh-nuh) 
Pose Type: standing one-legged balance, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Half Yogic Staff Pose Prep. in One-Legged Tip Toe Pose 


Ardha Yogadandasana Prep. in Eka Pada Prapadasana 
(UHR-duh yo-guh-duhn-DAHS-uh-nuh in EY-kuh PUH-duh pruh-puh-DAHS-uh-nuh) 
Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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diac 


A diacisa self-triggering type of thyristor. Its name is said to be derived from the phrase 
“diode for AC’ and because it is not an acronym, itis not usually capitalized. 


A thyristor is defined here as a semiconductor having four or more layers of p-type and 
type silicon, Because the thyristor predated integrated circuits, and in its basic form 
consists of a single multilayer semiconductor, it is categorized as a discrete component 
inthis encyclopedia. When a thyristor is combined with other components in one pack- 
age (as in a solid-state relay) itis considered to be an integrated circuit, 


Other types of thyristor are the SCR (silicon-controlled rectifier) and the triae, each of 
which has its own entry inthis encyclopedia. 


Thyristor variants that are not so widely used, such as the gate turn-off thyristor (GTO) and 
silicon-controlled switch (SCS), do not have entries here. 


OTHER RELATED COMPONENTS 


+ SeR (see Chapter) 
+ frac (see Chapter 2) 


What It Does Symbol Variants 

~The schematic symbol for a diac, shown in 

Thediacis bidirectional thyristor with onlytwo Figure 2-1, resembles two diodes joined togeth- 

terminals, Itblocks current until itis subjectedto er, one of them inverted relative to the other. 

sufficient voltage, at which pointits impedance Functionally, the diac is comparable with a pair 

drops very rapidly. It is primarily used to trigger of Zener diodes, asitis intended to be driven be- 

a triac for purposes of moderating AC power to yond the point where it becomes saturated. Be- 

an ineandescent lamp, a resistive heating ele- _causeitstwoleadsare functionally identical, they 

ment, of an AC motor. The two leads on a diac donot requirenames to differentiate them. They 

have identical function andare interchangeable. are sometimes referred to as A1 and A2, in rec- 
Cognition that either of them may function as an 

By comparison, a triacand an SCRare thyristors anode;ortheymaybeidentified as MT! and MT2, 

with three leads, one of them being referred to MT being an acronym for “main terminal.” 

as the gate, which determines whether the com- 

ponent becomes conductive. A triac and a diac 

allow current to flow in either direction, while an 

SCR always blocks current in one direction. 


ONE-LEGGED SQUAT: FOOT UNDER THE KNEE 


Baby Cradle Pose in One-Legged Tip Toe Pose 2 


Hindolasana in Eka Pada Prapadasana 2 
(hin-do-LAHS-uh-nuh in EY-kuh PUH-duh pruh-puh-DAHS-uh-nuh) 


Pose Type: standing one-legged balance, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Supported Revolved One-Legged Tip Toe Pose 


Salamba Parivritta Eka Pada Prapadasana 
(sah-LUHM-buh puh-ri-VRIT-tuh EY-kuh PUH-duh pruh-puh-DAHS-uh-nuh) 
Modification: foot under the knee 

Pose Type: standing one-legged balance, forward bend, twist 
Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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ONE-LEGGED SQUAT: FOOT TO KNEE & ONE KNEE OVER THE SHOULDER 


Tip Toe Lord of the Fishes Pose 


Prapada Matsyendrasana 

(PRUH-puh-duh muhts-y-eyn-DRAHS-uh-nuh) 

Pose Type: standing one-legged balance, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Supported One-Legged Tip Toe Pose 


Salamba Eka Pada Prapadasana 
(sah-LUHM-buh EY-kuh PUH-duh pruh-puh-DAHS-uh-nuh) 


Modification: leg wrapped around the tricep, fingertips to the floor 
Pose Type: standing one-legged balance 
Drishti Point: Nasagrai or Nasagre (nose) 
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Supported One-Legged Tip Toe Pose 


Salamba Eka Pada Prapadasana 

(sah-LUHM-buh EY-kuh PUH-duh pruh-puh-DAHS-uh-nuh) 

Modification: hands to the floor, shoulder to the back of the knee, other foot wrapped around the 
forearm 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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ONE-LEGGED SQUAT: HALF LOTUS 


Half Bound Lotus Tip Toe Pose 


Ardha Baddha Padma Prapadasana 

(UHR-duh BUH-duh PUHD-muh pruh-puh-DAHS-uh-nuh) 

Also Known As: Half Bound Lotus Tip Toe Pose (Ardha Baddha Padma Padangushtasana) 
Modification: 1. fingertips to the floor, other hand to the heart 

2. binding, other hand to the heart 

3. binding, other arm out to the side, parallel to the floor 

Pose Type: 1. standing one-legged balance 


2 & 3. standing one-legged balance, binding 
Drishti Point: Nasagrai or Nasagre (nose) 
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Hand Position of the Pose Dedicated to Garuda in Half Lotus Tip Toe 
Pose 


Hasta Garudasana in Ardha Padma Prapadasana 
(HUH-stuh guh-ru-DAHS-uh-nuh in UHR-duh-PUHD-muh pruh-puh-DAHS-uh-nuh) 
Modification: knee on the floor, forward bend 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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ONE-LEGGED SQUAT: HALF LOTUS—HEEL DOWN 


Half Lotus One-Legged Garland Pose 


Ardha Padma Eka Pada Malasana 

(UHR-duh PUHD-muh EY-kuh PUH-duh mah-LAHS-uh-nuh) 

Also Known As: Half Lotus One-Legged Yoga Squat (Ardha Padma Eka Pada Upaveshasana) 
Modification: arms parallel to the floor 

Pose Type: standing one-legged balance 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Half Lotus Bound One-Legged Garland Pose 


Ardha Padma Baddha Eka Pada Malasana 

(UHR-duh PUHD-muh BUH-duh EY-kuh PUH-duh mah-LAHS-uh-nuh) 

Also Known As: Half Lotus Bound One-Legged Yoga Squat (Ardha Padma Baddha Eka Pada 
Upavesasana) 

Pose Type: standing one-legged balance, forward bend, binding 

Drishti Point: Nasagrai or Nasagre (nose) 


ONE-LEGGED SQUAT: ONE LEG STRAIGHT—HEEL UP & DOWN 


Hand to Foot Pose Squatting Prep. 


Hasta Padasana Prep. 

(HUH-stuh puh-DAHS-uh-nuh) 

Modification: leg straight and lifted off the floor, arms parallel to the floor 
Pose Type: standing one-legged balance 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Hands to Foot Squatting Pose 1 


Hasta Padasana 1 

(HUH-stuh puh-DAHS-uh-nuh) 

Also Known As: Pose Dedicated to Sage Marichi Modification (Marichyasana Modification) 
Modification: both hands to the foot, heel down 

Pose Type: standing one-legged balance 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 


Drishti Point: Nasagrai or Nasagre (nose) or Padhayoragrai or Padayoragre (toes/feet) 
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Revolved Supported Hand to Foot Pose Squatting 


Parivritta Salamba Hasta Padasana 

(puh-ri-VRIT-twh SAH-luhm-buh HUH-stuh puh-DAHS-uh-nuh) 

Modification: one hand to the floor 

Pose Type: standing one-legged balance, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 


Hand to Foot to the Side Tip Toe Pose 


Hasta Pada Parshva Prapadasana 

(HUH-stuh PUH-duh PAHRSH-vuh pruh-puh-DAHS-uh-nuh) 

Pose Type: standing one-legged balance 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Sundial Pose in One-Legged Garland Pose 


Surya Yantrasana in Eka Pada Malasana 

(SOOR-yuh yuhn-TRAHS-uh-nuh in EY-kuh PUH-duh mah-LAHS-uh-nuh) 

Also Known As: Sundial Pose in One-Legged Yoga Squat (Surya Yantrasana in Eka Pada 
Upavesasana) 

Pose Type: standing one-legged balance, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Extended Hand to Big Toe Pose in Half Tip Toe Hero Pose 


Utthita Hasta Padangushtasana in Ardha Prapada Virasana 
(UT-ti-tuh HUH-stuh puhd-ahng-goosh-TAHS-uh-nuh in UHR-duh PRUH-puh-duh veer-AHS-uh-nuh) 
Pose Type: standing one-legged balance, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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PS 


ONE-LEGGED SQUAT: ONE LEG STRAIGHT—HEEL DOWN 


Baby Grasshopper Pose 


Bala Shalabhasana 

(BUH-luh shuh-luh-BAHS-uh-nuh) 

Also Known As: Baby Locust Pose 

Modification: chest facing the floor, forearm on the floor 
Pose Type: standing one-legged balance, forward bend, twist 
Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Hand to Foot Pose 2 


Hasta Padasana 2 

(HUH-stuh puh-DAHS-uh-nuh) 

Modification: leg crossed over, one hand to the foot, other hand to the heart 

Pose Type: standing one-legged balance, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet), Angushtamadhye or Angushta Ma Dyai 
(thumbs) 


ONE-LEGGED SQUAT: LEG BEHIND THE HEAD 


Supported One Foot Behind the Head Tip Toe Pose Prep. | 


Salamba Eka Pada Shirsha Prapadasana Prep. 1 
(SAH-luhm-buh EY-kuh PUH-duh SHEER-shuh pruh-puh-DAHS-uh-nuh) 
Modification: heel up, sitting bones lifted 

Pose Type: standing one-legged balance, forward bend 
Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Supported One Foot Behind the Head Tip Toe Pose Prep. 2 


Salamba Eka Pada Shirsha Prapadasana Prep. 2 
(SAH-luhm-buh EY-kuh PUH-duh SHEER-shuh pruh-puh-DAHS-uh-nuh) 
Modification: hands to the floor 

Pose Type: standing one-legged balance 

Drishti Point: Nasagrai or Nasagre (nose) 


How It Works 
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Figure 2.1. Symbol variants to represent a diac. All four 
are functionally identical 


‘Thesymbol may be reflected |leftto right, and the 
black triangles may have open centers. All of, 
these variants mean the same thing. Occasion- 
ally thesymbol hasa circlearoundit, but thisstyle 
isnow rare. 


When onlya moderate voltageis applied (usually 
less than 30V) the diac remains in a passive state 
and will block current in either direction, al- 
though a very small amount of leakage typically 
occurs. When the voltage exceeds a threshold 
knownasits breakoverlevel, current can flow, and 
the diacwill continueto conduct untilthe current 
falls below its holding level. 


A sample diac is shown in Figure 2-2. 


Figure 2-2. Because a diac is not intended to pass signif 
cant current. it is typically packaged in a smal format 
Tha graph squares in the photograph each measure Q. 


discrete ser 


conductor > thyristor> diac 


How It Works 


Figure 2-3 shows circuit that demonstrates the 
conductive behavior of a diac. 


Anaoon 


a70K 


Meter 
(OC volts) 


Figure 2-3. A test circuit to demonstrate the behavior of 
dat. See text far details 


When the pushbuttonisheld down, current from 
the positive side of the AC supply flows through 
the diode and the 470K resistor to the capacitor. 
The diac is not yet conductive, so the capacitor 
accumulates a potential that can be monitored 
with the volt meter, After about 30 seconds, the 
charge on the capacitor reaches 32V. This is the 
breakover voltage for this particular diac, so it 
becomes conductive. The positive side of the ca- 
pacitor can now discharge through the diac and 
the 1K series resistor to ground, 


Ifthe pushbutton is released at this moment, the 
meter will show that the capacitor discharges to 
a potential below the holding level of the diac. 
The capacitor now stops discharging because 
the diac has ceased being conductive. 


If the pushbutton is held down constantly, the 
meter will show the capacitor charging and then 
discharging through the diac repeatedly, so that 
the circuit behaves as a relaxation oscillator. The 
1K series resistor is included to protect the diac 
from excessive current. Ifa standard quarter-watt 
resistor is used, it should not become unduly 
warm because current passes through it only 
intermittently. 
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One Foot Behind the Head Tip Toe Pose 


Eka Pada Shirsha Prapadasana 

(EY-kuh PUH-duh SHEER-shuh pruh-puh-DAHS-uh-nuh) 

Also Known As: Tip Toe Balance Foot Behind The Head Pose (Padangushta Eka Pada Shirshasana), 
One Foot Behind the Head Tip Toe Pose (Eka Pada Shirsha Padangushtasana) 

Pose Type: standing one-legged balance 

Drishti Point: Nasagrai or Nasagre (nose) 
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SQUAT: HEELS DOWN—KNEES WIDE 


Hand Position of the Pose Dedicated to Garuda in Garland Pose 


Hasta Garudasana in Malasana 

(HUH-stuh guh-ru-DAHS-uh-nuh in mah-LAHS-uh-nuh) 

Also Known As: Hand Position of the Pose Dedicated to Garuda in Yoga Squat (Hasta Garudasana in 
Upaveshasana) 

Pose Type: standing, forward bend 


Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Lion Pose Dedicated to an Avatar of Lord Vishnu in Garland Pose 


Narasimhasana in Malasana 

(nuh-ruh-sim-HAHS-uh-nuh in mah-LAHS-uh-nuh) 

Also Known As: Lion Pose in Yoga Squat (Simhasana in Upaveshasana) 
Modification: heels down 

Pose Type: standing, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Half Bound Revolved Garland Pose 


Ardha Baddha Parivritta Malasana 

(UHR-duh BUH-duh puh-ri-VRIT-tuh mah-LAHS-uh-nuh) 

Also Known As: Half Bound Revolved Yoga Squat (Ardha Baddha Parivritta Upaveshasana) 
Modification: forearm on the knee 

Pose Type: standing, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 


Bound Garland Pose 


Baddha Malasana 

(BUH-duh mah-LAHS-uh-nuh) 

Also Known As: Bound Yoga Squat (Baddha Upaveshasana) 
Pose Type: standing, binding 

Drishti Point: Nasagrai or Nasagre (nose) 
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One Leg Bound Garland Pose 


Eka Pada Baddha Malasana 

(EY-kuh PUH-duh BUH-duh mah-LAHS-uh-nuh) 

Also Known As: One Leg Bound Yoga Squat (Eka Pada Baddha Upaveshasana) 
Modification: heels down, binding around one of the legs, knees open wide 
Pose Type: standing, binding, forward bend 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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SQUAT: ONE HEEL UP, ONE HEEL DOWN—KNEES WIDE 


Uneven Legs Garland Pose 


Vishama Pada Malasana 

(VISH-uh-muh PUH-duh mah-LAHS-uh-nuh) 

Also Known As: Uneven Legs Yoga Squat (Vishama Pada Upaveshasana) 

Modification: one knee higher than the other; fingertips of one hand to the floor, other elbow on the 
knee 

Pose Type: standing, forward bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Sideways Uneven Legs Garland Pose 


Parshva Vishama Pada Malasana 

(PAHRSH-vuh VISH-uh-muh PUH-duh mah-LAHS-uh-nuh) 

Also Known As: Sideways Uneven Legs Yoga Squat (Parshva Vishama Pada Upaveshasana) 
Modification: one heel up, one heel down, one arm up over the head into a side bend, back of the 
other hand on the floor 

Pose Type: standing, forward bend, side bend 


Drishti Point: Hastagrai or Hastagre (hands) 
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SQUAT: HEELS DOWN—KNEES WIDE, FORWARD BENDS 


Garland Pose 


Malasana 

(mah-LAHS-uh-nuh) 

Also Known As: Yoga Squat (Upaveshasana) 
Modification: 1. hands in Anjali Mudra (Hands in Prayer) 
2. arms straight out in front; palms down, head up 

3. arms straight out in front; palms down, head down 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Hands Bound Garland Pose 


Baddha Hasta Malasana 

(BUH-duh HUH-stuh mah-LAHS-uh-nuh) 

Also Known As: Hands Bound Yoga Squat (Baddha Hasta Upaveshasana) 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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SQUAT: HEELS DOWN—KNEES WIDE, FORWARD BENDS—BINDING 


Garland Pose 


Malasana 

(mah-LAHS-uh-nuh) 

Also Known As: Tortoise Pose Squat (Kurmasana Modification) 
Modification: grabbing onto heels 

1. head off the floor 

2. forehead to the floor 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Garland Pose 


Malasana 

(mah-LAHS-uh-nuh) 

Also Known As: Golden Belt Pose (Kanchyasana) 
Modification: hands bound, heels down 

Pose Type: standing, forward bend, binding 
Drishti Point: Nasagrai or Nasagre (nose) 
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SQUAT: HEELS UP—KNEES WIDE, FORWARD BENDS—BINDING 


Garland Pose 


Malasana 

(mah-LAHS-uh-nuh) 

Modification: heels up, arms stretched out to the back, palms facing up, forehead to the floor 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Garland Pose 


Malasana 

(mah-LAHS-uh-nuh) 

Also Known As: Golden Belt Pose (Kanchyasana) 
Modification: heels up, hands bound 

1. front view 

2. side view 

Pose Type: standing, forward bend, binding 
Drishti Point: Nasagrai or Nasagre (nose) 
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Garland Pose 


Malasana 

(mah-LAHS-uh-nuh) 

Modification: heels up, arms binding around the shins, hands between thighs and rib cage 
Pose Type: standing, forward bend, binding 

Drishti Point: Nasagrai or Nasagre (nose) 
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SQUAT: HEELS UP—KNEES WIDE, FORWARD BENDS—FOREARMS & ELBOWS ON THE FLOOR 


Garland Pose 


Malasana 

(mah-LAHS-uh-nuh) 

Modification: forehead to the floor, thumbs to the upper back 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Garland Pose 


Malasana 

(mah-LAHS-uh-nuh) 

Modification: forearms to the floor 

1. grabbing onto the triceps 

2. forearms on the floor, palms pressed together 
Pose Type: standing, forward bend 

Drishti Point: 1. Nasagrai or Nasagre (nose) 

2. Angusthamadhye or Angustha Ma Dyai (thumbs) 
es 


discrete semiconductor > thyristor > diac 


+ Because this circuit uses 115VAC, basic pre- 
cautions should be taken. The fuse should 
not be omitted, the capacitor should be rat- 
ed for at least SOV, and the circuit should not 
be touched while itis connected to the pow- 
er source. Breadboarding a circuit using this 
voltage requires caution and experience, as 
wires can easily come loose, and compo- 
nents can be touched accidentally while 
they are live. 


Figure 2-4 shows thetest circuitona breadboard. 
‘The red and blue leads at the top of the photo- 
graph are from a fused 115VAC power supply. 
‘The live side of the supply passes through adiode 
to a pushbutton switch that has a rectangular 
black cap. A 470K resistor connectsthe other side 
of the switch to the positive side ofa 100LF elec- 
trolytic capacitor, and also to the diac (small blue 
component). A 1K resistor connects the other 
end of the diac back to the negative side of the 
capacitor, which is grounded. The yellow and 
blue wires leaving the photograph at the left are 
connected witha volt meter, which is not shown. 


Figure 2-4. A breadboarded version of the diac test ci 
cult. See text fr deta 


The behavior of a diac is also illustrated in 
Figure 2-5, which can be compared with the 
‘curves in Figures 3-10 and 1-8, depicting the be- 
havior of a triac and an SCR respectively. 


Variants 


forward > 
Breakover 
voltage 


Current. 


+ reverse 


+ negative 


Voltage positive = 


Figure 25. The curve shows current passing through a 
sac when various voltages are applied. 


Switching AC 

The diac cannot function as a switch, because it 
lacks the third terminal which is found in a triac, 
an SCR, of a bipolar transistor. However, itis well 
suited to drive the gate of a triac, because the 
behavior of a diac is symmetrical in response to 
opposite voltages, while the triac is not. Ifan AC 
voltage applied to a diac is adjusted with a po- 
tentiometer in an RC circuit, the diac will pass 
along a portion of each positive or negative 
pulse, and will delay it by a brief amount of time 
determined by the value of the capacitor in the 
RC circuit and the setting of the potentiometer. 
This is known as phase control, as it controls the 
phase angle at which the diac allows current to 
flow. 


See Figure 3-13 for a schematic showing a diac 
driving a triac. See Figures 1-14 and 3-11 for 
graphs illustrating phase control, See “Phase 
Control” for a discussion of phase in AC wave- 
forms. 


Variants 


Diacs are available in through-hole and surface- 
mount formats. Because they are not intended 
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SQUAT: HEELS UP—KNEES WIDE, FORWARD BEND—FOREARMS & ELBOWS ON THE FLOOR 


Garland Pose os 


Malasana 
(mah-LAHS-uh-nuh) 
Pose Type: standing, forward bend 


Drishti Point: 1 & 2. Angusthamadhye or Angustha Ma Dyai (thumbs) 3 & 4, Nasagrai or Nasagre (nose) 


How to Perform the Pose: 


1. Begin by standing in Mountain Pose (Tadasana). Engage your mula bandha, uddhiyana bandha, 
and ujjayi breathing. 

2. Exhale as you bend your knees, lift your heels, and drop your sitting bones to your heels. 

3. Inhale as you open your knees out to the sides. Exhale as you drop your chest between your knees 
and lower your forearms to the floor. Your knees should end up on the outsides of your shoulders. 

4. You can experiment with various arm positions. Start with your palms flat on the floor (Pose #1), 
then bring either one hand to your face (Pose #2) or both hands to your face (Pose #3) and then 
spread your fingers out (Pose #4). 


5. Hold the pose for at least 30, and up to 90, seconds in order to receive the full benefits of the 
stretch. 


6. To come out of the pose, inhale as you lift your chest and bring your knees together. Exhale as you 
press into your feet, straighten your legs, and come back to Mountain Pose (Tadasana). 


Modification: 

1. forearms and palms to the floor 

2. one forearm and palm to the floor, other elbow to the floor hand to the face 
3. both hands to the face, elbows on the floor 


4. both hands to the face, fingers spread open ina Padma Mudra - Lotus Hand Seal elbows, on the 
floor 
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SQUAT: HEELS UP—KNEES WIDE, FORWARD BENDS—ARMS OPEN WIDE 


Garland Pose 


Malasana 

(mah-LAHS-uh-nuh) 

Also Known As: Full Squat Pose (Kunthasana) 
Modification: hands wide, knees on top of the triceps 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Garland Pose 


Malasana 

(mah-LAHS-uh-nuh) 

Modification: heels up 

1. knees to the armpits; hands out to the sides, fingertips to the floor 

2. forehead to the floor; elbows bent at 90 degrees, fingertips to the floor 
3. forehead to the floor; hands off the floor, arms out to the sides 

Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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SQUAT: HEELS UP—KNEES WIDE, ARMS TO THE FLOOR & BALLET TOES 


Supported Tip Toe Pose 


Salamba Prapadasana 

(SAH-luhm-buh pruh-puh-DAHS-uh-nuh) 

Modification: knees open, elbows and wrists together, fingertips touching the floor in front of the feet 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Intense Wrist Stretch Supported Tip Toe Pose 


Uttana Manibandha Salamba Prapadasana 

(ut-TAH-nuh muh-ni-BUHN-duh SAH-luhm-buh pruh-puh-DAHS-uh-nuh) 

Modification: knees open wide; palms on the floor, fingertips toward the feet 
Pose Type: standing, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Lion Pose Dedicated to an Avatar of Lord Vishnu in Tip Toe Pose 


Narasimhasana in Prapadasana 

(nuh-ruh-sim-HAHS-uh-nuh in pruh-puh-DAHS-uh-nuh) 

Also Known As: Lion Pose in Tip Toe Pose (Simhasana in Prapadasana) 
Modification: feet wide apart 

Pose Type: standing, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Unsupported Intense Ankle Stretch Tip Toe Pose 


Niralamba Uttana Kulpa Prapadasana 
(nir-AH-luhm-buh ut-TAH-nuh KUL-puh pruh-puh-DAHS-uh-nuh) 
Modification: hands on the knees 

Pose Type: standing, balance 

Drishti Point: Nasagrai or Nasagre (nose) 
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Supported Intense Ankle Stretch Tip Toe Pose 


Salamba Uttana Kulpa Prapadasana 
(SAH-luhni-buh ut-TAH-nuh KUL-puh pruh-puh-DAHS-uh-nuh) 
Modification: fingertips to the floor 

Pose Type: standing, balance 

Drishti Point: Nasagrai or Nasagre (nose) 
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SQUAT: HEELS UP—KNEES WIDE, ARM MODIFICATIONS 


Tip Toe Pose 


Prapadasana 

(pruh-puh-DAHS-uh-nuh) 

Modification: knees open wide; palms together, elbows together 
Pose Type: standing 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Tip Toe Pose 
Prapadasana 


(pruh-puh-DAHS-uh-nuh) 
Modification: knees open wide, hands in Anjali Mudra (Hands in Prayer) 
Pose Type: standing 

Drishti Point: Nasagrai or Nasagre (nose) 
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One Hand in Reverse Prayer Tip Toe Pose 


Eka Hasta Viparita Namaskar Prapadasana 
(EY-kuh HUH-stuh vi-puh-REE-tuh nuh-muhs-KAHR pruh-puh-DAHS-uh-nuh) 
Modification: knees open wide; one hand to the knee 

Pose Type: standing 

Drishti Point: Nasagrai or Nasagre (nose) 
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Upward Hands Tip Toe Pose 


Urdhva Hasta Prapadasana 

(OORD-vuh HUH-stuh pruh-puh-DAHS-uh-nuh) 

Modification: knees open wide; arms extended up to the sky, head rolling back 
Pose Type: standing, mild backbend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Values 


to handle significant current, no heat sink is 
included 


A sidac behaves very similarly to a diac, its name 
being derived from "silicon diode for alternating 
current’ Its primary difference from generic di- 
acs is that it is designed to reach its breakover 
voltage at a higher value, typically 120VAC or 
240VAC. 


Values 


When performing its function to trigger atriac, a 
diac is unlikely to pass more than 100mA, 


The breakover voltage of a diac is usually be- 
tween 30V and 40V, witha few versions designed 
for up to 70V. When the diac starts to conduct, its 
on-state impedance is sufficient to reduce the 
voltage significantly, with SV beinga typical min- 
imum output voltage. 

Although the rise time when a diac responds is 
very brief around 11s), the componentis not ex- 
pected fo run ata high frequency. twill normally 
be used with 50Hz or 60Hz AC to trigger a triac. 
For this reason, its repetitive peak on-state cur- 
rent is usually specified at no more than 120Hz. 


Abbreviations in datasheets are likely to include: 


+ Vso Breakover voltage (sometimes may be 
specifiedaslatching voltage, which fora diac 
is the same thing). 

+ Voo1 -Veoe Breakover voltage symmetry. The 
hyphen is intended as a minus sign, so that 
this value is the maximum difference be- 
tween breakover voltage in each direction. 

+ Vo Minimum output voltage. 

+ haw Repetitive peak on-state current. 


+ lao Breakover current, usually the maximum 
required, and less than 204. 


iconduetor > thyristor> diac 
+ Ij Maximum leakage current, usually less 
than 20,4, 


+ T, Operating junction temperature, usually 
expressed as an acceptable range. 


What Can Go Wrong 


Like other semiconductors, a diac is heat sensi- 
tive. Usual precautions should be taken to allow 
sufficient ventilation and heatsinking, especially 
when components are moved from an open pro- 
totyping board to an enclosure in which crowd- 
ing is likely. 


Unexpected Triggering Caused by 
Heat 

On a datasheet, a value for breakover current is 
valid only within a recommended temperature 
range. A buildup of heat can provoke unexpec- 
ted triggering. 


Low-Temperature Effects 
Ahigher breakover voltage will be required by a 
diac operating at low temperatures, although 
the variation is unlikely to be greater than plus- 
‘or-minus 2% within a normal operating range. 
‘Temperature has a much more significant effect 
onatriac. 


Manufacturing Tolerances 
The breakover voltageforadiacisnotadjustable, 
and may vary significantly between samples of 
the component that are supposed to be identi- 
cal, The diac is not intended to be used as a pre- 
cision component. In addition, while its break- 
over voltage should be the same in either direc- 
tion,a difference of plus-or-minus 2% is possible 
(19% in some components). 
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SQUAT: HEELS UP—KNEES WIDE, KNEES ON THE FLOOR—ARM MODIFICATIONS 


Reverse Prayer Root Lock Pose Prep. 


Viparita Namaskar Mulabhandasana Prep. 

(vi-puh-REE-tuh nuh-muhs-KAHR moo-luh-buhn-DAHS-uh-nuh) 

Also Known As: Back of the Body Prayer Tip Toe Pose (Paschima Namaskara Prapadasana) 
Modification: knees open wide; knees to the floor 

Pose Type: standing 

Drishti Point: Nasagrai or Nasagre (nose) 


eso 
“ie 
ors 
Root Lock Pose Prep. 


Mulabhandasana Prep. 

(moo-luh-buhn-DAHS-uh-nuh) 

Also Known As: Tip Toe Pose Modification (Prapadasana Modification) 
Modification: knees open wide; palms and elbows together; knees to the floor 
Pose Type: standing 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 


Root Lock Pose Prep. 


Mulabhandasana Prep. 
(moo-luh-buhn-DAHS-uh-nuh) 


Also Known As: Tip Toe Pose Modification (Prapadasana Modification) 
Modification: knees open wide; elbows and ankles crossed; knees to the floor, fingertips to the floor 
Pose Type: standing, forward bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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ROOT LOCK POSE 


Root Lock Pose Prep. 


Mulabhandasana Prep. 
(moo-luh-buhn-DAHS-uh-nuh) 


Also Known As: Twisted Feet Bound Angle Pose (Parivritta Pada Baddha Konasana) 
Modification: fingertips to the floor behind the hips, sitting bones off the floor 
Pose Type: standing, mild backbend 


Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Womb Staff Pose 


Yoni Dandasana 

(YO-ni duhn-DAHS-uh-nuh) 

Also Known As: Root Lock Pose Modification (Mulabandhasana Modification) 
Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose) 


eo 

eta 
Root Lock Pose 
Mulabhandasana 


(moo-luh-buhn-DAHS-uh-nuh) 

Also Known As: Perineal Contraction Pose (Mula Bandhasana) 
Modification: palms up on the knees, head rolled back 

Pose Type: seated, mild backbend 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Pose Dedicated to Sage Vamadeva | 


Vamadevasana 1 

(vah-muh-dey-VAHS-uh-nuh) 

Modification: both hands binding to the top foot 

Pose Type: seated, twist, binding 

Drishti Point: Parsva Drishti (to the right), Parsva Drishti (to the left) 
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ONE KNEE BENT (\ 
- LEGGED KING PIGI 


EASY POSE: KNEES HIGH 


Easy Pose e 


Sukhasana 
(suk-AHS-uh-nuh) 
Pose Type: seated, forward bend 


Drishti Point: Nasagrai or Nasagre (nose) 


How to Perform the Pose: 

1. Begin by sitting on the floor with both your legs straight out in front of you. Engage your mula 
bandha, uddhiyana bandha, and ujjayi breathing. 

2. Exhale as you bring your feet toward you and cross them at the ankles. Keep the soles of your feet 
flat on the floor and your knees in line with your shoulders. 

3. Inhale, stretch your arms up to the sky to lengthen your spine, and exhale as you bring your elbows 
together on the inside of your knees. 


4. Inhale as you open your palms up to sky with your fingertips pointing to the outsides. Exhale as 
you bring you thumbs and pointer fingers together. 


5. Hold the pose for at least 30, and up to 90, seconds in order to receive the full benefits of the 
stretch. 
6. Exhale as you release the pose, coming back to starting position with both your legs straight out. 


Modification: knees in line with the shoulders, elbows to the inside of the knees 


sukha = easy, lightness 


Easy Pose 


Sukhasana 

(suk-AHS-uh-nuh) 

Modification: knees to the chest, elbows to the outside of the knees, palms covering the face 
Pose Type: seated, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Easy Pose 


Sukhasana 

(suk-AHS-uh-nuh) 

Modification: knees high, forearms to the shins 

Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Easy Pose 


Sukhasana 

(suk-AHS-uh-nuh) 

Modification: elbows crossed, backs of both hands to the knees 

Pose Type: seated, mild backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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EASY POSE: SPINE STRAIGHT 


Easy Pose 


Sukhasana 

(suk-AHS-uh-nuh) 

Modification: on the yoga block 

Pose Type: seated 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Easy Pose 


Sukhasana 

(suk-AHS-uh-nuh) 

Pose Type: seated 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Bound Hands Easy Pose 


Baddha Hasta Sukhasana 

(BUH-duh HUH-stuh suk-AHS-uh-nuh) 

Modification: arms in front, arms straight 

Pose Type: seated 

Drishti Point: Hastagrai or Hastagre (hands), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Embryo in the Womb Pose in Easy Pose 


Garbha Pindasana in Sukhasana 
(GUHR-buh pin-DAHS-uh-nuh in suk-AHS-uh-nuh) 
Modification: grabbing onto the outside edges of the feet 


+ 


A triac is a gate-triggered type of thyristor. Its name was probably derived from the 
phrase “triode for AC” and because itis not an acronym, itis not usually capitalized. 


A thyristor is defined here as a semiconductor having four or more layers of p-type and 
type silicon, Because the thyristor predated integrated circuits, and in its basic form 
consists of a single multilayer semiconductor, itis categorized as a discrete component 
in this encyclopedia, When a thyristor is combined with other components in one pack- 
age (as in a solid-state relay) itis considered to be an integrated circuit, 


Other types of thyristor are the SCR (silicon-controlled rectifier) and the diac, each of 
which has its own entry in this encyclopedia. 


Thyristor variants that are not so widely used, such as the gate turn-off thyristor (GTO) and 
silicon-controlled switch (SCS), do not have entries here. 


OTHER RELATED COMPONENTS 


+ SeR (see Chapter) 
+ dae (see Chapter 2) 


What It Does phrase “diode for AC" It is often used in conjunc- 
tion with a triac. 

‘The triacs ubiquitous in AC dimmers for inean- 
descent lamps. It is also used to control the 
speed of AC motors and the output of resistive 
heating elements. It is a type of thyristor which 
contains five segments of p-type and n-type sil- 
icon and has three leads, one of them attached Symbol Variants 
toa gate that can switch a bidirectional flow of 

current between the other two, Its name was 
originally a trademark, generally thought to be 
derived from the phrase “triode for AC." A triode 
was a common type of vacuum tube when thyt- 
istors were first introduced in the 1950s. 


‘An SCR (silicon-controlled rectifier) isa thyristor 
that resembles a triac, as it has three leads, one 
of them agate. However, it only allows currentto 
flow in one direction. 


The schematic symbol for a triac, shown in 
Figure 3-1, resembles two diodes joined togeth- 
ef, one of them inverted relative to the other. 
While a triac does not actually consist of two di- 
odes, it is functionally similar, and can pass cur- 
rent in either direction. 

By comparison, a diac isa thyristor with only two 

leads, allowing current to flow in either direction 

when the component reaches a breakover volt- 

age, Its name was probably derived from the 
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Pose Type: seated, forward bend, core 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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EASY POSE: TWISTS & SIDE BENDS 


Easy Pose 


Sukhasana 

(suk-AHS-uh-nuh) 

Modification: neck stretch 

Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose) 
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Revolved Easy Pose 


Parivritta Sukhasana 

(puh-ri-VRIT-twh suk-AHS-uh-nuh) 

Pose Type: seated, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 


Sideways Easy Pose 


Parshva Sukhasana 

(PAHRSH-vuh suk-AHS-uh-nuh) 

Modification: one forearm to the floor, other arm extended up over the head 
Pose Type: seated, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Revolved Bound Easy Pose 


Parivritta Baddha Sukhasana 

(puh-ri-VRIT-twuh BUH-duh suk-AHS-uh-nuh) 

Modification: elbow to the floor 

Pose Type: seated, forward bend, twist, binding 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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ACCOMPLISHED ONE POSE 


Accomplished One Pose 


Siddhasana 

(sid-DAHS-anna) 

Modification: 1. one heel in front of the other 

2. one foot tucked between the hamstring and the calf 

Pose Type: seated 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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FIRE LOG POSE 


Fire Log Pose 


Agnistambhasana 

(uhg-ni-stuhn-BAHS-anna) 

Modification: 1. spine straight, fingertips to the floor behind the hips 

2. leaning forward, palms on the floor by the thighs 

Pose Type: 1. seated 

2. seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Revolved Fire Log Pose 


Parivritta Agnistambhasana 

(puh-ri-VRIT-tuh uhg-ni-stuhm-BAHS-uh-nuh) 

Modification: hands in Anjali Mudra (Hands in Prayer) 
1. elbow to the knee 

2. elbow to the foot 

Pose Type: seated, forward bend, twist 


Drishti Point: Urdhva or Antara Drishti (up to the sky); Parshva Drishti (to the right), Parshva Drishti 
(to the left) 
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Revolved Bound Fire Log Pose 


Parivritta Baddha Agnistambhasana 

(puh-ri-VRIT-tuh BUH-duh uhg-ni-stuhm-BAHS-uh-nuh) 

Modification: one elbow to the sole of the top foot, other arm behind the back, hand to the inside of 
the thigh 

Pose Type: seated, forward bend, twist, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Revolved Fire Log Pose 


Parivritta Agnistambhasana 

(puh-ri-VRIT-tuh uhg-ni-stuhm-BAHS-uh-nuh) 

Modification: forearms to the floor 

Pose Type: seated, forward bend, twist 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Fire Log Pose 


Agnistambhasana 

(uhg-ni-stuhm-BAHS-uh-nuh) 

Modification: forward bend, palms together, fingers spread wide; elbows and forehead on the floor 
Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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HALF LOTUS POSE 


Half Lotus Pose 


Ardha Padmasana 

(UHR-duh puhd-MAHS-uh-nuh) 

Modification: back of the hands on the knees 
Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose) 
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Half Lotus Pose 


Ardha Padmasana 

(UHR-duh puhd-MAHS-uh-nuh) 

Modification: Salute to the Buddha Mudra Hand Position: one palm facing up, fingertips of the other 
hand to the floor 

Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose) 
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Reverse Prayer Revolved Half Lotus Pose 


Viparita Namaskar Parivritta Ardha Padmasana 

(vi-cpuh-REE-tuh nuh-muhs-KAHR puh-ri-VRIT-tuh UHR-duh puhd-MAHS-uh-nuh) 

Also Known As: Back of the Body Prayer Revolved Half Lotus Pose (Paschima Namaskara 
Parivritta Ardha Padmasana) 

Modification: top foot resting on the bottom knee 

Pose Type: seated, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 


es 


Embryo in the Womb Pose in Half Lotus Pose 


Garbha Pindasana in Ardha Padmasana 
(guhr-buh-pin-DAHS-uh-nuh in UHR-duh puhd-MAHS-wh-nuh) 
Modification: knees lifted toward the chest 

Pose Type: seated, forward bend, core 

Drishti Point: Nasagrai or Nasagre (nose) 
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LOTUS POSE: ARM. 


FRONT 


Lotus Pose 


Padmasana 

(puhd-MAHS-uh-nuh) 

Modification: back of the hands on the knees 
Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose) 
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Lotus Pose 


Padmasana 

(puhd-MAHS-uh-nuh) 

Modification: fingers interlocked, hands resting on the lap 

Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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LOTUS POSE: ARMS BEHIND 


Reverse Prayer Lotus Pose 


Viparita Namaskar Padmasana 

(vi-puh-REE-tuh nuh-muhs-KAHR puhd-MAHS-uh-nuh) 

Also Known As: Back of the Body Prayer Lotus Pose (Paschima Namaskara Padmasana) 
Modification: 1. fingertips pointing down 

2. fingertips pointing up 

Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose) 
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Bound Lotus Pose 


Baddha Padmasana 

(BUH-duh puhd-MAHS-uh-nuh) 

Modification: both hands to one foot, one arm behind the back 

Pose Type: seated, mild backbend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
e39G¢0e 
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Figure 341. The schematic symbol for atriac. with four 
naming conventions that are used for its Jeads: The differ 
tent canventions do not indicate ary functional difference. 


‘An appended bent line represents the gate. The 
labels for the other two leads are not standar- 
dized, and can be referred to as Al and A2 (for 
Anode 1 and Anode 2), orT1 and 72 (for Terminal 
Vand Terminal 2), or MT1 and MT2 (for Main Ter- 
minal 1 and Main Terminal 2), The choice ofterms 
does not indicate any functional difference. In 
this encyclopedia entry, Al and A2 are used. 


The A1 terminal (or T1, of MT1) is always shown 
closer to the gate than A2 (or T2, or MT2). This 
distinction is important because although the 
triac can pass current in either direction, its be- 
havior is somewhat asymmetrical. 


+ Voltages are expressed relative to terminal 
Al (orT1, or MT1, ifthose terms are used). 


The schematic symbol may be reflected or rota- 
ted, the black triangles may have open centers, 
and the placement of the bent line representing 
the gatemay vary. However, terminal A1 isalways 
nearer to the gate than terminal A2. 


Figure 3-2 shows 12 of the 16 theoretical possi- 
bilities. Allof these variants are functionally iden- 
tical. Occasionally the symbol has circle around 
it, but this style is now rare, 


discrete semiconductor > thyristor > triac 


Figure 3-2. Interchangeable variants of the schematic 
symbol fora triac. 


Triacs with various characteristics are shown in 
Figures 3-3, 3-4, and 3-5. 


Figure 3-3. The BTAZ08X-10008 triac can conduct 84 
‘continuous on-state current RMS, and withstands peak 


off-state voltage of up to LOOOV. This is a "snubberiess 
trae. 
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Bound Lotus Pose 


Baddha Padmasana 

(BUH-duh puhd-MAHS-uh-nuh) 

Modification: both arms behind the back 

Pose Type: seated, mild backbend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


e900060e 


Hands Bound Lotus Pose 


Baddha Hasta Padmasana 

(BUH-duh HUH-stuh puhd-MAHS-uh-nuh) 

Modification: backbend 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Lotus Pose 


Padmasana 

(puhd-MAHS-uh-nuh) 

Modification: palms to the floor behind the hips; fingertips facing forward, backbend 
Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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LOTUS POSE: FINGERS BOUND - BICEPS BY THE EARS 


Raised Bound Hands Lotus Pose 


Urdhva Baddha Hasta Padmasana 

(OORD-vuh BUH-duh HUH-stuh puhd-MAHS-uh-nuh) 

Also Known As: Seated Mountain Pose A (Parvatasana A) 
Pose Type: seated, mild backbend 

Drishti Point: Angushtamadhye (Thumbs) 
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Simple Yoga Seal 


Laghu Yoga Mudra 

(LUH-gu YO-guh MU-druh) 

Also Known As: Seated Mountain Pose B (Parvatasana B) 
Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Sideways Simple Yoga Seal 


Parshva Laghu Yoga Mudra 

(PAHRSH-vuh LUH-gu YO-guh MU-druh) 

Modification: fingers interlocked, palms facing out; arms straight to the side, forward bend 
Pose Type: seated, forward bend, side bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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LOTUS POSE: TWISTS 


Pose Dedicated to Siddhar Vaasamuni—Easy Version 


Sukha Vaasamunvasana 

(SUK-uh vah-sah-moo-NYAHS-uh-nuh) 

Pose Type: seated, side bend, forward bend, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Arms of Twist Dedicated to Sage Bharadvaja 2 in Revolved Lotus Pose 


Hasta Bharadvajasana 2 in Parivritta Padmasana 
(HUH-stuh buh-ruhd-vuhj-AHS-uh-nuh in puh-ri-VRIT-uh puhd-MAHS-uh-nuh) 

Pose Type: seated, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Revolved Lotus Pose 


Parivritta Padmasana 

(puh-ri-VRIT-uh puhd-MAHS-uh-nuh) 

Modification: hands in Anjali Mudra (Hands in Prayer) 
Pose Type: seated, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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LOTUS POSE: SIDE BEND & TWISTS 


Sideways Lotus Pose 


Parshva Padmasana 

(PAHRSH-vuh puhd-MAHS-uh-nuh) 

Modification: forearm to the floor 

Pose Type: seated, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Revolved Western Intense Stretch Pose Lotus Pose 


Parivritta Paschimottana Padmasana 

(puh-ricVRIT-uh pubsh-chi-mo-TAHN-nuh puhd-MAHS-uh-nuh) 

Also Known As: Revolved Forward Bend Lotus Pose 
Modification: shoulder to the floor, other arm extended to the sky 
Pose Type: seated, forward bend, twist 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Pose Dedicated to Siddhar Vaasamuni—One Hand Modification 


Eka Hasta Vaasamunvasana 

(EY-kuh HUH-stuh [vah-sah-moo]-NYAHS-uh-nuh) 

Pose Type: seated, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Pose Dedicated to Siddhar Vaasamuni 


Vaasamunvasana 

([vah-sah-moo-NYAHS-uh-nuh) 

Pose Type: seated, forward bend, twist, binding 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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LOTUS POSE: FORWARD BEND 


Yogic Seal Pose 


Yoga Mudrasana 

(YO-guh mu-DRAHS-uh-nuh) 

Also Known As: Yoga Pose (Yogasana) 

Modification: grabbing onto the wrist behind the back 

Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) or Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Hands Bound Lotus Pose 


Baddha Hasta Padmasana 

(BUH-duh HUH-stuh puhd-MAHS-uh-nuh) 

‘Also Known As: Yoga Seal (Yoga Mudra) 

Modification: chin to the floor, forward bend 

Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) or Bhrumadhye or Ajna Chakra (third eye, between the 


eyebrows) 
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Reverse Prayer Yogic Seal Pose 


Viparita Namaskar Yoga Mudrasana 

(vi-puh-REE-tuh nuh-muhs-KAHR YO-guh mu-DRAHS-uh-nuh) 

Also Known As: Back of the Body Prayer Yogic Seal Pose (Paschima Namaskara Yoga Mudrasana) 
Modification: forehead to the floor 

Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Yogic Seal Pose Prep. 


Yoga Mudrasana Prep. 

(¥O-guh mu-DRAHS-uh-nuh) 

Modification: 1. using a yoga strap 

2. wrists crossed behind the back, reaching toward the feet 

Pose Type: seated, forward bend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Sideways Yogic Seal Pose 


Parshva Yoga Mudrasana 

(PARHSH-vuh YO-guh mu-DRAHS-uh-nuh) 

Also Known As: Sideways Bound Lotus Pose (Parshva Baddha Padmasana) 
Modification: chin to the knee 

Pose Type: seated, forward bend, binding, twist 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Yogic Seal Pose 


Yoga Mudrasana 

(YO-guh mu-DRAHS-uh-nuh) 

Also Known As: Bound Lotus Pose (Baddha Padmasana) 

Modification: 1. side view 

2. front view 

Pose Type: seated, forward bend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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discrete semiconductor > thyristor > triac 


Figure 3-4. The BTB04-600SL triac can canduct 4A con 
tinuous on-state current RMS, and withstands peak off 
State voltage of up to 600V. 


Figure 3-5. The MAC97A6 triac can conduct 0.84 contin 
‘uous on-state current RMS. and withstands peak off state 
voltage of ua to 400V. 


How It Works 


When no gate voltage is applied, the triac re- 
mains in a passive state and will block current in 
either direction between A1 and A2, although a 
very small amount of leakage typically occurs. If 
the gate potential becomes sufficiently positive 
or negative relative to terminal At, current can 


How It Works 


begin to flow between A1 and A2in either direc- 
tion. This makes the triacideal for controlling AC. 


Quadrants 
While a gate voltage is applied, four operating 
modes are possible. In each case, A1 is the refer- 
ence (which can be thought of as being held at 
aneutral ground value). Because the triacis con- 
ducting AC, voltages above and below ground 
will occur. The four modes of operation are often 
referred to as four quadrants, and are typically 
arranged as shown in Figure 3-6. 


In some reference sources (especially education- 
al text books), current is shown with an arrow in- 
dicating a flow of electrons moving from nega- 
tive to positive, Because the type of current flow 
is often undefined, diagrams should be inter- 
preted carefully. In this encyclopedia, current is 
always shown flowing from a more-positive lo- 
cation to a more-negative location. 


Quadrant 1 (upper right) 
‘A2 is more positive than A1, and the gate is 
more positive than A1, Conventional current 
(positiveto negative) will flow from A2to Al. 
(This behavior is very similar to that of an 
SCR) 


Quadrant 2 (upper left) 
‘A2 is more positive than A1, and the gate is 
more negative than A1.Once again, conven- 
tional current (positive to negative) will flow 
from A2 to Al. 


Quadrant 3 (lower left) 
‘A2 is more negative than Al, and the gate is 
more negative than A1. Conventional cur- 
rentis reversed from Al to A2, 


Quadrant 4 (lower right) 
A2 is more negative than Al, but the gate is 
more positive than A1, Conventional current 
is reversed from A1 to A2. 


+ Note that two positive symbols or two 
negative symbols in Figure 3-6 do not 
mean that both locations are of equal 
voltage. They simply mean that these 
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LOTUS POSE: EMBRYO IN THE WOMB POSE 


Embryo in the Womb Pose 


Garbha Pindasana 

(guhr-buh pin-DAHS-uh-nuh) 

Modification: arms wrapped around the legs 

Pose Type: seated, forward bend, core 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 


eyebrows) 


eo00 


Hand Position of the Pose Dedicated to Garuda in Yoga Pose A 


Hasta Garudasana in Yogasana A 

(HUH-stuh guh-ru-DAHS-uh-nuh in yo-GAHS-uh-nuh) 

Pose Type: seated, forward bend, core 

Drishti Point: Angushtamadhye or Angustha Ma Dyai (thumbs) 


es000e 


Embryo in the Womb Pose 


Garbha Pindasana 

(guhr-buh pin-DAHS-uh-nuh) 

Pose Type: seated, forward bend, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) or Nasagrai or 
Nasagre (nose) 
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BOTH KNEES BENT: BINDING & TWISTS 


Bound Sundial Pose 


Baddha Surya Yantrasana 

(BUH-duh SOOR-yuh yuhn-TRAHS-uh-nuh) 
Modification: both knees bent 

Pose Type: seated, forward bend, binding 
Drishti Point: Nasagrai or Nasagre (nose) 


os 


Revolved Pose Dedicated to Sage Marichi 


Parivritta Marichyasana 

(puh-ri-VRIT-twh muh-ree-CHYAHS-uh-nuh) 

Modification: twisting to the inside, foot to the thigh, binding under the leg 
Pose Type: seated, forward bend, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 


eso 


Half Lord of the Fishes Pose 3 


Ardha Matsyendrasana 3 

(UH-ruh muhts-yeyn-DRAHS-uh-nuh) 

Modification: looking to the back 

Pose Type: seated, forward bend, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 


eso 


Pose Dedicated to Sage Marichi 4 


Marichyasana 4 

(muh-ree-CHYAHS-uh-nuh) 

Modification: binding under the knee 

Pose Type: seated, forward bend, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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BOTH KNEES BENT: BINDING & TWISTS—ARM THREADED UNDER 


Half Pose Dedicated to Sage Agasthiyar 


Ardha Agasthiyarasana 

(UHR-duh uh-guhs-ti-vahr-AH-suh-nuh) 

Modification: 1. one arm threaded through 

2. full expression of the pose 

Pose Type: 1. seated, forward bend, twist, binding 

2. seated, forward bend, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky), Nasagrai or Nasagre (nose), or Bhrumadhye 
or Ajna Chakra (third eye, between the eyebrows) 


eso 


Revolved Half Pose Dedicated to Sage Agasthiyar 


Parivritta Ardha Agasthiyarasana 
(puh-ri-VRIT-tuh UHR-duh wh-guhs-ti-vahr-AH-suh-nuh) 

Pose Type: seated, forward bend, binding, twist 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Pose Dedicated to Sage Agasthiyar 


Agasthiyarasana 

(uh-guhs-ti-yahr-AH-suh-nuh) 

Modification: 1. prep. one arm threaded under the knee, fingertips of the other hand to the floor 
2. full expression of the pose 

Pose Type: seated, forward bend, binding 

Drishti Point: 1. Hastagrai or Hastagre (hands) 

2. Nasagrai or Nasagre (nose) 
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BOTH KNEES BENT: BINDING & TWISTS—KNEES TOGETHER 


Seated Noose Pose Prep. 


Upavishta Pashasana 

(u-puh-VISH-tuh puh-SHAHS-uh-nuh) 

Also Known As: Half Noose Pose (Ardha Pashasana), Upavistha Pashasana 
Modification: 1. grabbing onto the knees 

2. elbow over the opposite knee 

Pose Type: seated, forward bend, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 


Seated Noose Pose Prep. 


Upavishta Pashasana 

(u-puh-VISH-tuh puh-SHAHS-uh-nuh) 

Also Known As: Upavistha Pashasana 

Modification: heels lifted; elbow over the opposite knee, hands in Anjali Mudra (Hands in Prayer) 
Pose Type: seated, forward bend, twist, core 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 


Seated Noose Pose 


Upavishta Pashasana 

(u-puh-VISH-tuh puh-SHAHS-uh-nuh) 

Also Known As: Upavistha Pashasana 

Modification: binding around both legs under the knees 

Pose Type: seated, forward bend, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Seated Noose Pose 


Upavishta Pashasana 

(u-puh-VISH-tuh puh-SHAHS-uh-nuh) 

Also Known As: Upavistha Pashasana 

Modification: binding around both shins 

Pose Type: seated, forward bend, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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BOTH KNEES BENT: BACKBEND, SIDE BEND, BINDING & TWISTS 


Half Lord of the Fishes Pose es 


Ardha Matsyendrasana 
UHR-duh muhts-yeyn-DRAHS-uh-nuh 


Pose Type: seated, forward bend, side bend, twist 
Drishti Point: Padhayoragrai or Padayoragre (toes/feet) 


How to Perform the Pose: 


1. Begin by sitting on the floor with both your legs straight out in front of you. Engage your mula 
bandha, uddhiyana bandha, and ujjayi breathing. 

2. Exhale as you bend the right knee toward your right shoulder and then bring it over your left leg so 
that your right foot is flat on the floor on the outside of your left shin. 

3. Exhale and bend your left knee, bringing your left hee! toward your right sitting bone. Keep the left 
knee and both your sitting bones evenly on the floor. 

4. Exhale as you bring your right elbow to your right knee. Inhale as you bring your left arm up over 
your head and look towards your left foot (Pose #1). 

5. To execute pose #2, exhale as you bring your left elbow over the right knee. Inhale as you bring 
your right arm up and exhale as you bend your right elbow and look over toward your right foot. 

6. Hold the pose for at least 30, and up to 90, seconds in order to receive the full benefits of the 
stretch. 

7. Inhale as you release the twist and exhale as you bring both your legs out in front of you. Repeat on 
the other side. 


Modification: side bend twist: 
1. elbow to the knee on the same side 
2. elbow to the opposite knee 


ardha = half 


Matsyendra = a Hindu sage and one of the first teachers of Hatha yoga, a legend, king of the fish 


How It Works 


locations are at potentials that are sig- 
nificantly different from A1. 
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Figure 3-6. The “quadrants” of tric behavior. Positive 
and negative symbols indicate which terminal Is “mare 
positive or "more negative” than Al. The ground symbol 
represents 2 potential midway between positive and nega- 
tive. See text for details. 


Suppose that gate current increases gradually. 
When it reaches the gate threshold currentof the 
triac, the component starts conducting between 
Aland A2.Ifthe current between Al and A2 rises 
above the value known as the latching current, it 
will continue to flow, even if gate current disap- 
pears completely. 


If the self-sustaining current through the triac 
gradually diminishes, while there is no voltage 
applied to the gate, conduction between the 
main terminals will stop spontaneously when it 
falls below a level known as the holding current. 
This behavior is similarto that of an SCR. The triac 
now returns to its original state, blocking current 
until the gate triggers it again. 


The triac is sufficiently sensitive to respond to 
rapid fluctuations, as in SOH2 or 60Hz AC. 


> thyristor> triac 


Threshold, Latching, and Holding 
Current 

Figure 3-7 shows the relationship between the 
gate threshold current, the latching current, and 
holding current. In the upper half of the figure, 
gate current is shown fluctuating until it crosses 
the threshold level. This establishes current flow 
between the main terminals, shown in the lower 
half of the figure, Prior to this moment, a very 
small amount of leakage current occurred 
(shown in the figure, but not to scale). 


Inthis hypothetical scenario, the triac starts pass- 
ing current between external components—and 
the current exceeds the latching level. Conse- 
quently, gate current can diminish to zero, and 
the triac remains conductive. However, when ex- 
ternal factors cause the current between the 
main terminals to diminish below the holding 
level, the triac abruptly ceases to be conductive, 
and current falls back to the leakage level. 
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Figure 3-7. The relationship between gato current ofa tr- 
‘ac and the current between its main terminals. See text 
Tor details 

Unlike a bipolar transistor, a triacis either “on” 
or “off” and does not function as a current ampli 
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Half Lord of the Fishes Pose 


Ardha Matsyendrasana 

(UHR-duh muhts-yeyn-DRAHS-uh-nuh) 
Modification: backbend 

Pose Type: seated, backbend, forward bend 
Drishti Point: Hastagrai or Hastagre (hands) 
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Half Lord of the Fishes Pose 


Ardha Matsyendrasana 

(UHR-duh muhts-yeyn-DRAHS-uh-nuh) 

Modification: twisting to the inside 

1. grabbing onto the ankle 

2. elbow over the knee 

Pose Type: seated, forward bend, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Half Lord of the Fishes Pose 


Ardha Matsyendrasana 

(UHR-duh muhts-yeyn-DRAHS-uh-nuh) 

Modification: twisting to the outside, elbow over the knee; palm of the other hand to the floor 
Pose Type: seated, forward bend, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Half Lord of the Fishes Pose 1 


Ardha Matsyendrasana 1 

(UHR-duh muhts-yeyn-DRAHS-uh-nuh) 

Modification: grabbing onto the ankle, other arm behind the back, hand to the inside of the thigh 
Pose Type: seated, forward bend, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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BOTH KNEES BENT: BINDING FORWARD BEND & TWIST 


Pose Dedicated to Sage Marichi 3 Prep. 


Marichyasana 3 Prep. 

(muh-ree-CHYAHS-uh-nuh) 

Also Known As: Pose Dedicated to Sage Marichi B (Marichyasana B) 
Modification: top foot to the bottom thigh, binding around the shin, nose to the knee 
Pose Type: seated, forward bend, binding 

Drishti Point: Nasagrai or Nasagre (nose) 
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Pose Dedicated to Sage Marichi 4 Prep. 


Marichyasana 4 Prep. 

(muh-ree-CHYAHS-uh-nuh) 

Modification: sitting in a cross-legged position, one knee dropped to the side, foot by the sitting 
bones; other knee bent toward the shoulder, binding around the shin on the outside of the leg 
Pose Type: seated, forward bend, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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BOTH KNEES BENT: BINDING & TWIST 


Pose Dedicated to Sage Marichi 3 Prep. 


Marichyasana 3 Prep. 

(muh-ree-CHYAHS-uh-nuh) 

Also Known As: Pose Dedicated to Sage Marichi B (Marichyasana B) 

Modification: spine straight, bottom knee wrapped around the foot, fingers interlocked on the shin 
Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Pose Dedicated to Sage Marichi 3 Prep. 


Marichyasana 3 Prep. 

(muh-ree-CHYAHS-uh-nuh) 

Also Known As: Pose Dedicated to Sage Marichi B Modification (Marichyasana B Modification) 
Modification: bottom knee wrapped around the foot, binding under the thigh 


Pose Type: seated, forward bend, twist, binding 
Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 


eso 
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Pose Dedicated to Sage Marichi 3 Prep. 


Marichyasana 3 Prep. 

(muh-ree-CHYAHS-uh-nuh) 

Also Known As: Pose Dedicated to Sage Marichi B Modification (Marichyasana B Modification) 
Modification: knee wrapped around the foot, binding over the shin 

Pose Type: 1. seated, forward bend, binding 

2. seated, forward bend, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Half Lord of the Fishes Pose | Prep. 


Ardha Matsyendrasana 1 

(UHR-duh muhts-yeyn-DRAHS-uh-nuh) 

Modification: foot under the knee, twisting to the outside 

Pose Type: seated, forward bend, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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HALF LOTUS POSE: KNEE BENT TOWARD THE CHEST 


Pose Dedicated to Sage Marichi Prep. 


Marichyasana Prep. 

(muh-ree-CHYAHS-uh-nuh) 

Modification: prep.—elbow to the knee on the same side, palm to the floor behind the hips 
Pose Type: seated, forward bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Pose Dedicated to Sage Marichi Prep. 


Marichyasana Prep. 

(muh-ree-CHYAHS-uh-nuh) 

Modification: prep—arms wrapping around the leg 
Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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HALF LOTUS POSE: BINDING & TWISTS—KNEE BENT TOWARD THE CHEST 


Pose Dedicated to Sage Marichi 3 


Marichyasana 3 

(muh-ree-CHYAHS-uh-nuh) 

Also Known As: Pose Dedicated to Sage Marichi B (Marichyasana B) 
Modification: sitting up straight 

Pose Type: seated, forward bend, binding 

Drishti Point: Nasagrai or Nasagre (nose) 
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Pose Dedicated to Sage Marichi 3 


Marichyasana 3 

(muh-ree-CHYAHS-uh-nuh) 

Also Known As: Pose Dedicated to Sage Marichi B (Marichyasana B) 
Modification: full forward bend 

Pose Type: seated, forward bend, binding 

Drishti Point: Nasagrai or Nasagre (nose) 
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Pose Dedicated to Sage Marichi 4 


Marichyasana 4 

(muh-ree-CHYAHS-uh-nuh) 

Also Known As: Pose Dedicated to Sage Marichi D (Marichyasana D) 
Modification: sitting bones on the floor 

Pose Type: seated, forward bend, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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LOTUS POSE: BINDING & TWISTS—KNEE BENT TOWARD THE CHEST 


Full Lord of the Fishes Pose Prep. 


Paripurna Matsyendrasana Prep. 

(puh-ri-POOR-nuh muhts-yeyn-DRAHS-uh-nuh) 

Modification: one palm to the floor behind the hips, grabbing onto the knee with the opposite hand 
Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Full Lord of the Fishes Pose 


Paripurna Matsyendrasana 

(puh-ri-POOR-nuh muhts-vevn-DRAHS-uh-nuh) 

Also Known As: Full Lord of the Fishes Pose (Poorna Matsyendrasana) 
Pose Type: seated, forward bend, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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discrete semiconductor > thyristor > triac 
fier. When it has been triggered, the impedance 
between Al and A2 is low enough for heat dis- 
sipationto bemanageableevenat relatively high 
power levels. 


Triac Testing 
Figure 3-8showsa circuit which can demonstrate 
the conductive behavior of a triac. For simplicity, 
this circuit is DC powered. In a real application, 
the triac is almost always used with AC. 
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Figure 3-8. A test circuit to show the behavior ofa triac 
when varying positive and negative potentials are applied 
fo the gate and to the A2 terminal, relative to AL 


Note that this circuit requires at least a +12VDC 
and-12VDC power supply (higher values may al- 
50 be used). The ground symbol represents a 
midpoint voltage of OVDC, applied to terminal 
1 of the triac, which is an MAC97AG or similar. If 
a dual-voltage power supply is unavailable, the 
gate of the triac can be connected directly to 
+12VDC, omitting potentiometer P2; but in this 
case, only two operating modes of the triac can 
be demonstrated by turning potentiometer P1.. 


Each potentiometer functions as a voltage divid- 
er between the positive and negative sides ofthe 
power supply. P1 applies a positive or negative 


voltage to A2, relative to Al. P2appliesa positive 
or negative voltage to the gate, relative to AT 


ifthe testbegins with both potentiometersatthe 
top ends of their range, Al and G both have a 
positive potential relative to Al, so that the triac 
is now in quadrant 1 of its operating modes. 
Pressing the pushbutton should cause it to start 
conducting current limited by the 1K resistor, 
and the meter should change from measuring 
OmA to around 12mA. If the pushbutton is re- 
leased, the triac should continue to conduct cur- 
rent, because 12mA is above this triac’s latching 
level. IfP1 is slowly moved toward the center of, 
its range, the current diminishes, ceasing when 
itfalls below the holding level.|fP1 isnow moved 
back to the top of its range, the current will not 
resume until the triac is retriggered with the 
pushbutton, 


The test can be repeated with P1 at the top of its 
range and P2 at the bottom of its range, to op- 
erate the triac in quadrant 2; 1 at the bottom of, 
its range and P2 at the bottom of its range, to 
operate the triac in quadrant 3; and P1 at the 
bottom of ts range and P2 at the top of its range, 
to operate the triac in quadrant 4. The function- 
ality should be the same in each case. The push- 
button will initiate a flow of current, which will 
diminish when P1 is turned toward the center of, 
its range. 


In any of these quadrants, P2 can be turned slow- 
ly toward the center ofits range while the push- 
button is pressed repeatedly. This will allow em- 
pirical determination of the gate threshold cur- 
rent for this triac. The meter, measuring milli- 
amps, will measure the current if itis inserted 
between the wiper of the potentiometer and the 
gate of the triac. 


The test circuit is shown installed on a bread- 
board in Figure 3-9. In this photograph, the red 
and bluewires at left supply +12VDCand -12VDC 
relative to the black ground wireattop right. The 
yellow and green wires connect with a meter set 
to measure milliamps. The red button is a tactile 
switch, while the MAC97AG triac is just above it 
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FOOT TO THE BACK: TWISTS—KNEE BENT TOWARD THE CHEST 


Root Lord of the Fishes Pose Prep. 


Mula Matsyendrasana Prep. 

(MOOL-uh muhts-yeyn-DRAHS-uh-nuh) 

Modification: heel to the perineum, other foot resting on the knee, fingertips to the floor by the hips 
Pose Type: seated, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Half Root Lord of the Fishes Pose 


Ardha Mula Matsyendrasana 

(UHR-duh MOOL-uh muhts-yeyn-DRAHS-uh-nuh) 

Modification: heel to the perineum, other foot resting on the knee, fingertips of one hand to the floor 
by the hips, other hand grabbing onto the opposite knee 

Pose Type: seated, forward bend, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Root Lord of the Fishes Pose Prep. 


Mula Matsyendrasana Prep. 

(MOOL-uh muhts-veyn-DRAHS-uh-nuh) 

Modification: backbend, heel to the perineum, other foot resting on the knee, fingertips to the floor 
behind the hips 

Pose Type: seated, backbend, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Pose Dedicated to Sage Marichi 6 Prep. 


Marichyasana 6 Prep. 

(muh-ree-CHYAHS-uh-nuh) 

Also Known As: Pose Dedicated to Sage Marichi F (Marichyasana F) 

Modification: opposite hand grabbing onto the foot, heel resting on the knee, other arm behind the 
back to the inside of the thigh, looking over the shoulder to the back 

Pose Type: seated, forward bend, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 


Pose Dedicated to Sage Marichi 6 Prep. 


Marichyasana 6 Prep. 

(muh-ree-CHYAHS-uh-nuh) 

Also Known As: Pose Dedicated to Sage Marichi F (Marichyasana F) 

Modification: opposite hand grabbing onto the foot, foot flat to the floor, other arm behind the back to 
the inside of the thigh, looking toward the foot 

Pose Type: seated, forward bend, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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BOUND ANGLE POSE: ARMS IN FRO! 


Bound Angle Pose with Hands in Prayer 


Baddha Konasana Namaskar 

(BUH-duh ko-NAHS-uh-nuh nuh-muhs-KAHR) 

Modification: hands in Anjali Mudra (Hands in Prayer) 

Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose) or Hastagrai or Hastagre (hands) 
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Bound Angle Pose 


Baddha Konasana 

(BUH-duh ko-NAHS-uh-nuh) 

Modification: fingertips touching the floor 

Pose Type: seated 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


oso 


Bound Angle Pose 


Baddha Konasana 

(BUH-duh ko-NAHS-uh-nuh) 

Modification: half forward bend, opening the soles of the feet up to the sky 
Pose Type: seated, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
esge 


BOUND ANGLE POSE: ARMS BEHIND 


Bound Angle Pose 


Baddha Konasana 

(BUH-duh ko-NAHS-uh-nuh) 

Modification: one hand to the knee; other hand behind, grabbing onto the bicep 
Pose Type: seated, binding 

Drishti Point: Nasagrai or Nasagre (nose) 
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Bound Hands Bound Angle Pose 


Baddha Hasta Baddha Konasana 

(BUH-duh HUH-stuh BUH-duh ko-NAHS-uh-nuh) 
Modification: arms behind, grabbing onto the elbows 
Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose) 
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Reverse Prayer Bound Angle Pose 


Viparita Namaskar Baddha Konasana 

(vi-puh-REE-tuh nuh-muhs-KAHR BUH-duh ko-NAHS-uh-nuh) 

Also Known As: Back of the Body Prayer Bound Angle Pose (Paschima Namaskara Baddha 
Konasana) 

Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose) 
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Hand Position of Cow Face Pose in Bound Angle Pose 


Hasta Gomukhasana in Baddha Konasana 
(HUH-stuh go-muk-AHS-uh-nuh in BUH-duh ko-NAHS-uh-nuh) 
Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose) 
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BOUND ANGLE POSE: SIDE BEND & BINDING 


Sideways Bound Angle Pose 


Parshva Baddha Konasana 

(PAHRSH-vuh BUH-duh ko-NAHS-uh-nuh) 

Pose Type: seated, side bend 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Sideways Star Pose 


Parshva Tarasana 

(PAHRSH-vuh tahr-AHS-uh-nuh) 

Pose Type: seated, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Sideways Bound Leg Bound Angle Pose 


Parshva Baddha Pada Baddha Konasana 

(PAHRSH-vuh BUH-duh PUH-duh BUH-duh ko-NAHS-uh-nuh) 

Modification: binding around one leg, arm wrapped around the shin 
Pose Ty seated, forward bend, side bend, twist, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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BOUND ANGLE POSE: HEELS CLOSE, FEET LIFTED, SITTING BONES LIFTED AND FORWARD BEND 


Pose Dedicated to Sage Goraksha 


Gorakshasana 

(go-rahk-SHAHS-uh-nuh) 

Modification: fect in Bound Angle Pose (Baddha Konasana), sitting on the heels 

1. one hand to the centre of the chest, other hand to the floor behind the hips 

2. hands in Anjali Mudra (Hands in Prayer) 

Pose Type: seated, balance 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Equilibrium Bound Angle Pose | 


Tulya Baddha Konasana 1 

(TUL-yuh BUH-duh ko-NAHS-uh-nuh) 

Modification: feet lifted off the floor 

Pose Type: seated, forward bend, core 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 


eyebrows) 
( Vd 
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Equilibrium Bound Angle Pose 2 


Tulya Baddha Konasana 2 
(TUL-yuh BUH-duh ko-NAHS-uh-nuh) 


Modification: sitting bones lifted off the floor 
Pose Type: seated, forward bend, core 
Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 


eyebrows) 
Vv; 
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Bound Angle Pose 


Baddha Konasana 

(BUH-duh ko-NAHS-uh-nuh) 

forward bend; arms straight to the front, palms down 

‘ype: seated, forward bend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) or Nasagrai or Nasagre (nose) 
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BOUND ANGLE POSE: FORWARD BEND. 


How It Works 


and to the left. The square blue 10K trimmers are 
set to opposite ends of their scales, so that the 
‘meter will show current flowing when the tactile 
switch is pressed. 


Figure 3-9, A breadboarded trac test circut 


Breakover Voltage 

Ifamuch higher voltageis applied to A2, the triac 
can be forced to conduct current without any 
triggering voltage being appliedto the gate. This 
occurs when the potential between Al and A2 
reaches the triac’s breakover voltage, although 
the component is not designed to be used this 
way. The concept is illustrated in Figure 3-10, 
which can be compared with the behavior of an 
SCR illustrated in Figure 1-8 and the behavior of 
a diac shown in Figure 2-5. While the term break- 
down voltage defines the minimum reverse volt- 
age required to force a diode to conduct, break- 
over voltage tefers to the minimum forward volt- 
age that has this effect. Because a triac is de- 
signed to conduct in both directions, it can be 
thought of as having a breakover voltagein both 
directions, 


In Figure 3-10, the numbers in yellow squares are 
the quadrants referred to in Figure 3-6. The solid 
curve represents current flow ifa triggering volt- 
ageis applied to the gate while positive orneg- 
ative potential is applied to A2, relative to Al. If 
the gate is not triggered while the voltage be- 


discrete semiconductor > thyristor > triac 


‘tween A1 and A2 gradually increases, the dashed 
section of the curve illustrates the outcome 
when the component reaches breakover volt- 
age. Although this may not damage thetriac, the 
‘component becomes uncontrollable. 


+ In normal usage, the voltage between Al 
and A2shouldnotbeallowed toreach break- 
over level 


Voltage positive 
between Ad and A2 


+ negative 


Figure 3-10. The solid curve shows current passing be- 
fwween Al and A2 in a hypothetical triac for varying votag- 
es, while triggering voltage is applied to the gate. The 
dashed curve assumes that no triggering voltage is ap- 
plied to the gato. The numbers in yellow squares are the 
‘quadrants af triae aperation, 


Switching AC 

"Switching" AC with a triac means interrupting 
each pulse of current so that only a portion of it 
is conducted through to the load. Usually this is 
done with the triac functioning in quadrants 1 
and 3.1n quadrant 3, the polarity of the flow be- 
‘tween Al and A2 is opposite to thatin quadrant 
1, and the gate voltage is also reversed. This 
enables a relatively simple circuit to control the 
duration of each half-cycle passing through the 
triac. The theory of this circuit is shown in 
Figure 3-11 
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Bound Angle Pose 


Baddha Konasana 

(BUH-duh ko-NAHS-uh-nuh) 

Modification: 1. half forward bend 

2. full forward bend, chin to the floor 

Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) or Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Bound Angle Pose 


Baddha Konasana 

(BUH-duh ko-NAHS-uh-nuh) 

Modification: elbows bent and to the floor, forehead to the floor, palms together, fingers spread wide 
Pose Type: seated, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) or Nasagrai or 
Nasagre (nose) 
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STAR POSE 


Easy Embryo in the Womb Pose 


Sukha Garbha Pindasana 

(SUK-uh GUHR-buh pin-DAHS-uh-nuh) 

Modification: arms under the legs 

1. hands to the feet 

2. fingertips to the temples 

3. hands to the sides; heels touching, feet to the sides 

Pose Type: seated, forward bend, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
es 


Easy Embryo in the Womb Pose 


Sukha Garbha Pindasana 

(SUK-wh GUHR-buh pin-DAHS-uh-nuh) 

Also Known As: Yoga Pose A Prep. (Yogasana A Prep.) 

Modification: shins into armpits, hands in Anjali Mudra (Hands in Prayer) 
Pose Type: seated, forward bend, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Star Pose 


Tarasana 

(tahr-AHS-uh-nuh) 

Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Upward Star Pose 


Urdhva Tarasana 

(OORD-vuh tahr-AHS-uh-nuh) 

Pose Type: seated, forward bend, core 

Drishti Point: Padhayoragrai or Padayoragre (toes/feet) or Nasagrai or Nasagre (nose) 
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LEGS IN FRONT: 


EES BENT 


Seated Eastern Intense Stretch Pose 


Upavishta Purvottanasana 

(u-puh-VISH-tuh poor-vo-TAHS-uh-nuh) 

Also Known As: Reverse Plank Prep.; Upavistha Purvottanasana 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One Hand Seated Eastern Intense Stretch Pose 


Eka Hasta Upavishta Purvottanasana 

(EY-kuh HUH-stuh u-puh-VISH-tuh poor-vo-TAHS-uh-nuh) 

Also Known As: One Hand Reverse Plank Prep.; Eka Hasta Upavistha Purvottanasana 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Hastagrai or Hastagre 
(hands) 
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LEGS IN FRONT: KNEES BENT—LEGS OUTSIDE OF THE SHOULDERS 


Seated Knee to Shoulder Pose 


Upavishta Janu Bhujasana 

(u-puh-VISH-1h JAH-nu buj-AHS-uh-nuh) 

Also Known As: Upavistha Janu Bhujasana 

Modification: hands in Anjali Mudra (Hands in Prayer) 

Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 


Broken Wing Pose 


Avabhinna Pakshakasana 

(uh-vuh-BIN-uh puhk-shuh-KAHS-uh-nuh) 

Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Tortoise Pose Prep. 


Kurmasana Prep. 

(koor-MAHS-uh-nuh) 

Modification: grabbing onto the ankles 

Pose Type: seated, forward bend 

Drishti Point: Padhayoragrai or Padayoragre (toes/feet) or Nasagrai or Nasagre (nose) 
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Tortoise Pose Prep. 


Kurmasana Prep. 

(koor-MAHS-uh-nuh) 

Modification: 1. arms straight 

2. elbows bent 

Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose,) Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 


Sleeping Tortoise Pose Prep. 


Supta Kurmasana Prep. 

(SUP-tuh koor-MAHS-uh-nuh) 

Modification: feet unhooked 

Pose Type: seated, forward bend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Sleeping Tortoise Pose 


Supta Kurmasana 
(SUP-tuh koor-MAHS-uh-nuh) 


Pose Type: seated, forward bend, binding 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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HORIZONTAL SPLITS: LEGS LIFTED—KNEES BENT 


Half Upward Seated Angle Pose Prep. 


Ardha Urdhva Upavistha Konasana Prep. 
(UHR-duh OORD-vuh u-puh-VISH-tuh ko-NAHS-uh-nuh) 


Modification: shoulders to the back of the knees, palms to the floor, knees bent 
Pose Type: seated, forward bend, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), 
Nasagrai or Nasagre (nose) 
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Bound Legs in Half Pose Dedicated to Sage Koormamuni 


Baddha Pada Ardha Koormamunyasana 
(BUH-duh PUH-duh UHR-duh koor-muh-mun-YAHS-uh-nuh) 


Pose Type: seated, forward bend, core, binding 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), 
Nasagrai or Nasagre (nose) 
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HORIZONTAL SPLITS: LEGS LIFTED 


Half Upward Seated Angle Pose Prep. in One Hand to Foot Boat Pose 


Ardha Urdhva Upavishta Konasana Prep. in Eka Hasta Pada Navasana 
(UHR-duh OORD-vuh u-puh-VISH-tuh ko-NAHS-uh-nuh in EY-kuh HUH-stuh PUH-duh nuh-VAHS-uh-nuh) 


Also Known As: Ardha Urdhva Upavistha Konasana Prep. in Eka Hasta Pada Navasana 
Modification: one leg straight, back of the other knee to the shoulder 

Pose Type: seated, forward bend, core 

Drishti Point: Hastagrai or Hastagre (hands) or Padhayoragrai or Padayoragre (toes/feet) 
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Half Upward Seated Angle Pose 


Ardha Urdhva Upavishta Konasana 

(UHR-duh OORD-vuh u-puh-VISH-tuh ko-NAHS-uh-nuh) 

Also Known As: Ardha Urdhva Upavistha Konasana 

Modification: palms to the floor, one leg straight up to the sky; other foot to the floor, knee to the 
chest 

Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Upward Seated Angle Pose 


Urdhva Upavishta Konasana 
(UHR-duh OORD-vuh u-puh-VISH-tuh ko-NAHS-uh-nuh) 


discrete semiconductor > thyristor > triac 
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Figure 3-11. To moderate the power of AC current, a triac 
‘can black a section of each AC pulse. 


‘The upper section of Figure 3-11 shows alternat- 
ing voltageto the triacin green. The purple curve 
represents the gate current of the triac, reduced 
byavariable resistor. (The figureis for conceptual 
purposes only; the alternating power supply 
voltage and the fluctuating gate current cannot 
actually share the same vertical scale of a graph.) 


Figure 3-11 can be compated with Figure 3-7, ex- 
ceptthatthe negative threshold |evelforthegate 
is now shown as well as the positive threshold 
level. Remember, either a positive or negative 
voltage can activate the gate. 


In Figure 3-11, initially the triacis nonconductive. 
As time passes, the gate current reaches the 
threshold level, and this triggering eventenables 
current to flow between the main terminals of 
thetriac, as shown in the lower partof the figure. 


How It Works 


This current exceeds the latching level, so it con- 
tinues to flow, even though the gate current di- 
minishes below its threshold level. Finally the 
current between the main terminals falls below 
the holding level, at which point the triac stops 
conducting, Itwaits forthenext triggering event, 
Which occurs as the power supply swings to 
negative, 


This simple system blocks a section of each AC 
pulse, which will vary in length depending how 
much currentisallowed to flow through the gate. 
Because the blocking process occurs rapidly, we 
notice only the reduced overall power passing 
through the triac (in terms of the brightness ofa 
light, the heat emitted by a resistive element, or 
the speed of a motor), 


Unfortunately, there isa problem in this scenario: 
the triac does not quite behave symmetrically. Its 
gate threshold level for positive current is not 
exactly equal and opposite to its gate threshold 
level for negative current. The upper part of 
Figure 3-11 shows this flaw in the differing verti- 
cal offsets of the positive and negative thresh- 
olds from the central zero line. 


The resultis that negative AC pulses through the 
triac are shorter than positive pulses. This asym- 
metry produces harmonics and noise that can 
feed back into power supply wiring, interfering 
with other electronic equipment. The actual dis- 
parities in gate response, in each quadrant of op- 
eration for two triacs, are shown in Figure 3-12, 


Ratio of gate current required 
to conduct, relative to quadrant 4 


16 25 27 


[ame | 
[ 10am EE 14 a4 


Figure 312. Because the internal structure of a triac is 
asymmetrical, it requires a diferent tigger current in 
teach of its operating quadrants. Ths table, derived from a 
Litteltuse technical briefing document, shows the ratio of 
the minimum trigger current in quadrants 2. 3, and 4 rela- 
tive to quadrant 1 


Current 
capacity 


of trac 
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Also Known As: Urdhva Upavistha Konasana 
Modification: arms open to the sides, triceps to the back of the knees 

Pose Type: seated, forward bend, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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HORIZONTAL SPLITS: LEGS LIFTED & STRAIGHT. 


Seated Firefly Pose 


Upavishta Tittibhasana 
(u-puh-VISH-tuh ti-ti-BAHS-uh-nuh) 


Also Known As: Upward Seated Angle Pose Prep. (Urdhva Upavishta Konasana Prep.), Pose 
Dedicated to Sage Koormamuni Prep. (Koormamunyasana Prep.), Upavistha Tittibhasana 
Modification: palms to the floor, shoulders to the back of the knees 

Pose Type: seated, forward bend, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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Pose Dedicated to Sage Koormamuni 


Koormamunyasana 

(koor-muh-mun-YAHS-uh-nuh) 

Modification: hands in Anjali Mudra (Hands in Prayer) 

Pose Type: seated, forward bend, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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Pose Dedicated to Sage Koormamuni—Bound Legs 


Baddha Pada Koormamunyasana 

(BUH-duh PUH-duh koor-muh-mun-YAHS-uh-nuh) 

Modification: legs straight 

seated, forward bend, core, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 


Hands to Feet Upward Seated Angle Pose 


Pada Hasta Urdhva Upavishta Konasana 

(PUH-duh HUH-stuh OORD-vuh u-puh-VISH-tuh ko-NAHS-uh-nuh) 

Also Known As: Pada Hasta Urdhva Upavistha Konasana 

Modification: grabbing onto the outside edges of the feet 

Pose Type: seated, forward bend, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Urdhva or Antara 
Drishti (up to the sky) 

e360 


Big Toe Upward Seated Angle Pose 


Padangushta Urdhva Upavishta Konasana 

(puhd-ahng-GOOSH-tuh OORD-vuh u-puh-VISH-tuh ko-NAHS-uh-nuh) 

Also Known As: Padangushta Urdhva Upavistha Konasana 

Modification: grabbing onto the big toes, arms parallel to the floor 

Pose Type: seated, forward bend, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) or Urdhva or Antara 
Drishti (up to the sky) 
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Upward Seated Angle Pose 


Urdhva Upavishta Konasana 

(OORD-vuh u-puh-VISH-tuh ko-NAHS-uh-nuh) 

Also Known As: Urdhva Upavistha Konasana 

Modification: palms to the floor, heels of the palms touching, fingertips pointing to the sides; feet 
lifted, toes pointed 

Pose Type: seated, forward bend, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Urdhva or Antara 
Drishti (up to the sky) 
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HORIZONTAL SPLITS: FORWARD BEND 


Tortoise Pose 


Kurmasana 

(koor-MAHS-uh-nuh) 

Modification: 1. knees bent 

2. legs straight 

Pose Type: seated, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Equal Angle Pose 


Samakonasana 

(suh-muh-ko-NAHS-uh-nuh) 

Modification: forward bend, forearms to the floor 

Pose Type: seated, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
eGe 


Big Toe Seated Angle Pose 


Padangushta Upavishta Konasana 


(puhd-ahng-GOOSH-tuh u-puh-VISH-tuh ko-NAHS-uh-nuh) 

Also Known As: Padangushta Upavistha Konasana 

Modification: forward bend, chin to the floor 

Pose Type: seated, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


e90000e 


_— 


Equal Angle Pose 


Samakonasana 

(suh-muh-ko-NAHS-uh-nuh) 

Modification: forward bend, arms crossed in front 

Pose Type: seated, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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Equal Angle Pose 


Samakonasana 

(suh-muh-ko-NAHS-uh-nuh) 

Modification: forward bend, arms extended to the front 
Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Reverse Prayer Equal Angle Pose 


Viparita Namaskar Samakonasana 
(vicpuh-REE-tuh nuh-muhs-KAHR suh-muh-ko-NAHS-uh-nuh) 


Also Known As: Back of the Body Prayer Equal Angle Pose (Paschima Namaskara Samakonasana) 
Pose Type: seated, forward bend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Hands Bound Equal Angle Pose 


Baddha Hasta Samakonasana 

(BUH-duh HUH-stuh suh-muh-ko-NAHS-uh-nuh) 

Modification: forward bend 

Pose Type: seated, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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HORIZONTAL SPLITS: SPINE STRAIGHT 


Seated Angle Pose 


Upavishta Konasana 
(u-puh-VISH-tuh ko-NAHS-uh-nuh) 
Also Known As: Upavistha Konasana 


Modification: mild version, backbend 
Pose Type: seated, backbend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Seated Angle Pose 


Upavishta Konasana 

(u-puh-VISH-tuh ko-NAHS-uh-nuh) 

Also Known As: Upavistha Konasana 

Modification: 1. hands in Anjali Mudra (Hands in Prayer), toes flexed in 
2. hands in reverse prayer, toes flexed in 

Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose) or Hastagrai or Hastagre (hands) 


oo 


Seated Angle Pose 


Upavishta Konasana 

(u-puh-VISH-tuh ko-NAHS-uh-nuh) 

Also Known As: Upavistha Konasana 

Modification: palms to the floor in front of the hips, heels of the palms touching, fingertips pointing to 
the side, straight spine, toes pointed 

Pose Type: seated 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Equal Angle Pose 


Samakonasana 

(su-muh-ko-NAHS-uh-nuh) 

Modification: hands on the knees, spine straight 

Pose Type: seated 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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How It Works 


See Figure 1-14 for a graph illustrating phase 
control in the SCR. See “Phase Control” for a dis- 
cussion of phase in AC waveforms generally. 


Triac Triggered by a Diac 

The problem of asymmetrical triggering can be 
overcome if the triac is triggered with a voltage 
pulse generated by another component that 
does behave symmetrically. The other compo- 
nent is almost always a diac, which is another 
type of thyristor. Unlike an SCR ora triac, it has 
no gate. Itis designed to be pushed beyond its 
breakover voltage, at which point it latches and 
will continue to conduct until current flowing 
through it diminishes below its holding level.See 
Chapter 2 for more information about the diac. 


In Figure 3-13, the diac is shown to the right of, 
the triac, and is driven by a simple RC network 
consisting of a fixed resistor, a potentiometer, 
and a capacitor. (In an actual application, the RC 
network may be slightly more complex.) The ca- 
pacitor takes a small amount of time to charge 
during each half-cycle of AC. The length of this 
delay is adjusted by the potentiometer, and de- 
termines the point in each AC half-cycle when 
the voltage to the diac reaches breakover level. 
Because the delay affects the phase of the AC, 
this adjustment is known as phase control 


As the voltage exceeds breakover level, the diac 
starts to pass current through to the gate of the 
triac, and triggersit. The holding level of the diac 
is lower than its latching level, so it continues to 
pass current while the capacitor discharges and 
the voltage diminishes. When the current falls 
below the holding level, the diac stops conduct- 
ing, ready for the next cycle, Meanwhile, the triac 
continues to pass current until the AC voltage 
dipsbelow ts holding level. Atthis point, thetriac 
becomes nonconductive until it is triggered 
again. 


This chopped waveform will still create some 
harmonics, which are suppressed by the coil and 
capacitor at the left side of the circuit in 
Figure 3-13. 


Figure 3:13. A minimal schematic showing typical opera 
tion of a trac, with 2 diac supplying pulses to the tiac 
gate. The potentiometer adjusts the delay ereated by the 
capacitor 


Other Triac Drivers 


It is possible, although unusual, to drive a triac 
from a source other than a diac. 


Simple on-off control can be achieved by using 
a special optocoupler such as the MOC3162 by 
Fairchild Semiconductor. This emits a switching 
signal to a triac only when the AC voltage passes 
through zero, A zero cross circuit is desirable be- 
cause it creates much less interference. The use 
of an optocoupler helps to isolate the triac from 
other components ((('zero cross circuit") 


Phase control can be achieved using an opto- 
‘coupler such as the H11L1, which can be driven 
by rectified but unsmoothed AC after it passes 
through a Zener diode to limit the voltage. The 
output from the optocoupleris logic-compatible 
and can be connected with the input to a timer 
suchas the 555, settoone-shot mode. Each pulse 
from the timer passes through another optocou- 
plersuchas the MOC3023, which uses an internal 
LED to trigger the gate of atriac. 


Yet another possibility is to use the programmed 
‘output from a microcontroller, through an opto- 
coupler, to control the gate of a triac. An online 


22 Encyclopedia of Electranic Components Volume 2 


Bound Equal Angle Pose 


Baddha Samakonasana 
(BUH-duh su-muh-ko-NAHS-uh-nuh) 


Pose Type: seated, binding 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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HORIZONTAL SPLITS: TWISTS 


Half Bound Seated Angle Pose 


Ardha Baddha Upavishta Konasana 

(UHR-duh BUH-duh u-puh-VISH-tuh ko-NAHS-uh-nuh) 

Also Known As: Ardha Baddha Upavistha Konasana 

Modification: toes pointed, one hand binding behind the back, fingertips of the other hand to the floor 
in front of the hips 

Pose Type: seated, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 


Revolved Half Bound Equal Angle Pose 


Parivritta Samakonasana 

(puh-ri-VRIT-twh suh-muh-ko-NAHS-uh-nuh) 

Modification: 1. toes pointed, both hands on one leg 

2. toes flexed in, one hand to the leg, other hand to the floor 

Pose Type: seated, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Revolved Bound Equal Angle Pose 


Parivritta Baddha Samakonasana 

(puh-ri-VRIT-twh BUH-duh suh-muh-ko-NAHS-uh-nuh) 

Modification: 1. toes pointed 

2. toes flexed in 

Pose Type: seated, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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HORIZONTAL SPLITS: SIDE BENDS 


Sideways Equal Angle Pose 


Parshva Samakonasana 

(PAHRSH-vuh suh-muh-ko-NAHS-uh-nuh) 

Modification: side bend, fingertips to the back of the head; elbow to the floor 
Pose Type: seated, side bend 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Both Hands to Foot Revolved Seated Angle Pose 


Dwi Hasta Pada Parivritta Upavishta Konasana 
(DWL-huh-stuh PUH-duh puh-ri-VRIT-tuh u-puh-VISH-tuh ko-NAHS-uh-nuh) 
Also Known As: Dwi Hasta Pada Parivritta Upavistha Konasana 
Pose Type: seated, side bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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LEGS STRAIGHT IN FRONT: SPINE STRAIGHT & BACKBEND 


Staff Pose 


Dandasana 

(duhn-DAHS-uh-nuh) 

Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose), Padhayoragrai or Padayoragre (toes/feet) 
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Reverse Prayer Staff Pose 


Viparita Namaskar Dandasana 

(vi-puh-REE-tuh nuh-muhs-KAHR duhn-DAHS-uh-nuh) 

Also Known As: Back of the Body Prayer Staff Pose (Paschima Namaskara Dandasana) 
Pose Type: seated 

Drishti Point: Padayoragrai or Padayoragre (toes/feet), Nasagrai or Nasagre (nose) 
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Staff Pose 


Dandasana 

(duhn-DAHS-uh-nuh) 

Modification: 1. fingertips pointing to the heels 

2. fingertips pointing away from the heels, head rolling back 

Pose Type: seated, mild backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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LEGS STRAIGHT IN FRONT: FORWARD BEND 


Western Intense Stretch Pose 


Paschimottanasana 

(puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Seated Forward Bend 

Modification: grabbing onto the big toes 

Pose Type: seated, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet), Nasagrai or Nasagre (nose) 
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Western Intense Stretch Pose 


Paschimottanasana 

(puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Seated Forward Bend 

Modification: grabbing onto the balls of the feet 

Pose Type: seated, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet), Nasagrai or Nasagre (nose) 
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Western Intense Stretch Pose 


Paschimottanasana 

(puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Seated Forward Bend 

Modification: grabbing onto the wrist 

Pose Type: seated, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet), Nasagrai or Nasagre (nose) 
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Western Intense Stretch Pose 


Paschimottanasana 

(puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Seated Forward Bend 

Modification: palms down 

Pose Type: seated, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet), Nasagrai or Nasagre (nose) 
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Bound Hands Western Intense Stretch Pose 


Baddha Hasta Paschimottanasana 

(BUH-duh HUH-stuh puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Seated Forward Bend 

Pose Type: seated, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet), Nasagrai or Nasagre (nose) 
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Reverse Prayer Western Intense Stretch Pose 


Viparita Namaskar Paschimottanasana 

(vi-puh-REE-tuh nuh-muhs-KAHR puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Back of the Body Prayer Western Intense Stretch Pose (Paschima Namaskara 
Paschimottanasana), Reverse Prayer Forward Bend 

Pose Type: seated, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet), Nasagrai or Nasagre (nose) 
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LEGS STRAIGHT IN FRONT: TWISTS. 


Revolved Staff Pose 


Parivritta Dandasana 

(puh-ri-VRIT-twh duhn-DAHS-uh-nuh) 

Pose Type: seated, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 


Revolved Upward One Arm Extended Hand to Foot Staff Pose 


Parivritta Urdhva Eka Hasta Utthita Hasta Pada Dandasana 


(puh-ri-VRIT-tuh OORD-vuh EY-kuh HUH-stuh UT-tu-tuh HUH-stuh PUH-duh duhn-DAHS-uh-nuh) 
Pose Type: seated, forward bend, twist 
Drishti Point: Hastagrai or Hastagre (hands) 
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One Hand Revolved Western Intense Stretch Pose 


Eka Hasta Parivritta Paschimottanasana 

(EY-kuh HUH-stuh puh-ri-VRIT-tuh puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: One Hand Revolved Seated Forward Bend 
Modification: one hand to the foot 

Pose Type: seated, forward bend, side bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 


Two Hands Revolved Western Intense Stretch Pose 


Dwi Hasta Parivritta Paschimottanasana 
(DWi-huh-stuh puh-ri-VRIT-tuh puhsh-chi-mo-tahn-AHS-uh-nuh) 
Also Known As: Two Hands Revolved Forward Bend 
Pose Type: seated, forward bend, side bend, twist 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 


discrete semiconductor > thyristor > triac 


search for the terms “microcontroller” and "triac” 
will provide some additional suggestions. 


Charge Storage 
While switching AC, the internal charge between 
Al and A2 inside the triac requires time to dissi- 
pate before the reverse voltages applied; other- 
wise, charge storage occurs, and the component 
may start to conduct continuously. For this rea- 
son, the triac is normally restricted to relatively 
low frequencies such as domestic 60Hz AC 
power. 


When a triac contrals a motor, the phase lag be- 
tween voltage and current associated with an in- 
ductive load can interfere with the triac’s need 
foratransitional momentbetweenapositiveand 
negative voltage cycle. In a datasheet, the term 
commutating dv/dt defines the rate of rise of op- 
posite polarity voltage that the triac can with- 
stand without locking into a continuous-on 
state. 


‘An RC snubber network is often wired in parallel 
with 1 and A2 to control the rise time of voltage 
to the triac, as shown within the darker blue rec- 
tangle in Figure 3-14, where a resistor and ca- 
pacitor have been added just to the left of the 
triac. The highest resistance and lowest capaci 
tance, consistent with trouble-free operation, 
should be chosen. Typical values are 470 to 
1009 for the resistor, and 0.01 iF to 0.1 pF for the 
capacitor. 


Variants 


Triacs are available in through-hole and surface- 
mount packages. 


‘Some components that are referred to as triacs 
actually contain two SCR components of oppo- 
site polarity. The “alternistor” range from Littel- 
fuse is an example. The SCR will tolerate faster 
voltage rise times than a conventional triac, and 
is more suitable for driving inductive loads such 
as large motors. 


Variants 


Figure 314, To prevent a triac from locking itself into a 
continuous-on state while driving an inductive Joad such 
238.4 motar. a snubber circuit can be added (shawn here 
2352 rasistor and capacitor in the darker blue rectangle to 
the lett of the triac). 


A snubberless triac, as its name implies, is de- 
signed to drive an inductive load without need 
for a snubber circuit. An example is the 
‘STMicroelectronics BTA24. Datasheets for this 
type of component impose some limits that may 
be stricter than for a generic trac. 


Values 


Surface-mounttriacs are typically rated between 
2A to 25A of switched AC current (RMS), the 
higher-current versions being as large as 10mm 
square. The necessary gate trigger voltage may 
range from 0.7V to 1.5V. Through-hole packages 
may be capable of slightly higher currents (up to 
40A), with gate trigger voltages of 1V to 2.5V be- 
ing common. 


Asnoted previously, the majority of triacs are re- 
stricted to relatively low frequency switching, 
60Hz being very common. 


Abbreviations in datasheets are likely to include: 


+ Voam Or Vega Peak repetitive reverse off-state 
voltage. The maximum reverse voltage that 
the component will withstand in its “off" 
state without experiencing damage or al- 
lowing current to pass. 
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LEGS STRAIGHT: ON THE SIDE & SCISSOR LEGS 


Upward Side Infinity Pose 


Urdhva Parshya Anantasana 

(OORD-vuh PARSH-vuh uh-nuhn-TAHS-uh-nuh) 

Pose Type: seated, side bend 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 


ee 


One Leg Upward Hand to Knee Revolved Staff Pose 


Urdhva Eka Pada Janu Hasta Parivritta Dandasana 
(OORD-vuh EY-kuh PUH-duh JAH-nu HUH-stuh puh-ri-VRIT-tuh duhn-DAHS-uh-nuh) 


Pose Type: seated, forward bend, twist 
Drishti Point: Padayoragrai or Padayoragre (toes/feet) 


eso 


One Leg Upward Hand to Foot Revolved Staff Pose 


Urdhva Eka Pada Hasta Pada Parivritta Dandasana 
(OORD-vuh EY-kuh PUH-duh HUH-stwh PUH-duh puh-ri-VRIT-tuh duhn-DAHS-uh-nuh) 
Pose Type: seated, forward bend, twist 

Drishti Point: Parsva Drishti (to the right), Parsva Drishti (to the left) 
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One Hand to Foot Archer’s Pose 


Eka Hasta Pada Akarna Dhanurasana 

(EY-kuh HUH-stuh PUH-duh AH-kuhr-nuh duh-nur-AHS-uh-nuh) 

Modification: both legs straight, knee behind the shoulder, other palm to the floor 
Pose Type: seated, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 


eso 


Bound Leg Archer’s Pose 


Baddha Pada Akarna Dhanurasana 

(BUH-duh PUH-duh AH-kuhr-nuh duh-nur-AHS-uh-nuh) 

Pose Type: seated, twist, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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ONE LEG STRAIGHT, ONE LEG BENT 


Archer’s Pose Prep. 


Akarna Dhanurasana Prep. 

(AH-kuhr-nuh duh-nwr-AHS-uh-nuh) 

Modification: knee wrapping around the arm 

Pose Type: seated, mild backbend 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Archer’s Pose 


Akarna Dhanurasana 

(AH-kuhr-nuh duh-nwr-AHS-uh-nuh) 

Modification: foot to the ear 

Pose Type: seated, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Foot Behind the Head Pose 


Eka Pada Shirshasana 

(EY-kuh PUH-duh sheer-SHAHS-uh-nuh) 

Also Known As: Foot Behind the Head Pose A (Eka Pada Shirshasana A) 
Modification: leg straight 

1. palms to the floor by the hips 

2. hands in Anjali Mudra (Hands in Prayer) 

Pose Type: seated 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Pose Dedicated to Skanda 


Skandasana 
(skuhn-DAHS-uh-nuh) 


Also Known As: Foot Behind the Head Pose B (Eka Pada Shirshasana B) 
Pose Type: seated, forward bend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 


ee 
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ONE LEG STRAIGHT, ONE LEG BENT: TWISTS 


Easy Lord of the Fishes Pose Prep. 


Sukha Matsyendrasana Prep. 

(SUK-th muhts-veyn-DRAHS-uh-nuh) 

Modification: one leg straight, arm wrapped around the bent knee 

Pose Type: seated, forward bend, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Easy Lord of the Fishes Pose 


Sukha Matsyendrasana 
(SUK-uh muhts-yeyn-DRAHS-uh-nuh) 


Pose Type: seated, forward bend, twist, binding 
Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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ONE LEG STRAIGHT, ONE LEG BENT: KNEE TO THE CHEST 


Pose Dedicated to Sage Marichi 1 & 2 Prep. 


Marichyasana 1 & 2 Prep. 

(muh-ree-CHYAHS-uh-nuh) 

Also Known As: Pose Dedicated to Sage Marichi A & C Prep. (Marichyasana A & C Prep.) 
Modification: arms parallel to the floor in front of the chest 

Pose Type: seated, forward bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Pose Dedicated to Sage Marichi 1 & 2 Prep. 


Marichyasana 1 & 2 Prep. 

(muh-ree-CHYAHS-uh-nuh) 

Also Known As: Pose Dedicated to Sage Marichi A & C Prep. (Marichyasana A & C Prep.) 
Modification: both hands grabbing onto the foot of the straight leg 

Pose Type: seated, forward bend 

Drishti Point: Padhayoragrai or Padayoragre (toes/feet) 
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Revolved Pose Dedicated to Sage Marichi | Prep. 


Parivritta Marichyasana | Prep. 


(puh-ri-VRIT-twh muh-ree-CHYAHS-uh-nuh) 

Modification: twisting to the inside of the bent knee, elbow to the knee 
Pose Type: seated, forward bend, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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ONE LEG STRAIGHT, ONE LEG BENT: KNEE TO THE CHEST—BINDING & TWIST 


Pose Dedicated to Sage Marichi 1 


Marichyasana 1 

(muh-ree-CHYAHS-uh-nuh) 

Also Known As: Pose Dedicated to Sage Marichi A (Marichyasana A) 
Modification: 1. spine straight 

2. half forward bend 

3. full forward bend, nose to the shin 

Pose Type: seated, forward bend, binding 

Drishti Point: 1. Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
2 & 3. Padhayoragrai or Padayoragre (toes/feet) or Nasagrai or Nasagre (nose) 
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Pose Dedicated to Sage Marichi 2 Prep. 


Marichyasana 2 Prep. 

(muh-ree-CHYAHS-uh-nuh) 

Also Known As: Pose Dedicated to Sage Marichi C (Marichyasana C) 
Modification: elbow over the bent knee 

Pose Type: seated, forward bend, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Pose Dedicated to Sage Marichi 2 Prep. 


Marichyasana 2 Prep. 

(muh-ree-CHYAHS-uh-nuh) 

Also Known As: Pose Dedicated to Sage Marichi C (Marichyasana C) 

Modification: grabbing onto the knee of the straight leg 

Pose Type: seated, forward bend, twist, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) or Padhayoragrai or 
Padayoragre (toes/feet) 
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Pose dedicated to Sage Marichi 2 


Marichyasana 2 

(muh-ree-CHYAHS-uh-nuh) 

Also Known As: Pose Dedicated to Sage Marichi C (Marichyasana C) 
Pose Type: seated, forward bend, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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ONE LEG STRAIGHT & LIFTED, ONE LEG BENT 


wat Can Ga Wrong 


+ Vy The maximum voltage difference be- 

tween A1 and A2, measured with a short 

pulse width and low duty cycle. 

Ver Gate trigger voltage necessary to pro- 

duce the gate trigger current. 

+ loa Peak repetitive blocking current (ie, 
maximum leakage). 

+ hoy Maximum gate current, 


+ Icy Minimum gate trigger current. 


1,,Holding current. 


|, Latching current. 


Frys) On-state RMS current. The maximum 
value passing through the component on a 
continuous basis. 

+ Itsy Maximum non-repetitive surge current. 
Specified ata stated pulse width, usually 60 
He. 


‘Tc Case temperature, usually expressed asan 
acceptable range. 

T, Operating junction temperature, usually 
expressed as an acceptable range. 


What Can Go Wrong 


Like other semiconductors, a triac is heat sensi- 
tive, Usual precautions should be taken to allow 
sufficient ventilation and heat sinking, especially 
When components are moved from an open pro- 
totyping board to an enclosure in which crowd- 
ing is likely. 


Unexpected Triggering Caused 
by Heat 

On a datasheet, a value for triggering current is 
valid only within a recommended temperature 
range. A buildup of heat can provoke unexpec- 
ted triggering, 


> thyristor> triac 


Low-Temperature Effects 
Significantly higher gate current will be required 
by a triac operating at low temperatures. It is 
quite possible that the component will need 
twice as much current at 25° C compared with 
100°C, junction temperature. Ifthe triacreceives 
insufficient current, it will not turn on. 


Wrong Type of Load 

Ifan incandescent lamp is replaced with a flu- 
orescent light or LED area lighting, a pre- 
existing triac may no longer work as a dimmer. 
Fluorescent lamps will have some inductance, 
and may also provide a capacitive load, either of 
which will interfere with the normal behavior of 
atriac. 


The light output of an LED varies very differently 
compared with the light output of an incandes- 
cent bulb, in response to reduction in power, 
Thereforean LED should bedimmed using pulse- 
width modulation that is appropriate for its out- 
put characteristics. A triac is generally not 
suitable. 


Wrongly Identified Terminals 
Atriac is often thought of as a symmetrical de- 
vice, because it is designed to switch AC current 
using either positive or negative voltage at the 
gate. In reality, its behavior is asymmetrical, and 
if itis installed “the wrong way around? it may 
function erratically or not at all. 


Failure to Switch Off 

As already noted (see “Charge Storage” on page 
23), a triac will tend to suffer from charge stor- 
‘age if there is insufficient time between the end 
of one half-cycle and the beginning of the next. 
‘A component that works with a resistive load 
may cease to function if it is used, instead, to 
power an inductive load. 
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Seated Revolved Upward One Hand to Foot Pose 


Upavishta Parivritta Urdhva Eka Pada Hastasana 

(u-puh-VISH-twh puh-ri-VRIT-tuh OORD-vuh EY-kuh PUH-duh huh-STAHS-uh-nuh) 

Also Known As: Upavistha Parivritta Urdhva Eka Pada Hastasana 

Modification: straight leg lifted, grabbing the foot with the opposite arm, other forearm on the floor 
Pose Type: seated, forward bend 

Drishti Point: Padhayoragrai or Padayoragre (toes/feet) 


One Leg Extended Full Lord of the Fishes Pose 


Utthita Eka Pada Paripurna Matsyendrasana 

(UT-ti-tuh EY-kuh PUH-duh puh-ri-POOR-nuh muhts-yeyn-DRAHS-uh-nuh) 

Pose Type: seated, forward bend, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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ONE LEG STRAIGHT, OTHER LEG CROSSED OVER: FOREARM & ELBOW TO THE FLOOR 


Revolved Western Intense Stretch Pose Hand to Foot Side Infinity Pose 


Parivritta Paschimottana Hasta Pada Parshva Anantasana 

(puh-ri-VRIT-twh puhsh-chi-mo-TAHN-uh HUH-stwh PUH-duh PAHRSH-vuh uh-nuhn-TAHS-uh-nuh) 

Also Known As: Revolved Seated Forward Bend Hand to Foot Side Infinity Pose 

Pose Type: seated, forward bend, twist 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs), Nasagrai or Nasagre (nose) 
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Revolved Western Intense Stretch Pose Uneven Arms Upward Side 
Infinity Pose 


Parivritta Paschimottana Vishama Hasta Urdhva Parshva Anantasana 
(puh-ri-VRIT-twh puhsh-chi-mo-TAHN-uh VI-shuh-muh HUH-stuh OORD-vuh PAHRSH-vuh uh-nuhn-TAHS-uh-nuh) 
Also Known As: Revolved Seated Forward Bend Uneven Arms Side Infinity Pose 

Pose Type: seated, forward bend, twist 


Drishti Point: Angushtamadhye or Angustha Ma Dyai (thumbs), Nasagrai or Nasagre (nose) 
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Revolved Western Intense Stretch Pose Bound Arms Upward Side 


Infinity Pose 


Parivritta Paschimottana Baddha Hasta Urdhva Parshva Anantasana 
(puh-ri-VRIT-tuh puhsh-chi-mo-TAHN-uh BUH-duh HUH-stuh OORD-vuh PAHRSH-vuh uh-nuhn-TAHS-uh-nuh) 
Also Known As: Revolved Seated Forward Bend Bound Arms Upward Side Infinity Pose 
Modification: arms wrapped around the foot, elbows toward the floor 

Pose Type: seated, forward bend, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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ONE LEG STRAIGHT, OTHER LEG CROSSED OVER: SIDE & BACKBEND 


Upward Side Infinity Pose 


Urdhva Parshva Anantasana 

(OORD-vuh PAHRSH-vuh wh-nuhn-TAHS-uh-nuh) 

Modification: top leg crossed over, outside edge of the foot to the floor 

1. looking to the side 

2. head rolling back 

Pose Type: 1. seated, side bend, twist 

2. seated, side bend, twist, backbend 

Drishti Point: 1. Hastagrai or Hastagre (hands), Padhayoragrai or Padayoragre (toes/feet) 
2. Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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HALF COW FACE POSE: FORWARD BEND & SIDE BEND 


Half Cow Face Western Intense Stretch Pose Prep. 


Ardha Gomukha Paschimottanasana Prep. 

(UHR-duh GO-muk-uh puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: One-Legged Cow Face Western Intense Stretch Pose (Eka Pada Gomukha 
Paschimottanasana), Half Cow Face Seated Forward Bend 

Modification: half forward bend 

Pose Type: seated, forward bend 

Drishti Point: Padhayoragrai or Padayoragre (toes/feet), Nasagrai or Nasagre (nose) 
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Half Cow Face Western Intense Stretch Pose 


Ardha Gomukha Paschimottanasana 

(UHR-duh GO-muk-uh puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: One-Legged Cow Face Western Intense Stretch Pose (Eka Pada Gomukha 
Paschimottanasana), Half Cow Face Seated Forward Bend 

Modification: 1. grabbing onto the wrist, chin to the knee 

2. chin to the knee, arms straight, palms down in front of the foot 

Pose Type: seated, forward bend 

Drishti Point: Padhayoragrai or Padayoragre (toes/feet), Nasagrai or Nasagre (nose) 
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Revolved Sideways Half Cow Face Western Intense Stretch Pose 


Parivritta Parshva Ardha Gomukha Paschimottanasana 

(puh-ri-VRIT-tuh PAHRSH-vuh EY-kuh PUH-duh GO-muk-uh puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Revolved Sideways One-Legged Cow Face Western Intense Stretch Pose 
(Parivritta Parshva Eka Pada Gomukha Paschimottanasana), Revolved Sideways Half Cow Face 
Seated Forward Bend 

Modification: top leg straight 

Pose Type: seated, forward bend, side bend, twist 

Drishti Point: Padhayoragrai or Padayoragre (toes/feet), Hastagrai or Hastagre (hands), Parshva 


Drishti (to the right), Parshva Drishti (to the left) 
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Revolved Hand to Foot Sideways Half Cow Face Western Intense 
Stretch Pose 


Parivritta Hasta Pada Parshva Ardha Gomukha Paschimottanasana 

(puh-ri-VRIT-twh HUH-stuh PUH-duh PAHRSH-vuh UHR-duh GO-muk-uh puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Revolved Hand to Foot Sideways One-Legged Cow Face Western Intense Stretch 
Pose (Parivritta Hasta Pada Parshva Eka Pada Gomukha Paschimottanasana), Revolved Hand to Foot 
Sideways Half Cow Face Seated Forward Bend 

Modification: bottom leg straight, looking up to the sky 

Pose Type: seated, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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HALF COW FACE POSE: LEG LIFTED 


Upward Half Cow Face Western Intense Stretch Pose 


Urdhva Ardha Gomukha Paschimottanasana 

(OORD-vuh UHR-duh GO-muk-uh puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Upward One-Legged Cow Face Western Intense Stretch Pose (Urdhva Eka Pada 
Gomukha Paschimottanasana), Upward Half Cow Face Seated Forward Bend 

Modification: bottom leg straight, grabbing onto the foot 

Pose Type: seated, forward bend, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Urdhva or Antara 
Drishti (up to the sky) 
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Upward Half Cow Face Western Intense Stretch Pose 


Urdhva Ardha Gomukha Paschimottanasana 

(OORD-vuh UHR-duh GO-muk-uh puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Upward One-Legged Cow Face Western Intense Stretch Pose (Urdhva Eka Pada 
Gomukha Paschimottanasana), Upward Half Cow Face Seated Forward Bend 

Modification: top leg straight, grabbing onto both feet 

Pose Type: seated, forward bend, core 

Drishti Point: Padhayoragrai or Padayoragre (toes/feet) 
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ONE LEG STRAIGHT, ONE LEG BENT: SHOULDER TO THE BACK OF THE KNEE 


Sundial Pose 2 


Surya Yantrasana 2 

(SOOR-yuh yuhn-trahn-AHS-uh-nuh) 

Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Sundial Pose 1 


Surya Yantrasana 1 

(SOOR-yuh yuhn-trahn-AHS-uh-nuh) 

Pose Type: seated, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Upward Bound Hands Sundial Pose 1 


Urdhva Baddha Hasta Surya Yantrasana 1 
(OORD-vuh BUH-duh HUH-stuh SOOR-yuh yuhn-trahn-AHS-uh-nuh) 
Pose Type: seated, twist, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Downward Bound Hands Sundial Pose 1 


Adho Baddha Hasta Surya Yantrasana 1 
(wh-DO BUH-duh HUH-stuh SOOR-yuh yuhn-trahn-AHS-wh-nuh) 


Pose Type: seated, forward bend, binding 
Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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ONE LEG STRAIGHT, ONE LEG BENT: HALF LOTUS & BINDING 


Half Bound Lotus Western Intense Stretch Pose Prep. 


Ardha Baddha Padma Paschimottanasana Prep. 
(UHR-duh BUH-duh PUHD-muh puhsh-chi-mo-tahn-AHS-uh-nuh) 


Also Known As: Half Bound Lotus Seated Forward Bend Prep. 

Modification: arm extended to the sky 

Pose Type: seated, binding 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Half Bound Lotus Western Intense Stretch Pose 


Ardha Baddha Padma Paschimottanasana 

(UHR-duh BUH-duh PUHD-muh puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Half Bound Lotus Seated Forward Bend 

Modification: 1. half forward bend 

2. full forward bend 

Pose Type: seated, forward bend, binding 

Drishti Point: Padhayoragrai or Padayoragre (toes/feet), Nasagrai or Nasagre (nose), Bhrumadhye or 
Ajna Chakra (third eye, between the eyebrows) 


solid-state relay 


A solid-state relay is less-commonly referred to by its acronym, SSR. It is sometimes 
regarded as an optocoupler, but in this encyclopedia the two components have sepa- 
rate entries. An optocoupler is a relatively simple device consisting of a light source 
(usually an LED) and alight sensor, in one package. Itis used primarily forisolation rather 
than to switch a high current. A solid-state relay can be thought of as a substitute for an 
electromagnetic relay, usually has additional components in its package, and isintend- 
ed to switch currents of at least 1A. 


‘Acomponent that works like a solid-state relay but only switches a 5V (or lower) logic 
signal may be referred to as a switch, even though itis entirely solid-state. This type of 
‘componentis included in this entry because it functions so similarly toa solid-state relay. 


OTHER RELATED COMPONENTS 


| electromagneticrelay (s0e Volume 1) 
+ optocoupler (see Chapter 5) 


What It Does 


A solid-state relay (SSR) is a semiconductor 
package that emulates an electromagnetic re 
lay (see Volume 1). It switches power on or off 
between its output terminals in response to a 
smaller current and voltage between its input 
terminals. Variants can switch AC or DC and may 
be controlled by AC of DC. An SSR functions asa 
SPST switch, and is available in normally open or 
normally closed versions. SSRs that function as 
an SPDT switch are relatively unusual and actual- 
ly contain more than one SSR. 


No single schematic symbol has been adopted 
to represent a solid-state relay, but some alter- 
natives are shown in Figure 4-1 
Top 
‘An unusually detailed depiction of an SSR 
that switches DC current using MOSFETS. 
Symbolsforthis device often amit thediodes 


on the output side and may simplify the 
MOSFET symbols. 


Bottom left 
‘An SSR that uses an internal triac to switch 
‘AC. The box labeled Ox indicates that this is 
a zero-crossing relay, meaning that it 
switches when alternating voltage crosses 
the OV evel from positive to negative orneg- 
ative to positive. 

Bottom right 
A generic SSR, showing a symbol for a nor- 
mally open relay, although whether it is de- 
signed for AC or DC is unclear. 


Advantages 


+ Great reliability and long life, 


+ No physical contacts that are vulnerable to 
arcing and erosion or (under extreme con- 
ditions) that could weld themselves 
together. 
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ONE LEG STRAIGHT, ONE LEG BENT: HALF LOTUS, TWISTS & BINDING 


Revolved Half Bound Lotus Western Intense Stretch Pose 


Parivritta Ardha Baddha Padma Paschimottanasana 

(puh-ri-VRIT-tuh UHR-duh BUH-duh PUHD-muh puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Revolved Half Bound Lotus Seated Forward Bend and Half Lord of the Fishes Pose 
(Ardha Matsyendrasana) 

Modification: grabbing onto the big toe 

Pose Type: seated, forward bend, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 


eso 


Half Lord of The Fishes Pose 2 


Ardha Matsyendrasana 2 

(UHR-duh muhts-yeyn-DRAHS-uh-nuh) 

Also Known As: Sage Warrior Bharadvaja Prep. (Bharadvajasana Prep.) 
Modification: 1. looking toward the foot 

2. looking over the shoulder 

Pose Type: seated, forward bend, twist, binding 


Drishti Point: 1. Padhayoragrai or Padayoragre (toes/feet) 
2. Parshva Drishti (to the right), Parshva Drishti (to the left) 


eso 
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ONE LEG STRAIGHT, ONE LEG BENT: HALF LOTUS—LEG LIFTED 


Half Lotus Extended Hand to Big Toe Pose in Infinity Pose 


Ardha Padma Utthita Hasta Padangusthasana in Anantasana 

(UHR-duh PUHD-muh UT-ti-tuh HUH-stuh puhd-ahng-goosh-TAHS-uh-nuh in uhn-uhnt-AHS-uh-nuh) 

Pose Type: seated, mild backbend 

Drishti Point: Urdhva or Antara Drishti (up to the sky), Bhrumadhye or Ajna Chakra (third eye, 
between the eyebrows) 
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Half Lotus Extended Revolved Hand to Foot Pose in Infinity Pose 


Ardha Padma Utthita Parivritta Pada Hastasana in Anantasana 
(UHR-duh PUHD-muh UT-ti-twh puh-ri-VRIT-tuh PUH-duh huh-STAHS-uh-nuh in uhn-uhnt-AHS-uh-nuh) 
Modification: grabbing onto the foot on the opposite side 

Pose Type: seated, mild backbend, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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ONE LEG STRAIGHT, ONE LEG BENT: HALF LOTUS & BACKBEND—BINDING 


Half Lotus Upward Infinity Pose 


Ardha Padma Urdhva Anantasana 

(UHR-duh PUHD-muh OORD-vuh uhn-uhnt-AHS-uh-nuh) 

Pose Type: seated 

Drishti Point: Urdhva or Antara Drishti (up to the sky), Bhrumadhye or Ajna Chakra (third eye, 
between the eyebrows) 


os 
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Half Bound Lotus Infinity Pose 


Ardha Baddha Padma Anantasana 

(UHR-duh BUH-duh PUHD-muh uhn-uhnt-AHS-uh-nuh) 

Modification: Arm |: forearm to the floor 

Arm 2: grabbing onto the foot 

Pose Type: seated, mild backbend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Half Bound Lotus Infinity Pose 


Ardha Baddha Padma Anantasana 

(UHR-duh BUH-duh PUHD-muh uhn-uhnt-AHS-uh-nuh) 

Modification: Arm |: elbow to the floor 

Arm 2: hand to the hip socket 

Pose Type: seated, mild backbend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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ONE LEG STRAIGHT, ONE KNEE BENT TO THE BACK: FORWARD BEND & TWIST 


Three Limbed Face to Foot Western Intense Stretch Pose 


Trianga Mukhaikapada Paschimottanasana 
(tri-UHNG-uh muk-EYE-kuh-puh-duh puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Three Limbed Face to Foot Seated Forward Bend 
Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Churning Pose 


Chalanasana 

(chuh-luh-NAHS-uh-nuh) 

Pose Type: seated, forward bend, twist 
Drishti Point: Hastagrai or Hastagre (hands) 
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ONE LEG STRAIGHT, ONE KNEE BENT TO THE BACK: TWIST, SIDE BEND & FORWARD BEND 


Revolved Half Bound Half Hero Half Seated Angle Pose 


Parivritta Ardha Baddha Ardha Vira Ardha Upavishta Konasana 
(puh-ri-VRIT-twuh UHR-duh BUH-duh UHR-duh VEER-uh UHR-duh u-puh-VISH-tuh ko-NAHS-uh-nuh) 

Also Known As: Parivritta Ardha Baddha Ardha Vira Ardha Upavistha Konasana 
Konasana Modification: spine straight 

Pose Type: seated, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 


eo 
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Gate Pose 
Parighasana 


(puh-ri-GAHS-wh-nuh) 


Modification: side bend toward the straight leg; grabbing onto the heel of the bent leg with both 
hands 

Pose Type: seated, side bend, forward bend, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 


a 


Gate Pose 


Parighasana 

(puh-ri-GAHS-uh-nuh) 

Modification: seated: 1. palmto the floor by the ankle, other arm up over the head 
2. elbow to the floor by the knee 

3. both hands grabbing onto the foot, chest rotated up to the sky 

Pose Type: | & 2. seated, side bend 

3. seated, side bend, twist 

Drishti Point: 1. Hastagrai or Hastagre (hands) 

2 & 3. Urdhva or Antara Drishti (up to the sky) 
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Benu Bird Pose 1 


Benvasana 1 

(ben-VAHS-uh-nuh) 

Modification: seated; sitting bone on the heel, forward bend; arms to the side and to the back 
Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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ONE LEG STRAIGHT, ONE KNEE BENT TO THE BACK: LEG LIFTED—BACKBEND 


Reclined Half Hero Extended Hand to Foot Pose 


Supta Ardha Vira Utthita Hasta Padasana 

(SUP-tuwh UHR-duh VEER-wh UT-ti-tuh HUH-stuh PUH-duhs-wh-nuh) 

Modification: 1. right side view 

2. left side view 

Pose Type: seated, mild backbend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky), Bhrumadhye or Ajna Chakra (third eye, 
between the eyebrows) 
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ONE LEG STRAIGHT, ONE KNEE BENT TO THE BACK: LEG LIFTED 


Heron Pose 


Krounchasana 

(crown-CHAHS-uh-nuh) 

Modification: grabbing onto the wrist, toes pointed 

Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 


Sundial Pose 3 


Surya Yantrasana 3 

(SOOR-yuh yuhn-TRAHS-uh-nuh) 

Modification: foot turned to the back 

Pose Type: seated, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Revolved Heron Pose 


Parivritta Krounchasana 

(puh-ri-VRIT-twh crown-CHAHS-uh-nuh) 

Also Known As: Revolved Sundial Pose 3 (Parivritta Surya Yantrasana 3) 
Pose Type: seated, forward bend, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 


eso 


How It Works 


+ Very fast response, typically Tis on and 0.515 
off, 

+ Very low power consumption on the input 
side, aslowas SmA at SVDC. Many solid-state 
relays can be driven directly from logic chips. 

+ Lack of mechanical noise. 

+ No contact bounce; a clean output signal. 

+ No-coil that would introduce back EMF into 
the circuit. 

+ Safe with flammable vapors, as there is no 
sparking of contacts, 

+ Often smaller than a comparable electro- 
magnetic relay. 

+ Insensitive to vibration, 


+ Safer for switching high voltages, as there is 
complete internal separation between input 
and output. 

+ Some variants work with input control vol- 
tages as low as 1.5VDC. Electromagnetic re- 
lays typically require at least 3VDC (or more, 
where larger relays are required to switch 
higher currents), 


Disadvantages 


+ Less efficient; its internal impedance intro- 
duces a fixed-value voltage drop on the out- 
put side (although this may be negligible 
when switching higher voltages). 

+ Generates waste heatin its “on” mode, in ac- 
cordance with the voltage drop. 

+ Passes some leakage current (usually meas- 
uutedin microamps) on the outputside when 
the relay is supposed to be “oft” 

+ ADCsolid-state relay usually requires obser- 
vation of polarity on the output side. An 
electromagnetic relay does not. 

+ Brief voltage spikes on the input side, which 
would be ignored by a slower electromag- 
netic relay, may trigger a solid-state relay, 


Integrated circuit > analog > solid-stal 


+ More vulnerable than an electromagnetic 
relay to surges and spikes in the current that 
is switched on the output side. 
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Figure 4-1. Schomatic symbols for solid-state relays have 
rot been standardized. See text far details 


How It Works 


Almost all modern SSRs contain an internal LED 
(light-emitting diode, see Chapter 22) which is 
switched on by the control input. Infrared light 
from the LED is detected by a sensor consisting 
of one or more phototransistors or photodio- 
des, Ina relay that controls DC current, the sensor 
Usually switches a MOSFET (see Volume 1) or an 
SCR (silicon-controlled rectifier—see Chapter). 
In relays that control AC current, a triae (see 
Chapter 3) controlsthe output. Because theinput 
side and the outputside of the SSRarelinked only 
by a light signal, they are electrically isolated 
from each other. 


26 Encyclopedia of Electronic Components Volume 2 


GARUDA LEGS: BACKBEND, TWIST, FORWARD BEND & BINDING 


Seated Leg Position of the Pose Dedicated to Garuda 


Upavishta Pada Garudasana 
(u-puh-VISH-tuh PUH-duh guh-ru-DAHS-wh-nuh) 

Also Known As: Upavistha Pada Garudasana 
Modification: backbend, one hand to the sky 
Pose Type: seated, backbend 

Drishti Point: Hastagrai or Hastagre (hands) 


eso 


a) 


Revolved Hand to Foot Seated Leg Position of the Pose Dedicated to 
Garuda 


Parivritta Hasta Pada Upavishta Pada Garudasana 
(puh-ri-VRIT-tuh HUH-stuh PUH-duh w-puh-VISH-tuh PUH-duh guh-ru-DAHS-uh-nuh) 
Also Known As: Parivritta Hasta Pada Upavistha Pada Garudasana 
Pose Type: seated, forward bend, twist 

Drishti Point: Hastagrai or Hastagre (hands) 
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Seated Leg Position of the Pose Dedicated to Garuda 


Upavishta Pada Garudasana 
(u-puh-VISH-twh PUH-duh guh-ru-DAHS-uh-nuh) 

Also Known As: Upavistha Pada Garudasana 
Modification: forehead to the knee 

Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Revolved Seated Leg Position of the Pose Dedicated to Garuda 


Parivritta Upavishta Pada Garudasana 

(puh-ri-VRIT-twh u-puh-VISH-tuh PUH-duh guh-ru-DAHS-uh-nuh) 

Also Known As: Parivritta Upavistha Pada Garudasana 

Modification: hands in Anjali Mudra (Hands in Prayer), one arm threaded through the legs 
Pose Type: seated, forward bend, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Bound Revolved Seated Leg Position of the Pose Dedicated to Garuda 


Baddha Parivritta Upavishta Pada Garudasana 

(BUH-duh puh-ri-VRIT-tuh u-puh-VISH-tuh PUH-duh guh-ru-DAHS-uh-nuh) 

Also Known As: Baddha Parivritta Upavistha Pada Garudasana 

Pose Type: seated, forward bend, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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GARUDA LEGS: KNEES TO THE FLOOR ON THE SIDE 


Seated Leg Position of the Pose Dedicated to Garuda in Upward Side 
Infinity Pose 


Upavishta Pada Garudasana in Urdhva Parshva Anantasana 
(u-puh-VISH-twh PUH-duh guh-ru-DAHS-uh-nuh in OORD-vuh PAHRSH-vuh uhn-uhnt-AHS-uh-nuh) 
Also Known As: Upavistha Pada Garudasana in Urdhva Parshva Anantasana 
Modification: one hand to the floor, one arm extended out 

Pose Type: seated, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 


Seated Leg Position of the Pose Dedicated to Garuda in Upward Side 
Infinity Pose 


Upavishta Pada Garudasana in Urdhva Parshva Anantasana 
(u-puh-VISH-twh PUH-duh guh-ru-DAHS-uh-nuh in OORD-vuh PAHRSH-vuh uhn-uhnt-AHS-uh-nuh) 
Modification: palms flat on the floor, fingertips pointing away from the heels, backbend 
Pose Type: seated, side bend, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BOTH KNEES BENT: ANKLES HOOKED—TWIST & SIDE BEND 


Twist Dedicated to Sage Bharadvaja 3 


Bharadvajasana 3 

(buh-ruhd-vahj-AHS-uh-nuh) 

Pose Type: seated, forward bend, twist 

Drishti Point: Padhayoragrai or Padayoragre (toes/feet) 


Sideways Twist Dedicated to Sage Bharadvaja 3 


Parshva Bharadvajasana 3 
(PAHRSH-vuh buh-ruhd-vahj-AHS-uh-nuh) 
Modification: forearm to the floor 
Pose Type: seated, mild backbend, side bend 
Drishti Point: Hastagrai or Hastagre (hands) 
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LEG CRADLE: ONE LEG STRAIGHT 


Baby Cradle Pose 


Hindolasana 

(hin-do-LAHS-uh-nuh) 

Also Known As: One Foot Behind the Head Pose A & B Prep. (Eka Pada Shirshasana A & B Prep.) 
Modification: leg straight 

1. spine straight, front view 

2. half forward bend, side view 


Pose Type: seated, forward bend 
Drishti Point: Nasagrai or Nasagre (nose), Padhayoragrai or Padayoragre (toes/feet), Bhrumadhye or 
Ajna Chakra (third eye, between the eyebrows) 
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Baby Cradle Pose 


Hindolasana 

(hin-do-LAHS-uh-nuh) 

Also Known As: One Foot Behind the Head Pose A Prep. (Eka Pada Shirshasana A Prep.) 
Modification: leg straight, hands to the face 

Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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HEAD TO KNEE POSE: FORWARD BEND 


Head to Knee Pose Prep. 


Janu Shirshasana Prep. 

(JAH-nu sheer-SHAHS-uh-nuh) 

Modification: palms to the floor by the hips, spine straight 

Pose Ty seated 

Drishti Point: Nasagrai or Nasagre (nose), Padhayoragrai or Padayoragre (toes/feet) 


Both Hands to Ankle Head to Knee Pose 


Dwi Hasta Kulpa Janu Shirshasana 

(DWL-huh-stuh KUL-puh JAH-nu sheer-SHAHS-uh-nuh) 

Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Padhayoragrai or Padayoragre (toes/feet) 
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Both Hands to Foot Head to Knee Pose 


Dwi Hasta Pada Janu Shirshasana 

(DWI-huh-stuh PUH-duh JAH-nu sheer-SHAHS-uh-nuh) 

Modification: 1. grabbing onto the foot; fingers interlocked, half forward bend 

2. grabbing onto the wrist, half forward bend 

Pose Type: seated, forward bend 

Drishti Point: Padhayoragrai or Padayoragre (toes/feet), Nasagrai or Nasagre (nose) 
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HEAD TO KNEE POSE: HEEL UP—FORWARD BEND 


Head to Knee Pose C Prep. 


Janu Shirshasana C Prep. 

(JAH-nu sheer-SHAHS-uh-nuh) 

Also Known As: Half Root Lock Pose (Ardha Mula Bandhasana) 

Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose), Padhayoragrai or Padayoragre (toes/feet), Bhrumadhye or 
Ajna Chakra (third eye, between the eyebrows) 


os 


Head to Knee Pose C 


Janu Shirshasana C 

(JAH-nu sheer-SHAHS-uh-nuh) 

Modification: 1. half forward bend 

2. full forward bend 

Pose Type: seated, forward bend 

Drishti Point: Padhayoragrai or Padayoragre (toes/feet), Nasagrai or Nasagre (nose) 
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HEAD TO KNEE POSE: TWISTS 


Revolved Half Bound Angle Pose 


Parivritta Ardha Baddha Konasana 

(puh-ri-VRIT-twuh UHR-duh BUH-duh ko-NAHS-uh-nuh) 

Modification: hand to the knee, other hand to the floor behind the hips for support 
Pose Ty seated, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 


eo 


Revolved Half Bound Angle Pose 


Parivritta Ardha Baddha Konasana 

(puh-ri-VRIT-tuh UHR-duh BUH-duh ko-NAHS-uh-nuh) 

Pose Type: seated, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 


os 


solid-s 


integrated circuit > analog 
‘The MOSFETs require so little power, it can be 
provided entirely by light falling on an array of 
20 or more photodiodes inside the SSR package. 


‘Typical solid-state relaysare shownin Figures 4-2 
and 4-3. 


Figure 4-2. A solid-state relay capable of switching up to 
7ADC. See text fora detaled description 


The Crydom DC60S7 accepts a control voltage 
ranging from 3.5VDC to 32VDC, with a typical in- 
put current of less than 3mA. Maximum turn-on 
time is O.1ms and maximum turn-off time is 
(0.3ms. This relay can switch up to 7A and toler- 
ates a surge of up totwice that current. Itimposes 
a voltage drop of as much as 1.7VDC, which can 
become a drawback when switching voltages 
that are significantly lower than its maximum 
60VDC. The electronics are sealed in thermally 
conductive epoxy, mounted on a metal plate ap- 
proximately 1/8” thick which can be screwed 
down onto an additional heat sink. 


‘The Crydom CMX60D10 tolerates a more limited 
range of control voltages (3VDC to 10VDC) and 
requires a higher input current of 15mA at SVDC. 
However, its very low maximum on-state resist- 
ance of 0.0189 imposes a much smaller voltage 
drop ofless than 0.2 volts when passing 10, This 
results in less waste heat and enables a single- 
inline package (SIP) without a heat sink. The 


Variants 


CMX60D10 weighs 0.4 ounces,as opposedtothe 
3 ounces of the DC60S7. Relays from other man- 
ufacturers use similar packaging and havessimilar 
specifications, 


Figure 4-3. A solid-state relay capable of switching up to 
10A. Its lower internal resistance results in less waste heat 
and enables a smaller package. See text for a detailed 
‘description. 


Variants 


‘Many solid-state relays have protective compo- 
nents built into the package, such asa varistoron 
the output side to absorb transients. Check 
datasheets carefully to determine how much 
protection from external components may be 
necessary when switching an inductive load. 


Instantaneous versus 

Zero Crossing 

A zero crossing SSR is one that (a) switches AC 
current and (b) will not switch “on’ until the in- 
stant when the AC voltage crosses through OV. 
The advantages of this type are that it does not 
have to be built to switch such a high current, 
and creates minimal voltage spike when the 
switching occurs. 


All SSRs that are designed to switch AC will wait 
for the next voltage zero crossing before switch- 
ing to their ‘off” state. 
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Revolved Sideways Half Bound Angle Pose 


Parivritta Parshva Ardha Baddha Konasana 
(puh-ri-VRIT-tuh PAHRSH-vuh UHR-duh BUH-duh ko-NAHS-uh-nuh) 
Modification: grabbing onto the big toe of the bent leg 
Pose Type: seated, twist, side bend, binding 

Drishti Point: Padhayoragrai or Padayoragre (toes/feet) 
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Revolved Half Bound Angle Pose 


Parivritta Ardha Baddha Konasana 

(puh-ri-VRIT-twuh UHR-duh BUH-duh ko-NAHS-uh-nuh) 

Modification: looking back Arm 1: grabbing onto the outside edge of the opposite foot 
Arm 2: grabbing onto the shin of the opposite leg behind the back 

Pose Type: seated, forward bend, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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HEAD TO KNEE POSE—SIDE BENDS 


Half Bound Angle Pose in Infinity Pose 


Ardha Baddha Konasana in Anantasana 

(UHR-duh BUH-duh ko-NAHS-uh-nuh in uhn-uhnt-AHS-uh-nuh) 

Modification: elbow to the floor, head rolling back 

Pose Ty seated, mild backbend, side bend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Revolved Head to Knee Pose Prep. 


Parivritta Janu Shirshasana Prep. 

(puh-ri-VRIT-twh JAH-nu sheer-SHAHS-uh-nuh) 

Modification: grabbing onto the foot, other hand to the knee 
Pose Type: seated, forward bend 

Drishti Point: Padhayoragrai or Padayoragre (toes/feet) 
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Sideways Head to Knee Pose 


Parshva Janu Shirshasana 

(PAHRSH-vuh JAH-nu sheer-SHAHS-th-nuh) 

Also Known As: Sideways Half Bound Angle Pose (Parshva Ardha Baddha Konasana) 
Pose Type: seated, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Sideways Head to Knee Pose 


Parshva Janu Shirshasana 

(PAHRSH-vuh JAH-nu sheer-SHAHS-uh-nuh) 

Also Known As: Sideways Half Bound Angle Pose (Parshva Ardha Baddha Konasana) 
Modification: elbow to the floor on the inside of the leg, other hand on the hip 

Pose Type: seated, forward bend, side bend 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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HEAD TO KNEE POSE—SIDE BENDS 


Half Bound Cota] 
Half Seated Angle Pose 


Ardha Baddha Ardha Upavishta Konasana 
(UHR-duh BUH-duh UHR-duh u-puh-VISH-tuh ko-NAHS-uh-nuh) 
Also Known As: Ardha Baddha Ardha Upavistha Konasana 

Pose Type: seated, side bend, binding 


Drishti Point: Nasagrai or Nasagre (nose) 


How to Perform the Pose: 

1. Begin by sitting on the floor with both your legs straight out in front of you. Engage your mula 
bandha, uddhiyana bandha, and ujjayi breathing. 

2. Exhale as you bend your left knee and bring the sole of your left foot toward your right thigh. 


3. On the next exhale, bring your right leg out to the right side, keeping it strong and straight by 
pulling up the kneecap and engaging the thigh muscles (quadriceps). Press your right toes and your 
right heel to the floor, lifting the right leg slightly on off the floor. 


4. Inhale as you expand your chest and hold your arms straight out to the sides, parallel to the floor. 

5. Exhale as you bend your left arm and reach your left hand behind the back to the inside of your 
right thigh to bind. 

6. Inhale as you reach your right arm up to the sky. Exhale as you bend your right elbow and look 
toward your left knee. 

7. Hold the pose for at least 30, and up to 90, seconds in order to receive full benefits of the stretch. 

8. Inhale as you release the bind. Exhale as you bring both your legs straight out in front of you. 
Repeat on the other side. 


Modification: side bend toward the bent knee 


ardha = half 
baddha = hound 
ardha = half 
upavishta = seated 


kona = angle 


Half Bound Sideways Head to Knee Pose 


Ardha Baddha Parshva Janu Shirshasana 

(UHR-duh BUH-duh PAHRSH-vuh JAH-nu sheer-SHAHS-uh-nuh) 

Also Known As: Sideways Half Bound Angle Pose (Parshva Ardha Baddha Konasana) 
Modification: 1. toes pointed 

2. toes flexed in 

Pose Type: seated, forward bend, side bend, twist, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Revolved Head to Knee Pose 


Parivritta Janu Shirshasana 

(puh-ri-VRIT-twh JAH-nu sheer-SHAHS-uh-nuh) 

Modification: elbow to the floor 

1. forearm to the floor, chest to the side 

2. head on the knee, chest to the sky 

Pose Type: seated, side bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Both Hands to the Head Sideways Head to Knee Pose 


Dwi Hasta Shirsha Parshva Janu Shirshasana 

(DWI-huh-stuh SHEER-shuh PAHRSH-vuh JAH-nu sheer-SHAHS-uh-nuh) 

Also Known As: Sideways Half Bound Angle Pose (Parshva Ardha Baddha Konasana) 
Modification: 1. slight side bend 

2. elbow to the knee 

3. elbow to the floor 

Pose Type: seated, side bend 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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HEAD TO KNEE POSE: LEG LIFTED 


Hands Free Sundial Pose 1 


Mukta Hasta Surya Yantrasana 1 

(MUK-tuh HUH-stuh SOOR-yuh yuhn-TRAHS-uh-nuh) 

Modification: foot to thigh, fingertips of both hands to the floor 
Pose Ty seated, forward bend, side bend, core 

Drishti Point: Hastagrai or Hastagre (hands) 
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Sundial Pose 1 


Surya Yantrasana 1 

(SOOR-yuh yuhn-TRAHS-uh-nuh) 

Modification: foot to thigh, grabbing onto the foot on the same side 
Pose Type: seated, forward bend, side bend 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Unsupported Seated Revolved Upward One Hand to Foot Pose 


Niralamba Upavishta Parivritta Urdhva Eka Pada Hastasana 
(nir-AH-luhm-buh u-puh-VISH-tuh puh-ri-VRIT-tuh OORD-vuh EY-kuh PUH-duh huh-STAHS-uh-nuh) 


Pose Type: seated, forward bend, twist, core 
Drishti Point: Hastagrai or Hastagre (hands) 
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HERO POSE: TOES CURLED IN 


Tip Toe Hero Pose 


Variants 


NC and NO Modes 

Solid-state relays are SPST devices, but different 
models may have a normally closed or normally 
open output. If you require double-throw oper- 
ation, two relays can be combined, one normally 
closed, the other normally open. See Figure 4-4. 
‘A few manufacturers combine a normally closed 
relay and a normally open relay in one package, 
to emulate a SPDT relay. 


[— Switching 
Signal 


‘Switched Power Output 


Figure 4-4. A normally closed solid-state relay can be 
paired with a normally open solid-state relay to emulate a 
SPOT switch. This combination is available in a single 
package from some manufacturers. 


Packaging 

High-current solid-state relays are often pack- 
aged with screw terminals anda metal base that 
is appropriate for mating with a heat sink. Some 
are sold with heat sinks integrated. Spade termi- 
nals and crimp terminals may be optional. The 
Crydom 0C60S7 shown in Figure 4-2is an exam- 
ple. This type of package may be referred to as 
industrial mount. 


Lower-current solid-state relays (5A or less), and 
those with a very low output resistance, may be 
packaged with single-inline pins for through- 
hole mounting in circuit boards 


Solid-State Analog Switch 

DIP packaging may be used for solid-state relays 
that are designed for compatibility with the low 
voltages and currents of logic chips, This type of, 


integrated circult > analog > solid-state relay 
component may be referred to simply as a 
switch, The 74HC4316 is an example, pictured in 
Figure 4-5. 


Figure 4-5. This DIP package contains four “switches” 
that function as solid-state relays but are cestricted to low 
voltages and currents, compatible with logic chips. See 
text for detail 


Typically the control voltage and the switched 
voltage are limited between +7V and —7V, with 
maximum output current of 25mA. Each inter- 
nal switch has its own Control pin, while an ad- 
ditional Enable pin forces all switches into an 
“off” state if its logic state is high. The simplified 
functionality of this component is illustrated in 
Figure 4-6, without showing internal optical 
isolation. 


The ‘on’ resistance of each internal pathway will 
be approximately 2000 when the component is 
powered with +5VDC on the positive side and 
VDC on the negative side. This resistance drops 
to 1000 if the negative power supply is-SVDC. 


Ifall of the outputs from the chip are shorted to- 
gether, it functions as a multiplexer (see Chap- 
ter 16). In fact, this type of switch component is 
often listed in catalogs as a multiplexer, even 
though it has other applications, 


Because the component tolerates equal and op- 
posite input voltages, itis capable of switching 
AC. 
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Prapada Virasana 

(PRUH-puh-duh veer-AHS-uh-nuh) 

Also Known As: Thunderbolt Pose (Vajrasana) 

Modification: toes curled in, hands in Anjali Mudra (Hands in Prayer) 
Pose Type: seated 

Drishti Point: Hastagrai or Hastagre (hands) or Nasagrai or Nasagre (nose) 
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Tip Toe Hero Pose 


Prapada Virasana 

(PRUH-puh-duh veer-AHS-uh-nuh) 

Also Known As: Thunderbolt Pose (Vajrasana) 
Modification: head down, arms open wide 
Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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HERO POSE: SITTING ON THE HEELS 


Hero Pose 


Virasana 

(veer-AHS-uh-nuh) 

Also Known As: Thunderbolt Pose (Vajrasana) 

Modification: arms to the sides; modified version for tight ankles 
Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose) 
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HERO POSE: SITTING ON THE HEELS—HANDS ON THE KNEES 


Hero Pose 


Virasana 

(veer-AHS-uh-nuh) 

Also Known As: Thunderbolt Pose (Vajrasana) 

Modification: hands on the knees, palms up 

Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 


Lion Pose Dedicated to an Avatar of Lord Vishnu in Hero Pose 


Narasimhasana in Virasana 
(nuh-ruh-sim-HAHS-uh-nuh in veer-AHS-uh-nuh) 


Also Known As: Lion Pose in Thunderbolt Pose (Simhasana in Vajrasana) 
Modification: sitting on the heels 

1. Cat Tilt 

2. Dog Tilt 


Pose Type: seated 

1. forward bend 

2. mild backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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HERO POSE: SITTING ON THE HEELS—ARMS UP & FORWARD BEND 


Hero Pose—Raised Bound Hands 


Virasana Urdhva Baddha Hastasana 
(veer-AHS-uh-nuh OORD-vuh BUH-duh huh-STAHS-uh-nuh) 
Also Known As: Thunderbolt Pose Raised Bound Hands (Vajrasana Urdhva Baddha Hastasana) 


Modification: palms facing up 
Pose Type: seated 
Drishti Point: Nasagrai or Nasagre (nose) 
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Hero Pose 


Virasana 

(veer-AHS-uh-nuh) 

Also Known As: Thunderbolt Pose (Vajrasana) 

Modification: forward bending, ankles crossed, palms to the floor by the knees 

Pose Type: seated, forward bend 

Drishti Point: Angushtamadhye or Angustha Ma Dyai (thumbs), Nasagrai or Nasagre (nose) 
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Hand Position of the Pose Dedicated to Garuda in Hero Pose 


Hasta Garudasana in Virasana 

(HUH-stuh guh-ru-DAHS-uh-nuh in veer-AHS-uh-nuh) 

Also Known As: Hand Position of the Pose Dedicated to Garuda in Thunderbolt Pose (Hasta 
Garudasana in Vajrasana) 

Modification: 1. half forward bend 


2. spine straight 
Pose Type: 1. seated, forward bend 

2. seated 

Drishti Point: Angushtamadhye or Angustha Ma Dyai (thumbs) 
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HERO POSE: SITTING ON THE HEELS—KNEES OFF THE FLOOR 


Hero Scale Pose with Hands in Prayer 


Vira Tolasana Namaskar 

(VEER-uh to-LAHS-uh-nuh nuh-muhs-KAHR) 

Modification: hands in Anjali Mudra (Hands in Prayer) 

Pose Type: seated, balance, core 

Drishti Point: Nasagrai or Nasagre (nose) or Hastagrai or Hastagre (hands) 
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Hero Scale Pose 


Vira Tolasana 

(VEER-uh to-LAHS-uh-nuh) 

Modification: grabbing onto the knees, Cat Tilt 

Pose Type: seated, balance, core 

Drishti Point: Nabhi, Nabhicakre, or Nabi Chakra (belly button) 
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THUNDERBOLT POSE: SITTING BONES ON THE FLOOR—VARIOUS ARM POSITIONS 


Hero Pose 


Virasana 

(veer-AHS-uh-nuh) 

Also Known As: Thunderbolt Pose (Vajrasana) 
Modification: sitting bones to the floor 

Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose) 


Both Hands to Feet Hero Pose 


Dwi Hasta Pada Virasana 

(DWI-huh-stuh PUH-duh veer-AHS-uh-nuh) 

Also Known As: Both Hands to Feet Thunderbolt Pose (Dwi Hasta Pada Vajrasana) 
Modification: sitting bones to the floor, arms crossed behind the back 

1. back view 

2. front view, mild backbend 

Pose Type: 1. seated, binding 

2. seated, mild backbend, binding 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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One Arm Upward Hero Pose 


Eka Urdhva Hasta Virasana 

(EY-kuh OORD-vuh HUH-stuh veer-AHS-uh-nuh) 

Also Known As: One Arm Upward Thunderbolt Pose (Eka Urdhva Hasta Vajrasana) 
Pose Ty, eated 

Drishti Point: Hastagrai or Hastagre (hands) 
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Hero Pose—Raised Bound Hands 


Virasana Urdhva Baddha Hastasana 
(veer-AHS-uh-nuh OORD-vuh BUH-duh huh-STAHS-uh-nuh) 


Also Known As: Thunderbolt Pose Raised Bound Hands (Vajrasana Urdhva Baddha Hastasana) 
Modification: palms facing up 

Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose) 
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THUNDERBOLT POSE: SITTING BONES ON THE FLOOR—TWISTS & SIDE BEND 


Revolved Hero Pose 


Parivritta Virasana 

(puh-ri-VRIT-tuh veer-AHS-uh-nuh) 

Also Known As: Revolved Thunderbolt Pose (Parivritta Vajrasana) 
Pose Type: seated, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Pose Dedicated to Sage Bharadvaja | 


Bharadvajasana 1 

(buh-ruhd-vuhj-AHS-uh-nuh) 

Modification: ankles crossed, grabbing onto the bicep 

Pose Type: seated, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Sideways Pose Dedicated to Sage Bharadvaja | 


Parshva Bharadvajasana 1 


(PAHRSH-vuh buh-ruhd-vuhj-AHS-uh-nuh) 

Modification: one arm crossed in front; other arm over the head, elbow bent 
Pose Type: seated, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 


Pose Dedicated to Bharadvaja | 


Bharadvajasana 1 

(buh-ruhd-vuhj-AHS-uh-nuh) 

Modification: 1. grabbing onto the inside of the hip with opposite hand, other hand on the knee, 
looking over the shoulder 

2. grabbing onto the tricep of the opposite arm, looking over the shoulder 

Pose Type: seated, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Integrated circuit > analog > solid-s 


Input A 
Control A. 


Output A 


Input 8 
Control B 


Output B 


Input 
Control. 


Output 


Input D 
Control. 


Output D 


Enable .. 


Figure 4-6. The functionality of a chip containing four 
‘Solid-state analog switches, A high state on a Cantro! pia 
Closes its associated switch. The Enable pin must be held 
Jow for normal operation; a high Enable state forces al the 
‘switches into the “off” position. I the outputs are tied to 
Better this component can function as a multiplexer. 


Values 


Industrial-mount solid-state relays typically can 
switch currents ranging from 5A to SO0A, with 
50A being very common. The higher-current re- 
lays mostly require DC control voltage; 4V to 32V 
are typical, although some versions can go much 
higher. They contain an SCRor triac to switch AC. 


Smaller solid-state relays in SIP, DIP, or surface- 
mount packages often use MOSFETS on the out- 
put side, and are often capable of switching up 
to 2A or 3A. Some can switch either AC or DC, 
depending on the way the output is wired. The 
LED on theinput side may requireaslittle as 3mA 
to SmA for triggering, 


How to Use It 


Solid-state relays find their primary uses in tele- 
‘communications equipment, industrial control 
systems and signalling, and security systems, 


Values 


The component is very simple externally, Power 
on the input side can come from any source ca- 
pable of delivering thevoltageand current speci- 
fied by the manufacturer, and any device that 
doesn’t exceed maximum current rating can be 
connected to the output side, so long as provi- 
sion is made for suppressing back-EMF from an 
inductive load, as shown in Figure 4-7. Often a 
solid-state relay can be substituted directly foran 
electromagnetic relay, without modifying the 
circuit. 


Figure 47. Use of a diode around an inductive load, to 
protect a solid-state relay from back-EMF 


Solid-state relaysare heat sensitive, and their rat- 
ing for switching current will diminish as their 
temperatureincreases, Manufacturer datasheets 
will provide specific guidance. Using a heat sink 
will greatly improve the performance. Bear in 
mind that the relay generates heat continuously 
while it is in its ‘on’ mode—about 1 watt per 
ampere. 


Because it requires so little current on the input 
side (typically no mare than 15mA), a solid-state 
relay can usually be driven directly by chips such 
as microcontrollers that would not be able to ac- 
tivate an equivalent electromagnetic relay. 


Applications may take advantage of the solid- 
state relay’s reliability, immunity to vibration, 
lack of contact sparking, freedom from coil- 
induced surges on the input side, and lack of 
contact bounce on the output side. A solid-state 
relay is ideal within digital equipment thatis sen- 
sitive to power spikes, It may switch a fuel pump 
that handles volatile, flammable liquids, or a 
wastewater pump in a basement subject to 
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THUNDERBOLT POSE: SITTING BONES ON THE FLOOR—KNEES OPEN WIDE 


Lion Pose Dedicated to an Avatar of Lord Vishnu in Knees Spread 
Wide Hero Pose 


Narasimhasana in Prasarita Janu Virasana 

(nuh-ruh-sim-HAHS-uh-nuh in pruh-SAH-ri-tuh JAH-nu veer-AHS-uh-nuh) 

Also Known As: Lion Pose (Simhasana) 

Modification: sitting bones on the floor 

Pose Type: seated, mild backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Knees Spread Wide Hero Pose 


Prasarita Janu Virasana 
(pruh-SAH-ri-tuh JAH-nu veer-AHS-uh-nuh) 

Also Known As: Frog Pose (Mandukasana) 
Modification: sitting bones off the floor 
Pose Type: seated 


Drishti Point: Nasagrai or Nasagre (nose) 
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Half Bound Revolved Knees Spread Wide Hero Pose 


Ardha Baddha Parivritta Prasarita Janu Virasana 
(UHR-duh BUH-duh puh-ri-VRIT-tuh pruh-SAH-ri-tuh JAH-nu veer-AHS-uh-nuh) 

Pose Type: seated, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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THUNDERBOLT POSE: SITTING BONES ON THE FLOOR—FEET TURNED OUT 


Complete Thunderbolt Pose 


Paripurna Vajrasana 
(puh-ri-POOR-nuh vuhj-RAHS-uh-nuh) 

Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose) 
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Revolved Complete Thunderbolt Pose 
Parivritta Paripurna Vajrasana 


(puh-ri-VRIT-uh puh-ri-POOR-nuh vuhj-RAHS-uh-nuh) 


Pose Type: seated, twist 
Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Western Intense Stretch Pose in Complete Thunderbolt Pose 


Paschimottanasana in Paripurna Vajrasana 
(puhsh-chi-mo-tahn-AHS-uh-nuh in puh-ri-POOR-nuh vuhj-RAHS-uh-nuh) 

Also Known As: Seated Forward Bend in Complete Thunderbolt Pose 
Modification: forward bend, toes turned out 

Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Half Pose Dedicated to Sage Marichi in Revolved Half Thunderbolt 
Pose 


Ardha Marichyasana in Parivritta Ardha Vajrasana 
(UHR-duh muh-ree-CHYAHS-uh-nuh in puh-ri-VRIT-wh UHR-duh vuhj-RAHS-uh-nuh) 
Modification: 1. looking straight ahead 

2. looking over the shoulder 

Pose Type: seated, forward bend, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Half Bound Pose Dedicated to Sage Marichi in Half Thunderbolt Pose 


Ardha Baddha Marichyasana in Ardha Vajrasana 
(UHR-duh BUH-duh muh-ree-CHYAHS-uh-nuh in UHR-duh vuhj-RAHS-uh-nuh) 


Pose Type: seated, forward bend, twist, binding 
Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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THUNDERBOLT POSE: SITTING BONES ON THE FLOOR—FEET TURNED OUT—ARMS UP OVER THE HEAD 


Complete Thunderbolt Pose—Raised Bound Hands 


Paripurna Vajrasana—Urdhva Baddha Hastasana 
(puh-ri-POOR-nuh yuhj-RAHS-uh-nuh OORD-vuh BUH-duh huh-STAHS-uh-nuh) 
Modification: 1. looking straight ahead 

2. head rolling back 

Pose Type: 1. seated 

2. seated, mild backbend 

Drishti Point: 1. Nasagrai or Nasagre (nose) 

2. Angushtamadhye (thumbs) 
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Revolved Complete Thunderbolt Pose—Raised Bound Hands 


Parivritta Paripurna Vajrasana—Urdhva Baddha Hastasana 
(puh-ri-VRIT-tuh puh-ri-POOR-nuh vuhj-RAHS-uh-nuh OORD-vuh BUH-duh huh-STAHS-uh-nuh) 


Pose Type: seated, twist 
Drishti Point: Angushtamadhye (thumbs) 
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Sideways Complete Thunderbolt Pose—Raised Bound Hands 


Parshva Paripurna Vajrasana—Urdhva Baddha Hastasana 
(PAHRSH-vuh puh-ri-POOR-nuh vuhj-RAHS-uh-nuh OORD-vuh BUH-duh huh-STAHS-uh-nuh) 
Pose Type: seated, side bend 

Drishti Point: Angushtamadhye (thumbs) 
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One Hand Sideways Complete Thunderbolt Pose 


Eka Hasta Parshva Paripurna Vajrasana 
(EY-kuh HUH-stuh PAHRSH-vuh puh-ri-POOR-nuh vuhj-RAHS-uh-nuh) 
Pose Type: seated, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 


THUNDERBOLT POSE: 
BENDS 


'TTING BONES ON THE FLOOR—FEET TURNED OUT—ONE-LEGGED & FORWARD 


Half Pose Dedicated to Sage Marichi in Half Thunderbolt Pose 


Ardha Marichyasana in Ardha Vajrasana 
(UHR-duh muh-ree-CHYAHS-uh-nuh in UHR-duh vuhj-RAHS-uh-nuh) 
Modification: grabbing onto the knee with both hands 
Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Half Pose Dedicated to Sage Marichi in Half Thunderbolt Pose 


Ardha Marichyasana in Ardha Vajrasana 

(UHR-duh muh-ree-CHYAHS-wh-nuh in UHR-duh vuhj-RAHS-uh-nuh) 

Modification: palms to the floor in front of the hips 

Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Half Star Pose in Half Frog Pose 


Ardha Tarasana in Ardha Mandukasana 
(UHR-duh tahr-AHS-uh-nuh in UHR-duh muhn-doo-KAHS-uh-nuh) 
Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Pose Dedicated to Virancha (Brahma) | Prep. 


Viranchyasana | Prep. 
(vir-thn-CHYAHS-uh-nuh) 

Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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ONE KNEE BENT TO THE BAC 


OTHER FOOT TO THE TI 


{SPINE STRAIGHT, TWIST & SIDE BEND 


Easy Pose Dedicated to Sage Bharadvaja 2 Prep. 


Sukha Bharadvajasana 2 Prep. 

(SUK-uh buh-ruhd-vuhj-AHS-uh-nuh) 

Modification: neutral spine, back of the hands on the knees 
Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose) 


os 


Easy Pose Dedicated to Sage Bharadvaja 2 


Sukha Bharadvajasana 2 

(SUK-uh buh-ruhd-vuhj-AHS-uh-nuh) 

Modification: foot to the inside of the thigh 

Pose Ty seated, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Sideways Easy Pose Dedicated to Sage Bharadvaja 2 


Parshva Sukha Bharadvajasana 2 
(PAHRSH-vuh SUK-uh buh-ruhd-vuhj-AHS-uh-nuh) 
Modification: foot to the inside of the thigh, side bend 
Pose Type: seated, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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What Can Go Wrong 


flooding (where long-term zero-maintenancere- 
liability isnecessary, and contact corrosion could 
be a risk in electromagnetic relays). Small solid- 
state relays can switch motors in robots ar appli- 
ances where vibration is common, and are often 
used in arcade games. 


What Can Go Wrong 


Overheating Caused 
by Overloading 

Relays must be derated when used at operating 
temperatures above the typical 20 or 25° C for 
which their specification applies. In other words, 
the sustained operating current must be re- 
duced, usually by an amount such as 20% to 30% 
for each 10-degree increase in ambient temper- 
ature. Failure to observe this rule may result in 
failure of the component. Burnout may also oc- 
cur if a high-current solid-state relay is used 
without a heat sink, or the heat sink isn't big 
enough, or thermal compoundis not applied be- 
tween the solid-state relay and the heat sink. 


Overheating Caused by Bad 
Terminal Contact 

If the screw terminals on the output side of a 
high-current solid-state relay are not tightened 
sufficiently, or if there is a loose spade terminal, 
or if a crimped connection isn't crimped tightly 
enough, the poor contact will create electrical 
resistance, and at high currents, the resistance 
will create heat, which can cause the solid-state 
relay to overheat and burn out. 


Overheating Caused by Changing 
Duty Cycle 

Ifa high-current solid-state relay is chosen for an 
application where itis in its ‘on’ state only half 
the time, but the application changes during 
product development so that the solid-state re- 
lay is in its ‘on’ state almost all the time, it will 
have to dissippate almost twice as much heat. 
Any time the duty cycle is changed, heat should 
be considered. The possibility of the relay being 
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Used in an unconventional or unexpected man- 
ner should also be considered. 


Overheating Caused by 
Component Crowding 

Overheating increases dramatically when com- 
ponents are tightly crowded. At least 2cm (3/4”) 
should be allowed between components, 


Overheating in Dual Packaging 
When a package contains two solid-state relays, 
the additive effects of the heat created by each 
of them must be considered. 


Reverse-Voltage Burnout 

Because a solid-state relay is more sensitive to 
back-EMF than an electromagnetic relay, greater 
care should be used to protect it from reverse 
voltage when switching inductive loads. A pro- 
tection diode should be used, and a snubber can 
beadded between its output terminals, ifitis not 
included inside the relay package. 


Low Voltage Output Current May 
Not Work 

Unlike electromagnetic relays, solid-state relays 
require some voltage on the output side to en- 
able their internal operation. If there is no volt- 
age, or only a very low voltage, the SSR may not 
respond to an input. The minimum voltage re- 
quired on the output side is usually specified in 
a datasheet. 


To test a solid-state relay, apply actual voltages 
on inputand output sides and use a load such as 
an incandescent light bulb. Merely applying a 
meter on the output side, set to measure con- 
tinuity, may not provide sufficient voltage to en- 
able the relay tofunction, creating theerroneous 
impression that it has failed. 


Inability to Measure AC Output 
When a multimeter is used to test continuity 
across the output of an AC-switching solid-state 
relay of zero-crossing specification, the meter 
will generate enough voltage to prevent the 
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ONE KNEE BENT TO THE BACK: OTHER FOOT TO THE THIGH—SIDE BEND 


Easy One-Legged King Pigeon Pose | 


Sukha Eka Pada Raja Kapotasana 1 
(SUK-uh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 


Pose Type: seated, side bend 
Drishti Point: Hastagrai or Hastagre (hands) 


esos 


Sideways Half Hero Half Bound Angle Pose 


Parshva Ardha Vira Ardha Baddha Konasana 
(PAHRSH-vuh UHR-duh VEER-uh UHR-duh BUH-duh ko-NAHS-uh-nuh) 


Modification: forearm to the floor 
Pose Type: seated, side bend 
Drishti Point: Hastagrai or Hastagre (hands) 
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Half Hero Half Bound Angle Pose 


Ardha Vira Ardha Baddha Konasana 

(UHR-duh VEER-uh UHR-duh BUH-duh ko-NAHS-uh-nuh) 

Modification: arm behind the back, hand to the hip; backbend 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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ONE KNEE BENT TO THE BACK: HALF LOTUS, TWIST & BINDING 


Twist Dedicated to Sage Bharadvaja 2 os 


Bharadvajasana 2 

(buh-ruhd-vuhj-AHS-uh-nuh) 

Pose Type: seated, twist, binding 

Drishti Point: Parsva Drishti (to the right), Parsva Drishti (to the left) 


How to Perform the Pose: 


1. Begin by sitting on the floor with both your legs straight out in front of you. Engage your mula 
bandha, uddhiyana bandha, and ujjayi breathing. 

2. Inhale as you lean over to the left side, bending your right knee and bringing your right knee, shin, 
and ankle to the floor. Your right heel should be close to your right hip to protect the knee and your 
right knee should be open slightly to the side. 

3. Exhale as you bend your left knee and bring your left foot to your right hip socket in the Half Lotus 
(Ardha Padmasana), rotating the sole of your left foot up to the sky. Try to keep both knees on the 
floor. 

4. Inhale as you expand your chest and hold your arms straight out to the sides, parallel to the floor. 

5. Exhale as you twist to the left, bringing your left arm behind your back and grabbing your left foot 
with your left hand to bind. Grab onto the left knee with your right hand and look over your left 
shoulder (Pose #2). 

6. Inhale as you lengthen your spine. Exhale as you bring the back of your left hand under your right 
knee (Pose #1). On the next exhale, look over your right shoulder to deepen the twist (Pose #3). 

7. Hold the pose for at least 30, and up to 90, seconds in order to receive the full benefits of the 
stretch. 

8. Inhale as you release the bind and look forward. Exhale as you bring both your legs straight out in 
front of you. Repeat on the other side. 


Modification: 

1. palm under the knee, twisting to the inside of the body 
2. hand on the knee, twisting to the inside of the body 

3. palm under the knee, twisting to the outside of the body 


Bharadvaja = Pindola Bharadvaja was one of four Arhats asked by Buddha to stay on earth to propagate Buddhist law or 


Dharma 
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Half Fire Log Pose in Half Bound Hero Pose 


Ardha Agnistambhasana in Ardha Baddha Virasana 
(UHR-duh uhg-ni-stuhm-BAHS-uh-nuh in UHR-duh BUH-duh veer-AHS-uh-nuh) 
Modification: 1. grabbing onto the hip 

2. grabbing onto the heel 

Pose Type: seated, binding 

Drishti Point: Nasagrai or Nasagre (nose), Hastagrai or Hastagre (hands) 
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Pose Dedicated to Sage Bharadvaja 2 Prep. 


Bharadvajasana 2 Prep. 

(buh-ruhd-vuhj-AHS-uh-nuh) 

Modification: palms together, heels of the palms resting on the crown of the head, neutral spine 
Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Pose Dedicated to Sage Bharadvaja 2 Prep. 


Bharadvajasana 2 Prep. 

(buh-ruhd-vuhj-AHS-uh-nuh) 

Also Known As: Root Lock Pose (Mula Bandhasana) 

Modification: sitting on the heel, both hands grabbing onto the foot, neutral spine 

Pose Type: seated, binding 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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ONE KNEE BENT TO THE BACK: KNEE TO THE CHEST, B 


ING, TWIST & BACKBEND 


Pose Dedicated to Sage Marichi 5 & 6 Prep. 


Marichyasana 5 & 6 Prep. 

(muh-ree-CHYAHS-uh-nuh) 

Also Known As: Pose Dedicated to Sage Marichi E & F Prep. (Marichyasana E & F Prep.) 
Modification: spine straight 

Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Pose Dedicated to Sage Marichi 5 


Marichyasana 5 

(muh-ree-CHYAHS-uh-nuh) 

Also Known As: Pose Dedicated to Sage Marichi E (Marichyasana E) 
Pose Type: seated, forward bend, binding 

Drishti Point: Nasagrai or Nasagre (nose) 
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Pose Dedicated to Sage Marichi 6 


Marichyasana 6 

(muh-ree-CHYAHS-uh-nuh) 

Also Known As: Pose Dedicated to Sage Marichi F (Marichyasana F) 
Pose Type: seated, forward bend, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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One-Legged King Pigeon Pose 3 


Eka Pada Raja Kapotasana 3 
(EY-kuh PUH-duh RAHJ-uh kuh-po-TAHS-uh-nuh) 


Pose Type: seated, backbend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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LEG CRADLE & FOOT TO THE KNEE 


Baby Cradle Pose in Half Hero Pose 


Hindolasana in Ardha Virasana 

(hin-do-LAHS-uh-nuh in UHR-duh veer-AHS-uh-nuh) 

Also Known As: Baby Cradle Pose in Half Thunderbolt Pose (Hindolasana in Ardha Vajrasana) 
Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Baby Cradle Pose Prep. 


Hindolasana Prep. 

(hin-do-LAHS-uh-nuh) 

Modification: palms to the floor behind the hips, heel of the bottom foot to the sitting bone 
Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Half Fire Log Pose in Half Yogic Staff Pose Prep. 


Ardha Agnistambhasana in Ardha Yogadandasana Prep. 
(UHR-duh uhg-ni-stuhm-BAHS-uh-nuh in UHR-duh yo-guh-duhn-DAHS-uh-nuh) 

Pose Type: seated, forward bend, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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integrated circuit > analog > solid-state relay 
solid-state relay from finding zero voltage across 
its output terminals, and consequently the solid- 
state relay won't switch its output. 


Relay Turns On but Won't Turn Off 
When a solid-state relay controls a relatively 
high-impedance load such as a small solenoid 
(see Volume 1) ora neon bulb (see Chapter 19), 
the relay may switch the device on but will seem 
unable to switch itoff. This isbecause the leakage 
current of the solid-state relay, in its “off” state, 
may be just enough to maintain the load in its 
“on' state, 


fan SSR containing atriacis used erroneously to 
switch DC, it will not be able to switch off the 
current. 


Relays in Parallel Won't Work 

‘Two solid-state relays usually cannot be used in 
parallel to switch twice asmuch current. Because 
of small manufacturing variances, one relay will 
switch on a moment before the other. When the 
firstrelay ison, twill divertthe load current away 
from the second relay. The second relay needs a 
small amount of current on its output side, to 
function, Without any current, it will not switch 


What Can Go 


ong 


on. This means the first relay will pass the total 
current without any help from the second relay, 
and will probably burn out, while the second re- 
lay does nothing. 


Output Device Doesn't Run at 

Full Power 

A solid-state relay imposes a voltage reduction 
onits outputside. This will bea fixed amount, not 
a percentage. When switching 110V, this differ- 
ence may be negligible; when switching 12V, it 
may deliver only 10.5V, which representsenough 
of a drop to cause a motor or a pump to run no- 
ticeably more slowly. The internal switching de- 
vice inside the relay (MOSFET, triac, SSR, or bipo- 
lar transistor) will largely determine the voltage 
drop. Check the manufacturer's datasheet before 
using the relay, 


Solid-State Relays and 

Safety Disconnects 

Because a solid-state relay always allows some 
leakage ints “off” state, itcan stil delivera shock 
when used to switch high voltages. For this rea- 
son, it may not be suitable in a safety disconnect. 
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Yogic Staff Pose Prep. 


Yogadandasana Prep. 
(vo-guh-duhn-DAHS-uh-nuh) 

Modification: grabbing onto the foot with one hand 
Pose Type: seated, forward bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Yogic Staff Pose Prep. 


Yogadandasana Prep. 

(vo-guh-duhn-DAHS-uh-nuh) 

Modification: grabbing onto the foot with both hands, foot to the chest 
Pose Type: seated, forward bend 

Drishti Point: Padhayoragrai or Padayoragre (toes/feet) 
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LEG CRADLE: FOOT TO THE HIP & HALF LOTUS 


Baby Cradle Pose Prep. 


Hindolasana Prep. 

(hin-do-LAHS-uh-nuh) 

Modification: both hands grabbing onto the foot, fingers interlocked 
Pose Type: seated, forward bend 

Drishti Point: Padhayoragrai or Padayoragre (toes/feet) 
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Baby Cradle Pose 


Hindolasana 

(hin-do-LAHS-uh-nuh) 

Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Four Corner Pose 


Chatushkonasana 
(chuh-tush-ko-NAHS-uh-nuh) 
Pose Type: seated, forward bend, binding 
Drishti Point: Nasagrai or Nasagre (nose) 
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Half Lotus Baby Cradle Pose 


Ardha Padma Hindolasana 

(UHR-duh PUHD-muh hin-do-LAHS-uh-nuh) 

Also Known As: Pose Dedicated to Virancha (Brahma) | or A Prep. (Viranchyasana | or A Prep.) 
Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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FOOT TO THE ARMPIT: BOTH KNEES BENT 


Yogic Staff Pose with Hands in Prayer 


Yogadandasana Namaskar 

(vo-guh-duhn-DAHS-uh-nuh nuh-muhs-KAHR) 

Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Hastagrai or Hastagre (hands) 
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Yogic Staff Pose 


Yogadandasana 

(vo-guh-duhn-DAHS-uh-nuh) 

Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Hastagrai or Hastagre (hands) 
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Half Bound Fire Log Pose in Half Yogic Staff Pose Prep. 


Ardha Baddha Agnistambhasana in Ardha Yogadandasana Prep. 
(UHR-duh BUH-duh uhg-ni-stuhm-BAHS-uh-nuh in UHR-duh yo-guh-duhn-DAHS-uh-nuh) 

Pose Type: seated, forward bend, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Bound Fire Log Pose in Half Yogic Staff Pose Prep. 


Baddha Agnistambhasana in Ardha Yogadandasana Prep. 
(BUH-duh uhg-ni-stuhn-BAHS-uh-nuh in UHR-duh yo-guh-duhn-DAHS-uh-nuh) 

Pose Type: seated, forward bend, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Hands Bound Half Lotus Pose in Half Yogic Staff Pose Prep. 


Baddha Hasta Ardha Padmasana in Ardha Yogadandasana Prep. 
(BUH-duh HUH-stuh UHR-duh puhd-MAHS-uh-nuh in UHR-duh yo-guh-duhn-DAHS-wh-nuh) 

Pose Type: seated, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Hands Bound Half Hero Pose in Half Yogic Staff Pose Prep. 


Baddha Hasta Ardha Virasana in Ardha Yogadandasana Prep. 
(BUH-duh HUH-stuh UHR-duh veer-AHS-uh-nuh in UHR-duh yo-guh-duhn-DAHS-uh-nuh) 

Pose Type: seated, twist, binding 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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ONE LEG OVER THE SHOULDER: BOTH KNEES BENT 


Sundial Pose 2 Prep. 


Surya Yantrasana 2 Prep. 

(SOOR-yuh yuhn-TRAHS-uh-nuh) 

Modification: shoulder to the back of the knee, knee bent 
Pose Type: seated, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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FOOT BEHIND THE HEAD 


Pose Dedicated to Virancha (Brahma) 1 


Viranchyasana 1 

(vir-uhn-CHYAHS-uh-nuh) 

Also Known As: Pose Dedicated to Virancha (Brahma) A (Viranchyasana A) 
Pose Type: seated, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Seated Moonbird Pose 


Upavishta Chakorasana 
(u-puh-VISH-tuh chuh-kor-AHS-uh-nuh) 


Also Known As: Upavistha Chakorasana 

Pose Type: seated, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One Foot Behind the Head Pose 


Eka Pada Shirshasana 

(EY-kuh PUH-duh sheer-SHAHS-uh-nuh) 

Modification: palms on the floor by the hips, knee bent toward the chest 

Pose Type: seated, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Pose Dedicated to Virancha (Brahma) 1 


Viranchyasana 1 

(vir-thn-CHYAHS-uh-nuh) 

Also Known As: Pose Dedicated to Virancha (Brahma) A (Viranchyasana A) 
Modification: hands in Anjali Mudra (Hands in Prayer) 

Pose Type: seated 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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COW FACE POSE: SPINE STRAIGHT 


Leg Position of Cow Face Pose 


Pada Gomukhasana 

(PUH-duh go-muk-AHS-uh-nuh) 

Modification: hands on the top knee, one palm on top of the other 
Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose) 


es 


yx 


Ganesh Seal in Leg Position of Cow Face Pose 


Ganesh Mudra in Pada Gomukhasana 
(guh-NEYSH MU-druh in PUH-duh go-muk-AHS-uh-nuh) 
Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose) 
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Both Hands to Feet Leg Position of Cow Face Pose 


Dwi Hasta Pada Gomukhasana 

(DWI-huh-stuh PUH-duh go-mu-KAHS-uh-nuh) 

Modification: arms crossed behind the back, grabbing onto the feet 

1. back view 

2. front view 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Cow Face Pose 


Gomukhasana 
(go-mu-KAHS-uh-nuh) 
Pose Type: seated 
Drishti Point: Nasagrai or Nasagre (nose) 
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Leg Position of Cow Face Pose 


Pada Gomukhasana 
(PUH-duh go-mu-KAHS-uh-nuh) 


Modification: elbows touching behind the head 
Pose Type: seated 
Drishti Point: Nasagrai or Nasagre (nose) 
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COW FACE POSE: FORWARD BEND 


Leg Position of Cow Face Pose 


Pada Gomukhasana 

(PUH-duh go-mu-KAHS-uh-nuh) 

Modification: hands in Anjali Mudra (Hands in Prayer), thumbs to third eye; elbows together 
Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) or Angushtamadhye or Angustha Ma Dyai (thumbs) 
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Western Intense Stretch Pose in Leg Position of Cow Face Pose 


Paschimottanasana in Pada Gomukhasana 
(puhsh-chi-mo-TAHS-uh-nuh in PUH-duh go-mu-KAHS-uh-nuh) 


Also Known As: Seated Forward Bend in Leg Position of Cow Face Pose and Long Horn Pose 


(Dighasrngasana) 
Pose Type: seated, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Hand Position of the Pose Dedicated to Garuda in Leg Position of Cow 
Face Pose 


Hasta Garudasana in Pada Gomukhasana 

(HUH-stuh guh-ru-DAHS-uh-nuh in PUH-duh go-mu-KAHS-wh-nuh) 

Modification: forward bend 

Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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COW FACE POSE: SIDE BEND 


Sideways Leg Position of Cow Face Pose 


Parshva Pada Gomukhasana 
(PAHRSH-vuh PUH-duh go-mu-KAHS-uh-nuh) 

Pose Type: seated, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Hand to Foot Sideways Leg Position of Cow Face Pose 


Hasta Pada Parshva Pada Gomukhasana 
(HUH-stuh PUH-duh PAHRSH-vuh PUH-duh go-mu-KAHS-uh-nuh) 
Pose Type: seated, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Sideways Leg Position of Cow Face Pose 


Parshva Pada Gomukhasana 

(PAHRSH-vuh PUH-duh go-mu-KAHS-uh-nuh) 

Modification: intense shoulder stretch 

Pose Type: seated, side bend 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Hand to Foot Revolved Leg Position of Cow Face Pose 


Hasta Pada Parivritta Pada Gomukhasana 

(HUH-stuh PUH-duh puh-ri-VRIT-tuh PUH-duh go-mu-KAHS-uh-nuh) 

Modification: grabbing onto the big toe, arm behind the back; other arm in front of the body, hand on 
the hip 

Pose Type: seated, twist, binding 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 


es 


COW FACE POSE: KNEES LIFTED TO THE CHEST 


Upward Leg Position of Cow Face Pose 


Urdhya Pada Gomukhasana 

(OORD-vuh PUH-duh go-mu-KAHS-uh-nuh) 

Modification: arms under the legs, knees lifted to the chest 

Pose Type: seated, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet), Hastagrai or Hastagre (hands) 
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Upward Hands Upward Leg Position of Cow Face Pose 


Urdhya Hasta Urdhva Pada Gomukhasana 
(OORD-vuh HUH-stuh OORD-vuh PUH-duh go-mu-KAHS-uh-nuh) 


Pose Type: seated, forward bend, core 
Drishti Point: Hastagrai or Hastagre (hands), Nasagrai or Nasagre (nose) 
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Both Hands to Feet Upward Leg Position of Cow Face Pose 


Dwi Hasta Pada Urdhva Pada Gomukhasana 
(DWL-huh-stuh PUH-duh OORD-vuh PUH-duh go-mu-KAHS-uh-nuh) 
Modification: grabbing the outside edges of both feet 
Pose Type: seated, forward bend, core 

Drishti Point: Nasagrai or Nasagre (nose) 
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COW FACE POSE: ELBOW & FOREARM ON THE FLOOR 


Half Bound Sideways Easy Leg Position of Cow Face Pose 


Ardha Baddha Parshva Sukha Pada Gomukhasana 

(UHR-duh BUH-duh PAHRSH-vuh SUK-uh PUH-duh go-mu-KAHS-uh-nuh) 

Modification: forearm to the floor, sitting on the bottom heel 

1. front view 

2. back view 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Half Bound Sideways Easy Leg Position of Cow Face Pose 


Ardha Baddha Parshva Sukha Pada Gomukhasana 

(UHR-duh BUH-duh PAHRSH-vuh SUK-uwh PUH-duh go-mu-KAHS-uh-nuh) 

Modification: elbow to the floor 

Pose Type: seated, backbend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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SAGE VAMADEVA’S POSE: LEANING TO THE SIDE 


Pose Dedicated to Sage Vamadeva Prep. 


Vamadevasana Prep. 

(vahm-uh-dey-VAHS-uh-nuh) 

Modification: 1. palm flat on the floor, chest rotating up 

2. one arm crossed over in front, hand grabbing onto the back foot; top hand to the head 
Pose Type: seated, side bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Pose Dedicated to Sage Vamadeva 


Vamadevasana 

(vahm-uh-dey-VAHS-uh-nuh) 

Modification: binding: 

1. hand to the hip socket 

2. hand to the knee 

Pose Type: seated, side bend, twist, binding 

Drishti Point: 1. Urdhva or Antara Drishti (up to the sky) 
2. Padayoragrai or Padayoragre (toes/feet) 
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Revolved One-Legged King Pigeon Pose | Prep. 


Parivritta Eka Pada Raja Kapotasana | Prep. 

(puh-ri-VRIT-twh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: grabbing onto the back foot 

1. one arm crossed over, other arm to the side, elbow bent 

2. arms crossed in front of the body, free hand to the opposite knee 

Pose Type: seated, side bend, twist 

Drishti Point: Hastagrai or Hastagre (hands), Parshva Drishti (to the right), Parshva Drishti (to the 
left) 
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Pose Dedicated to Sage Vamadeva 2 


Vamadevasana 2 

(vahm-uh-dey-VAHS-uh-nuh) 

Pose Type: seated, twist 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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optocoupler 


Sometimes known as an optoelectroniccoupler, opto-isolator, photocoupler, or optical 
isolator. 


state relay sometimes referred to asan optocoupler, butinthis encyclopedia 
ithas@ separate entry. An optocoupler is a relatively simple device consisting of alight 
source (usually an LED) and a light sensor, both embedded in one package. It is used 
primarily for isolation rather than to switch a high current. A solid-state relay can be 
thought of as a substitute for an electromagnetic relay, usually has additional compo- 


nents in its package, and is intended to switch currents of at least 1A. 


OTHER RELATED COMPONENTS 


| electromagneticrelay (s0e Volum 1) 
« solid-state relay (see Chapter 4) 


What It Does 


‘An optocoupler allows one section of a circuit ta 
be electrically isolated from another, It protects 
sensitive components, such as logic chips or a 
microcontroller, from voltage spikes or incam- 
patible voltages in other sections of circuit. Op- 
tocouplers are also used in medical devices 
wherea patient has to be protected from any risk 
of electric shock, and are used in devices which 
conform with the MIDI standard for digital con- 
trol of music components. 


In Figure 5-1, three possible applications for an 

optocoupler are suggested: 

Top 
The output fram a logic chip passes through 
an optocoupler to an inductive load such as 
a relay coil, which may create voltage spikes 
that would be hazardous to the chip. 


Center 
The noisy signal from an electromagnetic 
switch passes through an optocouplerto the 
input of a logic chip. 


Bottom 
The low-voltage output from a sensing de- 
vice on a human patient passes through an 
optocoupler to some medical equipment, 
such as an EEG machine, where higher vol- 
tages are used. 


Internally, an optocoupler works on the same 
principle as a solid-state relay. An LED is em- 
bedded on the input side, shining light through 
an interior channel or transparent window to a 
sensing component that is embedded on the 
output side. Because the only internal connec- 
tion isa light beam, the input and output of the 
optocoupler are isolated from each other. 
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ONE-LEGGED KING PIGEON: HIPS OFF THE FLOOR 


One-Legged King Pigeon Pose 1 Version B 


Eka Pada Raja Kapotasana 1 B 

(EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Pose Type: standing (on the knees), backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
esc0eoge 


Easy One-Legged King Pigeon Pose | 


Sukha Eka Pada Raja Kapotasana 1 

(SUK-uh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: hips lifted off the floor, grabbing onto the foot on the opposite side with overhead grip 
1. free arm extended to the front 

2. free hand to the floor by the opposite knee 

Pose Type: standing (on the knees), backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


@90000e 


Easy One-Legged King Pigeon Pose | 


Sukha Eka Pada Raja Kapotasana 1 

(SUK-uh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: hips off the floor; fingertips to the floor by the hips, foot touching the head 
Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
es0ee0cee 


ONE-LEGGED KING PIGEON: UNDER-HEAD GRIP 


One-Legged King Pigeon Pose | Prep. 


Eka Pada Raja Kapotasana 1 Prep. 

(EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: 1. back knee bent 

2. grabbing onto the back foot with one arm on the same side 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


e0000e 


One-Legged King Pigeon Pose 1 


Eka Pada Raja Kapotasana 1 

(EY-kuh PUH-duh RAH-juh kuh-po-TAHS-wh-nuh) 

Modification: one hand on the front knee on the same side, other hand pressing the back foot toward 
the hip 

Pose Type: seated, backbend 

Drishti Point: Nasagrai or Nasagre (nose), Hastagrai or Hastagre (hands) 


esos 


One-Legged King Pigeon Pose 1 


Eka Pada Raja Kapotasana 1 

(EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: one hand on the back knee, one hand on the front knee; foot to the back of the head 
Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


e90060e 


One-Legged King Pigeon Pose 1 


Eka Pada Raja Kapotasana 1 

(EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: foot to the opposite armpit 

Pose Type: seated, backbend, twist 

Drishti Point: Nasagrai or Nasagre (nose) or Hastagrai or Hastagre (hands) 


es00 


Revolved One-Legged King Pigeon Pose 1 


Parivritta Eka Pada Raja Kapotasana 1 
(puh-ri-VRIT-tuh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 
Modification: foot to the armpit on the same side 
Pose Type: seated, backbend, twist 

Drishti Point: Hastagrai or Hastagre (hands) 


eo00 


Revolved One-Legged King Pigeon Pose 1 


Parivritta Eka Pada Raja Kapotasana 1 
(puh-ri-VRIT-tuh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 
Modification: foot under the chin 

Pose Type: seated, backbend, twist 

Drishti Point: Hastagrai or Hastagre (hands) 


e0000 


Pose of the Heavenly Spirits Prep. 


Valakhilyasana Prep. 

(vah-luh-kil-YAHS-uh-nuh) 

Modification: under-head grip 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


e90000e 


ONE-LEGGED KING PIGEON: OVERHEAD GRIP 


One-Legged King Pigeon Pose 1 


Eka Pada Raja Kapotasana 1 

(EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: grabbing onto the foot with one hand on the same side, overhead grip; other hand 
resting on the front knee 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


@90000e 


One-Legged King Pigeon Pose 1 


Eka Pada Raja Kapotasana 1 

(EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: grabbing onto the foot with both hands, overhead grip; heel of the back foot to the 
forehead 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


e000060e 


ONE-LEGGED KING PIGEON: ASYMMETRICAL ARMS—CROSS OVER & UNDER-HEAD/OVERHEAD GRIP. 


One Hand to Foot Bound One-Legged King Pigeon Pose 1 


Eka Hasta Pada Baddha Eka Pada Raja Kapotasana 1 
(EY-kuh HUH-stuh PUH-duh BUH-duh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 


Modification: arm crossed over in front of the neck, other hand on the knee 
Pose Type: seated, backbend 
Drishti Point: Nasagrai or Nasagre (nose) 


e9000 


Both Hands to Feet Bound One-Legged King Pigeon Pose 1 


Dwi Hasta Pada Baddha Eka Pada Raja Kapotasana 1 
(DWI-huh-stuh PUH-duh BUH-duh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 
Modification: arm crossed over in front of the neck 

Pose Type: seated, backbend, binding 

Drishti Point: Nasagrai or Nasagre (nose) 


eo000 


Mermaid Pose 1 


Naginyasana 1 

(nah-gin-YAHS-uh-nuh) 

Pose Type: seated, backbend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


es00 


ONE-LEGGED KING PIGEON: ASYMMETRICAL ARMS—CROSS OVER & UNDER-HEAD/OVERHEAD GRIP 


Both Hands to Feet Bound One-Legged King Pigeon Pose 1 


Dwi Hasta Pada Baddha Eka Pada Raja Kapotasana 1 
(DWI-huh-stuh PUH-duh BUH-duh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 
Modification: grabbing onto the opposite foot with overhead grip 

Pose Type: seated, backbend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


e00000e 


One-Legged King Pigeon Pose 1 


Eka Pada Raja Kapotasana 1 

(EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: one hand on the back knee, one hand grabbing onto the opposite foot with overhead 
grip 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


e@90000e 


ONE-LEGGED KING PIGEON: FOOT TO THE BACK OF THE HEAD 


One-Legged King Pigeon Pose 1 


Eka Pada Raja Kapotasana 1 

(EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: grabbing onto the back knee with both hands under-head grip; foot to the back of the 
head 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


e00000e 


How It Works 
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Figure 5-1. Possible applications for a photocoupler. See 
text for details 


Isolation transformers were traditionally used for 
this purpose prior to the 1970s, when optocou- 
plers became competitive. In addition to being 
smaller and cheaper, an optocoupler can also 
pass slow-changing signals or on-off DC states 
which a transformer would ignore. 


More recently, inductive and capacitive coupling 
components have become available in surface- 
mount packages that are competitive with op- 
tocouplers for high-speed data transfer. They al- 
soclaimto be more durable. Because of the gtad- 
ual reduction in output from an LED, the perfor- 
mance of an optocoupler degrades over time, 
and is typically rated for up to 10 years. 


How It Works 


The LED in an optocoupler almost always emits 
light in the near-infrared part of the spectrum, 
and is matched to the sensitivity of a photo- 
transistor, or a photodiode, or (less often) a 
photoresistor that provides the output. Photo- 
sensitive triaes and SCRs are also sometimes 
used. 


The most common type of optocoupler uses a 
bipolar phototransistor with an open-collector 


integrated circuit 


analog > opt 


oupler 


output. Schematic symbols for this type are 
shown in Figure 5-2: 
Top left 
The most common generic form. 
Top right 
Two diodes on the input side allow the use 
of alternating current. 


Centerleft 
‘An additional terminal allows addition of 
bias to the photosensitive base of the output 
transistor, to reduce its sensitivity. 


Centerright 
‘An Enable signal can be used as the input to 
the NAND, suppressing or enabling the out- 
put, 

Bottom left 
Aphotodarlington allows higher emitter cur- 
rent. 


Bottom right 
Relatively uncommon, and is also used for a 
solid-state relay. 


In each symbol, the diode is an LED, and the zi 
zag arrow indicates light that is emitted from it. 
Apair of straight arrows, or wavy arrows, may al- 
ternatively be used. 


An optocoupler in through-hole DIP format is 
shown in Figure 5-3. 


‘An optical switch can be thought of as a form of 
optocoupler, as it contains an LED opposite a 
sensor. However, the LED and the sensor are sep- 
arated by an open slot, to allow a thin moving 
object to pass through, interrupting the light 
beam as a means of detecting the event. It is 
categorized as a sensorin this encyclopedia, and 
will be found in Volume 3. 
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ONE-LEGGED KING PIGEON: FOOT TO THE BACK OF THE HEAD 


One Legged King Pigeon Pose | Os0eG 


Eka Pada Raja Kapotasana 1 

(EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Pose Type: seated, backbend 

Drishti Point: Angusthamadhye or Angustha Ma Dyai (thumbs) 


How to Perform the Pose: 


1. Begin by sitting on the floor with both your legs straight out in front of you. Engage your mula 
bandha, uddhiyana bandha, and ujjayi breathing. 

2. Exhale and bend your left knee, keeping the knee on the floor, and slide the left heel toward the 
inside of your right thigh. 

3. Inhale as you lean forward, Exhale, extend the right leg straight out behind you with your right 
thigh, knee, shin, and front of the right foot on the floor. Square your hips by pulling the left hip to 
the back and right hip to the front. 

4. Inhale as you lengthen the spine, pressing both hands to the floor by your hips for support. Exhale 
as you let your head roll back into a backbend. 

5. Exhale as you bend your right knee, bringing your right foot toward your head. Once your right foot 
touches your head, slide your right foot under the back of your head and fix it in place. 

6. Inhale as you stretch both arms up over your head. Exhale as you bring your palms together, 
keeping your arms straight and strong (Pose #1). Push through your chest. You can experiment with 
interlocking your fingers and letting your pointer fingers and thumbs be straight. You can also 
bring your foot to the side of your head (Pose #2). 

7. Hold the pose for at least 30, and up to 90, seconds in order to receive the full benefits of the 
stretch. 

8. Exhale as you release the right foot from under your head and lower it to the floor. Inhale and 
straighten your spine. Exhale as you bring both your legs straight out in front of you. Repeat on the 
other side. 


Modification: both arms extended to the sky 
1. foot to the back of the head, palms together 
2. foot to the side of the head, fingers interlocked, pointer fingers free 


eka = one 
pada = foot or leg 


raja = king, royal 


kapota = pigeon 


ONE-LEGGED KING PIGEON: BACK LEG STRAIGHT 


Easy One-Legged King Pigeon Pose | 


Sukha Eka Pada Raja Kapotasana 1 

(SUK-uh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: hips lifted, back leg straight, arms open wide 

Pose Type: standing (on the knees), backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


e90000e 


One-Legged King Pigeon Pose | Prep. 


Eka Pada Raja Kapotasana 1 Prep. 

(EY-kuh PUH-duh RAH-juh kuh-po-TAHS-wh-nuh) 

Modification: hips off the floor, back leg straight; hands on the hips 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
e00000e 


Upward Hands One-Legged King Pigeon Pose | 


Urdhva Hasta Eka Pada Raja Kapotasana 1 

(OORD-vuh HUH-stuh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: hips off the floor, back leg straight; arms extended to the sky 
Pose Type: seated, backbend 

Drishti Point: Angushtamadhye or Angustha Ma Dyai (thumbs) 


e0000 


One-Legged King Pigeon Pose | Prep. 


Eka Pada Raja Kapotasana 1 Prep. 

(EY-kuh PUH-duh RAH-juh kuh-po-TAHS-wh-nuh) 

Modification: back leg straight; palms facing up, back of the hand on the foot and the knee 
Pose Type: seated, backbend 

Drishti Point: Nasagrai or Nasagre (nose) 


es00 


ONE-LEGGED KING PIGEON: BACK LEG STRAIGHT—FORWARD BEND & TWIST 


One-Legged King Pigeon Pose 1 


Eka Pada Raja Kapotasana 1 

(EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: back leg straight; forward bend, forearms to the floor, foot and knee to the elbow 
creases 

Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 


e006 


One-Legged King Pigeon Pose 1 


Eka Pada Raja Kapotasana 1 

(EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: back leg straight; forehead to the floor, palms to the floor, elbows on top of the wrists 
Pose Type: seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 


e90000e 


a 


Hand Position of Cow Face Pose in One-Legged King Pigeon Pose 1 


Hasta Gomukhasana in Eka Pada Raja Kapotasana 1 
(HUH-stuh go-nuk-AHS-uh-nuh in EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 


Modification: back leg straight, forward bend with Gomukhasana Arms 
Pose Type: seated, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 


es08e 


a 


Revolved One-Legged King Pigeon Pose 1 


Parivritta Eka Pada Raja Kapotasana 1 

(puh-ri-VRIT-twh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: twisting to the inside of the body, back leg straight; foot to the armpit 
Pose Type: seated, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 


os 
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Revolved One-Legged King Pigeon Pose 1 


Parivritta Eka Pada Raja Kapotasana 1 

(puh-ri-VRIT-tuh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: twisting to the outside of the body, back leg straight; knee to the armpit 
Pose Type: seated, forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 


VERTICAL SPLITS: SPINE STRAIGHT 


Pose Dedicated to Hanuman 


Hanumanasana 

(huh-nu-mahn-AHS-uh-nuh) 

Also Known As: Pose Dedicated to Hanuman A 

(Hanumanasana A) 

Modification: hands in Anjali Mudra (Hands in Prayer) 

1. side view 

2. front view 

Pose Type: seated 

Drishti Point: Nasagrai or Nasagre (nose) or Hastagrai or Hastagre (hands) 


eo 


Integrated circuit > analog > optocoupler 


Six variants of schematic symbols that may 
‘be used to represent an optocoupler. See text for details 


Figure 5-3. An optocoupler in through-hole &-pin DIP 
format. 


Variants 


Internal Sensors 

Historically, a photoresistor (often referred to as 
aphotocell) wasthefirsttype of sensortobeused. 
It has a more linear response than other sensor 
types, but its response is much slower. Itis still 
found in audio applications. “Stomp box" pedals 


Variants 


used by guitarists typically contain an optocou- 
pler that employs a photoresistor, and are valued 
for their linearity and their immunity from the 
mechanical wear, contamination, and "scratchi- 
ness" that builds up over time in a potentiom- 
eter. Optocouplers also eliminate ground loops, 
Which tend to be induced by small differences in 
ground potential, introducing hum or buzz in 
audio applications when two or more power 
supplies are tied together. 


The type of optocoupler that contains a photo- 
resistor and is commonly used by musicians was 
initially trademarked as a Vactrol, and that term 
is still used generically. Vactrols have also been 
used to provide audio compression in telephone 
voice networks, and were used in photocopiers 
and photographic exposure meters, but these 
applications are now absolete. 


Photoresistors are becoming uncommon be- 
cause of their cadmium content, which is unlaw- 
ful in many countries (especially in Europe) be- 
cause of its environmental toxicity. 


Aphotodiode provides the fastest responsetime 
in an optocoupler, limited primarily by the char- 
acteristics of the LED that shines light upon it. A 
PIN diode can respond in less than ananosecond; 
its acronym is derived from its fabrication from 
p-type and n-type semiconductor layers with an 
intrinsic layer connecting them. This additional 
layer can be responsive to light. When the diode 
is slightly reverse-biased, a photon entering the 
intrinsic layer can dislodge an electron, enabling 
current to flow. The reverse bias enlarges the ac- 
tive area and enhances the effect. In this mode, 
the PIN acts like a photoresistor, appearing to re- 
duce its resistance in response to light. 


When the PIN is used in photovoltaic mode, no 
biasis applied, and the component actually gen- 
eratesasmall voltage (less than 1VDC),likeasolar 
cell, in response to incoming light. Where an op- 
tocoupler uses a MOSFET on its output side, as 
many as 30 photodiodes may be connected in 
series to develop the necessary threshold volt- 
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VERTICAL SPLITS: ARMS STRAIGHT ABOVE THE HEAD & BEHIND THE BACK 


Upward Hands in esoeg 


Pose Dedicated to Hanuman 


Urdhva Hasta Hanumanasana 

(OORD-vuh HUH-stuh huh-nu-mahn-AHS-uh-nuh) 

Also Known As: Pose Dedicated to Hanuman B (Hanumanasana B) 
Pose Type: seated, backbend 

Drishti Point: Angusthamadhye or Angustha Ma Dyai (thumbs) 


How to Perform the Pose: 


1. Begin by standing on your knees with sitting bones lifted off the heels. Engage your mula bandha, 
uddhiyana bandha, and ujjayi breathing. 

2. Exhale, step your left foot to the front into a lunge. Keep your left knee on top of your left ankle 
and your right knee under your right hip. 

3. Inhale as you slide your left foot out to the front, lifting your left toes off the floor until your left leg 
is straight. 

4. Inhale and stretch your arms up to lengthen your spine. Exhale as you hinge forward from your 
hips, bringing your hands to the floor on either side of the left leg. 

5. On your next exhale, start sliding your left foot out to the front and your right knee to the back, 
reaching your legs in two opposite directions, coming into a full vertical split. Keep your hips 
square by pulling your left hip back and your right hip forward. 

6. Inhale and reach both your arms up to the sky. Exhale as you deepen the backbend by letting your 
head roll back and your arms reach in the direction of your back foot. 

7. Hold the pose for at least 30, and up to 90, seconds in order to receive the full benefits of the 
stretch. 

8. Inhale as you come out of the backbend. Exhale and place both your palms to the floor on the 
inside of the left leg. Inhale. As you exhale, swing your left leg back and bring your left knee to the 
floor by your right knee. Inhale and come up to the starting position with both knees on the floor. 
Repeat on the other side. 


Modification: deep backbend 
urdhva = upward 


hasta = hand 


Hanuman = Hindu Deity, Lord of the Monkeys 


Hands Bound Pose Dedicated to Hanuman 


Baddha Hasta Hanumanasana 


(BUH-duh HUH-stuh huh-nu-mahn-AHS-uh-nuh) 
Modification: forward bend 

1. side view 

2. front view 


Pose Type: seated, forward bend 
Drishti Point: Padayoragrai or Padayoragre (toes/feet), Nasagrai or Nasagre (nose) 


eo000 


VERTICAL SPLITS: TWISTS & SIDE BENDS 


Revolved Pose Dedicated to Hanuman 


Parivritta Hanumanasana 

(puh-ri-VRIT-uh huh-nu-mahn-AHS-uh-nuh) 

Pose Type: seated, twist 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 


os 


——— 


Revolved Sideways Pose Dedicated to Hanuman 


Parivritta Parshva Hanumanasana 
(puh-ri-VRIT-uh PAHRSH-vuh huh-nu-mahn-AHS-uh-nuh) 
Modification: twisting to the inside of the body 

Pose Ty seated, forward bend, twist, side bend 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 


eso 
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Revolved Sideways Pose Dedicated to Hanuman 


Parivritta Parshva Hanumanasana 
(puh-ri-VRIT-wh PAHRSH-vuh huh-nu-mahn-AHS-uh-nuh) 
Modification: twisting to the outside of the body 

Pose Type: seated, forward bend, twist, side bend 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 


es00 
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VERTICAL SPLITS: BACK FOOT TOWARD THE HIP & MERMAID POSE 


Revolved One-Legged King Pigeon Pose 4 Prep. 


Parivritta Eka Pada Raja Kapotasana 4 Prep. 

(puh-ri-VRIT-twh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: 1. hand to the floor by the hip, other hand pressing the foot toward the hip 

2. grabbing onto the big toe of the front foot on the same side, other hand pressing the back foot 
toward the hip 

Pose Type: seated, backbend, twist 

Drishti Point: Padayoragrai or Padayoragre (toes/feet), Parshva Drishti (to the right), Parshva 
Drishti (to the left) 

e30e 


Mermaid Pose 4 


Naginyasana 4 
(nuh-gin-YAHS-uh-nuh) 


Pose Type: seated, backbend, binding 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


es000e 


VERTICAL SPLITS: BACK KNEE BENT—OVERHEAD GRIP & FOOT TO THE BACK OF THE HEAD 


One-Legged King Pigeon Pose 4 


Eka Pada Raja Kapotasana 4 
(EY-kuh PUH-duh RAH-juh kuh-po-TAHS-wh-nuh) 


Modification: one hand grabbing onto the back foot on the same side with overhead grip 
Pose Type: seated, backbend 
Drishti Point: Hastagrai or Hastagre (hands) 


eo006e 


One-Legged King Pigeon Pose 4 


Eka Pada Raja Kapotasana 4 

(EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: one hand grabbing onto the back foot on the opposite side with overhead grip, foot 
reaching toward the head; other hand on the knee of the front leg 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


e900060e 


One-Legged King Pigeon Pose 4 


Eka Pada Raja Kapotasana 4 

(EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Also Known As: One-Legged Stretched Out King Pigeon Pose (Prasarita Pada Raja Kapotasana), 
Pose of the Lord Kailasha (Kailashasana), Saw Pose A (Kroukachasana A) 

Modification: both hands grabbing onto the back foot with overhead grip 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


e90000e0 


Foot to the Head One-Legged King Pigeon Pose 4 


Shirsha Pada Eka Pada Raja Kapotasana 4 

(SHEER-shuh PUH-duh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Also Known As: Hanuman Salutation Pose (Hanumana Namaskara) 
Modification: both arms extended to the sky, back foot to the back of the head 
Pose Type: seated, backbend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 


e9000 


Values 


age to trigger the transistor, This arrangement is 
common in solid-state relays. 


A bipolar phototransistor is a slower-speed de- 
vice but is still usually capable of a Sys response 
time or better. Its open collector requires exter- 
nal voltage and a pull-up resistor to deliver a pos- 
itive output so long as the phototransistor is 
nonconductive, When the LED turns on, the pho- 
totransistor sinks current, effectively creating a 
low output. In this way, the optocoupler func- 
tions like an inverter, although some variants in- 
clude a noninverting output. 


Basic Optocoupler Types 

‘An optocoupler with high linearity will respond 
more proportionally to variations in current to its 
LED. High Speed optocouplers are used for high- 
frequency data transfer. Logic-output optocou- 
plers have a clean high/low output transition, 
rather than an analog output, which varies with 
fluctuations in the input. Linearity is of impor- 
tance only where an optocoupler is being used 
to transmit an analog signal with some fidelity. 
Some logic-output optocouplers provide the 
function ofa Schmitt trigger on their outputsside. 


While optocouplers re available in various pack- 
age formats, the DIP style with six or eight pins 
remains popular, providing sufficient physical 
space for the LED, thesensor, anda light channel, 
while providing good electrical isolation. 


Variants may havetwo or four optocouplerscom- 
bined in one package. A bidirectional optocou- 
pler may consist of two optocouplers in parallel, 
inverted with respect to each other. 


Values 


Ina datasheet, the characteristics of primary im- 
portance in an optocoupler are 


+ CTRis the Current Transfer Ratio, the ratio of, 
maximum output current to input current, 
expressed as a percentage. With a bipolar 
phototransistor output, 20% isa typical min- 
imum CTR, With a photodarlington output, 


Integrated circuit 


analog > optocoupler 


the CTR may be 1,000% but the bandwidth 
is much lower—the response time may be 
measured in microseconds rather than 
nanoseconds. Optacouplers with a photo- 
diode output have a very low CTR, and their 
output is in microamps. However, they pro- 
vide the most linear response. 

+ Veeqan is the maximum collector-emitter 
voltage difference (in an optocoupler with a 
bipolar phototransistor output). Values from 
20 to 80 volts are common. 

+ Vio is the maximum potential difference, in 
VDC, between the two sides of the optocou- 
pler. 

+ Iyay is the maximum current the transistor 
can handle, generally in mA. 

+ Bandwidth is the maximum transmittable 
signal frequency, often in the range of 20kH2 
to SOOkH2, 


TheLEDinan optocouplertypically requires SmA 
ata forward voltage of 1.5V to 1.6V. 


The maximum collector current on the output 
side of an optocoupler is unlikely to be higher 
than 200mA. For higher output currents, a solid- 
state relay should be considered. It provides 
photo-isolation an the same basis as an opto- 
coupler, but high-current versions tend to be 
considerably more expensive. 


How to Use It 


The primary purpose of an optocoupleristo pro- 
vide protection against excessive voltage—from 
transients, incompatible power supplies, or 
equipmentwith unknown characteristics. Ifa de- 
vice is designed to be plugged into a USB port 
‘on a computer, for instance, the computer may 
be isolated via an optocoupler. 


series resistor for the LED is not built into most 
optocouplers, because the value of the resistor 
will depend on the input voltage that is used. 
Care must be taken to determine what the max- 
imum voltage on the input side will be, and a 
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BOAT POSE: BOTH KNEES BENT 


Easy Boat Pose 


Sukha Navasana 

(SUK-uh nah-VAHS-uh-nuh) 

Modification: knees bent, arms wrapped around the shins 
Pose Type: core, seated 

Drishti Point: Nasagrai or Nasagre (nose) 
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Easy Boat Pose 


Sukha Navasana 

(SUK-uh nah-VAHS-uh-nuh) 

Modification: knees bent, grabbing the back of the thighs, toes touching the floor 
Pose Type: core, seated 

Drishti Point: Nasagrai or Nasagre (nose) 
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Easy Boat Pose 


Sukha Navasana 

(SUK-uh nah-VAHS-uh-nuh) 

Modification: knees bent, arms wrapped around the back of the thighs, shins parallel to the floor 
Pose Type: core, seated 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Easy Boat Pose 


Sukha Navasana 

(SUK-uh nah-VAHS-uh-nuh) 

Modification: grabbing onto the heels, toes touching the floor 
Pose Type: core, seated 

Drishti Point: Nasagrai or Nasagre (nose) 
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Easy Boat Pose 


Sukha Navasana 
(SUK-uh nah-VAHS-uh-nuh) 
Modification: grabbing onto the outside edges of the feet, shins parallel to the floor 


Pose Type: core, seated 
Drishti Point: Nasagrai or Nasagre (nose) 
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Pendant Pose 


Lolasana 

(lo-LAHS-uh-nuh) 

Modification: knees in front of chest, ankles crossed 
Pose Type: core, arm balance 

Drishti Point: Nasagrai or Nasagre (nose) 
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BOAT POSE: BOTH KNEES BENT 


Boat Pose ® 


Navasana 

(nah-VAHS-uh-nuh) 

Pose Type: core, seated 

Drishti Point: Padhayoragrai or Padayoragre (toes/feet) 


How to Perform the Pose: 

1. Begin by sitting on the floor with both your legs straight out in front of you. Keep your hands on the 
floor at the sides of your hips for support. Engage your mula bandha, uddhiyana bandha, and 
ujjayi breathing, 

2. Exhale, bend your knees, and slide your feet toward your sitting bones. Keep your feet and knees 
together. 

3. Inhale as you lengthen your spine. Engage your core and lean back. Make sure your spine is 
straight and your lower back is off the floor. 

4. Exhale and lift your feet off the floor until your shins are parallel to the floor. 

5. Once you have your balance, exhale and lift your arms off the floor, keeping them parallel to the 
floor. 

6. Hold the pose for at least 30, and up to 90, seconds in order to receive the full benefits of pose. 

7. Inhale as you release the pose by lowering your hands and feet to the floor. Exhale and slide your 
feet out in front until your legs are straight to come back to the starting position. 


Variation: arms straight and parallel to the floor, knees bent, shins parallel to the floor 


nava = boat 


Easy Boat Pose 


Sukha Navasana 

(SUK-uh nah-VAHS-uh-nuh) 

Modification: knees bent, ankles crossed, arms straight and parallel to the floor 
Pose Type: core, seated 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Easy Boat Pose 


Sukha Navasana 

(SUK-uh nah-VAHS-uh-nuh) 

Modification: knees bent, fingertips to the floor, toes touching the floor 
Pose Type: core, seated 

Drishti Point: Nasagrai or Nasagre (nose) 
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Easy Boat Pose 


Sukha Navasana 

(SUK-uh nah-VAHS-uh-nuh) 

Modification: knees bent, fingertips to the floor, shins parallel to the floor 
Pose Type: core, seated 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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BOAT POSE: BOTH LEGS STRAIGHT 


Supported Boat Pose 


Salamba Navasana 

(SAH-luhm-buh nah-VAHS-uh-nuh) 

Modification: palms to the floor behind the hips 

1. both legs straight, fingertips pointing toward the hips 

2. both legs straight, both arms straight, fingertips pointing to the back 

Pose Type: core, seated 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Padayoragrai or 
Padayoragre (toes/feet) 
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Supported Boat Pose 


Salamba Navasana 

(SAH-luhm-buh nah-VAHS-uh-nuh) 

Modification: both arms wrapped around both legs, legs straight 
Pose Ty core, seated 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 


Supported Boat Pose—One-Handed 


Eka Hasta Salamba Navasana 

(EY-kuh HUH-stuh SAH-luhm-buh nah-VAHS-uh-nuh) 

Modification: both legs straight; one arm straight, fingertips to the sky; other arm wrapping behind the 
ankles of both legs 

Pose Type: core, seated 

Drishti Point: Urdhva or Antara Drishti (up to the sky) or Hastagrai or Hastagre (hands) 


Supported Boat Pose 


Salamba Navasana 

(SAH-luhm-buh nah-VAHS-uh-nuh) 

Modification: fingertips on the floor, pointing to the front 
Pose Type: core, seated 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Supported Boat Pose 


Salamba Navasana 

(SAH-luhm-buh nah-VAHS-uh-nuh) 

Modification: grabbing behind the knees, legs straight 
Pose Type: core, seated 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Complete Boat Pose 


Paripurna Navasana 

(puh-ri-POOR-nuh nah-VAHS-uh-nuh) 

Modification: arms straight and parallel to the floor, legs straight 
Pose Ty core, seated 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Half Boat Pose 


Ardha Navasana 

(UHR-duh nah-VAHS-uh-nuh) 

Modification: fingers interlocked behind the head 
Pose Type: core, seated 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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series resistor should be chosen to reduce cur- 
rent appropriately. Allowance should be made 
for some degradation in the performance of the 
LED over time. 


For an optocoupler with an open-collector out- 
put, a pull-up resistor is necessary in most appli- 
cations. The voltage from the optocoupler must 
be matched to the input requirements of other 
‘components, and the collector current must re- 
main within the specified limits. Some trial and 
error in resistor selection may be necessary. 


In Figure 5-4, a schematic shows typical compo- 
nent values in a test circuit using a pushbutton 
as input. The separation of the two power sup- 
pliesis emphasized by the different color shades 
used for the positive and negative symbols. Al- 
though the input side and the output side of an 
optocoupler may be used with a common 
ground, this defeats its purpose in providing 
complete isolation between the sections of the 
circuit. 


‘The pinouts for an optocoupler must be checked 
carefully in the manufacturer's datasheet. While 
the input for an 8-pin DIP chip is usually applied 
to pins 2 and 3, the output pin functions are not 
standardized and will vary depending on the in- 
ternal configuration of the chip. An optocoupler 
suchas the Optek D804, with an enable function 
using an internal NAND gate, requires its own 
power supply. 


Where an optocoupler allows an external con- 
nection to the base ofits internal bipolar output 
phototransistor, reverse bias applied to this pin 
will decrease the sensitivity of the optocoupler 
but can increase its immunity to noise on the in- 
put side 


What Can Go Wrong 


Overload conditions on the input or the output 
side of an optocoupler will be the most likely 
cause of failure, 


Because optocouplers are typically rated for only 
10 years of average use, the age of acomponent 
may cause it to fall 
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Figure 5-4. Typical values for a series resistor (ta protect 
the LED) and pul-up resistor (to contral current and vot 
agen the oufput sce) in an optocoupler test cireuit 


LED Burnout 

Becausethe LED ishidden inside thecomponent, 
there is no immediate indication of its perfor- 
‘mance. A meter can be inserted into the circuit 
on the input side to determine if current is pass- 
ing throughthe LED.A meter set to measure volts 
can be used to discover whether the LED is im- 
posing a normal voltage drop. While significant 
overload will cause immediate burnout, slightly 
exceeding the currentrating of the LED may have 
more pernicious consequences, as the LED may 
not fail until days or weeks have passed without 
any sign of trouble. The failure of the optocoupler 
will be unexpected and difficult to determine. 


Transistor Burnout 

Here again the damage caused by excessive cur- 
rent may be progressive, occurring over a pro- 
longed period, The easiest way to test an opto- 
coupler that may have failed is by removing it 
from the circuit. A socketed DIP package is pref- 
erable for this purpose. 
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Boat Pose 


Navasana 

(nah-VAHS-uh-nuh) 

Modification: palms and elbows together, elbows bent 

Pose Type: core, seated 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 


Unsupported Boat Pose 


Niralamba Navasana 

(nir-AH-luhm-buh nah-VAHS-uh-nuh) 

Modification: arms shoulder width apart 

Pose Type: core, seated 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs), Bhrumadhye or Ajna Chakra (third 
eye, between the eyebrows) 
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BOAT POSE: TWIST 


Revolved Boat Pose with Hands in Prayer 


Parivritta Navasana Namaskar 

(puh-ri-VRIT-twh nah-VAHS-uh-nuh nuh-muhs-KAHR) 

Pose Type: core, seated, twist 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 


Supported Boat Pose—One-Handed 


Eka Hasta Salamba Navasana 
(EY-kuh HUH-stuh SAH-luhm-buh nah-VAHS-uh-nuh) 


Modification: both legs straight, ankles crossed; one arm straight, palm to the floor behind the hips; 
other arm wrapping behind the 

ankles of both legs 

Pose Type: core, seated 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Revolved Supported Boat Pose—One-Handed 


Parivritta Eka Hasta Salamba Navasana 

(puh-ri-VRIT-tuh EY-kuh HUH-stuh SAH-luhm-buh nah-VAHS-uh-nuh) 

Modification: both legs straight, ankles crossed; arms straight, fingertips to the floor behind the hips, 
one hand grabbing onto the heel 

Pose Type: core, seated, twist 

Drishti Point: Hastagrai or Hastagre (hands) 
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Revolved Supported Boat Pose—One-Handed 


Parivritta Eka Hasta Salamba Navasana 

(puh-ri-VRIT-twh EY-kuh HUH-stuh SAH-luhm-buh nah-VAHS-uh-nuh) 

Modification: one foot under the knee, other leg straight; one arm threaded under the bent leg, 
fingertips of the other hand on the floor 

Pose Type: core, seated, twist 

Drishti Point: Hastagrai or Hastagre (hands) 
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Revolved Supported Boat Pose 


Parivritta Salamba Navasana 

(puh-ri-VRIT-tuh SAH-luhm-buh nah-VAHS-wh-nuh) 

Modification: ankles crossed, legs wrapped around the forearm 
Pose Ty] ore, seated, twist 

Drishti Point: Parshva (far to the right), Parshva (far to the left) 
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BOAT POSE: TWIST, SCISSOR LEGS 


Revolved Boat Pose 


Parivritta Navasana 

(puh-ri-VRIT-twh nah-VAHS-uh-nuh) 

Modification: one leg over the shoulder, toes of the other leg to the floor 
1. front view 

2. back view 

Pose Type: core, seated, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 


Revolved Boat Pose 


Parivritta Navasana 

(puh-ri-VRIT-tuh nah-VAHS-uh-nuh) 

Modification: one leg over the shoulder, both legs straight 
1. front view 

2. back view 

Pose Type: core, seated, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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BOAT POSE: ONE LEG STRAIGHT, ONE LEG BENT 


One-Legged Supported Boat Pose 


Eka Pada Salamba Navasana 

(EY-kuh PUH-duh SAH-luhm-buh nah-VAHS-uh-nuh) 

Modification: one leg straight, one knee bent and dropped to the side for support 

Pose Ty core, seated 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) or Padayoragrai or 


Padayoragre (toes/feet) 
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One-Legged Supported Boat Pose 


Eka Pada Salamba Navasana 

(EY-kuh PUH-duh SAH-luhm-buh nah-VAHS-uh-nuh) 

Modification: grabbing onto the back of the thighs for support; one leg straight, one leg bent—toes 
touching the floor 

Pose Type: core, seated 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 


One-Legged Unsupported Boat Pose 


Eka Pada Niralamba Navasana 

(EY-kuh PUH-duh nir-AH-luhm-buh nah-VAHS-uh-nuh) 

Modification: one leg straight; one knee bent toward the chest, foot off the floor 
Pose Ty core, seated 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 


BOAT POSE: SCISSOR LEGS 


One-Legged Supported Boat Pose—One-Handed 


Eka Pada Eka Hasta Salamba Navasana 

(EY-kuh PUH-duh EY-kuh HUH-stuh SAH-luhm-buh nah-VAHS-uh-nuh) 

Modification: grabbing the outside edge of the foot with the opposite hand for support, leg straight, 
other arm up to the sky 

1. other leg bent, toes touching the floor 

2. other leg straight, foot off the floor 

Pose Type: core, seated 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Padayoragrai or 


Padayoragre (toes/feet) 
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BOAT POSE: ONE FOOT TO KNEE 


Upward Half Firelog Western Intense Stretch Pose 


Urdhva Ardha Agnistambha Paschimottanasana 

(OORD-vuh UHR-duh uhg-ni-STUHM-buh puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Upward Half Firelog Seated Forward Bend 

Modification: 1. forehead to the shin 

2. forehead away from the shin 

Pose Type: core, seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Padayoragrai or Padayoragre (toes/feet) 
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Baby Cradle Pose in Boat Pose 


Hindolasana in Navasana 

(hin-do-LAHS-uh-nuh in nah-VAHS-uh-nuh) 

Modification: foot of the bent leg to the back of the knee of the straight leg 
Pose Type: core, seated, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Revolved Yogic Staff Boat Pose 


Parivritta Yogadanda Navasana 


(puh-ri-VRIT-twh yo-guh-DUHN-duh nah-VAHS-uh-nuh) 

Modification: both knees bent; one arm behind the back, grabbing onto the ankle; other arm grabbing 
the outside edge of the foot 

Pose Type: core, seated, twist, binding 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Revolved Bound Yogic Staff Boat Pose 


Parivritta Baddha Yogadanda Navasana 
(puh-ri-VRIT-twuh BUH-duh yo-guh-DUHN-duh nah-VAHS-uh-nuh) 
Modification: binding around the straight leg 

Pose Type: core, seated, twist, binding 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Revolved Yogic Staff Boat Pose 


Parivritta Yogadanda Navasana 
(puh-ri-VRIT-tuh yo-guh-DUHN-duh nah-VAHS-uh-nuh) 


Modification: foot to the triceps; one arm grabbing onto the heel of the straight leg, other arm open to 


the side 
Pose Type: core, seated, twist 
Drishti Point: Hastagrai or Hastagre (hands) 
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BOAT POSE: ONE FOOT TO HIP SOCKET 


Upward One-Legged Half Lotus Western Intense Stretch Pose 


Urdhva Eka Pada Ardha Padma Paschimottanasana 
(OORD-vuh EY-kuh PUH-duh UHR-duh PUHD-muh puhsh-chi-mo-tahn-AHS-uh-nuh) 
Also Known As: Upward One-Legged Half Lotus Seated Forward Bend 
Modification: one hand grabbing onto the big toe, one hand on the hip 
Pose Type: core, seated, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Upward One-Legged Half Bound Lotus Western Intense Stretch Pose 


Urdhva Eka Pada Ardha Baddha Padma Paschimottanasana 
(OORD-vuh EY-kuh PUH-duh UHR-duh BUH-duh PUHD-muh puhsh-chi-mo-tahn-AHS-uh-nuh) 


Also Known As: Upward One-Legged Half Bound Lotus Seated Forward Bend 
Pose Type: core, seated, forward bend, binding 
Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Upward One-Legged Half Bound Lotus Western Intense Stretch Pose 


Urdhva Eka Pada Ardha Baddha Padma Paschimottanasana 
(OORD-vuh EY-kuh PUH-duh UHR-duh BUH-duh PUHD-muh puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Upward One-Legged Half Bound Lotus Seated Forward Bend 
Modification: grabbing onto the foot, hand between the calf muscle and the hamstring 
Pose Type: core, seated, forward bend, binding 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Upward One-Legged Half Lotus Western Intense Stretch Pose 


Urdhva Eka Pada Ardha Padma Paschimottanasana 
(OORD-vuh EY-kuh PUH-duh UHR-duh PUHD-muh puhsh-chi-mo-tahn-AHS-uh-nuh) 


Also Known As: Upward One-Legged Half Lotus Seated Forward Bend 
Modification: 1. grabbing onto the wrist, hands over the foot 


2. grabbing onto the foot, nose to the shin 
Pose Type: core, seated, forward bend 
Drishti Point: Padayoragrai or Padayoragre (toes/feet) or Nasagrai or Nasagre (nose) 
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BOAT POSE: GRABBING ONTO FEET/TOES 


Big Toes Pose 


Ubhaya Padangusthasana 

(u-beye-uh puhd-ahng-goosh-TAHS-uh-nuh) 

Modification: grabbing onto the big toes, toes flexed in 
Pose Ty} ore, seated 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Upward Facing Western Intense Stretch 


Urdhva Mukha Paschimottanasana 

(OORD-vuh MUK-uh puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Upward Facing Seated Forward Bend 
Modification: grabbing onto the heels, arms straight 

Pose Type: core, seated, forward bend, quadriceps to the chest 
Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Upward Facing Western Intense Stretch 


Urdhva Mukha Paschimottanasana 

(OORD-vuh MUK-uh puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Upward Facing Seated Forward Bend 
Modification: grabbing onto the heels 

1. forehead away from the shins 

2. forehead to the shins 

Pose Type: core, seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 


e°G¢e 


Upward Facing Supported Western Intense Stretch 


Urdhva Mukha Salamba Paschimottanasana 

(OORD-vuh MUK-uh SAH-luhm-buh puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Upward Facing Seated Forward Bend 

Modification: arms reaching to the front, fingertips to the floor, 1. forehead away from the shins 
2. forehead to the shins 

Pose Type: core, seated, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) or Nasagrai or Nasagre (nose) 
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Bound Hands Upward Facing Western Intense Stretch 


Baddha Hasta Urdhva Mukha Paschimottanasana 
(BUH-duh HUH-stuh OORD-vuh MUK-uh puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Bound Hands Upward Facing Seated Forward Bend 
Pose Type: core, seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Upward Facing Western Intense Stretch 


Urdhva Mukha Paschimottanasana 

(OORD-vuh MUK-uh puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Upward Facing Seated Forward Bend 
Modification: grabbing onto the ankles, forehead to the shins 
Pose Type: core, seated, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Upward Facing Western Intense Stretch 


Urdhva Mukha Paschimottanasana 

(OORD-vuh MUK-uh puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Upward Facing Seated Forward Bend 

Modification: grabbing onto the outside edges of the feet, feet hip distance apart, toes pointed 
Pose Type: core, seated, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 


ARM BALANCE: SITTING BONES & FEET OFF THE FLOOR 


Celibate Pose 


Brahmacharyasana 

(bruh-muh-chahr-YAHS-uh-nuh) 

Also Known As: Lifted Up Staff Pose (Dandasana Utpluti) 
Modification: fingers to the floor, thumbs pointing to the back 
Pose Type: core, arm balance 

Drishti Point: Nasagrai or Nasagre (nose) 


SIX TRIANGLES POSE 


Six Triangles Pose 


Shatkonasana 

(shuht-ko-NAHS-uh-nuh) 

Modification: top foot on the bottom knee 

1. fingertips to the temples 

2. one forearm to the floor, other arm wrapped around the top knee 
3. fingertips to the temples, elbow toward the top knee 

4. one elbow to the floor, other elbow to the top knee on the same side 
Pose Type: core, seated, twist 

Drishti Point: 1. Urdhva or Antara Drishti (up to the sky) 

2. Nasagrai or Nasagre (nose) 

3. Nasagrai or Nasagre (nose) 

4. Hastagrai or Hastagre (hands) 
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SUPINE: ONE LEG STRAIGHT, ONE LEG BENT. 


Half Wind Relieving Pose 


Ardha Vayu Muktyasana 

(UHR-duh VAH-yu muk-TYAHS-uh-nuh) 

Also Known As: Wind-Relieving Pose (Pavana Muktasana) 
Pose Type: core, supine 

Drishti Point: Nasagrai or Nasagre (nose) 
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Revolved Half Wind Relieving Pose 


Parivritta Ardha Vayu Muktyasana 

(puh-ri-VRIT-twh UHR-duh VAH-vu muk-TYAHS-uh-nuh) 

Modification: one knee bent, one leg straight 

Pose Ty core, supine, twist 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye (third eye, between the eyebrows) 
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SUPINE: BOTH LEGS STRAIGHT “SCISSORS” 


One-Legged Upward Extended Legs Pose 


Eka Pada Urdhva Prasarita Padasana 

(EY-kuh PUH-duh OORD-vuh pruh-SAH-ri-tuh puh-DAHS-uh-nuh) 

Modification: 1. one arm extended to sky, other palm to the floor, head on the floor 
2. one arm extended to sky, other palm to the floor, head and shoulders off the floor 
3. fingers interlocked behind the back of the head, head and shoulders off the floor 
Pose Type: core, supine 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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comparator 


Although a comparator has the same schematic symbol as an op-amp, their applica- 
tions differ and they are described in separate sections of this encyclopedia, 


This entry describes an analog comparator. A digital comparator is very different, being 
alogicchip that comparestwo binary numbers that canbe referred toas AandB. Outputs 
from the chip indicate whether A>Bor A<Bor A=B. The digital comparator does not have 


an entry in this encyclopedia, 
OTHER RELATED COMPONENTS 


«+ op-amp (see Chapter 7) 


What It Does 


‘A comparator is an integrated circuit chip that 
‘compares a variable voltage on one input pin 
witha fixed, reference voltage on a second input 
pin, Depending which voltage is higher, the out- 
put from the comparator will be high or low. 


‘The output will make a clean transition between 
two fixed values, even if the input is infinitely 
variable. Thus the comparator can function as. an 
analog-digital converter, as shown in Figure 6-1. 


Because the output voltage range can be adjus- 
ted up or down independently of the input 
range, a comparator can also function as a vollt- 
‘age converter. 


Hysteresis 

If positive feedback is added through external 
resistors, hysteresis can be introduced. We may 
imagine a hysteresis zone extending above and 
below the reference voltage level. Small input 
variations that occur within the zone will be ig- 
nored. The comparator only reacts when the in- 
putsignal emergesabove or below the hysteresis 
zone, When the input signal returns into the hys- 


teresis zone, this event also will be ignored. The 
concept is illustrated graphically in Figure 6-2. A 
Circuit to create hysteresis is shown in 
Figure 6-10. 


How It Works 


The schematic symbol fora comparators shown 
in Figure 6-3. This seems identical to the symbol 
for an op-amp, described in Chapter 7, butan op- 
amp is traditionally a dual-voltage device using 
positive and negative power sources that are 
equal and opposite, in addition to a zero value 
midway between the two. Modem comparators 
mostly use a conventional single voltage, and 
therefore the negative symbol used in compara- 
tor schematics throughout this section ofthe en- 
cyclopedia represents 0 volts, It has the same 
meaning as the ground symbol found in many 
schematics elsewhere. 


The two inputs to a comparator are described as 
inverting and noninverting (for reasons explained 
later). Confusingly, these are identified with plus 
and minus symbols inside the triangle that rep- 
resents the component. These plain black-and- 
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SUPINE: BOTH LEGS STRAIGHT. 


Abdominal Lift Pose 


Jatharasana 

(jah-tuh-RAHS-uh-nuh) 

Modification: head on the floor, palms down by the hips 

Pose Type: core, supine 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Upward Extended Legs Pose 


Urdhva Prasarita Padasana 

(OORD-vuh pruh-SAH-ri-tuh puh-DAHS-uh-nuh) 

Pose Type: core, supine 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Abdominal Lift Pose 


Jatharasana 

(jah-tuwh-RAHS-uh-nuh) 

Modification: head and shoulders off the floor, feet off the floor 
Pose Type: core, supine 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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SUPINE: BOTH LEGS STRAIGHT. 


Two-Legged Abdominal Lift Upward Extended Legs Pose 


Dwi Pada Jathara Urdhva Prasarita Padasana 

(DWL-puh-duh JAH-tuh-ruh OORD-vuh pruh-SAH-ri-tuh puh-DAHS-uh-nuh) 

Modification: with a yoga block 

Pose Type: core, supine 

Drishti Point: Urdhva or Antara Drishti (up to the sky), Padayoragrai or Padayoragre (toes/feet) 
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Abdominal Lift Upward Facing Western Intense Stretch 


Jathara Urdhva Mukha Paschimottanasana 
(JAH-tuh-ruh OORD-vuh MUK-uh puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Abdominal Lift Upward Forward Bend 
Modification: head lifted off the floor, forehead to the shins 
Pose Type: core, supine 

Drishti Point: Nasagrai or Nasagre (nose) 
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Abdominal Lift Upward Facing Western Intense Stretch 


Jathara Urdhva Mukha Paschimottanasana 
(JAH-tuh-ruh OORD-vuh MUK-uh puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Abdominal Lift Upward Forward Bend 
Modification: head lifted off the floor, legs crossed modification 
Pose Type: core, supine 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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SUPINE: ONE LEG STRAIGHT, ONE KNEE BENT 


Revolved Stomach One Leg Extended Pose 


Parivritta Jathara Utthita Eka Padasana 
(puh-ri-VRIT-twh JAH-tuh-tuh UT-ti-tuh EY-kuh puh-~DAHS-uh-nuh) 
Modification: foot to the elbow 

Pose Type: core, supine, twist 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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SUPINE: GARUDA LEGS ON THE BACK 


Reclining Abdominal Lift Pose Dedicated to Garuda 


Supta Jathara Garudasana 

(SUP-tuh JAH-tuh-ruh guh-ru-DAHS-uh-nuh) 

Pose Type: core, supine 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Reclining Abdominal Lift Pose Dedicated to Garuda 


Supta Jathara Garudasana 

(SUP-tuh JAH-tuh-ruh guh-ru-DAHS-uh-nuh) 

Modification: fingers to the temples, elbows to the knees 

Pose Type: core, supine 

Drishti Point: Urdhva or Antara Drishti (up to the sky), Padayoragrai or Padayoragre (toes/feet) 
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Abdominal Lift Pose Dedicated to Garuda 


Jathara Garudasana 

(JAH-tuh-ruh guh-ru-DAHS-uh-nuh) 

Modification: palms to the floor, arms straight, sitting bones lifted off the floor 

Pose Type: core, supine 

Drishti Point: Urdhva or Antara Drishti (up to the sky), Padayoragrai or Padayoragre (toes/feet) 
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Revolved Stomach Reclining Pose Dedicated to Garuda 


Parivritta Jathara Supta Garudasana 

(puh-ri-VRIT-twh JAH-tuh-ruh SUP-tuh guh-ru-DAHS-uh-nuh) 

Modification: fingers to the temples, elbows out to the sides 

Pose Type: core, supine, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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SUPINE: FULL LOTUS 


Reclining Abdominal Lift Lotus Pose 


Supta Jathara Padmasana 

(SUP-tuh JAH-twh-ruh puhd-MAHS-uh-nuh) 

Modification: fingers to the temples, knees up to the sky 
Pose Type: core, supine 

Drishti Point: Nasagrai or Nasagre (nose) 
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Revolved Stomach Reclining Lotus Pose 


Parivritta Jathara Supta Padmasana 

(puh-ri-VRIT-twh JAH-tuh-ruh SUP-tuh puhd-MAHS-uh-nuh) 

Modification: fingers to the temples, elbows out to the sides 

1. back view 

2. front view 

Pose Type: core, supine, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Abdominal Lift Lotus Pose 


Jathara Padmasana 

(JAH-tuh-tuh puhd-MAHS-uh-nuh) 

Modification: palms on the floor, arms straight, sitting bones lifted off the floor 

Pose Type: core, supine 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Unsupported Abdominal Lift Lotus Pose 


Niralamba Jathara Padmasana 

(nir-AH-luhm-buh JAH-tuh-tuh puhd-MAHS-uh-nuh) 

Modification: arms extended in front, knees to the forearms 
Pose Type: core, supine 

Drishti Point: Nasagrai or Nasagre (nose) 
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PLANK POSE 


How It Works 


White symbols have nothing to do with the pow- 
ersupply. 


‘Comparator 
Input 


arable input Voltage > 


Comparator 
Output 


Output Voltage > 


Time > 


Figure 6-1. The basic behavior of a simple comparator is 
shawn here 


Often, in schematics, the power supply is not 
shown, because it is assumed to be present. 
However, all comparators requirea power supply 
in order to function. 


The basic internal and external connections used 
in conjunction with a typical comparator are 
shown in Figure 6-4. 


‘The potentiometer at top left is often a trimmer, 
to fine-tune a reference voltage. The variable in- 
put can come from a sensor or any other device 
capable of delivering a voltage up to the limit set 
byV1. 

The output is often an open collector from an in- 
ternal bipolar transistor, as shown in the figure, 


Note that as many as three different voltages can 
be used, as indicated by the different colors as- 
sociated with V1, V2, and V3. However, they must 


integrated circuit > analog > comparator 
share a common ground to enable the compa- 
rator to make valid comparisons. 


When the noninverting input exceeds the volt- 
age of the inverting input, the output transistor 
goes into its “off” state, and blocks current from 
an external pullup resistor. Because the current 
from the resistor now has nowhere else to go, it 
isavailable to drive other devices attached to the 
comparator output, and the output appears to 
be high. 


Comparator 
Input 


Reference 
Level 


Hysteresis Zone 


Variable Input Voltage > 


Comparator 
Output 


Output Voltage > 


Time > 


Figure 6-2. The performance of a comparator shown in 
the previous figure can be modified by the adhition of tys- 
teresis. Small variations that accur within the hysteresis 
zone are ignored. 


When the noninverting input falls below the 
voltage of the inverting input, the transistor be- 
‘comes conductive, and sinks almost all the cur- 
rent from the pullup resistor, assuming other de- 
vices attached to the output have a relatively 
high impedance. The output from the compara- 
tor now appears to be low. 


40 Encyclopedia of Electronic Components Volume 2 


CHILD'S POSE 


Child’s Pose 


Balasana 

(bah-LAHS-uh-nuh) 

Also Known As: Child’s Pose (Garbhasana) 

Modification: arms extended to the back, palms up; toes pointed to the back 
Pose Type: forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Ava 


Child’s Pose 


Balasana 

(bah-LAHS-uh-nuh) 

Also Known As: Child’s Pose (Garbhasana) 

Modification: arms extended to the front, palms down; toes pointed to the back 
Pose Type: forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Child’s Pose 


Balasana 

(bah-LAHS-uh-nuh) 

Modification: arms extended to the front, palms down; toes curled in 
Pose Type: forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Hands to the Side Child’s Pose 


Parshva Hasta Balasana 
(PAHRSH-vuh HUH-stuh bah-LAHS-uh-nuh) 


Pose Type: forward bend, side bend 
Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 


eoo 


Lt 


\ 


Hand Position of the Pose Dedicated to Garuda in Child’s Pose 


Hasta Garudasana in Balasana 


(HUH-stuh guh-ru-DAHS-uh-nuh in bah-LAHS-uh-nuh) 
Pose Type: forward bend 
Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Child’s Pose 


Balasana 

(bah-LAHS-uh-nuh) 

Modification: knees open wide; palms pressed together, fingers spread wide, thumbs to the upper 
back 

Pose Type: forward bend, mild backbend 

Drishti Point: Nasagrai or Nasagre (nose) 
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CHILD'S POSE: TWISTS 


Revolved Side Child’s Pose 


Parivritta Parshva Balasana 
(puh-ri-VRIT-twh PAHRSH-vuh bah-LAHS-uh-nuh) 


Pose Type: forward bend, twist 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Both Hands to Legs Bound Revolved Child’s Pose 
Dwi Hasta Pada Baddha Parivritta Balasana 
(DWI-huh-stuh PUH-duh BUH-duh puh-ri-VRIT-tuh bah-LAHS-uh-nuh) 


Pose Type: forward bend, twist, binding 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 


alls. 


Leg Position of the Pose Dedicated to Garuda in Revolved Child’s Pose 


Pada Garudasana in Parivritta Balasana 
(PUH-duh guh-ru-DAHS-uh-nuh in puh-ri-VRIT-tuh bah-LAHS-uh-nuh) 
Modification: hands in Anjali Mudra (Hands in Prayer) 
Pose Type: forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Revolved Child’s Pose 


Parivritta Balasana 

(puh-ri-VRIT-tuh bah-LAHS-uh-nuh) 

Also Known As: Turned Child’s Pose (Parshva Balasana) 

Modification: bottom arm straight out to the side; top arm bent at 90 degrees, palm to the floor 
overhead 

Pose Type: forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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One Hand Bound Revolved Child’s Pose 


Eka Hasta Baddha Parivritta Balasana 
(EY-kuh HUH-stuh BUH-duh puh-ri-VRIT-tuh bah-LAHS-uh-nuh) 
Modification: grabbing onto the quadricep 

Pose Type: forward bend, twist, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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CHILD’S POSE: TWISTS & HALF LOTUS BINDING 


Hand to Foot Revolved Side Child’s Pose 


Hasta Pada Parivritta Parshva Balasana 
(HUH-stuh PUH-duh puh-ri-VRIT-tuh PAHRSH-vuh bah-LAHS-uh-nuh) 
Modification: foot resting on the back of the knee 

Pose Ty forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Both Hands to Feet Half Bound Lotus Revolved Child’s Pose 


Dwi Hasta Pada Ardha Baddha Padma Parivritta Balasana 
(DWI-huh-stuh PUH-duh UHR-duh BUH-duh PUHD-muh puh-ri-VRIT-tuh bah-LAHS-uh-nuh) 
Pose Type: forward bend, twist, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Half Bound Lotus Revolved Child’s Pose 


Ardha Baddha Padma Parivritta Balasana 

(UHR-duh BUH-duh PUHD-muh puh-ri-VRIT-tuh bah-LAHS-uh-nuh) 

Modification: torso twisting to the outside of the body, hand binding to the foot 
Pose T forward bend, twist, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Half Bound Lotus Revolved Child’s Pose 


Ardha Baddha Padma Parivritta Balasana 

(UHR-duh BUH-duh PUHD-muh puh-ri-VRIT-tuh bah-LAHS-uh-nuh) 

Modification: torso twisting to the inside of the body, hand binding to the shin 
Pose Type: forward bend, twist, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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CHILD’S POSE: TWISTS—ONE-LEGGED—BACK FOOT IN THE AIR 


Equilibrium One-Legged Revolved Child’s Pose with Hands in Prayer 


Tulya Eka Pada Parivritta Balasana Namaskar 
(TUL-yuh EY-kuh PUH-duh puh-ri-VRIT-tuh bah-LAHS-uh-nuh nuh-muhs-KAHR) 
Modification: knee of the top leg bent 

Pose Type: forward bend, twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Half Bow Pose in Equilibrium One-Legged Revolved Child’s Pose 


Ardha Dhanurasana in Tulya Eka Pada Parivritta Balasana 
(UHR-duh duh-nur-AHS-uh-nuh in TUL-yuh EY-kuh PUH-duh puh-ri-VRIT-tuh bah-LAHS-uh-nuh) 
Pose Type: forward bend, twist, backbend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Revolved Half Bow Pose in Equilibrium One-Legged Revolved Child’s 
Pose 


Parivritta Ardha Dhanurasana in Tulya Eka Pada Parivritta Balasana 
(puh-ri-VRIT-twuh UHR-duh duh-nur-AHS-uh-nuh in TUL-vuh EY-kuh PUH-duh puh-ri-VRIT-tuh bah-LAHS-uh-nuh) 
Pose Type: forward bend, twist, backbend 

Drishti Point: Hastagrai or Hastagre (hands) 


e000 


Half Bow Pose in Equilibrium One-Legged Revolved Child’s Pose 


Ardha Dhanurasana in Tulya Eka Pada Parivritta Balasana 
(UHR-duh duh-nur-AHS-uh-nuh in TUL-yuh EY-kuh PUH-duh puh-ri-VRIT-tuh bah-LAHS-uh-nuh) 
Modification: back heel toward the sitting bone 

Pose Type: forward bend, twist, backbend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Equilibrium One-Legged Revolved Child’s Pose 


Tulya Eka Pada Parivritta Balasana 

(TUL-yuh EY-kuh PUH-duh pul ‘RIT-tuh bah-LAHS-uh-nuh) 

Modification: one leg straight, other knee bent, heel toward the sitting bone 
Pose Type: forward bend, twist 

Drishti Point: Hastagrai or Hastagre (hands) 
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integrated circuit > analog > compar: 


This can be summed up as follows: 


+ When a variable voltage is applied to the 
Noninverting input, and it rises above the 
reference voltage applied to the inverting in- 
put, the output transistor turns off, and the 
comparator delivers a high output. 

+ When a variable voltage is applied to the 
noninverting input, and it falls below the ref- 
erence voltage applied to the inverting in- 
put, the output transistor turns on, and the 
‘comparator delivers a low output. 


Inverting Input V+ (positive OC 
(positive voltage, power supply) 
‘may be higher or 


lower than V+) 
Output 
Noninverting input 


(positive voltage, 
‘may be higher or OV (negative 
lower than V+) ground) 
Figure 6-3. The symbol far a comparator isthe same 2s 


the symbol for an op-ampa, even though they often require 
different types of power supply and their functions are sig 
hifeantiy 


om 
2 
va Be 
5: 


Figure 6-4. Connections to a comparator, and their 
functions. 


Ifthe reference voltage and the variable voltage 
are swapped between the input pins, the behav- 
ior of the comparator is reversed. This relation- 
ship is illustrated in Figure 6-5. When a voltage 
transition is applied to the inverting input, the 
transition is inverted at the output. 


Reference J] — 


Output 
Low-to-Hign 


Variable input >=] + 
Low-to-High 


Variable input 
Low-to-Hign 


Output 
High-to-Low 


Reference 


Figure 6-5, Depending which input pin is used forthe ret 
rence voltage, and which input carries a variable voltage 
the comparator output either follows the variable valtage 
or inverts 


Placement of the plus and minus signs inside the 
comparator symbol may vary. Most often, the 
minus sign is above the plus sign, as shown in all 
the schematics here. Sometimes, however, for 
convenience in drawing a schematic, the plus 
sigh may be shown above the minus sign. Re- 
gardless of their placement, the plus sign always 
identifies the noninverting input, and the minus 
sigh always identifies the inverting input. To 
avoid misinterpretations, schematics should be 
inspected carefully. 


Where a power supply for the comparator is 
shown, the positive sideis alwaysattached to the 
upper edge of the symbol, while OV ground is 
always attached to the lower edge. 
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RABBIT POSE 


Hands Bound QOoOeges 
Rabbit Pose 


Baddha Hasta Sasangasana 
(BUH-duh HUH-stuh shuh-shahng-AHS-uh-nuh) 


Pose Type: forward bend 
Drishti Point: Nasagrai or Nasagre (nose) or Nabhi, Nabhicakre, or Nabi Chakra (belly button) 


How to Perform the Pose: 


1. Begin by sitting on your heels in Hero Pose (Virasana). Engage your mula bandha, uddhiyana 
bandha, and ujjayi breathing, 

2. Exhale and bend forward, letting the crown of your head touch the floor, and lift your sitting bones 
off your heels. Grab onto your heels with both your hands, keeping your arms on the outsides of 
your shins. 

3. Exhale as you rock forward, bringing your forehead toward your knees. Feel the stretch in the 
upper back between your shoulder blades. 

4. Inhale as you lift your hands off your heels and interlock your fingers behind your back. Try to 
press your palms together. Exhale and stretch your arms up to the sky behind your back. Feel the 
stretch in your front shoulder heads and your chest (Pose #1). You can experiment by leaving your 
sitting bones on the heels and moving your forehead away from your knees (Pose #2). 

5. Hold the pose for at least 30, and up to 90, seconds in order to receive the full benefits of the 
stretch. 

6. Inhale as you release the arms. Exhale as you straighten your spine, coming back to Hero Pose 
(Virasana). 


Modification: 
1. forehead to the knees, sitting bones lifted 
2. forehead away from the knees, sitting bones to the heels 


baddha = bound 
hasta = hand 


sasanga = rabbit 


Rabbit Pose 


Sasangasana 

(shuh-shahn-GAHS-uh-nuh) 

Also Known As: Rabbit Foot Pose 

Pose Type: forward bend, inversion 

Drishti Point: Nabhi, Nabhicakre, or Nabi Chakra (belly button) 
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(COW POSE ON THE HEAD: HALF LOTUS & GARUDA LEGS 


Half Bound Lotus Cow Pose on the Head 


Ardha Baddha Padma Shirsha Bitilasana 

(UHR-duh BUH-duh PUHD-muh SHEER-shuh bee-til-AHS-uh-nuh) 

Also Known As: Ardha Baddha Padma Shirsha Gavasana~ 

Modification: crown of the head to the floor 

Pose Type: forward bend, inversion, binding 

Drishti Point: Nasagrai or Nasagre (nose), Nabhi, Nabhicakre, or Nabi Chakra (belly button) 
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Reverse Prayer in Leg Position of the Pose Dedicated to Garuda in Cow 
Pose on the Head 


Viparita Namaskar in Pada Garudasana in Shirsha Bitilasana 

(vi-puh-REE-tuh nuh-muhs-KAHR in PUH-duh guh-ru-DAHS-uh-nuh in SHEER-shuh bee-til-AHS-uh-nuh) 

Also Known As: Back of the Body Prayer Leg Position of the Pose Dedicated to Garuda in Cow Pose 
on the Head (Paschima Namaskara Pada Garudasana in Shirsha Bitilasana) 

Pose Type: forward bend, inversion 

Drishti Point: Nasagrai or Nasagre (nose), Nabhi, Nabhicakre, or Nabi Chakra (belly button) 
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COW POSE ON THE HEAD: HEELS TO THE SITTING BONES & HEELS TO THE OUTSIDE OF THE HIPS 


Both Hands to the Legs Cow Pose on the Head 


Dwi Hasta Pada Shirsha Bitilasana 

(DWI-huh-stuh PUH-duh SHEER-shuh bee-til-AHS-uh-nuh) 

Modification: heels toward the sitting bones 

Pose Type: forward bend, inversion 

Drishti Point: Nabhi, Nabhicakre, or Nabi Chakra (belly button) 
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Both Hands to the Feet Cow Pose on the Head 


Dwi Hasta Pada Shirsha Bitilasana 

(DWI-huh-stuh PUH-duh SHEER-shuh bee-til-AHS-uh-nuh) 

Modification: heels to the outside of the hips 

Pose Type: forward bend, inversion 

Drishti Point: Nabhi, Nabhicakre, or Nabi Chakra (belly button) 


e°@e 


ALL FOURS: NEUTRAL SPINE 


Cow Pose 


Bitilasana 

(bee-til-AHS-uh-nuh) 

Also Known As: Table Pose (Bharmanasana) 

Pose Type: standing (hands and knees) 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Intense Wrist Stretch Cow Pose 


Uttana Manibandha Bitilasana 

(ut-TAHN-uh muh-ni-BUHN-duh bee-til-AHS-uh-nuh) 

Also Known As: Table Pose Modification (Bharmanasana) 

Pose Type: standing (hands and knees) 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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One Hand Cow Pose 


Eka Hasta Bitilasana 

(EY-kuh HUH-stuh bee-til-AHS-uh-nuh) 

Also Known As: Table Pose (Bharmanasana) 

Pose Type: standing (hands and knees) 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Leg Position of the Pose Dedicated to Garuda in Cow Pose 


Pada Garudasana in Bitilasana 

(PUH-duh guh-ru-DAHS-uh-nuh in bee-til-AHS-uh-nuh) 

Also Known As: Table Pose Modification (Bharmanasana) 

Pose Type: standing (on hands and knees) 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs), Nasagrai or Nasagre (nose) 
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Lotus Pose in Cow Pose 


Padmasana in Bitilasana 

(puhd-MAHS-uh-nuh in bee-til-AHS-uh-nuh) 

Also Known As: Table Pose Modification (Bharmanasana) 

Pose Type: standing (on hands and knees) 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs), Nasagrai or Nasagre (nose) 
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ALL FOURS: NEUTRAL SPINE—ONE LEG EXTENDED TO THE BACK 


Tiger Pose 


Vyaghrasana 

(vyah-GRAHS-uh-nuh) 

Also Known As: Table Pose Modification (Bharmanasana) 
Modification: neutral spine 

Pose Type: standing (hands and knees) 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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One Hand One-Legged Cow Pose 


Eka Hasta Eka Pada Bitilasana 

(EY-kuh HUH-stuh EY-kuh PUH-duh bee-til-AHS-uh-nuh) 

Also Known As: Cat Pose (Marjarasana), Balancing Table Pose Modification (Dandayamana 
Bharmanasana) 

Modification: neutral spine 

1. arm reaching to the front, opposite leg reaching to the back 

2. arm reaching to the back, opposite leg reaching to the back 


3. arm reaching to the back, leg reaching to the back on the same side 
Pose Type: standing (hands and knees) 
Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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One Knee Cow Pose 


Eka Janu Bitilasana 

(EY-kuh JAH-nu bee-til-AHS-uh-nuh) 

Also Known As: Unsupported Balancing Table Pose Modification (Niralamba Dandayamana 
Bharmanasana) 

Pose Type: standing (on the knee), balance 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 


Variants 


Differences from an Op-Amp 

Saturation versus linearity 
‘The output of a comparator is optimized for 
saturation (high or low, without intermedi- 
ate levels, using positive feedback). The out- 
put of an op-amp is optimized for linearity 
(faithful reproduction of nuances in the in- 
put, using negative feedback) 


Output mode 
‘The majority of comparators have open- 
collector outputs (or open-drain outputs in 
CMOS devices) where the voltage is estab- 
lished by a pullup resistor. This can be adjus- 
ted for compatibility with other compo- 
nents, especially SVDC logic. Only a minority 
have push-pull amplifier outputs that re- 
quire no pullup resistor. By comparison, 
among op-amps, a push-pull output that 
functions asa voltage sourceis the tradition- 
al default. 


Faster response 
A comparator responds more quickly than 
anop-amp to changes in input voltage, ifthe 
op-amp is used in the role of a comparator. 
‘The comparator is primarily a switching de- 
vice, not an amplifier. 


Hysteresis 
This is generally desirable in a comparator, 
for reasons already explained, and some 
components are designed with hysteresis 
builtin, This feature is undesirable in an op- 
amp, as it degrades sensitivity. 


Open-loop operation 
(ie, without feedback) this can be used with 
a comparator. An ap-amp isintended for use 
in closed-loop circuits (ie, with feedback), 
and manufacturers will not specify its per- 
formance in an open loop, 


As previously noted, a comparator usually re- 
quires a single-voltage power supply, while an 
op-amp often requires a dual-voltage power 
supply. 


integrated circuit > analog > comparator 


Variants 


Wherea comparator uses a MOSFET output tran- 
sistor, it may have an open-drain output, which 
requires a pullup resistor, as with an open- 
collector output. 


Some comparators have a push-pull output, ca- 
pable of supplying output current (usually a 
small amount). In these instances, no pullup re- 
sistor is necessary of desirable. The output volt- 
age range wil be closest to rail-to-rail values (i, 
the range of the power supply) where MOSFETs 
are used for the output, as MOSFETs impose a 
smaller voltage drop than bipolar transistors. 


The advantage of an open collector (or open 
drain) relative to a push-pull output is that it al- 
lows the output voltage to be set independently 
ofthe power supply voltage. Another advantage 
is that multiple outputs can be connected in par- 
allel,asina windowcomparator circuit (described 
below). 


Some comparators incorporate a reference volt- 
age on the chip, based on the power supply to 
the chip. In this case,a separate reference voltage 
does not have to be supplied, and the compo- 
rent will draw less current. 


Many chips are available containing two or more 
‘comparators. Thisis often expressed asthenum- 
ber of channels in the component. A dual com- 
arator typically allows two different voltage 
sources for the outputs of the comparators. They 
will share the same OV ground, however. Chips 
such as the LM139 and LM339 contain four com- 
parators, and are available in through-hole or 
surface-mount formats. They have become a 
generic chaice, costing less than $1 apiece. 


‘An LM339_ comparator chip is shown in 
Figure 6-6. This is a quad chip, meaning that it 
contains four comparators, They share a com- 
mon power supply. The chip is TTL and CMOS 
compatible, is typically powered by SVDC, but 
can be driven by up to 36VDC. The input differ- 
ential voltage range also extends up to 36V. 
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ALL FOURS: NEUTRAL SPINE—ONE LEG EXTENDED TO THE BACK—HALF LOTUS. 


Downward Facing Pose Dedicated to Kashyapa 


Adho Mukha Kashyapasana 

(uh-DO MUK-uh kah-shyuh-PAHS-uh-nuh) 

Modification: Leg 1: knee on the floor Leg 2: foot on the floor 

Pose Type: arm balance, binding 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs), Nasagrai or Nasagre (nose) 
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Downward Facing Pose Dedicated to Kasyapa 


Adho Mukha Kasyapasana 

(uh-DO MUK-uh kah-shyuh-PAHS-uh-nuh) 

Modification: Leg 1: knee on the floor Leg 2: foot off the floor 
Pose Type: arm balance, binding 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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ALL FOURS: CAT TILT 


Downward Facing Cat Pose 


Adho Mukha Marjarasana 

(wh-DO MUK-uh mahr-jah-RAHS-uh-nuh) 

Modification: toes pointing away from the head 

Pose Type: standing (on hands and knees), forward bend 
Drishti Point: Nabhi, Nabhicakre, or Nabi Chakra (belly button) 
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Downward Facing Cat Pose 


Adho Mukha Marjarasana 

(uh-DO MUK-uh mahr-jah-RAHS-uh-nuh) 

Modification: arms straight to the front, fingertips to the floor; rocking back, toes curled in 
Pose Type: standing (on hands and knees), forward bend 

Drishti Point: Nabhi, Nabhicakre, or Nabi Chakra (belly button) 
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Tiger Pose 


Vyaghrasana 

(vyah-GRAHS-uh-nuh) 

Also Known As: Cow Pose Modification (Bitilasana) 
Modification: knee to the forehead 

Pose Type: standing (on hands and knees), forward bend 
Drishti Point: Nabhi, Nabhicakre, or Nabi Chakra (belly button) 
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Tiger Pose 


Vyaghrasana 

(vyah-GRAHS-uh-nuh) 

Also Known As: Cow Pose Modification (Bitilasana) 
Modification: knee to the shoulder on the same side 
Pose Type: standing (on hands and knees), forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Tiger Pose 


Vyaghrasana 

(vyah-GRAHS-uh-nuh) 

Also Known As: Cow Pose Modification (Bitilasana) 
Modification: knee to the opposite tricep 

Pose Type: standing (on hands and knees), forward bend, twist 
Drishti Point: Nasagrai or Nasagre (nose) 
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Tiger Pose 


Vyaghrasana 

(vyah-GRAHS-uh-nuh) 

Also Known As: Cow Pose Modification (Bitilasana) 

Modification: shoulder to the back of the knee; back leg, toes curled in 

Pose Type: standing (on hands and knees), forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Padayoragrai or Padayoragre (toes/feet) 
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Tiger Pose 


Vyaghrasana 

(vyah-GRAHS-uh-nuh) 

Also Known As: Cow Pose Modification (Bitilasana) 

Modification: one hand to the heart 

1. back of the knee to the shoulder, leg bent 

2. back of the knee to the shoulder, leg straight 

Pose Type: standing (on hands and knees), forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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ALL FOURS: DOG TILT 


Upward Facing Dog Pose Tilt 


Urdhva Mukha Shvanasana Tilt 

(OORD-vuh MUK-uh shvuh-NAHS-uh-nuh) 

Pose Type: standing (on hands and knees), backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows 
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Tiger Pose 


Vyaghrasana 

(vyah-GRAHS-uh-nuh) 

Also Known As: Balancing Table Pose Modification (Niralamba Dandayamana Bharmanasana) 
Modification: one leg straight out, toes pointing away from the head 

Pose Type: standing (on hands and knees), backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Unsupported Tiger Pose 


Niralamba Vyaghrasana 

(nir-AH-luhm-buh vyah-GRAHS-uh-nuh) 

Also Known As: One-Legged Bow Pose from All Fours (Eka Pada Dhanurasana), Balancing Table 
Pose Modification (Dandayamana Bharmanasana) 

Modification: grabbing onto the foot with under-head grip on the same side 

Pose Type: standing (on hands and knees), backbend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Unsupported Tiger Pose 


Niralamba Vyaghrasana 

(nir-AH-luhm-buh vyah-GRAHS-uh-nuh) 

Also Known As: One-Legged Bow Pose from All Fours (Eka Pada Dhanurasana), Balancing Table 
Pose Modification (Dandayamana Bharmanasana) 

Modification: grabbing onto the shin with under-head grip on the opposite side 

Pose Type: standing (on hands and knees), backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Unsupported Tiger Pose 


Niralamba Vyaghrasana 

(nir-AH-luhm-buh vyah-GRAHS-uh-nuh) 

Also Known As: Balancing Table Pose Modification (Dandayamana Bharmanasana) 
Modification: grabbing onto the foot with overhead grip on the same side, foot toward the head 
1. toes pointing away from the head 

2. toes curled in 

Pose Type: standing (on hands and knees), backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Unsupported Tiger Pose 


Niralamba Vyaghrasana 

(nir-AH-luhm-buh vyah-GRAHS-uh-nuh) 

Also Known As: Balancing Table Pose Modification (Dandayamana Bharmanasana) 
Modification: grabbing onto the foot with overhead grip on the opposite side, foot away from the 
head, toes curled in 

Pose Type: standing (on hands and knees), backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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ALL FOURS: FOREARMS 


Cow Pose 


Bitilasana 

(bee-til-AHS-uh-nuh) 

Also Known As: Table Pose Modification (Bharmanasana) 

Modification: forearms to the floor 

Pose Type: standing (on forearms and knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Frog Pose in Cow Pose 


Mandukasana in Bitilasana 

(muhn-doo-KAHS-uh-nuh in bee-til-AHS-uh-nuh) 

Also Known As: Frog Pose in Table Pose Modification (Mandukasana in Bharmanasana) 
Modification: forearms to the floor, knees open wider than hips 

Pose Type: standing (on forearms and knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Uneven Wounded Duck Pose Prep. 


Vishama Pungu Karandavasana Prep. 
(VISH-uh-muh pung-u kahr-uhn-duh-VAHS-uh-nuh) 


Modification: one forearm to the floor, toes of both feet on the floor 
Pose Type: standing (on forearms and feet), forward bend 
Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Supported Tiger Pose 


Salamba Vyaghrasana (SAH-luhm-buh vyah-GRAHS-uh-nuh) 

Also Known As: Cow Pose Modification (Bitilasana) 

Modification: forearm on the floor, one hand to the heart; back of the knee to the shoulder, leg straight 
Pose Type: standing (on forearms and knees), forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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integrated circuit > analog > comparator 


Figure 6-6. The LM339 quad comparator chip, shown 
‘here, was introduced long ago but remains widely used. 


Some comparators have an internal fatch func- 
tion that is accessed by a dedicated pin. The 
latch-enable signal forces the comparator to as- 
sess its inputs and hold an appropriate output 
which can then be checked by other compo- 
nents. 


Values 


In a datasheet, Vig (also referred to as Vos) is the 
input offset voltage. This is a small voltage, in ad- 
dition to the reference voltage, which the com- 
parator will require to toggle its output in either 
direction, up or down. Figure 6-7 shows this 
graphically. Vio sets the limit of resolution of the 
‘comparator, which will not respond unless the 
input voltage exceeds the reference voltage by 
this amount. A smaller value for Vigis betterthan 
alarger value. Common values for Vig range from 
ImV to 15mV. The actual offset voltage tends to 
vary between one sample of a component and 
another. Vig is the maximum allowed value for a 
‘component. 


Because the comparator will not respond until 
the reference voltages exceeded by Vig, the out- 
put pulse width will be narrower than if the com- 
parator reacted at the point where the variable 
voltage input was precisely the same as the ref- 
erence voltage. 


Values 


Comparator 
Input 


Variable Input Vote > 


Roterence 
Level 
Comparator 
4 ouput 
Time > 


Figure 6-7. The input offset voltage isthe very small volt- 
age that a comparator requires, additonal to the refer- 
fence input voltage before it will fogee its output from low 
tohigh or high to low. 


Vrnips and Vrpp. ate the rising and falling voltag- 
es, respectively, that will trip the comparator aut- 
put where the comparator exhibits some innate 
hysteresis without an external feedback loop. 
They are also referred to as Lower State Transition 
Voltage (LSTV) and Upper State Transition Volt- 
cage (USTV). 


Vuysr Is the hysteresis range defined as Vrae. mi- 
‘NUS Vypp.- The relationship is shown graphically 
in Figure 6-8. 


Aypis the voltage gain of a comparator, in which 
the letter “A can be thought of as meaning "am- 
plfication” The gain is measured as a maximum 
ratio of output voltage to input voltage. Typically 
it ranges from 40 to 200. 


Supply voltage for modern comparators is often 
low, as the components are used in surface- 
mount format for battery-powered devices 
where low power consumption is a primary con- 
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Supported Tiger Pose 


Salamba Vyaghrasana (SAH-luhm-buh-nuh vyah-GRAHS-uh-nuh) 

Also Known As: Cow Pose Modification (Bitilasana) 

Modification: forearm on the floor, grabbing onto the foot with under-head grip on the opposite side 
Pose Type: standing (on forearms and knees), backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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ALL FOURS: FOREARMS—TWISTS 


Hand to Leg Sideways Leg Position of Cow Face Pose in Cow Pose 


Hasta Pada Parshva Pada Gomukhasana in Bitilasana 
(HUH-stuh PUH-duh PAHRSH-vuh PUH-duh go-mu-KAHS-uh-nuh in bee-til-AHS-uh-nuh) 
Modification: forearm to the floor 

Pose Type: standing (on forearms and knees), twist 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Half Bound Sideways Leg Position of Cow Face Pose in Cow Pose 


Ardha Baddha Parshva Pada Gomukhasana in Bitilasana 
(UHR-duh BUH-duh PAHRSH-vuh PUH-duh go-mu-KAHS-uh-nuh in bee-til-AHS-uh-nuh) 
Modification: forearm to the floor 

Pose Type: standing (on forearms and knees), twist, binding 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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ALL FOURS: FOREARMS—HALF LOTUS 


Half Lotus Cow Pose 


Ardha Padma Bitilasana 

(UHR-duh PUHD-muh bee-til-AHS-uh-nuh) 

Also Known As: Half Lotus Table Pose Modification (Ardha Padma Bharmanasana) 
Modification: forearms to the floor 

Pose Type: standing (on forearms and knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Revolved Half Lotus Cow Pose 


Parivritta Ardha Padma Bitilasana 

(puh-ri-VRIT-uh UHR-duh PUHD-muh bee-til-AHS-uh-nuh) 

Also Known As: Revolved Half Lotus Table Pose Modification (Parivritta Ardha Padma 
Bharmanasana) 

Modification: forearm on the floor, other hand behind the back 

Pose Type: standing (on forearms and knees), twist 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Half Bound Lotus Cow Pose 


Ardha Baddha Padma Bitilasana 

(UHR-duh PUHD-mih bee-til-AHS-uh-nuh) 

Also Known As: Half Bound Lotus Table Pose Modification (Ardha Baddha Padma Bharmanasana) 
Modification: forearm to the floor 

Pose Type: standing (on forearms and knees), binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Revolved Half Lotus Cow Pose 


Parivritta Ardha Padma Bitilasana 

(puh-ri-VRIT-uh UHR-duh PUHD-muh bee-til-AHS-uh-nuh) 

Also Known As: Revolved Half Lotus Table Pose Modification (Parivritta Ardha Padma 
Bharmanasana) 

Modification: forearm on the floor, top arm up to the sky 

1. back view 

2. front view 

Pose Type: standing (on forearms and knees), twist 

Drishti Point: Hastagrai or Hastagre (hands) 
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PLANK POSE: ON THE FINGERTIPS & ARMS CROSSED 


Extended Four Limbs Staff Pose 


Utthita Chaturanga Dandasana 
(UT-ti-tuh chuh-tur-UHNG-guh-uh duhn-DAHS-uh-nuh) 
Also Known As: High Plank 

Modification: on the fingertips 

Pose Type: arm balance, core 

Drishti Point: Nasagrai or Nasagre (nose) 
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Extended Four Limbs Staff Pose 


Utthita Chaturanga Dandasana 
(UT-ti-tuh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 
Also Known As: High Plank 
Modification: arms crossed 

1. knees on the floor 

2. knees off the floor 

Pose Type: arm balance, core 

Drishti Point: Nasagrai or Nasagre (nose) 


@ 


CAL 


PLANK POSE: LEG MODIFICATIONS 


Extended Four Limbs Staff Pose 


Utthita Chaturanga Dandasana 
(UT-ti-tuh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 
Also Known As: High Plank Modification 
Modification: 1. knees on the floor 

2. knees off the floor 

Pose Type: arm balance, core 

Drishti Point: Nasagrai or Nasagre (nose) 
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One-Legged Extended Four Limbs Staff Pose 


Eka Pada Utthita Chaturanga Dandasana 

(EY-kuh PUH-duh UT-ti-tuh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 

Also Known As: One-Legged High Plank Modification 
Modification: knee to the nose 

Pose Type: arm balance, forward bend, core 

Drishti Point: Nabhi, Nabhicakre, or Nabi Chakra (belly button) 
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One-Legged Extended Four Limbs Staff Pose 


Eka Pada Utthita Chaturanga Dandasana 
(EY-kuh PUH-duh UT-ti-tuh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 
Also Known As: One-Legged High Plank Modification 
Modification: knee to the shoulder on the same side 
Pose Type: arm balance, forward bend, core 

Drishti Point: Nasagrai or Nasagre (nose) 
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One-Legged Extended Four Limbs Staff Pose 


Eka Pada Utthita Chaturanga Dandasana 
(EY-kuh PUH-duh UT-ti-tuh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 
Also Known As: One-Legged High Plank Modification 
Modification: foot wrapping around the calf muscle 
Pose Type: arm balance, core 

Drishti Point: Nasagrai or Nasagre (nose) 


Revolved Extended Four Limbs Staff Pose 


Parivritta Utthita Chaturanga Dandasana 

(puh-ri-VRIT-twh UT-ti-twh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 

Also Known As: Revolved High Plank Modification 

Pose Type: arm balance, twist, core 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 


PLANK POSE: ARM AND LEG MODIFICATIONS 


One-Legged Extended Four Limbs Staff Pose 


Eka Pada Utthita Chaturanga Dandasana 
(EY-kuh PUH-duh UT-ti-tuh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 
Also Known As: One-Legged High Plank Modification 
Pose Type: arm balance, core 

Drishti Point: Nasagrai or Nasagre (nose) 


eo 


One Hand Extended Four Limbs Staff Pose 


Eka Hasta Utthita Chaturanga Dandasana 

(EY-kuh HUH-stuh UT-ti-tuh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 

Also Known As: One Hand High Plank Modification 

Pose Type: arm balance, core 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs), Nasagrai or Nasagre (nose) 
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One Hand Extended Four Limbs Staff Pose 


Eka Hasta Utthita Chaturanga Dandasana 
(EY-kuh HUH-stuh UT-ti-tuh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 


Also Known As: One Hand High Plank Modification 

Modification: hand to the heart 

Pose Type: arm balance, core 

Drishti Point: Angushtamadhye or Angushtha Ma Dyai (thumbs), Nasagrai or Nasagre (nose) 
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One Leg One Hand Extended Four Limbs Staff Pose 


Eka Pada Eka Hasta Utthita Chaturanga Dandasana 

(EY-kuh PUH-duh EY-kuh HUH-stuh UT-ti-tuh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 

Also Known As: One Hand High Plank Modification 

Pose Type: arm balance, core 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs), Nasagrai or Nasagre (nose) 
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How to Use It 


cer. Thus, 3VDC is common as a power require- 
‘ment, and 1.5VDC comparators are available. 
Stil, older chips can use as much as 35VOC. 


Comparator 
Input 


‘Comparator 
Output 


} 


Time > 


Figure 6-8. The value of Vraip shows the hysteresis in a 
comparator—the range of input voltages. relative to the 
reference voltage, n which it wil not respond, 


Supply current can range from 7mA down to be- 
low 1HA. 


Ignx is the recommended typical or maximum 
sink currentthat the component will tolerate, ifit 
has an open-collector output. This value should 
be considered in relation to the power dissipa- 
tion, Po 


The propagation delay in a comparator is meas- 
ured from the moment when an input (usually a 
square wave) reaches the triggering value, to the 
time when the consequent output reaches 50% 
ofits final value. 


When a comparator is driving CMOS logic using 
a 5VDC power supply, atypical value for a pullup 
resistor is 100K. It does not have to be lower, be- 
cause CMOS has such a high input impedance. 


integrated circuit > analog > comparator 


How to Use It 


In Figure 6-1, a hypothetical comparator re- 
sponds immediately when the input voltage 
equalsthe reference voltage value. However, this 
is an idealized scenario. A magnified view, in 
Figure 6-9, suggests that the comparator is likely 
to respond with jitter when the input signal is 
very close to the reference voltage, because of 
tiny variations in heat, current, and other vari- 
ables. This jtter will cause significant problems if 
the comparatoris drivinga device suchasa relay, 
directly or indirectly. 


Hysteresiseliminates this uncertainty around the 
transition level of the input, by telling the com- 
parator to ignore small irregularities in the input 
voltage. Hysteresis is also useful in many situa- 
tions where larger variations in a sensor input 
should be ignored, In Figure 6-2, for instance, 
suppose that the input voltage comes from a 
temperature sensor. The small bump inthe right- 
hand section of the curve is probably unimpor- 
tant; it could be caused by someone opening a 
door, or a person's body heat in brief proximity 
to the sensor. There's no point in responding to 
every little event of this type. In this application, 
the larger, longer-term temperature trend is 
what matters, and significant hysteresis is 
appropriate. 


Also, if a comparator is being used as a thermo- 
stat, to switch a heating system on and off, wedo 
not want the comparator to respond as soon as 
the temperature rises just a small amount. The 
heating system should run for a while before it 
elevates the temperature beyond the hysteresis 
zone, 


The usual way to create hysteresisis with positive 
feedback. In Figure 6-10, a connection from the 
output of the comparator runs back through a 
IMpotentiometer to the variable (noninverting) 
input. The effect that this has is to reinforce the 
input voltage with the output voltage, as soon as 
the comparator input goes high. Now the input 
can diminish slightly without switching off the 
‘comparator. But if the input declines significant- 
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Tree Pose in One-Legged Extended Four Limbs Staff Pose 


Vrikshasana in Eka Pada Utthita Chaturanga Dandasana 
(vrik-SHAHS-uh-nuh in EY-kuh PUH-duh UT-ti-tuh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 


Also Known As: Tree Pose in One-Legged High Plank Modification 
Modification: 1. knees on the floor 

2. knees off the floor 

Pose Type: arm balance, core 

Drishti Point: Nasagrai or Nasagre (nose) 


eo 
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Extended Four Limbs Staff Pose 


Utthita Chaturanga Dandasana 

(UT-ti-tuh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 

Also Known As: High Plank Modification 

Modification: arms extended to the front, tops of the feet on the floor 
1. knees on the floor 

2. knees off the floor 

Pose Type: arm balance, core 

Drishti Point: Nasagrai or Nasagre (nose) 


PLANK POSE: TWISTS 


Leg to the Side Revolved One Hand Extended Four Limbs Staff Pose 


Parshva Pada Parivritta Eka Hasta Utthita Chaturanga Dandasana 
(PAHRSH-vuh PUH-duh puh-ri-VRIT-tuh EY-kuh HUH-stuh UT-ti-twh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 
Also Known As: Leg to the Side Revolved One Hand High Plank Modification 
Modification: 1. back knee on the floor 

2. back knee off the floor, knee bent 

3. back knee off the floor, both legs straight 

4. back knee off the floor, knee bent, toes of the straight leg pointed 

Pose Type: arm balance, twist, core 


Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Revolved One Hand Extended Four Limbs Staff Pose 


Parivritta Eka Hasta Utthita Chaturanga Dandasana 
(puh-ri-VRIT-twh EY-kuh HUH-stuh UT-ti-tuh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 
Also Known As: Revolved One Hand High Plank Modification 
Modification: 1. knees on the floor 

2. knees off the floor 

Pose Type: arm balance, twist, core 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Revolved Leg to the Side Extended Four Limbs Staff Pose 


Parivritta Parshva Pada Utthita Chaturanga Dandasana 
(puh-ri-VRIT-tuh PAHRSH-vuh PUH-duh UT-ti-tuh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 
Also Known As: Revolved Leg to the Side High Plank Modification 
Modification: leg sweeping under the torso 

Pose Type: arm balance, twist, core 

Drishti Point: Nasagrai or Nasagre (nose) 
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PLANK POSE: ONE LEG TO THE SIDE 


Leg to the Side Extended Four Limbs Staff Pose 


Parshva Pada Utthita Chaturanga Dandasana 
(PAHRSH-vuh PUH-duh UT-ti-tuh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 
Also Known As: Leg to the Side High Plank Modification 
Modification: 1. back knee on the floor 

2. back knee off the floor 

Pose Type: arm balance, core 

Drishti Point: Nasagrai or Nasagre (nose) 
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Upward One Leg to the Side Extended Four Limbs Staff Pose 


Urdhva Parshya Eka Pada Utthita Chaturanga Dandasana 
(OORD-vuh PAHRSH-vuh EY-kuh PUH-duh UT-ti-tuh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 
Also Known As: Leg to the Side One-Legged High Plank Modification 
Modification: back knee off the floor, other leg off the floor 

Pose Type: arm balance, core 

Drishti Point: Nasagrai or Nasagre (nose) 
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PLANK ON FOREARMS 


Staff Pose Dedicated to Makara 


Makara Dandasana 

(MUH-kuh-ruh duhn-DAHS-wh-nuh) 

Also Known As: Dolphin Plank Modification 

Pose Type: forearm balance, core 

Drishti Point: Nasagrai or Nasagre (nose), Angushtamadhye or Angushta Ma Dyai (thumbs) 
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One Hand Staff Pose Dedicated to Makara 


Eka Hasta Makara Dandasana 
(EY-kuh HUH-stuh MUH-kuh-ruh duhn-DAHS-uh-nuh) 


Also Known As: One Hand Dolphin Plank Modification 
Pose Type: forearm balance, core 
Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 


One-Legged Staff Pose Dedicated to Makara 


Eka Pada Makara Dandasana 
(EY-kuh PUH-duh MUH-kuh-ruh duhn-DAHS-uh-nuh) 


Also Known As: One-Legged Dolphin Plank Modification 
Pose Type: forearm balance, core 
Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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PLANK ON ELBOW 


Uneven Repose Staff Pose 


Vishama Sayana Dandasana 

(VISH-uh-muh SHUH-yuh-nuh duhn-DAHS-uh-nuh) 

Also Known As: Uneven Elbow Plank Pose Modification 

Modification: one hand to the face, one forearm to the floor 

Pose Type: forearnvelbow balance, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Repose Staff Pose 


Sayana Dandasana 

(SHUH-yuh-nuh duhn-DAHS-uh-nuh) 

Also Known As: Elbow Plank 

Pose Type: elbow balance, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Leg Position of One-Legged King Pigeon | Version B in Repose Staff 


Pose 


Pada Eka Pada Raja Kapotasana 1B in Sayana Dandasana 
(PUH-duh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh in SHUH-yuh-nuh duhn-DAHS-uh-nuh) 


elbow balance, mild backbend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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PLANK ON FOREARMS: TWIST 


Revolved One Hand Staff Pose Dedicated to Makara 


Parivritta Eka Hasta Makara Dandasana 
(puh-ri-VRIT-tuh EY-kuh HUH-stuh MUH-kuh-ruh duhn-DAHS-uh-nuh) 

Also Known As: Revolved Dolphin Plank Modification 
Modification: | & 2. knees on the floor, front and back view 

3 & 4. knees off the floor, front and back view 

Pose Type: forearm balance, twist, core 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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PLANK ON FOREARMS: UNEVEN LEG AND ARM POSITIONS 


Uneven Staff Pose Dedicated to Makara 


Vishama Makara Dandasana 

(VISH-uh-muh MUH-kuh-ruh duhn-DAHS-uh-nuh) 

Also Known As: Uneven Dolphin Plank Modification 

Modification: one elbow bent at 90 degrees, other forearm to the floor, knees on the floor 
Pose Type: arm/forearm balance, core 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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integrated circuit nparat 
ly, even the feedback from the output voltage 
won't be sufficient to maintain the variable input 
at a higher level than the reference voltage. (Re- 
member, the high’ output voltage from the 
comparators fixed value; it does not change in 
proportion with the input voltage.) Consequent- 
ly, the output toggles to low. Now the variable 
input is deprived of help from the comparator 
output, so it will be low enough that thas to rise 
considerably to toggle the comparator back on 
again. During that period, once again, small var- 
iations will be ignored. 


Reference 
evel 


Variable Input Voltage > 


‘Comparator 
Output 


Output Voltage 


Tine 


Figure 6-9. In real-world applications. tiny variations 
where the variable input voltage crosses the reference 
vollage can induce jit in the autpat from a comparator 
that has no hysteresis 


Inthe schematic,a phototransistor (PT1, at left) 
isinserieswith a3.3K resistor to adjust its voltage 
output to a suitable range. A 1M potentiometer 
at upper-left is wired as a voltage divider, so that 
itcanestablisha reference level that matches the 
light level that we wish to detect with the pho- 
totransistor. 


How to Use It 


Positive 
Feedback 


Figure 6:10. A simple circuit to achieve hysteresis with 
positive feedback to the variable input of acomparatar 


The 4700 resistor is the pullup resistor, which 
protects the LED from excessivecurrent. Thelow- 
er 1M resistor adjusts the amount of positive 
feedback, which determines the width of the 
hysteresis zone. 


Values for components may have to be adjusted 
depending on the supply voltage, the variable 
input voltage, and other factors, Butthe principle 
will remain the same. Note that in the example 
shown, all the positive voltage sources are iden- 
tical.In practice, different voltages could beused, 
so long as they share a common ground. 


AND gate 

Aset of open-collector comparators can function 
jointly as an AND gate, when their outputs are 
tied together with one pullup resistor. So long as 
all the output transistors are nonconductive, the 
output will be high. If ust one comparator tog- 
gles into conductive mode, the output will be 
low. See Figure 6-11 
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Hand to the Leg Sideways Uneven Legs Staff Pose Dedicated to Makara 


Hasta Pada Parshva Vishama Pada Makara Dandasana 
(HUH-stuh PUH-duh PAHRSH-vuh VISH-uh-muh PUH-duh MUH-kuh-ruh duhn-DAHS-uh-nuh) 
Also Known As: Hand to the Leg Sideways Dolphin Plank Modification 
Pose Type: forearm balance, twist, core 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Uneven Staff Pose Dedicated to Makara 


Vishama Makara Dandasana 

(VISH-uh-muh MUH-kuh-ruh duhn-DAHS-uh-nuh) 

Also Known As: Uneven Dolphin Plank Modification 

Modification: one elbow bent at 90 degrees, other forearm to the floor, knees off the floor 1. left 
forearm on the floor, right arm at 90 degrees 

2. right forearm on the floor, left arm at 90 degrees 

Pose Type: arm/forearm balance, core 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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FOUR LIMBED STAFF POSE: KNEES ON THE FLOOR 


Four Limbed Staff Pose 


Chaturanga Dandasana 
(chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 
Modification: knees on the floor 

Pose Type: arm balance, core 

Drishti Point: Nasagrai or Nasagre (nose) 
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One Hand Four Limbed Staff Pose 


Eka Hasta Chaturanga Dandasana 
(EY-kuh HUH-stuh chuh-tur-UHNG-guh duhn-DAHS-th-nuh) 
Modification: knees on the floor 

1. starting position 

2. end position 

Pose Type: arm balance, core 

Drishti Point: Nasagrai or Nasagre (nose) 


Lion Pose Dedicated to an Avatar of Lord Vishnu in Four Limbed Staff 
Pose 


Narasimhasana in Chaturanga Dandasana 

(nuh-ruh-sim-HAHS-uh-nuh in chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 

Also Known As: Lion Pose (Simhasana) 

Modification: 1. on the fingertips 

2. on the fists 

Pose Type: arm balance, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Leg Position of One-Legged King Pigeon | Version B in Four Limbed 
Staff Pose 


Pada Eka Pada Raja Kapotasana 1 B in Chaturanga Dandasana 

(PUH-duh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh in chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 
Modification: bottom knee bent and on the floor; top leg straight—knee resting on the sole of the 
bottom foot 

Pose Type: arm balance, core 

Drishti Point: Nasagrai or Nasagre (nose) 
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FOUR LIMBED STAFF POSE: KNEES OFF THE FLOOR 


Four Limbed Staff Pose 


Chaturanga Dandasana 

VG-guh duhn-DAHS-wh-nuh) 

‘ype: arm balance, core 

Drishti Point: Nasagrai or Nasagre (nose) 
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Crocodile Pose 


Nakrasana 

(nuh-KRAHS-uh-nuh) 

Modification: feet and hands off the floor and up in the air 
Pose Type: arm balance, core 

Drishti Point: Nasagrai or Nasagre (nose) 
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Revolved Four Limbed Staff Pose 


Parivritta Chaturanga Dandasana 
(puh-ri-VRIT-twh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 


Pose Type: arm balance, twist, core 
Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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One-Legged Four Limbed Staff Pose 


Eka Pada Chaturanga Dandasana 
(EY-kuh PUH-duh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 


Pose Type: arm balance, core 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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Upward One Leg to the Side Four Limbed Staff Pose 


Urdhva Parshvya Eka Pada Chaturanga Dandasana 
(OORD-vuh PAHRSH-vuh EY-kuh PUH-duh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 


Pose Type: arm balance, core 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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FOUR LIMBED STAFF POSE: KNEE TO THE ARM 


One-Legged Four Limbed Staff Pose 


Eka Pada Chaturanga Dandasana 
(EY-kuh PUH-duh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 
Modification: knee to the forearm 

Pose Type: arm balance, forward bend, core 
Drishti Point: Nasagrai or Nasagre (nose) 
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One-Legged Four Limbed Staff Pose 


Eka Pada Chaturanga Dandasana 

(EY-kuh PUH-duh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 

Modification: knee on top of the tricep 

Pose Type: arm balance, forward bend, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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FOUR LIMBED STAFF POSE: ONE ARMED 


One Hand Four Limbed Staff Pose 


Eka Hasta Chaturanga Dandasana 

(EY-kuh HUH-stuh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 

Modification: hand to the heart 

Pose Type: arm balance, core 

Drishti Point: Hastagrai or Hastagre (hands) or Nasagrai or Nasagre (nose) 


Poors 


Hand to the Side Four Limbed Staff Pose 


Parshva Hasta Chaturanga Dandasana 

(PAHRSH-vuh HUH-stuh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 

Modification: 1. knees on the floor 

2. knees off the floor 

Pose Type: arm balance, core 

Drishti Point: Hastagrai or Hastagre (hands) or Nasagrai or Nasagre (nose) 


at 


One Hand to the Side Four Limbed Staff Pose 


Parshva Eka Hasta Chaturanga Dandasana 
(PAHRSH-vuh EY-kuh HUH-stuh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 
Modification: one knee on the floor, other knee off the floor 
Pose Type: arm balance, core 

Drishti Point: Nasagrai or Nasagre (nose) 
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One Hand to the Side Four Limbed Staff Pose 


Parshva Eka Hasta Chaturanga Dandasana 
(PAHRSH-vuh EY-kuh HUH-stuh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 
Modification: knees off the floor 

Pose Type: arm balance, core 

Drishti Point: Nasagrai or Nasagre (nose) 
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One Hand to the Side One-Legged Four Limbed Staff Pose 


Parshva Eka Hasta Eka Pada Chaturanga Dandasana 
(PAHRSH-vuh EY-kuh HUH-stuh EY-kuh PUH-duh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 
Modification: one knee on the floor 

Pose Type: arm balance, core 

Drishti Point: Hastagrai or Hastagre (hands) 
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FOUR LIMBED STAFF POSE: PUSH UPS 


Diamond Four Limbed Staff Pose 


How to Use It 


Figure 631. if the outputs of multiple open-collector 
‘comparators are tied together witha suitable pullup resis 
tor, they wil function as an AND gate, 


Bistable Multivibrator 

If positive feedback to the noninverting input of, 
the comparator is sufficiently high, a voltage al- 
mostat OV ground will be required to counter the 
high output from the comparator—after which, 
a voltage almost equal to the supply voltage will 
be needed to turn it back on. in other words, the 
comparator is behaving like a bistable multivi- 
brator, or flip-flop. 


Relaxation Oscillator 

A relaxation oscillator, which is a form of astable 
‘multivibrator, can be created using direct positive 
feedback in combination with delayed negative 
feedback. In Figure 6-12, positive feedback goes 
tothenoninvertinginput, as before, butnegative 
feedback also passes through a 220K resistor to 
the inverting input of the comparator. A 0.47) 
capacitor initially holds the inverting input low, 
While the capacitor charges, Gradually the ca- 
pacitor reaches and exceeds the charge on the 
noninverting input, so the output from the com- 
parator toggles to its low state. This means that 
its internal transistor is now sinking current, and 
it discharges the capacitor. Because the nonin- 
verting input is being held at a voltage midway 
between supply and ground by the two 100K re- 


integrated circuit > analog > comparator 
sistors forming a voltage divider, eventually the 
voltage on the inverting input controlled by the 
capacitor falls below the noninverting voltage, 


so the cycle begins again. 


Figure 6-12. A comparator can be used to create a relax 
ation oscillator. 


Level Shifter 

Whereacomparatorisused simply to change the 
level of an input voltage, it can be referred to as 
a level shifter. An example of a level shifter is 
shown in Figure 6-13, in which a high/low 3VDC 
logic input is converted to a high/low logic out- 
put at SVDC. 


Window Comparator 
‘A window comparator is a circuit (not a single 
component) that will respond to input voltages 
that deviate outside an acceptable ‘window’ of 
values. In other words, the circuit responds any- 
time the variable input is either unacceptably 
low or unacceptably high. 


‘An example could be an alarm that will sound if 
a temperature is either too low or too high. In 
Figure 6-14, two comparators are used to create 
window comparator circuit, both sharing a vari- 
able voltage input from a sensor. A voltage di- 
vider is necessary to establish a higher voltage 
limitatthe noninverting input of the upper com- 
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Vajra Chaturanga Dandasana 
(VAHJ-ruh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 
Modification: knees on the floor 

1. start position 

2. end position 

Pose Type: arm balance, core 

Drishti Point: Nasagrai or Nasagre (nose) 
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Diamond Four Limbed Staff Pose 


Vajra Chaturanga Dandasana 
(VAHJ-ruh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 
Modification: knees off the floor 

1. start position 

2. end position 

Pose Type: arm balance, core 

Drishti Point: Nasagrai or Nasagre (nose) 


Hands Spread Wide Four Limbed Staff Pose 


Prasarita Hasta Chaturanga Dandasana 
(pruh-SAH-ri-tuh HUH-stuh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 
Modification: knees on the floor 

1. start position 

2. end position 

Pose Type: arm balance, core 

Drishti Point: Nasagrai or Nasagre (nose) 
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Hands Spread Wide Four Limbed Staff Pose 


Prasarita Hasta Chaturanga Dandasana 
(pruh-SAH-ri-tuh HUH-stuh chuh-tur-UHNG-guh duhn-DAHS-uh-nuh) 
Modification: knees off the floor 

1. start position 

2. end position 

Pose Type: arm balance, core 

Drishti Point: Nasagrai or Nasagre (nose) 
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SIDE PLANK: TOP LEG CROSSED OVER 


Pose Dedicated to Sage Vasistha 


Vasisthasana 

(vuh-sish-TAHS-uh-nuh) 

Also Known As: Side Plank Modification 

Modification: top leg crossing over 

1. arm alongside of the torso 

2. arm extended up 

Pose Type: arm balance, core 

Drishti Point: Nasagrai or Nasagre (nose), Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Pose Dedicated to Sage Vasistha 


Vasisthasana 

(vuh-sish-TAHS-uwh-nuh) 

Also Known As: Side Plank Modification 

Modification: bottom knee to the floor 

1. arm alongside of the torso 

2. arm extended up 

Pose Type: arm balance, core 

Drishti Point: Angushtamadhye or Angushtha Ma Dyai (thumbs) 
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Pose Dedicated to Sage Vasishta 


Vasishtasana 

(vuh-sish-TAHS-uh-nuh) 

Also Known As: Side Plank Modification 

Modification: both knees bent, shin of the top leg on the inside of the knee of the bottom leg 
1. bottom leg bent at 90 degrees 

2. bottom leg slightly bent 

Pose Type: arm balance, core 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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SIDE PLANK: LEGS STRAIGHT 


Pose Dedicated to Sage Vasishta 


Vasishtasana 

(vuh-sish-TAHS-wh-nuh) 

Also Known As: Side Plank Modification 

Modification: both legs straight 

1. arm alongside of the torso 

2. arm extended up 

Pose Type: arm balance, core 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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SIDE PLANK: BOTTOM LEG OFF THE FLOOR 


Revolved Pose Dedicated to Sage Vasistha 


Parivritta Vasisthasana 

(puh-ri-VRIT-tuh vuh-sish-TAHS-uh-nuh) 

Also Known As: Revolved Side Plank Modification 

Modification: bottom knee bent, foot resting on the thigh of the top leg; the wrist of the top arm to the 
knee of the bottom leg 

Pose Type: arm balance, twist, forward bend, core 

Drishti Point: Hastagrai or Hastagre (hands) 


eo 


Revolved Leg to the Side Pose Dedicated to Sage Vasistha 


Parivritta Parshva Pada Vasisthasana 

(puh-ri-VRIT-twuh PAHRSH-vuh PUH-duh vuh-sish-TAHS-uh-nuh) 

Also Known As: Revolved Leg to the Side Plank Modification 

Modification: both legs straight, bottom foot lifted off the floor, leg crossing over in front of the body 
Pose Type: arm balance, twist, core 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs), Padayoragrai or Padayoragre 


(toes/feet) 
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Hand to Foot Pose Dedicated to Sage Vasistha 


Hasta Pada Vasisthasana 

(HUH-stuh PUH-duh vuh-sish-TAHS-uh-nuh) 

Also Known As: Hand to Foot Side Plank Modification 

Modification: both legs straight; bottom leg crossing over in front of the body, foot in line with the 
center of the chest 

Pose Type: arm balance, forward bend, core 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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SIDE PLANK: FOOT TO THE THIGH & HALF LOTUS 


Tree Pose in Pose Dedicated to Sage Vasista 


Vrikshasana in Vasishtasana 
(vrik-SHAHS-uh-nuh in vuh-sish-TAHS-uh-nuh) 
Also Known As: Tree Pose in Side Plank Modification 


Modification: top foot to the inner thigh 
Pose Type: arm balance, core 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Half Lotus Pose in Pose Dedicated to Sage Vasishta 


Ardha Padmasana in Vasishtasana 

(UHR-duh puhd-MAHS-uh-nuh in vuh-sish-TAHS-uh-nuh) 

Also Known As: Half Lotus Pose in Side Plank Modification 
Modification: bottom knee on the floor 

Pose Type: arm balance, core 

Drishti Point: Hastagrai or Hastagre (hands) 
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SIDE PLANK: TOP LEG OFF THE FLOOR 


One Big Toe Pose Dedicated to Sage Vasishta 


Eka Padangushta Vasisthasana 
(EY-kuh puhd-ahng-GOOSH-tuh vuh-sish-TAHS-uh-nuh) 


Also Known As: Big Toe Side Plank Modification 
Modification: 1. bottom knee on the floor—leg bent, toes pointing to the back; on the fingertips 
2. bottom knee off the floor; palm flat to the floor 

Pose Type: arm balance, forward bend, core 

Drishti Point: Urdhva or Antara Drishti (up to the sky), Padayoragrai or Padayoragre (toes/feet) 
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VISHVAMITRA’S POSE 


Pose Dedicated to Vishvamitra 


Vishvamitrasana 

(vish-vuh-mi-TRAHS-uh-nuh) 

Modification: knee on the floor, grabbing onto the outside edge of the foot 
Pose Type: arm balance, side bend, twist, core 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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parator, while a separate voltage divider would 
establish a lower limit at the inverting input of 
the lower comparator. If an alarm has an appro- 
priate resistance, itcan be used instead ofa pull- 
upresistor.Thealarm willsoundwhentheoutput 
from either comparator is low, which happens if 
the inverting input has a higher voltage than the 
non-inverting input. 


‘Output 


Figure 613. A comparator can be used to convert high 
and low 3Y lagie inputs into high and low SV logic autputs 


Other Applications 

As previously noted, a comparator can be used 
asa simple analog-digital converter. It has “one 
bit" accuracy (/e, its outputiseither high or low). 


‘A comparator can be used as a zero point finder 
when its variable voltage input is attached to an 
AC signal. The output from the comparator will 
be toggled whenever the AC signal passes 
through zero volts, The output will be a square 
wave (approximately) instead of a sine wave. 


What Can Go Wrang 


Reterence| 
voltage 
(ign) 


Reference] 
voltage 
(low) 


Figure 6-14. A basic, simplified circuit fora window com- 
paratar. See text for details 


A continuous converter changes its output 
promptly in response to a change in input. This 
requires continuous current consumption. Be- 
cause many applications only need to check the 
output froma comparator atintervals, power can 
be saved by using a clocked or latched 
comparator. 


What Can Go Wrong 


Oscillating Output 
The high input impedance of a comparator is 
vulnerable to stray electromagnetic fields. f the 
conductors leading to and from the comparator 
are relatively long, the output can couple capac- 
itively with the input during voltage transitions, 
causing unwanted oscillations. 


The commonly recommended solution to this 
problem is to add 1)1F bypass capacitors to the 
power supply on either side of the comparator. 
However, some manufacturers recommend al- 
ternatives such as introducing just a small 
amount of hysteresis, or reducing the value of, 
input resistors to below 10K. 


Ifa chip contains multiple comparators, and one 
of them is unused, one of its input pins should be 
tied to the positive side of the voltage supply 
while the other should be tied to OV ground, to 
eliminate the possibility of an oscillating output. 
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Pose Dedicated to Vishvamitra 


Vishvamitrasana 

(vish-vuh-mi-TRAHS-uh-nuh) 

Modification: arm alongside of the torso 

Pose Type: arm balance, core 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 


es 


Pose Dedicated to Vishvamitra 


Vishvamitrasana 

(vish-vuh-mi-TRAHS-uh-nuh) 

Modification: knee off the floor, top arm straight and extended up to the sky 
Pose Type: arm balance, side bend, core 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Pose Dedicated to Vishvamitra 


Vishvamitrasana 

(vish-vuh-mi-TRAHS-uh-nuh) 

Modification: knee off the floor 

1. grabbing onto the outside edge of the top foot 

2. grabbing onto the ankle of the top leg 

Pose Type: arm balance, side bend, twist, core 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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KALA BHAIRAVA’S POSE 


Pose Dedicated to Shiva the Destroyer 


Kala Bhairavasana 

(KAH-luh beye-ruh-VAHS-uh-nuh) 

Modification: 1. arm extended up 

2. top hand to the inside of the bottom thigh 

Pose Type: arm balance, core 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs), Padayoragrai or Padayoragre 
(toes/feet) 
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SIDE PLANK: TOP LEG OVERHEAD GRIP 


Partridge Pose 


Kapinjalasana 

(kuth-pinj-uh-LAHS-uh-nuh) 

Modification: overhead grip 

1. bottom knee on the floor 

2. bottom knee off the floor 

Pose Type: arm balance, backbend, core 


Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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SIDE PLANK ON FOREARMS: KNEES ON THE FLOOR 


Pose Dedicated to Sage Vasishta 


Vasishtasana 

(vuh-sish-TAHS-uh-nuh) 

Also Known As: Dolphin Side Plank Modification 
Modification: forearm on the floor, both knees to the floor 

1. arm up to the sky 

2. arm alongside the torso 

Pose Type: forearm balance, core 

Drishti Point: 1. Angushtamadhye or Angushta Ma Dyai (thumbs) 
2. Nasagrai or Nasagre (nose) 
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SIDE PLANK ON FOREARMS: KNEES OFF THE FLOOR 


Pose Dedicated to Sage Vasishta 


Vasishtasana 

(vuh-sish-TAHS-uh-nuh) 

Also Known As: Dolphin Side Plank Modification 

Modification: forearm on the floor, arm crossed over in front of the chest, looking down 
Pose Type: forearm balance, twist, core 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Pose Dedicated to Sage Vasishta 


Vasishtasana 

(vuh-sish-TAHS-uh-nuh) 

Also Known As: Dolphin Side Plank Modification 
Modification: forearm on the floor, top hand on the hip 
Pose Type: forearm balance, core 

Drishti Point: Nasagrai or Nasagre (nose) 
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Pose Dedicated to Sage Vasistha 


Vasishtasana 

(vuh-sish-TAHS-uh-nuh) 

Also Known As: Dolphin Side Plank Modification 
Modification: forearm on the floor, top arm up to the sky 
Pose Type: forearm balance, core 

Drishti Point: Hastagrai or Hastagre (hands) 
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Pose Dedicated to Sage Vasishta 


Vasishtasana 

(vuh-sish-TAHS-uh-nuh) 

Also Known As: Dolphin Side Plank Modification 

Modification: forearm on the floor, top hand to the back of the head 
Pose Type: forearm balance, core 

Drishti Point: Nasagrai or Nasagre (nose) 
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SIDE PLANK ON FOREARMS: ONE LEG CROSSED OVER 


Pose Dedicated to Sage Vasishta 


Vasishtasana 

(vuh-sish-TAHS-wh-nuh) 

Also Known As: Dolphin Side Plank Modification 

Modification: forearm on the floor; top leg crossed over, foot flat on the floor; top hand by the bottom 
hip socket 

Pose Type: forearm balance, core 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Pose Dedicated to Sage Vasishta 


Vasishtasana 

(vuh-sish-TAHS-uh-nuh) 

Also Known As: Dolphin Side Plank Modification 

Modification: forearm on the floor; top leg crossed over, heel lifted; top arm extended up to the sky 
Pose Type: forearm balance, core 

Drishti Point: Hastagrai or Hastagre (hands) 
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Pose Dedicated to Sage Vasishta 


Vasishtasana 

(vuh-sish-TAHS-uh-nuh) 

Also Known As: Dolphin Side Plank Modification 

Modification: forearm on the floor; top leg crossed over, foot flat on the floor, bottom leg lifted off 
the floor, top hand on the hip 

Pose Type: forearm balance, core 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Half Lotus Pose in Pose Dedicated to Sage Vasishta 


Ardha Padmasana in Vasishtasana 

(UHR-duh puhd-MAHS-uh-nuh in vuh-sish-TAHS-uh-nuh) 

Also Known As: Half Lotus Pose in Dolphin Side Plank Modification 
Modification: forearm on the floor, top arm extended up to the sky 
Pose Type: forearm balance, core 

Drishti Point: Hastagrai or Hastagre (hands) 
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IDE PLANK ON FOREARMS: TOP LEG LIFTED 


Pose Dedicated to Sage Vasishta 


Vasishtasana 

(vuh-sish-TAHS-uwh-nuh) 

Also Known As: Dolphin Side Plank Modification 

Modification: forearm on the floor; top knee toward the top elbow, bottom knee on the floor; leg 
bent, toes pointing to the back 

Pose Type: forearm balance, forward bend, core 

Drishti Point: Hastagrai or Hastagre (hands) 
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Pose Dedicated to Sage Vasishta 


Vasishtasana 

(vuh-sish-TAHS-uh-nuh) 

Also Known As: Dolphin Side Plank Modification 

Modification: forearm on the floor; top knee toward the top elbow; bottom leg straight, knee off floor 
Pose Type: forearm balance, forward bend, core 

Drishti Point: Hastagrai or Hastagre (hands) 
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One Big Toe Pose Dedicated to Sage Vasishta 


Eka Padangushta Vasishtasana 

(EY-kuh puhd-ahng-GOOSH-tuh vuh-sish-TAHS-uh-nuh) 

Also Known As: Big Toe Dolphin Side Plank Modification 
Modification: forearm on the floor 

1. knee bent 

2. leg straight 

Pose Type: forearm balance, forward bend, core 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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wat Can Ga Wrong 


Confused Inputs 
A comparator will function if its two inputs are 
swapped accidentally, but its high and low out- 
put states will be the inverse of whats expected. 
Aso, if positive feedback is used, transposed in- 
puts can create oscillations, Because the compa- 
rator symbol may appearin a schematic with the 
noninverting input either below or above the in- 
verting input, the inputs are easily transposed by 
accident. 


One way to remember which way the inputs 
should be connected is to use the mnemonic: 
“plus, high, positive’ The plusinputcreatesa high 
output when the input becomes more positive 
than the reference voltage on the other input. 
The opposite is less intuitively obvious: the mi- 
‘nus input creates a high output when the input 
becomes more negative than the reference volt- 
age on the other input. 


Wrong Chip Type 

Different comparators offer different outputs: 
open collector, open drain, and push-pull. While 
open collectorand open drain function similarly, 
the pullup resistor value is likely to be different 
in each case. If a push-pull output is mistakenly 
connected as ifit is open collector or open drain, 
it will not work correctly, if at all. Different types 
of comparators must be sorted and stored in 
clearly labeled bins. 


Omitted Pullup Resistor 

Itisrelatively easy to forget to include the pullup 
resistor on an open-collector output. In this case, 
when the transistor inside the comparator is in 
its nonconductive state, the output pin will be 


integrated circuit > analog > comparator 
floating, with an indeterminate voltage that will 


create confusing or random results. 


CMOS Issues 

‘As usual when using CMOS chips, itis bad prac- 
tice to allow unconnected, floating inputs. This is 
an issue where a chip contains multiple compa- 
rators, some of which are not being used. The 
solution recommended by some manufacturers 
is to te one input of an unused comparator to 
the supply voltage, and the other input of the 
same comparator to ground, 


Erratic Output 

If positive feedback is insufficient, the compara- 
tor output may show signs of itter. Conversely, if 
the positive feedback is excessive, the compara- 
tor may get stuck in an on state or an off state. 
Feedback must be chosen carefully. 


Swapped Voltages 

‘A comparator is often capable of controlling an 
output voltage that is much higher than that of 
its power supply. Because both voltages are ap- 
plied to different pins on the same chip, mistakes 
can be made quite easily. The chip is likely to be 
damaged if the voltages are swapped acciden- 
tally between the relevant pins. 


Heat-Dependent Hysteresis 
Remember that the voltages at which the com- 
parator turns onandoffwill vary slightly with the 
temperature of the component. This drift should 
be tested by running the comparator at higher 
temperatures, 
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SIDE PLANK ON FOREARMS: BOTTOM LEG LIFTED 


Revolved Leg to the Side Pose Dedicated to Sage Vasishta 


Parivritta Parshva Pada Vasishtasana 

(puh-ri-VRIT-twh PAHRSH-vuh PUH-duh vuh- TAHS-uh-nuh) 

Also Known As: Revolved Leg to the Side Dolphin Side Plank Modification 
Modification: forearm on the floor; both legs straight, bottom leg lifted in front of the body 
Pose Type: forearm balance, twist, core 

Drishti Point: Hastagrai or Hastagre (hands) 
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Revolved Pose Dedicated to Sage Vasishta 


Parivritta Vasishtasana 

(puh-ri-VRIT-twh vuh-sish-TAHS-uwh-nuh) 

Also Known As: Revolved Dolphin Side Plank Modification 

Modification: forearm on the floor; bottom knee bent, foot resting on the thigh of the top leg; the 
elbow of the top arm to the knee of the bottom leg 

Pose Type: forearm balance, forward bend, twist, core 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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SIDE PLANK ON FOREARMS: TOP LEG UNDER-HEAD GRIP 


Partridge Pose 


Kapinjalasana 

(kuh-pinj-uh-LAHS-uh-nuh) 

Modification: forearm on the floor, under-head grip: 

1. knee on the floor 

2. knee off the floor 

Pose Type: forearm balance, backbend, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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SIDE PLANK ON FOREARMS: HALF LOTUS & LOTUS 


Half Lotus Pose in Pose Dedicated to Sage Vasistha 


Ardha Padmasana in Vasishtasana 

(UHR-duh puhd-MAHS-uh-nuh in vuh-sish-TAHS-uh-nuh) 

Also Known As: Half Lotus Dolphin Side Plank Modification 

Modification: forearm on the floor, bottom leg in half lotus, top knee bent, toes to the floor 
Pose Type: forearm balance, core 

Drishti Point: Hastagrai or Hastagre (hands) 
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Half Lotus One Big Toe Pose Dedicated to Sage Vasistha 


Ardha Padma Eka Padangushta Vasisthasana 

(UHR-duh PUHD-muh EY-kuh puhd-ahng-GOOSH-tuh vuh-sish-TAHS-uh-nuh) 

Also Known As: Half Lotus Big Toe Dolphin Side Plank Modification 

Modification: forearm on the floor 

Pose Type: forearm balance, forward bend, core 

Drishti Point: Padayoragrai or Padayoragre (toes/feet), Urdhva or Antara Drishti (up to the sky) 
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Half Lotus Half Bow Pose in Pose Dedicated to Sage Vasishta 


Ardha Padma Dhanurasana in Vasishtasana 

(UHR-duh PUHD-muh duh-nur-AHS-uh-nuh in vuh-sish-TAHS-uh-nuh) 

Also Known As: Half Lotus Half Bow Pose in Dolphin Side Plank Modification 

Modification: forearm on the floor, bottom leg in half lotus, grabbing onto the top foot with under- 
head grip 

Pose Type: forearm balance, backbend, core 

Drishti Point: Hastagrai or Hastagre (hands) 
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Lotus Pose in Pose Dedicated to Sage Vasishta 


Padmasana in Vasisthasana 

(puhd-MAHS-uh-nuh in vuh-sish-TAHS-uh-nuh) 

Also Known As: Lotus Pose in Dolphin Side Plank Modification 
Modification: forearm on the floor 

Pose Type: forearm balance, core 

Drishti Point: Hastagrai or Hastagre (hands) 
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SIDE PLANK ON THE ELBOWS 


Pose Dedicated to Sage Vasishta 


Vasishtasana 

(vuh-sish-TAHS-uwh-nuh) 

Also Known As: Elbow Side Plank Modification 
Modification: on the elbow; both legs straight, ankles crossed 
Pose Type: elbow balance, core 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 


Pose Dedicated to Sage Vasishta 


Vasishtasana 

(vuh-sish-TAHS-uh-nuh) 

Also Known As: Elbow Side Plank Modification 

Modification: on the elbow; bottom leg straight; top leg crossed over, foot flat on the floor; fingertips 
of the top arm to the floor in front of the body 

Pose Type: elbow balance, core 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Pose Dedicated to Sage Vasishta 


Vasishtasana 

(vuh-sish-TAHS-uh-nuh) 

Also Known As: Elbow Side Plank Modification 

Modification: on the elbow, top foot to the side of the bottom leg 
Pose Type: elbow balance, core 

Drishti Point: Nasagrai or Nasagre (nose) 
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Half Lotus Pose in Pose Dedicated to Sage Vasistha 


Ardha Padmasana in Vasisthasana 

(UHR-duh puhd-MAHS-uh-nuh in vuh-sish-TAHS-uh-nuh) 

Also Known As: Half Lotus Pose in Elbow Side Plank Modification 
Modification: on the elbow 

Pose Type: elbow balance, core 

Drishti Point: Hastagrai or Hastagre (hands) 
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BACKBEND ON THE K1 


COW FACE POSE AND GARUDA ON THE KNEES 


Pose Dedicated to Garuda on the Knees 


Janu Garudasana 

(JAH-nu guh-ru-DAHS-uh-nuh) 

Pose Type: standing (on the knees), backbend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Leg Position of Cow Face Pose in Camel Pose 


Pada Gomukhasana in Ushtrasana~ 

(PUH-duh go-moo-KAHS-uh-nuh in oosh-TRAHS-uh-nuh) 

Modification: Gomukhasana legs modification 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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KNEES ON THE FLOOR: LOTUS POSE 


Half Pose Dedicated to Siddhar Kamalamuni 


Ardha Kamalamunyasana 

(UHR-duh KUH-muh-luhmoo-nyAHS-uh-nuh) 

Also Known As: Upward Facing Lotus Pose (Urdhva Mukha Padmasana) 

Modification: fingertips pointing to the back, thumbs pointing to the front, knees close to the hands 
Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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ONE KNEE TO THE FLOOR: ONE LEG BENT & ONE LEG STRAIGHT UP TO THE SKY 


One-Legged Camel Pose 


Eka Pada Ushtrasana 

(EY-kuh PUH-duh oosh-TRAHS-uh-nuh) 

Modification: Leg 1: knee to the floor Leg 2: foot to the floor in semi-lunge position 
Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
es0oe 
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uit > analog > op-amp 


op-amp 


Although acomparatorhas the same schematicsymbolasanop-amp, their applications 
differ and they are described in separate sections of this encyclopedia 


‘Theunabbreviated name foran op-ampisan operationalamplifer, but thistermisseldom 


used, 


OTHER RELATED COMPONENTS 


+ comparator (see Chapter 6) 


What It Does 


An op-amp is an operational amplifier consisting 
of multiple transistors packaged in an integrated 
circuit chip. tenses the fluctuating voltage dif- 
ference between two inputs, uses power froman 
external supply to amplify that difference, and 
uses negative feedback to ensure that the output 
is an accurate replica of the input. Its amplifica- 
tion can be adjusted by changing the values of 
two external resistors. 


Op-amps were developed originally using vac- 
uum tubes, for use in analog computers, before 
the era of digital computing. Their implementa- 
tion in integrated circuits dates from the late 
1960s, when chips such as the LM741 were in- 
troduced (lower-noise versions of it still being 
widely used today). Multiple op-amps in a single 
package were introduced in the 1970s, 


‘AnLM741 isshownin Figure 7-1.Insidethe 8-pin, 
DIP package is a single op-amp. 
How It Works 


In alternating current, voltages deviate above 
and below a zero value, which is sometimes re~ 
ferred to as the neutral value. This occuts in do- 


‘mestic power supplies and in audio signals, to 
name two very common examples. A voltage 
amplifier multiplies the positive and negative 
voltage excursions, using an external power 
source to achieve this. Most op-ampsare voltage 
amplifiers. 


Figure 74. The LM741, shown here. is stil one ofthe most 
widely used op-amps. 


‘An ideal amplifier maintains a linear relationship 
between its input and its output, meaning that 
the output voltage values area constant multiple 
of the input voltages over a wide range. This is 
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One-Legged Camel Pose 


Eka Pada Ushtrasana 

(EY-kuh PUH-duh oosh-TRAHS-uh-nuh) 

Modification: Leg 1: knee to the floor 

Leg 2: sole of the foot to the quadricep 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Extended Hand to Big Toe Pose in Half Camel Pose 


Utthita Hasta Padangushtasana in Ardha Ushtrasana 

(UT-ti-tuh HUH-stuh puhd-AHNG-goosh-TAHS-uh-nuh in UHR-duh oosh-TRAHS-uh-nuh) 
Modification: 1. toes pointed to the back 

2. toes curled in 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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KNEES TO THE FLOOR: BACKBEND 


Camel Pose Prep. 


Ushtrasana Prep. 

(oosh-TRAHS-uh-nuh) 

Modification: 1. hands to the lower back 

2. hands in Anjali Mudra (Hands in Prayer) 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Upward Salute Pose in Camel Pose 


Urdhva Hastasana in Ushtrasana 

(OORD-vuh huh-STAHS-uh-nuh in oosh-TRAHS-uh-nuh) 

Also Known As: Pigeon Pose Prep. (Kapotasana Prep.) 

Modification: palms together 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Angushtamadhye or 
Angushta Ma Dyai (thumbs) 
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Raised Bound Hands in Camel Pose 


Urdhva Baddha Hastasana in Ushtrasana 

(OORD-vuh BUH-duh huh-STAHS-uh-nuh in oosh-TRAHS-uh-nuh) 

Modification: 1. hips pushed back 

2. hips pushed forward 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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KNEES ON THE FLOOR: BACKBEND—HANDS TO THE HEELS AND TO THE FLOOR 


Camel Pose 


Ushtrasana 

(oosh-TRAHS-uh-nuh) 

Modification: 1. grabbing onto both ankles 

2. palms to the heels, fingertips pointing to the back 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Pose Dedicated to King Nahusha 


Nahushasana 

(nuh-hu-SHAHS-uh-nuh) 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One Hand Graceful Thunderbolt Pose 


Eka Hasta Laghuvajrasana 

(EY-kuh huh-stuh luh-gu-vuhj-RAHS-uh-nuh) 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Pigeon Pose 


Kapotasana 
(kuh-po-TAHS-uh-nuh) 


Also Known As: Sage Korakar Pose (Korakarasana), Graceful Thunderbolt Pose (Laghuvajrasana) 
Modification: arms over the head, palms to the floor, feet toward the head 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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KNEES ON THE FLOOR: ONE ARM EXTENDED 


Half Camel Pose 


Ardha Ushtrasana 

(UHR-duh oosh-TRAHS-uh-nuh) 

Also Known As: One Arm Camel Pose (Eka Hasta Ustrasana) 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Hastagrai or Hastagre 
(hands) 
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Half Camel Pose 


Ardha Ushtrasana 


(UHR-duh oosh-TRAHS-uh-nuh) 

Modification: arm crossed behind the back to the opposite leg 

1. hand to the outside of the hip 

2. hand to the inside of the knee 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Hastagrai or Hastagre 
(hands) 
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Leg Position of the Pose Dedicated to Garuda in Half Camel Pose 


Pada Garudasana in Ardha Ushtrasana 

(PUH-duh guh-ru-DAHS-uh-nuh in UHR-duh oosh-TRAHS-uh-nuh} 

Modification: one hand to the floor; other arm up, elbow bent 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Hastagrai or Hastagre (hands), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Half Camel Pose 


Ardha Ushtrasana 

(UHR-duh-oosh-TRAHS-uh-nuh) 

Modification: one foot to the armpit on the same side; opposite arm straight up over the head 
Pose Type: backbend, standing (on the knees) 

Drishti Point: Hastagrai or Hastagre (hands), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Half Bound Lotus Camel Pose 


Ardha Baddha Padma Ushtrasana 

(UHR-duh BUH-duh PUHD-muh oosh-TRAHS-uh-nuh) 

Modification: free arm straight up over the head 

Pose Type: backbend, standing (on the knees), binding 

Drishti Point: Hastagrai or Hastagre (hands) or Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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ONE KNEE BENT TOWARD THE HIP: BACKBEND 


One-Legged Frog Pose in Camel Pose 


Eka Pada Bhekasana in Ushtrasana 

(EY-kuh PUH-duh bey-KAHS-uh-nuh in oosh-TRAHS-uh-nuh) 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Mermaid Arm Position in Camel Pose 


Hasta Naginyasana in Ushtrasana 

(HUH-stuh nuh-gin-YAHS-uh-nuh in oosh-TRAHS-uh-nuh) 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BACKBEND ON THE KNEES, HEAD AND SITTING BONES: BED POSE 


Bed Pose 


Paryankasana 

(puhr-yuhng-KAHS-uh-nuh) 

Also Known As: Reclined Thunderbolt Pose (Supta Vajrasana) 
Modification: 1. head off the floor 

2. crown of the head on the floor 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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How It Works 


illustrated in Figure 7-2, where the lower curve is 
a duplicate of the upper curve, the only differ- 
ence being that its amplitude is multiplied by a 
fixed amount (usually much greater than shown 
here). The ratio is properly known as the gain of, 
the amplifier, usually represented with letter A 
(for amplification). 


Input Votage 


Output Vonage 


<neurive F rreme> <Neqwie | reatve-p 


Bb 


Time > 


Figure 7-2. In an ideal voltage ampifier. the output volt 
_age wil be a duplicate ofthe Nactuating input voltage, the 
‘only difference being that the amplitude af the output is 
multiplied by a fixed amount. This ratio is known as the 
‘bain of the amplifier, 


Figure 7-3 shows the triangular symbol for a 
generic single-input amplifier (not an op-amp). 
Itmay contain any number of components. The 
triangle almost always points from left to right, 
with its input on the left and its output on the 
right, and power attached above and below. This 
is often a dual voltage power supply, which is 
convenient foramplifyinga signal that fluctuates 
above and below OV. In some schematics, the 
powersupply connections may not be shown, as 
they are assumed to exist. 


Ircuit > analog > op-amp 


‘V+ (positive OC 
power Supply) 
Single 
ima output 
V- (negative DC 
power Supply) 


Figure 7-3. The generic symbol for 2 single-input ampli- 
fer (ot an op-amp), with the positive side of its power 
‘supply being equal and opposite in value to the negative 
Side, and OV being atthe midpoint between them. 


+ While the blue negative symbol is generally 
used throughout this encyclopedia to indi- 
cate 0V ground, it represents a voltage iden- 
tified as V— in a dual voltage power supply, 
being equal in value but opposite in polarity 
to the positive side of the supply, V+. (Some- 
times these voltages are indicated as V- and 
V4) 


The output from thisimaginary genericamplifier 
is shown in the figure asa linear amplification of 
the input. 


Dual Inputs 
‘An op-amp has two inputs instead of one, and 
amplifies the voltage difference between them. 
Its symbol isshown in Figure 7-4. The upperinput 
in this figure is held at OV, midway between V+ 
and V-. Because the op-amp has so much gain, 
an accurate reproduction ofits input would cre- 
ate an output exceeding the voltage of the pow- 
ersupply. Because this isnot possible, the output 
tends to become saturated and consequently is 
clipped when it reaches its maximum value, as 
shown in the figure. The thumbnail graphs give 
only an approximate impression, as they are not 
drawn to the same scale. 
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Bed Pose 


Paryankasana 

(puhr-yuhng-KAHS-uh-nuh) 

Also Known As: Reclined Thunderbolt Pose (Supta Vajrasana) 

Modification: 1. hands in Anjali Mudra (Hands in Prayer), fingertips pointing to the sky 
2. grabbing onto the forearms, arms to the floor up over the head 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


ecoeed 


BACKBEND ON THE KNEES AND HEAD: LITTLE THUNDERBOLT POSE 


Little Thunderbolt Pose 


Laghuvajrasana 

(lluh-goo-vuhj-RAHS-uh-nuh) 

Modification: 1. grabbing onto the knees, head off the floor 
2. forehead to the floor, hands on the quadriceps 

3. head to feet, grabbing onto the knees 

Pose Type: backbend, standing (on the knees) 


Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Little Thunderbolt Pose 
Laghuvajrasana 


(luh-goo-vuhj-RAHS-uh-nuh) 

Modification: back of the head on the floor, grabbing onto the knees 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BACKBEND ON THE KNEES AND HEAD: PIGEON POSE 


Little Thunderbolt Pose Prep. 


Laghuvajrasana Prep. 

(luh-goo-vuhj-RAHS-uh-nuh) 

Modification: crown of the head to the floor, arms in Headstand 5 (see here) position 
Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One Hand Pigeon Pose 


Eka Hasta Kapotasana 

(EY-kuh HUH-stuh kuh-po-TAHS-uh-nuh) 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Pigeon Pose 


Kapotasana 

(kuh-po-TAHS-wh-nuh) 

Modification: grabbing onto the ankles 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Pigeon Pose 


Kapotasana 

(kuh-po-TAHS-uh-nuh) 

Modification: fingertips toward the knees, palms flat down 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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PIGEON POSE: ONE-LEGGED 


One-Legged Pigeon Pose Prep. 


Eka Pada Kapotasana Prep. 

(EY-kuh PUH-duh kuh-po-TAHS-uh-nuh) 

Modification: arms over the head palms to the floor, head away from the foot 
Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Pigeon Pose Prep. 


Eka Pada Kapotasana Prep. 

(EY-kuh PUH-duh kuh-po-TAHS-uh-nuh) 

Modification: 1. knee bent, foot to the floor 

2. leg straight, foot to the floor 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Pigeon Pose 


Eka Pada Kapotasana 

(EY-kuh PUH-duh kuh-po-TAHS-uh-nuh) 

Modification: foot to the quadriceps 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
esoeeee@ 


One-Legged Pigeon Pose 


Eka Pada Kapotasana 


(EY-kuh PUH-duh kuh-po-TAHS-uh-nuh) 

Modification: leg straight 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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TOES CURLED IN: BACKBEND—SHOULDERS ON THE FLOOR & HEAD ON THE FLOOR 


One-Legged Tip Toe Bridge Pose 


Eka Pada Prapada Setu Bandhasana 

(EY-kuh PUH-duh PRUH-puh-duh SEY-too buhn-DAHS-uh-nuh) 
Modification: back of the head on the floor, arms up to the sky 
1. knee bent, foot resting on the knee 

2. leg straight and extended to the sky 

Pose Type: supine, backbend 

Drishti Point: Angushtamadhye or Angustha Ma Dyai (thumbs) 
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Tip Toe Bridge Pose 


Prapada Setu Bandhasana 

(PRUH-puh-duh SEY-too buhn-DAHS-uh-nuh) 

Also Known As: Tip Toe Bed Pose (Prapada Paryankasana), Big Toe Bridge Pose (Padangushta Setu 
Bandhasana) 

Modification: 1. grabbing onto the shins, elbows to the floor 

2. grabbing onto the shins, arms straight 

3. hands on the quadriceps, arms straight 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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TOES CURLED IN: BACKBEND—HANDS TO THE FLOOR & TOE BALANCE 


Thunderbolt Pose 


Vajrasana 

(vuhj-RAHS-uh-nuh) 

Also Known As: Tip Toe Bed Pose Prep. (Prapada Paryankasana Prep.) 
Modification: toes curled in, fingertips pointing away from the feet, intense backbend 
Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Tip Toe Camel Pose 


Prapada Ushtrasana 

(PRUH-puh-duh oosh-TRAHS-uh-nuh) 

Modification: palms flat to the floor, fingertips pointing to the front 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Unsupported Tip Toe Camel Pose 


Niralamba Prapada Ushtrasana 

(neer-AH-luhm-buh PRUH-puh-duh oosh-TRAHS-uh-nuh) 

Modification: knees lifted off the floor, hands in Anjali Mudra (Hands in Prayer) 
Pose Type: standing, balance, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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TOES CURLED IN: BACKBEND—GRABBING ONTO THE HEELS & KNEES, HANDS ON THE FLOOR & HEAD 
TO THE HEELS 


Tip Toe Camel Pose 


Prapada Ushtrasana 

(PRUH-puh-duh oosh-TRAHS-uh-nuh) 

Modification: hands in Anjali Mudra (Hands in Prayer) 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Integrated circuit > analog > op-amp 


Inverting input yg 
tied 10 OV neutral 
ground 


Saturated 


Signal applied to 
‘noninverting input 


Figure 7-4. An op-amp has so much gain, its output will, 
fend to saturate, producing a square wave regardless of 
the shape ofthe input 


‘The small black plus and minus signs alongside 
thetwo inputs tothe op-amphavenothing todo 
with the voltage supplied to the component. The 
“minus” input is properly referred to as the in- 
verting input while the “plus” input is the nonin- 
verting input, in recognition of their functions. 


‘The inputs are sometimes arranged with the mi- 
nus above the plus, and sometimes with the plus 
above the minus. Schematics should be inspect- 
ed carefully to note which arrangement is being 
used. 


‘The positive and negative power connections to 
the op-amp may be omitted, but if shown, they 
always place V+ at the top, regardless of which 
way around the inputs are presented. 


Ifa signal is applied to the noninverting input, 
While the inverting input is held at OV ground, 
the op-amp provides an output in which the 
voltage is not inverted relative to the input. 


Ifthe input connections are swapped, so that the 
inverting input receives the incoming signal 
while the noninverting inputis tied to OV ground, 
the output from the op-ampisinverted (the gain 
remains the same). See Figure 7-5, 


‘Signal applied to 
inverting input 


Noninverting 
input tied to 
OV neutral 


wound Vv 


Figure 7-5. When the incoming signal s applied to the in- 
Verting input of an op-amp while its noninverting input is 
held at DV ground, the output is inverted. 


+ An op-amp that is being used without any 
other components to moderate its output is 
functioning in open loop mode. 


Negative Feedback 

To create an output that is an accurate replica of, 
the input, the op-amp must be brought under 
control with negative feedback to the input sig- 
nal. Thisisillustrated in Figure 7-6. A resistor con- 
nects the output back to the inverting input, 50 
that the input is automatically reduced to the 
point where the output is no longer saturated. 
The values of R1 and R2 will determine the gain 
of the op-amp, as explained in "How to Use it” on 
page 53. The op-amp isnow functioning initsin- 
tended closed loop mode, meaning that the aut- 
puts being tapped for feedback 


To obtain a linear output that is noninverted, 
connections are made as shown in Figure 7-7. 
The resistors form a voltage divider between the 
output and OV ground, effectively increasing the 
comparison value on the inverting input. 
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Half Tip Toe Camel Pose 


Ardha Prapada Ushtrasana 

(UHR-duh PRUH-puh-duh oosh-TRAHS-uh-nuh) 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Hastagrai or Hastagre 
(hands) 
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Tip Toe Camel Pose 


Prapada Ushtrasana 

(PRUH-puh-duh oosh-TRAHS-uh-nuh) 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Tip Toe Camel Pose 


Prapada Ushtrasana 

(PRUH-puh-duh oosh-TRAHS-uh-nuh) 

Modification: hands on the knees 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Tip Toe Pigeon Pose 


Prapada Kapotasana 

(PRUH-puh-duh kuh-po-TAHS-uh-nuh) 

Also Known As: Big Toe Pigeon Pose (Padangushta Kapotasana) 

Modification: arms straight up over the head, palms to the floor 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Hastagrai or Hastagre 
(hands) 
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ce) 


Tip Toe Pigeon Pose 


Prapada Kapotasana 

(PRUH-puh-duh kuh-po-TAHS-uh-nuh) 

Also Known As: Big Toe Pigeon Pose (Padangustha Kapotasana), Little Wheel Pose (Laghu 
Chakrasana) 

Modification: arms up over the head, elbows bent, palms to the floor, forehead to the heels 
Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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TOES CURLED IN: BACKBEND—ARMS STRAIGHT, PALMS TOGETHER 


Raised Bound Hands in Tip Toe Camel Pose 


Urdhva Baddha Hastasana in Prapada Ushtrasana 

(OORD-vuh BUH-duh huh-STAHS-uh-nuh in PRUH-puh-duh oosh-TRAHS-uh-nuh) 

Modification: hips pushing back 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Angushtamadhye or 
Angushta Ma Dyai (thumbs) 


e0d0e0e 


Tip Toe Pigeon Pose 


Prapada Kapotasana 

(PRUH-puh-duh kuh-po-TAHS-uh-nuh) 

Also Known As: Big Toe Pigeon Pose (Padangushta Kapotasana), Full Camel Pose (Purna 
Ushtrasana), or Little Wheel Pose (Laghu Chakrasana) 

Modification: 1. arms extended to the sky 

2. arms parallel to the floor 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BACKBEND: HEADSTAND 5 ARM POSITION 


Upward Bow Pose in Headstand 5 


Urdhva Dhanurasana in Shirshasana 5 

(OORD-vuh duh-nur-AHS-uh-nuh in sheer-SHAS-uh-nuh) 

Pose Type: backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Upward Bow Pose with Leg Position of the Pose Dedicated to Garuda 
in Headstand 5 


Urdhva Dhanurasana Pada Garudasana in Shirshasana 5 
(OORD-vuh duh-nur-AHS-uh-nuh PUH-duh guh-ru-DAHS-uh-nuh in sheer-SHAHS-uh-nuh) 
Pose Type: backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


eo000e0 


*s 


Upward Tip Toe Bow Pose in One Hand Headstand 5 


Urdhva Prapada Dhanurasana in Eka Hasta Shirshasana 5 
(OORD-vuh PRUH-puh-duh duh-nur-AHS-uh-nuh in EY-kuh HUH-stuh sheer-SHAHS-uh-nuh) 
Pose Type: backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Inverted Tip Toe Bow Pose 


Viparita Prapada Dhanurasana 

(vi-puh-REE-tuh PRUH-puh-duh duh-nur-AHS-uh-nuh) 

Also Known As: Headstand Bow Pose (Shirsha Dhanurasana) 

Pose Type: backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BACKBEND: HEADSTAND 1 ARM POSITION—KNEE/KNEES BENT 


Upward Bow Pose in Headstand 1 


Urdhva Dhanurasana in Shirshasana 1 

(OORD-vuh duh-nur-AHS-uh-nuh in sheer-SHAHS-uh-nuh) 

Pose Type: backbend, inversion 

Drishti Yoint: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


e0d00e0 


Upward Tip Toe Bow Pose in Headstand 1 


Urdhva Prapada Dhanurasana in Shirshasana 1 
(OORD-vuh PRUH-puh-duh duh-noor-AHS-uh-nuh in sheer-SHAHS-uh-nuh) 


Pose Type: backbend, inversion 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Inverted Staff Pose 


Eka Pada Viparita Dandasana 

(EY-kuh PUH-duh vi-puh-REE-tuh duhn-DAHS-uh-nuh) 

Modification: knee of the bottom leg bent 

Pose Type: backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BACKBEND: HEADSTAND 1 ARM POSITION—LEGS STRAIGHT 


One-Legged Inverted Staff Pose 


Eka Pada Viparita Dandasana 

(EY-kuh PUH-duh vi-puh-REE-tuh duhn-DAHS-uh-nuh) 

Also Known As: Inverted Staff Pose B (Viparita Dandasana B) 
Modification: both legs straight 

Pose Type: backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Two-Legged Inverted Staff Pose 


Dwi Pada Viparita Dandasana 

(DWIL-puh-duh vi-puh-REE-tuh duhn-DAHS-uh-nuh) 

Also Known As: Inverted Staff Pose A (Viparita Dandasana A) 

Pose Type: backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BACKBEND: FOREARMS ON THE FLOOR, BOUND HANDS 


Bound Arms Tip Toe Bound Wheel Pose 


Baddha Hasta Prapada Chakra Bandhasana 

(BUH-duh HUH-stuh PRUH-puh-duh CHUHK-ruh buhn-DAHS-uh-nuh) 

Pose Type: backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Bound Arms Both Legs Inverted Staff Pose 


Baddha Hasta Dwi Pada Viparita Dandasana 
(BUH-duh HUH-stuh DWL-puh-duh vi-puh-REE-tuh duhn-DAH-suh-nuh) 


Pose Type: backbend, inversion 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BACKBEND: FOREARMS ON THE FLOOR, HEELS DOWN 


Bound Wheel Pose 


Chakra Bandhasana 

(CHUHK-ruh buhn-DAHS-uh-nuh) 

Modification: forearms to the floor, heels down, fingertips touching the heels 
Pose Type: backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Bound Wheel Pose 


Chakra Bandhasana 

(CHUHK-ruh buhn-DAHS-uh-nuh) 

Also Known As: Bound Wheel Pose (Bandha Chakrasana) 

Modification: grabbing onto ankles 

1. looking straight ahead 

2. head rolling back 

Pose Type: backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


Variants 


Noninverting 
Input tied t6 
OV neutral 
‘ground — 


Figure 7-6. A resistor applies negative feedback tothe in 
verting input of an op-amp, and creates a linear output 


Signal applied to 
‘noninverting input 


Figure 77. Where the incoming signal is applied to the 
noninverting input, negative feedback is created by using 
2 pair of resistors forming a valtage divider between the 
‘output and OV graund, 


+ Note that the gain of an op-amp is specific 
toa particular frequency range of AC signal. 
Thisisdiscussedin “How to Uselt” on page3. 


Op-Amps and Comparators 
‘A comparator can be regarded as a type of op- 
amp, and in fact an op-amp can be used as a 
comparator, comparinga variable DC voltage on 
one input with a reference voltage on another 


integrated circuit > analog > op-amp 
input. However, the two types of components 
have diverged in design to the point where they 
should be considered separately. The distinction 
is sufficiently important to have prompted Texas 
Instruments to issue an Application Report in 
2001 titled “Op Amp and Comparators—Don't 
‘Confuse Them! 


Differences in function are summarized in the 
previous entry discussing comparators (see "Dif- 
ferences from an Op-Amp* on page 42). 


Because op-amps are mostly low-current devi- 
ces, they are widely available in very small 
surface-mount formats, in addition to the 
through-hole DIP packages which used to be 
more common, 


Many chips are available containing two or more 
‘op-amps. This is often expressed as the number 
of channels in the component. A dual chip con- 
tains two op-amps, while a quad chip contains 
four op-amps. Usually all the op-amps in a chip 
share the same power supply. Bipolar or CMOS 
transistors may be used. 


Because op-amps are widely available in dual 
and quad packages, it's quite common for a cit- 
cuit designer to have one op-amp in a chip “left 
over” The designer may be tempted to use that 
spare unit as a comparator instead of installing 
an additional chip. To address this situation, 
some manufacturers offer hybrid op-amp chips 
containing an additional comparator. The Texas 
Instruments TLV2303 and TLV2304 are examples, 


Values 


‘The op-amps derived from 1970s designs often 
tolerate a wide range of power-supply voltages. 
Plus-or-minus 5VDC to plus-or-minus 15VDCisa 
common range. Modern op-amps are available 
that run from as little as 1VDC to as much as 
1,000vDC. 


(Op-amps ate available for frequencies ranging 
from SKHz all the way up to 1GHz. 
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BACKBEND: FOREARMS ON THE FLOOR, HEELS LIFTED 


Tip Toe Bound Wheel Pose 


Prapada Chakra Bandhasana 
(PRUH-puh-duh CHUCK-ruh buhn-DAHS-uh-nuh) 


Pose Type: backbend, inversion 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Uneven Tip Toe Bound Wheel Pose 


Vishama Prapada Chakra Bandhasana 
(Vi-shuh-muh PRUH-puh-duh CHUCK-ruh buhn-DAHS-uh-nuh) 


Pose Type: backbend, inversion 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BACKBEND: FOREARMS ON THE FLOOR, ONE-LEGGED 


One-Legged Inverted Staff Pose 


Eka Pada Viparita Dandasana 

(EY-kuh PUH-duh vi-puh-REE-tuh duhn-DAHS-uh-nuh) 

Modification: forearms to the floor, head off the floor 

Pose Type: backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Bound Foot One-Legged Inverted Staff Pose 


Baddha Pada Eka Pada Viparita Dandasana 

(BUH-duh PUH-duh EY-kuh PUH-duh vi-puh-REE-tuh duhn-DAHS-uh-nuh) 

Modification: forearms to the floor, head off the floor 

Pose Type: backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BACKBEND: FOREARMS ON THE FLOOR, ONE-LEGGED 


Tip Toe Bound Foot One-Legged Inverted es Sogo 
Staff Pose 


Prapada Baddha Pada Eka Pada Viparita Dandasana 
(PRUH-puh-duh BUH-duh PUH-duh EY-kuh PUH-duh vi-puh-REE-twh duhn-DAHS-uh-nuh) 
Pose Type: backbend, inversion 


Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


How to Perform the Pose: 


1. Begin by lying flat on your back. Engage your mula bandha, uddhiyana bandha, and ujjayi 
breathing. Inhale and bring your hands under your shoulders with elbows bent and close to your 
head, with the fingertips pointing away from your head. 

2. Exhale and bend your knees, keep your feet flat on the floor and slide your heels toward your 
sitting bones. Keep your feet in line with your sitting bones and parallel to each other with your 
toes pointing straight ahead. 

3. Exhale as you lift your sitting bones and your back off the floor. Place the crown of your head onto 
the floor, balancing on your hands, head, and feet. 

4. Exhale as you slide your right palm in the direction of your feet until your forearm is flat on the 
floor. On the next exhale, slide your left palm to meet your right. Interlock your fingers at the back 
of your head. 

5. Exhale and lift your head off the floor. 

6. On the next exhale, walk your feet toward your hands. Grab onto your left ankle with both hands. 

7. Exhale as you lift your right foot off the floor, keeping your right leg strong and straight with toes 
pointing up to the sky. 

8. Inhale and lift your left heel, coming onto the toes of the left foot, while holding onto the left toes 
with both hands. Hold the pose for at least 30, and up to 90, seconds in order to receive the full 
benefits of the stretch on the right side. 

9. Inhale and lower the left heel to the floor, followed by the right foot. Exhale and grab onto the right 
ankle with both hands. On the following exhale, lift your left foot off the floor, keeping your left 
leg strong and straight with toes pointing up to the sky. 

10. Inhale and lift your right heel, coming onto the toes of the right foot while holding onto the right 
toes with both hands. Hold the pose for at least 30, and up to 90, seconds in order to receive the 
full benefits of the stretch on the left side. 

11. Inhale and lower your right heel to the floor, followed by your left foot. Exhale and lower your 
head to the floor. Exhale and tuck your chin to your chest and lower your spine to the floor, coming 


out of the pose. 
Modification: forearms to the floor, head off the floor 


prapada = tip of the feet 
baddha 


ound 
pada = foot or leg 
eka = one 

pada = foot or leg 
viparita = inverted 


danda = stick or staff 


Foot to the Head One-Legged Inverted Staff Pose 


Shirsha Pada Eka Pada Viparita Dandasana 

(SHEER-shuh PUH-duh EY-kuh PUH-duh vi-puh-REE-tuh duhn-DAHS-wh-nuh) 
Modification: forearms to the floor, head off the floor 

Pose Type: backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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UPWARD BOW POSE 


Upward Bow Pose 


Urdhva Dhanurasana 
(OORD-vuh duh-nur-AHS-uh-nuh) 


Modification: heels down 
Pose Type: backbend, inversion 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Tip Toe Upward Bow Pose 


Prapada Urdhva Dhanurasana 
(PRUH-puh-duh QORD-vuh duh-nur-AHS-uh-nuh) 


Pose Type: backbend, inversion 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Elevated Both Legs Inverted Staff Pose 


Utthita Dwi Pada Viparita Dandasana 

(UT-ti-tuh DWI-puh-duh vi-puh-REE-tuh duhn-DAHS-uh-nuh) 

Also Known As: Upward Bow Pose (Urdhva Dhanurasana) 

Modification: head rolling back 

Pose Type: backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Tip Toe One-Legged Upward Bow Pose 


Prapada Eka Pada Urdhva Dhanurasana 

(PRUH-puh-duh EY-kuh PUH-duh OORD-vuh duh-nur-AHS-uh-nuh) 

Pose Type: backbend, inversion 

Drishti Points Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Upward Bow Pose 


Eka Pada Urdhva Dhanurasana 

(EY-kuh PUH-duh OORD-vuh duh-nur-AHS-uh-nuh) 

Also Known As: Two Limb Upward Bow Pose (Dwi Anga Urdhva Dhanurasana) 
Modification: one hand to the thigh 

Pose Type: backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Tip Toe One Hand Upward Bow Pose 


Prapada Eka Hasta Urdhva Dhanurasana 
(PRUH-puh-duh EY-kuh HUH-stuh OORD-vuh duh-nur-AHS-uh-nuh) 


Pose Type: backbend, inversion 


Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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WILD THING POSE 


Wild Thing Pose 


Chamatkarasana 

(kuh-muht-kar-AHS-uh-nuh) 

Modification: forearm to the floor 

Pose Type: backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) or Hastagrai or 
Hastagre (hands) 

See the glossary for a more precise translation of chamatkarasana. 
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Wild Thing Pose 


Chamatkarasana 
(kith-muht-kar-AHS-uh-nuh) 
Pose Type: backbend, inversion 


integrated circuit > analog > op-amp 

A “classic” op-amp such as the LM741, which is 
still widely used, will operate witha power supply 
ranging from plus-or-minus SVDC to plus-or- 
minus 22VDC. Its output is rated for up to 25mA, 
anditsinputimpedanceis at least 2MO. The most 
currentit wll draw from an inputisaround0.5pA. 


Viois the input offset voltage. In an ideal compo- 
ent, the output from an op-amp should be OV 
when its inputs have a voltage difference of OV. 
In practice, the output will be OV whenthe inputs 
differ by the offset voltage. Vig is likely to be no 
greater than a couple of mV, and negative feed- 
back can compensate for the offset. 


Vicnis the common mode voltage range. Thisis the 
range of input voltages that the op-amp will tol- 
erate. This can never be more than the positive 
power supply voltage and will often be less, de- 
pending on the types of transistors that are used 
onthe inputside.Ifaninputvoltage goes outside 
the common mode voltage range, the op-amp 
will stop functioning, 


Vipr is the input differential voltage range—the 
maximum permissible difference between peak 
positive and peak negative input voltages. This 
is often expressed as plus-or-minus the power 
supply voltage, or slightly less. Exceeding the 
range can have destructive consequences. 


Igis the input bias current, averaged over the two 
inputs. Most op-amps have extremely high input 
impedance and consequently use very low input 
currents. 


Slew rate at unity gain is the rate of change of the 
output voltage caused by an instantaneous 
changeon the inputside, when the output of the 
op-amp is connected directly back to the invert- 
ing input (during operation in noninverting 
mode). 


How to Use It 


In addition to being an amplifier for AC signals, 
an op-amp can serve as an oscillator, filter, signal 
conditioner, actuator driver, current source, and 
voltage source. Many applications require some 


How to Use It 


understanding ofthe complexities of mathemat- 
ics describing alternating current, which are not 
included this encyclopedia. Almost all the appli- 
cations havea common starting point, however, 
Which is to establish and control the gain of the 
feedback circuit. 


Controlling the Gain 

"Avor isthe open-loop voltage gain, defined asthe 
maximum voltage amplification that can be 
achieved when no feedback is applied from the 
output to an input. This remains constant until 
the AC frequency rises to a point known as the 
breakaver frequency. If the frequency continues 
to rise, the maximum gain diminishes quite rap- 
idly, until finally itterminates in 1:1 amplification 
at the unity gain frequency. This transition is 
shown by the orange line in Figure 7-8. The 
length of each purple line shows the frequencies 
Which can be tolerated when the op-ampis used 
in closed-loop mode, and a negative feedback 
oop limits the gain. For example, where the gain 
is just 10:1, it can remain constant to just above 
1OKHz. 


Note that both of the scales in this graph are log- 
arithmic. 


Calculating Amplification 

So long as an op-amp is used within the bound- 
aries of the graph, its voltage amplification can 
be controlled by choosing appropriate feedback 
and input resistors. f the op-amp is being used 
in noninverting mode, and R1 and R2 are placed 
as shown in Figure 7-7, the amplification ratio, A, 
is found approximately by the formula: 


A = (approximately) 1+ (R2 / R1) 


From thisitcan be seen that when R1 is very large 
compared with R2, the gain diminishes to near 
unity. IFT becomes infinite and R2 is zero, the 
gain is exactly 1:1. This can be achieved by re- 
placing R2 witha section of wire (theoretically of 
zero resistance) and omitting R1 entirely, as in 
Figure 7-9. In this configuration, the output from 
the op-amp should be identical with its input. 
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Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) or Hastagrai or 
Hastagre (hands) 
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Wild Thing Pose 


Chamatkarasana 
(kuth-muht-kar-AHS-uh-nuh) 

Modification: foot to inside of the thigh 
Pose Type: backbend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Wild Thing Pose 


Chamatkarasana 

(kuh-muht-kar-AHS-uh-nuh) 

Modification: grabbing the ankle with overhead grip on the same side 

Pose Type: backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) or Hastagrai or 
Hastagre (hands) 
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Wild Thing Pose 


Chamatkarasana 

(kuth-muht-kar-AHS-uh-nuh) 

Modification: grabbing the ankle with overhead grip on the same side; other foot off the floor—knee 
bent 

Pose Type: backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) or Hastagrai or 
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ARM BALANCE: SITTING BONES & FEET OFF THE FLOOR 


Half Fire Log Celibate Pose 


Ardha Agnistambha Brahmacharyasana 
(UHR_duh whg-ni-STUHM-buh bruh-muh-chahr-YAHS-uh-nuh) 


Pose Type: core, arm balance 
Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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One Leg Over Shoulder Pose 


Eka Hasta Bhujasana 

(EY-kuh HUH-stuh buj-AHS-uh-nuh) 

Also Known As: Comfortable Bird Pose (Sukha Chakorasana) 
Pose Type: core, arm balance 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Moonbird Pose 


Chakorasana 

(chuh-kor-AHS-uh-nuh) 

Pose Type: core, arm balance 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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ARM BALANCE: LOTUS 


Rooster Pose 


Kukkutasana 

(ku-ku-TAHS-uh-nuh) 

Pose Type: arm balance, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 


os 


Scales Pose 


Tolasana 
(to-LAHS-uh-nuh) 


Modification: 1. fingertips pointing to the back, thumbs pointing to the front 
2. palms flat on the floor, fingertips pointing to the front 

Pose Type: arm balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Pose Dedicated to Sage Galava 


Galavasana 

(gah-luh-VAHS-uh-nuh) 

Modification: 1. hips low 

2. hips high 

Pose Type: arm balance, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Upward Rooster Pose 


Urdhva Kukkutasana 

(OORD-vuh ku-ku-TAHS-uh-nuh) 

Modification: 1. hips at shoulder height 

2. hips higher than the shoulders 

Pose Type: arm balance, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Angushtamadhye or 
Angushta Ma Dyai (thumbs) 
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Side Rooster Pose 


Parshva Kukkutasana 

(PAHRSH-vuh ku-ku-TAHS-uh-nuh) 

Also Known As: Revolved Rooster Pose (Parivritta Kukkutasana), Wounded Rooster Pose (Pungu 
Kukkutasana) 

Modification: 1. elbows bent 

2. arms straight 

Pose Type: arm balance, forward bend, twist 

Drishti Point: Nasagrai or Nasagre (nose) 
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ARM BALANCE: PENDANT POSE 


Pendant Pose 


Lolasana 

(lo-LAHS-uh-nuh) 

Modification: ankles crossed 

Pose Type: arm balance, forward bend, core 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) or Nasagrai or Nasagre (nose) 
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ARM BALANCE: PENDANT POSE 


Pendant Pose oo 


Lolasana 
(lo-LAHS-uh-nuh) 


Pose Type: arm balance, forward bend, core 


Drishti Point: Angusthamadhye or Angustha Ma Dyai (thumbs) or Nasagrai or Nasagre (nose) 


How to Perform the Pose: 


1. Begin by sitting on the floor with both your legs straight out in front of you. Keep your fingertips 
on the floor on the sides of your hips. Engage your mula bandha, uddhiyana bandha, and ujjayi 
breathing. 

2. Exhale and lean forward, lifting your sitting bones off the floor. Bend your right knee, sliding your 
foot back. On the next exhale, bend your left knee, sliding your left foot back to meet your right. 
Your left shin should end up on top of your right calf muscle. Sit on your heels with ankles crossed 
under your sitting bones. 

3. Inhale and rock forward. Exhale, engage your core, pull your quadriceps toward your chest, and 
lift your knees and feet off the floor, balancing on your fingertips. Make sure your arms are strong 
and straight and your shoulders are on top of your fingertips. 

4. Aim to hold the pose for at least 30, and up to 90, seconds in order to receive the full benefits of 
the pose. 

5. Inhale and lower your feet and knees to the floor. Exhale and bring both legs straight out in front of 
you. Repeat on the opposite side. 


Modification: on the fingertips; ankles crossed 


lola = pendant 


How to Use It 
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Figure 7-8, Where each horizontal purple lie meets the 
slagonal orange line, this isthe maximum frequency that 
‘can be used without eduction n the maximum gain of an 
op-ama, 


Noninverting, 
input 


Figure 7-9. While an op-amp is in noninverting mode. if 
the feedback resistor 1s replaced with a section of wire 
and the OV ground connection is omitted entirely, the gain 
Df the op-amp diminishes theoretically to 1 


If the op-amp is being used in inverting mode, 
and RI and R2 are placed as shown in 
Figure 7-6, then the voltage amplification ratio, 
Ais found approximately by the formula: 


A = (approximately) -(R2 / R1) 


+ Note the minus sign. In inverting mode, gain 
is expressed as a negative number. 


integrated circuit > analog > op-amp 

«+ In a practical circuit, at the expected fre- 
quency, the amplification factor established 
by choice ofresistorsshould benomorethan 
20. 

«+ Aninverting circuit has a relatively low input 


impedance. For this reason, in most applica- 
tions, a noninverting circuit is preferred. 


Unintentional DC 

Voltage Amplification 

Although the op-amp is intended primarily as an 
AC signal voltage amplifier, it will also amplify a 
DC difference between thevoltages onits inputs, 
In the upper section of Figure 7-10, positive DC 
offset is inverted and amplified to the point 
where the output is forced to its negative limit, 
and the signal is lost, because its fluctuations 
have been overwhelmed by the positive offset. 
Acoupling capacitor (shown in the lower section 
ofthe figure) removes the DC voltage while pass- 
ing the AC signal. The appropriate capacitor val- 
tue will depend on the frequency of the signal. 


Low-Pass Filter 

‘An op-amp can facilitate a very simple low-pass 
audio filter, just by adding a capacitorto the basic 
inverting circuit previously shown in Figure 7-6. 
The filter schematic is shown in Figure 7-11. Ca- 
pacitor C1 is chosen with a value that passes 
higher audio frequencies and blocks lower audio 
frequencies. Because the gain of the basic invert- 
ing circuit is approximately ~(R2 / R1), the op- 
‘amp functions normally when the impedance of 
lis blocking the low frequencies, forcing them 
topass through R2.Higher frequencies, however, 
are able to bypass R2 through C1, lowering the 
effective resistance of the feedback section of the 
Circuit, thusreducingits gain. This way, the power 
of the op-amp is greatly reduced for higher fre- 
quencies compared with lower frequencies. A 
passive RC circuit could achieve the same effect, 
but would attenuate the signal, while the op- 
amp circuit boosts part of it. 
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Pendant Pose 


Lolasana 

(lo-LAHS-uh-nuh) 

Modification: fingertips pointing to the back, thumbs pointing to the front 

Pose Type: arm balance, forward bend, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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Leg Position of Cow Face Pose in Pendant Pose 


Pada Gomukhasana in Lolasana 

(PUH-duh go-muk-AHS-uh-nuh in lo-LAHS-uh-nuh) 

Modification: fingertips pointing to the back, thumbs pointing to the front 

Pose Type: arm balance, forward bend, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 


(nose) 
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ARM BALANCE: ONE LEG OVER THE SHOULDER 


Pose Dedicated to Viranchi (Brahma) | Prep. 


Viranchyasana | Prep. 

(vir-thn-CHYAHS-uh-nuh) 

Modification: back of the knee toward the shoulder 
Pose Type: arm balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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One-Legged Crane 2 Prep. 


Eka Pada Bakasana 2 Prep. 

(EY-kuh PUH-duh buh-KAHS-uh-nuh) 

Modification: both knees bent, back of one knee over the shoulder, other knee toward the chest 
Pose Type: arm balance, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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One Foot Behind Head Crane Pose 


Eka Pada Shirsha Bakasana 

(EY-kuh PUH-duh SHEER-shuh buh-KAHS-uh-nuh) 

Modification: 1. hips at shoulder height 

2. hips at elbow height, head lifted 

Pose Type: arm balance, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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ARM BALANCE: CRANE POSE 


Crane Pose 


Bakasana 

(buh-KAHS-uh-nuh) 

Also Known As: Crow Pose (Kakasana) 
Modification: elbows bent 

Pose Type: arm balance, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Crane Pose 


Bakasana 

(buh-KAHS-uh-nuh) 

Modification: 1. knees off the triceps 

2. knees on the triceps 

Pose Type: arm balance, forward bend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs), Nasagrai or Nasagre (nose) 
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ARM BALANCE: SHOULDER PRESSURE POSE & FIREFLY POSE 


Two-Handed Arm Balance 


Dwi Hasta Bhujasana 

(DWEhuh-stuh buj-AHS-uh-nuh) 

Modification: 1. feet off the floor 

2. toes touching the floor 

Pose Type: arm balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Padayoragrai or Padayoragre (toes/feet) 
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Shoulder Pressure Pose 


Bhujapidasana 

(buj-uh-peed-AHS-uh-nuh) 

Also Known As: Shoulder Pressure Pose (Bhujapidasana A) 

Modification: head off the floor 

Pose Type: arm balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Padayoragrai or Padayoragre (toes/feet) 
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Firefly Pose | 


Tittibhasana 1 

(ti-ti-BAHS-uh-nuh) 

Also Known As: Firefly Pose A (Tittibhasana A) 

Modification: elbows bent, legs on top of the shoulders 

Pose Type: arm balance, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), or Nasagrai or 
Nasagre (nose) 


eoG0e 


Firefly Pose 1 


Tittibhasana 1 

(ti-ti-BAHS-uh-nuh) 

Also Known As: Firefly Pose A (Tittibhasana A) 

Modification: arms straight, feet extended to the sky 

Pose Type: arm balance, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) or Nasagrai or 
Nasagre (nose) 
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Firefly Pose 1 


Tittibhasana 1 

(ti-ti-BAHS-uh-nuh) 

Also Known As: Firefly Pose A (Tittibhasana A), Raised Tortoise Pose (Utthita Kurmasana) 
Modification: arms straight, legs parallel to the floor 

Pose Type: arm balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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ARM BALANCE: FIREFLY POSE 


Firefly Pose 


Tittibhasana 

(ti-ti-BAHS-uh-nuh) 

Also Known As: Raised Up Feet Spread Out Resting on the Arms Pose (Uithita Dwi Pada 
Vrishtasana) 

Modification: elbows bent, legs on triceps, wide legged 

1. side view 

2. front view 


Pose Type: arm balance, forward bend 
Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Lifted Feet Spread Out Pose 


Utthita Dwi Pada Vrishtasana 

(UT-ti-tuh DWI-puh-duh vrish-TAHS-uh-nuh) 

Modification: arms straight, heels of the palms touching, fingertips pointing to the sides 
Pose Type: arm balance, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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ARM BALANCE: ONE LEG STRAIGHT, ONE KNEE BENT 


One-Legged Crane | 


Eka Pada Bakasana 1 

(EY-kuh PUH-duh buh-KAHS-uh-nuh) 

Modification: knee to the tricep 

Pose Type: arm balance, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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One-Legged Crane | 


Eka Pada Bakasana 1 

(EY-kuh PUH-duh buh-KAHS-uh-nuh) 

Modification: knee to the outside of the shoulder 

Pose Type: arm balance, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 


e3G0e 


integrated circuit 


analog > op-amp 


ve 


+ v 


ov 


Figure 710. The addition of a capacitor at the input of an 
op-amp is often necessary to prevent any DC voltage off 
set being amplified. in the upper section of this figure. a 
‘DC offset is large enough to force the inverted output to 
its negative limit, and the signa s completely ost 


Figure 71. A very basic low-pass fiter, which works by 
allowing capacitor Cl fo bypass resistor R2 at higher au: 
iio frequencies. 


wto Use It 


High-Pass Filter 

A simple high-pass filter can be created by 
adding a capacitor to the basic noninverting cir- 
cuit previously shown in Figure 7-7. The filter 
schematic is shown in Figure 7-12. Once again 
capacitor C1 is chosen with a value that passes 
higher audio frequencies and blocks lower audio 
frequencies. Because the gain of the basic non- 
inverting citcuitisapproximately 1 +(R2/R1),the 
op-amp functions normally when the impe- 
dance of C1 is blocking the low frequencies, forc- 
ing them to pass through 1. Higher frequencies, 
however, are able to bypass R1 through C1, low- 
ering the effective resistance of that section of 
the circuit, thus reducing the negative feedback 
and increasing the gain. This way, the power of 
the op-amp is increased for higher frequencies 
compared with lower frequencies. A passive RC 
Circuit could achieve the same effect, but would 
attenuate the signal, while the op-amp circuit 
boosts part of it. 


Figure 712. A very basic high-pass filter, which works by 
allowing capacitor Cl to bypass resistor Rl at higher audio 
Frequencies. 


Relaxation Oscillator 

The schematic in Figure 7-13 is similar to the cit- 
cuit shown in Figure 6-12 using a comparator. It 
functionsasa relaxation oscillator, whichisaform 
of astable multivibrator. The lower half of the cir- 
cuitisa positive feedback loop thatreinforces the 
output whilethe upperhalf of the circuitis charg- 
ing the capacitor. Eventually the charge on the 
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One-Legged Crane 2 


Eka Pada Bakasana 2 

(EY-kuh PUH-duh buh-KAHS-uh-nuh) 

Modification: shin of the bent leg to the tricep 

Pose Type: arm balance, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) or Nasagrai or 
Nasagre (nose) 
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Pose Dedicated to Galava, One-Legged Modification 


Eka Pada Galavasana 

(EY-kuh PUH-duh gah-luh-VAHS-uh-nuh) 

Pose Type: arm balance, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Dragonfly Pose 1 


Maksikanagasana 1 

(muhk-shi-kah-nah-GAHS-uh-nuh) 

Also Known As: Stick Arm to the Side Grasshopper Pose (Parshva Bhuja Danda Salabhasana) 
Pose Type: arm balance, forward bend, twist 

Drishti Point: Nasagrai or Nasagre (nose) 
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Moonbird Pose 


Chakorasana 

(chuh-kor-AHS-uh-nuh) 

Pose Type: arm balance, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Uneven One-Legged Crane | 


Vishama Eka Pada Bakasana 1 
(VISH-uh-muh EY-kuh PUH-duh buh-KAHS-uh-nuh) 


Modification: one forearm to the floor, other elbow bent at 90 degrees 
Pose Type: arnv forearm balance, forward bend, inversion 


Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Arm to the Side Pose Dedicated to Sage Koundinya One-Legged 
Version | 


Parshva Hasta Eka Pada Koundinyasana 1 

(PAHRSH-vuh HUH-stuh EY-kuh PUH-duh kown-din-YAHS-uh-nuh) 

Modification: bottom knee bent 

Pose Type: arm balance, forward bend, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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ARM BALANCE: SCISSOR LEGS 


Pose Dedicated to Sage Koundinya One-Legged Version | Prep. 


Eka Pada Koundinyasana | Prep. 
(EY-kuh PUH-duh kown-din-YAHS-uh-nuh) 
Modification: ear to the floor, bottom knee bent 


Pose Type: arm balance, forward bend, twist 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Pose Dedicated to Sage Koundinya One-Legged Version | Prep. 


Eka Pada Koundinyasana 1 Prep. 
(EY-kuh PUH-duh kown-din-YAHS-uh-nuh) 
Modification: head on the floor 

Pose Type: arm balance, forward bend, twist 
Drishti Point: Nasagrai or Nasagre (nose) 
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Pose Dedicated to Sage Koundinya One-Legged Version 2 


Eka Pada Koundinyasana 2 
(EY-kuh PUH-duh kown-din-YAHS-uh-nuh) 


Modification: 1. prep. back foot on the floor, toes curled in 
2. back foot lifted 

Pose Type: arm balance, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 


(nose) 
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ARM BALANCE: GARUDA LEGS 


Revolved Leg Position of the Pose Dedicated to Garuda in Swan Pose 


Parivritta Pada Garudasana in Hamsasana 
(puh-ri-VRIT-tuh PUH-duh guh-ru-DAHS-uh-nuh in huhms-AHS-uh-nuh) 


Pose Type: arm balance, forward bend, twist 
Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Revolved Leg Position of the Pose Dedicated to Garuda in Uneven 
Swan Pose 


Parivritta Pada Garudasana in Vishama Hamsasana 
(puh-ri-VRIT-tuh PUH-duh guh-ru-DAHS-uh-nuh in VISH-wh-muh huhms-AHS-uh-nuh) 
Modification: forearm to the floor 

Pose Type: arm balance, forward bend, twist 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Revolved Leg Position of the Pose Dedicated to Garuda in Uneven 
Swan Pose 


Parivritta Pada Garudasana in Vishama Hamsasana 

(puh-ri-VRIT-tuh PUH-duh guh-ru-DAHS-wh-nuh in VISH-wh-muh huhms-AHS-uh-nuh) 

Modification: elbow to the floor 

Pose Type: arm balance, forward bend, twist 

Drishti Point: Nasagrai or Nasagre (nose) or Padayoragrai or Padayoragre (toes/feet) 
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ARM BALANCE: BOTH LEGS TO THE SIDE 


Two-Legged Pose Dedicated to Koundinya 


Dwi Pada Koundinyasana 

(DWL-puh-duh kown-din-YAHS-uh-nuh) 

Pose Type: arm balance, forward bend, twist 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Uneven Two-Legged Pose Dedicated to Koundinya 


Vishama Dwi Pada Koundinyasana 
(VISH-uh-muh DWI-puh-duh kown-din-YAHS-uh-nuh) 
Modification: one forearm to the floor, knees bent 
Pose Type: arm balance, forward bend, twist 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Pose Dedicated to Ashtavakra Prep. 


Ashtavakrasana Prep. 
(uh-shtuh-vuh-KRAHS-uh-nuh) 


Also Known As: Eight Angle Pose Prep. 
Modification: feet unhooked 

Pose Type: arm balance, forward bend, twist 
Drishti Point: Nasagrai or Nasagre (nose) 
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ARM BALANCE: BOTH LEGS TO THE SIDE—ASHTAVAKRA’S POSE 


Pose Dedicated to Ashtavakra 


Ashtavakrasana 

(uh-shtuh-vuh-KRAHS-uh-nuh) 

Also Known As: Eight Angle Pose 

Pose Type: arm balance, forward bend, twist 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Uneven Pose Dedicated to Ashtavakra 


Vishama Ashtavakrasana 

(VISH-uh-muh wh-shtuh-vuh-KRAHS-uh-nuh) 

Also Known As: Uneven Eight Angle Pose 
Modification: one forearm to the floor 

Pose Type: arm/forearm balance, forward bend, twist 
Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Uneven Half Repose Pose Dedicated to Ashtavakra 


Vishama Ardha Shayana Ashtavakrasana 
(VISH-uh-muh UHR-duh shuh-yuh-nuh uh-shtuh-vuh-KRAHS-uh-nuh) 
Also Known As: Uneven Half Repose Eight Angle Pose 
Modification: one elbow to the floor, hand to the face 
Pose Type: arm/elbow balance, forward bend, twist 
Drishti Point: Nasagrai or Nasagre (nose) 
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ARM BALANCE: BOTH LEGS TO THE SIDE—KNEES BENT AND TOGETHER 


Side Crane Pose 


Parshva Bakasana 

(PAHRSH-vuh buh-KAHS-uh-nuh) 

Also Known As: Revolved Crane Pose (Parivritta Bakasana), Sideways Crow Pose (Parshva 
Kakasana) 

Modification: 1. elbows bent 

2. arms straight 

Pose Ty arm balance, forward bend, twist 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 


esdG0e 


Two-Legged Pose Dedicated to Koundinya Modification on the Fists 


Mushti Dwi Pada Koundinyasana 

(mush-ti DWI-puh-duh kown-din-YAHS-uh-nuh) 

Modification: ankles crossed 

Pose Type: arm balance, forward bend, twist 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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How to Use It 


capacitor exceeds the voltage on the noninvert- 
ing input of the op-amp, creating negative feed- 
back that exceeds the positive feedback. The ca- 
pacitor discharges and the cycle repeats, The 
component values in the figure should generate 
an output that runs at around 2Hz. Reducing the 
value of the capacitor willincreasethefrequency. 


Single Power Source 

few op-amps are designed to work from single 
voltages, but they area relatively small minority, 
and will clip the output signal if the input goes 
negative. Power supplies are readily available 
that provide multiple voltages such as +15VDC, 
OV, and -15VDC. They are ideal for driving an op- 
amp—but may not be useful for any other com- 
ponentsin the circuit. Can an op-amp that is de- 
signed for dual voltages be made to run from a 
single supply, such as 30VDC? 


160K 


[output] 


Figure 7413. A relatation oscilatr. 


This is relatively easy to do. The op-amp simply 
needs a potential difference to power its internal 
transistors, and 30VDC on the V+ pin with OVDC 
on the V- pin will work just as well as +15VDC 
and -15VDC. However, referring back to 
Figure 7-6, if the op-amp is used in inverting 
mode, an intermediate voltage must be supplied 
to the noninverting input. Likewise, in nonin- 
verting mode, an intermediate voltage is neces- 
sary for one of the inputs, and must be half-way 


integrated circuit > analog > op-amp 
between the extremes of the power supply. Ifthe 
supply is +15VDC and -15VDC, the midpoint is 
OV. Ifthe supply is 30VDC and OV, the midpoint is 
1SVDC. 


Because the inputs of an op-amp have a very 
high impedance and draw negligible current, the 
intermediate voltage can be provided withasim- 
ple voltage divider, as shown in Figure 7-14, 
where R3 and Ra should be no greater than 100K 
each. Their exact values are not important, so 
long as they are equal. 
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Figure 714. A voltage divider. comprised of R3 and Rin 
this schematic, can provide a voltage halfway between V+ 
‘and negative ground. enabling the op-amp to use just one 
power supply instead of two 


‘A coupling capacitor should still be used on the 
input side, as shown, because there is no guar- 
antee that the input signal will be centered pre- 
cisely on 15V, and any offset will be amplified, 
potentially causing clipping of the signal. For 
similar reasons, a coupling capacitor is also add- 
ed on the output side. 


Offset Null Adjustment 

Some op-amps provide two pins for offset null 
adjustment, which is a setup process to ensure 
that identical voltage on the two inputs will pro- 
ducea null output. Thisisa way of compensating 
for any internal inconsistencies introduced dur- 
ing the manufacturing process 
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Uneven Arms Side Crane Pose 


Vishama Hasta Parshva Bakasana 
(VISH-uh-muh HUH-stuh PAHRSH-vuh buh-KAHS-uh-nuh) 


Pose Type: arm balance, forward bend, twist 
Drishti Point: Nasagrai or Nasagre (nose) 
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ARM BALANCE: LOTUS PEACOCK 


Bound Angle Pose in Peacock Pose 


Baddha Konasana in Mayurasana 

(BUH-duh ko-NAHS-uh-nuh in muh-yoor-AHS-uwh-nuh) 

Pose Type: arm balance 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Lotus Pose in Peacock Pose 


Padmasana in Mayurasana 

(puhd-MAHS-uh-nuh in muh-yoor-AHS-uh-nuh) 

Pose Type: arm balance, hip opener 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Fist Lotus Peacock Pose 


Mushti Padma Mayurasana 
(mush-ti PUHD-muh muh-yoor-AHS-uh-nuh) 

Pose Type: arm balance 

Drishti Point: Nasagrai or Nasagre (nose) 
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ARM BALANCE: PEACOCK AND SWAN 


Peacock Pose 


Mayurasana 

(muh-yoor-AHS-uh-nuh) 

Modification: 1. feet lifted higher than the hip level 

2. body parallel to the floor 

Pose Type: arm balance 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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Swan Pose 


Hamsasana 

(huhms-AHS-uh-nuh) 

Also Known As: Swan Pose (Hansasana) 
Pose Type: arm balance 

Drishti Point: Nasagrai or Nasagre (nose) 
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One Hand Peacock Pose 


Eka Hasta Mayurasana 

(EY-kuh HUH-stuh muh-yoor-AHS-uh-nuh) 

Also Known As: Wounded Peacock Pose (Pungu Mayurasana) 
Pose Type: arm balance 

Drishti Point: Nasagrai or Nasagre (nose) 
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DUCK POSE 


Duck Pose 


Karandavasana 

(kahr-uhn-duh-VAHS-uh-nuh) 

Also Known As: Baby Duck Pose 

Modification: thumbs grabbing onto the biceps, fingers grabbing onto the triceps; knees to the 
armpits, feet together 

Pose Type: forearm balance, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Duck Pose 


Karandavasana 

(kahr-uhn-duh-VAHS-uh-nuh) 

Also Known As: Baby Duck Pose 

Modification: forearms to the floor, knees to the armpits, feet together 

Pose Type: forearm balance, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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DOLPHIN POSE 


Downward Facing Pose Dedicated to Makara 


Adho Mukha Makarasana 

(wh-DO MUK-uh muh-kuh-RAHS-uh-nuh) 

Also Known As: Dolphin Pose 

Pose Type: forward bend, inversion, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Uneven Peacock Feather Pose 


Eka Pada Vishama Picha Mayurasana 

(EY-kuh PUH-duh VISH-uh-muh pich-chuh muh-yoor-AHS-uh-nuh) 

Also Known As: Eka Pada Vishama Pincha Mayurasana 

Pose Type: forearm balance, inversion, forward bend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Half Lotus Downward Facing Pose Dedicated to Makara 


Ardha Padma Adho Mukha Makarasana 

(UHR-duh PUHD-muh uh-DO MUK-uh muh-kuh-RAHS-uh-nuh) 

Also Known As: Half Lotus Dolphin Pose 

Modification: heel down 

Pose Type: forward bend, inversion, core 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Leg Position of the Pose Dedicated to Garuda in Downward Facing 
Pose Dedicated to Makara 


Pada Garudasana in Adho Mukha Makarasana 

(PUH-duh guh-ru-DAHS-uh-nuh in uh-DO MUK-uh muh-kuh-RAHS-uh-nuh) 

Also Known As: Leg Position of the Pose Dedicated to Garuda in Dolphin Pose 
Pose Type: forward bend, inversion, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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PEACOCK FEATHER POSE 


Peacock Feather Pose 


Picha Mayurasana 

(pich-chuh nuh-yoor-AHS-uh-nuh) 

Also Known As: Upright Scorpion Pose (Avakra Vrishchikasana), Pincha Mayurasana 
Pose Type: forearm balance, inversion 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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One-Legged Peacock Feather Pose 


Eka Pada Picha Mayurasana 

(EY-kuh PUH-duh pich-chuh muh-yoor-AHS-uh-nuh) 

Also Known As: Eka Pada Pincha Mayurasana 

Pose Type: forearm balance, inversion, forward bend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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One-Legged Scorpion Pose 


Eka Pada Vrishchikasana 
(EY-kuh PUH-duh vrish-chi-KAHS-uh-nuh) 


Modification: biceps in line with the ears 


Pose Type: forearm balance, inversion, backbend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Pose Dedicated to Lord Hanuman in Peacock Feather Pose 


Hanumanasana in Picha Mayurasana 

(huh-nu-mahn-AHS-uh-nuh in pich-chuh muh-yoor-AHS-uh-nuh) 

Also Known As: Hanumanasana in Pincha Mayurasana 

Pose Type: forearm balance, inversion, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Stretched Out Scorpion Pose 


Eka Pada Paripurna Vrishchikasana 
(EY-kuh PUH-duh puh-ri-POOR-nuh vrish-chi-KAHS-uh-nuh) 


Pose Type: forearm balance, inversion, backbend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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integrated circuit > analog > op-amp 

To perform offset null adjustment, both input 
pinsareconnected directly to0V ground, and the 
ends of a trimmer potentiometer (typically, 10K) 
are connected with the offset null pins, while the 
wiper of the potentiometer is centered and then 
connected with the negative power supply. The 
probes of a meter that is set to measure DC volts 
are placed between the output of the op-amp 
and OV ground. The potentiometer is then ad- 
justed until the meter shows a reading of OVDC. 
A schematic is shown in Figute 7-15. 


Figure 75. Connections for making an offset null adjust 
‘ment to an op-amp that allows this procedure, 


What Can Go Wrong 


Power Supply Problems 
Op-amps are especially vulnerable to reversed 
polarity in a power supply. If there is even a re- 
mote possibility of this occurring, a diode in ser- 
ies with one side of the supply can provide pro- 
tection. 


‘A more realistic concern is the destructive con- 
sequence of an input signal that exceeds the 
power supply voltage(s) of the op-amp. Even if 
the input is within the acceptable range, it can 
still cause permanent damage if its applied be- 
fore the op-amp powers up. 


Bad Connection of 

Unused Sections 

‘Multiple op-ampsare often combined ina single 
package. If some of these “sections” remain un- 
used, they will stil receive power from the shared 
supply, and will attempt tofunction. Ifthe inputs 
areleftunconnected, they will pickup small stray 
voltages by capacitance or induction, and in the 
absence of negative feedback, the op-amp will 
create unpredictable outputs, consuming power 
and possibly interacting with other sections of 
the same chip. Figure 7-16 shows three incorrect 
options for addressing this problem, and one 
recommended option (derived from Texas In- 
struments Application Report SLOAQ67}. 


No No 
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Figure 746. When multiple op-amps share a chip, one 
that is unused wil stil receive pawar from the shared sup 
ply. I's inputs must not be allowed to float, and must be 
‘onnected to minimize activity and power consumption. 
Three common errors are shown here, with one recam: 
‘mended option. Note the distinction between QV ground 
(QV) and negative power (V-) 


Oscillating Output 

The inputs of an op-amp are vulnerable to stray 
electromagnetic fields. Ifthe conductors leading 
to and from the op-amp are relatively long, the 
output can couple capacitively with the input 
during voltage transitions, causing unwanted os- 
aillations. 
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One-Legged Scorpion Pose 


Eka Pada Vrishchikasana 

(EY-kuh PUH-duh vrish-chi-KAHS-uh-nuh) 

Modification: forearms to the floor, foot away from the head 

Pose Type: forearm balance, inversion, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BACKBENDS ON FOREARMS, LOTUS ON FOREARMS, AND ELBOW BALANCES 


Inverted Puppy Dog Pose in Peacock Feather Pose 


Viparita Shvanakasana in Picha Mayurasana 
(vi-puh-REE-tuh shyuh-nuh-KAHS-uh-nuh in pich-chuh muh-yoor-AHS-uh-nuh) 
Also Known As: Viparita Shvanakasana in Pincha Mayurasana 
Modification: knees bent, backbend 

Pose Type: forearm balance, inversion, backbend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Scorpion Pose 


Vrishchikasana 

(vrish-chi-KAHS-uh-nuh) 

Modification: forearms to the floor, feet to the head 

Pose Type: forearm balance, inversion, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Scorpion Pose 


Eka Pada Vrishchikasana 

(EY-kuh PUH-duh vrish-chi-KAHS-uh-nuh) 

Modification: forearms to the floor, foot to the head, other leg parallel to the floor 
Pose Type: forearm balance, inversion, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Upward Lotus Pose in Peacock Feather Pose 


Urdhva Padmasana in Picha Mayurasana 

(OORD-vuh puhd-MAHS-uh-nuh in pich-chuh muh-yoor-AHS-uh-nuh) 

Also Known As: Raised Lotus Scorpion Pose (Urdhva Padma Vrishchikasana), Duck Pose 
(Karandavasana) 

Pose Type: forearm balance, inversion 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Uneven Repose Pose 


Vishama Shayanasana 
(VISH-uh-muh shuh-yuh-NAHS-uh-nuh) 


Modification: both knees bent 
Pose Type: forearm/elbow balance, inversion, backbend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Repose Pose 


Shayanasana 

(shuh-yuh-NAHS-uh-nuh) 

Modification: both knees bent 

Pose Type: elbow balance, inversion, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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HANDSTANDS: BOTH LEGS STRAIGHT 


Feet Spread Intense Stretch Pose in Downward Facing Tree Pose 


Prasarita Padottanasana in Adho Mukha Vrikshasana 

(pruh-SAH-ri-tuh puh-do-tahn-AHS-uh-nuh in uh-DO MUK-uh vriks-SHAHS-anna) 

Also Known As: Feet Spread Full Forward Bend Pose in Downward Facing Tree Pose, Prasarita 
Padottanasana in Adho Mukha Vrksasana 

Pose Type: inversion, arm balance, forward bend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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One-Legged Downward Facing Tree Pose 


Eka Pada Adho Mukha Vrikshasana 

(EY-kuh PUH-duh uh-DO MUK-uh vrik-SHAHS-uh-nuh) 

Also Known As: Eka Pada Adho Mukha Vrksasana 

Pose Ty inversion, arm balance, forward bend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Downward Facing Tree Pose 


Adho Mukha Vrikshasana 

(uh-DO MUK-uh vrik-SHAHS-uh-nuh) 

Also Known As: Adho Mukha Vrksasana 

Modification: legs crossed 

Pose Type: inversion, arm balance 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Seated Angle Pose in Downward Facing Tree Pose 


Upavishta Konasana in Adho Mukha Vrikshasana 

(u-puh-VISH-tuh ko-NAHS-uh-nuh in uh-DO MUK-uh vrik-SHAHS-uh-nuh) 

Also Known As: Upward Spread Feet Pose A (Urdhva Prasarita Padasana A), Upavista Konasana in 
Adho Mukha Vrikshasana 

Pose Type: inversion, arm balance 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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HANDSTAND, LEG CROSSED OVER: GARUDA LEGS & HALF LOTUS 


Leg Position of the Pose Dedicated to Garuda in @ a] Og 
Downward Facing Tree Pose 


Pada Garudasana in Adho Mukha Vrikshasana 
(PUH-duh guh-ru-DAHS-uh-nuh in uh-DO MUK-uh vrik-SHAHS-uh-nuh) 
Also Known As: Pada Garudasana in Adho Mukha Vrksasana 


Pose Type: inversion, arm balance 


Drishti Point: Angusthamadhye or Angustha Ma Dyai (thumbs) 


How to Perform the Pose: 


1. 


Begin by standing in Mountain Pose (Tadasana). Engage your mula bandha, uddhiyana bandha, 
and ujjayi breathing, 


. Exhale and hinge from the hips, coming into a forward bend, placing the palms on the floor on the 


outsides of your feet. Your hands should be shoulder width apart or slightly wider. Make sure 
your arms are straight and your shoulders are on top of your fingertips. 


. There are many ways to come into a handstand. When you start practicing handstands, make sure 


you can balance on your hands against the wall for at least 60 seconds. Then you can experiment 
with jumping into a handstand or lifting your legs using your core. Press strongly into your hands. 


. Once you find your balance ina Downward Facing Tree Pose (Adho Mukha Vrikshasana), also 


known as Handstand, exhale and bend your knees; cross your right leg over your left leg, hooking 
your right foot around your left calf muscle. Hold for 30, and up to 90, seconds to receive the full 
benefits of the stretch. 


. Inhale and bring your legs back to the straight position. Exhale and switch legs as you bend your 


knees and cross your left leg over your right leg, hooking your left foot around your right calf 
muscle. Hold for 30, and up to 90, seconds to receive the full benefits of the stretch. 


. Inhale and bring your legs back to the straight position. On the following inhale, lower your feet to 


the floor. Inhale as you come back to Mountain Pose (Tadasana). 


pada = foot or leg 


Garuda = Hindu Deity, half-man half-eagle, carrier of Lord Vishnu 


adho = downward 


mukha = facing 


vriksha = tree 


HANDSTAND: BOTH KNEES BENT 


Frog Pose in Downward Facing Tree Pose 


Mandukasana in Adho Mukha Vrikshasana 

(muhn-doo-KAHS-uh-nuh in uh-DO MUK-uh vrik-SHAHS-uh-nuh) 

Also Known As: Mandukasana in Adho Mukha Vrksasana 

Pose Type: inversion, arm balance 

Drishti Point: Nasagrai or Nasagre (nose) or Angusthamadhye or Angustha Ma Dyai (thumbs) 
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Bound Angle Pose in Downward Facing Tree Pose 


Baddha Konasana in Adho Mukha Vrikshasana 
(BUH-duh ko-NAHS-uh-nuh in uh-DO MUK-uh vrik-SHAHS-uh-nuh) 

Also Known As: Baddha Konasana in Adho Mukha Vrksasana 
Pose Type: inversion, arm balance 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Svastika Legs in Downward Facing Tree Pose 


Pada Svastikasana in Adho Mukha Vrikshasana 

(PUH-duh svuh-sti-KAHS-uh-nuh in wh-DO MUK-uh vrik-SHAHS-uh-nuh) 

Also Known As: Pada Svastikasana in Adho Mukha Vrksasana 

Modification: both knees bent, one knee bent toward the chest, other foot pointing to the back 
Pose Type: inversion, arm balance, mild backbend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Scorpion Pose Prep. 


Vrishchikasana Prep. 

(vrish-chi-KAHS-uh-nuh) 

Also Known As: Pose Dedicated to the Demon Taraka A (Tarakasana A) 
Modification: knees bent, feet away from the head 

Pose Type: inversion, arm balance, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Half Lotus Pose in Downward Facing Tree Pose 


Ardha Padmasana in Adho Mukha Vrikshasana 


wat Can Ga Wrong 


The commonly recommended solution to this 
problem is to add a 1uF bypass capacitor be- 
tween the power supply and OV ground. How- 
ever, some manufacturers recommend alterna- 
tives such as introducing a very small amount of, 
hysteresis, orreducing thevalueofinputresistors 
to below 10K. 


Confused Inputs 
‘Aschematic may show an op-amp with the non- 
inverting input above the inverting input, or vice 


integrated circuit > analog > op-amp 
versa, The only indication of this will be the plus 
and minus signs inside the chip, which can be 
extremely small and easily overlooked. For con- 
venience in drawing a diagram, two op-amps in 
the same circuit may have their inputs shown in 
‘opposite configurations. Special care must be 
taken to verify that the inverting and noninvert- 
ing input pins on a chip are correctly assigned, 
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(UHR-duh puhd-MAHS-uh-nuh in uh-DO MUK-uh vrik-SHAHS-th-nuh) 
Also Known As: Ardha Padmasana in Adho Mukha Vrksasana 
Pose Type: inversion, arm balance 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 


e000 
f 
le 


HANDSTAND, LEGS CROSSED: GARUDA LEGS & LOTUS 


Leg Position of the Pose Dedicated to Garuda in Downward Facing Tree 
Pose 


Pada Garudasana in Adho Mukha Vrikshasana 
(PUH-duh guh-ru-DAHS-uh-nuh in wh-DO MUK-uh vrik-SHAHS-uh-nuh) 
Also Known As: Pada Garudasana in Adho Mukha Vrksasana 
Modification: arms bent at 90 degrees 

Pose Type: inversion, arm balance 

Drishti Point: Nasagrai or Nasagre (nose) 
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Upward Lotus Pose in Downward Facing Tree Pose 


Urdhva Padmasana in Adho Mukha Vrikshasana 
(OORD-vuh puhd-MAHS-uh-nuh in uh-DO MUK-uh vrik-SHAHS-uh-nuh) 
Also Known As: Urdhva Padmasana in Adho Mukha Vrksasana 
Pose Type: inversion, arm balance 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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HEADSTAND 1 ARM POSITION: LEG MODIFICATIONS 


Headstand 1 


Shirshasana 1 

(sheer-SHAHS-uh-nuh) 

Also Known As: Supported Headstand (Salamba Shirshasana“), Bound Hands Headstand A (Baddha 
Hasta Shirshasana A) 

Modification: 1. back view 

2. side view 

Pose Type: inversion 

Drishti Point: Nasagrai or Nasagre (nose) 
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One-Legged Headstand 1 


Eka Pada Shirshasana 1 

(EY-kuh PUH-duh sheer-SHAHS-uh-nuh) 

Pose Type: inversion, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Padayoragrai or Padayoragre (toes/feet) 
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Leg Contraction Knee Bend Pose in Headstand 1 


Pada Akunchanasana in Shirshasana 1 
(PUH-duh uh-kunch-uh-NAHS-uh-nuh in sheer-SHAHS-uh-nuh) 
Modification: one knee bent toward the chest 
Pose Type: inversion, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Upward Staff Pose in Headstand 1 


Urdhya Dandasana in Shirshasana 1 

(OORD-vuh duhn-DAHS-uh-nuh in sheer-SHAHS-uh-nuh) 

Also Known As: Half Headstand Pose (Ardha Shirshasana), Headstand B (Shirshana B) 
Pose Type: inversion, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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HEADSTAND 1 ARM POSITION: VARIOUS LEG POSITIONS, 


Svastika Legs in Headstand 1 


Pada Svastikasana in Shirshasana 1 
(PUH-duh svuh-sti-KAHS-uh-nuh in sheer-SHAHS-uh-nuh) 


Pose Type: inversion, mild backbend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Leg Position of One-Legged King Pigeon | Version B in Headstand 1 


Pada Eka Pada Raja Kapotasana 1 B in Shirshasana 1 
(PUH-duh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh in sheer-SHAHS-uh-nuh) 
Modification: both knees bent, one knee to the sky, other foot to the knee 
Pose Ty inversion, mild backbend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Feet to Head Pose 


Shirsha Padasana 

(SHEER-shuh puh-DAHS-uh-nuh) 

Pose Type: inversion, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Bound Angle Pose in Headstand 1 


Baddha Konasana in Shirshasana 1 
(BUH-duh ko-NAHS-uh-nuh in sheer-SHAHS-uh-nuh) 


Pose Type: inversion 
Drishti Point: Nasagrai or Nasagre (nose) 
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Sideways Bound Angle Pose in Headstand 1 


Parshva Baddha Konasana in Shirshasana 1 
(PAHRSH-vuh BUH-duh ko-NAHS-uh-nuh in sheer-SHAHS-uh-nuh) 
Pose Type: inversion, side bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Pose Dedicated to Hanuman in Headstand 1 


Hanumanasana in Shirshasana 1 
(huh-nu-mahn-AHS-uh-nuh in sheer-SHAH-suh-nuh) 
Pose Type: inversion 

Drishti Point: Nasagrai or Nasagre (nose) 
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Seated Angle Pose in Headstand 1 


Upavishta Konasana in Shirshasana 1 

(u-puh-VISH-twh ko-NAHS-uh-nuh in sheer-SHAHS-uh-nuh) 

Also Known As: Upavista Konasana in Adho Mukha Vrikshasana, Upavista Konasana in Adho 
Mukha Vrksasana 

Pose Type: inversion 

Drishti Point: Nasagrai or Nasagre (nose) 
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Leg Position of the Pose Dedicated to Garuda in Headstand 1 
Pada Garudasana in Shirshasana 1 


(PUH-duh guh-ru-DAHS-wh-nuh in sheer-SHAHS-uh-nuh) 


Pose Type: inversion 
Drishti Point: Nasagrai or Nasagre (nose) 
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HEADSTAND 1 ARM POSITION: LOTUS LEG POSITION 


Upward Lotus in Headstand 1 


Urdhya Padmasana in Shirshasana 1 
(OORD-vuh puhd-MAHS-uh-nuh in sheer-SHAHS-uh-nuh) 
Modification: 1. back view 

2. side view 

Pose Type: inversion 

Drishti Point: Nasagrai or Nasagre (nose) 
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Sideways Upward Lotus in Headstand 1 


Parshva Urdhya Padmasana in Shirshasana 1 
(PAHRSH-vuh OORD-vuh puhd-MAHS-uh-nuh in sheer-SHAHS-uh-nuh) 
Pose Type: inversion, twist 

Drishti Point: Nasagrai or Nasagre (nose) 
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Embryo Pose in Headstand 1 Prep. 


Pindasana in Shirshasana 1 Prep. 
(pin-DAHS-uh-nuh in sheer-SHAHS-uh-nuh) 


Modification: thighs parallel to the floor 
Pose Type: inversion, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Embryo Pose in Headstand 1 


Pindasana in Shirshasana 1 
(pin-DAHS-uh-nuh in sheer-SHAHS-uh-nuh) 
Modification: 1. knees to the triceps 

2. knees to the chest 

Pose Type: inversion, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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integrated circuit > analog > digital potentiometer 


digital potentiometer 


Adigital potentiometers also known as a digitally adjustable potentiometer, digitally 
controlled potentiometer, a digitally programmed potentiometer (with acronym DPP), a 
digpot, ora digipot. The termsare functionally interchangeable. Because the abbreviation 
pot is often used to describe an analog potentiometer, some people refer to digital po- 
tentiometers colloquially as digital pots. In printed documentation, the lettersin pot may 
be capitalized, Because itis an abbreviation, not an acronym, itis not capitalized here, 


Because this component enables digital control ofa variable voltage, itis a mixed signal 
device. tis classified here as an analog chip because it primarily emulates the function 
of an analog device. It may be thought of as a form of digital-analog converter, although 
this encyclopedia does not have a section devoted to that type of component or to 


¢ 


analog-digital converters, as their application is relatively specialized, 


OTHER RELATED COMPONENTS 


+ potentiometer (sve Volume 1) 


What It Does 


This componentis an integrated circuit chip that 
emulates the function of an analog potentiom- 
eter. It is often described as being programma- 
ble, meaning that its internal resistance can be 
changed via a control input. 


Digital potentiometers are particularly suited for 
Use in conjunction with a microcontroller, which 
can control the internal resistance of the com- 
ponent. Possible applications include adjust- 
ment of the pulse width of an oscillator or 
multistable multivibrator (eg,, using the Control 
pin of a 555 timer chip); adjustment of the gain 
in an op-amp; specification of voltage delivered 
bya voltage regulator,and adjustment of a band- 
pass filter. 


A digital potentiometer in combination with a 
microcontroller may also be used in conjunction 
with a pair of external buttons ora rotational en- 


coder, toadjust the gain ofan audioamplifier and 
for similar applications, 


Advantages 
A digital potentiometer offers significant advan- 
tages over an analog potentiometer: 


+ Reliability. The digital component may be 
rated for as many as a million cycles (each 
storing the wiper position in an internal 
memory location). An analog component 
may be capable of Just a few thousand ad- 
justment cycles. 


Digital interface. 


Elimination of long signal paths or cable 
runs, The digital potentiometer can be 
placed close to other chips, whereas an an- 
alog potentiometer often has to be some 
distance away to enable control by the end 
user. Reduction in the length of signal paths 
can reduce capacitive effects, while elimina- 
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HEADSTAND 1 & 3 ARM POSITIONS: VARIOUS ARM AND LEG POSITIONS 


One Hand Headstand 1 


Eka Hasta Shirshasana 1 

(EY-kuh HUH-stuh sheer-SHAHS-uh-nuh) 

Modification: both knees bent toward the chest, one forearm on the floor 
1. other arm straight, fingertips to the sky 

2. other arm behind the back, fingertips pointing to the upper back 

Pose Type: inversion, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Sideways Uneven Upward Staff Pose 


Parshva Vishama Urdhva Dandasana 

(PAHRSH-vuh VISH-uh-muh OORD-vuh duhn-DAHS-uh-nuh) 

Modification: forearm to the floor in front of the face, palm down; legs parallel to the floor 
Pose Type: inversion, forward bend, twist 

Drishti Point: Hastagrai or Hastagre (hands) 
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Leg Contraction Pose in Headstand 3 


Pada Akunchanasana in Shirshasana 3 

(PUH-duh uh-kunch-AHS-uh-nuh in sheer-SHAHS-uh-nuh) 

Modification: one leg straight and out to the side, other knee to the chest 
Pose Type: inversion, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Leg Contraction Pose in Uneven Headstand (Fusion of Headstand 5 and 
Headstand 3 Arm Position) 


Pada Akunchanasana in Vishama Shirshasana 

(PUH-duh uh-kunch-AHS-uh-nuh in VISH-uh-muh sheer-SHAHS-uh-nuh) 

Modification: one forearm to the floor, other elbow on top of the wrist, knee to the tricep on the same 
side 

Pose Type: inversion, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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HEADSTAND 5 ARM POSITION: VARIOUS LEG POSITIONS, 


Leg Position of the Pose Dedicated to Garuda in Headstand 5 


Pada Garudasana in Shirshasana 5 


(PUH-duh guh-ru-AHS-uh-nuh in sheer-SHAHS-uh-nuh) 
Pose inversion 
Drishti Point: Nasagrai or Nasagre (nose) 
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Leg Position of Cow Face Pose in Headstand 5 


Pada Gomukhasana in Shirshasana 5 
(PUH-duh go-muk-AHS-uh-nuh in sheer-SHAHS-uh-nuh) 
Modification: bottom knee to the opposite tricep 
Pose Type: inversion, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Headstand 5 


Shirshasana 5 

(sheer-SHAHS-uh-nuh) 

Also Known As: Tripod Headstand 

Pose Type: inversion 

Drishti Point: Nasagrai or Nasagre (nose) 
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Frog Pose in Headstand 5 


Mandukasana in Shirshasana 5 
(muhn-doo-KAHS-uh-nuh in sheer-SHAHS-uh-nuh) 


Pose Type: inversion 


Drishti Point: Nasagrai or Nasagre (nose) 
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Seated Angle Pose in Headstand 5 


Upavishta Konasana in Shirshasana 5 

(u-puh-VISH-tuh ko-NAHS-uh-nuh in sheer-SHAHS-uh-nuh) 

Also Known As: Tripod Headstand Same Angle Pose (Utripada Shirsha Samakonasana), Upavista 
Konasana in Shirshasana 

Pose Type: inversion 

Drishti Point: Nasagrai or Nasagre (nose) 
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Leg Position of One-Legged King Pigeon | Version B in Headstand 5 


Pada Eka Pada Raja Kapotasana 1 B in Shirshasana 5 

(PUH-duh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh in sheer-SHAHS-uh-nuh) 
Modification: knee to the tricep on the same side, other knee resting on the foot 
Pose Type: inversion, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Revolved Leg Position of One-Legged King Pigeon | Version B in 
Headstand 5 


Parivritta Pada Eka Pada Raja Kapotasana 1 B in Shirshasana 5 
(puh-ri-VRIT-twh PUH-duh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh in sheer-SHAHS-uh-nuh) 
Modification: knee resting on the foot 

1. top leg straight 

2. top knee bent at 90 degrees 

Pose Type: inversion, forward bend, twist 

Drishti Point: Nasagrai or Nasagre (nose) 
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HEADSTAND 5 ARM POSITION: VARIOUS LEG PREP. POSITIONS 


Headstand 5 Prep. 


Shirshasana 5 Prep. 

(sheer-SHAHS-uh-nuh) 

Modification: one knee to the tricep, other foot to the floor on the side 
Pose Type: inversion, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Crane Pose in Headstand 5 Prep. 


Bakasana in Shirshasana 5 Prep. 
(buh-KAHS-uh-nuh in sheer-SHAHS-uh-nuh) 
Modification: knees on the triceps 

Pose Type: inversion, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Side Crane Pose in Headstand 5 


Parshva Bakasana in Shirshasana 5 
(PAHRSH-vuh buh-KAHS-uh-nuh in sheer-SHAHS-uh-nuh) 
Modification: knees together, knee to the opposite tricep 
Pose Type: inversion, forward bend, twist 

Drishti Point: Nasagrai or Nasagre (nose) 
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Embryo in the Womb Pose in Headstand 5 


Garba Pindasana in Shirshasana 5 
(guhr-buh-pin-DAHS-uh-nuh in sheer-SHAHS-uh-nuh) 


Pose Type: inversion, forward bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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Side Rooster Pose in Headstand 5 Prep. 


Parshva Kukkutasana in Shirshasana 5 Prep. 
(PAHRSH-vuh ku-ku TAHS-uh-nuh in sheer-SHAHS-uh-nuh) 


Modification: crown of the head on the floor 
Pose Type: inversion, forward bend, twist 


Drishti Point: Nasagrai or Nasagre (nose) 
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HEADSTAND 5 ARM POSITION: VARIOUS ARM POSITIONS BASED ON HEADSTAND 5 & VARIOUS LEG 
POSITIONS 


Baby Cradle Pose in Headstand 5 


Hindolasana in Shirshasana 5 

(hin-do-LAHS-uh-nuh in sheer-SHAHS-uh-nuh) 

Modification: Side 1: ankle to the inside of the elbow joint of the opposite arm, knee bent to the 
inside of the same arm, toes touching the floor. 

Side 2: other knee bent to the side, heel toward the sitting bone 

Pose Type: inversion, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Baby Cradle Pose in Headstand 5 


Hindolasana in Shirshasana 5 
(hin-do-LAHS-uh-nuh in sheer-SHAHS-uh-nuh) 


Modification: Side 1: arm bent at 90 degrees, fingertips to the floor, knee to the elbow on the same 
side. 

Side 2: arm bent at 90 degrees, palm flat on the floor, ankle to the inside of the elbow joint, toes lifted 
off the floor 

Pose Type: inversion, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Extended Hand to Big Toe Pose in One Hand Headstand 5 


Utthita Hasta Padangushtasana in Eka Hasta Shirshasana 5 
(UT-ti-tuh HUH-stuh puhd-ahng-goosh-TAHS-uh-nuh in EY-kuh HUH-stuh sheer-SHAHS-uh-nuh) 
Modification: Side 1: arm and leg straight out, grabbing onto the big toe. 

Side 2: arm bent 90 degrees, knee resting on the tricep on the same side 

Pose Type: inversion, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Hastagrai or Hastagre (hands) 
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One-Legged Crane Pose 1 in One Hand Headstand 5 


Eka Pada Bakasana | in Eka Hasta Shirshasana 5 
(EY-kuh PUH-duh buh-KAHS-uh-nuh in EY-kuh HUH-stuh sheer-SHAHS-uh-nuh) 


How It Works 


tion of cable runs will reduce manufacturing 
costs. 

+ Reduction in sizeand weight compared with 
a manual potentiometer. 


A digital potentiometer also has some disadvan- 
tages: 


+ Its internal resistance is somewhat affected 
by temperature, 

+ Itisnot usually capable of passing significant 
current. Few chips can sink or source more 
than 20mA at the output, and ImA is com- 
mon. The output is primarily intended for 
connection with other solid-state compo- 
nents that have high impedance, 

+ Users may prefer the immediacy and tactile 
feel of a knob attached to an analog poten- 
tiometer, rather than a pair of buttons or a 
rotational encoder. 


How It Works 


integrated circuit > analog > digital potentior 


numbered n+1. This principle is illustrated in 
Figure 8-1. 
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A digital potentiometer changes the point at 
which a connection is made along a ladder of 
many fixed resistors connected in series inside 
the chip. Each end of the ladder, and each inter- 
section between twoadjacent resistors, isknown 
asa tap. The pin that can connect with any of the 
taps is referred to as the wiper, because it emu- 
lates the function of a wiper in an analog poten- 
tiometer. In reality, a digital potentiometer does 
not contain a wiper or any other moving parts, 


A fully featured digital potentiometer allows ac- 
cess to each end of the ladder through two pins 
that are often labeled “high” and “low! even 
though they are functionally interchangeable 
(except in the case of a component that simu- 
lates a logarithmic taper, as described later). The 
“low” end of the ladder is sometimes numbered 
0. In this case, if there are n resistors, the “high 
end of the ladder will be numbered n. Alterna- 
tively, ifthe “low” end of the ladder is numbered 
1,and there are n resistors, the “high” end will be 


Figure 8-1 Available wiper connections to a resistor lad- 
der inside a digital potentiometer, showing two numbering 
systems that may be used. 


The “low” pin on a digital potentiometer may be 
identified as L, or A, of R,, or P, in a datasheet, 
while the "high" pin may be identified as H, or B, 
or Ry, or Pg and the pin that accesses the wiper is 
typically identified as W, or Ry, or Py. Letters L, H, 
and Ware used below. Although the L and H pins 
are functionally interchangeable, their labels are 
Useful to identify which direction the W cannec- 
tion will move in response to an external signal 


Digital potentiometers are available with as few 
as 4oras many as 1,024 taps, but common values 
are 32, 64, 128, or 256 taps, with 256 being the 
most common. 


No specificschematicsymbol representsa digital 
potentiometer, Often the component is shown 
san analog potentiometer symbol inside a box 
that has a part number, as suggested in 
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Modification: Side 1: arm and leg straight out. 
Side 2: arm bent 90 degrees, knee resting on the tricep on the same side 
Pose Type: inversion, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Hastagrai or Hastagre (hands) 
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HEADSTAND 6 ARM POSITION: VARIOUS ARM POSITIONS BASED OFF HEADSTAND 6 & VARIOUS LEG 
POSITIONS 


Extended Hand to Big Toe Pose in Uneven Headstand (Fusion of 
Headstand 5 and Headstand 6 Arm Position) 


Utthita Hasta Padangushtasana in Vishama Shirshasana 5 & 6 
(UT-ti-tuh HUH-stuh puhd-ahng-goosh-TAHS-uh-nuh in VISH-uh-muh sheer-SHAHS-uh-nuh) 
Modification: Side 1: arm and leg straight out, grabbing onto the big toe 

Side 2: arm bent 90 degrees, knee bent to the tricep on the same side 

Pose Type: inversion, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet), Hastagrai or Hastagre (hands) 
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Crane Pose in Uneven Headstand (Fusion of Headstand 5 and 
Headstand 6 Arm Position) 


Bakasana in Vishama Shirshasana 5 & 6 

(buh-KAHS-uh-nuh in VISH-uh-muh sheer-SHAHS-uh-nuh) 

Modification: Side 1: arm straight out, fingertips to the floor, knee to the tricep. 
Side 2: arm bent 90 degrees, knee bent to the tricep on the same side 

Pose Type: inversion, forward bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Headstand 6 


Shirshasana 6 
(sheer-SHAHS-uh-nuh) 


Also Known As: Hands Free Headstand (Mukta Hasta Shirshasana) 
Pose Type: inversion 


Drishti Point: Nasagrai or Nasagre (nose), Hastagrai or Hastagre (hands) 
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Upward Staff Pose in Headstand 6 


Urdhya Dandasana in Shirshasana 6 

(OORD-vuh duhn-DAHS-uh-nuh in sheer-SHAHS-uh-nuh) 

Modification: on the fingertips 

‘ype: inversion, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Hastagrai or Hastagre (hands) 
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HEADSTAND 7 ARM POSITION: VARIOUS ARM POSITIONS BASED OFF HEADSTAND 7 & VARIOUS LEG 
POSITIONS 


Headstand 7A 


Shirshasana 7A 

(sheer-SHAHS-uh-nuh) 

Also Known As: Spread Hands Headstand (Prasarita Hasta Shirshasana), Hands Free Headstand C 
(Mukta Hasta Shirshasana C) 

Pose Type: inversion 

Drishti Point: Nasagrai or Nasagre (nose) 
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Bound Angle Pose in Headstand 7B 


Baddha Konasana in Shirshasana 7B 

(BUH-duh ko-NAHS-uh-nuh in sheer-SHAHS-uh-nuh) 

Also Known As: Bound Angle Pose in Free Hands Headstand (Baddha Konasana in Mukta Hasta 
Shirshasana) 

Pose Type: inversion 

Drishti Point: Nasagrai or Nasagre (nose) 
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Leg Position of the Pose Dedicated to Garuda in Uneven Headstand 
(Fusion of Headstand 5 and Headstand 7 Arm Positions) 


Pada Garudasana in Vishama Shirshasana 5 & 7A 
(PUH-duh guh-ru-DAHS-uh-nuh in VISH-uh-muh sheer-SHAHS-uh-nuh) 

Pose Type: inversion 

Drishti Point: Nasagrai or Nasagre (nose) 
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Upward Lotus Pose in Headstand 7B 


Urdhva Padmasana in Shirshasana 7B 

(OORD-vuh puhd-MAHS-uh-nuh in sheer-SHAHS-uh-nuh) 

Also Known As: Supported Lotus Headstand Pose (Salamba Padma Shirshasana), Upward Lotus 
Pose in Spread Hands Headstand (Urdhva Padmasana in Prasarita Hasta Shirshasana), Upward Lotus 
in Hands Free Headstand (Urdhva Padmasana in Mukta Hasta Shirshasana) 

Modification: 1. neutral spine 

2. backbend 

Pose Type: 1. inversion 

2. inversion, backbend 

Drishti Point: Nasagrai or Nasagre (nose) 
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HEADSTAND 8 & 5 ARM POSITIONS: LEG STRAIGHT OUT TO THE SIDE 


Leg to the Side Revolved Uneven Headstand (Fusion of Headstand 5 
and Headstand 8 Arm Positions) 


Parshva Pada Parivritta Vishama Shirshasana 5 & 8 
(PAHRSH-vuh PUH-duh puh-ri-VRIT-tuh VISH-uh-muh sheer-SHAHS-uh-nuh) 


Modification: Side 1: arm bent at 90 degrees, palm flat on the floor, knee resting on the opposite 
elbow 
Side 2: arm bent at 90 degrees, fingertips to the floor, leg straight out to the side 


Pose Type: inversion, forward bend, twist 
Drishti Point: Hastagrai or Hastagre (hands) 
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Leg to the Side One Hand Headstand 5 


Parshva Pada Eka Hasta Shirshasana 5 

(PAHRSH-vuh PUH-duh EY-kuh HUH-stuh sheer-SHAHS-uh-nuh) 

Modification: Side 1: arm bent at 90 degrees, palm flat on the floor, knee resting on the same elbow 
Side 2: arm straight, grabbing onto the shin of the leg, leg straight out to the side 

Pose Type: inversion, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Leg to the Side Revolved One Hand Headstand 5 


Parshva Pada Parivritta Eka Hasta Shirshasana 5 

(PAHRSH-vuh PUH-duh puh-ri-VRIT-tuh EY-kuh HUH-stuh sheer-SHAHS-uh-nuh) 

Modification: Side 1: arm bent at 90 degrees, palm flat to the floor, leg straight out to the side 
Side 2: arm straight up to the sky, knee resting on the opposite tricep 

Pose Type: inversion, forward bend, twist 


Drishti Point: Hastagrai or Hastagre (hands), Nasagrai or Nasagre (nose) 
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Leg to the Side Revolved One Hand Headstand 8 


Parshva Pada Parivritta Eka Hasta Shirshasana 8 

(PAHRSH-vuh PUH-duh puh-ri-VRIT-tuh EY-kuh HUH-stuh sheer-SHAHS-uh-nuh) 

Modification: Side 1: arm bent at 90 degrees, fingertips to the floor, leg straight out to the side 
Side 2: arm straight out to the side, knee resting on the opposite tricep 

Pose Type: inversion, forward bend, twist 

Drishti Point: Hastagrai or Hastagre (hands), Nasagrai or Nasagre (nose) 
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HEADSTAND 8 ARM POSITION: VARIOUS LEG POSITIONS. 


Feet Spread Intense Stretch Pose in Headstand 8 


Prasarita Padottanasana in Shirshasana 8 
(pruh-SAH-ri-tuh puh-do-tahn-AHS-uh-nuh in sheer-SHAHS-uh-nuh) 


Also Known As: Feet Spread Full Forward Bend in Headstand 8 
Modification: fingertips on the floor 


Pose Type: inversion, forward bend 
Drishti Point: Nasagrai or Nasagre (nose), Hastagrai or Hastagre (hands) 
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Revolved Leg Position of One-Legged King Pigeon | Version B in 
Headstand 8 


Parivritta Pada Eka Pada Raja Kapotasana 1 B in Shirshasana 8 
(puh-ri-VRIT-twh PUH-duh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh in sheer-SHAHS-uh-nuh) 
Modification: palms flat on the floor 

Pose Type: inversion, forward bend, twist 

Drishti Point: Nasagrai or Nasagre (nose), Hastagrai or Hastagre (hands) 


e300 


Headstand 8 


Shirshasana 8 

(sheer-SHAHS-uh-nuh) 

Modification: knees resting on the triceps, ankles crossed 
1. hands apart, elbows touching, fingertips to the floor 

2. hands together, elbows together, palms flat on the floor 


: inversion, forward bend 
Drishti Point: Nasagrai or Nasagre (nose), Hastagrai or Hastagre (hands) 
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HEADSTAND 2 ARM POSITION: LOTUS 


Upward Lotus Pose in Headstand 2 


Urdhva Padmasana in Shirshasana 2 

(OORD-vuh puhd-MAHS-uh-nuh in sheer-SHAHS-uh-nuh) 

Also Known As: Upward Lotus in Hands Bound Headstand (Urdhva Padmasana in Baddha Hasta 
Shirshasana) 

Pose Type: inversion 

Drishti Point: Nasagrai or Nasagre (nose) 
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SHOULDERSTAND: BOTH LEGS STRAIGHT—DIFFERENT ARM POSITIONS 


Inverted Pose Dedicated to Mythological Khimi Karani Pond 


Viparita Khimi Karanyasana 

(vi-puh-REE-tuh kuh-HEE-mee kuh-ruh-NEE-uhs-uh-nuh) 

Also Known As: Inverted Lake Seal (Viparita Karani Mudra), Half Whole Body Pose (Ardha 
Sarvangasana) 

Pose Type: inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Supported Whole Body Pose 


Salamba Sarvangasana 

(SAH-luhm-buh suhr-vuhng-GAHS-uh-nuh) 

Also Known As: Shoulderstand 

Pose Type: inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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integrated circuit > analog > digital potentiometer 
Figure 8-2. Control pins and the power supply 
may be omitted ifthe schematic is just intended 
to show logical connections. Alternatively, if the 
digital potentiometer is depicted in a schematic 
where it is connected with other components 
such asa microcontroller, multiple pins and func- 
tions may be included, as shown in Figure 8-3. 
‘The pins additional to L, H, and W are explained 
below. 
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Figure 8-2. There is no single specifi symbol to repre 
‘senta dital potentiometer. tay be shown using an an 
‘log potentiometer symbol ina box with apart number. as 
suggested here. where power connections and additional 
pins are amitted for clarity 
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Figure 8-3. Ifa digital potentiometer appears in a sche 
‘matic where it is connected with other comaanents such 
as a microcontroller addtional pins and functions may be 
Indicated. Ths generic representation of a digital patent 
ameter shows some af the functions that can be included. 


Variants 


A dual digital potentiometer contains two com- 
plete units, while a quad contains four. Triples 


Variants 


exist but are relatively uncommon. A few chips 
contain six potentiometers. Multiple digital po- 
tentiometers in a chip can be used as the digital 
equivalent of ganged analog potentiometers, for 
simultaneous synchronized adjustment of mul- 
tiple inputs in an audio system (two channels in 
a stereo amplifier, or more in a surround-sound 
system), 


The pinouts of a sophisticated quad digital po- 
tentiometer chip are shown in Figure 8-4, Other 
quad chips have different pinouts and capabili- 
ties; there is no standardized format as there is 
with digital logic chips. In this example, the high/ 
low states of Address 0 and Address 1 select one 
of the four internal resistor ladders, numbered 0 
through 3. The Chip Select pin makes the whole 
chip either active or inactive. The Write Protect 
pin disables writing to the internal wiper mem- 
ory. The Serial Clock pin inputs reference pulse 
stream to which the serial input data must be 
synchronized. The Hold pin pauses the chip while 
data is being transmitted, allowing the data 
transmission to be resumed subsequently. The 
NC pins have no connection. 


Volatile and Nonvolatile Memory 
Any type of digital potentiometer requires mem- 
ory to store its current wiper position, and this 
memory may be volatile or nonvolatile. Nonvo- 
latile memory may be indicated in a datasheet 
by the term NY. 


A digital potentiometer with volatile memory 
will typically reset its wiper to a center-tap posi- 
tion if power is disconnected and then restored. 
A digital potentiometer with nonvolatile mem- 
ory will usually restore the most recently used 
wiper position, provided the chip is fully pow- 
ered down and then fully powered up without 
glitchesin thesupply. Ifa microcontrolleris being 
used to control the digital potentiometer, it can 
store the most recent resistance value in its own 
nonvolatile memory, in which case the type of 
memory in the potentiometer becomes 
irrelevant. 
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Hands Bound Supported Whole Body Pose 


Baddha Hasta Salamba Sarvangasana 

(BUH-duh HUH-stuh SAH-luhm-buh suhr-vuhng-GAHS-uh-nuh) 

Also Known As: Shoulderstand 

Pose Type: inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Unsupported Whole Body Pose 


Niralamba Sarvangasana 

(nir-AH-luhm-buh suhr-vuhng-GAHS-uh-nuh) 

Also Known As: Shoulderstand 

Pose Type: inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nabhi, Nabhicakre, or 
Nabi Chakra (belly button) 
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SHOULDERSTAND: ONE LEG UP, ONE LEG DOWN 


Leg Contraction Pose in Supported Whole Body Pose 


Pada Akunchanasana in Salamba Sarvangasana 

(PUH-duh uh-kunch-AHS-uh-nuh in SAH-luhm-buh suhr-vuhng-GAHS-uh-nuh) 

Also Known As: Shoulderstand 

Modification: one knee bent toward the forehead 

Pose Type: inversion, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Supported Whole Body Pose 


Eka Pada Salamba Sarvangasana 

(EY-kuh PUH-duh SAH-luhm-buh suhr-vuhng-GAHS-uh-nuh) 

Also Known As: One-Legged Plow Pose (Eka Pada Halasana), Shoulderstand 
Pose Type: inversion, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


es0G0e 


One-Legged Sideways Supported Whole Body Pose 


Parshva Eka Pada Salamba Sarvangasana 

(PAHRSH-vuh EY-kuh PUH-duh SAH-luhm-buh suhr-vuhng-GAHS-uh-nuh) 

Also Known As: Shoulderstand 

Pose Type: inversion, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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SHOULDERSTAND: ONE LEG UP, ONE LEG DOWN—DIFFERENT ARM POSITIONS, 


One-Legged Unsupported Whole Body Pose 


Eka Pada Niralamba Sarvangasana 

(EY-kuh PUH-duh nir-AH-luhm-buh suhr-vuhing-GAHS-uh-nuh) 

Also Known As: Shoulderstand 

Modification: both hands to the calf of the bottom leg 

Pose Type: inversion, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Extended Hand to Big Toe Pose in Unsupported Whole Body Pose 


Utthita Hasta Padangushtasana in Niralamba Sarvangasana 
(UT-ti-tuh HUH-stuh puhd-ahng-goosh-tahn-AHS-uh-nuh in nir-AH-luhm-buh suhr-vuhng-GAHS-uh-nuh) 
Also Known As: Shoulderstand 

Pose Type: inversion, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Unsupported Whole Body Pose 


Eka Pada Niralamba Sarvangasana 

(EY-kuh PUH-duh nir-AH-luhm-buh suhr-vuhing-GAHS-uh-nuh) 

Also Known As: Shoulderstand 

Modification: both arms along the sides of the torso 

Pose Type: inversion, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Half Bound Inverted Tortoise Pose 


Ardha Baddha Viparita Kurmasana 
(UHR-duh BUH-duh vi-puh-REE-tuh koor-MAHS-uh-nuh) 
Pose Type: inversion, forward bend, binding 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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SHOULDERSTAND: GARUDA LEGS 


Leg Position of the Pose Dedicated to Garuda in Hands Bound 
Supported Whole Body Pose 


Pada Garudasana in Baddha Hasta Salamba Sarvangasana 

(PUH-duh guh-ru-DAHS-uh-nuh in BUH-duh HUH-stuh SAH-luhm-buh suhr-vuhng-GAHS-uh-nuh) 

Also Known As: Shoulderstand 

Modification: knees toward the forehead 

Pose Type: inversion, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Leg Position of the Pose Dedicated to Garuda in Hands Bound 
Supported Whole Body Pose 


Pada Garudasana in Baddha Hasta Salamba Sarvangasana 

(PUH-duh guh-ru-DAHS-uh-nuh in BUH-duh HUH-stuh SAH-luhm-buh suhr-vuhng-GAHS-uh-nuh) 

Also Known As: Shoulderstand 

Modification: legs extended toward the sky 

Pose Type: inversion, forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Leg Position of the Pose Dedicated to Garuda in Supported Whole 
Body Pose 


Pada Garudasana in Salamba Sarvangasana 
(PUH-duh guh-ru-DAHS-uh-nuh in SAH-luhm-buh suhr-vuhng-GAHS-uh-nuh) 


Also Known As: Shoulderstand 
Pose Type: inversion 


Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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SHOULDERSTAND: BOUND ANGLE & LOTUS. 


Bound Angle Pose in Whole Body Pose 


Baddha Konasana in Sarvangasana 

(BUH-duh ko-NAHS-uh-nuh in suhr-vuhng-GAHS-uh-nuh) 

Also Known As: Shoulderstand 

Pose Type: inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Upward Lotus in Whole Body Pose 


Urdhva Padmasana in Salamba Sarvangasana 

(OORD-vuh puhd-MAHS-uh-nuh in SAH-luhm-buh suhr-vuhng-GAHS-uh-nuh) 

Also Known As: Shoulderstand 

Pose Type: inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


es0G0e 


Z 
4 
ie 


Upward Lotus in Whole Body Pose 


Urdhva Padmasana in Salamba Sarvangasana 

(OORD-vuh puhd-MAHS-uh-nuh in SAH-luhm-buh suhr-vuhng-GAHS-uh-nuh) 

Also Known As: Shoulderstand 

Modification: arms straight to the back, palms on the floor 

Pose Type: inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Upward Lotus in Unsupported Whole Body Pose 


Urdhva Padmasana in Niralamba Sarvangasana 


(OORD-vuh puhd-MAHS-uh-nuh in nir-AH-luhm-buh suhr-vuhng-GAHS-uh-nuh) 
Also Known As: Shoulderstand 
Pose Type: inversion 


Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Inverted Ear Pressure Raised Up Lotus Pose 


Viparita Karnapida Urdhva Padmasana 
(vi-puh-REE-tuh kuhr-nah-PEED-th OORD-vuh puhd-MAHS-uh-nuh) 
Pose Type: inversion 

Drishti Point: Nasagrai or Nasagre (nose) 
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SHOULDERSTAND: LOTUS—BACKBEND & FORWARD BEND 


Intense Lotus Peacock Prep. 


Uttana Padma Mayurasana Prep. 

(ut-TAHN-wh PUHD-muh muh-yoor-AHS-uh-nuh) 

Also Known As: Intense Front Body Stretching and Rejuvenating Lotus Pose (Purvottana Padma 
Sarvangasana) 

Modification: knees off the floor, fists to the lower back 

Pose Type: inversion, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Upward Lotus Pose in Whole Body Pose 


Urdhva Padmasana in Sarvangasana 

(OORD-vuh puhd-MAHS-uh-nuh in suhr-vuhng-GAHS-uh-nuh) 

Also Known As: Shoulderstand 

Modification: 1. thighs parallel to the floor, elbows bent 

2. arms straight 

Pose Type: inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Embryo Pose in Whole Body Pose 


Variants 


(On Semiconductor 6415251) 


Figure 8-4. Pinouts of a sophisticated quad digital poten 
tometer chip. Other chips wil have different pinouts and 
capabilities. This example is available in surface-mount 
formats only. See text for detail: 


Taper 
Digital potentiometers are available with linear 
taper or logarithmic taper. In the former, each re- 
sistorin the ladder has the same value. In the lat- 
ter, values are chosen so that the cumulative re- 
sistance between the wiper and the L end of the 
ladder increases geometrically asthe wiper steps 
toward the H end of the ladder. This is useful in 
audio applications where sound intensity that 
increases exponentially may seem to increase 
linearly when perceived by the human ear. 


A microcontroller can emulate logarithmic steps 
by skipping some taps in the ladder in a digital 
potentiometer, but this will result in fewer incre- 
‘ments and lower precision. 


Data Transfer 
Digital potentiometers are mostly designed to 
use one of three serial protocols: 


+ SPI, This acronym is derived from serial pe- 
ripheralinterface,aterm trademarked by Mo- 
torola but now used generically, The stan- 


integrated circuit 


analog > digital potentiom: 


dard is adapted in various radically different 
ways among digital potentiometers. 


«+ 12C. More correctly printed as PC and prop- 
erly pronounced “I squared C’ this acronym 
is derived from the term interintegrated cir- 
uit. Developed by Philips in the 1990s, it isa 
relatively slow-speed bus-communication 
protocol (up to 400kbps or 1Mbpsinits basic 
form). It is built into some microcontrollers. 
The standard is more uniformly and rigor- 
ously defined than SPI, 


+ Up/down, also sometimes known as push- 
button or increment/decrement protocol. 


Both SPI and 12C are supported by many micro- 
controllers, including the Atmel AVRat the heart 
of the Arduino. 


These three systems for controlling a digital po- 
tentiometer are described in more detail in the 
following sections. 


SPI 
This is the most widely used protocol, but when 


reading datasheets, a lot of care must be taken 
to determine how it varies in each case. 


The Microchip 4131-503, shown in Figure 8-5, 
Uses SPI protocol. It contains 128 resistors and 
can be powered by 1.8VDC to 5.SVDC. 


The one feature that all versions of SPI have in 
‘common is that a series of high/low pulses is i 
terpreted by the chip as a set of bits whose value 
defines a tap point in the resistor ladder. In com- 
puter terminology, every tap point has an ad- 
dress, Theincoming bits define the address, after 
which the status of an additional input pin can 
tell the chip to move the wiper to that location 


‘Typically, there will bea chip select pin, identified 
as CS; a serial data input pin, identified as SDA, Si, 
DIN, or a similar acronym; and a serial clock pin, 
identified as SCL, SCLK, or SCK, which must re- 
ceive a stream of pulses to which the high/low 
data input pulses must be synchronized. In ad- 
dition, the SPI protocol allows bidirectional (du- 
plex) serial communication. Only a minority of 
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Pindasana in Sarvangasana 

(pin-DAHS-uh-nuh in suhr-vuhng-GAHS-uh-nuh) 

Also Known As: Inverted Embryo Pose (Viparita Pindasana), Embryo Pose in Plow Pose (Pindasana 
in Halasana), Shoulderstand 

Pose Type: inversion, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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SHOULDERSTAND: LOTUS—KNEES ON THE FLOOR 


Lotus Pose in Plow Pose 


Padmasana in Halasana 

(puhd-MAHS-uh-nuh in hul-AHS-uh-nuh) 

Pose Type: inversion, forward bend 

Drishti Point: Nabhi, Nabhicakre, or Nabi Chakra (belly button) 
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Sideways Embryo Pose in Whole Body Pose 


Parshva Pindasana in Sarvangasana 

(PAHRSH-vuh pin-DAHS-uh-nuh in suhr-vuhng-GAHS-uh-nuh) 

Also Known As: Side Embryo Pose (Parshva Pindasana), Embryo Pose in Plow Pose (Pindasana in 
Halasana), Shoulderstand 

Pose Type: inversion, forward bend, twist 

Drishti Point: Nasagrai or Nasagre (nose) 
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SHOULDERSTAND: EAR PRESSURE POSE—FEET ON THE FLOOR 


Inverted Tortoise Pose 


Viparita Kurmasana 

(vi-puh-REE-tuh koor-MAHS-uh-nuh) 

Modification: 1. grabbing onto the feet 

2. palms to the floor, fingertips facing to the back 

Pose Type: inversion, forward bend 

Drishti Point: Nabhi, Nabhicakre, or Nabi Chakra (belly button) 
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Bound Inverted Tortoise Pose 


Baddha Viparita Kurmasana 

(BUH-duh vi-puh-REE-tuh koor-MAHS-uh-nuh) 

Pose Type: inversion, forward bend, binding 

Drishti Point: Nabhi, Nabhicakre, or Nabi Chakra (belly button) 
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SHOULDERSTAND: EAR PRESSURE POSE—FEET OFF THE FLOOR 


Ear Pressure Pose Prep. 


Karnapidasana Prep. 

(kuhr-nah-pee-DAHS-uh-nuh) 

Modification: knees to the temples, palms to the lower back 
Pose Type: inversion, forward bend 

Drishti Point: Nabhi, Nabhicakre, or Nabi Chakra (belly button) 
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Ear Pressure Pose Prep. 


Karnapidasana Prep. 

(kuhr-nah-pee-DAHS-uh-nuh) 

Modification: one hand to the lower back; other arm up over the head, elbow bent, fingertips to the 
floor; both knees bent, one knee to the elbow of the front arm, heel of the other foot toward the sitting 
bone 

Pose Type: inversion, forward bend 

Drishti Point: Nabhi, Nabhicakre, or Nabi Chakra (belly button) 
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Ear Pressure Pose 


Karnapidasana 

(kuhr-nah-pee-DAHS-uh-nuh) 

Modification: both knees bent, feet off the floor; arms straight behind the back and off the floor, 
palms up 


Pose Type: inversion, forward bend, balance 
Drishti Point: Nabhi, Nabhicakre, or Nabi Chakra (belly button) 
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SHOULDERSTAND: EAR PRESSURE POSE—HEELS TO THE SITTING BONES, GRABBING ONTO THE SHINS 


Ear Pressure Pose 


Karnapidasana 

(kuhr-nah-pee-DAHS-uh-nuh) 

Modification: both heels to the sitting bones, grabbing onto the ankles, elbows bent 
Pose Type: inversion, forward bend 

Drishti Point: Nabhi, Nabhicakre, or Nabi Chakra (belly button) 
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SHOULDERSTAND: EAR PRESSURE POSE—KNEES ON THE FLOOR—DIFFERENT ARM POSITIONS 


Ear Pressure Pose 


Karnapidasana 

(kuhr-nah-pee-DAHS-uh-nuh) 

Modification: palms to the lower back 

Pose Type: inversion, forward bend 

Drishti Point: Nabhi, Nabhicakre, or Nabi Chakra (belly button) 
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Sideways Ear Pressure Pose 


Parshva Karnapidasana 

(PAHRSH-vuh kuhr-nah-pee-DAHS-uh-nuh) 

Also Known As: Side Contraction Pose (Parshva Akunchanasana) 
Modification: palms to the lower back 

Pose Type: inversion, forward bend, twist 

Drishti Point: Nabhi, Nabhicakre, or Nabi Chakra (belly button) 


e000 


Hands Bound Ear Pressure Pose 


Baddha Hasta Karnapidasana 

(BUH-duh HUH-stuh kuhr-nah-pee-DAHS-uh-nuh) 

Modification: fingers interlocked 

Pose Type: inversion, forward bend 

Drishti Point: Nabhi, Nabhicakre, or Nabi Chakra (belly button) 
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Shivalinga Pose 


Lingasana 

(ling-GAHS-uh-nuh) 

Also Known As: Ear Pressure Pose (Karnapidasana) 

Pose Type: inversion, forward bend 

Drishti Point: Nabhi, Nabhicakre, or Nabi Chakra (belly button) 
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Bound Hands Shivalinga Pose 


Baddha Hasta Lingasana 

(BUH-duh HUH-stuh ling-GAHS-uh-nuh) 

Also Known As: Ear Pressure Pose (Karna Pidasana) 

Pose Type: inversion, forward bend 

Drishti Point: Nabhi, Nabhicakre, or Nabi Chakra (belly button) 
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Ear Pressure Pose 


Karnapidasana 

(kuhr-nah-pee-DAHS-uh-nuh) 

Modification: grabbing onto the heels 

Pose Type: inversion, forward bend 

Drishti Point: Nabhi, Nabhicakre, or Nabi Chakra (belly button) 
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PLOW POSE: LEGS STRAIGHT AND TOGETHER—DIFFERENT ARM POSITIONS 


Plow Pose 


Halasana 

(huh-LAHS-uh-nuh) 

Modification: palms to the lower back, toes pointed to the front 

Pose Type: inversion, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Plow Pose 


Halasana 

(huh-LAHS-uh-nuh) 

Modification: fingers to the toes, palms up 

Pose Type: inversion, forward bend 

Drishti Point: Nabhi, Nabhicakre, or Nabi Chakra (belly button) 
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Plow Pose 


Halasana 

(huh-LAHS-uh-nuh) 

Modification: arms straight to the back, palms on the floor 

Pose Type: inversion, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Bound Hands Plow Pose 


Baddha Hasta Halasana 
(BUH-duh HUH-stuh huh-LAHS-uh-nuh) 


Pose Type: inversion, forward bend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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PLOW POSE: LEGS TO THE SIDE & LEGS WIDE APART 


Sideways Plow Pose 


Parshva Halasana 

(PAHRSH-vuh huh-LAHS-uh-nuh) 

Modification: palms to the lower back 

Pose Type: inversion, forward bend, twist 

Drishti Point: Nabhi, Nabhicakre, or Nabi Chakra (belly button) 
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integrated circuit > analog > digital potentioy 


digital potentiometers make use of this capabil- 
ity, but where it exists, a serial data output pin 
may be labeled SDO. Alternatively, one pin may 
be multiplexed to enable both input and output, 
in which case it may be labeled SD1/SDO. 


Figure 8-5. This digital potentiometer uses SPI protocol 
See text for details 


Ifa pin is active-low, a bar (a horizontal line) will 
be printed above its acronym. 


‘The most common type of digital potentiometer 
has 255 resistors and therefore 256 tap points, 
which have addresses numbered 0 thraugh 255, 
each of which can be specified by a sequence of 
eight data bits constituting one byte. However, a 
different coding system will be applied in chips 
that havea different number of taps. In a 32-tap 
component, for instance, data is still sent in 
groups of eight bits, but only the first five bits 
define a tap address, while the remaining three 
are interpreted as commands to the chip. 


Most 256-tap chips use an SPI protocol in which 
two eight-bit bytes are sent, the first being inter- 
preted by the chip as a command, while the sec- 
‘ond specifies a tap address. Each manufacturer 
may use a different set of command codes, and 
these will vary among chips even from the same 
manufacturer. 


Variants 


Most commonly, three wires are used for data 
transmission and control (causing these chips to 
be described as 3-wire programmable potenti- 
‘ometers). 


CS is usually, but not always, pulled low to acti- 
vate the digital potentiometer for input. A series 
of low or high states is then applied to the data- 
input pin. Each time the clock input changes 
state (usually on the rising edge of the clock 
pulse) the state of the data input is copied to a 
shift register inside the chip. After all the bits 
have been clocked in, CS can change from low to 
high, causing the contents of the shift register to 
be copied into a decoder section of the chip. The 
firstbitreceived becomes the mostssignificant bit 
in the decoder. The value of the eight bits is de- 
coded, and the chip connects the W pin directly 
tothe corresponding tap along the ladder of 255 
internal resistors. 


12C Protocol 

‘The I2C specification is controlled by NXP Semi- 
conductors (formerly Philips), but can be used in 
commercial products without paying licensing 
fees. Only two transmission lines are required: 
fone carrying a clock signal, the other allowing 
bidirectional data transfer synchronized with the 
clock (although many digital potentiometers use 
the12C connection only to receive data). The pins 
are likely to be identified by the same acronyms 
as the pins on a chip that uses SPI protocol. 


As in SPI, a command byte is followed by a data 
byte,althoughthecommand set differsfrom that 
of SPlandwillalso differamong various |2C chips. 
Full implementation of 2C allows multiple devi- 
ces to sharea single bus, but this capability may 
remain unused. 


Up/Down Protocol 
This simpler, asynchronous protocol does not re- 
quire a clock input. The chip will respond to data 
pulses that are received at any speed (up to its 
maximum speed), and the pulse widths can be 
inconsistent. 
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Hands Bound Feet Spread Wide Intense Stretch Pose in Plow Pose 


Baddha Hasta Prasarita Padottanasana in Halasana 

(BUH-duh HUH-stuh pruh-SAH-ri-tuh puh-do-tahn-AHS-uh-nuh in huh-LAHS-uh-nuh) 

Also Known As: Hands Bound Feet Spread Wide Full Forward Bend in Plow Pose 
Pose Type: inversion, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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PLOW POSE: ONE LEG STRAIGHT, ONE LEG BENT 


One-Legged Elbow to Knee Plow Pose 


Eka Pada Kurpara Janu Halasana 

(EY-kuh PUH-duh kuhr-PAH-ruh JAH-nu hul-AHS-uh-nuh) 

Modification: one hand to the lower back; other arm up over the head, elbow bent, fingertips to the 
floor; knees together, one leg straight; knee to the elbow, other knee bent, heel to the sitting bone 
Pose Type: inversion, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Reclined Upward Foot Thunderbolt Pose 


Supta Urdhva Pada Vajrasana 

(SUP-tuh OORD-vuh PUH-duh vuhj-RAHS-uh-nuh) 

Also Known As: Half Bound Lotus Pose in Whole Body Pose (Ardha Baddha Padmasana in 
Sarvangasana), Shoulderstand 

Modification: 1. front side view 

2. back side view 

Pose Type: inversion, forward bend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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JN THE FLOO! 
CHEST FAC THE FI IR 
LOCUST POSE 
KING PIGEON POSE 


CHIN AND CHEST ON THE FLOOR 


CHEST AND KNEES ON THE FLOOR 


STOMACH ON THE FLOOR 


Pose Dedicated to Makara—Prone Modification 


Makarasana 

(muh-kuh-RAHS-uh-nuh) 

Also Known As: Crocodile Pose 

Modification: whole body flat on the floor; arms straight out in front, palms together 
Pose Type: prone 

Drishti Point: Nasagrai or Nasagre (nose) 
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Side Corpse Pose 


Parshva Shavasana 

(PAHRSH-vuh shuh-VAHS-uh-nuh) 

Pose Type: prone 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Downward Facing One Leg to the Side Pose 


Adho Mukha Parshva Eka Padasana 
(uh-DO MUK-uh PAHRSH-vuh EY-kuh puh-DAHS-uh-nuh) 
Pose Type: prone 

Drishti Point: Nasagrai or Nasagre (nose) 
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STOMACH ON THE FLOOR: ONE LEG STRAIGHT, ONE KNEE BENT—FOOT TO THE FLOOR ON THE SIDE 


Intense Stretch Slithering Lizard Lunge Pose 


Utthana Sarpa Godhasana 

(ut-TAHN-wh SUHR-puh go-DAHS-uh-nuh) 

Also Known As: Extended Lizard Tail Lunge Pose (Uttana Pristhasana) 
Modification: foot to the elbow crease 

Pose Type: prone 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Intense Stretch Slithering Lizard Lunge Pose 


Utthan Sarpa Godhasana 

(ut-TAHN-uh SUHR-puh go-DAHS-uh-nuh) 

Also Known As: Extended Lizard Tail Lunge Pose (Uttana Pristhasana) 

Modification: foot to the outside of the rib cage, arm binds around the leg 

Pose Type: prone 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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STOMACH ON THE FLOOR: FROG POSE & LOTUS POSE 


Frog Pose 


Mandukasana 

(muhn-doo-KAHS-uh-nuh) 

Also Known As: Thavaliasana 

Pose Type: prone 

Drishti Point: Nasagrai or Nasagre (nose) 
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Lotus Staff Surrender Salutation Pose 


Padma Danda Namaskarasana 

(PUHD-muh DUHN-duh nuh-muhs-kahr-AHS-wh-nuh) 

Modification: arms straight in front, palms down to the floor 
Pose Type: prone 

Drishti Point: Nasagrai or Nasagre (nose) 
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Hidden Lotus Pose 


Gupta Padmasana 
(GUP-tuh puhd-MAHS-uh-nuh) 


Pose Type: prone, mild backbend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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CHEST FACING THE FLOOR: TWISTS 


Downward Facing Twisted Stomach Pose 


Adho Mukha Jatara Parivartanasana 

(uh-DO MUK-uh JAHT-uh-ruh puh-ri-vuhr-tuh-NAHS-uh-nuh) 

Modification: knees together, legs bent 

Pose Type: prone, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Downward Facing Twisted Stomach Pose 


Adho Mukha Jatara Parivartanasana 

(uh-DO MUK-uh JAHT-uh-ruh puh-ri-vuhr-tuh-NAHS-uh-nuh) 

Modification: top leg straight, bottom knee bent 

Pose Type: prone, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Downward Facing Twisted Stomach Pose 


Adho Mukha Jatara Parivartanasana 
(wh-DO MUK-uh JAHT-uh-ruh puh-ri-vuhr-tuh-NAHS-uh-nuh) 
Modification: legs straight 

Pose Type: prone, twist 


Drishti Point: Nasagrai or Nasagre (nose) 
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Pose Dedicated to St. Brighid of Kildare 


Brighidasana 

(bree-gid-AHS-uh-nuh) 

Modification: bottom leg crossed under, looking straight ahead 
Pose Ty prone, twist 

Drishti Point: Nasagrai or Nasagre (nose) 
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CHEST FACING THE FLOOR: TWISTS—LEGS TO THE SIDE 


Pose Dedicated to Sage Koundinya One-Legged Version 1|—Prone 
Modification 


Eka Pada Koundinyasana 1 
(EY-kuh PUH-duh kown-din-YAHS-uh-nuh) 


Modification: one arm straight to the side, bottom knee bent 


Pose Type: arm balance, forward bend, twist 
Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Pose Dedicated to Ashtavakra—Prone Modification 


Ashtavakrasana 

(uh-shtuh-vuh-KRAHS-uh-nuh) 

Also Known As: Eight Angle Pose—Prone Modification 

Modification: legs unhooked, bottom knee wrapped around the opposite forearm, top leg straight 
Pose Type: arm balance, forward bend, twist 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Pose Dedicated to Ashtavakra—Prone Modification 


Ashtavakrasana 

(uh-shtuh-vuh-KRAHS-uh-nuh) 

Also Known As: Eight Angle Pose—Prone Modification 
Pose Type: arm balance, forward bend, twist 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 


Variants 


Each pulse moves the wiper connection one step 
up or down the ladder. While this has the advan- 
tage of simplicity, the taps are not addressable, 
and consequently the wiper cannot skip to any 
tap without passing through intervening taps 
incrementally. Thisis notaninconveniencewhen 
the potentiometer controls audio gain, which is 
a primary application. 


In some chips, an increment pin, usually labeled 
INC, receives pulses while the high or low state 
of a second pin, usually labeled U/D, determines 
whether each pulse will step the wiper up the 
ladder or down the ladder. 


In other chips, pulses to an Up pin will step the 
wiper up the ladder, while pulses to a Down pin 
will step the wiper down the ladder. 


Either of these chip designs can be referred to as 
a two-wire type. if an additional chip-select pin is 
included (labeled CS on datasheets), this type of, 
digital potentiometer can be referred to as a 
three-wire type. The chip select pin is likely to be 
active-low, meaning that so long as it has a high 
state, the chip will ignore incoming signals. 


‘The CATS114 shown in Figure 8-6 uses an U/D 
pin. It contains 31 resistors, is available in &-pin 
DIP or surface-mount formats, and can be pow- 
ered by 2.5VDC to 6VDC. Each of its logic inputs 
draws only 10yA. 


In six-pin chips the INC pin is omitted, one of the 
H, L, or W pins will be omitted, and the U/D pin 
will function differently. When CS is pulled low, 
the chip checks the state of the U/D pin. If itis 
high, the chip goes into increment mode; if itis 
low, the chip goes into decrement made. Salong 
as CS remains low, each transition of the U/D pin 
from low to high will either increment or decre- 
ment the wiper position, depending on the 
mode that was sensed initially. When CS goes 
high, further transitions on the U/D pin will be 
ignored until CS goes low again, at which point 
the procedure repeats. 


integrated circuit > analog > digital potentiometer 


Figure 8-6. This digital potentiometer contains 31 resis- 
fors and uses the simplest up/down protocol to step from 
fone tap to the next 


The chip does not provide any feedback regard- 
ing the position of its wiper, and consequently a 
control device such as a microcontroller cannot 
know the current wiper position. Ifthe chip has 
nonvolatile memory (as is the case in many up/ 
down digital potentiometers), it will resume its 
previous wiper location at power-up, but here 
again a control device will have difficulty deter- 
mining what that position is. Therefore, in its ba- 
sic form, an up/down chip is only appropriate for 
simple tasks, especially in response to up/down 
pushbuttons, 


Other Control Systems 

A few digital potentiometers use a parallel inter- 
face. Because they are relatively uncommon, 
they are not included here, 


Connections and Modes 

Some variants of digital potentiometers mini- 
mize the chip size and number of connections by 
limiting accessibility to the internal resistor lad- 
der. In a chip designed to function in rheostat 
‘mode, theW pinis eliminated and the chip moves 
an intemal connection point to change the re- 
sistance between the H and L pins. 
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CHEST FACING THE FLOOR: TWIST & VERTICAL SPLITS 


Svastika Legs in Downward Facing Twisted Stomach Pose 


Pada Svastikasana in Adho Mukha Jatara Parivartanasana 

(PUH-duh svuh-sti-KAHS-uh-nuh in uh-DO MUK-uh JAHT-uh-ruh puh-ri-vuhr-tuh-NAHS-uh-nuh) 

Modification: one arm straight out in front, palm down to the floor; other elbow bent, temple resting 
on the forearm of the bent arm 

Pose Type: prone, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Downward Facing Pose Dedicated to Trivikrama—Prone Modification 


Adho Mukha Trivikramasana 
(wh-DO MUK-uh tri-vi-kruhm-AHS-uh-nuh) 


Pose Type: prone 
Drishti Point: Hastagrai or Hastagre (hands) 
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Bound Downward Facing Pose Dedicated to Trivikrama—Prone 
Modification 


Baddha Adho Mukha Trivikramasana 

(BUH-duh uh-DO MUK-uh tri-vi-kruhm-AHS-uh-nuh) 

Modification: back leg bent—toes pointing to the sky 

Pose Type: prone, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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LOcusT P. 


LEGS ON THE FLOOR, ARM: 


Cobra Pose 1 


Bhujangasana 1 

(buj-uhng-GAHS-uh-nuh) 

Modification: palms lifted off the floor, elbows bent 
Pose Type: prone, backbend 


Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Locust Pose 


Shalabhasana 

(shuh-luh-BAHS-uh-nuh) 

Modification: arms straight, palms facing up by the hips; feet on the floor 
Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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LOCUST POSE: LEGS AND CHEST OFF THE FLOOR—ARMS BEHIND ON THE FLOOR 


Locust Pose 


Shalabhasana 
(shuh-luh-BAHS-uh-nuh) 


Also Known As: Locust Pose B (Shalabhasana B) 
Modification: palms to the floor by the bottom of the ribs, elbows bent at 90 degrees 
Pose Type: prone, backbend 


Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Locust Pose 
Shalabhasana 
(shuh-luh-BAHS-uh-nuh) 


Also Known As: Locust Pose A (Salabhasana A) 
Modification: palms to the floor by the hips, arms straight, legs and chest lifted 
Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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LOCUST POSE: LEGS AND CHEST OFF THE FLOOR—ARMS BEHIND 


Fingers to Head Reverse Prayer Locust Pose 


Anguli Shirsha Viparita Namaskar Shalabhasana 

(UHNG-goo-lee SHEER-shuh vi-puh-REE-tuh nuh-muhs-KAHR shuh-luh-BAHS-uh-nuh) 

Also Known As: Back of the Body Prayer Fingers to Head Locust Pose (Paschima Namaskara Anguli 
Shirsha Shalabhasana) 


Modification: feet on the floor 
Pose Type: prone, backbend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Pose Dedicated to Makara 


Makarasana 

(muh-kuh-RAHS-uh-nuh) 

Also Known As: Crocodile Pose 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
esc0oGge 


Locust Pose 


Shalabhasana 

(shuh-luh-BAHS-uh-nuh) 

Modification: arms open wide, fingertips pointing to the toes 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Hands Bound Locust Pose 


Baddha Hasta Shalabhasana 

(BUH-duh HUH-stuh shuh-luh-BAHS-uh-nuh) 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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LOCUST POSE: LEGS AND CHEST OFF THE FLOOR—ARMS IN FRONT 


Locust Pose 


Shalabhasana 

(shuh-luh-BAHS-uh-nuh) 

Also Known As: Crocodile Pose (Makarasana), Boat Pose (Navasana) 

Modification: both arms straight in front, palms facing down 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) or Angushtamadhye or 
Angushta Ma Dyai (thumbs) 
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Hand Position of the Pose Dedicated to Garuda in Locust Pose 


Hasta Garudasana in Shalabhasana 

(HUH-stuh guh-ru-DAHS-uh-nuh in shuh-luh-BAHS-uh-nuh) 

Pose Type: prone, backbend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Inverted Locust Pose 


Viparita Shalabhasana 

(vi-puh-REE-tuh shuh-luh-BAHS-uh-nuh) 

Modification: chin to the floor, legs lifted 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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LOCUST POSE: ONE LEG 


Half Locust Pose 


Ardha Shalabhasana 

(UHR-duh shuh-luh-BAHS-uh-nuh) 

Modification: hands to the floor by the hips, palms facing up, arms straight 

Pose Type: prone, backbend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Hand Position of the Pose Dedicated to Garuda in Half Locust Pose 


Hasta Garudasana in Ardha Shalabhasana 
(HUH-stuh guh-ruh-DAHS-uh-nuh in UHR-duh shuh-luh-BAHS-uh-nuh) 


Pose Type: prone, backbend 
Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Half Locust Pose 


Ardha Shalabhasana 

(UHR-duh shuh-luh-BAHS-uh-nuh) 

Also Known As: Crocodile Pose (Makarasana) 

Modification: one arm straight to the front—palm facing down, other hand to the floor by the hip— 
palm down 

Pose Type: prone, backbend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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One-Legged Frog Pose in Locust Pose 


Eka Pada Bhekasana in Shalabhasana 

(EY-kuh PUH-duh bey-KAHS-uh-nuh in shuh-luh-BAHS-uh-nuh) 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) or Hastagrai or 
Hastagre (hands) 


es0060e 


Mermaid Pose in Locust Pose 


Naginyasana in Shalabhasana 

(nuh-gin-YAHS-uh-nuh in shuh-luh-BAHS-uh-nuh) 

Pose Type: prone, backbend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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POSE: BOTH AND ONE LEG STRAIGHT 


Supported Cobra Pose 


Salamba Bhujangasana 

(SAH-luhm-buh buj-uhng-GAHS-uh-nuh) 

Also Known As: Sphinx Pose or Crocodile Pose (Makarasana) 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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integrated circuit > analog > digital potentiometer 


In some variants, the low end of the ladder is 
permanently, internally connected with ground, 
and the L pin is omitted. In other variants, one 
end ofthe ladderis unconnected inside the chip. 


A chip designed to function in voltage divider 
‘mode will include all three pins—H, L, and W— 
‘except in some instances where the low end of 
the ladder is grounded internally. 


Variants are shown in Figures 8-7, 8-8, 8-9, and 
8-10. Because some pins may be omitted, and 
there is no standardization of function among 
the pins that do exist, circuits and chips must be 
examined carefully prior to use. 
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(Tetes instuments TPLO4O1A, CATS125) 


Figure 87. Some digital potentiometers minimize chip 
‘sze and provide specialized functionality by eliminating 
pins. In the variant shown here, the W pin provides a vo: 
‘age between H and an internal ground connection. The 
‘chip is controled via 2C serial pratocol. 
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(Texas Instruments TPLO4016) 


Figure 8-8, In this variant, the H end of the internal resis 
for ladder is allowed to float inside the chip, and the digital 
potentiometer functions as a rheostat. The chip 1s cor 
trolled ia I2C serial rotocal 


Values 
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(Texas instruments CATE118, CAT5123) 


Figure 8-9. This variant provides a variable resistance be- 
‘ween the H pin and an internal connection with negative 
‘ground. Pin 5 is omitted. The chip 's controlled by up/ 
‘down pulses. 
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(Texas instruments CATS119, CATS124 


Figure 8:10. This variant provides a variable resistance 
between H and L pins, without allowing either end of the 
resistor ladder to float. The W pin is amitted. as the wiper 
Js tied internally fo the Hi pin. The chips listed are con- 
trolled by yp/iown pulses. 


Values 


A primary limitation of digital potentiometers is 
that they cannot withstand significant current. 
This may prevent them from being substituted 
for an analag potentiometer unless changes are 
‘made in the circuit. H, L, and W pins are usually 
unable to source or sink continuous, sustained 
current exceeding 20mA. 


Wiper resistance Is the resistance that is added 
internally by the wiper. Thisisnontrivial;itisoften 
around 100, and can be as high as 2000. 


Typical end-to-end resistance of the ladder of in- 
ternal resistors may range ftom 1K to 100K. Val- 
ues of 1K, 10K, and 100K are common. 
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One-Legged Frog Pose 


Eka Pada Bhekasana 
(EY-kuh PUH-duh bey-KAHS-uh-nuh) 


Modification: open ankles modification, heel to the floor by the hip socket 

Pose Type: prone, backbend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Leg Extended Uneven Supported Cobra Pose 


Utthita Pada Vishama Salamba Bhujangasana 

(UT-ti-tuh PUH-duh VISH-uh-muh SAH-luhm-buh buj-ung-GAHS-uh-nuh) 

Also Known As: Uneven Sphinx Pose 

Modification: 1. knee bent 2. leg straight 

Pose Type: prone 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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SPHINX POSE: BOTH KNEES BENT 


Supported Cobra Pose 


Salamba Bhujangasana 

(SAH-luhn-buh buj-uhng-GAHS-uh-nuh) 

Also Known As: Sphinx Pose or Crocodile Pose (Makarasana) 
Modification: knees bent 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Feet to the Head Supported Cobra Pose 


Shirsha Pada Salamba Bhujangasana 

(SHEER-shuh PUH-duh SAH-luhm-buh buj-uhng-GAHS-uh-nuh) 

Also Known As: Feet to the Head Sphinx Pose 

Modification: toes to the forehead 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Feet to the Face Supported Cobra Pose 


Mukha Pada Salamba Bhujangasana 

(MUK-uh PUH-duh SAH-luhm-buh buj-uhng-GAHS-uh-nuh) 

Also Known As: Feet to the Face Sphinx Pose 

Modification: heels to the forehead 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Padayoragrai or 
Padayoragre (toes/feet) 
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Downward Facing Bound Angle Pose 


Adho Mukha Baddha Konasana 
(wh-DO MUK-uh BUH-duh ko-NAHS-th-nuh) 
Modification: forearms to the floor 

1. top view 

2. side view 

Pose Type: prone, backbend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Hidden Lotus Pose 


Gupta Padmasana 

(GUP-tuh puhd-MAHS-uh-nuh) 

Modification: hands to the face on the elbows 
Pose Type: prone, backbend 

Drishti Point: Nasagrai or Nasagre (nose) 
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COBRA POSE 


Cobra Pose 


Bhujangasana 

(buj-uhng-GAHS-uh-nuh) 

Modification: palms on the floor, elbows bent 

1. mild backbend 

2. intense backbend 

Pose Type: prone, backbend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Cobra Pose 


Bhujangasana 

(buj-uhng-GAHS-uh-nuh) 

Modification: 1. elbows bent, fingertips to the floor 2. arms straight, palms to the floor 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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Cobra Pose 
Bhujangasana 


(buj-uhng-GAHS-uh-nuh) 

Modification: palms on the floor, arms straight, head to the glutes 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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KING PIGEON POSE: HANDS TO THE FLOOR 


Half King Pigeon Pose 


Ardha Raja Kapotasana 

(UHR-duh RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: palms to the floor, one foot to the head 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged One Hand King Pigeon Pose 


Eka Pada Eka Hasta Raja Kapotasana 

(EY-kuh PUH-duh EY-kuh HUH-stuh RAH-juh kuh-po-TAHS-uh-nuh) 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Hastagrai or Hastagre 
(hands) 
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King Pigeon Pose 


Raja Kapotasana 

(RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: palms to the floor, feet away from the head 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


e0de0e 


King Pigeon Pose 


Raja Kapotasana 

(RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: head touching the glutes, knees bent, feet away from the head 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Padayoragrai or 
Padayoragre (toes/feet) 
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King Pigeon Pose 


Raja Kapotasana 

(RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: palms to the floor, feet to the head 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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King Pigeon Pose 


Raja Kapotasana 

(RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: palms to the floor, feet to the shoulders 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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How to Use It 


While the number of taps is likely to be a power 
of two in chips where the taps are addressable, 
up/down chips are not so constrained and may 
contain, for example, 100 taps, 


The end-to-end resistance ofa whole ladder may 
vary by as much as 20% from one sample of a 
chip to thenext. Among resistorladders in digital 
potentiometers sharing the same chip (i.e, in du- 
al or quad chips) the variation will be much 
smaller. 


Almost all digital potentiometers are designed 
fora supply voltage of SV orless, The Hand L pins 
are not sensitive to polarity, but the voltage ap- 
plied to either of them must not exceed the sup- 
ply voltage. 


How to Use It 


While most microcontrollers contain one or more 
analog-digital converters that change an analog 
input to an internal numeric value, a microcon- 
troller cannot create an analog output. A digital 
potentiometer adds this functionality, although 
applications will be restricted by ts limitation on 
current. 


‘An up/down digital potentiometer can be con- 
trolled directly by a pair of pushbuttons, one of, 
Which will increase the resistance value while the 
other will reduce it. The pushbuttons must be 
debounced when used in this way. An alternative 
to pushbuttons is a rotational encoder, which 
emits a stream of pulses when its shaft is turned. 
In this case, an intermediate component (prob- 
ably a microcontroller) will usually interpret the 
pulse stream and change it to a format that the 
digital potentiometer can understand. 


Where a digital potentiometer is used in audio 
applications, it should be of the type that moves 
the wiper connection from one tap to another 
duringa zero crossing of the audio signal (.e., that 
is,at the moment when the AC input signal pass- 
es through OV on its way from positive to nega- 
tive or negative to positive). This suppresses the 
“click” that otherwise tends to occur during 


integrated circuit > analog > digital potentiom 
switching, Potentiometers with this feature may 
include phrases such as “glitch free" in their da- 
tasheets. 


Digital potentiometers that are intended primar- 
ily for audio applications often have 32 taps 
spaced at intervals of 2dB, This will be sufficient 
to satisfy most listeners, 


Achieving Higher Resolution 

For sensitive applications where a resolution 
with more than 1,024 steps is required, multiple 
digital potentiometers with different step values 
canbe combined, Oneway of doing thisisshown 
in Figure 8-11.1n this circuit, the wipers of P2 and 
P3 must be moved in identical steps, so that the 
total resistance between the positive power sup- 
ply and negative ground remains constant. 
These two potentiometers could be contained in 
adualchip, andwould receive identical up/down 
‘commands. P1 is at the center of the voltage di- 
vider formed by P2 and P3, and is adjusted sep- 
arately to “fine tune” the output voltage that is 
sensed at point A. 


If all three of the potentiometers in this circuit 
contain 100 taps, a combined total of 10,000 re- 
sistance steps will be possible. 


Figure 811. ial three digital potentiometers in this sche- 
‘matic have 100 taps. and the wipers of P2 and P3 are 
‘moved in synchranizaton, the voltage measured at point 
‘can have a high resolution of up to 10,000 steps. 
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KING PIGEON POSE: GRABBING ONTO THE KNEES 


King Pigeon Pose e800G0e 


Raja Kapotasana 
(RAH-juh kuh-po-TAHS-uh-nuh) 
Pose Type: prone, backbend 


Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


How to Perform the Pose: 

1. Begin by lying flat on your stomach with your legs straight out behind you. Engage your mula 
bandha, uddhiyana bandha, and ujjayi breathing. 

2. Exhale and bring your forearms to the floor with your shoulders on top of your elbows. Inhale, 
lengthen your neck, roll your shoulder blades down, and feel the backbend in your upper back. 

3. On the next exhale, press strongly into your hands and straighten your arms. Walk your hands as 
close as you can toward you. 

4. Exhale and bend both your knees, reaching your feet toward your head. 

5. Inhale and shift your weight to your left hand. Exhale, bring your right arm behind you, and grab 
onto your right knee. On the next exhale, bring your left arm behind you and grab onto your left 
knee. 


6. Exhale as you push through your chest, keeping the backbend in the upper back and pressing your 
feet to the crown of your head (Pose #1). 


7. To deepen the pose, exhale and bring your feet to your shoulders (Pose #2). 


8. Hold the pose for at least 30, and up to 90, seconds in order to receive the full benefits of the 
stretch. 


9. Inhale as you release the pose, letting go of your knees. Bring your hands to the front and lower 
your chest and feet to the floor. 


Modification: grabbing onto the knees 
1. feet to the head 
2. feet to the shoulders 


raja = king, royal 


kapota = pigeon 
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KING PIGEON POSE: GRABBING ONTO THE KNEES 


King Pigeon Pose Prep. 


Raja Kapotasana Prep. 

(RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: one hand to the floor, other hand grabbing onto the knee 
Pose Type: prone, backbend 

Drishti Point: Nasagrai or Nasagre (nose) 
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King Pigeon Pose Prep. 


Raja Kapotasana Prep. 

(RAH-juh kuh-po-TAHS-uh-nuh) 

Modification: both hands grabbing onto the knees 

1. looking straight ahead 

2. head rolling back 

Pose Type: prone, backbend 

Drishti Point: 1. Nasagrai or Nasagre (nose) 

2. Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Feet to the Back King Pigeon Pose 


Pada Paschima Raja Kapotasana 
(PUH-duh PUHSH-chi-muh RAH-juh kuh-po-TAHS-uh-nuh) 


Pose Type: prone, backbend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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UPWARD DOG POSE: BOTH LEGS STRAIGHT. 


Upward Facing Dog Pose 


Urdhva Mukha Shvanasana 

(OORD-vuh MUK-uh shvuh-NAHS-uh-nuh) 

Modification: toes pointed to the back, knees on the floor 

1. looking straight ahead 

2. head rolling back 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Upward Facing Dog Pose 


Urdhva Mukha Shvyanasana 

(OORD-vuh MUK-uh shvuh-NAHS-uh-nuh) 

Modification: toes pointed to the back, knees off the floor 

1. looking straight ahead 

2. head rolling back 

Pose Type: prone, backbend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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UPWARD DOG POSE: BOTH LEGS STRAIGHT—ONE LEG, ONE ARM, & TO THE SIDE 


Uneven One-Legged Upward Facing Dog Pose 


Vishama Eka Pada Urdhva Mukha Shvanasana 

(VISH-uh-muh EY-kuh PUH-duh OORD-vuh MUK-uh shvuh-NAHS-uh-nuh) 

Modification: both toes pointed 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Sideways Upward Facing Dog Pose 


Parshva Urdhva Mukha Shvanasana 
(PAHRSH-vuh OORD-vuh MUK-uh shvuh-NAHS-uh-nuh) 


Pose Type: prone, backbend, side bend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One Hand Upward Facing Dog Pose 


Eka Hasta Urdhva Mukha Shvanasana 

(EY-kuh HUH-stuh OORD-vuh MUK-uh shvuh-NAHS-uh-nuh) 

Modification: toes pointed to the back 

1. knees on the floor 

2. knees off the floor 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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UPWARD DOG POSE: TOES CURLED IN 


Upward Facing Dog Pose 


Urdhva Mukha Shvanasana 

(OORD-vuh MUK-uh shvuh-NAHS-uh-nuh) 

Modification: toes curled in 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Sideways One-Legged Upward Facing Dog Pose 


Parshva Eka Pada Urdhva Mukha Shvanasana 

(PAHRSH-vuh EY-kuh PUH-duh OORD-vuh MUK-uh shvuh-NAHS-uh-nuh) 

Modification: toes curled in 

Pose Type: prone, backbend, twist 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Upward Facing Dog Pose 


Eka Pada Urdhva Mukha Shvanasana 

(EY-kuh PUH-duh OORD-vuh MUK-uh shvuh-NAHS-uh-nuh) 

Modification: toes of the straight leg curled in; knee of the other leg bent, toes pointing up to the sky 
Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Half Big Toe Bow Pose in One-Legged Upward Facing Dog Pose 


Ardha Padangushta Dhanurasana in Eka Pada Urdhva Mukha Shyanasana 
(UHR-duh puhd-ahng-GOOSH-tuh duh-nur-AHS-uh-nuh in EY-kuh PUH-duh OORD-vuh MUK-uh shyuh-NAHS-uh-nuh) 
Modification: grabbing onto the foot with overhead grip on the same side 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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UPWARD DOG POSE: TOES CURLED IN—LEGS CROSSED 


Upward Facing Dog Pose 


integrated circuit > analog > digital potentiometer 


What Can Go Wrong 


Noise and Bad Inputs 
Because a digital potentiometer is capable of re- 
ceiving data at speeds as high as 1MHz, itis sen- 
sitive to brief input or power fluctuations, and 
can misinterpret them as instructions to move 
the wiper—or can misinterpret them as com- 
mand codes, in a component using SPI or I2C se- 
rial protocol. 


To minimize noise in the power supply, some 
manufacturers recommend installing a 0.1 )F ca- 
pacitor as close as possible to the power supply 
pin of the component. In addition, itis obviously 
important to provide clean input signals, This 
means thorough debouncing of any electrome- 
chanical switch or pushbutton inputs. 


Wrong Chip 
The wide diversity of input protocolsand pinouts 
creates many opportunities for installation error. 


Up/down, SPI, and I2C protocol require totally 
different pulse streams, Many manufacturers of- 
fercomponentsthatare distinguished from each 
other by just one or two digits in their part num- 
bers, yet have radically different functionality. 


Ifmore than one specific type of digital potenti- 
ometer may be used during circuit development, 
they should be stored carefully to avoid inadver- 
tant substitutions. Using the wrong chip may be 
particularly confusing in that an inappropriate 
input protocol will still produce some results, al- 
though not those which were intended. 


Controller and Chip Out of Sync 
As noted in the discussion of data transmission 
protocols, most digital potentiometers are not 


What Can Go 


ong 


capable of providing feedback to confirm the 
position of the internal wiper. A designer may 
wish to include power-up routine which estab- 
lishes the state of the digital potentiometer by 
resetting it toa known position, at one end of its 
scale or the other. 


Nonlinear Effects 

While the end-to-end resistance of the resistor 
ladder inside a digital potentiometer is not likely 
to be affected significantly by changes in tem- 
perature, the resistance at the wiper is more heat 
sensitive. 


In an up/down chip, there can be differential er- 
rors between incremental and decremental 
modes. In other wards, ifa tapis reached by step- 
ping up to it incrementally, the resistance be- 
tween the W pin and H or L may not be quite the 
same as if the same tap is reached by stepping 
downtoitdecrementally. The difference may not 
be significant, but may be puzzling forthose who 
are unfamiliar with this phenomenon. 


‘Some differences may be found among resistors 
in a ladder. That i, in a supposedly linear digital 
potentiometer, each resistor may differ in value 
slightly from the next. 


Data Transfer Too Fast 

When using a microcontroller to send data to a 
digital potentiometer, a small delay may be nec- 
essary between pulses, depending on the mi- 
crocontroller’s clock speed. A digital potentiom- 
eter may require a minimum pulse duration of 
500ns, Check the manufacturer's datasheet for 
details. 
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Urdhva Mukha Shvanasana 
(OORD-vuh MUK-uh shvuh-NAHS-uh-nuh) 
Modification: toes curled in, ankles crossed 
1. knees on the floor 

2. knees off the floor, looking straight ahead 
3. knees off the floor, head rolling back 


Pose Type: prone, backbend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Upward Facing Dog Pose 


Eka Pada Urdhva Mukha Shvanasana 
(EY-kuh PUH-duh OORD-vuh MUK-uh shyuh-NAHS-uh-nuh) 


Modification: toes curled in, foot of the bent leg to the inside of the knee of the straight leg 
Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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UPWARD DOG POSE: ONE LEG BENT 


Uneven One-Legged Upward Facing Dog Pose 


Vishama Eka Pada Urdhva Mukha Shvanasana 

(VISH-uh-muh EY-kuh PUH-duh OORD-vuh MUK-uh shvuh-NAHS-uh-nuh) 

Modification: Leg 1; knee bent and on the floor, toes pointed to the sky Leg 2: straight and off the 
floor, toes pointed away 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Half Bow Pose in One-Legged Upward Facing Dog Pose 


Ardha Dhanurasana in Eka Pada Urdhva Mukha Shvanasana 
(UHR-duh duh-nur-AHS-uh-nuh in EY-kuh PUH-duh OORD-vuh MUK-uh shvuh-NAHS-uh-nuh) 


Modification: grabbing onto the opposite foot with under-head grip 
Pose Type: prone, backbend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


e0v0e 


Half Bow Pose in One-Legged Upward Facing Dog Pose 


Ardha Dhanurasana in Eka Pada Urdhva Mukha Shvanasana 

(UHR-duh duh-nur-AHS-uh-nuh in EY-kuh PUH-duh OORD-vuh MUK-uh shvuh-NAHS-uh-nuh) 

Modification: under-head grip on the same side 

Pose Type: prone, backbend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Half Pose Dedicated to Siddhar Konganar in One-Legged Upward 
Facing Dog Pose 


Ardha Konganarasana in Eka Pada Urdhva Mukha Shvanasana 
(UHR-duh kong-guh-nuh-RAHS-uh-nuh in EY-kuh PUH-duh OORD-vuh MUK-uh shvuh-NAHS-uh-nuh) 


Modification: grabbing onto the knee with under-head grip on the same side—foot to the armpit 


Pose Type: prone, backbend 
Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 


es08e 


COBRA POSE: UNDER-HEAD GRIP 


Half King Pigeon Pose in One-Legged Big Toe Bow Pose 


Ardha Raja Kapotasana in Eka Pada Padangushta Dhanurasana 
(UHR-duh RAH-juh kuh-po-TAHS-uh-nuh in EY-kuh PUH-duh puhd-ahng-GOOSH-tuh duh-nur-AHS-uh-nuh) 
Modification: Hand 1: grabbing onto the knee on the same side. 

Hand 2: grabbing onto the big toe of the opposite foot with overhead grip 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Cobra Pose 


Bhujangasana 
(buj-uhng-GAHS-uh-nuh) 


Also Known As: Supported Cobra Pose (Alamba Bhujangasana), King Pigeon Pose Prep. (Raja 
Kapotasana Prep.) 

Modification: grabbing onto the knees with under-head grip 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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COBRA POSE: OVERHEAD GRIP 


Upward Facing Unsupported Cobra Pose 


Urdhva Mukha Niralamba Bhujangasana 

(OORD-vuh MUK-uh nir-AH-luhm-buh buj-uhng-GAHS-uh-nuh) 

Pose Type: prone, backbend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs), Bhrumadhye or Ajna Chakra (third 
eye, between the eyebrows) 
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Unsupported Complete Cobra Pose 


Niralamba Paripurna Bhujangasana 


(nir-AH-luhm-buh puh-ri-POOR-nuh buj-uhng-GAHS-uh-nuh) 

Pose Type: prone, backbend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs), Bhrumadhye or Ajna Chakra (third 
eye, between the eyebrows) 
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Complete Cobra Pose 


Paripurna Bhujangasana 

(puh-ri-POOR-nuh buj-uhng-GAHS-uh-nuh) 

Modification: 1. grabbing onto the shins with overhead grip 

2. grabbing onto the knees with overhead grip 

3. grabbing onto the shins with overhead grip, toes curled in 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BOW POSE: UNDER-HEAD GRIP—BOTH KNEES BENT 


Bow Pose 


Dhanurasana 

(duh-nur-AHS-uh-nuh) 

Modification: hands grabbing onto the ankles 

1. on the inside of the ankles 

2. on the outside of the ankles 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Bow Pose 


Dhanurasana 

(duh-nur-AHS-wh-nuh) 

Modification: legs bent at 90 degrees; ankles and knees together, toes pointed to the sky 
Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Bow Pose 


Dhanurasana 

(duh-nur-AHS-uh-nuh) 

Modification: legs bent at 90 degrees; ankles and knees together, toes flexed away from the head 
Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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Sideways Bow Pose 


Parshva Dhanurasana 

(PAHRSH-vuh duh-nur-AHS-uh-nuh) 

Pose Type: supine, prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BOW POSE: UNDER-HEAD GRIP—BOTH KNEES BENT 


One-Legged @ S 8 Ge 
Pose Dedicated to Siddhar Konganar 


Eka Pada Konganarasana 

(EY-kuh PUH-duh kong-guh-nuh-RAHS-uh-nuh) 

Pose Type: prone, backbend 

Drishti Point: Nasagrai or Nasagre (nose) or Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


How to Perform the Pose: 
1. Begin by lying flat on your stomach with your legs straight out behind you. Engage your mula 
bandha, uddhiyana bandha, and ujjayi breathing. 


2. Exhale and bring your forearms to the floor with your shoulders on top of your elbows. Inhale, 
lengthen your neck, roll your shoulder blades down, and feel the backbend in your upper back. 

3. On the next exhale, press strongly into your hands and straighten your arms. 

4. Exhale and bend both your knees, reaching your feet toward your head. 

5. On the next exhale, reach your right hand behind you and grab onto your right shin. Keep sliding 
your right hand until your right foot reaches your right armpit and your right hand rests on your 
right knee. 

6. Inhale and reach your left arm up and over your head. Exhale and grab onto your left foot with your 
left hand, keeping your left elbow close to your ear. 


7. Hold the pose for at least 30, and up to 90, seconds in order to receive the full benefits of the 
stretch. 


8. Inhale, let go of your legs one by one, and lower your chest and feet to the floor to come back to 
the starting position. Repeat on the opposite side. 


eka = one 
pada = foot or leg 


Konganar = one of the Siddhars 


Little Bow Pose 


Laghu Dhanurasana 

(LUH-gu duh-nur-AHS-uh-nuh) 

Pose Type: prone, backbend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Feet to the Head Little Bow Pose 


Shirsha Pada Laghu Dhanurasana 

(SHEER-suh PUH-duh LUH-gu duh-nur-AHS-uh-nuh) 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Pose Dedicated to Siddhar Konganar 


Konganarasana 


(kong-guh-nuh-RAHS-uh-nuh) 
Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BOW POSE: OVERHEAD GRIP—BOTH KNEES BENT 


One Hand Both Feet Big Toe Bow Pose 


Eka Hasta Dwi Pada Padangushta Dhanurasana 

(EY-kuh HUH-stuh DWI-puh-duh puhd-ahng-GOOSH-tuh duh-nur-AHS-uh-nuh) 

Modification: grabbing onto the toes of both feet with one hand, other palm to the floor 
Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Big Toe Bow Pose 


Padangushta Dhanurasana 
(puhd-ahng-GOOSH-tuh duh-nur-AHS-uh-nuh) 


Modification: head rolling back 


Pose Type: prone, backbend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Big Toe Bow Pose 


Padangushta Dhanurasana 

(puhd-ahng-GOOSH-tuh duh-nur-AHS-uh-nuh) 

Modification: 1. feet to the face 

2. heels to the forehead 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BOW POSE: OVERHEAD GRIP—ONE KNEE BENT, ONE LEG STRAIGHT 


One Hand One-Legged Big Toe Bow Pose 


Eka Hasta Eka Pada Padangushta Dhanurasana 

(EY-kuh HUH-stuh EY-kuh PUH-duh puhd-ahng-GOOSH-tuh duh-nur-AHS-uh-nuh) 

Modification: 1. one hand grabbing onto the foot on the opposite side with overhead grip 

2. with backbend 

Pose Type: prone, backbend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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One Hand One-Legged Big Toe Bow Pose 


Eka Hasta Eka Pada Padangushta Dhanurasana 

(EY-kuh HUH-stuh PUH-duh puhd-ahng-GOOSH-tuh duh-nur-AHS-uh-nuh) 

Modification: one hand grabbing onto the foot on the same side with overhead grip 

Pose Type: prone, backbend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 


eo000e 


Both Hand One-Legged Big Toe Bow Pose 


Dwi Hasta Eka Pada Padangushta Dhanurasana 

(DWI-huh-stuh EY-kuh PUH-duh puhd-ahng-GOOSH-tuh duh-nur-AHS-uh-nuh) 

Modification: both hands grabbing onto the foot with overhead grip 

Pose Type: prone, backbend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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BOW POSE: OVERHEAD GRIP—ONE KNEE BENT, ONE LEG STRAIGHT AND OFF THE FLOOR 


Pose Dedicated to Goddess Kamala 


Kamalasana 
(kuh-muh-LAHS-uh-nuh) 


Also Known As: Upward Facing One-Handed Big Toe Boat Pose (Urdhva Mukha Eka Hasta 
Padangushta Navasana) 
Modification: 1: grabbing onto the ankle 


2. foot to the shoulder 
Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BOW POSE: CRISS-CROSS LEGS AND ARMS. 


Revolved Bow Pose 


Parivritta Dhanurasana 

(puh-ri-VRIT-tuh duh-nur-AHS-uh-nuh) 

Pose Type: prone, backbend, twist 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Padhayoragrai or 
Padayoragre (toes/feet) 
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Bow Pose 


Dhanurasana 

(duh-nur-AHS-wh-nuh) 

Modification: legs crossed 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Big Toe Bow Pose 


Padangushta Dhanurasana 

(puhd-ahng-GOOSH-tuh duh-nur-AHS-uh-nuh) 

Also Known As: Difficult Bow Pose (Dur Dhanurasana) 

Modification: one hand grabbing opposite ankle with under-head grip, other hand grabbing the 
opposite foot with overhead grip 

1. one knee on the floor 

2. both knees off the floor 

Pose Type: prone, backbend 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Big Toe Bow Pose 


Padangushta Dhanurasana 

(puhd-ahng-GOOSH-tuh duh-nur-AHS-uh-nuh) 

Modification: one foot toward the shoulder 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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HALF LOTUS BACKBENDS 


Half Lotus Frog Pose 


Ardha Padma Bhekasana 

(UHR-duh PUHD-muh bey-KAHS-uh-nuh) 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Half Lotus Bow Pose 


Ardha Padma Dhanurasana 

(UHR-duh PUHD-muh duh-nur-AHS-uh-nuh) 

Modification: both hands grabbing onto the ankle with under-head grip 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
esc0oGge 


Half Lotus One Hand One-Legged Big Toe Bow Pose 


Ardha Padma Eka Hasta Eka Pada Padangushta Dhanurasana 


timer 


Adevice that createsa single timed pulse, ora series of timed pulses with timed intervals, 
between them, is properly known as a multivibrator, although the generic term timer 


has become much more common and is used here, 


Three types of multivibrator exist: astable, monostable, and bistable, The behavior of 
stable multivibrators and monostable multivibratorsis described in detail in this entry. A 
timer chip can also be made to function as a bistable multivibrator. This is described 
briefly below, but it is not a designed function of a timer. The primary discussion of 
bistable multivibrators will be found in the entry of this encyclopedia dealing with flip- 


flops. 
OTHER RELATED COMPONENTS 


+ flip-flop (Soo Chapter 11) 


What It Does 


Amonostable timer emits a single timed pulse of 
fixed length inresponse toa triggering input that 
is usually of shorter duration. Many monostable 
timers are also capable of running in astable 
mode, in which the timer spontaneously emits 
an ongoing stream of timed pulses with timed 
‘gaps between them. A dual-mode timer can run 
in either mode, determined either by external 
‘components attached to it, or (less commonly) 
by changing the status of a mode selection pin. 


Monostable Mode 

In monostable mode, the timer emits a pulse in 
response to a change from high to low voltage 
(or, less commonly, from low to high voltage) at 
a trigger pin. Most timers respond to a voltage 
level at the trigger pin, but some are insensitive 
toany persistent pin state and only respond toa 
voltage transition. This is known as edge 
triggering. 


The pulse generated by the timer may consist of, 
a change from low to high (or, less commonly, 
from high to low) at an output pin. The length of 
the pulse will be determined by external com- 
ponents, and is independent of the duration of 
the triggering event, although in some cases, an 
output pulse may be prolonged by retriggering 
the timer prematurely. This is discussed below. 


Atthe end of the output pulse, the timer reverts 
to its quiescent state, and remains inactive until 
itis triggered again 


‘A monostable timer can control the duration of, 
an event, such as the time for which a light re- 
mains on after it has been triggered bya motion 
sensor, Alternatively, the timer can impose a de- 
lay, such as the interval during which a paper 
towel dispenser refuses to respond after a towel 
has been dispensed. A timer can also be useful 
to generate a clean pulse in response to an un- 
stable or noisy input, as froma manually operat- 
ed pushbutton, 
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(UHR-duh PUHD-muh EY-kuh HUH-stuh EY-kuh PUH-duh puhd-ahng-GOOSH-tuh duh-nur-AHS-uh-nuh) 
Modification: grabbing onto the foot with overhead grip on the same side, other hand to the floor 
Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


es00¢e 

, 
LOTUS BACKBENDS 
Lotus Cobra Pose 


Padma Bhujangasana 

(PUHD-muh buj-uhng-GAHS-uh-nuh) 

Modification: both hands to the floor, hips off the floor, arms straight 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Lion Pose Dedicated to an Avatar of Lord Vishnu 


Narasimhasana 
(nuh-ruh-sim-HAHS-uh-nuh) 


Also Known As: Lion Pose (Simhasana) 

Modification: full lotus leg position 

1. elbows bent, fingers in lion claw 

2. arms straight, palms flat on the floor 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One Hand Lotus Cobra Pose 


Eka Hasta Padma Bhujangasana 

(EY-kuh HUH-stuh PUHD-muh buj-uhng-GAHS-uh-nuh) 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Lotus Cobra Pose 


Padma Bhujangasana 

(PUHD-muh buj-uhng-GAHS-uh-nuh) 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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SAGE GHERANDA’S POS! 


NDER-HEAD GRIP 


Revolved Pose Dedicated to Sage Gheranda 1 


Parivritta Ardha Gherandasana 1 
(puh-ri-VRIT-tuh UHR-duh gey-ruhn-DAHS-uh-nuh) 


Pose Type: prone, backbend, twist 
Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Half Pose Dedicated to Sage Gheranda 1 


Ardha Gherandasana 1 

(UHR-duh gey-ruhn-DAHS-uh-nuh) 

Pose Type: prone, backbend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Pose Dedicated to Sage Gheranda 5B 


Gherandasana 5 B 

(gey-ruhn-DAHS-uh-nuh) 

Modification: under-head grip, grabbing onto the ankle, elbow on the floor instead of the forearm 
Pose Type: prone, backbend, twist 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Pose Dedicated to Sage Gheranda 1B 


Gherandasana 1 B 

(gey-ruhn-DAHS-uh-nuh) 

Modification: under-head grip 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Pose Dedicated to Sage Gheranda 6 


Gherandasana 6 

(gey-ruhn-DAHS-uh-nuh) 

Modification: under-head grip 

Pose Type: prone, backbend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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SAGE GHERANDA’S POSE: OVERHEAD GRIP 


Pose Dedicated to Sage Gheranda 5 


Gherandasana 5 

(gey-ruhn-DAHS-uh-nuh) 

Pose Type: prone, backbend, binding 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Pose Dedicated to Sage Gheranda 1 


Gherandasana 1 

(gey-ruhn-DAHS-uh-nuh) 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Pose Dedicated to Sage Gheranda 2 


Gherandasana 2 

(gey-ruhn-DAHS-uh-nuh) 

Pose Type: prone, backbend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Pose Dedicated to Sage Gheranda 3 


Gherandasana 3 

(gey-ruhn-DAHS-uh-nuh) 

Pose Type: prone, backbend, binding 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Pose Dedicated to Sage Gheranda 4 


Gherandasana 4 

(gey-ruhn-DAHS-uh-nuh) 

Modification: 1. back view 

2. front view 

Pose Type: prone, backbend, binding, twist 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BACKBENDS: GARUDA LEGS: UNDER-HEAD GRIP 


Twined Legs Cobra Pose 


Parivitta Pada Bhujangasana 

(puh-ri-VRIT-tuh PUH-duh buj-uhng-GAHS-uh-nuh) 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Supported Twined Legs Cobra Pose 


Salamba Parivid Pada Bhujangasana 

(SAH-luhm-buh PUH-ri-vid PUH-duh buj-uhng-GAHS-uh-nuh) 

Also Known As: Supported Twined Legs Sphinx Pose 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Leg Position of the Pose Dedicated to Garuda in One Hand Bow Pose 


Pada Garudasana in Eka Hasta Dhanurasana 


(PUH-duh guh-ru-DAHS-uh-nuh in EY-kuh HUH-stuh duh-nur-AHS-uh-nuh) 

Modification: one forearm to the floor, one hand to the ankle, under-head grip 
Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BACKBENDS: GARUDA LEGS: OVERHEAD GRIP 


Leg Position of the Pose Dedicated to Garuda in One Hand Big Toe 
Bow Pose 


Pada Garudasana in Eka Hasta Padangushta Dhanurasana 
(PUH-duh guh-ru-DAHS-uh-nuh in EY-kuh HUH-stuh puhd-ahng-GOOSH-tuh duh-nur-AHS-uh-nuh) 
Modification: forearm to the floor 

1. grabbing onto the top foot 

2. grabbing onto the bottom foot 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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How It\ 


forks 


Astable Mode 

In astable mode, a timer will generally trigger it- 
self as soon as power is connected, without any 
need for an external stimulus. However, the out- 
put can be suppressed by applying an appropri- 
ate voltage to a reset pin. 


External components will determine the dura- 
tion of each pulse and the gap between it and 
the next pulse. The pulse stream can be slow 
enough ta control the flashing of a turn signal in 
1980s automobile, or fast enough tocontrol the 
bit rate in a data stream from a computer. 


Modern timer circuits ate often incorporated in 
chips that have other purposes. The flashing of a 
turn signal in a modern car, for instance, is now 
likely to be timed by a microcontroller that man- 
ages many other functions. Still, chips that are 
purely designed as timers remain widely used 
and are very commonly available in numerous 
through-hole and surface-mount formats. 


How It Works 


‘The duration of a single pulse in monostable 
mode, or the frequency of pulses in astable 
mode, is most commonly determined by an ex- 
ternal RC network consisting ofa resistor in series 
with a capacitor. The charging time of the capac- 
itoris determined by ts own sizeand by the value 
of the resistor. The discharge time will be deter- 
minedin the sameway. A comparatorinside the 
timeris often used to detect when the potential 
on the capacitor reaches a reference voltage that 
isestablished by a voltage divider insidethe chip. 


Variants 


The 555 Timer 

An eight-pin integrated circuit manufactured by 
Signetics under part number 555 was the world’s 
first fully functioned timer chip, introduced in 
1972. It combined two comparators with a flip- 
flop (see Chapter 11) to enable great versatility 
While maintaining excellent stability over a wide 
range of supply voltages and operating temper- 
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atures, Subsequent timers have been heavily i 
fluenced by this design. A typical 555 timer chip 
is shown in Figure 9-1. 


Figure 91. A typical $55 timer chip. Functionally identical 
versions in wich the “555” identifier is preceded or fol- 
lowed by diferent letter combinations are available from 
‘many ahfferent manufacturers 


The 555 was designed by one individual, Hans 
Camenzind, working as an independent consul- 
tant for Signetics. According toa transcript of an 
interview with Camenzind maintained online at 
the Transistor Museum, “There was nothing like 
itat the time. You had to use quite a few discrete 
components—a comparator, a Zener diode or 
even two. Itwas nota simple circuit.” 


The 555 timer quickly became the most widely 
Used chip in the world, and was still selling an 
annual estimated 1 billion units three decades 
after its introduction. It has been used in space- 
craft, in intermittent windshield wiper control- 
lets, in the early Applelll (to flash the cursor), and 
in children’s toys. Like many chips of its era, its 
design was unprotected by patents, allowing it 
to be copied by numerous manufacturers. 


Theinitial version was builtaround bipolartran- 
sistors, and consequently is referred to as the 
bipolar version or (more often) the TTL version, 
this being a reference to transistor-transistor log- 
ic protocol. Within a few years, CMOS versions 
based around MOSFETs were developed, They 
reduced the ability of the chip to sink or source 
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Unsupported Leg Position of the Pose Dedicated to Garuda in One 
Hand Big Toe Bow Pose 


Niralamba Pada Garudasana in Eka Hasta Padangushta Dhanurasana 
(nir-AH-luhm-buh puh-ri-vid-PUH-duh guh-ru-DAHS-uh-nuh in EY-kuh HUH-tuh puhd-ahng-GOOSH-th duh-nur-AHS-uh- 
nuh) 

Also Known As: One Handed Twined Legs Bow Pose (Eka Hasta Parivid Pada Dhanurasana) 
Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


eo000e 


Leg Position of the Pose Dedicated to Garuda in Big Toe Bow Pose 


Pada Garudasana in Padangushta Dhanurasana 

(PUH-duh guh-ru-DAHS-uh-nuh in puhd-ahng-GOOSH-th duh-nur-AHS-uh-nuh) 

Also Known As: Difficult Bow Pose (Dur Dhanurasana) 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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CHIN ON THE FLOOR & EAR ON THE FLOOR 


One-Legged Inverted Locust Pose 


Eka Pada Viparita Shalabhasana 

(EY-kuh PUH-duh vi-puh-REE-tuh shuh-luh-BAHS-uh-nuh) 

Pose Type: prone, backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Ear Pressure Staff Formidable Face Pose 


Karnapida Danda Ganda Bherundasana 

(kuhr-nah-PEED-uh DUHN-duh GUHN-duh bey-run-DAHS-uh-nuh) 

Pose Type: prone, backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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CHEST ON THE FLOOR: BOTH LEGS STRAIGHT 


Inverted Locust Pose 


Viparita Shalabhasana 

(vi-puh-REE-tuh shuh-luh-BAHS-uh-nuh) 

Modification: 1. chin to the floor 

2. chest to the floor, chin lifted off the floor 

Pose Type: prone, backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Formidable Face Staff Pose 


Danda Ganda Bherundasana 
(DUHN-duh GUHN-duh bey-run-DAHS-uh-nuh) 


Also Known As: Intense Stretch Locust Pose A (Uttana Shalabhasana A) 
Pose Type: prone, backbend, inversion 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Inverted Locust Pose 


Viparita Shalabhasana 

(vicpuh-REE-tuh shuh-luh-BAHS-uh-nuh) 

Also Known As: Raised Locust Pose—Urdhva Shalabhasana) 

Modification: arms straight on the floor, palms down, chin lifted off the floor 
Pose Type: prone, backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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CHEST ON THE FLOOR: BOTH FEET TO HEAD 


Formidable Face Pose 


Ganda Bherundasana 

(GUHN-duh bey-run-DAHS-uh-nuh) 

Also Known As: Full Locust Pose (Purna Shalabhasana), Intense Stretch Locust Pose B (Uttana 
Shalabhasana B) 

Modification: fingers pointing to the front of the body, feet to the head, chest on the floor 1. side view 
2. front view 

Pose Type: prone, backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Formidable Face Pose 


Ganda Bherundasana 

(GUHN-duh bey-run-DAHS-uh-nuh) 

Modification: fingers pointing to the back 

1. knees apart 

2. knees together, chin lifted off the floor 

Pose Type: prone, backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Inverted Locust Pose 


Viparita Shalabhasana 

(vicpuh-REE-tuh shuh-luh-BAHS-uh-nuh) 

Also Known As: Full Locust Pose (Purna Shalabhasana) 

Modification: arms straight on the floor, palms down; feet to the head 

Pose Type: prone, backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Formidable Face Pose 


Ganda Bherundasana 

(GUHN-duh bey-run-DAHS-uh-nuh) 

Modification: feet to the head, grabbing onto both feet, chin off the floor 
Pose Type: prone, backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


e0d0e0e 


CHIN ON THE FLOOR: FULL LOTUS 


Inverted Lotus Peacock Pose 


Viparita Padma Mayurasana 

(vi-cpuh-REE-tuh PUHD-muh muh-yoor-AHS-uh-nuh) 

Pose Type: prone, backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Inverted Locust Pose with Lotus Legs 


Padma Viparita Shalabhasana 
(PUHD-muh vi-puh-REE-tuh shuh-luh-BAHS-uh-nuh) 


Pose Type: prone, backbend, inversion 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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CHEST ON THE FLOOR: FEET TO THE FLOOR 


Inverted Locust Pose 


Viparita Shalabhasana 

(vi-puh-REE-tuh shuh-luh-BAHS-uh-nuh) 

Modification: arms straight on the floor, palms down; feet toward the floor over the head, legs bent 
1. heels up 

2. heels down, 

Pose Type: prone, backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Formidable Face Pose 


Ganda Bherundasana 

(GUHN-duh bey-run-DAHS-uh-nuh) 

Modification: feet on the floor, grabbing onto both ankles, chin off the floor 
Pose Type: prone, backbend, inversion 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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CHEST AND KNEES ON THE FLOOR: KNEES UNDER THE HIPS 


Intense Extended Puppy Dog Pose 


Uttana Shvanakasana 

(ut-TAHN-uh shvuh-nuh-KAHS-uh-nuh) 

Also Known As: Heart Pose (Anahatasana Modification), Extended Dog Pose (Utthita Shvanasana) 
Modification: 1. palms down to the floor 2. grabbing onto the heels 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


e0G0e 


Intense Extended Puppy Dog Pose 


Uttana Shvanakasana 

(ut-TAHN-uh shvuh-nuh-KAHS-uh-nuh) 

Also Known As: Prayer Heart Pose (Namaskar Anahatasana), Extended Dog Pose (Utthita 
Shvanasana) 

Modification: thumbs to the upper back 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Water Grove Pose 
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current at its output pin, but consumed far less 
power, making them better suited to battery- 
operated products. The CMOS versions were and 
still are pin-compatible with the original bipolar 
version, both in through-hole and surface- 
mount formats. Their timing parametersare usu- 
ally the same. 


555 Monostable Operation 

‘The internal functionality of a 555 timer wired to 
run in monostable mode is illustrated in 
Figure 9-2 with the chip seen from above. The 
pins are identified in datasheets by the names 
shown. Toassistin visualizing the behavior ofthe 
chip, this figure represents the internal flip-flop 
asa switch which can be moved by either of two 
internal comparators, or by an input from the 
Reset pin. 


Figure 9-2. The internal functions of a 555 chip, with its 
fip-flap represented as a switch that can be moved by et 
ther of two comparators, or by alow voltage on the Reset 
pin. An external resistor and capacitor. shown as Rl and 
Cl cause the timer to run in monostable (one-shat) 
‘mode, generating a single high pulse when the state ofthe 
Input pin is pulled from high to low. 


Inside the chip, three resistances of SK each are 
connected between V+ (positive supply voltage) 
and negative ground. Ithas been suggested that 
thepartnumber ofthe 555 chip was derivedfrom 
these three SK resistors, but Hans Camenzind has 


Variants 


pointed out that Signetics was already using 
three-digit part numbers beginning with the 
number 5, and probably chose the 555 partnum- 
ber because the sales department had high ex- 
pectations for the chip and wanted its number 
to be easily memorable. (A similar rationale ex- 
plains the part number of the 2N2222 transistor) 


The resistances inside the timer function as a 
voltage divider, providing a reference of 1/3 of V+ 
tothe noninverting pin of Comparator A and 2/3 
of V+ to the inverting pin of Comparator B. (See 
Chapter 6 for an explanation of the functioning 
of comparators.) 


When power is initially supplied to the timer, if 
the Input pin is ata high state, Comparator A has 
alow output, and the flip-flop remains in its “up 
position, allowing the Output pin to remain in a 
low state. The flip-flop also grounds the lower 
end of R1, which prevents any charge from ac- 
cumulating on capacitor C1. 


Ifthe state of the Input pin is pulled down exter- 
nally toa voltage less than 1/3 of V+, Comparator 
‘A now creates a high output that changes the 
flip-flop to its “down” position, sending a high 
signal out through the Output pin, At the same 
time, C1 is no longer grounded, and begins to 
charge at a rate determined by its own size and 
by the value of R1. When the charge on the ca- 
pacitor exceeds 2/3 of V+, it activates Compara- 
tor B, which forces the flip-flop inta its "up" posi- 
tion. The Output pin goes low, C1 discharges it- 
self into the Discharge pin, and the timer's cycle 
is at an end. 


The low voltage on the Input pin of the timer 
must end before the end of the output cycle. If 
the voltage on the Input pin remains low, it will 
rettrigger the timer, prolonging the output 
pulse. 


A pullup resistor may be used on the Input pinto 
avoid false triggering, especially if an external 
electromechanical switch or pushbutton is 
used to pull down the Input pin voltage. 
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Nirakunjasana 

(neer-uh--kunj-AHS-uh-nuh) 

Also Known As: Heart Pose (Anahatasana Modification) 

Modification: arms in front, elbows bent; palms together; chin off the floor; heels toward the sitting 
bones 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Angushtamadhye or 
Angushta Ma Dyai (thumbs) 
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Hands Bound Water Grove Pose 


Baddha Hasta Nirakunjasana 

(BUH-duh HUH-stuh neer-uh-kunj-AHS-uh-nuh) 

Also Known As: Heart Pose (Anahatasana Modification) 

Modification: heels toward the sitting bones 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Pose Dedicated to Goddess Arani Prep. 


Aranyasana Prep. 

(uh-rah-NYAHS-uh-nuh) 

Also Known As: Dragon Pose 

Modification: 1. hands underneath the shoulders, elbows tucked in 

2. arms reaching toward the knees, palms up 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Pose Dedicated to Goddess Arani 


Aranyasana 

(uh-rah-NYAHS-uh-nuh) 

Also Known As: Dragon Pose 

Modification: 1. grabbing onto the shins 

2. grabbing onto the hamstrings 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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CHEST AND KNEES ON THE FLOOR: KNEES UNDER THE HIPS—HALF LOTUS 


Intense Extended Puppy Dog Pose 


Uttana Shvanakasana 

(ut-TAHN-uh shvuh-nuh-KAHS-uh-nuh) 

Also Known As: Heart Pose (Anahatasana Modification), Extended Dog Pose (Utthita Shvanasana) 
Modification: arms extended to the front 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Angushtamadhye or 
Angushta Ma Dyai (thumbs) 
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Half Lotus Intense Extended Puppy Dog Pose 


Ardha Padma Uttana Shvanakasana 
(UHR-duh PUHD-muth ut-TAHN-uh shvuh-nuh-KAHS-uh-nuh) 


Also Known As: Half Lotus Heart Pose (Ardha Padma Anahatasana), Half Lotus Extended Dog Pose 
(Ardha Padma Utthita Shvanasana) 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Angushtamadhye or 
‘Angushta Ma Dyai (thumbs) 
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Half Bound Lotus Intense Extended Puppy Dog Pose 


Ardha Baddha Padma Uttana Shvanakasana 

(UHR-duh BUH-duh PUHD-muh ut-TAHN-uh shvuh-nuh-KAHS-uh-nuh) 

Also Known As: Half Bound Lotus Heart Pose (Ardha Baddha Padma Anahatasana), Half Bound 
Lotus Extended Dog Pose (Ardha Baddha Padma Utthita Shvanasana) 

Pose Type: prone, backbend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Angushtamadhye or 
Angushta Ma Dyai (thumbs) 
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CHEST AND KNEES ON THE FLOOR: KNEES UNDER THE HIPS—LOTUS & LEGS STRAIGHT 


Lotus Intense Extended Puppy Dog Pose 


Padma Uttana Shvanakasana 

(PUHD-muh ut-TAHN-uh shyuh-nuh-KAHS-uh-nuh) 

Also Known As: Lotus Heart Pose (Padma Anahatasana), Lotus Extended Dog Pose (Padma Utthita 
Shvanasana) 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Angushtamadhye or 
Angushta Ma Dyai (thumbs) 
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Upward Hands Bound Lotus Pose in Pose Dedicated to Goddess Arani 


Urdhva Baddha Hasta Padmasana in Aranyasana 

(OORD-vuh BUH-duh HUH-stuh puhd-MAHS-uh-nuh in wh-rah-NYAHS-uh-nuh) 

Also Known As: Dragon Pose, Upward Bound Hand Lotus Heart Pose (Urdhva Baddha Hasta Padma 
Anahatasana) 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Feet Spread Wide Pose in Inverted Locust Pose 


Prasarita Padottanasana in Viparita Shalabhasana 
(pruh-SAH-ri-tuh puh-do-tahn-AHS-uh-nuh in vi-puh-REE-tuh shuh-luh-BAHS-uh-nuh) 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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CHEST AND KNEES ON THE FLOOR: KNEES BEHIND HIPS—ARMS IN FRONT AND BEHIND THE BACK 


Water Grove Pose 


Nirakunjasana 

(neer-uh-kunj-AHS-uh-nuh) 

Also Known As: Heart Pose (Anahatasana Modification) 

Modification: arms straight and crossed in front 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Water Grove Pose 


Nirakunjasana 

(neer-uh-kunj-AHS-th-nuh) 

Also Known As: Heart Pose (Anahatasana Modification) 

Modification: chin and feet on the floor 

1. knees on the floor 

2. knees off the floor 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Eight Limbs Pose 


Ashtangasana 

(uhsh-tahng-AHS-uh-nuh) 

Also Known As: Eight Point Bow Pose (Ashtanga Namaskara) 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Reverse Prayer Water Grove Pose 


Viparita Namaskar Nirakunjasana 

(vi-puh-REE-tuh nuh-muhs-KAHR neer-wh-kunj-AHS-uh-nuh) 

Also Known As: Back of the Body Prayer Water Grove Pose (Paschima Namaskara Nirakunjasana), 
Heart Pose Modification 

Modification: toes curled in 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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CHEST AND KNEES ON THE FLOOR: KNEES BEHIND HIPS—ARMS BEHIND THE BACK 


Hands Bound Water Grove Pose 


Baddha Hasta Nirakunjasana 

(BUH-duh HUH-stuh neer-wh-kunj-AHS-uh-nuh) 

Also Known As: Heart Pose (Anahatasana Modification) 

Modification: 1. knees on the floor, toes pointed to the back 

2. knees on the floor, toes curled in 

3. knees off the floor 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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CHEST AND KNEES ON THE FLOOR: KNEES BEHIND HIPS—ONE LEG STRAIGHT AND LIFTED—ARMS 
BEHIND THE HEAD 


One-Legged Water Grove Pose 


Eka Pada Nirakunjasana 

(EY-kuh PUH-duh neer-uh-kunj-AHS-uh-nuh) 

Also Known As: Heart Pose (Anahatasana Modification) 

Modification: 1. forearms on the floor, toes pointed 

2. palms to the floor by the rib cage, elbows bent, toes curled in 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Hands Bound One-Legged Water Grove Pose 


Baddha Hasta Eka Pada Nirakunjasana 

(BUH-duh HUH-stuh EY-kuh PUHD-uh neer-uh-kunj-AHS-uh-nuh) 

Also Known As: Heart Pose (Anahatasana Modification) 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


Variants 


‘The Reset pin should normally be held high, e- 
ther by being connected directly to positive sup- 
ply voltage (ifthe reset function will notbeneed- 
ed) or by using a pullup resistor. If the Reset pin 
is pulled low, this will always interrupt an output 
pulse regardless of the timer’s current status. 


Ifa voltage higher or lower than 2/3 of V+ is ap- 
plied to the Control pin, this will change the ref- 
erence voltage on Comparator B, which deter- 
mines when the charging cycle of C1 ends and 
the discharge cycle begins, A lower reference 
voltage will shorten each output pulse by allow- 
ing a lower charge limit for C1. Ifthe control volt- 
age drops to 1/3 of V+ (or less), the capacitor will 
not charge at all, and the pulse length will di- 
minish to zero. if the control voltage rises to be- 
come equal to V+, the capacitor will never quite 
reach that level, and the pulse length will be- 
come infinite. A workable range for the control 
voltage is therefore 40% to 90% of V+. 


Because the Control pin isan inputto the chip, it 
should be grounded through a 0.01pF ceramic 
capacitor ifit will not be used. This is especially 
important in CMOS versions of the timer. 


A defect of the bipolar 555 is that it creates a 
voltage spike when its Output pin changes state. 
If it will be sharing a circuit with sensitive com- 
ponents, a 0.01uF bypass capacitor should be 
added as closely as possible between the V+ pin 
and negative ground. The voltage-spike prob- 
lem was largely resolved by the CMOS 555. 


555 Astable Operation 

In Figure 9-3, the 555 timer chip is shown with 
extemal components and connections to run it 
inastable mode, The pin names remain the same 
but have been omitted from this diagram be- 
cause of limited space, The labeling of the two 
external resistors and capacitoras R1, R2, and C1 
is universal in datasheets and manufacturers’ 
documentation. 


When the timer is powered up initially, capacitor 
1 has not yet accumulated any charge. Conse- 
quently, the state of the Threshold pin is low. But 


Integrated circult> analog > timer 


the Threshold pin is connected externally with 
the Input pin, forastable operation. Consequent- 
ly, the Input pin is low, which forces the flip-flop 
into its “down" state, creating a high output. This 
happens almost instantaneously. 


Figure 9-3. The internal functions ofa 555 chip, with two 
‘external resistors and a capacitor wired to run the timer in 
astable (free-running) mode, 


While the flip-flop is “down;' the Discharge pin is 
not grounded, and current flowing through R1 
and R2 begins to charge the capacitor. When the 
charge exceeds 2/3 of positive supply voltage, 
‘Comparator B forces the flip-flop into its “up” po- 
sition, This ends the high pulse on the Output 
pin, and starts to drain the charge from the ca- 
pacitor through R2, into the Discharge pin. How- 
ever, the voltage on the capacitor is still being 
shared by the Input pin, and when it diminishes 
to 1/3 of V+, the Input pin reactivates Compara- 
tor A, starting the cycle over again. 


‘The functions of the Reset and Control pins are 
the same as in monostable mode. Because volt- 
age applied to the Control pin changes the 
length of each pulse and the gaps between pul- 
ses, it has the effect of adjusting the frequency 
of the output in astable mode, 
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Reverse Prayer One-Legged Water Grove Pose 


Viparita Namaskar Eka Pada Nirakunjasana 

(vi-puh-REE-tuh nuh-muhs-KAHR EY-kuh PUH-duh neer-uwh-kunj-AHS-uh-nuh) 

Also Known As: Back of the Body Prayer One-Legged Water Grove Pose (Paschima Namaskara Eka 
Pada Nirakunjasana), Heart Pose 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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CHEST AND KNEES ON THE FLOOR: KNEES BEHIND HIPS—ONE LEG STRAIGHT AND LIFTED—BOTTOM 
KNEE BENT 


One-Legged Inverted Locust Pose Prep. 


Eka Pada Viparita Shalabhasana Prep. 
(EY-kuh PUH-duh vi-puh-REE-tuh shuh-luh-BAHS-uh-nuh) 


Modification: forearms on the floor, knee of straight leg resting on the foot of the bottom leg 
Pose Type: prone, backbend 


Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Revolved One-Legged Inverted Locust Pose Prep. 


Parivritta Eka Pada Viparita Shalabhasana Prep. 

(puh-ri-VRIT-tuh EY-kuh PUH-duh vi-puh-REE-tuh shuh-luh-BAHS-h-nuh) 

Modification: bottom leg bent, top leg straight, top knee resting on the sole of the bottom foot 
Pose Type: forward bend, twist 

Drishti Point: 1. Urdhva or Antara Drishti (up to the sky) 

2. Hastagrai or Hastagre (hands) 
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Upward Bound Hands One-Legged Inverted Locust Pose 


Urdhva Baddha Hasta Eka Pada Viparita Shalabhasana 
(OORD-vuh BUH-duh HUH-stuh EY-kuh PUH-duh vi-puh-REE-tuh shuh-luh-BAHS-uh-nuh) 
Also Known As: Flying Locust Pose (Uddayate Shalabhasana) 
Modification: 1. knee of the straight leg resting on the foot of the bottom leg 
2. bottom foot away from the top leg 

Pose Type: prone, backbend 


Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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CHEST AND KNEES ON THE FLOOR: KNEES BEHIND HIPS—BOTH LEGS BENT—ARMS IN FRONT 


One-Legged Water Grove Pose 


Eka Pada Nirakunjasana 

(EY-kuh PUH-duh neer-uh-kunj-AHS-uh-nuh) 

Also Known As: Heart Pose (Anahatasana Modification) 

Modification: both knees bent; arms straight out in front, palms down 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Angushtamadhye or 
Angushta Ma Dyai (thumbs) 

es00G¢e 


A 


Half Bow Pose in One-Legged Water Grove Pose 


Ardha Dhanurasana in Eka Pada Nirakunjasana 

(IUHR-duh duh-nur-AHS-uh-nuh in EY-kuh PUH-duh neer-uh-kunj-AHS-uh-nuh) 

Also Known As: Heart Pose (Anahatasana Modification) 

Modification: 1. right front side view 

2. right back side view 

Pose Type: backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Angushtamadhye or 
Angushta Ma Dyai (thumbs) 


e00000e 


CHEST AND KNEES ON THE FLOOR: KNEES BEHIND HIPS—BOTH LEGS BENT—ARMS BEHIND THE HEAD 


One-Legged Water Grove Pose 


Eka Pada Nirakunjasana 

(EY-kuh PUH-duh neer-uh-kunj-AHS-uh-nuh) 

Also Known As: Heart Pose (Anahatasana Modification) 

Modification: both knees bent 

1. arms straight to the back, palms down 

2. arms lifted off the floor 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Bow Pose in One-Legged Water Grove Pose 


Dhanurasana in Eka Pada Nirakunjasana 

(duh-nur-AHS-uh-nuh in EY-kuh PUH-duh neer-uh-kunj-AHS-uh-nuh) 

Also Known As: Heart Pose (Anahatasana Modification) 

Modification: both hands grabbing the top foot with under-head grip; the knee of the bottom leg on the 
floor, toes pointing to the sky 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


e000¢6e 


<i 


Half Bow Pose in One-Legged Water Grove Pose 


Ardha Dhanurasana in Eka Pada Nirakunjasana 

(UHR-duh duh-nur-AHS-uh-nuh in EY-kuh PUH-duh neer-uh-kunj-AHS-uh-nuh) 

Also Known As: Heart Pose (Anahatasana Modification) 

Modification: grabbing onto the foot on the opposite side, under-head grip: other hand to the lower 
back, palm up 

Pose Type: prone, backbend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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CHEST AND KNEES ON THE FLOOR: KNEES BEHIND HIPS—BOTTOM KNEE BENT—OVERHEAD GRIP 


Big Toe Bow Pose in One-Legged Water Grove Pose 


Padangushta Dhanurasana in Eka Pada Nirakunjasana 
(puhd-ahng-GOOSH-tuh duh-nur-AHS-uh-nuh in EY-kuh PUH-duh neer-uh-kunj-AHS-uh-nuh) 


Also Known As: Heart Pose (Anahatasana Modification) 
Pose Type: prone, backbend 


Drishti Point: Padayoragrai or Padayoragre (toes/feet), Bhrumadhye or Ajna Chakra (third eye, 
between the eyebrows) 
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One Leg to the Head Water Grove Pose 


Eka Pada Shirsha Nirakunjasana 

(EY-kuh PUH-duh SHEER-shuh neer-uh-kunj-AHS-uh-nuh) 

Also Known As: Heart Pose (Anahatasana Modification) 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


e000000 


CHEST AND KNEES ON THE FLOOR: KNEES BEHIND HIPS—BOTTOM KNEE BENT—UNDER-HEAD & 
OVERHEAD GRIP 


One-Legged Inverted Locust Pose 


Eka Pada Viparita Shalabhasana 
(EY-kuh PUH-duh vi-puh-REE-tuh shuh-luh-BAHS-uh-nuh) 


Modification: one palm to the floor at the bottom of the ribs, other arm straight, palm down; both 


knees bent, knee of the top leg resting on the foot of the bottom leg 
Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One Hand to Foot Inverted Locust Pose 


Eka Hasta Pada Viparita Shalabhasana 

(EY-kuh HUH-stuh PUH-duh vi-puh-REE-tuh shuh-luh-BAHS-uh-nuh) 

Modification: grabbing onto the top foot with the opposite hand; other arm straight, palm down to the 
floor; both knees bent, knee of the top leg resting on the foot of the bottom leg 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Both Hands to One Foot Inverted Locust Pose 


Dwi Hasta Eka Pada Viparita Shalabhasana 
(DWI-huh-stuh EY-kuh PUH-duh vi-puh-REE-tuh shuh-luh-BAHS-uh-nuh) 


Modification: both hands grabbing the top foot with under-head grip; top knee resting on the sole of 
the bottom foot 


Pose Type: prone, backbend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One Foot to the Shoulder Inverted Locust Pose 


Eka Pada Bhuja Viparita Shalabhasana 

(EY-kuh PUH-duh buj-uh vi-puh-REE-tuh shuh-luh-BAHS-wh-nuh) 

Modification: grabbing onto the toes of the top foot; the quadriceps of the top leg resting on the sole 
of the bottom foot 

Pose Type: prone, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Integrated circuit > analog > timer 


When power is first connected to the timer, C1 
must initially charge from an assumed state of 
zero potential to 2/3 V+. Because subsequent cy- 
cles will begin when the capacitor is at 1/3 V+, 
the first high output pulse from the timer will be 
slightly longer than subsequent output pulses. 
This is unimportant in most applications, espe- 
cially because the rate at which a capacitor ac- 
cumulates charge is greater when beginning 
from QV than when it has reached 1/3 V+. Still, 
the longer initial pulse can be noticeable when 
the timer is running slowly. 


Because the capacitor charges through R1 and 
R2in series, but discharges only through R2, the 
length of each positive output pulse in astable 
mode is always greater than the gap between 
pulses, Two strategies have been used to over- 
come this limitation. See "Separate Control of 
High and Low Output Times" on page 80. 


556 Timer 

‘The 556 consists of two 555 bipolar-type timers 
in one package. An example of the chip is shown 
in Figure 9-4, The pinouts are shown in 
Figure 9-5, Although 556 timers have become 
relatively uncommon compared with the 555, 
they are still being manufactured in through- 
hole and surface-mount versions by companies 
such as Texas Instruments and STMicroelectron- 
ics, under part numbers such as NA5S6, NESS6, 
A556, and SE5S6 (with various letters or letter 
pairs appended). Each timer in the chip has its 
‘own set of inputs and outputs, but the timers 
share the same V+ and ground voltages. 


558 Timer 

This 16-pin chip is now uncommon, and many 
versions have become obsolete. Ithas been iden- 
tified by a part number such as NESS8 although 
different prefix letters may be used. The NTE926, 
shown in Figure 9-6, is actually a 558 timer, 


‘The chip contains four 555 timers sharing a com- 
mon power supply, common ground, and cam- 
mon control-pin input. For each internal timer, 
the Threshold and Discharge functions are con- 


Variants 


nected internally, so that the timers can only be 
used in one-shot mode. However, one timer can 
trigger another at the end of its cycle, and the 
secand timer can then retrigger the first, to cre- 
ate an astable effect. 


Each timeris edge-triggered by a voltage transi- 
tion (from high to low), instead of being sensitive 
toa voltage level, as is the case with a 555 timer. 
Consequently the timers in the 558 chip are in- 
sensitive to a constant (OC) voltage. 


Figure 9-4. An example of the 556 timer chip 


Figure 9-5. The 556 timer contains two separate 555 
timers sharing the same power supply and ground. The 
pin functions for timer A and timer B are shown here. 


The output from each timer is an open collector, 
and therefore requires an external pullup resis- 
tor. Each output is capable of sinking up to 
100mA. 


Chapter9 73 


SHOULDER ON THE FLOOR: VARIOUS LEG POSITIONS 


Sideways Wind Relieving Pose 


Parshva Vayu MuKktyasana 

(PAHRSH-vuh VAH-yu muk-TYAHS-uh-nuh) 

Modification: palms together in front of the face, knees together 
Pose Type: supine (on the side) 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Arms Raised Sideways Wind Relieving Pose 


Urdhva Hasta Parshva Vayu Muktyasana 
(OORD-vuh HUH-stuh PAHRSH-vuh VAH-vu muk-TYAHS-uh-nuh) 
Pose Type: supine (on the side) 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Sideways Wind Relieving Pose 


Parshva Vayu Muktyasana 


(PAHRSH-vuh VAH-yu muk-TYAHS-uh-nuh) 

Modification: bottom leg straight; top knee bent, foot to the knee of the straight leg 
Pose Type: supine (on the side) 

Drishti Point: Nasagrai or Nasagre (nose) 
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Infinity Pose 


Anantasana 

(uhn-uhnt-AHS-uh-nuh) 

Also Known As: Sleeping Vishnu Pose 

Modification: top leg lifted in front of the body, bottom leg straight 

Pose Type: supine (on the side), forward bend 

Drishti Point: Nasagrai or Nasagre (nose), Padayoragrai or Padayoragre (toes/feet) 
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Infinity Pose 


Anantasana 
(whn-uhnt-AHS-uh-nuh) 
Also Known As: Sleeping Vishnu Pose 


Modification: top leg straight and lifted; bottom leg bent, toes pointing to the back 
Pose Type: supine (on the side) 
Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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SHOULDER ON THE FLOOR: TWISTS AND BINDING 


Svastika Legs in Twisted Stomach Pose 


Pada Svyastikasana in Jatara Parivartanasana 
(PUH-duh svuh-sti-KAHS-uh-nuh in JAH-tuh-ruh puh-ri-vuhrt-ahn-AHS-uh-nuh) 
Modification: grabbing onto the back foot, heel toward the glutes 
Pose Type: supine (on the side), twist 

Drishti Point: Hastagrai or Hastagre (hands) 
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Revolved One-Legged King Pigeon Pose 1 


Parivritta Eka Pada Raja Kapotasana 1 
(puh-ri-VRIT-tuh EY-kuh PUH-duh RAH-juh kuh-po-TAHS-uh-nuh) 


Modification: back knee bent, both hands to the back foot; front foot to hip socket 


Pose Type: supine (on the side), twist 
Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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One-Legged Bound Infinity Pose 


Eka Pada Baddha Anantasana 

(EY-kuh PUH-duh BUH-duh uhn-uhnt-AHS-uh-nuh) 

Also Known As: One-Legged Bound Sleeping Vishnu Pose 

Modification: bottom leg bent, heel toward the glutes; top leg bent 

Pose Type: supine (on the side), twist, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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SHOULDER ON THE FLOOR: HALF LOTUS BACKBEND—UNDER-HEAD & OVERHEAD GRIP 


Sideways Half Lotus Bow Pose 


Parshva Ardha Padma Dhanurasana 
(PAHRSH-vuh UHR-duh PUHD-muh duh-nur-AHS-uh-nuh) 
Modification: grabbing onto the bottom foot with both hands with under-head grip 


Pose Type: supine (on the side), backbend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Sideways Half Lotus One-Handed Big Toe Bow Pose 


Parshva Ardha Padma Eka Hasta Padangushta Dhanurasana 

(PAHRSH-vuh UHR-duh PUHD-muh EY-kuh HUH-stuh puhd-ahng-GOOSH-tuh duh-nur-AHS-uh-nuh) 

Modification: grabbing onto the bottom foot with overhead grip on the same side, top arm straight, 
fingertips to the sky 

Pose Type: supine (on the side), backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Sideways Half Lotus Two-Handed Big Toe Bow Pose 


Parshva Ardha Padma Dwi Hasta Padangushta Dhanurasana 
(PAHRSH-vuh UHR-duh PUHD-muh DWI-huh-stuh puhd-ahng-GOOSH-tuh duh-nur-AHS-uh-nuh) 
Modification: overhead grip, both hands grabbing onto the foot 

Pose Type: supine (on the side), backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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SHOULDER ON THE FLOOR: FOOT TO THE THIGH, HALF LOTUS & LOTUS 


Mermaid Pose in Infinity Pose 


Naginyasana in Anantasana 
(nuh-gin-YAHS-uh-nuh in uhn-uhnt-AHS-uh-nuh) 


Also Known As: Mermaid Pose in Sleeping Vishnu Pose 
Pose Type: supine (on the side), backbend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Sideways Half Lotus Bow Pose 


Parshva Ardha Padma Dhanurasana 

(PAHRSH-vuh UHR-duh PUHD-muh duh-nur-AHS-uh-nuh) 

Modification: grabbing onto the top foot with the bottom hand; grabbing onto the bottom foot with top 
hand 

1. front view 

2. back view 


Pose Type: supine (on the side), backbend 


Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Hands Bound Lotus Pose in Infinity Pose 


Baddha Hasta Padmasana in Anantasana 
(BUH-duh HUH-stuh puhd-MAHS-uh-nuh in whn-uhnt-AHS-uh-nuh) 


Also Known As: Hands Bound Lotus Pose in Sleeping Vishnu Pose 


Pose Type: supine (on the side), mild backbend 


Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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SHOULDER ON THE FLOOR: FINGERS INTERLOCKED BEHIND THE BACK 


Hands Bound Infinity Pose 


Baddha Hasta Anantasana 

(BUH-duh HUH-stuh uhn-uhnt-AHS-uh-nuh) 

Also Known As: Hands Bound Sleeping Vishnu Pose 

Modification: 1. bottom leg bent, top leg straight and lifted; resting on the arms and the bent knee for 
support 

2. bottom leg straight, top leg straight and lifted; arms lifted off the floor 

Pose Type: supine (on the side), backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Hands Bound Half Lotus Pose in Infinity Pose 


Baddha Hasta Ardha Padmasana in Anantasana 

(BUH-duh HUH-stuh UHR-duh puhd-MAHS-uh-nuh in uhn-whnt-AHS-uh-nuh) 

Also Known As: Hands Bound Half Lotus Pose in Sleeping Vishnu Pose 
Modification: 1. front view 

2. back view 

Pose Type: supine (on the side), backbend 


Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
es0060e 


TRICEPS ON THE FLOOR: HAND TO THE HEAD—LEGS TOGETHER & LEGS APART 


Infinity Pose 


Anantasana 

(uhn-uhnt-AHS-uh-nuh) 

Also Known As: Sleeping Vishnu Pose 

Modification: both legs straight and together; bottom leg on the floor 
Pose Type: supine (on the side), side bend 

Drishti Point: Padhayoragrai or Padayoragre (toes/feet) 
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Infinity Pose 


Anantasana 

(whn-uhnt-AHS-uh-nuh) 

Also Known As: Sleeping Vishnu Pose 

Modification: legs straight, together and lifted off the floor 
Pose Type: supine (on the side), core, side bend 

Drishti Point: Nasagrai or Nasagre (nose) 


Infinity Pose 


Anantasana 

(whn-uhnt-AHS-uh-nuh) 

Also Known As: Sleeping Vishnu Pose 

Modification: both legs straight, top leg lifted, bottom leg on the floor 

Pose Type: supine (on the side), core, side bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet), Urdhva or Antara Drishti (up to the sky) 
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Variants 


Figure 9-6, The NTES26 is a 558 timer chip. 


CMOS 555 Timer 

While the part numbers of many CMOS versions 
are significantly different from part numbers of, 
the bipolar versions, in some instances the CMOS 
numbers are only distinguished by a couple of 
initial letters. The ST Microelectronics TS555 ser- 
ies and Texas Instruments TLCSSS series, for ex- 
ample, use MOSFETs internally. The ST Micro- 
electronics SE5SS series and Texas Instruments 
SA5SS series use bipolar transistors internally. 


One way to distinguish between the two types, 
When searching a website maintained by a parts 
supplier is to begin by looking generically for a 
555 timer” and then add a search filter to show 
chips either with a minimum power supply of 
3VDC (which will be CMOS) or with a minimum 
power suply of 4.5VDC (which will be bipolar). 


CMOS versions of the555 timer donot create the 
power spike that is characteristic of the bipolar 
versions during output transitions. The CMOS 
chips can also be powered by a lower voltage 
(VDC, or 2VDCin some cases), and will draw sig- 
nificantly less current in their quiescent state. 
They also require very little current for threshold, 
trigger, and reset functions. 


The wiring of external resistors and capacitors to 
the CMOS version of the chip, and the internal 
voltage levels as a fraction of V+, are identical to 
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the original 555 timer. Pin functions are likewise 
identical. The only disadvantages of CMOS ver- 
sions are their greater vulnerability to static dis- 
charge, and their lower output currents, The 
TLCSS5, for instance, will source only 15mA (al- 
though it can sink 10 times that amount). Other 
manufacturers have different specifications, and 
datasheets should be checked carefully. 


5555 Timer 

‘The 5555 contains a digital counter that enables 
itto time very long periods. Its full part number 
is 74HC5555 of 74HCTSSSS, although these 
numbers may be preceded or followed by letter 
‘combinations identifying the manufacturer. It is 
not pin-compatible with a 555 timer. 


‘Two input pins are provided, one to trigger the 
timerona rising edge, the other on afalling edge, 
of the input pulse, The inputs are Schmitt- 
triggered. 


The timer is rated for 1Hz to TMHz (using an ex- 
termal resistor and external capacitor). The 
counter section can divide the pulse frequency 
by values ranging from 2to 256. Forlonger timed 
periods, different settings on the digital control 
pins will divide the frequency by values ranging 
from 2” through 2% (131,072 through 
16,777,216). This enables the timer to achieve a 
theoretical pulse length lasting for more than 
190 days. The timer will accept aclockinputfrom. 
an external oscillator to achieve better accuracy 
than is available with a resistor-capacitor timing 
circuit. 


7555 Timer 

This8-pin chipisa CMOS version of the 555 timer, 
manufactured by companies such as Maxim In- 
tegrated Products and Advanced Linear Devices. 
Its characteristics are similar to those of CMOS 
555 timers listed above, and the pinouts are the 
same. 


7556 Timer 
This 14-pin chip contains two 7555 timers, shar- 
ing common power supply and ground connec- 
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Extended Hand to Big Toe Pose in Infinity Pose 


Utthita Hasta Padangushtasana in Anantasana 

(UT-ti-tuh HUH-stuh puhd-ahng-goosh-TAHS-uh-nuh in whn-uhnt-AHS-wh-nuh) 

Also Known As: Extended Hand to Big Toe Pose in Sleeping Vishnu Pose 
Pose Type: supine (on the side), forward bend, side bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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Sundial Pose in Infinity Pose 


Surya Yantrasana in Anantasana 

(SOOR-yuh yuhn-TRAHS-uh-nuh in uhn-uhnt-AHS-uh-nuh) 

Also Known As: Sundial Pose in Sleeping Vishnu Pose 
Modification: 1. grabbing onto the heel on the outside of the calf 
2. grabbing onto the heel on the inside of the calf 

Pose Type: supine (on the side), forward bend, side bend 
Drishti Point: Nasagrai or Nasagre (nose) 
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TRICEPS ON THE FLOOR: BOTH KNEES BENT 


Infinity Pose 


Anantasana 

(uhn-uhnt-AHS-uh-nuh) 

Also Known As: Sleeping Vishnu Pose 

Modification: top knee to the top shoulder; both knees bent 

Pose Type: supine (on the side), forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) or Padhayoragrai or 
Padayoragre (toes/feet) 
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Bound Angle Pose in Infinity Pose 


Baddha Konasana in Anantasana 

(BUH-duh ko-NAHS-uh-nuh in whn-uhnt-AHS-uh-nuh) 

Also Known As: Bound Angle Pose in Sleeping Vishnu Pose 

Modification: 1. top wrist on the top knee 

2. top hand grabbing onto the top foot 

Pose Type: supine (on the side), side bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) or Hastagrai or 
Hastagre (hands) 
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TRICEPS ON THE FLOOR: BOTTOM LEG STRAIGHT—BACKBENDS 


Half Frog Pose Prep. in Infinity Pose 


Ardha Bhekasana in Anantasana 

(UHR-duh bey-KAHS-uh-nuh in uhn-uhnt-AHS-uh-nuh) 

Also Known As: Half Frog Pose Prep. in Sleeping Vishnu Pose 

Modification: hand in beginner modification; neutral spine, top leg moving into a half-frog leg 
position 


Pose Type: supine (on the side), mild backbend 
Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Half Bow Pose in Infinity Pose 


Ardha Dhanurasana in Anantasana 

(UHR-duh duh-nur-AHS-uh-nuh in uhn-whnt-AHS-uh-nuh) 

Also Known As: Half Bow Pose in Sleeping Vishnu Pose 

Pose Type: supine (on the side), backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Half Big Toe Bow Pose in Infinity Pose 


Ardha Padangushta Dhanurasana in Anantasana 

(UHR-duh puhd-ahng-GOOSH-tuh duh-nur-AHS-uh-nuh in whn-uhnt-AHS-uh-nuh) 

Also Known As: Half Big Toe Bow Pose in Sleeping Vishnu Pose 

Pose Type: supine (on the side), backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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TRICEPS ON THE FLOOR: ONE LEG STRAIGHT, OTHER FOOT TO THE HIP SOCKET 


Infinity Pose 


Anantasana 

(uhn-uhnt-AHS-uh-nuh) 

Also Known As: Sleeping Vishnu Pose 

Modification: top foot to the hip socket, toes touching the floor; bottom leg straight on the floor 
Pose Type: supine (on the side), side bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Half Lotus Pose in Infinity Pose 


Ardha Padmasana in Anantasana 

(UHR-duh puhd-MAHS-uh-nuh in anan-TAHS-annauhn-uhnt-AHS-uh-nuh) 
Also Known As: Half Lotus Pose in Sleeping Vishnu Pose 
Modification: bottom foot in half lotus, top leg lifted and straight 
Pose Type: supine (on the side), side bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 


TRICEPS ON THE FLOOR: HALF LOTUS & FULL LOTUS 


Half Lotus Mermaid Pose in Infinity Pose 


Ardha Padma Naginyasana in Anantasana 

(UHR-duh PUHD-muh nuh-gin-YAHS-uh-nuh in whn-whnt-AHS-uh-nuh) 

Also Known As: Half Lotus Mermaid Pose in Sleeping Vishnu Pose 
Pose Type: supine (on the side), backbend, side bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Lotus Pose in Infinity Pose 


Padmasana in Anantasana 

(puhd-MAHS-uh-nuh in whn-whnt-AHS-uh-nuh) 

Also Known As: Lotus Pose in Sleeping Vishnu Pose 

Pose Type: supine (on the side), side bend, knee, ankle opener 
Drishti Point: Hastagrai or Hastagre (hands) 


ELBOW ON THE FLOOR: BOTTOM LEG STRAIGHT, TOP LEG CROSSED OVER 


Infinity Pose 


Anantasana 

(whn-uhnt-AHS-uh-nuh) 

Also Known As: Sleeping Vishnu Pose 

Modification: elbow to the floor, top knee bent, leg crossed over in front of the body; bottom leg 
straight 

1. palm of the top hand on the floor 

2. top hand on the top knee 

Drishti Point: Urdhva or Antara Drishti (up to the sky) 
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Infinity Pose 


Anantasana 

(whn-uhnt-AHS-uh-nuh) 

Also Known As: Sleeping Vishnu Pose 

Modification: elbow to the floor, hands in Anjali Mudra (Hands in Prayer); top knee bent, foot by the 
hip, bottom leg straight 

1. bottom leg on the floor 

2. bottom leg lifted off the floor 

Pose Type: 1. supine (on the side), side bend 

2. supine (on the side), side bend, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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ELBOW ON THE FLOOR: BOTH KNEES BENT, LEGS CROSSED 


Infinity Pose 


Anantasana 

(whn-uhnt-AHS-uh-nuh) 

Also Known As: Sleeping Vishnu Pose 

Modification: top leg crossed over in front, toes on the floor; bottom leg bent, toes to the back; elbow 
to the floor, other arm straight fingertips to the sky 

Pose Type: supine (on the side) 

Drishti Point: Hastagrai or Hastagre (hands) 


eso 


Half Lotus Pose in Infinity Pose 


Ardha Padmasana in Anantasana 

(UHR-duh puhd-MAHS-uh-nuh in uhn-uhnt-AHS-uh-nuh) 

Also Known As: Half Lotus Pose in Sleeping Vishnu Pose 

Modification: top leg in half lotus; bottom leg bent, heel to the sitting bone; elbow to the floor, other 
arm straight fingertips to the sky 

Pose Type: supine (on the side) 

Drishti Point: Hastagrai or Hastagre (hands) 
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Leg Position of the Pose Dedicated to Garuda in Infinity Pose 


Pada Garudasana in Anantasana 

(PUH-duh guh-ru-DAHS-uh-nuh in uhn-uhnt-AHS-uh-nuh) 

Also Known As: Leg Position of the Pose Dedicated to Garuda in Sleeping Vishnu Pose 
Modification: elbow to the floor, hands behind the head 

Pose Type: supine (on the side) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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FOREARM ON THE FLOOR: ONE LEG CROSSED OVER & HALF LOTUS 


Infinity Pose 


Anantasana 

(whn-uhnt-AHS-uh-nuh) 

Also Known As: Sleeping Vishnu Pose 

Modification: top leg crossed over; forearm to the floor, top elbow resting on the top knee 
Pose Type: supine (on the side) 

Drishti Point: Hastagrai or Hastagre (hands) 
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tions. Pinouts are the same as for the original 556 
timer, as shown in Figure 9-5. 


4047B Timer 

This 14-pin CMOS chip was introduced in an ef- 
forttoaddress some of the quirks ofthe 55s timer 
while also providing additional features, It runs 
in either monostable or astable mode, selectable 
by holding one input pin high or another input 
pin low. In astable mode, its duty cycle is fixed at 
approximately 50%, a single resistor being used 
for both charging and discharging the timing ca- 
pacitor, An additional “oscillator” output runs 
twice as fastas the regular output. 


Inmonostable mode, the 40478 can betriggered 
by a positive or negative transition (depending 
‘on which of two input pins is used). It ignores 
steady input states and will also ignore addition- 
al trigger pulses that occur during the output 
pulse. However, aretrigger pin is provided to ex- 
tend the output pulse if desired 


Complementary output pins are provided, one 
being active-high while the other is active-low. 


To time very long periods, the 40478 was de- 
signed to facilitate connection with an external 
counter. 


‘The power supply for the 40478 can be as low as 
3VDC. Its maximum source or sink output current 
is only 1mA when powered at SVDC, but up to 
6.8mA when powered at 1SVDC. 


The chip is still available from manufacturers 
such as Texas Instruments (which markets it as 
the CD4047B) in through-hole and surface- 
mount formats. However, despite its versatility, 
the 40478 is less popular than dual monostable 
timers, described in the next section, 


Dual Monostable Timers 

Various timers thatrun onlyin monostable mode 
areavailablein dual format (ie, two timersin one 
chip). This format became popular partly be- 
‘cause two monostable timers can trigger each 
other to create an astable output, in which the 
pulse width, and the gap between pulses, can be 


Variants 


set by a separate resistor-capacitor pair on each 
timer. This allows greater flexibility than is avail- 
able when using a 555 timer. 


‘Most dual monostable timer chips are edge- 
triggered by a change in input voltage, and will 
ignore a steady DC voltage. Consequently, the 
output from one timer can be connected directly 
to the input of another, and no coupling capaci- 
tors are necessary. 


Asinthe 40478, theuserhasa choice oftwo input 
pins for each timer, one triggered by a transition 
from low to high, the other triggered by a tran- 
sition from high to low. Similarly, each timer has 
two outputs, one shifting from low to high at the 
start of the output cycle, the other shifting from 
high to low. 


The values of a single resistor and capacitor de- 
termine the pulse duration of each timer. 


Dual monostable timers often have the numeric 
sequence 4528 or 4538 in their part numbers. 
Examples include the HEF4528B from NXP, the 
M74HC4538 from STMicroelectronics, and the 
'MC145388 from On Semiconductor. The 74123 
numeric sequence identifies chips that have a 
very similar specification, with chip-family iden- 
tifiers such as HC or LS inserted, asin the 74HC123 
and 74LS123, and additional letters added as 
prefix or suffix. The pinouts of almost all these 
chips are identical, as shown in Figure 9-7. How- 
ever, Texas Instruments uses its own numbering 
system, and datasheets should always be con- 
sulted for verification beforeany connections are 
made. 


Many chips of this type are described as “retrig- 
gerable” meaning that if an additional trigger 
pulse is applied to the input before an output 
pulse has ended, the current output pulse will be 
extended in duration. Checkdatasheets carefully 
todetermine whether a chip is “retriggerable” or 
will Ignore new inputs during the output pulse, 


The 74HC221 dual monostable vibrator (pic- 
turedin Figure 9-8) functions very similarly tothe 
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Extended Hand to Big Toe Half Cow Face Western Intense Stretch in 
Infinity Pose 


Utthita Hasta Padangushta Ardha Gomukha Paschimottanasana in Anantasana 
(UT-ti-tuh HUH-stuh puhd-ahng-GOOSH-tuh UHR-duh go-MUK-uh puhsh-chi-mo-tahn-AHS-uh-nuh in uhn-uhnt-AHS-uh-nuh) 
Also Known As: Extended Hand to Big Toe Half Cow Face Forward Bend in Infinity Pose, Extended 
Hand to Big Toe Half Cow Face Western Intense Stretch in Sleeping Vishnu Pose 

Modification: forearm to the floor; top leg crossed over; grabbing onto the big toe of the bottom foot, 
leg off the floor 

Pose Type: supine (on the side), forward bend 

Drishti Point: Hastagrai or Hastagre (hands) 
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Half Lotus Pose in Infinity Pose 


Ardha Padmasana in Anantasana 

(UHR-duh puhd-MAHS-uh-nuh in whn-uhnt-AHS-uh-nuh) 

Also Known As: Half Lotus Pose in Sleeping Vishnu Pose 
Modification: top foot to the bottom knee; top forearm to the top knee 


Pose Type: supine (on the side), mild backbend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Half Lotus Extended Hand to Leg Pose in Infinity Pose 


Ardha Padma Utthita Pada Hastasana in Anantasana 

(UHR-duh PUHD-muh UT-ti-twh PUH-duh huh-STAHS-uh-nuh in uhn-uhnt-AHS-uh-nuh) 

Also Known As: Half Lotus Extended Hand to Leg Pose in Sleeping Vishnu Pose 
Pose Type: supine (on the side), forward bend, mild backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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FOREARM ON THE FLOOR: TOP LEG STRAIGHT, BOTTOM FOOT TO THE THIGH 


Half Bound Angle Pose in Infinity Pose 


Ardha Baddha Konasana in Anantasana 
(UHR-duh BUH-duh ko-NAHS-uh-nuh in uhn-uhnt-AHS-uh-nuh) 


Also Known As: Half Bound Angle Pose in Sleeping Vishnu Pose 
Modification: forearm to the floor 


1. finger tips of the top arm to the floor in front of the abdomen, elbow bent 
2. top arm straight and parallel to the top leg 

Pose Type: supine (on the side), side bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet), Hastagrai or Hastagre (hands) 
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EASTERN INTENSE STRETCH: SITTING BONES BELOW KNEES—ONE LEG OFF FLOOR & TWISTS 


Tip Toe Half Eastern Intense Stretch Pose 


Prapada Ardha Purvottanasana 

(PRUH-puh-duh UHR-duh poor-vo-tahn-AHS-uh-nuh) 

Also Known As: Tip Toe Half Reverse Plank Pose 

Modification: prep—sitting bones below the knee level, on the fingertips 
Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Half Eastern Intense Stretch Pose 


Ardha Purvottanasana 

(UHR-duh poor-vo-tahn-AHS-uh-nuh) 

Also Known As: Half Reverse Plank 

Modification: mild prep—sitting bones slightly off the floor, feet flat on the floor; palms flat on the 
floor, fingertips pointing to the heels 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Half Fire Log Pose in Half Eastern Intense Stretch Pose 


Ardha Agnistambhasana in Ardha Purvottanasana 

(UHR-duh uhg-ni-stuhm-BAHS-uh-nuh in UHR-duh poor-vo-tahn-AHS-uh-nuh) 

Also Known As: Half Firelog Pose in Half Reverse Plank 

Modification: prep—sitting bones slightly off the floor; elbows bent, fingertips pointing to the heels 
Pose Type: standing, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Intense Ankle Stretch Pose in One-Legged Half Eastern Intense Stretch 
Pose 


Uttana Kulpasana in Eka Pada Ardha Purvottanasana 

(ut-TAHN-wh kul-PAHS-uh-nuh in EY-kuh PUH-duh UHR-duh poor-vo-tahn-AHS-uh-nuh) 

Also Known As: Intense Ankle Stretch Pose in One-Legged Half Reverse Plank 
Modification: knee bent toward the chest, fingertips pointing away from the heels 
Pose Type: standing, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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Revolved Half Eastern Intense Stretch Pose 


Parivritta Ardha Purvottanasana 

(puh-ri-VRIT-twuh UHR-duh poor-vo-tahn-AHS-uh-nuh) 

Also Known As: Revolved Half Reverse Plank Pose 
Modification: opposite elbow to knee of the straight leg 
Pose Type: arm balance, forward bend, twist 

Drishti Point: Hastagrai or Hastagre (hands) 
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EASTERN INTENSE STRETCH: KNEES BENT 


Half Eastern Intense Stretch Pose 


Ardha Purvottanasana 

(UHR-duh poor-vo-tahn-AHS-uh-nuh) 

Also Known As: Reverse Table Top and Half Reverse Plank Pose 

Modification: prep—knees bent and on top of the ankles, fingertips pointing away from the heels 
Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Uneven Leg Position of Cow Face Pose in Half Eastern Intense Stretch 
Pose 


Vishama Pada Gomukhasana in Ardha Purvottanasana 

(VISH-uh-muh PUH-duh go-muk-AHS-uh-nuh in UHR-duh poor-vo-tahn-AHS-uh-nuh) 

Also Known As: Uneven Leg Position of Cow Face Pose in Reverse Table Top and Uneven Leg 
Position of Cow Face Pose in Half Reverse Plank 

Modification: knees bent, fingertips pointing to the heels 


Pose Type: standing, backbend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Half Eastern Intense Stretch Pose 


Eka Pada Ardha Purvottanasana 

(EY-kuh PUH-duh UHR-duh poor-vo-tahn-AHS-uh-nuh) 

Also Known As: One-Legged Reverse Table Top and One-Legged Half Reverse Plank Pose 
Modification: prep—one knee bent, foot on the floor; other leg straight; knees in line, fingertips 
pointing to the heels 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Half Eastern Intense Stretch Pose 


Eka Pada Ardha Purvottanasana 
(EY-kuh PUH-duh UHR-duh poor-vo-tahn-AHS-uh-nuh) 


Also Known As: One-Legged Reverse Table Top and One-Legged Half Reverse Plank 
Modification: prep—both knees bent, top foot to the knee, fingertips pointing to the heels 


Pose Type: standing, backbend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Half Eastern Intense Stretch Pose in Pose Dedicated to 
Sage Vasistha on the Forearm 


Eka Pada Ardha Purvottanasana in Vasishtasana 

(EY-kuh PUH-duh UHR-duh poor-vo-tahn-AHS-uh-nuh in vuh-sish-TAHS-uh-nuh) 

Also Known As: One-Legged Reverse Table Top in Pose Dedicated to Sage Vasistha on the 
Forearm, One-Legged Half Reverse Plank Top in Pose Dedicated to Sage Vasistha on the Forearm 
Modification: both knees bent, foot to the knee 

Pose Type: standing (on the forearm and the foot) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One Hand Half Eastern Intense Stretch Pose 


Eka Hasta Ardha Purvottanasana 
(EY-kuh HUH-stuh UHR-duh poor-vo-tahn-AHS-uh-nuh) 


Also Known As: One Hand Reverse Table Top or One Hand Half Reverse Plank 


Modification: knees bent, fingertips pointing away from the heels 
Pose Type: standing, backbend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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EASTERN INTENSE STRETCH: LEGS STRAIGHT 


Eastern Intense Stretch Pose 


Purvottanasana 

(poor-vo-tahn-AHS-uh-nuh) 

Also Known As: Reverse Plank and Upward Plank Pose 

Modification: legs straight, fingertips pointing to the heels 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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EASTERN INTENSE STRETCH: ONE LEG STRAIGHT, ONE KNEE BENT 


Foot to the Side OS 0GGe 


Half Eastern Intense Stretch Pose 


Parshva Eka Pada Ardha Purvottanasana 

(PAHRSH-vuh EY-kuh PUH-duh UHR-duh poor-vo-tahn-AHS-uh-nuh) 

Also Known As: Foot to the Side Reverse Table Top, Foot to the Side Half Reverse Plank and Foot to the Side Half Upward Plank 
Pose 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


How to Perform the Pose: 


1. Begin by sitting on the floor with both your legs straight out in front of you. Keep your hands on the 
floor on the sides of your hips with fingertips pointing toward your feet. Engage your mula 
bandha, uddhiyana bandha, and ujjayi breathing. 

2. Exhale, bend your knees, and slide your feet toward your sitting bones. Keep your feet and knees 
hip-width apart. 

3. On the next exhale, press into your hands and feet and lift your sitting bones off the floor. Your 
shoulders should be on top of your wrists, your knees on top of your ankles, and your torso and 
thighs parallel to the floor. 

4. Exhale, straighten your right leg, and bring it out to the side, flexing the toes of your right foot out 
to the side. Hold the pose for at least 30, and up to 90, seconds in order to receive full benefits. 

5. Inhale and bring your right leg back to the center in line with your left leg. Repeat on the other 
side. Hold the pose for at least 30, and up to 90, seconds in order to receive the full benefits of the 
stretch. 


6. Inhale and lower your hips to the floor, coming back to the starting position. 
Modification: one knee bent, other leg straight out to the side, fingertips pointing to the heels 


parshva = side 
eka = one 

pada = foot or leg 

ardha = half 

purva = east, the front of the body 
ut = intense 


tan = to stretch, to extend 


Values 


components cited above, but has slightly differ- 
ent pinouts. 


Reset A 
Low-high input A 
High-low input A 

Low-high output A 

High-low output A 


Reset 8 
Low-high input 8 
High-ow input 6 
Low-high output 8 
High-ow output B 


Figure 917 Pin functions for most 4528, 4538, and 74123, 
series of dual monestable timer chips. An RC netwark is 
shown connected for each timer. Note that Texas Instr 
‘ments uses different pinouts an its versions, 


Figure 9-8. A dual-timer chip containing two monastable 
‘multivibratars that can functian in astable made if they 
are connected externally to trigger each other. 


Values 


555 Timer Values 

The original bipolar version of the 555 timer was 
designed to operate using a wide range of posi- 
tive supply voltages, from 4,5VDC to 16VDC. 


Integrated circult> analog > timer 


‘CMOS versions vary in their recommended V+ 
values, and datasheets must be consulted for 
verification. 


The output of a bipolar 555 is rated to source or 
sink up to 200mA. in practice, the maximum cur- 
rent will be lower when the timer is powered at 
the low end of its range, around SVDC. Attempt- 
ing to source more than 5Om< will pull down the 
voltage internally, affecting operation of the 
timer. 


‘CMOS versions all impose restrictions on output 
current, allowing higher values for sinking than 
sourcing. Again, datasheets must be consulted 
for the values, which vary widely from one com- 
ponent to another. 


The voltage measured on the output pin, when 
itis used for sourcing current, will always be low- 
erthan the power supply voltage,anda 1.7V drop 
is commonly specified for bipolar versions. In 
practice, the voltage drop that is actually meas- 
tured may be less, and will vary according to the 
load on the output. 


The voltage drop does not increase significantly 
with a higher supply voltage, and because itis a 
relatively constant value, it becomes less signifi- 
‘cant when a higher value for V+ is used. 


‘CMOS versions of the 555 timer achieve a claim- 
ed output source voltage that is only 0.2V less 
than the power supply. 


When choosing values for R1 and R2,a minimum 
for each resistor is 5K, although 10K is preferred. 
Lower values will increase power consumption, 
and may also allow overload of the internal elec- 
tronics when the chip sinks current from C1. A 
typical maximum value for each resistor is 10M. 


A high-value capacitor may cause the timer to 
function less accurately and predictably, be- 
cause large capacitors generally allow more leak- 
‘age. This means that the capacitor will be losing 
charge at the same time that itis being charged 
through R1 + R2. If these resistors have high val- 
tues, and the capacitor has a value of 100F or 
more, the rate of charge may be so low that itis 
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Feet Wide Eastern Intense Stretch Pose 


Prasarita Pada Purvottanasana 

(pruh-SAH-ri-tuh PUH-duh poor-vo-tahn-AHS-uh-nuh) 

Also Known As: Feet Wide Reverse Plank and Feet Wide Upward Plank Pose 
Modification: legs straight, toes flexed in, fingertips pointing to the heels 

1. side view 

2. front view 

Pose Type: standing, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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EASTERN INTENSE STRETCH: FOREARMS ON THE FLOOR 


Easy Fish Pose 


Sukha Matsyasana 

(SUK-uh muhts-YAHS-uh-nuh) 

Also Known As: Eastern Intense Stretch Pose Prep. (Purvottanasana Prep.), Reverse Plank Prep. 
Modification: head off the floor, forearms on the floor, legs straight 

Pose Type: seated, backbend 


Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Eastern Intense Stretch Pose 


Purvottanasana 

(poor-vo-tahn-AHS-uh-nuh) 

Also Known As: Reverse Plank on the Forearms and Upward Plank Pose on the Forearms 
Modification: legs straight, forearms on the floor 

Pose Type: standing (on the forearms), backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Easy Fish Pose 


Sukha Matsyasana 

(SUK-uh muhts-YAHS-uh-nuh) 

Also Known As: Eastern Intense Stretch Pose Prep. (Purvottanasana Prep.), Reverse Plank Prep. 
Modification: head off the floor, forearms to the floor; one leg straight, other knee bent, foot flat on 
the floor 


1. straight leg on the floor 


2. straight leg off the floor, toes flexed in 
Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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EASTERN INTENSE STRETCH: FOREARMS TO FLOOR—ONE LEG OFF FLOOR 


Half Fire Log Pose in Easy Fish Pose 


Ardha Agnistambhasana in Sukha Matsyasana 

(UHR-duh uhg-ni-stuhm-BAHS-uh-nuh in SUK-uh muhts-YAHS-uh-nuh) 

Also Known As: Eastern Intense Stretch Pose Prep. (Purvottanasana Prep.), Reverse Plank Prep. 
Modification: forearms to the floor, head off the floor 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Easy Fish Pose 


Sukha Matsyasana 

(SUK-uh muhts-YAHS-uh-nuh) 

Also Known As: Eastern Intense Stretch Pose Prep. (Purvottanasana Prep.), Reverse Plank Prep. 
Modification: forearms to the floor, head off the floor, sole of the foot to the opposite knee 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Revolved Hand to Foot Pose in Half Eastern Intense Stretch Pose on the 
Forearm 


Parivritta Hasta Padasana in Ardha Purvottanasana 

(puh-ri-VRIT-twuh HUH-stuh puh-DAHS-uh-nuh in UHR-duh poor-vo-tahn-AHS-uh-nuh) 

Also Known As: Revolved Hand to Foot Pose in Reverse Table Top, Revolved Hand to Foot Pose in 
Half Reverse Plank 

Modification: forearm on the floor; grabbing onto the outside edge of the foot, leg straight 

Pose Type: standing (on the forearm and the foot), twist 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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EASTERN INTENSE STRETCH: FOREARMS TO FLOOR—GRABBING ONTO TRICEPS—KNEES BENT 


Hands Bound Easy Fish Pose 


Baddha Hasta Sukha Matsyasana 

(BUH-duh HUH-stuh SUK-uh muhts-YAHS-uh-nuh) 

Modification: knees bent, feet to the floor 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Hands Bound Half Eastern Intense Stretch Pose 


Baddha Hasta Ardha Purvottanasana 

(BUH-duh HUH-stuh UHR-duh poor-vo-tahn-AHS-uh-nuh) 

Also Known As: Hands Bound Reverse Table Top, Hands Bound Half Reverse Plank 
Pose Type: standing (on the forearms), backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Reverse Prayer One-Legged Easy Fish Pose 


Viparita Namaskar Eka Pada Sukha Matsyasana 

(vi-puh-REE-tuh nuh-muhs-KAHR EY-kuh PUH-duh SUK-uh mihts-YAHS-uh-nuh) 

Also Known As: Back of the Body Prayer One-Legged Easy Fish Pose (Paschima Namaskara Eka 
Pada Sukha Matsyasana) 

Modification: both knees bent, heel to the knee 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Hands Bound One-Legged Half Eastern Intense Stretch Pose 


Baddha Hasta Eka Pada Ardha Purvottanasana 

(BUH-duh HUH-stuh EY-kuh PUH-duh UHR-duh poor-vo-tahn-AHS-uh-nuh) 

Also Known As: Hands Bound One-Legged Reverse Table Top, Hands Bound One-Legged Half 
Reverse Plank 

Modification: heel to the knee; grabbing onto the triceps 

Pose Type: standing (on the forearms), backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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EASTERN INTENSE STRETCH: FOREARMS TO FLOOR—GRABBING ONTO THE TRICEPS 


Hands Bound Easy Fish Pose 


Baddha Hasta Sukha Matsyasana 

(BUH-duh HUH-stuh SUK-uh muhts-YAHS-uh-nuh) 

Modification: one leg straight to the floor; other knee bent, foot to the floor 
Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Hands Bound Easy Intense Leg Stretch 


Baddha Hasta Sukha Uttana Padasana 

(BUH-duh HUH-stuh SUK-uh ut-TAHN-uh puh-DAHS-uh-nuh) 

Modification: knees bent at 90 degrees, feet off the floor 

Pose Type: seated, backbend, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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EASTERN INTENSE STRETCH: ELBOWS ON THE FLOOR—HALF LOTUS, 


Half Lotus Easy Fish Pose 


Ardha Padma Sukha Matsyasana 

(UHR-duh PUHD-muh SUK-uh muhis-YAHS-uh-nuh) 

Also Known As: Eastern Intense Stretch Pose Prep. (Purvottanasana Prep.), Reverse Plank Prep. 
Modification: elbows to the floor, palms to the lower back; one leg in half lotus, other knee bent; 
heel up 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Half Lotus Half Eastern Intense Stretch Pose 


Ardha Padma Ardha Purvottanasana 

(UHR-duh PUHD-muh UHR-duh poor-vo-tahn-AHS-uh-nuh) 

Also Known As: Half Lotus Reverse Table Top, Half Lotus Half Reverse Plank 

Modification: elbows to the floor, palms to the lower back; one leg in half lotus, other knee bent; 
heel up 

1. right side view 


2. left side view 

Pose Type: standing (on the elbows, knee and foot), backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BRIDGE: HEELS DOWN, SPINE ON THE FLOOR 


Bridge Whole Body Pose Prep. 


Setu Bandha Sarvangasana Prep. 

(SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 

Modification: spine flat on the floor, palms down by the hips, heels down 
Pose Type: supine 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


integrated circuit > analog > timer 
comparable with the rate of leakage. For this rea- 
son, a 555 timer is not a good choice for timing 
intervals much greater than a minute. Ifa large- 
value capacitor is used, tantalum is preferable to 
electrolytic 


‘The minimum practical value for a timing capac- 
itor is around 100pF. Below this, performance 
may not be reliable. 


Although some CMOS versions may enable fast 
switching, the shortest practical output pulse for 
555 timer is around 10 microseconds. On the 
input pin, a triggering pulse of at least 1 micro- 
second should be used. 


Time Calculation in 

Monostable Mode 

IFR1 is measured in kilohms and C1 is measured 
in microfarads, the pulse duration, T, in seconds, 
‘ofa 555 timer running in monostable mode can 
be found from this simple formula: 


T= 0.0011 * R1* C1 


This relationship is the same in all versions of the 
555. Figure 9-9 provides a quick and convenient 
way to find the pulse value using some common 
values for R1 and C1. Resistors can be obtained 
with tolerances below plus-of-minus 1%, but ca- 
pacitors are often rated with an accuracy of only 
plus-or-minus 20%. This will limit the accuracy of 
the pulse values shown in the chart. 


Time Calculation in Astable Mode 
IFR1 and R2 are measured in kilohms and C1 is 
measured in microfarads, the frequency of pul- 
ses, F (measured in Hz) of a 555 timer running in 
astable mode can be found from this simple 
formula: 


Fs 1949 / ( (RL + (2* R2)) * C1) 


This relationship is found in all versions of the 
555. Figure 9-10 shows the frequency for com- 
mon values of R2and C1, assuming that the value 
Of RT is 10K. In Figure 9-11, a value of 100K is as- 
sumed for RT 


Values 


FSS. ow 


Pulse Duration In Seconds. 
& 


B BRE 


Figure 9-9. To determine the pulse duration of a 555 tim- 
ferrunning in monostable mode: find the value of RL on the 
horizontal scale, follow it vertical grid line upward to the 
intersection with a green line which corresponds with the 
Value of capacitor C1. and read across tothe vertical scale 
providing the duration in seconds, Bath axes are jogarith- 


Dual Monostable Timers 

Dual chips such as the HEF45288 from NXP, the 
M74HC4538_ from STMicroelectronics, the 
MC14538B from On Semiconductor, and the 
74HC123 from Texas Instruments have widely 
varying requirements for power supply. Some 
accepta limited range from 3VDC to 6VDC, while 
others tolerate a range of 3VDC to 20VDC. When 
powered with SVDC their required input and 
output states are compatible with those of SV 
logic chips. 


Output pins of these chips source and sink no 
more than 25mA (much less in some instances). 
Because there are so many variants, they cannot 
be summarized here, and datasheets must be 
consulted for details. 
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Run 


Reclined Hands Bound Twisted Stomach Pose in Bridge Whole Body 
Pose Prep. 


Supta Baddha Hasta Jatara Parivartanasana in Setu Bandha Sarvangasana 
Prep. 

(SUP-tuh BUH-duh HUH-stuh JAH-tuh-ruh puh-ri-vuhrt-uhn-AHS-uh-nuh in SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 
Modification: ear resting on a yoga block 

Pose Type: supine, twist 

Drishti Point: Parshva Drishti (to the right), Parshva Drishti (to the left) 
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Reclined Hands Bound One Leg Extended Pose in Bridge Whole Body 
Pose Prep. 


Supta Baddha Hasta Utthita Eka Padasana in Setu Bandha Sarvangasana Prep. 
(SUP-tuh BUH-duh HUH-stth UT-ti-tuh EY-kuh puh-DAHS-uh-nuh in SEY-te BUHN-duh suhr-vuhng-GAHS-uh-nuh) 
Modification: arms straight in front, palms facing up 

Pose Type: supine 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Reclined Half Bound Lotus Pose in Bridge Whole Body Pose Prep. 


Supta Ardha Baddha Padmasana in Setu Bandha Sarvangasana Prep. 
(SUP-twh UHR-duh BUH-duh puhd-MAHS-uh-nuh in SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 
Modification: grabbing onto the ankle 

Pose Type: supine, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BRIDGE: 


EELS DOWN, ARMS B: 


IND THE BACK 


Bridge Whole Body Pose 


Setu Bandha Sarvangasana 

(SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 

Modification: palms to the floor, arms straight; feet in front of the knees 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Uneven Bridge Whole Body Pose 


Vishama Setu Bandha Sarvangasana 

(VISH-uh-muh SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 

Also Known As: Desk Pose Modification (Dwipadapitam) 

Modification: palms down by the heel of the bent leg, other leg straight 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Bridge Whole Body Pose 


Setu Bandha Sarvangasana 

(SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 

Also Known As: Shoulder Pose (Kandharasana) 

Modification: palms down by the heels 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Bridge Whole Body Pose 


Setu Bandha Sarvangasana 

(SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 

Modification: palms to the lower back 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BRIDGE: 


EELS DOWN, ARMS OVERHEAD & BEHIND THE BACK 


Bridge Whole Body Pose 


Setu Bandha Sarvangasana 

(SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 

Also Known As: Desk Pose Modification (Dwipadapitam) 

Modification: arms straight to the floor over the head, palms facing up 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Bridge Whole Body Pose 


Setu Bandha Sarvangasana 

(SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 

Also Known As: Upward Bow Pose Prep. (Urdhva Dhanurasana Prep.) 
Modification: palms under the shoulders, fingertips pointing to the heels 
Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


e00ee 


Pua 


Upward Hands Bound Bridge Whole Body Pose 


Urdhva Baddha Hasta Setu Bandha Sarvangasana 
(OORD-vuh BUH-duh HUH-stuh SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 
Also Known As: Desk Pose Modification (Dwipadapitam) 
Pose Type: supine, backbend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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Hands Bound Bridge Whole Body Pose 


Baddha Hasta Setu Bandha Sarvangasana 
(BUH-duh HUH-stuh SEY-tw BUHN-duh suhr-vuhng-GAHS-uh-nuh) 


Pose Type: supine, backbend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BRIDGE: HEELS DOWN, GRABBING ONTO THE ANKLES 


Hand to Ankle Bridge Whole Body Pose 


Hasta Kulpa Setu Bandha Sarvangasana 

(HUH-stuh KUL-puh SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 

Also Known As: Desk Pose Modification (Dwipadapitam) 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Hand to Ankle Bridge Whole Body Pose 


Hasta Kulpa Setu Bandha Sarvangasana 

(HUH-stuh KUL-puh SEY-t BUHN-duh suhr-vuhng-GAHS-uh-nuh) 

Also Known As: Desk Pose Modification (Dwipadapitam) 

Modification: arms crossed 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BRIDGE: HEELS DOWN—ONE FOOT OFF THE FLOOR 


One Hand to Ankle Bridge Whole Body Pose 


Eka Hasta Kulpa Setu Bandha Sarvangasana 

(EY-kuh HUH-stuh KUL-puh SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 

Modification: yoga block under the sitting bones; grabbing onto the ankle on the same side, top of the 
foot to the floor 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One Hand to Ankle Bridge Whole Body Pose 


Eka Hasta Kulpa Setu Bandha Sarvangasana 
(EY-kuh HUH-stuh KUL-puh SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 


Modification: Arm 1: grabbing onto the ankle of the opposite leg Arm 2: grabbing onto the opposite 
arm 

Pose Type: supine, backbend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Half Fire Log Pose in One-Legged Hands Bound Bridge Whole Body 
Pose 


Ardha Agnistambhasana in Eka Pada Baddha Hasta Setu Bandha 
Sarvangasana 

(UHR-duh uhg-ni-stuhm-BAHS-uh-nuh in EY-kuh PUH-duh BUH-duh HUH-stuh SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 
Modification: ankle on top of the knee heel down, toes of the top foot pointed 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Half Bound Lotus One Hand to Ankle Bridge Whole Body Pose 


Ardha Baddha Padma Eka Hasta Kulpa Setu Bandha Sarvangasana 
(UHR-duh BUH-duh PUHD-muh EY-kuh HUH-stuh KUL-puh SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 
Also Known As: Desk Pose Modification (Dwipadapitam) 

Modification: heel down 

Pose Type: supine, backbend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BRIDGE: HEELS DOWN—ONE LEG TO THE SKY 


One-Legged Bridge Whole Body Pose 


Eka Pada Setu Bandha Sarvangasana 
(EY-kuh PUH-duh SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 


Modification: palms down, arms straight on the floor; both knees bent 
Pose Type: supine, backbend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Bridge Whole Body Pose 


Eka Pada Setu Bandha Sarvangasana 

(EY-kuh PUH-duh SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 

Modification: palms down, arms straight on the floor; one leg up and straight, knees toward each 
other 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Bridge Whole Body Pose 


Eka Pada Setu Bandha Sarvangasana 

(EY-kuh PUH-duh SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 

Also Known As: Desk Pose Modification (Dwipadapitam) 

Modification: palms down by the heel 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Timing Resistor R2 


Figure 9-10. To obtain the frequency of a 555 timer run- 
ning i astable mode, when RI has a value of 10K: find the 
value of R2 on the horizontal scale, fallow its vertical gril 
line upward to the intersection with a green curve which 
corresponds with the value of capacitar Cl, and read 
across to the vertical scale providing the frequency in 
Hertz. Both axes are logarithmic. 


Asthese timers areall manostable, and each tim- 
er uses just one resistor and one capacitor, the 
only formula required is to give the pulse time.as 
a function of these two variables. fRis the resis- 
tor value in ohms, and Fis the capacitor value in 
farads, and K is a constant supplied by the man- 
ufacturer, the pulse time T, in seconds, is found 
from the formula: 


T=R* FAK 


Integrated circuit > analog > timer 
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‘Timing Resistor R2 


Figure 9-11. To obtain the froquency of 2 555 timer run- 
ring in astable mode, when RI has @ value of 100K: find 
the value of R2 an the horizontal seal, follow its vertical 
{8rd line upward to the intersection with a green curve 
Which corresponds with the value af capacitor Cl, and 
‘read across tothe vertical scale providing the frequency in 
Hertz. Both axes are logarithmic 


K ranges between 0.3 and 0,7 depending on the 
manufacturer and also on the voltage being 
Used. Its value should be found in the manufac- 
turer's datasheet. If R is measured in megohms 
and F is measured in microfarads, the formula is 
still valid, asthe multiplierscancel eachother out. 


Generally speaking, these dual monostable 
CMOS timersare not intended for pulse duration 
exceeding 1 minute. 
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One-Legged Bridge Whole Body Pose 


Eka Pada Setu Bandha Sarvangasana 

(EY-kuh PUH-duh SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 

Also Known As: Peacock Stretch Pose (Uttana Mayurasana) 

Modification: palms to the lower back 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Both Hands to Ankle One-Legged Bridge Whole Body Pose 


Dwi Hasta Kulpa Eka Pada Setu Bandha Sarvangasana 
(DWi-huh-stuh KUL-puh EY-kuh PUH-duh SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 
Modification: grabbing onto the ankle with both hands 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BRIDGE: ONE LEG TO THE SKY 


One-Legged Upward Hands Bound Tip Toe es eG 


Bridge Whole Body Pose 


Eka Pada Urdhva Baddha Hasta Prapada Setu Bandha Sarvangasana 
(EY-kuh PUH-duh OORD-vuh BUH-duh HUH-stuh PRUH-puh-duh SEY-tu BUHN-duh suhr-vuhing-GAHS-uh-nuh) 
Pose Type: supine, backbend 


Drishti Point: Angusthamadhye or Angustha Ma Dyaithumbs) 


How to Perform the Pose: 


1. Begin by lying with your back flat on the floor. Keep your arms by the sides of your torso, hands 
by the sides of the hips, palms facing down. Engage your mula bandha, uddhiyana bandha, and 
ujjayi breathing, 

2. Exhale, bend your knees, and slide your feet toward your sitting bones. Keep your feet flat on the 
floor, parallel to each other and in line with your sitting bones. 

3. On the next exhale, push into your arms and feet and lift your hips off the floor until your thighs are 
parallel to the floor. 

4. Inhale, interlock your fingers behind your back, and press your palms together. Exhale as you push 
through your chest and straighten the arms, 

5. Exhale, bring your ankles and feet together. On the next exhale, lift your right leg, pointing your 
right toes up to the sky (Pose #2). 

6. Exhale, bring your left hee! up. Inhale, release your arms and bring them out in front of your chest. 
Exhale as you interlock your fingers, rotate your palms up to the sky and straighten the arms (Pose 
#1). 

7. Hold the pose for at least 30, and up to 90, seconds in order to receive the full benefits of the 
stretch. Inhale, lower your right leg, and repeat on the opposite side. 

8. On the next inhale, lower your spine to the floor and stretch the legs out in front of you, coming 
back to the starting position. 


Modification: arms extended up to the sky, fingers interlocked, palms facing up, heel up 


eka = one 
pada = foot or leg 
urdhva = upward 
baddha = bound 
hasta = hand 


prapada = tip of the feet 


setu = bridge, dam or dike 


bandha = lock 


sarvanga = the whole body 


BRIDGE: HEELS UP 


Tip Toe Bridge Whole Body Pose Prep. 


Prapada Setu Bandha Sarvangasana Prep. 

(PRUH-puh-duh SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 

Modification: spine flat on the floor, palms down by the hips, heels up 

Pose Type: supine 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
ee 


Tip Toe Bridge Whole Body Pose 


Prapada Setu Bandha Sarvangasana 

(PRUH-puh-duh SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 

Modification: palms down 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Tip Toe Bridge Whole Body Pose 


Prapada Setu Bandha Sarvangasana 

(PRUH-puh-duh SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 

Modification: palms to the lower back 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Hands Bound Tip Toe Bridge Whole Body Pose 


Baddha Hasta Prapada Setu Bandha Sarvangasana 
(BUH-duh HUH-stuh PRUH-puh-duh SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 


Pose Type: supine, backbend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


e00e0e 


Upward Hands Bound Tip Toe Bridge Whole Body Pose 


Urdhva Baddha Hasta Prapada Setu Bandha Sarvangasana 
(OORD-vuh BUH-duh HUH-stuh PRUH-puh-duh SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 
Pose Type: supine, backbend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 


e00e 


BRIDGE: HEELS UP—ONE LEG CROSSED OVER 


Half Fire Log Pose in One-Legged Hands Bound Tip Toe Bridge Whole 
Body Pose 


Ardha Agnistambhasana in Eka Pada Baddha Hasta Prapada Setu Bandha 
Sarvangasana 

(UHR-duh uhg-ni-stuhm-BAHS-uh-nuh in EY-kuh PUH-duh BUH-duh HUH-stuh PRUH-puh-duh SEY-tu BUHN-duh suhr- 
vuhng-GAHS-uh-nuh) 

Modification: heel up: ankle on top of the knee, toes flexed in 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Uneven Leg Position of Cow Face Pose in One-Legged Tip Toe Bridge 
Whole Body Pose 


Vishama Pada Gomukhasana in Eka Pada Prapada Setu Bandha Sarvangasana 


(VISH-uh-muh PUH-duh go-muk-AHS-uh-nuh in EY-kuh PUH-duh PRUH-puh-duh SEY-tu BUHN-duh suhr-vuhng-GAHS-uh- 
nuh) 

Modification: Arm 1: grabbing onto the foot of the opposite leg Arm 2: grabbing onto the opposite 
arm 

Pose Type: supine, backbend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Half Bound Lotus One Hand to Ankle Tip Toe Bridge Whole Body 
Pose 


Ardha Baddha Padma Eka Hasta Kulpa Prapada Setu Bandha Sarvangasana 
(UHR-duh BUH-duh PUHD-muh EY-kuh HUH-stuh KUL-puh PRUH-puh-duh SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 
Modification: heel up 

Pose Type: supine, backbend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BRIDGE: 


EELS UP—ONE LEG EXTENDED TO THE SKY 


Integrated circuit > analog > timer 


‘The timing capacitor should be no larger than 
1OyF, as it discharges directly and rapidly 
through the chip. 


How to Use It 


Where a timer is required to drive a load such as 
a relay coil or small motor directly, the original 
TIL version of the 555 timer will be the only 
choice. Even in this instance, a protection diode 
must be used across the inductive device. 


For smaller loads and applications in chip-to- 
chip circuits, CMOS versions of the555, including 
the 7555, use less power, cause less electrical in- 
terference, and are pin-compatible while using 
the same formulae to calculate frequency in as- 
table mode or pulse duration in monostable 
mode. They are of course more vulnerable to 
static discharge, and care must be taken to make 
a connection to every pin (the capacitor that 
grounds the Control pin, if Control is not going 
to be used, is mandatory) 


In dual monostable timers, unused rising-edge 
trigger inputs should be tied to V+ while unused 
falling-edge trigger inputs should be tied to 
ground. A Reset pin that will not be used should 
be tied to V+, unless that entire timer section of 
the chip will be unused, in which case the pin 
should be grounded. 


‘To measure durations longer thana few minutes, 
a timer which incorporates a programmable 
counter to divide the clock frequency is the sen- 
sible choice, See the description of the 5555 tim- 
er that was included earlier in this entry. 


‘The original bipolar version of the 555 remains a 
robust choice in hobby applications such as ro- 
botics, and its design allows some versatile var- 
jations which may even be used in logic circuits. 
Avariety of configurationsare showninthesche- 
matics below. 


555 Monostable Mode 
‘The basic schematic for a 555 timer running in 
monostable mode is shown in Figure 9-12. In this 


wto Use It 


particular example, a pushbutton thatis liable to 
suffer from switch bounce is connected to the In- 
put pin of the timer, which responds to the very 
first connection made by the pushbutton and 
ignores the subsequent “bounces” thus produc- 
ing a “clean” output. To avoid retriggering, which 
results in a prolonged output pulse, the timer’s 
output should exceed the time for which the 
button is likely to be pressed. The output should 
also exceed the duration of any possible switch 
bounce, which can otherwise create multiple 
output pulses. In the schematic, an LEDis attach- 
ed to the timer output for demonstration 
purposes. 


Figure 9-12. The basic manastable configuration af a 555 
timer. This particular circut debounces an input from 2 
ppushbuttan switch and converts it faa clean pulse of fixe 
‘uration, powering an LED for demonstration purposes. 


This circuit is shown on a breadboard in 
Figure 9-13. The red and blue wires, atthe top of, 
the photograph, supply 9VDC to the board. RI is 
‘1M, while C1 is 1, creating a pulse of just over 
1 second. A tactile switch, just above the timer, 
provides the input. 
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One-Legged Tip Toe Bridge Whole Body Pose 


Eka Pada Prapada Setu Bandha Sarvangasana 

(EY-kuh PUH-duh PRUH-puh-duh SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 
Modification: palms down 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Tip Toe Bridge Whole Body Pose 


Eka Pada Prapada Setu Bandha Sarvangasana 

(EY-kuh PUH-duh PRUH-puh-duh SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 
Modification: palms to the lower back 

1. fingertips pointing to the heel 

2. fingertips pointing to the head 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Hands Bound Tip Toe Bridge Whole Body Pose 


Eka Pada Baddha Hasta Prapada Setu Bandha Sarvangasana 
(EY-kuh PUH-duh BUH-duh HUH-stuh PRUH-puh-duh SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 
Modification: leg straight and extended to the sky, heel up 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BRIDGE: HEELS UP—ONE LEG EXTENDED TO THE SKY—“BALLET TOES” 


Intense Ankle Stretch One-Legged Bridge Whole Body Pose 


Uttana Kulpa Eka Pada Setu Bandha Sarvangasana 
(ut-TAHN-wh KUL-puh EY-kuh PUH-duh PRUH-puh-duh SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 


Modification: palms to the lower back; both knees bent 


Pose Type: supine, backbend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Intense Ankle Stretch One-Legged Bridge Whole Body Pose 


Uttana Kulpa Eka Pada Setu Bandha Sarvangasana 

(ut-TAHN-wh KUL-puh EY-kuh PUH-duh SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 
Modification: palms to the lower back; top leg straight 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One Hand One-Legged Tip Toe Bridge Whole Body Pose 


Eka Hasta Eka Pada Prapada Setu Bandha Sarvangasana 
(EY-kuh HUH-stuh EY-kuh PUH-duh PRUH-puh-duh SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 
Modification: lifted leg bent; palm to the lower back, heel up 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BRIDGE: LEGS STRAIGHT—BACK OF THE HEAD TO THE FLOOR 


Extended Hand to Big Toe Pose Intense Ankle Stretch One-Legged 
Bridge Whole Body Pose 


Utthita Hasta Padangushtasana in Uttana Kulpa Eka Pada Setu Bandha 


Sarvangasana 

(UT-ti-tuh HUH-stuh puhd-ahng-goosh-TAHS-uh-nuh in ut-TAHN-uh KUL-puh EY-kuh PUH-duh SEY-tu BUHN-duh suhr- 
vuling-GAHS-uh-nuh) 

Pose Type: supine, backbend, forward bend 

Drishti Point: Padayoragrai or Padayoragre (toes/feet) 
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BRIDGE: LEGS STRAIGHT—BACK OF THE HEAD TO THE FLOOR 


Complete Bridge Whole Body Pose 


Paripurna Setu Bandha Sarvangasana 
(puh-ri-POOR-nuh SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 


Modification: palms to the lower back 
Pose Type: supine, backbend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Complete Bridge Whole Body Pose 


Eka Pada Paripurna Setu Bandha Sarvangasana 

(EY-kuh PUH-duh puh-ri-POOR-nuh SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 
Modification: palms to the lower back 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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HEAD AND SITTING BONES ON THE FLOOR: KNEES BENT. 


Half Fish Pose 


Ardha Matsyasana 
(UHR-duh muhts-YAHS-uh-nuh) 
Modification: knees bent; feet flat on the floor, heels toward the sitting bones; palms down to the 


floor by the heels, elbows to the floor 
Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Half Fish Pose 


Ardha Matsyasana 

(UHR-duh muhts-YAHS-uh-nuh) 

Modification: knees bent 

1. arms over the head, feet flat on the floor 

2. hands by the navel, palms pressed together, fingertips pointing up, both feet in the tip toe position 
3. hands by the navel, palms pressed together, fingertips pointing up; one foot in the tip toe position, 
other leg raised 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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HEAD AND SITTING BONES ON THE FLOOR: LEGS STRAIGHT 


Fish Pose 


Matsyasana 

(muhts-YAHS-uh-nuh) 

Modification: legs straight on the floor, elbows to the floor, palms down to the floor by the hips 
Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


ecooeced 


Ya 


Reverse Prayer Fish Pose 


Viparita Namaskar Matsyasana 

(vi-puh-REE-tuh nuh-muhs-KAHR muhts-YAHS-uh-nuh) 

Also Known As: Back of the Body Prayer Fish Pose (Paschima Namaskara Matsyasana) 
Modification: legs straight to the floor 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Intense Leg Stretch 


Uttana Padasana 

(ut-TAHN-uwh puh-DAHS-uh-nuh) 

Modification: legs straight on the floor, arms straight in front of the chest, palms pressed together 
Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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HEAD AND SITTING BONES ON THE FLOOR: ONE LEG STRAIGHT, ONE KNEE BENT 


Fish Pose 


Matsyasana 

(muhts-YAHS-uh-nuh) 

Modification: 1. one leg straight, other knee bent 

2. one leg straight, other knee bent, bent leg crossed over 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Half Bound Lotus Fish Pose 


Ardha Baddha Padma Matsyasana 

(UHR-duh BUH-duh PUHD-muh muhts-YAHS-uh-nuh) 

Modification: sitting bones on the floor, palm to the floor by the hip 

Pose Type: seated, backbend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Half Bound Lotus Fish Pose 


Ardha Baddha Padma Matsyasana 

(UHR-duh BUH-duh PUHD-muh muhts-YAHS-uh-nuh) 

Modification: one arm straight up to the sky, other arm grabbing onto the inside of the thigh behind 
the back; leg straight 

Pose Type: seated, backbend, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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HEAD AND SITTING BONES ON THE FLOOR: HANDS AND FEET ON FLOOR—BINDING & GARUDA ARMS 
AND LEGS 


Half Bound Lotus Half Fish Pose 


Ardha Baddha Padma Ardha Matsyasana 

(UHR-duh BUH-duh PUHD-muh UHR-duh muhts-YAHS-uh-nuh) 

Modification: grabbing onto the foot with arm behind the back, fingertips of the other arm touching 
the floor overhead, elbow bent; knee of the free leg bent 

1. heel down 

2. heel up 


How to Use It 


Figure 9.13. The basic monostable configuration for a 
555 timer, mounted an a breadboard 


555 Astable Mode 

A basic schematic for a 555 timer running in as- 
table mode is shown in Figure 9-14. Once again, 
an LED is attached to the output for demonstra- 
tion purposes. Ifthe pulse rate exceeds the per- 
sistence of vision, a small loudspeaker can be 
used instead, in series with a 470 resistor and a 
100, capacitor. 


Figure 914, A 555 timer with external connectians and 
components causing it to run in astable (free-running) 
mode 


Integrated circuit > analog > timer 


Separate Control of High and Low 
Output Times 

In Figure 9-15, a bypass diode has been added 
around R2. The capacitor now charges primarily 
through 1, as the diode has a much lawer ef- 
fective resistance than R2. It discharges only 
through R2, as the diode blocks current in that 
direction, Consequently, the length of the high 
‘output pulse can be adjusted with the value of 
R1 only, while the length of the low output pulse 
can be adjusted with the value of R2 only. The 
duration of the high output can be lower than, 
orequalto, the duration of the low output, which 
is not possible with the basic configuration of 
components in Figure 9-14, 


Figure 9-15. n this cicult, a dlode bypasses R2, so that 
the “on’ time and the “off” time of the 585 timer can be 
set independently of each other, with RI and R2, 
respectively 


555 Fifty Percent Astable 

Duty Cycle: 1 

In Figure 9-16, the circuit enables a fixed astable 
‘output duration of approximately 50% high and 
50% low. Initially, C1 has no charge, pulling the 
Input of the timer low, and causing it to begin a 
cycle with a high pulse from the Output pin, as 
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Pose Type: seated, backbend, binding 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Hastagrai or Hastagre 
(hands) 

eo0eece0 


Intense Leg Stretch Pose Dedicated to Garuda 


Uttana Pada Garudasana 

(ut-TAHN-uh PUH-duh guh-ru-DAHS-uh-nuh) 

Modification: fingertips and bottom foot to the floor 

Pose Type: seated, backbend 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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RECLINED BOUND ANGLE POSE & FISH POSE 


Reclined Bound Angle Pose 


Supta Baddha Konasana 

(SUP-tuh BUH-duh ko-NAHS-uh-nuh) 

Modification: hands to the inner thighs, palms up 

Pose Type: supine 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Reclined Bound Angle Pose 


Supta Baddha Konasana 

(SUP-tuh BUH-duh ko-NAHS-uh-nuh) 

Also Known As: Bound Legs Fish Pose (Baddha Pada Matsyasana) 

Modification: crown of the head to the floor, grabbing onto the shins, arms on top of the legs 
Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Fish Pose 


Matsyasana 

(muhts-YAHS-uh-nuh) 

Modification: 1. palms up on the inside of the thighs 

2. grabbing onto the big toes, elbows to the floor 

3. grabbing onto the forearms, arms up over the head 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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HEAD AND SITTING BONES ON THE FLOOR: LEGS AND ARMS OFF THE FLOOR 


Reverse Prayer Intense Leg Stretch 


Viparita Namaskar Uttana Padasana 

(vi-puh-REE-tuh nuh-muhs-KAHR ut-TAHN-uh puh-DAHS-uh-nuh) 

Also Known As: Back of the Body Prayer Intense Leg Stretch (Paschima Namaskara Uttana 
Padasana) 

Modification: legs straight and off the floor, ankles crossed 

Pose Type: seated, backbend, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Intense Leg Stretch 


Uttana Padasana 

(ut-TAHN-uwh puh-DAHS-uh-nuh) 

Modification: legs straight and off the floor; arms straight in front of the chest, palms pressed together 
Pose Type: seated, backbend, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


ec0e0e0 


Intense Leg Stretch Pose Dedicated to Garuda 


Uttana Pada Garudasana 

(ut-TAHN-wh PUH-duh guh-ru-DAHS-uh-nuh) 

Modification: legs and arms lifted off the floor 

Pose Type: seated, backbend, core 

Drishti Point: Angushtamadhye or Angushta Ma Dyai (thumbs) 
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BRIDGE POSE 


Complete Bridge Whole Body Pose 


Paripurna Setu Bandha Sarvangasana 
(puh-ri-POOR-nuh SEY-tu BUHN-duh suhr-vuhng-GAHS-uh-nuh) 


Modification: palms to the floor under the shoulders, fingertips pointing to the heels; elbows tucked 
in, shoulder width apart 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Vajra Cutter Sutra Bridge Pose 


Vajracchedika Prajnaparamita Sutra Setu Bandhasana 

(vahj-ruh-CHEY-di-kuh pruhj-NAH-puh-ruh-mi-TAH SU-truh SEY-tu buhn-DAHS-uh-nuh) 

Modification: forehead to the floor, elbows splaying to the side, arms in “diamond” shape 
Pose Type: standing (on the head and feet), backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Bridge Pose 


Setu Bandhasana 

(SEY-tu buhn-DAHS-uh-nuh) 

Modification: fingertips to the floor and pointing toward the heels 

Pose Type: standing (on the head and feet), backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Bridge Pose 


Setu Bandhasana 
(SEY-tu buhn-DAHS-uh-nuh) 
Modification: arms crossed in front of the chest, hands to the shoulders 


Pose Type: standing (on the head and feet), backbend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Bridge Pose 


Eka Pada Setu Bandhasana 

(EY-kuh PUH-duh SEY-tu buhn-DAHS-uh-nuh) 

Modification: fingertips pointing toward the heels, palms flat on the floor 
Pose Type: standing (on the head and feet), backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BOUND ANGLE POSE & LOTUS: BACKBEND 


Reclined Bound Angle Pose 


Supta Baddha Konasana 
(SUP-tuh BUH-duh ko-NAHS-uh-nuh) 


Also Known As: Bound Legs Fish Pose (Baddha Pada Matsyasana) 
Modification: crown of the head to the floor, grabbing onto the shins under the legs 


1. elbows to the floor 
2. arms straight, elbows off the floor 

Pose Type: backbend, standing (on the knees) 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


eo00000 


Intense Lotus Peacock 


Uttana Padma Mayurasana 

(ut-TAHN-uh PUHD-muh muh-yoor-AHS-uh-nuh) 

Also Known As: Intense Front Body Stretching and Rejuvenating Lotus Pose (Purvottana Padma 
Sarvangasana), All Body Parts Lotus Pose (Sarvangasana Padmasana) 

Modification: knees on the floor 

Pose Type: supine, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BOTH KNEES BENT: ONE LEG CROSSED OVER 


Eye of the Needle Pose 
Sucirandrasana 
(soo-chi-ruhn-DRAHS-uh-nuh) 


Pose Type: supine, forward bend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Reclined Leg Position of Cow Face Pose 


Supta Pada Gomukhasana 

(SUP-tuh PUH-duh go-muk-AHS-uh-nuh) 

Modification: knees to the chest, grabbing onto both feet 

1. front view 

2. side view 

Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Reclined Twisting Fire Log Pose 


Supta Parshva Agnistambhasana 

(SUP-tuh PAHRSH-vuh uhg-ni-stuhm-BAHS-uh-nuh) 

Pose Type: supine, forward bend, twist 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Reclined Leg Position of Half Cow Face Pose 


Supta Pada Ardha Gomukhasana 
(SUP-tuwh PUH-duh UHR-duh go-muk-AHS-uh-nuh) 
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usual. In this demonstration circuit, the output 
illuminates an LED. At the same time, resistor RI 
is attached to the output and charges C1. When 
the voltage on C1 reaches 2/3 of V+, this is com- 
municated tothe timer Input pin, which ends the 
“high” cycle and initiates low status on the Out- 
put pin. This starts to sink the charge from C1, 
through R1. When the voltage drops to 1/3 V+, 
this initiates a new cycle. Because only one resis- 
toris used to charge and discharge the capacitor, 
we may imagine that the charge and discharge 
times should be identical. However, a higherload 
‘onthe output will probably pull down the output 
voltage to some extent, lengthening the charge 
time. Conversely, a load on the Output pin that 
has low resistance will probably sink at least 
some of the charge from the capacitor, shorten- 
ing the discharge cycle. 


Figure 9-16. This configuration provides an approximate 
50-50 on-off duty cycle at the output pin, although the 
precise duration wil depend on the load, 


555 Fifty Percent Astable 

Duty Cycle: 2 

In Figure 9-17, a small modification of the basic 
astable circuit shown in Figure 9-14 provides an- 
other way to enable a 50% duty cycle, Compare 
the two schematics, and youwill see thatjust the 
connection between R1 and R2 has been altered 
so that CI now charges only through R1, and dis- 
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charges only through R2, However, in this con- 
figuration the capacitoris discharging into volt- 
age divider created by the two resistors. Empiri- 
caladjustment of the resistor values may be nec- 
essary before the duty cycle is precisely 50%, 


Figure 9-17. An alternative configuration to provide an ap- 
proximate 50-50 on-off duty cycle in a 555 timer 


Use of the 555 Control Pin 

In Figure 9-18, a potentiometer and two series 
resistors allow a varying voltage to be applied to 
the Control Pin, This will lengthen or reduce both 
the chargeand the discharge times of the timing 
capacitor. If values for the capacitor and its asso- 
ciated resistors are chosen to create a frequency 
of approximately 700Hz, a 10K potentiometer 
should demonstrate more than an octave of au- 
dible tones through the loudspeaker. Other com- 
ponents can be substituted for a potentiometer, 
creating possibilities for producing pulse-width 
modulation. Alternatively, if a large capacitor is 
added between the Control pin and ground 
while a second 555 timer, running slowly in as- 
table mode, applies its output to the Control pin, 
the charging and discharging of the capacitor 
will apply a smoothly rising and falling voltage. 
If the first 555 timer is running at an audio fre- 
quency, the output will have a “wailing siren" 
effect. 
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Modification: knees apart, top foot on the floor 
1. one hand to the forehead, other hand on the top knee 

2. grabbing onto the shoulders, arms crossed in front of the neck 

3. one hand to the top ankle, other hand to the bottom foot 

Pose Type: supine, forward bend, twist 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
ese 


BOTH KNEES BENT: ONE LEG CROSSED OVER—KNEES TO THE FLOOR 


Reclined Leg Position of Cow Face Pose 


Supta Pada Gomukhasana 


(SUP-tuh PUH-duh go-muk-AHS-uh-nuh) 

Modification: knees to the floor 

Pose Type: supine 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Universal All-Encompassing Diamond Pose 


Vishvavajrasana 

(vish-vuh-vuhj-RAHS-uh-nuh) 

Also Known As: Double Diamond Pose 

Modification: foot on top of the knee; hand to the sole of the back foot, other hand resting on the thigh 
of the front leg, looking straight ahead 

Pose Type: supine, twist 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Revolved Universal All-Encompassing Diamond Pose 


Parivritta Vishvavajrasana (puh-ri-VRIT-tuh vish-vuh-vuhj-RAHS-uh-nuh) 
Also Known As: Revolved Double Diamond Pose 


Modification: hand grabbing onto the foot; other hand grabbing onto the opposite knee, looking up to 
the sky 


Pose Type: supine, forward bend, twist 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Revolved Universal All-Encompassing Diamond Pose 


Parivritta Vishvavajrasana (puh-ri-VRIT-tuh vish-vuh-vuhj-RAHS-uh-nuh) 

Also Known As: Revolved Double Diamond Pose 

Modification: hand grabbing onto the ankle, arm under the thigh; other hand grabbing onto the ankle 
of the bottom leg, looking straight ahead 

Pose Type: supine, forward bend, twist 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BOTH KNEES BENT: KNEES TOGETHER 


Reclined Child’s Pose 


Supta Balasana 


(SUP-tuh bah-LAHS-uh-nuh) 

Also Known As: Pelvic Pose (Apanasana) 

Modification: binding arms, grabbing onto the triceps 

Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Wind-Relieving Pose 


Vayu Muktyasana 

(VAH-yuh muk-TYAHS-uh-nuh) 

Also Known As: Wind Releaser Pose (Pavana Muktasana) 

Modification: fingers interlocked on top of the shins 

Pose Type: supine, forward bend, core 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Twisted Stomach Pose 


Jatara Parivartanasana 
(JAH-tuh-ruh puh-ri-vuhrt-uhn-AHS-uh-nuh) 


Also Known As: Reclining Waist Pose Prep.(Supta Madhyasana), Sideways Wind Releaser Pose 
(Pavana Muktasana) 

Modification: knees bent, arms straight out to the sides 

Pose Type: supine, forward bend, twist 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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ONE LEG STRAIGHT, ONE KNEE BENT 


One-Legged Wind Relieving Pose 


Eka Pada Pavana Muktasana 

(EY-kuh PUH-duh puh-vuh-nuh muk-TAHS-uh-nuh) 

Also Known As: Reclined Big Toe Pose A Prep. (Supta Padangushtasana A Prep.) 
Modification: head on the floor, fingers interlocked on top of the shin 

Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Reclining Tree Pose 


Supta Vrikshasana 

(SUP-tuh vrik-SHAHS-uh-nuh) 

Also Known As: Reclined Big Toe Pose B Prep. (Supta Padangushtasana B Prep.) 
Modification: hand to the bent knee, other hand along side of the torso, toes flexed in 
Pose Type: supine 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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BOTH LEGS STRAIGHT: ONE LEG TO THE SIDE 


Revolved Reclining Hand to Foot Pose 


Parivritta Supta Hasta Padasana 

(puh-ri-VRIT-twh SUP-tuh HUH-stuh puh-DAHS-uh-nuh) 

Modification: legs straight, grabbing onto the inside arch of the foot 

Pose Type: supine, forward bend, twist 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Reclining Big Toe Pose 2 


Supta Padangushtasana 2 
(SUP-tuh puhd-ahng-goosh-TAHS-uh-nuh) 


Pose Type: supine, forward bend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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ONE LEG STRAIGHT, ONE KNEE BENT: TWIST 


Reclined Lord of the Fishes Pose 


Supta Matsyendrasana 

(SUP-tuh muhts-yeyn-DRAHS-uh-nuh) 

Also Known As: Revolving Reclined Big Toe Pose Prep. (Parivritta Supta Padangushtasana Prep.), 
Revolved Reclining Tree Pose (Parivritta Supta Vrikshasana) 

Modification: knee bent at 90 degrees 

Pose Type: supine, forward bend, twist 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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GARUDA LEGS: TWISTS 


Sideways Reclining Leg Position of the Pose Dedicated to Garuda 


Parshva Supta Pada Garudasana 

(PAHRSH-vuh SUP-tuh PUH-duh guh-ru-DAHS-uh-nuh) 

Modification: hand resting on the top knee, other arm to the floor along side the torso, looking to the 
side; arms straight out to the side, looking straight ahead 

Pose Type: supine, twist 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Hastagrai or Hastagre 
(hands) 
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BOTH LEGS STRAIGHT AND TOGETHER: TWIST 


Twisted Stomach Pose 


Jathara Parivartanasana 

(JAH-tuh-ruh puh-ri-vuhrt-whn-AHS-uh-nuh) 

Also Known As: Reclining Waist Pose (Supta Madhyasana) 
Modification: legs and arms straight 

Pose Type: supine, forward bend, twist 

Drishti Point: Hastagrai or Hastagre (hands) 


ONE LEG STRAIGHT, ONE KNEE BENT: LEG CRADLE & HALF HAPPY BABY POSE 


Reclined Baby Cradle Pose 


Supta Hindolasana 

(SUP-tuh hin-do-LAHS-uh-nuh) 

Modification: back leg straight 

Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Reclined One Hand to Foot Pose 


Supta Eka Hasta Padasana 

(SUP-tuh EY-kuh HUH-stuh puh-DAHS-uh-nuh) 

Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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HAPPY BABY POSE & ONE FOOT BEHIND THE HEAD 


Happy Baby Pose 


Sukha Balasana 

(SUK-uh bahl-AHS-uh-nuh) 

Also Known As: Happy Baby Pose (Ananda Balasana) 

Modification: grabbing onto the big toes of the feet 

Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Reclined Star Pose 


Supta Tarasana 

(SUP-tuh tah-RAHS-uh-nuh) 

Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Padayoragrai or 
Padayoragre (toes/feet) 
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How to Use It 


Figure 918, A circuit that allows adjustment of the as 
table 555 frequency by increasing or lowering the voltage 
‘on the Cantral pin 


Figure 9-19 shows the components specified in 
Figure 9-18 mounted on a breadboard. 


Figure 9.19. The components in the previous schematic 
are shown here mounted on a breadboard. They Will ger 
erate an audio output ranging between approximately 
425H2 and 1.075Hz. A lower value forthe timing capacitor 
will shift the audio range highor in frequency. 
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555 Flip-Flop Emulation 
The flip-flop inside a 555 timer can be accessed 
to control the timer’s outputs. In Figure 9-20, 
pushbutton switch $1 applies a negative pulse 
tothe Input pin, creating a high output from the 
timer, which illuminates LED D1. Normally the 
pulse length would be limited by thechargetime 
ofa capacitor attached to the Threshold pin, but 
in this circuit there is no capacitor, and the 
Threshold pin is hard-wired to negative ground. 
So, itnever rises to 2/3 of positive power, and the 
‘output from the timer remains high indefinitely. 


Figure 9-20. 5 ave its timing features dis 
abled so that it functions asa flip-top. 


However, ifS2is pressed, it grounds the Reset pin 
of the timer, which ends the high output and 
pulls the Output pin down toa lowstate. D1 goes 
‘out and D2 lights up, as the timer is now sinking 
current through it. When S2 is released, the timer 
‘output remains low and D2 remains illuminated, 
because the Input pin is held high by a pullup 
resistor. Therefore, the timer now functions in bi- 
stable made, asaflip-flop. While this may beseen 
as an inappropriate use of the chip, because its 
full functionality is being disabled, its ability to 
deliver substantial current and to tolerate a wide 
range of supply voltages may make it more con- 
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Happy Baby Pose 


Sukha Balasana 

(SUK-uh bahl-AHS-uh-nuh) 

Also Known As: Happy Baby Pose (Ananda Balasana) 

Modification: arms crossed, grabbing onto the outside edges of the feet 

Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Reclined One Hand to Foot Pose 


Supta Eka Hasta Padasana 

(SUP-tuh EY-kuh HUH-stuh puh-DAHS-uh-nuh) 

Modification: grabbing onto the back foot, heel to the sitting bone, toes pointed to the floor 
Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Reclined One Hand to Foot One Leg Behind the Head Pose in Infinity 
Pose 


Supta Eka Hasta Pada Eka Pada Shirshasana in Anantasana 
(SUP-tuh EY-kuh-HUH-stuh PUH-duh EY-kuh PUH-duh sheer-SHAS-uh-nuh in uhn-uhnt-AHS-uh-nuh) 
Modification: bottom knee to the floor, toes pointing up to the sky 

Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
ese 


One Leg Behind the Head in Infinity Pose 


Eka Pada Shirshasana in Anantasana 

(EY-kuh PUH-duh sheer-SHAHS-uh-nuh in uhn-uhnt-AHS-uh-nuh) 

Modification: bottom heel toward the hip 

Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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ONE AND BOTH FEET BEHIND THE HEAD 


Pose Dedicated to Bhairava in Half Upward Facing Western Intense 
Stretch 2 


Bhairayasana in Ardha Urdhva Mukha Paschimottanasana 2 
(b-eve-ruh-VAHS-uh-nuh in UHR-duh OORD-vuh MUK-uh puhsh-chi-mo-tahn-AHS-uh-nuh) 


Also Known As: Pose Dedicated to Bhairava in Half Upward Facing Forward Bend 2 
Modification: 1. front view 
2. back view 


Pose Type: supine, forward bend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Hands Bound Yogic Sleep Pose 


Baddha Hasta Yoganidrasana 

(BUH-duh HUH-stuh yo-guh-ni-DRAHS-uh-nuh) 

Modification: hands bound 

Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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HORIZONTAL SPLITS 


Reclined Angle Pose 


Supta Konasana 

(SUP-tuh ko-NAHS-tth-nuh) 

Modification: back flat on the floor, feet lifted off the floor, grabbing onto the big toes 
Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Reclined Angle Pose 


Supta Konasana 

(SUP-tuh ko-NAHS-th-nuh) 

Modification: back flat on the floor, toes to the floor, grabbing onto the outside edges of the feet 
Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Reclined Angle Pose 


Supta Konasana 

(SUP-tuh ko-NAHS-uh-nuh) 

Modification: back flat on the floor, feet lifted off the floor, arms straight out to the sides, palms. 
down to the floor 

Pose Type: supine 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Sideways Reclined Angle Pose 


Parshva Supta Konasana 

(PAHRSH-vuh SUP-tuh ko-NAHS-uh-nuh) 

Modification: back flat on the floor, head turning to side Side 1: leg in the air; arm straight on the 
floor, palm facing up 

Side 2: leg on the floor, grabbing onto the big toe 

Pose Type: supine, twist 

Drishti Point: Hastagrai or Hastagre (hands) 
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Revolved Half Bound Reclined Angle Pose 


Parivritta Ardha Baddha Supta Konasana 

(puh-ri-VRIT-uh UHR-duh BUH-duh SUP-tuh ko-NAHS-uh-nuh) 

Modification: both legs straight Side 1: leg pointing to the sky; arm wrapping around the back, hand 
to the inside of the hip on the opposite side 

Side 2: leg on the floor, opposite hand grabbing onto the foot 

Pose Type: supine, twist, binding 

Drishti Point: Hastagrai or Hastagre (hands), Padayoragrai or Padayoragre (toes/feet) 
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ONE LEG STRAIGHT TO THE SKY, ONE LEG CROSSED OVER 


Upward Facing Western Intense Stretch 


Urdhva Mukha Paschimottanasana 

(OORD-vuh MUK-uh puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Upward Facing Forward Bend 

Modification: legs crossed, one arm threaded through the legs, other hand to the center of the chest 
Pose Type: supine, forward bend, twist 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Padayoragrai or 
Padayoragre (toes/feet) 
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Reclined Hands Bound Pose Dedicated to Astavakra 


Supta Baddha Hasta Ashtavakrasana 

(SUP-tuwh BUH-duh HUH-stuh whsh-tuh-vuh-KRAHS-uh-nuh) 

Also Known As: Reclined Hands Bound Eight Angle Pose 

Modification: ankles crossed 

Pose Type: supine, forward bend, twist, binding 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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ONE KNEE BENT TO THE BACK, OTHER LEG STRAIGHT 


One-Legged Reclined Hero Pose 


Eka Pada Supta Virasana 

(EY-kuh PUH-duh SUP-tuh veer-AHS-uh-nuh) 

Modification: straight leg lifted, fingers interlocked on the back of the thigh 
Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Reclined Hero Pose 


Eka Pada Supta Virasana 

(EY-kuh PUH-duh SUP-tuh veer-AHS-uh-nuh) 

Modification: leg straight out to the side, grabbing onto the outside edge of the foot 
Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Reclined Hero Pose 


Eka Pada Supta Virasana 

(EY-kuh PUH-duh SUP-tuh veer-AHS-uh-nuh) 

Modification: leg straight on the floor, toes flexed in; arms straight out to the sides, palms facing up 
Pose Type: supine 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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ONE KNEE BENT TO THE BACK, OTHER LEG BENT 


One-Legged Reclined Hero Pose 


Eka Pada Supta Virasana 

(EY-kuh PUH-duh SUP-tuh veer-AHS-uh-nuh) 

Modification: Leg 1: in Hero Pose (Virasana) 

Leg 2: knee up to the sky, heel to the sitting bones; arms up over the head, palms facing up 
Pose Type: supine 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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One-Legged Reclined Hero Pose 


Eka Pada Supta Virasana 

(EY-kuh PUH-duh SUP-tuh veer-AHS-uh-nuh) 

Modification: Leg 1: in Hero Pose (Virasana) 

Leg 2: knee toward the chest, toes flexed in; fingertips interlocked on top of the knee 
Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Half Bound Angle Pose in One-Legged Reclined Hero Pose 


Ardha Baddha Konasana in Eka Pada Supta Virasana 

(UHR-duh BUH-duh ko-NAHS-uh-nuh in EY-kuh PUH-duh SUP-tuh veer-AHS-uh-nuh) 
Modification: arms up over the head, palms facing upward 

Pose Type: supine 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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venient to use than a digital flip-flop. See Chap- 
ter 11 for more information about flip-flops. 


A555 timer emulating a fli 
breadboard in Figure 9-21 


flop is shown ona 


Figure 9-21. The 


nematic in which a 855 timer acts as 
2 flip-flop is shown here adapted fora breadboard, 


555 Hysteresis 

‘The comparators inside a 555 timer enable the 
chip to produce hysteresis. In Figure 9-22, the In- 
put pin and the Threshold pin are shorted 
together, and C1, thetiming capacitor isomitted. 
10K potentiometer, wired as a voltage divider, 
delivers a voltage to the Input pin ranging 
smoothly from V+ to negative ground. As the in- 
put dips below 1/3 V+, the Output pin goes high, 
lighting LED D1. Now ifthe input voltage gradu- 
ally rises, the output remains high, even as the 
input rises above 1/3 V+. The output state is 
“sticky” because the timer does not end an out- 
put pulse until the Threshold pin tells it to, by 
reaching 2/3 V+. When this finally occurs, the 
Output pin goes low, D1 goes out, and D2 comes 
on, sinking current into the Output pin, 


Suppose, now, the input voltage starts to go 
down again. Once again the output state is 
“sticky” becauseit remains lowuntil the Inputpin 
drops below the 1/3 level. When that happens, 


0 Use It 


the output finally flips back to a high state, D2 
goes out, and D1 comes on. 


Inthe “dead zone” between 1/3 and 2/3 of supply 
voltage, the timer remains in its current mode, 
waiting for the input to stray outside of those 
limits. This behavior is known as hysteresis, and is 
of specialimportance when processinga varying 
signal, such as the voltage from a temperature 
sensor, to control an on/off device such asa ther- 
mostat. In fact the 10K potentiometer in this 
demo could be replaced with a thermistor or a 
phototransistor, wired in series with a resistor to 
create a voltage divider which will have an input 
range compatible with the 555 timer. The hyste- 
resis can then be adjusted by varying the supply 
voltage that powers the timer, as this will change 
the values of 1/3 V+ and 2/3 V+. Alternatively, 
varying the voltage on the Control pin will affect 
the hysteresis 


A comparator can provide much more versatile 
control of hysteresis by using positive feedback 
(see Chapter 6 for additional details). Butthe 555 
timer provides a quick-and-simple substitute, 
and its greater ability to source or sink current 
enables it to be connected with a wider range of, 
other components. 


Figure 9-22. 4 555 timer wired so that it creates hystere- 
sis, when supplied by a variable input voltage 
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Reclined Hero Pose 


Supta Virasana 

(SUP-tuh veer-AHS-uh-nuh) 

Also Known As: Bed Pose B (Paryankasana B) 

Modification: arms up over the head, palms facing upward 

Pose Type: supine 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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TOES TURNED OUT TO THE SIDE: ONE KNEE BENT TO THE BACK, OTHER LEG BENT 


Reclined One-Legged Thunderbolt Pose 


Supta Eka Pada Vajrasana 

(SUP-tuh EY-kuh PUH-duh vuhj-RAHS-uh-nuh) 

Modification: Leg 1: in Thunderbolt Pose (Vajrasana) 

Leg 2: knee up to the sky, heel to the sitting bones; arms up over the head, fingers interlocked, palms 
facing out 

Pose Type: supine 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


eo0e 


L 
= 


Reclined One-Legged Thunderbolt Pose 


Supta Eka Pada Vajrasana 

(SUP-tuh EY-kuh PUH-duh vuhj-RAHS-uh-nuh) 

Modification: Leg 1: in Thunderbolt Pose (Vajrasana) 

Leg 2: knee up to the sky, sole of the foot to the thigh; arms up over the head, fingers interlocked, 
palms facing out 

Pose Type: supine 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Reclined One-Legged Thunderbolt Pose 


Supta Eka Pada Vajrasana 

(SUP-tuh EY-kuh PUH-duh vuhj-RAHS-uh-nuh) 

Modification: Leg 1; in Thunderbolt Pose (Vajrasana) 

Leg 2: knee bent at 90 degrees, heel off the floor; arms up over the head, fingers interlocked, palms 
facing out 

Pose Type: supine 


Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Reclined Complete Thunderbolt Pose 


Supta Paripurna Vajrasana 

(SUP-tuh puh-ri-POOR-nuh vuhj-RAHS-uh-nuh) 

Modification: arms up over the head, fingers interlocked, palms facing out 
Pose Type: supine 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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TOES TURNED OUT TO THE SIDE: ONE KNEE BENT TO THE BACK, OTHER LEG STRAIGHT & FOREARM 
POSES 


Reclined One-Legged Thunderbolt Pose 


Supta Eka Pada Vajrasana 
(SUP-tuh EY-kuh PUH-duh vuhj-RAHS-uh-nuh) 


Modification: leg straight to the floor, toes flexed in; arms up over the head, fingers interlocked, 
palms facing out 


Pose Type: supine 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Reclined One-Legged Thunderbolt Pose 


Supta Eka Pada Vajrasana 
(SUP-tuh EY-kuh PUH-duh vuhj-RAHS-uh-nuh) 


Modification: leg straight and lifted off the floor by using a Yoga strap 
Pose Type: supine 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Reclined One-Legged Thunderbolt Pose 


Supta Eka Pada Vajrasana 

(SUP-tuh EY-kuh PUH-duh vuhj-RAHS-uh-nuh) 

Modification: forearms to the floor in a backbend, one leg straight to the floor, toes flexed in, other 
leg in Thunderbolt Pose (Vajrasana) 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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Reclined Complete Thunderbolt Pose 


Supta Paripurna Vajrasana 

(SUP-tuh puh-ri-POOR-nuh vuhj-RAHS-uh-nuh) 

Modification: forearms to the floor in a backbend 

Pose Type: seated, backbend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
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VERTICAL SPLITS: SCISSOR LEGS—BOTH KNEES BENT & ONE KNEE BENT, ONE LEG STRAIGHT. 


Reclining Both Hands to the Leg Pose 


Supta Dwi Hasta Padasana 

(SUP-tuh DWI-huh-stuh puh-DAHS-uh-nuh) 

Modification: elbows bent, triceps on the floor, fingers interlocked behind the back of the thigh Leg 
1: slight knee bend, foot flat on the floor Leg 2: knee bent at 90 degrees, knee toward the chest 

Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) or Padayoragrai or 


Padayoragre (toes/feet) 
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Reclining Half One Leg Extended Pose 


Supta Ardha Utthita Eka Padasana 

(SUP-tuh UHR-duh UT-ti-tuh EY-kuh puh-DAHS-uh-nuh) 

Modification: palms flat to the floor on the sides. 

Leg |: straight up to the sky Leg 2: knee bent, foot flat to the floor, heel to the sitting bones 
Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Padayoragrai or 
Padayoragre (toes/feet) 
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Reclining Both Hands to the Leg Pose 


Supta Dwi Hasta Padasana 

(SUP-tuh DWi-huh-stuh puh-DAHS-uh-nuh) 

Modification: grabbing onto the calf muscle, elbows bent Leg 1: straight and toward the chest Leg 2: 
knee bent, foot flat to the floor 

Pose Type: supine, forward bend 


Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Padayoragrai or 
Padayoragre (toes/feet) 
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Reclining Both Hands to the Leg Pose 


Supta Dwi Hasta Padasana 

(SUP-tuh DWI-huh-stuh puh-DAHS-uh-nuh) 

Modification: grabbing onto the calf muscle, elbows bent at 90 degrees, nose toward the shin Leg 1: 
straight and toward the chest Leg 2: knee bent, foot flat to the floor 

Pose Type: supine, forward bend, core 

Drishti Point: Padayoragrai or Padayoragre (toes/feet), Nasagrai or Nasagre (nose) 
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VERTICAL SPLITS: SCISSOR LEGS—BOTH LEGS STRAIGHT 


Reclining One Leg Extended Pose 


Supta Utthita Eka Padasana 
(SUP-tuh UT-ti-tuh EY-kuh puh-DAHS-uh-nuh) 


Modification: palms flat to the floor on the sides Leg 1: straight up to the sky Leg 2: straight out on 


the floor, toes flexed in 

Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Padayoragrai or 
Padayoragre (toes/feet) 
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Reclining Big Toe Pose 1 


Supta Padangushtasana 1 

(SUP-tuh puhd-uhng-goosh-TAHS-uh-nuh) 

Modification: back flat on the floor 

Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Padayoragrai or 
Padayoragre (toes/feet) 
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Reclining Big Toe Pose 1 


Supta Padangushtasana 1 
(SUP-tuh puhd-uhng-goosh-TAHS-uh-nuh) 
Modification: head and shoulders off the floor, nose to the shin 


Pose Type: supine, forward bend 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Nasagrai or Nasagre 
(nose) 
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Reclining Both Hands to the Leg Pose 


Supta Dwi Hasta Padasana 

(SUP-tuh DWI-huh-stuh puh-DAHS-uh-nuh) 

Modification: head and shoulders off the floor, nose to the shin, toes pointed 

Pose Type: supine, forward bend, core 

Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Reclining One Hand to the Leg Pose 


Supta Eka Hasta Padasana 
(SUP-tuh EY-kuh HUH-stuh puh-DAHS-uh-nuh) 


Modification: hand to opposite leg, head and shoulders off the floor, nose to the shin, toes flexed in 
Pose Type: supine, forward bend, core 


Drishti Point: Nasagrai or Nasagre (nose), Bhrumadhye or Ajna Chakra (third eye, between the 
eyebrows) 
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Reclining One Leg Extended Pose 


Supta Utthita Eka Padasana 

(SUP-tuh UT-ti-tuh EY-kuh puh-DAHS-uh-nuh) 

Modification: palms flat to the floor on the sides, head and shoulders off the floor, nose to the knee, 
bottom toes flexed in 

Pose Type: supine, forward bend 

Drishti Point: Nasagrai or Nasagre (nose) 
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BOTH LEGS STRAIGHT AND TOGETHER 


Reclining Legs Extended Pose 


Supta Utthita Padasana 
(SUP-tuh UT-ti-tuh puh-DAHS-uh-nuh) 
Modification: arms crossed in front of the chest 


How to Use It 


555 and Coupling Capacitors 

As previously noted, when a basic bipolar 555 
timer (and some ofits variants) is wired in mono- 
stable mode, it will retrigger itself indefinitely if 
its input remains low. One way to avoid thisis by 
using a coupling capacitor. This will pass a tran- 
sition from high to low, but will then block a 
steady subsequent voltage. In Figure 9-23,apho- 
totransistor in series with a resistor provides a 
variable voltage to the noninverting input of a 
comparator. The reference voltage of the com- 
paratoris adjusted with a potentiometer, and re- 
sistar R3 provides positive feedback, ensuring 
that the output from the comparator will be 
quick and clean. The output from the 555 timer 
goes through a transistor to the relay, shown at 
the bottom. 


Itisimportantto see the function of the coupling 
capacitor, C3, with the pullup resistor, R2, which 
holds the Input pin of the 555 timer high by de- 
fault. When the output from the comparator 
drops from high to low, C3 passes this transition 
to the Input pin of the timer, momentarily over- 
coming the positive potential, and triggering the 
timer. After the timer responds, however, C3 
blocks any continuation of low voltage from the 
comparator. Pullup resistor R2 resumes its 
function of holding the input high, and prevents 
the timer from being retriggered. 


555 Loudspeaker Connection 

A small 8-ohm loudspeaker can be driven from 
the output of a bipolar 555 timer running in as- 
table mode, but should be isolated from it with 
a 1OUF to 100uF capacitor. A series resistor of 
470 (minimum) should be used. See Figure 9-24. 


Burst Mode 

Itis sometimes useful to create a short beep of, 
fixed length in response to a button-press. The 
beep should terminate even if the button is held 
down. This “burst mode” can be achieved with 
the circuit in Figure 9-25, where the button con- 
nects power to a bipolar-type 555 timer running 
in astable mode, and an RC network applies a 


Integrated circuit > analog > timer 


decreasing potential to a 47uF capacitor, which 
is wired to the Reset pin of the timer. The resistor 
in series with the capacitor will vary the length 
ofthebeep. When voltagetothe pin dropsbelow 
approximately 0.3Y, output from the timer stops 
and cannot restart until the button is released. 


Aresistor of greater than 1.5K may notallow the 
input value at the reset pin to fall below the volt- 
age, which isnecessary to enable a reset Ifa low- 
er power supply voltage than 9VDC is used, the 
resistor value should be higher—for example, a 
5VDC power supply works well with a 1.5K to 2K 
resistor. 


Figure 9-23. A coupling capacitor (C3) is used inthis cir 
cult fo isolate the 555 timer fram a sustained low ingut 
from the comparator. The capacitor only passes a trans! 
tion from high to low. The rest ofthe time, the pullup resis 
far (R3)halds the input high. 
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Pose Type: supine 
Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Padayoragrai or 
Padayoragre (toes/feet) 
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Reclining Legs Extended Pose 


Supta Utthita Padasana 

(SUP-tuh UT-ti-tuh puh-DAHS-uh-nuh) 

Modification: arms straight up to the sky 

1. arms and legs perpendicular to the floor 

2. arms and legs slightly lowered toward the floor 

Pose Type: supine 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Padayoragrai or 
Padayoragre (toes/feet), Hastagrai or Hastagre (hands) 

ee 
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Half Upward Facing Western Intense Stretch 2 


Ardha Urdhva Mukha Paschimottanasana 2 

(UHR-duh OORD-vuh MUK-uh pubsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Half Upward Facing Forward Bend, Upward Facing Western Intense Stretch Pose 2 
Prep. (Urdhva Mukha Paschimottanasana 2 Prep.) 

Modification: grabbing onto the calf muscles 

Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Padayoragrai or 
Padayoragre (toes/feet) 
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Upward Facing Western Intense Stretch 2 


Urdhva Mukha Paschimottanasana 2 

(OORD-vuh MUK-uh puhsh-chi-mo-tahn-AHS-uh-nuh) 

Also Known As: Upward Facing Forward Bend 2 

Pose Type: supine, forward bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Padayoragrai or 
Padayoragre (toes/feet) 
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SUPINE LOTUS & CORPSE POSE 


Reclining Lotus Pose 


Supta Padmasana 

(SUP-tuh puhd-MAHS-uh-nuh) 

Also Known As: Fish Pose (Matsyasana) 

Modification: back flat on the floor; arms up over the head, palms facing up 
Pose Type: supine 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 
eo00e 


Side Corpse Pose 


Parshva Shavasana 

(PAHRSH-vuh shuh-VAHS-uh-nuh) 

Also Known As: Belly Twist (Jataraparivritti) 

Modification: 1. head turned to the opposite side of feet 

2. looking straight ahead 

Pose Type: supine, side bend 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows), Hastagrai or Hastagre 


(hands) 
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— > ‘aml 
Corpse Pose 
Shavasana 


(shuh-VAHS-uh-nuh) 

Also Known As: Dead Pose (Mrtasana) 

Pose Type: supine 

Drishti Point: Bhrumadhye or Ajna Chakra (third eye, between the eyebrows) 


ee 
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loudspeaker 
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Figure 9-24, A small @-ohm loudspeaker can be attached 
‘hough a capacitor and a resistor to the output of a bioo 
Jar 555 time 
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capacitor wired to the Control pin of a bipolar- 
type 555 gradually charges through the 1K resis- 
tor. Note that if a larger resistor is paired with a 
smaller capacitor, the effect will differ. The 150K 
resistor is included to discharge the capacitor 
reasonably quickly in time for the next cycle. 


Figure 9-26. The “burst made" circuit installed on a 
breadboard with a miniature loudspeaker. 


What Can Go Wrong 


Figure 9-25. An RC circut, wired to apply a decreasing 
voltage on the Reset pin af a bipolar 555 timer, will shut 
aff the timer shortly after if ls powered up. This can be 
used to ereate a fixed-length beep in response toa button 
press of any duration, 


Figure 9-26 shows the components installed on 
a breadboard. 


“You Lose” Game Sound 

Atimerisa simple, cheap way to create a variety 
of simple game sounds. The schematic in 
Figure 9-27 makesa groaning soundasthe 100uF 


Dead Timer 

Like any chip, the 555 can be damaged by over- 
voltage, excessive source current or sinking cur- 
rent, taticelectricity, incorrectly applied polarity 
of power supply, and other forms of abuse. The 
TTL version of the timer is fairly robust, but the 
CMOS type much less so. Check for obvious er- 
rors such as lack of supply voltage, incorrect or 
ambiguous input voltages, and unusual current 
draw (too high, or none at all, at the V+ pin). Use 
the meter probes on the actual pins of the chip, 
in case there is a break in the wiring that feeds 
them. Because timer chips are cheap, a reserve 
supply of them should be maintained. 
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GLOSSARY 


A 
adho mukha = having the face downward 
agni = fire 


ahimsa = nonviolence; the word has not merely the negative and restrictive meaning of “nonkilling or 
nonviolence,” but the positive and comprehensive meaning of “love embracing all creation”; one of 
the yamas 

ajna = to command 

ajna chakra = energy or command chakra, energy center/the nerve plexus located between the 
eyebrows, the third eye, the seat of command, the sixth chakra 

akarna = near the ear 

akuncha = contraction or bend 

alamba = a prop or support 

anahata = unstruck 

anahata chakra = spiritual heart chakra, energy center situated near the heart, the nervous plexus 
situated in the cardiac region, the fourth chakra 

ananda = joy, happiness, bliss, ecstasy 

ananta = infinite, without end; a name of Vishnu and also of Vishnu’s couch, the serpent Sesa 

anga = limb, points, step, the body; a limb or a part of the body; a constituent part 

angushta (angula) = finger or digit, the thumb 

anjali = hands held together as in prayer 

anjali-mudra = the gesture of anjali 

Anjaneya = son of Anjani (Hanuman’s mother’s maiden name is Anjani) 

antara = within, interior 

apanasana = pelvic floor yoga pose 

aparigraha = non-greediness, freedom from greed, desire, hoarding or collecting; one of the yamas 

Arani = Hindu Goddess of Fire 

aranya = wild animal 

asana = a physical posture, the third limb or stage of yoga, originally this meant “meditation posture” 
or “seat” 

ashta (asta, astau) = eight 

Ashtavakra = one having eight bends (crooked in eight places), in reference to a Hindu Sage who was 
born with eight physical deformities in his body, and went on to become a spiritual preceptor of 
King Janaka of Mitila 

ashva (asva) = horse 

ashva sanchala = horse, riding posture 

asteya = nonstealing, freedom from avarice; one of the yamas 

atman = individual soul, the true self, consciousness; the term Vedanta uses instead of purusha 

avabhinna = broken 


avatara = divine manifestation, descent, advent or incarnation of God. There are ten avataras of 
Vishnu: Matsya (the Fish), Kurma (the Tortoise), Varaha (the Boar), Narasimha (the Man-Lion) 
Vamana (the Dwarf), Parasurama, Rama (hero of the epic Ramayana), Krishna (hero of the epic 
Mahabharata, who related the Bhagavad Gita), Balarama, and Kalki 


B 


baddha = bound 

baka = crane, heron, a wading bird 

bala = young, childish, not fully grown 

bandha = a bond, tying, energetic lock, contraction, bondage, or fetter; a posture in which certain 
organs or body parts are contracted and controlled 

Benu = the mythological bird of ancient Egypt symbolic of rebirth and creation, also associated with 
the Sun 

bhaga = strength 

Bhagavad Gita = one of India’s most beloved and sacred texts, the divine song of the Lord, the most 
influential of all shastras; the epic story of Arjuna, a warrior prince who confronts moral 
dilemmas through sacred dialogues with Krishna (one of Lord Vishnu’s Avatars) and is led to a 
better understanding of reality by learning the teachings of Samkhya, Yoga, and Vedanta 

Bhagavata Purana = also called Shrimad Bhagavatam, apurana that deals with devotion to the 
Supreme Being in the form of Lord Vishnu and describes some of the avatars of Vishnu, including 
Krishna 

bhairava = terrible, gruesome, formidable; one of the fierce manifestations of Shiva 

bhakti = devotion, worship or love; from bhaj, (to divide), the belief that there is an eternal divide 
between the Supreme Being and the world that cannot be overcome through knowledge, hence the 
Supreme Being must be met with an attitude of devotion 

bhangi = position 

Bharadvaja (Bharadwaja) = a Vedic rishi, great warrior described in the Mahabharata, Pindola 
Bharadvaja was one of four arhats asked by Buddha to stay on earth to propagate Buddhist law, or 
dharma 

bharman = load, nourishment, care, burden, maintenance load 

bheka =a frog 

bherunda = terrible, frightful; it also means a species of a bird or a name of a yogi 

bhuja = arm or shoulder 

bhujanga (bhujagga) = serpent, snake 

bhuja-pida = pressure on the arm or shoulder 

bidala = cat 

bija-mantra = a mystical syllable with a sacred prayer repeated mentally during pranayama, and the 
seed thus planted in the mind germinates into one-pointedness 

bindu (bindhu) = seed, point, dot, the creative potency of anything where all energies are focused, the 
third eye 

bitila = cow 

Brahma = a five-headed first deity of the Hindu Trinity; the Supreme Being, the creator; responsible 


for the creation of the world, he is the first being to appear at the dawn of each universe to create it 
based on its subconscious conditioning: the Brahma of the present universe is called Prajapati 
(progenitor), the predecessor of humankind 

brahmachari = a religious student vowed to celibacy and abstinence; one who is constantly moving 
(charin) in brahman (The Supreme Spirit); one who sees divinity in all 

brahmacharya = chastity or teacher of the soul, abstinence, a life of celibacy, religious study and 
self-restraint, recognition of Brahma in everything: one of the yamas 

Brahman = the absolute, or divinity itself, infinite consciousness, universal soul, deep reality, the 
reality that cannot be reduced to a deeper layer; the Supreme Being, the cause of the Universe, the 
all-pervading spirit of the Universe 

Buddha = enlightened one 


Cc 

chakora = a type of bird like a partridge (Greek partridge), moonbeam bird, said to feed on 
moonbeams 

chakra = literally, a wheel or circle, the wheel of a wagon; metaphorically, psycho-energetic subtle 
centers of the subtle body in which energy flows, located along the spine, believed to transform 
cosmic energy into spiritual energy when activated. Energy (prana) is said to flow in the human 
body through three main channels (nadis), namely, sushumna, pingala, and ida; sushumna is 
situated inside the spinal column. Pingala and ida start respectively from the right and the left 
nostrils, move up to the crown of the head, and course downward to the base of the spine. These 
two nadis intersect with each other and also the sushumna. These junctions of the nadis are known 
as chakras of the flywheels, which regulate the body mechanism. The important chakras are: (a) 
muladhara (mula = root, source; adhara = support, vital part) situated in the pelvis, above the 
anus; (b) svadhishtana (sva = vital force, soul; adhishtana = seat of abode) situated above the 
organs of gestation; (c) manipuraka (manipura = navel) situated in the navel; (d) manas (mind) 
and (e) surya (the sun) which are situated between the navel and the heart; (f) anahata (= 
unbeaten) situated in the cardiac area; (g) vishuddha (= pure) situated in the pharyngeal region; (h) 
ajna (= command) situated between the eyebrows; (i) sahasrara (=a thousand) which is called a 
thousand-petaled lotus in the cerebral cavity; and (j) /alata (= forehead) which is at the top of the 
forehead. 

chalana = to churn 

chamatkara = delight or savoring; the refined pleasure that a connoisseur takes in a lovely poem, 
painting, or fine wine. Chamatkarasana is translated as “Wild Thing Pose” probably because the 
posture looks like someone who has just seen something so amazing and beautiful that they are 
“bowled over” or “blown away.” 

chandra (candra) = moon 

chapa = bow, rainbow, arc 

chatur (chatuari, chatura) = four 

chatush = four times 

chatushpada = quadruped 

chikitsa = therapy 


chitta = consciousness that comprises mind, intellect, the restraint of consciousne: mind in its 
total or collective sense, being composed of three categories: (a) mind, having the faculty of 
attention, selection, and rejection; (b) reason, the decisive state which determines the distinction 
between things; and (c) ego, the I-maker, the aggregate of intellect (buddhi), egoity (ahamkara) 
and thinking agent (manas) 

chittavritti (chitta-vritti, chitta vritti) = an imbalance of the mental state, fluctuations of the mind, 
movement of the consciousness; a course of behavior, mode of being, condition, or mental state 

cibi = chin 


D 


dakshina = the right side 

danda = stick, staff (refers to the spine) 

dasha = ten 

dhanu (dhanura) = bow 

dharana = concentration, sixth limb of Ashtanga yoga, orienting the mind toward a single point 

dhyana = generally translated as meditation, freedom from attachments, an ongoing stream of 
awareness from the meditator toward the object of meditation, and of information from the object 
toward the meditator; the seventh limb of Ashtanga yoga 

dhyana-yoga = yoga of meditation 

Diti = the mother of the demons, also called Daityas 

drishti = focal point, perception or looking place, “view” or “sight”: yogic gazing, such as at the tip 
of the nose or the spot between the eyebrows 


dur = difficult 
Durvasa =a very irascible, notoriously angry sage 
dvija = twice-born 


dwi (dve) = two 
dwihasta = two hands 
dwipada = two feet or legs 


E 


eka (ekam) = one 
eka-pada (ekapada) = one leg, one-legged, one-footed 


G 

gaja = elephant 

Galava = the pupil or son of Viswamitra 

ganda = the cheek or side of the face including the temple 

gandha = subtle earth element; quantum of (tanmatra) earth; smell 

gandha-bherunda = a species of bird, also a two-headed mythological bird that embodies immense 
powers and destructive forces 

garbha = an infant, womb, fetus 


garbha kosha = uterus 

garbha pinda (garbha-pinda) = fetus, embryo in the womb 

Garuda = Hindu deity, half-man half-eagle, fierce bird of prey, vehicle (vahana) of Lord Vishnu, king 
of birds; Garuda is represented as a vehicle of Vishnu and as having a white face, an aquiline beak, 
red wings, and a golden body 

gava = cow 

Gheranda = author of Gheranda Samhita, an important text on Hatha Yoga which he taught to Chanda 
Kapali 

Gheranda Samhita =a Tantric treatise describing Hatha Yoga written by the sage Gheranda in the 
15th century 

Gitananda = a well-known yogi, living in the 20th century CE 

go =cow 

godha = iguana 

gomukha = cow face, face resembling a cow, cow head; it is also a kind of musical instrument, 
narrow at one end and broad at the other, like the face of a cow 

Goraksha (Goraksha, Gorakshanath) = an Ilth to 12th Century Hindu Nathyogi, one of 
Matsyendranath’s two most important disciples; tending to or breeding cattle, cowherd 

graiva = a chain worn around the neck of an elephant; necklace or collar 

guru = “he who is heavy, weighty,” a spiritual teacher or preceptor, one who illuminates the 
darkness of spiritual doubt, one who hands down a system of knowledge to a disciple; heavy one 
or dark/light, dispeller of darkness, one who helps to gain knowledge 

guru-shishya parampara = the tradition of teaching dating back centuries, where a guru imparts his 
knowledge to his students 


H 


ha = first syllable of the word hatha, which is composed of the syllables ha (= sun) and tha (= 
moon); the object of Hatha Yoga is to balance the flow of solar and lunar energy in the human 
system 

hala = plow 

hamsa (hansa) = a swan; a metaphor for the soul; a vehicle of Lord Brahma; the name of the mantra 
by which prakriti permeates the universe; also refers to the breath as it moves within the body 

Hanuman = a powerful monkey chief, a mythological entity, of extraordinary strength and prowess, 
whose exploits are celebrated in the epic Ramayana; he was the son of Anjana and Vayu, the god 
of wind, monkey-god, hero of Ramayana, egoless superhero and perfect devotee, who resembles a 
monkey leaping 

hasta = hand 

hastasana = forward stretch of the arms 

hatha = force; the word hatha is used adverbially in the sense of “forcibly” or “against one’s will”; 
Hatha Yoga is so called because it prescribes rigorous discipline in order to find union with the 
Supreme 

hatha-vidya = the science of Hatha Yoga 

Hatha Yoga = “Forceful Yoga,” a major branch of yoga, developed by Goraksha and other adepts c. 


What Can Go Wrong 


Figure 9-27. An RC circuit, wired to apply an increasingly 
positive voltage to the Contral pin of a bipolar timer run 
hing in astable mode, wil gradually pull down the frequen 
vat the Output pin, creating a sound that may be useful 
in simple game applications 


CMOS Confused with Bipolar 

The part numbers of some bipolar chips are very 
similar to those of some CMOS versions, and the 
chips look physically identical. But the CMOS ver- 
sion is easily overloaded, as it may source only 
10mA to 20mA maximum while the TTL version 
is capable of 200mA. Make sure that your chips 
are carefully labeled when they are stored. 


The Pulse that Never Ends 

{fa 555 timer responds correctly toa high-to-low 
transition on the input pin, but the output pulse 
continues indefinitely, check the voltage on pin 
6 to see if the timing capacitor is charging above 
2/3 of V+. Whilea 555 can run from SVDC, ahigh- 
current device on the Output pin can pull down 
the voltage inside the chiptothepaintwherethe 
capacitor never charges sufficiently to end the 
oycle. 
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‘Also check that the input transition from high to 
low lasts fora shorter time than the pulse. A per- 
sistent low input can retrigger the timer. 


Erratic Chip Behavior 
Possible causes include: 


+ Floating pins. The Input pin, in particular, 
should always be connected with a defined 
voltage (via a 10K pullup resistor, if necessa- 
ry), and must not be allowed to float at an 
indeterminate potential. 

+ Voltage spikes. A timer can be triggered by 
transients from other components, especial- 
ly inductive loads. the input to a monosta- 
bletimer dips for evena fraction of a second, 
the timer will initiate a new cycle. A protec- 
tion diode should be used in conjunction 
with an inductive load, 

«+ Voltage spikes can also introduce variations 
in the pulse train from an astable timer. 

+ TTL versions of the 555 timer will tolerate a 
wide range of supply voltage, butifa voltage 
regulator is not used, fluctuations in voltage 
can have unpredictable consequences. 


Interference with 

Other Components 

Because the bipolar version of 555 timer creates 
voltage spike when its output changes state, it 
can interfere with the normal function of other 
components, especially CMOS chips. A 0.1pF by- 
pass capacitor can be applied between the tim- 
er's V+ pin and ground. 


Erratic Behavior of Output Devices 
Ifa 555 timer powers an output device such asa 
relay, and the relay is not opening or closing ina 
reliable manner, first check that it is receiving 
sufficient voltage. If the 555 timer is powered 
with 5VDG, its output will be only around 4VDC. 


This problem can beavoided by using the output 
from the timer to control the voltage on the base 
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1000-1100 CE, emphasizing the physical aspects of the transformative path, notably postures 
(asana), cleansing techniques (shodhana) and breath (pranayama); literally, sun/moon yoga (ha = 
sun, tha = moon), it emphasizes balancing the solar and lunar energy channels in the body. Hatha 
Yoga shifted the focus away from the mysticism and philosophy of the older Upanishadic types of 
yoga toward using the body as a tool; combines opposing forces to achieve balance, sighting the 
soul through the restraint of energy, yoga concerned with mastering control over the physical body 
as a path to enlightenment (self-realization) 

Hatha Yoga Pradipika = a celebrated treatise on yoga compiled in the 12th century by the sage 
Svatmarama 

himsa = violence, killing 

Hindola = cradle or swing: also Hindu Religious Festival associated with baby Krishna being rockec 
ina decorated swing 


I 


ida = a nadi, a channel through which prana moves, starting from the left nostril, then moving to the 
crown of the head and then descending to the base of the spine on the left side; in its course it 
conveys lunar energy and so is called chandra nadi, “channel of the lunar energy”; associated with 
pale or blue (left/feminine) 

Indra = ruler, lord of thunder, king of the heavens 

indudala = crescent moon 

Ishvara = God, the Supreme Being, Brahman, with form 

ishvara pranidhana = one of the niyamas; centering on the divine, devotion or surrender to God, 
dedication to the Lord of one’s actions and one’s will 


J 


jalandhara bandha (jalandharabandha) = a bandha that locks the throat, chin lock; straightening the 
back of the neck by keeping your head straight while slightly receding your chin; a yoga pose where 
the neck and throat are contracted and the chin is rested in the notch between the collarbones at the 
top of the breast-bone 

janu = knee 

jatara = stomach, belly, or the interior of anything 

jatara-parivartana = an action of an asana (yoga pose) in which the abdomen is made to move to 
and fro 

Jnana Yoga = the emphasis is on questioning, contemplation, and meditation as a path to 
enlightenment, yoga that seeks to teach the identity of the individual self (atman) and the infinite 
consciousness (brahman) 


K 


kaka = crow 
Kala Bhairava = Shiva in his terrible or gruesome form as Destroyer of the Universe 
Kali = Hindu Goddess of Time and Change 


Kamala = Hindu Goddess of Wealth, “One of the Lotus” 

Kamalamuni = one of the 18 Siddhars believed to be over 4,000 years old 

kanda = a bulbous root, a knot, egg, stem, stalk, trunk; the kanda is a round shape of about four inches 
situated twelve inches above the anus and near the navel, where the three main nadis (sushumna, 
ida, and pingala) unite and separate; it is covered as if with a soft white piece of cloth 

kapala = skull 

kapalabhati = bellow-like breathing technique with sharp, quick inhalations and exhalations; a 
cleansing ritual for the respiratory tract, lungs, and sinuses; skull shining 

kapila = a sage or rishi, the founder of the Samkhya system, one of the six orthodox systems of Hindu 
philosophy, noted in the Bhagavad Gita and Bhagavata Purana as a manifestation of the Supreme 
Being 

kapinjala = a kind of partridge, the chataka bird, which is supposed to drink only raindrops 

kapota = dove, pigeon 

kapya = monkey 

karanda = duck 

karani = making, doing 

karma (karma law) = action, activity of any kind, including ritual acts; said to be binding only so 
long as engaged in a self-centered way; the law of cause and effect, or the movement toward 
balanced consciousness: everything that you do, say, or think has an immediate effect on the 
universe that will reverberate back to you in some way 

karma yoga (karma-yoga) = yoga of action, path to enlightenment is through selfless acts and service 
to others, the achievement of union with the Supreme Universal Soul through action; in its original 
Vedic sense, Karma Yoga is any yoga that employs ritualistic action, such as asana, meditation, or 
mantra, to produce spiritual gain. The term excludes Jnana Yoga and Bhakti Yoga, which are 
thought to operate beyond spiritual gain 

karna = the ear; also one of the heroes in the Mahabharata 

karna-pida = pressure around the ear, blocked ears 

Kashyapa = an ancient Hindu sage, husband of Aditi and Diti; he is one of the lords or progenitors oi 
living things 

khaga = bird 

Khanjana = a wagtail bird 

Khimi Karani = mythological pond of milk in which Garuda drowned a snake to give birth to the 
Shami Tree 

kona = angle 

Konganar = one of the Siddhars, student of Siddhar Bogar 

Koormamuni = Hindu Sage 

Korakar = one of the 18 Siddhars, a well-known sage, author of works on philosophy, medicine, and 
alchemy 

Koundinya (Kaundinya) = Hindu sage, Vedic scholar, and a descendant of Vasishta 

kriya = act, action, cleansing 

kriya yoga = the yoga of action and participation in life, preliminary yoga consisting of simplicity 
(tapas), the reading of sacred texts (svadhyaya), and acceptance of the existence of a Supreme 
Being (ishvarapranidhana); also, a Tantric mode of yoga using breath, mantra, and visualization. 


krakacha =a saw 

krounch (krouncha, krauncha) = heron 

kukkuta = rooster, cock 

kulpa = ankle 

kundalini = a coiled female serpent; the divine cosmic energy, the obstacle that closes the mouth of 
sushumna; the rising of shakti in the sushumna; this force or energy is symbolized as a coiled and 
sleeping serpent lying dormant in the lowest nerve center at the base of the spinal column, the 
muladhara-chakra. This latent energy has to be aroused and made to ascend the main spinal 
channel, the sushumna piercing all the chakras right up to the sahasrata, the thousand-petaled 
lotus in the head. Then the yogi is in union with the Supreme Universal Soul. 

Kundalini Yoga = a mode of yoga that focuses on the raising of the life force 

kunja = grove, alcove 

kunta = spear, lance 

kurma (koorma) = a tortoise, it is also the name of one of the subsidiary vital airs whose function is 
to control the movements of the eyelids to prevent foreign matter or light that is too bright going 
into the eyes 


L 


Jaghu = little, small, simple; it also means “handsome” 

lasya = beauty, happiness, and grace; also a dance performed by Goddess Parvati in response to her 
husband Shiva’s tandava 

Linga (Lingam, Shivalinga) = symbol of union and origin of all life associated with Lord Shiva anc 
Goddess Shakti 

Jola = tremulous, dangling, pendant; charm, swing; swinging like a pendulum, moving to and fro 


M 


madhya (madya) = middle of the body, central 

maha = great, mighty, powerful, lofty, noble 

maha bandha = the great lock 

maha mudra = the great seal 

Mahabharata = the celebrated epic, the largest piece of literature created by humankind, authored by 
Rishi Vyasa and containing the Bhagavad Gita, dating to the first century BCE;dharma shastra 
(scripture dealing with right action), which comes to the conclusion that however hard you try, you 
can never be completely right 

makara = a mythological sea creature, who is the vehicle of the river Goddess Ganga; a crocodile 

makshika = fly 

mala =a garland or a wreath, often of prayer beads or flowers 

manas-chakra = nervous plexus situated between the navel and the heart 

mandala = a circle ambulation, a circular drawing or design that exemplifies sacred geometry that 
draws your eye to the center and is used as a focal point while meditating; it also means a 
“collection,” a division of Rig Veda 

manduka = frog 


manipuraka = a nervous plexus situated in the region of the navel; the third chakra, the navel chakra, 
the fire energy center, site of the sense of fear and apprehension 

mantra = a mystical syllable designed to create and alter reality by influencing the vibrational 
patterns that make up creation; a sacred sound or phrase that has a transformative effect 

Marichi = a sage, son of Brahma, the great-grandfather of Manu, the Vedic Adam and the father of 
humanity, the creator of the universe, and the father of Kasyapa 

marjarai = cat 

matsya = fish 

Matsyendra = a Hindu sage and one of the first teachers of Hatha Yoga; a legend, king or lord of the 
fish 

mayura = peacock 

moksha (moksha) = liberation from bondage, final emancipation of the soul from recurring births 

mrita (mrta, mritra) = dead, corpse 

mudra = a seal; a pleasant hand gesture or seal posture; directs the life current (life energy) through 
the human body, usually a combination of asana, pranayama, and bandha 

mukha = face 

free, unbound, liberated 

= release, liberation, final absolution of the soul from the chain of birth and death 

mula = root, foundation, bottom; a yoga pose where the body from the anus to the navel is contracted 
and lifted toward the spine 

mula bandha (mula-bandha) = rectal lock, root lock; contraction of the pubococcygeus, a yoga pose 
where the body from the anus to the navel is contracted and lifted up and toward the spine 

muladhara = root foundation, the name of the first chakra 

muladhara chakra = the first chakra, the base chakra, the earth energy center situated at the root of 
the spine, nervous plexus situated in the pelvis above the anus at the base or root of the spine, the 
main support of the body that controls sexual energy 

mushti = fist 

mutra kosa = bladder 


N 


nabi = navel 

nadi = river; nerve or conduit, channels that distribute energy from the chakras throughout the body, a 
tubular organ of the subtle body through which energy flows, subtle vibratory passages of 
psychospiritual energy; it consists of three layers, one inside the other, like insulation of an electric 
wire. The innermost layer is called the sira and the middle layer, damani. The entire organ as well 
as the outer layer is called nadi; they connect at special points of intensity (chakras). 

naga = great mythological snake; one of the subsidiary vital airs that relieves abdominal pressure, 
causing one to belch 

Nahusha = Hindu King of Aila Dynasty 

nakra = crocodile 

namaskar = greeting, worship, salutation with hands in prayer 

namaste mudra = a mudra in which the hands are placed together in a prayerlike fashion to honor the 


inner light 

nantum = to bow with respect 

nara =aman 

Narasimha = an avatar of the Hindu god Vishnu in his fourth incarnation, often visualized as half-man, 
half-lion 

nasika = nose 

nata = actor, dancer, mime 

Nataraj = name of Shiva as a cosmic dancer, the lord of the dancers 


nauka = boat 
nava = boat 
nava = nine 


nidra = deep, dreamless sleep; the third state listed in the Mandukya Upanishad. The others are 
waking state (jagrat), dream (susupt), and consciousness (turiya); also the fourth fluctuation of the 
mind listed by Patanjali in Yoga Sutra 1.6 (the others are correct cognition, wrong cognition, 
perceptualization, and memory). 

nindra (nantra) = sage, praise, wonder 

nindra (nitara) = standing firm, standing 

without 

nira = water 

niralamba = self-supported, independent, without support 

niyama = self-restraint, personal observances, self-purification by discipline, the Vedic system of 
logic; the second stage or limb of Ashtanga Yoga mentioned by Patanjali; five personal disciplines, 
as defined by Patanjali in his Yoga Sutras: shaucha, santosha, tapas, svadhyaya, and 
ishvarapranidhana 


Oo 


om (aum) = the original mantra symbolizing the ultimate reality, the sacred syllable emitted by the 
Supreme Being, the sound that produces all other sounds and into which all other sounds return, 
Like the Latin wordomne, the Sanskrit workaum means “all” and conveys concepts of 
Omnipotence, Omnipresence, and Omniscience. 


P 


pada = foot or leg; also a part of a book or text 

pada-hasta = hand(s)-to-feet 

padangushta = big toe 

padma = lotus 

pakshaka = wing 

pakshi = bird 

pancha = five 

parampara = tradition, uninterrupted series, convention, a succession 
parigha = iron bar used for locking, bolting, or shutting a gate 


parigraha = hoarding, possessiveness 
paripurna = full, entire, complete 

parivartana = turning around, revolving 
parivartana-pada = with one leg turned around 
parivid = twined, twisted around 


parivritta = revolved, turned around 
parivritti = crossed or with a twist, turning, rolling 
parshva = the side, flank, lateral 


parshvaika = parsva (side) + eka (one) 

parshvaika-pada = with one leg turned sideways 

parvata = mountain 

paryanka = a bed, a couch 

pasa (pasha) = snare, trap, noose, fetter 

paschima = the back of the whole body from head to heels, west side, western 

paschimatana = intense stretch of the back side of the body from the nape to the heels 

pakshya = being in or belonging to the wings 

patan = to collapse 

Patanjali = a sage, the author of the Yoga Sutras, a treatises on Sanskrit and Ayurveda; the founder of 
yoga, most likely lived between 200 BCE and 300 CE; a manifestation of the serpent of infinity 

pavanamuktasana = wind release pose 

perineum = the area between the thighs, behind the genitals, and in front of the anus 

pichamayura = peacock with stretched feathers 

pid = squeeze 

pida = pain, discomfort, pressure 

pincha = a feather of a tail, the chin 

pinda = a fetus, an embryo in an early stage of gestation, ball, the body 

pingala = a channel on the right side of the spine through which prana moves, associated with 
reddish color, a nadi or channel of masculine energy starting from the right nostril, then moving to 
the crown of the head and then downward to the base of the spine; as the solar energy flows 
through it, it is also called surya-nadi 

pitam = stool, chair 

plavana = jump through 

pliha = the spleen 

poorna = full 

prana = breath, life, vitality, wind, energy, strength; connotes the soul, life force or inner breath; 
sometimes refers to anatomical or outer breath; vital upward energy current 

pranayama = breath control, energy control through breathing, consisting of conscious inhalation 
(puraka), retention (kumbhaka), and exhalation (rechaka), breath extension, breathing exercises to 
harmonize the flow of life force; the fourth stage or limb of Ashtanga Yoga 

prapada = tip of the feet 

prasarita = spread, stretched out 

pratyahara = internalization of the senses, independence from sensory stimuli; the fifth stage or limb 
of Ashtanga Yoga, withdrawal and emancipation of the mind from the domination of the senses and 


sensual objects; withdrawal of the mind, mental detachment from the external world 

prishta = back 

Punakeesar (Punnakeesar) = one of the Siddhars, aguru of Machamuni (also referred to as 
Matsyendra) 

pungu = Telugu word for “wounded” 

purna = complete 

purva = eastern 

purvottana = intense stretch of the front side of the body 


R 


raja = king, royal 

raja yoga (raja-yoga) = royal yoga; a term generally applied to the three higher limbs of Ashtanga 
Yoga, that is dharana, dhyana, and samadhi; the royal road to self-realization through the control 
of the mind. The achievement of union with the Supreme Universal Spirit by becoming the ruler 0 
one’s own mind by defeating its enemies, sighting the soul through a restraint of consciousness 

raja-kapota (rajakapota) = king pigeon 

Ramayana = literally, Rama’s way; a famous ancient epic (itihasa) authored by Sage Valmiki that 
describes the life of Rama, an avatar of Lord Vishnu 

Rig Veda = literally “Knowledge of Praise,” it consists of 1,028 hymns and is the oldest known 
reference to yoga and possibly the oldest known text in the world 

rishi = a Vedic seer, a liberated sage or saint, one who through suspension of the mind can see to the 
bottom of his heart 

Ruchika (Richika, Ruschika) = name of a Hindu sage, dedicated to the grandfather of an incarnation of 
Vishnu 


Ss 


sa = with 

sahaja = easy, natural 

sahasrara chakra = energy center situated at the crown of the head, the thousand-petaled lotus in the 
cerebral cavity, the most important seventh chakra which, when uncoiled, brings the seeker to 
freedom 

St. Brighid = known for establishing numerous monasteries 

sakti = power 

salamba = with support 

sama = same, equal, even, upright 

samadhi = “putting together”: the ecstatic or state in which the mediator becomes one with the object 
of meditation, forgetting him/herself completely (the Supreme Spirit pervading the universe) where 
there is a feeling of unutterable joy and peace, absorption, ecstasy, enlightenment, self-realization; 
the state of meditation in which ego disappears and all becomes one; a state of absolute bliss; the 
eighth limb or stage of Ashtanga Yoga 

samadhi yoga = yoga of absorption 

samastiti = a state of balance 


Sankarar = yogi from the eighth century BC 

Sanskrit = the programming language used to write the operating system of the subtle body; the 
language of the gods 

santosha (santosa) = contentment; one of the niyamas 

Sapta = seven 

sarpa = serpent, snake 

sari 11, whole 

sarvanga = all parts, the whole body 

sasanga = rabbit 

satya = truth; one of the yamas 

Shesha = a celebrated serpent, said to have a thousand heads; Sesa is represented as the couch of 
Vishnu, floating on the cosmic ocean, or as supporting the world on his hoods; other names of 
Shesha are Ananta and Vasuki 

setu = a bridge, dam, dike 

setu-bandha = the construction of a bridge; name of an asana in which the body is arched 

shalabha = grasshopper, locust 

Shankara, Adi = world teacher, yoga master, propounder of Jnana Yoga and Advaita Vedanta; author 
of commentaries on the Brahma Sutra, the Upanishads, the Bhagavad Gita and thirty other texts; 
founder of ten monk orders and four large monasteries whose abbots today still carry the title 
Shankaracharya. His dates are disputed. Western academics often place him at 800 CE. Traditior 
places him at 1800 BCE. Also known as Shankaracharya or Shankara Bhagavatpada 

shanti = peace 

shat = six 

shaucha = purity or inner and outer cleanliness; one of the niyamas 

shava (shava) = corpse 

shayana = bed, couch, sleeping 

shirsha = head 

Shiva (Siva) = the most Powerful God in Hinduism, the Destroyer, a name of the Supreme Being 
pure consciousness, Brahman with form 

shvana (swana) = dog; inspiration 

shvnaka = puppy dog 

siddha = accomplished, fulfilled, perfected: a sage, seer, or prophet; also a semi-divine being of 


ion 

Skanda = a name of Kartikeya, the god of war, general of the celestial army, Lord of War, second son 
of Lord Shiva and Godmother Uma Parvat 

stamba = transition 

steya = theft, robbery 

sucirandra = threading the needle 

sukha = ease, lightness, comfort, happiness, delight, joy, pleasure; literally, agreeable mental space 

Sundaranandar = one of the eighteen Siddhars, author of numerous works on medicine 


supta = lying down or sleeping, reclining, supine 

surya = sun 

surya yantra = sun dial 

surya-chakra = nervous plexus situated between the navel and the heart 

surya-nadi = the nadi of the Sun; another name for pingala-nadi 

sushumna = the main nadi channel situated inside the spinal column, a hollow passageway between 
pingala nadi and ida nadi that runs through the spinal cord, and through which kundalini can travel 
once it is awakened 

sutra = thread: a work consisting of aphoristic statements such as Patanjali’s Yoga Sutra 

sva = one’s own, innate, vital force; soul, self 

svadhyaya = education of self by study of divine literature, self-study, to study one’s body, mind, 
intellect, and ego; one of the nivamas 

svarga = heaven 

svastika = good fortune 

Svatmarama = the author of Hatha-yoga-pradipika, a classical textbook on Hatha Yoga 

swadhishtana chakra = site of worldly desires, energy center located above the organ of generation 

Swami Sivananda = a well-known yogi of the 20th century, founder of Sivananda Yoga 

Swami Vishnu Devananda = a close disciple of Swami Sivananda 


T 


taal-vrksa = palm tree 

tada = mountain, straight tree 

tadasana-samasthiti = a state of balance; an even distribution of weight while standing 

tan = stretch, lengthen out or extend 

tana = to stretch out, extend 

Tandava (Thandava) = sacred frantic dance representing the cosmic cycles of creation and 
destruction performed by the Hindu Deity Lord Shiva 

tantra = thread on the loom 

Tantra (Tantric) Yoga = this yoga is characterized by certain rituals designed to awaken the kundalini 

tap = to burn, to blaze, to shine, to suffer pain, to be consumed by heat 

tapa = austerity 

tapas = a burning effort, glow, heat; austerity gained through the committed practice of yoga, self- 
discipline; practice with discipline, devotion and religiosity; one of the niyamas 

tara = star 

Taraka = a demon slain by Kartikeya, the god of war 

tha = the second syllable of the word hatha; the first syllable ha stands for the sun, while the second 
syllable tha stands for the moon; the union of these two is represented in Hatha Yoga 

thavali = frog in Tamil 

tirieng = horizontal, oblique, transverse, reverse, upside down 

tiryak= horizontally, sideways, obliquely, across 

tiryang-mukha = backward facing 

tittibha = a small bird living along the coastline; firefly; or insect 


tola = balance, scale 

tolana = weighing 

tri (tri, tra) = three 

tryanga = three limbs 

trikona = three angle or triangle 

Trivikrama = Vishnu in his fifth incarnation, The Dwarfavatar of Lord Vishnu, who with his three 
steps (krama) filled the earth, heaven and hell, the conqueror of three worlds 

tulya = equilibrium, balance 


U 


ubhaya = both 

uddayate = fly, soar, fly up 

uddiyana = a fetter or bondage, a yogic abdominal lock; here the diaphragm is lifted high up the 
thorax and the abdominal organs by tilting your pelvic floor up and pulling your belly button back 
toward your spine; the uddiyana-bandha, the great bird prana (life), is forced to fly up through the 
shushumna-nadi; to fly up 

ujjayi = apranayama that produces sound in the throat with the inhalation, literally meaning 
“extended victory”; the lungs are fully expanded and the chest is puffed out, slow throat breathing 

Upanishad = the word is derived from the prefixes upa (near) and ni (down) added to the root shad 
(to sit); it means sitting down near a guru to receive spiritual instruction. The Upanishad 
scriptures of ancient Hindu philosophy are the philosophical portion of the Vedas, the most ancient 
sacred literature of the Hindus, dealing with the nature of man and the universe and the union of the 
individual or self with the Universal Soul 

upavishta (upavistha) = seated, sitting, with legs spread 

urdhva (urdhwa) = upward, raised, elevated, inverted 

urdhva-mukha = face upward 

ushtra (ustra) = camel 

ut = intense, a particle denoting intensity 

utkata = fierce, powerful, exceeding the usual measure, excessive, squat 

utpluti = lifting or pumping up 

utripada = upright tripod 

uttana = an intense stretch, upright 

utthita = extended, risen or rising, raised up, stretched 


Vv 


Vaasamuni Siddhar = a disciple of Shiva 

vadivu = old form; Gaja Vadivu is an animal posture from Kalari Yoga, a mystical tantric form of 
yoga, which stems from Kalarippayat 

vajra = thunderbolt, Indra’s weapon 

Vajracchedika Prajnaparamita Sutra = Diamond Cutter Sutra, one of thesutras of Mahayana 
Buddhism focusing on non-attachment 

vakra = bent, curved, crooked 


integrated circuit > analog > timer 


ofa transistor which switches a separate source 
of power to the relay coil. 


Fatal Damage Caused by 

Inductive Loads 

Whileitis possible to drivean inductiveload such 
as a small motor or relay directly from a TTL 555 
timer, two precautions should be taken. First, the 
motor or the coil of the relay should have a 
clamping diode added around it, as is standard 
practice. Second, because the outputofthetimer 
is capable of sinking current as well as sourcing 
current, it can be protected from sinking back- 
EME by inserting a diode in series with the load. 
This s illustrated in Figure 9-28. 


What Can Go Wrong. 


LT 


Figure 9-28. In addition to a standard protection diode 
‘clamped around an inductive load such as a relay col, the 
555 timer can be protected from back-EMF by adding a 
lode in series. The series dlade must of course be rated 
to carry sufficient current through the coll. When choos 
ing a relay allowance must be made for the voltage drop 
that wi be imposed by the series diode. 
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Valakhilya = flying wise and virtuous companions, celestial beings; a class of divine personages of 
the size of a thumb, produced from the Creator’s body, and said to precede the chariot of the sun 

Valmiki = known as the father of Sanskrit classical poetry 

vama = left side 

Vamadeva = the name of the preserving aspect of the God Shiva 

vamana = Vishnu in his fifth incarnation, when he was born as a dwarf to humble the demon king Bali 

Vasishta = a celebrated sage, author of Yoga Vasistha; several Vedic hymns, most excellent, best, 
richest 

vatayana = horse 

vayu = air, vital force, wind, vital air 

Vedas = the sacred scriptures of the Hindus, revealed by the Supreme Being 

vibhuti = might, power, greatness 

vimshati = twenty 

vini = single movement 

vinyasa = a steady flow of connected yoga asanas linked with breath, work in a continuous 
movement, going progressively, variation 

viparita = reversed, inverted, turned 

vira = a brave or eminent man, heroic, chief, hero 

virabhadra = a legendary warrior, a powerful hero created out of Shiva’s matted hair 

Virancha (Viranchi) = one of the names of Lord Brahma 

vishama = uneven, unequal 

Vishnu (Vishnu, Narayana, Hari) = the second deity of the Hindu Trinity, All-Pervading essence of all 
beings, one who supports, Preserver God 

vishuddhi chakra = seat of intellectual awareness, energy center situated behind the throat, the 
nervous plexus in the pharyngeal region 

vishva = entire, whole 

Vishvamitra = a celebrated Hindu Sage, ruler so impressed with Vasistha’s knowledge and 
contentment that he became his disciple 

vrischika = scorpion 

vriksha = tree 

vrishta = fallen or dropped as rain 

vyaghra = tiger 


Y 


yajna = Hindu Sacrificial Ceremony 

yama = ethical codes for daily life, self-restraint 

Yama = the god of death; Yama is also the first of the eight limbs or means of attaining yoga. Yamas 
are universal ethical codes for daily life, self-restraint, and moral commandments or ethical 
disciplines transcending creeds, countries, age, and time. The five mentioned by Patanjali are: non- 
violence, truth, non-stealing, continence, and non-coveting 

yantra = to sustain 

yoga = union, communion, the path which integrates the body, senses, mind, and the intelligence with 


the self, derived from “yuj”, meaning to join or to yoke, to concentrate one’s attention on. It is the 
union of our will to the will of God, a poise of the soul which enables one to look evenly at life in 
all its aspects. The chief aim of yoga is to teach the means by which the human soul may be 
completely united with the Supreme Spirit pervading the universe and thus secure absolution 

yoga-mudra = a posture, a seal 

yoga-nidra = the sleep of yoga, where the body is at rest as if in sleep while the mind remains fully 
conscious, though all its movements are stilled; yoga-nidra is also the name of an asana 

Yogananda = a great yogi of the twentieth century 

yogasana = yogic posture 

Yoga Sutra (yoga-sutra) = a classical collection of aphorisms on the practice of yoga, attributed to 
the sage Patanjli. It consists of 185 terse aphorisms on yoga and it is divided into four parts dealing 
respectively with samadhi, the means by which yoga is attained, the powers the seeker comes 
across in his quest, and the state of absolution 

yogi or yogini = one who follows the path of yoga, a student, a seeker of truth 

yogic = an adjective describing things that are associated with yoga 

yoni = the womb 

yoni-mudra = womb or female seal or awakened kundalini, the sealing; the breeding place, and 
mudra is a seal; yoni-mudra is a sealing posture where the apertures of the head are closed and the 
aspirant’s senses are directed within to enable him to find out the source of his being 

yudha = from Yudhisthira, a legendary warrior mentioned in the ancient Hindu epic Mahabharata 

yuj = to join, to yoke, to use, to concentrate one’s attention on 

yukti = union 


*“Bitilisana” may also be translated a 


Wasana” in the following cow poses. 


“Ushtrasana” may also be spelled as “Ustrasana” in the following camel poses. 


**Shirshasana” may also be spelled a 


irsasana” in the following headstand poses. 
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Fighting the pollution by public radio broadcast 


antennas 
Un texte en frangais La pollution radio par les émetteurs FM 
Een tekst in het Nederlands: De radiovervuiling door FM-stralen 
A petition: www petition-clectrosmog. be 

‘The electromagnetic pollution has now reached such a level that not only hypersensitive persons are being harmed. 


‘The debate most often focuses on cell phones, their relay antennas, Wi-Fi routers and similar technologies. It is 
often pointed out that domestic appliances like power saving lamps and cheap electronic devices, are harmful too. 
Recently, I came to the conclusion that I too had problems with electromagnetic radiations. Yet after a few months 
investigating, I was surprised to find out that far out the main cause of my problems was nothing I had heard about, 
A 100 MHz FM public radio broadcast antenna is located atop a local hospital and burns the whole city with an 
astounding force of 2 V/m (pike value). 


1 found other persons that are harmed. For example people who develop severe headaches or tiredness after a few 
hours working in a given place. They have no problems in other places, that are less exposed to the FM radio 
waves. It seems to me that people who live in strongly exposed habitations often develop psychiatric problems. My 
‘guess is that probably several thousand persons in the city are severely affected. Maybe tens of thousands are 
affected but without getting obviously sick. 


Most puzzling is the fact that this hammering by radio waves is completely useless. It wouldn't change anything to 
the quality of the reception by the listeners in the city, ifthe force of the radio waves was divided by 100 or 
preferably 1,000. The purpose of those antennas is to emit far away in the countryside. That's why they are located 
atop hills or tall buildings and they have a huge power. But, due to their rudimentary construction, quite much of 
that power is wasted and hits the nearby city. 


Its legal to hit the ground with such force. Whether I measure in rooms or in the open, it is at worst a little below 
the norms. Hence the problem is with the norms. They keep being too high, despite the efforts of many scholars and 
health organizations. The situation is catastrophic. If the people did understand the harm that is done to their 
children, revolts would break open. 


Below is a picture of a cheap calculator that I transformed. It contains no more battery nor solar power cell, Instead 
it draws its energy from a 1 meter long antenna. Anyplace in the city center, in direct view of the emitter, the power 
Of the radio waves is strong enough to feed the device. I made this because nobody was frightened by the figures I 
was reporting, except some friends that are into electronics. Everybody knows that a car can kill even at 30 km/h 
speed but almost nobody has any knowledge about radio waves figures. When I showed the calculator, everybody 
understood and some whitened. (The calculator also works in some classrooms where I tried it out. The emitter was 
visible through the windows... Should I warn the parents of the students that failed their exams?) 
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This didn't help anyway, so I invented another device: the "snake", The picture below shows six of them, an early 
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You just hang the snake in the ux of radio waves and the LED lamp at one end will bright up, clearly visible in 
daytime and enough to light and read a text at night. 
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‘The snake is less impressive than the calculator but itis much cheaper and easier to make and it ean be sent in an 
envelope. I made tens of them and sent them to politicians, newspapers, universities... I gave some to local people, 
together with a user guide on a sheet of paper. Just like the calculator, the snake contains no battery. The lamp lights 
up solely on the power of the radio waves. The picture below shows a later version, that can be rolled up in an 
‘envelope that fits the conditions to be sent with only one stamp. 
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However mad itis to send such power on a city, nothing has been done yet against this. It like an 19th century 
chemical plant sending its pollutants all around. Some complain but others argue that closing the factory would 
mean people laid off. Some then reply that being employed to feed children that die from ugly sicknesses may be 
nonsense... And so on, except for the fact that the chemical factory indeed had a purpose while the strength of the 
radio waves we're talking about, has no serious purpose at all 


Something common to all heavy sources of electromagnetic pollution is that it wouldn't cost much to make them 
harmless. For example, high tension power lines can be made harmless by feeding them DC current instead of AC 
current. This requires some more heavy electronics at the input and the output but the price of it is a detail in the 
whole. I studied the schematics of power saving lamps and simply noticed that they were conceived by people who 
do not understand the propagation of radio waves. Adding the necessary components to make the lamps radio-silent 
would almost not increase their prices. Enforcing proper norms will not change our way of life, it will just stop to 
favor the sociopathies amongst the industrials and lobbyists, 


So, what can I do to help people understand the situation? They need to appropriate the scientific knowledge 
involved, Most assume that the necessary studies will be made by labs and then the governments will adapt the laws 
accordingly... That would be OK if it wasn't for the trillions of money involved. A minister in Belgium tried to 
prevent sugar dispensers in schools, she immediately got a made-up scandal on her shoulders. All she ultimately 
managed to get was to have some health advice notices glued on the sacred dispensers, 


Flows of observations are now available, showing the effects of radio waves that match the norms: brains of rats 
destroyed, people unable to work, eggs that don't hatch, quarreling birds, increased risk of cancer, cows aging 
abnormally... I myself had seeds germinate and saw them die quicker when closer to a power saving lamp. Thei 
strategy to cope with this is simple: "OK, there does exist scientific evidence of some danger... but there also does 
exist evidence that there is no danger at all! So let's balance the whole..." The norms are lowered but kept above 
what cell phone operators need for the current systems, The fact in itself of making a balance between scientific 
evidence is nonsense. Either a study proves a given danger and it can be verified, or bust. But anyway, what are 
those studies that tend to prove that there would be no danger? Lots of them are simply payed for by the cell phone 
industry... Yet some are perfectly serious, for example those concluding that radiations within the norms will not 
heat the brain or the body abnormally. This is perfectly true. There is no problem of scientific fairness involved with 
these studies. But, is a bullet harmless because it only very slightly heats your bones? A more sophisticated 
approach is to pick out studies that have borderline conclusions: "there may be a problem but it is not clear..." The 
study will be assumed to conclude that there is no problem at all, while it just was an inconclusive experiment like 
many are in science. 
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(When I'm exposed, I tend to compulsively perform simple tasks. What if a study examines if being exposed 
hampers the ability to perform that kind of tasks?) 


‘Then, there is the problem that I'm going to make people sick. Indeed, electromagnetic hypersensitivity has a 
psychological component. Once people understand that they are victim to the radio waves and what symptoms the 
radio waves cause, they can overreact and become very sick when they start feeling the symptoms or just when they 
know there is a strong radiation force around. The radio waves induce a physiological stress, that hampers the 
proper functioning of the brain, When you add a psychological stress, due to the awareness of the problem, the 
‘summation of the two multiplies... Therapies for hypersensitive persons imply to distearn them to overreact. Some 
friends of mine just refuse to start talking about electromagnetic sensitivity because they don't want to embark in the 
sickness. They do so with everything, meanwhile they eat very good food and have lots of pleasure in life. It 

works... with people with a strong health and a tad of selfishness, 


When you are in a cold wind and you feel a pain in the neck, you know it is due to the wind and you take cover. 
Almost nobody can do this with the symptoms of an exposition to strong radio waves. You feel tired, some brain 
fog, like if your head was in a clamp, a headache, or simply you make stupid errors... You will blame yourself or the 
location, possibly the noisy people around... while in fact you are mainly undergoing electromagnetic sensitivity. 
‘The home of a friend is strongly exposed. After about twenty minutes I can nor more find my words and speak 

unless I wrap my head in aluminum foil. There is a fair chance that a while ago, I would have blamed my 
friend for being annoying (he is) to the point of making me speechless. There also is a fair chance that my friend is 
annoying because he hangs in that electromagnetic pollution everyday. Since he lives there, he became an alcoholic, 
lost his job, manages to keep no girlfriend... (Everything | mention here can have other causes. Quite often, such 
‘causes just add up. For example, the person blaming the noisy people around, would maybe have felt nothing if the 
noisy people weren't there. Like you don't feel your bad knee when you carry no bag.) 


‘The impact of the electromagnetic pollution is severe. Its a far too heavy, and pointless, contribution to our 
burdens and losses. But how do you establish, scientifically, be it as an amateur, that there indeed is a problem? My 
initial approach can be an illustration of this. As my home is uninhabitable, I spend most of the day working in local 
libraries. I noticed that I could work quite well at some places and not at all at other places. Then I saw an article 
taped on a board, about the effects of cell phone and Wi-Fi radiations. Okay... | made a spreadsheet, with a row for 
cach location and a note from 0 to 10 according to my ability to work there. Although I knew it was a weak 
approach, | then filled in each row the strength of the closest Wi-Fi router, as listed by my laptop. There was no 
correlation... but this proved not at all that the Wi-Fi was innocent. Weeks later I made a nonsensical but working 
little assembly that made the variability of the radio waves hearable. This time I got a correlation, Mild, but 

‘obvious. The ability to work is horizontally while the intensity of the radio signals is vertically: 
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It quickly became obvious that I was measuring no strong signal in the GHz bands. | had no doubt that there were 
cell phone and Wi-Fi emissions coming from all directions and echoing all around but their sipgyaasy ei 00Vebhost 
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weak. The problem was with lower frequencies. I accused the fluorescent lamps for a while, till I finally understood, 
that there was only one strong source, hitting me everywhere; those 100 MHz public radio broadcasts. The picture 
below shows the final correlation. Only one dot disagrees with the theory: 
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1 was heavily disturbed by the radio waves, simply unable to work, long before I started puzzling on the subject. 
‘This isa strong proof that the matter is not just psychological. Reciprocally, once 1 understood the psychological 
component, [tried to use it positively, to counterbalance the effects of the electrosmog. I did get some results but I 
was never able to work correctly in the most exposed places. It is by no means "just psychological”. It is useless "to 
be willing to make a small effort". I did efforts that frightened other people. One thing that does clearly help is 
eating a lot of sugar (Organic jam on rice bread...) (by the way, is that why sugar dispensers are placed everywhere 
kids are supposed to think and lear, to counterbalance the effects of the nearby cell phone relay antennas?) Alcohol 
does also help and I'm afraid this is why people seem to become alcoholics in exposed habitations, 


Also, it does sometimes happen that I feel like undergoing strong radio waves but when I pop out my measuring 
device, I measure nothing serious. I have a natural tendency to be knocked-out... The radio waves are far out my 
heaviest problem but they are not always responsible. 


I started studying other sources of radio pollution. I had an obvious benefit of removing every power saving lamp in 
my home. I put ferrite cores on most power chords. On one power chord that I sometimes use to feed my laptop 
inside my shielded tent, I had to put ten ferrites till | felt no more direct effect. Something very interesting is that till 
then I had no problem when using my cell phone, You guessed correctly: I started having problems, to the point that 
I never more hold it against my ear. I always use an earplug linked to the cell phone by a wire with two fetrite cores. 
1 suppose that since I started avoiding the exposure to strong radio waves (which significantly improved my life and 
ability to work), my brains are no more constantly knocked out. So they get knocked out if | hold my cell phone 
against my head. And I feel it, This is one more synergy between the public broadcasts emitters and the cell phone 
industry: one hides the other away. ‘Want to prove that inhabitants close to a relay antenna are no worse than those 
further away? Do the experiment in a city that is strongly exposed to public broadcasts, 


So: buy a measuring tool or have a friend assemble one for you. And start comparing your problems and those of 
the people around you, with the level of electromagnetic pollution. If you can, make large-scale experiments with 
tens of persons, under advice of somebody with knowledge in statistics (fo build an expressive statistic yet 
completely false, is *easy*). We need many such experiments, till it becomes unbearable for local interlocutors to 
negate the problem and not to dim the emissions. Step by step, we need to conquer our world back. Some 
enterprises and some countries have already set their norms at responsible levels. 


‘One very important parameter is the rate at which the problems build up and then disappear, when exposed. Some 

people claim that they instantly feel when their cell phone is going to ring. I never could verily this. A friend claims 

that his cat reacts when he is going to get a text message on his cell phone. I tried several timics fo see the cay clanee 
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behavior while making my cell phone emit close to him but I got nothing. So I suppose that the cat reacts to the tone 
of the cell phone and my friend brain-confuses the timing. (1 don't pretend nobody can feel a text message arriving, 
1'm just saying that I never could verify.) What I'm sure about is that my problems need minutes to build up, most 
‘often some ten or twenty minutes, the problem possibly becoming really painful after an hour, Once the problem 
built up, it needs much more time to diminish, maybe four times more. I often had to sleep a whole night on it. One 
day I"bumed" my brains by holding a very polluting power saving lamp about 3 decimeters away from my head. 1 
‘only noticed the problem after half an hour. But then it was horrible, like if a flame had been sweeping inside my 
head. Really just like the ache of a burn wound. | had a strong nausea and headache, that calmed down only hours 
later. | identified a few persons whose problems are obviously due to the electromagnetic pollution, in all cases the 
same applies: it needs time to build up. This means you cannot simply walk in and out of an exposed zone and 
claim you feel no difference. Also, you cannot get into a safe zone and claim you feel no better. If you were already 
poisoned, you will stay that way a long while. The only sure approach is to stay really long in a safe zone, 
preferably spend the night there, then go working in a polluted area. Try to be aware of what happens to you. The 
next day go working in a safe zone and try to see the difference. (This is a goldmine to build inconclusive studies.) 


Everybody is sensitive to electromagnetic waves. The question is about the level of the sensibility. That’s why 
people who get seriously sick with the current levels of exposition are called "hypersensitive". They are more 
sensitive than the average, sometimes with very painful and debilitating consequences. 


‘There is a whole ladder of symptoms. This is roughly the ladder for me, exposed to the 100 MHz FM broadcasts: 


(0.01 [Vim|[No problem 


0.1 [Vim|/No more able to concentrate and work 


1__ [Vim|head in a clamp, maybe difficulties to talk 


10 _ [V/m|[Tried it once for 2 hours, had to stay the whole next day in bed with an awful headache. 


‘The serious problems begin for me at 0.1 V/m. Yet I know some people that wouldn't be called hypersensitive and 
that get problems similar to mine at about 0.3 V/m, A friend spent with me the two hours under the 10 V/m 
radiation and claimed he endured no problem... but he made surprising errors on the way back. It is very difficult 
for me, in my city, to find locations where the foree is around 0.01 Vim, Values between 0,1 and 0.3 are common. It 
is easy to find building with rooms reaching 1 V/m. The force is quite predictable, according to the location and the 
orientation of the building, how much it emerges out of other buildings... So, because many people are being 
affected and because the radiation is reasonably easy to measure or to estimate, making statistics linking common 
health problems with the level of exposition is quite doable, 


Hypersensitive persons would be 1% of the population. The need to protect this minority is enough to stop those 
powverfil broadcasts from reaching the ground. I don't understand why I have to add that everybody is being 
harmed, be it to a lesser degree. I met official people whose job is to help hypersensitive persons. They've seen their 
pain and anguish by themselves... but they feel clueless as to how to stop the emissions. It's a very strange situation, 
when even the people close to the steer and convinced of a problem, can't do anything to stop it. 


It has been claimed that the hypersensitivity of some persons is caused by an accumulation of toxic metals or 
‘organic pollutants. In such cases, antioxidants can be of immediate help and detoxifications would greatly help. 
(Note that common medical analysis like looking for mercury and the like in samples of blood, urine or hair, will 
reveal nothing even under severe intoxication, because blood and hair renew constantly, Only a sudden intoxication 
can be revealed by such analysis. The toxics slowly accumulated in standing body cells like the brain... Best method 
seem to be to take a well-tuned quantity of chelating molecules and then perform an analysis of the blood or urine.) 


Cell phone and Wi-Fi radiations are different, for several reasons: they don't spread the same way in the body, they 
are pulsated and their frequency make they will not target the same macromolecules in the body. It would seem that 
you need 3 times more force of FM broadcast waves than cell phone or Wi-Fi waves, to have a same global 

impact. 


I was frightened when I understood that under those 2 V/m force of radiation, an electric current in the order of 1 
mA oscillates through the body. Such a current at a high frequency of 100 MHz will interact with the body quite 
differently than a DC or low frequency AC current. You cannot make direct comparisons... Anyway, 100 mA of DC 
current can be enough to kill a person by electrocution. 1 mA of low frequency current is enoweh to fect the curr 
asa tickle. What are the consequences of such a current on the chemical reactions in the liver Powered dACtiO0Qwebhost 

btpwericbrasseurorglelectrosmnog_fm.htm! ms 


Fighting the pollution by public radio broadcast antennas 


by glands everywhere in the body? What if the person being exposed is a pregnant woman, with the baby 
just at the worst place in the flux of current? The length of an “antenna” matters much to allow it to build up 
current. Teenagers have the "optimal" length for 100 MHz radio waves... One thing I'm sure about is that if the 
government decided that from now on the school kids will be latched electrodes on the body and a current of | mA 
send through several hours a day, whatever the frequency, the parents will not accept. But this *is* happening, 
through radio waves, and I could feel the neuroleptic-like effect of it. (By the way, this implies that those 
‘experiments that show brains of rats destroyed by cell phones waves within the norms, apply only to a lesser degree 
to human brains, because of the difference in size. Rats are close to the optimal length to be harmed by cell phone 
waves... The optimal wavelength to dammage teenagers is that of those 100 MHz public broadcasts... 


‘The radiations harm me more inside buildings than outside. I may get more sick under 0.2. V/m in a room than 
under 2 Vim directly exposed to an antenna. I don't know exactly why. Here are four possibilities 


* The roofs atop buildings act like prisms and send the waves towards the inhabitants beneath. Radio waves 
coming from above would be more harmful than when coming from aside. 


+ The radio waves resonate and echo inside the building and build up in metallic structures. This ereates halos 
of proximity that will inject more power inside nearby living bodies. For example, while simply wrapping 
aluminum foil around my head, itis obvious that some designs of shielding will make me even more sick 
than using no aluminum at all. The same way, when some parts of the shielding of my tent wear off and stop 
to be conducting, | can get serious problems till | replace or complement the faulty area 


* Buildings contain their own sources of electromagnetic pollution. They add their effects to those of the 
pollution from the outside, 


+ Close to metallic structures, the electromagnetic field can become rotating. This because waves with 
equivalent strength come from different directions with different phase shifts, 


Again, the four possibilities mentioned above are potentially very suitable to build experiments that demonstrate 
there is no problem. Perform the experiment in an anechoic place with the waves coming from aside and no other 
radiation than the one from the experiment... Just the opposite from real world situations but you can claim to be 
serious at avoiding parasitic variables. 


If you want to find the FM emitters somewhere, finscan.org is the reference | used till now. 


‘This is the schematic of the "snake" 


375m BAT62 112,5cm 


RA eD 
BAT62 


BATO2 detection diodes are no more produced. BATIS diodes work fine but they wear out; after a few months they 
stop functioning. SMS7630 diodes are great but very litle and mechanically fragile. MMSD701T1G diodes are 
sturdy and powerful; an excellent choice for a beginner. Such SMD diodes do also work for cell phone frequencies, 
which allows to test out a snake with a calling cell phone pushed against it. But any detection diodes that can 
manage 100 MHz will do. 


‘The LED I'm currently using is the L-7113SEC-H . It lights up with a low tension and a very low current (the bluer 
a LED, the more tension it needs). Its color is red yet close to orange hence it is easily seen by the human eye (the 
eye is most sensitive to green, yellow and orange). The beam is quite narrow so when the LED is directed towards 
somebody's eyes it will appear quite bright. 


For the lengths of 37.5 and 112.5 centimeters, any electrie wire with two copper conductors will do. Audio signal 

wire is a practical solution. Use the shielding as one of the two conductors. The lengths of the two segments must 

not be precise. What matters is that the total length of the snake be 1.5 meters, Do not hesitate to try out if wfittle 
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longer or shorter snake gives better results, 


A schematic of my current probes, that I connect to a standard multimeter, measuring Volts DC. The measure 
displayed by the multimeter must be multiplied by 10. When using a 200.0 mV scale, just read while forgetting the 
dot: 


10 em 


BATAS 


ionF HH 


(ae) 


This is picture ofa device that tries to pack the whole in a neat gadget. The electronic circuit is a €7 digital Volts 
display with a scale of 200.0 mV. I soldered away the jumper that makes the dot be displayed. The antenna is only 7 
em long, so an RMS value is displayed (for roughly steady radio waves). The whole cost about €12. Hold the 
antenna perpendicular to the direction the waves come from and try to hold the device away from conducting 
objects like your body or metallic objects. You cannot closely trust such simple device yet itis very handy and, 
adequate to compare the radiation level in different places: 
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integrated 


ircuit > digital > logic gate 


logic gate 


Only basic logic gates are included in this entry—that is, components that perform a 
Boolean logic operation on two to eight inputs (or one input, in the case of an inverter) 


to create a single high or low logical output. 
OTHER RELATED COMPONENTS 


+ flip-flop (sea Chapter 11) 


What It Does 


A logic gate is circuit that delivers an output, 
either high or low, depending on the states of its 
‘two inputs, either or both of which can be high 
orlow. 


Some gates may have more than two inputs, and 
an inverteronly has one input, butthe basic gates 
all conform with the two-input, one-output 
model. The components that constitute a logic 
gate are almost always etched intoa wafer inside 
a silicon chip. 


In a digital computer, a high logic state is tradi- 
tionally close to SVDC and represents a value of 
1 in binary arithmetic, while a low logic state is 
traditionally close to OVDC and represents a bi- 
nary 0. Modern devices may use a lower voltage 
for the high state, but the principle is still the 
same. 


A small network of logic gates can perform bi- 
nary addition, and all other operationsina digital 
‘computer are built upon this foundation. 


Origins 
The concept of digital logic originated in 1894, 
when English mathematician George Boole an- 
nounced his invention of a form of algebra (now 
referred to as Boolean algebra) to analyze com- 


binations of two logical states that could be in- 
terpreted as “true” and “false” This concept had 
few practical applications until the 1930s, when 
Claude Shannon saw that because basic switch 
has two states, Boolean algebra could enable 
analysis of complex networks of switches that 
were being used in telephone systems, 


Because the state of a switch could also be used 
torepresent the values Oor 1inbinaryarithmetic, 
and because a transistor could function as a 
switch, Boolean algebra was implemented in 
solid-state digital computing equipment. 


How It Works 


While conventional arithmetic uses arithmetical 
operators to represent procedures such as addi- 
tion or multiplication, Boolean algebra uses 
Boolean operators. The operators of special inter- 
est in digital electronics are named AND, NAND, 
(OR, NOR, XOR, and XNOR. 


Although each gate actually contains multiple 
transistors, itistepresented by asinglelogicsym- 
bol, as shown in Figure 10-1. The names of the 
Boolean operators are customarily printed all in 
caps. A gate requires a power supply and a con- 
nection with negative ground, separate from its 
inputs, but these connections are omitted from 
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‘Those probes and device, quite easily allow to know the direction some 100 MHz radiation come from. Hold the 
thing at some decimeters from your body, roughly at the height of the belly. Your body and the device form a 
directional antenna... When the device is towards the emitter, it will display up to twice the value, while when it is 
hidden from the emitter by your body, the measure will be very low 


If you measure something strong, yet by turning in different directions the device always shows approximately the 
same value, then you are probably undergoing low-frequency radio waves like short wave broadcasts, 


If the emitter is close, like a power saving lamp or a wrongly build power supply, converge towards it simply using 
the fact that the closer you get, the stronger the measure. 


Such measuring tools are handy to find out power chords and appliances that pollute, yet then the measure 
displayed doesn't mean much. Once you are really close to an emitter, the measuring device and the emitter interact 
and the power flowing through the measuring device can be tremendous even though the device is only weakly 
polluting. You are in the "halo of proximity" of the device... Best example is most quality laptops, which emit 
almost no radio waves. I never could notice a problem while using my laptop when itis plugged to nothing... Yet if 
Thold a measuring tool against the screen I get frightening data... A few decimeters further, where my head can be, 
the measuring tool tells there is nothing... So, the high figures close to the laptop indeed tell that strong 
flow through it, but competent people made things such that those currents harm nobody 


currents 


If you want a global measure, away from the effects of your body, hold the device above your head. Or place it on 
some plastic or cardboard box and walk some distance away. 


‘The windows are a common entry point of radio waves and electric wires can be awfull ducts, yet in some cases 1 
that metallic structures unrelated with electricity, like the copper tubes of water heating radiators, were the 
main duets of radio pollution towards a room, 


otic 


Below is a device I assembled to focus on 1.8 GHz cell phone radio waves. Close to the nearby cell phone relay 
antenna, in direct view of it, ! could not measure much more than 0.1 V/m (pike value). While this is still too much, 
itis by no means comparable to the frightening 2 V/m intensity of the FM broadcasts. also went measuring in 
places where people complain about problems similar to mine, They thought the reason was the nearby cell phone 
relay antennas. But I could measure no significant intensity of cell phone radio waves at all, while the force of the 
FM broadcasts was above 0.2 V/m. 
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After about a year experimenting, the most simple protection I could come up with against 100 MHz broadcasts is a 
headband of aluminum, much the shape and size of a sweatband. I hide it inside a bonnet. I have no idea as to how 
and why it helps, aside from the general fact that any conducting structure will change something to the propagation 
of high frequency currents, Don't make it too high, a 3 to 4 centimeters height is OK. To try this out, you can just 
fold ina circle a 1 meter long wrap of aluminum and compress it to a flattened ring that fits your head. If you intent 
to re-use it, then you must strengthen it with lengths of tape before (inside) and after (outside) the ring is, 
constituted. Make sure the tape does not hamper a perfect electric contact all around the ring. This protection is not 
perfect but it really helps. 

When the field strength is above 0.1 Vim, I need a complementary vertical band in order to be able to work. 

This also is a cheap way to make statistics. Compare days with the headband to days without the headband. In order 
to be scientific, you must ask somebody else to put the headband inside your bonnet every morning, at random, 
Every morning, the other person writes down if there was a conducting headband inside the bonnet or not. Every 
evening, you write a comment down to how your day was (headache? brain fog? errors? doomed day?) Then after a 
while you compare the two. At worst, if you have to do it alone, buy two identical bonnets, push a plastic headband 
inside one and an aluminum headband inside the other, and spend each day without knowing which one you picked. 
At the end of the day, write your appreciation down before checking and writing down which bonnet you picked. 
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A friend who is a physician points out that in many administrations, be they public or private, the employees are 
being persecuted. (That often happens when the work done by the administration is mostly useless and only serves 
to justify the social position and the salaries of a few people.) A statistic about the health impact of radio waves in 
such administrations could be of few significance, because the people have all kinds of health problems due to the 
harassment. The addition to this by the radio waves may be comparatively negligible. (Yet another way to build a 
statistic that shows few or no impact of the radio waves: perform it in a place where people bow under 
humilations...) 


1 was quite frightened to discover that the symptoms caused by radio waves, as I see them around me, are very close 
to those of "radiation poisoning”. This is part of nuclear medicine. When a victim is exposed to a short and strong 
burst of radioactivity or any other ionizing radiation, its body will quickly react like if it had been poisoned. A 
low" poisoning by radiations yields headaches, tiredness, difficulties to think... while stronger poisoning can lead 
to the person dic ina few days like if it was heavily burn, The exposure to ionizing radiations is measured in 

iray". | Gy leads to a low poisoning. So I computed out how much energy a person gets from the local FM 

sitter, like the person I know that get sick at their desk. The result is 0.01 Gy for $ hours of exposition, which is 
quite close. 


Radio waves can induce all the typical problems caused by that ionisinig radiations but the energy levels involved 
can be quite different. For example, ionizing radiations cause burns without increasing the temperature of the body, 
while radio waves can only bur if they are powerful enough to heat the body. Radio waves can induce cancer but 
again the energy required is ways higher, like spending ten years using a cell phone against the head, several hours a 
day. 


Body cells can be attacked by all kinds of means. Ionizing radiations lead to direct damage of the cell membrane. 
Radio waves disturb the molecular cell gates operate. The cell will always react the same Way, as for poisoning: it 
will close the cell gates, o try to shun itself from the outside world and from the harm. This has many 
consequences. The cell is less able to fulfil its purpose inside the body. It uses resources to try to protect its internal 
parts. It will accumulate waste. That's why people get tired, less efficient or even sick. When the aggression made to 
the cell is deemed too strong, the cell will auto-destruct. That's the way radiations and chemicals can be used 
against cancer, making the cancer cell suicide. 


The cells can be helped to better recover from the state of shock. Also they can be made to go less likely into the 
state of shock. Medication and health advice can be helpful for this. 


A link has been proposed between autism and radio pollution. The growth of the human brain is very complex, with 
cells traveling from one side of the brain towards the other to find their place. This involves a tremendous amount 
of communication and coordination between the cells. What if those cells are too often put into a state of shock? 


These are two scientific publications about the link between autism and radio waves 


hitp:/Avww.nebi.nlm.nih gow/pubmed/ 16530334 


hitp:/www.nebi.nim.nih gov/pubmed/14962 
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Publications about how radio waves disturb cells 
|utp://vww.nebinlm.nih,gov/pubmed/ 10860806 


utp://vww.nebi.nlm nih,eov/pubmed/12379295 


Links 


http://www.teslabel,be 
htp://www.clag. be 
http://www.001be.cx 
http:/Avww.criirem.org 
hutp:/Avww.next-up.org, 
hutp:/Avww.robindestoits.org 
hitp://www.beperkdestraling. ong 
hhttp://www.stopumts.nl 


A petition: www.petition-clectrosmog.be 


Eric Brasseur - October 3 2009 till October 16 2015 
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How It Works 


gate schematics because they are assumed to 
exist. 


oS ae: 


-@d@ 
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Figure 10-1. Six types af two-input logic gates are used in 
cigital electronics, although the XNOR gate is rare, as it 
fas few applications. The names are customarily printed 
inuppercase letters. 


The functions of the gates with two inputs can 
be defined in electrical terms. In Figure 10-2, the 
four possible combinations of inputs are tabula- 
ted in the left column, with red indicating a high 
input and black indicating a low input. The cor- 
responding output from each gate is shown be- 
neath its name. This kind of tabulation is known 
asa truth table, as itis derived from Boolean al- 
gebra which originally concemed itself with 
“true” and “false” states. 


Input 
states of a 
‘two-nput 


Gate Outputs 


Figure 10-2. The four possible combinations of input 
states na 2-input logic gate are shown at left. The corre: 
sponding output from each gate is shown beneath its 
name. Red indicates a high state, while black indicates a 
low state 


Integrated circut> digital > logic gate 
The truth table assumes that positive logic is be- 
ing used. Negative logic is very uncommon, but 
if it were used, the red dots in the truth table 
would correspond with low inputs and outputs, 
while the black dots would correspond with high 
inputs and outputs, 


Inversion 

The small circles appended to the outputs of 
NAND, NOR, and XNOR gates mean that the out- 
put of each gate is inverted compared with the 
AND, OR, and XOR gates. This can be seen by in- 
spection of the output states shown in 
Figure 10-2. The circles are known as bubbles. 


Sometimes logic symbols are shown with a bub- 
ble applied to one input, as in Figure 10-3. In 
these cases, the circle indicates that an input 
must be inverted. More than one gate may be 
needed to achieve this logicfunction in an actual 
Circuit. The style is often used to show the inner 
workings of an IC, using a minimum number of 
logic symbols. 


Ly) 


Figure 10-3. The circia in a logic gate symbol indicates 
that a signal is being inverted. Circles can be insorted at 
‘gate inputs, but in areal circuit a separate inverter is bkely 
fa be needed to create this eftect. 


Single-Input Gates 

‘Two gates exist that have a single input and a 
single output, shown in Figure 10-4. The buffer 
should not be confused with the symbol for an 
‘op-amp or a comparator. (Those components 
always have two inputs.) The output state of a 
bufferis the same as ts input state, but the com- 
ponent may be useful to deliver more current or 
to isolate one section of a circuit from another, 
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ELECTRONIC PROJECTS 
FOR BEGINNERS 


integrated circuit > digital > logic gate 


When a bubble is appended to a buffer, it be- 
comes a NOT gate, more commonly known as an 
inverter. Its function is to create an output state 
that is opposite to its input state. 


vy 


Figure 10-4. The two logic gates that have anly one input 
and one output. Note that in some schematics showing 
Jnternal logic of ICs, the bubble on an loverter may be 
found an the input side instead of the output side. 


Gates with More than Two Inputs 


AND, NAND, OR, and NOR gates can have any 
number of inputs, as suggested in Figure 10-5, 
although practical factors usually limit the inputs 
toa maximum of eight, 


All high 


‘Atleast 4 low 
and at least 4 high 


Figure 10-5. The previous table has been modified to 
‘show the outputs from logic gates that have more than 
two inputs. XOR and XNOR gates are not included in the 
table, because a strict interpretation of their logic requires 
that a unique output state eusts if ene input is high wile 
the ather sow. 


‘The rules can be summarized like this: 


‘+ Output from an AND gate: Low if any of its 
inputs. low, high if all ofits inputs are high. 
+ Output from a NAND gate: High if any of its 
inputs is low, low ifall of ts inputs are high. 


How It Works 


+ Output from an OR gate: High if any of its 
inputs is high, low if all of its inputs are low. 


+ Output from a NOR gate: Low if any ofits in- 
puts is high, high if all ofits inputs are low. 


In the case of XOR and XNOR gates, their logic 
requires that a unique output state must exist if 
one input is high while the other input is low. 


In fact, so-called three-input XOR gates do exist, 
an example being the 74LVC1G386 chip, in which 
the output is high if all three inputs are high, or 
ifone inputis high, but notif two inputs are high 
ornoinputsare high. Further discussion of more- 
than-two-input XORs is outside the scope of this 
encyclopedia. 


Boolean Notation 

For reference, the original written notation for 
Boolean operators is shown in Figure 10-6. Un- 
fortunately, the notation for these operators was 
never properly standardized, and in more than 
one instance, multiple symbols acquired the 
same meaning. The letters P and Qare often, but 
not always, used to represent two input states 
that can be true or false. 


+ The use of a horizontal line above a symbol, 
to indicate that its state has been reversed, 
has carried overto datasheets where this no- 
tation can show that an output state from 
any digital chip is inverted. The lineis known 
asa bar. 


Arithmetical Operations 

Suppose we wish to sum two binary numbers, 
each containing two digits. There are four digits 
altogether, and depending on their values, there 
are 16 different possible addition sums, asshown 
in Figure 10-7. 


IfAO and BO represent the rightmost digits of the 
two numbers being added, and SO is the sum of 
those two digits, inspection of the figure shows 
that the sum can be derived using just three 
rules: 
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SECTION I 
“NO SOLDERING” PROJECTS 


| With these, connections are generally made with small ter- 
‘minals, or nuts and bolts. By this means components are 
‘connected together, and fixed to an insulated board or panel. 


| A project can be built using one size of bolt and nut through- 
+ out, but it will be found convenient to have two or three 
sites, Small nuts and bolts can then be used for connections 
| between components, while larger bolts with extra nuts, or 
terminals, can be used to connect external items, such as 

| headphones. 


| For one size throughout, 6ba screws or bolts will be satis: 
‘/Tactory, about ¥ inch long, Only a few are needed for each» 
‘project, but they are quite inexpensive in 50 or 100-packs. 
e extra nuts will prove useful, and also a quantity of 6 
‘washers. If the insulated board of panel is not to0 th 
/ inch bolts with an extra nut each will do.as teri 
| connecting external items. 


4a bolts trger than 6ba, and a few ofthese, 4 inch ot 
‘iore long, also with washers and nuts, can be used for 
| mina if eter ao pons obtain ena 


hheads, so that bolts with nuts can be used as terminals, 


‘The Sba size is smaller than 6ba. These can be of advantage 
‘na project where size is to be kept down, or for positions 
‘where several leads come close together (as at a transistor). 
Bolts, nuts and washers (Sba throughout) can be obtained 
together. 

F Saturation of wats and bolts. to hand or obtained from 
‘constructional toys or old electronic equipment, can be used. 

| Results are not going to depend on the sizes used, which are 

H ‘more a matter of convenience and appearance 


| There is also considerable latitude in the insulated panels or 
boards used to carry the components, Some projects need 
‘only a few holes in a small board. Here, itis convenient to use 
1/16 inch thick or similar paxolin sheet, cutting a piece of 
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the wanted size and drilling holes for the bolts or terminals. 
‘A:small hand drill is satisfactory for this purpose. The drills 
used can be 3/32 inch for 8ba bolts, 1/8 inch for 6ba, and 
5/32 inch for 4ba, or any similar sizes giving clearance. 


Where drilling is inconvenient, a ready-perforated board must 
be used. For projects where size is not important, perforated 
1/8 inch thick hardboard is suitable — holes are generally at 
inch intervals, but this is not important, For this type of 
board, the size Of the holes will generally mean that 4ba nuts 
and bolts will be beeded 


Plain perforated board (that is, without any conductor foil) 
can be obtained with holes at 0.1 inch or 0.15 inch spacing 
but these holes are too small and too close together. However, 
such boards can be used instead of plain unperforated paxolin 
sheet by dailling the holes larger in just those places where 
bolts must be placed. 


There is also a type of eyelet board, with holes at Smm spacing 


and just large enough to take 8ba bolts. This is handy for 
small projects. 


Itis also relatively easy to prepare a fully perforated board or 
panel, which can be used for a number of projects in turn. 


Fora board up to about 4 x 6 inch paxolin 1/16 inch thick is 
adequate, with 1/8 inch sheet for larger boards. It is also 
possible to use 1/8 inch or similar PVC or other transparent 
sheet, which allows connections to be seen on both sides. 
Plain hardboard, or thin plywood, is also satisfactory. Hard- 
board or wood should be given a coat of shellac or similar 
vamish, before use, to keep out damp. 


Where size is not important, the board can be drilled with 
holes spaced 1 inch from each other throughout. Do not 
mark off a grid with pencil lines, as this may cause leakage 
between adjacent terminals. An easy method is to mark such 
grid on paper, secure this over the board or panel with tape, 
and drill all the holes. Make these of an appropriate size for 
the terminals or bolts 


For small items, the board will need to be prepared to suit 
10 


forte theres clearance underneath for bolts and connections 


f ent projects can be 
{t will be found that neat and efficient project : 
assembled on such boards, and that itis easy to check connec- 
tions or components, or to make changes for experimental or 
‘other purposes. 


‘Theoretical Circuits 


Sie puesaene 
‘theoretical eitcits shows an electronic device in simp 
form: Capacitor, eestor, tastor and ater Rem ae 
thown by thet ov symbols. Lins representing connections 
ee drawn from symbol tosyinbol, The layout of actual com 
nents nthe device may not be the tae asthe postions of 
fie symbols inthe theoretial crcl 


wl be found that i soon becomes easy to follow 2 
thooreded creut. An understanding of such cris 
Atvclope when they are compared with an actual layout which 
shows somponens and the connection. 


‘anal Tracer in Fig is an example ofthis, The main 
Toma Hove the transior, whch hat emitter (E), base (B) 
dad cctor(@) wes. Fo the transhtrs shown these wies 
Bin om the bose asin the diagram, which ofthe under 
side of tne transistor. (Emitter, base and collector wires may 
pein diferent poston in other tanto.) Iwi Be seh 
Phat dhe emiter Eis connected to negative atthe baton, an 
to clip ona lentth of flexible wie 


ecurpien een collector C 
‘The headphones — or single earpiece — 0 betw 
and batery postive. Aheadphone jack, marked Ps sed Co 
take a plug forthe phones. Generally, an on-off switch wou 
te pelentin one battery connection, but this isnot necessary 
Reta the eit can Be imeruped (Co switch off) by 

plugang the phones. Exactly the same eslts would be 
Ubeainad tEtwo seprat sockets were used, to take two plugs 
from the headphones 


RI A70K 


e 


ven 
fe 


2N706 


Resistor RI is connected from collector C to base B, and it 
supplies a base current for the transistor, so that the latter can 
operate as an amplifier. 


‘The signal to be amplified is obtained through capacitor C1 

‘A capacitor has plates or foils separated from each other by an. 
insulator. There is no direct current circuit through the 
capacitor, so placing the test prod on various points of a 
circuit being tested does not upset direct current working 
conditions. 


It is clear, from Fig. 1, how the theoretical circuit is made 
up as a practical piece of equipment, with C1, RI, transistor, 
phones and battery connected together in the way required. 


With later projects, the theoretical circuit and practical wiring 
diagram may be shown together in this way, ot may appear as 
‘separate diagrams when they are larger. If the theoretical 
Circuit and wiring diagram are compared, so that capacitors, 
resistors and other items on one are also found on the other, 
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it will soon be found that a theoretical circuit is readily 
followed and understood. It will be noted that the theoretical 
circuit could be built up in numerous ways, all equally satis 
factory 


Signal Tracer 


This locates and amplifies audio (sound) signals which may be 
present in a circuit. Construction is most easily carried out in 

a small plastic case (Fig. 1). An insulated board about 1% x 2 
inch (or to suit the case) has three small bolts to secure emitter, 
base and collector leads of the transistor. Bolts also hold two 
small brackets, which press on the negative and positive ends 
of the 9v battery. String or elastic through holes in the board 
helps to secure the battery. 


The prod is along 6ba or 4ba bolt, or length of screwed rod. 
Lock one end of Cl lead with nuts, or loop it under the bolt 
head. Thread the clip flex through'a hole in the case, and pass 
the prod through another hole, as shown. A washer and nut 
then fix the prod, with the board inside the ease. The case 

lid can then be fitted, and the securing nut can be screwed on 
the phone outlet. Connections here can be tightly twisted 
round the outlet tags, and compressed with pliers. A piece of 
insulating sleeving is put on the test prod, and a clip with 
fixing screw is attached to the flexible lead. 


‘Making Connections 


For all the projects in this book, any thin insulated connecting, 
‘wire can be used; or bare wire with insulated sleeving. It is 
handy to have two or more colours ~ such as red for positive, 
and black for negative circuits 


‘A loop is made at the bare end of the wire, and is put under 
the setew head, or under a washer. Where two or more leads 
40 t0 the same bolt, itis convenient in some cases to have @ 
washer or two extra, to go between loops. Each connection 
‘must be reasonably tight, and short circuits must not be 
lowed between wires of loops which are shown separated 
from each other. 
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Battery and external leads are generally of flexible wire. 
Positive and negative battery clips, with leads already attached, 
are available for transistor radio and similar batteries. Else- 
where it may be convenient to arrange contacts as in Fig. 1, 

(oF to twist wires to the battery tags. 


The battery polarity (positive and negative) must always be 
correct, as shown, 


‘When dealing with transistors it will be found that some types 
have long wire leads, more than adequate for easy screwed. 
‘connections. Others, such as the BC108 and similar types, 
have rather short wites, but can be held satisfactorily with 
8ba bolts fairly near eath other. (With other transistor types 
not used in this section, soldering may be essential for proper 
‘connections to be made.) 


Greuit Tracing 


‘To use the signal tracer, connect the clip to the earth return 
line of the receiver or amplifier. The prod is then touched one 
‘by one on points where the audio signal should be present, 
‘working systematically through the audio amplifier, or from 
the first point where the signal can be heard. Take in each 
capacitor, joint, or stage in turn. When signals cease to be 
heard, the fault lies between this point and the previous 
point, where signals were heard. 


Do not test any mains operated or high voltage equipment, as 
this is ajob for an engineer who will follow the necessary and 
essential precautions for safety. 


Medium or high impedance phones are most suitable for 
this tracer. A.600 ohm DC headset will be ideal. The tracer 
‘can be utilised as an amplifier for a crystal diode radio receiver 


Multivibrator 


You willbe able to use this as an audio oscillator for numerous 
test purposes, or for Morse Code practice, or as a signal device 
in place of a bell or buzzer. 
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| Fig. shows the practical assembly of the device on an insuls- 
ted board. A theoretical circuit is given in Fig. 14, and is not 
| repeated here, so Figs. 2 and 14 should be looked at together. 


R1 is the collector load resistor for transistor TRI. Collector 
‘current passes through this resistor, and an audio signal voltage 
J developed scros it. Resistor R2 supplies base cutent for 
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‘TR2 has a similar collector resistor RA, and base resistor R3. 
Capacitor C1 couples the signal at the collector C of TRI to 
the base B of TR2, while C2 similarly couples TR2 collector 
to TRI base. Amplification in the transistors and feedback 
by the capacitors in this way result in the circuit oscillating 
‘That is, each transistor goes rapidly in and out of conduction 
| inturn, so that a voltage at audio frequency is produced across 
the collector load resistors. C3 is @ coupling capacitor, allow- 
ing the signal voltage at the collector of TR2 to be taken toa 
loudspeaker or headphones. 


With a circuit of this type, the component values, transistors, 
and battery voltage will not be criti. However, resistor 
‘ales, capacitor values, battery voltage, transistors, and the 
loudspeaker or other sound-eproducing device wil all have an 
| influence onthe frequency of osllation, or tone produced 
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‘The values for Fig. 2 (as in Fig. 14) are RI 6.8k, R2 100k, 
R3 33k, R4 330 ohm, Cl 47nF, C2 47nF, C3 O.47uF, and 
2N1306 transistors. This allows a good power output at 
‘medium frequency, with a 15 ohm loudspeaker. 


‘An insulated board about 2% x 5 inch is easily large enough, 
and it can be fully perforated, or holes can be drilled from 
Fig. 2, a8 already described. In many places the wire ends of 
resisiors and capacitors are long enough to reach their con- 
necting points. Elsewhere, bare or insulated wire leads are 

fitted as shown, Provide three bolts with extra nuts, or three 
terminals, for the connections to speaker, key and battery 


‘The loudspeaker should be fitted in a case, this having a front 
aperture about the same size as the speaker cone. This case 
can take the circuit board and battery 


For Morse, the key is connected to emitters and battery 
negative as shown, with flexible leads of convenient length. 
If the multivibrator is to be used as a warning device then 
these leads can instead go to a door bell push, or to a relay or 
SCR, used to complete the circuit, as with some fater projects. 
in this way the multivibrator, with its speaker, can replace a 
buzzer or bel 


If the frequency of the multivibrator is to be changed, this 
can readily be done by altering the values of capacitors C1 and 
2 in particular. The two capacitors need not be of the same 
value. Larger values reduce the frequency (lower the tone) 
while smaller capacitors increase the frequency. C3 also has 
some effect, due to loading from the speaker. 


Such a circuit can be used with a battery voltage as low as 
1.5y, for headphones. Transistor types are very uncritical. 
But if PNP transistors are fitted, the battery polarity must be 
reversed. The transistors shown are NPN. 


“C” Substitution Box 


When experimenting with circuits or checking a suspected 
capacitor, a box bringing into circuit a range of capacitor 
‘values may be used. In many circuit positions an exactly 
Correct value 1s not required tor testing by substitute, so that 
4 very large number of capacitors need not be provided. 
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Such a box is easily made as in Fig. 3, using a pl 
insulated case. Here, point 1 is common to all the capacitors, 
and any capacitor can be selected by connecting to points 2 
to 8. Connections can be taken to 6ba bolts, using extra 
nuts, An altemative is to have eight sockets, with a pair of. 
test leads equipped with plugs 


Suggested values are C1 100pF,, C2 470pF, C2 InF (1000pF 
or 0.001uF), C4 10nk (0.01uF), CS 0.1, C6 O.SuF, and 
7 84F. As the last capacitor will be polarised, mark its ter- 
minal to agree. 


‘These values will be found sufficiently near for use in many 
coupling, decoupling, by-pass and similar circuit positions. 
‘The substitution box can be used in place of C1 of C2 in Fig. 2 
But where a defective capacitor is found in a tuned circuit, it 
should be replaced by the exact value. 


By ignoring terminal 1 and connecting leads to any pair 
Of the terminals 2 to 8, two capacitors can be used in series. 
For those who like to work out the value of such combina- 
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tions, it ean be found from C1 x C2 over C1 plus C2, where 
C1 and C2 are the actual values present. As example, points 
6 and 7 give 0.1uF and 0.SuF in series. The result is 0.1 x 
0.5/0.1 0.5. That is 0.05 divided by 0.6, or approximately 
0.083u. 


By using point 1 for one connection, and joining any two 
points 2 to 8, capacitors are in parallel. The total value can 
be found by addition. So joining 6 and 7 would give 0.6uF 
(O.1uF +0:5uF), 


“R” Substitution Box 


A similar box can be made for resistors. If so, where two 
Iesistors are in series, the overall value is found by adding the 
separate values. So if 10k (10,000 ohm) and S.6k (S600 ohm) 
resistors were in series, the total value would be 10k plus 
56k = 15.6k- ‘This would be near enough to 15k to substitute 
for such a value, 


Where resistors are placed in parcllel, the value is found as 
for capacitors in series. That is, Kl x R2 over RI +R: 
$6 forthe 10k and 56k resistors, this would be approximately 
36k. 


Naturally each resistor may be selected alone, as for the 
capacitors. If sufficient terminals are provided, a large number 
of resistors could be fitted. For most transistor circuits, values 
from about 150 ohm to 270k will fill most needs. 


SCR Controlled Light 


This device will switch on alight, when the level of general 
illumination falls below that for which triggering is set. It can 
thus be used for an automatic night light. Operation can be 
fiom a battery; or from a mains power supply, as described 
later. 


Fig. 4 is the circuit, and introduces two new devices. One is 
the lightdependent resistor LDR. The resistance of this com- 
ponent depends on the strength of the light falling on it, The 
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resistance is low (some hundreds of ohms) with bright light, 


‘but rises to many thousands of ohms in dim light, or darkness 


‘The second device is the silicon controlled rectifier SCR 
Normally, this does not allow current to pass from its cathode 
Ktoits anode A. However, a small current applied to its gute 
G will trigger it so that it conducts from cathode to anode. 

It remains in this state even when gate current is removed 

It is restored (0 the non-conducting state by removing the 
voltage from its cathode, by opening switch St 


in this device the SCR is controlled by the LDR. With 
illumination present the resistance from gate to cathode is 
low, $0 that when S1 is closed, current does not flow from the 
anode circuit through the 6 volt 3 watt lamp. As illumination, 
falls, the resistance of the LDR rises. This continues until a 
sufficient gate potential is present to operate the SCR, which 
‘moves into its avalanche or conducting state, lighting the lamp. 
‘The potentiometer VRI enables the resistance from positive 
to gate to be adjusted, to set the illumination level at which 
the circuit operates. 


‘A 50v 1 amp SCR is more than adequate for this circuit, and 
it resembles a large transistor externally, and can be mounted 
by its wire ends. 
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Fig. 4B shows constructional and wiring details. The SCR is 
‘mounted on a small insulated board. Clear bared wires are 
twisted tightly to the LDR, so that this also can be fitted by 
small bolts and nuts, as shown. The connections to VRI 
are also tightly twisted and pressed together with pliers. 


A battery holder for four 1.5v cells is shown, and connections 
to this can be by means of clips which have leads attached. 
‘The switch $1 is the small, low-voltage type having small 
screws, as used for toy lighting cireuits and similar purposes. 


A hole is cut in the box level with the LDR, which may be 
directed towards the window of the room, or positioned as 
found to give the results wanted. The bulb, in holder, can be 
positioned on top of the case. If light from it reaches the 
LDR this will not stop the circuit working, as the SCR can 
only be returned to the non-conducting state by opening the 
switch SI, 
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case can be 
For an automatic night light or similar device, a case ; 
nade Tom thin wood, with opening back of bottom.. The 
device can also be used for various games, where momentarily 
interrupting the light falling on the LDR switches on the bull 


detailed reference to the operation ofthe SCR is wanted, 
this canbe found in "30 Drojects Using Relays, SCR & 
Triacs” (BP37, Babani Press). 


One Transistor Intercom 


s mpi: 
Asingle high gun transistor will provide sufficient amp 
fon fora Dora loudspeaking intercom. This will low 
ommunication between two rooms oF Other points. 


the circuit, A2-poe 3-way switch provides 2 ay 
Samunication. witha central “OF” poston. With the 
soitch sein Fig Sy secion SLA takes loudspeaker SP 10 the 
Base coupling capscitor Cl.” At the same time, section SIB 
Connect the batery and transistor collector cet tothe 


speaker SP2, SPI then acts as a microphone, and sounds are 
reproduced in SP2, 


With the switch in the opposite position, SIA selects SP2 
aas microphone, and amplilied signals pass via STB to SPI, 
so that speech Can be in the other direction. 


‘The switch, amplifier, battery and SP2 are assembled as the 
master control unit, and twin leads run to SPI. The person at 
SPI should say “Over" so that the other person can operate 
the switch, and he in turn should say “Over” to signify that 
SPI is again acting as microphone, 


{A simplified home-made change over switch is shown in Fig. 
5. This is two strips of metal, pivoted so that they can be 
swung from side to side, and bearing on two of the three 
round-headed screws. A'strip of insulating material is fitted 
So that both strips move together. In Fig. 5, this switch isin 
its “Off” position. 


thes can be obtained and used 
instead (see Fig. 49). Sj raded push switches are also 
available, and can be wired to provide “press to talk”. A 
switch without a central “Off” position can also be used, a 
Single pole on-off switch then being added in one battery 
connection. 


Ready made 2-pole 2-way s 


‘The master unit can call SP1 by switching to speak, and allow- 
ing SP2 to be used as microphone. If calling in the other direc- 
tion is required, a third connection, with bell push, battery 
and buzzer can be used. (An altemative, requiring more 
circuitry, but avoiding the need for a third wire, will be found 
in “Two Transistor Electronic Projects”, (BP30, Babani Press.) 


Fig. SB shows assembly of the intercom in a wooden case. 
‘A344 inch speaker is suitable, so the whole can be quite a 
compact unit. The home-constructed switch, using the bolts 
below the speaker, can be replaced by a ready-made switch, 
as described, if preferred, 


Best results are obtained with speaker units of quite high 
impedance — say 45 ohm to 75 ohm or so. The few other 
‘components are assembled on a small insulated board, as for 
ceaulier circuits. 
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‘The speaker at the remote point also requires a small case. 
Dimensions are not important, and it is possible to utilise 
plastic boxes of suitable type for each unit, Connections 
between units are by twin bell wire, or any similar twin con- 
ductor. With a transistor of other than the type shown, the 
value of RI can be chosen to give maximum amplification. 


Tuned Ferrite Aerial 


‘This simple device will allow “portable” reception with the 
old type of receiver which normally requires an external 
aerial, and it can also give improved reception in terms of 
freedom from interference on the 160 metre amateur band 
‘and adjacent frequencies. As shown in Fig. 6, it consists of a 
tuned circuit with ferrite rod, and a coupling winding to 
‘connect to the receiver aerial and earth sockets. It will be 
found very useful with a communications type receiver, where 
along extended outdoor or similar aerial results in a high level 
Of noise and interference, 
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How It Works 


1. IFAD =0 and BO =0, then S=0. 

2. If AO and BO have opposite states, then 
so=1 

3. IFAQ=1 and BO=1, then SO =0, and carry 1 
to the next place left. 


IF AO and 80 are the two inputs to an XOR logic 
gate, the output of the gate satisfies all three 
rules, except the need to carry 1 tothe next place 
left. This last function can be satisfied with an 
AND gate. The function of two gates is known as 
a half adder, and is shown in the top section of, 
Figure 10-8. 


PANDQ PORQ PXORQ 
PAQ PvQ Ppa 
P&Q pla p#Q 
P+Q P@Qq 
PNAND Q. PNORQ PXNOR Q 
PtQ PYQ Paoq 
P=@q 

NOTP 

“P 


Figure 10-6. Boolean operators as they have been ex 
pressed in written notation. Lack of standardization has 
ting some of 


Fesulled in more than ane symbol repre: 
the operators. 


When we consider the next pair of binary digits 
totheleft, the situation now becomes morecom- 
plicated, because we may be carrying 1 into this 
addition sum from the previous stage, and we 
stillneed to be able to to carry 1 out (ifnecessary) 
tothe next stage. An assembly of five logic gates 


Integrated circult> digital > logic gate 
can deal with this, and their combination is 
knownasa fulladder. Thisis shown in the bottom 
section of Figure 10-8. 


oo oo oo oo 

+ + + + 

oo of oo #88 
O58 oo 


Figure 107 Sixteen ifferent addition sums are possible 
when summing two binary numbers of two digits each. 


The combination of XOR and AND gates shown 
in Figure 10-8 is not the only one that works to 
add binary numbers. However, it may be the 
‘most intuitively obvious. 


Other Operations 
Binary arithmetic remains the most important 
application of logic gates, but individually pack- 
aged gates are seldom used for that purpose 
anymore. They were long since subsumed into 
large multifunction computing chips. 


Single gates still have application in small sys- 
tems, or to modify the inputs and outputs of mi- 
crocontrollers, orto convert the output from one 
‘complex digital chip to make it compatible with 
the input of another. This last application is often 
referred to as glue logic. 


Applications for single gates are discussed in 
"How to Use It" on page 103. 
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‘An airspaced single gang capacitor of about 315pF is most 
suitable for VC1, and will alow the usual medium wave band 
of frequencies to be tuned as well. However, a smaller capa 
tor is suitable if the ferrite aerial is for 160m reception only, 
or for the high frequency end of the medium wave band. The 
actual frequencies tuned can be lowered by having more turns 
for LI, or by using a larger capacitance for VC1, or by having. 
LI more nearly towards the centre of the rod. Reducing VC1, 
or the number of tums on L1, ormoving 1 to the end of the 
rod, will raise the highest frequency tuned. 


Bi RECEIVER 


FERRITE 
ROD. 


The rod is directional, so the unit can be positioned for best 
signal pick up of wanted transmissions, or minimum reception 
of interference. 


CI has to be adjusted in conjunction with tuning of the 
receiver and is set forbest reception. Tuning with this control 
should be quite sharp. 


‘A ready made MW transistor type receiver aerial chn be useful 
for the medium wave band, and may in some cases reach 160 
metres, if VCI has a low minimum capacitance, and the 
‘winding is quite near the end of the rod. But should tuning 
ot reach a high enough frequency, some tums will have to 

\e removed 


The device is constructed in a plastic lunch box about 6 x4 x 
4 inch or other insulated case. Some boxes of this kind, 
though strong, are of brittle material. These must be drilled 
without too much pressure, or they may crack. Drill points 


should also be sharp, Diode Radio 


‘Alot of interest can be obtained from a diode radio receiver. 
It requires few components, no battery of other supply, 
and can give good headphone reception of a few of the more 
Powerful transmitters. It can also be used as a tuner, as shown 
later, and will provide excellent audio quality for local station 
reception. 


‘The rod is 6 inch long and 3/8 inch in diameter, and itis 
supported by two strips of insulating material, which are fixed 
with brackets. Each strip has a V-shaped notch, so that the 
rod can be held with thin string. L1 isthe tuned winding, and 
it had sixty turns of 24 swg enamelled wire, side by side 
Connections can be made to the frame (moving plates) and 
fixed plates of the capacitor VCI by means of small bolts, or 


may be lightly twisted. ‘The circuit in Fig. 7 is intended for medium wave reception. 


That is, from about 200 metres to S00 metres, or 1500 kilo: 


12 is the coupling winding. Many communications type herta to 600 kilohertz 


receivers have a low impedance input circuit, and twelve turns 
will be adequate for L2. The same wire can be used as for Lt 

With other receivers it may be worth while to experiment with 
the number of turns on L2, for best reception, 


The coil Ll is tuned by the variable capacitor VCL. At re 

sonance with the wanted transmission, « signal voltage is 

developed across the coil. Detection or demodulation by the 

Aiode I allows the audio component of the signal to be 
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taken to the moving plates connection or metal frame of the 
capacitor. Ends I and 2, and loop 3, are left long enough to 
reach these points, and the insulation is carefully scraped off 
the wire where connections are to be made. The capacitor 
VCI can best be about S00pF, but this exact value is not 

essential. 


covered, and taken fo the phones or to an amplifier. Such 
rystal sets” were used in very marty homes, in the early 
days of radio. 


\Y AERIAL 


DIODE DI 
AERIAL EARTH 


e 
PHONES 


VARIABLE 
CAPACITOR 
ver 


Fig, 7B shows the practical layout. It is convenient to use an 
insulated board larger than necessary, so that a transistor 
‘amplifier can be added later. A board about 5 x 8 inch is 
‘Suggested, and it can be supported on 1 inch high runners 
(Gitips of wood) so that there is clearance for screws or 
terminals. 


Four lerminals, for Avda, Earth and Phones, il com 
fie recetver- Best tuts vil be had by connecting a pod 
headse of about $00 chm to 2.000 shin Vel ew 
mica taniess tacts waoonicyotons sae ioe 
Bier setae nat sass. 


Coil LI is wound with 26swg or similar wire, and has seventy 
turns, side by side, Secure the wire by passing it through two 
small holes, wind on about thirty five turns, and form a loop. 
Continue to wind in the same direction for a further thirty 
five tums, cut off the wire, and secure the end through two 
holes, ‘The tube used can be 1% inch to 2 inch in diameter, 
and can be paxolin, or can be made by winding thin card 
round a suitable object, smearing alittle adhesive on to form a 
tube. 


Bh simple recent ofthis Kind i ncowsay op 
seasonal fete ger and earth Only in ies Boece 
eri che puntcatn ok aia Sag 
Baer. Toe cath Comuoctod ah os ton to epee 
Be inc pea rica rant ppee bates ht arts 
Stic ok tanec sie nints was aie co 
Sper atta eas tees oes sr siey 
mains circuit.) A cold water pipe may provide a good eart 
Didseakolinebeiel pics 


Point 1, the beginning of the coil, is taken to the fixed plates 
tag F of the variable capacitor, which is also connected to 
diode D1. The tapping 2 goes to the aerial terminal. End 3 is 


26 =, 


For the aerial, a length of aerial wire some 30 ft (075 ftorso [> may be considered as replacing the headphones. C2 is a 
Jomay fon the aerial itself and lead-in. ICthis can be J) coupling capacitor passing audio signals to the following 
Tiapended quite high, and clear of buildings or earthed objects, Fanplifes. 

Signal strength will be improved. However, satisfactory 

Senet jon may be obtained from an indoor aval, orshorter FAs with the previous circuit, any general purpose detection 
Tere ia good earth is present, Asimple indoor serial can type diode is satisfactory for D1, such as the OA91 and many 
Fete iC tee about 1511 0 20 ft or 50 of thin insulated wire, [similar devices. ‘The value of Ci is I. 

fitted along two walls of the room near the ceiling with component can be about 470pF or Ink. Rican be 100k to 
ree ee tape' (Do not fold the wire back on itself to obtain a [220k or so. C2 should be of quite large value, and can be 


greater length.) O.1uF to 0.5uF. 


Volume will be improved, with a poor aerial ifthe aerial ead JDJ ean be moved from the position in Fig. 7B, and the few 

Volume wiectly ta point 1 of the coll or Fat VC1. However, [> extra components added, as in Fig. 8. 

this will make {uning even more flat or unsclective, so cannot 

generally be employed with a Tong aerial When using the tuner to feed an amplifier. note that one 
phone terminal Pi the earth line, and that audio signals are 

{aken from the other terminal, connected to C2. 


Use as Tuner 
The earth line of the amplifier is connected to the earth line of 
In Fig. 8 components C1, C2 and RI are added. C1 and RIF the tuner, For a sensitive or powerful amplifier  sereened 
wre t& allow proper working of the detector diode D1, and | audio lead is recommended. This has an inner screened lead, 
Which goes to C2, and a conductor former by the outer 
brading, which is the ground or earth. The lead should be 
fitted with a plug to suit the amplifier input socket. 


Where the tuner is to be followed by a small headphone or 
similar amplifier, a screened audio lead is not required. So then 
‘connections ate merely taken from terminals P-P in Fig. 8, 
remembering to join amplifier earth and tuner earth circuits as, 
explained, 


Medium and Long Wave 


The addition of long wave coverage is worthwhile in some 
areas, and the coil can be modified as in Fig. 9 so that both 
_MW and LW can be tuned. 


A tube about 3 inch long and approximately 1% inch in 
diameter will be necessary. The section L1 is wound as before 
12 consists of about two hundred tums of 34swg or 36swg. 
wire, in two compact piles of one hundred turns each. All 
turns throughout are in the same direction. The junction of 
LI and L2 goes to the waveband switch $1. ‘The second 
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SMV tuning 
itch teminal goes to 4 and earth Kin 
seit uh i closed and LW tuning with ST open. 


AERIAL 


i 


diameter, or number of turns) can be varied to suit materials 
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performance than the aircored home made type of coil 
Coils can also be wound in a similar way to that in Fig. 6. 


One Transistor Amplifier 


Headphone volume obtained from the crystal diode receiver 
can be considerably boosted by adding a single transistor audio 
amplifier. Space for this can be found on the circuit board. 


In Fig. 10, resistor R2 and the transistor have been added, 
with a switch S2 for on-off switching of the battery. RI, 
C1, DI and C2 are already present, as shown in Fig. 8. 


‘TRI, R2 and $2 are connected as shown. For TRI, a BC108, 
2N706, or similar general purpose NPN transistor will be 
Satisfactory. R2 can generally be 1 megohm with satisfactory 
results, but it can be worth while trying values from about 
100k to 2.2 megohm here, as performance depends on the 
transistor, phones, and battery voltage. 


Medium and high impedance phones, such as a 600 ohm DC 
headset, will be most suitable, The battery can be 4.5v to 9. 
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later ciscuits. Fit red and black flexible leads for battery 
connections. The amplifier, with its battery, can be fixed in 
an insulated box or metal case. Sockets can then be used for 
input and output circuits, and an on-off switch ean be placed 
in one battery lead. 


If the phones are first connected to terminals P-P in Fig. 8, 
then taken to terminals Pin Fig, 10, very considerable in- 
crease in volume should be obtained 


It PNP transistor is to be tried in this circuit, the polarity 
of the battery must be reversed. 


‘Two Transistor Am 


Fig. 11 is the circuit for an easily made 2-transistor amplifier 
which can provide reasonable loudspeaker volume, The 
audio signal is taken to the input terminals, battery negative 
being the grounded side of this circuit 


FIG. 18 


‘The board can be secured with bolts through its fixing holes, 
and through the bottom of the case. Extra nuts or other 
spacers must be placed between the case and board. 


C1 couples the audio signal to the base of the first amplifier 
TRI, which receives base current through RI. An amplified 
signal is developed across the collector resistor R2, and is 
coupled to the base of the following amplifier TR2 by means 
of C2, 


Whenever a metal box is used, remember that all connections 
and other circuits except the earth line must be insulated from 
the metal. The metal case itself is normally connected to the 
earth line, and a lead can be put under one of the fixing screws 
for this purpose. In Fig. 11, both input and speaker are re- 
tured to the earth line. So 3.5mm jack sockets of the type in 
Which the outer or sleeve contact is common to the fixing 
bush could be used, as these points will be connected to 
battery negative and the earth line and metal box. But with 
some circuits it is necessary to use an insulated jack socket, 

r to insulate this from the metal. An example of this would 


The two resistors R3 and R4 set the base operating condi 
for TR2, and the output is taken from TR2 emitter. 


Fig. 11B shows assembly of the components on a small insula- 
ted board. If preferred, connections between components 
‘can be on the underside of the board, in the way shown for 
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arise if the speaker were placed in the collector circuit of TR2, 
as the outer or sleeve circuit would then need to go to battery 
positive. 


Instead of the type of socket which takes a jack plug. ordinary 
single sockets can be used — two for input, and two for out- 
put. Or wires may be connected directly to the terminals 
provided in Fig. 118. 


Input to this amplifier may be directly from the crystal set, 
Fig. 7. Connect earth and battery negative lines; and Cl of the 
amplifier to D1. The effect of connecting C1 and RI, Fig. 8, 
across the erysial receiver phone terminals, can be tried. 


‘The amplifier can operate a speaker of 15 ohm to, 75 ohm 
impedance. Current with a 9v battery is about 25-30mA 
with a 15 ohm speaker, or 10—1SmA with a 75 ohm speaker. 
Headphones can also be used if required. 


‘Two BC108 or similar transistors will give very good results. 
For transistors of different type, it may be necessary to alter 
the values of RI or R2 for best operation of TRI, or R3 or 
R4 for TR2. 


Rd and R3 set the base bias conditions fo the tanstow 
jas is arranged so that collector current is low, when no audio 
Push-Pull Output Stage signal is present. The emitter bias resistor R4 limits peak 
collector current. 

For good volume, with low battery current, some form of 
push-pull output stage is generally used. This has two tran- 
fistors, and each amplifies one half of the audio signal. Base 
‘bias conditions of the two transistors are so arranged that 
only a low current flows during silent intervals. Overall 
battery drain is thus much lower than if a single transistor 
‘were used to obtain a similar level of volume. 


IPRS i preset resistor, a8 in Fig. 12, operating conditions 
canbe arranged to suit the transistors ited. For best results 
TRI and TR2 should bea matched pit. This means that they 
wil have similar gain and current characteristics. However, 
two transistors of the same type number wil generally be 
stator 


Its assumed that the same battery will supply earlier stages 
of the amplifier and current for this purpoe i taken from CL 
and RI. RI and Cl prevent audio signals present inthe pos 
le line passing back to earlier amplifier stages. The by-pass 
Gapacitor C2 also helps in this respect. With simple cet 

not giving much overall amplification, or small power outputs, 
RI, CI and C2 might al be omitted 4 a 


Fig. 12is atypical push-pull output stage. 1 is the input 
or driver transformer, and an audio signal is taken to its 
primary P. The secondary Sis centre tapped. So for one half 
bf the audio cycle one transistor base is driven positive and the 
other transistor base is driven negative, this being reversed 
for the remaining half cycle. ‘Thus each transistor conducts 
alternately, and the centre‘tapped output transformer T2 
combines the collector currents, to operate the speaker 
connected to the secondary 5. 
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‘TRI and TR2 are NPN transistors. If PNP transistors are to 
be tried, battery polarity must be reversed, and also the 
polasity of CI and C2. PNP transistors, witha positive earth 
Tine, could be convenient where earlier stages also use PNP 
transistors and a postive earth: 


When first using the circuit, a meter can be placed in one 
battery lead. R3 is sot for minimum value. Battery current 
‘will then be low, but reproduction will be very distorted 
Slowly inctease the value at R3 until reproduction is at its 
best. This will cause a rise in battery current, so do not set 
3 to an unnecessarily high value, 


‘The driver transformer TI can be of about 5:1 ratio. T2 ean 
be a miniature type for low power, or a $00 milliwatt or 1 

‘watt component for larger power. Its ratio can generally be 
about 8:1, for use with a 3 ohm speaker, TI must have a 
centre tap on its secondary, and T2 a centre tapped primary. 


Many transistors other than those given below can be used, 
the following being typical for negative ground or positive 
ground. 


‘Negative earth (NPN transistors). 2 x BC108. RI 1.2k. 
3 100 ohm fixed or 250 ohm preset. R4 4.7 ohm, 


Positive earth (PNP transistors), 2 x AC128 or 2 x AC142. 
R2.4,7k. R382 ohm or 250 ohm preset. R4 4.7 ohm, 


RI will generally be 1k to 2.2k, depending on the eailier 
amplifier. The primary of T can be connected to terminals 
P in Fig. 10; or alternatively to any audio source where 2 
reasonably strong signal is present. 


Where signals are too strong, an audio gain control needs to 
be fitted. In Fig. 8 this can be done by omitting RI, and 
disconnecting C2 from D1. Connect the outer tags of a 100k 
‘volume control or log pot from DI to earth line. Take C2 to 
the centre tag oF slider of the potentiometer. Any required 
audio level can then be taken off by adjusting the control 
knob. 


Fig. 12B shows the board layout. 


36 


Boost Speaker 


For best reproduction, a speaker needs to be enclosed in 
cabinet or fitted to a baffle board. A cabinet can be made 
from wood, and can be about 6 x 10 inch and 4 inch deep, 
‘of as required for the speaker unit. Cut an aperture in the. 
cabinet front to match the cone diameter, and glue thin 
fabric behind this opening, The speaker can be fixed with 
nuts and bolts, or short woodscrews driven in from behind. 


Connect flexible leads, with separate plugs or jack pu 
‘suit the equipment. iets ee 


Simall pocket receivers, which have a miniature speaker, can 
‘give much improved volume and reproduction when used with 
2 ager speaker. I heudphoe socket, operated frm the 
Ieciver output sage is presen, its only necessary 10 plug 
the speaker into this. A fairly large speakers of seritve 

wil gve best esulls. Aunit$ inch to 6 inchin dameter Gr 
about 4 x7 inch, will be convenient. ‘The speaker has to be 
of approximately the correct impedance, which should be 
found in the receiver operating instructions." Where the 
Speaker impedance is wrong, a matching transformer has to 
be employed between recever and speaker, 
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Extension speakers are less frequently used today, but if two 
leads are run into another room programmes from a non- 
portable type radio can be listened to there also, 


Other “No Soldering” Projects 


It will be seen that many of the circuits which follow, and 
especially those of simpler type, can be assembled without 
soldering. Where necessary, an examination of the practical 

layouts will give an indication of how components can be 

placed. Generally a little extra space should be allowed so 
{hat nut and bolt connecting points need not be extremely 
close together on the insulated board. 
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SECTION 2 
MISCELLANEOUS DEVICES 


Soldering 


Soldering for electronic wiring will be found to be a very easy 
‘and straightforward matter. “An electrically heated iron is 
‘usual, and as large areas of metal do not have to be raised 

to the melting point of the solder, a 20 watt to 25 watt iron 
is satisfactory. This will be perfectly safe if correctly fitted 
‘with a mains plug, and if placed on a metal plate or tray when 
not actually in use, 


It is best to use cored solder, as made for electronic wiring. 


Leads, tags and other items to be joined should be clean and 
bright. They have to be raised in temperature to the melting 
point of the solder at the actual points where a joint is to be 
ade, and the active core of the solder, or flux, must be 
present here when the joint is being made, 


The iron should be tinned — that is, have melted solder on its 
tip — and have reached its correct temperature. Leads can be 
hooked or looped into position. The joint is then heated with 
the iron, and the solder is simultaneously applied to the joint, 
$0 that it melts and flows over the surfaces to be soldered. 
This usually takes place in a second or two. The solder and 
iron should be removed at once, as excessive heating may 
daniage some components, and especially transistors or other 
semiconductors. The joint cools in a few seconds, and should 
be rigid, and solder having flown onto the items to be joined. 


A probable cause of poor joints is insufficient heating of items 
to be soldered, or carrying solder to the joint on the iron, so 
that the activity of the flux is wasted, 


Electronic items such as tags and the wire ends of compon- 
ents are generally designed for easy soldering. They will be 
‘copper, tinned copper, and similar metals and alloys which 
solder readily. For this reason, difficulties are unusual, 
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Some metals do not solder readily, or need spevial methods 
‘Aluminium is one of these, and itis not used where popular 
cored solders intended for copper or general wiring are 
employed 


(1) shows leads from a typical NPN transistor, such as the 
BC108, 2N706, and similar types. (2) is the base of the PNP 
ACI28 transistor. 


TI can be a small speaker matching transformer, as used for 
‘push-pull stages. A centre tapped primary is necessary. The 
secondary S can be taken to a loudspeaker or headphones, 


‘Make sure that heat from the iron does not damage furniture 
or other items, and keep the flexible cord away from the 
heated tip. Always switch the iron off at once when the work 
in progress is to be left. 

The values of R1, CI and C2 can be varied considerably. 
Cl can be 0.1uF or so. RI determines to some extent the 
power obtained, and can be about 22k, increased to 47k or 
100k for lower power. The value of C2 has considerable 
influence on the note, or frequency of oscillation. Increasing 
the value of C2 lowers the pitch. C2 can be about 47nF to 
47nF or thereabouts. A 9v battery can be used. Changes 
tothe supply voltage will influence the note produced. 


One Transistor Audio Oscillator 


‘This can be used instead of a bell or buzzer warning, or for 
code practice and similar purposes. It needs very few compon- 
ents, Fig. 13, and can be made to work satisfactorily with a 
‘wide range of transistors. 


In Fig, 13, an NPN transistor is shown in the theoretical 


cireuit, so battery polarity is as indicated, with negative to 
emitter. If'a PNP transistor is fitted, battery polarity must be 


reversed, 
gs ‘ourpur 


TI 


Fig. 13 also shiows a layout for components, using either a 
fully perforated board, or a panel drilled to suit. Trans. 
former T! is fixed by screws. Small transformers of this type 
are usually wire ended, or have pins which pass down through 
holes in the board. 


‘The wire ends of the resistors and capacitors are passed down, 
through suitable holes, and bent over. The board is then 
tumed so that the underside wiring can be carried out. In 
‘most places the wire ends of the components will be long 
|enough to reach connecting points. Elsewhere, 24swg tinned 
|copper wire, or similar connecting wire, will be used. Make 
the soldered joints as described, and snip off unwanted ends of 
‘ite. It is as well to leave the transistor to last, as this avoids 
heating it unnecessarily when soldering other items. Lengths 
‘of flex, anchored at holes in the board, are used for battery, 
key (or push) and speaker connections. 


REVERSE 
FOR 
ee 


Multivibrator 


Fig. 14 is the circuit of the multivibrator assembled in Fig. 2. 
Reference to Fig, 148 will show how this can also be prepared 
on a tag board, 


‘The tag board has two rows of tags fitted to an insulated 
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board, and itis five tags long in Fig. 14B. Boards of this type 
can be obtained in many sizes. It is also easy to cut a section 
from a long tag board, to suit the needs of the item to be 
assembled, Such boards are very handy indeed for electronic 
assemblies, as the tags support resistors, capacitors and other 
items, and a neat layout is readily achieved. 


FIG.14 


Tag strips are also useful for projects, and may have any 
number of tags required. Long tag strips can be cut down as 
necessary. Short tag strips have one tag for mounting the 
strip, longer strips having two tags formed as brackets for this 
purpose. 


Place the components approximately as in Fig. 14B, and solder 
the wires to the tags. If any component values may be 
changed, do not twist the leads tightly round the tags before 
soldering, or removal will be difficult 


Wires which cross can be kept clear of each other, and then 
no insulated sleeving will be necessary. The transistors can be 
soldered on last, and can readily be changed without disturb- 
ing other parts. 


‘The same layout can be used for the next project, though the 
component values are different. 
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Glissade 


This device will produce swooping, rising and falling tones, for 
“effects” purposes, or can with additional skill be used to 
obtain musical notes through several octaves. ‘The circuit is 
shown in Fig. 15, and reference can be made to Fig. 14B 
for a practical layout on a tag board 


In Fig. 15, suitable component values are 


Rt 10k Cl (22nF 
R2 12k @  2nF 
R3 100k CG 22nF 
R4 10k WRI 100k tinear pot. 


Transistors: 2 x BC108 or similar types. 


The circuit is a wide frequency audio oscillator, in which the 
pitch can be controlled by VRI, and “on” switching is obtain- 
4 by §. The oscillator is placed in a box, so that switch S 
and VRI can be mounted on the top.. The switch is a strip of 
springy metal, fited with @ spacer and bolt, so that itis just 
clear of a further bolt. A small downwards movement of the 
arm or knob completes the crc 


43 


integrated circuit 


> digital > logic gate 


Figure 10-8. Logic gates can be used to add binary num 
‘bers, using a high Input ar output to represent a binary 1 
and a fow input or output to represent a binary 0. This 
‘schematic shows one possible Way for gates to add two 
two-digit binary numbers. 


Variants 


Chips containing logic gates were introduced in 
the 1960s. The 7400 NAND chip, from Texas In- 
struments, was the first of a series that became 
so influential, the same basic part numbers (with 
letters added before, after, and among the digits) 
are still used today. An example of a currently 
available through-hole 7400 chip is shown in 
Figure 10-9. 


Variants 


Figure 10-9. A modern versian of a 7400 chip containing 
four NAND gates 


Initially, these chips conformed witha transistor- 
transistor logic (TTL) standard that had been 
invented at TRW in 1961 and introduced in com- 
mercial products by Sylvania in 1963. It estab- 
lished the now-familiar standard of SVOC for the 
power supply. Many logic chips now use other 
Voltages, but the term *high’ still means an input 
or output thatisnear tothe supply voltage, while 
“low” means an input or output that is near to 
negative ground. The exact definition of “near” 
will be found in datasheets for the chips. 


The 7400 series was successful partly because it 
was engineered for compatibility, The output 
from one gate could be connected directly to the 
input of another gate, with a few bypass capaci- 
torsadded on a circuit board to suppress voltage 
spikes caused by rapid switching. Earlier compo- 
nents had not been soeasy to interface with each 
other. The new standard dominated the industry 
to the point where dozens of manufacturers 
started making chips that conformed with it, and 
a single board could mix-and-match chips from 
multiple vendors. 


Because many logic chipsacquited part numbers 
that began with 74, they are often referred to as 
the 74xx series, where other digits (sometimes 
more than two) can be substituted for xx. This 
avoids ambiguity, as the very first chip in this for- 
mat was a NAND gate that had 7400 sits actual 
part number. In the text below, 7400 will refer to 
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VRI has a % inch shaft coupler, into which is screwed a length 
of 4ba threaded rod. A knob is also fitted to the end of this 
rod. It can be swung backwards or forwards, to change the 
resistance of VRI. Connect VRI so that movement of the 


kknob towards the right raises the pitch. 


Output from C3 can go to high resistance headphones, for 
amusement, but should be taken to an audio amplifier. Gain 
of the amplifier will have to be tumed back somewhat, as the 
‘output from the glissade is at a quite high level. 


‘Swooping tones are produced by holding down the switch S 
‘and swinging the control knob attached to VRI from side to 
side. For notes which do not swoop to frequency, switch S 
must be released while VR1 is rotated. A slight quivering 
motion of the hand controlling VR1 will produce a vibrate 
effect. It is useful to have an ordinary switch in parallel 
with the knob control S, and to have the amplifier audio gain 
control near the left hand, so that fading effects can be pro- 


duced as well, Hi 


About 4.5v to 9v can be used, this influencing volume. Should 
other transistor types give an unsuitable range of frequencies, 
the note can be raised by reducing C1 or C2 (or both) 


‘Morse Oscillator for Phones 


By using the windings of magnetic headphones as part of the 
feedback circuit from collector to base, a single transistor 
oscillator can be made as in Fig. 16. Medium to high imped 
ance phones are most suitable, and numerous other transistor 
types can be fitted 


‘The transistor and few other items are mounted on a tag strip. 
This is in turn bolted to a small insulated box, which can carry 
the battery. A 4.Sv supply was found best with this oscilla 
tor. The note obtained can be modified by altering the 
voliage, resistor, or capacitor values. 
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For serious code practice a good Morse key is required. It is 
adjusted so that only a small movement of the wrist is needed 
to operate it. Each letter consists of short and long sounds, 
shown as (+) and (—). The (—) has three times the length of 
the () 


After leaning the code, practice between two persons will 
bbe best to gain speed. Care should be taken to form each 
letter correctly. 


‘Two Door Siren 


‘This can be used as a warning device instead of a door bell. 
‘The circuit is arranged so that two bell pushes can be con- 
nected, and they will provide distinctive notes. Itis thus clear 
which of the pushes has been used, as, for example, to dis- 
tinguish between front and back doors. 


Fig. 17 is the circuit. The collector of each transistor drives 


the base of the other through a capacitor with parallel resistor. 


TI is centre tapped, and couples a loudspeaker. 


Component values are intended for two AC128 or AC142, 
or similar transistors, as used in 4w to 1w output stages of 
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receivers and small amplifiers, Other transistors will of course 
‘operate in this circuit, The pitch obtained can be modified 

by changing C3. The circuit shown is for PNP transistors, 
and battery polarity has to be reversed for NPN transistors 


Fig. 17B shows the oscillator wired on perforated board, For 
aseif contained unit, the board can be screwed inside a case 
Which is large enough to house the speaker and battery. 


‘The note obtained when Push | is operated depends on the 
Value of R3. In the same way, R4 allows a different note to 
be obtained when Push 2 is closed. I necessary, R3 or R4 
can be changed, to obtain notes which are readily distin- 
uished 


‘Transformer TI is best of fairly high ratio, or can be the usual 
type of transistor output transformer, with a ratio of about 
8:1. TL and loading by the speaker influence the volume and 
notes obtained. 
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Im some citcumstances it may be convenient to run a single 
twin lead from Push 1 on to Push 2, including an extra resistor 
at Push 2 itself, to modify the tone. This may save taking 
leads from Push 2 all the way back to the oscillator board. 


UIT Oscillator 


‘The uni junction transistor is a device having emitter, Base | 
and Base 2, Fig. 18. B2 receives positive bias, in this case 
through the headphones, When forward bias on the emitter E 
is reached the UIT conducts. 


In Fig. 18, the emitter potential rises as CI charges through 
the resistor RI. When the UJT conducts, C1 is discharged, 
and the process is repeated, This can take place over a very 
wide range of frequencies, depending on the values used for 
Ri and Cl. Here, these are chosen to produce an audio tone. 


A battery supply of 3v to 9v will be convenient. For use of 
the UST oscillator during code practice, place the key in one 
battery lead. oa 


BI 


2N2646 
UJT 


UIT Continuity Tester 


Fig. 19 shows actual assembly of the circuit in Fig. 18 on a 
small perforated board, This is fitted in an insulated box, 
which carries a phone jack socket, and two sockets for Morse 
key or test leads. A 9v battery is used, secured with string 
orelastic 


For continuity tests, take prods or clips on the test leads to 
the suspected item. If the circuit isin order, the UJT oscil- 
lator will produce an audio tone. Oscillation will be obtained 
with a series resistance between the prods of up to 20k or 
‘more, $0 various components can also be tested, and some idea 
Of the resistance in circuit can be gained from the sound 
‘obtained, The tester can also be used to check bulbs, lamps, 
fuses, exiension and other leads, and similar items ~ these 
must of course be removed or disconnected from the equip- 
ment, before being tested. 
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PHONES FIG.I9. KEY OR TEST LEADS 


UIT High Voltage Producer 


The UST oscillator can be used to produce a high voltage, at 
very low current, by connecting a transformer as in Fig. 20. 
A loudspeaker transformer, as would be used in valve equip- 
‘ment, is suitable, and will have a ratio of about 45:1 or so 
‘The usual secondary, or low-resistance winding, is connected 
to B2 and positive, so that a step-up of voltage is obtained. 
This should be found to light a small neon lamp. 


VR1 is fitted to allow some adjustment, to find the most 
suitable frequency of oscillation. For maximum possible 
hhigh voltage output, if required, operating voltage and current 
should be raised. No rating of the UST must be exceeded. 
For the 2N2646, the supply should not exceed 30v, emitter 
current should not be over SOmA, and dissipation of power 
in the device should not be more than 300 milliwatts. (Dissi- 
pation can be found from Voltage x Current.) 
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= 


VRI 250K 


HIGH VOLTAGE, 
LOW CURRENT 
(aC) 


RI 22k 


ici 22 NF 


‘A small mains transformer can be used for TL. with a low 
‘voltage winding, such as that for a 6.3v heater circuit, as 
primary, and the 200/250v winding as secondary. The high 
voltage output is altemating current. 


‘Signal Blinker 


Fig. 21 is a multivibrator in which the feedback capacitors 
C1 and C2 are of high value, so that conduction alternates 
between TRI and TR2 at a low rate. A light emitting diode is, 
placed in the collector circuit of TR2, and so flashes on and 
off. 


This device can be used for various instruments and other 
equipment, and a flashing indicator draws attention to a 
greater extent than does one continuously illuminated. The 
LED can be located at any required point, with leads running 
toit, 


Transistors other than the types shown can be utilised. R& can 
usually be about 150 ohm for a 3v supply, 470 ohm 0 1.2k 
for 6v, or 680 ohm to 1.Sk for 9v. This depends to some 
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extent on the amount of light required when the indicator 
is operating. Lower resistor values at R4 will increase light, 
but current must in any case be limited to the LED rating. 


C1 and C2 need only be 6.4v working, and the device can be 
assembled on a very small perforated board. See p.61 for 
LED polarity. 


Mains Wiring 


All the devices described so far have operated from low 
voltage batteries, so than no shock hazard exists with them 
However, it is necessary to employ mains power for some 
units, and proper care must then be taken to avoid any danger. 
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Power should be drawn from a 3-pin plug, and this should have 
3A or other low rating fuse installed. The live or L, neutral 
or N, and earth or E conductors must be correctly connected, 
both at the plug and the equipment. 


‘The plug must always be withdrawn from the supply socket, 
before touching any intemal connections, or making any 
adjustments or checks of any kind. 


Apparatus operated from the mains must be constructed in a 
Strong insulated box, such as can be obtained from various 
Suppliers of electrical equipment; or when built in a metal 
box, the box must be soundly earthed. This is achieved by 
bolting the mains cord earth conductor to the box. 


Boxes or cases can have ventilation holes or slots, but must 
be closed so that no one can touch live or dangerous connec- 
tions or parts inside. It should be remembered that unskilled 
or unaware persons may eventually handle or use the equip- 
‘ment, so it must be arranged to present no unexpected hazards 
such as live terminals or parts, or openings for the fingers. 


If these points are remembered, mains operated equipment 
can be safe to use and handle. No switch or other means of 
interrupting the circuit is put in the earth conductor, and any 
switch or equivalent device is placed in the live or L eon- 
ductor. This leaves both earth and neutral permanently 
connected, for maximum safety. 


Dimmer/Heat Control 


It is often convenient to dim a filament lamp, or reduce the 
heat of a soldering iron to be left on for long periods, or the 
power of a low wattage heater. The silicon controlled rectifier 
circuit in Fig. 22 can be used for these purposes. 


When the switch marked “Full” is closed, current for the 
load passes through this, so that full power is obtained. 


When this switch is opened, current passes through the SCR. 
This device conducts only when the gate has been triggered, 
and the instantaneous point in the alternating current cycle 


3 


where this arises is determined by the setting of the potentio- 
meter VRI. Triggering is advanced as the wiper of VRI is 
moved towards RI. The average power supplied to the load 
can thus be adjusted between wide limits. Since the device is 
operating as a half wave controller, full power is not obtained 
with VRI at maximum, so the switch is closed as described. 


of the box should be screwed in place. A suitable size is about 
4x5 x2 inch deep. 


ouncer 


Fig, 228 shows construction of the SCR controller in a metal 
box. The front of this carries a socket outlet, and the mains 
cord has a 3:pin plug, wired as explained earlier. It is thus 
easy to plug the controller into an outlet, and insert the plug 
Of the lamp or other item to be used in the new outlet. 


The mains cord is secured with a clamp, and passes through 
an insulated grommet. The tag strip supporting the small. 
items is mounted by an unused tag. A strip of metal is cut 

to clamp round the body of the SCR, and is soldered to one 
tag, as shown. Run earth and neutral leads from the cord up 
through a hole, and connect them to the E and N terminals of 
the socket outlet. Also earth the case, at E, A well insulated 
wire runs from the L terminal of the outlet, to the “Full” 
switch. The outlet can be secured with bolts and nuts. 


RI should be 1 watt, and Cl is a 500v capacitor. The neon is 
a small type as used for indicators, ete, 


After checking that the controller operates correctly, the back 
5a 


FIG 228, 


Ifa fully insulated box is used instead then the bush of VRL 
and of the switch should both be earthed by wires, except 
when these items are constructed wholly with insulated 
material. (This precaution is necessary to avoid any chance of 
‘metal parts outside the box becoming “live”.) 


‘Two Power 


A circuit which will allow half or full power can be useful to 
reduce the heat of a soldering iron, or for dimming a filament 
lamp, 


Fig. 23 isan easy circuit of this type. Full power is obtained 
‘when the switch Sis closed, With § open, the silicon rectifier 
allows current to flow in one direction only, s0 that power is 
approximately halved. A 600v 1A or 1000v 1A rectifiers 
suitable. 
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soldering a connecting wie through the holes. This wil 
provide one connection tothe pad, The othe fils — 2,4 
tha 6 ae similarly joined together forthe athe pad con 
nection 


‘The pad is fixed to the top or side of a box, which can contain 
the battery and electronic components. 


This device can be made by using an insulated junction box 
which will take a socket outlet and also the switch S, A 3- 
core cord with plug is run to the box, so that it can be used 
with any power point. The iron or other item can then be 
plugged into the outlet fitted to the junction box. Remember 
to make mains connections in the way described earlier, for 
safety. The switch S should be of fully insulated type. 


‘Sensitive Touch Switch 


In Fig. 24, finger contact with the touch pad switches on a 
Jow voltage bulb. T?.is circuit is suitable for a battery operated 
portable bedside light, and for some other devices. 


Normally the silicon controlled rectifier is not conducting, 
so the lamp is extinguished. Finger contact with the pad 
provides positive base bias for the transistor so that it conducts, 
‘This moves the transistor emitter and SCR gate positive, 
triggering the SCR. Current then flows from cathode K'to 
anode A, and through the bulb. The SCR remains in the 
conducting condition until the battery circuit is interrupted 
bby opening the switch, A push switch, normally closed, is 
most suitable here. Pressing it then switches off the bulb. 


This touch pad is easily made from a piece of circuit board 


with foil strips. It can be about 2 x 1 inch, or of any convenient 


size. Join together altemate foils —e.g., 1,3, 5 and 7 — by 
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‘The sensitivity of the SCR, or gate current or potential needed 
tp produce conduction, wil depend somewhat on the individual 
device, while the gain of individual transistors will also be 
different. Numerous NPN types are suitable. If its found that 
the switch is too sensitive, this can be corrected by placing a 
resistor from transistor base to SCR cathode or negative 

line. ‘This resistor can be about 470k to 1 megohm or so. 
Excessive sensitivity will be apparent ifthe circuit is switched 
on by dust, damp air, or similar effects, The pad should be 
Kept clean by wiping it with a dry cloth 


Fig 24B shows assembly ofthe components on tag strip 
INSallsOv 1A SCR is more than adequate, ‘The bulb can be 
‘crew in typecand can be 63¥ 0.15A,0r .3V0.3A. A 

Gy 3W (0.5 Ab bulb is also suitable, provided the battery is 


fairly large. 


Ikis convenient to make a wooden box which will take the 
battery, and leave a litle space forthe tag strip assembly. 
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FIG. 24B 


Water Level Indicator 


This is a battery operated low voltage device, which is tri. 
gered by rising water. It can be used to give indication when a 
tank, cistern, fish or swimming pool has filled to the required 
level 


Fig. 25 shows the circuit, and also assembly on an insulated 
board. This also cartes the battery, and iti fitted in a metal 
‘or plastic box. 


{In use, the base normally has no positive bias, as the sensor 
passes no current. When water reaches the sensor, it conducts, 
and the transistor passes collector current, to operate the 
indicator. RI limits base current. 


This circuit will operate satisfactorily with a wide range of 
PNP or NPN transistors, but battery polarity must be reversed 
for the PNP types. 


The indicating or warning device can be one of the multi 
vibrator or other audio oscillators shown earlier. These will 
give an audible warning, and will draw only a small.cusrent, 
so that a large transistor is not required. 
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INDICATOR 


SENSOR 
INDICATOR 


SENSOR 


For indoor use or in a location protected from rain, the sensor 
can be two bare wires, about % inch apart, bolted (o a strip, 
of insulated material. Where rain could operate the device, 

it needs to be covered. Altematively, it can be made from a 
piece of metal (ube, with a central wire, as in Fig. 25. The 
Wire is bound with insulating tape for about half its length, 
to fit tightly in the tube. Flexible leads are soldered on, and, 
the joints covered with tape. The sensor can be suspended 
inside the tank or pool, with its bottom at the required water 
level. 


If the transistor is a high gain one, so that damp operates the 
indicator, sensitivity can be reduced by connecting a 100k 
resistor from base to emitter. 
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Optical Isolator 


In some equipment complete electrical isolation of one circuit 
from another is required, though signals must be able to pass. 
‘The optical isolator is a neat way to arrange this, and can be 
fitted up from the circuit in Fig 26. 


AUDIO. BATTERY 


Electrically, the device isin two sections. The first has the 
light emitting diode LED, VRI, and transformer T1. When. 
the battery is switched on, current flowing through the LED is 
adjusted by VRI. so that the LED glows dimly. A signal 
voltage in the secondary of TI then modulates the LED light, 
intensity 


To operate this circuit from a radio having a 2/3 ohm or simi 
speaker, a speaker matching transformer with a ratio of about 
45:1 can be used. (The actual ratio is not very important.) 
Connect the usual transformer secondary to the radio speaker, 
so that TI provides a step up effect. 


‘The second part of the equipment has the light dependent 
resistor LDR, forming part of the network providing TRI with: 
base bias. VIR2 allows adjustment of conditions for best 
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amplification, which will depend on the transistor. and also 
the LDR, or stray light reaching the latter 


The LED and LDR can be enclosed in a eard tube, or should 
at Ieast be shielded from light, which will swamp the modula- 
ted illumination of the LDR, obtained from the LED’ 


With the cireuits switched on, and VRI adjusted so that the 
LED is illuminated, turn the radio to give fairly low volume 
Adjust VR2 for best bias conditions. When these are reached, 
signals should be heard clearly in the headphones. VR, VR2 
and the audio input to TI can then be adjusted for best results. 
TRI can be the BC108, 2N706, or similar transistors suitable 
for audio amplification, A medium or high impedance head- 
set will be satisfactory. Assembly can be on a perforated 
board, as for other circuits. Take care not to adjust VRI so 
that the LED current is too high. 


LED Indicator 


A light emitting diode can be used as an indicator on battery 
powered equipment and the current required is very small 
Fig. 27 is a LED indicator circuit. Here, the long wire of the 
Lr LEDs this is not so. A flat 
side may, or m So polarity may have to be 


is negative, but with some 
not, be present. 
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‘The LDR has a high resistance when in darkness or subdued 
light, so that the gate potential of the SCR is not sufficiently 
high to trigger this device. When light reaches the LDR, 

its resistance falls, and the SCR gate voltage rises. The SCR 
then moves into its conducting condition, so that current 
flows through the bulb. The sensitivity ofthe circuit, or 
Jevel of illumination needed to trigger the SCR, is set by VRI 


found by trial — the correct connections are those allowing 
the LED to light. The series resistor may be about 150 ohm 
to 1k or more, depending on the actual voltage, and brightness 
required. Current drawn varies with different LEDs, and 

with voltage and series resistance, but can be about SmA or 
less, without reducing the brightness too far, 


The LED indicator with resistor is connected to the circuit 
where voltage is present when the equipment is on. LEDs are 
available in red, yellow, green and other colours, with grommets 
‘or clips for panel mounting. Different circuits may be identi- 
fied by a range of colours. 


Components can be assembled on a small tag strip. This, with 
battery, can occupy a tubular case, with the lamp on top. 

‘An opening is necessary opposite the LDR, and a hole is also 
made so that VRI can be adjusted with a screwdriver. Here, 

a miniature pre-set SOk or 100k linear potentiometer is most 
suitable.. It is necessary to have a small push switch to interrupt 
the battery current, as the SCR remains in the conducting 
condition until the circuit is momentarily broken. A 6V 
battery and bulb can be used. SCRs may fail to operate at 

all if attempts are made to use them with extremely low 
voltages, such as a single 1 Sv cel 


“Magic Candle” 


‘The triggering of a silicon controlled rectifier can be used for 
slave photolash and similar purposes. In Fig. 28 its em 
ployed to switch on a light when a match or lighter is brought 
near. Sensitivity is best in somewhat subdued light, and it 
will then be found that striking a match at some distance can 
bring on the light 


“Nerve Tester” 


‘This device tests the nerve, concentration, and steadiness of 
hand, and always provides amusement. 


Connections and construction will be seen from Fig. 29. A 
wooden box at least 10 inch or 12 inch long will be used, 
and large enough to take the battery and other parts. 


A stout bare wire — at least 14swg — is mounted with a bolt 
and spacer, and is bent in any way found appropriate, and 
according fo the degree of difficulty wanted. A similar wire 
is fitted with a wooden handle, and has a loop bent at one end 
A Tlexible lead of convenient length is soldered to this wire. 


The problem is to pass the loop all along the shaped wire, 
without allowing contact, until the loop can be rested on a 
piece of insulated sleeving at the fixed end, as in Fig, 29. 
The size of the loop will also have considerable influence on 
the ease or otherwise of the likelihood of success. 


Variants 


that specific chip, whereas 74xx will refer to the 
whole series of chips. 


RCA introduced a competing family of logic 
gates in 1968, using CMOS transistors. As each 
part number began with a 4 and contained four 
digits, this was referred to as the 4000 series. The 
CMOS chips were slower and more expensive, 
but tolerated a wider range of power supply vol- 
tages (3V to 12V, initially). Their biggest advan- 
tage was that they used much less current. This 
was important, as TTL chips created a lot of waste 
heat. The lower power consumption of CMOS al- 
soenabled onechiptocontroltheinputs of many 
others, which simplified circuit design. This one- 
to-many relationship is known as fanout, 


Ultimately, CMOS chips transcended their early 
limitations. While they were reserved initially for 
battery-powered devices in which very low pow- 
erconsumption wasmoreimportantthan speed, 
CMOS is now used almosteverywhere, still main- 
taining its advantage of low current (almost zero, 
in fact, while a chip is quiescent) while equalling 
the speed of TTL However, CMOS logic chips are 
very often pin-compatible with the old TTL com- 
ponents, and modern CMOS part numbers are 
often derived from the old 74xx series. 


‘Most CMOS logic chips in the old 4000 series are 
still available, and may be used in situations 
where a power supply greater than SVDC is con- 
venient. 


Part Numbers 

Asthe performance ofsemiconductors gradually 
improved, successive families of logic chips were 
introduced, identified by one-letter, two-letter, 
or three-letter acronyms. The acronym was in- 
serted into the part number, sothata 7400 NAND 
gate in the HC (high-speed CMOS) family be- 
came a 74HCOO NAND gate 


Because these chips wereavailablefrommultiple 
sources, the part number wasalso preceded with 
one or more letters indicating the manufacturer. 
‘And because each chip was manufactured in dif- 
ferent versions (for example, some complied 


Integrated circut> digital > logic gate 
with military specifications, while others didn't), 
letters were also appended to the end of the part 
number. Today, the appended letters may indi- 
cate whether the chip is of the old through-hole 
format, or conforms with a more recent surface- 
mount format. 


Summing up: 


+ Prefix: manufacturer 1D. 


+ Numerals, omitting any lettersin the middle: 
Chip functionality. 


+ Middle letters: Chip family. 
«+ Suffix letters: Package format. 


Thus, for example, the actual part number for a 
74HCO0 NAND chip could be SN74HCOON, where 
the SN prefix indicates that itis manufactured by 
Texas Instruments and the N suffix means that it 
is in plastic dual-inline-pin (DIP) format. (The SN 
prefix was introduced by Texas Instruments in 
the earliest days of integrated circuits as an ac- 
ronym for “semiconductor network” meaning 
that multiple transistors were “networked” on a 
wafer of silicon, Other manufacturers used their 
own schemes for part numbering, and so SN be- 
came exclusively identified with Texas Instru- 
ments.) 


The system of augmenting part numbers has 
been further extended by inserting 1G, 2, or 3G 
immediately after the family identifier, to indi- 
cate surface-mount chips that contain ane, two, 
orthree logic gates. Ifthe “G" identifiers missing, 
the chip usually has four logic gates, which was 
the standard used in the original 74xx series. This 
rule applies even in surface-mount formats, 
wherethesurface-mount pads of four-gate chips 
have the same functions as the pinouts of the 
original TTL versions (except in the case of 
square-format surface-mount chips, which are 
not discussed here). 


When searching a catalog tofinda chip byitspart 
umber, it helps to remember that searching for 
87400 chip may not find any hits, but searching 
for a 74HC00 (or any other valid number con- 
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Leads from the mat or mats will run to the terminals at 

X=X. The buzzer should be changed for a bell, which need 
not be fitted in the box, but can be situated where it is best 
heard. Momentary weight on any of the mats will then switch 
on the bell, which will be locked on by the relay as described, 
and will ring until the unit is switched off. 
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‘Transistor Tester 


‘A very useful check of transistors can be made with the aid of 
‘a multi-ange test meter, with a selection of base resistors to 
provide base current, as in Fig. 30. This method does not give 
an exact indication of transistor gain, but it does allow defective 
‘transistors to be eliminated, and provides a good idea of the 
performance to be obtained from surplus or other unknown. 
transistors. 


‘A G-way switch allows the base to be open circuit, or to receive 
current through one of the resistors RI. to RS. These values 
are RI 330k, R2 110k, R3 33k, R4 11k and RS 3.3k. After 
allowing for the base-emitter potential, switch positions and 
corresponding base currents ae near the following: 1, 2610; 

2, 10WA; 3, 30UA; 4, 100uA; 5, 0.3mA, and 6, ImA. 


switcH 


Ifloop and wire touch, current flows from the battery to the 
buzzer, which sounds. ‘Current also flows to the relay winding, 
so that the relay contacts close. Even a momentary contact 
between loop and wire will thus cause the buzzer to sound 
until the switch is used to break the circuit 


Any 4.5v, 6v or similar battery and buzzer will be satisfactory, 
with a relay which operates on a similar voltage. Connections 
are to the relay contacts which remain open until the relay is 
energised. 


Im.use, the device can stand upright. A back is attached with 
small Screws. 


Burglar Alarm 


The same circuit arrangement as in Fig. 29 will provide a burgla 
alarm operated by pressure mats. The latter are available in 
various sizes, and consist of a thin pad which can be placed 
under a carpet or ordinary mat. 
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Polarity is shown for NPN transistors. Reverse polarity of 
both meter and battery for PNP transistors 


| Fora tests, initially set the switch to 1, and the meter to its 

| ighest range (Say ampere), Afterwards, switch the meter to 
a lower range, after adjustment of the G-vay switch, xs may 
prove to be necessary to obtain an easy reading 


With the switch at 1, a high reading on the meter shows that the 
transistor has a short circuit from emitter to collector, and is 
defective, 


With germanium transistors, collector current (with the switch 
«it 1) may be 0.1mA or so up to perhaps 0.5mA for small 
types, and up to some milliamperes for larger types. This small 
leakage curtent does not show that the transistor is defective 


In the case of silicon transistors, the leakage current (with 
switch at 1) will be zero or extremely small, the device isin 
g00d condition. 


The switch is then turned to one of the positions 2 to 6. If 
collector current does not rise, the transistor is defective 
Ifcurrent rises at each step, do not go beyond the switch 
setting which results in a safe collector current for the device 
actually being tested. This can be 10mA or less for some small 
transistors, or 100mA or so for those able to handle greater 
power, and up to an ampere or more for large power transis- 
tors, but limitation of base current will not allow full collector 
current with large types. 


‘The approximate hFE or current amplification of the transis- 
tor (common emitter mode) can be found by noting the 
approximate base current and collector current. Ifthe collector 
ccurrent with the switch at 1 was very small, it can be ignored. 
Ifnot, take this value from the actual collector current read. 

by the meter, with the switch at 2 to 6. Collector current 

(ead by the meter) is then divided by base current (taken 

from the switch position as described). This gives the approxi- 
mate hFE, or amplification, of the transistor. 


It is convenient to mark the switch with the base current 
figures, and to have three small clips to attach a transistor to 
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the circuit, Switch, clips, and battery can all be fitted wa 

small box. A development of the circuit would be 1 include 

current meter, with switch and shunts, to replace the external 
neral purpose test instrument 


Treasure Locator 
This locator is among the simplest that can be constructed, as 
it uses an ordinary small portable radio as part of the detection 


circuitry, No modifications or connections to the radio ave 
needed. 


ece 


2N3704 


Fig. 31 is the circuit. 11 has a single transistor as alow radio- 
frequency oscillator, operating in conjunction with the search 
coil. Oscillation is obtained by having a tapped coil, wit 
‘outer leads going to base and collector circuits. The 
frequency of oscillation depends on the coil, and the parallel 
capacitors, trimmer TI, and C2. 


The winding of the search coil is 6 inch in diameter, and is of 
34swg enamelled wire. The coil former can be made from three 
nieces of 1/8 inch thick hardboard, or similar insulated mat. 
erial. Cut one dise 6 inch in diameter, and two others about 
644 inch in diameter. Smooth the edges with glasspaper, and 


or 


cement them securely together, with the small dise between. 
the larger discs. This provides a former with a channel to take 
the winding. The adhesive should be allowed to dry with the 
dises under pressure, so that there is no gap into which turns 
can fall. The former should also be varnished, and allowed to 
dry, before winding, 


‘The wire is passed up through a small hole, this being point 1 
Wind on fifteen tums. Make a loop and pass this up through a 
hole, for point 2. Wind a further twenty-five turns in the same 
direction, finishing off at point 3. These leads are scraped and, 
soldered to a small tag strip. This is an anchor point for in 
sulated leads which will run up the handle of the locator (Fig. 
32) 


Cut a block of wood, and drill it to take the bottom of a 
broomstick. Cement the block to the prepared coil. 


‘Components are assembled on a tag strip asin Fig. 32. Mount 
this strip in a plastic lunch box or similar container, which 
will also take a small Ov battery, and the switch SI. A test 
for oscillation can be made by placing 4 meter in one battery 
Jead, and shorting 1 and 3 of the coil. Meter current should 
ccharige slightly, If not, look for some mistake in wiring 


A shelf is bolted to the handle, and the detector rests on 
this, with connections passing down to the search coil. A 
few loops of tape or string will secure these (o the handle. 


Operation in Great Britain can be on frequencies under 
100kHz. Initially tune the radio receiver to 200kHz on long, 
wave, and place it near the coil. Adjust T1 until a strong 
whistle is heard in the receiver speaker. This is the 2nd 
harmonic of the oscillator. 1 is then screwed down very 
slightly from this position. 


The smal portable radios placed ontop of the locator box, 
and can be held here with elastic, It is tuned to the medium 
wave band. Some small adjustment of TI, and of the receiver 
tuning, may be required, until a suitable heterodyne is produced 
by aharmonic or multiple of the oscillator. It will then be 
found that the pitch of the note changes when the search coil 
approaches a metal object 


It should generally be found that sufficient coupling is obtained 
with the receiver when they are situated as in Fig. 32. If'not, 
run a few inches of insulated wire from the transistor collector 
‘ag up through the box and place this under the receiver. 


For best results, adjustments are directed towards obtaining a 
‘good change in pitch, when the search coil approaches metal. 


For those interested in details of other detectors, reference 


can be made to “How to Build Your Own Metal and Treasure 
Locators” (No. 32, Babani Press). 
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SECTION 3 
RADIO AND AUDIO FREQUENCY 


MW Booster 


‘This unit can be employed in conjunction with any ordinary 
portable having a ferrite rod aerial, and will provide a con- 
siderable increase in range and sensitivity to weak signals. It 
has two functions — to allow the use of an external aerial and 
arth, and to amplify and couple signals to the portable 


Tuning coverage is for medium waves. That is, about 200-550 
metres, or 1500—5S0kHz. Many overseas and other stations 
can be picked up on this band, and distant reception can be 
particularly common on the higher frequencies, during the hours 
of darkness. 


Fig 33 i the circuit, and it uses a cored tuning coil with 
aerial coupling winding 8-9, tuned winding 61, and base 
Coupling col 57, These mimbers are for the pins ofthe 
Denco (Clacton) “Blue Range 2 component. It will be 
apparent that other coils, or surplus of home-wound inductors, 
an be substituted 


For the coil mentioned, VC1 is 315pF. However, this value is 
not too critical, provided the capacitor fitted allows tuning 
the wanted frequencies. A solid dielectric capacitor can be 
used, though the air spaced type is likely to be a little more 
efficient . 


“Coupling to the base is by Cl, and resistors RI and R2 set the 
base bias conditions, with R3 for emitter bias. These values 
will suit numerous RF transistors 


Fig. 33B shows assembly of the components on an insulated 
board. The coil is mounted by its threaded bush, When the 
board has been wired, it can be mounted by means of bolts 
with extra nuts. The case is preferably metal, for screening 
‘purposes, but the booster can be used satisfactorily with a 


Fit a small slide switch to the box front, and aerial snd earth, 
sockets to the back, near the coil. A 9v battery is accommo- 
dated in the case 


Coupling to the transistor receiver is by means of a loop which 
4s placed on the receiver ferrite rod, or near the rod. The loop 
can be about twenty tums of thin insulated wire, about ¥ inch 
in diameter, and bound with cotton to keep the turns together 
‘The ends can be left long enough to reach the two connecting 
points in Fig. 33B, 


If the case is metal, the booster and receiver can be near each 
‘other, 0 the loop leads will only need to be a few inches long, 
But when an insulated case is used, coupling from the receiver 
ferrite aerial or other circuits, to the booster coil, may eause 
instability. This will become apparent as whistles accompany. 
ing most signals. If this arises, the booster and receiver should 
bbe moved some inches apart. The aerial lead must not run 
near the loop connections, 


‘Some receivers have an internal winding which is intended to 
couple an external aerial, and it may be possible to connect to 
this, so that a separate coupling loop is not required. 


In some cases the earth connection may be omitted, though it 
‘can improve range. The aerial can be some 20ft to 40ft or so, 
long. If possible, it should be high and clear of walls and 
other earthed objects, 


If necessary, the coupling afforded by the Loop to the receiver 
serial circuit can be modified by moving the loop. Initially, 
tune in signals with the receiver, then adjust VCI for reson 
ance. This should provide a very considerable increase in the 
Volume of weak signals. A scale can be fitted to the booster, 
and marked to agree with the receiver tuning by this means. 
This will allow tuning to be kept in step, and the booster 
should allow reception of transmissions which will be inaudible 
if it is removed 


‘Actual tuning coverage can be modified by adjusting the 
Position of the coil core. This may be helpful in obtaining 

figreement between booster and receiver tuning. The booster 
is not required for the reception of powerful signals, and the 
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receiver automatic gain control cireuit will tend to mask any 
increase in signal strength obtained with such transmissions. 


Midget MW Diode Radio/Tuner 


A small, compact tuner can be of utility in allowing radio 
reception through an amplifier, and a diode receiver can give 
excellent quality of reception. Such a unit can also be em: 
ployed alone, with headphones, for personal listening. 


Fig. 34 a siete which canbe but in a ey sal 
plastic or other insulated box. VCI is compression & 
Trimmer, ited with a small knob for adjustment by hand, 

“To do this, its neestary to remove the short screw (gener: 
ally Goa) and replace this with «longer one, which project to 
fake the Knob. The latter can bea terminal head or the cap 
from an empty tube of adhesive, secured with lock nuts 


vel 
PLASTIC BOX 
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For best efficiency and small size, the tuning coils wound on 
4 piece of ferrite rod. It consists of seventy tums of 24swe 
6r similar enamelled wire, on a rod about 1% inch long and 
3/8 inch in diameter. Actual details will not be critical. A 
piece can be obtained from a longer rod by cutting a notch 
found the rod with a file and snapping at this point with the 
fingers, A few touches of adhesive will hold the ends of the 
‘winding secure, The loop for the aerial connection is about 
One-third the total number of turns from the diode end of 
the coil, (Moving this tapping towards the earthed end of the 
coil will increase selectivity or sharpness of tuning, but reduce 
volume.) 


Aerial and earth sockets, and a 3.5mm jack outlet, complete 
the receiver, Headphones can be plugged directly in here. 


The aerial and earth can be provided as explained for the diode 
radio in Fig. 7 


To use the radios a tuner, C1, RI and C2 may be added. 
Suitable values are C1 470pF, RI 220k, and C2.0.25uF. A 
screened lead with jack plug should be made up to connect the 
tuner to the amplifier input socket. 


One Transistor VHF Receiver/Converter 


‘The super-regenerative receiver is well known for its great 
sensitivity, which equals that of a multi-stage superhet. It has 
ro alignment difficulties, and few components, so is an inter- 
esting project. Its main disadvantages are its background 

hiss, but this ceases when a signal is tuned in, and its lack of 
selectivity, The latter is however relatively unimportant on 

the VHF bands, The circuit here is particularly intended for 2m 
reception, but is easily modified. It is not intended for FM 
signals, 


In Fig. 35 the detector is a VHF FET, and the field effect 
transistor will be found very satisfactory in circuits of this 

kind. TI is the pre-set tuning capacitor, which allows adjust 
ment over a fairly wide band of frequencies. Tuning is by VC1, 
which does not require a reduction drive, 
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The RF choke can he a VHF type, of can consist of seventy 
five turns of 36swg enamelled wire, side by side on a % inch 
diameter insulated rod. Touches of adhesive may hold the end 
turns only. 


Short leads are essential, and assembly on a tag board is shown 
in Fig. 35B. The variable capacitor is fitted first, and it can 
later attach the finished board to 2 panel, by means of an extra 
nut. 


AERIAL 


Control of super-regeneration is by means of the potentio- 
meter VRI, which adjusts the FET drain potential. The value 
‘of VRI is not very important, but a linear potentiometer is 
necessary 


provides feedback from source to drain, for regeneration. 
3 and the associated components form the quench network, 
with C6 feeding headphones, or an audio amplifier 


For best results, VRI should enable the transistor to go 
smoothly into super-regeneration, which is shown by the hiss 
mentioned. Achieving this depends somewhat on the transis 
tor, value of C5,adjustment of TI, and aerial loading 
However, matters are not too critical 


AFOUTPUT FIG. 358. 


diameter and % inch lon; 
Wiring to VC1,T1, C5, 
can be arranged. Connections elsewhere are reasonably direct 
A ceramic is capacitor may be used at CI. TI should bea 
low loss trimmer. 


‘Transistors unsuitable for VHF cannot be used. Individual 
FETs of the same type will also differ somewhat, so that in 
some cases it might be necessary to omit C5, or change the 
value. Alternatively, small pre-set (not over 10pF) may be 
fitted. It will be found that a very small capacitance is required 


The board can be fitted in a case which will carry VR1, and 
large enough for the battery and on-off switch. The case can 
be used to support a telescopic aerial, some 30 inch or so when 
extended fe 


‘Another cause of failing to obtain super-regeneration is too 

tight aerial coupling, and this is easily corrected by moving the 

aerial coupling winding alittle further from the larger winding. 
6 
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Frequencies tuned by VC1 ean be raised by unscrewing T1, 

or by stretching the larger coil to separate the turns more, or 
by using a coil with fewer tums, or of smaller diameter. The 
receiver is most suitable for use over the 7OMHz to 200MHz 

range 


For the single transistor alone, a sensitive pair of medium or 
high resistance phones will be needed. Audio ouptut from C6 
ccan be taken to an amplifier, for more powerful reception with, 
phones, or to allow a loudspeaker to be used. 


To use the circuit as a converter, tune a portable receiver to 
around 1500kHz (or as found t0 give best results, with no 
break through of unwanted medium wave signals). Place the 
receiver so that its ferrite aerial is coupled to the RF choke of 
the converter. When VRI is correctly adjusted, conversion 
within the VHF circuit wil then allow VHF signals to be 
heard with the receiver. 


Component List 


RI ik InF VHF dise 
R2 10k 22uF 10v 
R3 12k 47nF disc 
YVRI_ 20k linear pot. 10nF disc 


VCI_SpF airspaced variable CS 3.3pF VHF type 
TI_20pF air spaced trimmer CS Ole 
MPF102/BF244, or other VHF FET 

Tagboard, wire for coils and choke, ete 


Morse and Sideband Resolver 


Quite a number of inexpensive multi-band transistor reveivers 
have frequency coverage which includes one or more Amateur 
bands, That is, 1.8, 3.5, 7, 14, 21, or 28MHz. On these 
‘bands transmissions are often in Morse code or CW, or single 
sideband. CW or SSB can be resolved by the specialised 
Amateur receivers and transceivers, but not with the general 
purpose hhome receiver. To receive CW or SSB with the latter 
type of radio, itis necessary to add an oscillator. This either 
generates a heterodyne or beat note for code reception, or 
replaces the carrier which was eliminated from the single 
sideband transmission. 
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‘The circuit in Fig. 36 may be used for these purposes. It 
generates a cartier of about the same frequency as that used 
in the intermediate frequency stages of the receiver, exact 
adjustment of frequency being by VC1, 


RECEIVER 


“Mokt popular receivers have an intermediate frequency of about 
455kHz to 470kHz. ‘The circuit in Fig, 36 uses an intermediate 
frequency transformer of similar type, and adjustment of 

its core allows operation with any IF from 455 to 470kHz, 

Pin numbers are for the Denco (Clacton) [FT13, normally 
intended for 46SkHz. The connections to the base winding 

(4 and 5) have to be phased to seéure oscillation. 


RJ and R2 provide base bias, and R3 emitter bias. R4, and 
the large capacitor C3, allows current to be drawn from the 
same battery as is used to run the receiver, if wished. Alter- 
natively, a separate 9v battery may be employed here. 


Fig, 36B shows the practical layout of components, and 
wiring to them, using a perforated board. Connections and 


joints are kept close against the underside of the board. When 


Wiring is finished, the board is mounted in a metal box, using 
4% inch bolts with extra nuts for clearance. 


VCI can best have a dial with a central zero mark, this showing 
when the plates are half meshed. 
79. 


‘An insulated lead is run from 2 on the IFT, and is placed near 
the receiver. This lead may be so positioned as to give best 
‘coupling into the IF stages of the receiver. If coupling is too 
‘weak, the signal from the CW/SSB Resolver will be inadequate, 
On the other hand, tight coupling will allow the carrier to swam 
weak signals tuned in on the receiver. Fortunately the degree of 
coupling is not at all critical 


‘To set up the oscillator, first ofall tune in any normal broad- 
cast with the receiver. Set VC1 half closed and switch on, 
‘The core of the IFT should now be slowly adjusted until a 
oud heterodyne or beat note is heard accompanying the 
signal received, Set the core $0 that this note falls to about 
210, of to a low pitch, It will then be possible to rotate 
‘VCI either way from this central zero beat position, in each. 
case producing a note which rises in frequency as VCI is 
rotated. 


To receive CW or Morse code, itis only necessary to tune in 
the code signal with the receiver, and then to adjust VCI to 
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‘obtain a note of the most suitable pitch. VC1 can be rotated 
either way from its central or zer0 beat position, to obtain 
best freedom from interference 


When receiving SSB,a more critical adjustment of VCI is needed 


and the cartier produced must be at the right side of the SSB 
signal. (One side is used for the low frequency bands, and the 
other for the higher frequency bands.) If the cartier is the 
wrong side, the speech will be “inverted” or unintelligible. 
With careful adjustment of VCl, a setting will be found where 
the sideband signal is correctly resolved. 


Easy Preamplifier 


‘This amplifier can be placed in circuit before a larger amplifier, 
to boost the input, or it may be used alone with headphones, 


A preamplifier will be added to existing equipment when a 
pickup or microphone having only a low output has been found 
to give insufficient volume. An amplifier may be able to 
provide a signal at a sufficiently high level. But with low input 
Tevels, output can be inadequate. 


‘The stage in Fig. 37 can provide considerable gain. Audio 
input is to Cl, and RI provides base current for the transistor. 
‘Amplified signals are obtained across R2, and pass to the maifi 
amplifier (or phones) via the isolating capacitor C2. 


With a BC108 or similar transistor, the supply can be about 9v 
to 15v. Numerous NPN transistors, intended for preamplifier 
use and of fow noise type, will perform well. Current may be 
from a separate battery. Or it may in many cases be drawn 
from the main amplifier. To avoid instability o similar 
troubles, the positive supply should be from a well decoupled 
and smoothed point in the main amplifier. If this is not 
available, connect a 220uF capacitor from positive to negative 
in Fig. 37, and draw the positive supply through a 1k resistor. 
Negative is retumed to the negative ine of the main amplifier. 


Should the main amplifier have a positive earth line, then the 
transistor can be a PNP type, RI and R2 being changed to 
suit 


Fig. 37B shows assembly on 2 perforated board. When the 
circuit provides input to a main amplifier, it should generally 
be in a metal case. Input is by a screened lead, and a screened 
lead is also fitted for the audio circuit to the main amplifier 
‘The case should be earthed to the negative line. This can be 
bby means of one of the bolts securing the board. 


Screening to avoid hum or instability will generally prove to be 
lunnecessary when using the stage to operate headphones. So 
two sockets, or a jack socket, will be more convenient for the 
phone circuit 


741 Preamplifier 


Integrated circuits have several stages of amplification, formed 
as a single chip and enclosed in a small case. The 741 is an 
easily obtained audio IC which can be used in many circuits 
The WA741CE or metal can 741 is convenient, as its leads may 
be spaced to suit any ready perforated board. ‘The dual in line 
741 is electrically similar. 


Fig. 38 shows a preamplifier using the metal can 741. Input is 
via Cl to 3. As shown, 7 and 4 are positive and negative, while 
output is from 6. Negative feedback is applied to 2, via Rd. 

C3 isan isolating capacitor. 


RL 100K 


Modification to the values of R3 or R¢ allow feedback and 
gain to be adjusted between quite wide limits, but for general 
purposes the values shown are satisfactory. A wide range of 
voltages (not exceeding 36v) may be used. The actual output 
is from a complementary pair, and is easily adequate for very 
good headphone volume, if required. 


Fig. 388 shows assembly of the integrated circuit amplifier 
‘ma perforated board. For phone working, input and output 
need not be screened. But for preamplifier use before a main 
amplifier, these circuits need to be made by means of sereened 
leads. 
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integrated circuit > digital > logic gate 
taining a family identifier) is much more likely to 
be understood. 


Akey to understanding part numbers is shown 
in Figure 10-10. The upper part of the figure is a 
guide to interpreting numbersonagenericbasis, 
while the lower part interprets the specific part 
number shown, 


Families 

As of 2013, the HC family in the 74xx series has 
become so widely used, it can be considered the 
default in the traditional DIP 14-pin format. In- 
cremental improvements are still being made, 
and new families are being introduced, primarily 
in surface-mount formats which use lower 
power-supply voltages (down to around 1VDC).. 


Generic meaning 
‘of logic chip part 
‘numbers How many logic gates: 
only for surface-mount 


Manufacturer 1D: | chips with 4, 2, 0r3 


usually 4 t0.3 logic gates (not used 
{or other chips) 
Package 
Chip Chip Chip | format: 
series: family: type:_—_usually 
first2  1t03 tod 1to5 
digits letters. digits letters, 
Tax Two Texas 
logic logic Instruments 
gates | code for 
on SSOP: Very 
Texas chip thin Shrink 
Instruments ‘Small Outline 
Package 
coo Eel hed 
of this part i 
polar CMOS —NAND gate 


Figure 10-10. How to interpret the segments of a logic 
chip part number in the Axx family (in this case, a 7400 
'NAND gate) 


Variants 


Here isan historical summary of the most impor- 
tant chip families. 


+ 74xx: Original series of bipolar TTL chips. 

+ 74Hxx: Bipolar TTL, high speed, about twice 
as fast as the original 74xx chips, but twice 
the power consumption. 

+ 74Lxx: Bipolar TTL, lower power consump- 
tion than the original TTL, but also much 
lower speed. 

+ 74LSxx: Bipolar TTL, lower power with 
Schottky input stages, faster than original 
TTL. Some LS chips are still being manufac- 
tured 

+ 74ASxx: Bipolar TTL, Advanced Schottky, in- 
tended to supercede the 74Lxx, 

+ 74ALSxx: Bipolar TTL, Advanced Low Power 
Schottky, intended to supercede the 74LSxx. 

+ 74Fxx: Bipolar TTL, Faster. 

+ 74HCxx: CMOS high-speed emulation of 
7ALSxx. 

+ 74HCTxx: CMOS but with similar high-state 
input voltage threshold to bipolar TTL chips, 
for compatibility. 

+ 74ACxx: Advanced CMOS. 

+ 74ACTxx: Advanced CMOS emulation of TTL 
with similar high-state input voltage thresh- 
old to TIL, for compatibility. 

+ 74AHCxx: Advanced Higher-Speed CMOS, 
three times as fast as HC. 

+ 7AVHCxx: Very High Speed CMOS. 

+ TAUCK, TAECX, 7ALCXxx,  7ALVCxx, 
7AALVCxx, 7ALVOx, 74LVXxx: Various spec- 


ifications, many using power supply voltag- 
es of 3.3V or below. 


In the 4000 series, an eatly significant improve- 
ment was the 4000B family, which allowed a 
higher power supply limit (18V instead of 12V) 
and was much less susceptible to damage by 
static discharge. The 40008 family almost totally 
replaced the old 4000 family, and most 40008 
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OUTPUT Seem 
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Lead 8 is identified as in Fig. 38. ‘The wires are spread out 
slightly, to fit the board perforations. After inserting com- 
ponents as shown, turn the board over. Bend and solder the 
wires, cutting off excess length. Sleeving can be put on any 
connections which run very near other leads or soldered joints. 


If the preamplifier i tobe used asa separate unt, input and 
‘output leads may be run to jack sockets, or sockets to suit 
other items of equipment. A metal case is advised, a this will 
help to avoid eny pick up of hum, or other troubles due to 
coupling to the board wiring. The board can be secured to 
the metal box or case with ¥ inch 6ba bolts, and extra nuts 
to give alittle clearance. 


‘The amplifier may be run from its own battery; or from a 
supply used with a main amplifier. For the latter, it is wise to 
provide a decoupled point, in a similar manner to that deseri- 
bed for the transistor preamplifier. This consists of a quite 
large capacitor (say 220uF to 470uF) from positive to negative 
across the preamplifier supply circuit, and a resistor of 1k to 
2.2k or so from preamplifier positive to positive on the main 
amplifier. a3 


‘Tone Control for Your Dises Ete. 


‘The preamplifiers shown have a substantially flat response, 
That is, they do not purposely emphasize bass or treble, or 
have similar effects in modifying the audio frequencies pre- 
sent. In some circumstances itis necessary to boost treble or 
bass, or reduce the emphasis of these frequencies, in order to 
‘obtain the most satisfactory reproduction. 


This may be achieved by making a fully adjustable tone 
control, and Fig, 39 isa suitable circuit. A yolume control is 
also incorporated, as this has not been present in the pre- 
amplifiers. 


‘The tone control is a passive circuit, needing no battery, and 
it can be placed between the source of audio signals (generally 
a microphone, pick-up, or radio tuner) and the amplifier or 
preamplifier. It may also be located between preamplifier 
and main amplifier, if wished. 


Results are substantially flat with the treble control VRI and, 
base control VR2 in their central positions. Adjustment of 
VRI and VR2 will provide separate boost or cut of treble, or 
boost or cut of bass frequencies. VR3 is the volume control. 
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Input A has its individual volume control VRI, and Input B 
is similarly provided with VR2. Resistors RI and R2 prevent 
short circuiting one input when the other potentiometer is 

set at zero. Coupling to the transistor base is by Cl. R3 

and Ra set base bias conditions, with RS as the collector load and 
audio output from C2. 


‘The degree of control afforded by circuits of this type may be 
adjusted by alterations to the component values, In practice, 
it will be found that there is little point in having extreme 
levels of adjustment, which will never be required. The follow= 
ing values may be used: C1 and C2, 270pF; RI, 300k; R2 and 

R3, 100k; C3 680pF; VRI and VR2, 2 megohm linear poten: 
tlometers; VR3, 2 megohm log potentiometer. 


Component values are not very critical, though R3, R4 and RS 
need to be selected to suit the transistor fitted. The mixer is 
connected and used in a similar way to that explained for the 
preamplifiers 


Components should be assembled in a metal ease, for sereen- 
ing, The case is grounded to the earth line. Input and output 
sockets can be near the ends of the case, with VRI, VR2 and 
‘VR3 between. Components can be soldered direetly to the 
potentiometer tags. 

P Fic. 408. oureuty 


‘Two Channel Mixer 


‘A mixer will permit fading in and out of two signals, such as 
these from tape and microphone, or radio and disc, and can be 
of considerable utility for home entertainment, The mixer 
in Fig. 40 takes two inputs, and also provides additional 
amplification, which will often be useful where input levels 
are not very high 


ig. 40B is the layout, using a metal case or box. A screened 
‘output lead is provided. Input sockets A and B may be chosen 
to suit the type of plugs on existing equipment. The on-off 
switch is separate from the potentiometers, so that these can 
be left at preset levels if wished. 


Component values thay be chosen to suit low or high imped- 
ance inputs, if wished, Or the following may be used for 
general purposes: 
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Components List: 
‘VRI, VR2, 1 megohm log potentiometers. 


RI, R2, 200k 
C1 0.5uF €2.0.5uF 
R3 330k BCIO9 
Ra 22k 

RS 10k 


‘This is when using a 9v supply. 


%4 Watt IC Amplifier 


‘An integrated circuit which combines driver and push-pull 
‘output stages is used in Fig. 41. The IC is the MFC400B and 
is intended for operation from a 9v battery supply, and 
delivers up to about 250 milliwatts into a 16 ohm speaker. 
This will be found ideal for many projects, and for loud: 
speaker reception. 


C4 220yF 


‘Audio input is to 2 of the IC, from the isolating capacitor 
CI, C2 is a by-pass capacitor fo maintain stability. The IC 
has only four connections, 1 going to the negative line, and 3 
to the positive supply. Audio output is from 4, and to the 
loudspeaker via C3. RI provides negative feedback and bias 
to point 
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‘The assembly of this amplifier on 0.15 inch matrix board is 
shown in Fig. 41B. Pin numbering is when looking at the top 
of the IC and the component side of the board. 


E1G.41B 


A-sereened input circuit will be found necessary when the IC 
amplifier is used with a preamplifier or similar items. Connect, 
the outer brading of this lead to the negative line, and the 
inner conductor to C1. Such screening is not necessary with 
very short connections from other stages to the IC 
amplifier, or when using it to amplify a crystal diode radio, 
‘or for similar purposes. 


‘The on-off switch can be in either the positive or negative 
battery lead. The IC will be found to give a good performance 
with speakers of a higher impedance than that shown, and up 
to 75 ohm may be used (with some small loss in output). 
Units of lower impedance than 16 ohms should not be fitted. 


The small size of this IC and the few extra components needed 
make is very suitable for miniature apparatus, probably with 
4244 inch speaker. It will also operate a large speaker well 
(Gee “Boost Speaker”) and at a volume level adequate for 
many purposes. 
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Class A Amplifier 


A Class A amplifier uses a single transistor, Fig. 42, which 
‘must thus operate over the whole audio cycle. As a result, 

the resting or nosignal current has to be faicly high, if other 
than a very low power output isto be obtsined. An ampli- 
fier ofthis kind is thus most usual in circumstances where a 
fainly large current will be available. That is, with accumulator 
operated equipment (eg., a car radio) or mains operated 
amplifiers. It ean also be used for other purposes where opera 
tion is more or less on an intermittent basis (as in a Loud 
Hailer), or for somewhat lower power where simplicity is 
inpportant. 


‘The circuit in Fig. 42 can be used with any NPN transistor, 
or with PNP transistors if polarity is reversed. Small transi 
stors of the 300mW and similar type will provide rather 
‘modest loudspeaker volume. Larger transistors, with a dissipa- 
tion of SO0mW to 1W or so, will be able to give reasonable 
power. and can often be useful here. The very large power 
{ransisior, such as that shown, will run at a much higher 
current level, and deliver several watts output 


1 is the coupling or driver transformer, which may receive 
audio signals from a radio receiver, smaller amplifier, ot other 
equipment. A step down ratio of about 5:1 to 10:1 will 
generally prove (0 be suitable. 


For smaller Class A amplifiers, TI may be omitted. RI and 
VRI may then be ‘of about 1k, and the audio signal can be 
coupled to the transistor base by means of a fixed capacitor, 
asin earlier circuits, 


T2 is the output or speaker transformer. This can be omitted 
when the speaker s of suitable impedance, and is able to carry 
the required collector current. This means that a 75 ohm 
or similar unit can be connected directly in the collector 
circuit, with low power transistors. Ifa 2/3 ohm speaker is 
used, then 2 is required with these for impedance matching. 


With the large type of transistor, current may be SOOmA to 
1A or So, and this: means that the usual speaker cannot be 
connected directly in circuit. Instead, a transformer or tapped. 
choke will be needed 


‘The circuit is often operated from 12v (a vehicle supply) but 
can be used with 9v, or more than 12v. 


RI and VRI set bias conditions, and R2 limits peak collector 
current. For the 2N305S, R2 may be 1 ohm. Ri can be 
100 ohm, and VR1 25 ohm. 12 can be 2:1 for a3.5 ohm 
speaker. Cl is 3200uF. Begin with VRI at minimum value, 

lowly increasing this until reproduction is satisfactory. 
(This will set collector current at about 4 ampere.) 


With other transistors, adjustment can be made in the same 
way, by slowly increasing the base bias until best results are 
secured. Raising the value of VRI in Fig. 42, or reducing the 
value of Ri, will increase collector current, and thus raise the 
power which can be handled. However, current is limited by 
the power handling capacity of the transistor, so a meter 
should be put in one battery lead, and a check made that the 
ower dissipation of the transistor is not exceeded. With 
‘small transistors, current can be limited to SOmA or so. 


Fig. 42B shows assembly of the circuit in Fig. 42. The power 
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transistor is mounted on an aluminium plate, which acts as a 
heat sink to carry away heat from the transistor itself. Note 
that this plate is common to the collector. Base and Emitter 
pins pass through clearance holes. Smooth off any burr round 
the fixing and clearance holes, so that the transistor can rest 
flat on the metal. Where it is awkward to have the plate or 
‘case common to the collector, the usual insulation set can be 
fitted, This consists of bushes for the fixing bolts, and a 

‘mica washer to go under the transistor, so that electrical 
isolation is obtained, 


12 OR 


SPEAKER, 


FIG.428, 


‘The insulated board carrying the other components is 
mounted by long bolts with extra nuts. A large Class A stage 
transistor of this type will grow very warm to the touch, if 
run at anything like maximum power rating. This does not 
indicate any defect. 


‘Two Stage Amplifier 


‘The circuit of a 2-stage amplifier is shown in Fig. 43, and this 
ccan be used for loudspeaker reproduction. Input to the driver 
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stage is by the isolating capacitor Cl, Operating conditions 
in this stage depend largely on the values of R2, R3, and the 
‘emitter bias resistor RS. 


Ee 


8c108/9 
2NI306 


T1 is the driver transformer, with centre tapped secondary, so 
that TR2/3 may be operated in push-pull (See Fig. 12). T2 
couples output to a 2/3 ohm speaker. 


With the values shown, a BC109 will give very good results in 
the TRI position, with 2 x BC108s for the output stage. R7 

is set so that battery current is around 10mA, with no signal 
present. Current rises from 20mA to 60mA or so, according to 
volume, when the amplifier is driven. 


A pair of 2N1306 transistors may be used for the output stage. 
Other transistors are also possible here, as operating conditions 
can be adjusted by R7. 

‘The 2N3706 will operate in the TRI position, though with 
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lower gain than the BC1O9. Numerous other small audio 
transistors can also be used here, 


For full volume, a fairly strong input is required to TRI. It 
will thus be necessary to use a preamplifier, for low level 
signals 


Components List. 
RI 33k C1 O.SuF 
R2 47k 2 100uF 
R3 15k 3 100uF 
Ré Ik C4 4.70F 
RS 680 ohm C5. 470uF 
R6 2.7k 

R7 500 ohm preset 

RS 4.7 ohm 


SECTION 4 
POWER SUPPLIES 


Mains power supplies are convenient for equipment which will 
receive long periods of use, and for items where the current 
needed is too heavy for economical running from batteries. 


Such supplies should be operated from a 3-pin plug, fitted 
with a low rating fuse. Connect L, N and Earth correctly, 
oth at the plug and at the equipment. 


Those circuits where mains voltages are present must be so 
arranged that no shocks can be experienced. Mains voltage 
circuits include any means of anchoring the mains con- 
ductors in the equipment, the main on-off switch (if used), 
and primary connections of the mains transformer, Enclos- 
ing the whole equipment in an insulated or metal case will 
avoid accidental contact with such circuits or with the tags 
Of switches or transformer. If the case is metal, earth it by 
the mains earth conductor. 


Provided the secondary or low voltage circuit is correctly 
earthed, there is normally no danger from handling these 
connections, or equipment operated from the supply. 


Easy PSU 


A useful power supply suitable for many purposes can use 
the circuit in Fig. 44, Mains L (live) and N (neutral) con- 
ductors go to the primary P of the transforer. A switch is 
placed in the L circuit, 


‘The secondary $ can delivery any wanted low voltage, and also 
sive isolation from the mains. 


Almost all equipment will need direct current, ‘The four 
separate rectifiers, or an equivalent single device, produce 
pulsating DC. The reservoir capacitor C1 smoothes this. 
Resistor RI, with the second capacitor C2, gives additional 
smoothing. Output from the supply is then substantially 
smooth DC, as would be obtained from a battery. 
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Sometimes R1 and C2 are omitted. Should hum accompany 
reproduction from an am lifier, this shows that smoothing 
is probably inadequate, and if so the cure is to add RI and C2. 


Any wanted voltage can be obtained by using a transformer 
with an appropriate secondary, with rectifiers and capacitors 
to suit 


C1 may charge up to approximately 1.4 times the RMS or 
usual voltage rating of the secondary S. Thus, ifS were a 6.3¥ 
winding, about 8.8v would be expected across C1. But should 
Ri be present, a voltage drop will arise init, the Figure depend. 
ing on the resistance value of RI, and current flowing. 


For these reasons, the actual output may not be exactly the 
figure expected. “This will often be unimportant, and such 
power supplies are largely used for all sorts of equipment. 


For apparatus generally operated from a 9v or similar battery, 
a bell transformer with 3v, Sv and 8v output tappings is suit- 
able. IF RI is 22 ohm, this will give around 9v at 100mA, 
with the 8v tap in use: 


It is convenient to use 50v or 100v rectifiers, and the rating 
can be 1 ampere, with a 1 ampere transformer secondary. 
Four individual wire ended rectifiers can be mounted on a 
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tag strip, and connected as in Fig. 44. A combined rectifier 
will have AC, positive, and negative tags (see Fig. 45) and can 
be fitted instead. 


The capacitors need to be of large value, and have a voltage 
rating higher than the actual voltage which will be present. 
‘The 12v capacitors could be fitted in the circuit described, 
Ci can be 2500uF or larger, and C2 can be of similar value. 


Easy Regulated PSU 


With the circuit in Fig, 44, the exact voltage will depend on 
the current drawn, rising when current is low. To avoid this, 
some means of regulation may be employed. 


Fig. 45 shows a typical regulation circuit, giving an output of 
approximately 9.4v. The output from the reetifier needs to 
be of somewhat higher voltage than required at the output, 
and a transformer with a 10v secondary is suitable. Current 
through RI supplies the Zener diode, which holds the base of 
the transistor at virtually the same voltage for all current 
oads. Some voltage is lost in the transistor, so the output is 
nearly the same, for any current load. For up to about 
200mA, a BEYS! of equivalent transistor is adequate, so this 
‘vill do well for many purposes. 
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Multi-Voltage Regulated PSU 


Fig. 46 is a somewhat similar circuit, but it has a switch, 
to select any one of the four Zener diodes. These may be 
chosen so that 6v, 9v, 12v and 15v will be available. 


One Transistor Adjustable PSU 


Fig. 47 is the circuit of a simple power supply unit which can 
Pefiet iy provide any. output trent earo thet 2 voliaio The 


transformer has a 17 secondary, rated at 1 ampere or higher. 
After rectification, DC is obtained from the reservoir capaci 
torCl 


2NI970 
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Fig.46 


RI supplies current for any diode, and 1 watt diodes should be 
used. With  24v transformer and large transistor such as the 
2N1970 or 0C29, an output of up to 1 ampere can then be 
drawn. ‘The bridge rectifier must of course be rated at 1A 
or higher. 


Note that this circuit has a PNP control transistor, so that 
polarity is obtained as shown. (Compare with the NPN 
transistor in the previous circuit.) However, either positive or 
negative can be grounded, and a separate earth terminal can 
be provided to allow this. A flying lead is placed between 
earth terminal and positive, or earth and negative, as required 
The permanent negative earth connection shown in Fig. 4S 
‘must of course then be omitted. 


More details of actual construction will be found later. 
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'VRI is panel mounted, an allows the bas potential ofthe 
Control transistor be stat the requited voltage. C2 pro- 
‘ides “eletronic smoothing” from the base cic 


12 wot 15 wat bulb ifr short cru proteton, 
Wh lately low curent lite voltage ow hee But fa 
TRort cteu ses inthe output cru current inited o 
tite ower 1A bythe bulb. This reduces the chances of any 
damage due (0 temporary shorts in leads or equpmen 


RI isa bleeder resistor, drawing some current even when no. 
extemal load is connected. The meter is the usual high resis 
tance type, scaled from zero to 12v. V1 is adjusted until 
this instrument shows the wanted voltage. 
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The regulation of this supply is not so good as that of supplies 
using a number of transistors. But it will be found suitable for 
all ordinary purposes, and to supply power for circuits in this 
book, only a small change in voltage arises, with changes 

to the load, or current drawn, 


Fig. 47B shows practical construction of this PSU. A similar 
layout can be adopted for the other power suppiy units. 


The mains cord is anchored at a tag strip, and connections 
‘re made as described earlier. The mains switch is in the L 
Conductor to the 240v winding, or primary, of the trans- 
former. 


A tag strip supports the rectifier, which has AC (~), positive 
and negative connected as shown. The lamp can be a vehicle 
type, supported by stout wires soldered to its base contacts, 
orside and tip. A hole is drilled in the panel level with this 
Lamp, so that it will give indications of a short circuit or heavy 
Toad, 


The transistor is mounted on the metal panel, to enable this 
to carry away heat, but is insulated from the metal. Use the 
correct insulation set (mica washer and bushes) which can 

generally be obtained with the transistor. A tag under one 
of the securing nuts provides the collector connection. 


For voltage readings, a meter scaled 0—12v is most suitable. 
Ora ImA meter, with 12k 1% series resistor, may be used. 
If so, a new scale, marked 0~12, can be drawn for it 


A 3 watt linear potentiometer is used. Earth and negative 
‘are connected to the metal panel, for equipment with a 
negative ground line. The positive output terminal or socket 
is insulated from the metal 


‘The case can be metal, or wood, It should have a few 
ventilation holes. The transistor can be expected to run quite 
warm, at maximum current. Heating here rises as the output 
voltage is reduced by VR1, as in these circumstances more 
voltage is dropped in the transistor. 
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‘Zener Regulated Supply 


Zener diodes alone may be used to provide a regulated supply 
‘This can be convenient, as example, when operating 9v equip. 
ment from a car accumulator, where the voltage wil vary 
somewhat during charging 


Fig. 48 shows two supplies regulated by a Zener diode only. 
With the first circuit, RU and the negative line are taken to 
the supply, and the ‘egulated output is obtained across the 
Zener in the polarity shown. 


‘The units employed are ohms, amperes, and volts, Wattage 
may be found from Voltage x Current 


Select R1 or R2 so that the wattage rating of the Zener is 
exceeded, with the smallest current ever to be drawn by th 
load. As example, suppose a 7.5v output is wanted, so that 
a Iw 7.Sy Zeneris fitted, Approximately 200mA may thus 
flow through the Zener, if no current is taken by the load, 
Suppose the supply is up to 15v. It will be necessary to-drop 
for waste 7.5v in RI or R2. So a 42 ohm resistor may be 

| fitted, with a litle safety latitude. Any cufrent from ze10 to 
about 150mA may then be drawn, without any important 

change in voltage. 
Where a Zener diode would have to be of very large wattage, 
it may be more convenient 0 use the Zener to control the 
base potential of a transistor, as also shown for negative and 
positive earths in Fig. 48. (Sce also Fig. 45.) R3 or R4 then 
only need provide a relatively low current for the Zener and 
transistor base. 


Motor PSU with Reverse 


Fig. 49 is the circuit of a supply for model motors, and giving 
both speed control and reversing, 


The second circuit is virtually the same, but polarity is re 
versed, so that the ground return is positive 


‘These circuits can be prepared fora wide range of voltages, 
by taking into account the Zener voltage and wattage, and 
‘thus the voltage to be dropped in RI and R2. 


For calculations, remember the following: 
Voltage = Current in Amperes x Resistance in Ohms. 
Current = Voltage divided by Resistance. 
Resistance = Voltage divided by Current. 
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Variants 


chips are still available, as they are useful in sit- 
uations wherea power supply delivers morethan 
svoC. 


+ When it is referenced casually, the B at the 
end ofa chip number in the 4000 series may 
be omitted. When the number is listed in a 
catalog, the B is included, 


Chips with 45 as their first two digits were intro- 
duced as a new generation, but were not widely 
adopted. After that, the 4000 series ceased to 
evolve, and CMOS chips adopted 74x part num- 
bers, distinguishing themselves by the insertion 
of letter groups in the center of the number. 


To add to the confusion, some 4000 series part 
numbers were appended to 74xx part numbers, 
so that, for example, the 74HCT4060 is designed 
to be compatible with the old 40608 chip. 


Family Interoperability 
One of the mostimportantissues relating to chip 
families is their differing specifications for a low- 
state voltage and a high-state voltage in inputs 
and outputs 


The original 74xx TTL series, using a SVC power 
supply, used these approximate specifications: 


+ Output: 74x voltage representing a low 
state (at most 0.4V to 0.5V) 

+ Input: 74x input voltage interpreted as a 
low state (maximum 0.8V) 

+ Output: 74xx voltage representing a high 
state (at least 2.4V to 2.7V) 

+ Input: 74xx input voltage interpreted as a 
high state (minimum 2V) 


This provided a safe margin of error of at least 
(0.4V when chips were communicating with each 
other. 


In the CMOS 4000 family, however, logic chips 
required a minimum input of 3V to 3.5V to be 
interpreted as a high state, The minimum ac- 
ceptable output from a TTL chip was below this 
level, creating problems if anyone should try to 


Integrated circult> digital > logic gate 
Use the output from a TTL chip to communicate 
with an input on a CMOS chip. 


One solution is to add a 4.7K pullup resistor to 
the TTLoutput, guaranteeing thatitwon'tfall too 
low. But this wastes power, and the need for the 
resistor is easily forgotten. Another option is to 
Use the HCT or ACT family of CMOS logic. The "T” 
in these family names indicates that they have 
been engineered to share the input standards of 
the old TTL chips. They stil deliverthe same high 
output as other types of CMOS, making them 
seem to be the best possible solution. Unfortu- 
nately, it does entail a compromise: the "T” chips 
are more sensitive to noise, among other factors. 


+ Ideally, chip families should not be 
intermingled. 


Gates per Chip 
Each of the original 74x chips contained multi- 
ple gates within the limits of a uniform 14-pin 
through-hole format. The gates that were most 
commonly used had two inputs, and there were 
four of these gates per chip. 


However, the desire for miniaturization, and the 
Use of automatic chip-placement and soldering 
equipment, made one-gate and two-gate logic 
chips desirable and practical in surface-mount 
format. (Three-gate surface-mount chips exist, 
but are sufficiently unusual that they are not de- 
scribed in this encyclopedia) 


Two Inputs, Single Gate 

Where a chip contains just one logic gate, itis 
almost always a surface-mount component, and 
the part number has 1Gin the middle to indicate 
Yone gate’ Pad functions are shown in 
Figure 10-11, The layout is standardized for all 
logic gates, with the exception of XNOR gates, 
which are not manufactured in surface-mount 
format. 
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A transformer with a 12v secondary will be suitable for the 
‘usual model requiring up to 12v. The circuit is similar to that 
Of the supply in Fig. 47. The potentiometer VRI gives speed 
control. CI can be around 2,000uF 


is one type of ready-made switch, and it can be obtained 
with a central off position. “B” shows a home-built switch, 
similar to that described in Fig. 5. The switch must not short 
circuit the supply when changing over polarity, and one with 
central off is recommended. 


Motors reversed in this way must be of the permanent magnet 
type, in which a change of polarity causes the armature to 
fun in the opposite direction. Train and many other model 
motors are of this construction. Motors with a wound field 
will not be reversed by changing the polarity of supply. 


A controller of this kind should be constructed as shown 
earlier, o that itis safe to use, and so that no joints in the 
mains circuits can be touched, 


Earthing can only be omitted when a double-insulated trans- 
former, of the type specifically made to avoid any need for 
earthing, has been used. The whole controller should be s0 
constructed that, even if'a fault develops, mains voltages 
cannot reach the secondary circuit or model 


Wrong Polarity Protector 


‘There is sometimes a danger that transistorised equipment 
may be connected to a vehicle or other supply in the wrong 
polarity. This will usually cause damage, and 
the semiconductor devices, or electrolytic caps 


Adding a diode to the circuit as in Fig. 50 will avoid this. 
For most small equipment, a silicon 100v LA rectifier will 
be ideal. With the supply connected correctly, curtent passes 
‘with virtually no loss of voltage. But if the supply polarity 

is reversed, the diode does not conduct, so no harm is 
caused to the equipment. Such a diode is'readily incorporated 
in almost any item which may from time to time be run from 
‘an external accumulator or dry battery supply where the 
polarity is not known, 
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Component Tolerances 


For circuits in this book, exact component values are generally 
ot too important. Capacitor values such as 47nF (0.047uF), 
and 0.0SuF may be regarded as interchangeable. In the same 
way, a 125HF capacitor may replace 100uF, or 200uF can be 
used instead of 220uF,, and so on. 


Resistors will generally be the standard 5% tolerance types. 
In some circuits exact resistor values are not at all critical 
In others, and especially base, emitter and collector circuits, 
the values which provide best results can have much less 
latitude. 


The lead-out positions of base, emitter and collector wires 
have been shown for typical transistors. However, it is felt 
that Fig. 51 should be useful. This gives lead information for 
types most likely to be required for circuits in this book 
Other types of transistors may of course be used success- 
fully, but it is not practical to list all these, or show 
connections for them all 
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EQUIVALENT SEMICONDUCTORS 


To help our overseas readers the following list of possible 
‘equivalents is shown below: 


ACI28 — CV9778, OC74-318, NKT281, 2N467. 2B: 
415, ACLI7—124- 153, GETI10, NKT302 
SFT232, 2N659-13731384--1926-2001 2431 
4106, 288370, SK3004, RS276- 2005. 

ACY39 CV9475, NKT243, ACZ10, 2N652-2303—2801 

‘AFIT 2N642;38A155, AF102—105—127_ 133-137, 
BFX48, BSW19--73, GM1213B, NKTO03F, 
SFT354, SK3006, 2N2273-2635—3324—4916 
5354, RS276~ 2003. 

BCIO7 — CV9780, AM2S1, BC147—16: 
$K3020"3122, ZTX107, TT107, RS276~2009. 

BCIO8 — CV10541, AM252, BC148--168-308-318, 
MPS6520, SK3020, ZTX108, TT108, RS276 
2009. 

BC109 —CV}0769—10806, AM253, BC149~ 169-209-319) 
MPS6521, SK3020, ZTX109, TT109, RS276-2009, 

BCI47— BCI71—182/L.-207- 317, MPS6566, SK3020, 
RS276-2013, 

BCI48 — BC172-183/1.-208—318, MPS6520, SK 3020, 
BS276~2009. 

BCI49 — BCI84/L-209-173-319, MPS6521, SK3020; 
RS276~2009. 

BF200. BF162—173~225-271-a11 
SK3018, 2N616—2708 32883693, RS276—2011. 

BFYSI CV7723-7726—10827—11238, BFXS1—68A, 
BER19, BSX45/X, BSY46—85, SK3024, 40347, 
2SC708, ME6102'2N2193/4~ 2218-2410 3053 
3252-4046, RS276~ 2009, 

BSY9SA CV7648~9379, BCIO8A, BSX51~73—91, 
BFX96, BSY20- 58-62, ME9022, SK31 
2N744-914--1708-2218-2369-5187, Ri 
2011 

MPF102 £305, Sk3116, 

OAS] AAII7—118-132—144, AAZIS, OA91~95-161, 
SD38, IN38—56-476-618, 1S 

C26 CVBS60, NKT452, 2N257-297-458-553 
1021, 2B3, ADI30—131—138—140-149. 
OC28, SK3009, TFRO, T1156—3027, 2N174- 
10732870-R5276 2006. 
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107-317, MPS6566,, 


2sc321, 


sé 


oc70 


oc71 


acs 


ORPI2 
1N4001 
1N4002 
2N1306 


2N1613 


NB. 


(CV7083_8356, NKT402, 2N457, 2SB86—42: 
ASZ16, AUY21, OC28—35~36, $K3009, TL 
2NI74~1073-2870, RS276—-2006. 
V5710~7003, 0C170-171—410-613, 2N1303, 
2SA15, AF101~117—126, ASY5S, ACI91, BCI24 
NKT2I1, SKT358, SK3005, 2N36-—1191/2—1352— 
13731384, RS276—2003, 

CV5457, 0303-602, NKT214, 2N279—1305, 2SB75, 
ACI22—125—151-163, ACY27~34, ASY27, BC213— 
206A, BSX36, SK3003, 2N1193—1352-1375-2429, 
276-2008. 

CV5712-7005 $344, 0C70-304—-604, NKT214, 
2N280-1305, 28B77, ACI22—125~151—163, ACY3S, 
BSX36, OC3041, SK3003, 2N1193~1352—1375— 
1384-3429, RS376—2004, 
AC122/3—125/6—131—151 IV—152—162—191, 
BC126-213-206A, NKT211, SFT353, 2N282— 
1190—1352—1371-1384—1991 2431, CVS713— 
7006-8440, RS276—2005 

€V8314, 0C307—6025, 2N284—1305, NKT212, 
2$B89, ACI28-131—151-152, ACY28, ASYS8— 
76, BC126—213-260A, SK3004, 2N394—1191— 
1352—1371-1384—1991,, RS276~2004 
RS276—116, LDRO3, RPY25. 

BY127, EMSO2, RS276—1 01/1135, 18100. 
BY127, EM502, RS276—1102/1136, 18100. 
CV7350— 10686, NKT736, 2N634—635-636— 
1891—1993—1994-1995, ASY26—29, BSX19~20, 
RS276—2001 

€V 7440-8843, BFY33-34-67, BSY44, 2N698— 
699-717-171 | ~1889—1890-1893, BFY41, 
BSX45/6, BSY53, MPS6530, 2SC708, 2N2101 


Although equivalent semiconductors may have 
similar electrical properties, physical dimensions may 
be different and this must be born in mind if space 

is tight and for mounting detail. 

Remember polarities if replacing PNP with NPN types 
and vice versa. If in doubt always be advised by your 
dealer for suitable equivalent semiconductors 
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list of other titles that are available in 


‘out range of Radio and Electronic Books. 
‘These should be available from most good Booksellers, 
Radio Component Dealers and Mail Order Companies, 


However, should you experience difficulty in obtaining any 


title in your area, then please write directly to the publishers 


enclosing payment to cover the cost of the book plus adequate 


postage 


If you would like a copy of our latest catalogue of Radio & 


Electronics Books then please send a Stamped Addressed 


Envelope. 


BERNARD BABANI (publishing) LTD 
‘The Grampians 
Shepherds Bush Road 
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‘Single-gate SMT 24nput AND, NAND, OR, NOR, or XOR. 


Figure 10-11. internal configuration and solder-pad func 
tions for a two-input surface-mount single-gate logic chip 
that can contain an AND. NAND. OR, NOR, or XOR gate, 
NOR gates are not manufactured inthis format. 


In the figure, a gate is shown in generic form, in- 
dicating that it may be an AND, NAND, OR, NOR, 
or XOR gate, depending on the part number of 
the chip. Inputs are on the left of the gate, while 
its outputs on the right, The chip does not have 
asolder pad in position 5, but the padat top right 
is identified as pin 6 for consistency with the 
numbering pattern in other surface-mount com- 
ponents where six pads are common. 


‘The generic part numbers for single-gate 
surface-mount two-input logic chips are shown 
here, with letter x indicating that letter sequen- 
cesaare likely to be inserted to indicate manufac- 
turer, logic family, and chip format: 


+ AND gate: x74x1G08x 
+ OR gate: x74x1G32x 

+ NAND gate: x74x1G00x 
+ NOR gate: x74x1G02x 
+ XOR gate: x74x1G86x 


Three Inputs, Single Gate 

AND, NAND, OR, and NOR single gates are avail- 
able with more than two inputs. Their output is 
determined by rules shown in Figure 10-5. XOR 
and XNOR gates are not included in the table, 
because a strict interpretation of their logic re- 
quires that a unique output state exists if one in- 
put is high while the other is low. 


Variants 


The pad functions for a surface-mount single- 
gate logic chip with three inputs are shown in 
Figure 10-12. The generic part numbers for these 
chips are shown below. Again, each x indicates 
that letter sequences are likely to be inserted to 
indicate manufacturer, logic family, and chip 
format. 


‘Single-gate SMT 3-input AND, NAND, OR, or NOR 


Figure 10-32. Internal configuration and solder-pad func~ 
tions for @ three-input surface-mount single-gate logic 
chip that can contain an AND, NAND, OR, or NOR gate. 


The generic part numbers for single-gate 
surface-mount three-input logic chips are 
shown here, with each xindicating thatletter se- 
quences are likely to be inserted to indicate man- 
ufacturer, logic family, and chip format: 


+ AND: x74x1G11x 
+ NAND:x74x1G10x 
+ OR: x74x1G32x 

+ NOR: x74x1G27x 


Single Gate, Selectable Function 

A few surface-mount chips can emulatea variety 
oftwo-input gates, by using appropriate external 
connections. The internal logic of one example, 
with generic part number x74x1G97x (an actual 
example would be Texas Instruments 
SN74LVC1G97), is shown in Figure 10-13. De- 
pending which pin is grounded and which other 
pins are used as inputs, the chip can emulate all 
five of the most commonly used gates. To 
achieve this, however, some inputs have to be 
inverted. 
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PREFACE 


‘The fascinating science of electrostatics 
was developed mainly in the 18th century at a 
time when the technology and industry were too 
primitive to put this science to practical uses. 
‘As a result, serious research in electrostatics 
soon lost its momentum and, except for a few 
isolated efforts, was practically nonexistent 
during the entire 19th century. Only very re- 
cently practical aspects of electrostaties began 
to make their impact on the industry and econ- 
‘omy, and the once glamorous but long forgotten 
science has again appeared at the focal point of 
serious scientific investigations. 

A peculiar obstacle stands, however, in the 
way of many such investigations: because of the 
one and one half century of neglect of electro- 
static explorations there is a singular lack of 
easily available quantitative and qualitative i 
formation on even the most basic electrostatic 
phenomena, techniques, and devices. Whereas 
experimental and theoretical data pertaining to 
most modern seiences are well documented and 
are easily retrievable from numerous reference 
sources, many data in the field of electrostaties 


vii 


viii 


must be extracted through thorough and labor- 
ious firsthand studies of old books and maga- 
zines, the very existence of which is not gener- 
ally known, and which are not readily available 
in any of the present-day libraries or repositor- 
ies, 

It is precisely this kind of obstacle that the 
author encountered, when several years ago he 
started his research on electrostatic motors. 
Luckily, however, the obstacle soon transformed 
itself into a highly rewarding experience of 
studying various “ancient” books and periodicals 
and searching through electrostatic inventories 
of various European and American science mu- 
seums. In the course of these studies he found 
numerous forgotten publications on electrostatic 
motors and found that several old electrostatic 
motors can actually be seen in some of the 
museums. (It is interesting to note that the lat- 
ter motors are usually not on public display, ap- 
parently because of a lack of adequate informa- 
tion about their purpose and mode of operation 
available to museum personnel. It is also inter- 
esting to note that certain types of electrostatic 
motors were frequently employed in various 
animated toys during the second half of the 18th 
century, and that, although some of these toys 
are shown in museums, they are usually shown 
without an explanation of what made them move 
or how they were supposed to function.) 

The purpose of this book is to deseribe the 
various types of electrostatic motors reported in 


ix 
the scientific literature between 1700 and the 
present, and to discuss in general terms their 
various design features and principles of opera- 
tion, The book is written for a wide circle of 
readers, and care has been taken to avoid tech 
nieal details that would be useful only toa small 
group of specialists. ‘The readers interested in 
additional scientific and technical data on the 
various motors are referred to appropriate orig- 
inal publications cited in this book. 

‘The material is presented in several chapters, 
each chapter describing a particular class of 
motors. ‘The sequence of the chapters corres- 
ponds to the chronological order in whieh the 
earliest motor belonging to each particular chap- 
ter was invented. The sequence of material in 
each chapter is normally arranged also in a 
chronological order. ‘The last chapter describes 
some of the most recent research results on 
electrostatic motors and extrapolates these re- 
sults into the immediate future. 

‘The author is grateful to his wife Valentina for 
typing the manuscript and for otherwise helping 
him to make the book ready for publication. He 
isalso grateful to Dr. David K. Walker for read- 
ing the manuscript and for drawing the illustra- 
tions for the book. 


Oleg D. Jefimenko 
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PLATE 1 


Here is what H. B. Dailey wrote about this elec- 
trostatic motor which he and his father built in 
1880: “Whether or not there is about the in- 
strument and its history that which would ever 
give it a claim to any measure or serious inter- 
est, it is at least an electric motor most unique. 
A motor without magnetism, wiring, or any iron 
inits make up. A motor that runs by the action 
of the direct push and pull of the pure unconvert. 
ed electricity itself”. 


PLATE 2 


It was Benjamin Franklin who in 1748 construet- 
ed the first electrostatic motors. No original 
drawings or models of his motors are known to 
exist, but his first motor must have looked very 
similar to this replica designed by the author for 
the Electret Scientific Company. 


Variants 


‘Single-gate SMT 3.input user-configurable 


Figure 1013. internal configuration for a configurable 
surface-mount chia that can emulate various two-input 
logic gates, depending which inputs are used and which 
are grourided. Same inputs have to be inverted to emulate 
some gates: 


Two Inputs, Dual Gate 

Two-input surface-mount AND, NAND, OR, NOR, 
and XOR gates are available in dual layout (two 
gates per chip). The internal logic and pad func- 
tions are shown in Figure 10-14, The generic part 
numbers for these chips are shown here. Again, 
each x indicates that letter sequences are likely 
to be inserted to indicate manufacturer, logic 
family, and chip format. 


Dual gate SMT 2.input AND, NAND, OR, NOR, or XOR 


ao1® 


Figure 10-14. internal configuration and solder-pad func 
tions for a two-input surface-mount dual-gate logic chip 
that can cantain twa AND, NAND, OR, NOR, or XOR gates. 
XNOR chips are not manufactured in this format 


Integrated circut> digital > logic gate 
‘The generic part numbers for dual-gate surface- 
mount two-input logic chips are shown below, 
with each x indicating that letter sequences are 
likely to be inserted to indicate manufacturer, 
logic family, and chip format: 


+ AND: x74x2G08x 
+ NAND: x74x2G00x 
+ OR: x74x2G32x 

+ NOR: x74x2G02x 
+ XOR: x74x2G86x 


Original 74xx 14-Pin Format 

Each of the original 74xx TTL chips contained 
multiple gates within the limits of a uniform 14- 
pin chip format. The available options were, and 
still are: 


+ Quad 2-input: Four gates with two inputs 
each 

«+ Triple 3-input: Three gates with three inputs 
each 

+ Dual 4input: Two gates with four inputs 
each 


+ Dual -input:Two gates with fiveinputseach 
«+ Single &-Input: One gate with eight inputs 


The five-input chips have becomeso uncommon 
that they are not described in this encyclopedia. 


Quad Two-Input 74xx Pinouts 

14-pin DIP 74x quad two-input logic chips are 
available in AND, NAND, NOR, XOR, or XNOR ver- 
sions, all of which have an internal layout shown 
in Figure 10-15. The layout is unchanged in 
surface-mount format. The gates are shown in 
generic form, as the layout remains the same re- 
gardless of which type of gate is in the chip. All 
the gates in any one chip are of the same type. 
The four connections leading to a gate are its in- 
puts, while the single connection from a gate is 
its output. 
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PLATE 3 
Franklin's second motor probably looked very 
much like this replica also designed by the 
author for the Electret Scientific Company. 
Whereas the first motor operated from the elec- 
tricity stored in Leyden jars, this motor operat- 
ed from the electricity stored in the motor itself. 


PLATE 4 
The first corona ‘motor was designed around 
1869 by the German physicist Poggendorff. Pog- 
gendorff made a thorough study of the motor, 
but failed to appreciate its possibilities in the 
‘mistaken belief that no sources of electricity 
could supply enough power to any electric motor 
to make it do useful work. This simplified ver- 
sion of Poggendorjf's motor was built by the 
author. 


PLATE 5 


The electret—a permanently electrized dielec- 
tric—is essentially a product of the 20th century. 
When an electret ts placed between slotted elec- 
trodes to which a voltage is applied, the electret 
experiences aforce. This motor designed by the 
author utilizes the slot effect. The rotor of the 
motor is a carnauba waz electret made of two 
oppositely polarized half-disks. The motor was 
built in 1966. 


PLATE 6 


A more practical design of an electret motor in- 
corporates stationary electrets and rotating 
electrodes. The electrets can be easily with- 
drawn from the motor for servicing or replace- 
ment. The motor operates from approximately 
60 volts de. This particular motor was the first 
ever operated from atmospheric electricity. 


PLATE 7 


In this electret motor developed in the author's 
laboratory (as were all the electret motors re- 
produced in these photographs) several thin 
mica electrets are used as active elements. This 
arrangement of electrets makes good use of the 
available space and allows one to construct rela- 
tively powerful electret motors. 


PLATE 8 
This “hoop” electret motor built in 1967 by D. K. 
Walker has a stationary cylindrical electret. 
The rotor is made of four pairs of bent aluminum 
plates enclosing the electret. The motor re- 
quires no commutator. The motor has been op- 
erated for several years without any servicing. 


PLATE 9 
Corona motors are probably the most promising 
electrostatic motors, This 0.t-hp modern ver- 
sion of the Poggendorff motor has a cylindrical 
rotor instead of a disk, The motor operates from 
4 6000-volt power supply as well as from an 
earth field antenna. 


PLATE 10 
The operation of electrostatic motors from. an- 
iennas can be demonstrated with this lecture- 
‘room apparatus. The Van de Graaff generator 
produces electric charges in the air. The sharp- 
‘point antenna collects the charges from the air 
and delivers them to one terminal of an electro- 
static motor whose other terminal is grounded, 


PLATE 11 


The author and D. K. Walker attempt to operate 
an electret motor from a 20-foot pole antenna in 
front of the Physics Building of the West 
Virginia University. The tall building screened 
the atmospheric field, and the motor did not run, 
although it operated very well from the same 
antenna in the nearby unobstructed parking lot. 


PLATE 12 


The author operates electrostatic motors by 
‘means of an airborne antenna. 
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(Quad 2.input AND, NAND, NOR, XOR, or XNOR. 


(74x family) 


Figure 1035. in 2 14-pin quad two-input 74x logic chip, 
the AND, NAND, NOR, XOR, and XNOR versions al share 
this generic avout 


+ The 14-pin quad two-input OR chip has dif- 


ferent pinouts from all the other 74x logic 
chips. Itis shown in Figure 10-16. 


Quad 2.input OR 


(74x family) 


Figure 10-16. In a quad two-input 74x OR chip. this lay- 
‘ut is used, which is cfferent from that used in al the oth 
er quad two-input lagic gates. 


Triple Three-Input 74x Pinouts 

‘The AND, NAND, and NOR versions of a 14-pin 
DIP 74xx triple three-input logic chip all have an 
internal layout shown in Figure 10-17. The layout 
is unchanged in surface-mount format. The 
gates are shown in generic form, as the layout 
remains the same regardless of which type of 
gate is in the chip. All the gates in any one chip 
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are of the same type, Three connections leading 
toa gate are its inputs, while a single connection 
from a gate is its output. 


‘Tiiple 3.input AND, NAND, or NOR 


Noaoronse 
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Figure 10-27. Jn a 14-pin triple three-input 74xx logic chip. 
the AND. NAND, and NOR versions all share this generic 
layout 


- The 14-pin triple three-input OR chip has dif- 
ferent pinouts from all the other 74x logic chips. 
{tis shown in Figure 10-18. 


‘Triple 3-input OR 


DAE 
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Figure 10-18. na triple three-input 74xx OR chip this lay: 
‘Ut is used, which is different from that used for all the 
‘ther triple tiree-input logic gates, 
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WHAT ARE 
ELECTROSTATIC 
MOTORS? 


Conventional electric motors create 
mechanical motion as a result of magnetie forces 
acting upon electric currents. These motors are 
properly called electromagnetic motors. There 
is, however, another type of electric motor, in 
which the motion is created as a result of elec- 
tric, or “electrostatic”, forces acting between 
electric charges. Motors of this type are called 
electrostatic motors. 

Tis interesting to note that in nature the elec- 
trostatic forees are much stronger than the mag- 
netic ones. There are many ways in which this 
can be demonstrated. For example, although a 
considerable effort may be needed to separate a 
magnet from an object attracted by it, a much 
greater effort is needed to break the magnet; 
this is because the magnet and the object are 
held together by magnetie forces, while the mol- 


1 


2 


ecules of matter in the magnet (as well as in 
any other body) are held together by electro- 
statie forces. 

Why, then, do we not use the electrostatic 
forces in our electrie devices, and in motors in 
particular, at least on as wide a scale as we use 
the “inferior” magnetie forces? There are two 
main reasons for that. First, it is difficult. to 
establish appreciable concentrations of electric 
charges without causing an electric breakdown 
in the medium surrounding or supporting the 
charges (although with modern insulating 
materials and techniques this difficulty becomes 
progressively less serious). Second, powerful 
electrostatic devices require voltages of many 
kilovolts for their operation, and until recently 
such voltages could not, be produced convenient- 
ly and economically. 

Motors of great power, however, are not the 
only ones needed. Equally important are low- 
power motors capable of performing various 
special tasks. In this respect electrostatic 
motors may compete successfully with their 
electromagnetic cousins even now. 

Although electrostatic motors are not yet. 

widely known or used, they already hold at least 
five very impressive records as compared with 
the electromagnetic motors: 
1. The first electric motor ever invented was an 
electrostatic one. It was built about 100 years 
belore the first electromagnetic motor was con- 
ceived. 
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2. The electrie motor that operated without in- 
terruption longer than any other electric motor 
was an electrostatic one. This was a pendulum- 
type motor, known as the “electrie perpetuum 
mobile”, installed at the University of Insbruek, 
Austria, in 1823. Since then it operated eontin- 
uously at least until 1909, powered by a Zamboni 
pile (an early high-voltage battery). 

3. Electrostatic motors have been operated from 
voltages in excess of 105 volts, which is much 
higher than the voltages suitable for operating 
electromagnetic motors. 

4, Electrostatic motors have been operated by 
using currents smaller than 10~°amp, which is 
much less than the currents needed to operate 
electromagnetic motors. 

5. The first electric motor that operated directly 
from the atmospheric electricity was an electro- 
statie motor. None of the presently available 
electromagnetic motors can operate directly 
from this source, 

Even this short list reflecting some of the 
more obvious peculiarities of electrostatie 
motors shows quite clearly that electrostatic 
motors possess a number of unique properties. 
These properties undoubtedly will make 
electrostatic motors increasingly more impor- 
tant for the science, engineering, and technology 
of the future, 

Many different types and designs of electro- 
statie motors are possible. It is customary to 
classify electrostatic motors in accordance with 
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some prominent feature of their mode of opera- 
tion or some prominent feature of their design. 
‘Thus, in reference to the techniques used for de- 
livering electric charges to the active part of a 
motor one speaks of contact motors, spark 
‘motors, corona motors, induction motors, and 
electret motors. In reference to the medium in 
which the active part of a motor is loeated one 
speaks of liquid- or gas-immersed motors. Inref- 
erence to the material and design of the active 
part of a motor one speaks of dielectric motors 
(the active part is made mainly of dieleetrie ma- 
terial) and conducting-plate, or capacitor, 
‘motors (the active part is made mainly of metal 
and resembles a variable capacitor). Finally, in 
reference to the rate of rotation of a motor rela- 
tive to the period of the applied voltage (for ac 
operated motors) one speaks of synchronous 
motors and asynchronous motors. 

This classification of electrostatie motors does 
not make it possible, however, to specify unique- 
ly each individual motor. Also, two or more dif- 
ferent operation modes are usually possible for 
most electrostatic motors (for example, certain 
motors can be operated at will as contact, spark, 
or corona motors). Therefore an assignment of a 
particular motor to one or another of the above 
types or categories is frequently more or less 
arbitrary. ‘This applies, of course, also to the 
present book, where certain motors deseribed in 
the chapters that follow could be equally well 
discussed under different chapter headings, and 
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where the inclusion of certain motors in a par- 
tieular chapter was oeeasionally dictated by the 
fact that such an inclusion resulted in a more eo- 
herent development of the subject matter. 


ELECTRIC 
PENDULUM MOTORS; 
CONTACT MOTORS 


If “electric motor" is understood to be a 
device converting electric energy into a contin- 
uous mechanical motion, then the first two elec- 
trie motors were invented in the early 1740's by 
Andrew Gordon, a Scottish Benedictine monk 
and professor of philosophy at Erfurt, Ger- 
many.! Gordon's first motor was a device 
known as the “electric bells” (his seeond motor 
will be deseribed in the next chapter), The de- 
vice and its operation were as follows. A metal- 
lie clapper (pendulum) was suspended by a silk 
thread between two oppositely charged bells 
(Fig. 1). From an initial contact with one of the 
bells the clapper acquired a charge of the same 
polarity as that of the bell. Due to repulsion of 
like charges and attraction of opposite charges 
the clapper was then repelled by this bell and at- 
tracted by the second bell. As the clapper 
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struck the second bell, it gave off its initial 
charge and acquired a charge of the same polari- 
ty as that of the second bell. ‘Then the clapper 
was repelled by the latter and attracted by the 
first bell, which it struck again, and so on. 

‘Numerous variations of Gordon's bells have 
been described by later authors, mostly as 
devices for lecture-room demonstrations of elee- 
trostatic forces. Such devices are widely used 
for this purpose even now. 

‘An ingenious application of Gordon's bells was 
made by Benjamin Franklin in 1752. He connect- 
ed the bells to an insulated lightning rod as a 
warning device “to give notice when the rod 
should be electrified”. (It appears that at that 
time neither Franklin nor any other scientist 
suspected how dangerous this “warning” device 
could be. The extreme danger of experiments 
with insulated lightning rods beeame clear a year 
later, when in 1753 the Russian physicist George 
Wilhelm Richmann was killed by lightning that 
entered his laboratory through such a rod, as he 
approached it in order to measure its electrifica- 
tion with a specially constructed electrometer.) 

In a later modification of Gordon's invention 
one of the two bells was mounted on a Leyden 
jar (Fig. 2); the bells would then ring for as long 
as there was enough electric energy stored in 
the jar to move the clapper. (Franklin deseribed 
the operation of an electric pendulum powered 
by a Leyden jar in 1747; see Ref. 2 p. 189.) 

Sometimes Gordon's bells were made as a set 


FIGURE 1 


The so-called “electric bells” constituted the first 
device that converted electrical energy into a 
continuous mechanical motion. They were in- 
vented in about 1742 by Andrew Gordon, a pro- 
fessor of philosophy at Erfurt, Germany. 
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FIGURE 2 


Ina later modification of Gordon's invention one 
of the two bells was mounted on a Leyden jar. 
The bells would then ring for as long as there 
was enough electrical energy stored in the jar to 
‘move the clapper. 
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FIGURE 3 


Sometimes Gordon's bells were made as a set of 
three bells and two clappers, all suspended from 
a horizontal bar, the central bell being insulated 
‘from the bar and grounded by means of a light 
chain. 


Variants 


Dual Four-Input 74xx Pinouts 
‘A.14-pin DIP 74x dual four-input logic chip con- 
tains two four-input gates. The AND, NAND, and 
NOR versions all have an internal layout shown 
in Figure 10-19. The layout is unchanged in 
surface-mount format. The gates are shown in 
generic form, as the layout remains the same re- 
gatdless of which type of gate is in the chip. All 
the gates in any one chip are of the same type. 


+ There is no OR chip of the 14-pin dual four- 
input type. 


Dual 4-input AND, NAND, or NOR 


sonsone 


(74xx family) 


Figure 1019. in a 14-pin dual four-input 74x logic chip, 
the AND. NAND, and NOR versions all share this generic 
layout. There sna 74x OR chip with four inputs per gate. 


Single Eight-Input 74xx Pinouts 
‘A.14-pin DIP 74xx single eight-input NAND chip 
contains one eight-input gate, as shown in 
Figure 10-20. The layout is unchangedin surface- 
mount format. 


+ There is no AND chip of the 14-pin single 
eight-input type 


A.14-pin eight input logic chip in the 74xx series, 
able to function as both an OR and a NOR, is 
shown in Figure 10-21. The output from the NOR 
gate is connected with pin 13, but also passes 
through an inverter to create an OR output at pin 
1. (Because a NOR gate is equivalent to an 
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inverted-OR, when its output is inverted again, it 
returns to being an OR) 


‘Single 8nput NAND. 


ig 


(74x family) 


Figure 10-20. The internal Jayout of single eight-ingut 
INAND chip in tho 14-pin Faex series. There is no 7x AND, 
chip with eight inputs per gate 


‘Single input OR/NOR gate 


(74x family) 


Figure 10-21. The internal layout of single eight-input 
OR/NOR chip in the 14-pin 7Axx series. Pin 13 has tho 
NOR output, wee pin has the OR output 


The following list shows the generic part num- 
bers for DIP and surface-mount versions of 14- 
piin logic chips in the 74xx series that have two 
or more inputs per gate. As before, an x indicates 
that letter sequences are likely to be inserted to 
indicate manufacturer, logic family, and 
chip format. 
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FIGURE 4 


Another modification of Gordon's bells was a set 
of bell chimes arranged on a wooden base in a 
circular formation around the central bell. A 
separate clapper was then present for each of 
the outside bells. 
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FIGURE 5 
The electrical and mechanical principle of Gor- 
don's invention could be used not only for ring- 
ing bells but for ereating a mechanical motion in 
general. In this “electric swing” this principle 
‘was used to operate an animated toy. 
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FIGURE 6 

Various ¢lectrostatically operated toys were in- 
vented in the 18th and 19th centuries. This 
“electric seesaw” was basically a conducting bar 
oscillating about a horizontal axis on the same 
principle as the clapper of Gordon's bells. 
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of three bells and two clappers, all suspended 
from a horizontal bar, the central bell being in- 
sulated from the bar and grounded by means of a 
light chain (Fig. 8). Another modifieation of Gor- 
don's bells was a set of bell chimes arranged in a 
cireular formation around the central bell (Fig. 
4); a separate clapper was then present for each 
of the outside bells, each clapper moving be- 
tween one of the latter and the central bell (the 
central bell was usually grounded, the outside 
bells were connected to an electrostatic genera- 
tor). 

‘The electrical and mechanical principle of Gor- 
don's invention could be used, of course, not only 
for ringing belis but also for a variety of other 
purposes. In particular, this prineiple was later 
used in two electrically operated toys: the “elec- 
trie swing” and the “electric seesaw”, which util- 
ized, respectively, an insulated pendulum made 
as a swing (Fig. 5) and an insulated conducting 
swing bar capable of oscillating about a 
horizontal axis (Fig. 6).4 

Except for Franklin's bells, all of the above de- 
vices were designed for operation from an 
electrostatic generator or from Leyden jars 
charged by such a generator. However, in 1806 
a high-voltage chemical battery (“dry pile”, later 
known as the “Zamboni pile”) was invented by 
Georg Behrens, and in 1810 this pile was adapt- 
ed by Giuseppe Zamboni to operate primitive 
electrostatic motors.® Inasmuch as a Zamboni 
pile could remain active for many years, the 
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little motors that operated from it were known 
as the “electric perpetuum mobile”. An ex- 
ample of such a perpetuum mobile is shown in 
Fig. 7 (see Chapter 4 for another design). The 
apparatus consisted of a light rigid insulated 
pendulum, pivoted just above the center of 
gravity, with a light conducting ring at the top. 
‘The ring was located between the two knobs of a 
Zamboni pile, When the ring contacted one of 
the knobs, it acquired a charge from the knob 
and was repelled from this knob and attracted to 
the second knob, and so on, just like the clapper 
in Gordon's bells. One such perpetuum mobile 
is reported to have operated without interrup- 
tion for at least 86 years. ® 

‘The most sophisticated device derivable from 
Gordon's electric bells was probably the recipro- 
cating electrostatic motor (Fig. 8 and Plate 1) 
built in 1880 by Howard B. Dailey and Elijah M. 
Dailey? The motor, which is now at the Museum 
of History and Technology of the Smithsonian 
Institution, was described by one of its builders 
as follow: 

“This machine operates by the direct action of 
static electric attractions and repulsions. It is 
constructed entirely of fine wood, glass and hard 
rubber, there being no magnetic materials used. 
The flywheel is of laminated, soft wood and runs 
in journal bearings of very small diameter. The 
moving balls, mounted on the walking beam of 
vuleanite, are made of wood, hollowed out so 
that the walls are about 2 millimeters thick. 
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FIGURE 7 


This electric pendulum operated froma Zamboni 
pile, an early high-voltage battery. Since the 
pile remained active for years, the pendulum 
‘was known as an “electric perpetuum mobile”. 


FIGURE 8 
The most sophisticated device derivable from 
Gordon's bells was probably this reciprocating 
electrostatic motor built in 1880 by H. B. Dailey 
and E. M. Dailey. 
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‘They are covered with aluminum foil for static 
conductivity. ‘The stationary balls are of solid 
wood. 

“To operate the engine the stationary balls 
are charged with electricity from a static elec- 
trie generator, such as a Holtz machine, the up- 
per balls being connected through the brass ball 
to one pole of the machine while the lower 
stationary balls are connected through the bind- 
ing post on the bed frame to the opposite pole of 
the machine. Under proper conditions, when 
charged, the engine will make about 875 revolu- 
tions per minute. 

“The walnut base upon which the engine is 
mounted is 14” long, 4” wide and 1%" thick. The 
movable balls are about 1/2" in diameter; the 
upper stationary balls are 1%4"in diameter; and 
the lower stationary balls, 1¥. ‘The four glass 
rods, mounted vertically, are about 6” high and 
spaced 6” apart along the bed. The diameter of 
the flywheel is 5%". It is gilded and has small 
wire spokes. ‘The connecting rod is 7° in 
length.”* 

‘The electric principle of Gordon's bells could 
bbe used also for producing a continuous unidir- 
ectional motion. A fascinating device of this 
type was the “electri racing ball”, or the “elec- 
trie planetarium”, an excellent description of 


‘The author is grateful to Mr. Elliot N. Sivowiteh, Smith. 
sonian Institution Museum Specialist, for kindly providing 
this deseription and the photograph of Dailey's motor. 


FIGURE 9 


The electric principle of Gordon's bells could be 
used also for producing a continuous unidirec- 
tional motion, This “electric racing ball” was 
propelled along a conducting hoop by the same 
mechanism that moved the clapper in Gordon's 
bells. 
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which has been provided by M. Guyot.® The 
apparatus consisted of an insulated horizontal 
conducting hoop positioned above a conducting 
disk having a vertical rim concentric with the 
hoop (Fig. 9). The arrangement constituted a 
track for a light sphere of glass placed on the 
disk between the hoop and the rim. When the 
hoop and the disk were connected to an electro- 
static generator, the sphere ran along this track 
due to attraction and repulsion exerted by the 
hoop and the disk upon the points of the sphere, 
that acquired charges from contact with the disk 
and the hoop (the rolling of the sphere usually 
had to be initiated with a light push by hand, but, 
once the sphere had started to run, it continued 
running for as long as the electrostatic genera- 
‘tor was in operation). 

Sinee the moving elements in the above de- 
seribed motors were charged by contact, the 
motors may be classified as “contact motors". 
‘This method of charging, however, is neither the 
only possible nor the most expedient one. 
Therefore contact. motors will probably always 
be subordinate to most of the motors described 
in the following chapters. In this connection it 
may be useful to note that, upon a closer examin- 
ation of the operation of Gordon's bells and other 
similar devices, one recognizes that the charging 
of the moving elements in these devices usually 
occurs by means of a spark that jumps from a 
stationary electrode (bell) to a moving element 
(clapper) as soon as the latter comes close 
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+ Quad 2-input AND: x74x08x 
+ Quad 2-input NAND: x74x00x 

+ Quad 2-input OR: x74x32x 

+ Quad 2-input NOR:x74x02x 

+ Quad 2-input XOR: x74x86x 

+ Quad 2-input XNOR: x74x266x 

+ Triple 3-input AND: x74x11x 

+ Triple 3-input NAND: x74x10x 

+ Triple 3-input OR: x74x4075x 

«+ Triple 3-input NOR: x74x27x 

+ Dual 4-input AND: x74x21x 

+ Dual 4-input NAND: x74x20x 

+ Dual 4-input NOR: x74x4002x 

+ Single 8-input NAND: x74x30x 

+ Single 8-input OR/NOR: x74x4078x 


74xx Inverters 

Single, dual, and triple inverter packages in the 
74xxseriesare available in surface-mountformat 
only. Their internal arrangement is shown in Fig- 
tures 10-22, 10-23, and 10-24. 


‘Single Inverter (SMT only) 


Figure 10-22. The internal layout of a 74x series logic 
chip containing ane inverter. This is available in surface 
‘mount format only Pin is absent. Pin Lis not cannected, 


Variants 


Dual inverter (SMT only) 


Hi 6 
2 
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Figure 10-23. The internal layout of a 74xx series logic 
chip containing two inverters. This is available in surface: 
‘mount format only. 


‘Triple Inverter (SMT ony) 


Figure 10-24. The internal layout of a 7Axx series logic 
Chip. containing three inverters. This is available in 
surface-mount format only. 


In the 14-pin format, a hex inverter chip (con- 
taining six inverters) is available, as shown in 
Figure 10-25. The layout is the same for DIP and 
surface-mount formats. 


Generic part numbers for inverter chips are as 
follows: 

+ Single inverter: x74x1G04x 

+ Dual inverter: x74x2G04x 

+ Triple inverter: x74x3G14x. 

+ Hex inverter: x74x04x 


Chapter10 101 


21 


enough to the former. Thus the actual physical 
contact between the moving and stationary com- 
ponents in these devices is not at alll necessary 
for their operation. In faet, such a contact is 
harmful insofar as it results in energy losses 
from impact and friction. 
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ELECTRIC WIND 
MOTORS 


As already mentioned in the preceding 
chapter, Andrew Gordon invented two electric 
motors. His second motor was the “electric 
fly",12" also known as the “electric whirl", 
“electric pinwheel”, or “electric reaction wheel” 
(Fig. 10). ‘The electric fly consisted of one or 
more light metal arms with sharp-point ends 
bent at right angles to each arm and in the same 
circumferential direction. The fly was pivoted at 
its center on an insulated needle. When the 
needle was connected to an electrostatic gen- 
erator, a corona discharge* took place from the 
sharp points of the fly. The air near these points 
became charged with charges of the same polar- 


“Corona discharge is a spontaneous electric conduction in a 
«gas (air) originating from sharp conducting bodies whose elec 
trostatie potential relative to the ground is 3000 volts or high- 
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ity as that of the fly and was then repelled from 
the points due to repulsion of like charges (the 
resulting motion of the air is known as the “elee- 
trie wind”). Similarly, the points themselves 
were repelled from the charges in the air, and 
the fly rotated therefore in the opposite sense to 
that in which the points were directed. 

Also the electrie fly was used for ringing bells 
or chimes. This was aecomplished by suspend- 
ing from the fly e clapper, which, as the fly ro- 
tated, struck in turn several bells positioned in a 
cireular formation underneath the fly (Fig. 11). 

In 1760, Hamilton, professor of philosophy at 
Dublin, suggested to use a similar device as an 
electrometer.4 In this electrometer small 
weights were suspended irom the fly. As the fly 
turned, the weights were deflected irom the ver- 
tieal direction by centrifugal forces, This de- 
flection was a measure of the fly's speed and, 
hence, of the strength of the source to which the 
fly was connected. A more sophisticated 
electrometer utilizing the electric fly was de- 
scribed by Jakob Langenbucher,® a silversmith 
at Augsburg, Germany, who spent a large part 
of his time and fortune on improving electro- 
static generators and studying electrostatic 
phenomena. In this electrometer the fly was 
mounted on a thin vertical cylinder. A fine 
string was fastened to the eylinder. ‘The string 
passed over a small pulley and had a light pan 
attached*to its free end. A small weight was 
placed on the pan. As the fly turned, the string 
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FIGURE 10 


Andrew Gordon invented two electric motors. 
‘His second motor was the so-called “electric fly”. 


FIGURE 11 


Also the electric fly was used for ringing bells 
with the aid of a clapper suspended from it. 
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wound itself on the cylinder lifting the pan and 
the weight, The maximum weight that could be 
lifted by this electrometer was a measure of the 
strength of the souree from which the fly was 
operated. 

‘The principle of the electric fly was later used 
to operate an orrery depicting the orbital mo- 
tions of the Sun, the Moon, and the Earth (Fig. 
12).6 In such an orrery, also known as the “elee- 
trical tellurium”, the longer bent arm carried a 
large sphere at one end, while at the other end it 
carried a similar but smaller bent arm, each end 
of which also carried a small sphere. ‘The three 
spheres represented the Sun, the Moon, and the 
Earth, The arms were pivoted on sharp points, 
and each arm had a perpendieular sharp point in 
the horizontal plane, When the instrument was 
connected to an electrostatic generator, the two 
systems rotated about their points of support, 
‘the smaller system, being lighter, rotated more 
rapidly than the larger one. The relative masses 
oi the spheres were adjusted to make the 
Earth-Moon system rotate twelve times for 
every single rotation of the Sun. 

‘An interesting variation of the electric fly was 
constructed in 1761 by Ebenezer Kinnersley, a 
Philadelphia school teacher and close friend of 
Benjamin Franklin. Kinnersley called his device 
the “electrical horse-race”.? ‘This was a cross 
formed by two pieces of wood of equal length 
(probably about 18 inches long) supported hori- 
zontally on a central pin, A light figure of horse 


FIGURE 12 


The principle of the electric fly was later used to 
operate an orrery depicting the orbital motions 
of the Sun, the Moon, and the Earth. The 
masses of the spheres were adjusted to make 
the Earth-Moon system rotate twelve times for 
every single rotation of the Sun. 


FIGURE 18 


An interesting variation of the electric fly was 
constructed in 1761 by Ebenezer Kinnersley, a 
friend of Benjwmin Franklin, Kinnersley called 
his device the “electrical horse-race”. The elec- 
trical horse-race was a popular toy in the latter 
part of the 18th century. 
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with his rider was placed upon each extremity of 
the ¢ross. ‘The motion was produced by corona 
discharge from the spurs of the riders (Fig. 18). 
The electrical horse-race was a popular toy in 
the latter part of the 18th century. Interesting 
descriptions of this toy have been provided by 
Langenbucher (Ref. 5, p. 206 and Plate 8), and 
by Guyot.8 

To show more convineingly that the electric 
fly converted electrical energy into mechanical 
energy, electric flies were placed on horizontal 
axes and were arranged to lift small weights 
(Fig. 14) or to climb inclined rails (Fig. 15). 

Operation of the electric fly in liquids was in- 
vestigated by Aime.!° A historical account of 
electric fly studies was presented by Tomlin- 
son.!1 The mechanism of the fly was discussed 
at some length by Mascart.!2 A quantitative 
study of the forees acting upon the electric fly 
was performed by Kampfer.’? 

‘A more efficient modification of the electric fly 
was proposed in 1887 by Bichat.14 Bichat's elec- 
trie “tourniquet” consisted of a light vertical 
frame capable of turning about a vertical axis 
and supporting two thin vertical wires produe- 
ing a corona discharge along their entire length. 
‘The vertical sides of the irame acted as 
“spoilers” preventing a corona discharge from 
the “back side” of the wires. A simple motor 
based on Bichat's device is shown in Fig. 16. 

In recent years the principle of the electric fly 
(reaction force experienced by a sharp point as a 
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FIGURE 14 


Electric fly converted electrical energy into 
‘mechanical energy and could lift small weights. 


Variants 


(74xx family) 


Figure 10-25. The internal layout of a 14-pin 74x hax in 
verter logic chip. containing six inverters. This layout is 
the same fr DIP and surface-maunt versions 


Additional Variations 

Some chips in the 74xx series (both DIP and sur- 
face mount versions) have variants with open 
drain or open collector outputs, while others 
have inputs that are configured as Schmitt trig- 
gers, These variants will be found as hits when 
searching supplier websites for logic chips by 
gate name and number of inputs. 


Pinouts in the Original 

4000 Series 

Each of the original 4000 CMOS chips contained 
multiple gates within the limits of a uniform 14- 
pin chip format. The available options were, and 
still are: 


+ Quad 2-input: Four gates of two inputs each 


+ Triple 3-input: Three gates of three inputs 
each 


+ Dual 4-input: Two gates of four inputs each 
+ Single 8-input: One gate of eight inputs 


In the 4000 family, 14-pin quad two-input logic 
chips are available in AND, OR, NAND, NOR, XOR, 


Integrated circult> digital > logic gate 
or XNOR versions, all of which have an internal 
layout shown in Figure 10-26. The gates are 
shown in generic form,as the layout remains the 
same regardless of which type of gate is in the 
chip. Allthe gates in any one chip are of the same 
type. The four connections leading to a gate are 
its inputs, while the single connection from a 
gate is its output. 


Unlike the 74x family, the quad two-input OR 
chip in the 4000 family has the same pinouts as 
the other types of quad two-input logic chips. 


(Quad 2.input AND, OR, NAND, NOR, XOR, or XNOR 


(4000 family) 


Figure 10-26. In the 4000 family, the AND, OR, NAND, 
NOR, XOR, and XNOR versions of a quad fwo-input logic 
Chip all share this generic avout. 


In the 4000 family, a 14-pin triple three-input 
logic chip contains three three-input gates. The 
AND, OR, NAND, and NOR versions all have an 
internal layout shown in Figure 10-27. The gates 
are shown in generic form, as the layout remains 
the same regardless of which type of gate is in 
the chip. All the gates in any one chip are of the 
same type. The three connections leading to a 
gateare its inputs, whileasingleconnection rom 
a gate is its output. 


Unlike the 74x family, the triple three-input OR 
chip in the 4000 family has the same pinouts as 
the other types of triple three-input logic chips. 


In the 4000 family, a 14-pin dual four-input logic 
chip contains two four-input gates. The AND, 
NAND, OR, and NOR versions all have an internal 
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FIGURE 15 


Blectric fly developed enough mechanical 
energy for climbing inclined rails. 


FIGURE 16 


A more efficient modification of the electric fly 
was proposed in 1887 by Bichat, who called his 
device the “electric tourniquet”. 
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result of a corona discharge from it) has been 
suggested for a flying machine (“corona-kralt. 
evitation”).5. ‘The lift realizable from such a 
machine does not, however, appear to be of prac- 
tical significance." 

Closely related to the electrie fly were the 
“electrie wind wheels” and the “electric wind 
turbines”. Like the eleetrie fly, they were 
invented in the 1740's and utilized a corona dis- 
charge from sharp points for their operation. 
Benjamin Franklin studied these devices in 1747 
(he first learned of them from his friend Philip 
Syng). According to Franklin (Ref. 7, p. 184) 
they were “light windmill-wheels made of stiff 
paper vanes; also. . little wheels, of the same 
matter, but formed like water-wheels”. Their 
probable appearance was as shown in Figs. 17 
and 18. Later versions of these deviees have 
been described by Guyot (Ref. 8, pp. 274, 275 
and Plate 27), by Langenbucher (Ref. 5, pp. 75, 
76 and Plate 3), by Gale,!7 and by Neubur- 
ger.18 

‘A delightful electric toy using the electric 
wind for its propulsion was made by W. R. King, 
an associate of James Wimshurst (the designer 
of the electrostatie machine carrying his name). 
‘This toy, which may be called an “electrical rab- 
bit hunt”, now at the Science Museum in 
London, is shown in a simplified form in Fig. 19. 
It consists of a small electrie wind turbine 
mounted on a vertical shaft carrying five light 
metal arms on its upper end; the arms support 


FIGURE 17 


Closely related to Gordon's electric fly was the 
“electric wind wheel”. Like the electric fly, it 
was invented in the 174,0's and utilized a corona 
discharge from two sharp points for its opera- 
tion, 


FIGURE 18 


Benjamin Franklin studied this “electric wind 
turbine” in 1747. He concluded that its action 
depended not as much on the electric wind as on 
the forces between the charges present on its 
moving and stationary parts. 


FIGURE 19 
A delightful electric toy utilizing the electric 
wind for its propulsion was made by E. R. King, 
an associate of James Wimshurst. This toy, 
which may be called an “electrical rabbit hunt”, 
is now at the Science Museum in London. 
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figurines of a rabbit, three dogs, and a horse- 
man, who chase each other in a beautiful little 
garden, as the arms turn powered by the turbine 
below. 

In studying the electric wind motors, Benja- 
min Franklin coneluded that their action 
depended not as much on the electric wind as 
such, but on the repulsion and attraction of elee- 
trie charges present on the moving and station- 
ary parts of the motors (Ref. 7, p. 184). It is very 
probable that this conclusion led him to the in- 
vention of his big electric motors, the famous 
“electrical wheels", which are described in the 
next chapter. 
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FRANKLIN'S SPARK 
MOTORS AND 
THEIR DESCENDANTS 


If one defines the “electric motor” as a 
machine capable of converting substantial 
amounts of electrical energy into mechanical 
energy, then it was Benjamin Franklin who in- 
vented the electric motor, for he was the first 
person to design and to construct a machine 
capable of accomplishing such a conversion. 

Franklin built two electric motors, which he 
called “electrical wheels". He described them in 
a letter to Peter Collinson, Fellow of the Royal 
Society of London, written in Philadelphia in 
1748.1 

His first motor was a big machine, about 40 
inches in diameter. The main part of this motor 
was a wooden disk mounted horizontally on a 
vertical wooden axle and carrying 30 glass 
spokes with brass thimbles on their ends (Fig. 20 
and Plate 2). The axle turned ona sharp point of 
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FIGURE 20 


Franklin's first “electrical wheel” was the earli- 
est device converting substantial amounts of 
electrical energy into mechanical energy. 


integrated circuit > digital > logic gate 
layout shown in Figure 10-28. The gates are 
shown in generic form,as the layout remains the 
same regardless of which type of gate is in the 
chip. Allthe gatesin any one chip are of the same 
type. Each pair of connections leading to a gate 
areits inputs, while the single connection froma 
gate Isits output. 


Triple 3input AND, OR, NAND, or NOR 


(4000 family) 


Figure 10-27. in the 4000 family, the AND. OR. NAND, 
and NOR versions of a triple three-input logic chip all 
‘share this generic layout 


Note that the 4000 family does have a dual four- 
input OR chip, whereas the 74xx family does not. 


In the 4000 family, a 14-pin eight-inputlogic chip 
with AND and NAND outputs is available, as 
shown in Figure 10-29. 


‘The following list shows the generic part num- 
bers for 14-pin logic chips in the 4000 family that 
have two or more inputs per gate (in actual part 
numbers, letters will be substituted where an x 
appears): 

+ Quad 2-input AND: x4081x 

+ Quad 2-input NAND: x4011x 

+ Quad 2-input OR: x4071x 

+ Quad 2-input NOR: x4001x 

+ Quad 2-input XOR: x4070x 

+ Quad 2-input XNOR: x4077x 


+ Triple 3-input AND: x4073x 

+ Triple 3-input NAND: x4023% 

+ Triple 3-input OR: x4075x 

+ Triple 3-input NOR: x4025x 

+ Dual 4-input AND: x4082x 

+ Dual 4-input NAND: x4012x 

+ Dual 4-input OR: x4072x 

+ Dual 4-input NOR: x4002x 

+ Single 8-input AND/NAND: x4068x 


Dual 4/input AND, OR, NAND, or NOR 


(4000 family) 


Figure 10-28. in the 4000 farmly, the AND, OR, NAND. 
and NOR versions of a dual four-input lagic hip all share 
this generic layout. 


4000 Series Inverters 

In the 4000 family, the 40698 is a 14-pin hex in- 
verter chip (containing sixinverters), as shown in 
Figure 10-30, This has the same pinouts as the 
x74x04x chip. 


How to Use It 


Which Family 

In DIP format, the HC family has existed for more 
than 30 years, and has become established as a 
widely used default choice. 


In surface-mount formats, the choice of family 
will largely be determined by the choice of sup- 
ply voltage. 
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FIGURE 21 


Franklin's second “electrical wheel” was more 
efficient than the first. It was powered by the 
electric charge stored in its capacitor-rotor. 
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iron fixed in its lower end and was kept in the 
vertical position by a strong wire mounted in its 
upper end and passing through a small hole in a 
thin stationary brass plate. Two oppositely 
charged Leyden jars (bottles) were placed in 
close proximity to the thimbles on the spokes, so 
that when the wheel turned, the thimbles bare- 
ly missed the knobs of the jars. 

As the thimbles moved past the Leyden jars, a 
spark jumped between a jar knob and the 
passing thimble, charging the latter with a 
charge of the same polarity as that of the knob. 
Therefore each knob attracted the oncoming 
thimbles (“opposite charges attract”) and 
repelled the departing thimbles (“like charges 
repel"), causing the motor to turn. The motor, 
being perfectly symmetric, could turn in either 
direction, and usually required a starting push 
by hand to initiate the charging of the thimbles. 

Here is how Franklin himself described the 
operation of his motor:! 

“If now the wire of a bottle, electrified in the 
common way. be brought near the circumfer- 
ence of this wheel, it will attract the nearest 
thimble, and so put the wheel in motion; that 
thimble, in passing by, receives a spark, and 
thereby being electrified, is repelled, and so 
driven forwards; while a second being attracted, 
approaches the wire, receives a spark, and is 
driven after the first, and so on till the wheel has 
gone once round, when the thimbles before 
electrified approaching the wire, instead of 
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being attracted as they were at first, are repel- 
led, and the motion presently ceases. But if an- 
other bottle, which had been charged through 
the coating (e.i. charged oppositely to the first, 
0. J.), be placed near the same wheel, its wire 
will attract the thimble repelled by the first, and 
thereby double the force that carries the wheel 
round; and, not only taking out the fire (electric 
charge, 0. J.) that had been communicated to 
the thimbles by the first bottle, but even rob- 
bing them of their natural quantity, instead of 
being repelled when they come again towards 
the first bottle, they are more strongly attract- 
ed, so that the wheel mends its pace, till it goes 
with a great rapidity, twelve or fifteen rounds in 
a minute, and with such strength, as that the 
weight of one hundred Spanish dollars, with 
whieh we once loaded it, did not seem in the 
least to retard its motion”. 

Franklin was not quite pleased with this 
motor, however, because it required “a foreign 
force, to wit, that of the bottles” for its opera- 
tion. He constructed therefore a second, “seli- 
moving”, motor, which itself contained the elec- 
trical energy to be converted into the mechani- 
cal motion. 

‘The second motor was made as follows (Fig. 
21 and Plate 3). A disk of window glass, 17 
inches in diameter, was gilded on each side, 
except for narrow areas next to the edge. Sever- 
al lead spheres (bullets) were fixed to the edge 
of the disk and were connected in alternation to 
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the two gold layers. ‘The disk was mounted on a 
vertical axle consisting of two pieces of strong 
wire, each about 9 inches long; the upper wire 
being in contact with the top layer of gold, the 
lower wire being in contact with the bottom 
layer. The lower wire terminated in a sharp 
point resting on a piece of brass cemented within 
a glass salt-cellar. ‘The upper wire passed 
through a hole in a thin brass plate cemented on 
a long strong piece of glass. This wire carried a 
small ball on its upper end for preventing a 
corona discharge from it. Several glass pillars 
with thimbles on their tops were positioned in a 
circle around the disk, so that the spheres on the 
edge of the disk barely missed the thimbles 
when the disk was in motion. ‘The motor was 
powered by electricity stored in the disk itself, 
which, due to the two layers of gold, constituted 
a capacitor capable of storing an appreciable 
quantity of charge (to charge the rotor, the two 
layers of gold were temporarily connected to an 
electrostatic friction generator). 

‘The motor operated on the same principle as 
Franklin's first motor, except that now the 
thimbles were stationary and received positive 
or negative charges from the passing spheres, 
rather than the other way around. As in the 
first motor, the rotation persisted as long as 
there was enough charge stored in the capacitor 
(rotor) to produce sparks between the spheres 
and the thimbles. 

Franklin reported that his second motor 
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(which was more powerful than the first one) 
could make 50 turns in a minute and could run 
for up to 30 minutes on a single charging of the 
rotor. Experiments with replicas of Franklin's 
motors performed by the author indicate that 
the original motors developed a power of the 
order of 0.1 watt,2® which was a very impres- 
sive achievement for that very early period in 
the history of electric seience. 

Several’ authors have described simplified 
versions of Franklin's motors.4® Miniature 
Franklin-type motors have been constructed and 
described by A. D. Moore® (Fig. 22). One such 
motor consists of a Plexiglas disk about 4 inches 
in diameter with small conducting balls embed- 
ded in the rim. The disk turns on a horizontal 
axis supported by a base behind the disk. ‘The 
motor runs when placed between two conduct- 
ors connected to an electrostatic generator. To 
make the motor selfstarting and one-way 
running, the conductors may be provided with 
short auxiliary rods tangential to the disk; since 
the rods dispatch sparks predominantly in the 
direction of their free ends, the disk also turns in 
this direction. Another little motor of the same 
type designed by Moore is shown in Fig. 23. 

An obvious improvement of Franklin's motors 
would be to use a cylindrical rotor with elec- 
trodes in the shape of long strips. Such elec- 
trodes would accept more charge than thimbles 
or spheres, and the power of the motor would be 
increased considerably. Motors of this type 


FIGURE 22 


Several authors have described simplified ver. 
sions of Franklin's motors. One such motor con- 
sists of a Plexiglas disk about 4 inches in di- 
ameter with small conducting balls embedded in 
the rim. The disk turns on a horizontal axis sup- 
ported by a base behind the disk. 


FIGURE 23 


This inexpensive miniature Franklin-type motor 
of recent design can be used for lecture-room 
demonstrations of electrostatic forces. The 
rotor disk can be made from cardboard, wood, or 
plastic. For the rotor electrodes one can use 
thumbtacks or small aluminum foil disks. 
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have indeed been constructed. Here is a 
description of a “bell jar” motor taken from a 
book published in 1847 (Fig. 24): 

“On a pivot, a, suspend a bell jar having four 
pieces of tinfoil pasted on its sides, b, ¢, d 
connect the jar, by means of the insulated wire, 
y, with the prime conductor (high-voltage 
terminal of an electrostatic friction generator, 0. 
J.) so that the pieces of tinfoil may receive 
sparks. Qn the opposite side arrange a 
conductor, «in connection with the ground by a 
chain. On putting the machine into activity, the 
jar will commence rotating on its pivot." 

Small motors closely related to both Frank- 
lin’s first motor and to pendulum motors were 
used in the rotary-type “perpetuum mobile” (see 
Chapter 2) operated from a Zamboni pile.8 ‘The 
main part of these motors (Fig. 25) was a light 
insulated arm pivoted on a sharp point and 
carrying a piece of tinsel on each end. The tin- 
sels could just touch the knobs of the pile when 
the arm was moving on its pivot. The device 
funetioned in the same manner as Franklin's 
first motor, the two tinsels corresponding to the 
thimbles of the latter. 

‘An analogous design has recently been de- 
scribed as a “millifleapower motor” operating 
from a nuclear battery.® In this motor a light 
aluminum vane with pointed ends (Fig. 26) bent 
so as to form an inverted V is mounted at its 
midpoint on the tip of a sharp needle protruding 
irom the positive terminal of the battery. As the 


FIGURE % 


This “bell jar” Franklin-type motor had a cylin- 
drical rotor with tinfoil electrodes in the shape of 
long strips. 


FIGURE 25 


This small motor was used as a rotary-type “per- 
petuum mobile” operating from a Zamboni pile. 
‘Suck motors turned for years without stopping. 


How to Use It 


‘Single 8-input AND/NAND gate 


(4000 family) 


Figure 10-29. tn the 4000 family. a single elght-input 
AND/NAND chip has this internal layout. The inverted 
‘output from the NAND gate becomes an AND output from 
pin 1of the chip, 


(4000 family) 


Figure 10-30. The internal layout of a 14-pin 40698 hex 
inverter logic chip, containing six inverters. This layout is 
the same as for the x74x04x chip, 


Although the 4000 series is now more than 40 
years old, it may still be useful where a SVDC 
power supply is not required for other reasons in 
a circuit and would be added purely ta power a 
74xx series logic gate or other digital chip. If a 


Integrated circut> digital > logic gate 
circuit contains a 9VDC or 12VDC relay, for in- 
stance, a Darlington pair may be used with that 
voltage to drive the relay, and an old-school 4000 
serieslogicchip could sharethe same supply. The 
relay coil would need a clamping diode to pro- 
tect the logic chip from transients, 


Applications 
‘The output fram a logic chip may be used as an 
input for a microcontroller, to enable multiple 
inputs to share one pin. An eight-input NAND 
gate, forinstance, could combinetheinputsfrom 
eight normally on motion sensors. If just one 
sensor responds to an intrusion, the gate output 
would change from high to low. 


Logic gates may be useful in any simple device 
that has to respond to a single, specific combi- 
nation ofinputs.A digital combination lockis one 
example; games of chance are another. Most 
simple dice simulations use logic gates to con- 
vert the output from a counter to drive a dice- 
pattern of LEDs. 


Alogicgate may be used asaninterface between 
an electromechanical switeh and a circuit con- 
taining digital chips, A 10K pullup or pulldown 
resistor prevents the gate input from floating 
when the switch is open. A buffer can be used for 
this purpose, or an inverter, or any “spare” gate 
on a logic chip that is already in the circuit. One 
inputofthe chip can betiedto the positive power 
supply or negative ground, to create an appro- 
priate input from the chip when the switch, at- 
tached to the other input, is opened or closed. 


‘A jam-type flip-flop can be used to debounce a 
switch input. See Chapter 11 for details. f two 
NOR or two NAND gates are unused in a circuit, 
they can form a flip-flop. 


In the original CMOS 4000 family, a positive out- 
put may be capable of driving an LED if the cur- 
rent does not exceed SmA with a power supply 
of SVDC or 10mA with a power supply of 10VDC. 
Note thatthe output voltage will be pulled down 
significantly by these loads. In the 74HCxxfamily, 
chips can source or sink as much as 20mA, but 
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FIGURE 26 


‘An analogous design has recently been de- 
seribed as a “millifleapower motor” operating 
from. a nuclear battery. 
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vane turns, its ends come close to two spheres 
connected with the ground through a high resis- 
tance and become attracted by them. A dis- 
charge from the ends of the vane charges the 
two spheres, and the spheres then repel the 
ends of the vane. During the time it takes the 
vane to complete one half of its revolution, the 
charges of the spheres leak off to the ground, so 
that the spheres can again attract the ends of 
the vane, accept new charges from them, and 
then again repel them. The motor is expected to 
run for many years. 

An interesting motor derivable from Frank- 
lin's first motor and from pendulum motors was 
suggested for operation from an electrophor- 
us.l0 ‘The main part of this motor (Fig. 27) was a 
light condueting ring supported in a vertical 
plane on an insulated needle. In front of the ring 
there were two insulated spheres, which were so 
positioned that the ring just missed them as it 
turned on its needle. The spheres were either 
charged oppositely by the clectrophorus, or only 
one sphere was charged, in which ease the sec- 
ond sphere was grounded. The device operated 
on the same principle as Franklin's first motor. 

Of all the motors discussed above, Franklin's 
original motors and the bell jar motor were the 
most powerful ones. One can make such motors 
even more powerful by increasing the number of 
moving and stationary electrodes. But this ean 
be done only up to a limit, because if the elec- 
trodes are too close to one another, sparks will 
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FIGURE 27 


‘This motor derivable from Franklin's first motor 
and from pendulum motors was suggested for 
operation from an. electrophorus. 


54 


jump all around from one electrode to the next, 
thus short-cireuiting the motor. The motor will 
then not work at all, unless the operating volt- 
age is lowered. But by lowering the voltage one 
also lowers the power, so that the gain obtained 
by increasing the number of electrodes becomes 
offset by the decrease in the operating voltage. 
Franklin type motors have therefore an inherent 
limitation in their power characteristics, and the 
fact that they depend for their operation on the 
presence of many metallic electrodes is one of 
their disadvantages. 

Since in Franklin's motors and in other motors 
described in this chapter the rotor is charged by 
means of electric sparks, these motors may be 
classified as “spark motors”. Toward the end of 
the 19th century a way was found to construct, 
electrostatic motors based on the same mechan- 
ism of attraetion and repulsion between electric 
charges as in Franklin's motors, but with rotors 
(or stators) charged more efficiently than it is 
possible to do by means of the sparks. These 
motors are described in the next chapter. 
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CORONA MOTORS 
AND MOTORS 
SIMILAR TO THEM 


In 1867, W. Holtz, the inventor of the 
electrostatic “influence” machine (generator) 
carrying his name, discovered that this machine 
could function as a motor when powered by 
another similar machine.1 In order to study this 
effect, in some detail, the famous German phys- 
icist J. C. Poggendorff ordered the construction 
ofa special device, analogous to Holtz's machine, 
but designed to operate only as a motor and pro- 
vided with numerous adjustable components so 
as to operate under a wide range of conditions.2 

‘The basic part of this motor was a vertical 
glass-disk rotor placed between two ebonite 
crosses carrying metallic sharp-needle “combs” 
(Fig. 28 and Plate 4). The sharp points of the 
combs almost touched the surface of the disk, so 
that the disk could be charged by means of a cor- 
ona discharge from the combs when they were 
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87 
connected in alternation to an electrostatic 
generator. Each comb could be oriented so as to 
make an arbitrary angle with respect to a radial 
Gireetion, 

Just like the sparks in Franklin's motors, the 
corona discharge from a comb deposited on the 
rotor a charge of the same polarity as that of the 
comb. Each comb repelled therefore the seg- 
ment of the rotor carrying charges which it 
sprayed onto the rotor and attracted the seg- 
ment carrying charges sprayed onto the rotor by 
the preceding comb. Because of a continuous 
discharge between the combs and the rotor, al- 
most the entire surface of the rotor was sprayed 
with electric charges. The repulsion and at- 
traction between the combs and the rotor, were 
therefore not only much stronger than in Frank- 
lin’s motors, (where only the electrodes were 
charged) but were also much steadier, since the 
distances between the combs and the charges on 
the rotor were always the same. Asa result, the 
torque and power obtainable with this motor 
were far greater than those obtainable with 
Franklin’s motors of similar dimensions. 

Poggendorff made a thorough study of his 
motor, varying all its important parameters (his 
article comprises 32 pages). He used several ro- 
tors of different thickness and surface character- 
isties, whose weight ranged from 2.5 to 4.5 
pounds (all rotors were 15 inches in diameter). 
He varied the number, the orientation, and the 
polarity of the combs. 


FIGURE 28 


Poggendorff’s corona motor had a glass-disk ro- 
tor placed between two ebonite crosses carrying 
metallic sharp-needle “combs”. 
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He found that a motor with combs arranged 
along the radii of the rotor could rotate equally 
well in either direction but was not self-starting, 
since such combs sprayed charges onto the rotor 
in a perfectly symmetric fashion. However, if 
the combs were slanted relative to the radii, the 
motor became self-starting and unidirectional, 
because such combs sprayed charges predom- 
inantly in one direction, He also fould that the 
performance of the motor could be improved by 
placing pieces of glass, eardboard, or metal close 
to the surface of the rotor (this is the prineiple of 
the modern “backing plate” or “lining”; see 
Chapter 10). When properly adjusted, the 
motor could run at better than 300 rpm. 

Poggendorff had fully appreciated the sup 
iority of his motor in comparison fo Franklin's 
motors, and had stated so at the end of his arti- 
cle. In fact, he had indicated that his motor 
used from 1200 to 1800 times as much current as 
Franklin’s motors, in which ease, assuming that 
the operating voltage of his motor was the same 
as that of Franklin's motors (approximately 100 
kilovolts), the power of his motor must have 
been close to 100 watts. 

At the time when Poggendorff’s article was 
written, however, it was considered unscientific 
to expect that electricity (any electricity) could 
ever become a significant source of motive 
power. This may be the reason why Poggen- 
dorff, speaking of the rotation phenomenon 
that he investigated, declared at the end of 
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his article: “...it would be a sanguine hope if 
one wanted to believe that any useful mechani- 
cal effect could be achieved with it. That this is 
not possible, follows already from the considera- 
tion of how small is the quantity of electricity 
that is here put into play in comparison to that 
developed by a voltaic battery, with which one 
nevertheless, even with the help of the magne- 
tismus produced by it, has so far achieved 
nothing substantial (“Erkleckliches”)”. ‘The ar- 
gument was obviously weak, but taking into ac- 
count Poggendorif’s reputation as an eminent 
scientist, it was probably sufficient to diseour- 
age further serious investigations of the corona- 
indueed rotation for many years to come. 

Since Poggendorii’s motor depended on a cor- 
ona discharge for its operation, the motor may 
be classified as a “corona motor”. 

Holtz’s rotation phenomenon was also studied 
by the Danish physicist C. Christiansen (whose 
interest in the phenomenon had been aroused by 
a preliminary report of Poggendorfi’s investiga 
tions published in 1867).3 Christiansen de- 
scribed two motors based on Holtz’s discovery. 
His first motor consisted of a horizontal disk 
rotor and two stationary corona-producing 
combs. His second motor was similar to the first 
exeept that in it the glass disk was stationary 
and the combs constituted the rotor. The rotor 
combs in this second motor were located below 
the glass disk and were charged by means of two 
foil strips hanging from them and sliding along 


integrated circuit > digital > logic gate 
here again the output voltage will be pulled 
down, Note that the total limit for all outputs 
from a 74HCxx chip is around 70mA, 


‘The output from a logic chip can be passed 
through a buffer such as the 7407, which has an 
open-collector output capable of sinking as 
much as 200mA. This enables direct drive of 
modest loads, so long as they are not inductive. 


Solid-state relays and optocouplers can be 
driven directly from logic chips,as they draw very 
little current. A solid-state relay can switch SOA 
or more. 


What Can Go Wrong 


Two problems are common when using CMOS 
digital chips: damage from static electricity, and 
erratic behavior caused by floating pins. 


Static 

‘The early 4000 series CMOS chips were especially 
vulnerable, but more recent CMOS designs gen- 
erally include diodes at theinputs, which reduces 
the risk. Stil, logic chips should be protected by 
inserting them into anti-static foam or enclosing 
them in conductive wrappers until they are in- 
stalled ina board. While handling chips, itis good 
practice to be grounded, ideally using a wrist- 
mounted ground wire, 


Floating Pins 
Any pin which is unconnected in a logic chip is 
considered to be “floating” and can pick up sig- 
nals by capacitive coupling, possibly disrupting 
the behavior of the chip and also causing power 
consumption, as the ambiguous pin state will 
tend to prevent that gate in the chip from enter- 
ing quiescent mode, 


Generally speaking, input pinsin a TTL logic chip 
that are not being used for any purpose should 
be tied to the positive voltage supply, while un- 
used CMOS pins should be tied to negative 
ground. 


What 


Family Incompatibilities 

As previously noted, older TTL logic chips may 
deliver a “high” output voltage that is lower than 
the minimum expected by newer CMOS logic 
chips. The best option is not to mix families, but 
if chips are stored carelessly, some intermingling 
canoccur.Partnumbers should be checkedifone 
chipappearsto be ignoring output from another. 


Overloaded Outputs 

If a circuit calls for a logic chip with an open- 
collector output, and a regular chip is used by 
mistake, it will almost certainly be damaged. 


Output Pulled Down 

If the output from one logic chip is connected 
with the input of another logic chip, and if the 
output from the first chip is also connected to an 
LED, the LED may pull down the output voltage 
so that the second chip will not recognize it as a 
high state, As a general rule, a logic output can 
drive an LED, or can drive another logic chip, but 
not both. Very-low-current LEDs, which draw as 
little as 2mA, may be acceptable. 


Incorrect Polarity and Voltages 
Logic chips can be knocked out by applying in- 
correct polarity, or voltage to the wrong pin, or 
the wrong voltage. Modern logic chips tolerate 
a very limited voltage range, and a 74x series 
chip will be irrevocably damaged if it is used 
Where a 4000 series chip was specified fora pow- 
er supply higher than 6VDC. 


Ifa chip is inserted upside-down, itwill probably 
be damaged when voltage is applied. 


Bent Pins 

Like all through-hole chips, DIP logic chips can 
be inserted accidentally with one or more pins 
bent underneath the chip. This error is very easy 
tomiss. The bent pins will not make contact with 
any socket that is used, and the chip will behave 
unpredictably. Check for proper pin insertion 
with a magnifying glass if necessary. 
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FIGURE 29 


This self-starting corona motor with a cylindrical 
rotor was described in 1871 under the name of 
“electric tourbillion”. 


FIGURE 30 


In this hand-held corona motor (attributed to 
Ruhmkorff) the horizontal wire, by a corona dis- 
charge, extracted charges from the power 
source, and the vertical needle connected to this 
wire, also by a corona discharge, sprayed these 
charges onto the rotor. 
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two horizontal concentric contact rings mounted 
on the hase of the motor. 

Cylindrical and spherical motors operating on 
the same principle as Poggendorif’s motor were 
described in 1871 by W. Gruel (Fig. 29), who 
called them the “electric tourbillions”.4 Gruel 
pointed out that these motors could be made 
self-starting and unidirectional by inclining the 
combs in the same rotational direction with 
respect to the surface of the rotor. He also 
suggested that by providing the rotors with a 
series of holes, the motors could be used as 
sirens. 

A disk motor not noticeably’ different from 
Poggendorif's motor was patented in the U.S.A. 
in 1891 by J. W. Davis and J. B. Farrington.5 

An interesting hand-held corona motor (at- 
tributed to Ruhmkorif) was described in 1876 by 
M. E. Mascart.6 The motor had a horizontal 
mica disk rotor (Fig. 30) supported on a vertical 
needle by a jewel bearing, such as are used for 
supporting compass needles. Below the disk 
‘there were two vertical corona-producing 
needles mounted on a hard rubber base. One of 
the latter needles was connected to a metal han- 
dle, the other was connected to a long, stiff, hori- 
zontal wire terminating in a sharp point, ‘To set 
the motor in motion, the operator held the motor 
so that the sharp point of the horizontal wire 
was in the proximity of a charged conduetor. By 
a corona discharge, the horizontal wire then ex- 
tracted charges from the conduetor, and the ver- 


FIGURE 31 


This motor had two insulated corona-producing 
points tangential to the rotor disk and oriented 
in the same rotational direction. 
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FIGURE 82 


This corona motor with a compound glass rotor 
could run at about 2000 rpm and had a power of 
about 90 watts. 
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tical needle connected to this wire, also by a cor- 
ona discharge, sprayed these charges onto the 
rotor. The second vertical needle discharged the 
rotor and condueted its charges to the ground 
through the hand and body of the operator. 

‘A number of experiments with Poggendorff 
type corona motors were reported in 1921 by V. 
E. Johnson.” One of his motors was similar to 
Ruhmkorff's motor (Fig. 31). This was a hori- 
zontal mica disk, about.6 inches in diameter, sup- 
ported on a vertical needle point. At the edge of 
the disk there were two insulated corona-pro- 
ducing points tangential to the disk and oriented 
in the same rotational direction. Another of 
Johnson's motors was a big machine consisting 
of two stationary glass disks and a three-piece 
glass rotor that could rotate on ball bearings 
between the stationary disks. ‘The rotor was 
made of two large glass disks separated by a 
smaller disk so as to have a deep slot along its 
edge. Two flat sharp-point, combs were insert: 
ed diametrically opposite to one another into 
the slot of the rotor (Fig. 32). Johnson estim- 
ated that his motor could run at about 2000 rpm 
and had a power of about 90 watts. 

Just as Poggendorii's motor was derived from 
Holtz’s electrostatie machine, a series of eleetro- 
static motors were similarly derived from 
Wimshurst’s electrostatic machine. 

In 1891 five such motors were constructed by 
William McVay of New York City.8 MeVay's 
first. motor (Fig. 33) consisted of two horizontal 
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glass disks, about 12 inches in diameter, one 
stationary and the other rotating on the vertical 
axis just above the first. The lower disk had two 
quadrants of tinfoil, and the upper disk had 16 
tinfoil sectors, as shown in the figure. ‘The 
power (from a Wimshurst machine) was deliv- 
ered to the motor by means of two insulated 
arms, each of which terminated in two brushes, 
one touching continually one of the lower quad- 
rants, the other charging a sector on the upper 
disk just clear of the edge of the quadrant, 
Charges of the same polarity were thus 
deposited on the quadrant and on the sector, 
causing them to repel each other. An “equaliz- 
er” reduced the charge of the sectors before 
they passed over the further edge of an oppos- 
itely charged quadrant, thus reducing the back 
torque on the rotating disk. An important new 
feature of this motor was the simultaneous 
charging of the stationary quadrants and of the 
moving sectors, which assured a relatively 
strong starting torque and, together with the 
neutralizing system, assured a reliable unidir- 
ectional operation. MeVay also constructed 
motors of cylindrical geomeiry, one of which is 
shown in Fig. 34. In this motor the quadrants 
were located on the inner cylinder, while the 
charging and neutralizing brushes were on the 
neck of the outside cylinder. 

MeVay’s first motor was later modified for 
charging by combs, rather than by brushes (Fig. 
35). ‘The motor then operated essentially as 


FIGURE 33 


McVay's first motor consisted of two horizontal 
glass disks, about 12 inches in diameter, one 
stationary and the other rotating on the vertical 
axis just above the first. 


FIGURE 34 


In this MeVay's motor the quadrants were locat- 
ed on the inner cylinder (shown as two seg- 
ments), while the charging and neutralizing 
brushes were on the neck of the outside cylinder. 


FIGURE 35 


MeVay’s first motor was later modified for 
charging by combs, rather than by brushes. The 
motor then operated essentially as Poggen- 
dorff's corona motor, retaining, however, its 
self-starting and unidirectional qualities. 


What Can Go Wrong 


Unclean Input 
Logic chips expecta clean input without voltage 
spikes. A 555 timer of TTL type generates spikes 
inits output which can be misinterpreted as mul- 
tiple pulses by the input of a logic chip. ACMOS- 
type 555 timer is more suitable for connection 
with logic chips. 


Ifa pushbutton, rotational encoder, or electro- 
mechanical switch provides a high or low input, 
the input must be debounced. In hardware, this 
is traditionally done with a flip-flop. It can also 
be done with code in a microcontroller. 


Analog Input 
The input of a logic chip can be connected di- 
rectly with a thermistor, phototransistor, or sim- 


Integrated circut> digital > logic gate 
ilar analog component, but only if there is some 
certainty that the voltage at the input pin will 
remain within the range that is acceptable to the 
chip. Inthecaseofaphototransistor, forexample, 
it should be exposed to a limited, known range 
of light intensity. 


In general, it is best to avoid applying 
intermediate-voltage signals to a digital logic 
input, as they can create unpredictable output, 
or output of an intermediate voltage. A compa- 
rator can be placed between the analog source 
and the digital logic chip, or a logic chip with a 
Schmitt-trigger input can be used. 
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Poggendorff’s corona motor, retaining, however, 
its self-starting and unidirectional qualities. 

Instructions for building a Poggendorfi motor 
may be found in the May 1971 issue of Popular 
Seience.? Instructions for building a simple 
‘MeVay motor may be found in the January 1914 
issue of Electrical Experimenter!0 (the author is 
grateful to Mr. Thorn L. Mayes tor this infor- 
mation). 

Since a corona discharge in air at atmospher- 
ie pressure requires a minimum voltage of about, 
3000 volts, ordinary corona motors ean operate 
only from sources capable of supplying a voltage 
of this magnitude. Such voltages are, of course, 
casily attainable at the present time, and since 
the corona motors are very simple and efficient 
devices, they have been further developed and 
studied in reeent years. We shall return to them 
in the last chapter of this book. 
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CAPACITOR MOTORS 


In 1889, Karl Zipernowsky, a Hungarian 
engineer (co-inventor of practical electrical 
transformers), constructed a new type of elec- 
trostatie motor,! which was derived from Thom- 
son's quadrant electrometer.? The rotor of this 
motor (Fig. 36) consisted of two pairs of alum- 
inum sectors insulated from each other and 
from the rest of the apparatus. The stator con- 
sisted of four double (hollow) sectors of brass en- 
closing the rotor. ‘The rotor was fitted with a 
commutator in four parts, by means of which the 
sectors of the rotor were charged oppositely to 
those sectors of the stator into which they were 
entering and identically to those sectors of the 
stator which they were leaving. An interesting 
property of this motor was that it could operate 
from high-voltage de as well as from high-volt- 
age ac sources. 
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FIGURE 36 
This motor was built in 1889 by Karl Zipernow- 
sky, a Hungarian engineer. It operated from de 
as well as from ac sources. 
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FIGURE 87 


This capacitor motor was described in 1904 by 
van Huffel. Its rotor could be charged by con- 
tact or by sparks. 
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Inasmuch as Zipernowsky's motor operated as 
a result of the electric forces exerted by one 
charged conducting plate upon a second charged 
condueting plate (which are the same forces that, 
act upon the two plates of a capacitor) it eonsti- 
tuted what is now called an electrostatic “capae- 
itor motor”. 

‘A simpler version of a capacitor motor was de- 
seribed in 1904 by van Huffel.? ‘This motor was 
based on the so-called Thomson's replenisher.4 
The motor had an essentially cylindrical geome- 
try (Fig. 87) and consisted of a rotor with two in- 
sulated bent brass plates mounted on a vertical 
axle and located between two similar, but slight- 
ly larger, plates of the stator. The rotor plates 
(which were not quite coaxial) were charged by 
means of two metallic tongues connected to the 
stator plates; the tongues touched the rotor 
plates just as the latter began to clear the stator 
plates. The charging of the rotor plates could 
ocenr by a direct contact as well as through a 
spark, depending on the adjustment of the 
tongues. 

Since capacitor motors do not require sparks 
or a corona discharge for their operation, they 
can operate, at least in prineiple, irom as low a 
voltage as one desires to use. This is one of their 
important advantages and is one of the reasons 
that such motors have been given considerable 
attention in recent years. Furthermore, as al- 
ready indicated, capacitor motors can operate 
not only from de sources, but also from ac 
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sources. Finally, when powered by an ae souree, 
they can operate both as synchronous and 
asynchronous motors (Zipernowsky's original * 
motor operated from ac as an asynchronous 
motor). 

‘A synchronous capacitor-type electrostatic 
motor is merely a multielectrode capacitor 
motor without a commutator, the proper 
charging of the rotor being accomplished by 
continuously supplying an ae voltage of proper 
frequency between the stator and the rotor (Fig. 
38). It is easy to see that if the rotor moves by 
one electrode in one period of the supply 
voltage, then the ac voltage accomplishes the 
same effect as that accomplished by a de voltage 
with a commutator. The synchronous velocity is 
therefore 2 = {/N, where fis the frequency of the 
supply voltage and N is the number of the elee- 
trodes. 

Several precision-made synchronous motors 
were described in 1969 by B. Bollée.? One of 
these motors ran on sapphire bearings and had a 
cylindrical aluminum rotor 1 centimeter long 
and 0.45 centimeters in diameter; the rotor and 
the stator had 60 electrodes each, with a 0.001 
centimeter gap between stator and rotor elec- 
trodes. The maximum power of this motor was 
about 100 microwatts at 220 volts and 50 hertz. 
‘Another motor (for an electric clock) had a di 
electrie disk rotor, with four rows of 100 elec- 
trodes on each side, located between two 
bearing covers, each with five rows of 100 elec- 


FIGURE 38 


In a synchronous capacitor-type electrostatic 
‘motor the proper charging of the rotor is ac- 
complished by continuously supplying an ac volt- 
age of proper frequency between the stator and 
the rotor. 


FIGURE 39 


This synchronous electrostatic motor is essent- 
ially a variable capacitor with a rotatable shaft. 
The design of this motor is similar to the design 
of an electrostatic variable-capacitance genera- 
tor. 
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trodes; the gap width in the axial direction was 
0.01 centimeter. At 200 volts this motor had a 
maximum output of 600 microwatts. An in- 
teresting feature of this motor was that it had no 
slip ring on the rotor shaft, and that the rotor 
was therefore not connected to the power 
souree. Instead, the stator was divided into two 
mutually insulated halves. This arrangement 
reduced the friction of the rotor and improved 
the performance of the motor. Still another 
motor was essentially a variable capacitor with a 
rotatable shalt. It had 15 plates in the stator and 
14 in the rotor, each 0.03 centimeters thick; the 
gaps between stator and rotor plates were 0.015 
centimeters (Fig. 39). The design of this motor 
is similar to the design of the electrostatic vari- 
able-capacitance generator described by N. J. 
Felici.¢ 

According to Bollée, the maximum average 
torque on the rotor in a capacitor-type electro- 
statie motor is Tynax = kNV®, where k is a geo- 
metrical constant, and Vis the peak voltage ap- 
plied. A motor with many electrodes is there- 
fore slow but produces greater torque. The 
power of the motor is proportional to the square 
of the applied voltage and to the frequeney but 
does not depend on the number of electrodes. 

An important parameter in capacitor-type 
clectrostatie motors is the capacitance differ- 
ence Cmax — Cminy Where Cmax is the greatest 
capacitance between the rotor and the stator 
and Cin is the smallest eapacitanee as they oc- 


flip-flop 


The term flip-flop is sometimes printed with a space instead of a hyphen, but the hy- 
phenated form seems to predominate in the United States. Therefore, the hyphen is 
included here. The term flipflop (with neither a hyphen nor a space) is sometimes seen, 
but is unusual. The acronym FF is confined mostly to logic diagrams or schematics. 


The term latch is sometimes used interchangeably with flio-flop but is assumed here to 
describe a minimal asynchronous circuit that responds immediately and transparently 
toan input. A flip-flop can function as a latch and also as a synchronous device which is 
‘opaque, meaning that the input does nat flow directly through to the output. 


OTHER RELATED COMPONENTS 


+ counter (300 Chapter 13) 
«shift register (soe Chapter 12) 


What It Does 


Transistors enable logic gates; logic gates enable 
flip-flops; and flip-flops enable many mathemat- 
ical, storage, and retrieval functions in digital 
computing. Most flip-flops today are embedded 
in much largerintegrated circuits thathave com- 
plex functions, However, they are still available 
as separate components in chip form, and will be 
discussed on that basis here. 


A flip-flop is the smallest possible unit of mem- 
ory. can store a single bit of data, represented 
by either a high or low logic state. (A full explan- 
ation of logic states is included in the logic 
gate entry, See Chapter 10.) Flip-flops are espe- 
Gally useful in counters, shift registers, and 
serial-to-parallel converters. 


A flip-flop circuit can be classified as a form of 
bistable multivibrator, as each of its outputs is 
stable in one of two states until an external trig- 
gerstimulatesitto “flip” from onestateand “flop” 
into the other. (For a comprehensive discussion 


of monostable and astable multivibrators, see 
the timer entry in Chapter 9.) 


‘An asynchronous flip-flop will respond immedi- 
ately to a change of input, and can be used for 
applications such as debouncing the signal from 
an electromechanical switch or building a rip- 
ple counter. More often, a flip-flop is synchro- 
nous, meaning that a change in input state will 
be unrecognized until it is enabled by a low-to- 
high or high-to-low transition in a stream of pul- 
ses from an external clock. 


How It Works 


Every flip-flop has two outputs, each of which 
may havea high or low state, When the flip-flop 
is functioning normally, the outputs will be in 
opposite logical states, one being high while the 
other is low. These outputs are typically identi- 
fied as Q and NOT-Q (the latter term meaning a 
letter Q with bar printed above it, sometimes re- 
ferred to verbally as “Q-bar”). In datasheets and 
other documents where a bar symbol cannot be 
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FIGURE 40 
This interesting motor has been described by 
Moore, who calls it the “Interdigital Motor”. 
The atator consists of a glass bowl with strips of 
aluminum. foil glued to it, The rotor is a single 
conducting ball inside the bowl. 
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cur when the rotor turns. ‘The larger this para- 
meter is, the better are both the torque and the 
power. The main objective in the design of such 
motors is therefore to obtain the greatest 
possible variation of the capacitance. 

An interesting motor which can be ¢lassified 
either as a modified Franklin’s second motor or 
as a modified capacitor-type motor has been de- 
scribed by Moore,? who calls it the Interdigital 
Motor. ‘The stator consists of a glass bowl with 
strips of aluminum foil glued to it (Fig. 40). The 
rotor is a single condueting ball inside the bowl; 
the bali runs along the sloping side when the 
strips are connected to an electrostatic gener- 
ator (positive and negative strips are connected 
in alternation). Several balls ean be placed into 
the bowl at the same time, and all of them will 
then run. 
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INDUCTION MOTORS 


In 1892-1893, electrostatic motors of a 
fundametally new kind were described by Ric- 
cardo Arno!2 and by W. Weiler.® Their motors 
operated on the principle that the polarization of 
a dielectric in a variable electric field lags behind 
the field inducing the polarization. Therefore if 
a dielectric body is placed into a rotating electric 
field, the polarization charges* induced on the 
body will experience a force causing the body to 
follow the rotation of the field. 

Arno’s motor (Fig. 41) had a cylindrical stator 
formed by four insulated copper segments 
enclosing the space in which the rotating field 
was to be produced. The rotor was a hollow 
closed ebonite cylinder supported on two steel 


S00, for example, O. Jefimenko “Electricity and Magne- 
tism", Appleton-Century-Crofts, Ine, (1986), pp. 245-249, 


84 


85 


points turning in holes in glass; the cylinder 
weighed 40.33 grams, was 18 centimeters long 
and 8 centimeters in diameter. The rotating 
field was produced by means of a high-voltage 
transformer (3800 volts output), an RC-cireuit, 
anda mercury commutator. The rotor attained 
a speed of about 250 rpm and developed a torque 
of 176 centimeter? x gram x second—*. 

Weiler used a hand-operated double commuta- 
tor for his motors. The commutator delivered 
high voltage from an electrostatic generator in 
sequence to the four segments of a stator, thus 
producing the needed rotating electric field. 
Weiler described four different motors utilizing 
rotating fields. One of his motors was similar to 
Arno's motor. The operation of this motor (and 
that of Arno’s motor) can be explained with the 
aid of Fig. 42, representing the top view of the 
motor. When segment A of the stator is posi- 
tive, and segment B is negative, the electric field 
of the stator induces in the dielectric rotor 
(assumed to be at rest) polarization charges as 
shown in the figure. After the commutator has 
completed '% revolution, segment C is positive 
and segment D is negative, Thus the field has 
rotated by 90°, and now it polarizes the rotor in 
a new direction (at 90° with respect to the first). 
However, since it takes a certain time for the 
polarization charges to relax to zero, some of the 
initial polarization charges are still on the rotor, 
so that the distribution of the polarization 
charges on the rotor is not symmetrical relative 


FIGURE 41 
Arno’s induction motor operated on the principle 


that the polarization of a dielectric in a variable 
electric field lags behind the field. 
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FIGURE 42 


The operation of Arno's and Weiler’s induction 
‘motors can be explained with the aid of this 
diagram. 
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to the charges on the stator. The rotor experi- 
ences therefore a torque due to attraction and 
repulsion between the rotor charges and stator 
charges, and the rotor turns. 

Weiler also experimented with motors having 
noneylindrieal rotors. One such motor is shown 
in Fig. 43. Rotating field electrostatic motors 
with disk-shaped rotors were built and studied 
between 1894 and 1901 in Japan by Hiderato 
Ho. 

Since Arno’s and Weilers motors depend for 
their operation on induced polarization charges, 
they may be called “induction motors”. 

Induetion motors, too, have a number of ap- 
pealing features which attracted considerable in- 
terest to such motors in recent years: the 
motors can operate from both de and ac; the 
motors can operate from low-voltage sources; 
since the motors require no brushes or slip rings, 
friction losses in these motors are very small. 

Several carefully designed induetion motors 
(both eylindrieal and flat) were deseribed in 1969 
by Bollée.5 One such motor of cylindrical geom- 
etry operated from a three-phase power supply 
at 220 volts and 50 hertz. The stator had 12 elec- 
trodes, which surrounded a rotor 15 centimeters 
in diameter. A disk-type induction motor oper- 
ating from a three-phase power supply had a ro- 
tor consisting of 10 glass disks, each 6 centi- 
meters in diameter, coated with a thin layer 
of slightly conductive material and mounted on a 
common axle. ‘The rotor turned inside a ring 
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FIGURE 48 


In 1892-1898, Weiler also experimented with 
induction motors having noncylindrical rotors, 
such as the motor shown in this drawing. In- 
duction motors have a number of appealing fea- 
tures which attracted considerable interest to 
such motors in recent years. 
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formed by 60 comb-shaped stator electrodes. 
‘The maximum torque was 2000 centimeter? x 
gram X second ~2 at 220 volts and 50 hertz. 

Another interesting motor described by 
Bollée was a linear induction motor, which “may 
be regarded as a segment of rotating-field motor 
bent straight”.5 

An extensive mathematical analysis of the in- 
duetion motors was published in 1970 by Soon 
Dal Choi and D. A. Dunn.$ They tested their 
‘theoretical results on a cylindrical motor with 72 
electrodes. The motor was 14 inches wide, 14 
inches high, and 19% inches long. It had a Plexi- 
glas rotor that turned at a maximum rate of 
about 1000 rpm when powered by a 10-kilovolt 
source. 
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How It Works 


represented easily abovea letter, the NOT-Q out- 
put may be represented as letter Q with an apos- 
trophe after it, asin Q: 


Almostalways, ina schematicdiagram, aflip-flop 
is represented by a simple rectangle, with inputs 
and outputs identified by letters and other 
marks, Because a description of the inner work- 
ingsisnecessary before the differenttypes of flip- 
flop can be understood, schematic symbols for 
various flip-flops will not be introduced until 
“Variants” on page 116. 


The simplest flip-flop contains two logic gates 
whose function can be most easily understood if, 
the inputs are controlled by a SPDT switch. Itcan 
be created from two NAND gates or two NOR 
gates, as described next. This type of component 
can be described as 


+ asynchronous: Will accept data on an im- 
promptu basis, asit is not synchronized with 
a clock. 


+ jam-type: Colloquial equivalent of asynchro- 
‘nous. The input is jammed in at any time, 
forcing an immediate change of output. 

+ transparent: The input state flows straight 
through to the output. 


NAND-Based SR Flip-Flop 

Figure 11-1 shows two NAND gates attached to 
a SPOT switch, with two pullup resistors. When 
either of the NANDs hasa floating input from the 
switch, the pullup resistor attached to that input 
will maintain it ina high state. The data inputs for 
the NAND gates are labeled S and R, meaning Set 
and Reset, giving this component its name as an 
SR flip-flop: 


+ Ina NAND-based SR flip-flop, a low state is 
considered anactivelogicinput,as indicated 
by the bar placed above each letter. 

+ Ahigh state is considered an inactive logic 
output. 


integral 


circuit > digital > flip-flop 


Theschematicstylein this igure, with diagonally 
crossing conductors, is universally used and easi- 
ly recognizable. The equivalent schematic in 
Figure 11-2, which might be created by circuit- 
drawing software, hasthe same functionality but 
would not be immediately recognizable as a flip- 
flop. The "classic" crossed-conductor represen- 
tation is preferable, 


Figure 11-1. The schematic fr a simple NAND-based SR- 
type flip-flop, with a switch andl pulp resistors added ta 
control two inputs 


Figure 11-2. An alternative component layout for an SR 
{ip-fop. functionally identical to the previous schematic 
but not 30 easily recognizable, The layout witha par of d 
‘agonally crossing conductors has become s0 ubiquitous, 
It should be considered to be a standard. 


The first step toward understanding the behavior 
of flip-flops is to recall the relationship between 
the two inputs and the output of NAND or NOR 
gates. This is shown in Figure 11-3, where red in- 
dicates a high logic state and black indicates a 
low logic state. 
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LIQUID-IMMERSED 
MOTORS 


In 1893, W. Weiler discovered that a 
glass cylinder placed in a poorly conducting 
liquid between two spherical electrodes began to 
rotate when the electrodes were connected to an 
electrostatic generator.! He then constructed a 
small motor based on this diseovery (Fig. 44). 
‘The principle of the operation of this motor was 
essentially the same as that of a cylindrical cor- 
ona motor, except that the charges were now de- 
posited on the rotor not by a corona discharge, 
but by the conduction current in the liquid. 
In 1896, G. Quincke reported the same phen- 
omenon and published a very comprehensive 
experimental study of it.2 His device is shown in 
a simplified form in Fig. 45. It is interesting to 
note that. Quincke, rather than Weiler, has been 
credited by subsequent investigators with the 
discovery of the rotation of dielectric bodies in 
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FIGURE 44 


In 1898, W. Weiler discovered that a glass cyl- 
inder placed in poorly conducting liquid between 
two spherical electrodes began to rotate when 


the electrodes were connected to an electrostat- 
‘ic generator. 


FIGURE 45 


In 1896, G. Quincke reported the same phenom- 
enon of rotation and published a very compre- 
hensive experimental study of it. His liquid- 
immersed motor is shown in a simplified form in 
the above drawing. 
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poorly conducting liquids. 

Weiler-type liquid-immersed dieleetrie motors 
were recently studied in considerable detail by 
P. B. Seeker and his ecoworkers.°4 Their 
motors operated in various semi-insulating 
liquids such as hexane, hexane doped with amyl 
alcohol or ethyl alcohol, and isoamyl alcohol. 

In one of their motors the electrodes were 
stainless steel squares 1.8 centimeters on a side. 
‘Their separation was varied from 1 to 2.5 centi- 
meters. ‘The rotor, of ebonite or Perspex, was 
0.95 centimeters in diameter and 2.2 centimeters 
long. The operating voltage was from 3 to 30 
kilovolts. ‘The speed of the motor was found to 
be a linear function of the applied voltage, with 
the maximum recorded speed of about 2500 rpm. 

In another motor, a stator with six electrodes 
was used (Fig. 46). The rotor was made of Pers- 
pex and was 7/8 inches in diameter and 2 inches 
long; it had a layer of high-permittivity material 
on its surface (titanium ceramic in polystyrene). 
Powered by a 30-Kilovolt source, the motor 
turned at 1700 rpm, and the total power input 
amounted to 5.4 watts, of which 2.7 watts ap- 
peared at the rotor shaft, 

‘A discussion of electrohydrodynamie effects 
that may take place during an operation of liquid- 
immersed motors has been presented by J. R. 
Melcher and G. I. Taylor.5 

Beeause of considerable hydrodynamical loss- 
es, the motors of this type will apparently al- 
ways have a relatively low output torque. 


FIGURE 46 


This liquid-immersed dielectric motor was re- 
cently studied in considerable detail by P. E. 
Secker and his co-workers. 
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ELECTRET MOTORS 


In general, an electret is a permanently 
charged dielectrie body. In a more restricted 
sense of the word, an electret is a permanently 
polarized dielectrie body and may be considered 
to constitute the electrical counterpart of a 
permanent magnet. It is this latter type of elee- 
tret that has been used for constructing electro- 
static motors. 

In 1961, the Russian physicist A. N. Gubkin 
described an electret motor! shown schematical- 
ly in Fig. 47. The motor consisted of a stator 
formed by two horizontal, axially symmetric, 
parallel-plate capacitors and a rotor formed by 
two flat, axially symmetric, oppositely polarized 
electrets mounted on a vertical axle and capable 
of passing between the plates of the capacitors. 
‘The motor operated as follows. When a volt- 
age was applied to the two capacitors, so that 
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FIGURE 47 


In 1961, the Russian physicist A. N. Gubkin de- 
scribed this motor with two electrets in the 
rotor and two parallel-plate capacitors in the 
stator. A commutator was used to change the 
polarity of the capacitors. 
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plates A and D were positive and plates B and C 
were negative, the capacitors attracted the 
electrets as soon as the latter ame close to the 
plates, and the electrets were pulled into the 
capacitors. A commutator changed the polarity 
of the plates just as the electrets were coming 
out from the capacitors, and the eleetrets were 
then repelled from them, and so on. ‘Thus the 
rotor was set in a continuous rotation. 

‘A well-known property of electrets is that 
they lose their polarization in the absence of ade- 
quate shielding. Electret motors with almost 
perfect shielding were described by this author 
and by D. K. Walker in 1970.2 These motors 
were based on the so-called “electret. slot ef- 
fect". The slot effect works as follows (Fig. 48). 
‘An electret, is placed between two pairs of elec- 
trodes, each pair forming a slot. If a voltage is 
applied to one or both electrode pairs, the elee- 
tret (or the electrodes) experiences a force in a 
direction perpendicular to the slot and parallel 
to the plates. This arrangement insures both a 
nearly perfect shielding and a relatively large 
force. 

A simple electret motor utilizing the slot ef- 
fect is shown in Fig. 49 and Plate 5.* It uses a 
disk-shaped carnauba wax electret rotor consist- 
ing of two oppositely polarized half-disks. ‘The 
stator has two pairs of electrodes connected to a 


“The motor was designed by the author and built by one of 
his students, Charles Lynn Walls, in 1966, 
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FIGURE 48 
The slot effect works as follows. An electret is 
placed between two pairs of electrodes, each 
pair forming alot. Ifa voltage is applied to one 
or both electrode pairs, the electret experiences 
«@ force in a direction perpendicular to the slot 
and parallel to the plates. 


Integrated circuit > digital > flip-flop 
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Figure 11-3. The four possible input combinations for a 
NAND gate and a NOR gate, with the corresponding log 
cal autputs. A fip-flop ean be built fram two NANDs or 
tho NOR. 


‘The behavior of a NAND gate can be summar- 
ized: 


+ Both inputs high: Output low. 
+ Other input combinations: Output high. 


Figure 11-4 shows series of snapshots of the SR 
flip-flop circuit as the switch moves from one po- 
sition, through an intermediate state where it 
makes no connection, to the other position. Re- 
member that in this circuit, the active logical in- 
ut state is low, and the active logical output 
state is high. 


In the top panel, the pullup resistor of the lower 
NAND is overwhelmed by the direct connection 
to negative ground, which holds the Rinputin a 
low state. The other input of this gate is irrele- 
vant, because the output from a NAND will be 
high if either of its inputs is low. So, the lower 
NAND hasa high output, which feeds backto the 
secondary input of the upper NAND gate. The S 
input of this gate is high, because of the pullup 
resistor. Because both inputs of this gatearenow 
high, its output is low, which feeds back to the 
lower gate. The lower gate doesn't change its 
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output, becauseeither ofits lowinputsisenough 
to keep its output high. So, the circuit is in equi- 
librium. A high state on the NOT-Q output is 
known as the Reset state for a NAND-based flip- 
flop. 


The second panel shows what happens if the 
switch now moves up into a neutral, disconnec- 
ted position. The R input of the lower NAND now 
becomes high, because ofthe pullup resistor. But 
this NAND stil has one low input, supplied by the 
output of the upper gate, so its output remains 
high, and the circuits still in equilibrium. This is 
known as the Hold state for the NAND circuit. 


‘Suppose the switch bounces to and fro between 
the states shown in the first two panels. The out- 
put from the circuit won't change. This shows 
thatthe circuitprovidesa method for eliminating 
switch bounce—the very fast, momentary spikes 
that occur when the mechanical contacts of a 
switch open and close. 


The third panel shows what happensiftheswitch 
now moves to its upper position. The top input 
of the upper NAND gate is now pulled low. Con- 
sequently, its output goes high. This feeds back 
to the lower gate. Its other inputiis high because 
ofthe pullup resistor. With both ofitsinputshigh, 
its output goes low, The gate outputs have flip- 
ped and swapped values. A high state on the Q 
output is known as the Set state for a NAND- 
based flip-flop. 


The circuit still remains in equilibrium even ifthe 
switch returns to its central, disconnected posi- 
tion shown in the bottom panel, Therefore, the 
debouncing capability of the circuit works equal- 
ly well for both positions of the switch. 


NOR-Based SR Flip-Flop 
Figure 11-5 showsa similar circuit using two NOR 
gates attached to an SPDT switch. Because the 
NOR gates function differently, this circuit uses 
active-high input logic, and pulldown resistors 
are needed instead of pullup resistors, The aut- 
put from the circuit still uses active-high logic, 
and is identical with the NAND-based circuit in 
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FIGURE 49 


This simple electret motor utilizes the slot ef- 
fect. The rotor is made of a disk-shaped electret 
consisting of two oppositely polarized half-disks. 
The stator has two pairs of slotted electrodes 
connected to a cylindrical commutator, which is 
charged by contact or by sparks. 
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cylindrical commutator. ‘The thickness of the ro- 
tor is Y inch, the diameter is 5 inches. The 
motor operates from an 8 kilovolt power supply 
and rotates at 1500 rpm. 

Similar motors with stationary electrets and 
rotating electrodes are shown in Plates 6 and 7. 

A more sophisticated slot-effect motor? uses a 
cylindrical electret (Fig. 50 and Plate 8). The 
electrot is stationary; it is shaped as a hollow 
cylinder and has four sections of opposite radial 
polarization. ‘The rotor is made of four internal 
and four external aluminum electrodes forming 
two cylinders with four slots in each. The inner 
electrodes are cross-connected with the outer 
ones, and all electrodes are supported by a Plexi- 
glas disk mounted on a steel axle. This motor 
uses no commutator. The power is delivered to 
two adjacent external electrodes by means of 
two sharp points which charge the rotor through 
acorona discharge. ‘The overall diameter of this 
motor is 3 inches, the operating voltage is 6 kilo- 
volts, the speed is up to 5000 rpm, the power is 
about 20 milliwatts. 

Synchronous electret. motors for electric 
clocks have been recently announced by the 
General ‘Time Corporation, ‘The motors are 
about 1% inches in diameter and % inch thick. 
In these motors (Fig. 51) a thin plastic electret 
disk with 15 active sectors and 15 equally large 
cut-outs is the rotor. ‘The rotor is placed be- 
tween two stator plates fabricated as printed 
circuit boards. Each stator plate has 30 elec- 


FIGURE 50 


This more advanced slot-effect motor uses a sta- 
tionary cylindrical electret and works without a 
commutator. The rotor has 8 slots. 
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FIGURE 51 

In this simplified version of a synchronous elec- 
tret motor for electric clocks a thin plastic elec- 
tret disk with several active sectors and several 
cut-outs is used as the rotor. 
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trodes connected in alternation to the two input 
terminals. The operation of this motor is similar 
to that of the first slot-effeet motor described 
above (Fig. 49) exeept that the reversal of polar- 
ity of the electrodes is accomplished directly by 
the applied ac voltage rather than by a commu- 
tator. 

Of all presently known types of electrostatic 
motors, electret motors are the newest and (to- 
gether with corona motors) the most highly 
promising ones. We shall return to them once 
again in the next chapter. 
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WHAT 

TO EXPECT FROM 
ELECTROSTATIC 
MOTORS 


Having deseribed the various types of 
electrostatic motors we shall now present a brief 
discussion of the current aims in the eleetrostat- 
ie motor research and a brief discussion of the 
most probable future uses and applications of 
these motors. 

It has been pointed out by Bollée! that elee- 
tromagnetic motors rapidly lose their efficiency 
in scaled-down versions (whieh is due to the rel- 
ative increase in energy dissipation in the mag- 
net coils) and that very small capacitor-type and 
induction-type electrostatie motors may be a 
better choice for miniaturized systems. ‘There- 
fore one may expect that miniature electrostatic 
motors of these types will find applications in 
various sensor and control devices where only 
very small torques and power are needed. 

Experiments with electret motors conducted 
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in the author's laboratory? indicate that these 
motors may be very useful in systems where 
powers of up to 1 watt are needed. 

‘The most promising electrostatic motors ap- 
pear to be, however, the corona motors. These 
motors possess a number of highly desirable fea- 
tures. Here are some of them: the motors are 
extremely simple in design; they require no 
expensive materials; their maintenance is very 
simple; having only few metal parts they pos- 
sess a very good power-to-weight ratio; they are 
fully capable of developing appreciable amounts 
of power; and they can attain very high speeds. 

Our present-day awareness of the many at- 
tractive properties of corona motors is to a great 
extent due to the work of the Russian engineers 
Yu. Karpov, V. Krasnopergy, and Yu. Okunev 
published in 1958 and 1960.°! They deseribed a 
6-watt cylindrical corona motor of improved 
design (Fig. 52) operating from a 7-kilovolt pow- 
er supply and turning at a rate of 6000 rpm. 
This motor had a hollow Plexiglas rotor 10.5 
centimeters in diameter and 17 centimeters long 
with a conducting lining on its inner surface. 
‘The stator supported 16 knife like electrodes in- 
clined relative to the surface of the rotor in the 
direction of the desired rotation. The lining of 
the rotor served to increase the electric field in 
the gap between the electrodes and the surface 
of the rotor and thus to enhance the corona dis- 
charge from the electrodes. 

A high-speed corona motor with a disk rotor 
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FIGURE 52 
In 1958, the Russian engineers Yu. Karpov, V. 
Krasnoperov, and Yu. Okunev described a 6- 
watt cylindrical corona motor of an improved 
design operating from a 7-kilovolt power supply 
and turning at a rate of 6000 rpm. This motor 
had a Plexiglas rotor. 
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FIGURE 53 
This corona motor with a disk rotor and circum- 
ferential electrodes was described by J. D. N. 
Van Wyck and G. J. Kiihn of South Africa in 
1961. Tt had a rotor 1.5 inches in diameter turn- 
ing in jewel bearings. Operating from 13 
Kilovolts, the motor ran at 12000 rpm. 


FIGURE 54 


The performance of a corona motor depends on 
the shape and arrangement of electrodes and the 
structure of the rotor. The curved electrodes of 
this motor produce an especially large torque. 
The lining of the rotor increases the power. 


How It Works 


this respect, although the relative positions of 
the Q and NOT-Q outputs have been swapped. 


Figure 11-4, Four snapshots of transitions in @ NAND- 
based SR fliplop as the switch moves down and up 
through an intermediate ne-connection zane. See text for 
details 


d circuit > digital > flip-flop 


+ In a NOR-based SR flip-flop, a high state is 
considered anactivelogic input, as indicated 
by the absence of a bar placed above the let- 
ters Sand R. 


+ A high state is considered an active logic 
output. 


Figure 11-5. The schematic for a simple SR fip-lop using 
NOR gates instaad of NANDs, 


In the case of the NOR gate: 


+ Both inputs low: Output high. 
+ Other input combinations: Output low. 


Figure 11-6 shows a series of snapshots as the 
switch moves from one position to the other, 
through intermediate states where it makes no 
connection, Remember that in this circuit, the 
active logical state is high at both the inputs and 
the outputs. 


In this circuit, as in the previous circuit using 
NAND gates, it will ignore switch bounce, allow- 
ing the gate outputs to remain stable. 


Forbidden States 

Either of the circuits described so far depicts an 
SR flip-flop, regardless of whether it is NAND- 
based or NOR-based. Its input and output states 
are summarized in Figure 11-7. However, as this 
table suggests, there are some input states that 
create problems. 
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and circumferential electrodes was deseribed by 
J.D.N. Van Wyek and G. J. Kithn of South Afri- 
ca in 1961.5 The motor (Fig. 58) had a rotor 1.5 
inches in diameter turning in jewel bearings. 
‘The stator supported 6 sharp-point electrodes. 
Operating from 8-18 kilovolts, the motor devel- 
oped speeds of up to 12000 rpm. 

A similar motor was studied in Poland by B, 
Sujak and W. Heffner in 1963.6 

A number of advanced corona motors were 
studied in the author's laboratory;7 an example 
of these motors is given in Fig. 54 and Plate 9. 
A diagram of a linear corona motor designed by 
the author is shown in Fig. 55. Instructions for 
building the corona motors of the author's 
design may be found in the May 1971 issue of 
Popular Science.S 

It appears that corona motors with input 
power of 100 to 1000 watts and efficiency of at 
least 60% can be construeted without any diffi- 
culty. ‘There seems to be no reason why even 
more powerful corona motors could not be built. 
It is likely that the motors can be further im- 
proved by using rotors immersed in a gas other 
than the air at atmospheric pressure. 

Performance characteristies of corona motors 
strongly depend on the design and geometrical 
configuration of the electrodes spraying charges 
onto the rotor. Several typieal electrode types 
and electrode configurations for corona motors 
are shown in Fig. 56. Especially interesting is 
the electrode arrangement shown in Fig. 56e. 


FIGURE 56 
(a) Slanted electrodes and disk rotor with a con- 
ducting lining in the middle; (b) Straight elec- 
trodes; (c) Foil electrodes shielded on one side: 
(d) Curved electrodes and cylindrical rotor with 
a conducting lining. 
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‘This arrangement is used in conjunction with 
thin disk-shaped rotors “sandwiched” between 
two insulating stator plates. An even number of 
windows is cut in each stator plate, and metal 
foil electrodes are glued to the walls of the holes, 
as shown by heavy lines in Fig. 56c. In this 
arrangement there is a dieleetrie medium on one 
side of each electrode, and there is air on the 
other side. Therefore the electrodes spray 
charges predominantly in the direetion of the 
side facing the air. Thus a motor with elec- 
trodes of this type is unidirectional and self- 
starting. Furthermore, the entire “sandwich” 
comprising the rotor and the two stator plates 
may be very thin. Therefore many such “sand- 
wiches” can be placed ona single axle thus form- 
ing a compound motor in which good use is made 
of the entire volume occupied by the motor. 
‘There are indications that compound motors of 
this type can develop up to 1000 horsepower for 
each cubie meter of their volume. 

An important property of electrostatic motors 
is that they can operate from a much greater 
variety of sources than the electromagnetic 
motors. Itis, of course, obvious that any sourees 
used for operating conventional electromagnet- 
ie motors can be used to operate the eleetrostat- 
ie motors. However, the electrostatic motors 
can operate also from sources from which no 
other motors can operate. The reason for this is 
that the electrostatic motors are extra-high im- 
pedence devices and thus require extremely 
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small currents for their operation, 

One very interesting source of electricity for 
electrostatie motors is the ordinary capacitor. It 
is true that capacitors, as we know them now, do 
not store appreciable amounts of eleetrie ener- 
gy. However, if high-permittivity low-loss di- 
electric materials were developed, then the 
capacitor would become a very useful device for 
storage of electric energy, and possibly could be 
used in place of the chemical batteries for oper- 
ating electrostatic motors. 

Another possible source of power for electro- 
static motors are high-impedance high-voltage 
batteries of the type of Zamboni pile. 

A potentially very important source of elee- 
tricity for powering electrostatic motors are 
electrostatic generators, Considerable advances 
in the development of such generators have 
been made in reeent years!and it is conceiv- 
able that electrostatic motor-generators will be 
used to convert, the high-voltage de produced by 
such generators into the conventional low-volt- 
age de or ac. 

Finally, a very interesting source for power- 
ing electrostatie motors is the atmospheric elec- 
triefield. In faet, it appears possible to extract 
the energy contained in this field by means of 
electrostatic motors. Experiments on such an 
energy extraction have been conducted by the 
author. 412 In these experiments an electret 
motor and a corona motor were powered by 
simple earth-field antennas (Fig. 57; Plates 10 fo 


116 


FIGURE 57 


Small electrostatic motors can be powered from 
atmospheric electricity by means of simple 
earth-field antennas. Whether or not it will be 
possible to operate large motors in this manner 
will depend on how successful we are in de- 
signing antennas capable of extracting apprec- 
iable power from the earth electric field. 
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12). The corona motor was the one shown in 
Plate 9. ‘The electret motor was similar to that 
shown in Fig. 49, but with the electret station- 
ary and the electrodes rotating (Plate 6). These 
experiments indicate that it is entirely possible 
to operate small electrostatic motors from. at- 
mospheric electricity. Whether or not it will be 
possible to operate large motors in this manner 
will depend on how successful we will be in 
designing and building earth-field antennas cap- 
able of extracting appreciable power from the 
earth electric field. 

In conelusion it may be useful to mention that 
a quantitative electrostatic motor research is 
now only in its very rudimentary stage. Almost 
all papers on electrostatie motors published thus 
far deal with the qualitative aspects of the per- 
formance of the various types of motors. Only 
very few papers deal with the optimization of 
design and with the quantitative aspects of the 
operation of the motors, likewise only very few 
papers present a theoretical analysis of the elec- 
trostatie motors. It is clear therefore that the 
electrostatic motors still constitute an essential- 
ly unexplored area of physics and engineering, 
and that the electrostatic motor research is 
presently one of the potentially most rewarding 
research fields in modern electrostatics. 
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Figure 11-6. Four snapshots of a NOR-based SR flip-flop, 
‘showing the consequence of changing switch positions, 
comparable with the NAND-based fip-op 
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Figure 11,7. A table of input states and the consequent 
‘output states far NAND-based and NOR-based SR fl 
flops: 


In either the NAND-based flip-flop or the NOR- 
based flip-flop, the output when the switch is in 
its unconnected center position will remain the 
same as when the switch was in its previous po- 
sition. This is the usefulness of the flip-flop: it re- 
members the previousstate. These situations are 
identified as “Same as Previous" in the table, 


The pullup resistors (in a NAND-based flip-flop) 
and pulldown resistors (in a NOR-based flip-flop) 
are intended to guarantee that both inputs will 
be high (NAND) or both inputs will be low (NOR) 
even when the switch makes no connection. 
Therefore, it should beimpossible for both inputs 
to be low (NAND) or high (NOR). 


But what happens if the circuit is powered up 
with the switch in the unconnected position? 
One input of each gate is controlled by the aut- 
putofthe other gate. But what will those outputs 
be? 


Inthe NAND-based version, the outputs from the 
NANDs will be low while the chips are powering 
up. As soon as the NAND chips are functioning, 
each of them will sense thatithas one input high 
and one input low, so it will change its output to 
high. 

But now that each chip has a high output, it will 
feed back to the secondary input of the other 
chip, Now both chips have both inputs high. This 
will cause them both to change their outputs to 
low—but this will feed back again, flipping the 
outputs back to high again. In fact, if the gates 
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MODAD RADIO WEBSITE 


Basic Crystal Radio Set 


I have been very interested in crystal radios for many years, I can remember building my first set 
back in my schooldays in the early 1980s. It was the first and still is the most basic of all radio 
receivers , If you are new to radio and have never seen one of these sets you will be very amazed at 
how easy it is to build a working radio needing so few components. What also may surprise a 
newcomer is that it does not need any battery or power to work, The only power it uses is taken 
from the transmitter of the station you are listening to, In other words it pulls the power from the 
radio wave. 


The biggest craze of building and listening to crystal sets was at its peak in the 1920s, The old style 
sets used a real mineral crystal for the detector, The most popular being the galena and a fine bit of 
wire called a cats whisker which you would have to touch the crystal in the correct place to find the 
best reception where the radio station would come in, During world war II the underground people 
of Europe used crystal sets to listen to prohibited broadcast stations, Because of there simplicity to 
build. It is now getting harder to obtain all the original parts like the high impedance headphones, 
But I will show you how to build the modern day circuit using readily available parts. 


My basic crystal radio project is aimed at the absolute beginner or younger generation, to try and 
interest them in the radio hobby as many amateur radio operators began there interest in radio with 
building the crystal set. The circuit can be soldered or built using chock block connectors for safety 
if a young person is doing this project. 


CIRCUIT 
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ANT DIODE 


OA91 


COL 80T 


VARIABLE PAPACITOR 


EARPIECE 


HOW THE CIRCUIT WORKS 


First of all there are many different signals from stations which will be traveling down the long wire 
antenna, The coil and capacitor together form a tuned circuit, And because the capacitor is a 
variable type you can change the resonant frequency of the tuned circuit by rotating the tuning knob 
on the capacitor. Only signals from stations on or near the resonant frequency can pass through the 
tuned circuit, The other remaining frequencies are bypassed to earth. The passed signals then go 
through the germanium diode (detector) which rectifies the positive half cycles changing it to DC 
current and then sending it to the crystal earpiece or high impedance headphones. 


BOARD LAYOUT 
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I personally find it a lot more fun to salvage all the parts from an old radio as it will cost you 
nothing, But just for this project I have listed all the parts that you will need and where to buy them 
from. 


Variable capacitor, available from Maplin Electronics (UK) Code FT78K 


Diode: Maplin Electronics 0A91, Code QH72ZP, 0A90 Code QH7IN or any germanium point 
contact diode such as an OA70,0A71, or 1N34. 


Chock block connectors Maplin Electronics (UK). 
Crystal earplug, avail able from Maplin Electronics (UK) Code LB25C 

26 s.w.g. Enameled copper wire. 

Coil former: An empty card board toilet roll or an off cut piece of plastic waste pipe. 
Base: Any piece of soft scrap wood about 4"x 5" 

PVC coated wire for links. 

A roll of any kind of wire PVC coated or copper wire for antenna and an earth connection. 
CONSTRUCTION 


Start the construction with the coil by securing the former (toilet roll, or PVC pipe) and then 
winding 80 turns of 26 s.w.g enameled copper wire around. When finished secure the windings with 
sticky tape or glue, Then scrape the wire enamel off both ends of the coil with a knife or sand paper 
until you can see a shiny tip. The coil can be secured to the wood base with two drawing pins. 


Now the most difficult part is over , you can secure a couple of chock block connectors in front of 
the coil and the two behind the capacitor then wire the circuit as in the board layout, It is straight 
forward, but make sure you get the capacitor the correct way, the earth and antenna pins are marked 
e and a on the bottom, There is no connection to the pin marked 0. The diode has a glass body with 
a band on to show the flow of the conducting current. Strip the plastic coating off the end of the 
crystal earpiece leads and insert them into the two rear chock blocks. 


You are now ready to connect the antenna, Just string up the longest length of wire you can, run it 
from the set through a window and secure it to an insulated pole, tree or fence as high and as long as 
you possibly can to achieve the best results. If it is impossible for you to have an outdoor wire, 
String a wire several times around a room ceiling or an attic, It will still receive some stations but at 
reduced yolume. 


You will need an earth, run a wire from the set to a cold water pipe, connect it to the pipe or to a 
water tap with a crocodile clip, Or if you want a more permanent arrangement you can run a wire 
outside and connect it to an earth rod driven into the ground, This can be a length of copper pipe or 
brass rod as long and deep into the ground as you can. It is said that you must have a good earth for 
a crystal set to work, In practice I found it works slightly better but have also achieved good results 
without any earth. 
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OPERATING THE SET 


This is the best part, When you are finished building the circuit connect the earth and antenna wires, 
pick up the earpiece and have a listen, You should be able to hear noise, turn the screw on the 
variable capacitor until you tune into a station, You should be able to hear several stations on the 
MW band, Depending on your location, length and how high the wire antenna is, Because this is a 
basic circuit you will soon notice that the set has poor selectivity, This means that sometimes you 
can hear two or more stations coming in together and may find it difficult to separate the one you 
want to listen to, That is if you can at all. If you can only receive one or two stations and the screw 
on the variable capacitor is fully turned, try unwinding about 4 or 5 turns off the coil. One of the 
most difficult requirements is having the patience, Some stations will come in loud and then may 
fade out altogether after a wile, If you leave it on the same frequency they can sometimes return as 
the propagation changes. 


FAULT FI ING 


If it does not work, Check your wiring with that of the board layout, And make sure all leads are not 
slack. 


‘You must make sure you have a germanium point contact diode, other diodes will not work. 


Make sure you have a proper crystal earpiece or high impedance headphones, Do not be confused 
with the standard white coloured magnetic earpiece, Unlike the standard 8 or 16 ohm earphones of 
today crystal carpieces are into the mega ohms, So if you used the wrong type it would be like 
trying to run your washing machine on a PP3 9 volt battery. 


EXPERIMENTING 


When I built this crystal set for the web site I hooked a wire to a radiator for an earth, strung a 60 
FT length of PVC coated wire through a window down to the rear garden fence, The first station I 
heard was quite a surprise, Radio Korea, Other stations where Virgin Radio - 1215 KHz, Talk Sport 
1071 KHz, Magic 1152 KHz, BBC Radio 5 Live 693 KHz, BBC Radio 4 - 603 KHz, So it had a 
good range through the medium wave broadcast band. 


Do not be afraid to experiment, Due to the simplicity of the set you wont break it, You can try 
changing the diode around, Try other coils with different number of windings, The more turns 
should take you lower in frequency, and the smaller number higher, try a ferrite rod as a former or 
salvage a ready made coil from an old broken radio, Experiment with different lengths of antenna 
wire. I also find these sets work better with a higher quality air spaced variable capacitor which you 
can buy from a radio rally or you could try J. Birkett suppliers of electronic components who always 
stocks them at reasonable prices, TEL NO. +44 (0)1522 520767. The company is UK based and 
may not export, but I am sure that you will know of local electronics suppliers for such parts. 


Thope you have enjoyed reading about the crystal set and if you have built the one from this page € 
mail me and let me know how it went. If this page has interested you and you would like to build 
more sets check out my other web pages or web links page. 
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How It Works 


are absolutely identical, the circuit will oscillate 
very rapidly. This is sometimes known as ringing. 


In real life, the gates will not be absolutely iden- 
tical, and eventually one of them will respond 
fractionally ahead of the other, tipping the circuit 
into the state shown either in the second panel 
orthe fourth panel in Figure 11-4. Butwhich chip 
will win? There is no way of knowing, This is 
known as a race condition, and the winner is un- 
predictable. 


A similar but opposite situation occurs in the 
NOR-based flip-flop if it is powered up with the 
switch in the disconnected position, and the S 
and R outputs are both low, because of the pull- 
down resistors. Here again it will be a race 
condition. 


We can address the problem by making a rule 
that the switch must always be in one position or 
the other when the flip-flop is powered up. But 
Whatif there isa faulty switch? Orwhatifa power 
interruption occurs while the switch is changing 
position? 


Another problem occurs if the switch makes one 
contact a fraction before it breaks the other con- 
tact. This would result in both S and R inputs be- 
ing low,in aNAND flip-flop. The same state could 
occurifa separate logic circuits driving theS and 
R inputs, and an error causes it to make S and R 
both low. This is shown in Figure 11-8, Because 
the output from a NAND gate is always high ifat 
least one ofits inputsis low, both gatesnowhave 
a high output, and the circuit is stable. 


The problem is, the states of the outputs from a 
flip-flop should always be oppasite to each other. 
If both of them are high, this can create logic 
problems in the rest of the circuit attached to the 
flip-flop. 


+ Ina NAND-based SR flip-flop, if S and R are 
both low, this is known as a forbidden state 
ora restricted combination. 


circuit 


digital > flip-flop 


Figure 11-8. What happens when bath S and R inputs to 2 
INAND flip-flop are low as a resuft of an errorin a separate 
ccontral circu 


A similar problem afflicts a NOR-based SR flip- 
flop, except that the forbidden state will occur 
when the S and R inputs are both high. 


+ InaNOR-based SR flip-flop, ifS and Rare both 
high, this is a forbidden state or a restricted 
combination. 


The SR flip-flop is useful as a switch debouncer, 
but for computing applications, itis vulnerable 
terrors. 


The JK Flip-Flop 
Because the name of the JK flip-flop shares the 
initials of Jack Kilby, who won a Nobel prize for 
his fabrication of the world's first integrated cir- 
cuit, some people speculate that this type of flip- 
flop was named after him. The attribution seems 
implausible, and may have gained currency sim- 
ply because a flip-flop was the first device that 
kilby happened to build when he was develop- 
ing an integrated circuit. 


Regardless of how it came to be named, the JK 
design is shown in Figure 11-9. Thisis commonly 
referred to as a JK atch. The electromechanical 
switches thatwere shown driving the SRflip-flop, 
along with pullup or pulldown resistors, are no 
longer included, because the inputs at positions 
Jand Kare assumed to come from other devices 
that have properly defined high and low states. 
Their behavior may be unpredictable, but nei- 
ther of them will ever havea floating state. 
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A Simple Crystal Radio Set 


Whether you are a beginner or a seasoned expert, you would probably agree that there is nothing quite like 
using this simple design to make a crystal radio and enjoying it, listening to stations both near and far. Add 
to this the "something for nothing" advantage of not having to power set with batteries or AC line and 
you can see why this simple design will be used and enjoyed for a long time to come, Almost like magic... Let 
build one! 
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A Simple Crystal Design 


Components: 


A1- 50-100 foot longwire antenna 

C1 - 50 pf ceramic capacitor OSE p/n CD-5 

C2- 365 pf variable capacitor OSE p/n BC14400 

D1 - IN34A diode OSE p/n 1N34A 

G1 - Ground (see instructions below) 

L1 - 100 turns of #20 AWG enamel coated copper wire OSE p/n MW20, adjustable tap (see instretions 
below) 

R1- a 100k ohm resistor OSE p/n RQUOOK 

* Crystal Earphones OSE p/n CE748 

+ Fahnestock clips OSE p/n 2090 


Al Fahnestock 
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PREFACE 


In the beginning of this century, when radio was called 
"Wireless", most of the early experimenters used a 
crystal set to receive radio signals. 
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The crystal set is still the simplest type of radio 
receiver. A catwhisker (made from a thin wire) touching a 
sensitive spot on a piece of galena or silicon mineral 
crystal and a tuning coil, form the basic parts of this 
radio. 
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Radio signals from a nearby station are picked up via 
antenna and ground connections to the crystal set. The 
galena or silicon crystal detects the signals and the 
resultant audio is heard with headphones, No battery or 
electrical power is required. 


This book tells you about crystal sets and shows you how 
to build them. 


Charles Green 
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THE CRYSTAL DETECTOR 


A crystal detector of radio waves can be either a 
traditional catwhisker and natural mineral crystal, or a 
modern semiconductor diode. 
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SEMICONDUCTOR 
DIODE 


CATWHISKER 
DETECTOR 


Certain natural minerals such as galena (lead sulphide) 
and silicon have electrically sensitive surface spots. In 
the beginning of this century, experimenters discovered 
that electrical current would flow into the sensitive 
spot on a mineral erystal from a catwhisker, but would 
not pass readily (high resistance) from the crystal to 
the catwhisker. This unique feature was used to detect 
(rectify) radio waves and extract the audio modulation. 


HOW-IT-WORKS 
There are two general types of crystal detctors; 


+ Point contact diode 
+ Junction diode 


Both types use semiconductor material such as silicon, 
germanium, or galena. The basic semiconductor junction 
diode is made of two portions of the material "doped" in 
manufacturing by adding controlled amounts of chemicals. 
The doped portions have opposite electrical properties: 


“p" TYPE, with an excess of positive electrical 
charges (holes). : 

“H" TYPE, with an excess of negative electrical 
charges (electrons). 


the crystal detector 


Junction Diode 


SPACE CHARGE 


The boundary between the two doped portions is called a 
PN junction. The area on both sides of the PN junction is 
called the space charge region, When a positive voltage 
is applied to the "P" material (and negative voltage to 
the "N" material), the space charge region becomes narrow 
and electron current flows through the PN junction. 


ELECTRON FLOW 
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When the voltage polarities are reversed, negative to "P" 
and positive to "N", the space charge region widens 
(increasing the effective resistance of the PN junction) 
and the electron flow is very small (back current). If an 
ac voltage is applied to the PN junction, it will act as 
a rectifier (or radio wave detector). 
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Point Contact Diode 


The point contact diode uses a "catwhisker" of thin wire 
contacting the surface of doped “N" semiconductor 
material. The pointed end of the wire produces a high 
intensity electric field in the area of the semiconductor 
surrounding the wire. When an electric current flows from 
the wire to the semiconductor material, a small region of 
“p" material forms around the area of the point contact. 
Thus a PN junction is formed which operates in the same 
way as the junction diodes 


CATWHISKER 


The sensitive spots of galena and silicon crystals used 
in traditional catwhisker detectors have naturally doped 
areas of semiconductor material, and operate in the same 
way as the point contact detector. 


DETECTION OF RADIO WAVES 


At the transmitting radio station, a microphone converts 
sound waves into electrical audio signals. The audio 
signals then modulate the transmitted radio waves. 


MODULATED RADIO WAVES ——>— 
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The transmitted radio waves are intercepted by the 
receiving antenna and small rf currents are induced in 
the antenna wire, The rf currents (high frequency ac) 
flow through the detector to ground, As previously 
explained, the crystal detector will pass current in only 
one direction, therefore, pulsating dc voltages (detected 
audio signals) are developed by the crystal equivalent to 
the audio modulation of the transmitted radio waves. 


ieee a 


The detected audio signals flow through the headphone 
coils and affect the intensity of a magnetic field. This 
causes the steel discs of the headphones to vibrate and 
produce audible sound waves, 


TUNING THE CRYSTAL SET 


The antenna intercepts all radio waves in the area, and 
the signals will be heard jumbled up in the earphones. A 
nearby radio station may be received with the other 
stations heard in the background. 


TUNED 
CIRCUIT 


In order to receive a radio station properly, the crystal 
set must be tuned to the frequency of the transmitter, A 
tuned circuit composed of an rf coil (inductance) and a 
capacitor, is connected between the antenna/ground 
circuit and the detector, 
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Capacitor 


The modern capacitor is evolved from the old Leyden jar. 
It consists of two or more metal sections separated by a 
dielectric (air, paper, or plastic). The capacitor stores 
energy in the form of ‘an electrostatic charge in its 
dielectric. A variable capacitor (used in a tuned 
circuit) has movable metal sections that adjust the 
amount of capacity. 


A capacitor will allow pulsating de current or ac current 
to flow through it, but will block steady de current. A 
capacitor has an oppositon or "reactance" to ac that 
varies with frequency. The higher the frequency, the 
lower the reactance of a given value of capacity. 
Capacity is measured in micro-farads (uF or 
micro-micro-farads (picofarads) (uuF or pF). 


RF Coil 


An rf coil is made of insulated copper wire wound on a 
plastic or cardboard tube. When electric current flows 
through the coil, a magnetic field is created. This 
magnetic field resists any change in electric current 
flow. This opposition or "reactance" to ac varies with 
frequency. The higher the frequency, the higher the 
reactance of a given value of rf coil inductance. 
Inductance is measured in millihenrys (mH) and 
microhenrys (ul). 


integrated eircuit > digital > flip-flop 
Thisisa gated circuit, meaning thatan additional 
input stage blocks direct access to the output 
stage,anditisalsoa synchronouscircuit,asituses 
a train of pulses ata clack input, Two three-input 
NAND gates are placed in front ofa NAND-based 
SR flip-flop, and they address the problem of si- 
multaneous identical inputs by using crossover 
feedback from the second stage to the first stage 
(via the conductors at top and bottom of the 
schematic). 


stateat NOT-Q Infact, when bothinputsarehigh, 
a positive pulse on the clock input will toggle the 
outputs (ie, they will switch places). Infact, the 
toggling will continue sa long as the clock input 
is high. Consequently, this type of flip-flop is in- 
tended for use with short clock pulses. 


Figure 11-9. The basic circuit fora clocked JK fp-flop, us- 
Ing two addtional NAND gates prepended to an SR fhe 
flop. 


Versions of a JK flip-flop are possible using NOR 
gates, but are less common. Only the NAND- 
based version will be considered here. 


In the case of a three-input NAND gate: 


+ Allthree inputs high: Output low. 
+ Other input combinations: Output high. 


Because of the additional pair of NANDs, the cir- 
cuit now recognizes a high input as logically ac- 
tive, instead of the low-active input in the previ- 
ous SR flip-flop using NAND gates. Consequently, 
two simultaneous high inputs might be expect- 
ed to create the type of forbidden state that was 
caused by two simultaneous low inputs previ- 
‘ously. However, in Figure 11-10, the top and bot- 
tom panels show that simultaneous high inputs 
at Jand Kwill support two possible valid outputs, 
where the state at Q is always opposite to the 


Figure 1150. When the J input and the K input are both 
igh this no ianger causes a forbidden state. The combs 
‘nation will toggle the outputs ofthe fp-flop between the 
two states shown here 


Master-Slave Flip-Flop 
‘A more stable form is shown in Figure 11-11 
Where yet another stage has been added, this 
one being a “master” to the first. Infact, this con- 
figuration isknown asa master-slaverflip-flop, the 
slave stage being driven by the master stage but 
remaining inactive until a low clock input at the 
master stage passes through an inverter to be- 
come a high clock input at the slave stage. The 
master and slave stages thus take turns, one be- 
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Tuned Circuit 


A tuned circuit is composed of a capacitor and an rf 
coil. As previously described, the reactances of a 
capacitor and an rf coil change with frequency (but in 
opposite ways). At a particular frequency, the two 
reactances will cancel each other out, This condition is 
called “resonance”. The impedance of a parallel tuned 
circuit is at its highest at resonance, Radio signals at 
the resonant frequency will be greatly ‘magnified, while 
signals at other frequencies will be shunted to ground 
(rejected). 


HIGH Q 
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FREQUENCY 


The resonant frequency of a tuned circuit can be changed 
by adjusting the ‘capacitance (using a variable 
capacitor),or by varying the inductance (using a slider 
or taps on the rf coil). A ferrite core can also be used 
to change the inductance of a coil. The selectivity of a 
tuned circuit is dependent upon the quality (Q) of the 
components and the inductance /capacity ratio (L/C 
ratio). A high-Q tuned circuit is more selective than a 
low-Q circuit. A tuned circuit with a high L/C ratio 
(large inductance and small capacity) is more selective 
than a low L/C ratio circuit. 
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ANTENNA AND GROUND 


A simple crystal set depends upon the strength of the 
radio waves received by the antenna to produce audio in 
the earphones. If you live ina strong signal area (a 
nearby radio transmitter), a crystal set can produce loud 
audio in earphones with only an inside antenna. But in 
lower signal areas, a good outside antenna with a ground 
connection is required, 


ANTENNA 
Zz 


INSULATOR 


LEAD-IN 


If you are fortunate enough to be able to put up an 
outside antenna, the basic rule of thumb is the higher, 
the better reception. Check your local electronics store 
for an antenna kit. You can construct an antenna using a 
glass or plastic insulator at each end of a length of 
copper wire (insulated or bare). Make the antenna as long 
as possible. It does not have tobe in a straight line to 
work. 


CAUTION 


ANTENNA INSTALLATION 
NEAR ELECTRICAL POWER 
LINES IS DANGEROUS, 


Make sure that your antenna 
is far enough away from any 
power line, so that it will 
not touch a wire if it falls. 


Connect a length of insulated wire between the end of the 
antenna and your crystal set antenna terminal. This 
antenna lead-in wire can be fed into your house through a 
window. 
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If you can not erect an outside antenna, run a length of 
insulated wire as long and high as possible through your 
house or apartment, It will work, but not as well as an 
outside antenna because of the shielding affect of the 
house walls, 


Connect a ground lead to a cold water pipe, Make sure 
that it is a metal pipe. Or, you can buy a ground rod 
from your local electrical supply store and drive it into 
the ground near your house. Then connect your crystal set 
ground lead to the rod, For safety install a lightening 
arrestor between the antenna lead and ground (see the 
instructions with the device). 


HEADPHONES 


Headphones (also called earphones, or headset) are 
required to hear the received audio froma crystal set. 
The standard headphones are made with dual coils of fine 
wire connected in series in each phone, Horseshoe magnets 
are built into each phone case to provide a magnetic 
field. A disk of thin sheet iron (diaphragm) is mounted 
near the top of the coils, The phones are connected in 
series with a set of flexible leads terminated in metal 
“phone tips", 


Detected audio signals flow through the coils and affect 
the intensity of the magnetic field from the horseshoe 
magnet. This changes the magnetic attraction of the 
diaphragm, and causes it to vibrate and produce audible 
sounds. 


The total resistance of the series headphone coils is 
used as a measure of audio sensitivity. A resistance of 
2000 ohms is sufficient. More sensitive headphones have a 
resistance of over 5000 ohms and are used to hear very 
weak signals. 


The 2000 ohm headphones can be obtained at electronic 
parts mail order houses, 
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SIMPLE RECEIVER PROJECTS 


SIMPLE CRYSTAL SET 


Look at the schematic diagram. The crystal set uses a 
tunable ferrite coil Li, and a crystal diode Di. This 
type of tuning coil is called a "loopstick". The ferrite 
core is screwed into the coil form and increases the 
inductance of L1, thus tuning the receiver to a lower 


frequency. 


CONSTRUCTION 


As shown in the illustration, the crystal set components 
are mounted on a 5 1/2-inch by 2 1/2-inch by 3/4-inch 
wood base. Layout and install the crystal set parts in 
the locations shown. The loopstick L1, is mounted with a 
metal strip supplied with it. Push the snap-in end of Li 
into the large hole of the metal strip. Then bend 
1/2-inch of the other end of the strip to forma bracket 
and mount it on the base with a wood screw. If the metal 
strip is not available, make one out of sheet metal 
approximately 2-inches long by 1/2-inch wide. Then drill 
a hole to fit Li at one end, and a small hole to fit a 
wood screw at the other end. 


Mount the four fahnestock clips and solder lugs with wood 
screws in the locations shown in: the illustration. 


WIRING 


Use hookup wire to connect the crystal set components as 
shown in the schematic and illustration. The loopstick 11 
may have three terminals. One of the terminals is a tap, 
which is not used in this circuit. Make sure that you 
connect only to the terminals at the start and end of the 
loopstick coil. 
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ANT DI 


ul | PHONES 


List of Materials 


D1 - Germanium diode 

(1N34A or equiv.) 
Ll - Loopstick 

(see text) 
4 ~ Fahnestock clips 
BASE - 5 1/2 X 2 1/2 X 

3/4-inch wood section 

PHONES - 2000-ohm headphones 
MISC. - Solder lugs, wood screws, 
knob and bracket to fit L1, 
hook-up wire. 


13 


all about crystal sets 


Install a small knob on the end of the Li adjustment 
screw, Make sure that the screw turns freely with the 
knob. Position the 1N34A diode as shown before soldering 
the leads. 


Experiment 1 


Connect the antenna, ground, and 2000-ohm headphones to 
the crystal set terminals. Rotate the Li knob 
counterclockwise as far as it will go. Do not turn past 
this point, or you may break the ferrite rod inside the 
coil form. The ferrite is now outside of the coil 
winding. This is the highest frequency point of the 
tuning range of Li. 


Slowly turn the Li knob clockwise and listen for received 
radio stations. When the Li knob is turned fully 
clockwise, the ferrite will be completly inside the coil 
(increasing the inductance) and it will be at the lowest 
frequency point of the tuning range. 


Experiment 2 


Connect capacitors, with values from 50 mmf to 300 mmf, 
in parallel with Li, Then tune 11 and note how the 
frequency range has changed. 


AMPLIFIER CONNECTION 


The simple Crystal Set (and the other receiver projects) 
can be connected to an amplifier in place of earphones. 
This amplifier can be a single channel input of your home 
stereo. 


Parts values are not critical; Ci is approximately .005 
mfd, and the volume control Ri can be any value from 1000 
ohms to 10,000 ohms, Use shielded wire between Ri and the 
amplifier input jack. 
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List of Materials 


D1 - Germanium diode, type 
IN34A, 1N60, 1N82A, 
or equiv. 

Li - Slider-tuned coil 
(see text) 

4 ~ Fahnestock clips 
(terminals) 

BASE - 6 x 3 x 1/2-inch O 

section of wood (see text) GND 

PHONES - 2000 ohms headphones 

MISC. - Coil form (see text), 

No. 24 enameled copper wire, 

3/32 inch dia. brass rod, brass 

ball slider (see text), solder 

lugs, two small brackets, 

hook-up wire, wood screws, 

machine screws and nuts. 


SLIDER TUNED CRYSTAL SET 
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SLIDER TUNED CRYSTAL SET 


In the early days of radio, slider tuned coils were used 
in crystal sets. This method of tuning the inductance 
uses an adjustable metal contact (slider) that moves over 
the coil. The slider makes contact with individual coil 
wires to tune in the radio stations, 


The enamel insulation of the coil wires in the slider 
path is removed for good electrical contact. 


You can experiment with a slider tuned coil by building 
this crystal set, As shown in the illustration, the coil 
is mounted upright on a 6-inch by 3 1/2-inch by 1/2-inch 
wood base. A semiconductor diode is used for a detector. 


TUNING COIL CONSTRUCTION 


Look at the drawing of the tuning coil Ll construction 
details on the next page. The tuning coil is wound on a 
cardboard or plastic mailing tube section, 2 5/8-inches 
in diameter and 5-inches long. Make sure that you select 
a rigid, thick-walled tube for a coil form. The tube used 
in our model has a 3/16-inch wall. The coil form must be 
rigid to hold the slider ball and rod assembly. 
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Before qwinding the coil, drill all the holes in the form 
as shown in the drawing, and then install the solder 
lugs. Position the solder lug ends toward the coil form 
edges. 


The coil is wound with No., 24 enameled copper wire. 
Remove the enamel from the wire end with sandpaper and 
then solder the wire to the lug. Start winding the coil, 
keeping the turns as tight and close together as 
possible. Wind the wire to the front of the bottom solder 
lug B, Remove the enamel and solder the wire end to the 
lug. 
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How It Works 


ing activated by a high clock pulse while the oth- 
er is activated by the low part of the pulse cycle. 
‘Theoutput fromthe slavestage cannot feedback 
to the master stage while the clock pulse is still 
high, and thus the timing issue in the single- 
stage JK latch is eliminated. Because the master- 
slave version of the JK configuration is not trans- 
parent, itis correctly known as a flip-flop rather 
than allatch 


In addition, Preset and Clear inputs may be add- 
ed to override the clock to Set or Reset the out- 
puts. These inputs are active-low. 


Figure 11-12 summarizes the behavior of a JK 
master-slave flip-flop that is triggered by the fall- 
ing edge of each clock pulse (shown as a 
downward-pointing arrow in the Clock column 
ofthe table). Note that the output will be delayed 
While the slave stage waits for the second part of, 
each clock cycle, 


‘The letter X in the table indicates that the state 
in that cell is irrelevant. 


When J and K are both low, the states of Q and 
NOT-Q will remain the same as in the previous 
cycle, and this is still referred to as a Hold state. 
When J and K are both high, the outputs toggle, 
‘meaning that their new states will be opposite 
to the previous states. 


D-Type Flip-Flops 
AD-type flip-flop placesan inverter between two 
inputs to guarantee that they will always be in 
opposite states, and uses a clock signal to copy 
their states to a pair of logic gates. 


When aninverteris added between the inputsin 
this way, either an SR flip-flop or a JK flip-flop can 
become a D-type flip-flop, Figure 11-13 shows 
the simplest possible D-type circuit, added to a 
basic SR flip-flop, Only one data input is now re- 
quired (customarily labeled D), because it drives 
the other through the inverter. 


integrated circuit > digital > flip-flop 


Figure 111. A master-slave circuit that drives one fia- 
flop vith anotber. 


Flip-Flop Inputs Outputs 


Figure 1142. 4 table showing inputs and outputs for aK 
‘master-slave flip-flop. 
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A brass ball approximately 3/8-inches in diameter is used 
as the moving contact slider. This brass ball can be 
found at your local electrical supply store. It is a type 
of ball that is used as a top nut for small table lamps, 
Drill a hole through the ball so that it will slide over 
a length of 3/32-inch diameter brass rod, Bend the brass 
rod at each end (after placing the ball in the center of 
the rod), to fit through the holes in the coil form as 
shown in the drawing, Cut the rod 1-inch down from the 
bend at each end, 


Insert the brass rod with the slider ball into the coil 
form holes, Then place a small washer and spring on one 
end of the rod (inside the coil form), Solder a nut on 
the end of the rod to hold the spring in place. Do the 
same to the other end of the rod, After soldering, slide 
the ball over the wires and check that it slides 
smoothly. Use sandpaper to remove the enamel insulation 
of the wires in the path of the ball slider. Connect a 
wire between the soldered nut on the bottom end of the 
brass rod and the solder lug near the rod, 


BASEBOARD 


All of the crystal set components are mounted on a wood 
baseboard as shown in the drawings. Cut the baseboard to 
size; a 6-inch by 3 1/2-inch section of 1/2-inch thick 
wood (maple is used in our model), Sand the edges after 
cutting. It is not necessary to paint or stain the 
baseboard. 


Mount the four terminals and solder lugs as shown in the 
drawing, Label the four terminals with either rub-on 
lettering or cemented paper tags. Install two brackets on 
opposite sides of the bottom of the coil, and mount it on 
the baseboard with the lugs toward the terminals. 
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WIRING 


Bare No.22 wire was used to wire our model, but any kind 
of hookup wire can be used, Connect the wires between the 
solder lugs as shown in the drawing, except do not 
connect the antenna terminal lug wire to the coil 
terminal at this time. Connect the crystal diode between 
the solder lugs as shown. 


Experiment 1 


This experiment will show how an untuned crystal detector 
functions, 


Connect the untuned detector circuit as shown in the 
drawing, and then hook-up your antenna and ground leads. 
Connect 2000-ohm headphones to the circuit and listen to 
the detected radio waves. 


You will probably hear a strong local radio station, with 
other, weaker radio station transmissions all jumbled 
together. 


Experiment 2 


Reconnect the baseboard wires to the circuit of the 
Slider-Tuned Crystal Set as shown in the drawing. Listen 
to the detected radio waves as you tune the coil by 
sliding the brass ball over the sanded wire path. You 
should be able to receive the radio stations much better 
than the untuned detector circuit of Experiment 1. 
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LOADING COIL 


An additional slider tuned coil, Li, can be used as a 
Loading Coil to increase the electrical length of your 
antenna, This may allow better reception of the lower 
broadcast band frequencies, Connect Li in series with the 
antenna lead to the receiver, and tune it for best 
reception, 


WAVE TRAP 


u 


REC ) 


ci 


Li can also be used in a Wave Trap circuit to tune out a 
strong local signal, and allow easier tuning of weaker 
stations, Cl is a 365 mmf variable capacitor connected in 
parallel with Li, Adjust Li and Ci so that the 
interfering station is at’ minimum, 
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ANT 


GND 
List of Materials sp 


Ct - 365 mmf variable capacitor. 
D1 - Germanium diode (1N34A or 


equiv.). 
L1 - Ferrite coil (see text). 
4 - Fahnestock clips. 


2 - wood sections; 6 X 1/2-inch 
square (see text). 
BASE - 8 1/2 X 6-inch sheet 
plastic (see text). 
PHONES - 2000-ohm headphones 
MISC, - plastic tube section for 
Ll primary winding (see text), 
solder lugs, machine screws and 
nuts, wood screws, bracket for C1 
(see text), knob for C1, hookup wire. 
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FERRITE COIL CRYSTAL SET 


This crystal set has a large ferrite core coil Li of a 
type that is normally used for a built-in antenna in 
portable radios, This type of coil has a very high "Q" 
and may be more selective than an air-core coil. As you 
can see in the schematic, a primary coil is wound around 
the ferrite coil, The original winding is used as the 


secondary. 


The primary coil (connected to the antenna and ground) 
can be moved close to, or away from, the secondary 
(original winding connected to D1), his variable 
coupling is used to control the selectivity of the 
crystal set. 


PRIMARY COIL 


The primary coil is wound on a 1-inch section of plastic 
tube that can fit loosely over the ferrite rod. A 
1/2-inch diameter plastic tube is used on the receiver 
shown in the illustration, Wind 12-turns of hookup wire 
evenly over the tube and twist the ends together to 
prevent movement, Leave 4-inch leads from the primary 
goil winding. Slide the primary coil over the center of 
Li, 


BASEBOARD 


The crystal set components are mounted on a 8 1/2-inch by 
6-inch section of sheet plastic, The thickness of the 
plastic is not critical, but it must be rigid enough to 
hold the parts without bending. A 6-inch long 1/2-inch 
square wood section is installed under each end of the 
baseboard, A section of wood can be used for the 
baseboard with wood screws to mount the parts, in place 
of machine screws and nuts, 
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The model shown uses a plastic variable tuning capacitor, 
but an air type capacitor can be used for Cl instead. 
Make a metal bracket approximately i-inch wide by 1 
1/l-inch high and a 1/2-inch right angle mounting foot 
from sheet aluminum, Drill a hole in the top of the 
bracket to fit C1 and two holes in the mounting foot to 
fit small machine screws. Locate the components on the 
baseboard as shown in the illustration and then drill 
mounting holes. If you have a cardboard or plastic 
mounting supplied with ferrite coil Li, you can mount it 
on the baseboard. If not, Li can be taped loosely on top 
of the baseboard. Th ferrite coil Li in our crystal set 
was obtained from an old radio, Install the components on 
the board with solder lugs, machine screws, and nuts. 


WIRING 


Connect the parts with hookup wire as shown in the 
illustration. Use the schematic diagram as a guide. Make 
sure that the ground lead from 11 secondary passes inside 
the primary coil, Also check that the primary coil slides 
freely over the Li winding, Install a knob on the Ci 
shaft, and mark the terminal designations on the 
baseboard. 


Experiment 1 

Hookup the antenna, ground and 2000-ohm headphones to the 
crystal set terminals, Slide the primary coil over the 
center of the Li winding. Tune C1 for radio stations. 
Then slide the primary coil towards the ground end of L1 
while tuning C1. Note the difference in selectivity. 
Experiment 2 


Change the number of turns of the primary winding and 
repeat Experiment 1, 
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Operating Tips 


After operating a crystal set for some time, you may 
notice a difference between day, evening, and night 
reception of radio stations. This is due to the two ways 
that radio signals travel between the transmitting 
antenna and a receiving antenna, 


(a) The ground wave; which moves along the surface of 
the earth. 

(v) The sky wave; which travels upward and is 
reflected by the ionosphere, 


The reception of broadcast stations is dependent upon the 
time of day, During daylight hours, stations are received 
primarily by ground wave transmission, At night, the 
broadcast stations will be received via sky wave 
transmission, Also, some radio stations change to a lower 
power at night, Reception in the eyening may be more 
difficult as the fading ground wave is interfered with by 
reflected waves, But later, it may be possible to hear 
far-away stations transmitted by sky wave. 


Your geographical location to radio~ stations is very 
important for reception, as a crystal set receiver does 
not amplifiy signals, It is entirely dependent upon the 
strength of the radio waves, If you are in a deep valley 
surrounded by high mountains, reception will be 
difficult, If you live in a flat plain, with no obstacles 
to radio transmission, reception may be very good. 


An outside antenna is necessary for for best reception. 
If possible, try erecting an extra antenna at a right 
angle to the original one, and switch it in to provide a 
directional effect for increased signal strength. Keeping 
a log of received stations for a week may be helpful in 
determining the radio reception conditions in your area, 
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List of Materials 


C1 - 365 mmf variable capacitor. 
Di ~ Catwhisker crystal detector 
(or 1N34A or equiv. diode). 
Li - Spiderweb coil (see text). 
4 - Fahnestock clips. 
2 - small alligator clips 
BASE - 8 X 6 X 1/2-inch section 
of wood (see text). 
MTG. POST - 5 x 3/4 x 3/8-inch 
wood section (see text). 
PHONES - 2000 ohms headphones, 
MISC. - Coil form (see text), 
No. 22 enameled copper wire, 
solder lugs, hook-up wire, 
wood screws, machine screws, 
and nuts. 


SPIDERWEB COIL CRYSTAL SET 
26 


simple projects 


SPIDERWEB COIL CRYSTAL SET 


The spiderweb coil is a tuning coil that is wound on a 
flat wheel form that has an uneven amount of spokes, This 
type of coil was also used as a loop antenna in early 
radios. 


Our receiver uses a tapped spiderweb coil that is tuned 
by a variable capacitor. As shown in the illustration, 
the spiderweb coil is mounted at the rear of a 8-inch by 
6-inch by 3/4-inch wood base. A catwhisker crystal 
detector anda variable capacitor are mounted near the 
front of the wood base. 


SPIDERWEB 


The spiderweb coil is wound on a 6-inch diameter flat 
form that has nine vanes. Make a tracing of the spiderweb 
coil form template on the next page. Then use carbon 
paper to transfer the tracing to a section of 1/8-inch 
fibreboard or sheet plastic. Cut the coil form out with a 
jeweler's saw, and drill a center hole to fit a small 
wood screw. 
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Spiderweb Coil Form Template 
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integrated circuit 


digital 


Figure 11413. A simple D-type flip-flop. The inverter guar 
ntees that the state of ane input wil always be appasite 
ta the state of the ather 


Figure 11-14 uses snapshots to show how the 
circuit responds to changing input and clock 
conditions. initially, in the top panel, the data in- 
put is high, the clock input is high, and the Q 
output is high. in the second panel, the clock 
goes low, causing the output from the upper 
NAND gate in the input stage to change from low 
to high. But the upper NAND gate in the output 
stage still has one low input, so its state remains 
unchanged. In fact, the S and Rinputs of the out- 
put NANDs are now both high, which creates the 
hold condition. 


In the third panel, the D input changes from high 
to low, but this has no effect so long as the clock 
is low. The D input can fluctuate repeatedly, and 
nothing will happen until the clock goes high, as 
shown in the fourth panel, Now the clock copies 
the new D input state through to the output. 


D 
oe 
INV, 
Glock 
D 
| 
INV, 


Clock 


INV, 


Glock 


Figure 11:14. Four snapshots showing the behavior of a 
D-type flip-flop. 
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simple projects 


Wind the coil with No. 22 enameled copper wire, starting 
from the center and winding outward. Leave about 5-inches 
of the starting end of the wire free. It will be used as 
a connecting lead, Feed the wire behind a vane and over 
the front of the next vane as you wind. Wind the wire 
closely and evenly on the form, It is not necessary to 
count the turns. Wind the wire to about 1/4-inch from the 
end of a form vane. Then drill a small hole near the vane 
end, and bend a solder lug through it. Solder the wire 
end to the lug. 


On one of the vanes, count down five wires and then 
carefully lift it outward, Remove about 1/4-inch of the 
enamel with a section of sandpaper and then bend the end 
of a solder lug aound the bared wire. Solder the lug to 
the wire, then cut off remaining portion of the lug (away 
from the bentover end), Repeat this every five turns 
until you have a total of six lug taps on the coil, 
Stagger the lugs away from each other to keep them from 
shorting. 


BASEBOARD 


As shown in the illustration, the Spiderweb Coil Crystal 
Set parts are mounted on a wood baseboard. Cut the 68-inch 
by 6-inch baseboard from a section of 1/2-inch thick 
wood. White pine was used in our model. Sand the surface 
of the wood after cutting. 


Make the spiderwebd coil mounting post by cutting out a 
5-inch by 3/4-inch by 3/8-inch wood section, Then cut a 
notch in the center of the rear of the baseboard to fit 
the wood section, Install the wood section in the notch 
with small wood screws. 


Mount the parts on the baseboard as shown in the 
illustration with small wood screws. If the mounting 
holes of the tuning capacitor C1 are on the bottom, drill 
matching holes in the baseboard and use flathead machine 
screws to hold the capacitor. 


Install solder lugs with the four terminals, and mount 
the spiderweb coil to the mounting post with a wood screw 
through a center hole in the coil form. The coil should 
be positioned with the lugs facing forward (on the left 
side of the coil form). 
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WIRING 


Connect the crystal set components with hookup wire as 
shown in the illustration. Use 6-inch lengths of 
insulated stranded wire to the two small alligator clips. 


Experiment 1 


Connect antenna, ground, and 2000-ohm headphones to the 
crystal set. Then connect the D1 alligater clip lead to 
the antenna terminal, Set the tuning capacitor C1 to 
minimum capacity (rotor blades all the way out). Connect 
the antenna clip lead to the tap on Ll near the center of 
the form. 


Adjust the crystal detector Dl catwhisker to a sensitive 
spot and tune Cl for a radio station, It may be easier to 
tune for stations if you temporarily connect a crystal 
diode (iN34A or equiv.) in place of the catwhisker 
crystal detector. 


After a station is heard, you can disconnect the diode 
and probe for a sensistive spot on the crystal with the 
catwhisker. Change the antenna clip lead to other Ll taps 
and continue tuning Cl for radio stations. 


Experiment 2 


Disconnect the D1 clip lead and reconnect it to a tap on 
Ll close to the center of the coil. This will load 11 
more lightly than if the detector was connected to the 
top of the coil, Repeat the tuning procedure of 
Experiment 1 and note the difference in selectivity and 
volume of the received radio stations. Then tune in a 
radio station and move the Di clip lead to other taps on 
Li, There will be a particular tap point for optimum 
selectivity and volume for each received station. 
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ADVANCED RECEIVER PROJECTS 


DUAL TUNED CRYSTAL SET 


This crystal set circuit uses two variable capacitors C1 
and C2. As you can see in the schematic drawing, Cl tunes 
the ground circuit, and C2 tunes a tapped coil Ll. The 
taps of Ll are connected via the rotary switch Sl. 


TUNING COIL 


Look at the drawing of the coil form construction details 
on page 34. The tuning coil Ll is wound on a section of 
1/8-inch wall plastic tube, 2-inches in diameter, and 
approximately 4-inches long. 


Drill holes in the form and install three solder lugs 
with machine screws and nuts. Position the solder lug 
ends towards the coil form ends as shown. 
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ANT A c a 


PHONES 


i 

Iltpy, GND. Ze 

List of Materials ne i 

1,2 - 365 mmf variable os 
capacitors, aT 


D1 - Germanium diode 
(1N34A or equiv.). 


Li - Tuning coil (see text). DUAL TUNED 
$1 - 1-pole, 10-position 

rotary switch (see text). CRYSTAL SET 
4 - Fahnestock clips. 


Small alligator clip. 
piSeeoarD - 5x 8 x 3/8-inch 

wood section (see text). 
PHONES - 2000-ohm headphones. 
MISC. - Coil form (see text), 
No. 24 enameled copper wire, 
solder lugs, hook-up wire, 
wood screws and nuts, knobs, 
bracket for Sl. 
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The coil Ll is wound with No, 24 enameled copper wire, 
and is tapped every five turns for a total winding of 75 
turns. 


Drill a small hole in the coil form approximately 1 
1/4-inch from the "A" lug. Remove the enamel from the 
end of the No. 24 wire and then feed the wire end through 
the hole. Solder the wire to lug "A". 


> 
©: 


Wind five closely spaced tight turns around the coil 
form. Then bend back and twist together 1/2-inch of the 
wire to make a tap. Position’ the tap outward and then 
continue winding the coil, keeping the turns as tight and 
close together as possible. Make a tap every five turns 
and then drill a small hole in the coil form after the 
75th turn. Feed the wire through the hole, remove enamel, 
and solder the end to lug "B". 


BASEBOARD 


The Dual-Tuned Crystal Set is built on a wood baseboard 
as shown in the illustration. Cut the 5-inch by 8-inch 
baseboard from a section of 1/4-inch thick plywood. Sand 
the edges and surface of the baseboard to remove any 
splinters. Drill holes in the baseboard and install the 
parts with small machine screws and nuts in the locations 
shown in the illustration, Drill mounting holes at each 
end of the tuning coil Li and position it on the rear of 
the baseboard with the coil taps toward the front. The 
illustration shows a commercial rotary switch, but a 
wooden rotary switch can be used for S1 instead. (See 
page 53 for construction details.) 
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Install the four fahnestock clips (used as antenna, 
ground and headphone terminals) with solder lugs. Mount 
an additional solder lug on the baseboard midway between 
S1 and Li. 


WIRING 


Connect the crystal set parts with hookup wire as shown 
in the pictorial illustration and the schematic diagram. 
Use the center solder lug as a junction point for leads 
from C1, G2 and Si as shown in the illustration. Connect 
the leads from Si to the taps on Li in numerical 
sequence; every 5 turns for 7? taps. Then connect the last 
three leads every 10 taps. Insert the lead ends into the 
taps and hold them with a drop of solder. This will make 
it easier to move leads to other Li taps. Use a 5-inch 
length of stranded hookup wire for the alligator clip 
lead connected to Di at solder lug C. 


Experiment 1 


Connect 2000-chm headphones, antenna and ground leads, 
to the crystal set terminals. Then connect the D1 clip 
lead to the L1 "A" solder lug. 


Set S1 to each tap position in turn and tune C1 and C2 
for received radio stations. If all of the local 
stations can not be heard, experiment with different 
connections to the Ll taps. More turns may have to be 
added to Li (with additional five-turn taps) to receive 
stations at the lower frequency end of the broadcast 
band. 


Experiment 2 


Remove the Di clip lead from "A" and then connect it to 
the “B" solder lug on Li. Repeat the tuning method of 
Experiment 1 and note if the crystal set is more 
selective. This is possible, because Li is now connected 
as an rf transformer, You can also connect the D1 clip 
lead to each of the S1 taps and note if there has been 
any improvement in reception. 
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SELECTIVE CRYSTAL SET 


This receiver uses two spiderweb coils in a two-circuit 
tuner for good selectivity and sensitivity. As you can 
see in the schematic diagram, the antenna-ground rf 
input circuit is tuned by Li-C1 for maximum signal gain. 
Ll acts as the primary winding of an rf transformer, with 
L2-C2 as the tuned secondary. Coupling between L1 and L2 
is variable for best selectivity, L2 is connected to a 
catwhisker crystal detector and the audio signals are fed 
through the phone jack to 2000-ohm headphones. 


As shown in the illustration, the crystal set parts are 
mounted on the rear of a black plastic panel. This type 
of layout is similar to the type of construction of the 
old-time crystal sets. 


SPIDERWEBS 


Both L1 and L2 spiderweb coils are made exactly the same 
way. Li and L2 are wound on 17-vane coil forms 3 
5/8-inches in diameter, The coil forms in our receiver 
are made from 1/16-inch sheet plastic of the same type 
used for printed circuit boards (but without the copper 
foil). any kind of rigid sheet plastic should be suitable 
for the coil forms. 
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Make a tracing of the spiderweb coil template. Then use 
carbon paper to transfer the tracing on a section of 
1/16-inch thick sheet plastic. Cut out the vanes with a 
jeweler's saw. Drill two holes as shown, and install the 
two solder lugs. 


COIL FORM TEMPLATE FOR Li-L2 


Wind as much No.22 enameled wire as possible on each coil 
form. Solder the wire to a solder lug before winding a 
coil. Then wind the wire over ‘a vane and under the next 
vane. Wind the wire closely and evenly on the form. It is 
not necessary to count the turns. Solder the wire end to 
the remaining solder lug 
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Summary 


+ An SR flip-flop can be used for switch de- 
bouncing, but in other applications it can 
enter an unacceptable race condition if its 
inputs and power supply are not carefully 
controlled. 


+ AJK flip-flop is gated, meaning that an SR 
Circuits preceded with an input stage and a 
clock input. This eliminates the race condi- 
tion, adds the ability to toggle the outputs, 
but requires a very brief clock input. The cir- 
cuit is edge-triggered. 


+ Amaster-slave flip-flop consists of two flip- 
flops, one driving the other. They can be JK 
type or SRtype. The first flip-flop is activated 
bya positive clock state, while the second is 
activated by the subsequent negative clock 
state. Timing issues are resolved. 


+ A D-type flip-flop is gated with an inverter 
between the inputs, so that they cannot be 
simultaneously high or low. Consequently, 
only one input, labeled D, is needed. A high 
state on the D input causes a Set condition, 
while a low input causes a Reset condition, 
but only when the clock copies the status of 
the inputs through tothe outputs. The status 
of the outputs remains stable (the flip-flop 
enters a hold condition) after the clock goes 
low. 


+ The JK circuit used to be widely used, be- 
cause ofits versatility. The D-type circuit now 
predominates. 

+ A T-type (togaling) flip-flop exists but is un- 
common, and is not included in this ency- 
clopedia. 

+ Many flip-flop circuits exist in addition to the 
ones that have been illustrated here. Only 
the most commonly cited circuitshave been 
included. 


A chip containing two positive-edge triggered 
D-type flip-flops is shown in Figure 11-15. Each 
flip-flop in this component has its own data, set, 
and reset input and complementary outputs. 


integrated circuit > digital > flip-flop 


Figure 1115. This chip contains two positive-edge trig- 
gered D-type flip-flops. 


Variants 


A selection of schematic symbols representing 
flip-flops is shown in Figure 11-16. Letters 5, RJ, 
k, or D define the type of flip-flop. Q and NOT-Q 
are the outputs, CLK is the clock input but may 
alternatively be identified with letter E, meaning 
Enable. SRCK or SCLK may also identify it, the ab- 
breviations being intended to mean “serial clock. 


A triangle preceding CLK indicates that the flip- 
flop is positive-edge triggered. A circle, properly 
termed a bubble, preceding the triangle, indi- 
cates that the flip-flop is negative-edge trig- 
gered. In other locations, the bubble indicates 
thatthe input (or output) is inverted; it means the 
same thing as a bar printed above the text ab- 
breviation, and indicates active-low logic. Syn- 
chronous inputs are shown on the left side of the 
flip-flop with the CLK input, while asynchronous 
inputs (if any) are shown above and below the 
flip-flop rectangle. 


Using these guidelines, the examples in 
Figure 11-16 can be decoded: 
1. An.unclocked SR flip-flop with active-low in- 
puts (probably NAND-based). 


2. An unclocked SR flip-flop with active-high 
inputs (probably NOR-based). 
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CONSTRUCTION 


The panel used in our receiver is a 7 3/4-inch by 4 
1/2-inch section of 1/l4-inch thick black acrylic plastic. 
The size is not critical, but it should be large enough 
to mount all of the parts as shown in the illustration. 


Layout and drill the mounting holes of the components on 
the panel. Make sure that Cl and C2 are positioned so 
that the edges of the tuning knob dials are more than 
1/2-inch apart. Install the catwhisker crystal detector 
assembly, antenna and ground terminals, and the phone 
jack in the locations shown. 


As you can see in the illustration, Li is installed on 
the end of a variable coupling metal rod. This 1/4-inch 
diameter rod is 3-inches long with a flat side. Drill and 
tap a small hole close to the end of the rod. The rod 
used in our model came froma discarded volume control. 
Cut a 2-inch long by 1/2-inch wide by 3/8-inch thick wood 
section and drill holes to fit the rod, two mounting 
screws, and a hole for the rod set screw. Locate and 
mount the wood section in the center of a spiderweb coil 
Ll so that the rod will be 3/4-inch down from the edge of 
the top vane. 
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Hold L1 behind the panel and using the free end of the 
rod, locate the panel hole. Position Li midway between C1 
and C2, and make sure that the top edge of the coil is 
below the top of the panel. Drill a hole to fit the rod 
bushing in the panel hole location. The panel bushing in 
our model was removed from a discarded volume control. 


Drill a hole to fit the bushing in one end of a 2-inch by 
1/2-inch section of sheet aluminum. Bend the other end of 
the section to fit against the flat side of the rod. 
Install the metal ‘section and the bushing in the panel 
hole. 


Insert the rod into the bushing and make sure that the 
metal section end fits close to the flat side to prevent 
rotation of the rod. Install a knob on the rod end and 
make sure that the rod can be pushed in and out easily. 
If necessary, put a small amount of grease on the flat 
side of the rod. 


Install the remaining spiderweb coil L2 on a wood section 
that is mounted on the rear of the panel with two 
spacers. The spacers should be long enough for L2 to be 
located 1/4-inch behind L1 with the rod pushed all the 
way in. The 5 1/2-inch by 1-inch by 1/4-inch wood section 
in our model is supported with screws installed through 1 
1/2-inch metal spacers into tapped holes in the rear of 
Cl and C2. The screws and bushings can be made longer and 
mount into panel holes in your receiver. 


Install a wood section on the bottom rear of the panel to 
keep the receiver upright. A 5-inch by 3-inch section of 
1/4-inch thick wood is used in our receiver, 


SET WIRING 


Connect the receiver components with hookup wire as shown 
in the illustration and schematic diagram. Use flexible 
stranded wire for connections to Li. Make sure that the 
Ll leads do not touch any component as the variable 
coupling rod is moved in and out. 


Install knobs on C1, C2, and the variable coupling rod. 
Then place the crystal in the detector assembly. 
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OPERATION 


Connect antenna and ground leads to the receiver 
terminals, Plug in a set of 2000-ohm headphones into the 
panel phone jack. For easier initial operation of the 
receiver, temporarily connect a germanium diode (1N34A or 
equivalent) across the Dl connecting lugs. Make sure that 
the catwhisker is not touching the crystal at this time. 


Push the variable coupling rod half way in and tune C1 
and C2 for a station, Adjust the variable coupling rod 
and retune C1-C2 for best reception. Check operation over 
the entire broadcast band. It may be necessary to add or 
subtract turns of wire on Li-L2 for complete coverage. 
After checking operation with the germanium diode, remove 
it and try using the catwhisker crystal detector. 


List of Materials 


C1,C2 - 365 mmf variable capacitor. 
Di - Catwhisker crystal detector 

assembly. 
Li,L2 - Spiderweb coils (see 

text). 

2 - Terminals. 
1 - Phone jack. 
PHONES - 2000-chm headphones, 
MISC.- Plastic sheet for spiderwed coils, solder lugs, 
machine screws and nuts, wood screws, hookup wire. 
CONSTRUCTION MATERIALS (See Text). 


A - knob 

B - Panel 

B1- Bushing 

C - Aluminum section 
D - Rod 

E - Wood section 
FP - Setscrew 

G - Ll coil form 
H - Wood section 
I - Spacers (2) 
J - Wood section 
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List of Materials for Carborundum Crystal Set 


C1A-C1B - Dual 365 mmf variable capacitor, 

C2 - 365 mmf variable capacitor. 

C3 - 0.1 mf capacitor. 

ch - 1000 mmf capacitor. 

D1 - Carborundum crystal and catwhisker detector assembly 
(see text). 

J1 to J6 - Fahnestock clips. 

Li - Tuning coil (see text). 

Ri - 5,000-ohm potentiometer (linear taper). 

BAT - 6-volt battery 

PHONES - 2000-ohm headphones. 

MISC. Coil form (see text), No.24 enameled copper wire, 

1/2-ineh long spacers, perfboard strip (see text), 

push-in clips, solder lugs, knobs, hook-up wire, 1N34A 

diode (or equiv.), wood for base and Di detector assembly 

(see text), wood screws, machine screws and nuts, 

alligator clips X-Y, brackets for Ll and Rl. 
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CARBORUNDUM CRYSTAL SET 


Materials other than galena, silicon or germanium have 
the property of detection. In the beginning of radio, 
carborundum (the name given to a compound of silicon 
carbide) was also used as a detector, The required heavy 
catwhisker pressure made it suitable for the early radio 
stations on ships, as it did not fall out of adjustment. 
It would also handle the strong signal energy from nearby 
spark transmitters without burning out. But what makes 
this type of crystal detector different, is the necessity 
for a bias battery. 


A crystal detector has a high current flow with voltage 
applied so that it conducts in the forward direction 
(catwhisker to crystal), and a very low current flow in 
the reverse direction. The amount of current flow in the 
forward direction depends upon the characteristics of the 
crystal material and the applied forward voltage. 


FORWARD 
GUBRENT GERMANIUM SILICON CARBORUNDUM 
INGA 1NO14 
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O 4.2 3 4.8 6.7 8---------3 4 5 6 7 8 9 VOLTS 
FORWARD VOLTAGE 


TYPICAL CRYSTAL DIODE CURRENT 


The graph compares carborundum with germanium and silicon 
crystal detectors. Germanium minimum conduction voltage 
is about 0,3 V, Silicon is 0.6 V, and carborundum is 3 V. 
The high carborundum minimum conduction voltage is “the 
reason a bias battery is used to move the threshold down 
so that weak radio signal voltages can be detected. 
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TUNING COIL 


As shown in the illustration, the tuning coil L1 is wound 
on a cardboard (or plastic ) mailing tube section 
2-inches in diameter and 2 3/4-inches long. 


Q- 
PERF BOARD Se 


TUNING COIL ASSEMBLY 


Locate and drill a hole 1/4-ineh from each coil form end 
for machine screws to fit the two spacers. Also drill 
holes for two mounting brackets at one end. Then drill a 
small hole near each spacer hole to feed the wire on the 
form before you start winding. 


Wind the coil with No. 24 enameled copper wire. Tap the 
coil every 10 turns for a total of 9 taps. An easy way to 
make the taps is to twist the wire together for a half 
inch and position the free end out. Make all the coil 
taps in the area between the two spacer holes. Thread the 
free end of the wire through the small hole at the end of 
the form near the spacer hole. Make sure that all of the 
turns are tightly wound and close together. Use a section 
of sandpaper to remove the enamel from the tap wire ends. 
Then tin the ends, 
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Mount 9 push-in clips in a 1/2-inch by 2 1/l-inch perf 
board section. Locate and drill holes on the board and 
install it on the coil form with two solder lugs, 
1/2-inch spacers, machine screws, and nuts. Solder the 
coil taps to the ends of the push-in clips. Connect the 
coil leads to the solder lugs and mount the two 1/2-inch 
brackets on the coil form, 


DETECTOR 


The crystal detector assembly is vertical, (as shown in 
the illustration) instead of horizontal as in most 
catwhisker detectors. Begin construction by cutting the 2 
1/2-inch diameter base and 2-inch by 4-inch vertical 
section from 1/4-inch thick wood. 


DETECTOR ASSEMBLY 


Locate and install the two fahnestock clips on the base 
with solder lugs and small wood screws. Mount the 
vertical section on the edge of the base with wood screws 
(or cement), Locate and install the catwhisker holder 
with a solder lug, machine screw and nut near the top of 
the vertical section. 
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Temporarily position the crystal holder on the base so 
that the catwhisker will touch the center of the crystal. 
Locate and mount the crystal holder in this position with 
asolder lug and machine screw and nut. Connect the 
detector assembly with hookup wire as shown in the 
illustration. Solder a short section of coiled steel 
spring wire to the end of the positioning rod to serve as 
a catwhisker, Cut the end of the wire diagonally to give 
it a sharp point. 


BASEBOARD 


The receiver parts are installed on a 68-inch by 7-inch by 
3/4-inch wood base. Wherever poossible, small wood screws 
are used to hold the components on the base. 


Begin construction by laying out and installing the parts 
in the positions shown in the illustration. It will be 
necessary to make. a metal mounting bracket to fit Rl. 
C1A-B and C2 are mounted with machine screws in the 
tuning capacitor frames through countersunk holes in the 
base. Install solder lugs in the rear frame of both 
tuning capacitors. Also mount solder lugs with all of the 
terminals. Install knobs on the tuning capacitors and Rl. 


WIRING 


Use hookup wire to connect the crystal set parts as shown 
in the schematic and illustration. Connect 5-inch leads 
of flexible stranded insulated wire to each alligator 
clip. Solder one lead to the stator lugs of C1A-B and 
connect the other lead to Di. Connect C3 and C4 as shown 
and keep their leads as short and direct as possible, 


Experiment 1 

Connect your antenna to Jl, ground to J2, and 2000-ohm 
headphones to J5 and J6, Temporarily connect a germanium 
diode (iN34A or equiv.) in place of the carborundum 
crystal detector Di, The diode will make it easier to 
check out the receiver. 


Do not attach the battery 
to J3-J4 at this time, or 
the diode may be damaged. 
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Connect X C1A-B clip lead to the top tap of Li, and Y 
Dl clip lead to the second tap from the top. Tune in a 
radio station with C2 and then adjust C1A-B for best 
volume. Change the position of the clip leads and retune 
C1A-B and C2 for best reception. Check operation of the 
receiver over the entire broadcast band, 


Experiment 2 


Tune the receiver to a radio station and then disconnect 
the germanium diode. Do not disturb the receiver tuning. 
Install a carborundum crystal into the Di assembly. Set 
Ri to mid range, and connect a 6-volt battery to the 
receiver; negative lead to J3, positive lead to Jk, 


Adjust the Di catwhisker for a sensitive spot on the 
carborundum crystal, Then set Ri for best volume of 
received signal. Retune C1A-B and C2 and change the clip 
leads on the Li taps as necessary for reception of radio 
stations. 


Note 
Carborundum that will work as a detector may be hard to 
find. Grinding wheels are not suitable as a source, 


because the carborundun is usually in fine particles 
mixed with other material. Best bet is to contact 
collectors of antique radio parts. But you can use 
this receiver to experiment with minerals for 
semiconductor operation, See the Workshop Section for 
information on mounting mineral sections for detector 
experiments. 
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BOOK TUNING CAPACITOR 


During the roaring 20's,the Crosly Radio Corporation used 
a type of tuning capacitor that had two plates hinged 
together on one edge. The dielectric was a sheet of mica 
between the two plates. This type of tuning capacitor was 
called a Book Condenser. 


The tuning capacitor shown in the illustration is similar 
to the Crosly Book Condenser. It uses aluminum foil 
plates cemented to fixed and movable wood sections, and 
a plastic sheet dielectric (cut from thin transparent 
plastic notebook protector material). 


MOVING 1 kNoB 
SECTION 


DIELECTRIC 


FIXED SECTION 


Adjusting the tuning Imobd causes a metal cam to rotate 
and control the movement of a spring loaded wood section. 
This varies the capacity between the two foil plates. As 
the plates are brought closer together, the capacity 
increases. As they are separated, the capacity decreases. 
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3. An SR flip-flop with active-high inputs, 
pulse-triggered by an active-high clock in- 
put. 

4, AJK flip-flop with active-high inputs, edge- 
triggered by a rising-edge clock input. The 
bubble on the lower Q output means the 
same thing as a letter Q with a bar printed 
above it. 

5. A D-type flip-flop pulse-triggered by an 
active-low clock input. 

6. A D-type flip-flop edge-triggered by a 
falling-edge clock input. 

7. AJK flip-flop with active-high inputs, edge- 
triggered by a rising-edge clock input, with 
asynchronous active-low Preset and Clear 
inputs. 


Figure 1136. The schematic symbol for a flip-flop is an 
annotated rectangle, See text for an explanation of the let 
ters and marks 


Values 


Packaging 

Onlyabout 10% ofthe flip-flops listed by atypical 
parts warehousearethrough-hole chips. The rest 
are now surface-mount. Still, even ifthe search is 
narrowed further to through-hole packages in 
the 74x and 4000 series, at least 100 types still 
exist. They provide opportunities in education 
and prototyping work, even though they areless 
often used as standalone components. 


‘A package often contains more than one flip- 
flop. Dual and quad arrays are common. The fip- 
flops may be independently clocked, or may 
share a single clock input; datasheets should be 
checked carefully for details. Octal flip-flops, 
such as the D-type 74x273, are intended for use 
as eight-bit registers. 


‘Many of the older flip-flops are numbered in the 
74x series of logic chips. See Chapter 10 for a 
detailed guide to this numbering system and the 
various logic families. D-type flip-flops include 
74x74, 74x75, 74x174, and 74x175, where an ac- 
ronym for the logic family is substituted for the 
x, Old-style CMOS flip-flops include the 4042B D- 
type latch, the 40438 quad NOR SR flip-flop, and 
the 40448 quad NAND SR flip-flop. The last two 
are synchronous, and both allow two Set inputs, 
labeled S1 and S2 in the datasheet. 


Examples of JK flip-flops include the 74x73, 
74x76, and 74x109. 


Values 


As is the case with other logic chips, most flip- 
flops in the through-hole 74x series are intend- 
ed for SVDC power supply while the older 4000 
series may tolerate up to 18VDC. Surface-mount 
versions may use voltages as low as 2VDC. 


See “Variants” on page 93 for a discussion of ac- 
ceptable high and low logic input voltages. On 
the output side, the 4000 series chips are able to 
source less than ImA at SVDC, but the 74HCxx 
series can manage around 20mA, 


Ifa flip-flop is used for high-speed operation, the 
following values must be considered: 


Chapter 7 
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BOOK TUNING CAPACITOR 


of Materials 


3 x 3 1/2 X 3/8-inch wood section 

1 3/4 x 3/8-inch wood section 

3x 3 1/8 x 3/8-inch wood section (one end beveled 45 
= see text). 

3/4 - inch diameter wood dowel, 2 1/4 inches long. 

3 1/2 x 3 -inch sheet plastic (See text). 

2 ‘triangular 1-inch metal sections 

1/4-inch metal rod, 3 -inches long. 

Metal cam (see text). 

Machine screw (see text) 

Bushing 3/8-inch long (to fit rod G). 

®uning knob (to fit rod G). 

2 springs 1/4-inch diameter by 1 1/4-inch long 

4 solder lugs. 

. Small wood screws, nails, aluminum foil, machine 
ws, nuts, solder lugs and washers 
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CONSTRUCTION 


Start construction by cutting the wood sections from 
3/8-thick wood to the sizes shown in the drawing. Section 
@ has a 45 degree bevel at one end. This acts as a pivot 
point for the movable section. Drill and countersink a 
hole to fit a flathead machine screw in the places shown 
on sections A and C, Do not install the screws at this 
time. 


Cement aluminum foil on the top of section A and on the 
bottom of section C. Then cut and remove a 1/2-inch strip 
of foil from the front edge of section A, Cut a 1/8-inch 
strip from the remaining edges. Also cut away a 1/8-inch 
strip from all the edges of the foil on section C. 


Carefully slit the foil on top of the machine screw hole 
on section A and press the foil gently inside the hole, 
Install the flathead machine screw into the hole, making 
sure that it is in contact with the foil. Fasten the 
screw with a washer and nut. Make sure that the screw 
does not turn and rip the foil. Install a solder lug and 
nut on the free end of the screw. Repeat this operation 
with section C. 


Cut the sheet plastic E to size and place it on top of 
section A. Then place section B on top of the plastic 
sheet and install it on the end of section A with wood 
screws. Install the two metal sections F with small 
nails. 


Saw the metal rod G to size and tap one end to fit a 
machine screw. Cut the dowel D to size and center drill 
it to fit the rod G. Cut a flat on one side of the dowel. 


Make a tracing of the cam H template and cement it on a 
section of heavy gauge sheet aluminumm. Cut the cam to 
size and drill a hole to fit the rod machine screw in the 
location shown, Install the cam with a lock washer on 
rod G, Insert the free end of the rod into dowel D. Place 
section C on top of the plastic sheet E on section A. 
‘Then temporarily position dowel D with rod G in the 
center of section B. Rotate the cam so that its long end 
touches the top of section C, Mark the placement of the 
dowel on section B. Drill a hole in section B to fit 
dowel D. Cement the dowel in place. 
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Locate and install solder lugs with wood screws on 
sections A and C as shown in the drawing. Bend over the 
ends of the solder lugs and install two springs L in the 
lugs. 


Mount tuning knob K and bushing J on the free end of rod 
G. Adjust the knob and check that section C moves in and 
out with the cam rotation. changing the capacity between 
the foil plates. 


You may have to experiment with the cam diameter for best 
operation of section C. File the cam edges in small 
increments only and recheck the operation often. Use very 
light springs to keep section C from pressing against the 
cam and moving it. 


Reverse the camon rod G to alter the direction of 
capacity (clockwise or counterclockwise). The capacitor 
can be installed vertically on a receiver project with a 
small metal bracket mounted on the bottom side of section 
A. 
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ROTARY SWITCH 


List of Materials 


A - 2 1/4 diameter x 3/8-inch wood section. 

B - Flat head machine screws. 

C,L - Solder lugs. 

D - Nuts to fit B. 

E - Machine screw 1 1/k-inches long. 

F - 1/4 diameter x 1/2-inch long bushing (to fit E). 
G - Switch arm 1 x 1/4-inch (sheet brass, see text). 
H,K,M - Nuts to fit E. 

I,J - Washers to fit B. 

N - Small woodscrew, 
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ROTARY SWITCH 


In the early days, radio experimenters could not buy 
parts that are readily available today. ‘They had to build 
their radio components from wood sections and common 
hardware.The rotary, switch ilustrated is similar to a 
type constructed for use with tapped coils of crystal 
sets. 


The rotary switch shown uses flat head screws for contact 
points that are mounted on a wood section. The switch arm 
is cut from sheet brass and is installed on a machine 
screw. 


CONSTRUCTION 


Refer to the drawing of the rotary switch. Begin 
construction by cutting the 2 1/4-inch diameter section A 
from 3/8-inch thick wood. Locate, drill,and countersink 
the holes for the flathead machine screws B. The rotary 
switch shown has 10 machine screws, but you can space the 
hole locations for the number of switch contact points 
desired. Allow a space between the starting and ending 
contact points for the woodscrew N. This woodscrew is 
used as a stop for the rotary armG, Locate and drill a 
cer +r hole for the machine screw E. Install the screws B 
in section A with solder lugs C and nuts D. Install the 
woodscrew N. 


Measure and cut the rotary arm G from a section of. sheet 
brass. The arm should be long enough to reach the 
contacts. Make sure that it is not too wide, or it may 
short out to a nearby contact. Make a dent or "dimple" on 
the contact end, and drill a hole for screw E on the 
other end. Bend the rotary arm as shown in the drawing. 
Install screw E into bushing F, and arm G, and tighten 
the assembly with nut H. Place washer I on the screw and 
install screw E into the center hole of A, loosely fasten 
the screw with washer J and nut K, Then rotate the 
bushing F and arm G, Adjust the tightness of nut K as 
required to allow rotation of G with only a slight 
"drag". Install solder lug L on screw E with nut M, and 
bend the lug towards the screw end. Install knob 0 on 
bushing F, and recheck operation of the arm G. It should 
touch all’of the contacts B and stop at screw N. 


The rotary switch is used as shown in the Dual-Tuned 
Crystal Set Construction Project. Make sure that extra 
le’ * length is allowed for connection to the solder lug 
L, send the lead into a “pig-tail," so that it will not 
break as the solder lug L is rotated. 
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WORKSHOP 


The construction projects in this book can be built with 
common hand tools found in an average home workshop. 


Useful Hand Tools 


Safety glasses or face shield 
Steel rule 
Square 

Hack saw 

Wood saw 
Screwdrivers 
Pliers 
Wirecutters 
Tin snips 
Center punch 
Files 

Hammer 
Soldering Iron 


Wear safety glasses or face shield while working. Observe 
common sense safety precautions, 


SOLDERING 


Make sure that the part to be soldered is clean. Use only 
rosin core solder. Prepare the soldering iron tip as 
follows: 


File each surface of the tip to remove oxidation. Plug in 
the iron and let it heat until you can melt solder on the 
tip (before the copper tip turns blue or bronze color) 
Melt enough solder until all sides of the tip are coated. 
Then wipe off excess solder with a damp sponge or cloth. 
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workshop 


Make sure that the bare wire lead to be soldered is free 
of oxide, It is best to tin it first by melting a bit of 
rosin core solder on the lead end. Crimp the lead in the 
part hole to keep it from moving during soldering. Hold 
the iron tip under the part until it is hot enough to 
melt solder; Apply only enough rosin core solder to cover 
the surface of the part. Remove the iron. Do not move the 
part or wire while it is cooling. 


PROJECT CONSTRUCTION TIPS 


Tape a sheet of graph paper over a project wood section. 
Mark locations of the parts on the paper, Center punch 
mounting hole centers through the paper. Use a compass to 
draw circles the same size as the holes, Then drill holes 
through the paper. 


Lettering on the projects can be done with a labelmaker 
that prints on strips of adhesive coated plastic. You can 
also use decals or dry transfer lettering sheets. 


Small metal brackets can be made from heavy gauge sheet 
aluminum, Layout and drill the mounting holes and then 
cut it to size with a tin snips, Form the bracket by 
using a heavy mallet and a vise. 


Tuning Capacitors, Knobs, and Dials 


Old radios are a good source of components. The radios 
generally use two tuning capacitor sections ganged 
together. The receivers previously described will operate 
with one of the capacitor sections (365 mmf). You can cut 
out cardboard dises and cement them to radio knobs and 
use them as dials with the tuning capacitors. Mark the 
dials with dry transfer lettering, or black drawing ink. 


Panels and Cabinets 


The layout and construction of crystal sets is not 
critical. They can be fitted into many different types of 
wood cabinets. You can use almost any type of 
non-metallic box, but metal’ boxes are not recommended as 
sheet metal close to the tuning coil may lower its "Q". 
Black sheet plastic used for the front panel with white 
dry transfer lettering will give your receiver project an 
antique look. 
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MOUNTING MINERALS FOR CRYSTAL DETECTORS 


Minerals (galena, etc) for experimentation as crystal 
detectors, will work best when mounted in a metallic 
base. For temporary mounting (while testing), wrap 
aluminum foil tightly around the sides and bottom of the 
mineral, Then place it into a sheet metal ring or cup 
that will fit into the detector assembly. 


After testing, the mineral can be permanently mounted in 
a metal slug. Drill a shallow hole of a diameter equal to 
the detector assembly crystal ina block of wood. Fill 
the hole with melted solder, While the solder is still 
molten, carefully place your mineral section into the 
center. Hold the mineral in place with tweezers or long 
nose pliers until the solder cools. Then pry the metal 
slug out of the wood. Be sure that the top of the mineral 
section is free of solder. 
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Advanced receiver projects, 32 
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Ground wave, 25 
Ground, 10 
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Modulated radio waves,6 
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N type material,4 
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Operating tips,25 


P type material,4 

PN junction, 5 

Panels and cabinets, 5 
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Point contact diode,4,6 
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Reactance ,8 

Receiving radio waves,7 
Resonant frequency ,9 

Rf coil,8 

Rotary switch project, 53 
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Selective crystal set,37 
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Semiconductor diode,4 
Silicon,4 

Simple crystal set, 12 
Simple receivers, 12 
Sky wave, 25 

Slider tuned coil,17 
Slider tuned set,17 
Soldering, 54 

Space charge region, 5 
Spiderweb coil set,27 
Station log, 31 


Tapped coil, 32,44 
Tapped spiderweb,27 
Transmitted waves,6,7 
Transmitting station,6 
Tuned circuit,7,9 
Tuning crystal set,7 


Untuned detector, 20 


Variable capacitor,8 
Variable coupling, 39 
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How to Use It 


+ t, Setup time: The minimum time in nano- 
seconds for an input to be constant before 
the next clock pulse can process it. 

+ ty, Hold time: The minimum time in nano- 
seconds for an input to persist after the ac- 
tive edge of a clock pulse that has processed 
it. The interaction between a clock pulse and 
an input state takes a brief but measurable 
amount of time; errors may occur ifthe clock 
is given less than that amount of time to do 
its job. 

+ top Clock-to-output: The elapsed time after 
an active clock edge, before the output 
changes. This is a function of the internal 
workings of the chip, and may be broken 
down into low-to-high and high-to-low out- 
put transitions, as follows. 

Tous Propagation to Low+to-High: The 

elapsed time after an active clock edge, be- 

forealow-to-high swing occursat an output. 

This may not be identical to Ta. 


+ Tr Propagation to High-to-Low: The 
elapsed time after an active clock edge, be- 
forea high-to-low swing occursat an output. 
‘This may not be identical to Thus. 


+ fay Maximum clock frequency for reliable 
operation, 

+ typ The minimum high clock pulse width in 
nanoseconds. 


+ ty The minimum low clock pulse width in 
nanoseconds, 


Ina shift register or counter, where multiple flip- 
flopsare cascaded but they share the same clock, 
the tg of one flip-flop must be shorter than the 
hold time of the next flip-flop, to allow the input 
of data to be complete before the window of op- 
portunity is over, 


integrated circuit > digital > flip-flop 


How to Use It 


The asynchronous SR flip-flop is of primary use 
in debouncing switches, Examples are the single 
MAX6816, dual MAX6817, and octal MAX6818. 


D-type flip-flops are widely incorporated in fre- 
quency dividers, which are used to count pulses 
and display a binary output. if the NOT-Q output 
is wired back to the D input, the pulse stream to 
the clock input will have the following effect: 


1, Suppose the initial D state is low and the in- 
itjal state of the NOT-Q output is low. 

2, Thefirst high clock pulse propagates the low 
D state into the flip-flop. 

3, The next low clock state forces the NOT-Q 
output high. This feeds back and creates a 
high D input. 

4, The second clock pulse propagates the high 
D state into the flip-flop. 

5, Thenextlow clock state pulls the NOT-Qout- 
put low. This feeds back and creates a low D 
input. 


The sequence then repeats. Only one high out- 
putis generated at NOT-Q (or at Q) for every two 
clock pulses; thus the circuit can become a 
divide-by-two counter. ifthe Q outputs tapped 
to serve as the clock input for another flip-flop, 
that circuit now has a divide-by-four output. A 
series of many flip-flops canbe chained together, 
so long as the propagation of signals along the 
chain is fast enough to occur before the next 
clock pulse. This is known as an asynchronous 
counter. 


For more information on the use of counters, see 
Chapter 13. 


While flip-flops have tended to be integrated 
with other components in digital computing, 
they are still used as registers where 8 or 16 bits 
of serial data must be assembled at a time, prior 
to being disseminated as parallel data, 
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A sun-powered transistor amplifier 


makes this a— 


Space-Age 
Crystal Set 


By D. S. Halacy Jr. 


HIS tiny radio puts satellite tech- 
nology in the palm of your hand. 

Like radios in artificial moons, it's 
powered by the sun—or any other light 
Basically, it's a 1960-model crystal set. 
A tugged sealed-inglass, diode has, re 
placed the shaky catwhisker and galena 
crystal. The usually faint crystal-set si 


Author Halacy is an expert on the. sun, A 
couple of years ago he wrote Fabulous Fire- 
ball, a book that tells the story of the sun and 
solar energy. Last fall. Macinillan also pub- 
lished his Fun with’ the Sun. a book deserib- 
ing how to make seven solar-energy project: 
at home. The present, article is an outgrowth 
of his research for the latter book 
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LIGHTPOWERED RADIO plays_ indoors 
under artificial light, too. Perform- 
ance is boosted by connecting antenna 
to TV aerial or telephone-dial finger 
stop: a short length of wire, with al- 
ligator clips at the ends, helps, 


nal is magnified many times by a tran- 
sistor, in turn powered by a high-efficiency 
solar cell. 

unit—and other parts—can prob- 
ably be obtained locally for less than five 
dollars. All are standard parts, stocked 
by most retail and mail-order shops. In a 
pinch you can substitute the less-efficient 
International Rectifier B2M selenium 
cell for the quarter-round section of a 
Hoffman silicon solar battery. 

First steps. Best place t0 begin con- 
struction is with the case for the radio— 
a small plastic box. You may find one in 
the medicine chest or at the druggist's. 
Start the necessary holes with a hot ice 
pick, then file or feam to size Keep try- 


ing the part as you enlarge the hole, to 
insure a snug fit. 

The case can be painted or left trans- 
parent. The one pictured has a finish of 
Day-Glo spray paint, applied to the out- 
side of the case. The paint softened the 
plastic slightly and created a wrinkled 
finish. 

‘The hinged top is left clear and a piece 
of painted bond paper cut to fit inside. 
This paper was lettered, and cut to accept 
the dial shaft and solar battery. The 
lettering is pure whim—there’s no trade- 
mark or commercial name. 

‘After painting, go ahead with the as- 
sembly. Set the antenna mounting base 
through the bottom hole, put on the nut, 


cut off excess threads, and file smooth. 
Add a 6-32 screw and nut to the other 
side if you expect the radio to stand up. 


Condenser and battery. Install _ the 
tuning condenser in the ‘hinged top by 
first removing the dial and the small 
flathead screws. Remove both hex nuts; 
use one on the outside to hold the con- 
denser in place. Then mount the dial and 
twist the silver center screw thumb tight. 
Place the solar battery in position over 
the opening in the bond paper, and fasten 
it in place with a strip of cellophane tape. 
Bend the loopstick mounting bracket 
as shown, snap the loopstick in place, and 
fasten the bracket with a 6-32 screw and 
[Continued on page 230] 


Space-Age Crystal Set 

{Continued from page 171] 
nut. Install the phone jack, and the radio 
is ready for wiring. 

Use stranded hookup wire; it can take 
the flexing imposed by opening and 
closing the case. 

Pitfalls for amateurs, The _ wiring 
shown in the drawing is straightforward 
and follows the circuit schematic. If 
you're familiar with electronic wiring, 
you'll probably find some short cuts. If 
you're a beginner, stick to the diagram. 
If you run into trouble, don't hesitate to 
remove the parts, do the soldering out- 
side, and then replace them. 

Use care when soldering the diode and 
transistor—excess heat will damage them. 
Sidestep part of the risk by soldering to 
the lugs of a transistor socket, then slip- 
ping the transistor in place. You'll have 
to clip the transistor's leads to make it fit. 

Bend the diode's leads to fit before 
soldering it between the base of the tran- 
sistor and the loopstick. 

Close the case when you've finished 
soldering, plug in the earphone, and lis- 
ten. There's no on-off switch: The battery 
never wears out. 

You should pick up stations at their 
proper position on the dial as indicated 
by the point of the battery or a dot on 
the lid. If the calibration is too far off, 
make a hole in the end of the case in line 
with the slotted screw on the loopstick. 
Turning this screw one way or the other 
will shift the stations enough to align 
the dial. 

Outdoors, you'll find you don't have to 
point the Solar Mite at the sun—there is 
plenty of incident light for satisfactory 
operation. Keep the whip upright for 
maximum volume. 

For stronger signals. Touching the 
silver center of the tuning dial may give 
you a stronger signal, since your body 
acts as a ground. Also try wetting your 
finger before touching the dial. 

While the Solar Mite will play on the 
whip antenna, for peak performance con- 
nect the whip to your TV antenna. If 
you don't have an outdoor antenna of 
any kind, clip a lead on the finger stop of 
a telephone dial. You'll find that the 
radio works well enough to bring in a 
strong station even in the dark—acting 
as a crystal set without the help of its 
transistor amplifier. 
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CRYSTAL SET 
CONSTRUCTION 


SIMPLE INSTRUCTIONS FOR MAKING 
NINE CRYSTAL SETS 


by B. B. BABANI 


There is to-day a marked revival of interest in crysta™ 
receivers, and this book has been specially prepared to introduce 
the home constructor to the design and building of the various types. 
The text ts simple and free from technicalities, so that even the 
young reader may confidently embark on the construction of any of 
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PIG! SYMBOLS USED IN THE CIRCUITS DESCRIBED. 


|. Aerials. 

‘One of the essentials for satisfactory reception with crystal sets is an efficient 
aerial. Four different types are suggested and are shown in Fig. 

There are several important points to be noted when erecting an aerial for 
a crystal set. 

(1) See that it is suspended as high as possible and is not screened by tall 
buildings, obstructions, ete. 

(2) The aerial itself and the tead-in from the aerial must be adequately 
insulated. Be sure that the porcelain or plastic insulators do not permit the 
aerial or lead-in to touch the building, tree. or post from which they are 
suspended. The lead-in should be brought into the house through an insulated 


rod. 
(3) It is exceedingly important to use insulated copper wire, either single 
or mutti-stranded, for both the aerial and the lead-in, 


2, Earths. 


An adequate ang efficient carth contributes to the good performance of any 
well-designed oye set and Fig. 3 shows the best method of obtaining an 
efficient earth where there is a garden or patch of ground avaitabie at a short 
distance from the receiver. 

Obtain @ 3-ft. length of j-in. gaivanised iron pipe and at one end drill a 
hole right through. Insert a bolt with spring washer and locking nut in the hole. 
Connect the earth lead-in wire to the bolt; the other end of the lead-in to the 
earth connection on the receiver. Leave both ends of the pipe open. Insert 
the end opposite the bolt into the ground vertically untit only 3-in. are showing 
above the surface of the surrounding earth. 

Tt is important to see that the surrounding ground is kept damp, if necessary 
yy ‘coatouly, pouring a pint or two of water down the open projecting end 
of the pipe. 

Ready-made copper earthing rods with a pointed end for easy hammenng 
into the carth are sometimes obtainable from radio dealers. 

Should a garden not be available, an alternative earth is a cold water pipe 
coming from a rising main, Simply file very lightly the pipe at the back of the 
tap and wind the copper wire earth lead-in round the filed part and cover the 
joint with insulating tape. 

In no circumstances should a gas pipe be used for an earth. 


3. Crystal Detectors. 


Most radio dealers can supply very efficient permanent or semi-permanent 
crystal detectors of proprietary makes. However, there are always availeht= 
quite a numberof ex-Government surplus units which are called crystal valves 
and, though these were originally designed for a very different use in service 
equipment, they are easily adaptable und will give extremely efficient results 
when used in circuits designed for them. To enable the constructor to purchase 
suitable types for this purpose—and they cost very little—the following list 

es the Government reference numbers. 

101, CV 102, CV 103, CV 111, CV 112, CV 113, CV 226, CV 241, CV 246, 
CV 247, CV 253, Cv 291, CV 331, CV 361, CV 364, CV 367, CV 727, CV 749, 
and CV 1785. 

‘One of the satisfactory proprietary makes of this class of crystal detector 
is the BTH CS7A, which, incidentally, is the commercial equivalent of the CV 253. 

For all these Government types, one connection should be made to each 
end by arranging a holder to fix them into or by carefully soldering the appropriate 
connecting wires to each end. 
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In Fig. 3 two methods are shown of fixing the coil to the chassis. However, 

the ingenious constructor may evolve another arrany : 
he important thing to remember is that the coil should be fixed so that it 
is completely insulated from the metal chassis that may be used. 

It is also important to remember that if a metal chassis is used, one must 
see that all components and wiring, with the exception of earth connections, 
are adequately insulated from this chassis so as to mwke sure that no short 
circuits take place. It is recommended that all crystal sets should be built 
on a panel, and that both panel and chassis should be of bakelite, paxolin or 
perspex, as these three materials are efficient insulators in themselves. 


5. The Beginners’ Crystal Receiver. 


The popularity of the crystal receiver among beginners is undoubtedly due 
to the very modest outiay necessary, and the ease with which such receivers 
may be built. It is not always appreciated that, to obtain worth while results, 
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iar more care in avoiding losses is necessary than with a three or four valve 
receiver, Ove reason for this is the fact that the crystal receiver can offer no 
help by way of amplification and it is therefore dependent on an efficient aerial/ 
earth system, low loss design within the receiver itself, and the use of sensitive 
headphones.” The experience gained is well worth the time expended since, 
when more ambitious receivers are attempted, the constructor will remember 
the benefits gained by efficient construction and installation with the result thar 
each receiver attempted will be an instrument capable of giving a first class 
performance. 

Losses within the receiver itself may be considerably reduced by efficient 
coil design. Unfortunately, selectivity is a factor which must not be overlooked; 
ivis this factor which governs the sharpness of the tuning and permits the separa- 
tion of adjacent powerful stations, The greater the selectivity, the greater the 
ease with which signals may be separated; but at maximum selectivity the 
received signals are at minimum strength. In Fig. 4, the coil is tapped at four 
points, which enables the best point between selectivity and sensitivity to be 
Chosen, The nearer the aerial tap to the earth end of the coil, the greater the 
seiectivity, ‘The pre-set condenser CI also aids selectivity; at minimum capacity 
the selectivity is high, and vice versa. 

Used in conjunction with the coil taps, the constructor should haye no 
aiificulty in selecting a condenser setting and tapping point which permit the 
swception of strong signals and at the same time effect the required separation 
of powerful stations, 

The coil is constructed on a former 3-in, diameter x 2-in., and consists 
of 5C turns 36 S.W.G. enamelled wire close wound and tapped at every tenth 
turn, ‘These taps are brought out in the form of loops twisted firmly so that 
there is no actual break in the winding continuity. After completion the 
winding may be painted with Durafix to prevent any movement, and the taps 
and two free ends cleaned with emery cloth to remove the enamel. The tayout 
and wiring is shown in Fig, 4. The headphones should have a resistance of 
tome 4,000 ohms or more and should be of reputable manufacture. Any of 
‘te serials previously described are suitable for use with this receiver. 


2.0005 variable condenser. 2 oz. 30 S.W.G. enamelled copper 

C1 0002 pre-set condenser. * ‘wire. 

€3_ 001 mica condenser. 1 Coui tormer 3-in. dia. x 2-in. 

1 Crystal detector, semi-permaneat 1 Ebonite or Bakelite panel 6-in. 
pattern, Sein. x f-in. 


4 terminals, connecting wire, ste. 


. Frame Aerial Receiver for Local Station use 
‘on Medium wave bands. 


This ieceiver was specially designed for constructors who are within 
5 to 10 miles of a powerful station and who have no facilities for constructing 
@ guod outdoor aerial. 

The frame itself consisis of two #-in. x ¢-in, square section wooden rods 
cach 36-in. in length. These are placed together at their centre line to form a 
cross; they are fastened by a nut and bolt and these in turn pass through an 
upright piece of wood ;-in. x 1-in. section 2-ft, in length. This upright support 
is then screwed into a baseboard 8-in. x . x T-in, thick. At each of the 
arms of the 36-in, cross a 4-in. strip of }-in. square section wood is placed. 
Reference to Fig. $B will give the details of the construction of this aerial 
quite clearly. 

It will be noted that approximately 85-ft. of 20 S.W.G. double cotton- 
‘povercd -vire are required for the industance to cover the medium wave broadcast 
band, The wire should be wound around the four crossbars, thereby creating 
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integrated circuit > digital > flp-tlop 


What Can Go Wrong 


Ambiguous Documentation 

For reasons which are unclear, instructional texts 
and tutorials can be erratic when describing flip- 
flops: 


+ Atruth table may fail to clarify whether the 
Circuit uses active-high or active-low logic. 

«+ Truth tables from different sources are often 
inconsistent in their representation of cur- 
rent and future output states, and may even 
fail to include the clock status in a clocked 
flip-flop. 

+ Tutorials may include logic diagrams for 
some types of circuit, but not others. 

+ NOR gates may be used, without any men- 
tion that NAND gates can also be used (and 
may be more common or convenient). 

+ The active-low or active-high status of in- 
puts in an SR flip-flop may not be shown. 


Bearing this in mind, manufacturer datasheets 
should be consulted whenever possible as the 
primary source of information, 


Faulty Triggering 
In many cases, a flip-flop designed for edge trig- 
gering can give erroneous results if it is level- 
triggered, and vice versa, Rising-edge-triggered 
flip-flops must be distinguished from falling- 
edge-triggered flip-flops. As always, itis impor- 
tant for similar parts that have similar functions 
to be stored separately. 


Metastability 
‘The behavior of flip-flops has been described in 
this entry under ideal conditions, where they are 


What Can Go 


ong 


operating well within parameters established by 
the manufacturer. In reality, non-ideal scenarios 
may occur, especially where inputs such as data 
and clock, or clock and reset, are almost simulta- 
neous. This may be difficult to avoid if a signal is 
received froman external sourcesuchasasensor, 
with no way to control its arrival time. ifthe input 
occurs within the setup time or the hold time of, 
a clock pulse, the flip-flop may be unable to de- 
termine whether the input precedes or follows 
the clock. 


This may lead to metastability, meaning an un- 
predictable output and/or oscillations that take 
several clack cycles to settle into a stable state. If 
the output from a flip-flop may be used by two 
separate components with slightly different re- 
sponse times, one may interpret the oscillating 
output as a high state while the other interprets 
itaslow.Ina computing circuit, metastability can 
lead to calculation errors or a system crash. To 
avoid these issues, limits in datasheets should be 
observed. Attention should be paid to the man- 
ufacturer specifications for minimum setup time 
and hold time, so that the circuit has sufficient 
opportunity to recognize a signal and respond. 


One solution to metastability is to connect mul- 
tiple flip-flops in series, all sharing a common 
lock signal. This will tend to filter outirregulari- 
ties, at the expense of requiring additional clock 
cycles ifthe flip-flops are not transparent. 


‘Metastable-hardened flip-flops minimize meta- 
stability but cannot eliminate it completely. 


Other Issues 

Problems that tend to affect digital chips gener- 
ally ate listed in the section of the entry on logic 
gates (see “What Can Go Wrong’ on page 105). 
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@ square wire frame, and cach tarn of the wire should be spaced approximately 
tin. The best way to effect this spacing accurately is to file on the 4-in. crossbars 
a number of small nicks at in. intervals. The two ends of the wire should 
then be brought down on the two terminals which may be screwed into the 
wraare baseboard and two leads taken from there to the crystal set itself. 

The actual set may be constructed on a small ehonite, paxolin or perspex 
panel 8-in, x 5-in. which may be screwed to one side of this base supporting 
piece of wood, thereby making the set virtually self-contained except for the 
earphones, Fig. 5A shows the circuit of the receiver. 

To obtain the best results with this receiver, the aerial should be rotated by 
hand until the signals become loudest. 


1 Scmi-permanent crystal detector. 1 pair of high sensitivity earphones, 

C1 1.0005 mf. variable condenser. 85-f, to 90-ft. of 20 8,W.G. double 

C2_ 1.0005 mf. fixed condenser. cotton covered wire. (Boz.) 

T condenser dial marked 0 to 100 or Sufficient connecting wire for wiring 
0 to 180. purposes. 


7. Long Distance Receiver. 


This receiver has been specially designed to achieve high sensitivity, With 
a sufficiently good outdoor aerial effective reception has been obtained up to 
150 miles. 

The circuit is quite straightforward, as can be seen from Fig. 6 and the 
only special point is in winding the coil LI. 

This coil consists of a 24-in. diameter former on which are wound a total 
of 51 tums using 24 $.W.G. double cotton wire. Starting at one end, tap every 
two turns until there aro cight taps; wind a further 15 turns and tap; then 
a further 10 tuens and tap; finally, add 10 turns to end the winding. The wire 
should be close wound, £2. with turns touching. 

To obtain the best results, the two crocodile clips A and B should be tried 
on the various cail taps until the loudest reception is obtained, It may be 
found in use that the loudest reception of any particular station causes another 
station to be heard at the same time; care should, therefore, be taken to select 
the appropriate tapping point to separate any two powerful stations that may 


interfere with one another. 

1 Permanent crystal detector. 
3.001 fixed condenser, 
1 pair of high sensitivity earphones 


fe C01 
00035 mfd. (preferably between 4,000 ohms 

2 Condenser dials marked from and 8,000 ohms impedance}, 
Oto 100 or Oto 180, 2 Crocodile clips. 


8. High Gain Receiver. 


This receiver has been designed to give good reception up to 50 miles distance 
from any normal power broadcasting station in the medium band. It is a very 
selective circuit and will therefore enable the uscr to separate closely situated 
stations. 

It will be noticed in the circuit (Fig. 7) that the variable condenser C1, has 
an on/off switch SI to throw it out of circuit if necessary, It is used to increase 
the selectivity of the receiver and, in operating, it should be tried with this 
condenser either in or out of circuit on the various tapings on the coil L1. 

LI consists of 90 turns of 22 S.W.G, double cotton covered wire wound 
on a 2-in. diameter former and tapped every ten turns, 2 separately wound 
on » 2-in, former, consists of $0 turns of 22 S.V.G. double cote cc -ared 
wire, also tapped as Ll. The components required are given on page 3 


FIG. 5A FRAME AERIAL CRYSTAL RECEIVER 


HEAVY BASE 
CROSSBAR JOINPING METHOD 


FIG. SB, DETAILS OF FRAME AERIAL 


AB AT 27. 
TA raavacs 


FIG.6 LONG-DISTANCE CRYSTAL RECEIVER 


C1-2 Single variable condensers 1 Pair of high sensitivity earphones. 
.00035 mfd. 8 oz. 22 S.W.G, DCC. 

S1 Single pole single throw switch. 2 Dials for variable condenser 

CS .000) preset condenser. marked 0 to 100 or 0 to 180. 


1 Permanent crystal detector. 
3-4 .001 mfd. fixed condenser. 


9. High Selectivity Receiver, 


This circuit (see Fig. 8) is for use in high savuration strength areas where it is 
desired to separate powerful stations, The circuit is not complicated and is 
extremely effective, 

It will be noted that C1 and C2, each ,00035 mfd. capacity, are 2 gang unit. 

‘The only special point in this set is the design of coils LI, 2 and 3, which 
are constructed as follows: L1, 60 turns of 22 S.W.G. double cotton covered 
‘wire on 23 x 4 inches former tapped every five turns; 12, 15 tumsof 228. W.G. 
double cotton covered wireon a3 x 6 former; and L3, 85 tums of 22 S.W.G. 
double cotton covered wire wound on the same former as L2, the two windings 
being separated by approximately }-in. (see Fig. 8), 

Note that the aerial Jead is brought down to one of the tappings on wire LI, 
This should be tried on each of the tappings and the one giving the required 
selectivity should be used. 

C1-2 2-gang variable condenser 3.0005 fixed condenser. 

“00035 mfd. 1 Serni-permanent crystal detector. 
2 Sin, formers for coils L1-23. 


8 oz, 22 8.W.G. DCC, 


10, Battery-alded Crystal Receiver, 


Fig. 9 shows a design which utilises a 9-volt grid bias battery to improve 

formance. 

‘The charge built up in the .02 mfd. fixed condenser is changed to a positive 
surrent when it passes through the coi! LI. This, in cura, is superimposed on 
the positive charge that is commencing to be rectified by the crystal detector 
and thereby increases the signal strength, 

‘Coil Li consists of a 4-in. diameter former wound with 85 turns of 24 $,W.G. 
double cotton covered wire tapped at 5, 25, 45 and 65 turns from the earth end. 
‘The earth end and these four taps are brought out to five small sockets and the 
connection from the earth is taken to x small socket, The plug should be tried 
in cach of the five positions to find which one gives tho greatest signal strength, 

The 9-volt battery is connected across the .02 mfd. condenser and special 
care should be taken to see that the battery is connected correctly, fe, negative 
pole to earth. 


1 Permanent crystal detector. C3 Fixed condenser .02 mfd. 

1 4in. dia. x 3in, former. 1 pair of high sensitivity headphones. 
8 oz. 20 S.W.G. DCC copper wire. 1 Clix plug. 

C1 Variable condenser .0005 mfd. 3 Clix sockets, 

C2 Fixed condenser .005 mfd. 1 S-volt grid bias battery. 


Il. Medium and Long wave band Receiver. 

This set has been designed for reception on two wave bands. 

Care must be taken in winding the coils Lt, 2, 3 and 4, These are wound 
on a single 3-in. diameter former, Li consists of 30 turns of 28 S.W.G. DCC 
tapped at 8, 16 and 24 turns, 2, 60 turns of 32 S,W.G. DCC. L3, 40 turns of 
28 S.W.G. DCC, and L4, 80 turns of 32 §.W.G. DOC. All are close wound 
and ase separated from each other as follows: tween Li and L2, 3/16.in.4 
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FIG. HIGH SELECTIVITY CRYSTAL RECEIVER 


v 
FIG.S BATTERY-AIDED CRYSTAL RECEIVER 


between L2 and L3, i-in.; and between L3 and L4, 3/lérin. See Fig. 10. 
(Cl-2 single variable condensers C3 .001 mfd. fixed condenser. 


c L 1 Pair of high sensitivity earphones. 
2 Variable condenser djats marked 1 3-in, dia. x 8-in, former, 

© to 100 or 0 to 130. 202 of both 28 and 32 S.W.G, 
1 Clix plug. double ‘cotton covered wire to 
3 Clix sockets. make these 4 coils, 
81 Single pole double throw switch. 1 Permanent crystal detector. 


In use, the plug should be tried in each of the three sockets to find the point 
which gives the best results, The switch is used as a wave band change switch, 


12, Ultra Sensitive All Wave Receiver. 


The receiver shown in Fig, 11 is for long distance reception, Tt is a novel 
circuit and, though apparently complicated’ in construction, it is really very 
simple to assemble with the minimum of tools and labour. 


L2 consists of $4 turns of 20 S.W.G. enamelled 
or cotton covered wire. “This coil has four taps in addition to the starting point 
and the end connection, and these taps are taken at six tums, 14 turns, 27 tums 
and 40 turns from the earth end. The taps are taken out and a connection is 
made to an appropriate socket, as shown in the diagram, 

The coil is wound on a 3-in, diameter former which Gre be a paper tube, 


of similar gauge wire to that used for L2, wound on a 2ein, x J-in, former, the 
winding to be spaced the same as L2. The coil is then inserted ‘at the earth end 


The "phones should be of a standard type 4,000 ohms impedance althou; 
"phones of other values will probably operate quite satisfactorily with this 
powerful receiver. It should, however, be stressed that the better the head- 
hones used, the more satisfactory the reception. 

Coils for other wave bands may be experimentally designed by the con- 
structor, remembering that four tappings are advisable for the secondary coil L2. 

A long aerial is very desirable with this receiver, placed as high as possible, 
It is recommended that a minimum length of 70-ft. be allowed, to include the 
aerial and lead-in. 

The values of the components are shown in the following components list. 
‘The constructor should experience no difficulty in obtaining excellent results 
from this cleverly designed receiver. 


Cl .0005 variable condenser. + 1b, 20 S.W.G. enamelled or DOC 
C2 002 fixed condenser, copper wire. 

1 semi-permanent crystal detector. 6 red wander plug sockets. 

1 former 3-in. dia, x 4}-in, 6 black wander plug sockets, 

4 coil former 2-in, dia. x f-in, ‘red and 1 black wander plug. 


Headphones, ‘terminal, “necting wire 
ut 


[- 


FIG, 11 ULTRA*SENSITIVE ALL-WAVE CRYSTAL RECEIVER 


FIG.I2 ADVANCED CRYSTAL GIODE RECEIVER 


13. An Advanced Crystal Diode Receiver. 


‘The modern cry: aystal diode of the radar type does not require any adjustment 
and thus has a distinct advantage over the ordinary crystal detector which needs 
delicate adjustment—even the semi-permanent type. 

Such crystals are now obtameble on 0th the regular and. the surpion 
markets, and a popular type is the B.T.H. CS7A silicon crystal (also coded 
as CV 253). 


7A rather different circuit from the umal exysal set arrangement is needed 
to suit the characteristics of a crystal diode. "The diode mustbe tapped on 10 
the tuning coil, and it is found that the tuning circuit itself gives best results if 
a sericsstuned acceptor circuit is used. The circuit of a radar crystal receiver is 


with a 

series resistance equivalent to the reflected crystal ise Tesistance, is in series 
with the capacitance of the aerial to earth and the aerial’s effective series 
Fesistance. 


At resonance—when the combination is tuned to any particular signal— 
the iductanee resonates with the itances of the tuning condenser and the 
Sens te aries, Bd he nal eet Siar the redlected toad of the Coys in 

series with the coil’s R.F. resistance, is paralleled across the acrial’s series 


so the method in which the crystal is tapped into the tuning coil, and the exact 


Srey ga eign © MT Pst Hel wo ee 


conditions, the receiver requires to be matched up to 
signal being received for best results, This would mean 


capacitor is shown in. a 12 as the tuner, constructor 

to experiment with different capacitance values until the required station is 
tuned in. ‘The range of reception given by the receiver is quite good, if a really 
long and high aera, and a good earth connection, are used; but n0 more than 
the local station signal can be expected, and the tuning therefore must be adjusted 
ta suit the station frequency. 

It must be mentioned that the headphones are shown parallel connected. 
High resistance headphones of the 4,000 ohm type must be used, end if two of 
these are connected in parallel rather than in the more usual series method, they 
will provide a roughly accurate match to the crystal. If more than one pair of 
headphones are to be connected in, then the pairs of headphones may be left 
series cpanected 5 in the usual manner, the sets of headphones being connected 
in paral 

‘The capacitor across the headphone terminals completes the crystal R.P. 
circuit, and any value between about 0.001 and 0.005 mfd. will serve. The higher 
capacitance will, of course, by-pass some of the higher audio frequencies, 80 
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that if good steady reveption 1s obtained some experiment with this condenser 
is also worth while. . 
C1, .0005 mfd. variable condenser. M.R.1 CV 253 Crystal diode. 
C2) .005 mid, fixed condenser. Coil former 1-in. dia. x 44-in. 
4o2. 26 S.\W.G. enamelted copper wire. 

Coil details are as follows: 150 turns of 26 S.W.G. tapped at 20, 25, 30, 
35, 40 and 45 turns from the earth end. At cach tapping-point the wire should 
be twisted up into a loop and the winding then continued without breaking the 


wire; .when the coil is completed and the ends anchored the tapping loops «a 
be bared, 
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PREFACE 


The Publishers make no apology for reviving interest in the 
crystal set. For too long the technical press has immersed itself in an 
orgy of complex superheterodyne receivers and television equipment, 
all of which is necessarily expensive, In the 1920's, crystal set 
construction was a fascinating and inexpensive pastime indulged in by 
the majority of boys of that day. Today this pleasurable hobby can 
be even more attractive, the introduction of the germanium crystal 
diode and high performance coils, has opened up new paths which will 
capture the interest of boys of all ages. Perhaps most important of all, 
not only can a receiver capable of impeccable reproduction be 
produced without any technical knowledge; but the cost is no greater 
than that of a few visits to the cinema 
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INTRODUCTION 


attempt is made to construct a 
receiver, it is necessary to examine the problems 
Which surround the crystal set, so that the best 
canbe obtained from any of the designs 
attempted. 

Firstly, it must be understood that the crystal 
set as itis to-day does not provide any amplifica- 
tion. It relies entirely on what is fed into it via 
the aerial and earth system and gives a very faith- 
ful replica of the original transmission. 

From this it will be obvious that the aerial and 
carth system must be as efficient as possible if 
the final results are to be in any way outstanding. 
‘This because these are the only means by which 
the signals are fed to the receiver. 

Secondly it is necessary to understand the 
nature of the transmitted signal, then it will be 
easy to understand the working of the set and to 
appreciate the function of each of the components. 

When crystal sets first became popular, very 
little information was generally available, at 
Teast, not in a form that school-boys could 
understand. 

We all built sets of all shapes and sizes, with 
coil designs that had to be seen to be believed, 
but very few of us had much idea of how they 
worked. 

I well remember the case of a cousin of mine 
who, in those days acquired a magnificent vari- 
able capacitor or condenser as it was then called, 
this instrument had a most impressively engraved 
ial of polished ebonite, brass vanes and nickel 
plated end plates. Having observed similar dials 
‘on several highly priced commercial receivers in 
the town, he at once ripped out the somewhat 
tattered coil from the family receiver and replaced 
it with this device. ‘The profound silence which 
ensued caused considerable amazement and dis- 
‘may until a better informed adult explained the 
mysteries of Land C to him. Readers of this 
manual, however, will be better informed and 
there is no risk of failure with any of the designs 
described provided the instructions are carefully 
followed. 


‘The Signal 
To commence, we will assume that an orchestra 


is playing in a broadcasting studio. Since the 
principle of radio transmission is electrical it is 
necessary to change the sound produced by the 
orchestra into an electrical equivalent. This is 
carried out by the microphone, which picks up 
the sound and changes it into minute electric 
currents. 


As they appear at the output of the micro- 
phone they are too small to be of use and 
accordingly are passed through a high power 
amplifier. These amplified currents could now 
be transmitted, but unfortunately, as we shall 
Jearn, owing to the inherent nature of the signal 
in this state, transmission over any useful distance 
would be impractical. 


When the music from the orchestra is trans- 
formed into electrical currents they are in the 
form of alternating currents, usually called A.C., 
that is they rise to a maximum in one direction, 
fall to a minimum, rise to a maximum in the 
opposite direction and then fall to minimum 
again. This process is repeated over and over 
again, One complete rise and fall in each direc- 
tion is called a cycle and is drawn in Fig. 1. 
Every time a note is struck on a piano, vibrations 
are sent out which reach the ear enabling you to 
hear it. ‘These vibrations are also spoken of as 
cycles, they rise and fall in intensity the same way 
as an alternating current. The number of cycles 
radiated by any given note over a period of one 
second are referred to as its frequency. Middie 
Con the piano sends out 261 cycles every second 
and is known as having a frequency of 261. The 
microphone also “hears” the note and in the 
case of middie C produces minute A.C. at 261 
cycles. This can be drawn as in Fig. 2, the only 
Gifference between Fig. 1 and 2 is, that the time 
factor is given so that the frequency can be iden- 
tified. The higher the pitch of a note the higher 
the frequency and the lower the pitch the lower 
the frequency. On a piano the frequency of the 
top note is 3515 cycles and that of the lower 27 
cycles. Those of you who have listened to an 
organ in a concert hall will have noticed that 
when a very deep note was played, it sounded 
like a growl to the ear, but the vibrating fre- 
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quency could be distinctly felt through the seat. 
Higher notes have too high a frequency to be 
observed in this manner. 

‘The range of sounds which can be detected 
by the human ear are known as audio or low 
frequencies. From this you will understand that 
a low frequency amplifier is one which amplifies 
sound. 

So that the transmitter will carry the pro- 
gramme over a useful distance it is necessary to 
radiate high frequencies. Now, as explained, the 
programme to be transmitted consists of low fre- 
quencies, and to overcome the difficulty, the 
transmitfer generates A.C. of high frequency and 
combines it With the low frequencies. it will now 
be understood that the transmitted signal consists 
cssentially of two different parts, a high and a low 

cy content. 

ig. 3. gives a representation of the high fre- 
‘quency signal generated by the transmitter. In the 
case of the London Home Service, the frequency 

1 hon roleig high ignal 
ferring to a high frequency signal on 
the editor og wave band ik aaual to ox 
reas the frequency in thousands of cyclos, thus 


908000 cycles becomes 908 kilo-cycles, which 
turn may be abbreviated to 908 kjcs. It might 
first bo thought that by adding the low frequency 
or LFF. signal to the high frequency or HLF. 


Fig. 
a combination is useless, and, 
LF. content can be satisfactorily extracted by the 
receiver, the LF. signal must vary the amplitude 
of output power of the FLF. signal as in Fig. 5. 

It is in this form that the signal arrives. at 
the receiving aerial. The aerial in itself is in- 
capable of discriminating between one signal and 
another, and countless signals will be collected 
by the aerial at any one time. Many of these are 
100 weak to be of use but the stronger ones must 
bbe sorted out since there is no point in receiving 
several programmes at once. 

Fig. 6 shows the basic circuit of the input to 
a crystal. The coil L possesses a quality known 
as inductance, and the capacitor C, that of capa- 
citance. If the coil had no capacitance whatevet 
all signals arriving at the aerial would 
be effectively short circuited to earth. As a matter 

of interest, it is impossible to obtain this state 

of affairs since even without any additional capa- 
‘ 
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itor any coil mast contain a certain amount of 
self capacitance. 

By com! a coil and capacitor as in Fig. 
6 a peculiar effect is observed, at one particular 
frequency, the signals are not short circuited to 
earth, but are across the coil. In other 
wort the combined eect of Land C no longer 
Provides a short circuit, ‘at one parficu- 
Jar frequency. If the value of C is altered the 
effect will be observed at a different frequency; 
likewise by altering L the frequency at which the 
effect will take place can be changed. There is 
a name for this phenomena, the frequency at 
which it occurs with any given L and C combina- 
tion is known as the resonant frequency. 

The values of the coils and capacitors shown in 
‘this manual have been carefully chosen so that 
resonance will be obtained at all frequencies 
where stations are broadcasting. Broadcasting 
stations work in bands of frequencies, those of 
major interest to crystal set constructors are the 
‘medium wave-band 1200 k/es—600 k/es and the 
Tong wave-band 300 ke/s—150 kjcs. 

Usually a variable capacitor is used with a fixed 
inductance to cover one band and an additional 


coil switched in to increase the inductance to 
cover the other. In this way the L and C com- 
ination can be adjusted to provide resonance at 
desired frequency of any given station. In other 
words you can select the ‘tation you want. by 
varying C, that is turing the dial of the variable 
capacitor.” This procedure is referred to as tuning. 
Having selected or tuned the required station it 
still remains necessary to change the form of the 
signal back to that of the original transmission. 
This process is called detection or de-modulation. 
Examination of Fig. 5 will show that the signal 
has been duplicated, in other words, as it rises 
in one direction it also rises equally in the other. 
In this form the signal is useless since each half of 
the signal cancels the other, and if this signal i 
applied to a pair of headphones 
result. Obviously some provision must be made 
to get rid of the unwanted half of the signal, and 
it is here that the crystal detector must be ‘con- 
sidered. ‘This device will pass current in one 
ion only, ignoring any signal in the opposite 
irection, so that if the signal of Fig. 5 is passed 
through such a crystal, that of Fig. 7 will result. 
There is still the H.F. content to be reckoned 
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with, fortunately this is easly dealt with, a capa: 
citor connected across the headphone terminals 
effectively disposes of this, leaving only the audio 
or LF. content, as shown in Fig. 8. ‘This audio 
‘content, which is a faithful replica of the original 
transmission is fed to the headphones. ‘These in 
tura reverse the process of the microphone and 
‘transform the electrical currents into sound waves 
acceptable to the human ear. 

Briefly then, your requirements are as 
follow: 

(1) A good aerial and earth installation, to 

‘make the most of the available signals. 

(2) A receiver containing: 

(@) Some form of coil and capacitor (L & 
©) combination to select or tune in the 
‘wanted station. 

(©) A crystal to get rid of the unwanted 
hhalf of the signal (detection). 

(© A. fixed capacitor across the head- 
phones to get rid of any remaining 
cartier. 

@) A pair of sensitive high resistance head- 
phones. 


Actials 

By this time the intending constructor will be 
able to appreciate the necessity of a good aerial. 
It is @ point which cannot be over-emphasised. 
Assuming that you are in the fortunate position, 
of being able to erect an outdoor aerial there are 
two main considerations, height and length. 

‘One of the best that can be used is the inverted 
L shown diagramatically in Fig. 9. 

It should be erected as high as is practical, 
every foot counts. The horizontal wire, that is 
‘he aerial proper, should bave a minimum length 
of 60° to which of course the length of the down 
lead is added. Where it is impossible to erect 
an aerial with an ideal horizontal length, a com- 
promise must be effected. 

Fig. 10 shows a three wire spreader aerial 
which gives quite a good effective length. 

Suitable wire for a receiving aerial will not set 
any problems, stranded copper about 7/22 gauge 
is the best. 7/22 means that it consists of 7 strands 
of 22-gauge wire. This wire may be obtained 
covered, and for the present purpose is better 
than the plain or enamelled kind. 

‘Note that insulators are used between the 
actual aerial wire and its anchoring supports, it 
is important that these are used, otherwise 
eakage will occur which will of course spoil its 
efficiency. Fig. 11 and 12 show how the wire may 
best be attached to two of the most common 
types of insulator available. Fig. 11 is of porce- 
Jain and is usually referred to as an egg insula- 
tor, whereas Fig. 12 shows a more modern (and 
‘more expensive) type in glass. If you are using 


the glass pattern, one is usually sufficient at each 
end of the acrial, but with the egg type two 
should be used. No doubt many readers will not 
bbe in a position to erect an out-door aerial, and 
‘must necessarily be content with an indoor in- 
stallation. 

._ The next best thing to a good out-door aerial 
is a replica constructed in a loft. If this form of 
construction is used, care must be taken when 
feeding the down lead to avoid close contact with 
the wall of the house. At the point where the 
ead feeds under the caves, a length of rubber 
tubing can be used to cover the wire. The lead 
is fed through one of the small spacés left for 
Yenilation purposes. A general idea is given by 

jig. 13. 

A less elaborate but quite effective aerial can 
be obtained by using a bed-spring. A length of 
7/22 copper insulated wire is connected between 
the receiver and the spring. The spring should 
first be cleaned with emery cloth. Remove about 
2” of insulation from the wire and bind it tightly 
round the prepared spring. ‘The joint may be 
‘covered with insulating tape which is obtainable 
from all electrical stores for a few pence. 

‘Such aerials are quite popular since so many 
‘crystal sets are built for bedroom use. 

‘When an aerial is required in the living room, 
the picture rail can be conveniently used. Insu- 
lated screw-cyes are fixed at intervals of about 
3 feet along the rail, the wire is firmly anchored 

., and stretched right round the 
arrive back at the starting point. 
one of the insulated screw-eyes, the 
wred and the down lead fed to the 
idea is illustrated in Fig. 14. 


REA 


Before leaving the subject of aerials, a few 
words on soldering will not come amiss. Down 
leads on outdoor aerials should be soldered, and 
the same applies to Toft types. Apart from serial 
leads; earth leads and all the connections in the 
receiver will require soldering. 

For the type of soldering necessary in radio 
construction an electric iron is the best solution. 
One of the small types marketed by Adcola or 
Henleys will be found admirable for the job. 
‘These are excellent for actual set construction but 
are hardly large enough for soldering the down 
lead to an outdoor type of aerial. Here the heat 
is dissipated much more quickly and a larger 
iron is required in order to get the solder to flow. 

Ordinary irons which may be heated by a gas 
flame can be obtained very cheaply from most 
jironmongers’ stores. Assuming the use of such 
an iron, first beat the iron until the copper bit 
is giving off a green coloured flame, the iron is 
now at the correct operating temperature. ‘The 
bit is now discoloured or oxidised and-ite tip 
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should be quickly cleaned with an old file which 
should be kept specially for the purpose. A better 
idea is to obtain a small block of sal-ammoniac 
and rub the tip of the hot iron on it. This will 
clean the tip of the bit perfectly. Next take a 
length of cored solder such as Ersin Multicore, and 
‘melt a little on to the prepared tip faces, now 
smooth it evenly over the surface with a’ piece 
of old rag (be very careful not to bum your 
fingers) the iron is now “tinned” and ready for 
use, When heating the iron, be very careful not 
to let the bit overheat or got red hot, otherwise 
the tinned surface will be destroyed and the whole 
process will have to be gone through again. 

‘An electric iron will not overheat, and the tin- 
ring will last much longer than with ordinary 
types, and since the heat does not deteriorate 
there is less likelihood of making faulty joints. 

Having obtained a tinned iron, the process of 
soldering joints is remarkably simple and anyone 
with a litle patience can acquire the art in a very 
short time. 

To solder two copper wise together: clean, the 
wire with emery cloth, apply a prepared iron 
Und some cored solder to te the solder vil flow 
evenly over the wire thus tinning it. Repeat the 


process with the remaining wire and then twist 
the two together. Now apply the iron to the joint 
from the underside and the cored solder to the 
int on top. Solder will flow evenly over the 
int. Remove both iron and solder and allow 
to sct, ‘The solder will harden or set in a few 
seconds but during this period the joint must 
not be touched or moved, as otherwise the j 
will be “dry” and quite useless mechanically or 
electrically. On radio components, tags for sol- 
dering are already tinned though if they are old, 
or discoloured it is best to re-tin them. Normally, 
however, it is only necessary to twist the connect- 
ing wire to it and apply the iron and solder as 
explained. 

Remember: never apply the solder to the iron 
and then the iron to the joint, always apply the 
iron and the solder to the joint. It is however a 
‘good thing to apply a little solder to the iron tip 
even when it is perfectly tinned just before making 
a new joint. 

One final “DON'T,” you will have noticed 
that the solder referred to is “cored,” that is, it 
contains resin and other substances through ‘its 
centre, plain solder as used by electricians and 
plumbers will not do, as it is the resin or flux 
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as it is called which makes the solder flow evenly 
and permits a good electrical joint. 

Equally important do not attempt to uso a 
separate flux or soldering fluid with plain solder 
‘or to “help” the cored solder; since these are 
almost certain to cause eventual corrosion and 
will destroy any components that have been con- 
taminated. 

Earths 

‘The provision of a good carth is just as 
important as the rest of the installati 

‘Much disappointment would be avoided if this 
fact were not lost sight of, to avoid any slip sp 
in this direction 1 am proposing to outline severs 
well tried and efficient earth systems. 

If it can be obtained, an earth rod, specially 
designed for the purpose provides the basis of a 
Bood earth connection. ‘These were very popular 
some years ago when the majority of receivers 
Were either crystal or battery operated, but in 
these days of modern mains driven sets they are 
not often used and consequently not always 
readily available. Z 

Fig. 15 shows how it is used. First excavate a 
hole to a depth of three feet and fill with a mix- 
ture of soot and coke. Drive in the earth rod, 
which is a hollow copper tube, perforated. The 
lead to the receiver is connected at the top, and 
should be of covered 7/22 gauge, as used for the 
aerial system. Though not obvious it is important 
that this lead-in should be in covered wire, other- 
wise a number of indifferent earth contacts are 
likely to be made at various points along its 
length until it reaches the set. This is very un- 
desirable and will spoil the efficiency of the 
system. It is essential to keep the soil surround- 
ing the rod moist, which is one reason why the 
tube is hollow, and care must be taken to pour 
water into the tube at intervals. 

‘A very efficient earth is the percolative type 
also popular at one time. Due to the chemicals 
used, it will extract moisture from its surround- 
ings, thus maintaining a permanently moist earth. 

It should be installed as in Fig. 15b. 

‘The container is of copper or zinc, anything 
‘else will quickly rust away, again a good quantity 
of coke is used. Fill the container with a mixture 
of sal-ammoniae and coke, and then bury in coke 
as illustrated. This earth will not require further 
attention. It is possible to use powdered calcium 
chloride instead of sal-ammoniac but unless a 
chemist can be persuaded to make some up it is 
better to stick to sal-ammoniac. 

If a zinc container is not available and you do 
‘ot use or cannot easily get coke, Fig. 15c should 
be used. This makes a better carth than many 
so-called “earths” that I have come across. 
‘Obtain as large a tin as possible, make a number 
Of holes as shown, Solder the lead in the bottom 


fill it, with sal-ammoniac. Replace the lid 
{in the ground. The tin will eventually 
away, but the replacement cost is negligible. 
is quite impossible to make direct contact, 
the ground, a water pipe must be pressed 
) service. This should be a main pipe feeding 
straight to ground and not a hot water pipe or 
one fed from a tank. Scrape the pipe clean and 
twist the lead in tightly around it, a copper clip 
is even better. Do not attempt to solder on to 
the water pipe; since cold water is flowing through 
the pipe, it is extremely unlikely that your sol- 
dering iron will heat up the water supply suffi- 
ciently to allow a sound electrical joint, though 
you may spring a leak. 

No attempt should be made to utilise gas pipes: 
the possibility of causing a fire is certainly very 
remote but, they make incredibly bad earth con 
nections die to a number of joints made before 
true ground is reached. These joints are at best 
only semi-conductor, at least from an electrical 
standpoint. 


Since the late war there have been a large 
number of head-phone sets available on the sur- 
plus market. These may be roughly divided into 
two types, high-impedance and low-impedance. 
For the crystal sets detailed in this book high- 
impedance’ “phones are required and the low- 
impedance pattern will not be suitable unless a 
matching transformer is used. As this is likely 
to cost more than the rest of ‘the installation in- 
cluding the set, it will be as well to avoid them, 

High-impedance types have an impedance of 
2000 to 40009 whereas the low-impedance 
types are usually 6002. 

remaining consideration is weight; often 
cheap headphones are very heavy and uncomfort- 
able to wear, every endeavour should be made 
to obtain ‘phones as light in weight as possible. 


Crystals 

All the sets shown in this book have been de- 
signed 

rather 


to work with modern germanium crystals 
than the older galena crystal. 

‘These germanium Tequire no adjust- 
ment, which, in itself, removes the main objec- 
tion to this ‘class of ‘receiver. Suitable crystals 
are available from the following manufacturers 
and on the surplus market: Mullard, GEC, 
Brimar, Westinghouse and B‘T.H. They are of 
robust construction, some in glass, others in cera- 
mic or plastic, but must not be subjected to heavy 
‘knocks, otherwise the contact point may become 
dislodged. 

From the information given, you should now 
bbe able to install an excellent aerial and earth 
system, and have some idea of how the crystal 
set wotks, so it is time to pass on to the actual 
receiver construction. 


shift register 


‘The term shift register is rarely hyphenated. In this encyclopedia, no hyphen is used. 


shift register can function as a queve, but this term is more usually applied to software. 
When the output from the last stage of a shift register Is connected back to its input, it 
can function as a ring counter, but that application is described in the counter entry of 


this encyclopedia, 


Component catalogs sometimes list shift registers as binary ripple counters, instead of 
giving them their own section. In this encyclopedia, a binary counter is considered to 


have binary-weighted outputs (with values 1, 2,4, 8 


In decimal notation) and is de- 


scribed in the counter entry. A shift register has outputs that are not necessarily binary- 


weighted. 
OTHER RELATED COMPONENTS: 


+ flip-flop (se2 Chapter 11) 
+ counter (see Chapter 13) 
+ multiplexer (se Chapter 15) 


What It Does 


A register is a component (or a small section of 
computer memory) that stores information. The 
smallest unit of information is one bit (ie, one 
binary digit) with a value 1 or 0 that can be rep- 
resented bya high or low lagic state. Ashiftreg- 
ister most commonly is designed to store eight 
bits, although some store four. 


Each bit is memorized by the status of a flip- 
flop insidethe register. Fora detailed description 
of flip-flops, see Chapter 11. When a pulse from 
an external clock is received by the shift register, 
all of the bits in storage are moved along one 
step, from each flip-flop to the next. The high or 
low status of an input pin at that moment is 
clocked in to the first flip-flop, while the bitin the 
last flip-flop is overwritten by the bit preceding 
it. A diagram representing the function ofa basic 
four-bit shift register is shown in Figure 12-1. 


Note that the status of the input pin is ignored 
until the moment when a clock pulse copies it 
into the first flip-flop. in the figure, when the in- 
put pin has a brief high state that ends immedi- 
ately before clock pulse three, the high state is 
ignored. 


A shift-register chip is shown in Figure 12-2. 


Becausethe functionality ofa shift registerisnow 
often incorporated in much larger logic chips, it 
is less widely used as a stand-alone component 
than it used to be. Iti still useful for purposes of 
serial-parallel or parallel-serial conversion, and 
for small tasks such as scanning a matrix: 
encoded keyboard or keypad. It also has educa- 
tional applications and can be used in conjunc- 
tion with a microcontroller. 
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CONSTRUCTION 1 


If you examine the following circuits you will 
find that each one is different. In most cases the 
difference lies in the coil design and/or the 
method by which the crystal and aerial is tapped 
into it, Each of these circuits has its own par- 
ticular advantage to suit different conditions and 
the ideal circuit in some localities is not neces- 
sarily the best in others. It is not just a matter 
of a given circuit giving louder results than an- 
other, if it were there would be no point in 
showing more than one. 

The main problem is to obtain adequate 
selectivity without reducing the volume level. 

‘A receiver is said to be selective when it tunes 
sharply, a set with poor selectivity allows 
stations to spread over the dial and when used 
near a transmitter will receive the local stations 
mixed together, which of course is useless. 

Consider Fig. 16a, this is a very simple receiver, 
with no special atterapt to provide any great 
amount of selectivity. In areas where signal 
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iy the construction should not fol- 


work on any receiver or amplifier is connected 
can. oe 

‘When St is open as in the diagram, the set 
tune in long-wave stations, but when closed the 
medium wave-band will be received. 

Components List, Fig. 16a 
C1 100pF mica capacitor. 
C2 S00pF tuning capacitor, solid diclectric, 
Gi mica capacitor. 
1 Germanium crystal, 
Li Crystal Set Coil, REP. 
SI Single Pole toggle switch. 
4 Insulated wander-plug sockets and plugs. 
1 2-02. tobaceo tin (or similar container). 

Make sure that the wander-plug sockets are of 
the insulated type, otherwise the metal case will 
join all the sockets together electrically. 

‘Try to follow the theoretical diagram when 
wiring, a little practice will soon enable you to 
wire up a set without a practical diagram, which 
is a great advantage because often only the theo- 
retical diagram is given when circuits are detailed 
in the technical press. 

Fig 28 on page 34 gives a list of symbols 
used on the theoretical diagrams, so that you can 
readily identify the components, 
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can be left permanently in that position, Note 
that two tags on the coil are unused, this is 
intentional because on this circuit the extra 
‘winding connected to these tags is not required. 
With the switch Si closed, the coil will cover the 
medium wave-band, and when open, long wave 
stations can be received. It is customary to 


Components List, Fig. 17a 
Cl 100pF mica trimmer capacitor. 

2 SO0pF variable capacitor (air spaced). 
3. 1000pF mica capacitor. 

Li Dual Range Coil REP. (Blue Box). 
Sl Single Pole toggle switch. 

XI Germanium Crystal. 


4 Terminals or wander-plugs and sockets. 


abbreviate the expression medium wave-band to Perspex, bakelite or wood for mounting 
M.W. and long wave-band to L.W. panel. 
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suit local conditions to a 
the first two sets. This is made 
number of taps provided 


on he coil. 

‘You will notice that in this instance the coil 
is home-constructed on a cardboard former and 
s_much_larger than commercially | produced 


coils. Coils wound in this manner are 
solenoids, the turns arc wound on side by 
in this case to a depth of some three inches. The 
diameter of the coll is made, purposely large #0 
as to obtain high efficiency. Modern commercial 

coils are invariably wave-wound and quite often 
are litzendraht which is the German for litz wire. 


‘This wire is made up of a number of strands of 
fine copper wire, each strand is enamelled to in- 
sulate it from the others, the whole is then silk 
covered. Litzendraht is more efficent than solid 
copper wire, and by using this and wave-winding, 
‘manufacturers can produce an efficient coil which 
is also small. Unfortunately wave-wound coils 
cannot be produced without a complex winding 
machine and home-constructed coils must take 
the solenoid form. It would be possible to use 
is not easy to obtain by the 
reel, it is most expensive, and is difficult to hat 
‘This last point is becatse at termination points, 
each strand must be cleaned of its enamel 

‘a joint is made, and if one strand is broken, its 
Advantage over ‘plain copper wire is lost. How: 
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fever, by using a former of reasonably largs 
dimensions ‘an ficient coil can be produced 
eaply using ordinary copper wire. 

‘The wire must be fimly soured at the start 
and finish of the windings. Pierce three small 
holes about 4” apart 4” from the end of the 
former. Pass the wire through the first from the 
‘outside, return it through the second and pass it 
back again through the third. Leave some 6” of 
wire at the end to make off the connection. It 
will now be possible to wind the tus on tightly 
without wire slipping. 

‘Count on ten turns and make a loop 1” long. 
The method of preparing loops is shown in Fig. 
12, loops or taps should always be made in this 
manner, never by baring the wire and soldering 
a further length of wire to it. Carry on with the 
winding, making off the taps every ten turns as 
Girected’ until the coil is 

Construction is carried ‘a’ wooden base- 
board and front panel. the coil to the 
base-board as shown on Fig. 18b, mount the re- 
‘maining components and proceed with the wiring. 


cory 
out on 
Secure 


When testing out, it will be found that the fur- 
ther the aerial is tapped down the coil towards 
the earth end, the greater the selectivity. A posi- 
tion should be found which permits separation 
‘of local stations without excessive loss of sensi- 
tivity. 

‘The crystal tap is adjusted for best results and 
different settings of C1 tried out, when choosing 
the best position for the actial tap. 


(Components List, Fig. 188 

450pF padder. 

‘S00pF variable capacitor. 

1000pF mica capacitor. 

See text and Fig. 18a. 

Germanium Crystal. 

Crocodile Clipe (to connect leds to col 
taps). 

‘Wander-plugs and sockets, i 
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EARTH AERIAL 


METHOD OF FIXING COIL 


TO SUITABLE! i 
TAPPINGS: 
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E 
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plan to warm it before a fire and paint the wind- 
ings with “Durafix”” Heating the coils makes 
‘the “Durafix” run freely. This substance sets 
quite hard and there will be no risk of the wind. 
ings loosening. A small quantity of enamelled 
wire will cover the requirements of this coil, 
‘circuit may be described as a full-wave receiver. 2 oz. reel will provide more than sufficient. 
‘Signals received will certainly be louder than Before wiring in the germanium crystals, ex~ 
vat simple oes, but are must be taken with the amine them carefully, note, that one, end. is 
coil winding, as with the other receivers using coloured red or in some cases marked with @ 
home-made coils, otherwise results will be dis itive sign thus +. You will notice, the sign 
appointing. Be very careful to ensure that all is the same as the addition symbol’ used in 
three windings are in the same direction, this is arithmetic. 
very important. It is easential that both the red or positive ends 
‘The distance between cach winding should be are connected note that this is 


al 
#". After the coil has been wound it is a good marked on Fig, 19b, The receiver cannot work 
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‘one of the crystals is connected the reverse way 
round. 

‘A baseboard and panel form of assembly is 
used for this set which looks quite attractive if 
housed in a small polished cabinet. Dimensions 
are not at all critical but Fig. 19b gives a general 
idea of the layout that should be used. To avoid 
‘any unnecessary losses the coil should be mounted 
on perspex. 

Obtain two strips of perspex 54” long by 4” 
wide, drill fixing holes at both ends of each 
It is best to clamp the two together when drilling 
these holes. Place one strip on the board in posi 
tion, then put the coil and remaining strip over 
the first one and screw down. The coil will be 
clamped neatly and rigidly into position. 

Twin socket bakelite strips are used to carry 
the aerial/earth and ‘phone connections. if de- 


into the edge of the base-board, Tag-strips are 
‘used to anchor some of the wires from the coil, 
and the germanium crystals. These also can be 
purchased for a few pence. At least two tags are 
necessary on one, and three on the other, though 
if the strips have more tags than required it is of 
‘no consequence. C3-C4, the ganged tuning capa- 
citors have trimmers fitted, this should be stipu- 
lated when purchasing, and when first operating 
the set these small trimming capacitances are set 
about half-way. The idea of these trimmers is, 
that they compensate for any difference between 
the self-capacity of the tuning coils. With the 
‘switch $.1 open, that is in the OFF position, tow 
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in a station at the high-frequency end of the 
band, that is with the vanes of C3-C4 towards 
the disengaged position. Adjust Cl for maximum 
volume, without interference from other stations. 
Now adjust the trimmers for loudest headphone 
strength. It may be necessary to run over the 
adjustments several times for best results. Once 
they are correctly set, the trimmers require n0 
further adjustment. The tuning coil covers the 
MW. band, 1500 kc/s. to 600 Ke/s.. as the capa~ 
citor ‘C3-C4 is advanced and the Vanes start to 
‘mesh, the frequency to which the receiver tunes 
decreases so that with the vanes disengaged the 
set is tuned to 1500 kc/s. approximately and at 
full mesh, 600 ke/s. Switch SI is used as follows, 
for stations Tower in frequency than 850 ke/s it 
should be in the ON position with the contact 
closed, but for stations higher in frequency, it is 
in the OFF position. As an example both the 
London Home Service and London Light Pro- 
gramme transmitters on the M.W. band operate 
at a higher frequency than 850 ke/s. If any doubt 
exists as to the operating frequency of @ given 


Whenever crystal sets are discussed, construc- 
tors are apt to think in terms of medium-wave 
reception, When you consider that at least 98% 
(of published circuits are designed for this band 
Gometimes with the long-wave band thrown in as 
an afterthought) it is understandable, However, 
if you can provide a good outdoor acrial (and 
an equally good earth) there is a lot of fun to 
‘be had listening to the short-wave bands. This 
receiver is designed specially for short-wave te- 
ception. 

‘A metal chassis is used for construction, these 
can be obtained ready made in aluminium from 
‘most good supply houses. It can be quite small 
and on the original model a 6” x 4” was used. 
Low loss components are used so as to obtain 
‘greatest efficiency on the short wave bands. The 
coil is a commercial product which plugs into a 
4-pin base. Best results were obtained on the 
3me/s to Tme/s band though coils covering other 
bands are available. 

Note that the tuning capacitor Cl is smaller 
than normally used and has a maximum capaci- 
tance of 140pF. 

Coil type 706/R covers the 3mc/s to 7me/s 
band, but the set is equally satisfactory on the 
M.W. band, and to cover this coil type 706P 
should be used. This coil has an iron dustcore 
which can be adjusted to make the coil cover 
the required band. The effect of the core is as if 
turns were being added or removed from an or- 


/ 


station, reference should be made to the Radio 
‘Times ‘which quotes both wave-lengths and fre- 
quency. If you know the wave-length in metres, 
it is simple to find the frequency. Divide 300,000 
by the wavelength in metres, the dividend equals 
the frequency in kilocycles, 300,000 * 300 
metres=1,000 ke/s. In the same way, dividing 
300,000 by the frequency in kilocycles will pro- 
duce the wave-length in metres. 
To use the receiver, tune in the signal by C3- 
C4, adjust Cl for maximum volume without 
allowing stations to overlap. 
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Components List, Fig. 19a 
Cl 300pF solid dielectric variable capacitor. 
2 1000p F mica capacitor. 


C3-4SO0pF twin gang variable capacitor. 
£123 Sectt adhe Ba 
X1-2° Germanium Crystal. 

2 Tag-strips. 


2 ‘Twin socket strips. 
$1 Single Pole toggle switch. 


inary coil. When dealing with the short waves 
itis customary to refer to the frequencies in terms 
‘of mega-cycles (me/s) rather than kilo-cycles. One 
‘mega-cycle is equivalent to 1000 kilo-cycles, that 
is 1,000,000 

Layout and wiring can be clearly followed from 
Fig. 20b and a theoretical diagram is shown in 
Fig. 20a, Care should be taken when arranging 
‘a mounting for the acrial terminal. The best plan 
is to cut a 1” hole in the chassis, mount the aerial 
terminal on a piece of perspex and screw into 


the chassis. ‘This avoids any unnecessary losses 
between aerial and chassis. The earth terminal 
is screwed directly into the chassis. 
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Wiring as shown in Fig. 20a is likely to give slowly over the band and remember signal 
the best results, but other arrangements are por strength is Likely to vary from day to day. 


sible and to get the best out of the set they 
Refer to Fig, 00. The connected 

fer to Fig. 200. ‘The aerial is to F 
pin 3 on Li, C1 to pin 2 and X1 the crystal to Components List, Fie, 200 

4.°Ir you have long aerial try this com- Cl 140pF variable capacitor Eddystone 586. 
jnation—Aerial to pin 4, Cl to pin 2, and the C2 1000pF mica capacitor. 
crystal to pin 3. Connections to ‘pin I are not 1. Coil holder Eddystone 707. 

Li 3m/e—fmje coil Eddystone 706/R. 


Engraved tuning dial. 
6°x4"x24" chassis. 
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is unaltered. ‘Terminals (Acrial-Earth). 
‘Tuning on the short-wave . bands is is i 
critical than on the medium waves so tune very X1 Germanium Crystal 


Fig. 2la-b is yet another design from America germanium crystal was used. Selectivity can 
and appeared in Radio Craft some years ago, be adjusted to suit all condi 


designed by Mr. W. J. Spain. The original used di from local stations. Good yolume can 
a silicon crystal ‘which’ the development be obtained without the programmes overlapping. 
of the germanium. Results are certainly very Home made coils are used and for best results 
good though of course on the model built here, 75” outdoor aerial is desirable, 


ve 
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Baseboard and panel construction is used, 
which can conveniently be housed in a small 
wooden cabinet. 

Operation is'a little more complicated than 
some of the other designs, but the results cer- 
tainly merit the extra trouble taken. As with 
the other receivers much of the success obtaii 
able is due to the coils and these must be care- 
fully made otherwise results will be dis- 
appointing. vee 

‘Layout and wiring can be followed quite easily 
from Fig. 21b and requires no special comment. 

First make the coils. Li is a tapped coil, the 
taps should be made in the same way as shown 
in Fig, 18b)-It consists of 90 turns of 22 D.C.C. 
(Gouble cotton covered) copper wire tapped at the 
following number of turns, 5, 10, 15, 25. 30, 


meter former, this coil however is not tapped, 
it consists of 110 turns of 38 D.C.C. or enamelled 
‘copper wire, Great care must be taken when 


indling this wire, it is quite fine and in the 


gE, 


hhands of the inexperienced will easily break. 
After wiring has been cartied out the set can 
‘be put into operation. 
Selectivity is controlled by S2, in position B 
tuning is broad but in postion A'it can be quite 


tp. 

‘When searching for a station switch $2 to B. 
Tune the station and switch $2 to A. The fre- 
quency range is controlled by the position of the 
tap on L1, a good plan is to start with the 5 tun 
tap on LI. 


Components List, Fig. 21a 
C1 500pF variable capacitor. 
2. 500pF variable capacitor. 
€3 1000pF Mica Capacitor. 
XI Germanium Crystal. 
L1&L2 See text. 
SI Single Pole toggle switch. 
52 Single Pole 2-way toggle switch. 
2 Twin socket strips 
(Aerial/Earth and "Phones). 


How It Warks 
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Figure 12:1. The function of a four-bit shift register in 
which each tip-flop may be set to a bigh or alow state 
represented here with red ar black squares. After a high 
bit s clocked into the chip, its moved one space along by 
each subsequent clack pulse. 


Figure 12-2. This &-bit shitt-register chip is unusual in 
that it uses “power logic." n which open-drain outputs en 
able it to drive relatively high-curent dovices. It can sink 
Up to. 250mA at each of ts output pins, at upto 45VDC. 


Schematic Representation 

No specific symbol exists for a shift register. Itis 
represented ina schematicbya simplerectangle, 
often (but not always) with control inputs on the 
left, data inputs arrayed along the upper edge, 
and data outputs along the lower edge. An ex- 
ample is shown in Figure 12-3, along with a dia- 


Integrated circuit > digital > shift register 


gram showing the physical chip and its pinouts. 
‘Themeaningoftheabbreviationsidentifying the 
inputs, outputs, and control functions will be de- 
scribed in "How It Works” on page 122. 


SA 8 
cuK 
ae 7aHC164 
QA. QB QC QD QE OF OG QH 


Figure 12-3. Typical schematic representation of a shift 
register. compared with the pinouts of the actual compo- 
ent. 


The schematic symbol representing a shift reg- 
ister may appear superficially similar tothe phys- 
ical form of the chip which contains it, but the 
physical layout of the pins is unlikely to be the 
same. 


How It Works 


A shift register generally consists of a chain of D- 
type flip-flops. See the entry describing flip- 
flops in Chapter 11 fora detailed explanation of 
this component. 


The simplest shift register functions asa serialin, 
serial-out device, abbreviated with the acronym 
SISO. Because the firstbit that enters t will be the 
first to leave at the opposite end, it can also be 


we 


Encyclopedia of Electronic Components Volume 2 
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FIG. 21b 
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Keep SI open and C1 for tuning, adjusting the 
tap on LI for best results. Very powerful signals 
are best brought in with SI closed. When using 
CI and adjusting the taps on Li, switch S2 is 
kept in the A position. 

It will be found that C2 acts as a fine control 
on Cl. One division of the tuning dial on Cl is 


7 


original a 14” diameter former was used but in 
fact this is not very critical and a 14” former 
could be used. An interesting point is the con- 
struction of the long-wave coil section. Solenoid 
coils as used for the medium wave-band are not 
efficient if the length is too great relative to the 
diameter. Now as the long-wave section has 300 
turns, if wound as a solenoid the winding length 
would be very great and a lot of efficiency would 
be lost. To overcome the difficulty the coil is 
pile wound. If the whole coil were to be wound 


{ypehly equal to a movement of 20 divisions on 


Note thatthe ols are mounted at right angles 
to one another and that in this instance wood 
hhas been used as far as possible, an aluminium 
or other metal chassis is not suitable, 


in one pile it would still be inefficient because of 
the capacity formed in the winding, but by divi- 
ding it into five sections a coil of reasonable effi- 
ciency results. The same remarks. concerning 
winding apply to this coil as to all the others in 


Components List, Fig. 22a 
300pF Mica Capacitor. 
‘500pF Variable Capacitor. 
C3 1000 Mica Capacitor. 
X1_ Germanium Crystal. 
L1-2See Text. 
Si Single Pole Toggle Switch. 
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ALL CONS WOUND IN SAME OIRECTION. 


FORMER CAN BE BAKELITE OR WARE 
EAROBOARD TUBE. 
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this book, and readers should not, by this time, A wooden base-board and front panel is best 
encounter any difficulties. for this design, and the wiring and layout can be 
‘The design provides good selectivity with good clearly followed from Fig. 22b. Switch Si is open 
sensitivity, and provided the set is not required for long-wave reception and closed for the 
to operate within a few miles of a powerful trans- medium-wave band. 
sitter, no trouble will be encountered from inter- Coil mounting can be on the same principle as 


miter, 
ference between adjacent stations. for the full-wave design Fig. 19a-b. 

If you ook at all the atber circuits shown in also appeared in Raiio Craft few years ago. 
this book you will find that in each case the An interesting point is that the coil is a con- 
{ning sapector and tuning coi! are in paralls, version adapted from another type of component 
this is by no means essential and the circuit of To make this coil you must obtain an old LF. 
Fig, 23a shows a series arrangement that is the transformer as used in superheterod Syne receivers 
tuning capacitor is between the coil and earth You will require one designed to 2, work any- 
instead of being wired up across it. This design where between 450 and 470 ke/s. Some of the 
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F. transformer must also be of the type 
iron dust core at each end. 


wire by removing 
he end in methylated spirits. Tgnite with a match 
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and after about five seconds wipe with a cloth 
held between finger and thumb. ‘This will quench 
the flame and will remove all traces of enamel 
from the wire. It is a good plan to experi 

with the odd length of wire removed from the 
secondary coil. If the coils prove to be con- 
structed of ordinary copper wire, it can of course 
bbe prepared with fine emery cloth in the normal 


manner. 


Components List, Fig. 230 
C1 SO0pF variable capacitor. 
XI Germanium Crystal. 
Li See Text. 
4 Plugs and sockets or terminals. 


the set works quite happily relying on the self- 
capacitance of the head-phones. 


PRI. 


TOON OOY 


ADJUSTING NUT. 


PRIMARY 


SECONDARY. 
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PHones 


TUNING CONTROL 


SELECTIVITY 
CONTROL 


— FRONT view — 


So as to give a truly varied selection of circuits, 
some of the sets have been designed around com- 
mercial coils whilst others use coils which must 
‘be home-constructed. 


Most enthusiasts like to build their own coils 
but when it is a question of something really 
small combined with efficiency a commercial coil 
is the obvious choice. 

Fig. 24a-b uses a tobacco tin or_a similar 
container just as the design shown in Fig. 16 

This receiver however is a little more selective 
and is more suitable than the earlier design, if 
you are near a transmitter or have a very long 
aerial. Take great care to connect the coil accord 
ing to the colours shown on the diagrams. 
Sockets are used for wave-changing, this cheapens 
the cost a little and they are just’as efficient. 


Components List, Fig. 240 
C1 100pF Mica capacitor. 
C2 S00pF variable capacitor solid dielectric. 
C3 1000pF Mica capacitor. 
X1_ Germanium crystal. 
LI-2R.E.P. dual range coil. Blue box. 
6 Insulated wander-plug sockets. 
5 Wander Plugs. 
2or. Tobacco tin or similar container. 
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FIG. 24b 


POSITION OF COMPONENTS: 
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‘mitter are too powerful to permit 
with a normal coil to be of much use. 
five in Hertfordshire a few miles from the Lon- 
don transmitters, and find a more elaborate cis- 
cuit is necessary. Now in radio circles it is a 
well-known fact that the greater the number of 
tuned circuits, the greater the overall selectivity. 
Look at Fig. 25a, you will see that the usual 

and C tuning arrangements have been duplicated. 
‘This type of circuit is known as a Band-Pass 
Filter. There are many Kinds of such filters, this 
articular type is an inductively-coupled filter, 
‘ote that nergy from the first half (L2) is con- 


veyed to L3 by way of two small inductors L1 
and LA. 


‘Tuning is quite sharp and the “feel” of the 
set is quite different from that of single coil de- 
signs. A small chassis is ideal for construct 

‘6°x4"x2)" was used on the original, though it 
could have been smaller. 

Fig. 25b gives the layout and wiring. 

Take particular notice that L1-2-3 is mounted 
horizontally and at right angles f L4-5-6, this 
4s to prevent the coupling from being to0 “ght = 
which would ruin the idea of the filter. A good 
aerial and earth is of course necessary. It may 
bbe found on test that the selectivity is too great 


THE BOY'S BOOK OF CRYSTAL SETS 


and that volume has suffered. This can be in 
geniously overcome by connecting a very small 
Sapacitance between the two Groen tags on the 
coils. The simplest way is to connect it across 
the fixed vane connections on C2-C3. Values for 
this extra ca are a matter for ex 

usually a value between 10pF and 47pF is suffi- 
cient. “A small SOpF trimmer could be used and 
adjusted to suit. The ideal setting is to enable 
powerful adjacent stations to be received just 
short of overlap s0 that as much volume as pos- 
sible is obtained. 

There is one point to be observed with the 
ganged capacitor. It should be of the type fitted 
with trimmers’ though of course, there is no rea- 
ton why you should not fit them yours. These 
are to allow for differences between coils to be 
balanced out, and consist of a small variable 
capacitance across each main section, 


When setting up the receiver, first set each 
trimmer at half way and tune in a station near 
the high-frequency end of the band (vanes nearly 
fut) adjust the trimmers for maxinum volume. 
If extra coupling capacity is added as described, 
‘ry adjusting them further. 

‘Once properly set up, no further adjustment 
is necessary. 


Components List, Fig. 25a 
Cl 100pF Mica capacitor. 
©2-3 2 x S00pF variable capacitor (see text). 
(C4 1000pF Mica capacitor. 
L1-2-3 Dual Range Coil R.E.P. (Blue Box). 
145-6 Dual Range Coil R.E.P. (Blue Box). 
X1 Germanium Crystal. 
Sla-b 2 pole single throw toggle switch. 
4 Terminals or plugs and sockets. 
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FIG. 25 b 
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‘Another band-pass circuit is shown in Fig. 26a. 
This time home-made coils are used. ‘This filter 
is not inductively coupled but entirely capacitive, 
relying on C3. As in the previous circuit it must 
be adjusted to give just sufficient “broadness” to 
the tuning to provide adequate volume without 
station overlap. To avoid unwanted coupling a 
screen is mounted between the coils, this is neces- 
sary because due to the size of the coils they 
would be bound to couple quite tightly without 
it, Such precautions were not necessary with the 
circuit of Fig. 25a, as the commercial coils are 
much smaller physically and the risk of un- 
wanted coupling reduced. 

The coils for this receiver are for medium wave 
jon only, this keeps the size down. Coil 
ing procedure has already been fully ex- 
ed, and covers all the requirements of these 
coils. Base-board and pane! construction is used, 
and for more accurate tuning since the coils are 
home-made, separate tuning capacitors are re- 


‘commended. Fig. 26b gives the layout and prac- 
tical wiring. 


Components List, Fig. 260 
C1 100pF Mica capacitor. 

C2. 500pF variable capacitor. 

C3. 50pF Mica trimmer. 

C4 500pF variable capacitor. 

C5 1000pF mica capacitor. 
L1-2See text. 

XI Germanium Crystal. 

4 Terminals or plugs and sockets. 


For those who do not wish to bother with these 

1 ganged capacitor can be used, but tuning may 
not be as good as with separate ones. The screen 
mounted between the coils is of aluminium or 
and should be about 1” higher than the 

coils and the same length as the baseboard depth. 
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Fig. 27a-b uses a band-pass filter for 
tuning. and the coils are home-constructed. 

With this design a ganged capacitor is quite 
suitable as the coils tune quite accurately. It is 
essential that the coupling condenser C3 is non- 
Inductive, there will be no difficulty in obtaining 
a new component of this pattern but it is as well 
to avoid old components which may not employ 
this form of construction. 


Receivers using this type of filter are used to 
the best advantage when situated a short distance 
from a powerful transmitter and if selectivity is 
‘not important this particular design is not the 
most suitable. 

‘Both medium-waves and long-waves are catered 
for: consider L1-2-3, this is the first half of the 
filter. 

LI is the aerial coupling coil, with $1 closed, 


integrated circuit > digital > shift register 
described as a first-n, first-out data storage de- 


vice, using the acronym FIFO. 


The basic connections between flip-flops in a 
four-bit SISO shift-register are shown in 
Figure 12-4, The D input in each section refers to 
the fact that it is a D-type flip-flop. The primary 
output from each flip-flops identified with letter 
Q 


Figure 12-4. The simplest shift register is a seria-in, 
seria-out (SISO) device. This example contains four 0 
type thp-flops. 


Each clock inputis labeled CLK. When the output 
of each flip-flop is coupled to the input of the 
next flip-flop, and both share the same clock sig- 
nal, the clock signal will cause the state of the 
third flip-flop to be sent to the fourth, the output 
of the second to be copied to the third, the out- 
put of the first to the second, and the input state 
will be copied to the first. 


Abbreviations and Acronyms 

‘The shift register will usually have an additional 
input that forces an immediate ‘clear” of all the 
registers, regardless of the clock state at that mo- 
ment. This input is usually labeled CLR and will 
have a bar printed above it if it is active-low 
(which is the usual convention). If there is a pin 
labeled MR (meaning "Master Reset), itwill have 
the same function as CLR. 


Because its effect is independent of the clock 
state, the clear signal is described as an asyn- 
cchronous input. 


While the abbreviation CLK is frequently used to 
identify the clack input, SCLKis also used (mean- 
ing "serial clock"), and occasionally the abbrevi- 
ation CP may be found, meaning ‘clock pulse” 


input. If the shift register contains two stages, 
one to clock data in and the second to clock data 
out, they may be separately clocked, in which 
case they will be identified with different abbre- 
Viations. These ate not standardized, but should 
be explained in the manufacturer's datasheet. 
No matter which abbreviation is used for a clock 
input, it will have a bar printed above it if the in- 
put isactive-low. 


Shiftregistersare generally edge triggered, mean- 
ing that the rising or falling edge of a clock pulse 
triggers the bit-shifting operation. Ifthe compo- 
nent responds to a clock transition from low to 
high, itis rising-edge triggered. If it responds toa 
transition from high to low, itis falling-edge trig- 
gered, and this may beindicatedin the schematic 
by a small circle, properly known as a bubble, 
preceding the triangle which indicates that this 
is an edge-triggered device. 


‘Most shift registers are positive-edge triggered. 


Parallel Outputs and Inputs 

In many shift registers, data may be read out in 
parallel (fromall flip-flops simultaneously), using 
pins provided for this purpose. In this mode, the 
shift register can function as a serial-parallel con- 
verter (serial in, parallel out, represented by the 
acronym SiPO). A simplified schematic of the in- 
ternal connections is shown in Figure 12-5, 


Where parallel outputs are provided, they are 
often identified as QA, QB, QC, and soon (moving 
from left to right) but may alternatively be de- 
scribed as Q1, Q2, 03, 04, and so on, 


In a schematic, the input pin is conventionally 
shownas beingatthe left end ofthecomponent. 
Often two inputs are provided, connected inter- 
nally as inputs to a NAND gate. The inputs are 
likely to be labeled AandB, but may alternatively 
be named SA and $8, indicating that they are se- 
rial inputs. S1 and S2 are alternative classifica- 
tions, if parallel inputs exist, they may be identi- 
fied as PA, PB, PC, and soon. 


Chapter12 123 
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the medium-waves are received. This coil is 
inductively coupled to L2 and L3. Again with $2 
‘open L2 and L3 combined cover the long-waves 
and when $2 is closed the medium waves are 
covered. ‘ 

Tuning for this half of the filter is by means 
of the capacitor Cl, which is one half of the 
ganged capacitor. A screen is erected between 
the two sets of coils comprising the filter, and 
coupling is effected by C3, an earth return for 
the coils is provided by RI. 

LA and LS operated in @ similar manner to 
L2 and L3, tuning is by means of C2, the re- 
maining section of the ganged capacitor. You 
will realise that the coils must be accurately 
wound otherwise tuning will not remain constant 
between the two sections over the band. 

‘The ganged capacitor should be fitted with 
trimmer capacitors when purchased so that the 
two circuits can be balanced. 

‘You will have noticed that this circuit uses 
three sets of switch contacts. A three-pole two- 
way wafer switch is the best choice otherwise 
either two or even three separate switches are 


necessary. All the necessary coil details are giver. 
in the diagrams, the tap on L4 is made in the” 
same way as shown for other coils in the manual. 
One other component used only on this design, 
is the resistor RI, its size is not important be- 
cause the current flowing is so small it can be 
ignored. 

‘A 4 watt rating is adequate, its precise value 
is not critical so that a 20% tolerance component 
is quite suitable. 

Resistors are coded by colours and the 10000 
type you require will bear the following sequence. 
At one end will be painted three coloured rings. 


Components List, Fig. 27a 

C1-2500pF 2 gang, variable capacitor. 

C3 00Smtd, noninductive paper capacitor. 

C4 1000pF ‘mica capacitor. 

RI 1000ohm resistor. 

X1_ Germanium . 

S1-2-3 3-pole 2way wafer switch. 

L123 & L45 See text. 

4 “Terminals (Aerial, Earth and "Phones). 
Sheet copper or aluminium for screen. 
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FIG. 28 


a 


THE BOY'S BOOK OF CRYSTAL SETS 


‘Tho first one is BROWN which represents 1, the 
figure of the value, the second BLACK, this 
fcates the second numeral is nought, and the 
third colour is RED which tells us that two fur- 
ther ciphers or noughts are added to give the 
total value. From this you can see, we have 1 
plus a nought equalling 10, plus ‘two further 
noughts which total 1000. Some earlier types of 
resistor were painted differently, the whole body 
colour represented the first figure, one tip was 
coloured to represent the second figure, and a 
painted dot in the centre gave the number of 
ciphers to be added. 


CONCLUSION 


__ The twelve receivers described are representa 
tive of the best crystal set designs available to-<day. 
‘Their construction will provide many hours of 
Useful enjoyment, and the results will give lasting 
pleasure. 

A final word about components, if no actual 
maker is specified, any good class component can 
be used. Switches, fixed and variable capacitors 
and crystals, are available from numerous manu- 
facturers all of which are invariably of excellent 
quality. Where a particular manvfacturer’s pro- 
duct is called for, the specification should be 
adhered to. ‘The commercial coils specified are 
freely available from most supply houses special- 
ising in components for constructors, but in case 
of difficulty write to Bernards (Publishers) Ltd., 
‘The Grampians, Western Gate, London, W.6, who 
will, on receipt of a S.A.E. be pleased to supply 
the address of your nearest stockist. Coil formers 
are not always easy to obtain and in this case 
advice should be from Post Radio 
Supplies, 395, Queensbridge Road, London, E.R, 
‘who will be pleased to help in any way possible. 
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In electronics, a diode is a two-terminal electronic component that conducts 


primarily in one direction; it has low resistance to the flow of current in one 
direction, and high resistance in the other. A semiconductor diode, the most 
common type today, is a crystalline piece of semiconductor material with a p-n 
junction connected to two electrical terminals. A vacuum tube diode has two 
electrodes, a plate and a heated cathode. Semiconductor diodes were the first 
semiconductor electronic devices. The discovery of crystals’ rectifying abilities was 
made by German physicist Ferdinand Braun in 1874. The first semiconductor 
diodes, called cat's whisker diodes, developed around 1906, were made of mineral 
crystals such as galena. Today, most diodes are made of silicon, but other 
semiconductors such as selenium or germanium are sometimes used. 


This diode is able to detect RF signals and converts it to DC electricity to power a 
Led the amazing thing about this is that its completely passive and doesn't require 
any batteries... Gold Plated Slug 1N23B is Vintage U.S. ARMY Military for General 
Purpose UHF-MW Silicon Mixer. Primarily used in the Allies’ radar systems during 
World War II. 


Add Tip Ask Question 


Step 1: 


PRELIMINARY PLANS TO RUN YOUR CAR ON TAP WATER! 


IT ALSO WORKS ON YOUR, 
TRUCK/ RV / MOTORCYCLE / AIRPLANE (ETC) 


Will This Work? 


These plans were sent to the Spirit of Ma'at anonymously, from someone who does not 
want his or her name printed (for obvious reasons). 

We have had them checked by an expert who believes that they are real. 

We also have talked with another individual who has patented a similar device, and we know 
by personal experience that the technology is sound. 

So although we cannot guarantee it, we believe these plans will enable you to build a car 
that runs on water. If you test it out, though, do as the writer suggests and use an old car 
that doesn't represent aloss of value if you can't make it work, And leave everything 
intact so that you can always reconnect back to gas if you have to. 


But if you do get it working, please send us your experience for our readers. You could be 
@ national hero and help save our country and our world. 


We know for certain that an automobile will run on water. So this could be an interesting 
project for you mechanical types, with a great reward of never having to purchase gasoline 
for the rest of your life - and helping humanity at the same time. 


Re The Need to Rustproof Your Exhaust System 


It is possible to make a hybrid of both gas and water (a system that is being tested now in 
Mexico), which would eliminate the need to open the head and remove the exhaust system. 
Just a thought. 1t takes only a small amount of gas to keep the system dry. 


The text sent from the anonymous individual was edited slightly for better reading. The 
following is his/her words and drawings, which has been given into the public domain. 
- Spirit of Maat LLC 


Introduction 


It is suggested you try this out to begin with ona second vehicle you own, one that you 
don't need to live with everyday, until you perfect this technology. 


Do-it-yourself plans allow the individual (that’s you and me, folks) to make a difference. 
This is the easiest and lowest-cost way to convert your car to run on (relatively) free 


energy. 


Now, with existing technology, anyone can stand up and make a difference by reducing the 
focal automotive pollution, eliminate gasoline expenses, help restore our atmosphere, and 
breathe a little easier. 


In putting these plans into operation, you will be making use of your entire existing system 
except for the fuel tank and the catalytic converter. 


The Plan 


Build and install a low-cost alternative method for running your vehicle (internal 
combustion engine) on tap water, using off-the-shelf components. 


This is simply an efficient way to convert ordinary tap water into gaseous hydrogen and 
oxygen, and then burn these vapors in the engine, instead of gasoline. 


This ‘minisystem’ runs easily from your existing battery and electrical system, and it 
plugs into your carburetor with simple off-the-shelf fittings. 


You will be installing a plastic water tank, a control circuit, a reaction chamber, a hi- 
pressure carb/FI fitting, and 3 gauges, and then hooking into your existing car6/J1. 


The simplicity comes from its being an ‘on-demand’ system requiring no fancy storage or 
plumbing. You crank the gas pedal or throttle, and you electrically create more vapor for 
immediate consumption, on demand; low-high flow rate as needed, from idle to maximum 
power. The only real change is that you are using tap water as fuel, instead of the 
traditional petroleum-based fuel, 


Given a choice, which way would you choose? 


Frequently Asked Questions 


Q: Does it really work 2 

A: Yes; this is well-established technology dating back to stainless steel, But be sure to 
follow these instructions using the proper mechanical and electrical assembly techniques, 
as this plan incorporates the best qualities of several techniques. 


Q: How does it qualify as "free energy’? 

A: If you're paying someone for the water you use, then it is not strictly free. But the 
alternative is to keep buying into expens ive ga$ oline and its resultant hydrocarbon 
pollution. 


Q: Is it safe? 

A: Technically, it is safer than running on fossil fuel because you are no longer choking on 
your own emissions (health-wise). In general, it is practically as safe as your current 
gasoline arrangement. You will be installing a few simple safety devices, using current 
automotive standards. 


Q: What kind of performance can I expect? 
A: Properly adjusted, your modified vapor-only fuel system will run cooler, and at a 
modestly higher power level. The mileage performance expected from this design ranges 
from 50-300 mpg (of water), depending on your adjusting skills. 


Q: Can I do the modification myself? 

A: Why not? If you don't have any mechanical skills, and you know someone with basic 
mechanical and/or electrical skills, you can even delegate some of the construction. If you 
are using a fuel-injected engine, you may have to get a mechanic's opinion. [There will have 
to be an adapter inserted into the fuel-injection system, just as you would have to do if 
you were going to run on propane, hydrogen, or natural gas. Ed.) 


Q: What is the environmental impact that my vehicle will have? 
A: It will be producing H20 steam (water vapor) and unburnt 02 (Oxygen). Hence, it will be 
cleaning the environment, rather than dumping nauseous toxins into it. Plus you will be 
helping to save our dwindling supply of atmospheric oxygen. Any excess vapor in the 
reaction becomes either steam or oxygen. You can also expect to be receiving more than 
casual interest from those around you. 


Q: Isnt this really a steam engine? 

A: No. Really. Exceedingly high temperature and pressure are not used. This is strictly an 
internal-combustion engine (burning orthohydrogen) with residual steam in the exhaust as 
@ by-product. 


There are afew things you should know about gasoline: 

Gasoline as a fuelis not necessary; it is optional. 

Gasoline versus Water 

There is alot of thermochemical energy in gasoline, but there is even more energy in 
water. The DOE (Department of Energy) has quoted about 40%, so it is probably much 


more than that. 


Most people are unaware that ‘internal combustion’ is defined as ‘a thermo-vapor 
process’ - as in ‘no liquid in the reaction.’ Most of the gasoline ina standard internal 


combustion engine is actually consumed, (cooked, and finally, broken down) in the catalytic 
converter after the fuel has been not-so-burnt in the engine. Sadly, this means that most 
of the fuelwe use in this way is used only to cool down the combustion process, a pollution- 
ridden and inefficient means of doing that. 


How It Works 
Exceedingly simple. Water is pumped as needed to replenish and maintain the liquid le velin 
the chamber. The electrodes are vibrated with a0.5-5A electrical pulse which breaks 
2(H20) =>2H2 +02. When the pressure reaches say 30-60 psi, you turn the key and go. 
You step on the pedal, yousend more energy to the electrodes, and thus more vapor to the 


cylinders; ie. fuel vapor on demand. 


You set the idle max-flow rate to get the most efficient use of power, and you're off to 
the races. 


In the big picture, your free energy is coming from the tap water in an open system, as 
the latent energy in the water is enough to power the engine and hence drive the 
alternator and whatever belt-driven accessories. And the alternator is efficient enough to 
run the various electrical loads (10 - 20 amps), including the additional ow current to run 
this vapor reaction. No extra batteries are required. 

STEP BY § TEP CONSTRUCTION (Please refer to diagrams at the end of this document) 
OVERVIEW - Here is the suggested sequence of steps: 


1. Install the CHT (or £EGT) gauge and measure your current operating temp range 
(gasoline), for comparison. 


2, Build and test the controller to verify the correct pulse output. 
3. Build the reaction chamber and test it with the controller (ie pressure out) 

4. Install the tank, controller, chamber, and pressure fittings. 

5. Run engine and adjust the control circuit as necessary for best performance. 

6. Install the stainless steel valves and get the pistons/cylinders coated with ceramic. 


7. Coat the exhaust system with ceramic without the catalytic converter (or let it rust out 
and then replace the whole dang thang with stainless steel pipe sections). 


Variants 


Figure 12-5. Many shift registars have pins connected to 
pboints along the chain of thp-lops. These connections en: 
able data to be read fram the shift register in paalie 


Ifserial data is supplied asynchronously, asin the 
illustration in Figure 12-1, itwill be ignored until 
the shift register is triggered by the next clock 
pulse. The input state at that moment will then 
be copied into the first flip-flop, while the data 
that is already being stored in the shift register 
willbe moved along the chain. in datasheets, this 
is customarily represented by a diagram such as 
the onein Figure 12-6. Thisdiagramassumesthat 
the shift-register is rising-edge triggered. Note 
that a brief fluctuation in the input which does 
not coincide with a clock-trigger event will be 
ignored. 


Variants 


Serial In, Serial Out 

A basic SISO shift register allows only for serial 
input (at one end of the chain of flip-flops) and 
serial output (at the other end of the chain). No 
pins are available for parallel output of data. 


This type of component usually permits 64-bit 
storage, where parallel output is simply imprac- 
tical, as too many pins would be required. An ex- 
ample is the 40318 chip. This includes provision 
for recirculation of bits, so that twill also function 
asa ring counter (see Chapter 13 fora discussion 
of this function). As is always the case with logic 
chips, the part number will be preceded by let- 
ter(s) identifying the manufacturer, and a suffix 
will distinguish variants of the chip. 


Integrated circuit > digital > shift register 


Another type of SISO shift register is program- 
mable. It will store any number of bits from 1 
through 64, determined by a binary number ap- 
plied in the form of high/low states to five pins 
reserved for this purpose. An example is the 
45578, 


Time 


Figure 12-6. in a rising-edge-triggered shift register, the 
high or iow state of an asynchronous input (ourple line) is 
copied into the frst flip-flop of a shirt register by each 
clock pulse (orange line). Brief fluctuations that do nat co- 
Incide with a rising clock pulse are ignored. Existing data 
In the register is shifted from ane fip-lop to the next. 


Serial In, Parallel Out 

The majority of serial-input shift registers allow 
parallel output from points along the chain in 
addition to serial outputat the end of the chain. 
These chipsalmostall are8-bitregisters. Typically 
‘two inputs are provided, one of which can be 
used to receive bits that recirculate from the end 
of the chain, back to the beginning. Widely used 
‘examples are the 40948 and the 74x164, where 
an acronym identifying the logic family will be 
substituted for the x. 


Parallel In, Serial Out 

A minority of shift registers are able to function 
as parallel-serial converters (parallel in, serial out, 
represented by the acronym P/SO). Typically this 
type of chip allows jam-type parallel data input, 
meaning thatthe datais forced into the flip-flops 


cry 


Encyclopedia of Electronic Components Volume 2 


YOU WILL NEED 


plastic water tank with pump and level sensor. 

control circuit, wiring, connectors, and epoxy. 

reaction chamber with electrodes and fittings. 

3/8" stainless steel flex-tubing, fittings and clamps. 

carb/FI vapor-pressure fitting Kit.- pressure, CHT (or EGT), level gauges. 
stainless steel valves. 

copper mesh junction. 

ceramic surface treatment for cylinders e& pistons. 

stainless steelor ceramic treated exhaust assembly. 


BASIC TOOLS 


drill, screwdriver and pliers 
hole cutter 

wire-wrap, solder-iron and clippers 
DVM and oscilloscope. 


REACTION. CHAMBER, 


Construct as shown in the diagrams. Use a section of 4° PVC waste pipe with a threaded 
screw-cap fitting on one end and a standard end-cap at the other. Make sure to drifl-and- 
epoxy or tap threads thru the PVC components for alf fittings. Set and control the water 
level in the chamber so that it wellsubmerses the pipe electrodes; yet leave some 
headroom to build up the hydrogen/oxygen vapor pressure. Use stainless steel wires inside 
the chamber or otherwise use a protective coating; use insulated wires outside. Ensure 
that the epoxy perfects the seal, or otherwise lay down a bead of water-proof silicone 
that can hold pressure. 


The screwfitting may require soft silicone sealant, or agasket; its purpose is to hold 
pressure and allow periodic inspection of the electrodes. No leaks, no problems. Make sure 
you get asymmetric 1-5mm gap between the 2 stainless steel pipes. The referenced 
literature suggests that the closer to Imm youget, the better. You will want to get your 
chamber levelsensor verified before you epoxy the cap on. 


Make your solder connections at the wire/electrode junctions nice, smooth, and solid; then 


apply a water-proof coating, eg. the epoxy you use for joining the pipes to the screw cap. 
This epoxy must be waterproof and be capable of holding metal to plastic under pressure. 
You will want to get your chamber level sensor verified before you epoxy the cap on. 


CONTROL CIRCUIT 


The diagrams show a simple circuit to control and drive this mini-system. You are going to 
make a ‘square-pulse' signal that ‘plays’ the electrodes like a tuning fork; which you can 
watch on an oscilloscope. The premise given by the literature is: the faster you want do go 
down the road, the ‘fatter’ you make the pulses going into the reaction chamber. Duty 
cycle will vary with the throttle in the vicinity of 90% MARK 10 %S PACE (OF F/ON). 


There is nothing sacred about how the pulse waveform is generated; there are many ways 
to generate pulses, and the attached diagrams showa few. The diagram shows the NES55- 
cireuit approach from the referenced patent. The output switching transistor must be 
rated for 1-5 amps @ 12VDC (in saturation). 


Go with a plan that works for you or your friendly neighborhood technoid or mechanic, and 
goget all the circuit elements from your local electronics store, such as Radio-S hack or 
Circuits-R:Us, including the circuit board, 1C sockets, and enclosure /box. 


Digikey has better selection, service, and knowledge; plus they have no minimum order. Be 
sure to use acircuit board with a built-in ground plane, and to accommodate room for 
mounting 2 or 3 of the gauges. Mounting the reaction chamber in the engine compartment 
will require running a stub to your pressure gauge where you can watch it 


You can easily make 30-gauge wire-wrap connections between the socket pins and thru- 
hole discrete components having wire leads. Also make sure toget spec sheets on any IC 
you use. More details of the best circuits to use will be announced pending prototype 
testing. You will want to get your chamber level sensor verified before you epoxy the cap 
on. 


Throttle Control 


If you have a throttle position sensor, you should be able to access the signal from the 
sensor itself OR from the computer connector. This signal is input to the circuit as the 
primary control (ie. throttle level = pulse width = vapor rate). 


Lf you don't have such a signal available, you will have to rig a rotary POT (variable 
resistor) to the gas linkage (ie. coupled to something at the gas pedal or throttle cable 
running to the carb or FI. If you make the attachment at the carb/Fl, be sure to use a 
POT that can handle the engine temp cycles. Don't use acheezy-cheapy POT; get one 


rated for long life and mechanical wear; mount it securely to something sturdy and 
stationary that will not fall apart when you step on the gas 


Control Range. The full throttle RANGE (idle-max) MUST control the vapor rate, ie. pulse- 
width (duty). The resistor values at the throttle signal must allow the throttle signal 
voltage, say 1-4 Volt swing, to drive the VAPOR RATE. You will be using this voltage swing 
to generate a10% ON square’ pulse. The patent implies using a ‘resonant’ pulse in the 10- 
250 Kz frequency range; but it is not explicitly stated so. 


In this circuit, you will simply tune to whatever frequency makes the most efficient vapor 
conversion. You will have to get into the specs for each IC you use, to insure you connect 
the right pins to the right wires, to control the frequency and pulse width. You can use 
spare sockets to try out different discrete component values. Just keep the ones that are 
spec-compatible in the circuit, and get the job done. 


You crank up the throttle signal and put more electrical energy (fatter pulses) into the 
electrodes; verify you can get 10% duty on the scope (2 - 100 usec on the horizontal time- 
base). Your averaging DVM will display the 90%-10% DC voltage across the output 
transistor (Vee or Vis or Output to Ground). Set and connect DVM in the supply current 
and measure 5-5 amps, without blowing the DVM fuse. Now verify that you got 
everything you wanted. 


Verify your wiring connections using your DVM as a continuity detector. Check your wiring 
Lat atime and yellow line your final schematic as yougo. You can best use board-mount 
miniature POTs for anything you want to set-and-forget. The LEDs are there to give youa 
quick visual check of normal vs abnormal operation of your new creation. You will want to 
get your chamber level sensor verified before you epoxy the cap on. 


CARB/FI CONNECTION, 


The diagram also shows that fittings are required to the car6/FI l. There are ready-made 
Kits (such as by Impco) available for making your pressure fittings to the carburetor or 
fuelinjector as the case may be. You will necessarily be sealing the built-in vents and 
making a 1-way air-intake 


The copper mesh comprises the inadvertent backfire’ protection for the reaction 
chamber. Make sure that all vapor/duct junctions are air-tight and holding full pressure 
without leakage. Your new 'system' is considered successful and properly adjusted when 
youget the full power range at lower temp and minimum vapor flow without blowing the 
pressure safety valve 


CHT (or EGT) 


Monitor your engine temp with the CHT (cylinder head temp) or EGT (exhaust gas temp) 
instead of your original engine temp indicator (if any). Your existing gauge is too slow for 
this application and will not warn you against overheating until after you have burnt 
something. Make sure that your engine runs no hotter than in the gasoline arrangement 
VDO makes a CHT gauge with a platinum sensor that fits under your spark plug against the 
cylinder head (make sure it is really clean before you re-install your spark plug (as this is 
also an electrical ground). 


ENGINE/EXHAUS T TREATMENT 


Get the valves replaced with stainless steelones and get the pistons/cylinders ceramic: 
treated ASAP when you have successfully converted and run your new creation. Do not 
delay as these items will rust, either by sheer use or by neglect (ie. letting it sit). You 
could make max use of your current exhaust system by using it with your new deal until it 
rusts through, then have your mechanic or welder friend to fit a stainless steelexhaust 
pipe (no catalytic converter is required). But it could be easier and cheaper to send your 
existing exhaust system out for the ceramic treatment, and then simply re-attach it to 
the exhaust ports 


GENERAL 


1. Do not discard or remove any of the old gasoline setup components, e.g. tank, carb/Fl, 
catalytic converter, unless necessary. Better to always leave an easy way to revert back to 
something that at least runs, just in case. Some people are leaving their gasoline setup 
completely intact, and switching backand forth at will, just to have a backup plan. 


2. Set your throttle circuit so that youget minimum vapor flow at idle, and maximum vapor 
flow at full power without blowing the pressure relief valve. In this way, you control how 
‘lean’ your mixture is by the strength of the pulse (ie. “fatness” at the optimum pulse 


frequency). 


3. If you just don't get enough power (at any throttle setting), it means that you need to 
(1) change the pulse frequency, (2) change the gap between the electrodes, (3) change the 
size (Bigger) electrodes, or (4) make a higher output pulse voltage (last resort). Always use 
an output transistor, such as a MOSFET, that is rated for the voltage and current you 
need to get the job done. OKso you might have to play around with it some. Isn't that 
where all the Fun is anyhow? 


4. 1f youget any engine knock our loud combustions (not compensated by adjusting the 
timing), it means that you need to install an additional coil in the chamber, and drive the 
coil with an additional pulse signal (about 19 Hz on the .Isec time base (see diagram). Here, 


you will be slowing down the burn rate just enough so that the vapors burn thru out the 
power stroke of the piston. Be sure to include a board-mount POT to set the correct 
strength of this 2nd pulse signal into the coil. This is a stainless steel coil of about 1500 
turns (thin wire) that you can arrange like a donut around the center pipe (but NOT 
touching either electrode), directly over the circular 1-5mm gap. You want no knocking at 
any power/throttle setting; smooth power only, but also no excess hydrogen leftover from 
the combustion. 


5, Build the canister(s) as tallas you can without compromising your ability to mount them 
conveniently near the dash panel, or inthe engine compartment, as the case may be. This 
way, you can always make the electrodes bigger, if necessary without undue hardship. 
Remember that anything in the engine compartment should be mounted in a bullet-proof, 
vibration and temperature tolerant fashion. 


6. If you have to drilla thru-hole for wiring or plumbing thru metal, make sure to also 
installa grommet for protection against chafing. Always watch your chamber pressure 
range from IDLE (15-25 psi) - FULL POWER (30-60 psi). Set your safety-pressure relief- 
valve to 75 psiand make sure it’s rated for much higher. 


7. Shut OFF the power switch and pull over if there is any malfunction of the system. Your 
engine will last longest when it still develops FULL POWERS at some minimum temperature 
that we are sure you can find, by leaning back the Royal Vapor Flow and/or by making use 
of the water-vapor cooling technique (see diagram). Keep good mpg performance records, 
and periodic maintenance /inspection. Keep it clean; save some money; clean the air; heal 
the planet; happy motoring; tella friend; enjoy your freedom and self-empowerment. 


8. There lacks documented material for perfecting this vapor system thrua fuel injector; 
there may be some details you will discover on your own as working prototypes progress. 
For example, you may be restricted to inject the hydrogen/oxygen vapor without any 
water vapor, as it may rust the injectors. If engine temp and CHT is a problem, then you 
will want to re-think your plan, eg. ceramic-coating the injectors. There is always 
“replacing the FI system with a Carb.” 


9. If you install the water-vapor system (for lower operating temp/stress), you will want 
to lean the mixture (vapor/air) for minimum vapor flow rate to achieve any given throttle 
position (idle - max). Make sure that you get a minimum flow for IDLE and a modestly 
sufficient flow for MAX, that does the cooling job without Killing the combustion. 


10. If you cannot find stainless steel pipe combinations that yield the 1-5mm gap, you can 
always regress back to alternating plates of +/- electrodes. 


IL. If you are concerned about the water freezing in your system, you can (a) add some 


98% isopropyl alcohol and re-adjust the pulse frequency accordingly; or (6) install some 
electric heating coils. 


12. Do not let ANYONE ever compromise your dream, your freedom, your independence or 
your truth. 
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CONVERT YOUR ENGINE TO BURN HYDROGEN AND OXYGEN 
VAPOR FROM WATER....... ON DEMAND + POLLUTION-FREE 


FIGURE 1 
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BUILD YOUR OWN WATER VAPOR SYSTEM 
CONTROLLER FROM THE-SHELF MATERIALS 


FIGURE 2. BLOC DIAGRAM 
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FIGURE 3. E-DIAGRAM 


BUILD YOUR OWN WATER VAPOR SYSTEM REV. A 
CONTROLLER FROM THE-SHELF MATERIALS electrodes 


FIGURE 4 E-SCHEMATIC 


integrated circuit > digital > shift register 
via a separate pin for each of them. Parallel input 
isenabledby the status of aserial/parallel control 
pin, When the control pin reverts to its opposite 
status, each clock pulse will now shift data along 
the chain of flip-flops, allowing it to be read from 
the final output one bit at a time, Thus, data can 
be entered into the chip in parallel and read out 
of it serially. Examples are the 40148 and 40218. 
Both are &-bit. 


Parallel In, Parallel Out 

Shift registers that permit parallel output in ad- 
dition to parallel input are almost all of the uni- 
versal type, described in the next section. 


Universal 

A universal shift register is capable of all four 
modes of operation: SISO, SIPO, PISO, and PIPO. 
‘The four modes of the component are selected 
by the high or low status of two mode select pins. 
In addition, this component may have the ability 
to shift the register states either left or right. A 
bidirectional shift register has this same capabil- 
ity, and may also have PISO and PIPO capability, 
depending on the chip. Examples ate the 74x195 
and 74x299, where an acronym identifying the 
logic family will be substituted for the x in the 
number. 


Universal shift registers are almost all 4-bit or 8- 
bit. They often have relatively complicated fea- 
tures, such as access to internal JK flip-flops, or 
pins that are multiplexed to provide different 
functionality depending whether an enable pin 
is held high or low. Datasheets must be checked 
carefully to ensure correct use 


Dedicated shift registers of SIPO or PISO type will 
be easier to use. 


Values 


Asis the case with other logic chips, most flip- 
flops in the through-hole 74xx series are intend- 
ed for SVDC power supply while the older 4000 
series may tolerate up to 18VDC. Surface-mount 
versions may use voltages as low as 2VDC. 


Values 


See the section on logic gates in Chapter 10 for 
a discussion of acceptable high and low logic- 
input states. On the output side, the 4000 series 
chips are able to source less than ImA at SVDC, 
but the 74HCxx series can usually manage 
around 20mA. 


Ifa shift registeris used for high-speed operation, 
the following values must be considered (iden- 
tical notation, and similar values, are found in 
specifications for flip-flops): 


+ t, Setup time: The input state of a shift reg- 
ister must exist for a very brief period before 
the clock trigger that processes it. This peri- 
od is known as the setup time. In the 4000 
series of chips, recommended setup may be 
as long as 120ns, The value will be much 
lower in 74xx chips. 

+ ty, Hold time: The minimum time in nano- 
seconds for an input to persist after the ac- 
tive edge ofa clock pulse that has processed 
it.In many shiftregisters, no hold timeis nec- 
essay, asthe chip hasalready been activated 
by the rising edge of the clock pulse. 

+ to Clock-to-output: The elapsed time after 
a clock trigger, before the output changes. 
This is a function of the internal workings of 
the chip, and may be broken down into low- 
to-high and high-to-low output transitions, 
as follows. 

+ Try Propagation to Low-to-High: The 
elapsed time after an active clock trigger, 
before a low-to-high swing occurs at an aut- 
put. This may not be identical to Tp. 


+ Tru Propagation to High-to-Low: The 
elapsed time after an active clock trigger, 
before a high-to-low swing occurs atan aut- 
put. This may not be identical to Thuy 


+ fiuax Maximum clock frequency for reliable 
operation, In the older design of 4000 series 
chips, 3MHz may be recommended with a 
power supply of SVDC. Higher frequencies 
are possible with a higher voltage power 
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BUILD YOUR OWN WATER VAPOR SYSTEM 
CONTROLLER FROM THE-SHELF MATERIALS 


PRESSURE 
FITTINGS 


FIGURE 6 OPTIONAL WATER COOLING 


created on April 2, 2003 -JLN Labs - Last update April 22, 2003 
[Cliques ici pour Ia version Francaise | 
“Toutes Is informations et schésas sont pulis gratuitement (freeware et sont destinés dun usage personnel et now commercial 
Alinfomations and digranm are published fel (freeware) and are intended fora privale use and a nen comercial uve, 


You will find in this page all the details for building and testing yourself the BingoFuel Reactor v1.1. 


‘The BingoFuel Reactor vi.1 uses commnon parts which can be found easily in any plumbing shops, no machining 
and special tools are required. The main part used is a simple water filtration unit with its anti-scale 
cartdridge ( see the photo below ) 


mcle-male adopter 


—_ 
@ female cop ae) 
20x 27 e 
The components fer the reactor ard and reaction chonber 
Eee Tamdo0Gca con hp fw flab oy 


‘Step 1: remove the purge valve ( the red button ) from the head of the water filtration unit. 


(6 2003 JL Nowdin 


(© 2003 JL Noudin 
‘Step 2 : put the 20x27 brass cap at the input and the 20x27 female-female adapter on the device at the 
output 
2s shown in the pictures above. 


(9 2002 JL Novdin 
Step 3 : drill a small hole into the 20x27 female cap and put a silicon tube with an adapter on the cap, 
and then screw the cap on the output of the head of the device 


003 JL Novdin 
‘Step 4: Take the anti-scale cartridge and remave the bottom plastic grid and then all the crystals inside the 
cartdridge. 


‘Below. all the components required for building the plasma reaction chamber. 


. af 
‘2 brats comectors ed 


HES iD @ 


--—— 


® 


2 plastic tubes ————= 


on ® 

Bingofvel Reactor vit ~ The compenants for the plasne irifers 

{6} 2008 by Jean-Louis Nausin ~ Email: Inaudin509@ccl cam ~ http://w inlabs.org b 

Note : You must use two multiple thin wires cables ( 1.5 mmé ) sheated with silicon due to the overheating of 
the wire 

produced by the strong current flow. 


1.5 mm diam. 100 mm_ 


Corben rods 


Email: Jnaudin509@ecl.com 
hnetp://oaw.sinlabs org. 


PLASMA 
IGNITERS 


‘Step 5 : Mount all the components as shown in the photo above. 


‘Step 6 : Drill a 6 mm diameter hole at 25 mm from the bottom of the plastic cartridge, 
then fix the plasma igniters with a 6x25 mm nut and a bolt as shown in the photo above 


How ta Use It 


supply. Frequencies as high as 20MHz are 
possible in the SVDC 74HC00 series. 

+ typ The minimum high clock pulse width in 
nanoseconds, In the older design of 4000 
series chips, 180ns may be recommended 
with a power supply of SVOC. Shorter pulses 
are possible with higher voltage power sup- 
ply.Pulsesasshortas 20ns are possiblein the 
5VDC 74HC00 series. 


+ yyy) The minimum low clock pulse width in 
nanoseconds, This is likely to be the same as 
tw 


Power Considerations 

Shift registers conform with the usual power- 
supply requirements for logic families. These are 
described in detail in the logic gate entry in 
Chapter 10. Likewise, the ability ofa shift register 
to source or sink currentis usually determined by 
its logic family. In a few cases, however, shift reg- 
istershave anadditional open-drain outputstage 
for each register, capable of sinking currents as 
high as 250mA. The Texas Instruments TPIC6596 
shown in Figure 12-2 is an example. When an 
open-drain output is connected with a logic de- 
vice whose input cannot be allowed to float in- 
determinately, a pullup resistor must be added. 


Three-State Output 

A chip may havea three-state output (also known 
astri-state output, term which was trademarked 
butisnow used generically). This means itwill be 
capable of changing its outputs so that instead 
of sourcing or sinking current in a logical high or 
low state, they can have a high impedance. The 
chip then becomes “invisible” to others which 
‘may be sharing the same output bus. The high- 
impedance state is usually applied to all outputs 
from the shift register simultaneously when en- 
abled by a separate pin, often identified as OE, 
‘meaning output-enable. Examples of three-state 
shift registers are the 74x595 or the 40948 chip. 


The high-impedance state can be thought of as 
being almost equivalent to switching the out- 


integrated circuit > digital > shift register 
puts of the shift register out of the circuit. Con- 
sequently, if other components sharing the bus 
are also in high-impedance output mode, the 
state of the bus will float’ with uncertain results, 
To.avoid this, a pullup resistor of 10K to 100K can 
be used on each bus-line. 


Where the internal components ofa shiftregister 
are shown in a datasheet, a three-state output is 
usually represented with a buffer symbol or i 
verter symbol that has an additional control i 
put located on its upper edge, as shown in 
Figure 12-7. Thisshould not be confused with the 
similar placement of a positive power supply in- 
puttoanamplifier orap-amp. (Schematics show- 
ing the interior elements of a logic chip almost 
never include power-supply connections) 


eres (eto endl) 


joe GG 


Figure 127, A shift repister may be capable of a three 
state output. where high impedance is an option adition- 
al tothe usual high or low logic state. An output enable pin 
allows this tis typically shown as an additional input to 
‘2 inverter (left) or buffer (right) inside the shft-register 
chip 


How to Use It 


The SISO application of a shift register can be 
Used simply to delay the transmission of data by 
storing it and moving it from one flip-flop to the 
next before itis read out of the end of the chain, 


The SIPO application of a shift register (serial in, 
parallel out) may be useful where a microcon- 
troller has insufficient outputs to control multi- 
ple devices, Serial data can be sent from a single 
microcontroller outputto the input ofa shiftreg- 
ister. The chip can then drive a separate device 
from each of its parallel output pins If there are 
eight devices, the microcontroller can send a se- 
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‘Step 8 : Put modelling clay to close the hole around the electrical wires. 


Tests results : 
0.5 liter in 10 sec 
3 liters per minute 


“The SingoFuel Reactor - Gas output measurement by Jean-Louis Naudin 
(©) 2003 JL Naudin - 04-03-03 - Email: Jnaudin509@acl.com — http://www. Inlebs.org 


‘Notes from Jean-Louis Naudin : The BingoFuel Reactor v1.1 is only a demonstrator, this is a proof of 
concept device which shows that the device works really, This version is able to produce a great amount of 
synthetic gas during some minutes, A new version of the BingoFuel Reactor is under development, this version 
(v2.0 ) will be able to run for a long time without tuning and adjustment... 


Disclaimer : Te author assumes no lability for any incidental, consequential or other lability ftom the use ofthis information. All 
‘isks and damages, incidertal or otherwise, arising ftom the use or misuse of the information contained herein are entirely the 
responsibilty of the user Although careful precaution has been taken in the preparation of this material, Be Carefull, you must 


‘conduct ts test ina wall ventiled room or bettar in open air. you mustrot smoke during the test. This experiment is not 
Intended for the inexperienced. User ofthis document should be very carefull o try anything out ! you doit, the risk of any 


results is just yours. | ake ro responsiblity of anything that might happen, let it be ofa wrong information or anything else. 


See also: 


(] 2003 JL Naud, 


The CFR for producing BingoFuel... 


CER v1.2 for BiagoF uel praduction 
(©) 2003 by JL Naudin///May 43, 2003 


[gtmail : ANawdinS09@ aol.com 


return to the 
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ASHP Electrical Generator fully powered with the BingoFuel 


Reactor 
created on April 2, 2003 - JLN Labs - Last update April 18, 2003 
1 Cliquez ici pour ta version Franeaise [1] 
‘Toutes ke informations et schémas sont publiés gratuitement (freeware et sont destings un usage personnel et non 
commercial 


Allinformations and diagrams are published fvely (reeware) and are intended fora private use and a non commercial use 


On April 15th, 2003, an Electrical Generator powered with a 5HP ( 160 cm? ) 4-stroke 
combustion engine (a Honda C160 ) has been tested successfully with the BingoFuel 
Reactor, The 5HP combustion engine has been fully powered with synthetic gas produced by 
the BingoFuel Reactor, 


The Electrical Generator tested with the BingoFuel Reactor is a Ranger2500 from SDMO ( 
see below ) 


GROUPES ELECTROGENES MONOPHASES 


RANGER" 950091 26 Handi HC GC140 
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ASHP Electrical Generator fully powered 


ENGINE SPECIFICATIONS 


[MODEL 


HONDA GC160 


Type 


‘4stroke, overhead camshatt single evlinder 


Total Displacement 


160 em? (98 eu in) 


[Bore & Sirke 


64x50 nm 25x20 in) 


Max Horsepower (Cross) 


23.7 "(S.Op Jat 3,600 rpm 


[Max Torque (Gross) 


103 Nim (LOS kgt'm, 76106) at 2500p. 


[Compression Ratio 


SEI 


[Fuel Consumption 


313 g/kWh (230 g/HPh, 0.51 b/HPR) 


[Coating System 


Foreed-air 


Ignition System 


‘Trnsistoried magneto ignition 


igation Ting Ww BIDE 

Spa Plog BPROES (NGO, 

Carburetor oriontal ype, buttery valve 
air Cleaner Dry (pape®) type 

Govemor 


Centifugal mechanical governor 


Tubrcating System 


Splash 


fou Capaciyy 


(0.58 1 (0.61 US qt, 055 Imp qt) 


[Recommended operating 
ambient tempature 


“15°C 10 40°C (SF to 104°F) 


Starting System 


Recoil starter 


[Stopping System 


‘ignition primary cicuit ground: 


Ful Used 


‘Automotive unleaded gasoline (minimum 86 pump oetane) 


Fuclank capacity 


2.011 (0.53 US gal, 0.44 imp gal) 


[P.1-0. Shalt Rotation 


Counterclockwise (viewed ftom P.T.O. side) 
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12/30/2009 ASHP Electrical Generator 
Rar —< 


aa a ae 
Photo above: The fuel tank ( not used here ) has been completly removed for this test. 
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12/30/2009 ASHP Electrical Generator fully powered 


A5 HP Electrical Generator powered by the BingoFuel Reactor vi.1 - test by Jean-Louis Naudin 
April 15th, 2003 - (c) 2003 JL Naudin - Email: Jnaudin509@a0l.com - http://www. jinlabs.org 


Photo above: The air filter has been removed and the synthetic gas output is directly placed 
at the carburettor input, 


Te ik it 7 


bingofuelontinesf/..bfrShpgen.htm 58 


12/30/2009 ASHP Electrical Generator fully powered 


A5 HP Electrical Generator powered by the BingoFuel Reactor v1.1 - test by Jean-Louis Naudin 
Apri 18th, 2008 ~ (@) 2008 JL Noudin - Enall: Jnowdn509@aol.com - http://www rabs.ong 


bingofuelontine.f/..bfrShpgenhtm 68 


12/30/2009 ASHP Electrical Generator fully powered 


A5 HP Electrical Generator powered by the BingoFuel Reactor v1.1 - test by Jean-Louis Naudin 
April 15th, 2003 - (c) 2003 JL Naudin - Email: Tpaetenorecls com - http://www.. eee org 


To see the video, the free downloadable RealPlayer is required 


You may download free the RealPlayer 8 Basic at : http/proforma.real.com/real/player/blackjack hil 
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quence of eight bits, each of which will control 
the on/off status of one device when the bits are 
read out of the shift register in parallel. f more 
devices are used, an additional shift-register can 
be daisy-chained to the output from the firs. 


Clock signals can be supplied from the micro- 
controller, along with a signal to the clear input 
of the shift register, if desired, Alternatively, the 
old bit states in the shift register can simply be 
“clocked out’ and replaced with a new set of se- 
rial data. During the process of “bit banging," the 
parallel outputs of the shift register can remain 
connected directly with the output devices if the 
clock speed from the microcontroller is fast 
‘enough, as devices such as relays will not re- 
spond to extremely brief pulses. 


For generic shift registers that do nothave open- 
drain outputs, a buffer will be needed to provide 
sufficient current for any device using more cur- 
rent than an LED. 


If a shift register is configured for PISO mode 
(parallel in, serial out) it can be placed on the in- 
put side of a microcontroller, polling a variety of, 
devices and feeding their states into the micro- 
controller serially. 


Dual Inputs 
Where a shift register has two serial inputs (as is 
often the case), they are almost always linked as 
inputs to an internal NAND gate. This allows the 
‘output from the end of the chain of flip-flops to 
be connected backto the beginning ofthe chain, 
ifthe shiftregister isto functionasa ring counter. 
However if this function is not used and a single 
input is required, the two inputs to the shift reg- 
ister can be tied together. In this configuration, 
the input becomes active-low. The two possible 
configurations are shown in Figure 12-8. Itis im- 
portant never to leave an input floating, or un- 
connected. 


How to Use It 


Output 
from last 


Tonext 
flipfiop 


il 


L> 


ux | Tone 
flipsop 


Glock 


Figure 12-8, Two possible configurations where a shift 
register allows two Inputs linked with an internal NAND 
ate. 


Preloading the Shift Register 

Where a shift register will be used to output a 
single recirculating bit (orin similar applications), 
the component must be preloaded with a high 
state in its first register. This may require a one- 
shot (monostable) timer which is activated only 
when the circuit is powered up. 


Polling a Keyboard 

‘Two shift registers can be used to scan the data 
lines in a matrix-encoded keyboard or keypad. 
This is often known as polling the keyboard. Pro- 
vided the scan rate is sufficiently fast, the user 
experiences a seemingly immediate response to 
akey-press. 


While the full schematicis too largeand complex 
to be included here, many examples can be 
found online 


Arithmetical Operations 
Shiftregisters were traditionally used to perform 
arithmetical operationsanbinary numbers. Ifthe 
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12/30/2009 ASHP Electrical Generator fully powered 


Click on the picture above to see the video (937 Kb) 


a fin: These tests are very encouraging and confirms fully that the 
synthetic gas generated by the BingoFuel Reactor can be used as fuel for a common 
combustion engine... 


See also the previous tests : 


[Email : INaudinS09@aol.com 


return to the BingoFuel project home page 
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‘The Aquafuel(im) Generator 
by dL Naudin 12-06-98 


The AquaFuel® generator 


How to generate gas from water for use as Fuel 
created on 12-06-98 - JLN Labs - last update on 04-03-2003 
Toutes les informations et schémas sont publigs gratuitement (freeware ) et sont destings 4 un usage personnel et on commercial 
All informations and diagrams are published freely (freeware) and are intended fora private use and a non commercial use 


Disclaimer: The author assumes no liability for any incidental, consequential or other liability from the use of this 
information, All risks and damages, incidental or otherwise, arising from the use or misuse of the information contained 
herein are entirely the responsibility of the user. Although careful precaution has been taken in the preparation of this 
material, 


On 12-06-98, I have built and reproduced successfully a very simple AquaFuel™ generator: 
The AquaFuel™ is fully based on the Hilliary Eldridge patent US 603.058 "Electrical Retort" 


granted on April 26, 1898. 
This is a non fossil combustible gas which is produced by an electric discharge of carbon ares within distilled, 


fresh, salt or other types of water, thus being essentially composed of Hydrogen, Oxygen, Carbon and their 
compounds, 


Today, there are a lot of names for this synthetic gas such as Aquafuel™, Aqualene™, Magnegas™, 
TrucFuel™, Carbo-hydrogen™.... 


AquaFuel: An example of the emerging new energies and the new methods for their 
scientific study 


Author: Ruggero Maria Santilli 
Comments: 22 pages, Texture 

Report-no: TTL-98-004 

Subj-class: General Physics 

Journal-ref: Hadronic Journal Supplement, Vol. 13, pp. 1-22, 1998 


In this paper we initiate studies of the emerging new forms of energy by using as a representative example 
the new combustible gas called AquaFuel, discovered and patented by William H. Richardson, jr., whose 
rights are now owned by Toups Technology Licensing, Inc. (TTL), of Largo, Florida. In essence, AquaFuel 
is a new energy converter capable of transforming Carbon and water into a new combustible gas via an 
electric discharge. We show that AquaFuel can be produced easily, safely and rapidly in large amounts, and 
exhibits greatly reduced emission pollutants as compared to fossil fuels of current use. Despite its simplicity, 


the chemical and physical characteristics of AquaFuel are largely unknown at this writing. We then review 
nine basic experimental measurements which are necessary for a scientific appraisal of AquaFuel. We 
outline the limitations of quantum mechanics and chemistry for the treatment of \it new} forms of energy, 
namely, energies which by definition should be {\it beyond} said theories, We finally point out the 


availability of broader theories specifically constructed for the study of new energies and point out available 
applications 


Link to this paper : http://arxiv.org/abs/physics/9805031 


This generator produces a mixture of carbon monoxide and hydrogen (COH3) and this is a gas wich burns very 
cleanly in oxygen or air, and it can be used as fuel for an internal combustion engine. When burned, COH> 
produces carbon dioxide and water vapor, so it generates very little, if any, pollution to the environnement, 


Below, an analysis of this gas conducted by the NASA : 


jydrogen OARS % 
‘arbon 


Dioxide bled 
[Ethylene 0.049) 
[Ethane .005 


cetylene (0.616 
xygen [1.164 


itrogen _B.818 
jethane 0.181 
anon. 8.370 
jonoxide 

otal 100.015 


This simple experiment is only for testing purposes and only for a proof of the concept. This small 
generator can't be used for a long working period and it must be used only for demonstration. 


You need to get very few materials and it is very simple to build and test i 


Be Carefull, this device generates an explosive gas, you must conduct this test in a well ventiled room or better 
in open air, vou must not smoke during the test.. Don't forget that the carbon monoxide ( CO ) is a very toxic 
gas, so never breath this gas before burning it. This experiment is not intended for the inexperienced. User of 


this document should be very carefull to try anything out ! If you do it the risk of any results is just yours. I take 
no responsibility of anything that might happen, let it be of a wrong information or anything else. 


‘You need only to get : 
~ A little plastic soda bottle, 

~ two carbon rods ( 70mm length, 6mm diam ) 

~ one 1 ohm SOWatts resistor 

~a DC Power supply which is able to deliver 35v /10A 
~ some wires, plugs and silicon cement. 


1) Drill two opposite holes (10mm diam) at 60mm from the bottom of the bottle and insert the carbon rods 
with a rubber washer and glue the washer with silicon cement. I suggest you to make one of the carbon 
rod into round shape. The two carbon rods must be just slightly in contact before you switch on (see 
below). 


2) Connect the 1 ohm SOW resistor in serie with one of carbon rod and one pole of your DC power supply 
(set for 34V/15A DC), the other pole of your power supply is connected to the other carbone rod. You 
may add some additional multimeters for measuring the Current and the Voltage input. Fill up your 
generator with only distilled or fresh water. 


34V 158D! 


the AnuafuaKleBhersiorJ.Nawdin 12.06.98 


3) Now, your are ready to produce AquaFuel™. 


The AquaFuel(tm) Generator 
By Jean-Louis Naudin - 12-08-98 


Click here to see some animated videos of the AquaFuel(tm) generator in action 


You will see below some videos which show my AquaFuel(tm) in action and some personal comments. 


real 


RealPlay 
File Vi 


cli 


real RealPlayer. The Self-Rur 
Vi 


‘pions 
|e mms 


(EES Deseo eerie al The AquaFuelin] GeneratorDemo 2 —z 


click here to see the AquaFuel(tm) demo 2 (90kb) 


(if you don't haye the RealPlayer 5.0, you may download it freely at : 


http://www.real.com/products/player/ ) 


February - 6, 2001 


Durable and efficient equipment for the production of a combustible and non-pollutant 
gas from underwater arcs and method therefor 


Abstract 

‘A system for producing a clean burning combustible gas comprising an electrically conductive first 
electrode and an electrically conductive second electrode. A motor coupled to the first electrode is adapted 
to move the first electrode with respect to the second electrode to continuously move the arc away from the 
plasma created by the arc. A water tight container for the electrodes is provided with a quantity of water 
within the tank sufficient to submerge the electrodes. 


Inventors: Santilli; Ruggero Maria (Palm Harbor, FL) 
Assignee: Hadronic Press, Inc. (Palm Harbor, FL) 


Field of the Invention 


The present invention relates to durable and efficient equipment for the production of'a combustible and 
non-pollutant gas from underwater arcs and method therefor and more particularly pertains to producing a 
combustible gas from the underwater arcing of electrodes moving with respect to each other. 


Click here to see the full patent 


Link to the MagneGas™ technology web site 


United States Patent 6,217,713 - Lee , et al. - April 17, 2001 


Process for producing aquafuel by using carbon fiber bundle electrodes 


Abstract 

The invention concerns a process for producing aquafuel by replacing conventional inflexible carbon bars 
with thin, flexible and tough carbon fiber bundles as consumptive electrodes which thereby can be 
sustainedly fed and can produce aquafuel continuously. Such carbon fiber bundle electrodes can be prepared 
by pultrusion, and electrodes may be further carbonized or graphitized in order to increase the conductivity 
and gas productivity thereof. 


Inventors: Lee; Chi-Young (Hsin-Chu Hsien, TW); Chen; Swe-Kai (Hsin-Chu, TW); Tai; Nyan-Hwa 
(Hsin-Chu, TW) 
Assignee: National Science Council of Republic of China (Taipei, TW) 


Field of The Invention 

‘The invention relates to a process for producing aquafuel by using carbon fiber bundle electrodes, and in 
particular, to a process for producing aquafuel by auto-feeding flexible carbon fiber bundle electrode in an 
electrolytic reaction, wherein said flexible carbon fiber bundle electrodes are formed by impregnating 
flexible, tough carbon fibers with a resin and said electrode can be used sustainedly in the electrolytic 
reaction of water under low voltage for a long period of time. 


Click here to see the full patent 


» >\US 603,058 - Electrical Retort by Hilliary Eldridge April 26, 1898 ( the TRUE original 
Aquafuel patent ) 

+ US5,159,900 - Method and means of generating gas from water for use as a fuel (Aquafiel Patent ) 

+ US 5,417,817 - Biomass gasification process and apparatus 


US 5,435,274 - Electrical Power Generation Without Harmful Emissions ( Aquaficel Patent ) 
5,692,459 - Pollution Free Vehicle Operation 

US 5,792,325 - Electric Are Material Processing System ( Aquafivel Patent ) 

US 5,826,548 - Power Generation Without Harmful Emissions ( Aquafuel Patent ) 

US 6,299,738 - Fuel Gas production by underwater arcing ( Aquafuel Patent ) 

EP1227142 - Method and system for producing hydrogen from solid carbon materials and water 
Infinite Energy Vol.2, No9, 1996 


Infinite Enetgy Vol.4. No19, 1998 

Aqualux Corporation web site ( disabled ) 

MagneGas™ technology web site from Hadronic Press Inc 

A new fuel produced from water and carbon by Alexander's Gaz and Oil production 


Le gaz A l'eau (gaz de houille ) 

‘The scientific research undelying Santilli's Plasm-Are-Flow reactors, Magnegaz(Tm), and 
Magneliquids(Tm) from BR 

AquaFuel hy the Morgan Energy Group 

‘AquaFuel Vs Diesel, analysis the Morgan Energy Group 

AquaFuel Vs Gasoline, analysis the Morgan Energy Group 

‘The TrucFuel™ : Technical informations by Advanced Energy Research Corporation 
The Aquafuel™ is a trademark from Aqualux Corporation 

The Magnegas™ is a trademark from Hadronic Press Inc 

The TrueFuel™ is a trademark from Advanced Energy Research Corporation 

The Carbo-Hydrogen™ is a trademark from DW Energy Research 


(pEmail : JNaudin509@aol.com 


Return to the JLN Labs home page 


iat Can Ga Wrong 


number is represented by eight bits (Le, one 
byte) with the most significant digit on the left, 
shifting the bits one space to the right will have 
the effect of dividing the byte value by 2. If the 
bits are shifted one space to the left, the byte 
value will be multiplied by 2 (provided an addi- 
tional register is available to store the most sig- 
nificantbitafterithas been shifted). This concept 
isillustrated in Figure 12-9. 


Decimal 150 


Decimal 300 


deimi1s0 FOOARHAD 


Decimal 75 


Figure 12-9. In the upper section ofthis diagram, a binary 
number represented by eight bits in shift register is mul 
Luplied by 2 by shifting all the bits ane space to the let. in 
the lower section, the Same binary number is divided by 2 
by shifting al the bits one space ta the right. The binary 
values are shawn in decimal notatien to the let 


In the upper section of the figure, the binary 
number 10010110 (chosen arbitrarily) is repre- 
sented in the eight flip-flops of a shift register. 
The decimal place value of each digitisindicated. 
‘Adding up the place values of the Isin the num- 
ber, the total is 128 + 16+ 4 +2= 150. Below the 
White line, the digits have been shifted one place 
to the left, with the leftmost digit carried over to 
an additional location, while a zer0 is inserted in 
the rightmost location. Assuming that the addi- 
tional place at the leftmost location has a place 
value of 256, the total is now 256 + 32+8+4= 
300. 


Inthe lower section ofthe figure, thesame binary 
number has been shifted one space to the right, 


Integrated circuit > digital > shift register 


with a0 introduced in the leftmost location. The 
decimal value is now 64+ 8+2+1=75, 


While this application for shift registers was com- 
mon during development of digital computing 
in the 1960s and 1970s, the shift register as a 
separate component became less common sub- 
sequently, as its functionality was acquired by 
modern CPU chips. 


Buffering 

A shift register may also be used as a buffer be- 
‘tween two circuits where the clock speeds are 
different. Digits are clocked in by the first circuit, 
then clocked out by the second, Some shift reg- 
isters allow two clock inputs and can be used for 
this purpose, 


What Can Go Wrong 


Problems that tend to affect digital chips gener- 
ally are listed in the entry on logic gates (see 
“What Can Go Wrong" on page 105). 


Confusing Classification 

Because of the functional similarity to a binary 
ripple counter, a shift register is sometimes lis- 
ted by component suppliers asa counter. In fact, 
abinary counter will almost always have outputs 
that have place values 1, 2, 4, 8... and upward, 
while the outputs from a shift register will not 
have place values. 


When searching for a shift register, it can be 
found by specifying a “counting sequence" of se- 
rial to parallel, serial to serial, parallel to serial, or 
parallel to parallel. If the “counting sequence” is 
simply up or down, the components a counter, 
not a shift register. 


Inadequate Setup Time 

Each flip-flop ina shift register must havea stable 
inputstate before thenext triggering event shifts 
the data. If this setup time is reduced below the 
minimum specified in the datasheet, results will 
be unpredictable, 
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b7 ABSTRACT 
The present invention relates to a method and apparatus 
{for operating an engine having a cylinder and a piston 
reciprocable therein on compressed gas. The apparatus 
‘comprises a source of compressed gas connected to a 
distributor whick distributes the compressed gas to the 
cylinder. A valve is provided to selectively admit com- 
pressed gas to the cylinder when the piston is in an 
approximately top dead center position. In one embod 
‘ment of the present invention the timing of the opening 
‘of the valve is advanced such that the compressed gas is 
‘admitted to the cylinder progressively further before 
the top dead center position ofthe piston as the specd of 
the engine increases. In a further embodiment of the 
present invention a valve actuator is provided which 
Increases the length of time over which the valve re- 
mains open to admit compressed gas to the cylinder as 
the speed of the engine increases. A still further embod 
‘ment of the present invention relates to an apparatus for 
adapting a conventional internal combustion engine for 
operation on compressed gas. 


22 Claims, 8 Drawing Figures 
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METHOD AND APPARATUS FOR OPERATING 
‘AN ENGINE ON COMPRESSED GAS 


BACKGROUND AND SUMMARY OF THE 
PRESENT INVENTION 


The present invention relates (oa method and appaca- 
tus for operating an engine using a compressed gas as 
the motive fluid, More particularly, the present inven- 
tion relates to a apparatus for adapting a pre-existing 
internal combustion engine for operation on 2 com- 
pressed gas. 

‘Air pollution is one of the most serious problems 
facing the world today. One of the major contributors 
to air pollution is ordinary internal combustion engine 
which are used in most motor vehicles today. Various 
devices, including many items mandated by legislation, 
have been proposed in an attempt to limit the pollutants 
‘which an internal combustion engine exhausts to the ai. 
However, most of these devices have met with limited 
success and are often both prohibitively expensive and 
complex. A clean alternative to the internal combustion. 
engine is needed to power vehicles and other machin 
ery, 

‘A compressed gas, preferably air, would provide an 
ideal motive fluid for a engine since it would eliminate 
the usual pollutants exhausted from an internal combus- 
tion engine, An apparatus for converting an internal 
‘combustion engine for operation on compressed air is 
disclosed in U.S. Pat, No. 3,885,387 issued May 27, 1975 
to Simington. The Simington patent discloses an appa 
ralus including a source of compressed air and a rotat- 
ing valve actuator which opens and closes a plurality of 
‘mechanical poppet valves. The valves deliver com- 
pressed air in timed sequence to the cylinders of an 
engine through adapters located in the spark plug holes. 
However, the output speed of an engine of this type is 
limited by the speed of the mechanical valves and the 
fact that the length of time over which each of the 
valves remains open cannot be varied as the speed of the 
‘engine increases. 

"Another apparatus for converting an internal com- 


bustion engine for operation on steam or compressed ait 


is disclosed in U.S. Pat. No. 4,102,130 issued July 25, 
1978 to Stricklin. The Stricklin patent discloses a device 
which changes the valve timing of a conventional four 
stroke engine such that the intake and exhaust valves 
‘open once for every revolution of the engine instead of 
‘once every other revolution of the engine. A reversing 
valve is provided which delivers live steam or com- 
pressed air to the intake valves and is subsequently 
Feversed to allow the exhaust valves to deliver the ex- 
panded steam or air to the atmosphere. A reversing 
Valve of this type however does not provide a reliable 
apparatus for varying the amount of motive fluid in- 
jected into the cylinders when it is desired to increase 
the speed of the engine. Further, a device of the type 
disclosed in the Stricklin patent requires the use of mul- 
tiple reversing valves if the cylinders in a multi-cylinder 
engine were to be fired sequentially. 

‘Therefore, it is an object of the present invention to 
provide a reliable method and apparatus for operating, 
fn engine or converting an engine for operation with a 
compressed gas 

‘A further object of the present invention isto provide 
‘4 method and apparatus which is effective to deliver a 
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2 
constantly increasing amount of compressed gas to an 
fengine as the speed of the engine increases. 

‘A still farther object of the present invention is to 
provide a method and apperatus which will operate an 
engine using compressed gas at a speed sufficient to 
drive a conventional automobile at highway speeds. 

Its still a further object of the present invention to 
provide a method and apparatus which is readily adapt: 
able to standard internal combustion engine to convert 
‘the internal combustion engine for operation with a 
compressed gas. 

‘Another object of the invention is to provide a 
‘method and apparatus which utilizes cool expanded gas, 
exhausted from a compressed gas engine, to operate an 
air conditioning unit and/or an oil cooler. 

‘These and other objects are realized by a method and 
apparatus according to the present invention for operat- 
ing an engine having at least one cylinder and a reci 
ricating piston therein using compressed gas as a motive 
uid, ‘The apparatus includes a source of compressed 
gas and a distributor connected with the source of the 
compressed gas for distributing the compressed gas 10 
the at least one cylinder. A valve is provided for admit- 
fing the compressed gas to the cylinder when the piston 
is in approximately a top dead center position within the 
cylinder. An exhaust is provided for exhausting the 
expanded gas from the cylinder as the piston returns 10 
approximately the top dead center position, 

Ina preferred embodiment of the present invention a 
device is provided for varying the duration of each 
engine cycle over which the valve remains open to 
admit compressed gas to the cylinder dependent upon 
the speed of the engine. In a further preferred embodi- 
‘ment of the present invention, an apparatus for advane- 
ing the timing of the opening of the valve is arranged to 
‘admit the compressed gas to the cylinder progressively 
further before the top dead center position of the piston 
as the speed of the engine increases. 

Further features of the present invention include a 
valve for controlling the amount of compressed gas 
admitted to the distributor. Also, a portion of the gas 
‘which has been expanded in the cylinder and exhausted 
through the exhaust valve is delivered to a compressor 
to be recompressed and returned to the source of com- 
pressed gas. A gear train is selectively engagable to 
rive the compressor at different operating speed de- 
pending upon the pressure maintained at the source of 
‘compressed air and/or the speed of the engine. Still 
further, a second portion of the exhaust gas is used to 
cool a iubricating Mluid for the engine or to operate an 
air conditioning unit. 

Ina preferred embodiment of the present invention, 
the valve for admitting compressed gas to the cylinder 
is electrically actuated. The device for varying the du: 
ration of each engine eyele over which the intake valve 
remains open as the speed of the engine increase com- 
prises a rotating clement whose effective length in- 
{reases as the speed of the engine increases such that a 
first contact om the rotating clement is electrically con- 
nected to a second contact for a longer period of each 
engine cycle. The second contact actuates tie valve 
whereby the valve remains in an open position for a 
longer period of each engine cycle as the speed of the 
engine increases. 

‘Still further features of the present invention include 
an adaptor plate for supporting the distributor above an 
intake manifold of a conventional internal combustion 
engine after a carburetor has been removed to allow air 
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to enter the cylinders of the engine through the intake 
‘manifold and conventional intake valves. Another adap- 
tor plate is arranged over an exhaust passageway of the 
internal combustion engine to reduce the cross-sectional 
area of the exhaust passageway. 


BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of a method and apparatus 
for operating an engine according to the present inven 
tion will be described with reference to the accompany- 
ing drawings wherein like members bear like reference 
numerals and wherein: 

FIG. 1 isa schematic representation of an apparatus 
according 10 the present invention arranged on an en- 
‘ine; 

FIG. 2 is a side view of one embodiment of a valve 
‘actuator according to the present invention; 

FIG. 3 is a cross-sectional view taken along the line 
33 in FIG. 2; 

FIG. 4 is a cross-sectional view of a second embodi 
‘ment of a valve actuator according to the present inven 
tion; 

FIG. $ is a view taken along the line SS in FIG. 4; 

FIG. 6 is a cross-sectional view of a third embodi- 
‘ment ofa valve actuator according to the present inven. 
tion; 

FIG. 7s a view taken along the line 7—7 in FIG. 6; 

FIG. 8 is a cross-sectional view of a gearing, unit to 
drive a compressor according to the present invention. 


DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 


With reference to FIG. 1, an engine block 21 (shown 
in phantom) having two banks of cylinders with each 
bank including cylinders 20 having pistons 22 recipro- 
cable therein (only one of which is shown in phantom) 
ina conventional manner. While the illustrated engine is 
a V-8 engine, it will be apparent that the present inven- 
tion is applicable to an engine having any number of 
pistons and cylinders with the V-8 engine being utilized 
{or illustration purposes only. A compressed gas tank 23 
is provided to store a compressed gas at high pressure. 
Tt may also be desirable to include a small electric or gas 
‘compressor to provide compressed gas to supplement 
the compressed gas held in the tank 23. In a preferred 
‘embodiment, the compressed gas is air which can be 
obtained from any suitable source. 

A line 28 transports the gas withdrawn from the tank 
23 when a conventional shut off valve 27 is open. In 
addition, a solenoid valve 29 preferably operated by a 
suitable key operated switch (not shown) for the engine 
is also arranged in the line 28. In normal operation, the 
valve 27 is maintained open at all times with the sole- 
noid valve 29 operating as a selective shut off valve to 
start and stop the engine 21 of the present invention 

‘A suitable regulating valve 31 is arranged down- 
stream from the solenoid valve 29 and is connected by 
a linkage 33 to a throttle linkage 35 which is operator 
actuated by any suitable apparatus such as a foot peda 
(not shown). The line 28 enters an end of a distributor 
433 and is connected to an end of a pipe 35 which is 
closed at the other end. A plurality of holes, which are 
‘equal 10 the number of cylinders in the engine 21, are 
provided on either side of the pipe 35 along the length 
of the pipe 35. 

When the present invention is used to adapt a conven- 
tional internal combustion engine for operation on com- 
pressed gas, an adaptor plate 36 is provided io support 


0 


1s 


» 


0 


« 


65 


4 
the distributor 33 in spaced relation from the usual in- 
take opening in the intake manifold of the engine after a 
conventional carburetor has been removed. In this way, 
air is permitted to enter the internal combustion engine 
through the usual passageways and to be admitted to 
the cylinders through suitable intake valves (not 
shown). The adaptor plate 36 is secured to the engine 
block 21 and the distsibutor 33 by any suitable appara- 
tus, eg, bolts. 

Each of the holes in the pipe 35 is connected in fid= 
tight manner to a single line 37. Each line 37 carries t 
‘compressed gas to a single cylinder 20. In a preferred 
‘embodiment, each of the lines 37 is 4 inch high pressure 
plastic tubing attached through suitable connectors 10 
the distributor 33 and the pipe 38. Each of the lines 37 
is connected to a valve 39 which is secured in an open- 
ing provided near the top of each of the cylinders 20. In 
the ease of a conversion of a standard internal combus- 
tion engine, the valves 39 can be conveniently screwed 
into a tapped hole in the cylinder 20 typically provided 
for a spark plug of the internal combustion engine. In a 
preferred embodiment, the valves 39 are solenoid actu- 
ated valves in order to provide a fast and reliable open- 
ing and closing of the valves 39, 

"Each of the valves 39 is energized by a valve actuator 
41 through one of a plurality of wires 43. The valve 
‘actuator 41 is driven by a shaft of the engine similar to 
the drive for a conventional distributor of an internal 
combustion engine, That is, a shaft 85 ofthe valve actus 
ator 41 is driven in synchronism with the engine 21 at 
one half the speed of the engine 21. 

‘A first embodiment of the valve actuator 41 (FIGS. 2 
and 3) receives electrical power through a wire 45 
which is energized in a suitable manner by a battery, 
and a coil if necessary (not shown) as is conventional in 
fan internal combustion engine. The wire 45 is attached 
to acentral post 47 by a nut 49. The post 47 is connected 
to a conducting plate 54 arranged within # housing 53, 
for the valve actuator 41. Within the housing 53, the 
shaft 85 has an insulating element 57 secured to an end, 
Of the shaft 88 for co-rotation therewith when the shaft 
835 is driven by the engine 21. A first end of a flexible 
‘contact 59 is continuously biased against the conducting 
plate 51 to receive electricity from the battery or an- 
‘ther suitable source. A second end of the contact 59 is 
connected to a conducting sleeve 60 which is in con- 
stant contact with a spring biased contact 62 which is 
‘arranged within the sleeve 60. The contact 61 is biased 
bby a spring 63 which urges the contact 61 towards aside 
wall of the housing 53 

With reference to FIG. 3, a plurality of contacts 65 
are spaced from one another and are arranged around 
the periphery of the housing 53 at the same level as the 
spring biased contact 61. Each contact 65 is electrically 
connected to a post 67 which extends outside of the 
housing §3. The number of contacts 68 is equal to the 
number of cylinders in the engine 21, One of the wires 
43, which actuate the valves 39, is secured to each of the 
posts 67 

In operation, as the shaft $8 rotates in synchronism 
‘with the engine 21, the insulating element 87 rotates and, 
electricity is ultimately delivered to successive ones of 
the contacts 65 and wires 43 through the spring biased 
contact 61 and the flexible contact 58. In this way, each 
Of the electrical valves 39 is actuated and opened in the 
‘proper timed sequence to admit compressed gas to each 
Of the cylinders 20 to drive the pistons 22 therein on a 
downward stroke, 
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‘The embodiment illustrated in FIGS. 2 and 3 is effec- 
tive to actuate each of the valves 39 to remain open for 
‘a long enough period of time to admit sufficient com- 
pressed gas to each of the cylinders 20 of the engine 21 
fo drive the engine 21. The length of cach of the 
contacts 65 around the periphery of the housing 53 is 
sufficient 10 permit the speed of the engine to be in- 
creased when desired by the operator by moving the 
throttle linkage 35 which actuates the linkage 33 10 
further open the regulating valve 31 to admit more 
‘compressed gas from the tank 23 to the distributor 33. 
‘However, it has been found that the amount of air ad- 
‘mitted by the valves 39 when using the first embodi- 
‘ment of the valve actuator 41 (FIGS. 2 and 3) is substan- 
tially more than required to operate the engine 21 at an 
idling speed. Therefore, it may be desirable to provide a 
valve actuator 41 which is capable of varying the dura~ 
tion of each engine cycle over which the solenoid 
valves 39 are actuated, ic, remain open to admit com- 
pressed gas, as the speed of the engine 21 is varied. 

‘A second embodiment of a valve actuator 41 which is 
capable of varying the duration of each engine cycle 
‘over which each of the valves 39 remains open to admit 
‘compressed gas to the cylinders 20 dependent upon the 
speed of the engine 21 will be described with reference 
to FIGS. 4 and 5 wherein members corresponding t0 
those of FIGS. 2 and 3 bear like reference numerals. 
"The wire 45 from the electrical source is secured to the 
post 47 by the nut 49. The post 47 has a annular contact 
fing 69 electrically connected to an end of the post 47 
and arranged within the housing $3. The shaft 55 rotates 
at one half the speed of the engine asin the embodiment 
of FIGS. 2 and 3. 

‘At an upper end of the shaft $5, a splined section 71 
slidably receives an insulating member 73. The splined 
section 71 of the shaft 85 positively holds the insulating 
member 73 for co-rotation therewith but permits the 
insulating member 73 to slide axially along the length of 
the splined section 71. Near the shaft $5, a conductive 
sleeve 72 is arranged in a bore 81 in an upper surface of 
the insulating element 73 generally parallel to the 
splined section 71. A contact 75, biased towards the 
annular contact ring 69 by a spring 77, is arranged 
within the conductive sleeve 72 in contact therewith. 
The conductive sleeve 72 also contacts a conductor 79 
at a base of the bore 81. 

‘The conductor 79 extends to the upper surface of the 
insulating element 73 near an outer periphery of the 
insulating element 73 where the conductor 79 is electri- 
cally connected to a flexible contact 83. The Mlexible 
contact #3 selectively engages a plurality of radial 
‘contacts 85 arranged on an upper inside surface of the 
housing 83. A weak spring 87 arranged around the 
splined section 71 engages a stop member 89 secured on 
‘the shaft §5 and the insulating element 73 to slightly bias 
the insulating element 73 towards the upper inside sur- 
face of the housing 53 to ensure contact between the 
flexible contact 83 and the upper inside surface of the 
housing 83. As best seen in FIG. §, the radial contacts, 
85 on the upper inside surface of the housing 53 are 
arranged generally in the form of radial spokes extend 
ing from the center of the housing 53 with the number 
‘of contacts being equal to the number of cylinders 20 in 
the engine 21. The number of degrees covered by cach 
‘of the radial contacts 8§ gradually increases as the dis- 
tance from the center of the upper inside surface of the 
housing 83 increases. 
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In operation of the device of FIGS. 4 and 5, as the 
shaft $§ rotates, electricity flows along a path through 
the wire 45 down through post 47 to the annular contact, 
‘member 69 which isin constant contact with the spring 
biased contact 75. The electrical current passes through 
the conductive sleeve 72 to the conductor 79 and then 
to-the flexible contact 83. As the flexible contact $3 
rotates along with the insulating member 73 and the 
shaft 85, the tip of the flexible contact $3 successively 
‘engages cach of the radial contacts 85 on the upper 
inside of the housing 53. As the speed of the shaft 55 
increases, the insulating member 73 and the flexible 
‘contact 83 attached thereto move upwardly along the 
‘splined section 71 of the shaft $5 due to the radial com- 
pponent of the splines in the direction of rotation under 
the influence of centrifugal force. As the insulating 
member 73 moves upwardly, the flexible contact 83 is 
bent such that the tip of the contact 83 extends further 
radially outwardly from the center ofthe housing 53 (as, 
seen in phantom lines in FIG. 4). In other words, the 
effective length of the flexible contact 83 increases as 
the speed of the engine 21 increases. 

As the flexible contact 83 is bent and the tip of the 
contact 83 moves outwardly, the tip remains in contact, 
‘with each of the radial contacts 88 for a longer period of 
‘each engine cycle due to the increased angular width of 
the radial contacts with increasing distance from the 
‘center of the housing 53. In this way, the length of time 
‘over which each of the valves 39 remains open is in- 
‘creased as the speed of the engine is increased. Thus, a 
larger quantity of compressed gas or air is injected into 
the cylinders as the speed increases. Conversely, as the 
speed decreases and the insulating member 73 moves 
downwardly along the splined section 71, a minimum 
quantity of air is injected into the cylinder due to the 
shorter length of the individual radial contact 85 which 
is in contact with the flexible contact 83. In this way, 
the amouat of compressed gas that is used during idling. 
of the engine 21 is at a minimum whereas the amount of 
‘compressed gas which is required to increase the speed 
of the engine 21 to # level suitable to drive a vehicle on 
a highway is readily available. 

‘With reference to FIGS. 6 and 7, a third embodiment 
of a valve actuator 41 according to the present inven- 
tion includes an arcuate insulating element 91 having a 
first end pivotally secured by any suitable device such 
as screw 92 to the shaft $8 for co-rotation with the shaft 
55. The screw 92 is screwed into a tapped hole in the 
insulating element 91 such that a tab 94 at an end of the 
screw 92 engages a groove 96 provided in the shaft 58. 
In this way, the insulating element 91 positively rotates 
with the shaft 55. However, as the shaft 55 rotates 
faster, a second end 98 of the insulating element 91 is 
permitted to pivot outwardly under the influence of 
centrifugal force because of the groove 96 provided in 
the shaft §8. A spring 93 connected between the second, 
end 98 of the element 91 and the shaft 55 urges the 
second end of the element 91 towards the center of the 
housing 53. 

‘A. contact 99 similar to the contact $9 (FIG. 2) is 
arranged such that one end of the contact 99 is in con= 
stant contact with the conducting plate St located cen- 
trally within the housing 53. The other end of the 
contact 99 engages a conductive sleeve 101 arranged in 
bore 102. A contact clement 95 is arranged in the con- 
ductive sleeve 101 in constant contact with the sleeve 
101, The bore 102 is arranged generally parallel to the 
shaft 55 near the second end of the arcuate insulating 
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clement 91. The contact 95 is biased by a spring 97 
towards the upper inside surface of the housing 53 for 
selective contact with each of the plurality of radial 
contacts 85 which increase in are length towards the 
‘outer peripheral surface of the housing 53 (FIG. 6). 

In operation of the device of FIGS. 6 and 7, as the 
shaft 58 rotates the arcuate insulating element 91 rotates 
With the shaft §8 and the second end 98 of the insulating 
element 91 tends to pivot about the shaft $5 due 10 
centrifugal force. Thus, as the effective length of the 
contact 95 increases, ic., as the arcuate insulating ele- 
‘ment 91 pivots further outwardly, the number of de- 
grees of rotation over which the contact 95 is in contact 
‘with each of the radial contacts 88 on the upper inside 
surface of the housing 53 increases thereby permitting 
each of the valves 39 to remain open for a longer period 
of each engine cycle to admit more compressed gas to 
the respective cylinder 20 to further increase the speed 
of the engine 21 

With reference to FIG. 1, a mechanical advance link- 
age 104 which is connected to the throttle linkage 35, 
advances the initiation of the opening of each valve 39 
such that compressed gas is injected into the respective 
cylinder further before the piston 22 in the respective 
cylinder 20 reaches a top dead center position as the 
speed of the engine is increased by moving the throttle 
linkage 38. The advance linkage 104 is similar to a con- 
ventional standard mechanical advance employed on an 
internal combustion engine. In other words, the linkage 
108 varies the relationship between the angular posi- 
tions of a point on the shalt 8§ and a point on the hous- 
ing 83 containing the contacts. Alternatively, a conven 
tional vacuum advance could also be employed. By 
advancing the timing of the opening of the valves 39, 
the speed of the engine can more easily be increased. 

The operation of the engine cycle according to the 
present invention will now be described. The com- 
pressed gas injected into each cylinder of the engine 21 
drives the respective piston 22 downward to drive a 
conventional crankshaft (not shown). The movement of 
the piston downwardly causes the compressed gas to 
‘expand rapidly and cool. As the piston 22 begins to 
move upwardly in the cylinder 20 a suitable exhaust 
valve (not shown) arranged to close an exhaust passage- 
way is opened by any suitable apparatus. The expanded 
gasis then expelled through the exhaust passageway. As 
the piston 22 again begins to move downwardly a suit- 
able intake valve opens to admit ambient air to the 
cylinder. The intake valve closes and the ambient air is 
‘compressed on the subsequent upward movement of the 
piston until the piston reaches approximately the top 
dead center position at which time the compressed gas 
is again injected into the cylinder 20 to drive the piston 
22 downward and the cycle begins anew. 

In the case of adapting a conventional internal com- 
bustion engine for operation on compressed gas, a plu 
rality of plates 103 are preferably arranged over an end 
of the exhaust passageways in order to reduce the outlet 
size of the exhaust passageways of the conventional 
internal combustion engine. In the illustrated embodi 
ment, a single plate having an opening in the center is 
bolted to the outside exhaust passageway on each bank 
of the V-8 engine while another single plate having two 
‘openings therein is arranged with one opening over 
each of the interior exhaust passageways on each bank 
of the V-8 engine. A line 108 is suitably attached to each 
of the adaptor places to carry the exhaust to an appro- 
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priate location. In a preferred embodiment, the exhaust 
lines 108 are 1)" plastic tubing 

In a preferred embodiment, the exhaust lines 105 of 
‘one bank of the V-8 engine are collected in a line 107 
land fed to an inlet of a compressor 109. The pressure of 
the exhaust gas emmanating from the engine 24 accord- 
ing to the present invention is approximately 25 psi. In 
this way, the compressor 109 does not have to pull the 
exhaust into the compressor since the gas exhausted 
from the engine 21 is ata positive pressure. The positive 
pressure of the incoming fluid increases the efficiency 
‘and reduces wear on the compressor 109. The exhaust 
‘gas is compressed in the compressor 109 and returned 
through a line 111 and a check valve 113 to the com- 
pressed gas storage tank 23. The check valve 113 pre- 
vents the flow of compressed gas stored in the tank 23, 
‘back towards the compressor 109, 

‘A suitable pressure sensor 115 is arranged at an upper 
end of the tank 23 and sends a signal along a line 117 
‘when the pressure exceeds a predetermined level and 
when the pressure drops below a predetermined level. 
The line 117 controls an electrically actuated clutch 119 
disposed at a front end of the compressor 109. The 
clutch 119 is operative to engage and disengage the 
‘compressor 109 from a drive pulley 121. Also, the signal 
carried by the line 117 actuates a suitable valve 123 
‘arranged on a compressor housing 125 to exhaust the air 
entering the compressor housing 128 from the line 107, 
when the clutch 119 has disengaged the compressor 109 
from the drive pully 121 

1 a preferred embodiment, when the pressure is the 
tank 23 reaches approximately 600 psi, the clutch 119, 
is disengaged and the compressor 109 is deactivated and 
the valve 123 is opened to exhaust the expanded gas 
delivered to the compressor 109 from the line 107 to the 
atmosphere, When the pressure within the tank 23, 
drops below approximately 50D psi, the sensor 115 
sends a signal to engage the clutch 119 and close the 
valve 123, thereby operating the compressor 109 for 
supplying the tank 23 with compressed gas. 

The pulley 121 which drives the compressor 109 
through the clutch 119 is driven by a belt 127 which is 
riven by 2 pulley 129 which operates through a gear 
box 131. With reference to FIGS. 1 and 8, 8 second 
palley 133 on the gear box is driven by a belt 138 from 
pulley 137 arranged on a drive shaft 139 of the engine 
21. The pulley 137 drives a splined shaft 140 which has 
a first gear 141 and a second larger gear 143 arranged 
thereon for rotation with the splined shaft 140. The 
splined shaft 140 permits axial movement of the gears 
141 and 143 along the shaft 140, 

In normal operation (as seen in FIG. 8), the first gear 
141 engages a third gear 148 arranged on a shaft 187 
which drives the pulley 129. The shafts 140 and 187 are 
arranged in suitable bearings 149 arranged at each end, 
thereof. When the speed of the engine 21 drops below a 
predetermined level, a suitable sensor 151 responsive to 
the speed of the drive shaft 139 of the engine 21 gener- 
ates a signal which is transmitted through a line 183 to 
a solenoid actuator 155 arranged within the gear box 
131. The solenoid actuator 155 moves the first and sec 
‘ond gears 141, 143 axially along the splined shaft 140 to 
the right as seen in FIG. 8 such that the second, larger 
gear 143 engages a fourth smaller gear 187 which is 
‘arranged on the shaft 147. The ratio of the second gear 
143 to the fourth gear 187 is preferably approximately 3 
wl. 
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In this way, when the speed of the engine 21 drops 
below the predetermined level as sensed by the sensor 
151 (which predetermined level is insufficient to drive 
the compressor 109 at a speed sufficient to generate the 
'500-600 pounds of pressure which is preferably in the 5 
tank 23), the solenoid actuator 135 is energized to slide 
the gears 143, 141 axially along the splined shaft 149 50 
that the second, larger gear 143 engages the fourth, 
smaller gear 157 to drive the pulley 129 and hence the 
‘compressor 109 at a higher rate of speed to generate the 10 
desired pressure, When the speed of the engine in- 
creases above the predetermined level, in a preferred 
‘embodiment approximately 1500 rpm, the solenoid 
tuator 155 is deactivated by the sensor 151 thereby 
‘moving the gears 143 and 141 to the left as seen in FIG. 
8 such that the first gear 141 re-engages with the third 
‘ear 145 to effectuate a 110 1 ratio between the output 
Shaft 139 of the engine 24 and the pulley 129. 

‘The other bank of the V-8 engine has its exhaust ports 
arranged with adapter plates 103 similar to those on the 20 
first bank. However, the exhaust from this bank of the 
engine 21 is not collected and circulated through the 
compressor 109. In a preferred embodiment, a portion 
of the exhaust is collected in a line 189 and fed to an 
cenlarged chamber 461. A second fluid is fed through a 25 
Tine 163 into the chamber 161 to be cooled by the cool 
‘exhaust emmanating from the engine 21 in the Tine 159. 
‘The second fluid in the line 163 may be either transmis” 
sion fluid contained in a transmission associated with 
the engine 21 ora portion ofthe oil used to lubricate the 30 
‘engine 21. A second portion of the exhaust from the 
second bank of the V-8 engine is removed from the line 
189 in a line £65 and used as a working fluid in an air 
conditioning system or for any other suitable use. 

It should be noted that the particular arrangement 35 
utilized for collecting and distributing the gas exhausted 
from the engine 21 would be determined by the use for 
‘which the engine is employed. In other words, it may be 
advantageous to rearrange the exhaust tubing such that 
a larger or smaller percentage of the exhaust is routed 40 
‘through the compressor 109. It should also be noted 
that since the exhaust lines 105 are plastic tubing, 
rearrangement of the lines for different purpose is 
‘both simple and inexpensive. 

In operation of the engine of the present invention, 
the engine 21is started by energizing the solenoid valve 
29 and any suitable starting device (not shown), eg., a 
conventional electric starter as used on an internal com- 
bbustion engine. Compressed gas from the full tank 23 
flows through the line 25 and a variable amount of the 50 
compressed gas is admitted to the distributor 33 by 
controlling the regulator valve 31 through the linkage 
33 and the operator actuated throttle linkage 35. The 
‘compressed gas is distributed to each of the lines 37 
which lead to the individual cylinders 20. The com- 
pressed gas is admitted to cach of the cylinders 20 in 
timed relationship to the position of the pistons within 
the eylinders by opening the valves 39 with the valve 
actuator 41. 

‘When itis desired to increase the speed of the engine, 
the operator moves the throttle linkage 38 which simul- 
tancously admits « larger quantity of compressed gas to 
the distributor 33 from the tank 23 by further opening 
the regulator valve 31. The timing of the valve actuator 
41s also advanced through the linkage 104. Still fur- 
ther, as the speed of the engine 21 increases, the effec- 
tive length of the rotating contact 83 (FIG. 4) or 98 
(FIG. 6) increases thereby electrically contacting a 
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10 
‘wider portion of one of the stationary radial contacts 88 
to cause each of the valves 39 fo remain open for a 
longer period of each engine cycle to admit a larger 
‘quantity of compressed gas to each of the cylinders 20. 

‘As can be seen, the combination of the regulating 
valve 31, the mechanical advance 104, and the valve 
actuator 41, combine to produce a compressed gas er 
‘gine which is quickly and efficiently adaptable to vari 
‘ous operating speeds. However, all three of the controls 
need not be employed simultaneously. For example, the 
mechanical advance 104 could be utilized without the 
benefit of one of the varying valve actuators 41 but the 
high speed operation of the engine may not be as eff 
cient. By increasing the duration of each engine cycle 
‘over which each of the valves 39 remains open to admit, 
‘compressed gas to each of the cylinders 20 as the speed 
increases, conservation of compressed gas during low 
speed operation and efficient high speed operation are 
both possibt. 

‘After the compressed gas admitted to the cylinder 20 
thas forced the piston 22 downwardly within the cylin- 
der to drive the shaft 139 of the engine, the piston 22 
moves upwardly within the cylinder 20 and forces the 
expanded gas out through a suitable exhaust valve (not 
shown) through the adapter plate 103 (if employed) and 
into the exhaust line 108. The cool exhaust can then be 
collected in any suitable arrangement to be compressed 
and returned to the tank 23 or used for any desired 
purpose including use as a working fluid in an air condi- 
tioning system of as a coolant for oil, 

When using the apparatus and method of the present 
invention to adapt a ordinary internal combustion en- 
gine for operation with compressed gas it can be seen 
that considerable savings in weight are achieved. For 
‘example, the ordinary cooling system including a radia- 
tor, fan, hoses, etc. can be eliminated since the com- 
pressed gas is cooled as it expands in the cylinder. In 
addition, there are no explosions within the cylinder to 
‘generate heat, Further reductions in weight are ob- 
tained by employing plastic tubing for the lines which 
carry the compressed gas between the distributor and 
the cylinders and for the exhaust lines. Once again, 
heavy tubing is not required since there is little or no 
hheat generated by the engine of the present invention. 
In addition, the noise generated by an engine according 
to the present invention is considerably less than that 
generated by an ordinary internal combustion engine 
since there are no explosions taking place within the 
oylinders 
the principles of preferred embodiments of the pres- 
cnt invention have been described in the foregoing spec- 
ification. However, the invention which is intended to 
be protected is not to be construed as limited to the 
particular embodiments disclosed. The embodiments 
are to be regarded as ilustrative rather than restrictive. 
Variations and changes may be made by others without 
departing from the spirit of the invention. Accordingly, 
it is expressly intended that all such variations and 
‘changes which fall within the spirit and the scope of the 
present invention as defined in the appended claims be 
‘embraced thereby 

‘What is claimed is: 

1. An apparatus for operating an engine having at 
least one cylinder and a reciprocating piston therein 
comprising: 

1 source of compressed gas; 
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distributor means connected with the source of com- 
pressed gas for distributing the compressed gas to 
the at least one cylinder; 

valve means for admitting the compressed gas to the 

‘at least one cylinder when the piston is in approxi- 
mately a top dead center position within the cylin- 
der, 

altering means for increasing the duration of each 

engine cycle over which the valve means admits 
‘compressed gas to the at least one cylinder as the 
speed of the engine increases; and 

exhaust means for exhausting gas as the piston subse- 

‘quently approaches approximately the top dead 
center positon, 

2. The apparatus of claim 1 further comprising con- 
trol means for controlling the amount of compressed 
‘gas admitted to the distributor means. 

3. The apparatus of claim 1 wherein the valve means 
isa solenoid valve secured in an opening in the eylinder 
above the level of the piston at the top dead center 
position. 

4. The apparatus of claims 1 or 2 further comprising 
‘means for advancing the timing of the valve means a6 
the speed of the engine increases such that compressed 
aaas is admitted progressively further before the top 
dead center position as the speed of the engine in 

5. The apparatus of claim 4 wherein the means for 
advancing the timing comprises a mechanical linkage 
connected to an operator actuated accelerator linkage. 

6. The apparatus of claim 1 wherein a portion of the 
220s exhausted through the exhaust means is compressed 
Jn a compressor driven by an output shaft of the engine 
and is returned to the source of compressed gas. 

7. The apparatus of claim 1 wherein a portion of the 
{g8s exhausted through the exhaust means is used to cool 
‘transmission fluid for a transmission associated with the 
engine. 

8, The apparatus of claim 1 wherein a portion of the 
gas exhausted through the exhaust means is used as a 
‘working fluid in an air conditioning system, 

9. The apparatus of claim 6 further comprising first 
gearing means interposed between the output shaft of 
the engine and the compressor for increasing the speed 
at which the compressor is driven, 

30. The apparatus of claim 6 further comprising 
clutch means attached to the compressor both for disen= 
gaging the compressor from the output shaft of the 
engine when a first predetermined pressure at the 
source of compressed gas is exceeded and for engaging 
the compressor with the output shaft of the engine 
when the pressure at the source of compressed gas 
drops below a second predetermined pressure. 

11. The apparatus of claim 9 further comprising 
means for both disengaging the first gearing means 
when a predetermined speed of the engine is exceeded 
and engaging a second gearing means for driving the 
compressor at a speed slower than the first gearing 
means when the predetermined speed of the engine is 
exceeded. 

12. The apparatus of claim 1 wherein the valve means 
is electrically actuated and wherein the altering means 
‘comprises 

a rotating member timed with the at least one cylin. 

der and arranged within a housing; 

first and second contacts arranged on a first end of 

the rotating member and on an inside surface of the 
housing, respectively; 
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means for increasing the distance of the first contact 

from the rotational axis of the rotating member as 

the speed of the engine increases such that the first 

contact moves radially outwardly within the hous- 
ing; and 

said second contact presenting a longer arc length to 

the first contact as the distance of the first contact, 
from the rotational axis of the rotating member 

13. The apparatus of claim 12 wherein the rotating 
member comprises an arcuate arm and wherein the 
means for increasing the distance of the first contact, 
comprises pivotally mounting a second end of the arcu- 
‘ate arm about the axis of rotation of the rotating mem- 
ber and spring means for biasing the first end of the 
arcuate arm towards a radially inward position whereby 
the first end of the arcuate arm pivots radially out 
wardly as the speed of the engine increases. 

14. The apparatus of claim 12 wherein the rotating 
‘member is axially slidably received on a rotating shaft 
for co-rotation therewith, said shaft having splines with 
2 radial component in the direction of rotation, and 
wherein the first contact comprises a flexible contact, 
located on an upper surface of the rotating member, said 
flexible contact being biased against the inside surface of 
the housing which carries the second contacts whereby 
as the speed of the engine increases the rotating member 
is urged axially along the splined shaft towards the 
inside surface of the housing such that the flexible 
contact is forced radially outwardly along the inside 
surface, 

15, The apparatus of claim 12 wherein the second 
ccontact comprises of radially extending conductor ar- 
ranged on an upper inside surface of the housing, said 
‘conductor increasing in are length as the conductor 
extends radially outwardly from a central portion of the 
housing, 

46, An apparatus for adapting an internal combustion 
engine for operation with compressed gas, the internal 
combustion engine having atleast one cylinder, a piston 
reciprocable within the at least one eylinder, intake and 
‘exhaust means disposed in the at least one cylinder, and 
1 tapped hole in the at least one eylinder adapted 10 
receive a spark plug, the apparatus comprising: 

‘a source of compressed gas; 

distributor means connected with the source of com- 

pressed gas for distributing the compressed gas 10 
the at least one cylinder; 

valve means arranged in the tapped hole for admit- 

{ing the compressed gas to the atleast one cylinder 
when the piston is in approximately a top dead 
center position within the cylinder; and 

altering means for increasing the duration of each 

engine cycle over which the valve means remains 
open to admit the compressed gas as the speed of 
the engine increases 

17. An apparatus as in claim 16 further comprising 
first adapter plate means for supporting the distributor 
‘means above an intake manifold of the engine, which 
adaptor plate means allows ambient air to enter through, 
the intake manifold. 

18. The apparatus of claim 16 further comprising 
second adapter plate means for reducing the exit area of 
the exhaust means. 

19. A method of operating an engine on compressed 
‘as, said engine having at least one cylinder and a piston 
reciprocable therein comprising the steps of 


integrated circuit > digital > shift register 


Unconnected Input 
Because many shiftregisters havea choice of two 
inputs to the same chain of internal flip-flops, it 
is easy to leave one of them unconnected by ac- 
cident. A floating input will be vulnerable to any 


stray electromagnetic fields, and is almost cer- 
tain to create random effects, 


Output Enable Issues 

‘The outputenable pin on a shift register that has 
three-state logic outputs is usually active-low. 
Consequently, if the pin is left unconnected, the, 
logic outputs may go into high-impedance 


What Can Go 


ong 


mode, or will fluctuate unpredictably. Where 
three-state outputs are not required, a safe 
course of action will be to avoid using three-state 
chips. 


Floating Output Bus 
If a pullup resistor is omitted from a bus that is 
shared by three-state chips, the results will be 
unpredictable. Evenifthe circuitdesign seemsto 
guarantee that at least one chip will havea high 
orlow outputon the bus, a pullup resistor should 
still be included. 
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delivering compressed gas from a source toa distribu- 
distributing the compressed gas to the at least one 
cvlindes; 
admitting compressed gas to the at least one cylinder 
through an intake valve when the piston is at ap- 
proximately a top dad center position; 
increasing the duration of each engine cycle over 
which compressed gos is admitted to the at least 
‘one cylinder as the engine speed increases; and, 
exhausting the remaining gas when the piston subse- 
quently reaches approximately the top dead center 
position, 
20. The method of claim 19 further comprising the 
step of controlling the amount of compressed gas which 
is delivered to the distributor. 
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21. The method of claim 19 further comprising the 
step of advancing the timing ofthe opening of the intake 
valve as the speed of the engine increases. 

2. An apparatus for operating an engine having at 
least one eylinder and a piston reciprocable therein on 
‘compressed gas comprising: 

‘a source of compressed gas; 

distributor means connected with the source of com- 

‘pressed gas for distributing the compressed gas to 
the at least one cylinder, 

electrically actuated valve means secured in an open- 

ing in the at least one cylinder for selectively ad- 
mitting compressed gas to the atleast one cylinder 
when the piston is in approximately a top dead 
center position; and 

‘means for advancing the timing of the valve means as 
‘the speed of the engine increases whereby com- 
pressed gas is admitted progressively further be- 
fore the top dead center position as the speed of the 
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Introduction to the Series 


Welcome to the SPIE Field Guides—a series of 
publications written directly for the practicing engineer or 
scientist. Many textbooks and professional reference 
books cover optical principles and techniques in depth, 
The aim of the SPIE Field Guides is to distill this 
information, providing readers with a handy desk or 
briefease reference that provides basic, essential 
information about optical principles, techniques, or 
phenomena, including definitions and descriptions, key 
equations, ‘illustrations, application examples, design 
considerations, and additional resources. A significant 
effort will be made to provide a consistent notation and 
style between volumes in the series. 


Each SPIE Field Guide addresses a major field of optical 
science and technology. The concept of these Field Guides 
is a format-intensive presentation based on figures and 
equations supplemented by concise explanations, In most 
cases, this modular approach places a single topic on a 
page, and provides full coverage of that topic on that page. 
Highlights, insights, and rules of thumb are displayed in 
sidebars to the main text. The appendices at the end of 
each Field Guide provide additional information such as 
related material outside the main scope of the volume, 
key mathematical relationships, and alternative methods. 
While complete in their coverage, the concise presentation 
‘may not be appropriate for those new to the field. 


The SPIE Field Guides are intended to be living 
documents. The modular page-based presentation format 
allows them to be easily updated and expanded. We are 
interested in your suggestions for new Field Guide topies 
as well as what material should be added to an individual 
volume to make these Field Guides more useful to you. 
Please contact us at fieldguides@SPIE.org. 


John E, Greivenkamp, Series Editor 
College of Optical Sciences 
‘The University of Arizona 
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Preface to the Field Guide to Microscopy 


In the 17th century Robert Hooke developed a compound 
microscope, launching a wonderful journey. The impact of his 
invention was immediate; in the same century microscopy 
gave name to “cells” and imaged living bacteria. Since then 
microscopy has been the witness and subject of numerous 
scientific discoveries, serving as a constant companion in 
humans’ quest to understand life and the world at the small 
end of the universe's seale. 


Microscopy is one of the most exciting fields in optics, as its 
variety applies principles of interference, diffraction, and 
polarization. It persists in pushing the boundaries of imaging 
limits. For example, life sciences in need of nanometer 
resolution recently broke the diffraction limit, These new 
super-resolution techniques helped name microscopy the 
method of the year by Nature Methods in 2008, 


Microscopy will critically change over the next few decades. 
Historically, microscopy was designed for visual imaging; 
however, enormous recent progress (in detectors, light 
sources, actuators, ete) allows the easing of visual 
constrains, providing new opportunities. I am excited to 
witness microscopy’s path toward both integrated, digital 
systems and nanoscopy. 


‘This Field Guide has three major aims: (1) to give a brief 
overview of concepts used in microscopy; (2) to present major 
microscopy principles and implementations; and (3) to point 
to some recent microscopy trends. While many presented 
topies deserve a much broader description, the hope is that 
this Field Guide will be a useful reference in everyday 
microscopy work and a starting point for further study. 


I would like to express my special thanks to my colleague 
here at Rice University, Mark Pierce, for his crucial advice 
throughout the writing process and his tremendous help in 
acquiring microscopy images, 


‘This Field Guide is dedicated to my family: my wife, Dorota, 
and my daughters, Antonina and Karolina, 

‘Tomasz Tkaczyk 

Rice University 
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Background and fringe amplitude 
Vector of light passing through amplitude 
Object 

Amplitudes of reference and sample beams 
Fringe period 

Velocity of light 

Contrast, visibility 

Visibility of amplitude contrast 

Visibility of phase contrast 

Minimum detectable visibility of phase 
contrast 

Airy disk dimension 

Decay distance of evanescent wave 
Diameter of the diffractive object 

Grating constant 

Resolution limit 

Diopters 

‘Number of pixels in the x and y directions 
(Neand N,, respectively) 

‘Vector of light diffracted at the amplitude 
object 

Depth of focus 

‘Vector of light diffracted at phase object 
Pinhole diameter 

Spatial and axial resolution of confocal 
mieraseope 

Electric field 

Energy gap 

Components of electric field 

Coefficient of finesse 

Fluorescent emission 

Focal length 

Focal length for lines C and F 

Effective focal length 

Field of view 

Full width at half maximum 

Planck's constant 

Object and image height 

Magnetic field 

Intensity of light 

Pixel coordinates 

Intensity of incident light 
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‘Maximum and minimum intensity in the 
image 

Irradiances of incident, transmitted, and 
reflected light 

Intensity of successive images 

Intensities for the image point and three 
consecutive grid positions 

Number of events 

Wave number 

Distance 

Coherence length 

Diffraction order 

Magnification 

Minimum microscope magnification 
Magnifying power 

Modulation transfer function 

Angular magnification 

Refractive index of the dielectric media 
Step number 

Expected value 

Intensity decrease coefficient 

‘Total number of grating lines 

Probability of two-photon excitation 
Numerical aperture 

Refractive index for propagation velocity of 
extraordinary wave 

Refractive indices of the media surrounding 
the phase ring and the ring itself 
Refractive index for propagation velocity of 
ordinary wave 

Refractive index of media 1 

Refractive index of media 2 

Ordinary and extraordinary beams 

Optical density 

Optical path difference 

Optical path length 

Optical transfer function 

Optical tube length 

Probability 

‘Average power 

Vector of light passing through phase object 
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Point spread function 
Fluorophore quantum yield 

Radius 

Reflection coefficients 

Relative, media, or vacuum 

Radius af aperture stop 

Radius of phase ring 

Radius of filter for wavelength 2 

Shear between wavefront object and image 
space 

Pinhole/slit separation 

Lateral shift in TIR perpendicular 
component of electromagnetic vector 
Lateral shift in TIR for parallel component 
of electromagnetic vector 

Factor depending on specific Fraunhofer 
approximation 

‘Vector of light passing through surrounding 
media 

Signal-to-noise ratio 

Strebl ratio 

Lens separation 

Thickness 

Time 

‘Transmission coefficient 

‘Time required to pass the distance between 
wave oscillations 

‘Throughput of a confocal microseape 
Coherence time 

Object, image aperture angle 

Abbe number as defined for lines d, F, C or 
eFC! 

Velocity of light in media 

Width of the slit 

Coordinates 

Distance along the direction of propagation 
Fraunhofer diffraction distance 

Object and image distances 

Imaged sample depth, length of reference 
path 
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a “Angle between vectors of interfering waves 

a Birefringent prism angle 

a Grating incidence angle in plane 
perpendicular to grating plane 

ws Visual stereo resolving power 

B Grating diffraction angle in plane 
perpendicular to grating plane 

Y Angle of fringe localization plane 

Y Convergence angle of a stereo microscope 


Incidence / diffraction angle from the plane 
perpendicular to grating plane 


r Retardation 

a Birefringence 

a Excitation cross section of dye 

Be Depth perception 

Ay Axial phase delay 

of Variation in focal length 

Ale Phase mismatch 

Az, Az’ Object and image separations 

ad Wavelength bandwidth 

Ay Frequency bandwidth 

Ag Phase delay 

Ag Phase difference 

Ap Phase shift 

Aeon Minimum perceived phase difference 

8 Angle between interfering beams 

& Dielectric constant, ic,, medium permittivity 

y Quantum efficiency 

a Refraction angle 

Ou Critical angle 

8 Incidence angle 

6 Reflection angle 

h Wavelength of light 

dp Peak wavelength for the m’* interference 
order 

mn Magnetic permeability 

v Frequency of light 

v Repetition frequency 

g Propagation direction 

Pp Spatial frequency 

o Molecular absorption cross section 
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ppecstas 


3 


eeg 


E, 
z 


Dark noise 
Photon noise 

Read noise 

Integration time 

Length of a pulse 

‘Transmittance 

Incident photon flux 

Optical power 

Phase difference generated by a thin film 
Initial phase 

Phase delay through the object 

Phase delay in a phase plate 

Phase difference generated by a thin film 
“Angular frequeney 

Bandgap frequency 

Perpendicular and parallel components of 
the light vector 
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Nature of Light 


Optics uses two approaches, termed the particle and wave 
models, to describe the nature of light. The former arises 
from atomic structure, where the transitions between energy 
levels are quantized. Electrons can be excited into higher 
energy levels via external processes with the release of a 
discrete quantum of energy (a photon) upon their decay to a 
lower level 


‘The wave model complements this corpuscular theory and 
explains optical effects involving diffraction and interference. 
‘The wave and particle models can be related through the 
frequency of oscillations, with the relationship between 
quanta of energy and frequency given by 

E=hy[ineV ord], 
where = 4.135667«10- [eV's] = 6.626068*10-" [J's] is 
Planck's constant, and y is the frequency of light [Hz] 
‘The frequency v of a wave is the reciprocal of its period T [s]: 

1 


‘The period T 


T 

[s] corresponds 

to one eycle of 

wave or, if 0 
Di 


defined in 
terms of the 
distance 
required to 
perform one 
full oscillation, describes the wavelength of light 2. (m]. The 
velocity of light in free space is 2.99792 x 10* m/s and is 
defined as the distance traveled in one period (2) divided by 
the time taken (1): 

OT 
Note that wavelength is often measured indirectly as time T 
required to pass the distance between wave oscillations. 


‘The relationship for the velocity of light c can be rewritten in 
terms of wavelength and frequency as 
e=hv 
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‘The Spectrum of Microscopy 


‘The range of electromagnetic radiation is called the 
electromagnetic spectrum, Various microscopy techniques 
employ wavelengths spanning from x-ray radiation and 
ultraviolet radiation (UV) through the visible spectrum 
(VIS) to infrared radiation (IR). The wavelength in 
combination with the microscope parameters determines the 
resolution limit of the microscope (0.614/NA). The smallest 
feature resolved using light microscopy and determined by 
diffraction is approximately 200 nm for UV light with a high 
numerical aperture (for more details, see Resolution Limit on 
page 39). However, recently emerging super-resolution 
techniques overcome this barrier, and features are 
observable in the 20-50 nm range, 


Frequency | Wavelength / Object Type 


+000um Resolution Limt of 
a 


Epithet els 
Infarg—100ym 
(v= 3x1012 Ha) Red Blood Cells 
bacteria 
104m 
atm 
Taba 
(= 5084 He) 800mm Lint of ssi 
<n cmea 
000 Tig Meson 
Canoe 
Lino Lt xs 
(811014 He) ewes sparen cigs 
00m ¥ 
pre Proeins 
(v~3x1016 Hz) 
sionm | ONAIRNA 
imate 
(w= 3x1024 Hz) 


ttnm y Ams Limit of Electron Microscopy 
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Wave Equations 


Maxwell's equations describe the propagation of an 
electromagnetic wave. For homogenous and isotropic media, 
magnetic (H) and electric (E) components of an 
electromagnetic field can be described by the wave equations 
derived from Maxwell's equations: 


where ¢ is a dielectric constant, ic, medium 
permittivity while y is a magnetic permeability: 


= EE, Ha Holly 


Indices r, m, and o stand for relative, media, or vacuum, 
respectively. 


‘The above equations indicate that the time variation of the 
electric field and the current density creates a time-varying 
magnetic field. Variations in the magnetic field induce a 
time-varying electric field. Both fields depend on each other 
and compose an electromagnetic wave. Magnetic and electric 
components can be separated. 

H Field 


E Field 


‘The electric component of an electromagnetic wave has 
primary significance for the phenomenon of light. This is 
because the magnetic component cannot be measured with 
optical detectors. Therefore, the magnetic component is most 


often neglected, and the electric vector Eis called a light 
vector, 
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Wavefront Propagation 


Light propagating through isotropic media conforms to the 
equation 


E=Asin(ot-kz+9,), 


where ¢ is time, 2 is distance along the direction of 
propagation, and « is an angular frequency given by 
2a, 


z 
‘The term kz is called the phase of light, while g, is an 
initial phase. In addition, k represents the wave number 
(equal to 2n/A) and Va is the velocity of light in media: 

Qn 


ke 


‘The above propagation equation pertains to the special case 
when the electrie field vector varies only in one plane, 


‘The refractive index of the dielectric media n describes the 
relationship between the speed of light in a vacuum and in 
media, It is 


where ¢ is the speed of light in vacuum, 
‘An alternative way to describe the propagation of an electric 
field is with an exponential (complex) representation: 
E = Aexp[ -i(wr-kz +9,)] 
‘This form allows the easy separation of phase components of 
an electromagnetic wave. 
e 


counter 


The term counter is used here to mean adigital-ogic chip.A counter could be built from 
discrete transistors, but this approach is obsolete. Counters may also be devised from 
parts such as multiple relays, ora solenoid advancing a ratchet wheel, but such electro- 
mechanical devices are not included in this encyclopedia. 


Inthis encyclopedia, a counter by definition has binary-weighted outputs with values 1, 
2,4,8....in decimal notation. The exception to this rule isa ring counter, which does not 
have binary-weighted outputs but is included here because its name identifies it as a 
counter. A shift register may be used as a ring counter, but is more versatile and has 
many other functions; hence it has a separate entry. 


Gray code counters, in which successive outputs differ by only one binary digit, are not 


aq 
13 


described in this encyclopedia 


OTHER RELATED COMPONENTS 


+ flip-flop (se2 Chapter 11) 
«shift register (soe Chapter 12) 


What It Does 


A counter can be used to count events, o can 
measure time in convenient intervals if itis con- 
nected with a component such as a quartz crys- 
tal that operates at a precise and reliable fre- 
quency. The counter receives input pulses (usu- 
ally referred to as a clock input) and counts a pre- 
determined number of them before restarting 
from the beginning. It will repeat in this fashion 
solongas power is connected, and the clock pul- 
ses continue, and a reset signal is not supplied. 


Almost all counters create same form of output 
during the count. Most commonly, the output is 
a pattern of high and low states expressing the 
number of clock pulses in binary code, Where a 
counter counts to a very high number before re- 
cycling, some intermediate binary digits may be 
omitted. 


While standalone counter chipsarenotas widely 
used now asin the early days of computing, they 
stillfind application in industrial processes, small 
devices, and education, and can be used ta con- 
trol incremental devices such as stepper motors. 
They can be used in conjunction with microcon- 
trollers. 


Schematic Representation 

No specific logic symbol exists for a counter. It is 
most often shown in a schematic as a rectangle 
With clock input(s) and clear input(s) on the left 
and outputs on the right. An example appears in 
Figure 13-1, above a representation of the phys- 
ical chip and its pinouts. The meaning of the ab- 
breviations identifying the inputs, outputs, and 
control functions will be found in "How It 
Works” on page 132. BecausethetwoMRinputsfor 
this particular counter are ANDed insidethe chip, 
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Optical Path Length (OPL) 


Fermat's principle states that “The path traveled by a 
light wave from a point to another point is stationary with 
respect to variations of this path.” In practical terms, this 
means that light travels along the minimum time path, 


Optical path length (OPL) is related to the time required 
for light to travel from point P1 to point P2. It accounts for 
the media density through the refractive index: 


1 


where 


Pedy + 


Optical path length can also be discussed in the context of 
the number of periods required to propagate a certain 
distance L. Ina medium with refractive index n, light slows 
down and more wave cycles are needed. Therefore, OPL is an 
equivalent path for light traveling with the same number of 
periods in a vacuum: 


OPL = nk. Xu 
Optical path difference 
(OPD) is the difference 


between optical path Iengths 
traversed by two light waves: 


OPD = nL, ~MyL,- 


OPD can also be expressed as 
a phase difference: 


PD 
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Laws of Reflection and Refraction 


Light rays incident Incident Light Reflected Light 
on an interface 

between different 
dielectric media 
experience 
reflection and 
refraction as 
shown. 


Reflection Law: Angles of incidence and reflection are 
related by 


Refraction Law (Snell's Law): Incident and refracted 
angles are related to each other and to the refractive indices 
of the two media by Snell's Law: 


sin, =n'sin0" 
Fresnel reflection: ‘The division of light at a dielectric 


boundary into transmitted and reflected rays is described for 
nonlossy, nonmagnetic media by the Fresnel equations: 


Reflectance ‘Transmission Coufficients 
coefficients 
sin? (0,-0') ; sin? 0°cos" @, 
sa (0,587) sin (8,87) 
tan? (0,-0') 1, 4sin? cos, 


tan"(040) | “7 Sn [0+ 0Je08" (0,0) 


1 andr are transmission and reflection coefficients, 
respectively. J, f, and J, are the irradiances of incident, 
transmitted, and reflected light, respectively. 1 and | denote 
perpendicular and parallel components of the light vector 
with respect to the plane of incidence. @; and @' in the table 
are the angles of incidence and_reflection/refraction, 
respectively. At a normal incidence (8' = 6; = 0 deg), the 
Fresnel equations reduce to 


Weal ana a 
(any oO Geeny 


Sant 
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Total Internal Reflection 


When light passes from one medium to a medium with a 
higher refractive index, the angle of the light in the medium 
bends toward the normal, necording to Snelf's Law 
Conversely, when light passes from one medium to a medium 
with a lower refractive index, the angle of the light in the 
second medium bends away from the normal. If the angle of 
refraction is greater than 90 deg, the light cannot escape the 
denser medium, and it reflects instead of refracting. This 
effect is known as total gg, R 
internal reflection (TIR), 

TIR occurs only for 

illumination with an angle 

larger than the critical “hy <n, 

angle, defined as 


It appears, however, that light can propagate through (at a 
limited range) to the lower-density material as an 
evanescent wave (a nearly standing wave occurring at the 
material boundary), even if illuminated under an angle 
larger than @,. Such a phenomenon is called frustrated 
total internal reflection. Frustrated TIR is used, for 
example, with thin films (TF) to build beam splitters, The 
proper selection of the film thickness provides the desired 
beam ratio (see the figure below for various split ratios). Note 
that the maximum film thickness must be approximately a 
single wavelength or less, otherwise light decays entirely. 
The effect of an evanescent wave propagating in the lower- 
density material under TIR conditions is also used in total 
internal reflection fluorescence (TIRF) microscopy. 


00 0s 10 
(Optical Thins oth fi (TF in units a wavelength 
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Evanescent Wave in Total Internal Reflection 


A beam reflected at the 
dielectric interface 
during total internal 
reflection is subject to 
asmall lateral shift, 
also known as the 
Goos-Hiinchen 

effect, The shift is 
different for the 
parallel and 
perpendicular components of the electromagnetic vector. 


Lateral shift in TR 


Parallel* component i, 


Perpendicular* component 
of elm vector 


* to the plane of incidence 


‘The intensity of the illuminating beam decays exponentially 
with distance y in the direction perpendicular to the material 
boundary: 


1=1,exp(-/d) 


Note that d denotes the distance at which the intensity of 
the illuminating light J, drops by e. The decay distance is 
smaller than a wavelength. It is also inversely 
proportional to the illumination angle. 


Decay distance (0) of evanescent wave 


x. T 


Decay distance as a function of | 
incidence and critical angles 


Decay distance as a funetion of 
incidence angle and refractive 
indices of media 


Microscopy: Basie Concepts 9 


Propagation of Light in Anisotropic Media 


In anisotropic media the velocity of light depends on the 
direction of propagation. Common anisotropic and optically 
transparent materials include uniaxial crystals. Such 
crystals exhibit one direction of travel with a single 
propagation velocity. The single velocity direction is called 
the optic axis of the crystal. For any other direction, there 
are two velocities of propagation, 


‘The wave in birefringent crystals can be divided into two 
components: ordinary and extraordinary. An ordinary 
wave has a uniform velocity in all directions, while the 
velocity of an extraordinary wave varies with orientation. 
‘The extreme value of an extraordinary wave's velocity is 
perpendicular to the optic axis. Both waves are linearly 
polarized, which means that the electric vector oscillates in 
one plane. The vibration planes of extraordinary and 
ordinary vectors are perpendicular. Refractive indices 
corresponding to 

the direction of the 
optic axis and 
perpendicular to 
the optic axis are 
no = efVo and ne = 
clVorespectively. 


Optic Axis 


1 
Uniaxial crystals Positive Birefringence Negative Birefringence 
can be positive or negative (see table). The refractive index 
n(@) for velocities between the two extreme (n, and n,) values 


Positive Birefringence _| Ves Vo 


Nogative Rirefringenew |Ve> Va. 


5) 
Note that the propagation direction & (with regard to the 
optic axis) is slightly off from the ray direction, which is 
defined by the Poynting (energy) vector. 


Uniaxial Crystal | Refractive ] Abbe | Wavelength 
index | Number_|_Range [uml 
Quartz 70 S-0) 
a 
Caleite eT Tao 
6s 


‘The refractive index is given for the D spectral line (599.2 am), J} 
‘Adapted from Plata, 1988) 
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Polarization of Light and Polarization States 


‘The orientation characteristic of a light vector vibrating in 
time and space is called the polarization of light. For 
example, if the vector of an electric wave vibrates in one 
plane, the state of polarization is linear. A vector vibrating 
with a random orientation represents unpolarized light. 
‘The wave vector F consists of two components E and E,. 
E(2t)=E,+E, 
E,=4,exp[-i(or— 


£,=4,er9[-i(a1— 
‘he elecbile wactoe retaien yetiodiaaly (en pasathity 
corseaporir torweveieiati: 3) fa the plane perventionien 
fhe piopagntian skis (2) sod gonevally fortes so elivtiea) 
shape. The specifi shape depends on the A, and Ayratiow and 
the phase delay between the fi and £, components defined 
28.89 = oO 


Linearly polarized light is obtained when one of the 
components Es or Ey is zero, or when Ag is zero or x. 
Circularly polarized light is obtained when E, = E, and A 
= +12. The light is called right circularly polarized (RCP) if it 
rotates in a clockwise direction or left circularly polarized 
(LCP) if it rotates counterclockwise when looking at the 
oncoming beam. 


3D View 


Polarization Circular near near Eliptical 
Ampltudes 11 14 04 +4 
Ap x2 ° o oy 
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Coherence and Monochromatic Light 


An ideal light wave that extends in space at any instance to 
+ and has only one wavelength 2. (or frequency v) is said to 
be monochromatic. If the range of wavelengths 2 or 
frequencies v is very small (around 4, or v,, respectively), 
the wave is quasi-monochromatic. Such a wave packet is 
usually called a wave group. 


Note that for monochromatic and quasi-monochromatic 
waves, no phase relationship is required, and the intensity of 
light can be calculated as a simple summation of intensities 
from different waves; phase changes are very fast and 
random, so only the average intensity can be recorded. 


If multiple waves have a common phase relation dependence, 
they are coherent or partially coherent. These cases 
correspond to full- and partial-phase correlation respectively. 
A common source of a coherent wave is a laser where waves 
must be in resonance and therefore in phase, The average 
length of the wave packet (group) is called the coherence 
length, while the time required to pass this length is called 
coherence time. Both values are linked by the equations 


where coherence length is 


‘The coherence length [, and temporal coherence t. are 
inversely proportional to the bandwidth AA of the light 


Spatial coherence is a term related to the coherence of 
light with regard to the extent of the light source. The fringe 
contrast varies for interference of any two spatially different 
source points, Light is partially coherent if its caherence is 
limited by the source bandwidth, dimension, temperature, or 
other effects. 
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Interference 


Interference is a process of superposition of two coherent 
(correlated) or partially coherent waves. Waves interact with 
each other, and the resulting intensity is described by 
summing the complex amplitudes (electric fields) E; and 
Ex of both wavefronts: 


£,=Aexp[-i(or-ke-+9,)] 
and 

E 

‘The resultant field is 

ExE,+E, 


theiwotanecate cries se WHE V 


EE, AVAVAVAVAVATAVAVAVAUg 
A+ A +24,A,c08(A0), 


1,41, +2yic0s(Ag), =< 


N=EE. 3, and é E, 
honge= a, Propagating Wavefronts 


where * denotes a conjugate function, I is the intensity of 
light, A is an amplitude of an electri field, and Ag is the 
phase difference between the two interfering beams. 
Contrast C (called also visibility) of the interference 
fringes can be expressed as 


exp[-i(or-ke+0.)]. 


=I, 


Fun — Fin 


Eat, 


‘The fringe existence and visibility depends on several 

conditions. To obtain the interference effect, 

+ Interfering beams must originate from the same light 
source and be temporally and spatially coherent; 

© The polarization of interfering beams must be aligned; 

© To maximize the contrast, interfering beams should have 
equal or similar amplitudes. 


Conversely, if two noncorrelated, random waves are in the 
same region of space, the sum of intensities (irradiances) of 
these waves gives a total intensity in that region: 1 =/, + J, 
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Contrast vs Spatial and Temporal Coherence 


‘The result of interference is a periodic intensity change in 
space, which creates fringes when incident on a screen or 
detector. Spatial coherence relates to the contrast of these 
fringes depending on the extent of the source and is not a 
function of the phase difference (or OPD) between beams. 
‘The intensity of interfering fringes is given by 


+2C (Source Extent),/7,F, cos(Ag), 


int, depending on the extent of the source, 


I=h+l, 


where Cis a const 


c=05 


Point Source Extended Source 


Intensity 


Optical Path Diference 


‘The spatial coherence can be improved through spatial 
filtering. For example, light ean be focused on the pinhole (or 
coupled into the fiber) by using a microscope objective. In 
microscopy, spatial coherence can be adjusted by changing 
the diaphragm size in the conjugate plane of the light source. 
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Contrast vs Spatial and Temporal Coherence (cont,) 


‘The intensity of the fringes depends on the OPD and the 
temporal coherence of the source. The fringe contrast 
trends toward zero as the OPD increases beyond the 
coherence length: 


T=1,+1,+2YI1,C(OPD)cos (Ap). 


Normalized Intensity (!) 


o 
‘Optical Path Difference (OPD) 


‘The spatial width of a fringe pattern envelope decreases with 
shorter temporal coherence, The location of the envelope's 
peak (with respect to the reference) and narrow width can be 
efficiently used as a gating mechanism in both imaging and 
metrology. For example, it is used in interference microscopy 
for optical profiling (white light interferometry) and for 
imaging using optical coherence tomography. Examples of 
short coherence sources include white light sources, 
luminescent diodes, and broadband lasers, 


Long coherence length is beneficial in applications that do 
not naturally provide nearzero OPD, eg. in surface 
measurements with a_—Fizeau_interferometer. 


How It Works 


the AND symbol is included with the counter 
symbol. 


Figure 134. Typical schematic representation of 
counter, compared with the pinouts of the actual 
component. 


‘A counter chip is shown in Figure 13-2. 


Figure 13-2. The 74HC163 shawn inthis photograph is a 
4-bit synchronous counter capable of being proloaded 
with a starting value. and able to do a synchronaus reset 


Integrated circult > digital > counter 


How It Works 


Acounteris built from a chain of flip-flops, with 
each one triggering the next. JK, T-type, or D- 
type flip-flops may be used. For a thorough de- 
scription of a flip-flop, see Chapter 11. In 
Figure 13-3, aD-type flip-flop is shown, triggered 
by each rising clock pulse. 


Figure 13-3. When the complementary (NOT-Q) output 
from a D-type flip-flop is connected back to it input, the 
Q output frequency is half of the clock input frequency. 
‘See text fr additional details. 


Initially the Q output of the flip-flop is low, so its 
NOT-Q output (identified by Qwith a bar above 
it)is high. This feeds back to the D input, but has 
no effect until the rising edge of the next clock 
pulse copies the high D input to the Q output. 
‘The Q output is now latched high while the NOT- 
Q output is latched low and feeds back to the D 
input. The triggering event has passed, so the 
low D input does not have any immediate effect. 
The rising edge ofthe nextclock pulse copies the 
low state of the D input to the output, and 
changes the NOT-Q output to high, causing the 
cycle to repeat. As a result, the output frequency 
ofthe flip-flop is one-half of the input frequency 
from the clock. ifthe output is carried to the next 
flip-flop to becomeitsclackinput, onceagain the 
frequency will be divided by two. 


Modulus and Modulo 

The modulus of a counter is the number it will 
count up to, before it repeats. This is sometimes 
written incorrectly as modulo. 


Infact, modulois the name of an arithmetical op- 
eration, often abbreviated as MOD (usually cap- 
italized, even though it is not an acronym). This 
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Contrast of Fringes (Polarization and Amplitude Ratio) 


‘The contrast of cortast 
fringes depends 

onthe ae 
polarization oo 
orientation of the 08 
electric vectors. ga 


For linearly 
polarized beams, 


it ean be described as C 


angle between polarization states, 


‘Angle between Blectric Vectors of fnterfa 
a 
Interference Fringes 


Fringe contrast also depends on the interfering beams’ 
amplitude ratio, The intensity of the fringes is simply 
calculated by using the main interference equation. The 
contrast is maximum for equal beam intensities and for the 
interference pattern, 
defined as | 


I= 1, +1, +2y TT, cos(A9). 


itis 


Interference Fringes 
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‘Multiple Wave Interference 


If light reflects inside a thin film, its intensity gradually 
decreases and multiple beam interference occurs, 


‘The intensity of reflected light is | 
Fein? (9/2) ' 
T+ Fain" (97 


and for transmitted light is 
1 I\\\\ 
“Te sin (9/2) 


‘The coefficient of finesse F of such a resonator is, 
4r 


(ery 
Because phase depends on the wavelength, it is possible to 
design selective interference filters. In this case, a 
dielectric thin film is coated with metallic layers. ‘The peak 
wavelength for the m interference order of the filter can be 
defined as 


2nrcos0" 


where ore is the phase difference generated by a thin film of 
thickness ¢ and a specific incidence angle. The interference 
order relates to the phase difference in multiples of 2x. 
Interference filters usually operate for illumination with fat 
wavefronts at a normal incidence angle. Therefore, the 
equation simplifies as 

2nt 


‘The half bandwidth 
(HBW) of the filter for 


normal incidence is ¢ 


Hew -—"3,, [m rete Lh Tree pt 


‘The peak intensity transmission is usually at 20% to 50%, or 
up to 90% of the incident light for metal-dielectric or multi- 
dielectric filters respectively. 
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Interferometers 


” 


Due to the high frequency of light, it is not 
possible to detect the phase of the light wave 
directly. To acquire the phase, interferometry 
techniques may be used. There are two major 


classes of interferometers, based on Amplitude Split 


amplitude splitting and wavefront 


spilting CE 


From the point of view of fringe pattern 
interpretation, interferometers can also be 
divided into those that deliver fringes, which 
directly correspond to the phase distribution, 


WA 


Wavefront Spit 


and those providing a derivative of the phase map (also 
Michelson interferometer called shearing interferometers). 


‘The first type is 


realized by 


Reference Mirror obtaining the interference between 


Beam 


the test beam and a reference 

beam. An example of such a system 

isthe Michelson interfero- 

meter. Shearing interfero- 

P=] meters provide the intereference 
Object of two shifted object wavefronts. 


Splitter 


numerous ways of introducing shear 
(inear, radial, ete). Examples of Tested 
shearing interferometers include the *="™ 
parallel or wedge plate, the grating 
interferometer, the Sagnae, and 


There are Shearing Plate 


polarization interferometers (commonly used in microscopy). 


‘The Mach-Zehnder interferometer can be c 


-onfigured for 


direct and differential fringes, depending on the position of 


the sample. 
‘Mach Zehnder Intereromster “Mach Zehnder intorferomator 
(Oieet Fringes) Bean (Oiferena Finges) 

Spier spittor 


we 


object Beam 
Object Splitter 
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Diffraction 


‘The bending of waves by apertures and objects is called 
diffraction of light. Waves diffracted inside the optical 
system interfere (for path differences within the coherence 
length of the source) with each other and create diffraction 
patterns in the image of an object. 


Nats 


‘There are two common approximations of diffraction 
phenomena: Fresnel diffraction (near-ficld) and 
Fraunhofer diffraction (far-field). Both diffraction types 
complement each other but are not sharply divided due to 
various definitions of their regions. Fraunhofer diffraction 
occurs when one can assume that propagating wavefronts 
are flat (collimated), while the Fresnel diffraction is the near- 
field case. Thus, Fraunhofer diffraction (distance 2) for a free- 
space case is infinity, but in practice it can be defined for a 
region 


2>S Ly 
where d is the diameter of the diffractive object, and Srv is a 
factor depending on approximation. A conservative definition 


of the Fraunhofer region is Sra = 1, while for most practical 
cases it can be assumed to be 10 times smaller (Sro = 0.1). 


Diffraction effects influence the resolution of an imaging 
system and are a reason for fringes (ring patterns) in the 
image of a point. Specifically, Fraunhofer fringes appear in 
the conjugate image plane. This is due to the fact that the 
image is located in the Fraunhofer diffracting region of an 
optical system's aperture stop, 
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Diffraction Grating 


Diffraction gratings are optical components consisting of 
periodic linear structures that provide “organized” diffraction 
of light. In practical terms, this means that for specific 
angles (depending on illumination and grating parameters), 
it is possible to obtain constructive (2x phase difference) and 
destructive (x phase difference) interference at specific 
directions. The angles of constructive interference are 
defined by the diffraction grating equation and called 
diffraction orders (m). 


Gratings can be classified as transmission or reflection (mode 
of operation), amplitude (periodic amplitude changes) or 
phase (periodic phase changes), or ruled or holographic 
(method of fabrication). Ruled gratings are mechanically cut 
and usually have a triangular profile (each facet can thereby 
promote select diffraction angles), Holographic gratings are 
made using interference (sinusoidal profiles). 


Diffraction angles depend on the ratio between the grating 
constant and wavelength s0 various wavelengths can be 
separated. This makes them applicable for spectroscopic 
detection or spectral imaging. The grating equation is, 


d cos (sin f+ sin a) 


|-arating constant 


Difracted Light 
(varias with elitraction ors) 


Murination 
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Diffraction Grating (cont.) 


‘The sign in the diffraction grating equation defines the type 
of grating: A transmission grating is identified with a 
minus sign (-), and a reflective grating is identified with a 
plus sign (+). 


For a grating illuminated in the plane perpendicular to the 
grating, its equation simplifies and is 


mi.= d(sinf+ sina, eon 


Incite +f pect esn) 


For normal illumination, the grating equation becomes 


mk 


sin 


The chromatic resolving power of a grating depends on 
its size (total number of lines N). If the grating has more 
lines, the diffraction orders are naxrower, and the resolving 
power increases: 


‘The free spee- 
tral range 4) of 
the grating is the 
bandwidth in the 
‘més order without 
overlapping other 
orders, It defines 
useful bandwidth 
for spectroscopic 
detection as 
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Useful Definitions from Geometrical Optics 


Alll optical systems consist of 
refractive or reflective 
interfaces (surfaces) 
changing the propagation 

angles of optical rays, f f 

Rays define the propagation trajectory and always travel 
perpendicular to the wavefronts, They are used to describe 
imaging in the regime of geometrical optics and to perform 
optical design. 


‘There are two optical spaces corresponding to each optical 
system: object space and image space. Both spaces extend 
from ~2 to +2 and are divided into real and virtual parts, 
Ability to access the image or object defines the real part of 
the optieal space, 


Paraxial optics is an approximation assuming small ray 
angles and is used to determine first-order parameters of the 
optical system (image location, magnification etc.) 


Thin lenses are optical components reduced to zero 
thickness and are used to perform first-order optical designs 
(Gee next page), 


The focal point of an optical system is a location that 
collimated beams converge to or diverge from. Planes 
perpendicular to the optical axis at the focal points are called 
focal planes. Focal length is the distance between the lens 
(specifically, its principal plane) and the focal plane. For thin 
lenses, principal planes overlap with the lens, 


Sign Convention: The common sign convention assigns 
positive values to distances traced from left to right (the 
direction of propagation) and to the top. Angles are positive if 
they are measured 

counterclockwise from 
normal to the surface or 
optical axis. If light 
travels from right to left, 
the refractive index is 
negative. The surface 
radius is measured from 
its vertex to its center of 
curvature. 
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Image Formation 


A simple model describing imaging through an optical 
system is based on thin lens relationships. A real image is 
formed at the point where rays converge. 

ect Plane Image Pane 


jet 


A virtual image is formed at the point from which rays 
appear to diverge. 
For a lens made of glass, surrounded on both sides by air (n= 
n! = 1), the imaging relationship is described by the 
Newtonian equation 

w= ff" o ow 


t 


Note that Newtonian equations refer to the distance from the 
focal planes so, in practice, they are used with thin lenses 


Imaging ean also be 
described by the Gaussian 
imaging equation n Object Pane w 


Lf 


Image Pane 


Virtual mage 


‘The effective focal 
length of the system is, 


gota tof 


o 7 w 
where @ is the optical power expressed in diopters D [m-] 


‘Therefore, 
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Magnification 


Transverse magnification (also called _ lateral 
magnification) of an optical system is defined as the ratio 
of the image and object size measured in the direction 
perpendicular to the optical axis: 


Longitudinal magnification defines the ratio of distances 
for a pair of conjugate planes: 


uk 


where 


and 


Angular magnification is the ratio of angular image size to 
angular object size and can be calculated with 


me” 


Object Plane Image Plane 
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Stops and Rays in an Optical System 


‘The primary stops in any optical system are the aperture 
stop (which limits light) and field stop (which limits the 
extent of the imaged object or the field of view). The aperture 
stop also defines the resolution of the optical system. To 
determine the aperture stop, all system diaphragms 
including the lens mounts should be imaged to either the 
image or the object space of the system. The aperture stop is 
determined as the smallest diaphragm or diaphragm image 
(in terms of angle) as seen from the on-axis object/image 
point in the same optical space, 


Note that there are two important conjugates of the aperture 
stop in object and image space. They are called the entrance 
pupil and exit pupil, respectively. 


‘The physical stop limiting the extent of the field is called the 
field stop. To find a field stop, all of the diaphragms should 
be imaged to the object or image space, with the smallest 
diaphragm defining the actual field stop, as seen from the 
entrance/exit pupil. Conjugates of the field stop in the object 
and image space are called the entrance window and exit 
window, respectively. 


Two major rays that pass through the system are the 
marginal ray and the chief ray. The marginal ray crosses 
the optical axis at the conjugate of the field stop (and object) 
and the edge of the aperture stop. The chief ray goes through 
the edge of the field and crosses the optical axis at the 
aperture stop plane. 


nee Agee “Ee 
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integrated circuit > digital > counter 
operation consists ofa division sum in which the 
remainder from the division is the result of the 
operation. Thus 100 modulo 5 gives a result of 0, 
because there is no remainder when 100 is divi- 
ded by 5. But 100 modulo 7 gives a result of 2, 
because 2 is the remainder of the division 
operation, 


To exacerbate the confusion, MODis also used as 
an adjective referring to the modulus of a 
counter. Thus a MOD-4 counter has a modulus of 
4,anda MOD-16 counter hasa modulus of 16. As 
ageneralrule, when acounteris being described, 
modulo and MOD will mean the same thing as 
‘modulus. This may be confusing to people such 
as computer programmers who are already fa- 
miliar with the correct usage of MOD as an arith- 
metical operator. 


In a counter, to obtain a modulus that is not a 
power of two, logic gates inside the chip can in- 
tercept a particular value (such as 1010 binary, 
which is 10 decimal) and use this as a signal to 
restart the countat zero, External connections to 
the chip can achieve the same purpose. 


Pin Identifiers 

Abbreviations and acronyms are used in data- 
sheets to identify pin functions. These identifiers 
have not been standardized, and many variants 
exist, 


CLKis the abbreviation most commonly used for 
the clock input, sometimes alternatively shown 
as CK of CP fit is active-low, or ifits falling edge 
will beactive, abarwill be printed aboveit. Where 
a printed font does not permit an underscore to 
be placed in this way, CLK’ (the abbreviation fol- 
lowed by an apostrophe) may be used instead. 
Often two or more stages of a counter can be 
separately clocked, and the input pins will be 
identified with abbreviations such as CLK1 and 
CLK2, or 1CLK and 2CLK, or CKA and CKB, or CP1 
and CP2, or similar. 


Where a clock input is edge-triggered, this is in- 
dicated by a small triangle. The triangle can be 
seen in Figure 13-3, 


CLR designates a pin which will clear the count 
and reset it back to zero. This signal is often 
active-low, indicated by a bar printed above the 
abbreviation, 


Ina schematic, a small circle, properly known as 
a bubble, may be placed at any input which is 
active-low. On a clock input, the circle indicates 
that tis falling-edge triggered. See Figure 11-16 
for various implementations of symbols with fip- 
flop schematics. 


The CLR operation may be synchronous (the pin 
state will not be recognized until the next clock 
pulse) or asynchronous (in which case the pin 
state overrides the clock and resets the counter 
immediately). MR stands for “Master Reset,’ and 
has the same function as CLR. 


Where two or more counters (or multiple stages 
within one counter) can be reset separately, 
more than one clear input will be shown, and 
may be identified with abbreviations such as 
CLR1 and CLR2, or MR1 and MR2. 


Output pins will almost always be identified as 
Q0, 01, Q2.... of QA, QB, QC... up to the maxi- 
mum necessary to express the modulus. ftwo or 
‘more counters are included in one chip, outputs 
may be prefixed with an appropriate number. 
Thus 203 would be the third output in the sec- 
ond counter. Multiple counters in one chip are 
identified with numbers starting from 1. 


Where internal flip-flops are shown, they will 
have identifiers such as FFI or FF2. Each flip-flop 
will have its own clear function, identified as C or 
CD ithe latter meaning “clear data"), and may 
have inputs labeled D1, D2, D3... inaD-typefip- 
flop or Jand Kin aJk flip-flop. See Chapter 11 for 
an explanation of flip-flop inputs and outputs. 


The input toa counter is always imagined to be- 
gin from the left, and consequently the leftmost 
flip-flop shown in an internal schematic will ex- 
press the least significantbit of the current value 
of the count, even though a binary number is 
written with the least significant bit in the right- 
most place. 


Chapter13. 133 
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Aberrations 


Individual spherical lenses cannot deliver perfect imaging 
because they exhibit errors called aberrations. All 
aberrations can be considered either chromatic or 
monochromatic, To correct for aberrations, optical systems 
use multiple elements, aspherical surfaces, and a variety of 
optical materials, 

Chromatic aberrations are a consequence of the dispersion 
of optical materials, which is a change in the refractive index 
as a function of wavelength. The parameter-characterizing 
dispersion of any material is called the Abbe number and is 
defined as 


rege Sete 
might be used for red hydrogen 


other wavelengths: 


yellow helium 
‘green mercury 
‘blue hydrogen 
Due cadmium, 


In general, V can be defined by using refractive indices at 
any three wavelengths, which should be specified for 
material characteristics. Indices in the equations denote 
spectral lines. If V does not have an index, Vi is assumed, 


Geometrical aberrations occur when optical rays do not 
meet at a single point. There are longitudinal and transverse 
ray aberrations describing the axial and lateral deviations 
from the paraxial image of a point (along the axis and 
perpendicular to the axis in the image plane), respectively. 
Wave aberrations describe a deviation of the wavefront 
from a perfect sphere, They are defined as a distance (the 
optical path difference) between the wavefront and the 
reference sphere along the optical ray. 
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Chromatic Aberrations 


Chromatic aberrations occur due to the dispersion of 

optical materials used for lens fabrication. This means that 

the refractive index is different for different wavelengths; 

consequently, various wavelengths are refracted differently. 
Object Plane 


Chromatic aberrations include axial (longitudinal) or 
transverse (lateral) aberrations. Axial chromatic 
aberration arises from the fact that various wavelengths 
are focused at different distances behind the optical system. 
It is described as a variation in focal length: 


fe 
f 


Object Plane 


Transverse chromatic aberration is an off-axis imaging 
of colors at different locations on the image plane. 


‘To compensate for chromatic aberrations, materials with low 
and high Abbe numbers are used (such as flint and crown 
glass). Correcting chromatic aberrations is crucial for most 
microscopy applications, but it is especially important for 
multi-photon microscopy. Obtaining multi-photon excitation 
requires high laser power and is most effective using short 
pulse lasers. Such a light source has a broad spectrum, and 
chromatic aberrations may cause pulse broadening. 
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Spherical Aberration and Coma 


‘The most important wave aberrations are spherical, coma, 
astigmatism, field curvature, and distortion. 


Spherical aberration (on-axis) is a consequence of building 
an optical system with components with spherical surfaces. 
It occurs when rays from different heights in the pupil are 
focused at different planes along the optical axis, This results 
in an axial blur. The most common approach for correcting 
spherical aberration uses a combination of negative and 
positive lenses, Systems that correct spherical aberration 
heavily depend on imaging conditions. For example, in 
microscopy a cover glass must be of an appropriate thickness 
and refractive index in order to work with an objective, Also, 
the media between the objective and the sample (such as air, 
oil, oF water) must be taken into account. 


Spherical Aberration 


Object Plane Best Facus Plane 


Coma (off-axis) can be defined as a variation of 
‘magnification with aperture location. This means that rays 
passing through a different azimuth of the lens are 
magnified differently. The name “coma” was inspired by the 
aberrations appearance, because it resembles a comet's tail 
as it emanates from the focus spot. It is usually stronger for 
lenses with a larger field, and its correction requires 
accommodation of the field diameter. 
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Astigmatism, Field Curvature, and Distortion 


Astigmatism (off-axis) is responsible for different 
magnifications along orthogonal meridians in an optical 
system, It manifests as elliptical, elongated spots for the 
horizontal and vertical directions on opposite sides of the 
best focal plane. It is more pronounced for an object farther 
from the axis and is a direct consequence of improper lens 
‘mounting or an asymmetric fabrication process. 


Astigmatism 


Field Curvatice 
objet Pane Image Plane 


Field 
curvature 
(off-axis) 
results in a 
non-flat image 
plane, The 
image plane created is a coneave surface as seen from the 
objective; therefore, various zones of the image can be seen in 
focus after moving the object along the optical axis, This 
aberration is corrected by an objective design combined with 
a tube lens or eyepiece. 


are iain Prauthondatatin Distortion is a radial 
variation of 


— i] capi it 
: ein 
JUN in the same manner 


as field curvature, If 
preceded with system calibration, it can also be corrected 
numerically after image acquisition. 
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Performance Metrics 


‘The major metrics describing the performance of an optical 
system are the modulation transfer function (MTF), the 
point spread function (PSF), and the Strehl ratio (SR). 


‘The MTF is the modulus of the optical transfer function 
Aleccribed by 
OTF (p)= MTF (p)exp[io()]. 

where the complex term in the equation relates to the phase 
transfer function. The MTF is a contrast distribution in the 
image in relation to contrast in the object ns a function of 
spatial frequency p (for sinusoidal object harmonics) and can 
be defined as 


CP) 
CUP 


‘The PSF is the intensity distribution at the image of a point 
object. This means that the PSF is a metric directly related 
to the image, while the MTF corresponds to spatial frequency 
distributions in the pupil. The MTF and PSF are closely 
related and comprehensively describe the quality of the 
optical system. In fact, the amplitude of the Fourier 
transform of the PSF results in the MTF. 


MIF (p) = 


a 
Normalized CuLont Frequency 
‘The MTF can be calculated as the autocorrelation of the 
pupil function. The pupil function describes the field 
distribution of an optical wave in the pupil plane of the 
optical system. In the cage of a uniform pupil's transmission, 
it directly relates to the field overlap of two mutually shifted 
pupils where the shift corresponds to spatial frequency. 
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Performance Metrics (cont.) 


‘The modulation transfer function has different results 
for coherent and incoherent illumination, For incoherent 
illumination, the phase component of the field is neglected 
since it is an average of random fields propagating under 
random angles, 


For coherent illumination, the contrast of transferring 
harmonies of the field is constant and equal to 1 until the 
location of the spatial frequency in the pupil reaches its edge. 
For higher frequencies, the contrast sharply drops to zero 
since they cannot pass the optical system. Note that contrast 
for the coherent case is equal to 1 for the entire MTF range. 


‘The cutoff frequency for an incoherent system is two times 
the cutoff frequency of the equivalent aperture coherent 
system and defines the Sparrow resolution limit. 


Coherent 


_Mlumination 


Mlumination 


Sito 


Lr a Sa 

‘Nomnalied CUuLOw Frequency 
‘The Strehl ratio is a parametric measurement that defines 
the quality of the optical system in a single number. It is 
defined as the ratio of irradiance within the theoretical 
dimension of a diffraction-limited spot to the entire 
irradiance in the image of the point. One simple method to 
estimate the Strehl ratio is to divide the field below the MTF 
curve of a tested system by the field of the diffraction-limited 
aystem of the same numerical aperture. For practical optical 
design consideration it is usually assumed that the system is 
diffraction limited if the Strehl ratio is equal to or larger 
than 0.8, 
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‘The Compound Microscope 


‘The primary goal of microscopy is to provide the ability to 
resolve the small details of an object. Historically, microscopy 
was developed for visual observation and, therefore, was set 
up to work in conjunction with the human eye. An effective 
high-resolution optical system must have resolving ability 
and be able to deliver proper magnification for the detector. 
In the case of visual observations, the detectors are the cones 
and rods of the retina. 


‘A basic microscope can be built with a single-clement, short- 
focal-length lens (magnifier). The object is located in the 
focal plane of the lens and is imaged to infinity. The eye 
creates a final image of the object on the retina. The system 
stop is the eye's pupil. 


To obtain higher resolution for visual observation, the 
compound microscope was first built in the 17 century 
by Robert Hooke. It consists of two major components: the 
objective and the eyepiece. The short-focal-length lens 
(objective) is placed close to the object under examination 
and creates a real image of an object at the focal plane of the 
second lens. The eyepiece (similar to the magnifier) throws 
an image to infinity, and the human eye creates the final 
image. An important function of the eyepiece is to match the 
eye's pupil with the system stop, which is located in the back 
focal plane of the microscope objective. 
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‘The Eye 


‘The eye was the first—and for a long time, the only—real- 
time detector used in microscopy. Therefore, the design of the 
microscope had to incorporate parameters responding to the 
needs of visual observation, 


Cornea—the transparent portion of the sclera (the white 
portion of the human eye), which is a rigid tissue that gives 
the eyeball its shape. The cornea is responsible for two thirds 
of the eye's refractive power. 


Lens—the lens is responsible for one third of the eye's 
power. Ciliary muscles can change the lens’s power 
(accommodation) within the range of 15~30 diopters. 


Iris—controls the diameter of the pupil (1.5-8 mm). 


cones. Cones (about 7 million) are in the area of the macula 
(-8 mm in diameter) and fovea (~1.5 mm in diameter, with 
the highest cone density), and they are designed for bright 
vision and color detection. There are three types of cones 
(red, green, and blue sensitive), and the spectral range of the 
eye is approximately 400-750 nm. Rods are responsible for 
nightlow-light vision, and there are about 130 million 
located outside the fovea region, 


It is arbitrarily assumed that the eye can provide sharp 
images for objects between 250 mm and infinity. A 250mm. 
distance is called the minimum focus distance or near 
point. The maximum eye resolution for bright illumination 
is 1 are minute. 
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Upright and Inverted Microscopes 


‘The two major microscope geometries are upright and 
inverted. Both systems can operate in reflectance and 
transmittance modes. 
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‘The inverted microscope is primarily designed to work with 
samples in cell culture dishes and to provide space (with a 
long-working distance condenser) for sample manipulation 
(for example, with patch pipettes in electrophysiology). 
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‘The Finite Tube Length Microscope 
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Historically, microscopes were built with a finite tube 
length. With this geometry, the microscope objective images 
the object into the tube end. This intermediate image is then 
relayed to the observer by an eyepiece. Depending on the 
manufacturer, different optical tube lengths are possible 
(for example, the standard tube length for Zeiss is 160 mm). 
The use of a standard tube length by each manufacturer 
unifies the optomechanical design of the microscope. 


A constant parfocal distance for microscope objectives 
enables switching between different magnifications without 
defocusing, The field number, corresponding to the physical 
dimension (in millimeters) of the field stop inside the 
eyepiece, allows the microscope’s field of view (FOV) to be 
determined according to 


FieldNumber 
M, 


For 


Variants 


Ifa counter is capable of receiving parallel data 
as an input (explained below) it will have a pin 
labeled PE for parallel enable. It may also have a 
CE or CET pin, for count enable. 


As is generally the case in logic chips, VCC or V+ 
are typically used to identify the positive power 
supply pin, while GND or V- will identify the 
negative-ground pin. NCmeansthatapin hasno 
internal connection at all, and consequently re- 
quires no external connection, 


Variants 


All counter chips use binary code internally, and 
the number of bits (binary digits) in the counter’s 
modulus will be the same as the number of in- 
ternal flip-flops. A 4-bit counter (the usual mini- 
mum) will havea modulus of 2" which is 16.4 21- 
bit counter (the maximum typically available) 
will have a modulus of 2" which is 2,097,152. For 
higher moduli, counters can be chained togeth- 
ey, each sending a carry signal to the next. Thisis 
known as a cascade. 


Multiple counters, with different moduli, may be 
chained in a single chip. For example, in a digital 
clock that displays hours and minutes using the 
60H2 frequency of an American domestic power 
supply as its timebase, the initial counting stage 
will have a modulus of 60, to count individual 
seconds. The next counting stages will have 
moduli of 60, 10, and 6, so that they can count 
from 00 to 59 minutes. Additional stages in the 
chip will tally hours. 


A counter with a parallel input can be preloaded 
with an initial value (in binary code) from which 
it may count up or down. A parallel-enable pin 
may put the counter into a mode where the 
number can be jam loaded, meaning that it is 
jammed into the counter regardless of the clock 
state. Other types of counter are loaded synchro- 
nously. 


Ripple versus Synchronous 


In a ripple counter each internal flip-flop triggers 
the clock input of the next, so that their states 


Integrated circuit > digital > counter 


change ina rapid butincremental sequence from 
the input to the output. This is also known as an 
asynchronous counter. Because the final state will 
not be valid until the clock pulse has rippled all 
the way through the counter (and through ad- 
ditional counters if they are cascaded together), 
aripple counter will tend to suffer from a propa- 
gation delay ofup toa microsecond, Ripple coun- 
tersmay also create output spikes or momentary 
transient count values that are invalid. Therefore, 
they are more suitable for applications such as 
driving a numeric display than for interfacing at 
high speed with other logic chips. 


In a synchronous counter, all the flip-flops are 
clocked simultaneously. A synchronous counter 
is better suited to operation at high speed. 


Of the counter chips available today, about half 
are synchronous and half are asynchronous. 


Ring, Binary, and BCD 

Acounter that activates outputpins oneatatime 
sequentially is said to have a decoded output. tis 
often referred to asa ring counter. Ithas the same 
number of output pins as its modulus. An exam- 
ple is the 40178 chip. 


A binary counter is more common and has an 
encoded output, meaning that it will express the 
running total ofthecountin binary code through 
weighted outputs that typically have (decimal) 
valuesof 1,2,4,8,andsoon.Amodulus-8 counter 
(often referred to as an octal counter) will require 
three outputs which represent the binary num- 
bers 000, 001, 010, 011, 100, 101, 110, and 111 
(decimal 0 through 7) before going back to 000 
and repeating, 


‘A modulus-16 counter, alsa known as a hexadec- 
imal counter ora divide-by-16 counter, will have a 
binary output represented by four output pins, 
counting from 0000 through 1111 (decimal 0 
through 15). Four-digit binary counters are very 
‘common, and their outputs are compatible with 
other components such as a decoder, which 
converts a binary-number input into a ring- 
counter-style output. 
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Infinity-Corrected Systems 


‘Microscope 
objectives can be 
corrected for a 
conjugate located 
at infinity, which Src 
means that the rate Hort} 
microscope we 
objective images ie 
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infinity. An infinite 
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Also, an infinity- 

corrected system 
accommodates 
additional 
components like 
DIC prisms, 
polarizers. etc. ‘The collimated beam is focused to create 
an intermediate image with additional optics, called a 
tube lens. ‘The tube lens either creates an image directly 
onto a CCD chip or an intermediate image, which is 
further reimaged with an eyepiece. Additionally, the tube 
lens might be used for system correction. For example, 
Zeiss corrects aberrations in its microscopes with a 
combination objective-tube lens. 

In the case of an infinity-corrected objective, the 
transverse magnification can only be defined in the 
presence of a tube lens that will form a real image. It is 
given by the ratio between the tube lens's focal length and 


Manufacturer | FocalLength ] the focal length of the 
of Tube Lens_| microscope objective. 


Teies 164.5 mm | 
Olympus 18070 
‘Nikon 200.0-mun 


Tica 
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Telecentricity of a Microscope 


Telecentricity is a feature of an optical system where the 
principal ray in object, image, or both spaces is parallel to 
the optical axis, This means that the object or image dees nat 
shift laterally, even with defocus; the distance between two 
object or image points is constant along the optical axis, 


‘An optical system can be telecentric in 


+ Object space, where the entrance pupil is at infinity, and 
the aperture stop is in the back focal plane; 

+ Image space, where the exit pupil is at infinity, and the 
aperture stop is in the front focal plane; or 

+ Both (doubly telecentric), where the entrance and exit 
pupils are at infinity, and the aperture stop is at the 
center of the system, in the back focal plane of the 
element before the stop and front focal length of the 
element after the stop (afocal system), 
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‘The aperture stop in a microscope is located at the back focal 
plane of the microscope objective. This makes the microscope 
objective telecentric in object space. Therefore, in microscopy, 
the object is observed with constant magnification, even for 
defocused object planes. This feature of microscopy systems 
significantly simplifies their operation and increases the 
reliability of image analysis, 
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Magnification of a Microscope 


Magnifying power (MP) is defined as the ratio between 
the angles subtended by an object with and without 
magnification. The magnifying power (as defined for a single 
lens) creates an enlarged virtual image of an object. The 
angle of an object observed with magnification is 


it 
=I 


Therefore, 


w =I 


‘The angle for an unaided 
eye is defined for the minimum focus distance (<,) of 10 
inches or 250 mm, which is the distance that the abject (real 
or virtual) may be examined without discomfort for the 
average population. A distance / between the lens and the 
eye is often small and can be assumed to equal zero: 


If the virtual image is at infinity (observed with a relaxed 
eye), 2'= =n, and 


The total magnifying power of the microscope results from 
the magnification of the microscope objective and the 
‘magnifying power of the eyepiece (usually 10%) 
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Numerical Aperture 


‘The aperture diaphragm of the optical system determines the 
angle at which rays emerge from the axial object point and, 
after refraction, pass through the optical system. This 
acceptance angle is called the abject space aperture angle. 
‘The parameter describing system throughput and this 
acceptance angle is called the numerical aperture (NA): 


NA=nsinu 


As seen from the equation, 
throughput of the optical 
system may be increased by 
using media with a high 
refractive index n, og., oil or 
water. This effectively decreases 
the refraction angles at the 
interfaces 


The dependence between the 
numerical aperture in the object 

space NA and the numerical 

aperture in the image space between the objective and the 
eyepiece NA'is calculated using the objective magnification: 
vA'M, 


NA 


As a result of diffraction at 
the aperture of the optical 

system, —_self-Iuminous 

points of the object are not 

imaged as points but as so- 

called Airy disks, An Airy 

disk is a bright disk 

surrounded by concentric 

rings with gradually decreasing intensities. The disk 
diameter (where the intensity reaches the first zero) is, 


L 1.222, 
ue aa Media [Refractive Index 
Air T 
Note that the refractive index in [TWater Ta 
the equation is for media between |~ Gj, Tas 
the object and the optical system, (L515 is typical) 
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Resolution Limit 


‘The lateral resolution of an 
optical system can be defined in 
terms of its ability to resolve 
images of two adjacent, self- 
luminous points. When two Airy 
disks are too close, they form a 


limit is defined as occurring when the peak of the Airy 
pattern arising from one point coincides with the first 
minimum of the Airy pattern arising from a sccond point 
object. Such a distribution gives an intensity dip of 26%. The 
distance between the two points in this case is 


061, 0.617. 
nsinu NA 


a 


‘The equation indicates that the resolution of an optical 
system improves with an increase in NA and decreases with 
increasing wavelength 2. For example, for 4 = 450 nm (blue) 
and oil immersion NA = 1.4, the microscope objective can 
optically resolve points separated by less than 200 nm. 


‘The situation in which the intensity dip between two 
adjacent self-luminous points becomes zero defines the 
Sparrow resolution limit. In this case d = 0.5M/NA. 


‘The Abbe resolution limit considers both the diffraction 
caused by the 
object and the 
NA of the optical 
system, Tt assumes 
that if at least two 
adjacent diffraction 
orders for points with craters at drs 
spacing d are accepted by the objective, these two points can 
be resolved. Therefore, the resolution depends on both 
imaging and illumination apertures and is 


a 
Hajane + NA, 


a 
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Useful Magnification 


For visual observation, the angular resolving power can 
be defined as 1,5 are minutes. For unmagnified objects at a 
distance of 250 mm (the eye's minimum focus distance), 1.5 
are minutes converts to dye = 0.1 mm. Since microscope 
objectives by themselves da not usually provide sufficient 
magnification, they are combined with oculars or eyepieces. 
‘The resolving power of the microscope is then 
aye oe 


d= oe 
I GM, 


In the Sparrow resolution limit, the minimum microscope 
magnification is 


M, 


1d NAIR 


‘Therefore, a total minimum magnification Man can be 
defined as approximately 250-500 NA (depending on 
wavelength). For lower magnification the image will appear 
brighter, but imaging is performed below the overall 
resolution limit of the microscope. For larger magnification, 
the contrast decreases and resolution does not improve. 
While a theoretically higher magnification should not 
provide additional information, it is useful to increase it to 
approximately 1000 NA to provide comfortable sampling of 
the object. Therefore, it is assumed that the useful 
magnification of a microscope is between 500 NA and 
1000 NA. Usually, any magnification above 1000 NA is called 
empty magnification. The image size in such cases is 
enlarged, but no additional useful information is provided, 
The highest useful magnification of a microscope is 
approximately 1500 for an oil-immersion microscope 
objective with NA = 165. 


Similar analysis can be performed for digital microscopy, 
which uses CCD or CMOS cameras as image sensors. 
Camera pixels are usually small (between 2 and 30 microns), 
and useful magnification must be estimated for a particular 
image sensor rather than the eye. Therefore, digital 
microscopy can work at lower magnification, and 
magnification of the microscope objective alone is usually 
sufficient. 
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Depth of Field and Depth of Focus 


Two ‘Ohne Tnoge Pane 
important 

terms are 
used to define 
axial 
resolution: 
depth of 
field and 
depth of 
focus, Depth i 
of field refers f 
to the object Dos 

thicknoas for _/| we 
which an ae 

image is in a7 
focus, while = 

depth of focus is the corresponding thickness of the image 
plane. In the case of a diffraction-limited optical system, the 
depth of focus is determined 

for an intensity drop along the UTM 
optical axis to 80%, defined as 


Nocatze is) 


DOF =2A2' 


a 


‘The relation between depth of 
field (242) and depth of focus 
(22) incorporates the 
objective magnification: 


202" = Miijaaye2 


where n' and n are medium refractive indexes in the object 
and image space, respectively. 


‘To quickly measure the depth of field for a particular 
microscope objective, the grid amplitude structure can be 
placed on the microscope stage and tilted with the known 
angle a. The depth of field is determined after measuring the 
grid zone w while in focus: 

2he 


nwtane. 
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Magnification and Frequency vs Depth of Field 


Depth of field for visual observation is a function of the 
total microscope magnification and the NA of the objective, 
approximated as 


Note that estimated values do not include eye 
‘accommodation, The graph below presents depth of field for 
visual observation. Refractive index n of the object space was 
assumed to equal 1. For other media, values from the graph 
must be multiplied by an appropriate n. 


Depin of Feta ierons) 


Total Megnifesion 


Depth of field can also be defined for a specific frequency 
present in the object because imaging contrast changes for a 
particular object frequency, as described by the modulation 
transfer function. The approximated equation is 

ae ears 


vie 


where p is _%| 
the frequency ¥ sx 
in eycles per § ve 
millimeter. 3 
isl 


2as 
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K@hler Illumination 


One of the most critical elements in efficient microscope 
operation is proper set up of the illumination system. To 
assist with this, August Kohler introduced a solution that 
provides uniform and bright illumination over the field of 
view, even for light sources that are not uniform (e.g., a lamp 
filament). This system consists of a light source, a field-stop 
diaphragm, a condenser aperture, and collective and 
condenser lenses. This solution is now called Kébler 
illumination and is commonly used for a variety of imaging 
modes. 

Sartecomg 


bye 
Eye's Pupil Somacotnte 
Eyepiece 
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Kohler Illumination (cont.) 


The illumination system is configured such that an image of 
the light source completely fills the condenser aperture. 


Kébler illumination requires setting up the microscope 
system so that the field diaphragm, object plane, and 
intermediate image in the eyepiece’s field stop, retina, or 
CCD are in conjugate planes. Similarly, the lamp filament, 
front aperture of the condenser, microscope objective's back 
focal plane (aperture stop), exit pupil of the eyepiece, and the 
eye's pupil are also at conjugate planes, Kéhler illumination 
can be set up for both the transmission mode (also called 
DIA) and the reflectance mode (also called EPID), 


‘The uniformity of the illumination is the result of having the 
light source at infinity with respect to the illuminated 
sample. 


EPI illumination is especially useful for the biological and 
‘metallurgical imaging of thick or opaque samples, 


be 
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Adecade counteris a modulus-10 binary counter. 
It is described as having a binary-coded decimal 
output (often expressed with the acronym BCD), 
using fourweighted output pins which represent 
the numbers 0000, 0001, 0010,0011,0100, 0101, 
0110, 0111, 1000, and 1001 (decimal 0 through 
9) before repeating. Because this counter skips 
binary outputs from 1010through 1111 (decimal 
10through 15), itis said to havea shortened mod- 
ulus, 


Figure 13-4 showsa schematic diagram of Jk flip- 
flops in a decade ripple counter. The J and K in- 
puts are all tied to the positive power supply, as 
this causes the clock input to toggle the output 
high and low. Note that because the primary in- 
put is always shown at the left end of the com- 
ponent, the least significant output bit (Qo) isin 
the leftmost position. 


Tointercept binary 1010 (decimal 10),an internal 
NAND gate is used. Its output goes low when its 
two inputs, from Q1 and Q3, go high. The output 
from the NAND immediately activates the CLR 
function on all the flip-flops, so that as soon as 
the decade counter reaches 1010 (decimal 10), it 
resets itself to 0 


In this particular chip, the preload for each flip- 
flop is tied to the positive power supply, so that 
it is always inactive. In some counters, the pre- 
load feature of each flip-flop isaccessible via pins 
outside the chip. This creates the potential haz- 
ard of preloading the counter with one of the 
numbers that it normally skips (for instance, 11 
decimal in a decade counter). This is referred to 
asan invalid number or disallowed state. (This use 
ofthe term “state” refers only to the binary num- 
ber stored in the counter’ flip-flops. Ithhas noth- 
ing to do with the high-state or low-state voltag- 
5 used to represent binary 0 or 1.) 


The counter’s datasheet should include a state 
diagram showing how the counter will deal with 
this situation. It may reset itself to a valid value 
after a maximum of two steps, but this can still 
cause confusion, depending on the application, 


Variants 


The state diagram for a 74HC192 counter is 
shown in Figure 13-5. 


The internal logic of a synchranaus decade 
‘unter that uses JK fha-fops. 


Clock Sources 

The clockinput may be provided by a timer chip 
or by an RC network, which has the advantage of 
being able to run at a relatively low speed for 
purposes where this is desirable. It may alterna- 
tively be provided by a quartz crystal oscillating 
ata much higher frequency such as 1MHz. Suc- 
cessive counters may be necessary to reduce this 
value, depending on the application. 


In some counters, the clock is built into the chip, 
‘More commonly,a resistor and capacitor may be 
used externally to establish a clock rate in con- 
junction with logic gates inside the chip. The 
datasheet for this type of component willinclude 


Chapter13. 135 
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Alignment of Kébler Illumination 


‘The procedure for Kéhler illumination alignment consists 
of the following steps: 


1. Place the sample on the microscope stage and move it so 
that the front surface of the condenser lens is 1-2 mm 
from the microscope slide. The condenser and collective 
diaphragms should be wide open. 

2. Adjust the location of the sourve so illumination fills the 
condenser’s diaphragm. The sharp image of the lamp 
filament should be visible at the condenser’s diaphragm 
plane and at the back focal plane of the microscope 
objective. To see the filament at the back focal plane of 
the objective, a Bertrand lens can be applied (also see 
Special Lens Components on page 55). The filament 
should be centered in the aperture stop using the bulb’s 
adjustment knobs on the illuminator. 

3. For a low-power objective, bring the sample into focus. 
Since a microscope objective works at a parfocal distance, 
switching to a higher magnification later is easy and 
requires few adjustments, 

4, Focus and center the condenser lens, Close down the field 
diaphragm, focus down the outline of the diaphragm, and 
adjust the condenser’s position. After adjusting the 2, y-, 
and z-axis, open the field diaphragm so it accommodates 
the entire field of view. 

5. Adjust the position of the condenser’s diaphragm by 
observing the back focal objective plane through the 
Bertrand lens. When the edges of the aperture are 
sharply seen, the condenser's diaphragm should be closed 
to approximately three quarters of the objective's 
aperture. 

6, Tune the brightness of the lamp. This adjustment should 
be performed by regulating the voltage of the lamp's 
power supply or, preferably, through the neutral density 
filters in the beam path. Do not adjust the brightness by 
closing the condenser’s diaphragm because it affects the 
illumination setup and the overall microscope resolution. 


Note that while three quarters of the aperture stop is 
recommended for initial illumination, adjusting the aperture 
of the illumination system affects the resolution of the 
microscope. Therefore, the final setting should be adjusted 
after examining the images, 


6 Microscopy: Microscope Construction 


Critical Iumination 


An alternative to Kohler illumination is critical 
illumination, which is based on imaging the light source 
directly onto the sample. This type of illumination requires a 
highly uniform light source. Any source non-uniformities will 
result in intensity variations across the image. Its major 
advantage is high efficiency, since it ean collect a larger solid 
angle than Kohler illumination and therefore provides a 
higher energy density at the sample. For parabolic or 
elliptical reflective collectors, critical illumination can utilize 
up to 85% of the light emitted by the source. 
Samples 
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Stereo Microscopes 


Stereo microscopes are built to provide depth perception, 
which is important for applications like micro-assembly and 
biological and surgical imaging. Two primary stereo: 
microscope approaches involve building two separate tilted 
systems, or using a common objective combined with a 
binocular system, 


re 


Eyiea 


In the latter, the angle of convergence 7 of a stereo 
microscope depends on the focal length of a microscope 
objective and a distance d between the microscope objective 
and telescope objectives. The entrance pupils of the 
microscope are images of the stops (located at the plane of 
the telescope objectives) through the microscope objective. 


Depth perception éz can be defined as 
250a, 


oor [mm], 
where a is a visual stereo resolving power, which for 


daylight vision is approximately 5-10 are seconds, 


Stereo microscopes have a convergence angle 7 in the range 
of 10-15 deg. Note that y is 15 deg for visual observation and 
0 for a standard microscope, For example, depth perception 
for the human eye is approximately 0.05 mm (at 250 mm), 
while for a stereo microscope of Maca = 100 and y = 15 
dog, itis 82 = 0.5 um, 
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Eyepieces 


‘The eyepiece relays an intermediate image into the eye, 
corrects for some remaining objective aberrations, and 
provides measurement capabilities, It also needs to relay an 
exit pupil of a microscope objective onto the entrance pupil of 
the eye. The location of the relayed exit pupil is called the 
eye point and needs to be in a comfortable observation 
distance behind the eyepiece. The clearance between the 
‘mechanical mounting of the eyepiece and the eye point is 
called eye relief. Typical eye relief is 7-12 mm. 


An eyepiece usually consists of two lenses: one (closer to the 
eye) which magnifies the image, and a second working as a 
collective lens and also responsible for the location of the exit 
pupil of the microscope, An eyepiece contains a field stop that 
provides a sharp image edge, 


Parameters like magnifying power of an eyepiece and 
field number (FN), ic., field of view of an eyepiece, are 
engraved on an eyepiece'’s barrel: M x / EN. Field number 
and magnification of a microscope objective allow quick 
calculation of the imaged area of a sample (sce also The 
Finite Tube Length Microscope on p. 34). Field number varies 
with microscopy vendors and eyepicce magnification, For 10x 
or lower magnification eyepieces, it is usually 20-28 mm 
while for higher magnification, wide-angle oculars can get 
down to approximately 5 mm. 


‘The majority of eyepieces are Huygens, Ramsden, or 
derivations of them, The Huygens eyepiece consists of two 
plano-convex lenses with convex surfaces facing the 
microscope objective: 


Field Stop 


Lens 2 Eye Point 


Exit Pupil 
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Eyepieces (cont.) 


Both lenses are usually made with crown glass and allow for 
some correction of lateral color, coma, and astigmatism. To 
correct for color, the following conditions should be met: 


Kf and 1=15f, 


For higher magnifications, the exit pupil moves toward the 
ocular, making observation less convenient, and so this 
eyepiece is used only for low magnifications (<10x). In 
addition, Huygens oculars effectively correct for chromatic 
aberrations, and therefore can be more effectively used with 
lower-end microscope objectives (e.g., achromatic). 


‘The Ramsden eyepiece consists of two plano-convex lenses 
with convex surfaces facing each other. Both focal lengths 
are very similar, and the distance between lenses is smaller 
than fz 


‘The field stop is placed in the front focal plane of the 
eyepiece, A collective lens does not participate in creating an 
intermediate image, so the Ramsden eyepiece works as a 
simple magnifier: 


Rah and t<f, 


Compensating eyepicces work in conjunction with 
microscope objectives to correct for lateral color 
(apochromatic) 

High-eye point oculars provide an extended distance 
between the last mechanical surface and the exit pupil of the 
eyepiece. They allow users with glasses to comfortably use a 
microscope. The convenient high eye-point location should be 
20-25 mm behind the eyepiece. 


ao 
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Nomenclature and Marking of Objectives 


Objective parameters include: 


Objective correction—such as Achromat, Plan Achromat, 
Fluor, Plan Fluor, Apochromat (Apo), and Plan Apochromat. 


Magnification—the Magnification | Zales Code 
Jens magnification for a Tx, 125% Black 
finite tube length, or for 25x Khaki 
‘a microscope objective in Red 
combination with a tube Orange 
lens. In infinity. Yellow 
corrected systems, [TOX 20%, 25%, 30%) Green 
magnification depends 25x, 32% Gren 
on the ratio between the 40x, 50% Tight Blue 
focal lengths of a tube ax Dark Blue 
Jens and a microscope = 100X, White 


objective. A particular objective type should be used only in 
combination with the proper tube lens, 


Application—specialized use or design of an objective, eg 
H (bright field), D (dark field), DIC (differential interference 
contrast), RL (reflected light), PH (phase contrast), or P 
(polarization) 


‘Tube ‘Mayoiication 

Tength—an 

inn _— ae 
corrected () opt ta siren —| ™ 
or finite tube asa SE 

length in mm. Pe tes | sna a geri 
Cover stip oT er 
the thickness 

ie aoe Movin Cm Caled ne 


slip used (in mm). “0” or “” means no cover glass or the 
cover slip is optional, respectively. 


Numerical aperture (NA) and medium—defines system 
throughput and resolution, It depends on the media between 
the sample and objective. The most common media are air 
(no marking), oil (Oil), water (W), or Glycerine, 


Working distance (WD)—the distance in millimeters 
between the surface of the front objective lens and the object. 
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Objective Designs 


Achromatic objectives (also called achromats) are 
corrected at two wavelengths: 656 nm and 486 nm. Also, 
spherical aberration and coma are corrected for green (546 
nm), while astigmatism is very low. Their major problems 
are a secondary spectrum and field curvature. 


Achromatic objectives are usually built with a lower NA. 
(below 0.5) and magnification (below 40%). They work well 
for white light illumination or single wavelength use. When 
corrected for field curvature, they are called plan-achromats, 


Achromatic Objectives 
NA= 025 
10x 
on 
fe NA=050 0.80 
tow a ax 
' NA> 10 
\ > 60x 


ete ine 
5 meron Lt 
Gea Pane” giCare 


Fluorites or semi-apochromats have similar color 
correction as achromats; however, they correct for spherical 
aberration for two or three colors. The name “fluorites” was 
assigned to this type of objective due to the materials 
originally used to build this type of objective. They can be 
applied for higher NA (e.g., 1.3) and magnifications, and used 
for applications like immunofluorescence, polarization, or 
differential interference contrast microscopy. 


‘The most advanced microscope objectives are apochromats, 
which are usually chromatically corrected for three colors, 
with spherical aberration correction for at least two colors. 
‘They are similar in construction to fluorites but with 
different thicknesses and surface figures, With the correction 
of field curvature, they are called plan-apochromats. They 
are used in fluorescence microscopy with multiple dyes and 
can provide very high NA (1.4). Therefore, they are suitable 
for low-light applications. 
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Objective Designs (cont.) 


Apochromatic Objectives 


Low NA 
LowM NA. 
10x ‘50x NA=14 


s <= Fluorite Glass 


Immersion Liquid 


Object Plane Amici Lens 
Tyne ‘Number of ‘Number of colors for 
wavelengths for | chromatic correction 


spherical correction. 


Throat 
Fluorite 
Plan: Fluorite 
Pla 
Apochromat 
(Uidapted from Murphy, 2001 and Bitailarw misroacopva.com 


Examples of typical objective parameters are shown in the 
table below: 


We ‘Type | Medium | WD [NA 
TO Aehromat a Ea 
20 Air 053 | 045 | 
0 “Air [ 50 |0-75 
i [ Fluorite ‘on [o20- 10) 
‘60__| Apockromat Air 0.15 | 095 | 
‘60 Apochromat [oil [0.0810 
To0[Apechromat [on —[-o.09-[ “Lan 


Refractive index of olism = LAT 1 
‘Adapted from Marphy, DOT) 
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Special Objectives and Features 


Special types of objectives include long working distance 
objectives, ultra-low-magnification objectives, water- 
immersion objectives, and UV lenses, 


Long working distance objectives allow imaging through 
thick substrates like culture dishes. They are also developed 
for interferometric applications in Michelson and Mirau 
configurations. Alternatively, they can allow for the 
placement of instrumentation (e.g., micropipettes) between a 
sample and an objective. To provide a long working distance 
and high NA, a common solution is to use reflective 
objectives, or extend the working distance of a standard 
microscope objective by using a reflective attachment. While 
reflective objectives have the advantage of being free of 
chromatic aberrations, their serious drawback is a smaller 
field of view relative to refractive objectives. The central 
obscuration also decreases throughput by 15%-20% 


LWD Reflective Objective 
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Special Objectives and Features (cont.) 


Low magnification objectives can achieve magnifications 
as low as 0.5. However, in some cases they are not fully 
compatible with microscopy systems, and may not be 
telecentric in the image space. They also often require special 
tube lenses and special condensers to provide Kohler 
illumination. 


Water immersion objectives are increasingly common, 
especially for biological imaging, because they provide a high 
NA and avoid toxic immersion oils. They usually work 
without a cover slip 


UV objectives are made using UV transparent, low- 
dispersion materials such as quartz. These objectives enable 
imaging at wavelengths from the near-UV through the 
visible spectrum, e.g., 240-700 nm. Reflective objectives can 
also be used for the IR bands. 


Reflective Adapter to extend working distance WO 


Variants 


a formula for calculating the clock frequency 
from the resistor and capacitor values, The 4060B 
chip is an example. 


oj+L]+2]-+E]+E 
* + 
5] 5 
+ 
a4 6 
+ 
13] D 
+ 
22] [a1] [ro]+[9]+[s 


Figure 13-5. A state diagram shows the transitions that a 
‘unter will make from each number to the next (in dect 
‘mal notation), including the transitions which enable it to 
ext rom disallawed states. This example is for a FAHCIS2 
chip 


Rising Edge and Falling Edge 
Acountermay be designedto betriggered either 
bythe rising edge or the falling edge of the clock 
input, or by its high or low logic state. Generally 
speaking, ripple counters use the falling edge, so 
that the final output from one counter can be- 
come the clock input of the next. In other words, 
When the most significant digit of the first 
counter changes from a high to low logic state, 
this transition toggles the least significant bit of 
the second counter. 


Synchronous counters generally use the rising 
edge of the clock input. If multiple synchronous 
counters are cascaded, they must all share the 
same clock signal, and will all change their flip- 
flop states simultaneously. 


Multiple Stages 
Itis common for a counter chip to contain two or 
more stages with differing modull.To take acom- 
mon example, a divide-by-2 stage and a divide- 


Integrated circuit > digital > counter 


by-S stage that are both present in a single chip 
can be used to create a decade counter by con- 
necting external pins. The extra stages provide a 
choice of moduli if they are used individually. 


Single and Dual 

Counter chips may contain two counters of the 
same modulus. This is known as a dual counter. 
Dual 4-bit counter chips are common. Each 
counter can be used separately, or they can be 
‘cascaded, in which case the total modulus will be 
found by multiplying the individual moduli to- 
gether, 


High-State, Low-State, and 
Three-State 

Almost all counters use positive logic where a 1 
isrepresented by ahigh stateand 0 byalowstate, 
Some counters allow an additional output state 
which hasa high impedance andis equivalent to 
an open circuit. This feature is useful when two 
or more chips share the same output bus, It is 
discussed in the entry for shift registers in 
“Three-State Output” on page 126. 


Descending Output 
Most components only create an ascending 
count. The output can be converted to a de- 
scending count by passing each binary state 
through an inverter, but this will only work prop- 
erly if the modulus is equal to the number of 
states. In a BCD counter, its inverted outputs will 
count from decimal 15 to decimal 6, not from 
decimal 9 to decimal 0 


‘A few counters are available which are designed 
to create a correct descending count. Other 
counters are available which allow the user to set 
the mode to ascending or descending. Examples 
are the 74x190 or 74x192 (where an acronym for 
the chip family will be substituted for the 
letter x). 


A descending output is useful in combination 
with a parallel input, where a user may set an in- 
itial value from which the counter will descend 


186 Encyclopedia of Electronic Components Volume 2 
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Special Lens Components 


‘The Bertrand lens is a focusable eyepiece telescope that can 
be easily placed in the light path of the microscope. This lens 
is used to view the back aperture of the objective, which 
simplifies microscope alignment, specifically when setting up 
Kohler illumination. 


To construct a high-numerical-aperture microscope objective 
with good correction, numerous optical designs implement 
the Amici lens as a first component of the objective. It is. a 
thick lens placed in close proximity to the sample. An Amici 
Jens usually has a plane (or nearly plane) first surface and a 
large-curvature spherical second surface, To ensure good 
chromatic aberration correction, an achromatic lens is 
located closely behind the Amici Iens. In such configurations, 
1icroscope objectives usually reach an NA of 0.5-0.7 


To further Amiga menor tee 
increase the NA, Rarasoo%e 

an Amici lens is 

improved by 


either cementing 
a high-refractive- 
index meniscus 
lens to it or 


placing a ‘ions 
meniscus lens eoratclans | domains? 
closely behind the Amici lens. This makes it possible to 
construct well-corrected high magnification (100) and high 
numerical aperture (NA > 1.0) oil-immersion objective lenses, 


Amici ens with cemented Amici Lens with Meniscus Lens 
meniscus ene closely behind 
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Cover Glass and Immersion 


The cover slip is located between the object and the 
microscope objective. It protects the imaged sample and is an 
important element in the optical path af the microscope. 
Cover glass can reduce imaging performance and cause 
spherical aberration, while different imaging angles 
experience movement of the object point along the optical 
axis toward the microscope objective. The object point moves 
closer to the 
objective with . 
an neta Na=o.2si¥°o.10 

NA=05 \ 
angle. 


‘The importance 
of the cover 
glass increases 
in proportion to 
the — objective's 
NA, especially 
in high-NA dry 
lenses. For 
lenses with an 
NA smaller 
than 0.5, the 
type of cover glass may not be a critical parameter, but 
should always be properly used to optimize imaging quality. 
Cover glasses are likely to be encountered when imaging 
biological samples, Note that the presence of a standard. 
thickness cover glass is accounted for in the design of high- 
NA objectives. The important parameters that define a cover 
glass are its thickness, index of refraction, and Abbe number. 
‘The ISO standards for refractive index and Abbe number are 
n= 1.5255 + 0.0015 and V=56 #2, respectively. 


‘Microscope objectives are available that can accommodate a 
range of cover-slip thicknesses. An adjustable collar allows 


oe ee SNS [Gover Glass | Thickness 
Rickmee in ake [Grade Number | Gin microns) 
range from” 100 a 35-100 
microns to over 1 180-160 
200 microns Ls 160-190 

2 190-250 
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Cover Glass and Immersion (cont.) 


‘The table below presents a summary of acceptable cover 


glass thickness deviations from 0.17 mm and the allowed 
thicknesses for Zeiss air objectives with different NAs. 
NA ofthe | Allowed Thickness Allowed 
Objective Deviations Thickness 
(from 0.17 mm) Range 
<5 = 0.000-0.500 
0.30-0.45 0.07 0.100-0.240 
0.45-0.55 0.05 0.120-0.220 
0.55-0.65 0.03, 0.140-0.200 
0.85-0.75 0.03 0.150-0.190 
0.75-0.85 ool 0.160-0.180 
0.85-0.95 0.008, 0.165-0.175 


Taped rom PTS) 
‘To increase both the microscope's resolution and system 
throughput, immersion liquids are used between the cover- 
slip glass and the microscope objective, or directly hetween 
the sample and objective. An immersion liquid effectively 
increases the NA and decreases the angle of refraction at the 
interface between the medium and the microscope objective 
Common immersion liquids inelude oil (n= 1.515), water (n= 
1.84), and glycerin (n= 1.48) 


Water, which is more common, or glycerin immersion 
objectives are mainly used for biological samples, such as 
living cells or a tissue culture. They provide a slightly lower 
NA than oil objectives but are free of the toxicity associated 
with immersion oils. Water immersion is usually applied 
without a cover slip. For fluorescent applications it is also 
critical to use non-fluorescent oil 
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Common Light Sources for Microscopy 


Common light sources for microscopy include incandescent 
lamps, such as tungsten-argon and tungsten (e.g., quartz 
halogen) lamps. A tungsten-argon lamp is primarily used 
for bright-field, phase-contrast, and some polarization 
imaging. Halogen lamps are inexpensive and a convenient 
choice for a variety of applications that require a continuous 
and bright spectrum. 


Are lamps are usually brighter than incandescent lamps, 
‘The most common examples include xenon (XBO) and 
‘mercury (HBO) are lamps. Are lamps provide high-quality 
monochromatic illumination if combined with the 
appropriate filter. Arc lamps are more difficult to align, are 
more expensive, and have a shorter lifetime, Their spectral 
range starts in the UV range and continuously extends 


through visible to the 
infrared. About 20% of ‘Seommmon: Merestty Liner 
the output is in the {Wavelength [nm Saar 
vith epecrum, while Ea acai 
the majrity ia in the = Set 
UY and IR. The usual = oe 
time "is 100-200 —o 
hours ae 


Another light source is the gas-are discharge lamp, which 
includes mercury, xenon, and halide lamps. The mereury 
lamp has several strong lines, which might be 100 times 
brighter than the average output. About 40% is located in the 
UV range, and should be used with protective glasses. For 
imaging biological samples, the proper selection of filters is 
necessary to protect living cell samples and micro-organisms 
(e.g., UV-blocking filtersicold mirrors). The xenon are lamp 
has a uniform spectrum, can provide an output power 
greater than 100 W, and is often used for fluorescence 
imaging. However, over 50% of its power falls into the IR; 
therefore, IR-blocking filters (hot mirrors) are necessary to 
prevent the overheating of samples. 


Metal halide lamps were recently introduced as high-power 
sources (over 150 W) with lifetimes several times longer than 
are lamps, While in general the metal-halide lamp has a 
spectral output similar to that of a mercury arc lamp, it 
extends further into longer wavelengths, 
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LED Light Sources 


Light-emitting diodes (LEDs) are a new, alternative light 
source for microscopy applications. The LED is a 
semiconductor diode that emits photons when in forward- 
biased mode. Electrons pass through the depletion region of a 
p-n junction and lose an amount of energy equivalent to the 
bandgap of the semiconductor. The characteristic features of 
LEDs include a long lifetime, a compact design, and high 
efficiency. They also emit narrowband light with relatively 
high energy. 


Wavelengths [am] of High-power | Total Beam Power 
LEDs Commonly Used in Microscopy | [mW] (approximate) 

155, Royal Blue a 

170) Blue 200-400 

305 Cyan 150-250) 

em 100-175, 

Amber 
Red 
White Light 


An important feature of LEDs is the ability to combine them 
into arrays and custom geometries. Also, LEDs operate at 
lower temperatures than arc lamps, and due to their compact 
design they can be cooled easily with simple heat sinks and 
fans 


‘The radiance of currently available LEDs is still significantly 
lower than that possible with arc lamps; however, LEDs can 
produce an acceptable fluorescent signal in bright microscopy 
applications, Also, the pulsed mode can be used to increase 
the radiance by 20 times or more, 


LED Spectral Range | Semiconductor 
[nm 


e010 
100-550 
0-650 
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Filters 


Neutral density (ND) filters are neutral (wavelength wise) 
gray filters scaled in units of optical density (OD): 


n() 


where t is the 


oD 


transmittance ~ 
ND filters ean be 
combined to 


provide OD as a 
sum of the ODs of 
the individual 
filters, ND filters 
are used to 
change —_light 
intensity without 
tuning the light 
source, which can result in a spectral shift. 


Color absorption filters and interference filters (also see 
Multiple Wave Interference on page 16) isolate the desired 
range of wavelengths: e.g. bandpass and edge filters. 


Edge filters include short-pass and long-pass filters. Short- 
pass filters allow short wavelengths to pass and stop long 
wavelengths, and long-pass filters allow long wavelengths to 
pass while stopping short wavelengths. Edge filters are 
defined for wavelengths with a 50% drop in transmission. 


Bandpass filters allow only a selected spectral bandwidth 
to pass and are characterized with a central wavelength and 
full-width-half-maximum (FWHM) defining the spectral 
range for transmission of at least 50%. 


Color absorption glass filters usually serve as broad 
bandpass filters. They are less costly and less susceptible to 
damage than interference filters, 


Interference filters are based on multiple beam interference 
in thin films. They combine between three to over 20 
dielectric layers of 1/2 and W4, separated by metallic 
coatings. They can provide a sharp bandpass transmission 
down to the sub-nm range and full-width-half-maximum of 
10-20 nm, 
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Polarizers and Polarization Prisms 


Polarizers are built with birefringent crystals using 
polarization at multiple reflections, selective absorption 
(dichroism), form birefringance, or scattering, 


For example, polarizers Gtan-Thompson Prism 
built with ‘birefringent 
crystals Glan-Thompson 
prisms) use the principle 
of total internal reflection +++ 
to climinate ordinary or 


versa Ray OB Aes 


extraordinary components Opf6AX® Ging pay 
(for positive or negative nde Te 
cexystals), 


Birefringent prisms are crucial components for numerous 
microscopy techniques, ¢.g., differential interference 
contrast. The most common birefringent prism is a 
Wollaston prism. It splits light into two beams with 
orthogonal polarization and propagates under different 
angles, 


‘The angle between propagating beams is 
2=2.—n,jtana 
Both beams produce interference with fringe period b: 


opts 


tamination Lott 
unos Polarized at 45° 
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Polarizers and Polarization Prisms (cont.) 


‘The fringe localization plane tilt can be compensated by 
using two symmetrical Wollaston prisms. 


Two Wollaston Prisms 
compensate for tlt of fringe 
localization plane 


Incident 
Light 


‘Wollaston prisms have a fringe localization plane inside the 
prism. One example of a modified Wollaston prism is the 
Nomarski prism, which simplifies the DIC microscope 
setup by shifting the plane outside the prism, ic. the prism 
does not need to be physically located at the condenser front 
focal plane or the objective’s back focal plane. 


‘Nomarski Prism 


ee ee he Localization 
Plane 
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Amplitude and Phase Objects 


‘The major object types encountered on the microscope are 
amplitude and phase objects. The type of abject often 
determines the microscopy "= a 


tecnigue’ selected te A\ \ \ /\ 
imaging. 
The amplitude object in 2°' [im Arte one 
defined as one that changes ~ 

the amplitude and therefore uf 
the intensity of transmitted 1 r] Pease et 

or reflected light. Such [\ VA 
objects are usually imaged \ NS 


with bright-field microscopes. a=1 _[&% 


A stained tissue slice is a 
common amplitude object. 


Phase objects do not affect the optical intensity; instead, they 
generate a phase shift in the transmitted or reflected light. 
This phase shift usually arises from an inhomogeneous 
refractive index distribution throughout the sample, causing 
differences in optical path length (OPL). Mixed amplitude- 
phase objects are also possible (e.g., biological media), which 
affect the amplitude and phase of illumination in different 
proportions, 


Classifying objects as self-luminous and non-self- 
Tuminous is another way to categorize samples, Self 
luminous objects generally do not directly relate their 
amplitude and phase to the illuminating light. This means 
that while the observed intensity may be proportional to the 
illumination intensity, its amplitude and phase are described 
by a statistical distribution (e.g., fluorescent samples). In 
such cases, one can treat discrete object points as secondary 
light sources, each with their own amplitude, phase, 
coherence, and wavelength properties. 


Non-self-luminous objects are those that affect the 
illuminated beam in such a manner that discrete object 
points cannot be considered as entirely independent. In such 
cases, the wavelength and temporal coherence of the 
illuminating source needs to be considered in imaging. A 
diffusive or absorptive sample is an example of such an 
abject. 
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‘The Selection of a Microscopy Technique 


Microscopy provides several imaging principles. Below is a 
list of the most common techniques and object types: 


‘Type of sample 

Tunplitude specimens, reflecting 

specimens, diffuse objects 
Davkefeld Tight-scattering objects 
Phaze objects, light-scattering objec 

light-refracting objects, reflective 

specimens 

Differential Phase objects, light-scattering obyoom 
interference contrast | __light-refracting objects, reflective 
(DIC) specime 


Phase contrast 


Polarization Tiretringent specimens 
microscopy 
Fluorescence Fiarescont specimens 
microscopy 


“ID samples requiring optical seotioning, 


Taser scanning, 
fluorescent and scattering samples 


Confocal microscopy, 
and Multi-photon 
‘microscopy 
Super-resolution Tmhaging at the molecular vel imaging 
microscopy (RESOLFT, | primarily focuses on fluorescent samples 
4Pi, PM, SI, STORM, | where the sample is part of an imaging 
PALM. and others) system 
Raman microscopy, Contrastfree chemical imaging 
‘CARS 
“Array microscopy Trani of lage FOV, 
SPIN, Timaging of large 8D samples 1 
“Topography. refractive index 
measurements, JD coherence imaging 


Taterference 
Microscopy 


All of these techniques can be considered for transmitted or 
reflected light. Below are examples of different sample types: 


Sample Feample 1 

‘Naturally colored specimens, stained asue 
“Mirrors, thin films, metallurgical samples 

integrated circuits 
Diatoms, hers, hairs, micro-organin 
‘minerals, insects 

Tictarin, cells, fibers, mites, prataama 
minerals, powders 


Sample wpe 
Amplitude specimens 
‘Specular specimens 


Ditfass jects 


Phare objects 
Tight-refrscting | Colloidal suspensio 
samples 
Tirefringent 
specimens 


‘Mineral rections, crystallized chemicals 

liquid erystal, fibers, single crystals 

Tall in tissue culture, Auorechrome-rtained 
sections, smears and spreads 


Florescent 
specimens 
(Cadapted from www.mieroseopy.com) 


Integrated circuit > digital > counter 
to 0. With suitable logic, this can enable a user- 


specified delay period, 


Programmable Counters 
A programmable counter can usually allow a 
modulus ranging from 2 to more than 10,000. 
‘The counter counts down by dividing an initial 
number repeatedly with a value that is preset 
with binary inputs, An example is the 40598 chip. 


Examples 
Many counter specifications date back to the 
4000 family of logic chips. Versions of them sub- 
sequently became available in the 74xx series, 
often with the old 4000 part number preceded 
by 74x (where x is replaced by a designation of 
the logic family). For example, a version of the 
45188 dual BCD chip can be obtained as the 
74HC4518. Asis the case with all logic chips, this 
part number will be preceded by letter(s) desig- 
nating the particular manufacturer, with a suffix 
added to differentiate minor variants of the chip. 
The 74xx series has the advantage of higher 
speed and a greater ability to source or sink cur- 
rent at its output pins. 


Most of the original CMOS chips, such as the 
45188, are still available, even in surface-mount 
versions. These offer the possible advantage of 
being ableto use a higher power supply voltage. 


Many counters offer multiple options such as dif- 
ferent modulus values that can be selected by 
external pin connections. Some chips are toler- 
ant of slow clock frequencies; others are not. 
Most are edge-triggered, but a few are level trig- 
gered. Some, such as the 45188 mentioned 
above, allow a choice ofa rising-edge clock input 
and falling-edge clock input on different pins. For 
aspecificapplication, itis really necessary toread 
a variety of datasheets to select the chip that is 
most suitable, 


Values 


Asis the case with other logic chips, most coun- 
tersin the through-hole 74xx series areintended 


Values 


for SVDC power supply while the older 4000 ser- 
ies may tolerate up to 18VDC. Surface-mount 
74x versions may use voltages as low as 2VDC. 


See the section on logic gates in Chapter 10 for 
a discussion of acceptable high and low logic- 
input states. On the output side, the 4000 series 
chips are able to source or sink less than ImA at 
5VDC, butthe 74HCx series can usually manage 
around 20mA. 


A few counters are capable of delivering more 
power through additionaloutputstagesthatcan 
drive LEDs. The 40268 decade counter is still be- 
ing manufactured, capable of powering modest 
7-segment displays. The 40338 has the addition- 
aloption of blanking any leading zeros ina multi- 
digit display. Other chips that were designed for 
direct connection to LED numerals have become 
obsolete as the need for this application has di- 
minished. The 74C925, 74C926, 74C927, and 
74C928 are examples. They may still be found 
from surplus outlets, but should not be specified 
in new circuit designs. 


What Can Go Wrong 


The entry that deals with problemsaffecting shift 
registers (see "What Can Go Wrong" on page 
128), describes issues which also affect counters. 
The entry that deals with logic chips (see “What 
Can Go Wrong” on page 105), describes prob- 
lemsaffecting ll types of logic chips. In addition, 
the potential problems listed below are specific 
to counters. 


Lock-Out 

This is the condition which occurs if a counter 
witha shortened modulusis loaded witha binary 
state that is out of its range. Consult the data- 
sheet and study its state diagram to determine 
the most likely outcome if this problem occurs. 


Asynchronous Artifacts 

Because the flip-flops in an asynchronous (rip- 
ple) counter do not change simultaneously, they 
create very brief false outputs while the ripple 
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Image Comparison 


‘The images below display four important microscope 
‘modalities: bright field, dark field, phase contrast, and 
differential interference contrast. They also demonstrate 
the characteristic features of these methods. The images are 
of a blood specimen viewed with the Zeiss upright Axiovert 
Observer Z1 microscope. The microscope was set with an 
objective at 40x, NA = 0.6, Ph2, LD Plan Neofluor, and a 
cover slip glass of 0.17 mm. The pictures were taken with a 
‘monochromatic CCD camera. 


Dark Field 


Bright Field 


Differential Interference 
Contrast (DIC) 


‘The bright-ficld image relies on absorption and shows the 
sample features with decreasing amounts of passing light. 
The dark-field image only shows the scattering sample 
components, Both the phase contrast and the differential 
interference contrast demonstrate the optical thickness of 
the sample, The characteristic halo effect is visible in the 
phase-contrast image. The &D effect of the DIC image arises 
from the differential character of images; they are formed as 
a derivative of the phase changes in the beam as it passes 
through the sample. 
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Phase Contrast 


Phase contrast is a technique used to visualize phase 
objects by phase and amplitude modifications between the 
direct beam propagating through the microscope and the 
beam diffracted at the phase object. An object is illuminated 
with monochromatic light, and a phase-delaying (or 
advancing) element in the aperture stop of the objective 
introduces a phase shift, which provides interference 
contrast. Changing the amplitude ratio of the diffracted and 
non-diffracted light can also increase the contrast of the 
object features, 


Image Plane 


_-Phate Piste 


Aperture Stop 


— Microscope Objective 
‘Surounding Media (0) 
— Phase Object 7) 


— Condenser Lens 


Diaphragm 
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Phase Contrast (cont.) 


Phase contrast is primarily used for imaging living biological 
samples (immersed in a solution), unstained samples (e.g., 
cells), thin film samples, and mild phase changes from 
mineral objects. In that regard, it provides qualitative 
information about the optical thickness of the sample. Phase 
contrast can also be used for some quantitative 
‘measurements, like an estimation of the refractive index or 
the thickness of thin layers. Its phase detection limit is 
similar to the differential interference contrast and is 
approximately 7/100. On the other hand, phase contrast 
(contrary to DIC) is limited to thin specimens, and phase 
delay should not exceed the depth of field of an objective. 
Other drawbacks compared to DIC involve its limited optical 
sectioning ability and undesired effects like halos or shading- 
off. (See also Characteristic Features of Phase Contrast 
Microscopy on page 71). 


The most important advantages of phase contrast (over 
DIC) include its ability to image birefringent samples and 
its simple and inexpensive implementation into standard 
microscopy systems. 


Presented below is a mathematical description of the phase 
contrast technique based on a vector approach. The phase 
shift in the figure (See page 68) is represented by the 
orientation of the vector. The length of the vector is 
proportional to amplitude of the beam. When using standard 
imaging on a transparent sample, the length of the light 
vectors passing through sample PO and surrounding media 
SM is the same, which makes the sample invisible. 
Additionally, vector PO can be considered as a sum of the 
vectors passing through surrounding media SM and 
diffracted at the object DP. 
PO=SM+ DP 

If the wavefront propagating through the surrounding media 
can be the subject of an exclusive phase change (diffracted 
light DP is not affected), the vector SM is rotated by an angle 
corresponding to the phase change, This exclusive phase 
shift is obtained with a small circular or ring phase plate 
located in the plane of the aperture stap of a microscope. 
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Phase Contrast (cont.) 


Consequently, vector PO, which represents light passing 
through a phase sample, will change its value to PO! and 
provide contrast in the image: 

PO'= SM'+ DP, 


where SM' represents the rotated vector SM. 


Phase Shit to Direct Light 
Introduced by 
‘Advancing Phase Plate 


Phase Advancing Object 


\Vector for ight passing through 
/ Surrounding Media (SM) 
Vector for Light Difracted 
_ at the Phase Object (OP) 
oP 
“Vector for light passing through 
Phase Object (PO) 
‘Phase Retardation introduced 
by Phase Object 
Phase Retarding Object, 


Phase samples are considered to be phase retarding 
objects or phase advancing objects when their refractive 
index is greater or less than the refractive index of the 
surrounding media, respectively. 


Phase plate ‘Object Type | Object Appearance 
72 (809) Phase-retarding Tighter 
a2 (50) | phase-advancinge darker 
phase-retarding dareor 
phase-advancing Trightor 
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Visibility in Phase Contrast 


Visibility of features in phase contrast can be expressed 


Ca 


‘This equation defines the 
phase object's visibility 
as a ratio between the 
intensity change due to 
phase features and the 
intensity of surrounding 
media |SM'|*, It defines 
the negative and positive contrast for an object appearing 
brighter or darker than the media, respectively. Depending 
on the introduced phase shift (positive or negative), the same 
object feature may appear with a negative or positive 
contrast, Note that Cy, relates to classical contrast C as 


[swf sro] 


Tonia [Piast] For phase changes in the 0-2 
TOT] range, intensity in the image 
=22-9)] can be found using vector 
relations; small phase changes in the object @ << 90 deg ean 
be approximated as #26. 


To increase the contrast of images, the intensity in the direct 
beam is additionally changed with beam attenuation + in the 
phase ring. + is defined as a transmittance, «= WN, where N 
is a dividing coefficient of intensity in a direct beam 
(intensity is decreased N times). The contrast in this case is 


Cy = 20 /VE = —29NN 


for a +n/2 phase plate, and 
Cy = 420 /¥E = 1200 
for -nI2 phase plate, The minimum perceived phase 
difference with phase contrast is 
Goo 
os 


Chi-nin is usually accepted at the contrast value of 0.02, 


a 


AP 
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‘The Phase Contrast Microscope 


The common phase- 4 
contrast system is similar 
tothe —_bright-field ret ams 
microscope but with two — bias eam 
‘modifications: 
1. The condenser Praag 

diaphragm is replaced 

ee seer Sop 


with an annular 
aperture diaphragm, 

2. Aving-shaped phase 
plate is introduced at 


the back focal plane of ae 


the microseope ie 
objective, The ring Pre Cet) 
may include metallic 
coatings, typically nei 
providing, 75% to 90% parrniraas 
attenuattion of the 
direct beam. i 
Hath componsnte are ia BS cesrmacen 
conjugate planes and are a 
aligned such that the =" 
image of the annular ‘wna 
condenser diaphragm ' 


overlaps with the objective phase ring. While there is no 
direct acces to the objective phase ring, the anular aperture 
in front ofthe condenser is ensilyneconsibe, 
‘The phase shift introduced 
by the ring in given by 
ard _n 

= 22D 289, <n 
= 22 (n,n, 
where a and my are 
Felractive’ indices ‘of the 
media surrounding the 
phase ring and the ring 
Tell, respectively. in the 
physical thicknons of the 
phase ring 


Phase Contrast Objectives 
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Characteristic Features of Phase Contrast 


Images in phase contrast are dark or 
bright features on a background 
(positive and negative contrast, 
respectively). They contain undesired 
image effects called halo and shading- 
off, which are a result of the 
incomplete separation of direct and diffracted light. The 
halo effect is a phase contrast feature that increases 
light intensity around sharp changes in the phase 
gradient. 


ot Pau Pane anaet rue Pe Catt 


@1@:0 5 


‘The shading-off effect is 
an increase or decrease (for 
dark or bright images, 
respectively) of the intensity 
of the phase sample feature. 


Both effects strongly increase with an increase in 
numerical aperture and magnification, ‘They can be 
reduced by surrounding the sides of a phase ring with ND 
filters, 


Lateral resolution of the phase contrast technique is 
affected by the annular aperture (the radius of phase ring 
rea) and the aperture stop of the objective (the radius of 
aperture stop is ras). It is 
dh 
5 Tn) 
compared to the resolution limit 
for a standard microscope: 


= Stee > : 


d 
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Amplitude Contrast 


Amplitude contrast 
changes the contrast in the 


images of absorbing samples. eee. 
Ithas a layout similar to ‘mean uan 
phase contrast; however, 

there is no phase change pari 
introduced by the object. In ia 


fact, in many cases a phase- 
contrast microscope can 
increase contrast based on 
the principle of amplitude 
contrast. The visibility of 


tee 


images is modified by i 
changing the intensity ratio 
betweon the direct and ‘wane 
diffracted beams, ne 
Asus saonansst bi ‘ 
technique is as follows: -_— 

corre pain ron 

Sundog ea (oh 

/ 

—— 
AO ett tact ine 
ovat = sia Secon 


ed or gt possing trough 
‘Avplude Guect A) 


Similar to visibility in phase contrast, image contrast can be 
described as a ratio of the intensity change due to amplitude 
features surrounding the media's intensity: 


yas _2|8M}D4]- [Da 
a \suF 


Since the intensity of diffraction for amplitude objects is 
usually small, the contrast equation can be approximated 
with Cu = 2/DA|/|SM|. If a direct beam is further 
attenuated, contrast Cyc will increase by factor of N= Ue" 


Microscopy: Specialized Techniques 1 


Oblique Humination 


Oblique illumination (also called anaxial illumination) 
is used to visualize phase objects. It creates pscudo-profile 
images of transparent samples. These reliefs, however, do 
not directly correspond to the actual surface profile. 


‘The principle of oblique illumination can be explained by 
using either refraction or diffraction and is based on the fact 
that sample features of various spatial frequencies will have 
different intensities in the image due to a nonsymmetrical 
system layout and the filtration of spatial frequencies, 


Aperture Stop 


Microscope Objective 


Phase Object 


Condenser Lens 


oS 
Asymetrically 


(Obecured llumination 


In practice, oblique illumination can be achieved by 
obscuring light exiting a condenser; translating the sub-stage 
diaphragm of the condenser lens does this easily, 


‘The advantage of oblique illumination is that it improves 
spatial resolution over Kohler illumination (up to two times). 
This is based on the fact that there is a larger angle possible 
between the 0% and 1 orders diffracted at the sample for 
oblique illumination. In Kabler illumination, due to 
symmetry, the 0* and ~1* orders at one edge of the stop will 
overlap with the 0% and +1* order on the other side. 
However, the gain in resolution is only for one sample 
direction; to examine the object features in two directions, a 
sample stage should be rotated. 
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Modulation Contrast 


Modulation contrast microscopy (MCM) is based on the 
fact that phase changes in the object can be visualized with 
the application of multilevel gray filters. 


‘The intensities of light refracted at the object are displayed 
with different values since they pass through different zones 
of the filter located in the stop of the microscope, MCM is 
often configured for oblique illumination since it already 
provides some intensity variations for phase objects. 
Therefore, the resolution of the MCM changes between 
normal and oblique illumination. 


MCM can be obtained through a simple modification of a 
bright-field microscope by adding a slit diaphragm in front of 
the condenser and amplitude filter (also called the 
modulator) in the aperture stop of the microscope objective. 
The modulator filter consists of three areas: 100% (bright), 
16% (gray), and 1% (dark). This filter acts in a similar way to 
the knife-edge in the Schlieren imaging techniques. 


1% 15% 100% 


Modulator Filter 


—— 


I 
f Aperture Stop. 


Microscope Objective 


=~Phase Object 


Condenser Lens 


_ Slit Diaphragm 


wat Can Ga Wrong 


process is taking place, In a 4-bit counter, the bi- 
nary number 0111 (decimal 7) should be fol- 
lowed by 1000 (decimal 8). However, the right- 
most digit (ie, the least significant bit) will 
change to a 0 initially, creating 0110 as a mo- 
mentary binary output (decimal 6). The carry op- 
eration will then change the next digit to a 0, 
creating 0100 (decimal 4). The carry operation 
continues, changing thenextdigittoa0, creating 
0000. Finally the operation completes by creat- 
ing 1000 as the correct output. 


These intermediate states on the output pins are 
often referred to as glitches. Because they are ex- 
tremely brief, they will be indetectable when a 
counteris used to drive display. They can cause 
significant issues, however, if the outputs of the 
counter are connected with other logic chips. 


Another type of asynchronous problem will oc- 
cur if the clock speed is sufficiently high that a 


integrated circuit > digital> counter 
new pulse is received at the first flip-flop before 
the ripple of changing states has passed all the 
way through to the final flip-flop. This will result 
in a different brief invalid value on the output 
pins. 


Noise 

Old TTL-type counters, such as the 74LSxx series, 
are especially noise-sensitive. Adding a 0.1F ot 
(0.047) bypass capacitar as close to the power 
supply pin as possible is recommended. Bread- 
boarding counters of this type may result in e- 
rors if a high-frequency clock is used, because 
conductors such as patch-cords are liable to pick 
up noise. Modern 74HCxx counters are 
preferable. 
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Hoffman Contrast 


A specific implementation of MCM is Hoffman modulation 
contrast, which uses two additional polarizers located in 
front of the slit aperture. One polarizer is attached to the slit 
and obscures 50% of its width, A second can be rotated, 
which provides two intensity zones in the slit (for crossed 
polarizers, half of the slit is dark and half is bright; the 
entire slit is bright for the parallel position). 


‘The major advantages of this technique include imaging at a 
full spatial resolution and a minimum depth of field, which 
allows optical sectioning. The method is inexpensive and 
easy to implement, The main drawhack is that the images 
deliver a pscudo-relief image, which cannot be directly 
correlated with the object's form. 
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Dark Field Microscopy 


In dark-field microscopy, 
the specimen is luminated OI 
at such angles that direct 

light is not collected by the 
microscope objective. Only 
diffracted and scattered 
Tight are used to form the 
image. 


Seatered Light 


‘The key component of the 
dark-field system is the 
condenser, The simplest 
approach uses an annular 
condenser stop and a 
microscope objective with an 
NA below that of the 
illumination cone. This, 


Scare ight 


approach can be used f0° i nnston 
objectives with NA < 0.65. 
Higher-NA objectives may 
incorporate an adjustable 
iris to reduce their NA 
below 0.65. for dark-field 


imaging. To image at a 
higher NA, specialized 


reflective dark-field = 
condensers are necessary, 
Examples of such > scored ight 


condensers include the Miumination 
cardioid and paraboloid 
designs, which enable dark- 

field imaging at an NA up to 

0.9-1.0 (with, oil 
immersion). 


For dark-field imaging in 
epi-illumination, — objective 
designs consist of external 
illumination, and internal 
imaging paths are used. 
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Optical Staining: Rheinberg Mlumination 


Optical staining is a class of techniques that uses optical 
methods to provide color differentiation between different 
areas of a sample, 


Rheinberg illumin- ‘Common Color Combinations: 
ation is a modification 
of dark-ficld illumin- | JanerFilter | Annular Filter 


ation. Instead of an 
annular aperture, it 
uses two-zone color Blue Yellow-Orange 
filters located in the 

front focal plane of the 
condenser, The overall diameter of the outer annular color 
filter is slightly greater than that corresponding to the NA of 
the system: 


Violet Red 


Green Red 


NAP ne 
To provide good contrast between scattered and direct light, 
the inner filter is darker, Rheinberg illumination provides 
images that are a combination of two colors. Scattering 
features in one color are visible on the background of the 
other color. 


et La toraa 


Direct ht fo ant 
Seared Uti 


beeen Sree iter-31—— ax 


reins Filer-)2 
Color-stained images can also be obtained in a simplified 
setup where only one (inner) filter is used. For such an 
arrangement, images will present white-light scattering 
features on the colored background. Other deviations from 
the above technique include double illumination where 
transmittance and reflectance are separated into two 
different colors. 
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Dispersion staining |» 
is based on using Sap 

highly dispersive 

media that matches 

the refractive index of 

the phase sample for 

a single wavelength be 

jm (the matching <> 
wavelength). ‘The Wem 

system is configured 

in a setup similar to dark-field or oblique illumination, 
Wavelengths close to the matching wavelength will miss 
the microscope objective, while the other will refract at 
the object and create a colored dark-field image, Various 
configurations include illumination with a dark-field 
condenser and an annular aperture or central stop at the 


back focal plane Color ‘Range | Mean 
of the microscope um [mal 
objective Viet 0485040 
Bhue 50480_[_a70 
The annular-stop  [~BiaeGreaa [480-510 | 495 
technique uses Green 510-550 8a0 
low- ‘Green-Yellow | — 560-570 | 860) 
fication ‘Yellow. 570-590 [580 
08), abjeiees Seages _} te 
: Kel 90700 [650 
with a stop built RPC a PU, TIBET 


as an opaque screen with a central opening, and is used 
for bright-field dispersion staining. The annular stop 
absorbs red and blue wavelengths and allows yellow 
through the system. A sample appears as white with 
yellow borders. The image background is also white. 


‘The central-stop system absorbs unrefracted yellow light 
and direct white light. Sample features show up as purple 
(a mixture of red and 


blue) borders on a dark aaa 

background. Different, stein 
media and sample snyrwse aimesipittny 
types will modify the = 
color’s appearance. EQ ee 
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Shearing Interferometry: The Basis for DIC 


Differential interference contrast (DIC) microscopy is 
based on the principles of shearing interferometry. Two 
wavefronts propagating through an optical system 
containing identical phase ‘Sheared Wavefronts 
distributions (introduced by the 

sample) are slightly shifted to 

create an interference pattern. 

The phase of the resulting | 
fringes is directly proportional 
to the derivative of the phase Shoared and Delayed 
distribution in the object, henee 

the name “differential.” 
Specifically, the intensity of the 
fringes relates to the derivative 
of the phase delay through the 
object (g.) and the local delay 


Between wavetrnts (A) Sheard and Med 
TI. cos*(A, £Ap,) —_—_— 
« —— 
Jel, cos (4,2 st) —S== 


where s denotes the shear between wavefronts, and Ay is the 
axial delay. 


‘Shoared Wavelronts 


Wavefront shear is commonly introduced in DIC microseapy 
by incorporating a Mach-Zehnder interferometer into the 
system (e.g., Zeiss) or by the use of birefringent prisms. The 
appearance of DIC images depends on the sample orientation 
with respect to the shear direction, 
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DIC Microscope Design 


The most common differential interference contrast 
(Nomarski DIC) design uses two Wollaston or Nomarski 
birefringent prisms. The first prism splits the wavefront 
into ordinary and extraordinary components to produce 
interference between these beams. Fringe localization planes 
for both prisms are in conjugate planes. Additionally, the 
system uses a crossed polarizer and analyzer. The polarizer 
is located in front of prism I, and the analyzer is behind 
prism II. The polarizer is rotated by 45 deg with regard to 
the shear axes of the prisms, 


If prism II is centrally located, the 
intensity in the image is 


For a translated prism, phase bias 
Ay is introduced, and the intensity 
is proportional ta 


Pasig a) so 


rsscepe Osectie 
Pre Same 


‘The sign in the equation depends on 
the direction of the shift. Shear s is 


7 om. 


M ajaane 


where ¢ is the angular shear provided by the birefringent 
prisms, s' is the shear in the image space, and OTL is the 
optical tube length. The high spatial coherence of the source 
is obtained by the slit located in front of the condenser and 
oriented perpendicularly to the shear direction, To assure 
good interference contrast, the width of the slit w' should be 


Low-strain (low-birefringence) objectives are crucial for high- 
quality DIC, 
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Appearance of DIC Images 


In practice, shear between wavefronts in differential 
interference contrast is small and accounts for a fraction 
of a fringe period. This provides the differential character of 
the phase difference between interfering beams introduced to 
the interference equation, 


Spear Decion 


0 


Increased shear makes the edges of the object less sharp, 
while increased bias introduces some background intensity, 
Shear direction determines the appearance af the abject. 


'Shoar Dect 


= 


Compared to phase contrast, DIC allows for larger phase 
differences throughout the object and operates in full 
resolution of the microscope (ie., it uses the entire aperture). 
‘The depth of field is minimized, so DIC allows optical 
sectioning. 


2 Microscopy: Specialized Techniques 


Reflectance DIC 


A Nomarski interference microscope (also called a 
polarization interference contrast microscope) is a reflectance 
DIC system developed to 

evaluate roughness and the 
surface profile of specular 
samples. Its applications 
include _-metallography, 
microelectronics, biology, 
and medical imaging. It uses 
one Wollaston or Nomarski 
prism, a polarizer, and an 
analyzer. The information 
about the sample is obtained 
for one direction parallel to 
the gradient in the object. To 
acquire information for all 
directions, the sample 
should be rotated. 


If white light is used, 
different colors in the image 
correspond to different 
sample slopes, It is possible 
to adjust the color by rotating the polarizer. 


Phase delay (bias) can be introduced by translating the 
birefringent prism. For imaging under monochromatic 
illumination, the brightness in the image corresponds to the 
slope in the sample. Images with no bias will appear as 
bright features on a dark background; with bias they will 
have an average background level, and slopes will vary 
between dark and bright. This way, it is possible to interpret 
the direction of the slope. Similar analysis ean be performed 
for the colors from white-light illumination, 
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Polarization Microscopy 


Polarization microscopy provides images containing 
information about the properties of anisotropic samples. A 
polarization microscope is a modified compound microscope 
with three unique components: the polarizer, analyzer, 
and compensator. A linear polarizer is located hetween the 
light source and the specimen, close to the condenser's 
diaphragm, The analyzer is a linear polarizer with its 
transmission axis perpendicular to the polarizer. It is placed 
between the sample and the eyeleamera, at or near the 
microscope objective's aperture stop. If no sample is present, 
the image should appear uniformly dark. The compensator (a 
type of retarder) is a birefringent plate of known parameters 
used for quantitative sample analysis and contrast 
adjustment. 


Quantitative information can be obtained by introducing 
known retardation. Rotation of the analyzer correlates the 
analyzer’s angular position with the retardation required to 
‘minimize the light intensity for Hi 

object features at selected =" 


wavelengths, Retardation 
introduced by the compensator 
plate can be described as ease 
(Rotating ou, 
T=(n,-m)t Congensaor 
where ¢ is the sample thickness, zene, 
and subscripts © and o denote 5 


the extraordinary and ordinary Bos 
beams. Retardation in concept is 

similar to the optical path ——Anaatope— 
difference for beams propagating 

through two different materials: 


Ome aac aj Sumi 
he hese key coed ty Ey 
sample biretringence is therefore malted 
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x 
‘A polarization microscope can 
also be used to determine the 
orientation of the optic axi 
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Images Obtained with Polarization Microscopes 


Anisotropic samples observed under a polarization 
microscope contain dark and bright features and will 
strongly depend on the geometry of the sample, Objects can 
have characteristic elongated, linear, or circular structures: 
* linear structures appear as dark or bright, 
depending on the orientation of the analyzer. 
© circular structures have a “Maltese Cross” pattern 
with four quadrants of different intensities. 


While polarization microscopy uses monochromatic light, it 
can also use white-light illumination, For broadband light, 
different wavelengths will be subject to different retardation; 
as a result, samples can provide different output colors. In 
practical terms, this means that color encodes information, 
about retardation introduced by the object. The specific 
retardation is related to the image color. Therefore, the color 
allows for determination of sample thickness (for known 
retardation) or its retardation (for known sample thickness) 
Ifthe polarizer and the analyzer are erossed, the color visible 
through the microscope is a complementary color to that 
having full wavelength retardation (a multiple of 2x, and the 
intensity is minimized for this color), Note that the two 
complementary colors combine into white light, If the 
analyzer could be rotated to be parallel to the analyzer, the 
two complementary colors will be switched (the one 
previously displayed will be minimized, while the other color 
will be maximized) 


Polarization microscopy can provide quantitative information 
about the sample with the application of compensators (with 
known retardation). Estimating retardation might be 
performed visually or by integrating with an image 
acquisition system and CCD. This latter method requires one 
to obtain a series of images for different retarder orientations 


and pany 
calculate | sa Mon en 
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encoder 


In this encyclopedia, an encoder is a digital chip that converts a decimal-valued input 


into a binary-coded output. 


The term “encoder” may alternatively refer to a rotational encot 


{also known as a 


rotary encoder) which has a separate entry in Volume 1 of this encyclopedia. The term 
may also describe a code hopping encoder, which isan encryption device used in keyless 


entry systems for automobiles. 
OTHER RELATED COMPONENTS 


+ decoder (soo Chapter 15) 
+ multiplexer (see Chapter 16) 


What It Does 


An encoder is a Jogic chip that receives an input 
consisting of an active logical state on one of at 
least four input pins, which have decimal values 
from 0 upward in increments of 1. The encoder 
converts the active pin number into a binary val- 
ue represented by logic states on at least two 
output pins. This behavior is opposite to that of 
a decoder. 


Encoders are identified in terms of their inputs 
and outputs. For example: 


+ 4-t0-2 encoder (four input pins, two output 
pins) 

+ 840-3 encoder (eight input pins, three out- 
put pins) 

+ 16-to-4encoder (sixteen input pins, four out- 
put pins) 


In the early days of computing, encoders pro- 
cessed interrupts. This application is now rare, 
and relatively few encoder chips are still being 
manufactured. However, they are still useful in 
small devices—for example, ifa large number of 


inputsmustbe handled by a microcontroller that 
has insufficient pins to receive data from each 
individually. 


Schematic Symbol 

Like other logic-based components, the encoder 
does not have a specific schematic symbol and 
can be represented by a plain rectangle as in 
Figure 14-1, with inputs on the left and outputs 
on the right. The bats printed above some of the 
abbreviations indicate that an input or output is 
active-low. In this chip, the 74LS148, all inputs 
and outputs are active-low. 


Generally speaking, inputs labeled DO, D1, D2... 
are used for data input, although they may sim- 
ply be numbered, with no identifying letter. The 
encoded outputs ate typically identified as Q0, 
Q1, Q2... oF AO, Al, A2... with QO or AO desig- 
nating the least significant bit in the binary 
number. 


Pins labeled E and GS are explained in the fol- 
lowing section. 
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Compensators 


Compensators are components that can be used to provide 
quantitative data about a sample's retardation, They 
introduce known retardation for a specific wavelength and 
can act as nulling devices to eliminate any phase delay 
introduced by the specimen. Compensators can also be used 
to control the background intensity level. 


A wave plate compensator (also called a first-order red or 
red-I plate) is oriented at a 45-deg angle with respect to the 
analyzer and polarizer. It provides retardation equal to an 
even number of waves for 551 nm (green), which is the 
wavelength eliminated after passing the analyzer. All other 
wavelengths are retarded with a fraction of the wavelength 
and can partially pass the analyzer and appear as a bright 
red magenta. The sample provides additional retardation 
and shifts the colors towards blue and yellow. Color tables 
determine the retardation introduced by the object. 


‘The de Sénarmont compensator is a quarter-wave plate 
(for 546 nm or 589 nm). It is used with monochromatie light 
for samples with retardation in the range of 1/20 to 4. A 
quarter-wave plate is placed between the analyzer and the 
polarizer with its slow ellipsoid axis parallel to the 
transmission axis of the analyzer. Retardation of the sample 
is measured in a two-step process. First, the sample is 
rotated until the maximum brightness is obtained. Next, the 
analyzer is rotated until the intensity maximally drops (the 
extinction position). The analyzer’s rotation angle 6 finds the 
phase delay related to retardation: F,.. = 20. 


A Brace Kéhler rotating compensator is used for small 
retardations and monochromatic illumination. It is a thin 
birefringent plate with an optic axis in its plane. The 
analyzer and polarizer remain fixed while the compensator is 
rotated between the maximum and minimum intensities in 
the sample's image. Zero position (the maximum intensity) is 
determined for a slow axis being parallel to the transmission 
axis of the analyzer, and retardation is 


Poge =P emgen Si20 


86 Microscopy: Specialized Techniques 


Confocal Microscopy 


Confocal microscopy is a scanning technique that employs 
pinholes at the illumination and detection planes so that only 
in-focus light reaches the detector. This means that the 
intensity for each sample point must be obtained in sequence 
through scanning in the x and y directions, An illumination 
pinhole is used in conjunction with the imaged sample plane 
and only illuminates the point of interest, The detection 
pinhole rejects the majority of out-of-focus light, 


Confocal microscopy has the advantage of lowering the 
background light from out-of-focus layers, increasing spatial 
resolution, and providing the capability of imaging thick 8D 
samples, if combined with z scanning. Due to detection of 
only the in-focus light, confocal microscopy can provide 
images of thin sample sections. The system usually employs 
1 photo-multiplier tube (PMT), avalanche photodiodes (APD), 
or a charge-coupled device (CCD) camera as a detector. For 
point detectors, recorded data is processed to assemble x-y 
images. This makes it capable of quantitative studies of an 
imaged sample's properties. Systems can be built for both 
reflectance and fluorescence imaging. 


Spatial resolution of a confocal 
microscope can be defined as 
04h 

NA 
and is slightly better than wide-field 
(bright-field) microscopy resolution. 
For pinholes larger than an Airy 
disk, the spatial resolution is the 
same as in a wide-field microscope. 
The axial resolution of a confocal 
system is 


d, 


‘The optimum pinhole value is at the full width at half 
maximum (FWHM) of the Airy disk intensity. This 
corresponds to ~75% of its intensity passing through the 
system, minimally smaller than the Airy disk’s first ring: 
OSM 
patie = q* 
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Scanning Approaches 


A scanning approach is directly connected with the temporal 
resolution of confocal microscopes. The number of points in 
the image, scanning technique, and the frame rate are 
related to the signal-to-noise ratio SNR (through time 
dedicated to detection of a single point). To balance these 
parameters, three major approaches were developed: point 
scanning, line scanning, and disk scanning, 


A point-scanning confocal microscope is based on point- 
by-point scanning using, for example, two mirror 
galvanometers or resonant 
scanners, Scanning mirrors should 
be located in pupil conjugates (or 
close to them) to avoid light 
fluctuations. Maximum — spatial 
resolution and = maximum. 
background rejection are achieved 
with this technique, 


A line-seanning confocal 
microscope uses a slit aperture 
that scans in a direction 
perpendicular to the slit. It uses a 
cylindrical lens to focus light onto the slit to maximize 
throughput. Scanning in one direction makes this technique 
significantly faster than a point approach. However, the 
drawbacks are a loss of resolution and sectioning 
performance for the direction parallel to the slit, 
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revolution Thigh Depends on sit} Depends om 
spacing pinhole 
distribution 
=p resolution Thi Tawerfarane [Depends on 
direction pinhole 
spacing 
Speed Tigh High 
Tight sources Tasers Taner and 
other 
Phatabieachina Tigh Tigh Low 
‘QE of detectars | —Low (PMT) | Good (CCD) —] Good (CODy 
Good (APD) 
Tat Thigh Te Moderate 


ss Microscopy: Specialized Techniques 


Scanning Approaches (cont:) 


Spinning-disk confocal imaging is a parallel-imaging 
method that maximizes the scanning rate and can achieve a 
100-1000 speed gain over point scanning, It uses an array of 
pinholes/slits (e.g., Nipkow disk, Yokogawa, Olympus DSU 
approach). To minimize light loss, it can be combined (e.g., 
with the Yokogawa approach) with an array of lenses, so 
each pinhole has a dedicated focusing component. Pinhole 
disks contain several thousand pinholes, but only « portion is 
illuminated at one time. 


‘Throughput ofa confocal microscope 7] 


T,,,, =100*(D/S) 


Array of pinholes 


100% (D/S) 


Multiple slits 
Equations are for a uniformly Whuminated mask of piaholesalite 
(array of microlenses not cunsidered). D is the pinhole's diameter oF 
slit's width respectively. while Sis the pinhole/slit separation. 


Crosstalk between pinholes and slits will reduce the 
background rejection. Therefore a common  pinholelslit 
separation S ix 5-10 times larger than the pinhole’s diameter 
or the slit's : 

width, 


sei ode Lita 


Spinning-disk 
and slit- 
scanning 
confocal micro- 
scopes require 
high. 
sensitivity 
array image 
sensors (CCD 
cameras) 
instead of point 
detectors, They 
can use lower 
excitation 
intensity for fluorescence confocal systems; therefore, they 
are less susceptible to photobleaching. 
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Images from a Confocal Microscope 


Laser-scanning confocal microscopy 
rejects out-of-focus light and enables 
optical sectioning. It can be assembled in 
reflectance and fluorescent modes. A 
1483 cell line, stained with membrane 
anti-EGFR antibodies labeled — with 
fluorecent Alexa488 dye, is presented 


here. The top image shows the bright. 
field illumination mode. The middle 
image is taken by a confocal microscope 
with a pinhole corresponding to 
approximately 2.5 Airy disks. In the 
bottom image, the pinhole was entirely 
open. Clear cell boundaries are visible in 


the confocal image, while all out-of-focus 
features were removed. 


Images were taken with a Zeiss LSM 510 
microscope using a 63X Zeiss oil: 
immersion objective. Samples were 
excited with a 488-nm laser source. 


Another example of 1483 cells labeled with EGF-Alexa647 
and proflavine obtained on a Zeiss LSM 510 confocal at 63% / 
1.4 oil is shown below. The proflavine (staining nuclei) was 
excited at 488 nm, with emission collected after a 505-nm 
long-pass filter. The EGF-Alexa647 (cell membrane) was 
excited at 633 nm, with emission collected after a 650-710 
nm bandpass filter. The sectioning ability of a confocal 
system is nicely demonstrated hy the channel with the 
membrane labeling. 


EGF-Alexa647 
Channel (Red) 


Proflavine Channel 
(Green) Combined Channels 
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Fluorescence 


Specimens can absorb and re-cmit light through 
fluorescence. The specific wavelength of light absorbed or 
emitted depends on the energy level structure of each 
molecule. When a molecule absorbs the energy of light, it 
briefly enters an excited state before releasing part of the 
energy as fluorescence. Since the emitted energy must be 
lower than the absorbed energy, fluorescent light is always 
at longer wavelengths than the excitation light. Absorption 
and emission take place between multiple sub-levels within 
the ground and excited states, resulting in absorption and 
emission spectra covering a range of wavelengths. The loss of 
energy during the fluorescence process causes the Stokes 
shift (a shift of wavelength peak from that of excitation to 
that of emission). Larger Stokes shifts make it easier to 
separate excitation and fluorescent light in the microscope. 
Note that energy quanta and wavelength are related by E = 
hla. 
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‘The fluorescence principle is widely used in fluorescence 

microscopy for both organic and inorganic substances. While 

it is most common for biological imaging, it is also possible to 
examine samples like drugs and vitamins. 


Due to the application of filter sets, the fluorescence 
technique has a characteristically low background and 
provides high-quality images. It is used in combination with 
techniques like wide-field microscopy and scanning confocal- 
imaging approaches. 
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Configuration of a Fluorescence Microscope 


A fluorescence microscope includes a set of three filters: an 
excitation filter, emission filter, and a dichroic mirror 
(also called a dichroic beam splitter), These filters 
separate weak emission signals from strong excitation 
illumination. The most common fluorescence microscopes are 
configured in epi-illumination mode. The dichroic mixror 
reflects incoming light from the lamp (at short wavelengths) 
onto the specimen. Fluorescent light (at longer wavelengths) 
collected by the objective lens is transmitted through the 
dichroic mirror to the eyepieces or camera. The transmission 
and reflection properties of the dichroic mirror must be 
matched to the excitation and emission spectra of the 
fluorophore being used, 
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Configuration of a Fluorescence Microscope (cont.) 


‘A sample must be illuminated with light at wavelengths 
within the excitation spectrum of the fluorescent dye. 
Fluorescence-emitted light must be collected at the longer 
wavelengths within the emission spectrum, Multiple 
fluorescent dyes can be used simultaneously, with each 
designed ta localize or target a particular component in the 
specimen. 


The filter turret of the microscope can hold several cubes 
that contain filters and dichroic mirrors for various dye 
types. Images are then reconstructed from CCD frames 
captured with each filter cube in place. Simultanous 
acquisition of emission for multiple dyes requires application 
of multiband dichroic filters, 
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Images from Fluorescence Microscopy 


Fluorescent images of cells labeled with three different 
fluorescent dyes, each targeting a different cellular 
component, demonstrate fluorescence microseapy’s ability to 
target sample components and specific functions of biological 
systems, Such images can be obtained with individual filter 
sets for each fluorescent dye, or with a multiband (a triple. 
band in this example) filter set, which matches all dyes. 


Triple-band Filter BODIPY FL phallacilin (acti) 


MitoTracker Red CMXRos DAPI (nucle) 
(mitochondria) 


Sample: Dovine pulmonary artery epithelial cells (nitrogen 
FluoCells No, 1) 

Components: Planapochromat 40% 705, Mim Zaiaw CCD 
(13881040 mono) 
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Properties of Fluorophores 


Fluorescent emission F [photons/s] depends on the 
intensity of excitation light I [photons/s] and fluorophore 
parameters like the fluorophore quantum yield Q and 
molecular absorption cross section o: 


F=o0l, 


where the molecular absorption cross section is the 
probability that illumination photons will be absorbed by 
fluorescent dye. The intensity of excitation light depends on 
the power of the light source and throughput of the optical 
system. The detected fluorescent emission is further reduced 
by the quantum efficiency of the detector. 


Quenching is a partially reversible process that decreases 
fluorescent emission, It is a non-emissive process of electrons 
moving from an excited state to a ground state. 


Fluorescence emission and excitation parameters are bound 
through a photobleaching effect that reduces the ability of 
fluorescent dye to fluoresce. Photobleaching is an 
irreversible phenomenon that is a result of damage caused by 
illuminating photons, It is most likely caused by the 
generation of long-living (in triplet states) molecules of 
singlet oxygen and oxygen free radicals generated during its 
decay process. There is usually a finite number of photons 
that can be generated for a fluorescent molecule. Thi 

number can be defined as the ratio of emission quantum 
efficiency to bleaching quantum efficiency, and it limits the 
time a sample can be imaged before entirely bleaching. 


Photobleaching causes problems in many imaging 
techniques, but it can be especially critical in time-lapse 
imaging. To slow down this effect, optimizing collection 
efficiency (together with working at lower power at the 
steady-state condition) is crucial 


Photobleaching effect as seen in consecutive images 


How It Works 
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Figure 14:1 While no specific schematic symbol exists 
for an encoder chip, this style is commaniy used. Shown 
here is a 16-to-4 encoder with active-low inputs and 
outputs 


Similar Devices 
The similarities and differences between encod- 


er, decoder, multiplexer, and demultiplexer can 
cause confusion. 


+ Inanencoder, anactivelogicstateisapplied 
to one of four or more input pins, while the 
rest remain in an inactive logic state. The in- 
putpin numberis converted toa binary code 
Which is expressed asa pattern oflogicstates 
on two or more output pins. 


+ Ina decoder, a binary number is applied as 
a pattem oflogicstates on two or moreinput 
pins. This valuedetermines which one offour 
or more output pins will have an active logic 
state, while the rest remain in an inactive 
logic state. 


+ Amultiplexer can connect a choice of mul- 
tiple inputs toa single output, for data trans- 
fer. The logic state of an enable pin, or a bi- 
nary number applied as a pattern of logic 
states to multiple control pins, chooses 
Which input should be connected with the 
output pin. The alternative term data selec- 
tor evokes the function of this device more 
dearly. 


integrated circult > digital > encoder 


+ An analog multiplexer may allow its inputs 
and outputs to be swapped, in which case it 
becomes a demultiplexer. it can connect a 
single input to one of multiple outputs, for 
datatransfer. Thelogic state of an enable pin, 
ora binary number applied as a pattern of 
logic states to multiple control pins, chooses 
Which output should be used. The alterna- 
tiveterm data distributor evokesthe function 
of this device more clearly. 


How It Works 


‘An encoder contains logic gates. The internal 
logic of an 8to-3 encoder is shown in 
Figure 14-2, where the darker blue rectangle rep- 
resents the chip. The switches in this figure are 
external and are included only to clarify the con- 
cept. An open switch is imagined to provide an 
inactive logic input, while a single closed switch 
provides an active logic input. (Multiple active 
inputs can be handled by a priority encoder, de- 
scribed below). 


Each input switch has a numeric status from 1 to 
7. The switch with value 0 does not make an in- 
ternal connection, because the output from the 
OR gates is 000 by default. 


The logic state of each OR output represents a 
binary number, weighted with decimal values 1, 
2, and 4, as shown at the bottom of the figure. 
Thus, if switch 5 is pressed, by tracing the con- 
nections itis clear that the outputs of OR gates 4 
and 1 become active, while the output from gate 
2 remains inactive. The values of the active out- 
puts thus sum to 5 decimal. 


Figure 14-3 shows the outputs for all possible it 
putstates of a 4-to-2 encoder, Figure 14-4 shows 
the outputs for all possible input states of an &- 
to-3encoder. These diagramsassume that ahigh 
logic state is an active logic state, on input or 
output. This is usually the case. 
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Single vs Multi-Photon Excitation 


Multi-photon fluorescence is based on the fact that two or 
more low-energy photons match the energy gap of the 
fluorophore to excite and generate a single high-energy 
photon. For example, the energy of two 700-nm photons can 
excite an energy transition approximately equal to that of a 
350-nm photon (it is not an exact value due to thermal 
losses). This is contrary to traditional fluorescence, where a 
high-energy photon (eg., 400 nm) generates a slightly lower- 
energy (longer wavelength) photon. Therefore, one big 
advantage of multi-photon fluorescence is that it ean obtain a 
significant difference between excitation and emission, 


Fluorescence is based on stochastic behavior, and for single- 
photon excitation fluorescence, it is obtained with a high 
probability. However, multi-photon excitation requires at 
east two photons delivered in a St+Pwtntvtatn us pantie 
very short time, and the 
probability is quite low: 


Na 
Tek 


Big the exitatiin coon evtian 
of dye, Pay is the average power, 

+ is the length of a pulse, and v \ 
is the repetition frequency. IN \ 
‘Therefore, multi-photon EAs 


fluorescence must 


be used with j j 

high-power laser 

sources to obtain osu — 

favorable x y] a 
uk + + 


probability. 
Short-pulse =e a 
operation will have a similar effect, as Twill be minimized. 


Due to low probability, fluorescence occurs only in the focal 
point. Multi-photon imaging docs not require scanning 
through a pinhole and therefore has a high signal-to-noise 
ratio and can provide deeper imaging. This is also because 
near-IR excitation light penetrates more deeply due to lower 
scattering, and near-IR light avoids the excitation of several 
autofluorescent tissue components. 
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Light Sources for Scanning Microscopy 


Lasers are an important light source for scanning 
microscopy systems due to their high energy density, which 
can increase the detection of both reflectance and 
fluorescence light. For laser-scanning confocal systems, a 
general requirement is a single-mode TEMw laser with a 
short coherence length. Lasers are used primarily for point- 
and-slit scanning modalities, There are a great variety of 
laser sources, but certain features are useful depending on 
their specific application: 


+ Shortescitation wavelengths are preferred for 
fluorescence confocal systems because many 
fluorescent probes must be excited in the blue or 
ultraviolet range, 

+ Near-IR wavelengths are useful for reflectance 
confocal microscopy and multi-photon excitation, 
Longer wavelengths are less suseptible to scattering 
in diffused objects (like tissue) and can provide a 
deeper penetration depth. 

+ Broadband short-pulse lasers (like a Ti-Sapphire 
‘mode-locked laser) are particularily important for 
multi-photon generation, while shorter pulses 
increase the probability of excitation. 


Taser Type Wavelength fam 
“Angon-ton Tt, 364, 458, 498, 6TT 
Hea 295, 442 
HeNe: Ba, 594, 638, 1152 
Diode Iasere TS, 408, 410, 458, 630, 635, 


DPSS Code pumped, 
solid state) 
Trypron-Argon 
Dye 

T-Bapphire™ Ti 


60-100, 680-1050 
“Tligh-power (L000mW oF less) pulses between I ps and 100 f= 


Non-laser sources are particularly useful for di 
systems, They include are lamps, metal-halide lamps, and 
high-power photo-luminescent diodes (See also pages 58 and 
59). 
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Practical Considerations in LSM 


A light source in lnser-scanning microscopy must provide 
enough energy to obtain a sufficient number of photons to 
perform successful detection and a statistically significant 
signal. This is especially critical for non-laser sources (e.g., 
are lamps) used in disk-scanning systems. While laser 
sources can provide enough power, they can cause fast 
photobleaching or photo-damage to the biological sample. 


Detection conditions change with the type of sample. For 
example, fluorescent objects are subject to photobleaching 
and saturation. On the other hand, back-scattered light can 
be easily rejected with filter sets. In reflectance mode, out-of- 
focus light can cause background comparable or stronger 
than the signal itself. This background depends on the size of 
the pinhole, scattering in the sample, and overall system 
reflections, 


Light losses in the optical system are eritical for the signal 
level. Collection efficiency is Timited by the NA of the 
objective; for example, a NA of 1.4 gathers approximately 
80% of the fluorescent/seattered light. Other system losses 
will occur at all optical interfaces, mirrors, filters, and at the 
pinhole. For example, a pinhole matching the Airy disk 
allows approximately 75% of the light from the focused 
image point. 


Quantum efficiency (QE) of a detector is another important 
system parameter. The most common photodetector used in 
scanning microscopy is the photomultiplier tube (PMT). Its 
quantum efficiency is often limited to the range of 10-15% 
(550-580 nm). In practical terms, this means that only 15% 
of the photons are used to produce a signal. The advantages 
of PMTs for laser-scanning microscopy are high speed and 
high signal gain. Better QE can be obtained for CCD 
cameras, which is 40-60% for standard designs and 90-95% 
for thinned, back-illuminated cameras, However, CCD image 
sensors operate at lower rates. 


Spatial and temporal sampling of laser-scanning microscopy 
images imposes very important limitations on image quality. 
‘The image size and frame rate are often determined by the 
number of photons sufficient to form high-quality images. 
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Interference Microscopy 


Interference microscopy 
includes a broad family of m 
techniques for quantitative 
sample characterization _ 
(thickness, refractive index, ete). ! 

Systems are based on microscopic i 
implementation of interferometers Ean 
(ike the Michelson and Mach- \ =| 
Zehnder geometries 
polarization interferometers, 


D 
e wl 

In interference microscopy, short MI ne 
coherence systems are i 
particularly interesting and can 

be divided into two groups: 

optical profilometry and = 
optical coherence tomography 

(OCT) [including optical coherence microscopy (OCM)] 
‘The primary goal of these techniques is to add a third (2) 
dimension to the acquired data. 

Optical profilers use interference fringes as a primary source 
of object height. Two important measurement approaches 
include vertical scanning interferometry (VSI) (also 
called scanning white light interferometry — or 
coherence scanning interferometry) and phase-shifting 
interferometry. Profilometry techniques are capable of 
achieving nanometer level resolution in the = direction while 
‘cand y are defined by standard microscope limitations. 


Profilometry is used for characterizing the sample surface 
(roughness, structure, microtopography, and in some cases 
film thickness) while 

OCTIOCM is dedicated 
to 3D imaging, primar- 
ily of biological samp- 
Tes. 

Both types of systems 
are usually configured 
using the geometry of 
the Michelson or its 
derivatives (e.g., 
Miran), 
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Optical Coherence Tomography/Microscopy 


In early 3D coherence imaging, information about the sample 
was gated by the coherence length of the light source (time- 
domain OCT). This means that the maximum fringe 
contrast is obtained at a zero optical path difference, while 
the entire fringe envelope has a width related to the 
coherence length. In fact, this width defines the axial 
resolution (usually a few microns) and images are created 
from the magnitude of the fringe pattern envelope. Optical 
coherence microscopy is a combination of OCT and 
confocal microscopy. It merges the advantages of out-of-focus 
background rejection provided by the confocal principle and 
applies the coherence gating of OCT to improve optical 
sectioning over confocal reflectance systems. 


In the mid.2000s, time-domain OCT transitioned to 
Fourier-domain OCT (FDOCT), which can acquire an 
entire depth profile in a single capture event. Similar to 
Fourier Transform Spectroscopy, the image is acquired by 
calculating the Fourier transform of the obtained 
interference pattern. The measured signal can be described 


A, A,(=)e08[ (=, —2, )]de, 

where An and As are amplitudes of the reference and sample 
light, respectively, and 2a is the imaged sample depth (is 
the : 

reference ba ety 

length = 

delay, and LAs LAL 

h is’ the t . ‘ 
wave number), 


‘The fringe frequency is a function of wave number & and 
relates to the OPD in the sample. Within the Fourier-domain 
techniques, two primary methods exist: spectral-domain 
OCT (SDOCT) and swept-source OCT (SSOCT). Both can 
reach detection sensitivity and signal-to-noise ratios over 150 
times higher than time-domain OCT approaches. SDOCT 
achieves this through the use of a broadband source and 
spectrometer for detection, SSOCT uses a single 
photodetector but rapidly tunes a narrow linewidth over a 
broad spectral profile. Fourier-domain systems can image at 
hundreds of frames per second with sensitivities over 100 dB, 
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Optical Profiling Techniques 


There are two primary techniques used to obtain a surface 
profile using white-light profilometry: vertical scanning 
interferomtry (VSI) and phase-shifting interferometry 
esp. 


VSI is based on the fact that a reference mirror is moved by a 
piezoelectric or other actuator, and a sequence of several 
images (in some cases hundreds or thousands) is acquired 
along the scan, During post-processing, algorithms look for a 
maximum fringe modulation and correlate it with the 
actuator’s position. This position is usually determined with 
capacitance gauges; however, more advanced systems use 
optical encoders or an additional Michelson interferometer. 
‘The important advantage of VSI is its ability to ambiguously 
‘measure heights that are greater than a fringe. 


The PSI technique requires 
the object of interest to be 
within the coherence length 
and provides one order of 
magnitude or greater 2 
resolution compared to VSL 
To extend coherence length, 
an optical filter is, 
introduced to limit the light 
source's bandwidth. With PSI, a phase-shifting component is 
located in one arm of the interferometer. The reference 
mirror can also provide the role of the phase shifter. A series 
of images (usually three to five) is acquired with appropriate 
phase differences to be used later in phase reconstruction, 
Introduced phase shifts change the location of the fringes. An 
important PSI drawback is the fact that phase maps are 
subject to 2x discontinuities. Phase maps are first obtained 
in the form of so-called phase 

fringes and must be unwrapped (a 


5 
z 


X position 


procedure of removing cy 
discontinuities) to obtain a 
continuous phase map. oie 


Note that modern short-coherence 
interference microscopes combine 3 
phase information from PST with onde 
a long range of VSI methods 
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Optical Profilometry: System Design 


Optical profilometry systems are 
based on implementing a Michelson 
interferometer or its derivatives into 
their design, There are three primary 
implementations: classical Michel- 
son geometry, Mirau, and Linnik. 
The first approach incorporates a 
Michelson inside a microscope object: 
ive using a classical interferometer 
layout. Consequently, it can work only 
for low magnifications and short 
working distances. The Mireau object: 
ive uses two plates perpendicular to 
the optical axis inside the objective. 
One is a beam-splitting plate, while 
the other acts as a reference mirror. 
Such a solution extends the working 
distance and increases the possible magnifications 


Design | Magnification 


‘Micholeoe Tae 
Mireau [10x ta 100% 
Linnie Bie to 100% 


‘The Linnik design utilizes two matching objectives. It does 
not suffer from NA limitation, but it is quite expensive and 
susceptible to vibrations. 
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Phase-Shifting Algorithms 


Phase-shifting techniques find the phase distribution from 
interference images given by 


T(xy)=a(ey)+ bGsy)eos(p+1A9), 


where a(x, ») and B(x, ») correspond to background and fringe 
amplitude, respectively. Since this equation has three 
unknowns, at least three measurements (images) are 
required. For image acquisition with a discrete CCD camera, 
spatial (x, y) coordinates can be replaced by (i, j) pixel 
coordinates. 


‘The most basie PSF algorithms include the three-, four-, 
and five-image techniques. 


I denotes the intensity for a specific image (1*, 261, 3, ete.) 
in the selected i, j pixel of a CCD camera. The phase shift for 
a three-image algorithm is w2. Four- and five-image 
algorithms also acquire images with n/2 phase shifts. 


A reconstructed phase depends on the accuracy of the phase 
shifts. w/2 steps were selected to minimize the systematic 
errors of the above techniques, Accuracy progressively 
improves between the three- and five-point techniques. Note 
that modern PSI algorithms often use seven images or more, 
in some eases reaching thirteen. 


‘After the calculations, the wrapped phase maps (modulo 2x) 
are obtained (arctan function). Therefore, unwrapping 
procedures have to be applied to provide continuous phase 
maps. 

Common unwrapping methods include the line by line 
algorithm, least square integration, regularized phase 
tracking, minimum spanning tree, temporal unwrapping, 
frequency multiplexing, and others, 


Microscopy: Resolution Enhancement Techniques 103 


A simple and inexpensive alternative to confocal microscopy 
is the structured-illumination technique. This method 
uses the principle that all but the zero (DC) spatial 
frequencies are attenuated with defocus. This observation 
provides the basis for obtaining the optical sectioning of 
images from a conventional wide-field microscope. A modified 
illumination system of the microscope projects a single 
spatial-frequency grid pattern onto the object. The 
microscope then faithfully images only that portion of the 
object where the grid pattern is in focus. The structured- 
illumination technique requires the acquisition of at least 
three images to remove the illumination structure and 
reconstruct an image of the layer. The reconstruction 
relation is described by 


Ml aen¥ (lo 


where J denotes the intensity in the reconstructed image 
point, while J,, fs... and J,,,, are intensities for the image 
point and the three consecutive positions of the sinusoidal 
illuminating grid (zero, 1/3 and 2/3 of the structure period). 


‘Beam Spliter/ 
Dichroic 


rating 


lane ouroFfoeus 


Il a 


Note that the maximum sectioning is obtained for 0.5 of the 
objectives cut-off frequency. This sectioning ability is 
comparable to that obtained in confacal microscopy. 
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Structured Illumination: Resolution Enhancement 


Structured illumination can be used to enhance the 
spatial resolution of a microscope. It is based on the fact that 
if 2 sample is illuminated with a periodic structure, it will 
create a low-frequency beating effect (Moiré fringes) with the 
features of the object. This new low-frequency structure will 
be capable of aliasing high spatial frequencies through the 
optical system. Therefore, the sample can be illuminated 
with a pattern of several orientations to accommodate the 
different directions of the object features. In practical terms, 
this means that system apertures will be doubled (in 
diameter), creating a new synthetic aperture. 


‘Tp produce 9 high-frequency structure, the interteranon of 
two beams With large illumination angies ean be med. Nete 
that the blue dots in the figure represent alinsed spatial 
eraencié ; 
fia loom 
popes 
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‘To reconstruct distribution, at least three images are 
required for one grid direction. In practice, obtaining a high. 
resolution image is possible with seven to nine images and a 
grid rotation, while a larger number can provide a more 
efficient reconstruction. 


The linear-structured illumination approach is capable of 
obtaining two-fold resolution improvement over the 
diffraction limit. The application of nonlinear gain in 
fluorescence imaging improves resolution several times while 
working with higher harmonies, Sample features of 50 nm 
and smaller can be successfully resolved, 


Integrated circuit > digital > encoder 


Inputs 


Binary-coded Outputs 


Figure 14-2. A simplified simulation of the internal logic 
fof an 8-0-3 encoder. The dark bive rectangle indicates 
the space inside the chip. The external switches are in 
cluded only ta clarify the concept. An encoder chip would 
have an Enable ine to create an active output 
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Figure 14-3. The four possible inputs of a 4-to-2 encoder 
(tap of each panel) and the encoded outputs (below). 
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Figure 14-4. The eight possible inputs of an 8-0-3 en- 
Cader (atthe top of each panel), and the encaded outputs 
(below). Note that one input of an encoder must always 
be logichigh. All ogie-low inputs are nat avai state, 


Unlike ripple counters, where propagation de- 
lays can reduce the overall response time of the 
component, decoders respond within two or 
three nanoseconds. 


Variants 


Asimpleencoderassumes that only one input pin 
canbe logically active at a time. A priority encod- 
er assigns priority to the highest-value input pin 
if more than one happens to receive an active 
input. It ignores any lower-value inputs. An ex- 
ample is the 7415148, which is an 8-to-3 chip. 
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TIRF Microscopy 


Total internal reflection 
fluorescence (TIRE) 
microscopy (also called 
evanescent wave microscopy) 
excites a limited width of the 
sample close to a solid 
interface. In TIRF, a thin 
layer of the sample is excited 
by a wavefront undergoing 
total internal reflection in the dielectric substrate, producing 
an evanescent wave propagating along the interface 
between the substrate and abject. 


The thickness of the excited section is limited to less than 
100-200 nm. Very low background fluorescence is an 
important feature of this technique, since only a very limited 
volume of the sample in contact with the evanescent wave is 
excited. 


‘This technique can be used for imaging cells, cytoplasmic 
filament structures, single molecules, proteins at cell 
membranes, micro-morphological structures in living cells, 
the adsorption of liquids at interfaces, or Brownian motion at 
the surfaces. It is also a suitable technique for recording 
long-term fluorescence movies, zon cece 


salt ‘a 


While an evanescent wave can be created casa 
without any layers between the dielectric + 
substrate and sample, it appears that a thin layer (ea 
total) improves image quality. For example, it can quench 
fuorescence in the first 10 nm and. therefore provide 
selective Muorescence for the 10-200 nm region, TIRF can be 
easily combined with other modalities ike optical trapping, 
‘multiphoton excitation, or interference, The most common 
configurations include oblique illumination through a high- 
NA objective or condenser and TIRF witha prism. 
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Solid Immersion 


Optical resolution can be enhanced using solid immersion 
imaging. In the classical definition, the diffraction limit 
depends on the NA of the optical system and the wavelength 
of light. It can be improved by increasing the refractive index 
of the media between the sample and optical system or by 
decreasing the light's wavelength. The solid immersion 
principle is based on improving the first parameter by 
applying solid immersion lenses (SILs). To maximize 
performance, SILs are made with a high refractive index 
glass (usually greater than 2). The most basic setup for a SIL 
application involves a hemispherical lens. The sample is 
placed at the center of the hemisphere so the rays 
propagating through the system are not refracted (they 
intersect the SIL surface direction) and enter the microscope 
objective. The SIL is practically in contact with the object, 
but has a small sub-wavelength gap (<100 nm) between the 
sample and optical system; therefore, an object is always in 
an evanescent field and can be imaged with high resolution, 
‘Therefore, the technique is confined to a very thin sample 
volume (up to 100 nm) and can provide optical sectioning, 
Systems based on solid immersion can reach sub-100-nm 
lateral resolutions. 


‘The most common 
solid-immersion 
applications are in 
microscopy, including 
fluorescence, optical ' 
data storage, and ! 
lithogeaphy. ' 
i 
i 


Microscope 
Objecive 
Compared ta classical 
oil-immersion 
techniques, this 
technique is dedicated H 
to imaging thin 

samples only (sub-100 
nm), but provides 
much better 
resolution depending 
on the configuration 
and refractive index 
of the SIL. 


Hemispheric 
Sold immersion Lens 


Sample 
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Stimulated Emission Depletion 


Stimulated emission depletion (STED) microscopy is a 
fluorescence super-resolution technique that allows imaging 
with a spatial resolution at the molecular level. The 
technique has shown an improvement 5-10 times beyond the 
possible diffraction-resolution limit. 


‘The STED technique is based on the fact that the area 
around the excited object point can be treated with a pulse 
(depletion pulse or STED pulse) that depletes high-energy 
states and brings fluorescent dye to the ground state, 
Consequently, an actual excitation pulse excites only the 
small sub-diffraction resolved area. The depletion pulse must 
have high intensity and be significantly shorter than the 
lifetime of the excited states. The pulse must be shaped, for 
example, with a half-wave phase plate and imaging optics to 
create a SD doughnut-like structure around the point of 
interest. The STED pulse is shifted toward red with regard 
to the fluorescence excitation pulse and follows it by a few 
picoseconds, To obtain the complete image, the system scans 
in the x, y, and z directions. 
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STORM 


Stochastic optical reconstruction microscopy (STORM) 
is based on the application of multiple photo-switchable 
fluorescent probes that can be easily distinguished in the 
spectral domain. The system is configured in TIRF 
geometry. Multiple fluorophores label a sample, and each is 
built as a dye pair where one component acts as a 
fluorescence activator, The activator can be switched on or 
deactivated using a different illumination laser (a longer 
wavelength is used for deactivation—usually red). In the 
case of applying several dual-pair dyes, different lasers can 
be used for activation and only one for deactivation. 


A sample can be sequentially illuminated with activation 
lasers, which generate fluorescent light at different 
wavelengths for slightly different locations on the object 
(each dye is sparsely distributed aver the sample and 
activation is stochastic in nature). Activation for a different 
color can also be shifted in time, After performing several 
sequences of activation/deactivation, it is possible to acquire 
data for the centroid localization of various diffraction- 
limited spots. This localization can be performed with 
precision to about 1 nm. The spectral separation of dyes 
detects closely located object points encoded with a different 
color. 


‘The STORM process requires 1000+ activation/deactivation 
cycles to produce high-resolution images. Therefore, final 
images combine the spots corresponding to individual 
molecules of DNA or an antibody used for labeling. STORM 
images can reach a lateral resolution of about 25 nm and an 
axial resolution of 50 nm. 


En 


Microscopy: Resolution Enhancement Techniques 109 


4Pi Microscopy 


4Pi microscopy is a_ fluorescence technique that 
significantly reduces the thickness of an imaged section. The 
4Pi principle is based on coherent illumination of a sample 
from two directions, Two constructively interfering beams 
improve the axial resolution by three to seven times. The 
possible values of 2 resolution using 4Pi microscopy are 50- 
100 nm and 30-50 nm when combined with STED. 


‘The undesired effect of the technique is the appearance of 
side lobes located above and below the plane of the imaged 
section, They are located about 2/2 from the object. To 
eliminate side lobes, three primary techniques can be used: 


* Combine 4Pi with confocal detection. A pinhole 
rejects some of the out-of-focus light. 

* Detect in multiphoton mode, which quickly 
diminishes the excitation of fluorescence. 

* Apply a modified 4Pi system, which creates 
interference at both the object and detection planes 
(two imaging systems are required), 


It is also possible to remove side lobes through numerical 
processing, if they are smaller than 50% of the maximum 
intensity. However, side lobes increase with the NA of the 
objective; for an NA of 1.4, they are about 60-70% of the 
maximum intensity. Numerical correction is not effective in 
this case. 


4Pi ‘Sa 
microscopy ! a 
improves wi ua 
resolution 

only in the 2 


direction; 


however, the ta eo | oe 


Lepees ny Yeon 
a useful 

benefit of the 
technique. 
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‘The Limits of Light Microscopy 


Classical light microscopy is limited by diffraction and 
depends on the wavelength of light and the parameters of 
an optical system (NA). However, recent developments in 
super-resolution methods and enhancement techniques 
overcome these barriers and provide resolution at a 
molecular level. They often use a sample as a component 
of the optical train [resolvable saturable optical 
fluorescence transitions (RESOLFT), — saturated 
structured-illumination microscopy (SSIM), 
photoactivated localization microscopy (PALM) and 
STORM] or combine near-field effects (4Pi, TIRF, solid 
immersion) with far-field imaging. The table below 
summarizes these methods. 


Demonstrated 
Values 
‘Method Principles Lateral | Axial 
Bright field Diffraction 200mm [500mm 
Confocal Diffraction lightly | 200um | 500am 
better than bright field) 
Solid Diffraction /evanescent | <100nm | <100nm 
immersion field decay 
TRF Diffraction /evanescent | 20am | <100nm 
field decay 
Wil15 | Diffraction! interference | 200am | 50 nm 
RESOLFT | Depletion, molecular | 20am | 200m 
(eg,STED) | structure of sample 
fluorescent probes 
Structured | Aliasing, nonlinear gain 50-100 
illumination |” in fluorescent probes am 
(ssiM (molecular structure) 
‘Stochastic Fluorescent probes 25am | sonm 
techniques | (molecular structure) 
(PALM, centroid localization, 
STORM) time-dependant 
Auarophore activation 
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Raman and CARS Microscopy 


Raman microscopy (also Tae rer 


called chemical imaging) is a 
technique based on inelastic 
Raman scattering and 


Reso Sestarrg 


evaluates the vibrational Rms 
properties of samples eames 


(minerals, polymers, and 
biological objects). 


Raman microscopy uses a laser beam focused on a solid 
object. Most of the illuminating light is scattered, reflected, 
and transmitted, and preserves the parameters of the 
illumination beam (the frequency is the same as the 
illumination). However, a small portion of the light is subject 
to a shift in frequency: Otanan= Oser + A. This frequency 
shift between illumination and scattering bears information 
about the molecular composition of the sample, Raman 
scattering is weak and requires high-power sources and 
sensitive detectors. It is examined with spectroscopy 
techniques. esa ARS adel 


Coherent Anti-Stokes Raman 
Scattering (CARS) overcomes the 
problem of weak signals associated 
with Raman imaging. It uses a pump 
laser and a tunable Stokes laser to 
stimulate a sample with a four-wave 
mixing process. The fields of both 
lasers [pump field B(o,), Stokes field E(o,), and probe field 
E'(oy)] interact with the sample and produce an anti-Stokes 
field [B(x] with frequency te, $0 Osr= 20» ~ Oy 


CARS works as a resonant process, only providing a signal if 
the vibrational structure of the sample specifically matches 

~ on Tt also must assure phase matching so that J. (the 
coherence length) is greater than wAK = #8 fk, =k, 


where Ak is a phase mismatch. CARS is orders of magnitude 
stronger than Raman scattering, does not require any 
exogenous contrast, provides good sectioning ability, and can 
be set up in both transmission and reflectance modes. 
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SPIM 


Selective plane illumination microscopy (SPIM) is 
dodicated to the high-resolution imaging of large 8D samples. 
Itis based on three principles: 


+ The sample is illuminated with a light sheet, which 
is obtained with cylindrical optics. The light sheet is 
a beam focused in one direction and collimated in 
another. This way, the thin and wide light sheet can 
pass through the object of interest (see figure). 

+ The sample is imaged in the direction perpendicular 
to the illumination, 

+ The sample is rotated around its axis of gravity and 
linearly translated into axial and lateral directions. 


Data is recorded by a CCD camera for multiple object 
orientations and can be reconstructed into a single 3D 
distribution, Both scattered and fluorescent light can be used 
for imaging. 


‘The maximum resolution of the technique is limited by the 
longitudinal resolution of the optical system (for a high 
numerical aperture, objectives can obtain micron-level 
values). The maximum volume imaged is limited by the 
working distance of a microscope and can be as small as tens 
of microns or exceed several millimeters, The object is placed 
in an air, oil, or water chamber. 


‘The technique is primarily used for bio-imaging, ranging 
from small organisms to individual cells. 
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Array Microscopy 


An array microscope is a solution to the trade-off between 
field of view and lateral resolution. In the array microscope, 
a miniature microscope objective is replicated tens of times. 
‘The result is an imaging system with a field of view that can 
be increased in steps of an individual objective's field of view, 
independent of numerical aperture and resolution. An array 
microscope is useful for applications that require fast 
imaging of large areas at a high level of detail. Compared to 
conventional microscope opties for the same purpose, an 
array microscope can complete the same task several times 
faster due to its parallel imaging format. 


An example implementation of the array-microscope optics is 
shown. This array microscope is used for imaging glass slides 
containing tissue (histology) or cells (cytology). For this case, 
there are a total of 80 identical miniature 7%/0.6 microscope 
objectives. The summed field of view measures 18 mm. Each 
objective consists of three lens elements. The lens surfaces 
are patterned on three plates that are stacked to form the 
final array of microscopes. The plates measure 25 mm in 
diameter. Plate 1 is near the object at a working distance of 
400 um, Between plates 2 and 3 is a baffle plate. A second 
bafile is located between the third lens and the image plane. 
‘The purpose of the baffles is to eliminate cross talk and 
image overlap between objectives in the array. 


‘The small size of each — 

microscope abjective and — 

the need to avoid image 

overlap jointly dictate a 
<x 
Pa 


low magnification, J 
‘Therefore, the array (<. 
microscope works best in = 
combination with an 

image sensor divided into 
small pixels (e.g., 3.3 um), 


Focusing the array 
microscope is achieved by 
an up/down translation 
and two rotations: a pitch 
and a roll. 
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Digital Microscopy 


Digital microscopy emerged with the development of 
electronic array image sensors and replaced the 
microphotography techniques previously used in microscopy. 
Tt can also work with point detectors when images are 
recombined in post or real-time processing. Digital 
microscopy is based on acquiring, storing, and processing 
images taken with various microscopy techniques. It 
supports applications that require: 


© Combining data sets acquired for one object with 
different microscopy modalities or different imaging 
conditions. Data can be used for further analysis and 
processing in techniques like hyperspectral and 
polarization imaging. 

© Image correction (eg., distortion, white balance 
correction, or background subtraction). Digital 
microscopy is used in deconvolution methods that 
perform numerical rejection of out-of-focus light and 
iteratively reconstruct an object’s estimate. 

‘* Image acquisition with a high temporal resolution, This 
includes short integration times or high frame rates, 
Long time experiments and remote image recording, 
Scanning techniques where the image is reconstructed 
after point-by-point scanning and displayed on the 
monitor in real time. 

‘© Low light, especially fluorescence. Using high-sensitivity 
detectors reduces both the excitation intensity and 
excitation time, which mitigates photobleaching effects 

© Contrast enhancement techniques and an improvement 
in spatial resolution, Digital microscopy can detect signal 
changes smaller than possible with visual observation, 

© Super-resolution techniques that may require the 
acquisition of many images under different conditions. 

© High throughput scanning techniques (e.g., imaging 
large sample areas). 

© UV and IR applications not possible with visual 
observation, 


‘The primary detector used for digital microscopy is a CCD 
camera, For scanning techniques, a photomultiplier or 
photodiodes are used. 


Values 


‘A few encoders feature three-state outputs (also 
known as tri-state), in which a high-impedance 
or “floating” output state is available in addition 
to the usual high and low logic states. The high- 
impedance state allows multiple chips to share 
an output bus, as those that are in high- 
impedance mode appear to be disconnected. 
This is useful if two or more encoders are casca- 
ded to handle a larger number of inputs. 


Values 


As is the case with other logic chips, most en- 
coders in the through-hole 74xx series are in- 
tended for SVDC power supply while the older 
4000 series may tolerate up to 18VDC. Surface- 
‘mount versions may use voltagesaslow as 2VDC. 


See the section on logic gates in Chapter 10 for 
a discussion of acceptable high and low input 
states. On the output side, the 4000 series chips 
are able to source less than ImAat SVDC, butthe 
74HCx series can manage around 20mA. 


How to Use It 


Suppose that a microcontroller should respond 
to an eight-position rotary switch. Because the 
switch cannot be turned to more than one posi- 
tion ata time, al ofits eight contacts can be con- 
nected with the inputs on an encoder, which will 
deliver a 3-bit binary number to three inputs of, 
the microcontroller. Code inside the microcon- 
troller then interprets the pin states. 


This is shown in Figure 14-5. Pulldown resistors 
would be needed on the input pins of the en- 
coder, to prevent them from floating when they 
are not connected by the rotary switch. They 
have been omitted from this diagram for sim- 
plicity. Debouncing the switch would behandled 
by the microcontroller. 


Other forms of input may be used instead of a 
rotary switch. For example, the outputs from 
eight comparators or eight phototransistors 
could be passed through an encoder. 


circuit > encoder 


> digital 


Encoder 


Microcontroller 


Figure 14-5. Output from an eight-ingut ratary switch 
could be connected through an 8-to-3 encoder to provide 
Input toa microcontroller using a reduced numberof pins. 
Pulldown resistors have been omitted for simplicity 


Cascaded Encoders 

Encoders are often provided with features to fa- 
cilitate handling additional inputs via multiple 
chips. Typically, a second Enable pin is provided, 
asan output that connects with the Enable input 
of the preceding chip. This preserves the priority 
function, so that an input on the second chip 
prevents any additional input to the first chip 
from affecting the output. Ina datasheet, the en- 
ablepinsmay be labeled Ey and Eoyr,orE,and Eo, 


In addition, a GS pin will be included, meaning 
"Group Select: Itis logically active only when the 
encoder is enabled and at least one input is ac- 
tive. The GS pin of the most-significant encoder 
provides an additional binary digit. 


The outputs from two encoders can be linked via 
OR gates, as shown in Figure 14-6, where the 
lower chip’s GS output provides the most signif- 
icant bit of a four-bit binary number. 
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Principles of CCD Operation 


Charge-coupled device (CCD) sensors are a collection of 
individual photodiodes arranged in a 2D grid pattern. 
Incident photons produce electron-hole pairs in each pixel in 
proportion to the amount of light on each pixel. By collecting 
the signal from each pixel, an image corresponding to the 
incident light intensity ean be reconstructed. 


Here are the step-by-step procestes in a CCD: 
‘The CCD array is illuminated for integration time 
Incident photons produce mobile charge carriers. 

Charge carriers are collected within the p-n structure. 
The illumination is blocked after time + (full-frame only). 
‘The collected charge is transferred from each pixel to an 
amplifier at the edge of the array. 

‘The amplifier converts the charge signal into voltage. 
The analog voltage is converted to a digital level for 
computer processing and image display. 


Each pixel (photodiode) is reverse biased, causing 
photoelectrons to move towards the positively charged 
electrode. Voltages applied to the electrodes produce a 
potential well within the semiconductor structure, During 
the integration time, electrons accumulate in the potential 
well, up to the full-well capacity. The full-well eapacity is 
reached when the repulsive force between electrons exceeds 
the attractive force of the well, At the end of the exposure 
time, each pixel has stored a number of electrons in 
proportion to the amount of light received. These charge 
packets must be transferred from the sensor, from each pixel 
to a single amplifier without loss. This is accomplished by a 
series of parallel and serial shift registers. The charge stored 
by each pixel is transferred across the array by sequences of 
gating voltages applied to the electrodes. The packet of 
electrons follows the positive clocking waveform voltage from 
pixel-to-pixel or row-to-row. A potential barrier is always 
maintained between adjacent pixel charge packets, 


aaa 
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CCD Architectures 


In a full-frame architecture, individual pixel charge 
packets are transferred by a parallel row shift to the serial 
register, then one-by-one to the amplifier. The advantage of 
this approach is a 100% photosensitive area, while the 
disadvantage is that a shutter must block the sensor area 
during readout, and consequently limits the frame rate. 


area > eee 


‘The frame-transfer architecture has the advantage of not 
needing to block an imaging area during readout. It is faster 
than full-frame, since readout can take place during the 
integration time. The significant drawhack is that only 50% 
of the sensor area is used for imaging, 


‘The interline transfer architecture uses columns with 
exposed imaging pixels interleaved with columns of masked 
storage pixels. A charge is transferred into an adjacent 
storage column for readout. The advantage of such an 
approach is a high frame rate due to a rapid transfer time (< 
1 ms), while again the disadvantage is that 50% of the sensor 
area is used for light collection. However, recent interleaved 
CCDs have an increased fill factor due to the application of 
microlens arrays. 
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CCD Architectures (cont.) 


bees Gad ane] 
efficiency (QE) == rs 

is the percentage N g ‘crt 
of incident “" (eB 


photons at each «= 
wavelength that 


produce an 
electron in a = ae 
photodiode. Wore (om 


CCDs have a 
lower QE than individual silicon photodiodes due to the 
charge-transfer channels on the sensor surface, which 
reduces the effective light-collection area. A typical CCD QE 
is 40-60%. This can be improved for back-thinned CCDs, 
which are illuminated from behind; this avoids the surface 
electrode channels and improves QE to approximately 90- 
95%, 


smectite TTY 
context of thousands of 


CCD pixels are not color aera 

sensitive, but use color filters to separately measure red, 
green, and blue light intensity. The 

‘most common method is to cover the 
sensor with an array of RGB (red, 
green, blue) filters, which combine 
four individual pixels to generate a 
single color pixel. The Bayer mask 
uses two green pixels for every red 
and blue pixel, which simulates 
human visual sensitivity. 
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CCD Noise 


‘The three main types of noise that affect CCD imaging 
are dark noise, read noise, and photon noise. 


Dark noise arises from random variations in the number 
of thermally generated electrons in each photodiode. More 
electrons can reach the conduction band as the 
temperature increases, but this number follows a 
statistical distribution, These random fluctuations in the 
number of conduction band electrons results in a dark 
current that is not due to light. To reduce the influence 
of dark current for long time exposures, CCD cameras are 
cooled (which is crucial for the exposure of weak signals, 
like fluorescence, with times of a few seconds and more). 


Read noise describes the random fluctuation in electrons 
contributing to measurement, due to electronic processes 
on the CCD sensor. This noise arises during the charge 
transfer, the charge-to-voltage conversion, and the 
analog-to-digital conversion. Every pixel on the sensor is 
subject to the same level of read noise, most of which is 
added by the amplifier. 


Dark noise and read noise are due to the properties of the 
CCD sensor itself. 


Photon noise (or shot noise) is inherent in any 
measurement of light, due to the fact that photons arrive 
at the detector randomly in time, This process is described 
by Poisson statistics. The probability P of measuring k 
events, given an expected value Nis 


P(KN 


ra 


‘The standard deviation of the Poisson distribution is N“. 
Therefore, if the average number of photons arriving at 
the detector is N, then the noise is N', Since the average 
number of photons is proportional to incident power, shot 
noise increases with P', 
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Signal-to-Noise Ratio and the Digitization of CCD 


‘Total noise as a function of the number of electrons from all 
three contributing noises is given by 


Noise[ Naso] = Yaa + ink * Fis + 
where 
Sinai =VONT + Soe =Ylout + ANd Oyu = Ny Tonk is dark 


current (electrons per second), and Nu is read noise 
(electrons, rms). 
The quality of an image is determined by the signal-to- 
noise ratio (SNR). The signal can be defined as 

Signal, 


where 9 is the incident photon flux at the CCD (photons per 
second), 1 is the quantum efficiency of the CCD (electrons 
per photon), and t is the integration time (in seconds). 
‘Therefore, SNR can be defined as: 


gat 


SNR 


It is best to use a CCD under photon-noise-limited 
conditions. If possible, it would be optimal to increase the 
integration time to increase the SNR and work in photon- 
noise-limited conditions, However, an increase in integration 
time is possible until reaching full-well capacity (saturation 
level): 


SNR 


Fo 


The dynamic range can be derived as a ratio of full-well 
capacity and read noise. Digitization of the CCD output 
should be performed to maintain the dynamic range of the 
camera, Therefore, an analog-to-digital converter should 
support (at least) the same number of gray levels calculated 
by the CCD's dynamic range. Note that a high bit depth 
extends readout time, which is especially critical for large- 
format cameras, 


font 
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CCD Sampling 


‘The maximum spatial frequency passed by the CCD is 
one half of the sampling frequency—the Nyquist 
frequency. Any frequency higher than Nyquist will be 
aliased at lower frequencies, 


Undersampling refers to a frequency where the 
sampling rate is not sufficient for the application. To 
assure maximum resolution of the microscope, the system 
should be opties limited, and the CCD should provide 
sampling that reaches the diffraction resolution limit, In 
practice, this means that at least two pixels should be 
dedicated to a distance of the resolution. Therefore, the 
maximum pixel spacing that provides the diffraction limit 
can be estimated as 


where M is the magnification between the object and the 
CCD’s plane. A graph representing how sampling 
influences the MTF of the system, including the CCD, is 
presented below. 


‘Sampling at Diffraction Limit 
(Undersampling) 


‘asin of High 


orn aan 
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Normalized spatial frequency [f/(f Nyquist)] 
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CCD Sampling (cont.) 


Oversampling means that more than the minimum 
number of pixels, according to the Nyquist criteria, are 
available for detection, which does not imply excessive 
sampling of the image. However, excessive sampling 
decreases the available field of view of a microscope. The 
relation between the extent of field D, the number of 
pixels in the x and y directions (N: and Ny, respectively), 
and the pixel spacing do ean be calculated from 

Nd, 


, ithe 
M 


and 


4, 


M 


This assumes that the object area imaged by the 
microscope is equal to or larger than D. ‘Therefore, the 
size of the microscope's field of view and the size of the 
CCD chip should be matched. 


Optics Limited System 


yqust Frequency Sampling Frequency 


0 05 1 15 2 
Normalized spatial frequency [fl(f Nyquist] 
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Equation Summary 


Quantized Energy: 
B=hv=helh 


Propagation of an electric field and wave vector: 
E = Asin(at—kz+9,)= Aexp[-i(ot—fe+9, )] 


Refractive index: 


Optical path length: 
OPI 


OPL= nas 


dy" +dz" 
Optical path difference and phase difference: 


OPD=nL,~n,L, 
orp 


TIR: 


Coherence length: 
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Equation Summary (cont'd) 


‘Two-beam interference 
=EE 


T=1+h+2yf, c0s(49) 


Contrast: 


Tag Pi 


Diffraction grating equation: 
im. = d(sinp + sina) 


Resolving power of diffraction grating: 


Free spectral range: 


m1 cn 


AR dy Py 


Newtonian equatios 
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Equation Summary (cont'd) 


Optical transfer function: 
OTF(p)=MTF(p)exp[ig(p) | 

Modulation transfer function: 

C (ane 

CPs 


MIF(p)= 


Field of view of microscope: 
ro —FieldNumber 


Magnifying power: 
d(f-2') 


ce) 


Magnification of the microscope objecti 


Moaie OF. 
i 
Miaguifyinig power of thwinietontope: 
MP age Majic Page =o 


pate Fae 


Numerical aperture: 
NA= NAM, 


Airy dis! 


Rayleigh resolution limit: 
= 2:6 _ 0.61% 


sin NA 


Sparrow resolution limit: 


SNA 


Integrated circuit > digital > encoder What Can Go Wrong, 


What Can Go Wrong 


Problems thatare common toalldigital chips are 
summarized in the section on logic gates in 
“What Can Go Wrong" on page 105. 


See "What CanGo Wrong’ on page 149in theentry 
describing decoders for a list of more specific 
problems that also afflict encoders. 


Figure 14-6. Two eight-bit encoders can be cascaded to 
hale 16 separate inputs. nr this example. the encoders 
use active high ogi. 
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Equation Summary (cont'd) 


Abbe resolution limit: 


Resolving power of the microscope: 
d, d, 


Mow May Mespiae 

Depth of focus and depth of field: 
wh 
NA’ 


DOF =2A-' 


Mijenye 282: 


Depth perception of stereoscopic microscope: 
2500, 
fe nm 
tan 


‘Minimum perceived phase in phase contrast: 


Cua 
Mae 


an 
Lateral resolution of the phase contrast: 
a 


1S ote i) 


Intensity in DIC: 
( gota) 
Toe gin? | 


Losin 


Retardation: 
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Equation Summary (cont'd) 


Birefringence: 


2nOPD 
x 


Resolution of a confocal microscope: 
_ 04% 
Na" 
An. 


d, 


Confocal pinhole width: 
D, 


Fluorescent emission: 


F=o01 


Probability of two-photon excitatio: 


af Pes \( NA 
n, 8) = || 1, 
Ww hich 
Intensity in FD-OCT: 


I(k.3,) = J Avs (z)oos[ (= 


Phase-shifting equation: 
TU (ss )=a(s.y)+ bxy)eos(+ AQ) 


‘Three-image algorithm (w/2 shifts): 


ee 
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Equation Summary (cont'd) 


Image reconstruction structure illumination (section- 
ing): 


a} (lo —taa ¥ # (loan ~Aean 


Noise Nu] —YFhn Pa 


Signal-to-noise ratio (SNR): 
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appendix examining new experimental evidence demonstrating the 
effectiveness of the orgone energy accumulator, 


Learn how to concentrate and work 
with orgone (life) energy using simple, 
readily-available materials, A limitless 
supply is freely available from the etmos- 
Phore, ‘These experimental devices, have 

sn shown to stimulate plant growth and 
human physiology in controlled studies. 


‘The orgone accumulator is based on dis- 
coveries by the late Dr. Wilhelm Reich, 
whose work remains vital and of wide in- 
terest, despite unprecedented hostility to his 
scientific research, In a court decision 
unique in Amerivan history, hie Books were 
ordered burned by tho U.S, Fedaral govern- 
ment in 1957. Dr, Raich raported madical 
benafits for his patients who used the accu- 
mulators. 


In this edition Dr. DeMeo updates infor- 
mation on the construction of orgone ener- 
gy blankets, shooters, box-tyne accumula- 
tors, bion packs and “dravy buckets" for at- 
motpherie cleansing, with many instruc. 
tional diegrams and photographs, as well 
asx complete bibliography and resource 
guide for research, 
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ied Bnvironmental Science ane Geozraphy at Florida International Univ., 
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his Ph.D. He served on the Faculty of Ge- 
ography at Hingis State Univ. and the 
Univ. of Miami, and founded the Orgone 
Biophysical Research Luboratory in 1978. 
List Price: $12.95 


Books by James DeMeo 


“ Saharasia: The 4000 BCE Origins of Child Abuse, 
‘Sex-Repression, Warfare and Social Violence 
‘In the Deserts of the Old World 


* (Editor) Heretic’s Notebook: Emotions, Protocells, 
Eiher-Drift ond Cosmic Life- Energy, with New 
Research Supporting Wilheln Reich 


* The Orgone Accumulator Handbook: Construction 
Plans, Experimental Use, and Protection Against 
Toxic Energy (Second revised edition) 

* (Editor) On Wilhelm Reich and Orgonomy 

* (Co-Editor with Bernd Senf) Nach Reich: Neue 
Forschungen zur Orgonomie: Serualékonomie, 
Die Entdeckung der Orgonenergie 


‘4 Bibliography on Orgone Biophysics: 1934 to 1986 


THE ORGONE 
ACCUMULATOR 
HANDBOOK 


Construction Plans, Experimental Use and 
Protection Against Toxic Energy 


by 
James DeMeo, Ph.D. 


Natural Energy Works 
Greensprings, PO Box 1148 
Ashland, Oregon 97520 USA 


Published by 


Natural Energy Works 
Greensprings, PO Box 1148 
Ashland, Oregon 97520 
United States of America 


‘Tel/Fax: 641-562-0118 Email: demeo@mind.nct 


‘The ORGONE ACCUMULATOR HANDBOOK, Copyright 
©1989, 1999 by V. James DeMeo. All Rights Reserved. Printed 
in the United States of Amorica. No part of this book may be 
‘used or reproduced in any manner whatsoever without written 
permission, except in the case of brief quotations embodied in 
critical articles or reviews. For information, sead inquiries to 
Naturel Energy Works. 


ISBN 0-9621855-0-7 
Second Revised Edition, with Postscript 1999 
78910 11 12 18 14 15 


‘Library of Congress Catalog Card No. 89-90975 


Cover: NASA plioia of Apollo 12 astronaut walking on the 
surface of the moun (see Life Magazine, 12 Dec. 1959). His body 
‘angone energy field is softly glowing a blue color in the lunar 
vacuum, possibly due (o excitation by his high-frequency radio 
communications equipment. This blue coloration of the energy 
field in the photo, which has been seen in a few other lunar as- 
tronaut images, has been systematically ignored or explained 
away as an effeet of “lunar dust” or “water vapor". In fact, itisa 
uisible expression of the human orgone (life) energy field. 
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In this Encyclopedia, a decoder is a digital chip that receives a binary-coded input and 
converts it to a decimal output by applying a logic state to one of a sequence of pins, 
each of which is assigned an integer value from 0 upward. 


The term “decoder” also refers to components and devices that have other functions, 
such as decoding audio or video formats. These functions are not included here, 


OTHER RELATED COMPONENTS 


+ encoder (soe Chapter 14) 
«+ multiplexer (se0 Chapt 15) 


What it Does 


A decoder receives a binary-coded number on 
‘two or more input pins. It decodes that number 
and expresses it by activating one of at least four 
‘output pins. 


‘The behavior of a decoder with a two-bit binary 
input is shown in four sequential snapshots in 
Figure 15-1, where the least significant bit of the 
input is on the right in each diagram, and the 
output moves from right to left. 


Figure 15-2 shows a similar sequence in a decod- 
er where various values of a three-bit input are 
decoded to create an eight-pin output. 


‘One sample state of a four-bit decoder is shown 
in Figure 15-3. 


Alllof these figures assume that a high state rep- 
resents an active input or output. In a few chips, 
a low state is used to represent an active output. 


Decoders with 2, 3, or 4 input pins are common. 
Tohandle a binary input greater than 1111 (dec- 
imal 15), decoders can be chained together, as 
described below. 


‘Manufacturers’ datasheets often describe de- 
coders in terms of their inputs and outputs. Typ- 
ical examples would include: 


+ 2-to-4 decoder (two input pins, four output 
pins) 

+ 3+t0-8 decoder (three input pins, eight out- 
put pins) 

+ 4-t0-10 decoder (for converting binary- 
coded decimal to decimal output) 


+ 4-10-16 decoder (also known 
hex decoder), 


as a 


Input Devices 
The input pins of a decoder can be driven by a 
counter that has a binary-coded output. A de- 
coder can also be driven by a microcontroller, 
which may have an insufficient number of out- 
put pins to control a variety of devices. Two, 
three, or four of the outputs can be used to rep- 
resenta binary number which is passed through 
the decoder to activate the devices oneata time, 
perhaps with transistors or Darlington arrays in- 
troduced to handle the load. This is suggested in 
Figure 15-4. 
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“We consider the discovery of the orgone energy among 
the greatest events in human history." from a letier to the 
American Medical Association, signed by 17 medical doc- 
tors in 1949. 


“THE ORGONE ACCUMULATOR IS THE MOST IM- 
PORTANT SINGLE DISCOVERY IN THE HISTORY OF 
MEDICINE, BAR NONE” — Theodore P. Wolfe, M.D., from 
Emotional Plague Versus Orgone Biophysies, 1848. 


“It is justifiable that: the discovery of argone energy and 
‘its medical epplications by means of the orgone accumula- 
tor, the orgone shooter, bionous earth, and orgone water have 
opened up an abundance of new and, it appears, amazingly 
good prospects.” — Wilhelm Reich, M.D. from The Cancer 
Biopathy (Discovery of the Orgone, Volume 2), 1948. 


“What would you say of the leading philosophers here to 
whom Ihave offered a thousand times of my own accord to 
show my studies, but who with the lazy obstinacy ofa serpent 
who has eaten his full have never consented to look at the 
planets, the moon, or telescope? ‘To such people philosophy i 
a kind of book... where the truth is to be sought net in the Uni- 
verse or in nature, but (I use their own words) by comparing 
texts.” - Galileo Galilei, Italian astronomer of the 1600s 
who proved that the Earth moved in the heavens, shortly be- 
fore being prosecuted and tortured by the Catholic Church, 


.the orgone energy does not exist."~ Judge John D. 

Clifford, from u 1954 U.S. court ruling in which all of Dr. 

Reich's books and research journals were banned, and or- 
dered burned in incinerators; Reich was sent to a Federal 
Penitentiary, where he die 
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1. Foreword 


At last, thirty tivo years after the 1957 deeth of Wilhelm 
Reich, human beings can begin to study orgonomy like any 
other body of knowledge, helped by the Orgone Accumulator 
Handbook. This concise and informative book contains in a 
nutshell a condensed, clear account of the discovery, made 
usable by all who are interested in the cosmic life onorgy. 
Herein is printed: the scientific definition of the orgone en- 
ergy; the history of how the steps of observation, experimen- 
tation, and thearatical insight led Reich to practical applica- 
tions; the prineiplas for construction and experimental uses 
of the orgone energy aecumulator, with detailed suggestions 
for needed material, layering, and dimensions; and final- 
Iya very useful reference list. Professor J. DeMeo shows hia 
thorough knowledge of the subject, which as yet is banned 
and omitted from the 20th Century academic curriculum, ex: 
cept for a few pioneering lecture courses (in New York and 
‘West Berlin). 

‘Witholm Reich said that even though the life energy had 
been known for thousands of years, he managed to make it 
concretely usable, and that the era of its applications has just 
started. However, this Handbook is the first printed materi- 
al in recent years on specifically hw to concentrate the en- 
ergy from the Earth's atmosphere. It is usable for a laborato- 
ry course on the subject of cosmic life energy. This material 
could be comprehended by intelligent high school or college 
students. It answers my almost fifty year old hope, for the in- 
clusion of life energy facts in the body of knowledge that all 
educated people on Earth should learn in their schooling. 
‘Thank you dames DeMeo. 


Eva Reich, M.D. 
Wert Berlin, March 1989 


James DeMeo 


2. Author’s Preface 


When I was 12 years old, 2 favorite uncle of mine died a 
suffering death from lung cancer, The doctors had removed 
ono of his lungs, ond for a few months he lingered, being in- 
‘capable of talking or moving very much, and in a great deal 
of pain. My aunts would not allow the children to see him in 
such sorry shape, except for one time, when he was dressed 
up for the entire family, which had gathered to quietly say 
good-bye. I was very sad when he died. When I was 15, my 
mother was diagnosed as having broast cancer. I was by hor 
bed in the hospital when she recovered from surgery, and 
when she was told that her breast had been amputated in a 
radical mastectomy. | will never forget the look on her face. 
She survived the surgery, but the emotional resignation 
which she carried, and which preceded har cancer by several 
decades, was never diagnosed or discussed. Frionds of our 
family had urged us to look into ome alternative treatments 
for cancer, but everybody believed that the doctors in the hos- 
pital knew best. Listed as a “survivor” in the cancer statis 
tics, my mother progressively declined after the surgery, 
and died about eight years Inter, having refused to undergo 
additional surgery. 

My oxperience with relatives dying of cancer is not una- 
degenerative disease is now at epidomie levels, The 
statistics today demonstrate that the “war on eancor” has 
been lost, and that in spite of all the radical surgeries, drugs 
and radiation treatments, patients today survive no longer 
or more frequently than they did in the 1950s. Indeed, dege- 

ve Gisorders have today spread into youthful age 
groups and populations where they once wore rare. Scientific 
evidence dovs not exist to support the assertion that surgery, 
radiation, and chemotherapy are effective forms of treat- 
ment for cancer, and traditional medicine today givas hard- 
ly more than lip service to preventative considerations. 
‘These troubling facts become all the more disturbing when 
one begins to study the various alternative, non-invasive 
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and non-toxic cancer therapies. Dismissed for decades as 
“quackery” by organized medicine, most. of these therapies 
appear to be reasonably or even remerkably effective. Their 
advocates and practitioners have often taken great risks to 
bring what they believe are safe and effective treatments to 
sick people. The organized medical community, with finan- 
cial links to the pharmaceutical industry, hes not cared to 
seriously look into these techniques. Instead, the techniques 
have been unwarrantedly attacked, and pseudo investiga 
tions have been launched, with predictable outcomes: clinics 
have been shut by brute police force, through court orders; 
modical records and research protoeéls have boon seized, 
and jail sentences have been handed out. Books have also 
been burned. In this context, # great fraud has been perpe- 
trated upon the American people, and upon our courts and le- 
gal system, by the larger organized medical associations, 
end related government bureaucracies. 

In this short Handbook, 1 cannot give a history of these 
antiseiontifie and unsthieal abuses, but a fow articles and 
hooks on the question are listed in the reference section 
Clearly, a major reason for the impotence of modern medi 
cine in dealing with degenerative diseases lies in the fact 
that the organized medical community has used police-state 
tactics to suppress important new findings, end the unortho- 
dox practitioner, irrespective of any scientific evidence that 
exists. In fact, the most well documented and effective unor- 
thodox therapies have been the most hotly attacked. Many, 
many promising therapies have been suppressed over the 
years, through an emotional collusion, and some outright 
Conspiracy for economic motives, between medical inter- 
ests, drug companies, plague journalists, prejudiced aca- 
domies, and puritanical government buresuerats and judg- 
es. In this process, the truth has been trampled badly, and the 
‘methods of seience, disearded. 

‘The most cloar and telling example of how those social 
forees combine to kill a new discovery, and its discoverer, 
the case of Dr. Wilhelm Reich and his orgone energy accu- 
mulator, Reich had been one of Freud's younger co-workers, 
and was a prime mover in the early psychoanalytic move- 
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ment in Vienna and Berlin. However, his ideas were more 
revolutionary than those of the older psychoanalysts. He 
forcefully argued that human misery and montal illnoss 
were partly the result of social conditions, which could be 
changed to prevent neurosis. He urged reform in laws re- 
garding the abusive treatment of children, and in the eco- 
nomic plight of women, He formed a viable social and polit- 
ical movement in pre-Hitler Germany, which urged re- 
forms in laws restricting divorce and access to contracep- 
en, whieh wore both then illegsl. He championed the rights 
of young unmarried people to a healthy sexual life, and a 
Toasening of the father’s power and dominance over the fam- 
ily. He wrote extensively about these matters in the 1920s 
and 1930s, and exposed the roots of the Nazi movement. in the 
ohedience-demanding, patriarchal, sex-negative German 
family structure, For his writings on genitality, and his 
anti-fascist activities, Reich was eventually expelled from 
Freud’s inner circle, and also from the International Psy- 
choanalytic Association. German psychoanalysis was at 
that time leaning towards appeasement of the Nazis, and 
some analysts, such as Carl Jung, even became spokesper- 
sons or apologists for National Socialism. Reich was even- 
tually placed on both Hitler’s and Stalin’s death lists in the 
1930s, and had to flee to Seandinavia, and later from there to 
the United Siates. His writings were condemned to flames 
in both Germany and Russia. 

By the time Reich arrived in the United States, in 1939, he 
had made 2 number of major scientific discoveries, and 
quickly attracted a group of young, enthusiastic scientists 
and doctors to assist with his work, The American poriod of 
his research, which lasted until his deeth in 1957, was parti 
ularly productive, in spite of the later court actions against 
him, It was during this period that Reich experimentally 
clarified, and made practical use of the biological and at- 
mnospheric life energy, which he called the oxgene energy, 
‘he orgone energy, Reich obsorved, was a real, physical on- 
ergy, which radiated from microbes, animals, humans, and 
from inorganic materials as well. It charged living erea- 
tures, yet also existed in the atmosphere in a free form. It 
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A shift register can be used for a similar pur- 
pose, but often has only one pin for input. This 
pin must be supplied sequentially with a serial 
pattern of bits that will match the desired 
high/low states of the output pins. The relative 
advantage of this system is that a shift register 
can generate any pattem of output states, A one- 
of- many decoder can activate only one output at 
atime. 


LED Driver 

A special case is a seven-segment decoder de- 
signed to drive a seven-segment LED display 
numeral, A binary-coded decimal number on 
four input pins is converted to a pattern of out- 
puts appropriatefor lighting the segments of the 
display that will form a number from decimal 0 
through 9. 


Schematic Symbol 

Like other logic-based components, the decoder 
does not have a specific schematic symbol and 
is represented by a plain rectangle as in 
Figure 15-5, with inputs on the left and outputs 
on the right. The bars printed above the Eand LE 
abbreviations (which stand for Enable and Latch 
Enable, respectively) indicate that they are 
active-low. Inthis chip, the 74HC4514, all outputs 
are active-high, but in a related 4-to-16 decoder, 
the 74HC4515, all outputs are active-low. In both 
of these chips, the Enable pin is held low to acti- 
vate the outputs. The Latch Enable pin freezes 
the current state of the outputs (ie, it latches 
them) when itis held low. 


Generally speaking, pins labeled AO, A1, A2. 
a datasheet oreoftenthe binaryinputs(although 
A,B,C... may be used), with AO designating the 
Jeast significant bit. Outputs are usually labeled 
Y, and are activated in sequence from YO when 
the binary input starts counting upward. 


Similar Devices 

The similarities and differences between encod- 
er, decoder, multiplexer, and demultiplexer can 
cause confusion. 


-grated circuit > digital > decoder 


+ Ina decoder, a binary number is applied as 
apattem oflogic states on two or moreinput 
pins. This value determines which oneoffour 
‘or more output pins will have an active logic 
state, while the rest remain in an inactive 
logic state, 


+ Amultiplexer can connect a choice of mul- 
tiple inputs toa single output, for data trans- 
fer. The logic state of an enable pin, or a bi- 
nary number applied as a pattern of logic 
states to multiple control pins, chooses 
Which input should be connected with the 
output pin. The alternative term data selec- 
tor evokes the function of this device more 
clearly. 

+ An analog multiplexer may allow its inputs 
and outputs to be reversed, in which case it 
becomes a demultiplexer. it can connect a 
single input to one of multiple outputs, for 
data transfer. Thelogic state of an enable pin, 
ora binary number applied as a pattern of 
logic states to multiple control pins, chooses 
Which output should be used. The alterna- 
tiveterm datadistributorevokesthefunction 
of this device more clearly. 


Binary 00/ Decimal O input Binary 01 / Decimal 1 input 


fat 1 


Decoder Decoder 


PITT FETT 


Binary 10/ Decimal 2 input Binary 14,/ Decimal 3 input 


fa {ity 


Deooder Decador 
‘PEFP PEEP 
Output Output 


Figure 15-1. A decader with two input pins can interpret 
their binary-number representation to create an active 
lege state an ane of four output pins 
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could be accumulated in special enclosures, where it could be 
observed, felt, and measured. 

Reich's orgone energy experiments attracted the hostile 
criticisms of many in the medical community, and a smear 
campaign in the press triggered an investigation by the U.S, 
Food and Drug Administration (FDA), In its efforts to stop 
Reich's work, the FDA did not seek to responsibly or aceur- 
ately reproduce his experimental findings. Instead, FDA 
‘bureaucrats relied upon gossip and rumor, ignored avail 
ble published evidence, and secured the testimony of “export” 
witnesses who had no real familiarity with or interest in the 
scientific facts involved. Many breaches of the scientific 
method, and of legal, moral, and scientific ethics occurred, 
as government officials, and a number of psychiatrists, an- 
alysts, and physicists, sought to put an end to his work 

‘We also know a lot more today about the inner workings 
of the FDA regarding the Reich case, given that several 
scholarly reviews of FDA files, using the Kreedom of Infor- 
mation Act, have taken place. These are cited in the refer. 
ence section, Reich originally offered to cooperate with the 
FDA investigators regarding the orgone energy. But they re- 
fused his offer, as they were hot to “get Reich” on whatever 
charges they could, and had been urged in this direction by 
various highly-placed individuals within the medical com- 
munities. The Bulletin of the Menninger Clinic, and the 
Journal of the American Medical Association, for example, 
participated in the spreading of false gossip and rumors re- 
garding Reich’s work. Reich was aware of these unethical 
actions, and a number of his co-workers had been profes- 
sionally hurt by the lies, and by the actions of the FDA. At no 
time did any governmental or private scientific or medical 
organization attempt to seriously review or replicate his ex- 
periments. 

These kinds of attacks made Reich understandably fu- 
igus, such that when the FDA finelly sought a Complaint for 
Injunction against his uctivities, he refused to appear in 
court, to act, as he put it, “as a ‘defendant’ in matters of basic 
natural scientific research”. Instead, he wrote a compelling 
Response (Motion to Dismiss") to the judge. Reich's refusal 
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to grant authority to the courts regarding the validity of his 

orgone research prompted a legal over-reaction, the likes of 
which we usually associate with despotic societies. In a jndi- 

cial ruling that is, to the best of my knowledge, unique in 
Amorican history, the FDA sought and obtained a Fedoral 
| Court Decree of Injunction, which ruled that the orgone ener- 
| fy “does not exist”. The court ordered a ban on the interstate 

shipment of books bearing the word “orgone”. This included 
books inte which the forbidden word appeared only in the 
preface, or introductory remarks. Additionally, all books 
and research journals discussing the orgone energy in de- 
tail were ordered destroyed, and devices using the energy, 
dismantled or destroyed. (Case #1056, March 19, 1954, US 
District Court, Portland, Maine, Judge John D, Clifford, Jr.) 


“BANNED, until expunged of all references to the orgone 
energy: 
The Discouery of the Orgone 
Vol. I, The Funetion of the Orgasm 
Vol. 11, The Cancer Biopathy 
| The Sexual Revolution 
| Ether, God and Devil 
Cosmic Superimposition 
Listen, Little Man 
The Mass Psychology of Fascism 
Character Analysis 
‘The Murder of Christ 
People in Trouble 


| BANNED and ORDERED DESTROYED: 
The Orgone Energy Accumulator, lis Scientific and 
Medical Use 
The Oranur Experiment 
| The Orgone Energy Bulletin 
The Orgone Energy Emergency Bulletin 
International Journal of Sex-Koonomy and Orgone 
Research 
Internationale Zeitschrift fur Orgonomie 
‘Annals of the Orgonie Institute” 
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And so, in the late 1950s and early 1980s, Reich's books 
and research journals, even those which were “only” 
banned, were periodically seized hy FDA agents and Feder- 
al Marshals, and burnt in incinerators in Maine and New 
York. No scientific or professional organizations, journal- 
ists or writer's unions publicly abjected to the book burnings, 
or acted to help Reich, whose laboratory headquarters'was 
invaded by FDA agents, who destroyed instruments with 
axes, In addition to the above actions, the court ordered Reich 
to cease “disseminating information” on the orgone energy, 
effectively censoring his writing and speaking on the sub- 
ject: Several years Inter, Reich was charged with Contempt 
of Court when his assistant committed a technical violation 
of the Injunction, at a time when Reich was more then a 
thousand miles away, engaged in field work in the deserts 
of Arizona, Though he appealed all the way to the Supreme 
Court, Reich lost the case, and was incarcerated in Lewis- 
burg Federal Penitentiary, where he died in 1957. His death 
in prison oceurred two weeks prior to his parole date, at a 
time when he was happily anticipating his freedom, and a 
life in Switzerland with his new wife. 

Whatever we may think of Reich’s response to the court 
challenge, the principles upen which he stood were very im 
portant, and date back at least to Galileo's trial by fire with 
‘the Catholic Church. The lesson from Galileo's time was that 
no Court, Tribunal, or religious or scientific organization 
on Earth has the capacity to say, on the basis of textual com- 
parisons or divine revelation, just what is or is not Natural 
Law. The results of an experiment cannot be judged by those 
who have never reproduced it, and the unresearched opin- 
ions of scientists are no botter than tho unresearehed opin- 
jons of anyone else, be they members of the American Medi- 
cal Association, the National Academy of Sciences, or the 
same Country Club attended by the President. Galileo urged 
his critics to “lock into the telescope”, to verify his observa- 
tions in 2 most direct. and simple way. But they refused to do 
30 on moral prineiple, and derisively mocked him. Reich's 
ctitics have taken the same approach, in their adamant refu- 
sal to reproduce his experiments, and in most eases, to oven 
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review the published evidence. Today, over 30 years since 
Reich's death, his most voeal eritics still take the same anti. 
seiontifie approach, and condemn what they haye not por- 
sonally read or investigated, 

Based upon these historical facts, itis clear that the FDA, 
and indeed, all courts, academic bodies, and governmental 
agencies of all kinds, have forever relingulshed any right to 
say anything about what the average citizen may or may not 
do with respect to tha orgone energy accumulator. The dis. 
covery of the orgone is in much safer hands emong the aver- 
age citizen, than in the hands of the various politicians, 
academies of science, and medical organizations. This 
Handbook is therefore not primarily directed towards an ac- 
ademic or medical audience. Instead, the case of Dr. Wil- 
helm Reich and the orgone energy accumulator is taken ci- 
rectly to the general public. Like the sunlight, the air end 
water, the orgone energy is a part of nature, existing every- 
where, and ought to be available to everyone, free of rostri 
tive regulation and control. As an invention, the orgone ac- 
‘cumilator is also now in the public domain, unpatencable, 
and cannot be dominated by any single individual or cor- 
poration. It is also still perfectly legal for citizens to build, 
own, and use orgone accumulators. 

Ofcourse, with this right comes a great deal of reaponsi- 
bility, as the proper use and maintenance of an accumulator 
maakes both social and environmental demands upon its 
owner, The cosmic orgone energy ocean is, like our air, 
food, and water, fast becoming contaminated and poisoned, 
and swift action by concerned people is required if life on the 
planet is to continue. This Handbook will give a basic over- 
view of the orgone energy, the accumulator, end the eon- 
struction and safe use of orgone accumulating devices. For 
the more precise seientific details and date, the reader is en- 
couraged to obtain and review the published materials listed 
in the Reference and Information sections, 

‘Three years after Reich’s death, the trustees of his estate 
arranged for republication of his works. Today, most of his 
hooks have been republished, or are available in Ithraries, 
and through other sources. A group of Reich's co-workers 
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also founded the American College of Orgonomy, and by 
1967 had published the first issue of the Journal of Orgono- 
my. Since that time, interest in Reieh’s works has gradually 
ineroased, and many new studies verifying his findings on 
the orgone energy, and the accumulator, have taken place. 
College courses focusing upon Reich's life and works now 
exist, and he has been the subject of many reviews, biogra- 
phies, and films, A younger generation of scientists and 
health practitioners is rediscovering Reich, and new jour- 
nals devoted to orgone resoarch or bioonorgotie functions 
have appeared in the USA, Germany, France, Italy, Eng- 
land, Canada, and Japan. One major new study on the accu- 
mulator from Germany is summarized in the Appendix. 
‘The effort to kill the discovery of the orgone has failed, 
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Part I: 

The Biophysics 
of the Orgone 
Energy 


8, What Is the Orgone Energy? 


Orgone energy is cosmic life energy, the fundamental 
creative force long known to people in touch with nature, and 
speculated about by natural scientists, but novr physically ob- 
jectified and demonstrated. The orgone was discovered by 
Dr, Wilholm Reich, who identified many of its basic proper- 
tics. For instance, the orgone energy charges and radintos 
from all living and non-living substance. It also can read. 
ly penetrate all forms of matter, though with yarying rates of 
speed. All materials affect the orgone energy, by attracting 
and absorbing it, or by repelling or reflecting it. The orgone 
can he seen, felt, measured and photographed. It is a real, 
physical energy, and not just come metaphorical, hypotheti 
eal force. 

‘The orgone also exists in a froc form in the atmosphere, 
and in the vacuum of space, It is excitable, compressible, 
and spontaneously pulsatile, capable of expanding and con- 
tracting. The orgone charge within a given environment, or 
within a given substance, will vary over time, usually in a 
cyclical manner. The orgone is most strongly attracted to 
living things, to water, and to itself, Orgone energy ean 
layefully stream or flow from one location to another in the 
aimosphere, but it generally maintains a west to cast flow, 
moving with, but slightly faster than the rotation of the 
Earth. It is a ubiquitous medium, a cosmic ocean of dynam- 
ie, moving energy, which interconnects the whole physical 
universe; all living erestures, weather systems, and planets 
respond to its pulsations and movements, 

The orgone is related to, but quite different from other 
forms of energy. It can, for instance, impart a magnetic 
charge to ferromagnetic conductors, bul it is not magnetic it 
self, It can likewise impart an electrostatic charge to iasula- 
tors, but neither is it fully electrostatic in nature, Tt reacts 
with great disturbance to the presence of radioactive materi- 
als, or to harsh electremagnetiem, much in the manner of 
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irritated protoplasm, It ean be registered on specially adapt- 
ed Geiger counters. The orgone also is the medium through 
which clectromagnetic disturbances are transmitted, much 
in the manner of the older concept of aether, though it is not 
itself electromagnetic in nature, 

Streamings of orgone energy within the Barth's atmos- 
phere affect changes in air circulation patterns; atmospher- 
ie orgone functions underlie the buildup of storm potentials, 
and influence air temperature, pressure, and humidity, 
Cosmic orgene energy functions also appear ta be at work in 
space, affecting gravitational and solar phenomena. Still, 
the mass-free orgone energy is not any one of these physico- 
mechanical factors, or even the sum of them. The properties 
of the orgone energy derive more from life itself, much in 
the manner of the older coneept of a vital force, or élan vital; 
unlike those older concepts, however, the orgone also has 
been found to exist in a mass-free form, in the atmosphere 
and in space. It is primary, primordial cosmic life energy, 
while all other forms of energy are secondary in nature. 

In the living world, orgone energy functions underlie 
major life processes; pulsation, streaming, and charge of 
the biological orgone determines the movemente, actions, 
and behavior of protoplasm and tissues, as well as the 
strength of “bioslectrical” phenomena, Emotion is the ebb 
and flow, the charge’ and discharge of the orgone within the 
membrane of an organism, just as weather is the ebb and 
flow, the charge and discharge of the orgone in the atmos- 
phere. Both organism and weather respond to the prevailing 
character and state of the life energy. Orgone energy fune- 
tions appear across the whole of creation, in microbes, ani- 
mals, stormclouds, hurricanes, and galaxies. Orgone ener- 
gy not only charges and animates the natural world; we are 
immersed in a sea of it, much as a fish is immersed in wa- 
ter. More, it is the medium which communicates emotion 
and perception, through which we are connected to the cos- 
mos, and made kin to all that is living, 
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4, Wilhelm Reich’s Discovery 
of the Orgone Energy, 
and Invention of the 
Orgone Accumulator 


Reich's initial work on the question of a biological ener- 
gy began in the 1920s, when he was a student of Sigmund 
Freud, the originator of psychoanalysis. Freud’s early theo- 
ries on human behavior discussed in metaphorical terms the 
onergy of the drives, which he termed tho libido. While 
Freud and most other analysts eventually ceased using this 
term, Reich found it lo be a very useful concept, and he con- 
tinued to seek evidence for this force, which governed hu- 
man emotion, behavior, and sexuality. 

Reich’s extensive clinical work led to the observation of 
vegetative streamings or currents of emotional energy in 
the body, which occurred in healthy individuals during 
states of great relaxation, as following a strong release of 
emotion, or after a very gratifying genital orgasm. The 
free, uninhibited expression of emotion, and natural sexual 
excitation and gratification during orgasm were identified 
by Reich as expressions of unimpeded energetic movement 
in the body. When the individual experienced great pain, as 
from childhood traumas, when the emotions wore rigidly 
suppressed and held back (*big boys don’t ery”, ‘nice girls 
don't get angry”), or when chronic sexual stasis and starve- 
tion was experienced, the entire nervous system and muscu- 
lature participated in the process of emotional sapprassion, 
or warding off of feeling. This “holding back” of feeling 
‘was also accompanied by a greater or lesser anxious retreat 
from pleasurable, or even petontially pleasurable situations, 
which would otherwise stir up suppressed and unpleasant 
feelings, Reich observed that when this kind of response to 
feeling and pleasure became chronic, so too did the individ- 


13 


| 


James DeMeo 


ual experience a chronic stiffening and desensitization of 
the body, along with a reduction in respiration and contact- 
fulness 
This chronic neuromuscular armoring, as Reich called 
Was not a natural condition, though it had a certain ra- 
tional curvival value for situations of pain and trauma. 
‘When the armoring became chronic, however, as a way of 
life, it would thwart the individual's natural biological 
functioning, and effect their behavior even in circumstanc- 
es where pain or trauma was not likely. The armoring ef- 
fectively perpetuated the individual's pleasure-avoiding be- 
haviors and cmotion-censoring attitudes. Doop seated fears, 
and presoures to conform to the prevalent armored form of 
social life, usually prevented the individual from moving 
towards emotional health, or taking effective steps to change 
their situation. The bulk of Reich's early writings focused 
upon these social, sexual, and emotional concerns 

Reich also argued that the heterosexual genital orgasm 
played a central regulatory role in the energy esonomy of the 
individual, as a means to pericdically discharge accuma- 
lated bioenergetic tension. The more intense the orgastic 
discharge of accumulated bioenergy, the more gratified, re- 
Taxed and pleasurably expansive one felt afterward. When 
sexual urges and other emotions were chronically frustrat- 
ed, dammed-up, and repressed, however, great internal ten- 
sion eould build up to a bursting point, where neurotic symp- 
toms or sadistic urges would appear, Reich developed thera- 
peutic techniques for releasing dammed-up emotional ener- 
gy within his patients, techniques which led to the release of 
Jong-buried feelings, and to a greuter capecity for pleasure 
in life, partiealarly genital pleasure. As his patients became 
more healthy sexually, and es they reported an increase in 
genital gratification, ke observed that their neurotic symp- 
toms disappeared, as the quantity of dammed-up emotion 
and sexual tension was reduced. Some of Reich’s early con- 
tributions to psychoanalytic theory and technique were at 
first welcomed. But later on, as he increasingly focused 
‘upon the consequences of child abuse and coxual roprossion, 
the more conservative analysts rejected and attacked him, 
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Reich eventually left psychoanalysis altogether, and he ar- 
ticalated his work under the new term, Sex-Economy, 

Reich's early observations regarding human behavior, 
emotions, the orgasm, and vegetative streaming sensations 
strongly suggested a real, tangible nature to the emotional 
energy. He later used sensitive millivoltmeters to confirm 
this point of view, and to quantify bioolectrieal onergy cur 
rents, and their emotional correlates. However, he was ¢on- 
vinced that the very low levels of observed bioelectrical ac- 
tivity could not fully explain the powerful energy forces ob- 
served in human behavior. This was particularly so regard- 
ing chronic immobilizing psychic disturbances in eatatonic 
and other completely withdrawn mental patients. When 
their emotions were finally broken lose, these patients would 
experience a tremendous outpouring of sadness or rage. Af 
terward, they would also experience a dramatic relaxation 
of musculature, a spontaneous deepening of respiration, and 
a return to more contactful Incidity. In these cases, the pa- 
tient’s emotional energy was held down and bound up, until 
finally sot free in the clinical sotting. Theze observations of 
energy bound, and energy released, were reinforced by par- 
allel observations regarding the discharge function of the 
orgasm. Based upon these kinds of observations, the ques- 
tion of exsctly how and from where the organism acquired 
its emotional energy, and its exact nature, became increas 
ingly important. 

It was at this point in his research that Reich was forced 
to flee Germany for Scandinavia, following Hitler's rise to 
power. In Norway, Reich sought to find a way to confirm his 
model of human functioning. Pleasure, he observed, was 
identified by an increasing bioclectrical charge at the skin 
surface, while anxiety was accompanied by a loss of thir 
same peripheral bioolectrical charge. Persona with a deop 
respiration and a relaxed posture would, he observed, regu- 
larly give stronger readings at the millivoltmeter than con- 
tracted, anxious, highly armored persons, who had a life- 
history of trauma, abuse, repressed emotion, and ungrati- 
fied sexuality. As a child grew to adulthood, and beeame ha- 
bitnated or conditioned towards pleasure-secking, or pless- 
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ure-avoiding (pain seeking) behaviors, so too would their 
skin charge, and other physiological measures, reflect a 
corresponding high or low energy charge. This movement 
of the organism, and their energy charge, in a direction 
“toward” or “away” from the world, he argued, wes the result 
of one’s life history. Life naturally moved towards pleasure, 
but retreated, and shrunk from pain. Chronie painful exper- 
fence would eventually armor the organism, and make it 
difficult for them to reach out, towards the painful world. 
From this central set of obsarvations, he postulated that a 
similar process could be duplicated and observed in lower 
organisms, such as the snail, earthworm, or even micro- 
seopie ameba. ‘ 

Reich noted that, the ameba had no “nervous system”, or 
“rain”, as with the higher animal, yet it expanded towards 
or contracted away from its environment in a manner simi- 
lar to the higher animals, He believed that many of the fune- 
tions attributed to the brain were really functions of whole- 
body provesses, involving the participation of the autonomic 
nervous system, but primarily being the result of the ener- 
getic forces he had documented in a clinical and laboratory 
setting. These currents of biological energy, he argued, 
functioned the same in all living creatures, and he sought to 
test the idea by making millivoltmeter measuromonte of 
ameba during statos of expansion and contraction, Reich 
‘went to the University of Oslo Microbiological Institute, and 
asked to obtain a culture of ameba. He was told that these 
kinds of simple organisms were never kept on hand in 
stored cultures, because they could he eultared directly from 
a moss or grass infusion. Reich was fully aware of the air 
germ theory, but was surprised to hear this, as the theory had 
not at that time been used to explain the genesis of more com- 
plex microbes, such as ameba and parameciam. These more 
complex microbes cannot be cultured directly from the air, 
for example. 

Reich made the moss and grass infusions, but also made 
extended and careful microscopical observation of the pro- 
cess whereby the ameba developed. He did not see spores on 
the grass blades, swolling up to become now ameba. Instead, 
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‘he observed that the moss and grass iteolf would disintegrate 
and break down into small blue-green vesicles. The tiny 
vesicles would, over a period of several days, develop and 
clump together, after which a new membrane would form 
around the clump; the clump of vesicles would roll and pul- 
sate inside the membrane for a period, and eventually the 
whole thing would move away on its own, having turned into 
@ new amebo. Moreover, Reich observed that a number of 
materials, both organic and inorganic, would, when al- 
lowed to disintegrate and swell ine sterile nutrient solution, 
form the tiny blue-green vesicles, These observations were 
greeted by the university microbiologists with skepticism, 
and Reich developed a series of stringent control tests to an- 
swer their objections, and to more clearly demonstrate the 
observable process. These control procedures involved 
lengthy autoclaving of nutrient solutions, and heating over 
flame, to incandescence, of the materials placed in the ste- 
rile nutrient medium, His control procedures and observa 
tions on this question were repeated and confirmed by other 
seientists of the day, and were presented to the French Acad- 
omy of Science in 1938, But this did little to satisfy his erit- 
ies, who shamelossly refused to roproduce the exporimonts, 
while simultaneously attacking him in the Norwegian 
newspapers. 

Reich used very high magnifications, around 3500 to 
4500 power, but not the usual microbiological stains or proce- 
dures which kill the life in the specimen. These facts made 
Reich's preparations very different from those of the average 
microbiologist, who to this day still kill and stain their prep- 
arations with a religious fervor, and see little value to cb- 
serving living microbes in the light microscope above 1000 
power. Standard electron microscope images, for example, 
can not be made of living specimens. 

Reich gave a new name to the unusual microscopic vesi- 
cle he had discovered: the bion. Bions of similar size, shape, 
and motility would appear in the light microscope when var- 
ious materials were subject to a process of slow swelling and 
disintegration, or when substances were heated to incandes- 
cence, and then immersed into sterile nutrient solutions, 
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Boiling, autoclaving, or heating samples to glowing incan- 
deseence would not eliminate the bions from the cultures, but 
could actually liberate them in greater numbers, Reich also 
studied the provess of disintegration and decay of foodstuffs 
in the microscope, and noted that similar bionous processes 
were at work, The bions exhibited a éluish coloration, and 
radiant energy effects were likewise observed. It was dur- 
ing these microscopic observations of the bions that, Reich 
first discovered the orgone radiation, and later, the principle 
of the orgone energy accumulator, 

Like his findings on human behevior, Reich’s bion ex- 
periments are far too intricate and important to be fully re- 
viewed here, but it can be noted that they have been widely 
replicated hy various scientists around the world. Classical 
microbiology of today has made confirming discoveries of 
very similar small vesicles, though Reich's priority has yet 
to be acknowledged. His findings on the bions also rasolved 
two parallel riddles, the origins of protozoa from disinte- 
grated dead plant tissue in the natural environment, and the 
origins of protozoan cancer cells from the energetically 
Cemotionslly) deadened tissues of the human body. Reich ob- 
served similar processes at work in both dead grass and 
deadened animal tissue: disintegration into bions, followed 
by a spontaneous reorganization of bions into protozoan 
forms. In both cases, of soil or tissues, Reich argued that the 
process was initiated by a loss of life eneray charge of the tis- 
sues, followed by putrefuction and disintegration. 

One special bion preparation, made from pulverized 
beach sand heated to incandescence and immersed into a 
sterile nutrient broth, yielded a powerful radiant energy 
phenomena. Lab workers developed conjunetivitis if they 
observed the preparations too long, while a skin inflamma- 
tion could be developed by placing the bion solution close to 
the skin for a period. Working for extended hours in the lab- 
oratory, Reich developed a dark tan through his clothing, 
the middle of winter. ‘The radiation imparted a magnetic 
charge to nearby iron or steel implemants, and a static 
charge to nearby ineulators, such as rubber gloves, Film 
stored in nearby metal laboratory cabinets spontaneously 
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fogged. He noted that whatever this bion radiation was, it 
was rapidly attracted to metals, but just as rapidly reflected 
away, or dissipated into the surrounding air, Organic ma- 
terials, however, absorbed this radiation and held onto it. At- 
tempts to identity the new radiation using traditional nucle- 
ar or electromagnetic radiation detectors failed. 

Reich also noted that the air in rooms containing the spe. 
cial bion cultures would feel “heavy” or charged. When ob- 
served at night, in full darkness, the air would visibly scin- 
tillate and glow with a pulsing energy. He attempted to cap- 
ture the energy radiating from his bion cultures inside a 
special eubieal enclosure lined with sheet metal, which he 
felt would reflect and trap the radiations inside. As expected, 
the special metal-lined enclosure trapped and amplified the 
‘ffocts of the bion radiation. Howover, to his amazement, he 
found that the radiation was also present in the experimental 
enclosure even when the bion cultures were removed, In 
fact, there was nothing which could be done to make the ob- 
served radiation “go away”. The special metal-lined enclo- 
sure appeared to pull the same form of radiation from the air 
which previously had been observed coming from the bion 
caltures. 

Reich eventually became convinced that the special en- 
closures were capturing a free atmospheric form of the same 
energy that he also observed coming from living organ- 
isms. He called the newly discovered energy the orgone, 
and he developed ways to amplify the energy accumulating 
affects of the enclosure, mainly through multiple layering of 
the metallic and organic materials. No electricity, magno- 
tism, electromagnetism, or nuclear radiations were em- 
ployed in these accumulating structures, which were entire- 
Ty passive in design, The special enclosures were thereafter 
called orgone energy accumulators. 

The full sweep of Dr. Reich's clinics) findings, his ex- 
periments with bioelectricality, the bions, on biogenesis and 
the origins of the cancer cell, and his discovery of the ongone 
energy and the orgone energy accumulator, eannot be given 
here, but a few points are summarized. The orgone accumu- 
lator was found to have specific life-positive effects upon 
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plants and animals exposed to the concentrated life force in- 
side it. A host of quantifiable effects upon the physical prop- 
erties of the air, or other materials charged up inside the ac- 
cumulators, were also discovered and documented, Reich 
and his co-workers published a host of research articles on 
the orgone energy accumulator, its unusual physical proper- 
ties, and its life-positive biomedical effects. These effects 
have been repeatedly confirmed, and a research tradition in 
orgone biophysics continues to this day. Briefly, we may 
identify some of the known properties of the orgone energy, 
and effects of the orgone energy accumulator. 


Properties of the Orgone Energy: 

A) Ubiquitous, fills all space. 

B) Mass-free; cosmic, primordial in nature. 

©) Penetrates all matter, but at different rates of speed. 

D) Spontaneously pulsates, expands and contracts, and 
flows with a spinning wave characteristic. 

E) Directly observable and measurable. 

F) Negatively entropic. 

G) Strong mutual affinity and attraction to/by water. 

H) Accumulated naturally by living organisms through 
foods, water, breath, and through the skin. 

1) Mutual excitation and attraction of separate orgone 
energy streams, or of separate systems charged with 
orgon 

4) Excitability via secondary energies (nuclear, 
electromagnetism, electrical sparking, friction). 
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Physical effects of a strong orgone charges 

K) Slightly higher air temperature as compared to 
surroundings. 

1) Higher electrostatic potential, with a slower 
electroscopical discharge rate as compared to 
surroundings. 

M) Higher humidity and lower water evaporation rates 
a3 compared to surroundings. 

N) Squelching of ionization effects inside gas-filled 
ionization Geiger-Muller tubes. 

0) Development of ionization effects inside non- 
Jonisable veeum tubes (05 mlron presmure.cr 
lower), 


P) Ability to impede and absorb electromagnetism. 


Riological effeets of a strong orgone charge: 

Q) General vagotonic, oxpansive offost on entire 
system. 

R) Sensations of tingling and warmth at skin surface, 

5) Increased core and skin temperature, flushing. 

'T) Moderation of blood pressure and pulse rate. 

U) Increased peristalsis, deeper respiration. 

V) Increased germination, budding, flowering and 
fruiting of plants, 

W) Increased rates of tissue growth, repair, and wound 
healing, as determined through animal studies and 
human clinical trials. 

X) Increased field strength, charge, integrity of tissues 
and immunity. 

Y) Greater energy level, activity, and liveliness, 
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Simplified Diagram of the 
Orgone Energy Accumulator 
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A three-ply accumulator in the author's laboratory. A 
ten-ply charger, with attached funnel shooter, is at the lower 
left. This charger normally sits inside the larger accumu 
iator, under @ wooden bench inside the accumulator, 
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5, Objective Demonstration of 
the Orgone Energy 


A number of techniques have been developed over the 
yeurs to document, measure, and cbjectify the orgone ener- 
gy. These techniques are briefly listed, but the interestod 
reader is directed to the references for more specific details. 


‘A) Bioclectric Fiolds: Reich identified various bioelee- 
trical phenomenon which he felt demonstrated a more pow 
erful energy current at work in the body. The small milli- 
volt currents of “bioelectricality”, he argued, were only a 
small portion of this stronger energy enrrent in the body, 
which he identified as being both emotional and sexual in 
nature, and which was lator objectively identified as tho or- 
gone energy. 

B) Radiant Effects from Bion Cultures: Special bi 
cultures derived from beach sand emitted a powerful radia~ 
tion which conld be felt and seen in darkrooms, This radia- 
tion did not register on instruments for detecting nuclear or 
electromagnetic energies. Additionally, the radiation could 
fog film, impart a statie charge to insulators, and a magnet- 
ic charge to steel laboratory implements, 

©) Darkroom and Atmospheric Observations, the Orgo- 
noscone: Reich also observed and categorized various ob- 
servable phenomena which conld be seen by the dark- 
adjusted aye in the open air of darkraoms. Scintillating fog- 
like forms, and dancing, himinsscent pin-points of light 
were observed, and numerous techniques were developed 
which demonstrated their real, objective nature. One of these 
techniques involved the development of a new instrument, 
the orgonoscope, which used hollow tubes, lenses, and a fino- 
reseent screen for magnifying the various subjective light 
phenomena. Large room-sized orgone accumulators wero 
also constructed, and observations made in these amplified 
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and clarified many of the effects. A special corpuscular or- 
gone unit was identified, whose lawful behavior changed ac- 
cording to cosmic and meteorological factors, These macro- 
scopic particles were also observed in the daytime sky with 
the unaided eye, as 2 generally common phenomenon, visi- 
ble to most people once they were pointed out. The Earth was 
observed to posaess its own orgone energy envelope, or ener- 
gy field, much as did individuel living creatures. 

D) X-Ray Photographs: Reich observed that the x-ray 
“ghost” phenomenon (spontaneous, unexplained fogging of 
x-ray films) could be explained as an effect of the orgone ra- 
diation, or life energy. He published several photos where 
the ghosts were purposefully ereated by excitation of orgone 
energy within the ficld of the x-ray machine, 

E) Visible Light Photographs: Reich observed that his 
special radiating bion cultures would fog film stored in 
nearby metal cabinets. Culture dishes of radiating bions set, 
directly npon the film would also render an image of the eul- 
taro dish and its contents, More recently, Thelma Moss of 
UGLA has shown that life energy field photos can be made 
without electrical stimulation (as with Kirlian techniques), 
by energy field enhancement; living objects placed directly 
on a film for a few days within a darkened orgone accum- 
lator will, under the proper conditions, render an image. 

¥) The Orgone Energy Field Meter: Reich developed 
this doviee to moasure the strongth of energy fiolds. Using a 
‘Tesla coil and special acoumulator-like metal plates, the de- 
vice could quantify the differences in energy level between 
people or objects. 

G) The Orgone Energy Pulsation Demonstrator: Reich 
demonstrated that the energy field pulsations of a large met- 
al sphere were eapable of setting into motion a smaller me- 
talliv/oxganie pendulum suspended nearby. 

i) ii 
‘An accumalater will spontaneously develop a slighily hich- 
er temperature than either its surroundings or @ control en- 
closure, on those sunny and clear days when the orgone 
charge at the Earth’s surface is strong. The effeet vanishes 
during stormy, rainy weather, when the orgone charge at the 
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How It Warks 


Figure 15-6. The 24-pin 74HCASI4 decoder chip process: 
25 24-bit input and represents it by making one of its 16 
utput pins active-high, 


How It Works 


A decoder contains logic gates, each of which is 
wired to respond to a unique binary pattern of, 
inputs. (In the case of a seven-segment decoder, 
the internal logic is more complicated.) 
Figure 15-7 shows the logic of a 2-to-4 decoder. 
The darker blue area contains the components 
inside the chip. The external switches are includ- 
ed only to clarify the function of the decoder. An 
open switch is imagined to provide a low logic 
input, while each closed switch provides a high 
logic input. 


Unlike ripple counters, where propagation de- 
lays can reduce the overall response time of the 
component, decoders function within two or 
three nanoseconds. 


Variants 


Decodervariantshavenot proliferated withtime, 
and relatively few are available, Most are 3-to-8, 
4-t0-16, and binary-coded-decimal types. 


The 7447 and 741547 are seven-segment decod- 
ers that have an open-collector output capable 
of driving a 7-segment display directly. The 7448 
is similar but also contains built-in resistors and 
a capability to blank out leading zeros in a dis- 
play. However, some suppliers now list the 
74LS48 as obsolete. It may be still available from 


Integrated circuit > digital > decoder 


old stock, but should not be specified in new cir- 
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cuits. 


Outputs 


Figure 1527 A simplified simulation of the fagic in a de- 
coder. An actual chip would have an Enable ine to activate 
the output. The dark blue rectangle indicates the space 
Inside the chip, 


Although 74L847 is still being manufactured, 
and is available in surface-mount as well as 
through-hole format, a version is not available in 
the widely used HC family of 74x chips. Care 
must be taken to satisfy the input voltage re- 
quirements of the 74LS47 when driving it with 
74HCxx chips. 


Values 


As is the case with other logic chips, most de- 
coders in the through-hole 74xx series are i 
tended for SVDC power supply while the older 
4000 series may tolerate up to 18VDC. Surface- 
mountversions may use voltages aslowas 2VDC. 


See the section on logic gates in Chapter 10 for 
a discussion of acceptable high and low input 
states. On the output side, the 4000 series chips 


as 


Encyclopedia of Electronic Components Volume 2 


James DeMeo 


Earth’s surface is weak (but strong in the Atmosphere). The 
results of this temperature experiment, which hus been repli- 
cated many times, demonstrates that the orgone energy 
funetions in opposition to the second law of thermodynam- 
ies, 

T) The Accumulator Electrostatic Effects: An elecir 
scope kepl inside an orgone accumulator will dissipate its 
charge more slowly than an identical one kept in the open 
sir, or inside of a control enelosare, A partly charged, or un- 
charged static clectroseope which is kept inside an accumu- 
lator will sometimes epontancously charge itself up. As with 
the tomporature differential effect, the clectrostatic effects 
vanished during rainy or overcast weather, when the orgone 
charge at the Earth's surface is weak. 

3) The Accumulator lonization Supnression/ 
Amplification Effect: Geiger-Muiler tubes and counters 
charged up inside a very strong accumulator for several 
‘weeks or months tend to go “dead” for a period, but may 
eventually yield an erratic count rate for background. Spe- 
cial yacuum tubes, which Reich had constructed and called 
vacor tubes (which mimic the design of the Geiger-Muller 
tube but are evacuated well below the level at which ioniza- 
tion could occur), will initially not yield any counts when 
hooked to a radiation detector. After charging up inside a 
very strong accumulator for weeks or months, however, 
these same yacor tubes will begin to yield very high counts 
per minute for background, even at very low exciting voltag.- 
@s. The results of this experiment ran counter to the classical 
interprotation of the ionization effeet inside the Geiger- 
Muller tabe, and hence, to the classical particulate interpre- 
tation of radioactive decay. 

K) The Accumulator Humidity/Water Evaporation Ef- 
fect (RVo-EV). More recent studies have suggested that an 
accumulator tends to attract a slightly highor humidity into 
itself, and suppress the ovaporation of water from an open 
vessel inside. As with other accumulator phenomene, this 
effect also diminishes or vanishes during rainy weather. 

L) Atmospheric Energetic Pulsation. and the Reversed 
Orgonotic Potential: Based upon observations of the ther- 
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‘mal, electroscopical, and ionization characteristics of the 
orgone accumulator, Reich identified a patterned and law- 
fal energetic cycle at work within the atmosphere and ener- 
gy field of the Earth. These observations likewise led to the 
identifiestion of a reversed potential at work in the orgone 
energy, running counter to thermodynamic principles, 
whieh explained why natural orgonotic systems 
(organisms, weather systems, planets) maintained a higher 
concentration of energy than their surrounding environ- 
iments. The stronger of two orgonotic systems will drain e: 
ergy from the weaker system, and increase its own potential 
or charge, until the weaker system is drained, or some max- 
imum capacity level is achieved. Discharge may occur 
thereafter. Under sunny, clear weather, the orgone charge at 
the Barth's surface is quite strong, and in a state of expan. 
sion, preventing any significant growth of clouds. Where 
overcast or stormy conditions prevail, the orgone charge at 
the Barth's surface is weak, while the charge in the atmos- 
phere is strong and in a state of general contraction. ‘This 
Joss of charge at the Earth’s surface during rainy weather 
slows down the activity of living creatures, and the accumiu- 
Jator will not function well at those times 

M) ‘The Millivoltmeter: Virtually all objects and or- 
genisms within a given environment, to include the air, 
water, and the Earth itself, have a charge that will increase 
and decrease in a cyclical or pulsatory manner, timed to 
eosmnic and meteorological factors. In living creatures, high 
potentials produce more active physical and emotional peri- 
ods, while low potentials signal less active periods. In Na- 
ture, high atmospheric potentials signal cloudy periods with 
stronger storms, while high Earth potentials signel cloud- 
free conditions. Tho tiny currents are excellent prodietors of 
powerful biological or environmental processes, but are 
themselves too slight and weak to be the causative agent, 
Reich, and other researchers who have examined these 
‘small voltage potentials (such as H.S. Burr), viewed them as 
indicative of a more powerful, ubiquitous natural phenome- 
na which energetically linked together the Sun, Moon, 
Earth, weather systoms, and all living creatures. 
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N) Plant Growth Enhancement Studies: Seeds and 
plants correctly charged up inside an accumulator demon- 
strate higher growth rates and yields of fruit. This is one 
of the more telling, and widely replicated experiments 
with the orgono accumulator. In my own trials, I have soon 
a six-fold increase in the length of mung bean sprouts in- 
side a strong accumulator, as compared to a control group 
of sprouts. Germination rates, erowth rates, budding, flow- 
ering and fruiting can he increased hy charging seeds or 
growing plants directly inside the accumulator. The saads 
can be sprouted directly inside the accumulator, or charged 
up for a fow hours, days, or weeks prior to planting. 
Growth enhancement effects may also occur when the wa- 
ter alone is charged, and then externally given to the 
plants: 

©) Non-Human Animal Studies: Controlled studies 
on the effects of orgone radiation from an accumulator on 
cancer mice and wounded mice have been performed. 
‘These studies generally confirm Reich's earlier argu- 
ments that tissues with a stronger energetic charge wil 
heal more quickly, and develop tumors more slowly, or not 
at all, as compared to energetically weakened tissues. 
These findings invalidate many aspects of the DNA theory 
of cellular differentiation, which appears to be mora direct 
ly under the structuring influence of the organism's own 
life energy field. 

P) Human Studies: Aside from those clinical trials 
performed by Reich and his co-workers in the 1940s and 
1950s, very little work has been done in the USA regarding 
the bioeffeets of the accumulator on humans. All research 
into these questions was halted by medical police actions 
in the 1960s. Recent studies from Germany, however, have 
confirmed such biooffects, In gonoral, a person sitting in- 
side an aceumnlator will fecl a variety of warm, glowing, 
or sometimes tingling sensations at the skin surface; their 
body core temperature will rise and skin flush, while blood 
pressure and pulse rate will trend towards moderate lev- 
els, being neither too high or low. When properly used, it 
has a distinet vagotonie, enlivening effect. The chapter on 
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“Physiological and Biomedical Bffects”, as well as the Ap- 
pendix article, will provide details on these questions, 
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6. Discovery of an Unusual 
Energy by Other Scientists 


Studies by various natural scientists have, over the 
years, demonstrated energetic principles at work in the nat- 
ural world which are similar to the orgone energy, Barly 
Chinese medicine acknowledged the existence of such a 
force, called Chi, and the traditional method of acupuncture 
is based upon the existence of such an energy principle with- 
in the human body, Acupuncture points do not correspond di- 
rectly with norve endings, and the most able acupuncturists 
do not rely upon the Western models of physiology to explain 
its effects. Given the absence of a vital energy principle, 
Western medicine cannot explain acapuneture, and has re- 
sisted its adoption in the United States. Acupuncture further- 
more works on animals, invalidating invocation of the pla- 
echo effect; anciont texts from India have also referred to the 
life energy, celled Prana, and provide maps of Nila points 
(similar to acupunettre points) on elephants. The texts from 
ancient China and India speak about. an energy that is taken 
in through the breath, and flows through the body along the 
various meridians. Health is constituted hy a free, unim- 
peded flow of this energy, while sickness occurs when the 
flow of vital energy is blocked. ‘This is very similar to 
Roich’s ideas on tho orgone energy, though the Asian sources 
say little about the free expression of emotion; they also often 
advocated a conscious control of emotions and sexual feel- 
ing (orgasm avoidance). In contrast, Reich demonstrated 
that such chronic restraint or self-control was the reason 
why the life energy became blocked or dammed up in the 
first place. 

In the Western tradition, the vitalists of the eighteenth 
and nineteenth centuries also discussed the existence of a hi- 
ological energy or life force, which was called animal mag- 
netisma, the odic force, psychic force, élan vital, and so on. 
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Indeed, Mosmor spoke of animal magnetism as an atmos- 
pheric fluid which surrounded, charged, and animated liv- 
ing creatures, and could be projected across a distance by a 
therapist. Mesmer was a teacher of Charcoi, who was, in 
turn, the teacher of Frend, who was one of Reich's early men- 
tors. Reich also studied with other vitalists, such es Kam- 
morer and Bergeon, and tho vitaliet tradition has porsictod 
as a quietly spoken minority viewpoint in biology. Besides 
Reich, the more recent advocates of a vital or dynamic ener- 
gy principle in nature included the late Harold 8. Burr of 
‘Yale University. Burr argued for the existence of a powerful 
electrodynamie field at work in nature, affecting both 
weather and living ereatures. Tho biologist Rupert Shel- 
drake has similarly developed a theory on morphogenetic 
fields which also takes from this tradition, Like Burr's 
work, Sheldrake's theory provides a dynamic, energetic ex- 
planation for inheritance, making the biochemical DNA 
‘theory unnecessary. Most racently, editors for the academic 
publication New Scientist called Sheldrake’s book the “best 
candidate for burning” they had soon in a while, 

The surgeon Robert 0. Becker developed these prior 
principles to a most amazing state of advancement. His ear- 
Jy research led to the development of @ class of devices for the 
electrical stimulation of bone healing and pain relief. His 
later work took these principles, and developed them to the 
point that he could artificially stimulate the regenerative 
growth of amputated limbs of laboratory mice, in a manner 
similar to the way in which a salamander or spider will re- 
grow a lost limb. This kind of regrowth is by nature limited 
only to less complex creatures, and does not generally exist 
among mammals, such as mice, rabbits, and humans. Re- 
growth of an amputated limb had never been previously 
demonstrated in a mouse, or any mammal for that matter. 
Becker's work was a severe blow for both the biochemical 
DNA theory of cellular regulation, and the theory that the bi- 
oclectrical field of a creature was just a meaningless “by- 
product” of chemical metabolism, like the electrie field sur- 
rounding a running automobile engine. His work proved 
that the energy field of the animal was a primary determi- 
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nant of growth and repair, as was the case with Reich's 
work, Becker was preparing to replicate the limb regrowth 
experiments on humans, when the biomedical community 
reacted with severe outrage against him, pulling dirty tricks 
of all sorts to have his reseerch funding cancelled, and his 
laboratory shut down. 

Another yitalist of our era is Bjorn Nordenstrom, direc- 
tor of the Karolinska Radiological Institute in Sweden. Nor- 
denstrom, like Reich, made a study of the x-ray “ghost” phe- 
nomena, which is an unasual spontancous fogging of x-ray 
films. It appears as a wispy, smoke-like or blob-like form on 
the xray images of patients, and sometimes can be seen on 
the monitors of airport baggage x-ray equipment. It eannot 
be predicted, and most radiologists consider it to be a nui- 
sance. However, Nordenstrom studied it, and observed dis- 
tinet patterns correlated to his patient's bioelectrical fields, 
Like Reich, he also discovered and measured currents of bi- 
oclectricality in the body. His meticulous research was sum- 
marized in a book titled Biologically Closed Electric Cir- 
cuits: Clinical, Experimental, and Theoretical Evidence for 
an Additional Circulatory System. After being heavily ad- 
vertised in medical journals in the USA, it sold less than 200 
copies, evidencing a contempt among mainstream medical 
doctors for any new findings that would support the principle 
of a life energy, even one of a purely bioelectrical nature. 
Unable to find support for his work in the West, Norden- 
strom recently went to China to pursue his clinical research, 

Other biological scientists have inferred the existence of 
such a vital energy principle, on the basis of their experi- 
mental work. When they provide good confirming evi- 
dence, they are hotly attacked, The French scientist Louis 
Korvran, for example, spont years developing very elegant 
‘and simple experiments demonstrating that the basic ele- 
ments of chemistry were being transmuted by living crea- 
tures. Chickens fed a diet free of calcium, for example, 
would not lay mushy or fragile eggs, unless dietary silica 
was restricted, With a restricted silica intake, however, they 
laid mushy and fragile eggs, and it did not matter how much 
calcium they ate. Likewise, laboratory mice would heal 
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broken bones very quickly when fed 2 diet high in organic 
siliea, but not so fast when silica was minimized and oaly 
calcium was provided, Those oxperiments strongly suggest- 
ed that dictary silica was being transmuted into ealcium in 
the bodies of animals, Kervran also experimentally demon- 
strated other likely transmutations, and other scientists in 
Europe and Japan confirmed his findings. He eventually 
enme to the conclusion that there had to be some unknown 
form of powerful biological energy at work to drive the 
transmutations. But when he wrote to a prominent Ameri- 
can scientist for assistance in obtaining equipment for an 
important experiment, he was impolitely told to go “read an 
introductory textbook on biology”. In the United States, Kery- 
ran is better known among homeopathic doctars and organic 
farmers than by university professors. However, if Kervean 
is right-and the oxperimental evidoneo suggests that: ho is— 
then the textbooks of biochemistry will need to be rewritten, 
As Kervran pointed out, biology and biochemistry are two 
entirely different disciplines and should not be confused. 
Biology is concerned with obsarvable fact, while hiochernis- 
try attempts to explain observed facts by chemical theory 
which assumes elemental constancy. And it ia with this ba- 
‘sie assumption that part of the error lies. 

Another French scientist, Jacques Benveniste, actually 
demonstrated such an energy principle at work in homeo- 
pathic dilutions. His experimental work was successfully 
replicated by independent laboratories in other countries, to 
satisfy his obstinate erities. But that was nat good enough 
For making this offending discovery, which lent some sup. 

mt to homeopathic physicians (who are often prosecuted and 
Jailed in the United States), the science journal Nature dis- 
Patched a *hit squad” of fraud investigaiors, debunking ma- 
gicians, and skeptical editors to his laboratory, under the 
guise of “evaluating” his laboratory procedures, The Nature 
Science cops made a mess of Benveniste’s lob, distracting 
laboratory workers, performing slight-of hand tricks, and 
shouting, before finally being told to leave, Nature subse- 
quently tried to smear Benvenisie in their editorials, but did 
not factually refute his work through replication of experi- 
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ments, Such is the warp and weave of traditional academic 
science in the 1980s. 

In the atmospheric sciences, the tradition of dynamic 
energy forces which affect entire regions was preserved for a 
period by older weather forecasters, who used streamline, 
rather thaa frontal theory to predict weather, Streamline 
analysis more cuberently focused upon streaming move- 
ments of air, or jet streams as they are called today. For 
example, when you look at the dynamic images of clouds, as 
avon from satellite in space, you do not sve “fronts”, But you 
do see streaming movernents of clouds. Reich independently 
discovered the basic configurations of these streams, years 
before the first weather satellites were launched. Likewise, 
the older atmospheric scientists often argned for a great 
intereonnectivity in the atmoephore. Charles G. Abbot, head 
of the Smithsonian Astrophysical Observatory in the 1950s, 
used related energetic concepts to predict the weather months 
into the future. But he was ignored and ridiculed for his 
findings, in spite of their uncanny accuracy. Irving Lang- 
muir, one of the originators of cloudseeding techniques, once 
objectively demonstrated that cloudseeding in New Mexico 
would trigger rain storms all the way into Ohio, and he 
warned his fellow workers about this danger. The cloudseeders 
of today, funded by millions in Federal dollars, act as if 
Langmuir’s work never tock place, and refuse to replicated 
his simple experiment. They deny the existence of long 
distance effects from cloudseeding, knowing that if such 
effects became public knowledge, they would be forced to 
stop. 

Among the physical scientists, the idew of an energy in 
space was embodied in the concept of an aether, which dates 
back hundreds of yours. The theologian/physicist Isaac New- 
ton forcefully argued that this acther had to be static, inorder 
to prevent it from directly participating in the movement and 
ordering of the heavens, Tht role, Newton argued, belonged 
only to the anthropomorphic God (wha at that time was 
demanding that unbelievers be ruthlessly tortured and burned 
at the stake). And, over the years, a dead, unmoving acther 
has never been detected. However, an aether with more 
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dynamic properties was objectively demonstrated by the 
physicist Daytoa Miller. Miller also explained why prior 
attempts (o measure the aether had failed. First, he observed 
thai theaether is entrained at the Barth's surface, and moves 
faster at higher altitudes than lower altitudes. Prior at- 
tempts to measure its movement hed taken place only at 
lower altitudes, or in heavy stone buildings or basemont 
locations. Second, Miller's acther was reflected by metals, 
and prior attempts to measure it used instruments with the 
critical parts housed inside metal enclosures. Miller found 
that by doing the crucial aether-drift experiments on amoun- 
tain top, inside a flimsy building without metals or dense 
window materials, thatit was readily detectable and measur- 
able. He made over200,000 separate measurements, overthe 
course of 80 years of investigation. Contrast this to the 
famous Michelson-Morley experiment, which involved a grand 
total of'six hours ofactual measurement time, made over four 
days in 1887. The Michelson-Morley experiment is widely 
misquoted 2s having completely failed in the detection of the 
acther, It was a hinge-point in the sciences, after which the 
ides of the aethor was given up entirely for the “empty space” 
thoorios of relativity and quantum dynamics. 

‘Miller's extensive work on the aether question was never 
rebutted when he was alive, buthis research was contemptu- 
ously compared with “searching for perpetual motion”. Afler 
his death, the adherents of the empty space theory breathed 
a heavy sigh of relief. Today, every physics texthook starts 
out with the falsehood that “the acther was never measured 
or demonstrated”. It ehould be pointed out that the theories 
of relativity and quantum dynamics, plus the expanding 
universe and “big bang" theories, are utterly shattered by the 
discovery of an energy in space, and many physicists, who 
cling to their theories religiously, simply refuse to look at this 
ikind of evidence. Worse, tho discipline of physics has become 
a military-oriented growth industry, with multi-billion dol- 
lar funding for the sustenance of nuclear power and bomb- 
making technology, for fusion plants, particle accelerators, 
and “star wars” experiments, This kind of research has not 
brought forth any real benefits or fruits for humankind, but 
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integrated circuit > digital > decoder 
are able to source or sink less than ImA at SVDC, 
butthe74HCxxseriescanmanagearound 20mA. 


How to Use It 


The original applications for decoders in com- 
puter circuits have become uncommon, but the 
chips can still be useful in small appliances and 
gadgets where multiple outputs are controlled 
bya counter or microcontroller. 


Although 16 is usually the maximum number of 
outputs, some chips are designed to allow ex- 
pansion. The 74x138 (where a chip family iden- 
tifier such as LS or HC can be substituted for the 
letter x) is a 3-t0-8 decoder with two logic-low 
Enable pins and one logic-high Enable. If a 
value-8 binary line is applied to the low-enable 
of one chip and the high-enable of another, the 
firstchip willbe disabled when thelinegoeshigh 
toindicatethatthe binary number 1000has been 
reached, and the second chip can continue up- 
ward from there by sharing the same three less- 
significant-bit inputs, As many as four chips can 
be chained in this way. 


What Can Go Wrong 


Problems thatare common toall digital chips are 
summarized in the section on logic gates in 
“What Can Go Wrong" on page 105. 


Glitches 
Although a decoder typically functions faster 


than a ripple counter, it suffers the same tenden- 
cy to introduce brief glitches in its output, These 
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are momentary invalid states which occur while 
processes inside the chip that are slightly slower 
are catching up with other processes that reach 
completion slightly faster. A brief settling time is 
necessary to ensure that the output is stable and 
valid. This will be irrelevant when powering ade- 
vice such as an LED indicator, which will not 
display such brief transients, The problem may 
be more important if the output from the de- 
coder is used as an input to other logic chips. 


Ifthe input to a decoder is derived from a ripple 
counter, the input may also contain glitches, 
which can cause erroneous outputs from the de- 
coder, It is better to use a synchronous counter 
on the input side of a decoder. 


Unhelpful Classification 

Online parts suppliers tend to list decoders un- 
derthe same categoryheadingas encoders, mul- 
tiplexers, and demultiplexers, making it difficult 
to find what you want. Under this broad subject 
heading (which will include thousands of chips), 
if you search by selecting the number of inputs 
relative to the number of outputs that you have 
in mind, this will narrow the search considerably. 


Active-Low and Active-High 

Chips with identical appearance and similar part 
numbers may have outputs that are either 
active-low or active-high. Some may offer a 
latch-enable pin, while others have enable pins 
that must be pulled low or forced high to pro- 
duce an output. Accidental chip substitution is a 
common cause of confusion. 
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has become a self-perpetuating “research industry", a mult 
billion dollar edifice which, like the medico- 
pharmaceutical industry, is threatened to the core by these 
discoveries of a primary, cosmic life energy. The physies 
community hae unfortunately reacted to these new findings 
with the same arrogance and viciousness that characterizes 
the medical communities’ reaction to the life energy. Bin- 
stein’s followers, for example, have recently been necused, 
in print, of very nasty stab-in-the-hack tacties of censorsh' 
and suppression. An entire new journal, Scientifie Ethics, 
for a short period at least began to expose the whole stinking 
mess. 

OF great interest for Reich's work is that Miller's dy- 
namic aether was more active at higher altitudes, and re 
flected by metals. The capacity to be reflected by metals, with 
fa more active state at higher altitudes, are basic properties of 
the orgone energy, as independently discovered by Reich. 
‘The orgone also satisfies many other of the basic properties 
and functions of an aether, being ubiquitous and mass-fres, 
and hy providing a medium for the transmission of electro- 
‘magnetic excitation. However, the orgone also spontancous- 
ly pulses, superimposes, and directly participates in the 
creation of both matter and life. But even without using the 
taboo word “asther, or the more offending word “ergone”, 
another group of physicists have detected or inferred the ex- 
istence of dynamic energy currents at work in deep space. 
For example, the American astrophysicist Halton Arp made 
s0 many photographs of energy/matter bridges between deop- 
space objects, where those energy/matter bridges should not 
have boon there, that ho was actually banned from using tho 
hig American telescopes. His simple photos demolished the 
theories of empty space, the expanding universe, and the ‘big 
bang’ with a single shuiter click. So great was the haired 
against his work that he ultimately had to go to Germany to 
continue with his research, Hannes Alfven, another famous 
physieist, also deeply offended his contemporaries by sag- 
gesting, like Roich, that space was filled with streaming 
eurrents of plasmatic energy. The space scientists to this 
day refuse to send satellite probes where he says they should, 
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ag to do so might confirm that space is energetically rich, In 
fact, physics of today is in a state of turmoil, and is despar- 
ately trying to explain away the newer evidence for an ener- 
gy in space, to preserve the big bang theory, relativity, quan- 
tam dynamics, and the billions of dollars of research money 
that supports the “empty space" religion, and its institutional 
priesthood. 

Few of the shove ideas, nor the findings on sunspot- 
weather correlations, are given much funding or investiga- 
tion today, Science journals still routinely earry the false 
statement that “no mechanism" has been found for solar- 
terrestrial correlations, just as physies textbooks earry the 
falsehood that “the aether had never been detected”. And it is 
trae that these relationships eannot be true, nor do they make 
‘any sense, from the standpoint of the "empty space” thoorios 
of physics. They require a medium in the atmosphere and in 
space, through which excitations and influences can pass, 
independent from thermal or pressure phenomena, a force 
which propagates in the atmosphere faster than air currents, 
and which can likewise quickly propagate influences 
across the depths of space. Again, Reich's orgone enargy fits 
such a deseription, 

Other research has heen done to show that living crea- 
tures, and the physical chemistry of water, are sensitive to 
weather or cosmie factors in @ manner than cannot be ex- 
plained according to simple mechanical phenomena, such 
as light, temperature, humidity, or pressure. Frank Brown, 
of Northwestern University, spent deeades demonstrating 
that the biological clocks of various living creatures wore 
sensitive to lunar cycles and other cosmic forces. Nobody 
could refute him when he was alive, but today, after his 
death, his findings are widely ignored. Likewise the works 
of the Italian chemist, Giorgio Piceardi, who demonstrated 
that the physieal chemistry of water was changed by magne- 
tism, sunspots, and other cosmic phenomena, His work 
helped to fuel an interest in the magnetic treatment of water 
in Europe, leading to new methods fur reducing scale depos- 
its in household plumbing, and in industrial boilers. Mag- 
‘noetism, correctly applied, can alter the solubility eharactor- 
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ics of water, allowing dissolved substances to remain in 
solution at coneentrations higher than normal for a given 
tomperature. In the USA, these findings have been greetod 
with dorision, as every physies textbook says magnotism 
hee no offect upon water. Also, almost every chemical labo- 
ratory uses magnotic stirring devices to mix their chemical 
solutions, instead of the “old-fashioned” hand-operated 
glass stirring rods; these magnetic stirring devices woul 
if Piceardi is correet (and he is) alter the chemistry, precipi- 
tate quantity, and titration curves for every chemical reac- 
tion expesed to them. And so, the new findings are ignored 
in the USA, while abroad, new products based upon the dis- 
covery are entering the marketplace. Simple magnetic wa- 
ter treatment, systems for the home are now common in Eu- 
rope, replacing in many cases the ion-exchange water sof- 
teners, with their bags and bags of salt. In the USA, mean- 
while, the water softener industry, in eollusion with dogmat- 
ie academies and politicians, has managed to have laws 
passed ina faw states to forbid the sale of magnotic wator 
treatment devices, 

Piccardi’s work extends beyond the issue of timple mag- 
netic treatment of water, however. At one point he attempted 
to isolate an unknown cosmic energy which was affecting 
his chemical experiments, in a manner similar to strong 
magnetism. In order to block out the unknown radiation, 
which was correlated to sunspots, he constructed an electro- 
magnetic shield around his experiments, in the form of an 
Barth-grounded metal box enclosure, Then, in order to sta- 
bilize the temperature inside the metal box, he placed a layer 
of wool argund the outside. To his amazement, the metal box 
did not extinguish the cosmic phenomena, but, amplified it. 
He and his co-workers spent decades performing chemical 
experiments inside similar enclosures, which mirror the 
construction of Reich’s orgone energy accumulator, This 
independent corroboration of the orgone accumulator princi- 
ple by Piccardi was also confirmed, though in a less direct 
manner, by the biologist Brown. Brown observed that herme- 
tically sealed metal enclosures, with a constant pressure, 
temperature, light and humidity inside, would not extin- 
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guish cosmic influences upon biological clocks, but would 
instead allow them to be more clearly observed, or even add 
sn unusual dimension to their behavior. For example, in- 
side tho metal box, the metabolism of potatoes followed 2 cy- 
ele that correlated with lunar, solar, and galactic parame- 
tors. Potato metabolism additionally demonstrated a corre- 
lation to local weather; not the weather today, but the weather 
two days into the futurel In the enclosure, the energized pota- 
to would respond to external energetic factors in the environ- 
ment which were also determinants of future weather 
events. 

‘The above are just a few of the kinds of evidence that ex- 
ist for an enorgotic principle similar, or identical to the or- 
gone energy. In many cases, these researchers had not 
Known of Reich's work, In a few, they hated Reich's guts, 
and would hardly tolerate mention of his name by their stu- 
dents! And yet, the facts speak powerfully for a corroboration 
of Reich's orgone energy. It must be stated, however, that 
Reieh’s discovery on the orgone energy is far more inelu- 
sive, comprehensive, and tangible than any of the above con 
cepts. In addition to having been quantified, photographed, 
and measured, the orgone can be seen, felt, and, as noted in 
this hook, accumulated within special experimental enclo- 
sures 

An additional word must also be given regarding the re- 

scientific and academic communities to these 
‘The reader will note that most, ifnot all, of 
the above researchers were hotly attacked, or isolated and ig- 
nored for their findings, irrespective of their credentials, 
reputations, or the amount of evidence they provided. This 
emotional reaction, of running away from or attacking dis- 
turbing new ideas, was explained by Reich as being the re- 
sults of a specific emotional disorder, which he called the 
emotional plague. Virtwally all scientists who have verified 
portions of this common natural energy principle have been 
assaulted by spacial emotional plague characters, who build 
their reputations not upon work or research, but upon politi- 
cal power, and the number of scalps they have taken. Gossi 
slander, political tactics, the sneak attack, and even manip- 
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ulation of the courts and police are standard tactics of the 
plague, Their secret goal, like the Grand Inquisitors of the 
Church, is to kill disturbing new findings, and the men and 
women who make them. The history of science is filled with 
evidence for this kind of behavior. The reader is encouraged 
to read Roich’s discussion on the emotional plague, in Cha- 
racter Analysis (8rd Ed.), People in Trouble, and The Mur. 
der of Christ, os it still constitutes the major obstacle in the 
way of human social progress, and scientific research. 
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Part II: 

The Safe and 
Effective Use of 
Orgone 
Accumulating 
Devices 
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7. General Principles for 
Construction and 
Experimental Use of the 
Orgone Energy Accumulator 


A) The interior surface of all accumulators must be 
composed of bare metal, Paints, varnishes or coatings on the 
metal will interfere with the accumulating effect, though 
zine gelvanizing does not. 

B) The outer, exterior surface of all accumulators must 
be composed of an orgone-ebsorbing, generally organie, 
non-metallic substance 

C) Metals and non-metallic materials may be alternat- 
ed in multiple layers within the walls of the accumulator for 
stronger energy accumulation. The more layers, the more 
powerful the accumulator, though one does not simply double 
the strength by doubling the layers. A three ply accumulator 
will have about 70% of the strength of a ten ply accumulator 
(one “ply” consists of a layer of metal plus a layer of non- 
metal). Accumulators of different sizes may also be nested 
one inside another, to develop an even stronger charge. 
Points A and B above must be strictly followed, however. In 
multigle ply eccumulators, you can double-up the final outer 
organic, non-metal layer, and the innermost metal layer, 
for additional energy accumulating capacity. 

D) A major common error made by some who reproduce 
Reich's orgone accumulator experiments is the use of inap- 
propriate accumulator materials. For accumulators used on 
living systems, and particularly for human use, copper, alu- 
minum, and other non-ferrous materials must he complete- 
ly avoided as they yield ¢oxie e/fects, Similarly, certain 
types of polyurethane foams, rigid or soft, do not have a good 
effect upon the living system when used in an accumulator. 
Any type of material impregnated with formaldehyde, or 
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made with other highly toxic glues or resins should not he 
sad, 


Good non-metals Poor or toxie non-metals 
wool, raw cotton ‘wood or plywood. 

acrylic, styrene plastic urethane or polyurethane 
celotex (soundboard) pressboard (very hard) 
cork sheeting organic materials containing 
glasswool, fibreglass formaldehyde, ashestos, 
Fock wool or other toxic chemicals 
boos wax, candle wax 

soil, water 

Good metals Poor ar taxie metals 

‘steel or iron, sheet, screen aluminum, sheet or screen 
galvanized steel lead 

‘stool woo! copper 


stainless steel 
‘steel/tin can alloy 


E) ‘Some individuals have experimented with accurmu- 
lators composed of buried metal boxes, surrounded with rich 
dark soil, free of pesticides and herbicides. The larger of 
these kinds of accumulators give the appearance of a root 
cellar or “burial mound”. Some authors familiar with an- 
cient archaeological sites have even speculated that the life 
energy principles were known and used by ancient peoples. 
Certain ancient mounds and stractures have a layered char- 
acteristic, using clay soils or stone of high iron content, cov- 
‘ered over with other layers of organie-rich soils or peat, 

F) An exceptionally powerful accumulator con he made 
hy using bees wax or other dielecirical materials for the out- 
er, non-metallic layers. These materials may be quite ex- 
pensive for a larger accumulator, and are also fragile. If 
you use a fragile or crumbly material for the outer non- 
‘total layer, you ean coat the outer surface with eloar shal- 
lac. This has been tried by many people, and does not appear 
to interfere with the accumulation or life enhancing quali- 
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ties of the energy. Never use shellac on the interior surfaces, 
however. 

G) Tixperiments have demonstrated that the shape of the 
accumulator is a facior of lesser importance than its materi- 
al composition. However, accumulators made in the shapes 
of cones, pyramids, or tetrahedrons have yielded occasional 
unexplainable life-negative effects. Unless one is testing 
for such effects, accumulators should be constructed in ree 
tangular, cubical, or cylindrical shapes. These have given 
the best results, and are also easier to construct, One anee- 
dote here: in 1980, the author was in Egypt, and went into the 
Great Pyramid of Cheops, While inside, I was struck down 
by @ most intense choking, and could not get a breath. The 
feoling was rolioved by emptying my eanteon of water over 
my hond and chest, Later, I heard reports of whole groups of 
tourists being similarly stricken, to the point that some peo- 
ple had fainted away, and had to be resuscitated outside, I 
cannot say if this is an effect of poor ventilation or not, but in 
my own ease, I was the only one out of 8 people in a tour group 
to be badly affected. Given my chservations of stunted and 
killed seedlings within conical and pyramidal accumula- 
tors, it seems possible to me that these effects are the result of 
a toxic accumulation or overcharge effect. More work neads 
to be done to clarify these factors related to shape, as well as 
accumulator use i energetically stagnated environments, 
such as deserts. See the chapter on “Warnings and Dan- 
gers" for more details. 

H) Comers of accumulators do not have to be precisely 
constructed, nor do layers have to be air tight or precisely fit- 
ted, though one certainly wishes to have as nest and clean of 
construction as possible, In some cases, I have seen metal 
‘boxes loosely wrapped with layered steel wool and cotton, 
felt, or wool. Also, some have used tin cans, as used for food 
preservation, wrapped with plastic, and then placed inside 
another larger can which was, in turn, wrapped with more 
plastie, These tin-eans wore nested inside each other to 
make reasonably effective four or five ply accumulators, for 
seed charging or other purposes. They do not look especially 
neat or “scientific’, but they do function. 
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1) Accumulators should be kept where fresh air can cir- 
culate. The door or lid to the accumulator should also be kept 
partly open when not in use. Its interior may be kept fresh 
and sparkling by keeping an open basin of water sitting in- 
cide when not in use. Periodically wipe the interior and ex- 
torior clean with a damp eloth. 

J) Larger accumulators used by humans or farm ani- 
mals are best kept outdoors under a sheltered area, where 
rain will not fall on it. Good air circulation and sunlight 
will assist with the accumulation affect. The best location 
for accumulator research would be inside a large wooden 
barn in the countryside, away from all kinds of electrical 
transmission lines, electromagnetic devicos, and nuclear 
facilities. This finding on the best environment for the life 
energy is in full agreement with more recent findings on 
House ecology, wherein a constructed habitat is critically re- 
viewed for toxic effects upon its inhabitants. See the 
"Warnings and Dangers” chapter for more details. 

K) The accumulator will not develop a strong charge 
during wot, rainy weather, On such days, the orgone charge 
at the Earth's surface is very low, most of it being taken up 
into the storm clouds overhead or at a distance. The strong- 
est orgone charge is found in the accumulator on clear, sun- 
ny days, when the orgone charge at the Barth's surface is 
also quite strong 

L) Orgone accumulators used at higher altitudas tand to 
yield stronger charges than at lower altitudes; lower lati- 
tudes may yield stronger charges than higher latitudes; low- 
ex humidity atmospheres tend to yield stronger charges than 
higher humidity atmospheres. Periods with many sunspots 
and solar flares coincide with periods of stronger orgone 
charge, a8 compared to periods with few sunspots and flares. 
Alignments between the Earth, Sun and Moon, during full 
and now moon periods, appears to yield a stronger, more ox- 
fited charge in the atmosphere, and within the accumulator. 

‘M) If you run a controlled experiment with the accumu 
Intor, do nob place any relevant instruments immediately 
adjacent: to it. Remember that the accumulator has an ener- 
gy field, and will partially influence nearby objects in a 
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manner similar to those kept inside it. The electrical or 
electromagnetic fields of various instruments might also 
disturb or otherwise affect an accumulator, making thie 
caution doubly important for the rescarch scientist. 

N) Do not use any houschold electrical appliances con- 
nected to a wall plug inside or near to the accumulator. Nei- 
ther should portable computers, TY sets, or other radiating 
devices be used. These will disturb the energy inside. The 
interior metal walls also eonduet electricity, and there may 
be a dangor of electrical shock. For human-sized accumula. 
tors, use a battery powered reading lamp if light is desired, 
or place a strong lamp just ouisidle the door opening. Many 
people use such a light to read a book while sitting inside. 
Radio receivers do not appear to have a negative effect if 
used in the room, but the effects of “walkman” type headsets 
inside the accumulator are unknown. 

O) For experimental aceumulators, reelize that any or- 
ganie or moisture-bearing materials which are placed in- 
side will absorb the orgone charge. Do not unnecessarily 
store or bring items inside an accumulator. 

P) For human sized accumulators, one wishes the exter- 
ior walls ta be no more than 2 to 4 inches from the skin sur- 
face. When sitting insida, it is best to partially or completaly 
disrobe, as heavy clothing will interfere with absorption of 
the orgone radiation. A wooden chair or bench may be used 
as dry lumber is a relatively poor absorbor of the orgone. 
Metal chairs are also OK, but may be uncomfortably cold to 
sit on. 

@ NOTE:A too-frequent or too-long use of the accumm- 
Jator may lead to symptoms of overcharge, such as pressure 
in the head, slight nausea, general ill-feelings or dizziness. 
In such a case, leave the accumulator immediately and rest 
in the fresh air for a moment, Such symptoms will go away 
ina few minutes. However, Reich warned persons with a 
history of overcharged biopathies to use the accumulator only 
with caution, and then only for shorter periods. These over- 
charged biopathies include: hypertension, decompensated 
‘heart diseases, brain tumors, arteriosclerosis, glaucoma, 
epilepsy, heavy obesity, apoplexia, skin inflammations, and 
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conjunctivitis, 

R) The question of “how much is enough” is related to 
one’s awn energy level, and is primarily a subjective deter- 
mination, different for each individual. No one ever tells 
you how much water ta drink to quench a thirst. You simply 
@rink until you have the feeling of "having enough”. The 
same is trae regarding the use of the accumulator. When 
you have the feeling of “enough”, then get out, With most peo- 
ple, this will be sometime after they have reached the point 
where their own energy field is gently uminating, or gow- 
ing with a warm excitement at their skin surface, and after 
sweating has commenced. If you are unsure shout these 
kinds of feelings, be patient, as with some people, it may re- 
quire many sessions before they can really feel the energetic 
effects. A good rule of thumb is to limit the sitting period to 
ho longer than about 30 to 45 minutes. It may be used more 
than once a day, however. One should not attempt to “nap” 
inside for prolonged periods. Additional information on 
those biaeffects is given in the chapter on “Physiclogical and 
Biomodieal Effects’. 

8) The qualitative state of the orgone, as wall as its abso- 
lute charge, are constantly varying at any given location on 
the Barth's surface. Weather cycles cause the accumulator to 
vary its charge, and toxic environmental conditions 
(ranur and dor, see below) may periodically or chronically 
contaminate the accumulator, making its use potentislly 
unsafe. Experimental use of the accumulator thorefore do 
sands that one learn about weather eyclos and other envi- 
ronmental factors. 
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8. Warnings and Dangers: 
The Effects of Oranur and Dor 


A common problom with use of the accumulator is the 
difficulty in finding an onergetieally clean environment 
in which to use it. The orgone energy in the atmosphere is 
very sensitive to certain kinds of disturbance and agitation. 
Much in the manner of living protoplasm, orgone energy 
can be excited or irritated, and certain environmental in- 
fluences ean drive it towards a toxie condition. If the en 
getic atmosphere in your home or neighborhood has beon 
made toxic in this manner, use of an accumulator is disad- 
vised, or advised only with great caution, as it will be very 
difficult to accumulate anything except a toxic charge. 

For example, orgone accumulators, particularly those 
intended for biological experiments or human use, should 
never be used in rooms with the following orgone-irritating 
dovices: 


fluorescent lights 

television sets 

‘computer or microcomputer 

other eathoderay tube devices 

microwave ovens, or eddy-current stoves 

eloctric blankets (even if only plugged in, and off) 

diathermy, xray machines 

sparking electric motors 

induction devices or coils 

other electromagnetic devices 

ionization-type radioactive smoke detectors 

clocks, wristwatches, or other devices containing 
radioactive, glow-in-the-dark materials 
(phospholuminescent materials, which woris on the 
principle of absorbed visible light, are OK) 

other radioactive materials, or strong chemical fumes 
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Orgone accumulators should not be used even in the 


same buildings where the more powerful of the above kinds 
of devices (such as xray machines) are used, or were re- 
cently used. Experiments by Reich, and more recently by 
others in large German hospitals, have demonstrated that x- 
ray equipment will destroy the life-enhancing effects of the 
orgone radiation, Additionally, thore is a persistence effect, 
wherein toxic energetic conditions remain for a time after 
the irritating devices are shut down and removed from a 
room or building. Orgone accumulatars should likewise not 
‘be used in the immediate neighborhoods or vicinities where 
the following facilities are located: 


airport radar systems 

cellular telephone or microwave relay towers 

very high-tension power lines 

AM, FM, or TV broadcast towers 

nuclear power plants, storage facilities, 
ornuclear waste dumps 

military installations with nuclear bomb storage 

past or present nuclear bomb testing areas 


Reich and others associated with him made warnings 
about these devices in the 1940s and 1950s, but only today do 
we sce epidemiological studies corroborating their life- 
negative effects. Part of this problem has hinged upon the 
difficulty that, by simply demonstrating a correlation be- 
tween two events, you do not prove causality. One has to show 
or demonstrate just what the mechanism is, and objectively 
demonstrate each step between the two correlated events, be- 
fore cause and effect are proven. ‘This is in most cases a very 
wise policy, but it is very unevenly applied in the world of the 
Sciences. Orthodox theorems are rarely subjected to valid 
critical review based upon their failures to most this strict 
ete.), while unorthodox 
‘ply thrown out or repre- 
ssed for whatever weaknesses they may have, Industrial 
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polluters may also raise this issue to avoid taking respon- 
sibility for the environmental damage they have done, 

Regarding energetic questions, according to the best 
calculations of tha physical scientists, low-level radiation 
ought not te have a deleterious effect upon the living sys- 
tom. The energy present in the low-level radiation, as de- 
tected with conventional radiation detection instruments, 
is simply not sufficient to do significant damage. And yet, 
the damage occurs. I emphasize the concern about 
“conventional radiation detection instruments”, because a 
majer fallacy of physics is that if an instrument does not: 
measure an environmental disturbance, then no distur- 
bance has occurred. The error here lies in the false as- 
sumption that their energy detection instruments must be 
detecting 100% of any disturbance. This unprovable as- 
sumption is, of course, challenged by biological or epidemi- 
ological evidence which demonstrates that an effect does 
exist, There ig furthermore « groat distrust of the body in 
the modern sciences, in that average people who are made 
sick by our modern energy radiating devices often are not 
believed, or ure viewed suspiciously. 

It is precisely here that Reich’s findings on the orgone 
energy provide a clarification, as the life energy (and dis- 
turbanees within it) cannot be detected with ordinary nucle 
ar or electromagnetic sensing instruments. One has to 
modify the instrument to pick it up, or use entirely differ- 
ent methods. The orgone is also un intercannecting energy 
continuum, which, provides a connection between the of- 
fonding facility or appliance (nuclear plant, microwave 
tower, fluorescent light, TV set) and the living creature 
that is affected. As the local orgone energy field of the 
Eurth, or the energy Held of a home is badly disturbed and 
agitated by these devices, so too does the orgone energy 
field of a person in that environment become disturbed. 

Modern physics partly acknowledges these connections, 
in that all nuclear bombs, nuclear reactors, and related fa- 
cilities are said to radiate unshieldable, undetectable, theo- 
retical neutrinos in tremendous quantities. These nautri- 
hog race out from the facilities, penetrating all forms of ra- 
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be done only on a very crisp, clear, and sparkling day, when 
the orgone charge at the Earth's surfaco, and in the accummu- 
lator, is quite strong and lively. Otherwise, charging may 
have to take place for slightly longer periods. Also note that 
seeds can be overcharged; attempts at charging seeds for 30 
days or more often result in little difference between con- 
trols and charged seedlings, or even stunted growth, 

) Orgone Charging of Potted Plants: This ean be done 
by charging up seeds prior to planting, as discussed above, or 
by charging up soil or water before using. One can also 
snake a “wrap around” accumulator, using a metal can with 
‘and plastic and steel wool layers wrapped 

Bo sure that the final outside layer of 
plastic is fairly thick, and do not use aluminum materials. 
Leave the steel wool in a fluffy condition; don't compress it. 

F) Home Seed Sprouting Experiments: The life-positive 
effects of the accumulator may also be observed in the way it 
enhances seed sprouting. Build an accumulator to house 
‘your seed sprouting apparatus. Store one sprout container in 
a darkened area away from the orgone accumolator, and 
another inside the darkened orgone accumulator, Make 
sure the temperature, ventilation, and light exposure of the 
two groups is identical and, once again, keep both groups 
away from oranur-producing devices. Measure the quantity 
of seeds going into ach container, and make sure the quan- 
tity of water in each is about the same, Observe and record 
any subsequent differeneas in growth and taste. The accu- 
mulator group should have @ greater growth and yield. 

G) Laboratory Seed Sprouting Exneriments: Obtain two 
small shallow glass dishes with a flat bottom, or two shallow 
glass Isboratory eulture dishes, about. 4” diamater with a 1” 
ip. Into each dish place around 20 or 30 dry mung beans, to 
form a single layer of beans on the bottom of the dish. Add a 
measured quantity of water to each dish, which only halfway 
covers up the beans, The tops of the beans should remain ex- 
posed to the air, while the bottoms are wet. Place one dish of 
beans into « small but strong orgone accumulator, and the 
other dish into a control wood or cardboard enclosure of sim- 
ilar dimensions, but with ne metals. Cover both the accumu 
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Jator and control enclosure with a layer of black plastic, to 
seal them against any intruding light. Place the enclosures 
in a woll-ventilated arco, of equal temperature, and out of 
the direct sunlight. The enclosures should be in nearly iden- 
tical environments with respect to light and temperature, but 
not placed closer to each other than about « meter. Again, no 
oranur-prodacing devices: should be nearby. Bach day, open 
the enclosures up and add as much water a& is needed to keep 
the bean dishos wet to approximatoly the samo height as crig. 
nally was necessary to cover the beans helfway. If one dish 
begins to grow more quickly it will require more water, and 
this should be provided on demand. After one of the dishes of 
sprouts has reached about 4” high, record your observations 
of germination rate, length or weight of sprouts, general ap- 
pearance, and other characteristics. Contrast the two groups. 

Tho accumulator group should have greater growth and 
germination rate. 


‘Frequency Distrivution of Mung Bean Sprout Lengths 


= Soontrole 
= G10 ply 
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Contrast of mung bean sprout lengths between a group 
sprouted inside an orgone accumulator, and a group sprout- 
ed inside a control enclosure. (from DeMeo, J.: “Seed 
Sprouting Inside the Orgone Accumulator”, J. Orgonomy, 
12:253-258, 1978) 


James DeMeo 


Passive Life Energy Photographs: Orgone energy 
field photographs can be made in a manner similar to that 
used to make Kirlian clectrophotos, except that no electricity 
is needed. The techniques given here were developed by 
‘Thelma Moss, who pioneered the techniques of energy field 
electrophotography. From Dr. Moss’ deseriptions, you will 
noed either a darkroom and photo lab, or access to a camera 
shop which can develop individual sheets of photo print pa- 
per. First, obtain some light-sensitive color or black and 
white print paper, making sure you do not open the package 
except in complete darkness. Obtain also a separate, empty, 
light-tight film box in which you can run your experiments. 
While in the dark, remove a piece of film paper and place it 
on the bottom of the empty film box. On top of the sheet of film, 
place a flower bud, leaf, pisce of fruit, sprouting seedling, 
‘magnet, or other energized, living, or once-living object. 
Close the box and wrap it completely inside an orgone ener- 
gy blanket, or place it inside a strong orgone accumulator. 
Make sure the film box is light-tight; cover it and the blanket, 
with black plastic, or otherwise insure that. no outside light 
will reach the film. Wait a day or two, or up to a week, and 
then develop the photo paper. You should soe exposure pat- 
terns on the film that havo radiated from the object. you uced 
in the experiment. Try different exposure times and film 
types; remember that on rainy days, the orgone charge is 
weaker and may take longer to expose the film. Make note of 
weather conditions during the trials. These photos should 
yield patterns similar to those seen on Kirlian electrophoto- 
graphs, except that here, no elocirical field was introduced, 
These are 100% life energy photographs, orgone-onhaneod 
and directly recorded on film, 

D The Accumulator Temperature Differential Effects 
Reich demonstrated that the warm glow felt inside the accu- 
mulstor possessed an objective aspect which could be meas- 
ured with a sensitive thermometer, An air-tight orgone ne- 
camulator will spontaneously warm up the air inside itself 
by a fow tonths ofa dogreo, up to several degrees, This tem- 
perature inerease will make the accumulator interior 
slightly warmer than the surrounding air temperature, or 
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cthermometers> 


RSQ) cototex (soundboard) exterior 


fibreglass (control) or fibreglass and steel 
‘wool (accumulator) 


luge a choot motal lining only in ageumu- 
lator 


The To-T Experiment: The orgone accumulator (right) 
anid control (le) rust be matched as closely as possible with 
Tespect to size, ventilation, and thermal dynamics for quan- 
titative orgone energy experiments. The interior and exteri- 
or of the control enclosure should be the same size and di- 
mensions as the accumulator, with identical lid dimen- 
sions, However, sheet metal and steel wool should not be 
used in the control enclosure. While metals are used in con- 
struction of the accumulator, they are strictly excluded from 
construction of the control. In the conirel, additional plastic 
or fibreglass layering is used in the place of steel wool. The 
thermal resistance and heat capacity must be as closely 
matched az possible. A similar set of environmental condi- 
tions must also be maintained for the two enclosures. 
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the air temperature inside a thermally-belanced control en- 
closure which does not use metals in its construction, This 
experiment, called the To-T (temperature in the orgone ac- 
cumulator minus temperature of the control) was considered 
hy Reich to be a proof of the orgone energy, and a violation of 
the second law of thermodynamics, Albert Einstein once 
replicated the experiment and called it a “bomb in physics”; 
a fascinating booklet titled The Binstein Affair documents 
the correspondence between Reich and Binstein on the mat- 
ter. A definitive evaluation of the To-T experiment requires 
the construction of thermally balanced accumulator and 
control enclosures, careful monitoring of weather and envi- 
ronmental temperatures, sensitive thermometers capable of 
recording down to tenths of a degrae, and prolonged eyste- 
matic measurements, ‘Those who wish to reproduce this ex 
periment should consult. the published reports given in the 
reference section for details. It is an area ripe for innovative 
investigation, and I strongly encourage the experimentalist 
to carefully seek out this effect. 

4) Whe Accumulator Wlectrostatic Effects: Obtain or 
build a simple aluminum or gold lesf static electroseope. If 
you do not know what this is, instructions can be found in a 
good library, Make sure that the electroscope is calibrated 
with degree markings, from 0 to 90, such that its degree of de- 
flection can be accurately measured, By running a plastic 
rod or comb through your dry hair, you can gather a signifi- 
cant, static electrical charge and transfer it to the electro- 
scope. Using a stopwatch, or a wateh with a second hand, de 
termine how long it takes for the clectroseope to slowly lose 
its charge into the air, through a predetermined deflection 
angle. For example, you want to know how long it will take 
for the electroscope to discharge from a 50 to a 30 degree an- 
gle. You therefore should charge the electroseope up toa 
flection angle greater than 50 degrees, waiting until it dis- 
charges to the 50 dogree mark. Once this happens, you can 
count the number of elapsed seconds that pass until it reaches 
80 degrees. The time elapsed is the electroscopical discharge 
rate. On sunny days, the discharge rate will be quite slow, 
while on rainy days, the discharge rate will be very quick, 
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integrated 


rcuit > digital > multiplexer 


multiplexer 


May be abbreviated as a mux (this term is sometimes printed all in caps), and may be 
referred to alternatively as a data selector. Some sources maintain that a multiplexer has 
no more than two channels, whereas data selector has more, but there is no consensus 
on this, and datasheets continue to use the term “multiplexer” predominantly. 


Analog multiplexers are usually bidirectional, and thus will function equally well as de- 
multiplexers. Consequently, this encyclopedia does not contain a separate entry for de- 


multiplexers. 
OTHER RELATED COMPONENTS 


+ encoder (soe Chapter 14) 
« decoder (soe Chapter 15) 


What It Does 


Amultiplexer can select one oftwo ormoreinput 
pins, and connectitinternally with an output pin. 
Although it isan entirely solid-state device, itbe- 
haves as if it contains a rotary switch in series 
with a SPST switch, as shown in Figure 16-1. A 
binary code applied to one or more Select pins 
chooses the input, and an Enable pin establishes 
the connection with the output. The Select and 
Enable functions are processed via an internal 
section referred to as a decoder, not to be con- 
fused with a decoder chip, which has its own 
entry in this encyclopedia, 


All multiplexers are digitally controlled devices, 
but may be described as either digital or analog 
depending how they process the input signal. A 
digital multiplexer creates an output that is ad- 
justed to logic-high or logic-low within the limits 
ofits logic family. An analog multiplexer does not 
impose any processing on the voltage, and pass- 
es along any fluctuations. Thus, it can be used 
with alternating current. 


Inputs 
wnno 


Enable 


Figure 164. A mutipiexer functions as if it contains a ro- 
tary switch. The switch position is determined by a binary 
‘number applied to extemal Select pins. The internal con- 
fection és completed by applying a signal to an Enable 
pin. 


Because an analog multiplexer merely switches 
a flow of current, it can be bidirectional; in other 
words, itcan functionasa demultiplexer,in which 
case the inputis applied to the pole of the (imag- 
inary) internal switch and outputs are taken from 
the terminals. 
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0 quick that you might not even beable to measure it, Ifyou 
time the electrascopical discharge rata inside an orgone ac- 
camulator, you will find that it takes a longer time to dis- 
charge in the accumulator than in the open air. The differ- 
‘eneo between tho discharge rato inside the aecumalater, and 
the discharge rate in the open air, is called the electroscopi- 
cal discharge rate differential, This differential will be 
large on clear, sunny days, and minimal or zero on rainy 
overcast days. On rare occasions, an electroscope that is 
only weakly charged, or even completely discharged, may- 
if allowed to soak inside an orgone accumulator. 
spontaneously charge itself up to a higher level. All of these 
effects will vanish on rainy, overcast days. For more de. 
tails, see the citations in the “Reference” section, 

K) The Accumulator Evaporation Suppression Effect: 
‘This experiment requires a sensitive weighing scale that 
can measure to fractions of a gram. It also requires an accu- 
mulator and a thermally-balanced control enclosure of sim- 
ilar dimensions. For this eontrel, do not use water-absorbent 
materials in the interior; instead, line the interior of the 
control with a non-metallic waterproofing material, such as 
plastic, enamel or varnish. Obtain and weigh two small, 
identically shaped and sized glass dishes of about 4” diame- 
ter and 1” high. Weight the dishes when empty, clean and 
dry, Next, add identical quantities of water to each vassel, 
filling them about halfway, end weigh again, caleulating 
via subtraction the weight of water in each dish. Place one 
vessel of water inside the orgone accumulator, elevated on a 
small wood block, such that the bottom of the dish does not 
come into direct contact with the metal interior of the acca- 
mulator. The lid of the accumulator should be shut, but-fixed 
open with a crack such that air may circulate. It should not 
he placed in a windy or sunlit area, however, Place the see- 
ond vessel of water inside the control enclosure in a similar 
manner, on an identical wood block, and also prop its lid 
open. Place it in a location at least a meter away from the or- 
gone accumulator, but with similar light, temperature, and 
wind characteristics, You may wish to drape a piece of black 
plastic over both the accumulator and control, in order to 
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(Grams of Water per Day. 
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Water Evaporation Curve, EVo-EV: The curves identify 
the amount of water evaparated each day from a one cubie 
foot, ten ply orgone accumulator, and a similar one ply ac- 
cumulator, minus the amount evaporated from a control en- 
closure. As the accumulator builds up its charge on clear, 
sunny days, it suppresses the evaparation of water inside it- 
self. The control enclosure, however continues to evaporate 
moisiure at a relatively high rate, up to several grams per 
day more than the accumulator, On wet, stormy days, the ef- 
fect vanishes as orgone charge is lost at the Earth's surface, 
being taken up into the stormolouds. Disturbances in the 
regularity of the curve may also occur, sueh ag (above) when 
radioactive fallout arrived at the laboratory site causing the 
accumulator ta go temporarily “dead”, (from DeMeo, J.: 
“Water Evaporation Inside the Orgone Accumulator’, J. 
Orgonomy, 14:171-175, 1980) 
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control for slight differences in light. Wait exactly 24 hours 
and remove the dishes of water, being careful not to spill 
any. Carefully weigh the dishes and compute the evaporative 
loss for the 24 hour period. Make this measurement once per 
day, preferably in the late evening, such that: you ean deter- 
mine the amcunt of water ovaporated each day from cach 
container. You ehould find that the control enclosure eyepo- 
rates significantly more moistare on clear, sunny days, 
when the accumulator suppresses water evaporation. On 
rainy days, when the accurnulator no longer builds up a 
charge, the evaporation in the accumulator and control will 
he nearly identical. Subtract the quantity of water evaparat- 
‘ed in the orgone accumulator from the quantity evaporstod 
in the control for each 24 hour period. This quantity, callod 
EVo-BV, will reveal the changing quantity of orgone enerzy 
charge in the local atmosphere, and in the accumulator. The 
evaporative values on any one day are less interesting than 
the dynamic manner in which the evaporation differential 
increases and decreases, according to the orgone energy 
charge at the Earth’s surface. 
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14. Questions and Answers 


= Q: If the orgone energy really exists, inky don't te hear 
about it from scientists working in the universities? 

A: Scientists working in the universities and research 
institutions have engaged in verifying research on the 
bions, orgone accumulator, and cloudbuster, and on the bioe- 
lectrical aspects of life, which Reich also pioneered. For ex- 
ample, Dr, James DeMeo, author of this Handbook, did re- 
search on the weather-related aspects of Reich's discovarios 
while he was a graduate student and Instructor at the Uni- 
versity of Kensas. He continued with that research while a 
member of the faculty at Illinois State University and the 
University of Miami, Muschenich and Gebauer, of the Uni- 
versity of Marburg in West Germany, recently completed a 
double-blind, controlled study on tho physiological effects of 
the orgone accumulator on humans. Other scholars with a 
research or historical interest in the works of Wilhelm 
Reich have held positions at Harvard University, Temple 
University, the State University of New York, York Univer- 
sity, McGill University, and elsewhere, Other research sci- 
entists have repeatedly verified and confirmed Reich's 
findings, Workshops and courses devoted to his works are 
now held at a fow colleges and universitios in the USA. Non- 
ctholess, the history of science repeatedly shows that large 
institations do not easily accommodate innovative research 
which may force radical changes in the major theories of 
science. 


- Q: Can an accumulator be used during wet or cloudy 
weather? 

A: Use of an accumulator during wet weather condi- 
tions will not be harmful, but it will be less effective, as the 
charge is significantly lower or absent at those times. It is 
best to use it during élear and sunny weather, when the at- 
mospherie orgone energy continuum is strong and expan- 
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sive, and the charge at the Earth’s surface is greater. 


+ Q: These accumulating devices are quite simple to con- 
struet, Aren‘t a lot of them accidentally constructed? 

A: A lot of “accumulators” are being constructed, with- 
out knowledge of the people involved. Every mobile home or 
house with a metal skin or side paneling will accumulate a 
charge, and « toxic one if aluminum is used. Oranur, and 
other toxic effects appear to readily occur in such houses, 
which are filled with all the modern orgone disturbing elec- 
tromagnetic appliances, such as ‘TV sets, microwave ovens, 
fluorescent lights, and so forth. Epidemiological studies that 
would address these general observations have never bean 
performed. 


+ Q:T have an old styrofoam beverage cooler. Can I tine 
it with aluminum foil and make an accumulator? 
‘A: You ean try this, but don’t expect any firm results un- 
Jess you comprehend and take into consideration virtually 
all of the procedures and warnings given in this Handbook. 
Styrofoam and aluminum are life-negative accumulating 
materials. If you run a biological experiment, you may 
wind up demonstrating only a life negative effect. For the 
scientist interested in orgone energy, these considerations 
are even more erucial and eannot be ignored. 


~ Q: My accumulator gave very good charge the first 
monthe when i wae in use, but now does not yield a good 
charge any more. Why is this? 

‘A; It is likely that the accumulator has been contami- 
nated with dor. Some researchers have noted this effect, 
where the accumulator goes temporarily “dead”, and hence 
koep their accumulators outdoors, sheltered from rain, but in 
the fresh air, with the lids or doors open so that air ean cireu- 
lato inside quite freoly. You may be ablo to refrosh a “doad” 
accumulator by wiping it inside and out with a damp cloth, 
every day for a week or sv, Also, keep a bow! of water, or a 
draw bucket with draw tubes, inside it when it is not in use. 
Change the water in this bucket every day. Also, be certain 
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that the accumulator is not near any of the cranur-producing 
devices previously identified, and that your neighborhood is 
as oranur-free as possible. The accumulator can also be 
sun-charged, by allowing it to sit in the direct sunlight for a 
few days. These steps should eliminate any dorish tenden- 
cies, and “rekindle” the charge. 


= Q:J have heard that sitting inside an accumulator will 
make a person more sexually potent. Is this true? 

‘A: This is mostly a false rumor propagated by Reich's 
enemies, who wrote smear articles in the 1940s and 1950s 
that branded Reich a lunatic, the accumulator a “sex box", 
and put false words inte his mouth about the ability of the ac- 
cumulator to restore lost sexual potency. However, Reich 
never made such a claim; in fact, he continually stressed 
the emotional and psychological foundations of sexual dys- 
Beira which could not be touched by treatment in an accu- 
mulator, 


- Q: Is the orgone energy accumulator legal? Can I get in 
trouble with the law for building or using one? 

‘A: There is no law against orgone energy, or the orgone 
energy accumulator. You may build, own, and use the blan- 
‘et ot accumulator in your own home, or elsewhere, as yout 
choose. It can also be legally used for the self-treatment of 
any health-related condition, just as you can make very be- 
neficial soups, purchase vitemins, or take soaking baths, 
without asking a doctor or the police, Understand, however, 
thet foreos within the medical community, pharmaceutical 
industry, and government are hard at work to make it ille- 
gel for you to do these things. If you are concerned about pro- 
tecting your health freedoms, you should join forces with 
those social organizations that are working to preserve or 
extend those freedoms. The price of liberty is eternal vigi- 
lance! 
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Part II: 
Construction 
Plans for 
Orgone 
Accumulating 
Devices 
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15. Construction of a 2-Ply 
Orgone Energy Blanket 


The orgone energy blanket is the most simple to con 
struct of all the orgone charging and accumulating devices. 
‘They can be made at any size, and can be easily transported. 
‘You can use small ones while resting, or place large ones 
‘under and over a person who is immobilized in a bed. Like a 
standard accumulator, orgone blankets are not meant to be 
used for any prolonged period, though one can rest or nap 
with one if there is a need, In my experience, people will, 
even when sleeping, push off an uncomfortsble orgone blan- 
‘ket just as they would @ regular blanket. The following steps 
tell how to make an orgone energy blanket with final di- 
mensions of 2! by 2. 


A) Obtain enough 100% wool fabric, or acrylic felt, to 
make three 2° x 2' squares. Also obtain several pack- 
ages of very fine (“O00” or “0000") steel wool pads. 


B) Lay a2’ x 2' piece of fabric on a flat surface. Cover the 
‘exposed top surface of this fabric with a layer of steel 
wool, from unwrapped steel wool pads. Spread the 
‘steel wool out, so that it is not too thick. You should be 
a to see parts of the underlying fabric here and 

ere. 


C) On top of the steel wool, lay another 2' x2! piece of fab- 
ric. 


D) Cover the exposed top surface of this second fabric 
piece with anather layer of steel wool, 


E) Finish with another 2’ x 2' piece of fabric, placed on 
top of the last steel wool layer. You now should have 
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Spread steel wool loosely on section of cloth. Trim 
edges as shown, 


Rolls of stael wool. ean be purchased from manufacturers, 
| __crcommon steel wool pads, of “000” or "0000" grade, can be 
obtained at most harduare or paint stores. 
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Particle masks should be worn during construction t0 
avoid breathing fine steel dust. 
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What It Does 


Differential Multiplexer 

A differential multiplexer contains multiple 
switches that are differentiated from one anoth- 
er (ie, they are electrically isolated, although 
they are controlled by thesame setofsselectpins). 
A differential multiplexer is conceptually similar 
to a rotary switch with two or more decks con- 
trolled by a single shaft. See Figure 16-2. 


Enable 


Figure 16-2. A cifferentia! multiplexer contains two or 
‘mare electronic switches that are differentiated fram one 
another, similary to the decks on a rotary switch. Al- 
though the channels into each switch are typically nun 
bred fram 0 upward, the switches are numbered fromm 1 
upward. 


A bidirectional dual 4-channel differential ana- 
Jog multiplexer is shown in Figure 16-3. 


Modern multiplexers are often found switching 
high-frequency data streams in audio, telecom- 
munications, or video applications. 


Similar Devices 

‘The similarities and differences between multi- 
plexer, demultiplexer, encoder, and decoder can 
cause confusion: 


+ Amuttiplexer can connecta choice of mul- 
tiple inputs toa single output, for data trans- 
fer. The logic state of an enable pin, or a bi- 
nary number applied as a pattern of logic 
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states to multiple control pins, chooses 
which input should be connected with the 
output pin. The alternative term data selec- 
tor evokes the function of this device more 
clearly. 


+ An analog multiplexer may allow its inputs 
and outputs to be reversed, allowing it to 
become a demultiplexer, connecting asi 
gle input to one of multiple outputs, for data 
transfer. The logic state of an enable pin, or 
abinary number applied as a pattern of logic 
states to multiple control pins, chooses 
Which output should be used. The alterna- 
tiveterm datadistributorevokesthefunction 
of this device more clearly. 


Figure 16-3. This CMOS chip contains two four-channel 
iferential analog multiplexers. 


+ Inanencoder, an activelogicstateisapplied 
to one of four or more input pins, while the 
rest remain in an inactive logic state. The i 
putpin numberis converted toabinary code 
Which isexpressed asa pattern oflogicstates 
‘ontwo or more output pins. 

+ Ina decoder, a binary number is applied as 
apattem oflogic states on two or moreinput 
pins, Thisvalue determines which one of four 
or more output pins will have an active logic 
state, while the rest remain in an inactive 
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A functional orgone accumulating blanket showing the 
alternating layers of steel wool and cloth. 


uu 
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Finish off your blanket with a trim to keep everything to- 
| gether. Several quili-stitches should be added to keep the in- 
sides from shifting around, 
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three pieces of fabric, with two layers of steel wool 
sandwiched in between. 


@) 


H) 


‘Keep and use the blanket in an environment: similar 
to that advised for a regular aesumulstor, away from 
any TV sets, microwave ovens, fluorescent lights, or 
other electromagnetic or radioactive gadgets. Never 
use an orgone blanket with an electric blanket. It 
can be stored on a hangar in the open air, or even in- 
side a larger accumulator for greater charging, 


Do not ever wash or dry clean your orgone blanket, 
as the steel wool will rust! Spot clean only with a 
slightly damp sponge. 


Reich once made very heavy orgone blankets, com- 
posed of galvanized steel wire mesh, and alternating 
layers of wool and steel wool. While these work quite 
well, find them to be uncomfortable and difficult to 
use. Thay do not appear to be any more effective than 
the simple design given here, 
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16. Construction of a 5-Ply 
Garden Seed Charger; The 
“Coffee Can” Accumulator 


One can make a simple garden seed charger from a 
| cleaned food container can or coffee can, using additional 
| steel wool and fabric materials. 


H A) Empty a large coffee can or other steel or stool/tin 
| food container (no alumninum!), clean it, remove all 
labels, and dry thoroughly. Make sure you save the 
cut-out metal lid, or make a replacement from anoth- 
| er can, or from galvanized steel shee! metal. Use a 

can large enough to hold all the seeds you will be 
charging. 


B) Obtain several yarde of good 100% wool, or aerylie 
felt fabric, You will need enough fabrie to go around 

the can ebout 6 times, plus enough for 6 round top 
| pieces, and 5 similar bottom pieces, 


©) Purchase several packages of very fine grade (“000° 
or "0000") steel wool. You will need enough un- 
wrapped steel wool to cover an area equal to that of the 
fabrie. Again, unwrap tho steol wool pads as you 
need them, and spread it out, 


D) Cut the fabrie into a very long strip which is as wide 
as the can is tall. The length of this long strip should 
‘be about 6 times the circumference of the ean. As you 
may not have a single strip of fabric this long. You 
ean splice several pieces together. 


B) Lay the long fabric strip out flat, and spread a thin 
ayer of steel wool on top of it. Lay the empty can on 


3) 


@) 


H) 
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one end of the steel wool/fabric strip and roll the can 
up inside the strip. Stop when the strip has been 
wrapped around the can about five times or more. 
Add a final layer of fabric to the outside, and stitch or 
tape it in place so that it will not unravel. 


Measure the diameter across the top of the ean, in- 
clading the wrappings of fabric and steel wool. Cut 
out 10 circles of fabric material of this same diame- 
ter, 5 for the top, 6 for the bottom, 


Sandwich steel wool between the fabric circles such 
that you have 4 layers of steol wool between 5 layers of 
fabrie, Make two of those fabrie/steel wool sandwich- 
¢s, one of which will be used to cover the bottom of the 
can, and the other for the top. 


‘Take the metal disk cut from the top of the can and 
file smooth any jagged edges. Punch two small nail 
holee near the center, about 1/4” apart, Using a heavy 
upholstery or knitting needle, thread some heavy 
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tivine, wire, or yarn through the center of one of the 
steel wool/fubric sandwiches, and bring the twine 
through the holes in the metal can lid. Secure the ean 
lid to the center of the steel wool/fabrie sandwich. 
‘The steel wooVfabric sandwich should be about 2" 
wider in diameter than the metal can lid, 


1) Using heavy thread, loosely stiteh together the edges of 
the top steel woolFabrie sandwich (the one sown to the 
metal can lid), Also loosely stitch the edges of the bot- 
tom steel wool/fabric sandwich together, and sew it to 
the bottom edge of the steel wool/fabric strip, wound 
around the can, Except for the top opening, the metal 
can should. now be encased in the steel wool/fabric 
material. 


J) Find a heavy pillowoase, laundry bag, or other larger 
| cylindrical non-metallie container in which to keep 
| the entire charger. Or, if you are good with a needle 
and thread, stitch together your own fabric cover for 
the charger. The main thing is that the outer layer of 
fabrie, and any open ends of fabric showing pieces of 
stee] wool, should not be subject to “knocking about” 
or moisture, such that it starts to fall apart or rust, 


K) Review the section on seed charging, in the “Simple 
i Experiments” chapter for instructions and addition- 
al ideas on the use of your charger. Or, as an aller- 
native to constructing this accumulator, you could 
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store your sceds inside a large motal cookie tin 
which would then be wrapped up inside the multiple 
folds of a very large orgone blanket, or be stashed in- 
side one of the other, larger accumulators. Just real- 
ize that the greater the number of plys, and the great- 
er the absolute quantity of materials going into the 
construction of the accumulator “pile”, the stronger 
will be the charge. At the author's laboratory, for 
instance, the small 5- ply coffee ean charger is stored 
inside the 10-ply, one-cubic foot accumulator, which 
in turn is stored inside the -ply large accumulator. 
This is a total of 18 plys, and yields a charge which is 
readily sensible. 
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17. Construction of a 10-Ply 
Orgone Energy Accumulator 


A vory powerful, one-cubie foot, 10-ply accumulator ean 
| be made following the instructions below. 


A) Cut six galvanized steel, 27 gauge sheet metal 

! squares, measuring 1' x 1’. Use heavy tape, on the 
outer metal walls only, to construct a metal cube. 
Leave the top of the eube open, and do not tape it into 
place. The interior of the cube should remain bare 
‘metal, without: any tape showing. 


B) Use very fine (“000" or *0000") stzel wool, and heavy 
clear plastic acrylic carpet. protector material for 
construction of the plys. The clear plastic carpet pro- 
teeter is the same material used in model homes to 
protect carpets from wear, and is often sold on rolls 
in hardware and departmont stores. It is not cheap, 
but works very well. The clear plastic carpet runner 
should have rows of small tips on the side which nor 
mally faces down on the carpet; these tips work very 
nieely for holding the steel wool in place. Celotex 

| (Soandboard) should be nsed for the final outer layer, 

‘with wood corner strips, The final outer cslotex may 

additionally be coated with beas wax and/or shellac 
to increase charging. 


©) ‘Ten alternating layers of plastic and steel wool 

roughly measure 2" in thickness. This being the 

l\ ase, you should construct the outer eslotax easing in 

the shape of a cube, the intarior dimensions of which 

will be 16" x 16” x 16", Cut six celotex panels with the 
following dimensions: 
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17" x 16" 


16" x16" S ad 
= 


D) Use small nails and glue to fasten five of the six celo- 
tex panels together, to make a cube shape. Again, as 
with the metal box, do not attach the top. Add extra 
glue to the edges of the assembled colotex box, and al- 
low it to dry before proceeding. 


Celotex Panels: 


E) Using a mitre bor, cut wood corner strips for the out- 
side edges of the celotex box. Nail and glue these 
wood corner strips to the celotex hox for added 
strength, 


F) Cut 20 square pieces of plastic earpet runner, 16” x 
16". Put ten of these squares aside for later use. Lay 
the other ten squares one at a time inside the bottom of 
the celotex box, tips facing up. In between each plastic 
square place a layer of steel wool, taken from un- 
‘wrapped steel wool pads. When finished, the top of the 
ast plastic square will face upward in the bottom of 
‘the colotex box, and it should also be covered with 
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| G) Place the galvanized steel sheet metal cube inside the 

| celotex box, on top of the ten plys of plastic and steel 

| wool. If yon have constructed the celotex box correct- 
ly, the top of the metal cube should be about 2" below 
the top of the celotex box, and a space of about 2” 

| should exist between the sides of the metal cube and 
the interior sides of the celotex box. 


H) Cut 20 pieces of plastic, 12" x 16", and 20 more pieces, 
| 12"x 12". These will be used to fill the side spaces be- 
| tween the metal cube and the celotex. Layer each 

plastic pioce with steel wool, and stack into bunches 
of ten layers each. Do this on a flat surface before at: 

tempting to place them into a vertical position, in be- 
| tween the celotex and metal boxes. 


T) Place the two stacks of 16" x 12" plastic/steel wool be- 
tween the celotex and metal eube, on opposite sides of 
the metal cube. An outer layer of plastic should lay 
against the inner wall of the eclotex box, while an 
inner layer of steel wool should rest against the out- 
side of the metal box. The upper edge of the plastic 
should be nearly flush with the upper edge of the met- 
al eube, both of which should remain about 2” below 
the upper edige of the celotax box. 


J) Place the two stacks of 12" x 12" plastie/steel wool in 
the two remaining spaces between the celotex and 
metal cube, as given in the previous step. 


K) Teke the 10 remaining pisces of 16" x 16" plastic car- 
pet runner and layer them with steel wool. Stack 
| them up and set them aside, Unlike prior stacks, 
however, do not finish the final plastic layer with 

steel wool. 


L) Take the remaining square of galvanized sheet met 
al, and drill or punch small holes in each corner, 
about 1/2" from each corner. The holes should be 


integrated circuit > digital > multiplexer 


logic state. A digital multiplexer does not al- 
low reversal ofits inputs and outputs, but a 
decoder functions as if it were a digital de- 
multiplexer. 


How It Works 


‘The multiple inputs to a multiplexer are referred 
to as channels. Almost always, the number of 
channels is 1, 2, 4,8 or 16. A 1-channel compo- 
nent is only capable of “on” or “off” modes and 
functions similarly to a SPST switch 


If there are more than two channels, a binary 
number will determine which channel is con- 
nected internally. The number ofchannelsis usu- 
ally the maximum that can be identified by the 
number of select pins, so that 2 pins will control 
4 channels, 3 pins will control 8 channels, and 4 
pins (the usual maximum) will control 16 
channels. 


In multiplexers with three or more channels, an 
enable pin is usually still present to activate or 
deactivate all the channels simultaneously, The 
enable feature may be described alternatively as 
a strobe, or may have an inverse function as an 
inhibit pin, 


Although a rotary switch is helpful in conceptu- 
alizing the function ofa multiplexer, amore com- 
‘mon representation (sometimes in datasheets) is 
an array of SPST switches, each of which can be 
‘opened or closed by the decoder circuit. A typical 
‘example, depicting a dual differential multiplex- 
ef, is shown in Figure 16-4, Note that the internal 
decoder can only close one switch in each chan- 
nel at a time, 


‘The switch analogy is appropriate in that when 
an output from a multiplexer is not connected 
internally (ie, its switch is open’) itis effectively 
an open circuit. However, some multiplexers 
contain pullup resistors to give each output a de- 
fined state. This can be an important factor in 
determining whether the multiplexer is suitable 
for a particular application. 


How It Works, 


Enable 


Figure 16-4. The internal function ofa dual multiplexer is 
commonly represented as a network of SPST switches. 
each of which i controlled by decoder logic 


A digital multiplexer actually contains a network 
of logic gates, shown in simplified form in 
Figure 16-5. 


‘A demultiplexer has internal logic shown in sim- 
plifier form in Figure 16-6. 


Schematic Symbol 

Ina schematic, a multiplexer and demultiplexer 
may be represented by a trapezoid with its 
longer vertical side oriented toward the larger 
number of connections. This is shown in 
Figure 16-7. However, this symbol is falling into 
disuse, 


‘More often, as is the case with most logic com- 
ponents, a multiplexer or demultiplexer is repre- 
sented by a rectangle with inputs on the left and 
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A one-cubic foot, 10-ply accumulator with atteched funnel. 
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large enough to accommodate a long but narrow 
screw, 


M) Find a rough wood or carpeted surface to work on. 
] Lay the stack of plastie/steel wool squares on the last 
pieve of célotex. Center it on the celotex; there should 
be about 1/2” of celotex appearing all arcund the 
stack. Now place the sheet metal square (with the 
holes) on top of the plastic/steel-wool/celotex stack, 
and center it also. There should be about 2" of plastic 
extending beyond the edge of the metal square on. 
each side. Use some masking tape to temporarily 
hold the eclotex/plastic/stoel stack together, 


] 'N) Using an ice pick, carefully make four vertical holes 
| through the plastic/stee! wool stack, and through the 
ae using the corner holes in the sheet metal 
guide. Do not nse a drill, as the steel wool 
fell eaiadis @roundl tea Gril 


0) Using four skinny bolts, along with nuts and LARGE 
i washers, secure the metal square and plastic/stee! 
wool stack against the celotex square. Use a bolt no 
longer than necessary, such that the bolt ends will 
not protrude significantly. When completed, this 
whole lid assembly should fit snugly on top of the ce- 
Jotex box, The metal plate attached to the lid should 
] closely, but not perfectly, align with the metal cube 
| interior. With the lid in place, only bare metal 
should face to the interior of the accumulator. 


P) For handles, first firmly glue a flat, wide and long 
wood strip to two outer sides of the calotex eube, near to 
the top. When completely dry, serew wood or metal 
handles to these wood strips. A handle should also be 
attached to the upper, outer side of the lid assembly, 

| using a similar support mechanism. The celotex is 

simply too lightweight to accept screws or nails 
alone. You may likewise install « hinge between the 
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lid assembly and the box, or coaster wheels to the 
bottom, but these are not necessary. 


Q) For additional charging strength, the outer colotex 
walls may be coated with melted bees wax or paraf: 
fin (not really necossary), but in any case should 
be given several coats of protective natural shellac. 


R) For additional charging strength, store this cubical 
accumulator in the bottom part of a larger, human- 
sized aecumulator, undor the bench that you nor- 
mally sit upon. Be sure to maintain a clean and 
uncontaminated environment for your accumula- 
tor, as per the points given in the previous chapters. 
Prop the lid open when not in use, and store ina 
clean, dry place, without electromagnetic or nucle- 
ar contamination. 
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18. Construction of an Orgone 
Shooter Funnel 


| The shooter funnel is similar to other accumulating 
dovieos, but has an open face allowing for external irradi- 
ation of objects. It is often connected to a larger box aceu- 
mulator, but this ix not absolutely necessary. 


| 

| A) Obtain a galvanized steel funnel with about 6” di- 

| ameter at the large end, from a hardware, farm 
supply, or auto supply store, Auto supply stores 
sometimes sell these with a flexible metal hose al- 
ready attached, for dispensing oil into a car en- 
gine, and this may help in the later attachinent to @ 
box accumulator. 


B) Coat the outer metal surface of the funnel with a 
layer of melted bees-wax, or with strips of black 
plastic clectrical tape, leaving exposed the bare met- 
al surface of the funnel interior. 


C) If desired, the small “draining” end of the funnel 
can be attached to a 3/4” or 1 diameter length of 
hollow, flexible metal “greenficld BX” cable (use 
galvanized steel, not aluminum). The other end of 
the cable is then run into the interior of a small box 
accumulator, through a hole in its side or lid. Wrap 
the outer surface of the flexible metal cable with 
black-plastic electrical insulation tape. (See page 
121.) Your shooter funnel will then draw orgone 
down the cable to the funnel opening, ineroasing its 

] radiating strength. Or, simply store the shooter 

\ funnel inside a bex-type accumulator, to keep it 

| charged up. 
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19. Construction of an Orgone 
Shooter Wand 


The shooter wand is a very simple means for demon- 
strating the subjective sensations of the orgone radiation, 
and also for irradiation of orgone energy into body cavities, 
Simply store the completed shooter wand inside a well main- 
tained accumulator, and remove it for use when necessary. 
Under relaxed conditions, most people ean hold this wand in 
the hand, or place it on the solar plexus or upper lip, and 
readily feel the soft radiant glow of the orgone energy, 


A) Obtain a pyrex test tube of about 9/4” to 1” diameter, 
and 6° to 9" long, from a laboratory or medical sup- 
ply company. 


B) Fill the test tube full 
of fine grade (*000" 
or 0000") steel 
wool. Compress to a reasonable firmness. 


©) Seal the open end of the test tube with a rubber stopper, 
‘and tape it shut with plastic electrical tape. 


i D) Place the shooter wand inside a small orgone acea- 
mulator for a period of several days or weeks before 
using. Keep it stored inside the accumulator in be- 
tween uses. 


E) If you tse the shooter wand to irradiate the throat or 
other body cavities, or if the pyrex glass otherwise be- 
comes soiled, wipe the glass clean with isopropyl al- 
cohol prior to putting it back inside the accumulator, 
The wand should always be alcohol cleaned and air 
dried prior to being replaced into the accumulator for 
charging 
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20. Construction of a Large 3-Ply 
Orgone Energy Accumulator 


‘This accumulator is large enough to sit in, and is com- 
posed of 6 large rectangular panels, Each panel is made 
from a wood frame, galvenized steel sheet metal (27 gauge), 
steel wool, fibreglass (without sluminum backing), and ce- 
lotex (soundboard). One side of each wood frame is faced 
with galvanized steel, the other with colotex, and the three al- 
tornating layers of fibreglass and stcel wool are sandwiched 
in between, 


A) First compute the size of the panels for an accumula- 

tor that will fit your personal needs, adding the ne- 
1 cessary dimensions for overlap between the yarious. 
panels. The side panels and back panel should phys- 
ically sit on the edges of the bottom panel. The back 
panel should snuggle between the two side panels. 
‘The top panel should overlap and rest upon both side 
| panels and the back panel, covering them. The door 
panel should, like the back panel, snuggle between 
l the side panels whan it is shut. I believe thie arrange- 
ment is the simplest possible, and most efficient to 
build. Dimensions are given below for accumulators 
to accommodate people of varying sitting heights, but 
of average weight, As the distance of the body surface 
from the metal walls increases, there will be a reduc- 
i tion in effectiveness of the accumulator. The dimen- 
| sions of the accumulator should be carefully selected 
‘to meet your needs. An additional 1/2” el 
provided in the width dimension (1/4’ 
such that, the door will open and shut freely. 
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Large 
3 29.5" x25" 
29.5" x 35° 
35" x58" 
35" x 58" 28 x 50" 
25" x58" 19° x50” 
25" x52" 19" 44" 
JnteaeeDimensfons: 
Height: 58" ba" 50" 
Width: 25" at 19" 
Depth: a1” 28" : 
You will nced: 


Height = height sitting erect in a chair + about 3" 
Width = shoulder width + about 4" (2" each side) 
Breadth = sitting, knee to back distance + about 3” 


B) Mako wood frames of 9/4” x 1-1/2" pino (called “ono 
by two” in lumber yards), like picture frames, such 
that the outer edges conform to the computed dimen- 
sions for your accumulator panels. Nail and glue all 
joints. 


C) Arrange the open wood frames together, as they will 
be when the accumulator is complete, to make sure 
that all dimensions have been properly calcalated 
and cut, If there is an error in your calculations, now 
is the time to find out, before the more expensive celo- 
tex and galvanized sheet metal have been cut. 


D) Cut the colotex panels to size, ftom 1/2" or 3/4" thick 
colotex shoot, to cover fully one side of each wood 
frame, Nail and glue the celotex panels to each wood 
frame, Use 1/4" plywood instead of eelotex for the bol- 
tom panel (and only the bottom panel). 


Bale: 


Assembled Wood Frames for Accumulator Panels 
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B) Cut batts of 1/4” thick fibreglass material to size and 
place a layer inside each of the open panel frames. 
Use gloves and a mask to protect. yourself. Do not 
compress. Avoid lumps and holes, You can use wool, 
colton, acrylic felt, or rock wool instead, if you wish, 
but for a large accumulator like this, the costs will be 
higher, and the accumulation will not be signifi- 
cantly stronger. These other materials may yield a 
different “feel” to the orgone charge, and if that is 
important to you, the cost may be justified. 


F) Unroll yery fine (¥000" or “0000") steel wool pads and 
place a layer inside each of the open panel frames, on 
top of the fibreglass. Leave it fluffy, al around the 
same thickness as when unrolled, in as uniform a 
layer as possible. Some steel wool comes in large 
rolls which, if you ean. get it, will speed up construe. 
tion for large azcumulators, 


G) Repeat steps E and F, placing a new layer of fibre- 
lass on top of the previous steel wool layer, and an- 
‘other layer of steel wool on top of that. 


H) Again repeat steps E and F, placing another new 
layer of fibreglass on top of the previous steal wool 
Jayer, and another layer of steel wool on top of that. 


T) You should now have three alternating layers of fibre- 
vlass and steel wool contained in the open frame of 
each panel. The final layer facing you should be 
composed of steel wool. The panels should also be 
filling up, and may noed to be slightly compressed 
before the final layer of galvanized steel shoot metal 
can. be added, If you have used some other type of 
non-metallic material than fibroglass, and if the 
material lies loosely in the frame, you may have 
problems with stumping of the plys when the panels 
are finally sealed and placed in upright position. If 
this is the ease, now is the time to do something to pre- 
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Fn Cross-Section of Side, Top, Back and Door Accumulator Panels | 
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How It Works 


outputs on the right, as shownin Figure 16-8. The 
distinction between inputs and outputs is prob- 
Jematic, however, inan analog multiplexer which 
will allow data flow to be reversed. 


) 
Es) 
Sie 


Decoder 


Select Enable 


Figure 16-5. A simplified representation ofthe logic gatos 
ina dgital multiplexer 


Decoder 


‘Select Enable 


Figure 16-6. A simplifier representation ofthe logic gatos 
ina dgital demultipiexer. 


Pin Identifiers 

The lack of standardization in the identification 
of pin functions is perhaps more extreme in the 
case of multiplexers than for other types of logic 
chips. 
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Figure 16-7. The traditional symbol for a multiplexer (lett) 
‘and demultiplexer (right). The trapezoid is oriented with 
Its longer vertical side facing the larger number of connec 
tions. This symbol s falling into disuse 


& 
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Ly 
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Figure 16-8. A simple rectangle is most often used as 2 
schematic symbol for a muttiplever but the abbreviations 
‘assigned to pin functions are not standardized. See text 
for details 


An output enable pin will be shown as E or EN, ot 
occasionally OE. It may alternatively be de- 
scribed as an inhibit pin, labeled INH, or some- 
times will be called a strobe. The function is the 
same in each case: one of its logic states will en- 
able the internal switches, while its other logic 
state will prevent any internal switches from 
closing, 


Switch inputs may be labeled SO, $1, $2... oF XO, 
X1, X2... or may simply be numbered, almost al- 
‘ways counting up fram 0, Whete two or more sets 
of switches coexist in one package, each set of 
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Front View, full-size 3-ply accumulator 


For Warmer, Tropical Climates: Use door with 3” convec- 
ton gaps at tap and bottom, as per measurements on p.127. 
(Photo on p.23.) If needed, tack screen strips to door tap and 
bottom, across gaps, to keep out insects. 

For Cooler or Cold Climates: Lise full height door with 
small window. (Photo on back cover.) Refore cutting door 
materials, adjust door measurerwents (p.127) to only 1/4" less 
than full height of side panels. Before assembling door, cut 
matching 6" square openings in door sheet metal and celo- 
tex, centered at face height, then frame opening with 122" 
wood strips. Complete assembly as per instructions. 

Use hinges with removable hinge pins for easier assembly 
and take-down. Secure inside of door with hook and eve. 
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vent slumping, 


J) Catthe galvanized steel shest metal to size such thabit 
fits over the open part of each panel, overlapping and 
covaring the wood frames. Use the lightest sheet met- 

| al available, such as 27 gauge, which can be ent with 
j hand shears for trimming, and still add to structural 
strength of the panels, For the bottom (floor) panel, 
‘add a layer of 1/4” plywood under the shect metal, for 
additional weight support. Nail it securely onto the 
wood frames, using a small hole punch if necessary. 
‘Small steel tacks should easily penetrate through the: 
sheet metal. After nailing, use file or shears to trim 
all sharp metal corners. As an alternative to gal- 
vanized steel shoot metal, some people have effective- 
ly used galvanized steel wire mesh, or wire screen. 
| ‘This is cheaper to use, and can be secured to the wood 
frame with a heavy duty staple gun. The steel wool 
should be visible through the screen. 


K) Assemble and secure the panels together. Start by so- 

curing one side panel to the bottom panel, by using an 

*L? shaped metal brace at the front and rear of the 

side panel, near the battom. Use screws, such that the 
accumulator can be taken 
apart later for easy moving. 
‘Secure the other side panel in a 
similar fashion, followed by 
the back panel. The back pan- 
el must be secured indepen- 
dently by small metal braces, 
placed between the wood 
frames of the bottom and back, 
‘Add the top panel, and seeure it 
to the sides and back in a sim- 
‘ilar manner. The accumulator should now be quite 
sturdy, and is almost complete. 


1) Carefully mark and drill holes for door hinges and 
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attach them to the door panel and side panel. Make 
sure you center the door in a way that leaves equal 
space at the top and hottom, either for convection 
gaps (for the vented door style), or as clearance to 
allow the door to freely swing open and shut (for the 
full-height windowed door style). Use hinges with 
removable pins so that you can easily take the door 
off when moving the accumulator. After fixing the 
door to the side panel, it should open fully and close 
snugly, without: binding. 


‘M) Attach a hook and eye to the door and side panel op- 
posite the hinge, such that the person sitting inside 
can secure it shut, Finally, add several coats of 
natural shellac to the outer exposed celetox, to pro- 
tect it from humidity and add to its accumulating 
strength. 


N) Your accumulator is now complete, except for a 
seat, You should have a seat which will allow you to 
place other accumulator chargers underneath. For 
this purpose, you might wish to specially construct. a 
‘wooden bench, Wood is a good material to use, as it 
doos not absorb the orgone energy significantly, 
and is not cold to the touch. Do not use woods that 
have been soaked in preservative or formaldehyde, 
however. Metal chairs are OK. but will be quite cold 
to sit on unless covered with a ight fabric. 


0) You may slso wish to construct a cheat board, or or- 
gone pillow, for use inside the accumulator. As you 
sit inside, notice that there is. great distance from 
your chest to the front metal wall, This large 
istance inhibits orgone irradiation to your chest. 
An additional, small eecumulator panel, similer 
to those usod for tho wall panels, could be construct- 
ed for use inside the larger box, to bring the radia- 
tion closer to the chest. However, a simpler way is 
ta use a bundle of cotton, wool, or avrylic felt, rofled 
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P) 


into a large pillow shape with equal layers of steel 
wool. The final outer layer should be composed of 
‘steel wool, and the entire bundle is then placed in- 
side a thin cotton pilloweaso, It should bo large 
enough that it fits vory snugly into the pillowcase, 
By holding this orgone pillow close to the chest, 
while you are in the accumulator, it will irradiate 
thoso frontal areas of your body that are not so wall 
irradiated by the acenmulator walls. Leave the or- 
gone pillow inside the accumulator when not in uso, 
to keep it, charged up. You can also use this pillow 
outside of the accumulator, in a manner similar to 
the orgone blanket, with equally good results. 


Do not connect electrical appliances to the accumula+ 
tor. Follow tho eautions given in the previous chap- 
ters. You can read a bock while inside the accumu- 
lator, but should use either a strong external light 
source (to shine a beam of incandescent, light: into 
the accumulator), or you can use a battery-powered 
reading light inside Again: no fluorescent lights, 
television sets, heating blankets or pads, or other 
electrical or electromagnetic devices!! 
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poor materials for orgone accumulator construction remain uh- 
changed and time-tested, 


Cautionary Note on New 
“Wireless” Electromagnetic Gadgets 

On tho subject of safe use of the accumulator (see Part ID), 
we may add the following: Over the last decado, there has been 
an increased use of new “high tech” devices for telecom: 
tions purposes which actively emit potentially toxie To 
of electromagneticradiation: cellular telephones and 
relay systems (often loeated in populated areas) emit micro- 
wave radiations at potentially toxic levels, as well as new re- 
mote-control apparatus which employ active far infrared (close 
tomicrowave) frequencies, such as inventory scanners and yari- 
ous kinds of wireless” technology. In all cases, orgone accumu- 
lators should not be located near to any of these deviess, nor 
should any human being wish to live, werk or sleep near them 
either! New electromagnetic devices should be viewed as con- 
trary for safe use of orgone devices unless proven otherwise. 
On the other hand, various passive infra-red sensing devices 
(such as automated outdoor security lights) pose no problems. 


Sprouted Mung Beans: Left side, Orgone-Charged. 
Right side, Controls. (experimental protocol p.96-97) 
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New Publications and Controlled 
Studies on the Human Bio-Rifects 
of the Orgone Energy Accumulator 

In recent years, mainstream publishers in Germany have 
expressed a growing interest in the works of Wilhelm Reich, 
and on the subject of his research findings (an interest not cur 
rently shared by any mainstream Ameriean publisher). Some 
examples of this interest are given below. 

‘Appendix T of this Handbook (page 148-155) presents an 
extended ebstract describing the first double-blind controlled 
study of human physiological response to the orgone eecumala- 
tor, as undertaken by Stefan Muschenich and Rainer Gebauer. 
‘Their study was completed in 1986 at the University of Marburg 
in Germany. Dr. Mischenich subsequently wrote a major book 
on this same eubject (in the German language): 

Stefan Muschenich, Der Gesundheitshegriff im Werk des 
Arates Wilhelm Reich (The Concept of Health inthe Works of Dr: 
Wilhelm Reich), Doktorarbeit am Fachbereich Humanmedizin 
der Philipps-Universitat Marburg, Verlag (Gorich & 
Weiershauser, Marburg 1995, 425 pages. ISBN 3-922906-54-0. 

In morerecent years, another similar double-blind and con- 
trolled study was undertaken at, the University of Vienna by 
Gitnter Hebenstreit, producing similar positive results, ‘The 
Hebenstreit study; like that of Maschenich and Gebauer, used 
an orgone accumilator, a control dummy-box that, lacked like 
an accumulator, and a relaxation-chair in which test, subjects 
were evaluated both before and after exposure to either the ac- 
cumulator or control enclosure. Tt produced positive results, 1 
am informed, Unfortunately, we do not have any printed proto- 
cols, but can give the exact, citation for those who wish to obtain 
and read the original German-language publication: 

Gunter Hlebenstreit, Der Orgonakkumitlator Nach Wilhelm 
Reich. Kine Experimentelle Untersuchung zur Spannungs- 
Ladungs-Formel, Diplomarbeit zur Erlangung des Magiste: 
gradee der Philosophie an der Grung- und Integrativ- 
wissenschaftlichon Fakultit der Universitat Wien, 1995, 

Another German-language title of significance was pub- 
lished in 1998, containing the contributed research papers of 
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40 different scientific-professional authors on the subject 
Wilhelm Reich’s social and biophysical findings, to include many 
papers on the subject of bions, orgone energy, and the orgone 
energy accumulator: 

James DeMep & Bernd Senf, Editors, Nach Reich: Neue 
Forschungen zur Orgonomie: Sexualikonomie, Die Entdeckung 
Der Orgunenergie (After Reich: New Research in Orgonomy: Sex 
Economy, Discovery of the Orgone Energy), Zweitauseadeins 
Verlag, Frankfurt, 1998. 898 pp. ISBN 3-86150-239-9. 


An Orgone Energy Darkroom (room-sized accumulator) at the 
Orgone Biophysical Resenrch Lab's high-altitude Greensprings 
Center near Ashiand, Oregon. This structure is made in the 
form of a large accumulator, with a metal-lined interior and 
under-layering of fiberglass. Inside are several human-sized 
orgone accumulators ond experimental chargers. The strength 
of the atmospheric orgone energy charge inside such an orgone 
Toon is dramatically increased. The orgone energy can be more 
easily felt and observed with the eye, and registers more clearly 
in experiments and with measuring epparatus, 
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About the 
Orgone Biophysical Research Lab 
(OBRL) and Greensprings Center 


‘Tae Orgone Biophysical Research Lab is a non-profit ecience 
research and educational foundation, established in 1978. Over 
the years, OBRL has supported various laboratory and field 
research projects, educational lectures and seminars. in both 
the USA and overseas, forused upon the sex-eeonomic and or- 
gone biophysical discoverics of tho late, great natural sciontist, 
Wilhelm Reich, OBRL also publishos a journel, Pulse of the 
Planet, on an irregular basis, The founder and director of OBRL, 
James DeMeo, has been investigating and extending Dr. Reich's 
original findings in both the social and natural sciences since 
1971, Early in 1995, the Greensprings Center was established 
in a vibrant forested region of rural Oregon, to provide a better 
foundation for continued public outreach and in-depth study of 
‘ongono onergy functions in nature. Tho Center also has the West 
Coast's only Orgone Energy Darkroom, for experiments requiir- 
ing a higher energy charge, and far direct visual observation of 
orgone energy fuunctions. New books (described at right) are also 
oecasionaily published, and public eclueational programs, the 
Greensprings Seminars, are held each summer. Accomplished 
scholars in tho field of orgonomy are invited each year to share 
their knowledge and experience with interested students and 
professionals from eround the world. Yearly seminars include: 
Bions, Biogenesis and the Reich Blood Test, The Orgone Bneray 
Accumulator, and Guided Independent Study. Contact OBRL 
for an informative brochure and publications catalog, and to 
got on the international mailing list for seminar announconents. 

Orgone Biophysical Research Lab 

Greensprings Center, PO Box 1148 

Ashland, Oregon 97620 USA 
‘TeVFax: 541-552-0118 Email: demeo@mind.net 
OBRL's Global Internet Web Site: 
http:/iwww,orgonelab,org 
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Additional Publications Available 
(Contact OBRL for ordering information) 


"= | the Planet #5): Emotions, 

| Protocells, Ether-Drift and 
Cosmic Life-Energy, withNew 
Research Supporting Wilhelm 
Reich, Edited by James DeMeo 
Contains 28 insightful essays and 
research articlesby 17 differentauthors, 
on natural childbirth, sexuality, 
a archaeology of early human violence, 
Reich’s orgonomie functionalism, exposés on Reich’s detractors, 
Giordano Bruno’swork, bion-biogenesis research, Dayton Miller's 
ether-drift discoveries, emotional effects in REG (psychokinesis) 
experimenis, new detector for orgone energy, dowsing research, 
cloudbusting desert-greening experimentsin Africa, plantgrowth 
stimulation in the orgone accumulator, theorgoneenergy motor 
and “free energy”, plus UFO research, book reviews, and much 

more, with color cover photos, text- photos and illustrations. 

272 pages, Large format $24 Softcover 


SAHARASIA: The 4000 BCE 

h| Origins of Child-Abuse, 
Sex-Repression, Warfare and 

| Social Violence, In the 
Deserts of the Old World, 

| by James DeMeo 
Dr. DeMeo'smagnum opus on theorigins 
of human violence and biophysical 
uxmoring, the first geographical, cross- 
culiurel study ofhuman behavioraround 
the world, using Wilhelm Reich's sex- 

economic discoveries es a basic starting point, presenting world 


integrated circuit > digital > multiplexer 
inputs may be distinguished from the others by 
preceding each identifier witha numeral rletter 
to designate the switch, as in 1S0, 1S1, 152... or 
1X0, 1X1, 1X2... (Switches are generally num- 
bered from 1 upward, even though their inputs 
are numbered from 0 upward.) Outputs may be 
identified using the same coding scheme as in- 
puts, bearing inmind that theinputsand outputs 
of an analog multiplexer usually are interchang- 
able, Some manufacturers, however, prefer to 
identify each multiplexer output by preceding it 
with letter. Alternatively, 21,22, 3... may iden- 
tify the outputs from switches 1, 2, 3... Fortu- 
nately, datasheets usually include some kind of 
key to this grab-bag of abbreviations. 


Control pins are often identified as A, B,C... with 
letter A representing the least significant bit in 
the binary number that is applied to the pins. 


Voltages can be confusing in multiplexers. Com- 
ponents intended for use with digital inputs are 
straightforward enough, as the supply voltage 
will be identified as Vec and is typically SVDC for 
through-hole packages (often lower for surface- 
mount), while negative ground is assumed to be 
OVDC. However, where a multiplexer may be 
used with AC inputs in which the voltage varies 
above and below OV, supply voltages above and 
below OVDC are also possible—such as +7.5VDC 
and ~7.SVDC, to take a random example. Three 
power-supply pins may be provided for this pur- 
pose. The positive supply will usually be identi- 
fied as Voo (the Dreferstothe Drainin the internal 
MOSFETS). A Vee pin may be at OVDC or at a neg- 
ative value equal and opposite to Voo. The E in 
this abbreviation is derived from Emitter voltage, 
even though the component may not contain a 
bipolar transistor with an emitter. Customarily, a 
\Vss pin (the S being derived from the Source in 
the internal MOSFETs) will be at OVDC, and ather 
voltages will be measured above and below this 
baseline, This ground pin may alternatively be 
labeled GND. 


Asis customary in logic chips, low-active control 
pins will have a bar printed above their identifi- 


Variants 


ers, oran apostrophe will be placed after an iden- 
tifier if the font does not permit printing the bar. 
Alternatively, low-active pins may be represent- 
ed by showing a small circle, properly referred to 
as a bubble, at the input or output point of the 
symbol for the multiplexer. Note that analog in- 
putsand outputs areneither high-activenorlow- 
active; they merely pass voltages through. 


Variants 


Most multiplexers are "break before make” devi- 
ces, where one input is disconnected before the 
next input is connected. However, some excep- 
tions exist, and datasheets should be checked for 
this, It can be a significant issue, because make- 
before-break switching will briefly connect ex- 
ternal devices with each other, through the chip. 


Many multiplexers can tolerate control voltages 
above the usual high value in a logic circuit—as 
high as 15VDC in some cases, The voltage that is 
switched by the multiplexer may be the same as 
the control voltage, or may be higher. 


‘Some analog multiplexers have overvoltage pro- 
tection that allows them to withstand input vol- 
tages that are twice or three times the recom- 
mended maximum, 


Datasheets may mention ‘internal address de- 
coding,’ meaning that the binary number input, 
specifying a channel to be switched, is decoded 
inside the chip. In fact, virtually all multiplexers 
now have on-chip address decoding, and this 
feature should be assumed to exist, regardless of 
Whether itis mentioned, 


Values 


The voltage to be switched will usually be re- 
ferred to as the input voltage, Viy. 


‘An analog multiplexer should not be subjected 
tocurrent exceeding the value thatitis designed 
toswitch. Thisis known as the maximum channel 
current. Atypical valuewould be 10mA, although 
many modern surface-mount components are 
designed for currents in the microamp range. 
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maps of different behaviors and social institutions. Souree- 
regions (Arabia and Central Asia) for patriarchal authoritarian 
culture were identified, and migratary-diffusion patterns were 
traced, back in time, to pinpoint where and how the human 
tragedy bogan. Solves the riddle of tha origins of human violence 
end armoring. A breakthrough in the scientific study of human 
sexuality, psychology and anthropology, and must-reading for 
every parent, student, professor and clinical worker in the fleld 
of human health and behavior. 454 pages, with over 100 maps, 
photos, and illustrations. Lange format with vivid full-color 
cover, extensive bibliography and index. Softcover $34 
Author-Signed Limited Hardhound First Edition $90 


On Wilhelm Reich and 
Orgonomy 

(Pulse of the Planet #4) 

Edited by James DeMeo 

Contains Reich's milestone articles on 
psyehic and somatic (mind-body) 
‘processes, and on the bioelectrical aspects 
‘of human emotion and sexuality, with 
artides by R.D. Laing on Reich, and a 
discussion on Reich's work in Denmark 
‘when he fled Nazi terror in Germany and 
was also expelled from the International Paychoanalytic 
Association, Other papors discuss: Reich's research on biogenesis, 
‘and discovery of the microscopical biort; the discovery of orgone 
ife) energy, and the orgone energy accumulator. Also featured 
arearticles about the Food & Drag Administration’sattack upon 
Reich, and their present-day war against the natural health 
movement; the deadly effects from nuclear powerplants, and an. 
illuminating scientific challenge to the HIV theary of AIDS — 
plus other reports on current life energy research, weather 
anomalies from nuclear bomb tests, a cloudbusting desert- 
‘greening experiment in Israel, provocative book reviews, and 
‘more! 176 pp. Lange format $20 Softcover. 


PLANS 


FOR 
CONSTRUCTING 


AN 


ORGONE 
ENERGY 
ACCUMULATOR 


Notes Regarding the Use of the Orgone Accumulator 


The Orgone Accumulator is built so as to collect the natural energy of 
the atmosphere (Orgone Energy) and to make this energy about five times 
more concentrated inside the accumulator than in the outside air. Since 
orgone is the same energy that is in the bodies of all living organisms, the 
accumulator has the effect of increasing the body energy of the user— 
increasing the natural charge of the user's tissue and blood--thus 
strengthening the user's resistance to disease. 


Orgone is not electricity, and the orgone accumulator has no electrical 
connections. WARNING: DO NOT ALLOW EXPOSED ELECTRICAL 
WIRES TO COME IN CONTACT WITH THE ACCUMULATOR! 


The accumulator should be used once or twice daily as follows: the user 
should sit inside the accumulator lightly clothed or without clothing until 
the user becomes quite warm, or for roughly 15 to 45 minutes. The effect 
of the orgone will be best if the user relaxes, breathing out deeply but not 
forcefully. Slight dizziness or heaviness in the head is a signal to come out. 
Fresh air will eliminate such effects immediately. 


In humid weather, the normal time of use should be lengthened, as 
there is then less orgone in the atmosphere. Air the room in which the 
accumulator is kept every day, for the increased orgone concentration 
tends to make the air in the room heavy. 


The funnel end from the shooter box-seat is used for local application 
of orgone. This unattached end should be held close to, but not quite 
touching, the region in question for between two and ten minutes, 
depending on the sensitivity of the region. If it is used on the eyes, they 
should be kept closed. A slight burning sensation in the region that is being 
treated is a signal that the body has had enough for the time being. In 
general, the tube should only be used until the area becomes warm. The 
shooter box-seat tube can be used several times a day. 


© Copyright 1991 by Mary Boyd Higgins as Trustee of the Wilhelm Reich Infant Trust Fund 
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Questions Regarding the Use of the Orgone Accumulator 


Does it lessen the effect of the accumulator if any part of the body 
comes in direct contact with the metal walls’? 

It is better if no part of the body touches the metal walls. However this 
cannot always be avoided and it does not lessen the effect to any 
considerable degree. 


If two or three people use an accumulator rapidly in succession, is the 
orgone “used up"; does the last one to use it get energy? 

The effect of the orgone accumulator consists of a mutual excitation of 
the orgone energy which is concentrated within the accumulator and the 
body-orgone energy of the user. It can be assumed that the successive use 
of the accumulator by several persons will not lessen the efficacy. 


Should you spend more or less time in the accumulator, depending on the 
humidity? 

Since the orgone energy concentration in the atmosphere diminishes with 
high humidity, it is advisable to prolong the use of the accumulator on 
very humid days. 


Does the funnel for the pipe of the tube box have to be metal? 
Yes, since plastic or other non-metallic material will tend to "hold" 
orgone energy, while the metal will give it off immediately. 


Can you use the tube box inside a larger accumulator for reasons of 
more intensity, or is it more advisable to use it outside? 

‘The concentration of orgone energy in the tube box will be stronger if it 
is used within the larger accumulator. 


Is it all right to take objects into the accumulator while using it, such 
as books, magazines, notebook, pen, pillow? 

There is no objection to taking reading or writing material into the 
accumulator or knitting or needlework, etc. We would advise against 
taking pillows into the accumulator because they will soak up orgone 
energy and thus divert it from the body. 


Is it all right to paint the accumulator to match walls? 

As long as the paint does not contain lead or other metals, the 
accumulator can be painted in any color. It may also be covered with 
wallpaper. 
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If one makes one's accumulator light-tight and then sits inside it, is it 
possible to see the orgone energy light phenomena that are described 

in The Cancer Biopathy? 

No; bodily evaporation under these conditions creates too much 
humidity and the orgone phenomena cannot be seen when the humidity is 
high. 


What is the difference in strength between a one layer and three 
layer accumulator? 

The one layer accumulator, has an orgone concentration, measured 
electroscopically, of about 3 times that of the surrounding 
atmosphere. The three layer accumulator, has an orgone 
concentration of about 4 to 5 times that of the surrounding 
atmosphere. However, the concentration of the orgone energy does 
not increase proportionally with the numbers of layers. Thus a 
tenfold accumulator will have a concentration of approximately 6 
times that of the surroundings. 


My accumulator does not fit tightly together. Does this in any way 
lessen the effectiveness? 

Occasionally when an accumulator is dismantled and put together 
again, the walls do not close tightly. These cracks, even if they are as 
large as one inch, do not in any way affect the strength of the 
accumulator. In fact, experimental accumulators have been built with 
openings at the top and bottom for circulation purposes. 


Can paper, felt or material other than fiberglass be used for the non- 
metallic layers of the accumulator? 

Experiments have been made with other materials. However, all 

these materials are liable to absorb humidity, whereas the fiberglass will 
not absorb any humidity. Too strong an absorption of humidity 

would definitely lower the strength of the accumulator 


If you go into the accumulator with a fever, is the fever increased? 
In most cases, experience shows that the fever will be slightly increased 
while the person uses the accumulator, but that the temperature will drop 
below the previous level after the use of the accumulator. 


Is there any special time of day when the accumulator is more effective 
than at other times? 

Electroscopic measurements show the greatest concentration of orgone 
energy between 12 noon and 2 p.m. However, these variations in a given day 
are so small that it will not make any significant difference at what time of the 
day the accumulator is used. It can casily be regulated by timing. 


Construction of a Three-Fold Orgone Energy Accumulator 


i General information 


a, The accumulator is made of six panels which are to be screwed together 
All panels except the bottom are constructed in the same manner, and differ only in 
dimensions. Each panel consists of an inner surface of galvanized sheetmetal and an 
outer non-metallic surface of celotex which encloses a braced wood frame and 
alternate layers of fiberglass and steelwool. 


b. The materials specified may, if necessary, be replaced by other 
materials: 1/4" plexiglass or 1/4" upsonite along with a 1/4" fiberglass layer may be 
used in place of the 1/2" celotex. If substitutions are made, some adjustments in 
dimensions of the frames may be necessary. 


cc. Consult the accompanying drawings and tables for dimensions, 
construction details, etc. 


2. Construct the frames 


a. Cutthe 1 1/8" x1 1/2" clear pine to the specified lengths ( see fig. 1) 
Cut a 1/2" x 1/2" rabbet into one side of each piece (see fig. 2). The bottom panel 
frame requires two 1/4" x 1/2" rabbets (see fig. 3). Mitre the comers and join with 
carpenters’ glue and 8-penny finish nails. 


b. _ Brace each frame with two pieces of 1 1/8" x 1" clear pine (see fig. 4). 
Join with two 2 1/2" #8 drywall screws. The top and bottom frame do not need 
bracing. 


3. Attach the outer surface 


a. Cut the celotex to fit inside the rabbets of each frame except for the 
bottom frame. Fasten in place with 1" galvanized wire nails. 


T. Fora five-fold accumulator, increase the dimensions of the frames to allow for four more 1/4" 
layers, two layers of fiberglass and two layers of steelwool 


2. The 1/2" celotex (which has one side coated with white primer paint) may be known as: white 
construction board, soundboard, etc. It is basically a composite of wood fibers, Flakeboard, 
chipboard, etc. are not the same product and are too dense. ‘There is a styrofoam product with the 
trademark name Celotex; do not use this. 

3. fiberglass building insulation 


4, What is referred to as 5/4" stock by the building industry actually measures 1 1/8 inch. 


b. Cut two pieces of 1/4" finish grade plywood to fit inside the rabbets of 
the bottom frame. Fasten one piece in place with 1" galvanized wire nails. 


4. Place the steelwool and fiberglass in the panels 


a. Place a layer of steelwool upon the celotex inside one of the frames. 
Steelwool pads (00 fine or finer) when unrolled are the correct thickness. Make the 


layer as uniform as possible; leave the steel wool fluffy. 


b. Next place a layer of fiberglass about 1/4" thick upon the steelwool 
layer. Avoid lumps and holes. Do not compress the fiberglass. The standard 3 1/2" 
x 15" fiberglass insulation comes in a roll with either a paper or foil backing. Peel 
off the paper or foil. This type of fiberglass is difficult to peel evenly. Try to peel it 
carefully into roughly 1/4” thick pieces. Too much unevenness in the layering will 
cause the sides of the accumulator to bulge. (There is a fiberglass insulation that 
peels more uniformly but might be difficult to purchase. It is a Manville product 
called 1/2" duct liner. It comes in a roll 48" wide by 100 feet long and may be 
available at your local heating and airconditioning shop.) 


c. Ina similar manner place the remaining alternate layers of 
steelwool and fiberglass in position ( see fig 2). 


d. Place the steelwool and fiberglass layers in the other panels. 


e. The bottom panel has a different number of layers. Start with a layer of 
fiberglass upon the 1/4" plywood inside the frame (see fig. 3). 


5. Attach the inner surfaces 


a. Cut the sheetmetal slightly smaller than the frames. You might need to 
have the 26 or 28 gage galvanized sheetmetal cut at a sheetmetal shop. It can be cut 
by hand, but the results may be too rough. File the edges smooth and round the 
corners, Cut a 9" x 12" hole for the window in one of the 53" x 24" sheets. Figure 4 
will give the exact location. 


b. Drill 1/8” holes at 1" intervals around the edge of the sheetmetal. They 
should be 1/4" from the edge. 


c. Nail the pieces of sheetmetal to the frames with 3/4” galvanized wire 
nails. Nail the remaining piece of 1/4" plywood to the bottom frame before nailing 
the final piece of sheetmetal over it. (See fig. 3) 


5, Wear protective clothing and a dust mask when handling the steelwool and fiberglass. 
6. Steelwool in long rolls can be purchased from an industrial supplier. 


6. Attach supports to the bottom panel 


a. Cut two pieces of 1 1/8" x 1 1/2” clear pine 25" long. 
b. Screw them into the outer surface of the panel. (See fig 3.) 
c. Nail two furniture slides to the undersurface of each support. 


7. Assemble the accumulator 


Accuracy is necessary in fastening the sides, top, bottom and door of the 
accumulator. You will want to be able to take apart and put back together your 
accumulator in the event that you need to transport it. It is very bulky when 
assembled. 


a. Pre-drill holes for the 2 1/2" #10 flathead philips screws with a 3/16" 
drill bit. So that the screw heads will countersink, drill a 1/2" hole 1/4" deep. 
Figure 5 gives the locations of these holes. 


b. _Lay the two side panels upright on their long sides. Place the bottom 
panel upright against the bottom ends of the two side panels and screw together. 
Then place the top panel upright against the top ends of the two side panels and 
screw together. Place the back panel onto the side panels between the overlaps of the 
top and bottom panels and screw together (figure 5). 


c. Turn the box over onto its back and place the door on the side panels. 
Make sure that the door is flush with the top of the box (this will leave a one-inch 
gap at the bottom to allow air circulation). Mount the hinges to the side panel and to 
the door (fig. 6). You can hang the door to open either left or right. 


d. Now stand the accumulator up. 


e. You will need a hook and eye to hold the door closed while you sit in 
the accumulator. Place it where most convenient. 


8. Assemble the seat for the accumulator 


‘You have two options. The simplest is to suspend a piece of 3/4" x 14" x 22" 
wood on two supports fastened to the lower support braces of the two side panels. 
The other option is to turn the seat into a combination shooter box and chest panel. 


Construct the shooter box-seat 


a. Construct two panels in a manner similar to the other panels as 
explained in sections 2 through 6. 1/4" finish grade plywood is needed for the top 
and front of the seat panels ( fig. 7). 


b. Prepare supports to hold the shooter box-seat panels. Cut four pieces of 
1 1/8" x 1 1/2" pine 12 1/2" long. Fasten two 12 1/2" pieces to the lower supports in 
the side panels with 2" #8 drywall screws. Then fasten the other two pieces 
vertically between the horizontal support and the floor of the accumulator with 2" 
screws. Fasten one 14" x 21 3/4" panel to the horizontal cleat A with 2 1/2" drywall 
screws, The other 14" x 21 3/4" panel will rest against the vertical cleats B (fig. 8). 
Do not fasten this panel. Attach a cabinet pull (metal or ceramic) to the front of this 
panel so you can easily remove it to use as a chest panel (fig. 9). 


9. Construct a shooter funnel for the box seat 


a. Take a four-foot length of 3/8" steel Greenfield casing. (Greenfield 
casing can be purchased from an electrical supply store. If you can't find it, you can 
substitute #12 BX electrical cable, but remove the wiring from the flexible metal 
casing before using.) 


b. __ Insert the spout of a 3" diameter galvanized sheetmetal funnel into one 
end of the flexible metal casing. Wrap carefully the outside of both the flexible 
casing and the funnel with plastic electricians tape, so that no metal is showing. Drill 
a 5/8" hole through the top back corner of the accumulator box seat's top panel. 
Push the flexible tubing into the space below. 


10. Optional 


In order to draw stagnant orgone energy from the accumulator and shooter 
box seat: 


a. You will need approximately three 48" lengths of 3/8" Greenfield 
casing. Use more or less than three depending on individual circumstances 


b. Drill three 5/8" holes (in a vertical row) through the wood frame of one 
of the side panels, Make sure that one hole will lead into the shooter box seat. 
Insert the three casings into the three holes. Make sure that the casings don't 
protrude inside of the accumulator. 


7. Greenfield casing is a convenient hollow flexible metal tube. IT IS NOT an electrical connection 
and should NOT be used as one. 


c. Place the loose ends of the three casings into a pail of clean water. 
You need to change the water every week. 


HAHHHE 
The principle of the accumulator box can be adapted to different shapes for 
specific needs. An orgone blanket, or a collar for the neck, or a large funnel for 
the breast can be made as long as the principle of alternating layers of non-metallic 
and metallic materials is maintained, 


8, The inner surface should be made of a flexible metal screen instead of galvanized 
sheetmetal. Screen made from galvanized steel or stainless steel is good. Screen made 
from copper, aluminum and other metals that are not body-own are NOT recommended. 


How to Use It 


The on-resistance is the resistance imposed by 
the analog multiplexer on the signal flowing 
through it. While modern, specialized analog 
multiplexers may have an on-resistance as low as 
50, these are relatively unusual. An on-resistance 
of 1002 to 2009 is more common. This value will 
vary withina componentdepending onthe pow- 
er supply voltage and the voltage being switch- 
ed. It will increase slightly as Vy, deviates above 
(or below) OV, will increase substantially for lower 
values of supply voltage, and will increase sig- 
nificantly with temperature, 


The curves in Figure 16-9 show on-resistance of, 
an analog multiplexer varying with input volt- 
age, with three different power supplies: plus- 
and-minus 2.5VDC (described in the graph as a 
“spread” of SVDC), plus-and-minus SVDC (a 
“spread” of 10VDC), and plus-and-minus 7.SVDC 
(a"spread’ of 15VDC). These curves were derived 
from a datasheet for the MC140678 analog mul- 
tiplexer; curves for other chips will be different, 
although the basic principles remain the same, 


Switching time is an important consideration in 
high-speed applications. The‘on" and ‘off” times 
specified ina datasheet (often as toy and torr) are 
a function of the propagation delay from the 
control input to the toggling of the switch, and 
are generally measured from the halfway point 
of the rising or falling edge of the control input, 
to the 90% point of the output signal level. 


Leakage current is the small amount of current 
(often measured in picoamperes) that the solid- 
state switch will pass when it is in its “off” state. 
This should be insignificant except when very 
high-impedance loads are used. 


Separate switches inside a multiplexer may have 
characteristics that differ slightly from one an- 
other. Differences in on-resistance between ad- 
jJacent switches can be important when switch- 
ing parallel analog signals. A datasheet should 
mention the extent to which switches have 
matched characteristics, and may define the 
maximum deviation from one another using the 
abbreviation Roy even though this same term 


integrated circuit > digital > multiplexer 
may be used, confusingly, to denote the on- 
resistance of each individual switch. 
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Figure 16-9. Variations in on-resistance in an analog mul- 
fiplexer. Each voltage “spread!” is the ciference botwoen 
postive supply voltage and an equal-anc-opposite nega 
tive ground voltage. Thus a “spread” of 1OVDC means 
plus and minus voltages of SVDC. (Curves derived trom 
On Semiconductor datashest for MCMO67B analog 
multiplexer) 


How to Use It 


A multiplexer may be used as a simple switch to 
choose one of multiple inputs, such as a choice 
of input jacks on a stereo system, A dual differ- 
ential multiplexer is useful in this application, as 
itcan usea single select signal to switch two sig- 
ral paths simultaneously. 


Amultiplexer canalso beusedasa digital volume 
control by switching an audio signal among a 
variety of resistances, similar to a digital poten- 
tiometer. In this application, the possible pres- 
ence of pullup resistors inside the multiplexer 
must be considered 


Where a microcontroller must monitor a large 
number of inputs (for example, a range of tem- 
perature sensors or motion sensors),a multiplex- 
ercan reduce the number of input pins required. 
Its data-select pins will be cycled through all the 
possible binary states by the microcontroller, to 
select each data input in turn, while its single- 
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MATERIALS LIST 


ITEM 
1/2" celotex 


galvanized sheetmetal 
(26 or 28 gage) 


fiberglass insulation 


steelwool (00 fine or finer) 
1/4" plywood ( finish grade) 
clear white pine: 1 1/8" x 1 1/2" 
" 11ex1" 

2 1/2" #10 philips flathead wood screws 
2.1/2.8 drywall screws 
2" #8 drywall screws 
3" non-mortise or surface mounted hinges 
hook and eye 
nail-on furniture glides 
nails: 3/4” galvanized wire nails 

1" galvanized wire nails 

6-penny finish nails 
carpenters’ glue 
For the shooter box seat panels: 


galvanized sheet metal 
(26 or 28 gage) 


clear white pine: 1 1/8" x 1 1/2" 
3" diameter galvanized sheetmetal funnel 
3/8" Greenfield flexible metal casing 


electricians’ tape (plastic tape) 


APPROXIMATE QUANTITY 


four 4' x 8 sheets 


2 pieces 53" x 26 1/ 
2 pieces 53” x 24" 
2 pieces 28" x 24" 


3 1/2" x 15"(1 roll or 
40 linear feet) 


200 pads or 10 Ibs. 
one 4’ x 8! sheet 
80 linear feet 

20 linear feet 

30 pes. 

30 pes. 

10 pes. 

one pair 

one 2" 

4 pes. 

3 o7. 

3 07. 

2 Ibs. 

one small bottle 


2 pieces 13" x 20 3/4" 


16 linear feet 
one. 
16 feet 


one roll 
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ELECTRONIC WARFARE 
FUNDAMENTALS 


NOVEMBER 2000 


PREFACE 


Electronic Warfare Fundamentals is a student supplementary text and reference 
book that provides the foundation for understanding the basic concepts 
underlying electronic warfare (EW). This text uses a practical building-block 
approach to facilitate student comprehension of the essential subject matter 
associated with the combat applications of EW. 


Since radar and infrared (IR) weapons systems present the greatest threat to air 
operations on today's battlefield, this text emphasizes radar and IR theory and 
countermeasures. Although command and control (C*) systems play a vital role in 
modern warfare, these systems are not a direct threat to the aircrew and hence 
are not discussed in this book. This text does address the specific types of radar 
systems most likely to be associated with a modern integrated air defense 
system (IADS). 


To introduce the reader to EW, Electronic Warfare Fundamentals begins with a 
brief history of radar, an overview of radar capabilities, and a brief introduction to 
the threat systems associated with a typical IADS. The two subsequent chapters 
introduce the theory and characteristics of radio frequency (RF) energy as it 
relates to radar operations. These are followed by radar signal characteristics, 
radar system components, and radar target discrimination capabilities. The book 
continues with a discussion of antenna types and scans, target tracking, and 
missile guidance techniques. 


The next step in the building-block approach is a detailed description of 
countermeasures designed to defeat radar systems. The text presents the theory 
and employment considerations for both noise and deception jamming 
techniques and their impact on radar systems. This is followed by a chapter on 
decoys, both for defeating an IADS as well as for self-protection. Then, the next 
chapter discusses chaff characteristics, employment, and impact on specific 
radar systems. 


The following two chapters are dedicated to the IR threat. The first covers IR 
theory, IR target detection and tracking, and advanced IR missile flare rejection 
techniques. The second chapter presents IR countermeasures to include flare 
employment, maneuvers, and missile warning equipment. 


Electronic Warfare Fundamentals then addresses an important aspect of EW, 
specifically electronic protection (EP). This section includes a description of the 
most common radar EP techniques designed to counter noise jamming, 
deception jamming, and chaff employment. The book concludes with an overview 
of the basic components and limitations of a typical radar warning receiver 
(RWR), current geolocation techniques, and it finally discusses the basic 
components of a self-protection jamming system. 


In addition to the textual material, the book also contains a detailed glossary of 
EW-related terms and acronyms for quick reference. A list of references is 
provided to acknowledge the source material used in the preparation of this text. 
These sources also provide the interested student with a supplementary reading 
list to learn more about a specific topic. 


For information or comments on this document, please contact: 


Det 8, ACC TRSS 
4349 Duffer Drive, Ste 437 
Nellis AFB NV 89191-7007 


DSN: 682-4897 

DSN FAX: 682-7391 
Comm: (702) 652-4897 
Comm FAX: (702) 652-7391 
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integrated circuit > digital > multiplexer 
wire output will carry the analog data to a sepa- 
rate pin on the microcontroller which performs 
an analog-digital conversion. 


Conversely, a demultiplexer (Le,, an analog mul- 
tiplexer such as the 40678 chip which can be 
used in demultiplexer mode) can be used by a 
microcontroller to switch multiple components 
onandoff. Four outputs from the microcontroller 
canconnectwith the control pins ofa 16-channel 
demultiplexer, counting from binary 0000 
through binary 1111 to select output pins 0 
through 15. After selecting each pin, the micro- 
controller can send a high or low pulse through 
it. The process then repeats, (A decoder can be 
used in the same way.) 


Other Application Notes 
Multiplexers may be cascaded to increase the 
inputs-to-outputs ratio. 


Modern multiplexers are found on computer 
boards where they choose among video output 
ports, or as PCI express channel switches, 


A multiplexer may be used as a parallel-to-serial 
converter, as it samples multiple channels and 
converts them into a serial data stream. 


In telecommunications, a multiplexer can sam- 
ple voice signals from multiple separate inputs 
and combine them into a digital stream that can 
be transmitted at a faster bit rate over a single 
channel. However, this application goes far be- 
yond the simple uses for multiplexers described 
here. 


What Can Go Wrong 


Problems thatare common toall digital chips are 
summarized in the section on logic gates (see 
“What Can Go Wrong" on page 105). 


Pullup Resistors 
While they are often necessary to prevent con- 
nections from floating, pullup resistors built into 


a multiplexer may have unexpected conse- 
quences if the user is unaware of them. 


Break Before Make 

For most applications, itis desirable for each in- 
ternal solid-state switch to break one connection 
before making a new one. This avoids the possi- 
bility of separate external components being 
briefly connected with each other through the 
multiplexer. Datasheets should be checked to 
verify that a multiplexer functions in break- 
before-make mode. If it doesn‘, the enable pin 
can be used momentarily to disable all connec- 
tions before a new connection is established. 


Signal Distortion 

Where a multiplexer is passing analog signals, 
signal distortion can resultifthe on-resistance of, 
multiple internal switches varies significantly at 
different voltages. A datasheet for an analog 
multiplexer should usually includea graph show- 
ing on-resistance over the full signal range. The 
flatter the graph is, the less distortion the com- 
ponent will create, This is often described in 
datasheets as Row Flatness. 


Limits of CMOS Switching 

Although most multiplexers are built around 
CMOS transistors, their switching speed may be 
insufficient for video signals, and their on- 
resistance may vary enough to introduce distor- 
tion. Multiplexersare available with complemen- 
tary bipolar switching for very high-speed appli- 
cations, They impose some penalties in cost and 
power consumption. 


Transients 

Switch capacitance inside a multiplexer can 
‘cause transients in the output when the switch 
changes state. Anallowance for settling time may 
be necessary. This will be additional to the 
switching speed claimed by the datasheet. 
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CHAPTER 1. INTRODUCTION TO RADAR 


41. INTRODUCTION 


The word “RADAR” is an acronym for RAdio Detection And Ranging. As it was 
i presence of a target 


Figure 1-1. Radar System 


2. HISTORY 
The reflection of radio waves by objects was first noted more than a century ago. 
In 1903, the reflection of radio waves was employed in Germany to demonstrate 
detection of ships at sea (Figure 1-2). In 1922, Marconi presented the same idea in 
Britain but received little official early experiments used 
continuous wave, or CW, transmissions and relied on the reflection of a 
transmitted wave from a target to indicate the presence of a target. CW 
transmissions can detect the presence of an object and, if the radio wave is 
formed into a narrow beam, can also provide azimuth information. CW 
transmissions cannot provide range. 


Figure 1-2. Early Continuous Wave Radar Experiments 
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a. The lack of range information was a serious limitation but was finally 
overcome by modulating the radio wave transmissions to send out a train of 
short pulses (Figure 1-3). The time between pulse transmission and an echo 
return to the receiver provides a direct measurement of range. Practical 
development of the pulse radar began in the 1930s, principally in the United 
States, Britain, and Germany. Due to deteriorating relations with Germany and the 
threat of invasion, the British intensified their efforts to develop a pulse radar in 
1935. These efforts culminated in the development and deployment of multiple 
radar stations which formed the Chain Home System. These radar installations 
provided critical information to British pilots on the size and location of German 
bomber formations during the Battle of Britain. 


Figure 1-3. Pulse Radar Operation 


b. The Chain Home System is considered the first integrated air defense 
system, or IADS. Radar development, with its obvious military and civilian 
applications, has continued unabated to the present day. 


3. TARGET DISCRIMINANTS 
The widespread military and civilian application of radar is based on its inherent 
advantages over the human eye (Figure 1-4). Radar can “see” farther than the 
human eye and more accurately assess the range or distance of an object. Radar 
works well in all-weather conditions and is relatively immune to smoke, haze, and 
clouds. What's more, radar works 24 hours a day because it can transmit its own 
energy and does not have to rely on sunshine or ambient radiation. There are 
some disadvantages of radar when compared to the human eye. First, radar does 
not have the resolution that the human eye has. While radar can detect the 
presence of an airplane, the human eye can discern, in great detail, the sh: 
size, color, and even markings. This can be a serious limitation if po: 
identification is required prior to engagement. 
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Figure 1-4, Radar Advantages and Disadvantages 


Second, the human eye is not bothered by undesirable reflections, called clutter, 
the way radar sometimes is. Although metal is the best reflector of radio 
frequency (RF) energy, nearly any material will reflect some RF energy. 
Mountains, trees, buil birds, and chaff all reflect RF energy. Radar 
systems must use target discriminants to isolate the desired target return from 
the clutter. These target discriminants include range, velocity, and angle 


(Figure 1-5). 
Target 
Detection 


Discriminants 


Range Velocity | 


Figure 1-5. Radar Target Discriminants 


a. The first target discriminant is range. The time an RF wave takes to go to, 
and return from, a target allows measurement of the range to that target. W 
know that RF energy travels at the speed of light, or “c” which is 3 x 10° meters 
per second. Target range can be determined by using the basic radar range 
equation (Equation 1-1), target range equals measured time, multiplied by the 
speed of light (“c”), divided by 2. 
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Radar Range Equation 


Speed of Light (c) = 3x10® meters/sec 


Range = (Measured Time x c)=2 


Equation 1-1. Basic Radar Range Equation 


b. Target angle discrimination is another critical capability of radar systems. 
In order for a radar system to detect a target, the antenna must be pointed at the 
target during the transmission and reception of RF energy. The ability of a radar 
system to accurately determine angle is a function of the horizontal beamwidth of 
the antenna. If the radar sweep is referenced to true North, the angle of a radar 
return can be measured relative to true North (Figure 1-6). 


Figure 1-6. Angle Discrimination 


c. Velocity discrimination is a specific capability of CW and pulse Doppler 
radar systems. The transmitters of CW radars send out continuous RF at a 
specific frequency (Figure 1-7). The reflected signal frequency is changed, or 
shifted, by a specific amount by a moving target. This frequency shift, called the 
Doppler effect, allows the measurement of the velocity of that target relative to 
the radar. The receiver measures this frequency difference which equates to a 
sp radial velocity. Pulse Doppler radars can measure the Doppler effect 
while still obtaining the range. 
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Figure 1-7. Velocity Discri 


d. A basic pulse radar system consists of a transmitter, antenna, receiver, and 
a master timer (Figure 1-8). The transmitter sends electromagnetic energy (RF) to 
the antenna. This energy is radiated through the atmosphere. When this RF 
energy is interrupted by any object, such as a plane, ship, or the earth, a portion 
of the RF energy is reflected back to the antenna and processed by the receiver. 


Figure 1-8. Basic Radar Operation 


The reflection is called an echo, and the object interrupting the RF energy is 
called a target. The presence of an echo indicates target detection. If the target 
detected is the desired target, the echo is referred to as a target signal. If the echo 
is from undesired targets, such as the earth, the echo is referred to as clutter. 
qT ly true when the undesirable echoes make the detection of the 
desired target difficult. The capability of the antenna to focus the RF energy 
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affects the angular discrimination of the radar. The ability of the master timer to 
determine the time between RF transmission and target echo reception impacts 
the range determination capability of the radar. The ability of the receiver to 
analyze the Doppler frequency shift in the target echo determines the velocity 
discrimination capability of the radar and the ability of the radar to reject clutter. 


4. INTRODUCTION TO INTEGRATED AIR DEFENSE SYSTEMS (IADS) 

Radar systems have the inherent capability to determine accurate range, azimuth, 
and/or velocity information on airborne targets. Radar systems can provide this 
information in nearly all types of weather, day or night, and at distances that far 
exceed the capabilities of the human eye. Military commanders have taken 
advantage of these capabilities by employing radar systems to provide air 
defense for high-value targets. The primary missions of radar systems employed 
for air defense are attack warning and threat engagement. 


a. Radar systems specifically designed to provide attack warning are called 
early warning (EW) radars (Figure 1-9). These radars are characterized by high 
power output, large antennas, and low frequencies. These same characteristics 
limit the accuracy of the target parameters available from early warning radars. 
The long-range detection of aircraft and the earliest possible attack warning 
capabilities of early warning radars provide the first line of defense for the air 
defense system. 


Figure 1-9. Early Warning Radar System 
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b. Radar systems designed to provide target engagement information include 
ground control intercept (GCl) radars, acquisition radars, target tracking radars 
(TTRs), and airborne interceptor (Al) radars. 


(1) GCI radars are designed to provide sufficiently accurate target aircraft 
range, azimuth, and altitude information to vector Al assets to intercept and 
destroy attacking aircraft (Figure 1-10). To provide this data, early warning radars 
can be deployed along with specialized height finder radars. This combination of 
radar systems is commonly referred to as a GCI site. Newer GCI radar systems, 
employing phased array antennas and Doppler processing, can provide the 
required 3-dimensional target information. Any radar system, or combination of 
radar systems, that can determine 3-dimensional target data, and is equipped 
with the communication equipment to pass this information to Al assets, can act 
as a GCI site. GCI radar systems can be used to supplement early warning radar 
systems to provide critical attack warning. 


Figure 1-10. GCI Radar 


ion radar systems are designed to act as GCI radars for ground 
based TTRs. Acquisition radar systems generally have shorter range capability 
than early warning radars and operate at higher frequencies. These radar 
systems provide accurate target range and azimuth data to TTRs to facilitate 
target engagement. Acquisition radars can be a distinct radar system 
(Figure 1-11) or be incorporated as part of the TTR (Figure 1-12). 
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Engagement Radar | 
‘Surveillance Radar | 


Missile Launchers | 
Missile Launchers | 


Figure 1-11. Acquisition Radar and TTR 


Figure 1-12. TTR with Acquisition 


(3) The primary role of TTRs, in support of an air defense system, is to 
provide continuous and accurate target parameters to a fire control computer. 
The fire control computer uses this data to guide missiles or aim antiaircraft 
artillery (AAA) to destroy attacking aircraft. TTRs employ various tracking 
techniques to continuously update target parameters. TTRs generally employ 
high frequencies, narrow beamwidths, and computer signal processing to 
enhance the accuracy of target parameters provided to the fire control computer. 


The full term liquid-crystal display is seldom used, Its acronym, LED, Is much more com- 
mon. Sometimes the redundant combination LCD display is found. All three terms refer 
to the same device. In this encyclopedia, the first two words in liquid-crystal display are 
hyphenated because they are an adjectival phrase, Other sources often omit the hyphen. 


‘The acronym LED (for light-emitting diode) is e 


ly confused with LED. While both 


devices display information, their mode of action is completely different. 


OTHER RELATED COMPONENTS 


«+ LED display (see Chapter 24) 


What It Does 


‘An LCD presents information on a small display 
panel or screen by using one or more segments 
that change their appearance in response to an 
AC voltage. The display may contain alphanu- 
meric characters and/or symbols, icons, dots, or 
pixels in a bitmap. 


Because of its very low power consumption, a 
basic monochrome LCD is often used to display 
numerals in battery-powered devices such as 
digital watches and calculators. A small liquid- 
crystal display of this typeisshownin Figure 17- 


Color-enabled, backlit LCDs are now frequently 
used in almostall forms of video displays, includ- 
ing those in cellular telephones, computer mon- 
itors, game-playing devices, TV screens, and air- 
craft cockpit displays. 


How It Works 


Light consists of electromagnetic waves that 
possess an electricfield and amagneticfield. The 
fields are perpendicular to each other and to the 
direction in which the light is traveling, but the 
field polarities are randomly mixed in most vis 


ble radiation. This type of light is referred to as 
incoherent. 


Figure 174. A small basic monochrome LCD. 


Figure 17-2 shows a simplified view of an LCD 
that uses a backlight. Incoherent light emerges 
from the backlight panel (A) and enters a vertical 
polarizing filter (B) that limits the electric field 
vector. The polarized light then enters a liquid 
crystal (C) which is a liquid composed of mole- 
cules organized in a regular helical structure that 
rotates the polarity by 90 degrees when no volt- 
ageis applied toiit. The light now passes through 
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(4) Al radar systems are TTRs employed by fighter aircraft to engage and 
destroy airborne targets (Figure 1-13). These radar systems are characterized by 
high frequency, sophisticated computer processing, and accurate target tracking 
capability. They are designed to allow the Al asset to employ air-to- iles 
and gunéicannons. TTRs and Al radars constitute the highest radar threat 
associated with an air defense system. 


Figure 1-13. MiG-29 


(5) Another growing lethal threat associated with an air defense system is 
infrared (IR) les. IR missile systems can be man-portable (Figure 1-14), 
mounted on vehicles, or employed by Al assets. These missile systems guide on 
the distinctive IR signature of aircraft. The recent proliferation and enhanced 
performance of IR systems has increased the contribution of these systems to air 
defense. 


Figure 1-14. IR System 
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c. All these radar systems can be deployed to provide air defense for a 
particular country or geographical area. When the employment of these radar 
systems is integrated by a command and control (C2) structure, this constitutes 
an IADS (Figure 1-15). The C’ structure allows the military commander to take 
advantage of the threat warning provided by early warning radars. Based on this 
threat warning, the military commander can allocate specific assets (GCI and Al 
assets, or acquisition radars and TTRs) to engage airborne targets. This 


allocation decision is based on the capabilities of these systems and the tactical 
situation. This allocation process enables the military commander to maximize 
the capabilities of his forces to engage and destroy attacking aircraft. 


Figure 1-15. A Typical ADS 


5, SUMMARY 
Radar systems are the cornerstones of a modern IADS. Radar and IR threat 
systems operate at frequencies that span most of the electromagnetic spectrum. 
Each system has unique capabilities and operating characteristics that enable it 
to accomplish assigned tasks in support of the IADS. In order to effectively 
employ offensive air power on the modern battlefield, the systems that support 
the IADS must be negated. A basic knowledge of how radar and IR systems 
operate, their capabilities, limitations, and the available countermeasures is the 
key to defeating these systems. The purpose of this book is to provide this 
information. 


1-10 


Electronic Warfare Fundamentals Chapter 2. Characteristics of RF Radiation 


CHAPTER 2. CHARACTERISTICS OF RF RADIATION 


1. INTRODUCTION 
In order for a radar system to determine range, azimuth, elevation, or velocity 
data, it must transmit and receive electromagnetic radiation. This electromagnetic 
radiation is referred to as radio fret ion. RF transmissions have 
specific characteristics that determine the capabilities and limitations of a radar 
system to provide these target discriminants, based on an analysis of the 
characteristics of the target return. The frequency of transmitted RF energy 
affects the ability of a radar system to analyze target return, based on time, to 
determine target range. RF frequency also affects the ability of the transmitting 
antenna to focus RF energy into a narrow beam to provide azimuth and elevation 
information. The wavelength and frequency of the transmitted RF energy impact 
the propagation of the radar signal through the atmosphere. The polarization of 
the RF signal affects the amount of clutter the radar must contend with. The 
ability of a radar system to use the Doppler effect in analyzing the radar return 
impacts the velocity discrimination capability of the radar. These characteristics 
of RF radiation will be discussed in this chapter. 


Time (Seconds) 


Figure 2-1. Radio Frequency 


2. FREQUENCY 
The output signal from a typical radio or radar system has several important 
characteristics that affect the capabilities and limitations of radio or radar 
systems. The first characteristic considered is usually RF. The frequency of the 
transmitted signal is the number of times per second the RF energy completes 
one cycle. The RF signal depicted in Figure 2-1 has a frequency of one cycle per 
second. The basic unit of measurement is the hertz (Hz). One hertz equals one 
cycle per second. Most radars have an RF in the millions of hertz, or megahertz 
(MHz). 
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3. WAVELENGTH 


A characteristic of any RF signal is wavelength. Wavelength is a measure of the 
physical distance between peaks of a sine wave propagated in space (Figure 2-2). 


Wavelength 


Amplitude 


Distance 


Figure 2-2. Radar Signal Wavelength 


Though wavelength is measured in meters, most radar signals have wavelengths 
measured in centimeters or millimeters. The wavelength of a radar signal can be 
computed using the equation shown in Equation 2-1. The relationship between 
wavelength and frequency is inverse: the higher the frequency, the shorter the 
wavelength. In early radio and radar terminology, wavelength was used instead of 
frequency to describe operating characteristics of a system. Today, wavelength is 
used to describe systems operating at very high frequencies, such as millimeter 
wave, and for describing infrared (IR) systems. 


Speed of Light) 
Wavelength (2) = ce Speed of Bait) 


f (Radar Frequency) 


Equation 2-1. Basic Wavelength Equation 


4. POLARIZATION 

Another characteristic of a radio frequency wave is polarization. Polarization is 
determined by the radar antenna and refers to the orientation of the RF wave as it 
travels through space. There are two types of polarization: linear and circular. 
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a. Traveling electromagnetic energy has two components: an electrostatic 
field and a magnetic field. These two fields are always perpendicular to each 
other and perpendicular to the direction of travel. The polarization of the wave is 
defined in terms of the orientation to the electrostatic field. Many radar antennas 
are linearly polarized, either vertically or horizontally. The signal depicted in 
Figure 2-3 is vertically polarized. 


Electrostatic Field 


Direction of 
Propagation 


Figure 2-3. Radar Signal Vertical Polarization 


b. Some radars use circular polarization to improve target detection in 
Circular polarization can be right-hand, or left-hand orientation. For circular 
polarization, the direction of the electrostatic field varies with time and traces a 
circular locus about a fixed plane perpendicular to the direction of propagation. 
For a right-hand circular polarized signal, the electrostatic vector appears to 
rotate in a clock rection. For a left-hand circular polarized signal, the 
rotation is counterclock 9 
the thumb of either hand in the direction of propagation and curling the fingers in 
the direction of electrostatic field rotation (Figure 2-4). 
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Figure 2-4. Circular Polarization 


c. The impact of polarization on receivers and transmitters is fairly 
straightforward. If an antenna is designed to receive a particular polarization, it 
will have difficulty receiving a signal with an opposite polarization. This situation 
is defined as cross polarization (I 


Vertically polarized jet antenna may not 
receive horizontally polarized threat signal. 


Figure 2-5. Impact of Polarization 
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The impact of cross polarization on electronic combat can be dramatic. If a radar 
warning receiver antenna is polarized to receive vertically polarized signals, a 
threat system employing a horizontally polarized radar signal may not be 
detected, or may be displayed on the scope well after the threat has acquired the 
aircraft. In addition, if the jamming antenna on an electronic attack (EA) system is 
also vertically polarized, it may not be able to jam this system. Fortunately, this 
potentially lethal situation rarely occurs, but future threat systems may take 
advantage of this situation. Table 2-1 details the impact of polarization on 
selected transmit and receive antenna combinations. 


Table 2-1. Antenna Polarization Loss 


Transmit Antenna Receive Antenna | 
Polarization Polarization 


Vertical Vertical 


Vertical Slant (45° or 135°) 


Vertical or Horizontal | Horizontal or Vertical 


Circular 
Vertical ind or left-hand) 


Horizontal Horizontal 
Horizontal Slant (45° or 135°) 
Horizontal (dghtharit crlethared 
Circular (right-hand) cular (right-hand) 
roular(right-hand) | Circular (left-hand) 


Slant (45° or 135°) 


Circular 
(right-hand or left-hand) 


5. DOPPLER EFFECT 

The “Doppler effect” takes advantage of the fact that the frequency of RF waves 
will be changed or shifted when reflected from a target moving relative to the 
radar. The shifted frequency of the returning RF wave depends on the movement 
of the aircraft in relation to the radar. In Figures 2-6, 2-7, and 2-8, f, is the 
transmitted frequency of the radar, and f, is the frequency of the reflected RF 
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wave from the target. For a stationary target, the frequency of the reflected signal 
will equal the frequency of the transmitted signal (Figure 2-6). 


Antenna Non-Moving 


Figure 2-6. Zero Doppler Effect ~ Stationary Target 


a. For a target moving toward the radar, the frequency of the reflected signal 
will be higher than the transmitted signal (Figure 2-7). 


Closing Target 
Antenna 


Figure 2-7. Doppler Effect — Closing Target 


b. The reflected frequency for a target moving away from the radar will be 
lower than the transmitted frequency (Figure 2-8). 


Opening Target 


Antenna 


Figure 2-8. Doppler Effect — Opening Target 
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6. ELECTROMAGNETIC SPECTRUM 
The portion of the electromagnetic spectrum (Figure 2-9) that today's electronic 
combat systems must deal with starts with radio waves and encompasses 
microwaves, infrared, and a small portion of the ultraviolet region. 
Communications systems generally operate in the HF, UHF, and VHF regions. 
Some satellite communications operate in the SHF region. Radars operate in the 
microwave region, normally from 0.2 — 200 gigahertz. Infrared systems operate in 
the region just below visible light. 


VACUUM ULTRAVIOLET 


ULTRAVIOLET 


NEAR ULTRAVIOLET | 


VISIBLE LIGHT 


NEAR INFRARED _ 
IMMEDIATE INFRARED 


FAR INFRARED 


SUBLIMITER WAVES 


sims 


MILLIMETER WAVES 
EXTREMELY HIGH FREQUENCY 
CENTIMETER WAVES 
SUPER HIGH FREQUENCY 


3 10 30 100300 1 
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MEDIUM FREQUENCY 


MF 
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LOW FREQUENCY 


10 30 fail 


VERY LOW FREQUENCY 


Figure 2-9. Electromagnetic Spectrum 
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a. Table 2-2 lists prefixes commonly used to indicate scientific notation and 
their abbreviations. These prefixes are often used when dealing with extremely 
high frequency radar signals or RF waves with extremely small wavelengths. For 
example, when dealing with extremely high frequency RF, it is simpler to use 
gigahertz, or GHz. One gigahertz is one thousand megahertz (MHz). For example, 
a radar operating at 3150 MHz is also operating at an RF of 3.150 GHz. 


Table 2-2. Commonly Used Prefixes for Scientific Notation 


b. Frequency bands are often used when discussing radars and electronic 
combat systems. Radar designers use a frequency band designation system 
entirely different from the one used in electronic combat. Table 2-3 depicts both 
frequency band designation systems and the corresponding frequency ranges. 


2-8 


Variants 


a horizontal polarizing filter (O) and is visible to 
the user. 


cctive> LCD 


ight source, indicator, or display > 


voltage must be used. An AC frequency of S0Hz 
to 100H2 is common. 


Figure 17-2. The combination of two polarizers and a lig 
uid crystal appears transparent when voltage is not ap- 
plied, See text for details. 


+ A liquid crystal itself does not emit light. It 
can only modify light that passes through it. 


Figure 17-3 shows what happens when voltage 
is applied to the liquid crystal via transparent 
electrodes (not included in the figure). The mol- 
ecules reorganize themselves in response to the 
electric potential and allow light to pass without 
changing its polarity. Consequently, the vertical- 
ly polarized light is now blocked by the front, 
horizontally polarized filter, and the display be- 
comes dark. 


A liquid crystal contains ionic compounds that 
will be attracted to the electrodes ifa DC voltage 
is applied fora significantperiod of ime, Thiscan 
degrade the display permanently. Therefore, AC 


Figure 17-3. The LOD appears dark when voltage Is ap- 
pled. See text for detais 


Variants 


A transmissive LCD requires a backlight to be visi- 
ble, and is the type illustrated in Figure 17-2. In 
its simplest form, it isa monochrome device, but 
is often enhanced to display full color by adding 
red, green, and blue filters. Alternatively, instead 
of a white backlight, an array of pixel-sized red, 
green, and blue LEDs may be used, in which case 
filters are unnecessary. 


Backlit color LCDs have displaced cathode-ray 
tubes, which used to be the default system in al- 
most all video monitors and TVs. LCDs are not 
only cheaper but can be fabricated in larger sizes, 
They do not suffer from burn in, where a persis- 
tentunchangingimagecreatesa permanent scar 
in the phosphors on the inside of a tube. How- 
ever, latge LCDs may suffer from dead pixels or 
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Table 2-3. Radar Frequency Band Designations 


EW | Radar Design 
Frequency Band | Frequency Band 


Frequency Range 
250-500 MHz 
500-1000 MHz 


10-20GHz | Ku (12.5-18 GHz) | 
20-40GHz | K(18-26.5 GHz) 
40-60GHz | _Ka(26.5-40 GHz) 
60-100GHZ_ ' [40-100 Millimeter | 


[ 
| 
|_s¢ 
I 
| 8-10 « 
| 
| 
[ 


7. RF PROPAGATION 

Propagation characteristics of RF energy are profoundly affected by the earth's 
surface and atmospheric conditions. Any analysis of radar performance must 
take into account the propagation phenomena associated with RF radiation in a 
“real world” environment. The most important propagation phenomena include 
refraction, anomalous propagation (ducting), and attenuation. 


a. In a vacuum, RF waves travel in a straight line. However, RF waves 
propagating within the earth's atmosphere do not travel in a straight line. The 
earth's atmosphere bends, or refracts, RF waves. One impact of the atmospheric 
refraction of RF waves is an increase in the line of sight (LOS) of the radar. This 
increase in radar LOS effectively extends the range of the radar system 
(Figure 2-10). 
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Radarrayinthe | 
4 presence of refraction 


ay rayinthe _ Radar horizon 
absence of refraction in the presence 


Radar horizon in of refraction 
absence of refractiol 


Figure 2-10. Impact of Refraction on RF Propagation 


Atmospheric refraction of RF energy can also induce elevation measurement 
errors in radar systems (Figure 2-11). 


- Apparent target position | | 
Angular error 


J Refracted ray 
—_F t 


Radar t True target position 


Figure 2-11. Impact of Refraction on Target Elevation Determination 


(1) The refraction of RF waves in the atmosphere is caused by the 
variation in the velocity of propagation with altitude. The index of refraction (n) is 
used to describe this velocity variation and is defined by Equation 2-2. 
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Velocity of Propagation in a Vacuum 


Index of Refraction ( 


"Velocity of Propagation in the Atmosphere 


Equation 2-2. Index of Refraction 


(2) The term refractivity (N) is used for predicting the impact of refraction 
on RF wave propagation. Refractivity is a “scaled up” expression for the index of 
refraction and is used by radar designers to calculate the impact of refraction on 
actual radar systems. At normal radar operating frequencies, the refractivity for 
air containing water vapor can be computed using Equation 2-3. 


Ss 
Refractivity (N) = (n-1)x 10° = a < Jexie 


n= index of refraction = partial pressure of water vapor 
p=barometric pressure _‘T = absolute temperature (degrees K) 


Equation 2-3. Refractivity of RF Waves (Normal Radar Frequencies) 


(3) As altitude increases, the barometric pressure and water vapor content 
decrease rapidly. At the same time, the absolute temperature decreases slowly 
based on the standard lapse rate. Using Equation 2-3, it can be seen that the 
refractivity of the atmosphere decreases with increasing altitude. This decrease 
in refractivity means that the velocity of RF waves increases with altitude. The 
result is a downward bending, or refraction, of RF waves as depicted in Figure 
2-10. RF wave refraction primarily affects ground-based radar systems at low 
antenna elevation angles, especially at or near the horizon. For most radar 
applications, refraction is not a factor at elevation angles above 5 degrees. 


b. The term anomalous, or nonstandard, propagation is used to describe 
atmospheric conditions that extend the propagation of RF waves and increase 
radar range. The most common anomalous propagation phenomena is called 
superrefraction, or ducting. 


(1) A superrefracting duct is formed when the refractivity of the 
atmosphere (Equation 2-2) rapidly decreases with altitude. Based on Equation 
2-2, this occurs when the temperature increases with altitude and/or the water 
vapor content decreases with altitude. An increase in temperature with altitude is 
called a temperature inversion. To produce a duct, the temperature inversion 
must be very pronounced. 
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we Evaporation Duct 


oe Radar Wave 


Figure 2-12. Superrefracting Surface Duct 


(2) A superrefracting duct acts like a wave guide which traps the RF wave 
(Figure 2-12). This channels the radar signal and reduces attenuation. In order for 
an RF wave to propagate within a duct, the angle of the radar signal, in relation to 
the duct, should be less than one degree. The RF waves trapped by the duct take 
advantage of the decrease in refractivity and travel much further than normal. 
This can greatly extend the range of a radar system. 


(3) The extension of radar range inside a duct can result in a reduction of 
radar coverage outside the duct. The area of reduced radar coverage because of 
ducting is called a radar hole. Due to radar holes, the extended radar range 
caused by ducting may result in a decrease in radar coverage along other paths 
of propagation. These holes can seriously degrade the effectiveness of early 
warning radar systems. For example, a radar system is taking advantage of a duct 
formed at the surface to extend low altitude radar range (Figure 2-12). Airborne 
targets flying just above the duct would normally be detected, but because of 
ducting, these targets may be missed. 


(4) Water vapor content is a significant factor in producing ducts. 
Consequently, most ducts are formed over water and in warm climates. Any 
atmospheric phenomenon that results in a pronounced increase in temperature 
and/or a decrease in water vapor content as altitude increases can generate a 
superrefracting duct, of which there are three types. A superrefracting duct which 
is formed just above the surface of the earth is referred to as a surface duct. A 
surface duct formed just above the surface of the ocean is called an evaporation 
duct. A duct which is formed well above the surface of the earth is known as an 
elevated duct. 


(a) Surface ducts formed over land are usually a result of the nighttime 
radiation of heat from the earth. Duct formation is especially prevalent during the 
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summer months when the ground is moist. As the earth loses heat, a temperature 
inversion is created at the surface coupled with a sharp decrease in the moisture 
content. These conditions are favorable to the formation of a surface duct. A 
superrefracting duct can also be produced by the diverging downdraft under a 
thunderstorm. The cool air that is dispersed creates a local temperature inversion 
while the water vapor content decreases due to rain. Surface ducts formed in 
conjunction with thunderstorms are difficult to predict and normally persist for a 
short period of time. 


(b) A superrefracting surface duct that lies just above the surface of 
the ocean is a result of evaporated water, thus the term evaporation duct. The air 
in contact with the ocean is saturated with water vapor, while the air several feet 
above the ocean contains a much lower level. This rapid decrease in water vapor 
pressure with an increase in altitude creates an evaporation duct. An evaporation 
duct exists over the ocean almost all the time. The height of this duct varies from 
20 to 100 feet based on the season, time of day, and wind speed. One positive 
aspect of an evaporation duct is the extended range available to a shipborne 
radar system with a properly aligned antenna. This extended range coverage 
against surface ships and low altitude aircraft is a definite advantage of ducted 
propagation. 


(c) An elevated duct is generally formed by a temperature inversion in 
the upper atmosphere. To take maximum advantage of the increased radar range 
inside an elevated duct, both the radar and the target should be inside the 
elevated duct. In addition, radar systems operating below an elevated duct may 
also experience enhanced range performance. 


(4) The presence of surface ducts and elevated ducts, especially over land, 
are extremely difficult to predict and may persist for very short periods of time. 
The atmospheric conditions favorable to duct formation are difficult to predict 
using conventional weather forecasting techniques. 


c. The attenuation of RF energy in a clear atmosphere is due to the presence 
of oxygen and water vapor. Attenuation results when a portion of the RF energy 
strikes these molecules and is absorbed as heat. Figure 2-13 details the RF 
attenuation loss due to atmospheric gasses based on the frequency of the RF 
energy. 
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Figure 2-13. RF Atmospheric Attenuation 


(1) At frequencies below 1 GHz, the effect of atmospheric attenuation is 

je. Above 10 GHz, atmospheric attenuation increases dramatically. This 
signal loss impacts the maximum detection range of radars operating in 
the millimeter wavelength band. 


(2) RF energy attenuation decreases as altitude increases. The RF 
attenuation experienced by an air-to-air radar will depend on the altitude of the 
target as well as target range. For a ground-based radar, RF attenuation will 
decrease as antenna elevation increases. 


8. SUMMARY 


Since all radar operations depend on the transmission and reception of RF 
energy, a basic knowledge of RF frequency, wavelength, and polarization 
provides the basis for understanding the more complex radar characteristics. 
Since most modern radar systems employ some form of Doppler signal 
processing, the concept of the Doppler effect is fundamental to understanding 
modern radar operation. The concepts of refraction, anomalous propagation 
(ducting), and atmospheric attenuation are key to understanding how RF waves 
propagate in the atmosphere. The topics in this chapter provide a foundation for 
understanding radar and jamming system operation. 
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CHAPTER 3. RADAR SIGNAL CHARACTERISTICS 


1. INTRODUCTION 

Every radar produces a radio frequency (RF) signal with specific characteristics 
that differentiate it from all other signals and define its capabilities and 
limitations. Pulse width (pulse duration), pulse recurrence time (pulse repetition 
interval), pulse repetition frequency, and power are all radar signal characteristics 
determined by the radar transmitter. Listening time, rest time, and recovery time 
are radar receiver characteristics. An understanding of the terms used to 
describe these characteristics is critical to understanding radar operation. 


2. PULSE WIDTH (PW) 

Figure 3-1 depicts the output from a typical pulse radar. PW, sometimes called 
pulse duration (PD), is the time that the transmitter is sending out RF energy. PW 
is measured in microseconds. It has an impact on range resolution capability, 
that is, how accurately the radar can discriminate between two targets based on 
range. 


‘+ Pulse Recurrence Time > 


biti 


Figure 3-1. Typical Radar Pulse 


3. PULSE RECURRENCE TIME (PRT) 

Pulse recurrence time is also known as pulse repetition time. PRT is the time 
required for a complete transmission cycle. This is the time from the beginning of 
one pulse of RF energy to the beginning of the next. PRT is measured in 
microseconds. PRT is the same as pulse repetition interval (PRI), which is used in 
radar warning receivers and other electronic warfare support (ES) assets to 
discriminate between radar systems. It also affects maximum radar range. 
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4. PULSE REPETITION FREQUENCY (PRF) 

One of the most important characteristics of a pulse radar signal is pulse 
repetition frequency. PRF is the rate at which pulses or pulse groups are 
transmitted. Generally, PRF is the number of pulses generated per second and is 
expressed in hertz (Hz). PRF and PRI are related in that PRI is the inverse of PRF. 
Aword of caution—do not confuse the operating frequency of the radar, which is 
measured in Hz, with the pulse repetition frequency, which is also measured in 
Hz. They are entirely different characteristics of a pulsed radar signal. 


Figure 3-2. Constant PRF Radar Pulse 


a. A pulse radar operating at an unvarying PRF is called a constant PRF radar 
(Figure 3-2). Pulse radar systems can employ PRF stagger or PRF jitter as an 
electronic protection (EP) technique against repeater or synchronous jammers. 
The time between each pulse is the PRI. 


= 500usec => <= 300psec > = 500usec > 
mn 


al itt . 


Figure 3-3. PRF Stagger 
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b. PRF stagger is accomplished by assuring that no adjacent PRIs are equal. 
The number of different PRs generated is called the “position” of the stagger. 
Two-position stagger would have two PRI values, for example, 300 microseconds 


and 500 microseconds (Figure 3-3). 


c. PRF jitter may be considered a random stagger. It is also an EP technique 
to counter synchronous jammers. PRE jitter has no repeating pattern of PRI 
values (Figure 3-4). 


Amplitude 


Figure 3-4. PRF Jitter 


5. RADAR RECEIVER CHARACTERISTICS 

Pulse repetition frequency, pulse recurrence time, and pulse width are 
determined by the transmitter. The pulse radar signal characteristics that relate to 
receiver operation are rest time, recovery time (RT), and listening time (LT) 
(Figure 3-5). 


Pulse Width Actual 
_— Py -u> 


Recovery Time 
(RT) 


Figure 3-5. Basic Radar Pulse 
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a. Rest time is the time between the end of one transmitted pulse and the 
beginning of the next. It represents the total time that the radar is not 
transmitting. Rest time is measured in microseconds. 


b. Recovery time (RT) is the time immediately following transmission time 
during which the receiver is unable to process returning radar energy. RT is 
determined by the amount of isolation between the transmitter and receiver and 
the efficiency of the duplexer. A part of the high power transmitter output spills 
over into the receiver and saturates this system. The time required for the 
receiver to recover from this condition is RT. 


c. Listening time (LT) is the time the receiver can process target returns. 
Listening time is measured from the end of the recovery time to the beginning of 
the next pulse, or PRT minus (PW + RT). Listening time is measured in 
microseconds. 


6. DUTY CYCLE 
Duty cycle is the ratio of the time the transmitter operates to the time it could 
operate during a given transmission cycle. The duty cycle of a radar can be 
computed by dividing the PW by the PRT, or by multiplying the PW times the 
PRF. Duty cycle has no units (Equation 3-1). CW radars have a duty cycle of 
100%, while early warning radars may have a duty cycle of around 1%. 


Duty Cycle = = or Duty Cycle = PW x PRF 


Equation 3-1. Duty Cycle 


7. PEAK POWER 
The power output of a radar is normally expressed in terms of peak power or 
average power (Figure 3-6). Peak power is the amplitude, or power, of an 
individual radar pulse. It is simply the power, measured in watts or megawatts, 
that is radiated when the transmitter is on. The power a radar transmits is 
normally used to determine the maximum detection range of that radar. However, 
is the energy in a radar pulse that determines maximum radar detection range. 
Since power is the rate of flow of energy, the energy in a radar pulse is equal to 
the peak power multiplied by the time the radar is transmitting, or pulse width 
(Equation 3-2). 
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light source, indicator, or display > reflect 
stuck pixels as manufacturing defects. Different 
manufacturers and vendors have varying poli- 
ciesregarding the maximum acceptable number 
of pixel defects, 


In a reflective LCD, the structure is basically the 
same as that shown in Figure 17-2 except that a 
reflective surface is substituted for the backlight. 
Ambient lightenters from thefrontofthe display, 
andis either blocked by the liquid crystal in com- 
bination with the polarizing filters, or is allowed 
to reach the reflective surface at the rear, from 
which it reflects back through the liquid crystal 
tothe eye of the user. This type of display is very 
easily readable in a bright environment, but will 
be difficult to see in dim conditions and will be 
invisible in darkness. Therefore, it may be aug- 
mented witha user-activated light source moun- 
ted at the side of the display. 


A transrefiective LCD contains a translucent rear 
polarizer that willreflect someambient light, and 
is also transparent to enable a backlight. While 
thistype of LCD isnotas brightas areflective LCD 
and has less contrast, itis more versatile and can 
be more energy efficient, as the backlight can be 
switched off automatically when ambient lightis 
bright enough to make the display visible. 


Active and Passive Types 
‘An active matrix LCD adds a matrix of thin-film 
transistors to the basic liquid-crystal array, to 
store the state of each segment or pixel actively 
while the energizing AC voltage transitions from 
positive to negative. This enables a brighter, 
sharper display as crosstalk between adjacent 
pixelsis reduced. Because thin-film transistors are 
Used, this is often described as a TFT display; but 
the term is interchangable with active matrix. 


A passive matrix LCD is cheaper to fabricate but 
responds sluggishly in large displays and is not 
so well suited to fine gradations in intensity. This 
type of component is used primarily in simple 
monochrome displays lacking intermediate 
shades of gray. 


Variants 


Crystal Types 
Twisted Nematic (TN) are the cheapest, simplest 
type of LCD, allowing only a small viewing angle 
and average contrast. The appearance is limited 
to black on gray. The response rate is relatively 
slow. 


Super Twisted Nematic (STN) displays were devel- 
oped in the 1980s for passive LCDs, enabling bet- 
ter detail, wider view angle, and a faster re- 
sponse. The natural appearance is dark violet or 
black on green, or dark blue on silver-gray. 


Film-compensated Super Twisted Nematic (FSTN) 
uses an extra coating of film that enables a pure 
black on white display. 


Double Super Twisted Nematic provides further 
enhancement of contrast and response times, 
and automatic contrast compensation in re- 
sponse to ambient temperature. Theappearance 
is black on white. This display requires 
backlighting, 


Color Super Twisted Nematic (CSTN) is an STN dis- 
play with filters added forfull color reproduction. 


‘Seven-Segment Displays 
‘The earliest monochrome LCDs in devices such 
as watches and calculators used seven segments 
to display each numeral from 0 through 9. This 
type of LCD is still used in low-cost applications. 
A separate control line, or electrode, connects to 
each segment, while a backplane is shared by all 
the segments, connecting with a common pin to 
complete the circuit. 


Figure 17-4 shows a typical seven-segment dis- 
play. The lowercase letters a through g thatiden- 
tify each segment are universally used in data- 
sheets. The decimal point, customarily referred 
to as “dp” may be omitted from some displays. 
The array of segments is slanted forward to en- 
able more acceptable representation of the di- 
agonal stroke in numeral 7. 
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Average Power = Peak Power x (PW/PRT) 
Energy = Average Power x PRT 


Figure 3-6. Peak Power and Average Power 


| 
Energy Per Pulse = Peak Power x Pulse Width ! 


Equation 3-2. Energy Per Pulse 


8. AVERAGE POWER 


Average power is the power distributed over the pulse recurrence time. It can be 
computed using the formula in Figure 3-6. The energy transmitted by average 
power can be computed by multiplying average power by PRT. Since the energy 
in a set of pulses determines detection range, average power or energy provides 
a better measure of the detection range of a radar than does peak power. Average 
power can be increased by increasing the PRF, by increasing the pulse width, or 
by increasing peak power (Figure 3-7). 
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Energy 


Time 


Figure 3-7. Radar Power and Energy 


9. MODULATION 
The characteristics of an RF signal must be changed in order to transmit 
information on the signal. This process is called modulation. Modulation is 
accomplished by combining a basic RF signal, called a carrier wave, with a 
modulating signal that contains the desired information. The resulting waveform 
is then used to transmit the desired information. 


a. One basic modulation technique is amplitude modulation (AM). The carrier 
wave is combined with a modulating signal containing information of varying 
amplitude. Waveforms produced have the same frequency as the carrier wave but 
with a varying amplitude based on the information from the modulating signal. 
AM is used extensively in communications and broadcast radio transmissions 
(Figure 3-8). 


Modulating 


Carrier Modulated 
Signal Waveform 


Figure 3-8. Amplitude Modulation 
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b. Frequency modulation (FM) is another means of impressing information on 
a carrier wave. Frequency modulation is accomplished by combining the carrier 
wave with a modulating signal containing information of varying frequency. The 
waveform produced has the same amplitude as the carrier wave, but the 
frequency varies based on the information from the modulating signal 
(Figure 3-9). FM is used extensively in communications and commercial radio. FM 
is also used with continuous wave (CW) radars to make them more resistant to 
jamming and to add range determi 


“ Frequency 
Carrier Momuedng Modulated 


Waveform 


Figure 3-9. Frequency Modulation 


c. A type of amplitude modulation known as pulse modulation (PM) is used in 
pulse radars to produce the short, powerful bursts of RF energy. PM combines 
the carrier wave with a rectangular pulse that acts like a switch. PM turns the 
transmitter on, leaves it on for a predetermined time, and then turns it off. The 
result is a waveform that produces radar pulses that can be used to measure 
range and angle to the target (Figure 3-10). 


Carrier uae WEEE Ts Modulated 


Waveform 


Figure 3-10. Pulse Modulation 
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40. SUMMARY 

The radar signal characteristics of PW, PRI, PRF, and power determine the 
maximum range and the range resolution capability of a specific radar. When 
combined with the frequency of the carrier wave of the radar signal, these 
parameters provide a unique signature to identify a specific radar signal. 
Modulation is the method used to put information on an RF carrier wave. The 
primary modulation techniques used in radar signal generation include 
amplitude, frequency, and pulse modulation. The radar signal characteristics of 
PRF, PRI, power, and modulation are the keys to understanding radar operation 
and jamming techniques. 
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CHAPTER 4. RADAR SYSTEM COMPONENTS 


1. INTRODUCTION 
The individual components of a radar determine the capabilities and limitations of 
a particular radar system. The characteristics of these components also 
determine the countermeasures that will be effective against a specific radar 
system. This chapter will discuss the components of a basic pulse radar, a 
continuous wave (CW) radar, a pulse Doppler radar, and a monopulse radar. 


2. PULSE RADAR SYSTEM 
The most common type of radar design is the pulse radar system. The name 
describes a process of transmitting discrete bursts of RF energy at the frequency 
of the radar system. The time that pulses are transmitted determines the pulse 
repetition frequency (PRF) of the radar system. A pulse radar system can figure 
out range and azimuth. Range is determined by the time that it takes a pulse to go 
to a target and return. Target azimuth is determined by the relative position, or 
antenna orientation, when the pulse strikes the target. Figure 4-1 is a basic block 
diagram of a simple pulse radar system. 


Transmitter 
Group 


a 
-_ Master Timer 
ov SS duplexer Ces Display | 


Antena | Receiver 


A. 


Figure 4-1. Pulse Radar Block Diagram 


a. The purpose of the transmitter is to deliver a series of high-energy bursts 
of radio frequency (RF) energy to the antenna. The transmitter group of a modern 
pulse radar normally consists of a pulse generator or waveform generator, a 
modulator, and some kind of power amplifier (Figure 4-2). 


(1) The purpose of the waveform generator is to generate the proper 
waveform or pulse, normally at a low power level, before delivery to the 
modulator. It is much easier to generate complex waveforms at a lower power 
level. These complex waveforms are required for coherent systems employing 
digital moving target indicator techniques and for pulse Doppler radar operations. 
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Transmitter 
Group 


I Waveform | 
Modulator Generator 


Figure 4-2. Transmitter Group 


(2) The modulator is a major portion of the transmitter. The modulator 
provides an extremely powerful, very short pulse of direct current (DC) voltage to 
the power amplifier. This is similar to the ignition system of an automobile but 
with very stringent requirements. The modulator has an energy storage device 
and a switch. Between pulses, during the resting time of the transmitter, energy is 
accumulated and stored in the storage device. When keyed by the master timer, 
all this energy is switched to the power amplifier as a pulse. The waveform of this 
pulse is determined by the waveform generator. 


(3) The power amplifier for a modern radar is normally a klystron, traveling 
wave tube, cross field amplifier, or solid state amplifier. Most common pulse 
radars use a klystron power amplifier. No matter what power amplifier is used, the 
purpose of the transmitter group is to produce a series of pulses at the correct 
amplitude, at the proper interval, with the exact waveform, and at the operating 


frequency of the radar. 


b. A duplexer is required when both the transmitter and receiver 
antenna. The duplexer acts as a rapid switch to protect the sensi 
from damage when the high-power transmitter is on. When the transmitter is off, 
the duplexer directs the weak target signals to the receiver. The duplexer's main 
purpose is to minimize power loss and maximize isolation. Power lost in the 
duplexer during transmission reduces the maximum detection range of the radar. 
Isolation refers to the amount of transmitter power that “bleeds through” the 
duplexer to the receiver during transmission. This “bleed through” must be 
extremely small to avoid receiver saturation or damage. 


c. The capabilities of the receiver group are critical to radar performance 
(Figure 4-3). The ability of the radar receiver to detect the presence of the target 
return and extract the required information is limited primarily by noise. Noise 
can enter the receiver through the antenna along with the target return. This type 
of noise is called external noise. Noise generated within the receiver is called 
thermal noise. Radar noise can never be completely eliminated. Minimizing noise 
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is the most important consideration in the design of the sensitive receivers used 
with modern radars. In addition, relative immunity to noise makes a radar system 
more resistant to jamming. 


Receiver 
Group 


RF IF IF 
Ri IF 
Amplifier }- ixer - Amplifier }- Detector | 
ideo 


Local Video 
Oscillator Amplifier 


Figure 4-3. Receiver Group 


(1) The most common pulse radar receiver is the superheterodyne 
receiver. A superheterodyne receiver consists of an RF amplifier, a mixer and 
local intermediate frequency (IF) amplifier, a detector, and a video amplifier. 


(2) Radar target returns enter the receiver group via the antenna and 
duplexer. Since these signals are normally very low power, the RF amplifier 
boosts the signal gain and filters out as much external noise as possible. The 
capability of the RF ampl e determines the receiver 
sensitivity. The boosted RF signal is sent to the mixer where it is converted to a 
lower IF. This is accomplished by mixing the RF signal with the signal from the 
local oscillator to produce an IF that is easier to process. The IF amplifier 
increases the IF signal level and includes a matched filter. The matched filter 
maximizes the signal-to-noise ratio which enhances detection of the target return. 
The detector, which is usually a crystal diode, extracts the video modulation from 
the IF or converts the IF to a video signal. 


d. The brain of a basic pulse radar is the master timer, or synchronizer, which 
coordinates the operation of the various parts of the radar (Figure 4-4). Exact 
timing within the radar is necessary to get accurate range. The master timer is an 
oscillator that triggers the transmitter to initiate transmission of a pulse. 
Simultaneously, the master timer sends a signal to initialize the display to ensure 
that range and azimuth information is accurately displayed. 
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Master Timer 


(synchronizer) 


Figure 4-4. Master Timer/Synchronizer 


e. The function of the antenna during transmission is to concentrate the radar 
energy from the transmitter into a shaped beam that points in the desired 
direction (Figure 4-5). During reception, or listening time, the function of the 
antenna is to collect the returning radar energy contained in the echo signals, 
and deliver these signals to the receiver. Radar antennas are characterized by 
directive beams that are usually scanned in a recognizable pattern. 


Figure 4-5. Parabolic Antenna 


f. The purpose of the radar display is to take the information derived from a 
radar target in the receiver group and present it to the operator in a usable 
format. There are many different types of scope displays depending on the 
purpose of the radar and how the radar information is to be used. There are four 
basic types of radar displays: the A scope, B scope, range height indicator (RHI) 
scope, and plan position indicator (PPI) scope. 
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(1) The A scope is used to display target range or velocity (Figure 4-6). 
Threat systems using A scope displays include air interceptors (Als) with 
range-only radar, surface-to-air missiles (SAMs), and radar-directed antiaircraft 
artillery (AAA) systems. SAM and AAA systems may use the A scope for range or 
velocity information, and other radar displays for azimuth and elevation data. The 
A scope displays range or velocity in relation to amplitude. The operator must 
distinguish the target return from other returns, including ground return and 


noise. 


Ground Return 


Target 


Amplitude 


Figure 4-6. A Scope Display 


(2) The B scope is used to display target range and azimuth (Figure 4-7). 
Threat systems using B scope displays include Al and SAM systems. The 
position of the target return to the right or left of the centerline of the screen 
shows the azimuth of the target. The position of the target return in relation to the 
bottom of the display, or zero range, shows target range. 


= 
Target 
° 
2 
5 
4 
eo" 30° o 30° 60° 


— — Azimuth ———> 


Figure 4-7. B Scope Display 
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(3) The RHI scope is used to display range and elevation (Figure 4-8). The 
RHI scope is used with height finder radars, and a modified RHI scope is used for 
ground-controlled approach (GCA) radars. The sweep trace of the display 
produces a fan-shaped display with the vertex at the lower left of the scope. The 
antenna sweeps up and down and is synchronized with the display. 


Elevation 


Figure 4-8. RHI Scope Display 


(4) The PPI display is probably the best known radar display (Figure 4-9). 
The display represents a map picture of the area scanned by the radar beam, 
usually 360 degrees. The PPI display is used by early warning, acquisition, 
ground-controlled intercept (GCI), and SAM radar systems. The target return's 
angular position shows target azimuth, while distance from the center of the 


display shows range. 


Dead Ahead 


Dead Astern 
Figure 4-9. PPI Scope Display 
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Figure 17-4, Basic numeric display 
each segme 


format fo 


Seven-segment displays are not elegant but are 
functional and are reasonably easy to read, as 
shown in Figure 17-5. Letters A, B, C, D, E, and F 
(displayed as A, b,c, d, E, F because of the restric- 
tionsimposed by the small number of segments) 
may be added to enable display of hexadecimal 
values 


In appliances such as microwave ovens, very ba- 
sic text messages can be displayed to the user 
Within the limitations of 7-segment displays, as 
suggested in Figure 17-6. 


The advantage of this system is low cost, as 7- 
segment displays are cheap to fabricate, entail 
the fewest connections, and require minimal de- 
coding to create each alphanumeric character. 
However, numbers 0, 1, and 5 cannot be distin- 
guished from letters O, |, and S, while letters con- 
taining diagonal strokes, such as K, M,N, W, X, 
and Z, cannot be displayed at all. 


Figure 17-5. Nun 


created with a -segment display 


Additional Segments 

Alphanumeric LCDs were developed using 14 or 
16 segments to enable better representation of 
letters of thealphabet, Sometimes these displays 
were slanted forward, like the 7-segment dis- 
plays, perhaps because the style had become fa- 
mmiliar, even though the addition of diagonal seg- 
ments made it unnecessary. In other cases, the 
14 or 16 segments were arrayed in a rectangle 
See Figure 17-7. 


The same words represented in Figure 17-6 are 
shown in Figure 17-8, using 16-segment LCDs. 
Clearly, the advantage gained by enabling diag- 
onal strokes entailed the disadvantage of larger 
gaps in the letters, making made them ugly and 
difficult to read. 


162 


Encyclopedia of Electronic Camponents Volume 2 


Electronic Warfare Fundamentals Chapter 4. Radar System Components 


3. CONTINUOUS WAVE (CW) RADAR 
A continuous radar transmission from the antenna requires that clas 
radars have two antennas, one for transmission and one for reception 
(Figure 4-10). Since a continuous transmission results in a continuous echo 
signal, it is impossible to tell what part of the echo is associated with any 
particular part of the transmission. This makes conventional range determination 
(based on timing) impossible. However, the simple application of the Doppler 
principle provides a means for a CW radar to track a target. The Doppler principle 
deals with the fact that a radar return from a moving target will be shifted in 
frequency by an amount proportional to its radial velocity relative to the radar 
site. Using the difference in frequency from the transmitted signal to the received 
signal, a CW radar can separate the target return from clutter, based on a change 
in frequency. This type of radar is called a CW Doppler radar. 


—disings r) 


Figure 4-10. Continuous Wave Radar 


a. Figure 4-11 depicts a basic CW Doppler radar. In a simple CW Doppler 
radar, the transmitter transmits a continuous signal at the radar's operating 
frequency. This signal is reflected by a moving target and travels back to the 
receiving antenna. The frequency of the reflected signal (fi) is the frequency 
change due to the Doppler effect. This target frequency is passed to the detector. 
The transmitted frequency (f.) is also fed to the detector as a reference. The 
detector notes the difference between the transmitted and received frequencies 
and passes this frequency to the Doppler filters. The Doppler filters only allow 
Doppler frequencies within a certain range to pass through. A filter is required for 
each Doppler frequency. The number of Doppler filters determines the number of 
targets that the radar can resolve in velocity. 
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Filter Filter 


Amplifier | Amplifier | | 
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Figure 4-11. Basic CW Doppler Radar 


d and passed to its own display. 
igure 4-12. 


b. The output of each Doppler filter is ampli 
The display is normally an A scope as shown 


Ground Return 
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Figure 4-12. CW Doppler Radar Display 
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4. PULSE DOPPLER RADAR 

Pulse Doppler radars combine the advantages of both pulse and Doppler radar 
systems (Figure 4-13). Because the signal is pulsed, the radar can determine 
range, azimuth, and elevation, similar to a conventional pulsed radar. A pulse 
Doppler radar can also compute overtake, or rate of closure, relative to the radar 
system on a pulse-to-pulse basis. Pulse Doppler radars also use multiple PRFs to 
eliminate target eclipsing and for range determination in medium PRF. The beauty 
of a pulse Doppler radar is that it eliminates ground clutter and provides range, 
azimuth, and velocity resolution. 


we FDS 
air, TAVAVAVAVAVAVAVAY, 


Pulsed 


Radar 
Velocit Range 
isang | Tracking | 


Figure 4-13. CW and Pulse Doppler Radar Comparison 


a. A pulse Doppler radar transmits a box, or pulse, of coherent RF energy at 
the operating frequency of the radar. The frequency inside these boxes reacts the 
same way as the continuous waves of a CW radar. However, since the RF waves 
are pulsed, range determination can be accomplished by measuring the time it 
takes for the reflected pulse to return from the target. Velocity determination and 
tracking are accomplished by capturing and quantifying the Doppler shift of the 
frequencies in each box or pulse. 


b. The basic block diagram of a coherent pulse Doppler radar (Figure 4-14) is 
similar to a pulse radar except for the addition of an exciter, a radar computer, 
and a digital signal processor. The exciter generates a continuous stable low 
power signal at the desired frequency and phase for the transmitter. It also sends 
this signal as a reference to the receiver. The digital signal processor performs 
the adding and subtracting functions required to find, track, and sort targets with 
respect to velocity and range. The radar computer performs all routine functions 
of the radar such as changing modes and accounting for aircraft flight 
parameters. 
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Figure 4-14. Basic Pulse Doppler Radar Diagram 


5. MONOPULSE RADAR 


The primary functions of monopulse radars include target tracking and weapon 
guidance. Monopulse radars were developed to overcome the limitations and 
jamming susceptibility of scanning radar systems. A monopulse radar typically 
receives returned radar energy in two, three, or four separate receivers, or 
channels, each looking at a different area. By comparing the returns from each 
receiver, track errors can be determined. For example, in Figure 4-15, this radar 
compares the amplitude, or signal strength, in each channel. Obviously, an 
aircraft in area “A” will produce a stronger return in receiver “A” since that 
receiver is focused in that direction. Since this type of system uses signal 
strength to determine position, typical noise jamming will only highlight an 
aircraft” position. Other coherent radars can measure phase differences verses 
the amplitude differences used in the last example. If a signal is directly ahead of 
the antenna, each quadrant will receive the returned signal at exactly the same 
time and therefore the same exact phase. However, if a return is off-center, the 
returned signal will strike part of the antenna slightly ahead of the opposite side 
and each quadrant will measure a different phase. This phase difference is used 
to determine azimuth error. 
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Figure 4-15. Monopulse Radar 


a. Monopulse radars operate by comparing the amplitude or the phase of the 
received signal in each of the transmitted beams. A complex set of comparator 
circuits, called magic T's, do the addition and subtraction of the received signals 
based on the orientation of the magne! id, or H-plane, and the electrostatic 
field, or E-plane (Figure 4-16). The received signal from antenna A enters the 
magic T in the H-plane arm while the signal from antenna B enters the magic T in 
the E-plane arm. 


E-Plane Arm 


Figure 4-16. Monopulse Magic T’s 


b. Figure 4-17 depicts the output of a magic T. Output is the sum and 
difference of the two input signals. These sum and difference values, in amplitude 
or phase, are used to generate azimuth and elevation error signals and to 
compute range. 
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Figure 4-17. Magic T Output Signals 


c. These sum and differences computed by the magic T's are sent as signals 
to the monopulse tracking servos to generate both azimuth and elevation 
corrections to keep the monopulse antenna centered on the target (Figure 4-18). 
Target range is computed by calculating the difference of signal transmission 
time with the reception time of the target echo. Range information is displayed to 
the operator for range tracking. 


(A+B) + (C+D) IF Amp and 
Range es Detector Eciia|| tsa 


(A+B) - (C+D) IF Amp and Servo | Elevation 
Elevation Detector Cotrerhon 
Error 


| 


IF Amp and Azimuth 


‘Azimuth Detector Servo | Correction 
Error 


Figure 4-18. Monopulse Radar Track 
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d. If the signal in antenna A equals the signal in antenna B, equals the signal 
in antenna C, and equals the signal in antenna D, the target is in the center of the 
four radar beams (Figure 4-19). This is the condition the monopulse tracker 
attempts to maintain when tracking a target. 


Figure 4-19. Monopulse Radar Track Logic 


6. SUMMARY 

This chapter has discussed the basic components of a simple pulse radar, a 
continuous wave radar, a pulse Doppler radar, and a monopulse radar. The 
characteristics of these components determine the capabilities and limitations of 
a particular radar system. 
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CHAPTER 5. RADAR PRINCIPLES 


1. INTRODUCTION 

The primary purpose of radar systems is to determine the range, azimuth, 
elevation, or velocity of a target. The ability of a radar system to determine and 
resolve these important target parameters depends on the characteristics of the 
transmitted radar signal. This chapter explains the relationship of radar frequency 
(RF), pulse repetition frequency (PRF), pulse width (PW), and beamwidth to target 
detection and resolution. 


2. RADAR RANGE 


A basic pulse radar system consists of four fundamental elements: the 
transmitter, the receiver, the antenna, and the synchronizer, or master timer. 


a. The transmitter, through the antenna, sends out a pulse of RF ene! 
designated frequency. The presence of a target is revealed when the RF e1 
bounces off the target, returns to the radar antenna, and goes into the receiver 
(Figure 5-1). The master timer measures the time between the transmission of a 
pulse and the arrival of a target echo. 


Figure 5-1. Basic Radar Pulse 


(1) RF energy travels at the speed of light (c) which is 3 x 10° meters per 
second. Target range can be computed by using the basic radar range 
determination equation (Equation 5-1). 
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Measured Time x Speed of Light (c) 


Target Range = 5 


Equation 5-1. Basic Radar Range Determination Equation 


(2) Another useful measurement is the radar mile, which is the round trip 


5-2). Solving the radar range equation for time results in Equation 
Substituting the appropriate values into the equation and solving for time gj 
measured time of 12.4 microseconds for a one nautical mile (1853 meters) round 
trip. 


6.2 usec oS 


TNM 


Figure 5-2. Radar 


Target Range x2 1853 meters x2 


Measured Time = ————————— = ——_______—_ = 12.4ysec 
Speed of Light (c) 3 x 10° meters/second i 


Equation 5-2. Radar Mile 
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Figure 17-6. Bas 
7sagment display 


messages can be generated with 


A full character set using 16-segment LCDs is 
shown in Figure 17-9, This conforms partially 
with the ASCII coding system, in which each char- 
acter has an identifying numeric code ranging 
from 20 hexadecimal for aletter-space to 7Ahex- 
adecimal for letter z (although this character set 
does not attempt to represent lowercase letters 
differently from uppercase). The ASCII acronym 
stands for American Standard Code for Informa- 
tion Interchange 


Because backlit LCDs had become common by 
the time 16-segment displays were introduced, 
the characters were often displayed in light-on- 
dark or “negative format, as suggested in this 
figure. LEDs, of course, have always used the 
light-on-dark format, asan LED isa light-emitting 
component. 


vy. dy. 


Dot-Matrix Displays 

The 16-segment displays were never widely pop- 
ular, and the declining cost of microprocessors, 
LCD fabrication, and ROM storage made it eco- 
nomic to produce displays using the more easily 
legible 5x7 dot-matrix alphabet that had been 
common among early microcomputers. 
Figure 17-10 shows a dot-matrix character set 
that is typical of many LCDs. 


Because the original ASCII codes were not stand: 
ardized below 20 hexadecimal or above 7A hex- 
adecimal, manufacturers have represented a 
variety of foreign-language characters, Greekllet 
ters, Japanese characters, accented letters, or 
symbols using codes 00 through 1F and 78 
through FF. The lower codes are often left blank, 
allowing user installation of custom symbols. 
Codes 00 through OF are often reserved for con- 
trol functions, such as a command to start a new 
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(3) A limitation on radar detection range is the concept of a second time 
around echo. A second time around echo occurs when a target echo associated 
with a particular radar pulse arrives at the antenna after another radar pulse has 
been transmitted. The radar master timer always assumes the target echo is 
associated with the last pulse transmitted. This makes the target echo ambiguous 
in range. Figure 5-3 depicts a radar signal with a pulse recurrence time (PRT) of 
248 microseconds. Radar pulse A takes 372 microseconds to travel to the target 
and return. Using the range determination equation, actual target range is 30 
nautical miles (nm). However, before the target echo returns to the antenna, radar 
pulse B is transmitted. The master timer associates the target echo of pulse A 
with radar pulse B, and calculates a target range of 10 nm. This ambiguous and 
false range is displayed to the operator. 


Actual Range Sweep 


Apparent ce 


Range 


Pulse A Pulse B Echo from Pulse A 


PRT = 248 psec 
372 usec 


Figure 5-3. Second Time Around Echo 


(4) Range ambiguities caused by second time around echoes limit the 
maximum unambiguous range of a radar system. This important capability can be 
calculated by using Equation 5-3. An analysis of this equation shows that a radar 
system designed for long-range detection should transmit a radar signal with a 
large PRT. In addition, as the PRF of a radar signal increases, the PRT decreases, 
and the maximum unambiguous range decrease: 
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PRT (secs) 


Maximum Unambiguous Range = = ———————— 
12.4 (usecsinm) 


Equation 5-3. Maximum Unambiguous Range 


b. A critical aspect of range determination is range resolution. Range 
resolution is the ability of a radar to separate two targets that are close together 
in range and are at approximately the same azimuth (Figure 5-4). The range 
resolution capability is determined by pulse width. Pulse width is the time that the 
radar is transmitting RF energy. Pulse width is measured in microseconds. 


— 


Physical Length of the Pulse Width = PW (usec) x 984 ft/sec 


Figure 5-4. Radar Pulse 


(1) A radar pulse in free space occupies a physical distance equal to the 
pulse width multiplied by the speed of light, which is about 984 feet per 
microsecond. If two targets are closer together than one-half of this physical 
distance, the radar cannot resolve the returns in range, and only one target will 
be displayed. 
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(2) To illustrate range resolution, consider Figure 5-5, in which two aircraft 
are separated by a distance of one-half the pulse width or less. At T1, the leading 
edge of the radar pulse hits the lead aircraft. 
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Figure 5-5. Radar Pulse at T1 


(3) In Figure 5-6, at T2 the leading edge of this same pulse hits the trailing 
aircraft. Since the trailing aircraft is less than one-half the pulse width from the 
lead aircraft, the return echo from the lead aircraft is received by the antenna 
before the entire pulse has left the trailing aircraft. 
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Figure 5-6. Radar Pulse at T2 
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(4) T3 depicts the merging target echoes at the radar (Figure 5-7). The 
radar would display only one target in this situation, such as the one shown on 
the radar scope in Figure 5-6. 


ant 


i 


Echos Merge 


Figure 5-7. Radar Pulse at T3 


(5) Two targets separated by more than one-half the pulse width, as in 
Figure 5-8, will be displayed as two targets. In this case, the transmitted pulse is 
completely past the lead aircraft before the return echo from the trailing aircraft 
reaches the antenna. 


oecee oe % Pulse Width a \\ 
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Figure 5-8. Radar Range Resolution 
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(6) The range resolution of the radar is usually expressed in feet and can 
be computed using Equation 5-4. It is the minimum separation required between 
two targets in order for the radar to display them separately on the radar scope. 


Pulse Width x 984 feet 


Range Resolution A 


Equation 5-4. Range Resolution 


3. AZIMUTH DETERMINATION 

The beamwidth of a radar system is the horizontal and vertical thickness of the 
radar beam (Figure 5-9). Beamwidth depends on antenna design and is normally 
measured in degrees from the center of the beam to the point at which the power 
drops off by half. This half-power point is -3 dB in power drop-off. Beamwidth 
governs the azimuth and elevation accuracy and resolution capability of a radar 
system in the same way that pulse width governs radar range accuracy and 
resolution. 


Beamwidth 


%Power Point 
(-3 dB) 


Figure 5-9. Radar Beamwidth 


a. In order for a radar system to figure out target azimuth, the antenna must 
be aligned with a point of reference and pointed at the target during the 
transmission and reception of several pulses of radar energy. If the antenna is 
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referenced to true North, the azimuth of the target can be measured relative to 
true North (Figure 5-10). Azimuth determination is based on the position of the 
antenna when the target is being illuminated. 


Figure 5-10. Azimuth Determination 


(1) To provide accurate azimuth determination over a large area, many 
radars employ a narrow beam and scan the antenna in a predictable pattern. The 
most common scan pattern is a 360° circular scan at a constant rate (Figure 5~ 
The plan position indicator (PPI) radar scope display is normally associated 
this scan pattern. As the radar beam sweeps, a target is detected and displayed. 
The position of the antenna, when the target is displayed, shows the relative 
azimuth. 


Figure 5-11. Antenna Scan 
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(2) The azimuth accuracy of a radar system is determined by the h 
beamwidth (HBW). In Figure 5-12, radar system A has a horizontal beam 
10°. As the beam sweeps, the target is illuminated for as long as it is in the beam. 
This means that the target covers 10° in azimuth on the PPI scope. Radar system 
B has a beamwidth of 1°. A target displayed on the PPI scope will cover 1° in 
azimuth. The narrower the horizontal beamwidth, the better the azimuth accuracy. 


Figure 5-12. Horizontal Beamwidth Comparison 


b. Azimuth resolution is the ability of a radar to display two targets flying at 
approximately the same range with little angular separation, such as two fighters 
flying line-abreast tactical formation. The azimuth resolution capability is usually 
expressed in nautical miles and corresponds to the minimum azimuth separation 
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required between two targets for separate display. Azimuth resolution depends 
on the horizontal beamwidth of the radar. The radar system in Figure 5-13 has a 
horizontal beamwidth of 10°. The two targets are so close in azimuth that the 
return echoes are blended into one return. 


Figure 5-13. Horizontal Beamwidth and Azimuth Resolution 


(1) The radar system in Figure 5-14 has a horizontal beamwidth of 1°. The 
radar beam not only hits the targets, but passes between them without causing a 
return. This allows the radars to display two distinct radar returns. A small 
horizontal beamwidth improves azimuth resolution. 


Figure 5-14. Azimuth Resolution 
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(2) Azimuth resolution, in nautical miles, can be computed using Equation 
5-5. Notice that this equation is the “60 to 1 rule” used for navigation. A 1° 
beamwidth will yield a one-mile-wide cell at 60 nautical miles. 


Horizontal Beamwidth x Range 


Azimuth Resolution = a 


Equation 5-5. Azimuth Resolution 


4, ELEVATION DETERMINATION 


Since a radar beam is three-dimensional, the vertical beamwidth is the primary 
factor in determining altitude resolution capability. Altitude resolution is the 
ability of a radar to display two targets flying at approximately the same range 
and azimuth with little altitude separation, such as two fighters flying a vertical 
stack formation. The altitude resolution capability is usually expressed in feet and 
corresponds to the minimum altitude separation required between two targets for 
separate display. The radar system in Figure 5-15 has a vertical beamwidth of 10°. 
The two targets are so close in altitude that the return echoes depicted on t 
range height indicator (RHI) are blended into one. 


Figure 5-15. Vertical Beamwidth and Elevation Resolution 
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a. The radar system depicted in Figure 5-16 has a vertical beamwidth of 1°. 
This small beam not only hits the targets, but passes between them without 
causing a return. This allows the radar to display two distinct targets. 


Figure 5-16. Elevation Resolution 


b. Altitude/elevation resolution, in thousands of feet, can be computed using 
Equation 5-6. 


Vertical Beamwidth x Range 
60 


Altitude Resoluti 


Equation 5-6. Altitude Resolution 


5. RADAR RESOLUTION CELL 
Aradar’s pulse width, horizontal beamwidth, and vertical beamwidth form a three- 
dimensional resolution cell (RC) (Figure 5-17). A resolution cell is the smallest 
volume of airspace in which a radar cannot determine the presence of more than 
one target. The resolution cell of a radar is a measure of how well the radar can 
resolve targets in range, azimuth, and altitude. The horizontal and vertical 
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line of text. There is no standardization in this 
area, and the user must examine a datasheet for 
guidance. 


Dot-matrix LCDs are usually packaged in arrays 
consisting of eight or more columns and two or 
more rows of characters. The number of columns 
is always stated before the number of rows, so 
thata typical 8 x 2 display contains eight alpha 
numeric characters in two horizontal rows. An 
array of characters is properly referred to as a 
display module, but may be described, confus 
ingly, as a display, even though a single seven- 
segment LCD is itself a display. A 16x2 display 
module is shown from the front in Figure 17-11 
and from the rear in Figure 17-12. 


oh oe) ge GG 


"BR AR 


aaa 


Ets | ae | 
{| ace 


LILIN AT NA 
pedo Wik Vm BN 
mo! t Ned 

¥ A 


[ha Vata ah | 
Ld paver 


Figure 17-3. 


Encyclapedia of Electronic Gamponents Volume 2 


Electronic Warfare Fundamentals Chapter 5. Radar Principles 


dimensions of a resolution cell vary with range. The closer to the radar, the 
‘smaller the resolution cell. 


One Target Detected 


Figure 5-17. Radar Resolution Cell 


a. The physical dimensions of a radar's resolution cell can be computed. For 
a radar with a pulse width of 1 microsecond, a horizontal beamwidth of 1°, and a 
vertical beamwidth of 10°, the formulas for range resolution, azimuth resolution, 
and altitude resolution can be used to compute the dimensions of the resolution 
cell. In the example in Figure 5-18, at a target range of 10 nm, the physical 
mensions of the radar’s resolution cell are 492 feet in range, by 1000 feet in 
azimuth, and 10,000 feet in altitude. These figures can be confirmed by using 
Equations 5-4, 5-5, and 5-6. 


A= Pulse Width x Speedot tant 


984 feet per microsecond 
2 


A Microsecond x 


A= 492 feet 


Figure 5-18. Radar Resolution Cell Dimensions 
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b. Based on these computations, two, or more, aircraft flying a trail formation 
closer than 492 feet would be displayed as a single target. Two, or more, aircraft 
flying line abreast closer than 1000 feet would be displayed as a single target. 
Two, or more, aircraft flying a vertical stack closer than 10,000 feet would be 
displayed as a single target. This also shows that the shorter the pulse width, the 
better the range resolution capability of a radar system. The narrower the 
horizontal beamwidth, the better the azimuth resolution capability. The narrower 
the vertical beamwidth, the better the altitude resolution capability. 


c. Another type of resolution is velocity resolution. For a Doppler radar 
aircraft flying within the conventional resolution cell described above can be 
distinguished as separate targets if they have enough speed differential. 
Paragraph 6 below will describe how this is carried out. 


6. PULSE DOPPLER VELOCITY DETERMINATION 
To fully understand how a pulse Doppler radar determines target velocity, it is 
necessary to know more about the pulsed waveform. To generate a pulse 
modulated wave, a continuous carrier sine wave, like the output from a CW radar, 
is combined with a rectangular wave, like that of a pulse radar, to produce the 
pulse modulated waveform. Figure 5-19 depicts pulse modulation. 


“PL: 


Rectangular Pulse Modulated 
Pulse Waveform 


Carrier 


Figure 5-19. Pulse Modulation 


a. Mathematically, any waveform other than a sine wave is composed of many 
different pure sine waves added in the proper amplitude and phase relationships 
(Figure 5-20). In a pulsed modulated waveform, the sine waves correspond to the 
fundamental frequency, which is the PRF, and the sum of all harmonics in the 
proper amplitude and phase. The frequency of the harmonic is the basic 
frequency plus or minus a multiple of the PRF. 
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Fundamental Third Second 
AT PRF Harmonic Harmonic 
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Figure 5-20. Harmonics of a Pulse Modulated Waveform 


(1) Figure 5-21 is a plot of the harmonic content of a pulse modulated 
waveform operating at a carrier frequency of 2800 megahertz (MHz) with a PRF of 
1 MHz. Note the loops of frequencies on either side of the carrier frequency. 
These are the additions and subtractions of all the frequencies in the rectangular 
pulse to the carrier frequency. The important thing to remember is that there are 
many frequencies present, and a pulse Doppler radar must deal with a crowded 
frequency spectrum. This becomes even more important when one considers the 
fact that every frequency present will experience a Doppler shift when it is 
reflected by a moving target. The individual frequencies shown are called spectral 
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Figure 5-21. Harmonic Content 


(2) For a pulse Doppler radar to accurately measure velocity, it must 
compare the frequency change, or Doppler shift, between the carrier frequency 


5-15 


Chapter 5. Radar Principles Electronic Warfare Fundamentals 


and the frequency returning from the target. It is a difficult task for the radar to 
differentiate between the returning carrier and all the harmonic frequencies 
(Figure 5-22). 


Transmitter Frequency 
Returned Frequency 
Amplitude 
10 kHz 10 KHz 


20 kHz 20 kHz 
30 kHz 30 kHz 


| Frequency 
Receiver Bandwidth 64 kHz 


Figure 5-22. Spectral Line Frequencies 


b. The radar differentiates between the returning carrier frequencies and all 
other harmonic frequencies by using clutter cancellers, or filters, at the known 
harmonic frequencies (Figure 5-23). The radar cannot process frequencies 
cancelled by these filters. The filters create “blind speeds” for the radar. The 
closer together the spectral lines, the more “blind speeds” the radar will have. 


Transmitter Frequency 
Returned Frequency 
Amplitude 


Clutter Cancellers 


Figure 5-23. Selective Clutter Canceling 
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(1) Since the position of the harmonics in relation to the carrier frequency 
is based on PRF, the number of blind speeds can be reduced by changing the 
PRF of the radar. The higher the PRF, the wider the spacing of the spectral lines 
and the fewer blind speeds due to selective clutter canceling. However, a high 
PRF increases the problem of range ambiguities. Most modern pulse Doppler 
radars employ a medium and high PRF mode. Medium PRF equates to fewer 
range ambiguities but more blind speeds. High PRF has fewer blind speeds but 
more range ambiguities (Figure 5-24). 


Medium PRF 


Frequency 


‘Amplitude 
{ * 
Sal 


‘Clutter Filters 


High PRE 


Amplitude 


, 
3 
3 


Clutter Filters 


Figure 5-24. PRF and Spectral Lines 


(2) To separate the returning target frequency shifts from all other 
frequencies in the returning waveform, the pulse Doppler radar employs filters to 
cancel the known harmonic frequency shifts. In addition, the radar cancels out all 
returns with no frequency shift, which equates to canceling all returns with no 
movement relative to the radar. However, if the radar has too many clutter filters, 
this creates multiple blind speeds, and targets will be missed. In Figure 5-25, the 
detection filters allow target frequencies to be processed, and clutter filters 
cancel unwanted frequency shifts. Target 1 will be detected, but Target 2 will be 
canceled. 
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Transmitter Frequency 
Returned Frequency 


TGT2 TGT1 


Frequency 
Clutter ™ tection agency 


Filter Filters 


Figure 5-25. Pulse Doppler Filters 


7. BASIC RADAR EQUATION 

The basic radar equation relates the range of a radar system to the 
characteristics of the transmitter, receiver, antenna, and the target. The radar 
equation provides a means not only to figure out the maximum range of a 
particular radar system, but it can be used to understand the factors that affect 
radar operation. In this section, the simple forms of the radar equation are 
developed, starting with the power density of the transmitting antenna to the 
power received by the receiving antenna. 


a. Power density is the power of a radio wave per unit of area normal to the 
direction of propagation. The power density generated by a practical antenna can 
be expressed in Equation 5-7. 


G Py = transmitted power 
G = antenna gain 
= radius of the antenna 


Pp 
Power Density from Antenna = — 


aor? 


Equation 5-7. Power Density From an Antenna 


b. As the radar beam propagates through space, it arrives at a target at some 
range (R) from the antenna. As the radar beam travels through space, the 
wavefront of the beam expands to a very large cross-sectional area, especially in 
relation to the target dimensions. The power density of the radar beam, across 
this wide area, at the target, is detailed in Equation 5-8. 
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PxG  P; “transmitted power 
¥ G = antenna gain 


Power Density at Target = 


4nR? 
R = range to the target 


Equation 5-8. Power Density at the Target 


c. Since the cross-sectional area of the radar beam is so large, only a small 
portion of the total power in the beam can be reflected toward the antenna. The 
rest of the radar energy continues through space and is dissipated, absorbed, or 
reflected by other targets. The small portion of the radar beam that hits the target 
is reradiated in various directions. The measure of the amount of incident power 
intercepted by the target and reradiated back in the direction of the antenna 
depends on the radar cross section (RCS) of the target. Equation 5-9 details the 
power density of the target echo signal reflected back to the radar antenna. 


P_ = transmitted power 


5 RxG o G =antenna gain 
Power Density at Antenna = ———— x 


F 
4aR? “4aR® g =Rcs 


R =range to the target 


Equation 5-9. Power Density at the Antenna 


d. As the target echo reaches the antenna, part of the echo is captured by the 
antenna based on the effective aperture (A,). Equation 5-10 details the actual 
signal power received by the radar system. This is one form of the basic radar 
equation and is the signal strength of a radar return from a specific target at 
range (R) from the radar. 
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P, = transmitted power 


G = antenna gain 
Signal Power Density (S) Oo =RCS 


ange to the target 


A,= antenna aperture area 


Equation 5-10. Signal Power Density 


e. A detailed analysis of this equation is not required to draw some basic 
conclusions about the factors affecting the detection of an aircraft. If any factor in 
the numerator, such as transmitted power, is increased by a factor of three, the 
signal received by the radar will increase by only 30 percent. This clearly shows 
why radar system operation is characterized by the transmission of megawatts of 
power and the reception of microwatts of returning power. In addition, this 
equation shows that the most critical factor in determining radar detection is 
target range. 


f. The maximum radar range (Rwax) occurs when the signal power density 
received just equals the minimum detectable signal (Sm) for the receiver. Solving 
Equation 5-11 for range, and substituting Sun, yields the basic radar 
Ruax for a specific target. This is another form of the basic radar equation. 


A.= antenna aperture area 


R =range to the target 


Equation 5-11. Basic Radar Equation 
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g. It is important to note that the basic radar equations do not consider such 
factors as meteorological conditions, changes in aircraft RCS, the impact of 
clutter on gain, or operator abilities. The radar equation does explain why a radar 
system designed for long-range detection should transmit a very high power 
signal, concentrated into a narrow beam, collected by a large antenna, and 
processed by a very sensitive receiver. 


8. SUMMARY 

This chapter has discussed the methods employed by radar systems to 
determine target range, azimuth, elevation, and velocity. The relationship between 
pulse width and range resolution, beamwidth and azimuth/elevation resolution, 
and PRF and velocity resolution have been explained. In addition, an explanation 
of the complex radar equation has been presented. The capabilities and 
limitations of a specific radar system to determine these critical target parameters 
is the key to understanding the countermeasures designed to defeat this system. 
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Multiple-character display modules have been 
widely used in consumer electronics products 
such as audio components and automobiles 
Where simple status messages and prompts are 
necessary—for example, to show the volume 
setting or broadcast frequency on a stereo re- 
ceiver. Backlighting is almost always used. 


Because the cost of small, full-color, high 
resolution LCD screens has been driven down 
rapidly by the mass production of cellular 
phones, color displays are likely to displace mon- 
‘ochrome dot-matrix LCD display modules in 
many applications. Similarly, touchscreens will 
tend to displace pushbuttons and tactile 
switches. Touchscreens are outside the scope of 
this encyclopedia 
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CHAPTER 6. ANTENNA CHARACTERISTICS AND SCANS 


1. INTRODUCTION 
The function of the antenna during transmission is to concentrate the radar 
energy from the transmitter into a shaped beam that points in the desired 
direction. During reception, or listening time, the function of the antenna is to 
collect the returning radar energy, contained in the echo signals, and deliver 
these signals to the receiver. Radar antennas are characterized by directive 
beams that are usually scanned in a recognizable pattern. The primary antenna 
types in use today fall into three categories: parabolic, Cassegrain, or phased 
array antennas. Additionally, the method radar antennas employ to sample thi 
environment is a critical design feature of the radar system. The scan type 
selected for a particular radar system often decides the employment of that radar 
in an integrated air defense system (ADS). The process the radar antenna uses to 
search airspace for targets is called scanning or sweeping. This chapter 
discusses circular, unidirectional, bidirectional, helical, raster, Palmer, and 
conical scans, and track-while-scan (TWS) radar systems. 


2. PARABOLIC ANTENNA 


One of the most widely used radar antennas is the parabolic reflector (Figure 6-1). 
The parabola-shaped antenna is illuminated by a source of radar energy, from the 


Figure 6-1. Parabolic Antenna 


6-1 


Chapter 6. Antenna Characteristics and Scans Electronic Warfare Fundamentals 


transmitter, called the feed. The feed is placed at the focus of the parabola, and 
the radar energy is directed at the reflector surface. Because a point source of 
energy, located at the focus, is converted into a wavefront of uniform phase, the 
parabola is well suited for radar antenna applications. By changing the size and 
shape of the parabolic reflecting surface, a variety of radar beam shapes can be 
transmitted. 


a. The antenna depicted in Figure 6-1 generates a nearly symmetrical pencil 
beam that can be used for target tracking. 


b. Elongating the horizontal dimensions of the parabolic antenna creates a 
radar antenna called the parabolic cylinder antenna (Figure 6-2). The pattern of 
this antenna is a vertical fan-shaped beam. Combining this antenna pattern with a 
circular scan technique creates a radar system well suited for long-range search 


Figure 6-2. Parabolic Cylinder Antenna 


c. Elongating the vertical dimensions of the parabola creates a radar antenna 
that generates a horizontal fan-shaped beam with a small vertical dimension 
(Figure 6-3). This type of antenna is generally used in height-finding radar 
systems. 
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Figure 6-3. Height-Finder Parabolic Antenna 


d. Another variation of the basic parabolic antenna includes using an array of 
multiple feeds instead of a single feed (Figure 6-4). This type of parabolic antenna 
can produce multiple radar beams, either symmetrical or asymmetrical, 
depending on the angle and spacing of the individual feeds. 


Figure 6-4. Multiple-Feed Parabolic Antenna 


3. CASSEGRAIN ANTENNA 


A Cassegrain antenna uses a two-reflector system to generate and focus a radar 
beam (Figure 6-5). The primary reflector uses a parabolic contour, and the 
secondary reflector, or subreflector, has a hyperbolic contour. The antenna feed 
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is located at one of the two foci of the hyperbola. Radar energy from the 
transmitter is reflected from the subreflector to the primary reflector to focus the 
radar beam. Radar energy returning from a target is collected by the primary 
reflector and reflected as a convergent beam to the subreflector. The radar 
energy is rereflected by the subreflector, converging at the position of the 
antenna feed. The larger the subreflector, the closer it can be to the primary 
reflector. This reduces the axial dimensions of the radar but increases aperture 
blockage due to the subreflector. A small subreflector reduces aperture blockage, 


but it must be positioned at a greater distance from the primary reflector. 


Subreflector 


Parabolic 
Reflector 


Figure 6-5. Cassegrain Antenna 


a. To reduce the aperture blockage by the subreflector and to provide a 
method to rapidly scan the radar beam, the flat plate Cassegrain antenna was 


developed. This type of Cassegrain antenna is depicted in Figure 6-6. 


Fixed Parabolic Reflector 
with Parallel Wires \. 


Fixed Feed 


*\ “Axis of Mirror Movement 


“+ Movable Planar 
Twist Reflector 


Figure 6-6. Flat Plate Cassegrain Antenna 
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The fixed parabolic reflector is made up of parallel wires spaced less than a half 
wavelength apart and supported by a low-loss dielectric material. This makes the 
fixed parabolic reflector polarization sensitive. It will completely reflect one type 
of linear polarization and be transparent to the orthogonal polarization. The fixed 
antenna feed, in the middle of the moveable mirror, transmits a radar signal 
polarized to be reflected by the parabolic reflector. The moveable mirror is 
constructed as a twist reflector that changes the polarization of the radar signal 
by 90°. The signal from the feed is reflected by the parabolic reflector to the 
mirror, which rotates the polarization 90°. This rotation makes the transmitted 
signal transparent to the parabolic reflector, and the signal passes through with 
minimal attenuation. The radar beam can be scanned over a wide area by rotating 
the moveable mirror. A deflection of the mirror by the angle @ results in the beam 
scanning through an angle of 20. 


b. The geometry of the Cassegrain antenna is especially well suited for 
monopulse tracking radar applications. Unlike the parabolic antenna, the complex 
feed assembly required for a monopulse radar can be placed behind the reflector 
to avoid aperture blocking. 


4. PHASED ARRAY ANTENNA 

The phased array radar is a product of the application of computer and digital 
technologies to the field of radar design. A phased array antenna is a complex 
arrangement of many individual transmitting and receiving elements in a 
particular pattern. A phased array antenna can, in effect, radiate more than one 
beam from the antenna by using a computer to rapidly and independently control 
groups of these individual elements. Multiple beams and computer processing of 
radar returns give the phased array radar the ability to track-while-scanning and 
engage multiple targets simultaneously. Figure 6-7 is a view of the phased array 
radar antenna. 


Figure 6-7. Phased Array Antenna 
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a. A phased array radar uses the principle of radar phase to control the 
i ing and receiving elements. When two transmitted frequencies 
amplitudes add together, and the radiated energy is doubled. 
When two transmitted frequencies are out-of-phase, they cancel each other. 
Phased array radars use this principle to control the shape of the transmitted 
radar beam (Figure 6-8). 


In Phase 


Out of Phase 
2 2 
| 5-1 
+ 
&}1 €}1 
tltim————» = | Time—_—_—»> 


Figure 6-8. Phase Relationships 


b. Phase relationships and antenna element spacing determine the 
orientation of the transmitted beam. In Figure 6-9, antenna elements A and B are 
separated by one-half wavelength and are radiating in-phase, that is, when one is 
at the positive peak, the other is also at a positive peak. Since the elements are 
one-half wavelength apart, when the positive peak radiated by A reaches B, B will 
be radiating a negative peak. As the peaks propagate along the X axis, they will 
cancel each other out. The total radiated power along that axis will be zero. Along 
the Y axis, however, the positive peaks from A will add to the positive peaks from 
B, causing the total radiation along this axis to be at its maximum value. This 

of array is called a “broadside array” because most of the radiation is in the 
direction that is broadside to the line of the antenna array. 
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Line of Reinforcement | 


Line of Cancellation 


Identical Signals, In Phase 


Figure 6-9. Broadside Array 


c. If the same antenna elements are fed out-of-phase, the principal direction 
of radiation will be along the axis of the antenna elements. In Figure 6-10, when 
the positive peak from A arrives at B, B is now positive also. These energies 
interact to strengthen the energy being radiated from the ends of the array. 
Meanwhile, when the positive peak from A, radiating along the Y axis, meets the 
negative peak from B, they are canceled. This type of array is called an “end-fire 
array.” 


Figure 6-10. End-Fire Array 
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d. The computer controlling the phase of the signal delivered to each 
transmitting and receiving element of a phased array antenna controls the 
direction and shape of the radiated beam (Figure 6-11). By shifting the phase of 
the signals between 0° and 180°, the beam sweeps. This is the basic means of 
producing an antenna scan. In addition, the amplitude, or power, of the signal 
applied to each element can be varied to control the sidelobes. This alters the 
shape of the beam which affects the range capability and angular resolution of 
the radar. 


Broadside 


Figure 6-11. Phased Array Antenna Scan 


e. Figure 6-12 depicts a variation of the phased array antenna, known as a 
planar array antenna. A planar array antenna uses transmit and receive elements 
in a linear array, but, unlike the phased array radar, the elements are smaller and 
are placed on a movable flat plate. The ability to simultaneously track several 
targets is one advantage of this type of radar. 
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Figure 6-12. Planar Array Antenna 


5. ANTENNA GAIN 

The most important characteristic of any type of antenna is antenna gain. 
Antenna gain is a measure of the ability of an antenna to concentrate energy in 
the desired direction. Antenna gain should not be confused with receiver gain, 
which is designed to control the sensitivity of the receiver section of a radar 
system. There are two types of antenna gain: directive and power. 


a. The directive gain of a transmitting antenna is the measure of signal 
intensity radiated in a particular direction. Directive gain is dependent on the 
shape of the radiation pattern of a specific radar antenna. The directive gain does 
not take into account the dissipative losses of the antenna. Directive gain is 
computed using Equation 6-1. 


___ Maximum Radiation Intensity (Desired Direction) 
G, (Directive Gain) =$ ——$ $£  _____———— 


Equation 6-1. Directive Gain 
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b. The power gain does include the antenna dissipative losses and is 
computed using Equation 6-2. 


Maximum Radiation Intensity (Practical Antenna) 


G (Power Gain) = 
tion Intensity of an Isotropic Antenna 


Equation 6-2. Power Gain 


c. The term isotropic antenna describes a theoretical spherical antenna that 
radiates with equal intensity in all directions. This results in a spherical radiation 
pattern. The power density for any point on an isotropic antenna is the radiation 
intensity and can be calculated by dividing the total power transmitted (Pr) by the 
total surface area of the sphere, as shown in Equation 6-3. 


P, (Watts) 


Power Density (Isotropic Antenna) = tac era) 
zr? (Centimeter: 


Equation 6-3. Power Density for an Isotropic Antenna 


d. The radiation pattern of an isotropic, or spherical, antenna would provide 
neither azimuth or elevation resolution and would be unusable for radar 
applications. To provide azimuth and elevation resolution, a practical antenna 
must focus the radar energy. The power density of a practical antenna differs 
from the isotropic antenna only in terms of antenna gain (G). Solving Equation 6-3 
for the power density of a practical antenna yields Equation 6-4. 


Power Density (Practical Antenna) = PG 


zor? 


Equation 6-4. Power Density for a Practical Antenna 
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The addition of filters to create afull color display 
is shown in simplified form in Figure 17-13. 
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Red, green, and blue are almost always used as 
primary colors for transmitted light, because the 
combination of differentiintensities of these RGB 
primaries can create the appearance of many 
colors throughout the visible spectrum. They are 
said to be additive primaries, as they create 
brighter colors when they are combined. The 
principle is illustrated in Figure 17-14. 


The use of the word “primaries’ to refer to red, 
green, and blue can cause confusion, as full-color 
printed materials use a different set of reflective 
primaries, typically cyan, magenta, and yellow, 
often with the addition of black. In this CMYK 
system, additional layers of pigment will absorb, 
or subtract, more visible frequences. See 
Figure 17-15. 
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e. The actual power gain (G) of a practical antenna can be calculated by using 
Equation 6-5. 


Ac = effective area of aperture 
A. = wavelength of the radar 


NOTE: The effective area of aperture (A.) is the effective 
antenna area presented to the returning radar echo, 


Equation 6-5. Power Gain of a Practical Antenna 


6. POWER DENSITY 


The power density and gain of an antenna are a function of the antenna pattern of 
a radar system. Figures 6-13 and 6-14 illustrate the antenna pattern of a typical 
parabolic antenna. Most of the power density of the radar is concentrated in the 
main beam. However, since the radar is not a perfect reflector, some radar energy 
is transmitted in the sidelobes. In addition, there is spillover radiation due to the 
energy radiated by the feed that is not intercepted by the reflector. Finally, the 
radar has a back lobe caused by diffraction effects of the reflector and direct 
signal leakage. Sidelobes and backlobes are all undesirable radiations that 
adversely affect the maximum radar range and increases the vulnerability of the 
radar to certain jamming techniques. 
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Figure 6-13. Radiation Pattern for a Parabolic Antenna 
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Sidelobes 
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Sidelobes 


Figure 6-14. Radar Antenna Pattern 


a. All radars have a primary main beam, which is where the radar has the 
most power and where target detection usually occurs. The dimensions of this 
main beam are highly dependent on the design of the antenna. 


b. Besides the main beam, all radars have what is called a backlobe. This lobe 
is directly opposite to the location of the main beam. The sensitivity and signal 
strength associated with the backlobe is significantly less than that in the main 
beam. 


c. Sidelobes add another dimension to the radar pattern. As with the 
backlobe, sidelobes do not have the signal strength or sensitivity associated with 
the main beam. Normally, the sensitivity associated with the sidelobes is 40-50 
decibels (dBs) less than the main beam. The radar signal weakness in the 
backlobe and sidelobes of the main beam make these areas of the radar signal 
vulnerable to jamming. It is much easier to introduce jamming into these areas 
because of the reduced jamming-to-signal ratio needed to be effective. It is 
difficult for jamming to be effective in the main beam because the radar signal is 
very powerful in that region. 


7. CIRCULAR SCAN 


A circular scanning radar uses an antenna system that continuously scans 360° 
in azimuth (Figure 6-15). The time required for the antenna to sweep one complete 
360° cycle is called the scan rate. Scan duration is the number of “hits per scan,” 
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or the number of pulses, reflected by a target as the radar beam crosses it during 
one full scan. Most pulse radars require 15 to 20 hits per scan to obtain sufficient 
information to display a target. The factors that determine the number of hits per 
scan the radar receives include pulse repetition frequency (PRF), antenna 
beamwidth, and scan duration. 


Figure 6-15. Circular Scan Radar 


a. Circular scan radars provide accurate target range and azimuth 
information. This makes these radars ideal for the roles of early warning and 
initial target acquisition. To accomplish these missions, the antenna generates a 
fan beam that has a large vertical beamwidth and a small horizontal beamwidth. 
Since elevation information will normally be provided by height finder radars, the 
size of the vertical beamwidth is not a limitation. This antenna scan allows the 
radar to scan large volumes of airspace for early target detection. Since early 
detection is the primary goal of early warning radars, accurate altitude and 
azimuth resolution are secondary considerations. 


b. Circular scan radars designed for early warning transmit a radar signal with 
a low PRF. A low PRF allows sufficient time for the radar pulse to travel long 
distances, and return, before another pulse is transmitted. This gives the radar 
system a long, unambiguous range capability. Circular scan radars with low PRFs 
generally use long pulse widths in order to increase their average power and 
long-range detection capability. The scan durations of early warning radars are 
relatively long to provide the required “hits per scan” for long-range target 
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detection. The plan position indicator (PP!) scope display is normally used with a 
circular scan radar (Figure 6-16). 


Figure 6-16. PPI Scope Display 


c. In order to provide coverage for a large volume of airspace, the beamwidth 
associated with a circular scan radar is relatively wide. This wide beamwidth, 
coupled with the long pulse width and low PRF, gives the circular scan radar a 
large resolution cell, especially at long ranges (Figure 6-17). This limitation can be 
exploited to mask force size and composition. However, as range decreases, the 
dimensions of the resolution cell decrease, and a circular scan radar will begin to 
break out target formations. 


One Target Detected 


Figure 6-17. Resolution Cell 
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d. Circular scan radars provide range and azimuth information for both early 
warning and acquisition roles. Modified circular scan radars that can also provide 
elevation information may be used for ground control intercept (GCl) roles. Two 
modified circular scan radars that determine range, azimuth, and elevation are the 
V-beam and the stacked beam. 


(1) The V-beam radar transmits two fan-shaped beams that are swept 
together (Figure 6-18). A vertical beam provides range and azimuth information. A 
second beam, rotated at some convenient angle, provides a measure of the 
altitude of the target. 


Figure 6-18. V-Beam Radar 


(2) A stacked beam radar (Figure 6-19) employs a vertical stack of fixed 
elevation “pencil” beams which rotate 360°. Elevation information is obtained by 
noting which beam contains the target return. Range and azimuth information is 
determined in the same manner as in an early warning radar. 


Figure 6-19. Stacked Beam Radar 
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8. LINEAR SCAN 
Linear scan is a method used by some radar systems to sweep a narrow radar 
beam in a set pattern to cover a large volume of airspace. Linear scans can be 
oriented in a vertical direction for height finder radars or in a horizontal direction, 
or raster, for acquisition and target tracking radars. A unidirectional linear radar 
scans in a single direction then begins its sweep all over again (Figure 6-20). 
Generally, linear scans offer excellent single-axis coverage, and the narrow beam 
offers enhanced azimuth and elevation resolution. 


Figure 6-20. Unidirectional Linear Scan 


9. UNIDIRECTIONAL SCAN 
A helical scan is a unidirectional scan pattern that allows a “pencil” beam to 
search a 360° pattern. In Figure 6-21, the antenna sweeps a 360° sector in a 
clockwise direction. After each complete revolution, the antenna elevation is 
increased. This scan pattern is repeated for a specified number of revolutions, in 
this case, three, 360° sweeps. At the end of the scan pattern, the antenna 
elevation is reset to the initial elevation and the scan is repeated. A helical scan 
pattern is commonly used as a target acquisition mode for radar systems with 
narrow vertical and horizontal beamwidths. 
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Figure 6-21. Helical Scan 


10. BIDIRECTIONAL SCAN 

A bidirectional linear scan, such as a raster scan, sweeps both horizontally and 
vertically (Figure 6-22). A raster scan uses a thin beam to cover a rectangular area 
by horizontally sweeping the area. The angle of elevation is incrementally 
stepped up or down with each horizontal sweep of the desired sector. After the 
sector has been covered, the angle of elevation is reset to the original value and 
process is repeated. The number of raster bars is set by the number of 
horizontal sweeps in the basic raster pattern. Figure 6-22 shows a four-bar raster 
scan, which is normally associated with an airborne interceptor (Al) radar. 


Figure 6-22. Raster Scan 
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41, CONICAL SCAN 

A conical scan, or conscan, radar is generally used for precision target tracking. 
A conical scan radar (Figure 6-23) employs a pencil beam of radar energy that is 
continuously rotated around the target. This circular rotation of a pencil beam 
generates a cone-shaped scan pattern with the apex of the cone located at the 
antenna. Thus, the name conical scan. 


Figure 6-23. Conical Scan 


a. As the pencil beam rotates, the circular scan patterns overlap in the center. 
This creates a central tracking area that has a much smaller effective beamwidth 
than the rotating pencil beam (Figure 6-24). This results in a very precise tracking 
solution. 


Bffective Beam Wid 


He cs 


‘Actual Beam Width 


Figure 6-24. Conical Scan Tracking Area 
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b. Since conical scan radars are designed for precision target tracking, these 
radars normally operate at high frequencies, high PRF, narrow pulse widths, and 
narrow beamwidths. The rotation rate of the pencil beam can exceed 1,800 
revolutions per minute. This means that both azimuth and elevation data can be 
updated about 30 times per second. 


c. The combination of conical scan and raster scan is called a Palmer-raster 
scan (Figure 6-25). A Palmer-raster scan uses a thin beam, employing a conical 
scan searching pattern, for a specific sector of airspace. With each sweep of the 
sector, the angle of elevation is incrementally stepped up or down. After the 
vertical sector has been covered, the angle of elevation is set at the original 
elevation and the process is repeated. The number of bars is determined by the 
number of vertical search scans. 


Figure 6-25. Palmer-Raster Scan 


d. The combination of a conical scan and a circular scan is called a Palmer 
scan. Palmer scans incorporate a circular scanning antenna to search the e 
horizon while simultaneously performing a conical scan. If the radar antenna 
also performing a unidirectional altitude search in conjunction with this scan, it is 
employing a Palmer- I scan (Figure 6-26). 
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Figure 6-26. Palmer-Helical Scan 


12. TRACK-WHILE-SCAN 


A track-while-scan (TWS) system uses a technique that allows a radar to track 
one or more targets while scanning for others. Radar systems with a TWS 
capability must be able to generate two or more distinct radar beams. 


a. Aconventional TWS radar employs two antennas that work with each other 
to perform the scan function (Figure 6-27). Each antenna produces a separate 
unidirectional beam. Each beam is transmitted at a different frequency. The 
vertical antenna generates a beam employing a vertical sector scan similar to a 
height finder radar except the beamwidth is narrower and it scans at a higher 
rate. The horizontal antenna generates an identical beam employing a horizontal 
sector scan at a different frequency. The track function is accomplished in the 
area where the two beams pass through each other. A target that is within this 
center area is tracked, and positional information on range, elevation, and 
azimuth is updated each time the beams sweep through the area. 
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light source, indicator, or display > reflective > 
‘The complete range of colors thatcanbe created 
as a combination of primaries is known as the 
‘gamut. Many different RGB color standards have 
been developed, the two most widely used be- 
ing sRGB (almost universal in web applications) 
and Adobe 1998 (introduced by Adobe Systems 
for Photoshop, providing a wider gamut). None 
of the available systems for calor reproduction 
comes close to creating the full gamut that can 
be perceived by the human eye. 


Backlighting Options 
For monochrome LCDs, electroluminescent 
backlighting may be used. It requires very low 
current, generates very little heat, and has a uni- 
form output, However, its brightness is severely 
limited, and it requires an inverter that adds sig- 
nificantly to the current consumption. 


Forfull-colorLCDs, fluorescent lights were orig- 
inally used. They have a long lifetime, generate 
little heat, and have low power consumption. 
However, they require a relatively high voltage, 
and do not work well at low temperatures. Early 
flat screens for laptop computers and desktop 
monitors used cold-cathode fluorescent panels. 


Subsequently, white lightemitting diodes 
(LEDs) were refined to the point where they gen- 
erated a range of frequencies that was consid- 
ered acceptable. Light from the LEDs passes 
through a diffuser to provide reasonably consis- 
tent illumination across the entire screen. LEDs 
are cheaper than fluorescent panels, and allow a 
thinner screen 


High-end video monitors use individual red, 
green, and blue LEDs instead of a white back- 
light. This eliminates the need for colored filters 
and produces a wider gamut. So-called RGB LCD 
monitors are more expensive but are preferred 
for professional applications in video and print 
media where accurate color reproduction is es- 
sential, 


Zero-Power Displays 
Some techniques exist to create LCDs that re- 
quire power only to flip them to and fro between 


How to Use It 


their transparent and opaque states, These are 
also knownas bistable displays, but have not be- 
comeas widely used. They are similar in concept 
toe-ink or electronic paper displays, but the prin- 
ciple of operation is different. 


How to Use It 


So long as an LCD consists of just one numeral, it 
can be driven by just onedecoder chip that trans- 
lates a binary-coded input into the outputs re- 
quired to activate the appropriate segments of, 
the LCD. The evolution of multi-digit displays, al- 
phanumeric displays, dot-matrix displays, and 
graphical isplayshas complicated thissituation. 


Numeric Display Modules 

‘An LCD consisting of a single digit is now a rare 
item, as few circuits require only one numeral for 
output. More commonly, two to eight numerals 
aremounted togetherina small rectangular pan- 
el, three or four numerals being most common. 
Atypical digital alarm clock uses a four-digit nu- 
meric display module, incorporating a colon and 
indicators showing AM/PM and alarm on/off. 
Other numeric display modules may include a 
minus sign. 


Modules that are described as having 3.5 or 4.5 
digits contain three full digits preceded by a nu- 
meral 1 composed of two segments. Thus, a 3- 
digit module can display numbers from 000 
through 999, while a3.5-digit display can display 
numbers from 000 through 1999, approximately 
doubling the range. 


Numeric display modules of the type described 
here do not contain any decoder logic or drivers. 
‘An external device, such as a microcontroller, 
must contain a lookup table to translate a nu- 
meric value into outputs that will activate the 
appropriate segments in the numbers in a dis- 
play, with or without decimal points and a minus 
sigh, To avoid reinventing the wheel, a program- 
mer may download code libraries for microcon- 
trollers to drive commonly used numeric display 
modules. It is important to remember, though, 


Chapter17 167 


Electronic Warfare Fundamentals Chapter 6. Antenna Characteristics and Scans 


80% of Scan Areas rere Azimuth Beam 


Elevation Beam 


Figure 6-27. Conventional TWS Radar 


b. The phased array radar is a product of the application of computer and 
digital technologies to the field of radar design. A phased array is a complex 
arrangement of many individual transmitting and receiving elements in a 
particular pattern (Figure 6-28). Common arrays include linear, planar, curved, 
and conformal, with linear being the most common. By using a computer to 
rapidly and independently control groups of these individual elements, a phased 
array antenna can, in effect, radiate more than one beam from the antenna. 
Multiple beams and computer processing of radar returns give the phased array 
radar the ability to perform the TWS function. The most common employment of 
the TWS capability of the phased array radar is in the air-to-air arena. 


Figure 6-28. Phased Array Antenna 
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(1) The number of individual transmitting and receiving elements is limited 
by the size of the radar antenna. The number of targets a phased array radar can 
track is limited by the number of independent beams the antenna can generate. 
Many phased array radars, especially air-to-air radars, do not track and scan 
simultaneously, but rapidly switch between the two modes to overcome this 
itation (Figure 6-29). 


Figure 6-29. Phased Array TWS 


(2) Modern TWS radars employ computer signal processing and complex 
computer algorithms to simplify the problem of target correlation (Figure 6-30). 
An air-to-air radar typically uses a raster scan to search a volume of airspace. In 
the search mode, the radar simply presents all targets detected in this airspace to 
the pilot on his radar display. In the TWS mode, the radar employs computer 
processing to figure out target correlation and update target information. This is 
done automatically, and the results are presented on the display. 
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‘6 Bar, +30° Scan Pattern 


Figure 6-30. Phased Array TWS Radar Display 


43. IMPACT OF TERRAIN ON RADAR SCANS 

No matter what type of scan a radar system employs, terrain can limit radar line 
of sight (LOS) and target detection. The concepts of radar horizon, direct terrain 
masking, and indirect terrain masking are important factors in radar target 
detection and mission planning. 


a. RF waves traveling in the atmosphere are bent, or refracted, and do not 
travel in a straight line. However, the degree of refraction depends on 
atmospheric conditions which vary significantly and are difficult to accurately 
quantify and predict. For these reasons, most radar computations are based on 
the assumption that RF waves travel in a straight line. The concept of the radar 
horizon is based on this assumption. 


(1) The radar horizon shown in Figure 6-31 is the maximum range a radar 
system can detect a target due to the curvature of the earth. The distance (d) to 
the horizon for a radar antenna at a height (h) can be computed using Equation 


6-6. 


Radar Ray 


Curvature of the Earth 


Figure 6-31. The Radar Horizon 
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Distance to Horizon (d) = V2kah 


k = constant (4/3) 
a= radius of earth 
h = height of radar antenna 


Equation 6-6. Basic Radar Horizon Equation 


(2) In Equation 6-6, the constant, k, is commonly used to compensate for 
the assumption of straight line propagation of RF waves. Using the assumption 
that the height of the radar antenna is small compared to the radius of the earth, 
distance is measured in nautical miles (nm), and height is measured in feet, then 
Equation 6-6 reduces to Equation 6-7. 


Distance to Horizon (d) = 1.06 Vh 


Equation 6-7. Simplified Radar Horizon Equation 


(3) Another application of Equation 6-7 is in calculating the range at which 
a radar antenna will achieve LOS with a low-altitude target. To compute this 
distance (D), Equation 6-8 can be used. 


Target Detection Distance (D) = 1.06 (Vh + vtarget altitude) 


Equation 6-8. Target LOS Distance 


6-24 


Electronic Warfare Fundamentals Chapter 6. Antenna Characteristics and Scans 


(4) To illustrate the use of Equations 6-7 and 6-8, consi 
radar antenna located at a height of 25 feet and a target 
altitude of 100 feet. From Equation 6-7, the radar horizon for this system would be 


5.3 nm. From Equation 6-8, the radar antenna will have LOS with the target 
aircraft at 16 nm. 


b. The previous discussions of the radar horizon assumes the radar is 
operating over water or level terrain. Radar operations over rough terrain can 
present other radar LOS limitations. As illustrated in Figure 6-32, prominent 
terrain features can limit radar detection. In this illustration, a mountain acts as a 
radar horizon and limits target LOS in one sector of the radar scan. This situation 

called direct terrain masking. Placing prominent terrain features between the 
craft and threat radar systems effectively negates these systems and is an 
tegral part of threat avoidance during combat mission planning. 


Radar Beam. 


Figure 6-32. Direct Terrain Masking 


c. Figure 6-33 depicts another impact of terrain on target detection/indirect 
terrain masking. When both the aircraft and a prominent terrain feature are 
illuminated by a radar beam, a pulse radar system may not be able to differentiate 
the target return from the return generated by the terrain. Indirect terrain masking 
is most effective when the aircraft is flying abeam the radar site. Pulse Doppler 
radars and radar systems employing moving target indicator (MTI) circuits may 
be able to negate the effectiveness of indirect terrain masking. However, indirect 
terrain masking is another important consideration for threat avoidance during 
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Figure 6-33. Indirect Terrain Masking 


414. SUMMARY 
This chapter has introduced basic antenna characteristics and how these 
characteristics influence their employment. The concepts of antenna gain and 
power density were also explained. The remainder of the chapter discussed the 
different types of radar scans. A radar's scan pattern is designed to enhance 
target detection and facilitate target tracking. The radar horizon, direct terrain 
masking, and indirect terrain masking are LOS limitations to all radar scans. The 
scan pattern chosen for a specific radar system determines the ability of that 
radar to provide accurate range, azimuth, elevation, or velocity of the detected 
target. 
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CHAPTER 7. TARGET TRACKING 


1. INTRODUCTION 

A target tracking radar (TTR) is designed to provide all the necessary information 
to guide a missile or aim a gun to destroy an aircraft. Once a target has been 
detected, either by a dedicated search radar or by using an acquisition mode, the 
TTR is designed to provide accurate target range, azimuth, elevation, or velocity 
information to a fire control computer. 


a. A typical TTR has individual tracking loops to track a target in range, 
azimuth, elevation, or velocity. The antenna of the TTR is pointed at a single 
target, and the radar initiates acquisition and target track. TTRs normally employ 
automatic trackers to continuously measure target data. The range tracking loop 
employs an early gate/late gate range tracker to maintain automatic range 
tracking. The azimuth and elevation tracking loops generate error signals to 
position the antenna and maintain constant target illumination. The velocity 
tracking loop found on pulse Doppler and CW radars is used to reject clutter and 
generate accurate target radial velocity information. All this critical information is 
passed to a fire control computer for weapons employment. 


b. The fire control computer is programmed with critical information on the 
capability of the weapon to be employed. For a missile, the fire control computer 
is programmed with the aerodynamic and range capabilities of the missile. For 
antiaircraft artillery (AAA), the fire control computer is programmed with the 
ballistics for the gun, rate of fire, and tracking rate. The fire control computer 
uses the precise target information from the TTR and the programmed weapon's 
parameters to compute a firing solution. Once a firing solution has been 
computed, the fire control computer either fires the weapon automatically or 
alerts the operator, who fires the weapon. For missile employment, the fire 
control computer may continue to provide missile guidance and fusing 
commands until missile impact or initiation of an active missile guidance mode. 
For AAA engagement, the fire control computer computes the required lead 
angle, aims the guns, and initiates firing. 


c. To provide the required azimuth and elevation resolution, most TTRs use a 
high frequency to provide narrow antenna beamwidths for accurate target 
tracking. High frequency operation also allows the radar to transmit wide 
bandwidths. To provide the required range resolution, most TTRs employ narrow 
pulse widths and high pulse repetition frequencies (PRFs) to rapidly update 
target information. In this chapter, the target tracking techniques of conical scan, 
track-while-scan, lobe-on-receive-only, monopulse, Doppler radars, and pulse 
Doppler radars will be discussed. 
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2. RANGE TRACKING 
In most TTR applications, the target is continuously tracked in range, azimuth, 
tracking can be accomplished by an operator who watches 
an “A” scope presentation and manually positions a handwheel to maintain a 
marker over the desired target return. The setting of the handwheel is a measure 
of target range and is converted to a voltage used by the fire control computer. 
As target speeds and maneuvers increase, the operator may have extreme 
difficulty maintaining manual target range tracking. To avoid this situation, most 
TTRs employ an automatic range tracking loop. All pulse TTRs, which includes 
conical scan, track-while-scan, monopulse, and pulse Doppler radars, employ 
either a split gate or leading-edge automatic range tracking system. In a TTR, 
automatic range tracking serves two essential functions: (1) it provides the 
critical value of target range, and (2) it provides a target acceptance range gate 
that excludes clutter and interference from other returns. Since radar range is 
normally the first target discriminator used to initiate automatic target tracking, 
the second function is essential to the proper operation of the other tracking 
loops. 


a. A range gate circuit is simply an electronic switch that is turned on for a 
period of time after a pulse has been transmitted. The time delay for switch 
activation corresponds to a specific range. Any target return that appears inside 
this range gate is automatically tracked. The most common type of automatic 
range tracking is accomplished by a split-gate tracker. Two range gates are 
generated as shown in Figure 7-1. The automatic range tracking loop attempts to 
keep the amount of energy from the target return in the early gate and late gate 
equal. The range tracking error is computed by subtracting the output of the late 
gate from the output of the early gate. The amount of the range tracking error 
signal is the difference between the center of the pulse and the center of the 
range gate. The sign of the error signal determines the direction in which the 
gates must be repositioned to continue to track the target. 
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Figure 7-1. Split-Gate Range Tracker 
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b. Leading-edge range tracking is an electronic protection (EP) technique 
used to defeat range-gate-pull-off (RGPO) jamming. Figure 7-2 illustrates the 
application of leading-edge tracking. The leading-edge tracker obtains all range 
data from the leading edge of the target return. All RGPO cover pulse jamming 
tends to lag the target return by some increment of time (see (a) in Figure 7-2). By 
differentiating the entire return with respect to time, the target return can be 
separated from the jamming pulse (see (b) in Figure 7-2). Employing a split-gate 
tracker electronically positioned at the initial pan, or leading edge, of the 
returning pulse, the range tracking loop can track the target return and ignore any 
jamming signals. The range tracking loop then uses split-gate tracking logic to 
determine the magnitude and direction of range tracking errors and reposition the 
range gate. 


Jammer 
Delay, | RGPO Cover Pulse Jamming 


Target Return 


(a) Target Signal Plus Jammer Waveform 


Target RGPO Cover Pulse Jamming 
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(b) Split Gate Tracking Derivative Pulse 


Figure 7-2. Leading-Edge Range Tracker 


c. The width of the tracking gate is an important radar di 
The range gate should be sufficiently narrow to effectively isolate the target from 
other returns at different ranges. It should be wide enough to allow sufficient 
energy from the target echo to be displayed. The width of the range tracking gate 
is normally equal to the pulse width of the radar. 
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d. Nearly all range tracking gates employ some form of automatic gain control 
(AGC). AGC is designed to limit target clutter and glint. It is also designed to 
avoid excessive false alarms. 


3. CONICAL SCAN 
A conical scan tracking system is a special form of sequential lobing. Sequential 
lobing implies that the radar antenna beam is sequentially moved between beam 
positions around the target to develop angle-error data. For a conical scan radar 
to generate azimuth and elevation tracking data, the beam must be switched 
between at least four beam positions as shown in Figure 7-3. 


Beam is "Locked On" 
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—_ 


Actual Beam Width 


Figure 7-3. Conical Scan Positions 


a. One of the simplest conical scan antennas is a parabola with an offset rear 
feed that rotates, or nutates, to maintain the plane of signal polarization. The 
radar beam is rotated at a fixed frequency around the target. The angle between 
the axis of rotation (normally the axis of the antenna) and the axis of the antenna 
beam is called the squint angle. 


b. A conical scan radar first tracks the target aircraft in range. For azimuth 
and elevation tracking, the target return is modulated at a frequency equal to the 
rotation frequency of the radar beam. This results in a target signal output that 
resembles a sine wave (Figure 7-4). The azimuth and elevation tracking loops 
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that segments in monochromeLCDs must be ac- 
tivated by AC, typically a square wave with a fre- 
quency of 30Hz to 90Hz. 


An alternative is to use a decoder chip such as 
the 45438 or 4056B, which receives a binary- 
coded decimal input (i.e,,0000 through 1001 bi- 
nary, on four input puts) and translates it into an 
output on seven pins suitable for connection 
with the seven segments of a 7-segment display. 
The 45438 requires a square-wave input to its 
“phase” pin, The square-wave must also be ap- 
plied simultaneously to the backplane of the 
LCD, often identified as the ‘common’ pin on da- 
tasheets, Pinouts for the 45438 are shown in 
Figure 17-16. 


The 45438 includes provision for “display blank- 
ing’ which can be used to suppress leading zeros 
ina multidigit number. However, the lack of out- 
puts to control a minus sign or decimal point 
limits the decoder to displaying positive 
integers. 


Figure 1716. Pinouts for the 45438 decader chip, which 
(s designed to drive a seven-segment numeric LCD. 


‘The power supply for a 45438 can range from 
5VDC to 18VDC, but because the logic-high out- 
putvoltage will bealmost the same as that of the 
power supply, it must be chosen to match the 
power requirements of the LCD (very often 
SVAC).((( 


ight source, indicator, ar display > reflective > LCD 


To drive a three-digit numeric display module, a 
separate decoder chip can be used to control 
each digit. The disadvantage of his systemisthat 
each decoder requires three inputs, so that a 
three-digit display will require nine outputs from 
the microcontroller. 


To deal with this issue, it is common to mult- 
plex a multi-digit display. This means that each 
‘output from the decoder is shared among the 
same segments ofalltheLCD numerals.EachLCD 
numeral is then activated in sequence by apply- 
ing AC voltage to its common pin, Simultane- 
ously, the decoder sends the data appropriate to 
that LCD. This process must be fast enough so 
thatall the digits appear to be active simultane- 
ously, and is best managed with a microcontrol- 
let. A simplified schematic is shown in 
Figure 17-17. It can be compared with a similar 
circuit to drive LED displays, shown in 
Figure 24-13. 


Alphanumeric Display Module 

Arrays of dot-matrix LCDs that can display alpha- 
betical characters as well as numerals require 
preset character patterns (usually stored in ROM) 
and a command interpreter to process instruc- 
tions that are embedded in the data stream, 
These capabilities are often built into the LCD 
module itself 


While there is no formal orde facto standard, the 
‘command set used by the Hitachi HD44780 con- 
troller is installed in many displays, and cade li- 
braries for this set are available for download 
from sites dedicated to the Arduino and other 
microcontrollers. Writing code from scratch to 
control all aspects of an alphanumeric display is 
nota trivial chore. The Hamtronix HDMO8216L-3- 
30S isa display that incorporates the HD44780. 
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drive servo motors to position the antenna to keep the energy level in each of the 
four positions equal. The amount of the modulated signal determines how far the 
target is off the antenna boresight while the phase of the modulation (positive or 
negative) determines the direction. 


[+-|Position1 Position 3 
Position 2 Position 4| 


Figure 7-4. Conical Scan Modulation 


c. In Figure 7-5, most of the target energy is in position 1, with a small amount 
of energy in position 4. The output from the elevation tracking loop is positive 
and drives the antenna servos upward. The output from the azimuth tracking loop 
moves the antenna to the right. 


Figure 7-5. Conical Scan Tracking Errors 
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d. Once a balance of target energy in each scan position is achi 
target is in the central tracking area (Figure 7-6). The azimuth and elevation 
tracking circuits continue to drive the antenna servos to maintain this energy 
balance which keeps the radar beam on the target. 


ed, the 


|4+]Position1 Position 3 


Figure 7-6. Conical Scan Tracking 


e. The primary advantage of a conical scan radar is the small beamwidth 
which provides extremely accurate target tracking information. The primary 
disadvantages of conical scan include the following: (1) the narrow beamwidth 
makes target acquisition a problem. Even using a Palmer-helical scan, it may take 
considerable time to find and initiate track on a target; (2) conical scan radars are 
vulnerable to inverse gain modulation jamming based on the scanning frequency 
of the rotating beam; (3) a conical scan radar must analyze many radar return 
pulses to generate a tracking solution. 


4. TRACK-WHILE-SCAN (TWS) 

WS is a combined search and tracking mode that sacrifices the continuous 
target observation capability of the dedicated tracker in return for the ability to 
monitor a finite sector of airspace. This is accomplished while maintaining tracks 
on multiple targets moving through the covered airspace. There are two types of 
radar systems capable of TWS operation: conventional and phased array. 


a. Conventional track-while-scan threat radars use two separate antennas to 
generate two separate beams (Figure 7-7). These beams operate at two different 
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frequencies and are sectored so they overlap the same region of space. This 
overlap area provides a tracking area for a single target. One beam is sectored in 
the vertical plane to give range and elevation. The other beam is sectored in the 
horizontal plane to provide range and azimuth. Each beam scans its sector at a 
rate of 5 to 50 times per second. This provides a rapid update on target range, 
azimuth, and elevation. 


Azimuth Beam 


Figure 7-7. Conventional TWS Radar Beams 


(1) The two TWS antennas generate their beams using an electro- 
mechanical principle. Each antenna provides inputs to its own display and 
provides angle and range information for all targets in the coverage of the radar. 


position a cursor over the returns on these displays using range as the primary 
parameter. Once a target has been designated for engagement, the radar 
automatically attempts to keep the tracking axis of the radar beams centered on 


(2) Once the target is designated by the operator, the range gate is enabled 
and tracks the target using a split-gate tracker. The azimuth and elevation 
tracking loops receive information only from targets inside the range gate. As the 
beams scan across the target, a burst of pulse returns is received that have an 


17 


Chapter 7. Target Tracking Electronic Warfare Fundamentals 


amplitude envelope corresponding to the beam pattern. The azimuth beam 
pattern is shown in Figure 7-8. 


Left 
Gate 


Figure 7-8. Conventional TWS Azimuth Tracking 


(a) The azimuth tracker is typically a split-gate tracker, identical in 
concept to a split-gate range tracker. However, range delay time is replaced by 
azimuth scan time. The azimuth tracker uses a left gate and right gate. Each gate 
fegrates its share of the target return to generate a voltage/time value. When the 
juth gate is centered on the target, the areas are equal and the error signal 
(right gate minus left gate) is zero. The azimuth tracking loop sends signals to the 
antenna servos to keep the target centered in the scan area. 


(b) Elevation tracking is accomplished in the same manner by using an 
up gate and a down gate. The elevation tracking loop also sends signals to the 
antenna servos to keep the target centered in the scan area. 


(3) Once the target is designated and the radar is automatically keeping 
the radar return centered in the tracking area, target range, azimuth, and elevation 
formation is sent to a fire control computer. The radar continues to provide 
formation on other targets in the scan area. The fire control computer indicates 
the firing solution has been achieved for the designated target, and a missile is 
launched. The radar tracks the target and the missile and provides in-flight 
corrections to the missile right up to the moment of missile impact. These 
corrections are based on both target and missile azimuth, range, and elevation 
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information. Information is passed to the missile from a dedicated antenna on the 
radar to special antennas on the missile. Commands from the radar to the missile 
are called uplink guidance commands. Information from the missile back to the 
radar and fire control computer is called downlink information. 


(4) The advantages of a conventional TWS radar include the following: (1) 
TWS radars have the ability to maintain radar contact with all targets in the sector 
scan area while maintaining target track on a single target, and (2) the rapid 
sector scan rate provides a rapid update on target parameters. The primary 
disadvantages of a conventional TWS radar include: (1) a large resolution cell due 
to the wide azimuth and elevation beams, and (2) vulnerability to modulation 
jamming based on the scan rate of the independent beams. 


b. Many modern radars employing a planar or phased array antenna system 
have a TWS mode. The radar does not really track and scan simultaneously, but 
rapidly switches between search and track (Figure 7-9). 


Figure 7-9. Phased Array TWS 


(1) The most common air-to-air radar system uses a planar array antenna. 
In the scan mode, the radar antenna generates a pencil beam and uses a raster 
scan to detect targets in the search area. Targets detected are presented to the 
pilot on the aircraft's radar display (Figure 7-10). 
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tracking techniques will be covered later 
track file on each detected target that contains all current data on the target and 
an estimate of future target position. 


(b) As the radar switches between track and scan modes, target 
parameters are updated in the tracking loop (Figure 7-11). The new target 
information is compared to the predicted information in the measurement data 
processing cell. If the two sets of data agree within certain limits, target position 
and information are updated. This process is called gating. 


Radar I Measurement I } Track initiation | 
Sensor Data Processing iGorretation, and Detection 


Gate Filtering (Prediction 
Formation and Update) 


Figure 7-11. Planar/Phased Array TWS Tracking Loop 
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(c) If the updated target information does not correspond to the 
predicted values, the information is sent to the correlation processor. The 
correlation processor attempts to resolve the conflict based on further refinement 
of target data. If the correlation processor cannot assign the target parameters to 
an existing track file, a new track file is generated and displayed. 


(2) The obvious advantage of a planar/phased array TWS radar is that it 
can search a large volume of airspace while tracking individual targets. The 
number of targets that can be tracked is limited by the number of beams the radar 
can generate. Planariphased array radars have increased peak and average 
power when compared to pulse radar systems. Since the radar beam of a 
planar/phased array radar is electronically controlled and can rapidly change 
beams and scans, it is resistant to many jamming techniques. The primary 
disadvantages of a planar/phased array TWS radar include its complexity, cost, 
and reliance on computer processing. 


5. LOBE-ON-RECEIVE-ONLY (LORO) 
LORO is a mode of radar operation developed as an EP feature for a track-while- 
scan radar. LORO can be employed by any radar that has the capability to 
passively track a target. In a LORO mode, the radar transmits a continuous signal 
from a set of illuminating antennas. This continuous signal hits the target, and 
the return echo is received by a different set of receive antennas (Figure 

The receive antennas are passive and generate azimuth and elevation tracking 
signals by electronically scanning the reflected signal. The tracking signals are 
sent to the antenna servos to keep the illuminating antennas pointed at the target 
and centered in the receive antenna tracking area. The range tracking circuit uses 
the time delay between the transmission and reception of the illuminating 
antenna signals. A split-gate tracker is used to provide range tracking. 


oD 


a —Peweiving Antennas 


Figure 7-12. LORO Mode 
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a. The illuminating antennas used in the LORO mode have very narrow 
beamwidths and transmit at a high power level. This reduces the effectiveness of 
noise jamming techniques against a radar employing a LORO mode. In addition, 
the continuous signal from the illuminating antennas negate the effectiveness of 
most angle deception jamming techniques designed to defeat TWS radars. These 
specialized jamming techniques exploit the scan rate of TWS antennas. In the 
LORO mode, the illuminating antennas do not have a scan rate. The limited 
effectiveness of both noise and deception jamming techniques is the major 
advantage of the LORO mode. 


b. The LORO mode also provides a track-on-jam (TOJ) capability to exploit 
noise jamming techniques. In a TOJ mode, the receive antennas passively track 
any detected noise jamming signals. The radar assumes that the most intense 
jamming signal is the target. The receive antennas process the strongest 
jamming signal as if it were a target echo from the transmit antenna signal. The 
receive antennas generate azimuth and elevation tracking signals to keep the 
jamming signal centered in the tracking area. The TOJ mode does not provide 
target range. 


6. MONOPULSE RADAR 


Monopulse radars are among the most complex radar systems. From a single 
pulse, a monopulse radar can derive all the data needed to update a target’s 
position. It does this by comparing the relationship of two or more radar beams 
that are transmitted together from the same antenna but received separately. By 
comparing the phase or amplitude of the energy in these returned beams, target 
azimuth and elevation can be found. The speed that a monopulse radar updates 
the target's position, coupled with its azimuth/elevation accuracy and resistance 
to jamming, make this a popular choice amongst many newer TTRs. 


a. The Magic T circuit allows monopulse radars to gather and process 
information from a single pulse that is transmitted and received using separate 
antennas. Figure 7-13 depicts a four-beam monopulse radar system. The Magic T 
is a sophisticated wave guide that can separate multiple signals by their phase 
relationships. This allows the radar tracking computer to compare the signal 
amplitude from the reflected pulses in several distinct ways. As the reflected 
energy enters the Magic T, it is separated by phase. The energy in the “H” arm 
will be in-phase and will exit from ports 1 and 2. The received energies entering 
the wave guide in the “E” arm exit at the number 1 port. This energy is exactly 
180° out-of-phase with energy entering the H arm. This ensures there is no 
transfer of energy between the E and H plane arms. A typical monopulse radar 
would have eight Magic T's. 
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Figure 7-13. Monopulse Magic T 


b. The output of a Magic T is the sum and difference of the two signals. These 
sum and difference values in amplitude or phase are used to generate azimuth 
and elevation error signals as well as to compute range. Monopulse radars may 
split the incoming signal as depicted in Figure 7-14. Upper antennas receive the A 
and B signals. Lower antennas receive the C and D signals. The various 
combinations of signals are processed and compared by simple addition and 
subtraction of the signal characteristics. From these steps, azimuth, range and 
elevation data are computed. 


Figure 7-14. Magic T Output Signals 
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(1) The top equation in Figure 7-15 is used to compute target range. Target 
range is derived by adding the signal from the A scan to the signal from the B 
scan. This value is then added to the sum of the C and D scan 
of these combinations is then passed to the range 
range of the target and 
accomplished by using either a leading-edge or split-gate tracking loop. 


(2) Target elevation tracking error is derived using the middle equation 
from Figure 7-15. The signal from the A scan is added to the signal from the B 
scan. The signals from the C and D scans are also added. This time, however, the 
sum of A+B is subtracted from the sum of C+D. This value is then passed to the 
elevation circuit. Elevation signals are sent to the operator display and the servo 
mechanism, which corrects to the updated position of the target. 


(3) The bottom equation from Figure 7-15 is used to compute the azimuth 
error. The signal from the A scan is added to the signal from the C scan. The B 
and D scans are also added together. The sums of these values are subtracted 
from each other. This difference equals the tracking error in azimuth. The radar 
system will then position the search beam to even the energy level between the 
two pairs of sums. When this occurs, the azimuth tracking error is zero. 


(A+B) + (C+D) Mi IF Amp and 


Range Detector Scone leans 


(A+B) - (C+D) 


Elevation t Detector 
Error 


IF Amp and Elevation 
Servo | Correction 


(A+C) -(B+D) 


Azimuth Detector Servo | Correction 
Error 


IF Amp and Azimuth 


Figure 7-15. Monopulse Tracking Loops 


c. A further illustration of the idea of signal combinations can be seen by 
referring to the F-16 in Figure 7-16. All the energy is received in the B scan area. 
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Figure 17:17. When two or more numeric displays are mul 
tiplexed. a contro! device (typically a microcontroller) ac 
tivates each of them in turn via its backplane (commen 
terminal) while sending appropriate data over a shared 
bus, 


Regardless of which standard is used, some fea- 
tures of alphanumeric display modules are al- 
most universal: 


+ Register select pin. Tells the display whether 
the incoming datais an instruction, or acode 
identifying a displayable character. 

+ Read/write pin, Tells the display whether to 
receive characters from a microcontroller or 
send them toa microcontroller, 

+ Enable/disable pin, 

+ Characterdata input pins. There will be eight 
pins to receive the 8-bit ASCII code for each 
displayable character in parallel. Often there 
is an option to use only four of these pins, to 


What Can Go 


reduce the number of microcontroller aut- 
puts necessary to drive the display. Where 
four pins are used, each 8-bit character is 
sent in two segments, 


+ LED backlightpin. Two may beprovided, one 
connected to the anode(s) of the LED back- 
light, the other to the cathode(s) 


+ Reset pin, 


Embedded instruction codes can be complex, 
including commands to reposition the cursor at 
a specific screen location, backspace-and-erase, 
scroll the display, and erase all characters on the 
screen. Codes may be included to adjust screen 
brightness and to switch the display between 
light-on-dark (negative) and dark-on-light (pos- 
itive) characters. 


Some display modules also have graphics capa- 
bility, allowing the user to address any individual 
pixel on the screen. 


Because of the lack of standardization in control 
codes, manufacturer's datasheets must be con- 
sulted to learn the usage of a particular alpha- 
numeric display module. In addition to data- 
sheets, online user forums are a valuable source 
of information regarding quirks and undocu- 
mented features. 


What Can Go Wrong 


Temperature Sensitivity 
Liquid crystals vary in their tolerance for low and. 
high temperatures, but generally speaking, a 
higher voltage may be necessary to create a suf- 
ficiently dense image at alow temperature. Con- 
versely, a lower voltage may be necessary to 
avoid “ghosting” at a high temperature. An ab- 
solutely safe operating temperature ranges ike- 
ly to be 0 through 50 degrees Celsius, but check 
the manufacturer's datasheet for confirmation. 
Special-purpose LCDs are available for extreme 
temperatures. 
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The A scan signal is added to the B scan signal. The signals from the C and D 
scans are also added. However, the sum of A+B is now subtracted from the sum 
of C+D. In this case, the values from the A scan and the C scan are zero. This 
total value of (A+B) - (C+D) is then passed to the elevation circuit. 


Figure 7-16. Monopulse Elevation Tracking Error 


(1) The comparison in Figure 7-17 shows that all the energy is in the B 
scan. The radar will reposition the scan vertically to balance the energy between 
the B and D scans. When the energy level is balanced, the elevation error is zero. 


Elevation error =0 
Azimuth Error Remains 


c D 


Figure 7-17. Monopulse Elevation Track 
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(2) Using the azimuth error equation from Figure 7-15, the azimuth tracking 
loop computes the azimuth error and repositions the antenna to equalize the 
received energy in all the beams. The monopulse radar has now established a 
tracking solution (Figure 7-18). All these computations are done instantaneously 
on a pulse-to-pulse basis. 


Figure 7-18. Monopulse Azimuth Track 


7. CONTINUOUS WAVE (CW) RADARS 

CW radar was one of the earliest forms of radar systems. Unlike pulse radar 
systems, CW radars emit a continuous beam of RF energy with no interruptions 
in the transmissions to detect returning echoes. A continuous radar transmission 
from the antenna requires that a classic CW radar have two antennas, one for 
transmission and one for reception (Figure 7-19). 


Figure 7-19. CW Radar 
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a. Since a continuous transmission results in a continuous echo signal, it is 
impossible to tell what part of the echo is associated with any particular part of 
the transmission. This makes range typical determination impossible. The 
azimuth and elevation tracking capability of a CW radar is based on the antenna 
position when the target is illuminated. The simple application of the Doppler 
principle provides a means for a CW radar to track a target in velocity and reject 
clutter. The Doppler principle deals with the fact that a radar return from a moving 
target will be shifted in frequency by an amount proportional to its radial velocity 
compared with the radar site. Using the difference in frequency from the 
transmitted signal to the received signal, a CW radar can separate the target 
return from clutter based on a change in frequency. This type of radar is called a 
CW Doppler radar. 


b. The most serious disadvantage of a simple CW Doppler radar is that it does 
not provide any range information on the target. One method of obtaining range 
information from a CW radar uses frequency modulation (FM). The modulation 
can be sinusoidal, sawtooth, triangular, or any shape, as long as the rate of 
frequency change is known. The transmitter emits a continuous signal, but the 
frequency is changed in a known pattern. When the echo returns from the target, 
it is then compared to the frequency being transmitted. This frequency difference 
is directly proportional to the range of the target. 


(1) Figure 7-20 shows how a FM CW radar measures range. Using a 
triangular wave for modulation, a plot of transmitted frequency over time would 
look like the solid line. It is important to note that this is not a depiction of the 
transmitted wave but a plot of how the frequency of the wave varies with time. For 
a target, without any relative motion, the frequency returning to the receiver is 
depicted by the dotted line. The target echo frequency lags the transmitted 
frequency by time (t). There is also a frequency difference between the 
transmitted and received signals. Range to the target may be computed by 
measuring this frequency difference and dividing by the rate of change of the 
transmitted frequency. The result is time. Dividing this time by 12.4 microseconds 
per radar mile yields range to the target. The frequency difference is constant for 
a target, without any relative motion, except for the brief intervals when the 
change in frequency goes from a positive to a negative slope. These “ditches” 
are negligible and can be disregarded when calculating range. The average 
amplitude is equal to target range. 
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Figure 7-20. FM CW Radar Range Determination (No Relative Motion) 


(2) For a target moving toward the radar, the FM CW radar measures both 
target range and velocity. In Figure 7-21, the frequency of the return signal will be 
increased as depicted by the dotted line. Remember, this is a graph of frequency 
versus time, not a depiction of the radar wave. For a moving target, this results in 
a varying frequency difference. A plot of the frequency difference over time 
provides target range by averaging the difference, while target velocity is found 
by comparing the two frequency differences. 


Echo Frequency Increase | 


(Due to Doppler Shift) 


Average Indicates 
Target Range 


Difference Indicates 
Target Velocity 


Frequency 
ifference 


Figure 7-21. FM CW Radar Range Determination (Relative Motion) 


7-18 


Electronic Warfare Fundamentals Chapter 7. Target Tracking 


c. The primary advantage of the FM CW Doppler radar is its ability to combine 
the clutter rejection features of a simple CW Doppler radar with the capability to 
detect range. The widest application of FM CW Doppler radars is in radar 
altimeters for aircraft. In addition, the HAWK missile system uses an FM CW 
Doppler acquisition radar and a CW target illuminator. 


d. Another method used for clutter rejection in a pulse radar system is to 
employ special circuits, or Doppler processing, to identify and reject clutter. 
These special circuits are added to the receiver section of a pulse radar and are 
called moving target indicators (MTIs). There are two types of MTIs, non-coherent 
and coherent. 


(1) The earliest form of MTI was called non-coherent MTI or “area” MTI. 
Non-coherent MTI radars do not process Doppler frequencies. The returns from 
one scan are subtracted from returns from the next scan. All targets that move at 
least one resolution cell in the time between scans are displayed. All stationary 
objects, including fixed clutter, are cancelled and not displayed. In this type of 
MTI, clutter cancellation is based on the size and movement of the return. Due to 
changes in the clutter cross section, instabilities in radar operations, variations 
such as rain or clouds, and noise from the transmitter, clutter cancellation is 
never complete. In another form of non-coherent MTI, the radar returns from 
moving targets are compared to the returns from fixed targets, and the fixed 
targets are cancelled. These non-coherent MTIs are simple, but they do not 
provide the clutter rejection available from coherent MTI radars. 


(2) Acoherent MTI uses the fact that Doppler shifts appear to a pulse radar 
as phase shifts on the received target pulse. Coherent MTI uses sophisticated 
circuitry, including stable local oscillators (STALOs) and coherent local 
oscillators (COHOs) to capture and process these phase shifts. Further 
processing of these phase shifts yields velocities for each return. Those 
velocities associated with stationary targets are rejected and only moving targets 
are displayed. Coherent MTIs have a major problem called “blind speeds.” Blind 
speeds occur for all target Doppler frequencies that are the exact PRF, or any 
multiple of the PRF, of the radar signal. When a target is moving at a velocity that 
produces this Doppler frequency, its return is cancelled along with fixed returns. 


(3) There are three techniques to limit “blind speeds.” The first technique 
is to use a PRF stagger. By staggering the PRF, the blind speed associated with 
‘one PRF will be covered by the other PRF. The second method is called the delay 
line and canceler. This involves delaying each pulse so it can be compared to the 
next pulse before processing. This method enhances Doppler frequency 
comparison and rejects clutter more effectively. The third way is to use range 
gates and Doppler filters. A range gate is simply a switch that opens for a time 
corresponding to the time a radar return would arrive for a target at a specific 
range. For example, a range gate for all targets between 10 and 11 nautical miles 
would open 124 microseconds after the transmitted pulse (12.4 microseconds per 
mile) and close 12.4 microseconds later. A target return at this range would trip 
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this gate and be processed by Doppler filters to find velocity. Fixed targets would 
trip the range gate and be eliminated by the Doppler filters. This i 
sophisticated technique that is also used by pulse Doppler radars. 


8. PULSE DOPPLER RADAR 
Pulse Doppler radars combine the advantages of both pulse and Doppler radar 
systems. Because the signal is pulsed, the radar can find range, azimuth, and 
elevation, similar to a conventional pulsed radar. A pulse Doppler radar can also 
compute overtake, or rate of closure, compared with the radar system on a pulse- 
to-pulse basis. A pulse Doppler radar operates much like an MTI, and the terms 
are sometimes used interchangeably. However, an MTI uses Doppler frequency 
shifts only to reject clutter while a pulse Doppler radar uses Doppler frequency 
shifts to reject clutter and to track targets in velocity. A pulse Doppler radar 
transmits a box or pulse of RF energy at the operating frequency of the radar 
(Figure 7-22). The frequency inside these boxes reacts the same way as the 
continuous waves of a CW radar, but since the RF waves are pulsed, range 
determination can be accomplished by measuring the time it takes for the 
reflected pulse to return from the target. Velocity determination and tracking are 
accomplished by capturing and quantifying the Doppler shift of the frequencies in 
each pulse. 
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Pulsed 


Doppler ee a 
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Velocit Ri 
Tracking | Tracking | 


Figure 7-22. Comparison of CW Radar and Pulse Doppler Radar 


a. A pulse Doppler radar tracks a single target in azimuth and elevation by 
employing either conical scan (sequential lobing) or monopulse tracking. Angle 
and elevation tracking employing these techniques is covered in Sections 3 and 6 
of this chapter. The error signals generated by these techniques are sent to the 
antenna servos to keep the target return centered in the antenna beam. 


b. Range tracking of a single target in a pulse Doppler radar is normally 
accomplished by a split-gate or leading-edge range tracking loop. Some pulse 
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Doppler radars employ an FM technique to provide range information during high 
PRF operations. 


c. For velocity tracking, each range gate has a complete set of Doppler filter 
banks as depicted in Figure 7-23. Each pulse of RF energy is composed of many 
frequencies. To separate the returning target frequency from all other frequencies 
in the returning waveform, the pulse Doppler radar employs filters to cancel the 
unwanted frequencies. In addition, it cancels out all returns with no frequency 
shift, which equates to canceling all returns with no movement relative to the 
radar. 


Frequency 
Clutter Filter Detection Filters 


—Transmitter Frequency 
Returned Frequency 


Figure 7-23. Range Ambig 


ity 


d. The ability of a pulse Doppler radar to accomplish range, azimuth, and 


these capabil 
difficult due to the spacing of the spectral lines. Low PRF gives accurate range 
and azimuth as well as long, unambiguous range. Medium PRF tracking in rangi 
azimuth, and velocity is easy for the radar to handle. High PRF provides excelle 
velocity resolution, but range ambiguities become a problem. 


Table 7-1. Pulse Doppler Tracking Capabilit 


[Prefix [Velocity [Range | Azimuth] 
LowPRF | __Poor 


Med PRF Good 
gh PRF_| _ Excallent 
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jeaknesses of pulse Doppler radars include velocity blind speeds, range 
ambiguity, and range eclipsing. 


(1) The primary operator exploitable weakness of a pulse Doppler radar 
takes advantage of the pulse Doppler radar’s biggest strength. The pulse Doppler 
is designed to eliminate ground returns so that the attacker is able to track an 
aircraft that used to be able to hide in ground clutter. To remove the ground 
clutter and avoid tracking unwanted targets like cars on a road, a filter is 
designed in the radar to ate all targets with a low velocity relative to the 
radar. The key to breaking track of a pulse Doppler radar is to place the aircraft in 
a speed less than the speed gate relative to the radar (Figure 7-24), commonly 
referred to as the Doppler notch. 


VILLI et 


V. = 0 (Not Tracked) 


Ve = 400 knots (Tracked) 


Figure 7-24. Pulse Doppler Speed Gate 


(2) Range ambiguity occurs primarily with long-range targets when the 
return comes back to the radar after another pulse has already been transmitted 
(Figure 7-25). The radar will see this return and base its range calculations on the 
transmission time of the immediately preceding pulse, instead of the pulse that 
generated the return. The result will be an incorrect range calculation. 
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Figure 7-25. Range Ambig 


ity 


Figure 7-26. Range Ecli 


(4) To solve the problems of range ambiguity and eclipsing, a pulse 
Doppler radar employs different PRFs and computer logic. In Figure 7-27, at 
PRF 1, the return from target 1 is eclipsed, and target 2 is ambiguous. By 
changing the PRF slightly, these range problems can be resolved. Notice that at 
PRF 2, neither target is eclipsed, and at PRF 3, target 2 is eclipsed. The computer 
logic needs to be extremely advanced to compensate for these problems. These 
simplistic examples show the complex problem of using multiple PRFs. 
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Figure 7-27. Resolving Range Ambiguity and Eclipsing 


9. SUMMARY 


This chapter has discussed the range, azimuth, elevation, and velocity tracking 
techniques employed by conical scan, TWS, LORO, monopulse, CW Doppler, and 
pulse Doppler radar systems. The method used by a specific radar system to 
track a target determines the type of jamming technique required to counter this 
system. A basic understanding of the target tracking techniques will enable you 
to understand the basic jamming techniques employed to defeat these threats. 
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What Can Go Wrong 


Excessive Multiplexing 
A twisted nematic display is likely to perform 
poorly ifits duty cycle is greater than 1:4. In other 
words, more than four displays should not be 
multiplexed by the same controller. 


DC Damage 
‘An LCD can be damaged quickly and perma- 
nently if itis subjected to DC current. This can 
occur by accident if,for example, a timer chip is 
being used to generate the AC pulse stream, and 
the timer is accidentally disconnected, or has an 
incorrect connection in its RC network. Check 
timer outputwitha meter setto measure AC volts 
before allowing any connection to the common 
pin of an LCD. 


Bad Communications Protocol 
Many alphanumeric display modules do not use 
a formal communications protocol, Duplex serial 


ight source, indicator, or display > reflective > LCD 
or 12C connection may not be available, Care 
must be taken to allow pauses of a few millisec- 
onds after execution of embedded commands, 
togivethe display sufficienttimeto complete the 
instruction. This is especially likely where a com- 
mand to clear all characters from the screen has 
to be executed, If garbage characters appear on 
the screen, incorrect data transfer speed or lack 
of pause times may be to blame, 


Wiring Errors 

This is often cited by manufacturers as the most 
common cause of failure to display characters 
correctly, or lack of any screen image at all. 
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CHAPTER 8. RADAR MISSILE GUIDANCE TECHNIQUES 


1. INTRODUCTION 
Once a target has been designated, acquired, and tracked by a radar system, the 
final stage in target engagement is to guide a missile or projectile to destroy the 
target. There are three basic requirements for successful missile guidance: (1) 
precise target tracking by a target tracking radar (TTR) to provide target 
parameters (range, azimuth, elevation, velocity, etc.), (2) a method to track the 
position of the missile compared with the target, and (3) a fire control computer to 
generate missile guidance commands based on target and missile position. The 
missile guidance techniques employed by modern air-to-air and surface-to-air 
missile (SAM) systems will be covered in this chapter. In addition, the target 
engagement techniques employed by antiaircraft artillery (AAA) systems will also 
be discussed. There are three distinct phases in any missile intercept: boost, 
mid-course, and terminal. 


a. Nearly all missiles are unguided during the initial boost phase (Figure 8-1). 
During the boost phase, the missile electrical and hydraulic systems are activated 
and are coming up to operating parameters. The missile is gathering speed and 
normally will be in an unguided mode of flight. 


Figure 8-1. Initial Boost Phase 


b. During the mid-course phase, the missile is actively being guided to the 
target using some type of guidance signal (Figure 8-2). Guidance signals deflect 
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the control vanes of the missile to change its direction. These vanes change the 
roll, pitch, and yaw, in some combination, to control the missile flight path 
Normally a gas grain generator powers a small hydraulic pump that deflects the 
control vanes in response to guidance signals. Each missile carries a limited 
supply of hydraulic fluid for maneuvering. The fluid is expended through vents 
with every control surface activation. The limited quantity of hydraulic fluid can 
be a significant factor during a long-range missile intercept. 


Figure 8-2. Mid-Course Guidance Phase 


c. The final phase of an intercept is the terminal phase (Figure 8-3). During 
this phase, the missile attempts to pass close enough to the target to detonate 
the fuse while the target is within the lethal radius of the warhead. Modern 
missiles employ both a contact fuse and some type of proximity fuse. Proximity 
fuses range from command detonation for command-guided missiles, fractional 
Doppler gates for semi-active guided missiles, to active laser fuses for IR-guided 
missiles. 
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Figure 8-3. Terminal Guidance Phase 


2. COMMAND GUIDANCE 

Command guidance uses a fire control computer to constantly send course 
correction commands to the missile throughout its flight. These commands are a 
series of electrical missile guidance pulses called doublets or triplets. These 
pulses provide steering commands to the missile by varying the spacing between 
each guidance pulse. Each pulse, or pulse combination, relays some roll, pitch, 
and yaw command to the missile. These inputs are constantly corrected for the 
spatial relationship between the missile and the target's present position and rate 
of motion. Guidance commands are passed to the missile by specialized 
antennas on the TTR and an antenna installed on the missile, called a missile 
beacon. The beacon is a special radio receiver and transmitter that is attached to 
the rear of the missile. It acts like a transponder in that the TTR tracks and 
receives guidance commands. The guidance frequency may be widely separated 
from the target tracking radar frequency to minimize interference. This beacon is 
usually masked until missile booster separation. This results in the missile being 
launched unguided for the first 2-3 seconds. This type of delay is one of the 
reasons that all command-guided missile systems have a minimum launch range. 
Command guidance is used by the SA-2, SA-3, SA-4, and SA-8. 


a. Command-guided missiles will generally fly a rectified (full or half) or three- 
point pursuit geometry during the mid-course portion of the intercept (Figure 8-4). 
However, a command-guided missile may transition to a pure pursuit geometry 
during the terminal phase of the intercept. Rectified geometry involves the 
prediction of where the target and the missile will be at some point in the future. 
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The target's direction and rate of movement is tracked and predicted. The missile 
is then launched, pulls lead on the target, and is guided to the point in the sky 
where the intercept is predicted to take place. This profile requires the constant 
update of both the target and missile positions. 


Figure 8-4. Rectified Flight Profile 


b. Three-point pursuit geometry is often used when there is incomplete range 
tracking data on the target. In this case, it will be impossible to predict exactly 
where the target will be at some point in the future. In this profile, the target 
tracking radar constantly tracks the target. The missile location will be updated 
by the missile beacon. The fire control computer will direct the missile to fly 
directly down the tracking radar beam toward the target. In this geometry, the 
ing on the target's 
direction and rate of movement, transition to a pure pursuit intercept. The three 
points in three-point missile geometry are dep ted in Figure 8-5. Point one is the 
target tracking radar, point two is the mis: three is the target. 
By keeping all three points always in a line, he missile will intercept the target at 
some point, although the range of the target is unknown. 
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Point 3 


Figure 8-5. Command Guidance: Three- 


¢. Command guidance techniques have many advantages. First, command- 
guided missiles can adjust their flight geometry throughout an intercept profile. 
Second, the missiles are uncomplicated since they do not carry onboard 
computers or target tracking equipment. The fire control computer associated 
with the TTR accomplishes all intercept calculations. Third, the primary intercept 
profile, a full- or half-rectified intercept, is the fastest and most fuel-efficient 
is difficult to jam since the missile beacon 
and can be relatively high-powered. And 
finally, an intercept is possible even without accurate range information by using 
the three point intercept profile. 


d. Command guidance has several disadvantages. First, the use of a missile 
beacon delays the capture of the missile by the tracking radar. This can cause a 
large dead zone which equates to a larger minimum engagement range. Second, 
the accuracy of the intercept geometry is only as good as the tracking 
information provided by the target tracking radar. Jamming, interference, or loss 


out of energy before it gets to the target. Fourth, command i'guldence is reactive. 
The fire control computer constantly updates the intercept geometry based on 
target maneuvering. This results in missile maneuvering lagging target 
maneuvers. 
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3. SEMI-ACTIVE GUIDANCE 

Semi-active guidance is significantly different from command guidance, but only 
after launch. The first requirement is still for the target tracking radar to maintain 
a solid target track, with the tracking data being supplied to the fire control 
computer. The fire control computer then directs a target illumination antenna to 
point at the target and illuminates it with CW energy. The missile then passively 
homes on the reflected CW energy. 


a. The missile used by a threat system that uses CW homing is vastly 
different from the missile being guided by a command guidance signal. The 
missile that homes on CW energy must be equipped with a seeker section 
composed of an antenna and an internal receiver. The seeker section processes 
and computes the necessary course corrections as it flies toward the target. It 
can do this by knowing the zero boresight line of the antenna within the missile 
(Figure 8-6). As the reflected CW energy is received by the seeker, there is 
normally some deviation from the zero reference position. The onboard computer 
then directs the control surfaces to change the flight path to reduce the reference 
errors in the antenna to zero, if possible. When the error between the antenna 
position and the boresight position is zero, the missile is pointed directly at the 
target. 


Zero Bore Line 


Target 


Missile Commanded Down to 0° Error 


Figure 8-6. Semi-Active Guided Missile 


b. Missile systems that use semi-active guidance normally use velocity as the 
primary target discriminator during the intercept. The missile seeker locks onto a 
reference Doppler signal provided by the fire control computer before launch. 
This Doppler signal establishes a tracking gate around the velocity of the target. 
After the missile is launched, it initially compares the reference Doppler to the 
target Doppler signal. 
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c. The mid-course phase for a semi-active missile is also different from that of 
a command-guided missile. A semi-active guided je follows the reflected CW 
energy during the mid-course phase of the intercept and normally attempts to fly 


issile may transition to a pure pursuit flight path. Uni 
a semi-active guided missile does not use a mi beacon. The fire 
control computer does not need to know where the mis: to compute course 
corrections since all that is necessary is to illuminate the target with the CW 
illuminator. This also means that the missile can begin to track and guide when it 
is launched and locked on to the reference Doppler gate. Semi-active guidance is 
the primary mode of guidance for many surface-to-air missiles, and almost all 
radar-guided air-to-air missiles. 


Figure 8-7. Semi-Active Guidance (Mid-Course) 


d. As the missile enters the terminal phase of the intercept, there is no 
change in the guidance mode used by a CW homing missile. Th 
complete the terminal phase of the intercept geometry by going to a pure pursuit 
flight path, if necessary (Figure 8-8). The missile continues to home in on the 
reflected CW signal until it passes close enough for the fuse to function. 
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Figure 8-8. Semi-Active Guidance (Terminal Phase) 


e. Semi-active missile guidance has many advantages. First, a semi-active 
guided missile is resistant to electronic jamming that may be used to deny range 
information. Second, a semi-active missile can be guided almost immediately 
after launch. This gives it a very small minimum range since it can maneuver 
almost as soon as it clears the launch rail. Third, it computes its own course 
corrections as necessary. This allows for a much quicker reaction to target 
maneuvers compared to a command-guided missile. Fourth, during a long-range 
intercept, a CW missile can be more accurate than a command-guided missile. 
hed by taking the inherent long-range radar tracking errors out 
of the equation. The target tracking radar only has to keep the target illuminated 
so that it can point the CW antenna at the target. 


f. Although semi-active missile guidance is generally considered an excellent 
guidance technique, it does have some disadvantages. First, a semi-active g 
missile normally requires reference Doppler values to be entered into the mi 
computer before launch. Without this reference, a semi-active missile cannot be 
launched (Figure 8-9). Second, a semi-active homing missile must maintain a lock 
onto the target Doppler. The use of chaff and beam maneuvers, which result in a 
near zero target Doppler, may cause a missile or radar to break lock. Third, if a 
break-lock occurs, a CW homing missile normally cannot regain target track and 
complete the intercept. 
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Figure 8-9. Semi-Active Guidance CW Reference Signal 


4. ACTIVE GUIDANCE 


Active guidance is an improvement that has been included in several new long- 
range missiles such as the AIM-54 Phoenix and the AIM-120 AMRAAM. This 
specialized guidance mode is only active during the terminal phase of flight. The 
mid-course phase usually employs semi-active or command guidance (Figure 
8-10). 


Figure 8-10. Active Guidance Mid-Course Intercept Phase 
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a. The range at which the missile goes “active” is dependent on the intercept 
geometry. High-aspect angle intercepts allow the activation of active guidance 
sooner than beam or tail-aspect intercepts. Missiles that employ active guidance 
carry a complete miniature radar system and fire control computer within the 
missile. As the missile nears the target, its internal radar system turns on and 
locks onto the target. The internal fire control computer directs control inputs to 
complete the intercept (Figure 8-11). 


Terminal 


<> 


Missile’s Active Radar Locks 
On and Completes Intercept 


Ground/Aircraft Radar Turns Off 
After Missile's Active Radar Turns On 


Figure 8-11. Active Guidance Phase 


b. Active-guided missiles have many advantages. First, active-guided 
missiles are very accurate at long ranges. This is because they do not rely on the 
target tracking radar once their internal radar takes over the intercept. Second, an 
active missile is extremely difficult to jam. It uses a narrow beam and its relative 
power is constantly increasing as it nears the target. Third, an active-guided 
missile is a fire-and-forget weapon. Command or semi-active missile guidance 
requires the target tracking radar to maintain lock-on until the intercept is 
completed. In an air-to-air engagement, this means the interceptor is predictable 
until the missile hits the target, and vulnerable to an enemy missile attack. An 
interceptor with an active missile, however, may launch the le and, once it 
goes “active,” can then turn around or maneuver defensively. 


c. Active-guided missiles have a few disadvantages as well. First, the active 
homing missile is a complex missile integrating both command and active 
guidance modes. Second, the missile may still be susceptible to electronic 
jamming during the mid-course phase of flight. Remember, during the mid-course 
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incandescent lamp 


The terms incandescent light, incandescent bulb, and incandescent light bulb are often 
Used interchangeably with incandescent lamp. Because the term “lamp” seems to be 
most common, it is used here. A panel-mounted indicator lamp is considered to be an 
assembly containing an incandescent lamp. 


Acarbon are, which generates light as a self-sustaining spark between two carbon elec 
trodes, can be thought of as a form of incandescent lamp, but is now rare and is not 
included in this encyclopedia, 


OTHER RELATED COMPONENTS 


+ LED area lighting (seo C30 
+ LED indicator (see Chapter 22) 

+ eon bulb (see Chapter 19) 

+ fluorescent light (see Chopter 20) 


23) 


What It Does 


The term incandescent describes an object that 
emits visible light purely as a consequence of 
being hot. This principle is used in an incandes- 
centlamp wherea wire filament glowsasaresult 
of electric current passing through it and raising 
itto a high temperature. To prevent oxidation of 
the filament, itis contained within a sealed bulb 
or tube containing an inert gas under low pres- 
sure or (less often) a vacuum. 


are all functionally identical except that the one 
at bottom right is more likely to be used to rep- 
resent small panel-mounted indicators. 


GO 
© BD 


Figure 18. A varity of symbols can represent an incan- 


Because incandescent lamps are relatively inef- 
ficient, they are not considered a wise enviran- 
mental choice for area lighting and have been 


prohibited for that purpose in some areas. How- 
ever, small, low-voltage, panel-mount versions 
are still widely available. For a summary of ad- 
vantages of miniature incandescent lamps rela- 
tive to light-emitting diodes (LEDs) see "Rela- 
tive Advantages” on page 179. 


‘Schematic symbols representing an incandes- 
cent lamp ate shown in Figure 18-1. Thesymbols 


descent lamip. The one at battom right may be mere cam 
‘monly used for small panel-mounted indicators 


The parts ofagenericincandescentlight bulb are 
identified in Figure 18-2: 


A:Glass bulb, 


B: Inert gas at low pressure. 
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phase, the missile relies on command or semi-active guidance. Jamming the 
target tracking radar may affect the missile's ability to “see” the target near the 
terminal phase. 


5. SEEKER-AIDED GROUND GUIDANCE/TRACK-VIA-MISSILE GUIDANCE 

In seeker-aided ground guidance (SAGG) and track-via-missile (TVM) guidance, 
the target is illuminated by the ground-based radar and the missile receives 
reflected energy from the target. Unlike conventional semi-active homing, thi 
missile does not generate its own guidance commands. Instead, the mis 
transmits raw engagement data to the ground-based fire control system (FCS) 
order to generate uplink guidance commands. TVM is similar to SAGG; howeve 
additional processing is done on-board the missile prior to transmitting tl 
engagement data to the ground-based FCS. 


b | 


alt OS 
a - 


Doppler Processing of Seeker Signal Data 
and Correlation with Other Information 


Figure 8-12. SAGG/Track-Via-Missile Guidance 


a. Track-via-missile and seeker-aided ground guidance are two relatively new 
missile guidance techniques with similar advantages. First, they are extremely 
accurate at long ranges where the inherent radar tracking errors may be large 
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enough to cause a miss. Second, they can respond very quickly to any actions 
taken by the target since the missile seeker can track these changes and transmit 
the new position to the TTR fire control computer. Third, TVM and SAGG can be 
used with a large and capable fire control computer since most computations are 
accomplished by the TTR. Fourth, the integration of a phased array radar and the 
powerful TTR fire control computer allows the missile system to engage multiple 
targets. The Patriot missile battery, for example, can track and engage at least 
four targets simultaneously. 


b. The major disadvantage of track-via-missile and seeker-aided ground 
guidance is that they are the most complex forms of missile guidance. They 
require the use of sophisticated computers to combine radar tracking data and 
data received from the missile. This required hardware is expensive and demands 
greater maintenance and logistical support. In addition, the missile itself needs to 
be large enough to store the appropriate hardware for computations and data 
transfer. 


6. ANTIAIRCRAFT ARTILLERY (AAA) 

The classic role of AAA is point defense. AAA systems provide close-in defense 
for high-value targets. AAA systems are deployed to defend cities, airfields, 
bridges, industrial centers, lines of communications, command and control 
centers, infantry/tank units, and SAM sites. There are two types of AAA systems: 
towed and mobile. Towed AAA is normally deployed in fixed sites around key 
targets. Mobile AAA systems are deployed to provide air defense for army units 
and to protect mobile SAM sites. The effectiveness of AAA systems, towed or 
mobile, depends on the ability of the system to predict an aircraft's future 
position to fire its unguided ballistic projectile to intercept the aircraft and 
destroy it. To accomplish this objective, AAA systems employ two primary 
tactics, aimed fire and sector/barrage fire. 


a. Aimed AAA fire requires very accurate aircraft position information and an 
accurate prediction of future position. For aimed AAA fire, this information can be 
derived by using an optical sighting system on the gun or by employing a radar 
system coupled with a fire control computer. Smaller caliber AAA guns generally 
rely on optical target acquisition and firing (Figure 8-13). The high rate of fire, 
short range, and short projectile time of flight (TOF) simplifies the prediction and 
aiming problem for these systems. Smaller caliber AAA can also use tracer 
ammunition to help the gunner in correcting his optical firing solution. Larger 
caliber AAA systems, with slow rates of fire, long range, and long projectile TOF, 
generally use a TTR and a fire control computer to solve the problems associated 
with aimed fire (Figure 8-14). 
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Figure 8-13. Optically Aimed AAA 


(1) The typical engagement sequence for an aimed AAA engagement 
employing a TTR and fire control computer begins with initial target data from an 
acquisition radar. The guns and TTR are pointed toward the target. The TTR 
initiates search and lock-on to the target. The TTR associated with large caliber 
AAA is usually a conical scan radar to provide accurate target positioning 
information. Target information is fed into the fire control computer which 
calculates the aim point, points the guns, and initiates firing. The fire control 
computer uses the target kinematic data, gun ballistics, wind, air density, and 
projectile dispersion pattern to compute the required aim point. All these 
computations are based on the assumption that the target will continue on the 
same heading, at the same altitude, and at the same airspeed during the projectile 
TOF. 
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Tracking Radar 


= Hequisieon 


A Compute? Radar 


Figure 8-14. Radar-Directed AAA 


(2) The typical engagement s an aimed AAA engagement, 
employing optical target tracking begi jal target information from an 
acquisition radar to the fire director. The fire director gives gross aiming 
commands to the individual guns. The gunners then visually search for the target 
and use the on-carriage gun sights to predict the required lead angle and initiate 
firing. 


b. Sector or barrage fire tactics are employed when the aircraft cannot be 
accurately tracked (Figure 8-15). Acquisition information suggests an aircraft will 
traverse a volume of airspace or a specific sector. The fire director instructs the 
gunners to fire randomly into this sector in an effort to hit the aircraft with the 
barrage of AAA fire, or have the aircraft fly into a “curtain” of AAA fire. This tactic 
is especially effective for point defense for a fixed target. Attacking aircraft may 
have to fly a predictable flight path during weapons delivery. Sector/barrage fire 
can be directed to cover the expected attack directions and altitudes. 
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Figure 8-15. Sector/Barrage AAA 


7. SUMMARY 

This chapter has discussed the most common missile guidance techniques and 
AAA firing modes used by modern threat systems. A familiarity with the guidance 
technique employed by specific threat systems is the key to understanding the 
jamming techniques, chaff/flare employment settings, and tactical maneuvers 
designed to counter these systems. 


8-15 


Chapter 8. Radar Missile Guidance Techniques Electronic Warfare Fundamentals 


8-16 


Electronic Warfare Fundamentals Chapter 9. Introduction to Radar Jamming 


CHAPTER 9. INTRODUCTION TO RADAR JAMMING 


1. INTRODUCTION 
Radar jamming is the intentional radiation or reradiation of radio frequency (RF) 
signals to interfere with the operation of a radar by saturating its receiver with 
false targets or false target information. Radar jamming is one principal 
component of electronic combat (EC). Specifically, it is the electronic attack (EA) 
component of electronic warfare (EW). Radar jamming is designed to counter the 
radar systems that play a vital role in support of an enemy integrated air defense 
system (IADS). The primary purpose of radar jamming is to create confusion and 
deny critical information to negate the effectiveness of enemy radar systems. 
This chapter will introduce the two types of radar jamming, the three radar 
jamming employment options, and discuss the fundamental principles that 
determine the effectiveness of radar jamming. 


2. RADAR JAMMING TYPES 
There are two types of radar jamming: noise and deception. 


a. Noise jamming is produced by modulating a RF carrier wave with noise, or 
random amplitude changes, and transmitting that wave at the victim's radar 
frequency. It relies on high power levels to saturate the radar receiver and deny 
range and, occasionally, azimuth and elevation information to the victim radar 
(Figure 9-1). Noise jamming takes advantage of the extreme sensitivity of the 
radar receiver and the transmission pattern of the radar antenna to deny critical 
information to the victim radar. 


Figure 9-1. Noise Jamming 
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b. Deception jamming uses complex receiving and transmitting circuits to 
process and retransmit jamming pulses that appear as a real target to the victim 
radar. A deception jammer receives the signal from the victim radar and alters the 
signal to provide false range, azimuth, or velocity information. The altered signal 
is then retransmitted (Figure 9-2). The victim radar processes this signal, which 
disrupts the victim radar and confuses the radar operator. To be effective, 
deception jamming must match not only the victim radar’s operating frequency, 
but all the other operating characteristics, including pulse repetition frequency 
(PRF), pulse repetition interval (PRI), pulse width, and scan rate. 


Figure 9-2. Deception Jamming 


c. Both noise and deception jamming effectiveness are heavily dependent on 
another component of EW, specifically, el 
assets, either airborne or ground-based, pro 
parametric data and update this critical information based on observed threat 
system operations. This data provides the foundation for developing noise and 
deception jamming techni Intaligence and engineering assansmont of ths 
data are used to identify specific threat system weaknesses that can be exploited 
with the optimum noise, deception, or combination of jamming techniques. This 
information is then programmed into jamming systems to counter specific 
threats. 
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3. RADAR JAMMING EMPLOYMENT OPTIONS 

There are currently two primary employment options for both noise and 
deception jamming techniques. These options are: (1) support jamming, and (2) 
self-protection jamming. Support jamming can be broken down further into stand- 
off jamming (SOJ), and escort jamming. 


a. To counter early warning, ground control intercept (GCI), and acquisition 
radars associated with an enemy IADS, noise and deception jamming techniques 
are employed by specialized support jamming aircraft. The goal of support 
jamming is to create confusion and delays within the command and control 
structure of the IADS. Deny, delay or degrade the enemy's ability to engage 
friendly forces. Support jamming operations can be focused against a national 
level IADS through the use of a stand-off jamming (SOJ) profile (Figure 9-3) or 
against a target area threat array using an escort jamming profile. 


Figure 9-3. Stand-Off Jamming 


(1) From an orbit area outside the surface-to-air missile (SAM) engagement 
zone, SOJ aircraft employ specialized jamming techniques to deny the enemy 
information about the attack package. SOJ aircraft employ specialized noise 
jamming techniques to generate jamming strobes on the victim radar display. 
This effectively denies range and azimuth information on aircraft ingressing and 
egressing the area covered by the noise jamming strobes. Intensity of the strobes 
is based on the power in the jamming. The area covered is based on the amount 
of jamming that can be injected into the main beam and sidelobes of the victim 
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radar. The effectiveness of SOJ noise jamming is determined by the power the 
jammer can generate relative to the power the victim radar can generate. This is 
called the jamming-to-signal (J/S) ratio. 


(2) SOJ aircraft can also employ a deception technique to generate false 
targets to confuse the radar operator and mask the presence of real targets 
(Figure 9-4). In this specialized technique, the deception jammer must tune to the 
frequency, PRF, and scan rate of the victim radar. The jammer then transmits 
multiple jamming pulses that the victim radar receiver processes like real target 
returns. With enough power, the deception jammer can generate multiple false 
azimuth targets by injecting jamming pulses into the sidelobes of the victim 
radar. False moving targets and false range targets are generated by varying the 
time delay of the jamming pulses based on the PRF and scan rate of the victim 
radar. 


si 


Moving False Targets 


= ill 
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False Targets in Azimuth 
G 


Figure 9-4, False Target Jamming 


(3) Escort jamming is a specific tactic used by the EA-6B Prowler. The 
EA-6B is employed as an integral part of the attack package and is normally 
positioned behind and above the attack package (Figure 9-5). 
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C:Tungsten filament. 


D: Contact wires (connecting internally with 
brass base and center contact, below). 


£: Wires to support the filament. 
F:intemal glass stem. 

G:Brass base or cap. 

H: Vitreous insulation. 


I: Center contact. 


[Rey 


Figure 18-2. The parts of a typical incandescent Jamp 
(coe text for details). 


History 


The concept of generating light by using elec- 
tricity to heat a metal originated with English- 
man Humphrey Davy, who demonstrated it with 
a large battery and a strip of platinum in 1802. 
Platinum was thought to be suitable because it 
has a relatively high melting point. The lamp 
worked butwas notpractical, beinginsufficiently 
bright and having a short lifespan. In addition, 
the platinum was prohibitively expensive. 


indicator, or display > single source > incandescent lamp 


‘The first patent foran incandescent lamp was is- 
suedin Englandin 1841, butitstill used platinum, 
Subsequently, British physicist and chemist Jo- 
seph Swan spent many years attempting to de- 
velop practical carbon filaments, and obtained a 
patent in 1880 for parchmentized thread. His 
house was the first in the world to be illuminated 
by light bulbs. 


‘Thomas Edison began work to refine the electric 
lamp in 1878, and achieved a successful test with 
a carbonized filament in October 1879. The bulb 
lasted slightly more than 13 hours. Lawsuits over 
patent rights ensued. Carbonized filaments were 
Used until a tungsten filament was patented in 
1904 by the German/Hungarian inventor Just 
Sandor Frigyes and the Croatian inventor Franjo 
Hanaman, This type of bulb was filled with an 
inert gas, instead of using a vacuum. 


Many other pioneers participated in the effort to 
develop electric light on a practical basis. Thus it 
is incorrect to state that "Thomas Edison inven- 
ted the light bulb* The device went through a 
very lengthy process of gradual refinement, and 
one of Edison's most significant achievements 
was the development of a power distribution 
system that could run multiple lamps in parallel, 
Using filaments that had a relatively high resist- 
ance. His error was insisting on using direct cur- 
rent (DC) while his rival Westinghouse pioneered 
alternating curtrent (AC), enabling power trans- 
mission over longer distances through the use of 
transformers. The use of ACalso enabled Tesla’s 
brushless induction motor. 


By the mid-1900s, most incandescent bulbs used 
tungsten filaments, 


How It Works 


All objects emit electromagnetic radiation as a 
function of their temperature, This is known as 
black body radiation, based on the concept of an 
object that absorbs all incoming light, and thus 
does not reflect any sources from outside itself, 
As its temperature increases, the intensity of the 
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Figure 9-5. Escort Jamming 


Using noise jamming, the EA-6B attempts to deny range and azimuth 
information to the victim radar by injecting high power signals into the main radar 
beam and sidelobes. To be effective, the EA-6B must be properly positioned in 
relation to the ingressing or egressing attack package (Figure 9-6). 


Figure 9-6. Escort Jamming Alignment 
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b. Self-protection radar jamming targets the radar systems that support 
jamming cannot negate. Self-protection jamming systems are part of a self- 
protection suite that includes a self-protection jamming pod, a chaff/flare 
dispenser, and on some aircraft, a towed decoy system. The overall purpose of 
these systems is individual aircraft survivability. These systems are designed to 
counter the individual SAM, AAA, and Al assets associated with the enemy IADS. 
They employ deception jamming techniques against the target tracking radars 
(TTRs) associated with these threats. They are designed to break the radar track 
or generate sufficient tracking errors to cause the missile or bullet to miss the 
aircraft. 


(1) Self-protection radar jamming systems usually employ deception 
jamming techniques based on several factors. First, effective deception jamming 
techniques generally require less power than noise jamming techniques. Second, 
less power means less weight and space, which are very important 
considerations for modern tactical aircraft. Finally, deception jammers can be 
designed to jam multiple threats, which is a critical requirement for operations in 
a dense threat environment (Figure 9-7). 


Figure 9-7. Self-Protection Jamming 


(2) Despite the advantages of deception jamming techniques for self- 
protection jamming, there are some limitations that must be considered. First, 
deception jammers are complex electronic systems that must receive a victim 
radar's signal, memorize all its characteristics, modify the signal, and retransmit 
this modified signal at a high power level. Second, to be effective, deception 
jammers must be programmed with all the signal parameters (frequency, PRF, 
PRI, pulse width, scan rate, etc.) of the victim radar. Finally, because many 
deception techniques can be effective against specific threats, selecting optimum 
techniques to employ against these threats must be based on identified threat 
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system limitations. Identifying these specific threat systems limitations may be 
difficult. 


4. FUNDAMENTALS OF RADAR JAMMING 

There are some fundamental principles that apply to all types of jamming and to 
all jamming employment options. These principles are based on the 
characteristics of the jamming system and the characteristics of the victim radar. 
They include frequency matching, continuous interference, signal-to-noise ratio, 
jamming-to-signal ratio, and burnthrough range. 


a. Based on the data provided by ES systems and intelligence evaluations, 
radar jamming systems must transmit signals at the frequency of the victim radar 
This applies to both noise and deception jamming. If a jamming signal does not 
match the transmitter frequency, the jamming signal is not received and 
displayed on the scope (Figure 9-8). When a jamming signal matches the 
transmitter frequency, the jamming signal is received and masks the target 
display (Figure 9-9). 


Radar Jamming 
Frequency Frequency 


3500 MHz Frequency 


Figure 9-8. Jamming Frequency Error 
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Radar Jamming 
Frequency Frequency 


3500 MHz Frequency 
€ 


Figure 9-9. Correct Jamming Frequency Matching 


b. For maximum effectiveness, a jamming transmitter should produce 
continuous interference. In much the same way intermittent static on a radio 
receiver does not completely block out a signal, intermittent jamming on a radar 
scope may not completely mask the target. An experienced radar operator or 
advanced automatic tracker can “read through” intermittent jamming and derive 
sufficient target information to negate jamming effectiveness. While true for noise 
i es, continuous interference also applies to deception 
techniques, especially when target reacquisition is considered. 


c. The signal-to-noise (S/N) rat 
to detect targets. It is also an indication of the vulneral 
jamming techniques, especially noise jamming. 


is a measure of the ability of the victim radar 
ity of the radar to certain 


(1) From the discussion of the basic radar equation in Chapter 5 (Equation 
5-10), Equation 9-1 is the signal power density of a target return at the radar 
receiver. The signal power density of the target return is so weak that it requires 
very strong amplification before processing and display. Besides the signal 
power from the target, some level of thermal noise is also generated and 
amplified along with the target signal. For an “ideal” (no noise) amplifier, 
Equation 9-2 is used to compute the level of thermal noise generated by the 
amplifier. 
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ransmitted power 
= antenna gain 
target radar cross section (RCS) 
ntenna aperture area 
range to the target 


P,GoA, 
(4rFR* 


Signal Power Density = 


Equation 9-1. Signal Power Density 


joltzman's Constant 
(1.38 x 10*watts/Hz degrees K) 
T = standard temperature (290° K) 
adar receiver equivalent bandwidth 
F = radar receiver noise figure 
(one for “ideal” receiver) 


Thermal Noise (N) = KTBF 


Equation 9-2. Thermal Noise 


Note: The instantaneous bandwidth of a receiver is the frequency range over 
which the receiver can simultaneously amplify two or more signals to within a 
specified gain. 


(2) The radar receiver amplifies both target signal and thermal noise. The 
output of the radar receiver will contain the target signal and the noise amplified 
across the bandwidth of the receiver. Separating the desired target signal from 
the undesired noise signal is one of the major problems confronting radar 
designers. 


(3) Equation 9-3 is derived by dividing Equation 9-1 by Equation 9-2. Many 
factors in this equation fluctuate and must be estimated using statistical 
calculations. For example, target RCS fluctuates based on the changing angle of 
the antenna beam and corresponding changes in the reflected signal. Effective 
antenna aperture is also a statistical phenomenon based on the fluctuations in 
target RCS. The thermal noise generated by a receiver is also a fluctuating factor 
and must be treated statistically. This means that the S/N ratio is a statistical 
factor associated with a probability of target detection and a probability of a false 
alarm. A false alarm occurs when the radar operator or automatic tracking circuit 
designates a fluctuation in noise level as a target. The higher the SIN ratio, the 
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higher the probability of target detection with a corresponding reduction in the 
probability of a false alarm. 


4 
P,GoA, Fee } 
KTBF 


Signal-to-Noise Ratio = 


P, = transmitted power K = Boltzman's Constant 
G =antenna gain (1.38 x 10° watts/Hz degrees K) 
© = target radar cross section (RCS) 1 = Standard temperature (290° K) 

B = radar receiver equivalent bandwidth 
As antenna apertire.ared| F = radar receiver noise figure 
Feserentcie No ule at dae (one for “ideal” receiver) 


Equation 9-3. Signal-to-Noise Ratio 


(4) An analysis of Equation 9-3 suggests that any action that increases the 
power in the target signal (for example, increasing transmitted power, increasing 
antenna gain/aperture area, or decreasing target range) will improve the S/N ratio 
and improve the probability of target detection. It would also appear that 
decreasing the bandwidth of the radar receiver will increase the S/N ratio and 
enhance the probability of target detection. However, if the effective bandwidth of 
the receiver is reduced, this may eliminate a significant portion of the radar signal 
spectrum and decrease the probability of target detection. 


(5) The SIN ratio is also an indication of the range at which a target will be 
detected. A plot of the receiver output of a typical radar is shown in Figure 9-10. 
The weak target signal at an extended range is just above the receiver noise level. 
The target at closer range is easily detected above the noise level. A radar 
operator or automatic target detector could mistake the very weak target return 
as a fluctuation in the receiver noise level. This could result in a missed 
detection. The lack of discrimination between noise and target returns because of 
a poor SIN ratio can also result in designating fluctuations in the noise level as 
actual target signals, known as false alarms. 


9-10 


Electronic Warfare Fundamentals Chapter 9. Introduction to Radar Jamming 


‘get well above noise 
‘get just above noise 


Noise Level 


© 
3 
2 
rom 
= 
= 


Range 


Signal-to-Noise vs Target Detection 


Figure 9-10. S/N Ratio and Target Detection 


(6) To preclude, or minimize false alarms, the radar receiver may be 
equipped with electronic circuits to establish a false alarm threshold. If the signal 
strength of a radar return is below this threshold level, it will not be detected or 
displayed (Figure 9-11). This false alarm threshold also influences the probability 
of target detection. With the threshold set too high, many detected targets will not 
be displayed. Additionally, if the false alarm threshold is raised automatically in 
relation to the amplitude of the receiver noise, the radar receiver i 
vulnerable to noise jamming. 


False Alarm 


at | Noise 


Figure 9-11. Receiver False Alarm Threshold 
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(7) For any target return to be detected by the radar, the S/N ratio must be 
greater than one. If the SIN ratio is less than one, the target will not be detected 
above the receiver noise level. The purpose of noise jamming is to raise the level 
of noise in the radar receiver to reduce the S/N ratio to less than one. This masks 
the presence of the true target return. If a false alarm threshold is used, noise 
jamming raises this threshold to further complicate target detection. Figure 9-12 
depicts a S/N ratio greater than one. Figure 9-13 depicts a S/N ratio of less than 
one due to noise jamming. 


Figure 9-12. S/N Ratio Greater Than One 


Figure 9-13. S/N Ratio Less Than One 
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d. The jamming-to-signal (J/S) ratio is a fundamental measure of jamming 
effectiveness. The J/S ratio compares the power in the jamming signal with the 
power in the radar return. Equation 9-4 is an expression of the J/S ratio. It is 
important to note that the J/S ratio should be measured at the output of the radar 
receiver. This will allow consideration of the receiver signal processing gain 
applied to the jamming signal. 


Jamming-to-Signal Ratio = 


PG, 


jamming power transmitted 

G, = jamming antenna gain 

P, = peak power transmitted by the radar 
G, = radar antenna gain 

R = range from jammer to radar 

© = aircraft RCS 


Equation 9-4. Jamming-to-Signal Ratio 


(1) The most critical factor in both the S/N and the J/S ratios is range. The 
SIN ratio is calculated based on R to the fourth power. This equates to a signal 
traveling from the radar to the target, and back to the radar receiver. The J/S ratio 
is calculated using R to the second power. This factor reflects the “one way” 
transmission of the jamming pulse from the jammer to the victim radar’s receiver. 


(2) For a jamming signal to be effective, the J/S ratio must be greater than 
one. In general, threat radars, especially ground-based radars, transmit much 
more power than does an airborne jamming system. However, this power must 
travel twice as far as the airborne jamming signal. At long ranges, a low power 
jamming system can generate a J/S ratio much greater than one. In Figure 9-14, 
the jamming pulse completely masks the target return. As the jamming system 
approaches the target, the distance the radar pulse travels decreases with a 
corresponding increase of power in the radar return. This reduces the J/S ratio to 
a value less than one and the radar “sees” the target. This is called the 
burnthrough range (Figure 9-15). 
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Figure 9-14. J/S Ratio Greater Than One 
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J/S<1 Therefore Burnthrough Occurs 


Figure 9-15. J/S Ratio Less Than One 


e. Burnthrough occurs when the power in the reflected target signal exceeds 
the power in the jamming signal. Even when an optimum and continuous 
jamming technique is transmitting on the exact frequency of the victim radar, the 
jamming starts to lose effectiveness as it nears the radar. For a particular radar 
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radiation increases while the wavelength of the 
radiation tends to decrease. 


If the temperature is high enough, the wave- 
length of the radiation enters the visible spec- 
trum, between 380 and 740 nanometers. (A 
nanometer is one-billionth of a meter) 


‘The melting point of tungsten is 3,442 degrees 
Celsius, but a lamp filament typically operates 
between 2,000 and 3,000 degrees. Atthe higher 
end of this scale, evaporation of metal from the 
filament tends to cause deposition of a dark res- 
idue on the inside of the bulb, and erodes the 
filament more rapidly, to the point whereiteven- 
tually breaks. At the lower end of this scale, the 
light will be yellow and the intensity will be 
reduced. 


Spectrum 
The color of black-body radiation is measured 
sing the Kelvin temperature scale. The incre- 
ment of 1 degree Kelvin is the same as 1 degree 
Celsius, but the Kelvin scale has a zero value at 
absolute zero. This is the theoretical lowest con- 
ceivable temperature, at which thereis complete 
absence ofheat.Itisapproximately -273 degrees 
Celsius, 


From thisitis evident that if k isa temperature in 
degrees Kelvin and Cis a temperaturein degrees 
Celsius 


k = C + 273 (approximately) 


Calibration of light sources in degrees Kelvin is 
common in photography. Many digital cameras 
allow the user to specify the color temperature of 
lights that are illuminating an indoor scene, and 
the camera will compensate so that the light 
source appears to be pure white with all colors 
in the visible spectrum being represented 
equally. 

Some computer monitors also allow the user to 
specify a white value in degrees Kelvin, 


Color temperature is used in astronomy, because 
the spectrum of many stars is comparable with 
that of a theoretical black body. 


nt lam How It Wor 
A color temperature of 1,000 degrees K will have 
a dark orange hue, while 15,000 degrees K or 
higher will have a blue hue comparable to that 
of a pale blue sky. The color temperature of the 
sun is approximately 5,800 K. Interior lighting is 
often around 3,000 K, which many people find 
acceptable because it creates pleasant flesh 
tones, An incandescent bulb described by the 
manufacturer as “soft white” or ‘warm’ will have 
a lower color temperature than one which is sold 
as “pure white” or ‘paper white.” 


Graphs showing the emission of wavelengths at 
various color temperatures are shown in 
Figure 18-3, The rainbow section indicates the 
approximate range of visible wavelengths be- 
tween ultraviolet, on the left, andinfrared, on the 
right. For purposes of clarity, the peak intensity 
for each color temperature has been equalized. 
Inreality, increasing the temperature also inctea- 
ses the light output. 


Vv? 
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Figure 18-3. Approximate peak wavelengths for black 
body radiation at various color temperatu 
Ker 


n. The curves have Been adjusted 5 
cd. Adapted from an 
nitting Diodes by 
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jamming technique, burnthrough range depends on the detection capability of the 
victim radar, expressed as the SIN ratio, and the capability of the aircraft's 
jamming system, expressed as the J/S ratio. The idea of burnthrough range 
explains why a jamming technique, especially noise jamming, loses its 
effectiveness as the aircraft approaches the radar. When plotting the jamming 
and signal power versus range (Figure 9-16), these two values intersect at the 
point where the J/S ratio is one. At closer ranges, the jamming pulse is no longer 
masking the aircraft, and the aircraft can be detected. Burnthrough range is the 
point where the radar can see through the jamming. 


Burnthrough 


4 6 10 20 60 100 200 400 600 
Range (km) 


Figure 9-16. Burnthrough Range 


5. SUMMARY 


The purpose of radar jamming is to confuse or deny critical data to the radar 
systems that play a vital role in supporting the mission of an integrated air 
defense system. Two types of radar jamming, noise and deception, can be 
employed in a support-jamming role, or in a self-protection role for individual 
aircraft. The effectiveness of a jamming technique depends on the ability of the 
jamming system to generate a jamming signal that replicates the parameters of 
the victim radar, especially its frequency. The signal-to-noise ratio of the victim 
radar determines the vulnerability of the radar receiver to jamming while the 
jamming-to-signal ratio is an indication of the ability of the jamming system to 
effectively jam the victim radar. These basic radar jamming concepts are 
fundamental to understanding the impact of specific jamming techniques on 
radar systems. 
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CHAPTER 10. RADAR NOISE JAMMING 


41. INTRODUCTION 

A radar noise jamming system is designed to generate a disturbance in a radar 
receiver to delay or deny target detection. Since thermal noise is always present 
in the radar receiver, noise jamming attempts to mask the presence of targets by 
substantially adding to this noise level. Radar noise jamming can be employed by 
support jamming assets or as a self-protection jamming technique. Radar noise 
jamming usually employs high-power jamming signals tuned to the frequency of 
the victim radar. This chapter will discuss the factors that determine the 
effectiveness of radar noise jamming, radar noise jamming generation, and the 
most common noise jamming techniques. These noise jamming techniques 
include barrage, spot, swept spot, cover pulse, and modulated noise jamming. 


2. RADAR NOISE JAMMING EFFECTIVENESS 

The effectiveness of radar noise jamming depends on numerous factors. These 
factors include the jamming-to-signal (J/S) ratio, power density, the quality of the 
noise signal, and the polarization of the transmitted jamming signal (Figure 10-1). 


Detected Target Returns 


oo 


Figure 10-1. Noise Level in a Typical Radar Receiver Output 


a. One of the most important factors that impacts the effectiveness of radar 
is the U/S ratio (Figure 10-2). As discussed in Chapter 9, the power 
noise jammer must be greater than the power in the target return, as 
measured at the output of the radar receiver. To achieve this level of jamming 
power, radar noise jammers usually generate high-power jamming signals. These 
high-power jamming signals can be introduced into the victim radar's main beam 
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to deny range information and into the victim radar's sidelobes to deny azimuth 
information. 


Detected Target Returns 


Figure 10-2. Impact of Noise Jamming 


b. Another factor which impacts the effectiveness of radar noise jamming is 


the power density. The power density of the noise jamming signal has a direct 
relation to the J/S ratio. 


(1) If the noise jamming signal is centered on the frequency and bandwidth 
of the victim radar, the jamming signal has a high power density. The ability of a 
noise jammer to concentrate the jamming signal depends on the ability of the 


jammer to identify the exact frequency and bandwidth of the victim radar 
(Figure 10-3). 


Radiated 
Power Output 


Bandwidth 


Figure 10-3. Power Density - Narrow Bandwidth 
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(2) If the generated noise jamming signal has to cover a wide bandwidth or 
frequency range, the power density at any one frequency is reduced (Figure 10-4). 
Radar systems that are frequency agile or that employ a wide bandwidth can 
reduce, or negate, the effectiveness of noise jamming by reducing the power 
density of the jamming signal. 


a] 
2 
5 
& 
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Power Output 


Radar Frequency Bandwidth 


Figure 10-4. Power Density — Wide Bandwidth 


c. The quality of the noise jamming also determines its effectiveness. To 
effectively jam a radar receiver with noise, the jamming signal must emulate the 
thermal noise generated by the receiver. This ensures that the radar operator or 
automatic detection circuit cannot distinguish between the noise jamming and 
normal thermal noise. Thermal n referred to as white noise and has a 
uniform spectrum. All of the frequencies in the bandwidth of the receiver have the 
same spectrum and an amplitude that varies based on Gaussian distribution. A 
Gaussian distribution is simply a bell-shaped distribution of amplitudes. In order 
to be effective, the jamming signal should exactly match the characteristics of the 
thermal noise signal of the victim radar receiver. 


d. Polarization of the noise jamming signal is another significant factor that 
pacts its effectiveness. As discussed in Chapter 2, if the polarization of the 
jamming signal does not match the antenna polarization of the victim radar, there 
a significant power loss in the jamming signal. Noise jamming systems 
designed to counter multiple threat radars, with various polarizations, generally 
use a transmitting antenna with a 45° slant or use circular polarization. Most 
threat systems are horizontally or vertically polarized. This results in a 50% 
reduction in effective radiated power (ERP) for most threat systems. A more 
serious power loss, nearly 100%, in ERP occurs when the jamming antenna is 
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orthogonally polarized with the victim antenna. The polarization of the noise 
jamming signal impacts the J/S ratio and the power density. 


3. RADAR NOISE JAMMING GENERATION 

Noise jamming is produced by modulating an RF carrier wave with random 
amplitude or frequency changes, called noise, and retransmitting that wave at the 
victim radar's frequency. Since noise from numerous sources is always present 
and displayed on a radar scope, noise jamming adds to the problem of target 
detection. Reflected radar pulses from target aircraft are extremely weak. To 
detect these pulses, a radar receiver must be very sensitive and be able to 
amplify the weak target returns. Noise jamming takes advantage of this radar 
characteristic to delay or deny target detection. 


a. The simplest method of generating a high-power Gaussian noise jamming 
signal is to employ a highly amplified diode to generate a noise signal at the 
frequency of the victim radar. This signal is filtered and directly amplified to the 
maximum power that can be generated by the transmitter. This method is called 
direct noise amplification (DINA). The DINA method of noise generation has a 
serious limitation. The maximum power available from linear wideband power 
ication is extremely limited. Employing any other form of power 
amplification would alter the Gaussian distribution of the jamming signal. This 
method of generating radar noise jamming was used extensively during WW Il. 


b. Modern noise jamming systems generate noise jamming signals by 
frequency modulating a carrier wave at the frequency of the victim radar. FM 
noise jammers employ a receiving antenna to intercept the victim's radar signal. 
The antenna passes the victim radar signal to the receiver for identification. The 
receiver also tunes the jamming signal generator to the correct frequency. The 
receiver uses an automatic frequency control (AFC) circuit to tune the voltage- 
controlled oscillator (VCO) to the frequency of the victim radar. A noise signal is 
generated by the jamming signal generator and added to the tuning voltage of the 
VCO to get an FM jamming signal. This signal is sent to a traveling wave tube 
(TWT) power transmitter. The TWT is normally operated in a saturated mode 
which produces a high-power jamming signal that covers a wider bandwidth than 
the victim radar. This reduces the power density of the signal, but the high power 
levels available from the TWT amplification of an FM signal compensate for this 
loss. The signal is sent to the transmitting antenna and directed toward the victim 
radar. 


c. Figure 10-5 highlights an important feature of a modern radar noise 
jamming system: a look-through capability. A look-through mode allows the 
receiver to periodically sample the signal environment. The objective of the look- 
through mode is to allow the jammer to update victim radar parameters and 
change the jamming signal to respond to changes in the signal environment. This 
greatly enhances the effectiveness of noise jamming systems. One method used 
to provide a look-through capability is to isolate the transmit and receive 
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antennas to allow continuous operation of the receiver to update signal 
parameters. Another method is to switch off the jammer for a brief period to allow 
the receiver to sample the signal environment. Since this latter look-through 
method eliminates the jamming signal, the amount of time the jammer is switched 
off must be kept to a minimum. 
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Figure 10-5. Frequency Modulated (FM) Noise Jamming System 


4. BARRAGE JAMMING 

An important aspect of jamming power is power density. Noise jamming depends 
on power density for its effectiveness. Power density is a function of the 
frequency range, or bandwidth, of the jamming signal. If a jammer covers a 
narrow frequency range, it can concentrate energy in a narrow band. If a jammer 
covers a wide frequency range, the energy is spread over that entire range. Since 
e jammer has fixed radiated power, this lowers the effective jamming power at a 
given frequency. Barrage jamming is a jamming technique where high power is 
sacrificed for the continuous coverage of several radar frequencies (Figure 10-6). 
The jamming signal is spread over a wide frequency range, which lowers the ERP 
at any one frequency. This type of jamming is useful against frequency-agile 
radars, against a radar system that uses multiple beams, or against multiple radar 
systems operating in a specific frequency range. By spreading the jamming over 
a wide frequency range, there is some level of jamming no matter what frequency 
the radar uses. Barrage jamming was used extensively during World War II. 
Advantages of barrage jamming are its simplicity and ability to cover a wide 
portion of the electromagnetic spectrum. The primary disadvantage is the low 
power density, especially when a high J/S ratio is needed against modern radars. 
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Figure 10-6. Barrage Jamming 


5. SPOT JAMMING 


One way to take advantage of the noise jammer's simplicity, but raise the 
jamming signal power, is to use a spot jammer. The earliest spot jammers were 
very narrow band jammers covering a bandwidth of 10 megahertz or less (Figure 
40-7). This narrow band spot jammer was tuned to the anticipated frequency of 
the target radar. When it is necessary to jam a number of radars at different 
frequencies, more than one jammer is used. One problem that developed was of 
carrying the required number of spot jammers to counter a modern IADS. Also, 
radars that change their operating frequency, or are frequency-agile, defeat the 
spot jammer. Today, intercept panoramic receivers work with spot jammers to 
determine the frequency of the victim radar. A look-through capability is included 
in the system so that the target radar signal can be monitored to assess jamming 
effectiveness. The jamming signal can be adjusted for any changes in the 
operating frequency of the radar. 


510 MHz Victim 520 MHz 


Figure 10-7. Spot Jamming 
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a. The primary advantage of spot jamming is its power density. Radar or 
communications receivers can be countered at longer ranges than when using a 
barrage jammer of equal output power (Figure 10-8). 


Barrage Jammer 
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Spot Jammer 
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Figure 10-8. Spot Jamming Effectiveness 


b. A disadvantage of the spot jammer is its coverage of a narrow band of the 
frequency spectrum. An operator or computer in the receiver must constantly 
monitor and tune the jamming signal to the target radar's frequency. The 
complexity of this process increases when jamming frequency-agile radars that 
can change frequencies with every pulse. 


6. SWEPT-SPOT JAMMING 

When high power density is required over a large bandwidth, one solution is to 
take spot jamming and sweep it across a wide frequency range (Figure 10-9). This 
preserves the high power density but allows the jamming to cover a large 
bandwidth. The jamming spot is swept across a broad frequency range at varying 
speeds. With this technique, a number of radar systems can be covered. Because 
of their high jamming power, swept-spot jammers are able to cover a number of 
radars operating in a broad frequency range. However, jamming is not 
continuous. Fast swept-spot jamming can approximate continuous jamming by 
causing a phenomenon known as “ringing.” Fast sweeping spot noise is like a 
burst of energy which sets up vibrations within the receiver section. When these 
vibrations last until the next burst of energy is received, this is known as ringing. 
Three factors determine swept-spot jamming effectiveness. The first is the power 
in the spot. The next is the bandwidth, or frequency range, the spot covers. The 
last is the sweep rate. 
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Figure 10-9. Swept-Spot Jamming 


7. COVER PULSE JAMMING 

Cover pulse jamming is a modification of swept-spot jamming. This is a “smart 
noise” technique that is responsive for a short period of time (Figure 10-10). A 
repeater jammer acts as a transponder. It receives several radar pulses and 
determines the PRF of the victim radar. It then uses this data to predict when the 
next radar pulse should arrive. Using an oscillator that is gated for a period of 
time based on predicted pulse arrival time, a noise-modulated signal is amplified 
and transmitted. This process works against a radar with a steady PRF, and 
allows a low-powered repeater to respond to a number of threats by time-sharing. 


Cover Pulse 


Figure 10-10. Cover Pulse Jamming 
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How It Works light soures 


Non-Incandescent Sources 

So long as light is generated by heating a fila- 
ment, plotting the intensity against wavelength 
will result in a smooth curve without irregulari- 
ties. A higher Kelvin value will simply displace 
and compress the curve laterally without chang- 
ing its basic shape to a significant degree. 


The introduction of fluorescent sources and, 
subsequently, light-emitting diodes (LEDs) has 
complicated this scenario. Because they ate lu- 
‘minescent rather than incandescent, they do not 
generate an evenly weighted, continuous range 
of wavelengths. 


LEDs tend to emit monochromatic light, mean- 
ing that itis tightly centered around just one col- 
or. A “white” LED is really a blue LED in which a 
phosphor coating on the semiconductor die is 
excited to create light over a broader range. A 
fluorescent light tends to create spectral lines 
Which show up as sharp peaks at a few wave- 
lengths determined by the mercury inside the 
bulb. Figure 18-4 illustrates these problems. 


The human eye tends to compensate for the yel- 
low emphasis of incandescent lamps and for the 
irregularities in spectra emitted by other light 
sources. Also, the eye is often unable to distin- 
guish between “white” light created as a mix of 
all the visible wavelengths, and light that ap- 
pears white even thoughit is dominated by afew 
isolated wavelengths from a fluorescent source. 


However, when the eye views colors that are il- 
luminated by a source that has gaps in its spec- 
trum, some of the colors will appear unnaturally 
dullordark. Thisistruealso ifan imperfect source 
is used as a backlight to create colors on a video 
monitor. Colors rendered by different light sour- 
cesare shown in Figure 23-7 and subsequent fig- 
ures. 


indicator, or display > single source > incandescent lamp 
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Figure 18-4. The relative performance of three light sour- 
ces compared with sensitivity of the human eye to the 
visible spectrum. Note that the ange of wavelengths on 
the horizantal scale m this figure isnot the same as the 
range in the provious figure. The color assigned to each 
curve is arbitrary. Adapted from VUI Corporation. 


Photography is adversely affected by the use of 
LEDs or fluorescents as a light source. Reds, for 
‘example, can seem dark when lit by white LEDs, 
while blues can be inappropriately intense. Be- 
cause the source does not have an emission 
curve comparable to that of an incandescent 
light, the auto-white balance feature of a digital 
‘camera may be unable to address this problem, 
and it cannot be resolved by entering a different 
Kelvin number manually. 


The fidelity with which a light source is capable 
of displaying the full visible spectrum is known 
as the color rendering index (CRI), ranging from a 
perfect score of 100 down to 0 or even lower 
(sodium-vapor street lighting has a negative val- 
tue). Computing the index requires standard ref- 
erence color samples and has been criticized for 
generating scores that do not correlate well with 
subjective assessments. 


Incandescent bulbs can have a CRI of 100, while 
‘an uncorrected “white” LED may score as low as. 
80. 
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a. Cover pulse jamming is used to initiate a range gate pull-off (RGPO) 
deception jamming technique. The deception jammer transmits a noise jamming 
signal, or cover pulse, that is much stronger than the target return. The cover 
pulse raises the automatic gain inside the range gate, and the range tracking loop 
initiates tracking on the cover pulse. The deception jammer then increases the 
time delay in the jamming pulse and moves the range tracking gate away from the 
real target (Figure 10-11). 


Range Gate 


1 Cover Pulse 


Amplitude 


4A~~——~~~ AGC Clutter Level 


ity gate pull- 
off (VGPO) technique against continuous wave and pulse Doppler radars. The 
cover pulse, in this case, is a strong jamming signal with the same frequency 
shift as the aircraft return. This cover pulse steals the velocity tracking gate and 
sets up the velocity tracking loop to steal the velocity tracking gate based on 
false target Doppler shifts (Figure 10-12). 
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Figure 10-12. Velocity Gate Pull-Off Cover Pulse 


8. MODULATED NOISE JAMMING 

Modulated jammers are special hybrid jammers which employ noise jamming that 
is either amplitude or frequency modulated. The purpose of this modulated noise 
is to defeat target tracking radars (TTRs) rather than deny range information. 
Modulated noise jamming has proven effective against conical scan and track- 
while-scan (TWS) TTRs. 


a. Modulated jamming alters the noise jamming signal at a frequency that is 
related to the scan rate of the target radar. If modulated jamming is used against 
a conical scan radar, a sine wave signal is used (Figure 10-13). The frequency of 
the sine wave is slightly higher than the scan rate of the victim radar. The 
amplitude difference results in a constantly varying phase between the radar and 
the jamming signal. This phase differential produces false targets with a strong 
signal amplitude everywhere the signals reinforce each other. This causes the 
conical scan radar to track the false returns and lose the real target return. For 
this technique to work, the scan rate of the intended victim radar must be known. 


Jammer Output 


Radar Echoes 


Figure 10-13. Conical Scan Modulated Jamming 
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b. Against a TWS radar, a rectangular waveform is used to modulate the noi 
signal. The PRF of the modulation is set at some harmonic of the TWS rate. This 
synchronization results in a number of jamming strobes on the radar scope. Each 
jamming strobe is at a different azimuth or elevation depending on which radar 
beam is being jammed. The number of jamming strobes depends directly on the 
harmonic used to modulate the signal. In Figure 10-14, a modulating signal 
frequency that is four times the scan rate of the radar will produce four jamming 
strobes on the scope. If the jamming is slightly out of tune with the scan rate, the 
jamming strobes will appear to roll across the radar scope. 


TAMIA 


No Jamming Noise Jamming Modulated Noise 


Figure 10-14. TWS Modulated Jamming 


9. SUMMARY 

Radar noise jamming is employed to deny target acquisition and target tracking 
data to a victim radar. This is accomplished by injecting amplitude or frequency 
modulated noise jamming signals into the victim radar’s receiver. The radar noise 
jamming techniques discussed in this chapter included barrage, spot, swept- 
spot, cover pulse, and modulated jamming. The effectiveness of these noise 
jamming techniques depends on the power density of the jamming signal 
compared to the power in the radar return, or the J/S ratio. Radar noise jammers 
are generally simple, high-power systems which can be effectively employed in a 
support or self-protection role. Radar noise jamming can be employed in 
conjunction with deception jamming techniques to maximize the impact of 
jamming on victim radars. 


10-11 


Chapter 10. Radar Noise Jamming Electronic Warfare Fundamentals 


10-12 


Electronic Warfare Fundamentals Chapter 11. Deception Jamming 


CHAPTER 11. DECEPTION JAMMING 


1. INTRODUCTION 

Deception jamming systems are designed to inject false information into a victim 
radar to deny critical information on target azimuth, range, velocity, or a 
combination of these parameters. To be effective, a deception jammer receives 
the victim radar signal, modifies this signal, and retransmits this altered signal 
back to the victim radar. Because these systems retransmit, or repeat, a replica of 
the victim's radar signal, deception jammers are known as repeater jammers. The 
retransmitted signal must match ali victim radar signal characteristics including 
frequency, pulse repetition frequency (PRF), pulse repetition interval (PRI), pulse 
width, and scan rate. However, the deception jammer does not have to replicate 
the power of the victim radar system. 


a. A deception jammer requires significantly less power than a noise jamming 
system. The deception jammer gains this advantage by using a waveform that is 
identical to the waveform the radar's receiver is specifically designed to process. 
Therefore, the deception jammer can match its operating cycle to the operating 
cycle of the victim radar instead of using the 100% duty cycle required of a noise 
jammer. To be effective, a deception jammer's power requirements are dictated 
by the average power of a radar rather than the peak power required for a noise 
jammer. In addition, since the jammer waveform looks identical to the radar's 
waveform, it is processed like a real return. The jamming signal is amplified by 
the victim radar receiver, which increases its effectiveness. The reduced power 
required for effective deception jamming is particularly significant when 
designing and building self-protection jamming systems for tactical aircraft that 
penetrate a dense threat environment. Deception jamming systems can be 
smaller, lighter, and can jam more than one threat simultaneously. These 
characteristics give deception jammers a great advantage over noise jamming 
systems. 


b. Although deception jammers require less power, they are much more 
complex than noise jammers (Figure 11-1). Memory is the most critical element of 
any deception jammer. The memory element must store the signal characteristics 
of the victim radar and pass these parameters to the control circuitry for 
processing. This must be done almost instantaneously for every signal that will 
be jammed. Any delay in the memory loop diminishes the effectiveness of the 
deception technique. Using digital RF memory (DRFM) reduces the time delay 
and enhances deception jammer effectiveness. Deception jamming employed in a 
self-protection role is designed to counter lethal radar systems. To be effective, 
deception jamming systems must be programmed with detailed and exact signal 
parameters for each lethal threat. 
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Figure 11-1. Deception Jamming System 


c. The requirement for exact signal parameters increases the burden on 
electronic warfare support (ES) systems to provide and update threat information 
on operating frequency, PRF, PRI, power pulse width, scan rate, and other unique 
signal characteristics. An electronic intelligence (ELINT) architecture is required 
to collect, update, and provide changes to deception jamming systems. In 
addition, intelligence and engineering information on exactly how a specific 
threat system acquires, tracks and engages a target is essential in identifying 
system weaknesses. Once a weakness has been identified, an effective deception 
jamming technique can be developed and programmed into a deception jammer. 
For example, if a particular radar system relies primarily on Doppler tracking, a 
Doppler deception technique will greatly reduce its effectiveness. Threat system 
exploitation is the best source of detailed information on threat system 
capabilities and vulnerabilities. Effective deception jamming requires much more 
intelligence support than does noise jamming. 


d. Most self-protection jamming techniques employ some form of deception 
against a target tracking radar (TTR). The purpose of a TTR is to continuously 
update target range, azimuth, and velocity. Target parameters are fed to a fire 
control computer that computes a future impact point for a weapon based on 
these parameters and the characteristics of the weapon being employed. The fire 
control computer is constantly updating this predicted impact point based on 
changes in target parameters. Deception jamming is designed to take advantage 
of any weaknesses in either target tracking or impact point calculation to 
maximize the miss distance of the weapon or to prevent automatic tracking. This 
chapter will discuss the most commonly employed deception jamming 
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techniques, including fal 
deception jamming, velo: 


target jamming, range deception jamming, angle 
deception jamming, and monopulse jamming. 


2. FALSE TARGET JAMMING 

False target jamming is an effective jamming technique employed against 
acquisition, early warning, and ground control intercept (GCI) radars. The 
purpose of this type of jamming is to confuse the enemy radar operator by 
generating many false target returns on the victim radar scope. When false target 
deception jamming is successfully employed, the radar operator cannot 
distinguish between false targets and real targets (Figure 11-2). 


> © False Targets 
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Figure 11-2. False Target Generation 


a. To generate false targets, the deception jammer must tune to the 
frequency, PRF, and scan rate of the victim radar. The jamming pulse must 
appear on the radar scope exactly like a radar return from an aircraft. Multiple 
ts greater in range than the jammer are generated by delaying the 
yn of a jamming pulse until after the victim radar pulse has been 
received. False targets closer in range are generated by anticipating the arrival of 
a radar pulse and transmitting a jamming pulse before the victim radar pulse hits 
the aircraft. If the victim radar employs a jittered PRF, only targets greater in 
range can be generated. 


b. To generate different azimuth false targets, the deception jammer 
synchronizes its transmitted pulse with the victim radar's sidelobes. Due to their 
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reduced power, when compared to the main beam, sidelobes are difficult to 
detect and analyze. The receiver in the deception jammer must be sensitive 
enough to detect these sidelobes and not be saturated by the power in the main 
radar beam. A false target deception jammer must inject a jamming pulse that 
looks like a target return into these sidelobes. To penetrate the radar sidelobes 
requires a lot of power. However, the power must be judiciously used. If a 
powerful jamming pulse is injected into the main beam, the false targets will be 
easy to detect. Most false target jammers vary the power in the jamming pulse 
inversely with the power in the received signal, on a pulse-by-pulse basis. This 
means the repeater jamming signal is at minimum power when the main beam of 
the victim radar is on the aircraft and at maximum power when the sidelobes are 
being jammed. To effectively generate false azimuth targets, the jammer must 
have a receiver with a wide dynamic range to detect both the main beam and the 
sidelobes. In addition, the jamming system must be able to generate high power 
that can be effectively controlled by the receiver. 


c. To generate moving false targets, the deception jammer must synchronize 
with the main beam and the sidelobes in frequency, pulse width and PRF. 
Amplitude modulated jamming signals, with variable time delays, are transmitted 
into the sidelobes of the victim radar. The variable time delay provides a false 
target that changes range, either toward or away from the radar, depending on 
the time delay. The amplitude modulation provides false azimuth targets that 
appear to be moving. 


d. The effectiveness of false target generation is based on the credibility of 
the generated false radar returns. If the victim radar can easily distinguish 
between false returns and target returns, the technique is a failure. The false 
returns must look identical to an aircraft return. The radar return on the victim 
radar scope should have the same intensity, depth, and width as a target return. 


(1) Power determines the false target intensity when it is displayed on the 
victim radar scope. Varying jammer output power inversely with received power 
ensures that each false target has nearly the same intensity as a true target 
return. The depth, or thickness, of the false target depends on the pulse width of 
the victim radar. By matching the pulse width of the jamming pulse with the pulse 
width of the victim radar, the jammer can generate false targets with the same 
depth as a real target return. 


(2) The width of the false target depends on the antenna pattern of the 
victim radar. This can pose a problem for false-target deception jammers. 
Because the jamming pulse is transmitted the entire time the radar beam is on the 
jammer, the width of a false target will tend to be greater than a real target return. 
craft radar return varies with main beam cross-section. To correct this 
problem, most false target deception jammers use random modulation in the 
power of the transmitted pulses. This will vary the width of the false targets and 
make them look more like the variable returns of actual targets. 
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3. RANGE DECEPTION JAMMING 
Although a specific TTR can track multiple targets and direct multiple weapons, 
the tracking circuit must select a single target return and track it while ignoring 
all other returns. Target selection is done by using gate bins. The range gate is 
used as the primary gate for target selection. A range gate is an electronic switch 
that is turned on for a period of microseconds based on a certain range or time 
delay after a pulse is transmitted (Figure 11-3). 


Range Gate 


@— Target Return 
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Figure 11-3. Range Gate Tracking 


a. Range deception jamming exploits any inherent weakness in a TTR's 
automatic range gate tracking circuits. When a TTR's range gate locks on to an 
aircraft, the range deception jammer detects the radar signal. The range 
deception jammer then amplifies and retransmits a signal much stronger than the 
radar return. This retransmitted signal, called a cover pulse, is displayed in the 
range gate with the target signal (Figure 11-4). 
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Figure 11-4. Range Gate Jamming Cover Pulse 


b. The automatic gain control (AGC) circuit lowers the gain in the range 
tracking gate to control the amplitude of the cover pulse in the range gate. 
Reduced gain causes the real target return to be lost, and the range gate only 
tracks the jamming signal. This is known as range gate capture. 


c. Once the range gate is captured by the cover pulse, a technique called 
range gate pull-off (RGPO) is employed (Figure 11-5). The deception jammer 
memorizes the radar signal and introduces a series of time delays before 
retransmitting. By increasing these time delays, the range gate will detect an 

and automatically move off to a false range. Once the range 
gate has moved well away from the real target, the range deception jammer shuts 
down, and the radar range gate is left with no target to track. The range gate 
breaks lock and the TTR must again go through the process of search, 
n, and lock-on to re-engage the target. 
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Power Consumption 
Approximately 95% of the power consumed by 
an incandescent lamp generates heat instead of 
Visible light. This wastage of powerin room light- 
ing is compounded by the power consumption 
of air conditioning to remove the heat from en- 
closed spaces in hot climates, While the heat 
from incandescent lamps does reduce the need 
for space heating in cold environments, heat is 
delivered more efficiently by using systems de- 
signed for that purpose. Consequently, greater 
energy efficiency can be achieved with a light 
source that generates less heat, regardless of 
ambient air temperature. 


Variants 


Miniature Lamps 
Prior to the development of LEDs, all light- 
emitting panel-mounted indicators were either 
neon bulbs or incandescent lamps. The use of 
neon is limited by its need for a relatively high 
voltage. 


Miniature incandescents were the traditional 
choice for battery-powered light sources, and at 
the time of writing are still used in cheap flash- 
lights. Variants are available that are as small as a 
Smm LED, with a claimed life expectancy that is 
comparable, although they draw morecurrentto 
generate an equivalent light intensity, because 
much of their power is wasted in infrared wave- 
lengths. 


‘The photograph in Figure 18-5 is of a miniature 
lamp terminating in pins spaced 0.05" apart. The 
total height of the lamp, including its ceramic 
base, is less than 0.4’ while its diameter is just 
over 0.1" It draws 60mA at SV and is rated for 
25,000 hours. 


The photograph in Figure 18-6 is of a lamp of 
similar size and power consumption, but termi- 
nating in wire leads and rated for 100,000 hours. 
temits 0.63 lumens. 


Incandescent lamp 


Variants 


Figure 18-5. A miniature lamp less than 0.4” high, term 
‘nating in pins spaced 005" apart 


C* 


a 


Figure 18-6. This lamp is 0.25" high and terminates in 
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Figure 11-5. Range Gate Pull-Off 


d. There are several advantages of range deception jamming, especially when 
used as a self-protection technique. It can generate sufficient errors to deny 
range information and is effective against most automatic range tracking 
systems. This technique does not require a large amount of power, just enough 
to cover the radar return of the aircraft. If the time delays are not exaggerated, an 
operator may not detect the loss of range lock-on until after a missile has been 
fired. The insidious nature of range deception jamming may generate enough 
miss distance to save the aircraft and pilot. 


There are disadvantages to using range deception jamming. First, it can b 
defeated by a trained radar operator. If the operator detects a problem with the 
automatic range tracking circuit, the system can be switched to manual range 
tracking mode to defeat RGPO. Also, if the threat system is still able to track the 
aircraft's azimuth and elevation, range information may not be required to 
complete target engagement. To maximize range deception jamming 
effectiveness, it should be employed in conjunction with azimuth and elevation 
jamming. Finally, this type of range deception jamming is not effective against a 
leading-edge range tracking system. A leading-edge tracker will not see the 
delayed cover pulse. As the cover pulse moves off the target, AGC circuits reset 
the gain to continue tracking the real target. The only way to defeat a leading- 
edge range tracker is with a deceptive jammer that anticipates the next radar 
pulse and sends a jamming cover pulse before it reaches the aircraft. This 
jamming technique can also be defeated by randomly varying the radar PRF. 
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4. ANGLE DECEPTION JAMMING 
Angle deception jamming is designed to exploit weaknesses in the angle tracking 
loop of the victim radar. The specific technique depends on the tracking method 
used to derive azimuth and elevation information. Inverse amplitude modulation 
jamming is the main angle deception technique used against TWS radars. For 
conical scan radars, scan rate modulation and inverse gain jamming are used. 
Swept square wave (SSW) jamming is used against LORO tracking radars. 
Monopulse angle deception jamming will be covered separately. 


a. The azimuth and elevation tracking loop for a TWS radar is based on target 
signal amplitude modulation. The inverse amplitude modulation jammer 
generates a signal with modulation exactly opposite the expected return. To 
accomplish this, the angle deception jammer must receiv radar signals from 
the tracking beams. The jammer responds with a signal of the same frequency, 
PRF, and scan rate synchronized to the inverse of the radar antenna pattern 
(Figure 11-6). This induces an error in the angle tracking gate that, over a series 
of scans, causes the radar to lose target angle tracking. 
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Figure 11-6. Inverse Amplitude Modulation Jamming 
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b. Inverse gain jamming is also effective against conical scan radars. Since 
conical scan radars use the phase of the target returns to generate error signals, 
an inverse gain deception jammer attempts to alter the phase by inducing fake 
signals into the antennas. In addition, by altering the amplitude of the signal, the 
jammer induces large errors into the tracking loop. To accomplish this, the 
jammer must determine the frequency, PRF, and scan rate of the victim radar. It 
then transmits signals that change the phase and amplitude of the target signal, 
resulting in a signal 180 degrees out of phase with the actual target (Figure 11-7). 
This 180-degree error rapidly drives the antenna off the target and causes 
break-lock. 


Conical Scan 
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Figure 11-7. Inverse Gain Jamming 


¢. Scan rate modulation is also used against conical scan radars. This angle 
deception technique modulates the jamming pulse at or near the victim radar 
nutation frequency. As the modulation approaches the radar’s nutation 
frequency, large error signals appear in the radar servo tracking loops, producing 
random gyrations in the antenna system, causing break-lock. This techniqu 
most effective if the modulation jamming is slowly swept in frequency until it 
matches the nutation rate. 
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d. Both inverse scan and scan rate modulation jamming require very little 
power and have proven extremely effective against TWS and conical scan radars. 
To be effective, however, the angle deception jammer must find the precise scan 
rate of the victim radar. The jammer must concentrate on one signal at a time, 
limiting the number of threat systems that can be jammed simultaneously. In a 
dense threat environment, this can be a severe limitation. 


e. The effectiveness of inverse gain and scan rate modulation jamming led 
radar designers to employ antennas that scan only during the receiving function 
of the radar system. Generally, this is accomplished by using two antennas. The 
transmitting antenna illuminates the target. Receiving antennas scan to produce 
the amplitude modulation of the reflected signal for effective angle tracking. This 
technique is called Lobe-On-Receive-Only (LORO). Since the transmitting 
antenna does not nutate, or scan, angle deception jammers cannot detect the 
modulation required to generate effective inverse gain modulation. Swept square 
wave (SSW) jamming is the angle deception technique developed to counter 
LORO angle tracking. 


f._ SSW jamming continuously varies the frequency of amplitude modulation 

range of nutation or scanning 
This range is established by either electronic intelligence (ELINT) 
data on a particular system, or by exploitation. The dotted line in Figure 11-8 
shows a threat's nutation or scan frequency. As the frequency of the modulated 
jamming pulse approaches the threat scan frequency, it induces errors in the 
angle tracking loop of the victim radar. The longer the SSW jamming stays near 
the scan frequency, the greater the induced errors. It is important that the sweep 
rate of the modulating jamming be slow enough to maximize its impact on the 
victim radar. 
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Figure 11-8. Swept Square Wave Jamming 
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5. VELOCITY DECEPTION JAMMING 
Pulse Doppler and continuous wave (CW) radars track targets based on velocity 
or Doppler-shifted frequency (Figure 11-9). The objective of velocity deception 
jamming is to deny velocity tracking information and generate false velocity 
targets. The primary techniques include velocity gate pull-off (VGPO), Doppler 
noise, narrowband Doppler noise, and Doppler false targets. 
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Figure 11-9. Velocity Tracking Gate 


a. Velocity gate pull-off counters pulse Doppler or CW radars by stealing the 
velocity gate of their automatic tracking loop. The objective of VGPO is to capture 
the Doppler velocity tracking gate by transmitting an intense false Doppler signal. 
Then the frequency of the false signal is changed to move the tracking gate away 
from the true target Doppler. This is analogous to the RGPO technique used 
against the range gate tracking loop. 


(1) To accomplish an effective VGPO technique, the jammer receives the 
CW or pulse Doppler signal. It then retransmits a CW or pulse Doppler signal that 
igher in power than the return from the aircraft, but at approximately the same 
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Doppler frequency (Figure 11-10). It is important that the frequency of this initial 
jamming pulse appears within the same velocity tracking filters as the target 
return or the victim radar will disregard it. The frequency band of the Doppler 
tracking filters is an important piece of intelligence information. The velocity 
tracking gates are quite narrow, roughly 50 to 250 MHz. Once the jamming pulse 
appears in the tracking gate, the automatic gain control circuit gains out the 
target return, and the jamming pulse has captured the velocity gate. 
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Figure 11-10. Velocity Gate Capture 


(2) Once the jamming pulse has captured the tracking gate, the deception 
jammer slowly changes the Doppler frequency (Figure 11-11). This frequency 
shift is accomplished by several methods. The most common method uses 
frequency modulation (FM) within the jammer’s traveling wave tube (TWT). By 
varying the TWT voltage, the Doppler frequency of the jamming pulse is changed 
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linearly, and the radar tracking gates follow the jamming pulse. By using FM, the 
jamming pulse can be moved fer a positive or negative direction, depending 
on the slope of the voltage. By slowly changing the frequency of the modulation, 
the jamming pulse pulls the tracking gates off the target. When the maximum 
offset has been achieved, nominally 5 to 50 KHz, the FM is “snapped back” to a 
imum value, and the process is repeated to preclude target reacquisition. 


AGC Level 


Frequency 


Figure 11-11. Velocity Gate Pull-Off 


(3) The rate of change of frequency offset in a VGPO pulse is an extremely 
critical parameter. Many CW and pulse Doppler radars employ acceleration stops 
as part of the tracking gates. By differentiating the velocity outputs of the velocity 
tracking gates with respect to time, the velocity tracker computes target 
acceleration. Acceleration stops detect and reject unusually large changes in 
target acceleration. If the VGPO technique changes the frequency of the jamming 
pulse too rapidly, the tracking loop, with acceleration stops, will reject the 
jamming pulse and stay on the target. This means that an effective VGPO 
technique may take from one to ten seconds. 


b. Doppler noise differs from most noise techniques in that it is a repeater 
technique. The jamming system must receive the pulse Doppler radar signal in 
order to generate an appropriate jamming pulse. Also, noise jamming output is 
done on a pulse-by-pulse basis and only lasts as long as the pulse duration, or 
pulse width, of the victim radar signal (Figure 11-12). The Doppler noise jammer 
receives each pulse and applies a random frequency shift, either positive or 
negative, to each pulse. 
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Doppler Radar Doppler Noise Jammer 


Figure 11-12. Doppler Noise Jamming 


(1) When Doppler noise jamming pulses are processed by the signal 
processor, and the Doppler frequencies are sent to the velocity tracking gate, 
there are so many different velocities that the tracking gate cannot distingui: 
the target from the jamming. The random distribution of target velocities 
effectively masks the true target Doppler velocity. If the velocity tracking loop is 
not saturated, multiple false targets traveling at different speeds will be 
displayed. 


(2) When a technique called Doppler noise blinking is employed, it 
interferes with the angle and velocity tracking within most semi-active radar 
missiles. Doppler noise blinking is accomplished by rapidly transmitting bursts of 
Doppler noise jamming (Figure 11-13). 
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Figure 11-13. Impact of Doppler Noise Jamming 
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(3) Doppler noise jamming is effective against most pulse Doppler radars 
and the semi-active missiles employed with these radars. One disadvantage, 
however, is that it is only effective against the velocity tracking loop. If range 
tracking is still available to the radar, Doppler noise may highlight the jamming 
cated 
jammer able to receive the victim radar pulse, generate random positive and 
negative frequency modulations on this pulse, and retransmit the jamming pulses 
at the PRF and pulse width of the vi s an extremely fast 
signal processing capability and detailed intelligence information on the victim 
radar. 


c. Narrowband Doppler noise is also a repeater technique. The jamming 
system receives the pulse Doppler radar signal and generates a noise jamming 
signal on a pulse-by-pulse basis (Figure 11-14). Narrowband Doppler noise 
requires detailed information on the frequency coverage of an individual velocity 
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Figure 11-14. Narrowband Doppler Noise 


(1) When these pulses are processed by the signal processor and the 
Doppler signals are sent to the velocity tracking gates, the particular bin that 
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contains the target Doppler also contains several other targets generated by the 
jammer. The victim radar signal processor attempts to distinguish the target 
Doppler from the jamming pulses. It raises the gain in the velocity tracking bins, 
thinking that the signal with the highest amplitude is the target. But, as the signal 
gain is increased, the target is “gained out” with the jamming signals and no 
target is displayed. This is called velocity bin masking and can completely deny 
target information to a pulse Doppler radar (Figure 11-15). 
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Figure 11-15. Velocity Bin Masking 


(2) The advantage of narrowband Doppler noise is that it completely 
masks an aircraft's velocity from a pulse Doppler radar. The disadvantages 
include the following: When the victim radar can range-track an aircraft, 
narrowband Doppler noise highlights the aircraft's presence. To be effective, 
narrowband Doppler noise requires knowledge of the frequency range of the 
victim radar's velocity tracking bins, or filters. This detailed information may be 
available only through threat system exploitation. Finally, sophisticated signal 
processing and jamming systems are required to receive and transmit in the very 
narrow frequency band of the velocity bin. 


d. Doppler false target jamming is normally used with narrowband Doppler 
noise or other deception techniques. Its purpose is to initially confuse the radar 
signal processor with multiple targets and then force the radar signal processor 
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Variants 


‘The lamp picturedin Figure 18-7is slightly larger, 
with a glass envelope about 0.25” diameter. Itis 
rated for less than half the lifetime of the lamp in 
Figure 18-6 but emits three times as much light 
—a typical tradeoff. Various base styles are avail 
able. 


Figure 18-7. This lamp has a glass envelope about 0.35" 
high Its screw-in base makes it easier to replace than an 
LED. 


In the United States, the light output from mini- 
ature incandescent lamps may be measured in 
lumens, butis more often rated in mean spherical 
candlepower (MSCP). An explanation of light 
measurementisincludedin “MSCP" on page 178. 


Lamp lenses provide a quick and simple way to 
add colortoaminiature incandescent lamp. Usu- 
ally the lens is cylindrical with a hemispherical 
end cap, and is designed to push-fit or snap-fit 
over a small lamp. Even when the cap is translu- 
cent, it may still be referred to asa lens. 


Panel-Mount Indicator Lamps 
This term often refers to a tubular assembly con- 
taining a miniature lamp, ready for installation. 


‘The enclosure is often designed to snap-fit into 
a hole drilled in the panel. If the incandescent 
bulb inside the enclosure cannot be replaced, 
the component is said to be “non-relampable” 
Figure 18-8 shows a 12-volt panel-mount indica- 
torlamp. 


light source, indicator, or display > single source > incandescent lamp 


Figure 18-8. This panel-mount indicator lamp is designed 
fo push into a hole 1/2" in diameter. The bulb inside it 
snot replacable, causing the assembly to be classified as 
“non-relampable.” 


Halogen or Quartz-Halogen 

This is a type of incandescent lamp containing 
‘gases under pressure in which halogens such as, 
iodine or bromine cause evaporated tungsten 
atoms to be redeposited on the filament. A hal- 
‘ogen lamp can therefore operate at a higher 
temperature, creating a light that is less yellow 
and brighter than that from a comparable incan- 
descent lamp. Italso enables a smaller bulb, but 
requires an envelope of borosilicate-halide glass 
(often termed fused quartz) instead of regular 
glass. A halogen lamp will be slightly more effi- 
cient than an incandescent bulb of the same 
wattage, and will ast longer. 


Halogensareavailable ina variety offormats. The 
small bulb pictured in Figure 18-9 consumes 
75W, emitting 1,500 lumens at 3,000 degrees 
Kelvin. The light intensity is claimed to be equiv- 
alent to that of a 100W incandescent bulb. It has 
a mini-candelabra base, 


Oven Lamps 
‘Oven lamps are designed to withstand the high 
temperaturein an oven. Typically they are usable 
with ambient temperatures up to 300 degrees C. 
‘Acommon power rating is 15W. 
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to raise its gain levels in the velocity tracking loop. The Doppler false target 
jammer receives each pulse of the victim radar and applies a random frequency 
shift to a selected number of these pulses (Figure 11-16). 
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Figure 11-16. Impact of Doppler False Target Jamming 


(1) The selected pulses are processed by the signal processor, and 
Doppler frequencies are sent to the velocity tracking gate. In an attempt 
tinguish the target from the jamming pulses, the signal processor increases 
the gain in each tracking filter, assuming the target Doppler has a higher 
amplitude than the jamming pulses. This increase in gain sets up the velocity 
tracking loop for a narrowband Doppler noise technique that will cause the real 
target to be lost among the generated false targets. 


(2) The advantage of Doppler false target jamming is that it can initially 
confuse the radar signal processor and the radar operator as to the velocity of 
the real target. It also sets up the radar for narrowband Doppler noise technique 
and increases its effectiveness. The disadvantage is that the signal processor or 
the radar operator will eventually be able to distinguish the real target from the 
false targets based on its velocity. This jamming technique is much more 
effective when used in conjunction with other Doppler jamming techniques. 


6. MONOPULSE DECEPTION JAMMING 


The ability of monopulse tracking radars to obtain azimuth, range, and elevation 
information on a pulse-by-pulse basis make them extremely difficult to jam 
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(Figure 11-17). Amplitude modulation jamming used against conical scan or TWS 
radars, such as inverse scan and swept square wave, highlights a target, making 
monopulse tracking easier. Frequency modulation techniques, such as RGPO 
and VGPO, are equally ineffe They serve as a beacon that aids the 
monopulse radar's target tracking ability. The monopulse radar may be able to 
track the jammer with more accuracy than tracking actual radar returns because 
target glint effects are absent from the jamming pulse. Monopulse angle jamming 
techniques can be divided into two main categories, system-specific and 
universal. Examples of system-specific jamming techniques include skirt 
frequency jamming, image jamming, and cross-polarization jamming. These 
techniques attempt to exploit weaknesses in the design and operation of specific 
monopulse radars. Cross-eye jamming, a universal technique, attempts to exploit 
all monopulse radar systems. 
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Figure 11-17. Monopulse Radar Receiver 


a. Skirt frequency jamming, or filter skirt jamming, is designed to counter the 
monopulse receiver. Skirt frequency jamming is based on the fact that the 
intermediate frequency (IF) filter of the monopulse receiver must be correctly 
tuned to the transmitting frequency of the monopulse radar. It these two 
components are not exactly tuned, the target signal may be presented on the 
edge, or skirt, of the receiver IF filter. This offers an opportunity to inject a 
jamming signal into this skirt (Figure 11-18). 
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Figure 11-18. Filter Skirt Jamming Pulse 


(1) Filter skirt jamming attempts to take advantage of this frequency 
imbalance by transmitting a jamming pulse tuned slightly off the radar 
transmitted frequency and in the middle of the receiver IF filter. This jamming 
pulse will generate a false error signal and drive the antenna away from the true 
target return. 


(2) A well designed and maintained monopulse system does not have a 
frequency imbalance. The transmitter and IF filter frequencies will be identical. 
Jamming signals that are even slightly out of this narrow frequency range will not 
affect the monopulse tracking capability of the radar (Figure 11-19). 
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Figure 11-19. Ineffective Filter Skirt Jamming 
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(3) Effective filter skirt jamming requires extensive knowledge of the 
internal operation of the IF filter. This information can normally be obtained only 
by system exploitation. Variances from radar to radar and frequency imbalance 
exists from one radar IF filter to another. This creates a high degree of 
uncertainty in the effectiveness of this technique. 


b. Image jamming exploits another potential weakness in the monopulse 
receiver (Figure 11-20). Some monopulse receivers have a wide-open front end 
with no preselection before the mixer. If the jammer transmits a pulse at the 
intermediate, or image, frequency, but out of phase with this frequency, the phase 
of the target tracking signal will be reversed and the antenna will be driven away 
from the target (Figure 11-21). Effective image jamming requires detailed 
formation on the operation of the monopulse receiver. Of particular importance 
the image, or intermediate, frequency and whether the local oscillation 
frequency is above or below the transmitted frequency. This may require 
exploitation of the monopulse threat system. In addition, a well-designed 
monopulse system has preselection in the front end and will reject signals that 
are out of phase with the transmitted frequencies. This capability renders image 
jamming ineffective. 
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Figure 11-20. Monopulse Image Frequency 
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Figure 11-21. Monopulse Image Jamming 


¢. Cross-polarization jamming exploits the difference in the monopulse 
antenna pattern for a jamming pulse that is polarized orthogonal to the design 
polarization. The antenna pattern for a two-channel monopulse radar using sigma 
and delta beams shows the tracking point to be between the two beams (Figure 
11-22). This is true if the radar is using its design polarization. However, the radar 
antenna also has a receiving pattern for a signal that is cross-polarized with the 
design frequency. For a cross-polarized signal, the tracking point is shifted one 
beamwidth to the right. This shift in the tracking point results in a target tracking 
180° out of phase with the real signal. To be effective, a jamming 
signal polarized orthogonally to the design frequency of the radar would have to 
be 25 to 30 decibels, or about 1000 times, stronger than the radar signal. 
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Figure 11-22. Cross-Polarization Antenna Pattern 
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(1) A cross-polarized jammer must receive and measure the polarization of 
the victim monopulse radar. The jammer then transmits a very high power 
jamming signal at the same frequency, but orthogonally polarized, to the victim 
radar. As a rule, the jamming signal must be 25 to 30 dBs stronger than the target 
return to exploit the tracking errors in the cross-polarized antenna pattern. 
Additionally, it must be as purely orthogonal to the design polarization as 
possible. Any jamming signal component that is not purely orthogonal will 
highlight the target and require more jamming power to cover the target return. 


(2) A cross-polarized jammer must be able to generate a powerful jamming 
pulse that is polarized orthogonal to the victim radar. A cross-polarized jammer 
that generates the power and purity of polarization required to defeat monopulse 
angle tracking poses extreme technological challenges. 


d. Cross-eye jamming is a complex technique that attempts to distort the 
wavefront of the beams in a monopulse radar and induce angle tracking errors. It 
exploits two basic assumptions of monopulse tracking logic in comparing target 
returns on a pulse-by-pulse basis. The first assumption is that a target return will 
always be a normal radar pulse echo. The second assumption is that any shift in 
amplitude or phase in a target return is due to the tracking antenna not pointing 
directly at a target. This condition generates an error signal and the antenna tries 
to null, but the amplitude or phase shifts. 


(1) Cross-eye jamming attacks the two assumptions through a process of 
receiving and transmitting jamming pulses from different antennas separated as 
far apart as possible. In Figure 11-23, the phase front of a monopulse signal is 
received by the number 1 receive antenna, amplified by the repeater, and 
transmitted by the number 2 transmit antenna. The same phase front then hits 
receive antenna number 2, is shifted 180°, amplified by the repeater, and 
transmitted by the number 1 transmit antenna. These two out-of-phase signals 
must be matched in amplitude and must exceed the amplitude of the target 
return. 


(2) When these jamming signals arrive at the victim radar, the tracking 
loop attempts to null out the amplitude and phase differences. With two widely 
spaced jamming sources at different phases, the antenna never achieves a null 
position or tracking solution. The distance between antenna pairs is an important 
parameter that determines the effectiveness of cross-eye jamming. The wider the 
spacing between antenna pairs, the more distortion in the victim's wave front 
near the true radar return. Most fighter aircraft do not provide sufficient spacing 
between the antennas to maximize effectiveness. Effectiveness is also lost when 
the aircraft is abeam or going away from the radar. To further complicate matters, 
when the radar is directly in front of the aircraft, the jamming pulses must have a 
power at least 20 dBs above the target return. Cross-eye jamming can also be 
defeated with a leading-edge tracker that rejects jamming signals arriving at the 
antenna behind the target return. 
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(3) Countering monopulse angle tracking is the greatest challenge for 
protection jamming systems. Skirt jamming and image jamming have had limited 
success. Cross-polarization and cross-eye jamming techniques require complex 
and sophisticated circuitry and much power. 
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Figure 11-23. Cross-Eye Jamming 


7. TERRAIN BOUNCE 

Terrain bounce is a jamming technique used primarily at low altitude. It is used to 
counter semi-active, air-to-air missiles and monopulse tracking radars. The 
technique involves a repeater jammer that receives the radar or missile guidance 
signal. The jammer amplifies and directs this signal to illuminate the terrain 
directly in front of the aircraft. The missile or radar tracks the reflected energy 
from the spot on the ground instead of the aircraft (Figure 11-24). 
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“Jamming Spot 


Figure 11-24. Terrain Bounce 


a. To be effective, the terrain bounce jamming antennas should have a narrow 
elevation beamwidth and a broad azimuth beamwidth. This transmission pattern 
maximizes the energy directed toward the ground and minimizes the energy 
transmitted toward the missile or radar. To overcome signal losses associated 
with uncertain terrain propagation, the jamming system should also generate 
high jamming power. This ensures the energy reflected from the terrain is higher 
than the energy in the aircraft return. The terrain bounce jamming antennas 
should have very low sidelobes to preclude activation of any home-on-jam (HOJ) 
missile capability. For an air-to-air missile, the terrain bounce technique should 
be activated at long range. TI ally put the aircraft and the jamming spot 
in the same resolution cell. As the range decreases, the missile will be decoyed 
by the higher power in the jamming spot. 


b. Some problems associated with terrain bounce jamming include the 
uncertainty of the signal scattering parameters of the various terrain features and 
the possible changes in signal polarization caused by terrain propagation. In 
addition, terrain bounce jamming can place maneuvering restrictions and 
maximum altitude limitations on the aircraft. 


8. SUMMARY 

There are several deception jamming techniques that can be employed to counter 
threat radar systems. The effectiveness of these techniques can be enhanced 
when they are employed in combination. For example, the effectiveness of an 
RGPO technique is enhanced when an angle deception technique is also 
employed. Determining the most effective deception technique, or combination of 
techniques, can present a challenge to intelligence and engineering analysts. 
However, when employed with maneuvers and chaff, deception techniques can 
mean the difference between success and failure on the modern battlefield. 
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CHAPTER 12. DECOYS 


4. INTRODUCTION 

A decoy is a device designed to look to an enemy radar more like an aircraft than 
the actual aircraft itself. Decoys do three primary missions: they saturate the 
enemy's integrated air defense system (IADS), coerce the enemy into exposing 
his forces prematurely, and defeat tracking by enemy radar. This chapter will 
discuss saturation decoys, towed decoys, and expendable active decoys. Chaff 
and flare systems will be discussed in separate chapters. 


2. SATURATION DECOYS 


A saturation decoy is usually an expendable vehicle designed to emulate a 
penetrating aircraft. Its mission is to deceive and saturate an enemy's IADS. 
Employing multiple saturation decoys can force an IADS to devote critical 
resources to engage these false targets. This depletes enemy assets available to 
engage penetrating aircraft. In addition, ground or air launched saturation decoys 
can be used to stimulate the IADS, to collect intelligence data, or to initiate 
attacks by suppression of enemy air defense (SEAD) assets. The three main 
characteristics of saturation decoys are their electronic signature, their flight 
program, and their mission type. 


a. Saturation decoys must present an electronic signature, or radar return, 
that is indistinguishable from the aircraft they are protecting. Decoys can do this 
by either passive or active measures, or use a combination of both. A passive 
decoy is essentially a flying radar reflector. The size, shape, and materials used in 
the decoy are optimized to ensure that the proper amount of radar energy is 
returned to the enemy radars. Active decoys employ radar repeater systems to 
receive the enemy radar signal, amplify it and send back a radar return of the 
proper size to confuse the enemy. Reflecting or transmitting the proper size radar 
return is critical for both passive and active decoys. A return that is too large or 
too small will allow the enemy radar operator to differentiate between decoys and 
aircraft, causing the decoys to be ignored. 


b. To continue deceiving an enemy IADS, a decoy must do more than provide 
the proper-sized radar return. Possessing flight characteristics similar to the 
aircraft it is protecting increases the probability that the decoy will effectively 
deceive an IADS for a sustained period of time. Modern decoys can either be 
powered with rockets, miniature engines, or simply glide for very long distances 
based upon the altitude and airspeed of the jet that releases them. Additionally, 
their flight paths can be pre-programmed into an onboard autopilot, allowing the 
decoy to fly an independent ground track, thus increasing their appearance as 
attack aircraft worth tracking. 
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c. Saturation decoys carry out two of the three decoy missions. Launched in 
significant numbers, they can saturate or overburden an IADS. Meanwhile, their 
realistic electronic image and preprogrammed flight paths entice the enemy to 
turn on radars and show his forces. 


(1) Saturation decoys launched in coordination with an attacking strike 
package force the enemy to take time to process meaningless tracks and tie up 
critical assets. In this role, decoys primarily work against the early warning 
network of the enemy IADS by presenting the IADS with numerous targets to sort 
and track. Resources committed to tracking decoys may not be available to track 
actual aircraft. Additionally, if an enemy knows that decoys are present, he may 
not commit any resources against targets for fear they are just decoys. 


(2) Time of radiation or “emission control” is a critical factor for 
ition and target tracking radars. To be effective and survive on the 
ield, ground threat radars radiate as little as possible; too much time 
radiating allows ELINT collectors to find their location and either direct aircraft to 
avoid them or call in an attack upon them. Therefore, when a decoy can get a 
radar to emit, the radar is now essentially compromised and can be avoided or 
attacked. Getting the enemy's radars to emit is called “stimulating the IADS,” 
which is generally a precursor to any threat suppression mission. 


(3) An extremely successful example of using decoys to stimulate the 
IADS was carried out in the Bekaa Valley in 1982. The Israelis opened the conflict 
by launching saturation decoys to successfully simulate an attack. While the 
Syrians reloaded, Israeli fighters attacked, destroying 17 of 19 Syrian SA-6s in the 
beginning of the battle. With the ground threat neutralized, the Israeli Air Force 
went on to destroy 85 Syrian fighters in the pure air-to-air conflict that resulted. 


Figure 12-1. Tactical Air Launched Decoy 


d. Two examples of saturation decoys are the Navy's Tactical Air Launched 
Decoy (TALD) in Figure 12-1 and the Air Force's proposed Miniature Air Launched 
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Figure 18-9. A halagen bulb siightly more than 2° in 
Jength. designed for ISVAC. 


Base Variants 

Miniature lamps are available with a wide variety 
of connection options, including wire terminals, 
single-contact bayonet, double-contact bayo- 
net, miniature screw base, and fuse style, Most of 
these options require a matching socket. 


Screw-in lamps for room illumination are com- 
mon in household lighting in the United States 
and many other countries (but not in the UK, 
where bayonet fittings are used). The US socket 
size is designated by letter E followed by a num- 
ber that gives the socket diameterin millimeters, 
Common sizes are E10, £14 and E27. 


A bayonet base is fitted with two small lugs pro- 
truding on opposite sides. The lamp is secured 
by pushing itin and twistingitto engage the lugs 
in slotsin the socket. The advantage of a bayonet 


Values 


baseis that the bulb isless likely to become loose 
as a result of vibration, 


A pin base consists simply of a pair of pins that 
will push-fit into small holes in a sacket, 


A flange base has flange that engages in a sock- 
et where flexible segments will retain it. 


‘A wedge base is forced between two contacts 
Which retain the bulb by friction. 


Some indicator lamps terminate simply in long, 
thin leads that can be soldered. 


Values 


While the power consumption of full-size incan- 
descent lamps is rated in watts, small indicator 
lamps are rated in milliamps at the voltage for 
which they are designed. Miniature lamps may 
require specific voltages ranging from as low as 
2V to 24V. A higher voltage generally necessi- 
tates a longer filament, which may entail larger 
bulb, 


‘The light that a lamp will emit can be measured 
in two ways:either as the power ofthe lamp (not 
its power consumption, but its radiating power), 
or as the light delivered to a specific area at a 
specific distance, These two measurements may 
differ because a lamp may concentrate its light 
ina beam, as in the case of a reflector bulb or an 
LED. 


Power 

Flux, in watts, is a measurement of energy flow in 
Joules per second, The total radiating power of a 
lamp, in all wavelengths, in all directions, is 
knownasits radiant lux. Because invisible wave- 
lengths are of little interest when assessing the 
brightness of a lamp, the term luminous flux is 
used to describe the apparent brightness of the 
lamp in the visible spectrum, The unit for lumi- 
‘nous flux is the lumen. 


The human eye is most responsive to yellow- 
green hues in the center of the spectrum, Con- 
sequently, the measurement of luminous flux is 
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Decoy (MALD) in Figure 12-2. Both of these decoys can work actively or passively 
and both have pre-programmable flight paths. The TALD is an unpowered decoy 
normally launched from an F-14 Tomcat. The Air Force's MALD is a smaller jet- 
powered decoy also designed to be used by fighter aircraft. The MALD is 90 
inches long, 6 inches in diameter, and has 25-inch wings that are foldable- 
essentially it is the size of an air-to-air missile. Because of its small size, the 
MALD can be carried into the target area before it is launched. Once launched it 
uses its speed, independent flight path, and electronically manipulated radar 
signature to make acquisition radars and target tracking radars mistake it for one 
of the attacking aircraft. 


Figure 12-2. Miniature Air Launched Decoy (MALD) 


3. TOWED DECOYS 


A towed decoy is a small jammer that is physically attached to the aircraft (Figure 
12-3). Unlike the saturation decoys that work against the IADS, the towed decoys 
are for individual aircraft survival. Towed decoys are designed to defeat enemy 
missiles in the final stages of an engagement; therefore, towed decoys, as well as 
other expendables, are known as endgame countermeasures. While towed 
decoys are primarily designed to provide sufficient miss distance between an 
attacking semi-active radar missile and the protected aircraft, they may also be 
effective against pulse Doppler radars and monopulse radars. 


a. To be effective, the towed decoy must turn on within the threat radar’s 
resolution cell after the radar is tracking the protected target. To successfully 
decoy the missile, the towed decoy must return radar signals with sufficient 
power to simulate a radar cross section (RCS) significantly larger than that of the 
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protected target. There are currently two generations of towed decoys on the 
market. Their primary difference lies in the connection each has with the aircraft 
towing it. 


Safety 
Circle 


Figure 12-3. Towed Decoy 


(1) The first generation of towed decoys contains a simple repeater 
jammer that enhances any signal it receives in the proper frequency range. The 
enhanced signal is stronger than the aircraft signal so the missile is lured 
towards the decoy. These decoys are stand-alone units that contain all the 
electronics, processors, receivers and transmitters within them. The only tie to 
the aircraft is for power and status. One of the big advantages of these simple 
repeater devices is that they do not require the exact frequency of the enemy 
radar systems to be effective, they will enhance any signal coming at them. An 
area of concern with the use of towed decoys is possible conflict between the 
onboard jamming system and the towed decoy. The onboard system could 
overpower the decoy, causing the attacking missile to ignore the decoy and track 
the aircraft. 


(2) The second generation of decoys is tethered to the aircraft via fiber 
optic cable. Through this cable travels the different jamming modulations to be 
used by the decoy. These fiber optic towed decoys (FOTD) only contain the 
transmitters; the remaining items are in the jet or the pod. This system allows for 
more complex jamming through the decoy, including cooperative jamming 
between the aircraft and the decoy. 


b. The separation required between the decoy and the aircraft is a primary 
consideration in developing a towed decoy system. The towed decoy should be 
positioned far enough behind the aircraft to preclude warhead fragments from 
missiles guiding on the decoy from also impacting the aircraft. Missile A in Figure 
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12-3 depicts a situation where the missile will detonate well outside of the 
aircraft's safety circle. From a pilot perspective, any restrictions on aircraft 
maneuvering imposed by a towed decoy are very important. The number of 
decoys that can be carried and the time required for decoy deployment are also 
important employment considerations. 


c. Achieving 360° coverage is a primary limitation of a towed decoy system. 
When an aircraft equipped with a towed decoy is abeam a threat radar, the radar 
may be able to discriminate between the aircraft and the decoy. This is a function 
of the resolution cell of the radar. In addition, missiles approaching from a high- 
and above the aircraft (Figure 12-3 - Missile B), may fuse on the 
aircraft while guiding to the decoy. Missiles approaching from a low-aspect angle 
(Figure 12-3 - Missile C) may not fuse on the decoy and subsequently acquire and 
fuse on the aircraft. Finally, if the decoy is destroyed or lost, the time required to 
deploy a replacement decoy is critical, especially if the aircraft is engaged by 
multiple missiles. 


d. An example of a fielded towed decoy system is the AN/ALE-50 (Figure 
12-4). This first generation towed decoy system is found on Air Force F-16 and 
B-1 aircraft, and there is a version that is integrated into the ALQ-184 pod. 


Figure 12-4. AN/ALE-50 System 


(1) The system consists of a launch controller subsystem and towed 
decoys. The launch controller houses the decoy before it is launched, provides 
power to the decoy, and provides for the monitoring of the electronics. The decoy 
body is a factory sealed, self-contained unit with everything except for power. 
Power comes through the tether from the host aircraft; the decoy sends its 
operating status back through the tether to the aircraft. 
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(2) ALE-50 decoy use is cleared throughout the flight regime of the F-16 
and B-1. Decoys can be deployed without being turned on, but once a decoy has 
been deployed, it cannot be reeled back in and must be severed before landing. 
Procedures are in place to reduce the chance that the onboard jamming system 
will negate the decoy. 


(3) The ALE-50 towed decoy is a wideband RF repeater that provides self- 
protection EA by receiving, electronically amplifying, and retransmitting enemy 
radar RF signals. Upon receiving a threat radar signal, this simple repeater 
amplifies the signal and retransmits it. This provides the radar with two signals, 
one reflected from the aircraft and a stronger one from the decoy. With the signal 
from the decoy being the more attractive, the radar or missile guides towards the 
decoy. During combat operations over Kosovo, ALE-50 decoys were credited with 
saves for both F-16s and B-1s. 


4. EXPENDABLE ACTIVE DECOYS 
Expendable active decoys are designed to lure the tracking gates of an enemy's 
radar away from the aircraft. They are endgame countermeasures like towed 
decoys, but they differ in that expendable decoys free-fall or glide to the ground 
as opposed to being towed behind the aircraft. 


a. Expendable decoys are small, active jamming systems designed to be 
expended by existing aircraft chaff and flare dispensers, such as the AN/ALE-40 
or the AN/ALE-47. Expendable decoys can employ noise or deception jamming 
with noise jamming being the most common. Deception jamming techniques can 
be employed to enhance effectiveness against pulse Doppler radars. There are 
two challenges associated with expendable jammers: the amount of the time the 
jammer is effective and the packaging (Figure 12-5). 


Figure 12-5. Generic Expendable 
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b. Expendable decoys are designed to provide protection for the dispensing 
aircraft for a specific period. The dispensing altitude and rate of fall determine 
this period of effective coverage. Expendable decoys can employ small 
parachutes of aerodynamic design to slow the rate of fall and increase the time of 
effective coverage. If the period of coverage is too short, multiple expendable 
decoys must be employed. This places a premium on timely employment and 
expendables management. 


The primary components of an expendable decoy are the transmit and 
receive antennas, techniques generator, amplifier, and power supply. The 
transmit and receive antennas should be isolated and capable of high gain, wide 
bandwidth, and should use compatible polarization with the victim radar. The 
techniques generator must recognize the victim radar signal and generate the 
appropriate jamming response. The amplifier must be capable of generating a 
high power jamming signal over a wide frequency range. To meet these 
requirements, sophisticated computer and miniaturization techniques are used, 
and the components packaged to all fit in the aircraft dispenser. These factors 
impact the cost of expendable decoys and may limit the availability of these 
assets. 


d. The Generic Expendable, RTE-1489, commonly called the GEN-X decoy is a 
fielded expendable active decoy. The decoy is sized to fit into a 1.4.x 1.4.x 5.8 
inch cartridge and take advantage of new microwave/millimeter-wave integrated 
circuit (MMIC) technology. The GEN-X is programmable and features a broadband 
antenna and wide frequency coverage. After ejection, the decoy extends three 
small fins for stability. Its battery ignites to provide power, the receiver locks on 
to the threat radar signal, and a deception signal is generated and transmitted. 


5. SUMMARY 

Decoys simply provide the enemy with more targets to process. In the case of 
saturation decoys, this forces the enemy to commit resources against false 
targets, or show his defenses. For towed decoys and expendable active decoys, it 
makes the missile or tracking radar separate a real target from more 
electronically attractive decoys. 
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CHAPTER 13. CHAFF EMPLOYMENT 


1. INTRODUCTION 
Chaff was first used during World War Il when the Royal Air Force, under the 
code name “WINDOW,” dropped bales of metallic foil during a night bombing raid 
in July 1943 (Figure 13-1). The bales of foil were thrown from each bomber as it 
approached the target. The disruption of German AAA fire control and ground 
control intercept (GCl) radars rendered these systems almost totally ineffective. 
Based on this early success, chaff employment became a standard bomber tactic 
for the rest of the war. 


Figure 13-1. “WINDOW” - The First Operational Employment of Chaff 


a. Chaff is one of the most widely used and effective expendable electronic 
attack (EA) devices. It is a form of volumetric radar clutter consisting of multiple 
metalized radar reflectors designed to interfere with and confuse radar operation. 
It is dispensed into the atmosphere to deny radar acquisition, generate false 
targets, and to deny or disrupt radar tracking. Chaff is designed to be dispensed 
from an aircraft and function for a limited period. 


b. Even with the development and deployment of advanced radar threat 
systems, chaff continues to be an extremely effective EA device. Experience 
gained during the Vietnam conflict, the 1973 Yom Kippur War, and DESERT 
STORM clearly shows that chaff effectiveness against radar threats is still a 
factor with which the enemy must contend. This is especially true when chaff is 
employed with self-protection jamming and aircraft maneuvers. 


13-1 


Chapter 13. Chaff Employment Electronic Warfare Fundamentals 


c. Chaff screening and se 
tactics. Chaff scree! 
employment, are designed to confuse and deny acquisition information to the 
early warning, GCI, and acquisition radars supporting surface-to-air missile 
(SAM) systems. Self-protection tactics are designed to counter acquisition and 
target tracking radars (TTRs). When used with jamming and maneuvers, chaff can 
cause TTRs to break lock or generate survivable miss distances if a SAM is fired 
at the aircraft. 


protection are the two basic chaff employment 


2. CHAFF CHARACTERISTICS 

To understand how chaff affects radar systems, it is important to understand its 
characteristics. The most important chaff characteristics are radar cross section 
(RCS), frequency coverage, bloom rate, Doppler content, polarization, and 
persistence. 


a. RCS is a measure of the net reradiated energy from a target to the 
illuminating radar. The RCS of an aircraft varies based on the size, shape, type of 
skin surface, configuration, and aspect to the illuminating radar. Figure 13-2 
shows the effect of aspect on aircraft RCS. The RCS is greatest when the aircraft 
aspect is 90°, or abeam the radar. The lowest RCS occurs near the 30-70° and 
110-150° of aspect. Since the aircraft RCS also varies based on frequency, the 

a key factor. To be effective, chaff must be dispensed 
in large enough quantities to create an RCS greater than the aircraft RCS. 
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Figure 13-2. Aircraft Radar Cross Section (RCS) 
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(1) The RCS of a chaff bundle depends on the frequency of the victim radar 
and the dispensing aircraft's relative position, or aspect. Figure 13-3 shows the 
RCS of a single RR-170 chaff cartridge based on frequency. It shows that the 
largest RCS occurs at about 3 GHz. However, for the spectrum between 2-18 GHz, 
which includes most SAM TTRs, the RCS of the RR-170 cartridge is over 50 
square meters. Since the typical fighter aircraft RCS varies between 1 and 10 
square meters, depending upon frequency and aspect, the RR-170 chaff cartridge 
should provide a sufficient RCS to mask the aircraft RCS. 


RCS (m2 
$8 
ss 


Theoretical 
Super nears: 
8s 8 8 


2345 10 20 
Frequency (GHz) 


Figure 13-3. RR-170 Chaff Cartridge RCS 


(2) The angular relationship, or aspect, between the aircraft and chaff 
bundle affects the chaff RCS presented to the victim radar. Chaff RCS is greatest 
when the chaff bundle and the aircraft are abeam the threat radar. It is smallest 
when the threat radar is off the nose or tail of the aircraft. Aspect is important 
when developing self-protection maneuvering and chaff dispensing tactics 
against threat radars (Figure 13-4). 
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Figure 13-4. Threat Radar Aspect and Chaff RCS 


(3) Dispensing multiple chaff bundles simultaneously does not necessarily 
increase chaff RCS. Multiple bundles increase the density of the chaff but do not 
directly enhance self-protection capabilities (Figure 13-5). This is an important 
consideration when developing chaff dispenser rates to counter threats. 


1 Chaff Unit 


2 Chaff Units 


3 Chaff Units 


Figure 13-5. Impact of Multiple Chaff Cartridge Employment on Chaff RCS. 
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Values light sourc 
Weighted toward green at a wavelength of 555 
nanometers. Red and violet are considered to 
have low luminous flux, while infrared and ultra- 
violet have a zero value. 


When considering a value expressed in lumens, 
remember: 


+ Lumens are a measure of the total radiated 
power output of a light source, in all direc- 
tions, in the visible spectrum only, weighted 
toward the characteristics of the human eye. 

+ Thenumber of lumens ofa light source does 
not define the direction in which the light is 
shining, or its uniformity. 

+ The abbreviation for lumen is Im. 


A conventional incandescent lamp that con- 
sumes 100W of electricity is ikely to havea light 
output of about 1,500 lumens.A 40W fluorescent 
tube can have a light output of about 2,600 
lumens. 


Illuminance 

The illuminance of alight source is defined as the 
luminous flux per unit of area. This can be 
thought of as the brightness of a surface illumi- 
nated by the source 


Illuminance is measured in lux, where 1 lux = 1 
lumen persquare meter. Foraccurate calibration, 
the illuminated surface should be spherical in 
shape, and must be located 1 meter from the 
light source, with the source at the geometrical 
center of the sphere. 


Illuminance used to be measured in foot- 
candles, where 1 foot-candle was 1 lumen per 
square foot. 


+ Thenumber oflumensper square meter (lux) 
does not define the size of the illuminated 
area, only the brightness per unit of area, 

+ Alamp that has a tightly focused beam can 
achieve a high lux rating. When selecting a 
lamp for an application, the angle of disper- 


indicator, or display > single source > incandescent lamp 


sion of the beam must be considered in con- 
junction with its lux rating. 


Intensity 
A candela measures the luminous flux within an 
angle of dispersion. The angle is three- 
dimensional, and can be imagined as the sharp- 
ness of a point of a cone, where the light source 
is at the point and the cone represents the di 
persion of light. 


The three-dimensional angle of dispersion is 
measured in steradians. Ifa light source is at the 
center of a sphere that has a radius of 1 meter, 
and is illuminating one square meter of the sur- 
face of the sphere, the angle of dispersion is 1 
steradian. 


+ A source of 1 lumen which projects all its 
light through a dispersion angle of 1 stera~ 
dian is rated at 1 candela. 

+ The number of candelas does not define the 
angle of dispersion, only the intensity within 
that angle. 

+ Alight source rated for 1,000 candelas could 
have a power of 10 lumens concentrated 
within an angle of 0.01 steradians, or could 
have a power of only 1 lumen concentrated 
within an angle of 0.001 steradians. 

«+ There are 1,000 millicandelas in 1 candela. 
The abbreviation for candela is cd while the 
abbreviation for a millicandela is med. 

+ LEDsare often rated in mcd. The number de- 
scribes the intensity of light within its angle 
of dispersion. 


mscP 

Although the term candlepoweris obsolete, thas 
been redefined as being equal to 1 candela, 
‘Mean spherical candlepower (MSCP) is a meas- 
turement of all the light emitted from a lamp in 
all directions, Because the light is assumed to be 
omnidirectional, i fills 4 * m (about 12.57) stera- 
dians. Therefore 1 MSCP = approximately 12.57 
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b. Each strip of chaff is a dipole reflector that reradiates the electromagnetic 
energy received from an emitting radar and creates a radar echo. The optimum 
is cut to about one-half the wavelength of the victim radar's RF. Since a 
single cut length is restricted in effectiveness to a narrow range of frequencies, 
different lengths are normally packaged together to provide coverage over a 
range of frequencies (Figure 13-6). 


Single Strand Cut to Nearly 100% E/F Band 
E/F Band Length Reradiated Energy Radar Frequency 


Single Strand Cut to Only 40% 
E/F Band Length Reradiated Energy Radar Frequency 


Figure 13-6. Chaff Length and Frequency Coverage 


(1) Considerable research and development has reduced the size and 
increased the effectiveness of self-protection chaff. There are various chaff sizes, 
shapes, and materials. Most chaff carried on fighter aircraft are made of small 
aluminum strips, coated strips of nylon, or fiberglass. These strips are cut to 
various lengths and compressed into bundles that are small and light enough to 
allow the aircraft to carry and dispense multiple chaff bundles. These cuts of 
chaff are packaged into chaff cartridges and inserted into a dispenser on the 
aircraft. An explosive squib assembly ejects the cartridges from the dispenser 
and disperses the chaff (Figure 13-7). 
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Figure 13-7. RR-170 Chaff Cartridge 


(2) To provide as many dipoles as possible and present the maximum 
radar cross section, each chaff bundle has numerous chaff cuts to match a 
predetermined range of frequencies. Each chaff cartridge contains almost 3 
million dipoles packaged in an eight inch by one-inch cartridge. The dipole 
frequencies cover the frequency range where most SAM TTRs and air-to-air 
radars operate (2 - 18 GHZ). 


c. Bloom rate, the rate at which chaff will scatter, is also a very important 
characteristic of self-protection chaff. Self-protection chaff effectiveness is based 
on the relationship of bloom rate, chaff RCS, aircraft RCS, and the resolution cell 
of the threat radar system. The ability of chaff to effectively defeat a target 
tracking radar is directly related to the chaff dispense rate, which determines the 
chaff RCS, which should be larger than the aircraft's RCS. The chaff bundles 
must also bloom within the resolution cell of the radar. 


(1) Chaff bloom rate is dependent on aerodynamic factors associated with 
the chaff type, the location of the dispenser on the aircraft, and the aircraft wake 
or turbulence. Heavy or dense chaff falls faster and blooms slower than lighter 
and less dense chaff. The location of the chaff dispenser on the aircraft affects 
the airflow in which the chaff will be dispensed. The ideal position for the 
dispenser is in the area where there is the most turbulence from the aircraft. 
Turbulence behind the aircraft is probably the most important factor affecting 
bloom rate. The more turbulent the airflow, the greater the bloom rate (Figure 
13-8). Maneuvering the aircraft while dispensing chaff also enhances the chaff 
bloom rate. 
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Figure 13-8. Impact of Turbulence and Chaff Bloom Rate 


(2) To ensure that the victim radar is decoyed or that it transfers automatic 
tracking to the chaff, the chaff must bloom within the radar resolution cell. This 
resolution cell is a three-dimensional spheroid dimensions based on the 
pulse width, horizontal beamwidth, vertical beamwidth, and the range of the 
aircraft (Figure 13-9). There are some rules of thumb that can be used whe 
considering the bloom rate of chaff and the resolution cell of a particular radar. 
The shorter the pulse width of a radar, the faster the chaff has to bloom to be 
effective. The narrower the horizontal and vertical beamwidths, the faster the 
chaff has to bloom to be effective. 


Figure 13-9. Chaff Bloom Rate and Radar Resolution Cell 
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d. Against Doppler radars, self-protection chaff is most effective when 
dispensed at or near the beam, relative to the threat radar. When chaff is 
dispensed in the airstream, the drag on an individual dipole is so great compared 
to its mass that it slows to the velocity of the surrounding air mass almost 
instantly. Since the relative velocity of the chaff, in relation to the radar, is zero, 
radar systems employing Doppler processing and tracking will not display the 
chaff. Doppler processing radars will continue to track the aircraft unless it also 
has a relative velocity of zero. This occurs when the aircraft is abeam the radar. 
Chaff corridor and area saturation tactics against Doppler tracking radars will 
have limited effectiveness. 


e. Chaff persistence and polarization are two additional characteristics that 
are important employment considerations for area saturation or chaff corridor 
operations. These individual chaff element characteristics are directly related to 
the combined effects of aerodynamic, atmospheric, and gravitational influences. 


(1) Chaff persistence is the length of time the chaff is at an effective 
altitude to screen ingressing aircraft during area saturation or chaff corridor 
operations. The time span depends on the fall rate of the chaff and varies 
according to the density of the dipoles. The prevailing atmospheric conditions, 
such as wind and temperature also affect chaff persistence. Generally, the longer 
cuts used for lower frequency radars fall faster than the shorter cuts used for 
higher frequency radars. Each type has its own rate of fall based on these 
conditions. The rate of fall is a critical mission planning consideration for 
determining the amount of time between chaff corridor or area saturation 
initiation and the arrival of the aircraft being screened. If the chaff is employed 
too early, it may not be at the correct altitude or may have dispersed to the point 
that it is not effective to screen ingressing aircraft. 


(2) Each chaff strand is a polarized dipole with positive and negative ends. 
The orientation of these strands determine their polarity (Figure 13-10). Chaff cuts 
with the positive and negative ends oriented vertically are vertically polarized. 
Chaff cuts with the positive and negative ends oriented horizontally are 
horizontally polarized. Since chaff strands are initially buffeted by turbulence and 
airstream vortices, the dipole orientation and polarization, changes rapidly and 
randomly. Eventually, the strands separate into two groups; one descending 
horizontally, and one descending vertically. Since the vertically oriented strands 
tend to fall faster, the lower part of the chaff cloud tends to become more 
vertically polarized, while the upper portion is horizontally polarized. A threat 
radar that uses vertical polarization will receive minimal affects from the upper 
(horizontally polarized) portion of the chaff cloud. If the aircraft being screened 
are flying within this portion of the chaff cloud, they may be detected and 
engaged. This is another mission planning consideration for chaff area saturation 
or chaff corridor operations. 
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Figure 13-10. Impact of Chaff Polarization 


3. CHAFF OPERATIONAL EMPLOYMENT 

The two primary chaff employment tactics are force screening and self- 
protection. Force screening tactics include area saturation and corridor 
operations. Self-protection tactics include the reactive employment of chaff to 
negate a potentially lethal engagement. Different chaff dispensing techniques are 
used for each employment tactic and are important planning considerations for 
all chaff employment tactics. This section will discuss area saturation, corridor 
operations, and self-protection chaff employment. 


a. The objective of area saturation operations is to present multiple false 
targets in a specific area in order to saturate radar systems and confuse thi 
enemy integrated air defense system (IADS). Area saturation can be 
accomplished by fighter aircraft or drones equipped with chaff pods employing 
random chaff dispensing techniques. The chaff dispenser is set to release 
random bursts of chaff along the ingress and egress route of the attack package. 
Chaff pods may be supplemented with chaff bombs containing special fuses that 
provide false targets at varying altitudes. Attack aircraft can also contribute to 
area saturation by randomly dispensing self-protection chaff as they ingress and 
egress. However, this tactic can deplete the number of chaff bundles an attack 
aircraft may need to defeat a potentially lethal radar system encountered at a later 
time in the mission. 


(1) The chaff cuts must provide frequency coverage for the threat radar 
systems. Also the RCS of each chaff burst should be large enough to present a 
realistic target to the victim radars. Multiple false targets created by chaff area 
saturation may confuse threat system operators and encourage them to expend 
missiles on false chaff targets. 


13-9 


Chapter 13. Chaff Employment Electronic Warfare Fundamentals 


(2) Saturation also masks the number of attacking aircraft (Figure 13-11). 
When used with false target deception jamming, area saturation can greatly 
enhance mission success. However, the technique is resource-intensive since 


aircraft employing chaff pods and chaff bombs cannot attack targets. These 
aircraft are vulnerable to attack and should be supported by standoff jamming. 
Area saturation tactics may have limited success against Doppler processing 
radars. 


Figure 13-11. Area Saturation Tactics 


b. The objective of chaff corridor operations is to screen the ingress and 
egress of an attack package by dispensing large quantities of chaff in a 
continuous “ribbon.” Fighter aircraft, or drones equipped with chaff pods such as 
the ALE-38, employ a stream chaff dispensing technique to “lay” the chaff 
corridor. The pods are set to provide a continuous line of chaff dense enough to 
hide ingressing and egressing aircraft. The chaff cuts should provide frequency 
coverage for the radar systems that must be countered. Timing for the chaff 
aircraft in relation to the attack package must consider the fall rate and 
persistency of the chaff to ensure that the chaff corridor covers the required 
altitude for a time sufficient to allow the attack package to ingress and egress. An 
effective chaff corridor completely denies a radar’s ability to distinguish between 
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the chaff and the attack aircraft. To do this, the radar cross section, or RCS, of the 
chaff within the resolution cell of the radar must exceed the RCS of the aircraft. 
ion must be met throughout the length of the chaff corridor. When this 
met, the chaff corridor will appear as a continuous return on the 
victim radar scope, and the attack package cannot be detected (Figure 13-12). 


Figure 13-12. Chaff Corridor Tactics 


(1) One advantage of a chaff corridor is that it can screen ingressing and 
egressing aircraft from pulse radar systems. However, chaff corridors are 
resource-intensive. Aircraft “laying” the corridor cannot strike critical targets. 
The chaff aircraft are also vulnerable to attack. Therefore, standoff jamming and 
self-protection jamming systems should be employed to provide some screening 
and protection for the chaff dispensing aircraft. Finally, chaff corridors may not 
be effective against radars with Doppler processing. 


(2) To be effective, chaff corridor operations require detailed plannin 
Electronic combat (EC) planners must first determine that a chaff corridor is the 
most effective way to screen the attack force. This decision is based on the 
vulnerability of the attack aircraft to the anticipated threat radar systems and the 
availability of chaff assets. Once the decision is made to employ a chaff corridor, 
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planners must select the location, determine the length of the chaff corridor, 
select the ingress and egress altitudes, and establish the timing for the chaff 
aircraft and the attack package. Once the location of the chaff corridor is 
determined, planners must assess the threat radar systems that must be 
countered. The specific operating frequencies of the threat radars will determine 
the cuts of chaff that must be dispensed. The resolution cells of the threat radars 
will determine the density of chaff required. The length of the chaff corridor and 
the chaff density will determine the number of chaff aircraft required to seed the 
chaff corridor. The chaff fall rate and the atmospheric conditions impact the 
timing between the chaff aircraft and the attack package, and the altitude that the 
chaff dispensing aircraft must fly. 


c. Self-protection chaff tactics are based on the use of chaff dispensers that 
use burst chaff dispensing techniques to defeat a TTR. Burst chaff dispensing, 
employed during the final phase of an engagement by air-to-air or surface-to-air 
weapons, can generate tracking errors or a radar break-lock. Burst chaff 
effectiveness is greatly enhanced when accompanied by jamming and evasive 
maneuvers (Figure 13-13). 


Figure 13-13. Self-Protection Chaff Tactics 


(1) Self-protection chaff has proven effective against all pulse radar threat 
systems when employed with maneuvers and jamming. This is especially true for 
TTRs operating in an automatic tracking mode. 
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(a) Chaff employed against a track-while-scan (TWS) radar is designed 
to put multiple targets, with an RCS greater than the aircraft, in the resolution cell 
of the horizontal and vertical radar beams (Figure 13-14). Since the tracking loop 
tracks the largest return, the TWS radar will automatically switch to the chaff. 
After dispensing chaff, the pilot can maneuver vertically or horizontally to move 
the aircraft out of the resolution cell. 


Figure 13-14. Self-Protection Chaff Effect on a TWS Radar 


(b) Against a conical scan radar, chaff puts multiple, large RCS targets 
within the separate scans of the radar (Figure 13-15). These multiple targets 
generate error signals in the tracking loop and drive the separate scans off the 
aircraft return. As the conical scan radar tracking loop attempts to resolve these 
error signals, it will eventually lock on to the chaff. Maneuvering outside the 
overlapping scan area enhances chaff effectiveness and facilitates the transfer of 
radar lock-on to the chaff. 
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Figure 13-15. Self-Protection Chaff Impact on a Conical Scan Radar 


(c) Chaff employed against a monopulse radar is designed to put 
multiple targets in at least two of the tracking beams (Figure 13-16). This 
generates errors in the azimuth, elevation, and range tracking circuits. Multiple 
chaff targets continue to generate azimuth and elevation errors that can 
eventually generate a break-lock condition, as the radar transfers lock-on to the 
chaff. Chaff is most effective against monopulse radars when employed on the 
beam in order to create the maximum angular tracking error. 
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light source, indicator, or display 


lumens. In the United States, MSCP is stil the 
most common method of rating the total light 
output of a miniature lamp. 


Efficacy 
The radiant luminous efficacy (abbreviated LER) 
assesses how effective a lamp isat channeling its 
‘output within the visible spectrum, instead of 
wasting it in other wavelengths, especially infra- 
red. LERis calculated by dividing the power emit- 
ted in the visible spectrum (the /uminous flux) by 
the power emitted over all wavelengths. 


‘Thus, if VP is the power emitted in the visible 
spectrum, and AP is the power emitted in all 
wavelengths: 


LER = vp / AP 


LER is expressed in lumens per watt. Itcan range 
from a low value of around 12 Im/W for a 40W 
incandescent bulb to 24 Im/W for a quartz halo- 
gen lamp. Fluorescent lamps may average 50 Im/ 
W. LEDs vary, but can achieve 100 Im/W. 


Efficiency 
The radiant luminous efficiency (abbreviated LFR) 
of a lamp measures how good its radiant lumi- 
nous efficacy is, compared with an imaginary 
ideal lamp. (Note the difference between the 
words “efficiency” and ‘efficacy”) LFR is deter- 
mined by dividing the radiant luminous efficacy 
(LER) by the maximum theoretical LER value of 
‘683 Im/W, and multiplying by 100 to express the 
result as a percentage. Thus: 


LFR = 100 * ( LER / 683 ) 


‘The LER ranges from around 2% for a 40W bulb 
to 3.5% for a quartz halogen lamp. LEDs may be 
around 15%while fluorescents are closer to 10%. 


How to Use It 


When firstintroduced, LEDs were limited by their 
higher price, lower maximum light output, and 
inability to display blue or white. The price dif- 
ference has disappeared for small indicators, 
while gaps in the color range have been filled 


> single source > Incandescent lamp 


How to Use It 


{although the color rendering index of LEDs is 
still inferior), 


Brightness remains an advantage for large in- 
candescents relative to LEDs, as they are more 
upwardly scalable. However, fluorescents and 
vapor lamps have an advantage for very high 
light output, as in the lighting of big-box stores 
orparking lots, Thus the range of applications for 
incandescent bulbsis diminishing, especially be- 
cause common types are now illegal for domes- 
tic light fixtures in many parts of the world. 


Relative Advantages 

When choosing whether to use an incandescent 
lamp or an LED, these advantages of an incan- 
descent lamp should be considered: 


+ The intensity can be adjusted with a triae- 
based dimmer, Regular fluorescents cannot 
be dimmed, while LEDs often require differ- 
ent dimmer circuitry. 

+ The intensity can also be adjusted with a 
rheostat. The output from fluorescents can- 
not. 

+ Easy white-balance correction. LEDs and flu- 
otescents do not naturally produce a consis- 
tent output over the visible spectrum, 

+ Can be designed to operate directly from a 
wide range of voltages (down to around 2V 
and up to around 300V). A higher voltage 
entails a longer filament wire, which may re- 
quire a larger bulb. LEDs require additional 
components and circuitry to use higher 
voltages. 

+ Incandescent bulbsaremoretolerantof olt- 
age fluctuations than LEDs. With battery op- 
eration, the incandescent will still provide 
some reduced light output when the voltage 
has diminished radically. LEDs will not per- 
form at all at currents lower than their 
threshold, 


+ Anincandescentisnonpolarized and maybe 
socketed, which simplifies user replacement. 
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Figure 13-16. Self-Protection Chaff Impact on a Monopulse Radar 


(d) Modern radars may employ some form of Doppler filtering to negate 
the effectiveness of chaff and other sources of clutter. Pulse Doppler and 
continuous wave radar systems track targets based on target velocity relative to 
the radar. Radars employing a moving target indicator (MTI) use relative target 
velocity to distinguish between targets and clutter. Chaff slows to near zero 
relative velocity almost immediately after dispensing. For self-protection chaff to 
be effective, the aircraft velocity relative to the radar site must also be near zero 
This occurs when the aircraft's aspect to the radar is 90°, or on the beam. By 
maneuvering to a beam aspect against a Doppler radar, the pilot is exploiting the 
“notch” where radar cannot discriminate targets based on Doppler frequency 
shift (Figure 13-17). 
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Figure 13-17. Self-Protection Chaff Impact on a Doppler Radar 


4. SUMMARY 


Chaff is one of the oldest and most effective pulse radar countermeasures. The 
fundamental characteristics of chaff (RCS, frequency coverage, bloom rate, 
Doppler content, polarization, and persistence) determine the effectiveness of 
chaff employment. The primary chaff employment tactics of force screening and 
self-protection are designed to maximize the impact of chaff on threat radar 
systems. Self-protection chaff, together with jamming and maneuvers, is often 
the “last line of defense” against lethal radar threat systems. 
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CHAPTER 14. IR FUNDAMENTALS 


41. INTRODUCTION 

Since their introduction in the 1950s, infrared (IR) missiles have been an 
increasing threat from both ground-based and airborne systems. The range, 
reliability, and effectiveness of IR missiles have been continuously improved by 
advanced detector materials and computer technology. Since IR missiles are 
passive, they are relatively simple and inexpensive to produce. These 
characteristics have contributed to the proliferation of IR missiles in the combat 
arena. Nearly every aircraft flying in either the air-to-air or air-to-surface role now 
carries an all-aspect IR missile. Additionally, every infantry unit down to the 
platoon level is equipped with shoulder-fired IR missiles (Figure 14-1). This 
chapter will cover basic IR theory, IR missile detection, IR seekers, and conclude 
with a section on IR flare rejection. 


Figure 14-1. The IR Threat 


2. BASIC IR THEORY 
Because of its location in the frequency spectrum, IR radiation exhibits some of 
the characteristics and limitations of microwaves and visible light. 


a. All warm objects emit IR energy. The object's temperature dictates the 


characteristics of this radiation. As the temperature of the material increases, the 
radiant intensity increases and shifts to shorter and shorter wavelengths or 
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higher and higher frequencies. The frequency band of IR radiation falls between 
the upper limit of microwaves and the lower limit of visible light. When discussing 
IR radiation, it is more convenient to refer to wavelength instead of frequency 
(Figure 14-2). The wavelength of the highest frequency IR is 0.72 x 10° meters. A 
unit of measure called the micron (), is one millionth, or 10°, of a meter and is 
used to designate IR wavelengths. IR energy falls in the electromagnetic 
spectrum between the wavelengths of 1000 and 0.72 microns, while visible light 
occupies the spectrum from 0.72 to 0.39 microns. 


VERY HIGH FREQUENCY 
ULTRA HIGH FREQUENCY 
CENTIMETER WAVES 
SUPER HIGH FREQUENCY 
MILLIMETER WAVES 
7i_ EXTREMELY HIGH FREQUENCY 
FAR INFRARED 
IMMEDIATE INFRARED 
NEAR INFRARED 


VHF | UHF | 


MICROWAVES ( INFRARED 


Micron (1) = 10° Meters 


Figure 14-2. IR Frequency Band 
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b. As the IR energy travels through the atmosphere, certain wavelengths are 
absorbed or attenuated. The greatest IR attenuator is atmospheric water vapor, 
which varies as the weather conditions vary, with negligible absorption at 
altitudes above 30,000 feet. Another significant attenuator is carbon dioxide. The 
percentage of carbon dioxide in the atmosphere is practically constant up to a 
height of 30 miles. Carbon dioxide absorption is predictable and occurs only in 
the IR region. Scattering is another form of atmospheric attenuation and is 
caused by dust particles and water droplets. Scattering is also largely dependent 
on weather conditions and cannot be predicted. Most of the scattering occurs at 
lower altitudes and at the shorter wavelengths. Other atmospheric el 


cause little or no attenuation of IR energy. Figure 14-3 shows atmospheric IR 
transmission at sea level. There is a relatively large window of IR transmis 


so-"H-—305954 


0 
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Figure 14-3. Atmospheric IR Transmission 


y exhibits some of the transmission characteristics of both RF 
energy and visible ight. As ith visible light, it can be optically focused by lenses 
and mirrors. This character used in the IR missile detector elements 
ure 14-4). As with RF energy, the intensity of IR radiation diminishes inversely 
the square of the distance between the source and the receiver. 
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Refractive Optics Reflective Optics 


Dome 


Figure 14-4. IR Missile Seeker 


d. If the intensity of the aircraft's IR signature, while in the military power 
setting, is plotted in relation to wavelength, it reaches a peak at approximately 3 
microns (Figure 14-5). In afterburner, the aircraft's IR intensity reaches a peak at 
approximately 1.5 microns. Since IR missiles are designed to detect and track the 
aircraft's IR signature, most IR missiles operate in the region of 1 to 5 microns. To 
be effective, the IR intensity of a flare must also fall within this micron region. 


Aircraft IR Intensity 


Flare 
Signature 


Afterburner 
jignature 


Mil Power 
Signature 
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Figure 14-5. Aircraft IR Intensity 
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e. An aircraft's relative IR signature is based on aspect angle, airspeed, 
altitude, and afterburner status. The minimum relative IR intensity is at the nose 
and maximum at the tail. As airspeed increases, the relative IR intensity increases 
due to the heat generated by friction and increased engine temperatures. As 
altitude increases, the relative IR signature increases at all aspect angles, due to 
the reduction in atmospheric attenuation (Figure 14-6). 


Infrared Signature Versus Aspect Angle 


Relative IR Signature 


Figure 14-6. IR Signature Versus Aspect Angle 


3. IR SIGNATURE SOURCES 

IR guidance is based on the fact that every object with a temperature above zero 
degrees Kelvin emits IR radiation. The temperature of the object dictates the 
characteristics of this radiation. As the temperature of the object increases, the 
radiant intensity increases and shifts to higher and higher frequencies and 
correspondingly shorter and shorter wavelengths. The F-16 at Figure 14-7 
demonstrates the different wavelengths found at different areas of the aircraft. 
Emissivity in Figure 14-7 is a relative measure of the IR energy emitted when a 
surface is directly viewed. 
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Figure 14-7. Target Signature Sources 


a. The main aircraft signature sources are the plume, the engine hot parts, 
and the skin. The skin is large in area, but usually fairly cool. Thus the best 
detection of the aircraft skin is usually in the long wave IR band (8-12 microns). 


b. The engine hot parts offer excellent detection when one is looking at the 
right angle. They have high temperatures and high emissivity. However, 
depending on the viewing angle, they may have a low perceived area. 


c. The plume has high temperatures and a high perceived area. This large 
perceived area allows near all-aspect detection. Unfortunately, it has a relatively 
low emissivity except near 4.2 microns. It is the strategy of the new breed of all- 
aspect missiles to detect the plume in the mid-wave IR, around 4.2 microns. 


d. Figure 14-8 shows some of the common IR detector materials. Note that the 
cooled detectors are sensitive to longer wavelength (lower energy) photons, as 
discussed earlier. 
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Material Wave-Band 


Lead Sulfide (PbS) - Uncooled 1.5 - 2,5 micrometers 
Lead Sulfide (PbS) - Cooled 2.0 - 4.0 micrometers 
Lead Selenide (PbSe) - Uncooled 2.0 - 4.2 micrometers 
Lead Selenide (PRES) Cooled ss 0 - 5.0 micrometers 


Indium Antimonide (InSb) - Cooled 2.0 - 5.0 micrometers 


” Mercury-Cadium-Telluride aa 5 
(Hg, .C4,,1e) - Cooled 8.0 - 13.0 micrometers 


Figure 14-8. IR Detection Materials 


4. IR SEEKER CHARACTERISTICS 

Guidance units are designed to detect and home in on the IR radiation of the 
aircraft. The job of the seeker is to view the scene and output the estimated target 
position. Figure 14-9 shows the hardware that makes up the seeker of a generic 
IR missile system. 


Automatic Gain Control 


Demodulation Circuit 


Reticle Threshold 


Target Finder 
(Phase Analyzer) 


‘Output Target Position 


Figure 14-9. IR Missile Seeker 
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a. The dome acts as an IR transparent protective cover. Most IR missiles use 
the hemispherical dome because that shape does not alter the path of the 
incoming light rays. The optics focus the scene through the reticle onto the 
detector. The reticle pattern enables the detector output to “code” the position of 
the target. 


b. The internal workings of the missile are similar to those found in a radar 
tracking system. There is an automatic gain control (AGC) to adjust the levels of 
the detector output so that it is not too large or too small. The demodulation 
circuit “decodes” the detector signal. The threshold circuit cancels signals that 
are below the specified threshold value, similar to the clutter rejection function 
found in radar systems. Finally, the phase analyzer reads the target position from 
the signal and sends the result to the autopilot. The autopilot then adjusts the 
missile’s flight path to track the target. 


c. IR systems employ filters and detectors to filter out unwanted IR radiation 
from the sun, sunlit clouds, smoke, the earth, and other background radiation 
sources (Figure 14-10). The detection unit is coupled with a guidance system to 
generate commands to the missile control vanes to keep the target centered in 
the field of view. 


Target Image Cloud Image 
Output of 
Direction’ Detector 


Optics 
oe 


4 
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Reticle Detector Filter 
IR Dome 


Figure 14-10. Spin Scan Reticle 


d. A defining characteristic of an IR missile is its field of view (FOV) and field 
of regard (FOR) (Figure 14-11). The angular size of the image in degrees is called 
the field of view. To provide the greatest possibility of collecting IR radiation from 
the target, the receiver must have the greatest possible FOV. This in turn may 
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iat Can Go Wrong light sourcs 
LEDs are polarized and are usually soldered 
in. 

+ Can be powered by AC or DC without any 
modification or additional circuitry. LEDS re- 
quire DC, which must be provided through 
a transformer and rectifier, or similar elec- 
tronics, if AC power is the primary source, 

+ Can be equally visible from a wide range of, 
viewing angles. LEDs have restricted viewing 
angles. 

+ The heat output from an incandescent bulb 
may occasionally be useful (for example in a 
terrarium, or in incubators for poultry) 

+ Trouble-free switching, Fluorescents tend to 
hesitate and blink when power is applied, 
and they require a ballast to energize them. 
‘The lifespan of fluorescents is reduced by 
frequent switching, 

+ No low-temperature problems. Incandes- 
cent lamps are not significantly affected by 
low temperatures, Fluorescents may not 
start easily in a cold environment, and may 
flicker or glow dimly for 10 minutes (or more) 
until they are warm enough to function 
properly. 

+ Easy disposal. Fluorescent lights contain 

small quantities of mercury that are an envi- 

ronmental hazard. They should not bemixed 
with ordinary trash. Compact fluorescent 
lamps (CFLs) andLEDsused forroom lighting 
will be packaged with electronics that 
should ideally be recycled, although this is 

not very practical. Incandescent bulbs im- 

pose the least burden on the environment 

When they are thrown away. 


However, the incandescent lamp has some ob- 
vious disadvantages: 

+ Relatively inefficient. 

+ More susceptible to vibration. 

+ More fragile. 


+ Likely to have a shorter natural life expect- 
ancy than LEDs, fluorescents, or neon bulbs, 


indicator, or display > single source > incandescent lamp 


although the lifetime of a small panel indi- 
cator can be equal to that of an LED if low 
color temperature is acceptable. 

+ Requires a filter or tinted glass envelope to 
generate colored light. This further reduces 
the lamp’s efficiency. 

+ Cannot be miniaturized to the same degree 
as an LED indicator. 


Derating 

The lifespan of a lamp can be greatly extended 
by choosing one with a higher current rating or 
Using it at a lower voltage. The light output will 
be reduced, and the color temperature will beat 
a lower Kelvin number, but in some situations 
this tradeoff may be acceptable, 


The graphs in Figure 18-10 suggest that if the 
voltage of a hypothetical miniature lamp is re- 
duced to 80% of the manufacturer's recom- 
mended value, this can make the lamp last 20 
timesaslong. Note, however, that this will cutthe 
light intensity to 50% of its normal value. 


Conversely, using 130% normal voltage will give 
250% of the normal light output, while shorten- 
ing the life of the lamp to 1/20 ofits normal value, 
Naturally these figures are approximations that 
may not apply precisely to a specific lamp. 


What Can Go Wrong 


High Temperature Environment 

If an incandescent lamp is used in an environ- 
ment hotter than 100 degrees Celsius, the life of 
the lamp is likely to be reduced by the “water 
cycle” Any water molecules inside the glass en- 
velopewill break down, allowing oxygen tocom- 
binewith thetungsten filamenttoformtungsten 
oxide, The tungsten is deposited on the inside of 
the glass while the oxygen is liberated and be- 
gins a new cycle 


180 


Encyclopedia of Electronic Components Volume 2 


Electronic Warfare Fundamentals Chapter 14. IR Fundamentals 


create problems. A large FOV increases the possibility that the receiver may not 
be able to distinguish the target from other sources of IR radiation. To avoid this 


problem, a relatively small FOV is scanned through a wider area. This wider area 
is referred to as the FOR. The gimbal enables the FOV to be scanned, so that an 
entire FOR can be searched. 


——_,), 
Field of View IR Seeker 
Optics 


Figure 14-11. Missile Field of View 


5. IR SEEKER TYPES 

Through the years advances in seeker technology have resulted in significant 
changes to IR missile engagement tactics. This section will discuss spinning 
reticle, conical scan, cooled, and imaging IR seekers. 


a. First generation IR missiles, like the SA-7, use a spinning reticle as the 
means to track the target. Due to their relatively low cost and ease of use, IR 
missiles of the first generation can still be encountered. The spinning reticle is 
inserted in the seeker just before the IR radiation reaches the detector. The reticle 
is a thin plate of optical material which has a transparent and opaque pattern on 
it. As the reticle is rotated, the IR energy is chopped at a rate determined by the 
reticle pattern system produces error signals when the target is not exactly 
centered in the field of view. Figure 14-12 is an example of a reticle pattern that 
can provide both azimuth and elevation information. If the target is located in the 
upper half of the pattern, the IR intensity on the detector is constant as the reticle 
rotates. As the pie-shaped half of the disc rotates over the target, the IR energy is 
pulsed and the amplitude of the pulses is an indication of relative elevation angle. 
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When the target moves to the right or left, the pulsing starts and stops at different 
times, indicating target azimuth. Center spun spin-scan seekers, also called 
center null reticles, are relatively insensitive when the target is in the center of the 
seeker scan where there is no tracking error. This is because the point target 
tends to bleed energy into all the spokes at once, eliminating the pulsed signal 
output of the detector. Once the target falls off the center of the reticle, the seeker 
generates an error signal that initiates guidance commands to recenter the target. 
This is the reason early IR missiles flew an undulating path toward the target. 


Interval Time 
Decreases 


Interval Time 
Increases 


Target Movement} Target Movement 


Target 


\4e/ 


Rotation. 


Pulse Amplitude 
Determines 
Elevation 


Figure 14-12. IR Missile Reticle 


IR conical-scan (con-scan) seekers were developed to solve some of the 
problems with spin-scan seekers; notably the lack of error response when the 
target is near the center of the seeker field of view (FOV) (Figure 14-13). In a 
typical con-scan seeker, the reticle is fixed and does not spin. Instead, a 
secondary mirror is tilted and spun. This causes the target image to be scanned 
a circular path around the outer edge of the reticle. When the target is centered 
the seeker scan, the detector generates a pulsed output similar to that of the 


detector is a frequency modulated (FM) sine wave. The frequency of the 
modulation is directly proportional to the amount of target displacement from the 
center of the seeker scan. Con-scan optics are usually designed to spin the target 
This generates the greatest amount of FM 

scan IR missile a 
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Figure 14-13. Conical Scan IR Seeker 


c. A significant improvement to IR seekers resulted from the cooling of the 
detector with an inert gas such as argon. Older IR missiles, using uncooled lead- 
sulfide detectors, have a peak sensitivity in the 2 micron region. This limits these 
missiles, the SA-7 for example, to stern attacks because the missiles can only 
discriminate the IR signature of the engine turbine from background IR energy. 
By cooling the detector with an inert gas, like argon, the detectors of newer IR 
missiles can track longer wavelength IR radiation associated with airframe 
friction. Using newer detector materials like indium antimonide (InSb), require 
cooling to have increased target detection range and all-aspect tracking 
capability. 


d. Imaging IR is the most recent advancement in IR seeker technology. The 
technology for these seekers is similar to that found in the AGM-65 Maverick 
missile. Imaging IR seekers are harder to decoy with flares than older seekers, 
and they are resistant to pulsed light jamming. Imaging detection involves 
creating an IR picture of the scene in one of two ways, scanning or staring. A 
scanning system uses one detector (or a mix of detectors and mirrors) which 
moves relative to the scene until the entire scene is scanned. This is an easy 
system to fabricate, but it can be noisy because the detector can't stay very long 
at each position, and it does not have a lot of time to measure the signal. A 
staring system uses many detectors, each of which detects a small portion of the 
scene. Each detector can “dwell” on its part of the scene for the entire frame 
time. However, such systems, also called focal plane arrays, are difficult to 
fabricate in a way such that each detector has the same sensitivity. One of the 
prime advantages with using imaging IR seekers is that they can be programmed 
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to track a particular IR shape or scene, sig 
decoy flares. 


icantly reducing the effectiveness of 


6. IR MISSILE FLARE REJECTION 

Flares are the primary countermeasure used to defeat the IR missile. Advanced IR 
missiles use different techniques to overcome the use of self-protection flares. 
There are two important characteristics of infrared (IR) missiles that influence the 
effectiveness of self-protection flares. The first is the ability of the IR missile 
seeker to discriminate between the IR signature of the aircraft and the IR 
signature of background interference, especially clouds. The second is the flare 
rejection capability built into the missile seeker and the missile guidance section. 


a. The major source of IR background interference is sunlit clouds. Space 
filtering using a spinning reticle as described in the previous section is the 
method most widely used to suppress background interference and improve 
discrimination. IR energy from the target is gathered by the optical system and 
focused on the spinning reticle. The reticle chops the signal into a series of 
pulses that are focused onto the IR detector element. The signal output of a point 
source of IR energy, such as a target aircraft, will be a series of pulses. The signal 
output of a cloud, which covers several segments of the reticle, will be a single 
large pulse. An electrical filter eliminates the single large cloud pulse, and passes 
the multiple pulses generated by the target to the missile guidance section. 


(1) IR missiles using spin-scan seekers have very little ability to reject 
flares. Flares provide the missile seeker with a hotter target than that of the 
aircraft, causing the spin-scan seeker to track the flare. The typical flare burns 
with a peak energy emission in the 2 micron range. Since the flare energy 
emission is greater than that of the target aircraft, the missile seeker transfers 
lock to the flare. 


(2) Due to the scan pattern, con-scan seekers have some inherent 
resistance to flares. As described in the previous section, the reticle in a con- 
scan seeker is fixed and does not spin. Instead, a secondary mirror is tilted and 
spun. This causes the target image to be scanned in a circular path around the 
outer edge of the reticle. Because flares tend to drop away from the aircraft, they 
will drop off the con-scan reticle much faster than for a spin-scan retic 
therefore, flare resistance is bu 


(3) Reducing the missile FOV is another method to help an IR missile 
discriminate the target IR signature from background IR (Figure 14-14). Limiting 
the FOV of the missile also makes the missile more resistant to flares. To decoy 
an IR missile seeker, the flare must create a heat source hotter than the aircraft 
and within the missile FOV. To decoy an IR missile with a narrow FOV, the flare 
must reach peak intensity almost immediately after ejection (Figure 14-15). 
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Flare —* 


IR Missile Seeker Field of View 


Figure 14-14. Impact of IR Missile Field of View 


Missile Field 
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Figure 14-15. IR Missile — Narrow Field of View 
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(4) The detector also influences the ability of an IR missile to discriminate 
target IR from background IR. Newer IR seekers can track longer wavelength IR 
radiation. The seeker's ability to track through a wider frequency range forces 
flares to decoy that wider frequency range to be successful. Additionally, the 
cooled seeker's ability to track from all angles could cause geometry problems, 
the missile may never see a flare ejected from the bottom rear of an aircraft. 


b. IR missile designers have combined computer signal processing and 
modern IR missile seekers to detect the presence of flares and reject them as 
targets. This flare rejection capability, or IR counter-countermeasure (IRCCM), 
allows newer IR missiles to track the aircraft IR signature while rejecting multiple 
flares. Flare rejection is based on two computer functions. The first is called the 
“trigger,” which detects the flare in the seeker field of view. The “trigger” function 
activates the “response” computer processing, the action the seeker takes to 
reject the flare. Both the “trigger” and “response” must operate to successfully 
reject flares. Each advanced IR missile employs different computer techniques 
for both the “trigger” and “response.” A flare technique developed to counter one 
IR missile may not work against another IR missile that uses different flare 
rejection computer techniques. 


(1) There are several “trigger” techniques that can be used by IR missiles 
to detect flares. Advanced IR missiles may employ one or more of these 
techniques to detect the presence of a flare in the seeker FOV. These “trigger” 
techniques include rise time, two-color, kinematic, and spatial. 


(a) An IR missile using a rise time “trigger” monitors the IR energy 
level of the target. A sharp rise in the received IR energy within a specified time 
li dicates a flare in the IR seeker FOV. When the missile detects this rapid 
rise in IR energy, the rise-time “trigger” triggers a flare “response.” The 
“response” is switched off when the received IR energy drops to its original level. 
The thresholds for the rise in IR energy and the response time are set to preclude 
activating the rise time “trigger” when the aircraft selects afterburner. An IR 
missile using the rise time “trigger” can be decoyed by multiple flares with slow 
rise times. 


(b) IR missiles using a two-color “trigger” to detect flares sample the 
energy level in two different wavelength bands. In Figure 14-16, a non- 
afterburning target would have more IR intensity in band B than in band A. The 
typical flare produces more IR intensity in band A than band B. A sudden 
increase in band A intensity compared to band B intensity indicates a flare in the 
seeker FOV. The two-color “trigger” would then trigger a flare “response.” 
Advanced IR missiles using a two-color “trigger” can employ different detectors 
composed of different materials to monitor the intensity in two bands. A lead 
sulfide detector could be used for band A and indium antimonide for band B. IR 
missiles using a single detector can employ a reticle with different bandpass 
filters to monitor IR intensity in both bands. To track the target, IR missiles 
employing a two-color “trigger” may use either band, or use data from both 
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bands of a dual-channel tracker. An IR missile using the two-color “trigger” can 
be decoyed by multiple flares that provide equal IR intensity in each band. 
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4 all Power Signature 
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Figure 14-16. Two-Color IR “Trigger” 


(c) A kinematic “trigger” takes advantage of the fact that flares 
separate very quickly from the dispensing aircraft due to aerodynamic drag. In a 
beam aspect engagement, an IR seeker that transfers track from the target to the 
flare will have a dramatic chan 
separation of the flare from the 


ates the “response.” IR missiles employing 
“trigger” may have difficulty in flare detection in a head-on or stern 
engagement due to the small line-of-sight change between target and flare. 
Multiple flares dispensed at very short intervals will probably decoy an IR missile 
employing a kinematic “trigger”. 


a kinematic 


(d)_ The spatial “trigger” operates like the kinematic “trigger” in that it 
uses the rapid separation of the flare from the aircraft to trigger the “response.” 
An IR missile employing a spatial “trigger” uses the seeker to detect a flare. 
When the flare separates to the rear of the aircraft, the seeker will see the target 
on the edge of the FOV corresponding to the direction of target movement. The 
flare will be on the opposite side of the FOV. Once two hot objects on opposite 
sides of the FOV are distinguishable, the spatial “trigger” triggers the flare 
“response.” IR missiles employing a spatial “trigger” can be decoyed by 
dispensing multiple flares at very short intervals. 


(2) The seeker’s “response” to the “trigger” is to reject the flare or limit its 
effect on target track. As long as the flare remains in the seeker FOV, the miss 
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is tracking the target in a degraded mode. Most IR seekers have a FOV of less 
than 2.5°. At long ranges, the flare will remain in the FOV for a relatively long 
period of time. At close range, the flare will be in the missile FOV for a relatively 
short period of time. Several different “response” techniques may be used, 
alone or in combinations, to defeat a flare. These “response” techniques 
simple memory, seeker push-ahead, seeker push-pull, and sector attenuation. 


(a) When the simple memory “response” is initiated, the missile 
continues the maneuver it was performing just before the “trigger.” Thi 
“response” assumes the flare will separate to the rear of the target. The missile 
rejects the seeker track data and maintains its motion relative to the target, 
waiting for the flare to leave the seeker FOV. The missile will continue to reject 
track data until the flare leaves the FOV or until the “trigger” times out. When the 
“trigger” times out, the “response” is discarded and the seeker operates in the 
normal track mode. If the “trigger” times out while a flare remains in the FOV, the 
seeker will usually transfer lock to the flare. 


(b) The seeker push-ahead “response” causes the seeker gimbals to 
drive the seeker forward in the direction the target is moving (Figure 14-17). 
Pushing the seeker forward causes the flare to depart the FOV faster than with 
simple memory, minimizing the amount of time the missile is not tracking the 
target. The greater the amount of forward movement (called “bias”), the faster the 
flare will depart the FOV. If the amount of forward bias applied is too great, the 
seeker may be pushed forward of the target. This could cause both the target and 
the flare to depart the FOV and the missile would have to reacquire the target. 


Figure 14-17. Seeker Push-Ahead “Response” Technique 
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(c) The seeker push-pull “response” assumes flares will have a higher 
intensity IR signature than the target. The “response” is initiated when the target 
and flare are on opposite sides of the seeker FOV (Figure 14-18). This 
corresponds to a spatial “trigger” condition. The received energy will rise and fall 
as the energy of the target and flare is scanned across the detector. When the 
flare energy is at a peak, the seeker gimbals drive the seeker away from the flare. 
When the lesser energy from the target is detected, the seeker's gimbals pull the 
seeker in the direction of the target. As a result, the seeker is moved away from 
the flare and toward the coolest IR source in the FOV, the target aircraft. 


Seeker Push-pull 


Detector 
Output 


Figure 14-18. Seeker Push-Pull “Response” Technique 


(d) The sector attenuation “response” is initiated by placing an 
attenuation filter across part of the seeker FOV (Figure 14-19). This filter reduc 
the seeker sensitivity in that part of the FOV. If the target being tracked is in the 
center of the FOV, then placing an attenuator in the quadrant below and to the 
rear of the target should reduce any energy received from a flare. If the attenuated 
flare energy is below that of the target energy, the seeker will continue to track 
the target. 
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Without Sector Filter With Sector Filter 


Figure 14-19. Sector Attenuation “Response” Technique 


7. SUMMARY 


This chapter provided some background on IR theory and IR detection, then went 
into some of the basics about the different types of IR missile seekers. Finally 
factors that impact the ability of an IR missile to reduce the effectiveness of self- 
protection flares were discussed. This ability depends on the discrimination 
capabilities of the missile seeker, the type of detector, the missile FOV, and the 
missile flare rejection capabilities. Modern IR missiles that employ sophisticated 
flare rejection techniques and advanced missile seeker technologies present a 
growing, and potentially lethal, threat. 


14-18 


light source, indicator, or display 


000 00% 
1008 Liter asa 200% 
mute of 
fae formal ie Bey 
eine 180% 
au * 
0% om 
ou \% Normal ign outa 0s 
tuaminous tka). 
one 
20% 1, BX 5 MOOK | 120K don 
ron con, 1° son 2 xa0% 
Operating Voltage as of Rates Voltage 


Figure 18-10. The fe expectancy af a hypothetical minia 
ture lamp is very strongly influenced by voltage. Applying 
only 60% of the rated vottage can make a lamp last 500 
times its normal lifespan, although it wil greatly reduce 
light output. Note that the vertical axes apply to curves of 
the same color. Adapted from “Charactaristics of Minia 
ture Lamps” from Toshiba Lighting and Technology Cor 
poration. 


Fire Risk 

‘The partially evacuated bulb of an incandescent 
lamp provides some separation and protection 
from the heat in the filament, but if the bulb can- 
not disperse heat by radiation or convection, its 
temperature can rise to the point where it ignites 
flammable materials. 


Halogen lampshave an elevated firerisk because 
they operate at a higher temperature and are 


> single source > Incandescent lamp 


What Can Go 


ong 


smaller, providing less surface area to disperse 
the heat. They also contain gases under seven to 
eight atmospheres of pressure. Thermal stress 
can cause a halogen bulb to shatter, and finger- 
prints on the glass can increase this risk. 


Current Inrush 

When an incandescent lamp is first switched on, 
its flament has one-tenth the resistance that it 
will exhibit when it becomes hot. Consequently, 
the lamp will take a large initial surge of current, 
Which stabilizes after about 50 milliseconds. This 
should be considered if one or more small lamps 
sharesa DC power supply with componentssuch 
as logic chips that may be sensitive to voltage 
fluctuations, 


Replacement Problems 
Because of the limited life ofincandescentlamps, 
they should be installed in such a way that they 
are easy to replace. This can be an issue with 
panel indicators, where disassembly of a device 
may be necessary to reach the lamp. 


The range of small incandescent lamps is dimin- 
ishing, and may continue to diminish in the fu- 
ture. Future availability of replacement lamps 
should be considered when designing a circuit. 
When building equipment in small quantities, 
spare lamps should be purchased for future use. 
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CHAPTER 15. IR COUNTERMEASURES 


41. INTRODUCTION 

Defeating IR missiles used to be an afterthought placed well behind surviving the 
radar jile threat. Now with the proliferation of advanced IR missiles, defeating 
the IR threat is becoming more important and more difficult. The primary 
countermeasure used to defeat IR missiles is the self-protection flare. This 
chapter will discuss flare characteristics and employment considerations. One of 
the main difficulties in defeating an IR missile is knowing that one has been 
launched. This chapter will also discuss some of the methods currently available 
to detect an IR missile attack. 


2. FLARE CHARACTERISTICS 


Self-protection flares were developed to counter threat systems operating in the 
IR spectrum. Self-protection chaff and flare dispensers, such as the ALE-40, 
ALE-45, or the ALE-47, are designed to allow the pilot to dispense flare cartridges 
when engaged by an IR threat. These flare cartridges are pyrotechnic and 
pyrophoric devices designed to produce an IR source that is more attractive than 

seeker, the flare must 


view. The most important flare characteristics that determine the ability of a flare 
to decoy an IR missile are IR wavelength matching, flare rise time, and flare burn 
time. The MJU-7 flare cartridge will be used as an example of a typical flare 
cartridge. 


Assembly 3 Payload 


Piston 


Figure 15-1. The MJU-7 Flare 
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a. The MJU-7 flare cartridge (Figure 15-1) is an example of a flare cartridge 
used in both the ALE-40 and the ALE-47 dispensers. The flare grain is composed 
of magnesium and tetraflouroethylene, or C,F,, which burns at 2000 to 2200°K. As 
the flare burns, it emits IR energy of different wavelengths from the luminous 
zone that emulates the aircraft IR signature. The burning flare also produces a 
large quantity of white smoke, which may highlight the position of the dispensing 
aircraft. 


b. A flare must reach peak intensity shortly after ejection or it will not be 
effective in decoying the IR missile seeker. Flare rise time is the time required for 
the flare to reach peak intensity. 


(1) To counter a short-range IR missile with a narrow field of view, a flare 
must reach peak intensity quickly. On the other hand, some advanced IR missiles 
now look for a rapid rise in IR energy as a trigger to know when a flare is tryi 
decoy it (Figure 15-2). 


Missile 
Field of View 


Flare +O 


Figure 15-2. Impact of Flare Rise Time 


(2) Flare rise time varies dramatically with altitude. The flare burns longer 
at high altitude, but it takes much longer to reach peak intensity. This increase in 
flare rise time at high altitude can impact the effectiveness of flares to decoy and 
defeat IR missiles particularly in the air-to-air combat environment. 


cc. Flare burn time is the time span that the flare burns and determines how far 
the IR seeker will be pulled off the target. The longer the burn time, the longer the 
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IR seeker is pulled off the target aircraft. The flare should burn long enough to 
ensure that the aircraft is no longer in the missile field of view. Flare burn time, 
like flare rise time, varies with altitude. A flare will burn longer, but at lower 
intensity, at higher altitudes. A longer flare burn time increases the probability the 
IR missile will be decoyed by a single flare. 


3. ADVANCED FLARES 
To counter the advances in IR missile seeker technology the Air Force and Navy 
formed the Advanced Strategic and Tactical Expendables program to develop and 
field advanced IR decoys. Two products to come out of this program are the 
kinematic flare, MJU-47, and the covert flare, MJU-50/51. 


a. Kinematic Flares. A significant characteristic of conventional flares is that 
upon ejection they rapidly slow down and separate from the aircraft. As 
described in Chapter 14, modern IR missiles exploit this rapid separation between 
the aircraft and the flare. The rapid separation triggers a flare rejection response 
in the missile seeker causing it to ignore the flare and continue tracking the 
aircraft. The kinematic, or thrusted, flare delays the missile response by 
propelling itself in the direction of the aircraft and negating or delaying the 
missile's flare rejection trigger. The MJU-47 is the same size as the currently 
fielded MJU-10 flares. The flare's decoying pyrotechnics are vectored out the end 
of the flare to provide a 


Figure 15-3. Kinematic Flare 
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b. Covert Flares. Though an effective tactic at defeating MANPADS, pre- 
emptively dropping flares in a target area carries a significant risk. The risk is that 
enemy air defense systems that may not have known the aircraft's location will 
surely see the flares, day or night, and any chance for surprise is lost. Figure 15-4 
shows the visual signature of conventional flares. The danger of highlighting 
oneself becomes even more likely as aircraft become fitted with chaff and flare 
systems that automatically dispense expendables based upon inputs from the 
RWR or a missile attack warning system (MAWS). Automatic systems tend to 
error on the side of caution which means expendables will be dropped if there is 
any ambiguity. Visually covert flares, named the MJU-50 and MJU-51, remove this 
problem by not leaving a visual signature such as smoke or flame. These covert 
flares are made of material that oxidizes, pyrophoric instead of pyrotechnic, when 
released in the air. The MJU-50 is the size of the small M-206 flare while the 
MJU-51 is the size of the MJU-7 flare. 


Figure 15-4. Flare Visual Signature 


4. FLARE EMPLOYMENT 

The purpose of employing a self-protection flare cartridge is to decoy the seeker 
head of an IR missile. This is accomplished by presenting the IR missile with a 
second heat source with an IR signature that exceeds the aircraft signature. The 
flare or IR source must appear in the field of view of the IR missile at the same 
time as the aircraft. As the flare separates from the aircraft, the IR missile seeker 
tracks the most intense IR signature, which ideally is the flare, and is decoyed 
away from the aircraft. 
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a. It is important to perform maneuvers along with flare employment to 
effectively defeat IR missiles. Maneuvers compound the IR missile’s tracking 
problems and increase the distance between the aircraft and flare. Maneuvers 
that put the aircraft outside the IR missile field of view increase the ability of the 
flare to decoy the missile. When engaged by an IR threat, one tactic is to 
immediately dispense a flare and maneuver to put the missile on the beam. This 
increases the line-of-sight rate the missile guidance system must process and 
gives maximum separation between the aircraft and the flare (Figure 15-5). 


Figure 15-5. Initial Maneuver and Flare Employment 


b. With the IR threat on the beam, the pilot has the best chance for achieving 
a “tally-ho” on the missile to determine range and keep the missile on the beam. 
Visually acquiring the missile increases the chances of surviving the encounter. 
Modern chaff and flare dispensers, such as the ALE-47 and ALQ-213, can be 
programmed to dispense flares in a sequence optimized to defeat specific IR 
missiles. Programs are selected by the pilot based upon the most likely threat. 
Classified tactics manuals provide aircraft specific maneuvers and flare 
dispensing programs to defeat the IR threat. 


5. IRCM TACTICS 

Besides maneuvers and flare employment, there are other IR countermeasures 
that can reduce the effectiveness of IR threat systems. The first is to reduce the 
intensity of the heat signature of the aircraft by reducing the power setting. The 
engines produce the largest IR signature and are the only source of IR radiation 
that the pilot can influence. By reducing the power setting, the IR signature is 


15-5 


Chapter 15. IR Countermeasures Electronic Warfare Fundamentals 


reduced and the required flare intensity is thereby reduced. Use of afterburner 
should be minimized for exactly the same reason; the required flare intensity 
necessary to cover an aircraft in afterburner is difficult to obtain. The pilot should 
not reduce the power setting below the minimum required to maintain sufficient 
maneuvering airspeed. 


a. Another effective IRCM is to use the sun. Maneuvering into the sun masks 
the aircraft's IR signature from most IR threat systems. When attacking a target 
defended by IR systems, an attack axis that places the sun behind the attacker 
may limit the effectiveness of these systems. 


b. Clouds or smoke can also confuse IR threat systems (Figure 15-6). The 
water vapor making up clouds diffuses the IR energy making it difficult for an IR 
system to get a point to track, similar to how sun's light is diffused on a cloudy 
day. The particles found in smoke can have a similar effect on IR energy. The final 
IRCM is to reduce the IR signature of the aircraft by careful design of the engines 
and exhaust system. For example, the F-117 was specifically designed to provide 
the lowest possible IR signature. 


Figure 15-6. IRCM 


6. MISSILE APPROACH WARNING SYSTEMS (MAWS) 

One of the most important factors in defeating an IR missile attack is knowing 
that an attack is in progress. Since IR threat systems are generally passive, the 
radar warning receiver (RWR) will provide no attack warning unless the threat 
uses some detectable radar energy for acquisition prior to launching an IR 
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MAWS are designed to provide the crew some warning of an ongoing 
raft. 
Advances in technology allowing them to be smaller and promising lower false 
alarm rates have increased the possibility that fighter size aircraft may be 
outfitted with this equipment. 


a. The two primary requirements for MAWS are timeliness and reliability. An 
IR missile engagement is an extremely short event providing very little time for 
the targeted aircraft to respond with maneuvers and flares. Secondly, there must 
be a very low false alarm rate. In earlier systems the sun, flares, or the wingman's 
aircraft have been known to cause false alarms. Aside from being annoying, a 
false alarm can become a tactical problem if the MAWS is tied directly into the 
countermeasures dispenser set allowing for automatic dispensing of chaff and 
flares when the MAWS senses an attack. False alarms in this type of scenario 
would only serve to highlight a previously untargeted aircraft. 


b. MAWS detect incoming missiles either actively or passively. The active 
MAWS use a pulse Doppler radar to detect and track the in-flight approach of an 
attacking missile. Pulse Doppler radar is used for this purpose because of its 
ity to use relative velocity to pull targets out of clutter. An incoming mi: 
will have a high velocity relative to the surrounding background. Range and time 
to impact are computed automatically, updated continuously, and provided to the 
crew to assist in defensive maneuvers (Figure 15-7). The down side to active 
MAWS is the requirement to continuously radiate for long periods of time to 
contradicts the common tactic of keeping radar 
um to avoid being tracked via passive detection 
measures. This situation has led to the latest generation of MAWS being mostly 
of the passive type. 


Figure 15-7. Missile Alert Warning System (MAWS) 
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c. The passive MAWS operate in either the ultraviolet, or the infrared 
frequency spectrum. These systems are tuned to look for the IR signature of a 
missile's rocket motor, then pass a warning and the position of the inbound 
threat to the pilot. To obtain all-aspect missile warning, multiple MAWS sensors 
must be positioned on the aircraft in a similar fashion to RWR antennas. All- 
aspect MAWS face the same challenges that RWR systems face: false multiple 
targets due to maneuvers and accurate threat position reporting, to name a few. 


7. SUMMARY 

The proliferation of IR threat systems has elevated the importance of IRCM to 
survival on the modern battlefield. The most effective IRCM is still the 
employment of flares in conjunction with maneuvers. The specific flare 
characteristics of IR spectrum coverage, rise time, and burn time are critical 
factors in determining flare effectiveness. Other IRCM tactics are designed to 
enhance the effectiveness of flares and take advantage of IR missile limitations. 
The effectiveness of all IRCM tactics depends on some type of attack warning. 
The new generation of MAWS should provide some measure of warning to the 
crews and in some cases automatically defeat the IR missile. 
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CHAPTER 16. RADAR ELECTRONIC PROTECTION (EP) 
TECHNIQUES 


1. INTRODUCTION 

Electronic warfare (EW) is defined as military action involving the use of 
electromagnetic and directed energy to control the electromagnetic spectrum or 
to attack the enemy. Nearly every military action, from command and control of 
an entire integrated air defense system (IADS) to precision guidance of an 
individual weapon, depends on effective use of the electromagnetic spectrum. 
Radar systems have become a vital element of nearly every military operation. 
Since these systems operate across the entire electromagnetic spectrum, much 
of the EW effort is concerned with countering radar systems. All of the jamming 
techniques discussed in Chapters 10 and 11 and the chaff employment options 
discussed in Chapter 13 are specifically designed to counter radar systems. 
These actions are classified as electronic attack (EA), which is a part of EW. 


a. EW is somewhat like a chess game—a series of moves and countermoves 
within the electromagnetic spectrum. As we develop jamming techniques to 
counter radar systems, our adversaries develop counter-countermeasures to 
negate the effectiveness of these techniques. In response, we develop newer 
techniques and our adversaries respond with new modifications to their radar 
systems. This series of moves and countermoves can continue for decades. The 
development and application of radar counter-countermeasures are classified as 
electronic protection (EP), also a part of EW. 


b. The continuing battle to control the electromagnetic spectrum for 
unrestricted radar employment has resulted in over 150 radar EP techniques. 
These techniques are designed to negate the effectiveness of electronic jamming 
and chaff on radar systems. These radar EP techniques can be incorporated into 
the design of a radar system or added to an existing radar system in response to 
a jamming technique. it is beyond the scope of this text to discuss all the radar 
EP techniques in use today. This chapter will discuss the most common EP 
techniques. They have been organized by function of the technique within the 
radar. These functions include radar receiver protection, jamming avoidance, 
jamming signal exploitation, overpowering the jamming signal, pulse duration 
discrimination, angle discrimination, bandwidth discrimination, Doppler 
discrimination, and time discrimination. 


2. RADAR RECEIVER PROTECTION 


The following are some of the most common radar counter-countermeasures 
designed to prevent receiver overload or saturation. 
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a. Sensitivity time control (STC) is used to counter close-in chaff or close-in 
clutter. Receiver gain is set at normal for long ranges and reduced for close-in 
ranges. One problem with using STC is that close-in targets may be missed if 
STC is improperly adjusted. 


b. Automatic gain control (AGC) is used to counter chaff, clutter, and most 
types of transmitted jamming. AGC senses the signal level of a receiver's output 
and develops a back-bias, producing a constant output level. This technique has 
a slow response time compared to fast AGC and instantaneous AGC, both of 
which are employed instead of AGC. Also, it cannot maintain correct IF output 
levels for different intensity signals that are close in range because the bias 
voltage has a long buildup and decay time. 


c. Fast automatic gain control (FAGC) is also employed against chaff, clutter, 
and most types of transmitted jamming. FAGC works by sensing the signal level 
of receiver output and develops a back-bias, tending to hold output constant. 
Response time is within milliseconds, permitting fast response and recovery as 
the antenna traverses the jammer’s bearing. There are several precautions to note 
when using FAGC. First, targets may be suppressed and lost without the operator 
knowing that jamming is present. Second, a strong pulse or echo may cause 
ensuing weak targets to be lost. Lastly, FAGC has difficulty getting an accurate 
bearing on the jamming source. 


d. Instantaneous automatic gain control (IAGC) is another technique to 
counter chaff, clutter, and most types of transmitted jamming. IAGC senses the 
signal level of each echo or jamming pulse and develops a back-bias that holds 
the stage output constant. Gain control response time is within milliseconds and 
extends the dynamic range of the receiver. There are several precautions to note 
when using IAGC. First, it is not effective against signals whose “in band” time is 
less than the IAGC response time. Also, with continuous duty cycle jammers, 
targets may be lost without the operator knowing that jamming is present. Finally, 
it is difficult to get an accurate bearing on the jamming source. 


e. Automatic noise leveling (ANL) counters noise jamming and modulated or 
unmodulated constant wave jamming. ANL samples receiver noise content at the 
end of each PRF and sets the gain accordingly for the next pulse interval. 
Continuous jamming reduces gain to keep output the same as the original noise 
level. ANL also follows the scanning rate of the antenna so that receiver noise 
output is constant as the antenna rotates. When using ANL, targets may be 
suppressed and lost without the operator knowing that jamming is present. Also, 
receiver gain is unstable when pulses or swept jamming enter the sampling gate 
intermittently. 


f. The logarithmic receiver (LOG) counters most types of transmitted 
jamming by amplifying and demodulating large dynamic-range signals in 
logarithmic amplifiers. This produces “amplitude compression” of the strong 
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signals. However, when using LOG, output is nearly constant so the operator 
cannot easily tell when jamming is present. 


g. The logarithmic receiver with fast time constant (LOG-FTC) counters 
narrowband jamming, chaff, and clutter. This technique amplifies and 
demodulates large dynamic-range signals in logarithmic amplifiers, producing 
“amplitude compression” of the strong signals. Video is coupled through FTC 
circuits to eliminate rectified carrier and low frequency sideband products. There 
are problems with using LOG-FTC. First, the receiver output is nearly constant, 
so the operator cannot always tell when jamming is present. Second, LOG-FTC is 
not effective against wideband, or fast-swept, short pulse jamming. Lastly, 
LOG-FTC causes a broadening of displayed jam sector. as well as degrading 
bearing accuracy on the jam source. 


h. Dicke-fix (DF) counters wideband and fast-swept jamming and is similar in 
employment to wideband limiting (WBL). DF amplifies without ringing, clips down 
all pulses to a common level, then amplifies the narrowband echo signal more 
than the wideband jamming. Noise level is held constant, independent of jamming 
intensity. There are precautions to note when using DF. Jamming that enters the 
wideband limiter can capture limiters, causing poor receiver sensitivity. Targets 
may be suppressed without the operator knowing that jamming is present. Also, 
resolution and target detection range are reduced, even in a non-jamming 
environment. Finally, DF is ineffective against extremely fast-swept spot jamming. 


i. WBL is used to counter wideband jamming and fast-swept jamming. WBL 
amplifies without ringing, clips down all pulses to a common level, then amplifies 
the narrowband echo signal more than the wideband jamming. Noise level is held 
constant, independent of jamming intensity. However, jamming that enters the 
wideband limiter can capture limiters and cause poor receiver sensitivity. 
Resolution and target detection range is reduced, even in a clear environment. 
Targets may be suppressed without the operator knowing that jamming is 
present. Finally, WBL is ineffective against fast-swept spot jamming. 


j. Adaptive video processing (AVP) counters chaff corridors, weather, sea 
clutter, and most types of transmitted jamming. AVP combines the adaptive 
threshold, beam-to-beam correlation, and wide-pulse blanking in frequency- 
scanning three-dimensional radars to avoid collapsing undesired returns on the 
PPI display. However, when using AVP, there is a decreased probability of 
detection in some multiple target situations. Also, targets may be suppressed 
without the operator knowing that jamming is present. Finally, AVP passes all 
point targets. 
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3. JAMMING SIGNAL AVOIDANCE 
The following are some EP techniques used to avoid jamming signals. 


a. Frequency agility (FA) counters narrowband jamming and some types of 
repeater and deception jamming. FA enables the radar to make rapid changes of 
transmitter and receiver operating frequency, sometimes on a pulse-to-pulse 
basis. Manual frequency changes may cause mutual interference with other 
radars and services. 


b. Frequency diversity works against narrowband jamming and some types of 
repeaters and transponders. It is a multiple-radar coordination procedure in 
which radars are assigned operating frequencies that are separated to reduce 
mutual interference and their susceptibility to a single jammer. It is important to 
note that other radars may be operating at the same allocated operating 
frequency. 


c. Polarization diversity is used to counter chaff, weather, and transmitted 
jamming. Polarization diversity attenuates jamming input to a radar receiver by 
using antenna polarization different from jammer polarization, and usually 
involves separate radars of different polarization. There are two precautions when 
using polarization diversity: (1) ground clutter worsens on vertical polarization, 
and (2) close coordination is necessary if separate radars are used; for example, 
one horizontally polarized search radar and one vertically polarized search radar. 


d. Circular polarization (CP) works against chaff, weather, and transmitted 
jamming. CP attenuates jamming input to a radar receiver by using antenna 
polarization different from jammer polarization, and usually involves separate 
radars of different polarization. CP also improves target detection in rain clutter. 


. Conical-scan-on-receive-only (COSRO) is employed against inverse conical 
scan jamming to deny a jammer the ability to sense and upset scan angle 
tracking information. A constantly transmitted illumination beam is received and 
scanned to derive target angle information. However, the jammer can still 
degrade angle tracking if it can approximate the received signal scan rate. 


f. Speedgate tracking is used against all types of transmitted jamming. The 
technique provides a very narrow bandpass having a center frequency related to 
Doppler shift. Only jamming within the restricted band is effective. It has the 
advantages of accurate target Doppler discrimination and good target tracking at 
low target levels. However, the speedgate can be stolen by gate stealers and 
some types of swept jamming. 


g. Leading-edge track (LET) is used to counter an incoming target dropping 
chaff by allowing target tracking on the leading edge of the target. Trailing edge 
track (TET) is used to counter a receding target dropping chaff. 
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h. Track coast is used to counter chaff, clutter, multiple targets, range gate 
stealers, jam fades, and blinking jamming by placing tracking 
aided coast condition. The system “estimates” target posi 
interrupting the fire control solution. A lock-on or return to acqui 
terminates the track coast condition. Track coast requires adequate storage of 
rate-aided information, and no true tracking information will be developed while 
track coast is operating. 


i, Guard gates work against chaff, clutter, multiple targets, range gate 
stealers, jam fades, and blinking jamming. Guard gates provide automatic 
detection of a foreign signal and “estimates” target position to avoid interrupting 
fire control solutions. Like track coast, guard gates require an adequate store of 
rate-aided information with no true tracking information developed. 


4. JAMMING SIGNAL EXPLOITATION 


The following are some EP techniques that use the jamming signal for target 
acquisition and engagement. 


a. Passive angle tracking (PAT) counters most types of transmitted jamming 
by allowing the radar to acquire and angle-track the source of jamming signals. 
There are some problems with this technique. Blinking jamming can cause severe 
instability, and the range of the jammer is unavailable until the target reaches 
burnthrough range. 


b. Home-on-jamming (HOJ) counters most types of transmitted jamming by 
allowing the missile or radar to use the jamming signals, locate the source, and 
home on it. However, blinking jamming can cause severe instability, and the 
range of the jammer is unavailable until burnthrough. 


c. Jamming signals produce recognizable sounds that help in their detection 
and identification. Aural recognition allows an operator to listen to the Doppler 
frequency associated with a moving target. It is used to counter most types of 
jamming. 


d. The local oscillator off technique counters continuously transmitted 
jamming. No receiver output occurs unless a target echo signal and a jamming 
signal are present. Limitations of this technique include: targets only display in 
an area where jamming is present; and, if the antenna rotates away from the 
jammer, or if jamming is turned off, no targets are displayed on the radar scope. 


e. The jamming strobe indicator counters any transmitted jamming with high- 
duty-cycle modulation. The indicator is a variable marker strobe on the radar 
display that moves in range proportional to jamming strength. The indicator 
traces an antenna lobe pattern on the display, showing the azimuth of the 
jamming source. There are some problems with the jamming strobe indicator. 
First, it interrupts normal video in some radars. Second, inverse or sidelobe 
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jamming can cause erroneous strobes. Finally, the jam strobe does not react to 
unmodulated CW or low-duty-cycle jamming for some radar systems. 


f. The jamming indicator lamp, located on the operator console, is used on 
radars with automatic noise leveling (ANL) to counter continuous transmitted 
jamming. The lamp alerts the operator to the presence of jamming, and the ANL is 
manually shut off. This action allows the operator to determine jammer bearing. 


g. Clean strobe generation (CSG) counters any transmitted jamming by using 
the sidelobe blanking circuits of a radar. An azimuth strobe appears when the 
jamming level in the main antenna exceeds the jamming level in the sidelobe 
auxiliary antennas. The operator is alerted to the presence and bearing of a 
jamming source, even with a constant false alarm radar (CFAR) receiver. 


h. Jamming attenuation (JAM ATTEN) counters both clutter and any type of 
jamming. Receiver gain is reduced to avoid receiver saturation by inserting an 
attenuator pad that enables the operator to recognize presence, type, and bearing 
of a jamming source. When using JAM ATTEN, however, the reduced gain may 
cause loss of targets, even in non-jammed sectors. Also, any improvement in 
signal-to-jam ratio is not possible. 


i. Receiver manual IF gain (MAN GAIN or IF GAIN) also counters clutter and 
jamming. Receiver gain is reduced to avoid jamming saturation by manually 
reducing stage gain, allowing the operator to identify jammer presence, type, and 
bearing. When using IF GAIN, the reduced gain may cause a loss of targets, even 
in non-jammed sectors. Also, any improvement in signal-to-jam ratio is not 
possi 


5. OVERPOWERING THE JAMMING SIGNAL 
Following are some EP techniques a radar system can employ to overpower 
jamming and reduce the jamming-to-signal (J/S) ratio to less than one. 


a. Burnthrough counters most types of transmitted jamming. Energy in the 
target pulse is raised by increasing the peak power, that is, the PRF or pulse 
width, or by increasing the time the radar illuminates the target by reducing the 
scan rate or scan angle. Some radars have modes in which the radar 
concentrates its power in narrow azimuth and elevation sectors about the 
suspected target position. However, burnthrough can degrade general radar 
performance by overloading the receiver if a large radar cross section target is 
detected. High power may impact radar operation in clutter or dense chaff 
environments. 


b. Narrowband long pulse (NBLP or NLP) counters most types of transmitted 


jamming by using a high-energy long pulse. The signal uses a narrowband 
receiver for reception, and increases detection range for targets in jamming and 
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in the clear. Simultaneously, it reduces resolution, which causes poor radar 
performance in chaff and clutter. 


6. PULSE DURATION DISCRIMINATION 
The following are some radar counter-countermeasures that use pulse duration 
to discriminate between radar and jamming signals. 


a. The fast time constant (FTC) is used to counter chaff, clutter, and 
narrowband jamming. A video circuit provides low frequency attenuation to reject 
carrier and low frequency modulation jamming. FTC passes normal radar pulse 
lengths with little attenuation, but causes some loss of receiver sensitivity. 


b. Pulse width discrimination (PWD), clutter eliminate (CE), and wide pulse 
blanking (WPB) are designed to counter chaff, most types of jamming, EMI, and 
some types of deception jammers. A video coincidence gate, involving a delay 
line matched to the expected signal duration, senses if a return is the proper 
pulse width. PWD, CE, and WPB provide an enabling path for qualified signals. 
However, weak signals may be lost in the signal processing. 


c. Pulse expansion-compression (PC) is used to counter most types of noise 
jamming and some types of deception jamming. An expanded pulse is coded for 
transmission. This expanded pulse is transmitted and decoded on return. Echo 
responses are then compressed in a decoding process. This 
expansion/compression is equivalent to NLP, which provides longer detection 
ranges, and wideband short pulse, which provides increased resolution. Using 
PC is not without problems. Unwanted residues may cause loss of weak targets. 
Additionally, range error proportional to the Doppler shift, or radial velocity, 
affects the accuracy of the PC. 


7. ANGLE DISCRIMINATION 
The following techniques use angle discrimination to distinguish between radar 
returns and jamming signals. 


a. Sidelobe blanking (SLB) and sidelobe cancellation (SLC) are types of 
sidelobe suppression (SLS) used to counter sidelobe response to chaff, clutter, 
transmitted jamming, sidelobe jamming, and deception jamming. An auxiliary 
antenna approximates the pattern and gain of sidelobes of the main antenna and 
produces a signal for comparison with the signal received in the main antenna. If 
the signal in the auxiliary antenna is greater, the signal in the main antenna 
channel is blanked. This permits bearings to be obtained on a jamming source 
and rejects sidelobe jamming. SLB is useful only for determining the bearing to 
the jamming source. 


b. Antenna manual positioning, antenna traverse and elevation angle offset, 
antenna jog, and antenna slow scan are EP techniques used to counter main 
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beam and sidelobe jamming and deception. These techniques are designed to 
increase the antenna scans across the jammed sector to increase the blip-scan 
ratio. These techniques increase the number of pulses integrated, as well as the 
operators’ sorting capability. 


8. BANDWIDTH DISCRIMINATION 


The following are EP techniques that use bandwidth to distinguish between radar 
jamming and target returns. 


a. Dicke-fix (DF) counters wideband and fast-swept jamming. A wideband 
limiter amplifies without ringing and clips all pulses down to a common level. 
Then an amplifier increases narrowband target echo signals more than the 
wideband jamming. There are some problems associated with DF. Any jamming 
entering the wideband limiter can “capture” the limiters and cause poor receiver 
sensitivity. Targets may be suppressed without the operator knowing that 
jamming is present. Resolution and target range is reduced, even in a clear 
environment. Finally, DF is ineffective, even harmful, when the jamming 
bandwidth is near the bandwidth of the desired echo signal. 


b. Transmitter pulse lengthening (TPL) counters wideband and fast-swept 
jamming. TPL concentrates power into a narrow band about the carrier frequency 
by lengthening the transmitting pulse. While this allows use of a narrowband 
receiver, it impairs resolution, causing poor chaff and clutter performance. 


c. Transmitter pulse shaping (TPS) counters wideband and fast-swept 
jamming. The sideband range is limited by shaping the transmitted pulse. This 
allows use of a narrowband receiver, but impairs resolution, causing poor 
performance in chaff and clutter. 


d. Narrowband pulse limiting (NBLP or NLP) is a form of transmitter pulse 
lengthening that counters wideband jamming and fast-swept jamming. NBLP 
concentrates power into a narrow band in the carrier frequency by lengthening 
the transmitting pulse. This allows use of a narrowband receiver, but impairs 
resolution, causing poor chaff and clutter performance. 


e. The fast time constant (FTC) is used to counter chaff, clutter, and 
narrowband jamming. A video circuit provides low frequency attenuation to reject 
carrier and low frequency modulation of jamming. FTC passes normal radar pulse 
lengths with little attenuation, but causes some loss of receiver sensitivity. 


f. High video pass (HVP) is used to counter chaff, clutter, and narrowband 
jamming. It is similar to FTC. A video circuit provides low frequency attenuation 
to reject carrier and low frequency modulation jamming. HVP passes only the 
leading edge of the received pulses. HVP can cause some loss of receiver 
sensitivity. 
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g. The wideband short pulse (WSP) counters chaff, clutter, and narrowband 
jamming by transmitting a short pulse and using a wideband receiver for 
reception. Echo resolution and accuracy are improved, and performance against 
narrowband jamming is enhanced. However, the maximum detection range is 
decreased and system vulnerability to wideband jamming is increased. 


h. Narrowband limiting (NBL) counters chaff, clutter and narrowband 
jamming. A narrowband filter positioned in the front of the amplifier section 
allows only the target signal bandwidth to enter the limiter, reducing wideband 
and off-frequency jamming. The limiter clips all signals and noise to a common 
level. This technique is useful only when followed by pulse compression or other 
“decode” techniques. NBL is not effective against wideband jammers capable of 
causing “ringing” of the NBL bandpass filters. Targets may be suppressed and 
lost without the operator knowing that jamming is present. Finally, target 
detection and resolution are poor. 


9. DOPPLER DISCRIMINATION 


EP techniques that use Doppler frequency discrimination between radar and 
jamming signals to negate jamming effectiveness include the following: 


a. Moving target indication (MTI) is used to counter chaff and clutter. The 
phase of returned target echoes is compared on a pulse-to-pulse basis. Those 
with no phase change (no change in radial velocity) are cancelled using a delay- 
line canceler. Sensitivity using MTI is poor for weak targets, even in the clear. 
Also, it is blind to targets that have a Doppler frequency that is equal to a multiple 
of the radar PRF, unless PRF stagger is used. Finally, limited dynamic range does 
not allow full cancellation of strong clutter echoes. 


b. Compensated coherent MTI, also known as compensated COHO MT, 
counters chaff and clutter by comparing the phase of returned target echoes on a 
pulse-to-pulse basis. Those pulses with no phase change, that is, no change in 
radial velocity, are cancelled. Corrections to the coherent oscillator are applied to 
compensate for motion of the platform and radar antenna. Sensitivity is poor for 
weak targets, even in the clear, and it is blind to targets that have a Doppler 
frequency equal to, or a multiple of, the radar PRF, unless PRF stagger is used. 


10. TIME DISCRIMINATION 


The following EP techniques use time discrimination between radar and jamming 
signals to negate jamming effectiveness. 


a. Video integration (VINT) and integrate-multiply (INT-MULT) counter any 
form of transmitted jamming not synchronous with radar PRF. The video 
continuously circulates through a delay line, delaying signals exactly one pulse 
recurrence time (PRT), then combines them with signals from the next PRT. 
Synchronous target signals add together to increase video output, but noise and 
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random pulses are suppressed. Unless MTI and FTC are employed, VINT and INT- 
MULT will enhance chaff, clutter, and jamming along with target returns. Also, 
feedback control, or loop gain, must be carefully adjusted for optimum results. 


b. PRF stagger and jitter are EP techniques designed to counter quasi- 
synchronous jamming, EMI, MTI blind-speeds, “second trip” echoes, and repeater 
jammers simulating “closer-than-real” targets. The transmitter pulse interval 
varied to break up synchronous patterns. Received signals must be “de- 
staggered” for use with MTI or integration. When using any of these techniques, 
video de-stagger balance must be accurate or “double video” occurs. These 
techniques are not effective against exact synchronous deception jamming. 


c. Pulse-to-pulse correlation (PPC) is used to counter slow-swept blinking or 
pulsed jamming not synchronized with radar PRF, and some types of deception 
jammers. To be displayed, target video must exceed a threshold voltage for two 
successive pulses. The technique avoids displaying non-synchronous jamming 
and EMI, but is not effective against synchronous jamming, and may cause weak 
targets to be missed. 


d. Beam-to-beam correlation (BBC) is used to counter slow-swept blinking or 
pulse jamming not synchronous with radar PRF and some types of repeaters and 
transponders. It is used in three-dimensional frequency scanning or frequency 
agile radars. To be displayed, the target return echo signal must exceed a 
threshold value in two adjacent antenna beams. BBC is not effective against 
synchronous jamming. It may also cause weak targets to be missed. 


e. Single beam blanking (SBB) is used to counter slow-swept, blinking, 
pulsed jamming, and narrowband jamming. It is used in three-dimensional 
frequency scanning or frequency agile radars to avoid displaying vertical beams 
containing jamming. A blanking pulse is generated for vertical beams containing 
jamming so that they are not displayed. The technique is not used on RHI video. 
Also, it can cause a loss of targets at the jammed elevation angle on the PPI 
display. 


41. SUMMARY 

This chapter has discussed some of the most widely employed EP techniques 
designed to counter radar jamming. The capabilities of the individual radar 
operator were not discussed. However, the radar operator is as important as the 
EP techniques designed for the radar system. Many of the most effective EP 
techniques are designed to ease operator interpretation of the radar display. In 
the chess game of EW, the capabilities of individual radar operators can be as 
important as the sophisticated EP techniques in determining the final outcome. 
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CHAPTER 17. RADAR WARNING RECEIVER (RWR) BASIC 
OPERATIONS AND GEOLOCATION TECHNIQUES 


41. INTRODUCTION 


Radar surveillance and radar-directed weapons represent the biggest threat to 
aircraft survival on the modern battlefield. The first step in countering these 
threat systems is to provide the pilot or crew with timely information on the signal 
environment. The radar warning receiver (RWR) is designed to provide this vital 
information to the pilot. The RWR system is an example of an electronic warfare 
support (ES) system. The primary purpose of an RWR system is to provide a 
depiction of the electronic order of battle (EOB) that can have an immediate 
impact on aircraft survival. Though the RWR system is complex, the basic 
operations of the various components are straightforward. A step above RWR 
systems is threat geolocation. While an RWR provides the EOB for a single 
aircraft, threat geolocation systems can provide accurate threat location data for 
numerous aircraft over an entire region. Threat location data is used for aircraft 
threat avoidance and, more common today, the preemptive attacking of enemy 
radar sites. This chapter will discuss the functions of the various components of 
a RWR system including the antennas, receiver/amplifiers, signal processor, 
emitter identification (EID) tables, RWR scope, RWR audio, and tions to 
RWR systems. This chapter will then go on to discuss three of the methods used 
to geolocate radar threat systems. 


2. RWR ANTENNAS 

Antennas are designed to receive radar pulses from threat radar systems. Factors 
that impact the operation of the RWR antennas include location, pattern, 
sensitivity, and polarization. 


a. The physical location of the RWR antennas on the aircraft can affect its 
ability to detect a radar signal. Antennas are arranged to cover a predetermined 
area of horizontal and vertical space around the aircraft (Figure 17-1). 


b. The antennas and their patterns play an essential part in displaying the 
spatial relationship of a threat radar to the aircraft. The antenna patterns are the 
areas, or “footprints,” that the antennas are specifically designed to cover. These 
footprints are directly affected by the relative position of the antennas to the 
threat systems. This is because the signal processor measures and compares 
signal strength from all the aircraft antennas to compute threat signal location 
ive to the aircraft. This relative location is then presented on the RWR scope 
lay. Aircraft movement and maneuvering shifts these relative positions 
g flight and can distort the true threat position on the RWR scope. Precise 
position determination is not possible with most RWRs. 
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Figure 17-1. Radar Warning Receiver (RWR) Antennas 


c. The sensitivity of an RWR antenna directly affects its ability to detect a 

ignal. The more sensitive the antenna, the further it can detect a signal. 
ity of a system and its ability to intercept a radar signal is usually 
expressed in decibels relative to milliwatts or dBm units. A 10 dBm change in 
ity can result in a 25 nm range difference in target detection. In general, 
sensitivity levels of -50 to -60 dBms are required to detect signals at long ranges 
(Figure 17-2). 


Detection 


Figure 17-2. RWR Antenna Sensitivity 


17-2 


neon bulb 


‘The terms neon bulb, neon indicator, and neon lamp tend to be used interchangeably. 
In this encyclopedia, a neon bulb is defined asa glass capsule containing two electrodes 
in neon gas (or a combination of gases in which neon is present). A neon Jamp is an 
assembly containing a neon bulb, usually using a plastic tube with a tinted transparent 
capat one end, Aneon indicators a miniature neon lamp thats usually panel-mounted. 


Large-scale neon tubes used in signage are not included in this encyclopedia, 


OTHER RELATED COMPONENTS 


+ incandescent lamp (see Chopter 18) 
nt light (see Chapter 20) 
+ LED indicator (see Chapter 22) 


What It Does 


When voltages applied between two electrodes 
inside a neon bulb, the inert gas inside the bulb 
‘emits a soft red or orange glow. This color may 
be modified by using a tinted transparent plastic 
cap, known as.a lens, in a neon lamp assembly. 


Aneon bulb is usually designed fora power sup- 
ply of 110V or higher. It functions equally well 
with alternating or direct current, 


‘The schematic symbols in Figure 19-1 are com- 
monly used to represent either a neon bulb or a 
neon lamp. They areallfunctionally identical. The 
black dot that appears inside two of the symbols 
indicates that the component is gas filled. The 
position of the dot inside the circle is arbitrary. 
Even though all neon bulbsare gas filled, the dot 
is often omitted. 


2999 


Figure 19.1. Any of these symbols may represent a neon 
bulb or a neon lamp. The dot in two of the symbols ina 
cates that the component és gas filed. All neon bulbs are 
15 filed. but the dots often omitted. 


The photograph in Figure 19-2 shows a neon 
bulb with a series resistor preattached to one 
lead. Many bulbs are sold in this configuration, 
because a resistor must be used to limit current 
through the bulb. The bulb has no polarity and 
can be used on an AC or DC power supply. The 
same bulb is shown in its energized state in 
Figure 193. 
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d. Another factor affecting antenna detection range is the polarization of the 
antennas. If the polarization of the RWR antenna and the threat system antenna 
are mismatched, or cross-polarized, initial detection of a threat signal could be 
delayed until the aircraft is within the lethal range of a threat system. In this 
situation, the aircraft could be engaged with minimal warning (Figure 17-3). 


Normal Detection Range Polarization 
Matched 


Cross-Polarized Detection Range 


Figure 17-3. RWR Antenna Polarization 


3. RWR RECEIVER/AMPLIFIERS 

The RWR receiver/amplifier section processes the radar signals from the 
antennas. Most RWR systems use frequency bands to differentiate signals. 
Nominal band designations are summarized in Table 17-1. There are two types of 
receivers currently used in RWR systems: the crystal video receiver and the 
superheterodyne recei 


Table 17-1. RWR Frequency Band Designators 


RWR Frequency Band | EWFrequency Band | 
z andO bi ~ Charlie-DeltaBands 
Echo-Foxtrot Bands 


Golf-Hotel Bands 
Indi 
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a. A crystal video receiver (CVR) is the simplest type of microwave receiver. It 
is used primarily for detection of pulse radar signals in the 2 to 18 GHz band. A 
CVR used in a radar warning receiver incorporates crystal detectors for each 
designated frequency band. A pulse radar signal is detected by the antenna and 
passed to the multiplexer. The multiplexer divides the received radar signals by 
frequency band and sends the signals to the appropriate band channel. The RF 
amplifier boosts the radar signal and passes it to the crystal detector (Figure 
17-4). 


Antenna 


Band3 7 
Video 


Crystal Compressive 
RF Amplifier Detector Video 
Bank Amplifier 


Figure 17-4. Crystal Video RWR Receiver 


(1) The crystal detector is an RF diode, which converts the RF signal into a 
video signal. The voltage level of the output video signal is dependent only on the 
amplitude of the input signal and not on the frequency or phase. The sens 


g 
radiation from most threat radars. The video output of the crystal detectors is 
amplified by a high-grain compressive video amplifier and sent to the RWR scope 
for display. 


(2) A CVR is extremely fast, sensitive, and covers a wide frequency range. 
These characteristics coupled with low cost and small size make CVRs ideal for 
use in radar warning receivers. The primary disadvantage of a CVR is that 
inate in reception and can be saturated in a dense signal environment. 
Multiple signals in the same band can cause amplitude distortion which can mask 
key threat signals. 
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b. A superheterodyne RWR receiver uses a pre-selector filter, mixer, and a 
local oscillator to translate the received signal to a lower intermediate frequency 
(IF). This lower IF allows the receiver to amplify and filter the received signal to 
provide greater sensitivity and frequency selectivity than a CVR (Figure 17-5). 


Antenna 


IF Amp 


Pre- 


Log 
Selector > IF ter Video: 
Amp 


Filter 


Processor 


‘Computer 
Controlled 
Tuning 


Figure 17-5. Superheterodyne RWR Receiver 


(1) Superheterodyne RWR receivers use special scanning techniques 
controlled by the signal processor to tune the pre-selector filter and the local 
oscillator to rapidly scan selected threat system frequency bands. If the receiver 
detects activity in any of these bands, the scan stops to allow the processor to 
analyze the detected signals. The signal i local oscillator 
signal to lower the frequency to the IF. TI nal is amplified, filtered, and 
amplified again before it reaches the signal processor. The signal processor 
classifies the threat and displays the proper threat symbol to the pilot. This entire 
process is accomplished in a matter of microseconds. 


(2) The scanning superheterodyne receiver has important features that 
make it effective for RWR system application. It has excellent sensitivity and 
selectivity. It also has good frequency resolution. These features give the 
superheterodyne receiver a very low false alarm rate. The major disadvantage of 
the scanning superheterodyne receiver is its limited capability to receive signals 
from threat systems employing scanning antenna patterns. This limitation can be 
overcome with specific computer-controlled tuning to look for these threat 
signals. 
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4. SIGNAL PROCESSOR 

The signal processor is the heart of the radar warning receiver. The signal 
processor is also known as the digital processor or analysis processor in 
different RWR systems. Its primary functions are to process numerous complex 
radar signals and identify, among the thousands of similar signals, those 
generated by lethal threat systems. The signal processor accomplishes this task 
continuously over the duration of the mission and displays the identified threat 
system to the aircrew almost instantly. 


a. Signal processing begins when RF energy strikes the receive antennas on 
the aircraft. The received signals are then boosted in strength by intermediate 
amplifiers or antenna receivers. These amplified signals are then sent to the 
signal processor, or digital processor, where they are assigned a track file for 
reference to other signal characteristics. Data in these files is compared to those 
in the emitter identification (EID) table to process the signal for identification. 
Once identification is complete, a video and, if necessary, an audio signal, is sent 
to the cockpit display. The audio and video signals alert the aircrew to the 
electronic environment around the aircraft. This whole process takes less than a 
microsecond (Figure 17-6). 


> Pre-Amp—$ Scope 
> Pre-Amp =e Digital 
Processor Interface 


> Pre-Amp 


cw 
Receiver 


Figure 17-6. RWR System 


b. Since many signals may be present, the amplifier detectors boost the 
signal strength, and also tag each signal by certain characteristics such as its 
time of arrival, direction of arrival, and/or frequency. These signals, along with 
their respective tags, are sent to the signal processor for further processing and 
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identification. The signal processor then makes a track file for each signal it 
receives from the amplifier detector. 


c. The signal processor classifies each received signal and corresponding 
track file by its unique radar signal characteristics. Identifying characteristics 
used by a signal processor can include radio frequency, pulse width, pulse 
repetition frequency, EP techniques, and more. Characteristics of one signal may 
be identical to characteristics from different signals, while certain other 
characteristics can be as unique as a human fingerprint. The signal processor 
uses these primary characteristics to identify specific signals. When the primary 
characteristics of two or more signals are similar, the signal processor uses 
additional signal characteristics to resolve any confusion between two or more 
signals. 


d. The signal processor ranks the track files based on priorities determined 
from tests it conducts on the signal characteristics and the threat priorities 
contained in the EID tables. It then quickly processes signals belonging to lethal 
threats before it processes signals belonging to non-lethal threats. For example, 
three signals enter the processor together and separate track files are 
established for each signal (Figure 17-7). A test on the first characteristic 
discriminant, frequency, will delay the further processing of Signal 3, since no 
lethal threat systems operate at a frequency less than 2000 megahertz. A further 
test on the remaining prioritized signals may eliminate Signal 2 as a threat system 
signal, leaving more processor time for the identification of the threat system 
which generated Signal 1. These tests do not stop the processor from attempting 
to identify all received signals. The signal processor merely delays the identifying 
sequence until all high priority signals have been processed. 


High Priority 


Signal 1 | 


Yes 


Signal 1 = 5000 MHz ——» 
Freq. 
Signal 2= 3000 MHz—» 4 | Above No 


2000 MHz 
Signal 3 = 1000 MHz ——»- 2 Signal 2 l 


Low Priority 


Figure 17-7. Signal Processor Signal Priority 
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5. EMITTER IDENTIFICATION (EID) TABLES 

The signal characteristics in each track file are filled with processed data, and are 
constantly updated based on the time of arrival and location of the received 
signals. In addition, the track files are constantly compared to the EID table 
installed in the signal processor's computer memory. The EID table is a 
predefined table of radar characteristics associated with known radar systems 
(Figure 17-8). It is created from information gathered from electronic warfare 
support (ES) assets and intelligence sources. This table can be changed and 
updated as necessary to reflect the most current radar characteristics available 
for the anticipated threats in the planned theater of conflict. Each RWR system 
has unique procedures to reprogram the signal processor and update the EID 
tables. Emergency reprogramming actions, such as would be taken if a new 
threat appears that is not part of the current EID, are called a Pacer Ware. 


Frequency Scan Rate Power 


5000 MHz | 2000 =r 16.0 Hz | 0.5 ms i 1500 kw l 


ioe RI Polarization Beams 


oe i | ee 


Missile Frequency 
Guidance —_—_ Agility 


Tg eg og ee 


Figure 17-8. Sample EID Table 


6. RWR SCOPE DISPLAY 

The signal processor continually compares signal characteristics in the track 
files with the data in the EID tables. Once the signal processor has determined 
that enough of the signal characteristics match the information in the EID tables, 
it generates and positions a video symbol on the RWR scope. The video symbol 
its a specific threat, and each threat system has its own unique symbol. 
In addition, an audio tone is generated to alert the pilot. The signal processor also 
generates symbols and audio associated with specific threat system actions, 
including search, track, and missile launch. The position of the threat symbol on 
the RWR scope always represents the relative position of the threat in relation to 
the aircraft which is the center of the RWR scope. The signal processor compares 
the received signal strength in the different antennas to determine the proper 
location of the threat symbol. Figure 17-9 depicts a situation where the two 
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forward antennas receive equal signal strength therefore the signal processor 
places the symbol at the 12 o'clock position. 


Figure 17-9. RWR Scope Azimuth Positioning 


7. RWR AUDIO 

In addition to generating threat symbols for each identified threat, the signal 
processor also generates threat audio. Threat audio first alerts the aircrew to the 
detection of a threat system. This RWR audio is generally referred to as “new 
guy” alert audio. The signal processor can also present constant audio from a 
selected threat. The aircrew controls this function through the interface control 
unit, The constant audio provided by an RWR system can be either “real” or 
synthetic. “Real” audio is normally based on the actual pulse repetition frequency 
(PRF) of the threat system radar whether the signal processor has identified it or 
not. Synthetic audio is based on the classification of the threat (SAM, Al, etc.) as 
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determined by the signal processor. The signal processor also gel 
launch warning audio when the signal characteristics of the threat in 
missile launch condition exists. 


8. RWR INTERFACE CONTROL UNIT (ICU) 

Every RWR system has some type of an ICU which provides the aircrew interface 
with the signal processor (Figure 17-10). The buttons on the ICU control specific 
functions of the signal processor. The ICU allows the aircrew to optimize the 
RWR system based on mission tactics. This optimization includes selecting 
appropriate priority lists based on ingress and egress tactics, controlling threat 
audio presentation, and determining the number and types of threats displayed. 
In addition, the ICU provides an additional visual indication of missile launch. All 
system test functions are controlled by the ICU to allow the aircrew to monitor the 
status of the RWR system. 


THREAT 
WARN 


tow 
‘AT 


Figure 17-10. RWR Interface Control Unit 


9. RWR LIMITATIONS 

There are several limitations associated with all RWR systems. The most 
important _ limi include ambiguities, impact of maneuvering, and 
electromagnetic interference (EMI). 


a. The sheer number and diversity of radar systems associated with an 
enemy IADS greatly compound the problem of threat identification and warning 
for RWRs. Adding to this problem is the fact that many different threat systems 
use operating modes that are parametrically similar. When an RWR processes a 
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radar signal that has the same characteristics of a signal from a different system, 
an ambiguity may occur. An RWR ambiguity is defined as the display of more 
than one symbol for a specific threat signal. RWR ambiguities may occur from 
both enemy and friendly radar systems. 


(1) Figure 17-11 depicts a number of friendly and threat signals that 
operate between 8000 and 10,000 megahertz. On any given combat mission, it is 
quite possible that the RWR will receive signals from one or more of these threat 
systems at the same time. If frequency is the only signal characteristic available 
for processing, the RWR will not be able to determine which system the signal 
represents. Since threat systems operating in this frequency range are potentially 
lethal systems, the signal processor will attempt to match the frequency with a 
threat system from the EID table. 


9000 MHz 10,000 MHz 
SA-3 


Flapwheel | 
MiG-2: 


Figure 17-11. Signal Frequency Spectrum 


(2) Matching partially processed signals to threat systems in the EID table 
may result in the wrong threat symbol being displayed, or numerous symbols 
being displayed on top of each other, making it difficult for the pilot to distinguish 
the exact threat. Incorrect threat symbology, or numerous combined symbols, are 
called RWR ambiguities. 


b. RWRs are designed to provide accurate threat positioning information 
when the aircraft is flying straight and level. Most RWRs will also provide 
accurate threat positioning information when the aircraft is maneuvering up to 
certain limits of bank angle and turn rate. If aircraft maneuvering exceeds these 
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limits, RWR threat positioning data becomes unreliable. The two RWR limitations 
associated with aggressive maneuvering are inaccurate threat azimuth and 
multiple threat symbols. 


(1) In Figure 17-12, the right forward and right aft RWR antennas detect a 
threat signal from a TTR. The left forward and left aft antennas are shielded by the 
aircraft and do not detect the signal. The signal processor determines the threat 
position, using the azimuth positioning algorithm, and displays the threat symbol 
at the 2 o'clock position. 


Figure 17-12. RWR Threat Azimuth Position Determination 


(2) When the pilot maneuvers aggressively to put the threat symbol on the 
beam, he exceeds the RWR maneuvering limitations (Figure 17-13). Now all four 
RWR antennas detect the TTR signal. The signal strength in the right and left 
forward antennas is nearly equal. Based on this information, the signal processor 
displays the RWR symbol at the one o'clock position while the threat is actually at 
the three o'clock position. 
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Figure 19-2. 4 typical neon bulb with series resistor at 
tached to ane lead. 


How It Works 


Construction 

The parts of a neon bulb are illustrated in 
Figure 19-4, When the bulbis fabricated, itbegins 
as a glass tube. The leads are made of dumet, 
consisting of a copper sheath around a nickel 
iron core. This has the same coefficient of expan- 
sionas glass, sothat when the glass isheated and 
melted around the leads, it forms a seal that 
should be unaffected by subsequent tempera- 
ture fluctuations. This area is known as the pinch 
in the tube. 


Nickel electrodes are welded onto the leads be- 
fore the leads are inserted into the tube. The 
electrodes havean emissive coating thatreduces 
the minimum operating voltage. The glass tube 
is filled with a combination of neon and argon 
gases, or pure neon for higher light output 
(which reduces the life of the component). The 


light source, indicator, or display > single source > neon bulb 


top end of the glass tube is heated until it melts, 
and is pinched off. This creates a distinctive pro- 
trusion knownas the pip. 


Figure 19-3. The same bulb from the previous phota- 
‘graph, energized with IISVAC. 


lonization 

When a voltage is applied between the leads to 
the bulb, the gas becomes ionized, and electrons 
and jons are accelerated by the electric field. 
When they hit other atoms, these are ionized as 
well, maintaining the ionization level. Atoms are 
excited by collisions, moving their electrons to 
higher energy levels. When an electron returns 
from a higher level toa ground state, a photon is 
emitted, 


This process begins at the starting voltage (also 
known as the striking voltage, the ignition volt- 
age, or the breakdown voltage) usually between 
45V and 65V for standard types of bulb, or be- 
‘tween 70V and 95V for high-brightness types. 
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Figure 17-13. RWR Azimuth Error 


(3) During aggressive maneuvering, the RWR signal processor may 
generate multiple symbols for a single threat emitter. In Figure 17-14, as the 
aircraft maneuvers, the relative azimuth of the threat position changes rapidly 
causing signal strength detected by each antenna to also change rapidly. The 
signal processor interprets these changing signals as new and different threat 
systems with the same signal characteristics. The number of “false” threat 
symbols displayed for a single threat is determined by the processing speed of 
the signal processor and a parameter called the symbol “age-out” time. Symbol 
age-out is the time, normally in seconds, that the RWR will continue to display a 
threat symbol after the signal processor has determined that the threat is no 
longer transmitting. The symbol age-out time is set for each threat in the EID 
tables. 
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Figure 17-14. RWR Multiple Threat Symbols 


c. Electromagnetic interference (EMI) is defined as any electromagnetic 
disturbance that interrupts, obstructs, or otherwise degrades or limits the 
effective performance of electronic systems. EMI can be induced intentionally, by 
way of jamming, or unintentionally as a result of spurious emissions and 
modulations. Certain RWR characteristics make them susceptible to EMI. Modern 
RWR systems are designed to receive and process signals in a wide frequency 
range, nominally 0.5 to 18 GHz, where most threats operate. This broad frequency 
coverage combined with the sensitive antennas make RWR systems susceptible 
to EMI. The primary source of EMI that impacts RWR operation is noise and 
deception jamming designed to counter enemy threat systems. 


(1) High power noise jamming, such as that provided by a stand-off 
jamming aircraft, causes the RWR to raise the receiver threshold in the frequency 
band of the jamming. This effectively reduces the sensitivity of the RWR receiver 
and could delay the display of threat signals in that band. The reduction in 
sensitivity depends on the power that the jammer is transmitting, the beamwidth 
of the jamming beam, and the distance from the jammer to the aircraft. High 
power jamming may also generate multiple threat symbols on the RWR scope at 
the approximate azimuth to the jammer's position relative to the aircraft. 
Additionally, jamming from a wingman's self-protection system can generate 
multiple threat symbols and reduced sensitivity. 
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(2) A limitation of all RWR systems, related to EMI, is the problem of 
inaccurately identifying threat radar systems as friendly radar systems. This 
occurs when the parameters of a friendly radar are similar to the parameters of a 
threat radar system. The RWR will either display a threat radar symbol or an 
ity associated with a threat radar. These RWR misidentifications are 
especially prevalent for Al radar systems. 


(3) The impact of EMI on the operation of an RWR system depends on the 
signal environment. The pilot has little control over the number and diversity of 
friendly and enemy signals the RWR system must process. EMI is an unfortunate 
consequence of the reliance of modern military forces on operations in the 
electromagnetic spectrum. Aircrews should be keenly aware that EMI will impact 
RWR operation and be must be familiar with common RWR displays of EMI. 


10. THREAT GEOLOCATION TECHNIQUES 

The purpose of threat geolocation is to put a defined position, normally 
coordinates, on a threat radar. This information can be used to simply warn other 
aircraft about the threat or, if the coordinates are accurate enough, to allow for 
targeting and attack of the threat. Until recently, threat geolocation could only be 
performed by strategic assets and specialized tactical aircraft, specifically the 
F-4G Wild Weasel. Due to inherent time delays, data provided through strategic 
channels often did not apply to mobile threat systems. The mobile systems would 
relocate making the data obsolete. This section will discuss three techniques 
used to geolocate, also known as direction finding (DF), emitting radars that can 
be used by tactical assets to rapidly locate radar threat systems. The three are 
triangulation, interferometry, and time of arrival. All three techniques are heavily 
dependent upon the receiving aircraft's ability to accurately determine its present 
position, and the advent of GPS receivers has made this significantly easier. 


a. Triangulation is the most basic form of DF available. It involves taking 
direction measurements from more than one source. The intersection of the 
azimuth measurements, called “lines of bearing”, is the likely location of the 
emitter (Figure 17-15). To be effective, the participating aircraft must have 
accurate data of their current positions when getting the lines of bearing. 


(1) Triangulation can be carried out by multiple aircraft equipped with 
receiver equipment or by one aircraft over a period of time. The advantage of 
having multiple aircraft providing azimuth measurements is the increased angle- 
off and the speed of interception. In triangulation the best azimuth cuts are those 
that approach 90° angles. The speed of interception comes into play because 
threat emitters, knowing that DF operations are underway, attempt to transmit for 
as little time as possible. The disadvantage of multiple platforms is the 
communication required to ensure that all the platforms are measuring the same 
radar. Ina dense radar environment this can be a difficult task. 
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Emitter Location 
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Line Line 
of of 


Bearing 1 Bearing 2 


Figure 17-15. Triangulation 


(2) Single aircraft triangulation eliminates the problem of signal 
coordination with other aircraft, but it also requires that the aircraft transit some 
distance to get multiple azimuth measurements. The accuracy of single ship DF 
operations is a function of the quality of the receiver equipment, distance away 
from the targeted radar, speed of the aircraft, and the amount of time that the 
targeted radar radiates. 


b. The second technique is called interferometry. This technique is also 
known as phase interferometry, or phase difference of arrival. These systems 
operate by comparing the phase of a radar wave as it impacts two or more DF 
antennas; this phase difference is then used to compute an angle of arrival 
(AOA). For aircraft, the desire is to have these DF antennas on different parts of 
the same aircraft. Multiple AOA measurements are then used to provide the range 
and position of the threat. 


(1) The key elements in an interferometer system are two antennas in fixed 
locations with matched receivers, a phase comparator, and a processor (Figure 
17-16). An intermediate frequency output from each receiver is passed to a phase 
comparator, which measures the relative phase of the two signals. This relative 
phase position is passed to a processor, which calculates the AOA relative to the 
orientation of the two antennas (called the baseline). In most systems, the 
processor also accepts information about the orientation of the baseline (relative 
to true North or local horizontal) to determine the true azimuth or elevation angle 
to the emitter. 
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Figure 17-16. Interferometer Components 


(2) To obtain rapid emitter locations some interferometer systems use 
multiple receive antennas in an array setup. This allows for simultaneous azimuth 
and elevation measurements to rapidly locate the emitter. An array allows for the 

ixing of long and short baselines in different patterns by selecting different 
pairs of antennas (Figure 17-17). The terms long baseline and short baseline are 
often used to designate the distance between the antenna elements in an 
interferometer system. Long baselines have the advantage of providing a quick 
and accurate location of the emitter, but they can suffer from ambiguities 
resulting from different wavefronts hitting the different antenna elements. In 
addition to the array depicted in Figure 17-17, a long baseline system could be 
created by using the existing RWR antennas on an aircraft, and supplementing 
these with a small short baseline system to compensate for the ambiguiti 


Long Baseline 


Short Baseline 


Spiral Antennas 


Figure 17-17. Interferometer Array 
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c. Time of arrival (TOA) and time difference of arrival (TDOA) techniques are 
the final type of location techniques to be covered in this section. Both 
techniques are based around the fact that radar signals travel at approximately 
the speed of light. Both techniques, using the speed of light as a constant, solve 
for the distance that the emitter is away from the receiver using the equation 
distance equals rate multiplied by time. Because there is not any directional 
information, the equation represents the radius of a circle around the receiving 
je distance measurements taken from multiple receivers are then 
\n of the circles is the position of the emitter. If only two 
receivers are used, a simple DF technique can solve the ambiguity of which 
intersection represents the emitter (Figure 17-18). 


Emitter 


Figure 17-18. Time of Arrival Measurements 


(1) TOA positioning is calculated by taking the time that a signal leaves a 
radar, measuring its arrival time at the receiver and mathematically solving for 
distance using the techniques described above. One of the primary challenges 
involved with TOA positioning is determining when the measured signal was 
transmitted, this requires either a very cooperative enemy or a radar signal with 
some type of exploitable time reference. Another challenge involves insuring that 
multiple receivers are timing the same signal. This is especially difficult in a 
threat intensive environment. 


(2) TDOA is used when it is not possible to determine when a signal was 
transmitted. TDOA uses most of the same principles as TOA except that it must 
compensate for not knowing the time the signal was transmitted. It does this by 
using an extra receiver a known distance from the first receiver to generate a 
distance curve. The arrival of the signal is precisely measured at the two 
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receivers, the theory is that a signal that arrives at the two receivers at times t1 
and t2 had to originate from a point on a curve defined by that difference in arrival 
time. For example, if the signal arrives at the two points at exactly the same time, 
then the transmitter must be equal 
the curve is actually a line of possi 
and can easily be drawn. For situations where the signal arrives at different times 
at the receivers, a hyperbolic curve instead of a straight line denotes all the 
possible locations of the transmitter. Figure 17-19 shows an example of when the 
signal arrives at a different time, the constant value is the time difference 
multiplied by the speed of light yielding a distance. To solve for the emitter's 
location using TDOA another antenna receiver is required that is not in line with 
the first two receivers to generate an independent curve that will cross the first 
curve at the transmitter location. 


oO Emitter 


= constant @D 
TDOA 
Receiver Baseline Receiver 


Figure 17-19. Time Difference of Arrival Measurements 


(3) Timing techniques require very good timing accuracy in the receiving 
systems. If the receivers are far apart, such as different aircraft, then a separate 
time measurement is required at the source before sending to a processor. As 
with triangulation, one of the major challenges of multiple aircraft measurements 
is the coordination to ensure that the same signal is being looked at by all aircraft 
involved. 


(4) Timing techniques are affected by the type of radar that they are trying 
to locate. Pure CW radars are not practical for a timing technique because there 
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is not a pulse to time. Pulsed signals, on the other hand, are much more 
susceptible to this type of location technique. 


41. SUMMARY 

An RWR system is designed to provide a picture of the electronic order of battle 
(EOB) operating in the vicinity of an aircraft. The signal processor is the heart of 
the RWR system and controls the function of all other system components. The 
signal processor, using inputs from the antennas and the receiver/amplifiers, 
compares the signal parameters with the parameters in the EID tables. The 
identified signals are displayed on the RWR scope with the appropriate audio. 
The ICU provides the aircrew interface with the signal processor to allow the 
aircrew to customize RWR operation for each combat mission. Modern RWR 
systems have some limitations that can effect aircrew survival. These limitations 
include ambiguous threat displays, maneuvering limitations, and EMI. Despite 
these limitations, an operational RWR system is one of the keys to survival on 
today's electronic battlefield. A product of advances on the electronic battlefield 
is rapid threat geolocation. New threat geolocation techniques are designed to 
provide advanced threat information to allow pilots to avoid, suppress, or destroy 
the mobile threat. The three most common techniques are basic triangulation 
using lines of bearing, interferometry using phase difference of arrival, and time 
difference of arrival using time differences to determine distance curves. 
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CHAPTER 18. SELF-PROTECTION JAMMING SYSTEM 
OPERATIONS 


41. INTRODUCTION 


Self-protection jamming systems are designed to counter surface-to-air missile 
(SAM), airborne interceptor (Al), and antiaircraft artillery (AAA) acquisition and 
target tracking radars. Self-protection jamming systems generate noise and 
deception jamming techniques to either deny threat system automatic tracking 
capability or generate sufficient tracking errors to prevent a successful 
engagement. 


a. To counter the diverse array of threats and their associated frequencies in 
an integrated air defense system (IADS), a self-protection jamming system must 
be able to simultaneously jam multiple signals operating in a wide frequency 
range. The system must also be able to generate sufficient power to mask the 
radar return of the aircraft. Since many modern self-protection jamming systems 
are carried internally or externally on aircraft, their size, shape, and weight must 
be carefully controlled to minimize adverse effects on aircraft performance and 
handling. These design requirements may require a trade-off between additional 
power or capability and aircraft compatibility. 


b. A self-protection jamming system must have receive antennas to receive 
radar signals, a system processor to identify received signals, a jamming 
techniques generator to produce an optimum jamming technique for the 
identified threat, and transmit antennas to transmit the required jamming 
techniques. These system components will be discussed in this chapter. 


c. There are numerous internal and externally mounted self-protection 
jamming systems in use today. To simplify the discussion, the ALQ-184 pod will 
be used as an example of a modern, self-protection jamming system (Figure 
18-1). The functions and operations of the ALQ-184 components are 
representative of currently deployed self-protection systems. 


Figure 18-1. ALQ-184 Pod 
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2. RECEIVE ANTENNAS 
‘The ALQ-184 pod has two sets of receive antenna assemblies located on the front 
and rear of the lower pod “gondola” (Figure 18-2). Each receive antenna 
assembly set consists of a low-band antenna and a mid/high-band antenna. The 
low-band antenna's signals are combined to form the input for the low-band 
receiver. The mid/high-band antennas provide signals to the separate mid/high- 
band portion of the pod. 


x 
Forward Rear 
Receive Antenna Receive Antenna 


Figure 18-2. ALQ-184 Receive Antenna Location 


a. The low-band receive antennas are circularly polarized spiral arrays. The 
mid/high-band receive antenna covers eight sub-bands via an eight element array 
that corresponds to the eight element transmit array. The mid/high-band antenna 
is also circularly polarized. 


b. Each signal received via the receive antenna generates a corresponding 
transmit signal through a crystal video receiver. The angle of arrival (AOA) of 
each signal is determined by comparing the output of the crystal video receiver 
for each antenna. 


3. RECEIVER SECTION 
The forward and aft receive antennas detect radar signals and send them to the 
receiver section. The receiver section contains an AOA receiver and a multiplexer 
that separates frequencies. The AOA receiver determines the AOA of a signal 
based on the output signal level of each antenna element. The AOA data is 
passed to the system processor to control the angle of transmission of the 
jamming signal. The multiplexer separates all received threat signals into eight 
frequency sub-bands consisting of five mid-band and three high-band frequency 


18-2 


light source, indicator, or display 


single source 


When the bulb is operating, it emits a soft radi- 


ance known as a glow discharge with a wave- 
length ranging from 600 to 700 nanometers. 
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Figure 19-4. The parts of aneon bulb. See text for deta 


‘The ionization of the gas allows current to flow 
through it, This will continue even if the power 
supply is reduced by 10 to 20 volts to a level 
known as the maintaining voltage. 


Negative Resistance 

When the glow discharge persists below the 
starting voltage, thisisa form of hysteresis, mean- 
ing that the neon bulb tends to “stick” in its on 
state. It remains on while its power supply de- 
creases to the maintaining voltage, but once it 


switches off, it will “stick” in its off state until the 
power supply increases again above the main- 
taining voltage to the starting voltage. The con- 
cept of hysteresis is discussed in the entry on 
comparators, See Figure 6-2. 


Aneon bulb is said to have negative resistance. If 
the current is allowed to increase without re- 
straint, theresistance eventually decreases while 
the current increases further. Ifthis runaway be- 
havior is not controlled, the bulb will destroy it- 
self 


This behavior is characteristic of gas-discharge 
tubes generally. A graph showing this appears in 
Figure 19-5, Note that both scales are logarith- 
mic. Also note that the curve shows how current 
will be measured in response to voltage. If the 
voltages reduced afterit has increased, the tran- 
sitional events shown by the graph will not recur 
in reverse order. This is especially true if arcing is 
allowed to begin, as it will almost certainly de- 
stroy the component. 
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Figure 19-5. A gas discharge tube, such as a neon bulb, is 
said fo have a negative resistance, as current pas 
through it tonds to increase uncontrollably after the gas is 
Jonized and becomes conductive. (Derived from measure- 
ments made by David Knight, on 2 web page named after 
fis radio ham callsign, G3YNH.) 


Aneon bulb can be controlled very simply with 
aseriesresistor that maintainsitin gas-discharge 
mode. To understand the operation of the resis- 
tor, consider the combination of the lamp and 
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ranges. The multiplexer categorizes the received radar signals by sub-band and 
azimuth and then sends them to the system processor and the exciter. 


4. SYSTEM PROCESSOR 


The system processor is the “brain” of the ALQ-184 pod. It receives the threat 
signals from the receiver section that have already been categorized by sub-band 
and distinguished by AOA. Each received signal and its corresponding AOA is 
counted. When the signal count exceeds a pre-set threshold, the system 
processor validates the signal and identifies it using the emitter identification 
(EID) tables. Based on this threat identification, the system processor directs the 

itiate a jamming program through the exciter. At the 


transmitter section to use either the forward or aft transmit antenna array, and 
specifies the transmit angle for the jamming program based on AOA. 


a. The system processor also controls the low-band portion of the pod 
(Figure 18-3). The forward or aft low-band antenna receives and combines the 
threat signal and sends it to the multiplexer. The multiplexer channelizes this 
signal into one of two low sub-bands. The signal then passes to the modulator 
where the voltage controlled oscillators (VCOs) generate a jamming technique as 
directed by the system processor techniques generator. This ensures the 
jamming technique is at the proper frequency and modulation to provide 
maximum effect against the threat system. The generated jamming signal passes 
to a second multiplexer and then to a solid state amplifier for amplification. The 
amplified jamming signal is then sent to the two low-band traveling wave tubes 
(TWTs) and transmitted from the forward and aft low-band transmit antennas. 


C-9492 
Control Indicator Unit 


Receiver Transmit 
Antennas Mid/High-Band Section Antennas 


Receiver Transmitter 
Section 


Section 


"System Processor 


Figure 18-3. ALQ-184 Simplified Block Diagram 
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b. The system processor periodically performs a background built-in-test 
(B-BIT), to check the status and calibration of the ALQ-184. The system processor 
software is updated or reprogrammed as required from a memory loader verifier 
(MLV). The system processor uses two major software programs. The operational 
flight program (OFP) manages the receiver and transmitter functions, signal 
processing, and techniques generation. The mission data generator (MDG) 
contains the threat EID tables and the jamming techniques matrix for these 
threats. 


5. JAMMING TECHNIQUES GENERATOR 
The exciter section contains the VCOs and the keyed oscillators, which generate 
the jamming waveforms that are directed by the system processor. The exciter 
takes the threat signal from the receiver and modifies it with deception 
modulation or generates a noise program based on the techniques generator in 
the system processor. The selected jamming technique is then sent to the 
transmitter section. 


6. TRANSMIT ANTENNAS, 


The transmitter section contains antenna switching circuits, a signal forming 
network, and TWTs. The antenna switching circuits are controlled by the system 
processor to ensure the transmitted jamming pulse is radiated at the proper 
azimuth. The signal-forming network controls the phase of each jamming signal. 
There are sixteen TWTs in the transmitter section, one for each front and aft 
antenna. The TWTs amplify the jamming signal for transmission from the 
appropriate transmit antenna. 


a. The ALQ-184 has two sets of transmit antenna assemblies. One set is 
located on the front and one on the rear of the main pod assembly (Figure 18-4). 


Forward Rear 
Transmit Antennas Transmit Antennas 
4 “ 


Figure 18-4. ALQ-184 Transmit Antenna Location 
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Each set has a low-band and mid/high-band antenna. The transmit antennas 
have opposite polarization from the receive antennas. This enables the pod to 
transmit and receive at the same time while preventing pod “ringing.” Ringing 
occurs when the pod receives its own jamming signal and generates a jamming 
program to counter its own signal. This condition can highlight the aircraft to 
enemy radar and seriously degrade pod effectiveness. 


b. The low-band transmit horn antennas are circularly polarized. The 
mid/high-band transmit antennas have the same eight-element array as the 
receive antennas. The transmit antennas generate a directional jamming signal 
for pulsed radar signals based on the AOA determined by the receive antennas. 
Detailed information on the antenna jamming pattern is contained in the ALQ-184 
ECM Handbook. 


7. C-9492 CONTROL INDICATOR UNIT 

The C-9492 Control Indicator Unit (CIU) provides control of all functions of the 
ALQ-184, It allows the aircrew to control system power, select jamming 
techniques, and monitor system status (Figure 18-5). 


Figure 18-5. C-9492 Control Indicator Unit 


8. JAMMING POD CONSIDERATIONS 

Unfortunately, jamming pods do not make the aircraft completely invisible from 
enemy threat systems. When used in conjunction with the RWR, expendables, 
and threat countertactics they do drastically increase the probability of surviving 
a threat engagement. This section contains some items of consideration to 
ensure that your self-protection jamming is being properly utilized. These 
considerations include highlighting, burnthrough, and reprogramming. 
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a. If used improperly a self-protection pod can actually highlight the aircraft. 
This happens when a pod transmits a jamming program constantly or when 
another type of radar, not targeted for jamming but in the same frequency range, 
sees the jamming. Highlighting is normally associated with n 
transmit constantly. M 


operate. What makes this system effective is that the switch is either on the stick 
or throttle allowing the pilot to rapidly go to operate without looking inside the 
cockpit (Figure 18-6). 


F-16 
Countermeasures 
Management 
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Figure 18-6. F-16 ECM CMS 


b. Burnthrough is described as the range that the aircraft's radar return is 
stronger than its jamming signal. Basically, the jet has gotten so close to the 
threat radar that the threat radar is overpowering the jamming pod. The range that 
this occurs varies for different radars, but it should be planned for particularly 
when there are threats in the target area. Burnthrough is also a consideration for 
support jamming systems; there is a range at which the support jammer's signal 
will be overpowered and the protected aircraft can be seen. 


c. Many self-protection jamming systems are what is called software- 
reprogrammable. This means that jamming programs can be rapidly changed to 
adjust for changes in enemy radar systems. These updates can be made to 
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systems while they are still on the jet, and can take as little as 15 minutes using 
an MLV. The process of changing electronic warfare systems is known as a Pacer 
Ware change. An exercise to check the ability to make changes is known as a 
Serene Byte exercise. The pilot of the aircraft carrying the self-protection system 
has one responsibility in this process: to ensure that his jamming system is 
carrying the most current software program, usually referred to as a software 
version. While Pacer Ware changes are not common during peacetime 
operations, they do happen quickly during combat operations often to fine tune 
the jamming systems for the particular theater of combat. 


9. SUMMARY 

The effective employment of self-protection jamming is one of the factors that 
can mean the difference between success and failure on the modern battlefield. 
When employed in concert with chaff and maneuvers, self-protection jamming 
can be extremely effective in negating potentially lethal attacks. Despite their 
limitations, self-protection jamming systems are an important part of the “bag of 
tricks” aircrews can employ to put bombs on target. 
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ANNEX A 
GLOSSARY 


Absorption - Dissipation of energy of electromagnetic waves, sound, and light 
waves into other forms of energy because of interaction with matter. Absorption 
characteristics of specific materials are used as blankets, coatings, or structural 
and surface materials for aircraft to reduce effective radar cross-sections. 


Acoustic jamming - The deliberate radiation of mechanical or electro-acoustic 
signals with the objectives of obliterating or obscuring signals which the enemy 
is attempting to receive, and of deterring enemy weapon systems. 


Acquire — 


1. When applied to acquisition radars: the process of detecting the presence 
and location of a target in sufficient detail to permit identification. 


2. When applied to tracking radars: the process of positioning a radar beam 
so that a target is in that beam to permit the effective employment of weapons. 


Acquisition radar - A radar set that detects an approaching target and feeds 
approximate position data to a fire control or missile guidance radar that then 
takes over the function of tracking the target. 


Active array radar - A phased array radar in which each radiating element 
contains a transmitter and receiver front end, as opposed to a single 
transmitter/receiver serving all phased array elements. Advantages attributed to 
active array radars include efficient use of prime power, no waveguide losses, 
very wide bandwidth, and extreme reliability due to the lack of single point of 
failure. 


Active homing guidance - A system of homing guidance in which both the source 
for illuminating the target, and the receiver for detecting the energy reflected from 
the target as the result of illumination, are carried within the missile. 


Aerosols - Solid particles dispersed in the atmosphere that have resonant size 
particles with a high index of refraction. The particles both scatter and absorb 
visual and laser-directed energy so as to lessen the effect of weapon systems 
directed by these techniques. 
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borne early warning and control - Air surveillance and control provided by 
airborne early warning vehicles that are equipped with search and height finding 
radar and communications equipment for controlling weapons. 


Airborne interceptor (Al) - A manned aircraft used for identification and/or 
engagement of airborne objects. (An Al may or may not be equipped with radar to 
assist in the interception.) 


Airborne Warning and Control System (AWACS) - An aircraft suitably equipped to 
provide control, surveillance, and communications capability for strategic 
defense and/or tactical air operations. 


Air defense - All defensive measures designed to destroy attacking enemy 
aircraft or missiles in the earth's envelope of atmosphere, or to nullify or reduce 
the effectiveness of such attack. 


Air surveillance radar (ASR) - A radar displaying range and azimuth that is 
normally employed in a terminal area as an aid to approach and departure 
control. 


to-air missile (AAM) - A missile launched from an airborne carrier at a target 
above the surface. 


to-surface missile (ASM) - A missile launched from an airborne carrier to 
impact on a surface target. 


Alternating current (AC) - An electric current that reverses its direction at 
regularly recurring intervals, the frequency being determined by the frequency of 
the alternator supplying the current. 


AM-CW jamming - Jamming in which a carrier wave is modulated at a constant 
recurring rate. The recurrence rate of amplitude modulation is variable, and 
reflects a noticeable change in the radar scope. Because of the spiraling or 
chaining effect produced, AM-CW jamming is easily identified. 


Amplifier - An electronic cit 
current, or power. 


it usually used to obtain amplification of voltage, 


Amplitude shift keying - A method of impressing a digital signal upon a carrier 
signal by causing the carrier amplitude to take different values corresponding to 
the different values of the | signal. 
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Amplitude modulation (AM) - A method of impressing a message upon a carrier 
signal by causing the carrier amplitude to vary proportionally to the message 
waveform. 


Angle jamming - A deception jamming technique used to deny azimuth and 
elevation information to a TTR by transmitting a jamming pulse similar to the 
radar pulse, but with modulation information out of phase with the returning 
target azimuth modulation information. 


Angle tracking - Accomplished through the use of pulses to determine angular 
definition of a target. 


Antenna - A device used for transmitting or receiving RF energy. The function of 
the antenna during transmission is to concentrate the radar energy from the 
transmitter into a shaped beam that points in the desired direction. During 
reception, or listening time, the function of the antenna is to collect the returning 
radar energy, contained in the echo signals, and deliver these signals to the 
receiver. Radar antennas are characterized by directive beams that are usually 
scanned in a recognizable pattern. The primary radar antenna types in use today 
fall into three categories: parabolic, Cassegrain, and phased array antennas. 


Antenna cross talk - A measure of undesired power transfer through space from 
one antenna to another. Ratio of power received by one antenna to power 
transmitted by the other usually expressed in decibels. 


Antenna gain - See Gain 
Antenna polarization - See Polarization 
Antenna sidelobes - See Sidelobes 


Antiaircraft artillery (AAA) - Guns used to shoot unguided projectiles at airborne 
aircraft. Usually used in the air defense system. 


Anti-clutter circuits (in radar) - Circuits that attenuate undesired reflections to 
permit detection of targets otherwise obscured by such reflections. 


Antiradiation missile (ARM) - A missile that homes passively on a radiation 


source. 


Area defense - The concept of locating defense units to intercept enemy attacks, 
remote from, and without reference to, individual vital installations, industrial 
complexes, or population centers. 
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Asynchronous pulsed jamming - An effective form of pulsed jamming where the 
jammer nearly matches the PRF of the radar then transmits multiples of the PRF. 
It is more effective if the jammer pulse width is greater than that of the radar. 
Asynchronous pulsed jamming is similar to synchronous jamming except that 
the target lines tend to curve inward or outward and appear fuzzy in the jammed 
sector of the radar scope. 


Attenuation - The decrease in amplitude of a signal during its transmission from 
one point to another. Attenuation increases as distance increases. The higher the 
frequency of the propagating signal, the higher the rate of attenuation. 


Automatic frequency control (AFC) - Circuits in a receiver that automatically 
correct the local oscillator frequency to prevent receiver drift in tuned frequency. 


Automatic gain control (AGC) - 


1. A feature involving special circuitry designed to maintain the output of a 
radio, radar, or television receiver essentially constant, or to prevent its 
exceeding certain limits, despite variations in the strength of the incoming signal. 
Ina radio receiver, in particular, though something of a misnomer, also known as 
automatic volume control. 


2. A self-acting compensating device that maintains the output of a 
transmission system constant with narrow limits, even in the face of wide 
variations in the attenuation of the system. 


3. A radar circuit that prevents saturation of the radar receiver by long blocks 
of receiver signals, or by a carrier modulated at low frequency. 


Automatic search jamming - An intercept receiver and jamming transmitting 
system that automatically searches for and jams enemy signals of specific 
radiation characteristics. 


Automatic tracking - Tracking in which a system employs some mechanism, e.g., 
servo or computer, to automatically follow some characteristics of the signal. 


Azimuth resolution - The ability of a radar to distinguish two targets in close 
azimuth proximity and distance. 


Backlobe - The portion of the radiation pattern of an antenna that is oriented 180° 
in relation to the main beam. The antenna backlobe is a result of diffraction 
effects of the reflector and direct leakage through the reflector surface. 
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How to Use It 


the resistor as a voltage divider, as shown in 
Figure 19-6. Before the lamp begins to pass cur- 
rent, it has an almost infinite resistance, There- 
fore, the voltage on both sides of the resistor will 
be approximately equal, the bulb passes almost 
no current, and it remains dark, 


ov 


20K 


20K 


‘Seves resistor ints curent 
‘through the neon bul 


Figure 19-6. A series resistor is essential to limit the cur 
rent through a neon bub, 


After the lamp begins to pass current, the re- 
quirement now is for the series resistor to reduce 
the voltage from the supply level (probably 
around 110V) to the maintaining level (probably 
around 90V). This means thatthe desired voltage 
drop is 20Y, and if the manufacturer's specifica- 
tion tells us that the lamp should pass ImA (ie, 
0.001 amps), R, the value of the series resistor, is 
given by Ohm's Lat 


R= 20 / 0.001 


Thus, the value for Ris 20K. In fact, the value ofa 
resistor supplied with a neon bulb may range 
from 10K to 220k, depending on the character- 
istics of the bulb and the supply voltage that will 
be used 


Nowifthe bulb’s effective internal resistance falls 
radically, the resistor still limits the curtrent. In a 
hypothetical worst-case scenario, ifthe bulb’sre- 
sistance drops all the way to zero, the resistor 


light source, indicator, or dis 


jay> single source > neon bulb 


must now impose the full voltage drop of 110V, 
and the current, |, will be found by Ohm's law: 


I= 110 / 20,000 
That is, about SmA, of 0.005A. 


Neon tubes used in signage require a more so- 
phisticated voltage control circuit which is not 
included in this encyclopedia. 


How to Use It 


The use of a neon bulb for an indicator lamp is 
primarily limited to situations where domestic 
supply voltage (115VAC or 220VAC) is readily 
available. “Power on’ lights are the obvious ap- 
plication, especially as neon indicators can ac- 
cept AC. The switch shown in Figure 19-7 is illu- 
minated by an internal neon bulb. The rectan- 
gular indicator in Figure 19-8 is designed to run 
‘on domestic supply voltage, and its internal bulb 
and resistor can be clearly seen through the 
green plastic. The assembly in Figure 19-9 Is 
about 0.5” in diameter, which is the lower limit 
for neon indicators. 


Figure 197 This power suitch is illuminated by an inter 
ral neon bul. 
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Backward wave oscillator (BWO) - A special traveling wave tube in which 
oscillatory currents are produced by using an oscillatory electromagnetic field to 
bunch the electrons as they flow from cathode to anode. 


Ballistic missile - Any missile that does not rely upon aerodynamic surfaces to 
produce lift and consequently follows a ballistic trajectory when thrust is 
terminated. 


Bandpass filter - A filter that allows a select range of frequencies to pass while 
attenuating all frequencies outside the range. 


Bandwidth - The range of frequencies within which performance, with respect to 
some characteristics, falls with specific limits (j.e., the width of frequency of a 
barrage noise package). 


Barrage noise jamming - Noise jamming spread in frequency to deny the use of 
multiple radar frequencies to effectively deny range information. Although this is 
attractive because it enables one jammer to simultaneously jam several radars of 
different frequencies, it does have the inherent problem that the wider the 
jamming spread, the less jamming power available per radar. 


Beam rider - A missile guided by an electronic beam. 


Beam-to-beam correlation (BBC) - Used by frequency scan radars to reject pulse 
jamming and jamming at swept frequencies. Correlation is made from two 
adjacent beams (pulses). The receiver rejects those targets (signals) that do not 
occur at the same place in two adjacent beams. 


Beamwidth - The width of a radar beam measured between lines of half-power 
points on the polar pattern of the antenna. This width is measured at the 3 dB 
points. 


Beat frequency oscillator (BFO) - Any oscillator whose output is intended to be 
mixed with another signal to produce a sum or difference beat frequency. Used 
particularly in reception of CW transmissions. 


Bistatic radar - A radar where the transmitting and receiving antennas are 
separated by a considerable distance. Bistatic operation provides several 
advantages for its user. The covert positioning of the receivers poses problems 
for a potential attacking force since ELINT techniques locate the transmitter not 
the receiver. The proper placement of jamming assets is difficult, since the 
receiving sites are unknown. In addition, if a stand-off jammer is directed at the 
transmitter, its effectiveness in the direction of the covert receiver is diminished. 
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Jammers not in the same beam as the wanted targets will be attenuated by the 
receiver's sidelobe protection and these targets will be more readily detected. 


Blanking - 


1. The cutting off of the electronic beam in a cathode-ray tube when the 
picture is not being formed. The beam is blanked while the spot is returning to 
the starting position (normally right to left). 


2. Process of making a channel or device noneffective for a desired interval. 


Blinking - A jamming technique employed by two aircraft separated by a short 
distance and within the same azimuth resolution to appear as one target to a 
tracking radar. The two aircraft alternately spot jam, causing the radar system to 
oscillate from one plane to another, making an accurate solution of fire control 
problem impossible. However, keep in mind that too high a blinking frequency 
can cause the tracker to average the data while too low a frequency will cause a 
missile to home-in on one of the jammers. 


Broad pulse jamming - Transmission of broad pulses for control system jamming 
when little is known about the command pulse group. For example, a broad pulse 
might cover a whole group of command pulses, thus jamming that command. 


Burnthrough range - The ability of a radar to see through jamming. Usually 
described as the point when the radar’s target return is stronger than the 
jamming signal. 


Burst chaff - The formation of a reflective volume of chaff from an individual 
bundle. 


Buzzer - Code name for airborne jamming. 


Capture - Where the jammer takes control over the guidance signal by active 
jamming. 


Capture effect - The tendency of a receiver to suppress the weaker of two signals 
within its bandpass. 


Capture of AGC - Domination of the radar's automatic gain control (AGC) level by 
a strong transmitted jamming signal. 


Carrier frequency - Frequency of an unmodulated radio wave emanated from a 
radio, radar, or other type of transmitter. 
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Carrier wave - Electromagnetic radiation used to “carry” information from one 


point to another. 


Centroid homing - When applied to antiradiation missiles, the effect on a missile 
that has two or more radiation sources in its field of view causing it to home on 
the centroid of the power from the radiating sources. 


Chaff - Ribbon-like pieces of metallic materials or metalized plastic that are 
dispensed by aircraft to mask or screen other aircraft or to cause a tracking radar 
to break lock. The foil materials are generally cut into small pieces for which the 
size is dependent upon the radar interrogation frequency (approximately 1/2 
wavelength of the victim radar frequency). Being 1/2 wavelength long, chaff acts 
as a resonant dipole and reflects much of the energy back to the radar. 


Chaff corridor - Operational technique of dropping large quantities of chaff for a 
continuous period of time. This results in a “ribbon” or “stream” of returns many 
miles long on radar scopes. The penetrating strike force can then use the 
resulting chaff corridor to mask its penetration. 


Chirp - A pulse compression technique characterized by linear frequency 
modulation on pulse (LFMOP). 


Chirp radar - Radar in which a swept-frequency signal is transmitted, received 
from a target, and then compressed in time to give a final narrow pulse called the 
chirp signal. It has high immunity to jamming and an inherent rejection of random 
noise signals. 


Circularly polarized jamming - The techniques of radiating jamming energy in 
both planes of polarization. With this method, there is a 3-dB loss of effective 
power in either plane, but the enemy cannot cross-polarize his antenna to escape 
jamming. 


Circular scan - The pattern generated by an antenna that is continuously rotating 
in one direction. 


Clipped noise modulation - A clipping action is performed to increase the. 
bandwidth of the jamming signal. Results in more energy in the sidebands, 
correspondingly less energy in the carrier, and an increase in the ratio of average 
power to peak power. 


Clutter - Unwanted signals, echoes, or images on the face of a scope that 
interferes with the observation of desired signals. Also called noise. This tends to 
mask the true target from detection or cause a tracking radar to break lock. 
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Clutter elimination - The clutter eliminator circuit discriminates against any target 
echo that exceeds three times the transmitted pulse width, and will not display it 
on the indicator. It is normally employed on the lower beams of a high frequency 
radar. This will allow targets above a preset signal strength to be presented, while 
the clutter (land) will be eliminated. 


Clutter gating - A technique that provides switching between MTI and normal 
videos. It results in the normal video being displayed in regions with no clutter 
and the MTI video being switched in only for the clutter areas. Clutter gating is 
achieved automatically by the PW discrimination or the use of storage tubes. It 
also can be achieved by a manually operated range azimuth gate. The clutter gate 
vastly increases the effectiveness of noncoherent MTI against chaff. 


Coherent MTI (in radar MT!) - A system in which the target echo is selected based 
on its Doppler frequency when compared to a local reference frequency 
maintained by a coherent oscillator. 


Coherent noise jamming - Noise-like jamming signal that is repetitive and in 
synch with the PRI of the radar. 


Coherent repeater jammer - A jammer that uses the phase information of the 
receiver radar signal in creating false targets thus transmitting a signal that is 
acceptable to the receiver processor of a victim coherent radar. 


Command and contro! warfare (C2W) - The integrated use of operations security 
(OPSEC), military deception, psychological operations (PSYOP), electronic 
warfare (EW), and physical destruction, mutually supported by intelligence to 
deny information, influence, degrade, or destroy adversary C? capabilities while 
protecting friendly C? capabilities. 


Command, control, communications, and computer systems (C4) - The process 
of, and means for, the exercise of authority and direction by a properly 
designated commander over assigned forces in the accomplishment of the 
commander's mission. 


Command guidance - A guidance system in which intelligence transmitted to the 


missile from an offboard source causes the missile to traverse a directed flight 
path. 
Communications intelligence (COMINT) - Intelligence derived from the 


interception of enemy communications signals. 


Communications security (COMSEC) - The protection resulting from all measures 
designed to deny unauthorized persons information of value that might be 
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derived from the possession and study of telecommunications, or to mislead 
unauthorized persons in their interpretation of the results of such possession 
and study. COMSEC includes: 1. Cryptosecurity; 2. transmission security; 3. 
emission security; and 4. physical security of communications security material 
and information. 


1. Cryptosecurity - The component of communications security that results 
from the provision of technically sound cryptosystems and their proper use. 


2. Transmission security - The component of communications security from 
which all measures designed to protect transmissions from interception and 
exploitation by means other than cryptoanalysis. 


3. Emission security - The component of communications security that 
results from all measures taken to deny unauthorized persons information of 
value that might be derived from intercept and analysis of compromising 
emanations from crypto equipment and telecommunications systems. 


4. Physical security - The component of communications security that results 
from all physical measures necessary to safeguard classified equipment, 
material, and documents from access thereto or observation thereof by being 
within a friendly power. 


Complex pulse - A pulse train in which there is more than one pulse width and/or 
more than one pulse repetition interval. 


Conformal antenna - An antenna which conforms to a surface whose shape is 
determined by considerations other than electromagnetic, for example, an 
antenna shaped to aerodynamically fit the side of an aircraft. 


Conical scan (CONSCAN) - A type of scanning in which the axis of the RF beam is 
tilted away from the axis of the reflector and rotated about it, thus generating a 
cone. 


Constant false alarm rate (CFAR) receiver - A radar receiver with automatic 
n circuits designed to produce a constant number of erroneous target 
ns independent of noise level at the receiver input. CFAR techniques are 
intended to prevent receiver saturation and overload, to present clear video 
information to the display, and a constant noise level to an automatic detector. A 
device that accomplishes these objectives may respond to the signal-to-noise 
ratio, for example, rather than the absolute signal level above a fixed threshold. 
CFAR does not usually permit the detection of a target if the target is weaker than 
the jamming, but it does attempt to remove the confusing jamming effects. 
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Continuous wave (CW) - A constant, single-frequency, unmodulated carrier wave 
that is transmitted and then reflected. A good system for determining velocity. 


Correlation detection (modulation systems) - Detection based on the averaged 
product of the received signal and locally generated function possessing some 
known characteristics of the transmitted wave. Note the following caveats: 


1. The averaged product can be formed, for example, by multiplying and 
integrating, or by using a matched filter whose impulse response, when reversed 
in time, is the locally generated function. 


2. Strictly, the above definition applies to detection based on cross- 
correlation. The term correlation detection may also apply to detection involving 
autocorrelation, in which case the locally generated function is merely a delayed 
form of the received signal. 


Countdown - A technique for forcing the radar AGC to continuously change value 
and oscillate. The jammer rapidly changes the duty cycle of the deception pulses. 


Countdown blink - Self-screening AGC deception using a gated repeater or noise 
source; the period of which is short compared to the victim's AGC time constant. 


Cover pulse - A jammer covers the radar return with an AM pulse usually much 
wider than the radar pulse. Since tracking circuits are looking for largest return, 
they will transfer to the cover pulse, thereby denying range information. 


Cross-eye - A jamming technique used to produce angular errors in monopulse 
and other passive lobing radars. Jammer is a two-source interferometer that 
causes the phase front of the signal reaching the radar to be highly distorted. 
With such a technique, it is difficult for the radar to determine the points from 
which the transmissions are originating. Requires a high jam-to-signal ratio or the 
skin echo will show up in the pattern nulls. 


Cross-gated CFAR - A CFAR technique employed to achieve the fast switching 
required for an optimum combination of normal and MTI modes. Here, the MTI 
video signals are used to “gate” on the normal video when the MTI indicates a 
target in clutter. CFAR action is achieved by the wideband as in the zero-crossing 
and Dicke fix CFARs. 


Cross polarization - or “Cross Pole,” is a monopulse jamming technique where a 
cross-polarized signal is transmitted to give erroneous angle data to the radar. 
The component of the jamming signal with the same polarization as the radar 
must be very small. 
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Cross polarization jamming - A technique whereby the received signal is 
retransmitted cross-polarized and at a much higher power than the skin return- 
effective against some monopulse radars by generating erroneous angle 
information. 


CW jamming - The transmission of constant-amplitude, constant-frequency, 
unmodulated jamming signals to change the signal-to-noise ratio of a radar 
receiver. 


Data link - A communications link which permits automatic transmission of 
information in digital form. 


Deception - Those measures designed to mislead the enemy by manipulation, 
distortion, or falsification of evidence to induce him to react in a manner 
prejudicial to his interests. (See Electronic Deception, or Manipulative Deception.) 


Deception jamming - Any means of jamming consisting of false signals that have 
similar characteristics to the victim radar thereby deceiving the operator into 
erroneous conclusions. 


Decibel (dB) - A dimensionless unit for expressing the ratio of two values, the 
number of decibels being 10 times the logarithm to the base 10 of a power ratio, 
or 20 times the logarithm to the base 10 of a voltage of current ratio. A power 
increase by 3 dB indicates a doubling of the original power. 


(dBm) - Same as dBw except the reference level is one milliwatt instead of one 
watt. 


(dBw) - Unit used to describe the ratio of the power at any point in a 
transmission system to a referenced level of one watt. The ratio expresses 
decibels above and below the reference level of one watt. 


Defense suppression - A term applied to weapons systems that are intended to 
eliminate or degrade enemy detection, acquisition, or tracking equipment. 


Delayed opening chaff - Chaff that blooms at a specific elapsed time after it is 
dispensed. 


Detector balanced bias - Controlling circuit used in radar systems for anti-clutter 
purposes. 


Dicke fix - A technique specifically designed to protect the receiver from ringing 
caused by noise, fast-sweep, or narrow-pulse jamming. The basic configuration 
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consists of a broadband limiting IF amplifier, followed by an IF amplifier of 
optimum bandwidth. The limit level is preset at approximately the peak amplitude 
of receiver noise. The bandwidth may vary from 10 to 20 MHz, depending on the 
jamming environment. The device provides excellent discrimination against fast- 
sweep jamming (10 - 500 MHz), usually something about 20 to 40 dB, without 
appreciable loss in sensitivity. However, strong CW jamming will seriously 
degrade the performance of the Dicke fix because the CW signal captures the 
radar signal in the limiter. 


Dicke fix CFAR - Constant False Alarm Rate. 


Dicke fix MT CFAR - An MTI CFAR technique similar to Dicke fix CFAR. Limiting 
and narrowbanding follow wideband amplification, phase detection, and 
cancellation so as not to impair the MTI performance. 


Digital radio frequency memory (DRFM) - A computer-controlled digital device 
used in radar jamming systems. DRFM provides an extremely fast and accurate 
storage capability for victim radar signal parameters. Jamming systems 
employing DRFM can rapidly and accurately generate coherent jamming based 
on the memorized victim radar signal. 


DINA - See Direct Amplified Noise. 
Diode - An electron device having two electrodes, a cathode, and an anode. 


Diplex - Two transmitters operating alternately on approximately the same RF and 
using a common antenna. The normal procedure is to pulse each transmitter at 1 
the desired PRF, 180° out-of-phase. The advantage is that higher peak power per 
transmitter is possible because each transmitter is operating at %% the normal 
duty cycle. 


Dipole antenna - A straight, center-fed, ¥% wavelength antenna. Horizontally 
polarized, it produces a figure-eight radiation pattern with maximum radiation at 
right angles to the plane of the antenna. 


Direction finding (DF) - A procedure for obtaining bearings of radio frequency 
emitters with the use of a highly directional antenna and a display unit on an 
intercept receiver or ancillary equipment. 


jirect amplified noise (DINA) - DINA without a carrier frequency is used for 
increasing (saturating) the radar receiver's noise level. This is called video 
stealing. The biggest danger from this type of jamming is that the radar operator 
may not realize he is being jammed when automatic gain control (AGC) or 
automatic noise leveling (ANL) are employed. This is a barrage type of jamming 
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with a bandwidth normally more than 50 MHz. DINA appears as a bright, high 
intensity wedge when the manual gain is employed. Thus, all useful radar scope 
information is lost. 


Doppler (effect) - Continuous wave (CW) Doppler radar modules are sensors that 
measure the shift in frequency created when an object moves. A transmitter emits 
energy at a specific frequency which, when reflected, can indicate both speed 
and direction of the target. When objects move closer to the Doppler source, they 
increase in shift (positive value), and when they move further away, they 
decrease in shift (negative value). 


Doppler radar - A radar system that measures the velocity of a moving object by 
the apparent shift in carrier frequency of the returned signal as it approaches or 
recedes. 


Downlink - The signal from a transponder beacon located on a surface-to-air 
missile (SAM) used to provide a traceable radar return for missile guidance. 


k jamming (DLJ) - Some command guidance missiles carry a beacon 
(downlink) which is used by the parent radar to track the missile. If this beacon 
reply can be hidden from the parent tracking radar, the missile guidance solution 
can be defeated. Hence, downlink (beacon) jamming is intended to screen the 
missile beacon signal from the parent radar's view. 


Ducting - The bending of radar rays due to atmospheric conditions. Ducting can 
either extend radar coverage beyond normal line of sight or it can deny the radar 
picture above a duct. Ducting is also called Anomalous Propagation. 


Dummy antenna - A device that has the necessary impedance characteristics of 
an antenna and the necessary power-handling capabilities, but does not radiate 
or receive radio waves. Note: In receiver practice, that portion of the impedance 
not included in the signal generator is often called a dummy antenna. 


Dummy load (radio transmission) - A dissipative but essentially nonradiating 
substitute device having impedance characteristics simulating those of the 
substituted device. This allows power to be applied to the radar unit without 
radiating into free space. 


Duplex - In radar, a condition of operation when two identical and 
interchangeable equipments are provided—one in an active state, and the other 
immediately available for operation. 


Duplexer - A switching device used in radar to permit alternate use of the same 
antenna for both transmitting and receiving. 
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Duty cycle - The ratio of the time the transmitter is actually on versus the time it 
could be on in a given transmission cycle. Mathematically, it can be expressed 
as: 


Duty Cycle = PD or Duty Cycle = PD X PRF 
PRT 


Dynamic range — 


1. The difference, in decibels, between the overload level and the minimum 
acceptable signal level in a system or transducer. Note: The minimum acceptable 
signal level of a system or transducer is ordinarily fixed by one or more of the 
following: noise level, low-level distortion, interference, or resolution level. 


2. Ratio of the specified maximum signal level capability of a system or 
component to its noise or resolution level, usually expressed in decibels. 


Early warning radar - A radar set or system used near the periphery of a defended 
area to provide early notification of hostile aircraft approaching the area. 


EA pod - A jamming system that is designed to be carried externally on an 
aircraft. 


Effective radiated power (ERP) - Input power to antenna time multiplied by the 
gain of the antenna, expressed in watts. 


Electromagnetic interference (EMI) - Any electromagnetic disturbance that 
interrupts, obstructs, or otherwise degrades or limits the effective performance of 
electronic systems. EMI can be induced intentionally, by way of jamming, or 
unintentionally because of spurious emissions and modulations. 


Electromagnetic pulse (EMP) - The generation and radiation in a transmission 
medium of a very narrow and very high-amplitude pulse of electromagnetic noise. 
The term is associated with the high-level pulse because of a nuclear detonation 
and with an intentionally generated narrow, high-amplitude pulse for EA 
applications. In nuclear detonations, the EMP signal consists of a continuous 
spectrum with most of its energy distributed throughout the low frequency band 
of 3 to 30 KHz. 


Electromagnetic radiation - Radiation made up of oscillating electric and 
magnetic fields and propagated with the speed of light. Includes gamma 
radiation, x-rays, ultraviolet, visible and infrared radiation, plus radar and radio 
waves. 


light source, indicator, or display 


> single source: 


Figure 19-8. The nean bulb and its series resistor are vist 
‘le inside tis indicator. 


Figure 19-9. A relatively small neon indicator lamp, de 
signed for insertion in a ole 0.5" diameter 


Limited Light Output 
Neon bulbs have a light output of around 0.06 
lumens per milliamp of consumed power (stan- 
dard brightness type) or 0.15 lumens per milli- 
amp of consumed power (high brightness type). 


‘Comparing this value with the intensity of LED 
indicators is difficult. Their light output is cus- 
tomarily measured in millicandelas (med), be- 
cause LED indicatorsalmost alwaysincludealens 
that focuses the light, and the candela is a meas- 
urement of luminous flux within an angle of dis- 


neon bulb How to Use It 
persion, Moreover, because the intensity of neon 
indicators is not of great interest in most appli- 
cations, datasheets usually do not supply an in- 
tensity value 


(One way around the problem of comparisons is 
to use the standard of radiant luminous efficacy 
(LER), which is defined in the entry on incandes- 
cent lamps (see “Efficacy” on page 179). A 
standard-brightness neon bulb has an LER of 
about 50 lumens per emitted watt of luminous 
flux. A light-emitting diode may reach an LER of 
100 Im/W. However, a neon bulb operates typi- 
cally around 1mA while an LED indicator may use 
20mA. Therefore, a typical LED indicator may ap- 
pear to be 30 to 50 times brighter than a typical 
neon bulb. 


Consequently, neon may be an inferior choice in 
a location where there is a high level of ambient 
light. Direct sunlight may render the glow of a 
neon indicator completely invisible. 


Efficiency 

Because a neon bulb does not use a lot of power 
and generates negligible heat, it isa good choice 
Where current consumption is a consideration 
(for example, if an indicator is likely to be on for 
long periods). The durability and low wattage of 
neon bulbs, and their convenient compatibility 
with domestic power-supply voltage, made 
them a favorite for nightlights and novelty 
Jamps in the past. Figure 19-10 shows an antique 
bulb containing an ornamental electrode, while 
Figure 19-11 isa piece of folk art, approximately 
Vin diameter, mounted on a plug-in plastic cap- 
sule containing a neon bulb. 


Ruggedness 
Neon bulbs are a good choice in difficult envi- 
ronments, as they are not affected by vibration, 
sudden mechanical shock, voltage transients, or 
frequent power cycling, Their operating temper- 
ature range is typically from -40 to +150 degrees 
Celsius, although temperatures above 100 de- 
grees will reduce the life of the lamp. 
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Electromagnetic spectrum - The total range of frequencies (or wavelengths) over 
which any form of electromagnetic radiation occurs. 


Electromagnetic test environment (EMTE) - A range complex of radars, such as. 
those located at Eglin AFB, FL, operating in different frequency bands and modes 
to provide a very flexible test facility for evaluating aircraft antenna patterns, 
reflectivity measurements, infrared, reconnaissance, airborne interceptors, and 
electronic warfare devices and techniques. 


Electronic attack (EA) - The use of electromagnetic energy, directed energy, or 
antiradiation weapons to attack personnel, facilities, or equipment with the intent 
of degrading, neutralizing, or destroying enemy combat capability. Action taken 
to reduce the enemy's effective use of the electromagnetic spectrum. EA is a 
division of electronic warfare (EW). 


Electronic combat (EC) - Action taken in support of military operations against 
the enemy's electromagnetic capabilities. EC is task-oriented and includes 
electronic warfare (EW), command and control warfare (C2W), and suppression of 
enemy air defenses (SEAD). 


Electronic protection (EP) - Active and passive means taken to protect personnel, 
facilities, and equipment from any effects of friendly or enemy employment of 
electronic warfare that degrade, neutralize or destroy friendly combat capability. 
EP is a division of electronic warfare (EW). 


Electromagnetic deception - The deliberate radiation, reradiation, alteration, 
absorption, or reflection of electromagnetic radiations in a manner intended to 
mislead an enemy in the interpretation of, or use of, information received by his 
electronic systems. There are two categories of electronic deception: 


1. Manipulative deception - The alteration or simulation of friendly 
electromagnetic radiation to accomplish deception. 


2. Imitative deception - The introduction of radiations into enemy channels 
that imitate his own emissions. 


Electronic intelligence (ELINT) - The intelligence information product of activities 
engaged in the collection and processing for subsequent intelligence purposes of 
foreign, noncommunications, electromagnetic radiations emanating from other 
than nuclear detonations or radioactive sources. 


Electronic intelligence parameter limit list (EPL) - A compilation of identified 
signals with assigned ELINT notations. 
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Electronic jammers — 


1. Expendable - A transmitter designed for special use such as being dropped 
behind enemy lines. 


2. Repeater - A receiver-transmitter device that, when triggered by enemy 
radar impulses, returns synchronized false signals to the enemy equipment. The 
returned impulses are spaced and timed to produce false echoes or bearing 
errors in the enemy equipment. See Expendable and Repeater Jammers. 


Electronic jamming - The deliberate radiation, reradiation, or reflection of 
electromagnetic energy with the object of impairing the use of electronic devices, 
equipment, or systems. 


Electronic order of battle - A listing of all the electronic radiating equipment of a 
military force giving location, type function, and other pertinent data. 


Electronic reconnaissance - Specific reconnaissance directed toward the 
collection of electromagnetic radiations. Examples: 


COMINT Communications Intelligence 


ELINT Electronic Intelligence 
OPINT Optical Intelligence 
RINT Radiated Intelligence 


SIGINT Signal Intelligence 


Electronic warfare (EW) - Military action involving the use of electromagnetic 
energy and directed energy to control the electromagnetic spectrum. EW has 
three divisions: electronic attack (EA), electronic protection (EP), and electronic 
warfare support (ES). 


Electronic warfare support (ES) - Actions taken to search for, intercept, identify, 
and locate sources of intentional radiated electromagnetic energy for the purpose 
of immediate threat recognition. Surveillance of the electromagnetic spectrum 
that directly supports an operational commander's electromagnetic information 
needs. ES is a division of EW. 


Electro-optics (EO) - The interaction between optics and electronics leading to 
the transformation of electrical energy into light, or vice versa, with the use of an 
optical device. 
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Electro-optic counter-countermeasures (EOCCM) - Actions taken to ensure the 
effective friendly use of the electro-optic spectrum despite the enemy's use of 
countermeasures in that spectrum. 


Emission control (EMCON) — 


1. The management of electromagnetic radiations to counter an enemy's 
capability to detect, identify, or locate friendly emitters for exploitation by hostile 
action. 


2. Controlling the radiation of an active system to minimize detection by 
enemy sensors. 


Endgame - The period of military engagement 3-5 seconds before missile impact. 


Endgame countermeasures (EGCM) - Actions taken to defeat a tracking missile. 
This includes expendables, decoys, and maneuvers. 


Essential elements of information (EE!) - The critical items of information 
regarding the enemy and his environment needed by the commander by a 
particular time to relate with other available information and intelligence to be 
able to reach a logical decision. 


Expendable jammer - A nonrecoverable jammer. Early expendables were limited 
to chaff and flare deployments; however, various radiating jamming systems 
exist that use noise or repeater techniques. These are dispensed by aircraft or 
other delivery systems and are designed to disrupt or deceive a victim radar for a 
short period of time. 


Extremely high frequency (EHF) - Frequencies in the range of 30 to 300 GHz. 


False target - Radiated bundle of electromagnetic energy that is displaced in time 
from the echo that creates a response in the receiver where no reflecting surface 
exists. 


False target generator - Device for generating electromagnetic energy of the 
correct frequency of the receiver that is displaced in time from the reflected 
energy of the target. 


Fast automatic gain control (FAGC) - An AGC scheme characterized by a 
response time that is long with respect to a PW and short with respect to the 
target. An ultra fast FAGC will reduce the CW capture effect on the Dicke fix. 
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Fast time constant circuit (in radar) — 


1. A circuit with short time constant used to emphasize signals of short 
duration to produce discrimination against extended clutter, long-pulse jamming, 
or noise. 


2. Aresistance-capacitance differentiating network with a time constant about 
equal to the transmitted pulse width and employed in the video portion of the 
receiver to provide the discrimination against jamming with low modulating 
frequencies. FTC is effective against CW, long jamming pulses, swept jamming, 
and clutter. It is also fairly effective against chaff corridors. Based on time, the 
radar receiver will allow only pulses equal to its own pulse width to pass and be 
presented on the indicators as targets. Because of this, only the leading edges of 
long pulses will be displayed. 


Fence — 


1. Line or network of early warning radars. 


2. Concentric steel fence erected around a ground radar transmitting antenna 
to serve as an artificial horizon and suppress ground clutter that would otherwise 
drown out weak signals returning at a low angle from the target. 


Ferret - An aircraft, ship, or vehicle especially equipped for the detection, 
location, recording, and analyzing of electromagnetic radiations. 


Field of view (FOV) - The maximum solid angle visible by an optical or electro- 
optic system, 


Fire control radar - Specialized radar systems used to locate and track airborne 
and surface targets, compute an optimum weapons firing point, and control the 
firing and sometimes guidance of its weapons. 


FM-by-noise modulation - A method of frequency modulating with effective 
jamming method against AM and fix-tuned FM receivers. Not very effective 
against continuously tunable PFM receivers; careful tuning can defeat a great 
portion of the jamming signal. For this reason, FM-by-noise is not considered 
optimum as a type of modulation for jamming FM receivers. 


FM jamming - Technique consisting of a constant amplitude RF signal that is 
varied in frequency around a center frequency to produce a signal over a band of 
frequencies. 
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Forward edge of the battle area (FEBA) - The foremost limits of a series of areas 
in which ground combat units are deployed, excluding the areas in which the 
covering or screening forces are operating, designated to coordinate fire support, 
the positioning of forces, or the maneuver of units. 


Frequency agility - A radar's ability to change frequency within its operating 
band, usually on a pulse-to-pulse basis. This is an EP technique employed to 
avoid spot jamming and to force the jammer to go into a less effective barrage 
mode. 


Frequency band designations — 


1. As decided upon by the Atlantic City Radio Convention of 1947, and later 
modified by Comite Consultatif International Radio (CCIR) Recommendation No. 
142 in 1953: 


Band RF Range Band RF Range 
VLF 0-30 kHz VHF 30-300 MHz 
LF 30-300 kHz UHF 300-3000 MHz 
MF — 300-3000 kHz SHF 3-30 GHz 

HF =. 3-30 MHz EHF 30-300 GHz 


2. Electronic warfare uses the following designations: 


A 0-250 MHz H 6-8 GHz 

B 250-500 MHz ' 8-10 GHz 
ec 500-1000 MHz J 10-20 GHz 
D 1000-2000 MHz K 20-40 GHz 
E 2-3 GHz L 40-60 GHz 
F 3-4 GHz M 60-100 GHz 
G 4-6 GHz 


Frequency bandpass - The number of hertz where maximum output is obtained 
between two limits usually defined and bounded by lower and upper half power 
(3 dB) points. 


Frequency hopping - An anti-jamming technique used by a radar system. The 
carrier frequency of the pulsed transmissions are periodically or continuously 
shifted within limits on each successive pulse. 


Frequency diversity - Method of transmission and/or reception using several 
frequencies simultaneously to minimize the effects of selective fading, deliberate 
jamming, or interference. 
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Frequency modulated CW (FM-CW) jamming - FM of a CW signal to produce a 
wide band of signals when the exact operating frequency of the victim is not 
known within the CW limits. 


Frequency modulation (FM) - A method of impressing a message upon a carrier 
signal by causing the carrier frequency to vary proportionally to the message 
waveform. 


Frequency shift keying (FSK) - A form of FM where the carrier is mined code. In 
multiple FSK, the carrier is shifted to more than two frequencies. FSK is used 
principally with teletype communications. 


Frequency spectrum - The entire range of frequencies of electromagnetic 
radiation. 


G - Acceleration due to gravity (32.2 ft/sec’). 


Gain (manual) - The receiver gain control allows the operator to vary the receiver 
sensitivity. It is not designed as an AJ feature; however, when properly employed 
it may greatly reduce the effects of jamming. The radar detection capability is 
also reduced by an equal amount. 


Gain (transmission gain) - The increase in signal power in transmission from one 
point to another under static conditions. Note: Power gain is usually expressed in 
decibels. 


Glint (in radar) — 


1, The random component of target location error caused by variations in the 
phase front of the target signal (as contrasted with scintillation error). GLINT may 
affect angle, range of Doppler measurements, and may have peak values 
corresponding to locations beyond the true target extent in the measured 
coordinate. 


2. Electronic countermeasures that use the scintillating, or flashing, effect of 
shuttered or rotating reflectors to degrade tracking or seeking functions of an 
enemy weapons system. 


Ground controlled intercept (GCI) - Vectoring an interceptor aircraft to an 
airborne target by means of information relayed from a ground-based radar site 
that observes both the interceptor and target. 
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Guidance system (missile) - A system that evaluates flight information, correlates 
it with target data, determines the desired flight path of the missile, and 
communicates the necessary commands to the missile flight control system. 


Guided missile - An unmanned vehicle moving above the surface of the earth, 
whose trajectory of flight path is capable of being altered by an external or 
internal mechanism. 


Height finder - A radar used to detect the angular elevation, slant range and 
height of objects in the vertical sight plane. An air defense ground radar used 
specifically to accurately determine aircraft altitude for tracking and ground 
controlled intercepts. 


Hertz (Hz) - The unit of frequency, equal to one cycle of variation per second. It 
supersedes the unit cycle per second (cps). 


High frequency (HF) - Frequencies from 3000 - 30,000 kHz. 


Home-on-jam (HO) - A missile mode of operation in which a jamming signal is 
used to develop steering information for the missile to home in on the jamming 
source. 


Homing guidance - A system by which a missile steers itself toward a target by 
means of a self-contained mechanism which is activated by some distinguishing 
characteristics of the target. 


Identification, friend or foe (IFF) - A system using radar transmission to which 
equipment carried by friendly forces automatically responds, for example, by 
emitting pulses, thereby distinguishing themselves from enemy forces. It is the 
primary method or determining the friendly or unfriendly character of aircraft and 
ships by other aircraft and ships, and by ground forces employing radar 
detection equipment and associated identification, friend or foe units. 


Image frequency - An undesired input frequency capable of producing the 
selected frequency by the same process. NOTE: An image frequency is a 
frequency which differs from, but has a certain symmetrical relationship to, that 
which a superheterodyne receiver is tuned. Consequently, the image frequency 
can be mistakenly accepted and processed as a true frequency by the receiver. 


Image jamming - Jamming at the image frequency of the radar receiver. Barrage 
jamming is made most effective by generating energy at both the normal 
operating and imaging frequency of the radar. Image jamming inverts the phase 
of the response and is thereby useful as an eagle deception technique. Not 
effective if the radar uses image rejection. 
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imitative deception - The introduction of radiations into enemy channels which 
imitates their own emissions. 


Imitative jamming - The jamming technique of transmitting a signal identical to 
the original guidance signal. 


Infrared (IR) - That portion of the frequency spectrum lying between the upper 
end of the millimeter wave region and the lower (red) end of the visible spectrum. 
In wavelength, the IR lies between 0.78 and 300 microns; in frequency, it lies 
between one and 400 terahertz (THz). 


Infrared counter-countermeasures (IRCCM) - Actions taken to effectively employ 
our own infrared radiation equipment and systems in spite of the enemy's actions 
to counter their use. 


Infrared countermeasures (IRCM) — 


1. Countermeasures used specifically against enemy threats operating in the 
infrared spectrum. 


2. Actions taken to prevent or reduce the effectiveness of enemy equipment 
and tactics employing infrared radiation. 


Instantaneous automatic gain control (AGC) 


4. That portion of a system that automatically adjusts the gain of an amplifier 
with varying input pulse amplitudes. The adjustment is sufficiently fast to operate 
while a pulse is passing through the amplifier. 


2. In radar, a quick-acting automatic gain control that responds to variations 
of mean clutter level, or jamming over different range or angular regions, 
avoiding receiver saturation (also known as back-bias). [AGC automatically 
adjusts the gain of the radar receiver so that strong signals do not block 
adjoining weak signals. IGAC is not quick enough to block short pulse jamming, 
extended clutter, or chaff. 


Instantaneous frequency CFAR (IFCFAR) - A technique similar to the IF DICKE 
FIX CFAR, except for having a phase detector instead of a frequency 
discriminator. The primary use of this technique, combined with rapid random 
frequency changes, is to make chaff signals appear noise-like so they can be 
handled conventionally. 
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Instantaneous inverse gain - Pulse-by-pulse amplification, modulation, and 
reradiation of the victim's radar pulse to obscure angle data. 


Intercept point - A computed point in space toward which an interceptor is 
vectored to complete an interception. 


Interference (electronic) - An electrical or electromagnetic disturbance that 
causes undesirable responses on electronic equipment. Electrical interference 
refers specifically to interference caused by the operation of electrical apparatus 
that is not designed to radiate electromagnetic energy. 


Interferometer - As pertains to radar, a receiving system which determines the 
angle of arrival of a wave by phase comparison of the signals received at 
separate antennas or separate points on the same antenna. 


Interleaved jamming - Time sharing of a jammer's output around many threats 
usually to cover pulse jamming. 


Intermediate frequency (IF) — 


1. A fixed frequency to which all carrier waves are converted in a 
superheterodyne receiver. 


2. A frequency to which a signaling wave is shifted locally as an intermediate 
step during transmission or reception. 


3. A frequency resulting from the combination of the received signal and that 
of the local oscillator in a superheterodyne receiver. 


Intermediate frequency jamming - Form of CW jamming that is accomplished by 
transmitting two CW signals separated by a frequency equal to the center 
frequency of the radar receiver IF amplifier. 


Interrogator - A device used to transmit pulse-coded challenges to an IFF 
transponder and then evaluates the pulse-coded reply for identification purposes. 


Intrapulse modulation repeater - A classified deception jamming technique. 
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Intrusion — 
4. The entry of a nonfriendly aircraft or system into friendly air space. 


2. The intentional interference in a communication system by which the 
intruder attempts to confuse, delay, or cause error by the selective introduction 
of additional data. 


Inverse conscan - One method of confusing a radar operator or fire control radar 
system is to provide erroneous target bearings. This is accomplished by first 
sensing the radar antenna scan rate and then modulating repeater amplifier gain 
so that the weapons systems will fire at some bearing other than the true target 
bearing. The angle deception technique is used to break lock on CONSCAN 
radars. 


Inverse gain - Amplification, inverse modulation, and reradiation of a radar's 
pulse train at the rotation rate of the radar scan. Deceives a conical scanning 
radar in angle. 


Inverse-gain repeater jammer - A form of repeater in which the jammer creates 
false targets by varying the output power inverse with the strength of the 
received radar signal. 


Jaff - Expression for the combination of electronic and chaff jamming. An ECM 
tactic involving the use of jammers to illuminate chaff corridors or chaff bursts to 
produce false targets. 


Jam attenuator control - Used to prevent receiver saturation from any strong 
signals, including electronic jamming, chaff, or clutter. It also permits the 
determination of the bearing and elevation of jammers that would cause wide 
sectors of the scope to be obscured. The control reduces all signals equally, 
jamming as well as targets. This control should be used in the jammed sector 
only and not for an entire antenna revolution. Targets in the jammed sector would 
only be seen if they were stronger than the jamming. However, the jammed sector 
may be reduced enough in size to allow the operator to determine either bearing 
or elevation. 


Jammer - A device used to deprive, limit, or degrade the use of communications 
or radar systems. Radio frequency jammers include noise, discrete frequency 
repeater, and deceptive equipment. 


Jamming-to-signal (J/S) ratio - The relative power ratio of jamming to the radar 
return signal at the radar antenna. The inverse of the signal-to-jamming ratio. 
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When AC current passes through the bulb, both 
terminals will glow. 


Ifa bulb (with series resistor) is placed between 
the"hot" side ofa domestic AC power supply and 
ground, the bulb will glow. ifitis placed between 
the neutral side of the supply and ground, it will 
not glow. 


These features enable a neon bulb to be used for 
simple power-supply testing, 


Life Expectancy 

The metal of the electrodes gradually vaporizes 
during everyday use of a neon bulb. This is 
known as sputtering and can be observed as the 
glass capsule becomes darkened by deposition 
of vaporized metal. The electrodes will have a 
more limited life in a lamp used with DC voltage, 
where sputtering affects only the cathode. Using 
AC, the electrodes take turns functioning as the 
cathode, and vaporization is distributed be- 
tween both of them, 


Figure 19-10. n tygor 


Failure of a neon lamp can occur as sputtering 
erodes the electrodes to the point where the 
maintaining voltage will increase until it almost 
reaches the level of the power supply. At this 
point, the bulb will flicker erratically 


Failure can also be defined asa gradual reduction 
in brightness to 50% of rated light output, caused 
by accumulated deposition in the glass capsule, 
Because deposition occurs more heavily on the 
sides ofthe bulb, alongerapparentlifeis possible 
if the bulb is mounted so that itis viewed from 
the end, 


Typically, neon bulbs are rated for 15,000 to 
25,000 hours (two to three years of constant op- 
eration). However, the life can be greatly in- 
creased by a slight reduction in voltage, which 
may be achieved by substituting a series resistor 
with a slightly higher value 


‘The relationship between operating life and re- 
sistor value is shown below. If LA is the normal 
operating life, LB is the extended operating life, 


Power-Supply Testing 
When driven by DC current, only the negative 
electrode (the cathode) of a neon bulb will glow. 
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Jam strobe - Also called JAVA (jamming amplitude versus azimuth). A circuit that 
generates a marker on the PP! to indicate signal strength as a function of bearing. 
It does this by sampling the jamming intensity once each repetition period. 
Besides showing the direction of the jammer, it also indicates the severity of 
main beam and sidelobe jamming. 


Jet engine modulation (JEM) - Modulation present in the radar returns received 
from a jet aircraft, caused by the rotation of the fan or turbine blades of the 
aircraft's engines. 


Jittered pulse repetition frequency (jittered PRF) - The PRF is rapidly varied at a 
random rate so that false targets appear to jitter or appear fuzzy on the scope. An 
alternative to jittered PRF is to change the PRF momentarily. This causes the 
false targets to change their position on the scope. It provides a discrimination 
against repeater-type jammers. 


Klystron - A very stable microwave amplifier that provides high gain at good 
efficiency. This is accomplished by velocity modulating (accelerating a beam of 
electronics flowing from its cathode to its anode. 


Laser target designation - The use of a laser to direct a light beam onto the target 
so that appropriate sensors can track or home on the reflected energy. 


Leading-edge tracker - A tracking radar that obtains its data from the leading 
edge of the echo pulse from the target. 


Light amplification by stimulated emission of radiation (LASER) - A process of 
generating coherent light. The process uses a natural molecular (and atomic) 
phenomenon whereby molecules absorb incident electromagnetic energy at 
specific frequencies. It then stores this energy for short but usable periods, then 
releases the stored energy as light at particular frequencies, and in an extremely 
narrow frequency band. 


Lobe - One of the three-dimensional sections of the radiation pattern of a 
directional antenna bounded by 1-2 cones of nulls. 


Lobe-on-receive-only (LORO) - Mode of operation consisting of transmitting on 
one antenna system and receiving the reflected energy on another system (TWS, 
conical, or monopulse). 


Local oscillator off - A simple expedient of shutting off the local oscillator during 
barrage jamming. The barrage jammer will not be seen unless there is a beating 
signal such as a target; therefore, targets will appear. Since targets will not 
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appear in directions where no jamming arises, either an automatic azimuth switch 
or an additional receiver display is required. 


Logarithmic fast time constant log (LOG-FTCL) - A device consisting of a 
logarithmic IF amplifier followed by an FTC circuit. The LOG-FTC combination is 
very effective in removing variations in the video output noise level caused by 
spot noise, wideband noise, and slow sweep noise modulated AM jamming. 


Logarithmic receiver - A receiver whose response approximates the logarithm of 
the strength of the incoming signal. A special type of receiver having a large 
dynamic range of automatic gain control that gives considerable protection 
against receiver saturation by strong jamming on interference signals. Useful 
against weather, clutter, chaff, and spot jamming. 


Look-down, shoot-down - Refers to an air interceptor (Al) equipped with a pulse 
Doppler radar, or a radar that has a moving target indicator (MTI) feature, that can 
detect and lock-on to a target within ground return clutter enabling the Al to track 
and shoot the target. 


Look-through — 


4. When jamming, a technique by which the jamming emission is interrupted 
irregularly for extremely short periods to allow monitoring of the victim signal 
during jamming operations. 


2. When being jammed, the technique of observing or monit 
signal during interruptions in the jamming signals. 


ing a desired 


Low frequency (LF) - Frequencies from 30 - 300 kHz. 


Low power spread spectrum radar - A low power, high duty cycle radar whose 
spectrum is spread 100 MHz or more. Since this radar has a broad output 
spectrum and a high duty cycle, neither time nor frequency can be effectively 
used to resolve these signals. This leaves direction as the prime method of 
resolution. The spectrum of these radars is spread over the bandwidth by any of 
the pseudo random noise modulating techniques commonly used in 
communications. Techniques such as bi-phase modulation, quaternary phase 
modulation, chirp, random frequency jumping, etc., may be used to spread either 
a CW signal or a very high duty cycle signal. Such signals have a very good 
range resolution—approximately equal to the reciprocal of the bandwidth. 


Magnetron - A radar microwave device whose operation is based on the motion of 
electrons (AC) under the influence of combined electric and magnetic fields. 
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Mainlobe - The lobe of a transmitting or receiving antenna centered on the 
directivity axis of the antenna. 


Manipulative deception - The alteration or simulation of friendly electromagnetic 
radiations to accomplish the deception. 


Meaconing, interference, jamming, and intrusion (MlJI) - An acronym of four 
component parts to determine the intent and technique of electromagnetic 
radiation. 


Meaconing - a system of receiving radio beacon signals and rebroadcasting 
them on the same frequency to confuse navigation. Interference - unintentional 
electromagnetic radiation that may cause interference with electronic equipment. 


Jamming - the deliberate radiation, reradiation, or reflection of 
electromagnetic energy with the intent of impairing the use of electronic devices, 
equipment, or systems being used by the enemy. 


Intrusion - the intentional insertion of electromagnetic energy into 
transmission paths in any manner with the objective of deceiving operators or 
causing confusion. 


Medium frequency (MF) - Frequencies from 300 to 3,000 kHz. 
Micron - A unit of length equal to a micrometer (10% meters). 


Microwave amplification by stimulated emission or radiation (MASER) - A low- 
noise, radio-frequency amplifier. The emission of energy stored in a molecular or 
atomic system by a microwave power supply is stimulated by the input signal. 


Microwave communications - Line-of-sight communications, the frequency of 
which is higher than 300 MHz. 


Millimeter waves - Frequencies (30 GHz to 300 GHz) in the millimeter portion of 
the electromagnetic spectrum. 


Miss distance - The distance measured between the closest paths of a target and 
interceptor (i.e., aircraft and missile). One objective of self-protection jamming 
systems is to increase the miss distance to avoid destruction if missile launch 
cannot be prevented. 
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Missile approach warning system (MAWS) - A system used to detect and provide 
warning of approaching missiles. MAWS may be partitioned into active MAWS 
and passive MAWS. 


1. Active missile approach warning system (AMAWS) - Generally employs 
pulse Doppler radar as its sensor. This radar is able to discern a moving target in 
stationary or slow-moving background clutter. 


2. Passive missile approach warning system (PMAWS) - An ultraviolet (UV) or 
infrared-based detector system with the ability to detect and distinguish threat 
missiles from surrounding clutter and non-lethal missiles. 


Modulated barrage jamming - A technique that varies the amplitude of the output 
power of a barrage jammer with sinusoidal or complex modulation. 


Modulated CW jamming - A CW carrier waveform that has been modulated 
another signal (such as noise, low, medium, or high frequencies), and is 
transmitted for the purpose of deception. May be AM, FM, pulse modulated (PM), 
etc. 


Modulated PRF (MPRF) - The deliberate modulation of the interpulse spacing in a 
pulse train. See PRF Jitter and PRF Stagger. 


Modulation - The variation of amplitude, frequency, or phase of an 
electromagnetic wave by impressing another wave on it. 


Modulator - A device (such as an electron tube) for modulating a carrier wave or 
signal for the transmission of intelligence of some sort. 


Monopinch - Anti-jam application of the monopulse technique where the error 
signal is used to provide discrimination against jamming signals. 


Monopulse - A method of pulse generation that allows the simultaneous 
determining of azimuth, elevation and range, and/or speed from a single pulse. 


Monopulse radar - A radar using a receiving antenna system having two or more 
partially overlapping lobes in the radiation patterns. Sum and difference channels 
in the receiver compare the amplitudes or the phases of the antenna outputs to 
determine the angle of arrival of the received signal relative to the antenna 
boresight. A well-designed monopulse tracking system will achieve a more 
accurate track under conventional jamming techniques than on the skin return. 
Certain monopulse trackers are susceptible to angular jamming techniques such 
as skirt and image jamming. Techniques such as “CROSS EYE” are designed to 
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attack all monopulse tracking systems. Monopulse deception is a major area of 
advanced R&D with no clear “best technique” yet in sight. 


Moving target indicator (MT!) - A radar presentation that shows only targets that 
are in motion. Signals from stationary targets are subtracted out of the return 
signal by the output of a suitable memory circ 


MTI CFAR - A technique that provides CFAR capability in an MTI receiver. The 
cancellation of ground clutter is not impaired during radar jamming. 


Multiband radar - Radar that simultaneously operates on more than one 
frequency band through a common antenna. This technique allows for many 
sophisticated forms of video processing and requires that a jammer must jam all 
channels simultaneously. 


Multiplex - Simultaneous transmission of two or more signals on a common 
carrier wave. The three types of multiplex are called time division, frequency 
division, and phase division. 


Multitarget generator jamming - A technique where a generator takes the radar's 
PRF, scan rate, and antenna lobe pattern and computes when to transmit false 
targets at the radar’s frequency. The targets appear as true targets, but normally 
only about 20 percent of the targets are programmed to give a logical course and 
speed. The many targets saturate the tracking operator's capability by the sudden 
appearance of multiple targets, and/or many targets either stationary or on 
illogical courses and speeds, or maneuvers such as 90 degree turns at high 
speeds but with no displacement. Also, targets may appear in back and sidelobe 
positions. 


Music - In air intercept, a term meaning electronic jamming. 


Narrowband (NB-1) - Narrows the receiver frequency making it more selective. It 
limits the target signals and the jamming signal to a set level of amplitude and 
reduces the level of a jamming signal if the jammer is not tuned to the radar's 
exact frequency. 


Narrow pulse jamming - Jamming where the jammer pulse width is less than the 
radar's pulse width. Technique may be required by interleaved jamming. 
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Noise — 


1. Any unwanted disturbance within a dynamic electrical or mechanical 
system, such as undesired electromagnetic radiation, and any transmission 
channel or device. 


2. Uncontrolled random disturbances that arise in a guided missile system 
because of various physical phenomena. 


Noise jamming - Direct (straight) AM or FM noise on a carrier frequency that has a 
highly variable bandwidth for the purpose of increasing (saturating) the radar 
receiver's noise level. 


Nuclear effects - The electromagnetic phenomena resulting from a nuclear 
explosion. The phenomena are listed as follows: 


1. Argus phenomena (trapped electrons). The trapping in the earth's magnetic 
field of electrons produced by a nuclear burst. 


2. Blackout (radio frequency interference). An effect that is the result of 
ionization produced by a nuclear explosion in or above the atmosphere. This 
ionization can cause interference (blackout) by attenuating, reflecting, cluttering, 
and scattering radar electromagnetic pulses in a high-intensity burst of 
electromagnetic radiation, predominantly in the radio frequency range of the 
spectrum. 


3. Optical phenomena. Intense radiations covering all parts of the optical 
spectrum are produced by the interactions between the atmosphere and the 
nuclear radiation and fission products resulting from a nuclear detonation. The 
resulting auroras and airglows are created as an optical background that can 
affect reconnaissance, tracking, warning and homing systems, and personnel. 


4, Transient radiation effects on electronics. Nuclear radiation impinging on 
electronic systems or components can substantially alter the operation and 
output of these systems. The word transient refers to the type of environment and 
not to the duration of the effect since the effect may be either transient or 
permanent. 


Nulls - Points of no radi 


in an antenna radiation pattern. 


Obscuration - Effects produced by masking-type jammers. Denial of either range 
or angle is achieved by submerging data interference caused by noise or noise- 
like signals. 
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Off-frequency spot jamming - A type of spot jamming in which the jammer 
frequency is off the radar operating frequency but still within the radar receiver 
bandpass. 


Optical countermeasures - Applications of electronic countermeasures in the 
visible light portion of the electromagnetic spectrum. Actions taken to prevent or 
reduce an enemy's effective use of the visible spectrum. 


Oscillator - Electronic circuit or device capable of converting direct current (DC) 
into alternating current (AC) at a frequency determined by the inductive and the 
capacitive constants of the oscillator. 


Over-the-horizon radar - A radar system that makes use of the ionosphere to 
extend its range of detection beyond line-of-sight. Over-the-horizon radars may 
be either forward scatter or backscatter systems. 


Palmer scan - Conical scan superimposed on another type of scan pattern- 
usually a spiral pattern. 


Passive angle tracking (PAT) - A target may be tracked “passively” if that target 
emits electromagnetic radiation; i.e., jamming radio, radar signal of sufficient 
duration that a DF bearing may be obtained. The emission from the target is DF- 
ed in azimuth and/or elevation. No range information will be available unless 
cross DF techniques are used by two or more passively tracking sites. 


Passive detection and tracking - By combining azimuth data on jamming strobes 
from several stations, intersections are obtained which indicate the position of 
the jammers. The number of ghosts can be reduced by increasing the number of 
friendly stations and obtaining elevation angles of strobes when available. 


Passive electronic countermeasures - Electronic countermeasures based on the 
reflection, absorption or modification of the enemy's electromagnetic energy. 
This distinction between active and passive countermeasures is not currently 
used, but is based on the presence or absence of an electronic transmitter. 


Passive homing guidance - A system of homing guidance in which the receiver in 
the missile uses radiations only from the target. 


Peak power - Maximum power output during transmission time. Expressed in 
watts or megawatts. 


Penetration aids - Techniques and/or devices employed by aerospace systems to 
increase the probability of weapon system penetration of any enemy defense. 
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Examples are: Low altitude profiles, trajectory adjustments, reduced radar cross- 
sections of attack vehicles, improved vehicle hardness to effects of defense 
engagements, terrain avoidance radar, bomber defense missiles, decoys, chaff, 
electronic countermeasures, etc. Penetration aids are used by an offensive 
system to penetrate enemy defenses more effectively. Also called PENAIDS. 


Phase modulation - A method of impressing a message upon a carrier signal by 
causing the carrier phase to vary proportionally to the waveform. 


Phase shift keying - A method of impressing a digital signal upon a carrier signal 
by causing the carrier phase to take different values corresponding to the 
different values of the digital signal. 


Phased array radar - Radar using many antenna elements that are fed out-of- 
phase to each other. The direction of the beam can be changed as rapidly as the 
phase relationships (usually less than 20 usec). Thus, the antenna remains 
stationary while the beam is moved electronically. The use of many antenna 
elements allows for very rapid and high directivity of the beam(s) with a large 
peak and/or average power. 


Point defense - The defense of specified geographical areas, cities, and vital 
installations. One distinguishing feature of point defense missiles is that their 
guidance information is received from radars located near the launching sites. 


n - The direction of an electrical field is considered the direction of 
n. When a half-wave dipole antenna is horizontally oriented, the 
emitted wave is horizontally polarized. A vertical polarized wave is emitted when 
the antenna is erected vertically. 


Polarization diversity - The variation of polarization (such as horizontal, vertical, 
circular, or elliptical for radar use) either simultaneously or singularly. 


Power management - Generally classified methods to optimize all related EW 
activities and facilities-usually in reference to a coordinate, optimized EW suite. 


PPI scope - A radar display yielding range and azimuth information via an 
intensity modulated display and a circular sweep of a radial line. The radar is 
located at the center of the display. 


PRF jitter - PRF rapidly varied at a random rate so that false targets appear to 
jitter, or appear fuzzy, on the scope. An alternative to jittered PRF is to 
momentarily change the PRF. This causes the false targets to change their 
position on the scope. 
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PRF stagger - The technique of switching PRF or PRI to different values on a 
pulse-to-pulse basis such that the various intervals follow a regular pattern. This 
is useful in compensating for “blind speeds” in pulsed MTI radars. interpulse 
intervals differ but follow a regular pattern. 


Pseudo noise - A modulation technique resulting in low signal selectability and 
decreased vulnerability to jamming. 


Pulse compression - A scheme whereby a specifically modulated, medium power 
long pulse is stretched and transmitted. The returned pulse is compressed in the 
receiver demodulation process to obtain the advantage of narrow pulse 
operation. Long pulses provide the advantage of long range detection and short 
(compressed) pulses provide the advantage of better resolution and accuracy. 
This technique uses matched filter techniques for discriminating against signals 
that do not correspond to the transmitted code. It permits an increase in average 
transmitted power (without an increase in peak power) with no loss in range 
resolution. Pulse compression is a special form of pulse coding and correlation. 


Pulse deception jamming - Any of the many false target techniques used to 
deceive a pulse radar, as opposed to obscurative noise techniques. 


Pulse discriminator - Device that responds only to a pulse that has a particular 
characteristic, such as duration or period. 


Pulse Doppler radar - A highly complex radar system that employs a very 
pulse repetition frequency (usually 10,000 PPS or higher) to reduce “blind 
speeds” and measure the Doppler frequency shift to resolve target velocity. Pulse 
Doppler is applied principally to radar systems requiring the detection of moving 
targets in a ground clutter environment. It uses pulse modulation to achieve 
higher peak power, greater range, less susceptibility to unfriendly detection, and 
enhanced range resolution. 


Pulse duration - The time in microseconds that the radar set is transmitting RF 
energy. Generally, the greater the pulse duration, the higher the average power, 
but the poorer the range resolution. Also known as pulse width. More technically, 
it is the time interval, measured at the half-amplitude points, from the leading 
edge to the trailing edge of a pulse. 


Pulse group - In complex pulse trains, two or more pulses that are recognizably 
distinct from the others. 


Pulse interference suppression and blanking (PISAB) - An EP automatic 
interference blanking device that will blank all video signals not synchronous 
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with the radar PRF. PISAB does not require any trigger and operates on both 
normal and MTI modes. It is effective against random pulse signals. 


Pulse jitter - Random variation of interpulse interval. 


Pulse modulation (PM) - A special case of amplitude modulation in which the 
carrier wave is varied at a pulsed rate. This series of pulses is generally for 
transmitting data. The result is a short, powerful burst of electromagnetic 
radiation that can be used for measuring the distance from a radar set to a target. 


Pulse modulated jamming - Use of jamming pulses of various widths and 
repetition rates. 


Pulse position modulation - Modulation by variation of the interval that elapses 
between the pulse to be modulated in a group of pulses and a synchronizing 
pulse, usually the first pulse of the group. 


Pulse repetition frequency (PRF) - The rate at which pulses or pulse groups are 
transmitted from a radar set. Generally, PRF is the number of pulses generated 
per second and is expressed in hertz (Hz). 


Pulse repetition interval (PRI) - The interval of time between two transmitted radar 
pulses, usually expressed in microseconds. PRI is the inverse of PRF. 


Pulse recurrence time (PRT) - Time elapsing between the start of one transmitted 
pulse and the start of the next. It is the reciprocal of PRF. 


Pulse recurrence time (PRT) agility - Ability of the radar set to vary the number of 
pulses per set. 


Pulse width (PW) - See Pulse Duration. 


Pulse width discrimination (PWD) - An EP technique used to discriminate against 
received pulses that do not have the same duration as the radar transmitted 
pulse. PWD is used in eliminating the effects of pulse type interference when the 
interference pulses are not the same length as the real radar pulse. Since this 
circuit generates a blanking gate that shuts off the receiver whenever a pulse of 
improper length is sensed, loss of valid target data can result. PWD offers good 
discrimination against long-pulse jamming and jamming signals employing low 
frequency noise modulation. It affords little or no discrimination against short 
pulses and HF noise modul: 
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RAis the normal resistor value, and RBis a higher 
resistor value: 


iB 


LA* (CRB / RA) 33 


For example, ifa normal resistor value is 20K, and 
it is increased to 22K, the life of the lamp should 
increase by a factor of slightly more than 1.4. 


Variants 


A typical neon bulb terminates in leads, and a 
lamp assembly often has solder tabs, although it 
may have a base with a screw thread, flange, or 
bayonet pins for insertion into a compatible 
socket. A lamp assembly that does notusea base 
will either snap-fit into a hole of appropriate size 
and shape, or may be retained with a nut that 
‘engages with a plastic thread on the cylinder of 
thelamp. 


Some neon bulbs or lamp assemblies terminate 
in pins for direct insertion into a printed circuit 
board. 


Almostall neon bulbs operate either in the 100V 
to 120V range or in the 220V to 240V range. 


Light intensity is expressed either as “standard” 
or’extra-bright,’ although datasheets usually do 
not define those terms, 


Nixie Tubes 

Nixie tubes, first marketed in 1955, were used to 
display numerals from 0 through 9 in the days 
before LEDs took over this capability. They are no 
longer being manufactured. 


Each numeral was physically formed from metal 
and functioned as an electrode inside a tube fil- 
led with a neon-based gas mixture. The typo- 
graphical elegance of the digits and their aes- 
thetically pleasing glow made Nixies enduringly 
popular. With a long lifespan, vintage tubes are 
still usable and can be purchased cheaply from 
sources such as eBay. Many originate in Russia, 
where Nixie-type displays were manufactured 
into the 1980s. The Russian tubes can be identi- 


fariants 


fied by their use of a numeral 5 that is a numeral 
2tumed upside-down. 


Nixietubes typically require 170VDC. This creates 
a challenge for a power supply and switching, 
and can bea safety hazard, 


Figure 19-12 shows six Nixie-type tubes repur- 
posed for use as a 24-hour digital clock. 


using Nixie-type tubes. 


Source: Wi 


What Can Go Wrong 


False Indication 

Because a neon bulb requires so little power, it 
may be energized by induced voltages from else- 
Where in circuit, especially if inductive compo- 
nents such as transformers are used. To prevent 
this, ahigh-valueresistor can be placedin parallel 
with the bulb, in addition to the series resistor 
that must always be used. 


Failure in a Dark Environment 
Because a neon bulb requires a minimal amount 
of light to initiate its own photon emissions, it 
may take time to start glowing in a very dim en- 
vironment, and may not light at all in total dark- 
ness, A few bulbs include a small amount of ra- 
dioactive material that enables them to self-start 
in complete absence of ambient light. 
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Pulse width discriminator - A device that measures the pulse length of video 
signals and passes only those pulses whose time duration tails into some 
predetermined design tolerances. A pulse width discriminator will generally 
provide some gain against barrage jamming, similar to that of a matched filter in 
the video. 


“Rabbits” - Interference from another radar on or near the frequency of the 
receiving radar. Shows on the indicators as interference at the rate of the relative 
PRF of the interfering radar. 


Radar - From Radio Detection And Ranging. A device used to detect a distant 
target and determine and display its relative direction (azimuth) and its relative 
distance (range). 


Radar absorbent material (RAM) - Material used as a radar camouflage device to 
reduce the echo area of an object. 


Radar beacon - A receiver-transmitter combination that sends out a coded signal 
when triggered by the proper type of pulse enabling determination of range and 
bearing information by the interrogating station or aircraft. 


Radar cross section - The equivalent area intercepted by a radiated signal and, if 
scattered uniformly in all directions, produces an echo at the radar receiver equal 
to that of the target. Typical radar cross sections of aircraft vary from one to over 
1,000 square meters. The RCS of ships may exceed 10,000 square meters. 


Radar definition - The accuracy with which a radar obtains target information 
such as range, azimuth, or elevation. 


Radar homing - Homing on the source of a radar beam. 


Radar homing and warning (RHAW) - Typically consists of an airborne, wideband 
video receiver designed to intercept, identify, and display the direction to pulse- 
type emitters. 


Radar resolution - A measure of a radar's ability to separate targets that are close 
together in some aspect of range, azimuth, or elevation into individual returns. 


Radar warning receiver (RWR) - A receiver onboard an aircraft that analyzes the 
hostile radar environment and determines radar threat by type, frequency, relative 
bearing, and relative distance. The threat is displayed to the aircrew by means of 
display lights, video symbols, and aural tones. 
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Radio frequency (RF) - Electromagnetic energy radiated at some frequency. 


Radio frequency interference - An unintentional interfering signal capable of 
being propagated into electronic equipment, usually derived from sources 
outside the system. 


Railing - 


1. Pertains to radar pulse jamming at high recurrence rates (50 to 150 kHz). It 
results in an image on a radar indicator resembling fence railing. 


2. The name given to that pattern produced on an “A” scope by CW 
modulated with a high frequency signal. Railings appear as a series of vertical 
lines resembling target echoes along the baseline. 


Random modulation CW jamming - The use of a nonperiodic function to an AM, 
FM, or AM/FM CW carrier. The effects produced on a radar are similar to those 
produced by DINA. 


Random noise - Electromagnetic energy having no particular modulation or 
pattern. May be generated by either natural atmospheric phenomena or by 
electromagnetic radiation devices. 


Random pulse jamming - The technique by which a pulse transmission system is 
pulsed irregularly by random noise signals. 


Range - The distance from one object to another. 


Range gate - A gate voltage used to select radar echoes from a very short range 
interval. 


Range gate capture - A jamming technique using a spoofer radar transmitter to 
produce a false target echo that can make a target tracking radar move off the 
real target and follow the false one. 


Range gate pull-in (RGPI) - Same as range gate pull-off (see next text entry) 
except that the deceptive pulse is transmitted before the radar pulse is received. 
This is accomplished by digital storage of the pulse repetition period which must 
be extremely stable. 


Range gate pull-off (RGPO) - A deception technique used against pulse tracking 
radars using range gates. The jammer initially repeats the skin echo 
minimum time delay at a high power to capture the AGC circuitry. The delay is 
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progressively increased, forcing the tracking gates to be pulled away (“walked 
off") from the target echo. Frequency memory loops (FML) or transponders 
provide the variable delay. 


Range gate tracker - A radar system that tracks targets in range by measuring the 
elapsed time from the transmitted pulse to the echo return. 


Range tracking - Pulse radars measure the time difference between radar pulse 
transmission and echo reception. The range gate is positioned at a range where 
the target is expected. The receiver is blanked off except during the period where 
the range gate is positioned. Range tracking may occur at the leading edge of the 
return pulse or between ON and OFF gates. 


Recovery time (RT) - The time that a radar requires to “get ready” to receive after 
a pulse is sent out. Time is required to get ready because the high-powered pulse 
tends to fill the sensitive radar receiver with RF energy, which prevents target 
returns from being seen. A short “damping out” period occurs after the pulse 
width during which time the RF energy dissipates, allowing weak target echoes to 
once again be detected. 


Rectifier - A device (such as a vacuum tube) for converting alternating current 
(AC) into direct current (DC). 


Repeater - A receiver-transmitter combination that amplifies the received signal 
and retransmits it. 


Repeater jammer - Equipment used to confuse or deceive the enemy by causing 
his equipment to present false information. This is done by a system that 
intercepts and reradiates a signal on the frequency of the enemy equipment. The 
reradiated signal is modified to present erroneous data on azimuth, range, 
number of targets, etc. 


Repeater jamming - Interception and reradiation of a signal with the reradiation of 
a signal being modified to give erroneous azimuth, range, velocity, acceleration, 
or number of targets. 


Resolution - The ability of a system to distinguish between two adjacent objects 
and to display them separately. 


Resolution cell - The minimum volume in space in which a radar can discriminate 
between targets. It is determined numerically-for a conventional radar-by the 
width of the beam in angle, the pulse width in range, and the velocity gate width 
in speed. 
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Response noise jammer - A repeater jammer that transmits spot noise over the 
received radar frequency even in the case of radar frequency agility. 


Ringing - The undesired oscillation or triggering of an electrical device by its own 
transmitter. 


Rope - An element of chaff consisting of a long roll of metallic foil or wire that is 
designed for broad low frequency response. (See Chaff.) 


Rope chaff - Chaff that contains one or more rope elements. (See Chaff.) 


Rotating polarization - The result of a rotating feed. This should not be confused 
with circular polarization where the electric field rotates about the axis of 
propagation at the radar frequency. 


SAM - Surface-to-air missile. 


Saturating signal - In radar, a signal of an amplitude greater than the dynamic 
range of the receiving system. 


Sawtooth modulated jamming - Electronic countermeasure technique when a 
high-level jamming signal is transmitted, thus causing large AGC voltages to be 
developed at the radar receiver that, in turn, causes the target return and receiver 
noise to completely disappear. 


Scan - The process of directing a beam of RF energy successively over a given 
region, or the corresponding process in reception. 


Scan interval - The time interval from the peak of one mainlobe in a scan pattern 
to the peak of the next mainlobe. 


Scan period - The time period of basic scan types (except conical and lobe 
switching) or the period of the lowest repetitive cycle of complex scan 
combinations. The basic unit of measurement is degrees/mils per second or 
seconds per cycle. 


Scan rate modulation - Modulation of the deception jamming signal with one or 
more frequencies that are related to the scan rate of the radar. 


Scan type - The path made in space by a point on the radar beam, for example, 
circular, helical, conical, spiral, or sector. 
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Search - 


1. A term applied to that phase of radar operation when the lobe, or beam of 
radiated energy, is directed in such a way to search for targets in the area. 


2. A systematic examination of space to locate and identify targets of interest. 


Sector scan - A scan in which the antenna sweeps back and forth through a 
selected angle. 


Selective identification feature (SIF) - A capability which, when added to the basic 
IFF system, provides the means to transmit, receive, and display selected coded 
replies. 


Self-protection jamming - Jamming to protect the vehicle upon which the jammer 
is deployed. 


Semiactive radar homing - Semiactive homing guidance combines principles 
from both the beam rider and the active radar homing missile. Track on the target 
is established by the Al's radar; the missile is launched when the target comes 
within its effective range. During missile flight, the Al maintains track on the 
target. Radar returns from the target are received by the missile. Guidance 
commands are generated within the missile from the radar returns. 


Sensi time control (STC) - Programmed variation of the gain (sensitivity) of a 
radar receiver as a function of time within each pulse repetition interval or 
observation time. STC prevents overloading of the receiver by strong echoes 
from targets or clutter at close ranges. STC reduces the gain of the radar receiver 
for detection of close-in targets. It is particularly effective in removing close-in 
clutter and strong nearby signals. STC also refers to a circuit that reduces the 
gain of the radar receiver immediately following the transmission of the radar 
pulse so that the receiver is not saturated by strong radar returns from nearby 
objects. 


Serrodyne - A method of “pulling off” the velocity gate of a Doppler radar by 
using a voltage-controlled phase shifter, usually a traveling wave tube (TWT). 
This introduces a frequency shift from zero to some maximum value, pulling the 
Doppler tracking gate away from the skin echo. The phase shift is usually 
accomplished by modulating the TWT's helix voltages. 


Sidelobe - Part of the beam from an antenna, other than the mainlobe. Sidelobe 
gain is usually less than mainlobe gain. Given that the mainlobe radiates most of 
the power at zero degrees azimuth, sidelobes inherently radiate significant power 
in the direction of +20°, 90°, and 150° relative to the mainlobe. 
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Sidelobe blanking (SLB) - A device that employs an auxil 
and receiver to sense whether a received pulse originates in the sidelobe region 
of the main antenna and to gate it from the output signal if it does. This technique 
uses an omnidirectional antenna and compares relative signal strength between 
the omni and the radar antenna. The omnichannel (plus receiver) has slightly 
more gain than the sidelobes of the normal channel, but less gain than the main 
beam. Any signal that is greater in the omnichannel must have been received 
from a sidelobe and is blanked. This technique is effective in removing spoofed 
signals with a duty cycle up to 50%. 


ry wide angle antenna 


Sidelobe canceller (SLC) - A device that employs one or more auxiliary antennas 
and receivers to allow linear subtraction of interfering signals from the desired 
output if they are sensed to originate in the sidelobe of the main antenna. This 
technique employs the same antenna and receiver configurations of the SLB, 
except that a gain matching and canceling process takes place. Extraneous 
signals entering the sidelobes of the main antenna are canceled while the targets 
remain. This type of system exhibits cancellation roughly 20 dB against a single 
noise jammer. With multiple jammers at various azimuths, the performance of this 
device rapidly deteriorates. 


Sidelobe jamming - Jamming through a sidelobe of the receiving antenna in an 
attempt to obliterate the desired signal received through the mainlobe of the 
receiving antenna at fixed points. 


Sidelobe suppression - The suppression of that portion of the beam from a radar 
antenna other than the mainlobe. 


Sidewinder - A solid-propellant, air-to-air missile with nonnuclear warhead and an 
infrared guidance system. Designated as the AIM-9 missile. 


Signal intelligence (SIGINT) - Intelligence derived from the interception of enemy 
communications and noncommunication signals. A generic term that includes 
both COMINT and ELINT. 


Signal-to-jamming ratio (S/J) - The ratio of the signal power to the jamming power 
or intentional interference at some point in the system. This ratio is often 
expressed in decibels. 


Signal-to-noise ratio (S/N) - Ratio of the power of the signal to the power of the 
noise. 


Signature - The set of parameters that describes the characteristics of a radar 
target or an RF emitter and distinguishes one emitter from another. Signature 
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parameters include the RF of the carrier, the modulation characteristics (typically 
the pulse modulation code), and the scan pattern. 


Sine-wave modulated jamming - Jamming signal produced by modulating a CW 
signal with one or more sine waves. 


Single beam blanking (SBB) - Used by phased array radars as an alternative 
method of Beam to Beam Correlation (BBC). It is effective, to some degree, 
against many multiple target generators and swept frequency jammers. Because 
of overlapping beamwidths, a target signal will appear in more than one beam as 
the beams are scanned past a true target. When jamming signals are transmitted 
along one beam, that beam is blanked by the radar receiver. 


Skirt jamming - Jamming that places the signal somewhat off the radar center 
frequency but within the IF skirts. The technique will degrade the tracking 
accuracy of some monopulse radars; however, good radar design makes the 
technique ineffective. 


Smart jamming - Selective jamming of threat radars with an optimized modulation 
signal at a correct time. Power management techniques are used to control smart 
jamming systems. 


Smith modulation - Deceptive technique that operates on the servo loop of the 
victim's radar. Two RF carriers are transmitted with a few cycles difference. 


Spiral scan - A pencil beam scan which moves around a central axis des 
the surface of a cone in an ever-increasing cone size. 


Spot jamming - Narrow frequency band jamming concentrated against radar at a 
particular frequency. The jamming bandwidth is comparable to the radar 
bandpass. Used to deny range and sometimes angle information. 


Spread spectrum - Use of broader frequency bandwidths than normally required 
to transmit information, in order to gain advantages in interference rejection (anti- 
jam), message privacy/security, low probability of intercept (LPI), deny frequency 
resolution, multiplexing of more than one message in the same bandwidth, or 
high resolution range measurement. 


Spurious radiation - Emissions from a radio transmitter at frequencies outside its 
assigned or intended emission frequency. Spurious emission includes harmonic 
emission, parasitic emission, and intermodulation products, but excludes 
emissions in the immediate vicinity of the necessary band that are a result of the 
modulation process for the transmission of information. 
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Spurious response - 


1. Any response, other than the desired response, of an electric transducer or 
device. 


2. Aterm used in electronic warfare to describe the undesirable signal images 
in the intercept receiver resulting from the mixing of the intercepted signal with 
harmonies of the local oscillators in the receiver. 


Staggered PRF - A technique of using more than one PRF to reduce the blind 
speeds associated with MTI radars. PRF switching occurs on a pulse-to-pulse 
basis. 


Stand-off jammer (SOJ) - A powerful jammer that remains at a safe range while 
providing jamming coverage (masking) for the attacking elements. The Navy EA- 
6B is an example of a SOJ aircraft. 


Stand-off jamming (SOJ) - A jamming aircraft that orbits outside the maximum 
range of the SAM threat. As the attack package penetrates, the jamming aircraft 
directs jamming against all significant radars in the area. 


Stream - Dispensing of chaff (solid/random interval/bursts). 


Stream chaff - Operational technique of dropping large quantities of chaff for a 
continuous period of time. This results in a “ribbon” or “stream” of returns many 
miles in length on victim radar scopes. The penetrating attack package can then 
use the resulting chaff corridor to mask their penetration. 


Super high frequency (SHF) - Frequencies from 3 to 30 GHz. 


Support jamming - A tactic by which aircraft carrying electronic jamming 
equipment orbit at a safe distance from the enemy threat defenses or fly escort 
with the strike force for the primary purpose of screening them from the threat 
radars. 


Suppression of enemy air defenses (SEAD) - That activity which neutralizes, 
destroys, or temporarily degrades enemy air defense systems in a specific area 
by using physical attack, deception, and/or electronic warfare. 


Surface-to-air missile (SAM) - A missile launched from a surface launcher at a 
target above the surface. 


A-42 


Electronic Warfare Fundamentals Annex A. Glossary 


Sweep jammer - Electronic jammer that sweeps a narrow band of electronic 
energy over a broad bandwidth. 


Sweep lock-on jammer - A transmitter in which a narrowband jamming signal can 
be tuned over a broad frequency band and the signal locked on a particular 
frequency. 


Swept audio - Jamming technique usually employed against conical scan-on- 
receive-only (COSRO) radars. The received pulses are amplified and 
retransmitted by the target and amplitude modulated at a frequency close to the 
suspected receiver antenna scan frequency. 


‘Swept jamming - An EA technique of barrage jamming in which a CW carrier or 
noise source is swept over a selected bandwidth. 


‘Swept-spot jamming - A jamming technique in which an oscillator is swept over a 
specific range of frequencies in the band of interest in order to be assured of 
exciting a receiver tuned to any frequency in that band. 


Synchronized-pulse jamming - The technique of attempting to insert jamming 
pulses into a receiver each time the receiver gate opens. 


Synchronous-pulsed jamming - A jamming technique that matches exactly the 
PRF of the victim's radar; then transmits multiples of the PRF. It is most effective 
if the jammer also matches the PW of the radar. Synchronous-pulsed jamming is 
easily recognized since the spacing between successive target lines is equal and 
each target line is the same in depth from the center outward. The width of the 
jammed sector is dependent upon the range of the jammer from the radar. 


Synthetic aperture radar (SAR) - A high-resolution ground mapping technique in 
which advantage is taken of the forward motion of a coherent pulsed radar to 
synthesize the equivalent of a very long sidelooking array antenna from the radar 
returns received over a period of up to several seconds or more. 


Target acquisition - The detection, identification, and location of a target in 
sufficient detail to permit the effective employment of weapons. 
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Terminal guidance — 


1. The guidance applied to a guided missile between mid-course and arrival in 


the vicinity of the target. 


2. Electronic, mechanical, visual, or other assistance given to aircraft pilots to 
facilitate arrival at, operation within or over, landing upon or departure from an air 
landing or air drop facility. 


Terminal threat - The weapon systems, generally near a target, used to directly 
engage an aircraft in order to destroy it. 


Terrain-avoidance radar - An airborne radar that provides a display of terrain 
ahead of low-flying aircraft to permit horizontal avoidance of obstacles. 


Terrain-following radar (TFR) - An airborne radar that provides a display of terrain 
ahead of low-flying aircraft to permit manual control, or signals for automatic 
control to maintain constant altitude above the ground. 


Thermal crossover - The natural phenomenon which normally occurs twice daily 
when temperature conditions are such that there is a loss of contrast between 
two adjacent objects on infrared imagery. 


Threshold - The minimum value of a signal that can be detected by a system or 
sensor under consideration. 


Time-of-arrival (TOA) - A method of locating a distant pulse emitter by measuring 
the difference in the time-of-arrival of its pulses at three separate locations. This 
method is also called Inverse LORAN. 


Track — 
1. Aseries of related contacts displayed on a plotting board. 
2. To display or record the successive positions of a moving object. 


3. To lock onto a point of radiation and obtain guidance from it. 
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What Can Go Wrong 


Premature Failure with DC 

The life expectancy quoted in datasheets for ne- 
on bulbs usually assumes that they are powered 
by AC. Because DC results in faster vaporization 
of the electrodes, the expected lifetime should 
be reduced by 50% if DC power will be used. 


Premature Failure through Voltage 
Fluctuations 

Because the deterioration of a neon bulb accel- 
erates rapidly with current, a sustained voltage 


light source, indicator, or display > sin 


source > neon bulb 


that passes slightly more current can radically 
reduce the expected lifespan. 


Replacement 
Replacement can be an issue with panel indica- 
tors, where disassembly of a device may be nec- 
essary to reach the bulb, Bear in mind, however, 
thatan easily removable bulb becomes vulnera- 
ble to tampering. 
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4. To keep a gun properly aimed, or to continuously point a target-locating 
instrument at a moving target. 


5. The actual path of an aircraft above, or a ship on, the surface of the earth. 
The course is the path that is planned; the track is the path that is taken. 


Tracking - The continuous monitoring of range, velocity, or position of a target in 
space from a reference position. This is accomplished via radar and/or optical 
means. 


Tracking radar - A radar that measures the range, azimuth, elevation, and/or 
velocity of the target and provides data that may be used by the fire control 
computer to determine the target path and predict its future position. 


Track-on-jam - A method of passive target tracking using the jamming signal 
emitted by the target. 


Track-while-scan (TWS) radar - Although it is not really a tracking radar in the true 
sense of the word, it does provide complete and accurate position information for 
missile guidance by using two separate beams produced by two separate 
antennas on two different frequencies. The system uses electronic computer 
techniques whereby raw data are used to track an assigned target, compute 
target velocity, and predict its future position while maintaining normal sector 
scan. 


Transceiver - A combined radio transmitter and receiver in which some circuits 
other than those of the power supply are common to both transmitter and 
receiver, and not providing for simultaneous transmission and reception. 


Transponder - A transmitter-receiver capable of accepting the electronic 
challenge of an interrogator and automatically transmitting an appropriate reply. 


Traveling wave tube (TWT) - An electron tube in which a beam of electrons 
interacts continuously with a guided electromagnetic wave to produce 
ication at microwave frequencies. A TWT capable of providing high 
amplification (60 dB) in frequencies over several octaves without adjustment. 
TWTs are classified by: 


1. Power Output: 


Low (less than one watt) 
High (more than 10 watts) 
Intermediate (one to 10 watts) 
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2. Noise Characteristics: 
Low (less than 20 dB) 


3. Operating Mode: 


Pulse 
cw 
Dual Mode (pulse or CW) 


4, Method of Focusing: 
PPM (periodic permanent magnet) 


Solenoid (single electromagnet) 
Coupled Cavity 


5. Terms associated with TWT operation: 


a. Gain Compression: Change in amplification a device provides as it 
operates near saturation. 


b. Overdrive: TWT is operating beyond the point of saturation. 


¢. Saturation Gain: Ratio of output power to input power when the 
device is being driven at maximum output. 


d. Serrodyne: Linear translation of the phase of a signal on the helix of 
a TWT by a linear sawtooth waveform that enables the TWT to operate 
as a single sideband frequency translator. 


e. Small Signal Gain: Ratio of output power to input power when the 
TWT is operating linearly. 


Two-signal jamming (also called straddle jamming) - Jamming whereby two 
signals are transmitted on two RF frequencies slightly separated. Effective 
against certain types of radar where receiver bandwidth is narrow enough to 
defeat noise jamming. 


Ultra high frequency (UHF) - Frequencies from 300 to 3,000 MHz. 
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Unit prefixes - Prefixes used to indicate scientific units: 


Multiple Symby 
tera T 

giga G 

mega M 
kilo k 
hecto h 

deka da 
deci d 
centi © 

10° milli m 
10° micro u 
10° nano n 
10°? pico p 
1078 femto f 
10" atto a 


Unmodulated CW jamming - The transmission of a high power carrier frequency 
that causes an overload effect to occur in the radar receiver. Used against 
bandpass radars that have a limited tuning capability. Unmodulated CW jamming 
can be identified by a blackening of the scope background (no video present) in a 
wedge-shaped sector, or by a solid brightening of a wedge or sector, normally 
exceeding one bandwidth. 


Uplink - The missile guidance signal that passes command guidance intelligence 
from the site to the missile. 


Velocity gate pull-off (VGPO) - Method of capturing the velocity gate of a Doppler 
radar and moving it away from the skin echo. Similar to the RGPO, but used 
against Doppler radar systems. The target Doppler frequency, which is amplified 
and retransmitted, is shifted in frequency to provide an apparent rate change or 
Doppler shift. 


Very high frequency (VHF) - Frequencies from 30 to 300 MHz. 


Very low frequency (VLF) - Frequencies from 3 to 30 kHz. 
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Video frequency — 


1. A band of frequencies extending from approximately 100 Hz to several 
MHz. 


2. The frequency of the voltage resulting from television scanning. Range 
from zero to 4 MHz or more. 


Warning receiver - A receiver with the primary function of warning the user that 
his unit is being illuminated by an electromagnetic signal of interest. 


Wideband constant false alarm rate receiver (WB-1) - Used against individual or 
combinations of rapidly swept FM-CW, noise, or CW jamming. This mode has 
nonlinear limiting and gives poor resolution of overlapping targets. 


Window — 


1. Strips of frequency-cut metal foil, wire, or bars that may be dropped from 
aircraft or missiles, or expelled from shells or rockets as a radar countermeasure. 
A confusion reflector. 


2. A passive radar deception or confusion device; usually consisting of some 
metallic structure, designed in size and shape to effectively reflect impinging 
signals, to simulate a true target. 


3. British name for chaff. 


Wobbulation - A periodic and usually slow variation of a parameter (such as 
frequency, amplitude, or period) about a central value. A low frequency 
modulation of a jamming carrier that appears on a radar display as a “wobbling” 
target. This effect is an undesired result of an angle deception or time-varying 
barrage technique. 


Wooden round - An ordnance round (shell, missile, etc.) requiring no 
maintenance or preparation time prior to loading for firing. 
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ANNEX B 
EC-RELATED ABBREVIATIONS AND ACRONYMS 


A 
AAA Antiaircraft artillery 
AAM Air-to-air missile 
AAS ARM alarm sensor 
AC Alternating current 
ACET Automatic cancellation of extended targets 
ACQ Acquisition 
ACaW Aircraft control and warning 
ADA Air defense artillery 
ADF Automatic direction finding 
ADL Automatic data link 
AEW Airborne early warning 
AF Air Force/audio frequency 
AFB Air Force Base 
AFC Automatic frequency contro! 
AFRES Air Force Reserves 
AGC Automatic gain control 
AGI Auxiliary general intelligence (ship) 
AGL Above ground level 
AGM Air-to-ground missile 
Al borne interceptor 
Ad Anti-jamming 
AM Amplitude modulation 
AM-CW Amplitude modulated continuous wave 
AMOP Amplitude modulation on pulse 
AMP Amplifier 
AMRAAM Advanced medium range air-to-air missile 
AMTI Airborne moving target indicator 
ANG Air National Guard 
ANL Automatic noise limiting 
AOA Angle of arrival/angle of attack 
AOJ Angle-on-jam 
ARM Antiradiation missile 
ASK Amplitude shift keying 
ASM Air-to-surface missile 
ASR Air surveillance radar 
ASW Anti-submarine warfare 
ATC Air traffic control 
ATD Automatic target detector 
ATR Antenna, transmit receive 
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ATV Automatic threshold variation 
AVNL Automatic video noise leveling 
AVP Adaptive video processing 
AWACS Airborne warning and control system 
AZ Azimuth 
B 
BBC Beam-to-beam correlation 
BCC Battery control center 
BFO Beat frequency oscillator 
BIT ilt-in test 


BMEWS ic Missile Early Warning System 
BN Barrage noise 
BSE Boresight error 
BITE Battery terminal equipment 
BW Bandwidth 
BWOo Backward wave oscillator 

c 
c Degree centigrade 
e Command and control 
° Command, control, and communic: 
c’w Command and control warfare 
CAP Combat air patrol 
CAS Close air support 
cE Clutter eliminator 
CEP Circular error probable 
CFAR Constant false alarm rate 
ci Close-in jamming 
clu Control indicator unit 
cM Countermeasures 
COHO Coherent oscillator 
COMINT Communications intelligence 
cOmMsEC Communication security 
CONSCAN Conical scan 
CosRO Conical scan-on-receive-only 
CPAC Coded pulse anti-clutter 
cp Circular polarization 
CRT Cathode ray tube 
csG Clean strobe generator 
csi Coherent sidelobe canceler 
cv Coincident video 
cvR Crystal video receiver 
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cw Continuous wave 
CWAR Continuous wave acquisition radar 
cwl Continuous wave illuminator 


dB 
dBm 
dBw Decibels relative to 1 watt 
DBB Detector back bias 
DBF Digital beam forming 
Dc Direct current 
DET Detector 
DF Direction finder/Dicke fix 
DINA Direct amplified noise 
DIFM Digital instantaneous frequency measurement 
DME Distance measuring equipment 
DOA Direction of arrival/dead on arrival 
DOF Degrees of freedom 
DPI Detected pulse interference 
DR Dynamic range/dead reckoning 
DRFM Digital radio frequency memory 
DSB Double sideband 
DT™ Data transfer module 
E 
EA Electronic attack 
EC Electronic combat 
ECCM Electronic counter-countermeasures 
ECM Electronic countermeasures 
ECP Electronic combat pilot 
EDAC Error detection and correction 
EHF Extremely high frequency 
EID Emitter identification (table) 
EL Elevation 
ELINT Electronic intelligence 
ELSCAN Elevation scan 
EMCON Emission control 
EMI Electromagnetic interference 
EMP Electromagnetic pulse 
EO Electro-optical 
EOB Electronic order of battle 
EP Electronic protection 
ER Electronic reconnaissance 
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ERP 
Es 
EVIL 
EW 
EWo 
Ewws 


F 
FA 

FC 
FAAR 
FAGC 
FCR 
FCS 
FEBA 
FFO 
FFT 
FLIR 
FM 
FM-CW 
FMOP 
FOU 
FOR 
FOTD 
FOV 
FRESCAN 
FS 

FSK 

ft 

FTC 


Effective radiated power 
Electronic warfare support 
Evaluated vs. integrated log 
Electronic warfare 

Electronic warfare officer 
Electronic warfare warning set 


(=) 


Degrees Fahrenheit 
Frequency agility 

Fire control 

Forward area alerting radar 
Fast automatic gain control 
Fire control radar 

Fire control system 

Forward edge of the battle area 
Fixed frequency oscillator 

Fast Fourier transform 

Forward looking infrared 
Frequency modulation 
Frequency modulation continuous wave pulsed 
Frequency modulation on pulse 
Fuse-on-jam 

Field of regard 

Fiber optic towed decoy 

Field of view 

Frequency scanning 

Frequency sector 

Frequency shift keying 

Feet 

Fast time constant 


G 


Antenna gain/acceleration due to gravity 
Ground aided seeker 

Ground controlled approach 

Ground controlled intercept 

Generator 

Gigahertz 
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H 
HARM High-speed antiradiation missile 
HAWK Homing all-the-way killer 
HBW Horizontal beam width 
HE High frequency/height finder 
HFDF High frequency direction finding 
HIPIR High-power illuminator radar 
HOJ Home-on-jam 
HOT Home-on-target 
HQ Headquarters 
HUMINT Human intelligence 
HVP High video pass 
HVPS High voltage power supply 
Hz Hertz 
1 
1 Improved 
laDs Integrated air defense system 
laGc Instantaneous automatic gain control 
IcD imitative communications deception 
Icw Interrupted continual wave 
IF Intermediate frequency 
IFC Instantaneous frequency correlator 
IFF Identification, friend or foe 
IPM Instantaneous position memory 
IR Infrared 
IRCM Infrared countermeasures 
J 
JAT Jam angle track 
JAVA Jamming amplitude versus azimuth 
Jcs Joint Chiefs of Staff 
JLT Jammer look-through 
Js Jamming-to-signal (ratio) 
JTIDS Joint Tactical Information Distribution System 
K 
K Degrees Kel 
kHz Kilohertz 
km Kilometer 
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KO 
kv 
kw 


LASER 
LET 

LF 
LFMOP 
LIN 
LIN-LOG 
LLLTV 
Lo 

LOG 
LOG-FTC 
LORO 
Los 

LPI 

LT 

LVA 


M 
MALD 
MASER 
MANPADS 
MAWS 
MBB 
MCG 
McD 
MDT 
MDF 
MDG 
MF 
MFAR 
MG 
MGC 
MHz 
MIC 
Midi 
MLC 
MLV 
mm 


Keyed oscillation 
Kilovolts 
Kilowatts 


L 


Light amplification by stimulated emission of radiation 
Leading-edge tracker 

Low frequency 

Linear frequency modulation on pulse (chirp) 
Linear 

Linear-logarithmic amplifier 

Low light level television 

Local oscillator 

Logarithmic 

Logarithmic receiver with fast time constant 
Lobe-on-receive-only 

Line of sight 

Low probability of intercept 

Listening time 

Log video amplifier 


Meter 
Miniature air launched decoy 

Microwave amplification by stimulated emission of radiation 
Manportable air defense system 

Missile approach warning system 

Main beam blanking 

Midcourse guidance 

Manipulative communications deception 

Mission data type 

Mission data file 

Mission data generator 

Medium frequency 

Multifunction array radar 


Manual gain control 
Megahertz 

Microwave integrated circuit 

Meaconing, Intrusion, Jamming, and Interference 
Mainlobe cancellation 

Memory loader verifier 

Millimeter 
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fluorescent light 


This entry deals primarily with fluorescent tubes (infrequently but sometimes described 
as fluorescent lamps), and compact fluorescent lamps (CFLs) that are marketed as a sub- 
stitute for incandescent lamps. Cold-cathode fluorescent lamps (CCFL) are also men- 
tioned. 


‘Vacuum fluorescent devices have a separate entry in this encyclopedia. A fluorescent 
tube or CFL does not contain a vacuum. 


Although the diode(s) in a white LED area lighting unit are coated with a layer of flu- 
orescent phosphors, they are not categorized here as fluorescent lights, and have their 
own entry. 


Aneon bulb resembles a fluorescent light in that it sa gas-discharge device, but the 
interior ofits glass envelopes usually not coated with fluorescent phosphors, and there- 


fore ithasits own entry. 


OTHER RELATED COMPONENTS 


«+ incandescent lamp (see Chapter 18) 

«+ LED area lighting (see Chapter 23) 

«vacuum fluorescent clovices (see Chapter 25) 
+ eon bull (see Chapter 19) 


What It Does 


How It Works 


Fluorescent tubes or compact fluorescent lamps 
(CFLs) ate primarily used for area lighting. A par- 
tially disassembled CFL appears in Figure 20-1, 
showing the control electronics that are normal- 
ly hidden inside the base. 


There is no standardized schematic symbol to 
represent a fluorescent light. Figure 20-2 shows 
three commonly used symbols for a fluorescent 
tube on the left, and three symbols for a CFL on 
the right, Note that two of the symbols for a CFL 
are the same as those for an incandescent 
lamp, shown in Figure 18-1. 


Luminescence is the emission of light as a result 
of a process that does not require heat. (The op- 
posite phenomenon is incandescence, in which 
heating causes an object to emit light; see Chap 

ter 18fora description of incandescent lamps.) 


Fluorescence is a form of luminescence. It occurs 
When electrons in a material are energized and 
then make a transition back to ground level, at 
which point they radiate their energy as visible 
light. The incoming energy can consist of other 
light at a higher frequency. Some creatures, in- 
cluding species of arachnids and fish, will fluo- 
resce when they are lit with ultraviolet light. 
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MMIC Monolithic microwave integrated circuit 
MMW Millimeter wave 
MOE Measure of Effectiveness 
MOPA Master oscillator power amplifier 
msec Millisecond 
MTD Moving target detector 
MTl Moving target indicator 
MUX Multiplexer 
Mw Megawatts 
N 
NBFM Narrowband frequency modulation 
NBL Narrowband limiting 
NBLP Narrowband long pulse 
nm Nautical mile 
NLP Narrowband long pulse 
NOTAM Notice to airmen 
NSPS Nonsynchronous pulse suppression 
fe} 
OFP Operational flight program 
00B Order of battle 
00K On-off keying 
OOK CW Interrupted CW 
OPDEC Operational deception 
OPSEC Operational security 
OTH Over-the-horizon 
P 
PAM Pulse amplitude modulation 
PAR Pulse acquisition radar/precision approach radar 
PAT Passive angle track 
PC Pulse compression 
PCM Pulse code modulation 
PD Pulse Doppler/pulse duration (same as PW) 
PDM Pulse duration modulation 
PENAIDS Penetration aids 
PFM Pulse frequency modulation 
PFN Pulse-forming network 
PHOTOINT Photographic intelligence 
PIE Pulse interference elimination 
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PISAB 
PLD 
PM 
PN 
PPC 
PPI 
PPM 
PPS 
PRF 
PRI 
PRT 
PSK 
PW 
PWD 
PWM 


RADAR 
RAGM 
RAM 
RANRAP 
RC 
RCS 
RDF 
RF 
RFD 
RFI 
RGM 
RGPI 
RGPO 
RHAW 
RHI 
ROB 
ROR 
RIP 
RPD 
RPJ 
RPM 
RPS 
RPV 
RSBN 
RT 
RIT 
RWR 


Pulse interference suppression and blanking 
Pulse length discrimination (same as PWD) 
Phase modulation 

Pseudo noise 

Pulse-to-pulse correlation 

Plan position indicator 

Pulse position modulation 

Pulses per second 

Pulse repetition frequency 

Pulse repetition interval 

Pulse recurrence time 

Phase shift keying 

Pulse width 

Pulse width discrimination 

Pulse width modulation 


R 


Radio detection and ranging 
Range angle gate memory 

Radar absorbing material/repeater amplitude modulation 
Random range program 

Resolution cell 

Radar cross section 

Radio direction finding 

Radio frequency 

Radio frequency discriminator 

Radio frequency interference 

Range gate memory 

Range gate pull in 

Range gate pull off 

Radar homing and warning 

Range height indicator 

Radar order of battle 

Range only radar 

Receiver/processor 

Random pulse discrimination 

Random pulse jamming 

Revolutions per minute 

Random pulse suppression 

Remotely piloted vehicle 

Radio short-range beacon for navigation 
Recovery time 

Receiver/transmitter 

Radar warning receiver 
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SAM 
SAR 
SASE 
SATCOM 
SBB 
scv 
SEAD 
sec 
SHF 
SIF 
SIGINT 
Sid 
SLAR 
SLB 
SLC 
SLS 
SIN 
sOoJ 
SORO 
SRM 
ss 
SSB 
SSN 
SRW 
ssw 
STALO 
sTc 
swc 


TA 
TACAN 
TALD 
TBM 
TDD 
TDOA 
TEL 
TELAR 
TET 
TEWS 
TFR 
TGT 
TJs 


Ss 


Surface-to-air missile 

Synthetic aperture radar 
Semi-automatic support equipment 
Satellite communications 

Single beam blanking 

Sub-clutter visibility 

Suppression of enemy air defenses 
Seconds 

Super high frequency 

Selective identification feature 
Signals intelligence 
Signal-to-jamming (ratio) 
Side-looking airborne radar 
Sidelobe blanking 

Sidelobe cancellation 

Sidelobe suppression 
Signal-to-noise (ratio) 

Stand-off jamming 
Scan-on-receive-only 

Swept rectangular modulation 
Swept-spot 

Single sideband 

Swept-spot noise/social security number 
Swept rectangular wave 

Swept square wave 

Stable local oscillator 

Sensitivity time control 

Scan with compensation 


Target acquisition 
Tactical 
Tactical air launched decoy 

Track break modulation 

Target detection device 

Time difference of arrival 
Transporter-erector-launcher 
Transporter-erector-launcher and radar 
Trailing edge tracker 

Tactical electronic warfare system 
Terrain following radar 

Target 

Tactical jamming system 
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TOA Time of arrival 
TOF Time of flight 
TOJ Track-on-jam 
TPL Transmitter pulse lengthening 
TPS Transmitter pulse shaping 
TIR Target tracking radar 
wv Television 
TM Track-via-missile 
Tws Track-while-scan 
™T Traveling wave tube 
U 
UHF Ultra high frequency 
psec Microseconds 
Vv 
vco Voltage controlled oscillator 
VDL Video data link 
VGPO Velocity gate pull off 
VHF Very high frequency 
VHSIC Very high speed integrate circuit 
VINT Video integration 
VLF Very low frequency 
VSRW VGPO with swept rectangular wave 
VSWR Voltage standing-wave ratio 
Ww 
w Watts 
WBFM Wideband frequency modulation 
WBL Wideband limiting 
WPB Wide pulse blanking 
wsP Wideband short pulse 
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Introduction 


Nature moves in the form of a sine wave, be it an ocean 
‘wave, earthquake, sonic boom, explosion, sound through air, 
or the natural frequency of a body in mation. Energy, vibrating 
particles and other invisible forces pervade our physical 
universe. Even light ~ part particle, part wave —has a 
fundamental frequency, which can be observed as color. 


Sensors can convert these forces into electrical 
signals that you can observe and study with an 
oscilloscope. Oscilloscopes enable scientists, 
engineers, technicians, educators and others to 
“see” events that change over time. 


Osciloscopes are indispensable tools for anyone designing, 
‘manufacturing or repairing electronic equioment. n today’s 
fast-paced world, engineers need the best tools avaliable to 
solve their measurement challenges quickly and accurately. 
AAs the eyes of the engineer, oscloscopes are the key to 
‘meeting today's demanding measurement challenges. 

‘The usefuness of an osciloscope is not limited to the world 
of electronics. With the proper sensor, an oscilloscope can 
‘measure all kinds of phenomena. A sensor is a device that 
creates an electrical signal in response to physical stimu, 
such as sound, mechanical stress, pressure, light, or heat. A 
microphone isa sensor that converts sound into an electrical 
signal. Figure 1 shows an example of scientiic data that can 
be gathered by an osciloscope 

Osciloscopes are used by everyone from physicists to repair 
technicians. An automotive engineer uses an asciloscope to 
Correlate analog data from sensors with serial data from the 
engine control unit. A medical researcher uses an oscilscope 
to measure brain waves. The possiblities are endless. 

The concepts presented in this primer wil provide you with 
12 good starting point in understanding osciloscope basics 
and operation, 
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Figure 1. n example of sent data gathered by en sctoscane, 


The glossary in the back of this primer will give yau definitions 
of unfamiliar terms. The vocabulary and multiple-choice 
‘written exercises on oscilloscope theory and cantrols make 
this primer a useful classroom aid. No mathematical or 
electronics knowledge is necessary. 

‘After reading this primer, you will be able to: 

= Describe how oscilloscopes work 

= Describe the differences between various oscilloscopes 

= Describe electrical waveform types 

= Understand basic oscilloscope controls 

1 Take simple measurements 

The manual provided with your oscilloscope will give you 
‘more specific information about how to use the oscilloscope 
in your work, Some oscilloscope manufacturers also provide 
a multitude of application notes to help you aptimize the 
oscilloscope for your application-specific measurements, 
Should you need additional assistance, or have any 
comments or questions about the material in this primer, 
simply contact your Tektronix representative, or visit 
www.tektronix.com. 


How It Works 


Figure 20-1. A compact fluorescent lamp with its base 
‘ut away to reveal the contro electronics. 


Figure 20-2. Schematic symbols to represent fluorescent 
tubes and bulbs are at standardized. See text for details 


AA fluorescent tube or lamp cantains a very small 
amount of mercury vapor that can be stimulated 
to emit ultraviolet light. This encounters a thin 
layer of phosphors coating the inner surface of 
the glass enclosure. The light causes the phos- 
phors to fluoresce, emitting a diffuse radiance in 
the visible spectrum. 


The tube or lamp also contains one or more inert 
«gases such as argon, xenon, neon, or krypton at 
about 0.3% ofnormal atmospheric pressure. Two 
electrodes inside the glass enclosure are made 
primarily from tungsten, which can bepreheated 


light source, indicator, or display > single source > fluorescent lig 


to jnitiateionization of the gas. Confusingly, both 
electrodes are often referted to as cathodes. 


The function of the gasis notto emit light, but to 
conduct electric current, so that free electrons 
may encounter mercury atoms, raising their elec- 
trons briefly to a higher energy level. When one 
of these electrons reverts from its unstable ener- 
Gized state to its previous energy level, it emits a 
photon at an ultraviolet wavelength. 


Figure 20-3 provides a diagram showing the i 
terior of a fluorescent tube. 


Tungsten 
electrodes. 


Tungsten 
electrode 


Figure 20-3. The basic parts ofa fluorescent tube. 


Ballast and Starter 
Heating the tungsten electrodesisnecessary but 
not sufficient to trigger ionization. A high- 
voltage pulse Is also needed when the light is 
switched on. In a typical 48" tube, the pulse may 
range from 200V to 300V. 


After current flow has been established, the gas, 
which isnowa plasma, entersa phase of negative 
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Signal Integrity 


The Significance of Signal Integrity 


The key to any good osciloscope system is its abilty to 
accurately reconstruct a waveform — referred to as signal 
integrlty. An oscilloscope Is analogous to a camera that 
captures signal images that we can then observe and 
interpret. Two key issues le atthe heart of signal integrity 
1» When you take a picture, is it an accurate picture of what 
actualy happened? 
a Is the picture clear or fuzzy? 
1 How many of those accurate pictures can you take per 
second? 
Taken together, the diferent systems and performance capa- 
bites of an oscilascope contribute to its abiity to deliver the 
highest signal integrity possible. Probes also affect the signal 
integrity of a measurement system. 
‘Signal integrity impacts many electronic design disciptines. 
But until a few years ago, it wasn’t much of a problem for 
digital designers. They could rely on their logic designs to 
act lke the Boolean circuits they were. Noisy, indeterminate 
signals Were something that occurred in high-speed designs 
— something for RF designers to worry about. Digital systems 
‘switched slowly and signals stablized predictably. 
Processor clock rates have since multiplied by orders of 
‘magnitude. Comauter applications such as 3D graphics, 
video and server VO demand vast bandwidth, Much of 
today’s telecommunications equioment is digitally based, 
and similarly requires massive bandwidth. So too does 
digital high-defirition TV. The current crop of microprocessor 
devices handles data at rales up to 2, 8 and even 5 GS/s 
(Gigasamoles per second), while some DDRS memory 
devioes use clocks in excess of 2 GHz as well as data signals 
with 35 ps rise times. 
Importantly, speed increases have trickled down to the 
common IC devices used in automobiles, consumer 
electronics, and machine controler, to name just a few 
applications, 
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‘A processor running at 4 20 MHz clock rate may well have 
signals with rise times similar to those of an 800 MHz proces- 
sor. Designers have crossed a performance threshold that 
means, in effect, almost every design is a high-speed design. 


Without some precautionary measures, high-speed problems 
can creep into otherwise conventional digital designs. If a 
circuit is experiencing intermittent failures, or i it encounters: 
errors at voltage and temperature extremes, chances are 
there are some hidden signal integrity problems. These can 
affect time-to-market, product reliabilty, EMI compliance, 
and more. These high-speed problems can also impact the 
integrity of a serial data stream in a system, requiring some 
method of correlating specific patterns in the data with the 
observed characteristics of high-speed waveforms, 


Why is Signal Integrity a Problem? 


Let's look at same of the specific causes of signal dagrada- 
tion in today’s digital designs. Why are these problems so 
much more prevalent today than in years past? 

‘The answer is speed. In the “slow ald days,” maintaining 
acceptable digital signal integrity meant paying attention to 
details ike clock distribution, signal path design, noise mar- 
ins, loading effects, transmission line effects, bus termina- 
tion, decoupling and power distribution. All of these rules stil 
apply, but... 

Bus cycle times are up to a thousand times faster than they 
were 20 years ago! Transactions that once took ricrasec- 
ond are now measured in nanoseconds. To achieve this 
improvement, edge speeds too have accelerated: they are 
Up to 100 times faster than those of two decades ago. 

This is all well and good; however, certain physical reaities, 
have kept circuit board technology fram keeping up the pace. 
‘The propagation time of inter-chip buses has remained 
almost unchanged aver the decades. Geometries have 
shrunk, certainly, but there is stil a need to provide circuit 
board real estate for IC devices, connectors, passive compo- 
ents, and of course, the bus traces themselves. This real 
estate adds up to distance, and distance means time ~ the 
enemy of speed. 
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It's important to remember that the edge speed — rise time ~ 
of a digital signal can carry much higher frequency compo- 
rents than its repetition rate might imply. For this reason, 
some designers deliberately seek IC devices with relatively 
slaw" tise times. 

The lumped circuit model has always been the basis of 

‘most calculations used to predict signal behavior in a circutt 
‘But when edge speeds are more than four to six times faster 
than the signal path delay, the simple lumped model no 
longer applies. 

Circuit board traces just six inches long become transmission 
lines when driven with signals exhibiting edge rates below 
four to six nanoseconds, respective of the cycle rate. 

In effect, new signal paths are created, These intangible 
connections aren't on the schematics, but nevertheless 
provide a means for signals to influence one anather in 
unpredictable ways, 


Sometimes even the errors introduced by the 
probe/instrument combination can provide 

a significant contribution to the signal being 
measured. However, by applying the “square 
root of the sum of the squares" formula to the 
measured value, it is possible to determine 
whether the device under test is approaching 
a rise/fall time failure. In addition, recent 
oscilloscope tools use special filtering tech- 
niques to de-embed the measurement system's 
effects on the signal, displaying edge times 
and other signal characteristics, 
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‘At the same time, the intended signal paths don’t work the 
way they are supposed to. Ground planes and power planes, 
like the signal traces described above, become inductive 

and act lke transmission lines; power supply decoupting 

is far less effective, EMI goes up as faster edge speeds 
produce shorter wavelengths relative to the bus length. 
Crosstalk increases. 

In addition, fast edge speeds require generally higher currents 
to produce them, Higher currents tend to cause ground 
bounce, especialy on wide buses in which many signals 
‘switch at once, Moreover, higher current increases the 
amount of radiated magnetic energy and with it, crosstalk 


Viewing the Analog Origins of Digital Signals 
What do all these characteristics have in common? They 
are classic analog phenomena, To solve signal integrity 
problems, digital designers need to step into the analog 
domain. And to take that step, they need tools that can 
show them how digital and analog signals interact. 


Digital errors often have their roots in analog signal integrity 
problems. To track down the cause of the digital fault, it's 
often necessary to tum to an oscilloscope, which can display 
waveform details, edges and noise; can detect and display 
transients; and can help you precisely measure timing 
relationships such as setup and hold times. Modern oscilo- 
scopes can help to simply the troubleshooting process by 
triggering on specific patterns in parallel or serial data 
streams and displaying the analog signal that corresponds in 
time with a specified event. 

Understanding each of the systems within your oscilloscope 
and how to apply them will contribute to the effective 
application ofthe osciloscope to tackle your specific 
measurement challenge. 
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Waveform shapes reveal a great deal about a signal. Any 
lime you see a change in the height of the wavefarm, you 
know the voltage has changed. Any time there is a flat 
horizontal line, you know that there is no change for that 
length of time. Straight, diagonal lines mean a near 
lange — rise or fall of voltage at a steady rate, Sharp 
angles on a waveform indicate sudden change, Figure 4 
shows common waveforms and Figure 5 displays sources 


of common wavelorms. 
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Figure 6. Sources of cammanwafors. 


‘Types of Waves 


You can classify most waves into these types: 
1 Sine waves 

= Square and rectangular waves 

= Sawtooth and triangle waves 

1 Step and pulse shapes 

1» Periodic and non-periodic signals 

1 Synchronous and asynchronous signals 


= Complex waves 
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1e Waves 
‘The sine wave is the fundamental wave shape for several 
reasons. It has harmonious mathematical properties — it is 
the same sine shape you may have studied in trigonometry 
class, The voltage in your wall outlet varies as a sine wave. 
‘Test signals produced by the oscilator circuit of a signal 
generator are often sine waves. Most AC power sources 
produce sine waves. (AC signifies alternating curent, 
although the voltage altemates too. DC stands for direct 
‘current, which means a steady current and voltage, such 
a a battery produces.) 


‘The damped sine wave is a spacial case you may see in 
circuit that oscillates, but winds down over time. 


‘Square and Rectangular Waves 
The square wave is another common wave shape. Basically 
a square wave is a voltage that turns on and ot (or goes 
high and fow) at regular intervals. Its @ standard wave for 
testing amplifiers - good amplifiers increase the amplitude of 
square wave with minimum distortion. Television, radio and 
computer circuitry often use square waves for timing signals 
The rectangular wave is lke the square wave except that 
the high and low time intervals are not of equal length. 

Its particulary important when analyzing digital circuitry. 


‘Sawtooth and Triangle Waves 
‘Sawtooth and triangle waves result from circuits designed to 
control voltages linearly, such as the horizontal sweep 

of an analog oscilloscope or the raster scan of a television, 
The transitions between voltage levels of these waves change 
at a constant rate, These transitions are called ramps. 
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Step and Pulse Shapes 
Signals such as steps and puises that occur rarely, or non- 
periodically, are called single-shot or transient signals. A step 
indicates a sudden change in voltage, similar to the voltage 
change you would see if you turned on a power switch. 


AA pulse indicates sudden changes in voltage, similar to the 
voltage changes you would see If you turned a power switch 
on and then aff again. A pulse might represent one bit of 
information traveling through a computer circuit or it might be 
a gitch, or defect, in a circult. A collection of pulses traveling 
together creates a pulse train, Digital components in a. 
computer communicate with each other using pulses. These 
pulses may be in the form of serial data stream or multiple, 
signal ines may be used to represent a value in a parallel 
data bus. Pulses are also common in x-ray, radar, and 
‘communications equipment. 


Periodic and Non-periodic Signals 
Repetitive signals are referred to as periodic signals, while 
signals that constantly change are known as non-periodic 
signals. A stil picture is analagaus to a periodic signal, while 
‘@ moving picture can be equated to a non-periodic signal 


‘Synchronous and Asynchronous Signals 
‘When a timing relationship exists between two signals, 
those signals are referred to as synchronaus. Clock, data 
and address signals inside a computer are an example of 
synchronous signals, 

Asynchronous Is a term used to describe those signals 
between which no timing relationship exists. Because no 
time correlation exists between the act of touching a key 
on @ computer keyboard and the clock inside the camputer, 
these are considered asynchronous. 
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Waveform Measurements 


Many terms are used to desoribe the types of measurements 
that you make with your oscilloscope. This section describes 
‘some of the most common measurements and terms, 


Frequency and Period 
tf signal repeats, it has a frequency. The frequency is 
measured in Hertz (H2) and equals the number of times the 
signal repeats itself in one second, referred to as cycles per 
second. A repetiive signal also has a period, which isthe 
‘amount of ime it takes the signal to complete one cycle. 
Period and frequency are reciprocals of each other, so that 
‘/period equals the frequency and 1/frequency equals the 
period. For example, the sine wave in Figure 8 has a frequen- 
cy of 3 Hz and a period of 1/3 second, 


Voltage 
Voltage is the amount of electric potential, or signal strength, 
between two points in a circuit. Usually, one of these points is 
‘ground, oF zero volts, but not always. You may want to 
measure the voltage from the maximum peak to the minimum, 
peak of a waveform, referred to as the peak-to-peak voltage. 


Amplitude 
Amplitude refers to the amount of voage between two 
points in a circuit. Amplitude commonly refers to the 
‘maximum voltage of a signal measured from ground, oF 
ze10 volts. The waveforrn shown in Figure 9 has an 
amplitude of 1 V and a peak-to-peak voltage of 2 V. 
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Figure 10, Phase sit 


Phase 
Phase is best explained by looking at a sine wave. The 
voltage level of sine waves Is based on circular mation, 

Given that a circle has 860°, one cycle of a sine wave has 
60°, as shown in Figure 9. Using degrees, you can refer to 
the phase angle of a sine wave when you want to describe 
how much of the period has elapsed. 

Phase shift describes the difference in timing between two 
otherwise similar signals. The waveform in Figure 10 labeled 
“current” js said to be 90° out of phase with the waveform, 
labeled “voltage,” since the waves reach similar points in their 
cycles exactly 1/4 of a cycle apart (860°/4 = 90°), Phase 
shifts are common in electronics, 
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Waveform Measurements with Digital Oscilloscopes 
Modern digital osciloscopes have functions that make 

Waveform measurements easier. They have front-panel 
buttons and/or screen-based menus from which you can 
select fully automated measurements. These include ampli- 
tude, period, rise/fall time, and many more. Many digital 
instruments also provide mean and RMS calculations, duty 
cyele, and other math operations. Automated measurements 
appear as on-screen alphanumeric readouts. Typically these 
readings are more accurate than is possible to obtain with 
direct gratioule interpretation. 
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The Types of Oscilloscopes 


Electronic equipment can be classified into two categories: 
analog and digital. Analog equipment works with continuous- 
ly variable voltages, while digital equipment works with dis- 
crete binary numbers that represent voltage samples. A 
conventional phonograph is an analog device, while a 
compact disc player is a digital device. 


COsciloscopes can be classified similarly as analog and 
digital types. In contrast to an analog osciloscope, a digital 
oscilescope uses an analog-to-cigtal carwerter (ADO) to 
cconwert the measured voltage into digital information. tt 
acquires the waveform as a series of samples, and stores 
these samples until it accumulates enough samples to 
describe a wavelorm, The dlgital oscilloscope then 
re-assembles the waveform for display on the screen, as 
‘seen in Figure 14 

Digital osciloscopes can be classified into digtal storage 
cosciloscopes (DSOs), digital phosphor osciloscopes 

{DPOs), mixed signal osciloscopes (MSOs), and digital 
sampling oscilascopes. 

The digital approach means that the osclloscope can display 
any frequency within its range with stablity, brightness, and 
Clarity. For repetitive signals, the bandwidth ofthe digital 
cscilescope is @ function of the analog laandwidth ofthe 


front-end components of the oscilloscope, commonly 
referred to as the ~8 dB point, For single-shot and transient 
events, such as pulses and steps, the bandwidth can be 
limited by the osciloscope’s sample rate, Please refer to 
the Sample Rate section under Performance Terms and 
Considerations for a more detailed discussion, 


Digital Storage Oscilloscopes 

A conventional digital oscilloscope is known as a digital 
storage oscilloscope (DSO). Its display typically relies on a 
raster-type screen rather than the lurninous phosphor found 
in an alder analog oscilloscope. 

Digital storage oscilloscopes (DSOs) allow you to capture 
and view events that may happen only once — known as 
transients, Because the waveform information exists in digital 
form as a series of stored binary values, it can be analyzed, 
archived, printed, and otherwise processed, within the 
oscilloscope itself or by an external computer. The waveform 
eed not be continuous; it can be displayed even when the 
signal disappears. Unlike analog oscilloscopes, digital storage 
oscilloscopes provide permanent signal storage and exten- 
sive waveform processing. However, DSOs typically have na 
real-time intensity grading; therefore, they cannot express 
varying levels of intensity in the live signal 
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‘Some of the subsystems that comprise DSOs are similar 
to those in analog oscilloscopes. However, DSOs contain 
additional data-processing subsystems that are used to 
collect and display data for the entire waveform. A DSO 
employs a serial-processing architecture to capture and 


display a signal on its screen, as shown in Figure 12. A 
description of this serial-processing architecture follows, 
Serial-processing Architecture 

Like an analog oscilloscope, a DSO's first (input) stage is a 
Vertical ampifier Vertical controls allow you to adjust the 
amplitude and position range at this stage. Next, the analog- 
to-digltal converter (ADO) in the horizontal system samples 
the signal at discrete points in time and converts the signal's 
Voltage at these points into digital values called sample 
points, This process is referred to as digitizing a signal 

‘The horizontal system's sample clock determines how aften 
the ADC takes a sample, This rate is referred to as the 


sample rate and is expressed in samples per second (8/3) 
The sample paints from the ADC are stored in acquisition 
memory as waveform points. Several sample points may 
comprise one wavetarm point. Together, the waveform points 
comprise one waveform record, The number of waveform 
points used to create a wavelorm record is called the record 
igger system determines the start and stop 
points of the record. 
The DSO's signal path includes a microprocessor through 
Which the measured signal passes on its way to the display. 
This microprocessor processes the signal, coordinates 
display activities, manages the front panel controls, and 
‘more. The signal then passes through the display memary 
and is displayed on the oscillascope screen, 
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Figure 13. The digs 


Depending an the capabilties of your oscilloscope, additional 
processing of the sample points may take place, which 
enhances the display. Pre-trigger may also be available, 
enabling you to see events before the trigger point. Mc 
of today’s digital oscilloscopes also provide a selection 
of automatic parametric measurements, simpliying the 
‘measurement process. 


As shown in Figure 13, a DSO provides high performance 
Ina single-shot, mult-channel instrument. DSOs are idea! 
for low-repetition-rate or single-shot, high-speed, mult 
channel design applications. In the real world of digital 
design, an engineer usually examines four or more signals 
simultaneously, making the DSO a critical companion, 


light source, indicator, or display 


resistance. Current passing through it will tend 
to increase even if the voltage decreases. This 
process must be controlled to prevent the for- 
mation of an arc, which will destroy the electro- 
des. (A similar process occurs in any gas dis- 
charge tube, such as a neon bulb, and is de- 
scribed in a graph in Figure 19-5) 


To heat the electrodes, ionize the gas, and then 
control the current, the fixture for a fluorescent 
tube contains components that are separate 
from the tube. In their simplest, traditional form, 
these components consist of a starter and a bal- 
last. The starter is a neon bulb that contains a 
bimetallic strip serving as a normally closed 
switch. Itallows current to flow through the elec- 
trodes in series, to heat them. The basic circuit is 
shown in Figure 20-4, 


Figure 20-4. The traditional circuit ta trigger ionization of 
the gas ina fluorescent tube uses a starter (shown at the 
‘bottom as 2 neon tube containing a bimetallic sri, which 
‘Serves as 2 switch) and ballast (an inductive load, shown, 
atleft 


The starting process may not be immediately 
successful, in which case the starter may repeat 
several times in succession, causing the tube to 
flicker before its discharge becomes stable. In a 
cold environment, the tube will have more diffi- 
culty starting 

After the tube becomes conductive, current be- 


tween the electrodes bypasses the starter. Atthis 
point, the ballast limits the current to prevent an 


> single source > fluorescent light 


Variants 


arc from forming, The simplest form of ballast is 
a coil that functions as an inductor. 


In a more modem system, an electronic ballast 
replaces the starter-ballast combination. It not 
only applies the initial surge of high current but 
also raises the SOHz or 60Hz frequency of the 
power supply to 10KHz or more. This increases 
the efficiency of the tubeand eliminates any visi- 
ble flickering of the light. 


All compact fluorescent bulbs (CFLs) contain 
electronic ballasts, The small components visible 
in Figure 20-1 are the ballast. 


Flicker 

When a fluorescent tube uses a conventional 
ballast and is illuminated with SOHz or 60Hz AC, 
the glow discharge stops each time the current 
flow passes through the zero pointin its cycle, In 
fact, the ionized gas in the tube cannot conduct 
until it is close to the maximum voltage, and 
stops conducting when the voltage rolls off.Con- 
sequently, the voltage across the tube fluctuates 
in an approximate square wave, and the light 
output begins and ends very abruptly. Although 
this occurs 100 times per second on a SOHz sup- 
ply and 120 times per second on a 60Hz supply, 
some people complain that the flicker is notice- 
able and can induce headaches. 


The rapid on-off discharge is hazardous when it 
illuminates rotating parts in machinery, asa stro- 
boscopic effect can make the parts seem to be 
stationary. To mitigate this effect, adjacent tubes 
ina fixtureare powered by separate supplies that 
are out of phase. This is done either by using a 
three-phase power supply or by adding an LC 
circuit to the supply for one of the tubes, 


Variants 


The traditional type of ballast is also known as a 
rapid-start ballast. By preheating the electrodes, 
it reduces damage to them that otherwise tends 
to occur during the starting process. A tube de- 
signed for use with a rapid-start ballast has two 
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Digital Phosphor Oscilloscopes 

The digital phosphor oscilloscope (DFO) offers anew 
approach to oscilloscope architecture, This architecture 
fenables a DPO to daliver unique acquisition and display 
capabilities to accurately reconstruct a signal 

While a DSO uses a serial-processing architecture to capture, 
display and analyze signals, a DPO employs a parallel-pro- 
cessing architecture to perform these functions, as shown 
in Figure 14, The DPO architecture dedicates unique ASIC 
hardware to acquire waveform images, delivering high 
waveform capture rates that result in @ higher level of signal 
visualization. This performance increases the probabil of 
witnessing transient events that occur in digital systems, 
such as runt pulses, glitches and transition errors, and 
‘enables additional analysis capabiity. A description of this 
parallel-processing architecture folows. 
Parallel-processing Architecture 

‘A DPO's first (input) stage is similar to that of an analog 
oscilascope — a vertical amplifier ~ and its second stage Is 
similar to that of a DSO — an ADC. But, the DPO differs 
significantly from its prececessors following the anaiog-to- 
digital conversion. 

For any osciloscope — analog, DSO or DPO - there is always 
«a holdaff time during which the instrument processes the 
most recently acquired data, resets the system, and waits 
for the next trigger event. During this time, the oscilloscope 
is blind to all signal activity. The probability of seeing an 
infrequent or low-repetition event decreases as the holdott 
time inoreases, 


It should be noted that itis impossible to determine the 
probability of capture by simply looking at the display update 
rate. If you rely solely on the update rate, itis easy to make 
the mistake of believing that the oscilscope is capturing 

all pertinent information about the waveform when, in fact, 
itis not. 


‘The digital storage oscilascope processes captured Wave- 
forms serially, The speed of its microprocessor is a bottleneck 
in this process because it limits the waveform capture rate. 
‘The DPO rasterizes the digitized waveform data into a digital 
phosphor database. Every 1/30th of a second ~ about as fast 
as the human eye can perceive it a snapshot of the signal 
image that is stored in the database is pipelined directly to 
the display system. This direct rasterization of waveform data, 
and direct copy to display memory from the database, 
removes the data-processing bottieneck inherent in other 
architectures. The result is an enhanced “real-time” and lively 
display update. Signal details, intermittent events, and 
dynamic characteristics of the signal are captured in real- 
time. The DPO's microprocessor works in parallel with this, 
integrated acquisition system for display management, 
‘measurement automation and instrument control, so that it 
does not affect the oscilloscope’s acquisition speed. 

‘ADPO faithfully emulates the best display altributes of an 
analog oscilloscope, displaying the signal in three dimen- 
sions: time, amplitude and the distribution of amplitude over 
time, all in real-time, 
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Figure 18. Some 


Unlike an analog oscilloscope’ 
hor, a DPO uses a purely electronic digital phosphor th: 


tabase, This, 
1 pixel in the 


tually a continuo 


iy updated d 


of information for every 


oscilloscape’s display. Each time a waveform is captured — 
in other wards, every time the ascllascope trig 
‘mapped into the digital phosphor dat: 
location and is touched by the 


s—Itis 


ase's cells. Each cell 


that represents a screen 


waveform is reinforced with intensity information, while other 


cells are not. Thus, intensity information builds up in cells, 


where the waveform passes most often. 


When the digital phosphor database is fed to the ascillo- 


scope’s display, the display reveals intensified waveform 


rence 


s, In proportion to the signal's frequency of act 
at each point - much lke the intensity grading ¢ 
of an analog oscilloscope. The DPO also allows the display 
of the varying ion on the 
display as contrasting cob 
With a DPO, itis easy to see the aifference between a 
veform that occurs on almost every trigger and one that 
ocours, say, every 100th trigger. 


teristics 


nce inform: 


s, unike an analog ascilos 


Digital phosphor osciloscapes (DPOs) breat the barrier 


tween analog ani 
equally suitable for viewing high and k 


repelitive waveforms, transients, and signs 
tn ly a DP 


that is missing from conventional DSOs, 


ions in real- 


Figure 16, The MSO provi 


‘ADPO is ideal for those who need th 


ating t 
ADPO!s exemplary 


best general-purpose 


design and troublesh I for a wide range of applica: 
cv 


‘ammunication mask testing, digital debug of inter 


tions, as seen in Figure 15, 
analysis, 
rity 


signals, repetitive digital design and. timing applica 


Mixed Signal Oscilloscopes 


The mixed signal oscilloscope (MSO) combines the perform: 
ance of a DPO with the basic functionality of 
logic analyzer, including 
and triggering. The MSO's digital channels view a cigital sig 
ike a digital 


ans as long as ringing, overshoot 


hannel 


leV/serial bus protocol decoding 


nal as elther a 


gic high or logic low, jus 
This m 
ce 


Views the signal 
and ground bot 
analog characteristics are not of concern to the MSO. Just 


cause logic transitions, these 


like a logic analyzer, a MSO uses a threshold voltage 


hy 
determine ifthe signal is logic high or logic low 


‘The MSO is t 
circuits using its po 


leol of choice for quickly debugging cig 
erful digital triggering, high res 
capability, and analysis toals. The ro 


ause of 


acquis 


many digital problems is quicker to pinpoint by analyzing both 
f the signal, as shown 


verifying and debugging 


the analo; 


nd digital representatioy 


In Figure 16, making a MSO ik 


digital circuits. 
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Digital Sampling Oscilloscopes 


In contrast to the digital storage and digital phosphor 


lloscope architectures, the architecture of the dh 
the ps 


sampling bridge, 


mpling oscilloscope rey fon of the attenua: 


ampier and th 
The input 
cation is 


tor shown in Figure 17, 


ignal is sampled before any attenuation or amplti- 
then 


bridge because the signal hi 


formed. A low bandwidth ampli 
be utilized after the san 


already been converted to a lower frequency by the sampling 


gate, resulting in a much higher bandwidth instrument, 


The tradeoff for this high bandwidth, however, is that the 


sampling oscilloscape’s dynamic imited, Since 


there is no attenuatar/amplifir infront of the sampling gate, 


we is 


there is put. The sa 


facility to scale the 


npling bridge 
le the full dynamic range 


ble to 


must the input 


all times, Therefore, the dynamic range of most sampling 
lloscopes js limited to about 1 V peak-to-peak, Digital 

ge and digital pl 
hand, can handle 50 to 100 volts, 


stor 


jphor oscil the other 


fotection diode: 
the sampling bridge as this would limit the bar 
the 


1d in front of 
ndwicth. This 


input voltage for a sampling oscilloscope 


innot be pl 


reduc 


8 V, as compared to 500 V available on other 


sciloscopes, 
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Figure 18. Tne domain veto 


When measur 
may not be able 
samplin 
apturing signals whose frequency con 


high-frequency signals, the DSO or DPO 
collect enough samples in one sweep. A 


oscilloscope 


an ideal tool for accurately 


jonents are much 


higher than the asclloscope'’s sample rate, as seen in 
Figure 18. This oscilloscope is capable of 
of up to an order of magnitude faster than 


veasuring signals 


ny other oscilo- 


scope, It can achieve bandwidth and high-speed timing ten 


+ oscilloscopes for repetitive sig 


times higher than ot Is, 
‘Sequential equivaler 


avaliable with bandwidths to 80 GH2, 


time sampling oscilloscopes are 
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The Systems and Controls of an 
Oscilloscope 

This section briefly describes the basic systems and controls 
found on analog and cigital oscilascopes, Some controls 
differ between analog and digital oscilloscopes; your oscilo- 
scope probably has additional controls not discussed here. 


A basic oscilloscope consists of four different 
systems - the vertical system, horizontal 
system, trigger system, and display system. 
Understanding each of these systems will 
enable you to effectively apply the oscilloscope 
to tackle your specific measurement challenges. 
Recall that each system contributes to the 
oscilloscope's ability to accurately reconstruct 

a signal. 


The tront panel of an osciloscope is divided into three 
‘main sections labeled vertical, horizontal, and tigger. Your 
osciloscope may have other sections, depending on the 
‘model and type. See if you can locate these front-panel sec- 
tions in Figure 19, and on your asciloscope, as you read 
through this section, 

When using an osciloscope, you need to adjust three basic 

settings to accommodate an incoming signal: 

w Vertical: The attenuation or amplification of the signal. Use 
the volts/div control to adjust the amplitude of the signal to 
the desired measurement range. 

1» Horizontal: The time base. Use the sec/div control to sat 
the amount of time per division represented horizontally 
across the screen 

1 Tigger: The triggering of the osciloscope. Use the trigger 
level to stabilze a repeating signal, or to tigger on a single 
event 
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Common vertical controls include: 
Termination 
~1M ohm. 
~ 50 ohm 

= Coupling 
-DC 
-AC 
- GND 
= Bandwidth 
= Limit 
- Enhancement 
= Position 


= Offset 
= Invert - On/ott 


= Scale 
- Fixed steps 
- Variable 
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Figure 2, AC and DC put couptng 


Vertical System and Controls 

Vertical controls can be used to position and scale the 
waveform vertically, set the input coupling, and adjust other 
‘signal conditioning. 


Position and Volts per Division 
‘The vertical position control allows you to move the waveform 
up and down exactly where you want it on the screen, 

‘The volts-per-civsion setting (usually written as volts/div) is a 
scaling factor that varies the size of the waveform on the 
screen. If the volts/div setting is 5 valts, then each af the 
ight vertical divisions represents 5 volts and the entire 
screen can display 40 volts from bottom to top, assuming a 
graticule with eight major divisions. Ifthe setting is 0.5 
volts/div, the sereen can display 4 volts from bottom to top, 
and so on, The maximum valtage you can display on the 
screen is the valts/div setting multiplied by the number of 
vertical divisions. Note that the probe you use, 1X or 10%, 
algo influences the scale factor. You must divide the volts/civ 
ssoale by the attenuation factor of the probe if the oscilla- 
‘scope does not do it for you. 

Often the volts/alv scale has either a variable gain or a fine 
gain control for scaling a displayed signal to a certain number 
of divisions, Use this control to assist in taking rise time 
measurements. 


Input Coupling 
Coupling refers to the method used to connect an electical 
signal from ane circult to another. In this case, the input 
coupling is the connection from your test circuit to the 
osciloscope. The coupling can be set to DG, AC, or ground. 
DC coupling shows all ofan input signal. AC coupiing blocks 
the DC component of a signal so that you see the waveform 
centered around zero volts. Figure 20 ilustrates this difer- 
ence. The AC coupling setting is useful when the entire 
signal (alternating current + direct current is too large for 

the votts/aiv setting, 

‘The ground setting disconnects the input signal from the 
vertical system, which lets you see where zero volts is 
located on the screen. With grounded input coupling and 
uo trigger made, you see a horizontal ine on the screen 
that represents zero volts. Switching from DC to ground and 
back again is @ handy way of measuring signal voltage levels 
with respect to ground. 


Bandwidth Limit 

Most oscilloscopes have a circuit that limits the bandwidth of 
the oscilloscope. By limiting the bandwidth, you reduce the 
noise that sometimes appears on the displayed waveform, 
resulting in a cleaner signal display. Note that, while eliminat- 
ing noise, the bandwidth limit can also reduce or eliminate 
high-frequency signal content. 
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Bandwidth Enhancement 
‘Some oscillascopes may provide a DSP arbitrary equalization 
fiter which can be used to improve the oscilloscope channel 
response. This fter extends the bandwidth, flattens the 
oscilloscope channel frequency response, improves phase 
linearity, and provides a better match between channels. 

It also dacreases rise time and improves the time domain 
slep response. 


Horizontal System and Controls 

‘An oscilloscope’s horizontal system is mast closely 
associated With its acquisition of an input signal — sample 
rate and record length are among the considerations here. 
Horizontal controls are used to position and scale the 
waveform horizontally. 


Acquisition Controls 
Digital osciloscopes have settings that let you contral haw 
the acquisition system processes a signal, Look over the 
acquisition options on your digital oscilloscope while you 
read this description. Figure 21 shows you an example of 
an acquisition menu, 


Acquisition Modes 
Acquisition mades control how waveform points are pro- 
duced from sample points. Sample points are the digital 
values derived directly from the analog-to-digital converter 
(ADO) The sample interval refers to the time between, 

these sample points. Waveform points are the digital 

values that are stored in memory and displayed to construct 
the waveform. The time value diference between waveform 
points is referred to as the waveform interval 
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‘Common horizontal controls include: 


a Time Base 1 Resolution 
=xy = Sample Rate 

= Scale 1 Tigger Position 
w Trace Separation = Zoom/Pan 

ss Record Length = Search 


‘The sample interval and the waveform interval may, or may 
Not, be the same, This fact leads to the existence of several 
different acquisition modes in which one waveform point is 
comprised of several sequentially acquired sample points. 
‘Additionally, waveform points can be oreatad from a compos- 
ite of sample points taken from multiple acquisitions, which 
provides another set of acquisition modes. A description of 
the most cammanly used acquisition modes fol 
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‘Types of Acquisition Modes 
1» Sample Mode: This isthe simplest 
The oscilloscope creates 3 
ring e 


mode. 


avatorm point by saving one 
h waveform interval 


sample 
= Peak Detect Mode: The oscilloscope saves the minimum 

and maximum value sample points taken during tw 

waveform inter 
ing waveform points. 
t Mode run the ADC 
tin 


and uses thes the two 


correspon 
peak det 
even at very slow time base 


sopes with 


mple rate, 


(slow time base 


3 translate into lang wa 

bie to capture fast signal 
between the waveform points i in sample mode, as shown, 
In Figure 22. Peak detect mode is particularly useful for 
seeing narrow pulses spaced far apart in time, as demon- 
strated in Figure 23. 

aH hires mode is a way 
of getting more information in cases when the ADC can 
sample faster than the time base 


EM intervals) and are 


anges that would acour 


Mode: Like peak det 


ng requires. In this, 
samples taken within ane waveform interval 
together to pr 


aduce ane waveform point 


ult fs a decrease in nolse and an improvement in 
resolution for low-speed signals. The advantage of Hi Res 
Mode over Average is that Hi-Res Made can be used even 


ena single shot event, 
1» Envelope Mode: Envelope made is similar to peak detect 
in envelope mode, the minimum and 
maximum waveform points from multiple acquisitions 


mode. Howev' 


combined to form a waveform th 


us minvmax 


accumulation over time. Peak det 


3 mode is usually 
are combined to form 


Used to acquire the records th 
the envelope 


Figure 23. Peak cetect made erab 


ww Average N 
saves one sample point during each waveform interval 


de: In average mode, the 


ample mode. However, waveform points from 
equisitions are then averaged together to, 


the osc 
provides a 


ounts, 


Starting and Stopping the Acquisition System 


One of the grea 


st advantages of digital osci 


joscopes is 
0 this end, 


there are usually one or more buttons an the front 


their ability to store waveforms for later viewing. 


that allow you to st 


and stop the 


equisition syst 


you can analyze 


at your leisure. Adio 


a ally, you 


may want the oscillosco ttomatically stop acquiring 


after one acquisition is complete or after o 
1s 

Th 
sequence and its contro! 


set of records 


been turned into an envelope or average waveform. 
weep or sin 
are usually found either with th 


feature is commonly 


led single 


other acquisition controls or with the trigger control 
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‘Sampling 
‘Sampling is the process of converting a partion of an 

Input signal into a number of discrete electrical values for 
the purpose of storage, processing and/or display. The 
‘magnitude of each sampled point is equal to the amplitude 
Of the input signal at the instant in time in which the signal 

is sampled. 

‘Sampling is like taking snapshots. Each snapshot core- 
sponds to a specific point in time an the waveform, These 
snapshots can then be arranged in the appropriate order in 
time so as to reconstruct the input signal 

{na digital osciloscope, an array of sampled points is 
reconstructed on a display with the measured amplitude on 
the vertical axis and time on the horizontal axis, as illustrated 
in Figure 24. 

The input waveform in Figure 24 appears as a series of dots 
con the soreen. Ifthe dots are widely spaced and difficult to 
interpret as a waveform, the dots can be connected using 

a process called interpolation. interpolation connects the 
dots with lines, or vactors. A number of interpolation meth- 
ods are available that can be used to produce an accurate 
representation of a continuous input signal 
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‘Sampling Controls 
‘Some digital oscilloscopes provide you with a choice in 
‘sampling method — either real-time sampling or equivalent- 
time sampling. The acquisition controls available with these: 
oscilloscopes will alow you to select a sample method to 
acquire signals. Note that this choice makes no difference 

for slow time base settings and only has an effect when 

the ADC cannot sample fast enough to fil the record with 
‘waveform points in one pass. Each sampling method has 
distinct advantages, depending on the kind of measurements 
being made. 


Contrals are typically available on modern oscilloscopes to 
give you the choice of three horizontal time base modes of 
operations. If you are simply doing signal exploration and 
‘want to interact with a lively signal, you will use the Automatic 
or interactive default made that provides you with the liveiast 
display update rate. f you want a precise measurement and 
the highest real-time sample rate that will give you the most 
measurement accuracy, then the Constant Sample Rate 
‘mode is for you. It will maintain the highest sample rate and 
provide the best real-time resolution. The last mode is called 
the Manual made because it ensures direct and independent 
control of the sample rate and record length. 


Real-time Sampling Method 
Real-time sampling is Ideal for signals whose frequency range 
is less than half the oscilloscope’s maximum sample rate. 
Here, the oscilloscope can acquire more than enough points, 
in one “sweep” of the waveform to construct an 

accurate picture, as shown in Figure 25. Real-time sampling 
Is the only way to capture fast, single-shot, transient signals 
with a digital oscilloscope. 
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Figure 28, Lea’ ans wx intoraaton, 


Linear interpolation connects sample points with straight 
lines. This approach is imited to reconstructing straight- 
edged signals, as illustrated in Figure 28, which better lends 
itsetf to square waves 

The more versatile sin x/x interpolation connects sample 
points with curves, as shown in Figure 28, Sin x/x interpola- 
tion is a mathematical process in which points are calcuisted 
to fli the time between the real samples. This form of inter- 
polation lends itself to curved and inegular signal shapes, 
Which are far more common in the real world than pure 
square waves and pulses. Consequently, sin Wx interpolation 
is the preferred method for applications where the sample 
rate is 8 to 5 times the system bandwith. 

Eq 
When measuring high-frequency signals, the oscilloscope 
may not be able to collect enough samples in ane sweep. 
Equivalent-time sampling can be used to accurately acquire 
signals whose frequency exceeds half the oscilascope's 
sample rate, as ilustrated in Figure 29, Equivalent-time 


alent-time Sampling Method 
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clgitizers (samplers) take advantage of the fact that most 
naturally ocourring and man-made events are repetitive. 
Equivalent-ime sampling constructs a picture of a repetitive 
signal ly capturing a litle bit of information from each 
repetition, The waveform siowly builds up lke a string of 
lights, iluminating one-by-one. This allows the oscilloscope 
to accurately capture signals whose frequency components 
are much higher than the osciloscope's sample rate. 

‘There are two types of equivalent-time sampling methods: 
random and sequential. Each has its advantages. Randorn 
equivalent-time sampling allows display of the input signal 
prior to the trigger point, without the use of a delay tne, 
Sequential equivalent-time sampling provides much greater 
time resolution and accuracy. Both require that the input 
sighal be repetitive. 


Variants 


contacts at each end, and is referred to as a bi- 
pin tube. 


An electronic ballast is also known as an instant- 
start ballast, It does not preheat the electrodes, 
anda tube designed to workwith ithas only one 
pinat each end. 


CCFLs 

A cold cathode fluorescent lamp (CCFL) may re- 
semble a miniature fluorescent tube, typically 
‘measuring 2mm to Smm in diameter. The tube 
‘may be straight or bent into a variety of shapes. 
It works on the same principle as a full-size fluo- 
escent tube, containing mercury vapor and one 
or more inert gases, with an interior coating of 
phosphors to enable fluorescence, CFLs are 
available in many colors and many shades of 
white, 


As its name implies, the electrodes in a CCFL are 
not heated to establish ionization. Instead, avery 
high voltage(1,000VAC or more)is applied, drop- 
ping to SOOVAC to 600VAC after the flow of cur- 
rent has been established. Because CCFLs have 
been often used to backlight laptop computer 
screens, inverter circuits are commonly available 
that create a high-frequency output at a high 
voltage from an input that can range from 3VDC 
to 20VDC. The inverter also includes provision to 
dim the CCFL by using pulse-width modulation. 


Some CCFLs are designed for illumination of 
small spaces—for example, the interior of a dis- 
play case. A few CFLs look exactly like CFLs and 
can be used in light fixtures, Some may be com- 
patible with the type of dimmer designed for in- 
candescent lamps. 


A CCFL usually has a limited light output com- 
pared with that of a conventional fluorescent 
tube, but has the advantage of working better at 
low temperatures. Some are designed for sig- 
nage and exterior lighting in cold-weather loca- 
tions. 


They have a relatively long lifetime of up to 
60,000 hours. A hot-cathode fluorescent lamp 
may fail between 3,000 and 15,000 hours. 


light source, indicator, or display > single source > fluorescent light 


Any tube or bulb that uses unheated electrodes 
to ionize a gas is technically a cold-cathode de- 
vice, but will not be identified as a CCFL unless it 
also has an inner layer of phosphors to achieve 
fluorescence. 


Itis important to match a tube with the type of 
ballast installed in a fixture. This is not an issue 
with CFLs, as they have the appropriate ballast 
builtin. 


Sizes 


Straight bi-pin tubes are soldin the United States 
in the following standard sizes: 


«+ T5:5/8" diameter. A more modern tube, but 
still with tungsten electrodes that serve to 
heat it. 

+ TB: 1" diameter. Very often 24” or 48" in 
length, consuming 18W or 36W respectively, 


+ 712:1-1/2" diameter. 
+ 117:2-1/8" diameter, 


CFLs are sold in a very wide variety of configura- 
tions. 


Comparisons 
Fluorescent lights have significant advantages 
and disadvantages. On the plus side: 


«+ After the fixture containing the ballast has 
been paid for, tubeis relatively cheap. ACFL 
oran LED light does not have this advantage, 
as the electronics are builtin and will be dis- 
carded when the light fails. 

+ Fluorescent lights have a longer life than in- 
candescent bulbs. 

+ Fluorescent lights are available in a wide 
range of shades of white 

«+ Fluorescent tubes create a diffuse radiance 
thatisideal for general lighting using ceiling- 
mounted fixtures. They do not cast harsh 
shadows. 
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Random Equivalent-time Sampling 


Random equivalent-time digitizers (samplers) utlize an inter- 
ral clock that runs asynchronously with respect to the input 
‘signal and the signal trigger, as llustrated in Figure 30. 
‘Samples are taken continuously, independent of the trigger 
position, and are displayed based an the time difference 
between the sample and the trigger. Although samples are 
taken sequentially in time, thay are random with respect to 
the trigger — hence the name “random” equivalent-time 
sampling. Sample points appear randomly along the wave- 
form when displayed on the asclloscope screen. 

‘The abilly to acquire and clisplay samples prior to the trigger 
ppoint is the kay advantage of this sampling technique, 
eliminating the need for external pretrigger signals or delay 
lines, Depending an the sample rate and the time window 
of the display, random sampling may also allow more than 
one sample to be acquited per triggered event. However, at 
faster sweep speeds, the acquisition window narrows until 
the digitizer cannot sample on every trigger. Its at these 
faster sweep speeds that very precise timing measurements 
are often made, and where the extraordinary time resolution 
of the sequential equivalent-time sampler is most beneficial 
“The bandwidth limit for random equivalent-time sampling is, 
Jess than for sequential-tine sampling. 
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Sequential Equivalent-time Sampling 


‘The sequential equivalent-time sampler acquires one sample 
per trigger, independant of the time/aiv setting, or sweep 
speed, as ilustrated in Figure 81. When a trigger is detected, 
a sample is taken alter a very short, but well-defined, delay. 
When the next tigger occurs, a smal time increment ~ detta t 
is added to this delay and the digitizer takes another sam- 
ple. This pracess is repeated many times, with “delta t” 
added to each previous acquisition, until the time window is, 
filed. Sample points appear from left to right in sequence 
along the waveform when displayed on the oscilloscope 
screen. 

Technologically speaking, itis easier to generate a very 
short, very precise “delta t" than itis to accurately measure 
the vertical and horizontal positions of a sample relative to 
the trigger point, as required by random samplers. This 
precisely measured delay is what gives sequential samplers: 
their unmatched time resolution. Since, with sequential 
sampling, the sample is taken after the trigger level is 
detected, the trigger point cannot be displayed without an 
analog delay line, which may, in turn, reduce the bandwidth, 
of the Instrument. If an external pretrigger can be supplied, 
bandwidth will not be affected, 
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Position and Seconds per Di 


The horizontal position control moves the waveform left and 
right to exactly where you want it on the screen. 


in 


The seconds-per-divsion setting (usually written as sec/dly) 
lets you select the rate at which the waveform is drawn 
across the screen (also known as the time base setting or 
sweep speed). This setting is @ scale factor. If the setting is, 
‘1 ms, each horizontal division represents 1 ms and the total 
screen width represents 10 ms, or ten divisions, Changing 
the sec/dlv setting enables you to look at longer and shorter 
time intervals of the input signal 

‘As with the vertical volts/div scale, the horizontal sec/aliv 
scale may have variable timing, allowing you to set the 
horizontal time scale between the discrete settings. 


Time Base Selections 
Your osciloscope has a time base, which is usually referred 
to as the main time base. Many osclloscopes also have what 
is called a delayed time base — a time base with a sweep that 
can stat (or be triggered to stat) relative to a pre-determined 
time on the main time base sweep. Using a detayed time 
base sweep allows you to see events more clearly and to see 
events that are not visible solely with the main time base 
sweep. 

‘The delayed time base requires the setting ofa time delay 
and the possible use of delayed trigger modes and other 
settings not described in this primer. Refer to the manual 
supplied with your oscilascope for information on how to 

use these features, 


Zoom/Pan 


Your oscilloscope may have special horizontal magnification 
settings that let you display a magnified section of the 
waveform on-screen, Some asciloscapes acd pan functions 
to the 200m capabilly. Knobs are used to adjust zoom factor 
or scale and the pan of the zoom box across the waveform, 


28 wuntektronixconveselloscopes 


& 


Search 
‘Some oscilloscopes offer search and mark capabilities, 
enabling you to quickly navigate through lang acquisitions 
looking for user-defined events, 


XY Mode 
Most oscilloscopes have an XY mode that lets you display 

fn input signal, rather than the time base, on the horizontal 
axis. This mode of operation opens up 4 whole new area 

of phase shift measurement techniques, explained in the 
Measurement Techniques section of this primer. 

ZAxis 

A digital phosphor osciloscape (DPO) has a high display 
sample density and an innate abilty to capture intensity 
Information. With its intensity axis Z axis), the DPO is able 

to provide a three-dimensional, real-time display similar to 
that of an analag asciloscope. As you look at the waveform 
trace on a DPO, you can see brightened areas — the areas 
‘where a signal occurs most often. This display makes it easy 
to distinguish the basic signal shape from a transient that 
eccurs only once in a while ~ the basic signal wouldl appear 
much brighter. One application of the Z axis is to feed special 
timed signals into the separate Z input to create highlighted 
“marker” dots at known intervals in the waveform, 


XYZ Mode with DPO and XYZ Record Display 
Some DPOs can use the Z input to create an XY display 
with intensity grading. in this case, the DPO samples the 
instantaneous data value at the Z input and uses that value 
to qualify a specific part of the waveform. Once you have 
ualiled samples, these samples can accumulate, resulting 
in an intensity-graded XYZ display. XYZ mode is especially 
Useful for displaying the polar patterns commonly used in 
testing wireless communication devices ~ a constellation 
diagram, for example. Another method of displaying XYZ 
data is XYZ record display. In this mode the data from the 
acquisition memary is used rather than the DPO database, 
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Trigger System and Controls 


‘An osciloscope's trigger function synchronizes the horizontal 
‘sweep at the correct point ofthe signal, essential for clear 
signal characterization, Tigger controls alow you to stabilize 
‘epelive waveforms and capture single-shot waveforms. 

‘The trigger makes repeliive waveforms appear static on 

the asciloscape display by repeatedly displaying the same 
portion of the input signal. Imagine the jumble on the screen 
that would result if each sweep started at a aifferent place on 
the signal, as llustrated in Figure 22. 

Edge triggering, availabe in analog and digital osciloscopes, 
is the basic and most common type. In adition to threshold 
triggering offered by both analog and digital oscilloscopes, 
many digital osciloscopes offer numerous specialized trigger 
settings not offered by analog instruments. These triggers 
respond to specific conditions in the ineoming signal, making 
it easy to detect, for example, a pulse that is narrower than it 
should be, Such a condition would be impossible to detect 
with a voltage threshold trigger alone. 

‘Advanced trigger controls enable you to isolate specific 
events of interest to optimize the asciloscope's sample 

rate and record length. Advanced triggering capabilities in 
some osciloscopes give you highly selective control. You can 
trigger on pulses defined by ampitude (such as runt pulses), 
‘qualified by time (pulse width, glitch, slew rate, setup-and- 
hold, and time-out), and delineated by logic state or pattern 
{logic triggering). 
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Other advanced trigger functions include: 

= Pattern Lock Triggering: Pattern lock triggering adds 
‘anew dimension to NRZ serial patter triggering by 
enabling the oscilloscope to take synchronized acquisitions 
of a lang serial test pattern with outstanding time base 
accuracy. Pattern lock triggering can be used to remove 
random jitter from long serial data patterns. Etfects of 
specific bit transitions can be investigated, and averaging 
can be used with mask testing, 

1= Serial Pattern Triggering: Serial pattern triggering can be 
used to debug serial architectures. It provides a trigger on 
the serial pattern of an NRZ serial data stream with built-in 
clock recovery and correlates events across the physical 
and link layer. The instrument can recover the clock signal, 
identity transitions, and allow you to set the desired 
encoded words for the serial pattern trigger to capture. 

= A&B Triggering: Some trigger systems afer multiple 
trigger types only an a single event (A event), with delayed 
trigger (B event) selection limited to edge type triggering 
and often do not provide a way to reset the trigger 
sequence if the B event doesn't occur. Modern oscilo- 
scopes can provide the full suite of advanced trigger types 
on bath A and B triggers, logic qualification to contrat 
\when to look for these events, and reset triggering to 
begin the trigger sequence again after a specified time, 
state, or transition so that even events in the most com- 
plex signals can be captured, 


= Search & Mark Triggering: Harciware triggers watch for 
one event type at a time, but Search can scan for muttiple 
event types simultaneously. For example, scan for setup or 
hold time violations on multiple channels, Individual marks 
can be placed by Search indicating events that meet 
search criteria 

w= Trigger Correction: Since the trigger and data acquisition 
systems share different paths there is some inherent time 
delay between the tigger position and the data acquired, 
‘This results in skew and trigger jiter. With a trigger 
correction system the instrument adjusts the trigger 
position and compensates for the difference of delay there 
is between the trigger path and the data acquisition path. 
This wil eliminate virtually any trigger jitter at the trigger 
point. In this mode, the trigger point can be used as a 
‘measurement reference 
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Figure 3. Common tigger yo. 


1 Serial Triggering on Specific Standard Signals FC, Optional trigger controls in some oscilloscopes are designed 
CAN, LIN, ete.) - Some asciloscopes provide the ably _specifealy to examine communications signals as wel. 
to tigger on specific signal types for standard serial dala Figure 33 highights a few of these common trigger types 
signals such as CAN, LIN, FC, SPI, and others. The in more deta. The Intutive user interface avaiable in some 
decode ofthese signal lypesis also avalible on mary ——_scitagcopes also allows rapid setup of trigger parameters 
caclinsoopes toriey. with wide flexibly in the test setup to maximize your 

= Parallel Bus Triggering - Multiple parallel buses can be productivity. 
defined and displayed at one time to easily view decoded 
parallel bus data over time. By specifying which channels, 
are the clock and data lines, you can create a parallel bus. 
clisplay on some oscilloscopes that automatically decodes 
bus content, Countless hours can be saved by using par- 
allel bus triggers to simplify capture and analysis, 
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Trigger Posi 
Horizontal trigger position control is only available on clit 
oscilescopes. The trigger position control may be located 
in the horizontal control section of your oscilloscope. It 
actually represents the horizontal position of the trigger in 
the waveform record, 


Varying the horizontal trigger position allows you to capture 
what a signal did before a trigger event, known as pre-trigger 
viewing. Thus, it determines the length of viewable signal 
both preceding and following a trigger point, 

Digital oscilloscopes can provide pre-trigger viewing because 
they constantly process the input signal, whether or nat a 
trigger has been received. A steady stream of data flows 
through the oscilascope; the trigger merely tells the ascilo- 
scope ta save the present data in memory, 

In contrast, analog asciloscopes only display the signal — 
that is, write it on the CRT — after receiving the trigger. Thus, 
pre-trigger viewing is not available in analog oscilloscopes, 
with the exception of a small amount of pre-trigger provided 
bby @ delay line in the vertical system. 

Prestrigger viewing is a valuable troubleshooting ald. If a 
problem aceurs intermittently, you can trigger an the problem, 
record the events that led up to it and, possibly, find the 
cause, 


Trigger Level and Slope 
‘The trigger level and slope controls provide the basic trigger 
point definition and determine how a waveform is displayed, 
as ilustrated in Figure 34. 


The trigger circuit acts as a comparator. You select the slope 
and voltage level on one input of the comparator. When the 
trigger signal on the other comparator input matches your 
settings, the oscilloscope generates a trigger. 

‘The slope control determines whether the trigger point is on 
the rising or the falling edge of a signal. A rising edge 

is a positive slope and a faling edge is a negative slope. The 
level control determines where on the edge the trigger paint 
occurs, 
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Trigger Sources 
‘The oscilloscope does not necessarily need to trigger on 
the signal being displayed. Several sources can trigger the 
sweep: 
= Any input channel 
= An extemal source ather than the signal applied to an 
input channel 
= The power source signal 
= A signal internally defined by the oscilloscope, from one 
(or more input channels 
Most af the time, you can leave the oscilloscope set to 
trigger on the channel displayed. Some oscilloscopes provide 
a trigger output that delivers the trigger signal to another 
instrument. 
‘The oscilloscope can use an alternate trigger source, 
whether or not itis displayed, so you should be careful nat to 
Lnwittingly tigger on channel 1 while displaying channel 2, 
for example. 
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Trigger Level 


Tilgger Point 


Holdoft 


Acquisition Interval 


Acquisition Interval 


Holdoft Holdott 


New triggers are not recognized during the holdoff time. 


Figure 36. Thgger hoot 


Trigger Modes 

“The trigger mode determines whether or not the osciloscope 
draws a waveform based on a signal condition. Common 
trigger modes include normal and auto. 

In normal mode the oscilloscope only sweeps ifthe input 
signal reaches the set trigger point; otherwise (on an analog 
osciloscape) the screen is blank or (on a digital oscilloscope) 
frozen on the last acquired waveform, Normal made can be 
disorienting since you may not see the signal at fst ifthe 
level control is nat adjusted correctly. 

Auto mode causes the oscilloscope to sweep, even without 
a trigger. If no signal is present, a timer in the oscilloscope 
triggers the sweep. This ensures that the display will not 
isappear ifthe signal does not cause a trigger 

In practice, you will probably use both modes: normal made 
because It lets you see just the signal of interest, even when 
triggers occur at a stow rate, and auto made because it 
requires less adjustment. 

Many oscilloscopes also include special modes for single 


sweeps, triggering on video signals, or automatically setting 
the trigger level, 
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Trigger Coupling 
Just as you can select either AC or DC coupling for the 
vertical system, you can choose the kind of coupling for 
the trigger signal. 

Besides AG and DC coupling, your oscilloscope may also 
have high frequency rejection, low frequency rejection, and 
noise rejection trigger coupling. These special settings are 
Useful for eliminating noise from the trigger signal to prevent 
false triggering. 


Trigger Holdoft 
Sometimes getting an oscilloscope to trigger on the correct 
part of a signal requires great skil. Many oscilloscopes have 
‘special features to make this task easier, 

Tigger holdoft is an adjustable period of time after a valid 
{rigger during which the osciloscope cannot trigger. 

This feature is useful when you are triggering on complex 
‘waveform shapes, so that the osciloscope only tiggers on 
‘an eligible trigger point. Figure 35 shows how using trigger 
holdoff helps create a usable display. 
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Figure 6, An oscloscape grace 


Display System and Controls 
{An osciloscope’s front panel includes a display screen and 
the knobs, buttons, switches, and indicators used to control 
signal acquistion and display. As mentioned atthe front of 
this section, ront-panel controls are usually divided into 
vertical, horizontal and trigger sections. The front panel also 
includes input connectors. 


‘Take a look at the oscilloscope display. Notice the grid! mark- 
ings on the screen these markings create the graticule. 
Each vertical and horizontal line constitutes a major division, 
The graticule is usually laid out in an 8-by-10 or 10-by-10 
division patter. Labeling on the asciloscope controls (such 
2s volts/div and sec/div) always refers to major divisions. The 
tick marks on the center horizontal and vertical graticule 
lines, as shown in Figure 38, are called minor divisions, Many 
oscillascopes display an the soreen how many volts each 
vertical division represents and haw many seconds each har- 
izontal division represents, 


Other Oscilloscope Controls 


Math and Measurement Operations 
Your oscilloscope may also have operations that allow 

you to add waveforms together, creating a new waveform 
display. Analog osciloscopes combine the signals while 
digital oscilloscopes create new waveforms mathematically. 
‘Subtracting waveforms is another math operation. 
‘Subtraction with analog oscilloscopes is possible by using 
the channel invert function on ane signal and then using 
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Figue 37. Acting cuanels 


the add operation. Digital osciloscopes typically have a 
subtraction operation available. Figure 37 illustrates a third 
waveform created by combining two different signals. 

Using the power of the'r internal processors, digital oscilla 
‘scopes offer many advanced math operations: multiplication, 
division, integration, Fast Fourier Transform, and more. This 
advanced signal processing capability can also perform 
functions such as the insertion of a fiter block which can 

be used de-embed the characteristics of the fixture on the 
device under test or implement a fter block with desired 
frequency response such as a low pass fier. The processing 
block is flexible ~ not dedicated; it can perform as an 
arbitrary fiter instead, for example for simulation of 
pre-emphasis/de-emphasis schemes. 


Digital Timing and State Acquisitions 


Digital channels provided by a mixed signal oscilloscope 
‘enable acquisition capabilites similar to those found on logic 
analyzers. There are two major digital acquisition tech- 
niques. The fist technique is timing acquisition in which the 
MSO samples the digital signal at uniformly spaced times 
determined by the MSO's sample rate, At each sample 
point, the MSO stores the signal's logic state and creates a 
timing diagram of the signal. The second digital acquisition 
technique is state acquisition. State acquisition defines 
special times that the digital signal's logic state is valid and 
stable. This is common in synchronous and clocked digital 
circuits. A clock signal defines the time when the signal state 
is valid. For example, the input signal stable time is around 
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the rising clack edge for a D-Flip-Flop with rising edge clack- 

ing. The output signal stable time is around the falling clock 

edge for a D-Fljp-Flop with rising edge clocking. Since the 

clock period of a synchronaus circuit may not be fixed, the 

lime between state acquisitions may not be uniform as its in 

a timing acquisition. 

A mixed signal osciloscope's digital channels acquire signals 

similar to how a logic analyzer acquires signals in timing 

‘acquisition mode. The MSO then decodes the timing acquisi- 

tion into a clocked bus display, and event table which is simi 

lar to the logic analyzer's state acquisition display, providing 

you with important information during debug. 

We have described the basic oscilascope controls that a 

baginner needs to know about. Your oscilascope may have 

other controls for various functions. Some of these may 

Include: 

= Automatic parametric measurements 

= Measurement cursors 

= Keypads for mathematical operations or data entry 

= Printing capabiities 

a= Interfaces for connecting your oscillascope to a computer 
or directly to the Internet 

Look over the other options available to you and read your 

‘oscilloscape’s manual to find out more about these other 

contials, 


The Complete Measurement System 
Probes 

Even the most advanced instrument can only be as precise 
2 the data that goes int it. A probe functions in conjunction 
with an oscilloscope as part of the measurement system. 
Precision measurements start atthe probe tip. The right 
probes matched to the oscilloscope and the device-under- 
test (QUT) not only allow the signal to be brought to the 
‘oscilloscope cleanly, they also amplify and preserve the signal 
for the greatest signal integity and measurement accuracy. 


82 wwnutektroni comvoselloscopes 


a 


Figure 98, Cenae dscns ard ete equte ama a tactr probes, 


To ensure accurate reconstruction of your 
signal, try to choose a probe that, when 
paired with your oscilloscope, exceeds the 
signal bandwidth by 5 times. 


Probes actually become part of the circuit, introducing 
resistive, capacitive and inductive loading that inevitably alters 
the measurement, For the mast accurate results, the goal is 
to select a probe with minimal loading. An ideal pairing of the 
probe with the oscilloscope will minimize this loading, and 
enable you to access all of the power, features and capabil- 
ties of your oscilloscope. 


Another connectivity consideration is the probe's form factor. 
‘Small form factor probes provide easier aocess to today's 
densely packed circuitry, as shown in Figure 38. 

‘A brief description of the types of probes follows. Please refer 
to the Tektronix ABCs of Probes primer for mare information 
about this essential component of the overall measurement 
system. 
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Figure 39,4 pial passe robe wih accessor. 


Passive Probes 


For measuring typical signal and voltage levels, passive 
probes provide ease-of-use and a wide range of measure- 
ment capabilities at an affordable price. The pairing of a 
passive voltage probe with a curent probe will provide you 
with an ideal solution for measuring power. 


Most passive probes have some attenuation factor, such 
fas 10X, 100X, and so on. By convention, attenuation factors, 
such as for the 10X attenuator probe, have the X after the 
factor. In contrast, magnification factors like X10 have the X 
first, 

‘The 10X (read as “ten times’) attenuator probe reduces cir- 
cuit loading in comparison to a 1X probe and is an excellent 
general-purpose passive probe, Circuit loading becomes 
‘more pronaunced for higher frequency and/or higher 
impedance signal sources, so be sure to analyze these 
signal/probe loading interactions before selecting a probe. 
‘The 10X attenuator probe improves the accuracy of your 
‘measurements, but also reduces the signal's amplitude at 
the oscilascope input by a factor of 10. 
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Because it attenuates the signal, the 10X attenuator probe 
‘makes it ciffcult to look at signals less than 10 milivalts 
peak-to-peak. The 1X probe is similar to the 10X attenuator 
probe but lacks the attenuation circuitry. Without this circuitry, 
more interference is introduced to the circuit being tested. 


Use the 10X attenuator prabe as your general-purpose 
probe, but keep the 1X probe accessible to measure 
slow-speed, low-amplitude signals. Some probes have a 
convenient feature for switching between 1X and 10X 
attenuation at the probe tip. If your probe has this feature, 
make sure you are using the correct setting before taking 
measurements, 


Many osciloscopes can automatically detect whether you are 
using a 1X or 10X probe and adjust thelr screen readouts 
accordingly. However with some oscilloscopes, you must set 
the type of probe you are using or read from the proper 1X or 
10X marking on the volts/dlv canto. 

The 10X attenuator probe works by balancing the probe's 
electrical properties against the osciloscope's electrical 
properties, Before using @ 10X attenuator probe you need 

to adjust this balance for your particular asciloscape. This 
acjustment is known as compensating the probe and is 
described in more detal in the Operating the Osciloscope 
section of this primer 

Passive probes, such as the one shown in Figure 39, provide 
‘excellent general-purpose probing solutions. However, 
‘general-purpose passive probes cannot accurately measure 
signals with extremely fast rise times, and may excessively 
load sensitive circus. The steady increase in signal clock 
rates and edge speeds demands higher speed probes with 
less loading effects. High-speed active and differential probes 
provide ideal solutions when measuring high-speed and/or 
differential signals 
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Figure 40. hp 


Active and Differential Probes 


tr 
make accurate measurement results difficult to 
Signal fidelity and device loading are critical issues. A com- 
plete measurement solution at these high speeds includes, 
high-speed, high-fidelity probing solutions to match the 
performance of the oscilloscope, as shown in Figure 40. 


ing signal speeds and lower-valtage logic families, 
hieve, 


Active and differential probes use specially developed 
integrated circuits to preserve the signal during access and 
transmission to the oscilloscope, ensuring signal int 
For measuring signals with fast rise times, a high-speed 

probe wil provide more accurate resul 


active or different 


as highlighted in Figure 41 
Newer probe types provide the advantage of being able to 
use one setup, and get three types of measurements without 
inections. These probes can make 

amman made measurements 


adjust 


probe tip coi 
differential, single-endad and 


from the same probe setup. 


Logic Probes 


The logic probe shown in Figure 42 offers two eight-channel 
pods. Each channel ends with a probe tip featuring a 
sssed ground for simpified connection to the devioe- 
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tnt of nest nada st. n-valige anpetora expec import ae gt 
Figure 42, Loge probes fara mised sgn oxclloseape (MEO smety agtl can 


under-test. 7 


ve coax an the frst ¢ 
colored blue making it easy to identify. The common ground 


uses an 


ftomotive style connector making it easy to create 
custom grounds far connecting to the device-under-test, 
‘When connecting to square pins, 
that attaches to the probe hea 


you can use an adapter 
extending the probe ground 
flush with the probe tip so you can attach to a header. These 
prot 
minimal 


es offer outstanding electrical characteristics with 


pacttive loading 


light source, indicator, or display 


On the minus side: 


+ Fluorescents were traditionally more 
energy-efficient than any other light source, 
but LED area lighting is now more efficient 
in some designs, LEDs are expected to be- 
come more efficient in the future. 


+ Afluorescent tube with a traditional type of 
ballast may cause complaints of flickering. By 
‘comparison, an LED light uses DC, and an in- 
candescent bulb retains sufficient heat be- 
tween power cycles so that it does not ap- 
pear to flicker. 

+ Fluorescent flicker creates problems when 
shooting video. 

+ The fluorescent emission spectrum has 
sharp peaks that give the lighting an un- 
natural look, 

+ In applications that require a defined beam 
oflight,a fluorescent source cannot be used. 

+ Conventional ballasts can create radio inter- 
ference, especially in the AM band. 

+ Becausefluorescent tubesand bulbscontain 
mercury, they require proper disposal, which 
can incur fees, 

+ Even an instant-on fluorescent light tends to 
hesitate briefly when itis switched on. 

+ The lifespan of a fluorescent light is greatly 
reduced if itis cycled on and off frequently. 
‘An incandescent bulb is less severely affec- 
ted by cycling, and an LED light is not affec- 
tedatall. 

+ Fluorescent lights have difficulty starting at 
low temperatures. 


Values 


Brightness 
‘The intensity of a fluorescent light is measured in 
lumens per watt. Because invisible wavelengths 
are of litle interest when assessing brightness, 
luminous fluxis used to describe apparent right- 


> single source > fluorescent light 


Values 


ness in the visible spectrum, The unit for lumi- 
nous flux is the lumen. Additional information 
about light measurementis included in theentry 
describing incandescent lamps (see "Power" on 
page 177) 


Spectrum 
The spectrum of photons emitted from mercury 
vapor ina fluorescent light has wavelengths that 
peak at 253.7 nanometers and 185 nanometers. 
(Ananometer, customarily abbreviated as nm, is 
one-billionth of a meter) These wavelengths are 
invisible, being in the ultraviolet range, but when 
the light is transposed into the visible spectrum 
by the layer of phosphors, “spikes” in the range 
ofwavelengthsarestill present. Fora comparison 
of output curves for incandescent, fluorescent, 
and LED lights, see the graph in Figure 18-4. 


Various formulations for the phosphors ina tube 
or CFL attempt to modify the character of the 
light to suit the human eye, but none of them 
looks as “natural” as the radiance from an incan- 
descent bulb, probably because the characteris- 
tics ofincandescentlightare very similartothose 
of sunlight. 


What Can Go Wrong 


Unreliable Starting 

Ata low temperature, the mercury inside a fluo- 
rescenttube may be slow tovaporize. At very low 
temperatures, vaporization may not be possible 
at all, Until the mercury vaporizes, fluorescence 
will not occur. 


Terminal Flicker 

Asa tube ages, it may start to conduct current 
only in one direction, causing itto flicker visibly. 
Asitages more, the gas discharge becomes even 
less reliable, and the flicker becomes erratic. 
Eventually, the gas discharge fails completely. In 
this state, a tube may show only a dim light at 
each end, in proximity to the tungsten 
electrodes, 
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Specialty Probes 


In adaition to the previously mentioned probe types, there are 
also a variety of other specialty probes and probing systems. 
These include current, high-voltage, and optical probes, just 
to name a few. 


Probe Accessories 

Many made oscilloscopes provide special automated 
{features built into the input and mating probe connectors. In 
the case of intelligent probe interfaces, the act of cannecting 
the probe to the instrument notifies the oscilloscope about 
the probe's attenuation factor, which in turn scales the display 
80 that the probe's attenuation is figured into the readout on 
the screen. Some probe interfaces also recognize the type 
of probe ~ that is, passive, active or current. The interface 
‘may act as a DC power source for probes. Active probes 
have their own ampiiier and buffer circuitry that requires 

DC power. 

Ground lead and probe tip accessories are also available to 
imprave signal integrity when measuring high-speed signals, 
Ground jead adapters provide spacing flexibility between 
‘probe tip and ground lead connections to the DUT, while 
‘maintaining very short lead lengths from probe tip to DUT. 
Please refer to the Tektronix ABCs of Probes primer for more 
information about probes and probe accessories, 


Performance Terms and 
Considerations 

‘As previously mentioned, an osciloscope is analogous to 
‘a camera that captures signal images that we can observe 
and interpret, Shutter speed, lighting conditions, aperture 
and the ASA rating of the fim all affect the camera's ability 
to capture an image clearly and accurately. 


Like the basic systems of an oscilloscope, the 
performance considerations of an oscilloscope 
significantly affect its abllity to achieve the 
required signal integrity. 


& 
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Figure 43. Osloscope bande the feqeny a hich asus irout ia 
Is arerustod to 70.7% oft signals vue ample, know a the -3 of pai 


Learning a new skill often invalves learning a new vocabulary, 
‘This idea holds true for learning how to use an oscilloscope, 
‘This section describes some useful measurement and oscillo- 
scope performance terms. These terms are used to describe 
the criteria essential to choosing the right osciloscope for 
your application. Understanding these terms will help you to 
evaluate and campare your oscilloscope with other models. 


Bandwidth 

Bandwidth determines an oscilloscape's fundamental ability 
to measure a signal. As signal frequency increases, the 
capability of the oscilloscope to accurately display the signal 
decreases. This specification indicates the frequeney range 
that the oscilloscope can accurately measure, 

Oscilloscope bandwidth is specified as the frequency at 
which a sinusoidal input signal is attenuated to 70.7% of the 
signal's true amplitude, known as the -3 dB point, a term 
based an a logarithmic scale, as seen in Figure 43, 

‘Without adequate bandwidth, your oscilascope will not 

be able to resolve high-frequency changes. Amplitude will 
be distorted. Edges will vanish. Details will be lost, Without 
adequate bandwidth, all the features, bells and whisties in 
your asciloscope will mean nothing. 

‘To determine the oscilloscope bandwidth needed to 
accurately characterize signal amplitude in your specific 
application, apply the “6 Times Rul. 


scilloscope Bandwidth > Highest Frequency 
Oscilloscope Bandwidth 2 ¢crtponent of Signal 
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Figure 44 The ghar the bandh, otha epodacten 


‘An oscilloscope selected using the § Times Rule wil give 
th 
nt for today 


urements ~ 


tions. How ds 
2, it may not be possible to achieve this rule of thumb. 
ith wil 
of your signal, as 6 


appli 


keep in mind that higher b ely provide 


monstrated 


rate repr 
in Figure 44 


of enhancing th 
DSP arbitrary 


an be used to improve the oscilo 


his fter extends 


bandwidth, flattens 


nel frequen 


nd provides a better r: 


It also deo rise time 


time: 


domain st 


Rise Time 


In the digital world, rise time measur 


Rise time may nore appropriate pe 


ation when you expect to measure digital signals, 


es and steps. As shown in Figure 4% 


the oscilloscope 


se time required 


use the following equatior 


Fastest Rise Time of Signal 


Oscilloscope Rise Time < 


Note that this basis for oscilloscope tise time selection is 


similar to that for bandwidth. As in th bandlwi 


se of 


achieving this rul 


of thumb may no 


lways be p 


given the extreme speeds of today's signals. Always reme 


ber that an oscilloscope with faster rise time will more 


accurately capture the critical details of fast tr 


tio 


In-some applications, you may know oF rise tim 


signal. A constant alows you to relate the bandwidth and 
rise time of the osciloscope, using the equation: 
Bandwidth i 
Rise Time 


Where k isa value between 0.35 and 0.45, depending 
‘on the shape of the oscilloscope’s frequency response 
‘curve and pulse rise time response. Oscilloscopes with 
a bandwidth of <1 GHz typically have a 0.35 value, 
while oscilloscopes with a bandwidth of > 1 GHz 
usually have a value between 0.40 and 0.45, 
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Logie Family ‘Typical Signal Calculated Signal 
Rise Time Bandwidth 
Tm 208 175 MHe 
‘Mos 150s 230 Mie 
mL Ths 380 ME 
(W0S 400 ps 875 Mi 
EOL 400 ps 35 GH 
GaAs 40ps 875 Gi 


luce inherently faster rise times than 
46, 


Sample Rate 


Sample rate ~ specified in samples per second (S/s) - refers 


how a snapshot or 


uently 


sample of the sign: nes on 


movie 


camera. The faster an oscillose: 


pe samples (Le., the higher 


fetal of the 


the sample rate), the greater the resolution ar 
Tel 


yed waveform and the les 


that critical information 


or events will be lost, as shown in Figure 47. The minimus 
smple rate m: to look 
ha of time. Typically 


ie displayed sample rate changes with changes made to the 


horizontal nt number of 


waveform points in the a waveform record. 


How do you calculate your sample rate requirements? 


The method differs based on the t 


6 of wav 


form you are 
measuring, and the m 


\d of signal reconstruction used by 
the asoiloscope. 
turately recor 


In order to a avoid al 


uct a signal 
the Nyquist theorem states that t 


signal must 


‘am 


nent. 


3 least twice as fast as its highest frequent 


comp 


This theorem, 1 inf 


fever, assume 


record length and 


Since no oscilloscope ot 


record length and, by definition, glitches are not continuous, 
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Figure 47. A ghar saree rate proves tr signal reson, ensutrg that yo 


the rate 


ly insufficient, 


sampling at or 


f highest frequ 


mpo- 


‘onstruction of a signal depends on bath 


the sample rate and the interpolation method use 


the spaces ne samples. Some 


select elther sin (x)/x interpolation for mee 


ing sinus 


ignals, or linear 


interpolation for square waves, pulses and 


ther signal types 


For accurate reconstruction using sin(x)/x 
interpolation, your oscilloscope should have 
a sample rate at least 2.5 times the highest 
frequency component of your signal, Using 
linear interpolation, the sample rate should 
be at least 10 times the highest frequency 
signal component, 


ample rates to 
s to 20 GHz have been optin 


‘Some measuremer 


and bandwiat 


ized for 


captut ngle-shot and tra 


ry fast 


nt 


oversampling up to 6 times the banch 
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Figure 48, A DPO proves an 


sone, Figure 49,4 DP enables a une 


"ange of alent 


Waveform Capture Rate 
Al 


lloscopes blink. That is, they apen thei 


peice Most digital phosphor 


parallel-processing architecture to deliver vastly 
en in Figure 48, some DP‘ 


sllascopes (POs) employ 


second to capture the signal, and close 


greater 


their eyes in between, This is the waveform capture rate, 
wavelorm capture rates. AS 


expressed as waveforms per second (wims/s), While the 
can in just seconds, s 


squire millions of waveform: 


ly increasing the probabilly of capturing intermittent 
or oycle, the ) 
sive events and allowing you to see the problems in your sig sos 


mple rate inci 


ates how frequer 


oscilloscope 


samples the input signal 
waveform capture rate refers to how quickly an oscilloscope 


thin ane wavefor 


ickly. Moreover, the DPO's ability to acquire and 


squires waveforms. 


display three dimensions of signal behavior in real time — 


m capture rates vary 


greatly, depending an the 
fal of the oscilloscope. Os 
nigh waveform capture rates pr. 


insight into signal behavior, and dram, 


amplitude, time and distribution of amplitude over time ~ 


scopes with resus in a superior lve of insight into sighal behavior, as 
gnifcanty more visual 


shown in Figure 49, 
ically increase the 
ckly capture transient Record Length 


probability that the oscilloscope will 


anomalies such as jitter, runt pulses, glitches and transition Record length, expressed as the number of points that 


errors, comprise a complete wavelorm record, determines the 
jata that can be captured 


sscilloscope can store anly a limited number of 


ith each channel 


Since 8 


ples, the waveform duration (time) wil be inversely 


into lang memary, temporarily delivering higher waveform the osciloscope’s sample rate, 


capture rat 


folowed by 


sad times that 


reduce the probabilty of capturing rare, intermittent events, Time Interval — Record Length 


‘Sample Rate 
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Modern oscilascopes allow you to select record length to 
optimize the level of detail needed for yaur application, 

I you are analyzing an extremely stable sinusoidal signal, 
you may need anly a 500 point record length, but if you are 
isolating the causes of timing anomalies in a complex digital 
ata stream, you may need a millon points or more for a 
given record length, as demonstrated in Figure 50. 


Triggering Capabilities 

‘An oscilloscope'’s trigger function synchronizes the horizontal 
‘sweep at the correct point of the signal, essential for clear 
signal characterization. Trigger controls allow you to stabilze 
repetitive waveforms and capture single-shot waveforms, 
Please refer to the Trigger section under Performance Terns 
‘and Considerations for more information regarding triggering 
capabilities. 


Effective Bits 

Effective bits represent a measure of a digital oscilsscope's 
billy to accurately reconstruct a sinewave signal's shape. 
‘This measurement compares the oscilloscope's actual 
error to that of a theoretical “ideal” digitizer, Because the 
actual errors include noise and distortion, the frequency 
‘and amplitude of the signal must be specified, 


Frequency Response 
Bandwidth alone is not enough to ensure that an ascilo- 
‘scope can accurately capture a high frequency signal. The 
goal of osciloscope design is a specific type of frequency 
response: Maximally Flat Envelope Delay (MFED). A. 
frequency response of tis type delivers excellent pulse 
fidelity with minimum overshoot and ringing. Since a digital 
csciloscope is composed of real amplifiers, attenuators, 
‘ADGs, interoonnests, and relays, MFED response is @ 
{goal that can only he approached. Pulse fidelity varies 
considerably with mode! and manufacturer 


Vertical Sensitivity 

Vertical sensitivity indioates how much the vertical amplifier 
ccan amplify a weak signal ~ usually measured in milivalts 
(nV) per division. The smallest voltage detected by a general- 
purpose oscilloscope is typically about 1 mV per vertical 
soreen division, 


XYZs of Oscilloscopes 


Figure 60. Capzuing he igh 
requres righ rsohonsamping (0 


‘Sweep Speed 

‘Sweep speed indicates how fast the trace can sweep across 
the oscilascape soreen, enabling you to see fine details. The 
sweep speed of an oscilloscope is represented by time 
(seconds) per division 


Gain Accuracy 

Gain accuracy indicates how accurately the vertical system 
attenuates or amplifies a signal, usually represented as a 
percentage error 


Horizontal Accuracy (Time Base) 

Horizontal, or time base, accuracy indicates how accurately 
the horizontal system displays the timing of a signal, usually 
represented as a percentage error 


Vertical Resolution (Analog-to-Digital 
Converter) 

Vertical resolution af the ADC, and therefore, the agit osci- 
loscope, indicates how precisely it can convert input voltages 
into digital values. Vertical resolution is measured in bits. 
Calculation techniques can improve the effective resolution, 
as exemplified with hi-res acquiston mode, 
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Figure 61. The MSO proucns 16 negated 


Timing Resolution (MSO) 


‘An important MSO acquisition specification is the timing reso- 
lution used for capturing digital signals. Acquiring a signal 
with better timing resolution provides a more accurate timing 
‘measurement of 
500 MS/s acquisition rate has 2 ns timing resolution and the 
‘Asmaller timing 
nal edge 
uncertainty to 60.6 ps and captures faster changing signals, 


nen the signal changes. For example, a 


acquired signal edge uncertainty is 2 ns, s- 


lution of 60.6 ps (16.5 GS/s) decreases the 


‘Some MSOs internally acquire digital signals with twa types 


of acquisitions at the 


ne time, The first acquisition is with 
standard timing resolution, and the second acquisition uses 
high speed resolution. The standard resolution is used over a 


longer record length while the high speed 
offers more resolution around a narrow point of interest, 2 


ing acquisition 


shown In Figure 51 
Connectivity 


The nead to analyze measurement results remains of 
utmost Importance. The need to document and share 
information and measurement results easily and frequently 


has also grown in importance. The connectivity of an oscillo- 
scope delivers advanced analysis capabilties and simplifies 
the documentation and sharing of results. As shown in Figure 
52, standard interfaces (GPIB, RS-232, USB, Ethermet) and 
iloscopes 


network communication modules enable some o: 


to deliver a vast array of functionality and control 
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Figure 52. Taya osctbscopes roid a wide ara of earmuneaton 


=e spacey celgned ta met ter and ye 
y's tghspeed dtl design 
Ivanced oscilloscopes also let you! 

= Create, edit and share dacuments on the oscilloscope — 


all while working with the instrument in your particular 
environment 


= Access network printing and fle sharing resources 


w Acc 


the Windows® desktop 


1umentation software 


= Fun thic-party analysis and di 
= Link to networks 
= Access the Internet 


= Send and receive e-mail 


Expandability 
‘An oscilloscope should be able to accommodate your needs 


as they change. Some oscilloscopes allow you to: 
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Figure 86. Aton 


= Add memory to channels to anal 


12 longer record lengths 
= Add application-specific 


urement capabilities 


and modu 


Vork with popu 


third-party analysis and productivity 


Window patible softw 


1 Add accessories, such as battery packs 


and rackmounts 


Jules and software may enable you ta 
form your asclloscope into a highly sp 
tool capat 


cialzed ar 


performing 


tions such as jitter 


timing ar 


sis, mcr 


ssor memory system veri 
tandards testing 


disk drive measurement 


ements, power measurements and mu 
8 highlight a few of these e 


amples 
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Ease-of-Use 


Oscilloscopes should be easy to learn and easy to use, 
helping you work at peak efficiency and productivity. Allowing 
you to focus on your design, rather than the measurement 
tools. Just as there is no one typical car driver, there is na 
‘one typical osciloscope usec Regardless of whether you 
prefer a traditional instrument interface, or that of a 
Windows® interface, iis important to have flexibility in your 
oscilloscape’s operation. 


Many oscilloscopes atfer a balance between performance 
and simplicity by providing the user with many ways to oper- 
ate the instrument. A front-panel layout, in Figure 59, pro- 
vides dedicated vertical, horizontal and trigger controls. An 
rich graphical user interface, as shown in Figure 60, 
helps you understand and intuitively use advanced capabil- 
ties. To 


loot 


-sensitive displays salve issues with cluttered 
benches and carts, while providing access to clear, on- 

screen buttons, as seen in Figure 61. Online help provides a 
convenient, built-in reference manual. Intuitive contrals allow 
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Figure 60. Use apical contol wes 


Fue 61. To 


even occasional asciloscope Users to feel as comfortable 
iloscope as they do driving a car, while giving 
full-time users easy access to the oscilloscope's most 
advanced features, In adcition, many oscillascapes are 
portable, such as the one shown in Figure 62, making the 
oscilloscope efficient in many different operating environ: 
ments — in the lab or in the field, 
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Figure 62. The portabty of many cxcloscopes makes th nt 
mary operating ewwormers 


Operating the Oscilloscope 


This section brietly describes how to set up and start 
using an oscilloscope — specifically, how to properly ground 
the asoiloscope and yourself, set the oscilloscope controls, 
calibrate the oscillascope, cannect the probes, and compen- 
sate the probes, 

Proper grounding is an important step when setting up to 
take measurements or work on a ciroult. Proper grounding of 
the osciloscope protects you from a hazardous shock and 
grounding yourself protects your circuits fram damage. 


Proper Grounding 

‘To ground the oscilloscope means to connect it to an electri- 
cally neutral reference point, such as earth ground. Ground: 
your oscilloscope by plugging its three-pronged power cord 
into an outlet grounded to earth ground, 

Grounding the oscilloscope is necessary for safety. I high 
voltage contacts the case of an ungrounded oscilloscope — 
any part of the case, including knobs that appear insulated — 
it can give you a shock. However, with a properly grounded 
oscilloscope, the current travels through the grounding path 
to earth ground rather than through you to earth ground, 


Grounding is also necessary for taking accurate measure- 


XYZs of Oscilloscopes 


Figure 63, Tcl wrt. grounding sa, 


ments with your oscilloscope. The oscilascope needs to 
share the same ground as any circuits you are testing, 

Some oscilloscopes do not requite separate connection to 
earth ground. These oscilloscopes have insulated cases and 
controls, which keeps any possible shook hazard away from 
the user. 

It you are working with integrated circuits (Cs), you also need 
to ground yourself. Integrated circuits have tiny conduction 
paths that can be damaged by static electricity that builds up 
fon your body. You can ruin an expensive IC simply by walking 
across a carpet or taking off a sweater and then touching the 
leads of the IC. To solve this problem, wear a grounding 
strap, as shows in Figure 63. This strap safely sends static 
charges on your body to earth ground, 


Setting the Controls 

After plugging in the oscilloscope, take a look at the front 
panel. As described previously, the front panel is typically 
divided into three main sections labeled vertical, horizontal, 
and trigger. Your osciloscope may have other sections, 
depending an the model and type. 

Notice the input connectors on your asciloscope — this is 
where you attach the probes. Most oscilloscopes have at 
least two input channels and each channel can display 
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Waveform on the screen, Multiple channels are useful for 

comparing waveforms. As mentioned earlier, MSOs also have 

digital inputs as wel, 

‘Some oscilloscopes have AUTOSET and/or DEFAULT 

buttons that can set up the controts in one step to accom- 

modate a signal. I your osciloscope does not have this 

capability, itis helpful to set the controls to standard positions 

before taking measurements, 

General instructions to manually set up the oscilloscope in 

standard positions are as follows: 

1 Set the osciloscope to display channel 1 

1 Set the vertical vots/lvision scale and position controls to 
mid-range positions, 

= Tum off the variable votts/division 

= Tum off all magnification settings 

t= Set the channel 1 input coupling to DG 

1 Set the trigger mode to auto 

1 Set the trigger source to channel 1 

wx Tum trigger holdotf to minimum or off 

as Set the horizontal time/division and position controts to 
mid-range positions 

w= Adjust channel 1 volts/division such that the signal 
‘occupies as much of the 10 vertical divisions as possible 
without clipping or signal distortion 


Calibrating the Instrument 

In addition to proper oscilloscope setup, period instrument 
self-calibration s recommended for accurate measurements. 
Calibration is needed if the ambient temperature has changed 
‘more than 5°C (@°F) since the last se-calibration or once 

2 week. In the osciloscope menu this can sometimes be 
initiated as “Signal Path Compensation”, Refer to the manual 
that accompanied your osciloscope for more detaled 
instructions. 
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Connecting the Probes 

Now you are ready to connect a probe to your oscillascope. 
A probe, if well-matched to the oscilloscope, will enable you 
to access all of the power and performance in the oscillo- 
scope and will ensure the integrity of the signal you are 
measuring, 

Measuring a signal requires two connections: the probe tip 
connection and the ground connection. Probes often come 
with a clip attachment for grounding the probe to the circuit 
Under test. In practice, you attach the grounding alip ta @ 
known ground in the circuit, such as the metal chassis of a 
product you are repairing, and touch the prabe tip to a test 
point in the circuit 


Compensating the Probes 

Passive attenuation voltage probes must be compensated to 

the osciloscope. Before using a passive probe, you need to 

compensate it~ to balance its electrical properties to a par- 

ticular oscilascope. 

‘You should get into the habit of compensating the probe 

every time you set up your oscilascope. A poorly adjusted 

probe can make your measurements less accurate. Figure 64 

iustrates the effects on a 1 MHz test signal when using a 

probe that is nat propery compensated. 

Most osciloscopes have a square wave reference signal 

available at a terminal on the front panel used to compensate 

the probe. General instructions to compensate the probe are 

as flows: 

1 Attach the probe to a vertical channel 

1 Connect the probe tip tothe probe compensation, ie. 
square wave reference signal 

1 Attach the ground clip ofthe probe to ground 

1 View the square wave reference signal 

1 Make the proper adjustments on the probe so thatthe 
comers of the square wave are square 


iat Can Go Wrong light sourc 
Cannot Dim 

Neither the older style of “conventional” ballast 
nora modem electronic ballast will respond ap- 
propriately to a dimmer of the type designed for 
incandescent bulbs. This may be an important 
factor when an incandescent bulb is swapped 
out for a CFL. 


Burned Out Electrodes 

Like the tungsten filament in an incandescent 
Jamp, the tungsten electrodes in a fluorescent 
tube suffer progressive erosion, This is evident 


Indicator, or display > single source > fluorescent lig 


when a black tungsten deposit forms on the i 
side of the tube at one or both ends. 


Ultraviolet Hazard 

Some critics of CFLs maintain that the complex 
shape of a coiled or zig-zag tube tends to permit 
small imperfections in the internal phosphor 
coating, potentially allowing ultraviolet light to 
escape. Ifthis occurs, andifa CFLis used ina desk 
fixture in close proximity to the user, ultraviolet 
light could elevate the risk of skin cancer. 
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Oscilloscope Measurement Techniques 
‘This section reviews basic measurement techniques. The two 
‘most basic measurements you can make are valiage and 
time measurements, Just about every other measurement is 
based on one of these two fundamental techniques. 


This section discusses methods for taking 
measurements visually with the oscilloscope 
screen. This is a common technique with 
analog instruments, and also may be useful 
for “at-a-glance” interpretation of digital oscillo~ 
scope displays. 


Note that most digital oscilloscopes include automated 
‘measurement tools that simplify and accelerate common 
analysis tasks, thus improving the rellabilty and confidence of 
your measurements. However, knowing how to make meas- 
urements manually as described here will help you under- 
sland and check the automatic measurements. 


Voltage Measurements 


Voltage is the amount of electric potential, expressed in volts, 
between two points in a circuit. Usually one of these points 
is ground (zero volts), but not always. Voltages can also be 
‘measured ftom peak-to-peak from the maximum point of a 
signal to its minimum point, You must be careful to specify 
Which vottage you mean. 

The oscilloscope is primarily voltage-measuring device. 
Once you have measured the voltage, other quantities are 
lust a calculation away. For example, Ohm's law states that 
voltage between two points in a circuit equals the current 
times the resistance. From any two of these quantities you 
can calculate the third using the following formula: 


Voltage = Current 2 Resistance 
Voltage 
Current = i 
Resistance 
Voltage 
Resistance = a 
Current 
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Figure 66. Measure vtlage on th crt eral gatcule ne. 


‘Another handy formula is the power law, which states that 
the power of a DC signal equals the voltage times the cur- 
rent, Calculations are more complicated for AC signals, but 
the point here is that measuring the voltage Is the frst step 
toward calculating other quantities. Figure 65 shows the volt- 
age of one peak (V,) and the peak-to-peak voltage (V,). 

‘The most basic method of taking voltage measurements is 

to count the number of divisions a waveform spans on the 
osciloscope's vertical scale. Adjusting the signal to cover 
most of the display vertically makes for the best voltage 
measurements, as shown in Figure 68. The more display area 
you use, the more accurately you can read the measurement. 


Many oscilloscopes have cursors that let you make waveform 
measurements automatically, without having to cunt gratic- 
lle marks. A cursor is simply a line that you can move across 
the display. Two horizontal cursor lines can be moved up and 
down to bracket a waveform’s amplitude for voltage meas- 
lrements, and two vertical ines move right and left for time 
measurements. A readout shows the voltage or time at their 
positions, 
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Time and Frequency Measurements 


‘You can make time measurements using the horizantal scale 
Of the oscilloscope. Time measurements include measuring 
the period and pulse width of pulses. Frequency is the recip- 
rocal of the period, so once you know the period, the fre- 
quency is one divided by the period. Like voltage measure- 
‘ments, time measurements are more accurate when you 
agjust the portion of the signal to be measured to cover a 
large area of the display, as illustrated in Figure 67. 


Pulse Width and Rise Time Measurements 

ln. many applications, the details of a pulse's shape are 
important. Pulses can become distorted and cause a digital 
circuit to malfunction, and the timing of pulses in a pulse train 
is often significant. 
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Standard pulse measurements are pulse rise time and pulse 
Width, Rise time is the amount of time a pulse takes to go 
from a low to high voltage. By convention, the rise time is 
measured from 10% to 90% of the full valtage of the pulse. 
This eliminates any imegularties at the pulse's transition 
corners. Pulse width is the arnount of time the pulse takes to 
go from low to high and back to law again. By convention, 
the pulse width is measured at 50% of full valtage. Figure 68 
ilustrates these measurement points. 

Pulse measurements often require fine-tuning the triggering, 
To become an expert at capturing pulses, you should 

eam how to use trigger holdoff and how to set the digital 
oscilloscope to capture pretrigger data, as desoribed in the 
‘Systems and Controls of an Oscilloscope section. Horizontal 
magnification js another useful feature for measuring pulses, 
since it allows you to see fine details of a fast pulse, 
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Phase Shift Measurements 


(One method for measuring phase shift ~ the difference in 
timing between two otherwise identical periodic signals — 

Is to use XY mode. This measurement technique involves 
inputting one signal into the vertical system as usual and 
then another signal into the horizontal system — called an XY 
measurement because both the X and Y axis are tracing 
voltages. The waveform that resuits from this arrangement is 
called a Lissajous pattern (named for French physicist Jules 
Antoine Lissajous and pronounced LEE-sa-zhoo). Fram 

the shape of the Lissajous pattern, you oan tell the phase 
difference between the two signals. You can also tell their 
frequency ratio. Figure 69 shows Lissajous pattems for 
various frequency ratios and phase shits, 

The XY measurement technique originated with analog 
oscilloscopes. DSOs may have difficulty creating real-time XY 
displays. Some DSOs create an XY image by accumulating 
triggered data points over time, then displaying two channels 
as an XY display. 
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DPOs, on the other hand, are able to acquire and display a 
genuine XY mode image in real-time, using 4 continuous 
stream of digitized data. DPOs can also display an XYZ 
image with intensified areas. Unikke XY displays on DSOs and 
DPOs, these displays on analag osciloscopes are typically 
limited to a few megahertz of bandwidth. 


Other Measurement Techniques 
‘This section has covered basic measurement techniques 
Other measurement techniques involve setting up the oscilo- 
scope to test electrical components on an assembly line, 
capturing elusive transient signals, and many others. The 
measurement techniques you will use will depend on your 
application, but you have learned enough to get started 
Practice using your osciloscope and read more about it 
Soon its operation will be second nature to you. 
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Written Exercises Part | covers information presented in 


these sections: 
Tis section contains written exercises that cover information 


inthis primec. These are divided into two pars, Part | and = The Osciloscope 
Part, with vocabulary and application exercises for each. Performance Terms and Considerations 


Check how well you have absorbed the information in 
these sections by verifying your responses against the 


answer kay at the end of this section on page 54. Part Il covers information presented in 
sections: 


The Systems and Controls of an Oscilloscope 
= Operating the Oscilascope 


1 Measurement Techniques 


Part | A: Vocabulary Exercise 
Write the letter of the definitions in the right column next to the correct words in the left column. 
Term Definition. 

4. __. Acquistion A. The unt of electric potential ference. 

2. __ Analog B A performance measurement indicating the precision of an ADC, measured in bits. 

3, __ Bandwidth Term used when referring to degree points ofa signal's period. 

4, __. Digital Phosphor The number of times a signal repeats in ane second. 

5, __ Frequency E The amount of time it takes a wave to complete one cycle 

6. __ Giteh F A.tored digital value that represents the voltage of a signal at a specific 
point in time on the dtspley. 

7. __ Period G Accommon waveform shape that has a rsing edge, a width, and afaling edge. 

8. __ Phase HA performance measurement indicating the rising edge speed of a pulse. 

9, __ Pulse | Osciloscope circuitry that controls the timing of the sween. 

10. Waveform Point J An intermittent spike in a crcut 

11. Fise Time KA signal measured by an oscilloscope that only occurs once. 

42.__ Sample Point __L_The asciloscope's process of collecting sample points from the ADC, 
processing them, and storing them in memory 

13. Digital Storage -M_ Something that operates with continuously changing values. 

14, __ Time Base NN Digital oscilloscope that captures 3 dimensions of signal information in realtime. 

18. __ Transient © Digital oscilloscope with serial processing 

16. __ ADC Resolution P Asine wave frequency range, defined by the ~3 dB point 

47. __ Volt Q The raw data from an ADC used to calculate and display waveform points 
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Part | B: Application Exercise 


Circle the best answers for each statement. Some statements have more than one right answer. 


1.With an oscilloscope you can: 
. Calculate the frequency of a signal 
Find matfunctioning electrical components, 
©. Analyze signal detais 
d. All the above. 
2. The difference between analog and digitizing 
oscilloscopes 
1. Analog osciloscopes do not have on-sereen menus. 


bb, Analog osciloscopes apply a measurement voltage 
directly to the display system, while digital asciloscopes 
first convert the voltage into digital values. 


cc. Analog oscilloscopes measure analogs, whereas 
digitizing osclloscopes measure digits. 


4d. Analog oscilloscopes do not have an acquisition 
system, 

3. An oscilloscope’s vertical section does the 
following: 
8 Acquires sample points with an ADC, 
b. Starts a horizontal sweep 
©. Lets you adjust the brightness of the clsplay 
d. Attenuates or amplifies the input signal 

4, The time base control of the oscilloscope 
does the following: 
a. Adjusts the vertical scale 
bb. Shows you the current time of day. 


c. Sets the amount af time represented by the 
horizontal width of the soreen, 


d. Sends a clock pulse to the probe. 
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5. On an oscilloscope display: 


1, Voltage is on the vertical axis and time is on the 
horizontal axis. 


b. A straight diagonal trace means voltage is changing 
ata steady rate. 


c, A fat horizontal trace means voltage Is constant. 
d. All the above, 


6. All repeating waves have the following properties: 
a, A frequency measured in Hertz. 
b. A period measured in seconds. 
c. A bandwidth measured in Hertz, 
. All the above 
7. If you probe inside a computer with an 


oscilloscope, you are likely to find the 
following types of signals: 


a, Pulse trains. 


b. Ramp waves. 
c, Sine Waves. 
d. All the above, 


8. When evaluating the performance of an analog 


oscilloscope, some things you might consider are: 


a, The bandwidth. 
b. The vertical sensitivity, 

. The ADG resolution, 
d. The sweep speed. 

9. The difference between digital storage 
oscilloscopes (DSO) and digital phosphor 
oscilloscopes (DPO) is: 

1, The DSO has a higher bandwith, 


b. The DPO captures three dimensions of 
waveform information in real-time, 


c, The DSO has a color alspiay. 


d. The DSO captures more signal details, 
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Part Il A: Vocabulary Exercise 


Write the letter of the defini 


Term 
Averaging Mode 


Cirouit Loading 


Compensation 


Coupling 


Earth Ground 


Equivalent-Time 
Graticule 
Interpolation 
Real Time 


Signal Generator 
Single Sweep 
Sensor 


ns in the right column next to the correct words in the left column. 


Definition 


x 


The unintentional interaction of the probe and oscilloscope with the circuit being tested 
which distorts a signal 


‘A conductor that connects electrical currents to the Earth. 


‘A sampling made in which the digital osciloscope collects as many samples as it can 
as the signal accurs, then constructs a display, using interpolation if necessary. 


‘A sampling mode in which the digital osciloscope constructs a picture of a repetitive 
signal by capturing a lle bit of information from each repetition. 


‘A deviee that converts a specific physical quantity such as sound, pressure, strain, or 
light intensity into an electrical signal. 


‘A test device for injecting a signal into a circuit input. 
A processing technique used by digital oscilloscopes to eliminate noise in a displayed signal. 
‘The method of connecting two circuits together. 


‘A“connect-the-clots" processing technique to estimate what a fast waveform looks ike 
based on only a few sampled points. 


The grid lines on a screen for measuring oscilloscope traces. 
A trigger mode that triggers the sweep once, must be reset to accept another trigger event, 


‘A probe adjustment for 10X attenuator probes that balances the electrical properties of 
the probe with the electrical properties of the oscilloscope, 


vnvctektonix.convoscilocopes 51 


+ 


(03W-8605-! 


qx 


& 


12/10/09 


‘10:24 AM Page 52 © 
Primer 


Part Il B: Application Exercise 


Circle the best answers for each statement. Some statements have more than one right answer. 


1. 


To operate an oscilloscope safely, you should: 


1, Ground the oscilloscope with the proper three-pronged 
power cord, 


b. Lear to recognize potentially dangerous electrical 
‘components, 


©. Avoid touching expased connections in a circuit being 
tested even if the power is off, 


d. Allthe above, 
Grounding an oscilloscope is necessary: 

a, For safety reasons, 

b. To provide a reference point for making measurements. 
, To align the trace with the screen's horizontal axis, 

d. All the above, 


. Circuit loading is caused by: 


1 An input signal having too large a voltage. 


bb. The probe and osciloscope interacting with the 
circuit being tested, 


©. A 10X attenuator probe being uncompensated. 
d. Putting too much weight on a circuit. 
Compensating a probe is necessary to: 


8, Balance the electrical properties af the 10X attenuator 
probe with the oscilloscope, 


. Prevent damaging the circult being tested, 
©. Improve the accuracy of your measurements. 
d. Allthe above, 


The trace rotation control is useful for: 
1, Scaling waveforms on the screen, 
b, Detecting sine wave signals. 


c, Aligning the waveform trace with the screen's horizontal 
axis on an analog oscilloscope. 


dd. Measuring pulse width. 
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6. The volts per 


3. The trigger 


ision control is used to: 


a. Scale a waveform vertically. 
b, Position a waveform vertically 
cc. Atlenuate or amplify an input signal 


d. Set the numbers of volts each division represents, 


. Setting the vertical input coupling to ground 


does the foll 


a, Disconnects the input signal from the asciloscope. 
b, Causes a horizontal line to appear with auto trigger. 
¢. Lets you see where zera volts is on the screen, 

4d, Al the above 


necessary to: 
a. Stabilize repeating waveforms on the screen, 
, Capture single-shot waveforms, 


cc. Mark a partiouler point of an acquisition, 


d. All the above. 


1 In normal made the oscilloscope only sweeps once 
and then stops. 

In normal made the oscilloscope only sweeps if the 
input signal reaches the trigger point; otherwise the 
screen is blank. 

cc. Auto mode makes the oscilloscope sweep continuously 
even withaut being triggered, 

d. All the above. 


10. The acquisition mode that best reduces noise 


in a repeating signal 
a, Sample mode. 

bb, Peak detect mode. 

. Envelope mode, 

4, Averaging mode. 
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11. The two most basic measurements you can make 
with an oscilloscope are: 


a, Time and frequency measurements, 
b. Time and voltage measurements, 
©. Voltage and pulse width measurements. 
d. Pulse width and phase shift measurements, 
12. If the volts/division is set at 0.6, the largest 


signal that can fit on the screen (assuming 
an 8 x 10 division screen) is: 


a, 62.5 millivolts peak-to-peak. 
b. 8 volts peak-to-peak. 
©. 4 volts peak-to-peak. 
d. 0.5 volts peak-to-peak 

13. If the seconds/division is set at 0.1 ms, 


the amount of time represented by the width 
of the soreen is: 


a. 0.1 ms. 
b.1 ms, 


. 1 second, 


6 
4.0 ie 
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14. By convention, pulse width is measured: 
. At 109% of the pulse's peak-to-peak (pk-pk] voltage. 
bb. At 50% of the pulse's peak-to-peak (pk-pk] voltage. 
6. At 90% of the pulse’ peak-to-peak (pk-pk) voltage. 
d. At 10% and 903% of the pulse's peak-to-peak (pk-pk) 

voltage. 
16. You attach a probe to your test circuit but the 
screen is blank. You should: 

‘8, Check that the screen intensity is turned up. 


b. Check that the oscilloscope is set to cisplay the 
channel that the probe Is connected to, 


©. Set the trigger mode to auto since norm marie blanks 
the soreen, 


d. Set the vertical input coupling to AG and set the 
volts/aivision to its largest value since a large DC 
signal may go off the top or bottom of the screen. 


. Check that the probe isn’t shorted and make sure 
itis property grounded, 


4. Check that the oscillascope is set to trigger on the 
Input channal you are using, 


4g. All of the above. 
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& Answer Key 


This section provides the answers to all written exercises in the previous section, 


Part IA: Vocabulary Exercise Answers 


a 5D a6 73.0 
2M ed 10.F 14.1 
aP E TH 15.K 
aN a6 20 168 

1A 


Part IB: Application Exercise Answers 


1D 3D 6.0 7A 
2.80 4.6 BAB 8. ABD 
a8 


Part IIA: Vocabulary Exercise Answers 


1G aH 7 10.F 
2A 5B al 1K sa 
aL aD ac 2 


Part IIB: Application Exercise Answers 


7) 5.6 aBC 73.8 
2AB_6ACD 70.0 14.8 
a6 7.0 a) 16.6 
AG 8D 12,6 


SA wuntektronixconvesciloscopes 


a aa 


itor, or display > single source > laser 


laser 


The term maser was coined in the 1950s to describe a device that used stimulated emis- 
sion toamplify microwaves. When a device using similar principles amplified visible light 
iin 1960, it was termed an optical maser. However, that term is now obsolete, having been 
replaced with laser. This term is always printed in lowercase letters, even though itis an 
acronym for Light Amplification by Stimulated Emission of Radiation. 


The invented verb to lase is derived from laser and is used to describe the process of 
‘generating laser light, with the past participle lased and present participle lasing some- 
times being used. 


Thousands of laser variants exist. Because of space limitations, this entry will concentrate 
primarily on laser diodes, which are the smallest, most common, and most affordable 


type. 
OTHER RELATED COMPONENTS 


+ LED indieator (soe Chsater 22) 


What It Does 


A laser generally emits a thin beam of intense 
light, often in the visible spectrum, and usually 
in such a narrow range of wavelengths, it can be 
considered monochromatic. The light is also co- 
herent, as explained below. 


Light output froma laser has three importantat- 
tributes: 


+ Intensity. A high-powered laser can deliver 
energy to a very small, well-defined area, 
where it may be capable of burning, cutting, 
welding, or drilling. Large lasers may also be 
used as weapons, or for power transmission. 

+ Collimation. This term describes a beam of 
light that has parallel boundaries, and there- 
fore does not disperse significantly when 
passing through a transparent medium such 
a air, glass, or a vacuum. A laser beam can 
have such excellent collimation, it can be 


used in precision measuring devices, and has 
been transmitted over very long distances, 
even from the Earth to the Moon, where as- 
tronauts placed reflectors during the Apollo 
missions, 

+ Controllability. Because the beam can be 
generated with eletrical power, its intensity 
can be modulated rapidly with relatively 
simple electronic circuits, enabling applica- 
tions such as burning microscopic pits in the 
plastic of a CD-ROM or DVD. 


Laser diodes are now more common than alll oth- 
er forms of lasers. They are found in pointers, 
printers, barcode readers, scanners, computer 
mice, fiber-optic communications, surveying 
tools, weapon sights, and directional lighting 
sources. They are also used as a light source to 
trigger more powerful lasers. 


No generic symbol is used for a laser, but a laser 
diode is often represented with the same symbol 


197 


(03W-8605-! 


-qxd 12/10/09 10:24 AM Page 55 


© 


Glossary 
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‘Acquisition Mode ~ Modes that control how waveform 
points are produced from sample points. Some types include 
sample, peak detect, hi es, envelope, average, and wave- 
form data base. 

‘Alternating Current (AC) ~ A signal in which the current and 
voltage vary in a repeating pattern over time. Also used to 
indicate signal coupling type. 

‘Amplification ~ An increase in signal amplitude during its 
transmission from one point to another 

‘Amplitude ~ The magnitude of a quantity or strength of a 
signal. n electronics, amplitude usually refers to either voltage 
or power 

‘Analog-to-Digital Converter (ADC) - A digital electronic 
component that converts an electrical signal into discrete 
binary values. 

‘Analog Oscilloscope ~ An instrument that creates a wave- 
form display by applying the input signal (concltioned anc 
amplified) to the vertical axis of an electron beam moving 
across @ cathode-ray tube (CRT) soreen horizontally from left 
to right. A chemical phosphor coated on the CRT creates a 
glowing trace wherever the beam hits 

‘Analog Signal ~ A signal with continuously variable voltages. 


Attenuation ~ A decrease in signal amplitude during its 
transmission from one point to another. 


Averaging ~ A processing technique used by digital ascilo- 
scopes to reduce noise in a displayed signal 


B 


Bandwidth A frequency range, usually imited by ~3 dB. 


Cc 


Gircuit Loading ~ The unintentional interaction of the probe 
and oscilloscope with the circuit being tested, distorting the 
signal 

Compensation — A probe adjustment for passive attenuation 
probes that balances the capacitance of the probe with the 
capacitance of the osciloscope. 

Coupling - The method of connecting two circuits together 
Girouits connected with a wire are directly coupled (DC); 
circuits connected through a capactor or transformer are 
indirectly (AC) coupled. 


Cursor ~ An on-screen marker that you can align with 
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\wavetorm to make more accurate measurements. 


D 


Delayed Time Base ~ A time base with a sweep that can 
start (or be triggered to stat) relative to a pre-determined 
time on the main time base sweep. Alows you to see events 
more clearly and to see events that are not visible solely with 
the main time base sweep, 


Digital Signal - A signal whose voltage samples are 
represented by disorete binary numbers. 


Digital Oscilloscope ~ A type of oscilloscope that uses an 
analog-to-cigital converter (ADO) to convert the measured 
voltage into digital information. Types include: digital storage, 
digital phosphor, mixed signal, and digital sampiing oscilo- 
soopes. 


Digital Phosphor Oscilloscope (DPO) - A type of digital 
oscilloscape that closely models the display characteristics 
of an analog osclloscope while providing traditional digital 
coscilloscape benefits (waveform storage, automated 
measurements, etc.) The DPO uses a parallel-processing 
architecture to pass the signal to the raster-type display, 
Which provides intensity-graded viewing of signal 
characteristics in real time. The DPO displays signals in 
three dimensions: amplitude, time and the distribution of 
amplitude over time, 


Digital Sampling Oscilloscope - A type of cigltal 
osciloscope that employs equivalent-time sampling method 
to capture and display samples of a signal, ideal for 
accurately capturing signals whase frequency components 
are much higher than the osciloscope's sample rate, 

Digital Signal Processing - The application of algorithms to 
improve the accuracy of measured signats. 

Digital Storage Oscilloscope (DSO) ~ A digital oscilloscope 
that acquires signals via digital sampling (using an analog-to- 
digital converter). It uses a serial-processing architecture to 
control acquisition, user interface, and the raster display. 
Digitize - The process by which an analog-to-dligital 
converter (ADG) in the horizontal system samples a signal 

at diserete points in time and converts the signals voltage 

at these points into clgital values caled sample points 

Direct Current (DC) ~ A signal with a constant voltage 
and/or current, Also used to indicate signal coupling type. 
Division ~ Measurement markings on the oscilloscope gratic- 
Ule indicating major and rninor marks 
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Earth Ground ~ A conductor that will connect electrical 
currents to the Earth, 


Effective Bits ~ A measure of a digital osciloscope's ability 
to accurately reconstruct a sine wave signal's shape. This 
measurement compares the osciloscope’s actual error to 
that of @ theoretical “ideal” digitizer 


Envelope - The outline of a signal's highest and lowest 
points acquired over many displayed waveform repatitions, 
Equivalent-time Sampling - A sampling mode in which the 
oscilloscope constructs a picture of a repetitive signal by 
capturing a litle bit of information fram each repetition, Twa 
types of equivalent-time sampling: random and sequential 


F 


Focus ~ The analog oscilloscope cantrol that adjusts the 
ccathode-ray tube (CRT) electron beam to cantral the sharp- 
ness of the display, 

Frequency ~The number of times a signal repeats in one 
second, measured in Hertz (cycles per second). The frequen- 
cy equals 1/period, 

Frequency Response ~ Frequency response curves of an 
oscilloscope define the accuracy in amplitude representation 
Of the Input signal in function of the signals frequency. In 
order to obtain maximum signal fidelity itis important that 
the ascilascope has a flat (stable) frequency response across 
the entire specified oscilloscopes bandwiath. 


G 


Gain Accuracy ~ An indication of haw accurately the vertical 
system attenuates or amplifies a signal, usually represented 
as a peroentage error, 


Gigahertz (GHz) ~ 1,000,000,000 Hertz; a unit of frequency, 
Glitch — An intermittent, high-speed error in a circuit. 


Graticule ~ The grid ines an a display for measuring ascilo- 
scope traces, 


Ground ~ 


1. Aconducting connection by which an electric circuit 
‘oF equipment is connected to the earth to establish 
and maintain a reference voltage level 


2. The voltage reference point in a circuit. 
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Hertz (Hz) - One cycle per seconds the unit of frequency. 
Horizontal Accuracy (Time Base) ~ An indication of how 
accurately the horizontal system displays the timing of a 
signal, usually represented as a percentage error. 


Horizontal Sweep — The action of the horizontal system that 
causes a waveform to be drawn, 


Intensity Grading ~ Frequency-of-occurrence information 
that fs essential to understanding what the waveform is really 
doing. 

Interpolation — A “connect-the-clots" processing technique 
to estimate what a fast waveform looks like based on only a 
few sampled points. Two types: linear and sin x/x. 


K 


Kilohertz (kHz) ~ 1,000 Hertz; a unit of requency. 


L 


Loading ~ The unintentional interaction of the probe and 
cscillascope with the circuit being tested which clstorts 

a signal. 

Logic Analyzer ~ An instrument used to make the logic 
states of many cigital signals visible aver time. It analyzes the 
igital data and can represent the data as real-time software 
‘execution, data flow values, state sequences, ete. 


M 


Megahertz (MHz) ~ 1,000,000 Hertz; a unit of frequency. 


Megasamples per second (MS/s) ~ A sample rate unit 
‘equal to ane milion samples per second. 


Microsecond (jis) - A unit of time equivalent to 0.000001 
seconds. 


Millisecond (ms) ~ A unit of time equivalent to 0.001 
seconds, 


Mixed Signal Oscillascope (MSO) ~ A type of digital ascilo- 
‘scope that combines the basic functionality of a 16-channel 
logic analyzer with the trusted performance of a 4-channel 
gia! phosphor oscitoscope. 
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Nanosecond (ns) ~ A unit of time equivalent to 0,000000001 
seconds, 


Noise — An unwanted voltage or current in an electrical 
circu. 


ie) 


Oscilloscope — An instrument used to make voltage 
changes visible aver time. The word oscilloscope comes from 
“oscillate,” since oscilloscopes are often used to measure 
oscillating voltages. 


Pp 


Peak (V,) ~ The maximum voltage level measured from a. 
zero reference point. 


Peak Detection — An acquistion mode available with digital 
oscilloscopes that enables youl to observe signal details 
that may otherwise be missed, particularly useful for seeing 
narrow puises spaced far apart in time 


Peak-to-peak (V,,,) ~ The voltage measured from the 
‘maximum point of a signal to its minimum point 


Period - The amount of time it takes a wave to complete 
‘one cycle. The period equals 1/requency. 


Phase — The amount of time that passes from the beginning 
of a cycle to the beginning of the next cycle, measured in 
agrees, 

Phase Shift ~ The difference in timing between two other- 
wise similar signals. 


Pre-trigger Viewing ~ The ability of a digital oscilascope to 
capture what a signal did before a trigger event. Determines 
the length of viewable signal both preceding and following a 
trigger point, 


Probe - An oscilloscope input device, usually having a 
pointed metal tip for making electrical contact with a circuit 
element, @ lead to connect to the circuit's ground reference, 
and a flexible cable for transmitting the signal and ground to 
the oscilloscope. 


Pulse ~ A common waveform shape that has a fast rising 
edge, a width, and a fast falling edge. 
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XYZs of Oscilloscopes 


Pulse Train ~ A collection of pulses traveling together. 


Pulse Width - The amount of time the pulse takes to go 
from low to high and back to low again, conventionally 
measured at 50% af full voltage, 


R 


Ramps ~ Transitions between voltage levels of sine waves 
that change at a constant rate. 


Raster ~ A type of display. 


Real-time Sampling ~ A sampling mode in which the 
esciloscope collects as many samples as possible from 
cone triggered acquisition. Ideal for signals whase frequency 
range is less than half the osciloscope's maximum sample 
rate, 


Record Length ~ The number of waveform points used to 
create a record of a signal 


Rise Time — The time taken for the leading edge of a pulse 
to rise fram its low to its high values, typically measured fram 
10% to 90%. 


Ss 


Sampling — The conversion of a portion of an input signal 
into a number of discrete electrical values for the purpose at 
storage, processing and/or display by an oscilascope, Two 
types: real-time sampling and equivalent-lime sampling. 


‘Sample Point - The raw data from an ADC used to calculate 
waveform points, 


Sample Rate — Refers to how frequently a digital oscilo- 
scope takes a sample of the signal, specified in samples per 
second (S/5) 


Sensor— A device that converts a spectic physical quantity 
such as sound, pressure, strain, or ight intensity info an elec- 
tical signal 


Signal Integrity ~ The accurate reconstruction af 4 signal, 
determined by the systems and performance considerations 
of an oscilloscope, in addition to the probe used to acquire 
the signal 


Signal Source ~ A test device used to inject a signal into 
a circuit input; the circuit's output is then read by an ascilo~ 
scope. Also known as a signal generator. 
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‘Sine Wave - A common curved wave shape that is 
mathematically defined. 

Single Shot ~ A signal measured by an oscilloscope that 

nly accurs once (also called a transient event 

Single Sweep — A trigger mode to display one triggered 
screen of a signal and then stop. 

Slope ~ On a graph or an oscilloscope display, the ratio of a 
vertical cistance to a horizontal distance. A positive slope 
increases from left to right, while a negative slope decreases 
{rom left to right. 

‘Square Wave ~ A common wave shape consisting of 
repeating square pulses, 

‘Sweep ~ One horizontal pass of an anlog oscilloscope's elec- 
tron beam from left to right acrass the CRT screen. 


‘Sweep Speed ~ Same as the time base, 


rt 


Time Base — Oscilloscope circuitry that controls the timing 
of the sweep, The time base is set by the seoonds/dlvision 
control 


Trace - The visible shapes drawn on a CAT by the move- 
‘ment of the electron beam, 


Transient ~ A signal measured by an oscilloscope that only 
occurs once (also called a single-shot event) 
Trigger — The circuit that references a horizontal sweep on 
an oscilloscope. 


Trigger Holdoff — A control that allows you to adiust 
the period of tine after a valid trigger during which the 
osciloscope cannot trigger 


Trigger Level - The voltage level that a trigger source signal 
‘must reach before the trigger circuit initiates a sweep, 


Trigger Mode — A made that determines whether ar not the 
oscilloscape draws a wavetorm if t does not detect a trigger. 
‘Common trigger modes include normal and auto. 


Trigger Slope - The slope that a trigger source signal must 
reach before the trigger circuit initiates a sweep, 
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Vertical Resolution (Analog-to-Digital Converter) — 
‘An indication of how precisely an analog-to-cigital converter 
(ADO) in a digital oscilloscope can convert input voltages 
into digital values, measured in bits. Calculation techniques, 
such as hires acquisition mode, can improve the effective 
resolution 


Vertical Sensitivity - An inclcation of how much the 
vertical amplifier can amply a weak signal ~ usually 
‘measured in milivolts (mV) per division, 


Volt - The unit of electric potential ditference. 


Voltage ~ The difference in electric potential, expressed in 
Volts, between two points. 


WwW 


‘Wave - The generic term for a pattern that repeats over 
time. Common types inolude: sine, square, rectangular, 
sawtooth, triangle, step, pulse, periodic, non-periadic, 
‘synchronous, asynchronous. 


‘Waveform — A graphic representation of a voltage varying, 
over time. 


Waveform Capture Rate ~ Refers to how quickly an 
oscilloscope acquires waveforms, expressed as waveforms 
per second! (wim). 

Waveform Point ~ A cigital value that represents the voltage 
of a signal at a specifi point in ime, Wavelom points are 
calculated trom sample points and stored in memory. 

Writing Speed ~ The abilly of an analog oscilloscope to 
provide a visible trace of the movement ofa signal from 

‘one point to another. This abit is restrictive for low-repetition 
signals that have fast-moving details, such as digital logia 
signals 

XY Mode ~ A measuremenbt technique that involves 
inputting ane signal into the vertical system, as usual, and 
one into the horizontal system to trace voltages on both the 
Xand ¥ axis 


Zz 


Z Axis ~ The display attribute on an oscilloscope that shows 
brightness variations as the trace is formed, 
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How It Works 


that is used for a light-emitting diode. See 
Figure 22-2 in the entry for LED indicators. 


How It Works 


Alaser is built around a gain medium, which is a 
material that can amplify ight. The medium can 
be a solid, liquid, gas, or plasma, depending on 
the type of laser. 


Initially, an input of energy provides stimulation 
for some atoms in the gain medium. This is 
known as pumping the laser. The energy input 
can come from a powerful external light source, 
or from an electric current. 


Stimulation of an atom raises the quantum en- 
ergy level of an electron associated with the 
atom, When the electron collapses back to its 
former energy state, it releases a photon. This is 
known as spontaneous emission. 


If one of the photons encounters an atom that 
has just been excited by the external energy 
source, the atom may release two photons. This 
isknownasstimulatedemission. Beyondathresh- 
old level, the number of released phatans can 
increase at an exponential rate 


Iftwo parallel reflectorsare mounted at opposite 
ends of the gain medium, they form a resonant 
cavity. Light bounces to and fro between the re- 
flectors, while pumping and stimulated emission 
amplifies the light during each pass. fone of the 
mirrors is partially transparent, some of the light 
will escape through itin the form ofalaser beam. 
The partially transparent mirror is known as the 
output coupler. 


Laser Diode 

A laser diode contains an LED. (See “How It 
Works” on page 207 foramoredetailed description 
ofthe function of an LED) The p-n junction of the 
diode functions as the resonant cavity of the la- 
ser, Forward bias injects charges into the junc- 
tion, causing spontaneous emission of photons. 
The photons, in turn, cause other electrons and 
electron-holes to combine, creating more pho- 


light source, indicator, ar display 


> singl 


tonsin the process of stimulated emission, When 
this process crosses a threshold level, current 
passing through the diode causes itto lase. 


The original patent for a laser diode was filed by 
Robert. Hall of General Electric in 1962, and the 
diagram in Figure 21-1 is derived from the draw- 
ing in that patent, with color added for clarity. 


Mayer 


Junction Polished 
region surface. 


Roughened 
surface 


Figure 214. The original design fora laser diode, from the 
patent fled in 1962, 


Inthe figure, thejunction shownasa yellow layer 
forms the resonant cavity in which lasing occurs. 
It measures only 0.1 microns thick (the diagram 
is not drawn to scale). Its vertical front side is 
highly polished, and is parallel to the back side, 
which is also highly polished. Thus, photons re- 
flect between these two vertical sides. The slan- 
ted face visible in the figure, and the other slan- 
ted face opposite it, are oriented and roughened 
to minimize internal reflection between them. 


Figure 21-2 shows a simplified cross-section of 
the laser diode. 
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Introduction 


{In everything from food preparation to climate 
‘control, from entertainment to work, electricity 
pplays a critical role in our lives. Knowing about 
your electrical system and how it works will 
allow you to make sensible, effective, and eco- 
nomical decisions for your home's functionality, 
‘convenience, and safety, 


This newly updated and revised edition of 
the top-selling The Complete Guide to Home 
Wiring is a comprehensive tour through the 
sometimes intimidating subject of electricity. 
With easy-to-understand definitions, step-by- 
step instructions, and clear color photos, you 
will recognize that most electrical work around 
your home, from basic repairs to advanced 
‘wiring projects, is work you yourself can easily 
accomplish 


Even it you choose to hire professionals to 
replace fitures or install new circuits, your 
increased understanding of what is required 

will help you work with these contractors and 
make the best use of your money. The Complete 
Guide to Home Wiring provides everything you 
Need to know to understand and successfully do 
electrical work around your home, 


‘The first section of the book covers basic electri- 
cal repairs, Each major component of your 
home's electrical system is clearly defined and 
thoroughly covered. Definitions for and ciscus- 
sions about all types of wires and cables, fuse 
boxes and breaker panels, switches and recep- 
tacles will help you identify and work with the 
existing materials and fixtures in your home, You 
will learn how to troubleshoot and fix virtually any 
switch, receptacle, lamp, ceiling fixture, or ther- 
mostal as problems arise. All the tools and 
‘materials necessary for performing the repairs 
are shown, as well as professional techniques 
for using them. You also see how mapping your 
home's electrical system makes it much simpler 
and safer to do work. There is also a review of 
the problems that an electrical inspector would 
point out and the instructions to fix them, 


The second section of the book presents com- 
plete wiring projects for your home. Whether you 
are remodeling and working in new construction 
(or making changes within the existing structure, 
these detailed projects can be easily adapted 
to your home's particular needs, There are 26 


Uup-to-code circuit maps designed to simplify 
wiring layouts. You will also learn each step to 
planning a major wiring project, from learning 
‘electrical code requirements to designing a lay- 
ut that best suits your needs. Whether your 
wiring project involves a kitchen, bathroom, 
basement, altic remodel, or room addition, all 
the information you need can be found. 


The third section of the book features a new 
area in the home electrical system: the homie 
network wiring system. Computer, video, and 
telecommunication needs in he home are 
rapidly expanding. This increased use of tech- 
nology creates a new demand for stronger and 
faster transference of data. A low-voltage struc- 
tured wiring system provides the pathway. After 
learning what a home network wining system is 
‘and how it will benef you, the discussions of 
Components will elp you put together a system 
tallored to your specific needs. 


This newly revised edition of The Complete 
Guide to Home Wiring will help you navigate 
through all of your home electrical projects, 
whether in repair or improvement, The thorough 
Instructions and helpful tips will make this book 
an invaluable resource for years to come. 


NOTICE TO READERS 


This book provides useful instructions, but we 
cannot anticipate al af your working canaitions oF 
the characteristics of your materials and tools, For 
safety, you should use caution, care, and good 
judgment when following the procedures described 
In this book. Caneicer your awn skal evel and the 
instructions and safety precautions associated with 
the various tools and materials shown. Neither the 
publisher nor Blaok & Decker” ean assume respon- 
sibility for any damage fo property or injury to per- 
sons as a result of misuse ofthe information 
provided. 


“The instructions in this book conform to “The Uni 
form Plumbing Code,” "The National Electrical 
Code Refererice Bock,” and “The Unifarm Building 
‘Code current atthe time of ts original publication, 
‘Consult your local Building Department far inorma: 
ian on bullding permits, codes, and ather laws as 
they apply to your project, 
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Understanding Electricity 


Anhousehold electrical system can be compared 
vith a home's plumbing system. Electrical current 
flows in wires in much the same way that water 
flows inside pipes. Both electricity and water 
tenter the home, are distributed throughout the 
house, do their “work, and ext, 

In plumbing, water tirt flows through the pres: 
surized water supply system. In electricity, cur 
rent fist flows along hot wires, Current flowing 
‘along hot wires also is pressurized. The pres: 

sure of electrical current is called voltage. 


Large supply pipes can carry a greaier volume of 
waler than small pipes, Likewise, large electrical 
wes carry more current than small wires, This 
urrent-cartying capacity of wites is called 
amperage. 
Water is made available for use through the 
faucets, spigots, and showertveads in a home 
Electricity is made available through receptacles, 
switches. and fixtures: 


Water finally leaves the home through a drain 
system, which is not pressunzed. Similarly, elec 
ical current flows back through neutral vires. 
The curent in neutral wires is not pressurized 
and is Said to be al zero voltage 


Glossary of Electrical Terms 


ampere (cr amp): Refers to he 
rate at which electrical power 
flows toa light, col, or appliance. 


armored cable: Two or more 
wires tat are grouped together 
{and protected by a flexible metal 
‘eavering, 


box: A device used to contain 
wring connections: 


‘BX: See armored cable. 


cable: Two or more wires that are 
‘grouped together and protected 
by a covering or sheath. 


‘elreuit: & continuous loop of elec- 
trical current flowing along wires 
cor cables. 


circuit breaker: A salely device 
‘mat interrupts an electrical circuit 
in the event of an overioad ar short 
circuit 


‘conductor: Any material that alows 
electrical current to flow through it, 
Copper wire is an especially good 
Conductor 


‘conduit: A metal or plastic tube 
Used to protect wires. 


continuity: An unintertupted elec 
trical pathway through a circuit or 
electrical fixture. 


‘current: The movement of elec- 
trons along a conductor. 


duplex receptacle: A receptacle 
thal provides connections for two 
plugs. 


feed wire: & conductor that carries 
4¥20-volt current uninterrupted 
from the service panel 


fuse: A salety device, usually 
found in older homes, that inter- 
rupts electrical circus during an 
‘overioad or short circut. 


Greenfield: Soe armored cable. 
‘grounded wire: See neutral wire. 


grounding wire: A wire used 
fan electrical cxeult to conduct 
Current to the earth in the event of 
‘a short circu. The grounding wire 
olen is a bare copper wie, 


‘hot wire: Any wir= that carries 
voltage. In an electrical circuit, the 
‘hot wire usually is covered with 
black or red insulation. 


Insulator: Any material, such as, 
plastic or rubber, that resists the 

flow of electrical current. Insulating 
materials protect wires and cables. 


junction box: See box. 


meter: A davice used to measure 
the amount of electrical power 
being used, 


‘neutral wire: A wire that returns 
‘current at zero vollage to the source 
of electrical power. Usually covered 
with white or tight gray insulation 
Also called the grounded wire. 


outlet: See receptac 


overload: A demand for more 
current than the circu wires or 
electrical device was designed to 
carry. Usually causes a fuse to 
blow ora circuit breaker to tip. 


pigtail: A shor wire used to con- 
ect two or more circuit wires to a 
single screw terminal 


polarized receptacle: A receoia 
Cle designed to keep hat current 
flowing along black or red wites, 

‘and neutral current flowing alang 
white or gray wires, 


power: The result of hot cutrent 
flowing for a peri of time, Use of 
power makes heat, mation, of ight 


receptacle: A device that provides 
pligHn access fo electrical pawer 


Romex: A brand name of pla 
sheathed electrical cable that 
-ommonly used for indoor wiring, 


‘screw terminal: A piace whore a 
wire connects to a receptacle, 
switch, or fete. 


service panel: A metal box usually 
near the site where electrical 
power enters the house. In the 
Service panel, electrical current is 
Spiitinto incividual circuits. The 
service panel has circuit breakers 
or fuses to protect each circu. 


short circuit: An accidental and 
improper contact between two 
current-carrying wires, or between 
a current-carrying wire and a 
‘grounding conductor 


‘switch: A device that controls 
electrical current passing through 
hot circut wires. Used to turn 
lights and appliances on and off 


UL: An abbreviation for Under. 
writers Laboratories, an organiza- 
tion that tests electrical devices 
‘and manufactured products for 
safety, 


voltage (or volts): A measurement 
of electricity in terms of pressure. 


wattage (or watt}: A measurement 
of electrical power in terms of total 
‘energy consumed, Warts can be 
calculated by multiplying the val 
‘age times the amps. 


wire connector: A device used 
to.connect two or more wis 
together Also called a wire nut 


Electricity & Safety 


Safety should be the primary concern of anyone 
working with electricity. Allhough most household 
electrical repairs are simple and straightforward, 
‘always use Caution and good judgment when 
‘working with electrical wiring oF devices, Common 
‘sense can pievent accidents 

‘The basic rule of electrical safety is: Always: 
turn off power to the area or device you are 
working on. At the main service panel, remove 
the fuse or shut off the circuit breaker that con- 
tuols the circuit you are servicing, Then check to 


= 


Shut off power to the proper ct- 
Cut at the fuse box or main ser- 
vice panel before beginning work 


Keep a flashlight near your main 
service panel. Check flashlight 
batteries regularly 


WM 

bats 
Make map o your housenala 
dleereacrcureipages 3010 23) 


torelp you turn tre proper citcuts 
(on and off for electrical repars, 


‘Always check for power at he 
fodure you are servicing belore 
you begin any work 


make sure the power is off by testing for power 
with a neon circuit tester (page 18). Restore 
power only when the repair or replacement 
project is complete. 

Follow the safety tips shown on these pages. 
Never attempt an electrical project beyond your 
skill or confidence level. Never attempt to repair 
or replace your main service panel of service 
entrance head (pages 12 to 13), These are jobs 
for a qualified electrician and require that the 
power company shuts off power to your house. 


A 


Close service panel door and 
ost a warning sign ta prevent 
thers fram turning on power while 
you are working an electrical 
Projects. 


Use only UL approved electrical 
paris or devices. These devices 
have been tested for safety by 
Underwriters Laboratories, 


Wear rubber-soled shoes wie Use fiberglass or wood adders Use GFC! receptacies (3) 
ising oh electrical projecis On when making routine Nousenold fault ciicutantertupters) w 
mp icots. stand on aruober repairs near the service head 

mat oF dry wooden boards 


Use extension cords only for Use correct fuses or breakers 
or chidprest receptacle temporary connections. Never the main service panel (pages 25 
ers (page 68) place them underneath rugsor 10.29) Never instal a fuse oF 
fasten them to walls baseboards, breaker that has a higher amper 
or other surtaces age rating tran the ci 


A 
|. ies 


Do not touch metal pipes, ‘auce's, Never alter the prongs cf 2 plug walls or ceilings 

fr tustures wile working with elee- to fa receptacie If possible shaning aff electrical 
wnety The metal may provide a inslall anew grounded receptacle power to ne circus that may be 

grounaing path allowing electrical laden Use Gouble-insulated tools 
urrent ta few though your Beds 


Your Electrical System 


Electrical power that enters the home is produced 
by large power plants. Power plants are located 
inal parts of the country and generate electricity 
with turbines that are turned by water, wind, or 
steam. From these plants electricity enters large 
“step-up” transformers that increase voltage to 
half a million volts or more. 

Electricity tlows easily at hese large voltages 
‘and travels through high-voltage transmission 
lines to communities that can be hundreds of 
miles from the power plants. “Step-down” trans- 
formers located at substations then reduce the 
voltage for distribution along street lines. On 
utlty power poles, smaller transformers further 
reduce the voltage to ordinary 120-volt current 
for household use. 


Lines carrying current to the house either run 
underground or are strung overhead and 
attached to a post called a service head. Most 
homes built after 1950 have three wires running 
to the service head: two power lines, each carry- 
Ing 120 volts of current, and a grounded neutral 
wire, Power from the two 120-valt lines may be 
combined at the service panel to supply current 
to large, 240-volt appliances like clothes dryers 
or electric water heaters. 


Many alder homes have only two wires running 
to the service head, with one 120-volt ine and a 


Power plants supply electricity 
to thousands of homes and Busi 
esses. Step-up transformers 
increase the voltage produced at 
the plant, making the power flow 
more easily along high-voliage 
transmission lines, 


see! lines. 
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Substations are located near the 
‘communities they serve. Atypical 
Substation takes current fram high 
voltage transmission lines and re- 
‘duces it for distrinution along 


‘grounded neutral wire. This older wo-wire service 
‘is inadequate for today’s homes. Contact an 
electrical contractor and your local power utlty 
‘company to upgrade to. three-wire service, 
Incoming power passes through an electric 
‘meter that measures power consumption, Power 
then enters the service panel, where itis distnb- 
tuted to circuits that run throughout the house. 
‘The service panel also contains fuses or circuit 
‘breakers that shut off power to the individual 
circuits in the event of a short circuit or an over- 
oad. Certain high-wattage appliances, like 
microwave ovens, are usually plugged into their 
(own individual circuits to prevent overloads. 
Voltage ratings determined by power companies 
and manufacturers have changed over the 
years. Current rated at 110 volts changed to 115, 
volts, then 120 volts. Current rated at 220 volts 
changed to 230 volts, then 240 volts. Similarly, 
ratings for receptacles, tools, light fixtures, and 
appliances have changed from 115 volts to 125 
volts. These changes will not affect the perfor- 
mance of new devices connected to older 
wiring. For making electrical calculations, such 
as the ones shown in "Evaluating Circuits for 
Sate Capacity” (pages 34 to 35), use a rating 

Cf 120 volts or 240 volts for your circuits. 


Utility pole transformers reduce 
the high-voltage current that flows 
through powerlines along neigh- 
bborhood streets. A utity pole 
translormer reduces vollage from 
10,000 vols tothe normal 120-volt 
ccurrent used in households, 


The service head, 


Grounding wire connects the elect 
the earth through a cold 

od In 

grounding ite allows excess electrical p 
is way harmlessly fo the earth 


I system to 

ie pipe and a grounding 

ent ol an overload or short creut ne 
er to find 
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Parts of the Electrical System 


‘The electric meter *e3: 
power consumed Its 


Light fixtures attach directly 10 a househola elecin 
Cal system They ate usually controlled wih wall 
Ssmiches. The two cemman types of light fetures 
incandescent (oage 78) and fluorescent (page S¢ 


light source, indicator, or display > single source > laser 


electrode 


Figure 21-2. Simplified cross-section ofa laser diode. 


Figure 21-3 shows a cross-section of the diode 
installed in a component sold as a laser. It in- 
cludes a photodiode to sense the intensity of 
light emerging through the polished rear end of 
the laser diode. External electronics are necessa- 
ry to control the intensity of the laser, using feed- 
back from the photodiode. 


‘The component has three pins (shown pale yel- 
low in the figure), one connecting to the photo- 
diode, another connecting to the p-type layer of 
the laser diode, and the third being common to 
then-typelayerofthe laserdiode andthe ground 
side of the photodiode. 


A photograph of a laser diode is shown in 
Figure 21-4. Note the three pins, comparable to 
the pins shown in Figure 21-3, indicating that this 
‘componentrequires external controlelectronics. 


In Figure 21-5, a laser is shown with a surface- 
mount chip adjacent to the solder pad connect- 
ing the blue wire. The presence of this chip, with 
only two wires, indicates that this component 
has its own control electronics and requires only 
DC power supply. 


How It Works 


Heat sink 


Figure 21-3. A laser diode is typically mounted with a 
pphatodiod to provide feedback for adver circu, to con- 
trol the current consumed by the laser. 


Figure 21-4. Lite-On SOST laser diade that emits light at 
650nm. Power consumption Sim at 26VDC. As indica- 
ted by the graph squares, this component is only about 
2" in diameter. 


Chapter21 199 


Understanding Anatomy of a Circuit 
Circuits 


Main circuit 
‘eutral wire 


tncal crcutt is a continu: 
fous loop Household circuits 
carry Dower from the main ser 
‘panel. throughout the 
rouse and back to the mal 
ervice pane! Several 
3s, light foxlures 
appliances may be connk 


d grounding 
grounding wire conducts cur- 
ent nthe evento! a short ev 

werload. and help 
the chance of sev 


so has a grounding 
d to a metal water pipe 


sderground (pages 


an overload A fuse or 
Cutt breaker protects. 
se of overload: 


aluating Citcurts for 
Capacity” (pages 34 to 


urrent returns to the sen 

utral circ 

rent then becomes part 

circuit and leaves the 

a large neutral service 
to the utlty 


pole transformer 
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o> Main circuit 
hat wires 


CCircult breakers 


Grounding wire 
tometal pipe 


Grounding wire 
{fo metal cold 
water pipe 


current reaches the 
igh a grounding 
water pipe and 
‘metal grouncing rod. 


lecricty enters an electrical 

botalong the black hot wis, 

hen is detoured by a loose wire 

touching the metal box. The ground- 

ing wire attached to the box picks up this 

wayward current and channels it salely back to 

the main service panel. At he service pane! the 

short-circuited current retums to is source 

through 2 neutral service cable or reaches the 

fear through a wie attached to a metal water 

| grounding rod. A short circuit 

‘or acircut 


Grounding 
ire 


Grounding & 
Polarization 


Electricity always seeks to return 
{its source and complete a 
Continuous circuit. In a house- 
hold wiring system, this return 
path is provided by white neutral 
wires that return current to the 
main service panel. From the 
service panel, current returns 
along a neutral service wire to 

‘a power pole transformer 

‘A grounding wire provides an 
‘additonal return path for electri- 
cal current, The grounding wire 
iS a safety feature. tis designed 
to conduct electricity if current 
seeks to return to the service 
panel along a path other than 
the neutral wire, a condition 
known as a short circuit. 


A short circuits a potentially 
Cangerous situation. tan electr- 
cal box, tool, of appliance be- 
comes shor circuited and is 
touched by a person, the electri- 
cal current may attempt to return 
tots source by passing through 
that person's body, 

However, electrical curent always 
‘Seeks to move along the easiest 
path. A grounding wire provides 
a safe, easy path for current to 
follow back to its source. ita 
person touches an electrical 
box, tool, or appliance that has 
«a properly installed grounding 
wire, any chance of receiving a 
severe electrical shock is greatly 
reduced, 


In addition, household wiring 
systems are required to be con- 
ected directly to the earth, The 
earth has a unique ability to 
absorb the elactrons af electrical 
current, In the event of a short 
circult or overload, any excess 
electricity wil find its way along 
the grounding wire to the earth, 
where it becomes harmless. 


‘This additonal grounding is com- 
pleted by winng the househols 
Slectrical system to a metal cold 
\waler pipe and a metal grouncing 
fod that is buned underground 


‘Alter 1920, most American homes 
Included receptackes that ac: 
cepted polanzed plugs While not 
2 tue grounding method. the two- 
slot polarized plug and recepta~ 
Cle was designed to keep not 
‘current flowing along biack or red 
wwres, and neutral current flow- 
ing along while or gray wires 
‘Armored cable and metal con 
ut, widely installed n homes 
during the 1940s, provided a 
true grounding path. When con: 
nected fo metal unction boxes. 

it provided a meial pathway 
‘back to the service panel 
Modern cable includes a green 
insulated or bare copper wite 
that serves as the grounding 
ppath This grounding wire is con- 
nected 10 all three-slot recep: 
tacies and metal boxes to 
provide a continuous pathway 
for any short-circuited current 
By plugging a three-prong 
plug into a grounded three. 

Slot receptacle, appliances 
and toois are protected irom 
short circuits 


Use 2 receptacle adapter 10 
plug three-prong plugs into two- 
Slot receptacles, but use it only 
ifthe receptacle connects to a 
{grounding wie or grounded 
Blectncal box Adaoters have 
short grounding wires or wire 
loops that attach fo he recepta- 
cles coverplate mounting screw 
The mounting screw connects 
the adapter to the grounded 
metal electrical box 
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Modern NM (nonmetallic) cable, 
fauna in most yang systems 
Installed ater 1968. contains 3 bare 
copper wre that proves grounding 
forreceptacle and switen exes 


Polarized receptacles nave a 
long slot and a short slot. Used 
vwith a polarized plug, the polar 
Ized receptacle keeps electnca 
current directed for satety 


Receptacle adapter alows vee 
prong plugs to be inserted wnio 
tmo-siotreceplacies The adapter 
Can be used only with grounded 
receptacles, and the grounding 
loop of wire of the adapter must 
'be attached to the coverplate 
‘mounting serew of the receptacle. 


Armored cable, sometimes calles 
BX or Greenteld cable nas a metal 
sheath thal serves as he grounding 


flows mrough the metals 


‘Three-slot receptacles are 
required by code for new, homes 
They ate usually connect 


Double-insulated tools nave non 
conductive plastic bodies to pre 
vent shocks caused by short 
rrcutls Because of these features 
doublernsulated loots can be used 
‘salely wih ungrounded receptacles 
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eadienone pliers bends and shapes 

snes tor melang serew terminal cone 
. nections. Some neeclansss pare seo 

‘Combination tool fave cuting jaws lr clipping wies. 


wiring projects, Mcuts 
abies and nda 
‘wes, measures wie 
‘gauges and sips 
fhe isviaton tras 
res. thas revised 
andes 

: \) 

) 
} Continuity tester is used ta 
_ | Sotenes:tghing cures, andthe 


Sevees for full Ithas aati tat 
‘gonorates currant and atop of wire 
Greaing an eleciiea!ereut (page $2), 


Cordless screwdriver cives a wise vary 
Df serews and lasteners i's rechargeable 
Sno can be used i eiher a power or man 
Ualmode. removable tip alows the cor 
lees sereweriver to drve einer soted or 
Philips screws, 


Neon citclt ete sei check srt wes fr 
‘power Testing for power s an essential cally stop in 
{ny elecncal eparr project (page 70) 


Ineuinted screwdrivers have rubber costed 
wes that ecuce he fk of shack tte 


“edna ees Tools for Electrical Repairs 


Fuse puller is used fo 
fomove cattndie i 
fuses trom the use 
Docks usualy found 
Imoiger man serve 
panels, 


Home electrical repairs require only a few inex. 
Pensive tools. As with any tool purchase, invest in 
{quality when buying toals for electrical repairs. 


Keep tools clean and dry, and store them securely 
Tools with culting jaws, ike needlenose pliers and 
‘combination tools, should be resharpened or dis- 
carded ifthe cutting edges become dul 


Several testing tools are used in electncal repair 
projects. Neon circuit testers (page 70), continuity 
testers (page 62), and mult-testers (below) should 
'be checked penodically to make sure they are 
‘operating properly. Continuty testers and mut. 
testers have batteries that should be replaced 
reguiarly. 


Muttitester is a versatle, battery-operated too! te. 
quently used to measure electncal voltages It aiso | 
Used to tes for continuity in switcnes, light fixtures 
and other electical devices. An adjustable contro\ 
makes it possible to measure curtent ranging from 
to 1000 volts. A rmul-ester is an essential tool Tor 
measuring current low-voltage tansiormers ike 
those used to power doorbell and thermostat systems 
(pages 10010113) 


(Cable ripper fs over NMI. 
(conmetae) cable 

‘Amal cuting point rips the 
‘outer plaste wy! sheath on 
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©) Knob and tube witing, 
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Wires & Cabl 


\ires are made of copper, aluminum. of aluminum 
Covered with a thin layer af copper Solid copper 
wites are the bast conductors of electricity and 
are the most wcely used. Aluminum and copper- 
‘coveted aluminum wires require special insialation 
techniques They are discussed on page 22 


{A group of two or more wires enclosed in a metal, 
rubber. or plastic sheath is called a cable (photo, 
page opposite). The sheath protects the wires 
from damage. Metal conduit also protects wires, 
but tis not considered a cable 


Individual wires are covered with rubber or plastic 
vinyl insulation. An exception s a bare copper 
{grounding wire, which does not need an insulation 
Cover The insulation is color coded (chart, right) 
to identity the wire as-a hot wite, 4 neutral wire, oF 
2 grounding wire. 

In most wiring systems installed after 1965, the 
wires and cables are msulated with plastic vinyl 
This type of insulation is very durable and can last 
as long as the house itset. 


Before 1965, wires and cables were insulated with 
rubber, Rubber insulation has a life expectancy of 
about 25 years (see “Evaluating Old Wiring, 

pages 134 10 137), Oid insulation that is cracked 
or damaged can be reinforced temporarily by 
wrapping the wire with plastic electrical tape, 
However, ald wiring with cracked or damaged in- 
ulation shauld be inspected by a qualified electri 
cian to make sure it's sate. 


Wires must be large enough for the amperage rat 
ing of the circult (chart, right). A wire thats too 
small can become dangerously hot. Wire sizes are 
Categorized according to the American Wire 
Gauge (AWG) system. To check the size of a wire, 
use the wire sinpper openings of a combination 
tool (page 18) as a guide. 


Everything You Need 
“Tools: cable ripper. combination too), serewahiver, 
neeolenose pers 


Materials: wire connectors, oigtail wires 
(if needed), 


‘See Inspector's Notebook: 

‘= Common Cable Problems (pages 12410 125). 
‘= Checking Wire Connections (pages 126 to 127). 
‘+ Bectical Box Inspection (pages 126 to 129). 


Wire color Function 
ae white | Nora ite carrying 
Sutrent al ere voltage 
mex Hot wie carving 
current at fl volage 
wees Fe Hotwire caring 
Current at hull vokage. 
Wit, 
ck | Hotwire carrying 
eeetngs | eurent a Tul vege 
MEE Green | Serves as a grounding 
pathway 
vos Be Seve ae 
copper | grounding pathway. 


Individual wires are color coded 10 erty her 
function In some cifciit installations, the write wie 
serves as a hot wite that cares vollage If'so this 
‘white wite may be labeled with Black tape of paint to 
identity tas a hot wire 


Wire Size Chart 
Wire gauge Wire capacity & use 


[50 amps, 240 votts; central air 
conditioner, electric tumace, 
40 amps, 240 volts; electric 
range, central air conditoner. 


[30 amps, 240 volts; window air 
conditioner, clothes dryer. 


[20 amps, 120 votts; light tixtures, 
receptacles, microwave oven. 


1S amps, 120 vols; ight fitures, 
receptacles, 


Light-duty extension cords, 


Thermostats, doorbels, security 
systems 
‘Wire sizes (shown actual size) are categorized by 


Ine American Wire Gauge system. The larger the wire 
size, the smaller the AWG number, 
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Reading NM (Nonmetallic) Cable 


‘Number of 
Cable ype 
) neat (ronmeatic) 


NM (nonmetallic) cable is labeled 


Aluminum Wire 


led curing the 


Semen ptacies desir 
ne AL stamp able sheath 9 were introd 
pe banded aluminum core approved raiing 


Saaeeea lence ae 


oper, lla should fot Be 


diy are connected to ape aluminum wire: 
het and receptaces designed 1 be sen aes 
aluminum sre Ml you have aluminum wire in yo Kovioesay ce 
home nave a quafed elacical nspectorwew tne ON Use 
immu wifes nota hazard G 


le, switches and receptacles wih an 
(UL) wire compatioity 
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How to Strip NM (Nonmetallic) Cable & Wires 


Measure and mate the cable 8 Gio the cabe igh wit one Peel back the plaste sheathing 
To 10'from end. Slide the cable hand, and pull he cable ripper oD ana the paper wrapping from 
"ipper onto the cable. and squeeze toward the end of ime cable to cut the indwidual wires: 
too! frmly to force cutting pat open the plastic sheathing 


through plastic sneatning. 


‘Cut away the excess plastic Cut the ingividual wites, it nec- Strip insulation for each wie, 
sheathing and paper wrap- essary, using the cuting jaws Using the sinpper openings 
ping, using the culting jaws cf of the combination tool (Choose the opening that matches 

Combination too) the gauge of the wre, and take 


‘care not to nick or scratch the 
fends ofthe wires. 
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Coherent Light 

The emission of cc bya laseris often 
explained by suggesting that wavelengths are 
synchronized with each other, In fact, there are 
two forms of coherence that can be described 
approximately as spatial coherence and wave 


if an observer looks up at a cloudy sky, the eye 
will perceive light radiating chaotically from 
many distances and directions. Thus, the light is 
not spatially coherent. The light also consists of 
many wavelengths, and thus it is not 
wavelength-coherent, 


The filament of an incandescent lamp is a much 
smaller source of light, but still large enough to 
generate a profusion of light emissions that are 
spatially incoherent. The light also includes many 
different wavelengths, 


Suppose a barrier containing a very tiny hole is 
placed in front of the incandescent lamp. If the 
aperture is very small, an observer on the far side 
willsee the lightas a pointsource. Consequently, 
the light that emerges from itis now spatially co- 
herent, and will not have chaotically overlapping 
waves. Ifthe light then passes through a filter, its 
wavelengths also will become coherent. This is 


suggested in Figure 21-6 where the light source 
is an incandescent lamp emitting a wide range 
of wavelengths. 


Wavelength 
coherent 
Tight 


Spatially 
coherent 
Tight 


Pinhole barrier 


Radiating 
waves of 
Incoherent 


y). Wh 


The small amount of light emerging through a 
pinhole is inevitably much dimmer than light 
from the original source. A laser, however, am- 
plifies its light output, as well as tending to be- 
have like a point source. The “hall of mirrors” ef- 
fect of the parallel reflective surfaces in the res- 
onant cavity causes much of the light to shuttle 
toand fro overa long distance before it emerges 
through the output coupler. Any light that devi- 
ates significantly from the axis ofthe laser will not 
escape at all, because the deviations will be cu- 
mulative with each reflection. Thus, the light 
from a laser appears to come from a point source 
at an almost infinite distance. 
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How to Connect Wires to Screw Terminals 


Sinp about of insulation from 
each ure, usng a combination 
taol Choose tne stripper opening 
that matehes the gauge of the 
vite then clamp wire tool Pull 
the wre timly to remove plastic 


Form a C-shaped loon in the 

fend af each wire, using 
reeclenase pliers The wire should 
have no scratches oF nicks 


Hook each wire around the 
screw terminal sot forme a 
Clackwse loop Tighten screw 
firmly Insulation shuld just touch 
head of screw Never place the 
fends of two wires under a single 
serew terminal Instead, use a 
Pigtal wre (page apposite) 


Push-in Fittings 


‘Matk ine amaunt of insulation Insert ine bare copper wires 
ta be stnpped from each wire, firmly nto the pushin fitings 

Using the strip gauge on the back on the back o! he switch or recep 

‘ol the swich or receptacle Stip _tacle. When inserted, wires should 

the wires using a combination tool ave no bare copper exposed. 

{step 1, above) Never use pushin Note: Although pushin fitings are 

Fitings wth aluminum wing, convenient, mos! experts belleve 
screw terminal connections 
(above) are more dependable, 


Remove a wire trom 3 push= 
fithag by inserting a small nal or 
screwdriver in the release opening 
‘next to the wire Wie wall pull out 
easily 
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How to Connect Two ar More Wires with a Wire Connector 


How to Pigtail Two or More Wires 


Wire connector 
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Service Panels 


Every home has a main service panel that dist 
Utes electrical current to the individual circuits, The 
main service panel usually is found in the base- 
ment, garage, of ullty area, and can be identihed 
byits metal casing Before making any repar to 
your electrical system, you must shut off power to 
the correct cxcutt at the main service panel. The 
service panel should be indexed (pages 30 to 33) 
0 citculls can be identified easily 

Service panels vary in appearance. depending on 
ihe age of the system, Very old wiring may operate 
‘on S0-amp service that has only two circutts, New 
homes can have 200-amp service with 30 or more 
Ccrculls. Find the size of the service by reading the 
amperage rating printed on the main fuse black or 
main circuit breaker 


Regardless of age. all service pansis have fuses 
‘or eireuit breakers (pages 28 to 28) that contro! 
each cycuit and protect them from overieads. In 
general, older service panels use fuses, while 
ewer seruce panels use circurt breakers 


Knite-blade 


Plug fuses 
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In addition to the main service panel, your electt- 
cal system may have a subpanel that controls 
some of the circuits n the home. A subpanel has 
its own crcutt breakers or fuses, and is stalled 19 
‘control circuits that have been added fo an exist 
ing wiring system, 

‘The subpanel resembles the main service panel 
bout is usually smaller. It may be lacated near the 
‘main panel, or i may be found near the areas 
served by the new circuits. Garages and attics 
that have been updated often have their own sub- 
ppane's. If your home has a subpanel, make sure 
that its circuts are indexed correctly, 


\When hanalng fuses or circuit breakers, make 
sure the atea around the service panel s dr. 
Never temove the protective cover on the service 
panel. Atter turing off a circuit to make electrical 
repairs, remember to always test the circu for 
power belore touching any wires, 


A 30-amp service panel, common 
in systems installed before 1950, 
ied by a ceramic fuse 
ang two plug fuses 
lade” swteh lever 
The use halder sometimes is 
contained in a black metal box 
mounted in an entryway or base: 
‘ment, This 30-amp Sennce pan 
provides only 120 volts of power 
‘3nd now is considered inade- 
‘quate For example, most home 
joan programs. ike ihe FHA 
(Feaeral Housing Administration 
requie that 30-amp service be 
Updated to 100 amps o° more 
betore a nome can quallly for 
mortgage financing 
To shut off power to mawidual 
cuts in a 30-amo panel. caretuly 
Unserew the plug fuses, ouching 
‘nly the insulated rim of the tuse 


's ier 


To Shut of power ta the entre 
house open the knile-blage svatch 
Be carelul nol to touch the meta 


contacts on the 


use bi \ 
rout by Protective Appliance 
se block cover fge block 


Main circuit 
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caniage 


Regu 

plug fuse 
Fuses are used in older service panels, Plug fuses. 
usually control 120-volr crculs rated for 15, 20, or 30 
amps. Tamper-prco’ plug fuses have threads that fi 
only matching sockets, making it impossible to installa 
wrong-sized fuse. Time-delay uses absorb temporary 
heavy power loads without Bloning. Carvidge fuses 
‘contol 240-volt crcuts and range form 300 100 amps 


fines 


Ctroult breakers are used in newer service panels 
Single-pote breakers control 120-vol circuits 
Doulbie-pole breakers rated for 20 to 50 amps. 
contra! 240-volt circuits. GFC! (ground fault circut- 
intarrupter) breakers provide shock protection for 
‘the entire circut. 
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Fuses & Circuit Breakers 


Fuses and circuit breakers are safety devices 

designed to protect the electrical system from 
short circuits anc overloads. Fuses and circuit 
breakers are located in the main service panel 


Most service panels installed before 1966 rely on 
fuses to control and protect individual circuits. 
Screw-in plug fuses protect 120-vol circuits that 
ower lights and receptacles. Cartridge fuses pro- 
tect 240-volt appliance circuits and the main shut- 
off of the service panel. 


Inside each fuse is a current-carrying metal alloy 
ribbon. Ifa circuit is overioaded, the metal rio- 
'bon melts and stops the flow of power. A fuse 
‘must match the amperage rating of the circuit 
Never replace a fuse with one thal has a larger 
‘amperage rating, 


In most service panels installed after 1965, circuit 
breakers protect and control individual circus 
Single-pole circuit breakers protect 120-voltcir- 
Cuts, and double-pole circuit breakers protect 
240-vott circuits. Amperage ratings for crcut 
breakers range from 18 to 100 amps. 


Each circuit breaker has a permanent metal stip 
that heats up and bends when votage passes 
throught Ifa circuits overloaded, the metal stip 
inside the breaker bends enough to “tip” the 
witch and stop the flow of power. fa circuit 
‘breaker trips frequently even though the power 
demand is small, the mechanism inside the 
breaker may be worn out. Worn circult breakers 
should be replaced by an electrician. 


‘When a fuse blows or a circut breaker trips, itis 
Usually because there are too many light fixtures 
{and plug-in appliances drawing power through 
the circuit. Move some of the plug-in appliances 
to another circut, then replace the fuse or reset 
the breaker Ifthe fuse blows or the breaker trips 
again immediately, there may be a short circut in 
the system. Calla licensed electrician if you sus- 
ect a shor circuit, 


Everything You Need 

Tools: fuse puller and continuity tester (for car 
{ridge fuses only) 

Materials: replacernent fuse, 


How to Identify & Replace a Blown Plug Fuse 


» | 


he metal iobon inside fuse s cleanly mel 
the crcull wae overloaded I window mn use IS 


Unscrew the fuse, Deng carefulto touch only the 
insulated rim of the fuse Replace «wih a fuse 
has the same amperage rating 


How to Remove, Test & Replace a Cartridge Fuse 
_—— 


. 4 

SS 

4 Serene cae tes Remove te ndkdualcanndge M9 Test each tse usng a com 
pepo me nando feecstommebiock uanga’ oD tnuty ester Ime tester gone 

siod ae pling shay pee paler tre ose vs good Ite tester cose 


net glow replace "ne fuse wth one 


‘mai has ine same amosrage raing 
Fesei tne tipped circu 


How to Reset a Circuit Breaker 


Test GFCI circuit breakers by 
breaker By pressing he cwcut pushing the TEST bution Breaker 


on the Inpped breaker ‘breaker lever all he vay fo the should inp fo ne OFF position it 
ermine OFF postion orn. OFF positon, then pressing ito no. the breaker is fauly and must 
Boston b f the ON postten be replaced by an electncian 
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Mapping Circuits 
& Indexing the 
Service Panel 


‘Making repairs to an electrical 
system is easier and safer it 
you have an accurate, up-to- 
dale map of your home's elec 
trical circuits, A circuit map 
shows all lights, appliances, 
switches, and receptacles con- 
ected to each circuit. The 
map allows you to index the 
‘main service panel so that the 
correct circuit can be shut off 
when repairs are needed, 


‘Mapping all the circuits and 
indexing the main servic# panel 
requires four fo six hours. It 
your service panel was indexed 
by a previous owner, itis a 
{900d idea to make your own 
Circuit map to make sure the 
old index is accurate. If circuits 
have been added or changed, 
the old index will be outdated. 


The easiest way to map circuits 
{sta turn on one citcul at a 
time and check to see which 
light fitures, receptacles. and 
appliances are powered by tne 
‘cut. All electrical devices 
‘myst be in good working condi- 
tion before you begin 


A circuit map also will help you 
evalvalte the electrical demands 
on each circuit (pages 34 to 
35). This information can help 
you determine if your wiring 
system needs to be updated. 


How to Map Circuits & Index a Service Panel 


atk 


Make a sketch of each room in the house on graph 
paper Include the nallways. basement and atc 
and al tty areas Or use a bluepnnt of your house 


3 Crcaen stetch, nicate he lation ofa recep: 
laces, ight fntures, swiches, appliances, door 
Delis, thermostats, eaiers, fans, and ast conditioners, 


—y 


N 


Make a sketch of the outside of he house the 
garage and any other separate stuctures that 
vwited for electncty 


‘At the main service panel, number each circutt 

breaker or fuse Turn offal the evcul breakers or 
loosen all the fuses, but leave the main shutott in the 
‘ON position 


(continued next page) 
a 


How to Map Circuits & Index a Service Panel (continues) 


“Turn on one cit ata ume by tipping the circut ‘Tun on switenes, lights, and appliances tirough: 

bbreater lever or ighiening the correct fuse. Note ‘out the house, and identity hose that are powered 

the amperage rating printed on the crcut breaker by the circuit White the citcut number and amperage 

lever oF on the ne ofthe fuse (page 28) rating on a piece of masking tape The tape makes a 
handy temporary reference. 


‘Test receplacies for power 
using a neon circuit tester 
Make sure to check both halves 

of the receptacie, 


To check the furnace for power, 
‘se thermostat to highest tem 
perature setting Furnaces and 
their low-voltage thermostats are 
‘onthe same circuit. the circut 1s 
hot, the furnace wil begin eunning, 
The lowest temperature setting wl 
tum on the centval air conditioner, 


Indicate which circut supplies 
ower fo each receptacle 
‘Although uncommon, remember 
thal receptacies can be wired so 
that each nal of the veceptacte is 
powered by a cifferent ccuit 


at are pow. turned on forall he cre 
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light source, indicator, or display 


Because of the particular geometry of a light- 
emitting diode, the output from a laser diode is 
not naturally collimated, and tends to spread by 
an angle of around 20 degrees. A lens must be 
Used to focus the beam, 


Variants 


Lasers are sold generally as fully assembled tools 
for a specific purpose. A very brief summary of 
(C02, fiber, and crystal lasers is included here. 


CO2 Lasers 

‘The gain medium is primarily carbon dioxide but 
also contains helium and nitrogen, with some- 
times hydrogen, water vapor, and/or xenon. The 
laser is electrically pumped, causing a gas dis- 
charge. Nitrogen molecules are excited by the 
discharge and transfer their energy to the CO2 
molecules when colliding with them. Helium 
helps to return the nitrogen to base energy state 
and transfer heat from the gas mixture. 


CO2 lasers are infrared, and are commonly used 
in surgical procedures, including ophthalmolo- 
gy. Higher powered versions have industrial ap- 
plications in cutting a very wide range of mate- 
rials, 


Fiber Lasers 

Light is pumped via diodes and amplified in 
purpose-built glass fibers. The resulting beam 
hasa very small diameter, providing a greater in- 
tensity than CO? lasers. It can be used for metal 
engraving and annealing, and also for working 
with plastics. 


Crystal Lasers 
Like fiber lasers, they are pumped by diodes. 
‘These compact lasers are available in a very wide 
variety of wavelengths, covering the whole visi- 
ble spectrum, infrared, and ultraviolet. They find 
applications in holography, biomedicine, inter- 
ferometry, semiconductor inspection, and ma- 
terial processing. 


> single source > laser 


Variants 


Values 


The output power of a laser is measured in watts 
(or milliwatts). This should not be confused with 
the power consumed by the device. 


In the United States, any device sold as a laser 
pointer is limited to a power output of SmW. 
However, laser diodes packaged similarly tolaser 
pointers can be mail-ordered with an output of 
200mW or more. The legal status of these lasers 
may be affected by regulations that vary state by 
state. 


InaCD-RWadrivethatis capable of burning adisc, 
the diode may havea power of around 30mW. A 
laser mounted in a CD-ROM assembly is shown 
in Figure 21-7. 


Figure 217, An assembly incorporating a laser for reading 
4 CD-ROM. 


Lasers have sucha narrow range of wavelengths, 
they are given specific output values in nano- 
meters. A laser in an optical mouse may have a 
wavelength of 848nm; ina CD drive, 785nm; ina 
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Evaluating Circuits for Safe Capacity 


Every electrical circut in a home has a “sate 
capacity, Safe capacity is the total amount of 
ower the circut wires can cafry without tripping 
Circuit breakers or blowing fuses, According to the 
National Electrical Code, the power used by light 
fixtures, lamps, tools, and appiiances, called the 
“demand, must not exceed the safe capacity of 
the circuit 

Finding the safe capacity and the demand of a 
circuit is easy. Make these simple calculations to 
reduce the chances of tripped circuit breakers 
(or blown fuses, or to help plan the location of 
new appliances ar plug;in lamps. 


Fist, determine the amperage and voltage rating 
‘of the citcuit. If you have an up-to-date circuit map 
(pages 30 to 33) these ratings should be indicated 
(on the map. 1 not, open the service panel dcor 
‘and read the amperage rating printed on the cir- 
cuit breaker or on the rim of the fuse. The type of 
Circuit breaker or fuse (page 28) indicates the vott- 
‘age of the circuit 


Use the amperage and voltage ratings to fing 
the safe capacity of the cwrcutt. Safe capacties 
of the most common household circuits are 
aiven in the table at right 

Sate capacities can be calculated by multiplying 
the amperage rating by voltage. The answer is the 
‘otal capacity, expressed in watts, a unit of electrical 
measurement. To tind the safe capacity, reduce 
the total capacity by 20% 


How to Find Wattage & Amperage Ratings 


Next, compare the sale capacity of the circuit to 
the total power demand. To find the demand, 20d 
the wattage ratings forall light fixtures, lamps, 

{and appliances on the circuit. For lights, use the 
wattage rating printed on the light bulbs. Wantage 
ratings for appliances often are printed on the 
manufacturer's label. Approximate wattage ratings 
for many common household items are given in 
the table on the opposite page. II you ae unsure 
about the wattage rating for a tool or appliance, 
Use the highest number shown in the table 1o 
make calculations. 


Compare the power demand to the sale capacity 
The power demand should not exceed the safe 
capacity of the circut. fit does, you must move 
lamps or appliances to another circuit. Or make 
sure that the power demand of the lamps and 
appliances tured on at the same time does not 
exceed the safe capacity of the citcut 


Amps _| Total capacity | Safe capacity 
SAN IOV=| 1600vatis | téd0 wats 
20Axtzov=| e400wats | 1920 wals 
25Ant20V=| S000watis | 2200 wats 
30x t20V=| 3600watts | 2880 wats 
2OAx240V=| 4800 wats | 3840 
B0Am2¢0V= | 7200watts | S760 Wats 


Light bulb wattage ratings are 
printed on the top of the bulb. ta 
light fiture has more than one bul, 
remember 1o add the wattages 
‘fall the bulbs fo tina the total 
wallage ol the fixture. 


page 
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Appliance wattage ratings are 
ftten listed an the manutacturer's 
label. Or use the table of typical 
‘watlage ralings on the opposite 


‘Amperage rating can be used to 
find the wattage of an appliance. 
Multiply the amperage by the val 
age of the circult For example. 2 
-amp, 120-volt circular saw is 
rated for 1560 watts 


‘Sample Circuit Evaluation 


Chrouit#__ Ampe_____ Volts_._ Total capacity > (watts) Sate capacity (wants) 
Le SS ee 
‘Appliance or fixture Notes Wattage rating 

bg ioe 
eee Be 
‘Total demand: (watts) 


Photocopy this sample circuit evaluation 1o Keep a record of the power demand of each circut The words 
{and numbers printed in blue will nat reproduce on photocopies. inthis sample kitchen circu the demand on 
the citcults very close to the safe capacity Adding another applance. such as an elecinc trying pan, could 
lverioad the circuit and cause a fuse to blow or a circuit breaker to tp. 


‘Typical Wattage Ratings (120-volt Circuit Except Where Noted) 


penne fcuk aia a Roi ‘ames | Welte 
Tirconliner (coal To 36 (209) [510019 6540) Garbage depose’ [S575 10200 
Arconcitonerwrdow]5i0 13 [720 1560 [Ha ayer Se ie 100 
Bieer Dea 01460 [Hester pombe) [rm 12 [ovo 00 
Broiler - 125 1500, Microwave over: lato 10 480 to 1200 
Gavcpera? 2 14 [Range (ovens) [551108 (Oa 13201 00 
Saran 1011 [12001 10 Petra abd 20.600 
cia. [aut 20.0980 | Router 0 
Cates ayer |165 104 A000 0 6160 Sander orate) [265 24010600 
Gebesten 3 7020 [saw table 210 [e401 1200 
ca [sw7 2016810 Sovna mache fh jrz0 
Dishwasher [esto 1020 to 1500] Stereo 25104 
Dal ipotab) [ea oreo _[Teevisen xe) [es 00. 
DVD player 25104 30010480 | Toaster Io 1080 
Fane) Be Aegean comaear LA 801880 
Fano) [2 0 |Vasuan ceaner [6.011 [p20 1800 
Fear zea 21016 600_ [Wate von rs ooo 
aS 3 1080 | Weshng nacine 12s 300 
Face, ar gas]8S1 TS [760101860 [Water heater | 61021 (0238001 a0 
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(Grounding, 


Octagonal 


NM (ronmetalic) 
able 


‘Octagonal boxes sully contain wite c 
t bles are inserted into the box 
gh knockout openings and are held with cable 
5 Because the ceiing fmture attaches directly 
bow the box should Ge anchored Inmly 10a 


Electrical Boxes 


The National Electrical Cove requires that wire 

-onnechons or cable splices be contained inside 
aN approved metal or plastic box. This shielas 
framing members and other tlammable matenals 
‘rom electrical sparks. If yau have expased wire 
connectons or cable splices, protect your home 
by instaling elecincal boxes 


Electrical boxes come in several shapes, Rec- 
angular and square boxes are used for switches 
and receptacles Rectangular (2" x 3") boxes are 
used for single switches or duplex receptacles 
‘Square (4° x 4") boxes are used anytime it's 

onvenient for two switches or receptacles to be 
vated or "ganged in one box, an arrangement 
common in kitchens or entry hallways. Octa: 
gonal electrical boxes contain wire connections 
for cesling fistures 


All electrical boxes are available in different 
depths A box must be deep enaugh so a switch 
of receptacle can be removed or installed easily 
wathout crimping and damaging the circuit wires 
Replace an undersized box with a larger box, 
Using the Electrical Box Chart (right) as a guide 
The NEC also says that all electrical boxes must 
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Neutral 


Ing Jost However metal braces are avaiable that 
allow a box t be mounted Between jis oF studs 
A properly instalied octagonal box can suppor a 
Celing liture weighing up to 35 pounds Ary 

must be covered with a tightly fiting coveroiat 

the box musi ai nave open Hnockauts 


remain accessible. Never cover an electrical box 
with drywall, paneling, or wallcoverings 


‘See Inspector's Notebook: 
* Electrical Box Inspection (pages 128 to 129). 
* Common Cable Problems (pages 124 to 125). 


Electrical Box Chart 


Maximum number of 
Box shape | individual wires in box" 
Tégauge | 12gauge 
ees [akdeep| 3 3 
‘ectangular ax deop | 5 = 
wea [Wace] 6 5 
squate [exdeep| == 
Octagonal [1W'deep| 4 3 
Bede] 7 6 


“Do not count pgtad wires or grounding wires. 


‘Common Electrical Boxes 


Braced octagonal boxes 


Electrical boxes are required for all wre connec: 
tions. The box protects wood and other flammable 
‘materials from electrical sparks (arcing). Electrical 
‘boxes should always be anchored to joists or studs 


How to Install an Electrical Box for Cable Splices 


Turn otf power to crcult wires at 
the main sarvice panel. Care- 

fully remove any tape or wire con- 

ectors from the exposed splice. 


‘Avoid contact withthe bare wire 
fends unt the wires have been 
tested for power. 


Testor power. Touch one probe 
of a circuit tester to the black 
ht wires, and touch other probe 10 

the white neutral wires. The tester 
should not glow. tit does, the wires 
are stil hot Shut of power to cor- 
‘eet circuit at the main service 


Installing an Electrical Box 


Install an electrical box any time you find exposes 
‘wire connections or cable splices. Exposed con- 
‘nections sometimes can be found in older homes, 
where wires attach to light fixtures. Exposed 
splices (page 125) can be found in areas where 
NM (nonmetallic) cable runs thraugh uncovered 
joists or wall studs, such as in an unfinished 
basement or utility room, 

‘When installing an electrical box, make sure 
there is enough cabie to provide about 8" of wire 
inside the box. i the wires are too short, you can 
add pigtails to lenathen them (page 126). If the 
electrical box is metal, make sure the circuit 
grounding wires are pigtailed to the box. 


Everything You Need 
Tools: neon circuit tester, screwdriver, hammer 


‘Materials: screws or nails, electrical box, cable 
clamps, locknuts, pigtail wie, wire connectors, 


‘Open ane knockout foreach 

cable that wil enter the box, 
Using @ hammer and screwciver. 
‘Any unopened knockouts should 
remain sealed. 


panel. Disconnect the spliced wires, 
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Replacing an Electrical Box 


Replace any electrical box that is too small for 
the number of wires it contains. Forcing wires 
into an undersized box can damage wires, 
isturb wire connections, and create a potential 
fire hazard, 


Boxes that are too small often are found when 
repairing or replacing switches, receptacles, or 
light fixtures. If you find a box so small that you 
hhave ditficuity iting the wires inside, replace it 
with @ larger box. Use the chart on page 36 as a 
‘guide when choosing a replacement box 

Metal and plastic retofit electrical boxes are avail- 
able ina variety of styles and can be purchased 
at any hardware store or home center. Most can 
be installed without damaging the wall surfaces. 


Everything You Need 
Tools: screwaiver, neon circuit tester, 
reciprocating saw, hammer, needienose pliers, 


Materials: string, electrical tape, retrlit electrical 
‘grounding screw 


Examine tne box to determine 
row itwas installed. Most older 
‘etal boxes are attached to framing 
members with nails, and the nail 
heads wil be visible inside the box 
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Cut through the mounting nails, 
Using a reciprocating saw 
equipped with a metal-cutting 
blade. Take care not io damage 
the circuit wires. Disconnect wires. 


How to Replace an Electrical Box 


‘Shut ofthe power tothe circuit al the main service 

fpanel. Test for power with a neon circuit tester 
(switches, page $7 receptacles, page 70; light 
lures, page 80), Disconnect and remove receptacie, 
switch, of fixture from the existing box. 


{1 box is mounted with straps 
(shown with wall cul away) remove 
the box by cutting through the 
straps, using a reciprocating saw 
‘and metal-cuting blade. Take 
‘care not fo damage the wires, 


To prevent wires from faling 
into wall cavity, gather wres 

{rom each cable ano tie them 

tagather, using pieces of string, 


ul old electrical box rom wal, 

Take care not to damage insula- 
tion on ercutt wites, and old on to 
string to make sure wires do rot fall 
insige wall eaviy 


1D Tre2d abies ne new 
electrical box, and side the 
bbox into the wall opening, Tighten 
the internal clamps or locknuts 
holding the circum cables to the 
electrical box. Remove tne strings. 


Disconnect the internal clamps 
fr lackruts nat hald the ecu 
cables to the box 


Secure the sving tothe wires, 
Using a piece of plastic elect- 
cal tape. 


Tape the wires 10 the edge of 
the wall cutout 


Insen flexible brackets into 

the wall on each side of the 
Ms box. Pull aut bracket arms 
Lntiinside tab is ight against 
Inside ofthe wal 


Punch out one knackout for 

teach cable that will enter the 
ew electrical box, using a screw: 
driver and hammer 


12 Bere bactet ams aroun 
walls of bor, using needle 
nose piles. Reinstall the fixture, 
and turn on the power tothe ch 
cuit at the main service panel 
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Rotary enap switches Push-button switches Toggle ste 


\ge wall switch is turned an and of more 
than 1 ODO nmes each year Because switches 
recewe constant use, wire connections can 
o0sen and Switch parts gradually wear out. Ita 

na longer operates smoothly, it must be 
repaited or repia 


hods for repairing or replacing a switch 
ary slightly, depending on the switch type and 
ion along an electrical circurt. When 

working on a switch, use the photographs on 

5 44 to 51 to iemtily your switch type and 
ts varing configuration individual switch styles 
may vary from manufacturer to manulacturer, but 
ne hasic Swatch types are universal 


ble to replace most ordinary wall 

th a specialty swatch ike a timer 
Swatch of an electronic switch When installing a 
Specially Switch (pages 50 10.51) make sure itis 
Compatibie wih the wiring configuration of the 
switch box 


‘opens and closes the el 
‘nich ON, the arm completes the cru ant 
power llows between the screw termnnals and 


‘See Inspector's Notebook: rough the black hot wire to the light freture WW 
‘* Common Cable Problems (pages 124 to 125). the switch is OFF the arm lifts away to mierrupt 
‘= Checking Wire Connections (pages 12610 127),)_“i"Cu. and no pomer flows, Byoblems can 
* Inspecting Switches (page 133) Sceur ithe Seten terminals are not ight oF i he 
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Togale switches ‘Mercury switches Electronic motion-sensor switch 


Problem 


Repair 


Fuse burns out or 
rout breaker trips| 
when the switch is 


1 Tighten any loose wire connections on switch (pages 56 to 57) 

2, Move lamps or plug-in appliances fo other circuits o prevent 
overloads (page 34) 

3, Test swiich (pages 52 fo 55), and replace, neaded (pages $6 to $9). 

4, Repair or replace taully fixture pages 78 to 95) or faully appliance. 


7 
2. Check for blown fuse or tripped circuit breakor to make sure crcut 


timed on 
Light ature or | 1 Replace burned-out ight bub 
A ppormanently in 
tated applance | ~ operating (pages 28 '0 29) 


3. Check for laose wire connections on switch (pages 56 10 57) 
4, Test switch (pages 82 to 55), and replace, if needed (pages 56 10 59) 
5. Repair or replace light finture (pages 78 10 95) or appliance 


Light tote 
tlckers, 


Swich buzzes or 
‘sammich 
ZA touch 


Tignten ight bu in he socket. 
Check for loose wire connections on switch (pages 56 10 57) 
Repair or replace ight fixture (pages 78 10 95) of 

swatch (pages 56 10 59). 


1 Check for loose wire connections on switch (pages 56 10 57) 

2, Test swiich (pages 52 to 55), and replace, i reeded (pages 56 10 58) 

3. Move lamps oF appliances io other circuits fo reduce demand 
(page 34) 


= ‘Switch lever does 
rot siay in postion. 


Replace wom-oul swilch (pages 56 10 59) 


How ta Use It 


bar-code reader, 670nm; in a modern laser point- 
ef, 640nm; in a Blu-ray disc player, 405nm. 


How to Use It 


While powerfullasersina laboratory settinghave 
exotic applications, a typical low-power laser di- 
ode has become so affordable (costing less than 
$5insomeinstances,at the time of writing) itcan 
be considered merely as a useful source of a 
clearly defined lightbeam, idealfor detecting the 
position of a movable mechanical component or 
the presence of an intruder. 


Generic light-emitting diodes are made with a 
view angle (ie, a dispersion angle) as low as 3 
degrees, but the beam is soft-edged compared 
with the precise boundary of a laser beam, and 
cannot be used reliably in conjunction with sen- 
sors at a distance of more than a few inches. 


Laser diodes thatare sold as components may or 
may not have current-limiting control electron- 
ics built in. Applying power to the laser diode di- 
rectly will result in thermal runaway and rapid 
destruction of the component. Drivers for laser 
diodes are available separately as small, preas- 
sembled circuits on breakout boards. 


For many applications, it may be simpler and 
cheaper to buy a laser diode as an off-the-shelf 
product. A laser pointer provides an easy way to 
geta source of laser light, and fitwould normally 
bedriven by two 1.5V batteries, itcan beadapted 
to run off a SV supply by using a 33V voltage 
regulator. 


Common Applications 
In addition to being used with PowerPoint pre- 
sentations and in conjunction with position sen- 
sors, laser pointers have other applications: 


+ Astronomy. A high-powered laser beam is 
Visible even in clear air as a result of interac- 
tion with air molecules, This is known as Ray- 
leigh scattering. The phenomenon allows 
one person to point out a star (or planet) for 
another person. Because celestial abjectsare 


light source, indicator, ar display 


> singl 


so far away, parallax error is not detectable 
by two people viewing the beam while 
standing next to each other. A laser pointer 
mayalsobemountedonatelescopetoassist 
in aiming the telescope at an object of inter- 
est. This iseasier than searching foran object 
through an eyepiece, 

+ Target acquisition. Lasers are commonly 
used on firearms to assist in targeting, espe- 
cially in low-light conditions. Infrared lasers 
can be used in conjunction with infrared 
viewing goggles. 

+ Survival. A small laser can be included in 
emergency supplies to signal search teams. 
A laser can also be used to repel predatory 
animals, 


What Can Go Wrong 


Risk of Injury 
Lasers are potentially dangerous. Those that 
have an infrared or ultraviolet output are more 
dangerous than those with a visible beam, as 
there is no visual warning that the laser is active. 
Alaseris capable of scarring the retina, although 
controversy exists regarding the power output 
that should be considered a high risk. 


If a project incorporates a laser, it should be 
switched off while building or testing the device, 
It may be advisable to wear protective glasses 
that block laser light even when an experimenter 
feels confident that a laser is switched off. 


Active lasers should never be pointed at people, 
vehicles, animals (other than dangerous ani- 
mals), or oneself. 


Inadequate Heat Sink 

Lasers may be designed and rated for intermit- 
tent use. The burner assembly for a CD-ROM 
drive, forinstance, will be rated for pulsed power, 
not continuous power. Read datasheets careful- 
ly, and provide an adequate heat sink. 
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Encyclopedia of Electronic Components Volume 2 


NOTE: Position ofthe screw terminals on 
‘Switeh may vary depending on manufacturer 


Underwriters Laboratories (UL) approved 


Screw 
terminals 


‘A wall ewiteh is connected to citcut wires with screw terminals or with 
pushin fitings on the back of the switch, & switch may have a stamped 
inp gauge that indicates how much insulation must be stripped fram the 
‘ircul wites fo make the connections, 

‘The switch body is attached to a metal mounting strap that allows ito be: 
‘mounted in an elecitical box, Several rating stamps are found on the strap 
{and on the back ofthe switch, The abbreviation UL of UND. LAB. INC. 
LIST means that the switch meets the safely standaids of the Undenurters 
Laboratories. Switches aso are stamped with maximum vollage and 
amperage ratings. Standard wall switches are raled 15A, 125V Voltage 
ratings of 110, 120, and 126 are considered to be identical for purposes 
identification, 

For standard wall switch installations, choose a switch that has a wire 
[Gauge rating of #12 or #14, For wire systems with solid-core copper 
wing, use Only switches marked COPPER or CU. For aluminum wiring 
(page 22), use only swiches marked CO/ALR. Switches marked ALICU 
‘can no longer be used wih aluminum wiring, according to the National 
Electrical Code, 


Wall-switch Basics 


Wall switches are available in 
three general types. To repair 
‘or replace a switch, its impor 
tant to identity its type, 
‘Single-pole switches are used to 
Control a set of lights from one 
location. Three-way switches 
are used to control a set of ights 
from two different locations and 
are always installed in pairs, 
Four-way switches are used in 
combination with a pair of 
three-way switches to control 

{a set of lights from three or 
more locations 


Identity switch types by count 
ing the screw terminals. Single- 
pole switches have two screw 
terminals, three-way switches 
have three screw terminals, and 
four-way switches have four, 


Most switches include a 
{grounding screw terminal, which 
's identified by its green color 
Technically, grounded switches 
{are required only when the 
Switch is installed in a plastic 
box. However, many electricians 
make it a practice to always. 
install grounded switches. 
When pigtailed to the ground- 
ing wires, a grounding screw 
provides added protection 
against shock. 


When replacing a switch, choose 
a new switch that has the same 
number of screw terminals as 
the old one. The location of the 
screws on the switch body varies, 
depending on the manutacturer, 
but these differences will not 
affect the switch operation 


Whenever possible, connect 
switches using the screw termi- 
nals rather than pushin fitings, 
Some specialty switches 
(pages 50 to $1) have wire 
leads instead of screw terminals, 
They are connected to circuit 
wires with wire connectors. 


Single-pole Wall Switches 


A single-pole switch is the most common type 
(of wall switch. It usually has ON-OFF markings 
fon the switch lever and is used to control a set 
of lights, an appliance, or a receptacle from a 
single location. A single-pole switch has two 
screw terminals and a grounding screw. When 
installing a single-pole switch, check to make 
‘sure the ON marking shows when the switch 
lever is in the up position, 

Ina correctly wired single-pole switch, a hot 
circuit wire is attached to each screw terminal 
However, the color and number of wires inside 
the switch box will vary, depending on the loca~ 
tion of the switch along the electrical circu. 

It two cables enter the box, then the switch lies in 
the middle of the circuit. In this installation, both 
of the hot wires attached to the switch are black. 


Ifonly one cable enters the box, then the switch 
lies at the end of the circuit. In this installation 
{sometimes called a switch loop), one of the hot 
wires is black, but the other hot wire usually is 
white. A white Not wire sometimes is coded with 
black tape or paint 


Typical Single-pole Switch Installations 


Grounding, 
‘wires 


‘Two cables enter the box wien a switch is located 
in the middle ofa circult. Each cable has a white and 
a black insulated wire, plus a bare copper grounding 
wire. The biack wites are hot and are connected to 
the screw terminals on the switch. The white wires 
are neutral and are joined together with a wire con- 
ector. Grounding wires are pigtailed to the switch, 


NOTE: Position 
Of the screw 
terminals on 
ier an, 
manutacturer 


‘One cable enters the box when a switch is located 
atthe end of a circuit. The cable has a white and a 
black insulated wire. plus a bare copper grounding 
wire. In this installation, both of the insulated wires 
{are hot. The white wire may be labeled with black 
tape oF paint to identify it as a hot wire. The ground 
ing wire is connected to the switch grounding screw. 
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Traveler 


re: Position 


‘Typical Three-way Switch Installations 


Grounding Two-wire 


Traveler 
terminals 


‘Two cables enter the box ithe switch hes n the 
middle ofa excut. One cable has two wires, plus @ 
’bare copper grounding wite, the other cable has 
three wires, plus a ground. The black wire from the 
two-wre cable is connected ta the dark, common 
serew terminal. The red and black wires trom the 
three-wte cable are connected fo the traveler screw 
Terminals. The white neutral wires are joined togetner 
with a were connector, and the grounding wires are 
piglaled to the grounded metal box 
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Three-way Wall Switches 


Three-way switches have three screw terminals and 
do not have ON-OFF markings. Three-way switches 
ate always installed in pairs and are used to conto) 
2 Set of lights from two locations, 


(One of the screw terminals on a three-way switch is 
darker than the others, This screw is the common 
screw terminal, The position of the common screw 
terminal on the switch body may vary, depenaing on 
the manufacturer. Belore disconnecting a three-way 
switch, always label the wire that is connected to the 
‘omman screw terminal, It must be reconnected to 
the common screw terminal on the new switch, 


The two lighter-colored screw terminals on a three- 
way switch are called the traveler screw terminals. 
‘The traveler terminals are interchangeable, so there 
is no need to label the wires attached to them. 


Because three-way switches are installed in pairs, 
it sometimes ts dificult to determine which of the 
switches is causing a problem. The switch that 
recelves greater use is more likely to fail, but you 
may need to inspect both switches to find the source 
‘of the problem. 


‘One cable enters the box tthe switch lies athe 
‘end of the crcult The cable has a black wire. red 
wire, and white wire, plus a bare copper grounding 
wire, The black wire must be connected to the com- 
‘mon screw terminal, which is darker than the other 
two screw terminals. The white and red wires are 
‘connected to the two traveler screw terminals. The 
bare copper grounding wire ls connected fo he 
‘rounded metal box. 


Four-way Wall Switches 


Fourya\ switches have four screw terminals, 
snd do not have ON-OFF markings Fourway 
Switches are aluays insialled between a par of 
thvee.avay sivtches This switch combination 
makes it possible fo contiol a set af lights from 
Inree or more locations Four-way switches are 
common in homes where large roams contain 
‘mile Iwing areas, such as a kilchen opening 
info a aining toom Switch problems in a four- 
way installation can be caused by loose connec. 
Hons or worn paris ina four-way switch or in one 
of the three-way smitches (page opposite) 


In a typical instalation, there will be a pair of 
three-way cables that enter the box for the four. 
‘say switch With most switches, the white and 
red wires from one cable should be attached to 
the bottom’ or top par of screw terminals, and 
the white and red wires trom the other cable 


should be altached to the remaining pair of NOTE: Postion 
screw terminals, However not all swatches are ofthe screw 
Configured the same way, and wirng configura er | 
tions in the box may vary. So always study the Sepending on 


manutacturer 


Ing diagram that comes with the switch 


Typical Four-way Switch Installation 


Grounding 


Four wires are connected to a our way switch Tne Switch variation: Some four-way siwiches have a 
and white wires rom one cable are attached 19 —_wifing guide stamped en the back to help simpity 
' top parr of screw terminals while the red and Installation Far the swich shown above one par o! 


nie aires rom the other cable are attached to the _color-matched citcut wires will be connected to tre 

Dotiom serew terminals, Screw terminals matked LINE 1 wf the other par 
of wires willbe attached fa the screw tetrnnals 
marked LINE 2 
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Jorounaing 


‘Single-circult wiring: Thrae black wires are attached 10 me switch. The 
black ‘eed wire bringing power into the box is connected to the side of, 
the swicn snat nas a connecting tab The wites carrying power Out to the 
light fatures or appliances are connected tothe side ofthe switch that 
does rot have @ connecting tab The white neuiral wres are connected 
together vnth a wire connector 


‘Separate-circuit wiring: Four black wares are attached to the switch 
Feed wites from the power source are atiached 10 the side of switch that 
has a connecting tab, and the connecting tab is removed (phate, righ), 
‘Wires carrying power from the switch to light fitures or appliances are 
Connected to the side of the switch that does nat have a connecting tab. 
‘White neutral wires are connected together with a wire connecter. 
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Double Switches 


A double switch has two switch 
levers in a single housing Itis 
used to control two light fixtures 
or appliances from the same 
switch box. 

in most installations, both halves 
of the switch are powered by 
the same circuit. In these single- 
Circuit installations, three wires 
are connected to the doubie 
switch. One wire, called the 
“eed” wire, supplies power to 
both halves of the switch. The 
‘other wires carry power out to 
the individual ight fixtures or 
appliances 


In rare installations, each half of 
the switch is powered by a sep- 
arate circutt In these separate- 
circuit installations, four wires 
{are connected fo the switch, 
and the metal connecting tab 
Joining two of the screw termi- 
nals is removed (photo below. 


Connecting 


Remove the connecting tab on 
a double switch when wired in 3 
Separate-citcuil installation. The 
{ab can be removed with needle 
nose pliers ora screwdriver 


Pilot-light Switches 


A pilot-ight switch has a builtin 
bulb that glows when power 
flows through the switch to a 
light fire or appliance: Pilot- 
light switches often are installed 
for convenience ifa ight fixture 
‘or appliance cannot be seen 
from the switch location, Base- 
‘ment lights, garage lights, ane 
attic exhaust fans frequently are 
Controlled by pit-light switches. 


A pliotlight switch requires a 
reutral wre connection. A switch 
bbox that contains a single two- 
wire cable has only hot wires 
‘and cannot be fited with a pilot- 
light switch. 


Switch/receptacles 


‘A switeh/receptacie combines 
a grounded receptacle with a 
single-pole wall switch. In a 
room that does not have enough 
wall receptacles, electrical ser- 
vice can be improved by replac- 
ing a single-pole switch with a 
switchireceptacle. 


A suitch/receptacle requires 
‘a neutral wire connection. A 
switch box that contains a sin- 
gle two-wire cable has only not 
wires and cannot be fitied with 
a switchvrecepiacle 


A switchyteceptacie can be 
installed in one of two ways. In 
the most common installations, 
the receptacle is hot even when 
the switch is off (photo, right), 


In rare installations, a switch) 
receptacle is wired so the recep- 
tacle is not only when the switch 
's on. In this installation, the hot 
Wires are reversed, so that the 
feed wire is attached to the 
brass screw terminal on the 
side of the switch that does not 
have a connecting tab, 


‘Conner una 


fight 
fieture 


Pllot-light switen wiring: Three wires are connected to the swich One 
black ware is the feed wire hat brings power nto the bo Its connected 
to the brass screw terminal on the side of the switch that does not nave a 
Connecting tab. The white neural wires are pigtailed to the siver scrow 

terminal. Black wire carrying power out o light fixture ar appliance 1s con- 
ected to screw terminal on side of the switch that has a connecting ta 


Groundina 


‘Switeh/raceptacte wiring: Three wires are connected tothe switch 
receptacle, One of the hot wires isthe feed yore that brings power into 
the box. It is connected to the side of the switch that has a connecting, 
tab. The other hot wire carries power aut tothe light fixture cr appliance, 
Is connected to the brass screw terminal on the side thal does not nave 
a connecting tab. The white neural wire is pigtailed 1o the silver screw 
terminal. The grounding wires must be pigtailed to the green grounding 
‘screw on the swich/receptacie and to the grounded metal box 
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Specialty Switches 


Specialty switches are avallable in several types, 
Dimmer switches (pages 60 to 61) are used fre~ 
{quently to control ight intensity in dining and 
recreation areas. Timer switches and time-delay 
switches (below) are used to contro ight fixtures 
land exhaust fans automatically. New electronic 
‘switches (page opposite) provide added con- 
venience and home secuily, and are easy 10 
instal. Electronic switches are durable, and they 
rately need repair. 

‘Most standard single-pole switches can be 
replaced with a specialty switch. Most specialty 
switches have preattached wire leads instead of 


Neutra 


Wire to 
ight fheture 


Grounding 
wires 


Neutral 
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‘screw terminals and are connected to circuit 
wires with wire connectors, Some mator-driven 
timer switches require a neutral wite connection 
and cannot be installed in switch boxes that 
have only one cable with two hot wires. 


I speciaty switch is not operating correctly. 
you may be able to test it with a continuity tester 
(bages 52 10 55). Timer switches and time-delay 
switches can be tested for continuity, but dim- 
mer switches cannot be tested. With electronic 
‘switches, the manual switch can be tested for 
continuity (page 55), but he automatic features 
cannot be tested. 


Timer Switches 


Timer switches have an electrically powered 
control dial that can be set to tur lights on and 
off automatically once each day. They are com- 
monly used to control outdoor light fidures, 


Timer switches have three preattached wire 
leads, The black wire lead is connected to the 
hot feed wire that brings power into the box. and 
the red lead is connected to the wire carrying 
power out to the light fixture. The remaining wire 
lead is the neutral lead. it must be connected to 
any neutral circuit wires. A switch box thal con- 
tains only one cable has no neutral wires, so it 
cannot be fitted with a timer switch. 


‘Attar a power failure, the dial on a timer switch 
must be reset to the proper time. 


Time-delay Switches 


A time-delay switch has a spring-driven dial that 
is wound by hand, The dial can be set to turn off 
alight fixture after a delay ranging from 1 10 60. 
minutes. Time-delay switches often are used for 
exhaust fans, elactric space heaters, bathroom 
vent fans, and heat lamps. 


‘The black wire leads on the switch are connected 
to the hot circuit wires. If the switch box contains 
white neutral wires, these are connected together 
with a wire connector. The bare copper ground- 

ing wires are pigtailed to the grounded metal box 


‘A time-delay switch needs no neutral wire con- 
rection, so it can be fitted in a switch box that 
contains either one or two cables. 


Automatic Switches 
‘An automatic switch uses a narrow infrared 
beam to detect movement. When a hand passes 
within a tew inches of the beam, an electronic 
signal turns the switch an or off, Somie automatic 
switches have a manual dimming feature 
Automatic switches can be installed wherever a 
standard single-pole switch is used. Automatic 
switches are especially convenient for children 
and persons with disabiities. 

‘Automatic switches require no neutral wie connec- 
tions. For this reason, an automatic switch can be 
installed in a switch box containing either one or 
‘wo cables. The wire leads on the switch are con- 
nected 0 hot circuit wires with wire connectors. 


Motion-sensor Security Switches 


‘A molion-sensor switch uses a wide-angle intta- 
red beam to detect movement over a large area 
‘and turns on a light fixture automatically. A time- 
Gelay feature turns off lights after movement stops. 


Most motion-sensor switches have an override 
feature that allows the switch to be operated 
manually. Better switches include an adjustable 
sensitivity control and a variable time-delay 
shutoff control 

‘Motion-sensor switches require no neutral wire 
‘connections, They can be installed in switch 
boxes containing either one or two cables, The 
wire leads on the switch are connected to hot 
circuit wires with wire connectors. 


Programmable Switches 


Programmable switches represent the latest in 
switch design. They nave digital controls and 
‘can provide four on-off cycles each day, 


Programmable switches frequently are used to 
provide security when a homeowner is absent 
{rom the house. Law enforcement experts say 
that programmed lighting is a proven crime deter- 
rent, For best protection, programmable switches 
‘should be set to a random on-off pattern. 


Programmable switches require no neutral wire 
connections. They can be installed in switch 
boxes containing either ane or two cables. The 
Wire leads on the switch are connected to hot 
circuit wires with wire connectors, 


‘Sensitivity 
‘control 


Hot 


‘THE DALLES-WASCO COUNTY 
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Continuity tester uses battery-generated current to 
test the metal pathways running through switches 
‘and other electrical fixtures. Always “test” the tester 
before use. Touch the tester clip to the metal probe 
The tester should glow. not, then the battery oF light 
bulb is dead and must be replaced, 
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Testing Switches for Continuity 


A switch that does not work properly may have 
‘worn or broken internal pats, Test for internal 
wear with a battery-operated continuity tester, 
The continuity tester detects any break in the 
metal pathway inside the switch. Replace the 
switch if the continuty tester shows the switch 
tobe faulty 

Never use a continuity tester on wires that might 
carry lve current. Always shut off the power and 
‘disconnect the switch before testing for continuity 
Some specialty switches, like dimmers, cannot 
be tested for continuity. Electronic switches can 
be tested for manual operation using a continuity 
tester, but the automatic operation of these 
switches cannot be tested 


Everything You Need 
‘Too's: continuity tester. 


How to Test a Single-pole Wall Switch 


[Attach clip of tester to one of the screw terminals. 
TTouch the tester probe to the other screw terminal 
Fp switch lever from ON 13 OFF If switch is good 
tester glows when lever is ON, but rot when OFF 


light source, indicator, or display > single source > laser What Can Go Wrang 


Uncontrolled Power Supply aged by incorrect polarity of applied power. Pin 
A diode laser that does not havea feedback sys- functions should be checked carefully against 
tem in place to control the flow of current can datasheets. 

self-destruct. 


Polarity 
Both the light-emitting diode and the photo- 
diode in a three-pin laser package can be dam- 


Chapter21 203 


How to Test a Pilotlight Switch 


al 


How to Test a Timer Switch 
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How to Test a Double Switch 


How to Testa Time-delay Switch 


How to Test Switchireceptacle 


Attach tester clip 


Test each hall of switch Attach tester clip 


How to Test Manual Operation of Electronic Switches 


Manual 
switch 


Motion-sensor switch 


‘Automatic switeh Programmable switch: 


‘ixing & Replacing 
Wall Switches 


Most switch problems are caused by loose wire 
Connections, It @ fuse blows or a circuit 
trips when a switch is turned on, a Ic 

may be touching the metal box L¢ 
also can cause switches to overheat or buzz 


Switches sometimes tail because internal parts 


wear out To check for wear the switch must be 
» removed entirely and tested for continuity (pages 


520 $5) It the continuity test shows the swtch 
is faulty, replace t 


Everything You Need 

Tools: screwdriver, neon circuit teste, continuity 
tester, combination too 

Materials; fine sandpaper, antioxidant paste (jor 
aluminum wiring), masking tape, 


‘See inspector's Notebook: 

‘= Common Cable Problems (pages 124 to 125) 
(Checking Wire Connections (pages 126 to 127) 

+ Elcotical Box Inspection (pages 125 to 129) 

* Inspecting Switches (nage 133) 


How to Fix or Replace a Single-pole Wall Switch 


Remove the mouning serews holding the switch 
1en temave the svntch coverplale 


the electrical Dox Holding the mauriing straps 
‘caretully Dull he switch trom the box Be caretul not 
(0 touch any bare w termynals unl the 

sutch has been tested for powe! 
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How to Fix or Replace a Three-way Wall Switch 


‘tes nto he box Remaunt tne 
‘switch. and attach tne coverp 
Turn on the power atthe main 


‘may be 
COMMON 
replacement Inspect wifes for he switch 
nicks ang scratches If necessary 
clip damaged wes ana strio nem 
(page 23) 


ect i 0 the cucu 
‘grounding wires with a pagtal 
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How to Fix or Replace a Four-way Wall Switch 


Tu off the power to he switch atthe man service Test for power by touching one probe ct the neon 
panel, nen remove tne switch coveralate and circu tester tothe groundec metal Box or bare cop- 
mounting screws Holaing the mounting strap care- pa grounding wire. ang touching the atner probe to 
ty BUI the swfch from tne Dox Be carelui nat to _—_—each ot ne screw terminals Tester should nat glow 
touch any bare wires oF Screw terminals until they Iitdoes, there is sbll power entenng the box. Aeturn 


have been tested for power to the service panel, and turn off ne correct cout 


Disconnect the wites and ingeect 
them for nicks and scratches. 
necessary, clip damaged wires and 
‘inp them (page 23) Test he switch 
{or continutty (page 53). Buy are- 
placement the switch tests faulty 


Connect two wires from one 
incoming cable to the top set 
of screw terminals 


‘Attach remaining wires to the 
‘ther set of screw terminals. 
Pigtail the grounding wires to the 
grounding screw. Carefully tuck the 
wires inside the switch box, then 
emount the switch and coverpiate 
“Turnion power at main service panel 
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Dimmer Switches 


DiaLtype a 
“dis cranges ne 


‘Slise-setion creer hasan 


‘opper grounding 


Everything You Need 


Tools. screwdriver, neon circuit 
tester, needionase pli 


Materials: wire connectors, 
masking tape 


‘See Inspector's Notebook: 
* Electrical Box Inspection 


‘Automatic cirmer has an electronic senor that 
‘agusts he ight fixture to compensate forthe (pages 128 0 129), 
hanging levels cf natural ight An automatic 

‘dimmer aiso can be operated marwaly 


How to Install a Dimmer Switch 


‘Turn off power to switch at the 
rman service panel, then te 
move the coverplate and mounting 

screws. Holding the mounting 
Straps carefully” pull switen from 
{he box. Be catetul not to touch 
‘bare wires of screw terminals until 
they have been tested Tor power 


iN 
Disconnect the circut wires and 
femove the switch. Straighten 
the ercutt wes, and clip the 


fends. leaving about "ofthe bare 
wire end exposed, 


Test for power by touching one 

probe of neon citcut tester 10 
the grounded metal Dax orto the 
bere copper grounding wires, and 
touching other probe to each screw 
terminal Tester should not glow It 
itdoes, there is stil power entering 
the box Return to ine service pane! 
and turn off he correct cxcurt 


Connect the wire leads on the 

immer switch fo the circu 
wires, using wire connectors. The 
switch leads are interchangeable 
‘and can be attached to either of 
the two citcut wires, 


replacing an old dimmer, test 
for power by touching one probe 
of cireut tester to the grounded 
metal box or bate copper ground- 
ing wires, ang inserting the oth 
probe into each wre connector 
Tester should not glow Itt does 
there is stil power entering the 
ox Return to the service pane! 
ang turn off he corract crcut. 


common 
leu wire 


Three-way dimmer hes an add 
tional wire lead, This "common 
lead is connecied to the carmmon 
circuit wire, When replacing 2 
Standard three-way switch wit a 
dimmer, the common circu wire is 
aflached to the darkest screw ter- 
‘minal on the old switch (page 58. 
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‘ne cariestreceptacies were moa 
type tight 
receptacle wes weedin 
S008 


Common 
Receptacle 
Problems 


d quilets ave no m 


‘The polarized receptacie 
Decame standard in the 1920s. 
The efferent sized slots direct 
Current flow for safety. 


‘See inspector's Notebook: 
* Checking Wir 
(pages 12610 12 
‘Electrical Box: Inspection 
(pages 128 to 129). 

* Inspecting Recept 
(pages 132 to 133), 


incurrent, instantly shuts off power 


Problem 


Repeir 


Chew breaker ps 
repeatedly, oF fuse bums 
out immediately ater being 
replaced. 


41 Repair or replace worn or damaged lamp or appliance cord 

2. Move lamps oF appliances to other circuls to prevent 
overloads (page 34). 

43. Tighe” any loose wire connections (pages 7210 72), 

4 Clean dirty or oxidized wire ends (page 72) 


Lamp or appliance does 
rot work 


1. Make sure lamp or appliance is plugged i. 
2 Replace burned-out bulbs. 

3, Repair or replace worn or damaged lamp of appliance cord. 
44 Tighten any loose wire connections (pages 72 10 73). 

5. Clean dirty or oxidized wire ends (page 72). 

65 Repair or replace any faulty raceptacte (pages 72 to 73). 


Receptacle does not hold 
plugs firmiy. 


1, Repair or replace worn or damaged plugs (pages 96 10 97). 
2. Replace faulty receptacle (pages 72 10 73), 


Receptacle is warm to the 


touch, buzzes, or sparks 
when plugs are inserted or 
removed. 


1, Move lamps or appliances to other circuits to prevent 
‘overloads (page 24), 

2, Tighten any loose wire connections (pages 72 to 73). 

3. Clean diy or oxidized wire ends (page 72). 

4, Replace faulty raceptacle (pages 72 0 73), 


Mounting 
= ‘The standard duplex receptacle has two 
Talves for rcowing luge, Each al as along 
(heute) sigs shot ha) slat ond a U-shaped 
bong. ‘grounding hole. The slots tt tne wide prong, 
(pea, stot | pushin rev pong, anc graunding rong crs ieee: 
fan | fing BUS.5 prong pug Ths ercues Mal ine comecton 


BACK 


between receptacle and plug will be polarized 
‘and grounded for safety (page 16) 

Wires are attached to the receptacte at screw 
terminals or push-n fitings. A connecting tab 
between the screw terminals allows a vanety 
of aitferent wiring configurations. Receptacles 
also include mounting straps for ataching to 
electrical boxes. 

Stamps of approval rom testing agencies are 
found on the front and back of the receptacle 
Look for the symbol UL or UND. LAB. INC. 
LIST to make Sure the feceptacle meets the 
strict standards of Underwriters Laboratories, 


‘The receptacle is marked wit ratings for mani- 
‘mum volts and amps. The common receptacle 
is marked 15A, 125V Receptacles marked CU 
‘or COPPER are used with solid copper wire 
‘Those marked CU-CLAD ONLY are used with 
‘copper-coated alurrinum wire. Only receptacles 
marked CO/ALR may be used with solic alum 
‘hum wiring (page 22), Receptacles marked 
‘ALICU na longer may be used with aluminum 
Wire, according 10 code. 
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‘Single cable entering the box incicates end-of-run wiring. The 
biack not wire is attached to a brass screw terminal. an the white 
‘neutral wire 1s connected to a siver screw terminal ifthe box is. 
Imeial. the grounding wire is piglaled to the grounding screws of the 
recepiacie and the box. ina plastic box. the grounding wie i at- 
tached diectly to the grounding screw terminal o! the receptacle, 


‘Two eables entering the box indicate middle-ot-tun winng. Black 
hot wires are connected to brass screw terminals, and white neutral 
\wares to silver screw terminals. The grounding wire is pigtaled to the 
‘grounding screws of the receptacle and the Box. 
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Receptacle Wiring 


‘A 125-volt duplex receptacle can 
bbe wired to the electrical system in 
a number of ways. The most com- 
‘mon are shown on these pages. 


Wiring configurations may vary 


tacles used, the type of cable, or 
the technique of the electrician who 
installed the wiring. To make depend- 
‘able repairs 0° replacements, use 
‘masking tape and label each wire 
‘according to its lacation on the ter- 
minals of the existing receptacie 
Receptacles are wired as either 
end-of-run or middle-of-run. These 
‘wo basic configurations are easily 
identified by counting the number 
of cables entering the receptacle 
box. End-of-run wiring has only 
‘one cable, indicating that the cir= 
cuit ends. Middle-of-run wiring has 
‘wo cables, indicating that the cir- 
‘cuit continues on to other recepta~ 
cles, switches, or fixtures. 


A split-crcuit receptacle is shown 
‘on the opposite page. Each halt of 
a split-circuit receptacle is wired to 
‘a separate circuit. This allows two 
appliances of high wattage to be 
plugged into the same receptacle 
without blowing a fuse or tripping a 
breaker. This wiring configuration 
is simlar to a receptacle that is con- 
trolled by a wall switch. Cade re- 
uires a switch-controlled receptacle 
in any room that does not have a 
builtin ight fixture operated by a 
wall switch 


Spii-crcuit and switch-controlled 
receptacles are connected to two 
hol wires, so use caution during 
repairs oF replacements, Make sure 
the connecting tab between the 
hot screw terminals is removed 
‘Two-slot receptacies are common in 
older homes. There is no ground- 
ing wite attached to the recepla~ 
cle, but the box may be grounded 
with armored cable or condut 
(page 20), 


‘Split-circuit recoptacie 
is attached to a black not 
wite, ared not wie, a 
white neutral wre, and a 
bare grounding wire. The 
Wiring is similar to a switch: 
controlled receptaci 

‘The hot wires are atached 
tothe brass screw term 
nals, and the connecting 
tab or fin between the 
brass terminals is re 
moved. The white wie is 
attached to a silver screw 
terminal, and the con. 
necting tab on the neutral 
side remains intact. The 
{grounding wire ts pig 
failed to the grounding 
screw terminal of the 
receptacle and tothe 
‘grounding screw attached 
tothe box 


Two-slot receptacle is 
often found in older 
homes, The black hot 
wires are connected to 
the brass screw termi- 
‘als, and the white neutral 
wires are pigtailed to a 
silver screw terminal 
Two-slot receptacles 
‘may be replaced with 
tnree-slot types. but 

only ita means of 
‘grounding exists atthe 
receptacie box 
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Basic Types of Receptacles 


Several diferent types of receptacles are found 
inthe typical home, Each has a unique arrange- 
ment ol slots that accepts only a certain kind of 
plug, and each is designed for a specitic job. 
Household recepiacies provide two types of 
voltage’ normal and high voltage. Although volt- 
age ratings have changed slightly over the years. 
normal receptacles should be rated for 110, 


15 amps, 125 volts, Polarized two 
slot receptacie s comman in homes 
Dult before 1960 Sits are aterent 
sizes fo accept polarized plugs, 


1Samps, 260 volts. Ths recepia- 
leis used primanly for window air 
conditioners. tis available 2s a 
‘single unt or as half of @ duplex 
receptacle wath the other hall wired 
for 125 vols. 
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15 amps, 125 volts. Thrae-slot 
(grounded receptacle nas two 
ferent size sls and a U-shaped 
hole for grounding. It's requred in 
all new voring installations, 


20 amps, 125/250 volts. This 
receptacle is used for clothes 
dyes. Il provides high-valiage cur 
‘ent for heating cols and 125-volt 
‘current to run lights and timers. 


118, 120, oF 125 volts. For purposes of replace- 
‘ment, these ratings are considered identical, High- 
voltage receptacles are rated at 220, 240, or 250 
volts. These ratings are considered identical 


‘When replacing a receptacle, check the amper- 
age rating of the circuit at the main service 
panel, and buy a receptacle with the correct 
amperage rating (page 26) 


20 amps, 125 volts. Ths tee-clot 
(rounded receptacie features a 
Special T-shaped sit [tis installed 
for use with lage appliances or 
pporiable tools at requre 20 amps 
of eutrent 


‘50 amps, 125/250 volts, This 
receptacle s used for ranges. The 
high-voltage current powers heat- 
ing cals, an the 125-vok current 
runs clocks and lights. 


Older Receptacles 


Older receptacles may look dit- 
ferent from more modern types, 
‘but most will stay in good work- 
ing order. Follow these simple 
‘quideiines for evaluating or 
replacing older receptacles: 

‘+ Never replace an alder recep: 
tacle with one of a different vott- 
age or higher amperage rating 
‘Any two-slot, unpolarized 
receptacle should be replaced 
with a two- or three-slot polar- 
ized receptacle. 

+ If no means of grounding is 
available at the receptacle box, 
install a GFC! (pages 74 to 77). 
‘fin doubt. seek the advice of 
a qualified electrician. 


Never alter he prongs of a plug 
{oft an older receptacle. Alter- 
ing the prongs may remove the 
‘grounding or polarizing features 
of the plug. 


estar 
Ceramic duplex 
were manutactured in the 19308, 
‘They are polanzed but ungrounded, 
‘and they can be wired for etter 
125 volts or 250 volts. 


Unpolarized receptacles have slots 
that are the same length, Modern 
plug types may not ft these recep- 
facies Never modify the prongs of 
4 polarized plug to ft the slots of 
‘an unpolarized receptacle 


‘Twistlock receptacles are 
designed to be used with plugs 
that are inserted and rotated. A 
‘smal tab on the end of one of the 
[prongs prevents the plug from 
being pulles from the receptacie, 


‘Surtace-mounted receptacles 
\Were popular inthe 1940s and 19505 
for their ease of instalation Winng 
often ran in the back of hollowed 
‘out base moldings. Surtace- 
‘mounted receptacles are usually 
‘ungrounded 


vy 


Ceramic duplex receptacle has 
‘@ unique hourglass shape The 
receptacle shown above is rated 
for 250 volts but only 5 amps, and 
would not be allowed by today’s 
electrical coves 


or 


— white 
neutral wire 


Setscrew 
terminals 


A receptacle rated for 125/250 volts 


Standard receptacle rated for 250 volts 

Incoming hot wires anc no neutal wre A grounding 
1s pigtaled fo the receptacle and to the metal 
receptacle box 
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High-voltage Receptacles 


High-voltage receptacles provide current to large 
appliances like clothes dryers, ranges, water 
heaters, and ait conditioners The slot contiqura 
yon of a high-voltage receptacle (page 66) will 
not accept a plug rated for 125 vols 


A high-vollage recepiacle can be wired in one of 
two ways Ina standard high-vollage receplacie 
voltage 1s brought to the receptacle with two hot 
wires, each carrying a maximum of 125 volts No 
white neutral wire is necessary bul a grounding 
wire should be attached to the recepiacie and to 
the metal receptacle box Conduit can also act 
{35 a ground from the metal receptacle box back 
to the service panel 


A clothes dryer or range also may require normal 
Current (a maximum of 125 valts) to run ights. 
trners and clocks If'so, a white neutral wire vill be 
attached 10 the receptacle The appliance itsett 
wall Spit the incoming current into a 125-valt 
ceult and a 260-volt ercut 


Repair or replace a high-voltage receptacle using 
the techniques shown on pages 72 t0 73 It's 
important 10 identify and tag all wires on the 

sisting receptacle so thal the new 4 
will De properly wirect 


placl 


Hara plastic box 


copper 
ground 


Conduit 


Surtace-mounted receptacle rated for 250 volts na: 
3 hard plastic box thal can be ristalled an conc 

Diock walls Suttace-mounted teceplactes are often 
found in basements and utity rooms 


Childproot 
Receptacles & 
Other Accessories 


vidproot your receptacles or 
adapt them lor special uses by 
anaing receplacie accessores 
Before nstaling an accessory, be 
sure (0 read the manufacturer's 
instructions 


Homeowners with small children 
should ada inexpensive caps 
fr covers fo guard against 
accidental electric shocks 


Plastic caps do not conduct 
electnenty and are virtually pas 
sible for Small children to remove 
A receptacle cover attaches 
directly to tne receptacle and 
hs over plugs. preventing the 
cords from being removed 


Install more than two plugs in 3 
single duplex recepiacle Dy using 
a mult-outlet power stp. & mull 
ute sip should nave’ buit-n 

\fcull breaker or use 10 protect 
agains! averloads, 


Prevent accidents © 


Protect children against the 
Sbity of electrical snack Plac 


Recessed wall receptacle per 
mits a plugan clock tb Be hung 
flush agamst a wal 


Protect electronic equipment, such 
{38 a home computer or stereo 
4th a surge protector The surge 
protector prevents any damage to 
Sensitive wiring of cweutry caused, 
by sudden drops or surges in power 


69 


Metal probes 


handle 


Testing Receptacles for Power, Grounding & Polarity 


“Test for power fo make sure thal live voltage is 
not reaching the receptacle during a repair or 
replacement project. 

Test for grounding to plan receptacle replace. 
ments. The test for grounding will indicate how 
an existing receptacle is wired and whether a 
replacement receptacle should be a two-siol 
polarized receptacle, a grounded three-siot 
receptacle, or a GFCI 


It the test indicates that the hot and neutral wires 
are reversed (page 133), make sure the wires are 
installed correctly on the replacement receptacle 
Test for hot wires if you need to confirm which 
wre 1s carrying lwe voltage 


An inexpensive neon circuit tester makes it easy 
to perform tnese tests, Itnas a small bulb that 
glows when electncal power flows through it. 


How to Test a Receptacle for Power 


4 Lunet poner al ne main sence panel Place 
‘one probe of the tester in each slot of the recapta- 
cle. The ester should nol glow I it does glow, the 
Correct cxcuit has not been tuned aff at the main 
service panel. Test both ends of a duplex recepiacie. 
Remember that this is a preliminary test. You must 
Confirm that power i off by removing the coverplate 
and testing for power atthe receplacle wires (slep 2). 
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Remember thal the tester only glows when itis 
part of a complete circuit, For example, if you 
touch one probe to a hot wire and do not touch 
anything with the other probe, the tester will not 
glow, even though the hot wire is carrying power. 
When using the tester, take care not to touch the 
metal probes, 


When testing for power or grounding, always 
confirm any negative (tester does not glow) 
results by removing the coverplate and examin- 
ing the receptacle to make sure all wres are 
intact and properly connected. Do not touch any 
‘wires without first turning off the power at the 
‘main service panel 


Everything You Need 
‘Too's; neon circuit tester, soreworiver 


Femove the receptacle coverplate. Loosen the 

‘mounting Screws and caretully pul te receptack 
‘nom its box. Take care not to touch any wires. Touch 
‘ane probe of the neon tester to a brass screw termi- 
fal and one probe to a sliver screw terminal. The 
tester should nat glow IF it does, you must shut off 
the correct circult at the service panel. wres are 
‘connected to both sets of ferminals, tes! both sets 


Use a plug-in tester {0 (esta three-slot receptacle. 
With the power on, inser the tester into the suspect 
‘outlet. The face of the tester has three colored lights 
‘hat wil ight up in dierent combinatons, according 
to the outiet’s problem A reference chart is provided 
with tester, and many have a chart on the tester its 


Test for hot wires. Occasionally, you may need 19 
datermine which wire is hat With the power turned 
fff, carefully Separate all ends of wires so that they 
{do ret touch each other or anything else. Restore 
power to the circuit at the main service pane! Touch 
‘one probe of the neon tester ta the bare grounding 
\wire or grounded metal box, and the other probe {0 
the ends of each of the wires. Check al wires. I the 
tester glows, the wire is hot. Label the hot wire for 
ientitication, and turn off power at the service panel 
belore continuing work. 


How to Test a Two-slot Receptacle for Grounding 


\With the power turned on, 

place one probe of the neon 
tester in each slot The tester 
should glow If it does not glow, 
then there is no power to the 
receptacle. 


Place one probe of the tester in 

the shor (hot slot, and touch 
the other probe to the coverplate 
screw. The screw head must be 
{ee of paint, dir, and grease. it 
the tester glows, the receptacle 
‘box is grounded. It does not 
Glow, proceed to step 3 


Place one probe ofthe tester 
in the long (neutral) slot and 
touch the other to the coverplate 
screw. Ifthe tester glows, the 
receptacle box is grounded but 
hot and neutral wires are reversed 
(page 133). If tester does not 
Glow, the box is not grounded 
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Repairing & Replacing Receptacles How to Repair a Receptacle 


Receptacles are easy to repair. After shutting off power to the 
receptacle circuit, remove the coverplate and inspect the recepta 
‘le fer any obvious problems such as a loose or broken connection, 
oF wire ends thal are dirty or oxidized. Remember thal a problem 
at one receptacle may affect other receptacles in the same circuit 
It the cause of a faulty receptacle is not readily apparent, test 
other receplacles in the circuit for power (page 70). 


‘When replacing a receptacle, check the amperage rating of the 
circuit at the main service panel, and buy a feplacement receptacle 
with the correct amperage rating (page 34). 

When installing a new receptacle, always test for grounding (pages 
70 to 71). Never instal a three-siot receptacle where no grounding 
exists. Instead, install a two-siot polarized or GFCI receptacle, 


Everything You Need 
Too's: neon citcult tester screwdiver, vacuum cleaner (If needed) 
‘Materials: fine sandpaper, antioxidant paste, masking tape (feeds). 


Tum otf power at the main ser 
vice panel Test ine receptacle 
for power with a neon circul tester 
(page 70) Test both ends of a 
Supiex recepiacie Remove the 
‘See Inspector's Notebook: Coverplate, using a screwcnver 
* Electrical Box Inspection (pages 128 to 129) 

* Inspecting Switches and Heceptacies (pages 192 to 199), 


0 ll 


I the ends of the wires appear 
darkened ar diy, disconnect 
them one at atime, and clean 
them with fine sandpaper It he 
\wies are aluminum, apply an ant 
‘oxidant paste belore reconnect: 
Ing. Antioxidant paste is available 
at hardware stores, 


Remove the mounting screws Contre thatthe power fo the 
that hold the receptacle io the receptacle is af! (page 70), 

‘box. Carefully pullthe receptacle using aneon citcui lester If wires 

from the box. Take care not to are atlachad to both sets of screw 

touch any bare wires terminals, test bath sats. The tester 
should not glow ft Coes, you 
‘must tun off the correct circuit at 
the service pane! 
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Tighten all connections, using Check tne box for dirt or dust Reinstall the receptacle, and 
ascrewariver Take care not to © ang, necessary, clean i with tum on power at he main ser 
‘verighten and sinp the screws. a vacuum cleaner and narrow noz- vice panel Test the receptacle for 
le attachment. ower with a neon citcut tester 
Tr the receptacie does not work, 
‘check other receptacles in the cir- 
cuit before making a replacement 


How to Replace a Receptacle 


Torepiace a receplace, repe: 
steps 1 to 3 on the opposite 
‘page. Wit the power of, abe! each 
wre for ts location on the recepta- 
cle screw terminals, using masking 

tape and a feltipped pen 


Disconnect all wires and Replace the receptacle with one 

remove the receptacle rated for the correct amperage 
and votage (page 26) Replace 
coverplate, and tun on power 
‘Test receptacle with a neon circuit 
tester (pages 700 71) 
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LED indicator 


In this encyclopedia, an LED indicator is defined as a component usually 10mm or 
smaller in diameter, made of transparent or translucent epoxy or silicone, most often 
containing one light-emitting diode. tis purposed asa status indicator in a device, rather 
than as a source of illumination, and is sometimes referred to as a standard LED 


LED indicators that emit infrared and ultraviolet light are included in this entry. LEDs that 
are designed to illuminate large interior or exterior areas are discussed in a separateentry 
as LED area lighting. They are sometimes described as high-brightness LEDs and almost 
always emit white light. 


‘The term light-emitting diode is becoming less common, as the acronym LED has 
become ubiquitous. The acronym does not usually include periods between the letters. 


The words “light emitting” are hyphenated here, as they form an adjectival phrase, but 
in everyday usage the hyphen is often omitted, and no definitive rule seems to exist. 


Originally, a standard LED contained only one diode, but may now include multiple di- 
odes, either to emit additional light or to provide a range of colors. In this encyclopedia, 
a single epoxy or silicone capsule is still considered to be an LED indicator regardless 
of how many diodes it contains. By contrast, any component consisting of multiple sep- 
arately discernible light-emitting diodes, as in a seven-segment numeral, a 14- or 16- 
segment alphanumeric character, a dot-matrix character, or a display of multiple char- 
acters is listed in a separate entry as an LED display. 


OTHER RELATED COMPONENTS 


«+ LED area lighting (see Chapter 25) 
«+ LED display (see Chiopter 24) 

+ incandescent lamp (see Chopter 18) 
+ neon bull (see Chaater 19) 

«+ taser (500 Chapter 21) 
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What It Does 


‘An LED indicator emits light in response to a 
small current, typically around 20mA (but some- 
times much less), at a voltage lower than SVDC. 
Itis usually molded from epoxy or silicone that 
may be colorless and transparent (often referred 
to.as water clear), or colorless but translucent, or 
tinted and transparent, or tinted and translucent. 


The color of the light is initially determined by 
the chemical compounds used internally, and by 
their dopants; therefore, a water-clear LED may 
emit colored light. 


Ultraviolet LEDs are usually water-clear. Infrared 
LEDs often appear to be black, because they are 
opaque to the visible spectrum while being 
transparent to infrared. 
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GFCI Receptacles 


The ground-fault circurt-nterrupter (GFCI) receptacle protects 
against elecincal shock caused by a faulty appliance. or a warn 
cord or plug It senses small changes in current flow and can shut 
off power in as inile as of a second 


GFCIs are now required in bathrooms. kitchens. garages. craw 
spaces, unfinished basements, and outdoor eeceplacle localions 
Consult your local codes for any requirements regarding the instal 
lation of GFCI receptacles Most GFCis use standard screw terminal 
‘connections, but some have wire leads and are ailached with wire 
connectors, Because the body of a GFCI receptacie is larger than 
a standard receptacle. small crowded electrical boxes may need 
to be replaced with more spacious boxes (pages 40 to 41) 


The GFC! receptacle may be wred to protect only tse (single 
location). or it can be wired to protect all eceptacles, swmtches. 
and light fitures from the GFCI “forward to the end of the circult 
(multiple locations) 


Because ine GFCI \s so sensitive itis most effective when wred to 
protect a single location The more receptacies any one GFCI pro- 
tects, the more susceptible tis fo ‘phantom trigping. shutting off 
power Decause of tiny Normal fluctuatians in current flow 


Everything You Need 
Tools: neon circuit fester, soreweliver 
Materials: wire connectors, masking tape. 


Neutral 
wire 


Grounding 
‘wines 


Box grounding 
Receptacle 


‘rounding 


A GFC! wired for single-location protection |showr 
from the back) has hot ang neutral wiies connected 
rly 10 the sereu terminals marked LINE A GFCI 
connected for single-location protection may be wired 
as einer n e-a-run contigui 


A GFCI wired fr muttipie-location protection 
(shown trom the back) Nas one set of hot and neut 
wires connected to the LINE par ol screw. lermin 

310 the LOAD pac 
Screw terminals A GFCI receptacle connected fa 
Tuliple-location protection may be wted only 95 a 
Imiddle-ot-un contguration 
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How to Install a GFCI for Single-location Protection 


Shut of gower tome receptacle 9 Remove coverplate Loosen 
arine man service panel Test mounting screws. and gently 
for power with angen evteuittester pul receptacle from the box Do 
(page 70) Be sure to check both not touch wites. Cantirm power is 
halves of the receptacle ‘off with a circus tester (page 70) 


Disconnect all black hot wares 

from the biass screw terminals 
of the old receptacte. Pigtal these 
wires togetner, and connect them 
10 the terminal marked HOT LINE 
‘on the GFCI 


Pata at ne wit neural wires 
Together and connect the pig- 
tal ihe fermanal marked WHITE 
LINE an the GFCI (see photo on 
oppasite page) 


Disconnect all write neutral 
vwites from the silver screw 
terminals of he old receptacie 


Ia grounding wire is avaiable, 

contest it to the green ground- 
ing screw terminal of the GFCI, 
Mount ine GFCI in the receptacle 
box, and reattach the coverplate 
Restore power. and test the GFCI 
according fo the manufacturer's 
instructions, 
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How to install a GFC! for Multiple-tocation Protection 


Use a map of your house circuits 
(pages 30 1033) to determine 
location for your GFCI. Indicate a 
receptactes inat wil be protected 
by the GFC installation 


receptacle 


4 Desomectall sack no wires Careuly separate 
the hot wires and postion them so thatthe bare 
‘ends do not touch anything. Restore power tothe cir 
cuit at the main service panel. Determine which black 
ite isthe “teed” wire by esting for Not wires (page 
71). The feed wire brings power tothe receptacte from 
the service panel. Use caution. Ths s a "ive" wire Test, 
<duting which the power fs turned on temporal 
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Turn off power tothe correct c 
cult at the main service panel 
‘Test allthe receptacles inthe c- 
‘cut wtn a ech circuit tester to 
‘make sute the powers of. Always 
‘check beth halves of eacn duplex 


Remove the coverplate from the 
receptacle that wil be replaced 
wit the GFCI. Loosen the mount- 
Ing screws ang genty pull ne 
receptacle from its box. Take care 
Not to touch any bare wires. Con: 
firm the power is of with aneon 
cireut tester (page 70), 


5 ihen yohave found te ot ed we, tn of 
power al the main service panel. identty the fees 
wire by matking i with masking tape. 


Disconnect the white neutral 

lies from the old receptacle, 
Identity tne white feed wire and 
lapel wth masking tape. The 
white feed wire willbe the one that 
shares the same cable asthe black 
feed wire, 


Connect the other white neutral 
Wile 0 the terminal marked 
WHITE LOAD on the GFCI 


Disconnect the grounding wire 

fom the grounding screw termi- 
fal of he aid receptacle. Remove 
the old receptacle. Connect ine 
‘grounding wre fo the grounding 
Serew terminal of ne GFCC 


1O Sarresi tte ar black nox 
\Wite to the terminal marked 
HOT LOAD on the GFCT. 


Connect the write teed wire to 
the terminal marked WHITE 
LINE on the GFCI Connect ine 
Dlack feed wie to the termnal 
marked HOT LINE on the GFCI 


= 
4 Seca te in 
the receptacle box Nour 
the GRC the bon an atc he 
Coverpie Turon power te 
teu atte man cere pane! 
festihe OrClaccoong me 
alachaers rab clone 
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Words Used by Chemists 


Acids a hydrogen-containing 
that releases hydrogen 


Alloy: a material made up by combining 
‘ro oF more metals. 


Analysis: breaking down @ compound 
into two er more substances, 
Anhydrous: free from water. 

Atom: the smallest unit of an clement 
hat can enter into the making of 
emical compound. 

Atomic weight: the weight of an atom 


compared with the weight of an oxygen 
ftom set at 16, 


Base: a compound conteining the hy- 
droxide group (OH). 

Catalysts a substance that helps ina 
chemical reaction without itself being 
changed. 

Chemical chanzet a change of a sub- 
stance into another substance hav 
dllferent properties, 


Chemistry: a branch of science dealing 
‘with the compositions of substances and 
the changes that ean be made in them, 


‘burning; a chemical 
wat produces beat and Hight. 
Compound: a substance consisting of 
two oF more different kinds of atoms in 
Aefinite proportions by weight, 

Grgstal: a solid in which atoms oF mole 
cules are arranged in o definite pattern. 
Density+ the weight of a liquid or 1 
‘solid in grams per em or milter. 
Distillate: a liquid that has been turned 
into vapor and again cooled into liquid, 


Distillations the process of producing 
a distillate 


Ductile: capable of being drawn out into 
Electrolysis: breaking down a substance 
by patting an electric current through it, 
Electrolyte: a substance th 
a solution or when melted, will conduct 
fan clectrie current, 


mercury. 


‘Elemente substance that contains only 
tone kind of atoms 


Equations a complete description of 
cheaical reaction by the use of symbols, 
formulas, and signs. 


Eyaporation: the changing of a sub- 
stance into vapor; also the process of re 
‘moving water by heating. 


liquid obtained by filtration. 


al, usually filter paper. 


Formula: a group of symbols and num- 
bers giving the composition of a cou 
pound. 


Hydrate: compound containing loosely 
bound water of hydration (water of 
crystallization) that can be driven off 
by heating. 


Hydroxide: 1 compound that contains 
the hydroxyl (OH) radical, 


Ton: an electrically charged stom or 
‘group of atoms (radical). 


‘Malleable: capable of being hammered 
‘or rolled into a thin sheet. 


Matter: anything that takes up space 
and bas weight, 
Metals an element that i 
ductor of electricity, has 
whose oxide forms 8 base with water, 
Metalloids an element that has proper- 
ties of hoth metale and nonmetals. 
Mixtures a mingling of substances not 
combined chemically. 
Molecular weight: the sum of the 
jomic weights of the aloms that make 
‘up # molecule of compound, 
Molecules the smallest unit of  com- 
‘pound that can exist in the free state, 
‘Neutralization: the reaction of an acid 
fand a base to give a salt and water. 
Nonmietal: an clement that is poor 
conductor of electricity, does not have 
aster, and whose exide forms an acid 
‘when combined with water. 


Organic chemistry: the chemistry of 
the carbon compounds, 

‘Oxidation: the process by which a sub- 
stance combines with axygen. 
Precipitates an insoluble solid formed 
fn a solution by chemical reaction. 


Radical: « group of atoms that behave 
chemically as a single atom, 


Reaction: a 


wmical change. 


Reduction: removal of oxygen: the op- 
posite of oxidation. 


Salts compound (other than water) 
formed by the reaction of an acid and 
abase, 


Saturated solution: a solution that 
contains the maximum mount of solute 
tunder the conditions 


Solubility tho number of grams af @ 


solute needed to make saturated so- 
lution in 100 grams of solvent. 


Solute: the substance dissolved in 
solvent. 


Solution: @ nonsettling mixture of a 
solute in'a solvent. 


Solvents a liquid in which a solute is 


issalved. 


Sublimation: # process by which a sot- 

{is turned into Vapor and again evoled 
1a solid without passing through & 
Tinuid sta 


Subscripts a small numeral indicating 
the numberof atoms of a certain clement 
jn the formula of a compound. 


Substances any specific kind of matter 
‘whether element, compound, or mixture. 


Symbol: a letter of to Tottors reps 
senting ane atom of an element. 


Synthesisr tho making up of a com. 
pound from simpler compounds ar from 


place or with which it ean unite. 
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EVERY HOME KITCHEN 15 A CHEMICAL LABORATORY. 
COOKING AND CLEANING ARE CHEMICAL PROCESSES. 


The Importance of Chemistry 


THene 15 HARDLY a boy or a gitl alive who is not 
keenly interested in finding out about things. And 
that’s exactly what chemistry is: FINDING OUT 
ABOUT THINGS —finding out what things are 
made of and what changes they undergo. 

‘What things? Any thing! Every thing! 

Take a lock around you, All the things you see — 
and lots of things you can't see—have to do with 
the science of chemistry. 

Let's start with yourself, The air you breathe is 
‘a mixture of chemical substances and the process of 


are all chemical products and the ways in which 
your body turns them into muscles and bones and 
nerves and brain cells are some of the greatest of all 
chemical mysteries. 

The clothes you wear, the books you read, the 
medicine you take, the house in which you live— 
all these are products of chemistry. So is the family. 
car —the metal in it, the rubber on which it rolls, 
the gas that moves it, 

‘Nature itself is a tremendons chemical laboratory. 
Everything in nature is forever passing through 
chemical changes, Here on earth, plants and animals 


INSECT SPRAYS MEAN. 
HEALTHIER LIVESTOCK. 


CHEMISTRY PROVIDES FUEL FOR 
[ALL KINDS OF TRANSPORTATION. 


4 


PURIFICATION OF WATER 


grow, die, and decay; rocks erack and crumble under 
the influence of air and water, In the universe, new 
stars are formed, others fade. The sun that gives us 
heat and light and energy is « flaming furnace of 
chemical processes that will eventually burn itself 
out, billions of years from now. 

Chemistry is one of the most important of all sci- 


‘ences for human welfare. 

Chemistry means the difference between poverty 
‘end starvation and the abundant life. The proper 
use of chemistry makes it possible for farmers to feed 
the world’s ever-inereasing population, for engineers 
to develop new means of transportation and com- 
munication that will bring the peoples of the world 
closer together, for doctors to cure the diseases of 
mankind, for manufacturers to produce the thou- 
sands of items that are necessary for better and 
richer living. 

‘And this is only the beginning. 

Within recent years, scientists have succeeded in 
penetrating into the innermost secrets of chemical 
substances and have begun to make use of the tre- 
‘mendous force that lies hidden in them. This atomic 
power opens up amazing possibilities for the future. 

You will live in a world in which chemistry will 
become ever more important. To understand that 
world it is necessary to understand the truths and 
laws on which modern chemistry is based and to learn 
‘how chemists of the past unraveled them. 

This book will help you get this insight— not 
alone by your reading it, but also by your consci 
tiously doing the experiments described and learning 
what each of them has to tell you. 


PAPER AND PRINTERS’ 
INK ARE MADE WITH 
HELP OF CHEMISTRY. 


ATONIC ENERGY FOR 
THE FUTURE 


UNITED STATES 15 THE WORLD'S: 
LEADING PRODUCER OF STEEL. 


What It Does ight source, 
When an LED indicator is described as being 
through hole, it has leads for insertion into holes 
in a circuit board. The term does not mean that 
theindicatoritselfismeant to be pushed through 
ahole in a panel, although this may also be done. 
The LED is cylindrical with a hemispherical top 
that acts as a lens, The leads are relatively thick, 
to conduct heat away from the component. A 
dimensioned diagram of atypical LED measuring 
‘5mm in diameter is shown in Figure 22-1, 
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Figure 224. Dimensions of a typical Sem LED. The 
longer wire connects with the anode, while the shorter 
wire connects with the cathode. Adapted from a data- 
sheet published by Lite-On Technology Corporation. 


‘An LED indicator that is not the through-hole 
type is usually a surface-mount component. 
LEDs for surface mounting are mostly rectangu- 


indicator, or display > single source > LED indicator 
lar and can be as small as Imm x 0.5mm, They 


may require a heat sink, 


Schematic Symbols 

Figure 22-2 shows a variety of symbols that are 
commonly usedto representan LED. Thetriangle 
at the center of each symbol points in the direc- 
tion of conventional (positive-to-negative) cur- 
rent flow—from the anode to the cathode. Each 
pair of arrows radiating away from the diode in- 
dicates emitted light. Wavy arrows are some- 
times used to represent infrared (thermal) radia- 
tion. Often, however, an infrared LED is repre- 
sented in exactly the same style as an LED that 
‘emits visible light. With the exception of the wa- 
vyarrows, the various styles of schematic symbol 
are functionally identical and do not identify dif- 
ferent attributes of the component such as size 
or color. 
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Figure 22-2. Various symbols may be used to represent 
‘an LED. See text for details 


Common Usage 

LED indicators have mostly displaced neon 
bulbs and miniature incandescent lamps for 
the purpose of showing the status of a device. 
Theyare foundin industrial control panels, home 
audio systems, battery chargers, washer/dryers, 
and many other consumer-electronics products. 
Higher output variants are used in flashlights, 
traffic signals, taillights on automobiles, and for 
illumination of subjects that are being photo- 
graphed. LED indicators may be assembled in 
largenumbersinattention-getting displays such 
as Christmas lights. 
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SYMBOLS USED BY ALCHEMISTS 


Chemists of the Past 


Many tHousaxp years ago, an early ancestor of 
yours pushed a stick into the hot lava flowing from 
an erupting yoleano. The stick burst into fire. He 
held it up as a torch. It gave off light and heat and 
finally turned into ashes. 

This ancient man might be considered the world’s 
first chemist. He had actnally taken a substance 
called wood and had, by @ chemical process called 
combustion or burning, turned it into something else, 

‘The discovery of the use of fire was the first great 
step leading toward modern chemistry. Fire made it 
possible to turn raw foodstuffs into edible meals, to 
bake shaped clay into pottery, to make glass, to 
drive metals out of their ores. 

For thousands of years people were chiefly inter- 
ested in the results of what they did — they didn’t 


care about what happened or why it happened. It 
was only about 2,500 years ago that philosophers 
hegan to wonder about what things were made of 
and what happened when a thing changed into some- 
thing else. 

Around 400 B. C., in Greece, a thinker by the name 
of Empodocles came up with an idea that seemed to 
make sense. He explained that everything in the 
world was made from just four things which he 
called “elements”: fire, water, air, and earth. Think 
of that burning stick mentioned above. It gave off 
fire—so, obviously, the stick had to contain fire, 
Tt sizzled — which meant there was water in it. It 


smoked — and smoke would be some kind of air, It 
left ashes —and ashes are earth, as certainly every- 
‘one should know. 


Everyone —except another Greek, Democritus, 
born around the time when Empedocles died. He 
had a different notion — that all matter was made 
up of tiny particles which he ealled alomas — some- 
thing that cannot be cut further. 

But Democritus didn't get very far with his idea, 
‘The greatest. Greck philosopher of the day, Aristotle, 
held out for the four elements, And because of his 
‘great reputation this false idea governed the thinking 
of scientists for two thousand years — because no 
‘one dared suggest that he knew better than the great, 
Aristotle! 


BRONZE-AGE MAN WAS ONE 
(OF THE EARLIEST CHEMISTS. 


DEMOCRITUS INSISTED THAT 
MATTER CONSISTS OF ATOMS. 


PARACEISUS TOLD HIS PU- 
PILS TO USE EXPERIMENTS. 
BOYLE INVESTIGATED GASES 
AND BROKE OLD TRADITIONS. 


In the meantime, scientists of Arabia began work 
in a subject they called alchemy — from Arabic al, 
the, and kimia, pouring together. They mixed things 
and boiled and distilled and extracted in the hope, 
some day, of finding a way of making GOLD! They 
discovered @ great number of things not previously 
Known, developed many sound laboratory methods, 
and gave the science of chemistry its name— but 
‘they never created the slightest speck of gold. Nei- 
ther did a great number of European alchemists, 

For hundreds of years chemistry made little head~ 
way. Then, in 1525, a Swiss doctor and scientist 
spoke up. He had the imposing name of Theophras- 
tus Bombastns Paracelsus von Hohenheim. He chal- 
lenged his students to tear up their books with the 
old theories that had been developed through reason- 
ing only and to find out for themselves through ex- 
periments whether a scientific theory was right or 
‘wrong. But only a few people paid attention to him. 

More than « hundred years passed before an Eng- 
lishman, Robert Boyle, in 1661, succeeded in killing 
off the old idea of the four elements. He did it by 
establishing that there are many elements — sub- 
stances that cannot be formed by other substances 
and cannot be broken into other substances. 

Another hundred years went by. Then, at the time 
of the American Revolution, the day finally dawned 
for modern chemistry. 


PRIESTLEY USED HEAT OF 
SUN TO PRODUCE OXYGEN, 


LAVOISIER GAVE THE RIGHT 
EXPLANATION OF BURNING. 


A Swede, Karl Scheele, and an Englishman, Joseph 
Priestley, discovered oxygen, and a Frenchman, An- 
toine Laurent Lavoisier, explained the true nature 
of burning and made up the first scientific listing of 
all known clements — twenty-eight at the time. 

Within a few years, more elements were found. 
With the help of electricity, an English chemist, 
Humphry Davy, in a single year brought to light 
six new metals — among them sodium, potassium, 
calcium, and magnesium. 

‘Twenty years later, in 1828, another important 
break-through occurred, A German chemist, Fried- 
rich Wobler, working in his laboratory produced a 
chemical, urea, that had never before been made 
outside the body of a living animal. 

More and more things were happening. New ele- 
ments were discovered, new chemicals created. The 
advances in chemistry greatly influenced industry, 
agriculture and medicine. 

‘And then, in 1898, the Polish-born Marie Curie 
and her French husband, Pierre, discovered the “mir 
acle element,” radium. This opened up a whole new 
age in chemistr 

Within the last fifty years, chemistry has moved 
forward with giant steps. But not a single one of 
these steps would have been possible without the 
dedicated work of the chemists of the past who laid 
the foundation on which modern chemistry rests. 


DAVY BROUGHT ELECTRICITY 

INTO CHEMICAL RESEARCH. 
MARIE CURIE AND HER HUS- 
BAND DISCOVERED RADIUM. 


REGULAR LABORATORY WARE Cy 


beakers 


Erlenmeyer 
flasks 


Florence 
flask 


test tube holder 


wire gauze with 
asbestos center 


cloy-stem triangle 


SD 


crucible tongs 


crucible and lid 


Ss drying tube 


IMPROVISED EQUIPMENT FOR HOME LAB 


Equipment for Chemistry 
screwtop can gy mayonncise 


Sous of the greatest discoveries in chemistry were 
made by scientists who had no special equipment ss 
but simply used whatever was at hand. 

Tn your home lab experiments it will pay you 
to follow the example of these early chemists, Put 
‘your imagination to work, Use whatever suitable 


equipment you can find around the house (as sug- 
gested in columnn to the right) and buy only what is 
absolutely necessary (as shown below). Some items 
may be purchased in a local drugstore or scientific 


supply shop. If not, you can buy them from one of 
‘the suppliers listed on page 110. 

Later on — if you really get excited about chem- 
istry — you may want to use your pocket money for 
some of the lab equipment shown on page 8. 


I) 


custard cup 


LABORATORY WARE FOR HOME LAB 


screening 


ink bottle 


home-made 
test tube holder 


stonds made 
of clothes 
hanger wire 


INA REGULAR LAB, 
EVERYTHING HAS ITS 
PLACE AND IS NEAR 
AT HAND. AIM TO 
KEEP YOUR OWN LAB 
AS WEIL ORGANIZED. 


BOX TO HOLD HOME 
LAB CAN BE MADE 
FROM PLYWOOD. KEEP 
BOX LOCKED WHEN 
NOT IN USE AS A PRO- 
TECTION FOR YOUNG. 
ER CHILDREN. 


wastepaper 
basket 
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Home Laboratory 


Ir 1s possible that you may be permitted to work 
at the kitchen table when this is not in use. But it 
is far better if you have a place where you will not 
be disturbed and where you can store your equip- 
ment—a corner in your room, or in the basement 
or the garage. 

‘These are the things you'll need in your lab: 

Work Table. An old, sturdy table will do, Cover 
it with a plastic top to protect the wood. 

Water Supply. If you have a faucet nearby, 
fine. Otherwise, make a siphon bottle (page 11). 

Waste Disposal. If you ean dump your waste 
directly into the kitchen drain (NOT into the sink), 
you are all right. If not, collect it in a plastic pail 
to be thrown out when you're finished. 

Souree of Heat. In the regular laboratory, spo- 
cial gas burners are used, In the home lab, you can 
uuse a burner for denatured aleohol. Have a shallow 
‘metal pan under the burner for fire safety. 

Storage. If there's noone around to disturb your 
chemicals and equipment, an open shelf is OK. 
Othervriso, use a box that ean be locked up. 

Containers, Keep chemicals in glass jars and 
bottles. LABEL THEM ALL CLEARLY. 

Stands. Make your own test tube stand as well 
‘as stands for holding glassware for heating. 


If YOU DO NOT 
HAVE RUNNING 
WATER IN. YOUR 
LAB, MAKE SIPHON. 
FROM A 1-GALLON. 
BOTTLE. START. 
SIPHON BY BLOW. 
ING THROUGH 
LSHAFED GLASS 
TUBE. SPRING. 
CLOTHES PIN 
REGULATES 
WATER FLOW. 


cut lipstick 
container at 
dotted line 


use half 
of Thermos 
bottle cork 


oS 


"screw" lip- 
stick tube 
through cork 


MAKE AN. ALCOHOL BURNER FROM INK 
BOTTLE, THERMOS BOTTLE CORK, AND LP. 
STICK CONTAINER. BUY WICK AT A HARD. 

WARE STORE, ma 


STRIP_OF THIN CARDBOARD MAKES > / 
AN ADEQUATE TEST TUBE HOLDER. IF 

‘YOU LIKE, YOU CAN MAKE A HOLDER 

FROM CLOTHES HANGER WIRE AS 
SHOWN HERE, 


YOU CAN MAKE A SIMPLE TEST TUBE 
STAND FROM A SALT BOX, CUT OUT 
SIDE AND USE CUT.OUT SECTION TO 
KEEP TEST TUBES LINED UP STRAIGHT. 


REGULAR LAB STAND FOR 
TEST TUBES CAN 8E PRO- 
DUCED FROM STRIPS OF 
Y-INCH WOOD. FOLLOW 
PATTERNS BELOW TO MAKE 
TWO SIDES AND THREE 
HORIZONTAL PIECES. DRILL 
HOLES. ASSEMBLE WITH 
THIN TACKS. 


make 2 of these—cut 
‘one along dotted line 


USE A PAIR OF PLIERS FOR MAKING. 
THESE STANDS FROM CLOTHES HANGER 
WIRE, ALSO MAKE THE FUNNEL STAND. 
IIWUSTRATED ON PAGE 9, 
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FIRST DECIDE ON 
APPARATUS YOU 
‘WILL NEED. THEN 
FIGURE OUT SIZES 
OF PARTS. THESE 
ARE THE PARTS 
FOR THE SAFETY 
GAS GENERATOR 
‘ON PAGE 29. 


Making Apparatus for Experiments 


‘Most of your chemical experiments you will perform 
in test tubes and jars. But occasionally you will need. 
an apparatus —a device consisting of bottles and 
stoppers, glass and rubber tubing. 

A good chemist takes pride in his apparatus. He 
makes it with great care —not just for looks but, 
‘more important, for safety. An apparatus that leaks 
flammable gas can be very dangerous. 

Before you start to put an apparatus together, 
make a simple drawing of it so that you will know 
‘what it will consist of. Then get out the varions parts 
‘you will need to put it together. 

‘To make an apparatus, you need to know how to 


15 mm 7 mm 19 mm 20 mm 


10mm 


16 mm 


THESE ARE THE ACTUAL SIZES OF RUBBER STOPPERS. BY 
MEASURING THEM AGAINST YOUR LAB WARE YOU WiLL 


cut a glass tube, how to bend 
it to a jet point. See page 13. 

Tt is wise to use glass tubes of one diameter only, 
with rubber tubing to fit. Glass tubes of an oulside 
diauneter of 6 millimeters fit snugly into the holes in 
the usual rubber stoppers. Rubber tubing of an in- 
side diameter of 3" fits over the 6mm glass tubes. 

To determine the right size stoppers to use in the 
bottles of your apparatus, measure the mouths of 
the bottles axainst the stoppers shown below in 
actual size, Order stoppers by number. Keop a selec- 
tion of different sizes on hand. 

Follow the safety precautions on page 16 


ind_how to draw 


24 mm 26 mm 


20 mm mm 


KNOW WHICH TO ORDER. No. 0 FITS THE 18 mm TEST 
TUBE. No, 5 FITS 4-02. WIDE-MOUTH BOTTLE, 
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CUTTING GLASS TUBES 


fpush thumbs away from you 


@ warce smite scratce Witt Fte—Do NOT “SAW.” 
@ voto use WITH BOTH HANDS, THUMBS BELOW MARK. 
@ snr TUBE INTO TWO PIECES WITH A QUICK JERK. 


BENDING GLASS TUBES 


HEAT THAT PART 

TUBE EVENLY 
WHERE YOU WANT TO 
BEND IT, FOR ABOUT 
TWO INCHES, BY ROLL- 
ING AND MOVING 
THE TUBE BACK 
AND FORTH, 


WHEN GLASS IS 
FT, REMOVE FROM 
FLAME. BEND QUICK- 
Ly. HOLD UNTIL THE 
GIASS HARDENS. 


‘all slowly 
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FIRE GLAZING 
CUT EDGES 


ROUND THE ROUGH EDGES OF CUT 
‘TUBE BY ROTATING IN FLAME. THIS 
1S CALLED "FIRE GLAZING." 


MAKING JET POINT 
a 


HEAT SECTION OF TUBE EVENLY WHERE YOU WANT 
FORM JET POINT, BY ROLLING IT IN THE FLAME. 


(@ wien sorr, puL tower, cur APART WHEN HARD. 


GOOD BEND 


too he! oy) 
POOR BEND )) 


POOR BEND 
if 


too hot here 


IF HEATED TOO. 
MUCH, THE TUBE 
‘WiLL FLATTEN. 
OR “BUCKLE.” 


METRIC UNITS OF LENGTH 
1000 meters {m) = 1 kilometer (km) 
T meter (m) = 1000 millimeters (mm) 
1 meter (m) = 39.37 inches 

2.540 centimeters (em) = 1 inch 


cubic centimeter 
om = Tec = 
mili 
mt 


METRIC UNITS OF VOLUME 


Scientific Measurements 


Ly science, the metrie system is preferred over our usual 
tem, It is much easier to work with when once you have learned 
or 32 or 16 
{io go from one unit to the next, you simply move the decimal 
point, Just remember these two things: 

1. That the names of the basic units are moter for lengths, 
liter for volumes, grams for weights — abbreviated to m, 1, 
and g (without @ period after them). 

2, That 1000 of a kind are called kilo: 100, hekto; 10, deca; 
1/10 is called deci; 1/100, centi; 1/1000, milli 


it — for instead of dividing or multiplying by 


METRIC UNITS OF WEIGHT 


1 fiter tH) = 1000 cubic centimeters 1000 grams {g) = 1 kilogram (kal 
(em? or ec} 1 gram (g) = 1000 milligrams (mg) 

1 liter {) = 1000 milifiters (ml) 1. gram (g) = 0.035 ounces avoirdu- 

1 iter (l) = 1.06 quarts (Hiquid) ois 

0.946 liter (l) = 1 quart (ig 28.350 grams (g) = 1 ounce avoir 
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Making a Model 


of a Cubie 
Centimeter 


MH 


BOTTOM LINE OF FIGURE 


JO THE RIGHT 1S 1 DECI. 
METER (1 dm] OR 10 CEN- 
TUMETERS [10 em) OR 100 


(MILLIMETERS (100 mm). 


FRONT SURFACE OF FIGURE 


IS. SQUARE DECIMETER (1 
dm’) OR 100 SQUARE CEN- 
TUMETERS (100 em’) 


VOLUME OF WHOLE FIGURE 
IS 1 CUBIC DECIMETER (1 


dm’) OR 1000 CUBIC CEN- 
TIMETERS (1000 cm OR 
1000 cc) OR 1000 ILL. 
LITERS (1000 ml} OR 1 LITER 
(11.1 | WATER WEIGHS 
V KILOGRAM (7 kal. 


1 cubic decimetar 


1 liter = 1000 cubic centimeters = 1000 milliliters 
centimeter 


inch 
ruler 


FOR MANY EX- 
PERIMENTS YOU 
NEED TO WEIGH 
CHEMICALS. FOR 
THIS, MAKE A 
HAND BALANCE. 


(MAKE THE TWO PANS FOR 
‘THE HAND BALANCE FROM 
TOP AND BOTTOM OF A 
FROZEN-JUICE CAN. OPEN, 
CAN AT SIDE. CUT THE 
PANS WITH TIN SNIPS. 


‘USE PATTERN BELOW 
TO MAKE BEAM WITH 
TONGUE ATTACHED. 
CUT CAREFULLY WITH 
“TIM SNIPS, FOLD BEAM 
LENGTHWISE. PUNCH 
HOLES WITH NAIL. 


YOU CAN USE COINS TO 
WEIGH 2.5 9, 56, 7.5.9, 109, 
ETC, FOR SMALLER WEIGHTS, 
CUT ATIN STRIP TO WEIGH THE 
SAME AS A NICKEL. THEN CUT 
TIN FOUR 1 g AND TWO 5g 
WEIGHTS. 


5, 


EN 
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MAKING A GRADUATE Scotch 


‘ASSEMBLE BALANCE 
AS SHOWN. IF 
BEAM DOES NOT 
BALANCE HORI- 
ZONTALLY, PUT 
SMALL “RIDER” CUT 
FROM TIN CAN 
‘OVER ONE ARM OF 
THE BEAM, 


‘A GRADUATE IS USED FOR 
MEASURING LIQUIDS, 


YOUR 6" TEST TUBE HOLDS 
22 ml, YOU CAN USE IT FOR 
ROUGH MEASUREMENTS: 
TUBE NOT QUITE FULL IS 20 
ml, NOT QUITE HALF FULL 10 
mal, FOR SMALLER AMOUNTS, 
COPY THE RULER TO THE 
RIGHT AND ATTACH IT TO 


tape 


3.\ THE sine OF & TEST TUBE 
| wits scorch tare ror recidletbotfom 
© \ MEASURING a's. BN ct hottow 
{called miniscus) 
° pattern for bar and © tongue for hand balance ° 


pattern for support for hand balance 


wae lip 


(iss 


COPY THE PATTERNS ABOVE 
ONTO A PIECE OF PAPER. 
TRANSFER DESIGNS TO PIECE 
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OF TIN CAN. CUT OUT AND 
BEND AS SHOWN TO THE LEFT. 


light source, indicator, or display 


Red, orange, yellow, green, and blue arethe basic 
standard colors. LEDs that appear to generate 
white lightare common, but they donot emitan 
evenly weighted spectrum of wavelengths. See 
"Non-Incandescent Sources” on page 174 for a 
discussion of this topic. 


How It Works 


‘An LED, like any diode, contains a semiconduc- 
tor PN junction that conducts current only in the 
forward direction (ie, from the more-positive 
side of a power supply to the more-negative 
side). The diode becomes conductive above a 
threshold voltage sufficient to force electrons in 
the n-type region and holes in the p-type region 
to combine with each other. Each time this oc- 
curs, energy is released. The energy liberated by 
‘one electron-hole combination creates a pho- 
ton, or one quantum of light. 


‘The amount of energy released depends on the 
band gap, which is a property of the semicon- 
ductor material. The band gap is the smallest en- 
ergy that can create an electron-hole pair. The 
energy determines the light’s wavelength, and 
thus the color. 


‘The band gap also determines the threshold 
voltage of the LED. For this reason, LEDs of dif- 
ferent colors have widely different threshold vol- 
tages. 

Because an LED will often be used in devices 
where the DC power supply exceeds the maxi- 
mum forward voltage, a series resistor is custom- 
arily used as a simple way to restrict current 
through the diode. 


The light emitted by a colored LED indicator 
tends to include only a narrow range of wave- 
lengths. However, the addition of a phosphor 
coating to the diode can broaden the output. 
This technique is used to make the light from a 
blue LED appear white, as shown in Figure 22-3, 
Most white LEDs are actually blue LEDs with a 
colored phosphor layer added. See the section 


> single source > LED indicator 


How It Works 


on LED area lighting in Chapter 23 for a more 
detailed discussion of this topic. 
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Figure 22-3. increasing the range of emitted wavelengths 


by adding phespnrs ta a blue LED. Source: Phlias Gard 
co Lighting. 


Multicolor LEDs and Color Mixing 
Ifred, green, and blue light sources are mounted 
extremely close together, the eye perceives them 
asa single source, of a color determined by their 
combined relative intensities. This system of ad- 
ditive color mixingis shown in Figure 17-14 in the 
entry dealing with LCDs. It is used in LED indica- 
tors that contain red, green, and blue light- 
emitting diodes ina single epoxy or silicone cap- 
sule. 


While most video monitors use white LEDs or 
fluorescent lights to form a backlight for an 
LCD video screen, some high-end monitors use 
a matrix of very tiny red, green, and blue LEDs, 
because the combination of these separate col- 
ors generates a wider gamut of color wave- 
lengths. The concept of gamut is discussed in 
“Color” in the LED entry. The tiny LEDs in a back- 
light cannot be considered as indicators, but in- 
dicators are used for this purpose in billboard- 
sized video displays. 
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@ser our au tue 
EQUIPMENT. AND THE 
CHEMICALS YOU NEED. 


2 CAREFULLY BEFORE START- 
i ING EXPERIMENT. 


Ix Your home laboratory, three considera 
of the greatest importance: SAFETY, NEATN 
and EXACTNES 

SAFETY — All the experiments in this book are 
safe when done in the correct Iaboratory way as 
shown on these pages, 

Treat chemicals with respect. Never taste any- 
thing unless specifically told to do so. If there are 
unger children in the family, lock up your chem= 
icals when you are not working with them, 

Protect your clothes with a plastic apron. 

Be careful with fire. When you use your aleohol 
burner, have a metal pan under it for safety. 


Qmuc USED EQUIPMENT TO. THE 
IDE FOR CLEANING WHEN EXPERI. 
MENT 15. COMPLETED. 


jot the habit of lining up equip- 
‘ment and chemicals you need on one side and placing 
used items on the opposite side — keeping the space 
between them clear for your experiments. 

Put chemicals away and clean glassware as soon 
as you have finished an experiment, 
XACTNESS — Label all bottles and jars con- 
taining chemicals elearly and correctly. 

Where amounts of chemicals are not gi 
the smallest amount that will tell you what you want 
to know. 

Observe the chemical reactions carefully and make 
complete notes of them as you go along. 


PLAY SAFE WHEN YOU PUT A GLASS TUBE IN A STOPPER. 
PROTECT YOUR HANDS BY WRAPPING TOWEL AROUND 
THEM. MOISTEN GLASS TUBE AND STOPPER WITH WATER, 
‘THEN PUSH THE TUBE INTO THE STOPPER WITH A SCREW- 
DRIVER MOTION. 
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WHEN YOU MAKE AN APPARATUS FOR A CHEMICAL EX- 
PERIMENT, MAKE SURE THAT ALL CONNECTIONS ARE AIR- 
TIGHT. USE THE RIGHT SIZE STOPPER FOR MOUTH OF 
CONTAINER, GLASS TUBES THAT FIT SNUGLY INTO THE 
STOPPER HOLES, AND TIGHT-FITTING RUBBER TUBING. 


MARE IT A HABIT 
TO READ A LABEL 
TWICE TO BE SURE 
YOU HAVE 

THE RIGHT 


CHEMICAL 


GERS OR 


;- BO NOT 

TUBE—CON 
TENTS MAY "BUMP" AND SQUIRT 
OUT, NEVER POINT MOUTH OF TEST 
TUBE TOWARD YOURSELF OR TO- 
WARD ANYONE ELSE, 


USE A TEST TUBE BRUSH FOR CLEANING TEST 


TUBES. RINSE IN COLD WATER. 


IN WEIGHING OUT A DRY 
PLACE EQUAL. 
SIZED TISSUE PAPERS ON 
EACH PAN OF THE SCALE, 
ROLL JAR BETWEEN FIN- 


WITH YOUR INDEX FINGER. 


TAP IT GENTLY 


WHEN HEATING A SOUD IN A TEST TUBE, 
PLACE THE TUBE INA STAND AND MOVE 
THE FLAME OF YOUR BURNER BACK AND 
FORTH TO HEAT THE CONTENTS EVENLY. 
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TRAINED CHEMISTS NEVER PUT 
TOPPER OF BOTTLE ON DESK— 
PIT IN ONE HAND. 


STOPPER IN THE LEFT 


THE BOTTLE IN YOUR RIGHT, 
WITH THE LABEL FACING UP. 
THEN REPLACE THE STOPPER. 


USE_A GLASS ROD TO 
| olRecr THE sTREAM, 

WHEN POURING A IG- 
UID FROM ONE CON: 
TAINER TO ANOTHER, 


DO NOT BRING TEST 
TUBE UP TO YOUR 
NOSE FOR SMELLING. 
INSTEAD, WAFT THE 
‘ODORS TOWARD YOU 
WITH YOUR HAND. 


PLACE A BURNING CANDLE IN THE SUN AND CATCH 
THE SHADOW ON A PIECE OF WHITE PAPER. YOU 
Witt DISCOVER THAT IT IS THE BRIGHTEST PART 
OF THE FLAME THAT CASTS THE DARKEST SHADOW. 


CANDLE FLAME IS BURNING VAPOR 


YOU CAN PROVE IN. SEVERAL 
WAYS THAT THE FLAME OF A 
CANDLE CONSISTS OF BURNING 
PARAFFIN VAPORS. 


BLOW OUT THE CANDLE, THEN 
QUICKLY BRING A LIGHTED 
MATCH INTO THE VAPORS. 
CANDLE IS AGAIN IGNITED. 


YOU CAN ACTUALLY LEAD 
THE VAPORS FROM A BURN- 
ING CANDLE THROUGH A 
BENT GLASS TUBE INTO A 
WATER GLASS. 

ALONE, WHITISH VAPORS 
CONDENSE INTO & SOLID. 
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Mr. Faraday’s Candle 


Ix tHe winter of 1859, Michael Faraday, a great 
British scientist, gave a number of lectures for young 
people. The talks dealt with one subject only: the 
features or “phenomena” of —a candle! 

“There is not a law,” Faraday told his listeners, 
“ander which any part of this universe is governed 
which does not come into play and is touched upon 
in these phenomena. There is no better, there is no 
more open door by which you can enter into the 
study of natural philosophy than by considering the 
phenomena of a candle." He then set out to prove 
his point by lighting a candle and demonstrating all 
‘the processes involved. 

Tn burning a candle you start with a SOLID sub- 
stance that turns, first, into a LIQUID, then into « 
GAS (or, more correctly, into a gas-like vapor). The 
melted candle grease is held in a level position by 
GRAVITY yet seems to defy gravity by rising in the 
wick by a force called CAPILLARY ACTION. In 
burning, the candle produces ENERGY in the form 
of LIGHT and HEAT. At the same time, it goes 
into CHEMICAL REACTIONS that reveal what 
it is made of. 

As you enter the study of chemistry, you can do 
no better than to repeat for yourself some of the 
experiments that Mr. Faraday demonstrated to his 
young audience, 


MAKE A GAS WORKS 
FROM A CANDLE BY 
HOLDING A GLASS 
TUBE, DRAWN TO A 
POINT, IN THE FLAME 
AND LIGHTING THE 
VAPORS AT THE END 
OF TUBE 


IF Lert 


CANDLE CONTAINS CARBON 


anotien way { 
{0 SHOW THAT 
CANDLE. CON. 

Tans. CARBON @ 
Is 10 PROVE 

THAT. CARSON 
DloxIDE 13 
PoneD WHEN 
CANDLE BURNS. 


‘ PLACE PIECE OF WIRE 
SCREENING OVER 
FLAME. SCREENING 
COOLS THE FLAME 
AND SOOT FORMS. 
THE SOOT IS CARBON. 


WHAT paRT OF THE |__| 
FLAME IS HOTTEST? Giana 
TO FIND OUT, PUSH 

PIECE OF CARDBOARD SIDEWAYS INTO FLAME. 
OUTSIDE OF FLAME SCORCHES A SOOTY RING. 


CANDLE CONTAINS 


‘A CANDLE FORMS WATER WHEN IT BURNS. ONLY 


HYDROGEN 1 


HYDROGEN BURNING IN OXYGEN FORMS WATER. 


@, HOLD A COLD GLASS FOR A FEW MOMENTS OVER 
BURNING CANDLE. DEW FORMS ON THE INSIDE. 


BY WIPING FINGER INSIDE THE GLASS YOU CAN \ 
(KE DEW FLOW TOGETHER INTO WATER DROPS. 


PLACE FUNNEL OVER FLAME. HOLD 

HHTED MATCH IN HOT AIR FROM FLAME. 
MATCH GOES OUT IN THIS AIR. 

PLACE TEST TUBE OVER FUNNEL AND 

LECT HOT AIR. POUR LIME WATER INTO 
TUBE AND SHAKE. LIME WATER GETS 
CLOUDY FROM CARBON DIOXIDE. 
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WHAT YOU FOUND OUT 
HEAT 


CRUSH A FEW ICE CUBES 
AND SPRINKLE THEM WITH 
SALT. WRAP IN. ALUMINUM 
FOIL, HOLD OVER BURNING 
‘CANDLE, WATER DROPS WILL 
FORM ON THE OUTSIDE OF 
THE FOIL. 


carbon 
dioxide 
(cO,) 


glowing 
carbon 
particles 
burning 
carbon 
monoxide 
{coy 
GAS-UIKE 
VAPOR 
copillary 
action 
u@uID 


oxygen 
for 


burning 


You—Scientis¢! 


In 1896, a young Polish chemist, Marie Curie, and 
her French husband, Pierre, decided to find out why 
a certain uranium ore called pitchblende gaye off 
rays that were much stronger than the uranium con- 
tent of the ore could explain, 

‘They secured a whole ton of powdered ore from 
‘a mine in northern Bohemia and set to work. First 
‘the powder had to be boiled with strong acids to 
extract the mysterious substance hidden in it. Then 
the solution had to be filtered and boiled down. 


SOLUTION—sTIR WATER INTO THE 
(MIXTURE OF SALT AND DIRT. THE WA- 
‘TER WILL DISSOLVE THE SALT BUT NOT 
THE DIRT. YOU NOW HAVE THE SALT 
IN “WATERY SOLUTION.” 


DECANTATION—LET DIRT-MIXED 
SALT SOLUTION STAND UNTIL MOST 
‘OF THE DIRT HAS SETTLED. THEN POUR 
OFF THE LIQUID. THIS PROCESS IS 
CALLED "DECANTATION." 


What remained had to be purified by various proc- 
esses which the Curies had to invent themselves. 

After two years of back-breaking work they reach- 
ed their goal. One night they went to the shed in 
which they had been working. They opened the door 
and stepped in without putting on the lights. All 
around them, the containers that held the solutions 
of the new substance glowed in the dark! They had 
discovered a new clement — radium — a million 
‘times more active than uranium. 


y, 
If 
ff open and 
<¢ place in funnel. 


FILTRATION 1THE LIQUID IS PROB- 
‘ABLY STILL MURKY. TO CLEAR IT, IT 
NEEDS TO BE FILTERED BY LETTING IT 
RUN THROUGH FILTER PAPER (PAPER 
TOWELING WILL DO), 


Why tell again the story of the discovery of 
radium? Beeause it contains all the features that 
show the nature of the true scientist. 

Curiosity first. The Curies were curious about the 
snystery that lay in that greyish-black powder. They 
became obsessed with a desire to find out — not in 
the hope of gaining money or fame bnt to establish 
a scientific truth. 

Before starting their work, the Curies gathered all 
the known facts about the material with which they 
were to work. To this knowledge they added their 
own imagination, figuring out the method they had 
to use to arrive at the result they were secking. 

For the next two years they literally slaved in the 
drafty shed that was their laboratory. 

After they had made their discovery, the Curies 
made their method of extracting radium known to 
the world so that other scientists could check and 
test what they had done. 

‘As an example of the scientific method the Curies 
used, let us follow in their footsteps — but with a 
much simpler problem: 


FILTRATION 2—FOLD FILTER PAPER 
‘AS SHOWN ON OPPOSITE PAGE AND. 
FIT IT IN FUNNEL, POUR LIQUID ONTO 
FILTER PAPER. CLEARED LIQUID IS 
CALLED "FILTRATE. 


EVAPORATION—THE FILTRATE CON- 
TAINS THE SALT. THE SALT CAN NOW 
BE FREED BY REMOVING THE WATER 
BY BOILING IT AWAY, THIS IS KNOWN. 
[AS “EVAPORATION. 


1_-MIX THOROUGHLY ONE TABLESPOON OF DIT AND 
ONE TEASPOON OF ORDINARY TABLE SALT. NOW DE- 
CIDE THAT YOU WANT TO EXTRACT THE SALT FROM THIS 
IMIXTURE AS EARNESTLY AS THE CURIES DECIDED TO EX. 
TRACT THE MYSTERIOUS SUBSTANCE FROM PITCHBLENDE 
WITH THE EXCEPTION THAT YOU KNOW WHAT YOU. 
‘ARE AFTER. 


2. GET THE FACTS TOGETHER. DIRT IS “DIRTY,” SALT IS 
WHITE. DIRT PARTICLES ARE OF MANY DIFFERENT SHAPES, 
‘SALT CONSISTS OF TINY CUBES. DIRT DOES NOT DISSOLVE 
IN WATER, SALT DOES. 


‘3 _NEXT FIGURE OUT A SUITABLE WAY OF SEPARATING. 
‘THE TWO. SUBSTANCES. ON THE BASIS OF WHAT YOU 
KNOW YOU SHOULD BE ABLE TO SEPARATE THEM WITH 
‘A PAIR OF TINY TWEEZERS—BUT IT WOULD PROBABLY 
TAKE YOU A YEAR TO DO IT, OR YOU COULD DISSOLVE 
‘THE SALT IN WATER AND SEPARATE THE SOLUTION FROM 
‘THE INSOLUBLE DIRT. 


4 YOU DECIDE ON THE SECOND WAY, USING THE 
STEPS SHOWN ON THE BOTIOM OF THESE PAGES. IN 
DOING THIS, YOU DO WHAT THE CURIES DID IN’ EX- 
TRACTING RADIUM AND LEARN, IN THE PROCESS, THE 
IMPORTANT LABORATORY TECHNIQUES OF SOLUTION, 
DECANTATION, FILTRATION, EVAFORATION, AND CRYS: 
TAILIZATION.. 


5. FINALLY, YOU CHECK THE RESULT. THE WHITE SUB- 
STANCE LEFT AFTER EVAPORATION SHOULD BE SALT— 
BUT IS IT? IT LOOKS LIKE SALT. IT TASTES LIKE SALT. BY 
CHEMICAL TESTS YOU CAN PROVE THAT IT iS SALT. 


By using the same procedure in all other experi- 
ments in this book you are learning the methods 
that real scientists follow in their work — you are 
becoming a scientist yourself. 


CRYSTALLIZATION AS WATER IS. 
REMOVED, THERE IS TOO LITTLE OF 
IT LEFT FOR THE SAIT TO STAY IN 
SOLUTION. THE SALT MAKES ITS AP- 
PEARANCE AS TINY CRYSTALS. 
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WATER AS A GAS 


Elements, Compounds, and Mixtures 


I Att, your experiments in chemist 
dealing with “matter.” 

Matter is anything that takes up room and has 
‘weight (or “mass”). An iron bar is matter — it takes 
up room and is heayy, as you very well know. Water 
is matter — it takes up room when you fill a puil 
with it, and a full pail weighs plenty. The air around 
‘you is matter — it takes up lots of room; it may not 
seem very heavy, yet the earth’s atmosphere presses 
down on every square inch of your body with a 
weight of almost fifteen pounds. 

Matter has three distinct forms. Iron, for in- 
stance, is a SOLID. Water is a LIQUID. Air has 
the form of a GAS. 


you will be 


again until you couldn't divide it any further, every 
tiny particle would still be iron. A thing that consists 
of one kind of matter only is called an ELEMENT. 

‘Take water, on the other hand. You will learn to 
break water up into two kinds of matter—each of 
them an element. A thing in which two or more cle- 
ments are combined chemically is called a COM- 
POUND. In a compound the proportions of the dif- 
ferent elements that make it up are always exactly 
the same. 

Air also consists of different kinds of matter, but. 
they are not combined chemically — they are simply 
mixed together. When you make a MIXTURE, you 
can mix the ingredients together in any proportions 
that suit you, 


MAKING A COMPOUND 


MIX TOGETHER 2 g OF FLOWERS OF SULFUR 
‘AND 3.5 9 OF IRON FILINGS. PLACE MIXTURE 
IN A DAMAGED TEST TUBE. HEAT. SHORTLY 


POWDERED SULFUR AND IRON CAN BE MIXED 
TOGETHER IN ANY PROPORTIONS AND 


g 


n 


‘MAGNET WILL PICK UP THE IRON PARTICLES, 


DRAG A MAGNET THROUGH THE SULFURIRON MIXTURE, 


POUR HYDROCHLORIC ACID ON SOME OF THE MIXTURE 
‘A TEST TUBE. IRON DISSOLVES, SULFUR DOES NOT. 
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ELEMENTS ARE SUBSTANCES THAT CONSIST OF ONE 
KIND OF MATTER ONLY. THEY CAN BE DIVIDED INTO 


METALS, METALLOIDS (METALLLIKE), NONMETALS. SEV- 
ERAL OF THE NONMETALS ARE GASES. 


boron 


‘METALLOIDS 


piracy ps 


silicon gen 


-OMPOUNDS—INORGANIC. ALL_COMPOUNDS 
"ONSIST OF TWO OR MORE ELEMENTS, INORGANIC 


COMPOUNDS (WITH _A FEW EXCEPTIONS) ARE THOSE 
THAT DO NOT CONTAIN THE ELEMENT CARBON. 


AcIDS BASES 


SALTS OTHERS 


"ARBON COMPOUNDS—ORGANIC. ORIGINALLY, 
COMPOUNDS MADE BY LIVING THINGS (PLANTS AND. 


ANIMALS) WERE CALLED "ORGANIC." TODAY ORGAN- 
IC CHEMISTRY COVERS THE CARBON COMPOUNDS. 


HYDROCARBONS, ALCOHOLS, ORGANIC ACIDS, ETC. 


vitamins 


MIXTURES CAN CONSIST OF ELEMENTS OR COM. 
POUNDS. SOME MIXTURES ARE COARSE. SOME (COL- 


LOIDS) CONTAIN TINY PARTICLES. STILL OTHERS (SO- 
LUTIONS) ARE OF SAME STRUCTURE THROUGHOUT, 


GRAINY MIXTURES 


CoLLoIs 


SOLUTIONS 


soda i 
water oer 
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Evoporai 


WATER CYCLE from vet 


Evaporation from ocean 


EN 


at 


‘Yes, waren is the most important of all chemical 
compounds. Without it, there would he no life — all 
human beings and all animals would thirst to death, 
and all plant life would wilt and die. 

Fortunately, water is also the most common com- 
pound in the world. Almost three quarters of the 
earth’s surface is covered by water. ‘This water is 
forever traveling. Tt is turned into invisible vapor 
by evaporation from oceans and lakes and growing 


WATER AS A SOLVENT 
‘THE MOST IMPORTANT FUNCTION OF WATER IN. 
CHEMICAL EXPERIMENTS IS AS A SOLVENT— 
THAT IS, A LIQUID IN WHICH CHEMICALS MAY 
BE DISSOLVED. FIND OUT BY AN EASY EXPERI- 
MENT WHETHER HEATING THE WATER HELPS IN 
DISSOLVING A CHEMICAL. 


DROP 1 TABLE. 
SPOON WASHING 
SODA IN t GLASS 
OF COLD WATER. 
STIR. PART OF THE 
SODA DISSOLVES 
SLOWLY. 


@ecreat wins 
HOT WATER, SODA 
bissouves aunty. 
Hor WATER Is USU. 
DALY FASTER THAN 


cold water COLD FOR PREPAR- 


hot water 


ING A SOLUTION. 


ony 


er—Our Most Important Compow d 


ion 
gelation 
p Eraroratio, 


from lake WATER! 


Moleculor 
weight 
Hos density of 1. 
Colorless, toste- 
less ond odorless 
liquid. Boils ot 
320 level at 100° 
Centigrade (212° 
Fahrenheit). 
Freezes of O° © 
(32° Fohrenhel). 


things. When cooled, the vapor forms clouds of tiny 
water drops. Further cooling makes the drops fall 
to earth as rain or snow that fill up rivers and lakes 
and oceans and continue the water cycle. 

Chemists use nature's method to produce chem- 
ically pure water. They turn ordinary tap water in- 
to steam by boiling, then turn the steam back into 
water by cooling. This process is called distillation 
and the water is called distilled water. 


WATER AS A CATALYST 
WATER HELPS BRING ABOUT MANY 
CHEMICAL REACTIONS WITHOUT IT- 
SELF ENTERING INTO THEM. A SUB- 
STANCE THAT ACTS THIS WAY IS 
CALLED A CATALYST. 


[MAKES THE POWDER FOAM. THE GAS RE. 
LEASED IS CAREON DIOXIDE. IT MAKES 
CANDLE FLAME FLICKER AND GO OUT. 


ELECTROLYSIS OF WATER 
ELECTRICITY CAN BE USED TO BREAK WATER APART 
INTO THE TWO ELEMENTS OF WHICH IT CONSISTS 
“THE GASES HYDROGEN AND OXYGEN. 

YOU CAN GET THE REQUIRED ELECTRICITY FROM THREE 
(OR FOUR ORDINARY FLASHLIGHT BATTERIES. YOU WILL 
‘ALSO NEED TWO PIECES OF INSULATED COPPER WIRE 
[AND TWO “ELECTRODES” MADE FROM CARBON RODS, 


Making Electrodes 

SCORE THE MIDDLE OF THE 
CARBON ROD FROM AN OLD 
FLASHLIGHT BATTERY, USING 


» a i ttan THe aco nto 
Zc sO two veces. 


BARE THE WIRE FOR 2" 
IAT EACH END OF TWO 18" 
UENGTHS OF INSULATED WIRE, 
TIEGNEBARED WIRE AROUND 

@ Xo OF EACH OF CARBON 
ROD HALVES 


IAN'S TAPE FIRMLY 
AROUND CARBON 
RODS SO THAT NO 
WIRE 1S EXPOSED. 


WATER IS A FOOR CONDUC- 
‘TOR OF ELECTRICITY—SO YOU 
DISSOLVE 1 TABLESPOON OF 
WASHING SODA IN 1 PINT OF 
WATER AND FILL A WATER 
GLASS AND TWO TEST TUBES 
WITH THIS SOLUTION, THEN 
SET UP THE APPARATUS AS 
SHOWN AT RIGHT. 


TEST FOR 
HYDROGEN 


WATER, MOUTH DOWN, 


BRING LIGHTED MATCH TO THE MOUTH OF THE TUBE. 
INTENTS BURN WITH A SOFT "POP!" THIS IS THE TEST 


FOR HYDROGEN, 


MATERIALS FOR EXPERIMENTS 
[AN ORDINARY FLASHLIGHT BATTERY WILL GIVE 
YOU MATERIALS YOU NEED FOR EXPERIMENTS 
(ON THIS AND SEVERAL FOLLOWING PAGES. 


(Doren ur sarteny case CAREFULLY WiTHH A 
CAN OPENER AND CLEAN THE ZINC CASING. 
1G) sceare CARBON ROD CLEAN WITH DULL KNIFE. 
DRY OUT THE MOIST BLACK FOWDER, WHICH 
If MOSTLY MANGANESE DIOXIDE. STORE IN JAR. 
THROW REMAINING PARTS OF THE BATTERY AWAY. 


WITH YOUR THUMB, CLOSE THE MOUTH OF THE TEST 
JBE FIRST FILLED WITH GAS. LIFT THE TUBE OUT OF THE 


Performing the Electrolysis 
@Psur THE Tor OF A CARBON ELECTRODE UP 


oper clip TO EACH OF THE TWO TEST TUBES. 


SIND THREE—OR, BETTER, FOUR —FLASHUGHT 
BATTERIES TOGETHER WITH ADHESIVE TAPE, TOP 
OF ONE TOUCHING SOTIOM OF THE NEXT. 
WITH ADHESIVE TAPE FASTEN THE BARED END 
OF THE WIRE LEADING FROM ONE CARBON ROD 
ELECTRODE TO THE TOP OF THE FIRST BATTERY. 
{de Tape THe BARED END OF THE WIRE FROM THE 
Stith ELECTRODE TO BOTTOM OF LAST BATTERY. 


‘AS SOON AS CONNECTION IS MADE, AIR BUBBLES, 
BEGIN TO COLLECT IN THE TWO TEST TUBES— 
ABOUT TWICE AS FAST IN ONE AS IN THE OTHER. 


TEST FOR 
~ OXYGEN 


GP Wien Secon Tuse 1s FULL 
Or ens eisai outs vn 
Ti ‘YOUR THUMB. LIFT THE TUBE OUT 
LIke Simei 
a LIGHT A BROOMSTRAW. 
QW OUT THE FLAME. BRING 
tre cigs tno SON 
lee 


BER BURSTS INTO BRIGHT FLAME. 
THIS IS TEST FOR OXYGEN. 


Variants 


Variants 


LED indicators vary widely in size, shape, inten- 
sity, view angle, diffusion of light, wavelength of 
light, minimum and maximum forward voltage, 
and minimum and maximum forward current. 


Size and Shape 
‘The original sizes for round LED indicators were 
3mm, Smm, or (more rarely) 10mm in diameter. 
Today, through-hole LEDs are sold in many inter- 
mediate sizes, although 3mm and Smm are stil 
most widely used. 


‘The traditional round LED indicator is now aug- 
mented with square and rectangular shapes. In 
a parts catalog,a pair of dimensions such as 1mm 
x 5mm suggests that the LED is rectangular. 


Intensity 
‘The light intensity of an LED is usually expressed 
in millicandelas, abbreviated med. There are 
1,000 med in a candela. For more information 
about units for measurement of light, see "inten 
sity" on page 178. 


‘The candela measures the luminous flux, or visi- 
ble radiant power, contained within a specified 
angle of dispersion, usually referred to as the 
view angle. This can be imagined as the rotated 
angle at the apex of a cone, where the cone de- 
fines the “spread” of the light, and the source is 
atthe apex. 


Ifa diodes emitting a fixed amount of luminous 
flux, the rating in med will increase with the in- 
verse square of the view angle. This is because 
the light delivered to an area in front of the LED 
will become more intense as the angle becomes 
smaller. The use of mcd to rate the brightness of, 
an LED can be misleading if itis not considered 
in comparison with the view angle, 


For example, suppose an LED is rated at 1,000 
med and has a view angle of 20 degrees. Now 
suppose the same diode is embedded in a dif- 
ferent epoxy or silicone capsule with a lens that 
creates a view angle of only 10 degrees, The LED 


light source, indicator, or display > single source > LED indicator 


will now be rated at 4,000 mcd, even though its 
total power output is unchanged. 


+ To compare the brightness of two LED indi- 
cators meaningfully, they should share the 
same view angle, 


Four through-hole LED indicators with a wide 
range of specifications are shown in Figure 22-4, 
From left to right: water-clear white generic, 
10mm; Vishay TLCRS800 Smm (emitting red, 
even though the capsuleis water-clear), rated for 
35,000med with 4 degrees view angle; Everlight 
HLMPK150 Smm red diffused, rated for 2mcd 
with 60 degrees view angle; and Chicago 
4302F5-5V 3mm green, rated for &mcd at 60 de- 
grees view angle, containing its own series resis- 
tortoallow direct connection witha SVDC power 
supply. 


Figure 22-4, Faur assorted LED indicators with vary ait 
erent specifications. See text for details. 


Efficacy 
The radiant luminous efficacy (LER) of an incan- 
descent light source compares how effective itis 
at channeling its output within the visible spec- 
‘trum, instead of wasting itin other wavelengths, 
especially infrared. Note that the word efficacy 
has different meaning from efficiency. The LER 
acronym may help to avoid confusion. 


LER is expressed in lumens per watt, and in an 
incandescent bulb itis calculated by dividing the 
power emitted in the visible spectrum (the lumi- 
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Oxygen—The Breath of Life 


Ir vou could hold your breath for a few 
minutes so that no air could get into your 
Tangs, you would die. 

For thousands of years, people have 
known that no human being can live 
ithout air. But it was not until Karl 
Scheele, a Swedish chemist, 
Joseph Priestley, an Englishman, in 1774, 
discovered and described oxygen that 
people know that it is the oxygen in the 
air that is important to life. 

Both of these scientists discovered that 
things burn more fiereely in pure oxygen 
than they do in the mixture of oxygen 
and other gases called “air.” 

In the lab, oxygen is produced by driv- 
ing it out of certain oxygen-containing 
compounds, A good one to use in the 
hhome lab is hydrogen peroxitle. You can 
get it at a drug store in a 3% solution. 
Hydrogen peroxide ig related to water. 

Water, as you know, consists of 2 parts 
of hydrogen to 1 part of oxygen. Yon 
could write it: Hydrogen 2— Oxygen 1. 
That's pretty much what chemists do— 
except that they abbreviate the names to 
initials, use small numbers, and don't 
bother about the number 1. The formula 
becomes H1,0. 


Hydrogen peroxide contains 2 parts of 
hydrogen to every 2 parts of oxygen. How 
‘would you write it in chemical language? 

H,0,3 You're perfectly right! 

H,0, becomes water (H,0) and gives 
off oxygen (0) when you throw a catalyst 
into it. For a catalyst, you can use the 
manganese dioxide from an old flashlight 
battery (page 25). 


IT'S A LONG STEP FROM THE DIS- 
COVERY OF OXYGEN IN 1772 TO 
TS PRESENT-DAY USE IN_INDUS- 
TRY AND HOSPITALS, AIRPLANES 
AND SPACE SHIPS, AND FOR SEND- : 
ING SATELLITES INTO ORBIT, a 
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WATER RISES y 


REPLACE OXYGEN USED. ars 

MAKING A SMALL AMOUNT 
OF OXYGEN 
FILLJAR Yq FULL OF 3% HYDROGEN PER- 
‘OXIDE. ADD PINCH OF MANGANESE DI- 
‘OXIDE FROM FLASHLIGHT BATTERY (SEE 
PAGE 25). TEST FOR OXYGEN WITH 
GLOWING BROOMSTRAW. EMBER GLOWS 
BRIGHTER AND MAY BURST INTO FLAME. 


MAKING OXYGEN IN 
THE HOME LAB 
‘TO COLLECT OXYGEN, YOU NEED A "PNEUMATIC TROUGH." 
THIS IS A DEEP, WATER-FILLED TRAY WITH METAL “BRIDGE. 
@ rim eorrte wire stoPPER WITH LSHAPED GLASS TUBE AND 
RUBBER TUBE LONG ENOUGH TO REACH HOLE OF BRIDGE. 
@) nu sore 1% FULL OF 3% HYDROGEN PEROXIDE. ADD oxygen is slightly 
Yh TEASPOON OF MANGANESE DIOXIDE. PUT THE STOPPER IN. heavier than ir 


eich 
FLJAR WITH WATER ANO PLACE! UPSIDE DOWN ON THE Gy SS® 


BRIDGE IN SUCH A WAY THAT THE OXYGEN BUBBLES INTO IT 
[AND FILLS IT BY FORCING OUT AND REPLACING THE WATER 


@® wien sae 1s FULL OF OXYGEN, SUDE A GLASS PLATE UN eres 


DER OPENING (OR PUT STOPPER IN IT). TURN JAR RIGHT SIDE 
UP—QUICKLY, TO PREVENT THE OXYGEN FROM ESCAPING. 
MANY MATERIALS BURN IN OXYGEN = 
‘TUFT OF STEEL WOOL TO WIRE, HEAT 
T ‘ALCOHOL BURNER. LOWER INTO 
{ON BURSTS INTO FLAME. 


SMALL PIECE OF SULFUR IN CROOK OF 
BENT STRIP OF TIN CUT FROM CAN. IGNITE SULFUR “BRIDGE” FOR “PNEUMAT- 
WITH MATCH. LOWER INTO JAR OF OXYGEN. SUL- IC TROUGH" MADE FROM 
FUR BURNS WITH A BRILLIANT, BLUE LIGHT. 23" STRIP OF TIN CAN. 
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HENRY CAVENDISH, WHO DIS- 
COVERED HYDROGEN IN 1766, 
HAD NO IDEA OF THE ASTON. 
ISHING FORCE OF HYDROGEN 
WHEN RELEASED IN A BOMB. 


HYDROGEN IS LIGHTEST 
GAS KNOWN 


@ ru ator some y, ruut oF HALF 
ANDLHALE IKTURE OF HYDROCHLORIC 
{CID AND WATER DROP IN HalF A DOZEN 
ZINC STRPS, LET HO MAME COME NEAR! 
@ Fr sauooN ON NoUTH OF BoTTEE. 
@ wien BAu100N Is INFLATED, THE 
OPENING WITH STRING AND. REVOVE 
FIOM BOTTLE. IF PERMITE, BALLOON 
WIL Rise TO. CetING INDGORS, OUT. 
DORs, IT Wil SOAR UP IN THE SKY. 


HYDROGEN FORMS WATER WHEN IT BURNS 


@ FILL TEST TUBE % FULL OF HYDRO-CHLORIC ACID. ADD A COUPLE 
F ZINC STRIPS. BUBBLES OF HYDROGEN FORM IMMEDIATELY. 


Hydrogen—Lightest of All 


Hrpnoaen is the lightest element in existences 
the weight of air. For this reason one of its early 
uses was for filling balloons. The first man-carrying 
gas balloon was sent up by the Frenchman, Jaeques 
Charles, in 1783. ‘The danger of using an explosive 
gas for this purpose was demonstrated in 1937 in 
the Hindenburg disaster, when the hydrogen-filled 
Zeppelin dirigible exploded on arriving at Lakehurst, 
New Jersey, after a trip across the Atlantic Ocean. 
‘Thirty-six people lost their lives. 

Hydrogen is one of the most important of all the 
elements. It is found in all living things — your own 
body is approximately 10 per cent hydrogen. Water, 
as you know, is part hydrogen. So is the food you 
eat, the milk you drink, the clothes you wear, and 
such common, everyday things as gasoline and fuel 
oil and cooking gas. 

In the home lab, you can make hydrogen by add- 
ing strips of zine from a flashlight battery to hydro- 
chlorie acid which consists of hydrogen (H) and 
another gas called chlorine (Cl), The zine forms a 
compound (ZnCl) with the chlorine and sets the 
hydrogen free (H1). 


MAKING HYDROGEN IN THE LAB 


MAKE THE SAFETY GAS. GENER- 
‘ATOR DESCRIBED ON PAGE 12. 


FILL BOTTLE A 
% FULL OF MIKe 
TURE OF EQUAL 
PARTS OF HYDRO: 
CHLORIC ACID 


OF BOTTLE B. DROP ZINC STRIPS ON TOP OF Pe 
Fir STOPPERS AND TUBES AIRTIGHT. 

FOUR ACID FROM BOTLE A INTO BOTTLE 
Gr rORcE Ir OVER BY BLOWING IN TUBE C. 
@ ciose ruse OF BOTnE A WiTH CLOTHESPN 
os SOON As HYDROGEN STARTS TO BUBBLE UP THROUGH WATER 
RrrNcunatic TROUGH, COWECT SOME IN WATERFILLD TEST TUBE. 
WHEN FULL OF GAS, TEST IT AS DESCRIBED AT BOTTOM OF PAGE, WHEN 
HYOROGEN Is FURE, BUBBLE IF INTO UPSIDE DOWN, WATER LED JAR. 

WHEN YOU HAVE MADE THE EXPERIMENTS YOU WANT, CHANGE 

ING CLOTHESTIN FROM RUBBER TUBE OF BOTTLE A TO RUBBER TUBE 
OF FOTILEB, HYDROGEN FORCES ACID FROM BOTTLE B BACK INTO A, 
WHEN ACID NO LONGER TOUCHES ZING, REACTION STOPS. 


PLAYING SAFE WITH HYDROGEN 


IN MIXTURES WITH AlR, HYDROGEN IS HIGHLY 
EXPLOSIVE, FOLLOW SAFETY RULES BELOW. 

© MAKE ONLY SMALL AMOUNTS OF HYDRO- 
GEN IN THE HOME LAB. A 4-OZ. GENERATOR 
BOTTLE WILL GIVE YOU ALL THE HYDROGEN 
YOU NEED. MAKE ALL CONNECTIONS AIRTIGHT. 
‘© TEST HYDROGEN FOR PURITY BY COLLECTING 
‘A TEST TUBE FULL OF IT AND BRINGING A LIGHT- 
ED MATCH TO MOUTH OF TUBE, AS SHOWN 
(ON PAGE 25. HYDROGEN MIXED WITH AIR EX- 


PLODES WITH A SHARP "BARK." PURE HYDRO- 

GEN BURNS WITH A QUIET “PO! ‘ 

© KEEP FLAME AWAY FROM YOUR MAIN GEN- WHEN YOU KNOW FROM TESTING SAM: 

ERATOR BOTTLE. PLES OF GAS COLLECTED IN TEST TUBES 
THAT HYDROGEN IS PURE, FILL SMALL JAR 

© IGNITE HYDROGEN ONLY FROM TEST TUBE WITH IT, LIFT JAR OUT OF WATER, MOUTH 

GENERATOR DESCRIBED ON OPPOSITE PAGE, DOWN, BRING LIGHTED CANDLE UP INTO 

AND THEN ONLY AFTER YOU HAVE TESTED IT JAR, HYDROGEN BURNS AT MOUTH OF 

FOR PURITY. JAR, CANDLE GOES OUT. 
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UQUID CARBON DIOX- 
IDE IS USED IN FIRE EX. 
‘TINGUISHERS. 


CHEMICAL FIRE EXTINGUISHERS 
CONTAIN SOLUTION OF BAKING 
SODA AND A BOTTLE OF SUL- 
FURIC ACID. WHEN TURNED UP- 
SIDE DOWN, THE CHEMICALS MIX 
AND FORM CARBON DIOXIDE 
WHICH FORCES OUT THE WATER. 


Carbon Dioxide 


‘You mave already learned in experimenting with a 
burning candle that when something containing car- 
bon burns in the air, a gas, earbon dioxide (CO,), 
is formed. This is one of the most important gases 
for buman life. The reason is that green plants, in 
sunlight, are able to take the carbon out of the car- 
bon dioxide in the air and, by combining it with 
oxygen and hydrogen from water and with various 
minerals in the soil, produce all the vegetable matter 
that humans and animals eat. 

‘You cannot see the CO, in the air — but you can 
see it when it has been cooled and compressed into 
a solid block of “dry ice." When dissolved in water 
(H,0), carbon dioxide (CO,) forms a weak acid 
(H,CO,). You know the taste of this acid from soda 
swater—the bubbles are CO, being set free. 

Carbonic acid combines with many metals to 
make “carbonates.” You can drive the CO; out of 
most carbonates with the help of a weak acid — even 
with vinegar, which is diluted acetic acid. 


MAKING A FIRE EXTINGUISHER MODEL 


fe er ‘STOPPER FIRM. 

LYIN PLACE WITH TWO. 
FINGERS. TURN BOTTLE 
UPSIDE DOWN. THE CO, 
FORMED BY MIXING. 
VINEGAR AND SODA 
DRIVES WATER OUT IN, 
POWERFUL JET. 


fo 


FEATURES OF CARBON DIOXIDE = MAKING 
CO, IS HEAVIER THAN AIR AND LIME 
DOES NOT SUPPORT BURNING. 
YOU CAN PROVE BOTH POINTS: 


@ s1# 1 tesst00n oF 
YORATED LIME. INTO 
1 pint OF WATER, 
LET STANO UNTIL LIME SINKS TO THE 
TOM, FLTER LQUID INTO A ROTTE, 
Close sortie THY, 


@ Puce 1 TEASPOON OF BAKING SODA IN A PTcHER, FOUR 
We aNALL ANOUNT OF WHITE VINEGAR OVER THE SODA, 


BURNING PRODUCES CARBON DIOXIDE 

HANG A LIGHTED CANDLE IN A JAR BY A WIRE. POUR THE HANG BURNING CANDLE IN JAR CONTAINING A 

(RBON DIOXIDE FORMED IN THE PITCHER INTO THE JAR THE FEW ml LIME WATER, COVER TOP WITH A GLASS 

WAY YOU WOULD POUR WATER. WHEN THE CARBON DIOXIDE PLATE. WHEN CANDLE HAS GONE OUT, SHAKE 

REACHES THE TOP OF THE CANDLE, THE FLAME GOES OUT. UME WATER UP WITH THE AIR. MILKINESS PROVES 
THAT CO, HAS BEEN PRODUCED. 


MAKING co, FROM et (RE 
aS: 
oN (aon Wa | 


TEST FOR CO, 
CO, TURNS 
UME WATER 
MILKY BY 
CHANGING 
CALCIUM 
HYDROXIDE 
TO CALCIUM 
CARBONATE. 


BREATHING PRODUCES CO, 
BREATHE THROUGH GLASS TUBE INTO 
UME WATER IN TEST TUBE, LIME WATER 
GETS MILKY. THIS SHOWS THAT BREATH. 
ING IS A BURNING PROCESS. 


NITROGEN GOES INTO 
BOTH FERTILIZERS AND 


EXPLOSIVES. 


DRY AMMONIA GAS IS USED IN THE 
/: ., LARGE-SCALE PRODUCTION OF ICE. 
7 


iErogen and Its Compounds 


“f? Wen vou burn anything in the air, only about one~ 

{Ath of the air goes into chemical combination with 

~ what you are burning. The rest (except far a small 

fraction) does not enter into the process. It is # gas 

called nitrogen (N) —the most abundant free ele- 
ment on earth. 

= Nitrogen is what you might call a “lazy 


element. 
RARE GASES 
It does not help in burning nor does it burn if you 


yo" try to ignite it. It is only at high temperatures and 
Poti under great pressures that a chemist can make ni- 
MeL gg gen combine with another element, hydrogen, to 


form ammonia gas (NHL), from which other nitrogen 
compounds can be made. 

Yet, in nature, tiny bacteria on the roots of eer- 
REPEAT CANDLEBURNING EXPERIMENT ON PAGE 27, tain plants ean take nitrogen from the air and make 
UNUSED GAS 15 ALMOST ALL NITROGEN—WITH SMALL jt combine with oxygen and minerals in the soil into 
PERCENTAGE OF RARE GASES AND CARBON DIOXIDE. nitrates.” And that is of tremendous importance to 

all of us— for all plants need nitrates if they are to 
thrive. If plants do not get nitrates naturally, the 
NITROGEN pioxipe  fAtmer must add them to his soil in the form of some 
IN A WELLVENTILATED Kind of fertilizer. 
ROOM, HEAT EQUAL — You will not have much satisfaction out of work- 
AMOUNTS OF SALTPETER ing with nitrogen itself, but you will find it inter- 
AND SODIUM BISULFATE esting to deal with some of its compounds — espe- 
IN DRY TEST TUBE. IN A cially with ammonia gas (NH,). You will also want 
MOMENT, A BROWN GAS 
FORMS. IIs NITROGEN 10 havea look at one of the half dozen combinations 
DIOXIDE. po NOT INHALE nitrogen makes with oxygen, the brown gas called 
—GASIS VERY [RRITATING, nitrogen dioxide (NO,). 
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‘AMMONIA PRODUCING AMMONIA 
NH, connor SINPLEST WAY OF PRODUCING 
Molecular AMMONIA IS TO GET IT FROM ITS 
weight 17. Color- SOLUTION AS HOUSEHOLD AM- 
less gas with MONIA. 
sHrong, penetrating FLL PINT 
odor. 596 weight 
of air. Highly ssl. 
ble in weter—| 
70,000 vels. in 109} x 
sols ot 20°C. OF AMMONIA WHEN 
TUS PAPER HELD AT 


SOLUBILITY OF 
AMMONIA 
REMOVE A FILLED 
TEST TUBE FROM 
GAS_GENERATOR 
CAN, MOUTH 
DOWN. CLOSE 
MOUTH OF TUBE 
WITH THUMB, OPEN 
TUBE UNDER WA. 
TER, AMMONIA DIS- 
SOLVES EASILY, 
Ro RA mye THE AMMONIA FOUNTAIN 
AND FILLS TUBE. AMMONIA'S EXTRAORDINARY SOLUBILITY CAN BE 
SHOWN IN A SPECTACULAR DEMONSTRATION. 

MAKE UP APPARATUS AS SHOWN IN ILLUSTRATION. 
FILL IT WITH WATER. ADD 5 DROPS OF FHENOLPHTHAL- 
EIN SOLUTION. 


MOIST, RED 
LITMUS PAPER FILL DRY, EMPTY BOTTLE WITH AMMONIA FROM 
TURNS BLUE GENERATOR CAN. KEEPING BOTTLE UPSIDE DOWN, 
IN AMMONIA. PLACE IT FIRMLY ON TOP STOPPER OF APPARATUS. 


BLOW INTO LSHAPED GLASS TUBE TO DRIVE A FEW 
DROPS OF WATER UP INTO THE UPPER BOTTLE, 

SUDDENLY, WATER SPURTS FROM LOWER BOTTLE 
UP INTO UPPER BOTTLE IN A FOUNTAIN THAT TURNS 
PINK AS AMMONIA REACTS ON PHENOLPHTHALEIN, 


MAKING AMMONIA FROM 
SAL AMMONIAC 


ex ‘A PIECE OF PAPER, MIX 1 PART OF SAL AMMO- 
IAC 


.C WITH 2 PARTS OF HYDRATED LIME. ADD A FEW 
DROPS OF WATER. DROP MIXTURE INTO A TEST TU 
PROVIDE TUBE WITH STOPPER AND L-SHAPED GLASS 
TUBE. THEN HEAT OVER LOW FLAME. 

COLLECT AMMONIA IN ORY TEST TUBE. TEST IT WITH 

7MUS PAPER AND FOR SOLUBILITY. 


THE WHITE SMOKE 
MYSTERY 
Ges INSIDE OF 
R WITH SMALL AMOUNT 
‘OF HYDROCHLORIC ACIDS 


JARS FILL WITH "SMOKI 
CHLORIDE CRYSTALS. 
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Chlorine—Friend and 


Cuoarve 18 a gas of great importance. We wouldn't 
be certain of safe drinking water in our cities if it 
weren't for chlorine—a small amount of it in the 
water kills the dangerous germs that may Turk in it. 
Chlorine is also used extensively in bleaching. 

Chlorine is a friendly gas when it is used correctly. 
But it is dangerous when used improperly because 
itaffects the lungs. As a “potson gas" it cansed many 
casualties in World War I. 


NOTE: Perform these experiments out-of-doors or 
careful not to breathe fumes. 


fore an open window. 


MAKING TEST PAPER 
FOR CHLORINE 


IMIX 5 g (Ye TEASPOON) STARCH 

WATER. BRING TO BOIL, DISSOLVE IN MIXTURE 
‘A SMALL AMOUNT OF POTASSIUM IODIDE (A5 
MUCH AS TWO GRAINS OF RICE). DIP STRIPS 
‘OF FILTER PAPER IN. MIXTURE; THEN ORY THEM. 


Ay 


a4 


Foe 

You can produce chlorine as a greenish-yellow gas 
by driving it out of one of its compounds — hydro- 
chloric acid (HCI), which consists of hydrogen (H) 
‘and chlorine (CI), or a common laundry bleach 
(“Clorox” or others), which is a solution of sodium 
hypochlorite (NaCIO). 

Have a bottle of diluted household ammonia (90% 


water, 19% household ammonia) on hand, Sniff 
if you get too strong a whiff of chlorine. 


CHLORINE FROM 
HYDROCHLORIC ACID 


5 0 (Yh TEASPOON) MANGANESE DIOXIDE INTO 
TEST TUBE, ADD 3 ni (Y TST TUBE] UNDILUTED HYDRO. 
GhoRIC Aci. HeAT GENTLY. CHLORINE FORKS. WAFT 
A UTTE CAREFULY TOWARD YOU FOR A SNIFF. 

@ test GAs oy HOIWING MoIsTENED staRCHIODIDE 
PAPER AT MOUTH OF TUBE. PAPER TURKS BLUE 


MAKING CHLORINE IN THE HOME LAB 
@ wae Arrararus SHOWN AT 
flor. Four 1 INCH OF LIQUID 
BLEACH (CLOROX) INTO BOTIE A. 
BOTILe B is EMPTY. SOTTIE © HAS 
WATER IN WHICH TEASPOON LYE 
Is DISsOIvED. 

Take STOPPER OUT 
OF BOTTIE A. DROP IN 
{f TEASPOON SODIUM 
SoutraTe (GaN USH, 
REPLACE THE STOPPER. 
@cuiorine cas 
FORMS AND FILS B 

LYE WATER IN BOT. 
Tie e aBsones EXCESS 
OF CHLORINE GAS. 


CHLORINE REACTS 
VIGOROUSLY WITH 
MOST OTHER ELE- 
MENTS. IT IS PAR- 
TICULARLY ACTIVE 


WHEN REACTION SLOWS 
ADD MORE SODIUM BISULFATE 


‘TO SHOW THE SOLUBILITY OF CHLORINE, 
POUR A SMALL AMOUNT OF WATER INTO 
‘A CHIORINEFILLED BOTTLE. CLOSE THE 


WITH HYDROGEN NOvE THE As-couecT BOTTLE MOUTH WITH YOUR PALM. 
AND MANY HYDRO- WROTE Son Eat SHAKE, THE CHLORINE DISSOLVES AND 
GEN comPpounos. \ ENT CONES ESS ‘THE BOTTLE STICKS TO YOUR PALM FROM 


A AND €)JO)EREVENT) THE SUCTION CREATED. 
LOWER A BURNING CANDLE INTO CHLORINE FROM GETTING 
A BOTTLE OF CHLORINE GAS. A OUT IN THE ROOM CHLORINE HAS 
DENSE SMOKE OF CARBON IS GREAT USE IN 
FORMED. THE CHLORINE COMBINES BLEACHING COT- 


\WITH THE HYDROGEN OF THE CAN- 
DLE AND SETS THE CARBON IN IT 
FREE AS SOOT. 


CHLORINE WILL COMBINE _ 
DIRECTLY WITH SEVERAL 


FASTEN A SMALL WAD OF 
‘STEEL WOOL TO A PIECE OF 
WIRE, HEAT IT WITH A MATCH. 
AND LOWER IT INTO CHLO- 
RINE-FILLED BOTTLE. A HEAVY 
BROWN SMOKE OF IRON 
CHLORIDE POURS OUT. 


TON AND LINEN 
AND WOOD 
PULP. YET IT IS 
NOT THE CHLO- 
RINE THAT PER. 
FORMS THE 
BLEACHING. 


@rw a some wit cHtonne GAs. HANG 
INIT (F206 A CORE OF FROM A PIECE OF CARD- 
BOARD)A SIP OF DH, BICHTTY COLORED COT. 
TON GOTH. NOTHING HAPPENS, COIOE OF 
Glovi Is NOT AFFECTED. 

OISTEN THE CLOTH AND AGAIN HANG 17 

THe CHLORINE. SOON THE COLORS TADE— 
ONLY TRULY "FAST" COLORS REMAIN. CHLORINE, 
IN CONTACT WaTH WaTER, COMBINES WITH THE 
HYSEOGEN. AND UBERATES OXYGEN, THE UB 
ERATED ONYGEN DOES THE BLEACHING. 


light source, indicator, or display 


‘nous flux) by the power emitted over all wave- 
lengths. This is described in detail on “Efficacy” 
on page 179 in the entry dealing with incandes- 
cent lamps, 


In an LED indicator, almost all the radiation can 
be within the visible spectrum, but some power 
is wasted by generating heat internally. The effi- 
cacy varies depending on the type of LED; thus a 
red-orange indicator can have an efficacy of 98% 
while a blue LED will be probably below 40%. 


Diffusion 

Some LED indicators use epoxy or silicone that is 
formulated to be translucent or “cloudy” instead 
of transparent. They diffuse the light so that itis 
not projected in a defined beam, has a softer 
look, and has an approximately equal intensity 
when viewed from a wider range of angles. 


“Clear” and “diffused” ate options that must be 
taken into account when choosing LEDs from an 
online catalog, unless the useris willing to turn a 
clear LED into a diffuse LED by applying some 
sandpaper. 


Wavelength and Color Temperature 
‘The wavelength of light is measured in nanome- 
ters (abbreviated nm), a nanometer being 1 bil- 
lionth of a meter. The visible spectrum extends 
from approximately 380nm to 740nm. Longer 
wavelengths are at the red end of the spectrum, 
while shorter wavelengths are at the blue end. 


Atypical LED emits a very narrow range of wave- 
lengths. For example, Figure 22-5 shows the 
emission froma standard red LED indicator man- 
ufactured by Lite-On. Graphs of this type are typ- 
ically included in manufacturers’ datasheets. 


Becauseared LED stimulates the conesintheeye 
that respond to red light, it “looks red” even 
though the coloris not comparable with the nat- 
Ural red thats seen, for instance, ina sunset. That 
natural color actually contains an additional 
spread of wavelengths. 


> single source > LED indicator 
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Figure 22-5. The narrow range of wavelengths emitted by 
atypical red LED indicator. 


The following list shows the ranges of peak aut- 
put values, in nanometers, for the most com- 
monly available basic LED indicators (LEDs that 
emit other wavelengths are available, but they 
are less common): 


+ Infrared LED: 850 to 950 
+ Red LED: 621 to 700 
+ Orange LED: 605 to 620 
+ Amber LED: 590 to 591 
+ Yellow LED: 585 to 590 
+ Green LED: 527 to 570 
+ Blue LED: 470 to 475 
+ Ultraviolet LED: 385 to 405 
Figure 22-6 shows this list graphically, omitting 
infrared and ultraviolet LEDs. 


For almost 30 years, blue LEDs were a laboratory 
curiosity of little practical value, as efficiencies 
were stuck around 0.03%. An efficiency of more 
than 10% was finally achieved in 1995. Blue LEDs 
were marketed soon afterward. 


However, when yellow phosphors are added to 
create the impression of white light by spreading 
the output over the whole visible spectrum, the 
wavelengths around S00nmare still notwell rep- 
resented, as suggested in Figure 22-3, 
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‘THE ALCHEMISTS USED FANCIFUL FIGURES TO 
REPRESENT THE CHEMICALS WITH WHICH THEY 


Oe o-— 


JOHN DALTON suGcESTED 
MARKED CIRCLES TO INDICATE 
DIFFERENT ELEMENTS. 
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JONS JAKOB BER 
ZELIUS DEVELOPED 
THE SYSTEM USED 
TODAY, IN WHICH 
THE NAMES OF 
ELEMENTS ARE 
ABBREVIATED. 
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Chemical Shorthand 


So Fan you have experimented with oxygen and 
hydrogen, carbon dioxide and nitrogen, and chlorine; 
you have also separated water into the two ele- 
ments of which it consists, and have combined the 
‘two elements iron and sulfur into a chemical com- 
pound. In taking notes of your experiments you are 
certain to have learned that it is much quicker to 
write “H” than “hydrogen,” and easier to write 
“CO,” than “carbon dioxide.” Before long, it will 
socm the simplest and most logical thing in the world 
to use these abbreviations of the names of the dif- 
ferent elements rather than the full names. 

Yet it took chemists hundreds of years before they 
settled on this mniform method of writing out their 
chemical formulas. 

In the early days of chemistry no one bothered to 
do much writing ahout it. But it became necessary 
for the alchemists to write down their experiments 
— how else could they retrace their steps in case they 
actually hit upon the gold they were seeking? They 
invented a whole line of complicated symbols that 
only they could understand. 

As chemists delved deeper and deeper into the 
mysteries of matter it became more and more im- 


portant for them to write out their experiments in 
such a way that all other chemists would know what 
they were trying to explain, 

‘The first to invent a usable system was John Dal- 
ton, an English scientist, The invention was alm 
forced upon him. 

Inhis study of chemistry he had become convineed 
that all chemical reactions could be explained in 
terms of the tiniest possible part of one element re- 
acting with the tiniest possible part of another. These 
particles he called “atoms.” The smallest possible 
part of the compound that resulted he called a “com 
pound atom"— today we call it a “molecule. 

To explain his “atomic theory” Dalton made use 
of circles, each with a marking to indicate a specific 
clement. These circles served to explain Dalton’s 
theory but they were too difficult to work with to 
show complicated,chemical reactions. 

[A Swedish chemist, Jons Jakob Berzelius, worked 
out a simpler system—the same system scientists 
use today. 

For his symbols he took the first letter of the Lat 
name of each element —C for “carbo,” $ for “sul- 
fur.” Where two names started with the same letter, 
hhe added a small Tetter to one of the symbols to 


distinguish the two elements from each other — he 
used Ca for “calcium,” for instance, to distinguish 
it from carbon (C). 

But Berzelius went an important step further. 

By then the French chemist, Joseph Louis Proust, 
had discovered that whenever elements form com- 
pounds these are always of a very definite compo- 
sition — the “Law of Definite Composition.” Water 
molecules, for example, always contain the same 
number of hydrogen and oxygen atoms. And Dalton 
had found that when two elements combine in dif- 
ferent. ways they do this in simple proportions — the 
“Law of Multiple Proportions.” One atom of carbon 
and one atom of oxygen make earbon monoxide; one 
atom of carbon and two atoms of oxygen make car- 
bon dioxide. 

To describe these things in a simple way Berzetius 
made each of his symbols stand not only for a specific 
clement but also for its relative weight as compared 
to the weight of other clements—its “atomic weight.” 
To show the composition of a compound he simply 
put together the symbols for the elements into a 
“formula""—CO, HCI, FeS, and so on.“CO" then not 
only meant that one atom of carbon and one atom 
of oxygen combine to make one molecule of carbon 
monoxide, but also that 12 weight units of carbon 
(12 being the atomic weight of carbon) combine with 
16 weight units of oxygen (16 being the atomic weight 
of oxygen) to form 28 weight units of the compound 
carbon monoxide. 

When a compound contained several atoms of the 
same element Berzelius indicated this by placing a 
number in front of the symbol. Tt was later found 
necessary to change this to a smaller number, called 
a “subscript,” placed at the lower right of the sym- 
bol —H,0, COs. 

In recent. years it has been necessary to change 
Dalton’s idea of an atom as being the smallest. in- 
divisible part of an clement, Nowadays we have 
machines, such as the cyclotron, that can bombard, 
or “smash” atoms into still smaller parts—neutron: 
and clectrically charged protons and electrons. Ac- 
cording to today’s atomie theory protons and neu- 
trons form the nucleus of the atom and electrons 
whirl around the nucleus with such tremendous 
speed that they seem to form a “shell” around it, 

But even with our new idea of an atom, Dalton's 
main theory is still useful for explaining chemical re- 
actions, and Berzelius’ method is still the simplest 
“shorthand” method any scientist has ever devised 
for writing them down. 
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AN ATOM MIGHT LOOK LIKE A BALL SUCH AS THIS IF 
YOU ENLARGED IT A BILLION TIMES. THE “SHELL” 15 
NOT SOUD—IT CONSISTS OF ELECTRONS MOVING SO 
FAST THAT THEY SEEM TO FORM A SOLID SHELL. 


IF YOU COULD SLOW DOWN AN ENLARGED CARBON 
ATOM YOU MIGHT SEE TWO OF ITS ELECTRONS TRAVEL 
ING AROUND THE NUCLEUS IN AN “INNER SHELL” AND 
FOUR MORE WHIRLING AROUND IN AN “OUTER SHELL.” 


IF YOU COULD HALT AN ENLARGED CAREON ATOM 
COMPLETELY, IT WOULD LOOK A LOT LIKE OUR SOLAR 
‘SYSTEM, WITH A "'SUN"" (PROTONS AND NEUTRONS) IN. 
‘THE CENTER AND “'PLANETS" (ELECTRONS) AROUND IT. 


The Periodic Table of the Elements 


‘Faowt THe earliest times people have tried to explain 
what “matter” was made of. Most early philos- 
ophers agreed that “‘matter* was made up of what, 
they called “elements.” But their idea of an “ele- 
ment” was quite different from what we mean by 
that word today. 

‘The early Greek philosophers thought the entire 
universe was composed of only four basic substance: 
fire, carth, water, and air. This explanation made 
sense at the time and was not seriously challenged 
for many centuries, 

‘The old Romans actually knew nine of the sub- 
stances we call elements today. They called them, 
of course, by their Latin names (the same we use 
‘today in chemical symbols): carbo (carbon —C), 
sulfar (8), auram (gold— Au), argentum (silver — 


FOR MORE THAN A THOUSAND YEARS PHILOSOPHERS 
INSISTED THAT ALL SUBSTANCES WERE MADE UP OF FOUR 
ELEMENTS: FIRE THAT WAS DRY AND HOT, EARTH THAT WAS 
HOT AND MOIST, WATER THAT WAS MOIST AND COLD, 
AIR THAT WAS COLD AND DRY. WE KNOW BETTER NOW! 


a 7] hydrogen 
Hydrogen THE MODERN PICTURE OF AN ATOM HAS A NU- 
1 1.008 CLEUS IN THE CENTER, CONSISTING OF PRO- 
a ER TONS (p] AND NEUTRONS (n), WITH ELECTRONS 
= IN RINGS AROUND IT. 
Ho 2 se 
2] Helium 
4,003 
Ne 10|Na 17 THE PERIODIC TABLE OF THE ELEMENTS 
3 | Neon Sodium | 


20183 | 22.991 via 
FS arseo | esmeaia (cae Grieta li Venscine| Chponten |iMecaenese |" eons 
4 jon | Potassium s | Venadium | Chromium | Manganese | tron 
39.944 4 i 479 | 5095 52.01 5494 55.85 


5 eome2® Fe 
‘rypton i rontiva ireonium senivm 
a8 07.83 gest | yee | oe | Morn 


————— 


Xe (54) a HE 72\Ta 73 7 te Os 76! 
7 Xenon Hofaiym Tantalum Osmium 
1313 : | ‘i7a.s0 | ‘180.95 190.2 
Cerri 
7 Pen wear www, (asa 
a nals aa 


Nd 60|Pm Sm 62 
Neodymium | Promethium | Samorium 


144,27 145 150.35 


ROWS RUNNING FROM LEFT TO 
RIGHT ARE CALLED PERIODS. COL- 
UMNS RUNNING FROM TOP TO 


BOTTOM ARE CALLED GeOUrs. THe UAE B9]TH | G0]Pa si]u9a[Ne 98 pu 9a 
FLEMENTS WITHIN @ GROUP HAVE | Actinium ium | Protactinium | Uranium | Neptunium | Plotonium 
MANY TRAITS IN COMMON. ELA 202) 231 238.07 237 242 


‘Ag), ferrum (izon— Fe), euprum (copper—Cu), MANY. SCIENTISTS HAD 
stanuun (tin — Sn), plumbum (lead — Pb), hydrar- 


ayram 


By 1800, thirty-four elements had been discovered. Cegrain CHEMICAL TRAITS 
Within the next ten years, thirteon more had been OccuR PERIODICALLY. THE 
added and had been given made-up Latin names— RUSSIAN. SCIENTIST, DMF 
among them natrium (sodium — Na), kalium (potas- Tal MENDELEEFF, ON THIS 
sium—K), and aluminium (aluminum — Al). By 
the beginning of the twentieth century, eight 


elemen 


‘Today the number has reached 102 — the last ten 
man-made, produced by splitting the atoms of other 
elements. Within @ short time, Element 103 will 


(mereury—Hg). 


ts were known. 


probably be discovered. 


In this table you will find listed the 102 elements 
that are known today. Each clement is described by 
its chemical symbol, its atomic number, its full name, 


and its atomie weight. 


mognesium 


y-four 


NOTICED THAT IF YOU LINE 
UP THE ELEMENTS ACCORD- 
ING TO ATOMIC WEIGHTS, 


BASIS DISCOVERED THE PE- 
RIODIC LAW AND DEVEL- 
‘OPED THE PERIODIC TABLE. 


DIA 
nouta Ae coor. 


‘A YOUNG ENGLISH SCIEN- 
TIST, HENRY MOSELEY, PER- 
FECTED THE PERIODIC TA- 
BLE. HE DISCOVERED THE 
LAW OF ATOMIC NUMBERS 
AND ARRANGED THE ELE 
MENTS ACCORDING TO 
THE ELECTRIC CHARGE 
FOUND IN THE NUCLEUS. 


chlorine 
me owe ve vB wiB 
THE NUMBER OF PROTONS IN AN ATOM IS ITS 
ATOMIC NUMBER. AN ATOM ALWAYS HAS THE |B sic 6 BF oO 
SAME NUMBER OF PROTONS AND ELECTRONS. | Boren cones Cena ees 
HYDROGEN IS THE SIMPLEST OF AIL ATOMS. 2 
Maal le isls toler a7 
‘Aluminum | con | Photpherus | sulfur | CHerine 
1B u6 2698 | 2809 | s097s | 32086 | 35.457 
29 Ga silGe a2[As 33/8 34| Br 35 
Copper Gallium | Germanium | Arsenic | Seleniym | Bromine 
ona 72 | 728 Tar | 796 | 79.916 
mh as[rd_46|ag__a7|¢d_48|m _—a9[sn_so[ Sb 51 ens) 
Rhodium | Palladium | Silver | Cedmium |” Indium Tin_ | Antimony odie 
vos" | 1034" | 107. tat | 142 | vez | ize 12681 
7 7alau_79|Ho 60/1 61/pb__—aa|si_ealro salar as 
trigiom |"Plotium | Gold | Mercury | Thallium | lead | Bismuth | Polonium | Asttine 
1922 | 19509 | 197 200.61 | 20439 | 207.21 209 210 210 
heavy ETAL Non tate unstaste 
METALS tos METALS Fey ELEMENTS 
mm éajea aa fF 68|tm o9fre oly 71 
Gadalinir Erbium | Thulum | Yuerbium | tuetium 
157.26 ve7ar | 16894 | 17304 | 17498 
Am 95[cm 96 cf 98[E ——99]Fm 100[Mv 101[No 102 
‘Americium ‘Curium: Colifornium | Einsteinium | Fermium | Mendelevium | Nobelium wie 
28 247 209 254 255 256 251 _|| 


20 


The Mysteries of Solutions 


Faox THe carliest days, scientists experimenting 
‘with chemistry have worked with solutions. The 
liquid they used for making a solution (usually 
water) they called the “solvent.” The chemical dis- 
solved was the “solute, 

When chemists began to use electricity as one of 
their tools, they discovered that. different solutions 
Dehaved in different ways. The solution in water of 
a great number of chemicals — sugar among them 
did not let electricity pass through. They were 
1on-onductors.” Some chemicals, on the other 
hand, conducted electricity very easily. They were 
good conductors — “electrolytes.” 

In 1874 a Swedish scientist named Svante Arthe- 
nius developed a theory to help explain the mysteri 
ous behavior of solutions, He was only 25 years 
old at the time, 

His idea was that when a chemical that conducts 
electricity is dissolved in water, each molecule is 
broken up — “dissociated” — into electrically char- 
«ged atoms or groups of atoms. These atoms or groups 
of atoms Arrhenius called “ions” from a Greek word 
that means “to wander.” His new theory came 
to be called “Arrhenius’ theory of ionization.” 

‘When table salt (sodium chloride, NaCl), for in- 

stance, is dissolved in water, it ionizes into positively 
charged sodium ions (Na*) and negatively charged 
chlorine ions (CI-). These ions “wander” about in 
all directions until an electric currentis applied to the 
solution, When that happens, the negative ions rush 
to the positive pole, the positive ions to the negative 
pole, Tt is the ions that conduct the current through 
the solution. 
‘The reason that. non-conductors do not conduct 
electricity is that they do not dissociate into ions. 
Arrhenius’ theory of ionization helped explain a 
- great number of things that have puzzled chemists. 
MeN IGEH CARERS Sani His theory has been modified somewhat over the 
YOU CAN EASY nepeaT SONEOEHIS E— years but in most respects holds true today. 
EXPERIMENTS IN YOUR OWN LAB, i 
USING FLASHLIGHT BATTERIES, 


I {| TESTING CONDUCTIVITY OF SOLUTIONS 
Rs = SET UP THE SAME APPARATUS 
AS ON PAGE 25, ADD FLASH- 
LIGHT BULB TO END OF ONE 
WIRE. TRY DIFFERENT SOLU. 
TIONS IN GLASS. SOME CON. 
DucT ElecratemYy AND BULB 
UGHTS UP. OTHERS DO NOT 
AND THE BULB DOES NOT 
tight uP, 


SATURATED SOLUTIONS 
‘A SATURATED SOLUTION IS ONE 
IN WHICH NO MORE OF THE 
CHEMICAL WILL GO IN SOLU- 
TION AT THAT PARTICULAR TEM 
PERATURE. 


ERATURE INTO A CUSTARD 
‘CUP. ADD 6 g SALTPETER (POTAS- 
SIUM NITRATE]. STIR, ALL THE SALT- 
PETER DISSOLVES, 


eipuicgper 
vale eee 
gets fans Sat 
iat pe a ed = 
20 ml H,O DISSOLVES 49 g SALTPETER.) 


TAKE SOLUTION OFF FIRE, AS IT COOLS, MUCH OF THE SALTPETER 
MES OUT AS CRYSTALS BY SLOW CRYSTALLIZATION. LIQUID IS AGAIN 
‘A SOLUTION SATURATED AT ROOM TEMPERATURE. 


CRYSTALLIZATION 
YOU CAN FOLLOW 
(CRYSTALLIZATION OF 
‘gO, IN TEST TUBE, 
HEAT MIXTURE OF 
5 ml WATER AND 1 
TEASPOON. EPSOM 
SALT UNTIL SALT DIS- 
SOLVES, FOUR HOT MANY CHEMICALS 
SOLUTION OVER FORM CRYSTALS OF 

PANE OF GLASS DISTINCT SHAPES. 
CLEANED WITH DE- ee 
TERGENT. CRYSTALS 

MAKE NEEDLE-LIKE Pecenee) 
NETWORK 


PINCH OF SALT, IN 
7 INCHES, AND SO ON. IMAKING | SOLBTION®) 
“LEAVE ONE WITHOUT SALT. | MAKE 50 mi GRADUATE FIRST: MEASURE 50 ml WATER 
PLACE IN FREEZING COMPART. | INTO A NARROW JAR, USING 10 mi TEST TUBE GRADU- 
ENT. CUPS LEAST SALTED | ATE SHOWN ON PAGE 15. MAKE A MARK AT 50 mi LEVEL, 


peel PRE 10%, (10 PER CENT) SOLUTION: MEASURE 40 ml WA- 
SOLUTION HAS HIGHER BOILING | Tex INTO A CUSTARD CUP. ADD 5 9 OF THE CHEMICAL, 
POINT THAN THE SOLVENT USED. | sTiR. (TO MAKE IT DISSOLVE QUICKER, YOU MAY WANT 
WITH CANDY THERMOMETER, | TO HEAT THE WATER SLIGHTLY.) POUR SOLUTION INTO 
DETERMINE AT WHAT POINT | 50 ml GRADUATE, ADD WATER TO THE 50 ml MARK. 


WATE BOIS. ADD 1 PINCH [ay souuTion, MEASURE 40 nl WATER INTO CUSTARD 
a ip. AbD 1 9 OF THE CHEMICAL sie TO DISOIVE 


POINT NOW? ADD MORE 
ST REAR POUR INTO 50 ml GRADUATE. ADD WATER TO 50 mi. 
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HOW DO YOU KNOW AN ACID? 


@ acws taste sour. 


ADD 5 ml HYDRO- 
CHLORIC ACID TO 15 
ml WATER, DROP 5 
DROPS OF MIXTURE IN, 
GLASS OF WATER. DIF 
FINGER IN THIS HIGH- 
LY DILUTED ACID. 
TASTE DROP ON FIN. 
GER TIP. 


@ acips act with 
INDICATORS. 


PLACE DROP OF DILUTED HYORO- 
CHIORIC ACID ON STRIP OF BLUE 
LITMUS PAPER. THE COLOR CHANGES 
TO RED. 


@ Acs act with 
METALS. 


PLACE A STRIP OF ZINC IN 
A TEST TUBE, POUR A FEW 
ml HYDROCHLORIC ACID 
ON IT. ZINC DissoLves, 
SETTING THE HYDROGEN 
OF ACID FREE. 


@ acips NeurRAUzE 
BASES. 


PHTHALEIN SOLUTION. 


Qo INTO 5 ml HYDROCHLORIC 
ID. THE PINK COLOR DISAPPEARS. 
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Working With Acids 


ACIDS have many traits in common. They taste 
sour. They change the color of certain plant sub- 
stances—which are called “indicators.” They con 
tain hydrogen (H) that can be replaced by a metal. 
‘They neutralize bases. 

But what is an acid? Earlier, the “acidic” traits 
were used to define an acid. But with the modern 
understanding of the atom, a different definition is 
used. You will remember that the nucleus of an atom 
contains positively charged protons. Acids in solu- 
tion liberate protons as ions (H*). And so we say 
that an acid is a substance that will give up—or 
“donate” — protons to another substance. Acids are 
roton donors.” The foremostacids nsed in industry 
are sulfuric acid (H,SO,), nitric acid (HINO), and 
hydrochloric acid (HCD. 

The first two — sulfuric acid and nitric acid — 
should NEVER he used in the home lab. They are 
much too DANGEROUS. They destroy the skin and 
might blind you if you got them in the eyes. (Wher- 
ever a chemical experiment would ordinarily call for 
sulfuric acid, this book uses sodium acid sulfate — 
NaHSO,, sodium bisulfate, “Sani-Flush"; wherever 

(CONTINUED ON PAGE 44) 


HOME-MADE INDICATORS 


CUT UP OR GRATE A 
RED CABBAGE LEAF. 
DROP IN HOT WATER. 
STEEP FOR ¥ HOUR. 
POUR OFF LIQUID. USE 
AS INDICATOR, 


elderberries 
$5, 


ao 
ent I 


MANY FLOWERS AND FRUITS CONTAIN COLORING: 
‘MATTER WHICH YOU CAN EXTRACT WITH HOT WATER 
AND USE AS AN INDICATOR FOR ACIDS AND BASES. 


Working With Bases 


BASES taste brackish. They change the color of 
“indicators.” They contain » combination of oxygen 
and hydrogen atoms called “hydroxy!” (OH). They 
neutralize acids. 

But what is a base? When a base is dissolved in 
water it liberates negatively charged hydroxyl ions 
(OF). When a base is neutralized, these fons take 
on — or “accept'— positively charged protons from 
another substance, A base is a substance that will 
accept and combine with protons from another sub- 
stance, Bases are “proton acceptors.” The most im- 
portant bases are sodium hydroxide (“lye,”” NaOH), 
ammonium hydrovide (“ammonia," NIT,OH). and 
calcium hydroxide ("staked lime,” Ca(OH),). 

‘The first of these — sodium hydroxide — is used 
in many households to clean sluggish drains and to 
keep sinks from stopping up (“Drano”). USE It 
WITH GREAT CARE in your expe Do 
not touch Tye flakes with your fingers and do not 
get the solition on your skin — it diss 
ral oil. Tt is particularly dangero 
your eyes. If you get Iye om yuu, dilute it quickly 
with LOTS OF WATER. 

(CONTINUED ON PAGE 45) 


ves the natu- 


to get lye in 


LABORATORY INDICATORS 


LITMUS PAPER IS MOST 
COMMONLY USED INDICA- 
TOR. AN ACID TURNS BLUE 
UTMUS RED. BASES TURN 
RED LITMUS BLUE. 


pHYDRION PAPER 
IS MORE EXACT 
INDICATOR FOR 
ACIDS AND BASES. 


WHITE PHENOLPHTHALEIN 
‘TURNS PINK WITH BASES. 
GET SMALL AMOUNT FROM 
DRUG STORE. DISSOLVE A 
PINCH (0.05 9) IN 50 ml 
DENATURED ALCOHOL. 


HOW DO YOU KNOW A BASE? 


@ oases taste srackish. 


er 
) 
DISSOLVE 5 9 [1 TEA 
SPOON) LYE IN 50 ml 
WATER. DROP 5 
DROPS OF SOLUTION 
IN GLASS OF WATER. 
DIP FINGER IN THIS 
HIGHLY DILUTED 
BASE. TASTE DROP 
(ON FINGER TIP. 


BASES ACT WITH 
INDICATORS. 


PLACE DROP OF LYE SOLUTION ON 
RED LITMUS PAPER. THE COLOR IN- 
STANTLY CHANGES TO BLUE. 


fox) 


@sases act wit 
FAT. 


ADD TINY LUMP OF FAT 
TO 5 ml LYE SOLUTION, 
HEAT GENTLY. FAT DIS- 
SOLVES TO FORM SOAP. 


BASES NEUTRALIZE 
AcIDs. 


er 
@ro 2 mi onwreD He1 ADD 


‘A SINGLE DROP OF PHENOL. 
PHTHALEIN SOLUTION. 

SOUR INTO 5 ml LYE SOLUTION, 

‘MIXTURE TURNS A BRILLIANT PINK. 


HOUSEHOLD ITEMS CONTAINING ACIDS 


ACID FROM 
NON-METALLIC 
OXIDE 


IGNITE A SULFUR CANDLE (OR A 
TINY HEAP OF FLOWERS OF SUL- 
FUR) ON A PIECE OF TIN. HOLD 
MOISTENED BLUE LITMUS PAPER 
OVER FLAME. SULFUROUS ACID 
FORMED TURNS IT RED. 


ACID FROM A SALT 


s\, 


pH SYSTEM IS A WAY OF DESCRIBING THE RELATIVE 
ACIDITY OR ALKALINITY OF A SOLUTION. PURE WATER 


HYDROCHLORIC ACID 
SULFURIC ACID 


LEMONS 
ACETIC ACID 


lg 


SAUERKRAUT 
STOMACH CONTENTS 


lg 


Acids—Continued 


nitrie acid would be called for, this book produces 
it in a mixture of a nitrate, KNOs, and sodium bi- 
sulfate.) 

Hydrochloric acid is used in many households un- 
der the name of “muriatic acid.” Whenever you use 
hydrochloric aeid in an experiment; USE IT WITH 
EAT CARE. If any of it gets on you, dilute it 
quickly with LOTS OF WATER. Or neutralize it 
with bicarbonate of soda (but not if in the eyes). 


DUCED TURNS MOISTENED BLUE UIT- 
‘MUS RED, ADD 2 ml WATER TO TEST 
TUBE B. SHAKE RESULT IS WEAK 
HYDROCHLORIC ACID. 

Is NEUTRAL WITH pH7. THE LOWER THE NUMBER BE- 
LOW 7, THE MORE ACID THE SOLUTION. THE HIGHER 


SALIVA 
mtg 


TOMATOES 
BORIC ACID 


PHENOLPHTHALEIN 
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Bases—Continued 


You can also neutralize it with vinegar (but not if 
in the eyes). 

Ammonia is a common household cleaning liquid. 
Ammonia should also be handled with care and 
should be washed off quickly if you get it on you. 
Also watch your nose when you work with ammonia, 
It has a very strong smell, 

Calcium hydroxide is a white powder. You will 
use it in a great number of experiments. 


BASE FROM A SALT 


INA CUSTARD CUP, DISS 
TEASPOON SAL SODA (W/ 


‘SLAKED LIME MIXED WITH W 

STIR, CHEMICAL REACTION. PRO- 
DUCES SODIUM HYDROXIDE AND 
CALCIUM CARBONATE. FILTER. 
CLEAR LIQUID CONTAINS THE SO- 
DIUM HYDROXIDE (LYE). THE CAL- 
CIUM CARBONATE IS HELD BACK 
BY THE FILTER 


THE NUMBER ABOVE 7, THE MORE ALKALINE THE SO- 
LUTION. WHEN YOU KNOW AT WHAT pH AN INDICATOR 


WATER SEA WATER [— BORAX 
BICARBONATE OF SODA 


[ell el 


BASE FROM 
METALLIC OXIDE 


PLACE A LUMP OF LAE (QUICKLIME, 
CALCIUM OXIDE] IN A CUSTARD CUP. 
‘ADD AS MUCH LUKEWARM WATER AS 


TT WILL ABSORB. LIME HEATS UP, GIVES 
‘OFF STEAM, CRUMBLES INTO POWDER 


‘OFSLAKED LIME (CALCIUM HYDROXIng} 


CHANGES COLOR, YOU CAN DETERMINE THE ACIDITY 
‘OR AIKALINITY OF THE SOLUTION YOU ARE TESTING. 


MILK OF MAGNESIA 


AMMONIA 


le 


UME WATER 


We 


8 


UTMUS: 


Variants 


SS3SRSRRRSERRBEERSBE 


Ranges of common peak wavelengths (nanometers) 


Figure 22-6. Ranges for peak wavelengths of the most 
‘commonly used LEDs. (Source: Survey of approximately 
6,000 throuph-ole LEDS stacked at www.mousercom,) 


Fluorescent lights perform even more poorly 
than white LEDs, as can be seen in Figure 18-4 in 
the entry describing incandescent lamps. 


Because white LEDs do not emit a single peak of, 
wavelengths, their color is expressed in color 
temperature rather than nanometers. The con- 
cept of color temperature is explained in "Spec- 
trum” on page 173. White LEDs are available rat- 
ed from 2,800 to 9,000 degrees Kelvin, and are 
discussed in more detail in the LED area light- 
ing entry in this encyclopedia. 


Internal Resistor 

To eliminate the chore of adding a series resistor 
to limit current through an LED, some indicators 
are sold with a series resistor built in. They may 
be rated for use with SVDC or 12VDC, butare ex- 
ternally indistinguishable from each other. They 
are also externally indistinguishable from LEDs 
that do not contain series resistors. Figure 22-7 
shows two 3mm LEDs, the one on the right con- 
taining its own series resistor, the one on the left 
being a generic LED without series resistor. 


Because of the nonlinear response of a diode, 
LEDs with or without internal resistors cannot be 
distinguished from each other reliably with a 
multimeter. If the meter is set to measure ohms, 
typically it will give an “out of range" error to all 
types of LED. If itis set to identify a diode, the 
reading will not tell you if the LED contains a re- 
sistor. 


light source, indicator, or display > single source > LED indicator 


Figure 22-7. An LED (eft) that does not contain its own 
sees resistor is usually indstinguishable from one that 
does (right) 


‘One way to determine whether an LED contains 
an internal series resistor would be to connect it 
with a variable power supply through a multi- 
meter set to measure mA. Carefully increase the 
supply voltage from zero until the meter shows 
a current of 20mA. If the LED does not contain a 
series resistor, the supply voltage will be close to 
the recommended forward voltage for that type 
of LED (no lower than 1.6V for a red LED, and no 
higher than 3.6V for a white LED). Ifthe LED does 
contain a series resistor, the supply voltage will 
be higher. This procedure i time consuming, but 
may be worthwhile to evaluate multiple LEDs 
that are known to be identical. 


Multicolored 
The leads for an LED indicator containing two or 
more diodes can be configured in several ways 


+ Twolleads, two colors, Two diodes are moun- 
ted internally in parallel, but with opposite 
polarity. 

«+ Three leads, two colors. Two diodes share a 
‘common anode or common cathode, 


+ Four leads, three colors (RGB). Three diodes 
sharea commonanodeor common cathode. 
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Salts—Chemicals of Many Uses 


NEUTRALIZATION. IS USED 
EXTENSIVELY IN CHEMICAL 
ANALYSIS IN A TECHNIQUE 
CALLED TITRATION. 


TO DETERMINE THE UNKNOWN STRENGTH 
OF A BASE, THE CHEMIST DROPS INTO IT 
FROM A LONG TUBE—A BURETTE—AS MUCH 
ACID OF KNOWN STRENGTH AS IS NECES- 
‘SARY TO NEUTRALIZE IT. BY CHECKING ACID 
USED HE FIGURES STRENGTH OF BASE. 


@ FoR A TRY AT TRATION, MIX A 
FEW ml OF HOUSEHOLD AMMONIA 
WITH 40 mi WATER. ADD A DROP OF 
PHENOLPHTHALEIN. THIS WILL COLOR 
THE MIXTURE A DEEP PINK. 


POUR 10 ml DILUTED HYDROCHLORIC 

ID INTO MEASURING TUBE. POUR SOME 
OF THIS ACID INTO THE AMMONIA UNTIL 
COLOR HAS ALMOST VANISHED. 


@ Pick uP A FEW mi 
OF THE MEASURED 
‘ACID IN AN EYE DROP- 
PER (PIPETTE). DROP 
ACID SLOWLY INTO 
THE AMMONIA MIX- 
TURE UNTIL COLOR IS 
COMPLETELY GONE. 
RETURN ACID NOT 
USED TO MEASURING 
TUBE. YOU NOW 
KNOW HOW MANY 
ml ACID YOU HAD TO 
USE TO NEUTRALIZE 
THE AMMONIA. 


Waar aappens when yon neutralize an acid with a 
base or a base with an acid? The hydrogen atoms 
(H+ ions) of the acid combine with the hydroxyl 
groups (OH ions) of the base to form water, and 
‘the metal atoms of the hase combine with what re- 
mains of the acid to form a salt. Or 

BASE plus ACID turns 

WATER plus SALT 

for example, is what happens when you neu- 

sodium hydroxide with hydrochloric acid: 
NAOH + HQ) —- HOH + NaCl 

‘The result is water and sodium chloride — ordinary 

table salt which has given its name to other sub- 

stances of a similar nature. 

Of all the salts used in industry, table salt (NaCl) 
and washing soda (Na,CO,) are of greatest impor- 
tance, Numerous other chemicals are produced from 
them. Our way of life would be completely disrupted 
if our country’s industry did not have enough of 
these two salts. 

Many other salts are necessary for our well-being. 
You'll probably find at least half a dozen different 
salts used daily in your home—in cooking and 
baking, in gardening, for cleaning. 

In your chemical experiments you'll be working 
swith two classes of salts: normal salts (such as NaCl, 
Na,CO,, KI) which contain no free hydrogen or 
hydroxyl ions, and acid salls (such as NaHSO,, 
NaHCO,) which contain replaceable hydrogen. 

Some of these salts dissolve easily in water —all 
the nitrates (salts of nitric acid) and most of the 
chlorides (salts of hydrochloric acid). Many salts, 
on the other hand, are insoluble — most of the car- 
honates (salts of carbonic acid) and most sulfides 
alts of hydrosulfurie acid), 


DIFFERENT WAYS. SALT FROM METAL 


OXIDE AND ACID 


DROP ZINC STRIPS 


SALT FROM INTO A TEST TUBE. 
METAL AND POUR IN A COUPLE 
ACID (OF ml HYDROCHLORIC. 


ACID. THE ZINC DIS- 
PLACES THE HYDRO- 
GEN OF THE ACID TO 
FORM A SALT [ZnCl,) 
WITH THE CHLORINE. 


NG. THE 
(QUICKUIME DISSOLVES IN THE 
ACID, FORMING CALCIUM 
CHLORIDE AND WATER. 


@oissowe 5 » er. 
Secrets 
on sutrare) 20 
pie as 


.2- 3 
Ie 2 waa ee 
POUR INTO HOT EPSOM 
aoe 

ee 
RoNTAIns SOOUN SL 
Eat, MACREDNM CAR 
SONATES RETAINED 4 
nee 


TWO SALTS FROM 
TWO OTHER SALTS 


SALT FROM ANOTHER 
SALT AND ACID 


DROP PIECES OF CHALK, MARBLE, OR OYS- 
TER SHELLS (ALL OF THEM CALCIUM CAR- 
BONATES) IN A FEW ml HYDROCHLORIC 
ACID. RESULT IS CALCIUM CHLORIDE AND 
CCARBONIC ACID (WHICH BREAKS UP INTO 
‘CARBON DIOXIDE AND WATER). 


‘Tuene Ane many ways of producing a salt in ad- base and a salt to form a new base and a now salt: 


dition to neutralization. (Ca(OH), + Na,@G}—~ 2NaOH + GRGO} 
When you made iron sulfide directly from the two A salt and an seid often form another salt and 
elements iron and sulfur, you produced a salt: another aei 
Fe +S —~ FS aco, + 2HEl— 
When you caused zine metal to react with hydro- AOR + H,CO, (H,0 + CO.) 
chloric acid, you made a salt: ‘Two soluble salts may also form two other salts— 
Za + 2H@l—- Zh +H, one of them insoluble: 


When you made sodium hydroxide, you nsed a NaiCO) + MaSG@l —- NigCOl + NaS} 


a1 


Todine—Violet or Brown? 


Tovine 15 an interesting element to experiment with. 
Ttis easily driven out of its compounds as beautiful, 
‘iolot fumes that turn into grayish-black, metallic- 
ooking erystals on cooling. These erystals can be 
further purified by turning them into vapor again, 
and again cooling them into erystal form. This proc- 
ess is called “sublimation.” 

‘You are probably familiar with the 2% alcoholic 
solution of iodine known as “tincture of iodine.” It 
is found in almost every home medicine cabinet and 
is used as a disinfectant for wounds. [odine has many 
other uses — in photography and in the preparation 
of various medicines and dyes. 

Todine has the bad habit of staining practically 


MAKING IODINE 
IN A PYREX CUSTARD CUP 
TOGETHER 2 g POTASSIUM 
IODIDE, 2 g MANGANESE DIOX- 
IDE, 4 g SODIUM BISULFATE. HEAT 
‘MIXTURE GENTLY. SOON VIOLET 
FUMES EMERGE. 


TO TEST SOLUBILITY OF 


TODING| 


[metals and non-| 
metals. It has © 


density of 4.9, 


everything with which it comes in contact with a 
brown stain that won't come off in washing, That's 
why it is advisable to have sodium thiosulfate — 
photographer's fixing salt, “hypo"— around when 
you work with iodine. Hypo in solution forms a 
colorless compound with iodine. 


R°, HALF A DOZEN ICE CUBES 
JAR. ADD A LITTLE WATER, 
PLACE JAR AS A LD ON TOP OF 
CUSTARD CUP. THE VIOLET FUMES 
SETTLE ON BOTTOM OF JAR AS 
GRAYISH-BLACK, SHINY IODINE 
CRYSTALS. 


IODINE! DROPIA FEW Gavs= i horaly any oaine ictine | fodine 
TALS IN EACH OF FOUR TEST duces weter you ‘tobalon in wah bromn 
TUBES. ADD SOLVENT AND when put in carbon tet- "colar in 
SHAKE TUBE. plain water. fachloride, leah. 


IODINE FREED BY CHLORINE 


SET UP APPARATUS AS DESCRIBED ON PAGE 35 WITH THIS 
EXCEPTION: IN BOTTLE B, MAKE SOLUTION OF ¥s 
TASSIUM IODIDE IN 40 mi WATER, AS CHLORINE Bi 
THROUGH THIS SOLUTION IT TURNS BROWN FROM THE 
FREED IODINE. WITH MORE CHLORINE IT CLEARS AGAIN 
WHEN COLORLESS IODIC ACID FORMS. 


DISSOLVE A FEW CRYSTALS OF 
POTASSIUM IODIDE AND A FEW 
GRAINS OF SODIUM BISULFATE 
IN 5 ml WATER. ADD HYDROGEN 
PEROXIDE. SHAKE, THE FREE 
IODINE COLORS LIQUID BROWN. 


STARCH TEST FOR 
IODINE 


mi THE CHLORINE IN 
LIQUID BLEACH ALSO 
FREES IODINE. ADD 
‘A COUPLE OF DROPS 
TO SOLUTION OF A 
FEW POTASSIUM 
TODIDE CRYSTALS IN 
10 ml WATER. 


MAKING 
HYDROGEN IODIDE 


IMIX_A FEW CRYSTALS (AS 
MUCH AS A PEA) OF PO- 
TASSIUM IODIDE WITH. 
TEASPOON SODIUM BISUL- 
FATE, PLACE STRIPS OF 
WETTED LITMUS PAPER AT 
‘THE MOUTH OF TUBE. HEAT 
GENTLY. IODINE IS RE- 
LEASED. ALSO HYDROGEN 
IODIDE—AN ACID THAT 
TURNS BLUE LITMUS RED. 


REMOVING 
IODINE STAIN 


PAINT PAPER WITH IODINE, DISSOLVE A FEW CRYSTALS OF SODIUM 
‘THIOSULFATE ("HYPO") IN WATER. PAINT WITH THIS SOLUTION OVER 
‘THE BROWN COLOR. YOU WILL GET WHITE LETTERS AS HYPO FORMS 
COLORLESS COMPOUND WITH IODINE. 


GOT 


SHAKE UP A PINCH OF STARCH WITH 
COLD WATER IN A TEST TUBE, ADD TO 
HOT WATER, BRING TO A BOIL. COOL. 
POUR DROP OF MIXTURE INTO 10 mi 
WATER. ADD DROP OF IODINE SOLU- 
TION. BRIGHT BLUE COLOR RESULTS. 
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Most oF our su 
“fun is rroauceD 
FEY DRIVING TT OUT 
OF THe GROUND 
IN MELTED FORM BY 

__ APROCESS INVENT. 
fo ay HERMAN 
RASCH 


Sulfur and Its Compounds 


Ix Te old d 
(“burning stone” — from an old word, brennen, to 
burn). When it burned with « blue flame and a suf- 
focating smell, people were certain that the devil 
himself was around. 


s, sulfur was called “brimstone” 


SOME Until fairly recently, most sulfur came from the 
SULFUR voleanic Italian island of Sicily. But today, Am 
ES 


hun- 


produces most of the world’s sulfur. About 
dred years ago, big deposits were found in Louisiana, 
several hundred fect. underground. The problem of 
getting it up was solved in 1894 in a very clever way 
by a young German emigrant, Herman Fraseh. He 
piped superheated water underground to melt the 
sulfur, then forced the melted sulfur to the top with 
compressed air 

Sulfur itself is used for many purposes. By a proc- 
ess called “vulcanization” it tums sticky, gummy 
raw rubber into elastic rubber usable for automobile 
tires and other rubber products. Sulfur also goes 
into such things as matches and gunpowder and 
medical preparations. 
SUPERHEATED But by far the greatest use of sulfur is in the prep- 
WATER PIPED UN- aration of sulfuric acid (H,SO,). Thi enters 


NEWS THe sul, into the (CONTINUED ON PAGE 52) 


FUR. COMPRESSED. 
stick sulfur 2 


AIR’ FORCES. SUL- 
sulfur condle flowers of sulfur 


FUR TO THE SUR- 
SULFUR CAN USUALLY BE BOUGHT IN THREE DIFFERENT 
FORMS: AS STICK SULFUR, SULFUR CANDLES, AND AS A 

POWDER [FLOWERS OF SULFUR). UNDER MICROSCOPE, 

SULFUR POWDER PROVES TO BE RHOMBIC CRYSTALS. 
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MAKING MONOCLINIC 
CRYSTALS OF SULFUR 


HEAT Y TEST TUBE FULL OF 
FLOWERS OF SULFUR TILL IT IS 
‘MELTED WITH LIGHT COLOR. 
POUR MELTED SULFUR INTO A DRY FILTER. A5 SOON, 
‘AS CRUST FORMS ON TOP, OPEN UP FILTER PAPER. 
YOU WILL SEE THAT SULFUR HAS FORMED TINY 
NEEDLE-LIKE CRYSTALS. 


MAKE A MOLD FROM A NICKEL BY ATTACHING 
/ALL OF SCOTCH TAPE AROUND THE EDGE OF IT. 


FILL TEST TUBE Y4 FULL OF FLOWERS OF SUL. 
. MELT GENTLY HIGH ABOVE FLAME, POUR INTO 
‘MOLD. WHEN COOLED YOU HAVE A PERFECT CAST. 


PLASTIC SULFUR 


@ mer y test @ wear THE THICK. 
TUBE POWDERED ENED SULFUR FURTHER 
SULFUR. CONTINUE UNTIL IT FLOWS: FREE 
HEATING. SOON IT LY AGAIN. THEN POUR 
NO LONGER FLOWS. THE DARK FLUID INTO 
YOU CAN TURN TUBE. COLD WATER. ITTURNS 
UPSIDE DOWN WITH. INTO A PLASTIC MASS, 
OUT ANYTHING IN A FEW DAYS THIS 
COMING OUT. AGAIN BECOMES YEL- 
tow sutruR, 


PRECIPITATED 
SULFUR 


DISSOLVE A FEW CRYS- 
TALS OF HYPO (SODIUM 
THIOSULFATE) IN 
TEST TUBE WATER. ADD 
1 DROP OF HYDRO- 
CHLORIC ACID. SOON 
LIQUID TURNS MILKY OF 
= EXCEEDINGLY FINE PAR- 
TICLES OF SULFUR. 


SL 


SULFUR 
DIOXIDE 
FOR 
BLEACHING 


MENTS, COVER THE JAR 
SULFUR, 


= DROP INTO JAR APPLE PEELINGS AND MOIS- 
HT-COLORED FLOWER. COVER AGAIN. WITH GLASS 
PLATE. IN A SHORT WHILE, COLORS HAVE BLEACHED. 


Sulfur—Confinued 


production — directly or indirectly — of practically 
every manufactured article we use today. It is used 
in refining gasoline, in making steel and paper, filers 
and films, and explosives, and thousands of 
UGHT suuFUR I BOTTLE cap. Low. other chemicals. 

ER BURNING SULFUR INTO JAR. Sulfur Dioxide— The first step in making 
WHEN JAR IS TULUCOF FUMES, RE” cia from sulfur isto burn the sulfur. 

TER. SHAKE. AS SO, DISsOLVes IN When burning in the air, each atom of sulfur takes 
inoue ene Piso: TeS tor ‘on two atoms of oxygen to make one molecule of 
ACID WITH BLUE LITMUS PAPER, sulfur dioxide gas (SO,). 

By a special, complicated process, sulfur dioxide 
can be forced to take on another oxygen atom and 
form sulfur trioxide ($0,), With water, this makes 
sulfurie acid: 

H,0+ 80, 1,80, 
Hydrogen Sulfide—Many sulfur compounds have 
unpleasant, penetrating smells. Some of these com- 
pounds have very complex molecules — just imagine 
a skunk producing a chemical with this formula: 
CH,CH,CH,CH,SH! The smell of rotten eggs, on 
the other hand, comes from the simple compound 
hydrogen sulfide (HS). 

Hydrogen sulfide is used in chemical analysis to 
determine what metals are found in a certain sub- 
stance. It combines with metals into salts (sulfides) 
that can be distinguished from each other by their 
colors and by the way they react with acids and 
other chemicals. 


SULFUR 
DIOXIDE 


DISSOLVE Y4 TEA. 
SPOON HYPO (50- 
DIUM THIOSUL- 
FATE) IN-40 ml WA. 
TER. ADD A FEW ml 
HYDROCHLORIC 
ACID. SULFUR DI- 
‘OXIDE AND PRECIP- 
ITATE_OF SULFUR 
RESULT. 
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NOTE: Perform the: 


fore an open win 


w. Be careful not to breathe fume: 


HYDROGEN SULFIDE HYDROGEN SULFIDE 
IS AN IMPORTANT Lag HAS SMELL OF 
TOOL FOR CHEMICAL ROTTEN EGGS 
ANALYSIS. 


@ oroe sro a ony test TURE v4 
TEASPOON POWDERED SULFUR AND'A 
UMP OF CANDLE WAX AS LARGE AS 
INPEA, SETUP APPARATUS AS CHOWN, 


MAKE SOLUTION IN TEST TUBE OF 
“HEMICAL YOU WANT TO. ANALYZE. 
LEAD GLASS TUBE INTO THE SOLUTION. 


@ ear rest rune wren suirun mx. 
Wore HYOROGEN SULFISE BUBBLES 
INO Teor SoUNON neers | I@ 
Talns SAIT‘OF ONE OF THE HEN 

Netaise x PAECINTATE WL FORA 


HYDROGEN SULFIDE FROM Fes Rees vonaan 


NAKE IRON SULFIDE AS DESCRIBED IGNITE HS AT JET TIP. IT 
(ON PAGE 22. BREAK THE TEST TUBE BURNS WITH SO, SMELL 

(INA PAPER BAG). CRUSH THE FeS 
WITH A HAMMER. DROP SMALL PIECES. 
IN ANOTHER TEST TUBE. BY ADDING 
HYDROCHLORIC ACID YOU MAKE H,S. 


THE COLOR OF THE SULFIDE FORMED WHEN YOU LEAD H,5 
INTO A SOLUTION CONTAINING A SALT OF A HEAVY METAL 
WILL HELP TELL YOU WHAT METAL IS FOUND IN THE SALT. A 


i | i a tf a fees | i 
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MAKING CEMENT 


Silicon—The Element You Step On 


Suzcon (from the Latin silez, flint) is the second 
most abundant element on earth—after oxygen, 
Whether you are walking on sand or clay, rock ar 
cement, almost half of what you're stepping on is 
silicon, 

Silicon is found in nature in combination with 
oxygen (mostly the dioxide, SiO,) and in different 
icates (salts of various silicic acids). 

With few exceptions, silicon compounds are in- 
soluble in water. And that is a good thing for all of 
us, The glass of our windows and the glasses from 
which we drink are silicates. So are the glazes on 
our cups and the enamel on our bathtubs. Most 


glass and many glazes are made by fusing together 
sand (Si0;), limestone, and soda. 

The silicates of sodium and potassium dissolve in 
water. A concentrated solution of sodium silicate 
(Ne,Si0,) is sold in hardware stores under the name 
of waterglass. It is used as a glue, for fireproofing 
wood and for preserving eggs. 

Within recent years, chemists have developed a 
‘whole line of new silicon compounds called silicones. 
Some of them are oillike. Some look like putty 
(Silly Putty”). Still others are rubber-like, Paper 
and cloth can be made water-repellent by being 
‘treated with suitable silicones. 


MINERALS AND PRECIOUS STONES 
MANY ARE SILICON OXIDES OR SILICATES. 


‘amethyst 


MAKING 
SILICON 
DIOXIDE 


__ MAKING SILICIC ACID 
™ ‘ 


IN ANOTHER, MIX 10 ml HYDROCHLOI 

wo PLACE SOME OF THE GEL ON A METAL 
POUR THE TWO MIXTURES AT ONE TIME INTO A THIRD GLASS. TE Mie ST ET 
STAND SPOON UPRIGHT IN THE MIXTURE WHICH, ALMOST IMMEDI. GIVES ‘UP WATER (H,O) AND TURNS 
ATELY, TURNS INTO A JELLY ["GEL") SO STIFF THAT SPOON STANDS BY — INTO_A GRAYISH-WHITE POWDER OF 
ITSELF’ AND YOU CAN TURN THE GLASS UPSIDE DOWN. SILICON DIOXIDE (Si0,). 


MAKING 
WEAKNESS OF 
SILICIC ACID 


SILICIC ACID IS SO WEAK THAT CARBONIC_<@" \ San) 
‘ACID (H,CO,) DRIVES IT OUT OF WATERS 
GIASS. MAKE THE CO, BY POURING HY- 

DROCHLORIC ACID OVER MARBLE CHIPS. 


IN A TEST TUBE, MIX 1_g OF THE SILICON. 
DIOXIDE YOU MADE, 2 9 LYE [NoOH), AND 5 ml 
‘WATER. HEAT CAREFULLY, MOVING TUBE. 


Bare FILTERING, YOU WILL HAVE A CLEAR 
it 


MAKING SILICATES LUTION OF SODIUM SILICATE (Na,SiO,). 


DILUTE 5 ml WATERGLASS 
i2,8i0,) WITH 5 ml WATER. 


DISSOLVE SMALL CRYSTAL OF 
PPER SULFATE IN WATER. “GROWING” A SILICON “JUNG 


IN A PINT JAR, PLACE 14-INCH 
(OF SAND. POUR ON TOP © 
MIXTURE OF EQUAL PARTS 
(GLASS AND WATER. PLACE IT IN 
WHERE IT WILL NOT BE D 


PER SULFATE, ALUM, 
CRYSTALS SEND UP 
FEW HOURS, YOUR SILICA 
IS FULLY “GROWN.” 


ADD A FEW DROPS TO THE 
‘TERGLASS TO GET PRECIPI- 
TATE OF COPPER SILICATE. 
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light source, indicator, or display 


+ Six leads, three colors. Three diodes, each 
with its own pair of leads, separate from the 
others. 


Infrared 

Most infrared emitters are LEDs that generate 
wavelengths longer than 800nm, They are found 
in handheld remotes to control consumer- 
electronicsdevices suchas televisionsand stereo 
systems, and are also used in some security sys- 
tems, although passive infrared motion detectors, 
which assess infrared radiation from sources 
such as people or vehicles, are more commonly 
Used for this purpose. 


In conjunction with an infrared emitter, an infra- 
red sensoris necessary, and must be sensitive to 
the same wavelength. To prevent false positives, 
the emitter modulates its output, typically with 
a carrier frequency between 10 and 100kHz. Re- 
motes often use carrier frequencies of 30 to 
S6kHz. At the receiving end, the signal is pro- 
cessed witha band-pass filter matching themod- 
ulation frequency. Many different pulse-coding 
schemes are used, and no particular standard is 
dominant. 


Ultraviolet 

Because ultraviolet radiation can damage the 
eyes, LED indicators that emit ultraviolet light are 
potentially dangerous and should be used with 
caution. A yellow eyeshield can be worn to block 
the short wavelengths, 


Ultraviolet light can be used to cure some adhe- 
sives and dental filling material. It can also kill 
bacteria, and can detect fluorescent print on 
bank notes, to check for counterfeiting. Ultravio- 
let flashlights are sold to detect some species of 
pests, such as scorpions, which fluoresce in re- 
sponse to ultraviolet light. 


Values 
The specification for an LED will include the 


wavelength of emitted light, luminous intensity, 
maximum forward voltage and current, maxi- 


> single source > LED indicator 


Values 


mum reverse voltage and current, and working 
values for voltage and current. All these values 
are important when choosing an indicator for a 
specific function, 


White LEDs for room lighting or external use are 
calibrated differently. See the entry for LED area 
lighting in Chapter 23. 


Forward Current 
‘About half of all the thousands of available types 
of LED indicators are rated for a typical forward 
current of 20mA to 25mA, Absolute maximum 
ratings may be twice as high, but should not 
generally be applied. 


The light intensity of a typical Smm red LED in- 
dicator is plotted against its forward current in 
Figure 22-8, Note that current and light intensity 
have an approximately linear relationship up to 
the typical working current of 20mA. Even above 
this point, to the absolute maximum of SomA, 
the light intensity rolls off only a very small 
amount. 


Although an LED indicator can be dimmed by 
controlling the current passing through it, the 
current does not have a linear relationship with 
the applied voltage, and the indicator will stop 
functioning completely when the voltage drops 
below the threshold required by the diode. Con- 
sequently, LEDs are commonly dimmed by using 
pulse-width modulation. 


Because of the nonlinear response of a diode, 
LEDs with or without internal resistors cannot be 
distinguished from each other reliably with a 
multimeter. the meteris set to measure ohms, 
typically it will give an “out of range" error to all 
types of LED. If itis set to identify a diode, the 
reading will not tell you if the LED contains a re- 
sistor, 


Low-Current LEDs 

Indicators that require a very low forward current 
are convenient for direct connection to output 
pins of logic chips and other integrated circuits. 
Although a single output from an HC family chip 
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Boron—Future Rocket~Power Element? 


Less THAN A hundred years ago, a mineral called 
borax, containing the element boron, was carted out, 
of Death Valley in California by twenty-mule teams 
—about the slowest transportation you can think of. 
Someday, boron may be put in zip-fuels for space 
's — the fastest. form of transportation imagi- 
nable. Boron has the ability (as does carbon) to 


BORAX BEAD TEST IN CHEMICAL ANALYSIS 


NICHROME 
OR PLATINUM 
WIRE INTO. 


HANDLE. 


FORM LOOP 
‘AROUND 
PENCIL 
POINT. 


combine with hydrogen in a number of ways. When 
these boranes or boron hydrides burn, they develop a 
tremendous amount of power. 

Boron can be isolated as a hard, brownish-black 
powder. Its carbon compound, boron carbide (B,C), 
is almost as hard as diamond. 

But you are probably more familiar with boron 

MAKE BLOWPIPE BY DRAW. — 


ING GLASS TUBING INTO 
JET POINT. 


IN THE TIP OF 
THE FLAME, THE 
STRONG HEAT 
OXIDIZES. METAL 
IN THE TEST SAM- 
PLE, OXIDE COL. 


‘ACTUAL SIZE (ORS BEAD. 


CERTAIN METAL OXIDES, FUSED INTO A "BEAD" 
OF MELTED BORAX, PRODUCE DISTINCT COLORS 
BY WHICH THE METALS CAN BE RECOGNIZED. 


TO MAKE TEST, HEAT WIRE LOOP. DIP HOT LOOP IN 
BORAX. HEAT TO FORM BEAD. TOUCH BEAD TO CHEM. 
ICAL TO BE TESTED. OXIDIZE THE CHEMICAL IN VERY 
HOT FUUAE GENERATED WITH HELP OF A BLOWPIPE, 
STUDY THE COLOR OF BEAD, HOT AND COOLED. 


hot cold hot cold 
RON © © MANGANESE Q © 
copreR © ©  coBAtt Lome} 
NICKEL @ @ cHRoOMUM © © 


through two of its compounds which are found in 
almost every household: boric acid (H,BO,), used as 
‘a mild antiseptic, and borax (sodium tetraborate, 
‘Na;B,0,"109T,0), used for cleaning purposes and as 
a water softener. 

Borax has a great number of uses outside the home, 
It is used for soldering, for producing certain kinds 
of soap, and for making other boron compounds, 


MAKING BORIC ACID 


IN_A CUSTARD CU, ADD 
a BORAX To 
BRING TO 


‘The glass industry uses large quantities of borax 
for making boron-aluminum-silicate glass. You know 
this kind of glass by its trade name, Pyrex. Kitchen 
utensils and laboratory ware made of Pyrex glass 
haye the great advantage over ordinary glass that 
they can be placed directly on the fire and do not 
break so easily when they are subjected to sudden 
heating or cooling. 


ADD 4 ml HY. 

OCHIORIC. ACID 
TO HOT BORAX SO- 
WTION. STIR, RE. 
MOVE FROM FIRE, 
BORIC ACID CRYS- 
TALLIZES OUT AS 
SOLUTION Cools. 


MAKING 
BORIC OXIDE 


GLASS ROD. 


Sodium and Potassium 


‘Tue: sats of sodium and potassium have been used 
for thousands of years in making soap and glass and 
for a great number of other purposes. 

Sodium chloride (NaC) is the most common sod 
um salt — itis the chemical that makes ocean water 
“salty.” Plants growing in the ocean take up so 


N MATRIN(* | uch of the sodium that people along the seacoasts 


Nene winj| of the world used to burn dried seaweed to secure 
22.991. Density. | “soda ash” (sodium carbonate, Na,CO;). Inland 
097. (Eaglish: So-| plants, on the other hand, pick up potassium from 
dium) Silver-vhite| the soil. Inland people boiled out. wood ashes in large 
etal, can be cut| pots to get “potash” (potassium carbonate, K,CO.). 

2 with knife-Ovidizes | “J, 1807, the British scientist, Humphry Davy, 
“satan cones trom satan Jim cr Reads wih) ceeded in isolating the metals found in these salts 
FO Gao They proved to he wacantt anal silvery; He eal 
them sodium (from soda ash) and potassium (from 
CRYSTALLIZING potash). These are still their English names. But in 
SALT BY chemical formulas they are referred to as natrium 
EVAPORATION (Yq) and kalium (K) — from abbreviations of the 
Arabic names of the ashes:nalrun and al giti (alkali). 


DISSOLVE 19 9 TABLE 
IN 50. ml HOT 
SOLUTION, 


Rox CLEAR LIQUID INTO LARGE PIE PLATE PLACE 
‘SUNNY WINDOW FOR WATER TO EVAPORATE SLOW. 
Ly, THE CRYSTALS FORMED WILL BE MUCH LARGER. 


MAKING NORMAL SALT 
FROM ACID SALT 


SODIUM SULFATE 's PRODUCED 
BY HEATING SODIUM ACID SUL. THE ACID CARBONATE [NaHCO,) IS MADE 
FATE WITH SODIUM CHLORIDE, BY LEADING CO, TO NORMAL CARBONATE 
(Na,CO,). 


MAKE SATURATED SOLUTION BY SHAK 
(G3 TEASFOONS WASHING SODA IN 30 
INA TEST TUBE, HEAT ‘ml COOL, BUT NOT COLD, WATER. FILTER IT. 
A MIXTURE OF 2 9 SO- 

DIUM ACID SULFATE (SO- 
DIUM BISULFATE). WITH 
1g TABLE SALT (NoCI). 
HYDROGEN CHLORIDE 
18 SET FREE AND SODI- 
UM SULFATE IS FORMED: 

NaHS, + NaCl > 
HCI + Na,SO, 


2 SET UP APPARATUS FOR MAKING COs AS 
{OWN ON PAGE 31. LEAD CO, INTO SODA 
SOLUTION FOR 10 MINUTES. THEN SET ASIDE. 
‘SHORTLY NaHCO, CRYSTALS APPEAR. 


PIONEER WOMEN MADE POTASH 
FROM WOOD ASHES. 


WHEN YOU HEAT PO- 
TASSIUM NITRATE, IT 
GIVES UP OXYGEN 
AND BECOMES FO- 
TASSIUM NITRITE: 
2KNO, > 
HEAT ¥ TEASPOON 2KNO, + Os 
SALTPETER AT. BOT- 
TOM OF A TEST TUBE 
UNTILIT MELTS. DROP 
INTO THE TUBE A 
PEA.SIZE LUMP OF 
SULFUR. IT BURNS 
(WITH BRILLIANT BLUE 
FLAME. DO SAME 
EXPERIMENT WITH 
HEAD OF MATCH, 
CHARCOAL BIT. 


SKIM OFF WOOD REMAIN 


FILTER THE MIXTURE OF 
1ES AND WATER. COLLECT 
FILTRATE IN A CUSTARD CUP. 
EVAPORATE MOST OF WATER. 
‘THEN COOL TO PERMIT K,CO, 
‘TO CRYSTALIZE OUT. 


FLAME COLOR TEST FOR SODIUM AND POTASSIUM 


THE COMPOUNDS OF CERTAIN METALS GIVE 
DISTINCT COLORS TOA FLAME. DIP NI- 
CHROME WIRE IN HCI TO CLEAN IT. HEAT IT. 
THEN DIP LOOP IN COMPOUND AND HOLD 
IN FLAME. 


SODIUM COMPOUNDS GIVE TO SEE VIOLET COLOR OF PO- 


ea ram hg 


“THE WHITE CLIFFS OF DOVER" CONSIST OF AUAOST 
PURE CALCIUM CARBONATE IN THE FORM OF CHALK. 


‘STALACTITES AND STALAGMITES ARE 
UNDERGROUND DEPOSITS OF CaCO, 


MARBLE ARE ALL CALCIUM CARBONATE. 


WHEN LIMESTONE IS HEATED IN KILNS, 
IT LOSES CARBON DIOXIDE AND TURNS 


INTO QUICKLIME—CAICIUM OXIDE. 


Calcium— for Building 


Sranp up staatonr, You can do it because your 
hones contain calcium, Tell a mason to put up a 
brick house. He can do it with mortar containing 
calcium. Tell a master builder to build a monument. 
He will make it from marble— calcium again, Tell 
a hen to “go lay an egg." She can do it if she gets 
enough calcium in her feed to make the shell. 

Calcium carbonate (CaCO,) is the starting point 
for most calcium compounds — and for other chi 


cals as well. Tt is found in nature in cliffs and moun- 
tain ranges in the form of chalk and limestone and 
marble, And it makes up the shells of clams and mus- 
sels and billions of tiny sea creatures 

Caleium carbonate is almost insoluble in water. 
But if the water contains carbon dioxide, some goes 
in solution as calcium hicarbonate (Ca(HCO,).). 
‘This explains the formations in our famous limestone 
cayes, Rainwater containing carbon dioxide seeped 
through the ground and dissolved a small amount 
of limestone. In falling from the cave ceiling and 
drying, the drops gave up H,O and COs and left 
CaCO; behind. The minute deposits of falling drops 
during thousands of years created the stalactites 
hanging from the roof of the caves and the stalag- 
mites rising from the floor. 

A widespread mineral called gypsum is the sul- 
fate of calcium. In this, each molecule of sulfate has 
two molecules of water attached to it (CaS0,-2H,0). 
When gypsum is heated, it loses three quarters of its 
water and becomes plaster of Paris (2CaS0,-H,0). 
When you mix plaster of Paris and water, it again 
takes on the full amount of H,0 ond hardens into 
a hydrate similar to the original gypsum. 

‘The name of calcium was given to the metal hidden 
in limestone by its discoverer, Humphry Davy. It 
comes from calz, the old Latin name for lime. 


SEA SHELIS, CORAL, UMESTONE, AND 


WHEN WATER IS ADDED TO LUMPS OF QUICKLIME (C20), 
‘THEY CRUMBLE INTO A WHITISH FOWDER OF SLAKED O8 
HYDRATED LIME (Ca(OH). (SEE AISO PAGE 45.) 


0 


WARE 


MAKING “HARD" WATER 


SET UP GAS GENERATOR AS SHOWN ON PAGE 

= BOTTLE A CONTAINS HYDROCHLORIC ACID. IN 

BOTTLE B, PLACE MARBLE CHIPS ON TOP OF PEBBLES. 
POUR ACID ON MARBLE CHIPS TO MAKE CO,. 


LEAD THE CARBON DIOXIDE INTO LIME WATER. 
JRNS MILKY THROUGH FORMATION OF CaCO,. 


CONTINUE LEADING CO, INTO MILKY SOLUTION. 

IKINESS DISAPPEARS, INSOLUBLE CoCO, HAS BEEN 
TURNED INTO SOLUBLE Co(HCO,),. THIS is THE SU 
STANCE THAT MAKES MOST HARD WATER “HARD.” 


PRECIPITATED 
CALCIUM 
CARBONATE 


WHEN MARBLE CHIPS 
\VE DISSOLVED IN ACID IN 
BOTTLE BIN. EXPERIMENT 
‘ABOVE, FOUR SOLUTION INTO 
CUSTARD CUP. HEAT. 


WHEN HOT, ADD SOLU. 
IN OF 2 TEASPOONS 
WASHING SODA IN 50 mi 
WATER. YOU GET A HEAVY 
© WHITE PRECIPITATE OF CAL- 


6 WATER —_isTILLED 
© WATER GIVES "SOFTENED WITH WATER MAKES 
FAIR AMOUNT VERY LITTLE” WASHING LARGE 
OF FOAM. FOAM, SODA MAKES AMOUNT 

FOAM. OF FOAM. 


ice cubes 
in water 
for cooling 


can upside 
down—botiom 
removed 


bbber stopper 


eset If 
| 


distilled oJ 


IN THE SCIENTIFIC LABORATORY, ALL IMPURITIES [CAL- 
IU CARBONATE AND SULFATE, AND OTHERS) MUST 
BE REMOVED FROM WATER TO BE USED AS SOLVENT. 
THIS 1S DONE BY EVAPORATING THE WATER AND 
CONDENSING THE STEAM, YOU CAN MAKE A DIS- 
TILLATION APPARATUS FROM TWO PINT-SIZE CANS. 


CASTING WITH PLASTER OF PARIS 
PLASTER OF PARIS (2CaSO,-H,O) 15 USED 
IN POLICE WORK FOR MAKING CASTS OF 
TRACKS. MIX PLASTER WITH WATER UNTIL 
TT HAS CONSISTENCY OF MEDIUM CREAM. 
POUR IN TRACK. LEAVE TO SET ONE HOUR. 


OF MAGNESIUM RIB- 
BON. WITHA PAIR 
OF PUERS. IGNITE. 
Tr puRNS WITH A SN: 
BRILLIANT, WHITE -= 
FAME. Mik “ASHES % 
igo) Wire WATER, 

‘est MnxtURe WITH 

RED LITHUS PAPER 


CUT SUVER OF ZINC. 
HOLD IT IN FLAME, IT 
BURNS WITH BIUISH. 
(GREEN FLAME TO ZINC 
OXIDE, 7n0 15 YELLOW 
WHEN HOT, WHITE 
WHEN COOL’ 


copper 


BOTH METALS REACT WITH WEAK ACIDS, EVEN WITH. 
IEGAR—Mg WITH COLD VINEGAR, Zn WITH HOT. 


POUR SOLUTION OF 1 g SODIUM BISULFATE IN 10 
‘il WATER ON Mg AND Zn. Mg REACTS FAST, Zn SLOWLY. 
NOW TOUCH ZINC WITH A COPPER WIRE. REACTION 
SPEEDS UP, CAUSED BY ELECTRIC PROCESS, 


‘4 


2 


Let’ 


's Compare Two Metals 


Taxe 4 100K at the periodie table of elements on 
pages 38-39 In column ITA you find the metal mag- 
nesium, in column ITB the metal zinc. ‘The fact that 
‘the two families in which they are found both have 
‘the Roman numeral IT would indicate that they are 
related. But the fact that they are in separate “sub- 

‘oups” would suggest that they differ in certain re- 
spects. That is exactly the case. 

In their compounds they are very much alike. One 
atom combines with one atom of oxygen to form the 
oxide (MgO and Zn0), and one atom replaces two 
atoms of hydrogen in forming a salt (MgCl, and 
ZnCl, for instance). But in some of their reactions 
they do not behave alike —as you will learn, 

Before World War II, magnesium had little use 
—mainly in flash photography because it burns with 
a blinding, white light, But the metal became im- 
portant when lightweight planes were needed — 
‘melted together with other metals it forms an “alloy” 


REPLACEMENT OF COPPER 


DISSOLVE 4 g COPPER SULFATE IN 40 ml WATER. 
UR HALF OF THE SOLUTION OVER STRIPS OF MAGNE. 
SIUM, THE OTHER HALF OVER SLIVERS OF ZINC. 


@ ‘COPPER 1S FORCED OUT AND ig AND Zn GO INTO 
LUTION. IF ENOUGH METAL IS USED, THE BLUE COLOR 
DISAPPEARS. MgSO, AND ZnSO, ARE COLORLESS. 


that is light yet very strong. Some magnesium com- 
pounds are used in medicine: milk of magnesia (Mg 
(OH),) and Epsom salt (MgSO,-7H,0).. 

Zinc bas been used for ages to coat iron pails and 
pipes to prevent them from rusting — “galvanized 
iron.” Zine is also a part of many alloys (German 
silyer and brass) and is important in the making of 


dry-cell batteries, 


MAKING THE CARBONATES 


SALT (MAGNESIUM 
O} IN 20 ml WATER. 


DWARE STORE SMALL BOT- 
OF “TINNERS' FLUID." THIS IS A STRONG. 
SOLUTION OF ZINC CHLORIDE. DILUTE Sm] OF 


FLUID WITH 15 ml WATER. 


MAKE SOLUTION OF 5 3 WASHING SODA 
(SODIUM CARBONATE) IN 50 ml WATER. ADD 
SOME OF THIS SOLUTION TO THE OTHER TWO. 
IN BOTH JARS YOU WiLL GET A HEAVY WHITE 
PRECIPITATE. IN THE Ma JAR, THIS IS NORMAL 
MAGNESIUM CARBONATE (MaCO,}. IN Zn JAR, 
CO, IS SET FREE AND BASIC ZINC CARBONATE 
(Zn(0H),,2nCO,) RESULTS. 


MAKING THE HYDROXIDES 


® 00 sopiun HyoROXIDE SOLUTION TO SOLUTION 
OF MAGNESIUM SULFATE, WHITE Mg(OH], FORMS: 


@ nod SMALL AMOUNT OF NOH SOLUTION TO DI- 
LUTED TINNERS' FLUID (ZnCl). 2n(OH), 1S FORMED. ADD 
MORE NeOM. PRECIPITATE DISSOLVES WITH FORMATION 
GF SODIUM ZINCATE [No,Zn O,). 


( A00 AMMONIA (AMMONIUM HYDROXIDE) TO MAG- 
NESIUM SULFATE SOLUTION. AGAIN Mg[OH], FORMS, 


@ avo SMALL AMOUNT OF AMMONIA TO DILUTED TIN- 
NERS" FLUID, Zo(OH}, FORMS. AD MORE. THE Zn[0H), 
DISSOLVES, FORMING COMPOUND WITH NH. 


Zn AND Mg 
WITH HS 


LEAD HYDROGEN SULFIDE (H,S) INTO DILUTED TINNERS" FLUID 
Cl). YOU GET A WHITE PRECIPITATE OF ZnS. 


LEAD H,S INTO SOLUTION OF EPSOM SALT (MgSO,). HERE 
‘YOU GET WHITE PRECIPITATE. BUT NOT OF MAGNESIUM 
SULFIDE, THIS REACTS WITH THE WATER TO MAKE Ma(OH),. 


$=: UP HYDROGEN SULFIDE APPARATUS SHOWN ON PAGE 53. 
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ERE CHARLES 
HALL OF THE UNITED STATES FOUND: 
A CHEAP WAY OF PRODUCING IT 


MINUI 


‘MAKE A SMALL AMOUNT 
(OF ALUMINUM POWDER BY 
FILING IT OFF AN OLD ALU- 
MINUM POT. SPRINKLE IN 
FLAME TO MAKE SPARKS 
OF BURNING ALUMINUM. 


DISSOLVING ALUMINUM 


Baur ALUMINUM, 
LIN. SMALL STRIPS, 
DROP THEM INA UTTLE 
DILUTED HYDROCHLOR- 
IC ACID. HYDROGEN IS, 
RELEASED, ALUMINUM, 
CHLORIDE 1S FORMED. 


DROP STRIPS OF 
IMINUA FOILIN 10%, 
NaOH SOLUTION. HY. 
DROGEN 15 FREED AND 
SODIUM ALUMINATE 
(NeAIO,] 15 FORMED. 


ot 


Aluminum—in Abundance 


Ins atwosr impossible to imagine our world 
out aluminum, Almost everywhere you look y 
items made of this silyer-white metal —from the 
pots in the kitchen to the airplanes flying overhead. 

Although aluminum is the most abundant metal 
on earth, no one had ever seen it until 1825 when a 
Danish scientist, Hans Christian rsted, isolated it 
from aluminum chloride (AICI,). For a number of 
years aluminum was so expensive that it was con- 
sidered in class with gold and silver. The solid alumi 
‘num cap placed on top of the Washington Monument 
in 1884 was first put on public display so that every- 
one could have a look at such a great rarity. Two 


he 


GROWING ALUM CRYSTALS 


G) Heat water unTitrr is sUGHTLY MORE THAN LUKE. 
WARM. STIR INTO IT POTASSIUM ALUM OR AMMONIUM 
AWM UNTIL NO MORE DISSOLVES. POUR QUID OFF 
UNDISSOLVED ALUM. SET ASIDE TO COOL, 


@) wnen ceystats HAVE FORMED, Pick OUT LARGEST 
Ones, ADD'TO SOLUTION AS MUCH MORE ALUIA'AS 1S 
REPRESENTED BY THE CRYSTALS. YOU REMOVED. HEAT 
GENTLY AGAIN UNTIL AIL ly DISSOLVED. COOL. 


POUR COOLED SOLUTION INTO NARROW GLASS. TIE 
THREAD TO LARGEST CRYSTAL YOU PICKED. HANG THIS 
IN SOLUTION FROM A PENCIL. PLACE IN QUIET SPOT. 
LET THE CRYSTAL GROW FOR A WEEK OR MORE, 


ears later, a 22-year-old American chemist, Charles 
‘Martin Hall, invented a way of producing aluminum 
cheaply from aluminum oxide (A103). Since then 
aluminum has become one of the most popular of all 
‘metals — mostly because of its lightness, 

‘The mineral bauxite (AVHO;, AI(OH),) is our main 
source of aluminum, But aluminum is also found in 
nature as oxide and in many complex silicates, Clay, 
for instance, is an aluminum silicate, 


MAKING ALUMINUM HYDROXIDE 


@oissowe 1 9 (% TEASPOON) ALUM IN 
10 mi WATER. ADD’ A LITTLE 10% NaOH 
SOLUTION. YOU GET JELLY.LIKE ALUMINUM 
HYDROXIDE. THIS WILL DISSOLVE IN MORE 
NaOH TO FORM SODIUM ALUMINATE. 


AMMONIA ADDED TO ALUM SOLUTION, 
ES ALUMINUM HYDROXIDE. BUT THIS 
DOES NOT DISSOLVE IN MORE AMMONIA, 


POUR WATER INTO A PINT 
IN EARTH FROM THE GARDI 


2 IN ANOTHER JAR, MAKE A SIMILAR MIXTURE. IN THIS, DIS- 
SOLVE Yj TEASPOON ALUM. ADD 1 TEASPOON AMMONIA. DIRT 
SETTLES FASTER IN THIS JAR THAN IN THE FIRST JAR, 


6 


‘Two things about aluminum will interest you as a 
chemist. One is that aluminum is an “amphoteric” 
element, which means that it ean form not only a 
base (AKOH),), but also an acid (HAIO,). The other 
is that aluminum sulfate (Al,(SO,),) has the ability 
to combine with potassium sulfate (K,SO,) and am- 
I cubie 
KAl(S0)." 


monium sulfate ((NH,);S0,) into beaut 
crystals of double salts called ““alums""— 
12H,0 and NH,AI(SO,),12H,0. 


CLEARING 
WATER 
WITH 


> IT 1 TABLE. 
OWER POT. 


@ TO Yi TEASPOON OF ALUM IN 20 mil 
/ATER, ADDY. TEASPOON SODA IN 20 
‘ml WATER. PRECIPITATE SHOULD BE 


BRING PRECIPITATE 


Garter washinc, 
INTO A TEST TUBE, ADD HYDROCHLORIC 
ACID. NO.CO, IS FORMED. THIS IS NOT 
‘A CARBONATE: ALUMINUM HAS NO CAR- 
TONATE. ALUN MAKES ALUMINUM HY- 
DROKIDE WITH SODA 


Values 


is capable of supplying 20mA without damaging 
the chip, the current will pull down the output 
voltage, so that it cannot be used reliably as an 
input to another chip while also lighting the LED. 


g 


Relative luminous imensity 
(ofa 5mm red LED) 
forward current 


8 


& 


Relative intensity (normalizes at 20mA) 
Bb 


1 200 304080 
Forward current (ma) 


Figure 22-8. The relationship between forward current 
and light intensity of atypical 5mm LED indicator is ap- 
proximately inear up to the 20mA operating current. andl 
Aalmst near upto the absolute maximum af SOA, 


Various LED indicators drawing 2mA or 1mA are 
available, with intensities typically ranging be- 
tween 1.5med and 2.5mcd. This low light output 
is still bright enough for viewing in a lab-bench 
environment. Low-current blue LEDs are not 
available. The only LEDs thatdraw aslittleas 1mA 
are red, as thisis the most efficient type. 


Using a higher value series resistor with ageneric 
LED will of course reduce its current consump- 
tion, and some light will be visible so long as the 
forward voltage across the LED remains at its 
minimum level or above. 


Forward Voltage 
Red is the color that requires not only the least 
forward current, but the lowest forward voltage. 
Inthe range of 1.6VDC to 1.7VDC, all the LEDs are 
red. Typical forward voltages for various colors 
are shown here: 


«+ Infrared LED: 1.6V to 2V 
+ Red LED: 1.6V to2.1V 


light source, indie 


or display > single source > LED indicator 
+ Orange LED: 1.9V to 2.1V 

+ Amber LED: 2V to 2.1V 

«+ Yellow LED: 2V to 2.4V 

+ Green LED: 24V to 3.4V 

+ Blue LED: 3.2V to 34V 

+ Ultraviolet LED: 3.3V to 3.7V 

+ White LED: 3.2V to 3.6V 


Color Rendering Index 

The color rendering index (CRI) evaluates the fi 
delity with which a light source is capable of dis- 
playing the full visible spectrum. It ranges from 
a perfect score of 100 down to 0 or even lower 
(sodium-vapor street lighting has a negative val- 
tue). Computing the index requires standard ref- 
erence color samples and has been criticized for 
generating scores that do not correlate well with 
subjective assessments. 


Incandescent bulbs can have a CRI of 100, while 
anuncorrected white LED may score as lowas 80. 


Life Expectancy 
Because the light output from an LED tends to 
decrease very gradually with time, the life ex- 
pectancyis often defined as the number of hours 
required for the output to diminish to 70% of its 
output when new. Life expectancy is commonly 
stated on datasheets for high-brightness white 
LEDs, but is often omitted from datasheets for 
LED indicators. 


Unlike incandescent lamps and fluorescent 
lights, LEDs do not havea shorter lifespan ifthey 
are frequently cycled on and off. 


Light Output and Heat 

The light intensity of an LED, measured in mcd, 
can vary from a few med to a maximum of 
40,000mcd. Intensities above 30,000mcd gener- 
ally are achieved by limiting the view angle to 15 
degrees or less. Because the candela is weighted 
toward the central, green segment of the visible 
spectrum, green LEDs are likely to have a rela- 
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MANGANESE @ MANGANESE 
DIOXIDE TO SULFATE TO 
MANGANESE MANGANESE 
SULFATE HYDROXIDE 


ec’ 
IN A PYREX CUSTARD CUP, MIX 2g MANGANESE DIOXIDE, 6 g SO- 
oleate: AND cn) WateR HEMT HIRTUNE GENT FW 


INTO HALF OF THE MANGANESE SUL- 

SOLUTION YOU HAVE MADE, POUR 
10% SOLUTION OF NeOH UNTIL NO 
MORE PRECIPITATE FORMS. WHITISH 
AFTER A FEW MINUTES, ADD 30 mi WATER. FILTER. FILTRATE CON.  MnjOH}, OXIDIZES INTO BROWN MnO[OH). 
INS MANGANESE SULFATE (MnSO,) AND SODIUM SULFATE. 


Manganese—Metal of Many Colors 


BUBBLE VIGOROUSLY BECAUSE OXYGEN IS SET FREE, 


“Merantac MaNGaNEse has no use byitself, But add 
up to 15 per cent of it to steel and the result is an 
alloy — ‘manganese steel" —so hard that it is suit 
able for machine parts that are exposed to a lot of 
rough wear. 

The most common ore from which manganese is, 
extracted goes under the name of “pyrolusite.” This 
is nothing but your old friend manganese dioxide 
(QMn0,) which you found in your flashlight battery 


and have already used in a great number of your 
chemical experiments. 

‘The compounds of manganese come in almost any 
color you can think of: black and brown, white and 
pink and red, violet and green. In working with 
these compounds, your fingers and glassware may 
get brown. You can get rid of this stain easily with 
diluted hydrochloric acid, Rinse thoroughly with 
water afterwards. 


EXPERIMENTS WITH POTASSIUM PERMANGANATE 
KhtnO, WILL GIVE YOU AN IDEA OF SMALLNESS OF MOLECULE. 


DISSOLVE 14 @ POTASSIUM PERMANGANATE IN 50 ml WA- 
THIS GIVES A SOLUTION OF 1 TO 100, OR 1/100, 


DILUTE 5 ml OF THIS SOLUTION WITH 45 ml WATER, YOU 
W HAVE A SOLUTION OF 1 TO 1,000, OR 1/1,000. 


AGAIN, 5 ml TO 45 ml WATER FOR SOLUTION 1/10,000. 
AGAIN, 5 ml TO 45 ml WATER FOR SOLUTION 1/100,000. 


AGAIN, 5 ml TO 45 ml WATER FOR SOLUTION 1/1,000,000. 
COLOR YOU STILL SEE IS CAUSED BY THE PRESENCE OF MORE 
‘THAN 600,000,000,000,000,000 MOLECULES OF KHMnO,. 


REDUCING KMnO, 


PLACE A FEW CRYS- 
TALS OF POTASSIUM 
PERMANGANATE_ON. 
BOTTOM OF A TEST 
TUBE. DROP A FEW 
DROPS OF HYDRO- 
CHLORIC_ACIO_ ON 
THEM, THE KiMnO, IS 
REDUCED (THAT 1S, IT 
GIVES UP OXYGEN}. IT 
OXIDIZES HCI AND 
SETS CHLORINE FREE. 


2 
8 8 
2 s 
§ 8 
5 s 


THE EXPERIMENTS ALONG THE 


TOP OF THESE PAGES SHOW MANGANESE 
HOW IT 1S POSSIBLE TO CHLORIDE TO 
MANGANESE 


MOVE FROM ONE COM- 


POUND TO ANOTHER. SULFIDE 


Qirzo, SECOND HALF OF eu MANGANESE ET 

LUTION, POUR SOLUTION OF =. POUR LIQUID OFF PRECIPI.  DROGEN SULFIDE (SEE PAGE 53). POUR 
49 SODIUM CARBONATE IN 10 TATE. ADD HYDROCHLORIC ACID BY SOLUTION OF MnCl, INTO TEST TUBE. 
‘nl WATER, WHITE PRECIPITATE THE DROP UNTIL DISSOLVED. RESULT DILUTE IT IF NECESSARY. LEAD H,S INTO 
IS Mnco, IS MANGANESE CHLORIDE (MnCl,). IT. YOU GET MANGANESE SULFIDE. 


DISSOLVE A FEW CRYS- 
TALS OF POTASSIUM 
PERMANGANATE IN i 4 DISSOLVE 1 g SODIUM HYDROXIDE IN 50 ml WA- 
WATER. ADD TINY ‘ADD A CRYSTAL OF POTASSIUM FERMANGANATE 
AMOUNT OF SODIUM — TO GIVE THE SOLUTION A LIGHT RED COLOR, 
BISULFATE [TO MAKE 

SOLUTION SOUR). POUR POUR THE RED SOLUTION INTO A FILTER. WATCH 
IN A UTTLE HYDROGEN FILTRATE, IT IS GREEN INSTEAD OF RED. PASSING 
PEROXIDE (H,O,). COL THROUGH FILTER PAPER HAS CAUSED KMnO, TO BE 
OR DISAPPEARS AND REDUCED TO POTASSIUM MANGANATE (K,Mn0,). 
OXYGEN IS LIBERATED. 


DISSOLVE A SMALL CRYSTAL OF IRON 
|LFATE (FERROUS SULFATE, FeSO,) IN HALF 
‘A TEST TUBE FULL OF WATER. 
DISSOLVE A COUPLE OF KMnO, CRYSTALS 
HALF TEST TUBE OF WATER. 


POUR PERMANGANATE INTO IRON SALT. 
{EEN FERROUS SULFATE IS OXIDIZED TO 
BROWN FERRIC SULFATE (Fe,(SO,),)- 


or 


TWO KINDS OF IRON COMPOUNDS 
IRON FORMS TWO KINDS OF COMPOUNDS. IN FERROUS 
SALTS, EACH IRON ATOM HAS REPLACED TWO HYDRO- 
GEN ATOMS. IN FERRIC SALTS, EACH IRON ATOM HAS 
REPLACED THREE HYDROGEN ATOMS. GREEN FERROUS 
SALTS EASILY OXIDIZE INTO RED-BROWN FERRIC SAITS. 


RUSTING OF IRON 


RUST—{Fe,0,),-3H,0. 


SET UP APPARATUS FOR MAKING CHLORINE 
(SEE PAGE 33). INTO BOTTLE B POUR FER. 
ROUS CHLORIDE SOLUTION YOU HAVE JUST 
MADE. THE CHLORINE TURNS THE GREEN 
FERROUS CHLORIDE (FaCl,) INTO A BROWN 
FERRIC CHLORIDE (FeCl 


TEST FOR IRON SALTS 


@ Ws one rest Tuse, pnuTe SOME FERRIC 
CHLORIDE SOLUTION WITH WATER 


IN ANOTHER, DILUTE SOME OF THE FER. 
1S CHLORIDE SOLUTION WITH WATER. 


TO EACH, ADD A FEW DROPS 

F SOLUTION OF Y4 TEASPOON 
POTASSIUM FERROCYANIDE IN, 
‘50 ml WATER. FERRIC SALT MAKES. 
‘A DEEP BLUE PRECIPITATE OF 
PRUSSIAN BLUE. FERROUS SALT 
MAKES LIGHT BLUE PRECIPITATE. 


Inox werar has the peculiar quality of being mag- 
netic — that is, of being attracted and influenced by 
a force called magnetism. If you should walk around 
your home and touch different things with a mag- 
net, you would be surprised at the large number of 
them that would prove to contain fron. They would 
range in s n the car in the garage and the re- 
frigerator and stove in the kitchen to the nails in the 
walls and the needles and pins in your mother's 
sewing box. 

The moment you step outdoors and look around, 
and 


‘you will be even more amazed. Skyscrapers 


MOISTEN A WAD OF FINE STEEL 
WOOL WITH VINEGAR (TO SPEED UP 
ACTION). WEDGE IT IN BOTTOM OF 

AGIASS, INVERT GLASS IN 
PIE PLATE OF WATER. IN A 
FEW DAYS, WATER HAS 
RISEN IN GLASS. IRON HAS 
REACTED WITH OXYGEN. 
AND MOISTURE TO FORM 


MAKING A 

FERROUS SALT 
POUR HYDROCHLO- 
‘ACID OVER STEEL 

WOOL. HYDROGEN IS 


all of these depend on iron (in the form of stet 
for their existence, 

We are very Icky to have, in America, not only 
large amounts of iron ore but also large amounts of 
the coal from which to make the coke that goes into 
iron production. 

‘Tho iron is driven ont of its ore (mostly Fe,0,) 
in huge furnaces. Each furnace can make as much 
4 1,000 tons of iron at one time from 2,000 tons of 
ore, 1,000 tons of coke, and 300 tons of limestone, 
A blast of hot air is foreed through the mixture. The 
coke burns with great heat to carbon 
with more coke, forms carbon monoxide, and this, 
in turn, reduces the iron oxide to metallic iron, In 
chemical language, this is what. happens: 


© + 0, CO, plus heat 
CO; + C— 2C0 
Fe.0, + 3CO > 2Fe + 3C0, 


AL the same time, the limestone combines with 
various impurities to form a glass-like compound 
called “slag.” ‘This is removed when the white-hot 
iron is poured out into moulds and cooled into bars 
of “pig iron.” 

‘The pig iron is brittle because it contains elose to 
5 per cent carbon. To turn it into steel, the carbon 
must be burned out until only from .5 to 1.5 per cent 
remains. This is done either by the Bessemer process 
(named for an Englishman, Henry Bessemer) or by 
the open-hearth process, The finished steel is molded 
into “ingots” and shipped to manufacturing plants 
all over the country 


In chemical experiments, the most commonly nsed 
iron compound is the iron sulfate (ferrous sulfate, 
FeSO,+7H,0)—also called “green vitriol” and 
“copperas.” Don't let the last name mislead you— 
it has nothing to do with copper but comes from 
an old French word, couperose. 


IRON HYDROXIDES 
AND CARBONATE 


o 


FROM FERROUS 
SALT TO 
FERRIC 


DISSOLVE 4 TEASPOON FER- 

US SULFATE IN 50 mi WATER. 
‘ADD A FEW CRYSTALS OF SODI- 
Ui BISULFATE TO KEEP THE SO- 
LUTION SOUR. 


ADD HYDROGEN FEROKIDE 

LUTION. LIGHT-GREEN FER- 
ROUS SULFATE SOLUTION TURNS 
REDDISH-BROWN. H,0, HAS OX- 
IDIZED FeSO, TO FERRIC SULFATE 
(Fes(504)) 


i | 


TO SOLUTION OF ¥; TEASPOON FERROUS SULFATE 
[50 ml WATER, ADD SOLUTION OF SODIUM HYDROX- 
IDE. PURE FERROUS HYDROXIDE IS WHITE, BECAUSE OF IM- 
PURITIES, YOU GET DIRTY-GREEN PRECIPITATE OF F|OH),, 
SOON OKIDIZING TO BROWN FERRIC HYDROXIDE. 


‘TO ANOTHER PORTION OF FERROUS SULFATE SOLU- 

IN ADD SODIUM CARBONATE SOLUTION. PURE CAR- 
BONATE MADE WITH NO OXYGEN PRESENT IS WHITE— 
BUT YOU GET MUDDY, WHITISH-GREEN PRECIPITATE OF 
FERROUS CARBONATE, EVENTUALLY TURNING INTO FER- 
RIC HYDROXIDE. 


Copper—Yesterday, Today 


Coporn 15 ove of the few metals found free in na- 
ture. That is why it was used long before historic 
times for weapons and utensils. The main trouble 
with it was its softness, This was remedied when 
some early coppersmith discovered that copper ancl 
tin (also found free in nature) melted together formed 
an alloy that was much harder than either of the 
two metals. This alloy gave its name to more than 
‘two thousand years of human history — the period 
called the “Bronze Age.”” 


A great number of weapons from the Bronze Age 
have been found in Greece. When they were dug out 
of the ground, they were covered with a green “rust.”" 


‘This deposit was ealled yerdigris —Iiterally “green 
of Greece" (from old French, vert de Gréce). Tt con- 
sists of basic euprie carbonate — the same compound 
you will see on a bronze statue or a copper-clad 
church spire exposed to wind and weather. 

Copper beeame especially valuable less than @ 
hundred years ago when a satisfactory method for 
producing a steady flow of electricity was invented. 
After silver, copper is the best conductor of electrici- 
ty. Today, the most important use for copper is for 
electrical purposes. It serves to bring the current 
from the place where it is produced to the place 
where it is to be used (although, within re 


THE GREEK AND TROJAN WARRIORS FIGHTING BEFORE 
THE GATES OF TROY USED SWORDS AND SHIELDS OF 
BRONZE—AN ALLOY MADE UP OF COPPER AND TIN. 


wires). You will find copper in the wiring in your 
‘own home and in every electrical gadget you use. 
Copper makes two kinds of salts, In euprous salts, 
‘one eopperatom has taken the place of ane hydrogen 
atom; in cupric salts, one copper atom has taken the 
place of two hydrogen atoms. Cuprous salts (such 
as cuprous chloride, CuCl) are colorless, while cu 
ich as cupric sulfate, CuSO,+3H,0) are bright 
blue in color. 


salt 


MOST IMPORTANT USE 
‘OF COPPER TODAY IS 
FOR ELECTRIC WIRING. 


MAKING COPPER 


10% soDium 
DISSOLVE 10 9 CoP. 

PER SULFATE IN 100 
il WATER. POUR 10 
ml INTO EACH OF 
FOUR TEST TUBES. 


HYDROXIDE SOU. 
TION. PRECIPITATES 
DIRTY-BLUE CUPRIC 
HYDROXIDE 
(CuloH},), 


FROM CUPRIC 
SALT TO. 
CUPROUS 
SALT 


@ LET CUPRIC HYDROXIDE (IN EX- 
IMENT ON TOP OF PAGE) SET- 
TLE. THEN POUR OFF UQUID. ADD 
HYDROCHLORIC: ACID UNTIL Att Is 
DISSOLVED. ADD SMALL PIECES OF 
COPPER WIRE. HEAT TO. BOILING. 


CRUSH A FEW 
PRIC SULFATE 
CRYSTALS. HEAT 
WHILE STIRRING 
UNTIL “THEY HAVE 
TURNED INTO A. 
WHITE POWDER. 


SHAKE UP A UTTLE ANHYDROUS, 
‘UPRIC SULFATE WITH CARBON TET- 
RACHLORIDE. NOTHING HAPPENS, 


ADD ONE DROP OF WATER, 
\KE, BLUE CRYSTALS FORM. 


2 


SOLVES" IN MORE AM. 
MONIA WITH DEEP BLUE 
cour. 


with AMMONIA @ sonium car. 


REPLACING COPPER WITH IRON 


WITH HYORO- 
U'LL ALSO GET BONATE SOLUTION GEN SULFIDE, 
Cu[OH),, BUT THIS DIS- GIVES BLUE-GREEN  BROWNISH-BLACK 
PRECIPITATE OF 

‘CUPRIC SULFIDE, 


CUPRIC_CARBON- 
ATE PRECIPITATE, 


POUR A FEW DROPS OF THE HOT sOLU- 

iON INTO A LARGE AMOUNT OF WATER. 
YOU GET A WHITE PRECIPITATE. WHEN YOU 
DISSOLVED CUPRIC HYDROXIDE IN HCl, YOU 
MADE CUPRIC CHIORIDE WHICH IS SOLUBLE 
IN WATER, BY TREATING THIS WITH METALUC. 
‘COPPER, YOU GOT CUPROUS CHLORIDE, IN- 
SOLUBLE IN WATER. 


Q@ oroe SEVERAL CLEAN NAILS 
INTO A SOLUTION OF COPPER SUL 
FATE. LEAVE FOR HALF AN HOUR, 


Bras [ARE NOW COATED WITH 
TALE COPPER AND THE SOLU- 
TION CONTAINS FERROUS SULFATE, 


METALS CAN BE ARRANGED IN A 
REPLACEMENT SERIES. ANY METAL 
IN THE SERIES WILL ORIVE QUT AN- 
OTHER METAL BELOW IT AND TAKE 
ITS PLACE IN THE SALT. 


Silver—One of the “Noble” Metals 


Suen —aixe copren and gold —is found free in 

nature and was therefore known to man long before 
SILVER IS MALLEABLE— he learned to extract metals from their ores. 
TRAD INTO Mie AME Pure silver has one drawback — it is almost as 
DESIRED. SILVER SMITHING soft as copper. That's why most silver is alloyed with 
18 AN ANCIENT Agr. copper to make it harder. Sterling silyer — a famous 
alloy used for jewelry — contains 7.5 parts copper to 
2.5 parts silver. Only % of American silver coins 
is silver — tho rest is copper. 

When you take a snapshot, you get yourself in- 
volved in a series of complicated, chemical processes 
—all of them having to do with silver. Tt is hard 
to believe that the blacks and grays you see when 
you look ata photograph are various concentrations 
of metallic silver. 


107.880. Densi 
10.54. Soft, whi 
metal with bright REMOVING TARNISH FROM SILVER 
luster. Easily ham- Oem BOTTOM OF CUSTARD CUP WITH ALUMINUM 
mered out and IL PLACE TARNISHED COIN ON FOIL. POUR CUP HALF 
Erewen isto FULL OF WATER. ADD 4 TEASPOON SODIUM CARBON- 


D FOR CLEANING SILVER. 
IED IN ALUMINUM TRAY, 
© TO A BOIL, THE SILVER 


TARNISHED SILVER 

SILVER TARNISHES WHEN IT 15. EX: 
POSED TO SULFUR. PLACE A FEW 
RYSTALS OF SODIUM THIOSULFATE 


UNTIL_HYPO MELTS. WASH, “HYPO 
HAS LEFT STAIN OF BROWN.BLACK 
SILVER SULFIDE. 

JO 5 ml SILVER NITRATE [AgNO,) SOLUTION, 
SILVER GET 5 g SILVER NITRATE IN YOUR LOCAL ADD SODIUM HYDROXIDE SOLUTION. YOU GET 
COMPOUNDS RUG STORE. DISSOLVE IN 50 ml WATER. DARK-BROWN PRECIPITATE NOT OF HYDROXIDE, 


PART OF AgCl, ADD SODIUM 
SOLUTION. AgCl BISSOLVES. 


IEMAINING AgC! IN THE SUN. IT TURNS 
}OM METALLIC SILVER. 


Jn making @ photographie film, the manufacturer 
spreads an emulsion of gelatin that contains silver 
bromide (AgBr) over a transparent sheet of cellulose 
acetate. When the silver bromide is exposed to light, 
4 certain amount of it gives up metallic silver (AgBr 
— Ag+ Br). More of this silver is bronght. out in 
the developing bath. When fully developed, the film 
is placed in a fixing bath which removes all unexposed 
silver bromide. After washing and drying, you have 
photographie negative in which the white parts 
you photographed appear black ond the black parts 
appear white, 

To make a natural-looking picture, yon place the 
negative on a piece of photographie paper and go 
through a similar procedure.as above, of exposing, 
developing, fixing, washing, and drying. 


FROM A CC “IAL PHOTOGRAPHER, GET A 
eee ee ae 
PHOTOGRAPHIC PAPER. IN DE, PLACE SHEET 
ON PIECE OF PLYWOOD, SENSITIZED SIDE UP. ON 
LE ener 


FIX THE LEAF PRINT IN A SO- 
ION OF 10 g HYPO IN 100 mal 
WATER. AFTER FIVE MINUTES, 
WASH IN RUNNING WATER. 


MORE THAN 150 
TONS OF SILVER ARE 
USED EACH YEAR IN 
MAKING FILM FOR 
THE MOVIES. 


PHOTOGRAPHY IN- 
VOLVES A WHOLE 
SERIES OF CHEMI. 
CAL PROCESSES. 


Bngy He paint 
IN THE AIR ON TOP 
OF NeWsPAreR. 
‘WHEN DRY, FLATTEN. 
PRINT IN A’BOOK. 


TRACE EACH OF THE CIRCLES SHOWN ABOVE ONTO 
CARDBOARD. PUNCH HOLES AS INDICATED. USE AS PAT- 
TERNS FOR CUTTING CIRCLES OF CONSTRUCTION BOARD. 


USING PATTERNS AT LEFT, CUT OUT SEVERAL CIRCLES 
(OF CONSTRUCTION BOARD IN VARIOUS COLORS, 


PUNCH THE HOLES NECESSARY TO INDICATE VALENCES. 


Valences and F, ormulas 


As you nave studied the chemical formulas in the 
text, you will have noticed that one atom of hydro- 
gen combines with one atom of chlorine (HCI), two 
hydrogen atoms with one atom of oxygen (H,0), 
and three hydrogen atoms with one atom of nitrogen 
(NH,). 

‘The capacity of one atom to hold on to other atoms 
is called its valence (from Latin valentia, strength) 


o:2-6 
§-6- 


No atom has a lower valence than the hydrogen 
atom, so we use hydrogen as our starting point and 
give it a valence of 1. Two hydrogen atoms combine 
with one oxygen atom — that gives oxygen a valence 
of 2. Nitrogen has a valence of 3. Two oxygen atoms 
combine with one carbon atom to make CO,. Carbon 
has a valence of 4. 

The chart on page 75 shows some of the common 


THESE DIAGRAMS SHOW WHAT HAPPENS WHEN YOU 
BURN CARBON AND TEST FOR CO,. ONE CARBON 
ATOM (WITH FOUR POSITIVE VALENCES) COMBINES 
WITH TWO ATOMS OF OXYGEN (EACH WITH TWO 
NEGATIVE VALENCES) TO FORM ONE MOLECULE OF 
CO, [ARROW POINTING UP INDICATES THAT THIS 15 
A GAS). ONE MOLECULE CARBON DIOXIDE COMBINES 
WITH ONE MOLECULE CALCIUM HYDROXIDE TO FORM 
ONE MOLECULE OF CALCIUM CARBONATE (ARROW. 
POINTING DOWN INDICATES THAT IT IS A PRECIPI. 
TATE] AND ONE MOLECULE OF WATER. 


al 


cy 


PUT 4" BRASS CLIPS IN HOLES SHOWING POSITIVE VA. 
UENCES. HOLD THEM IN PLACE WITH SCOTCH TAFE. 


WRITE THE NAMES OF THE ELEMENTS WITH CRAYONS. 


valences for making up formulas. Most of the items 
are elements, but some of them are “radicals” — that 
is, groups of atoms that hang together in chemical 
reactions, such as the ammonium radical (NH,) that 
behaves as « metal, and the sulfate radical (SO,) 
that goes into the making of salts, 

Notice that some yalences have plus (-+) signs 
others have minus (—) signs. When you make up 
the formula for a compound, there must be the same 
number of pluses and minuses. Hydrogen with one 


SULFUR HAS SEVERAL VALENCES. IT HAS A VALENCE 
OF —2 IN HS, OF +4 IN SO,, AND OF +6 IN SO, 
AND IN SULFURIC ACID (H,SO,). IN MAKING THE CiR- 
CLE FOR SULFUR, YOU CAN SHOW THESE VALENCES 
WITH TWO EMPTY HOLES AND SIX BRASS CLIPS. 


INSTEAD OF USING ONE SULFUR CIRCLE AND FOUR 
OXYGEN CIRCLES TO INDICATE A SULFATE, YOU CAN. 
MAKE UP A SINGLE CIRCLE TO STAND FOR THE SUL- 
FATE RADICAL (SO,) WITH TWO NEGATIVE VALENCES, 


SOME COMMON VALENCES 
| Pesive Vetences Negative Velences 
[item Velence Circle ff item Valence Circle 
|e A a = A 
A +3. Cc. AeA: 
8 43, c i eecueee 
c 4c | RCmeeeas 
cmeereeme | Ss <2 
co 4142 8 
Fe 4243 8 
Rewere I aeAt 
(See cers 
Ces a 
Mn 42 8 [[co, -2 8 
Ne +1 A PNO =1 A 
| Ss 4446 ¢ oH -1 a 
so 44 c iso, zs 
Ni +10 A fo, 2s 


plus (Hand oxygen with two minuses(Q——) would 
not fit together — you need H, to combine with O 

Similarly, C with +4 (C=+++) takes two 0, each 
with —2 (O—), in order to balance. 

‘To get a clear understanding of chemical formulas, 
make yourself a set of atom models as shown on 
these pages. With these models you will be able to 
figure out how compounds are made up and what 
happens in the various chemical reactions you will 
cause in your experi 


light source, indicator, or display 


tively high med rating. LEDs rated between 
20,000mcd and 30,000med, with a view angle of 
30 degrees, are almost all green. 


Datasheets may often include a derating curve 
showing the lower limit that should be placed on 
forward current through an LED indicator when 
its temperature increases. In Figure 22-9, the LED 
should be operated only within the boundary 
established by the green line. 


60 


& 


Farwarel current (ma) 
8 


20 
Forwata current 
erat 

40 Gane tr Sinn 
‘throug LED 

° 


20 40 «60 D100 
“Ambient temperature (Celsius) 


Figure 22-9, Safe operation af an LED entails limiting the 
forward current if the temperature increases. The groen 
line shows the boundary for operation of this particular 
‘component. 


View Angle 

‘An LED formed from transparent epoxy or sil 
cone (either water-clear or tinted) will create a 
well-defined beam with a view angle as narrow 
as 4 degrees or as wide as 160 degrees (in a few 
instances). The most common view angles for 
LED indicators are 30 degrees and 60 degrees. 


Datasheets for LED indicators often include a 
spatial distribution graph showing the relative in- 
tensity of the lightwhen viewedatvariousangles 
from the axis of the LED. The spatial distribution 
graph in Figure 22-10 is for an LED with a view 
angle defined as 40 degrees. This is the angle at 


> single source > LED indicator 


How to Use It 


which the relative luminous intensity diminishes 
to 50%, 


Figure 22:10. A spatial distribution graph shaws the rela~ 
tive intensity of ight from an LED at various view angles. 


The view angle is of special concern in devices 
suchas flashlights, where the spread of thebeam 
affects the functionality. 


How to Use It 


Like all semiconductor devices, LEDs can be im- 
paired by excess forward current and may break 
down irreversibly if subjected to excess reverse 
voltage. Their limits for reverse voltage are much 
lower than those of arectifier diode. They arealso 
vulnerable to heat, but are not particularly vul- 
nerable to static electricity. 


Polarity 

A through-hole LED will have two leads of un- 
equal length. The longer lead connectsinternally 
with the anode of the diode, and should be wired 
externally to the “more positive” side of a power 
source. The shorter lead connects internally with 
the cathode of the diode, and should be wired 
externally to the ‘more negative’ side ofa power 
source, 


‘To remember the functions of the leads, consider 
that the plus sign would be twice as long as a 
minus sign if its horizontal and vertical stroke 
were disassembled and placed end to end, 
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‘A LANDSCAPE IN THE COAL AGE, APPROXIMATELY THREE HUNDRED MILLION YEARS AGO. — 


Carbon—Element of a Million Compounds 


‘To THE OLD RowaNs, carho meant coal—a black 
rock that would burn. To the modern chemist, car- 
bon is an element found in all living things — plants 
and animals — and in many dead things. Itis hidden 
in the whitest sugar and the reddest rose and the 
greenest apple, in hundreds of thousands of com- 
pounds produced by nature and in many thousands 
more created in the laboratory. 

‘The soot from a smoking candle is almost. pure 
carbon. So is also the graphite that forms the “lead” 
of your pencil and the diamond in the jeweler’s win- 
dow. The coal that we use for fuel contains from 80 


to 90 per cent carbon — the other 10 to 20 per cent 
is made up of various substanees from which a 
great number of important and valuable chemical 
compounds are made. 

All the coal we mine deep underground today is 
made up of the remains of plants that grew around 
three hundred million years ago— huge tree ferns, 
giant club mosses and horsetails. They thrived in 
‘the hot, humid climate, died and tumbled to the 
ground. During the ages they were covered by other 
dead trees and by layers upon layers of mud. Even- 
tually, pressure and heat turned them into coal. 


RESSURE AND HEAT TURNED TREES AND OTHER PLANTS INTO THE COAL WE USE TODAY. 


THREE FORMS OF CARBON 


rough 
GRAPHITE IS A SOFT FORM OF diamond 
CARBON. IT FEELS SLIPPERY. 


graphite 


cut 
diomonds 


ANTHRACITE IS ALSO CALLED HARD COAL. BITUMINOUS COAL IS SOFT COAL. LIGNITE IS BROWN COAL. 
GRAPHITE ISA SOFT FORM OF CARBON, IT FEELS SUPPERY. DIAMOND IS THE HARDEST SUBSTANCE KNOWN. 


for dry distillotion of 
wood, whittle twig into 
slivers, or use wooden 
IN REGULAR DISTILLATION. matches without heads. 
CHEMICAL IS PURIFIED, E : ue 


Y,_ FULL OF COARSELY POWDERED BITUMINOUS COAL (OR 
'S). PLACE SMALL WAD OF COTTON AT MOUTH OF TEST TUBE, 

‘MOUTH OF TUBE WITH STOPPER WITH LSHAPED GLASS TUBE DRAWN TO 

A JET POINT. PLACE TUBE HORIZONTALLY IN HOLDER. HEAT COAL (OR WOOD). 


AFTER A WHILE, DENSE FUMES DEVELOP. THEY CAN BE IGNITED AT JET. 
COTTON WAD DISCOLORS FROM TAR CONDENSING AFTER BEING DISTILLED, 


‘STOP HEATING. REMOVE STOPPER. BRING MOISTENED LITMUS PAPER TO 

UTH OF TUBE. IF YOU DISTILLED COAL, RED LITMUS TURNS BLUE FROM AM. 
‘MONIA (A). IF YOU DISTILLED WOOD, BLUE LITMUS TURNS RED FROM ACETIC 
ACID [8]. COAL HAS TURNED TO COKE, WOOD HAS BECOME CHARCOAL. 


YOU CAN PROVE PRESENCE OF 
CARBON IN THE FOOD YOU EAT 
BY HEATING SMALL SAMPLES OF 
CHEESE, BREAD, MEAT 

BE SURE TO DO THI 

TO PREVENT EXPER 


HEAT 1 TEASPOON CANE SUGAR IN A CUSTARD 
‘CUP. FIRST, SUGAR MELTS. THEN IT TURNS BROWN. E 
<IT “CARAMELIZES." NEXT IT GIVES OFF THICK IN FLAME— PROVING. 
VAPORS THAT CAN BE IGNITED, FINALLY, A PURE 

FORM OF COAL REMAINS. 


THAT THERE 1S CARSON 
IN SUGAR. 


et 
Wye - 
NAD 


IT_WAS ONCE BELIEVED THAT ORGANIC COMPOUNDS 
COULD BE PRODUCED ONLY SY LIVING ORGANISMS. 


The Chemistry of 


‘Tue cresusrs of about two hundred years ago di- 
vided all compounds very neatly into two groups — 
organic and inorganic. The organic compounds were 
those produced by living organisms — that is, plants 
and animals. The inorganic compounds were made 
up of dead things — rocks and minerals, water and 
various gases. No organic compound, these ehemists 
insisted, could ever be produced artificially — they 
required the force we call “life” for their creation. 
‘And then, in 1828, a German chemist, Friedrich 
Wohler, completely upset this idea. 

In his laboratory, Wohler had mixed ammonium 
sulfate ((NH,),SO,) and potassium cyanate (KCNO), 
expecting to get ammonium cyanate. After evapo- 
rating, he anelyzed the compound he had made. To 
‘his amazement he discovered that it was not am- 
‘monium cyanate at all, but urea — a compound pro- 
duced in the kidneys of living animals, including 
‘man. The atoms of the ammonium cyanate molecule 
had rearranged themselves into a urea molecule. 

NH, CNO had turned into (NH,),CO. 


IN 1878, FRIEDRICH WOHLER SUCCEEDED IN MAKING AN 
‘ORGANIC COMPOUND ARTIFICIALLY IN HIS LABORATORY. 


Carb on Compounds 


A few years later, another organic compound — 
acetic acid — was made artificially. And then the lid 
really blew off. More and more products of plant and 
animal life were put together — synthesized — in the 
laboratory. And as if this were not enough, chemists 
‘began producing organic compounds that were not 
even found in nature. 

It became clear that the old meaning of organic 
chemistry no longer was right. And s0, the definition 
was changed. Today, organic chemistry is defined as 
“the chemistry of the carbon compounds.” This defi- 
nition is almost, but not 100 per cent, correct. The 
metallic carbonates, for instance, are still considered 
to be inorganic compounds, and carbon dioxide and 
carbonic acid are regarded as being both organic and 
inorganic. 

‘You may think it odd that a whole branch of 
chemistry should deal with the compounds of a sin- 
gle element. But you will not be surprised at all when 
‘you start experimenting with a few of the close to 
1,000,000 carbon compounds. 
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HYDROCARBONS CONTAIN TWO ELEMENTS ONLY: 
CARBON AND HYDROGEN. HYDROCARBONS WITH 


FEW ATOMS TO THEIR MOLECULES ARE GASES. OTH- 
ERS WITH MANY ATOMS ARE LIQUIDS AND SOLIDS. 


ALCOHOLS MAY BE CONSIDERED HYDROCARBONS 
IN WHICH A HYDROGEN ATOM IS REPLACED BY OH. 


‘CARBOHYDRATES ARE IN MANY OF OUR MOST VAL- 
UABLE FOODSTUFFS AS STARCH AND SUGARS. 


ESTERS IN ORGANIC CHEMISTRY CAN BE COMPARED 
TO SALTS IN INORGANIC CHEMISTRY. FATS AND OILS 


‘ARE THE MOST IMPORTANT ESTERS. THESE ARE THE 
"SALTS" OF GLYCERINE AND FATTY ACIDS, 


AG 


CARBOXYLIC ACIDS ARE NAMED FOR THE CARBOXYL 
GROUP—COOH—FOUND IN THEIR FORMULAS, 


PROTEINS ARE COMPLEX COMPOUNDS THAT CON- 
TAIN CARBON, HYDROGEN, OXYGEN, NITROGEN. 


OTHER"CARBON'COMPOUNDS—IN ADDITION TO 
THE MAIN GROUPS ILLUSTRATED ABOVE, THERE ARE 


NUMEROUS OTHER KINDS OF CARBON COMPOUNDS. 
MANY HAVE VERY COMPLICATED FORMULAS. 


Vienne 


H 


4 H 
4 

s H 

methane, CH, i 


ethane, Cats 


H 
H 
H 


H Hoy 
c A\ 
H H 


ethylene, CH cocelylene, C,H 


The Formulas of Carbon Compounds 


How 1s rr posstste for carbon to make so many dif- 
ferent compounds of such tremendous variety? That 
‘was one of the great questions facing chemists during 
the last century. 

Tt was easy enough to explain carbon dioxide. Car- 
bon has a valence of 4, oxygen of 2— the formula 
had to be COs, Tt was also easy to explain the mole- 
cule of the simple hydrocarbon methane (CH,). But 
how explain compounds consisting of two atoms of 
carbon and six of hydrogen (C3H;, ethane), or two 
atoms of carbon and four of hydrogen (CjH,, ethyl- 
ene), or two of carhon and only two of hydrogen 
(CaH;, acetylene)? 

A German chemist and professor, Friedrich August 
Kekulé, came up with the solution. The answer was 
guite simple: 

While the atoms of most elements “hook on” to 
the atoms of other elements according to their val- 
ences, the atoms of carbon “hook on” to each other 
as well. To understand this, write out carbon atoms 


‘with four lines to indicate the valence bonds, but 

arrange the lines in these three different ways: 
=c- -c= 

‘Then hook them together, two by two, in these three 


z —C=C— 
Now add a hydrogen atom to each of the free bonds 
—and there you haye the formulas for the three 
hydro-carbons — ethane (C,H,), ethylene (C,H), 
and acetylene (CsHs): 


a3 “A 

43 
we—cLH BSG 
HH” NH 


So far so good. But there were still many carbon 
compound formulas that would not line up in this 
kind of arrangement. C,He, for instance—benzene, 
an important hydrocarbon obtained by distillation 
of coal. 

Again, it was Kekulé who offered the explanation. 
This time it came to him in a dream. He had been 


KEKULE'S 1 
BENZENE | 
RING i 
4 
Hoc cH 
ee c— 
S c 
| 
H 


AUGUST KEKULE HIT UPON THE 
STRUCTURE OF THE BENZENE MOLE- 
CULE IN A DREAM. A SNAKE SEEMED 
TO WHIRL IN A RING BEFORE HIS 
EYES. BY ARRANGING THE SIX CAR- 
BON ATOMS IN A RING, THE PROB- 
LEM WAS SOLVED. 


IN A CARBON ATOM (A), THE FOUR VALENCE BONDS 
POINT AWAY FROM THE CENTER {NUCLEUS TOWARD 
THE CORNERS OF A TETRAHEDRON—A FIGURE MADE 
UP OF FOUR TRIANGLES. IN MODELS OF CARBON ATOMS, 
VALENCE BONDS ARE SHOWN BY RODS (8). 


WOLECULE, 


working all day with long lines of organic formulas. 
In the evening he dozed before the fire. In his dream, 
the lines of formulas turned into snakes, twisting and 
‘twining — until suddenly one of the snakes grasped 
its own tail and whirled around in a ring. This dream 
gave Kekule the clue: the carbon atoms in benzene 


TWO LABORATORY MODELS 
SHOWING THE METHANE 


small circles 
represent 
hydrogen atoms 


YOUR OWN MODEL OF 
METHANE MOLECULE. 


hang together in a ring, each atom using three of its 
bonds to hang on to the atoms next to it, with one 
‘bond free to hook onto a hydrogen atom, 

Starting from these very simple formulas, modern 
scientists can figure out the most complicated chemi- 
cal formulas. 


‘YOU CAN THINK OF THE BENZENE RING 
AS SIX MONKEYS HANGING ON TO 
EACH OTHER WITH ONE OR TWO 
HANDS, HOLDING BANANAS IN THEIR 
FREE HANDS, 


THils IS THE WAY THE BENZENE MOL- 
ECULE LOOKS WHEN IT IS CON- 
STRUCTED FROM PARTS USED TO. 
MAKE UP LABORATORY MODELS FOR 
DEMONSTRATION, 


THIS IS HOW THE BENZENE MOLE- 
CULE WILL LOOK WHEN YOU F° 
TOGETHER FROM HOMEMADE 
BON ATOMS. YOU CAN 00 
WITH SCOTCH TAPE. 


THE FIRST SUCCESSFUL OIL 
‘WELL, TITUSVILLE, PA, 1859. 


FRACTIONATING 
‘OF OlL 

THE FIRST JOB OF 
THE OIL REFINERY 
1S TO SPLIT UP THE 
OILINTO THE FARTS 
(OR FRACTIONS) OF 
WHICH IT CON. 
SISTS. THIS IS DONE. 
IN TALL TOWERS, 
THE OIL IS HEATED. 
THE VAPORS RISE 
IN THE TOWER. 
THE LIGHTEST FRAC: 
TIONS—GAS AND 
GASOLINE—GO. 
TO THE TOP, FOL. 
LOWED BY KERO- 
SENE, FUEL OIL, LU- 
BRICATING GILS, 
WAX, ASPHALT. 


= 


‘A-HUNDRED YEARS AFTER THE FIRST OIL WELL IN PENN- 
SYLVANIA, OIL FIELDS ARE FOUND IN SEVERAL STATES. 


A Lot of Hydrocarbons 


‘Tue FAMILY can stops at the service station, 

“Fill ’er up!” The attendant pours what may be 
a hexane-septane-octane-nonane mixture into the gas 
tank. “Check your ofl, mister?” Into the engine goes 
another hydrocarbon mixture —possibly along the 
line of CygHy-CsyHy-CasHTy, And soyou take off— 
on hydrocarbon tires, Yes, gasoline, motor oil, and 
rubber are all hydrocarbons — compounds that con- 
tain only hydrogen and carbon, 

‘A great number of hydrocarbons come from pe- 
troleum (crude oil). Coal and natural gus provide 
several others. Many more are produced by nature 
—natural rubber, turpentine, eamphor, to mention 
a few. Even the red coloring of tomatoes and the 
yellow of carrots are hydrocarbons. 

One of the remarkable things about hydrocarbons 
is that it is possible to combine some of those with 
small molecules into others with larger ones (as in 
making synthetic rubber), as well as to “crack” those 
with lerge molecules into others with smaller ones 
(as when a heavy oil is “cracked” into gasoline). But 
that is only the beginning. By replacing one or more 
hydrogen atoms with hydroxyl groups (OH) or car- 
boxyl groups (COOH) or chlorine atoms (C1), for in- 
stance, it is possible to build up more complicated 
compounds — which can then be built up further and 
further, And that is exactly what chemists are doing 
today — giving us medicines and dyes, plastics and 
explosives, and countless other things. 
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HYDROXIDE, AND 5 g CALCIUM 

TUBE, SET UP APPARATUS FO 

SHOWN BELOW. HEAT TO. 
CH,COONa + NO} 


NAPHTHALENE—C,,H, ‘TURPENTINE— 
NAPHTHALENE IS USED IN MAKING MOTH BALLS. CigHs 
NAPHTHALENE CAN BE PURIFED BY SUBLIMATION, 


‘TO DEMONSTRATE THIS, CRUSH A COUPLE OF MOTH 
BALLS. HEAT THEM IN A CUSTARD CUP. FIRST THEY 


ICE WATER OVER CUP. NAPHTHALENE SETTLES ON 
BOTTOM IN LEAFY CRYSTALS, 


CRACKING OIL 
POUR A FEW ml HOUSEHOLD 
OL IN TEST TUBE. PLACE 2 
WAD OF STEEL WOOL NEAR —— 


» MOUTH OF Tuae. Close IT @ pour 4 utrte TURPENTINE INTO A 
WITH STOPPER THAT HAS A. nm 
STL LOPEER TAT BAS A BOTTLE CAP. PLACE A SMALL WICK IN 
HEAT STEEL WOOL. A LITTLE @ PLACE BOTTLE CAP ON PIECE OF PAPER, 
LATER, ALSO HEAT THE OIL. NITE TURPENTINE. IT BURNS INCOMPLETE 
OIL IS CRACKED INTO GAS LY, GIVING OFF A BLACK SMOKE OF CARBON, 


‘THAT BURNS WHEN IGNITED, WHICH YOU CAN COLLECT IN'A JAR, 
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MUCH OF THE SUGAR WE USE I5 MADE BY EVAPORATING 
THE JUICE OF SUGAR BEETS AND SUGAR CANE. MAPLES 
SUGAR IS BOILED.DOWN SAP OF SUGAR MAPLE TREES, = 


Usvarex, when we talk about “hydrates” we mean 
chemicals that. contain water. But when we talk 
about carbohydrates we mean organic compounds of 
carbon, hydrogen, and oxygen in which the propor- 
tion between hydrogen and oxygen is the same as in 
water (H,0) — that is, twice as much hydrogen as 
oxygen, And so we find carbohydrates that have 22 
atoms of hydrogen and 11 atoms of oxygen to 12 
atoms of carbon (C,sH,,0,,), or 12 hydrogen and 6 


THE SWEETNESS OF FRUITS AND 
BERRIES COMES FROM A MIXTURE 
‘OF TWO KINDS OF SUGAR CALLED 
FRUCTOSE AND GLUCOSE. THESE 
SUGARS ARE MADE IN, THE GREEN 
LEAVES OF THE PLANT AND SENT 
INTO THE FRUITS FOR STORAGE, 


fire 


‘oxygen to 6 carbon (C,H,,0,), or 10 and 5 to 6 car- 
‘bon atoms (C,H,,0,). 

Carbohydrates are produced by plants by a re- 
markable process called photosynthesis — “putting 
things Logether with the help of light.” When green 
leaves are exposed to sunlight, the chlorophyll in 
‘them combines the hydrogen from water with earbon 
dioxide from the air, while setting oxygen free — 
along this line: 

6H,O + 6CO, + sunlight ~ C,1T,,0, + 60, | 

Carbohydrates are of tremendous importance to 

all of us. They make up a large part of cur food 
supply in the form of sugars and starches. Another 
carbohydrate called cellulose helps to clothe us (eot- 
ton, linen) and shelter us (wood) 
SUGARS — Most of our sugar comes from sugar 
beets or sugar cane. The juice is pressed out, cleared, 
filtered, and evaporated. The result is pure, white 
crystals of a sugar with the chemical name sucrose 
(CisHs:01) 

Another sugar ealled glucose (C;H,.0,) is found 
in ripe fruits, often in the company of still another 
sugar of the same formula called fructose (C,H,,0,). 
These two sugars can be made in the laboratory by 
treating the more complicated sucrose with an aci 
‘The sucrose picks up water anil splits into glucose 
and fructose by a process known as inversion: 
CypLla:0y, + HO ~ CoH, Oe + Coll 0, 
(suerose) (elucose) (fructose) 

(CONTINUED ON PAGE 86) 


TEST FOR 
GLUCOSE 
SUGAR 


HEAT A MIXTURE OF 
2 mi FEHUNG A AND. 


‘A GERMAN SCIENTIST, HERMAN FEHLING, THOUGHT UP THE TEST 2 ml FEHLING 8 IN 
FOR GLUCOSE THAT HAS HIS NAME, FOR THIS TEST, TWO SOLU- ‘ALTEST TUBE, ADD A 
TIONS ARE REQUIRED. THEY ARE MIKED JUST BEFORE USE. FEW DROPS OF SOWU- 


TION TO BE TESTED. 
FEHLING A. DISSOLVE 5 g COPPER SULFATE IN 70 ml WATER. TAP RGAIN: REDIPRES 
FEHUNG 8, DISSOLVE 7 g SODIUM HYDROXIDE IN 70 ml WA- IPITATE OF CUPROUS 

. IN THIS SOLUTION, DISSOLVE 25 g ROCHELLE SALT (SODIUM. ‘OXIDE (Cu,0) SHOWS 
POTASSIUM TARTRATE) FROM YOUR LOCAL DRUG STORE. GLUCOSE is PRESENT. 


TEST CANE SUGAR WITH FEHLING. YOU DO NOT 
GET RED PRECIPITATE. CANE SUGAR IS NOT 
GLUCOSE BUT ANOTHER SUGAR CALLED SUCROSE. 


USE FEHLING TEST TO FIND OUT IF DIFFERENT SWEET- 
TASTING FOODS CONTAIN GLUCOSE SUGAR: CORN SYRUP, 
MAPLE SYRUP, MOLASSES, HONEY. ALSO TRY JUICES OF 
VARIOUS FRUITS: PRUNES, ORANGES, LEMONS, BERRIES. 
SEVERAL CONTAIN GLUCOSE AND GIVE RED PRECIPITATE. 
SUGAR IN MILK (LACTOSE] GIVES Cu,O PRECIPITATE 


MAKING SUGAR CANDY 


IT IS EASY TO MAKE LOLLIPOPS. 
‘OVER LOW HEAT AND WHILE STIR- 
RING, DISSOLVE 1% CUP SUGAR IN 
2 TABLESPOONS WATER AND 2 TA. 
BLESPOONS LIGHT SYRUP. THEN 
CONTINUE HEATING WITHOUT STIR- 
RING UNTIL A SAMPLE DROPPED 
INTO COLD WATER FORMS BRITTLE 
THREAD. SPOON OUT TABLESPOON 
FULS ONTO A SHEET OF GREASED 
ALUMINUM FOIL. PUSH STICK IN 
EACH BLOB. REMOVE WHEN COLD. 


DISSOLVE 1 g CANE SUGAR IN 10 ml WATER IN A 
oT TUBE. ADD 10 DROPS HYDROCHLORIC ACID, 
HEAT GENTLY FOR A FEW MINUTES WITHOUT BOILING. 


HEAT FEHLING SOLUTION IN ANOTHER TEST TUBE. / 
DA FEW ml SUGAR SOLUTION. HEAT AGAIN. YOU. 


GET RED PRECIPITATE. GLUCOSE HAS BEEN FORMED. 


How to Use It ight source, 
fa round LED has a flange around its base, a flat 
spot in the flange will be closest to the cathode 
side of the component. 


Series Resistor Value 

Because the effective internal resistance of a di- 
ode is not a constant value at different voltages, 
a trial-and-error approach may be necessary to 
determine the ideal valueforaseries resistor with 
an LED indicator. For this purpose, a trimmer po- 
tentiometer can be used witha sample LED while 
‘measuring the current through itand the voltage 
drop across it. A fixed-value resistor can then be 
substituted. If the choice is between a resistor 
value thatis a little too high and a value that is a 
little toa low, the higher value resistor should be 
used. 

‘An approximate value can be found using a very 
simple formula in which R is the resistor value, 
Vcc is the supply voltage, Vr is the forward volt- 
age specified for the LED, and lis the desired cur- 
rent: 


R 


(Wee - Ve) JE 


Normally a series resistor rated at 1/4 watt will be 
acceptable, and 1/8 watt may be used in SVDC 
circuits. However, care should be taken with a 
power supply of 9V or higher. Suppose an LED is 
rated for 1.8V forward voltage at 20mA. In a SV 
Circuit, the voltage drop across the series resistor 
will b 


V5 - 1,823.2 


Therefore, the resistor must dissipate 3.2V * 
20mA = 64mW. This is comfortably below the 
125mW rating of a 1/8 watt resistor. However, 
with a 9V power supply, the valtage drop across 
the series resistor will be: 


Ve9-18=7.2 


Now the resistor must dissipate 7.2V * 20mA 
144mW. This exceeds the 125mW limit for a 1/8 
watt resistor, 


indicator, or display > single source > LED indicator 


LEDs in Parallel 

If multiple LEDs are to be driven in parallel, and 
none of them has to be switched individually, it 
is naturally tempting to save time by using a sin- 
gle series resistor forall of them. In these circum- 
stances, assess the maximum current carefully 
and multiply by the voltage drop imposed by 
each of the LEDs, to determine the wattage of a 
series resistor. 


Linking dissimilar LEDs in parallel is not recom- 
mended, because the threshold voltage decrea- 
ses with increasing temperature. Thehottest LED 
will therefore receive the largest current, and 
thus become even hotter. Thermal runaway can 
result 


LEDs containing their own series resistors can 
safely be wired in parallel. 


Multiple Series LEDs 

A series resistor wastes current by dissipating it 
asheat.In an application where two or more LED 
indicators will beilluminated simultaneously, the 
LEDs can be connected in series with a lower- 
value resistor, and three LEDS in series may elim- 
inate theneed for a resistor completely, depend- 
ing on the voltage of the power supply. Here 
again a trimmer potentiometer should be used 
todetermine an ideal value for any series resistor 
that may be necessary. 


Comparisons with Other Light 
Emitters 

Because LED indicators have largely replaced ne- 
on bulbs and miniature incandescent lamps, 
comparisons are of limited importance at this 
point. The situation regarding LED area light- 
ingis differentin thatitis still competing actively 
with fluorescent lights and, in some instances, 
halogen. A list of advantages and disadvantages 
for high-intensity white LEDs is given in “Com- 
parisons’ on page 223, The advantages of incan- 
descent lamps are listed in "Relative Advantag- 
es" on page 179. 
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Carbohydrates—Continued 


STARCHES — Starch is distributed in most plant 
parts. [Lis a carbohydrate with very large molecules. 
‘Take a look at its formnla: (CeH 0,),-At first glance 
it looks quite simple. But note that little x—it 
stands for “any number of times.” A single molecule 
of starch may weigh 6,000 times as much as a single 
molecule of glucose. 

‘You can break this polysaccharide (“‘many-sugar”) 
into the monosaccharide (“single-sugar”) glucose by 
treating it with an acid. 

CELLULOSE js the building material of the plant 
World. Tt makes up the cell walls of leaves and stalks, 


‘A GROWING PLANT IS THE 
MOST ASTONISHING CHEM: 
ICAL FACTORY ON EARTH. 
THE GREEN SUBSTANCE IN 
LEAVES CALLED CHLORO- 
PHYLL_WITH THE HEL? OF 
SUNLIGHT IS ABLE TO COM- 
BINE WATER TAKEN IN BY 
‘THE ROOTS) WITH CARBON 
DIOXIDE FROM THE AIR 
(TAKEN IN THROUGH THE 
LEAVES) TO FORM SUGAR 
FIRST AND THEN STARCH. 


PICK OFF A LEAF. REMOVE BLACK PAPER STRIPS. 
IN BOILING WATER FOR A MOMENT TO KILL 


wood and fibers. Cotton is 95 per cent cellulose, The 
paper on which this book is printed is specially 
treated cellulose. So is the cellophane around your 
candy and the rayon that goes into ladies’ dresses, 
For more about cellulose in natural fibers and rayon, 
see pages 102-103, 


EXPERIMENTS WITH PHOTOSYNTHESIS 


POT UP A NASTURTIUM OR GERANIUM PLANT AND 

CE IT IN THE DARK FOR A COUPLE OF DAYS. 
THEN FASTEN STRIPS OF BLACK PAPER ACROSS BOTH 
SIDES OF ONE OR MORE LEAVES. NOW EXPOSE THE 
GROWING PLANT TO THE SUNLIGHT FOR TWO HOURS. 


‘THE LEAF. THEN DROP IT INTO DENATURED ALCOHOL 
INA CUSTARD CUP. PLACE CUSTARD CUP IN A POT 
OF BOILING WATER. AS ALCOHOL GETS HOT, IT EX. 
TRACTS THE CHLOROPHYLL FROM THE LEAF. KEEP 
LEAF IN ALCOHOL UNTIL ALL CHLOROPHYLL IS. OUT. 


@ pace LEAF IN IODINE TEST SOLUTION, PARTS 
POSED TO SUN TURN BLUE. THIS PROVES PRES- 
ENCE OF STARCH. UNEKFOSED PARTS BECOME BROWN. 
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PREPARING STARCH 


ITIS A SIMPLE MATTER TO 
(GET STARCH FROM POTATOES. 


SOLUTION FOR TESTING STARCH CAN BE 
(MMADE BY DILUTING 5 ml REGULAR TINC- 
TURE OF IODINE WITH 45 ml WATER. 


‘OR YOU CAN MAKE IT BY DISSOLVING A 
FEW IODINE CRYSTALS (FROM EXPERI. 
MENT ON PAGE 48) IN A SOLUTION OF 
1g POTASSIUM IODIDE IN 50 mil WATER. 
IODINE GIVES A BLUE COLOR TO STARCH. 


@ tz stance seme IN 
POT. POUR OFF MOST OF 
WATER. POUR REST INTO A 
JAR FOR FURTHER SETTLING. 


AGAIN, POUR WATER 


EXPERIMENTS WITH STARCH 

‘TO MAKE I PER CENT STARCH SOLUTION, 
STIR Yq g STARCH IN 5 ml COLD WATER, 
ADD 45 ml MORE WATER. BRING TO BOIL 
‘WHILE STIRRING, THEN COOL SOLUTION. 


LINE UP FIVE TEST TUBES, EACH CONTAINING 5 ml 
WATER AND 1 DROP IODINE TEST SOLUTION. IN AN- 
OTHER TEST TUBE, ADD 2 DROPS OF SALIVA (SPIT. 
OLUTION. YOU Tle} TO 5 mi STARCH SOLUTION. PLACE THIS IN 
GET REO PRECIPITATE THAT GLASS OF WARM (NOT HOT] WATER. WITH 2-MINUTE 
‘SHOWS PRESENCE OF GLUCOSE. INTERVALS, DROP 3 DROPS SALIVA-STARCH MIXTURE 
UNTREATED STARCH SOLUTION INTO A TEST TUBE WITH IODINE SOLUTION. SHAKE. 
DOES NOT REACT WITH THE COLOR GETS LESS AND LESS BIUE. SALIVA DIGESTS 
FEHLING SOLUTION. ‘THE STARCH AND TURNS IT INTO A SUGAR, MALTOSE. 
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JUST A FEW OF THE 
THOUSANDS OF ITEMS 


Many Kinds of Alcohols 


‘To Most propre, alcohol is the strong stuff in beer, 
wine, and hard liquor. But to a chemist, this is just 
one of many aleohols. 

Alcohols may be considered hydrocarbons in which 
fone or more hydrogen (H) atoms are replaced by 
hydroxyl (OH) groups. Their names are made up 
from the names of the hydrocarbons to which they 
are related by giving these an “ol” ending. In this 
way, CH, methane, becomes CH,OH, methanol 
(also called methyl aleohol); C,H,, ethane, becomes 
C,H,OH, ethanol (also known as ethyl or grain al- 
cohol); and so on. Methanol (CH,OH) was originally 
called wood alcohol because it was made by the de- 
structive distillation of wood, Tt is very poisonous 
and is therefore used to “denature” ethanol, making 
this unfit for drinking. 


Ethanol (C;H,OH) is produced today, to a great. 
extent, in the same way in which it was made thou- 
sands of years ago, by a process called fermentation. 
In this, the tiny plant cells of yeast are made to grow 
in the solution of a simple sugar, such as glucose 
(C.H,,0.). In growing, the yeast cells give off a sub- 
stance called zymase. This acts as a catalyst and 
turns the glucose into ethanol and carbon dioxide: 

CiHy,0, — 2C,H,OH + 2C0, | 
‘The ethanol is finally separated from the watery 
liquid by distillation. 

Glycerol (C,H;(OH),) is still another alcohol 
which you probably know better under the name of 
glycerin. Glycerol may be considered a product of 
propane (C,H,) in which not one but three H atoms 
have been replaced by OH. 


THE "FAMILY TREE” OF ETHANOL—WITH SOME OF ITS CHILDREN, GRANDCHILDREN, AND GREAT-GRANDCHILDREN. 


— 
| ETHYLENE = 
DIETHYL ETHER 


(GEA —— ACETIC ACID 


= 
ALCOHOL) 1cSeoat 
\ A 

~ 


ACETALDEHYDE 


:———Srnteric user 


~ PLASTICS 


~ eivco. <[—————oxaure aco 
[ prrosives 


STYRENE 


tur atconon 
ACETONE CHLOROFORM, 


7 PHOTOGRAPHIC FILM 
CELLULOSE ACETATE — “PHOTOGRAPH 


ACETAIDEHYDE 
CYANOHYDRIN 


ACETIC ANHYDRIDE VINYL ALCOHOL 
—ACETANILIDE 


ROPIONIC ACID 


METHYL ALCOHOL— 
‘METHANOL 


METHYL SALICYLATE 
CRUSH AN ASPIRIN 


methanol TABLET. MIX WITH 
vapors burn Ys TEASPOON SODIUM, 
with blue BISULFATE. HEAT. 
fame: DROP A. FEW DROPS 


OF METHANOL (OR 
DENATURED ALCOHOL) 
ONTO HOT MIXTURE, 
YOU GET SMELL OF 
WINTERGREEN OL 
METHYL SALICYLATE, 


METHANOL CAN BE PRODUCED BY DRY DISTILLATION OF 
WOOD. FILL "A TEST TU8E ONE THIRD FULL OF SLIVERS 
OF WOOD. HEAT. LEAD VAPORS THROUGH LSHAPED GLASS 
TUBE INTO TEST TUBE IN MIXTURE OF WATER AND ICE. 


ETHYL ALCOHOL 


FILTER HALF OF THE FERMENTED LIQUID INTO A 


1 CUP WARM WATER. ADDY PACKAGE YEAST THAT T-PINT SCREW-TOP CAN. SET UP APPARATUS. FOR 


HAS BEEN SOFTENED IN LUKEWARM WATER. PLACE BOT- DISTILLATION AS DESCRIBED ON PAGE 61 WITH THE 
TLE INA WARM SPOT. SHORTLY THE LIGUID BEGINS EXCEPTION THAT HEATING IS DONE ON A WATER BATH 
TO BUBBLE. LEAD THE GAS INTO LIME WATER. GAS IS. MADE FROM HALF A QUART CAN WITH WATER. DISTILL 
CO,. INA FEW DAYS, GAS DEVELOPMENT SLOWS DOWN. OFF A FEW ml ETHANOL AT LOWEST POSSIBLE HEAT. 


@ cd peer some mx y cur conn sraur wine @ 
d 


1ODOFORM FROM 
ETHANOL 

CRYSTALS TO GET DARK 
BROWN COLOR. ADD 5 mi 
ETHANOL ADD 10% NoOH 
SOLUTION UNTIL” COLOR 


ETHYL ACETATE 


CHLOROFORM FROM, 
FROM ETHANOL 


ETHANOL 


WHITE VINEGAR. HEAT 1 
GENTLY. SNIFF CAREFUL 
LY. THE SOUR SMELL OF 
VINEGAR HAS TURNED 
INTO THE FRUITY SMELL 


. MI 
GENTLY FOR A FEW MO. 
MENTS WITHOUT BOILING, 


[) THEN SNIFF canerulLy. 
DISAPPEARS. HEAT GENTLY 


YOU GET THE PECULIAR 
TWO MINUTES. LeT COOL. OF ETHYL ACETATE SWEETISH ODOR OF CHLO- 
THE YELLOW PRECIPITATE [CH,COoc.H,). iT 1S A. ROFORM, THE C,H,OH HAS 
IS lODOFORM—CHI ‘MUCHUSED SOLVENT. £ BEEN TURNED INTO CHCl. 
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ACETIC ACID 1S WHAT 
MAKES. VINEGAR TASTE 
SOUR. VINEGAR MEANS 
“SOUR WINE." THAT IS 
WHAT IT USED TO BE. 


TANNIC ACID, USED FOR 
TANNING, 15 ‘FOUND IN. 
THE BARK OF A NUMBER 
OF TREES AND IN GALL 
APPLES ON OAK TREES. 


SALICYLIC ACID GOT 
TTS NAME FROM SALIX, 
LATIN FOR WILLOW. IT 
WAS FIRST MADE FROM 
BARK OF WILLOW TREES, 


ciTRIc ACID GIVES 
THE TART TASTE TO 
CiTRus. FRUITS —LEM. 
ONS, LIMES, GRAPE. 
FRUITS, AND ORANGES. 


NALLY CAME FROM THE 
WOOD SORREL PLANT— 
OXALIS. NOW IT 1S 
MADE ARTIFICIALLY. 


MALIC ACID Is FOUND IN MANY 
UNRIPE FRUITS GREEN APPLES, 
PLUMS, CURRANTS, AND A GREAT 
NUMBER OF OTHERS. NAME COMES 
FROM LATIN: MALUS APPLE TREE. 


Carboxylic Acids 


Caw vou Tax of anything more refreshing than 
glass of cold lemonade on a hot summer's day? Or 
anything better than cranberry sauce for adding @ 
tangy taste to the Thanksgiving dinner? 

‘The tartness of lemonade and cranberry sauce 
comes from organic acids. 

‘These acids are found ready-made in nature in 
great numbers. Some of them occur as free acids 
(citrie acid, tannic acid, malic acid), others as esters 
(products of acids and alcohols, such as fats and oils 
and the flavors of many fruits and the odors of many 
flowers). Still other of these organic acids are pro- 
duced by the action of bacteria (acetic acid from 
swine or cider, lactic acid when milk turns sour, bu- 
tyric acid in rancid butter). 

‘Some organic acids can be extracted directly from 
the plant parts in which they are found, But to get 
them in pure and concentrated form it is usually 
necessary to turn them into sodium or calcium salts 
‘and then free the acids from the salts with a stronger 
acid. Many of the acids which were formerly ob- 
tained from plant parts can now be made artificially 
in the laboratory. 

Organic acids have one thing in common. They 
all contain a combination of one carbon atom, one 
oxygen atom, and one hydroxyl group (OH). This 
COOH combination, called a carboxyl group (from 
a joining-up of the words carton and hydrozy)), 
has given the organic acids their scientific name, car- 
boxylic acids. When these acids form salts it is the 
H in the carboxyl group that is replaced by @ metal, 
1s, for instance, when CH,COOH (acetic acid) forms 
CH,COONa (sodium acetate) 


FORMIC ACID 15 THE 
HIGHLY IRRITATING. 
ACID THAT ANTS (FOR- 
MICA) PUM INTO YOU 
WHEN THEY BITE YOU. 


ACETIC ACID 


YOU HAVE ALREADY MADE 
SODIUM ACETATE (ON PAGE 83). 


VINEGAR IS DILUTED ACETIC ACID. SEVERAL OF ITS FILTER SOLUTION TO REMOVE UNDISSOLVED CALCI- 
SALTS-ACETATES_CAN BE MADE FROM VINEGAR. USE OXIDE. FILTRATE CONTAINS CALCIUM ACETATE. 


UME FOR MAKING THE CALCIUM SALT—{CH,COO},Ca. ByAROLATE SOLITON Wier ALiosT OIViGO Nor 
WARM 50 ml WHITE VINEGAR IN A CUSTARD CUF ERHEAT—IF YOU DO, THE ACETATE BREAKS UP 
3D CALCIUM OXIDE UNTIL NO MORE DISSOLVES. INTO CALCIUM CARBONATE AND ACETONE (CH,COCH,). 


TANNIC ACID 


TANNIC ACID IS, 
FOUND IN TEA. 


SHARP ODOR OF ACETIC ACID. 
MOISTENED BLUE LITMUS PAPER 
AT MOUTH OF TUBE TURNS RED. 


SALICYLIC ACID 


9g BOIL ¥% TEASPOON TEAIN 
r im WAteR. THEN LE IT 
H) | Stab 10 Site AND CooL, 

POUR OFF THE CLEAR LIQUID, 


@ ovsouve A CRYSTAL OF 
IN SULFATE INS ml WA- 
TER AND ADD TO THE TEA. 
‘YOU WILL GET A BLACK PRE: 
CIPITATE OF IRON TANNATE, 


Dow, UP 1 9 SALICYLIC WITH IRON SULFATE, SODI- 
10 WITH 10. ml WATER. IT SALICYLATE GIVES RED- 
DOES NOTGOINTOSOLUTION. BROWN FERROUS SALICYLATE. 

‘ADD 10 PER CENT NoOH A FERRIC SALT GIVES WINE 

LUTION BY THE DROP UN. FERRIC. SALICYLATE, 
TIL_ALL SALICYLIC ACID IS HEAT. SNIFF. YOU GET 
DISSOLVED. YOU NOW HAVE A COPPER SULFATE GIVES THE THE ODOR GF FHENOL—ALSO 
SODIUM SALICYLATE SOLUTION. GREEN COPPER SALICYLATE, KNOWN AS CARBOLIC ACID. 
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MOST FATS PRODUCED 
BY PLANTS ARE LIQ- FATS FROM ANIMALS ARE 
UID OILS "FOUND IN MOST COMMONLY SOLID AT 
FRUITS AND SEEDS. USUAL ROOM TEMPERATURE, 


y Fats and Oils for Energy 


Some oF THe Foo you eat is used for your growth, 
some of it for giving you the energy to do all the 
things you want to do. Much of this energy comes 
from carbohydrates (sugars and starches). The rest 
‘you get from fats— the most concentrated energy 
foods available. 

All fats are esters, that is, combinations of fatty 
acids with the alcohol, glycerol (glycerin). Some fats 
(butter, lard) are solid at usual room temperature, 
others are liquid (olive oil, corn oil). But when heat- 
ed, the solid fats melt, and, when cooled, the liquid 
fats turn solid. 

Liguid fats can be turned completely into solid 
fats by a process called hydrogenation. Tn this, more 
hydrogen atoms are added to their molecules with 
the help of a catalyst. That is how vegetable short- 
enings and margarine are made. The liquid olein in 
peanut, cottonseed, and soybean oils is made to pick 
up hydrogen and become a solid fat known as stearin: 
wHs,COO),CsHs + 3H — (Car Hs COO).CxHy 

(olein) (stearin) 
Fats and oils are used for many other things in 
addition to their use as food. Soap and candles are CODFISH 
‘made from fats. So are paints and varnishes, printers’ - 
inks and some of the detergents. 


EXTRACTING 
FAT 


@ save 4 swan souane oF naxees cHoco.  @ rzee cnocouarerermAciio- 
TATE OF EITHER CHOGOLATE INTO PANE BTS TIDE Natu et ALIRATE STAND 
@ ne custao cur rove comnon reraacnic,  YULGRRPON PAGO RE AS 
J 


}E OVER THE CUT-UP' CHOCOLATE AND STIR. ee 


Be careful not to breathe fumes. 


RENDERING FAT 


“RENDERING” IS THE MOST COM- 
MON METHOD OF EXTRACTING FAT. 


BUTTER IS LEFT. 


TEST FOR 


= \ eo. 
CUT UP A SMALL AMOUNT OF SUET—THE FAT : 


ROM A PIECE OF BEEF. DROP IT INTO HOT 
WATER. BOIL WATER FOR TEN MINUTES OR MORE. 


REMOVE THE RENDERED-OUT SUET. PLACE CUS. 
3D CUP IN REFRIGERATOR. AFTER COOLING YOU 
CAN LIFT OFF THE FAT AS A SOLID DISK, @x 


TEST FOR GLYCEROL 
(GLYCERIN) i 


IN A DRY TEST TUBE ADDY TEA. 
SPOON SODIUM BISULFATE TO 1 ml ‘ 

VEGETABLE OIL AND HEAT GENTLY. 
WAFT THE IRRITATING ODOR TO. 
WARD YOU AND SNIFF CAUTIOUSLY. 
THE SMELL IS FROM ACROLEIN 
WHICH IS PRODUCED BY BREAKING 
DOWN THE GLYCERIN IN THE FAT. 


THE Naliso, SETS THE 
GLYCEROL FREE, THEN. 
IMMEDIATELY DESTROYS 
IT. GLYCEROL LOSES: 
WATER AND TURNS INTO. 
NWUSMELLING ACROLEIN: 
CHs(OH), > 
H+ 24,0 
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{LORIDE_AND. 
DROPS ON A 


(OOK AT THE PAPER AGAINST THE LIGHT. THE ALMOST 


PARENT “GREASE SPOT" IS A TEST FOR FAT. 


DISSOLVE ¥% TEASPOON SOAP 
POWDER OR FLAKES IN 50 ml WARM 
WATER. ADD 10 ml HYDROCHLORIC 
ACID, YOU WILL GET LUMPS OF 
‘THE FATTY ACIDS OF WHICH SOAP 
18 THE SODIUM SALT—MOSTLY 
STEARIC AND PALMITIC ACIDS. 
STEARIC ACID IS ADDED TO PAR 
[AFFIN IN THE MAKING OF CANDLES. 


IN THE OLD-FASHIONED SOAP KETTLE, ONLY A FEW 
GALLONS OF SOAP COULD BE MADE AT ONE TIME. 


Soap and Soap Making 


WHENeveR YOUR HANns get dirty, it is an easy matter to get them clean. 
All you need is water and plenty of CH,CH,CH,CH,CH,CH,CH,CH,CH, 
(CH,CH,CH,CH,CH,CH,CH,CH,COONa— C,;H,,COONa for short, the 
sodium salt of stearic acid, a substance more generally known as soap. 

Soap has been used for cleaning for thousands of years. No one knows who 
invented it — but the method for making it was passed down from father 
to son, from mother to daughter. The early soap makers first had to burn 
‘wood to get potash (K,CO,—see page. 59) or dried seaweed to get soda ash 

'a,CO,):This was treated with lime to make potassium or sodium hydrox- 
ide (KOH or NaOH —see page 45), and this, in turn, was boiled with fat 
to make soap. Very much the same method is used today — except that the 
boiling is done in tremendous soap pans under steam pressure. 


STRONG SOAP BUBBLES RESULT 
WHEN YOU ADD GLYCERIN TO 
THE SOAP SOLUTION. HERE IS 
‘A RECIPE: 5 g SOAP, 100 mi 
WATER, AND 10 ml GLYCERIN. 


cs 


IN MODERN SOAP PANS, 
‘SEVERAL STORIES HIGH, UP 
TO 100 TONS OF FAT CAN 
BE TURNED INTO SOAP. 


CU aioeneran e Curee 

Q END OF THE SOAP MOLECULE IS SOLUBLE IN WATER, THE OTHER 

END IN OIL WAEN OIL Is SHAKEN UP IN SOAPY WATER, THE 

GIL ORORe Ave SURROUNDED BY THe SOAP MOLECULES DIPPING 

© © Meowarsowne ios inro"nwe Ou, me waren sows 
ENDS HOLD THE Ot DROPLETS SUSPENDED 


MAKING SOAP 


MAKE A WATER BATH BY POURING 
1 INCH WATER INTO. A TIN CAN. 


@ wets 10 9 sorte (vcnisco" on stan 
ODUCT) IN‘ CUSTARD CUP ON THE WATER BATH, 


@vxssowe 4 soviun oro oH I 15 
Wer WATER. ADDIS nl DENATURED. ALCOROL [o 
Shedd UP ie ACTION}, POUE THs. SCLUTION INTO 
SHE neLTED sHONTENING WHI STEEN, CONTINUE 
HEATING AND STRING UNTILA SAIL SAMPLE Die 
SOLES cConpuzraty IW ip Test TUBE Wate THE 
SOAP NAKING [SAPONIZATIONY fs THEN COMPLETED. 


TESTING SOAP 
AND DETERGENTS: 


DISSOLVE 1 g OF YOUR HOME- 
MADE SOAP IN 50 ml LUKE. 
WARM WATER. ALSO. MAKE 
SOLUTIONS IN’50. ml WATER 
‘OF 1 g TOILET SOAP, 1 g SOAP 
FLAKES, 1g SOAP’ POWDER, 
1g POWDERED DETERGENT, 
AND 1 mil LIQUID DETERGENT. 


POUR 10 ml OF THE SOAP AND DETER- 

SOLUTIONS INTO SEPARATE TEST TUBES, 
TEST EACH SOLUTION FOR ACID AND BASE 
WITH LITMUS PAPER AND PHENOLPHTHALEIN, 


@ sine ‘5 DROPS OF Oll INTO EACH SOLU. 
[NOTE THE DIFFERENCE INTHE WAY 
THE SOLUTIONS MAKE EMULSION WITH Ol, 


AGAIN, POUR 10 ml OF EACH SOLUTION 

TO SEPARATE TEST TUBES. ADD 5 ml LIME 
WATER TO EACH. SHAKE AND NOTICE THE 
DIFFERENCE IN THE AMOUNT OF FOAM MADE 
BY EACH SOLUTION IN THIS "HARD" WATER, 
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FINALLY, SQUEEZE Q 
THE CHEESE CLO" 


light source, indicator, or display 


Other Applications 
LEDs are used in optocouplers and in solid- 
state relays. Usually an infrared LED is embed- 
ded inside a chip at a plastic module, and emits 
light through an interior channel to activate a 
phototransistor. Thisarrangementprovideselec- 
trical isolation between the switching signal and 
the switched current. 


‘Some sensors use an LED paired with a photo- 
transistor at opposite sides of a U-shaped plastic 
mount. A sensor of this type can monitor indus- 
trial processes or may be found inside a photo- 
copy machine, to detect the presence of a sheet 
of paper. 


What Can Go Wrong 


Excessive Forward Voltage 

Like any diode, the LED has threshold voltage in 
the forward direction. If this threshold is excee- 
ded, the effective internal resistance of the LED 
falls very rapidly. Current rises equally rapidly, 
and quickly damages the component, unless itis 
protected by an appropriate series resistor, 


Excessive Current and Heat 

Exceeding the recommended value for forward 
current, or allowing an LED to overheat, will 
shorten its lifetime and cause a premature dim- 
ming of light output. LEDs generally require 
some current limiting or regulation (most com- 
monly with a series resistor). They should not be 
connected directly to a voltage source such as a 
battery, even if the battery voltage matches the 


> single source > LED indicator 


What Can Go 


voltage of the diode. The exception to this ruleis 
if the internal resistance of the battery is high 
enough to limit the current, as in the case of 
button-cell batteries, 


Storage Issues 
LEDs of different types are often indistinguisha- 
ble from each other. They can also be indistin- 
guishable from photodiodes and phototransis- 
tors. Careful storage is mandatory, and reusing 
LEDs that have been breadboarded may cause 
future problems if they are wrangly identified. 


Polarity 

Ifthe leads on an LED indicator are trimmed, and 
ifthe indicator lacks a flange in which a flat spot 
willidentify the cathode, the componentis easily 
misused with reversed polarity. ifit is connected 
witha componentthat has limited current sourc- 
ing capability (for instance, the output pin of a 
digital chip), the LED will probably survive this 
treatment. However, maximum reverse voltage 
is often as low as SVDC. To minimize the risk of 
errors, the anode lead can be left slightly longer 
than the cathode lead when they are trimmed 
for insertion in a breadboard or perforated 
board. 


Internal Resistors 

As previously noted, itis difficult to distinguish 
an LED that contains its own series resistor from 
another LED that does not. The two types should 
be stored separately, and should be reused cir- 
cumspectly. 
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Proteims—the Body-Building Foods 


At aiost every meal, we look forward especially 
to the proteins: ham and eggs for breakfast, ham- 
burgers or frankfurters for lunch, steak or chicken 
for dinner, We drink milk mostly for the sake of its 
proteins. Even many of our desserts are protein prod- 
‘ucts — from ice cream to Jell-O. 

While most other foodstuffs, such as carbohydrates 
and fats, consist of carbon, hydrogen, and oxygen, 


PROTEIN IN EGG 


CRACK _AN EGG. SEPARATE WHITE FROM YOLK 8Y 
LETTING WHITE FLOW INTO_A CUP WHILE RETAIN- 
ING YOLK IN EGG SHELL. BEAT WHITE WITH FORK. 


SHAKE 5 ml BEATEN EGG WHITE WITH 
5 ml WATER. BRING TO A BOIL. THE 
HEAT CAUSES THE ALBUMIN TO COAG- 
ULATE, IT HAS BEEN "DENATURIZED.. 

IT CAN NOT AGAIN BE MADE SOLUBLE. 


the proteins also contain nitrogen and, for the most 
part, sulfur. Their molecules are “giants” compared 
with the molecules of other chemical compounds. 
One of them, albumin in egg, has this estimated 
formula: CoyeFssssOsesNaneShs 

Notall proteins are edible, You would hardly think 
of eating hair and noils, furs and feathers — yet 
these are all proteins.(CONTINUED ON PAGE 99) 


THE PROTEIN IN 
EGG IS CALLED 


SHAKE 5 mi EGG WHITE WITH 
5 ml WATER. ADD 5 ml DENA- 
TURED ALCOHOL. THE ALCOHOL 
CAUSES THE ALBUMIN TO COAG- 
ULATE OUT IN WHITE FLECKS. 


FILL CUSTARD CUP HALF 
FULL OF WATER. BRING TO 
‘A BOIL, POUR IN THE EGG 
WHITE THAT 15 LEFT. IT 
COAGULATES INTO A FIRM 
WHITE MASS. THIS METHOD 
IS USED IN COOKING. IT 
I$ CALLED “POACHING.” 
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THE ITEMS ON THE 
TOP OF THESE TWO 
PAGES ALL CONTAIN 
PROTEINS. 


TION ONTO A BRIGHT SILVER COIN. IN A FEW MINUTES 
SILVER COIN TURNS BROWNISH-BLACK. FROM SILVER 
SULFIDE, PROVING THAT ALBUMIN CONTAINS SULFUR. 


TEST FOR SOLID 
WHITE PROTEIN 


VEY TEASPOON, 
SODIUM” BISULFATE IN 
5 ml WATER. ADD 
TEASPOON POTASSIUM 
NITRATE. DROP IN SMALL 
PIECE OF COAGULATED. 
EGG WHITE. HEAT. 
NaHsO, AND KNO; 
FORM HNO,—NITRIC 
ACID. THIS COLORS THE 
‘ALBUMIN YELLOW. 


ADD HOUSEHOLD 

WMONIA. THE  YEL. 
[TEST CHEESE, WOOL, CHICKEN, LOW ALBUMIN TURNS 
UMA BEANS THE SAME WAY: BRIGHT ORANGE. 


7 


@) Pace « smau Piece oF 


‘ALBUMIN IS FOUND 
IN EGGS, BLOOD, 
MILK, AND GRAIN: 


COAGULATED EGG WHITE 
ON A PIECE OF TIN. HEAT. 
VAPORS SMELL OF AMM( 
NIA AND TURN WETTED RED 
LITRUS PAPER BLUE. AMMO- 
NIA IS NH,. ALBUMIN: MUST 
CONTAIN Ni ANO H. 


CONTINUE HEAT: 

iG. IN THE END, 
CARBON REMAINS. 
‘ALBUMIN THEREFORE 
CONTAINS CARBON. 
TT ALSO CONTAINS 
OXYGEN, 


Be careful not to breathe fumes. 
SHAKE 5 ml OF THE YOLK WITH 5 ml CARBON TET- 
(CHLORIDE TO FIND OUT IF IT CONTAINS FAT. 


POUR A LITTLE OUT ON PAPER. LET CARBON TET: 
‘CHLORIDE EVAPORATE. GREASE SPOT REMAINS. 


HEAT THE MIXTURE. YOU GET A WHITE COAGULA- 
IN. YOLK AND WHITE BOTH CONTAIN ALBUMIN. 


PROTEIN IN MILK 
MILK I5_AN IMPORTANT SOURCE 
OF PROTEIN. THE PROTEIN IN 
MILK IS CALLED CASEIN. CHEESE 
1S SPECIALLY TREATED CASEIN. 


@ vo one rest Tse nat oF 
Te VINEGAR TO THE WARM 
SKI MILK. THE CASEIN SEPA- 
RATES IN HEAVY, WHITE CURDS, 


POUR Ye CUP SKIM MILK 
R MIXTURE OF 8 TEA. 
sPOONS SKIM MILK POWDER 
AND. %4_ CUP WATER) INTO 
‘CUSTARD CUP, HEAT 
(GENTLY UNTIL IT FEELS JUST 
SUGHTLY WARM WHEN YOU 
TEST IT WITH A FINGER, 


» @Brow cuesse cioTH ur aroun 
CASEIN, DIP THE BAG IN WA- 

TER AND SQUEEZE SEVERAL TIMES 
‘TO WASH QUT WHEY AND VINEGAR. 


SQUEEZE THE CASEIN ALMOST 
‘SPREAD OUT THE CHEESE CLOTH 
TO LET THE CASEIN DRY. 


TIE A PIECE OF CHEESE 
CLOTH OVER A JAR. POUR 
THE CURDLED MILK INTO THE 
CHEESE CLOTH. LET LIQUID 
(WHEY MIXED WITH VINEGAR) 
RUN OUT. KEEP THE LIQUID. 


WHAT ELSE 1S IN MILK? 


@ POUR THE VINEGAR-MIXED WHEY INTO A. MAKING CASEIN GLUE 
ISTARD CUP AND BRING IT TO A BOIL. YOU 

WILL SEE TINY WHITE FLECKS. THESE ARE SOFTEN 4 9 CASEIN WITH 4 mi WATER. 
ALBUMIN COAGULATED OUT BY THE HEAT. SHAKE UP 1 9 CALCIUM OXIDE IN 4 mi 


WATER. POUR THE CALCIUM OXIDE MIK- 
@ ruree THe wney. test THE FILTRATE TURE INTO THE CASEIN WHILE STIRRING. 
WITH FEHLING SOLUTION (SEE PAGE 85). 


THE RESULTING SMOOTH PASTE IS. AN EX: 
MILK SUGAR GIVES RED CuO PRECIPITATE CELLENT GLUE FOR PAPER AND FOR WOOD. 


GELATIN IS A PROTEIN 


GELATIN IS MADE FROM 
ANIMAL BONES AND HIDES. 


REMOVE THIGH BONE 

MAN. UNCOOKED 
CHICKEN LEG. SCRAPE IT 
CLEAN OF MEAT. DROP IT 
IN A TEST TUBE. COVER 
WITH 3 ml HYDROCHLO- 
RIC ACID IN 12 ml WATER. 
LET STAND FOR 3 DAYS. 


Proteins—Continued 


‘You are certain to be familiar with three common, 
pure proteins: albumin in eggs, casein in milk, and 
gelatin. 

ALBUMIN — Fgg white contains around 13 per 
cent albumin — from Latin albus, white. 

When you shake up egg white with water, you 
get what looks like an almost clear solution, But 
‘this is not a “true” solution such as you get when 
you dissolve salt or sugar—it is another kind of 
“solution” called a “colloidal dispersion.” For more 
about colloidal dispersions, see pages 100-101. 

As long as egg white is kept cool, it stays trans- 
parent and almost liquid. But what happens when 
‘you heat it? You know from frying or boiling an egg: 
It hardens — coagulates — into a solid white mass 
which you can not again “dissolve” in water, The 
chemist’s term for this change is “denaturation” — 
the egg white has changed its nature. 


CASEIN — Casein is another protein that goes into 
‘your diet. Some of the casein you drink (milk), some 
of it you eat (ice cream and cheese). 

In cheese making, the casein is separated from the 
liquid part of the milk — the whey. Ttis then pressed 
and stored until ripe. The flavors of cheeses are caus- 
ed mostly by esters created during the ripening. 


Ove DILUTED HYDROCHLORIC 
1D. DISSOLVES. THE CALCIUM 
SALTS IN THE BONE, LEAVING 
‘A FLEXIBLE SUBSTANCE CALLED 
OSSEIN. WASH OFF THE ACID. 
EXTRACT THE GELATIN INTHE 
OSSEIN BY BOILING IN WATER. 


S 


VL" 


Qare THE SOLUTION. ON COOLING, IT BECOMES 
LY-LIKE, IT HAS TURNED FROM "SOL" TO "GEL." 


GELATIN — Gelatin is « protein made from animal 
skins and bones, horns and hooves. 

Gelatin behaves in a peculiar manner with water. 
Tn cold water it merely swells, but in hot water it 
“dissolves” readily, forming a colloidal dispersion. 
‘As long as you keep this dispersion warm, it remains 
in a liquid form that is called a “sol.” When cooled, 
it turns into a jelly-like form called a “gel.” 


CHEESE 
Higa in soi 


MAYONNAISE 
Higui fn guia 


Colloidal Dispersions 


Wovtn you WALk up to a soda fountain and order 
“a triple, chocolate-layored colloidal dispersion”? 
No? Yet that’s what you do when you ask for a 
chocolate sundae. Ice cream is a colloidal dispersion 
of solids in a liquid; so is chocolate syrup. Whipped 
cream is a colloidal dispersion of air in a liquid. 

It was a Scot, Thomas Graham, who explained 
colloids, in 1862, He noticed that some solutions 
passed through parchment paper, others didn't. He 
discovered that most of those that filtered through 
were of chemicals that formed crystals — he called 
ty 1862, ASCOTTISH CHEMIST, them “crystalloids.” The others he called ‘colloids’ 
HIS IDEAS ABOUT COLLOIDS —from Greek kollades, glue-like 

When a colloid is mixed with water, it does not 
form a solution but a olution, the 
molecules of the dissolved chemical are too small to 
be seen even with the strongest microscope. In a eol- 
1 dispersion, the much larger particles ean be 
seen in an ultra-microscope — and you can see them 
as a light effect when you pass a light beam through 
the disper 

Colloidal dispersions can be formed by gases, liq- 
uids, and solids. Eight combinations are possible: 


‘MUDDY WATER 
solid in liquid 
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LIGHT TE: 


THE PARTICLES OF A 
COLLOIDAL DISPERSION, 
REFLECT LIGHT AND. 
MAKE THE PATH OF A 
UGHT BEAM VISIBLE, 


gases in liquids and in solids; liquids in gases, in 
other liquids, and in solids; solids in gases, in liquids, 
and in other solids. The illustrations show some of 
these possibilities — you can think of many others. 

The colloidal state is important to life. It is the 
way in which we get most of our food, the way we 
digest it, and the way the blood carries nourishment 
throughout our bodies. 


IN PEPTIZATION, LARGE PARTICLES ARE BROKEN DOWN 
INTO SMALLER PARTICLES OF COLIOIDAL SIZE. 


Qn up 1g stancn wrr 100 a1 
10 WATER. IF LEFT UNDISTURBED, 
STARCH QUICKLY SETTIES TO BOTTOM: 


POUR THE MIXTURE OF STARCH AND. 
/ATER INTO A CUSTARD CUP. BRING. 
TO A BOIL, THEN COOL. STARCH HAS 


IN EMULSIFICATION, ONE LIQUID 15 DISPERSED IN AN- 
OTHER, EMULSIONS CAN BE TEMPORARY OR PERMANENT. 


“1. SHAKE § ml KEROSENE AND 5 ml WATER TOGETHER 
IN A TEST TUBE, LET STAND FOR A SHORT TIME. LIQUIDS 
SEPARATE, THE EMULSION WAS TEMPORARY. 


“2 SHAKE 5 ml KEROSENE WITH SOLUTION OF ¥f 9 SOAP 
IN 5 ml WARM WATER. THEN LET STAND. LIQUIDS DO 
NOT SEPARATE. THIS IS A PERMANENT EMULSION. 


IN COAGULATION, MANY MOLECULES OF A SUBSTANCE 
JOIN TOGETHER INTO PARTICLES OF COLLOIDAL SIZE. 


SHAKE 1 g FLOWERS OF SULFUR WITH 10 ml DENA- 
JRED ALCOHOL. A SMALL AMOUNT OF SULFUR GOES 
IN SOLUTION, FILTER OUT THE UNDISSOLVED SULFUR. 


(@ rour tHe atcoHOUC SOLUTION OF SULFUR INTO 
‘A LARGE AMOUNT OF WATER. YOU WILL SEE A WHITE 
CLOUD OF FINELY DISPERSED COLLOIDAL SULFUR. 
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VEGETABLE FIBERS COME FROM 
PLANTS: COTTON, FLAX (LINEN). 


WOOL AND SILK {FROM SILK ARTIFICIAL FIBERS ARE VERY PO! 
WORMS) ARE ANIMAL FIBERS. ULAR: NYLON, DACRON, ORION. 


Natural and Aréificial Fibers 


Ir woutn BE Towor to get along without fibers in are manufactured synthetically with coal or petro- 
the modern world. Fibers are spun into thread, and —leum for their starting point, 

the thread is made into cloth for clothing and bed- Fibers belong in different. groups of chemical com- 
sheets, curtains and towels, and many other things pounds. Animal fibers are proteins; vegetable fibers 
around the house. Fibers also go into such articles are cellulose. Artificial fibers such as nylon, Orlon 
as string and rope, rugs and auto tires. Some of these and Dacron are very complex chemical compounds 
fibers come from the plant and animal worlds, others and have enormously long molecules. 


BURNING TEST FOR FIBERS 


CUT HALFINCH STRIPS / 
OF DIFFERENT FABRICS, 
IGNITE EACH STRIP IN. 
‘TURN. NOTICE HOW FAB- 
RIC BURNS, THE SMELL, 


AND ASH LEFT BEHIND. 


‘COTTON Rapid, yellow flame 
2 LINEN Fri 


3 Woot Slow, sizzling flome Like burning hair Hollow, black beod, 
‘easy fo crush 

4 siK Small, slow flame Uke weet Shiny, round bead, 
‘easy fo crush 


5 NYLON Melts; no flome like celery ‘Melis to block bead, 
hard to crush 


ORLON Melts ond burns Uke broiled fish Black bead, 


Tard Yo crush 
f 
7 YON Rapid, yellow fame Like cotton Uke cotton 


ike burning paper Small, fine, gray 


fost, yellow flame Like cotton Like cotton 


8 CELLULOSE Ropid flame 


ith small Like vineger Black bead, 
‘ACETATE ‘parkes ts 


: hard to crush 
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CHEMICAL TESTS FoR FiBeRs eH HE 


ox 
Sj 


Le wt 
@_ @ race ress wuses 
| nto Nove RESULT. 
WOOLAND Sie wave DE: 
{Oven HE OTA HOT 
Ty SAME exeeRIMENT 
Wire stron, Met 
SUC AND BATON DIS. 
Soyer sur tie woot 


@ arrez tast wastin, 
POUR OFF WATER. FOUR 
WET CUPRIC HYDROXIDE 
INTO A FILTER. WASH SOME 
MORE, THEN LET IT DRIP, 


RAYON IS MADE BY 
"DIGESTING" CELLU- 
LOSE IN CUPRAMMO- 
NIUM AND THEN SET- 
TING IT FREE AGAIN. 


@ro mane curtamnonun sownon, nest os. 
SOLVE 109 COPPER SULFATE IN 160 ml WATER INVA PINT 
Tak. ADD 10% NoOH SOLUTION URTILNO MORE LIGHT. MARE APPARATUS AS SHOWN 
LUE CUPRIC: HYDROXIDE FORMS. LET STAND. FOUR WA. SELOViy WITH GLASS TURE 
Tek OFF PRECIPITATE. REFILL THE JAR WITH WATER. ENDING IN FINE JEY TP. POUR 
‘AGAIN LETSTAND. AGAIN FOUR WATER OFF PRECIPITATE. PAPER SOLUTION INTO. BOT 
REPEAT THIS WASHING PROCESS HALF A OGZEN TIMES. THE 


@ sceare tHe moist cupric uy. 
DROXIDE INTO A GLASS, ADD STRONG 
AMMONIA [27%,, FROM DRUG STORE) 
BY THE DROP UNTIL All CulOH), HAS 
DISSOLVED AND HAS BECOME ‘DEEP. 
BLUE Cu(NH,)\(OH]. THIS SOLUTION 

IS CALLED "'SCHWEITZER'S REAGENT. 


@ rexruraz04 
PIECES OF FILTER 
PAPER. SUiR. THEM 
INTO THE BLUEUG 
Ube THEY WILL GO 
INTO SOWHON. 


@ face ne sue usr 
‘ ce Tae trace Or 
SS noe uc 
SE Ee UNS, 

WATER, ROW. as WUE OUD SeeMie ct 
Race cu oS UE MOU, STREAMS, OUT 
SE oF 
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‘THE MAKING OF A TYPICAL 
THERMOSETTING PLASTIC 
PHENOLICS. 


corbon 
v monoxide 


methyl eleohol {EO H. BAEKELAND WITH THE AUTO. 

+ Glave IN WHICH He MADE BAKEUTE 

g IN HIS YONKERS, N.Y, LABORATORY. 
fomelieyde peor Plastics—a Modern Giant 

Asout Firty rears ago, Dr. Leo H. Backeland, a 

Belgian-born American chemist, mixed phenol and 

formaldehyde together during an experiment. Other 

chemists had done this before Baekeland and had 


wondered how to get the messy goo that resulted HEAT TIP OF GLASS ROD 
out of their test tubes. But Backeland had another CONE nlinisens PRESS 

Phenolic resins approach. He asked himself, “What is it good for?” HOT TIP_AGAINST PLAS- 
/ He decided to find out. The result was Bakelite — I THEEMOPLAS ee 
¥ the first successful, modern plastic. IN THE THERMOSETTING. 


During theyear 1910, Backeland produced less than 
25 barrels of his “phenolic” plastic ina barn in You-  pypwine 
kers, N.Y. Nowadays, fifty years later, close to TEST 
500 million pounds are produced yearly. During 
those same fifty years, more than a dozen other types 
of plastics were invented. 

Today, plasties seem to be everywhere. You find 


‘ HOLD SMALL 
‘them in your home in flooring and wall coverings, PIECE OF A 
i is ra PLASTIC IN 
in table tops and chair upholstery, in TV cabinets ELST CAIN, 
and telephones, in toys and games, in rigid containers HOW IT BURNS. 


‘and in squeeze hottles. Much of your food comes to 
‘you protected by some kind of plastic. They are used yor qyeaMOserTING PIAS- 
in planes and trains and cars, A plastic puts the Tics GIVE OFF STRONG ODOR 
“safety” into safety glass. Other plasties are used BUT DO NOT BURN. MOST 

sate fae THERMOPLASTICS BURN BUT 
for long-wearing engine parts and for electrical in- SOM¢ OF THEIA STOP BURNING 
sulation. WHEN REMOVED FROM FLAME. 
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Plastics are made from a few simple raw materials 
—some just from water, air, and coal, others with 
the help of petroleum or natural ges, limestone and 
salt. The plasties chomist breaks down the eompara- 
tively simple molecules of these materials, then 
builds them up anew into very complex molecules. 

Plastics may be divided into two main groups ac- 
cording to their special properties. One group con- 
sists of the thermosetting plastics. These can be 
molded by heat and pressure, but can not be re- 
melted and remolded. They are along the lines of egg 
white which, once set by heat, stays set. The pheno- 
lics and ureas are important thermosetting plastics. 

The other group contains the thermoplastics. 
‘These are soft when heated, hard when cooled, but 
can be softened and hardened repeatedly. You can 
compare them to sulfur and candle wax. The poly- 
polystyrenes, vinyls, and acrylics are in 
the thermoplastics “family.” 


HEAT SHAPING, THERMOPLASTICS BECOME SOFT 
WHEN HEATED. YOU CAN THEN SHAPE THEM AT WILL. 


BRING A POT OF WATER TO A BOIL. DROP IN AN. 
OLD VINYL RECORD. WHEN SOFT, SHAPE IT WITH 
TWO LONG STICKS. iT BECOMES HARD AGAIN WHEN. 
IT IS REMOVED FROM THE HOT WATER AND COOLED. 


THE MAKING OF A TYPICAL 
‘THERMOPLASTIC 
VINYL 


bat 


salt natural gar coke ——_—limestone 


Rare 


\) 


chlorine ethylene 


\ 


] 


qd) 
\ 


Vinyl chloride-acetate 
copolymer 


YOU _CAN MAKE UNUSUAL 
DECORATIONS FOR THE 
WALLS OF YOUR GAME 
ROOM FROM OLD RECORDS. 


. PRESS A PENNY INTO. 
ET A PERFECT MOLD. 
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CHEMISTRY TAKES ON A GREATER IM- 
PORTANCE WHEN YOU NOT ONLY PER- 
FORM AN EXPERIMENT BUT ALSO WORK 
(OUT THE EQUATION 


Working 
You Have DONE a great number of experiments by 
now. You have worked with gases, liquids, and solids 
You have precipitated and decanted, filtered and 
distilled. As you think back over the experiments you 
‘vill discover that they fall into four main groups of 
chemical reactions. 

The simplest of these reactions is the DIRECT 
COMBINATION. In this, two or more substances 
combine to form a single more complex substance, 
as when iron and sulfur form iron sulfide: 


EF 
or when quicklime (calcium oxide) reacts with water 
to make slaked lime (calcium hydroxide): 
OREEWUE- C2108), 
DECOMPOSITION ‘the opposite of chemical 
combination. In this, a substance is broken down 
Setar college hie a VE ESSE OL 
separated the two elements foun 


HOMO 20.1 + 0.1 
or when you made oxygen from hydrogen peroxide: 
(ROMEO, — 21,0 + 0, t 
In a SINGLE DISPLACEMENT, one element. 


takes the place of another in a compound, as when 
you mede hydrogen from zine and hydrochloric acid: 


+HaBa—s,} +c, 


or whien you sot copper free by dropping a nail in a 


solution of copper sulfate: 
a+ easo, —Cu| + Fes0, 


water: 


‘OF THE REACTION. 


out Chemical Equations 


Ina DOUBLE DISPLACEMENT, the two com- 
pounds change partners with each other. Think of 
the time when you precipitated silver chloride from 
solutions of salt and silver nitrate: 


(GARD) — Acc | + Nano, 


or when you mixed Epsom salt and washing soda: 


(Riso, = Na [60))-- MgO, | + Na,8O, 


In studying the chemical shorthand above, you 
notice that, in every instance, there is an equal num- 
ber of atoms of each element on either side of the 
arrow that indicates that a reaction takes place. Be- 
cause of this equal arrangement, these chemical de- 
seriptions are called equations, 

Many of these equations are scattered throughout, 
this book: Many more are found in advanced chem- 
istry textbooks. But very often, a chemist has to 
work out an equation from scratch 

Let's say you want to figure out the equation for 
dissolving aluminum foil in hydrochloric acid. You 
write ont a trial equation: 

Al + HCl Alc + Hf 

But is AICI correct? Look at the valence chart on 
page 75. Aluminum has three valence bonds, chlo- 
rine only one. One Al atom therefore takes on three 
Clatoms, and aluminum chloride must be AICI. H 
t right, either. Hydrogen exists in the free state 
only in molecules containing two atoms (FI,). So you 
change the equation to thi 


Al + HC — AICI, + Hy, { 
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(MEASURE OUT ALL CHEMICALS COR- 
RECTLY AND FOLLOW INSTRUCTIONS 
CAREFULLY. MAKE NOTES AS YOU GO 


ALONG AND WRITE 
WHEN EXPERIMENT 


Now you need an amount of HC! that will give 
you Cl by the 3's and H by the 2's. 6HC1 will do this, 
So you write in 6HCI and change the rest until the 
equation balances: 

2A1 + 6HCI — 2AICl, + 3H; f 

Equations tell you what happens — but they tell 
far more than that 

‘Take the simple equation: 


Fe + S—FeS 
Havent stat Welt ement— tymter Welt 
ALUMINUM AL 27 | MAGNESIUM Mg 24 
BORON B11 | MANGANESE Mn 55 
CALCIUM = Co 40. | NITROGEN NO O14 
CARSON cs 12:'| OXYGEN «= 16 
CHLORINE Cl 36 | POTASSIUM K 39, 
corre = Cu. 64 “| SILICON Si 28 
HYDROGEN H 1 | siver Ag 108 
IODINE 1127 | SODIUM = Na 28 
IRON Fe 56 | SULFUR Spmens? 
LEAD. Ph 207 | ZINC In 65 


DOWN RESULT 
1S COMPLETED. 


This not only tells you that iron and sulfur make 
iron sulfide but also that it takes one iron atom and 
one sulfur atom to produce one molecule of FeS. Fur- 
ther, by inserting the atomic weights for the two 
elements from the chart on page 107, the equation 
tells you how much iron and sulfur are needed and 
how much iron sulfide you should get: 
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‘You can use the atomic weight numerals to indi- 
cate numbers of grams or any other unit of weight, 
By dividing by 16 you get the number of grams you 
used for experiment on page 22. 

‘Now take a more complicated equi 

Let's say you want to produce magnesium carbon- 
ate. The chart of solubilities on page 108 tells you 
that MgCO, is insoluble. You should therefore be 
able to precipitate it from a soluble magnesium salt 
—the sulfate, for instance—and soluble sodium 
carbonate: 


MgSO, + Na,CO,—-MgCO, | + Na,SO, 


Now you need to know how much MgSO, and how 
much Na,CO, you need, and how much MgCOs you 
will get. 

Before you start figuring from the oquation above, 
check the chart on page 108, top right. Here you 
will discover that each molecule of magnesium sul- 
fate has seven molecules of water of hydration(7H,0) 
attached to it, and each sodium carbonate molecule, 


(CONTINUED ON PAGE 108) 
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‘en molecules of water (10H,0). These do not enter 
into the chemical reaction — but you haye to in- 
clude them in the weight of the chemicals 

Write the atomic weight below each element. Then 
figure the molecular weight of each compound by 
adding the atomic weights of all the atoms found in 
‘the molecule. 

This is what you get: 


Mg S 0, eTH,O+Na, C 0, *10H,0—~- 


24 32 léxt 7x18 23x2 12 6x3 10x18 
244324 64 + 126 46 +12 + 48+ 180 
246 286 
MgC 0.)+ Na; S$ 0, 17H,0 
24 12 16x3 238x232 l6xt 17x18 
244124 48 46 432+ 64 306 
a 142 306 


CHEMISTRY AS A 
HOBBY WILL GIVE 
YOU MANY HOURS 
OF ENJOYMENT. 


(When a formula contains subscripts — the small 
numerals that indicate how many of kind —be 
certain to multiply the atomic weight by the number 
indicated by the subscript. In cases where the for- 
mula is preceded by a large number, be sure to mul- 
Aiply the molecular weight by this number.) 

Your finished calculation tells you that 246 g (or 
24.6 g or 2.46 g) of magnesium sulfate crystals and 
286 g (or 28.6 g or 2.86 z) of sodium carbonate erys- 
tals will give you 84 g (or 8.4 g or 84g) magnesium 
carbonate. 

When you get even deeper into chemical mathe- 
matics you will be able to figure out the percentage 
of clements in 2 compound for which you know the 
formula, or the formula of a compound when you 
know the percentage of elements, or the numbers of 
liters of a gas you prepare in a chemical reaction, 


CHEMISTRY AS A 
SCIENCE TRAINS 
YOUR_ REASONING 
‘AND OBSERVATION. 
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What’s Ahead in Chemistry? 


Tue cursican woxpens of today are amazing 
enough — but they are like nothing compared to the 
wonders the future holds in store for the welfare of 
all humanity. 

FOOD — The fertilizers of tomorrow will greatly 
increase the crops grown on farms throughout the 
world, Insect and disease-destroying chemicals will 
make cattle and poultry healthier and better pro- 
ducers of meat, milk, and eggs. Chemicals unknown 
today will make it possible to keep food fresh with- 
out refrigeration in any climate. 

HOMES — The houses of the future will be built 
of more durable materials than any we have today. 
Floors and wall covering will last almost indefinitely. 
New paints will add never-fading colors. 

CLOTHING — Many more man-made fibers will 
he added to those we use today — fibers with longer 
‘wear; fabrics that are cool in summer, warm in win- 
ter, easy to keep clean, 

HEALTH —The miracle drugs of today have 
wiped out diseases that ranked among our greatest 
killers just a few years ago. In years to come many 
more diseases will disappear from the surface of the 
world under the onslaught of still more effective 
rugs created in the chemical laboratory. 

‘TRAVEL — Much of the travel of the future will 
be at supersonie speeds, Planes and rockets will re- 
quire materials that can stand tremendous heat and 
new fuels capable of producing enormous energy. 
Chemistry will provide them. 


ATOMIC ENERGY — The foree hidden in the 
atom will be turned into light and heat and power 
for everyday uses, Chemists of the future, working 
with their brother-scientists, the physicists, will find 
new ways of harnessing and using the atoms of nu- 
merous elements —some of them unknown to the 
scientists of today. 


Do you want to share in the making of that as- 


in this book, figuring out formulas and equations, 
jotting down observations, you are the kind of per- 
son who has the qualifications for making « success- 
ful career in chemistry. 

If you eare to look further into the matter, speak 
to your science teacher about it and drop a line to 
‘one or all three of the organizations mentioned below 
‘and ask for their pamphlets on becoming a chemist: 

American Chemical Society, 

1155 16th Street, N. W., Washington 6, D. C. 

American Inslilute of Chemical Engineers, 

25 West 45th Street, New York 36, N. Y. 

Manufacturing Chemists’ Association, 

1625 I Street, N. W., Washington 6, D. C. 

But whatever you decide for the future, keep up 
your interest in chemistry as a hobby. In addition 
to giving you fun and enjoyment, your chemical 
hobby will sharpen your powers of observation and 
reasoning and train your mind for whatever occu 
pation you decide upon for a lifework. 


CHEMISTRY AS A LIFE. 
WORK ENABLES YOU TO 
CONTRIBUTE TO THE 
WELFARE OF MANKIND. 
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Where to Get Chemicals and Equipment 


‘A crear many of the experiments in this book can 
be performed with equipment found around the 
house: water glasses, custard cups, jars, bottles, cans, 
and funnel. For the rest, the following pieces of regu- 
lar chemical laboratory equipment are needed: 


6 test tubes, regular, 150 mm x 16 mm 
3 test tubes, Pyrex, 150 mm x 16 mm 
1 test tube brash, small 
3 wide-mouth bottles, 402s. 
ft glass tubing, 6 mm outside diameter 
rubber tubing, 46" inside diameter 

0 rubber stoppers, ane hole 

tubber stopper, one hole 
5 rubber stoppers, two holes 
jangular file, 
‘lass sticring rod, 5° 


If you can not secure this eqquipment locally, write 
to one of the companies below asking for price list 
or catalog, including cost of catalog where called for. 
‘When yon receive the answer, mail your order and 
the correct amount by bank check ar money order. 


Selence Mail Co.. 17-38 Murray St., Whitestone 37, N.Y. 
(Price list fea) 
Winn Chemical Co., 124 West 23rd St., 


New York 11, NOY. 


Jentilic Supply Co., 28 West 30th St, Ne 

(Catalog 308), 

Hoge La Supply, tt Homesten Ave, ‘Mount Vernon, N.Y. 
(Price ist free 

Bilogeal Suply Co, 1176 Mt, Hope Ave, Rochester 20, 


ALE, Giler Coy BO, Box 1610, Now Haven 6, Conn, 
(Price list free) 
WirChemigl Froduts, 30 Somerset St, Belmont, Mass 
(Catalog 254) 
bea Sh Sales, P.O, Bor 161, Brighton, Mass. 
Catalog 25 
“Te Porter Chemical Co, Hagerstown, Mi, (Price Uist es) 
Tracoy Scientific Laboratories, P. 0, Box 615, Evanston, Il 
(Catalog 258) 
al Scientific Co., 18 South Park Ave., Lombard, I 
(Catalog 358) 
Hagenow Laboratories, Manitowoc, Wis. (Catalog 204) 


IF YOU DECIDE TO USE REGULAR LABORATORY WARE 
IN YOUR HOME LAB, GET PRICE LIST FROM SUPPLIER. 


CHEMICALS FOR HOME EXPERIMENTS ARE AVAILABLE 
IN JARS OF UNIFORM SIZE, ALL PROPERLY LABELED. 


Wueneven vou Nzeb a chemical for one of the ex- 
periments described in this book, check the list of 
common chemicals on page 111 to find out. where to 
buy it, 

All of these chemicals are, of course, available 
through chemical supply houses. The trouble is that 
‘many of these houses do not sell to individuals but 
only to schools and established laboratories. Also, 
the chemicals usually come in a standard amount of 
44 1b, — or even 1b. — where, in home experiments, 
you would need 1 ounce or less. The same is often 
the ease when you buy chemicals in a local atore. 
‘The minimum-sized packages or jars may be so large 
that you couldn't possibly use up the contents in a 
year of experiments. You will probably also have to 
repack what you actually need into glass jars of suit- 
able size for efficiency and to fit your storage space. 

Because of this and the inconvenience of having 
to shop around, you may find it advantageous to buy 
your chemicals by the kit, in uniform-sized screw- 
top glass containers. Such kits are available in the 
science department of many hobby and model supply 
stores. 

Chem-Kit No. 1 contains the ten chemicals mark- 
‘ed B on the opposite page. Chem-Kit No, 2 contains 
the ten chemicals marked @. The kits contain suf- 
ficient amounts of chemicals to perform each experi- 
ment many times over. 

You can also make up your own set of chemicals 
in amounts suitable for home experiments by getting 
them from one of the companies listed to the left. 
Be certain to add the cost of the catalog when you 
write for one and to send the correct amount. when 
you order. 
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Common Chemicals and Ther Formulas 


| CHEMICAL NAME 


| PHENOLPRTHALEIN, 


| POTASSIUM ALUMINUM SULFATE) KAUSO) "1240 


| CH,COOC(C;H,OH)phenolphthalein 


faum, potassium sham 


FORMULA COMMON NAME WHERE TOBUY 
@ ACETIC ACID. CH,COOH + 1,0 [5% solution: white vinezar Grocery 
a /AMMONIUM CHLORIDE NHCI al ammoniae Drugstore 
a |AMMONTUM HYDROXIDE NHOH +10 li09% solution: houstold ammonia | Grocers 
6 Salution: strong emmonia | Drag store 
a |ponrc acto one acta Drug store 
@ |CALCIUM CARBONATE chunks: marble, limestone: Builders’ supplies 
der: priate chal, Drirstore 
ao |cAnctiat HYDROXIDE laked lime, garden Hime Hardware store 
a |CALCIUM OXIDE uiklime Builders’ supplies 
ag |caLctuat suLRATE blaster of Pars Hardware store 
| eeu Ghenfel supplies 
a |CARBON TETRACHLORIDE Farbon tet Hordware store 
2 |CoPPER SULFATE Ca80,45110 bu stil Drug store 
1 | FERROUS SULFATE FsS0,*7H0 iron sulfate, green vtsol,eopperas | Drug store 
5 | GLUCos! GiHu0e +10 fsoation: corn syrup Grocery 
1D HYDROCHLORIC ACID HCl + #0 3% solution: muriatic acid | Hladware store 
HYDROGEN PEROXIDE 110: + H0 Gi salution: pero Diug store 
0 METAL, POWDER Fe redone ioe CChemital supplies 
a SSIUM, METAL Me fnmznesam ribbon Chemical applies 
@ | MAGNESIUM SULFATE. MgS0.*7H.0 Eprom salts Dag store 
@ | MANGA! E DIOXIDE ‘Mn0; ipyrolusite: Hardware store 
| (lashlight battery) 
oo | NAPHTHALENE | outs tuoth balls Hrandware store 
= 
a 
a 
a 
a 
a 
a 
a 
a 
. 
a 


POTASSIUM FERROCYANIDE | KyFe(CN),*391,0 | potassium ferrocyanide 
POTASSIUM TODIDE KI [potessium iodide 
POTASSIUM NITRATE | KNO, jsaltpeter, niter 
|POTASSIUM PERMANGANATE | Kan, [potassium permanganate Drug store 
[SALICYLIC ACID CAOTCOOT ——_ salicylic acid Drug store 
SILVER NITRATE AgNO; Itunar caustic Drug store 
[SODIUM BICARBONATE ‘NaHCO: lbaking soda, bicarb Grocery 
SODIUM BISULFATE, NaHiSO,+11,0 '82% of Sani-Fiush® Grocery 
|g |soprum CARBONATE ‘NagO0,* 10H,0 soda, crystal washing soda | Grocery 
| ‘NajCO3 +H:0 lconcentrated washing soda Grocery 
g |SODIUM CHLORIDE aC fal, table salt Grocery 
| SODIUM HYDROXIDE ‘Naor lye, caustic soda, Drano® Grocery 
1G |SODIUM HYPOCHLORITE NaClO + 10 9 solution: laundry bleach, 
| Clorox® Grocery 
a NaKCWH0c+4H,0 | Rochelle salt Drug store 
1 |SODTUM SILICATE NaSi0; +10 |solution: water glass “Hardware store 
2 [SODIUM TETRABORATE NeB.0;+10H,0 {borax Drug store 
8 |SODIUM THIOSULFATE NaS.015H0 — {aypo Photo store 
5 |sucrose : CuO leane sugar Grocery 
5 |SULFOR s ‘powder: flowers of sulfur Drug store 
block: sulfur eandle Hardvrare store 
| ZINC, METAL 20. sine Hardware store 
| (asshlfeht battery) 
a | ZINC CHLORIDE, ZaCh + HO inners! uid Hardware store 
Note? Chemicals marked —many of thom liquids—are most easily secured in local stoves. Chemicals 


‘marked are found in Chom 
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LED area lighting 


‘The term LED area lighting is used in this encyclopedia to describe a white LED source 
that is bright enough to illuminate rooms, offices, or outdoor areas. It may also be used 
indesk lamps or table lamps as task lighting. LEDs for these purposes may be categorized 
as high-brightness, high-power, high-output, or high-intensity. A complete fixture con- 
taining at least one light source is properly known as a luminaire, although the term is 
hot uniformly applied and is sometimes written incorrectly as a luminary. 


The full term light-emitting diode is not normally applied to an LED used for area lighting. 
Forthis purpose, the LED acronymhas become universal. Periods are not normally placed 
between the letters, 


While an LED area-lighting package may contain more than one diode, iis still catego- 
rized here as a single source. By contrast, any component consisting of multiple sepa- 
rately discernible light-emitting diodes, as in a seven-segment numeral, a 14- and 16- 
segment alphanumeric character, a dot-matrix character, or a display of multiple char- 
acters, is listed in a separate entry as an LED display. 


The term OLED is an acronym for Organic Light-Emitting Diode, a thin panel in which an 
‘organic compound is contained between two lat electrodes. Despite its functionality as 
a form of LED, its design is similar to that of thin-film electroluminiscent light sources. 
Therefore it is discussed in the entry on electroluminescence. 


OTHER RELATED COMPONENTS 


+ LED indicator (se Chapter 22) 
«+ incandescent lamp (see Copter 18) 

+ fluorescent light (see Chapter 20) 

+ neon bull (see Chiaater 19) 

+ electrolumineseence (soe Cispivy 25) 
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What It Does 


High-brightness white LEDs provide a plug- 
‘compatible alternative to incandescent lamps, 
halogen lighting, and fluorescent lights for 
‘work spaces and the home. 


At the time of writing, products are still evolving 
rapidly in the field of LED area lighting. A shared 
goal of manufacturers is to increase efficiency 
while reducing retail price to the point where 


high-brightness LEDs will displace fluorescent 
tubes for most low-cost lighting applications. 


A wall-mounted LED reflector-bulb that emu- 
lates a halogen fixture is shown in Figure 23-1. A 
small LED floodlight for exterior use is shown in 
Figure 23-2. An early attempt to package an LED 
area light in a traditional-style bulb is shown in 
Figure 23-3. Within a decade, as LED area lighting 
continues to evolve, some of these examples 
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How It Works 


may look quaint. Configurations are evolving, 
with final results that remain to be seen. 


a 


Figure 23:1. A small LED reflector-ight emulating a halo 
zen fixture. Note the square of yellow phosphors mounted 
‘0 the diode. 


Figure 23-2. A floodlight for exterior use. Nine LEDs are 
assembled behind the yellow phosphors. The stee! frame 
‘measures about 4” by 3° 


Trends in Cost and Efficiency 

The luminous flux of a source is the total power 
that it radiates in al directions, within the visible 
spectrum. The unit that measures luminous flux 
is the lumen. For a more detailed discussion of 


light source, indicator, or display > single source > LED area lighting 


this topic, see "Power" on page 177. Since 1965, 
the cost perlumen of light from a given color of, 
LED has decreased by about a factor of 10, while 
the maximum number of lumens emitted by an 
LED package has increased by a factor of 20, dur- 
ing each decade. This is known as Haitz’s Law, 
named after Dr, Roland Haitz of Agilent Technol- 
gies. Figure 23-4 illustrates it graphically. 


Figure 23-3. An LED light bulb, Unlike an incandescent 
bul it fecuses the ilumination in one direction, ike a 
reflectorlight. Consuming only GW. itis claimed to be 
equivalent to a 40W incandescent bul, 


Schematic Symbol 

Schematic symbols that are commonly used to 
represent an LED are shown in Figure 23-5. The 
symbol remains the same regardless of the size 
‘or power of the component, but architectural 
plans may represent any type of light using the 
ircle-and-X symbol at bottom right. 


How It Works 


A high-brighteness LED functions on the same 
basis explained in the entry describing LED in- 
dicators. Photons are emitted when electrons 
are sufficiently energized to cross a PN junction 
and combine with electron-holes. 


An LED that appears white, or off-white, actually 
emits blue light that is re-radiated over a wide 
range of wavelengths by adding a layer of yellow 
phosphors to the chip. A cutaway diagram of an 
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LED chip (properly known asa die), mounted un- 
dera silicone lens, is shown in Figure 23-6. 


10.000 ° 
Siecinen vetamnaustax 
Ba) Sees | —o 
100 
ae 
> fain ° 
Pe oe 
28 os 
: ° 2 
5 oa ¥ hago 
0.03 ; = 
a Haltz’s Law a 
for LEDs 
106s" 10751985 100520082015 


with the d in 
during the years since 1965, The vertical 


‘measures both dollars and lumens. 
‘dco site-lighting fact sheet with adh 


it Report” published 


LEDs are mass-produced by etching them into 
crystals thatare then cutinto wafersbefore being 
subdivided into dies likesilicon chips, Most ofthe 
blue LEDs that form the basis of white lighting 


Use sapphire crystals as their substrate, The crys 
tal may range in diameter from two inches to six 
inches. Large sapphire wafers are also finding 
potential applications in camera lens covers and 
scratch-resistant cover plates for cellular phones. 


Transient voltage 
suppressor 


cathode 


\, Phosphor 


ain LED pt 


taway diagram of a htness white 
Adapted rom Philias Lumileds Technical Reference 


LED 


While a die for an LED indicator may be 0.3mm x 
0.3mm, a die in a high-brightness LED is often 
Imm x Imm. The size is limited by technical is 
suesinvolving totalinternal reflection ofthegen- 
erated light. 


The precise color of the light is adjusted by 
adding red phosphors to the yellow phosphors. 
This reduces the overall efficiency of the LED by 
around 10% but creates a “warmer” radiance. A 
graphical illustration of this principle is shown in 
Figure 22-3, in the entry on LED indicators. 


The color temperature of white or offwhite light 
is measured in degrees Kelvin, typically ranging 
from 2,500K to 6,500K, where a lower number 
representsa light with more redin itanda higher 
number represents a light with more blue in it. 
This system of measurement was originally used 
with incandescent bulbs to define the temper- 
ature of the filament, which determined its color. 
See “Spectrum® on page 173 for a detailed ex- 
planation. 


Chapter 23 
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Visible Differences 

The effects of different types of illumination are 
compared in Figure 23-7. To create this figure, 
firsta color chart was prepared in Photoshop and 
printed on high-gloss photo-grade paper with a 
Canon Pr09000 Mark Il inkjet printer, which has 
separate colors for red and green in addition to 
cyan, pale cyan, magenta, pale magenta, yellow, 
and black. 


The color chart was then photographed twice 
with a Canon SD Mark Il, using a fixed white bal- 
ance of 4000K. The first exposure was made with 
“daylight spectrum’ LED lighting (claimed color 
temperature of 650K) while the second was 
made with halogen lighting (claimed color tem- 
perature of 290k). The photographs were ad- 
justed in Photoshop for levels only, to fill the 
available range of 256 values. The two exposures 
show how the same chart would appear when 
viewed under the different lights, if the human 
eye did not adjust itself at all. Note the large area 
of the LED exposure which is rendered in shades 
of blue or purple. Also note the dullness of the 
reds, This confirms the everyday belief that “day- 
light spectrum” LEDs tend to have a cold, pur- 
plish cast while incandescents have a warmer, 
yellow look. 


The same camera was then used to make two 
more exposures, this time with the white balance 
set to 6500 for LED lighting and 2900 for halogen 
lighting, which would be the recommended 
standard procedure, suggesting thekind of com- 
pensation that the human eyealso tends to make 
for different ambient lighting, The resultisshown 
at Figure 23-8. The LED version hasimproved, but 
the redsand yellowsare still muted. The halogen 
version also looks better than before, but the 
magenta end of the spectrum has too much yel- 
low in it. These images show the limits of white- 
balance correction for indoor photography. 


light source, indicator 


Figure 23-7. The same printed color chart viewed with 
“daylight white” LEDs (top) and halogen lighting (bot: 
tom), without any compensation to allow forthe diferent 
light spectra. A fixed white balance of 4000K was used for 
both pictures 


Side-by-Side Comparison 
Because the human eye is much better at com- 
paring colors when they are adjacent to each 
other, another color chart was prepared using 
just six color bars of fully saturated red, yellow, 
green, cyan, blue, and magenta, with paler and 
darker versions above and below. The bars were 
separated with large white gaps. The chart was 
photographed first with the white balance set to 
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6500 under “daylight white” LED lighting and 
then again with the white balance at 2900 for 
halogen lighting. In Photoshop, thebars from the 


halogen version were copied and pasted beside 
the bars from the LED version to facilitate an A-B 


‘comparison. The result is shown in Figure 23-9. 


Figure 23-8. The same color chart as before, photo 
graphed with appropriate colar 2 seitings of 
{500K (top, using "daylight-spectrum 

(bottom, using halogen 


In each pair of colors, LEDs lithe one on the left, 
and halogen lights lit the one on the right. This 


LED area lighting 


figure shows the dramatic difference at the red 
end of the spectrum, and the poor reproduction 
of yellows by LED lighting. However, the LED ren- 
dering of green is better, and likewise the ren- 
dering of magenta, except where its darker ver- 
sion is concerned. Among the pale versions of 
the colors, the LED lights produce much less den- 
sity (Le, they have a brighter look) in the blues, 
greens, and cyans. The low densities will show up 
as pale highlights in a photograph of an object, 
and the picture will tend to have excessive con- 
trast. This will also contribute to the “harsh look 
of “daylight white" LED lighting which may be 
perceived by the eye 


Figure 23-9, A range of six fully saturated colors, with 
lighter and darker shades added above and below, phato- 
‘graphed first with “daylight spectrum” LEDs and then 
with halogen lights, after which the two sets of colors were 


pared for easy comparison. The LED version is an the let 
ineach pair 


Halogen is deficient at the blue-violet end of the 
spectrum, even when the camera has an appro- 
priate white-balance setting. Photographers can 
correct this using image-editing software, LED 
“daylight spectrum” lights are more difficult to 
correct. LEDs classified as ‘warm’ should repro- 
duce reds better, but may not do so well with 
blues. 


Diffuse light from a uniformly cloudy sky may be 
the most ideal form of lighting for photograph 
ing objects, butthisisoflittlehelp for peoplewho 
work (ortake photographs) under artifical lights. 
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LED lights that contain separate red, green, and 
blue emitters may perform better, but create a 
different problem, in that shadows will tend to 
have color fringes caused by the small offsets 
between the colored emitters. 


Heat Dissipation 

‘An LED is less than 100% efficient because not all 
electrons mate with electron holes, Some man- 
age to bypass the semiconductor junction; some 
recombine without generating light; and some 
transfer their energy to other atoms. In each in- 
stance, waste heat is created. While the heat in 
an incandescent bulb is mostly dissipated by ra- 
diation, an LED must get rid of the heat almost 
entirely by conduction, typically through a heat 
sink. This complicates the design of a fixture, be- 
cause the integrity of the pathway to dispose of, 
the heat must be retained when the LED bulb or 
tube is replaced, 


Efficacy 

The radiant luminous efficacy (LER) of an incan- 
descent light source measures how effective itis 
at channeling its output within the visible spec- 
trum instead of wasting it in infrared radiation. 
LER is expressed in lumens per watt, and in an 
incandescent bulb, itis calculated by dividing the 
power emitted in the visible spectrum (the lumi- 
rnous flux) by the power emitted over all wave- 
lengths. Thisis described in detailin Efficacy” on 
page 179in the entry dealing with incandescent 
lamps. 


In an LED indicator, almost all the radiation can 
be contained within the visible spectrum, which 
suggests that its efficacy should be 100%. How- 
ever, because some waste heat is still created in- 
ternally, the efficacy is calculated by dividing the 
light output, in lumens, by the power input, in 
watts, at the voltage required by the LED. (Lu- 
mens can be converted directly to watts, and 
therefore this division makes a comparison be- 
tween similar units). 


In an LED lighting fixture that contains its own 
electronics to convert higher voltage AC to lower 
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voltage DC, the power consumption of the fix- 
tureis measured not atthe diode, butattheinput 
side ofthe electronics. Therefore, theinefficiency 
of the electronics reduces the efficacy value of 
the lighting unit. 


Dimming 

An incandescent bulb is very sensitive to reduc- 
tion in power. It becomes radically inefficient, 
emitting perhaps 1% of its normal light output if 
the power is reduced to 40%. 


LEDs have an almost linear response to the sup- 
plied power. Usually a triac-based dimmer will 
not work well with LED area lighting, and a dim- 
mer designed for LEDs must be substituted, us- 
ing pulse-width modulation. 


Ultraviolet Output 

The gas plasma in a fluorescent light generates 
ultraviolet wavelengths that are shifted to the 
visible spectrum by the phosphor coating inside 
the glass envelope. Imperfections in the phos- 
phor coating can potentially allow leakage of ul- 
traviolet light, causing some researchers to claim 
that the use of CFLs (compact fluorescent light- 
ing) for close-up work with desk lamps can it 
crease the risk of developing some forms of skin 
cancer. (This claim remains controversial.) 


LED manufacturers are quick to point out that 
white LEDs do not emit any ultraviolet radiation. 
Figure 23-10 shows spectral power distribution 
curves derived from measurements of three 
high-brightness Color Kinetics LEDs manufac- 
tured by Philips, The manufacturer states cate- 
gorically that “The LED-based color and white 
light products made by Color Kinetics do not 
emit outside the visible spectrum: Infrared radi- 
ation is also negligible. 


Color Variation 

The correlated color temperature (CCT) is deter- 
mined by finding the conventional incandescent 
color temperature which looks most similar to 
the light from a white LED. Unfortunately, be- 
cause the CCT standard is insufficiently precise, 
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and because small manufacturing inaccuracies 
can occur, two LED sources with the same CCT 
number may still appear different when they are 
side by side. While the human eye adjusts itself 
to overall color temperature, itis sensitive to dif- 
ferences between adjacent sources. If two or 
more white LEDs ina lighting fixture do not have 
identical spectra, the difference will be 
noticeable. 
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Figure 23.10. Spectral power distribution curves for three 
high-brightness white LED lamps showing no ultraviolet 
emissions. (Adapted from a graph in a white paper pub 
lished by Colar Kinetics Incorporated.) 


To address the issue, manufacturers introduced 
the concept of “binning,” in which lights are sub- 
dassified to tighter specifications and are as- 
signed bin numbers based on their measured 
characteristics. The Philips Optibin system, for 
instance, assesses the light from various angles, 
as well as perpendicularly to the source. This is 
especially important where a large area such as 
a building lobby is painted white and is lit by 
high-brightness LEDs that must appear uniform 
in color temperature, 


Variants 


LED area lighting products are often designed to 
‘emulate the form factors of incandescent bulbs, 
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halogen reflector bulbs, orfluorescenttubes. The 
standard screw-in base of an LED light bulb, the 
pin-base of a miniature 12V LED reflector bulb, 
and the pins on an LED tube enable easy migra- 
tion ta the newer technology. 


Strip lights are unique to LED lighting systems. 
They are thick, flexible plastic ribbons in which 
are embedded a series of LEDs, For area lighting, 
the LEDs are white, and the strips can contain 
necessary control electronics for conversion of 
‘AC power. Thestrips can be placed behind ledges 
or moldings to provide soft, even illumination of, 
the ceiling above. 


Strip lights are also available for 12VDC power, to 
create lighting effects in customized automo- 
biles and trucks. These strip lights are available 
in various colors in addition to white. Many have 
multicolor capability and can be controlled with 
ahandheld remote. 


Comparisons 

The advantages of an incandescent lamp are 
listed in “Relative Advantages" on page 179, 
while advantages of fluorescent lights are lis- 
ted in “Comparisons” on page 194. These lists can 
be compared with the following advantages for 
LED area lighting: 


+ While the life of an incandescent lamp for 
room lighting can be as little as 1,000 hours, 
LED area lighting typically claims up to 
50,000 hours. 


+ The lifetime of an incandescent bulb is the 
average time it can emit light before cata- 
strophic failure. The lifetime of an LED is the 
average time it can emit light before gradu- 
ally dimming to 70% of its rated output. This 
is a much gentler, less inconvenient failure 
mode that does not require immediate re- 
placement. 

+ Unlike a fluorescent light or incandescent 


bulb, the LED does not contain hot tungsten 
that fails as a result of erosion. 
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+ Unlike a fluorescent light, an LED does not 
contain mercury, and therefore does not re- 
quire special recycling arrangements that 
entail associated fees. 

+ While fluorescents can have difficulty start- 
ing in low temperatures, an LED is not sen- 
sitive to a cold environment. 

+ Bright LEDs are available in a wide range of 
colots that do not require filtering. Filters 
greatly reduce the efficiency of incandes- 
cent bulbs when they are used in applica- 
tions such as traffic signals or rear lights on 
automobiles. 

+ High-brightness LEDs can be dimmable. Flu- 
orescent lights are usually not dimmable, or 
perform poorly in this role, 

+ LEDs are inherently directional, because the 
die radiates light at an angle of 90 degrees 
to its plane. This makes it ideal for ceiling 
mounting, where as much light as possible 
should be directed downward. A fluorescent 
tube or incandescent bulb often requires a 
reflector which reduces the overall 
efficiency. 

+ LEDs are insensitive to cycling. The life ex- 
pectancy of an incandescent bulb or (espe- 
Gilly) a fluorescent tube is reduced by cy- 
cling it on and off. 

+ No flickering, Fluorescent tubes may start to 
flicker as they age. 

+ No electrical interference. Fluorescent tubes 
can interfere with AM radio reception and 
some audio devices, 

+ Safe from breakage. LED area lighting does 
not necessarily use any glass. 


However, high-brightness LEDs still have some 
barriers to overcome: 


+ Cost. In the United States, before 60W incan- 
descent bulbs were legislated out of exis- 
tence, they could be sold profitably for less 
than $1 each. A T8 fluorescent tube, meas- 
uring 1" diameter and 48" long, currently 
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costs between $5 and $6 (retail) buthasa life 
expectancy in the region of 25,000 hours, 
and uses only 20% of the power of an incan- 
descent bulb to generate two to three times 
as much light. Clearly the fluorescent tube is 
amore economical choice, despite the price 
of the electronics that must be included in 
the fixture to start the tube. By comparison, 
currently the purchase price of an LED tube 
is three times that of a fluorescent tube. It 
may lasttwiceas long, but isnotsignificantly 
more efficient, generating perhaps 100 lu- 
mens per watt whilea fluorescentis typically 
capable of 90 lumens per watt. Prototype 
high-brightness LEDs have exceeded 200 lu- 
mens per watt, and should be competitive 
with fluorescents by 2020, but even then, 
migration will take time. 

Heat sensitivity, Heat reduces the light out- 
put and the lifespan of LED fixtures. 
Placement issues. Because LEDs are heat 
sensitive, they must be installed in locations 
that do not become excessively hot, their 
heat sinks must be correctly oriented, and 
they must have adequate ventilation. 

Color shift. Heatand age may cause the color 
temperature of an LED toshiftslightly, as the 
color is usually derived from two types of 
phosphors. 

Nonuniformity. Manufacturing inconsisten- 
cles can cause LEDs of the same type to dis- 
play slightly different color temperatures. 
Fluorescents and incandescents are more 
uniform, 

Lower heat output than incandescents, 
While this is an advantage from the point of 
view of efficiency, it can be a disadvantage 
in applications such as traffic signals or air- 
port runway lighting where waste heat can 
help to keep the lights free from snow orice, 
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Although the output from an LED area light is 
directional, while the output from an incandes- 
cent bulb or a fluorescent light is omnidirection- 
al, theintensity is measured the samewayin each 
instance, using /umens. This unit expresses the 
total ight emission, without taking directionality 
into account. (The intensity of LED indicatorsis 
calibrated in candelas, which measure the power 
within an angle of dispersion; but candelas are 
not used for area lighting.) 


‘Typical values for incandescent bulbs are 450 lu- 
mens for a power consumption of 40 watts, 800 
lumens for a consumption of 60 watts, 1,100 lu- 
mens for a consumption of 75 watts, and 1,600 
lumens fora consumption of 100 watts, Because 
much of the output from an incandescent bulb 
may be wasted by using inefficient reflectors or 
allowing the light to shine in directions where it 
is not needed, a high-brightness LED rated at 
1,000 lumens may actually appear brighter than. 
a 75-watt incandescent bulb. 


ATS fluorescent tube measuring 48" long by 1” 
in diameter consumes only 32 watts but emits 
almost 3,000 lumens—when it is new. This out- 
put gradually diminishes by as much as 40% over 
the lifetime of the tube 


Incandescent bulbs deliver between 10 and 15 
lumens per watt, approximately. A new fluores- 
cent tube produces around 80 to 90 lumens per 
watt, and LED area lighting at the time of writing 
can provide 100 lumens per watt, under real- 
world conditions. 


What Can Go Wrong 


Wrong Voltage 

Many high-brightness LED lighting units can be 
used with either 115VAC or 230VAC. There are 
exceptions, however. Check the specifications to 
make sure. Also, itisimportant to avoid applying 
domestic supply voltage to 12V LED miniature 
reflector-bulbs that are intended to replace 
12VAC halogen bulbs of the same size. 
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Overheating 

Ifa high-brightness LED fixture is equipped with 
a heat sink, this must be exposed to freely flow- 
ing air. Any vanes on the heat sink should be ori- 
ented vertically to encourage convection, and 
the fixture must not be placed in an enclosure. 
Overheating will radically shorten LED life. 


Fluorescent Ballast Issues 
Afluorescent fixture containsa ballasttolimitthe 
tendency of the tube to draw excessive current. 
The ballast is contained in a plastic box attached 
to the back of the frame in which the tube is 
mounted. 


‘A magnetic ballast contains a coil, and is by- 
passed by an additional starter that applies un- 
limited current for one second when the power 
is switched on, preheating the tube to initiate 
plasma discharge. 


‘An electronic ballast performs the same function 
without a separate starter. 


Some LED tubes designed as substitutes for flu- 
orescent tubes may allow a magnetic ballast to 
remain in the circuit, but may not tolerate an 
electronic ballast. Other LED tubes require any 
type of ballastto be unwired from the circuit The 
unwiring operation will require disconnection of 
a couple of wires by removing wire nuts (assum- 
ing that the fixture has been designed to comply 
with US. building codes). The wires are then re- 
connected to apply power directly to the tube, 
and the wire nuts are reapplied to complete the 
new connection. The ballast can remain passive- 
ly in the fixture. 


Failing to remove the ballast and/or the starter 
from a fluorescent fixture before installing an 
LED tube that requires direct connection to the 
power supply can damage the tube. Connecting 
the power incorrectly to the LED tube may result 
in it failing to light up. Documentation supplied 
With the LED tube should provide guidance for 
disconnecting the ballast and connecting the 
tube. Note that the pin functions on LED tubes 
are not standardized at this time, 
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Misleading Color Representation 
Because the spectrum of a white LED isnoteven- 
ly weighted across all wavelengths, it will fll to 
represent some colors accurately, as shawn pre- 


viously, This can be important if LEDs are used to 
illuminate full-color printing or artwork orifthey 
are installed in stores selling merchandise such 
as clothes, furnishings, or food. 


226 Encyclopedia of Electronic Components Volume 2 


LED display 


In this encyclopedia, a component consisting of multiple separately discernible light- 
emitting diodes, such as a seven-segment numeral, 14- or 16-segment alphanumeric 
character, a dot-matrix character, or a display module containing multiple characters, is 
categorized as an LED display. The term light-emitting diode is hardly ever used to de- 
scribe an LED display, as the LED acronym has become ubiquitous. The acronym does 
rot usually include periods between the letters 


An LED indicator is defined here as a component usually Smm or smaller in diameter, 
made of transparent or translucent epoxy or silicone, most often containing one light 
emitting diode, tis purposed as a status indicator in a device, rather than as a source of 
illumination, and is sometimes referred to as a standard LED. 


LEDs that are designed to illuminate large living or working areas are discussed in a 
separate entry as LED area lighting, They are sometimes referred to as high-brightness 
LEDs and almost always emit white light: 


The term OLED is an acronym for Organic Light-Emitting Diode, a thin panel in which an 
organic compounds contained between two flat electrodes. Despite its functionality as 
a form of LED, its design is similar to that of thin-film electroluminiscent light sources. 
Therefore it is discussed in the entry on electroluminescence. 


OTHER RELATED COMPONENTS 


| LED indicator (se2 Chseler 22) 
«+ LED area lighting (see Ciispter 23) 

«+ vacuum-fluorescent (s2e-C)pie" 25) 
+ electroluminescance (soe Chapter 25) 
+ tep (see Chapter 17) 


What It Does 


‘An LED display presents information on a panel 
or screen by using multiple segments that emit 
light in response to a DC current, almost always 
ata voltage ranging between 2VDC and SVDC. 
The display may contain alphanumeric charac- 
ters and/or symbols; simple geometrical shapes; 
dots; or pixels that constitute a bitmap. 


A liquid-crystal display, or LED, serves the same 
purpose as an LED display and may appear very 


similar, except that a liquid crystal reflects inci- 
dent light while an LED emits light. The increas- 
ing use ofbacklighting with LCDshas made them 
appear more similar to LED displays. 


‘Thereisnoschematicsymboltorepresentan LED 
display. Where a segmented display is used, 
often the segments are represented with drawn 
outlines, 


The simplest, most basic, and probably the best- 
known example of an LED display is the seven- 
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segment numeral, one of which is shown in 
Figure 24-1. This is a Kingbright HDSP-313E with 
a character height of 0.4" 


Figure 24-1. The most basic LED aispay 
rhumerals from O through 9 using seven light-emitting seg 
‘ments that can be llumvinated individually. An eighth seg 
‘ment forms the decimal point. 


able to create 


How It Works 


The process by which an LED generates light is 
explained in “How it Works” on page 207, in the 
entry dealing with LED indicators. Each light- 
emitting diode in an LED display is functionally 
the same as the diode in an LED indicator. 


LEDs must be driven with DC. This is a primary 
distinction between an LED display and an LCD, 
which requires AC. 


Variants 


LCD comparisons 
LCDs and LED displays can look very similar. This 
raises the obvious question: whichis appropriate 
for a particular application? 


LCDs (without backlighting) are more appropri- 
ate for applications such as digital watches and 
solar-powered calculators where power con- 
sumption must be minimized. They are capable 
of running for years from a single button cell 
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LCDs are easily visible in bright ambient light, 
where LED displays are not, LCDs can also be de- 
signed to display complex pictographic shapes 
and symbols, while the segments of an LED dis- 
play are more constrained to be simple in shape 


An LCD is more likely to be affected by tempera- 
ture than an LED, and powering it entails some 
slight inconvenience, because it requires an AC 
source that is unlikely to be useful elsewhere in 
a circuit. Ifthe LCD uses LED backlighting, it will 
also require a low-voltage DC power source for 
the backlight. An LED display is easier to use in 
that it can be driven directly from a microcon- 
troller or logic chip, with only some series resis- 
tors to limit the current, and the addition of tran- 
sistors to provide additional power where nec- 
essary. 


Seven-Segment Displays 

Early seven-segment LED displays were used in 
digital calculators, before LCDs became an af- 
fordable, practical alternative that greatly exten- 
ded battery life. Initially, the size of the diodes 
was limited, sometimes requiring magnifying 
lenses to make them legible. 


Seven-segment displays ate still used in some 
low-cost applications, although LCDs have be- 
‘come more common. 


Figure 24-2 shows how the segments are identi- 
fied with letters a through g. This scheme is used 
universally in datasheets, and is also used for 
LCDs. The decimal point, customarily referred to 
as “dp!’is omitted from some displays. The seg- 
ments are slanted forward to enable more ac- 
ceptable reproduction of the diagonal stroke in 
numeral 7. 


Although seven-segment displays are not ele- 
gant in appearance, they are functional and are 
reasonably easy to read. They also enable the 
representation of hexadecimal numbers using 
letters A, 8, C, D,E, and F (displayed as A, b,c, d, 
E, F because of the restrictions imposed by the 
small number of segments), as shown in 
Figure 24-3. 
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Figure 24-2. 


In appliances such as microwave ovens, very ba- 
sic text messages can be displayed to the user 
within the limitations ofseven-segment displays, 
as suggested in Figure 24-4. 


Numbers 0, 1, and 5 cannot be distinguished 
from letters O, |, and S, while letters containing 
diagonal strokes, such as K, M,N, V, W, X, and Z, 
cannot be displayed at al. 


Multiple Numerals 

Displays consisting of a single numeral are now 
rare, as few applications require only one digit. 
Displays of two, three, and four digits are more 
common, as shown in Figure 24-5 


Additional Segments 

Displays with 14 or 16 segments were introduced 
inaneffortto enable the representation of allthe 
letters of the alphabet. The segment layout of 
these LED displays is identical to that of compa- 
rableLCDs. The differences between 14-segment 
and 16-segment displays are shown in 
Figure 24-6, Someare angled forward like seven 
segment displays, even though the addition of 
diagonal segments makes this unnecessary for 
display of characters such as numeral 7. 


Figure 24-3. Numeral 


Figure 24-7 shows the scheme foridentifying the 
segments of a 16-segment display. This naming 
convention is used in all datasheets, The lower- 
case letters that were customary with seven- 
segment displays are usually abandoned in favor 
of uppercase, perhaps to avoid confusion with 
the letter L. Note that letter | is omitted from the 
sequence, 


For a complete alphanumeric character set en- 
abled by a 16-segment display, see Figure 17-9 
in the entry discussing LCDs. 


‘An example of a 16-segment alphanumeric LED 
display is shown in Figure 24-8, mounted on a 
breadboard and wired to show the letter N. This 
is a Lumex LDS-F8002RI with a character height 
of0.8"Thecomponentisstillavailableatthetime 
of writing, but in limited quantities. 
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Generally speaking, 16-segment displays were 
never very popular, because the gaps between 
adjacent segments impaired legibility. LED ver- 
sions remain more readily available than LCD 
versions, but dot-matrix displays allow a better 
looking, more easily legible alphabet, with the 
added possibility of simple graphics 


In the 1980s, some personal computers used a 
video character setin which each letter, numeral, 
punctuation mark, and special character was 
formed ona video screen fromafixed-size matrix 
of dots.A similaralphabetisnow used in LED dot- 
matrix displays and LCDs, as shown in 
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ication of segments in 


Alphanumeric dot-matrix characters are often 
grouped in two or more rows with eight or more 


ED displ nt 


characters per row. The number of characters is 
always listed before the number of rows, so that 
an 8x2 display would contain eight alphanumer- 
ic characters in two horizontal rows, This type of 
component is properly described as a displ 


Display modules ate used in consumer electron: 
ies products such as a stereo receiver where sim 
ple status messages and prompts are necessary 
—for example, to show the tone control settings 
or the frequency of a radio station, Because the 
cost of small, full-color, high-resolution LCD 
screens has been driven down rapidly by the 
‘mass production of cellular phones, and because 
these high-resolution screens are much more 
versatile, they have already displaced dot-matrix 
display modules in many automobiles and are 
likely to follow a similar path in other devices. 


The x8 pixel array of LED dots shown in 
Fig measures 60mm squate (slightly 
more than 2") and contains 64 LEDs, each ap: 
proximately Smm in diameter, Similar arrays are 
available in other sizes and with different num 
bers of dots. Displays of the same type may be 
assembled edge-to-edgetoenablescrolling text 
or simple graphics. 
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Multiple Bar Display 

A bar display is a row of small rectangular LEDs 
ina single component. It may be used for digital 
representation of an analog signal. The higher 
the voltage of the signal, the more bars will be 
illuminated. A typical application would be to 
show the signal strength of an input to an audio 
recorder. Ten barsareoften used, asin the display 
shownin Figure 24-10, but multiplecomponents 
can be combined end to end. 


Figure 24-10. Two LED bar displays in which segments 
can be it individualy 


Single Light Bar 
A light bar can be thought of as a single-source 
LED, as itis configured as a single square or rec- 
tangle. It is mentioned here, rather than in the 
entry for single-source LED indicators, because 
variants may be subdivided into two, three, four, 
or (sometimes) more discrete sections. These 
variantsare often includedin thesame datasheet 
as the monolithic version. 


A light bar contains multiple LEDs (often, four in 
number) behind a translucent panel that pro- 
vides evenly diffused radiance. 


Values 


The values for most LED displays are basically the 
same as for LED indicators, in terms of color, 
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brightness, current consumption, and voltage. 
See “Values” on page 211 forinformation, 


Multiple-character dot-matrix LED display mod- 
ules may have different requirements for forward 
voltage and forward current, depending on dri 
ers thatare incorporated in the module, Because 
there is no standardization for these modules, it 
will be necessary to consult the manufacturer's 
datasheet. 


How to Use It 


Seven-Segment Basics 
The diodes ina seven-segment LED display share 
eitheracommon anodeoracommon cathode, the 
latter being more frequently used. The twotypes 
of internal wiring are provided for convenience 
only. Externally, the displays function identically, 


‘A schematic suggesting the internal wiring and 
pinouts of a typical ten-pin common-cathode 
display Is shown in Figure 24-11. The pins are 
numbered as seen from above. Appended to 
each number is the identity of the segment to 
which itis connected. Pins 3 and are connected 
with the cathodes of all the internal LEDs. Both 
of these pins should be used, to serve as heat 
sinks for the display. 


Note that series resistors are not included inside 
the display and must be added externally. Their 
value will be determined by the power supply, to 
limit the forward current and forward voltage 
through the LEDs to the extent specified by the 
manufacturer. 


An encapsulated resistor array containing either 
seven or eight resistors in an SIP or DIP chip can 
be used instead of individual resistors. A seven- 
segment LED display would require the type of 
resistor array in which both ends of each resistor 
are accessible. 


Where two or more numerals are combined in a 
single component, this type of display is likely to 
have two horizontal lines of pins. In this case, pin 
1 will be at the bottom-left comer, seen from. 
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above. As always, the pins are numbered coun- 
terclockwise, seen from above. 


tg 


Figure 24-11. A schematic view of internal connections 
and pinouts of a seven-segment comman-cathode LED 
‘display. The numbers refer tothe pins of the component, 
‘seen from above. The lpin may also have a mark beside it 
‘an the component. far identification. The orientation of 
the display can be deduced if there is a decimal point, 2s 
this should be at the bottom-right comer. 


Where three or more numerals are combined in 
a single component, the pinouts may be de- 
signed for multiplexing rather than individual 
access to every segment of each numeral. A four- 
digit clock display, for instance, may have seven 
pins that connect in parallel to respective seg- 
‘ments in all of the numerals, and four additional 
pins that can ground each numeral in turn, so 
that they can be selected sequentially. 


Driver Chips and Multiplexing 

Illuminating the appropriate segments in a sin- 
gle numeral can be done directly from a micro- 
controller, or through a driver chip such as the 
well-knownand widely used 45438 that converts 
a binary-coded decimal input into appropriate 
segment output patterns. The chip can source 
sufficient current to drive each segment through 
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a series resistor. Its pinouts are shown at 
Figure 24-12. 


Figure 24-12. Pinouts of the 45438 seven-segment LED 
river chip. 


When used in conjunction with a microcontrol- 
ler, the 45438 can drive several seven-segment 
displays by multiplexing them. The basic sche- 
matic to achieve this is shown in Figure 24-13, 
omitting optional features such as leading-zero 
blanking or connections fora decimal point. The 
microcontroller sends the binary code for the 
first numeral and simultaneously grounds the 
common cathode of that numeral through a 
transistor, which is needed because as many as 
seven segments of the numeral may be passing 
current in parallel. The microcontroller then 
sends the binary code for the second numeral, 
and grounds it; then sends the binary code for 
the third numeral, and grounds it; and the cycle 
repeats. So lang as this process is performed at 
sufficient speed (at least S0H2), persistence of vi- 
sion will create the illusion that all the numerals 
are active simultaneously. The circuit can be 
compared with a similar circuit to drive LCDs, 
shown in Figure 17-17. 
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Figure 24-13. A basic, simplified circuit for driving mutt 
ple seven-segment LED displays by multiplexing them, 


The disadvantage of this system is that the mi- 
crocontroller must update the numerals con- 
stantly while performing other duties. To reduce 
this burden, a ‘smarter’ driver such as the 
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MC14489 can be used, controlling up to five 7- 
segment digits, or the Intersil (CM7218, which 
can control up to eight 7-segment digits. 


‘The MC14489 controller receives data serially, 
Using SPI protocol, and handles the details of ad- 
dressing the LEDs. Because it contains latches to 
sustain the displayed data, amicrocontralleronly 
needs to communicate with the driver when the 
displayed information needs to be updated. 


The ICM7218 is a more sophisticated chip, avail- 
able in several variants, ane of which can receive 
data on an 8-bit bus and run the seven-segment 
displays in hexadecimal mode. 


Sixteen-Segment Driver Chip 
‘The MAX6954 by Maxim can driveup to eight 16- 
segment alphanumeric LED displays using a 
scheme known as Charlieplexing, named after a 
Maxim employee named Chatlie Allen who came 
upwith the concept as a way of reducing the pin 
count required for multiplexing. Other Maxim 
controllers use this same protocol, which istrans- 
parent to the user. 


Amicrocontroller sends data serially via I2C pro- 
tocol to the MAX6954, which contains a variety 
of features, It can drive 14-segment and 7- 
segment displays as wellas 16-segment displays, 
and contains a 104-character alphabet for each 
of them, Setting up a microcontroller to send the 
various necessary command codes to the 
MAX6954 is not a trivial matter, and bearing in 
mind the probably impending end-of-life of 16- 
segment displays, a better option may be to use 
dot-matrix LED display modules that have con- 
troller logic builtin, 


Dot-Matrix LED Display Modules 
A dot-matrix LED display module requires data 
to define a character set, and a command inter- 
preter to process instructions that will be em- 
bedded ina serial data stream. These capabilities 
are provided either by separate chips or (more 
often) are incorporated into the LED display 
module itself 
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‘The $SD1306 is a monochrome graphical con- 
troller capable of 12C or SPI serial communica- 
tion, or parallel communication. When this ca- 
pability is built into a display module, only one 
of these types of communication may be activa- 
ted. 


‘The $SD1331 Is a color graphical controller with 
similar communication capabilities. 


‘The WS0010 is a monochrome controller, com- 
patible with HD44780, which is designed to con- 
trol LCDs. 


Typical controller functions are summarized in 
phanumeric Display Module’ on page 168. 
Because there is no standardization in this field, 
precise details must be found in manufacturers’ 
datasheets. 


Pixel Arrays 
‘The connections inside an 8x8 pixel array are 
shownin Figure 24-14, wherethe schematicsym- 
bols for LEDs have been replaced by gray circles 
for space reasons. To illuminate one LED, power 
is supplied to theintersection whereit resides. In 
the figure, each vertical conductor (identified as 
AI, A2.....A8) can power the anodes of a column 
of eight LEDs, while each horizontal conductor 
(identified as C1, C2... C8) can ground the cath- 
odes of a row of eight LEDs. If only one vertical 
conductor is connected with positive power 
while one horizontal conductoris grounded, on- 
ly one LED will light up, at the intersection of the 
active conductors, 


A problem occurs if we wish to illuminate two 
LEDs. Suppose they are located at (A3,C2) and 
(A6,C5). Unfortunately, providing power to them 
will also result in activating LEDs at (A3,C5) and 
(A6,C2), as shown in Figure 24-15, where the yel- 
lowcircles represent LEDs that have been switch- 
edon, 


‘The answer to this problem is to rasterize the 
process. In other words, data is supplied on the 
array onelineatatime, asin the process by which 
a TV picture is generated. If this is done quickly 
‘enough, persistence of vision will create the 


to Use 
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illusion that the illuminated 


simultaneously. 


LEDs are 


Figure 24-14. Internal connections in the 8x8 matrix 
Each gray circle reprasents an LED. 


Figure 245, An attempt to iluminate LEDs at (A2C2) 
and (AG.C5) wil also activate the LEDs at (A3C5) and 
(46.c2), 


‘A form of multiplexing is used to achieve this. 
(One row of LEDsis connected tonegative ground 
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for a brief interval, During this interval, the ano- 
des of selected LEDs are powered momentarily 
Then the next row is grounded, and selected 
LEDs along that row are powered momentarily, 
This process is repeated for all eight rows before 
being repeated. 


If several 8x8 matrices are assembled edge to 
edge, their horizontal conductors can be com- 
mon to all of them. A horizontally scrollable dis- 
play (sometimes referred to by the archaic term, 
electric newspaper) would then be possible, al 
though the circuit design would be nontrivial. 


Multiple Bar Display Driver 

The LM3914is a driver for a bar display that com- 
pares an analog input with a reference voltage 
and provides power to the segments of a multi 
ple bar display, ranging from 2mA to 30mA, ad- 
justable to match the specification of the display 
that is being used. The chip can generate either 
a “thermometer” effect, as more outputs are ac- 
tivated when the analog input increases, or a 
“moving dot” effect, in which only one output is 
onata time 


One-Digit Hexadecimal Dot Matrix 
While multi-character dot-matrix LED display 
modules are a versatile way to display prompts 
and numbers, a simpler component is some- 
times sufficient. The Texas Instruments TIL311 is 
a minimal dot-matrix LED display that receives a 
binary value from 0000 through 1111 on its four 
input pins and generates the output in hexadec- 
imalform, using numerals Othrough 9 andletters 
A through F. The sixteen possible outputs in the 
dot-matrix display are shown in Figure 24-16. AF 
though this component is no longer being man- 
ufactured, itis widely available from many sour- 
ces, especially in Asia. It eliminates the series re- 
sistors and controller chip thatare customary for 
a seven-segment display, and has a better- 
looking output. 


A sample of the TIL311 is shown in Figure 24-17 
displaying the number 2. 


IF two of more of these chips are put together, 
they can be multiplexed to display multi-digit 
decimal or hexadecimal integers. 


‘The chip features two decimal points, one to the 
left of the displayed numeral, and one to the 
right. they are activated, they require their own 
series resistors to limit the current. 
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Figure 24-17, The Texas Instruments TIL311 can be driven 


directly by a 
tout 


What Can Go Wrong 


icantroller or counter chip, with no ser 
sary. It can generate a hexadecimal 


Common Anode versus 

Common Cathode 

‘An LED display containing a common cathode is 
usually identical in appearance to a display con- 
taining a common anode, and the two versions 
will be distinguished by only one digit or letter 
in their partnumbers. Because LED displays have 
a limited tolerance for reverse voltage, part num- 
bers should be double-checked before applying 
power. 


Incorrect Series Resistance 
Acommon ertoristoassume thatonly one series 
resistor is necessary for a seven-segment LED 


D display 


display, either between the common cathode 
pin and ground, or, if there is a common anode, 
between thatand the positive power supply. The 
problem is that if the resistor is suitable for a sin- 
gle LED, its value will be too high when several 
segments of the display are sinking current or 
drawing current throught Ifits values reduced, 
it will be too low when only two segments are 
using it (as when generating the number 1), 


To provide equalillumination of allthe segments, 
each must have its own series resistor. 


Multiplexing Issues 

When several displays are multiplexed, they nat- 
urally appear dimmer, creating a temptation to 
compensate by upping the current. Because cur- 
rent is only being applied to each display inter- 
mittently, a natural assumption is that a higher 
current can be safely used. 


This may or may not be true. When running an 
LED device with pulsed current, the peak junc- 
tion temperature, not the average junction tem- 
perature, determines the performance, At re- 
fresh rates below 1kHz, the peak junction tem- 
peratureishigher than theaveragejunctiontem- 
perature, and the average current must therefore 
be reduced. 


Datasheets must be checked to determine 
Whether a device is designed with multiplexing 
in mind and, if so, what the recommended peak 
current is. Very often this value will be accompa- 
nied bya maximum duration in milliseconds, and 
acalculation may be necessary to determine the 
refresh rate, bearing in mind how many other 
LED displays are being multiplexed in the same 
circuit at the same time. 


Irresponsible multiplexing will shorten the life of 
an LED display or bur it out. 
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vacuum-fluorescent display 


‘The term vacuum-fluorescent display is seldom hyphenated, but the first two words 
are hyphenated here as they constitute an adjectival phrase. The acronym VFD is be- 
coming increasingly popular, although it is ambiguous, being also used to identify a 
variable frequency drive, In both instances, the acronym is printed without periods be- 
tween the letters 


‘The entry in this encyclopedia dealing with fluorescent lights does not include VFDs, 
because their purpose and design are very different. A VD is an informational display, 
often showing numerals and letters, while a fluorescent light merely illuminates a room 
or work area. Although a VED does use fluorescent phosphors, they are printed onto 
light-emitting segments of the display instead of being applied to the inside surfaces of 


# 
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a glass envelope. 


OTHER RELATED COMPONENTS 


+ LED indicator (see Chapter 22) 
+ LcD display (see Chapter 17) 
+ electroluminescence (soe Ciapter 25) 


What It Does 


How It Works 


A vacuum-fluorescent display or V/FD superfi- 
cally resembles a backlit monochrome LED or 
an LED display, as it can represent alphanumer- 
ic characters by using segments or a dot matrix, 
and can also display simple shapes. It is often 
brighter than the other information display sys- 
tems, and can emit an intense green phosphor- 
escent glow that some people find aesthetically 
pleasing, even though a grid of very fine wires is 
superimposed internally over the displayed im- 
age. 


‘There is no specific schematic symbol to repre- 
sent a vacuum-fluorescent display. 


The display is mounted inside a sealed capsule 
containing a high vacuum. A widely spaced ser- 
ies of very fine wires, primarily made of tungsten, 
functions as a cathode, moderately heated to en- 
courage electron emission. The wires are often 
referred to as filaments. 


Afluorescentlight uses AC, and both ofits elec- 
trodes are often confusingly referred to as cath- 
codes. A VFD uses DC, and its cathode array has 
the function that one would expect, being con- 
nected with the negative side of the DC power 
supply. 

Opposite the cathode, just a few millimeters 
away, is an anode that is subdivided into visible 
alphanumeric segments, symbols, or dots in a 
matrix. Each segment of the anode is coated with 
phosphors, and individual segments can be sep- 
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arately energized viaa substrate. When electrons 
strike a positively charged anode segment, it 
emits visible light in a process of fluorescence. 
This behavior can be compared with that of a 
cathode-raytube. However, the cathodesin a VED 
are efficient electron emitters at a relatively low 
temperature, while the cathodes in a cathode- 
ray tube require substantial heaters. 


Anode, Cathode, and Grid 


A grid consisting of a mesh of very fine wires is 
mounted in the thin gap between the filaments 
of the cathode and the segments of the anode. 
A simplified view of this arrangement is shown 
in Figure 25-1 


Figure 25-1. Th 
display 


ic elements of a vacuum-fluorescent 


The polarity of the charge on the grid controls 
and diffuses electrons emitted by the cathode. If 
a grid section is negatively charged, it repels 
electrons and prevents them from reaching the 


play > mult im fluoresce 
sections of the anode beneath it. Ifthe grid sec- 
tion is positively charged, it encourages elec- 
tronsto reach the anode. Thus, the grid functions 
in the same way as the grid in a triode vacuum 
tube, but its conductors are so thin, they are 
barely visible. 


How to Use It 


Electronic calculators used vacuum-fluorescent 
displays during the 1970s, before LED displays 
and LCDs became more competitive, Purely nu- 
meric VED modules are still available as strings of 
digits, although they are becoming uncommon 
and have been replaced by alphanumeric dot- 
matrix modules where each VFD character is 
mounted in its own glass module on a separate 
substrate 


Figure 25-2 shows the interior of a Commodore 
calculator from the 1970s, with its nine-digit 
vacuum-fluorescent display enclosed in one 
glass capsule 


Figure 25-2. The vacuurnfluorescent display tram 2 
0s Cammadare caleulater 


Acloseup of three digits from the previous figure 
appears in Figure 25-3, showing the grid super- 
imposed above each numeral. 
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Figure 25-3. Three 
ing the grid that controls 


‘om the previous figure, show. 


A tinted filter of the same color as the display is 
usually placed in front of it, to conceal some of 
its workings. Thus, the Commodore calculator 
Used a green filter in front of its green numerals. 
Figure 25-4 shows two seven-segment numerals 
fromanother device, with the filter removed. This 
reveals not only the grid but also the horizontal 
wires that function as the cathode. Connections 
between the segments of the numerals and a 
backplane are also visible. 


nt numerals viewed without a 
‘cathode (harizantal wires) and 


Modern Application 

‘Amodern VFD modules likely to be mated with 
adriver that converts SVDC to the higher voltage 
(typically 50VDC to 60VDC) required for the dis- 
play. Built-in logic may offer the option to receive 
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data via an &-bit parallel bus or with SPI serial 
protocol, and will contain a character set. A typ- 
ical display resolution is 128 x 64 pixels. 


The combination of a grid and a segmented 
anode enables a VED to be controlled by multi- 
plexing. For instance, in a display of four seven- 
segment numerals, the same equivalent seg- 
‘ments in all four numerals can be connected in 
parallel while a separate grid covers each numer- 
al. When each grid is positively energized, it se- 
lects the corresponding numeral, and the on-off 
segment patterns appropriate to that numeral 
are supplied. This procedure is repeated for each 
numeral in turn. Persistence of vision makes it 
appear that they are all active simultaneously. 


Variants 


Color 

Although a VFD cannot provide a full-color dis- 
play, selected anode segments can be coated 
with different phosphor colors, which can fluo- 
resce simultaneously. Two or three individual 
colors re typically used, asin the display fora CD 
player where color helps to distinguish a variety 
of different functions. A closeup of a portion of, 
the display from a CD player (with color filter re- 
moved) appears in Figure 25-5. 
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Figure 25-5. The 
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Character Sets and 

Pictorial Design 

Inthe past, VFDs have combined seven-segment 
numerals in the same display as custom-shaped 
anodes. Solid-state gain meters in an audio am- 
plifier, for instance, have used numerals beside a 
pictorial representation of gain levels resem- 
bling analog meters, The look and layout of a 
display of this type has been unique to a partic- 
ular product. 


Modern VFDs tend to use a generic dot-matrix 
display in which a character set in firmware dic- 
tates how patterns of dots are grouped to form 
numbers, letters, symbols, or icons. 


The appearance of character sets generated with 
generic segments and dot-matrix arrays is thor- 
oughly discussed and illustrated in the entry de- 
scribing liquid-crystal displays in Chapter 17. 
VED alphanumeric modules are identical in vis- 
ual design to LCD modules, even though the in- 
ternal electronics are different. 


Comparisons 
Twoadvantages ofa VFD are thatit functions well 
at low temperatures (unlike an LCD) and has suf- 
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ficient brightness and contrast to be usable in 
sunlight (unlike many LED displays). It can be 
viewed from almost any angle. 


‘Typical applications have included digital instru- 
mentation in automobiles, information displays 
in audio and video consumer-electronics equip- 
ment, and numerical readouts in vending ma- 
chines, medical devices, and some digital clocks. 


Because a VFD requires a relatively high voltage, 
has significant power consumption, can show 
only a limited range of fixed colors, and is more 
expensive than LED displays or LCDs, its popu- 
larity has declined since the end of the 1990s. 


What Can Go Wrong 


Fading 

VFDs gradually fade with age, as a result of re- 
duced electron emission from the electrodes or 
diminishing performance of the phosphor coat 
ings. Increasing the working voltage can prolong 
the life of a display. 
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electroluminescence 


The field of electroluminescent devices is sometimes referred to as EL. The same acro- 
nym can also be applied as an adjective to an individual electroluminescent device, as 
in, for example, “an EL panel” 


An organic light-emitting diode, more commonly known by its acronym OLED, is included 
inthisentry because itis technically an electroluminescent deviceand its design concept 
is similar to that of an electroluminescent panel. Generic LEDs are also technically elec- 
troluminescent, but are not commonly described as such, and have their own entries in 
this encyclopedia under the subject categories LED indicator, LED area lighting, and 
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LED display. 
OTHER RELATED COMPONENTS 


| LED indicator (se Chapter 22) 
+ LcD display (see Chapter 17) 

+ fluorescent light (see Chspter 20) 

+ vacuum-fluorescent display (se8 Chapter 25) 


What It Does 


An electroluminescent device configured as a 
panel, ribbon, or rope-light contains phosphors 
that emit ight in response toa flow of electricity. 


Panels can be used as backlights for LCD displays 
oF, mote often, as always-on low-power devices 
such as exit signs and night lights. Ribbons and 
rope lights (the latter being also known, more 
accurately, as light wires) are used mainly as rec- 
reational novelties. They can be battery powered 
through a suitable voltage converter. A battery- 
powered rope light can be wearable. 


Thin-film OLED electroluminescent panels are 
Used in small video screens in handheld devices. 
At the time of writing, OLED TV screens measur- 
ing 50” or morehave been demonstrated, but are 
not yet economic for mass production. 


No specific schematic symbol exists to represent 
any electroluminescent device or component. 


How It Works 


Luminescence is the emission of light as a result 
of a process that does not require heat. (The op- 
posite phenomenon is incandescence, in which 
heating causes an object to emit light; see Chap- 
ter 18 fora description of incandescent lamps.) 


Electroluminescenceisluminescence resulting 
from stimulation by electricity, This very broad 
definition really includes devices such as LEDs, 
although they are hardly ever described in those 
terms. Electroluminescence generally refers to 
panels, films, or wires where electrodes are in 
direct contact with light emitters such as 
phosphors. 


The exception is an organic LED, usually known 
by its acronym OLED, which is frequently de- 
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Variants 


scribed as an electroluminescent device, per- 
haps because its configuration as a sandwich of, 
thin, flat layers resembles an electroluminescent 
panel, Two of the layers are semiconductors, and 
they interact as light-emitting diodes. 


Phosphors 
A phosphor is a compound such as zinc sulfide 
that will emit light when it receives an energy 
input from another light source or from electric- 
ity. Typically the compound must be mixed with 
an activator such as copper of silver. 


For many decades, TV sets and video monitors 
were built around cathode-ray tubesin which the 
interior of the screen, atthe front ofthe tube, was 
coated with phosphors. A beam of electrons that 
fluctuated in intensity generated apictureon the 
screen by drawing it as a series of lines. 


Derivation 

The term phosphor is derived from phosphores- 
cence, which in turn comes from the name of the 
element phosphorous, which will glow when it 
oxidizes in moist air. (These terms were estab- 
lished before other forms of luminescence were 
discovered and understood. The behavior of 
phosphorousis really an example of chemilumin- 
scence.) 


For our purposes, phosphorisa compound that 
is capable of fluorescence or electrolumines- 
cence. 


Variants 


Panels 

Electroluminescent panels using phosphor pow- 
der, sometimes referred to as thick phosphor, are 
a popular choice where a constant, uniform, low 
light outputis acceptable. 


An electric potential is established between two 
films that act as electrodes, separated by a layer 
of phosphor crystals. Some manufacturers refer 
to this configuration as a light-emitting capaci- 
tor because the structure resembles a capacitor, 
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even though thatisnotits purpose. The frontfilm 
is transparent, allowing light to escape. 


Anelectroluminescent panel can be powered by 
AC or DC but requires at least 75V. Its power con- 
sumption is self-limiting, so that no control elec- 
tronics are required other than a voltage con- 
verter if battery power is used. 


The phosphors generate a constant, evenly dis- 
tributed luminescence over the entire area, al- 
though the output is not very intense. Applica- 
tions include night-lights, exit signs, and back- 
lighting for wristwatches. 


Panelescent electroluminescent lighting by Syl- 
vvania was used for instrument panel displays in 
some car models such as the Chrysler Saratoga 
(1960 through 1963) and Dodge Charger (1966 
through 1967). Its still used for night-lights. in- 
digio electroluminiscent displays are still widely 
used in wristwatches. 


The interior components of a disassembled elec- 
troluminescent nightlight are shown in 
{gure 26-1. The panel emitsa natural pale green 
glow. A separate blue or green filter passes the 
glow while blocking other colorsofincidentlight 
that would otherwise reflect off the panel. 


Figure 2641. The two interiar components of an electrolu- 
‘miniscent night-lght: the luminescent panel, and a sepa- 
rate translucent filter 
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Electroluminescent night-lights were popular in 
the 1970s and 1980s, often featuring cartoon 
charactersto appeal to children. Figures 26-2 and 
26-3 show the same night-light in its daytime off- 
state and its night-time on-state, respectively, 


Figure 26-2. A vintage Paneloscent brand nightlight, 
‘several decades old i its off- state. 


Figure 26-3. The same night-ight. with its green radi 
visible under canditions of ow ambient light 


Advantages of electroluminescent panels in- 
clude the following: 


+ Low current consumption, One US manufac- 
turer claims that a single exit sign will use 
electricity costing less than 20 cents peryear, 
while the annual cost of a night-light will be 
less than 3 cents per year. 


+ Long life, up to 50,000 hours. 
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+ Self-regulating;no control circuitry required. 

+ Omnidirectional light output. 

+ Very wide operational temperature range, 
between approximately -60 and +90 de- 
grees Celsius. 

+ Can be plugged directly into a wall outlet. 


Disadvantages include: 


+ Limited light output. 

+ Very limited choice of colors. 

+ Not very efficient, 2 to 6 lumens per watt (al- 
though the low light output naturally entails 
low power consumption). 

+ Gradual reduction in phosphor performance 
overtime. 

+ High voltage required: 60V to 600V. Ideal for 
plugging into a wall outlet, but requires a 


converter when used with battery-powered 
devices. 


Flexible Ribbons 

The light-emitting layers inside a night-light are 
somewhat flexible, and can be made more flexi- 
ble by reducing their thickness. The result is an 
electroluminescent ribbon that has some novel- 
ty value, and may be used for customizing auto- 
mobiles. Figure 26-4 shows a ribbon about 1.5" 
wide and 12" long, designed for 12VDC power 
applied through an inverter. 


Rope Light 
A rope light or wire light may resemble a glow- 
stick. However, a glowstick generates light from 
chemiluminescence (chemical reactions that re- 
lease photons), whilea rope light uses electricity. 


Figure 26-5 shows a rope light powered by two 
‘AA batteries connected through an inverter. 


Atthe center of the rope lightis a conductor that 
servesas oneelectrode.Itis coated in phosphors, 
and the layer of phosphors is protected by a 
transparent sheath. One or more thin wires is 
wrapped around the sheath in a spiral, with large 


Chapter 26245 


gaps between onetum and thenext. These wires 
serve as the second electrode. The wires are en- 
closed in transparent insulation that forms an 
outer sheath, 


When ACis applied between the electrodes, the 
layer of phosphors emits light that radiates out 
in the gaps between the thin wires. The color of 
the light can be modified by using tinted outer 
insulation, 


OLED 

‘An OLED uses two thin, flat electrodes, some- 
what like a thick-phosphor electroluminescent 
panel, except that it contains more layers and is 
capable of generating more light. The layers in 
an OLED are “organic” in that they consist of 
chemically organicmolecules containing carbon 
and hydrogen atoms and generally do not con- 
tain heavy metals. 


While an LCD video monitor or TV screen must 
havea separate backlight, an OLED generates its 
own light. This reduces the thickness of the dis- 
play toa few millimeters and makesit potentially 
more efficient. 


The semiconductor layers are subdivided into 
pixels, each functioning as a light-emitting di- 
ode, while additional layers carry a matrix of con- 
ductors for pixel addressing. In an AMOLED, the 
conductors form an active matrix, while in a 
PMOLED, they form a passive matrix. 


In an active matrix, each pixel is backed with a 
tor to store its state while the en- 
ergizing voltage transitions. This is often de- 
scribed as a TFT display; but the term is inter- 
changable with “active matrix” 


In a passive matrix, each pair of conductors sim 
ply supplies currenttoa pixel. Thisis cheaper and 
easier to fabricate but is less responsive. 

The terms ‘active matrix” and “passive matrix" 
have the same meaning as when used to de- 
scribe a liquid-crystal display. 
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Monochrome OLED display modules with dot- 
matrix characters are currently available from 
China forjusta few dollars. Although they appear 
superficially similar to LCD modules, they gener- 
ate pure white-on-black characters. 


‘Small full-color OLED screens are used in smart- 
phones and on camera backs, but at the time of 
writing, large OLED screens are not a mature 
technology, partly because of production costs. 
A great variety of chemicals and layer configura- 
tions have been tried, and the application of pix- 
els to a substrate has been attempted with vac- 
uum deposition through a shadow mask and 
witha system similarto inkjet printing, Pixels that 
‘emit red, green, and blue light have also been 
used. Filtered pixels have been used. One domi- 
nant process has not yet emerged. 


Longevity and brightness have been problems. 
Where red, green, and blue diodes have been 
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used, the different colors deteriorate at different 
rates. While the human eye tolerates an overall 
reduction in brightness, it does not tolerate a 
slight color shift caused by blue pixels, for in- 
stance, losing brightness more rapidly than red 
pixels. 


Because OLED screens promise to be thinner, 
lighter, and brighter, and may eliminate theneed 
for a fragile glass substrate, there is a strong in- 
centive to develop this technology, which seems 
likely to gain dominance in the future. 


OLED panels may also become a source of dif- 
fuse, shadowless room lighting or office lighting 
When practical problems have been solved and 
costs have fallen significantly. 


Chapter 26247 


sound source > audio alert > transducer 


transducer 


The term transducer is used here to describe a noise-creating device that is driven by 
external electronics. By comparison, an audio indicator (discussed in the next entry) 
contains its own internal electronics and only requires a DC power supply. Either of these 
componentsis often described as a beeper or buzzer. 


A speaker, more properly termed a loudspeaker, is an electromagnetic transducer but 
is seldom described in those terms. t has a separate entry in this encyclopedia and is 
defined hereasa sound reproduction device thatislargerand more powerful than atypical 
transducer and has a more linear frequency response. 


While piezoelectric transducers formerly used crystals, only the more modern piezo- 
electric type that uses a ceramic wafer will be considered here. 


Some transducers convert sound into electricity, but these are categorized as sensors, 
and will be discussed in Volume 3. The only transducers discussed in this entry are those 


that convert electricity into sound. 


OTHER RELATED COMPONENTS 


+ audio indicator (see Chapter 28) 
(see Chapter 29) 
+ speaker (soe Chispter 30) 


What It Does 


An audio transducer is a device that can create 
an alert. It requires an AC signal that is supplied 
by external electronics, and in its simplest form 
may be referred to as a buzzer or a beeper. 


Audio alerts are used in microwave ovens, wash- 
et/dryers, automobiles, gasoline pumps, security 
devices, toys, phones, and many other consumer 
products. They are often used in conjunction 
with touch pads, to provide audio confirmation 
that a tactile switch has been pressed. 


The schematic symbols in Figure 27-1 can be 
Used to represent any kind of audio alert, includ- 
ing indicators, which contain their own elec- 
tronics to generate a simple tone or series of 


tones. Type A is probably the most popular sym- 
bol. Types B and C often appear with the word 
“buzzer” printed beside them for clarification. D 
and E are really symbols for a speaker, but are 
often used for an alert. Fis the symbol for a crys- 
tal, now sometimes used to indicate a piezoelec- 
tric noise maker. Gspecifically represents an elec- 
tromagnetic transducer, but is seldom used. 


How It Works 


A circular diaphragm is glued at its edges inside 
acylindrical plastic enclosure, usually measuring 
from around 0.5" to 1.5" in diameter. The enclo- 
sure is sealed at the bottom but has an opening 
at the top, so that sound can emerge from the 
upper side of the diaphragm without being par- 
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Variants 


tially cancelled by sound of opposite phase that 
is emitted from the underside of the diaphragm. 
The enclosure also amplifies the sound by reso- 
nating with it, in the same way that the body of, 
a guitar or violin amplifies a note being played 
on the strings. 


1 9 9 ; 
a a 


Figure 274. An assortment of symbols which can repre: 
sent transducer ar an indicator, See text for details. 


‘The diaphragm is activated either electromag- 
netically or piezoelectrically, as described next. 


Extemally, a transducer may be indistinguisha- 
ble from an audio indicator such as the one pic- 
tured at Figure 28- 


Variants 


Electromagnetic 
An electromagnetic transducer contains a dia- 
phragm thats usually made of plastic. Mounted 
onitisa smaller ferromagnetic disc that responds 
to the fluctuating field from AC passing through 
a coil. When the diaphragm vibrates, it creates 
pressure waves thatare perceived by the human 
ear as sound, 


A car horn is a particularly loud form of electro- 
‘magnetic transducer. 


Piezoelectric 

A piezoelectric transducer contains a diaphragm 
consisting of a thin brass disc on which is moun- 
ted.a ceramic wafer. When an ACsignal is applied 
between the piezoelectricwaferand the disc, the 
disc flexes at that frequency. 
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The term piezo is derived from the Greek piezein, 
which means “to squeeze or press.” 


Ultrasonic Transducer 

The diaphragm in an ultrasonic transducer vi- 
brates at a frequency above the range of human 
hearing. This component may be electromag- 
netic, piezoelectric, or crystal-based. Often it is 
Used in conjunction with an ultrasonic receiver 
asa distance measuring device, The two compo- 
nents can be sold pre-mounted on a breakout 
board. An output from the board can consist of 
apulse train where the pulse duration is propor- 
tional to the distance between the transducer 
and the nearest sound-reflecting object. 


‘An ultrasonic transducer is pictured in 
Figure 27-2, Its internal components are shown 
in Figure 27-3. 


Figure 27-2. The exterior ofan ultrasonic transducer 


Submersible ultrasonic transducers may be used 
in cleaning systems, where they agitate a liquid 
that dislodges dirt or debris. Ultrasonic trans- 
ducers are also used in echo-sounding and sonar 
equipment with marine applications, 
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Figure 27-3. Inside an ultrasonic transducer, a small alu 
‘minum cane is the sound radiating element. The white 
blobs are adhesive to secure the thin wires 


Formats 

Sometransducersareavailablein surface-mount 
format, measuring about 0.5” squate or less. Be- 
cause the resonant frequency is related to the 
size of the component, surface-mount transduc- 
ets usually generate a high-pitched beep. 


Values 


Frequency Range 

Audio frequency is measured in Hertz, abbrevi- 
ated Hz, named after Heinrich Rudolf Hertz, the 
first scientist to prove the existence of electro- 
magnetic waves. The H in Hz is capitalized be- 
causeitrefers toareal name. One thousand Hertz 
can be written as 1 kiloHertz, almost always ab- 
breviated as 1kHz (note that the k is lowercase). 


‘The human ear is often described as being able 
to detect sounds between 20Hz and 2OkHz, al- 
though the ability to hear sounds above 1SkHz 
is relatively unusual and diminishes naturally 
with age. Sensitivity to all frequencies can beim- 
paired by long-term exposure to loud noise. 


‘The most common frequencies applied to audio 
transducers range between 3kHz and 3.5kHz. 


Values 


Piezoelectric elements are inefficient for gener- 
ating sounds below 1kHz, but electromagnetic 
transducers are better able to generate lower 
frequencies, Their response curve can beapprox- 
imately flat to frequencies as low as 100Hz. 


Sound Pressure 

Sound pressure can be measured in Newtons per 
square meter, often abbreviated as Pa. Newtons 
are units of force, while Pa is an abbreviation of 
Pascals, 


The sound pressure level (SPL) of a sound is not 
the same as its sound pressure, SPL is a logarith- 
mic value, to base 10, in units of decibels (dB), 
derived from the pressure of a sound wave rela- 
tive to an arbitrary reference value, which is 20 
micro-Pascals (20Pa). This is the agreed mini- 
mum threshold of human hearing, comparable 
to. mosquito at a distance of three meters, Itis 
assigned the level of OdB. 


Because the decibel scale is logarithmic, a linear 
increase in the decibel level of a sound does not 
correspond with a linear increase in actual sound 
pressure: 


+ Foreach additional 6dB in the SPL, the actual 
sound pressure approximately doubles. 

+ For each additional 20dB in the SPL, the ac- 
tual sound pressure is multipled by 10. 


Bearing in mind that OdB corresponds with the 
reference sound pressure of 20yPa, an SPL of 
20dB represents a sound pressure of 200uPa 
(that is 0.0002Pa), and so on. 


‘Many tables show an estimated decibel level for 
various noise sources. Unfortunately, these 
tables may contradict each other, or may fail to 
‘mention the distance at which a sound is meas- 
ured. Figure 27-4 shows estimates derived by 
averaging eight similar tables. It should be 
viewed as an approximate guide. 
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Decibels Noise Example 
140_| Jetengine at 50 meters 
130 | Threshold of pain 
420 | Loud rock concert 
410 | Automobile horn at 4 meter 
400 | Jeckhammer at 1 meter 
90 | Propelier plane 300 meters above 
80 | Freight train at 15 meters 
70 | Vacuum cleaner 
60 | Business office 
50 | Conversation 
40 | Library 
30 | Quiet bedroom 
20 | Leaves rustling 
10 | Calm breathing at 1 meter 
© | Auditory threshold 


Figure 27-4. Approximate decibel values for some sound 
sources (averaged fram a selection of wight similar 
charts) 


Sometimes the claim is made thatan increase of, 
+10 on the decibel scale will correspond with a 
subjective experience that the noise is “twice as 
loud.” Unfortunately, this statement cannot be 
quantified. 


Weighted Sound Values 

Subjective assessment of sound is complicated 
by the nonlinear frequency response of the hu- 
‘man eat, which causes some frequencies to seem 
“louder” than others, even though their sound 
pressureis the same. The frequency weighting of, 
the earcan bedetermined by playing a reference 
tone of 1kHz at 20dB and then doing an A-B 
comparison with a secondary tone at another 
frequency, asking the subject to adjust the gain 
of the secondary tone up or down until the two 
tones seem equally loud, 


This procedure is performed for a range of fre- 
quencies. The testis then repeated with a louder 
1kHz reference tone, at 30dB. Repetitions con- 
tinue to a final reference tone of 9048. 
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Theresulting curvesare knowns equal-loudness 
contours. Anaveraged set, from multiple sources, 
has become an international standard with ISO 
number 226:2003, The curves shown in 
Figure 27-5 are derived from that standard, The 
curves show that the sound pressure of lower 
frequencies must be boosted by a significant 
amount to sound as loud as a 1kHz frequency, 
while a frequency around 3kHz must be reduced 
slightly, because it tends to sound louder than all 
others. 


agesbs 


Equatioudness 
‘cantoure 


BRS RR ERE 


‘Audio frequency (He) 


‘Compensation in 3B 
s8eses 


Figure 27-5. Equal loudness contours derived from [SO 
226:2003, See text for details. 


Although the accuracy of equal-loudness con- 
tours is controversial, they have been the basis 
of a widely used weighting system to adjust dB 
values to represent subjective perceptions of 
loudness. This A-weighting system remains the 
best-knownand most widely applied audio stan- 
dard in the United States, even though it has 
been criticized for assigning too little value to 
sounds thatare briefin duration. fa sound level 
is expressed in dBA, it is A-weighted, meaning 
thatthe sounds to which the ear isleast sensitive 
are assigned a value that is lower than their 
measured value. Thus, atone of 100Hz has a dBA 
value about 20d8 lower than its dB value, be- 
cause the human ear is relatively insensitive to 
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low-pitched sounds. dBA values are used in reg- 
ulations that limit noise in the work place and 
other environments. 


Unweighted Values 

If sound intensity is expressed in dBSPL, it is a 
measurement of the actual Sound Pressure Level 
and has not been adjusted with the A-weighting 
system. A graph of unadjusted dbSPL values will 
display low frequencies as if they are more in- 
tense than the ear will perceive. In practical 
terms, subjective perception of low-end rolloff 
will be even more severe than the graph makes 
itappear. 


Ifsoundintensityisexpressed merely in dB, prob- 
ably itis unweighted and should be considered 
as dBSPL. 


From a practical point of view, when choosing a 
tone for a transducer, a SOOHz tone may sound 
relatively mellow and not subjectively loud. A 
3.5kHz tone can bea good attention-getting sig- 
nal as the ear is most sensitive in that range. 


Transducers generally havea sound pressure rat- 
ing in dBSPL ranging between 65d8SPL to 
95dBSPL, with just a few products that can make 
more of less noise 


Measurement Location 

‘The sound pressure from an audio alert will nat- 
urally diminish if the measurement point moves 
farther away. Therefore, any rating in decibels 
should be expressed with reference to the dis- 
tance at which the measurement is made. 


Measurement locations may be expressed in 
centimeters or inches, and may vary from 10cm 
to I meter, even in datasheets for different devi- 
ces from the same manufacturer. Ifthe measure- 
ment distance doubles, the SPL diminishes by 
approximately 648. 


Limitations 


A piezoelectric transducer is not intended as a 
sound reproducer, and does not have a smooth 
orflat frequency response. The curve for the Mal- 


Values 


ory PT-2040PQ is not unusual, reproduced in 
Figure 27-6. This component measures about 
3/4” in diameter, is rated for SVDC, and uses only 
1.5mA to generate 9008 (measured at adistance 
of 10cm). Like many piezoelectric audio devices, 
its response peaks around 3500kHz and dimin- 
ishes above and below that value, especially to- 
ward the low end. While it is perfectly adequate 
as a “beeper’’ it will not reproduce music suc- 
cessfully, 
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Figure 27-6. The frequency response from a typical small 
piezoelectric transducer. 


An electromagnetic transducer is better able to 
generate low frequencies than a piezoelectric 
transducer. It has a low impedance that may be 
suitable in some circuits, However, itis slightly 
heavier than a comparable piezoelectric trans- 
ducer, uses much more power, and as an AC de- 
vice containing a coil, it can create electroma- 
getic interference or may cause fluctuations in 
the circuit as an inductive load. Its also vulner- 
able to magnetic interference from elsewhere, 
while a piezoelectric transducer is not. 


While an electromagnetic transducer can be 
used to reproduce speech or music, and will do 
a better job than a piezoelectric transducer, its 
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performance will still be dissatisfying. A minia- 
ture speaker is more appropriate for the task. 


Voltage 
Transducers are typically designed to work with 
voltages ranging from SVAC to 24VAC. The ce- 
ramic wafer in a piezoelectric transducer usually 
cannot withstand voltages much above 40VAC, 
and its sound output will not increase signifi- 
cantly above 30VAC. 


Current 

Typical piezoelectric transducers use less than 
10mA and generate negligible heat. An electro- 
magnetic transducer may draw as much as 
60mA. 


How to Use It 


Appropriate Sound Intensity 
An alert should be chosen with reference to the 
environment in which it will be used, To be easily. 
heard, it should be at least 10 dB louder than 
ambient background noise. 


Volume Control 

Sound pressure can be lowered by reducing the 
voltage. Becausea transducer does notconsume 
much current, a trimmer can serve as a volume 
control. Alternatively, a rotary switch with a set 
of fixed-value resistors can select preset sound 
values. 


AC Supply 
Although a transducer is an AC device, itis un- 
likely to be designed for voltage that fluctuates 
positively and negatively either side of a neutral 
value. Typically it is intended for voltage that 
fluctuates between OV (ground) and the rated 
positive value of the power supply, and its pins, 
Wires, or terminals are usually marked accord- 
ingly. Ifit has wire leads, the red lead should be 
connected to the more-positive side of the sup- 
ply. Fit has pins, the longer pin should be more 
positive, 
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The alternating signal for a transducer can be 
supplied by any simple oscillator or astable mul- 
tivibrator circuit. For a given peak voltage, a 
square wave will generate a louder signal than a 
sinusoidal wave. A simple 555 timer circuit can 
beused, witha second monostable timer to limit 
the duration of the beep if necessary. An astable 
555 can beused to test the transducer and select 
the audio frequency that sounds best. 


Self-Drive Transducer Circuit 

Ifa transducer has three wires or pins, itis prob- 
ably a self-drive type. The datasheet may identify 
its inputs as M, G, and F, meaning Main, Ground, 
and Feedback. The Feedback terminal is connec- 
ted with a section of the diaphragm which vi 
brates 180 degrees out of phase with the Main 
terminal. This facilitates a very simple external 
drive circuit, such as that in Figure 27-7, where 
the frequency is determined by the transducer’s 
resonant frequency. 


Figure 277. A circuit to cantrol a self. crive type of plezo- 
electric transducer 


What Can Go Wrong 


Overvoltage 
Mallory Sonalerts, one of the largest producer of 
piezoelectric alerts, states that in the "vast ma- 
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jority” of returned products, the failure was 
caused by excessive voltage, often in the form of 
a transient voltage spike. 


Leakage 

If an alert makes a small, low-volume sound 
when it is supposed to be off, some current is 
leaking through it. Less than ImA may be 
‘enough to cause this problem, According to one 
manufacturer, it can be fixed by placing a 30V 
Zener transient voltage suppressor diode in ser- 
ies with the alert, or by wiring a small incandes- 
cent lamp in parallel with the alert. 


Note that when the alert is activated, the full 
supply voltage will be seen at the lamp. 


Component Mounting Problems 
Some alerts are packaged with mounting holes, 
but many are not. Those with pins can be sol- 
dered into a board, but those without must be 
glued in place or inserted into a cavity from 
which they cannotshakeloose.Siliconeadhesive 
isrecommended, but care mustbetakentoavoid 
any of it dripping into the alert before it sets, 


Moisture 

If an alert will be used in a location where it is 
vulnerable to moisture, itshould be ofa type that 
is sealed against the environment. Even a sealed 
unit should ideally be oriented so that it faces 
slightly downward. 


Transducer-Indicator Confusion 

Externally, a transducer and an indicator often 
look identical, and some of them are not marked 
with a manufacturer's part number. Damage can 
be caused by applying DC to a transducer or AC 
to an indicator. If both types of parts are kept in 
inventory, they should be carefully labeled. 


Connection with a Microcontroller 
A piezoelectric transducer can be driven by a mi- 
crocontroller, butan electromagnetic transducer 
isnot appropriate in that role, because of its rel- 
atively higher current consumption and its be- 
havior as an inductive load. 
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An audio indicator is defined here as a noise-creation device that generates a sim- 
ple tone or series of tones. Unlike a transducer, which requires an external source 
OF AC to determine its audio frequency, an indicator contains its own electronics and 
requires only a DC power supply. Either of these components is often described as 


a beeper or buzzer. 


While piezoelectric alerts formerly used crystals, only the more modern piezoelectric 
type that uses a ceramic wafer will be considered here. 


OTHER RELATED COMPONENTS 


+ transducer (see Chapter 27) 
+ headphone (see Chapter 28) 
+ speaker (soe Chispter 30) 


What It Does 


When DC power is applied to an audio indica- 
tor, in its simplest form it creates a continuous or 
intermittent tone of a fixed frequency. This is 
called an alert. 


Audio alerts are used in microwave ovens, wash- 
er/dryers, automobiles, gasoline pumps, security 
devices, toys, phones, and many other consumer 
products. They are often applied with touch 
pads, to provide audio confirmation thata tactile 
switch has been pressed. 


A few indicators are programmed to create a 
two-tone sound, or multiple-tone sequences. 


See Figure 27-1 in the previous entry for an as- 
sortment of schematicsymbols that may be used 
to represent either an alert or a transducer. 


How It Works 


A circular diaphragm is glued at its edges inside 
cylindrical plastic enclosure, usually measuring 


from around 0.5" to 1.5" in diameter. The enclo- 
sure is sealed at the bottom but has a small hole 
at the top, so that sound can emerge from the 
upper side of the diaphragm without being par- 
tially cancelled by sound of opposite phase that 
is emitted from the underside of the diaphragm. 
The enclosure also contains electronics to gen- 
erate one or more audio tones, and amplifies the 
sound by resonating with itn the same way that 
the body of a guitar or violin amplifies a note be- 
ing played on the strings. 


‘APUIXL453 piezoelectric audio indicator is pic- 
tured in Figure 28-1, fully assembled on theright, 
and with its circuit board and diaphragm re- 
moved on the left. Thisindicator createsa pulsed 
tone at 3.5kHz with a sound pressure of 96dB, It 
draws 6mA at 12VDC and measures approxi- 
mately 1” in diameter. 


For more information aboutthe measurement of 
sound frequency and pressure, see "Frequency 
Range" on page 251 and “Sound Pressure" on 
page 251 in the previous entry. 
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Figure 28:1. A typical piezoelectric audio indicator 


Externally, an audio indicator may be indistin- 
guishable from atransducer, However, internally, 
an indicator is almost always a piezoelectric de- 
vice, in which a ceramic wafer is mounted on a 
thin brass diaphragm. The term piezo is derived 
from the Greek piezein, which means to squeeze 
or press. 


A transducer (described in the previous entry) is 
apiezoelectricor electromagneticalertthat does 
not usually contain its own circuitry and must be 
driven by an external source of AC, which estab- 
lishes the audio frequency. 


The distinction between an indicator andattrans- 
ducers often unclearin parts catalogs, where all 
alerts may be identified as buzzers, even though 
they mostly beep rather than buzz. 


Audio Frequency 
For a discussion of audio frequency, see “Fre- 
quency Range" on page 251 in the previous en- 
try. 


History 

Probably the earliest form of electrically activa- 
ted alert was the door bell, in which a 6VDC 
battery-powered solenoid pulled a spring- 
loaded lever terminating in a small hammer. The 
hammer struck the bell, but the motion of the 
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lever also opened a pair of contacts, cutting off 
power to the solenoid. The lever sprang back to 
its rest position, which closed the contacts and 
repeated the cyclesolongas power was supplied 
through an external pushbutton, 


Subsequent systems used a small loudspeaker 
powered by AC house current through a step- 
down transformer. This created a buzzing sound 
nd may have been the origin of the term 
buzzer” 


Small components that made a beeping sound 
only became common when digital equipment 
required a simple, cheap way to confirm user it 
put or attract attention to the status of a device, 


Variants 


Sound Patterns 

Because an audio indicator contains ts own elec- 
tronics, the manufacturer has the freedom to 
create various patterns of sound output. 


The default sa steady tone, Other common var- 
iants include an intermittent tone and a dual 
tone that fluctuates rapidly between two fre- 
‘quencies, This is sometimes referred to as a si- 
ren, A few variants can generate an output pat- 
tern consisting of several tones in sequence, or 
effects such as warbling or whooping sounds, 
which are used mainly in alarm systems. 


Formats 

Some audio indicators are available in surface- 
mount format, measuring 1/2” square or less. Be- 
cause the resonant frequency is related to the 
size ofthe component, surface-mountalerts usu- 
ally make a high-pitched beep. 


Panel-mount and board-mount formats range 
from about 1/2"to 1.5" in diameter. Asmall audio 
alert designed to be mounted on a circuit board 
is shown in Figure 28-2, with its top removed on 
the right to expose the brass diaphragm glued 
around the edges. The same component is 
shown with its plastic enclosure removed com- 
pletely in 
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Figure 28-2. An audio indicator approximately 0.5” ind 
‘ameter, partially disassembled on the right, revealing its 
brass daphragm. 


Figure 28-3. The same indicatar from the previous pho 
fagraph, with its enclosure completely removed, 


Values 


Foran explanation and discussion of sound pres- 
sureanditsmeasurementin decibels, see"Sound 
Pressure” on page 251 in the previous entry. 


Audioindicators generally havea sound pressure 
rating in dBSPL ranging between 65d8SPL to 
95dBSPL, with just a few products that make 
more or less noise, At 120d8 and above, most 
products are packaged as alarm sirens ready for 
installation, often with a small horn attached. 
Their power consumption can be 200mA or 


Values 


more, and they are many times the price of a 
simple indicator designed for circuit-board 
mounting. 


Voltage 

Anaudio indicator containing its own electronics 
will almost always be rated somewhere in the 
range from SVDC to 24VDC. Sirens intended for 
use with burglar alarms are often designed for 
12VDC or 24VDC, as these are popular values for 
security systems with battery backup. However, 
in addition to a rated voltage, a datasheet may 
specify a wide range of acceptable operating 
voltages. For example, an indicator with a rated 
voltage of 12VDC may have an operating voltage 
of 3VDC to 24VDC. Naturally, the sound intensity 
will vary with the voltage, but notas muchas one 
might assume. The graph at Figure 28-4 shows 
that the sound output from an alarm, measured 
in decibels, increases by only 848 when voltage 
increases by almost a factor of five. Of course, the 
decibel scale is not linear, but human perception 
of sound is not linear, either. 
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Figure 28-4. Variation of saund output relative ta voltage 
ina commonly used piezoelectric indicator, 
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Current 

Typical piezoelectric indicators use less than 
10mA (often as little as SmA) and generate neg- 
ligible heat. 


Frequency 

The most common frequencies for indicators 
range between 3kHz and 3.5kHz. Piezoelectric 
elements are inefficient for generating sounds 
below 1kHz. 


Duty Cycle 
Piezoelectric alerts generate very little heat and 
can be run on a 100% duty cycle. 


{fan alert will be pulsed briefly, the minimum 


pulse timeis 5Oms, Ashorter duration will merely 
generate a clicking sound, 


How to Use It 


Appropriate Sound Intensity 

An indicator should be chosen with reference to 
the environment in which it will be used. To be 
easily heard, it should be at least 10 dB louder 
than the ambient background noise. 
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Volume Control 

Sound intensity can be reduced by reducing the 
voltage. Because an indicator does not consume 
much current, a trimmer can serve as a volume 
control. Alternatively, a rotary switch with a set 
of fixed-value resistors can select preset sound 
values. 


However, in many indicators, variations in volt- 
age may have relatively little effect on sound 
output, as shown in Figure 28-4. 


Wiring 
Anindicator requires DC voltage. Because the i 
dicator contains a transistor, polarity of the pow- 
er supply is important. If the indicator has leads 
attached, the one intended for connectionto the 
positive side of the power supply will be red. ifit 
has pins, the longer pin will be for the positive 
connection, 


What Can Go Wrong 


The potential problems in an indicator are the 
sameas those fora transducer. See "What Can Go 
Wrong’ on page 254 in the previous entry. 
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headphone 


‘The term headphone is used here to include almost any device that fits into or over the 
ear for the purpose of sound reproduction. (Hearing aids are not included.) Because 
headphones are used in pairs, the term is usually pluralized. 

The term phones is fairly common as a colloquial diminution of headphones but is not 
used here. 


‘An earphone used to bea single sound reproduction device designed for insertion into 
the ear, but has become rare. Pairs of earbuds are now common, 


Because this encyclopedia assigns more emphasis to electronic components than to 
consumer products, this entry provides only a superficial overview of fully assembled 
headphones, and deals more with the drivers inside them, their principles of operation, 
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and the general topic of sound reproduction. 
OTHER RELATED COMPONENTS 


«+ transducer (see Chispie’ 27) 
+ speaker (soe Chapter 30) 


What It Does 


Aheadphone converts fluctuations of an electric 
signal into pressure waves that the human ear 
perceives as sound. It can be used for reproduc- 
tion of music for entertainment purposes, or for 
speech in telecommunications, broadcasting, 
and audio recording. 


Two symbols for headphones are shown in 
Figure 29-1. Thesymbolontheleft showsasingle 
headphone or earphone; when this symbol is 
flipped horizontally, it can represent a micro- 
phone. The pictographic symbol on theright has 
been used for many decades, but is still often 
found in schematics. 
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Figure 29:1 Schematic symbols for a single earphone or 
headphone (eft) and a par of headohanes (right) 


How It Works 


Audio Basics 

Sound is transmitted as pressure waves through 
amedium thatis usually air but can bea gas, fluid, 
or solid. The speed of transmission will vary with 
the density and other attributes of the medium, 
Small haits in the inner ears, known as cilia, vi 
brate in sympathy with pressure waves and 
transmit nerve impulses to the brain, which in- 
terprets the impulses as sound, 
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Three quantities describe the propagation of any 
type of wave, including a sound wave: its fre- 
quency (customarily represented with letter f), 
its speed of propagation (represented with letter 
¥, for velocity), and its wavelength from peak-to- 
peak (represented by the Greek letter lambda, 
Which appears as this A symbol). 


The relationship is defined by a very simple 
equation: 


veane 


Velocity is usually measured in meters per sec- 
ond, wavelength in meters, and frequency in 
Hertz, abbreviated Hz. One cycle per second is 
THz. The H is always capitalized, as itrefers to the 
name of Heinrich Rudolf Hertz, the first scientist 
to prove the existence of electromagnetic waves. 
One thousand Hertz can be written as 1 kilo- 
Hertz, almost always abbreviated as 1kHz (note 
that the k is lowercase). 


The human ear is often described as being able 
to detect sounds between 20Hz and 20kHz, al- 
though the ability to hear sounds above 15kHz 
is relatively unusual and diminishes naturally 
with age. Sensitivity to all frequencies can be im- 
paired by long-term exposure to loud noise. 


Naturally occurting sounds can be converted to 
fluctuations in voltage by a microphone, which 
will be found listed as a sensorin Volume 3 ofthis 
encyclopedia. Artificial sounds can be generated 
as voltage fluctuations by oscillators and other 
electronic circuits. In either case, the output fluc- 
tuations can range between an upper limit set by 
a positive supply voltage and a lower limit es- 
tablished by electrical ground (whichis assumed 
to be 0 volts). Alternatively, the fluctuations can 
range between the positive supply voltage and 
an equal and opposite negative supply voltage, 
with OV lying midway between the two. This op- 
tion can be less convenient electrically but is a 
more direct representation of sound, because 
sound waves fluctuate above and below ambi- 
ent air pressure, which can be considered anal- 
ogous to a ground state, 
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The concept of positive and negative sound 
wavesis illustrated in Figure 29-2 (originally pub- 
lished in the book Make: More Electronics). 


y 


Amplifier 


Relaney 
* Positive. 


Pow 
3 


Relatively 
W Negative 


Output 


Figure 29-2. The use of positive and negative voltages to 
represent a wave of high sound pressure followed by 3 
trough af ower pressure, 


The topic of sound amplification is explored in 
detail in the entry on op-amps in Chapter 7. 


‘A headphone inverts the function of a micro- 
phone by converting electricity back into air- 
pressure waves. Thisis done electromagnetically 
(moving a diaphragm in response to an electro- 
magnet) or electrostatically (moving a mem- 
brane in response to electrostatic force between 
‘two charged electrodes). 


Variants 


Moving Coil 

‘Themostenduringly popular type of headphone 
usesacoilattached toa diaphragm. Thisisknown 
as a moving-coil headphone, as the coil moves 
with the diaphragm. It can also be referred to as 
having a dynamic driver or dynamic transducer, 
“dynamic referring to the movement of the coil. 
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The moving-coil concept is illustrated in 
Figure 29-3, The coil slides into a deep, narrow, 
circular slot in a magnet that is attached to the 
plastic frame of the headphone. The diaphragm 
is supported at its edges by a flexible rim. Varia- 
tions in current passing through the coil createa 
fluctuating magnetic field that interacts with the 
field of the fixed magnet, causing the diaphragm 
to move in and out. A very similar configuration 
is used in many loudspeakers, Detail modifica- 
tions may be madetto increase efficiency, reduce 
production costs, or enhance sound quality, but 
the principle remains the same. 


Diaph 


Magnet ‘and coil 


Figure 29-3. The basic elements of a moving-cail head 
phone, 


‘The intemal element of a headphone is shown in 
Figure 29-4. A plastic diaphragm is visible, meas- 
uring slightly less than 2” in diameter. The mag- 
net and coil are concealed underneath. 


‘The element in the previous figure is normally 
enclosed in an assembly such as the one in 
Figure 29-5, which incorporates a soft padded 
rim to rest upan the ear. 


In an effort to achieve a more balanced frequen- 
cy response, some designs use two moving-coil 
drivers in each headphone, optimized for low 
frequencies and high frequencies, respectively. 


Earbuds, described after the next section, often 
use a miniaturized version of the moving-coil 
design 


Variants 


Figure 29-4. The sound reproducing element removed 
fram 2 headphone, 


Figure 29-5. The sound repraducing element from the 
previous figure is normally packaged inside this enclosure. 


Other Types 

Electrostatic headphones use a thin, flat dia- 
phragm suspended between two grids that 
function as electrodes. A fluctuating potential 
between the grids, coupled with areverse-phase 
voltage on the diaphragm, will vibrate the dia- 
phragm, generating pressure waves. A relatively 
high voltage is necessary to achieve this, any- 
where from 100V to 1,000V, supplied through a 
conversion unit between the headphones and 
an amplifier. Electrostatic headphones are 
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known for low distortion and an excellent high 
frequency response, at some extra cost. 


Electret headphones work on a similar principle, 
exceptthat the membraneispermanently charg- 
ed, and a high voltage is not required. Electret 
headphones tend to be small, inexpensive, and 
not of high sound quality. 


A balanced armature design, often referred to by 
the acronym BA, uses a pivoting magnet that is 
claimed to increase efficiency while reducing 
stress on a diaphragm. BA drivers can be ex- 
tremely compact, contained withina sealed met- 
al enclosure measuring less than 1mm x 10mm 
x Smm, They are commonly used in conjunction 
with in-ear earphones, described in the next 
section. 


Mechanical Design 

Circumaural headphones use large soft pads to 
encircle the ear and block external noise, Their 
size tends to make them heavy, requiring a well- 
designed headband to provide comfortable sup- 
port. Supra-aural headphones are smaller and 
lighter, resting on the ears instead of enclosing 
them. They cannot exclude ambient noise, and 
may have inferior bass response compared with 
the circumaural type. 


Open-back headphones, also known as acousti- 
cally transparent, are favored by some audio- 
philes because their vented outer surfaces are 
thought to create a more natural sound, similar 
to that of a speaker. The open backs naturally 
allow ambient noiseto intrude, butalsoallow the 
sound generated by the headphones tobeheard 
by others in a room. Closed-back headphones 
contain their sound and provide more insulation 
against ambient noise. 


Earbuds rest just within the outer folds of the ear, 
facing inward like a pair of tiny speakers, They 
are easily dislodged and provide very little insu- 
lation against ambient noise. Their use became 
common after the introduction of Apple's iPod. 
A pair of earbuds, one of them with its plastic 
cover removed, is shown in Figure 29-6. 


sound sou 
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Figure 29-6. A pair of earbuds, one with its cover re- 
‘moved to show the sound reproducing element, which 
closely resembles the diaphragm in a full-sized head- 
phone, 


In-earheadphonesare designed for insertion into 
the ear canal, often using a soft sheath that con- 
forms with the ear like an earplug. This sheath is 
disposable for hygienic reasons, and because it 
may lose some of its plasticity with use. It ex- 
cludes most ambient noise, and by minimizing 
the air gap between the driver of the headphone 
and the ear drum enables high quality of sound 
reproduction. 


In-ear headphones arealso knownas in-earmon- 
itors, IEMs, ear canal headphones, earphones, and 
canalphones. A pair of in-ear headphones is 
shown in Figure 29-7, one of them with its foam 
sheath removed. The rectangular silver-colored 
object in the headphone on the left contains a 
transducer to create sound pressure. 


A headset consists of one or two headphones 
plus a flexible microphone that extends to the 
promiximity of the mouth of the user. 


Noise-cancelling headphones, popularized by 
Bose, monitor external noise with a built-in mi- 
crophone and generate sound of opposite 
phase, to provide some cancellation. They are 
particulatly effective on jet aircraft, where back- 
‘ground noise tends to be consistent. 
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Figure 29-7. A pair of in-ear headphones, supplied with 
‘disposable foam plugs that conform flexibly with the ear 
‘canal. The headphone on the lft i shown with its plug re 
‘moved, 


Although an earphoneisalmostobsolete, itis still 
obtainable from specialty suppliers. thas a high 
impedance, making it suitable for use with a 
crystal-set radio, An earphone Is pictured in 
Figure 29-8, 


Figure 29-8. A vintage earphone of the type suitable for 
use with acrystal-set radio. 


Values 


Values 
Intensity 


Sound pressure is measured in decibels. For a 
complete explanation and discussion of weigh- 
ted and unweighted decibel scales, see “Sound 
Pressure” on page 251 in the transducer entry. 


Frequency Response 
A plot of sound pressure as a function of fre- 
quency shows the frequency response of a head- 
phone. Measuring the sound pressure meaning- 
fullyisa challenge, because the ear canal will add 
coloration to the sound and can amplify some 
frequencies while masking others. Ideally, meas- 
urementshould bedoneatthe ear drum, butthis 
is not feasible. Consequently, high-end head- 
phones are evaluated by making sound meas- 
urements inside simulatedearcanalsinadummy 
human head. 


A comparison between a high-quality $500 au- 
dio product and a transducer that is sold as a 
component for less than $1 illustrates the differ- 
ence in frequency response; see Figure 29-9. The 
Sennheiser headphones have a smooth re- 
sponse that rises toward the low end, compen- 
sating for the lack of bass response that tends to 
bea problem in headphones, and the relative in- 
sensitivity of the human ear to low frequencies. 
The fluctuations at the high end are within about 
5B. 


By comparison, the Kobitone emphasizes the 
range between 3kHz and 4kHz because its pri- 
mary task is to be heard, and these are the fre- 
quencies where human hearingismostsensitive. 
Its low-frequency response trails off (although is 
still much better than that of a piezoelectric 
transducer, where the low response typically di: 
minishes by 40dB to 50d8). The low-frequency 
output of the Kobitone is actually impressive 
bearingin mind thatthe componentisonly 9mm 
in diameter. It draws 60mA at SVAC. 


Chapter 29 265 


What Can Go Wrong 


20 


3 


Sennheiser 
HD6S0. 
headphones 


8 


Kobitone 
254.EMBOS-RO 
‘lectromagnetic 

20 transducer 


Rolative decibels (ABSPL) 


8 5 5 8 § 
ua reqveney (He) 


Figure 29-9. Comparison between frequency responses 
ofa SI electromagnetic transducer intended as an audio 
alert and 2 $500 pair of headphvanes intended for sound 
reproduction. The upper graph is derived fom a review 
‘online at headroom com: the lower graph is from the 
‘manufacturer's datasheet 


Some manufacturers of audio reproduction 
equipment prefer not to supply frequency re- 
sponse curves. Instead they may claim, for ex- 
ample, that the frequency response of a product 
ranges from 100Hz to 20kHz. This claim means 
very litle unless itis accompanied by a range of, 
sound pressure levels. if the frequency response 
isconsistent within a range of, say, plus-or-minus 
5dB, this may be acceptable. Ifthe range is plus- 
of-minus 2048, itis not acceptable. The ability to 
reproduce a high note or a low note is not useful 
if the sound is too faint to hear. 


Distortion 

The total harmonic distortion (THD) of any audio 
equipment measures its tendency to add spuri- 
ous harmonics of a single frequency. If head- 
phones are required to reproduce a pure 1kHz 
sinewave, they will also tend to create an addi- 
tional 3kHz tone that is an artifact. This can be 


sound source > reproducer > headphone 


caused by the mechanical behavior ofa vibrating 
diaphragm. The human earrecognizes distortion 
as a fuzzy or rasping sound, A square wave the- 
oretically containsall the harmonics that are odd 
multiples of its fundamental frequency, and 
sounds extremely distorted. 


THD should be less than 1% in good-quality au- 
dio devices. 


Impedance 
The electrical impedance of headphones is rele- 
vant in that it should match the output specifi 
cation of the amplifier that drives them. 


What Can Go Wrong 


Overdriving 
Headphones can be damaged by overdriving 
them, Because a low frequency requires larger 
excursions of a diaphragm to transmit the same 
energy as a high frequency, headphones are es- 
pecially vulnerable to being damaged by bass at 
high volume. 


Hearing Damage 
Human hearing can be damaged by prolonged 
listening to headphones ata high volume, Some 
controversy remains regatding an acceptable 
limit for sound pressure. 


Mismatched Impedance 

Ifthe impedance of headphones does not match 
the output of the amplifier driving them, distor- 
tion or a skewed frequency response can result. 
This is known as mismatching. 


Incorrect Wiring 

In most consumer products, a pair of head- 
phones will share a common ground, While the 
connections in a typical three-layer jack plug 
have been standardized, hand-wired repairs or 
extensions should be tested carefully. Incorrect 
wiring will cause unpredictable results. 


266 


Encyclopedia of Electronic Components Volume 2 


sound source > reproducer > speaker 


speaker 


The term speaker is a diminution of loudspeaker. The full word is now so rarely used, 
some catalogs do not recognize it as a search term, This encyclopedia acknowledges 
contemporary usage by using speaker rather than loudspeaker. 


‘Afully assembled consumer product can be referred to asa “speaker” butitalso contains 
‘one of more individual components that are described as “speakers” To resolve this 
ambiguity, referring to the components as drivers is helpful, but this practice can create 
more ambigulty because other types of components are also called “drivers” The only 
real guide to the meaning of speaker is the context in which itis used. 


For the purposes of this entry, a speaker is a sound reproduction device, distinguished 
from a typical electromagnetic transducer by being larger and more powerful, with a 
more linear frequency response. A transducer may be used as a noise-creating device to 
provide an alert, informing the user of the status of apiece of equipment. Because some 
speakers have been miniaturized for use in handheld products, they may be used as 
transducers, allowing some overlap between the two categories. 


Because this encyclopedia assigns more emphasis to electronic components than to 
consumer products, this entry provides only a superficial overview of fully assembled 
speakers, and deals more with the drivers inside them, their principles of operation, and 
the general topic of sound reproduction, 


OTHER RELATED COMPONENTS 


+ headphone (soo Chapter 29) 
+ transducer (see Chispier 27) 


What It Does 


Aspeaker converts fluctuations ofan electricsig- = 
nal into pressure waves that the human ear per- 


ceivesas sound. Itcan be used for entertainment 


purposes or to provide information in the form 
of spoken words or distinctive sounds (as in the 
case of a miniature speaker in a cellular phone, 
playing a ring tone). 


‘The internationally accepted schematic symbol 
for a speaker is shown in Figure 30-1. 


Figure 30-1 Only one symbol exists to represent a speak- 
er This isi 


How It Works 


For a summary of basic concepts and terminol- 
ogy relating to sound and its reproduction, see 
“Audio Basics” on page 261 in the previous entry. 
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Construction 

A speaker contains a diaphragm or cone with a 
coil attached to it. Fluctuations of current 
through the coil interact with a permanent mag- 
net, causing the speaker to emit pressure waves 
that are proportionate with the current. The de- 
sign s similar in concept to that of a headphone, 
shown diagrammatically in Figure 29-3. The pri- 
mary difference is that a speaker of around 2" or 
morewill useaconerather thanaflatdiaphragm. 
The cone shape is more rigid and creates a more 
directional sound. 


A 2" speaker rated for 1/4W with a 630 coil is 
shownin Figure 30-2, undamaged on the left but 
with its cone cut out on the right. Theneck of the 
cone, which is normally inserted in the circular 
groove in the speaker magnet, is shown with the 
inductive coil wrapped around it. 


Figure 30-2. On the left is a 2" speaker. On the right, its 
‘ane has been cut away to reveal the magnet, with a cir 
cular graave in it. The neck af the cone, which normally 
slides into the groove, is shown removed. 


A speaker with a cone 4” in diameter is shown 
from the rear in Figure 30-3. 


A miniature surface-mount speaker is shown 
from the front and from the rear in Figures 30-4 
and 30-5. It measures just under 0.4” diameter 
and was made for Motorola. Its power rating is 
s0mW. 
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Figure 30-3. The back side of a speaker with a cone 
‘measuring approximately 4” in diameter. Its magnet isthe 
large round section that 's uppermost. This unit is rated 
for 4W/ and has an impedance of 80 


A speaker designed fora cellular phoneis shown 
in Figure 30-6. Note the close resemblance in de- 
sign to the driver used in an earbud, shown in 
Figure 29-6 in the previous entry. 


In the past, speaker cones were made from 
tough, fibrous paper. Modern cones are more 
likely to be plastic, especially in small sizes. 


Figure 30-4, Front view of a surface-maunt speaker 
‘measuring less than 0.4” diameter. 
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Figure 30-5. Rear view ofthe speaker shown inthe previ 
ous figure. 


Figure 30-6. A miniature speaker measuring slightly 
‘mare than 1/2" diameter and only 0.13" thick, designed 
for use in acellular phone. Ithas an impedance of 1500. 


Multiple Drivers 

Generally speaking, a large-diameter speaker 
cone is more effective than a small cone at mov- 
ing the greater volumes of air associated with re- 
production of bass notes. However, the inertia of, 
a large cone impairs its ability to vibrate at high 
frequencies 


To address this problem, a large speaker and a 
small speaker often share a single enclosure. A 
crossover network using coils and capacitors pre- 
vents low frequencies from reaching the small 
speaker and high frequencies from reaching the 
large speaker. The basic principles shown in the 
simplified schematic in Figure 30-7. 


Figure 30-7 The basic principle ofa crossover network 


Because the crossover network must be “tuned 
tomatch the characteristics of the speakers, and 
because the combined sound pressure of the 
speakers must be relatively consistent over a 
wide range of frequencies, an actual network 
usually includes additional components. 


Because the audio output from an amplifier con- 
sists of alternating current, polarized capacitors 
cannot be used. Polyester capacitors are 
common. 


The small speaker in a pair is known as a twee- 
ter while the large speaker is a woofer. Although 
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these appellations were whimsically coined, they 
have endured. 


More than two speakers may be combined in an 
enclosure, in a wide variety of configurations. 


Venting 
A speaker radiates pressure waves from the back 
side of its cone as well as from the front, and be- 
cause the waves from front and back are oppo- 
site in phase, they will tend to cancel each other 
out. 


Ina miniature speaker, this problem can be ad- 
dressed simply by sealing the section of the en- 
closureat the rear.Forlarger components, a more 
efficient enclosure can be designed with a vent 
orreflexportatthe front. Pressure waves from the 
back of the speaker are diverted over a sufficient 
distance inside the cabinet so that by the time 
they emerge through the port, they ate approx- 
imately in phase with low frequencies from the 
front of the speaker, although the back wave will 
lag the front wave by one wavelength. 


This design is referred to as a bass-reflex enclo- 
sure, and was almost universal in high-fidelity 
components until amplifiers became increasing- 
ly powerful during the 1960s. At that point, 
Acoustic Research, located in Massachusetts, 
marketed a product line in which speaker enclo- 
sures were sealed, the argument being that 
when an amplifier can deliver 100W per channel, 
efficiency is no longer an issue, and a sealed en- 
closure can eliminate compromises associated 
with a bass-reflex design. 


Acoustic Research referred to their concept as 
“airsuspension’ asthe cushion ofairinthesealed 
cavity helped to protect the speaker by limiting 
its excursion. This configuration is now often re- 
ferred to as a closed-box speaker. Some audio- 
philes argue that it must always be inherently 
superior to a bass-reflex design, partly because 
of the one-wavelength lag time associated with 
a reflex port. However, as in many aspects of 
sound reproduction, the debate is inconclusive, 
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Resonance 

The enclosure for a speaker will tend to have a 
dominant resonant frequency. This should be 
lower than the lowest frequency that the speaker 
will reproduce; otherwise, the resonance will em- 
phasize some frequencies relative to others, cre- 
ating unwanted peaks in the response. 


‘One reason why high-quality speakers tend tobe 
physically heavy is to reduce their resonant fre- 
quency. A modern Thiel speaker assembly, for 
instance, uses front panel of particle board that 
is a full 2 thick. However, heavy enclosures are 
expensive to transport and inconvenient to lo- 
cate or relocate in the home. 


Toaddress this problem, a tweeter and a woofer 
can be mounted in separate boxes. The enclo- 
sure for the tweeter can be very small, light- 
weight, and suitable for placement on a shelf, 
while the heavy box for the woofer can goon the 
floor. Human senses have difficulty locating the 
source of low-frequency sound, so the woofer 
can be located almost anywhere in a room, In 
fact, its single speaker can serve both stereo 
channels. 


This configuration has become the default for 
computer speakers. It is also used in home- 
theater systems, where the woofer has now be- 
‘comea subwoofer capable of very low frequency 
reproduction. 


Miniature Speakers 
Ian electronics project has an audio output, and 
the circuit board will be sharing an enclosure 
with a small speaker, the size of the box and the 
material from which itis fabricated will affect the 
sound quality significantly. A box made from thin 
hardwood may add resonance that sounds 
pleasing, ifthe speaker is being used just for sim- 
ple electronic tones. By comparison, a metal box 
may sound’tinny’ Abox fabricated from aplastic 
such as ABS will be relatively neutral, provided 
the plastic is reasonably thick (1/4” being pref- 
erable) 
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Variants 


Electrostatic Speaker 
‘The principle of an electrostatic speaker is the 
same as that of an electrostatic headphone. A 
charged membrane is stretched between two 
agrids in front of it and behind it that act as elec- 
trodes. Because the membrane is so light, it re- 
sponds with very little latency, and its large sur- 
face area creates a diffused sound that many au- 
diophiles find pleasing. However, a high voltage 
is required to drive electrostatic speakers, and 
they are not cheap. 


Powered Speakers 
A unit containing its own driver electronics is re- 
ferred to as.a powered speaker, and is used almost 
Universally with desktop computers, because the 
computer itself does not contain a power ampli- 
fier. Powered speakers may also enable a more 
versatile crossover network. 


Asubwoofermay haveits own amplifier allowing 
control of the cutoff frequency above which the 
speaker will not attempt to reproduce sound, 
The electronics can include protection for a 
speaker against being overdriven. 


Wireless Speakers 
wireless link between a stereo receiver and its 
speakers will eliminate the speaker wires that are 
normally necessary. However, the speakers 
themselves must be powered, and will have to 
be wired to electric outlets. 


Innovative Designs 

‘The need for small speakers in consumer prod- 
ucts such as laptop computers has encouraged 
innovative designs. The speaker in Figure 30-8 is 
just 1” square, and its shape is easier to accom- 
modate in a small product than the traditional 
circular speaker. In Figure 30-9, the interior of the 
same speaker shows that inductive coils are ap- 
plied to a square plastic diaphragm. 


Variants 


Figure 30-8. A speaker I” square, suitable for us 
small electronic device. 


with @ 


Figure 30-9. The speaker from the previous figure 
‘pened fo show its inductive coils applied fo a square 
plastic diaphragm, 


Values 


The typical impedance for speakers in audio sys- 
tems is 80. Small speakers may have a higher 
impedance, which can be useful when driving 
them from devices that have limited power, such 
as.aTTLtype 555 timer. 


In the United States, the diameter of a circular 
speaker is usually expressed in inches, Speakers 
larger than 12” are rare for domestic use. A 4” 
speaker used to be considered minimal because 
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of its limited low-end frequency response, but 
much smaller speakers have become common in 
portable devices. 


The low-end frequency response of a miniature 
loudspeaker designed to be surface-mounted 
on a circuit board will be very poor. The graph in 
Figure 30-10 was derived from data supplied by 
the manufacturer, 
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Figure 30-10. Frequency response fora speaker measur 
ing 15mm x 15mm x 5mm. Smail dimensions and lack oF 
an enclosure result in a negigible low-end response 


Power rating for speakers is in watts, measured 
on a root-mean-square (RMS) basis. 


Sensitivity is measured in decibels, at a distance 
of one meter, while a speaker is reproducing a 
single constant tone with a power input of 1W. A 
speaker assembly designed for undemanding 
home use may be rated at 85d8 to 95dB. 


Efficiency is a measure of sound power output 
divided by electrical power input. A value of 1% 
is typical. 
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What Can Go Wrong 


Damage 

As is the case with headphones, the most com- 
mon problem affecting a speaker is damage 
caused by averdriving it. Because a low frequen- 
cy requires larger excursions ofa speaker cone to 
transmit an amount of energy comparable to 
that of a high frequency, loud bass notes can be 
hazardous to the cone. On the other hand, if an 
amplifier generates distortion (perhaps because 
it, too, is being overdriven), the harmonics cre- 
ated by the distortion can damage high- 
frequency speakers. 


Magnetic Field 

Even a small speaker (measuring 2" or less) con- 
tains a magnet that is sufficiently powerful to 
cause problems fits in close proximity to other 
‘components, especially if sensors such as reed 
switches or Hall-effect switches are being used. 
Initial circuit testing should be done with the 
speaker as far away as possible, to eliminate it as 
a source of interference. 


Vibration 

Solderjoints will be stressed if they are subjected 
tolow-frequency vibration froma speaker. Loose 
parts may rattle, and parts that are bolted into 
place may become unbolted. The speaker itself 
may become loose. Thread-locker such as Loc- 
Tite should be applied to nuts before they are 
tightened. 
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2N682 SCR, 2 

40478 timer, 75, 

40TPS12 SCR, 2 

4131-503 digital potentiometer, 
@2 

45438 decoder, 168 

45438 decoder chip, 168 

‘555 timer, 70-73, 76, 79-84 

‘5555 timer, 74 

‘556 timer, 73 

‘558 timer, 73 

7447 decoder, 148 

74HC00 logic gate, 93 

74HC123 timer, 75 

74HC163 counter, 132 

74HC21 timer, 76 

74HC4514 decoder, 147 

74HC4515 decoder, 139, 147 

7AHCSSSS timer, 74 

7AHCTSSSS timer, 74 

7ALS123 timer, 75 

715148 decoder, 139 

7ALS47 decoder, 148 

7555 timer, 74 


7556 


et, 74 

BTA20BX-10008 triac, 16 

BTBO4-600SL triac, 16 

CATS114 digital potentiometer, 
64 

CD40478 timer, 75 

CMX60D10 relay, 27, 

D804 optocoupler, 37 

DB3TG diac, 12 

DC60S7 relay, 27, 28 

HEF45286 timer, 75 

LM339 comparator, 42 

LM3914 driver, 236 

LM741 op-amp, 49, 53, 

M74HC4538 timer, 75 

MAC97AG triac, 16 

MAX6954 driver chip, 234 

MC145388 timer, 75, 

NTE926 timer, 73, 

OPTEKD804 optocoupler, 34 

PT-2040PQ transducer, 253 

PUI XL4S3 audio indicator, 257 

5$D1306 LED display module, 
235 

5801331 LED display module, 
235 


TIL311 driver, 236 
WS0010 LED display module, 235 
X0403DF SCR, 2, 5 


A 


A-weighting audio standard, 252 

absolute zero, 173, 

acoustically transparent head- 
phones, 264 

activator, electroluminescent, 244 

active matrix LCD, 161 

additive primaries, 166 

address of tap, digital potentiom- 
eter, 62, 63 

Adobe 1998, 167 

alert, 249, 257 

alternating current, 172 

American Standard Code for In- 
formation Interchange (ASCII), 
163 

AMOLED (active-matrix OLED), 
246 

analog input/output, 66 
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analog integrated circuits 
comparator, 39-48 
(see also comparator) 
digital potentiometer, 59-67 
(see also digital potentiom- 
eter) 
op-amp, 49-58 
(see also op-amp) 
optocoupler, 33-37 
(see also optocoupler) 
solid-state relay, 25-31 
(see also solid-state relay) 
timer, 69-87 
(see also timer) 
analog multiplexer, 151, 152 
analog output optocoupler, 36 
analog-digital converter, 39, 47, 
59 
AND gate, 45,90, 91, 92, 97,98, 
100, 102, 103 
anode 
LED display, 232 
LED indicator, 213 
vacuum-fluorescent display 
(WFD), 240 
arithmetical operations, binary, 
0 
arithmetical operators, 89 
ASCIl (see American Standard 
Code for Information Inter- 


change) 
stable multivibrator, 46,55, 69 
(see also timer) 


astable timer, 70, 72,77, 80 
asynchronous counter, 118, 134 
asynchronous flip-flop, 107 
asynchronous input, 123 
audio alerts 
audio indicator, 257-260 
transducer, 249-255 
audio frequency, 54, 251, 252, 
253, 254,257, 258 
audio indicator, 249, 257-260 
PUI XL453, 257 
current, 260 
design, 257-258 
duty cycle, 260 
formats, 258 
frequency, 258, 260 


function, 257 
history, 258 
potential problems, 260 
sound intensity, 260 
sound patterns, 258 
use of, 260 
values, 259 
variants, 258 
voltage, 259 
volume control, 260 
wiring, 260 
audio transducer (see transducer) 


back-EMF, 29, 30, 87 

backlighting, electroluminescent, 
167 

backplane, 161 

ballast, 180, 192, 194, 225 

band gap, 207 

bandpass filter, 59 

bandwidth, 36 

bass-reflex enclosure, 270 

bayonet base, 177 

BCD output, 135 

beeper, 249, 257 

bi-pin tube, 194 

bidirectional multiplexer, 151 

bidirectional optocoupler, 36 

bidirectional shift, 125 

bidirectional thyristor, 11 

binary addition, 21 

binary arithmetic, 89, 92 

binary counter, 134 

binary digit, 121, 134 

binary ripple counter, 121 

binary-coded decimal (BCD) out- 
put, 135 

bipolar transistor, 1, 18, 70, 

bistable displays, 167 

bistable multivibrator, 46, 69, 107 
(see also flip-flop) 

bit, 121, 134 

bitmap, 159, 227 

black body radiation, 173, 

Boolean algebra, 8° 

Boolean operators, 89, 91 


breakdown voltage, 1,4, 20, 184 
breakover frequency, 53 
breakoverlevel, 12 

breakover voltage, 4, 14, 15, 20 
bubble, 90, 116, 123, 133, 155 
buffer, 90, 128 

bum in, 160 

burst mode, 84 

buzzer, 249, 257, 258, 


c 


Camenzind, Hans, 70 

canalphones, 264 

candela, 178 

candlepower, 178 

capacitor 
coupling, 84 
light-emitting, 244 

catbon are, 171 

cascade, 134 

cascaded encoders, 142 

cascading, 157 

cathode, 188, 192, 232, 239 

cathode vacuum-fluorescent dis- 
play (VED), 240 

cathode-ray tube (CRT), 160, 239, 
244 

CCFL (see cold-cathode fluores- 
cent lamp) 

CCT (see correlated color temper- 
ature) 

cd (candela), 178 

ceramic wafer, 250, 258 

GFL (see compact fluorescent 
lamp) 

channel current, 155 

channels, 42,52, 153 

charge storage, 23, 24 

chemiluminescence, 244 

chip select pin (C5), 63, 64 

cilia, 261 

ircumaural headphones, 264 

lipped output, 50 

lock, 121 

lock input, 131, 133 

clocked comparator, 47 

clocked in, 121 
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closed-back headphones, 264 
dlosed-box speaker, 270 
‘CLR operation, 133 
(CMOS 555 timer, 74 
CMOS chips, 48, 94 
CMYK system, 166 
CO2 lasers, 201 
code hopping encoder, 139 
coherent light, 197, 200 
cold-cathode fluorescent lamp 
(CCFL), 191, 194 
cold-cathode fluorescent panel, 
167 
color 
fluorescent lights, 194, 241, 
242 
in LCDs, 166-167 
of LEDs, 205, 207, 209-211, 
212, 219-222, 222,226 
primary, 166-167 
color rendering index (CRI), 174 
color super twisted nematic 
(CSTN)LCD, 167 
color temperature, 173, 209, 219, 
222 
color-rendering index (CRN, 212 
‘common anode, 232 
‘common cathode, 232 
‘common mode voltage range, 53 
‘common pin, 161 
‘commutating dv/dt, 23 
‘compact fluorescent lamp (CFL), 
191 
comparator, 39-48, 70, 83, 90 
L339, 42 
analog-digital converter, 47 
AND gate, 45 
bistable multivibrator, 46 
clocked, 47 
continuous converter, 47 
design, 39-42 
digital, 39 
dual, 42 
function, 39 
hysteresis, 39, 44 
latched, 47 
level shifter, 46 
and op-amps, 42, 52 
potential problems, 47-48 


relaxation oscillator, 46 
use of, 44-47 
values, 43-44 
variants, 42-43 
window, 42 
window comparator, 46 
zero point finder, 47 
conduction angle, 7,9 
cone, 268 
confused inputs, 48 
continuous converter, 47 
converter, serial to parallel, 107 
correlated color temperature, 222 
counter, 107, 121, 131-138 
74HC163, 132 
asynchronous, 118, 134 
binary, 134 
binary ripple, 121 
clock sources, 135 
decade, 135 
decoded output, 134 
descending output, 136 
design, 132-134 
divide-by-16, 134 
function, 131-132 
glitches, 138 
gray code, 131 
hexadecimal, 134 
modulus-16, 134 
modulus/modulo, 132 
multiple stages, 136 
octal, 134 
output states, 136 
pin identifier, 133 
potential problems, 137-138 
programmable, 137 
ring, 131, 134 
Fipple, 107, 134, 148 
rising edge and falling edge, 
136 
schematic representation, 
131-132 
single and dual, 136 
synchronous, 134, 136 
values, 137 
vatiants, 134-137 
coupler, output, 198 
coupling capacitor, 84 
CRI (see color rendering index) 


crossover network, 269 
crosstalk, 161 
crowbar overvoltage protection, 
2 
CRT (see cathode-ray tube) 
crystal, 249 
crystal lasers, 201 
crystal-set radio, 265 
CS (chip select pin), 63, 64 
current 
alternating, 172 
audio-indicator, 260 
channel, 155 
direct, 172 
forward, 211 
gate threshold, 18 
holding, 2, 18 
latching, 2,18 
leakage, 156 
transducer, 254 
current amplifier, 2,18 
Current Transfer Ration (CTR), 36, 


D 


D-type flip-flop, 114, 116 
data distributor, 140, 146, 152 
data selector, 140, 146, 151, 152 
(see also multiplexer) 
data transfer, 62 
Db (see decibels) 
BA, 253 
debounced, 66 
decade counter, 135 
decibel, 251-252, 259, 265 
decoded output counter, 134 
decoder, 134, 139, 140, 143, 145— 
149, 151, 153, 157 
7447, 148 
74HC4S14, 147 
74HC4515, 147 
741547, 148 
design, 148 
function, 145-146 
input devices, 145-146 
LED driver, 146 
potential problems, 149-149 
schematic symbol, 146-146 
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seven-segment, 146 
similar devices, 146 
use of, 149 
values, 148 
variants, 148 
decoder chip, 151 
demultiplener, 140, 146, 151 
derated relay, 30 
derating curve, 213 
descending output counter, 136 
diac, 1, 11-14,15, 22 
DB3TG, 12 
abbreviations, 14 
design, 12-13 
function, 11 
potential problems, 14 
switching AC, 13, 
symbol variants, 11 
values, 14 
variants, 13 
diaphragm, 262, 268 
dies, 219 
differential multiplexer, 152 
digipot (see digital potentiome- 
ter) 
digital comparator, 39 
digital integrated circuits 
counter, 131-138 
decoder, 145-149 
encoder, 139-143 
flip-flop, 107-119 
logic gate, 89-105 
multiplexer, 151-157 
shift register, 121-129 
digital multiplexer, 151 
digital potentiometer, 59-67, 156 
4131-503, 62 
CATS114, 64 
address of tap, 62, 63 
advantages/disadvantages, 
59-60 
connections and modes, 64 
data transfer, 62 
design, 60-61 
function, 52-60 
higher resolution, 66 
12C protocol, 63 
potential problems, 66 
programmable, 59 


SPI protocol, 62 
taper, 62 
up/down protocol, 63, 
se of, 66 
values, 65-66 
variants, 61-65 
Volatile/nonvolatile memory, 

6 

digital-analog converter, 39,47, 
59 

digitally adjustable potentiome- 
ter (see digital potentiometer) 

digitally controlted potentiome- 
ter (see digital potentiometer) 

digitally programmed potentiom- 
eter (DPP) (see digital potenti- 
ometer) 

digpot (see digital potentiome- 
ter) 

diode, PIN, 35 

diode, protection, 30, 

direct current, 172 

disallowed state, 135, 

discrete semiconductor 
diac, 22 

discrete semiconductors, 1 
(see also thyristor) 

dispersion, 178, 208, 225 

display 
electroluminescent (see elec- 

torluminscent (EL) display) 

LED (see LED display) 

display module, 164, 231 

divide-by-16 counter, 134 

dot-matrix displays, 163-165, 
230, 234-236, 239 

double super twisted nematic 
LCD, 161 

drift, 48 

driver,267 

driver chip, 233-234 

driver, dynamic, 262 

dual comparator, 42, 

dual counter, 136 

dual digital potentiometer, 61 

dual inputs, 50-51, 127, 

dual monostable timer, 75-76, 77 

dual voltage device, 39 

dual voltage power supply, 50 


duty cycle, 260 
dy/dt triggering, 8 
dynamic driver, 262 
dynamic transducer, 262 


e-ink displays, 167 
ear canal headphones, 264 
earbuds, 261, 263, 264 
earphone, 261, 264 
edge pass, 69 
edge triggering, 69 
edge-triggered shift register, 123 
efficiency, 272 
EL (see electroluminescent (EL) 
display) 
electret, 264 
electric newspaper, 236 
electroluminescence, 243 
electroluminescent (EL) display, 
243-247 
derivation, 244 
design, 243, 
flexible ribbons, 245 
function, 243 
OLED, 246-247 
panels, 244-245 
phosphors, 244 
rope light, 245 
variants, 244-247 
electroluminescent backlighting, 
167 
electromagnetic relay, 33, 
electromagnetic transducer, 250, 
253 
electronic ballast, 193, 225 
electronic paper displays, 167 
electrostatic headphones, 263 
electrostatic speaker, 271 
Enable, 116 
encoded output, 134 
encoder, 139-143, 152 
74HC4S15 decoder, 139 
7415148 decoder, 139 
cascaded, 142 
code hopping, 139 
design, 140-141 
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function, 139-140 
potential problems, 143 
priority, 140, 141 
rotary, 139 
rotational, 66 
schematic symbol, 139 
ilar devices, 140 
imple, 141 

tri-state, 141 

use of, 142 

values, 142 

variants, 141 
‘equalloudness contours, 252 
erratic output, 48 


F 


falling voltage, 43 

falling-edge triggered shift regis- 
ter, 123 

fanout, 94 

feedback 
negative, 51-52 
positive, 44 

ferromagnetic disc, 250 

FF (see flip-flop) 

fiber lasers, 201 

FIFO (see first-in, first-out (FIFO) 
shift register) 

filament, 171, 239 

film-compensated super twisted 
nematic (FSTN) LCD, 161 

first-in, first-out (FIFO) shift regi 
ter, 123 

flange base, 177 

flexible ribbon, 245 

flicker, 193, 

flip-flop, 46, 70, 89, 107-119, 121, 
132 
‘asynchrononous/synchronous, 

107 

D-type, 114 
design, 107-116 
forbidden states, 110-112 
function, 107 
3K, 112-113 
master-slave, 113 
NAND-based, 108-109 


NOR-based, 109-110 
packaging, 117 
potential problems, 118-119 
summary of types, 116 
use of, 118 
values, 117-118 
variants, 116-117 
flip-flop emulation, 82 
floating inputs, 127 
floating pins, 105 
fluoresce, 192 
fluorescence, 191,239 
fluorescent lamp, 191 
fluorescent light, 24, 167,174, 
191-196, 207, 217, 223, 239 
(see also vacuum-fluorescent 
display) 
ballast and starter, 192 
brightness, 195 
CCFLs, 194 
comparisons, 194 
design, 191-195 
flicker, 193 
function, 191 
potential problems, 195 
sizes, 194-194 
spectrum, 195 
tubes, 197 
values, 195 
variants, 193 
fluorescent tubes, 191 
flux, 177 
foot-candles, 178 
forbidden states, 110-112 
frequency 
audio, 54,251, 252, 253, 254, 
257, 258, 260 
breakover of op amp, 53, 
unity gain, 53 
frequency response, 265 
fused quartz, 176 


G 


‘gain, 50 
gain medium, 198 
‘game sound, 85, 
‘gamut, 167, 207 


ganged analog potentiometer, 61 

gas-discharge device, 191 

gate threshold current, 18 

gate turn-off thyristor (GTO), 1, 
11,15 

gated circuit, 113 

glitches, 138, 149 

glow discharge, 185, 

gray code counters, 131 

ground loops, 35 

GTO (see gate turn-off thyristor) 


H 


half adder, 92 
halogen lighting, 176,217, 221 
harmonies, 266 
headphone, 261-266 
acoustically transparent, 264 
balanced armature, 264 
circumaural, 264 
closed-back, 264 
design, 261-262 
distortion, 266 
electret, 264 
electrostatic, 263 
frequency response, 265-266 
function, 261 
impedence, 266 
in-ear, 264 
intensity, 265 
mechanical design, 264-265 
moving coil, 262-263 
noise-cancelling, 264 
‘open-back, 264 
potential problems, 266 
supra-aural, 264 
values, 265-266 
variants, 262-265 
headset, 264 
hearing aids, 261 
heat sensitivity, 14 
heat sink, 28, 206, 222 
Hertz, Heinrich Rudolph, 262 
hexadecimal counter, 134 
high linearity optocouplers, 36 
high logic state, 89 
high speed optocoupler, 36 
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high-brightness LED, 205, 217, power, 177-178 J 


‘227 power consumption, 175 
high-intensity LED, 217 schematic symbols, 171 pin edeaia 
high-output LED, 217 spectrum, 173 Jativeyos fe ons 168 
high-pass filter, 55 use of, 179-180 Jamtype parallel data input, 124 
high-power LEDs, 217 values, 17-179 Tee 
Hold state, 109, 114 variants, 175-177 erie ere 
holding current, 2, 18 incandescent lamps, 206, 217 ? 
holding level, 12 incoherent light, 159 
hysteresis, 42, 44-45, 48,83, 185 increment/decrement protocol, [K 
hysteresis range, 43 2 
hysteresis zone, 39 Indigloelectroluminscent dis- keyboard, polling, 127 
plays, 244 
inductor, 193 
! infrared emitters, 211 L 
inhibit pin, 153 
12C protocol, 62, 63 input ladder, 60 
IEM (see in-ear monitor) analog, 66 lamp 
ignition voltage, 184 asynchronous, 123 oven, 176 
illuminance, 178 lock, 131, 133 panel-mount indicator lamp, 
impedence, 271 confused, 48, 58 176 
ear earphones, 264 dual, 50-51, 127 lamp lenses, 176 
‘ear headphones, 264 floating, 127 laser, 197-203 
ear monitor, 264 inverting/noninverting, 39,51 CO2asers, 201 
incandescence, 191, 243 parallel, 123, 134 coherent light, 200-201 
incandescent bulbs, 219, input bias current, 53, common applications, 202 
incandescent lamp, 11,15,24, input devices, decoder, 145 crystal lasers, 201 
171-181, 200, 223 input differential voltage range, design, 198-201 
advantages/disadvantages, 53 fiber lasers, 201 
179-180 input offset voltage, 43, 53 function, 197 
base variants, 177 input voltage, 155 taser diode, 197, 198-199 
derating, 180 instant-start ballast, 194 potential problems, 202 
design, 172-175 integrated circuits (see analog in- use of, 202 
efficacy, 179 tegrated circuits, digital inte- values, 201 
efficiency, 179 grated circuits) variants, 201 
function, 171-172 inter-integrated circuit, 62 laser diode, 197, 198-199 
halogen or quartz halogen, internal sensors, 35 latch, 107, 112 
176 internal series resistor, 210 latch function, 43 
illuminance, 178 intrinsic layer, optocoupler, 35 latched comparator, 47, 
intensity, 178 invalid number, 135 latching current, 2, 18 
mean spherical candlepower inversion, logic gates, 90 latching relay, 4 
(MSCP), 178 inverter, 36,89, 91, 114 LCD (liquid-crystal display), 159- 
miniature lamps, 175-176 inverting input, 39, 51 170, 207,227, 246 
non-incandescent sources, ionization, 184 45438 decoder, 168 
174 isolation transformers, 34 active and passive types, 161 
oven lamp, 176 additional segments, 162-163 
panel-mount indicator lamp, alphanumeric display module, 
176 168-169 
potential problems, 180 backlighting, 167 
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color, 166-167 high-power, 217 high-brightness, 205 


color super twisted nematic potential problems, 225 infrared, 211 
(CSTN), 161 ‘schematic symbol, 218 intensity, 208 
crystal types, 161 ultraviolet output, 222 internal resistor, 210 
design, 159-160 values, 225 LEDs in parallel, 214 
dot-matrix displays, 163-165 variants, 223-224 life expectancy, 212 
double super twisted nematic, _visible differences, 220-220 light output and heat, 212 
161 LED display, 146, 227-237 low-current LEDs, 217 
film-compensated supertwist- _LM3914, 236 multicolor LEDs and color mix- 
ed nematic (FSTN), 161 MAX6954, 234 ing, 207 
function, 159 $SD1306, 235 multicolored, 210 
LED comparisons, 228 801331, 235 multiple series LEDs, 214 
numeric display module, 167-—_TIL311, 236 other applications, 215 
168 Wso010, 235, polarity, 213 
potential problems, 169-170 additional segments, 229-230 _ potential problems, 215, 
reflective, 161 design, 228 schematic symbols, 206 
seven-segment displays, 161- dot-matrix displays, 230, 234- series resistor value, 214 
162 236 size and shape, 208 
super twisted nematic (STN), driver chips and multiplexing, ultraviolet, 211 
161 233-234 use of, 213-215 
transteflective, 161 function, 227-228, values, 211-213, 
twisted nematic (TN), 161 LCD comparisons, 228 variants, 208-211 
use of, 167-169 multiple bar display, 232, 236 view angle, 213, 
variants, 160-167 multiple numerals, 229 wavelength and color temper- 
zet0-power displays, 167 one-digit hexadecimal dot ature, 209-210 
LCD display (see LCD (liquid crys- matrix, 236, fens, 183 
tal display) pixel arrays, 231, 235-236 level shifter, 46 
leakage potential problems, 237, light 
capacitors, 77 seven segment numeral, 228 coherent, 197, 200-201 
diac, 12 seven-segment displays, 228- incoherent, 159 
SCR, 2 229, 232-233, monochromatic, 197 
solid-state relay (SSR), 26 single light bar, 232 light wires, 243 
triac, 17 sixteen-segment driver chip, light-emitting capacitor, 244 
leakage current, 156 234 light-emitting diode (see LED) 
LED (generic), 26, 159, 167, 174, use of, 232-236 linear relationship, 50 
227, 243 values, 232 linear taper, 62 
LED area lighting, 24, 191, 195, variants, 228-232 linearity versus saturation, 42 
217-226, 227 LED indicator, 205-215, 218, 227 liquid-crystal display (see LCD) 
color variation, 222 color rendering index (CRI), logarithmic taper, 62 
‘comparisons, 220-222, 223- 212 logic chip, 139 
224 common usage, 206 logic gate, 89-106, 108, 126, 140 
costs and efficiency, 218 comparisons to other light ‘74HCO0, 93 
design, 218-223, emitters, 214 4000 series, 94 
dimming, 222 design, 207 7400 series, 93 
efficacy, 222 diffusion, 209 binary arithmetical operations, 
function, 217-218 efficacy, 208 1 
heat dissipation, 222 forward current, 211 Boolean notation, 91 
high-brightness, 217 forward voltage, 212 chip families, 95-96 
high-output, 217 function, 205-207 design, 89 


Index 279 


function, 89 
gates and inputs, 90, 96-103 
inversion, 90 
part numbers, 94-95 
potential problems, 105-106 
uses, 103 
variants, 93 

logic state, 89, 107 

logic, positive, 90 

logic, transistor-transistor, 70, 93 

logic-output optocoupler, 36 

loudspeaker, 84, 249, 263, 267 

low logic state, 89 

low-current LEDs, 211 

low-pass filter, 54 

Lower State Transition Voltage 
(stv), 43 

lumen (Im), 177, 195, 218, 225 

lumens per watt, 179, 195 

luminaire, 217 

luminary, 217 

luminescence, 191, 243 

luminous flux, 177, 195, 208, 218 

lux, 178 


magnetic ballast, 225 

maintaining voltage, 185 

maser, 197 

master-slave flip-flop, 113, 116 

me (millicandela), 178, 

mean spherical candlepower 
(MSCP), 176, 178 

metal-oxide semiconductor field- 
effect transistor (see MOSFET) 

metastabilty, in flip-flops, 119 

microcontroller, 29, 59 

microphone, 262 

millicandelas, 187, 208, 

miniature speakers, 270 

mismatching, 266 

mixed-signal device, 59 

MOD, 133 

mode select pins, 125 

modulo/modulus, 132 

modulus-16 counter, 134 


monostable multivibrator, 69 
(see also timer) 
monostable timer, 69, 71, 77,79 
MOSFET (metal-oxide semicon- 
ductor field-effect transiston), 
26,70 
motion detector, passive infrared, 
2 
motor, AC, 11 
moving coll headphones, 262 
MSCP (see mean spherical can- 
dlepower) 
multicolor LED, 207 
multiple bar display, 232, 236 
multiple series LED, 214 
multiple-stage counter, 136 
multiplexer, 28, 140, 146, 151 
157 
analog, 151, 152 
bidirectional, 151 
demultiplexer, 140, 146, 151, 
152,157 
design, 153, 
differential, 152 
digital versus analog, 151 
function, 151 
pin identifiers, 154-155 
potential problems, 157 
schematic symbol, 153 
similar devices, 152-153 
use of, 156 
values, 155 
vatiants, 155 
multiplexing, 168, 233-234, 241 
multisource lighting 
electroluminescent (EL) dis- 
play, 243-247 
LED display, 227-237 
vacuum-fluorescent display 
(WFD), 239-242 
multivibrator, 69 
(see also timer) 
astable, 46,55, 69 
bistable, 46, 69, 107 
MUX (see multiplexer) 


NAND gate, 37, 90, 91, 93, 94, 95, 
97, 98, 100, 102, 103, 108, 109, 
123, 127,135 
{see also NAND-based SR flip- 

flop) 

NAND-based SR flip-flop, 108 
109, 116 

nanometer, 195, 209 

negative feedback, 49, 51-52 

negative resistance, 185 

neon bulb, 31, 183-190, 191, 193 
construction, 184 
efficiency, 187 
function, 183 
hhow it works, 183-186 
ionization, 184 
life expectancy, 188 
light output, 187 
negative resistance, 185-186 
Nixie tubes, 189 
potential problems, 189 
power-supply testing, 188 
ruggedness, 187 
use of, 186-189 
variants, 189 

neon bulbs, 206 

neon indicator, 183 

neon lamp, 183 

neon lamp assembly, 183 

neutral value, 49 
(Gee also zero value) 

Newtons per square meter (Pa), 
251 

Nine tubes, 189 

noise-cancelling headphones, 
264 

noise-creating device, 249, 267 

noninverting input, 39, 51 

nonvolatile memory, 61 

NOR gate, 90,91, 97, 98, 100, 102, 
103, 108, 109 
(ee also NOR-based SR flip- 

flop) 

NOR-based SR flip-flop, 109-110 

numeric display module, 167— 
168 


NV (see nonvolatile memory) 


fe) 


octal counter, 134 
OE (output-enable), 126 
offset null adjustment, 56 
LED (organic light-emitting di- 
ode), 217,227, 243, 246-247 
on-resistance, 156 
‘one-digit hexadecimal dot ma- 
trix, 236 
‘op-amp, 39, 49-58, 90 
LM741, 49,53, 
calculating amplification, 53 
and comparators, 52 
confused input, 58 
controlling the gain, 53 
design, 49-52 
differences from comparator, 
a2 
dual inputs, 50-51 
as high-pass filter, 55, 
as low-pass filter, 54 
negative feedback, 51-52 
offset null adjustment, 56 
oscillating output, 57 
potential problems, 57-58 
as relaxation oscillator, 55 
as single power source, 56 
use of, 53-57 
values, 52 
variants, 52 
whatitdoes, 49 
open collector, 40 
‘open loop mode, $1 
‘open loop operation, 42 
‘open loop voltage gain, 53 
‘open-back headphones, 264 
‘open-drain outputs, 126 
operating voltage, 259 
‘operational amplifier (see op- 
amp) 
optical maser, 197 
optical switch, 34 
‘optocoupler, 25, 33-37, 215 
804, 37 
‘OPTEKD804, 34 


analog output, 36 
basic types, 36 
bidirectional, 36 
design, 34-34 
function, 33-34 
high speed, 36 
high-linearity, 36 
internal sensors, 35-36 
logic-output, 36 
potential problems, 37 
schematic symbols, 34 
use of, 36-37 
values, 36 
variants, 34-36 

OR gate, 90, 91, 97, 98, 99, 100, 
102, 103, 140, 142 

organic LED (see OLED (organic 
light-emitting diode)) 

oscillating output, 47, 57 

oscillator, relaxation, 12, 46, 95 

output 
analog, 66 
clipped, 50 
descending, 136 
encoded, 134 
erratic, 48 
open-drain, 126 
oscillating, 47, 57 
parallel, 123 
push-pull, 42 
three-state, 142 
types of, 134 
ultraviolet, 222 
weighted, 134 

output coupler, 198 

output mode, comparator, 42 

oven lamp, 176 

overvoltage protection, 2,6, 155, 


i) 


Pa (Pascals), 251 

panel, 243, 

Panelescent electroluminescent 
lighting, 244 

parallel input, 134 

parallel-enable pin, 134 


parallel-in, parallel-out (PIPO) 
shift converters, 125 
parallel-in, serial-out (PISO) shift 
register, 124 
parallel-serial converters, 124 
parchmentized thread, 172 
passive infrared motion detector, 
a 
passive matrix LCD, 161 
phase angle, 7, 13, 
phase control, 2, 7-7, 13, 22 
phones (see headphone) 
phosphor, 192, 239, 244 
phosphorescence, 244 
photocell, 35 
photodarlington, 34 
photodiode, 26, 34 
photon, 207 
photoresistor, 34 
phototransistor, 26, 34, 45 
photovoltaic PIN diode, 35 
piezein, 250 
piezo, 258 
piezoelectric alerts (see audio in- 
dicator) 
piezoelectric transducer, 249, 
250,253, 
pin 
common, 161 
floating, 105 
inhibit, 153 
parallel-enable, 134 
reset, 70 
trigger, 69 
pin base, 177 
PIN diode, 35 
pin identifier, 133 
pip, 184 
PIPO (see parallel-in, parallel-out 
(IPO) shift converters) 
pixel arrays, 231, 235-236 
PMOLED (passive-matrix OLED), 
246 
PN junction, 207 
PNPN device, 3 
polling a keyboard, 127 
positive feedback, 44 
positive logic, 90, 
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potentiometer, 35 

(see also digital potentiome- 
ter) 

power rating, 272 

powered speaker, 271 

primary colors, 166-166 

priority encoder, 140, 141 

programmable counter, 137 

programmable digital potenti- 
ometer, 59 

programmable unijunction tran- 
sistor (PUT), 2,9 

propagation delay, 44, 134 

protection diode, 30 

pullup resistor, 36, 40, 48, 71, 126, 
153 

pulse-width modulation, 7, 194, 
2 

pumping a laser, 198 

push-pull output, 42 

pushbutton, 66, 71 

pushbutton protocol, 62 


Q 


quad digital potentiometer, 61 
quadrants, 17-18 
quartz crystal, 131, 135 


race condition, 112, 

radiant flux, 177 

radiant luminous efficacy (LER), 
179, 187, 208, 222 

radiant luminous efficiency (LFR), 
179 

radiation, black body, 173 

rail-to-rail values, 42 

rapid-start ballast, 194 

rated voltage, 259 

Rayleigh scattering, 202 

RC network, 70 

rectifier, 2 

reference voltage, 70 

reflective display (see LCD (liquid 
crystal display)) 


reflective LCD, 161 
reflective primaries, 166 
reflex port, 270 
regenerative device, 2 
register, 121 
relaxation oscillator, 12, 46, 55 
relay 
electromagnetic, 33, 
latching, 4 
solid-state (see solid-state re- 
lay) 
zero-crossing, 25, 27 
remainder, 132 
reproducers 
headphone, 261-266 
speaker, 267-272 
reset pin, 70 
reset state, 109 
resistor array, 232 
resolution, 43 
resonant cavity, 198 
response time, comparator, 42 
restricted combination, 112 
retriggering, timer, 69 
RGB LCD monitors, 167 
RGB primaries, 166 
rheostat mode, 64 
ring counter, 121, 131, 134 
ringing, 112 
ripple counter, 107, 134, 148 
rising voltage, 43 
rising-edge triggered shift regis- 
ter, 123 
rope light, 243, 245 
rotary encoder, 139 
rotary switch, 151 
rotational coder, 139 
rotational encoder, 66 
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saturation versus linearity, 42 
SCR (silicon-controlled rectifier), 
1-9, 11,15, 26,34 
2N682,2 
407PS12,2 
X0403DF, 2,5 
abbreviations, 6 


‘AC current applications, 5 
breakdown and breakover 
voltage, 4 
concept demo, 4 
design, 1-2 
function, 1 
internal configuration, 3-5 
overvaltage protection, 7 
phase control, 7-7 
potential problems, 8-9 
switching behavior, 2 
use, 6-8 
values, 5 
variants, 5,6 
screw-in lamps, 177 
SCS (see silicon-controlled 
switch) 
segments, 239 
self-drive transducer circuit, 254 
sensitivity, 272 
sensor, 34, 35, 249, 262 
serial peripheral interface (see 
SPI) 
serial-in, parallel-out (SIPO) shift 
register, 123, 124 
serial-in, serial-out (S1SO) shift 
register, 123,124 
serial-parallel coverter, 123 
serial-to-parallel converters, 107 
series resistor, 207 
series resistor value, 214 
settling time, 149, 157 
setup time, 125 
seven-segment decoder, 146 
seven-segment displays, 228— 
229, 232-233 
seven-segment numeral, 228 
shift register, 63, 121-129, 131, 
148 
abbreviations and acronyms, 
123 
arithmetical operations, 127 
buffering, 128 
design, 122 
function, 121-122 
parallel outputs and inputs, 
123-124 
polling the keyboard, 127 
potential problems, 128-129 
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power considerations, 126 
preloading, 127 
schematic representation, 122 
three-state output, 126 
use of, 126-128 
values, 125-126 
variants, 124-125 
shift registers, 107 
shortened modulus, 135 
sidac, 14 
on-controlled rectifier (see 
SCR) 
silicon-controlled switch (SCS), 1, 
1115 
simple encoder, 141 
single counter, 136 
single light bar, 232 
single power source, 56 
single-inline package (SIP), 27 
single-input gates, 90, 
single-source lighting 
fluorescent light, 191-196 
incandescent lamp, 171-181 
lasers, 197-203 
LED area lighting, 217-226 
LED indicator, 205-215 
neon bulb, 183-190 
sink current, 44 
SIPO (see serial-in, parallel-out 
(SIPO) shift register) 
siren, 258 
SISO (see serial-in, serial-out (SI- 
50) shift register) 
sixteen-segment driver chi 
slew rate at unity gain, 53 
snubber, 30 
snubber network, 23, 
snubberless triac, 23 
solid-state analog switch, 28 
solid-state relay (SSR), 1, 11, 15, 
25-31, 33, 36, 215 
(see also optocoupler) 
‘CMX60D10, 27 
C6057, 27, 28 
advantages/disadvantages, 25 
design, 26-27 
function, 25-26 
instantaneous versus zero 
crossing, 27 


234 


NC and NO modes, 28 
packaging, 28 
potential problems, 30 
solid-state analog switch, 28 
use of, 29-30 
values, 29 
vatiants, 27-28 

sound pressure level, 251-252, 
251 

sound reproduction device, 249, 
267 

sound sources (see audio alerts, 
reproducers) 

spatial coherence, 200 

spatial distribution, 213 

speaker, 249, 267-272 
closed-box, 270 
construction, 268 
design, 267-270 
electrostatic, 271 
function, 267 
innovative designs, 271 
miniature speakers, 270 
multiple drivers, 269-270 
potential problems, 272 
powered, 271 
resonance, 270 
values, 271 
variants, 270-271 
venting, 270 
wireless, 271 

spectral lines, 174 

SPI (serial peripheral interface), 
62 

spontaneous emission, 198 

SPST switch, 25 

sputtering, 188 

SR flip-flop (see NAND-based SR 
flip-flop) 

sRGB, 167 

SSR (see solid-state relay) 

standard LED, 205, 227 

starter, 192, 225 

starting voltage, 184 

state diagram, 135 

steradians, 178 

stimulated emission, 198 

striking voltage, 184 

strip lights, 223 


strobe, 153 
super twisted nematic (STN) LCD, 
161 
supra-aural headphones, 264 
surface-mount transducers, 251 
swapped voltages, 48 
switch, 25,71, 107, 
rotary, 151 
silicon-controlled (SCS), 1, 11, 
15 
solid-state analog switch, 28, 
SPST, 25 
switch bounce, 109 
synchronous circuit, 113 
synchronous counter, 134, 136 
synchronous flip-flop, 107 


i 


Type flip-flop, 116 
tap, 60 
tap address, 62, 63 
taper, 62 
task lighting, 217 
TFT (see thin-film transistor) 
THD (see total harmonic distor- 
tion) 
thermal compound, 30 
thick phosphor, 244 
thin-film OLED, 243 
thin-film transistor (TFT), 161, 246 
3-wire programmable potentiom- 
eters, 63 
three-state output, 126, 142 
three-wire chips, 64 
threshold voltage, 207 
through hole, 206 
thyratron, 1 
thyristor 
diac, 11-14, 15 
SCR, 1-9 
triac, 15-24 
timer, 69-87 
40478, 75 
555, 70-85 
5555, 74 
556,73 
558,73 
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74HC123, 75 
74HC21, 76 
7AHCS5SS, 74 
7AHCTSSSS, 74 
7555, 74 
7556, 74 
cD40478, 75 
HEF4528B, 75 
M74HC4538, 75 
MC145388, 75 
NTE926, 73 
astable mode, 70, 72, 77, 80 
bipolar version, 70 
burst mode, 84 
CMOS 555, 74 
CMOS version, 71 
and coupling capacitors, 84 
design, 70 
dual monostable, 75-76, 77 
function, 62-70 
game sound, 85 
hysteresis, 83 
loudspeaker connection, 84 
monostable mode, 69, 71, 77, 

79 

output time control, 80 
potential problems, 85-87 
TIL version, 70 
use of, 79-85 
values, 76-79 
vatiants, 70-76 

toggle, 43, 113, 

total harmonic distortion (THD), 
266 

transducer, 249-255, 257, 267 
PT-2040P0, 253, 
AC supply, 254 
current, 254 
design, 249 
dynamic, 262 
electromagnetic, 250, 253 
formats, 251 
frequency range, 251 
function, 249 
limitations, 253-254 
measurement location, 253 
piezoelectric, 249, 250, 253 
potential problems, 254 


self-drive transducer circuit, 
254 
sound intensity, 254 
sound pressure, 251-252 
surface-mount, 251 
ultrasonic, 250 
unweighted values, 253 
use of, 254 
values, 251-254 
variants, 250-251 
voltage, 254 
Volume control, 254 
weighted sounds values, 252 
253 
transformer, isolation, 34 
transistor, bipolar, 1 
transistor transistor logic, 93, 
transistor transistor logic proto- 
col, 70 
transparent, 108, 114 
transteflective LCD, 161 
tri-state encoder, 142 
triac, 1, 7, 11, 15-24, 25, 34 
BTA208X-10008, 16 
{8TBO4-600SL, 16 
MAC97A6, 16 
breakover voltage, 20 
charge storage, 23 
design, 17-23 
function, 15-16 
other drivers, 22 
potential problems, 24 
quadrants, 17-18 
snubberless, 23, 
switching AC, 20-22 
symbol variants, 15-16 
testing, 19-20 
triggered by diac, 22 
values, 23-24 
variants, 23 
triac-based dimmer, 179 
trigger pin, 69 
trimmer, 40, 254 
truth table, 90 
TTL (see transistor-transistor log- 
ie) 
tweeter, 269 
twisted nematic (TN) LCD, 161 
two-wire chips, 64 


U 


ultrasonic transducer, 250 
ultraviolet output, 222 
unity gain frequency, 53 
universal shift register, 125 
unweighted sound values, 253 
up/down protocol, 62, 63 
Upper State Transition Voltage 
(USTV), 43 


Vv 


Vactrol, 35 
vacuum-fluorescent display, 
(WFD), 239-242 
anode in, 240 
cathode, 240 
character sets and pictorial de- 
sign, 242 
color, 241 
comparisons, 242 
design, 239-240 
function, 239 
modern application, 241 
potential problems, 242 
Use of, 240-241 
variants, 241-242 
variable frequency drive, 239 
velocity, 262 
vent, 270 
VFD (see vacuum-fluorescent dis- 
play) 
view angle, 208 
volatile memory, 61 
voltage, 259 
breakdown, 1, 4,20, 184 
breakover, 4,15, 20 
dual, 39 
falling, 43 
forward, 212 
ignition, 184 
input, 155, 
input offset, 43,53 
maintaining, 185 
in multiplexers, 155 
operating, 259 
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rated, 259 
reference, 70 
rising, 43 
starting/striking, 184 
threshold, 207 
transducer, 254 
voltage amplification, 53 
voltage amplifier, 49 
voltage converter, 39 
voltage divider, 71 
voltage divider mode, 65 
voltage gain, 43 
voltage level, 62 
voltage regulator, 59 
voltage spike, 72 
voltage transition, 69 


Ww 


wafers, 219 
water clear, 205 

wavelength, 262 

wavelength coherence, 200 
wedge base, 177 

Weighted output, 134 

Weighted sound values, 252-253 
window comparator, 42, 46 
wiper, 60 

Wiper resistance, 65 

wireless speaker, 271 

woofer, 269 


x 


XNOR gate, 90, 91, 98, 100, 102, 
103 

XOR gate, 90, 91, 92, 97, 98, 100, 
102, 103 


F4 


zero point finder, 47 
zero value, 49 
zero-crossing relay, 25, 27 
zero-crossing signal, 66 
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This third and final volume of the Encyclopedia 
of Electronic Components is devoted entirely to 
sensors. 


Two factors have caused very significant 
changes in the field of sensors since the 1980s. 
First, features such as antilock braking, airbags, 
and emissions controls stimulated the develop- 
ment of low-priced sensors for automotive 
applications. Many of these sensors were fabri- 
cated in silicon as MEMS (microelectromechani- 
cal) devices. 


The second wave began in 2007 when MEMS 
sensors were installed in the iPhone. A modern 
phone may contain almost a dozen different 
types of sensors, and their size and price have 
been driven down to a point that would have 
been unimaginable 20 years previously. 


Many MEMS sensors are now as cheap as basic 
semiconductor components such as a voltage 
regulator or a logic chip, and they are easy to 
Use in conjunction with microcontrollers. In this 
Encyclopedia, we have allocated. significant 
space to this segment of the market, hoping 
that the specific products that we have chosen 
will remain popular and available for at least 
the next decade. 


In addition, we have devoted space to older 
‘components where durability has been proven. 


Purpose 
While much of the information in this volume 
can be found dispersed among datasheets, 
introductory texts, Internet sites, and technical 
briefings published by manufacturers, we 
believe there is a real need for a durable 
resource that assembles all the relevant data in 
one place, properly organized and verified, 
including details that may be hard to find else- 
where. 


This volume may also serve a useful purpose by 
attempting to categorize and classify compo- 
nents in a field that is remarkably chaotic. For 
example, is an object presence sensor different 
from a proximity sensor? Some manufacturers 
seem to think so; others disagree. Understand- 
ing the distinctions and the underlying princi- 
ples can be important if you are trying to 
decide which sensor to use. 


Sensor terminology can also be confusing. To 
take another example, what is the difference 
between a reflective interrupter, a reflective 
object sensor, a reflective optical sensor, a reflec- 
tive photointerrupter, and an opt-pass sensor? 
These terms are used in various datasheets to 
describe components that are all retroreflective 
sensors. Understanding the proliferating variety 
of terminology can be essential if you simply 
want to find something in a product index. 


Organization 


As in volumes 1 and 2, this volume is organized 
by subject. For example, if you want to measure 
temperature, you'll find the entries for a ther- 
mistor and a thermocouple next to each other, 
in an entire section devoted to the sensing of 
heat. This will help you to compare capabilities 
and choose the component that best suits your 
application. 


The subject path leading to each sensor is 
shown at the top of the first page of each entry. 
For gas flow rate, for instance, you would follow 
this path: 


Fluid » gas > flow rate 


Note that the word “fluid” is properly used to 
include gases as well as liquids. 


Exceptions and Conflicts 
Unfortunately, some sensors are not easily cate- 
gorized. There are four problems in this area, 


1. What Does a Sensor Really Sense? 
A GPS chip is a radio receiver, picking up trans- 
missions from satellites. Does this mean it 
should be categorized as a sensor of radio 
waves? No, its purpose is to tell you your loca- 
tion. Therefore, it is categorized as a location 
sensor. This leads to the first general rule: sen- 
sors are categorized by their primary purpose. 
‘Secondary purposes may be found in the index. 


2. How Many Sensors Are in a Sensor? 
‘Many surface-mount chips perform more than 
one sensing function. For example, an inertial 
measurement unit (often identified by its acro- 
nym, IMU) can contain three gyroscope sensors 
and three accelerometers—and may contain 
three magnetometers, too. How should it be 
categorized? 


The answer is that an IMU will be mentioned in 
more than one entry in the Encyclopedia, 
because it performs more than one function; 
but it will not have its own separate entry, 


because each entry in the Encyclopedia is for a 
single primary sensing function. 


The names of multisensor chips are, of course, 
included in the index. 


3. How Many Stimuli Can One Sensor Sense? 
A single sensing element may be used in multi- 
ple different types of sensors. The most notable 
example is the Hall-effect sensor, which can be 
found in magnetometers, object presence sen- 
sors, speed sensors, current sensors, and doz- 
ens more. Modern automobiles can contain 
Hall-effect sensors everywhere from the igni- 
tion system to the trunk-locking mechanism. if 
you are using a hard drive with rotating plat- 
ters, it probably contains a Hall-effect sensor to 
monitor the speed of rotation. If you have a 
generic computer keyboard, each keypress is 
probably detected with a Hall-effect sensor. 


Bearing this in mind, how should a Hall-effect 
sensor be classified? And where should you 
expect to find an explanation of how it works? 


The answer is that where different types of 
components contain the same type of sensing 
element, the entry for each component will 
include a cross-reference to one location where 
the sensing element is explained in detail. 


This location will be chosen for its relevance, 
Thus, Hall-effect sensors are explained in the 
entry for object presence sensors, because 
this is their primary function. While it is true 
that a Hall-effect sensor works by detecting a 
magnetic field, that is not its most common 
application. 


4. Too Many Sensors! 
Wikipedia lists more than 100 general types of 
sensors, and even that list is probably not com- 
plete. Consequently, we had to pick and 
choose. Some of the decisions may seem arbi- 
trary, but all of them were made on the 
grounds of practicality. There were three princi- 
ples for deciding what to include and what to 
leave out. 
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|. Isit a component? We are more interes- The power category includes sources of electric- 


ted in board-mounted components ity and methods to distribute, store, interrupt, 
than in packaged products that hap- convert, and regulate power. The electromag- 
pen to contain sensors, For instance, a netism category includes devices that exert 
thermocouple is often enclosed in a force linearly, and others that create a turning 
tubular steel probe, and its wire is often force. Discrete semiconductors include the pri- 
plugged in to a specially designed mary types of diodes and transistors. See 
‘meter that displays temperature. While Figure P-1 fora contents listing. 


we do include a photograph of a 
probe, we are primarily interested in ‘Compor 
the welded wires of the thermocouple BONS SON | ORE GOHY ean VD 

inside it. power source battery 
connection jumper 


2. How much does it cost? An industrial 


ultrasonic sensor to check items on a fuse 
factory conveyor belt will be sealed pushbutton 
into a module with a waterproof grom- en 


‘met around a shielded cable—which is 
all very nice, but will not be very afford- 
able. This Encyclopedia is more interes- 


rotary switch 
rotational encoder 


ted in board-mountable components moderation relay 
for one-tenth of the price. resistor 
3. How many people are likely to want it? potentiometer 
The stock of each type of sensor was capacitor 
checked on component vendor sites. IF variable capacitor 
a sensor wasn't in the inventory, or if Gan Pa 
only a couple of variants were stocked, 
AC-AC transformer 
we concluded that the limited demand 
probably didn't justify including it here. IRCOC peers nO) 
For example, a Ferraris acceleration EDC converter 
sensor responds to eddy currents in a DC-AC inverter 
rotating motor shaft, as a way of meas- ein Teter 
uring vibration in the shaft. This is a eee — Weer panaeren 
really interesting device, but is unlikely repenn (ae 
to be on most people's shopping lists. si 
‘otational DC motor 
output 
Volume Contents desauls 
eS servo motor 
Having explained the organization of this book Sen 
and our dechions to Include or omit various pa rae ‘ede 
components, we now present a summary of the Semi dintion 
contents of all three Encyclopedia volumes: ‘conductor CANO eet 
mui: bipolar transistor 
Volume 1 Sessa field-effect transistor 
Power; electromagnetic devices; discrete semi- Figure p-1. The subject-oriented organization of cate- 
conductors. 


-ories and entries in Volume ofthis Encyclopedia. 
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Volume 2 

Thyristors (SCRs, diacs, and triacs); integrated 
Circuits; light sources, indicators, and displays; 
and sound sources. 


Integrated circuits are divided into analog and 
digital components. Light sources, indicators, 
and displays are divided into reflective displays, 
single sources of light, and displays that emit 
light. Sound sources are divided into those that 
create sound, and those that reproduce sound. 
A contents listing for Volume 2 appears in 
Figure P-2. 


Volume 3 

All the most common types of sensing devices, 
including those that detect location, presence, 
proximity, orientation, oscillation, force, load, 
human input, liquid properties, gas types and 
concentrations, pressure, flow rate, light, heat, 
sound, and electricity. A contents listing for Vol- 
ume 3 appears in Figure P-3. 


Method 


Reference Versus Tutorial 

As its title suggests, this is a reference book, not 
a tutorial. A tutorial such as Make: Electronics 
begins with elementary concepts and builds 
sequentially toward concepts that are more 
advanced. A reference book assumes that you 
may dip into the text at any point, learn what 
you need to know, and then put the book aside. 
If you choose to read it straight through from 
beginning to end, you will find some repetition, 
as each entry is intended to be self-sufficient, 
requiring minimal reference to other entries. 


Theory and Practice 
This book is oriented toward practicality rather 
than theory. We assume that the reader mostly 
wants to know how to use electronic compo- 
nents, rather than why they work the way they 
do, Consequently we do not include detailed 
proofs of formulae or definitions rooted in elec- 
trical theory. 


Gang _| sowaay_| Hoe 
dice Uyrsor SCR 
len dee 

a 

at ey 
ae 
coro 
onan 
dita piste 
it 
fate 
fitop 
‘shift register 
ae 


Integrated 
circuit 


analog. 


digital 


‘encoder 
decoder 
multiplexer 

Loo 

incandescent lamp 
neon bulb 
fuoresoont light 
laser 

LED indicator 

LED area lighting 
LED display 
vacuumluorescent 


fight 
source, 

Indicator 
or display 


multisource 
cr panel 
electroluminescence 
transducer 

‘audio indicator 
headphone 

speaker 


Figure P-2 The subject-oriented organization of cate- 
sories and entries in Volume 2 
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Primary | Attribute 
Category _ | to be Sensed 


spatial location. GPS. 
magnetometer 
presence object presence 
passive infared 
distance object proximity 
linear positon 
crientation rotary position 
tit 
yroscope 
accelerometer 
‘mechanical oseilation vibration 
force force 
human input single touch 
touch soreen 
fic liquid liquid evel 
liquid flow rate 
gas/iquid pressure 
eas ‘85 concentration 
es flow rate 
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thermocouple 
RTO 
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Figure P-3 The subject-oriented organization of cate 
‘gories and entries in Volume 3. 


Sensor Output 
In Volumes 1 and 2 of the Encyclopedia, each 
entry included hints on how to use a compo- 
nent. However, many sensors have identical 


forms of output, which are processed in a simi: 
lar way. To avoid repetition, general guidance 
for using nine principal types of sensor outputs 
has been placed in Appendix A at the back of 
this volume. 


For example, many sensors provide an analog 
voltage output that varies with the phenom- 
enon that is being sensed. In Appendix A, you 
will find suggestions on how to adjust the 
range of the output, if necessary, or how to 
digitize it with an analog-to-digital converter. 


You will also find a comparison between serial 
protocols such as I2C and SPI, both of which are 
commonly used when a microcontroller com- 
municates with a digital sensor via a bus. 


Glossary 
In the world of sensors, many terms tend to 
recut. Hysteresis is one; MEIMS is another. Rather 
than define these terms repeatedly, some quick 
definitions are gathered in a Glossary. Please 
remember the existence of the glossary if you 
encounter a term that is unfamiliar. See Glos- 
sary. 


In many instances, terms that are italicized in 
the text are defined in the glossary. 


Typographical Conventions 
Within each entry, bold type is used for the 
first occurrence in each entry of the name of a 
component that has its own entry elsewhere, 
Other important electronics terms or compo- 
nent names may be presented in italics. 


The names of components, and the categories 
to which they belong, are all set in lowercase 
type, except where a term is normally capital- 
ized because it is an acronym or a trademark, or 
contains a proper noun. The term Hall effect, for 
instance, has an initial cap because it is named 
aftera person named Hall. The term GPS is all in 
caps, because it is an acronym; but psi (mean- 
ing pounds per square inch) remains in lower- 
case, because even though it is an acronym, the 
lowercase form is more common. 
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‘The situation is different when specifying units 
that are named after electrical pioneers. All of 
these units should be lowercased when spelled 
out. Thus, when referring to the SI unit of force, 
it is “the newton” However, where a unit 
named after a person is abbreviated, the abbre- 
viation is capitalized, as in N for newtons, Hz for 
hertz, Pa for pascals, and A for amperes. 


Mathematical Syntax 

In mathematical formulae, we have used the 
style that is common in programming lan- 
guages. The * (asterisk) is used as a multiplica- 
tion symbol, while the / (forward slash) is used 
as a division symbol. Where some terms are in 
parentheses, they must be dealt with first. 
Where parentheses are inside parentheses, the 
innermost ones must be dealt with first. Con- 
sider this example: 


a 


8 / (7+ (4*2)) 


You would begin by multiplying 4 times 2, to 
get 8; then add 7, to get 15; then divide that 
into 30, to get the value for A, which is 2. 


Visual Conventions 

Figure P-4 shows the conventions that are used 
in the schematics in this book. A black dot 
always indicates a connection, except that to 
minimize ambiguity, the configuration at top- 
right is avoided, and the configuration at top- 
center is used instead. Conductors that ctoss 
each other without a black dot do not make a 
connection. The styles at bottom right are 
sometimes seen elsewhere, but are not used 
here. 


All the schematics are formatted with pale blue 
backgrounds. This enables components such as 
switches, transistors, and LEDs to be highligh- 
ted in white, drawing attention to them and 
clarifying the boundary of the component. The 
white areas have no other meaning, 


To show there is a connection 


SP a | fe 


This style 


This style is used etch ueed 


To show there Is no connection 


+ +4 


This style 


jeiaee These siyles are not used 


Figure P-4 Visual conventions that are used inthe sche- 
‘matics in this Book 


Units and Backgrounds 

So long as the United States clings stubbornly 
to the habit of expressing dimensions in inches, 
there is a good argument to follow this custom 
in books intended for an American audience. 
With this in mind, Volumes 1 and 2 mostly avoi- 
ded metric units of length. However, as time 
passed, the books were translated for use in 
many parts of the world where the inch is 
regarded as an anachronism. 


Recognizing that we now have an international 
audience, we have used the metric system 
throughout this volume (with very few excep- 
tions, such as a photograph of an American 
plumbing fixture that is designed to fit 3/4" 
pipe). For readers who are metrically impaired, 
here are some units of length, and their abbre- 
viations 


+ Tnanometer (nm) 


+ 1 micrometer (um 


,000nm 
+ T millimeter (mm) = 1,000,1m 
+ centimeter (cm) = 10mm 


+ Tmeter (m) = 100cm = 1,000mm 
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Amicrometer is also known as a micron, 


‘The basic conversion factor from meters to 
inches is 0.0254. Thus: 


+ Linch = 2.54cm = 25.4mm 
+ 1/1000 inch = 25.44m 


‘Sometimes 1/1000 inch is called a mil. 


In many of the component photographs, a 
graph-paper background is included. Each 
square in these backgrounds is 1mm. 


To avoid confusion, please remember that a 
few of these same component photographs 
appeated in books such as Make: More Electron- 
ics, where the background grid was in tenths of 
an inch. Captions to photographs in this vol- 
ume will remind you that millimeters are now 
used, 


Background colors in the photographs were 
chosen for contrast with the colors of the com- 
ponents, or for visual variety. They have no 
other significance. 


Component Availability 
The world of sensors is changing rapidly, and 
we have no way of knowing if a component will 
enjoy a long production run. We recommend 
checking availability at the following suppliers, 
which we used frequently during the prepara- 
tion of the book: 


+ http://www.mouser.com 
+ hetpy/wwjameco.com 
+ hetp/wwwsparkfun.com 


+ http://www.adafruit.com 


For obsolete parts, or those that are nearing the 
end of their commercial life, eBay can be very 
useful. Alternatively, new substitutions for old 
parts are often listed at htrp://www.mouser.com. 


Issues and Errata 


There are three situations where the reader and 
the writer may want to communicate with each 
other. 


+ We may want to tell you if the book 
contains a mistake of some signifi- 
cance. This is us-informing-you feed- 
back. 


+ You may want to tell us if you think you 
found an error in the book. This is you: 
informing-us feedback. 


+ You may be having trouble making 
something work, and you don't know 
Whether we made a mistake or you 
made a mistake. You would like some 
help. This is you-asking-us feedback. 


Here's how you can deal with each of these sit- 
uations. 


Us Informing You 

If you already registered your contact informa- 
tion in connection with Make: Electronics (sec- 
ond edition) or Make: More Electronics, you 
don't need to register again for updates relat- 
ing to the Encyclopedia. if you have not already 
registered, here's how it works. 


The only way you can be notified if there's an 
ertor in the book is if you supply your contact 
information. If we have your email address: 


+ You will be notified of any significant 
errors that are found in this book, and 
you will receive a correction, 


+ You will be notified if there is a com- 
pletely new edition of this book, or of 
‘Make: Electronics, or any other books by 
Charles Platt. These notifications will be 
very rare. 


Your contact information will not be used for 
any other purpose. 
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Simply send a blank email (or include some 
‘comments in it, if you like) to: 


make.electronics@gmail.com 


Please put REGISTER in the subject line. 


You Informing Us 

If you only want to report an error that you 
have found, it’s really better to use the “errata” 
system maintained by our publisher. The pub- 
lisher uses the ‘errata" information to fix the 
error in updates of the book. 


If you feel sure that you found an error, please 
visit: 


http-//bit.y/encyclopedia_electronic_components_v3 


The web page will tell you how to submit 
errata, 


You Asking Us 

Our time is obviously limited, but if you have a 
question, a quick answer may be available. You 
can send email to makeelectronics@gmail.com 
for this purpose. Please put the word HELP in 
the subjectline. 


Going Public 

There are dozens of forums online where you 
can discuss this book and mention any prob- 
lems you are having, but please be aware of the 
power that you have as a reader, and use it 
fairly. A single negative review can create a big- 
ger effect than you may realize. It can certainly 
outweigh half-a-dozen positive reviews. 


Responses in the past have been generally pos- 
itive, but in a couple of cases people have been 
annoyed over small issues such as being unable 
to find a part online. Help is available on this 
kind of topic, if you need it. All you have to do is 
send a request to make.electronics@gmail.com. 


Safari® Books Online 


Safari Books Online is an 
on-demand digital library 
that delivers expert content 
jin both book and video 
form from the world’s lead- 
jing authors in technology 
and business. 


aw Safari 


Technology professionals, software developers, 
web designers, and business and creative pro- 
fessionals use Safari Books Online as their pri- 
mary resource for research, problem solving, 
learning, and certification training. 


Safari Books Online offers a range of plans and 
pricing for enterprise, government, education, 
and individuals. 


Members have access to thousands of books, 
training videos, and prepublication manu- 
scripts in one fully searchable database from 
publishers like O'Reilly Media, Prentice Hall Pro- 
fessional, Addison-Wesley Professional, Micro- 
soft Press, Sams, Que, Peachpit Press, Focal 
Press, Cisco Press, John Wiley & Sons, Syngress, 
Morgan Kaufmann, IBM Redbooks, Packt, 
‘Adobe Press, FT Press, Apress, Manning, New 
Riders, McGraw-Hill, Jones & Bartlett, Course 
Technology, and hundreds more. For more 
information about Safari Books Online, please 
visit us online. 


You can access the errata page at http://bitly/ 
encyclopedia-electronic-components-v3. 


‘Make: unites, inspires, informs, and entertains a 
growing community of resourceful people who 
undertake amazing projects in their backyards, 
basements, and garages. Make: celebrates your 
right to tweak, hack, and bend any technology 
to your will. The Make: audience continues to 
be a growing culture and community that 
believes in bettering ourselves, our environ- 
ment, our educational system—our entire 
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world. This is much more than an audience, it's 
‘a worldwide movement that Make is leading, 
We call it the Maker Movement. 


For more information about Make;, visit us 
online: 


‘Make: magazine: http://makezine.com/ 
‘magazine 

‘Maker Faire: http://makerfaire.com 
Makezine.com: http://makezine.com 
Maker Shed: http://makershed.com 


To comment or ask technical questions about 
this book, send email to: 


bookquestions@oreilly.com. 
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GPS 


The acronym GPS properly refers to the entire Global Positioning System, including 
satellites and ground-based control installations, However, a GPS sensor consists of a 
surface-mount chip that processes signals from GPS satellites using a small rectangular 
antenna, often mounted on top of a GPS chip. 


‘A GPS module is usually a small board on Which a GPS sensor is mounted with addi- 
tional components. A GPS receiver is a device including a data display and other fea- 
tures, such as memory, in addition to a GPS module. In casual colloquial usage, 


someone who refers to “a GPS" usually means a GPS receiver, 


GPS is almost always capitalized without periods. 
OTHER RELATED COMPONENTS 


+ magnetometer (see Chapter 2) 


What It Does 


The Global Positioning System is a navigational 
aid jointly funded by the US. Department of 
Defense and the US. Department of Transpor- 
tation, while being maintained by the US. Air 
Force. Signals from GPS satellites can be 
received and processed by modules in a wide 
variety of equipment ranging from aircraft to 
wristwatches. The signals provide location data, 
‘and may also be used as an accurate time refer- 
ence. 


Schematic Symbol 

There is no specific schematic symbol for a GPS 
chip. Itis likely to be shown as a box containing 
abbreviations that define pin functions, similar 
to any integrated circuit chip. 


GPS Segments 
The Global Positioning System consists of three 
segments: 


The space segment 
This originally required 24 communica- 
tions satellites, but was revised in 2011 to 
require 27, to provide better global cover- 
age. As of August 2015, there were 
actually 31 satellites in service, with addi- 
tional “spares” that can be activated if 
necessary. The satellites occupy orbits 
12,500 miles above the Earth, allowing 
each of them to circle the planet twice in 
24 hours. Specifications are maintained 
online, 


The control segment 
This includes a master ground-based con- 
trol station, an alternate master control 
station, 12 command and control anten- 
‘nas, and 16 monitoring sites, all main- 
tained by the US. Air Force. 


The user segment 
This consists of receiving devices, includ- 
ing those that are government-owned 
and those that are privately owned, 


How It Works 


Each satellite carries multiple atomic clocks that 
maintain precise time, and a pseudo-random 
number generator in the form of a linear- 
feedback shift register (see Volume 2) 


A GPS receiver can distinguish the signals from 
at least four satellites by comparing their 
received pseudo-random bit sequences, and 
can compute the receiver's distance to each 
satellite by comparing the arrival times of satel- 
lite signals 


When a satellite appears above the horizon, it 
approaches a receiver. After passing overhead, 
it moves away. This relative motion causes a 
Doppler shift in the received frequency, which 
the receiver circuit must take into account. 


GPS satellites transmit on several frequencies 
simultaneously, The one for civilian use is 
1575.42 MHz, called L1. Another one, 1227.6 
MHz, called L2, is reserved for military use. 


Variants 


A GPS chip generally processes input from an 
antenna and provides output through solder 
pads. The antenna is often integrated as a 
ceramic square or rectangle mounted above 
the chip, but many chips can also process input 
from an external antenna. Figure 1-1 shows a 
GPS chip with a metal shield that is easily mis- 
taken for an antenna. In Figure 1-2, the GPS 
sensor does incorporate a ceramic antenna 


Some GPS chips contain flash memory for inter- 
nal data logging, although this is not a standard 
feature. 


Suppliers such as Adafruit and Sparkfun offer 
GPS modules mounted on breakout boards for 


easier connection with other components, as 
shown in Figure 1-2. Some breakout boards 
also include provision for battery backup with a 
button cell 


Figure 1-2 A breakout board offered by Adafrit, inca 
porating a GPS se 


GPS capability is almost always included in 
modern smartphones and tablets, It is used in 
handheld devices for navigation on foot, and in 
devices designed to be mounted in motor vehi- 
cles. Cars offer GPS capability as an option 
accessed via a built-in screen. 


A.GPS tracker is a device that may lack a display 
and simply logs its position to internal memory, 
from which data can be downloaded to a com- 
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puter later. Many (older) handheld GPS receiv- 
ers have a connector giving access to a serial or 
USB port, and provide data in the same NMEA 
format as the GPS modules described below. 


After the Global Positioning System became 
widely used, other competing systems were 
introduced. These include the European Gali- 
leo, the Russian GLONASS (an acronym for 
Global Navigation Satellite System), and the 
Chinese Beidou. As of 2015, GLONASS had 
become fully operational. Some receivers, 
including those in cellular phones, compare sig- 
nals from GPS and GLONASS satellites to ach- 
ieve higher accuracy. 


Values 


Sensitivity is expressed usually in d8m, meaning 
the power ratio in decibels (dB) of the meas- 
ured power referenced to one milliwatt (mW). 


Time to First Fix (TTFF) is the time required to 
obtain an initial fix from a satellite. 


Number of channels is the number of satellites 
that a GPS receiver can track simultaneously. 
Early GPS receivers could sense only four chan- 
nels, Modern units may be able to deal with 22. 


Power consumption may be measured in milli- 
watts. For example, the FGPMMOPAGH GPS 
standalone module by G.top claims power con- 
sumption of 82mW during acquisition of satel- 
lite signals and 66mW while tracking 
subsequently. At a typical voltage of 4VDC, the 
chipset consumes about 20mA and approxi- 
mately 17mA, respectively. 


Form factor. This is the size of a chip, often 
determined by the dimensions of the ceramic 
antenna on top of it. Dimensions may be 15mm 
x 15mm of larger. 


Update rate. The number of position measure- 
ments per second. While 1 update per second is 
often sufficient, some chips generate updates 
more rapidly. The frequency of updates is 
expressed in hertz 


Output type. This is often TTLevel serial provid- 
ing NMEA data. The baud rate can vary and is 
often selectable. 


Supply voltage, Often below SVDC. 


Curent consumption. Higher during satellite 
acquisition. 


How to Use It 


AGPS module requires only a DC power supply, 
and will start outputting data as soon as it has 
identified satellites that are currently within 
range. 


Data provided by a GPS module uses a rather 
slow and primitive plain-ASCII protocol known 
as NMEA, developed by the National Marine 
Electronics Association. Each block of data is 
known as a sentence, and can be parsed inde- 
pendently of previous and subsequent senten- 
ces, The default transmission rate is 4,800 bits 
per second, using & bits to identify an ASCII 
character, no parity, and 1 stop bit. However, 
some GPS modules use a serial rate of 9,600 
bps or faster. 


A sentence begins with a two-letter abbrevia- 
tion defining the type of device employing the 
sentence. For a GPS device, the abbreviation is 
GP. The sentence continues with another 
abbreviation of three characters or more, 
describing the type of data being transmitted, 
so that numeric values in the sentence can be 
interpreted correctly 


The remainder of a sentence consists of letters 
and numerals in plain ASCII, with values separa- 
ted by commas. A sentence cannot contain 
more than 80 characters. A sentence will spec- 
ify the latitude, longitude, and altitude of the 
GPS, and a value defining the time when the 
readings were derived from satellite signals. 
‘Some sentence data structures are proprietary, 
established by the device manufacturer, and 
will begin with the letter P. 
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A GPS device may send a variety of different 
sentence types in succession, to overcome the 
80-character sentence length limit. Each sen- 
tence will be preceded with an identifier. Sen- 
tence types and data contents will be defined 
ina manufacturer's datasheet. 


‘Output from GPS chips may be compatible with 
a microcontroller. Output from a GPS breakout 
board will almost certainly be compatible, and 
the board is likely to have its own voltage regu- 
lator. The microcontroller can receive serial data 
from the GPS chip, can stop the GPS chip via its 
enable pin, and can start and stop internal log- 
ging of data in flash memory on the GPS chip if 
this feature is available. 


Code libraries are available online for a micro- 
controller, to enable it to receive and interpret 
serial data from a GPS device. 


Pulse per Second Output 
As the GPS positioning depends on calculating 
distances from the time it takes for a radio sig- 
nal to travel, accurate timekeeping is needed, 
When a GPS receiver obtains a fix for its posi- 
tion, it will get a value for the current time as 
well. This makes GPS receivers usable to supply 
time and frequency standards. Most receiver 
modules report the time together with the 
position. Many also provide a special PPS out- 
put, which produces one pulse per second, pre- 
cisely synchronized with the satellites in view. 


The accurate time provided by the GPS receiver 
‘can be used to discipline a crystal oscillator. This 
means measuring the crystal oscillator fre- 
quency relative to a GPS-provided reference, 
and continuously adjusting the crystal fre- 
quency to keep it stable, 


What Can Go Wrong 


Problems generally affect chips and modules 
rather than devices. 


spatial 
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Electrostatic Discharge 

The patch antenna on a GPS chip connects with 
the chip via an RF input. If the antenna is sub- 
jected to an electrostatic discharge, the chip 
can be permanently damaged. Likewise, dam- 
age will result ifa discharge is applied to the RF 
input, for example through a soldering iron, 


The chip must be grounded before any work is 
done involving the RF input. 


Failure to Ground Properly 

The ground solder pad on a chip, or the ground 
pin on a breakout board, must make contact 
before voltage is applied to other pads or pins. 


Cold Joints 

The patch antenna on a GPS chip can function 
as a heat sink, increasing the risk of cold solder 
joints when the chip is being mounted on a 
board 


Restricted Availability 

US. regulations limit the export of some GPS 
devices capable of rapid positional updates 
that could be usable in military aircraft or mis- 
siles, Other restrictions also apply. Suppliers 
may be inconsistent in their refusal to allow 
purchase of restricted items outside of the Uni- 
ted States. 


Inability to Detect Satellites 

Any GPS device may fail to detect satellite sig- 
nals if its view of the sky is obstructed. Recep- 
tion is usually possible through window glass, 
but may not be available through walls, a roof, 
heavy tree cover, and other natural obstruc- 
tions. 


Exceeding Maximum Velocity or 
Altitude 

Security regulations limit the capability of GPS 
devices to function above 60,000 feet or at 
greater than 1,200 miles per hour. Outside of 
these limits, the GPS device will not provide 
data. This may affect applications in amateur 
rocketry or high-altitude balloons. 
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magnetometer 


This entry deals only with magnetic sensors that respond to the Earth’s magnetic field. 
‘Small magnetic sensors such as the ubiquitous Hall sensor may be used for many other 
purposes, such as determining the position or rotational speed of mechanical compo- 
nents, These applications involve object presence sensing; see Chapter 3. In that 
entry, Hall sensors are discussed at “Hall-Effect Sensor 


In the past, a magnetometer was a bulky measurement device incorporating knobs 
or other controls and some form of display. While that use of the word is still common, 
this entry deals only with chip-based magnetic sensors, 


OTHER RELATED COMPONENTS 


+ accelerometer (see Chapte: 10) 
+ gyroscope (see Chapter 9) 
+ GPS (see Chapter 1) 


What It Does 


A traditional compass consists of a thin magne- 
tized strip of metal balanced on a pivot. It 
aligns itself with the Earth's magnetic field. 


A scalar magnetometer measures the total 
strength of a magnetic field. A vector magneto: 
‘meter can measure the strength in a specified 
direction. In particular, it can provide a numeric 
‘output describing the angle between the orien- 
tation of the measuring device and the Earth’s 
‘magnetic poles. 


Chip-based magnetometers are usually vector- 
type, containing three sensors mounted 
orthogonally—that is, each of them at 90 
degrees to the other two. Suitable software can 
interpret the analog readings from the sensors 
to calculate magnetic north or south regardless 
of the angle at which the instrument is being 
held, relative to the ground, 


Schematic Symbol 
There is no specific schematic symbol for a 
magnetometer. 


IMU 

A gyroscope measures the rate of rotation of 
the enclosure in which it is mounted. This is 
properly known as the angular velocity. A gyro- 
scope will also respond to changes in the rate 
of rotation. It does not measure linear motion 
orastatic angle of orientation. 


‘An accelerometer measures variations in lin- 
ear motion and will also measure its own static 
orientation relative to the force of gravity. If an 
accelerometer rotates around its own axis, it 
will not measure angular velocity. 


When an accelerometer and a gyroscope are 
contained in the same package, optionally with 
a magnetometer, they may be described as an 
{MU (inertial measurement unit), which can pro- 


How 


jt Works 


vide necessary data to maneuver aircraft, 
spacecraft, and watercraft, especially when 
GPS signals are unavailable. 


Applications 
Magnetometers are found in handheld equip- 
ment such as digital compasses, cameras, and 
cellular phones. They are usually surface-mount 
chips that are manufactured in large quantities 
and may be used in conjunction with micro- 
controllers, For the hobby-electronics commu- 
nity, or for experimental product development, 
a magnetometer may be mounted on a break- 
‘out board for ease of use. A board using a Han- 
eywell HMC5883L is shown in Figure 2-1 


Figure 2-1. The Honeywell HMC5B83L 3-axls magneto 
‘meter mounted on a breakout board. The background grid 
‘sin miliators. 


How It Works 


‘An explanation of magnetometers requires an 
understanding of the fundamentals of magnet- 
ism. 


Magnetic Fields 
‘A magnetic field is often represented by field 
lines that show the strength and vector of the 
field, Field lines associated with a simple per- 
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‘manent magnet are shown in Figure 2-2, where 
the strength, or flux density, at any point, is indi 
cated by the spacing the lines, while the angle 
tangential to a line indicates its vector. (For an 
extended discussion of magnetism, see elec- 
tromagnet in Volume 1.) 


Figure 2-2 Field lines representing magnetic tux created 
bya bar magnet. Space betwoen the field lines is inversely 
proportional to flux density. In realty this sa three 
dimensional effect, and a more accurate representation 
would show the magnet and fed ines revolved around 
the axis of the magnet. 


The flux density of a magnetic field is usually 
represented by the letter B, and is measured in 
newton-meters per ampere, more commonly 
referred to as teslas (T). An older unit of meas- 
urement was gauss (G), 1 tesla being equivalent 
to 10,000 gauss. Some datasheets still refer to 
gauss. 


The Earth’s magnetic field is believed to result 
from convection currents in the outer liquid of 
the Earth’s core. The strength of this field varies 
from 25 to 65 microteslas (0.25 to 0.65 gauss) 
depending on the location where it is meas- 
ured. To a very rough approximation, the Earth 
behaves as if a giant bar magnet connects the 
magnetic north pole and the magnetic south 
pole. See Figure 2-3. 
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Figure 2-3. The magnetic field of the Earth approximately 
‘resembles the field around a bar magnet. 


Note that in northern and southern latitudes, 
the field lines angle steeply down toward the 
surface, while the lines are approximately paral- 
lel with the surface near the equator. Conse- 
quently a magnetometer held tangentially to 
the surface of the Earth will tend to measure a 
stronger horizontal field near the equator than 
near the poles. 


The varying angle of the field lines tangential to 
the Earth is known as their inclination, Varia- 
tions in field strength can be used to determine 
an approximate location, although the GPS 
(Global Positioning System, using satellites) 
enables this much more accurately. 


Confusion results from the fact that the 
nothern magnetic pole of the Earth actually 
behaves as a south pole, while the southern 
magnetic pole behaves as a north pole. That is, 
When a permanent magnet is free to rotate, its 
north pole will orient itself toward the so-called 
northern magnetic pole of the Earth, even 
though opposite poles attract. The northern 
pole of the Earth should therefore be thought 
of as the pole that attracts the north end of a 
‘compass. 


Earth's Axes 

Planet Earth revolves around an imaginary line 
referred to as the axis of rotation, This line is 
close to, but not quite coincident with, the 
‘magnetic axis connecting the magnetic north 
pole and magnetic south pole, as shown in 
Figure 2-4. 


How It Works 


‘South 
‘magnetic pole 


South 
‘geographic pole 


Figure 2-4 The angle between the magnetic axis and the 
rotational axis ofthe Earth is approximately 1 degrees. 


‘Magnetic declination is the angle between the 
magnetic north pole and the geographical 
north pole, as perceived by an observer. This 
angle will vary depending on the observer's 
location on the surface. 


Because of declination, the direction of mag- 
netic force at points on the surface of the 
planet will vary with latitude and longitude, as 
shown in Figure 2-5. In this figure, the magnetic 
‘meridians are shown in red, superimposed on 
the geographical meridians shown in green, 
‘Magnetic meridians show the direction of mag- 
netic force, while geographic meridians are 
drawn between the ends of the axis of rotation 
of the Earth. While there is an approximate cor- 
relation between the two, in some areas, espe- 
cially near the north and south poles, the 
discrepancy can be more than 40 degrees. 
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Figure 2-5 The redlines indicate the dlvection in which 2 
‘compass would be likely to point to magnetic north. The 
_green fines connect the geographical poles ofthe planet 
(From Wikimedia Commons.) 


Standard declination tables for locations on the 
Earth are available, and these values must be 
added to, of subtracted from, the reading from 
‘a compass or magnetometer to determine the 
direction of geographical north. Navigational 
systems customarily express the heading of a 
vehicle or vessel relative to geographical north, 
as shown in Figure 2-6. 


Coil Magnetometer 

Current flowing through a wire creates a mag- 
netic field with flux density that is directly pro- 
portional to the current in amperes. Conversely, 
a changing magnetic field will induce current in 
a wire. This principle is used in a coil magneto: 

‘meter, which can detect buried objects when 
the coil moves above them. A rotating coil mag- 
netometer can determine magnetic field 
strength while remaining in a stationary posi- 
tion, However, the coil in a coil magnetometer 
‘must be relatively large. 


Hall Effect and Magnetoresistance 
In modem handheld devices, a magnetometer 
will generally use either the Hall effect (see 
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“Hall-Effect. Sensor") or 
described here, 


‘magnetoresistance, 


Figure 2-6 Heading s an angle usualy calculated rela- 
tive to geographical north, sometimes referred to as “true 
orth 


‘Magnetoresistance is a phenomenon where the 
resistance of a material changes fractionally 
when it is exposed to a magnetic field. This is 
capable of yielding greater accuracy than Hall- 
effect sensors, but has tended to be more 
expensive, 


Orthogonally oriented sensors contained in a 
surface-mount chip are aligned with axes iden- 
tified with letters X, Y, and Z. These sensors are 
analog devices whose values are converted to 
digital values by an onboard analog-to-digital 
converter (ADC). The values are stored in regis- 
ters that are available to other devices, often via 
the I2C protocol, which is widely used by micro- 
controllers. 


Typically there will be two eight-bit registers for 
each axis, one defining the high byte and the 
other defining the low byte for the digital value. 
In reality the ADC is likely to use 10 to 13 bits, 
with the remaining 6 to 3 bits being unused. 
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Variants 


How to Use It 


The Freescale Semiconductor FXMS3110 is a 
typical low-cost chip containing a 3-axis mag- 
netometer sensor. Many chips now additionally 
include a 3-axis accelerometer sensor. An exam- 
ple is the LSM303 by STMicroelectronics, which 
is sold on a breakout board by Adafruit. See 
Figure 2-7. 


gp USM3@3DLHC 
) conpass+Accel 


=} Ba Ey 


y: & 
ROY 


vin 303} 


GND. 


Figure 2-7. The LSM303/s a chip manufactured by STM 
croelectronics. itis shawn here on a breakout board from 
Acdatrut. 


See Chapter 10 for an explanation of the func- 
tion of accelerometers. 


The InvenSense MPU-9250 is a highly sophisti- 
cated IMU, including a 3axis gyroscope in 
addition to a 3-axis magnetometer and 3-axis 
accelerometer. 


A processing unit in the MPU-9250 reconciles 
the nine variables, and the digital output can 
be accessed via |2C or SPI protocol at speeds up 
to 1MHz. All functions of the chip are contained 
within a package measuring less than 3mm 
square. 


See Chapter 9 for additional details about the 
functioning of a gyroscope. 


Abasic 3-axis magnetometer sensor such as the 
HMCS883L can be tested with a microcontroller 
that can receive data from its registers via I2C 
protocol. This is relatively easy with an Arduino, 
Which was designed to be I2C-capable. 


Several breakout boards are available with the 
HMCS5883L mounted on them. Many of these 
boards contain a voltage regulator, allowing a 
5VDC power supply to be used even though 
the chip is designed for a typical supply of 
2SVOC. 


In addition to the power supply, the breakout 
board only requires two connections for 12C 
communication, to its SCL pin (serial clock 
input) and SDA pin (serial data input/output). If 
basic I2C software is installed on the microcon- 
troller, it will read digital values from the mag- 
netometer registers. If additional software is 
Used, it will convert the values to magnetic flux 
densities in microteslas for the X, Y, and Z axes. 
Code libraries to achieve these goals are widely 
available online. 


‘A more sophisticated chip such as the Inven- 
Sense MPU-9250 can be used similarly, but 
yields additional data for conversion. Here 
again, code libraries can be found online. The 
slightly older MPU-9150 is sold on a breakout 
board with downloadable code from Sparkfun. 


What Can Go Wrong 


Bias 

‘Magnetometers are sensitive to their environ- 
ment, which can induce magnetometer bias of 
two types. 


Hard-iron bias is primarily caused by magne- 
tized material inside the device containing the 
magnetometer. Because this effect is usually 
unvarying, compensating for itis relatively easy. 
Soft-iron bias is caused by interaction between 
variations in the Earth's magnetic field and 
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materials inside a magnetometer that can be 
magnetized. 

A. common example of soft-iron bias would be 
power lines, generating a magnetic field that 
can affect model aircraft and drones using 
magnetometers for navigation. 


Mounting Errors 
Placement of a chip-based magnetometer on a 
circuit board is critical. The field effects of trans- 


gnetometer 


formers or relays must be taken into account, 
and even the low voltage and low current in a 
circuit trace can create a magnetic field suffi- 
cient to disturb a chip. No traces on any layer of 
the board should pass across the footprint of 
the chip. A magnetometer should not be 
mounted within a ferromagnetic case. 
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object presence sensor 


‘An object presence sensor may also be described as an object detector or detection 
sensor. 


The term proximity sensor may be applied to this component. However, in this Ency- 
clopedia a proximity sensor has the capability of estimating the distance to a target. 
See Chapter 5. An object presence sensor merely detects whether an object is within a 
preset range, and does nat provide additional information, 


Optical and magnetic object-presence sensors are described and compared in this 
entry. Ultrasonic sensors are described in the entry dealing with proximity sensors, 
because they tend to be used for distance measurement rather than just for detection. 
Other methods of object presence sensing, including capacitive, doppler, inductive, 
radar, and sonar, are not included in this Encyclopedia. 


A sensor that detects an abject by receiving light reflected from itis categorized as a 
reflective sensor, and is included in this entry. (If a module includes a light source as 
Well as a light sensor, itis properly categorized as retroreflective, although that term is 
not always used.) 


A sensor that detects an object when it interrupts a beam of light is a transmissive sen- 
sor, and is included in this entry. It may also be described as a through-beam sensor or 
‘asan optical switch. 

A sensor that responds to the motion of an object that emits infrared radiation is a 
passive infrared motion sensor, also described by its acronym, PIR, and often referred 
to simply as a motion sensor. It has its own separate entry. See Chapter 4. 
Phototransistors and photodiodes may be used as sensing elements in presence 
sensors, These components have their own entries as light sensors. See Chapter 22 and 
Chapter 21. 


OTHER RELATED COMPONENTS 


+ proximity sensor (see Chapter 5) 
+ passiveinfrared sensor (see Chapter 4) 


# 


What It Does mined range, without necessarily measuring 
how far away itis or how fast itis moving. The 


‘An object presence sensor verifies the pres- object may be described as a target. 


ence or absence of an object within a predeter- 


Object presence sensing is often used to verify 
the correct function of an automated system— 
for example, the placement of objects on a con- 
veyor belt. It can also be used to count objects 
as they passa sensor. 


Some types of security systems use presence 
sensors to sound an alarm if an intruder inter- 
rupts a beam of light. They can verify that a 
door or window is closed. They may also func- 
tion as a limit switch to control the operation of 
a motor, 


Schematic Symbol 

In schematics, an optical presence sensor may 
be indicated with the symbol for an LED, plus 
the symbol for a phototransistor, with one or 
‘two arrows connecting them, as shown at top- 
left in Figure 3-1. Wavy-line arrows may indicate 
an infrared connection, 


A photodiode may be substituted for a photo- 
transistor, as shown at top-right in the figure. 
‘A magnetic sensor may be shown with the 


symbol for a Hall-effect sensor, as in the lower 
half of Figure 3-1, 
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Figure 3-1 Top: two possible schematic symbols for an 
‘optical presence sensor. using a phototransistor (lett) or 
photodiode (right). Other variants are possible. Bottorn 
the schematic symbol fora Hall-effect sensor. commonly 
used ina magnetic sensor. 
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Variants 


To assist the reader in comparing different 
options for detecting the presence of an object, 
this entry includes two primary variants: optical 
and magnetic. 


The optical sensors are divided into transmissive 
and reflective (including retroreffective). The 
magnetic sensors are reed switches and Hall- 
effect sensors. A chart showing the categories 
and subcategories is shown in Figure 3-2. 
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Figure 3-2 Categories of object presence sensors dis 
‘cussed inthis entry. Other types of abject presence sen 
ors exist, but ae less common, and are not included 
hore, 


Optical Detection 


A transmissive optical sensor, also known as a 
through-beam sensor, is really a pair of compo- 
nents, one emitting light and the other receiv- 
ing it. The sensor is triggered if an object 
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interrupts or reflects the light beam, as shown 
in Figure 3-3. 
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Figure 3-3 Various configurations of optically activated 
‘object presence sensors. Se text for details: 


If the light emitter and the light detector face 
each other across a small gap, they may be con- 
tained in a single module (usually with a slot in 
it) as shown in section 2 of Figure 3-3. This is 
often referred to as an optical switch (not to be 
confused with the solid-state switching devices 
used in telecommunications). It is sometimes 
described as a photointerruptor or photointer- 
rupter. 


A reflective optical sensor also consists of a light 
emitter and a light detector, but they are 


Optical Detection 


placed adjacent to each other, facing in the 
same general direction. When they are moun- 
ted in one module, as is often the case, the 
arrangement is properly known as a retroreflec- 
tive sensor. Either way, the combination may be 
triggered in one of two ways: 


+ An object passing in front of the light 
beam reflects it back to the detector. 
The object must be naturally reflective 
(for example, glass containers or white 
boxes on a conveyor), or must have a 
reflective patch applied to it, or the 
light source must be bright enough to 
reflect from an object that is not highly 
reflective. This configuration is shown 
in section 3 of Figure 3-3. 


A stationary reflector can be mounted 
opposite the light emitter, in which 
case a detector beside the light emitter 
is triggered when an object interrupts 
the reflected light beam. This configu- 
ration is shown in section 4 of 
Figure 3-3. 


Transmissive Optical Sensors 

Aight source and light detector may be sold as 
separate components in a matched pait. An 
example is the Vishay TCZT8020, shown in 
Figure 3-4. These components are small, each 
measuring no more than Smm x 3mm. They are 
designed to be placed just a few millimeters 
apart. The light source is an infrared LED, while 
the detector is a phototransistor (see Chap- 
ter 22 for information about phototransistors). 


The source and detector are both designed to 
use SVDC. Output from the phototransistor is 
an open collector. Current through the collector 
must not exceed 50mA, and must be limited by 
a pullup resistor of 100 ohms or more. Current 
through the source must not exceed 60mA, and 
must be limited by an appropriate series resis- 
tor. 


Details on using an open-collector output will 
be found in the Appendix. See Figure A-<. 
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Optical Detection 


Figure 3-4 A matched ight source and ight detector, for 
use asa transmissive optical sensor. The background grid 
‘sin milionators. 


The Omron EE-SX range includes a variety of 
configurations of light source and detector sep- 
arated by a Smm slot in one module. The 
source is an infrared LED, and the detector is a 
phototransistor. 


The Omron components tolerate a wide range 
of supply voltages, from 5VDC to 24VDC, with 
no series resistor necessary for the LED. Open- 
collector output from the phototransistor can 
tolerate 5OmA to 100mA, depending on the 
particular version of the sensor. A red indicator 
LED is illuminated when an object blocks the 
slot in the sensor. Some versions have a high 
output when the slot is open, while others have 
a high output when the slot is closed. Because 
of their various features, these sensors are rela- 
tively expensive, 


‘A much cheaper optical switch is the Everlight 
ITR9606 (described by the manufacturer as an 
“opto interrupter’). It is pictured in Fi 
This is intended as a SV device and has an 
open-collector output. It requires a series resis- 
tor for the LED and a pullup resistor for the 
open-collector output. Many similar detectors 
are available. 
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Figure 3-5 A low-cost transmissive sensor. more com- 
‘monly known as an optical switch, The background gri is 
Inmilimeters. The slot inthe sensor is about Smm wide. 


For longer-distance detection, an infrared 
receiver can be mounted separately from an 
infrared LED. The TSSP77038 from Vishay 
detects infrared light from as far away as 50cm, 
and pulls its open collector output low in 
response. The light must be modulated at 
38kH2. 


Polulo Robotics and Electronics sells a very 
affordable breakout board containing a 


TSSP77038 receiver paired with an infrared LED 
modulated by a 555 timer. It is shown in 


Figure 3-6, Because this board contains a light 
source as well as a light detector, itis really a 
retroreflective sensor. 


Where distances exceeding 1 meter are 
involved, a laser coupled with a phototransistor 
that is shielded from ambient light may be nec- 
essary. 
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Figure 3-6 The Vishay TSSP77038 installed with an 
_2ppropriate ight source on a breakout board from Pollo 
Robotics and Electronics. 


Retroreflective Optical Sensors 
AAs is the case with a transmissive object detec- 
tor, the retroreflective type may be listed by 
vendors as an optical switch. Other terms used 
in datasheets include 

tive ob 


and 
photomicrosensor (re The remarkable 
lack of standardization in terminology creates a 
problem when searching online for these devi- 
ces, Why so many different names evolved for 
the exact same component is unclear. 


Many retroreflective object-detection sensors 
are available in packages ranging from Smm x 
5mm to 10mm x 10mm in size. Almost all of 
these modules are analog devices using an 
infrared LED as the light source and a photo- 
transistor as the sensor, with an open-collector 
output. (For mote information about photo- 
transistors, see Chapter 22.) 


With a suitable pullup resistor, the output volt- 
age will be proportional with the inverse of the, 
distance. If V is the voltage, d is the distance, 
and kis a conversion fact 


vek*(1/d) 
While many of the smaller modules are surface- 
mount, some have leads, as shown in 
Fig ‘A major limitation of these small 
components is that they have a very limited 


Optical Detection 


range, typically less than Smm. They can only 
be used in applications such as process control 
where the position of a target is controlled and 
predictable, 


Figure 3-7. The Rodan RT-530 isa small abject-presence 
sensor with a limited range typical ofthis type of retrore- 
Aectve component. The background grids in millimeters 


Another example of a retroreflective sensor in a 
small package is the Optek OPB606A shown in 
Figure 3-8. The background grid is in millime- 
ters. 


Figure 3-8 The Optek OPBGO6A. The background scale 
‘sin milimaters. 
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Magnetic Sensors 


Aretroreflective module, with a lensed LED and 
lensed phototransistor to focus the outgoing 
and reflected beams, is the Vishay TCRT5000 
shown in Figure 3-9, 


Figure 3-9 The Vishay TORTS00O retroreflective sensor. 
The background grid isin milimeters. 


Retroreflective modules that have a greater 
range tend to be physically larger, less com- 
‘mon, and more expensive. Sharp makes a pop- 
ular series. Some part numbers and distance 
sensing limits are: GP2¥OD80SZOF (Smm to 
Sm), GP2¥ODBI0ZOF (2cm to 10cm), and 
GP2YOD81SZOF (Smm to 15cm). Figure 3-10 
shows the GP2Y0D810ZOF mounted on a small 
breakout board from Polulo Robotics and Elec- 
tronics. The board is useful, as the pins on the 
sensor are spaced only 1.5mm apart. The size of 
the board is approximately 8mm x 20mm. 
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Figure 3-10. The Sharp GP2YODBIOZOF detection sen: 
or mounted on a board from Polule Robots and Elec- 
tronies. From a photograph by Adafrult industries 


Each of the detection sensors in this series is 
described in Sharp datasheets as a "Distance 
‘Measuring Sensor Unit,’ but in fact they do not 
measure distance. A single output is normally 
logic-high and drops to logic-low when a target 
is within range. Sharp refers to this as a “digital” 
output, but in fact itis binary, and should not 
be confused with the digital buffer on a more 
sophisticated proximity sensor that contains an 
analog-to-digital converter and provides a 
numeric output. 


It is important to distinguish the Sharp object- 
presence sensors listed above from the range of 
Sharp proximity sensors described in the entry 
in Chapter 5. The proximity sensors are physi- 
cally larger, and most have an analog output 
that varies with the distance of a target. 


Magnetic Sensors 


Prepackaged magnetic sensing units are sold in 
‘many configurations for industrial and military 
applications. Although they may be referred to 
as ‘magnetic sensors" they are outside the 
scope of this Encyclopedia. Here we discuss 
board-mounted components. Almost always, 
they use a reed switch ot a Hall-effect sensor as 
their sensing elements, 
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Reed Switch 


A reed switch is a magnetically activated 
mechanical switch. It consists of two metallic 


contacts in a small enclosure that is usually a 
glass capsule. The contacts are magnetic, and 
‘move in response to a magnetic field. A perma- 
nent magnet is used to activate the switch. Two 
teed switches are shown in Figure 3-11. 


Figure 3-11 Two SPST reed switches. Although the con: 
tacts may seem to be touching. in fact they are separated 
bya tiny gap, and these switches are the normally open 

type. The background grid i in milimeters. 


A teed switch exhibits a small amount of hyste- 
resis, because the magnetic field strength 
required to overcome the mechanical resist- 
ance of the springy contacts is greater than the, 
field strength required to keep them closed. 


Very small electromagnetic relays that only 
switch a very low current may use a coil- 
activated reed switch. For purposes of this 
Encyclopedia, such a component is considered 
to bea relay, nota sensor. For more information 
about relays, see the entry in Volume 1. 


The most common everyday application for a 
reed switch is in an alarm system that is trig- 
gered by an intruder entering a building. A 
magnet in a sealed plastic enclosure is attached 
to a door or window, while a reed switch, in 
another sealed plastic enclosure, is attached to 


Reed Switch 


the frame, very close to the magnet. Typical 
components of this type are shown in 


Figure 3-12. A diagram illustrating the mode of 
operation appears in Figure 3-13. 


Figure 3-12 A typical alarm sensor to detect the opening 
ofa door or window. The nearer module contains amag- 
fet. while the madiule behind it contains a reed switeh. 


Seen —! 


Figure 3-13. The dashed white lines suggest the mag 
etic field that closes the contacts ofa reed switch. 


So long as the alarmed door or window 
remains closed, the magnet activates the reed 
switch. If the door or window is opened, the 
magnet moves away from the reed switch, and 
its contacts relax. Usually in this application the 
reed switch is the normally open type, and is 
held in its closed state by the magnet. This 
allows multiple switches to be wired in series, 
completing a circuit. If a single switch opens, 
the circuit is broken, and an alarm is triggered. 


Reed Switch Variants 
Most reed switches are SPST, either normally 
‘open or normally closed, although normally 
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Hall-Effect Sensor 


open variants are more common. Some 


switches are SPDT, although this variant is rela- 
tively rare. An example of a SPDT reed switch is, 
shown in Figure 3-14, 


Figure 3-14 A SPDT reed switch. The background grid is 
incrilimeters. 


The physical size of a reed switch tends to vary 
roughly in proportion with its current-switching 
capability. 


Reed switches are most commonly supplied 
with axial leads. A minority are available for 
surface-mount applications. 


Some reed switches are packaged in a plastic 


pod to provide physical protection for the glass 
capsule. 


Reed Switch Values 
The datasheet for a reed switch is likely to con- 
tain the following values: 


Pullin: The minimum magnetic field strength 
required to activate the switch, often measured 
in ampere-turns, 


Drop-out: The maximum magnetic field 
strength that allows the contacts of the switch 
to relax, often measured in ampere-turns. Pull 
in will be a higher value than drop-out. 


‘Maximum switching current: While a few indus- 
trial reed switches can switch as much as 100A, 
they are uncommon and expensive. A common 
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value for a reed switch about 15mm long is 
500mA. 


Maximum camy current: If specified, it will be 
higher than the switching current. 


Maximum switched power: Because a reed 
switch can be used with alternating current, its 
switching capability may be expressed in watts, 
or as VA (volts multiplied by amps). 10VA is a 
‘common value, 


‘Maximum voltage: While reed switches are most 
often used with low voltages, some are rated to 
switch up to 200V, 


How to Use a Reed Switch 

While an optical object presence sensor may be 
supplied in a single package containing a light 
emitter and a light detector, a reed switch 
always requires an activating magnet that is 
‘mounted separately. For reliable operation, the 
‘maximum distance between the switch and the 
magnet is usually restricted to a few millime- 
ters. 


‘The orientation of a magnet that activates a 
teed switch is not crucial, but will affect the 
sensitivity of the switch. A manufacturer's data- 
sheet should be consulted for informal 
about optimal magnetic polarity. 


As in other mechanical switches, the contacts in 
teed switches vibrate very briefly when open- 
ing or closing. This is known as contact bounce, 
and can be misintepreted as a series of separate 
signals by digital logic or a microcontroller. 
Debouncing with hardware designed for that 
purpose, or software (in a microcontroller), may 
be necessary. See the entry on switches in Vol- 
ume 1 


Hall-Effect Sensor 


A Halleffect sensor responds to a magnetic 
field by generating a small voltage, usually 
amplified by a transistor included in the pack- 
age with the sensor. 


18 Encyclopedia of Electronic Components Volume 3 


spatial > presence > object presence 
When a Hall sensor is in its “off” state (ie, not 
triggered by a magnetic field), the sensor cre- 
ates high resistance between the collector of an 
internal NPN transistor and negative ground, 
Consequently, if voltage through a pullup resis- 
tor is applied to the collector, the voltage on 
the collector will be high. 


When the sensor is in its “on” state, the resist- 
ance drops, the voltage supplied to the collec- 
tor from the pullup resistor is shunted to 
ground, and the output voltage appears to go 
low. Asa general rule: 


+ Activated Hall sensors appear to have a 
low output. 


+ Inactive Hall sensors appear to have a 
high output. 


Information about using open-collector out- 
puts is contained in the Appendix. See 
Figure A-4, 


The clean output, reliability, small size, and 
cheapness of Hall sensors have encouraged 
their use in devices as different such as hard 
drives, cameras, keyboards, and automobiles. 
They are useful in almost any situation where a 
sensor must detect a mechanical operation at 
close range. Three through-hole Hall sensors 
are shown in Figure 3-15. Surface-mount ver- 
sions are much smaller. 


Figure 3-15 Three through-hole Hall-etfect sensors. The 
background grid isn milirmeters 


Hall-Effect Sensor 


How a Hall-Effect Sensor Works 
When current is flowing through the length of a 
conductor, and a magnetic field is applied 
across the width of the conductor, the field 
generates a force causing electrons and elec- 
tron holes to accumulate asymmetrically on 
opposite sides. This is known as the Hall effect. 


The voltage difference between the electron- 
rich and electron-depleted zones is known as 
the Hall voltage. It is proportional to the mag- 
netic field, and inversely proportional to the 
density of free electrons in the material. For this 
reason, the Hall effect is easiest to observe in 
semiconductors, where the density of electrons 
or electron holes is low. 


Hall sensor components contain amplifier cir- 
cuitry in addition to the sensing element itself 
Typically there is an open-collector output, and 
a comparator or Schmitt trigger to provide 
some hysteresis. 


Hall-Effect Sensor Variants 
Four primary variants of Hall sensors are widely 
used. 


Unipolar Hall Sensor 
This is activated when an external magnetic 
field exceeds a threshold value. When the field 
diminishes, the sensor switches off. Unipolar 
sensors are available in versions activated by 
the north magnetic pole or south magnetic 
pole. 


Bipolar Hall Sensor 
Proximity to one magnetic pole will switch it 
on. Proximity to the opposite magnetic pole 
will switch it off, The sensor temains in its cur- 
rent state (on or off) in the absence of a mag- 
netic field. 


Omnipolar Hall Sensor 
Proximity to a strong magnetic field of either 
polarity will switch it on, Removal of the mag- 
netic field will switch it off. An omnipolar sen- 
sor can be thought of as a pair of unipolar 
sensors mounted in opposite directions and 
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with their (open-collector) outputs wired 
together. This component functions similarly to 
a reed switch, although of course it still requires 
a power supply. 

Linear Hall Sensor 

Also known as an analog Hall sensor, its output 
voltage vaties in proportion to an external 
magnetic field instead of switching cleanly 
between high and low states. When no mag- 
netic field is detected, the output is half of the 
sensor's supply voltage. In response to one 
magnetic polarity, the output can drop almost 
to zero. The opposite polarity can increase the 
output almost to supply voltage. 


The output from a linear sensor usually is sup- 
plied from the emitter of an internal NPN tran- 
sistor, not the collector. A minimum 22K 
resistor should be connected between output 
and ground. 


The variable output can be interpreted as a 
measurement of distance between the sensor 
and a magnet. In this mode, a Hall sensor func- 
tions as a proximity sensor. However, it is not 
usually capable of measuring a distance of 
more than 1mm. 


Other Applications 
Hall sensors are incorporated in other types of 
components. A magnetometer, for example, 
may contain Hall sensors. 


Additional discussion of Hall-effect sensors, 
with test circuits, will be found in the book 
‘Make: More Electronics, from which some of the 
figures here have been excerpted. 


Values 


‘Magnetic field at operating point is the minimum 
field necessary for the output to switch on. Itis 
measured in tesla or gauss, and the abbrevia- 
tion Bor is used. 


‘Magnetic field at release point is the maximum 
field that allows the output to switch off. It is 
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measured in tesla or gauss, and the abbrevia- 
tion Ba» is used. 


‘Magnetic field range may be specified for linear 
(analog) Hall sensors. 


Supply voltage may range as widely as 3VDC to 
20VDC, or may be restricted between 3VDC to 
5.SVDC. Check datasheets carefully. 


Sourcing or sinking capability for the open- 
collector output is typically 20mA. 


How to Use a Hall-Effect Sen- 
sor 


Hall sensors are often made in 3-pin packages, 
Through-hole variants are usually made of 
black plastic and look like TO-92 transistors, but 
are slightly smaller. 


Surface-mounted variants are common. 


A typical through-hole Hall sensor has one bev- 
elled face and a flat face on the opposite side, 
The bevelled face may be referred to as the 
“front” of the component in a datasheet. The 
sensor responds when an appropriate mag- 
netic pole is brought close to the front face of 
the sensor. 


The part number printed on the front of the 
sensor may be abbreviated as three digits. The 
code below this usually refers to the date of 
manufacture. 


A simple circuit for a Hall sensor resembles a 
typical circuit for a phototransistor. Positive 
supply voltage and negative ground are 
applied to two of the three leads. Positive volt- 
age is also applied, through a pullup resistor, to 
the third lead, which is the open-collector out- 
put (except in the case of a linear Hall sensor, 
described previously). The output pin is then 
tapped as the output from the sensor, to be 
applied to a component that will not draw 
more than 20mA. 
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Configuration of Object Pres- 
ence Sensors 


While most of the following suggestions relate 
specifically to Hall-effect sensors, some general 
principles may be applied to optical sensors. 


Linear Motion 

A presence sensor can be activated when the 
triggering source (such as light or a magnet) 
approaches it directly. This is sometimes 
referred to as head-on mode. Alternatively, trig- 
<gering can be arranged when the source moves 
past the sensor. This is sometimes referred to as 
slide-by mode. The two modes are illustrated in 
sections 1 and 2 of Figure 3-16. 
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Figure 3-16 Section 1of this figure iustrates a presence 
sensor being used in head-on mode, while section 2 illus 
trates side-by mode, 


Slide-by mode may be preferred because it 
eliminates the risk of damage to the sensor if 
overshoot occurs in head-on mode. 


In slide-by mode, using a bipolar Hall-effect 
sensor, two magnets can be placed together 
with opposite polarity, creating a very steep 
transition in the overall magnetic field. This 
minimizes the risk of imprecise triggering 
Using neodymium magnets, the triggering 


in of Object Presence 


point can be adjusted with a precision of 
(0.01mm or better. See Figure 3-17. 


Figure 3-17 In slide-by mode, two magnets with opposite 
polarity can be put together to create a very precise tran 
sition na bipolar Hal-effect sensor 


Sensing by Interruption 

‘An optointerrupter is sensitive to an object pass- 
ing between the light source and the light sen- 
sor. A comparable arrangement can be used 
with a Hall-effect sensor ot a reed switch, but 
only if the interrupting object is thin and fer- 
rous. This configuration is known as a ferrous 
vane interruptor. 


Note that the magnet will exert significant force 
on the ferrous vane. This becomes an issue in 
sensors where the mechanical force is limited — 
for example, in paper-path sensors in a photo- 
copy machine. 

Additional information about the detection and 
measurement of moving objects will be found 
in the entry describing linear position sensors, 
See Chapter 6. 


Angular Motion 

(One or more magnets can be used with a Hall- 
effect sensor to detect the angular motion, rela- 
tive angular position, or absolute angular 
Position of a rotating part. This data can be 
used to determine its speed of rotation. Some 
techniques to achieve this are described in the 
entry describing rotary position sensors. See 
Chapter 7. 
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Sensor Comparisons 


Advantages of Optical Presence 
Sensors 


+ Not affected significantly by magnetic 
fields that can interfere with operation 
of a Hall-effect sensor or a reed switch. 


+ May be contained in a small, all-in-one 
package. 

+ Some optical sensors can operate over 
a distance of 50cm. 


+ Very well suited to sensing an object 
that blocks the light source (the oproin- 
terrupter configuration). 


Disadvantages of Optical Presence 


Sensors 
+ Must have clear line-of-sight with the 
object and/or a reflector. 


+ Performance will be degraded by accu- 
mulation of dust or dirt. 


+ Limited lifetime of LED light source, if 
used continuously. 


+ May be accidentally triggered or 
impaired by some types of ambient 
light. 


+ Often requires a load resistor for the 
LED as well as a pullup resistor for the 
open-collector output. 


+ Range of acceptable voltage is usually 
narrow. 


Advantages of a Reed Switch 


+ No polarity. 


+ No additional components required, 
other than a magnet. 


+ Able to switch AC or DC. 


+ Able to switch to voltages as high as 
200V in some cases. 
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+ Can be maintained by a magnet in 
open or closed state indefinitely 
without any power consumption. 


+ Many variants are capable of switching 
500mA, and higher-current types are 
available. 


+ Can be activated through nonmagnetic 
materials (plastic, paper). 


+ Not significantly affected by dust or 
dirt that can degrade performance of 
an optical switch, 


Disadvantages of a Reed Switch 


+ Requires a separate magnet (which 
must be placed carefully to avoid 
affecting other components). 


+ Cannot be miniaturized to the same 
extent as a surface-mount chip. 


+ Glass envelope is easily damaged. 
+ Arcing may occur between contacts. 


+ Will not work reliably when the activat- 
ing magnet is more than a few millime- 
ters from the switch, 


+ Can be activated accidentally by other 
magnetic fields. 


+ When sensing an object that comes 
between the switch and a magnet, only 
a ferrous object can be used. 


+ Must be debounced when connected 
with a logic chip or controller. 


Advantages of a Hall Effect Sensor 


+ Robust solid-state component. 


+ Can be miniaturized for surface-mount 
applications. 


+ Very low cost. 
+ Fast response. 


+ No contact bounce. 
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+ Extremely durable, with an almost 
unlimited lifetime, 


+ Not significantly affected by dust or 
dirt that can degrade performance of 
an optical switch, 


+ Low cost. 
Disadvantages of a Hall Effect Sensor 


+ Requires a separate magnet (which 
must be placed carefully to avoid 
affecting other components) 


+ Open-collector output typically limited 
to 20mA or less. 


+ May be vulnerable to magnetic fields 


+ When sensing an object that comes 
between the switch and a magnet, only 
a ferrous object can be used. 


What Can Go Wrong 


Optical Sensor Issues 
Deterioration of LEDs 

Most object presence sensors depend on infra- 
red LEDs as a light source. An LED has many vir- 
tues (discussed in Volume 2), but does tend to 
suffer from gradual reduction in light output 
cover a period of years. In a device such as a 
photocopy machine, which is used intermit- 
tently and may have an “economy” or “sleep” 
mode in which most of its components are 
powered down, LED-based detectors should 
last almost indefinitely. In other applications 
where an LED is powered continuously, its light 
output will diminish signicantly in 3 to 5 years. 
Bearing this in mind, an optical sensor should 
be chosen to operate well below its light- 
detection limits. 


Object Too Close 


‘Some optical and ultrasonic detectors triangu- 
late on an object; that is, the light emitter and 


What Can Go Wrong 
light sensor are angled slightly toward each 
other (as shown in sections 3 and 4 of 
Figure 3-3). The signal output from the sensor 
will peak at the distance where the emitter and 
sensor focus at a point. Consequently the out- 
put voltage will diminish when the object 
comes closer, which may create the misleading 
impression that the object is moving further 
away. To avoid spurious readings, detectors 
should not be used with objects that are closer 
than the minimum distance specified by the 
manufacturer. 


Reed Switch Issues 


Mechanical Damage 
Bending the axial leads on a reed switch can 
easily fracture the glass envelope. Reed 
switches must be handled with care. 


Contact Bounce 
If the switch is wired to the input of a logic chip 
or microcontroller, contact bounce when the 
switch opens or closes is likely to be misinter- 
preted as multiple switching events, Debounc- 
ing will be necessary, either by additional 
components or by insertion of a momentary 
delay in the code embedded in a microcontrol- 
ler. 


Arcing 

When switching high voltages or currents, an 
arc may be created briefly between the switch 
contacts, most often when they ate moving 
from the closed to the open state. The arc 
erodes the contacts of the switch, Inductive 
loads make the arcing problem worse. If the 
switched voltage is kept below SV arcing gen- 
erally does not occur, extending the life of the 
switch. 
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passive infrared sensor 


In coloquial speech, the term motion sensor is usually understood to mean a passive 


infrared motion sensor. 


The acronym PIR is often used for a passive infrared sensor. It is always capitalized, 


without periods. 


Object presence sensors and proximity sensors require an active source of a mag- 
netic field, ultrasound, or infrared radiation. A passive infrared sensor does not requite 
any such source, and responds passively to heat radiated from the object that is being 


detected, 


OTHER RELATED COMPONENTS 


sect presence sensor (see Chop 3) 


+ proximity sensor (see Chapter 5) 


What It Does 


A passive infrared motion sensor, often 
described as a Pik, detects black-body radiation, 
which all objects emit as a function of their 
temperature relative to absolute zero. The sen- 
sor responds to infrared radiation centered 
around a wavelength of 10m (10 microns, or 
10,000nm). This is the approximate body tem- 
perature of people and animals. 


The word “passive” in the term “passive infra- 
red" refers to the behavior of the detector, 
which receives infrared radiation passively. 
Proximity sensors must generate their own 
infrared radiation actively, which is interrupted 
or reflected by nearby objects. See Chapter 5. 


Schematic Symbols 

Schematic symbols that are sometimes used to 
represent a passive infrared motion sensor are 
shown in Figuire 4-1, 


Positive power 


« 


Figure 4-1 Schematic symbols that may represent a pas 
sive infrared motion sensor. The orientation (pointing ett 
cor ight) isarbitary. The pin sequence may vary. 


Applications 

Motion-sensitive outdoor lighting almost 
always is based around a PIR. Similarly, a secu- 
rity system may sound an alarm or activate a 
video camera when a PIR indicates human 
activity. 


Wildlife monitoring systems use PIRs to start a 
video camera that can then run for a preset 
interval. 
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How It 


Warning systems for automobiles have been 
developed that use a rear-facing PIR to detect 
pedestrians. 


Industrial indoor lighting may use PIRs that 
switch the lights on automatically when people 
enter a room, and then switch the lights off 
(after a timed delay) when people are no longer 
detected in the room. The goal is to prevent 
wastage of energy as a result of employees for- 
getting to switch the lights off. 


How It Works 


‘A PIR module contains multiple components. 
‘Most visible is an array of at least 15 small len- 
ses that focus infrared light from zones in the 
environment onto a pyroelectric detector, also 
known as a pyroelectric sensor. The response of 
the detector is processed by an amplifier, so 
that the signal can trigger an electromechanical 
relay or solid-state relay (see Volume 2). The 
relay operates an external device such asa light 
oran alarm, 


‘Additional circuitry may allow the user to con- 
trol the sensitivity of the PIR module and the 
length of time that the relay remains closed, 
The user may also be able to set the time of day 
when the PIR is active, or an additional photo- 
transistor can shut down the PIR during day- 
light hours. If a phototransistor is included, its 
sensitivity is adjustable. For more information 
about phototransistors, see Chapter 22. 


Pyroelectric Detector 
The pytoelectric detector is actually a type of 
piezoelectric device. It is based around a wafer 
of lithium tantalate, which generates a small 
voltage in response to incident thermal radia- 
tion, However, like other piezoelectric compo- 
nents, it does not respond to a steady-state 
input, and must be activated by a transition, 
This distinguishes it from other types of light 
sensors, such as an infrared photodiode, in 
Which the response is consistently related to a 
temperature input. 
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The response of a pyroelectric detector is sug- 


gested by the graphs in Figure 4-2. 


Ingut overtime 


Infrared Light intensity 


Output overtime 


Photodiode Output 


‘Output ver ime 


Figure 4-2 Top: incident infrared light intensity. Center: 
the voltage output fram a hypothetical photodiode. Bot 
tom: the voltage output fram a hypathetical pyroelectric 
dotector. 


A pyroelectric detector in a PIR module is 
mounted in a sealed metallic container, as 
shown in Figure 4-3, The rectangular window in 
the detector is usually made of silicon, which is 
‘opaque to visible wavelengths but transparent 
to long-wave infrared radiation. 


Elements 

The pyroelectric detector used in a PIR contains 
at least two elements with opposite polatities, 
connected in series. fa sudden change in tem- 
perature affects both elements equally, their 
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responses will cancel each other out. Thus, the 
detector ignores changes in ambient tempera- 
ture. However, if a source of infrared radiation 
in the appropriate waveband affects one ele- 
ment before the other, the detector will emit 
‘two pulses of opposite polarity. See Figure 4-4. 


Figure 4-3 A pyroelectric detector mounted on a small 
circuit board in a passive infrared radiation sensor. 
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Figure 4-4 Top: ina pyroelectric detector, if change in 
temperature affects two elements of opposite polarity 
simultaneously, their voltages cancel each other out. Bot 
tom: ifone element i triggered before the other, the 
detector emits signal 


How It Works 


Lenses 

Lenses are used to trigger the elements 
sequentially. Each lens faces toward one visible 
zone in the target area. When a source of infra- 
red radiation moves from one zone to the next, 
it energizes the elements alternately, creating 
an output. 


In some PIRs, four pyroelectric elements are 
Used instead of two, to provide better coverage, 
The pairs of sensors may be wired in series or in 
parallel, but the principle remains the same. 


The lenses are molded into a polyethylene 
dome that is often white and covers the pyro- 
electric detector. The dome appears smooth on 
the outside, but fine patterns of concentric 
ridges are molded on the inside. These are fres- 
nel lenses, which ate much cheaper, smaller, 
lighter, and easier to fabricate than conven- 
tional optical lenses. A fresnel lens introduces 
some distortion and aberration, but these 
defects are unimportant in a PIR. 


Figure 4-5 illustrates the principle of a simple 
fresnel lens. The first section of this figure 
shows a conventional optical lens with one flat 
side and one curved side. A distant object emits 
almost-parallel beams of infrared light that are 
focused by the lens. Section 2 shows the same 
lens divided into segments that are stacked 
with no space between them. They behave in 
exactly the same way as the original lens. In 
section 3, each segment has been reduced in 
width, but because the optical faces still have 
the same geometry, they will still have the 
same function, although a small amount of dis- 
tortion will be added by the reduction in width, 
This is a fresnel lens, which found an early 
application in lighthouses, where it greatly 
reduced the weight of very large glass lenses 
that focused the beam. 
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How It 
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Figure 4-5 Principle ofa fresno! lens. See text for dotails. 


The same principle can be applied to a lens in 
which both surfaces are curved, as shown in 
Figute 4-6, In practice this will introduce more 
imperfections in the image, although some 
compensation is possible by adjusting the 
exact shape of the lens, 
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Figure 4-6 The principle ofa fresnel lens applied toa 
‘conventional lens in which both surfaces are curved. 


Figure 4-7 shows three curved fresnel lenses 
placed edge-to-edge, seen from above. In sec- 
tion 1 of this figure, infrared rays from a distant 
source are focused by the first lens onto the 
right-hand element of a pyroelectric sensor. In 
section 2, the external source has moved later- 
ally, and the rays now focus on the left-hand 
element, In section 3, the source has moved 
into the zone covered by the centrally located 
fresnel lens, which focuses on the right-hand 
element again. The fluctuating inputs will trig- 
ger the sensor. 
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Figure 4-7 Sections I,2, and 3 show fresno! lensos 
focusing an external source of infrared radiation on ind- 
vidval elements ofa pyroelectric sensor. 


PIRs may combine fresnel lenses in a variety of 
patterns, Figure 4-8 shows an evenly weighted 
‘mosaic that would be suitable for a motion 


detector mounted on a ceiling, facing directly 
downward. Figure 4-9 shows a pattern weigh- 
ted toward lateral motion, providing less sensi- 
tivity for motion above and below the primary 
band, 


Figure 4-8 An evenly weighted mosaic of fresnel lenses. 


Figure 4-9 A mosaic weighted more toward sensing lat- 
eral motion. The grooves ofthe fresnel lenses are visible, 


Variants 


PIR sensor modules are available mounted on a 
small board such as the one shown in 
Figure 4-10 from Parallax, Inc. The detection 
range is 5 to 10 meters, selected by a jumper on 
the board. The three pins visible in the photo- 
graph are for power supply (3VDC to 6VDC), 
ground, and output. The output can source up 
to 23mA with a SVDC power supply. Power con- 
sumption of the module is only 130A when it 
isle, or 3mA when itis active but has no load. 
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Figure 4-10 A passive infrared detector mounted with 
basic necessary components on a small board, 


A board of this type still requires additional 
components to set the “on” time for a light or 
alarm, and to deactivate the PIR during daylight 
hours. 


Various lens patterns are available, sold sepa- 
rately. 


A PIR can be bought as a single component 
containing two elements and FET transistors to 
amplify the signal. Surface-mount and through- 
hole versions are available, requiring a typical 
power supply of 3VDC to 1SVDC. 


However, a PIR bought as a “bare” component 
fequites significant external circuitry, using 
‘comparators or op-amps. Circuit design is non- 
trivial, entailing practical problems such as op- 
amps being sensitive to voltage spikes caused 
by activating a relay that shares the same 
power supply. 
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‘An easier alternative is an all-in-one detector, 
lens, and control circuit such as the Panasonic 
‘AMN31111, which is ready for board mounting, 
Its small output current of 100A would be 
capable of activating a solid-state relay. Similar 
Panasonic PIRs offer a variety of ranges, sensi- 
tivities, and supply voltages. 


The AMN31111 is in Panasonic's AMN series. 
There are many type numbers for combinations 
of analog or digital output, lens shape, and 
black or white lens. A selection of lens shapes, 
derived from the manufacturer's datasheet, is 
shown in Figure 4-11 
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Figure 4-11 Four lenses from the Panasonic AMN series 
of passive infrared sensors, 


What Can Go Wrong 


Temperature Sensitivity 

In warmer weather, objects in the field of view 
of a PIR will tend to be warmer, and the temper- 
ature difference between them and human skin 
will diminish, This can degrade the perfor- 
mance of a PIR. 


Detector Window Vulnerability 

The silicon window on a detector is vulnerable 
to dirt or grease. Avoid touching the compo- 
nent ifit is not protected by lenses. 


Moisture Vulnerability 

Water absorbs far-infrared light. Consequently, 
condensation on the lens or detector can 
degrade performance, and a PIR may not func- 
tion in heavy rain or snow. 
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proximity sensor 


Proximity sensors that use infrared, ultrasound, and capacitance are described here. 
This Encyclopedia does not include proximity sensors that use magnetism, inductance, 
or other methods of determining distance. 


Sometimes proximity sensors are referred to as distance sensors. An ultrasonic proxim- 
ity sensor may be described as a range finder or a ranger. 


High-end ultrasound proximity sensors sold as large, sealed modules with cabling can 
monitor the status of industrial processes, These commercial units are outside the 
scope of the Encyclopedia. 


A sensor that detects whether an object is present, but does not measure the distance 
10 it, is considered to be an object presence sensor and has its own separate entry. 
See Chapter 3. Many devices that are sold as proximity sensors or distance sensors 
actually do not provide meaningful distance data, and therefore in this Encyclopedia 
they are included with presence sensors. 


Phototransistors and photodiodes may be used as sensing elements in proximity 
sensors, These components have their own entries as light sensors, See Chapter 22 and 
Chapter 21 


OTHER RELATED COMPONENTS 


+ object presence sensor (see Chapter 3) 
+ passive infrared sensor (see Chapter 4) 


What It Does 


A proximity sensor measures the distance 
between itself and a physical object that is 
often described as the farget. The output from 
the sensor may be analog (voltage), serial data, 
or pulse-width modulation, It may be transmit- 
ted via a serial protocol such as SPI, TTL, or 12C, 
and may be stored as digital data in a register 
that is accessed by a microcontroller, using I2C. 
For additional details about protocol, see 
Appendix A. 


Schematic Symbols 

Either of the schematic symbols in Figure 5-1 
may represent a proximity sensor, but are not 
used consistently. The sensor may also be rep- 
resented as a rectangle containing text describ- 
ing its function. 


al 


> Oi 


Figure 5-1. Two ways to represent a proximity sensor in a 
schematic. 


Applications 
In robotics, a proximity sensor can prevent a 
collision between a robot and an object or bar- 
rier in front of it. Some sophisticated proximity 
sensors can provide sufficient data for software 
to map the entire environment, but are outside 
the scope of this entry. 


Proximity sensors can also be used in alarm sys- 
tems, or for liquid-level sensing in storage 
tanks, or in automobiles to sound a warning if 
the driver is backing into an obstacle (although 
these devices are being augmented with rear- 
view video monitors) 


In handheld devices, proximity sensors are used 
to sense the presence of the user's hand or face 
—for example, to shut down the display when 
a person raises a phone to talk into it. 


Variants 


This entry is subdivided to describe proximity 
sensors that use ultrasound, infrared light, and 
capacitance. 


Ultrasound 

‘An ultrasonic proximity sensor functions by 
emitting a short burst of sound and then listen- 
ing for echoes from objects in front of it. 


The sound is created by a piezoelectric trans- 
ducer (see Volume 2) at a frequency between 
30kHz and SOkHz, well above the range that 
can be detected by the human ear. The trans- 
ducer may do dual duty as a microphone, send- 
ing and receiving sound on an alternating 
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basis; or a second transducer, serving as a 
microphone, may be mounted beside the emit- 
ter on a small circuit board. The economically 
priced HC-SR04 is an ultrasound proximity 
detector popular in the robotics community, 
working reliably in the range of 2cm to 5m. 


‘A board on which the sensor is mounted may 
include a microcontroller to measure the delay 
between propagation of a pulse and reception 
of the echo. Distance to the reflecting object is 
then calculated using the speed of sound in air 
at sea level, which is approximately 340 meters 
per second, 


Infrared 

‘An infrared proximity sensor requires a beam of 
infrared light from an LED that may be incorpo- 
rated in the sensing module or mounted sepa- 
rately. Light reflects from the target and is 
detected by a phototransistor or photo- 
diode. From the angle of the reflected light, 
onboard electronics can calculate the distance 
to the target by a process known as triangulo- 
tion. See Figure 5-2, (This diagram is simplified, 
‘An actual sensor may use a linear array of pho- 
todiodes to assess the angle of the returning 
light beam.) 


Light 


at Near target 


Far target 


Light 
detector 


Figure 5-2 An infrared proximity sensor determines the 
distance to an object by assessing the angle of reflected 
light. 


To reduce the risk of false positives, light from 
the LED contains only a narrow range of infra- 
red wavelengths. Also, it is modulated at a fre- 
quency recognized by sensing circuitry in the 
module. 
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Relative Advantages 
Ultrasound Devices 


+ Generally more suitable for detecting 
objects that are more than 1 meter 
away. 


+ Unaffected by direct sunlight, fluores- 
cent tubes, and other light sources that 
can interfere with infrared devices. 


+ More accurate, often capable of plac- 
ing objects within Smm. 


+ Able to measure the distance to liquids 
and transparent objects, which may 
not be easily detected with infrared. 


Infrared Devices 


+ Physically smaller—especially surface- 
‘mount versions. 


+ Able to measure the distance to soft 
objects, which may not be easily detec- 
ted by ultrasound. 


+ More appropriate for targets that are 
closer than 10mm. 


+ More affordable. 


Ultrasonic Examples 


The proximity sensor in Figure 5-3 is a low- 
priced model, popular in the robotics commu- 
nity. Manufactured by MaxSonar, it uses a 
single element to send and receive. The manu- 
facturer claims that it can detect a 6mm 
(quarter-inch) dowel 1.8 meters directly in front 
of it, and a 9em dowel at 3.3 meters. This per- 
formance is beyond the capability of almost all 
infrared sensors, 


MaxSonar offers a variety of sensors that 
appear physically very similar but have differ- 
ent range capabilities. Each has three outputs 
that can be accessed simultaneously: serial data 
‘at 9,600bps, analog voltage, and pulse-width 
‘modulation. 


Ultrasonic Examples 


Figure 5-3 The MaxSenar MB1003 can detect large solid 
objects as far avay as 5 meters. Photo derived froman 
Image by Adatnut. 


The serial output uses the RS232 protocol and 
consists of the letter R followed by four ASCII- 
coded numerals representing the measured 
range in millimeters. Thus, R1000 would indi- 
cate an object at 1 meter distance. 


The analog voltage ranges linearly from 293mV_ 
when sensing an object at 300mm to 4,885mV 
for an object at 5,000mm. 


The pulse-width output sends pulses ranging 
from 300ps indicating an object 300mm away 
to 5,000ps indicating an object 5 meters away. 


The unit incorporates a temperature sensor 
that compensates for the lower density of air 
when its temperature increases, Weatherproo- 
fed versions are available. The power supply is 
SVDC and must be smoothed. 


Imports 
Some international sources offer minimal 
paired ultrasound components at a very low 
price, such as the HC-SR04 from Cytron Tech- 
nologies in Malaysia. See Figure 5-4. 


Sound dispersion of the transducer is claimed 
to be plus-orminus 15 degrees, and the 
claimed range is up to 4 meters. The module 
requires a triggering input pulse that must last 
at least 10. This prompts it to emit eight rapid 
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Infrared Examples 


ultrasound signals at 40kHz. The module meas- 
ures the response time and applies a high state 
to its echo pin for a duration that is propor- 
tional with the distance measured. An external 
‘microcontroller must time the duration, then 
divide by a factor of 58 to obtain distance in 
centimeters. 


Figure 5-4 The HC-SRO4 is avery low-cost impart that 
can provide acceptable performance when used with an 
‘external microcontroller. 


‘Many online sources offer simple code libraries 
for Arduino or PICAXE microcontrollers for use 
in conjunction with the HC-SRO4, 


Individual Elements 

Individual ultrasonic components such as those 
shown in Figure 5-5 are available from many 
vendors. The user must add circuitry to gener- 
ate a high frequency for a short duration, 
amplify the microphone signal, measure the 
time difference, and calculate distance. 


distance 


spatial 
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Figure 5-5 These components. sted as the "4OTRIZB-R 
ultrasonic sensor kit by the online supplier Jameca, could 
orm the basis of a DIY ltrasanic proximity sensor, 


Infrared Examples 


Sharp manufactures four infrared proximity 
sensors that are widely regarded as accurate 
and easy to use. They are popular in the robot- 
ics community. Their part numbers and ranges 
are: 


+ GP2YOAS1SKOF (20mm to 150mm) 
+ GP2Y0A21YKOF (10cm to 80cm) 

+ GP2YOA02YKOF (20cm to 150cm) 
+ GP2YOA6OSZLF (10cm to 150cm). 


The GP2YOAGOSZLF is the most recent product, 
with the most impressive specification, The 
GP2YOA21YKOF is shown in Figure 5-6. 


Figure 5-6 The Sharp GP2YOA2IVKOF infrared proximity 
sensor. The background grid isin millimeters 
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Sharp describes these sensors as having an 
nglog output. The voltage on an output pin 
varies in inverse proportion with the distance 
being measured. The relationship is illustrated 
by the graph in Figure 5-7, detived from the 
manufacturer's datasheet for model 
GP2YOAO2VKOF. 
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Figure 5-7 Relationship between output voltage and tar 
‘get distance for a Sharp intrared proximity sensor, derived 
from the manufacturer's datasheet. 


The Sharp sensors can work with SVDC. They 
consume around 30mA, except for the 
GP2YOAGOSZLF, which uses less current. 
Because the infrared LED functions in bursts, 
the manufacturer recommends protecting 
other components sharing the power supply by 
placing a 10uF capacitor across the sensor sup- 
ply pins. 


‘Trends in Infrared Proximity Sens- 
ing 

Like many other types of sensors, proximity 
sensors have been affected by the huge market 
for handheld devices. 


Handheld applications have had four conse- 
quences: 
Miniaturization 

Infrared proximity sensors are now com- 


monly found in surface-mount chips 
measuring 5mm x 3mm or smaller. 


Onboard processing 
The status of a photodiode can be pro- 
cessed by a microcontroller on the same 
chip, to determine what the sensor is 
really “seeing” Input from an included 
ambient light sensor is factored into the 
evaluation, 


Cost reduction 
While chip-based proximity sensors have 
become increasingly sophisticated, their 
unit cost has plummeted, so that they are 
now actually much cheaper than simpler 
devices such as the Sharp analog sensors 
described above. 


Complexity 
Modern sensors must be programmed 
with a complex variety of instructions, 
and their coded output must be inter- 
preted with a separate microcontroller 
running its own program. Whether this 
‘compensates for the low price and added 
functionality is something for the individ- 
ual developer or experimenter to decide. 


The Silicon Labs Si1145/46/47 series are chips 
with the kind of sophisticated capabilities 
required for handheld devices. An external 
microcontroller communicates with the sensor 
via an I2C connection, and can instruct it to 
adjust its distance range (from 1cm to more 
than 50cm), its analog-to-digital conversion 
sensitivity, and its current-sinking capability for 
up to 3 external LEDs. The chip incorporates 
ultraviolet sensing and ambient-light sensing 
capability. Its 12C connection can run at up to 
3.4Mbps. Because its light output is pulsed for 
only 25.6is every 800ms at 180mA, the average 
power consumption is only 9A, assuming a 
supply voltage of 3.3VDC. 


For additional details about protocols such as 
12C, see Appendix A. 


In addition to its use in handheld devices, the 
manufacturer suggests applications including 
heart-rate monitoring, pulse oximetry, and dis- 
play backlighting control. These applications 
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Capacitive Displacement Sensor 


require only a subset of the features built into 
the sensor, but its price is so low, it may be cost- 
effective even when many of its capabilities are 
unused. 


Proximity sensors with comparable specifica- 
tions are available from many manufacturers. 
Examples are the Vishay VCNL4040 and the 
‘Avago HSDL-9100. Figuire 5-8 shows the Silicon 
Labs $1145 on the left, and the Avago 
HSDL-9100 on the right. 


Figure 5-8 Two sophisticated surface-mount proximity 
sensors with digital output. Left Siicon Labs SI145, 
Right: Avago HSDL-9100. The background grids in mill- 
meters. 


Several guidelines must be observed when 
using this kind of sensor. First and most obvi- 
ously, if an external LED is used, it must have a 
peak wavelength compatible with the photo- 
diode in the sensor. The LED must be placed as 
near as possible to the photodiode, as reducing 
the separation increases the sensitivity; but 
crosstalk between the photodiode and LED 
‘must be minimized, usually by placing a thin 
barrier between them that is barely taller than 
the higher component. 


If the light emitter and/or light sensor are pro- 
tected behind a transparent glass or plastic 
panel, it must have minimal resistance to infra- 
ted wavelengths, and its thickness must be 
chosen in compliance with guidelines in the 
sensor datasheet. To prevent light from reach- 
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ing the sensor by reflection from the rear of the 
panel, a thin, opaque tube can be installed 
between the LED and the panel. 


A sensor of this type may be configurable with 
a “detection scheme” meaning high and low 
sensing threshold levels appropriate to the 
object that is likely to be detected. Determining 
this may be a process of trial and error. 


Capacitive Displacement Sen- 
sor 


This is also known as a copacitive linear displace- 
‘ment sensor. It should not be confused with a 
capacitive single touch sensor, a human-input 
device that has its own entry. See Chapter 13. 


A capacitive displacement sensor measures 
the distance between itself and a target that 
must be electrically conductive. Unlike optical 
or ultrasound position sensors, no additional 
source of light, sound, or other radiation is 
required. Unlike a magnetic position sensor, it 
does not require a separate permanent mag- 
net. It simply measures its electrical capaci 
tance with the target. 


High-precision capacitive displacement sensors 
are used mainly for industrial process manage- 
‘ment. Lower-precision variants are much less 
expensive and can be used as object presence 
sensors to determine if an object is anywhere 
within a specified range. 


A typical maximum range would be 10mm. For 
larger distances, optical and ultrasound sensors 
are more appropriate. 


A selection of cylindrical sensor probes is 
shown in Figure 5 
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Figure 5-3. Some high-precision capacitive displacement 
‘sensors fram Lian, which builds thern into cylindrical 
probes ranging from 3enm to 18mm in diameter 


Applications 
The high-precision variant of this type of sensor 
is commonly used during the production of 
small devices, such as disk drives. It can also 
‘measure vibration of a rotating metal part, such 
as a motor shaft, and may maintain automatic 
focus of a microscope. 


Lower-precision variants can be used for appli- 
cations such as counting objects on a conveyor. 


When used to measure materials thickness, the 
sensor finds applications in checking automo- 
bile brake rotor fabrication and the thickness of 
silicon wafers. 


How It Works 


When two plates of electrically conductive 
‘material are placed opposite each other, they 
possess capacitance. This means that they have 
an electrical storage capacity enabled by accu- 
‘mulation of opposite charges on each plate. 


The capacity is directly proportional to the 
plate area, inversely proportional to the dis- 
tance between the plates, and is affected by 
the medium separating the plates, known as 
the dielectric. 


If the plate area and dielectric remain constant, 
the distance between the plates will be the 
only factor affecting the capacitance. Therefore, 


How It Works 


the distance between the plates can be calcula- 
ted by measuring the capacitance. 


‘Measurement can be performed by evaluating 
the displacement current that passes through 
the dielectric from one plate to another when a 
pulse of voltage is applied. (Hence the term 
“capacitive displacement’ in the name of this, 
type of sensor.) 


A detailed explanation of displacement current 
is included in the second edition of Make: Elec- 
tronics. 


The sensor itself functions as one plate of the 
capacitor while the target functions as the 
opposite plate. Alternating current is applied as 
a rapid series of pulses, and the current that 
passes between the plates is proportional to 
the distance between them. 


Ideally, the target should be grounded to the 
current source. However, since AC is being 
used, capacitive coupling of the target to the 
current source is also possible, so long as the 
additional capacitor has a value of O.1uF or 
higher. 


Sources of Error 

To obtain a meaningful measurement, the elec- 
tric field from the sensor is focused on the tar- 
get. Some dispersion will still occur, and the 
‘combination of sensor and target must be com- 
patible. A target typically should be flat and 
should have a larger surface area than the sen- 
sor. 


Humidity can affect sensor performance, as it 
changes the value of the dielectric. Tempera- 
ture can affect performance, partly because it 
‘causes small dimensional variations in the sen- 
sor and the target. 


The surface of the sensor and the surface of the 
target should be precisely parallel, because the 
spot where the field hits the target will be elon- 
gated if the target is tilted relative to the sensor. 
Elongation increases the capacitive area and 
affects the accuracy of measurement. 
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an Go Wrong with Optical and Ultrasound P 


This type of sensor can also measure the thick- 
ness of a nonconductive material, if the mate- 
rial is a thin sheet that can be interposed 
between two sensors. In this mode the material 
functions as a dielectric, and its thickness will 
affect the AC current passing through it. 


While lower-precision capacitive displacement 
sensors are relatively unusual, they can poten- 
tially serve as a relatively affordable and simple 
object presence sensor, so long as the target is 
conductive and will not be damaged by pass- 
ing a small alternating current at a relatively 
low voltage. 


Values 

A high-precision capacitive displacement sen- 
sor can measure distances usually ranging from 
0.25mm to 10mm with an accuracy that can be 
better than 0.05mm. High voltages are not 
required, with a supply of plus-or-minus 15V 
being common. 


The sensing element, often referred to as a 
probe, is usually plugged into a custom- 
designed control unit that converts the capaci- 
tance measurement into a variable output 
voltage. The performance is then expressed in 
millimeters per volt. Thus if the voltage varies 
by SV over a distance of Imm, the sensor is 
rated as providing 0.2mm pervolt. 


What Can Go Wrong with 
Optical and Ultrasound 
Proximity Sensors 


Object Too Close 

Because both types of proximity sensors (ultra- 
sonic and infrared) may include emitters that 
are angled toward the distance range for which 
they are designed, they may fail to “see” an 
object that is closer. Consequently the sensor 
will provide no response, or may detect a differ- 
ent object that is further away. In either case, if 
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the sensor is being used on a moving device, 
the device may collide with the undetected 
near object. 


Multiple Signals 

If two or more sensors and emitters are used 
concurrently, their combined signals can inter- 
fere with each other and create inaccurate 
readings. 


Inappropriate Surfaces 

Ultrasonic proximity sensors are intended to 
identify a single object that is closer to the sen- 
sor than other objects, within a narrow beam 
dispersion angle. Multiple objects, complex sur- 
faces, soft surfaces such as clothing or furnish- 
ings, or an unusual configuration of interior 
walls can create inaccurate readings. 


Infrared sensors may be unable to “see" liquids 
or transparent objects, and may give different 
assessments of distance depending on the 
properties of a surface. Human skin, for exam- 
ple, is a poor reflector, as it absorbs some infra- 
red radiation, 


Environmental Factors 
‘An ultrasonic transducer uses a very small mov- 
ing diaphragm to generate sound. Like any sys- 
tem containing moving parts, it will be 
vulnerable to moisture or excessive humidity, 
and may need to be protected. 


After a device is built and tested indoors, in a 
controlled environment, it is likely to behave 
differently ifitis moved outside where the tem- 
perature is significantly higher or lower. 


Deterioration of LEDs 

‘As noted in the section on presence sensors 
(see Chapter 3), LEDs tend to suffer from grad- 
ual reduction in light output over time. The per- 
formance of an infrared proximity sensor may 
deteriorate over a period of years, depending 
‘on how intensively itis used. 
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linear position sensor 


A linear position sensor may also be described as a linear displacement sensor or a 
linear position transducer. It is sometimes categorized as a type of proximity sensor, 
but in this Encyclopedia a proximity sensor emits a signal and receives an echo to 
measure the distance from itself to an abject. By comparison, a linear position sensor 
measures the position of a sliding object within a stationary enclosure, 


An object presence sensor can be considered as a form of linear position sensor, but 
it only responds to the presence of an object, without measuring its position. 


OTHER RELATED COMPONENTS 


+ proximity sensor (see Chapter 5) 
+ object presence sensor (see Chapter 3) 


+ rotary position sensor (see Chapt 7) 


What It Does 


Control of a mechanical device may require 
accurate and timely information about the 
josition of a movable part in the device. A lin- 
position sensor can be used for this pur- 
pose. 


Three attributes are likely to be of interest: 


+ Position 
+ Direction of motion 


+ Speed of motion 


‘Typically a linear position sensor measures only 
the first attribute. Additional electronics may 
calculate the second and third attributes by 
taking multiple position readings. Thus a speed 
sensor is very likely to be built around a position 
sensor, and therefore this Encyclopedia does 
not have a separate entry for speed sensors. 


Applications 

Robotic arm positioning, wing flap and rudder 
positions on an aircraft, computer-controlled 
machine tools, 3D printers, and automobile 
seat position sensors are some of the many 
applications. 


Schematic Symbol 

In a schematic, a linear position sensor may be 
represented by symbols for the sensing ele- 
ments that are inside it (potentiometer, LED, 
phototransistor, or others). 


How It Works 


Linear potentiometers, magnetic linear encoders, 
optical linear encoders, and linear variable differ- 
ential transformers (LVDTs) ate described here, 
Other options are available, but they tend to be 
more specialized, and are not included. 
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How It Works 


Linear Potentiometer 


For a full description of potentiometers, see 
Volume 1. 


A linear potentiometer, often referred to as a 
slider potentiometer, contains an electrical 
resistance in the form of a straight section of 
track. The track may be a strip of resistive poly: 
mer or (less often) may consist of an insulator 
with a coil of nichrome wire wrapped around it. 


For sensing purposes, the potentiometer is 
wired as a voltage divider, and a fixed potential 
is applied across its full length, as shown in 
Figute 6-1. A wiper slides along the track, sens- 
ing a voltage that vaties linearly with the 
wiper’s position. Output from the wiper can be 
used directly to control an analog indicator 
such as a meter, or can be processed by an 
analog-to-digital converter. 


Resistive stip 


Figure 6-1 A linear potentiometer can consis ofa fixed 
track with a known voltage applied at each end, and a 
‘movable wiper 


For audio applications, a slider potentiometer 
may have resistance that varies logarithmically 
with the position of the wiper. However, this 
type of component is not generally used as a 
position sensor. 


For sensing purposes, the potentiometer is usu- 
ally protected by a long, natrow box or tube 
through which a tod slides on sealed bearings. 
An example is shown in Figure 6-2. 


eS 


Figure 6-2 A linear potentiometer contained in a tube 
with sealed bearings. 


‘Small linear potentiometers for position sens- 
ing are available from companies such as 
Bourns. The one shown in Figure 6-3 is about 
20mm long, and the rod that slides through it 
has a travel of approximately 10mm. The com- 
ponent is available with resistance values rang- 
ing from 1K to SOK, and its power rating is 1/8 
watt. The manufacturer claims a life expectancy 
of 500,000 cycles. 


Figure 6-3. A miniature near potentiometer. The body is 
about 20mm long. 


A linear potentiometer is simple, inexpensive, 
compact, and requires few additional compo- 
nents, The track contains a lubricant, but inevi 
tably some wear occurs as a result of motion of 
the wiper. Life expectancy will be reduced by 
vibration or by contamination with dirt or mois- 
ture, 


A linear potentiometer may rarely be described 
asa linear potentiometric sensor. 
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Magnetic Linear Encoders 

A ferrous rod or strip can be magnetized with 
alternating north and south poles. When it 
slides past a single bipolar Hall-effect sensor, it 
generates a pulse train from the sensor that can 
be interpreted to provide positional informa- 
tion, The principle of the component is shown 
in Figure 6-4, (Magnetic rotary encoders also 
exist; See “Rotary Encoders") 


Halttfect 
Sensor 


Strip with ltemating positive and negative poles 


Figure 6-4 When a strip magnetized with alternating 
north and south poles sls past a sensor, the pulse train 
from the sensor can be decoded to indicate the ralative 
postion ofthe strip. 


The sensing element may be described as a 
read head. If two are used, with a spacing equal 
to half the interval between the north and 
south poles on the strip, the phase difference 
between the pulse trains from the sensors will 
indicate the direction in which the magnetized 
strip is moving. This is shown in Figure 6-5. 


The combination of pulse trains is known as 
quadrature, because there are four possible 
combinations: A and B both high, A and B both 
low, A high and B low, or A low and 8 high. The 
same principle is used in an optical rotary posi- 
tion sensor; see Figure 7-6. 


This type of linear position sensor is often 
described as a magnetic encoder, meaning that 
the position of the sliding part is encoded in a 
series of pulses, Relatively high resolution is 
possible, as the north and south poles ona strip 
of ferrous material can be as close as 2mm. 
Optical encoders may use the same principle; 
see “Optical Linear Encoders’ 


How It Works 


Figure 6-5 Pulse trains from Hal-effect sensors A and 8 
are shown in green. The phase difference between them 
can be interpreted to show the dection in which the mag: 
tized strip is moving. 


The sensor can be built into a module contain- 
ing an analog-to-digital converter that provides 
numeric output defining the position of the 
read head. 


In an absolute magnetic encoder, nonvolatile 
memory can store the digitized position when 
the device is switched off. An incremental mag- 
netic encoder does not store this information, 
and will require at least one additional home 
sensor to detect when the encoder is at either 
end of its travel. At power-up, an initialization 
routine moves the magnetized strip until the 
home sensor is triggered. 


For details of Hall-effect sensors see “Hall-Effect 
Sensor", 


Optical Linear Encoders 

The operation of an optical linear encoder is 
identical to that of the magnetic linear encoder 
described immediately above, except that a 
sliding optical grating is used in conjunction 
with a light source and a detection device such 
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How 


as a phototransistor or photodiode that 
functions as the read head. The principle is 
shown in Figure 6-6. The grating may be 


described asa codestrip. 
Phototrensstor 


[ae 


Figure 6-6 An optical inear encoder uses the same gen- 
eral principle as.a magnetic linear encoder 


Sip with optical gra 
atternating transparent 
‘and opaque sections 


For details of phototransistors, see Chapter 22. 
For details of photodiodes, see Chapter 21. 


‘An example of a low-cost optical linear encoder 
is the Avago HEDS-9 series, which consists of a 
horseshoe-shaped module with an LED in one 
arm and an array of photodiodes in the oppo- 
site arm. When a codestrip passes between the 
arms, the module emits two pulse trains from 
internal comparators. The pulse trains are 90 
degrees out of phase, and can be interpreted ta 
show which way the codestrip is moving. 


These sensors have a body measuring approxi- 
mately 10mm wide and are designed to read 
opaque/transparent intervals ranging from 1.5 
to 7.87 cycles per millimeter. The output rate 
can be as high as 20kHz. No pullup resistor is 
required on the output, as a 2.5K resistor is inte- 
grated. 


A codewheel may be used, in which case the 
module senses rotation instead of linear 
motion. This is described in detail in the entry 
on rotary position sensors. See Chapter 7. 


Linear Encoder Applications 

Optical or magnetic linear encoders are found 
in some laboratory equipment, machine tools, 
and industrial robots. The mean time between 
failures can range from 100,000 to 1,000,000 


hours. Optical encoders must be sealed to pro- 
vide good protection from dust and dirt. 


Linear Variable Differential Trans- 
formers 

This type of sensor, often referred to by the 
acronym LVDT, tends to be used in industrial 
environments where great reliability is required 
under severe conditions. Examples are high- 
temperature steam valves and nuclear reactor 
control mechanisms. However, the robust, fric- 
tionless design suggests other possible applica- 
tions, and custom fabrication is a possibility. 


Figure 6-7 illustrates the general principle, 
Three coils are wound sequentially around a 
(nonmagnetic) stainless-steel tube, enclosed in 
a second tube also made of stainless steel. The 
coils act as transformers with the variable volt- 
age ratio determined by the position of a solid 
iron armature that slides through them. 


The center coil is the primary winding, to which 
AC is applied between 2kHz to SOkHz, depend- 
ing on the application, (The frequency must be 
at least ten times the maximum rate of motion 
of the armature) The iron armature is attached 
toa nonmagnetic rod. The voltages on the sec- 
ondary windings provide the output from the 
sensor. 


While more than one wiring arrangement is 
possible, the most common schematic is shown 
in Figure 6-8. The secondary coils are in series, 
with one of them reversed, so that the phase of 
the output is inverted as the armature moves 
from one end of its travel to the other. The 
phase detector responds to the phase differ- 
ence by creating a DC output that varies with 
movement of the armature. All the functions 
shown in the schematic are available on a sin- 
gle integrated circuit chip. 


42 Encyclopedia of Electronic Components Volume 3 


> distance > linear position 


Secondary 
Winging 


Primary 
Winging, 


Secondary 


tron 
Mou annature 


Figure 6-7 Cutaway drawing showing the internal design 
‘ofa linear variable diferentia transformer, in which the 
postion ofa sliding iron armature determines the voltage 
Inducedin the secondary windings. 


Detector Output 


Figure 6-8 Typical schematic for using a linear variable 
diferential transformer. 


What Can Ga Wrong 


‘An example of a linear variable differential 
transformer is shown in Figure 6-9. 


Figure 6-9 External view ofa fnear variable alitferential 
transformer. 


What Can Go Wrong 


Mechanical Issues 

Any sliding mechanism will involve friction, and 
will be vulnerable to wear and tear, resulting in 
looseness that will degrade its accuracy. In 
addition, optical systems are vulnerable to dust 
and dirt. 


LED Longevity 

Light output of an LED diminishes over a period 
of years if the LED is “always on." This will limit 
the life of the sensor. 
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rotary position sensor 


Alternative terms for rotary position sensor are rotary sensor, rotational position sen- 
sor, angular position sensor, and angle sensor. 


The terms rotary and rotational are used interchangeably. In this entry, an attempt has 
been made to use the term that is most common for each specific application. For 
‘example, “rotary position sensor” versus “rotational encoder” 


A few sensors are available that specifically measure rotary speed, but generally a 
rotary speed sensor uses information from a rotary position sensor. Therefore, this 
Encyclopedia does not include a separate entry for rotary speed sensing 


A rotational encoder can be used as a rotary position sensor. It is mentioned briefly 
here but is described in more detail in Volume 1 of this Encyclopedia in the entry 


describing switches. 
OTHER RELATED COMPONENTS 


+ linear position sensor (see Chapter 6) 


What It Does 


Control of a mechanical device may require 
accurate and timely information about the ori- 
entation of a rotating part in the device. A 
rotary position sensor can be used for this 
purpose. 

A sensor may be capable of measuring three 
attributes: 


+ Angular orientation 
+ Direction of rotation 


+ Speed of rotation 


Typically a rotary position sensor measures only 
the first attribute. Additional electronics are 
required to calculate the second and third 
attributes by taking multiple position readings. 
Thus a speed sensor is very likely to be built 


around a position sensor, and therefore, this 
Encyclopedia does not have a separate entry 
for speed sensors. 


Applications 
In robotics, a rotary position sensor is com- 
monly used to show the orientation of a pivot- 
ing arm or strut. It can also be used as a limit 
switch on a motor. 


Specific applications include solar array posi- 
tioning, remotely piloted vehicles, guidance 
and navigation, antenna positioning, and wind 
turbine pitch control 


Pulses from a rotary position sensor are used to 
measure speed of rotation in vehicles, industrial 
processes, and aviation, Small rotary speed sen- 
sors are built into devices such as cooling fans 
and computer hard drives. 
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Schematic Symbol 
Ina schematic, a rotary position sensor may be 
represented by symbols for the sensing ele- 
ments that are inside it (potentiometer, LED, 
phototransistor, and others). 


Potentiometers 


Single-turn and multiturn potentiometers may 
be used as rotary position sensors. For basic 
information about potentiometers, see the 
entry describing this component in Volume 1. 


Arc-Segment Rotary 
Potentiometer 

‘An arc-segment rotary potentiometer is often 
referred to simply as a “potentiometer? as this 
type is more common than the multitumn type 
or the linear type. When used as a sensor, it can 
measure a turn angle that is less than 360 
degrees. 


This component contains a resistor in the shape 
of an arc, referred to as the track. It may be a 
strip of resistive polymer of (less often) may con- 
sist of an insulator with a coil of nichrome wire 
wrapped around it 


For sensing purposes, the potentiometer is 
wired as a voltage divider, and a fixed potential 
is applied along the full length of the track, as 
shown in Figure 7-1. A wiper slides along the 
track, sensing a voltage that varies linearly with 
the wiper's angular position. Output from the 
wiper can be used directly to control an analog 
indicator such as a meter, or can be processed 
by an analog-to-digital converter. 


For audio applications, an arc-segment potenti- 
‘ometer may have resistance that varies loga- 
rithmically with the position of the wiper. 
However, this type of component is not gener- 
ally used as a position sensor. 


Low-cost potentiometers were traditionally 
used as volume or tone controls in stereo sys- 
tems. When a potentiometer is designed for 
Use as a sensor, it tends to be more ruggedly 
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built and better protected against dust, dirt, 
and moisture. Its advantages are that it is sim- 
ple, inexpensive, compact, and requires few 


additional components. 


Resistive stip 


Output 


Figure 7-1. Anarc-segment potentiometer consists of a 
‘xed track in the shape of an are with a known voltage 
‘applied at each end, and @ movable wiper 


The major disadvantage is that although the 
track contains a lubricant, some wear will grad- 
ually result from friction with the wiper. Life 
expectancy will be further reduced if there is 
vibration or contamination with dirt or mois- 
ture. 


End Stops 
‘An arc-segment potentiometer usually has end 
stops to prevent the wiper from running off 
either end of the track. Typically, these stops 
limit rotation to around 300 degrees. 


‘A few arc-segment potentiometers allow unre- 
stricted rotation. The Bourns 6639 series is an 
example, although the wiper still passes 
through a “dead zone” of 20 degrees between 
the start and end of its track. An application for 
this type of potentiometer could be as a direc- 
tion sensor for a weather vane. 


Multiturn Rotary Potentiometer 

A spiral track, which resembles a coil spring, 
enables a rotary potentiometer to make multi- 
ple turns. The wiper rotates inside the track and 
follows its contour. A potentiometer of this type 
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will still be calibrated in degrees; thus, a 10-turn 
‘component may be listed as allowing an elect- 
cal travel of approximately 3,600 degrees. 


The exterior of a multiturn rotary potentiome- 
ter is shown in Figure 7-2. 


Figure 7-2 A multitur cotary potentiometer. Each pair of 
solder tags is attached internally to one end of the internal 
coiled track. The smatler tag at the far end connects with 
the wiper 


A simpler type of multiturn potentiometer is 
intended for use as a trimmer—a small potenti- 
‘ometer that can be mounted on a circuit board 
to allow adjustment or calibration, often during 
the manufacturing process. This type of trim- 
‘mer contains a worm gear that engages with a 
spur gear internally. The wiper is mounted on 
the spur gear. It has no applications as a sensor, 
but is mentioned here to avoid ambiguity, as it 
is probably the component that is most com- 
monly referred to as a “multiturn potentiome- 
ter! 


Magnetic Rotary Position Sensor 

Externally, a moder magnetic rotary position 
sensor may look very much like an are-segment 
rotary potentiometer. Internally, a permanent 
magnet is attached to the base of the shaft, and 
‘one or more Hall-effect sensors are mounted 
ona small circuit board immediately below the 
magnet, in the bottom of the enclosure. A sim- 
plified diagram appears in Figure 7~ 


lometers 
Shaft —— | 
heute 
Permanent, Board 
Magnet 
Connectors 
Holkeffect 
Sencar 


Figure 7-3 Simplified interior view of a magnetic rotary 
position sensor 


For more information about Hall-effect sensors, 
see "Hall-Effect Sensor’. 


‘A magnetic rotary position sensor may be 
described as a noncontacting sensor. Two views 
of an example ae shown in Figure 7-4 


Figure 7-4 Two views of a Bourns AMS22 magnetic 
rotary position sensor. 


The AMS22 sensor shown in Figure 7-4 has an 
analog output ranging from 0.1VDC to 4.9VDC 
when powered with 5VDC. A noncontacting 
sensor of this type will cost three to four times 
as much as a conventional potentiometer, but 
has the great advantage of extreme durability, 
with the manufacturer claiming a life of 50 mil- 
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lion shaft rotations. A disadvantage is its low- 
current output, limited to 10mA. The maximum 
rotation speed of its shaft is 120rpm. 


Rotary Position Sensing Chips 

Chips of the type used in a magnetic rotary 
position sensor are available as individual com- 
Ponents, many of which have advanced fea- 
tures, For example, the AMB192B angular 
magnetic encoder by RLS is a 44-pin surface- 
mount chip containing Hall sensors that detect 
the orientation of a permanent magnet above 
or below the chip. Various outputs provide 
information such as sine or cosine of the turn 
angle, incremental pulses, and digitized output 
via an SPI interface, 


Rotary Encoders 
Many rotating position sensors communicate 
their angle of rotation with an output that con- 
sists of a pulse train or some other coded sig- 
nal. This type of rotary sensor is known as a 
rotary encoder or rotational encoder. (Linear 
encoders also exist; see “Magnetic Linear 
Encoders’) 


The simplest version of this component is a 
‘mechanical encoder containing two small elec- 
tromechanical switches that are activated, out 
of phase, by a toothed wheel attached to the 
rotating shaft. This component is described in 
detail in Volume 1 of the Encyclopedia, where it 
is categorized as being a form of switch. Its low 
cost and simplicity has made it popular for 
rotary controls on car radios and small stereo 
systems, but its switches have a limited life 
expectancy and create a “noisy” output that 
must be debounced if connected with a logic 
chip or microcontroller. Typically the microcan- 
troller will include a pause of up to 5Oms in its 
program code to allow time for the switch con- 
tacts to settle (although some manufacturers 
claim only Sms) 


Confusingly, a mechanical encoder is often 
identified only as a “rotational encoder” even 
though optical and magnetic rotational encod- 
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ers also exist, as described immediately below. 
As a general rule, if a component is described 
simply as a rotational encoder, it probably con- 


tains electromechanical switches. 


Optical Rotary Encoders 
This type of component works on the same 
principle as an optical linear encoder of the type 
described in ‘Optical Linear Encoders". The dif- 
ference is that a codewhee! is used instead of a 
codestrip. Typically the codewheel is supplied 
by the manufacturer of the component that is 
designed to read it 


‘A transmissive codewheel is shown in 
Figure 7-5. The distance between the light 
emitter and the light detector has been exag- 
gerated in this diagram for clarity. 


Emitter 
Light 


Figure 7-5  ight-transmissive codewhee! for use in an 
optical rotary encoder. 


Some optical rotary encoders use a reflective 
codewheel, in which case alternating sections 
of the wheel are light-absorptive and light- 
reflective, and the emitter and detector are 
both on the same side of the wheel. 


If only one light emitter and light detector are 
used, the pulse train from the sensor reveals 
how many increments the wheel has turned 
relative to its previous position. 
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Asingle sensor cannot indicate the direction of 
rotation, but if a second emitter-sensor pair is 
added, 90 degrees out of phase with the first, a 
microcontroller can assess the phase difference 
between pulse streams to determine which 
way the wheel is turning. This principle is illus- 
trated in Figure 7-6 whete one transmitter 
detector pair is located in position A and 
another is in position B. The resulting pulse 
trains, for clockwise and counterclockwise rota- 
tion of the wheel, ate shown in green, The com- 
bination of pulse trains is known as quadrature, 
because there ate four possible combinations: 
A and B both high, A and B both low, A high 
and B low, or A low and B high. 


Figure 7-6 With transmitter detector pairs mounted at 
positions A and 8, the phase cifference between their 
pulse trains can show the lrectian of rotation ofthe 
whee! 


Potentiometers 


This is the same principle as illustrated for a 
magnetic linear position sensor in Figure 6-5. 


‘An alternative system of quadrature for an opti- 
cal rotary encoder uses two separate tracks on 
the disc, each having an equal number of opa- 
que and transparent sections, but half an inter- 
val out of phase. 


Any system that reveals the relative motion of 
the wheel, but cannot determine its absolute 
angular position, is an incremental sensor, 


Optical Products 

High-end optical rotary encoders may use discs 
with as many as 600 sequential opaque and 
transparent segments to provide extremely 
high resolution. They are outside the scope of 
this Encyclopedia. 


Moderately priced optical encoders are avail- 
able as shaft-driven assemblies very similar in 
external appearance to potentiometers. Typi- 
cally they have four terminals, one pair for 
power and ground connections and another 
pair for quadrature output from the two inter- 
nal sensors, usually identified as A and B in 
datasheets. Same encoders also contain an on- 
off switch that is activated by pressing the 
shaft, in which case two additional terminals 
will be provided. 


Bourns is a leading manufacturer of this type of 
encoder, an example being the EM14, which is 
mounted in a box-shaped body measuring 
‘14mm square. It uses a SVDC power supply and 
provides pulses of 4VDC minimum with inter- 
vals of 0.8VDC maximum. Variants are available 
With 8 to 64 pulses per revolution. Intended for 
audio applications, this type of encoder has a 
maximum rotation speed of 120rpm. 


‘An example of an optical rotary encoder from a 
German manufacturer is shown in Figure 7-7. 
Its resolution is 25 pulses per rotation. The rec- 
tangular package measures approximately 
19mm x 25mm. The power supply can be 
3.3VDC or SVDC. 
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Optical rotary encoders of this type cost about 
five times as much as mechanical rotary encod- 
ers at the time of writing, but their longevity 
and their clean output signals make them an 
attractive alternative, and the price difference 
may diminish over time. 


Figure 7-7. compact incremental optical rotary encoder 
In the MRB25 series from Megatron Elektronik AG & Co. 


Encoders such as the Avago HEDS-9 series are 
not protectively enclosed, and require assem- 
bly with a codewheel supplied by the manufac- 
turer, See Figure 6-6 for additional information. 


‘A more basic optical rotary encoder, shown in 
Figure 7-8, is sold by Cytron Technologies as an 
‘optical switch mounted on a small board, with a 
separate codewheel consisting of a slotted disc. 
This low-cost kit is intended for use in DIY 
robotics. More information about optical 
switches will be found in the entry dealing with 
optical presence sensors. See Figure 3-3. 


Figure 7-8 A bare-bones optical encoder for DIY rabot- 
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Computer Mouse Principles 

The original design of a computer mouse, with 
a hard rubber ball, contained two optical rotary 
encoders oriented at right angles to each other. 
Each of them used a transmissive codewheel, 
The rolling ball turned the codewheels as the 
mouse was moved across a desktop, and elec- 
tronics in the mouse converted the outputs 
from the encoders into a pulse train that could 
be interpreted by a computer. Figure 7-9 shows 
the primary components. 


Figure 7-9 From Wikimedia Commons, this rendering by 
Jeremy Kemp shows (1) rotation ofthe bal, (2). rller 
touching the bal, (3) a transmissive optical codewheol, 
(4)an infrared LED that shines through a second code- 
wheel, and (5) a sensor detecting the pulses of light. 


‘An optical mouse works on a different principle, 
maintaining a monochrome image of the desk 
surface on an optical array that functions like a 
very low-resolution camera sensor. Electronics 
in the mouse detect displacement of the image 
as the mouse is moved. 


Rotational Speed 

Incremental rotary encoders, which only supply 
relative data, are adequate in many applica- 
tions, especially speed measurement, where a 
microcontroller can compare a pulse stream 
from a sensor with a target frequency, and can 
also provide feedback to control motor speed 


50 Encyclopedia of Electronic Components Volume 3 


appropriately. This is convenient when a step- 
per motor is being used, or a DC motor that is 
controlled with pulse-width modulation. (See 
the entry on motors in Volume 1.) 


Toothed wheels or magnetized wheels are 
commonly used to measure speed of rotation 
in applications ranging fram automobile trans- 
missions to computer disk drives. 


While a second sensor can be added to deter- 
mine the direction of rotation, this still does not 
provide information about the absolute orien- 
tation of a part. 


Absolute Position 

If associated electronics are equipped with 
nonvolatile memory, it may be used to store a 
sensor-wheel position from one session to the 
next. This may be sufficient in noncritical appli- 
cations such as volume control in a car radio or 
stereo system 


Alternatively, an additional single window in an 
optical wheel can activate a home sensor. When 
the device is powered up, the wheel is turned 
until the home sensor is triggered, at which 
point the orientation of the wheel is known, 
and subsequent pulses from rotation sensor(s) 
will add or subtract angular information 


The pulse generated by a home sensor may be 
described in datasheets as a reference signal or 
index signal. In the early days of desktop com- 
puters, each 5.25-inch floppy diskette was per- 
forated with an index hole for this purpose. 


The Gray Code 
For greater reliability in determining absolute 
position, an optical wheel can be divided into 
several concentric tracks, each of which con- 
tains a different coded sequence and is 
assigned its own light emitter and light sensor. 
The sensors are arranged in a radial line to scan 
the disc as it rotates. Since each detector will 
provide either a signal or no signal, output from 
the set of sensors can be combined to create a 
binary number. 


Potentiometers 
Figure 7-10 shows binary codes from 0000 
through 1111, corresponding with decimal 
numbers 0 through 15, where a white square is 
equivalent to a numeral 1 and a black square is 
equivalent to a numeral 0. 


oo ZZ oo Bae 
001 1001 

co10 Bo a 
cou J on i 7: 
0100 1100 

= ie 


Figure 7-10 Binary codes fram 000 through 11 using 
white to represent J and black to represent 0. 


Figure 7-11 shows this system mapped onto a 
codewheel. The red circles indicate the loca- 
tions of four stationary light detectors, which 
begin by providing a reading of 0000, since 
they coincide with four opaque areas of the 
wheel. Now if the wheel makes 1/16th of a full 
rotation in the direction of the arrow, the detec- 
tors will register 0001. If the wheel continues to 
rotate, the detectors will count in binary up to 
1111 before the sequence repeats. 


The problem with this design is that small man- 
ufacturing inaccuracies and other imperfec- 
tions will result in some light detectors 
responding fractionally more quickly than oth- 
ers as the wheel rotates, This will occur in tran- 
sitions where two or more adjacent segments 
of the wheel change between transparency 
and opacity. For instance, where 0011 is fol- 
lowed by 0100, transient values of 0010, 0001, 
0111, 0110, or 0101 are possible. Although they 
will be brief, these values may trigger associ- 
ated electronics. 
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Figure 71. The binary sequence mapped onto a code- 
wheel as areas of opacity and transparency. Red circles 
Indicate light detectors. 


To eliminate this problem, a different code 
sequence can be used in which only one of the 
four sensors is allowed to make a transition 
from each value to the next. This is called a Gray 
code, and eliminates the issue of simultaneous 
transitions. A commonly used Gray code is 
shown in Figure 7-12, 


‘0000 
opo1 
oot 
010 
110 
out 
101 
100 


Figure 7-12 A Gray code that allows only one binary digit 
to change in each transition from ane value tot 


Magnetic Rotary Encoders 
If a ferrous wheel is magnetically polarized in 
multiple domains, its rotation can be detected 


spatial > orientation > rotary position 
by a Hall-effect sensor in much the same way 
that a wheel divided into transparent and opa- 
que sections can be assessed by light detectors 
and emitters. This is illustrated in Figure 7-13, 
Where magenta and cyan bands indicate north 
and south magnetic poles. 


Magnotized 


so: 


Figure 7-13. Hall-aftect sensor can detect the rotation 
‘ofa whee! that is dived into multiple north and south 
‘magnetic poles 


Haltetfect 
Senor 


See "Hall-Effect Sensor” for information about 


Hall-effect sensors, 


‘An additional Hall sensor can be added, offset 
from the first, as in Figure 7-14. Once again the 
phase difference between the pulse trains can 
be used to determine the direction of rotation. 


om 


Figure 7-14 Direction of rotation of the whee! can be 
deduced from the phase difference between the pulse 
trains from two sensors, 
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Alternatively, a toothed wheel can be used, as 
suggested in Figure 7-15. 


Figure 715 A toothed whee! can trigger a Hall sensor if 
the teeth are magnetized 


Another option is to mount a pair of magnets 
‘ona nonmagnetic wheel, with a Hall-ffect sen- 
sor in the center. Ifit isa sensor with an analog 
output, the voltage will fluctuate smoothly 
between positive and negative, relative to the 
power supply for the sensor. Alternatively, a 
bipolar Hall-effect sensor can be used to pro- 
vide a binary output. The concept is illustrated 
in Figure 7-16, An advantage of this configura- 
tion is that it provides approximate information 
about the absolute position of the wheel. 


The two magnets will provide usable linear sen- 
sor outputs over a span of plus-or-minus 30 
degrees of rotation, approximately. Additional 
magnets or sensors can produce a more com- 
plex output that would be decoded by a micro- 
controller. 


How to Use It 


‘An optical or rotary encoder is well suited for 
use with a microcontroller program that can 
count pulses, compare pulse trains, or interpret 
a Gray code. The microcontroller then takes 
appropriate action, For example, if a rotational 
encoder is used to control the gain of an audio 
amplifier, the microcontroller determines the 
direction and angle through which the encoder 


How to Use It 


turns, and can respond by changing the value 
ofa digital potentiometer (see Volume 1). 


Figure 7-16 A Hall-etfect sensor can detect the angle af 
rotation ofaring on which two magnets are mounted as 
shown, 


Integrated circuit chips are available to convert 
a sequence of quadrature signals into an up- 
pulse or a down-pulse, thus eliminating the 
chore of achieving this with a microcontroller 
program. The LS7183 by LSI Computer Systems 
isan example. 


What Can Go Wrong 


Wiring Errors 
IF two sensors are used to detect the direction 
of rotation of a rotary encoder, and outputs 
from the sensors are accidentially swapped, the 
component will seem to work normally except 
that the indicated direction will be inverted. 


Coding Errors 
Microcontroller code that interprets quadrature 
signals must be fast enough to keep up with 
the pulse streams. If a microcontroller is per- 
forming other tasks, an interrupt may be neces- 
sary for processing the rotational data. This 
should not be a significant problem when inter- 
preting human input from a knob or dial, but 
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for a motor-driven encoder, pulse counting in 


mon than linear encoders. When searching for 
hardware may be a better alternative. 


an encoder, check each datasheet carefully to 
determine which type you are dealing with. 
Ambiguous Terminology 

Rotational encoders are often referred to sim- 

ply as “encoders because they are more com- 
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A tiltswitch is defined here as an electromechanical switch, while a tilt sensor uses elec- 
tronics. Both types are included in this entry. 


A tipover switch is very similar toa tit switch and uses the same principles, Therefore, it 
is included in this entry, 


Some manufacturers’ datasheets refer to tilt sensors as tip sensors, Some Asian supply 
‘catalogues refer to tilt switches as breakover switches 

An accelerometer can measure the angle at which it is held relative to the downward 
force of gravity, but it has additional capabilites. Therefore, it has its own separate 
entry in this Encyclopedia, 

An inclinometer measures the incline, or positive slope, from an observation point to 
the top of an object such as a building or tree. The height of the object can be calcula- 
ted from the angle. A clinometer can additionally measure a decline, or negative slope. 
These measurement devices are fully featured products as opposed to sensors, and are 
hot included in this Encyclopedia, 


OTHER RELATED COMPONENTS 


+ accelerometer (see Chapter 10) 
+ vibration sensor (see Chapter 11) 


What It Does 3, Dual axis, single output. A single sensor 
SS responds to an angle of tilt from verti- 
Three principal types of tilt sensor exist. cal around any horizontal axis. 

1. Single axis, single output. The sensor A tilt switch is usually of the third type, and is 
responds to being tilted around one defined here as containing an electromechani- 
horizontal axis, relative to the down- cal or electronic switch that opens or closes a 
ward force of gravity. connection. Most tilt switches are SPST (nor- 

2, Dual axis, dual output. The sensor con- mall Ser Shar (normaly Clases) A ninor 
tains two sensing elements at 90 tyate DERI: 
degrees to each other. Each has an out- A tipover switch is a type of high-current tilt 
put determined by its angle of tilt from switch that cuts power to a device such as an 
vertical around one axis. electric heater when it is tipped over. 
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How It 


This Enclopedia defines a tlt sensor as being an 
electronic component, as opposed to an elec- 
tromechanical component. The distinction is 
often observed in datasheets, but not always. 


Schematic Symbol 

No specific schematic symbol is generally used 
for any variant of a tilt sensor. It can be repre- 
sented with an annotated switch symbol. 


How It Works 


Because a tilt switch is a simpler device than a 
tilt sensor, it will be described first. 


The most common type of tilt switch consists of 
a cylindrical metal or plastic enclosure, often 
measuring about 5mm by 15mm, containing 
‘two spherical steel balls that may be nickel- 
plated or gold-plated, When the switch is tilted, 
the balls eventually run downhill, and the lower 
ball completes an electrical connection 
between two contacts or between a single con- 
tact and the metal enclosure of the switch, The 
second ball is included to add weight and sup- 
press vibration in the first. 


Figure 8-1 shows a switch manufactured by 
Comus Global, rated for 0.25A at 60VAC or 
60VDC, maximum. The body of the switch 
‘measures approximately 10mm x Smm, and the 
switch is activated when tilting -10 degrees 
from horizontal. It is deactivated when tilting 
+10 degrees. A scale drawing of the interior is 
shown in Figure 8-2, 
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Figure 8-1 The CW1300 tlt switch manufactured by 
Comus Global 


Brass 


Brass, 


Hyarogen. 
ang Helium 
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Figure 8-2 Jnterior of the CW1300 tit switch, from a 
scale drawing supplied by the manufacturer. The lower 
lead is welded to the shell ofthe sensor. The leads may be 
Inserted ina circuit board, 


Figure 8-3 shows three common internal con- 
figurations of a generic tilt switch. The top ver- 
sion has axial leads and uses the metal shell of 
the switch to complete the circuit. The center 
version has radial leads, with a plastic shell. The 
bottom version has radial leads, one of which is, 
attached to the metal shell to complete the cir- 
cuit. 
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Figure 8-3 Three variants ofa generic ball-operated tit 
‘switch. The graph-paper scale isin milimeters 


Figute &-4 shows the parts of a disassembled 
tilt switch, 


Simplified Version 

Where size is not a significant consideration, a 
tilt switch can be created by attaching a pivot- 
ing, weighted arm to a small snap-action 
switch. 


Applications 
An old-style (nonelectronic) thermostat may 
contain a tilt switch attached to the end of a 
bimetallic strip coiled into a spiral. When the 
strip bends in response to a drop in tempera- 
ture, the switch closes its contacts, activating a 


How It Works 


relay that starts a heating unit. If the tempera- 
ture rises, an additional set of contacts in the 
same relay may activate an air-conditioning 
unit. In old thermostats, the tilt switch may con- 
tain mercury in a glass tube, which should be 
handled with caution. 


Figure 8-4 At ight, a tit switch. At left, the cap remaved, 
and the two balls that make internal contact. The back- 
‘ground grids in milimaters. 


A tilt switch may detect the opening of a door 
‘or window in a simple alarm system. 


Tilt switches have been used in automobiles to 
switch on the interior light in the trunk when its 
lid is opened, 


‘A normally closed tilt switch is often used to 
stop the inflow of granular material to a bin 
when it is almost full. This is colloquially known 
as a bin switch. In industrial applications of this, 
kind, the switch is activated by a long lever that 
has a ball mounted at the end. The switch 
assembly is physically large. See Figure 8-5, 


Anormally open tilt switch may operate a valve 
or start a pump when the liquid in a tank drops 
below a certain point. If the switch uses a float 
to sense the level of the liquid, itis often known 
as a float switch. This is described in the entry 
on liquid level sensors. See Chapter 15, 
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Figure 8-5 The low of granular material into abn can be 
‘sensed and stopped bya bit swatch ofthis type, often 
known asa bin swteh. 


A tipover switch may use the simplified system 
of a weighted arm that activates a snap-action 
switch. When used in conjunction with a room 
heater, the switch must handle substantial cur- 
rent. 


A motorcycle may contain a tipover switch to 
stop the electric fuel pump if the motorcycle 
falls on its side. 


Four tilt switches placed in a cross-shaped pat- 
tern on a flexible mount can be used as the 
basis of a very simple game controller, with a 
joystick mounted in the center, 


Variants 


The three configurations of balltype tilt 
switches shown in Figure 8-3 are functionally 
interchangeable and can be chosen for conve- 
rience of their leads in fitting the circuit. 


Mercury Switches 
Early tilt switches contained a blob of mercury 
in a glass bulb, When the bulb was tilted, the 
mercury rolled to the end and made an electric 
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connection between two metal contacts that 
penetrated the bulb, 


‘A small mercury switch is shown in Figure 8-6. 
This type of sensor became less common after 
many countries classified mercury as an envi- 
ronmental hazard and established regulations 
restricting its use. 


Figure 8-6 Small mercury switch rated for 0.3A at 
24VDC or 24VAC. Larger mercury switches can switch 
‘more power: IA at 230V is comman. The background grid 
‘sin milimaters. 


Mercury is an excellent electrical conductor. It 
remains in a liquid state between about -38 
degrees Celsius and +356 degrees Celsius, and 
has very high surface tension, encouraging it to 
form a single blob instead of breaking up into 
small droplets. Because free space in the bulb is 
filled with an inert gas to prevent oxidation of 
the electrodes, a mercury switch can have a 
very long operating life. In the United States in 
the 1970s, some light switches were sold con- 
taining mercury switches with a claimed life 
expectancy of 100 years. 


Pendulum Switch 

This type of switch, now relatively rare, was 
found in vintage pinball machines. It consists of 
a pendulum about Sem long, suspended inside 
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a steel ring about 1cm in internal diameter. If 
the machine was rocked sufficiently to bring 
the pendulum in contact with the ring, the 
game was cancelled and the word “Tilt” 
appeated on the display. Consequently this was 
referred to as a tilt switch, although really it was 
a form of vibration sensor with a lang period 
of oscillation. 


Magnetization 
Some tilt switches use a steel ball that is weakly 
magnetized, so that it will seat itself more firmly 
when it rolls into a circular depression or ring. 
This type of switch must be tilted back through 
a larger angle to dislodge the ball. Therefore it 
will exhibit greater hysteresis. 


Tilt Sensors 


Unlike a tilt switch, a tilt sensor is not built 
around an electromechanical switch. 


The principle of a rolling ball has been minia- 
turized and encapsulated in a small enclosure 
(10mm square or smaller), in which the ball rolls 
to interrupt a beam from an internal LED shin- 
ing on a phototransistor. Examples are found in 
the Panasonic AHF series. intemal circuitry 
ensures a clean on-off signal, free from the 
switch bounce that is a problem in basic ball- 
type tilt switches. However, the switch requires 
‘a power supply, and the open-collector output 
must be used with a pullup resistor. By compar- 
ison, a simple electromechanical tilt switch can 
be wired directly to the device that it controls. 


Diagrams from the Panasonic datasheet show 
the three types of AHF sensor available for ver- 
tical, horizontal, and reverse mounting. In each 
case, the ball (dotted circle) rests in a shallow 
cup (dotted curve) where it obstructs the beam 
from an internal LED (not shown). See 
Figure 8-7, An exterior view of the AHF22 is 
shown in Figure 8-8. 


Figure 8-7 Three types of Panasonic tt senso, fram the 
‘manufacturer's datasheet. See text for detail 


Figure 8-8 Exterior view of the Panasonic AHF22 tit sen 
sor. The background grid isin millimeters 


Two-Axis Tilt Sensors 

The Rohm RPI-1035 is a surface-mount tilt sen- 
sor about 4mm square, with two phototransis- 
tor outputs that indicate which axis the sensor 
is tilting around. The outputs can be inter- 
preted as a 2-bit binary number, with its four 
possible states indicating the rotation of the 
switch around two axes at 90 degrees to each 
other. Switches of this type were developed to 
indicate the orientation of consumer-electronic 
devices such as digital cameras, but more 
sophisticated sensors containing accelerome- 
ters are becoming price-competitive. 


Surface-mount 2-axis tilt sensors have been 
made available on small breakout boards that 
are easy to use experimentally. An example is 
the Parallax 28036 shown in Figure 8-9. 
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Figure 8-9 A 2-axis tit sensor mounted on a breakout 
board availabe from Parallax. 


The behavior of the rolling-ball sensor at the 
heart of this board is shown in Figure 8-10. The 
sensor contains a square cavity in which the 
ball is depicted as a blue circle, At one corner of 
the cavity is a red LED, while two phototransis- 
tots, labeled A and 8, are at the corners on the 
left and right. When the sensor is held as in sec- 
tion 1 of the figure, with the LED at the top and 
the ball resting at the bottom, both phototran- 
sistors have a high output as they receive light 
from the LED. 


In section 2 of Figure 8-10, the sensor has been 
tumed through 90 degrees. The ball now pre- 
vents light from reaching sensor 8, while pho- 
totransistor A is still active. In section 3 of the 
figure, the sensor has been turned through 
another 90 degrees, so that the ball prevents 
light from escaping from the LED, and both 
phototransistars are now dark. In section 4, the 
ball obstructs phototransistor A but not photo- 
transistor B. 
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Figure 8-10 The rling-ball sensor inside the Parallax 
28036, See text for details 


Suppose that the sensor is placed flat on a hori- 
zontal surface. The sensor will now respond to 
being tipped either way around two horizontal 
axes. This justifies its description as a 4- 
directional tilt sensor, although its design sug- 
gests that it may have been intended for use as 
described above, rotating through four posi- 
tions around one horizontal axis 


Values 


A heavy-duty tilt switch can be rated as highly 
as 10A at 240VAC. More commonly, a tit switch 
about 15mm long can be expected to switch 
about 0.3A at 24VAC or 24VDC. 


The operating angle is the angle through which 
the switch must be turned to activate it, relative 
to its normal rest position. 


The return angle is the angle to which the 
switch must be returned to deactivate it. Hyste- 
resis results from the return angle being smaller 
than the angle that activates the sensor. 


Tilt sensors with an open-collector output will 
specify maximum forward current for the inter- 
nally mounted LED (usually no greater than 
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50mA), the maximum collector-emitter voltage 
at the output (typically 30V), and the maximum 
collector current (often 30mA). An explanation 
of open-collector outputs is given in Appen- 
dix A (see "3, Analog: Open Collector’). 


How to Use It 


‘An electromechanical tilt switch can be connec- 
ted directly between a power supply and a 
device, so long as the device does not draw 
more current than the switch is rated to handle. 
Note that inductive loads such as motors draw 
an initial surge that can be at least twice the 
operational rating, while relays may be more 
likely to create a voltage spike when discon- 
necting. Switches should be chosen accord- 
ingly. For mote discussion of this topic, see 
switch in Volume 1. 


A small tilt switch can be used in conjunction 
with a relay or transistor to amplify its signal 
sufficiently to drive a larger load. 


If an electromechanical tilt switch is connected 
to an electronic device such as a microcontrol- 
let or logic chip, output from the switch will 
have to be debounced to prevent a series of 
brief voltage spikes that can cause false trigger- 
ing when the switch turns on or off. A debounc- 
ing logic circuit or chip can be used, or the 
program code in a microcontroller can intro- 
duce a wait period of up to 50 milliseconds ta 
allow the contacts to settle. 


Mercury switches are much less likely to create 
a noisy output than rolling-ball switches, and 
may require litle or no debouncing. 


For an application that must sense rotation 
around two or three axes, multiple single-axis 
tilt switches can be combined. A microcontrol- 
ler or logic gates will be necessary to evaluate 
signals from the switches, to determine the ori- 
entation, 


What Can Go Wrong 


Contact Erosion 

IF a ball-type tilt switch is subjected to current 
that exceeds its specification, arcing may erode 
its contacts, and they will become less reliable, 
especially if the contacts are plated with a thin 
metallic film that is eroded. For additional infor- 
mation on arcing in switches, see the switch 
entry in Volume 1 


Random Signals 

During the brief time when a ball-type tilt 
switch is turning from one position to the other, 
vibration of the ball(s) inside itis likely to create 
erratic, random signals. If the output from the 
switch is being evaluated by a microcontroller, 
a debouncing routine may be insufficient to 
prevent the random signals from being sensed, 
and some programming will be necessary to 
ignore the signals during this transitional 
phase. if the switch is connected directly to a 
relay, the intermittent signals may occur suffi- 
ciently rapidly that the relay will ignore them, 


Environmental Hazard 

‘A device that incorporates a mercury switch 
may have to be re-engineered in the future if 
the availability of mercury switches becomes 
unreliable as a result of tighter environmental 
regulations. For the same reason, the end user 
may have difficulty replacing a mercury switch 
ifit falls. Therefore, a ball-type tilt switch should 
be used instead of a mercury switch in any 
newly designed device. 


Requirement for Gravity 

Because a tilt switch depends on gravity to roll 
a ball or move a blob of mercury, it will not 
work in low-gravity, reversed-gravity, or zer0- 
gravity conditions—for example, in a rocket 
during the unpowered phase of ascent and 
descent, or in an aircraft that performs aero- 
batic maneuvers. Performance of a tlt switch in 
a vehicle that accelerates or decelerates sud- 


Chapter &:tiltsensor 61 


82 


denly may also be unreliable. Likewise, it can- 
not be used on a small boat. 
Requirement for Stability 


A tilt switch will tend to give erroneous results 
ina location where there is significant vibration 
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or where the object containing the switch may 


be tumed or repositioned unpredictably by the 
user. 
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gyroscope | ¢} 


Historically, a gyroscope always contained a spinning disc. Some devices for naviga- 
tion still depend on rotating elements, but they are outside the scope of this Encyclo- 
pedia, This entry deals primarily with vibrating gyroscopes, also known as resonator 
gyroscopes, that are MEMS devices contained within silicon chips. 


OTHER RELATED COMPONENTS 


accelerometer (see Chapter 10) 
+ GPS (see Chapter 1) 


+ magnetometer (see Chapter 2) 


What It Does 


A gyroscope resists rotation around any axis at 
right angles to its own axis of rotation or vibra- 
tion. Consequently, if the gyroscope is allowed 
to move freely on gimbals in a sealed enclosure, 
the gyroscope will tend to maintain its otienta- 
tion while the enclosure can rotate freely 
around it. 


Taking this concept a step further, if the enclo- 
sure is mounted in an aircraft, the aircraft's rota- 
tion around two axes can be determined by 
referring to the gyroscope. If additional gyro- 
scopes are added orthogonally to the first, the, 
aircrafts rotation around all three axes can be 
determined. 


A,gytoscope does not measure linear motion in 
any direction, of any static angle of orientation 


Schematic Symbol 

A chip-based gyroscope, magnetomer, or accel- 
erometer may be represented in a schematic as 
a rectangular box containing abbreviations to 


identify pin functions (as in any integrated cir- 
cuit chip). 


IMU 

‘An accelerometer measures variations in lin- 
ear motion and will also measure its own static 
orientation relative to the force of gravity. fan 
accelerometer rotates around its own axis, it 
will not measure angular velocity. 


A magnetometer measures the magnetic field 
surrounding it, and may be sufficiently sensitive 
to determine its orientation relative to the 
Earth’s magnetic field. 


When an accelerometer and a gyroscope are 
contained in the same package, optionally with 
a magnetometer, they may be described as an 
{MU (inertial measurement unit), which can pro- 
vide necessary data to maneuver aircraft, 
spacecraft, and watercraft, especially when 
GPS signals are unavailable. 


Applications 
The first chip-based gyroscope was used in 
automobiles in 1998 as a yaw sensor in a skid- 
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control system, Subsequent automotive appli- 
ations include active suspension control, air 
bag sensors, rollover detection and prevention, 
and navigation systems. 


Gyroscopes may be installed in military ord- 
nance to provide backup in case an onboard 
GPS system fails, possibly as a result of radio 
jamming. 


Handheld 3D game controllers and headsets 
may use gyroscopes to control images dis- 
played to the viewer. A digital camera may 
employ a gyroscope to provide image stabiliza- 
tion, Gyroscopes are usually found in quadcop- 
ters or drones, are used to stabilize two- 
wheeled vehicles such as the Segway, and are 
used in robotics. 


How It Works 


The traditional form of gyroscope is a rotating 
wheel, which will resist turning forces perpen- 
dicular to its own axis of rotation. In Figure 9-1, 
three directions at right angles to each other 
are defined in the bottom-right corner of the 
diagram as X, Y, and Z. The wheel is rotating 
around the X axis, as shown by the green arrow. 
It will resist any turning force around the Y axis 
(red arrows) or the Z axis (yellow arrows). 
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Figure 9-1 ina traditional gyroscope. a whee that is 
rotating (shown by the green arrow) vil resist a turning 
force on either ofthe axes (shown by red and yellow 
arrows) perpendicular to its axis of rotation. 


Vibrating Gyroscope 
A vibrating fork can be substituted for a wheel. 
In Figure 9-2 a fork is secured at its base while 
its tines are induced to vibrate toward each 
other and away from each other, as suggested 
by the double-ended arrow. In a chip-based 
gyroscope, this vibration is induced piezoelec- 
trically or by static electricity. 
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Figure 9-2 vibrating fork (green arrows) can be subst Figure 9-3 A turning force is applied to the base of the 
fued for a rotating wheel in a gyroscope fork around a vertical axis, as shown by the lower arrow. 


Now suppose a turning force is applied around The angular momentum of the vibrating tines 

the vertical axis at the base of the fork, as sug- causes them to resist this turning force, and 

gested by the lower arrow in Figure 9-3. consequently they will tend to bend, as shown 
by the yellow arrows in Figure 9-4. The amount 
of their deflection can be measured capaci 
tively. This system is used in many chip-based 
gyroscope systems, and may be referred to as a 
vibrating gyroscope or a resonator gyroscope, 
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Figure 9-4 The angular velocity ofthe rotating fork 
causes deflection ofits vibrating tines, shown by the ye 
Jew arrows. 


‘An assembly of microscopic forks can be 
etched into a silicon chip. In Figure 9-5, an elec- 
tron micrograph shows the interior of this type 
of chip. It contains three rotational sensors, 
responding to the X, Y, and Z axes of motion. 
These sensors respond to pitch (rotation around 
the X axis), roll (rotation around the Y axis), and 
yaw (rotation around the Z axis). 


Fork-based sensors are analog devices whose 
values are converted to digital values by an 
onboard analog-to-digital converter (ADC). The 
values are stored in registers that are available 
to other devices, often via the I2C protocol, 
which is widely used by microcontrollers. 

For additional details about I2C, see Appen- 
dixA, 


Typically there will be two S-bit registers for 
each axis. Each register stores the binary equiv- 
alent of a signed integer, where the positive or 
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negative value represents the direction and 
magnitude of deflection, usually in degrees per 
second (dps). 


Figure 9-5 Electron micrograph ofthe STMicroelectron- 
Jes LISS3IDLH vibrating gyroscope installedin the Apple 
Phone 4. The parallel plates at bottom-ett function as a 
spring, while the elements at top-left and at right measure 
‘capacitance as ther orientation varies according a rata 
tional velocity. Photo courtesy of MEMS Journal published 
by Chipworks 


Variants 


The L3G420D by STMicroelectronics is a 3-axis 
gytoscope-only chip. It communicates via the 
SPI or 12C protocol, is approximately 4mm 
square, and can measure rotational rates up to 
plus-or-minus 2,000 degrees per second. 


The Freescale FXAS21002C has a similar specifi 
cation. Gyroscope-only chips of this type have 
fallen in price to the point where they are com- 
parable to the retail cost of everyday compo- 
nents such as a small-signal relay or an audio 
amplifier on a chip. 


IMUs 
Chips that only contain gyroscopes are becom- 


ing less common as the cost of adding acceler- 
ometers decreases. 


Gyroscopes and accelerometers are comple- 
mentary, as gyroscopes are insensitive to linear 
motion or the Earth’s gravity, but accelerome- 
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ters can measure the rate of change of linear 
motion and orientation of the chip relative to 
the Earth. Software can combine this data to 
calculate the shape of the path being described 
by a device containing the chip, in addition to 
the changing velocity of the chip along that 
path, 


The InvenSense MPU-6050 is a common 3- 
gyroscope, 3.accelerometer chip. It also 
includes an interface for connecting an external 
3-axis magnetometer. The SPI and I2C commu- 
nications protocols are supported. The 
MPU-6050 has been a popular choice in the 
hobby-electronics community, so that Arduino- 
compatible code to interpret its data is avail- 
able from many sources. Breakout boards are 
available with the MPU-6050 installed. An 
example is the Sparkfun SEN-11028 shown in 
Figure 9-6. 


on 


Figure 9-6 A breakout board from Sparkfun. providing 
‘easy access to the lavenSense MPU-6050 chip combining 
three gyroscopes and three accelerometers. 


Values 


The rotational velocity of a gyroscope element is 
usually expressed in degrees of rotation per 
second (dps), and sometimes in rotations per 
minute (RPM) 


A datasheet will specify the number of sensor 
axes (usually 3), supply voltage (3.3VDC is com- 


mon), maximum digital-low and minimum 
digital-high output voltages, and power con- 
sumption in normal mode and sleep mode, 
Power consumption is usually less than 10mA. 


The dynamic range is the maximum forward 
and reverse rotational velocity, which usually 
will not exceed plus-orminus 2,000 degrees 
per second. Lower ranges may be user- 
selectable, The advantage of selecting a lower 
maximum rate of change is that it can be con- 
verted to a digital value with higher precision. 


The sensor resonant frequency will be several 
kilohertz, and must be higher than the fre- 
quency of any vibration that is applied to the 
sensor during use. 


The communications protocol is usually 12C and 
‘SPI may be offered as an option, with a selecta- 
ble digital output data rate. 


Bias temperature coefficient describes the effect 
of temperature on the gyroscope. 


The resolution of the gyroscope relates to the 
number of bits used in the digital output from 
the onboard ADC. A 16-bit resolution is com- 
mon. 


How to Use It 


Using a smart chip such as the MPU-6050, the 
circuit designer can take advantage of its 
onboard digital motion processor (DMP). Still, 
obtaining orientation information from the 
contents of registers on the MPU-6050 is non- 
trivial. Online sources and code libraries are 
necessary. The book Make: Sensors contains 
code listings for the Raspberry Pi as well as the 
Arduino. 


What Can Go Wrong 


Temperature Drift 
Vibrating materials at the heart of a chip-based 
gyroscope are likely to change their behavior 
with temperature. Typically the chip will con- 
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tain a temperature sensor, the value of which 
can be used to adjust the output value of the 
gyroscope. 


Mechanical Stress 

Stress can be induced when a surface-mount 
chip is soldered to a board. The vibrating parts 
of a chip-based gyroscope may be adversely 
affected. Datasheets will supply information 
regarding maximum acceptable temperature 
during the soldering process. 


Vibration 
Because a chip-based gyroscope depends on 
the consistent behavior of internal vibrating 
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parts, external vibration can degrade its accu- 
racy. Sensor design can minimize the effects of 
vibration, but the datasheet should be consul- 
ted for details. 


Placement 

A gyroscope should be placed on a circuit 
board near a hard mounting point where 
deflection of the board will be minimized. 
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accelerometer | 4 


OTHER RELATED COMPONENTS 


+ GPS (see Chapter 1) 
+ gyroscope (see Chapter 9) 
+ tilt sensor (see Chapter 8) 


+ vibration sensor (see Chapter 11) 


What It Does 


Acceleration is the rate at which velocity 
changes over time. If a car takes 10 seconds ta 
increase its speed from 30kph to 40kph relative 
to the road on which it is traveling, it is acceler 
ating at an average of 1kph each second. If it 
then reduces its speed back to 30kph during 
another 10-second interval, it is decelerating at 
the same rate—although deceleration is really 
just negative acceleration. 


While a car is accelerating, passengers will feel a 
lateral force exerted on them. Similarly, astro- 
nauts in a rocket that blasts off will feel a down- 
ward force. According to Einstein's theory of 
equivalence, forces resulting from acceleration 
are indistinguishable from the force of gravity. 


Consequently, a sensor that measures accelera- 
tion can also measure gravity. This sensor is an 
accelerometer. its output may be measured in 
gravities, abbreviated with the letter g (not ta 
be confused with the usage of G to measure 
the strength of a magnetic field in gauss). 


If three accelerometers are mounted orthogo- 
nally (at 90 degrees to each other), their read- 
ings can reveal: 


The direction of acceleration of a mov- 
ing object. 


+ If an object has been dropped and is 
falling freely. 


+ Which way up it is being held in a sta- 
tionary position 


+ The severity of an impact when a mov- 
ing object collides with some other 
object. 


IMU 

A gyroscope measures the rate of rotation of 
the enclosure in which it is mounted. This is 
properly known as the angular velocity. A gyro- 
scope will also respond to changes in the rate 
of rotation. It does not measure linear motion 
orastatic angle of orientation. 


A magnetometer measures the magnetic field 
surrounding it, and may be sufficiently sensitive 
to determine its orientation relative to the 
Earth’s magnetic field. 


When an accelerometer and a gyroscope are 
contained in the same package, optionally with 
a magnetometer, they may be described as an 
{IMU (inertial measurement unit), which can pro- 


ce) 


How It Works 
vide necessary data to maneuver aircraft, 
spacecraft, and watercraft, especially when 
GPS signals are unavailable. 


Schematic Symbols 

A chip-based accelerometer may be repre- 
sented in a schematic as a rectangular box con- 
taining abbreviations to identify pin functions, 
as in any integrated circuit chip. No specific 
symbol is used for any of these components. 


Applications 

In the past, accelerometers were laboratory 
devices that calibrated the performance of cars, 
airplanes, and other types of vehicles. Measur- 
ing the ability of car tires to withstand comer- 
ing forces was an application where an 
accelerometer was used. 


Miniaturization of accelerometer elements, 
coupled with a radical reduction in their cost, 
has enabled them to be installed in small elec- 
tronic devices ranging from smartphones to 
hard drives. 


In a phone or a camera, accelerometers can 
determine which way up the user is holding the, 
device. The camera can rotate the picture 
appropriately, and the orientation of the pic- 
ture can be saved with its image data. 


In an external hard drive containing rotating 
platters, accelerometers can protect the read- 
write heads by rapidly parking them during the 
fraction of the second that elapses between 
someone dropping the hard drive and its 
impact with the floor. 


Accelerometers can be installed in a 3D mouse 
or virtual-reality headset to determine its orien- 
tation and motion. This enables a video image 
to be updated appropriately. For example, the 
Nintendo Wii Remote has been marketed with 
an ADXL330 accelerometer. 


In an automobile, an accelerometer can trigger 
the deployment of an air bag when the deceler- 
ation caused by an impact exceeds a threshold 
level. 


elerometer 


How It Works 


The simplest conceptual model of an acceler- 
ometer consists of a mass attached to one end 
of a coiled compression spring. The other end 
of the spring is anchored in an object whose 
acceleration is being measured. The mass can 
only move along the same axis as the spring, 


Figure 10-1 shows three views of a simplified 
accelerometer, which is a sealed tube shown in 
dark red. In the center image, the accelerome- 
ter is in its rest state. The top image shows the 
mass (a dark blue square) responding when the 
tube accelerates from left to right. The third 
image shows it decelerating (that is, undergo- 
ing negative acceleration, or acceleration from 
right to left). Using an ideal spring, the dis- 
placement of the mass will be proportional to 
the rate of acceleration, within reasonable lim- 
its. The displacement can be measured opti- 
cally or capacitively. 


Note that the rest state will resume when the 
acceleration stops, regardless of constant 
motion in any direction. An accelerometer only 
measures a change in velocity. It does not 
measure a constant velocity, 


‘An accelerometer cannot measure rotation 
around its own axis of movement. Therefore, it 
may be used in conjunction with a gyroscope, 
which measures angular velocity. 
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No Acceleration 
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—=— Acceleration 


Figure 10-1 Simplified view of an accelerometer consist 
Ing ofa sealed tube (dark rd outline) with a spring ant 
cored toitat left. A small mass (dark blue) is attached to 
the right end ofthe spring. The mass responds to acceler 
ation of the tube. 


Gravity and Free Fall 

Ifa device containing the simplified accelerom- 
eter described previously rests on the ground, 
and is mounted vertically as in the left section 
of Figure 10-2, gravity acting on the mass will 
apply a force to one end of the spring, while the 
other end is restrained. The accelerometer will 
now measure 1g as a downward force. 


How It Works 


LIAM 


Figure 10-2 Lett: an accelerometer resting an the ground 
‘measures Ig. as the force of gravity pulls the mass down 
ward. Right: in free fl, the acceleremater measures Og. 


If the device is dropped so that it falls freely 
under the influence of gravity, it is in free fall 
and will accelerate at approximately 9.8 meters 
per second each second. This is usually written 
as 9.8m/sec2, or can be described as 1 gravity, 
often expressed as 1g. 


‘An accelerometer in free fall will measure 0g, as, 
shown on the right in Figure 10-2, because all 
parts of the accelerometer are now accelerating 
equally under the force of gravity. 


If three accelerometers are assembled orthogo- 
nally, and if one accelerometer is vertical, and 
the device is held motionless relative to the 
Earth, the vertical sensor will show 1g while the 
other two accelerometers will show 0g. If the 
device is dropped, all sensors will show Og. 


Rotation 

If a device containing three accelerometers is 
tured over, and is not in free fall, accelerome- 
ters mounted orthogonally will show values 
that vary depending on their alignment with 
the force of gravity. 
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Variants 


Calculation 

The force acting upon an object will cause a 
rate of acceleration that can be calculated by 
Newton's Second Law of Motion, provided that 
the object can move freely and is not being 
subjected to any additional forces, such as the 
force of gravity. If Fis the force, mis the mass of 
the object, and a is the acceleration: 


Fenta 


And therefore: 


asFin 
If the mass is restrained by a spring whose com- 
pression or extension has an approximately lin- 
ear relationship to the force applied to it, 
acceleration can be calculated as a function of 
the linear displacement of the mass. 


These statements ignore relativistic effects that 
are insignificant unless ultra precise time and 
‘motion measurement may be involved. 


Ina real-world accelerometer, movement of the 
mass will require some form of damping to pre- 
vent it from oscillating. 


Variants 


Accelerometer prices dropped radically after 
2010. In an effort to maintain profitability, man- 
ufacturers have loaded more features onto 
chips. While a 2-axis accelerometer such as the 
Memsic 2125 seemed a good option when first 
introduced, it is now facing obsolescence as 3- 
axis accelerometer chips that also contain 3- 
axis gyroscopes have become ubiquitous—and 
‘no more expensive. 


Early chip-based accelerometers provided ana- 
log outputs where voltage was proportional 
with acceleration and could be processed by a 
comparator. On some breakout boards, such as 
the Dimension Engineering DE-ACCM6G, which 
used the STMicroelectronics LIS244ALH chip, a 
‘comparator was included (see Figure 10-3). 
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Figure 10-3. relatively early, relatively expensive break- 
‘out board using the 2-axis accelerometer LIS244ALH chip 
by STMicreelectranies. It has been superceded by chips 
that combine accelerometers, gyroscopes, and process: 
ors to provide a digital output 


Because this board allowed a maximum output 
of only 0.83mA, it was only suitable for high- 
impedance logic chips or a microcontroller. 
However, because the output was analog, it 
could be passed through another comparator 
for direct connection to a piezo beeper to cre- 
ate a device that would sound an alarm when 
tilted. This is shown in Figure 10-4. 


Figure 10-4 Connecting the analog output from the DE- 
ACCM6G 2-axis comparator breakout board through a 
‘comparator to. piazo beeper. 


‘Many chips now contain gyroscopes as well as 
accelerometers. The electron micrograph in 
Figure 10-5 shows the interior of a chip of this 
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kind, where the zig-zag shapes are "springs" 
etched into the die, the large areas patterned 
with dots are masses that can respond to vari- 
ous forms of motion, and the parallel plates are 
capacitive sensors. 


Figure 10-5 Interior ofa 


chip combining gyroscopes with 
lerometers. 


The complexity of a chip combining two types 
of sensors creates a need for more complicated 
code to process the six outputs. Consequently 
most accelerometer chips now have their own 
‘onboard ADCs, and digital registers for commu- 
nication with microcontrollers via the I2C com- 
munication protocol. Some chips also have 
‘onboard processing to interpret the mix of 
data. However, microcontrollers still need code 
to make sense of the data. 


The hobby-electronics community has respon- 
ded. A breakout board such as the LSM9DSO 
from Adafruit, using a chip from STMicroelec- 
tronics that shares that same part number, tries 
to make this extremely complex chip accessible 
to experimenters. Shown in Figure 10-6, the 
LSM9DSO contains a 3-axis magnetometer in 
addition to a 3-axis gyroscope and a 3-axis 
accelerometer. 

The datasheet for the LSM9DSO runs to more 
than 70 pages. At the time of writing, Adafruit is 
still refining code for the Arduino to make the 
features of this chip accessible. 


Figure 10-6 This breakout board from Adafrut is Bult 
_round an LSMSDSO chip that combines accelerometers 
with gyroscopes and magnetometers. 


Despite the complexity of the LSM9DSO chip, 
the breakout board sells for approximately the 
same price, at the time of writing, as the DE- 
ACCM6G 2-axis analog-output magnetometer 
four years ago. In the future we may expect IMU 
prices to fall still further, so that this type of 
multifunction chip becomes the default, and 
users simply ignore the functions that they 
don't need 


Values 


Current consumption will vary depending on 
the activity of the chip, and may be broken 
down for different types of sensors on multi- 
sensor chips. A modern accelerometer may typ- 
ically draw less than ImA. Gyroscope power 
consumption will be greater, as a segment of 
the chip will be maintained in a state of vibra- 
tion. 


Linear acceleration measurable by an acceler- 
ometer is customarily expressed in gravities, 
abbreviated g. Current generations of chips 
may be able to measure as much as plus-or- 
minus 16g, but because the value is converted 
internally to a digital quantity, smaller accelera- 
tions will not be expressed so accurately. There- 
fore the measurement range for acceleration is 
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Usually user-selectable by sending an appropri- 
ate code to the chip. Ranges may include plus- 
or-minus 2g, 4g, 6g, 8g, and 169. 


Sensitivity defines the smallest increment of 
acceleration measurable by the least significant 
bit (LSB) in an output register, for each of the 
acceleration ranges. In a range of plus-or-minus 
2g, the internal 16-bit ADC may be capable of 
measuring 0.06 milligravities. When the range 
is reset to plus-or-minus 16g, the smallest incre- 
ment may be around 0.7 miligravities. 


The measurable range of gravities should not 
be confused with the maximum acceleration 
that the chip can tolerate without suffering 
internal mechanical damage, either while it is 
powered or unpowered. This will be more than 
1,000g provided the duration is brief, and 
would only be experienced during an impact. 


Linear acceleration sensitivity change versus tem- 
perature is usually expressed as a percentage, 
such as plus-or-minus 1.5%. 


Output type will be analog or digital. If digital, 
the data protocol will be I2C or SPI. if 2C, the 


jerometer 


address of the device should be configurable. 
The data transfer rate is typically at least 
100kHz, and this also may be configurable to 
different rates. 


For additional details about protocols such as 
12C, see Appendix A. 


What Can Go Wrong 


Mechanical Stress 

Stress can be induced when a surface-mount 
chip is soldered to a board. The moving parts in 
a chip-based accelerometer may be adversely 
affected. Datasheets will supply information 
regarding maximum acceptable temperature 
during the soldering process. 


Other Problems 

If the accelerometer function is combined with 
other sensing functions such as magnetometer 
or gyroscope, see Chapter 2 or Chapter 9 for 
additional cautions about potential problems 
affecting these kinds of sensors. 
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vibration sensor 


An acceleromet 


‘can measure some aspects of vibration. However, this entry deals 
primarily with mechanical devices (often described as vibration switches) and piezo- 
electric devices (often described as vibration sensors) that are solely intended to meas- 
ure vibration, 


A vibrometer measures vibration using a laser beam aimed at a teflective spot applied 
toa surface. It is usually a laboratory instrument, beyond the scope of this Encyclope- 


dia, 
OTHER RELATED COMPONENTS 


accelerometer (see Chapter 10) 
+ tilt sensor (see Chapter 8) 


+ force sensor (see Chapter 12) 


What It Does 


A vibration sensor responds to repetitive 
mechanical motion. Most versions contain two 
switch contacts that are normally open and will 
close if the sensor vibrates in its designed fre- 
quency range. In some sensors, the frequency 
range and sensitivity are manually adjustable. 


Large sensors are used as automatic shutdown 
switches responding to excessive vibration in 
machinery, and may be capable of switching 
substantial currents (10 or higher). Smaller 
versions can shut down domestic appliances 
such as a washing machine that is seriously out 
of balance during a spin cycle. 


A vibration sensor can be used as a simple user- 
input device in toys and games. 


A shock sensor can detect abuse of a sensitive 
device, for example, by including the sensor 
and a data logger when the device is transpor- 
ted 


Schematic Symbols 
Either of the symbols in Figure 11-1 may repre- 
sent a piezoelectric or piezoresistive vibration 
sensor, but they also represent other piezo- 
based devices. 


Figure 111 Either of these symbols may representa 
plezoolectric or piezoresistive device, including (but not 
limited to) vibration sensors that operate on this principle, 
The symbol on the lft is mare commen. 


Variants 


Vibration sensors use a wide variety of detec- 
tion methods. 
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Pin-and-Spring 

Probably the simplest type of sensor consists of 
a small, thin pin in the center of a miniature coil 
spring. The spring is anchored at its base, but 
its other end is free to vibrate. If the vibration 
reaches a sufficient amplitude, the spring 
touches the pin, completing a circuit between 
the two leads of the device. 


‘An example is shown in Figure 11-2, where two 
identical sensors are shown, one of them cut 
open to reveal the gold-plated rod and spring 
inside. This sensor is rated for 10mA at up to 
12V0C. 


Figure 11-2. When the spring in this sensor vibrates, it 
touches the pin thats centered init. The background grid 
‘sin milionators. 


Advantages of this system are low cost, ability 
to respond along two out of three axes, no 
power supply requirement, and ability to 
switch AC or DC. However, because the internal 
contact is extremely brief, it must be connected 
with a latching component of some type. A flip- 
flop could be used, or a 555 timer. The switch 
may also be connected with an input pin on a 
‘microcontroller, provided a pullup or pulldown 
resistor is used to prevent the input from float- 
ing when the switch is open. 


Externally, the packaging of a pin-and-spring 
vibration sensor is almost indistinguishable 
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from a small tilt sensor that contains one or 
two spherical metal balls. The tilt sensor may 
respond to vibration, but only of a large ampli- 
tude and low frequency. 


‘A miniature board containing a pin-and-spring 
vibration sensor, comparator, and trimmer 
potentiometer for sensitivity control is sold 
cheaply by the Chinese supplier Elecrow as 
their product SW-18015P, shown in Figure 11-3. 
Elecrow also offers a wide range of other low- 
cost sensors, 


Figure 11-3. pin-and-spring vibration sensor mounted 
‘on a board with sensitivity control. 


Piezoelectric Strip 

‘The LDTO-028K by Measurement Specialties is a 
section of piezoelectric polymer film laminated 
to a polyester substrate. The film is designed to 
be anchored at one end, allowing the other end 
to vibrate. An unweighted version and a weigh- 
ted version are shown in Figure 11-4, each 
measuring about 13mm x 25mm. Addition of 
the weight alters the resonant frequency of the, 
sensor. 


Deflection of about 2mm is sufficient to gener- 
ate a surprising 7VDC between the two leads, 
Larger deflections will generate higher vol- 
tages. The manufacturer suggests that direct 
connection to a CMOS component is possible. 
‘An op-amp may be used for signal condition- 
ing. 

A piezoelectric device of this type only gener- 
ates voltage during the process of deflection. if 
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the strip is held in a curved position, its output 
diminishes to zero. 


This sensor has a resonant frequency around 
170Hz when there is no weight attached to its 
free end. 


Meas 
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Figure 11-4 Two versions of the LDTO-028K vibration 
‘sensor from Measurement Specialties, one with an added 
weight to lower its resonant frequency. 


Chip-Based Piezoelectric 

The Murata PKGS series is an example of a 
surface-mount piezoelectric shock sensor. 
‘Measuring only about Imm x 2mm x 4mm it 
has an analog output designed for connection 
through an op-amp. The manufacturer sug- 
gests application in a hard-disk drive to block 
read-write operations when vibration occurs. 
Similarly, these shock sensors may be used in 
CD-ROM or DVD drives. They may also be 
installed in cash dispensing machines to sound 
an alarm if vandalism occurs. 


Toshiba's TB6078FUG is a similar product. Note 
that because these devices contain electronic 
components, they require a power supply (usu- 
ally 33VDC to SVDC) for operation. 


“Mousetrap” Type 

Some vibration switches rely on a simple sys- 
tem of leverage that is comparable to a mouse- 
trap, in that a relatively small stimulus releases 
a strong spring, In Figure 11-5 the upper part of 
the figure shows the switch at rest, held in its 
position by a powerful spring and by the 
Weight of 2 mass attached to a pivoted arm. In 


the lower part of the figure, severe vertical 
vibration has caused the assembly to move up 
and down with sufficient energy to overcome 
the tension in the spring while the inertia of the 
mass has resisted the motion. Consequently 
the arm has moved past the position where the 
spring is aligned with the pivot, and the spring 
now acts to hold the arm against a snap-action 
switch. A system of this type is used in sensors 
‘on some power-station cooling towers, where 
the loss of a large fan blade can result in major 
vibration, 
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Figure 115 A spring-loaded vibration sensor. 


Magnetic 
Typically this method is used to detect exces- 
sive vibration in machines or other devices 
containing heavy rotating mechanical compo- 
nents. The sensor may be physically large, mov- 
ing switch contacts that are designed to handle 
currents of 1A or significantly more. 


In one system, a steel ball is retained by a per- 
manent magnet that is barely powerful enough 
to prevent the ball from falling. Excessive low- 
frequency vibration will dislodge the ball, 
Which falls and completes a circuit between 


Chapter Ii: vibration sensor 77 


two contacts. This activates a relay that powers 
down the piece of machinery that is vibrating. 


The ball may be spaced a small distance from 
the magnet by a beveled nonmagnetic seat, 
and the seat may be movable with an external 
screw. This will adjust the sensitivity of the 
switch, After the switch has been triggered, it 
must be reset, which may entail using an exter- 
nal lever to raise the ball back to its location 
near the magnet. 


Another magnetic system is shown in 
Figute 11-6, where a magnet on a vertical arm 
can be displaced by horizontal vibration, and 
an inertial mass on a spring-loaded horizontal 
rod can also dislodge the magnet in response 
to vibration along the other two axes. 


Figure 11-6 A magnetic vibration switch. See text for 
detail. 


Mercury 
A small mercury switch may be used as a vibra- 
tion sensor, although this application is uncom- 
mon. See Chapter 8 for more information about 
mercury switches. 


Values 


‘Measurement of vibration is a complex science 
of special interest in mechanical design, espe- 
ally in areas such as the powertrain and sus- 
pension geometry in an automobile. Only a few 
fundamentals will be summarized here. 


mechanical > oscillation > vibration 


Primary Variables 

The four primary variables in vibration are fre- 
quency, displacement, velocity, and accelera- 
tion. Frequency describes how rapidly the 
vibration occurs; displacement describes how 
far the vibrating object moves in each direc- 
tion; velocity describes how fast it moves dur- 
ing each cycle; and acceleration describes how 
rapidly the velocity changes during each cycle, 
Different types of sensors can be chosen for 
their responsiveness to each attribute. 


Figure 11-7 shows the theoretical relationships 
between displacement, velocity, and accelera- 
tion plotted against the frequency of vibration. 
The y axis of this graph (the vertical axis) is 
often labeled ‘amplitude,’ but in reality it is 
being used to measure three different units, as 
shown. The curves indicate that if the velocity 
of vibration remains constant while frequency 
increases, acceleration must increase as a func- 
tion of the frequency while displacement 
decreases. The acronym “rms” denotes that the 
values are measured as the “root mean square” 
of their fluctuations. 


Relationships Between 
6 Primary Atributes of Vibration 
(all units measured rms) 


— Displacement, microns 
= Acceleration, graves 
= Velocity, mm/sec 


Amplitude 
(using appropriate unis for each curve) 
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Figure 11-7 Theoretical relationships among the primary 
attributes of vibration 


‘Mechanical sensors or switches that respond to 
displacement are best suited to low frequen- 
cies, while piezoelectric sensors that are sensi- 
tive to acceleration are best suited to higher 
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frequencies. Serious mechanical problems tend 
to result in low-frequency vibrations, while 
wear on bearings and in gear trains will be 
more likely to create high-frequency vibration. 


Dynamic Attributes 

Datasheets for small piezoelectric sensors may 
only show basic values such as the voltage 
range that is likely to be created. 


‘Small mechanical sensors of the pin-and-spring 
type will be rated for maximum voltage and 
switching current. Typical values may be 
around 12V (AC or DC) and 10mA, indicating 
that the output from this type of sensor should 
be used with an op-amp, microcontroller, logic 
chip, solid-state relay, or other semiconductor 
with a high-impedance input. 


Sensors that are manufactured for industrial 
applications will be rated for attributes such as 
measurable acceleration range (in gravities), 
temperature sensitivity, frequency response, 
resonant frequency, capacitance, and power 
requirement. 


The sensitivity of piezoelectric sensors is usually 
expressed in mV/g. This type of sensor will 
require a comparator to process the tiny 
amount of current that it creates. 


How to Use It 


If a vibration sensor has an analog output 
requiring a comparator, the output from the 
‘comparator is likely to be of the open-collector 
type. This will require 2 pullup resistor of a 
value that provides an appropriate voltage for 
the next stage in the circuit. For more informa- 
tion about comparators, see Volume 2. For 
more information about the use of an open- 
collector output, see “3. Analog: Open Collec- 
tor". 


A coupling capacitor can remove the DC com- 
Ponent from the comparator output, allowing 
only the frequency of vibration to pass through. 


How to Use It 


The choice of capacitor value will depend on 
the frequency. 


When using a piezoelectric sensor with analog 
output, a 10M resistor may be installed across 
its two terminals to reduce voltage drift. 


The primary challenge in getting a vibration 
sensor to work successfully will be matching it 
to the source of vibration. Manufacturers’ data- 
sheets for chip-sized sensors often provide very 
little information about the optimal values for 
their products. Peak performance will occur 
when the natural resonant frequency of a sen- 
sor is close to the frequency of vibration that it 
must detect. Tial and error may be necessary. 


A sensor must be mounted appropriately. Most 
sensors are directional, at least to some extent, 
and many will not respond significantly to 
vibration at 90 degrees to their primary axis of 
sensitivity. Their performance will also diminish 
if they are placed too far from the vibration 
source, of if they ate mounted on a flexible or 
yielding surface that will tend to absorb vibra- 
tion. 


While industrial vibration switches may be 
adjusted manually, the response of small devi- 
ces designed for circuit-board mounting can 
only be tweaked using external components to 
filter out unwanted signals from the sensor. 


What Can Go Wrong 


Long Cable Runs 
The output from a piezoelectric vibration sen- 
sor is primarily an AC signal, fluctuating at the 
frequency of the vibration. Long cabling, or 
inadequately shielded cabling, can potentially 
introduce capacitive effects that can degrade 
the sensor signal. This issue will only affect 
higher frequencies, 


Interference 

Sensor signals can also be affected by electro- 
magnetic interference from power lines, trans- 
formers, and large motors. This is a significant 
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issue, as a primary application for industrial 
vibration sensors is to measure vibration cre- 
ated by motors. 


Correct Grounding 

For large sensing equipment, grounding may 
be important to shield cables that transmit 
data. In an industrial environment, however, 
grounding is primarily motivated by safety con- 
siderations, and an electrical ground can carry 
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unwanted interference. Ground loops may be 
created if there are multiple ground points. Ide- 
ally, a “ground tree" should be used, where 


there is only one primary grounding point, and 
grounds to equipment branch out from it. 


Fatigue Failure 

In installations where some vibration normally 
exists, cables should be anchored properly to 
minimize the risk of fatigue failures. 
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A load cello load sensor is generally intended to measure a static load, while a force 
sensor can respond dynamically. However, this semantic distinction Is not always 
observed. This entry differentiates between load cells and force sensors but includes 
them both. 


Traditional types of hydraulic and pneumatic load sensors are not electronic devices. 
They are outside the scope of this Encyclopedia. 


Capacitive, ultrasonic, magnetic, optical, and electrochemical force sensors are relatively 
unusual, and are not included in this Encyclopedia, 


{A force sensor is occasionally described as @ pressure sensor, but that term is ambigu- 
‘ous, as itis more often used in conjunction with fluids. This Encyclopedia assumes that 
a pressure sensor only measures gas or liquid pressure, See Chapter 17. 


A vibration sensor reacts to rapidly changing forces, but usually cannot measure 
them accurately, and is simply triggered when vibration exceeds a threshold. See 
Chapter 11 


Impact sensors that measure the force of a collision are outside the scope of this Ency- 
clopedia, 


AA sensor designed to respond to a single touch from a fingertip is considered a 
human-input device and is discussed in the single touch sensor entry. See Chap- 
ter 13, 


OTHER RELATED COMPONENTS 


+ vibration sensor (see Chapter 11) 
+ single touch sensor (see Chapter 13) 


What It Does 


A force sensor measures physical force that is 
applied to it, either by a person or by an object. 
Many force sensors respond rapidly and can 
‘measure fluctuating forces. 


A load cell or load sensor is usually intended to 
measure the static weight of an object. 


Applications 
In robots, force sensors can provide feedback to 
limit the grip of a mechanical hand. They can 
also provide haptic feedback for a surgeon per- 
forming robotic surgery. In the future, force 
sensors may find increasing application in agri 
culture, as mechanized handling of fruit and 
other foods requires a carefully controlled grip- 
ping force. 


al 


How It Works 
In medicine, the use of force sensors to evalu- 
ate muscle strength in hands or limbs can be 
important as an indicator of neurological prob- 
lems or to monitor progress in occupational 
therapy. Thin force sensors can be installed in 
shoes to check the weight distribution of each 
foot. They can also be used for entertainment 
purposes, to light LEDs in sneakers. 


A force sensor may respond to a single-touch 
user input. See Chapter 13 for more informa- 
tion about single touch sensors. Some video 
game controllers use resistive force sensors to 
measure the amount of pressure applied to a 
button, The PlayStation is an example, (Old 
PlayStation DualShock 2 controllers are a sal- 
vageable source of pressure-sensitive buttons) 


Load sensors are used to weigh industrial prod- 
Ucts, and are also used domestically in kitchen 
and bathroom scales. 


A load sensor can also detect human presence 
—for example, in the passenger seat of an 
automobile, where an air bag must not deploy 
if a young child is present, or in a hospital, to 
monitor the number of times the patient gets 
out of bed. 


Schematic Symbol 

No specific schematic symbol is used for either 
a force sensor or a load sensor. Ifa force sensor 
uses a piezoelectric or piezoresistive element, it 
may be represented by the symbol shown in 
Figure 11-1, which is used for many piezo devi- 
ces, 


How It Works 


Two methods of force measurement are com- 
monly used: resistive and piezoelectric. 


A piezoelectric force sensor uses a piezoelectric 
element, often consisting of a quartz crystal, to 
convert force to a small voltage that can be 
amplified. However, this type of sensor only 
responds to changes in force. Ifa constant load 


is applied, the output peaks quickly and then 
gradually diminishes to zero. 


Resistive force sensors change their electrical 
resistance when force is applied. They include 
‘metallic strain gauges and plastic-flm sensors in 
which two layers of conductive ink are pressed 
together. 


In SI (standard international) units, the force 
needed to activate a sensor is measured in 
newtons, abbreviated with a capital letter N. A 
newton is defined as the force that would accel- 
erate a mass of 1 kilogram at 1 meter per sec- 
‘ond each second. More practically, in the 
gravitational field at the surface of the Earth, 1N 
bout 100 grams of weight. There are about 
28 grams in an ounce; thus 1N is slightly less 
than 4 ounces. 


Strain Gauge 

A strain gauge is often made from metallic foil 
applied to an insulating flexible backing. The 
backing is glued to a shaped piece of metal, 
usually steel or aluminum, which is designed to 
flex slightly under pressure and may be referred 
to as a spring, even though it is often one solid 
object. Its deflection will be related to the force 
imposed on it. 


The maximum deformation of the spring under 
a strain gauge is usually 500 to 2,000 parts per 
million (ppm) when subjected to the maximum 
force that it is designed to measure. A change 
of 1 ppm is referred to as a microstrain (abbrevi 
ated pe) 

The strain gauge has no polarity, and functions 
like a force-controlled potentiometer (see Vol- 
ume 1). The ratio of the change in its resistance 
to the change in the strain that it experiences is 
called the gauge factor. For metal foil gauges, 
the gauge factor is usually around 2.0. This is an 
approximately linear relationship. 


The most common type of foil pattern is shown 
in Figure 12-1. In the figure, ifa stretching force 
is applied horizontally, the multiple thin sec- 
tions of foil are slightly elongated, and their 
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resistance increases within the limits of elastic- 
ity of the foil. This effect is multiplied by the 
number of sections. If the stretching force is 
applied vertically, the sections are merely sepa- 
rated slightly, and the result is negligible. 


Wheatstone Bridge Circuits 

The very small changes in resistance in a strain 
gauge must be amplified to be usable, and the 
first step is to use a Wheatstone bridge circuit. 
The simplest form of this circuit is shown in 
Figure 12-2, 


‘Sonstive to Stain in This Direction 


es 


Figure 12-1. The pattern af metallic fll used in a typical 
strain gauge. 


Not Sensitive in This Direction 


Figure 12-2 A demonstration versian af the basic Wheat: 
stone bridge circuit that is often used to detect small 
changes ina resistance, 


How It Works 


Each pair of resistors (R1 + R2, and R3 + R4) 
functions as a voltage divider. If all the resistors 
have an exactly equal value, the voltage at the 
midpoint of each pair will be identical, and the 
volt meter at the center will have a zero read- 
ing. However, if the value of one resistor 
changes slightly, the meter will register the 
imbalance. This circuit is commonly used 
because ofits sensitivity to small variations. 


In Figure 12-3 two strain gauges have been 
substituted for resistors R3 and Ra, The upper 
strain gauge has been mounted so that it expe- 
riences an increase in force at the same time 
that the lower strain gauge experiences a 
decrease, usually because one gauge is moun- 
ted on the top side of a flexing element while 
the other gauge is mounted on the underside. 


Figure 12-3 Two strain gauges, oppositely oriented, can 
bo used as resistances in the Wheatstone bridge circu. 


Using two strain gauges in this way doubles the 
sensitivity of the Wheatstone bridge circuit. The 
configuration is known as a “half Wheatstone” 
force sensor, and will have three connecting 
wires. One will be black, one will be red, and 
the third will be a different color. The red and 
black wires are for connection to the power 
supply, as shown in the schematic, while the 
third wire is common and should be considered 
as an output. 
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How It Works 


If an additional two strain gauges are inserted 
in the Wheatstone bridge circuit, this is now a 
“full Wheatstone" force sensor (see Figure 12-4). 
Note, however, the diagonally symmetrical ori- 
entations of the strain gauges, necessary to 
multiply their effect. 


>< <> 
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Figure 12-4. Two additional strain gauges create a “ull 
Wheatstone”ciruit 


A typical digital bathroom scale contains two 
half-Wheatstone force sensors, wired to create 
a full-Wheatstone configuration. 


The force sensors shown in Figure 12-5 are 
rated for up to 50kg each, and can thus weigh 
Up to 100kg if they are combined in a scale. In 
this figure, one sensor has been turned over ta 
show its underside. The strain gauges are hid- 
den in each sensor where the steel sections 
overlap. 


Wheatstone Bridge Errors 

Where more than one strain gauge is used in a 
Wheatstone bridge, they should ideally have 
identical performance. Since this is impossible 
as a result of manufacturing tolerances, some 
error correction is built into devices using mul- 
tiple strain gauges. 


~ 
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Figure 12-5 Two force sensors suitable fora bathroom 
scale, each containing a par of strain gauges that wil flex 
‘oppositely under load. 


Strain-Gauge Amplification 
The voltage output from a Wheatstone bridge 
circuit is given by the following formula, where 
Viwis the supply voltage, Vour is the output, and 
RI through R4 are the resistance values that 
were used in Figure 12-2. 


Vour = [(RB/(R3R4)) ~ (R2/(RIR2))] * Voy 


The good news is that the output when a strain 
gauge is used will vary linearly with the load 
applied. The bad news is that it will be very 
small 


To amplify it, an op-amp such as the AD620 is 
often recommended. Using external resistors, 
its amplification factor can be adjusted from 1:1 
to 10,000:1. Alternatively a chip such as the 
HX711 by Avia Semiconductor contains a 10-bit 
analog-to-digital converter and is specifically 
designed for use in weighing scales. Its digital 
output uses a very simple serial format. Spark- 
fun sells a breakout board incorporating this 
chip. See Figure 12-6, 
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Figure 12-6 Sparkfun HX7I1 breakout board forthe 
X71 amplier chip, specifically designed for a ful 
Wheatstone array of strain gauges ina force sensor. 


Other Strain-Gauge Modules 


Strain gauges are built into a variety of sensor 
modules. Figure 12-7 shows a selection, all of 
Which ate available from Sparkfun, Many more 


can be found online. 


Figure 12-7 selection of lad cells containing strain 
‘gauges, available from Sparktun. 


Plastic-Film Force Sensors 

Plastic-film resistive sensors contain two layers 
of conductive ink, sealed between two layers of 
thin, transparent plastic film. The resistance 
between the ink layers diminishes when they 
are pressed together. It may vary from as little 
as 30K when fully loaded to more than 1M 
When unloaded. 


Like a strain gauge, this sensor has no polarity 
and requires no power supply. 


How It Works 


Examples of this type of sensor are shown in 
Figures 12-8 and 12-9. Other shapes and sizes 
are available, Manufacturers include Tekscan, 
whose product is named FlexiForce; Alpha Elec- 
tronic, in Taiwan; and Interlink Electronics. 


Figure 12-8 A FlexForce A401 resistive flm sensor made 
by Tekscan, Ine. Its sensing area is 254mm in chameter (1 
inch) and is rated to measure up to IIIN (25ibs). 


Figure 12-9 An Interlink FSR406 resistive fm sensor. Its 
sensing area is sightly less than 40mm square, ands 
rated to measure up to 20N (4.5ibs). 


Plastic-flm sensors should not be confused 
with film-based piezoelectric vibration sensors, 
Which are described in the vibration entry (see 
“Piezoelectric Strip"). Those sensors provide a 
transient output when they flex rapidly, The 
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How to Use 


resistive sensors provide a stable output in 
response to a steady load, 


Deformative Force Sensors 
A sheet of natural or silicone-based rubber can 
be impregnated with conductive particles. The 
conductivity of the sheet may not change sig- 
nificantly when it is compressed, but if itis sep- 
arated from a metal plate by a mesh of thin 
nylon fibers, compression will result in greater 
conductivity by pushing the rubber into the 
‘gaps between the fibers. See Figure 12-10. 
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Figure 12-10 In the top image, aflexibie conductive layer 
's separated from an underlying rigid electrode by nylon 
‘mesh. n the lower image, a load applied tothe flexible 
layer has forced mare oft into contact with the electrode, 
reducing the resistance between them. 


Improvised Resistive Sensors 
Polyethylene film impregnated with carbon 
particles is available under the brand name 
Velostat, owned by 3M. Although it was devel- 
oped as an antistatic packaging material for 
semiconductors, it can be used to make a DIY 
force sensor. When the material is stretched, 
the embedded particles are more dispersed, 
and electrical resistance increases. When the 
material is compressed, its resistance is 
reduced. 


Antistatic foam of the type used to package 
CMOS components can be used in the same 
way, although some types behave like memory 
foam, being slow to recover from pressure. The 
foam can be sandwiched between a pair of 
copper-plated circuit boards as electrodes. 


How to Use It 


Plastic-Film Resistive Force Sensors 
The conductivity of a plasticfilm sensor has an 
almost linear relationship with the force 
applied. In other words, ifF is the force and | is, 
the current: 


Iek*F 


where k is a constant determined by the char- 
acteristics of the materials used. 


By Ohm’s Law, R = V/ | where Vis the voltage 
drop across a resistance of value R. By substitu- 
tion, using k* F instead ofl: 


ReV/ (k*F) 


Therefore, if constant voltage is applied across 
the force sensor, the resistance of the sensor 
will be proportional to the reciprocal of the 
force (2, 1 / F). These relationships are shown 
in Figure 12-11. 


For convenient measurement, it will be helpful 
if the resistance of the sensor can be converted 
toa voltage output that varies linearly with the 
force applied. To achieve this, a resistive force 
sensor of this type is customary amplified with 
an op-amp (see Volume 2). Using the sche- 
matic shown in Figure 12-12, the amplification 
ratio, A, is found from this formula: 


As 1+ (R2/ Ri) 


where R2 if the potentiometer, and R1 is the 
resistive force sensor. Therefore, the output 
from the op-amp should have an approxi 
mately linear relationship with the force 
applied to the sensor. 
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Figure 12-11 The relationship between force, current, 
and resistance in a flexible resistive sensor, assuming a 
constant voltage of 1V is applied across it (derived from 
FlexiForce Sensors User Manual). 
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Figure 12-12 An ampitication circuit with an output that 
's approximately linear with force applied toa resistive 
film sensor 


The capacitor in this circuit is added to suppress 
noise that the circuit might otherwise pick up. 


An alternative is to wire a resistive sensor in ser- 
ies with a capacitor, and connect the other side 
of the capacitor to a comparator that has 
adjustable feedback. The resistance of the sen- 


sor will determine how quickly the capacitor 
charges. However, because of the mathematics 
describing the charge rate, the output from the 
comparator would not be linear with the force 
on the sensor. Also, provision would be neces- 
sary to discharge the capacitor intermittently. 


Values 


Film-Based Force Sensors for User 
Input 

A very light pressure with a fingertip could be 
around 50g. A more defined finger-press would 
be 250g, and a heavy push with a finger would 
be around 1kg. 


The Interlink range of flexible force sensors 
requires a minimum pressure of 0.2N, or about 
209. Similarly, Alpha products range from a 
minimum of 10g to 30g. 


These specifications suggest that film-based 
force sensors may be used for one-touch user 
input, but the no-load resistance will be at least 
‘1M, and more than 10M in some instances. A 
small amount of pressure is unlikely to reduce 
this electrical resistance much below 500K. 
Using an op-amp or comparator to detect that 
difference and convert it into a reliable on-off 
output may be vulnerable to noise and power- 
supply disturbance. 


Another consideration is that film-based sen- 
sors provide no tactile feedback. For these rea- 
sons, and because film-based products are 
described by their manufacturers as “force sen- 
sors’ rather than as “touch sensors’ they are 
included in this entry rather than in Chapter 13, 
That said, they may be considered as an option 
for one-touch user input where they are appro- 
priate—for instance, in games where players 
are likely to slap or hit a sensor vigorously. 


Specifications for Film-Based Force 
Sensors 


Durability of film-based sensors is excellent, 
with manufacturers claiming that performance 
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is not degraded after 1 million applications of a 
20kg load. Sensors have no polarity, will func- 
tion using voltages from 1V to 15V in most 
cases, and have a response time of less than 
‘sms, They do not generate, and are not vulner- 
able to, electromagnetic interference. 


Important attributes when evaluating film-type 
sensors are their limits of tolerance for applied 
force, and resistance values at each end of the 
range. Unfortunately these values are poorly 
documented for many sensors, or may be 
unspecified. 


Maximum force may range from 20N to 440N, 
depending on the brand and model of sensor. 


Electrical resistance is at least 1M when unloa- 
ded, and may be as high as 20M. 


Accuracy ranges from plus-or-minus 2% to 
pplus-or-minus 5% from one application of force 
to the next, depending on the model of sensor 
and the manufacturer. if force is not applied 
each time in exactly the same area of the sen- 
sor, results will vary. Ifa sensor is swapped with 
another sensor of the same type, sensor-to- 
sensor consistency will be uncertain. Therefore, 
film-based force sensors are not a good choice 
for applications where accuracy is important. 


Sensors may be rated for 5% to 10% hysteresis. 


The area of active detection may range from 
about 4mm wide (FlexiForce sensors) to more 
than 4omm wide (Interlink FSR-406). 


Strain Gauges 

Strain gauges are not sold as individual compo- 
nents by most electronics suppliers. They are 
sometimes available as surplus parts or from 
sites such as eBay, where specifications range 
from 100 ohms to 1K as the resistance when no 
load is applied. 


A load sensor on which a strain gauge has been 
preinstalled is much easier to use, and will be 
plug-compatible with an appropriate amplifier 
chip as previously described. 


What Can Go Wrong 


Soldering Damage 
The pins on plastic‘film resistive sensors are 
embedded in thin plastic. Heat from a soldering 
iron can easily damage this plastic. Heat-sink 
alligator clips should be used while soldering, 
or the pins can be socketed instead of soldered, 


Bad Load Distribution 

Film-based sensors will not provide accurate 
readings ifa load is imposed unevenly or incon- 
sistently, or extends outside the detection area. 
A puck consisting of a small, rigid disc may be 
interposed between the source of the force and 
the sensor, to distribute the load within the 
maximum area. A puck may also be referred to 
asa shim. 


Similarly, the sensor must be mounted on a flat, 
smooth surface, and if this is not available, a 
rigid plate should be interposed. 


Water Damage 
Although film-based sensors are enclosed in 
plastic, they are not waterproof. Immersion may 
cause the layers to delaminate. 


Temperature Sensitivity 
Because electrical resistance tends to vary with 
temperature, readings from resistive force sen- 
sors will vary with temperature. 


Ambient temperatures of 70 degrees Celsius 
and above may damage a film-based sensor. 


Leads Too Long 
Although film-based sensors are supplied with 
a variety of lead lengths enclosed in the lamina- 
ted layers of flexible plastic, the leads may be 
too long for a particular application. If they are 
trimmed, wires cannot be attached with solder, 
as it will melt the plastic. Conductive epoxy 
should be used. 


83 Encyclopedia of Electronic Components Volume 3 


mechanical > human input > single touch 


single touch sensor 


This entry only describes capacitive touch sensors. A conductive sensor, which uses the 
fingertip to complete a circuit between two exposed contacts, is not very common, 
and is not included here, 


The type of touch sensor described in this entry requires no physical pressure for acti- 
vation. It should not be confused with a resistive or piezoelectric force sensor that 
requires pressure, See Chapter 12. 


‘An integrated circuit chip that processes a signal from a touch pad is often described as 
a touch sensor, even though it does not contain a sensing element. This entry describes 
it as a “touch sensor chip" to eliminate ambiguity, and refers to touch input elements 
as “touch pads? 


Touch pads that contain tactile switches or membrane switches are described in the 
entry discussing switches in Volume 1. All types of switches are described in that vo 
lume, with the exception of a reed switch, which is magnetically activated and is there- 
fore categorized as a sensor. 


Capacitive touch sensors are sometimes referred to as capacitive proximity sensors, 
because they sense the proximity of a human fingertip. In this Encyclopedia, and in 
most other sources, a proximity sensor measures distance, not touch, See Chapter 5. 


A capacitive displacement sensor employs the same principle as a capacitive touch sen- 
sor, but is used to detect the position of an object, not for human input. 


OTHER RELATED COMPONENTS 


+ force sensor (see Chapter 12) 
+ touch screen (see Chopter 14) 


What It Does 


‘A touch pad detects the presence of a human 
fingertip (or other part of the body) and signals, 
an integrated circuit chip, which is very often 
termed a touch sensor, even though it does not 
contain a sensing element itself. The chip cre- 
ates an output to signify that human touch has 
been recognized. 


‘A keypad of the type found on microwave 
‘ovens may appear similar to an array of touch 
pads, but is more likely to contain membrane 
switches or tactile switches, which ate described 
with other forms of switches in Volume 1. The 
type of touch pad described in this entry 
requires no physical force and contains no parts 
that move or flex when pressed. 
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‘A modem touch sereen is usually a capacitive 
device and can be thought of as an array of 
touch pads. See Chapter 14. 


Applications 
Capacitive touch sensors have become com- 
mon as their cost has fallen relative to simpler 
components that respond to being pressed. 


‘A touch sensor can be used to start or stop a 
process, or to power up or power down a 
device. Multiple sensors may be found wher- 
ever user input of a few alphanumeric charac- 
ters is required. Because touch pads can be 
completely sealed, they are useful where 
hygiene is important. 


Specific applications include the activation of a 
backlight in a handheld device, wake-up from 
standby, ear detection in a cellular telephone, 
control of medical devices, and activation of 
interior lighting in some automobiles. 


The absence of moving parts or electrical con- 
tacts means that a touch pad is more reliable 
than any type of electromechanical switch. A 
disadvantage is that it provides no tactile feed- 
back, and therefore will require a visual or audi- 
ble confirmation when it responds to input. 
Lack of tactile feedback makes touch pads 
unsuitable for computer keyboards and other 
key-entry devices where rapid typing is 
required 


When the capacitive elements of a touch pad 


are transparent, it can be mounted in front of a 
screen. 


Schematic Symbols 
Either of the schematic symbols in Figure 13-1 
may sometimes be used to represent a touch 
sensor, but not on a consistent basis. 


K> KD} 


Figure 13-1 Two possible schematic symbols that may 
‘represent a touch sensor 
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How It Works 


The two plates in a capacitor are separated by 
an insulator known as the dielectric. Paper, plas- 
tic, glass, ait, and other insulators can serve this 
purpose. Although no electrical connection 
exists between the plates, AC passes through 
the dielectric as a field effect. 


Electrical capacitance exists between any pair 
of electrical conductors. The human body has 
high electrical resistance but still is electrically 
conductive, and therefore has capacitance with 
other conductive objects. 


‘A touch pad can function as one side of a 
capacitor, with a fingertip functioning as the 
other side. In this mode, AC can pass from the 
touch pad and through the human body to 
ground. The current is very small, but fluctua- 
tions can be detected by an appropriately 
designed integrated circuit chip, or by a micro- 
controller. 


The precise characteristics of a dielectric will 
affect the performance of a capacitor to some 
extent, but will not prevent it from working, 
Therefore a touch pad can function even when 
it is shielded behind a protective layer of glass 
or plastic, as is often the case 


A touch sensor chip generates pulses of low- 
voltage AC and sends them to a touch pad. The 
chip detects any variation in the current 
through the touch pad, indicating the presence 
of a fingertip. Where an input occurs, the chip 
changes its output, which usually requires a 
microcontroller for processing 
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Touch sensor chips ate available in as many as 
40 different formats and configurations. All of 
them are surface-mount. For breadboarding, an 
experimenter can use breakout boards that 
have sensor chips installed. Figure 13-2 shows a 
product from Adafruit that is capable of 
addressing 12 touch pads. Its output is accessi- 
ble from a microcontroller via the I2C protocol 
For additional details about protocols such as 
12C, see Appendix A. 


Figure 13-2 A capacitive touch sensor chip on a breakout 
board from Adatrut 


Similar breakout boards are available from 
Sparkfun, and from large online vendors such 
as. http:/wwammousercom (where they are 
categorized as development tools). 


While most touch sensor chips require a micro- 
controller, a few are available with the same 
number of output pins as touch-pad input pins, 
and each output pin will transition between 
logic-high and logic-low when an input on the 
corresponding pin is detected. Another break- 
out board from Adafruit, the AT42QT1070, uses 
this simple system. 


A library exists for Arduino that enables two 
pins to sense touch on a piece of aluminum foil, 


It can also work with conductive ink or paint. 


Obtaining Touch Pads 


Sensor chips are widely available as compo- 
ents, and are very inexpensive. On the other 


hand, touch pads are not common as compo- 
nents, probably because a touch pad is usually 
created as a pattern of copper traces etched 
onto a circuit board by a device manufacturer. 


Touch pads from hobby-electronics sources 
usually include touch sensor chips. Sparkfun 
offers a 12-key keypad on this basis, and also a 
9-key keypad designed as a “touch shield” for 
use with the Arduino. Both of the Sparkfun 
products are shown in Figure 13-3. They 
include the same MPR121 touch sensor chip as 
the breakout board from Adafruit shown in 
Figure 13-2, and require an [2C connection with 
a microcontroller. 


Figure 13-3. Two capacitive keypads from Sparktun, the 
fone on the right designed as an Arduino shied, 


Because a capacitive touch pad is usually 
mounted inside an enclosure, the appearance 
of the bare touch pad as a component is unim- 
portant, The outside of the enclosure can be 
printed with a design showing key outlines. 


Individual Touch Pad 

Adafruit sells the AT42QT1010 touch pad that 
emulates a momentary switch. Its output tran- 
sitions from logic-low to logic-high when a fin- 
ger presence is detected, and transitions back 
to logic-low when the fingers removed. 


‘An alternative, shown in Figure 13-4, toggles 
between a logic-high and logic-low output and 
latches in each state with each single key press. 


Both of these keypads contain sensor chips to 
generate the output. 
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Figure 13-4 The output from the ATA2QTIO12 sensor 
Chip on this touch pad from Adafrut toggles between 
Jogic-high and logi-low each time the pad is touched 


Wheels and Strips 
A touch wheel uses a circular pattern of con- 
ductive traces, often referred to as electrodes, to 
receive finger input. A simple configuration is 
shown in Figure 13-5. The traces interlock 
without making contact with each other, so 
that moving the finger in a circular motion cre- 
ates a capacitive input that rises and falls 
sequentially on each element. In the figure, 
three sections are used, each colored differ- 
ently here for purposes of clarity. Other touch 
‘wheels may contain more sections. 


Firmware that is designed to interact with 
wheel-shaped touch pads will generally 
assume that two electrodes are receiving input 
at one time. The firmware attempts to calculate 
the position and motion of the finger by assess- 
ing the relative capacitance of adjacent seg- 
ments. Ideally the capacitance values should 
vary linearly and complementarily; that is, from 
a 50-50 value at a midpoint between two seg- 
‘ments, the progression should change to 60-40, 
70-30, and so on, as the finger moves around 
the wheel. 


‘A touch potentiometer consists of ‘multiple 
touch pads, usually arrayed in a straight line. 
This may be described as a touch strip. An 
example is made by GHI Electronics and sold by 
Robot Shop as their L12 Capacitive Touch Mod- 
ule, shown in Figure 13-6. 


mechanical 


> human input 


single touch 


Figure 13-5 A touch wheel created by copper traces on a 
circuit board (green). Each section is colored citferenty, 
for purposes of clarity 


Figure 13-6 Multiple capacitive touch pads arrayed as a 
strip. made by GHI Electronics. 


Design Considerations 

A simple touch pad is often surrounded by 
additional copper that is grounded and may be 
described as a shield or a guard. The capaci- 
tance of a fingertip (spaced above the elec- 
trode by a layer of plastic or glass that functions 
as the dielectric) interferes with the field 
between the electrode and the shield, 


The underside of the circuit board is often 
plated and grounded to protect the touch pad 
from electromagnetic interference. This, too, 
can be referred to as a shield or a guard. The 
ground plating can be in a hatched pattern to 
reduce its capacitance with the electrode 
above. 
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Layout of a circuit involving a single touch sen- 
sor chip can affect its performance significantly. 
A touch sensing device may have to be “tuned” 
to detect finger presence reliably. 


‘Along trace between the touch sensor and an 
electrode will tend to pick up noise and will 
increase capacitance. 


The distance between adjacent traces from 
multiple touch pads must be maximized to 
reduce capacitance between them. If output 
from a sensor chip uses the I2C or SPI digital 
protocol, any trace carrying that digital signal 
should be at least 4mm from input traces. If 
they cross, they should be at 90 degrees to 
each other. 


Electrodes should not be shaped to resemble 
numbers or other characters printed above 
them. A single basic electrode should be circu- 
lar. 


What Can Go Wrong 


What Can Go Wrong 


Insensitive to Gloves 

Gloves are a challenge for touch-sensor design, 
as they alter the dielectric and the distance 
between the electrode and the finger. Capaci- 
tive touch sensors may not work at all with 
some types of gloves. However, special gloves 
containing metallic threads are available. 


Stylus Issues 
Anonconductive stylus cannot activate a touch 
pad. 

Conductive Ink 


Ink that prints the shapes of touch pads on the 
exterior of a device should be nonconductive, 
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The term touch sereen is written as two words in this Encyclopedia. In many sources, 


the words are concatenated as “touchscreen” 


The two words are hyphenated here when they function as an adjective, but not 
otherwise, In manufacturers’ datasheets where the two Words are used, they are not 


usually hyphenated. 
OTHER RELATED COMPONENTS 


+ single touch sensor (see Chapter 13) 


+ foree sensor (see Chapter 12) 


What It Does 


A touch screen is a video display with embed- 
ded touch sensing. The screen reports the posi- 
tion of the touch, and is used as a pointing 
device as an alternative to a mouse or trackpad. 
Some touch screens report pressure as well as 
position. 


Touch screens are widely used in smartphones 
and tablets, and also in some laptop comput- 
ers, Smaller, simpler touch screens may be 
found in office equipment such as photocopi- 
ers. 


Schematic Symbol 
No specific schematic symbol is used to repre- 
senta touch screen. 


Variants 


Early designs used infrared LEDs recessed into 
the edges of a frame around a screen. A match- 
ing photodiode picked up the focused beam 
from each LED. The presence of a fingertip was 
detected when it interrupted one or more of 


the beams. This system was not capable of high 
resolution, but was adequate for detecting user 
input at predefined locations. 


Most touch screens currently are either resistive 
or capacitive. 


Resistive Sensing 

A resistive touch screen consists of two trans- 
parent layers that can be installed over a sepa- 
rate video display. 


Each of the layers has uniform electrical resist- 
ance. Pressure from a fingertip on the outer 
layer (which we can refer to as layer 1) forces it 
to make contact at a point with the inner layer 
(referred to here as layer 2). 


Two vertical electrodes connect with layer 1 
along its left and right edges. Two horizontal 
electrodes connect with layer 2 along its top 
and bottom edges. When voltage is applied 
between the vertical electrodes on layer 1, the 
layer acts as a horizontal voltage divider. The 
voltage at the point where the layer is being 
pressed is applied to layer 2, and can be read 
from either of the electrodes on layer 2, so long 
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as the metering has a much higher impedance 
than that of the layer. The voltage is decoded as 
a value for the horizontal position on layer 1 


‘An external switching device now repeats the 
procedure, except that it applies voltage to 
layer 2, and reads it from layer 1 to supply a 
value for the vertical position on layer 2. The 
sequence is illustrated by the top and bottom 
sections of Figure 14-1. 


Because only four connections are necessary, 
this is referred to as a four-wire resistive touch 
screen. Five-wire variants exist, but are less 
‘common, and are not included in this entry. 


‘Advantages of a resistive screen include: 


+ Simplicity. Only four connections are 
necessary, and the layers of the screen 
do not have to be subdivided into sep- 
arate conductors. 


+ Low cost, relative to capacitive touch 
screens, 


+ Will respond equally well if a user 
Wears gloves or uses a stylus. 


Disadvantages of a resistive screen include: 


+ Some resistive versions require a stylus 
input instead of finger pressure. 


Resistive screens only respond to a 
one-location input. Two-finger ges- 
tures are not supported. 


+ Contact bounce occurs when the flexi- 
ble layer is pressed against the underly- 
ing layer, and voltage spikes may be 
associated with switching power to the 
screen. To address this issue, firmware 
in a microcontroller may have to take a 
median value from several rapid read- 
ings. 

The flexible membrane is vulnerable to 
damage from sharp objects. 


Layer 


Touch 
lecation 


Output 
voto 


Layer 2 
Layer 


Touch 
location 


Output 
voltage 


Figure 14-1 Sections ofa resistive touch screen are 
shown displaced for clarity. n eality they would be sepa: 
rated by a very small gap allowing one section to make 
contact with the other in response to finger pressure 


Capacitive Sensing 
A capacitive touch screen can consist of an 
array of single touch sensors printed onto a 
glass panel as vertical and horizontal lines of 
transparent conductive ink. 


Alternatively, a small capacitive screen can 
measure the tiny amount of current drained by 
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a fingertip from four sources located at comers 
of the screen 


For more information about capacitive touch 
sensing, see the entry on touch sensors in 
Chapter 13, 


Screens Available as Compo- 
nents 


A wide variety of screens can be found in diag- 
onal sizes ranging from 2 inches upward, 
Onboard electronics can be suitable for con- 
nection with a microcontroller using the 12C 
and SPI protocols, or USB, Different screen reso- 
lutions are available. 


An example of a 35-inch touch screen with 
320x200 resolution, mounted on a breakout 
board that can be used with a breadboard and 
an Arduino, is shown in Figure 14-2. 


Figure 14-2 An Arduino-compatible touch screen moun 
ted an a breakout board, available tram Adatrut. 


ns Available as Components, 


‘A Tinch resistive touch screen that can be 
mounted on a separate video display is shown 
in Figure 143. It can be used with the 
‘STMPE610 controller chip, which converts resis- 
tive screen values into digital coordinates and 
can be accessed by a microcontroller over both 
SPI and I2C. This surface-mount chip is avail- 
able on a breakout board. 


Figure 14-3 This resistive touch screen is intended for 
use asa layer applied to a inch video display. The screen 
‘s available rom Adatrut. 


When choosing a touch screen as a component 
for a DIY project, the availability of microcon- 
troller code libraries for reading and refreshing 
the display is an important consideration. 
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Level indicators that contain no electronic components are not included in ths entry 


Specialized industrial level-sensing equipment is generally outside the scope of this 
Encyclopedia. This entry discusses small-scale, lower-cost sensors. 


Liquid volume can be assessed by measuring liquid pressure at the bottom of a reser- 
Voir. Sensors for this purpose are discussed in the entry describing gas/liquid pres- 


sure sensors. See Chapter 17 
OTHER RELATED COMPONENTS 


+ liquid flow rate sensor see Chapter 16) 


liquid pressure sensor (see Chapter 17) 


What It Does 


Measuring the volume of liquid in a storage 
vessel or reservoir is such a fundamental task, 
countless methods have been devised, of 
which only the simplest and most common will 
be discussed here. 


A liquid level sensor can have a binary output, 
‘meaning that it signals when the volume rises 
above or falls below a level that can be preset 
or reset. Often the sensor will be connected toa 
a pump of valve that maintains a relatively con- 
stant volume in a container. 


Alternatively a sensor can indicate the actual 
stored volume, either with an analog output or 
in digital increments. 


Schematic Symbols 

Three variants of a schematic symbol for a sim- 
ple liquid level sensor are shown in Figure 15-1. 
They are not always used, however, and a sen- 
sor may be shown simply as an annotated 
switch. 


Figure 15-1 Three variants of @ schematic symbol to rep- 
resent aliquid evel sensor. The rightmost symbol inc 
cates that a rising level closes, rather than opens, a 
switeh. 


Applications 

The fuel gauge in a vehicle is one of the most 
commonly encountered applications of a liquid 
level sensor. The water tank in a recreational 
vehicle or boat may use similar electronics, In 
industry, the choice of a sensor will be influ- 
enced by the type of liquid that is being stored, 
the desired accuracy, the temperature range, 
and whether the storage tank is sealed or open 
to atmospheric pressure. 
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How It Works 


Desirable attributes of any liquid-level sensor 
include resistance to vibration, some damping 
to average out fluctuations caused by turbu- 
lence or sloshing in the liquid, resistance to 
chemical reactions with the liquid, and few 
moving parts that may require maintenance if 
the sensor is inside a sealed tank. Desirable 
attributes of an analog float sensor include a 
linear response, and some hysteresis if the 
application requires it. 


This entry compares a variety of sensing strate- 
gies. 


Binary-Output Float Sensor 

The term “binary output” is used here to 
describe an output that only has two states (on 
and off, or logic-high and logic-low). The sim- 
plest type of liquid-level sensor with a binary 
output consists of a donut-shaped float that 
contains a permanent magnet and is free to 
slide vertically up and down a sealed tube con- 
taining a reed switch. The tube is supported on 
a bracket that can be mounted on the wall or 
the lid of the vessel containing the liquid. 


The tube and float must be nonmagnetic, and 
the float must have a significantly lower specific 
gravity than the liquid that is being used ('sig- 
nificantly” because the float requires sufficient 
buoyancy to carry the weight of the magnet 
and overcome any friction between itself and 
the tube). A diagram illustrating this configura- 
tion is shown in Figure 15-2. 


To change the level setting of the sensor, the 
bracket may be mounted on a screw thread ta 
adjust its vertical position. 


The reed switch can be normally open or nor- 
mally closed, as needed to respond to a rising 
or falling liquid level. For basic information 
about reed switches, see "Reed Switch”. Addi- 
tional, detailed information about reed 
switches is included in the book Make: More 
Electronics. 
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Figure 15-2 The principal parts ofa basic binary-output 
oat sensor. 


For increased reliability, a Hall-effect sensor 
could be substituted for a reed switch, See 
“Hall-Effect Sensor" for general information 
about Hall-effect sensors. 


Another binary-output float sensor is shown in 
Figure 15-3. This is a sealed plastic capsule con- 
taining a snap-action switch and a steel ball 
The cable is attached to the underside of the 
top of a tank, and the capsule dangles into liq- 
uid in the tank. A separate weight (not shown) 
has a hole in the middle, and is threaded over 
the wire. The weight keeps the wire approxi- 
mately in a vertical position as it dangles into 
the tank, 
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Figure 15-3 An ar-filed float that switches external 
power depending on its orientation 


Figute 15-4 shows the components inside the 
float. When the liquid level in the tank falls, the 
float adopts the position shown on the left in 
the figure. The ball drops against a lever that 
closes a snap-action switch, which starts an 
external pump to replenish the tank. As the liq- 
uid level rises, the buoyancy of the air-filled 
float changes its orientation to that shown on 
the right in Figure 15-4. The ball drops and the 
switch opens, stopping the pump. 


Figure 15-4 Internal components ofthe float shown in 
the previous figure. 


Two circular indents on the inner surface of the 
plastic capsule prevent the ball from rolling 
erratically if there is turbulence in the liquid. 
They also provide some hysteresis. 


How It Works 


Analog-Output Float Sensor 

The simplest type of liquid-level sensor with an 
analog output consists of a float on an arm 
attached to a potentiometer, as shown in 
Figure 15-5, This very basic design was used in 
fuel tanks in vehicles for many decades. Disad- 
vantages include a nonlinear response and the 
limited life expectancy characteristic of potenti- 
‘ometers. Some compensation for the nonlinear 
response can be made by using an analog fuel 
gauge with a nonlinear scale. 


For more information about potentiometers, 
see "Arc-Segment Rotary Potentiometer’, 


output 


Potentiometer—__._ Ce) 


Figure 15-5 A basic float sensor with an analog output. 


Incremental-Output Float Sensor 

A schematic diagram for a simple float sensor 
with incremental output is shown in 
Figure 15-6. A magnet embedded in a donut- 
shaped float, similar to that shown in 
Figure 15-2, interacts with a sequence of reed 
switches installed in the central tube. The 
switches are spaced at equal intervals and 
apply power between resistors of equal value 
wired in series. This system has been used in 
motorcycle and automobile fuel tanks, where 
the switches may be enclosed in a (nonmag- 
netic) stainless-steel tube. The accuracy is limi- 
ted by the number of reed switches. 
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Magnet in float 


Figure 15-6 A float sensor with incremental output. 


placement Level Sensors 

If a heavy object, described as the displacer, is 
suspended in liquid, the effective weight of the 
object diminishes as the liquid rises up around 
it, This occurs because according to Archi- 
medes' Principle, the upward buoyant force is 
equal to the weight of liquid that the object 
displaces, The displacer is suspended from a 
load sensor that measures its weight. Analog 
output from the sensor will be approximately 
linear with liquid level, 


For a simplified diagram showing a displace- 
ment level sensor using this concept, see 
Figure 15-7. 


Figure 15-7 A displacement sensor. The displacer is 
heavier than the liquid araund it, but is effective weight 
diminishes as the hquid rises. 


For more information on load sensors, see 
Chapter 12. 


Ultrasonic Level Sensors 

‘An ultrasonic sensor can be used to measure 
the level of liquid in a reservoir, as shown in 
Figure 15-8. For mote information about this 
type of sensor, see the entry discussing proxim- 
ity sensors in Chapter 5. A disadvantage of 
using ultrasound for liquid level sensing is that 
the speed of sound will be affected by any 
vapor given off by a volatile liquid, 
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Figure 15-8 An ultrasonic proximity sensor can measure 
the level of liquid in a reservoir 


Reservoir Weight 

The weight of a reservoir can be measured to 
assess the volume of liquid in it. This can be 
done by mounting the reservoir on load sen- 
sots. However, pipes leading to and from the 
reservoir must be designed so that they do not 
add or subtract any significant weight. 
Figute 15-9 suggests an arrangement, although 
the outflow will still change the weight to some 
extent depending on the amount of suction 
that is applied. For more information on load 
sensors, see Chapter 12. 


=> 
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Figure 15-9 Using laad sensors to assess the weight of 
liquid ina reservoir requires that the weight of plumbing 
should not be imposed on the structure ofthe reservoir. 


How It Works 


Pressure Sensing 
A differential pressure sensor can be added to a 
pipe near the bottom of a reservoir. The sensor 
measures the difference between the liquid 


pressure and ambient air pressure. See 
Figure 15-10. 
Pressure 
transducer 
\ output 


Figure 15-10 pressure sensor can assess the volume of 
liguid ina reservoir 


This arrangement assumes that the reservoir is 
vented so that air pressure above the liquid 
level is equal to air pressure at the sensor. If the 
reservoir is not vented, a pipe must connect the 
reference port on the sensor with the space 
above the liquid. 


The reservoir must have straight, vertical sides 
for the pressure to be directly proportional to 
the liquid volume. 


Liquid volume can also be assessed by measur- 
ing the pressure inside a container, near the 
bottom. A submersible pressure sensor can be 
used, typically consisting of a watertight cap- 
sule fitted with a diaphragm that connects with 
an internal strain gauge. The sensor is lowered 
fon a cable that also contains an air line, 
Because pressure in a liquid is affected by 
atmospheric pressure above the surface of the 
liquid, the sensor requires an air line so that its 
measurements are relative to the outside air. 


Submersible pressure sensors are useful where 
access is limited—for example, when measur- 
ing fluctuations in an open-air municipal water 
reservoir. 
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Turbulence 

Surface turbulence consisting of ripples, waves, 
or sloshing of liquid will tend to occur when a 
reservoir is refilled rapidly or is subjected to lat- 
eral movements as a result of being mounted in 
a moving vehicle. To minimize output fluctua- 
tions, some damping is desirable. 


Baffles consisting of perforated plates inside 
the reservoir are a common strategy, as shown 
in Figure 15-11. In the upper section of the fig- 
ure, lateral acceleration causes submersion of a 
float sensor in the reservoir. In the lower sec- 
tion, perforated baffles minimize the problem. 


il 


Figure 15-11 Insertion of perforated baffles in a reservoir 
‘minimizes the sloshing that otherwise tends to occur 
when the reservoir is subject to lateral mation. 


fluid > liquid > liquid few 
Sensors that measure the weight or pressure of 
a liquid are less susceptible to turbulence. In a 
displacement sensor, the weight of the dis- 
placer provides a damping effect. 


Tilting 
All level sensors will tend to give inaccurate 
readings when a reservoir is tilted. A float sen- 
sor will be affected less ift is mounted centrally 
in a reservoir, because the reservoir will tlt 
around the sensor, as shown in Figure 15-12. 


Figure 15-12 If float sensor is mounted centrally ina 


reservoir, it willbe significantly less affected if the reser 
voi tits 
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Flow rate sensors that contain no electronic components are not included in this entry, 


Some methods of liquid flow sensing can also be applied to gases, but sensors are usu- 
ally designed for one application or the other. Therefore, gas flow sensors have their 


‘own entry. See Chapter 19, 


Many liquid flow rate sensors are large devices designed for industrial applications. 


This entry focuses on lower-cost solid-state sensors, 


OTHER RELATED COMPONENTS 


+ liquid level sensor (see Chapter 15) 


liquid pressure sensor (see Chapter 17) 


+ gas flow rate sensor (see Chapter 19) 


What It Does 


A liquid flow rate sensor measures the rate at 
which liquid flows past or through the device. A 
water meter is an example of a flow rate sensor. 


A sensor may have a binary output, meaning 
that it signals when flow stops or starts, or if its 
rate rises above or falls below a level that can 
be preset or reset. However, most flow meters 
have an analog output that varies with the vol- 
ume per unit of time. 


‘Measuring the flow rate of a liquid can be chal- 
lenging if the viscosity is very high, the liquid is 
chemically reactive, or the rate is very low. Such 
factors may require specialized equipment that 
is outside the scope of this Encyclopedia. 


This entry compares the most popular sensing 
strategies. 


Schematic Symbols 

‘Many specialized symbols are used in flow dia- 
grams to represent pumps, valves, and sensors, 
Typically they involve a single letter of an X ina 
circle. These symbols are not generally found in 
electronic schematics, and therefore they are 
not included here, 


Paddlewheel Liquid Flow Rate 


Sensors 


The simplest and most common liquid flow rate 
sensor uses a padillewheel, also referred to as a 
rotor, that is mounted with its axis of rotation at 
90 degrees to the direction of liquid flow. An 
example is the Koolance INS-FM16 shown in 
Figure 16-1. This sensor is intended for use in an 
aftermarket cooling system for the CPU in an 
overclocked desktop computer, but can be 
used in any system where the rate of flow 
ranges from 0.5 to 15 liters per minute. The 
paddlewheel has a pair of magnets mounted in 
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it, activating a reed switch that is mounted in a 
sealed enclosure beneath the wheel. (For more 
information regarding reed switches, see "Reed 
Switch” in the entry describing object pres- 
ence sensors.) 


Figure 16-1 A iow-cost, simple padalewtiee! sensor 
signed for rates of 0.5 to 15 liters per minute. The back- 
‘ground grid isn miimeters. 


While the reed switch in the Koolance flow sen- 
sor inevitably suffers from contact bounce, it 
has the advantage of simplicity and can be 
used in conjunction with appropriate hardware 
‘or microcontroller code to debounce the pulse 
stream. 


As in any device with a rotating part, friction 
and wear will afflict a paddlewheel sensor, 
especially because the bearings are often in the 
chamber through which the liquid passes. This 
eliminates the possibility for roller bearings. 
Typically a plain bearing is used, consisting of a 
pin that engages in a hole in the casing. Friction 
wears the bearing surface, creating a larger 
gap, which allows the rotor to vibrate or 
bounce instead of spinning smoothly. Flow 
resistance increases and accuracy is degraded. 


In moder designs, the mass of the rotor is 
minimized to reduce the friction. Also, if the 
shaft is horizontal (but still at 90 degrees to the, 
direction of the flow), buoyancy of the rotor in 
the liquid can reduce friction still further, as 
suggested in Figure 16-2. Ideally, the density of 
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the rotor and the density of the liquid will be 
the same. 


Figure 16-2 In this configuration, friction on the rotor 
bearings is mitigated by taking advantage of the buoyancy 
ofa low-density rotor inthe liquid that passes through, 


The U-shaped flow path in the Koolance sensor 
in Figure 16-1 maximizes the responsiveness of 
the rotor, but an inline path is more common, 
‘An example is shown in Figure 16-3. 


Figure 16-3 An inline flow sensor rated for 3 to 6 titers 
per minute 


Turbine Flow Rate Sensors 


In a turbine-type sensor, two or more spiral 
blades are attached to a hub that rotates 
around an axis in line with the liquid flow, as 
shown in Figure 16-4. A magnet in each spiral 
blade triggers a reed switch or Hall-effect sen- 
sor mounted in a bracket that suspends the tur- 
bine from the interior walls of the tube. 
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Halettect sensor Embedded 
orfeed switch magnet 


Liguie low 


Figure 16-4 Simplified view ofa turbine flow rate sensor 
‘mounted inside 2 tube. 


The support bracket often consists of four 
struts, which impose resistance to liquid flow. 
The bearings suffer from the same kinds of 
problems as the bearings in a paddlewheel sen- 
sor, and must withstand additional load result- 
ing from the inline force exerted by flow. 
Overall, while the turbine type of sensor is pop- 
ular in laboratory equipment, it has disadvan- 
tages that are not shared by the bulkier 
paddlewheel type. 


Limitations of Paddlewheels and 
Turbines 

Both the paddlewheel and turbine types of sen- 
Sors require a minimum flow to overcome the 
friction in their bearings. Below this minimum, 
liquid will find its way around the rotor without 
turning it. Even when the flow exceeds the min- 
imum, response of the rotor is likely to be non- 
linear as a result of turbulence and other 
factors, 


Above a limit stated by the manufacturer, tur- 
bulence increases to the point where output 
from the sensor is no longer meaningful. Wear 
on the bearing will also increase with flow rate. 


A significant problem for these types of sensors 
is that they do not respond well to sudden var- 
iations in flow. The paddlewheel, in particular, 
has inertia as a function of the diameter of the 
rotor, and will take some time to spin up in 


nermal Mass Liquid Flow Rate Sensor 
response to an increase in flow. Conversely, 
when the flow diminishes, the paddlewhee! will 
tend to overrun. 


The viscosity of the liquid passing through a 
paddlewheel or turbine sensor will have a very 
significant effect on its performance. 


Thermal Mass Liquid Flow 
Rate Sensor 


The thermal-mass system is commonly used 
when volumes are extremely low. The system is 
illustrated in Figure 16-5. A tube containing liq- 
uid is fabricated from a heat-conductive metal 
such as aluminum. It is enclosed in a larger 
tube, and the gap between them is filled with 
thermal insulation. A temperature sensor such 
as a thermistor measures the temperature of 
liquid entering the system. A second sensor, 
combined with a small resistive heater in the 
form of a coil around the tube, is placed down- 
stream. Liquid passing through the tube will 
tend to remove heat more effectively at higher 
flow rates, and the difference in temperature 
between the two sensors is a logarithmic func- 
tion of the flow rate. 


Figure 16-5 In this type of low-flow sensor. the tempera 
ture differential between the two sensors sa logarithmic 
unetion ofthe flow rate 


Variants of this system use slightly different 
tube configurations and sensor placement, but 
the principle is the same. Its advantages 
include the lack of any moving parts, and the 
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Sliding Sleeve Liquid Flaw Switch 


avoidance of any probes intruding into the liq- 
uid, which is desirable in biochemical and med- 
ical applications. 


The same principle is applied in many gas flow 
rate sensors, See “Mass Flow Rate Sensing’, 


Sliding Sleeve Liquid Flow 
Switch 


This sensor is used in some domestic systems, 
where flow-activated water heating is required. 
A vertical section of brass (nonmagnetic) water 
pipe contains a sliding inner sleeve that incor- 
porates a magnet. An external reed switch is 
activated when the sleeve is moved by water 
flowing through it. When the flow stops, the 
sleeve is returned to its rest position by the 
force of gravity. 


Sliding Plunger 
Switch 


iquid Flow 


Figute 16-6 shows an exploded view of a similar 
device, using a plastic plunger that slides inside 
a nylon plumbing fixture designed for 3/4-inch 
pipe. The plunger contains 2 magnet and is 
restrained by a compression spring and a circu- 
lar perforated plate. When water flow is suffi- 
cient to overcome the resistance of the spring, 
the plunger slides far enough for the magnet to 
activate a reed switch sealed into the external 
housing. 


Ultrasonic Liquid Flow Rate 
Sensor 


This type of sensor passes ultrasound through a 
liquid in a pipe. The speed of sound through 
the liquid is affected by the flow rate, and exter- 
nal electronics translate this lag time into a 
value for volume-per-minute. The system 
adjusts for variations in temperature that also 
affect the speed of sound. 


fluid > liquid > liquid flow rate 


Figure 16-6 Parts of flow switch. The small plunger is 
Inserted into the pipe and retained with the perforated 
plate and compression spring. 


Various configurations are available, some 
allowing ultrasound sources and detectors to 
be clamped to the outside of a pipe, as shown 
in Figure 16-7. To eliminate other variables, one 
ultrasound pulse is transmitted in the same 
direction as the flow, followed by another pulse 
contrary to the flow, and the difference 
between the two transmission times is used as 
an indicator of the flow rate. 


Figure 16-7 Some ultrasound flow sensors are designed 
10 be clamped externally toa pipe. 


Magnetic Liquid Flow Sensor 


‘A magnetic field is induced in a metal pipe by a 
coil generating its field perpendicular to flow. 
The inside of the pipe is lined with nonconduc- 
tive material in which two electrodes are moun- 
ted. Because water containing ions is 
conductive, the flow of water through the mag- 
netic field induces a small potential difference 
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between the electrodes. This voltage can be 
used as an indication of the flow rate. 


To eliminate external factors that would also 
affect the potential difference, the polarity of 
current through the coil around the pipe alter- 
nates rapidly. The induced field remains the 
same regardless of the direction of the current. 


‘Amagnetic flow sensor should not be confused 
with a magnetic flow switch. Various types of 
switches are made, including large, heavy-duty 
devices where flow moves a magnet that trig- 
gers a shutoff valve. This type of industrial 
device is outside the scope of the Encyclopedia 


Differential Pressure Liquid 
Flow Meter 


In this system, a pipe contains a perforated 
plate or some similar constrictor that partially 
obstructs the flow of liquid. Pressure is meas- 
ured by a pair of pressure transducers placed 
before and after the constrictor. The pressure 
difference is an indicator of flow, because it 
increases as the flow rate increases. 


Differential Pressure Liquid Flow Meter 


This system was developed originally for large 
industrial applications but has been miniatur- 
ized and etched into silicon to measure very 
small flow rates. The Omron D6F-PH is an exam- 
ple, measuring less than 3cm square. It contains 
digital correction to enable a close-to-linear 
output. Because of its small size, it can be used 
only for slow flaw rates, or as a bypass sensor. 
The general concept of a bypass sensor is illus- 
trated in Figure 19-7, in the entry discussing gas 
flow sensors. 


What Can Go Wrong 


Vulnerability to Dirt and Corrosive 
Materials 

MEMS liquid flow rate sensors containing very 
delicate, very small sensing elements are very 
vulnerable to contamination with dirt. Liquids 
should be filtered to minimize this risk. A manu- 
facturer's datasheet should provide information 
about the use of corrosive or chemically active 
liquids. 
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gas/liquid pressure sensor 


Pressure measurement devices that do not contain any electronics, such as a nondigh 
tal tre-pressure gauge or a mercury manometer, are outside the scope of this Encyclo- 
pedia 


Many pressure sensing methods can be used with both gases and liquids. To avoid 
duplication, gas pressure sensors and liquid pressure sensors do not have separate 
entries. Both types are described here. 


This entry deals almost exclusively with MEMS components. It does not include pres- 
sure measurement devices sold as industrial products, 


Some manufacturers and vendors use the term pressure sensor to describe a compo- 
nent that measures mechanical load or force. In this Encyclopedia, the term only 
describes components that measure liquid or gas pressure. Mechanical load cells and 


force sensors will be found in the section on foree sensors, See Chapter 12 


OTHER RELATED COMPONENTS 


+ liquid level sensor (see Chapter 15) 
+ liquid flow rate sensor (see Chapter 16) 


{gas flow rate sensor (see Chapter 19) 


What It Does 


A pressure sensor measures the force exerted 
by a gas or liquid, often in a container or pipe. 


Static pressure is measured under conditions 
that change slowly or not at all. Dynamic pres- 
sure is subject to fluctuations. Pressure sensors 
tend to be designed for one condition or the 
other, 


Schematic Symbols 

Many specialized symbols are used in flow dia- 
grams to represent pumps, valves, and sensors, 
including pressure sensors. Typically they 
involve a single letter or an X in a circle. These 
symbols are not generally found in electronic 


schematics, and therefore they are not included 
here. 


Applications 
Barometric sensors are found in barometers 
and weather stations. Altimeters are really a 
specialized form of barometric sensor, used in 
airborne vehicles. Gas pressure sensors have 
many industrial applications, and are used to 
monitor tire inflation in vehicles and the output 
from air compressors. They may also measure 
liquid pressure indirectly, as in a blood-pressure 
cuff. 


Liquid pressure sensors are widely used to 
measure oil pressure in automobile engines 
and hydraulic braking systems. They have med- 
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How It Works 


ical applications, and monitor water pressure in 
municipal systems and pumped supplies. 


Design Considerations 
As a result of random molecular movement, 
gases will tend to disperse to fill a container. 
After a gas reaches equilibrium, the pressure 
will be almost equal in all directions, affected 
only slightly by gravity. Where a gas is in a 
sealed, rigid container, pressure will vary line- 
arly with temperature. 


A liquid will tend to accumulate at the bottom 
of any container under the force of gravity. Liq- 
uid pressure in a container will be highest at 
the bottom, because of the weight of liquid 
above it. However, because almost all liquids 
are not easily compressible, they transmit force 
from any point in a container to any other 
point, including the sides of a container. 


Units 
Pressure is measured as force per unit area, 


which can be expressed in a confusing variety 
of units. 


In the United States, gas and liquid pressure are 
still often expressed in pounds per square inch, 
abbreviated as PSI, or more often as psi, or 
sometimes as Ib/in?, 


In standard international (SI) units, 1 bar of 
pressure is approximately equal to atmospheric 
pressure at sea level. Millibars are popular 
among meteorologists, 1 millibar being 1/1000 
of a bar, equivalent to 100 pascals, where 1 pas- 
cal= 1 newton per square meter. 


Abaris equivalent to 14.504 psi. 


Blood pressure is measured in millimeters of 
mercury, because mercury manometers were 
used for this purpose originally. Atmospheric 
pressure may also be measured in millimeters 
of mercury, because the earliest barometers 
used a tube containing mercury. In the United 
States, some sources still refer to inches of mer- 
cury. 
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How It Works 
Pressure sensing usually entails three stages. 


1. A sensing element translates pressure 
into the mechanical displacement of a 
flexible part. 


2. A transducer converts mechanical dit 
placement into an electrical effect, 
either modifying resistance or creating 
a small voltage or current. 


3, Electronics are used for signal condi: 
tioning. This may entail modifying a 
nonlinear signal, or may convert an 
analog output to a digital output. 


AAs pressure sensors are increasingly taking the 
form of MEMS devices, all three stages may be 
combined in one silicon chip. 


Basic Sensing Elements 

Figure 17-1 shows four types of sensing ele- 
ments that are used, or have been used, to con- 
vert pressure into mechanical motion. In each 
case, a green arrow shows where gas or liquid is 
introduced under pressure. 1: A Bourdon tube 
flexes under pressure, increasing its radius. The 
tube is hollow, open at one end and sealed at 
the other, 2: A coiled Bourdon tube uncoils par- 
tially under pressure, causing the top end to 
rotate. 3: A simple flat diaphragm. 4: A ribbed 
diaphragm. 
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The sensing elements numbered 1 and 2 are 
less likely to be used in modern systems, 
although a coiled Bourdon tube may be used to 
tun a potentiometer in low-cost oil-pressure 
sensing designs. Number 3 is well suited to 
MEMS devices, as it can be etched into silicon 
Using the principle illustrated in Figure 17-2. 


How It Works 


Gos pressure 


Piezoresistor Cavity —_Sicon le 
Figure 17-2 A section ofa fat-dlaphragm pressure sen- 
sor. viewed from the side. An aperture in te top face of 
the chip allows air to enter. The sensor is etched into sil: 
con, and the deflection of the wafer is measured using 
embedded piezoresistors. 


Relative Measurement 

Pressure is a relative measurement. It is 
expressed relative to a reference pressure of 
some kind. Three types of measurement are 
commonly used: 


1. Absolute pressure, relative to the zero 
value of a vacuum. 


2. Gauge pressure, relative to ambient 
pressure (that is, pressure in the envi- 
ronment around the sensor). Air pres- 
sure is the reference source for gauge 
pressure, and a vent is incorporated 
into the sensing system. 


3, Differential pressure. In this case, the 
pressure being measured is relative to 
some other pressure—for example, the 
pressure differential between two 
sealed tanks. 


Figure 17-3 illustrates these three measurement 
types. 
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Figure 17-3 Three ways in which pressure is measured, 


Variants 


Ambient Air Pressure 

A barometric sensor measures the pressure of 
air around it. This is an absolute value, relative 
toa vacuum. 


The earliest barometers consisted of a tube 
sealed at one end, containing mercury. No air 
was allowed to enter the tube. It was inverted 
so that its open end was immersed in a small 
reservoir that was open to the ait, the pressure 
of which supported the column of mercury in 
the tube. Thus, the height of the column was 
ratiometrically equivalent to atmospheric pres- 
sure. Because low air pressure is often an indi- 
cator of inclement weather, a barometer was a 
very simple tool for weather forecasting. 


‘A modern barometric sensor consists of a chip 
with a vent hole in its upper surface, allowing 
ambient air pressure to reach a sensor inside 
the chip. A popular example has been the 
Bosch BMPO85, shown soldered onto a break- 
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out board in Figure 17-4, The BMP180 has a 
very similar specification, the primary differ- 
ence being that it is designed for a SP! bus 
instead of I2C. For additional details about pro- 
tocols such as SPI and I2C, see Appendix A. 


Figure 17-4 A Bosch barometric sensor an a breakout 
board. The background gn in milimeter. 


This sensor uses a supply voltage ranging from 
approximately 2VDC to 3.5VDC, but a breakout 
board includes a voltage regulator that toler- 
ates a SVDC supply. The output is digitized for 
access by a microcontroller, but the format is 
quite complex and consists of raw data that 
must be converted to air pressure by applying a 
formula. The manufacturer offers free code in 
the C language for this purpose. A thermome- 
ter that is built into the chip enables tempera- 
ture compensation. 


Subsequent products from Bosch include the 
BME280, which adds a humidity sensor. Break- 
out boards using this and other barometric 
chips ate available from sources such as Spark- 
fun and Adafruit, where Arduino code libraries 
to interpret the data are available for download. 


Altitude 
A barometric sensor can be used to determine 
altitude. At sea level, air pressure is approxi- 
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mately 101kPa (kilopascals), or 760 millimeters 
of mercury. At 5,000 meters altitude, air pres- 
sure drops to 56kPa. The transition is nonlinear, 
changing most rapidly at lower altitudes. 


Air pressure will be affected by temperature 
and weather conditions. Weather is unlikely to 
affect the value by more than plus-or-minus 
1%, and temperature has a smaller effect; but 
the barometric sensor can be reset to a zero 
point based on current temperature and 
weather data, 


Gas Pressure 

Thousands of board-mountable gas pressure 
sensors are available from retail component 
suppliers. The need to make connections via 
tubing imposes a minimum size limit on these 
parts. Many have a through-hole format, but 
even the surface-mount variants can be rela- 
tively large (e.g, 10mm x 10mm). Most tend to 
have barbed tubing ports, the “barbs” being 
ridges to retain push-on flexible tubing. Output 
may be analog or digital, the digital protocol 
being designed for 12C, SPI, or plain TTL serial 
buses. 


These components are designed for pressures 
ranging up to S00kPa (kilopascals). Some man- 
ufacturers use psi in their specifications, while 
others use bars and millibars, and a few state 
{gas pressures equivalent to inches of water. 


Dual-ported gas sensors for differential pres- 
sure measurement can be used for gauge 
measurement (ie, relative to ambient ait) if one 
port is left open. Absolute pressure sensors 
have only one port, as they measure pressure 
relative to a vacuum maintained inside the 
chip, behind the diaphragm. 


+ Some gas pressure sensors can do dual 
duty as liquid pressure sensors, but 
others cannot, and datasheets must be 
consulted carefully, as online vendors 
‘may not include this information prom- 
inently, 


The sensor in Figure 17-5 by All Sensors Corpo- 
ration is designed for flexible tubing with 1/16" 
internal diameter (1.6mm). Its pin spacing is 
0.1" (2.54mm), making it breadboardable. This, 
sensor is intended for gases only, but has a "10- 
inch” water-equivalent rating, meaning that it 
can tolerate a maximum pressure equivalent to 
that of a 10-inch (25.4em) column of water. 


When supplied with up to 16VDC, an internal 
Wheatstone bridge circuit provides an analog 
output that varies ratiometrically by a few milli- 
volts over the full range of measurable pres- 
sures (the exact specification depending on the 
power supply). The output may be amplified 
with an external op-amp. Although this is a dif- 
ferential sensor, it can provide gauge pressure if 
one of the ports is left open. 


Figure 17-5 gas pressure sensor for use with 1/16 
(25mm) internal dlameter flexible tubing. The back- 
‘Bround grid is in milimeters. 


The larger sensor in Figure 17-6 is in the ADCA 
range from All Sensors Corporation, designed 
for flexible tubing with 1/8" internal diameter 
(3.2mm). This is intended for gases only, and 
has a “S-inch’ water-equivalent rating. It 
requires a SVDC power supply and has an inter- 
nal op-amp that provides an output that varies 
ratiometrically by 0.2VDC (centered on 4VDC) 
over the range of measurable differential pres- 
sures. Like its smaller cousin, it can provide 
gauge pressure if one of the ports is left open. 
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Figure 17-6 gas pressure sensor for use with 1/8 
(@.2mm) internal diameter flexible tubing. The back 
_ground grid i in milimeters. 


What Can Go Wrong 


Vulnerability to Dirt, Moisture, and 
Corrosive Materials 

MEMS pressure sensors containing very deli 
cate, very small sensing elements must inevita- 
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bly come into direct contact with gases and, in 
some cases, liquids. Datasheets will provide 
warnings regarding humidity and corrosive flu- 
ids, but the risk of contamination with dirt 
remains, Liquids should be filtered to minimize 
this risk. 


Barometric sensors have a hole in the package, 
exposing the sensor element to the ambient air. 
This vent must be protected from direct con- 
tact with the environment. 


Light Sensitivity 
If light is allowed into the vent hole in a baro- 


metric sensor, it can create photocurrents in the 
chip. This will affect accuracy. 
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gas concentration sensor | 4 ¢' 


Humidity sensors and vapor sensors are included in this entry, as they measure concen- 


trations of aliquid while its in its gas phase 


Sophisticated industrial sensors are available for accurate gas sensing, but this entry 
deals almost entirely with lower-cost solid-state sensors that are often classified as 


‘board-mount components 
OTHER RELATED COMPONENTS 


+ gasiliquid pressure sensor (see Chapter 17) 


What It Does 


‘Small semiconductor-based gas sensors pro- 
vide a low-cost method for detecting specific 
gases in ambient ait. The sensors vary their 
electrical resistance or capacitance in response 
to the concentration of the gas. They may be 
used in conjunction with an alarm system that 
will sound if gases such as propane or carbon 
monoxide exceed a preset level, or if the con- 
centration of oxygen drops below a preset level. 


Because vapor consists of a liquid in its gas 
phase, gas sensors can respond to vapor, as in 
the case of alcohol sensors. 


‘A humidity sensor measures the amount of 
water vapor in the air, which can be important 
in refrigeration, HVAC (heating, venting, and air 
conditioning), medical equipment, meteorol- 
ogy, and storage rooms where art objects, anti- 
‘ques, or paper archives must be preserved in an 
environment that is neither too dry nor too 
moist, and is held at a constant temperature. 
Humidity control can be important also in cli- 
mates where growth of mold is a concern. 
Humidity sensors ate also used in automobile 
climate control and windshield defogging, and 


in the storage of food, fabrics, wood products, 
and medications. 


High humidity coupled with high temperature 
contributes to the decomposition of many sub- 
stances, while low humidity can cause desicca- 
tion. High humidity can also create damage if it 
causes materials to expand as a result of taking 
up moisture. 


Many methods have been devised to detect 
individual gases, but semiconductor sensors 
are now dominant in applications where accu- 
racy and gas-specificity are not crucial, 


Schematic Symbol 
No specific schematic symbol exists to repre- 
sent a semiconductor gas sensor. 


Semiconductor Gas Sensors 


During the development of transistors in the 
1950s, engineers noticed that semiconductor 
p-n junctions were sensitive to the presence of 
some gases in the atmosphere. This was regar- 
ded as a problem, which was solved by encap- 
sulating transistors to prevent their exposure, 
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Semiconductor Gas Sensors 
During the 1980s, Japanese law required instal- 
lation of sensors in every home to detect haz- 
ardous concentrations of propane gas. This 
encouraged the development of cheap, long- 
lasting components that took advantage of 
semiconductor sensitivity. 


Tin oxide is widely used in a variety of solid- 
state gas sensors. A sintered layer of the com- 
pound is deposited on a ceramic substrate in 
combination with other compounds such as 
antimony oxide. The granular layer functions as 
an n-type semiconductor in which electron 
transfer increases when certain gases are adsor- 
bed among the grains, When the gas concen- 
tration diminishes, oxygen atoms displace the 
gas molecules, and the sensor returns to its 
original state. It is unimpaired by being activa- 
ted, and has a life expectancy of at least 5 years 
during active (powered) use. 


Each sensor includes a tiny resistive heater that 
is necessary for the chemical reaction to occur. 
Voltage must be applied to two pins that are 
connected with the heater, Two other pins con- 
ect internally with the sensing element. The 
resistance between these pins will vary with 
presence of the target gas; thus, this type of 
component has a resistive output. 


Itis a feature of semiconductor gas sensors that 
they tend to suffer from cross-sensitivty. That i, 
‘one sensor may respond to more than one gas. 
‘Manufacturers control this problem to some 
extent by adding filtering material around the 
semiconductor element, or by adjusting the 
proportions of dopants used in the semican- 
ductor. Datasheets should be consulted care- 
fully to see if a sensor may give false positives 
as a result of other gases that are likely to be 
present in the area where it will be used. 


Figure 18-1 shows an MQ-5 propane sensor 
from Hanwei Electronics. The component also 
responds to methane, hydrogen, alcohol, and 
carbon monoxide, but with much less sensitiv- 
ity. The manufacturer recommends calibrating 
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the sensor by using a resistor ranging from 10K 
10 47K in series with the output resistance. 


Figure 18-1 A propane gas sensor. The background grid 
‘sin milimaters. 


Figure 18-2 shows an MQ-3 alcohol sensor, also 
manufactured by Hanwei. It has some sensitiv- 
ity to benzene, but this is unlikely to be a prob- 
lem, as benzene is seldom present in significant 
concentrations in ambient air. However, the 
response of the sensor to alcohol varies with 
temperature and humidity. Consequently this 
component can only be used as a “breatha- 
lyzer" if the user can be satisfied with an 
approximate response. 


Semiconductor gas sensors are also available 
for detecting methane, carbon monoxide, 
hydrogen, ozone, and other gases. 


These components are not low-current devices. 
Typically the internal heater in the Hanwei 
range has a resistance of slightly more than 30 
‘ohms, and will draw 150mA to 160mA at SV 
{ie, slightly less than 1W), Because the heater is 
a simple resistive device, it can be used with AC 
or DC. The output resistance of the sensor can 
also be assessed with an AC or DC signal. 
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Figure 18-2 An alcohol sensor. The background grid isin 
-alimeters. 


A breakout board from Parallax simplifies the 
Use of Hanwei gas sensors. The board is shown 
in Figure 18-3. It is compatible with carbon 
monoxide, propane, methane, and alcohol sen- 
sors, each of which can be plugged into a 
socket on the board. Two trimmers establish 
the sensitivity and the trip point for the sensing 
element, and the TTL output is then logic-high 
when a gas is detected, and logic-low other- 
wise, 


Figure 18-3 A Parallax breakout board to simpliy the use 
‘of Hanwei gas sensors, 


Oxygen Sensors 


Oxygen sensors are often built using a mem- 
brane made of zirconium dioxide. This material 
has the property that it can transport oxygen 


ygen Sensors 


ions when heated. One setup is to have a zirco- 
nium membrane separating the gas to be 
measured from ambient air. This is a type of fuel 
cell, called a concentration cell or Nernst cell. If 
the oxygen concentration differs between the 
two sides of the membrane, oxygen ions will 
flow through it. Only oxygen ions can move— 
not neutral oxygen atoms or molecules. The 
ions are negatively charged, so the transport 
will lead to a potential difference over the cell, 
which can be measured with platinum electro- 
des. 


To comply with emissions regulations, automo- 
biles sense the oxygen level of exhaust gases. 
This data controls the fuel-air ratio in the fuel 
injection system. Too much air results in the for- 
mation of nitrogen oxides, while too little air 
results in excessive carbon monoxide. 


Humidity Sensors 


Moisture content of the air is expressed in three 
different ways: 


Absolute humidity 
This is the weight of water vapor in a fixed 
volume of air It is measured in grams per 
cubic meter in the metric system. An 
absolute humidity sensor is properly 
called a hygrometer. 


Dew point 
If a sample of air is cooled without a 
change of pressure, the dew point is the 
temperature at which moisture will start 
to condense. The dew point is a way of 
describing how humid the ambient air is 
currently, as water will condense more 
readily in humid conditions. 


Relative humidity 
This is often referred to by its acronym, 
RH. If temperature, pressure, and volume 
of a sample of air remain constant, rela- 
tive humidity is the ratio between the cur- 
rent value of absolute humidity and the 
hypothetical level where the addition of 
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water vapor would result in condensa- 
tion. The ratio is expressed as a percent- 
age. Thus, if moisture is already 
condensing in an air sample, relative 
humidity is 100%. If an air sample con- 
tains half the weight of moisture required 
for condensation to begin, relative 
humidity is 50%. If there is no moisture at 
allin the air, relative humidity is 0%. 


Colloquial usage of the term “humidity” 
usually means relative humidity, and sen- 
sor output is usually convertible to this 
value. However, some absolute humidity 
sensors do exist. 


Dew-Point Sensor 

Historically, meteorologists used a chilled mirror 
hygrometer, in which a metal mirror was 
exposed to the atmosphere and cooled until 
the surface was seen to become misty with 
condensation. The temperature where this 
occurred was the dew point. 


This system is still used in conjunction with an 
LED and a phototransistor. The LED is posi- 
tioned so that its light reflects from a mirror, 
directly onto the phototransistor. The mirror is 
cooled until mist starts to form, which diffuses 
the reflected light and causes a well-defined 
change in output from the phototransistor. 


Although the formula linking dew point with 
relative humidity is complex, a simplified 
approximation is available that is reasonably 
accurate so long as the relative humidity is 50% 
or greater. If RH is the relative humidity, tis the 
current temperature, and tp is the dew-point 
temperature at which mist forms: 


RH = 100 - (5 * (t - ty) ) approx. 


Although a chilled-mirror dew-point sensor has 
a reputation for being accurate, it is heavy, 
expensive, and impractical for most applica- 
tions outside of meteorology. 


Absolute Humidity Sensors 

‘An absolute humidity sensor may use two NTC 
(negative temperature coefficient) thermistors 
in a Wheatstone bridge circuit. One thermistor 
is sealed in a compartment containing dry 
nitrogen, with zero humidity. The other is 
exposed to the atmosphere. Current passing 
through the thermistors raises their tempera- 
ture to at least 200 degrees Celsius. Because 
heat radiates less efficiently when there is mois- 
ture in the ait, the exposed thermistor will run 
hotter, and its resistance will be higher, at 
higher levels of humidity. This type of sensor is 
used in clothes dryers and wood kilns, among 
other applications. 


See Chapters 23 and 24 for more information 
about thermistors. 


Relative Humidity Sensors 

Two main types of sensing elements are used 
to measure relative humidity: resistive and 
capacitive. 


In a sesistive sensing element, a thin layer of 
polymer, salt, or other hygroscopic substance is 
deposited on a substrate consisting of ceramic 
or other unreactive material. When the sub- 
stance absorbs water, its electrical conductivity 
increases. Voltage is applied to the sensing ele- 
ment, and AC is used to avoid polarizing it. The 
current flow is processed externally, with con- 
version to DC followed by linearization, mean- 
ing that the current is processed to establish an 
almost linear relationship with gas concentra- 
tion, with temperature compensation factored 
in, Alternatively, these functions can be per- 
formed by hardware built into the sensor, and a 
digital value for relative humidity can be 
accessed by an external microcontroller. 


In a capacitive sensor, once again a thin film of 
polymer or metal oxide is deposited on a 
ceramic or glass substrate, but the film func- 
tions as a dielectric between two metal electro- 
des that serve as the plates of a capacitor. The 
dielectric value changes as the film absorbs 
moisture, and this causes the capacitance to 
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vary, typically by 0.2pF to O.SpF for each 1% 
change in relative humidity. This is almost a lin- 


ear relationship extending over the entire 
range from 0% to 100% relative humidity. 


The actual capacitance value at 50% relative 
humidity is likely to be between 100pF and 
500pF. The sensor may be excited with AC from 
an external source, of can be incorporated in a 
chip that derives AC from a DC power supply 
and provides a digital output. 


To determine the dew point or absolute humid- 
ity from a value for relative humidity, ambient 
temperature must also be measured. A chip 
such as the Si7005 from Silicon Labs includes a 
temperature sensor with a relative-humidity 
sensor based around a capacitor in which poly) 
mide film forms the dielectric. if condensation 
forms, an on-chip heater will cause it to evapo- 
rate so that normal operation can resume. Data 
from the chip is supplied via an I2C interface. 


Humidity Sensor Output 
When the output is analog, resistance or capac- 
itance of the internal sensing element is avail- 
able via two pins or solder pads on the sensor. 
The analog value must be converted to a value 
for relative humidity by performing a calcula- 
tion that takes the current temperature into 
account. The component may or may not 
include a temperature sensor. 


With a digital output, an internal analog-to- 
digital converter can be accessed by a micro- 
controller via serial, 12C, or SPI interface. 
Alternatively, the sensor may communicate val- 
Ues using pulse-width modulation. Either way, 
the output is a value for relative humidity, cal- 
culated on the chip with reference to an 
onboard temperature sensor, 


Analog Humidity Sensor 
The Humirel HS1101 is a low-cost analog- 
output humidity sensor that varies its internal 
capacitance between approximately 160pF and 
200pF as relative humidity increases from 0% to 
100%. The response is almost linear, with the 


Humidity Sensors 


curve steepening slightly when humidity 
exceeds 80%. The component is shown in 
Figure 18-4, 


Figure 18-4 A Humirel HS1JOI humidity sensor. The 
background grid isin milimeters: 


‘The manufacturer claims a recovery time of 10 
seconds after 150 hours of condensation. In 
other words, the performance of the sensor 
should be restored to its original specification. 


‘A microcontroller can evaluate the output by 
‘measuring the charge time of the internal 
capacitor in the sensor. If the sensing element is 
wired in parallel with a 10M resistor, this will 
allow the capacitor to discharge before the 
microcontroller charges it again. A 220-ohm 
series resistor should be used between the 
microcontroller and the sensor, to limit the 
charge current. This circuit is illustrated in 
Figure 18-5. 


Alternatively, the sensor manufacturer suggests 
using the capacitance value to control the out- 
put frequency of a 555 timer. A counter or 
‘microcontroller may be used to count the num- 
ber of pulses per unit of time. 
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Figure 18-5 Using a microcontroller to measure the 
charge time of a gas sensor with capactive output 


The Honeywell HIH4030 is a surface-mount 
humidity sensor with a more convenient ana- 
log voltage output that increases almost line- 
atly from approximately 0.8VDC at 0% humidity 
to 3.8VDC at 100% humidity, assuming a SVDC 
power supply. The sensor is available on a mini- 
ature breakout board from Sparkfun, shown in 
Figure 18-6. 


Figure 18-6 The Honeywell HIH4030 on a breakout 
board from Sparktun. 


Design Considerations 

As relative humidity is temperature-dependent, 
a relative-humidity sensor must have the same 
temperature as the air it measures. Many data- 


sheets recommend that when a sensor is 
mounted on a printed circuit board, slots 
should be milled around it to minimize heat 
transfer to it. The sensor should also be moun- 
ted as far away as possible from heat- 
generating components. 


Where a capacitive humidity sensor with an 
analog output is located some distance from 
the electronics that will process its output, 
shielded cables or twisted pair cables should be 
used to minimize capacitance in the wiring. A 
decoupling capacitor between the supply volt- 
age and ground close to the sensor can help to 
keep the supply voltage stable. 


Digital Humidity Sensor 

The AM2302, available from Adafruit, is a capac- 
itive humidity sensor with a digital output 
accessible by a microcontroller via the I2C pro- 
tocol. Onboard electronics calculate relative 
humidity with reference to an included temper- 
ature sensor. This component is pictured in 
Figure 18-7. 


Figure 18-7 low-cost humialty sensor with 
temperature-compensated digital eutput. From a photo 
raph by Adatruit. 


What Can Go Wrong 


Contamination 


‘A semiconductor gas sensor can be damaged 
by exposure to volatile chemical vapors. This 
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would be unusual in a domestic environment, 
but is still an important consideration, as there 
will be no obvious indication that damage has 
occurred, 


Recalibration 
If a humidity sensor is exposed to very high 
humidity where condensation occurs, some 


What Can Go Wrong 
datasheets advise a baking procedure, where 
the sensor is placed in warm, dry air for several 
hours and then allowed to rehumidify. 


Soldering 


‘Semiconductor gas sensors should be soldered 
quickly and at a controlled temperature, to 
minimize heat transfer. 
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gas flow rate sensor 


Sensors that contain no electronic components are not included in this entry, 


A gas flow rate sensor may often be described as a mass flow sensor or mass flow rate 
sensor, Although it measures volume rather than mass, the mass of gas can be calcula- 
ted 50 long as its temperature and pressure are controlled. 

Some methods of gas flow sensing can also be applied to liquids, but sensors are usu- 


ally designed for one application or the other. Therefore, liquid flow rate sensors 
have their own entry. See Chapter 16. 


‘An anemometer is a gas flow rate sensor that measures air speed. It is included in this 
entry. 


Many gas flow rate sensors ate large devices designed for industrial applications. This 
entry focuses mostly on lower-cost solid-state sensors that are often classified as 


board-mount components 
OTHER RELATED COMPONENTS 


+ liquid flow rate sensor (see Chapter 16) 


What It Does 


A gas flow rate sensor measures the volume of 
gas flowing past or through the device, usually 
inside a pipe. In most applications, users wish 
to know the mass of the gas that is passing per 
Unit of time. Consequently a gas flow rate sen- 
sor is very often identified as a mass flow rate 
sensor. If it functions by heating the gas and 
measuring the heat dissipation, it is a thermal 
‘mass flow rate sensor. 


A sensor that measures the flow of open air is 
often described as an anemometer. Its output 
will be expressed as a velocity, not as a volume 
or mass. 


Applications 
Mass flow rate sensors are used frequently for 
laboratory and medical applications, although 
the reliability and affordability of thermal mass 
flow rate sensors is now making them attractive 
for metering municipal gas supplies. 


Anemometers are used mostly in meteorology, 
aviation, and on boats. 


Schematic Symbol 
Many specialized symbols are used in flow dia- 
grams to represent pumps, valves, and sensors, 
but they are not schematic symbols of the type 
generally found in electronic circuit diagrams, 
and are not included here. 
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How It 


How It Works 


Because an anemometer functions so differ- 
ently from a gas flow rate sensor that is 
enclosed in a pipe, the two types of sensors will 
be discussed separately. 


Anemometer 

The name of this device is derived from the 
Greek word anemos, meaning “wind.” The cup 
‘anemometer was invented in 1846, using four 
hemispherical cups attached to horizontal arms 
rotating on a vertical shaft. The rate of rotation 
‘was proportional to wind speed over a substan- 
tial range, but the conversion factor between 
wind speed and RPM varied depending on the 
size of the cups and their distance from the 
shaft, 


Anemometer design was simplified to three 
cups in 1926 and was modified in 1991 by 
adding a tag to one cup. This causes the speed 
of rotation to fluctuate as the tag rotates 
through the wind stream, and the direction of 
the wind can be calculated from the speed fluc- 
tuations. Not all anemometers rely on this prin- 
ciple, however, and a separate wind vane can 
be used to determine wind direction. 


The basic design of a modern anemometer is 
illustrated in Figure 19-1. 


Figure 19-1 The basic design of a metereological cup 
anemometer 


Anemometers traditionally used a mechanical 
counter to log the number of rotations, which 
were checked at fixed intervals to derive the 


fluid > gas > flow rate 
wind speed. The output of a modern anemom- 
eter may be achieved by generating AC or DC 
power, or from Hall-effect sensors (see “Hall- 
Effect Sensor” for a full discussion of Hall-effect 
sensors) 


Handheld Anemometer 
A digital handheld anemometer for personal 
Use is shown in Figure 19-2. A cup anemometer 
made by Vaavud for use with a mobile phone 
(with appropriate software) is shown in 
Figure 19-3. 


Figure 19-2 A handheld lgital anemometer. 


Figure 19-3. A cup anemometer sold as an accessory for 
smartphones. 


Ultrasound Anemometer 
The movement of air affects the speed of 


sound, enabling calculation of both wind direc- 
tion and wind velocity by using an array of 
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ultrasound emitters and receivers. The lack of 
rotating parts promises greater reliability, and 
in Figure 19-4 an ultrasound anemometer man- 
ufactured by Biral Metereological Sensors also 
includes heaters so that it will be immune to 
snow of ice accumulation during freezing con- 
ditions. 


Ce 
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Figure 19-4 Made by Biral Metereological Sensors, this 
‘anemometer uses ultrasound to determine wind speed 
‘and direction. 


Ultrasound anemometers have been built on a 
DIY basis by hobbyists, typically using off-the- 
shelf ultrasound emitters and an Arduino to 
decode the signals. Several of these projects are 
documented online. 


Hot Wire Anemometer 
A hot wire anemometer measures the cooling 
effect of the air. It heats a thin wire by passing 
current through it, and measures the heating 
power needed to keep the temperature con- 
stant, 


It is also possible to keep either the voltage 
over the wire or the current constant, and to 
assess the wire temperature. The temperature 
can be measured directly or calculated from the 
wire's resistance, which increases as the wire 
gets hotter. 


Mass Flow Rate Sensing 
‘A mass flow rate sensor measures the flow 
speed of a gas. When this is multiplied by the 
density, the mass flow rate can be calculated. 


How It Works 


‘Most sensors of this type heat the gas and are 
categorized as thermal mass flow rate sensors, 
‘The gas passes over a thermopile (consisting of 
several thermocouples wired in series), then a 
heater, and then another thermopile. These 
components are miniaturized and can be 
etched into a chip measuring 2mm square or 
less. 


‘The temperature difference between the two 
thermopiles increases as the flow of gas 
becomes faster and transports more heat to the, 
second thermopile. This is known as the heat 
transfer principle, illustrated in Figure 19-5. 


‘Siicon substrate 


‘Thermopile 


Figure 19-5 In. thermal mass flow sensor, the flow of 
235 heats the thermopiles disprapertionately, and the 
temperature cifference can be used to evaluate the rate of 
ow. 


This principle is used also in a liquid thermal 
‘mass flow rate sensor, described in “Thermal 
Mass Liquid Flow Rate Sensor”. 


‘An example of a thermal mass flow rate sensor 
is shown in Figure 19-6. 
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Fio12 Winsce 
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Figure 19-6 A thermal mass flow rate sensor made by 
the Chinese manufacturer Zhengzhou Winsen Electronic 
Technology Co. Lt. 


Applications 
In medicine, mass flow rate sensors are used in 
anesthesia delivery, respiratory monitoring, 
sleep apnea machines, ventilators, and other 
devices. Industrial uses include airto-fuel ratio 
measurement, gas leak detection, and gas 
metering. 


While the metering of municipal gas supplies 
was traditionally done with all-mechanical devi- 
ces, MEMS-based meters are replacing many of 
the 400 million mechanical gas meters estima- 
ted to exist worldwide. 


Units 

Mass flow rate sensors are often rated in SLM, 
meaning standard liters per minute. A “stan- 
dard liter” has a temperature of 0 degrees Cel- 
sius and a pressure of 101.325 kPa (kilopascals). 
This pressure is equivalent to that of air at sea 
level. Because temperature and pressure are 
specified, the mass of a gas in a standard liter 
‘an be calculated by knowing the density of 
the gas. Thus SLM is a way of measuring mass 
flow, even though it is a measurement of vol- 
ume. 


The acronym SLPM is also used, but it means 
the same thing as SLM. SLs and SLPs are meas- 
urements of standard liters per second, while 
‘SCCM refers to standard cubic centimeters per 
minute, 
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Measuring Higher Volumes 
MEMS sensors are typically equipped with 
inflow and outflow nozzles suitable for flexible 
tubing of 3mm or Smm internal diameter. The 
nozzles are “barbed,” meaning that they have 
ridges to retain the tubing. 


‘Small tubing can only deal with low flow rates. 
‘A few sensors are threaded for standard plumb- 
ing pipes, and can accept volumes of up to 10 
liters per minute. They are a minority. A low- 
rate sensor can still be used to measure higher 
volumes if t is supplied with just a percentage 
of the primary flow. This principle i illustrated 
in Figure 19-7, where an adjustable vane in the 
main pipe creates a pressure differential. A nar- 
rower, constricting section of pipe could have a 
similar effect, but it would not be adjustable. 


Figure 19-7 A vane in a primary pipe can dvert a per 
centage of the flow toa sensor 


Output 
‘Many mass flow sensors have an analog output 
consisting of a voltage that varies ratiometri- 
cally with gas flow. With a typical SVDC power 
supply, output voltage may vary from around 
WDC to 4vDC. 


Some sensors now incorporate analog-to- 
digital converters and data processing to pro- 
vide SLM digital values, accessible from a 
microcontroller via an 12C interface. 


es 
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What Can Go Wrong 


The primary risk for gas flow rate sensors is 
damage caused by particles and contaminants 
in the gas stream. A 5-micron filter is recom- 
mended. A dust segregation system can also be 


What Can Ga Wrong 


used, consisting of a small compartment con- 
taining semicircular centrifugal chambers. Dust 
tends to follow the outer edge of the flow path, 
while the flow sensor is placed on the inner 
side of the path. 
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photoresistor 


A photoresistor has a function similar to that of a phototransistor, but as its name 
implies, itis @ purely passive component that varies its resistance in response to light. 


The term photocell was used formerly, but has been displaced by the term photoresis- 
tor, which describes its function more accurately. The term photoconductive cell is 
sometimes used, or light-dependent resistor (or its acronym, LDR) 


OTHER RELATED COMPONENTS 


+ resistor (see Volume 1) 
+ photodiode (see Chapter 2)) 
+ phototransistor (see Chapter 22) 


What It Does 


Formerly known as a photocell, a photoresis- 
tor is a disc-shaped component with two leads. 
When light falls on the surface of the disc, 
resistance between the leads will diminish. 
Some photoresistors have a resistance in dark- 
ness as high as 10 megohms. A few have a 
resistance in bright light as low as 500 ohms, 
although several kilohms would be more com- 
mon, 


A photoresistor is less sensitive to light than a 
phototransistor or photodiode, and unlike 
them it is a passive component with no polar- 
ity. It presents equal resistance to current in 
either direction, and may be used with DC or 
AC. 


Because cadmium sulfide is commonly used in 
this component and is regarded as hazardous 
to the environment, photoresistors are now 
unavailable in some regions (notably, Europe) 
However, at the time of writing, they are still 


available from many Asian sources, and from 
some importers in the United States. 


Schematic Symbol 

Six schematic symbols for a photoresistor are 
shown in Figure 20-1. They are functionally 
identical, regardless of whether the single slant- 
ing arrow across the resistor symbol is omitted. 


y -y ~ 
hop = 
Bue 


Figure 20-1 Al six symbols fora photoresistor are func- 
tionally identical 
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How It Works 


Cadmium sulfide is a semiconductor. When 
exposed to light, more charge carriers are exci- 
ted into states where they are mobile and can 
participate in conduction. As a result, electrical 
resistance decreases. 


Construction 

‘A closeup of a photoresistor appears in 
Figute 20-2. The brown material is a layer of 
cadmium sulfide deposited onto a ceramic 
base. The silver material is a conductive com- 
pound evaporated onto the cadmium sulfide to 
form two interlocking electrodes, in a pattern 
that maximizes the length of the boundary 
between each of them and the semiconductor. 
The electrodes connect with leads projecting 
from the back of the component. 


Figure 20-2 Closeup of a photoresistor. Two interlocking 
electrodes are mounted an a brown semiconductor layer. 


Variants 


Figure 20-3 shows a variety of photoresistors, 
illustrating the range of sizes available. Small 
photoresistors may be less than Smm in diame- 
ter; large ones may be 25mm in diameter. The 
size generally suggests the ability of the com- 
ponent to pass current. 
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Figure 20-3 Photoresistors are available in a wide range 
of izes. The component in the centers shown at the 
same scale as the others. Generally speaking. larger com 
ponents are abla to conduct higher currents. The back 
‘around grids in millimeters. 


Photoresistors in Optical Isolators 
‘An optical isolator, popularly known as an opto- 
coupler, contains an LED opposite to a photore- 
sistor, in a sealed package. This is discussed in 
Volume 2. A Vactro! is a similar component, 
except that the LED is placed opposite to a 
photoresistor. An example is shown in 
Figure 20-4, 


Figure 20-4 A Vactral, containing an LED opposite to a 
pphatoresistr. The background grids in milimeters 


Vactrol is a brand name owned by its initial 
manufacturer, Vactec. It was developed to con- 
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trol a vacuum tube, hence its name. In the 
1950s, Vactrols were used in guitar amplifiers to 
control tremolo. 


Because of the relatively slow response time of 
a photoresistor, and its sensitivity to tempera- 
ture, optical isolators based on photoresistors 
are not used in digital devices. They still retain 
some utility in audio components and music 
equipment, where the ability of the photoresis- 
tor to pass AC is an advantage and its response 
time is adequate. 


Values 


Datasheets for a few photoresistors can still be 
found from some suppliers, such as Digi-Key, 
but are mostly unobtainable, as major semicon- 
ductor companies have stopped making these 
‘components. Vendors may quote basic values, 
but in the absence of part numbers or a manu- 
facturer name, a buyer cannot verify the infor- 
mation. 


The resistance range can be determined by 
testing a sample component. A typical range 
would be from SOK in a light intensity of 10 lux, 
Up to 1M in darkness. Maximum power dissipa- 
tion is likely to range from 100mW for a small 
photoresistor to 500mW for a large one. 


Maximum voltage may be as high as 200V, but 
photoresistors will work just as well at low vol- 
tages. 


Comparisons with a 
Phototransistor 


Slower response 
‘A photoresistor typically takes several mil- 
liseconds to respond to bright light, and 
can require more than 1 second to regain 
its dark resistance. A phototransistor is 
much more responsive, and a photodiode 
is faster still. 


Narrower range of resistance 
The maximum resistance of a photoresis- 
tor is almost always significantly lower 


than the effective maximum resistance of 
a phototransistor in darkness, and the 
minimum resistance is likely to be signifi- 
cantly higher than that of a phototransis- 
tor in bright light. 


Greater current-carrying capacity 
Often a photoresistor is rated for twice as 
much current as the output from a photo- 
transistor. 


Not directional 
Because a photoresistor is not packaged 
with a lens, itis sensitive to incident light 
from anywhere in front of it. fan applica~ 
tion requires that light sensitivity should 
be confined within a narrow angle while 
the component is insensitive to incident 
light from other directions, a phototran- 
sistor or photodiode should be used. 


Temperature dependent 
The resistance of a photoresistor varies 
more with temperature than the effective 
resistance of a phototransistor. 


Cost 
At this time, photoresistors are likely to be 
more expensive than phototransistors, 


Lack of information 
Photoresistors are often sold without 
means of checking their specification in a 
datasheet. 


How to Use It 


While the effective resistance of phototransis- 
tots and photodiodes varies with the applied 
voltage, photoresistors present the same resist- 
ance for a particular light intensity regardless of 
the voltage applied. This property has made 
them suitable for use in ‘stomp box” guitar- 
effects pedals. 


Because the minimum resistance of a photore- 
sistor in bright light tends to be relatively high, 
and because its response time is quite slow, itis 


Chapter 20: phatoresistor 133 


suitable primarily as an analog component 
rather than as a switch. 


In principle, any resistor in a circuit can be 
replaced by a photoresistor, and its smooth 
response to light variations would make it suit- 
able, for example, as the resistance in an RC 
oscillator circuit, where it would determine the 
charge time of a capacitor. The frequency of the, 
circuit would thus become light-dependent. 


Cadmium sulfide photoresistors respond most 
actively to wavelengths of light ranging from 
400nm to 800nm. This is especially important 
where an LED indicator is used as a light 
source, as LEDs often emit an extremely narrow 
range of wavelengths. (See the entry for LED 
indicators in Volume 2) 


Choosing a Series Resistor 

To convert light intensity into a voltage, a pho- 
toresistor can be connected in series with a reg- 
ular resistor, to form a voltage divider. There are 
‘two ways to do this, as shown in Figure 20-5. 
On the left side of this figure, light falling on the. 
photoresistor will cause the output voltage to 
rise, On the right side, light will cause the out- 
putto drop. 


% 
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Figure 20-5 Using a photoresistar to create a variable 
volage. See text for details, 
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If Ry is the minimum photoresistor value in 
the brightest light that will be used, and Ruax is 
the maximum value in the dimmest light that 
will be used, a simple formula can be used to 
find Rs the optimum value for a series resistor, 
which will provide the widest range of voltage 
values at the center of the voltage divider: 


R= [Rin Ba 


What Can Go Wrong 


Overload 
Because a datasheet may be unavailable, a 
photoresistor may have to be used on a trial- 
and-error basis. A test-to-destruction approach 
may be necessary to determine the limits of the 
component. 


Excessive Voltage 

Exceeding the maximum rated voltage for a 
photoresistor, even for a short time, can cause 
irreversible damage. Depending on the compo- 
nent, overvoltage can range from 100V to 300V. 


Confusion Among Components 
Because photoresistors often have no part 
numbers printed on them and may be sold in 
miscellaneous assortments, one component 
may be easily confused with another that has 
different characteristics. Where two or more 
photoresistors ate used in one device, their 
characteristics should be measured to deter- 
mine whether they are functionally identical. 
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OTHER RELATED COMPONENTS 


+ diode (see Volume 1) 
+ photoresistor (see Chapter 20) 
+ phototransistor (see Chapter 22) 


What It Does 


Light falling on a photodiode causes it to gen- 
erate a very small current. This is often called 
the photovoltaic effect. The component func- 
tions like a solar panel; in fact, a solar panel can 
be thought of as being an array of very large 
photodiodes. 


Often, a DC power source is used to apply 
reverse bias to a photodiode. This enables the 
component to deliver more current. It is now 
operating in photoconductive mode. 


Schematic Symbols 

‘Schematic symbols for a photodiode are shown 
in Figure 21-1. Wavy arrows are often (but not 
always) used to indicate infrared light. 


ss 
ae 


Figure 21-1. Symbols representing a photodiode. 


photodiode 


Applications 
The rapid response of photodiodes makes 
them suitable for use in optical disc drives, tele- 
communications, infrared data transfer, digital 
cameras, and optical switches. Many sensors in 
this Encyclopedia use a photodiode. Proximity 
sensors, optical encoders, and light meters are 
examples. 


How It Works 


When light falls on a semiconductor, it can 
excite an electron to a higher energy state. The 
electron then becomes mobile, and leaves 
behind an electron hole (See the entry discus- 
sing diodes in Volume 1,) 


In photovoltaic mode, incident light creates 
pairs of electrons and electron holes in the 
semiconductor material. The electrons move to 
the cathode of the diode while the holes move 
to the anode, creating voltage between the 
two. Note that this happens to some extent 
even in the absence of visible light, as the pho- 
todiode may respond to infrared radiation. The 
tiny amount of current created without visible 
light is called dark current, 


In photoconductive mode, light falling on the 
photodiode creates pairs of electrons and elec- 
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tron holes in the semiconductor material. These 
will move in opposite directions due to the bias, 
voltage, which means a small current flows 
through the diode. 


Photoconductive mode enables a faster 
response than photovoltaic mode, because 
reverse-bias voltage makes the depletion layer 
wider, which in turn decreases the capacitance. 
(The same effect is used in capacitance diodes.) 


Simplified circuits showing the component in 
photovoltaic mode and photoconductive mode 
appear in Figure 21-2. 


i photovoltaic mode 
~ 
Output 
Bi protoconductive mode 
y 
output 


Figure 21-2 Two modes in which a photactode may be 
sed, In photovoltaic made, voltage between the two pins 
‘must be measured. 


Variants 


PIN Photodiodes 

Like PIN diodes, PIN photodiodes incorporate an 
undoped intrinsic) semiconductor layer 
between the p- and n-doped layers. They are 
‘mote sensitive and have faster responses than 
regular PN photodiodes. Many of the photodio- 
des available are of the PIN type. 


Avalanche Diodes 

When light enters the undoped region of the 
avalanche photodiode, it triggers the creation 
of electron-hole paits. When electrons migrate 
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toward the avalanche region of the diode, the 
cumulative field strength increases their veloc- 
ity to the point where collisions with the crystal 
lattice create further electron-hole pairs. 


This behavior causes the avalanche diode to be 
more sensitive than a PIN photodiode. How- 
ever, the sensitivity also makes it vulnerable to 
electrical noise, and it is significantly affected 
by heat. A guard ring is added around the p-n 
junction, and a heat sink is often used. 


Packages 
Many surface-mount and through-hole ver- 
sions are available. A selection is shown in 
Figure 21-3 and Figure 21-4, While a through- 
hole photodiode may look indistinguishable 
from a through-hole 3mm or Smm LED, ver- 
sions are available without lenses, and some 
are sensitive to incident light coming from the 
side (they are referred to as side-/ooking or side- 
view variants), 


Figure 21-3 Two sample photodiodes. Left top-view 
Luntitered Vishay BPW34, Right: Osram BPX43 in metal 
can suitable for temperatures up to 125 degrees Celsius. 
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Figure 21-4 Two side-looking photodiodes. Left: Vishay 
[BPVZ2NF with lons. Right: Vishay BPW83 without alens. 
Both have daylight-blockingfiters 


Wavelength Range 
In order for a photon to be detected by the 
photodiode, it must carry enough energy to be 
able to create an electron-hole pair. This energy 
is a property specific to the semiconduct mate- 
rial, and is known as its band gap. Additionally, 
the epoxy packaging of the photodiode may be 
designed to block some wavelengths of light. 
Often, an application will require that the com- 
ponent should only respond to infrared light, 
not visible light. 


Photodiode Arrays 

A photodiode array has several photodiodes 
mounted in a row or in a grid, for imaging or 
measurement applications. A row of photodio- 
des may be used in a flatbed scanner, where it 
is moved relative to the reflective object being 
scanned. 


In some arrays, photodiodes are available with 
color filters preinstalled, to facilitate full-color 
scanning using the transmitted primary colors. 


Output Options 
Because the output from a photodiode must be 
processed to be usable, options exist to convert 
it to a more convenient form, such as a wider 


Variants 


range of voltages, a square wave signal where 
the frequency is proportional with light input, 
ora binary value accessible by a microcontrol- 
ler via a serial bus such as I2C. For a discussion 
of sensor outputs see Appendix A. 


Specific Variants 


Light to Frequency 
The Taos TSL235R is a 3-pin, through-hole 
chip. t combines a photodiode with logic 
that creates a square-wave pulse train in 
which frequency is proportional to the 
light intensity. 


Logarithmic Light Meter 
The Sharp GA1A1S202WP light sensor has 
an output voltage that changes logarith- 
‘mically with the light level. This gives the 
sensor a large dynamic range, from 3 lux 
to 55,000 lux, without requiring a high- 
resolution analog-to-digital converter. 
(Human perception of light and sound 
levels is approximately logarithmic.) This 
is a surface-mount chip, but is available 
‘ona breakout board from Adafruit. 


Ultraviolet to Analog 
The ML8511 from Lapis Semiconductor 
combines an ultraviolet-sensitive photo- 
diode with an op-amp that provides an 
‘output voltage from approximately 1V to 
3Y, varying with ultraviolet intensity. A 
breakout board containing this surface- 
mount chip is available from Sparkfun 
and many other sources. 


Ultraviolet to Digital 
The SI1145 from SiLabs combines ultra- 
violet sensing with data processing to 
create a UV index, readable from a micro- 
controller with I2C. Adafruit offers it on a 
breakout board. 


Color to Digital 
The Taos TCS3414FN module contains 
photodiodes sensitive to red, green, blue, 
and clear (no filtering). Four 16-bit 
analog-to-digital converters, one for each 
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channel, provide a digital output accessi- 
ble over an 12C bus. This module can be 
used to determine the color of ambient 
light with some accuracy. 


Color to Analog 
‘The Taos TCS3200 also uses red, green, 
blue, and clear photodiodes but encodes 
the output from each as a square wave in 
Which the frequency corresponds with 
the light intensity. The surface-mount 
chip is available on a breakout board from. 
Robot Shop, shown in Figure 21-5, 


Figure 21-5 This breakout board from Robot Shop uses 
the Taas TCS2200 chip to analyze the colar of incident 
light 


Values 


Abbreviations found in datasheets are included 
in the list below, with values in parentheses for 
an Osram SFH229FA infrared photodiode, 
which resembles a 3mm through-hole LED. It 
has a peak sensitivity of 880nm and appears 
black to the human eye, being opaque to wave- 
lengths of light shorter than 700nm, the red 
end of the visible spectrum. 


In Figure 21-6 the SFH229FA is shown beside 
the SFH229, which has the same peak sensitiv- 
ity of 880nm but is encapsulated in an untinted 
module, allowing a sensitivity that tapers grad- 
ually to below 400nm, in the green part of the 
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visible spectrum. With the exception of their 
spectral range, the two photodiodes have iden- 
tical specifications. 


Figure 21-6 Osram infrared photodiodes SFH229 (left) 


‘and SFH229FA (right). The background grid i in mile: 
tors. 


+ Typical forward voltage: V- (1.3V) 
+ Typical photocurrent: Ip (204) 


+ Maximum power 
(150mW) 

+ The half angle is measured from the 
axis of the photodiode to the angle at 
which the sensitivity has dropped by 
50% (plus or minus 17 degrees) 


+ Dark current: ly (50pA) 


dissipation: | Pror 


+ Wavelength of maximum sensitivity: hs 
‘wax (880nm) 


+ Response speed is the rise and fall time 
of photocurrent: t, and t;(10ns) 


Infrared photodiodes exist with a variety of 
peak wavelengths. They are designed to func- 
tion in conjunction with an LED that has a 
‘matching wavelength. 


ag 
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The angle of sensitivity depends on the geome- 
try of the package. 


Rise and fall speeds are important for high- 
speed measurement, signaling, or data transfer. 
The rise and fall time of a typical photodiode 
can be 1,000 times faster than that of a photo- 
transistor, See "Values" in Chapter 22 for a com- 
parison. Note also that the dark current of a 
photodiode is much lower than that for a pho- 
totransistor. 


How to Use It 


In photoconductive mode, the photodiode can 
be connected in series with a suitable resistor 
so that a voltage divider is formed, as shown in 
Figure 21-2. The voltage at the output will then 
vary almost linearly with the intensity of the 
light. 


In the photoconductive mode of operation, the 
output signal is generally measured in millivolts 
and microamperes. This signal needs to be 
amplified, usually with an op-amp (described 
in Volume 2) 


Figute 21-7 shows simplified schematics for a 
standard voltage amplifier, in section 1, and a 
transimpedance amplifier, in section 2. 


A transimpedance amplifier measures the cur- 
rent through the photodiode and converts it 
into a voltage, without the need for a voltage 
divider. Advantages include less noise, and no 
need to determine the value of a voltage- 
divider resistor. 


The output voltage of this amplifier is calcula- 
ted by using this simple formula: 


VER* Ip 


R is the value of the feedback resistor, which 
determines the gain of the amplifier. 


He 


Voltage amplifier EM 


le 
é 


Output 


Transimpedance amplifier Ed 


‘Output 


gl 


Figure 21-7 ‘Simplified op-amp circuits for use with pho 
todiodes. 
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What Can Go Wrong 


Photodiodes can be hard to distinguish from 
phototransistors and LEDs, in particular infrared 
ones. They are typically not marked with type 
numbers. Using a meter may not be helpful, as 
regular LEDs behave similarly to photodiodes. 


Decision procedure: 


1. Does the component conduct in either 
direction while shielded from light? if 
50, itis a diode and not a phototransis- 
tor or photodiode, 


radi 


2. Pass a weak current (eg, 4mA) in the 
forward direction. If it emits visible or 
infrared light, it's an LED. (Infrared light 
may be visible when using a digital 
camera, or can be detected with a 
known phototransistor or photodiode) 
If the package is clear but cloudy so 
that the die cannot be seen, itis proba- 
bly a white LED in which the cloudiness 
is the fluorescent pigment converting 
blue light into white. 
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phototransistor 


OTHER RELATED COMPONENTS 


+ photodiode (see Chapter 2!) 
+ photoresistor (see Chapter 20) 
+ passive infrarad sensor (ee Chapter 4) 


+ transistor (see Volume 1) 


What It Does 


A phototransistor is a transistor controlled by 
exposure to light. (Transistors are described in 
Volume 1) It can be either a bipolar transistor 
or field-effect transistor (FET), and its body is 
often superficially similar in appearance to a 
3mm or Smm photodiode or LED indicator 
encased in resin or plastic. (LED indicators are 
described in Volume 2.) However, some photo- 
transistors are encased in a metal shell with a 
window in it. 


The window or the plastic body is either trans- 
parent to visible light, or may appear black if 
the component is intended for use only with 
infrared while blocking visible wavelengths. A 
selection of phototransistors is shown in 
Figute 22-1 (left: Optek/TT Electronics OPSO6A 
with a broad spectral response centered 
around 850nm; center: Vishay TEKTS400S with 
aside-view lens; right: Vishay BPW17N). 


Typically a phototransistor has two leads that 
connect internally with its collector and emitter 
(or source and drain, in the case of an FET). The 
base of the transistor (or the gate of an FET) 
responds to light and controls the flow of cur- 
rent between the leads. 


# 


Figure 22-1 A variety of phototransistors. The back- 
‘ground grid is in milimeters. Sea text for details 


In the absence of light, a bipolar phototransis- 
tor permits leakage between collector and 
emitter of 100nA or less. When exposed to 
light, it conducts up to 5OmA. This alone differ- 
entiates it from a photodiode, which cannot 
pass much current. 


Schematic Symbols 

Symbols for a phototransistor are shown in 
Figure 22-2. They are functionally identical, 
with the exception of type C, where an addi- 
tional connection to the base is included. Often 
(but not always), wavy arrows indicate infrared 
light. 


wi 


# 


@ 
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Figure 22-2. Schematic symbols fora phototransistor. 


Applications 
‘A phototransistor may be used for light meas- 
Urement or as a light-sensitive switch, 


Often the output from a phototransistor is used 
in conjunction with a microcontroller containing 
an analog-to-digital converter. 


Where a clean on-or-off signal is required, a 
phototransistor can drive the input of a logic 
chip that contains a Schmitt trigger, or it can be 
processed by a comparator 


‘An optocoupler or solid-state relay (described 
in Volume 1) usually contains a phototransistor 
that is activated by an internal LED, Its purpose 
is to switch current while electrically isolating 
‘one section ofa circuit from another. 


How It Works 


Like a photodiode, the _phototransistor 
responds to light when the light generates 
electron-hole pairs in the semiconductor mate- 
rial. For a bipolar NPN phototransistor (the most 
‘common variant), the important region for pair 
generation is the reverse-biased collector-base 
interface. Photocurrent generated here acts as 
current injected into the base of an ordinary 
transistor, and permits a larger current to pass 
from the collector to the emitter. 


The behavior of a phototransistor can be visual- 
ized as being similar to a photodiode control- 
ling an ordinary bipolar transistor, as shown in 
Figure 22-3. 


Figure 22-3 A phototransistor is functionally similar toa 
photodiode controling an ordinary transistor. 


Variants 


While surface-mount variants are very widely 
available, through-hole packaging also remains 
‘common. When encapsulated like an LED indi: 
cator, a phototransistor gathers light from a rel- 
atively narrow angle. Variants with a flat surface 
are sensitive to light from almost any direction 
in front of the component. 


Optional Base Connection 

The base of a phototransistor is usually not 
accessible. However, some variants provide a 
base connection (or gate connection, in an FET) 
in addition to the collector and emitter (or the 
source and drain, in an FET). This third connec- 
tion allows the application of a bias current, 
which can prevent low light levels from trigger- 
ing the transistor. 


Photodarlington 

A photodarlington is a pair of bipolar transis- 
tors, the first being sensitive to light while the 
second acts as an amplifier for the first. This 
configuration is very similar to that of a Darling 
ton transistor (described in Volume 1). The two- 
stage design makes it more sensitive to light 
than a regular phototransistor, but makes the 
response slower and less linear. 


PhotoFET 

A field-effect phototransistor is sometimes 
identified as a photoFET. They are relatively 
uncommon as separate components, but are 
used in optocouplers, because they have some 
interesting properties: 
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+ Provided the applied voltage is low 
enough (less than 0.1V) the photoFET 
works as a controllable resistance—in 
contrast to bipolar transistors, where 
the current is controlled, and is rela- 
tively independent of the applied volt- 
age. 

+ The FET transistor is symmetrical, func- 
tioning similarly for signals of either 
polarity. This makes an FET optocou- 
pler suitable for AC signals. 


Values 


Abbreviations found in datasheets are included 
in the list below, with values in parentheses for 
an Osram SFH300FA infrared photodiode, 
which resembles a 5mm through-hole LED. It 
has a peak sensitivity of 880nm and appears 
black to the human eye, being opaque to wave- 
lengths of light shorter than 700nm, the red 
end of the visible spectrum. 


In Figure 22-4 the SFH300FA is shown beside 
the SFH300, which has the same peak sensitiv- 
ity of 880nm but is encapsulated in an untinted 
module, allowing a sensitivity that tapers grad- 
ually to 450nm, in the green part of the visible 
spectrum. With the exception of their spectral 
range, the two phototransistors have identical 
specifications. 


Figure 22-4 Osram infrared phototransistors SFH300 
(left) and SFH300FA (right). The background grid isin 
-ailimeters. 


+ Maximum 
Vce (35V) 


+ Maximum collector current: Ic (50mA) 


collector-emitter voltage: 


+ Maximum power 
(200mW) 


+ The half angle is measured from the 
axis of the photodiode to the angle at 
Which sensitivity has dropped by 50% 
(plus or minus 25 degrees) 


dissipation: Pror 


The angle of sensitivity depends on the geome- 
try of the package. For phototransistors that 
resemble an LED indicator, with a rounded end 
that acts as a lens, typical values are plus-or- 
minus 20 degrees. 


+ Dark current (when the phototransistor 
receives no incident light): Icgo (INA) 


+ Wavelength of maximum sensitivity: hs 
‘max (880nm) 


Infrared phototransistors exist with a variety of 
peak wavelengths. They are designed to func- 
tion in conjunction with an LED that has a 
matching wavelength. 


+ Response speed is the rise and fall time 
of photocurrent: t, and t, (10 is) 


Behavior Compared to Other Light 
Sensors 

‘An extended list of comparisons between a 
photoresistor and a phototransistor will be 
found in the entry on photoresistors. See 
“Comparisons with a Phototransistor’. 


A photodiode has a close-to-linear electrical 
response over a much wider range of intensi- 
ties of light than a phototransistor. Conse- 
quently, photodiodes tend to be the 
component of choice in applications where 
measurement of light must be wide-ranging 
and precise. 


Photodiodes can pass less current than a pho- 
totransistor, but also tend to draw less current, 
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making them appropriate in battery-powered 
devices that must draw as little current as possi- 
ble. 


Rise and fall speeds are important for high- 
speed measurement, signaling, or data transfer. 
The rise and fall time of a typical phototransis- 
tor can be 1,000 times slower than that of a 
photodiode. See "Values" in Chapter 21 for a 
‘comparison. Note also that the dark current of a 
phototransistor is much higher than that for a 
photodiode 


The ability of a phototransistor to sink 20mA to 
SOMA at its output is useful where it will be 
connected to a component that has relatively 
low impedance. For instance, a phototransistor 
can drive a piezoelectric audio transducer 
directly, or an LED indicator. 


Unlike a photodiode, a phototransistor is a 
solid-state switch. Its saturation voltage (listed 
in datasheets as Vseisan) as described above) is 
the voltage drop between collector and emit- 
ter, and seldom exceeds 0.5V, 


Binning 

Small variations that occur during the fabrica- 
tion process can cause inconsistency in the per- 
formance of phototransistors that share the 
same part number. To provide a more consis- 
tent response, manufacturers use binning, 
meaning that units sharing the same bin num- 
ber are likely to share a tighter tolerance. (The 
same concept is used to minimize variations in 
LED area lighting, described in Volume 1.) 


Datasheets will provide information on the 
availability and meaning of bin numbers, if 
available. 


Bins with higher photocurrents typically have 
longer response times. 


How to Use It 


Most phototransistors are bipolar devices with 
an open collector output. That is, the collector of 
the transistor is accessible from one of the two 


leads, making it *open” to being used. See 
Figure A-4 for general instructions on using an 
open-collector output. A summary relating to 
phototransistors is included here. 


The schematic in Figure 22-5 shows the basic 
concept. The resistor is referred to as a pullup 
resistor. When the phototransistor is receiving 
very little light, its effective resistance is high. 
Consequently almost all the current flowing 
through the pullup resistor will go to any 
device attached to the output, and the output 
voltage will seem to be “high” 


ouipu 
g 
No it, Brigg, 
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Figure 22-5 How an apen-collector output works 


if the phototransistor is exposed to a significant 
light source, the effective resistance between 
the collector and emitter drops dramatically, 
and the phototransistor will sink current to 
ground. Consequently, the output will seem to 
be “low!” 

The pullup resistor is necessary between the 
power source and the collector pin to protect 
the phototransistor from sinking excessive cur- 
rent when it is exposed to light. The ideal value 
of the resistor will depend partly on the impe- 
dance of any device attached to the output. 


In this scenario, exposure to light causes low 
output whereas darkness causes high output: 
What if we wish to have it the other way 
around? 
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The protective resistor can be moved to the 
emitter pin, where it becomes a pulldown resis- 
tor. It wil still protect the phototransistor from 
passing excessive current, so long as the output 
is connected to a high impedance. The output 
is taken from the emitter pin, and will transition 
from low to high when the component is 


exposed to light. This is illustrated in 
Figure 22-6. 
3 & 
ourpa] 
No light. rit gt, 
low output. high outout. 


Figure 22-6 Moving the resistor and taking an output 
from the emitter pin inverts the behavior ofa photatran- 
sistar Any device attached to the output must have a ela 
tively high impedance to protect the phototransistor from 
excessive current. 


Output Calculation 

Using an open-collector output, the photocur- 
rent is almost independent of the applied volt- 
age Vce, provided that the voltage is higher 
than the saturation voltage Vcgisery, which is 
typically between 0.4V and 0.SV. 


If the pullup resistor has value R, the voltage 
across itis 
usR*h 


where Ip is the photocurrent passed by the pho- 
totransistor. 


When choosing R, one should consider the 
range of currents expected in the light condi- 


Vrong 


tions that will be measured, and the voltage 
range suitable for the next stage of the circuit. 
10K is a reasonable starting point (e.g, when 
measuring light intensity with a microcontrol- 
ler’s analog input). The resistor value can be 
reduced from there, if necessary. 


The value of the pullup resistor must also be 
chosen to restrict current within the limits 
specified by the phototransistor datasheet. A 
value for the resistor guaranteed to be safe is 
Rev / Tone 
where V is the supply voltage and Iyjx is the 
maximum allowed current, With this value, the 
resistor limits the current to the highest 
allowed value, even if the phototransistor is 
brightly illuminated and assumed to conduct 
perfectly. 
When V = SV and Iya 
least 330 ohms. 


15mA, R should be at 


What Can Go Wrong 


Visual Classification Errors 

Phototransistors can be visually similar to LEDs 
and photodiodes. They are easily confused, as 
neither type of component is usually marked 
with any identification number. The entry for 
photodiodes describes a system for distin- 
Quishing the three types of components. See 
“What Can Go Wrong’ in Chapter 21. 


Output Out of Range 
The output voltage from a phototransistor will 
depend on the intensity of incident light, the 
value of any pullup resistor that is used, and the 
supply voltage. While a circuit is being devel- 
oped, the light range may seem predictable, 
but in actual use the output range may not fall 
within expectations, 


Chapter 22: phototransistor 145 


radiation > heat > ntc thermistor 


NTC thermistor 


PTC thermistors, in which the resistance increases as the temperature increases, have 
a separate entry. See Chapter 24 

A resistance temperature detector or RTD has a resistance that increases as its tempera~ 
ture increases, but itis not usually classified as a thermistor, because its sensing ele- 
ment is fabricated differently Its entry will be found at Chapter 26, 


Semiconductor temperature sensors and thermocouples each have their own 
entries 


Infrared temperature sensors and passive infrared motion sensors have thelr own 


# a | 
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entries, They are noncontact temperature sensors that respond to infrared radiation. 


OTHER RELATED COMPONENTS 
+ PTC thermistor (see Chapter 24) 
+ infrared temperature sensor (see Chapter 28) 
+ passive infrared motion sensor (see Chapter 4) 
+ semiconductor temperature sensor (see Chapter 27) 


+ thermocouple (see Chapter 25) 


+ RTD (resistance temperature detector) (see Chapter 26) 


What It Does 


‘An NTC thermistor is the most common type of 
discrete-component temperature sensor, and is 
Usually the most affordable. Its resistance 
diminishes as its temperature increases. This 
behavior is referred to as a negative temperature 
coefficient, which is the source of the acronym 
NTC. 


This is a simple, passive component that is not 
polarized. It requires no separate power supply, 
but an external device must pass a small AC or 
DC current through it to determine its resist- 
ance. This is known as an excitation current. 


Schematic Symbols 

Schematic symbols for a thermistor are shown 
in Figure 23-1. Those in the top row may still be 
found in the United States, but are being 
replaced by the European variants in the sec- 
ond row. The addition of -t® to the symbol indi- 
cates an NTC type of thermistor, while +t° 
indicates that it is the PTC type, with a positive 
coefficient (see Chapter 24). If no indication is 
shown, the thermistor is likely to be the NTC 
type. 


7 


Figure 231 Schematic symbols representing a thermis 
tor. Letter t preceded by a plus or minus sign indicates 
whether the thermistor is the PTC or NTC type. respec 
tively 


Applications 
Thermistors monitor temperature in air 
conditioning systems, clothes washers, refriger- 
ators, pool and spa controls, dishwashers, 
toasters, and other domestic devices. They are 
used in laser printers, 3D printers, industrial 
process controls, and medical equipment. 

‘As many as 20 thermistors may be found in a 
modern automobile, measuring temperature in 
locations ranging from the transmission to the 
ambient air in the passenger compartment. 


Comparison of Temperature Sen- 
sors 


In this Encyclopedia, contact temperature sensors, 
‘which measure temperature by making contact 


‘with the source, are divided into five main cate- 
goties, each of which has a separate entry. For 
convenience, these categories ae listed in a com 
parative summary at the end of this entry. See 
"addendum: Comparison of Temperature Sen- 


How an NTC Thermistor 
Works 


Although the term thermistor suggests that itis 
a thermally sensitive resistor, in fact an NTC 
thermistor is a semiconductor. 


Some metal oxides, such as ferric oxide or 
nickel oxide, become n-type semiconductors 
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when they are treated with dopants, The exact 
mix is a proprietary secret of each manufac- 
turer. Raising the temperature of this kind of 
material increases the number of charge carri 
ers in it, promoting electron mobility and thus 
lowering its effective resistance. 


To create a thermistor, the metal oxide mix is 
heated until it melts and turns into a ceramic. 
Typically a thin sheet is cut into small pieces for 
individual sensors. After two leads are connec- 
ted, the assembly is dipped into epoxy or 
encapsulated in glass, The most common pack- 
ages consist of a glass bead, surface-mount 
chip, or ceramic disc. 


Figure 23-2 shows three NTC thermistors. At left 
is a Murata NXFTISXH103FA2B100. approxi- 
mately Imm in diameter, with a reference 
resistance of 10K and a tolerance of plus-or- 
minus 19%. At center is a Vishay NTCA- 
LUGO3A103GC rated 10K at 2%, fitted with a 
mini-lug. At right is a TDK B57164K153K rated 
15K and 3%. 


Figure 23-2 Sample NTC thermistors. See text for 
tails. The background grid i a millimeters. 
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Output Conversion for Tempera- 
ture Sensing 

Ideally, the electrical behavior of a temperature 
sensor should be a linear function of tempera- 
ture. Thermistors fail in this respect, as their 
resistance is an approximately inverse expo- 
nential function. This is illustrated in 
Figute 23-3, where the measured resistance of a 
thermistor rated for 5K at 25 degrees is plotted 
against temperatures from 0 degrees to 120 
degrees Celsius, 


+ In many datasheets, graphs of this kind 
may appear flatter because they are 
customarily plotted against a vertical 
logarithmic scale. 


15K 


Measured resistanee of an NTC thermistor 
rated for 5K at 25 degrees Celsius 


2 40 60 80 100 120 
‘Temperature (degrees Celsius) 


Figure 23-3. Resistance of a thermistor fram 0 ta 120 
dogrees Celsius. 


To monitor the resistance of a thermistor, it can 
be placed in a simple voltage divider as shown 
in Figure 23-4, where the fluctuating resistance 
of the component creates a fluctuating voltage 
atpoint A. 


+ The voltage can be used as an input to 
a microcontroller that contains an 
analog-to-digital converter. Alterna- 
tively it can be connected directly to a 
solid-state relay, or amplified with an 
op-amp, or can be passed through a 


How an NTC Thermistar Works 
comparator to create an adjustable 
switching threshold. 


Although this circuit is a voltage divider, it is 
also known as a half bridge, as it is half of a 
Wheatstone bridge. 


Veo 


Figure 23-4 A half-bridge circuit for determining the 
tesistance of a thermistor. 


If Vcc is the supply voltage, Vr is the measured 
voltage at point A, Rr is the resistance of the 
thermistor, and Rx is the constant value of the 
series resistor, the basic formula for a voltage 
divider looks like this: 


Vr = Vee * (Rr / (Rr + Bq) ) 
By transposing terms, a formula can be derived 


to obtain a value for Rr from the measured volt- 
age and the value of Ry: 


Ree CR * VE) J (Mec - Vr) 


Choosing a Series Resistor 

The value for Rx in the formula should be 
chosen to provide a reasonably wide response 
over the range of temperatures for which the 
thermistor is likely to be used. To calculate Rx, 
another formula must be applied. if Ryyy is the 
resistance of the thermistor at the lowest likely 
temperature, and Rix is its resistance at the 
highest likely temperature: 
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(This is the same formula as suggested in 
Figute 20-5 to find the value of a series resistor 
for use with a photoresistor) 


Wheatstone Bridge Circuit 

The half-bridge circuit has the disadvantage 
that it does not compensate for nonlinearity of 
a thermistor. Voltage values will change rapidly 
at the low end of the temperature range, but 
will change more slowly at the high end, requir- 
ing an analog-to-digital converter with a high 
degree of accuracy to distinguish one voltage 
value from the next. 


A full Wheatstone bridge circuit has a nonlinear 
output that compensates, somewhat, for the 
inverse nonlinearity of the thermistor. Referring 
to the circuit shown in Figure 23-5, the three 
resistors Rx are chosen using the formula 
above. 


> 


‘Comparator 
oropamp 


Figure 23-5 A thermistor may be placed in a full Wheat 
stone bridge circuit. Outputs A and B are often connected 
with the two inputs of an op-amp or comparator. 


A standard formula provides the relationship 
between Rr, the resistance of the thermocou- 
ple; Vcc, the supply voltage; Ry, the fixed resis- 
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adiation stor 
tances; and Vag, the output voltage measured 
between points A and B: 


Vas = (Wee / 2) * (Rr ~ Rx) / (Rr + Re) 
From this formula, a version can be derived to 
calculate Ry by measuring the output voltage, 
Ve: 

Ry = Re ¥ (Wee + (2"Va8)) / (ec - (248) 


+ The polatity of Vas is reversible, 
depending on whether Rr is greater or 
Jess than Ry. To accommodate this, A 
and B can be connected to the two 
inputs of a comparator or op-amp. 


Deriving the Temperature Value 
After the resistance of the thermistor has been 
calculated, it can be converted to a tempera- 
ture value, The datasheet for a thermistor will 
usually provide a table showing temperature 
values tabulated against resistance values, so 
that a lookup table can be created in a micro- 
controller program. 


Alternatively, a datasheet usually includes con- 
stants that can be inserted in a resistance-to- 
temperature conversion equation, but this is 
nontrivial and requires natural logarithms, 
which may not be available in a language 
implemented on a particular microcontroller. 


Inrush Current Limiter 


NTC thermistors with appropriate characteris- 
tics can be used to limit the inrush of current 
that tends to occur when a circuit is switched 
on and large capacitors in the power supply 
charge very quickly. 


‘An inrush current limiters also known as a surge 
limiter, or may be referred to by its acronym, 
ICL. tt is an NTC thermistor whose initial resist- 
ance diminishes rapidly as its temperature 
increases. 


While NTC thermistors are the type most often 
used for inrush limiting, PTC thermistors can 
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serve this purpose if wired differently. See "PTC 
Inrush Current Limiting’. The remainder of this 
discussion refers only to NTC current limiters. 


A suitable NTC thermistor can be placed as 
shown in the simplified schematic in 
Figure 23-6, where a rectified AC source is con- 
ected with a DC-to-DC converter, and a large 
smoothing capacitor is used. Initially the ther- 
mistor has resistance that is sufficient to limit 
current and generate heat. But the rise in tem- 
perature causes the resistance of the thermistor 
to fall. Eventually it reaches a steady state 
where it remains sufficiently warm to maintain 
a low resistance that imposes a negligible load 
onthe circuit. 


Figure 23-6 Placement of an NTC thermistor that is 
designed for inush current limiting 


In thermistors that are used for temperature 
measurement, self-heating is an undesirable 
attribute. By contrast, an inrush current limiter 
depends on self-heating to perform its func- 
tion, 


‘The TDK B57237S509M inrush limiter, shown in 
Figure 23-7, is rated for SA and has an initial 
resistance of 5 ohms at 25 degrees Celsius 
while not passing current. When tested with a 
2,800HF capacitor at 110VAG, its resistance 
drops to a minimum of 0.125 ohms at SA. The 
relationship between current and resistance is 
shown in Figure 23-8, 


Inrush Current Limiter 


Figure 23-7 4 TDK B57237S509M NTC thermistor 
signed as an innush current limiter rated Sohms at 5 
amps. The background gris in millimeters. 
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Figure 23-8 This graph shows the relationship between 
resistance and current ina TDK B572378509M inrush lim- 
iter 


Restart 

Ifa protected device is switched off momentar- 
ily and is then switched on again, the thermis- 
tor cannot provide protection, as it has not had 
time to cool down and regain its resistance. 
However, during the 30 seconds to 2 minutes 
required for heat in the thermistor to dissipate, 
smoothing capacitors are unlikely to lose much 
of their charge. Therefore, if the device is restar- 
ted, an intush of current should not occur. 
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Thermistor Values 


Datasheets for thermistors may be more com- 
plex and cryptic than for many components, 


When examining a datasheet, first check to see 
if the thermistor is described as being suitable 
for temperature measurement or inrush current 
limiting. A component designed for tempera- 
ture measurement will not survive inrush cur- 
rent, while one designed for inrush current 
limiting will have a very low resistance making 
it unsuitable for temperature measurement. 


Time and Temperature 
In most datasheets, lowercase letter tis used for 
values relating to time, whereas an uppercase T 
is used for values relating to temperature. 
Unfortunately, T may also be used as an abbre- 
viation for “thermistor” 


Resistance and Response 
Letter R often means resistance, but may indi- 
cate response time, depending on the context 
in which it is used. For example, Rr is the resist- 
ance ofa thermistor, and ta is a response time. 


Kilohms and Kelvin 

Letter K may be used to represent temperature 
in degrees Kelvin, 0 degrees on the Celsius 
scale being approximately 273 degrees Kelvin. 
However, letter K is also used to represent thou- 
sands of ohms, sometimes in the same data- 
sheet. In both instances, K is capitalized. 


Reference Temperature 
This is the temperature at which many 
attributes of the component are measured, 
such as its temperature coefficient and resist- 
ance, Usually the reference temperature is 25 
degrees Celsius, but in some cases it may be 0 
degrees, and other values are occasionally 
used. The term is abbreviated Tres. 


Reference Resistance 
‘The reference resistance for a thermistor (some- 
times described as its nominal resistance) may 
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be referred to as Rs, and is the resistance at the 
reference temperature. It may be referred to as 
the “R value,” but in thumbnail product descrip- 
tions it can be cited simply as “Resistance” 


In datasheets, R25 or Rps is the resistance at 25 
degrees Celsius. If this is the reference tempera- 
ture, Ra and Ros will be the same. 


Dissipation Constant 

DCis the power dissipation constant, a ratio nor- 
mally expressed as milliwatts per degree Cel- 
sius (written as mW/C). This is a measurement 
of how much thermal power the thermistor can 
transfer to the environment for a 1 degree 
increase in temperature. 


Temperature Coefficient 
TC may be used as an acronym for the tempera- 
ture coefficient, which represents the sensitivity 
of the thermistor. (Sometimes TCR is used 
instead of TC, the letter R denoting resistance, 
The two acronyms both mean the same thing.) 
The value is the percentage change in resist- 
ance for each change in temperature of 1 
degree Celsius. Thus, if the resistance of a ther- 
mistor drops from 800 ohms to 768 ohms when 
the temperature increases from 28 to 29 
degrees Celsius, TC = -4%. For NTC thermistors, 
which have a resistance that decreases when 
temperature increases, the temperature coeffi- 
cient is negative. However, the minus sign may 
be omitted. 


The coefficient may be expressed in parts per 
million (abbreviated ppm) instead of as a per- 
centage. To convert parts per million to a per- 
centage, divide by 10,000. Thus, a figure of 
50,000ppm is equivalent to 5%. 


Thermal Time Constant 

Unfortunately TC is also used to represent the 
thermal time constant. If Tp is the temperature 
difference between the thermistor’s initial tem- 
perature and a new, higher ambient tempera- 
ture in which it finds itself, TCis the time it takes 
for the thermistor to add 63.2% of Tp to its cur- 
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rent temperature. TC is expressed in seconds, 
and is defined without power being applied to 
the thermistor. A low thermal time constant is 
characteristic of a physically small thermistor 
that acquires heat rapidly. (TC is very similar to 
the concept of a time constant for a capacitor 
acquiring charge. See the entry on capacitors 
in Volume 1.) 


Tolerance 

The tolerance of a thermistor is a measure of its 
accuracy, usually at 25 degrees Celsius, unless a 
range of temperatures is stated. A thermistor 
rated for 5K, with a tolerance of plus-or-minus 
1% at 25 degrees, may be found to have an 
actual resistance ranging from 4,950 to 5,050 
‘ohms at that temperature. Some thermistors 
have a tolerance of plus-or-minus 20%. A toler- 
ance better than plus-or-minus 19% is relatively 
rare. 


Temperature Range 
The working temperature range of any thermis- 
tor that uses silicon dioxide is usually between 
about -50 and +150 degrees Celsius (slightly 
wider for versions encapsulated in glass, and 
slightly narrower if accuracy is important) 


Switching Current 
For a thermistor with a nonlinear response, the 
switching current is the approximate current 
that forces a sharp transition in resistance. It is 
represented by Is. 


Power Limitations 

Operating current is the maximum current rec- 
ommended to avoid self-heating. The power 
rating is the maximum allowed power (usually 
100mW to 200mW).. 


Interchangeability 
To measure temperature reliably, two thermis- 
tots of the same type, from the same manufac- 
turer, should display the same characteristics. 
This is known as interchangeability. A value of 
plus-or-minus 0.2 degrees Celsius is common 


What Can Ga Wrong 
for a modern thermistor, but is not often men- 
tioned in a datasheet. 


What Can Go Wrong 


Self-Heating 

Self-heating can affect the accuracy of an NTC 
thermistor that is used for temperature meas- 
urement. To get accurate temperature readings, 
keep the current as small as possible. When the 
resistance of a thermistor is at the high end of 
its range, brief pulses of current can be used. 


Heat Dissipation 
Where a thermistor is used for inrush current 
limiting, it will create some heat during the 
whole time that a device is switched on. If 
insufficient air space is allowed between the 
thermistor and other components, they may be 
affected. 


Lack of Heat 

‘An NIC thermistor will sometimes fail as an 
inrush current limiter. In very cold climates, it 
may never become warm enough for its resist- 
ance to drop to an acceptable level. Conversely, 
in a very hot location (such as close proximity 
to a hot-water pump) it may not get cool 
enough to provide adequate initial protection. 


Addendum: Comparison of 


Temperature Sensors 


A chart illustrating the five main types of con- 
tact sensors, and their variants, is shown in 
Figure 23-9. 
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Figure 23-9 Five types of contact temperature sensors 
(green boxes) and the variants (red), 


NTC Thermistor 

The electrical resistance of an NTC thermistor 
diminishes as its temperature increases, Thus, it 
has a negative temperature coefficient, which is 
the source of the acronym NTC. 


‘An NTC thermistor is traditionally used where 
low cost and simplicity are desirable and a rela- 
tively limited temperature range is acceptable 
(often -50 to +150 degrees Celsius). It has the 
advantage of familiarity, having existed in its 
present form for many decades. It remains the 
lowest-cost option among the various types of 
temperature sensors, and can be connected 
directly with an external device such as a solid- 
state relay, in which case no microcontroller is 
necessary. 


PTC Thermistor 

The sensing element for a positive-coefficient 
thermistor is a polycrystalline compound that 
increases in resistance very rapidly above a 
threshold temperature. This makes it suitable 
for blocking a high current to prevent circuit 
overload, 
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A silicon temperature sensor, sometimes called a 
silistor, can be considered as a PTC thermistor, 
in that it is a resistive component with a posi- 
tive temperature coefficient. Its sensing ele- 
ment is etched into silicon, 


PTC thermistors are passive, nonpolarized com- 
ponents with two leads or solder pads. For 
more information about them, see Chapter 24. 


Thermocouple 
This sensor consists of two wires made from dif- 
ferent metals, joined at one end. The differing 
thermoelectric properties of the wires creates a 
very small voltage between their free ends, 
Thermocouples have the widest range of any 
contact sensor. They are simple, robust, and 
free from self-heating effects, as they consume 
no power. Their response is rapid, but very non- 
linear, and their sensitivity is limited. They are 
Used in industry and in laboratories, often plug- 
ged into a panel meter that combines a digital 
temperature display with hardware to decode 
the signal from the type of thermocouple being 
used, 


For more information about thermocuples, see 
Chapter 25. 


Resistance Temperature Detector 
Often known by its acronym RTD, and some- 
times referred to as a Resistive Temperature 
Device, it commonly uses a sensing element 
fabricated from pure platinum, nickel, or cop- 
per. The element may consist of wire wound 
around a core, of a very thin film deposited on 
an insulating substrate. 


‘An RTD has a positive temperature coefficient, 
as its resistance incteases while its temperature 
increases. It is very accurate and stable, provid- 
ing an almost linear output, especially near the 
center of its range. However, its sensitivity is 
often one-tenth of that of an NTC thermistor. 


Like a thermistor or a thermocouple, an RTD is a 
passive device, able to operate at a wide range 
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of voltages and requiring no power supply. It is 
nonpolarized, with two leads or solder pads. 


For more information about resistance temper- 
ature detectors, see Chapter 26. 


Semiconductor Temperature Sen- 
sor 

This is a chip-based sensor that requires no 
additional components to linearize its output, 
as linearization is performed in the chip. 


The temperature range is similar to that of an 
NTC thermistor, but the output is a variable 
voltage with a positive temperature coefficient 
of about 20mV per degree Celsius, supplied by 
a built-in op-amp. Response time is 4 to 60 sec- 
onds. 


This type of sensor requires a power supply, 
typically of SVDC or less. It does not have to be 
aalibrated before use, as it is trimmed during 
the production process to achieve accuracy 
that can be better than that of a thermistor. 
Manufacturers may claim plus-or-minus 0.15 
degrees over the whole temperature range, 
which is usually -50 degrees Celsius to +150 
degrees, but may be less for variants in which 
accuracy is more important. 


Addendum: C 


The linear analog output is very convenient for 
Use with a microntroller that has an analog-to- 
digital converter, and the relatively low cost 
makes this type of sensor increasingly competi- 
tive with thermistors. 


‘An analog-to-digital converter may be included 
on the sensor chip, in which case it is often 
described as a digital temperature sensor o digi 
tal thermometer, with an output in degrees Cel- 
sius (or, sometimes, Fahrenheit) accessible via 
12C or SPI bus. For additional details about pro- 
tocols such as I2C and SPI, see Appendix A. 


A digital thermostat or thermostatic switch is a 
semiconductor temperature sensor with a 
binary output that transitions from logic-high 
to logic-low (or vice-versa) if the temperature 
goes above a maximum or below a minimum 
level. The level can be programmed into the 
chip. 


Semiconductor temperature sensors are identi- 
fied with a variety of other names. For more 
information, see Chapter 27. 
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PTC thermistor 


Asilstor, or silicon-based thermistor, is included in this entry as a form of PTC thermis- 
tor. 


A resettable fuse is not quite the same as a PTC thermistor. For more information, see 
the entry on fuses in Volume 1 


NTC thermistors, in which the resistance decteases as the temperature increases, 
have a separate entry, See Chapter 23. 


A resistance temperature detector ot RTD has a resistance that increases as its tempera- 
ture increases, but itis not usually classified as a thermistor, because its sensing ele- 
ment is fabricated differently ts entry will be found at Chapter 26, 


Infrared temperature sensors, semiconductor temperature sensors, and thermo- 
couples each have their own entries. 


OTHER RELATED COMPONENTS 
+ Infrared temperature sensor (see Chapter 28) 
+ semiconductor temperature sensor (see Chapter 27) 
+ thermocouple (see Chapter 25) 
+ NTC thermistor (see Chapter 23) 


+ RTD (resistance temperature detector) (see Chapter 26) 


What It Does Schematic Symbols 


‘The schematic symbol for a PTC thermistor is 
The electrical resistance of a PTC thermistor yery similar to the symbol for an NTC thermis- 


increases as its temperature increases. Variants tor, See Figuie 23-1. 
can measure temperature or can protect cit 
cuits by detecting excessive heat or current. 


Because a PTC thermistor is a resistive sensor, it [JP 
has no polarity. Current may flow through it in 


Comparison of Temperature Sen- 


either direction, or AC may be used. In this Encyclopedia, contact temperature sensors 
are divided into five main categories, each of 
‘which has a separate entry. For convenience, 3 
comparative summary is included in the entry for 
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PTC Overview 


NTC thermistors, See "Addendum: Comparison af 
Temperature Sensors’ Also see Figure 23-9. 
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Silistor for Temperature 
Measurement 


PTC Overview 


PTC thermistors can be subdivided into two 
groups: 


= Linear, with a chip-sized silicon-based sensing 
element. They are sometimes referred to as sil- 
stors. The component has a very linear response 
and is used for temperature measurement. It 
may be connected directly to a microcontroller. 


= Nonlinear, mostly using a sensing element 
containing barium titanate in a polycrystalline 
compound that increases in resistance very 
sharply above a threshold temperature. This 
type of sensor may be described as a switching 
thermistor, because its nonlinear output can 
activate a switching device. 


The sensing elements in positive-coefficient 
thermistors are different in principle from the 
element in an NTC thermistor. 


Nonlinear thermistors are used in two different 
ways: 


Externally heated 
The thermistor responds to ambient heat 
or to the temperature of a device to 
which itis attached. It can be used to pro- 
tect a circuit or a motor from overheating, 
Current through the thermistor is mini 
mized to avoid self-heating. 


Internally heated 
The thermistor responds to its own tem- 
perature caused by current passing 
through it. It can activate a warning signal 
or shut down equipment in the event of a 
short circuit. It can also control current for 
starting a motor or a fluorescent tube, 
and is sometimes used as a source to cre- 
ate localized heat. 


A silicon-based PTC thermistor, sometimes 
known as a silistor, provides a highly desirable, 
almost linear relationship between tempera- 
ture and resistance. A popular example is the 
KTY81 series from NXP, a sample of which is 
shown in Figure 24-1, 


Figure 24-1. A KTY8I thermistor from NXP. The back: 
‘ground grids in millimeters. Note the amputated center 
lead, 


The response of this thermistor is shown in 
Figure 24-2. 


8 oq Resistance ofa KTY81 series 
7% Protnenmistor 


“30 ° 50 100380 
Temperature (degrees Celsius) 


Figure 24-2 Resistance ofthe KTY8I thermistor in 
tesponse to temperature. 
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Note that this graph is plotted with a linear ver- 
tical scale, unlike the performance curves for 
many thermistors that are plotted with a log 
scale. The log scale tends to make a response 
curve look flatter. 


The sensor is a silicon chip designed on the 
"spreading resistance principle’ in which cur- 
rent fans out from a metal contact through a 
thin layer of silicon to a metallized bottom 
plane. This effect progresses less actively as the 
temperature increases. Although the result is 
partly dependent on polarity, a second metal 
contact is biased in the opposite direction, and 
when the two active regions of the chip are 
wired in series, the result is a component that 
has no polarity. 


+ The almost-linear output of this type of 
sensor makes it easy to use with a 
microcontroller that has a built in 
analog-to-digital converter. 


Tolerance ranges from plus-ot-minus 1% to 5%, 
depending on the temperature, Variants have a 
typical reference resistance of 1K or 2K. The 
temperature coefficient is commonly about 1%, 
which is considerably lower than that of a typi- 
cal NIC thermistor, where 4% is common. 


+ Guidance on reading thermistor data- 
sheets will be found in the entry 
describing NTC thermistors. See “Ther- 
‘mistor Values’. 


For correct operation, a typical silistor requires 
a current ranging from around 0.1mA to ImA, 


+ The lower sensitivity and slightly 
higher price of a PTC temperature- 
measurement thermistor, compared 
with an NTC thermistor, may explain 
why the NTC type seems to remain 
more popular, with many more variants 
available, In addition, the NTC type is 
much more tolerant of variations in 
current. 


Nonlinear PTC The 


+ Silistors continue to find some automo- 
tive applications, measuring oil tem- 
perature, transmission temperature, 
and climate control, among other 
parameters. 


Asa simple strategy to determine its resistance, 
a series resistor can be used with a PTC sensor 
to create a voltage divider. The circuit is identi- 
cal to that used for NTC thermistors. See "Out- 
put Conversion for Temperature Sensing’ 


RTDs 

A resistance temperature detector or RTD is 
sometimes classified as a PTC thermistor. How- 
ever, it has a different type of pure-metal sens- 
ing element, much lower sensitivity, and is 
discussed in a separate section of this Encyclo- 
pedia. See Chapter 26. 


Nonlinear PTC Thermistors 


Over-Temperature Protection 

This type of nonlinear thermistor is externally 
heated, but has a switching function, If it is 
incorporated among other components on a 
circuit board, its output can be used to activate 
a warning signal, or can trigger a relay to shut 
down the circuit until the temperature sub- 
sides. This is of special interest for battery 
chargers where excessive heat can often be a 
problem, but is also useful in electronic devices 
generally. 


To avoid the possibility of self-heating, current 
passing through the thermistor must be mini 
mized to a few milliamps. 


‘Some thermistors in the Vishay PTCSL series will 
make a transition at a temperature as low as 70 
degrees Celsius. Others will be triggered by 
temperatures above 100 degrees. A typical 
response curve is shown in Figure 24-3, where 
resistance rises from 100 ohms at 25 degrees to 
around 1K at the transitional reference temper- 
ature of 90 degrees, and reaches at least 4K at 
105 degrees. 
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100K 


Response to temperature 
of a PresL20ro9108e 
Prothermistor 

from TOK 


2 5075100125 
Temperature (degrees Celsius) 


Figure 24-3 The relationship of resistance to heat in an 
‘ver-temperature protection thermistor. 


To respond to this transition, the manufacturer 
recommends a Wheatstone bridge circuit with 
its outputs connected to a comparator, as sug- 
gested for an NTC thermistor in Figure 23-5. The 
‘comparator can then activate a signal or a relay. 


A picture of the PTCSL20TO9IDBE thermistor 
appears in Figure 24-4, 


Figure 24-4 A thermistor in the PTCSL range from TOK. 
Its color coded using a proprietary scheme by the manu 
acturer to indicate a reference temperature of 90 degrees 
Celsius. The background grid isn miliaters. 


This type of thermistor can tolerate a maximum 
of 30V (AC or DC). 
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Over-Current Protection 

This type of nonlinear thermistor is a substitute 
for a fuse, as it responds to internal heat cre- 
ated by current passing through it. ifthe flow of 
current is excessive, the resistance of the ther- 
mistor increases, throttling the flow. When the 
over-curtent problem is resolved, the thermis- 
tor returns to its normal state. Whereas a fuse 
must be placed in a location allowing replace- 
ment, the thermistor is unharmed by its transi 

tion and does not have to be replaced. 


Over-current may occur as a result of failure of 
other components, such as a rectifier diode or a 
capacitor, or can occur in situations such as a 
DC motor locking up. 


The B598 series from TDK can tolerate voltages 
cover 240V, AC or DC. They typically respond 
when currents exceed 100mA to 1, depending 
on the specific component (a few fall outside 
that range), and many can withstand 1 to 7A, 
The B59810C0130A070 pictured in Figure 24-5 
is switched by 980mA, can tolerate as much as 
7A, and has a reference resistance of 3.5 ohms, 
rising above 10K when excessive current causes 
sufficient heat. 


Figure 24-5 A large aver-current protection PTC ther- 
‘mistor. The background grid isin milimeters. 
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‘An over-current thermistor of this type remains 
wired into the power supply for a device on a 
permanent basis. Its reference resistance will 
generate some heat, which is why this type of 
component is usually restricted to applications 
where the triggering current is below 14. 


‘The Murata PTGLO7BD220N385180 pictured in 
Figure 24-6 provides over-current protection 
with a reference resistance of 22 ohms, has a 
trip current of 200mA, and tolerates a maxi- 
mum of 1.54. 


Figure 24-6 An over-current protection PTC thermistor 
with a trip current of 200mA. The background grid is in 
‘millmeters. 


PTC Inrush Current Limiting 

This nonlinear thermistor responds to internal 
heat caused by an inrush of current when 
power to a device is switched on. The inrush 
‘occurs when current flows rapidly into smooth- 
ing capacitors, charging them very rapidly. This, 
‘can overload a power supply and shorten its life 
expectancy. 

NTC thermistors are traditionally used as inrush 
limiters. The initially high resistance of this type 
of component blocks the surge in current, but 
as heating occurs, the resistance of the NTC 
thermistor drops rapidly. It remains in the cir 
uit, imposing a relatively small load while the 
device functions normally. For more details of 


Nonlinear PTC Thermistors 


this application, see “inrush Current Limiter” in 
the entry discussing NTC thermistors. 


However, an NTC thermistor used in this way 
will waste some power. Suppose a supply of 
120VAC is being used. If the power consump- 
tion of a device is 1,000W, the current will be 
approximately 8A. An NTC thermistor that has a 
resistance of 0.2 ohms while running warm will 
introduce a voltage drop of approximately 1.6V, 
consuming about 13W. This power loss will be 
greater in applications where the current is 
even higher—for example, in an electric vehicle 
recharging station. 


To eliminate the loss, a timed bypass relay can 
be added around the thermistor. The relay 
closes automatically after a short interval, eli 
nating the power loss. This is known as active 
inrush current limiting. 


However, in this arrangement, an ordinary resis- 
tor could be used instead. But in that case, why 
not use a PTC thermistor that has a reference 
(cold) resistance of 50 ohms or more? This not 
only limits the inrush current, but provides 
additional protection. If a smoothing capacitor 
in the circuit suffers a short circuit, or if the 
bypass relay fails to close, excess current pass- 
ing through the PTC thermistor quickly raises 
its resistance, protecting the rest of the circuit. 


‘The B5910 series of PTC thermistors from TDK is 
designed for inrush current limiting. They are 
packaged in a flame-retardant phenolic resin 
plastic case, as shown in Figure 24-7. The 
B59105J0130A020 has a reference resistance of, 
22 ohms that rises quickly beyond 10K when 
the temperature exceeds 120 degrees Celsius, 
as shown in Figure 24-8. This type of compo- 
nent is robust enough to withstand a complete 
short circuit across a 220-volt supply. 
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Figure 24-7 This invush current-limiting PTC thermistor 
by TDK is packaged ina flame-retardant case. The back 
‘ground grid is in milimeters. 


100K 
Resistance of a PTC 


inrash current imiting thermistor 
in response to temperature 


10 
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Temperature (degrees Celsius) 
Figure 24-8 Relationship of resistance to temperature in 
2 PTC inrush current imiting theronstor. Note thatthe 
vertical axis has a logarithmic scale. 


PTC Thermistor for Starting Current 
In some applications an initial inrush of current 
is actually necessary and desirable. An air con- 
ditioning compressor, for example, requires a 
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surge of high current for “torque assist” when it 
is starting from a rest state. 


High-current PTC thermistors may be used in 
this kind of situation. The Vishay PTC30SC series 
is an example. These are heavy-duty compo- 
nents that have a switching time of about half a 
second, a maximum voltage rating of 410VAC 
or more, and a current rating from 6 to 36 
amps. 


The PTC thermistor has a relatively high tem- 
perature while the motor is running, and must 
be allowed time to cool before a restart is possi- 
ble after shutdown. A waiting time of 3 to 5 
minutes is imposed by a thermostat or separate 
time-delay relay. 


PTC Thermistor for Lighting 
Ballast 

The starting sequence for a fluorescent lamp 
requires that current should flow through the 
cathode heater initially. The thermistor allows 
this by bypassing a capacitor. Within less than a 
second, the resistance of the thermistor rises to 
block current. By this time, the heater has done 
its job and the lamp runs from high-frequency 
AG. 


PTC Thermistor as a Heating 
Element 

For small applications, a heating element can 
be made from a PTC thermistor, using its inter 
nal resistance to create heat. It has the advan- 
tage of being self-limiting, as its resistance rises 
with temperature, The TDK 5906 series is an 
example, shown in Figure 24-9. The component 
is approximately 12mm in diameter, and is 
designed to be clamped in place, not soldered. 
It has automotive applications for diesel fuel 
preheating and spray nozzle defrosting. Resi- 
dential applications include vaporizers for air 
fresheners. 


The initial resistance is as low as 3 or 4 ohms, 
rising very quickly at a transition temperature 
ranging from 70 to 200 degrees Celsius, 
depending on the specific component. 
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Figure 24-9 This TDK B59050A0060A010 heating ele- 
‘ment isa PTC thermistor whose resistance rises rapidly 
around 80 degrees Celsius. Rated for 12VDC, itis 
Intended for automotive applications. The background 
_rid isin milimeters. 


What Can Go Wrong. 


What Can Go Wrong 


Self-Heating 
Self-heating may affect the accuracy of a tem- 
perature sensor. To get accurate readings, keep 
the current small. When the resistance of a ther- 
mistor is at the high end of its range, brief pul- 
ses of current can be used. 


Heating Other Components 
In cases where the self-heating of thermistors 
serves a useful purpose, as in surge protectors 
and when used for delays, the heat can damage 
nearby components or materials. 
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# 


Because a thermopile is an assembly of thermocouples, itis included at the end of this 
entry. Other types of temperature sensors have their own entries. 


OTHER RELATED COMPONENTS 


+ NTC thermistor (see Chapter 23) 
+ PTC thermistor (see Chapter 24) 


+ semiconductor temperature sensor (see Chapter 27) 


+ RTD (resistance temperature detector) (see Chapter 26) 


+ infrared tem; 


ture sensor (see Chapter 28) 


What It Does 


A thermocouple measures temperature by 
Using a pair of wires made from dissimilar met- 
als, At one end of each wire, they are joined 
together, often by welding them, The differing 
thermoelectric characteristics of the wires gen- 
erates a very small voltage between their free 
ends, from which the temperature of the joined 
ends can be derived. 


No power supply is needed for a thermocouple, 
but the voltage that it generates is extremely 
small (measured not just in millivolts, but 
microvolts) and very nonlinear, requiring hard- 
ware and/or software to convert it to a temper- 
ature value. Laboratory equipment or 
integrated circuit chips are available for this 
purpose. 


Different types of thermocouples are available 
to measure different temperature ranges, and 
each type has its own characteristics, requiring 
appropriate conversion. 


‘A “raw” thermocouple looks very unimpressive, 
as it merely consists of two wires welded 
together at one end. This is illustrated in 
Figure 25-1, The full length of the photocouple 
is shown in Figure 25-2. 


Figure 25-1 Closeup of the welded wires ina K-lype ther 
‘mocouple. The background grid isin cnlimeters. 


165 


on Te 


Thermocouple Applications 


Figure 25-2 Overview af the thermocauple in the previ- 
‘us photograph, 


A thermocouple sold as a commercial product 
is likely to be enclosed in a probe, as shown in 
Figure 25-3. 


Figure 25-3. A probe that contains a thermocouple. 


Schematic Symbol 

‘Asschematic symbol that is often used to repre- 
sent a thermocouple is shown in Figure 25-4. 
Because this component does not consume 
current, the plus and minus signs do not mean 
that power should be applied to the wires, The 
positive sign indicates which wire will generate 
a higher voltage than the wire with the nega- 
tive sign. 
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Figure 25-4 A symbol that is often used fora thermo: 
couple 


Comparison of Temperature 
Sensors 


In this Encyclopedia, temperature sensors are divi- 
ded into five main categories, each of which has a 


separate entry, For convenience, a comparative 
‘summary is included in the entry for NTC thermis- 
tors. See "Addendum: Comparison of Tempera- 


ture Sensors" for an 
Figure 23-9 


overview. Also see 


Thermocouple Applications 


Thermocouples have a wider range than any 
other form of contact temperature sensor, 
some types being capable of measuring up to 
1,800 degrees Celsius. The main limitation is the 
ability of the joint between the wires to with- 
stand the heat. Appropriate insulation must be 
used, but segments of ceramic tube are marke- 
ted to serve this purpose if necessary. 


The very small thermal mass of a thermocouple 
enables a rapid response to temperature fluctu- 
ations. No self-heating occurs, because the 
thermocouple consumes no power. It is simple 
and robust. However, its response is very non- 
linear, and the tiny voltages involved are vul- 
nerable to corruption by electrical noise, 
Accuracy is usually not better than plus-or- 
minus 0.5 degrees Celsius, and may be less at 
low temperatures. 


Thermocouples are commonly found in labora- 
tories and in some industrial applications, such 
as monitoring the temperature in a blast fur- 
nace or inside an internal combustion engine, 
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They may also measure temperatures as low as 
-200 degrees, but at temperatures below -100 
degrees the temperature coefficient diminishes 
to the point where voltage increments are less 
than 30,V per degree Celsius. 


How a Thermocouple Works 


When one end of a piece of wire is maintained 
at a temperature thats different from the other 
end, the temperature gradient along the wire 
creates a small electromotive force that mani- 
fests itself as a difference in electrical potential 
between one end of the wire and the other. 
This is known as the Seebeck effect, named after 
the man who discovered it. The magnitude of 
the potential will depend on two factors: the 
temperature difference between the ends of 
the wire, and the type of wire that is used, 


Figute 25-5 illustrates the concept. Part 1 of this 
figure shows two wires, named A and B. The left 
ends of the wires are heated to the same tem- 
perature, Ty, while the right ends remain at a 
cooler temperature, Ty. Because the wires are 
composed of different metals, the voltage drop 
across each wire will be different. 


To make this model useful, some factors must 
be eliminated. In part 2 of Figure 25-5, the hot 
ends of the wires have been welded together. 
This now guarantees that they share the same 
temperature and the same voltage, V;. We do 
not yet know what these X values are. 


In part 3 of the figure, the cold ends of the 
wires are clamped in an isothermal block, 
which keeps them at an equal temperature, still 
represented as Ty. The block is not electrically 
conductive, so the cold ends of the wires still 
have different voltages, V, and Vs. We cannot 
measure these voltages directly, because they 
are relative to Vx, which is unknown. However, a 
volt meter can measure V, and Vg relative ta 
each other. 


The volt meter will have its own voltage gradi- 
ent on its wires, and possibly a temperature 


gradient too, but both of these wires are made 
of the same metal (probably copper) and share 
the same temperature gradient. Therefore, their 
effects will be equal 


|| 
+ ——— 


‘Temperature Ty! Tomperature Ty" 


Temp 


Voltage Va 


Figure 25-5 Basic principles of a thermocouple. See text 
for details 


‘A mathematical relationship exists between the 
temperature gradient and the voltage differ- 
ence in each thermocouple wire. Suppose Ky is 
a constant of function that enables the voltage 
difference in wire A to be determined from its 
temperature gradient, and Kg serves the same 
function for wire B. Suppose Toe is the differ- 
ence in temperature between Ty and Ty. We 
may state: 


Ky * (Tote) = Ve - Va 

Ke * (Torr) = Vx - Vs 
By subtracting the second equation from the 
first and rearranging the terms, we get: 

Torr * (Ky = Ke) = Vx = Va Va + VB 


The two Vy terms cancel out, leaving Vp - Va on 
the right. We can recognize Vp - Vp as the volt- 
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age difference measured by the meter. Call it 
Vu So: 


Vie JC Ka > Ke) 

This enables calculation of the temperature dif- 
ference between the ends of the wires, based 
‘on the meter reading and the conversion factor 
for each wire, which can be found experimen- 
tally. Because Ty is being held at a known, con- 
stant value, we can determine the value of Ty 


Tor 


Ty = Ty + Tor 


Thermocouple Details 

When the thermocouple was first invented, the 
cold ends of the wires were placed in a bath of 
ice and water, forcing them to acquire and 
maintain a known temperature of 0 degrees 
Celsius, 


The advent of accurately calibrated thermistors 
made it possible simply to measure the temper- 
ature of the cold ends. In this way, a thermistor 
enables a thermocouple to work. This prompts 
the question: why not just use the thermistor to 
measure Ty, and throw away the thermocou- 
ple? The reason is that a thermistor has a more 
limited range, seldom being used for tempera- 
tures above 150 degrees Celsius. 


Note that the “hot end” of the thermocouple 
wires does not actually have to be hotter than 
the ‘cold end even though those terms are 
commonly used. The equation to find Tx works 
just as well if Ty is higher than Ty. The tempera- 
ture difference will simply have a negative 
value instead of a positive value. 


Because “hot” and “cold” are misleading terms, 
modern documents generally refer to the 
“measurement junction’ and the “reference 
junction” of the wires. Note, however, that the 
Wires are not actually joined with each other at 
the reference junction, 


A common misconception is that voltage is 
generated where the wires are joined at the 
measurement junction. This is not correct. The 


radiatio 


voltage is a function of the temperature gradi- 
ent between the measurement junction and 
the reference junction in each wire. Therefore, 
the way in which the wires ate joined is irrele- 
vant, provided there is an electrical connection 
between them. They can be welded, soldered, 
brazed, or crimped together. 


How to Use It 


Where a thermocouple is used in a laboratory, 
typically each wire is insulated, and they termi- 
nate in a plug that is inserted in a meter. The 
reference junction is hidden inside the meter, 
along with some electronics to decode the 
temperature data. The meter must have a set- 
ting that is appropriate to the specific type of 
thermocouple being used, so that the conver- 
sion factors are correct, 


Because the type of metal in each wire must be 
consistent all the way from the measurement 
junction to the reference junction, other types 
of wires cannot be used to extend the reach of 
a thermocouple. Any extension must use wires 
made from the same metals. Connectors, also, 
must have pins and sockets that match the 
types of metals in the wires. 


‘An extension wire for a thermocouple is shown 
in Figure 25-6. 


Figure 25-6 Extension wire fora type K thermocouple. 
Note the polarized plug 
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Types of Thermocouples 
‘Thermocouples are identified by ANSI standard 
codes consisting of single letters of the alpha- 
bet, shown below. Temperature ranges are 
approximate, in Celsius, with minimums roun- 
ded up and maximums rounded down to the 
nearest 50 degrees. Some data sources recom- 
mend narrower temperature ranges for practi- 
cal use. 


Ktype 
-250 to +1,350 degrees. Most popular 
type of thermocouple. Positive wire is a 
nickel-chromium alloy, negative wire is a 
nickel-aluminum alloy. Commonly used in 
3D printers. 


Jtype 
-200 to +1,200 degrees. Positive wire is 
iron, negative wire is a copper-nickel 
alloy. The iron wire is magnetic and vul- 
nerable to corrosion. This thermocouple 
is not recommended for low tempera- 
tures, even though it is theoretically capa- 
ble of measuring them, 


Ttype 
-250 to +400 degrees. Recommended for 
cryogenic applications. Positive wire is 
copper, negative wire is a copper-nickel 
alloy. 


Etype 
-250 to +1,000 degrees. Most sensitive 
type, with the highest temperature coeffi- 
cient. Positive wire is a nickel-chromium, 
alloy, negative wire is a copper-nickel 
alloy. 


Neype 
-250 to +1,300 degrees. An alternative to 
the K type, more stable at higher temper- 
atures. Positive wire is a nickel-chromium- 
silicon alloy, negative wire is a nickel- 
silicon-magnesium alloy. 


Rtype 
-50 to 41,750 degrees. For high- 
temperature applications. Positive wire is 


How to Use It 


a platinum-rhodium alloy, negative wire is 
platinum. Very low temperature coeffi- 
cient, 


Stype 
-50 to +1,750 degrees. For high- 
temperature applications. Positive wire is 
a platinum-rhodium alloy, negative wire is 
platinum. Very low temperature coeffi 
cient. 


Seebeck Coefficients 

Datasheets for thermocouples list the Seebeck 
coefficient, which is the temperature coefficient 
caused by the Seebeck effect, measured in 
microvolts per degree. In other words, the value 
provided by a Seebeck coefficient is the num- 
ber of additional microvolts that a thermocou- 
ple will generate for an increase in 1 degree 
Celsius. 


Each type of thermocouple has a different coef- 
ficient, and because thermocouples tend to 
have a very nonlinear response, the coefficients 
will vary with temperature, Figure 25-7 shows 
the variations for six types of thermocouples, 
cover a range from -400 to +1,400 degrees Cel- 
sius. It is important to understand that the ver- 
tical scale shows the coefficient for each type of 
thermocouple—that is, the change in voltage, 
not the actual voltage, at temperature values 
along the horizontal axis. 
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Figure 25-7 The Seebeck (temperature) coefficient for 
‘5x types of thermocouples. Partially derived from a data- 
‘sheet published by Analog Devices 


R and S type thermocouples have a relatively 
consistent response, but cannot achieve great 
accuracy, because the voltage increment is so 
small for each change in temperature. The K 
type thermocouple does relatively well 
between 0 and 1,200 degrees, but the J type 
only performs adequately between 0 and 800 
degrees, while the T and E types are quite 
inconsistent. 


For lower voltage readings, electrical noise 
becomes an issue. Thermocouple wires are 
often twisted together, and may also be shiel- 
ded, to reduce sensitivity to noise. The electron- 
ics that decode the thermocouple voltage 
should include a filter to reject S0Hz or 60Hz 
interference from wiring in the vicinity. 


Chips for Output Conversion 
Meters that are designed to interpret the out- 
put from a thermocouple and display a temper- 
ature tend to be expensive, and may not be 
convenient for a custom-built application. For- 
tunately integrated circuit chips are now avail- 
able to amplify the thermocouple output and 
apply signal conditioning to create an almost 
linear response. 


radiatlor thermo: 


The ADB494 and AD8496 from Analog Devices 
are precalibrated by laser wafer trimming to 
match the characteristics of J type thermocou- 
ples, while the AD8495 and AD8497 match the 
characteristics of K type. The chips require a 
power supply of at least 3VDC and have an ana- 
log output of SmY per degree Celsius, enabling 
measurement over a range of almost 1,000 
degrees. They require a very low supply current 
of 180A. The manufacturer claims an accuracy 
of plus-or-minus 2 degrees Celsius. 


The chip contains a temperature sensor which 
should be at the same temperature as the refer- 
ence junction of the thermocouple. This means 
that the reference junction (typically, at the 
socket where a thermocouple plug is inserted) 
should be as close to the chip as possible, and 
the chip should be protected from heat created 
by other components. Any difference in tem- 
perature between the reference junction and 
the chip will create a temperature measure- 
ment error. 


The MAX3185SK chip from Maxim Integrated 
Products is another thermocouple-to-digital 
converter. Itlinearizes the output from the ther- 
mocouple and digitizes it as a temperature that 
is accessible by a microcontroller via a serial SPI 
bus. Breakout boards with this chip are avail- 
able. The last letter of the chip number specifies 
the thermocouple type. Variants for J, K, N, T, 
and Rare available. 


The AD8495 is mounted on a breakout board 
from Adafruit, and the MAX31855K is mounted 
on a breakout board from Sparkfun, These 
boards are pictured in Figure 25-8 
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Figure 25-8 Thermocouple ampifier/canversion chips 
from Adafrut (left) and Sparkfun (right). 


Thermopile 


A thermopile is an assembly of thermocouples 
connected in series, as suggested in 
Figure 25-9, where a hot area is shown on the 
left and a cooler area is shown on the right. The 
figure assumes that the orange-colored wires 
have a voltage difference of SmV from left to 
right, as a result of the temperature difference, 
while the purple-colored wires only have a volt- 
age difference of ImV from left to right. There- 
fore, the voltage difference between each 
reference junction and the next is 4mV, as 
shown on the right side of the figure. So long as 
the temperature difference exists, the voltage 
differences will be cumulative, totaling 16mV 
between top and bottom in this example. 


Note that the multiple thermocouple junctions 
are not electrically connected with each other 
in each temperature zone. 


In reality, more thermocouples than this will be 
added, and the voltage differences may be 
lower. 


Generally a thermopile is not sold as a separate 
component from retail suppliers, but is built 
into other devices. It may be used to generate 
small amounts of current from a heat differ- 
ence, as in an infrared thermometer. It can also 
be used as a safety device to shut down a gas 
supply if a burner is not lit: See Chapter 28. 
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Figure 25-9 The operating principle af thermopile. The 
‘numbers represent mY, but are chosen arbitrarily as an 
example 


What Can Go Wrong 


Polarity 
The output from a thermocouple has polarity. If 
this is not observed, an error will result. 


Electrical Interference 

Thermocouple wires are vulnerable to electrical 
interference, and should be a twisted pair or, 
ideally, shielded, 


Metal Fatigue and Oxidation 

The wire used in some thermocouples tends to 
be relatively brittle, and cannot withstand 
much flexing, Also, some metals or alloys are 
vulnerable to oxidation. 


Using the Wrong Type 

Different types of thermocouples have totally 
different characteristics. The electronics to 
decode the signal from a thermocouple must 
be matched to the type of thermocouple being 
used. The plugs on the ends of the thermocou- 
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ple wires are often retained with screws. A 
detached plug should be replaced immediately, 
to avoid the error of attaching it to the wrong 
type of thermocouple. 
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Heat Damage from Creating a 
Thermocouple 

if a thermocouple is made from two wires on a 
DIY basis by welding the tips of the wires 
together, minimal heat must be used to avoid 
degrading the alloys in the wires. 
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detector) 


RTD is an acronym, either for resistance temperature detector or resistive temperature 
device. No definitive information seems to exist regarding which term Is correct, but 


resistance temperature detector is more common, 


Occasionally an RTD may be described as a PTC thermistor, but its sensing element is 


different, consisting of pure metal wire or film, 
OTHER RELATED COMPONENTS 


+ thermocouple (see Chapter 25) 
+ NTC thermistor (see Chapter 23) 
+ PTC thermistor (see Chapter 24) 


+ semiconductor temperature sensor (see Chapter 27) 


+ infrared temperature sensor (see Chapter 28) 


What It Does 


RTD Attributes 


A resistance temperature detector, also known as 
a resistive temperature device, is usually referred 
to as an RTD. It has a positive temperature 
coefficient (that is, its resistance increases as its 
temperature increases) but differs from a PTC 
thermistor in that its sensing element is pure 
metal instead of a semiconductor. 


Comparison of Temperature Sen- 
sors 


In this Encyclopedia, temperature sensors are divi 
ded into five main categories, each of which has a 


separate entry. For convenience, a comparative 
‘summary is included in the entry for NTC thermis- 
ters. See "Addendum: Comparison of Tempera- 
ture Sensors” for an overview. Also see 
Figure 23-9, 


Positive attributes of RTDs include: 


+ Accuracy, often plus-or-minus 0.01 
degrees Celsius. This very small toler- 
ance allows excellent interchangeabil- 
ity. 

+ Stability, with a response that drifts by 
as little as 0.01 degree per year. 


+ The output is an almost linear function 
of temperature, making them easily 
used with a microcontroller. 


+ Immunity to electrical noise. 


Reasonably rapid response to tempera- 
ture changes (about 1 to 10 seconds). 


Undesirable attributes include: 
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+ Temperature coefficient about one- 
tenth of that of an NTC thermistor. 


+ To measure the resistance, some cur- 
rent must pass through the sensor, rais- 
ing the possibility of self-heating (as in 
the case of other temperature sensors, 
with the exception of a thermocouple). 


+ Relatively high cost, especially of the 
wire-wound type. 


The resistance curves for three generic NTC 
thermistors are shown in Figure 26-1, plotted 
against the resistance for a generic platinum 
RTD that has a reference resistance of 100 ohms 
at 0 degrees Celsius. Note that this graph is 
unlike many that illustrate the response of NTC 
thermistors, in that its vertical scale is not loga- 
rithmic. 
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Figure 26-1. The brown, green, and blue curves show the 
‘resistance of three generic NTC thermistors varying with 
temperature. The red line shows the resistance of a plati- 
‘num RTD, Derived from a diagram created by Texas 
struments. 
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Schematic Symbol 

There is no specific schematic symbol for an 
RTD. Often the symbol for a thermistor may be 
used. See Figure 23-1 


Applications 
Because of its high accuracy, an RTD may be 
used where precision is important. It can cali- 
brate other temperature sensors, and may 
measure the temperature of a reference junc- 
tion of a thermistor. However, it requires sensi- 
tive electronics for signal conditioning, because 
of its low temperature coefficient. 


How It Works 


‘An RTD exploits the fractional increase in elec- 
trical resistance of a metal film, metal filament, 
or (in some cases) a carbon film, when the tem- 
perature of the metal rises. In its simplest form, 
an RTD is a 2-wire device with no polarity. 


The sensing element is often made from plati- 
‘num, as this has a linear response to tempera- 
ture over a wide range. High-quality RTD 
sensors with a wide temperature range usually 
consist of platinum wire that is wound around a 
glass or ceramic core. Smaller sensors may be 
fabricated from a thin layer of platinum evapo- 
rated onto an insulating substrate. Nickel may 
be substituted for platinum, and has a more 
sensitive but less linear response. 


The wire-wound type is usable at temperatures 
as high as 500 Celsius (up to 1,000 degrees for 
some platinum-element types). Some variants 
are able to measure temperatures as law as 
-250 degrees. 


DIN 60751 is an international standard defining 
the performance of platinum RTDs. It specifies a 
reference resistance of 100.00 degrees at 0 
degrees, and a temperature coefficient 
between 0 degrees and 100 degrees. Outside of, 
this range, a formula defines the response. 


The response is almost precisely linear, ranging 
from 100 ohms at 0 degrees to approximately 
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138 ohms at 100 degrees. The temperature 
deviation from a straight line, between 0 and 
100 degrees, is no more than plus-or-minus 0.8 
degrees. 


However, current through the RTD must be 
restricted to avoid self-heating. A range of 
‘0.5mA to ImA is recommended. 


Variants 


Some RTDs ate potted in glass or resin, as 
shown in Figure 26-2. This shows an RTD in the 
TFPTL range from Vishay, containing a nickel 
thin-film sensing element with a temperature 
coefficient of about 0.4% and a tolerance of 
0.01%. It is available with a very wide range of 
reference resistances, from 100 ohms to SK 
(measured at 25 degrees Celsius). The tempera- 
ture range is -55 to +70 or -55 to +150 degrees, 
and the maximum voltage is 30V to 40V, 
depending on the specific component. 


Figure 26-2 An RTDin the TFPTL series from Vishay. 
The backgraund grid isin mlimeters 


The flat package shown in Figure 26-3 may be 
encased in a protective sheath of plastic or sili- 
cone rubber, and can be used for surface tem- 
perature sensing where the component is 
glued to the exterior of a flat-sided container. 
This figure shows an RTD in the L420 range 


Variants 


from Heraeus Sensor Technology, containing a 
platinum thin-film sensing element with a tem- 
perature coefficient of 0.385%. It is available in 
reference resistances of 100, 500, and 1,000 
‘ohms (measured at 25 degrees Celsius). The 
temperature range is -50 degrees to +400 
degrees, 


Figure 26-3 An RTD in the L420 series from Heraeus. 
The background grid isin milimeters. 


Wiring 
The leads to an RTD can be a source of error. Ifa 
simple 2-wire configuration is used, the leads 
will have an unknown resistance that will be 
affected by temperature, just as the element 
inside the RTD will have a temperature- 
sensitive resistance. 


To enable temperature compensation, a three- 
wire design can be used. Figure 26-4 illustrates 
the principle. In the first section of this figure, 
resistances R, and Rs remain unknown. In the 
second section, the resistances of Ra and Rc can 
be found by passing a test current through one 
wire and back through the other, bypassing the 
component. Assuming that all of the leads are 
identical in length and composition, the resist- 
ance of Ry + Re will be equal to that of Re + Re. 
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Figure 26-4 A three-wire configuration enables temper- 
ature compensation for the leads to an RTD. See text for 
details. 


RTD Probe 

For practical applications, an RTD sensor is 
often packaged inside a probe that can be 
indistinguishable from the type of probe used 
with a thermocouple. However, a thermocou- 
ple always uses two wires, as the wires them- 
selves create the voltage. An RTD often uses 
three wires, as shown in Figure 26-5. This partic- 
ular sensor is sold for use in a “Brew-Magic” sys- 
tem for brewing craft beer on a commercial 
basis. 


Figure 26-5  three-wire RTD is packaged inside this 
steel probe. 
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Signal Conditioning 

To process the signal of an RTD, a chip such as 
the LM75 from National Semiconductor can be 
used. This is calibrated for connection with a 
platinum RTD. Internally it converts the resist- 
ance of an RTD to a value of SmV per degree 
Celsius, This then passes through an analog-to- 
digital converter on the chip, creating a digital 
value that can be read via an I2C bus. 


What Can Go Wrong 


Self-Heating 

Self-heating is an issue for RTDs, just as it is for 
thermistors. Current through an RTD should be 
limited to 1mA, especially when measuring low 
temperatures. 


Insulation Affected by Heat 

The resistance of insulation on the wires lead- 
ing to a sensor can change with temperature, 
leading to incorrect resistance readings. This is 
a more likely source of problems for RTDs than 
for thermistors, as RTDs are often used at 
higher temperatures and have a lower temper- 
ature coefficient, 


Incompatible Sensing Element 

IF signal conditioning is applied to an RTD that 
has an incompatible sensing element, tempera- 
ture readings will be incorrect. For example, an 
RTD with a nickel element should not be used 
with signal conditioning designed for a plati- 
num element. 
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semiconductor temperature 
sensor 


This type of sensor may also be referred to as a bandgap temperature sensor, a diode 
temperature sensor, a chip-based temperature sensor, or an IC temperature sensor. 


The unfortunate term integrated silicon-based sensor is sometimes used, which can be 
confused with silicon temperature sensor (also known as a silistor), which is a type of 
PTC thermistor. See Chapter 24 


Some vendors do not divide temperature sensors into clear categories, Semiconductor 
temperature sensors may be classified as board-mount temperature sensors, even 
though many of them have leads and are not specifically designed to be mounted on 
circuit boards. 


A semiconductor temperature sensor with a digital output is sometimes described as a 
digital temperature sensor ot digital thermometer. This can be misleading, as the out- 
puts from other types of temperature sensors may be digitized with appropriate com- 


ponents, 
OTHER RELATED COMPONENTS 


+ thermocouple (see Chapter 25) 
+ NTC thermistor (see Chapter 23) 
+ PTC thermistor (see Chapter 24) 


+ infrared temperature sensor (see Chapter 28) 


+ RTD (resistance temperature detector) (see Chapter 26) 


What It Does 


A semiconductor temperature sensor is an 
integrated circuit chip incorporating a sensing 
element composed of transistor junctions. It 
has an approximately linear response and is 
easy to use, in some cases being designed for 
direct connection with a  micracontroller, 
equiring no additional components. 


In analog variants, the output consists either of 
voltage or current that varies with temperature. 
These components have a positive temperature 


coefficient, except for a few CMOS variants 
where a voltage output diminishes as tempera- 
ture increases. 


Digital variants are becoming more common, 
creating a numeric output accessible by a 
‘microcontroller. 


In almost all semiconductor temperature sen- 
sors, the characteristics of silicon dioxide limit 
the temperature range to approximately -50 to 
+150 degrees Celsius (sometimes less), 
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at It Does 


This type of component is not (yet) as low in 
cost as a thermistor, but can include its own 
amplification, signal processing, and (option- 
ally) analog-to-digital conversion on one chip. 


Comparison of Temperature Sen- 
sors 


In this Encyclopedia, temperature sensors are divi- 
ded into five main categories, each of which has a 


separate entry. For convenience, a comparative 
summary is included in the entry for NTC thermis- 
tors. See "Addendum: Comparison of Tempera- 
ture Sensors” for an overview, Also see 
Figure 23-9, 


Semiconductor Temperature Sen- 
sor Applications 

When a semiconductor temperature sensor is 
used in surface-mount format, it can measure 
the temperature of the board on which it is 
mounted. This enables protection from over- 
heating, often in power supplies. 


Because the sensing elements and signal pro- 
cessing circuits are all chip-based, they can be 
transplanted into other types of sensors. For 
example, a gas pressure sensor or a proximity 
sensor can have onboard compensation using a 
semiconductor temperature sensor. They have 
also been built into computer CPUs such as the 
Pentium series from Intel. 


‘Some variants are manufactured in a three-lead 
TO-92 package, appearing superficially similar 
to bipolar transistors. They are suitable for 
remote temperature sensing, and have auto- 
motive applications such as measuring the 
temperature of the transmission, engine oil, or 
‘cabin interior. They may also be found in some 
heating and air-conditioning systems, and 
some kitchen equipment. 


Schematic Symbol 

No unique schematic symbol has been devel- 
‘oped for a semiconductor temperature sensor. 
itmay be represented by a rectangle contain- 


radiation 


nductor temperature sensor 


ing text abbreviations to represent pin func- 
tions, similar to other types of integrated circuit 
chips. 


In the case of a sensor with an output consist- 
ing of current that varies with temperature, the 
sensor may be shown as a current source, using 
the symbol in Figure 27-1. However, this symbol 
isnot specific to temperature sensors; itis used 
for any component that is a current source. 


ve 


v 


Figure 27.1 A temperature sensor whose output consists 
of current varying with temperature may be shown in a 
schematic as a current source, using this symbol 


Attributes 
Desirable attributes of a semiconductor tem- 
perature sensor include: 


+ Easy to use. Few or no extemal compo- 
nents may be required, and little or no 
signal processing, 


+ Factory-calibrated, with an almost lin- 
ear response. 


+ Versions with a digital output are easy 
to add to any system that already has 
an I2C bus. For additional details about 
protocols such as I2C, see Appendix A. 


Undesirable attributes of semiconductor tem- 
perature sensors include: 


+ Limited temperature range, the same 
as thermistors. 


+ Self-heating issues, especially in ver- 
sions where signal-processing func- 
tions are built into the same chi 
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ature 


+ Not as rugged as some types of tem- 
perature sensors. 


For an explanation of terminology used for 
temperature sensors in datasheets, see “Ther 
‘mistor Values’, 


How It Works 


When a constant current is flowing through a 
p-n junction in a diode, the voltage across the, 
diode will change by about 2mV for each 
change in temperature of 1 degree Celsius. This 
can be demonstrated by the simple circuit 
shown in section 1 of Figure 27-2. 


Volt meter 
(mv) 


Figure 27-2 Left, abasic circuit for demonstrating the 
temperature sensitivity ofa diode. Right. an NPN transis- 
tor can be substituted to emulate the diode, 


Similarly, the voltage across the p-n junction in 
an NPN transistor varies with temperature, if 
the current is constant. A transistor can be sub- 
stituted for a diode as suggested in section 2 of 
Figute 27-2, Integrated circuit chips that con- 
tain transistors can measure temperature by 
exploiting this phenomenon. 


CMOS Sensors 
‘Some semiconductor temperature sensors use 


CMOS instead of bipolar transistors. The gen- 
eral concept is similar, but they are described 


How It Works 


separately, below. See “CMOS Semiconductor 
Temperature Sensors", 


Multiple Transistors 
The heat sensitivity of a bipolar transistor can 
be defined with an equation. if the base- 
emitter voltage is Vpe,q is the charge of an elec- 
tron, k is a constant (known as Boltzmann's 
constant), T is the temperature in degrees Kel- 
vin (relative to absolute zero), Ic is the collector 
current, and Is is the saturation current (which is 
less than Ic): 


Vee = (CWT) / q) * Loge (Ie / Is) 


The term log, means, “the logarithm to base e 
of the expression in parentheses” 


Because k and q have known values, the base- 
emitter voltage turns out to be proportional to 
the logarithm of the collector current divided 
by the saturation current. However, the satura- 
tion current depends on the geometry of a 
transistor, and varies with temperature in a 
nonlinear way. 


To eliminate the factor of saturation current, 
one transistor can be compared with another 
transistor that has a larger emitter area. This 
enables the derivation of a new equation that 
specifies temperature while getting rid of the 
troublesome saturation currents, with their 
nonlinear behavior, 


However, it may not be easy to fabricate two 
transistors, in the same silicon chip, that have 
the same characteristics except that the emitter 
area of one is bigger than that of the other. It is 
much easier to add multiple transistors in paral- 
lel, each of them identical to the first. The total 
emitter area will then be equal to the area in 
fone transistor multiplied by the number of 
transistors. 


In Figure 27-3, assuming all the transistors are 
at the same temperature in addition to being of 
identical specification, we can now write two 
equations. The figure allows room to show only 
three transistors, but suppose there are N of 
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them, If Vega is the base-emitter voltage of tran- 
sistor Q0, on the left, and Vaew is the aggregate 
base-emitter voltage of the N transistors on the 
right: 


(CT) fq) * Loge (Ie / Is) 
(CRIT) J q) * Loge Ce J N*I5) 


Veco = 
Veen = 


From these, an equation can be derived that 
gets rid of cand ls 


Veco - Veen = (CK*T ) J) * Loge (N) 


Figure 27-3 Comparing the base-emitter voltage of one 
transistor with a set of identical transistors can enable 
‘measurement of temperature regardless of the collector 
‘current and saturation currents, so long as all the transis 
tors are atthe same temperature. See text for details. 


PTAT and the Brokaw Cell 

Now if a comparator is added to control the 
current, a circuit known as the Brokaw Cell is 
created, shown in Figure 27-4. This is also 
known generically as a bandgap temperature 
sensor. (A couple of resistors have been omitted 
for the sake of simplicity.) 


Typically, N = 8, That is, there is a set of eight 
transistors in addition to Q0 (only three being 
shown here). The voltage difference in the pre- 
vious equation, Vago - Vecw now appears across 
R2 in the figure, and the voltage across R1 is 
proportional to absolute temperature, often 
referred to by its acronym, PTAT. This voltage 
can be found from this equation: 


radiation > 


eat > semiconductor temperature sensor 


Vprar = (Ck*T)/q) * Loge(N) * (2*R1/R2) 


The Brokaw Cell was the basis of the ADS80 
chip introduced in 1974 by Analog Devices, and 
the principle is now used very widely in semi- 
conductor temperature sensors. 


Figure 27-4 The Brokaw Cel See text for details. 


Variants 
Three output types are used: 


+ Analog voltage output (voltage varies 
with temperature). 


+ Analog current output (current varies 
with temperature). 


+ Digital output. 


A fourth type creates an output in the form of a 
square wave, either with a frequency or wave- 
length proportional to temperature. The Maxim 
MAX6576 and MAX6577 are examples. How- 
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ever, this type of output is so rare, it is not 
described in detail here. 


‘Some semiconductor temperature sensors are 
CMOS-based, and have a voltage output with a 
negative temperature coefficient. They are 
described separately. See "CMOS Semiiconduc- 
tor Temperature Sensors’. 


Analog Voltage Output 


LM35 Series 
The LM35 is a typical, widely used semiconduc- 
tor temperature sensor, available fram Analog 
Devices, Texas Instruments, and other manufac- 
turers. Its output voltage changes by 10mV per 
degree Celsius over a range of approximately 
-50 degrees to +150 degrees. Accuracy is stated 
to be plus-or-minus 0.25 degrees at room tem- 
perature and plus-or-minus 0.75 degrees over 
the whole range. 


The sensor can be obtained packaged like a 
transistor, in a TO-92 plastic capsule or metal 
‘can. Itis also available as a surface-mount com- 
ponent, or in a TO-220 package, like a SV volt- 
age regulator, as shown in Figure 27-5. 


Figure 27-5 This version of the LM35 can be used t0 
measure surface temperature when secured with abort. 
‘The background grid isin milimeters. 


This is a three-wire component, two pins or sol- 
der pads being used for the power supply while 
the third serves as the sensor output. The sup- 


Variants 


ply voltage typically ranges from 4V to 30V, 
Necessary current consumption is only 60uA, 
which minimizes self-heating, 


Because this device is specifically designed for 
the Celsius temperature range, its output is 
scaled to OmV at 0 degrees, A pulldown resistor 
can be added to measure temperatures below 
ze10. 


A bypass resistor of 200 ohms between the out- 
put and ground is recommended as a precau- 
tion against capacitive effects in the cable run 


‘The LM34 is almost identical to the LM35, 
except that its output changes by 10mV per 
degree Fahrenheit instead of 10mV per degree 
Celsius. 


LM135 Series 
Although this sensor contains multiple NPN 
junctions, the manufacturer describes it as 
behaving like a zener diode in which the break- 
down voltage is directly proportional to abso- 
lute temperature. The output increases by 
‘1Omv per degree over a range from -55 to +150 
degrees Celsius. 


For the LM135, the manufacturer claims an 
error of less than plus-or-minus 1 degree Cel- 
sius between 0 and 100 degrees. For the LM235 
and LM335, in the same product series, the 
temperature range is narrower, the accuracy is 
lower, and the price, also, is lower. An LM335 
sensor is shown in Figure 27-6. 


Figure 27-6 A sample ofthe LM335 temperature sensor 
Ina TO-92 package. The background grid is in milimetors 
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Variants 


The sensor is available in a TO-92 package 
(plastic, like a transistor) or a TO-46 (metal can). 
It is also manufactured in a surface-mount for- 
mat. The negative terminal is connected 
directly to ground, while the positive terminal is 
connected through a series resistor to the posi- 
tive side of a power supply that can range from 
5V to 40V. The third terminal, labeled "ADJ" on 
datasheets, allows for the output to be adjus- 
ted, Figure 27-7 shows the basic circuit. The 
value of R1 can be chosen to establish an opt 
mal current of ImA through the sensor, 
although a range of 4004 to SmA is tolerable, 


Lass 


Figure 27-7 Basie schematic for using an LMI35,incluct- 
Ing output adjustment. Because the sensing element 
bbohaves ike a zener diode, iis represented with the zener 
symbol 


Analog Current Output 
Fewer components exist using output current 
to measure temperature, The output is applied 
to a grounded resistor, and the voltage across 
the resistor then changes with current from the 
sensor. 


radiation > heat > semiconductor temperature sensor 


The useful aspect of a current output is that its 
accuracy is unaffected by a cable run as long as, 
200 or 300 feet. Therefore, this type of compo- 
nent is appropriate as a remote sensor. 


LM234-3 Series 
This is a three-wire sensor, two wires being 
used for bias power supply and ground 
(labeled V+ and V- on the datasheet) and a 
third (labeled R) that delivers current propor- 
tional to temperature. The current from pin R 
passes through an external resistor to ground, 
and the voltage actoss this resistor varies by 
214yV per degree Kelvin. A bias voltage rang- 
ing from 1V to 40V is required. 


A sample of the LM234 is shown in Figure 27-8. 


Figure 27-8 The LM234Z temperature sensor in a TO-92 
package. The background grids in millimeters 


If the component is used for remote sensing, 
the resistor should be 230 ohms and can be 
connected directly between pin R and pin V- of 
the sensor at the far end of a wire run. At the 
“home” end of the wire run, temperature out- 
put is taken from above a 10K resistor that is, 
placed between the return wire and ground, as 
shown in Figure 27-9. With these component 
values, the output voltage will change by 10mV 
per degree Kelvin. 
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Cable run 

tosensor | 
Voltage 
‘output 
‘proportional 
to temperature 


Figure 27-9 Using an LM243-3 sensor with a current 
‘output that varies with temperature. 


The LM234-3 can be encapsulated in a plastic 
TO-92 package or a TO-46 metal can. A surface- 
‘mount version is also available. 


The claimed accuracy is plus-or-minus 3 
degrees. The temperature range is -25 degrees 
to +100 degrees. 


‘AD590 Series 
The Analog Devices ADS90 (successor to the 
original ADS80) is a current-output sensor that 
uses only two wires. Like the LN234-3 itis avail- 
able in a TO-46 metal can, but with one lead 
making no internal connection. It also can be 
bought in a two-wire “flatpack,” or as a surface- 
‘mount chip (with eight solder pads, only two of 
which are connected). 


Using a supply voltage of 4V to 30V, the sen- 
sor’s high-impedance output changes by 1A 
per degree Kelvin. Voltage supply variations 
produce very small errors in the output current; 
substituting 10V for SV creates a deviation of 
only THA. 


Figure 27-10 shows an application for the 
‘AD590 using a resistor and a trimmer to adjust 
the scale factor. When properly set up, this cir- 
cuit provides an output that changes by ImV 
per degree Kelvin. 


‘AD590 


Voltage 
output 
proportional 
To temperature 


Cablerunt + 


950 


Figure 27.10 The simplest circuit allowing fine adjust 
‘ment for use with an ADS90 sensor. 


Digital Output 

‘Some of the most popular examples of semi: 
conductor temperature sensors with digital 
output include the TMP102 series from Texas 
Instruments, MCP9808 series from Microchip, 
LM73. series from Texas Instruments and 
National Semiconductor, and DS18B20 series 
from Maxim. All of these components can 
measure a range typical of semiconductor tem- 
perature sensors, from approximately -50 to 
+150 degrees Celsius. Most of them claim an 
accuracy in the region of plus-or-minus 1 
degree over the full range or 0.5 degree in the 0 
to 100 range. With the exception of the Maxim 
DS18B20, which uses its own unique protocol, 
the components communicate via either the 
12C or SMBus protocol. 


Chapter 27: semiconductor temperature sensor 


183 


‘TMP102 Series 
This is available only in a surface-mount format. 
It has fewer features than the other sensors lis- 
ted here, and is less accurate, claiming plus-or- 
minus 3 degrees Celsius over its maximum 
range of -40 to +125 degrees Celsius. However, 
it is less expensive. (For greater accuracy, the 
TMP112 is available.) This is a low-voltage chip 
Fequiting 1.4V to 3.6V as its power supply, 
drawing a quiescent current of 10. Tempera- 
tures are stored in a 12-bit or 13-bit format that 
requires some conversion, as a single bit repre- 
sents 0.0625 degrees Celsius. An alert pin is 
activated when the measured temperature 
deviates above or below limits that are preset 
by the user. No hysteresis adjustment is avail- 
able for the alerts. The TMP102 is available on a 
breakout board from Sparkfun, as shown in 
Figure 27-11. 


Figure 27-11. The Texas Instruments TMP102 on a break: 
‘ut board from Sparkfun, 


MCP9808 Series 
This multifunction sensor is available either as a 
regular surface-mount component, or as a 
surface-mount with an exposed “thermal pad” 
It conforms with the I2C bus standard at up to 
400kH2, allowing up to 16 sensors to share the 
same bus. The chip has a variety of temperature 
alert features, including high and low limits 
that can activate a dedicated “alert” pin, and a 
hysteresis value that can be set for the limits, to 
ignore brief temperature excursions. The chip 
can be put into “comparator mode” where it 
simply provides logic-high or logic-low output 


ation 


if the temperature is above or below a user- 
specified value. This feature makes the chip 
operate as a thermostat. Temperature resolu- 
tion is user-selectable. The temperature storage 
format requires some conversion to obtain a 
Celsius value, to deal with negative values and 
fractional values. However the chip is available 
ona breakout board from Adafruit, as shown in 
Figure 27-12, and an Arduino code library is 
available. 


Figure 27-12 The Microchip MCP98O8 on a breakout 
board from Adatrut. 


LM73 Series 
This sensor is only available in surface-mount 
format. It conforms with the 12C bus standard at 
up to 400kHz. Its temperature resolution can be 
set to 11, 12, 13, or 14 bits. An “alert” pin 
becomes active if the temperature exceeds a 
preprogrammed limit. An “address” pin can 
select one of three device addresses by being 
held in logic-high, ground, or disconnected sta- 
tus. The chip can be put into shutdown mode 
when power conservation is necessary. 


DS18B20 Series 
Unlike most digital sensors, this is a three-wire 
component, because it uses Maxim's propriet- 
ary "I-wire bus" with a unique protocol, The 
bus allows access to a 2-byte register storing 
digital output from the temperature sensor, but 
also allows the user to perform other functions, 
such as setting the resolution of an onboard 
analog-to-digital converter (which has a maxi- 
mum resolution of 12 bits), setting a high- 
temperature and low-temperature alarm, and 
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allowing the sensor to be identified, as each 
component has a unique 48-bit serial number 
in ROM. 


The chip can draw sufficient power from the 
data bus to operate, so long as the bus is held 
high by a 4.7K pullup resistor. (Maxim describes 
this as “parasite power") An internal capacitor 
sustains the chip briefly while the bus is used 
for its normal purpose of transferring data, but 
if the bus has low voltage for more than 4805 
the chip will reset itself. The “parasite power” 
feature also will not work above 100 degrees 
Celsius. Perhaps recognizing that this system 
may create more problems than it solves, 
‘Maxim has also given the component a normal 
power input pin. 


‘The DS18820 is available in the TO-92 package 
and two sizes of surface-mount chip. Its lack of 
a standard 12C bus, and its use of complicated 
proprietary codes, create a steep learning 
curve. Still it remains a popular sensor, and an 
Arduino code library for itis available online. 


CMOS Semiconductor Tem- 
perature Sensors 


CMOS variants of semiconductor temperature 
sensors have appeared relatively recently com- 
pared with the bipolar variants. They draw a 
very low quiescent current (typically, a few 
‘microamps) and can work with a power supply 
from 5.SVDC down to 2.2VDC, making them 
suitable for handheld battery-powered devices. 
‘An analog output is common. Popular exam- 
ples are the LM20 and the LMT86 series. 


Like bipolar sensors, the LMT86 sensors have a 
limited temperature range, between approxi- 
mately -50 and +150 degrees Celsius. Again, 
like the bipolar sensors, they are available 
optionally in TO-92 and surface-mount pack- 
ages. A significant difference is that the output 
has a negative temperature coefficient, dimin- 
ishing by 10mV per degree Kelvin, because of 
the characteristics of CMOS semiconductors. 


CMOS Semicanductor Temperature 


The claimed accuracy is plus-or-minus 0.25 
degrees Celsius. The output voltage covers a 
range of about 2V, diminishing from 0.5V below 
the supply voltage at -50 degrees Celsius. 


A sample of the LMT86 
Figure 27-13. 


is shown in 


Figure 27.13. sample of the LMT&6 CMOS temperature 
sensor. The background grid is in millimeters 


What Can Go Wrong 


Different Temperature Scales 

Some voltage-output sensors create an output 
convertible to degrees Kelvin, while others use 
degrees Celsius. While the temperature degrees 
are the same in each scale, a component with 
an output in millivolts may assign OmV either to 
0 degrees Celsius or 0 degrees Kelvin (equiva- 
lent to -273.15 degrees Celsius). The advantage 
of using a Kelvin scale is that it avoids the prob- 
lem of negative temperature values. 


Rarely, a sensor may use degrees Fahrenheit. 


Interference in Cable Runs 

Sensors with a voltage output are susceptible 
to electrical interference. Twisted-pair or shiel- 
ded cable runs are recommended when sen- 
sors are placed remotely. 


For the Maxim DS18820, which uses a 1-wire 
bus, multiple sensors should be connected 
along one run of wire (linear topology) instead 
of each sensor being connected to a central 
point (star topology). If the cable lengths are 
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longer than a few meters, the topology starts to 
matter. 


Latency 

The packaging of semiconductor temperature 
sensors can create latency in their response 
time. While a thermocouple consists only of a 
pair of wires joined by a small dot of melted 
‘metal, a TO-92 semiconductor package adds 
thermal mass that will slow the response con- 
siderably. Moreover, copper leads will conduct 
heat from a circuit board if the board is warmer 
than its environment. 


Surface-mount chips have a very low mass, but 
must be soldered to some kind of board, even if 
itis very small one. 
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Generally, other types of sensors may be appro- 
priate where rapid response is necessary. 


Processing Time 
In a sensor with a digital output, the onboard 
analog-to-digital converter will add a small 
delay before the data becomes available, and 
during that delay, the component cannot 
respond to a new temperature. The output 
from an analog device may be more suitable for 
rapid detection of temperature variations, 
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infrared temperature sensor 


An infrared temperature sensor is sometimes described as a thermopile. In reality the 
sensor module contains a thermopile, In this Encyclopedia, a thermopile is considered 
to be a separate component, described in the entry discussing thermocouples. See 
“Thermopile” in Chapter 25, 


Other terms that are sometimes used for an infrared temperature sensor are contact- 
less thermometer or infrared thermometer. This Encyclopedia classifies a thermometer 
asa commercially marketed product, not a component. 


Devices such as a radiation pyrometer, IR pyrometer, optical pyrometer, ot thermal 
imager provide ways of measuring infrared radiation, but are outside the scope of this 
Encyclopedia, 


A passive infrared motion sensor (PIR) can detect infrared radiation, but only 
responds to fluctuations in intensity. An infrared temperature sensor measures the 
steady-state value of incident radiation. 


OTHER RELATED COMPONENTS 


+ passive infrared motion sensor (see Chapter) 
+ thermocouple (see Chapter 25) 


What It Does + An object is inconveniently located or 


too far away. 
Most temperature sensors discussed in other 
entries in this Encyclopedia are contact sensors, 


be measured. 
meaning that to measure the temperature of 

an object, liquid, or gas, they must make con- + Contact with a small object would 
tact with it. In situations where contact is not change the temperature of the object. 
possible or desirable, an infrared tempera- ‘The act of measurement would change 
ture sensor can be used. It responds to the the value being measured. 


black-body radiation (sometimes known as 
characteristic radiation) that is emitted by all 
materials above absolute zero (0 degrees Kel- 


Vin). This varies with temperature as a result of + The objects moving or vibrating, 


the movements of molecules, 


preferable to contact sensors include: ted foods), 


+ The temperature of a large area must 


+ The object is corrosive, abrasive, or 
otherwise liable to damage a sensor. 


+ The surface of the object must not be 
Situations where noncontact sensors may be contaminated (for example, unprotec- 
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How It Works 

+ The temperature of the object is lower 
than around -50 degrees Celsius or 
higher than 1,300 degrees Celsius. 


However, noncontact sensors have some limita- 
tions: 


Normally, only the surface temperature 
ofa target can be measured. 


+ The optics of the sensor must be pro- 
tected from dust, dirt, and liquid. 


+ The target must be clearly visible, in 
line-of-sight. 


Air pollution will degrade the tempera- 
ture measurement. Some gases, such 
as carbon dioxide, will tend to absorb 
infrared radiation. 


+ The sensor will be affected by other 
sources, including reflected, transmit- 
ted, and convective heat. 


+ While an infrared sensor can theoreti- 
cally respond to a very wide range of 
temperatures, in practice separate sen- 
sors of differing sensitivity are needed 
to cover a full range. 


Different types of materials emit differ- 
ing intensities of black-body radiation, 
even if they are at the same tempera- 
ture. Some compensation is necessary, 
or the surface of the object may have 
to be painted 


Applications 
Handheld contactless thermometers were an 
early application for noncontact sensors. 


In astronomy, the thermal radiation from the 
Sun and other stars is of interest to astrono- 
mers. 


More recently, the declining cost of an infrared 
temperature sensor, and the ease of deploying 
it, have made it appropriate in consumer prod- 
ucts. A significant area of adoption is in note- 
book computers and handheld devices, where 


frared temperature 
processor performance must be balanced 
against the need to prevent the case from 
becoming too hot to hold comfortably. In this 
kind of application, gluing a sensor to the inte- 
rior of the case would be a manual operation 
during the production process and would 
require a wired connection. An infrared temper- 
ature sensor mounted on the circuit board, 
viewing the underside of the case, can achieve 
the same objective more simply. 


A contactless sensor is also very useful for 
measuring the temperature of rotating objects, 
such as heating rollers in a laser printer. 


Schematic Symbol 
No specific schematic symbol exists for an infra- 
red temperature sensor. 


How It Works 


While nanometers (abbreviated nm) are gener- 
ally used to measure visible wavelengths, the 
longer wavelengths of far-infrared are often 
measured in micrometers (abbreviated um) 
The measurable infrared values are defined as 
ranging from 0.7m to 14um, corresponding to 
peak emissions from a black body ranging in 
temperature from 200 degrees Kelvin to 6,000 
degrees Kelvin (about -70 to +5,700 Celsius). 


Unfortunately an object does not emit just one 
wavelength of black-body radiation for each 
temperature value. It emits a spread of wave- 
lengths that becomes wider as the temperature 
increases. However, the peak intensity also 
increases with temperature, when measured as 
spectral radiance, which is defined as watts per 
steradian, per micrometer of wavelength. (A 
steradian is the solid angle at the top of a cone, 
in this case the cone being of emitted radia- 
tion.) Because the intensity increases, it can be 
used to calculate the temperature. 


Figure 28-1 illustrates this concept. Note that 
both of the axes have logarithmic scales. 
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Figure 28-1 The increase in intensity, and the widening 
spread of wavelengths, ofblack-body radiation emitted by 
‘one abject at sb diferent temperatures (in degrees Kal 
vio). 


All the curves are for one object. Each curve is 
specific to one temperature in degrees Kelvin, 
showing how the intensity of emitted radiation 
varies with wavelength. Note that radiation at 
wavelengths shorter than 0.7um is within the 
visible spectrum; thus, objects at 1,000 degrees 
Kelvin, or hotter, may be seen to glow visibly. 


Because of the wide variety of intensities and 
temperatures, an infrared sensor that is ideal for 
measuring a temperature of 1,000 degrees Kel- 
vin will not provide an accurate result at 200 
degrees Kelvin. The peak spectral radiance at 
1,000 degrees is more than 10,000 times the 
peak at 200 degrees. Also, the curves in the fig- 
ure are for an “ideal” object emitting pure 
black-body radiation. In reality, glass, plastic, 
and many other materials have a much lower 
emissivity, meaning that they emit less radia- 
tion, and are classified as gray bodies. A metallic 
object with a polished surface may emit one- 
tenth of true black-body radiation. 


These issues cannot be ignored, but may be 
dealt with by relatively simple strategies. Infra- 
red sensors will be rated according to their suit- 
ability for different temperature ranges, and the 
emissivity of the object being measured can be 


How It Works 


determined by consulting standard tables. 
Alternatively, the object can be spray-painted 
with special black paint (such as "Senotherm’ 
or "3-M Black’) that has a known emissivity of 
about 0.95 of pure black-body radiation. Alter- 
natively, a specially formulated black sticker 
may be applied to the object that is being 
measured, so long as its temperature is within 
reasonable limits. 


However, a basic infrared temperature sensor 
will not function reliably if it is pointed ran- 
domly at a variety of objects that vary widely in 
temperature. Specialized, expensive industrial 
devices incorporate compensation to deal with 
these issues, but they are outside the scope of 
this Encyclopedia. 


Thermopile 
A typical low-cost, chip-based infrared temper- 
ature sensor contains a thermopile consisting of 
multiple thermocouples etched into silicon and 
connected in series. The concept of a thermo- 
pile is illustrated in Figure 25-9, where a brief 
explanation is included. 


The configuration of the thermopile is arranged 
so that the hot junctions of its thermocouples 
are all clustered in a small central area, where 
they receive incoming radiation through a win- 
dow (often made of silicon) that is transparent 
to infrared wavelengths. The cold junctions are 
dispersed around the periphery, where they are 
shielded from incoming radiation, One way to 
visualize this is shown in Figure 28-2, although 
this is not a literal depiction of an actual sensor. 


Instead of using alternating types of wire, as in 
a thermocouple, a chip-based thermopile 
often uses alternating segments of n-type and 
p-type silicon. The hot junctions are mounted 
ona thin film that has very little heat capacity, 
while the cold junctions are mounted on a 
thicker substrate that acts as a heat sink. 
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Figure 28-2 Simplified diagram of the thermopile contig: 
Lratian inside an infrared sensor chip. Radiation arriving 
through a window in the chip affects the thermocouple 
Junctions inthe central region, while junctions around the 
edges remain ata lower temperature 


Temperature Measurement 
The voltage generated by the thermopile is 
elated to the difference in temperature 
between the hot and cold thermocouple junc- 
tions. Thus there are three interrelated vari- 
ables: hot temperature, cold temperature, and 
voltage. To calculate one variable, we must 
know the other two. 


The hot temperature is what we wish to know. 
Therefore we must establish the voltage (which 
can easily be measured) and the cold tempera- 
ture. The cold temperature can be determined 
by adding a thermistor inside the chip. 


Typically an infrared temperature sensor with 
an analog output will have two pins that pro- 
vide access to the internal thermistor, o that its 
temperature can be calculated from its resist- 
ance. Another two pins provide the voltage 
between the ends of the thermopile. 


Interpreting and reconciling these values is not 
a trivial matter, especially bearing in mind that 


jation > fh 


red temperature 


the thermistor has a negative temperature 
coefficient and a nonlinear output, and the 
thermopile will also have some nonlinearity. To 
simplify this situation, some infrared tempera- 
ture sensors incorporate electronics to perform 
the necessary calculations and provide a digital 
output. This output can be converted to 
degrees of temperature by some fairly simple 
mathematical operations in an external micro- 
processor. 


Variants 


Two types of sensors are popular. One is 
surface-mounted, such as the TMP006, shown 
in Figure 28-3. This type generally has a digital 
output. The other type is a discrete component 
with four leads, such as the Amphenol ZTP135, 
shown in Figure 28-4. Discrete components 
may have either an analog or a digital output. 


Figure 28-3 A surface-mount infrared temperature sen 
sor with dlgital output. Eight tiny solder pads are located 
‘on the underside. The background grids in millet. 


Both types of sensors allow infrared light to 
enter through an area that is opaque to the visi- 
ble spectrum but transparent to the appropri- 
ate range of wavelengths. 
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Figure 28-4 A through-hole infrared temperature sensor 
with analog output. The background grid isin millimeters. 


The ZTP135 has an analog output shown in 
Figure 28-5, 
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Figure 28-5 Analog output from an infrared temperature 


The TMPO06 is only about 1.5mm squate, but is 
available on a breakout board from Sparkfun. 
Its successor, the TMPOO7, is available on a 
breakout board from Adafruit, shown in 
Figure 28-6. 


Values 


Figure 28-6 The TMPOO7 sensor mounted on a breakout 
board from Adatrut. 


Surface-Mount Specifications 

‘The TMP006 and TMPOO7 require a supply volt- 
age that can range from 3.3V to SV. These chips 
support the SMBus and I2C bus protocols, using 
a bus address that can be user-selected. An 
intemal analog-to-digital converter uses 1 
least-significant bit to represent 1/32nd of a 
degree Celsius, and data is saved as a 14-bit 
signed integer. Up to 16 temperature samples 
can be averaged internally. 


‘Measurable temperature range is -40 to +125 
degrees Celsius. Some hysteresis is built in. The 
‘TMPOO7 supports an alert mode if temperature 
falls above or below a user-specified threshold. 


Sensor Arrays 

Using multiple thermopile sensors arrayed in a 
line or a grid, with an array of lenses, itis possi 

ble to capture an image of temperature varia- 
tions over a surface or a scene. This is known as 
thermal imaging. It can detect heat leakage 
from buildings, indicating poor insulation, or 
can locate hot spots in electronic circuits. Hei 

‘mann Sensor has pioneered the miniaturization 
of a 31 x 31 grid of thermopile sensors in a sin- 
gle TO-8 or TO-39 package. 


Values 


Temperature Range 
Chip-based infrared temperature sensors are 
typically designed for a range from about -20 
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degrees Celsius to about +125 degrees Celsius. 
Their peak sensitivity is to wavelengths 
between 4y1and 16m. 


Other types of infrared temperature sensors 
can have a much wider temperature range, but 
are more costly. 


Field of View 

Often referred to by its acronym, FOV, the field 
of view is the angle at the apex of an imaginary 
cone extending outward from the sensor, defin- 
ing a boundary where the sensitivity dimin- 
ishes below 50% of the value directly in front of 
the sensor. Greek letter may be used to repre- 
sent the angle between the surface of the cone 
and the center line, while @ represents the 
angle between the opposite surfaces of the 
cone (i, 2 * ¢). This is shown in Figure 28-7. @ 
is usually the angle defined as field of view. 
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Figure 28-7 Measurement ofthe field of view from a sen 
sor, defined as the boundary ofan imaginary cone where 
sensitivity drops below 50%, 


Because most infrared temperature sensing 
‘components do not have a lens, they are sensi- 
tive over a wide angle. The field of view is typi- 
cally 90 degrees. 


radiation > heat 


> infrared temperature 


What Can Go Wrong 


Inappropriate Field of View 
The object being evaluated must fill the field of 
view of the sensor, to avoid measuring other 
‘objects around it. 


Reflective Objects 

A reflective object has lower infrared emissivity, 
and also may provide misleading output if the 
sensor is actually measuring thermal radiation 
reflected in the surface of the object in front of, 
it, In a permanent installation, such as inside a 
device, the surface to be measured may have to 
be painted to reduce its reflectivity 


Glass Obstruction 

Because glass is opaque to the spectrum of 
infrared that is of interest, temperature cannot 
be measured through a glass window, Silicon is. 
opaque to visible wavelengths but is transpar- 
ent to wavelengths longer than ym. 


Multiple Heat Sources 

Heat is transferred by convection, conduction, 
and radiation. While an infrared temperature 
sensor is designed to be sensitive to radiation, 
it will also respond to other heat sources. Warm 
or cold air currents will affect its response, and 
so will heat conducted through the material on 
Which it is mounted, Careful placement of the 
sensor is important. A shield around the sensor, 
with a small hole in the center, can prevent con- 
vection, while correct location on a circuit 
board can minimize conduction. 


Thermal Gradients 

‘An infrared temperature sensor should be 
mounted in a stable environment where it will 
not be exposed to thermal gradients (one side 
being hotter than another). This asymmetry can 
cause inaccurate readings. 
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+ speaker (see Volume 2} 
+ headphone (see Volume 2) 


What It Does 


The sensation of sound is created by rapid 
waves of air pressure impinging upon the ear- 
drum. A microphone can convert these pres- 
sure waves into an alternating electrical signal 
that can be amplified, recorded, broadcast, 
transmitted through wires, and reproduced as 
sound by a headphone or speaker. The princi- 
ple is illustrated in Figure 29-1. (For more infor- 
mation about sound reproduction, see the 
entries on headphone and speaker in Vol. 2.) 


Schematic Symbol 

Various schematic symbols for a microphone 
have been used during the decades since its 
invention. A selection is shown in Figure 29-2, 
Each symbol assumes that sound is traveling 
from left to right. This is important when inter- 
preting the symbol at top right, which can rep- 
resent an earphone when it points in the 
‘opposite direction, Unfortunately, some sche- 
‘matics do not conform with this rule. 


The two symbols at the bottom, showing a 
capacitor inside the microphone, should be 
reserved for condenser ot electret_micro- 
phones, 


microphone 
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Figure 29-1 The principle of converting pressure waves 
Into an alternating electrical signal (adapted from an ilus- 
tration in Make: More Electronics). 
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Figure 29-2 A selection af schematic symbols that rep 
resent a microphone. 


How It Works 


‘Some types of microphones generate a small 
voltage, while others have a fluctuating resist- 
ance that modulates a DC current. 


Carbon Microphone 

This was a very early attempt to reproduce 
sound, It contained carbon granules whose 
packing density increased and decreased in 
response to air pressure waves. When the den- 
sity increased, the resistance between the gran- 
ules diminished, and vice-versa. The principle is 
illustrated in Figure 29-3, and was patented by 
‘Thomas Edison in 1877 for use in telephones. 
As late as the 1950s (and even later in some 
countries), wited telephone handsets con- 
tained carbon microphones. Their bandwidth 
was extremely limited. 


‘sound, 


Ampiier 


Figure 29-3 The principle ofa carbon microphone. 
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Moving-Coil Microphone 

Also known as a dynamic microphone, this con- 
sists of a very small, light coil of thin wire on a 
cylindrical tube that can vibrate along the axis 
of a permanent magnet. This principle is illus- 
trated in Figure 29-4. A diaphragm is attached 
to the front of the tube, and responds to air 
pressure waves that penetrate the perforated 
enclosure of the microphone. Movements of 
the coil around the magnet create small alter- 
nating currents in the wire, The inertia of the 
coil, tube, and diaphragm, and the force 
needed to overcome the interaction between 
the coil and the magnet, impose a limit on the 
high-frequency response of this design. 


Sound 


Ki 


Ample 


$ 


The principle of a moving-coll microphone. 


Figure 29: 


Condenser Microphone 

This type of microphone contains two thin 
discs or plates that form a capacitor. (In the 
early days of electricity, a capacitor used to be 
known as a condenser. The terminology has 
persisted for microphones) An equal and 
opposite charge is applied to the plates. One 
plate is flexible, and as it responds to pressure 
waves, the capacitance between it and the 
other, rigid plate fluctuates. If the charge on the 
plates is kept approximately constant while the 
capacitance fluctuates, the voltage actoss the 


194 


Encyclopedia of Electronic Companents Volume 3 


radiation > sound > 


capacitor fluctuates also. These fluctuations can 
be amplified, as suggested in Figure 29-5. 


7+) 


amplifier 


é 


Figure 29-5 The principle ofa condenser microphone, 


Electret Microphone 

This works on the same principle as a con- 
denser microphone, except that its plates are 
made from a ferroelectric material that retains 
an electrical charge, just as iron will retain a 
magnetic polarization. The name of the micro- 
phone is derived from “electrostatic” and "mag- 
et” While early electret microphones were of 
poor quality, they have evolved to rival con- 
denser microphones, and are extremely afford- 
able, Because the electret creates very small 
currents, it usually includes a transistor or op- 
‘amp in its package to boost the signal, and has 
an open-collector output. The basic circuit for 
an electret is shown in Figure 29-6. For more 
information about using an open-collector out- 
ut, see Figure A. 


How It Works 


Figure 29-6 The basic circurt fr using an electret micro- 
phone. 


‘An example of a low-cost electret microphone 
is shown in Figure 29-7. This type of compo- 
nent is sold either with leads attached, or with 
solder pads. 


Figure 29-7 generic electret microphone. The back 
‘ground grid is in milimeters. 


MEMS Microphone 

This type, often used in mobile phones, is a 
capacitive device that works on the same prin- 
ciple as a condenser microphone, although the 
component is etched in silicon and has a dia- 
phragm that measures only about 1mm square. 
‘Many MEMS microphones have an analog out- 
put that is amplified in the same chip. Others 
have a digital output, using PDM encoding. This 
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reduces the analog signal to a very fast bit 
stream, in which the density of the bits repre- 
sents the amplitude of each fluctuation in a 
sound wave. PDM is an acronym for pulse den’ 
sity modulation. tt requires an external clock sig- 
nal to time the bit stream. 


A breakout board from Sparkfun, on which is 
mounted an Analog Devices ADMP401 MEMS 
microphone with a preamplifier, is shown in 
Figure 29-8. 


Figure 29-8 A breakout board for a MEMS micraphone 
(the meta-clad rectangular component at the far end). 


Piezoelectric Microphone 

This has also been known as a crystal micro- 
phone. It contains a diaphragm that functions 
as a transducer. When it flexes in response to 
pressure waves, the mechanical energy is trans- 
formed into a small amount of electrical energy. 
Piezoelectric microphones were replaced by 
the moving-coil type in domestic audio devices 
when vacuum tubes were replaced with 
transistors, but may still be used as contact 
microphones to amplify acoustic musical 
instruments, or to trigger the playback of digi- 
tally sampled musical sounds. 


Other variants include ribbon microphones 
(which were common in recording studios in 
the 1950s and 1960s, but have become rare), 
laser microphones, and fiber-optic micro- 
phones. They are not sufficiently common to be 
included in this entry. 
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Values 
Sensitivity 


Sound pressure is a complicated topic, explored 
in detail in the transducer entry in Volume 2. It 
can be measured in pascals, where 1 pascal 
newton per square meter. 


The sound pressure levelis a different concept. It 
measures the relative intensity of a sound, in a 
logarithmic scale calibrated in decibels (abbrevi- 
ated dB). The reference value for this relative 
scale is 20 micropascals, considered to be the 
threshold of human hearing, comparable to a 
mosquito three meters away. This is assigned 
the value of 08. 


From this point upward, the actual sound pres- 
sure doubles for each additional 6dB. A table of 
noise sources and their approximate decibel 
values is shown in Figure 29-9. This is derived 
from averaging eight similar tables, which are 
not always consistent in their estimates. It is an 
approximate guide only. 


Decibels Noise Example 
140_| Jetengine at 50 meters 
130 | Threshold of pain 
120 | Loud rock concert 
410 | Automobile horn at 4 meter 
100 | Jackhammer at 1 meter 
90 | Propeller plane 300 meters above 
80 | Freight tain at 15 meters 
70 | Vacuum cleaner 
60 | Business office 
50 | Conversation 
40 | Library 
30 | Quiet bedroom 
20 | Leaves rusting 


410 | Calm breathing at 1 meter 
© | Auditory threshold 


Figure 29-8 Decibel values for some common sound 
sources, Reproduced from Volume 2 of this Encyclopedia 
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The decibel unit is important when under- 
standing the specifications of microphones, 
because it is used to measure their response. 
Microphone sensitivity is established with a 
standard input sine wave of 1kHz in frequency 
and 94d8 in intensity (equivalent to 1 pascal in 
actual sound pressure), measured at the micro- 
phone. The sensitivity of an analog microphone 
is then defined as the number of decibels in an 
‘output signal of 1V. Because the output is an AC 
signal, voltage is measured as a root-mean- 
square (RMS) value. 


For digital microphones, sensitivity is measured 
as the decibels that can be reproduced by a 
full-scale digital output. This value is abbrevi- 
ated as dBFS, 


Directionality 

A microphone that has a directional response is 
desirable in many situations. Often, for exam- 
ple, sounds in front of the microphone are 
more important than sounds from behind the 
microphone. The directionality of a micro- 
phone (sometimes referred to as its directivity) 
is usually represented with a polar graph in 
which the microphone is seen from above, and 
its sensitivity to sounds from various directions 
is shown with a curve such as those in 
Figure 29-10. The circles are drawn at intervals 
of 5dB, with OdB at the periphery and -30dB at 
the center. The precise response for an individ- 
ual microphone should be shown in its docu- 
mentation. 


Frequency Response 

Every microphone tends to be more sensitive 
to some sound frequencies than others. A man- 
ufacturer will provide a graph showing this sen- 
sitivity, in decibels, plotted against sound 
frequency on a logarithmic horizontal axis. The- 
oretically, human hearing extends from around 
20Hz to 20kHz, but few people are actually 
capable of hearing the high end of that range, 
and 15kHz may be a more realistic limit for a 
young person, diminishing to 10kHz with mid- 
dle age. 
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Figure 29-10 Six generic sensitivity patterns, individual 
‘microphones vil deviate somewhat from these generic 


‘An ideal flat response would show that a micro- 
phone is equally sensitive to all frequencies. In 
reality, solloff usually occurs at low frequencies, 
and will eventually occur at high frequencies, 
although it may be preceded by a rise in 
response. If the central section of a curve is flat 
within plus-or-minus 148, this is a level of per- 
formance that was attained only by expensive 
studio microphones in the past. Electrets and 
MEMS microphones can now provide equiva- 
lent frequency response for $1 or $2 apiece, as 
opposed to the hundreds or even thousands of 
dollars that used to be necessary for professio- 
nal equipment. 


The response curve shown in Figure 29-11 is for 
the eMerging i436, an electret microphone sold 
in a module as an accessory to enable high- 
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quality recordings on handheld devices. The 
rise around 15kHz may have been introduced 
deliberately by the manufacturer to compen- 
sate for reduced sensitivity of the human ear in 
that range. 
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Figure 29-11. Frequency response for an electret micro 
phone, 


Impedance 

The impedance value for a microphone is a 
function of its resistance, capacitance, and 
inductance. An amplifier input will also have an 
impedance rating, and for ideal power transfer 
between microphone and amplifier, the impe- 
dance values should be identical. However, a 
‘mote important consideration in audio equip- 
ment is to avoid voltage loss between the out- 
put device (in this case, the microphone) and 
the input device (the amplifier). To achieve this, 
the output device should have a low impe- 
dance, while the input device should have a 
high impedance. Most microphones are rated 
at 150 to 200 ohms, while an amplifier may be 
rated at 1.5K to 3K. 


radiation > sound > microphone 
Total Harmonic Distortion 

When an audible sine wave is converted to an 
electrical output by a microphone (and by its 
preamplifier, if one is included in the module), 
the output may become corrupted by some 
multiples of the basic frequency. These are 
known as harmonics, and they are considered 
asa distortion of the signal. Total harmonic dis- 
tortion, measured by a spectrum analyzer over 
the entire frequency range, should ideally be 
less than 0.01%. 


Signal-to-Noise Ratio 

Often abbreviated as S/N or SNR, the signal-to- 
noise ratio in a microphone is measured in deci- 
bels, and should be 60d8 or higher. 


What Can Go Wrong 


Cable Sensitivity 

‘Audio amplification is always vulnerable to 
electrical noise, which tends to be amplified 
along with the signal. Small signals from micro- 
phones require the use of shielded cables to 
reduce hum and other types of interference. 


Noisy Power Supply 

For similar reasons, power supplies must be as 
free as possible from voltage spikes and other 
fluctuations. 
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The entry describes components that can be installed to monitor current on an indefi- 
nite basis. It does not include test equipment, such as test meters or multimeters. 


Acurrent transformer may be used to measure current, but is not included in this Eney- 


clopedia, 
OTHER RELATED COMPONENTS 


+ voltage sensor (see Chapter 3)) 


What It Does 


A current sensor measures the flow of electric- 
ity through a wire or a device, and supplies an 
output that can be interpreted either visually or 
by a microcontroller to provide a reading in 
amperes or fractions of an ampere. 


Applications 
Current sensing is important in industrial appli- 
cations such as the control of high-powered 
motors, It can be used to monitor the perfor- 
‘mance of an inverter, or for everyday purposes 
such as monitoring the long-term power con- 
sumption of an appliance. During product 
development, a current sensor can indicate the 
power consumption of a circuit as it changes 
with modifications. 


This entry describes three methods to measure 
current: an ammeter, series resistor, and Hall 
sensor. While other methods exist, they are out- 
side the scope of this Encyclopedia, 


Ammeter 


‘An ammeter that is sold as a standalone device 
with leads for circuit testing is often described 


as a test meter. Its functionality is usually built 
into a multimeter. Test meters and multimeters 
are outside the scope of this Encyclopedia, 


‘An ammeter designed for permanent installa- 
tion in a device or prototype is a type of pane! 
‘meter, such as the one shown in Figure 20-1, 
This traditional-style analog meter may be less 
expensive than the many digital types that are 
available. It uses a magnetic field created by 
current flowing through a coil to pull a needle 
across a scale, against the force of a spring. 


Figure 30-1 A traditional-style analog ammeter. 
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A digital ammeter allows a wider range of val- 
Ues to be viewed more easily. The meter from 
Adafruit in Figure 30-2 has a range of 0A to 
9,99A, at voltages from 4.5VDC to 30VDC. The 
meter can be powered parasitically from the 
currents that it is measuring, or can use a sepa- 
rate isolated SVDC supply. 


neter that can 


Figure 30-2 A panet-mount agital 
‘measure up to 9.994. 


Schematic Symbol 

An ammeter may be represented in a sche- 
matic with the letter A inside a circle, as shown 
in Figure 30- 


—(a)— 


Figure 30-3 An ammeter may be represented tke this in 
a schematic. 


Ammeter Wiring 

Two ways to use an ammeter in a circuit are 
illustrated in Figure 30-4, where the load may 
be any equipment, device, or component that 
provides some electrical resistance. Because 
current is the same at all points in a simple cir- 
cuit, the current that the meter measures flow- 
ing through itself will be the same as the 
current flowing through the load, and the 
sequence of components is immaterial. 


Load 


Figure 30-4 Two options for placement of an ammeter 
inacireut 


However, regardless of the placement of the 
meter, the process of measuring current will 
inevitably change the value of the current 
being measured. This is because the ammeter 
imposes some internal resistance of its own, 
The resistance is extremely low, and may be 
considered negligible for loads of more than a 
few ohms. 


+ The low internal resistance of an 
ammeter means that it must never be 
connected in parallel with a load, or 
directly across a power source. 


A disadvantage shared by analog and digital 
meters is that they are not usually interchange- 
able between AC and DC. 


Series Resistor 


The current flowing through a load can be cal- 
culated by measuring the voltage across a ser- 
ies resistor that is inserted between the load 
and its ground connection. The concept is illus- 
trated in Figure 30-5. 


Using Ohm's law, if Uis the voltage drop, lis the 
current, and R is the value of the resistor: 


I=u/R 


This tells us that for a fixed value of R, current is 
proportional to voltage. Therefore, measuring 
the voltage enables calculation of the current, 
so long as the value of Ris known. 
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Figure 30-5 A basic circuit for measuring current as a 
unetion ofthe voltage drop across a small-value resistor. 
The load inthis figure is any circuit or device witha rela 
tively higher resistance. The valtage measurement device 
‘could be a micracontrallr or analog-to-cgital converter. 


Lowvalve 
resistor 
(eg, 0.01 ohms) 


‘Suppose that R has a very small value, which is 
trivial compared with the resistance of the load. 
Consequently, the current in Figure 30-5 will be 
mainly determined by the load, and we may 
consider the value of the current to be almost 
the same with or without the addition of R. In 
that case, the voltage drop across the resistor 
will be smaller if is smaller. A smaller voltage 
drop will not be as easy to measure, but a lower 
resistance will result in less wastage of power. 


IFP is the power: 
Pere Tr 
‘An example may help to make this clear. Sup- 
pose the resistor has a value of 0.5 ohms, and 
the voltage drop across it is measured to be 1V. 
‘Ohm's law shows that current flow is 1 / 0 


2A. The power formula shows that P = 0.5 * 
Ww. 


To waste less power, the value of the resistor 
should be reduced further. Suppose a resistor 
of 0.01 ohms is used, and the voltage drop 
across itis measured as 0.02 volts. The current is 
0.02 / 0.01 = 2A, as in the preceding example, 
but the power dissipation is now only 0.01 * 
(0.04W, which is negligible. 


Series Resistor 


But are resistors available that have values 
measured in fractions of an ohm? 


Current-Sense Resistors 

In fact, many current sense resistors are avail- 
able, with values of 0.1 ohms, 0.001 ohms, 
0.0001 ohms, and many in between. Some 
resistors have values measured in micro-ohms. 
Examples ate shown in Figures 30-6, 30-7, and 
30-8. 


‘Measuring a small voltage drop is easily done 
by using a microcontroller. However, the con- 
nection to the microcontroller must be made as 
near to the resistor as possible, to eliminate the 
additional resistance of wires or circuit-board 
traces. For this reason, precision current-sense 
resistors may be equipped with four terminals, 
Two are wider, and are meant for connection to 
the flow of current. The other two are narrow, 
for measuring the voltage over the resistor. 
With this 4-point configuration, voltage drop 
over the resistor can be measured as close to it 
as possible. The 0.001-ohm surface-mount 
resistor in Figure 30-8 is designed for 4-point 
measurement. 


Figure 30-8 Two current resistors manufactured by KOA 
Speer. Left: ohms, SW, 5%. Right: ohm, SW, 5%. The 
background grid isin millimeters 
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Figure 30-7 Two styles of current resistors rated for 0.01 
‘ohms. Bottom left plug-in version from TT Electronics, 
rated 1W and 5%. Top right: Ohmite, 4W, 196. The back- 
ground grid is in miimeters. 


Resistors that have the lowest values and are 
intended to tolerate high current may consist 
of just a metallic strip welded to solderable 
pins. This type of component is sometimes 
called an open-air resistor. itis commonly used 
in multimeters, for measuring currents up to 
0A or above. 


Figure 30-8 This Vishay 4-terminal surface-mount cur 
tent resistor is rated for 0.001 ohms, 3,196. The back 
‘ground grid is in milimeters. 
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Voltage Measurement 
Some chips are designed for amplifying the 
voltage drop across a current-sensing resistor. 
‘An example is the Texas Instruments INA169. 


A few chips contain an analog-to-digital con- 
verter in addition to the amplifier. The INA219 
bby Texas Instruments is designed to measure 
voltage as well as current, on the “high side” of 
a circuit—that is, between the positive power 
supply and the power input of the circuit. It 
makes its digital data available over an 12C bus. 


For additional details about protocols such as 
12C, see Appendix A. 


‘Measuring current from the voltage drop across 
a series resistor offers the advantages of sim- 
plicity, ability to work with AC or DC, and low 
cost (although some resistors of extremely low 
value can be relatively expensive). A possible 
disadvantage is that the measurement circuit is 
not isolated from the circuit whose current is 
being measured. 


Hall-Effect Current Sensing 


The principle of a Hall-effect sensor is explained 
in the entry for object presence sensors. See 
“Hal-ffect Sensor’. Normally this type of sen- 
sor is activated by an external permanent mag- 
net, but it can also react to the magnetic field 
generated by current flowing through a wire, 


Because the field generated around a wire is 
proportional with the current, the analog out- 
put voltage generated by a linear Hall-effect 
sensor can also be proportional with the cur- 
rent. 


Hall-effect sensors for this specific purpose are 
available in 8-pad surface-mount packaging, 
The current to be measured passes through a 
copper conductor that is embedded in the 
chip. An example is Allegro's ACS712, for AC or 
DC currents up to 30A. The internal resistance 
of the current path through this chip is stated 
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as 1.2 milliohms, and the path is isolated from 
the sensing circuitry. 


Three variants of the chip are available, for cur- 
rents of plus-or-minus 5A, 20A, and 30A. 
Depending on which variantis used, the output 
will range from 66mV to 185mV for each 
increase of 1A in the current path. Because the 
current path is isolated, the chip requires a sep- 
arate power supply of SVDC. 


The SA version of the AVS712 can be bought on 
breakout boards from Sparkfun. In Figure 30-9, 
the board at top-left contains only the ACS712, 
while the board at lower-right adds an op-amp 
with sensitivity control, to amplify the voltage 
‘output when measuring small currents. 


Figure 30-9 Breakout boards using the AVS712 Hall. 
effect current sensor. The one at fower-right includes an 
‘op-amp to amplify small signals. 


What Can Go Wrong 


Confusing AC with DC 
A panel meter that is designed only to measure 
DC should not be used with AC, and vice-versa. 


Vrong 


Erroneous readings or damage to the meter 
may result. 


Magnetic Interference 
A disadvantage of Hall-effect current sensing is 
that the sensor can be affected by stray mag- 
netic fields. Because a Hall-effect chip is 
responding to very small magnetic effects, itis 
vulnerable to interference. Consult the manu- 
facturer's datasheet carefully regarding correct, 
placement of a chip on a circuit board. 


Incorrect Meter Wiring 

The correct wiring of an ammeter is in series 
with a load, not in parallel with a load. This may 
seem an elementary error, but is easy to make if 
an ammeter and a volt meter are both being 
used, and they look similar. 


Because some panel meters are not fused, 
applying an ammeter directly across a power 
supply, without any series resistance, may result 
in immediate and hazardous destruction of the 
meter. 


Incorrect wiring can also occur when using a 
digital meter that has four wires emerging from 
it: two for current testing and two for a separate 
power supply. This issue is especially important 
when measuring substantial currents (above 
1A). 


Current Out of Range 

Attempting to measure a current that exceeds 
the range of an ammeter may damage the 
meter or blow its internal fuse, ifit has one. 
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voltage sensor 


The entry describes the type of component that can be installed to monitor voltage on 
an indefinite basis. It does not include test equipment, such as test meters or multime- 


ters. 
OTHER RELATED COMPONENTS 


+ current sensor (see Chapter 30) 


What It Does 


A voltage sensor measures the electrical poten- 
tial between any two points in a circuit, or the, 
voltage supplied by a power source, and pro- 
vides data in volts or fractions of a volt. It 
should not be confused with an analog-to- 
digital converter, which is not a sensor in itself, 
but can process the voltage output from a sen- 
sor by digitizing it. More information about 
analog-to-digital conversion is in the Appendix. 
See Appendix A. 


Applications 

Voltage measurement is important in conjunc- 
tion with all types of power supplies, to verify 
their performance. A volt meter may also be 
used to show the output from various types of 
analog sensors that have voltage output. 


A graphical display may be used in audio 
‘equipment to indicate signal level, which can 
be proportional with voltage. 


Volt Meter 


Avvolt meter that is sold as a standalone device 
With leads for circuit testing is often described 
as a test meter. Its functionality is usually built 


into a multimeter. Test meters and multimeters 
are outside the scope of this Encyclopedia. 


A volt meter designed for permanent installa- 
tion in a device or prototype is a type of panel 
meter, which is described here. 


‘An antique analog panel meter is shown in 
Figure 31-1. 


Figure 31-1 An antique anafog volt meter 


The four scales on the dial correspond with sep- 
arate input terminals at the rear of the unit. The 
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unequally divided scales are a simple way to 
compensate for the nonlinear response of the 
mechanical movement inside the meter. 


Modern analog volt meters are still manufac- 
tured, and may be cheaper than their digital 
equivalents. However, a digital volt meter 
allows a wider range of values to be viewed 
more easily. The meter in Figure 31-2, sold as a 
low-cost battery tester, measures voltages from 
AVDC to 13VDC to an accuracy of two decimal 
places. Itneeds no separate power supply. 


Battery tester 


LCD Voltage indicator 


EK2-0906 Input Voltage:4-13V/0¢ 


Figure 31-2 A panel-mount agitl volt meter 


Sometimes the number of digits in a volt meter 
is specified as ending with one-half, as in 3.5 or 
3-1/2 digits. This means that the most signifi- 
cant (leftmost) digit can only be a 1 or a blank. 
The extra “half digit” may seem inconsequential 
but doubles the range of displayable values. 
For example, a 2-digit display can only show 
100 values, from 0 to 99. A 2-1/2-digit display 
can show 200 values, from 0 to 199. 


Schematic Symbol 

A volt meter may be represented in a schematic 
with the letter V inside a circle, as shown in 
Figure 31-3. 


Figure 31-3 A volt meter may be represented tke this in 
a schematic. 


Volt Meter Wiring 
Two ways to use a volt meter in a circuit are 
illustrated in Figure 31-4, where the load may 
be any equipment, device, or component that 
provides some electrical resistance. 


= 


Figure 31-4 Two options for placement ofa volt meter. 


On the left side of the figure, a volt meter may 
be connected directly across a power source, 
because the internal resistance of the meter is 
so high, it will draw very little current. In this 
configuration, the meter measures the voltage 
of a source when the source is virtually unloa- 
ded. 


On the right, the meter can measure the volt- 
age drop across a load, or can measure the volt- 
age actoss any component, or group of 
components, that are a subset of the load. 


A disadvantage shared by dedicated analog 
and digital volt meters is that they are not usu- 
ally interchangeable between AC and DC. 


How It Works 


‘An analog volt meter usually contains a built-in, 
high-value fixed resistance, and an ammeter 
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measuring the current passing through it. The 
current sensed by the ammeter is then con- 
verted to a reading in volts. 

‘Suppose that R represents the fixed resistance, 
Uis the voltage drop across the resistance, and 
| is the current flowing through it. Ohm's Law 
tells us: 


u 


eR 
The formula shows that if the resistance is fixed, 
the voltage will vary in proportion with the cur- 
rent, and therefore can be calculated from it. 


Load-Related Inaccuracy 

When the meter is measuring the voltage drop 
created by a load that has high resistance com- 
parable to the internal resistance of the meter 
itself, the meter will not give an accurate read- 
ing. Figure 31-5 illustrates this problem. 


On the left side of the figure, two resistors 10M 
each are wired in series between a 9VDC power 
source and negative ground, Because the resis- 
tors are equal, each of them imposes an equal 
voltage drop of 4V. 


On the right side of the figure, an additional 
10M resistance has been added in parallel with 
the lower resistor. When two resistors of values 
Ri and R2 are wired in parallel, their total resist- 
ance, Ris given by this formula: 


1/R=(1/ RL) 4+(1/ RZ) 
Therefore, the total resistance in the bottom 
half of the circuit is now 5M instead of 10M, and 
the voltage drop across the upper resistor 


becomes twice the voltage drop across the two 
lower resistors, 


How It Works 


‘voc GD svoc 
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Figure 31-5 Ifa meter measuring the voltage drop across 
2 load has an intemal resistance comparable to that of a 
load, the meter will nat give an accurate reading. See text 
for details 


Now suppose that the additional 10M resistor is 
actually the fixed resistance inside a volt meter. 
In fact, many volt meters do have an internal 
resistance of around 10M. Because the meter 
has reduced the resistance in the bottom half of 
the circuit by a factor of 2, it measures the volt- 
age drop as 3V. If the meter had an ideal, infin- 
ite resistance, it would give the correct value of 
4V. In the real world, that is impossible. 


Bar Graph 
‘Sometimes it is useful to represent voltage with 
a graphical display. A bar graph component 
makes this possible, and is often used in audio 
equipment. 


The bar graph can consist of a row of LEDs. In a 
component designed for this purpose, there 
are usually 10 or more. To represent 0 volts, all 
the LEDs remain dark. More LEDs are illumina- 
ted as the voltage increases. 


Because the bar graph itself only contains LEDs, 
a driver is necessary to convert voltage into the 
“rising thermometer” effect. Examples are the 
LM3914 (linear), the LM3915 (logarithmic, 3 dB 
per step), and the LM3916 (using VU or Volume 
Units, for audio). Each of these components has 
10 LED outputs, and is fabricated using a chain 
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What Can Go Wrong, 


of resistors as a multitap voltage divider, with 
10 comparators. 


A driver can be set to show only one LED corre- 
sponding with the current voltage level, or 
(more commonly) a cumulative string of LEDs 
from zero upward. Some bar graphs also con- 
tain different colored LEDs, such as green for 
the first 7, yellow for the next 2, and red for the, 
final one. 


‘A microcontroller containing an analog-to- 
digital converter can be used to illuminate a bar 
graph, instead of a driver chip. 


‘An example of a bar graph is the Avago 
HDSP-4830, shown in Figute 31 


> 


RS) 


Figure 31-6 A bar graph LED display, which can be used 
10 reprasent voltage. The background grid sin milime- 
ters. 
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What Can Go Wrong 


Confusing AC with DC 

A panel meter that is designed only to measure 
DC should not be used with AC, and vice-versa, 
Erroneous readings or damage to the meter 
may result, 


High Circuit Impedance 
When a meter is measuring the voltage drop 
actoss a high-value resistance, it will give an 
inaccurate reading, as it is diverting a signif- 
ant proportion of the current. 


Voltage Out of Range 

Attempting to measure a voltage that exceeds 
the limited range of a meter can damage the 
meter or blow its internal fuse, if it has one. 
Attempting to measure a voltage that is at the 
very low end of a meter’s range will result in an 
inaccurate value. 


Voltage Relative to Ground 

fone input to a digital meter is connected with 
ground, the meter will only be able to measure 
voltage in a circuit relative to ground. 
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Sensor Output 


This appendix provides some basic information 
about nine forms of sensor outputs, and the 
ways in which they can be processed. Other 
types of encoded output exist, but those exam- 
ined here are the ones most likely to be found. 


Figure A-1 provides an overview. Every sensor 
initially creates an analog output, which is 
sometimes connected directly to an output pin. 
In thermistors and photoresistors, for example, 
the internal resistance of the component con- 
stitutes its output. In many sensors, however, 
the behavior of the sensing element is pro- 
cessed internally to create voltage, open collec- 
tor, encoded pulse stream, or current output. 


If the sensor is chip-based, it may process the 
analog sensor response internally to create a 
binary output or a digital output. 


In this Encyclopedia, the term “binary output” 
means ‘an output that has two states’ usually 
logiclow or logic-high. The states may be 
accessible via an output pin, or may be pro- 
cessed internally to create a pulse stream. In 
that case the stream fluctuates between the 
two states as a way of encoding an analog 
value with pulse-width modulation (PWM) or 
frequency. Other types of encoding are also 
possible, but are unusual. 
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Biany Distal 


tek tan tee tet 


Figure A-1_ Nine possible types of output from sensors. 
The primary categories are highighted in green 


The term digital output is used here to mean 
one of two bytes of data that are stored in a 
register (memory location) in the sensor chip. 
While other forms of output are “always on” 
and can be accessed at any time from an out- 
put pin, a digital output is usually not available 
until an external device, such as a microcontrol- 
ler, sends an instruction to the sensor chip, tell- 
ing it to return the data. This two-way 
‘communication usually is handled by the 12C or 
SPI protocols (other protocols exist, but are less 
common). 
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Analog Outputs 


Voltage is by far the most common form of ana- 
log output. Other forms of analog output can 
easily be converted to a voltage value, using 
the simple techniques described here. 


1. Analog: Voltage 


Direct Connection: Analog-to-Analog 

‘An analog voltage output can be connected 
directly to an analog input, so long as the range 
is compatible and the sensor can provide suffi- 
cient current. Examples of external analog devi 
ces would be an analog volt meter, a light 
source of sound source that changes intensity, 
or a transistor or op-amp that will amplify the 
‘output for other audio/visual purposes. 


If the voltage output from the sensor rises 
above a usable range, it can be converted to a 
lower value by applying it across two resistors 
connected in series to form a voltage divider. 
This is shown in Figure A-2. 


Figure A-2. Using a vottage alvider to reduce the range 
froma sensor. 


The values of R1 and R2 can be derived from 
this basic formula, where Vsey is the voltage 
from the sensor and Vouris the output from the 
voltage divider: 


Example AL 


Vour = Vseu * (RZ J (RL + RZ) ) 


tering > voltage 
The impedance of the device used for voltage 
sensing must be high relative to the values of 
R1 and R2. Note also that if the analog voltage 
out from the sensor varies linearly with the 
phenomenon being sensed, this relationship is 
likely to be disturbed by the voltage divider. 


Analog-to-Binary Conversion 
The term “binary” is used here to mean an out- 
put that can be in one of two states, such as 
logic-high and logic-low. 


A varying analog voltage output can be simpli: 
fied by passing it through a component that 
transforms the signal into binary form. This may 
be done by using a logic chip with a Schmitt 
trigger input, a zener diode, or a comparator. 
(For a description of comparators, see the entry 
in Volume 2.) A comparator provides desirable 
features such as adjustable positive feedback to 
create hysteresis. It may be used, for example, 
to convert a slowly changing signal from a pho- 
totransistor while the sun is setting, to a 
high/low output that can activate a relay to 
switch on alight. 


Analog-to-Digit 
The analog voltage output from a sensor can 
be digitized by an external analog-to-digital 
converter (ADC), either inside a microcontroller 
or by a separate ADC chip, 


1 Conversion 


If a microcontroller is used, a sensor may often 
be wired directly to an input pin that connects 
internally with an ADC. A program in the micro- 
controller can then assess the integer output 
from the ADC and either execute a conditional 
statement or convert the value to a format 
appropriate for another device, such as a digital 
display. 


If an ADC chip is used, there are thousands to 
choose from. A few basics: 


+A flash converter contains a row of 
comparators with different reference 
voltages generated with a chain of 
equal resistors. The comparator out- 
puts are fed into a priority encoder 
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that outputs a binary number. This sys- 
tem is very fast but has limited resolu- 
tion. 


+ A successive approximation converter 
uses a single comparator, comparing 
the input voltage with the output from 
a DAC. The binary number that is sup- 
plied to the DAC is determined one bit 
ata time, from the most significant to 
the least significant bit, using the com- 
parator’s result to determine if the bit 
should be 0 or 1. These bits are stored 
ina register, called a successive approx- 
imation register (SAR). When the pro- 
ess finishes, the SAR contains a binary 
representation of the input voltage 
This type of ADC can achieve high reso- 
lution (many bits) at the cost of lower 
conversion speed. 


Ina dual slope converter, a capacitor is 
charged for a fixed time, with a rate 
proportional to the input voltage, then 
discharged at 2 known rate while 
measuring time by counting clock pul- 
ses. The resulting count is the ADC out- 
put. 


The name of the converter is derived 
from the voltage on the capacitor. 


+ A voltage-to-frequency converter uses a 
voltage-controlled oscillator to pro- 
duce pulses with a frequency propor- 
tional to the input voltage. If the pulses 
are counted over a fixed time interval, 
the count is proportional to the signal 
level. 


The number of the bits in the output from an 
ADC must be sufficient to digitize the input 
voltage range with desired accuracy. Because 
the voltage range may contain unexpected 
peaks, a cautious strategy is to use many more 
bits than are necessary. However, this means 
that for most of the time, only a few bits will be 
used to represent the low end of the voltage 
range, and accuracy will suffer. 


For example, suppose a voltage input normally 
ranges from OV to 2V, with occasional brief 
excursions to 8V. An 8-bit ADC can provide 256 
digital values to represent input voltages. if the 
values are spread uniformly over the full 8V 
input range, the least significant bit can meas- 
ure 1/32nd of a volt, or about 31mV. Smaller 
voltage fluctuations will be ignored. On the 
other hand, if the 256 values are used to meas- 
ure a range of just 2 volts, the least significant 
bit can measure 1/128th of a volt, or slightly 
less than 8mV—but voltages higher than 2V 
will be clipped. 


‘An ADC will typically require a reference volt- 
age, and will digitize the range from OV to that 
voltage. The reference voltage must be chosen 
with the issues of accuracy and range in mind. 


‘A microcontroller may provide a feature in its 
language to perform automatic scaling of an 
analog input within limits set by a variable in 
program code. This is done by comparing the 
input with a selectable voltage level, such as 
the voltage of the power supply, an externally 
supplied voltage, or a fixed built in reference. 
While the ADC in the microcontroller normally 
digitizes values from OV to the supply voltage 
for the chip, the conversion routine can instruct 
the microcontroller to use its full number of bits 
(often, 10) to digitize an input range from OV to 
w. 


For a higher sample rate, an ADC chip may be 


connected with the microcontroller over an 12C 
or SPI bus. 


2. Analog: Resistance 


Resistance-to-Voltage Conversion 
A sensor that changes its resistance as it 
responds to its environment can be placed in a 
voltage divider to provide an analog voltage 
‘output. This is illustrated in Figure A-3. 
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Figure A-3. The baste principle of putting a variable 
resistance sensor in series with a fixed resistance, tocre- 
ate a voltage aver. 


To choose the value for the series resistor, if 
Ryyy and Ryyax are the minimum and maximum 
resistance values for the sensor, the optimum 
value Rs for the series resistor, to produce the 
widest variation in voltages, will be found from 
this formula: 


When the sensor has been set up in this way, 
the output can now be processed in the same. 
way as any analog voltage output from a sen- 
sor. 


The datasheet of the sensor should be consul- 
ted to make sure that a series resistor value 
does not allow any chance of the sensor being 
damaged by excessive current. 


3. Analog: Open Collector 

Many sensor packages or modules include a 
bipolar transistor that has an open-collector 
output (or open drain, if a CMOS transistor is 
used). The transistor may or may not be incor- 
porated in an internal op-amp (described in 
Volume 2). Either way, the principle is the same. 


Figure A-4 shows a sensor, in darker blue, that 
has one connection for positive power, another 
connection for negative ground, and a third 


ring 


connection to the collector of the internal tran- 
sistor. 


Paullup 
resistor 


‘Output igh 


‘Output low 


Sensing 
element 


Figure A-4 How to use an open-collctor output from an 
Internal transistor. 


In the upper section of the figure, the sensing 
element is not applying voltage to the base of 
the internal transistor, and the transistor only 
conducts a tiny amount of leakage current, 
Power applied to it through an external pullup 
resistor cannot reach negative ground in any 
significant quantity, and therefore it can pro- 
vide a voltage input to a high-impedance 
device such as a microcontroller, or can power a 
‘component such as an LED, which draws rela- 
tively little current (20mA or less) 


In the lower section of the figure, the sensing 
element is now applying voltage to the base of 
the transistor, drastically lowering its effective 
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resistance. The transistor diverts current from 
the pullup resistor to ground, and the output 
appears to go low. 


The type of sensing element will determine 
whether the transistor becomes conductive or 
nonconductive when the element detects a 
stimulus. 


The value that should be chosen for the pullup 
resistor will depend on the impedance of any 
device attached to the open-collector output. A 
10K resistor may be appropriate for use with a 
device such as a microcontroller, which has very 
high impedance. At the other extreme, if the 
device is an LED, a 330-ohm resistor may be 
necessary. The value of the pullup resistor must 
be sufficiently low to enable reliable operation, 
but sufficiently high to prevent excessive cur- 
rent from passing through the internal transis- 
tor when it becomes conductive (20mA is a 
‘common maximum value). 


The voltage from the open collector can be 
processed in the same way as any analog volt- 
age output from a sensor. 


‘An open-collector output may be used when 
the outputs from multiple devices share the 
same bus. One device can drive the bus 
without the problem of other devices attempt- 
ing to hold the bus voltage high. 


4. Analog: Current 
Relatively few sensors provide an output con- 
sisting of variations in current. Some semican- 
ductor temperature sensors function in this 
way. The output current can be converted to a 
voltage output simply by placing a fixed series 
resistor, as shown in Figure A-S. 


The voltage at the point shown, relative to neg- 
ative ground, will vary linearly with the current. 
The value of the resistor should be defined in a 
datasheet for the sensor. 


The voltage can now be processed in the same 
way as any analog voltage output from a sen- 
sor. 


e 
Variable 
current 
Variable 
voltage 
output 
Fixed 
resistance 


Figure AS. How te canvert the output from a variable: 


5. Binary: High/Low 

A sensor that provides a binary output (that is, 
an output that is either logic-high or logic-low) 
can be connected directly with a microcontrol- 
ley, if the voltage range is compatible. Program 
code in the microcontroller can then test the 
pin to establish its state. Note that some micro- 
controllers require a 33VDC power supply, 
while sensor chips may use SVDC. 


A binary output can also be used to control a 
solid-state relay, or an electromagnetic relay if 
transistor amplification is used. The output may 
be sufficient to power an LED indicator. 


6. Binary: PWM 

PWM is an abbreviation for pulse-width modula- 
tion. The sensor emits a stream of square-wave 
pulses with a fixed frequency, but the width of 
each pulse varies with the stimulus to which 
the sensor is responding. The width of each 
high pulse, relative to the wavelength between 
the start of one pulse and the start of the next, 
is called the duty cycle. A duty cycle of 0% 
means that there are no pulses at all. With a 
duty cycle of 100%, there are no gaps between 
pulses, so the output is high all the time. With a 
duty cycle of 50%, the duration of each high 
pulse is the same as the duration of the gap 
between pulses. 
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Various microcontrollers offer different ways to 
decode a PWM pulse stream. The most basic 
way is for a program to check an input pin 
repeatedly, as fast as possible, until a high state 
is detected. The microcontroller copies the 
value of its internal clock into a variable, then 
continues to check the input repeatedly until 
the pulse ends. The pulse duration that has 
been measured can be converted to a sensor 
value with a formula of lookup table. 


This system is not recommended, as the micro- 
controller may miss the next pulse while it is 
converting the value of the previous pulse. To 
address this problem, a microcontroller lan- 
guage may offer a function that blocks execu- 
tion of code while waiting for a pulse. The 
pulsein( function on the Arduino is an example 
of this feature. However, the microprocessor 
must now spend most of its time waiting for a 
pulse instead of doing useful work, 


A better solution is to write a program that is 
interrupt-driven. 


Another option for decoding PWM is to use a 
low-pass filter that converts the pulse stream 
into an analog voltage, although some ripples 
will tend to remain 


Finally PWM can be used directly to power an 
LED or a DC motor, with transistor amplification 
as required. The speed of the motor or the 
brightness of the LED will vary with the duty 
cycle, 


7. Binary: Frequency 
Here again, the pulsein( function on the Ardu- 
ino may be used, so long as the frequency is a 
square wave with a known duty cycle. 


8. Digital: 12C 

In digital electronics, a bus is a communal path- 
way for sharing data among components or 
devices. The /2C bus is an abbreviation for inter- 
integrated circuit bus, developed originally by 
Philips in 1982. (Philips has since been sub- 
sumed into NXP Semiconductors) The correct 


notation for 12C is PC, and it is spoken as “+ 
squared-C” However, the term is very com- 
monly written as 12C. 


The I2C standard defines a data sharing proto- 
ol that is limited to 400kHz (with some excep- 
tions) and designed to work on a small scale, 
almost always within one device, and usually 
fon one circuit board. It is a low-cost, simple 
design. Data is transmitted serially over two 
wires, and the devices sharing the bus are con- 
nected in parallel. 


Typically there is one master device on the bus, 
and a number of slave devices. Masters and 
slaves can both transmit information, but the 
master normally initiates communication. It 
also emits a clock signal for synchronization of 
data. 


A sensor is a slave device that can be intertoga- 
ted by a microcontroller in its role as the master 
device. Because multiple slave devices can 
share a bus, the microcontroller needs a way to 
identify the slave that it wishes to talk to, and 
each slave is assigned a unique address for this 
purpose. Often a slave will allow the user to 
modify the last two bits of the address, so that 
up to four identical devices can share a bus. 


Code libraries to support the I2C protocol are 
available for most microcontrollers, and com- 
munication with a sensor that uses 12C should 
simply require knowledge of the sensor's I2C 
address. However, the data registers in a sensor 
can be quite elaborate, requiring careful study 
of the manufacturer's datasheet. Multiple pro- 
cedures may be required to set functions on a 
device (such as the sensitivity range of an accel- 
erometer, or the threshold for a temperature 
alarm). Multiple procedures may also. be 
required to read data out of a sensor (such as 
two bytes to define a temperature, and several 
bytes to obtain time as well as location read- 
ings from a GPS module). 
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9. Digital: SPI 

SPI is an acronym for serial peripherals inter- 
face, a standard introduced by Motorola that 
serves a similar function to the 12C bus, 
described immediately above. The SPI standard 
is slightly more sophisticated, enabling duplex 
communication and higher data transfer 
speeds. However, SPI requires a minimum of 
three wires shared by all devices on the bus, 
and an additional device-selection line for each 
slave device. The benefit of the extra device 
lines is that devices are easier to select and 
address than on an I2C bus, where more pro- 
gram statements are required. As is the case for 


12C, code libraries for microcontrollers are 
widely available to support SPI. However, the 
requirement for SPI to use three pins on a 
microcontroller, plus an additional pin for each 
slave device, is a disadvantage. 


‘More sensors have I2C capability than SPI capa- 
bility. The SPI protocol is potentially much 
faster than I2C. 


A sensor that is SPl-enabled will almost cer- 
tainly be available in a similar version that uses 
12C. An increasing number of chip-based sen- 
sors support both protocols, 
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This glossary is not comprehensive. It contains 
only the technical terms that have been used 
most frequently in this book in conjunction 
with sensor attributes. 


ADC Analog-to-digital converter, which accepts 
a varying signal (usually, a voltage) as an input, 
and converts it to a digital value in the form of a 
binary number. This number is likely to have a 
high limit ranging from 255 decimal to 65535 
decimal. Many microcontrollers contain their 
‘own ADC, which is multiplexed to assess the 
inputs on several pins. On an Arduino Uno, the 
ADC creates a digital value ranging from 0 
through 1,023. 


analog output When a sensor creates a volt- 
age or varies its resistance without steps or 
increments, as a function of the phenomenon 
that itis measuring, this is an analog output. 


binary output In this Encyclopedia, the term 
inary output” describes a sensor output that 
only has two states: logic-high and logic-low, or 
on and off. The term is used in some data- 
sheets, but more often a binary output is 
described, misleadingly, as an analog output. 


breakout board A simail printed-circuit board 
containing one or more integrated circuit chips, 
usually surface-mounted. The board makes the 
features of the chips easier to access, because it 
has pins or connectors with 254mm (0.1") spac- 


ing for convenient experimental use with a 
breadboard. Additional features may be 
included, such as a voltage regulator. 


chip-based sensor This term is used in the 
Encyclopedia to describe a sensor that is 
etched into a silicon chip and usually has signal 
conditioning components and circuitry builtin. 


contact bounce The tiny and rapid vibrations 
of mechanical switch contacts, when the switch 
opens or closes. If the switch is connected with 
a digital device such as a logic chip, debounc- 
ing hardware may be necessary, to allow the 
contacts time to settle. If the switch is connec- 
ted with a microcontroller, a delay from Sms to 
'50ms may be written into program code. Differ- 
ent switches have widely different settling 
times, 


decibel A unit that expresses relative power or 
intensity, often (but not exclusively) applied to 
audible sound. The decibel is one-tenth of a 
bel, and is abbreviated d8, with the B capital- 
ized because it is derived from the name of 
Alexander Graham Bell. Because dB is a loga- 
rithmic unit, the scale has no zero origin. How- 
ever, OdB may be assigned arbitrarily to any 
intensity, in which case lower intensities will 
have a negative value. An increase of 3dB corre- 
sponds to a doubling of sound intensity (acous- 
tic energy). However, when a sound is sensed 


au 


by the human ear and evaluated by the brain, 
its subjective loudness doubles when the inten- 
sity increases by 10dB, 


dielectric The insulating layer separating two 
plates in a capacitor. 


hysteresis The difference between thresholds 
for switching an output on and off. When a sen- 
sor exhibits hysteresis, it may be unresponsive 
toa stimulus slightly above or below its equiva- 
lent current value. This may be useful to elimi- 
hate numerous responses to very small stimuli 
—for example, in a room thermostat. 


12€ Interintegrated circuit bus. Sometimes writ- 
ten as ’C, and often referred to verbally as "I- 
squared-C’ A communications protocol that is 
often used between a microcontroller and 
other components on a circuit board. For a 
description, see “8, Digital: 2c” in the Appen- 
dix. 


IMU Inertial measurement unit, consisting of 
three accelerometers and three gyroscopes, 
sometimes with the addition of three magneto- 
meters. It can be used as a navigational aid. It 
may also be used in handheld user input devi- 
ces, such as game controllers. 


Kelvin A temperature scale, often abbreviated 
with the letter K, in which each degree is equiv- 
alent to a Celsius degree, but 0 degrees is at 
absolute zero—the temperature at which 
materials have no heat energy at all. 273 
degrees K is approximately equal to 0 degrees 
c 


MEMS Microelectromechanical system, ie, an 
integrated circuit chip that also contains tiny 
moving parts. For example, a MEMS accelerom- 
eter is built around microscopic springs that 
respond to accelerative forces. 


newton A unit of force named after Isaac New- 
ton, abbreviated with the capital letter N. A 
force of IN will accelerate a mass of 1kg at a 
rate of 1 meter per second each second. 


open collector output Many sensors have an 
open collector output, or contain an op-amp 
that has an open collector output. The output 
pin is attached to the collector of an internal 
transistor, with its emitter connected to nega- 
tive ground. Positive voltage applied through a 
pullup resistor to the open collector will be 
grounded when the internal transistor is con- 
ducting current, but will be available for other 
devices when the transistor is off. See "3. Ana: 
log: Open Collector”, 


orthogonal Angled at 90 degrees. Three 
orthogonal elements in a sensor will all be 
angled at 90 degrees to each other. 


pascal A unit of pressure equivalent to 1 new- 
ton of force per square meter. 


PIR Passive infrared sensor. See Chapter 4. 


pullup resistor A resistor that pulls up an out- 
ut or input voltage in the absence of a signal 
‘May be used in conjunction with an open col 
ctor output. 


quadrature An encoding system for output 
from a pair of sensors. If the sensors are identi- 
fied as A and 8, four output combinations are 
possible: A high and B low; A high and B high; A 
low and B high; A low and B low. A common 
application is to show the direction of move- 
ment of a magnetic or optical pattern past the 
sensor pai. 


reference temperature The temperature at 
Which the output signal of a temperature sen- 
sor is measured. This is often listed in a data- 
sheet. 


sgister A section of memory that stores a dig- 
ital value (usually 1 or 2 bytes in a sensor). 


target Any object that is being detected by a 
motion sensor, proximity sensor, or presence 
sensor. 


temperature coefficient The percentage 
increase or decrease in the value of a sensor as 
a result of unit change in temperature (usually 
1 degree Celsius). Often abbreviated as TC. The 
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value may be resistance, voltage, or current, 
depending on the sensor. The temperature 
coefficient should be negative if the value of 
the sensor diminishes when its temperature 
increases. If it is expressed in parts per million, 
abbreviated ppm, it can be converted to a per- 
centage by dividing by 10,000. 


Wheatstone bridge A network of four resis- 
tors. At least one of the resistors has an 
unknown value, while the others have precisely 
known reference values. The network enables 
calculation of the unknown value. See 
Figure 12-2. 
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A 


absolute humidity, 119, 120 
absolute magnetic encoder, 41 
absolute pressure, 113 
accelerometer 
‘and gyroscope, 72 
applications, 70 
free fall, 71 
gravity, 77 
how it works, 70 
IMU, 5, 63, 66, 69 
Newton's Second Law, 72, 
rotation, 71 
schematic symbol, 70 
spring, 70 
values, 73 
variants, 72 
what can go wrong, 74 
what itdoes, 69 
ADC, 210,217 
air pressure, 114 
alcohol vapor sensor (see gas con- 
centration sensor, alcohol) 
altimeter, 114 
ammeter (see current sensor) 
analog-to-digital conversion, 210, 
217 
‘anemometer, 125, 126 
angle sensor (see rotary position 
sensor) 
angular motion, 21 


angulae position sensor (seerotary 


position sensor) 
Arduino-compatible 
{925 flow rate sensor, 127 
gyroscope, 67 
IMU, 67 
‘magnetometer, 9 
pressure sensor, 114 
proximity sensor, 34 
temperature sensor, 184, 185 
touch screen, 97 
touch sensor, 91 
avalanche diode, 136 
axis of the earth, 7 


bandgap temperature sensor (see 
semiconductor temperature 
sensor) 

barometer, 114 

barometric pressure, 114 

Beidou positioning system, 3 

bin switch, 57 

black-body radiation, 25 

Bourdon tube, 112 

breakout board, 217 

breakover switch (see tlt sensor) 

Brokaw cell, 180 


capacitive displacement sensor, 
36 
capacitive proximity sensor (see 
touch sensor) 
capacitive touch sereen, 96 
capacitive touch sensor, 90, 
carbon microphone, 194 
chip-based temperature sensor 
(see semiconductor tempera- 
ture sensor) 
clinometer, 55 
coil magnetometer, 8 
communications satellites, 1 
compass, 6,8 
condenser microphone, 194 
contact bounce, 18, 23 
contents 
volume 1, xxi 
volume 2, xxii 
volume 3, xxii 
crystal microphone, 196 
current sensor 
ammeter, 199-200 
applications, 199 
Hall effect, 202 
how it works, 199 
microcontroller, 201 
panel meter, 199 
schematic, 200 
schematic symbol, 200 
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series resistor, 200 
voltage drop, 200 
what can go wrong, 203, 
what it does, 199 
current-sense resistor, 201 


D 


debouncing, 18, 48, 61,217 

decibels, 196, 217 

declination, 7 

detection sensor (see presence 
sensor) 

dew point, 119 

dielectric, 90, 218 

differential pressure, 113 

diode temperature sensor see 
semiconductor temperature 
sensor) 

distance sensor (see proximity 
sensor) 

dual slope converter, 211 

‘dynamic pressure, 111 


E 


electret microphone, 195 
encoder 

linear, 41 

magnetic, 41 

rotary, 48 
errata, 


F 


feedback to and from authors, xxv 

flash converter, 211 

float sensor, 100 

float switch, 57 

flux density, 6 

flux, magnetic, 6 

force sensor 
applications, 81 
deformative, 86 
how it works, 82 
how to use it, 86 
piezoelectric, 82 


plastic film, 82, 85-87 
resistive, 82, 86 
schematic symbol, 82 
strain gauge, 82, 83, 85, 88 
Units of measurement, 82 
values, 87 
What can go wrong, 88 
what itdoes, 81 
Wheatstone bridge, 83 
four-wire touch screen, 96 
frequency response, 197 
fresnel lens, 27 


G 


Galileo positioning system, 3 
{gas concentration sensor 
alcohol, 118 
breakout board, 119 
‘cross-sensitivity, 118 
how it works, 117 
humidity, 177, 119 
‘oxygen, 119 
propane, 118 
schematic symbol, 117 
‘semiconductor-based, 117 
what can go wrong, 122 
what itdoes, 117 
gas flow rate sensor 
‘anemometer, 125,126 
applications, 128 
data output, 128 
schematic symbol, 125 
thermal mass, 127 
thermopile, 127 
Units of measurement, 128 
what can go wrong, 129 
what it does, 125 
{gas pressure sensor (see pressure 
sensor) 
{gas sensor (see gas concentration 
sensor) 
gauge pressure, 113 
geographical meridians, 7 
Global Positioning System (see 
GPS) 
GLONASS positioning system, 3 
GPS 


antenna, 2 
definitions, 1 
frequencies, 2 
how to use it, 3 
NMEA protocol, 3 
satellites, 1 
schematic symbol, 1 
time-keeping, 4 
tracker, 2 
values, 3 
What can go wrong, 4 
What it does, 1 

gray code, 51 

gyroscope 
and accelerometer, 72 
applications, 63 
axes, 64 
how it works, 64 
how to use it, 67 
IMU, 5, 63, 66, 69 
resonator (see gyroscope, 

vibrating) 
schematic symbol, 63 
values, 67 
variants, 66 
vibrating, 64 
what can go wrong, 67 
what it does, 63 


H 


Hall effect 
current sensor, 202 
Hall effect sensor 
advantages, 22 
applications, xx, 52, 
float sensor, 100 
how it works, 18 
how to use, 20 
‘magnetometer, 8 
rotary position sensor, 48 
variants, 19 
hard-iron bias, 9 
heading, navigational, 5 
humidity sensor (see gas concen- 
tration sensor, humidity) 
hygrometer, 120 
hysteresis 
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float sensor, 101,218 applications, 39, 42 liquid level measurement, 103 


reed switch, 17, 218 how it works, 39 schematic symbol, 82 
incremental, 41 strain gauge, 83, 85, 88 
I linear potentiometer, 40 values, 87 
magnetic linear encoder, 41 what can go wrong, 88 
optical linear encoder, 41 what it does, 81 
Be siiale quadrature, 41,218 LVOT (see linear variable differen- 
IC temperature sensor (see semi- 
‘schematic symbols, 39. tial transformer) 
conductor temperature sensor) fetcan aoironn 
IMU, 5, 63, 66, 69, 218 bis ‘de g 39 9 
inclination, 7 petites M 


linear potentiometer, 40 


inclinometer, 55 
linear variable differential trans- 


inertial measurement unit (see magnetic 
former, 42 
ee liquid displacement sensor, 102 oer 
infrared proximity sensor, 32-34 rs a pt : i ball intilt sensor, 59 
infrared radiation, 188 pune fe rate sense declination, 7 


differential pressure, 109 encoder, 41,52 
magnetic, 108 fe 
paddlewheel, 105 uke 


reed switch, 105, liquid Now rate sensor, 108, 

rotor, 105 

schematic symbols, 105 Mewbleesd 

schematic symbols presence sensors, 16 
ermal mass, rotary position sensor, 7 


turbine, 106 lire : 
Gite 108 ‘magnetic, linear encoder, 41 


infrared temperature sensor 
advantages, 187 
applications, 188 
array, 191 
‘compared with other tempera- 
ture sensors, 153) 
how it works, 188 
limitations, 188 


schematic symbol, 188 peal Bae magnetometer 

thermopile, 189 gowrong, breakout board, 6,9 
what it does, 105, 

values, 191 iguid Aaa eae coil, 8 

variants, 190 Te giicd oa hrard-iron bias, 9 

what can go wrong, 192 Hau evel seat heading, 5 


displacement, 102 


what it does, 187 how it works, 6 


inrush current limiter, 150, 161 Heedastnars how to use it, 9 
interintegrated circuit bus (see : IMU, 5,63, 69 
how it works, 100 
120) i eco magnetoresistance, 8 
neementl out merdins,?7 
Porentiomete placement, 10 
K pressure of liquid, 103 seni, 
schematic symbols, 99 A 
Kelvin temperature scale, 218 tilting, 104 perpen 
soft-iron bias, 9 
turbulence, 104 ore 
a ultrasonic, 102 shat a goon 
weight of reservor, 103 7 


What it does, 5 

magnetoresistance, 8 

mass flow rate sensor (see gas 
flow rate sensor) 

mathematical syntax, xxiv 

membrane switch, 89 

MEMS, xix, 218 

MEMS microphone, 195 

mercury switch, 58, 61, 78 


what can go wrong, 104 
what it does, 99 

liquid pressure sensor (see pres- 
sure sensor) 

load cell (see load sensor) 

load sensor, 8] 
{see also force sensor) 
applications, 82 
deformative, 86 


light meter, 137 
light-dependent resistor (see pho- 
toresistor) 
linear displacement sensor (see 
linear position sensor) 
linear feedback shift register, 2 
linear position sensor 
absolute, 41 


Index 223 


meridians, 7 linear encoder, 41 photocell (see photoresistor) 


metric system, xxiv optical isolator, 132 photoconductive cell (see photo- 
microelectromechanical devices optical presence sensor, 12 resistor) 
(see MEMS) optical rotary encoder, 48, 53, photodarlington, 142 
microphone optical switch, 13, 15, 50 photodiode 
carbon, 194 optocoupler, 142 applications, 135 
condenser, 194 optointerrupter, 21 array, 137 
crystal, 196 orthogonal, 218 avalanche diode, 136 
directionality, 197 output band gap, 137 
dynamic, 194 analog current conversion, 213 color sensing, 137 
electret, 195 analog voltage conversion, 210, dark current, 135, 
frequency response, 197 27 how it works, 135 
how it works, 194 analog-to-binary conversion, how to use it, 139 
impedance, 198 210 light meter, 137 
MEMS, 195 analog-to-digital conversion, photoconductive mode, 135 
moving coil, 194 210 phototransistor comparison, 
piezoelectric, 196 binary, 209, 210, 213,217 143 
rolloff, 197 digital, 209 photovoltaic mode, 135 
schematic symbols, 193 dual slope converter, 211 PIN type, 136 
sensitivity, 196 flash converter, 211 reverse bias, 135 
signal-to-noise ratio, 198 frequency conversion, 214 schematic symbols, 135 
total harmonic distortion, 198 (2G, 214, 218 ultraviolet, 137 
Units of measurement, 196 open collector, 212, 218 values, 138 
what can go wrong, 198 options, 209 Variants, 136-137 
what it does, 193 pullup resistor, 213, 218 wavelength range, 137 
motion sensor (see PIR) PWM conversion, 209, 213, what can go wrong, 140 
mouse, 50 resistance-to-voltage conver- what it does, 135 
moving coil microphone, 194 sion, 211 photointerruptor, 13 
scaling, 211 photomicrosensor, 15 
N SPI, 215 photoresistor 
successive approximation con- availability, 131 
aviation healing 8 verter, 211 how it works, 132 
TOWN unit of larce zie voltage divider, 210 how to use it, 133 
Newtaris secind Lise 72 voltage-to-frequency con- optical isolator, 132 
NMEA protocol, 3 verter, 211 phototransistor comparison, 
bath bile over-curtent protection, 160 133 
over-temperature protection, 159 schematic symbols, 131 
NTC thermistor (see thermistor, 
i) oxygen sensor see gas concentra- sizes, 132 
tion sensor, oxygen) voltage divider, 134 
wavelengths of sensitivity, 134 
fe) P what can go wrong, 134 


what it does, 131 
phototransistor 
applications, 142 
base connection, 142 
binning, 144 
FET, 142 
how it works, 142 
how to use it, 144 


object detector (see presence sen- 
sor) 

object presence sensor (see pres- 
ence sensor) 

open collector output, 218 

opt-pass sensor, 15 

optical 


paddlewheel flow rate sensor, 105 

panel meter, 199, 205 

pascal unit of pressure, 218 

passive infrared motion sensor 
(see PIR} 

pendulum switch, 58 
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‘optocoupler, 142 altitude, 114 how it works, 17 


output current calculation, 145 ambient air, 114 how to use it, 18 
photodarlington, 142 applications, 111 hysteresis, 17 
photodiode comparison, 143 barometric, 114 liquid flow rate sensor, 105 
photoresistor comparison, 133 Bourdon tube, 112 values, 18 
schematic symbols, 141 diaphragm, 112 variants, 17 
values, 143 differential pressure, 113 What can go wrong, 23 
what can go wrong, 145 dynamic, 117 reference sources, xxvii 
what itdoes, 141 gasand liquid behavior, 112 reference temperature, 218 
photovoltaic effect, 135 gases, 115 reflective interrupter, 15 
piezoelectric ‘gauge pressure, 113 reflective object sensor, 15 
force sensor, 82 how it works, 112 reflective optical sensor, 15 
heat detector, 26 schematic symbols, 111 reflective photointerrupter, 15 
microphone, 196 sensing elements, 112 register, 218 
ultrasonic transducer, 32 static, 111 relative humidity, 119, 120 
vibration sensor, 76 units of measurement, 112 resistance temperature detector 
PIN photodiode, 136 what can go wrong, 116 (see RTD temperature sensor) 
pin-and-spring vibration sensor, what it does, 111 resistance-to-voltage conversion, 
76 propane sensor (see gasconcen- 21 
PIR tration sensor, propane) resistive force sensor, 82, 86 
applications, 25 proximity sensor resistive temperature device (see 
fresnel lens, 27 applications, 32 RTD temperature sensor) 
how it works, 26 capacitive displacement, 26 resistive touch screen, 95 
schematic symbols, 25 infrared, 32-24 retroreflective presence sensor, 
variants, 29 schematic symbols, 31 12,15 
what can go wrong, 30 triangulation, 32 rotary encoder, 48, 52-53 
what itdoes, 25 ultrasound, 32-33 rotary position sensor 
potentiometer what can go wrong, 38 absolute, 51 
arc segment, 46 what itdoes, 31 accelerometer, 77 
end stops, 46 PTC thermistor (see thermistor, applications, 45 
float sensor, 101 PTC) gray code, 51 
logarithmic, 46 pullup resistor, 273, 218 Hall Effect sensor, 48 
multiturn, 46 pulse-width modulation (see incremental, 49 
rotary position, 46 PWM) magnetic, 47 
presence sensor PWM, 209, 213 mouse, 50 
angular motion, 21 pyfoelectric detector, 26 optical encoder, 48 
configuration, 21 potentiometer, 46 
linear motion, 21 quadrature, 49, 218 
magnetic, 16 Q reflective optical, 48 


‘optical, 12, 22, 23 
optointerrupter, 21 


rotary encoder, 48 


quadrature, 41,49, 218 peau dation eels 


reflective, 12 sensing chips, 48 
retroreflective, 12, 15 R transmissive optical, 48 
schematic symbol, 12 What can go wrong, 53 
transmissive, 12-13, range finder (see proximity sensor) what it does, 45 
what can go wrong, 23 reed switch rotary sensor (see rotary position 
what itdoes, 11 advantages, 22 sensor) 

pressure sensor alarm system, 17 rotating coil magnetometer, 8 
absolute pressure, 113 float sensor, 100 
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rotation sensor (see rotary posi- 
tion sensor) 

rotational encoder (see rotary 
encoder) 

rotational position sensor (see 
rotary position sensor) 

RTD temperature sensor 
applications, 174 
attributes, 173 
compared with other tempera- 

ture sensors, 153 

how it works, 174 
output conversion, 176 
probe enclosure, 176 
schematic symbol, 174 
three-wire variant, 175 
variants, 175 
what can go wrong, 176 
what it does, 173 


Ss 


Safari Books Online, xxvi 
satellites, 1 
scalar magnetometer, § 
schematic conventions, xxiv 
schematic symbol 
accelerometer, 70 
current sensor, 200, 
force sensor, 82 
gas concentration sensor, 117 
gas flow rate sensor, 125 
GPS, 1 
gyroscope, 63 
infrared temperature sensor, 
188 
linear position sensor, 39 
liquid flow rate sensor, 105 
liquid level sensor, 99 
load sensor, 82 
magnetometer, 5 
microphone, 193 
photodiode, 135 
photoresistor, 131 
phototransistor, 141 
PIR, 25 
presence sensor, 12 
pressure sensor, 111 


proximity sensor, 31 
rotary position sensor, 46, 
RTD temperature sensor, 174 
semiconductor temperature 

sensor, 178 
thermistor, NTC, 147 
thermistor, PTC, 157, 
thermocouple, 166 
tilt sensor, 56 
touch screen, 95 
touch sensor, 90 
vibration sensor, 75 
voltage sensor, 206 

Seebeck effect, 167 

semiconductor temperature sen- 
sor 
analog current output, 182 
analog voltage output, 181 
applications, 178 
attributes, 178 
Brokaw cell, 180 
‘CMOS type, 185 
‘compared with other tempera- 

ture sensors, 153 
digital output, 183 
how it works, 179 
multiple transistors, 179 
schematic symbol, 178 
variants, 180 
what can go wrong, 185 
what itdoes, 177 

sensor 
categories, xx 
chip-based, 217 
multifunction, xx 
‘output options, 209 
suppliers, xv 

serial peripherals interface (see 
SPI) 

shift register, 2 

silistor, 158 

slider potentiometer, 40, 

soft-iron bias, 9 

solar panel, 135 

sound pressure, 196 

sources, xxvii 

south pole, 7 

speed sensor, 45 

SPI, 215 


static pressure, 111 

stomp box, 133 

strain gauge, 82-83, 85, 88 

successive approximation con- 
verter, 211 

suppliers, xxv 

surge limiter (see inrush current 
limiter) 


T 


tactile switch, 89 
target, 218 
temperature coefficient, 147, 152, 
218 
temperature sensor 
comparison of types, 153, 
infrared (see infrared tempera- 
ture sensor) 
noncontact type, 187 
RTD (see RTD temperature sen- 
sor) 
semiconductor (see semicon- 
ductor temperature sensor) 
thermistor, NTC (see thermistor, 
NTC) 
thermistor, PTC (see thermistor, 
PTC) 
thermocouple (see thermocou- 
ple) 
thermal mass flow rate sensor (see 
92s flow rate sensor) 
thermal mass liquid flow rate sen- 
sor, 107 
thermistor, NTC 
applications, 148 
compared with other tempera- 
ture sensors, 153, 
datasheet terminology, 152 
how it works, 148 
intush current limiter, 150 
‘output conversion, 149 
schematic symbols, 147 
values, 152 
What can go wrong, 153 
what it does, 147 
wheatstone bridge, 150 
thermistor, PTC 
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compared with other tempera- mercury switch, 58, 61 Units of measurement, xxiv 


ture sensors, 153 miniaturized, 59 
externally heated, 159 pendulum switch, 58 
heating element, 162 schematic symbol, 56 Vv 
inrush current limiter, 161 two-arls, 59 eoeaes 
ishing bast, vas ee cco 
linear, 158 what can go wrong, 61 pac tor 
nonlinear, 158,159 whatit does, 55 


vector magnetometer, 5 
vibrating gyroscope, 64 
vibration sensor 


over-current protection, 160 tilt switch (see tilt sensor) 
over-temperature protection, tip sensor (see tilt sensor) 


159 tipover switch (see tilt sensor) 

schematic symbols, 157 touch pad (see touch sensor) ne ee 

silistor, 158 fouch screen mercury switch, 78 

starting current, 162 ‘Arduino-compatible, 97 mousetrap type, 77 

what can go wrong, 163 capacitive, 96 piezoelectric, 76 

what it does, 157 four-wire, 96 pin-and-spring, 76 
thermocouple resistive, 95 schematic symbols, 75 

applications, 166 schematic symbol, 95. vallnes 8. 2 

‘compared with other tempera- variants, 95, 97 vatiables, 78 

ture sensors, 153 what it does, 95 variants, 75 

how it works, 167 touch sensor what can go wrong, 79 

how to use it, 168 applications, 20 what it does, 75 

identifiers, 169 Speskout boats, 93 vibration switch (see vibration 

measurement junction, 168 capacitive, 90 Sacot 

output conversion, 170 design considerations, 92 ideo display, 95 

reference junction, 168 how it works, 90 bhai 

volt meter (see voltage sensor) 

schematic symbol, 166 how tus in 91 voltage divider, 210, 

Seebeck coefficients, 169 schematic symbols, 90 voltage sensor. 

Seebeck effect, 167 tactile feedback, 90 accuracy, 207 

‘thermopile, 171 touch pad availability, 91 bar graph, 207 

what can go wrong, 177 what can go wrong, 23 how it works, 206 

what it does, 165 what it does, 89 nel meter, 205 
thermopile wheels and strips, 92 Lobel 

‘gas flow rate sensor, 127 touch strip, 92 schematic symbol, 206 

infrated temperature sensor, touch wheel, 92 volt meter, 205. 

189 triangulation, 32 what ean go wrong, 208 

overview, 171 turbine flow rate sensor, 106 what itdoes,205 
tiltsensor voltage-to-frequency converter, 

applications, 5? U 2 

bin switch, 57 


breakout board, 59 
float switch, 57. 
how it works, 56 
how to use it, 67 
magnetic ball, 59 


ultrasonic anemometer, 125 Ww 
ultrasonic flow rate sensor, 108 


ultrasonic liquid level sensor, 102 heststone bridge, 83, 150,160, 
ultrasonic proximity sensor, 32-33 “"S"1) 
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«6 ABSTRACT 


This invention relates to a magnetic vortex generator which 
hss the ability to generale negative mass and a negative 
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spring constant which, according 10 Einstein's General 
Theory of Relativity, is required in order to create a stable 
‘wormhole between our space and hyperspace, Two separate, 
but electrically connected, toroidal coils of difering radi, 
carey magnetic Bux in opposite direetions about their eom= 
‘moa centerline, According to Maxwell's equation, this pro 
dduces bucking electri filds along said centerline. Because 
the two solenoids have different radi, he parallel spring 
constant of both coils is. negative 
together with the negative spring constant produce a real 
resonant frequency which ean distor the spacetime curva 


The negative mass 


ture due to the creation of powerful spikes of negative mass. 
This phenomenon, similar to the common elecirical thun- 
derstorm, opens up @ Wormbole into hyperspace through 
Which low-density hyperspace energy can enter into our 
dimension. This energy finds many application in new types 
of power supplies, inemtia-ess and mass-less spacceralt, 
vehicles that can travel light-years by moving out of dimen: 
sion through hyperspace, sungery-less medical ables, cranes, 
for lifting heavy objects, cold-welded erystals for erystal 
rotors, folding space waveguides, and electromagnetic field 
propulsion vehicles using highly relativistic fields. 


Patent Application Publication Oct. 23, 2003 Sheet 1 of 6 US 2003/0197093 Al 


Figure 1 


esl 


Figure 2 


Patent Application Publication Oct. 23, 2003 Sheet 2 of 6 US 2003/0197093 Al 


Figure 3 
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MAGNETIC VORTEX WORMHOLE GENERATOR 


BRIEF SUMMARY OF THE INVENTION 


[0001] This invention, which isthe subject of my preseat 
application, is comprised of two solenoids wound with a 
‘commoa wire in opposite directions oa two separate toroidal 
ceurved-sheet transformer laminates of differing radi. The 
smaller solenoid is mounted along the centerline of the 
larger solenoid. This circular magnetic geometry creates 
linear bucking electric fields slong the centerline of the coil, 
Because the magnetic flux in the laminates travels in oppo- 
site directions along arcs of differing radit in the two coils, 
‘negative mass and a negative spring constant are generated 
by the system. From the theory of gravitational physi, 3 
negative mass is prerequisite t0 producing a wormhole 
‘because it allows the throat of the wormhole to remain open 
‘and stale. The ereation of the wormbole is facilitated by the 
‘appearance of a negative spring constant which allows the 
spacetime curvature to resonate to such a degree that said 
‘wormhole develops between our dimension and another 
‘co-dimension of hyperspace. Because the physies constants 
‘of hyperspace are diferent from ours, the Wormhole allows 
hyperspace enecgy having a low speed of light to enter our 
dimension. Because electromagnetic fields obey the Lorentz 
transformation, it is now possible with this lower velocity of 
light to create huge relativistic fields which can drive the 
new electromagnetic field propulsion vehicles, 


BACKGROUND OF THE INVENTION 


[0002] The idea for this coi configuration comes from the 
‘observation of powerful thunderstorms, as described by 
physicist Dr. Richard Feynman in his Lectures on Physics, 
copy of which is enclosed asa reference. Upon reading his 
explanation, I realized that the thunderstorm is actually a 
hyperspace physies phenomenon, 

[0003] After the passage of a large lightning storm, people 
have observed that a ea tre rim has menged with the trunk 
‘of 4 tree growing in the ground. Due to the large branches 
‘of the tre, there is no possible way tha it could slide down 
the branches and around the tuak. It was observed also that 
a slraw of wheat became embedded in the hard wood of a 
{elephone pole. I tums out that the thunderstorm offers an 
explanation as to how this can occur, 


[0004] After reading Feynman's explanation, it can be 
seen that the Key to this phenomenon is that there is a 
downward and an upward lightning bolt, sometimes occur- 
ting together if the leader branches into iwo patbs. Bolts of 
lightning also like to strike tall objects such as telephone 
poles of trees. Now an electrical current moving downward 
proxhices a clockwise magnetic B field, as seen from above, 
On the return stroke, the current is moving upward which 
procluces a counterclockwise magnetic B field, Thus the 
thunderstorm produces two buge bucking magnetic B fields 
‘whieh is the magnetic geometry of this magnetic vortex 
generator. Using my tetrahedron diagram, I will then show 
that the low density hyperspace enerey with its low speed of 
light is able to pull the rim out of dimension so that it can 
merge With the leo al the moment the lightaing strikes. 


SUMMARY OF THE INVENTION 


[0003] 11 is the object of this invention to produce two 
Toroidal oppasitely-diected magnetic Mux fields in two 
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separate yet electrically connected solenoids of dlflering 
radii, Because the lines of lux are traveling in toroidal, 
‘curved-sheet transloemer laminates along arcs of differc 
‘curvature, the fields produce what is knowa in gravitational 
physics as negative mass. Negative mass has the property 
that if you project it onto a hot surface, the surface will cool 
rather than heat up. The negative mass, together with the 
resonance of the spacetime curvature involving a negative 
Spring constant, ereate a wormbole into hyperspace. This 
interdimensional conaeetion allows low speed of light 
hyperspace energy into our dimension which can be used to 
decrease the weight of an object, or produce huge relativistic 
‘electromagnetic fields that can be used to drive the new 
‘electromagnet field propulsion spacocrat 


‘STATEMENT REGARDING FEDERALLY 
‘SPONSORED RESEARCH OR DEVELOPMENT 


10006] Nox Applicable 


ABRIEE DESCRIPTION OF THE DRAWINGS 


[0007] FIG. 1. Front view of magnetic vortex generator. 
{0008} FIG. 2 
generator. 


[0009] FIG. 3. The non-linear coil winding on the interior 
face of the laminations. 


Perspective view of the magnetic vortex 


[0010] FIG. 4. The non-linear coil winding on the exterior 
face of tbe laminations showing that there is an electrical 
‘current component ia the theta direction, 

[0011] | FIG. 5. The coil variables forthe tensor ealeulation 
Of the negative spring constant, 

[0012] FIG. 6. The Faraday electcomagnetic tensor show- 
Ing the position of the magnetic field in the {1.2} slots 


[0013] FIG. 7. Tee units of the spring constant 
[0014] FIG. 8. The parallel spacetime spring constant 


[0015] FIG. 9. The cylindrical g metric tensor including 
the magnetic fel, 


[0016] FIG. 10, A plot of the mass term G,, for Einstein's 
G curvature tensor showing that two negative mass spikes 
are created along the centerline of the generator. Negative 
‘mass is required to keep open the throat of the wormbole 


(0017] FIG, LL, Ciecuit diagram for the magoetic vortex 
ar r 
generator 


[0018] FIG. 12. BH curve for non-linear SuperMalloy 
toroidal core, From the equation, BeyH, the slope of the line 
js equal to the permeability #B/0H =. 


DETAILED DESCRIPTION OF THE 
INVENTION 


[0019] 1. The fact that negative mass is required to keep 
the throat of a wormhole open has been shown to be valid 
by physicist Dr. Kip Thorne in the enclosed reference 
physics paper: The key point of this invention is that if you 
have a negative mass, you also require « negative spring 
‘constant in order to get teal frequency and vice versa. The 
angular frequency of vibration is equal to the square root of 
the spring constant K divided by the mass M, o¢ e=¥KIME. 
If the mass is negative, and the spring constant is positive, 
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the frequency is imaginary. Therefore, in order to get a real 
frequency, the spring constant has to be negative also. 


[0020] 2. Referng to FIG. 1, the magnet vortex gen- 
crator consists of a lange toroidal solenoid (A) and 

Support structure (C), a sinaller toroidal coil (B) with iss 
Support stricture (D) which holds the col along the eener- 
Tine ofthe lager coil. The entire structure sits on a base (E). 


[0021] 3. The two solenoids are wound with a common 
‘wire ia opposite directions on Wo separate toroidal curved- 
sheet transformer laminations of differing radii. From the 
Tight hand rule, a changing circular magnetic field in the 
direction ofthe Fingers produces # linea electric fel in the 
direction ofthe thumb, Because there are wo coils produc 
ing two magnetic fields ia opposite directions, there are 160. 
‘bucking electric fields down the centerline ofthe coils. This 
<luplicates the thunderstorm conditions. A perspective view 
of the generator is shown in FIG. 2. 


[0022] 4. Acnlarged view of the non-linear coil winding is 
shown in FIG. 3. The wire (B) is wound around the thin 
ttansformer laminations (A) with a non-linear coil spacing 
as shown by tbe difference in spacing between length (C) 
and (C). On this inner side of the col, the wire is wound 
straight across where it can be seen that the wire is normal 
to the edge of the laminations. Not shown are two strips of 
Velero which Keep the wire aligned and offset from the 
tape-covered metal laminations, 


[0023] 5. Since the wire is straight across on this side the 
‘opposite side has to have the wire run in a diagonal manner 
as seen in FIG. 4A. In terms of cylindrical coordinates, the 
‘components of the electrical current in the coil low in the 
‘2adigection across the breadth of the lamination and in the 
‘Osdireetion around the lamination 


[0024] 6. The reason for the non-linear spacing is 10 
preserve the veetor potential ofthe coil. The vector potential 
is a more important field than the magnetic field because it 
‘can extend out past the windings of a long solenoid. If you 
Took at the units, itis the field momentum per charge or 
Kilogram meter per second coulomb. Notice thatthe deriva- 
live of the vector potential with respect to lime is an electric 
field, while a derivative with respect to length is the ma 
netic field, The inductance of the coil times the cusrent 
density is equal to the vector potential. Thus the inductance 
‘gradient of the coil times the curcent per meter is the 
magnetic field, So the non-linear coll picks up an additional 
magnetic field around the evil besides the one created in the 
laminations by the winding iselt 


[0025] 7. Taking a closer look at the coil in FIG. 5, itis 
‘constructed of thin laminations taped togetber to form a 
cylindrical shape with a wire coil wrapped around it. This 
creates a magnetic field in the theta 6 direction within the 
laminations. Because the coil is wrapped asa helix, there is 
4 cartent component I in the theta direction, The eross- 
sectional area Area through which the magoetic flux flows 
times a normal veetor a inthe theta direction i the tensor 
area ny Area, Ifthe radius of the coil is, then the curvature 
K is 11° pointing in the radial direction. Because there are 
‘wo coils with differing radi, the generator has two curva 
tuces associated with i 


[0026] 8. In the geometry of electromagnetism, the mag- 
nete feld is part of the electromagnetic Faraday tensor F™ 
‘which isa 4 by 4 spacetime matrix having rows and columns 
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of time 4, radius «, angle 0 and height 2 in cylindrical 
‘coordinates, The fist index 4 refers 10 the ov, and the 
second index refers to the columa, The diagonal of the 
matrix is 2e¢0, The fist sow aad columa belong © the 
clecttic fel Allthe other slots are filled by the components 
ff the magnetic field. The By component is located in the 
‘complementary slots ofr and’7 3s shown in FIG. 6, Now 2 
tensor product canbe weittea withthe available variables I? 
no Area K,F"=K. This says that the euteat around the loop 
fn the theta direction times the lamination area vector i the 
theta direction times the eurvanuce K of the cilia the radial 
direction times the magnetic field in the theta direction is 
‘equa oa spring constant inthe 7-directon, or normal tothe 
plane of the coil. All the tensor components cancel out 
‘except foe the 2-ltection, That is, the coil produces 
spacttime spring constant Unrough the center of the coil 
‘where there are resonant bucking electric fields. So the coil 
Js creating a magnetic spring. ‘The units of the spring 
‘constant are shown in FIG. 7 as foree per meter. 

[0027] 9. Because there are tw coils operating in opposite 
directions in regions of dilering curvature, there are 1Wo 
parallel spring constants generated along the centerline. Two 
Springs in parallel sum, but the inner coil is negative de to 
the tpl product of negative signs of curent, field and area. 

Looking atthe front view ofthe coils, the ight hand eule 
shows the field going counterclockwise with the thumb 
pointing along the electric field in the positive z-direction 

‘The inner coil withthe fit going in the clockwise direction 
has the elect ie in the negative -ireeton. Therefore 
the outer cvl’s positive spring constant sums with the inner 
‘coils negative spring constant to produce an overall oega~ 
tive spring constant as shown ia FIG. 8, The iner coil has 
2 radius r, andthe spacing between the outer and inne coil 
4 In this desian, the inner radius i 1, and the outer radius 
's 3 which isthe magic ratio in physics of 1/3. That makes 
Jength a equal to 2. Substituting r=1 and a=2 into the spring 
‘canstant equation shows thatthe ratio is negative 8/9. That 
3s, the spring constant is nepative as previously asserted. If 
the spring constant is negative, it must produce aegative 
mase in order o have a real frequency of esonance. Since 
it produces negative mass, then it ean produce a wormbole 
as shown by Dr. Kip Thorne 

[0028] 10. The geometry of hyperspace physic is based 
‘onthe geometry of the tetrahedeon which is eircumscrbed 
by the sphere. The comers of the tetrahedron touch the 
sphere ata latitude of 1947122063" which turns ut 1 be, 
in terms of planet cosmology, the location where al he large 
‘voleanoes ad vortices occur on Ear, Maes, Jupiter, Uranus 
and Neptune. Furbermore, the caine squared ofthis angle 
55'89, which isthe spring constant ratio for the magnetic 
Vortex generator. That 3, the coil is interacting with the 
geometry of spacetime which is why its such an effective 
‘wormhole generator. As will be demonstrated later, the 
tetredeal geometry of hyperspace shows thatthe electron 
and proton are one and the same particle. This is 4 now 
‘scovery in science coming out of this research, The 
diagram also shows that when the speed of light is reduced, 
‘ue to the low density of energy coming into our dimension 
through the wormbole, Planck's constant divided by the 
speed of list puts the electron atthe boundary between 
space ad hyperspace. Tats the elecizoo andthe protoa 30 
‘out of dimension which isthe reason that the er tte rim ean 
become merged with the tree. The ramifications of this 
magnetic vortex generator are enormous. It means develop 
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ing new types of erystals through interdimensional merging, 
‘which will be needed in the development ofthese spacceraft 
‘and their crystal rotors. It means the possibility of telepos 
ing spacecraft theough hyperspace over distances of light 
years using the new folding space waveguides. It means. 
light-weight or inemtia-less spacecraft wisich can be accel 
crated at huncreds of thousands of g's. It means the abil 
to lift extraordinary loads in construction work. It means 
surgery-less medical tables. where tumors can be pulled 
directly out of the patient's body 


[0029] 11, Because we have a magnetic spring, then there 
is some resonant frequency at which the coil ean he operated 
in onder to create & large spacetime distortion. It is this 
distortion that creates the wormhole into hyperspace. From 
this it follows thatthe wormhole attaches to a low pressure 
region with a magnetic monopole. Because pressure is linear 
‘mass times the speed of light squared divided by area a low 
pressure sigaifies a low speed of light and ess dense mater. 
‘What this means is that opposite polarity spacetime curva 
ture at two ends of an electrode will produce a voltage along, 
the electrode, effectively creating a power supply. The 
reason for this is that spacetime curvature, as shown by 
Einstein's General Theory of Relativity equation Gaye 
S8xT gis equal to the square ofthe electromagnetic fields in 
the sttess-energy tensor T. So the curvature oa the ends of 
te electrode appear as voltages and the system acts as & 
battery supply to power the spacecraft 


[0030] 12. The other characteristic of the magnetic vortex 
‘generator is that it ean pull objects out of dimension allow- 
ing the object to apparently move through solid walls. The 
‘object doesn't actully move through the wall because the 
‘object is not in the sume dimension as the wall; it just 
appears that way. Moving out of dimension and then back 
again on the other side of the wall would effectively move 
the object theough the wall forall inteats and purposes. 


[0031] 13. The tetrahedron diagram is a physies diagram 
‘which plots the natural logarithm of mass to the natural 
logarithm of wavelength, The product of mass times wave- 
length is equal to Planck's constant divided by the speed of 
light, So the product of the electron mass times its wave- 
length is equal to the proton mass times its wavelength is 
ccqual tothe Planck mass times the Planck wavelength, The 
Planck wavelength is the bottom dimensional limit of the 
‘universe. We live in the Planck box which is bounded by the 
Planck wavelength and Planck mass, Outside this box is, 
hyperspace. 

[0032] 14. Because logarithms sum, the sum of the log of 
the mass plus the log of the wavelength is a constant sum, 
‘Thus the electron and proton and Planck mass slide on a 45° 
line known as the base conslant which is equal at the axes 
to the log of Planck's constant divided by the speed of light. 
Planck's constant is measured in joule-see so that mutiply~ 
ing it by the frequency L:second of light gives the energy of 
the photon particle, 


[0033] _15. Planck's constant is equal to the Planck wave- 
length times the Planck mass times the speed of light. The 
45° base constant is Planck's constant divided by the speed 
‘of ight, which means thatthe speed of light cancels out top 
‘and botiom, leaving the area of the Planck box asthe value 
Of the base constant. Hyperspace has « low linear mass 
‘compared to our dimension. Therefore, Planck's constant is 
reduced when this energy enters our dimension through the 
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‘wormbole ereated by the generator. And the base constant is 
also so reduced. In terms of logs, this means that the 45° 
base line becomes more negative and moves to the right on 
the diagram, As it does so, the base Tine intersects the 
‘electron at the Planck wavelength witch is the separation 
point between space and hyperspace, That is, the electron 
‘moves out of dimension, Because the electron and proton are 
‘one and the same particle, as shown in reference tetrahedron 
‘diagram 1e10S65, the proton and hence the entire atom is 
taken out of dimension as well. 


[0034] 16. All ofthis can be seen more easily graphically 
fon the tetrahedron diagram itself, referring to reference 
tetrahedron diagram 113025. The 45° line which intersects 
the eleetcon at point (p) isthe base constant for our dimen- 
sion. As you can see, this baseline intersects the horizontal 
axis ala value of ~95:91546344 which isthe log of Planck's 
‘constant h divided by the speed of light. Because Planck's 
‘constant is proportional to the linear mass, itis reduced in 
value by the low density hyperspace energy and, in terms of 
Jogs, becomes more negative. This moves the base line to the 
right at a value of around minus 108. The new base line 
intersects the electron at point (a) which is located on the 
Planck wavelength that is the boundary between space and 
hyperspace. Thus the electzon at point (a) goes out of 
dimension. 


[0035] 17. It was inferred previously that a negative spring 
‘constant meant a negative mass was produced by the worm 
hole generator. This ean actualy be calculated using Ein- 
slein’s General Theory of Relativity: The caleulation starts 
‘wit the g metric tensor which isa spacetime measurement 
of distance in termsof time t, radius, horizontal angle @ and 
length 7. This 4 by 4 mateix is shown in FIG. 9 where the 
‘agonal line has a signature in eylinrical coordinates of 
Values equal to {-1, 1, %, 1}. All the other terms of the 
matrix are zero except for the magnetic fields in the 1Wo 
cis, Beeause the fel is chaning sinusoidally with ime in 
the theta direction, the field has to go into the {t, 6} and (8, 
1} slots of the matrix. Beeause the field in the innee coil is 
in the negative direction compared to the outer evil, and 
‘including a 90° phase shift between the two fields, a suitable 
magnetic field funetion would be B (cos(0)-sn(0). 


[0036] 18. Using a general relativity software package, 
Einstein's G curvature tensor can be calculated for this 
particular metric. The first term G tia the upper lett band slot 
fn the corner is the mass term for the tensor, All the other 
terms are either electromagnetic fluxes or pressure terms, 
involving the squares of the ick 


[0037] 19. Referting to FIG. 10, a plot of the mass as a 
Tunetion around a small circle shows that two negative mass 
spikes occur around the eitcumference ofthe circle. Because 
the radius is almost zero the two spikes are actually coin- 
cecent, 


[0038] 20. This next section shows the electrical system 
used to drive the magnetic voriex generator. Referring 10 
FIG. 11, the system is driven by a sinusoidal voltage source 
(A) into’a 1:1 uns isolation transformer (B), The voltage is 
Stepped up into the range of thousands of volts using a 
‘step-up hi-pot tansfocmer (C). The first loop consists of 
direct current blocking capacitor (D), a tunsformer choke 
(E), 4 variable inductance (G) and the current in the loop (P). 
‘The variable inductance is a coil winding on a toroidal eore 
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‘wound with thousandih-inch thick SuperMalloy tape, This 
coil acts as a magnetic switch due to its variable permeabi 
ity 


[0039] 21. Referring to the accompanying drawing in 
FIG. 12, the slope of the BH curve is actually the peeme- 
ability ofthe core. At point (a)on the curve, the slope is very 
Tow and therefore the permeability is very small. The 
resistance ofthe col isthe frequency of the current limes the 
inductance of the coil. If the permeability is small, then the 
inductance is low, which means that the coil resistance is, 
low initially. With a low resistance ia the coil, current (F) 
flows through the winding rather easily, Thea the coil goes 
from point (a) to point (b) where the permeability and 
resistance inerease. This change in resistance from a low to 
a high value dumps the magnetic energy into capacitor (H). 
‘Then the non-linear coil saturates between points (b) and (c) 
‘where again the coil has a small slope and the coil resistance 
switches to a low value. Capacitor (D) then dumps its charge 
(D through coil (G) producing a large voltage spike in the 
input and output winding of transformer toroidal coil (I). 
‘The magnetic Hux in eoil (J) then produces a voltage spike 
in coils (L) and (M) of the magnetic vortex generator. The 
frequency of oscillation of the generator is determined by 
capacitor (K) and the overall inductance of the two coils. 
‘The diagram shows that the winding is non-linear and in 
‘opposite directions going from outer coil to the inner coi 


[0040] 22. Frequency of oscillation has tobe kept under 20 
MBH in order to create a soft wormhole that connects to low 
pressure regions of hyperspace. The pressure regions of 
hyperspace are similar to the pressure produced by a dam 
holding water. The upper surface of the water, where there 
8 no Water pressure, § analogous to the black void into 
‘which our universe is expanding, In the mille of the dam, 
there isa region just above us having a lower water pressure 
which corresponds to the low density hyperspace energy. 
This analogy isnot perfect because the many frequencies of 
hyperspace are quantized, as we know from quantum phys- 
ies, rather than being « contiquous specteum of lower and 
lower frequencies down to the zero frequency of the black 
void. 

‘What I claim as my invention is 

1. A magnetic vortex generator which can generate nega- 
live mass according to Einstein's General Theory of Rela~ 
livity, which isa tested and proven theory. As a result ofthis, 
theory, it ean be shown that negative mass is required 10 
create a stable wormhole between space and hyperspace. 
‘Without the negative mass, the throat would close. 

2. The generator consisis of to solenoids wound with a 
‘common wire in opposite directions on two separate toroidal 
ccurved-sheet translormer laminates of differing radii. The 
smaller solenoid is mounted slong the centerline of the 
laager solenoid. 

3. According to Maxwell's equations, said geometrical 
‘and magnetic arrangement produces lineae bucking electric 
fields along the centerline of said coils. Since curvature and 
the square ofthe electromagnetic fields are one and the same 
phenomenon aecording to Einstein's spacetime curvature 
tensor GeSx T, this resonance of the electric fields causes a 
resonance ofthe spacetime curvature and the opening of the 
‘wormhole. 

4, Due tothe fact that the magnet flux travels within the 
laminations at a curvature equal 0 the inverse of the radius 
squared, cach col produces a spring constant which depends 
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‘on the current, lamination area, magnetic field strength and 
the individual eurvatute of each eo 

5, Due 10 the fact that the Bux travels in. opposi 
directions in each solenoid, the spring constant ofthe outer 
‘oil is positive, and the spring constant of the inner eo is 
negative. These two spring constants, one positive and one 
negative, ad in parallel to create a negative spring constant 
for the generator. Because the frequency of resonance is 
‘equal to the square root of the negative spring constant 
divided by the negative mass, the resonant frequency is 
positive ral. 

6. This process of ereating and keeping open the worm- 
hole allows low density hyperspace energy to enter our 
‘dimension, Because the linear mass is lower, Planck's 
‘constant, equal to the Planck mass times the Planck wave- 
Jength times the speed of light, is reduced to such an extent 
thatthe electron is moved out of dimension, Because the 
‘electron and proton are one and the same particle, when 
‘considering a path through space and hyperspace, the proton 
Js also moved out of dimension. Thus this process of moving, 
the atom in and out of dimension using the magnetic vortex 
generator has the ability to ereate cokd-welded crystals, new 
types of materials and new ways to cold solder one disparate 
material to another. 

7. As a consequence of said process, highly relativistic 
‘electromagnetic felds can be created hecause the velocity of 
light has been reduced considerably. These felds than ean be 
used to produce life in the new clase of electromagnetic 
propulsion vehicles. 

8. Asa consequence of suid process, refrigeration systems 
‘can be ereated because negative energy cools rather than 
heats 

9. As a consequence of suid process, power supplies can 
bbe made suel that «differential spacetime curvature on the 
‘ends of a carbon electrode can create a differential voltage 
similar to a regular chemical battery. 

10, As consequence of tis process, surgery-less medical 
tables can be fabricated whereby timors can be pulled 
directly from the patient's body. 

IL. AS a consequence of this process, the negative mass 
prodhced by the generator can ofiset the mass ofa spacecraft 
to create a mass-less, inerts-less vehicle which can accel- 
crate at hundreds of thousands of g's. 

12. As a consequence of this process, the folding space 
‘waveguide becomes a reality whereby hyperspace energy, 
‘which fas a low spring constant, can be easily folded and 

powerful, relativistic electromagnetic fields, 
nselves outof-dimen= 
sion over Inge distances measured in terms of light-years, 

13, Because the wormbole opens up an interdimensional 
‘connection to hyperspace having a magnetic monopole, a 
radial magnetic feld is created. AS a consequence of this 
process, a changing magnetic monopole field crossed with a 
‘changing electric field ean produce a toroidal electromag- 
netic fux around the circular hull of the spacecraft. As a 
‘consequence of the merger of these two fields, a spacetime 
‘curvature G,, is produced over the hull of the spacecralt 
Which creates a tension or lift force whieh enables the 
spacecraft to ascend, hover or descend. 

14, An clecirical system, comprised of a variable fre~ 
‘quency generator and amplifier, an isolation wansformer and 
voltage step-up transformer, drives a non-linear inductance. 
Which switches on and off the current in the output eieuit in 
‘such a manner as to produce large voltage spikes through 
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magnetic vortex generator. The generator responds by pro- 
<lucing two large negative mass spikes lose to the centerline 
Of the two coils. 

15. The winding on each coil of the generator has a 
nonlinear spacing to enhance the magnetic field and 10 
reduce the interwinding coil capacitance 

16, The ratio ofthe radius of the small coil to that of the 
lagger coil is 1/3, which isthe magic ratio in physics. This 
Creates a spring constant that is proportional to 8,9. The 
square of the cosine of the tetrabedral angle of 19.47" is 
‘equal o this ratio. Also the ratio of the area-lo-volume ratio 
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of the cireumscribing sphere of a tetrahedron to the area- 
to-volume ratio of the tirahedron is also 1/3. And the 
‘corners of the tetrahedron touch the circumscribing sphere at 
19.47" All the large voleanoes and vortices on Earth, Mars, 
Jupiter, Uranus and Neptune are located at this latitude. Thus 
this invention is more ellective in developing a wormbole 
because itis tuned geometrically tothe tetrahedral geometry 
of space. 
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Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 
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Figure 6 
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Figure 8 
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Figure 9 
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Figure 10 
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Figure 11 
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Figure 12 
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Figure 13 
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Figure 16 
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FULL BODY TELEPORTATION SYSTEM, 
BRIEF SUMMARY OF THE INVENTION 


invention is a system that feleports @ human 
‘being through hyperspace from one location to another using 
a pulsed gravitational wave traveling through hyperspace. 


BACKGROUND OF THE INVENTION 


[0002] The basis for this invention isan event, referring to 
FIG. 1, occurring on May 2, 2004, in which the inventor 
Che") ‘personally experienced full-body. teleportation 
while walking to the bus stop (A) along a road (B) that runs 
perpendicular to the nearby commercial airport runways 
where planes are landing. There is a wide iron grating (D) 
for water drainage that crosses the road atthe eenter of the 
‘bus stop, The grating width is such that one has to make a 
concerted effort ta jump across it in order to get from one 

de to the other. Approximately 50 meters from the iva 
arating, he (E) felt a vertical wave (F), similar to a flag 
waving in the breeze, trveling down the street toward the 
bus stop. The wave velocity was about I meter per second, 
which was slightly faster than his walking speed. Inthe next 
instance, he (G) found himself down the street near the 
‘comer of the next block. Realizing that he had passed the bus 
stop, he turned around to see the iron grating approximately 
'50 meters up the street in back of him, Because there was no 
recollection of having jumped across the iron grating nor of 
hhaving passed the bus slop's yellow marker line, he realized 
that he had been teleported & distance of 100 meters while 
moving along with the traveling wave. T¢was obvious that 
the wave was pulsed because the front edge overtook the 
inventor, moved with him momentarily, and then the back 
edge of wave left him as it moved on down the street. While 
contemplating this sequence of events, he then looked up 
and saw in a span oF afew seconds a wvin-turboprop aiplane 
(Cin the distance crossing above the road while making & 
shallow descent in order to land at the airpon. 


[0003]  1ttook o number of days in order to understand this 
sequence of events. The explanation involves knowledge of 
‘a wide range of subjects such as gravitation physies, hyper- 
space physics, wormhole electromagnetic theory and experi- 
‘mentation, quantum physies, and the nature of the human 
energy Bld, 


[0004] 1 is obvious from the above scenario that the 
firplane momentarily crossing perpendicular to the road 
xzenerates the aforementioned pulse. Because the ainplane 
has an engine on each wing, there are wo propellers which 
conceivably are rotating out-of-phase with each other. That, 
is, the blade of one propeller could be pointing up and the 
equivalent blade on the other engine could be pointing in a 
slightly different direction. Notice thatthe tip of the blade 
traces out a helix as the plane is landing. 


[0005] In gravitation physics, referring 10 FIG. 2, itis 
known that two masses of mass mL and m2 (A,B) attached 
by lever arms slightly offset by an angle 90 along the radial 
direction to the rotating shaft (C), will produce a gravitae 
tional wave (D) traveling perpendicular to the shaft, The 
‘mass and wave are referred 10 as the source and receptor 
respectively, Referring toa side view looking long the shaft, 
FIG. 3, the product of the mass m times the angular 
acceleration ais a constant such that mal is equal to m2a2. 
The distance between the masses is length L, which makes 
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‘an angle 6 with the horizontal axis, The difference in time of 
travel to the receptor gives rise to a difference in phase 80 
‘equal o the angular velocity « ofthe rotating shaft times the 
length Limes the eosine of the angle 6 

tos. on) 


[0006] At the receptor, the amplitude of the wave is equal 
to the mass times the acceleration times the phase difference 
divided by the midius #to the receptor 


musi) 


Even though the turboprop aigplane engines have a high 
rotational speed and a large separation distance between 
‘asses, the gvilatonal wave Which is produced is small 
and not noticed. The problem is that the gravitational 
‘constant G inthis dimension has such a small value equal 0 
the speed of light c squared divided by the linear mass of 
the universe 


(299782858 
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[0007] On the other hand, a gravitational wave taveling in 
hyperspace would be magnified enormously due tothe face 
that the linear mass is 90 small. The magnitude of the 
‘gravitational constant in hyperspace can be estimated in the 
following manner. At the beginning of the 20th century, a 
‘man’s parents were dying of tuberculosis. With their per- 
mission, be placed them and their beds on weighing scales, 
When each one pessed away, each scale registered a drop in 
‘mass equal to 0.071 kilograms. This is the mass of the 
hyperspace energy being which resides in the physical body. 
Because hyperspace is co-dimensional with our dimension, 
the energy being inteepenetates the body and contols its 
‘movement, 


[0008] Referring to FIG. 4, 0 human being has seven 
vortices (A through G) which are aligned along the center- 
Tine of the body. Each vortex is actually a co-aravitational 
field K which causes a pendulum placed in the field to spin 
in circles. For this reason, the K field has units of inverse 
seconds similar to an angular velocity, The vortex transports 
energy from our dimension to the energy being located 

hyperspace. The gravitational field g and the co-gravita- 
tional field K are equivalent gravitationally to the electric E 
field and the magnetic B field found in electromagnetism. 
“The equivalent gravitational solution to an electromagnetic 
problem can be obtained by substituting the following 
‘gravitational constants for the electromagnetic constants 
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[0009] Referring to FIG. §, each vortex is connected 
through the pineal gland by light cords to a separate hyper- 
space quantum well having its own frequency and dimen- 
sion, The reason for this separation #s that the conical 
spiritual eye, attached to vortex B, has to have its own. 
‘energy sincture whic i different from vortex (A) whieh is 
‘connected to the quantum energy field in whieh the mental 
processes are developed. Due to the high speed of light in 
‘our dimension, the quantum wells are the size appropriate to 
molecules and atoms. In hyperspace, where the speed of 
light is one meter per second, the quantum wells are huge 
and ean be manipulated. This manipulation has shown that 
the quantum wells are in the shape of a cube about a meter 
‘ona side, Ths makes the whole structure about seven meters 
tall for a volume of seven cubic meters. Thus the mass 
density p of hyperspace is about 


which per unit area isthe same value, Therefore the hyper: 
space gravitational constant is equal to 


gota Pale ge 
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“The enormous magnification of the gravitational constant is 
therefore of the order of 


“The question is how does this amplified gravitational wave 
created by the rotating propellers and turbines get into 
hyperspace from our dimension? 

[0010] The answer comes from experiments done using 
the ancient Chinese form of breathing known as Chi Kung. 
Using this breathing techaigue, we have been able wo levitate 
the human body over six feet in the air The internal 
Temperature of the stomach is around 200 degrees Fahren- 
hit. By simultaneously squeeving the diaphragm to bring 
hot ai up through the lungs, and breathing through the nose 
to bring cold air down, rotating vortices are generated in the 
Ing passages when these two air masses meet and twist 
around each other as depicted in the famous Yin-Yang 
diagram. Because the lung has variable diameter passages 
from the large diameter at the throat to the final small air 
ses, there is a spectrum of rotating frequencies. 
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[0011] From quantum physies itis known that if there isa 
temperature fluctuation occurring among a group of har- 
monic oscillators in the environment, then Planek’s reduced 
constant is increased by the cotangent of the constant 
times the frequency © of the oscillator divided by twice 
Boltzmann's constant k times the temperature T 


on 
na noo 


[0012] The eflct of increasing Planck's constant, refer- 
ring to FIG. 6, can be seen in the tetrahedron diagram. This 
diagram, of which there are now over 4000, plots the natural 
logarithm of mass on the vertical axis versus the natural 
logarithm of waveleagth on the horizontal ais, In terns of 
mathematics, itis a subspace logarithmic manifold which 
projects geometrically the physics constants into our 4D 
spacetime dimension. That is, it is the geometry of the 
{etraiedron circumscribed by the sphere that determines the 
‘mass of the proton and electron, The mass of the electron 
times its wavelength is equal to the mass ofthe proton times 
its wavelength which in tum is equal to Planck's constant h 
divided by the speed of light © 


make ein 


Taking the natural logarithm of the above equation shows 
that the mass plus the wavelength is equal to what is termed 
the base constant 


tana =i) = -ssorsse 


‘which is represented in FIG, 6 by the 45 degree line (A) 
from point (a) on the horizontal axis to the vertical axis at 
point (b). The electron is located at point (¢) which is the 
intersection of the electron wavelength (8) with line (A). 
‘The electron wavelength (3) reflets off the sphere (D) at 
points (2) and (e) and retums along Fine (C) as the electron 
ass. As shown in tetrahedron diagram tet056S, stored in 
the Library of Congress, the clockwise path of the electron 
transitions into the counter-clockwise path of the proton 
showing thatthe electron and proton are one and the same 
particle. Because the eleetroa and proton travel in opposite 
directions along the path they have the same charge but of | 
‘opposite sign. 


[0013] Our dimension is represented by Planck box () 
which is bounded by the Planck mass. and the Planck 
‘wavelength, The Planck mass is equal (0 tbe linear mass of 
the universe times the Planck length which is the bottom 
limit of our dimension. The Planck wavelength is 2x times 
the Planek length. Notice thatthe electron is located within 
the Planck box. 


[0014] Referring to FIG. 7, if there is an inerease in 
Planck's constant due tothe temperature fluctuations among 
the harmonie oseillators, the 45 degree base line (A) moves, 
to the lelt on the terasedron diagram as shown by Tine (F) 
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Because of the increase in the base constant, there is a 
corresponding inerease inthe electron mass and wavelength. 
‘The electzoa moves from point (c) point (1) which places 
it atthe edge of the Planck box (F) which is the boundary 
between space and hyperspace. At point ({), the electron is 
{essentially no longer in our dimension, 


[0015] Referring 1o FIG. 8, imagine a box (A) filled with 
nine electron oscillators (B). IF Planck's constant is 
increased near the three oscillators in the middle, these 
electrons will leave this dimension. This leaves six oscilla. 
{ors as shown in the box (C), However, box (C) is the 
equivalent of box (D) in which there are still nine postive 
‘mass oscillators together with 3 negative mass oscillators. 
“Thus there is an accumulation of negative energy (~p) when 

formation is lost from the environment to another dimen- 


[0016] Dr. Kip Thome, who co-authored the book Gravi- 
{ation with Dr, Archibald Wheeler of Princeton University, 
hhas shown in a General Relativity spacetime curvature 
calculation that negative energy is required to open and 
Stabilize the throat of a wormhole between space and 
hyperspace. The accumulation of negative energy in the 
aforementioned example generates wormholes between into 
hyperspace. Hyperspace has a low enengy density because of 
the reduced speed of Hight in that dimension. Ordinarily, 
energy Would ot How Irom hyperspace to space because 
‘ace has a higher potential than the potential of hyperspace. 
This, of course, isthe reason that the body vortices can flow 
energy into the energy field of the human being who is, 
located in hyperspace. By creating negative enengy, the 
potential becomes reversed such that low deasity hyperspace 
‘energy flows into our dimension as seea by the postive head 


PE yg Pre"2P 
‘The low-density energy fils the body which allows a human, 
boeing to float upwards like a helium balloon as verified by 
Chi Kung breathing as well as spinning on a motorized 
platform known as the Chakra Vortex Accelerator. The latter 
evice resulted in the first mechanical means to produce 
anti-gravity, 


[0017] The process of creating spinning thermal fuctus- 
tions is the same as founcl inthe hot air vortices created by 
the jet airplanes landing atthe airport near the road where 
the full-body teleportation occurred, Large vortices. are 
created over the Wing of the aigplane at the same time that 
the turbine engines are spinning hot vortices into relatively 
cold air. These conditions produce wormholes between 
space and hyperspace. It takes a twin turboprop aimplane 
landing behind the jet to generate the gravitational wave ia 
the region where the wormboles have formed. The gravita- 
tional wave then traverses the womnboles into hyperspace, 
‘becoming highly amplified due to the change in Tinear mass 
and speed of light. Because the propeller blades are o-linear 
with the road, the gravitational wave travels inthe direction 
log the road where it was en 


[0018] From experiments with cavitating bubbles (see 
patent application Cavitating Oil Hyperspace Energy Gen= 
erator), if was found that it is possible to produce a worm= 
hole ifthe surfaces of he bubble collapse asymmetrically. A 
symmetric collapse of a spherical bubble produces enor- 
‘mous spacetime curvature distortions. An asymmetric col- 
lapse, using @ magnetic field t distor the collapse, pro- 
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duces, in addition fo the same severe spacetime distortions, 
negative energy as the bubble collapses. Due to some 
General Relativity considerations, the wormhole that is 
created starts rotating in a manner similar to the beacon light 
procluced by a lighthouse 


[0019] Referring 10 FIG. 9, due to the forward helical 
‘motion (A) ofthe propellers (B) a the airplane crosses the 
road, the pulsed gravitational wave (C) is skewed backward 
fat an angle (D), Due to the wormholes ereated by the 
presence of thermal vorticity fluctuations generated by the 
‘wing and turbines ofthe airplane, this skewed wave moves, 
into hyperspace where it is highly magnified and detected by 
the inventor. 


[0020] Referring to top view FIG, 19, the gravitational 
‘wave (A) causes skewed compression and expansion ofthe 
hyperspace quantum wells (B) which constitute the human 
energy being. Due to this asymmetric distortion in the 
xy-plane, the quantum wells take the physical body out of 
dimension as long as the wave pulse is traveling with the 
‘numan energy field. Once the back edge of the gravitational 
‘wave moves on past the quantum wells, the body is then 
‘brought back into dimension, 


SUMMARY OF THE INVENTION 


[0021] tis the object ofthis invention to teleport a human 
being from one location 10 another by creating a pulsed 
‘gravitational wave traveling through hyperspace that asym 
‘metrically compresses and expands the quantum wells ofthe 
‘numan energy being, This spacetime curvature distortion of 
‘the hyperspace quantum wells pulls the physical body out of| 
dimension such that the human being is teleported along 
With the wave. As the pulsed wave moves on past the 
{quantum Wells, the human is brought hack into dimension at 
some distant location. The invention requires (I) a device 
‘that will generate a wormhole between space and hyper- 
space, and (2) a device that will generate a gravitational 
‘wave which can be inserted through the wormbole, 


[0022] Referring wo FIG. 11, « magnetic vortex wormhole 
‘generator has already been developed which generates a 
‘wormhole between space and hyperspace as described in a 
‘previous patent application entitled Magnetic Vortex Worm= 
hhole Generator. Using this generator, it was found that 
smoke blow through one side of the eo does not appear on, 
the other side of cylindrical coil, The smoke flows through 
the wormhole and appears in a hyperspace co-cimension. It 
‘was this experiment that resulted in making fest contact with 
the androids of the Grey aliens who told me, in a remote 
viewing session, that “We saw you blowing smoke into 
hyperspace.” 


[0023] The wormbole generator consists of two concentric 
¢ylindrical evils (4,8), one of lager radius than the other, 
made of thin transformer iron laminate wrapped in opposite 
directions with one continuous wire driven by a sinusoidal 
current, The solenoidal coil generates a magnetic field 
through the laminate, Because the electrical current flows in 
‘opposite directions at different radii through the two wind- 
ings, bucking electric fields (C) are created along the cen- 
terline ofthe generator. These radially-offset magnetic fields 
and bucking electric fields, as shown by'a calculation using 
Einstein's General Theory of Relativity, generate both an 
‘enormous spiking spacetime curvature and negative energy 
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at small radius along the centerline where the wormbole is 
formed. The gravitational wave generator is then coupled to 
this wormbole generator 


[0024] Referring 1o FIG. 12, tis known from gravitation 
physics that injecting an electromagnetic wave (A) into a 
hollow tomidal waveguide (1) produces a hyperbolic space- 
time curvature stress (C) in the plane of the waveguide. The 
tips of the arrows indicate compression and the tal of the 
arrows indicate expansion or stretching of spacetime. The 
reason for this spacetime curvatute is because the waveguide 
forces the electromagnetic wave to curve around and travel 
in a cirele. Spacetime has to compensate for this toroidal 
‘generated siress by creating hyperbole lines of stress in the 
inner plane of the toroid so that the overall spacetime 
curvature is zero, For a greater gravitational effect, three 
toroidal waveguides, phased 120 degrees apart ae used 10 
seal off the curvature. 


[0025] Referring to FIG. 13, the three toroids ereate a 
roiling, isting, vertical propagating gravitational field 
(A) through the centerline of the toroids provided that the 
period of the electromagnetic wave is twice the period ofthe 
gravitational wave. This phase relationship is adjusted by 
soleoting the correct radius for the frequency of the mono- 
chromatic wave, 


[0026] In onder to effectively use this gravitational wave, 
referring to FIG. 14, three phased toroidal waveguides 
(AB) are mounted at the top of each of two identical square 
granite obelishs (C.D), The wo obelisks ar offset by a short 
Gistance between them. As the vertical gravitational wave 
rotates around along the vertical axis inside the obelisk, the 
‘edges of the square obelisks are compressed and exparsled 
such as (0 create two cylindrical asymmetric gravitational 
waves traveling radially outward, 


[0027] Referring to FIG. 15, these waves meet t0 form a 
plane gravitational wave (A) which travels down the cen- 
terline between the tWo obelisk. 


0028] Referring to FIG. 16, the fll body teleportation 
system consists othe twin granite obelisks (A.B) on which 
fre mounted near the top of each the toroidal waveguides 
(C.D) which produce the pulsed gravitational waves (EF) 
that run the lent othe obelisks. Because the gravitational 
‘wave is rotating inside the obelisk, the granite stone under. 
oes a Very sal symmetrical compression and expansion 
‘Acylindrical gravitational wave propagates out Irom each 
obelisk such that along the centerline between the two there 
is generated a plane gravitational wave. This wave enters the 
‘wombole (H) created by the magnetic vortex generator 
Which is located a short distance from and parallel to the 
obelisk. The wave is amplified by a factor of almost 10° 
‘when it enters the hyperspoce co-timension 


A BRIEF DESCRIPTION OF THE DRAWINGS 


[0029] FIG. 1, Perspective view of site where full-body 
teleportation cccurred. 


[0030] FIG. 2. Perspective view of gravitational wave 
generator. 


[0031] FIG. 3. Planar view of gravitational wave genera 
tor 

[0032] FIG. 4. Perspective view of seven vortices of 
thuman energy being. 
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[0033] FIG, 5. Perspective view of seven large quantum 
wells of aman ene being 

[0034] FIG, 6. Tetrahedron diagram showing Planck's 
constant an leon 

[0035] FIG. 7. Tetrahedron diagram showing electron 
roving ott of dieasoa 

[0036] FIG. & Perspective view showing proton of 
nepatve cere. 

[0037] FIG. 9, Perspective view of skewed grvitaional 
verve prodiced by propellers. 

[0038] FIG, 10, Planar view of skoned quantum wells 
deformed by prvittional wave 

[0029] FIG, 11. Perspective view of magnetic vortex 
‘wormhole generator 

[0040] FIG, 12, Pespecve view of hyperbolic lines of 
sos neal by tori wave. 

[0041] FIG, 13, Penpestive view of rating, sisting, 
Propegating vitor! wave. gonened by tori 
saveuides 

[0042] FIG, 14. Perpetve view of trial wavegeides 
tached 1 obi, 

[0043] FIG, 15. Perspective view of gravitational wave 
ened by obelisk 

[0044] FIG, 16, Penpective view of magnetic vortex 
‘wormhole generstor nd obelisk aiaionsl wave genes 
tor 


DETAILED DESCRIPTION OF THE, 
INVENTION 


[0045] 1. The obelisks are quarried out of granite stone 
and cut with large-diameter diamond saw that i used in 
highway construction, The beveled piece atthe top is cut 
separately and cemented in place. tapered aluminum 
bbracket holds the tomids in place. 


[0046] 2. The electronics for the mognetie vortex genera 
tor are similar to that used in the patent application 
‘Magnetic Vortex Wormhole Generator. 


[0047] _3. The electronics forthe toroidal waveguides isthe 
‘amilia stub and coaxial cable driven by an amplifier and 
pulsed! variablefrequency generator. 


1 claim: 
1. A full body teleportation system consisting of: 


generating a pulsed gravitational wave which propagates 
‘through a magnetic vortex wormhole generator, and 


generating a wormhole with the magnetic vortex genera 
tor whereby the pulsed gravitational wave traverses 
through the wormbole and enters into hyperspace 
where the wave is enormously magnified due to the 
lower speed of Fightin that dimension 
2. The method of elaim 1, wherein the step of generating 
the pulsed gravitational wave comprises: 


using two granite stone obelisks; 
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‘mounting moncchromatic-vave toroidal waveguides on 
top of each obelisk 0 create a rotating, twisting, 
propagating gravitational wave through the vertical 
axis of each obelisk; and 


creating a cylindrical compress 
obelisk to produce a plane gravitational wave taveling 
down the centerline between the two obelisk. 
3. The method of claim 1, wherein the step of generating 
‘4 wormhole into hyperspace comprises 


using wo concentric cylindrical solenoidal evils of dif- 
ferent radii connected by a single wire wrapped in 
‘opposite directions on thin iron transformer laminate; 


generating bucking electric fields down the centerline of 
the vortex generator which creates a spacetime curva 
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‘ue distortion with negative energy in accontance with 
Einstein's General Theory of Relativity. 
4. A teleportation system comprising 


generating a gravitational wave traveling through hyper- 
space which inferaets with the human energy being; 
and 


pulling the human energy being and physical body out of, 
dimension when interacting with the pulsed gravita- 
tional wave such that the person is teleported from one 
location to another through hyperspace and back again 
into our 4D spacetime dimension. 
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A spacceraft having a triangular hull with vertical electro 
Static line charges on each corner that produce a horizontal 
tlectrc field parallel to the sides of the hull. This field, 
interacting with a plane wave emitted by antennas on the 
side of the hull, generates a force per volume combining 
both lift and propulsion, 
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Figure 1 
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Figure 2 
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Figure 3 
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Figure 5 
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Figure 7 
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‘TRIANGULAR SPACECRART 


BRIEF SUMMARY OF THE INVENTION 


[0001] ‘This invention is a spacecraft having a triangular 
hho with vertical electrostatic line charges on each comet. 
‘The line charges creute a horizontal electric field that, 
together with a plane wave emitted by antennas on the side 
of the hull, generates a force per volume providing a unique 
combination of both lift and propulsion. 


BACKGROUND OF THE INVENTION 


[0002] Referring to FIG. 1, the spacecraft has a hull in the 
shape of an equilateral triangle, A parabolic antenna (E) is 
centrally located in the bottom of the hull, An amay of 
horizontal slot antennas is located along the side ofthe hull, 
(A). Bach back comer (F,G) has comer conducting plate 
which is charged to a positive voltage +V. The forward 
comer (C) has a conducting plate charged 10 a negative 
voltage -V. A motion control hemisphere (D) is located on 
the bottom surface in each of the three comers 


[0003] Referring to FIG. 2, two planes (,B) interseet at 
the origin O at an opening angle p. Bach plane (xy) is 
charged to voltage V. The potential at point Pis determined 
in polar coordinates {p9}. The Laplace equation for the 
potential ® in polar coordinates is given by: 


Using a separation of variables solution, the potential is 
given as the product of two functions: 


bin gRiOMMO) 
‘which when substituted into the Laplace equation becomes: 


Since the two tems are separately funetions of = and 
respectively, each one has tobe constant withthe sum of the 
constants equal to 2ero: 


‘These two equations have solutions: 
mayne 
Winders) 


The azimuthal angle ¢ is restricted to a value in the range 
(0595.. The boundary condition is that the potential ® is, 
equal to V for any radius p when @=0 and gp. This means 
that v has to be an integer value of 7-50 thatthe sine function, 
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‘which in tum means tha the coeflicient A ofthe cosine term 
thas to be oro in the solution above. Choosing ba makes the 
‘general solution for the potential equal te 


ines 8) 


‘which shows dhat when the angle i zero the sine is zero and 
the potential is V. I'the angle is Bi then there is @ multiple 
(of = such that the sine is zen again, 
[0004] _ecause the series involves positive powers of the 
radius, for small enough p, only the first term m=I in the 
series’ is important, Thus’ around =O, the potential is, 
approximately 

oaVeep "Fine 
[0005] The electric field component is the negative gradi- 
fet of the potential 
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‘The surface charge distribution cat @=0 and =f is equal to 
the electric field perpendicular to the surface times the 
permitivity of space e,: 


som 1 


opie 
a P 


[Notice that if angle of intersection fis less than =, then the 
‘equation says that there is a very small radius 10 positive 
power which means litte charge density accumulation, 
[0006] Referring to FIG. 3, the value of B, in the case of 
the triangular hull, is equal to 360° less 60° for a tora of 
300° oF: 


‘which says that there is @ change density singularity to the 
‘sso fifhs power for small radius. Thus, the comer plates on 
the hull create a huge line charge density slong the sharp 
vertical comer edge. The equation for the potential ofa ine 
charge density is given as 


a 
Hin yep tatemso? +009) 


where J. is the charge per unit length in the vertical z-i- 
rection, and x, and y are the locaton of the line charge in 
the xy-plane, 
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[0007] Referring to FIG. 4, the triangular hull (D) is 
plotted together with the potential contours (A) and the 
electric field arrows (B) crated by the three comer line 
charges. The line charges are perpendicular to the paper 
Notice thatthe electric field arrows are parallel crossing the 
center parabolic antenna (C). The electric field is also 
parallel to the sides (D) of the triangle 


[0008] Referring to FIG. 8, along the side of the triangle 
(A), am array (B) of horizontal slot antennas emit elecio~ 
‘magnetic waves that have a vertically polarized electric E 
field (C). These traveling waves interact with the eleetic 
field (D) produced by the line charges on the comers of the 
triangle, 


[0009] Using differential forms mathematis, this eombi- 
nation of fields is represented by the Hodge star of the 
differential of the wedge product of the two fields. The 
antenna electromagnetic fiek! isa combination ofa traveling 
‘magnetic field B,, and electric field E,. The stationary field 
E ercated by the line charges is perpendicular tothe traveling 


SAE a eM) = SE 


where isthe linear capacitance of space and ¢ is the speed 
of light, Thus there isa force per volume around the hull, 


[0010] ‘This combination of fields produces a spacetime 
curvature as determined by Einstein’s General Theory of 
Relativity. The traveling electric field has an amplitude ia 
the vertical z-direction and travels in the x-direction 


a 


“The Faraday electromagnetic tensor contains all the electric 
and magnetic fields in all the (x..7} directions. The first row 
and first column contain the two eletre fields 
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The stress exerted on spacetime occurs in the xX, yy and 
zzcircction as calculated from the stross-energy tensor T of 
gravitational physics 
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‘where the diagonal components are the eoefliients of the 
elementary spacetime length ds squared 


(Pestle tay se? 


‘The ealeulation produces three stresses T°, and T™ in 
their respective [x,.2) directions. 


[0011] Referring to FIG. 6, these three stresses are plotted 
logether as a 3D vector field animated over time in nine 
frames. The wraphs show that ther i lft force as depicted 
by the vertical arrows as well as a force of propulsion as 
shown by the interspersed horizontal arrows. With the 
passage of time, these vectors exchange places with each 
‘other so thatthe Tit becomes the propulsion and vice vers 
creating a wavy stress-energy field around the hull 


SUMMARY OF THE INVENTION 


[0012] This invention isa spaceeraft with a triangular hull 
‘having charged fat plates onthe vertical comers of the three 
sides. The two reat comers are charged to a potential V. The 
Torward eomer is charged a potential V. The 60° angle 
‘on the comer creates a line charge density singularity that 
produces a huge horizontal electric field pointing fom the 
hack to the front of the craft which is also parallel to the 
sides of the triangle. An array of horizontal slot antennas 
located on the sides of the triangular hull produce an 
clectromugnetic wave withthe electie field polarized inthe 
vertical direction. This combination of fields produces a 
spacetime foree in both the vertical and horizontal directions 
such that the spacecraft receives a lift force and a force of 
propulsion, 


A BRIEF DESCRIPTION OF THE DRAWINGS 
[0013] FIG. 1. Perspective view of triangular spacecra 


[0014] FIG. 2. Drawing ofthe intersection of two charged 
plates in order to caleulate the charge density ia the comer. 


[0015] FIG. 3. Perspective view of the comer angle B for 
the equilateral triangle 


[0016] FIG. 4, Planar 2D graph showing the electric field 
produced by three Tine charges on the comers of the tian- 
‘gue hull 


[0017] FIG. 5. Perspective view of electric feld produced 
by the linear charge interacting with the traveling electro- 
magnetic wave produced by the slot antenna, 


[0018] FIG. 6. 3D vector animation of the lift and dhrust 
force generated by the field. 


[0019] FIG. 7. Perspective view of slot antenna 


DETAILED DESCRIPTION OF THE, 
INVENTION 


[0020] Referring to FIG. 7, the antenna (A) is made out of 
sheet Copper in which a rectangular horizontal slot (B) has 
been notched out using a die press and sheet metal fixture 

‘A-coaxial cable from the amplifier and frequency generator 
is attached across the slot by soldering the outer cable (D) 10 
‘one side ofthe slot and the inner cable (I) to the other side 
of the slot. This ereates the positive and negative charges 
across the gap which forms the vertical electric field (F) 
‘hich radiates out perpendicularly to the copper sheet 
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[0021] Although the invention fas been described! with 
roference to specific embodiments, such as particular 
antenna system, those skilled in the art will appreciate that 
‘many modifications and Variations are possible without 
parting from the teachings of the invention. All such 
‘modifications and variations are intended to be encompassed 
within the seope of the following claims. 


1A spacecraft comprised of the following components: 

(2 triangular hull inthe form of an equilateral triangles 

(©) two copper plates attached on opposite vertical sides 
tat each of the three comers ofthe hull (a) such that a 
sharp vertical edge is formed where they come 
together; 

(6) an electrostatic generator used to charge the hack two 
ccopper-cladded corners (16) to 2 high postive voltage, 
and the third forward copper-cladded comer to a high 
negative voltage: 
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(@)ahorizontal slot antenna array mounted-on the sides of 
‘the hull and 


(6) a frequency generator, antenna and coaxial eables to 
érve the antenna array (Ld). 

2-Tocreate by cluins (La, 1b, 1c), an intense vertical ine 
charge atthe comers (1b) an a horizontal electric field that 
tat is parallel to the sides ofthe hull (1a); 

3. To crate, by claims (dle), an electromagnetic wave 
with a vertically polarized eleewie feld traveling outward 
from the side of the hull (1a), and 

4. To exeae, by claims (2.3), am interaction of the elee- 
‘rosa field (2) with the electromagnet wave (3) such that 
a combined spacetime curvature pressure is generated on the 
hull in the upward and forward direction t price lit and 
propulsion respectively 
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ABSTRACT OF THE DISCLOSURE 

‘A combined antenna and conversion mechenism for 2e- 
seption of beamed high frequency electromagnetic enerzy 
in space including a large array of unidirectional current 
semiconductor rectifier devices, A self-supporting space 
vehicle utilizing the rectified DC electrical enersy for pro- 
pulsion is disclosed in an illustrative embodiment. 


‘The present invention relates in general to the transfer 
of energy by means of an electromagnetic wave beam and 
‘more particulary to interception and rectification of such 
enetay into low frequency elecirieal DC energy with a 
high degree of efciency, 

Improved technology in the feld of microwave eneray 
{generation at superpower levels has resulted in the realiza. 
tion of electrical energy transmission over considerable dis: 
tances for remote energization of devices or vehicles with 
‘Out the aid of wires. The transmission of microwave elec. 
‘tromagnetic energy into space has been commonly em: 
ployed in the radar pulse echo systems for the detection 
and orientation of desired objects within a predetermined 
Scanning range of a transmitting antenna, Beams of & 
similar nature may now be employed for other useful 
Purposes and the advantages attendant the utlizetion of 
electromagnetic energy in the microwave region in com 
‘trast with other wavelengths may now be enumerated 

Microwaves have been generally defined as high fre 
quency radio waves whose wavelength is less than 30 
centimeters, with a lower wavelength limit on the order 
of 1 millimeter sometimes being applied to what is com- 
‘monly referred to as the “microwave region.” The super 
ority of high frequency microwaves is due in part to the 
‘act that it is generally desirable to focus the transaited 
{energy $0 as t0 achieve a high power density at a remote 
point or area with respect fo a given power source, In 
Accordance with the laws of optics, the’ sharpness of the 
‘microwave beam produced by transmitting antenna 
varies asthe ratio of antenna dimensions to the wavelength 
Of the transmitted energy. Therefore, for a given or de- 
sired power density or beam sharpness, a decrease in the 
wavelensth of the transmitied energy permits a corre- 
sponding decrease in the dimensions of the antenna. From 
the standpoint of mechanical considerations, itis desi. 
able to employ small antennas and other components, and 
it is therefore advantageous to employ high frequency 
energy of very short wavelength, In addition, the diffcul- 
ties encountered in long wave transmission as a result of 
‘natural and man-made interference or noise do not occur 
with any appreciable significance at microwave frequen- 
cies. Further, in aerospace applications with considerable 
distances separating the transmitter at an earth or mother 
Planet location and the employment of shorter wavelength 
‘beamed energy is preferred since longer wave signals will 
‘generally be reflected at certain altitudes by refleting Ia 
ersin the atmosphere. 

In view of certain losses due to absorption which may 
cceur in the atmosphere, microwaves in the region having 
‘the approximate bounds of 2 and 30 centimeters are 
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readily adaptable to the convenient radiation of power 
{fo remoie points without the utilization of wites. The pre- 
ferred wavelengths ate of the order of 5 or 10 centimeters 
to provide eficient focusing with existing transmitting 
antenna systems which may be maintained at ¢ reasonable 
size. An illustrative device of the superpower high ire. 
quency microwave generators operative in the desired 
band is the so-called Amplitron which is an amplifier 
having a. broad bandwidth and excellent performance 
characteristics for the focusing of the beam, Such devices 
are capable of producing 15 or 20 kilowatts of average 
continuous wave power in the neighboshood of 10 cent 
meters ia wavelength with capabilites expected in: the 
region of $00 kilowatts or more average power with 50 
‘megawatts peak power. A complete description of such 
devices may be had by referring to Patent No. 2,933,723 
issued Apr. 19, 1960 to William C. Brown and assigned 
to the assignee of the present invention, 

With microwave enetgy capable of being generated and 
directed over longer distances conversion of such high 
frequency electromagnetic energy is of paremount con 
‘cern. One conversion mechanism in the prior art involves 
icect conversion of such energy into heat which may 
then be ulilized ditectly or indicectly for propulsion of 


25 gencration of flight-producing forces, Examples of such 


devices for heat energy exchange as well as space vehicles 

izing such eneray may be noted in Patent No. 3,174, 
705, issued Mar. 23, 1965, to D. Schiff et al, as well as 
USS. Letters Patent No. 3,083,528, issued Apr. 2, 1963 
and No. 3,114,517, issued Dee. 17, 1963, to William C. 
Brown. The heat exchanger method of conversion of 
electromagnetic energy into useful power is limited BY 
the overall efficiencies of approximately 25 percent in the 
conversion of heat into mechanical or electricsl work, De- 
sirable, therefore, would be the direct rectification of the 
high frequency electromagnetic energy into low frequency 
elecitical energy for the operation of many useful aero. 
space devices as well as systems, 

‘The present invention has for its primary object the 
conversion of high frequency electromagnetic energy. in 
the microwave region directly into low frequency clee- 
trical energy. 

A further object of the present invention is the pro- 
vision of a combined nondirectional receiving ntenaa and 
‘microwave electromagnetic enetay to low frequency elec- 
trical energy conversion means in a unitary structure. 

‘A still further object of the present invention is a pro- 
vision of a new and novel combined nondirectional re- 
ceiving antenna and microwave to DC energy converter 
{for aerospace applications, 

Another object of the present invention is the provision 
of @ new and novel nondirectional receiving antenna and 
microwave to DC energy converter having a high degree 
of efficiency. 

ll another object of the present invention is the pro= 
vision of a new and novel aerospace vehicle with non 
irectional receiving antenna and microwave to DC ener 
Sy converter means with said vehicle being capable of 
being supported by its own eneray generation means at & 
distance spaced apart from the power generation means. 

In accordance with the teachings of the present inven. 
tion, the above and other objects are achieved. by the 
employment of efficient unidirectional microwave. power 
rectifiers and dipole antenna means, Such rectifying de. 
vices, while being individually limited in power-bancling 
capabilities, normally in the order of fractions of watts 
hhave been found to be highly efficient means for the rect. 
fication of microwave power when assembled in large 
numbers in various arrays. It is interesting to note that 
the observed collective efficiency was on the order of 
40 to 70 percent. In an illustrative embodiment, pointe 
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contact semiconductor diodes were arranged in four arm 
Dridge connected networks with the networks intercon- 
nected in various configurations such as series, parallel 
and series-parallel 

‘ia discussing aerospace applications, an additional prob- 
lem is encountered in the beaming of microwave eneroy 
to a femote point and the interception and utilization of 
uch electrical energy. In such applications the advantages 
of a vehicle which may be maintained in space for inde- 
ferminate periods of time without employing a local fuel 
source are readily apparent. Such devices could readily 
provide communication networks, surveillance functions 
Using radar techniques along with numerous other fnc- 

mas. The acapture of the beamed high frequency elec- 
tromagnetic energy raises the need for an efficient an- 
tenna means capable of intersecting the beam at high 
‘altitades. Conventional techniques employed in_micro- 
Wave radar usage such as receiving antenna horns are 
Capable of intersecting only a small portion of the beam 
energy and add considerable weight in applications in- 
olving heavier-than-air vehicles. In an exemplary em- 
bodiment of the invention a space vehicle, namely a heli 
copier, is disclosed for either moving fight or a stationary 
{ocation with self-supporting electrically operative propul- 
sion means. The semf-conductor diode rectifier arrays have 
been demonstrated te full the receiving antenna fune- 
tions as well as the electrical energy rectification means in 
‘highly efficient manner, Such combined antenna and rec- 
‘ifr means bas also assisted in reduction of the weight 
problem in airborne devices, Further, it has provided a 
ondirectional means for the interception of the micro- 

wve energy t0 thereby reduce the problems of focusing 
inherent in prior art directional ora type receiving an- 
tennas. 


‘With the above features, advantages and objects in mind 3 


the invention will now be described by reference to the 
following detailed description together with the accom- 
panying drawings in which: 

"FIG. 1 is a perspective view of an illustrative diode 

ers 
IG. 2 is @ schematic circuit diagram of a bridge con- 
rected diode network with dipole anfenna means; 

‘FIG. 3 is.a schematic circuit diagram of a plurality of 
bridge connected networks arranged in series; 

FIG. 4 i8 a schematic circuit diagram of « parallel 
bridge connected network array; 

FIG. 5 is.a perspective view of an illustrative embod 
ment of a combined antenna and rectifier array in a folded 
Of rolled up configuration; 

FIG. 6 is a schematic circuit diagram illustrating the 
bridge ‘connected diode arcay incorporated in the aero- 
space vehicle shown in FIG. 7; 

FIG. 7 is a schematic representation in elevation illus- 
trative of a heavier-than-air aerospace vehicle incorparat- 
ing the structure of the present invention; 

FIG. 8 is a perspective view of the aerospace vebicle 
embodiment as viewed from the under portion thereof; 
and. 

FIG. 9is an enlarged partial view ia elevation of a por- 
tion ofthe illustrative embodiment shown in FIG. 8. 

"FIG. 1 illustrates a point-contact semiconductor diode 
rectifier of the type employed in radar microwave receiver 
‘apparatus to rectify returned radar pulses. Any of the 
high bamout semiconductor diodes having high recti 
fication characteristics are preferred and are commercially 
available, such as the IN82 or 1N830. The rectifying junc- 
tion is formed by whisker element 2 contacting the semi- 
conductor element 4 respectively connected to leads 6 and 
8. Silicon is preferred over germanium for element 4 
because of its ability to operate at higher temperatures and 
thereby handle higher powers. Envelope 10 houses the 
rectifying elements and may be of a hermetically sealed 
ticlectric material or combination metal and ceramic com- 
‘position, The inherent characteristic of such diode recti- 
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‘iets is that the microwave energy is intercepted and reeti- 
fied in a unidirectional manner and the line 11 indicate 
pictorially the rays of the beamed electromagnetic micro~ 
‘ave energy in a plane normal tothe envelope. In FIG. 2 
2 full-wave bridge connected diode network is illustrated 
With the forward direction of the rectified DC electric 
Curent indicated by the direction of the arrow symbols, 
‘Tho network shown consists of half-wave dipoles 20 and 
22 each terminated with a diode rectifier element 24 to 
27 in an arm of the bridge connected network. The d- 
pole elements 20 and 22 are of the half-wave configora- 

mn and may be spaced apart from each other a one-half 
‘wavelength at the frequency of the beamed electromag- 
netic energy. 

‘Referring now to FIG. 3, an array of bridge connected 
diode networks each with the half-wave dipoles are shown 
‘connected in series, Each network is referred to by the 
‘numeral 30 and is similar in the bridge connections to the 
single element network shown in FIG. 2, The DC output 
fof the collective rectified energy is coupled by means of 
ferminels 32 and 33, In FIG. 4, a similar number of in- 
Gividual. bridge connected diode-dipole networks. are 
shown connected in a parallel array. Each network is in- 
‘dicated by the nomeral 40, and the output terminals axe 
indicated as 41 and 42. 

‘Any number of diode-dipole networks may be pro- 
vided and in FIG, $ such a mult-slement array is ilas- 
‘rated by mounting on a flexible material $0 which may 
be rolled or folded info any desired package or en- 
closed within a capsule to be Taunched and released al a 
predetermined point in space, Any ‘lexible material which 
Js pervious to electromagnetic eneray is preferred, ‘The 
total power desired would be the determining factor in a 
number of individual diode-dipole elements requized. In 
this embodiment, the bridge connected networks SL are 
connected in parallel to the output load indicated by ter- 
‘minal 82 and 53, and representative measurements of 
tlecriesl characteristics have shown that approximately 
five watts of DC electrical energy is realizable for each 
square foot of area of the combined antenna-rectifr. 
While the dipole elements 54 have been indicated in a 
particular array, iti within the scope of the invention to 
Stagger the placement of sich dipoles to inctease the over- 
all eficiency of the antenna-rectfier 

‘To further increase the DC powder output, the full- 
wave bridge connected networks are preferably arranged 
with a plurality of diodes in series in each arm of the 
bridge, An illustrative schematic cireut diagram of such 
2 configuration is shown in FIG. 6 wherein seven diodes 
{60 are shown in each arm of the bridge circuit and are 
‘connected in series for a total of twenty-eight diodes in 
teach bridge network. The dipole members wil then be the 
‘substantially U-shaped end portions 61 at the ends of each 
Draco of seven diodes, In the illustration three such 
twenty-eight diode bridge networks are shown connected 
jn parallel to terminals 62 and 63. This closer spacing 
fand compact arrangement has been shown to be a Source 
ff improved power output and is capable of a high dearee 
of reliability through the redundant nature of the parallel 
Series connections within each bridge network. Tf one of 
the diode rectifiers fails to function the over-all voltage 
‘drop across this element would be divided among the six 
remaining diode rectifiors, If any of the connecting wires 
between the diode elements should break, the adjacent 
farms of the other bridge assemblies would take the addi- 
tional load due to the close proximity of the respective 
farms t0 exch other. In addition, It is possible to have a 
umber of open connections of inoperative diodes dis 
persed throughout the array without any serious impair~ 
‘ent in performance, 

Tin relation to the array concept fo be hereinafter de- 
scribed it may be stated that within a six inch square area 
ten such individual bridge networks each containing 
‘twenty-eight diode rectifiers for a total of 280 diode res- 
tifers may be deployed in such a manner as to provide 
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‘maximam exposed area for each diode as well as the 
connecting leads, Such an arrangement will be hereinafter 
referred to as a “module” and a DC output in excess of 
fourteen watts has been measured for such a module. Any 
‘number of such modules could be connected provided for 
2 desired power yield and this module concept readily 
Tends itself t0 use in certain aerospace applications now 
to be described, 

In FIG. 7 a propelled type of space vehicle 70 is shown 
‘wholly supported by means of the transfer and rectifca- 
tion of continuous wave electromagnetic energy via 
‘microwave beam 72. The source of the microwave energy 
which may be of the Amplitron type device as descrived 
in the aforementioned issued Patent No. 2,933,723 is 
indicated as 74, This energy is fed by waveguide’ means 
76 to a transmitting horn 78 to illuminate an ellipsoidal 
beam forming focusing antenna 80 for the transmission 
Of the microwave beam 72, It will be appreciated by 
those skilled in the art that the representations of the 
microwave generation and transmitting antenna means 
are pictorial representations to illustrate the usage of the 
{invention in diagrammatic form and the present invention 
is not limited to any particular source of microwave 
energy or transmitting antenna assembly, It may be 
stated the reflector of the antenna sssembly is consider. 
ably larger than most of the reflectors of the prior art 
in order to focus a large amount of the microwave power 
ft high altitudes for use in the transfer of enerzy 10 
space vehicles, Sach antenna assemblies may be partially 
supported in a large hollowed area on the earth's sur- 
ace or other convenient means of support. 

‘The space vehicle or helicopter 70 can be described as 
‘a main body member supporting antenna-rectifier means 
82 including a large number of the so-called modules 
connected together and rigidly supported in a. planar 
parallel array. A. motor 84 is supported by the com- 
ined body member and the receiving antenna-rectiier 
‘means and actuates the rotor 86 of conventional design 
employed in such self-propelled hovering vehicles, The 
disclosed vehicle provides for the illumination of the 
planar array of the semiconductor diode dipole elements 
by the microwave beam and the dicect conversion of the 
microwave power transmitted by the beam into usable 
electrical energy for the self-propulsion of the device 
without any local fuel supply being required, 

FIGS. 8 and 9 illustrate a space vebicle 82 comprising 
2 plurality of the combined receiving antenna-recifier 
module means for interception and rectification of the 
electromagnetic microwave energy beam emanating 
from an earth or mother planet source. A planar array 
Of the antenna-rectifer modules is ‘mechanically sup. 
ported by means of structural members 90 of any light 
‘weight wood or metal. Insulators 91 positioned coexten. 
sive with the members 90 support the diode rectifier array 
and avoid interference with the receiving and electrical 
performance characteristics by the structural support 
‘members. Cartying forward the module concept of 280 
diode rectifiers to provide an approximate power output 
of 14 watis, it was noted’ that any mumber of such 
‘modules may be coupled together since tho individaal 
‘module outputs are relatively insensitive to a wide range 
(of load resistances connected to the common output 
terminals. To achieve the desired electticai outptit of ap- 
roximately 120 volts and 250 watts of power, subgroups 
(of four modules each were assembled and parallel con- 
nected with an approximate 30 volts available for each 
subgroup. Four such subgroups were series-connected 
to result in a total of 4,480 diode rectifiers or 16 modules 
assembled in a two foot square self-supporting planar 
parallel acray structure, The individual diode rectifiers 
connected in each arm of the bridge network are indicated 
by the numeral 92, An exemplary module configuration 
would extend within the area delineated by the dotted 
and reference letter A on one side and similar dotted lines 
‘and reference letter B on the other side, 
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‘A motor 94 is connected to the DC side of the overall 
array and may be additionally supported by tubular mem- 
ber 95. A shaft and propulsion means consisting of rotor 
blades 97 provide for the upward lift of the overall 
Vehicle for the self-supporting of same in space applica- 
‘ions. Additional structural support. such as interlaced 
rigging 96 of a high tensile strength material such as 
nylon or steel wire, as well as bracing member 98, may 
'be employed for strengthening of the body means to with. 
stand the vibrational forces and downwash from the 
propulsion means. 

In accondance with the well known technology of micro- 
wave transmission the combined array of diode rectifiers 
‘and propulsion means presents a specific load impedance 
‘which must be suitably matched to the transmitted micro 
wave energy beam to result in maximum efficiency. Tn 
facrospace applications a mismatch of approximately ten 
to ono may be evident. Matching of the load impedance to 
{value of approximately 377 ohms asthe free space value 
will be provided by a plurality of coplanar parallel metal. 
lic rod members 99 disposed in a grating array in front 
Of the diode rectifiers a predetermined distance. Rod mem- 
‘bers 99 are linearly disposed and extend in a similar dic 
rection as the assembled diode rectifiers, A selected frontal 


5 spacing of one-quarter of the wavelength of the micro- 


wave frequency being transmitted has been experimen: 
tally determined to be suitable for impedance matching 
‘Purposes. An approximate spacing of two inches between 
‘he respective members was preferred for a selected 
microwave frequency of 2,450 megacycles. Each of the 
‘members 90 are provided with lateral sections 100 to sap. 
port the elongated bar members 101 which in turn maine 
fain the rod members 99 in the desired position. A tubi 
Jar member 102 of a lightweight metal may also be pro- 
‘vided to combine with the motor support member 9§ for 
structural support. 

‘Tho combined antenns-rectifer array provides a source 
of electrical energy to render any space vehicle self-sup- 
porting. The diode rectifier elements when assembled fn 
the antenna array have been found to be nondizectional 
‘with respect to interception of the beamed microwave en- 
ergy. This represents a large step forward in the uilizas 
tion of high power microwave energy over the prior art 
horiype receiving antennas which must be accurately 
focused and pointed in a particular ditection for the re- 
ception of any energy. The connections between the re- 
spective members of the diode rectifier array and dee 
ployment in the parallel configuration serves to provide 
‘maximum exposed area, Such connections and in’ partic. 
lar the end loop portions adjacent the terminus of each 
arm of the bridge networks serves as an efficient dipole 
{for the interception of the microwave eneray. 

Although itis not intended as a full explan 
high degree of efficiency atiained with the disclosed am 
‘tenna-rectfier array, itis believed that the whisker cle- 
‘ments within the semiconductor diodes themssives are ‘a 
contributing factor and may function as additional dipole 
elements. The disclosed embodiment functioned efficiently 
When illuminated by microwave energy generating a verti. 
cally polarized beam. Hence, an efficient and light weight 
energy conversion apparatus is disclosed which ‘may be 
self-supporting without the requirement of a large local 
fuel supply payload. 

It may be Within the purview of the invention to use 
the available rected electrical energy for performing 
many functions in addition to the actuation of the pro< 
pulsion means. Hence, communications’ payloads may be 
‘maintained at predetermined positions in space in a hoy 
ering attitude utilizing a portion of the electrical energy 
available, Relay signals to other such vehicles or return 

jgnals to ground stations would then be within the realm 
f possibility. Such available energy may also be em: 
ployed for servomechanisms, stabilizing and counter= 
torque systems for the navigation of such vehicles, 

‘The electrical efficiencies realized with the combined 
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receiving antenna and rectifier means have also provided 
Certain weight advantages over other energy converters in 
faerosptce applications. Examples of such converters 
‘would be heat exchangers or solar cells, In comparison 
{o the present javention where five to eight pounds per 
Kilowatt of energy realized is a normal characteristic, 
coilier energy conversion means weigh in the vicinity of 
450 pounds per kilowatt of realizable energy. The inherent 
Advantages of the present invention are therefore appar- 
tent. While the technology in the diode rectifier artis be- 
{ng continually advanced, new diode power rectifiers as 
Well 25 integrated circuit techniques are readily available 
to future configurations of the present invention. The s0- 
called Schottky barrier diodes could be employed to pro- 
Giice combined antenna-rectfler means weighing even less 
‘than two pounds per kilowatt of available energy. 

“Although the foregoing detailed description ‘has re 
fetred to DC power rectfcation it will be evident that 
‘with suitable circuit components low frequency AC enersy 
say also be made available. In addition, other propulsion 
Imeans may be Teadily substituted using electrical eneray. 
‘The embodiments disclosed herein are illustrative only 
‘and other modifications or alterations will be apparent to 
‘those skilled in the art which do not depart from the 
scope of the broadest aspects of the present invention as 
efined in the appended claims. 

‘What is claimed is: 

1. A space vehicle comprising: 

‘body means; 

suid body means including spaced structural support 
‘members; 

‘combined antenna and DC electrical energy rectfia 
‘means for the interception and rectification of inci 
Gent high frequency electromagnetic microwave en- 
fergy carried by said support members in a planar 
pparallel array; 

said rectification means comprising « plurality of four 
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8 
‘arm full-wave bridge connected rectifier circuit net- 
‘yorks exch having a plurality of unidirectional semi- 
conductors in each atm; 

seid networks being electrically interconnected to com- 

‘mon output terminals; 

lecitcally operable propulsion means comprising 

“motor and rotor members carried by ssid body means 
fand connected {0 said terminals for the utilization of 
seid rectified DC energy; and 

means for matching the load impedance of said com- 

‘bined antenna and electtical eneigy rectification 
‘means to the incident microwave energy. 

2.'A space vehicle according to claim 1 wherein said 
toad impedance matching means are arranged in 2 co- 
planar array coextensive With said antenna and energy 
yeelification means array, and spaced therefrom a dis- 
‘nce of approximately one-quarter of a wavelength at 
the frequency of the microwave energy. 

3. A spice veblele according to claim 2 wherein said 
toad impedance matching means comprise a plurality of 
parallel disposed elongated metallic members. 
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Abstract: 
In this paper we have proposed a new model for visual consciousness based on the premise there exists a 
quantum teleportation mechanism between the eye and the brain. In our model, some open questions will 
be answered, 


J) Introduction: 


Schriidinger’s book "What is life?” has had an enormous influence on the development of molecular 
biology [1]. His insight has since then inspired many researchers to investigate the molecular basis of a 
living organism [2,3,4]. Several researchers have noticed the sweeping consequences that would follow 
from the discovery that living organisms might process information quantum mechanically, either at the 
bio-molecular level, or the cellular/neuronal level [5,6,7.8,9]. Computational models of the behavior of 
networks of neurons are still mainly based on the integrate-and-fire model of neural function. Mainstream 
cognitive neuroscience typically ignores the role of quantum physical effects in the neural processes 
underlying cognition and consciousness. However, many unsolved problems remain, suggesting the need 
to consider new approaches. Recent contributions to the investigations of quantum effects in the human 
brain are due to Jibu and Yasue, Pribram, Lockwood, Mavromatos and Nanopoulous, Hameroff and 
Penrose, and Stapp [10]. These authors have proposed models in which the operation of consciousness is 
associated with some sort of explicit wave function collapse. There have been numerous suggestions that 
consciousness is a macroscopic quantum effect possibly involving superconductivity, superfluidity, 
electromagnetic fields, Bose-Einstein condensation or some other physical mechanism, Perhaps the most 
specific model developed thus far is that of Penrose and Hameroff and it asserts that quantum information 
processing takes place in microtubules (MTs). It has been argued that MTs can process information 
similarly to a cellular automaton, and hence Hameroff and Penrose suggest that neuronal MTs may 
operate as a quantum computer. 

In this paper, we investigate visual information transfer from a quantum information point of view. 
Theoretically we consider the conscious observer looking at a quantum system and propose that the state 
of this system is reported via superposed photons. We address the question whether the observer can 
receive the exact same state of this system quantum mechanically in his/her brain or this quantum state 
collapses before reaching the brain. Below we investigate the problem in detail. 


2) Evolution of Information from the Eye to the Brain 


We assume that a conscious observer directs his/her attention to a quantum system. For simplicity we 
consider this system to be a manifestation of the celebrated Schrédinger's cat. This system can exist in 
‘two states: Live|L), or Dead] D) 
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Ways = Fe(ll) + 1D) (2-1) 


‘The state of this system is then reported via superposed photons. 4% of these photons are reflected from 
the cormea, 50% of remaining photons are dissipated through ocular media absorption. Other photons 
enter the 200-250 im thick retina. There, photons interact with the photoreceptors in the rods and cons 
layer after 80% loss due to retinal transmission [11],[12]. In this case, we consider just a few remaining 
photons which are in a superposed quantum state, The key question here is whether this quantum state of 
photons can be reported to the brain. 


When this state interacts with the last layer of retina, according to Thaheld, this superposed photon 
undergoes a wavefunction collapse, On the other hand, photons can be absorbed and then transformed 
into classical signals. Here, we use the symbols introduced by Tegmark [13] for the observer. The symbol 
|) denotes the state for which the information on photons is not received by the brain and thus the 
observer is amphoteric. The symbol |) stands for the state in which the information received in the brain 
reports that the cat is alive (and the observer is happy). Finally, the symbol |-) corresponds to the state in 
which the information received in the brain indicates that the cat is dead (and the observer will be sad). It 
means that 


ulpy 


(2-2-0) 


ul-L) 


Where U = exp[-£J Hphoton train at} 


Now, we consider another state in which the brain interacts with itself. Penrose and Hameroff have 
proposed a model of consciousness involving quantum computation with objective reduction in 
‘microtubules (ot MTs) within the brain’s neurons (see Figure 1) [14],[15],[16],[17]. MTs are cylindrical 
polymers comprised of the protein tubulin which organize numerous cellular activities including neuronal 
motor transport. According to Hameroff and Penrose, switching of tubulin conformational states is 
governed by quantum mechanical forces within each tubulin interior, and an essential feature of the Orch 
‘OR model is that tubulins may exist in quantum superpositions of two or more conformations. Therefore, 
these states could function as quantum bits, or "qubits” by interacting non-locally (through their 
entanglement) with other tubulin qubits so that MTs may act as quantum computers. When sufficiently 
many entangled tubulins are superposed for long enough to reach Penrose’s OR threshold given by E=h/T, 
an objective reduction (OR) "conscious event" occurs as stated in the Orch-OR model. 


Figure 1 Representation of MTs inter a brain neuron. The Orch OR model suggests that the main information processing is 
Implemented in these structures. 


If previous evolution is described by Penrose’s self-collapse in the brain (i.e. Orch-OR), MTs in the 
neurons of the brain collectively evolve and then collapse (i.e. conscious event) to one of the happy or sad 
states. It mathematically means that 


uy=FA+ PF) (2:3) 
where U = explf- = f Hirain dt]. 


If we compare this state (2-3) and the state which has the information about the photon (2-2), we can say 
that there’s a great amount of correlation between the retina and the visual cortex, because their result 
should be identical. We know that in accordance with the Einstein-Podolsky-Rosen (EPR) pair, when two 
entities originate from a common source they can be entangled with each other. Retina has a similar 
layered structure as the gray-matter top layers of the cerebral cortex of the brain. In fact, retina is an 
extension of the central nervous system (the brain and spinal cord) that forms during embryonic 
development. One reason why scientists are interested in retinal processing is that retina is an accessible 
part of the brain that can be easily stimulated with light [18]. Thus, we can say that retina and visual 
cortex are entangled with each other. The other argument for this entanglement is that the image of a 
system is inverted on the retina but it is perceived in the brain directly. As we know, in two entangled 
entities when one has a property in some direction the other exhibits that property but in the opposite 
direction. Thus retina receives an inverted image, while it is received in the visual cortex upright. This 
property is special to entanglement. 


‘The human body is made up of many organs, which themselves are made up of many millions of 
cells. How can such a system, with millions, or even billions, of parts function effectively and coherently? 
This is a no small feat as even small-size human societies often undergo periods of turbulence and trouble 
due to conflict and poor organization. Now some scientists think that quantum coherence in MTS is a 
major factor responsible for our bodies, and especially our brains, being so efficiency. Here, we intend to 
describe visual processing on the basis of quantum information theory. 


3) Generation of Entangled Coherent States 


Centrioles and cilia, which are microtubular structures, are involved in photoreceptor functions in single 
cell organisms and primitive visual systems. Cilia are also found in all retinal rod and cone cells. The 
dimensions of centrioles and cilia are comparable to the wavelengths of visible and infrared light (see 
Figure 2) [50]. Moreover, cytoskeletons are found mostly among the retina and the visual cortex in the 
cells of the optic nerve. Cytoskeletal structures of the centrioles can be expected to vibrate like a 
harmonic oscillator in its ground state. Vibrational dynamics of MTs has been the subject of a recent 
paper where typical frequency ranges have been discussed [19] 


When a photon interacts with a centriole, its electric field can displace the potential of the harmonic 
oscillator and then releases it, thus generating coherent states [20]. It means that: 


D(@)|0) = Ja) GB-D 
Where D(a) is the displacement operator; D(a) = e*'~*"*, and |0) is the ground state of harmonic 
oscillator, and |@) is the coherent state: la) =e 2 ye Sn) 


Hameroff [21] and Penrose [22] have suggested that MTs inside cells permit long-range quantum 
coherence, enabling quantum information processing to take place at the sub-cellular level. They use this 
hypothesis to develop their theory of consciousness. Cells interconnected by gap junctions form networks 


which fire synchronously, behaving like one giant neuron [23], and possibly accounting for synchronized 
neural activity such as coherent 40 Hz waves [24]. Marshall [25] suggested that coherent quantum states 
known as Bose-Einstein condensation occurred among neural proteins [26], [27], [28]. Other issues, such 
as preconscious-to-conscious transitions were identified by Stapp [29] with the collapse of a quantum 
wave function in presynaptic axon terminals [7]. The other reason for coherence of these structures is that 
light is an electromagnetic wave and thus is vibrational, and according to Froeblich’s theory 
[44],[45],[46] it can take these cytoskeletal structures (i.e. nonlinear structures composed of electric 
dipoles) into one mode of frequency and coherence. 


Figure 2 Representation of one centriole, the dimensions of centrioles are comparable to wavelengths af visible and Infrared 
light. 


Centrioles are two cylinders composed of MTs which are perpendicular to each other and in accordance 
with the Hameroff theory of the origin of cancer [30], centrioles are entangled with each other. Because 
of this entanglement, when a coherent state |a) is generated in one centriole, in the other it will generate 
state |—a). Now, we can say that after interaction of photons with centrioles, they generate “entangled 
coherent states” in these structures in the retina, i.e.: 


l9)x2 = Al@)il@)2 - Bl-@)|@)2 ) (3-2) 


where |g),2 is an entangled coherent state in centrioles with two modes | and 2. QED-cavity model of 
MTs [31] describes that coherent modes of electromagnetic radiation can be sustained in the interior of 
the MTs. These modes are provided by the interaction of the electric dipole moments of the ordered-water 
molecules in the interior of MTs with quantized electromagnetic radiation [32],[33]. Jibu, et. al,[49], have 
proposed that the quantum dynamical system of water molecules and the quantized electromagnetic field 
confined inside the hollow MT core can manifest a specific collective dynamical effect called 
superradiance [34] by which the MT can transform any incoherent, thermal and disordered molecular, 
atomic or electromagnetic energy into coherent photons inside the MT. Furthermore, they have also 
shown [49] that such coherent photons created by superradiance penetrate perfectly along the internal 
hollow core of the MT as if the optical medium inside it were made “transparent” by the propagating 
photons themselves. This is referred to as the quantum phenomenon of self-induced transparency [35], 
Superradiance and self-induced transparency in cytoskeletal MTs can lead to “optical” neural holography 
[36]. Neurons (and maybe also other cells) may contain microscopic coherent optical supercomputers 
with enormous capacity. Thus Jibu, et. al.[49], suggest that MTs can behave as optical waveguides which 
result in coherent photons. They estimate that this quantum coherence is capable of superposition of states 
among MT spatially distributed over hundreds of microns, These in tum are in superposition with other 
MTs hundreds of microns away in other directions and so on, With the above conclusions |g),z can 
produce those photons which produced itself, thus if the state |p),2 can be restored in the brain, it will 
reproduce the photons which wete absorbed in the retina, 

Additional arguments in favor of the feasibility of production of photons in the brain can be found in the 
conclusions of the paper [37], Which also asserts that there exists a neural activity-dependent ultra-weak 
photon (biophoton) emission in the brain. Thus there is the possibility to restore the initial state of the 
photon in the brain after absorption in the eye. This process can be implemented through teleportation 
mechanism between retina and the visual cortex as will be discussed in the following sections, 


4) The Decoherence Problem 


‘The important question about the quantum processing in the living systems is: how is it possible 
for MTs to process information quantum mechanically while the environment surrounding them is 
relatively hot, wet and noisy? 


According to the Orch-OR model, microtubular structures in the neurons of the brain process information 
quantum mechanically and to avoid decoherence, like lasers maintain quantum coherence against thermal 
noise. Water within cells is itself not truly liquid, but has been shown to be, to a large extent, ordered 
[38]. Most of the ordered water in the cell in fact surrounds the cytoskeleton [39]. MTs and other 
cytoskeletal components are embedded in cytoplasm which exists in alternating phases of (1) “sol” 
(Solution, liquid); and (2) “gel” (gelatinous, solid). Among the most primitive of biological activities, 
‘ol-gel transformations” within neurons and other living cells are caused by assembly and disassembly 
of cytoskeletal actin (e.g. regulated by calcium ions through the protein calmodulin, in turn regulated by 
MTS). Sol-gel transformations are essential in basic cellular activities such as (“amoeboid”) movement, 
growth and synaptic formation and neurotransmitter vesicle release [40], [41]. Transitions can occur 
rapidly (e.g. 40 sol-gel cycles per second), and some actin gels can be quite solid, and withstand 
deformation without transmitted response [42]. Cyclical encasement of MTs by actin gels may thus be an 
ideal quantum isolation mechanism. In the gel phase of cytoplasm, the water ordering surfaces of a MT 
are within a few nanometers of actin surfaces which also order water. Thus bundles of MTs encased in 
actin gel may be effectively isolated extending over the radius of the bundle, on the order of hundreds of 
nanometers. There are many mechanisms which can protect these structures against decohering factors. In 
general, Quantum states of tubulin/MTs are protected from environmental decoherence by biological 
mechanisms which include phases of actin gelatin, plasma-like Debye layering, coherent pumping and 
topological quantum error correction [54]. Moreover, quantum spin transfer between quantum dots 
connected by benzene rings (the same structures found in aromatic hydrophobic amino acids) is more 
efficient at warm temperature than absolute zero[43]. It is conjectured that the “flexibility” of the resonant 
benzene electrons is advantageous to quantum processes by harnessing ambient thermal energy. MTs may 
possibly utilize nonspecific thermal energy for "laser-like” coherent pumping, for example in the GHz 
range by a mechanism of "pumped phonons" suggested by Froehlich [44,45,46]. 


5) What is the mechanism of Teleportation? 
According to the definition of teleportation as stated in [47], in the process of quantum teleportation, one 
can construct an exact replica of the original unknown quantum state at a cost of destroying the original 
state. Therefore, to call a quantum state transfer operation- quantum teleportation, the process should not 
only generate output states with better qualities than what can be done classically but also obey the no- 
cloning theorem [48]. The quantum state of a system can be transmitted from a location to a distant one 
using only classical information provided that a quantum channel exists between the sender and the 
receiver. Sharing entangled states between the two parties opens the necessary quantum channel. 
Research in quantum state transfer, especially the quantum teleportation, has emerged as one of the major 
research areas of theoretical and experimental quantum mechanics. Assume that Alice wants to send Bob 
‘an unknown quantum state but when she receives this state she does not know anything about that unless 
she affects it and collapses it to classical state, or in other hand she destroys that quantum state. She just 
can send classical signals to Bob through classical channel, but if there is a shared entangled channel 
between Alice and Bob, Bob can construct initial quantum state with the help of classical signal which is 
sent by Alice and quantum channel between them. This operation is implemented by operating special 
unitary operators. For more details see [47]. Here, we want to simulate visual information transfer with 
teleportation mechanism. We know that when photon penetrates the retina, it changes to action potentials 
or electrical signals and these classical signals are sent to the brain for interpretation. It means that retina 
(Alice) wants to send the brain (Bob) a photon state (unknown quantum state), but retina (Alice) absorbs 


it (collapses the quantum state) and changes it to action potential (classical state) and send it through 
‘membranes of axons of the brain neurons (classical channel). Brain (Bob) can reconstruct the initial state 
of photon (unknown quantum state) to process it to emerge consciousness. Our arguments for this 
simulation are below conclusions 
Orch OR [14], [15]: There is quantum processing in the neurons of the brain (there is a quantum 
channel between retina and brain) 
Tegmark [13]: Displacement of ions through membranes of brain neurons is a classical 
phenomenon (action potentials are classical signals and membranes of neurons are classical 
channels). 
Thaheld (11},[12|: Superposed photons do collapse in the retina (the quantum state is collapsed 
by the sender [Alice)). 
We assert that they describe different aspects of the teleportation mechanism. We simulate visual 
consciousness with the teleportation mechanism as shown in Table 5-1 


Table 5-1 Simulation of the transfering visual information fram the eye tothe brain tothe Teleportation mechanism. 


‘Human Brain 


‘Quantum Teleportation Mechanism 


Retina 


‘Alice 


Membrane of axons in neurons 


‘Classical channel 


Cytoskeletal structures, 


Entangled channel (quantum channel) 


Visual cortex 


Bob 


‘Action potentials 


Classical signals 


Now we want to investigate this teleportation mechanism via teleporting of entangled coherent states 
through visual pathways in more details. We will show how photon states are constructed in the visual 
cortex. 


6) Teleportation of Entangled Coherent States through Visual Pathways 


Super radiance and self induced transparency [49] besides Froehlich oscillations can cause the coupling of 
MT dynamics over wide areas and take them into a superposition and a coherent state. While in 
superposition, tubulins communicate with entangled tubulins in the same manner, and in MTs in 
neighboring neurons, and through macroscopic regions of the brain via tunneling through gap junctions 
and possibly tunneling nanotubes [50]. As we have already said, retina and the visual cortex are entangled 
with each other. Thus there is a quantum channel between retina and the visual cortex which is composed 
of microtubular structures. MTS interact with membrane structures mechanically by linking proteins, 
chemically by ions and second messenger signals, and electrically by voltage fields. The transduction of 
light into electrical signals takes place in the photoreceptors. Except for the ganglion cells, none of the 
retinal cells display action potentials [51] 
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Figure 3 The LGN isa laminated structure, having 6 layers. Contralateral fibers and ipsilateral fibers couple inthe LGN. The 
Ipsilateral fibers of the optic nerve terminate in laminae 2,3 and § of LGN, while the contralateral fers terminate in laminae 
4, and 6152) 


Axons leaving the temporal half of the retina traverse the optic nerve to the optic chiasm, where they join 
the optic tract and project to ipsilateral structures. Axons leaving the nasal half of the retina cross the 
midline at the chiasm and terminate in contralateral structures. This arrangement means that all the axons 
in the optic tract carry information about the contralateral visual field. Axons of the optic tract terminate 
in three areas of the central nervous system, the lateral geniculate nucleus (ic. LGN), the superior 
colliculus and the pretectal area. The trajectory through the LGN is the largest most direct and clinically 
most important pathway by which visual information reaches the cerebral cortex. About 80% of the optic 
tract axons synapse in the LGN. The LGN is a laminated structure, having 6 layers. Contralateral fibers 
and ipsilateral fibers couple in the LGN. The ipsilateral fibers of the optic nerve terminate in laminae 2,3 
and 3 of LGN, while the contralateral fibers terminate in laminae 1, 4 and 6 of LGN (see Figure 3). There 
are about 10° neurons in each LGN, all of which project to the ipsilateral occipital cortex (area 17) as the 
optic radiations. The portion of the cerebral cortex that receives LGN axons is called the striate cortex and 
is usually labeled VI to designate it as the primary visual cortical area (Figure 3). Virtually all 
information in the visual system is recognized as being processed by V1 first, and then passed out to 
higher order systems [53]. The upper visual cortex receives signals from the lower visual field and 
similarly, lower visual cortex process information from the upper visual field. The right visual cortex 
processes the left field of view and vice versa (see figure 4) 


Now, we investigate the information transfer through visual pathways. The important model among 
quantum models about the processing in the human brain is the Orch-OR model which is based on the 
structure of the cytoskeleton. As already said this model asserts that the main processing in the neurons of 
the brain is performed in the MTs and the nature of the processing is mainly quantum mechanical. The 
processing unit in this model is tubulin which can be in a superposed state. Tubulins act like qubits in 
quantum computers. Max Tegmark believes that there is no quantum processing in the human brain. He 
has calculated decoherence times for every superposition state which can be possible in the neurons of the 
brain [13]. In his opinion, superposition states include ions such as Na’ which are “in” and “out” of the 
membrane of axon. On the other hand, Na’ ions are in the superposition of “in” and “out” with a 
separation distance comparable to the membrane thickness. He has considered three factors which can 
destroy this superposition state in neurons, Collisions with the neighboring ions, Collisions with the water 
molecules and Interaction with distant ions are the factors which Tegmark investigated for decoherence. 
He has estimated 10°” s and 10™' 5 for decoherence times. It is clear that above times are very small for 
the brain processes such as seeing, thinking, speaking and the other cognitive processes. Typically, 
dynamical timescales for neuron firing and cognitive processes are in the range of 10* to 1 seconds, 
whereas decoherence timescales are many orders of magnitude shorter. Thus, action potentials should be 


regarded as classical signals or the displacement of ions through the membrane of axons should be 
investigated classically. It is remarkable that Tegmark has also calculated decoherence time for MTS, but 
he has used wrong assumptions about these structures (for more details see [54]) and we just accept his 
calculations about action potentials. Thaheld [11], [12] believes that the wave function of any superposed 
photon state or states is always objectively changed within the complex architecture of the eye, and any 
incident photons have to run a very daunting gauntlet before they are even converted or transduced to 
retinal ganglion cell spike trains (To leam more about Thaheld arguments, the reader is referred to refs 
[55,56,57]). According to Thaheld, the quantum state of photons does collapse in the retina and it does 
not reach the brain, 


Is Thaheld right? Is not there any mechanism to rebuild the quantum state of photons in the brain? Here 
wwe accept that the states of photons collapse in the retina but we believe that they can be restored in the 
visual cortex via the teleportation mechanism, 


‘Now, the question is how can it be possible to restore the exact state of photons in the brain while its state 
is collapsed in the retina, The other question which one may ask is: if this state is reported through action 
potentials how is this information reported to the brain and how can it interpret action potentials to obtain 
the exact state of the photons? Our solution to the above problems involves the teleportation of entangled 
coherent states through visual pathways. The state of the photon is teleported from the eye to the brain, 
‘On the other hand, the state of the photon is transferred via some “cut-and-paste” mechanism from the eye 
to the brain, But how is it possible? 


Figure 4 Visual pathways from the eye to the 
brain. See crossing of pathways. 


We concluded before that retina and the visual cortex are entangled. Also we explained how the entangled 
coherent state is generated in the retina. Now, we want to formulate the process of information transfer 
from the retina to V1. The state (3-2) with two modes 1 and 2 should be teleported to V1. After the 
interaction of light with retina, modes 3, 4 and 5, 6 are generated through microtubular structures between 
retina and V1, and thus they produce entangled coherent channels between retina and V1. It means that 
the channels are: 


W)ss = |e)3|@)s —|—@)s|-a)s) (6-1) 


Ib)as 


la) la)5 — |@)4|—)q) (6-2) 


Where N, is the number of tubulins in each channel. Each mode is reported via a special fiber through 
visual pathways. All of the neurons which are collected in the LGN are divided into two major pathways: 
ipsilateral fibers and contralateral fibers. Information transfer in the contralateral fibers takes longer than 
information transfer in ipsilateral fibers because contralateral fibers have crossing relative to ipsilateral 


fibers and then they have longer lengths than ipsilateral fibers. On the other hand, contralateral fibers have 
a retarded phase relative to ipsilateral fibers. Now we want to answer the following questions. What is 
this phase difference? What is the role of this crossing? And how does crossing restore the initial state in 
the retina? 


2) The Role of Phase Shift to Restore Information in LGN 


When the information is collapsed in the retina, action potentials are produced. The shape of action 
potentials is the same for each neuron, but the main problem is which neurons are fired, o in other words 
which neurons carry action potentials and information. Consider two fibers selected from ipsilateral fibers 
and two fibers selected from contralateral fibers. The two ipsilateral fibers are called 1 and 2, and the two 
contralateral fibers are called 3 and 4 while the two fibers from the LGN to V1 are called 5 and 6 which 
are selected from the group of magnocellular and parvocellular fibers. Now, we start from the retina. The 
state of centrioles and channels is: 


)=lP)h2 @ Mss @ Ib)a6 
1 
Nz Aladsladela sladsladslad6 


Alc): 1a)21@)3|-a)s1a)s|-@)6 
Alec): |a)2|-a)3]a)4|-@)5 la)6 
+Ala):|@)2|-a)3|-@)4|—2)5|—a2), 
—B|-a):|—a)2|@)s1a)41@)s la), 
+B\—a);|—@)2|@)s| — @)4la)s|—a)e 
+B ~ a): |-@)2|—a)3|@)4] — @)510)5 
—Bl-a):|—a)2| — @)3|— a4 — @)s|-@e) (7-1) 

All of the above states are collected in the LGN. But here the role of action potentials is very 
important. They determine which fibers are fired. If fibers | and 2 carry action potentials, then it shows 
that information passes through ipsilateral fibers. Thus to select information from the LGN to send it via 
fibers 5 and 6 to VI there is no need for phase difference (or to apply the phase shift operator on the 
states) and thus the state of (3-2) can be transferred like its first state through fibers 5 and 6. In the 
formulation (7-1) we see that if fibers x and y are fired, the expression with |@),|@)y should be selected 


from the terms with coefficients +A besides the expression | ~ a), |—a)y from the terms with coefficients 
-B. Hence, 


elds 
1,2 firing “a 19 dss = Ala)s la) — B|—a)s|—a)g (7-2) 


In another state, if fibers | and 4 are fired it means that one fiber is selected from ipsilateral fibers and the 
other is from contralateral fibers, thus they have phase difference with respect to each other. Hence, 


Lafiring “ps5 = Aladsl-ag—Bl-adsla, (73) 


To restore initial information, the operator 

R(p) = e-ita* ons 
should operate on the state in LGN in which fibers | and 4 have conveyed action potentials. This operator 
changes the ket |@), to |-a)« and vice versa. It means that fiber 4 has a 7 radian phase difference with 


respect to fiber 1, and this phase difference can restore the exact state of the photon. If fibers 2 and 3 are 
fired, this yields: 


elds 
23 firing “S18 )s 
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In this case the operator 


R(y) 


should be involved. For the case of 3 and 4 firing, this yields, 
a yields 
3,4 firing —> 16 )s6 = Al-@)sI-@)e — Bla)s lade (7-5) 


in which case the operator 


evita’ sastat gag) 


Ry) 


should be involved. In this case we see that the main path is that of ipsilateral fibers which are direct to 
each eye and fibers 3 and 4 both have a radian phase difference with it. We also know that there are two 
LGNS and the left and right V1. Now, another question emerges. How do these two left and right parts in 
VI can instantaneously receive information? To answer this question, we can say that the synaptic B- 
neurexin/neuroligin-I adhesive protein complex is claimed to be a device mediating entanglement 
between the cytoskeletons of the cortical neurons. Thus the macroscopic coherent quantum state can 
extend through large brain cortical areas [58] 


We see that crossing or rotation of neurons in the visual pathways has an important role in restoring 
information in the brain, Maybe rotations or crossings of neurons throughout the body are there for this 
very reason. 


8) Discussion 
In general, we can briefly summarize our approach by listing the following properties: 


1 It can combine the Orch-OR model with Tegmark’s approaches and the Thaheld conclusion in a 
compact physical model which is called Teleportation. 

2. It investigates visual pathways from atomic scales to macroscopic scales. This approach includes 

classical descriptions as well as new answers to open questions. 

It explains why the shape of action potentials stays the same. Classical models state that 
“sensations” are action potentials that reach the brain via sensory neurons, and “perception” is the 
awareness and interpretation of the sensation. It is reasonable to assume that the constant shape of 
action potentials cannot result in different profiles of information. Thus the shape of information 
should be due to neurons. In this approach MTs are the representatives of information carriers. In 
our approach action potentials just determine which neurons fire and which do not. 

It describes why neurons cross at some point. This crossing causes a phase shift relative to a 
special pathway. In teleportation of entangled coherent states the phase shift operators can rebuild 
initial information. 


5- Itexplains that how the inverted image on the retina is perceived in the brain as upright. 
6- It can describe how different information can be simultaneously perceived as a binding nature of 
conscious experience. This can be done via quantum parallel processing. 

It explains how the brain of the observer can receive quantum information from the environment. 

We can see that there still exists this possibility that the mind can play the main role in the 
‘measurement problem, and this is in accord with what London, Bauer, von Neumann and Wigner 
(initially) asserted. 


9) Conclusions 
In this paper we have theoretically demonstrated the plausibility of a quantum teleportation 
mechanism between the eye and the brain which can describe different aspects of visual 
processing through visual pathways. Our model covers both quantum and classical aspects of 
neuroscience. This mechanism can combine some features of the Orch-OR model with 
‘Tegmark’s conclusions and Thaheld’s belief in one general model. 
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Preface 


‘The Teleportation Physics Study is divided into four phases. Phase I is a review and documentation 
of quantum teleportation, its theoretical basis, technological development, and its potential application, 
Phase II developed a textbook description of teleportation as it occurs in classical physics, explored its 
theoretical and experimental status, and projected its potential applications. Phase III consisted of a 
search for teleportation phenomena occurring naturally or under laboratory conditions that can be 
assembled into a model describing the conditions required to accomplish the disembodied conveyance of 
objects. The characteristics of teleportation were defined, and physical theories were evaluated in terms 
of their ability to completely describe the phenomenon. Presently accepted physics theories, as well as 
theories that challenge the current physics paradigm were investigated for completeness. The theories 
that provide the best chance of explaining teleportation were selected, and experiments with a high chance 
of accomplishing teleportation were identified. Phase IV is the final report. 

The report contains five chapters. Chapter 1 is an overview of the textbook descriptions for the 
various teleportation phenomena that are found in nature, in theoretical physics concepts, and in 
experimental laboratory work. Chapter 2 proposes two quasi-classical physics concepts for teleportation: 
the first is based on engineering the spacetime metric to induce a traversable wormhole; the second is 
based on the polarizable-vacuum-general relativity approach that treats spacetime metric changes in terms 
of equivalent changes in the vacuum permittivity and permeability constants. These concepts are 
theoretically developed and presented. Promising laboratory experiments were identified and 
recommended for further research. Chapter 3 presents the current state-of-art of quantum teleportation 
physics, its theoretical basis, technological development, and its applications. Key theoretical, 
experimental, and applications breakthroughs were identified, and a series of theoretical and experimental 
research programs are proposed to solve technical problems and advance quantum teleportation physics, 
Chapter 4 gives an overview of alternative teleportation concepts that challenge the present physics 
paradigm. These concepts are based on the existence of parallel universes/spaces and/or extra space 
dimensions. The theoretical and experimental work that has been done to develop these concepts is 
reviewed, and a recommendation for further research is made. Last, Chapter 5 gives an in-depth 
overview of unusual teleportation phenomena that occur naturally and under laboratory conditions. The 
teleportation phenomenon discussed in the chapter is based on psychokinesis (PK), which is a category of 
psychotronics. The U.S. military-intelligence literature is reviewed, which relates the historical scientific 
research performed on PK-teleportation in the U.S., China and the former Soviet Union. The material 
discussed in the chapter largely challenges the current physics paradigm; however, extensive controlled 
and repeatable laboratory data exists to suggest that PK-teleportation is quite real and that it is 
controllable. The report ends with a combined list of references, 
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1.0 INTRODUCTION 


1.1 Introduction 


The concept of teleportation was originally developed during the Golden Age of 20" century science 
fiction literature by writers in need of a form of instantaneous disembodied transportation technology to 
support the plots of their stories. Teleportation has appeared in such SciFi literature classics as Algis 
Budry’s Rogue Moon (Gold Medal Books, 1960), A. E. van Vogt’s World of Null-A (Astounding Science 
Fiction, August 1945), and George Langelaan’s The Fly (Playboy Magazine, June 1957). The Playboy 
Magazine short story led to a cottage industry of popular films decrying the horrors of scientific 
technology that exceeded mankind’s wisdom: The Fly (1958), Return of the Fly (1959), Curse of the Fly 
(1965), The Fly (a 1986 remake), and The Fly II (1989). The teleportation concept has also appeared in 
episodes of popular television SciFi anthology series such as The Twilight Zone and The Outer Limits, 
But the most widely recognized pop-culture awareness of the teleportation concept began with the 
numerous Star Trek television and theatrical movie series of the past 39 years (beginning in 1964 with the 
first TV series pilot episode, The Cage), which are now an international entertainment and product 
franchise that was originally spawned by the late genius television writer-producer Gene Roddenberry. 
Because of Star Trek everyone in the world is familiar with the “transporter” device, which is used to 
teleport personnel and material from starship to starship or from ship to planet and vice versa at the speed 
of light. People or inanimate objects would be positioned on the transporter pad and become completely 
disintegrated by a beam with their atoms being patterned in a computer buffer and later converted into a 
beam that is directed toward the destination, and then reintegrated back into their original form (all 
without error!). “Beam me up, Scotty” is a familiar automobile bumper sticker or ery of exasperation that 
were popularly adopted from the series. 

However, the late Dr. Robert L. Forward (2001) stated that moder hard-core SciFi literature, with 
the exception of the ongoing Siar Trek franchise, has abandoned using the teleportation concept because 
writers believe that it has more to do with the realms of parapsychology/paranormal (a.k.a. psychic) and 
imaginative fantasy than with any realm of science. Beginning in the 1980s developments in quantum 
theory and general relativity physics have succeeded in pushing the envelope in exploring the reality of 
teleportation. A crescendo of scientific and popular literature appearing in the 1990s and as recently as 
2003 has raised public awareness of the new technological possibilities offered by teleportation. As for 
the psychic aspect of teleportation, it became known to Dr. Forward and myself, along with several 
colleagues both inside and outside of government, that anomalous teleportation has been scientifically 
investigated and separately documented by the Department of Defense. 

It has been recognized that extending the present research in quantum teleportation and developing 
alternative forms of teleportation physics would have a high payoff impact on communications and 
transportation technologies in the civilian and military sectors. It is the purpose of this study to explore 
the physics of teleportation and delineate its characteristics and performances, and to make 
recommendations for further studies in support of Air Force Advanced Concepts programs. 


1.2 The Definitions of Teleportation 


Before proceeding, it is necessary to give a definition for each of the teleportation concepts I have 
identified during the course of this study’ 
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> Teleportation — SciFi: the disembodied transport of persons or inanimate objects across space by 
advanced (futuristic) technological means (adapted from Vaidman, 2001). We will call this s/- 
Teleportation, which will not be considered further in this study. 


> Teleportation — psychic: the conveyance of persons or inanimate objects by psychic means. We 
will call this p-Teleportation 


Teleportation — engineering the vacuum or spacetime metric: the conveyance of persons or 
inanimate objects across space by altering the properties of the spacetime vacuum, or by altering 
the spacetime metric (geometry). We will call this vm-Teleportation. 


> Teleportation — quantum entanglement: the disembodied transport of the quantum state of a 
system and its correlations across space to another system, where system refers to any single or 
collective particles of matter or energy such as baryons (protons, neutrons, etc.), leptons 
(electrons, etc.), photons, atoms, ions, ete. We will call this q-Teleportation. 


> Teleportation — exotic: the conveyance of persons of inanimate objects by transport through extra 
space dimensions or parallel universes. We will call this e-Teleportation 


We will examine each of these in detail in the following chapters and determine whether any of the above 
teleportation concepts encompass the instantaneous and or disembodied conveyance of objects through 
space. 
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2.0 vm-TELEPORTATION 


2.1 Engineering the Spacetime Metric 


‘A comprehensive literature search for vm-Teleportation within the genre of spacetime metric 
engineering yielded no results. No one in the general relativity community has thought to apply the 
Einstein field equation to determine whether there are solutions compatible with the concept of 
teleportation. Therefore, I will offer two solutions that I believe will satisfy the definition of vm- 
Teleportation. The first solution can be found from the class of traversable wormholes giving rise to what 
call a true “stargate.” A stargate is essentially a wormhole with a flat-face shape for the throat as 
opposed to the spherical-shaped throat of the Morris and Thorne (1988) traversable wormhole, which was 
derived from a spherically symmetric Lorentzian spacetime metric that prescribes the wormhole geometry 
(see also, Visser, 1995 for a complete review of traversable Lorentzian wormholes): 


ds? = cde +[1-b(/rP de? + °dQ? @0, 


where by inspection we can write the traversable wormhole metric tensor in the form 


eno 0 
0 f-a@/r 

Ba=| 4 : ie 2) 
0 0 


using standard spherical coordinates, where c is the speed of light, a,B 2=0,3=@) are the 
time and space coordinate indices (-2o < 1 < ce; r: 2mr = circumference; 0 < @ < m; 0 < @ < 2m), dQ? = dO" + 
sin'Odlg*, $(r) is the freely specifiable redshift function that defines the proper time lapse through the 
wormhole throat, and 5(r) is the freely specifiable shape function that defines the wormhole throat’s 
spatial (hypersurface) geometry. Such spacetimes are asymptotically flat. The Einstein field equation 
requires that a localized source of matter-energy be specified in order to determine the geometry that the 
source induces on the local spacetime. We can also work the Einstein equation backwards by specifying 
the local geometry in advance and then calculate the matter-energy source required to induce the desired 
geometry. The Einstein field equation thus relates the spacetime geometry terms comprised of the 
components of the metric tensor and their derivatives (a.k.a. the Einstein tensor) to the local matter 
energy source terms comprised of the energy and stress-tension densities (a.k.a. the stress-energy tensor). 
The flat-face wormhole or stargate is derived in the following section. 


2.1.1 Wormhole Thin Shell Formalism 


The flat-face traversable wormhole solution is derived from the thin shell (a.k.a. junction condition or 
surface layer) formalism of the Einstein equations (Visser, 1989; see also, Misner, Thorne and Wheeler, 
1973). We adapt Visser’s (1989) development in the following discussion. The procedure is to take two 
copies of flat Minkowski space and remove from each identical regions of the form Q x SR, where Q is a 
three-dimensional compact spacelike hypersurface and % is a timelike straight line (time axis). Then 
identify these two incomplete spacetimes along the timelike boundaries © x RX. The resulting spacetime 
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is geodesically complete and possesses two asymptotically flat regions connected by a wormhole. The 
throat of the wormhole is just the junction 20 (a two-dimensional space-like hypersurface) at which the 
‘two original Minkowski spaces are identified (see Figures | and 2). 
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Figure 1. Diagram of a Simultaneous View of Two Remote Compact Regions 
(Q; and Q;) of Minkowski Space Used to Create the Wormhole Throat 22, 
‘Where Time is Suppressed in This Representation (adapted from Bennett et al., 1995) 


imited 
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Figure 2. The Same Diagram as in Figure 1 Except as Viewed by an Observer 
Sitting in Region ©, Who Looks Through the Wormhole Throat 30. and 
Sees Remote Region Q; (Dotted Area Inside the Circle) on the Other Side 
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‘The resulting spacetime is everywhere Riemann-flat except possibly at the throat. Also, the stres 
energy tensor in this spacetime is concentrated at the throat with a 8-function singularity there. This is a 
consequence of the fact that the spacetime metric at the throat is continuous but not differentiable, while 
the connection is discontinuous; thus causing the Riemann curvature to possess a 8-function singularity 
(causing undesirable gravitational tidal forces) there. The magnitude of this 8-function singularity can be 
calculated in terms of the second fundamental form on both sides of the throat, which we presume to be 
generated by a localized thin shell of matter-energy. The second fundamental form represents the 
extrinsic curvature of the 32 hypersurface (.e., the wormhole throat), telling how it is curved with respect 
to the enveloping four-dimensional spacetime. The form of the geometry is simple, so the second 
fundamental form at the throat is calculated to be (McConnell, 1957) 


xn 0 0 
Kit=410 «0 
00K 
es (2.3), 
0 0 0 
4/0 /p, 0 
0 0 Yr, 


where /j = 0,1,2 and K’* is the second fundamental form. The full 4x4 matrix A‘; has been reduced to 
3x3 form, as above, for computational convenience because the thin shell (or hypersurface) is essentially 
a two-surface embedded in three-space. ‘The overall + sign in equation (2.3) comes from the fact that a 
unit normal points outward from one side of the surface and points inward on the other side. We hereafter 
drop the + sign for the sake of brevity in notation. The quantities Ky, x, and x, measure the extrinsic 
curvature of the thin shell of local matter-energy (i.e., the stuff that induces the wormhole throat 
geometry), Since the wormhole throat is a space-like hypersurface, we can exclude time-like 
hypersurfaces and their components in the calculations. Therefore we set ky = 0 in equation (2.3) because 
it is the time-like extrinsic curvature for the time-like hypersurface of the thin shell of matter-energy. As 
seen in equation (2.3) x; and x: are simply related to the two principal radii of curvature p; and p2 
(defined to be the eigenvalues of K‘) of the two-dimensional spacelike hypersurface 20 (see Figure 3). It 
should be noted that a convex surface has positive radii of curvature, while a concave surface has negative 
radii of curvature. 


Approved for public release; distribution unl 


Figure 3. A Thin Shell of (Localized) Matter-Energy, or Rather the Two-Dimensional 
Spacelike Hypersurface 39. (via (2.3)), Possessing the Two Principal Radii of Curvature p; and p2 
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It is a standard result of the thin shell or junetion condition formalism that the Einstein field equation 
may be cast in terms of the surface stress-energy tensor Sof the thin matter-energy shell localized in 2 
(note: we are exploiting the symmetry of the wormhole with respect to interchange of the two flat regions 
Q, and) 


K‘,) 4), 


where G is Newton's gravitational constant and 8; is the (three-dimensional) unit matrix. K*; is the trace 
of equation (2.3): 

K‘,=TrK’, 
25) 


and 


0 0 —_ 
P. 
Substituting (2.3) and (2.6) into (2.4) gives (after simplification): 
0 0 
P: 
Vp, 0 | @2. 
o VA 


The thin matter-energy shell’s surface stress-energy tensor may be interpreted in terms of the surface 
energy density ¢ and principal surface tensions 8; and 8 


0 0 
“3 0 28) 
0-0, 


‘Thus we arrive at the Einstein field equation by equating (2.8) and (2.7) and multiplying both sides by 
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o 0 


P: 
Vp, 0 29), 

o Yr, 

which gives the final result 

(2.10a) 

Ase (2.10b) 

4x6 p. ere 

ee (2.100) 


4anG p, 


‘These are the Einstein equations. Equations (2.10a-c) imply that (for 2 convex) we are dealing with 
negative surface energy density and negative surface tensions. This result is in fact the primary matter- 
energy requirement for traversable wormholes, as was proved by Morris and Thome (1988), and later by 
Visser (1995), within the paradigm of classical Einstein general relativity. The negative surface tension 
(© positive outward pressure, a.k.a. gravitational repulsion ot antigravity) is needed to keep the throat 
‘open and stable against collapse. ‘The reader should not be alarmed at this result. Negative energies and 
negative stress-tensions are an acceptable result both mathematically and physically, and they manifest 
gravitational repulsion (antigravity!) in and around the wormhole throat. One only needs to understand 
What it means for stress-energy to be negative within the proper context. In general relativity the term 
“exotic” is used in place of “negative.” The effects of negative energy have been produced in the 
laboratory (the Casimir Effect is one example). In short, negative energy arises from Heisenberg’s 
quantum ‘uncertainty principle, which requires that the energy density of any electromagnetic, magnetic, 
electric or other fields must fluctuate randomly. Even in a vacuum, where the average energy density is 
zero, the energy density fluctuates. ‘This means that the quantum vacuum can never remain truly empty in 
the classical sense of the term. The quantum picture of the vacuum is that of a turbulent plenum of virtual 
(ie., energy non-conserving) particle pairs that spontaneously pop in and out of existence. The notion of 
“zero energy” in quantum theory corresponds to the vacuum being filled with such fluctuations going on, 
This issue is further elaborated on and clarified in greater detail in Appendix A. We will also revisit this 
in Section 2.2. Finally, it should be noted that for the analysis in this section we assumed an ultrastatic 
wormhole [i.e., goo = 1 = (r) = 0 in equation (2.1)] with the “exotic” matter-energy confined to a thin 
layer, and we dispensed with the assumption of spherical symmetry. 

‘We can now build a wormhole-stargate and affect vm-Teleportation such that a traveler stepping into 
the throat encounters no exotic matter-energy there. This will require that our wormhole be flat shaped, 
To make the wormhole flat requires that we choose the throat 32 to have at least one flat face (picture the 
thin shell in Figure 3 becoming a flat shell). On that face the two principal radii of curvature become p; = 
2 =o as required by standard geometry. Substituting this into equations (2.10a-c) gives 


0 (2.11), 
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which is a remarkable result. A further consequence of this is that now K‘, = 0, thus making the Riemann 
curvature and stress-energy tensors (Riemann: Rs ~ Kp; stress-energy: T“y ~ K%s) at the throat become 
zero such that the associated 8-function singularities disappear there. This means that a traveler 
encountering and going through such a wormhole will feel no tidal gravitational forces and see no exotic 
‘matter-energy (that threads the throat). A traveler stepping through the throat will simply be teleported 
into the other remote spacetime region or another universe (note: the Einstein equation does not fix the 
spacetime topology, so it is possible that wormholes are inter-universe as well as intra-universe tunnels). 
We construct such a teleportation stargate by generating a thin shell or surface layer of “exotic” matter- 
energy much like a thin film of soap stretched across a loop of wire. 


2.1.2 “Exotic” Matter-Energy Requirements 


Now we have to estimate the amount of negative (or exotic) mass-energy that will be needed to 
generate and hold open a vm-Teleportation wormhole. A simple formula originally due to Visser (1995) 
for short-throat wormholes using the thin shell formalism gives: 


e 
hiss 5 
acter oe 


h 


Tmeter 


where M,, is the mass required to build the wormhole, rijny is a suitable measure of the linear dimension 
(radius) of the throat, and Myypio- is the mass of the planet Jupiter (1.90x10"" kg). Equation (2.12) 
demonstrates that a mass Of -0.709 Mipier (or 1.346910 kg) will be required to build a wormhole 1 
meter in size. As the wormhole size increases the mass requirement grows negative-large, and vice versa 
as the wormhole size decreases. After being alarmed by the magnitude of this, one should note that Mu 
is not the total mass of the wormhole as seen by observers at remote distances. The non-linearity of the 
Einstein field equations dictates that the total mass is zero (actually, the total net mass being positive, 
negative or zero in the Newtonian approximation depending on the details of the negative energy 
configuration constituting the wormhole system). And finally, Visser et al. (2003) have demonstrated the 
existence of spacetime geometries containing traversable wormholes that are supported by arbitrarily 
small quantities of exotic mattet-energy, and they proved that this was a general result. In Section 2.3 we 
will discuss how or whether we can create such a wormhole in the laboratory. 


2.2 Engineering the Vacuum 


Engineering the spacetime vacuum provides a second solution that also satisfies the definition of vm- 
Teleportation. The concept of “engineering the vacuum” was first introduced to the physics community 
by Lee (1988). Lee stated: 


“The experimental method to alter the properties of the vacuum may be called vacuum engineering...If 
indeed we are able to alter the vacuum, then we may encounter some new phenomena, totally 
unexpected.” 


This new concept is based on the now-accepted fact that the vacuum is characterized by physical 
parameters and structure that constitutes an energetic medium which pervades the entire extent of the 
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universe. We note here the two most important defining properties of the vacuum in this regard (Puthoff 
et al., 2002): 


2 Within the context of quantum field theory the vacuum is the seat of all energetic particle and 
field fluctuations. 


Within the context of general relativity theory the vacuum is the seat of a spacetime structure (or 
metric) that encodes the distribution of matter and energy. 


We begin our look into this concept by examining the propagation of light through space. We know 
from quantum field theory that light propagating through space interacts with the vacuum quantum fields 
(ak.a. vacuum quantum field fluctuations). The observable properties of light, including the speed of 
light, are determined by these interactions, Vacuum quantum interactions with light lead to an effect on 
the speed of light that is due to the absorption of photons (by the vacuum) to form virtual electron- 
positron pairs followed by the quick re-emission (from the vacuum) of the photon (see Figure 4). The 
virtual particle pairs are very short lived because of the large mismatch between the energy of a photon 
and the rest mass-energy of the particle pair. A key point is that this process makes a contribution to the 
observed vacuum permittivity € (and permeability 1) constant and, therefore, to the speed of light ¢ [e = 
(obo) "7 


“Approved for public release; distribution unlimited, 


re ere 
2 Virtual positron 
ee 


de 


Photons can change inio a variety of short- 
lived, or “virtual”, particles. as they fly 
through the vacuum. The processes above, 
represented by Feynman diagrams, are “two- 
toop™ processes. They affect light’s speed 


Figure 4. A Schematic of Vacuum Quantum Field Fluctuations (a.k.a. Vacuum 
‘Zero Point Field Fluctuations) Involved in the “Light-by-Light” Scattering 
Process That Affects the Speed of Light (from Chown, 1990) 
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The role of virtual particle pairs in determining the € (Uo) of the vacuum is analogous to that of 
atoms/molecules in determining the relative permittivity e (and 1) of a dielectric material. We know that 
the absorption/re-emission of photons by atoms/molecules in a transparent medium (note: there are no 
strongly absorbing resonances, so the atoms/molecules remain in their excited states for a very short time 
before re-emitting photons) is responsible for the refractive index of the medium, which results in the 
reduction of the speed of light for photons propagating through the medium. This absorption/re-emission 
process is also known in physics as a scattering process. We know from experiment that a change in the 
medium leads to a change in e (jt), thus resulting in a change of the refractive index. ‘The key point 
arising from this analogy is that a modification of the vacuum produces a change in € (11) resulting in a 
subsequent change in c, and hence, a corresponding change in the vacuum refraction index. 

Scharnhorst (1990) and Latorre et al. (1995) have since proved that the suppression of light scattering 
by virtual particle pairs (a.k.a. coherent light-by-light scattering) in the vacuum causes an inerease in the 
speed of light accompanied by a decrease in the vacuum refraction index. This very unique effect is 
accomplished in a Casimir Effect capacitor cavity (or waveguide) whereby the vacuum quantum field 
fluctuations (a.k.a. zero-point fluctuations or ZPF) inside have been modified (becoming anisotropic and 
non-translational invariant) to satisfy the electromagnetic boundary conditions imposed by the presence of 
the capacitor plates (or waveguide walls). ‘The principal result of this modification is the removal of the 
electromagnetic zero-point energy (ZPE) due to the suppression of vacuum ZPE modes with wavelengths 
longer than the cavity/waveguide cutoff (Ay = 2d, where d= plate separation; see Figure 5). This removal 
of free space vacuum ZPE modes suppresses the scattering of light by virtual particle pairs, thus 
producing the speed of light increase (and corresponding decrease in the vacuum refraction index). We 
know from standard optical physies and quantum electrodynamics (QED) that the optical phase and group 
velocities can exceed ¢ under certain physical conditions, but dispersion always ensures that the signal 
velocity is < ¢. But recent QED calculations (see, Scharnhorst, 1990 and Latorre et al., 1995) have 
proved that in the Casimir Effect system, the dispersive effects are much weaker still than those 
associated with the increase in ¢ so that the phase, group and signal velocities will therefore all increase 
by the same amount. Note that, in general, no dispersion shows up in all of the modified vacuum effects 
examined by investigators. 
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Metal plates 


Casimir effect: the vacuum is full of virtual 
photons, but photons with wavelengths (1), 
more than twice the separation of the plates, 
are excluded from the space between them. 
The imbalance pushes the plates together 


Figure 5. A Schematic of the Casimir Effect Cavity/Waveguide (from Chown, 1990) 


Approved for public release; distribution unlimited, 


Examples demonstrating the increase in light speed (decrease in vacuum refraction index) via the 
Casimir Effect vacuum and other modified vacuum effects, as well as those effects producing a decrease 
in light speed (increase in vacuum refraction index), are described as follows. The vacuum modification 
effect on the speed of light described in the previous paragraph is (Schamhorst, 1990): 


cM 


(-xtaege) 0 
2(45)" (m.ay 


(2.13), 


(ntge <)> 
100° (ma) 


where c," is the (modified) speed of light propagation perpendicular to the Casimir Effect capacitor 
plates, ¢o is the speed of light in free space (3x10° m/s in MKS units), mis the electron mass, ais the fine 
structure constant (~ 1/137), ¢ is the electron charge (¢* = 4zrct in quantum field theory natural units), a is, 
the plate separation, f is Planck’s reduced constant, and ¢9 is the vacuum permittivity constant. The 
condition f= cy = €9 = Ho = 1 stresses that (2.13), and all the equations that follow, are in quantum field 
theory natural units. ‘The speed of light and vacuum refraction index measured parallel to the plates is 
unchanged from their free space values (cj = ¢o, mj = mo = 1). The modified vacuum refraction index 
measured perpendicular to the plates is (Scharnhorst, 1990): 


==) 2.14). 


n-(hgle : =)<1 (n=, 
243)" (m.a) 


Equations (2.13) and (2.14) show that in general m, < I and ¢," > ¢. But c," > ¢y and my > 1 when a > 
co as expected, since we are now allowing all of the vacuum ZPE modes to re-enter the Casimir cavity in 
this case. 

We now survey the additional examples of modified vacuums which increase/decrease light speed 
(from Latorre et al., 1995): 


Q For light (photons) propagating in a Friedmann-Robertson-Walker (FRW) vacuum (ie, a 
homogeneous and isotropic Robertson-Walker gravitational background with Friedmann 


cosmology): 
fefiptlaGhtP|s1  (i=e=e =m =) 2.13), 
@ 4 om, 


where c’ is the modified vacuum speed of light, G is Newton’s constant, pr is the energy density and p is 
the pressure of a radiation-dominated universe (p = p./3). Here the speed of light is increased, 


2 For light (photons) propagating in a homogeneous and isotropic thermal vacuum: 


ca (#2 Aja (a 


ny) (2.16), 
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where T is the temperature of the vacuum and ky is the Boltzmann constant. Here the speed of light is 
decreased, 


Q For light (photons) propagating in an anisotropic vacuum given by an external constant uniform 
magnetic field B: 


2.17), 


where the speed of light is decreased in this vacuum for polarizations coplanar (||) with and perpendicular 
(1) to the plane defined by B and the direction of propagation, and 0 is the angle between B and the 
direction of propagation. Latorre et al. (1995) calculated the polarization-average of (2.17) to give the 
averaged (modified) speed of light in the B-field 


Ge 72 
a 135 


Q For light (photons) propagating in an anisotropic vacuum given by an external constant uniform 
electric field E, the polarization-averaged modified speed of light is 


ae eee 
@ \ 135 


Here the speed of light is decreased. 

Equations (2.16) — (2.19) are the result of vacuum modifications that populate the vacuum with 
virtual or teal particles that induce coherent (light-by-light) scattering, which reduces the speed of 
massless particles. By examining the form of equations (2.13) and (2.15) — (2.19) Latorre et al. (1995) 
discovered that the low energy modification of the speed of light is proportional to the ratio of the 
modified vacuum energy density (as compared to the standard vacuum energy density, Py. = 0) over m.', 
with a universal numerical coefficient and the corresponding coupling constants. And a general rule 
became apparent from their analysis that is applicable to modified vacua for massive and massless 
quantum field theories, for low energy: 


My=1) (2.18) 


6 =M=1) 2.19), 


> ey (vacuum refraction index < 1) when the modified vacuum has a lower energy density 
¢* <cg (vacuum refraction index > 1) when the modified vacuum has a higher energy density 
¢0 (vacuum refraction index = 1) when the vacuum is free (or un-modified) with Prac 


The first two rules explain the sign of the change of the speed of light. From this rule and the 
mathematical commonality between the form of (2.13) and (2.15) — (2.19) Latorre et al. (1995) found a 
single unifying expression to replace these equations: 
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where p is the energy density of the modified vacua under consideration such that p —> pe ~ E° for the 
electric field vacuum, p + Pa ~ B’ for the magnetic field vacuum, and p — pr ~ m°7* for the thermal 
vacuum, If the vacuum is a FRW gravitational vacuum, then one has to substitute one factor of 0: in 
(2.20) by -m2G and p — p,.. Equation (2.13) for the Casimir Effect vacuum studied earlier is recovered 
when p — Pcasinie = (1 /240)a. 

Let us recast (2.20) into a more useful form. We subtract one from both sides of (2.20), do some 
algebra, and thus define the ratio of the change in the speed of light Ac in a modified vacuum to the speed 
of light in free space cy 


44 
a 
135 


= 8 =My=1) (2.21). 


Equations (2.20) and (2.21) are in quantum field theory natural units, which is completely undesirable for 
estimating physically measurable values of Ac/co, We thus transform or “unwrap” (2.20) and (2.21) back 
into MKS or CGS units by making the following substitutions (Puthoff, 2003) 


p (natural units) > . (MKS or CGS units) 
he 


me 
ht 


‘m, (natural units) > “© (MKS or CGS units), 


and after some algebra and rearranging we arrive at the final result: 


15” ma 


and 


(2.23), 


where all quantities are now in MKS or CGS units. We chose the former units so that cy = 3x10* mvs, f= 
1,055x10™ J-s, m, = 9.11x10™' kg, and a, = 1/137. Note that the ratio of the modified vacuum energy 
density to the electron rest-mass energy has the dimension of (volume) while the quantity in the bracket 
is the cubed Compton wavelength of the electron having the dimension of (volume), and the product of 
these is dimensionless. 

‘An excellent example for estimating the magnitude of the change in the speed of light (in a modified 
vacuum) is the Casimir Effect vacuum, since Casimir Effect experiments are common and widespread 
such that this would be ideal to experimentally test (2.23). We substitute the Casimir vacuum energy 
density Pesinie = (7 he9/240)a~ (in MKS units) into (2.23), do the algebra, insert the MKS values for the 
physical constants, and make further simplifications to get: 
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(2.24), 


=(1.59x10*)a* 


where a (the plate separation) is in meters. Another useful equation is: 


(2.25), 


where we make the substitution c’ + c," for the present case. H. E. Puthoff and the author (Puthoff, 
2003) compared the third line in (2.24) with equation (26) in Scharnhorst (1990) and discovered that the 
result cited there is in error, because the numerical coefficient is four orders of magnitude too small 
(Scharnhorst originally pointed out this error to Forward, 1996). 

We now set a= 10 m (1 jim) and we get Acie = 10°? and ¢," = ¢9, which is a horrifically small 1 
part in 10 change that we cannot hope to measure at present. But for a = 10°" m (1 A) we get Ac/cy = 
10°" and c," = cy, which is a 1 part in 10'° change that could be measurable at present or in the very near 
future using high precision laser technology. Last, for a = 1.1229%10"" m (11.229 fim or = 11 times the 
nuclear diameter; 1 fm = 10° m) we find that Aci¢y = 1 and c," = 2c. We are not able to do technical 
work at nuclear distances at this time; however, that could change as ultrahigh precision measurement 
technology continues to evolve. The threshold for the onset of significant changes in light speed occurs 
when a < 10’ m. This result is generally true for the other modified vacua surveyed in (2.15) — (2.19), 
since accessible (everyday) values for electric and magnetic field strengths, thermal temperatures and 
radiation densities are not large enough to overcome the size of the electron mass to create a measurable 
effect. However, there is a class of ultrahigh intensity tabletop lasers that have achieved such extreme 
electric and magnetic field strengths and temperatures that it may now be possible to consider using them 
to explore vacuum modification effects in the lab. We will return to this theme in a later section. 

Key Point: As disappointing as the Casimir Effect vacuum (and other modified vacua) results are, it 
should be strongly pointed out that special relativity theory says that if in one inertial reference frame an 
object travels only one part in 10'° (or even one part in 10”) times faster than co, then one can find 
another reference frame where departure and arrival times of the object are simultaneous, and thus the 
velocity is infinite. This is what motivates us to look at a teleportation mechanism based on engineering 
of the vacuum: 


‘Technical Notes: 


> Equation (2.15) is interpreted as an increase in the speed of light due to a decrease in the 
number of vacuum ZPE modes. However, this effect is totally unrelated to light-by-light 
scattering in the vacuum because the gravitational background “squeezes” (as in squeezed 
quantum optics states; see Davis, 1999a) the ZPE modes, therefore reducing the vacuum 
energy density. We further note that the coefficient of 11 is the same for the gravitational 
vacuum as for the other modified vacua examples based on QED. This factor also appears in 
the coefficient of the Euler-Poincare characteristic spin-/s contribution to the gravitational 
trace anomaly (Birrell and Davies, 1982). It is beyond the scope of this study to consider the 
deep connections between quantum field theory and gravitation 
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> We have excluded from our survey the Latorre et al. (1995) results pertaining to all other 
(high or low energy) modifications of the speed of massless particles. That is because the 
other examples invoked different QED theories possessing massless (m. = 0), massive and 
intrinsic mass scales that introduced complex correction terms (beyond the leading low 
energy terms surveyed above) which are mass-related or running mass-related, and they 
introduced no new speed modification effects (beyond the low energy electron-positron 
virtual pair contributions); or no genuine speed modification was possible (especially for the 
massless Quantum Chromodynamic sector involving pseudo-Goldstone particles). 


> There is ongoing (very noisy) controversy within the physics community over the effects of 
"> cp on causality. As this topic is beyond the scope of this study, I will make three points 
in this regard: 1) There are no grounds for microcausality violations in accordance with 
Drummond and Hathrell (1980). 2) A new definition of causality is in order for FTL (faster- 
than-light) phenomena. 3) Investigators have found that time machines (a.k.a. closed 
timelike curves) do not affect Gauss’s theorem, and thus do not affect the derivation of global 
conservation laws from differential ones (Friedman et al., 1990). The standard conservation 
Jaws remain globally valid while retaining a natural quasi-local interpretation for spacetimes 
possessing time machines (for example, asymptotically flat wormhole spacetimes). Thorne 
(1993) states that it may turn out that causality is violated at the macroscopic scale. Even if 
causality is obeyed macroscopically, then quantum gravity might offer finite probability 
amplitudes for microscopic spacetime histories possessing time machines. Li and Gott 
(1998) found a self-consistent vacuum for quantum fields in Misner space (a simple flat space 
with closed timelike curves), for which the renormalized stress-energy tensor is regular (in 
fact zero) everywhere. This implies that closed timelike curves could exist at least at the 
level of semi-classical quantum gravity theory. Therefore, FTL causality paradoxes are just a 
reflection of our ignorance or inadequate comprehension of the physics of chronology and 
causality. 


In this section we have shown how “vacuum engineering” can modify the speed of light, and how this 
can, in principle, lead to vm-Teleportation. The vacuum modification concepts summarized above lead 
us to a formal theory that implements the concept of vacuum engineering within a framework that 
parallels general relativity theory. This theory is called the Polarizable-Vacuum Representation of 
General Relativity. In the next section we will introduce and summarize this theory. 


2.2.1 The Polarizable-Vacuum Representation of General Relativity 


The polarizable-vacuum representation of general relativity (a.k.a, PV-GR) treats the vacuum as a 
polatizable medium of variable refractive index (Puthoff, 1999a, 2002a, b; Puthoff et al., 2002) 
exemplifying the concept of the vacuum modification (or vacuum engineering) effects surveyed and 
discussed in the previous section. The PV-GR approach treats spacetime metric changes in terms of 
equivalent changes in the vacuum permittivity and permeability constants (€) and lo), essentially along 
the lines of the “7Hew” methodology (see Appendix B for a brief description of this) used in comparative 
studies of alternative metric theories of gravity (Lightman and Lee, 1973; Will, 1974, 1989, 1993; 
Haugan and Will, 1977). Such an approach, relying as it does on parameters familiar to engineers, can be 
considered a “metric engineering” approach. Maxwell's equations in curved space are treated in the 
isomorphism of a polarizable medium of variable refractive index in flat space (Volkov et al., 1971); the 
bending of a light ray near a massive body is modeled as due to an induced spatial variation in the 
refractive index of the vacuum near the body; the reduction in the velocity of light in a gravitational 
potential is represented by an effective increase in the refractive index of the vacuum, and so forth. This 
optical-engineering approach has been shown to be quite general (de Felice, 1971; Evans et al., 1996a, b). 
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‘As recently elaborated by Puthoff (1999a, 2002a, b; Puthoff et al., 2002) the PV-GR approach, which 
‘was first introduced by Wilson (1921) and then developed by Dicke (1957, 1961), can be carried out in a 
self-consistent way so as to reproduce to appropriate order both the equations of general relativity and the 
‘match to the standard astrophysics weak-field experimental (PPN parameters and other) tests of those 
equations while posing testable modifications for strong-field conditions. It is in application that the PV- 
GR approach demonstrates its intuitive appeal and provides additional insight into what is meant by a 
curved spacetime metric. 

Specifically, the PV-GR approach treats such measures as the speed of light, the length of rulers 
(atomic bond lengths), the frequency of clocks, particle masses, and so forth, in terms of a variable 
vacuum dielectric constant K in which the vacuum permittivity eo transforms as & —> Keg and the vacuum 
permeability transforms as lp > Kilo (See also, Rucker, 1977). In a planetary or solar gravitational 
potential K = exp(2GM/rey*) > 1 (M is a local mass distribution, r is the radial distance from the center of 
‘M) while K = 1 in “empty” or free asymptotic space (Puthoff, 1999a, 2002a, b; Puthoff et al., 2002). In 
the former case, the speed of light is reduced, light emitted from an atom is redshifted as compared with a 
remote static atom (where K = 1), clocks run slower, objects/rulers shrink, ete. See Table 1 


‘Table 1. Metric Effects in the PV-GR Model When K> 1 (Compared With 
Reference Frames at Asymptotic Infinity Where K = 1; adapted from Puthoff et al., 2002) 


Variable Determining Equation Kel 
(subscript 0 is asymptotic value | (iypical mass distribution, M) 
where K= 1) 
modified speed of light ’(K) C= cK speed of light < cy 
Modified mass m(K) m= moK>” effective mass increases 
modified frequency (K) @= aK"? redshift toward lower frequencies 
modified time interval A(K) At=AtoK'? clocks run slower 
modified energy E(K) E=EK"? lower energy states 
Modified length L(K) L=1gK"? objects/rulers shrink 
dielectric-vacuum F(K) © VK attractive gravitational force 
“gravitational” forces F(K) 


When K = 1 we have the condition that c” = co (vacuum refraction index = 1), because the vacuum is 
free (or un-modified, and px. = 0) in this ease. When K > 1, as occurs in a region of space possessing a 
gravitational potential, then we have the condition that c’ < cy (vacuum refraction index > 1), because the 
modified vacuum has a higher energy density in the presence of the local mass distribution that generates 
the local gravitational field. This fact allows us to make a direct correspondence between the speed of 
light modification physies discussion in Section 2.2 and the underlying basis for the physics of the PV- 
GR model. Under certain conditions the spacetime metric can in principle be modified to reduce the 
value of K to below unity, thus allowing for faster-than-light (FTL) motion to be physically realized. In 
this case, the local speed of light (as measured by remote static observers) is increased, light emitted from 
an atom is blueshifted as compared with a remote static atom, objects/rulers expand, clocks run faster, ete, 
See Table 2. We therefore have the condition that c’ > cy (vacuum refraction index < 1) because the 
modified vacuum has a lower energy density. In fact, Puthoff (1999a, 2002a) has analyzed certain special 
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black hole metrics and found K <1 from the model. We will return to this theme later. In what follows 
we briefly review and summarize the key points and equations from the development of the PV-GR 
model, and we refer the reader to Puthoff (1999a, 2002a, b) for more extensive discussion and 
derivations 


‘Table 2. Metric Effects in the PV-GR Model When K <1 (Compared With 
Reference Frames at Asymptotic Infinity Where K = 1; adapted from Puthoff et al., 2002) 
Variable Determining Equation K<1 
(subscript 0 is asymptotic 
value where X= 1) 


(typical mass distribution, M) 


modified speed of light e°(K) C= OK speed of light > ¢ 
modified mass m(K) m= mpK°? effective mass decreases 
modified frequency o(K) @= Ok"? blueshift toward higher frequencies 
modified time interval A(K) clocks run faster 
modified energy £(K) E=EyK"? higher energy states, 
modified length L(K) L=LoK"? objects/rulers expand 
dielectric-vacuum F(K) « VK repulsive gravitational force 


“gravitational” forces F(K) 


We begin by recalling that in flat space electrodynamics, the electric flux vector D in a linear, 
homogeneous medium can be written 


D=cE 
=e,E+P 2.26), 
=6E+a,E 


where € is the permittivity of the medium, the polarization P corresponds to the induced dipole moment 
per unit volume in the medium whose polarizability per unit volume is aty, and E is the electric field. The 
identical form of the last two terms naturally leads to the interpretation of ey as the polarizability per unit 
volume of the vacuum. ‘The quantum picture of the vacuum, where it has been shown that the vacuum 
acts as a polarizable medium by virtue of induced dipole moments resulting from the excitation of virtual 
electron-positron particle pairs (Heitler, 1954), completely justifies the interpretation that the vacuum is a 
‘medium. Note that there are other virtual particle pairs in the vacuum that also contribute to this picture; 

however, it is the electron-positron pairs that dominate the others, as shown in Section 2.2. The basic 
postulate of the PV-GR model for curved space conditions is that the polarizability of the vacuum in the 
vicinity of localized mass-energy distributions differs from its asymptotic free space value by virtue of 
vacuum polarization effects induced by the presence of the local mass-energy. Thus the postulate for the 
vacuum itself is 
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where K (a function of position) is the modified dielectric constant of the vacuum due to the induced 
vacuum polarizability changes under consideration. Equation (2.27) defines the transformation e = Key. 

Table 1 shows the various quantitative effects a polarizable vacuum (in the presence of positive mas 
energy distributions) has on the various measurement processes important to general relativity. The 
effects demonstrated in the middle and right columns demonstrate the basis of the polarizable vacuum 
approach to general relativity. Table 2 shows what effects are manifested when negative mass-energy 
distributions induce vacuum polarizability changes that lead to FTL phenomenon. Experimental 
observations impose constraints on the model causing key physical constants to remain constant even 
with variable polarizability present in the local space. Puthoff (1999a, 2002a, b) has shown that the fine 
structure constant is constrained by observational data to remain constant within a variable polarizable 
vacuum, and this constraint actually defines the transformation jt = Kip. The elementary particle charge ¢ 
is also taken to be constant in a variable polarizable vacuum because of charge conservation. And ft 
remains a constant by conservation of angular momentum for circularly polarized photons propagating 
through the (variable polarizability) vacuum. ‘The remaining constant of nature is the speed of light, and 
although the tables showed how this was modified in variable polarizability vacuums, it is interesting to 
see how this modification comes about. In a modified (variable polarizability) vacuum the speed of light 
is defined, as it is in standard electrodynamics, in terms of the permittivity and permeability by: 


(2.28), 


where the permittivity/permeability transformations and the free space (un-modified vacuum) definition 
for cp were inserted. Note that (2.28) can be re-written as ¢"/cy = 1/K, and this is to be compared with 
(2.22). Thus we see from (2.28), and by comparison with (2.22), that K plays the role of a variable 
refractive index under conditions in which the vacuum polarizability is assumed to change in response to 
general relativistic-type influences. One further note of interest is that the permittivity/permeability 
‘transformations also maintains constant the ratio 


fe -[& 
‘& & ° 
which is the impedance of free space. This constant ratio is required to keep electric-to-magnetic energy 
ratios constant during adiabatic movement of atoms from one position in space to another of differing 
‘vacuum polarizability (Dicke, 1957, 1961). And this constant ratio is also a necessary condition in the 
THew formalism for an electromagnetic test particle to fall in a gravitational field with a composition- 
independent acceleration (Lightman and Lee, 1973; Will, 1974, 1989, 1993; Haugan and Will, 1977). 
Now we make the “crossover connection” to the standard spacetime metric tensor concept that 
characterizes conventional general relativity theory, as originally shown by Puthoff (1999a, 2002a, b). In 
flat (un-modified or free) space the standard four-dimensional infinitesimal spacetime interval ds* is given 
(in Cartesian coordinates with subscript 0) by 
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‘dt, + Yd" (2.29), 


where i= (I= x,2=y, This metric means that measuring rods and clocks are non-varying 
wherever one goes in spacetime to make measurements. However, this has been shown to be incorrect in 
general relativity theory, so the length and time transformations (between proper and coordinate values) 
given in the tables (middle columns) indicate that measuring rods and clocks do vary when placed in 
regions where K # 1. Therefore, we replace the time and space differentials in (2.29) with the length and 
time transformations in the tables into (2.29), and derive the general relativistic spacetime interval 


ds? i cede +«(Zay’) (2.30). 


K 


Note that observers within a K+ | region will always measure the speed of light to be co. Equation (2.30) 
defines an isotropic coordinate system, which is a common and useful way to represent spacetime metrics 
in general relativity studies. By inspection the metric tensor is written 


-/K 0 0 0 
o K 00 
(231). 
0 0K 0 
0 00K 


‘The Lagrangian density for matter-field interactions in a vacuum of variable K is given by Puthoff 
(1999a, 2002a, b) as 


where the first term is the Lagrangian density for a free particle of mass mp, charge q and 3-vector 
velocity v (v = |p}, 3-vector components are labeled by i) interacting with electromagnetic fields via the 
electromagnetic field 4-vector potential A, = (‘, 4.) (note that 8'(r — rp) is the delta function that locates 
the point particle at position r = ry); the second term is the Lagrangian density for the electromagnetic 
fields themselves, and the last term is the Lagrangian density for K (treated here as a scalar variable), 
This last term emulates the Lagrangian density for the gravitational field. Equation (2.32) does not 
include any quantum gauge field interaction terms because it is beyond the scope of the present 
incarnation of the PV-GR approach to include them. We can obtain the equations of particle motion in a 
variable dielectric vacuum by performing the standard variations of the Lagrangian density (J Lyd dy dz 
di) with respect to the particle variables. However, we are more interested in obtaining the “master 
equation” for K by varying the Lagrangian density with respect to K, and Puthoff (1999a, 2002a, b) gives 
the result: 
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(2.33). 


W 


1 By keg? |_| yxy 4— (*) 
2\Ku, 3226 K* (c,/Ky (ar 


This equation describes the generation of general relativistic vacuum polarization effects due to the 
presence of matter and fields. By inspecting the right-hand side of the equation, we observe that changes 
in K are driven by the mass density (1" term), electromagnetic energy density (2" term), and the vacuum 
polarization energy density itself (3 term). In fact, the 3“ term emulates the gravitational field self- 
energy density. Note that the 2! and 3" terms in (2.33) appear with opposite signs with the result that 
electromagnetic field effects can counteract the gravitational field effects. Puthoff found that (2.33) gives 
the solution K = exp(2GM/rco?) in the vicinity of a static spherically symmetric (uncharged) mass M (in 
the low velocity limit v << ¢), 0K/a = 0, E = B= 0, q = 0), which reproduces to appropriate order the 
standard general relativistic Schwarzschild spacetime metric for the weak gravitational field conditions 
prevailing in the solar system. This solution guarantees that K> | near mass concentrations. 

OF major importance to the present study are solutions giving K <1 so that teleportation can be 
realized. Puthoff has found one such solution by studying the case of a static spherically symmetric mass 
M with charge Q familiar from the study of the Reissner-Nordstrom spacetime metric. In this case 
Puthoff found the result 


where a? = (GMleg), b* = Q°G/4ne,cu', and ris the radial distance from the center of M. And in this case 
(2.34) gives K <1, which shows that FTL solutions are available in the PV-GR approach (as they are also 
in the Einstein theory). (For a° > b” the solution is hyperbolic-trigonometric and describes the standard 
Reissner-Nordstrdm metric where K > 1.) 

Generally speaking, in Einstein general relativity the Reissner-Nordstrom metric can be manipulated 
along with two shells of electrically charged matter to form a traversable wormhole (Schein and 
Aichelburg, 1996). But there are two drawbacks to this. The first is that the scheme involves dealing 
with the collapsed state of the stellar matter that generates the metric (a.k.a. Reissner-Nordstrpm black 
hole) along with the unpleasant side effects that are encountered, such as the crushing singularities and 
multiple (unstable) event horizons. Second, the traversable wormhole is an etemal time machine 
connecting remote regions of the same universe together. Now there are no black hole solutions found in 
the PV-GR model because in that approach stellar matter collapses smoothly to an ultra-dense state and 
‘without the creation of singularities and event horizons (Puthoff, 1999). 

In either case, the Reissner-Nordstrpm metric does not offer a viable mechanism for vm- 
Teleportation. We are more interested in examining other PV-GR cases (Where K < I or even K << 1) 
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that emulate the effects of traversable wormhole metrics that do obey the vm-Teleportation definition, 
such as the example presented in Section 2.1. Equation (2.33) suggests that we search for a vacuum 
engineering concept that exploits electromagnetic fields to alter the vacuum dielectric constant K to 
induce the desired vm-Teleportation effect in the modified vacuum. (However, we can insert other source 
terms that will lead to the desired result.) We envision this particular teleportation concept to resemble 
Figure 2. [Note: Before this report went to press H. E. Puthoff, C. Maccone and the author discovered a 
number of K < I solutions to equation (2.33) that uniquely meet the definition of vm-Teleportation and 
FTL motion, We discovered that the generic energy density required to generate K < 1 solutions must be 
negative, and that the total energy density of the system as seen by remote observes is approximately 
zero. This unique result compares very well with the traversable wormhole mass-energy density 
requirements discussed in Section 2.1.2. This discovery will be the subject of a forthcoming paper.] 


2.3 Conclusion and Recommendations 


The concept we envision for vm-Teleportation is that animate or inanimate objects would be placed 
inside an environmentally enclosed vessel that would simply be moved into the teleportation device. The 
leporter” would be activated, and the vessel would almost immediately disappear and then reappear at 
the remote destination as if it were briefly moving through a portal or “stargate.” The teleportation device 
might be required to operate in the vacuum of space outside of the Earth’s atmosphere. We have shown 
‘two practically equivalent ways to implement vm-Teleportation, There is the manipulation of spacetime 
‘geometry via exploiting negative (ie., quantum vacuum zero point) energy as shown by Einstein's 
‘general relativity theory, and there is the modification of the vacuum dielectric constant as shown by the 
PV-GR model. Both have a great deal of theoretical foundation to begin exploring experimentally. The 
PV-GR model needs additional theoretical work for the present application, but it is now mature enough 
for experimental exploration 

‘There already is extensive theoretical, and more importantly, experimental research proving that the 
vacuum can be engineered (or physically modified) so that the vacuum ZPE can be exploited (via the 
Casimir Effect, for example) to extract electrical energy or actuate microelectromechanical devices (see 
for example, Ambjprn and Wolfram, 1983; Forward, 1984, 1996, 1998; Puthoff, 1990, 1993; Cole and 
Puthoff, 1993; Milonni, 1994; Mead and Nachamkin, 1996; Lamoreaux, 1997; Chan et al., 2001, and the 
references cited therein). But most of this research involves very low energy density regimes, which are 
much too low for our purposes. The Mead and Nachamkin (1996) device is actually designed to extract 
electrical energy from the higher frequency/higher energy density ZPE modes. However, new ultrahigh- 
intensity lasers became available in the 1990s that have achieved extreme physical conditions in the lab 
that are comparable to the extreme astrophysical conditions expected to be found in stellar cores and on 
black hole event horizons (Perry, 1996; Mourou et al., 1998; Perry, 2000). ‘The power intensity of these 
lasers has reached the point to where they actually probe QED vacuum physics and general relativistic 
physies, and they have even modified the vacuum itself. The lasers were originally called petaWatt lasers 
(operating range of 10'* — 10'* Watts/em® at femtosecond pulses), but they have now reached power 
intensity levels in the 10% — 10° Watts/em? range. The lasers were made possible by a novel 
breakthrough called “chirped pulse amplification” whereby the initial low energy/low power intensity 
laser beam is stretched, amplified and then compressed without experiencing any beam distortions or 
amplifier damage. This laser system was initially designed as a large-optics beam-line power booster for 
the NOVA laser fusion experiment at Lawrence Livermore National Laboratory. But researchers found a 
‘way to shrink the opties down to tabletop scale, and one can now own and operate a tabletop ultrahigh- 
intensity laser for = $500,000. ‘The dimensions of the optical bench used by the University of California- 
San Diego is ~ $ m x 12 m (or = 60 m’; see Mourou et al., 1998). In tabletop lab experiments ultrahigh- 
intensity lasers have generated >> gigagauss magnetic fields, > 10" Volt/em electric field strengths, >> 
terabar light pressures and >> 10* m/sec” subatomic particle accelerations. These ultrahigh-intensity 
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tabletop lasers are thus the ideal instrument with which to explore the fundamental physics underlying the 
‘two possible concepts for vm-Teleportation. 

There are several ideas on how to generate negative energy in the lab that could potentially be 
extracted and concentrated in the proper fashion to induce the traversable flat-face wormhole outlined in 
Section 2.1.1 or induce the K < | condition (in the PV-GR model) outlined in Section 2.2.1. The schemes 
for generating negative energy are: 


a 
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Casimir Effect (described in Section 2.2): This is the easiest and most well known way to 
generate negative energy in the lab. The energy density Pcainie = —(hco!240)a* within a 
Casimir capacitor cavity is negative and manifests itself by producing a force of attraction 
between the capacitor plates. This has been measured in the lab (see above references). Forward 
(1998) proposes a mechanism for the endless extraction of energy from the vacuum in a Casimir 
cavity by cyclic manipulation of the cavity dimensions. 


Moving Mirror: Negative quantum vacuum energy can be created by a single moving reflecting 
surface (a moving mirror). If a mirror moves with increasing acceleration, then a flux of negative 
energy emanates from its surface and flows out into the space ahead of the mirror (Birrell and 
Davies, 1982). However, this effect is known to be exceedingly small, and it is not the most 
effective way to generate negative energy. 


Optically Squeezed Laser Light: Negative quantum vacuum energy can also be generated by an 
array of ultrahigh intensity lasers with an ultrafast rotating mirror system. In this scheme a laser 
beam is passed through an optical cavity resonator made of lithium niobate crystal that is shaped 
like a cylinder with rounded silvered ends to reflect light. The resonator will act to produce a 
secondary lower frequency light beam in which the pattern of photons is rearranged into pairs, 
This is the quantum optical “squeezing” of light effect. (See Section A.2 in Appendix A for a 
complete definition and description of squeezed quantum states.) Therefore, the squeezed light 
beam emerging from the resonator will contain pulses of negative energy interspersed with pulses 
of positive energy. Another way to squeeze light would be to manufacture extremely reliable 
light pulses containing precisely one, two, three, etc. photons apiece and combine them together 
to create squeezed states to order. Superimposing many such states could theoretically produce 
bursts of intense negative energy. For the laser beam resonator example we find that both 
negative and positive energy pulses are of = 10 second duration. We could arrange a set of 
rapidly rotating mirrors to separate the positive and negative energy pulses from each other. The 
light beam is to strike each mirror surface at a very shallow angle while the rotation ensures that 
the negative energy pulses are reflected at a slightly different angle from the positive energy 
pulses. A small spatial separation of the two different energy pulses will occur at some distance 
from the rotating mirror. Another system of mirrors will be needed to redirect the negative 
energy pulses to an isolated location and concentrate them there. 


Gravitationally Squeezed Vacuum Energy: A natural source of negative quantum vacuum energy 
comes from the effect that gravitational fields (of astronomical bodies) in space have upon the 
surrounding vacuum. For example, the gravitational field of the Earth produces a zone of 
negative energy around it by dragging some of the virtual particle pairs (a.k.a. virtual photons or 
vacuum ZPF) downward. This concept was initially developed in the 1970s as a byproduct of 
studies on quantum field theory in curved space (Birrell and Davies, 1982). However, Hochberg 
and Kephart (1991) derived an important application of this concept to the problem of creating 
and stabilizing traversable wormholes, and their work was corrected and extended by Davis 
(1999a). They proved that one can utilize the negative vacuum energy densities, which arise 
from distortion of the electromagnetic zero point fluctuations due to the interaction with a 
prescribed gravitational background, for providing a violation of the energy conditions (see 
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Section A.1 in Appendix A). Hochberg and Kephart (1991) showed that the squeezed quantum 
states of quantum optics provide a natural form of matter having negative energy density. And 
since the vacuum is defined to have vanishing energy density, anything possessing less energy 
density than the vacuum must have a negative energy density. ‘The analysis, via quantum optics, 
shows that gravitation itself provides the mechanism for generating the squeezed vacuum states 
needed to support stable traversable wormholes. ‘The production of negative energy densities via 
a squeezed vacuum is a necessary and unavoidable consequence of the interaction or coupling 
between ordinary matter and gravity, and this defines what is meant by gravitationally squeezed 
vacuum states. The magnitude of the gravitational squeezing of the vacuum can be estimated 
from the squeezing condition, which simply states that substantial gravitational squeezing of the 
vacuum occurs for those quantum electromagnetic field modes with wavelength (A in meters) > 
Schwarzschild radius (rs in meters) of the mass in question (whose gravitational field is 
squeezing the vacuum). The Schwarzschild radius is the critical radius, according to general 
relativity theory, at which a spherically symmetric massive body becomes a black hole; i.e, at 
which light is unable to escape from the body's surface. We can actually choose any radial 
distance from the mass in question to perform this analysis, but using the Schwarzschild radius 
makes equations simpler in form. The general result of the gravitational squeezing effect is that 
as the gravitational field strength increases the negative energy zone (surrounding the mass) also 
increases in strength. Table 3 shows when gravitational squeezing becomes important for 
example masses. The table shows that in the case of the Earth, Jupiter and the Sun, this squeeze 
effect is extremely feeble because only ZPF mode wavelengths above 0.2 m ~ 78 km are affected. 
For a solar mass black hole (radius of 2.95 km), the effect is still feeble because only ZPF mode 
wavelengths above 78 km are affected. But note from the table that quantum black holes with 
Planck mass will have enormously strong negative energy surrounding them because all ZPF 
mode wavelengths above 8.50 x 10” meter will be squeezed; in other words, all wavelengths of 
interest for vacuum fluctuations. Black holes with proton mass will have the strongest negative 
energy zone in comparison because the squeezing effect includes all ZPF mode wavelengths 
above 6.50 x 10" meter. Furthermore, a black hole smaller than a nuclear diameter (~ 107° m) 
and containing the mass of a mountain (~ 10'' kg) would possess a fairly strong negative energy 
zone because all ZPF mode wavelengths above 10" meter will be squeezed. 


‘Table 3. Substantial Gravitational Squeezing Occurs When 
1.2 8nrs (For Electromagnetic ZPF; adapted from Davis, 1999a) 


Mass of body Schwarzschild radius of body. ts [_ZPF mode wavelength, 
Sun = 2.0% 10" kg, 2.95 km 278 km 
Jupiter = 1.9 x 10" kg 282m 374m 
Earth = 5.976 x 10" kg. 8.87x 10° m 20.23 m 
‘Typical mountain = 10" kg =10"m 210m 
Planck mass = 2.18 x 10 “kg. 3.23 x10 m 28.50x10 'm 
Proton = 1.673 x 10" kg 2.48 x 10m 36.50 x10 m 


‘Recommendations: 


> Theoretical Program 1: A one to two year theoretical study (cost 


$80,000) should be initiated to 


explore the recently discovered K < 1 (FTL) solutions to equation (2.33) in order to define, 
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characterize and model the negative energy density source(s) that induce the FTL vacuum 
modification. ‘The study should also identify potential lab experiments designed to test theoretical 
predictions. 


> Theoretical Program 2: A one to two year study (cost ~ $80,000) should be initiated to conduct a 
detailed review of the negative energy generation schemes summarized above to define their 
characteristics, performances and requirements. The study should develop technical parameters 
for each of the schemes in order to identify potential lab experiments. 


> Experimental Program 1: An experimental study should be conducted to test Forward’s (1998) 
Casimir energy extraction proposal. An experiment definition study will be required to estimate 
the experimental method, procedure, equipment needs and costs. 


> Experimental Program 2: An experimental study using ultrahigh-intensity lasers should be 
conducted to test the Optically Squeezed Laser Light proposal. An experiment definition study 
will be required to estimate the experimental method, procedure, equipment needs and costs. 


> Experimental Program 3: An experimental study using ultrahigh-intensity lasers should be 
conducted to probe QED vacuum physics and vacuum modification as well as test elements of the 
PV-GR model. A starting point for this program would be to use such lasers to perform the Ding 
and Kaplan (1989, 1992, 2000; see also, Forward, 1996) experiment. This is an important 
fundamental physics experiment to do, because it can distinguish between the rival quantum 
vacuum electromagnetic ZPE fluctuation and fluctuating charged particle source field theory 
models, which would settle the acrimonious debate over whether the vacuum really fluctuates or 
not. R. L. Forward (1999) told the author that a Nobel Prize rides on performing this experiment 
and settling the issue once and for all. The Ding and Kaplan proposal is already designed to 
probe QED vacuum physics and vacuum modification, [The essence of the Ding and Kaplan 
proposal is to demonstrate that a form of photon-photon scattering predicted by QED gives rise to 
2harmonic generation of intense laser radiation in a DC magnetic field due to the broken 
symmetry of interaction (in the Feynman “box” diagram approximation). ‘This effect is possible 
only when the field system (optical wave + DC field) is inhomogeneous, in particular when a 
Gaussian laser beam propagates in either a homogeneous or inhomogeneous DC magnetic field. 
In other words, a vacuum region is filled with a DC magnetic field that polarizes the virtual 
particle pairs (a.k.a. virtual photons) in the vacuum. This polarized vacuum then scatters incident 
ultrahigh-intensity laser photons of frequency v (energy E), thereby generating outgoing photons 
of frequency 2v (energy 2£).] An experiment definition study will be required to estimate the 
experimental method, procedure, equipment needs and costs. 


> Experimental Program 4: An experimental study using ultrahigh-intensity lasers should be 
conducted to establish the extreme physical conditions necessary to test the strong-field limit of 
general relativity with an emphasis on generating spacetime curvature and negative energy in 
order to induce a putative micro-wormhole. (Experimental Programs 3 and 4 could be done 
together to determine whether Puthoff’s PV-GR theory or Einstein’s general relativity theory is 
the correct model for nature.) A Nobel Prize is in the offing if this question were to be addressed 
and settled. An experiment definition study will be required to estimate the experimental method, 
procedure, equipment needs and costs. 
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3.0 q-TELEPORTATION 


3.1 Teleportation Scenario 


Future space explorers and their equipment will need to easily and quickly travel from an orbiting 
spacecraft to the surface of some remote planet in order to get their work done, or military personnel in 
the United States need to easily and quickly travel from their military base to another remote location on 
Earth in order to participate in a military operation, or space colonists will need quick transport to get 
from Earth to their new home planet. Instead of using conventional transportation to expedite travel the 
space explorer, military personnel or space colonist and/or their equipment go into the “Teleporter” (a.k.a. 
“Transporter” in Star Trek lingo) and are “beamed down” or “beamed over” to their destinations at light 
speed. The mechanism for this teleportation process is hypothetically envisioned to be the following: 


1. Animate/inanimate objects placed inside the teleporter are scanned by a computer-generated and - 
controlled beam. 


2. The scan beam encodes the entire quantum information contained within the animate/inanimate 
object(s) into organized bits of information, thus forming a digital pattern of the object(s). 


3. The scan beam then dematerializes the object(s) and stores its pattem in a pattem buffer, thus 
transforming the atomic constituents of the dematerialized object(s) into a matter stream, 
Alternative 1: The dematerialization process converts the atoms into a beam of pure energy. 
Alternative 2: The sean beam does not dematerialize the object(s). 


4, The teleporter then transmits the matter/pure energy stream and quantum information signal in 
the form of an annular confinement beam to its destination. Alternative: Only the quantum 
information signal is transmitted. 


5. Atthe receiving teleporter the matter/pure energy stream is sent into a pattern buffer whereby it is 
recombined with its quantum information, and the object(s) is rematerialized back into its original 
form, Alternative 1: The receiving teleporter recombines the transmitted quantum information 
with atoms stored inside a reservoir to form a copy of the original. Altemative 2: The quantum 
information is reorganized in such a way as to display the object on some three-dimensional 
(holographic) visual display system. 


Problem: This generic scenario is modeled after teleportation schemes found in SciFi, There are a lot of 
important little details that were left out of the teleportation process because we simply do not know what 
they are. This technology does not yet exist. And we are left with the question of which one of the 
alternative processes identified in items 3 — 5 one wants to choose from. ‘The above scenario is only an 
outline, and it is by no means complete since it merely serves to show what speculation exists on the 
subject. The above scenario describes a speculative form of what we call q-Teleportation. 

‘There are questions to be addressed in the above scenario, Does the teleporter transmit the atoms and 
the quantum bit information signal that comprises the animate/inanimate object or just the quantum bit 
information signal? There are = 10° atoms of matter combined together in a complex pattern to form a 
human being. How does one transmit this much information and how do we disassemble that many 
atoms? Computer information gurus would insist that it is not the atoms that matter but only the bits of 
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information representing them when considering the transmission of large “bodies” of information. But 
are humans simply the sum of all the atoms (and the related excited atom quantum states) that comprise 
them? We could possibly learn to reconstitute a beam of atoms into a chemically accurate human being. 
However, would this also include the reconstruction of a person’s consciousness (personality, memories, 
hopes, dreams, ete.) and soul or spirit? This question is beyond the scope of this study to address, but it is 
nevertheless one of the most important concepts awaiting a complete scientific understanding, 

For the teleporter to process and transmit the quantum bit information signal that encodes the 
animate/inanimate object’s pattern will require stupendous digital computer power. For each atom 
comprising the object we must encode its location in space (three position coordinates), its linear and 
angular momentum (three vector components for each quantity), and its internal quantum state (electron 
orbital-energy levels and their excitation/de-excitation and ionization states, binding to other atoms to 
form molecules, molecular vibrational/rotational states, bound nuclei states, spin states for electrons and 
nuclei, etc.), ete. If we assume that we can digitally encode all of this information for a single atom with 
a minimum of one kilobyte (1 byte = 8 bits, | bit = 0 or 1) of data, then we will require a minimum of 
10® kilobytes to encode and store an entire human being (in three-dimensions). To digitally store and 
access this much information at present (and for the foreseeable future) is nontrivial. It will take more 
than 2,400 times the present age of the universe (= 13 billion years) to access this amount of data using 
commercially available computers (operating at ~ 10 gigabyte/sec). ‘Top-of-the-line supercomputers will 
not reduce this time significantly. The computer technology needed to handle such a large data storage 
requirement simply does not exist. The largest commercially available computers can store = 40 
gigabytes on a single hard drive. We will need ~ 10° of these hard drives to store the encoded 
information of just one human being. Also, wire and coaxial/fiber optic cables do not have the physical 
capacity to transmit this amount of data between devices. These numbers will not be significantly 
different for macroscopic inanimate objects. The information processing and transfer technology required 
for the teleportation system may become possible in 200 ~ 300 years if improvements in computer storage 
and speed maintains a factor of 10 — 100 increase for every decade. There is speculation that emergent 
molecular, bio-molecular (DNA-based systems) and quantum computer technology may achieve the 
performances required for a teleportation system. In the former case molecular dynamics mimics 
‘computer logic processes and the ~ 10° particles in a macroscopic sample will all act simultaneously, 
making for far greater digital information processing and transfer speeds. Researchers have given no 
formal performance estimates for this emergent technology. In the latter case quantum computing would 
take advantage of entangled quantum states of subatomic matter or photons, whereby digital logic 
processes would occur at light speed. This technology is in its infancy, and there has been no clear 
direction on what performance levels will be possible in the future. This topic will be discussed further in 
Section 3.2.3 

In the above teleportation scenario we might consider dematerializing animatelinanimate objects into 
a matter stream consisting of only the object’s constituent atoms or atomic subcomponents (protons, 
neutrons and electrons) and transmitting them at the speed of light (or close to it). To push atoms or 
subatomic particles to near the speed of light will require imparting to them an energy comparable to their 
rest-mass energy, which will be at a minimum of one order of magnitude larger than the amount of energy 
required to break protons up into free quarks. The energy required to completely dematerialize (or 
dissolve) matter into its basic quantum constituents or into pure energy is alone stupendous. At first one 
will have to impart to every molecule within the object an energy that is equivalent to the binding energy 
between atoms (atomic binding energy ~ chemical energy ~ several eV) in order to break apart the 
‘molecules comprising the object’s macro-structure. After this an energy equivalent to nuclear binding 
energies (= several x 10° times atomic binding energy, or ~ several MeV) must be imparted to every free 
atomic nucleus inside the object in order to break apart the protons and neutrons residing within each 
nucleus. And last, an energy equivalent to the binding energy that holds together the three quarks 
residing within each proton and neutron must be imparted to each of the free protons and neutrons within 
the object. According to the Standard Model and experimental data, the quark binding energy is 
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practically infinite, But all is not lost, because the Standard Model also predicts that if we could heat up 
the nuclei to = 10'* °C (= 10° times hotter than the core temperature of the Sun, or = 10° MeV), then the 
quarks inside would suddenly lose their binding energies and become massless (along with other 
elementary matter). This heat is also equivalent to the rest-mass energy of protons and neutrons. 
Therefore, to heat up and dematerialize one human being would require the annihilation of the rest ma 
energy of all 10* protons-neutrons or the energy equivalent of 330 I-megaton thermonuclear bombs. 
‘Compare this stupendous explosive energy with the explosive yield of the largest thermonuclear bomb 
ever detonated on Earth, which was a 50-megaton bomb that was built by Andrei Sakharov in the USSR 
and detonated on October 30, 1961; it was called “Tzar Bomba.” Its first incamation (ca. early October 
1961) comprised a uranium fusion tamper, which gave an estimated explosive yield of ~ 100 megatons. 
But the weapon was too heavy (27 metric tons) for a bomber to carry, so the tamper was replaced by one 
made of lead, which reduced both the weight and the yield. In the end we see that it is not a trivial 
problem to simply heat up and dematerialize any human or inanimate objects. The technology to do so 
does not exist unless we invoke new physics to get around the energy requirement. 

Finally, we must consider the resolution and aperture of the opties required to scan and transmit the 
animate/inanimate object’s matter (or energy) stream. The Heisenberg quantum uncertainty principle 
fundamentally constrains the measurement resolution of conjugate observable quantities, such as position 
and momentum or energy and time. The measurement of any combination of (conjugate) observables 
with arbitrarily high precision is not possible, because a high precision measurement of one observable 
leads to imprecise knowledge of the value of the conjugate observable. The quantum uncertainty 
principle makes it impossible to measure the exact, total quantum state of any object with certainty. The 
scan resolution of a teleportation system is defined by the wavelength of light used to illuminate the 
object’s atomic/subatomic constituents and record their configurations. To resolve matter at 
atomie/subatomic distance scales requires that the energy of the scanner light (photons) be extremely 
large (according to the uncertainty principle); and during the scan this large light energy will be conveyed 
to the constituents, causing them to drastically change their speed and direction of motion, This means 
that it is physically impossible to resolve an object’s atomic/subatomic particle components and their 
configurations with the precision necessary to accurately encode and later recreate the object being 
teleported. To resolve atomic/subatomic particles requires wavelengths smaller than the size of these 
constituents, which will typically be 1 A —1 fm. Such wavelengths are in the gamma ray part of the 
spectrum, and this becomes a major technical problem for us because at present there is no gamma ray 
electro-optics with which to work with. Now consider the example of teleporting an object from the 
surface of a planet back to its spacecraft in orbit some several x 10° — 10° km away. ‘The optical aperture 
required to illuminate and scan an object with = 1 A — 1 fm resolution from orbit will be >> several x 10° 
—10' km. If we are to consider teleporting an object from planet to planet or from star to star then the 
aperture required will be >> several x 10°— 10"° km. These technical problems are truly insurmountable 
unless totally new physics becomes available. 


3.2 Quantum Teleportation 


It turns out that there does in fact exist a form of teleportation that occurs in nature despite the 
numerous technical roadblocks described in the previous section. It is called quantum teleportation, 
which is based on the well-known concept of quantum entanglement. Erwin Schrédinger coined the word 
“entanglement” in 1935 in a three-part paper (Schridinger, 1935a, b, c, 1980). These papers were 
prompted by the Einstein, Podolsky and Rosen (1935; denoted hereafter as EPR) paper that raised 
fundamental questions about quantum mechanics, whereby Einstein had loudly complained that quantum 
mechanics allowed physical processes resembling “spooky action at a distance” to occur. EPR 
recognized that quantum theory allows certain correlations to exist between two physically distant parts of 
a quantum system. Such correlations make it possible to predict the result of a measurement on one part 
of a system by looking at the distant part. On this basis, EPR argued that the distant predicted quantity 


Approved for public release; distribution unl 
2 


should have a definite value even before being measured, if quantum theory is complete and respects 
locality (a.k.a. causality). EPR concluded that, from a classical perspective, quantum theory must be 
incomplete because it disallows such definite values prior to measurement. Schriidinger’s perspective on 
this argument gives the modern view of quantum mechanics, which is to say that the wavefunction (a.k.a. 

quantum state vector) provides all the information there is about a quantum system. In regards to the 
nature of entangled quantum states, Schrédinger (1935a, b, c, 1980) stated that, “The whole is in a 
definite state, the parts taken individually are not.” This statement defines the essence of pure-state 
entanglement. Schrédinger went on to give a description of quantum entanglement by introducing his 
famous cat experiment. 

To better understand the concept of quantum entanglementiteleportation we will focus on the 
quantum wavefunction (a.k.a. quantum state function). Any quantum system such as a particle that 
possesses a position in space, energy, angular and linear momentum, and spin is completely described by 
a wavefunction. This is usually symbolized in a variety of ways, and we choose to represent a generic 
wavefunction using the traditional “bra-ket” notation of quantum mechanics: |g). Anything that we want 
to know about the particle is mathematically encoded within |). As we discussed in the previous section 
the wavefunction can never be completely known because there is no measurement that can determine it 
completely. The only exception to this is in the special case that the wavefunction has been prepared in 
some particular state or some member of a known basis group of states in advance. By measuring one of 
the properties of a quantum system, we can get a glimpse of the overall quantum state that is encoded 
within |g). According to the quantum uncertainty principle the act of doing such a measurement will 
destroy any ability to subsequently determine the other properties of the quantum system. So the act of 
measuring a particle actually destroys some of the information about its pristine state. This makes it 
impossible to copy particles and reproduce them elsewhere via quantum teleportation. However, it tums 
out that one can recreate an unmeasured quantum state in another particle as long as one is prepared to 
sacrifice the original particle. The trick is to exploit the EPR process to circumvent the quantum 
uncertainty principle. 

‘As discussed previously, EPR discovered that a pair of spatially separated quantum sub-systems that 
are parts of an overall quantum system can be “entangled” in a non-local (i.e., non-causal) way. When 
two particles come into contact with one another, they can become “entangled.” In an entangled state, 
both particles remain part of the same quantum system so that whatever you do to one of them affects the 
other one in a predictable fashion. More precisely, a measurement on one of the entangled sub-systems 
puts it into a particular quantum state, while instantaneously putting the sub-system with which it is 
entangled into a corresponding quantum state, while the two sub-systems are separated by arbitrarily large 
distances in spacetime (even backwards in time!). A simple example of this phenomenon is to prepare a 
pair of photons in the same quantum state such that they are entangled, and then allow them to fly apart to 
remote locations without any form of communication occurring between them along their journey, 
Measuring the polarization of one of the pair of entangled photons induces the other photon, which may 
be light-years away, into the same state of polarization as that which was measured for its entangled twin, 
The basic operation of quantum teleportation can be described as determining the total quantum state of 
some large quantum system, transmitting this state information from one place to another, and making a 
perfect reconstruction of the system at the new location. In principle, entangled particles can serve as 
“transporters” of sorts. By introducing a third “message” particle to one of the entangled particles, one 
could transfer its properties to the other one, without ever measuring those properties. 

Historically, quantum entanglement was never reconciled with the quantum uncertainty principle and 
the requirement of locality (or causality) in observed physical phenomena, thus it became a paradox in 
quantum theory. A three-decade debate began following the appearance of the EPR paper over whether 
quantum entanglement (a.k.a. “spooky action at a distance”) was a real quantum phenomenon or not, and 
this debate came to be called the “EPR dilemma.” Einstein’s only solution to the dilemma was to suggest 
that quantum mechanics was incomplete and needed a reformulation to incorporate local hidden-variables 
that can account for observed physical phenomena without violating causality. Bell (1964) later solved 
the EPR dilemma by deriving correlation inequalities that can be violated in quantum mechanics but have 
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to be satisfied within every model that is local and complete. Such models are called “local hidden- 
variable models.” Bell showed that a pair of entangled particles, which were once in contact but later 
moved too far apart to interact directly (i.e., causally), can exhibit individually random behavior that is 
too strongly correlated to be explained by classical statistics. Bell’s inequalities make it possible to test 
whether local hidden-variable models can account for observed physical phenomena in lab experiments, 
Groundbreaking experimental work by Aspect et al. (1982a, b) along with further theoretical and 
experimental work done by others (Freedman and Clauser, 1972; Aspect, 1983; Aspect and Grangier, 
1985; Hong and Mandel, 1985; Bennett and Wiesner, 1992; Tittel et al., 1998a, b; Tittel and Weihs, 2001) 
demonstrated violations of the Bell inequalities, which therefore invalidated the local hidden-variable 
models. The key result of recent theoretical and experimental work is that an observed violation of a Bell 
inequality demonstrates the presence of entanglement in a quantum system. 


3.2.1 Description of the q-Teleportation Process 


The experimental work of Bennett et al. (1993) followed by the theoretical and experimental work of 
others (Vaidman, 1994; Kwiat et al., 1995; Braunstein, 1996; Braunstein and Kimble, 1998; Pan et al., 
1998; Stenholm and Bardroff, 1998; Zubairy, 1998; Vaidman and Yoran, 1999; Kwiat et al., 1999) made 
the breakthrough that was necessary to demonstrate the principle of quantum teleportation in practice. It 
was a remarkable technical breakthrough that settled, once and for all, the nagging question of whether 
quantum entanglement could be used to implement a teleportation process to transfer information 
between remotely distant quantum systems non-causally (ie., at FTL speed). It is easy to describe how 
quantum teleportation works in greater detail. Figure 6 compares conventional facsimile transmission 
with the quantum teleportation process seen in Figure 7. In a conventional facsimile transmission the 
original document is scanned, extracting partial information about it, but it remains more of less intact 
after the scanning process. The scanned information is then sent to the receiving station, where it is 
imprinted on new paper to produce an approximate copy of the original. In quantum teleportation (Figure 
7) one scans out part of the information from object A (the original), which one wants to teleport, while 
causing the remaining, unscanned, part of the information in A to pass, via EPR entanglement, into 
another object C which has never been in contact with A. Two objects B and C are prepared and brought 
into contact (ie., entangled), and then separated. Object B is taken to the sending station, while object C 
is taken to the receiving station. At the sending station object B is scanned together with the original 
object A, yielding some information and totally disrupting the states of A and B. This scanned 
information is sent to the receiving station, where it is used to select one of several treatments to be 
applied to object C, thereby putting C into an exact replica of the former state of A. Object A itself is no 
longer in its original initial state, having been completely disrupted by the scanning process. The process 
just described is teleportation and not replication, and one should not confuse the two. There is a subtle, 

unscannable kind of information that, unlike ordinary information or material, can be delivered via EPR 
correlations/entanglement, such that it cannot by itself deliver a meaningful and controllable message. 

But quantum teleportation delivers exactly that part of the information in an object that is too delicate to 
be scanned out and delivered by conventional methods. 
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Figure 6. Classical Facsimile Transmission (Modified IBM Press Image) 
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Figure 7. Quantum Teleportation (Modified IBM Press Image) 
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We now go one more final step to give a simplified outline of the actual teleportation process 
according to Bennett et al. (1993). They propose a multistep procedure by which any quantum state |~) of 
a particle or a photon (that correspond to an N-state system) is to be teleported from one location to 
another. For example, [) might be a two-level system that could refer to the polarization of a single 
photon, the nuclear magnetic spin of a hydrogen atom, or the electronic excitation of an effective two- 
level atom. The following scenario outlines the g-Teleportation process in a very simplified way: 


1. Prepare a pair of quantum subsystems |g) and |y) in an EPR entangled state so that they are 
linked together. |g) and |y) are maximally entangled and together constitute a definite pure state 
superposition even though each of them is maximally undetermined or mixed when considered 
separately. 


2. Transport |g) to the location of the teleportation transmitter and transport |y) to the location of the 
teleportation receiver. (In the technical literature the transmitter is called “Alice” and the receiver 
is called “Bob.”) The transmitter and receiver can be many light years apart in space. Note that 
the two subsystems are non-causally correlated via entanglement, but they contain no information 
about |) at this point. The two subsystems represent an open quantum channel that is ready to 
transmit information. 


3. Now Alice brings the teleported state |) into contact with the entangled state |g) and performs a 
quantum measurement on the combined system [Z)\@). Bob and Alice have previously agreed 
upon the details of the quantum measurement. 


4, Using a conventional classical communication channel, Alice transmits to Bob a complete 
description of the outcome of the quantum measurement she performed on [X)|9) 


5. Bob then subjects |y) to a set of linear transformations (i.e., suitable unitary rotations) that are 
dictated by the outcome of Alice’s quantum measurement. The quantum subsystem Bob 
originally first received is no longer in state |y) after the linear transformations because it is now 
in a state identical to the original state |). ‘Therefore, [Z) has in effect been teleported from Alice 
to Bob, 


Bennett et al. (1993) showed in their experimental work that this scheme requires both a conventional 
communication channel and a non-causal EPR channel to send the state [) from one location to another. 
In addition to this, a considerable pre-arrangement of entangled states and quantum measurement 
procedures is required to make the process work. Bennett et al. (1993) analyzed the information flow 
implicit in the process and showed that Alice’s measurement does not provide any information about the 
quantum state [Z). All of the quantum state information is passed by the EPR link between the entangled 
particle states |9) and |y). We can think of the measurement results as providing the “code key” that 
permits the EPR information to be decoded properly at Bob’s end. And because the measurement 
information must travel on a conventional communications channel, the decoding cannot take place until 
the code key arrives, insuring that no FTL teleportation is possible 

The q-Teleportation scheme teleports the state of a quantum system without having to completely 
‘measure its initial state. The outcome of the process is that the initial quantum state {Z) is destroyed at 
Alice’s location and recreated at Bob’s location. It is very important for the reader to understand that it is 
the quantum states of the particles/photons that are destroyed and recreated in the teleportation process, 
and not the particles/photons themselves. The quantum state or wavefunction contains the information on 
the state of a particle, but is not a directly observable physical quantity like mass-energy. The quantum 
information contained within a state is available in the form of probabilities or expectation values. 
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Therefore, q-Teleportation cannot teleport animate or inanimate matter (or energy) in its physical entirety, 
However, some experts argue that because a particle’s or a photon’s quantum state is its defining 
characteristic, teleporting its quantum state is completely equivalent to teleporting the particle/photon 
even though the original particle’s/photon’s quantum state (and defining characteristic) was completely 
destroyed in the process (more on this in Section 3.3). Therefore, no quantum cloning is possible and we 
are left with a (near-perfect) copy of the now-destroyed original after teleportation (Wootters and Zurek, 
1982; Barnum et al., 1996). And finally, classical information itself cannor be teleported faster than the 
speed of light via the non-causal EPR channel; however, quantum information can (more on this in 
Section 3.2.3). 


3.2.2 Decoherence Fundamentally Limits q-Teleportation 


Finally, the reader must understand that the q-Teleportation scenario described in the previous section 
was simplified because we unrealistically assumed that Alice and Bob shared an EPR entangled pair that 
was free of noise or decoherence. Decoherence is the process, whereby an object’s quantum states 
degrade when information leaks to or from the environment (ie., environmental noise) through stray 
interactions with the object. In reality, Alice and Bob have quantum systems that interact directly or 
through another mediating quantum system like two ions in an ion trap that interact through phonon 
modes of the trap, or Rydberg atoms in a laser cavity that interact via photons (Sackett, 2001; Raimond et 
al., 2001). Decoherence degrades the fidelity of the quantum link (ie., the set of pure EPR entangled 
pairs) between two quantum systems, thus introducing a certain level of error in the exchange of quantum 
information between the systems, 

Ina real-world example of an application of q-Teleportation to quantum computation (discussed in 
the next section), we can devise an array of interconnected ion traps with each trap holding a small 
number of ions that are coupled by ions that are moved between the traps or by traveling photons 
(Wineland et al., 2002). The quantum link (or EPR interaction) between a pair of systems is subject to 
noise or decoherence through photon loss or heating of the phonons. At present, decoherence imposes a 
fundamental limit on our ability to perform quantum information processing. Research is continuing on 
whether decoherence can be reduced, circumvented, or otherwise be (partially or totally) eliminated. Diir 
and Briegel (2003) have taken the first step towards this goal at rudimentary level by showing that fault- 
tolerant quantum computation can be achieved in the presence of very high noise levels occurring in the 
interaction link between small quantum systems, if one assumes that local quantum processing on each 
end is nearly error free. They showed that the interaction link can have an error rate of two-thirds. 


3.2.3 Recent Developments in Entanglement and q-Teleportation Physies 


Quantum teleportation physics is still in its infancy. Both theoretical and experimental developments 
are advancing in many different directions, but are far from maturity at this point in time because the field 
is still evolving at present. Technical applications of entanglement and q-Teleportation are just becoming 
conceptualized for the first time, while a small number of basic physics breakthroughs and their related 
applications are in experimental progress at present. The research community is still in the process of 
discovering the full nature of entanglement and q-Teleportation, its rules, and what roadblocks nature has 
in store for its applications and further progression. The literature cited in this study is by no means 
complete, and only represents a subset of the entire field, because the research is still evolving. 

‘An important application of quantum entanglement and q-Teleportation was the discovery made by 
Shor (1994, 1997) that computation with quantum states instead of classical bits can result in large 
savings in computation time. For example, the best algorithms take exponentially more resources to 
factor ever-larger numbers on a classical computer. A 500-digit number needs 10° times as many 
computational steps to factor as a 250-digit number. The latter classically requires ~ 5x10" 
computational steps, or about 150,000 years computing time at terahertz speed, to factor. Shor found a 
polynomial-time quantum algorithm that solves the problem of finding prime factors of a large integer. 
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He showed that his algorithm rises only polynomially so that a $00-digit number takes only eight times as 
many computational steps to factor as a 250-digit number. And by using the quantum factoring 
algorithm, a 250-digit number requires only =~ 5x10" steps or < 1 second to factor at terahertz speed, so 
that a 500-digit number will take < 1 second to factor. No classical polynomial-time algorithm for this 
problem exists at present. This breakthrough generated a cottage industry of research into quantum 
computing and quantum information theory. 

IBM (2001) constructed a prototype quantum computer that uses the nuclear spins of seven atoms that 
are part of a large molecule with the iron-based chemical composition HsC1,02FsFe. The computer uses 
entangled nuclear spins for storage and has a capacity of seven qubits (qubits are defined in the bulleted 
list in the next two paragraphs below). All of the Fluorine atoms in the large molecule are Fluorine 
isotope 19 and two of the Carbon atoms are Carbon isotope 13. All the other non-hydrogen atoms have 
even isotope numbers and no nuclear spins. The objective of the prototype quantum computer was to 
factor the number 15 into its two prime factors 3 and 5 by using Shor’s quantum factoring algorithm. The 
quantum computation required that a sample of ~ 10" of the large molecules be placed in a magnetic field 
and manipulated by nuclear magnetic resonance (NMR) techniques. This mechanism allows the spins to 
function as qubits, whereby Schor’s algorithm can be performed via manipulation of the NMR fields 
NMR was used to implement quantum computing in this prototype, because the nuclear spins are well 
isolated from decoherence as a result of the very long decoherence time (the time after which quantum 
coherence is lost due to environmental noise) in the system. 

To factor larger numbers will require a system that uses more than seven qubits. It is estimated that a 
quantum computer using = 36 qubits could very quickly perform computations that would require a 
conventional computer ~ 13 billion years to perform. And such a computer could solve one of the 
technical problems of human teleportation discussed in Section 3.1. However, a scale-up in the number 
of qubits is difficult because the IBM prototype has reached the technology limit of NMR quantum 
computing. The prototype’s operation requires that all of the qubits must be in the same molecule. And 
‘molecules with more than seven spins that can be used as qubits are not feasible at present. However, 
there are alternative technologies for quantum computing that show promise for scaling up the number of 
qubits. The technologies of nuclear spin orientation of single atom impurities in semiconductors, electron 
spin orientation in quantum dots, and the manipulation of magnetic flux quanta in superconductors all 
show promise of providing a basis for scalable quantum computers. Finally, the primary technical 
problem in quantum computing at the present time is decoherence, and this must be eliminated or 
otherwise mitigated before new quantum technology can become competitive with conventional computer 
technology. 

‘A byproduct of the recent quantum computing and information research is that a modem theory of 
entanglement has emerged. Researchers now treat entanglement as a quantifiable physical resource that 
enables quantum information processing and computation. Entanglement is no longer treated as a 
paradox of quantum theory. It has been recently discovered that (Nielsen and Chuang, 2000; Nielsen, 
2003; Terhal et al., 2003) 


‘* various kinds of pure and mixed entangled states may be prepared in addition to the simple pure- 
state superpositions that was described in the previous section 


‘* the members of an entangled group of objects do not have their own individual quantum states, 
only the group as a whole has a well-defined state (.e., “the whole is greater than the sum of its 
parts”) 


‘* entangled objects behave as if they were physically connected together no matter how far apart 
they actually are, distance does not attenuate entanglement in the slightest — it has been 
demonstrated that information can be teleported over 40 km using existing technology (H. 
Everitt, Army Research Office, 2000) 


Approved for public release; distribution unl 
9 


if something is entangled with other objects, then a measurement of it simultaneously provides 
information about its partners 


‘¢ some quantum systems can have a little entanglement while others will have a lot 
‘* the more entanglement available, the better suited a system is to quantum information processing 


* decoherence degrades the fidelity of the quantum link (ie., the set of pure EPR entangled pairs) 
between two quantum systems, thus introducing a certain level of error in the exchange of 
quantum. information between the systems; thus limiting our ability to perform quantum 
information processing (see more on this issue in the next paragraph below) 


‘* mixed entangled states may be measured, distilled, concentrated, diluted, and manipulated 


‘¢ the basic resource of classical information is the bit (ie., the two values 0 and 1), while quantum 
information comes in quantum bits (i.e., qubits) that are described by their quantum state; qubits 
can exist in superpositions that simultaneously involve 0 and 1, thus giving them an infinite range 
of values; groups of qubits can be entangled; qubits must be insulated against decoherence, so 
that the coherent state of the quantum system in a quantum computer is preserved for a time that 
is long enough to set up a calculation, perform it, and read out the results, 


© quantum computers processing qubits or entangled qubits can outperform classical computers; 
functional requirements of quantum computers: 


‘they must have the ability to initialize any qubit in a specified state, and to measure the 
state of a specific qubit 

‘they must have universal quantum gates, which are logical elements capable of arranging 
any desired logical relationship between the states of qubits 

‘they must also have a processor capable of interlinking quantum gates to establish rules 
and boundary conditions for their inter-relationships — in a quantum computation, the 
arrangement of quantum gates connects the qubits in a logical pattern, according to a 
program or algorithm, and after an interval the qubits assigned to the result are read out 


‘© quantum error correction codes exist, whereby qubits are passed through a circuit (the quantum 
analogue of logic gates) that will successfully fix an error in any one of the qubits without 
actually reading what all the individual qubit states are; no qubit cloning is required 


* a completely secure quantum key can be generated and distributed (for communication and 
decoding of encrypted messages) using entangled photons has been demonstrated (Tittel et al., 
2000; Jennewein et al., 2000; Naik et al., 2000); any eavesdropper’s attempt to intercept the 
quantum key will alter the contents in a detectable way, enabling users to discard the 
compromised parts of the data 


‘© in an experiment which verified that EPR entanglement obeys Special Relativity (Seife, 2000; 
Scarani et al., 2000; Gisin et al., 2000; Zbinden et al., 2000a, b), and involving a photon detector 
moving at relativistic speeds (for example, Bob moves away from Alice at close to the speed of 
light), investigators determined that quantum information via EPR photon pair entanglement must 
travel > 10” times light speed (the photon detectors were 10.6 km apart) 
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investigators are still developing quantitative laws of entanglement to provide a set of principles 
for understanding the behavior of entanglement and how it is used to do information processing, 


investigators are working to develop an understanding of the general principles that govern 
complex quantum systems such as quantum computers 


Other developments are equally as interesting or compelling. For example, the quantum state of the 
object we wish to teleport does not have to describe single microscopic systems like photons, ions, atoms 
or electrons. Quantum states can describe large collections of atoms like chemical compounds, humans, 


planets 


stars, and galaxies. Hartle and Hawking (1983) even derived the quantum wavefunction of the 


Universe in closed form, although, it was extremely simplified and excluded the presence of quantum 
‘matter-energy. So it has become possible to consider teleporting large quantum systems. We summarize 
the more recent spectacular developments in the following: 
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Generation of entanglement and teleportation by Parametric Down-Conversion (Bouwmeester et 
al., 1997; Zeilinger, 2003): EPR entangled photon pairs are created when a laser beam passes 
through a nonlinear B-barium borate or BBO crystal. Inside the crystal (BBO, for example) an 
ultraviolet photon (2 = 490 nm) may spontaneously split into two lower energy infrared photons 
(A= 780 nm), which is called parametric down-conversion. The two “down-conversion” photons 
emerge as independent beams with orthogonal polarizations (horizontal or vertical). (The 
orthogonal polarization states represent a classic example of the discrete quantum state variables 
that can be teleported. Other examples of discrete quantum variables that have been teleported 
using other schemes include the nuclear magnetic spin of a hydrogen atom, electronic excitations 
of an effective two-level atom, elementary particle spins, etc.) In the two beams along the 
intersections of their emission cones, we observe a polarization-entangled two-photon state. For 
the experimental realization of quantum teleportation, it is necessary to use pulsed down- 
conversion. Only if the pulse width of the UV light, and thus the time of generating photon pairs 
is shorter than the coherence time of the down-converted photons, then interferometric Bell-state 
analysis can be performed. In this type of experiment, the pulses from a mode-locked Ti:Saphire 
laser have been frequency doubled to give pulses of ~ 200 fs duration (1 f$ = 10" second). The 
interfering light is observed after passage through IR filters of 4 nm bandwidth giving a 
coherence time of ~ 520 fs. After retroflection during its second passage through the crystal, the 
UY pulse creates another pair of photons. One of these will be the teleported photon, which can 
be prepared to have any polarization. Beam splitters and photon detectors are used to perform the 
Bell-state analysis during the standard teleportation process that ensues. See Figure 8 for a 
schematic showing the layout of a standard parametric down-conversion entanglement- 
teleportation experiment. 


Teleportation of squeezed states of light and continuous quantum state variables (Furusawa et al 
1998; Sorensen, 1998; Braunstein and Kimble, 1998: Opatrng et al, 2000; Braunstein et al., 
2001; Zhang et al., 2002; Bowen et al., 2002; Bowen et al., 2003; Zeilinger, 2003): Squeezed 
light (See Section A.2 in Appendix A) is used to generate the EPR entangled beams, which are 
sent to Alice and Bob. A third beam, the input, is a coherent state of unknown complex 
amplitude. This state is teleported to Bob with a high fidelity only achievable via the use of 
quantum entanglement. Entangled EPR beams are generated by combining two beams of 
squeezed light at a 50/50 beam splitter. EPR beam 1 propagates to Alice’s sending station, where 
it is combined at a 50/S0 beam splitter with the unknown input state, in this case a coherent state 
of unknown complex amplitude. Alice uses two sets of balanced homodyne detectors to make a 
Bell-state measurement on the amplitudes of the combined state. Because of the entanglement 
between the EPR beams, Alice’s detection collapses Bob’s field (EPR beam 2) into a state 
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conditioned on Alice’s measurement outcome. After receiving the classical result from Alice, 
Bob is able to construct the teleported state via a simple phase-space displacement of the EPR 
field 2. Quantum teleportation in this scheme is theoretically perfect, yielding an output state 
which equals the input with a fidelity F = 1. In practice, fidelities less than one are realized due 
to imperfections in the EPR pair, Alice’s Bell measurement, and Bob's unitary transformation, 
By contrast, a sender and receiver who share only a classical communication channel cannot hope 
to transfer an arbitrary quantum state with a fidelity of one. For coherent states, the classical 
teleportation limit is = 0.5, while for light polarization states it is = 0.67. The quantum nature 
of the teleportation achieved in this case is demonstrated by the experimentally determined 
fidelity of F = 0.58, greater than the classical limit of 0.5 for coherent states. The fidelity is an 
average over all input states and so measures the ability to transfer an arbitrary, unknown 
superposition from Alice to Bob. This technique achieves the teleportation of continuous 
quantum state variables, as opposed to the discrete quantum state variables used in the Bennett et 
al. (1993) teleportation protocol and its variants. ‘The teleportation of a squeezed state of light 
from one beam of light to another demonstrates the teleportation of a continuous feature (of light) 
that comes from the superpositions of an infinite number of basic states of the electromagnetic 
field, such as those found in squeezed states. This line of research also involves the experimental 
demonstration of the mapping of quantum states from photonic to atomic media via entanglement 
and teleportation. Hald et al. (1999) reported on the experimental observation of a spin-squeezed 
macroscopic ensemble of 10’ cold atoms, whereby the ensemble is generated via quantum state 
entanglement/teleportation from non-classical light to atoms 
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Figure 8. Quantum Teleportation (From www.aip.org) 
At the sending station of the quantum teleporter, Alice encodes a “messenger” photon (M) with a specific 
state: 45 degrees polarization. This travels towards a beam splitter. Meanwhile, two additional entangled 
photons (A and B) are created. The polarization of each photon is in a fuzzy, undetermined state, yet the 
‘two photons have a precisely defined intertelationship. Specifically, they must have complementary 
polarizations. For example, if photon A is later measured to have horizontal (0 degrees) polarization, then 
the other photon must collapse into the complementary state of vertical (90 degrees) polarization. 
Entangled photon A arrives at the beam splitter at the same time as the message photon M. The beam 
splitter causes each photon to either continue toward detector | or change course and travel to detector 2. 
In 25% of all cases, in which the two photons go off into different detectors, Alice does not know which 
photon went to which detector. This inability for Alice to distinguish between the two photons causes 
quantum weirdness to kick in. Just by the very fact that the two photons are now indistinguishable, the M 
photon loses its original identity and becomes entangled with A. The polarization value for each photon 
is now indeterminate, but since they travel toward different detectors Alice knows that the two photons 
must have complementary polarizations. Since message photon M must have complementary 
polarization to photon A, then the other entangled photon (B) must now attain the same polarization value 
as M. Therefore, teleportation is successful. Indeed, Bob sees that the polarization value of photon B is 
45 degrees: the initial value of the message photon, 
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‘* Entanglement of Atoms (Hagley et al., 1997; Sackett et al., 2000): EPR entanglement at the level 
of atoms has been experimentally demonstrated using rubidium atoms prepared in circular 
Rydberg states (i-e., the outer electrons of the atom have been excited to very high energy states 
and are far from the nucleus in circular orbits). The experimental apparatus produces two 
entangled atoms, one atom in a ground state and the other atom in an excited state, physically 
separated so that the entanglement is non-local. And when a measurement is made on one atom, 
let us say the atom in a ground state, then the other atom instantaneously presents itself in the 
excited state — the result of the second atom wave function collapse, thus determined by the result 
of the first atom wave function collapse. This work is now evolving towards the demonstration 
of entanglement for molecules and larger entities followed by teleportation of their states. Bose 
and Home (2002) have improved on this concept by proposing a single, simple generic method by 
which any atoms, ions and macroscopic objects can be entangled and teleported, 


‘© Teleportation of an Atomic State via Cavity Decay (Bose et al., 1999: Sackett et al., 2000): It has 
been shown how the state of an atom trapped in a cavity can be teleported to a second atom 
trapped in a distant cavity simply by detecting photon decays from the cavities 


* Biological Quantum Teleportation (Mavromatos et_al., 2002): There are several obstacles to 
teleporting large complicated objects, especially biological entities. Decoherence is the primary 
obstacle. That is because observable quantum effects in biological matter is thought to be 
strongly suppressed due to the macroscopic nature of most biological entities and the fact that 
such systems live at near room temperature, and there is always contact between biological 
entities and the environment (the source of decoherence). These conditions result in very fast 
collapse of pertinent quantum wavefunctions to one of the allowed classical states of the 
biological entity. Mavromatos et al. (2002) propose a daring model that predicts dissipationless 
energy transfer along shielded macromolecules at near room temperatures as well as quantum 
teleportation of states across microtubules and perhaps neurons. It is proposed that under certain 
circumstances it is in principle possible to obtain the necessary isolation against environmental 
decoherence, so that meso/macroscopic quantum coherence, and entanglement extending over 
scales that are larger than the atomic scale, may be achieved and maintained for times comparable 
to the characteristic times for biological and cellular processes. Microtubules are comprised of 
tubulin that is a common polar protein found in the cytoskeleton of eukariotic cells, which is 
especially enriched in brain tissue. The model treats microtubules as quantum mechanically 
isolated high-Q QED cavities, exhibiting properties analogous to those of electromagnetic 
cavities routinely used in quantum optics. The model builds a microtubule network that achieves 
quantum teleportation of coherent quantum states, leading to decoherence-resistant bulk quantum 
information processing and computing within the biological matter. It is speculated that the 
model can explain how consciousness works, and how the brain processes and computes 
information, 


‘© Teleportation of a laser beam with embedded radio signal (Bowen et al., 2003): The teleportation 
of a laser beam from one part of a lab to another has been demonstrated. Investigators embedded 
a radio signal into a laser beam, then disintegrated the beam and reassembled it a meter away, 
virtually instantaneously. The laser beam was destroyed in the teleportation process, but the radio 
signal survived. The laser light at one end of an optical communications system was 
disassembled and its replica was recreated elsewhere in the lab. Even though the laser beam did 
not survive teleportation, its encoded message did. This system could be used to transport secure 
data, such that it could become possible to construct a perfect cryptography system. When two 
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parties want to communicate with one another, one can enable the secrecy of the communication 
to be absolutely perfect. 


* Entanglement and Teleportation of a Macroscopic Ensemble of Atoms (Julsgaard et al., 2001) 
Expanding upon the earlier work of Hald et al. (1999) and Sackett et al. (2000), investigators 
experimentally demonstrated the entanglement of two macroscopic objects, each consisting of a 
cesium gas sample containing ~ 10"? atoms. Entanglement is generated via interaction of the 
samples with a pulse of light, which performs a non-local Bell measurement on the collective 
spins of the samples. The entangled spin-state can be maintained for 0.5 milliseconds. The 
teleportation of macro-ensemble atom quantum states is expected to follow this experiment. This 
work is evolving towards the experimental demonstration of the Bose and Home (2002) proposal, 
which proved that there is a single generic process that can entangle and teleport any atoms, ions 
and macroscopic objects. 


‘*  Entanglemenviteleportation of internal state and external motion information of atoms (Opatrny 
and Kurizki, 2001): Investigators propose an experiment for transmitting an atom’s full 
information, including its “external” states, such as its energy of motion. This procedure 
replicates the quantum features of the external motion of a particle. For example, if patticle-to- 
be-teleported C yielded a diffraction pattern after passing through two slits, then the same pattern 
would be produced by particle B, which receives the teleported information. The researchers 
propose the following idea: Dissociate a very cold molecule with a laser pulse into two atoms 
(called A and B). Then manipulate the two atoms so that they become entangled: each one is in a 
fuzzy state individually, but has a precisely defined relationship with its partner. Then let one of 
the entangled particles (such as A) collide with particle C, whose unknown state should be 
teleported. After their collision, the momentum values of the collision partners A and C are 
‘measured. With that information, the researchers know how to “kick” and deflect atom B, so that 
the motion of B precisely emulates that of particle C. The investigators say that state-of-the-art 
equipment for studying atomic collisions and quantum effects makes this experiment difficult, but 
feasible, to do. If this proposal proves to be correct, then the implication is that it will become 
possible to experimentally expand this concept to the teleportation of a large ensemble of atoms, 
such that the entire physical motion and quantum states of the ensemble can be teleported. ‘This 
could lead to the future development of a teleportation process similar to what was discussed in 
Section 3.1 


© Laser-like Amplification of Entangled Particles and Entangled-Photon Lasers (Lamas-Linares et 
al., 2001): Entangled particles are notoriously difficult to create in bulk. To create entangled 
photons, for example, researchers use the parametric down-conversion technique to send laser 
light through a barium borate crystal. Passing through the crystal, a photon sometimes splits into 
two entangled photons (each with half the energy of the initial photon). However, this only 
occurs for one in every ten billion incoming photons. To increase the yield, researchers added a 
step: they put mirrors beyond the crystal so that the laser pulse and entangled pair could reflect, 
and have the chance to interact. The entangled pair and reflected laser pulse interfere 
constructively to generate fourfold more two-photon pairs or interfere destructively to create zero 
pairs. Following these steps, the researchers increased production of two-photon entangled pairs, 
and also of more rare states such as four-photon entangled quartets. This achievement could 
represent a step towards an entangled-photon laser, which would repeatedly amplify entangled 
particles to create greater yields than previously possible, and also towards the creation of new 
and more complex kinds of entangled states. 


This list is by no means complete as new developments in this field continue to arise. 
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3.3 Conclusion and Recommendations 


Given the incredible advancements that have been made in the entanglement and teleportation of 
macroscopic objects the size of 10'? atoms, we are still very far away from being able to entangle and 
teleport human beings (and even simpler biological entities such as cells, etc.) and bulk inanimate objects 
(tools, technical equipment, pencils and pens, weapons platforms, communications devices, personal 
hygiene supplies, ete.). There still remain four essential problems: 


> One needs an entangled pair of such bulk objects. 


> The bulk objects to be entangled and teleported must be in a pure quantum state (as in a 
Bose-Einstein condensate, for example). And pure quantum states are very fragile. 


> The bulk objects to be entangled and teleported must be extremely isolated from the 
environment to prevent the onset of decoherence. 


¥ 


The Bell-state measurement of animate or inanimate objects during 
entanglement/teleportation will require extracting an amount of information (in bits) that 
equals or exceeds the number of atoms contained within the object. This infers that the 
‘computer storage and processing requirements to entangle and teleport a complete bulk object 
will be astronomically huge (recall the discussion in Section 3.1) 


It is difficult to imagine how we can achieve an extreme level of environmental isolation for an 
object, let alone a living being that breathes air and radiates heat. Experiments with atoms and larger 
objects must be done in a high vacuum to avoid collisions with molecules. Thermal radiation from the 
walls of a teleportation apparatus would easily disturb a tiny amount of matter. At present, decoherence 
imposes a fundamental limit on quantum entanglement and teleportation. Decoherence is the primary 
reason why we do not routinely see any quantum effects in our everyday world. Research is continuing 
on whether decoherence can be reduced, circumvented, or otherwise be eliminated. And some minor 
progress has been made in that direction. 

In q-Teleportation it is the quantum states of the objects that are destroyed and recreated, and not the 
objects themselves. Therefore, q-Teleportation cannot teleport animate or inanimate matter (or energy) in 
its physical entirety. However, some experts argue that because an object’s quantum state is its defining 
characteristi, teleporting its quantum state is completely equivalent to teleporting the object, even though 
the original object’s quantum state (and defining characteristic) was completely destroyed in the process. 
This goes to the heart of what is meant by identity. When an object has all the right properties and 
features, it will be the same object that one observes whether it was observed now or 24 hours ago. 
Quantum physics reinforces the point that objects of the same type in the same quantum state are 
indistinguishable from each other. One should, according to this quantum principle, be able to swap all 
the atoms in a particular object with the same atoms from a mound of raw materials, and reproduce the 
original object’s quantum states exactly with the end result that the new object is identical to the original 
Last, we do not know how to put a human being into a pure quantum state or what doing so would mean 
for biological functioning (including brain function), but we do know how to put < 10"* gas atoms/ions 
and a beam of photons into a pure state in practice. Further research will be required to ascertain whether 
microbiological and higher-level biological systems, in addition to bulk inanimate matter, can be put into 
pure quantum states and entangled/teleported. 

To perform a Bell-state measurement on (bulk) animate or inanimate objects, during the 
entanglement/teleportation process, to extract and encode its information will require extracting an 
amount of information (in bits) that equals or exceeds the number of atoms contained within the object. 
An object containing a few grams of matter will require the extraction of > 10° bits of data. A simple 
virus of = 10’ atoms would require the extraction of > 10° bits of information during the 
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‘entanglement/teleportation process, whereas the extraction of a minimum of 10” kilobytes will be 
required to encode and store an entire human being. This is beyond the capability of present digital 
electronic computer technology to store and process. It is difficult to see how far computer technology 
will advance towards meeting this requirement. 

It is difficult to fathom what will be in store for the teleportation of human beings given some 
possible future technology. What about the effects of the g-Teleportation process on the human 
consciousness, memories and dreams, and the spirit or soul? We know from quantum physies that “the 
whole is greater than the sum of its parts.” So what happens to the fundamental characteristics of a 
human being when he/she steps into the teleporter-transmitter, where their quantum states (ie., their 
complete identity) are destroyed during the quantum entanglementiteleportation process, and then their 
copy is created at the teleporter-receiver an instant later? What will things be like during the 
entanglement process? Will a teleported individual’s consciousness, memories and dreams, and 
spirit/soul be successfully and accurately teleported or not? This is a major ethical and technical question 
that will have to be addressed by future research. 


‘Recommendation: 


> Broad-spectrum Quantum Computing Technology Development Program: At present, the 
Quantum Information Science Program (QUSP) is coordinated by the U.S. Army Research Office 
with funding and support from the Army, the National Security Agency, DARPA, and the Office 
of the Deputy Director of Defense for Research and Engineering. The Naval Research Lab and 
the CIA are both involved in their own programs. The CIA vets new commercial development of 
computer technology and computer information processing via its In-Q-Tel company (reference 
44). This includes R&D on quantum entanglement and teleportation for computer, information 
processing and secure communications. QISP was funded for $19 million in 1999. The program 
involves 34 projects by researchers at 21 universities, three government laboratories and two 
corporate laboratories. QISP goals include building a quantum computer, developing quantum 
information processing, and further advances in quantum teleportation. The AFRL should join 
QISP and provide partnership funding on the order of $1 million per year. An alternative to this 
would be for AFRL to collaborate with In-Q-Tel and participate in its technology R&D venture 
capital programs. This R&D investment would allow the Air Force to acquire very advanced 
quantum physics and related technological applications that can support its mission. The R&D 
investment benefits would include the development and implementation of quantum 
computing/information processing and secured quantum communications technology, which can 
significantly enhance the performance and security of Air Force computing and communication 
systems infrastructure, and aerospace weapons systems. 


> Quantum Cryptography: A dedicated research program should be implemented to develop a 
‘mature quantum cryptography technology. Theoretical and experimental work is in progress 
among a small number of select groups (QISP, In-Q-Tel, universities, ete.), but this field is not 
advancing fast enough for practical applications to become available to meet increasing 
adversarial threats against secured military and intelligence communications. The goal of 
proposed quantum cryptography research is to bring the theoretical and experimental foundation 
of quantum cryptography and secure quantum information processing to maturity, and to fully 
develop and implement quantum entanglement/teleportation-based cryptography technology, 
Recent experimental work has demonstrated that a completely secure quantum key can be 
generated and distributed for the communication and decoding of encrypted messages using 
entangled photons. Any eavesdropper’s attempt to intercept the quantum key will alter the 
contents in a detectable way, enabling users to discard the compromised parts of the data. There 
is much more work that needs to be done in this area. I recommend that the AFRL implement a 


Approved for public release; distribution unl 
a 


SI million/year program for five years in order to advance the state-of-art in quantum 
cryptography technology. 


> Quantum Decoherence: Decoherence is the primary reason why we do not routinely see any 
quantum effects in our everyday world. And it imposes a fundamental limit on quantum 
entanglement and teleportation via the interaction between entanglediteleported quantum systems 
and their local environment. In order to advance quantum entanglement/teleportation physics and 
develop applied technologies, it is necessary that a research program be implemented by the 
AFRL to explore whether decoherence can be significantly reduced, circumvented, or otherwise 
be eliminated. An insufficient number of small university groups have slowly made minor 
progress in this direction. I recommend that a $500,000 - 750,000 per year R&D program be 
conducted for five years to overcome this technical challenge. 


y 


Pure Quantum States: In order to entangle and teleport quantum particles and bulk objects, they 
both must be prepared in a pure quantum state. And pure quantum states are very fragile to 
decoherence. A technical challenge for entanglementiteleportation physics is whether the 
requirement for pure quantum states can be relaxed and how much decoherence will play a role in 
this situation, what technical challenges will arise when increasing the size of 
entangled/teleported matter to larger macroscopic scale (>> 10" atoms), and whether matter of 
mixed composition (such as a gas or Bose-Einstein condensate of mixed atomic elements) can be 
entangled/teleported in both pure and mixed quantum states. I recommend that a $250,000 — 
500,000 per year research program be conducted for five years to study this problem, 


> Entangling Bulk Matter and Bell-State Measurement to Extract Information: Recent experiments 
demonstrated the entanglement of two macroscopic objects, each consisting of a cesium gas 
sample containing ~ 10" atoms. Entanglement was generated via interaction of the samples with 
a pulse of light, which performs a non-local Bell measurement on the collective spins of the 
samples. In order to push the envelope on this development and take it to higher practical levels, 
it will be necessary to ascertain the limit on the size and composition of bulk matter entanglement 
(given the decoherence and pure-state constraints); and to determine what other quantum states 
can be used for entanglement, what other Bell-state measurement techniques can be used, and 
whether multiple quantum states can be entangled. The chief technical challenge is the computer 
technology that will be required to facilitate the huge amount of data that must be extracted, 
processed and stored from bulk matter quantum states during the Bell-state measurement process, 
T recommend that a $500,000 — 1 million per year research program be implemented for five 
years in order to explore these questions and ascertain what solutions may be technically 
available, and to develop such solutions. 


> Biological Quantum Teleportation: The Mavromatos et al. (2002) theoretical model for biological 
entanglement and teleportation is a remarkable concept that could result in the development of a 
workable physics theory of consciousness. ‘The model has potential applications to advanced 
quantum computing/information processing physics and the physics of psi phenomena (see 
Chapter 5). A research program should be implemented to continue the Mavromatos et al. (2002) 
work and bring their model to theoretical maturity. It is recommended that this program be 
funded at $500,000 — 800,000 per year for five years. A parallel or follow-up program should be 
implemented to experimentally test this model and ascertain any useful technological 
applications. One application that should be explored in the proposed research program is 
advanced, ultra-fast, ultra-high-capacity quantum computing and information processing using 
natural and/or artificial biological systems. The parallel or follow-up experimental research 
program should be funded at $800,000 — 1.5 million per year for five years. 
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‘© ETL Communication: Experiments verifying that EPR entanglement obeys Special Relativity 
(Seife, 2000; Scarani et al., 2000; Gisin et al., 2000; Zbinden et al., 2000a, b) determined that 
quantum information via EPR photon pair entanglement must travel > 10° times light speed. Can 
this mechanism be exploited to achieve FTL communication? If so, then the potential military 
and commercial applications will be revolutionary, and the science and industry of 
communications will be forever transformed. A comprehensive theoretical and experimental 
research program should be implemented to answer this question. It is recommended that this 
program be funded at $700,000 — 1 million per year for five years. A modest experiment 
definition study should be funded at $80,000 for one year to delineate the most promising 
experimental approaches to be used for the larger research program. [There is much controversy 
and debate over FTL (a.k.a. superluminal) signals/communication, and the reader should see the 
selected superluminal references in the Teleportation References section of this study.] 


> New Entanglement/Teleportation Breakthroughs: The most exciting developments in quantum 
teleportation physics has included the teleportation of a laser beam with an embedded radio 
signal, the teleportation of squeezed states of light (and hence, continuous quantum state 
variables), the teleportation of photon states to atoms/ions (from light to matter!), the 
entanglement of two similar/dissimilar quantum particles that are created by two (independently) 
different particle sources, the laser-like amplification of entangled particle/photon pairs, 
parametric down-conversion entanglement and teleportation (of discrete quantum state variables), 
quantum cryptography with unbreakable keys, the teleportation of quantum information at speeds 
> 10” times light speed, the entanglement and teleportation of macroscopic (10' atoms) matter 
quantum states, etc. There is also the yet-untested proposal to entangle/teleport the external 
physical motion and internal quantum state information of atoms. This shows that quantum 
physics sets no apparent limit on what it is that can be teleported/entangled and how it is to be 
teleported/entangled, or where it is to be teleported/entangled. At present teleportation 
technology requires fiber optic and coaxial cables to teleport quantum state information from one 
location to another. Can we avoid the use of cables and teleport through free space? [Note: 
Before this report went to press, Aspelmeyer et al. (2003) reported their outdoor experiment that 
demonstrated the distribution of quantum entanglement (of laser photons) via optical free-space 
links to independent receivers separated by 600 m across the Danube River (during inclement 
nighttime weather), with no line of sight between them. This experiment is revolutionary and 
begins the step toward conducting satellite-based distributed quantum entanglement] We have 
not discovered all the possibilities that nature has in store for us. The present breakthrough 
discoveries will likely introduce novel military and intelligence technology applications in the 
near and far future. But further R&D must be conducted in order to discover new applications for 
these recent breakthroughs, to make additional breakthroughs and discoveries, and to advance the 
state-of-art in quantum teleportation physics to meet future challenges to the Air Force mission. 1 
recommend that a two-track R&D program be implemented over five years. The first track 
should be funded at $250,000 — 750,000 per year for the purpose of developing new 
entanglement/teleportation breakthroughs in quantum teleportation physics. The second track 
should be funded at $750,000 ~ 1.5 million per year for the purpose of developing applications 
for any new breakthroughs with the proviso that such applications benefit the Air Force mission 
and have commercial dual-use capability to leverage advance technology in the private sector. 
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4.0 e-TELEPORTATION 


4.1 Extra Space Dimensions and Parallel Universes/Spaces 


A literature search for proposed e-Teleportation concepts based on the conveyance of objects through 
extra space dimensions and/or parallel universes/spaces has yielded only one result (see Section 4.2). The 
present state-of-art in research on parallel universes/spaces and extra space dimensions has been strictly 
limited to the work on developing a grand unified quantum field theory and a quantum theory of gravity, 
whereby the former necessarily includes the latter. Quantum gravity/unified field theory research has 
been evolving since the 1920s when Kaluza and Klein published the first papers to describe a model for 
the unification of gravity with electrodynamics. Many of the more prominent theories today invoke extra 
spatial dimensions, the existence of parallel universes/spaces, or both in order to quantise gravity and/or 
to unify gravity with the other forces of nature. It is beyond the scope of this study to provide an in-depth 
review of all of the research that has been done in this area, so we list below a select few of the 
historically prominent models that have largely gained a secure foothold in present-day research: 


> Kaluza-Klein_Flectromagnetic-Gravity Unification _Theory/Modern_Kaluza-Klein Gravity 

Theories (Kaluza, 1921; Klein, 1926; de Sabbata and Schmutzer, 1983; Lee, 1984; Appelquist et 
Kaku, 1993, 1994; Overduin and Wesson, 1998): It was originally suggested that 
Maxwellian electrodynamics and Einstein gravitation could be unified in a theory of five- 
dimensional Riemannian geometry, where the gravitational and electromagnetic potentials 
together would determine the structure of spacetime. ‘The fifth space dimension is curled up into 
a ball of space with a radius slightly larger than 10° m, and it was originally regarded as having 
no physical significance because it was simply a mathematical tool used to catalyze unification, 
At present, the generic name of Kaluza-Klein stands for a wide variety of approaches to 
quantising and unifying gravitation with other quantum fields using any number of dimensions 
greater than four. 


> Superstring Theories (Green, 1985; Kaku, 1988, 1993, 1994): These theories come in a wide 
variety of interrelated concepts, and they are a highly evolved form of Kaluza-Klein theories, 
They are based on the dynamics of string-like fundamental quanta, whereby the observed 
fundamental particles are manifested by the vibrational ground or excitation states of a quantum 
string (open or closed loop). The superstrings are ~ 10 m (ie., the Planck length) in size. 
There are different versions of these theories that require ten, eleven or twenty-six extra space 
dimensions to unify and quantise gravity, whereby the extra dimensions are curled up (ie., 
compactified) into balls of space with a radius < 10° m, These theories later evolved into 
versions that are now called F- and M-theory. ‘The mathematics behind this class of theories is 
very ugly, and it is difficult for even the best superstring theorists to make simple or sophisticated 
calculations and predictions. And so far, this class of quantum gravity theories has escaped 
experimental verification. 


> D-Brane_and_3-Brane_Theories/Parallel_Spaces (Rubakov and Shaposhnikov, 1983a, b; 
Polchinski, 1995; Antoniadis et al., 1998; Randall and Sundrum, 1999a, b; Weiss, 2000; Pease, 
2001; Arkani-Hamed et al., 1998, 2000, 2002): D-brane theory is a recent incarnation of the 
original superstring theories in which open strings, corresponding to the fundamental particles of 
the standard model (quarks, leptons, gauge bosons), have their free ends stuck on a (hypersurface) 
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membrane called a D-brane (D = Dirichlet boundary conditions). But the graviton, which 
corresponds to a closed loop of string, can propagate in all the dimensions. It provides both 
unification and quantization of gravity by assuming that there are 1 new spatial dimensions in 
addition to the three infinite spatial dimensions we know about. And the extra space dimensions 
are = 10° m in extent. A very recent alternative version of this model is called “3-brane” theory. 
In this theory, each of the n extra space dimensions is of finite extent R = 2x10°"""” centimeters. 
The space spanned by the new dimensions is called “the bulk.” In this theory, the particles of the 
standard model live within our familiar realm of three spatial dimensions, which forms a three- 
dimensional (hypersurface) membrane or “3-brane” within the bulk. The propagation of 
electroweak and strong nuclear forces is then confined to our 3-brane. However, at distances (r) 
less than R, gravity (via gravitons) propagates in the full (3 + n)-dimensional space, whereby its 
strength falls as r°"” with increasing separation r. When r > R, the gravitational force reverts to 
its normal Newtonian r™ falloff because there is no longer any extra-dimensional space for it to 
spread into. If m = 1, then the size of the extra-dimension would have to be R = 2x10" em (or 
2x10" km = 133.3 AU; 1 AU = 1.5x10* km is the mean Earth-Sun distance) in order to account 
for the weakness of gravity, but an extra space dimension this large would have already made 
itself obvious in the observed dynamics of the solar system. For this reason, investigators have 
discounted the possibility that n= 1. If m = 2, then the size of both extra space dimensions would 
have to be R = 0.2 cm (or 2 mm). In any case, inconspicuous neighboring 3-branes may be 
separated from the 3-brane we live on by only a fraction of a millimeter, or even much smaller 
distances, across the higher-dimensional bulk. Such neighboring 3-branes may be distant folds of 
our own 3-brane, with the same physics, but able to influence us across shortcuts through the 
bulk. Or they may be completely separate 3-branes possessing their own fundamental laws and 
parameters of nature that are completely different from our own. Several tabletop Cavendish- 
type experiments are now looking for sub-millimeter deviations from Newtonian gravitation as a 
first step towards verifying 3-brane theory, and other experiments are now being planned or are 
already underway (Pease, 2001). At present the preliminary experimental results have been 
negative for the existence of extra space dimensions, and the experimental data suggests that two 
extra space dimensions are now constrained to length scales << 0.2 — 0.3 millimeters while seven 
extra space dimensions can be no larger than 2 femtometers (Pease, 2001). 


w 


Parallel Universes/Parallel Spaces (Everett, 1957; Wheeler, 1957, 1962; DeWitt, 1970; DeWitt 
and Graham, 1973; Jammer, 1974: Davies, 1980; Wolf, 1988: Kaku, 1994: Visser, 1995 and 
Section 2.1): There are only two other research tracts that are concerned with parallel universes 
besides 3-brane theory. The first tract is the traversable wormhole research that was discussed in 
Section 2.1. Traversable wormholes can connect many different universes in the “multiverse” 
(ie., a conglomeration of many universes), and these are called intet-universe wormholes, 
However, traversable wormhole physics (a.k.a. Einstein’s General Relativity Theory) does not 
provide a physical prescription for the existence and nature (i.c., fundamental parameters and 
physical laws) of other putative universes. The difference between inter-universe and intra- 
universe (i.e., two distant regions of one universe are connected with each other) wormholes 
arises only at the level of global geometry and global topology. Local physics near the throat of a 
traversable wormhole is insensitive to issues of intra-universal or inter-universal travel. An 
observer in the vicinity of the throat, while making local measurements, would not be able to tell 
whether he was traveling to another universe or to a remote part of our own universe. And one 
cannot rely on the topological (as opposed to geometrical) information to determine which is the 
case, because topological information is not enough to uniquely characterize an inter-universe 
connection. And General Relativity Theory does not fix the topology of spacetime, so we cannot 
ascertain the existence of other universes. [Note: Traversable wormholes are also geometrically 
possible for higher dimensional spaces.] The second tract is the “Many Worlds” interpretation of 
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quantum theory. This version of quantum theory requires the simultaneous existence of an 
infinite number of equally real worlds, all of which are more-or-less causally disjoint, in order to 
interpret consistently the relationship between observed phenomena and observers. The theory 
was proposed in an attempt to overcome a number of deep paradoxes inherent in the 
interpretation of the theory of measurement and quantum theory. The Many Worlds theory 
argues that quantum theory requires the existence of a “superspace” of worlds spanning the range 
of all possible quantum observations (or quantum measurements). Through our acts of 
‘measurement we ate imagined to trace a path through the mesh of possible outcomes. All the 
“worlds” are causally disjoint, and the uncertainty of quantum observation can be interpreted as 
an artifact of our access to such a limited portion of the superspace of possible worlds. The 
evolution in the superspace as a whole is entirely deterministic. 


At present, none of the theoretical concepts outlined above have been brought to a level of technical 
‘maturity, where it becomes meaningful to ascertain whether any form of e-Teleportation is theoretically 
possible between extra space dimensions and different or parallel universes/spaces. However, as 
‘mentioned in the item on parallel universes/parallel spaces, there is the exception that traversable 
wormholes (three- and higher-dimensional) provide a solid physics principle for the implementation of 
teleportation between parallel universes/spaces. And traversable wormholes can be devised to connect 3- 
branes together. See Section 2.1 for the discussion on teleportation via traversable wormholes. Also, 
Kaluza-Klein theories, superstring theories and D-brane theory all have the common feature that their 
extra space dimensions are < 10° m in extent, which makes it impossible for any useful form of 
‘macroscopic-level teleportation to occur between space dimensions. Last, it is not yet possible to do 
theoretical calculations or even experimentally verify most of these theories. Three-brane theory is the 
best parallel space theory there is, with the possibility that macroscopic-level teleportation is possible 
between space dimensions (only if the extra space dimension(s) has length scale(s) >> millimeters). But 
this theory is still in the stage of maturing theoretically and achieving experimental verification (or 
falsification). Therefore, we can go no further in this section 


4.2 Vacuum Hole Teleportation 


‘An unusual teleportation concept has been proposed by Leshan (1999, 2002), which describes the 
teleportation of objects throughout our universe by using the geometrical properties of spacetime. The 
proposal posits that there is a “zero-space” that exists outside the boundary of our universe, whereby this 
zero-space is a “point form” space, where the distance between any two points is always equal to zero, 
Leshan also calls this space a “hole.” Further requirements and assumptions of the model are: 


2. time does not exist as a property in zero-space 


2 the cosmological principle (i.e., there are no privileged frames relative to another place or point in 
the universe) requires that the boundary or border of the universe must pass through every point 
of space 


Q_virtual holes (or zero-space) in spacetime must exist at every point of the universe, which are also 
called “vacuum holes” 


vacuum holes exist as virtual particles 
The last item is interesting because it implicitly says that vacuum holes (a.k.a. zero-space) must also be 


virtual particles, and in Section 2.2 we showed that virtual particles are a representation of the vacuum 
ZPF. Therefore, this infers that vacuum holes can be considered to be vacuum zero-point fluctuations in 
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Leshan’s model. Thus, a teleportation mechanism can arise in this model because distances between 
zero-space and any other point in the universe are zero, so that the vacuum holes can potentially exist at 
every point in the universe simultaneously. Therefore, if an object is sent “out of the universe” and into a 
vacuum hole (a.k.a. zero-space), then the object can appear at random at any spacetime point in the 
universe. 

‘The mechanism for teleportation in this model is: 


> to send an object outside of the universe by creating a closed surface (ie., “hole sphere”), which 
consists of vacuum holes, around the object; 


> while inside the hole sphere, the object then ceases to exist because objects cannot really exist 
outside of the universe; 


> however, the object simultaneously exists at any other remote location in the universe (via the 
cosmological principle) at the instant it became enclosed by the hole sphere; 


> therefore, it has been teleported to some remote location in the universe 


Leshan points out that the teleportation device must curve spacetime so that the starting and destination 
points in the universe coincide, and the curved geometry must be similar to that of a black hole for an 
instant, so that a channel between the two points can be formed. (This sounds suspiciously like creating a 
traversable wormhole via an Einstein-Rosen bridge, which can be made traversable by perturbing the 
Schwarzschild spacetime metric an infinitesimal amount.) There is no space to traverse, so therefore 
there will be no passage of time during teleportation. ‘The only expenditure of energy in this teleportation 
scheme is the energy that will be needed to curve spacetime. 

This teleportation concept is very convoluted. Leshan does not offer any further explanations that 
are useful nor does he offer any precise technical description for the vacuum holes, and how they are to be 
produced and manipulated. There is also no mathematical physics derivation published by Leshan to 
support this concept. I am totally unable to evaluate this concept in the absence of a rigorous theoretical 
framework. This concept is too sketchy and full of technical “holes” to seriously consider it any further 
for this study. The reader should note that it has already been demonstrated that traversable wormholes 
are the best physical principle available to implement teleportation between universes and extra space 
dimensions. 


4.3 Conclusion and Recommendations 


At present, none of the theoretical concepts explored in this chapter have been brought to a level of 
technical maturity, where it becomes meaningful to ascertain whether any form of e-Teleportation is, 
theoretically possible between extra space dimensions and different or parallel universes/spaces. 
However, there is the exception that traversable wormholes (three- and higher-dimensional) provide a 
solid physics principle for the implementation of teleportation between parallel universes/spaces. And 
traversable wormholes can be devised to connect 3-branes together. Kaluza-Klein, superstring and D- 
brane theories do not allow for any useful form of macroscopic-level teleportation to occur between space 
dimensions, because these theories require that the extra space dimensions be < 10™ m in extent. Last, it 
is not yet possible to do theoretical calculations to make predictions or even to experimentally verify most 
of these theories. ‘Three-brane theory is the best parallel space theory there is with the possibility that 
macroscopie-level teleportation is possible between space dimensions. But this theory is still in the stage 
of maturing theoretically and getting experimental verification, 
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‘Recommendations: 


> The recommendations outlined in Section 2.3 are relevant to the investigation of the possibility 
for e-Teleportation. 
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5.0 p-TELEPORTATION 


5.1 PK Phenomenon 


P-Teleportation is a form of psychokinesis (or PK) similar to telekinesis but generally used to 
designate the movement of objects (called apports) through other physical objects or over great distances, 
Telekinesis is a form of PK, which describes the movement of stationary objects without the use of any 
known physical force. And PK is essentially the direct influence of mind on matter without any known 
intermediate physical energy or instrumentation, Rigorously controlled modem scientific laboratory PK, 
and related psychic (a.k.a. “psi”, “paranormal” or parapsychology), research has been performed and/or 
documented by Rhine (1970), Schmidt (1974), Mitchell (1974a, b, see also the references cited therein), 
Swann (1974), Puthoff and Targ (1974, 1975), Hasted et al. (1975), Targ and Puthoff (1977), Nash (1978, 
see also the references cited therein), Shigemi et al. (1978), Hasted (1979), Houck (1984a), Wolman et al 
(1986, see also the references cited therein), Schmidt (1987), Alexander et al. (1990), Giroldini (1991), 
Gissurarson (1992), Radin (1997, see also the references cited therein), Tart et al. (2002), Shoup (2002), 
and Alexander (2003), 

A well-known theoretical/experimental/operational program directed by H. E. Puthoff, R. Targ, E. 
May and I. Swann was conducted at SRI International and the NSA, and sponsored at various times by 
the Central Intelligence Agency (CIA), the Defense Intelligence Agency (DIA), and the Army 
Intelligence and Security Command (INSCOM) over more than two decades; and the program was later 
carried on by E. May at SAIC (Alexander, 1980; Puthoff, 1996; Targ, 1996; Schnabel, 1997; Tart et al., 
2002). This was called the Remote Viewing program, and it was a compartmentalized special access 
program possessing a variety of codenames during its 22 years of operation. Remote viewing involves 
precognition and clairvoyance, and it allows a practitioner to acquire information irrespective of 
intervening distance or time. The Remote Viewing program ended in 1994 and President W. J. Clinton 
officially declassified it in 1995. The reader should note that the very first U. S. military-intelligence 
R&D programs on psi, PK and mind control were conducted by H. K. (Andrija) Puharich, M.D., L.L.D 
during his military service at the Army Chemical and Biological Warfare Center at Fort Detrick, 
Maryland in the 1940s-50s. Puharich had an interest in clairvoyance and PK, and dabbled in theories for 
electronically and pharmaceutically enhancing and synthesizing psychic abilities. While in the Army, 
Puharich took part in a variety of parapsychology experiments, and he lectured Army, Air Force and 
Navy groups on possibilities for mind warfare. He was a recognized expert in hypnotism and 
microelectronics, 

PK phenomenon was also explored in the Remote Viewing program. Col. J. B. Alexander (USA ret.) 
credits professional aerospace engineer Jack Houck for “capturing PK phenomenon and transitioning it 
into an observable form” (Houck, 1982, 1984a, b; Alexander et al., 1990; Alexander, 2003). During the 
past three decades, Houck (along with Alexander) held a number of PK sessions, whereby attendees are 
taught the PK induction process, and initiate their own PK events using various metal specimens (forks, 
spoons, etc.). Individuals were able to completely bend or contort their metal specimens with no physical 
force being applied whatsoever. Numerous government science advisors and senior military officials 
took part in and/or witnessed these events, which took place at the Pentagon, at officers’ or scientists 
homes, and at one quarterly INSCOM retreat attended by the commanding general and a group of 
colonels and generals commanding INSCOM units around the globe. Spontaneous deformation of the 
‘metal specimens was observed at the PK session conducted during the INSCOM retreat, causing a great 
deal of excitement among those present. Other notable trained observers were also present at this session, 
and they critically reviewed the events. Psychic Uri Geller (1975) is the original model for demonstrating 
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PK metal bending. During a talk that he gave at the U.S. Capitol building, Uri caused a spoon to curve 
upward with no force applied, and then the spoon continued to bend after he put it back down and 
continued with his talk (Alexander, 1996). Jack Houck continues doing extensive experimental work and 
data collection on micro- and macto-PK phenomena. Scientifically controlled PK experiments at the 
Princeton University Engineering Anomalies Research Laboratory were conducted by Robert Jahn (Dean 
Emeritus of the School of Engineering), who reported that repeatedly consistent results in mentally 
affecting material substances has been demonstrated in the lab (Jahn and Dunne, 1987). In the 1980s, 
Jahn attended a meeting on the PK topic at the Naval Research Laboratory, and warned that foreign 
adversaries could exploit micro- or macto-PK to induce U.S. military fighter pilots to lose control of their 
airoraft and crash 

Very early investigations of, and experiments on, p-Teleportation occurred during the 19" and early 
20" centuries. Many cases that were studied, and the experiments that were performed, were undoubtedly 
due to fraud, and few experiments have occurred under controlled conditions during that period. 
However, most of the credible, scientific reports of p-Teleportation phenomenon and related (controlled) 
experiments occurred in the late 20" century (see for example, Alexander et al., 1990; Radin, 1997). 
Some of that scientific work involved the investigation of Uri Geller and a variety of other recurrent 
spontaneous PK phenomena (Hasted et al., 1975; Puthoff and Targ, 1975; Targ and Puthoff, 1977; Nash, 
1978; Wolman et al., 1986). Psychics Uri Geller (1975) and Ray Stanford (1974) claimed to have been 
teleported on several occasions. Most claimed instances of human teleportation of the body from one 
place to another have been unwitnessed. There are also a small number of credible reports of individuals 
who reported being teleported to/from UFOs during a UFO close encounter, which were scientifically 
investigated (Vallee, 1988, 1990, 1997). But there are a larger number of such reports that are anecdotal, 
whereby the witness data tends to be unreliable. However, we will confine our discussion to the 
controlled laboratory experiments that have been performed and reported 

One of the more interesting examples of controlled experiments with Uri Geller was one in which he 
was able to cause a part of a vanadium carbide crystal to vanish (Hasted et al., 1975). ‘The crystal was 
encapsulated so it could not be touched, and it was placed in such a way that it could not be switched with 
another crystal by sleight of hand. A more spectacular series of rigorously controlled (and repeatable!) 
laboratory experiments occurred in the Peoples Republic of China (PRC). In September 1981, an 
extraordinary paper was published in the PRC in the journal Ziran Zazhi (transl.: Nature Journal), and this 
paper was entitled, “Some Experiments on the Transfer of Objects Performed by Unusual Abilities of the 
Human Body” (Shuhuang et al., 1981). The paper reported that gifted children were able to cause the 
apparent teleportation of small objects (radio. micro-transmitters, photosensitive paper, mechanical 
watches, horseflies, other insects, etc.) from one location to another (that was meters away) without them 
ever touching the objects beforehand. The experiments were operated under exceptionally well- 
controlled conditions (both blind and double-blind). ‘The researchers involved included not only 
observers from various PRC colleges and medical research institutes, but also representatives from the 
PRC National Defense Science Commission, Because of the involvement of the latter, it was deemed 
necessary that an unclassified Intelligence Information Report be prepared by the DIA (see Shuhuang et 
al., 1981), which included a detailed English translation of the article. 

Additional research carried out by the Aerospace Medicine Engineering Institute in Beijing was 
reported in the July 1990 issue of the Chinese Journal of Somatic Science (Kongzhi et al., 1990; Jinggen 
et al., 1990; Banghui, 1990), which was also translated into English by the DIA. Reported in several 
articles are experiments involving the videotaping and high-speed photography of the transfer of test 
specimens (nuts, bundles of matches, pills, nails, thread, photosensitive paper, chemically treated paper, 
sponges dipped in FeCls, etc.) through the walls of sealed paper envelopes, double layered KCNS type 
paper bags, sealed glass bottles and tubes with sealed caps, and sealed plastic film canisters without the 
walls of any of these containers being breached. All of the Chinese experiments reported using gifted 
children and young adults, who possessed well-known extraordinary PK ability, to cause the teleportation 
of the various test specimens. In all the experimental cases that were reported, the test specimens that 
were teleported were completely unaltered or unchanged from their initial state, even the insects were 
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unaffected by being teleported. ‘The experiments were well controlled, scientifically recorded, and the 
experimental results were always repeatable. 

The Chinese papers are all extremely interesting and very well written, and they show photographs 
and schematic diagrams of the various experimental setups. The experimental protocols were explained 
in lengthy detail, and thorough data and statistical analysis were presented in the results. The combined 
results from the several Chinese experiments showed that: 


> 


vi 


different research groups designed different experimental protocols, used different gifted 
psychics, used different sealed containers, and used different test specimens (live insects, bulk 
inanimate objects, and even radio micro-transmitters were used to track the location of the 
specimens) that were to be teleported; 


the time required for the teleportation of test specimens through various barriers was anywhere 
from a fraction of a second to several minutes, and this was not dependent on the test specimen 
that was used, the sealed container that was used (or its barrier thickness), which experimental 
protocol was used, or which psychic was being used 


the high-speed photography/ videotaping recorded in one series of experiments that test specimens 
would physically “meld” or blend with the walls of sealed containers; and recorded in a different 
series of experiments that test specimens would simply disappear from inside the container only 
to reappear at another location (after seconds to several minutes of time transpired), such that the 
test specimen did not actually undergo total material disintegration/reintegration during 
teleportation — this data is important, because without the aid of electronic monitoring 
instruments, the average person’s sensory organs and usual methods of detection are temporarily 
unable to perceive the test specimen’s (ambiguous) existence during the teleportation process; 


the radio micto-transmitter used as a test specimen in one series of experiments (Shuhuang et al., 
1981) transmitted a radio signal to several stationary electronic instruments/receivers, so that the 
specimen could be tracked and monitored (via signal amplitude and frequency measurements) 
during the teleportation process; the experimenters discovered that there was large fluctuations in 
the intensity (in both amplitude and frequency) of the monitored signal to the effect that it would 
either completely disappear or become extremely weak (to the extent that the monitoring 
instruments could scarcely detect it) — it was discovered that there was a definite correlation 
between the change in strength (i.e., radical frequency shifts were observed) of the monitored 
radio signal and the teleportation of the test specimen, such that the weak or absent signal 
indicated that the specimen was “nonexistent” (or in an altered physical state) during teleportation 
(note: the monitored signal amplitude and frequency of the micro-transmitter specimen were 
stable before and after teleportation); 


before and after “passing through the container wall/barrier”, the test specimen and the 
container’s wall/barrier are both complete solid objects; 


the gifted psychics were never allowed to see (they were blindfolded in many experiments) or 
touch each of the test specimens or the sealed containers before and after experiments were 
conducted, and only the experimenters touched the specimens and containers (using both blind 
and double-blind protocols); 


the experimental results were all repeatable 
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> the conditions for fraud and sleight of hand were totally eliminated, and multiple independent 
outside witnesses (technical and military-intelligence experts) were present at all times to ensure 
total fidelity of the experiments 


‘The experimental radio micro-transmitter and high-speed photography/videotaping data offer an 
important clue on what the teleportation mechanism is, and this will be discussed further in Section 5.1.1 

‘The Chinese were unable to offer any significant physics hypothesis that could explain their results, 

Some researchers stated that it is necessary to invoke a new physics, which somehow unifies the human 
consciousness (ie., physics of consciousness) with quantum and spacetime physics, in order to 
understand p-Teleportation and related PK phenomena. The researchers were amazed by their repeated 
results, and were barely able to fathom the altered “state of being” that test specimens underwent during 
teleportation. 

It is also important to point out that during the Cold War the DIA produced three (now declassified) 
reports on the parapsychology research of the Soviet Union and its Warsaw Pack allies (LaMothe, 1972 
Maire and LaMothe, 1975; DIA Report, 1978; other related studies were reported by Groller, 1986, 
1987). The purpose of the reports was to collate and summarize collected intelligence, describe in great 
detail, and assess the Soviet Union and Warsaw Pact R&D on parapsychology and paraphysics. The 
reports outlined the history of pre-revolutionary (Czarist) Russian, and WWII and post-WWII era Soviet 
R&D on psychotronics, human mind/behavior control, and the entire spectrum of parapsychology. The 
Soviet information also mentions the psychotronic/parapsychology R&D materials that Soviet military 
forces took from various Nazi research centers in and around Germany at the end of WWII. The entire 
spectrum of parapsychology phenomena was explored by the Soviets, which resulted in the generation of 
a wealth of experimental data and related scientific research literature. One DIA report noted that there 
‘was an East versus West science debate in the Soviet literature over whether paranormal phenomenon and 
related experimental data was real or even scientifically sound in comparison to western scientific 
practice and philosophy. Another DIA report lists the names and affiliations of all the researchers, as well 
as the names of the various Soviet and Warsaw Pact research centers, that were involved. Also, Pratt 
(1986) reviews and summarizes the history of Soviet psychotronics research. 

The U.S. military-intelligence establishment was concerned with the possibility that the Soviets and 
their Warsaw Pact allies were conducting psychotronics and mind control R&D in order to discover how 
to exploit and control powerfull phenomena that could be used against the U.S. and its allies. LaMothe 
(1972) chronicled how the Soviets had been researching methods of influencing human behavior for over 
sixty years. The Soviets and their allies extensively explored an influence technology that they called 
“controlled offensive behavior”, which is defined as “research on human vulnerability as it applies to 
‘methods of influencing or altering human behavior” (LaMothe, 1972). Also, LaMothe (1972) describes 
the revolutionary techniques the Soviets studied to influence human behavior, which included: sound, 
light, color, odors, sensory deprivation, sleep, electromagnetic fields, biochemicals, autosuggestion, 
hypnosis, and parapsychology phenomena (such as psychokinesis, telekinesis, extrasensory perception- 
ESP, astral projection, clairvoyance, precognition, and dream state, etc.). The LaMothe (1972) report 
became an aid in the development of countermeasures for the protection of U.S. and/or allied personnel. 

Psychotronics is the general term that was used in the former Soviet Union/Warsaw Pact countries to 
categorize many psychic phenomena undergoing scientific research. The conclusions that were reached 
in the DIA reports are that within the category of psychotronics, the Soviets identified two discrete skills 
(LaMothe, 1972): 


> bioenergetics: those phenomena associated with the production of objectively detectable effects 
such as psychokinesis, telekinesis, levitation effects, transformations of energy, i.e. the altering or 
affecting of matter 


> bioinformation: those phenomena associated with the obtaining of information through means 


other than the normal sensory channels (i.e., ESP), such as telepathy, precognition, and 
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clairvoyance, i.e., using the mind to tap into the thoughts of others or to acquire present or future 
information about objective events in the world 


‘These phenomena involve using the mind and/or some “field” of the body to affect other minds and 
inanimate objects imespective of intervening distance or elapsed time, and without engaging any 
conventional tools. Bioenergetics and bioinformation are two classifications that form a single branch of 
science the Soviets preferred to call biocommunications. Soviet biocommunications research is primarily 
concemed with exploring the existence of a definite group of natural phenomena controlled by laws that 
are not based on any known (energetic) influence. The types of biocommunication (a.k.a. psychotronics) 
phenomena includes special sensory biophysical activities, brain and mind control, telepathic 
communications or bioinformation transceiving, bioluminescent and bioenergetic emissions, and the 
effects of altered states of consciousness on the human psyche. Psychotronics and remote viewing 
provide capabilities that have obvious intelligence applications. The Soviets and their Warsaw Pact allies 
invested millions of dollars in psychotronics R&D because they understood this, and saw the potential 
payoff for military and intelligence applications. 

The U.S. response to Soviet psychotronics R&D programs was the Remote Viewing program. In 
addition, the U.S. Army began the JEDI Project in 1983, which sought to increase human potential using 
teachable models of behavioral/physical excellent by unconventional means (Alexander et al., 1990). The 
JEDI Project was essentially a human-performance modeling experiment based on neuro-linguistic 
programming (NLP) skills, whereby advanced influence technologies to model excellence in human 
performance was used. The program ran under the auspices of the Army INSCOM and the 
Organizational Effectiveness School, and was sponsored by a U.S. government interagency task force, 
Finally, it should be pointed out that the program had successfully trained several hundred people, 
including members of Congress (such as Al Gore, Jr. and Tom Downey), before being terminated, 

There is a wealth of factual scientific research data from around the world attesting to the physical 
reality of p-Teleportation and related anomalous psi phenomena (Mitchell, 1974b; Targ and Puthoff, 
1977; Nash, 1978; Radin, 1997; Tart et al., 2002). The skeptical reader should not be so quick to dismiss 
the subject matter in this chapter, because one must remain open-minded about this subject and consider 
p-Teleportation as worthy of further scientific exploration. The psychotronics topic is controversial 
within the western scientific community. The debate among scientists and scientific philosophers is 
highly charged at times, and becomes acrimonious to the point where reputable skeptical scientists cease 
being impartial by refusing to examine the experimental data or theories, and they prefer to bypass 
rational discourse by engaging in ad hominem attacks and irrational “armchair” arguments, 

P-Teleportation and related phenomena are truly anomalous, and they challenge accepted modern 
scientific paradigm. Lightman and Gingerich (1991) wrote, “Scientists are reluctant to change paradigms 
for the purely psychological reasons that the familiar is often more comfortable than the unfamiliar and 
that inconsistencies in belief are uncomfortable.” And theories change over time when anomalies enter 
the picture. Anomalies are particularly helpful for they point to the inadequacies of an old model and 
point the way to a new one, Anomalous scientific facts are unexpected and difficult to explain within an 
existing conceptual framework. Kuhn (1970) describes scientific discovery as a complex process, in 
which an anomalous fact of nature is recognized, and then followed by a change in conceptual framework 
(ie., paradigm) that makes the new fact no longer an anomaly. Kuhn stated that, “Discovery commences 
with the awareness of anomaly, that is, with the recognition that nature has somehow violated the pre- 
induced expectations that govern normal science.” This statement neatly describes exactly what 
transpired during the historical revolution that took place in physics between the classical 
‘mechanics/electrodynamics age in the 19" century and the quantum/atomic/nuclear/relativistic age in the 
20" century. And this isn’t the only time in human history that scientific paradigms have dramatically 
changed. The discovery of p-Teleportation already commenced in the 20" century, so let us continue the 
discovery and create a new physics paradigm for the 21" century. 
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5.1.1 Hypothesis Based on Mathematical Geometry 


The Chinese researchers reported in their teleportation experiments that high-speed 
photography/videotaping recorded test specimens physically “melding” or blending with the walls of 
sealed containers, and in a different series of experiments the test specimens would simply disappear from 
inside the container only to reappear at another location (after seconds to several minutes of time 
transpired). They also reported in the series of radio micro-transmitter experiments that there were large 
fluctuations in the intensity (in both amplitude and frequency) of the monitored signal to the effect that it 
would either completely disappear or become extremely weak (to the extent that the monitoring 
instruments could scarcely detect it); and they discovered that there was a definite correlation between the 
change in strength (ie, radical frequency shifts were observed) of the monitored radio signal and the 
teleportation of the radio micro-transmitter, such that the weak or absent signal indicated that the 
specimen was “nonexistent” (or in an altered physical state) during teleportation. This data is important 
because without the aid of electronic monitoring instruments, the average person’s sensory organs and 
usual methods of detection are temporarily unable to perceive the test specimen’s (ambiguous) existence 
during the teleportation process. This data offers an important clue on what the teleportation mechanism 
is 

It is beyond the scope of this study to propose a complete self-consistent physics theory of 
consciousness/mind, which explains how the mind can activate p-Teleportation and related psychotronies 
phenomena. This topic has been under study in recent decades by a legion of medical science, bio- and 
neuro-physiology, psychology, mathematics, philosophy, and physics experts. Many different theories 
with varying degree of theoretical maturity and self-consistency have been proposed over the years, and 
most of them have not yet been experimentally tested for various reasons. However, some first-order 
experimental work has been done (Mitchell, 1974b; Targ and Puthoff, 1977; Wolman et al., 1986; Radin, 
1997; Tart et al., 2002). Ironically, quantum mechanics theory, and the related physics of quantum 
entanglement and teleportation, has become the primary focus of all of the physics theories of 
consciousness/psychotronics that have been recently proposed (see for example, Shan, 2003). Wolman et 
al. (1986) and Radin (1997) provide a review and discussion on recent theories and experiments that are 
based on quantum physics theory (see also, Walker, 1974; Targ and Puthoff, 1977; Mitchell, 1999, and 
the references cited therein; Tart et al., 2002). It appears that the physics of q-Teleportation (Chapter 3) 
has tremendous relevance to the physics of p-Teleportation and psychotronics, 

In the following I propose a parsimonious first-order hypothesis that can explain the gross features of 
both the Chinese p-Teleportation data and the other reported p-Teleportation phenomena, But I will 
refrain from including any role that might be played by quantum phenomena since the scientific 
community has not yet settled that particular issue. (However, it is apparent that quantum theory and 
quantum phenomena will likely play a key role in a formal physics theory of PK and psychotronics.) 


rst-Order Hypothesis: 


Q Fact 1: The mature discipline of mathematical geometry developed the properties of higher 
dimensional spaces (Reichenbach, 1957; Manning, 1977; Rucker, 1977). An example of one 
such property that is of relevance to the hypothesis: One can visualize a four-dimensional world 
by using color as the 4" dimension, We can think of a three-dimensional world, whereby objects 
pass through one another if their colors (i., four-dimensional locations) are different 
(Reichenbach, 1957). For example, color can be used as a 4 dimension to see how a knot in 
three-dimensions can be untied in a 4" spatial dimension without moving the ends of the cord, 
That is because a cord cannot stay knotted in four-dimensional space, because the extra degree of 
freedom will cause any knot to slip through itself. Two other interesting and relevant examples 
are that the links of a chain may be separated unbroken in the 4" dimension, and a flexible sphere 
may be turned inside out without tearing in the 4* dimension (Manning, 1977; Rucker, 1977). 
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Proposition 1 and Fact 2: It has been proposed that our space actually possesses a slight four- 
dimensional hyperthickness, so that the ultimate components of our nervous system are actually 
higher dimensional, thus enabling the human mind/brain to imagine four-dimensional space 
(Hinton, 1888, 1904; Rucker, 1977). If this is the case, then the three-dimensional nets of 
neurons that code thoughts in our brain may form four-dimensional patterns to achieve four- 
dimensional thought. The “bulk” space in 3-brane theory (see Section 4.1), and experimental 
data from the Remote Viewing program (see Section 5.1), provide support for this concept. Can 
wwe see into the 4" dimension and have four-dimensional thoughts? Yes, we can. Proof (see, 
Rucker, 1977, 1984): If you look at a Necker cube for a while, it spontaneously turns into its 
mirror image and back again. If you watch it do this often enough, the twinkling sort of motion 
from one state to the other begins to seem like a continuous motion, But this motion can only be 
continuous if it is a rotation in four-dimensional space. The mathematician August F. Mobius 
discovered in 1827 that it is in fact possible to turn a three-dimensional solid object into its mirror 
image by an appropriate rotation through four-dimensional space (a.k.a. hyperspace rotation), 
Thus, it is actually possible for our minds to perform such a rotation, Therefore, we can actually 
produce four-dimensional phenomenon in our minds, so our consciousness is four-dimensional, 
Rucker (1984) shows another dramatic example of being able to see into the 4* dimension via a 

jeck-A-Cube.” 


Q Fact 3: Another property of higher dimensional geometry (Reichenbach, 1957; Rucker, 1977, 
1984) is that one can move through solid three-dimensional obstacles without penetrating them 
by passing in the direction of the 4" (spatial) dimension. The 4" dimension is perpendicular to all 
of our normal three-dimensional space directions, and so our three-dimensional enclosures have 
no walls against this direction. 


@ Conclusion and Hypothesis: Therefore, the results of the Chinese p-Teleportation experiments 
can simply be explained as a human consciousness phenomenon that somehow acts to move or 
rotate test specimens through a 4 spatial dimension, so that the specimens are able to penetrate 
the solid walls/barriers of their containers without physically breaching them. No real 
dematerialization/rematerialization of the specimens takes place. The intensity fluctuations of the 
radio micro-transmitter specimen’s electromagnetic signal, and the apparent blending of the other 
specimens with the walls of their containers, represent the passage of the specimens through a 4" 
spatial dimension. During teleportation the radio signals emitted by the micro-transmitter became 
weak/non-existent and fluctuated, because they were spreading out into the 4" dimension and 
became undetectable in our three-dimensional space. The weak signals that were (“barely”) 
detected represent the leakage of a portion of the radio signal back into our three-dimensional 
space from the 4 dimension during teleportation. ‘The observed blending of the other specimens 
with the walls of their containers is how the movement/rotation of the specimens through the 4° 
dimension was visually interpreted by the mind (along the lines of the Necker cube or Neck-A- 
Cube examples). 


5.2 Conclusion and Recommendations 


We will need a physics theory of consciousness and psychotronics, along with more experimental 
data, in order to test the hypothesis in Section 5.1.1 and discover the physical mechanisms that lay behind 
the psychotronic manipulation of matter. P-Teleportation, if verified, would represent a phenomenon that 
could offer potential high-payoff military, intelligence and commercial applications. This phenomenon 
could generate a dramatic revolution in technology, which would result from a dramatic paradigm shift in 
science. Anomalies are the key to all paradigm shifts! 
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‘*Recommendations: 


> There are numerous supporters within the U.S. military establishment who comprehend the 
significance of remote viewing and PK phenomenon, and believe that they could have strategic 
implications. Bremseth (2001), a U.S. Navy SEAL, attended the Marine War College and studied 
the Remote Viewing program, and interviewed many of the former program participants, 
Bremseth then wrote his thesis on the topic, and concluded that the evidence supported continued 
research and applications of remote viewing. A research program improving on and expanding, 
or implementing novel variations of, the Chinese and Uri Geller-type experiments should be 
conducted in order to generate p-Teleportation phenomenon in the lab. The performances and 
characteristics of p-Teleportation need to be delineated in order to develop a refined hypothesis, 
Such a program should be designed so that an operational model for p-Teleportation can be 
developed and implemented as a prototype. An experimental program similar in fashion to the 
Remote Viewing program should be funded at $900,000 — 1,000,000 per year in parallel with a 
theoretical program funded at $500,000 per year for an initial five-year duration. The role of 
quantum physics theory and related quantum phenomena (ie., entanglement and teleportation) in 
p-Teleportation and psychotronics should be explored in this program (see for example, the 
Biological Quantum Teleportation recommendation in Section 3.3). An experiment definition 
study should be conducted first to identify and propose the best experiments for this program, 
Which should be funded at $80,000 for one year. 
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APPENDIX A — A Few Words About Negative Energy 


A.1 A General Relativistic Definition of Negative or Exotic Energy 


We saw in equations (2.10a-c) that the surface energy and stress-tension densities of the material 
required to create and thread a traversable wormhole must be “negative.” For surface stress-energy, and 
volume stress-energy in general, this is “negative” in the sense that the material we must deploy to 
‘generate and thread the traversable wormhole must have an energy density (pc*, p = mass density) that is 
less than the stress-energy density (t), or we can write this condition as: mass-energy pe"  stress-energy 
‘1 On the basis of this condition, we call this material property “exotic.” Therefore, the term “negative” 
is just a misnomer in this context. The condition for ordinary, non-exotic forms of matter that we are all 
familiar with is mass-energy pe? > stress-energy t. This condition represents one version of what is 
variously called the weak (WEC), null (NEC), average (AEC), dominant (DEC), strong (SEC) or 
“standard” energy conditions (that are mere hypotheses!), which allegedly forbid negative mass-energy 
density and gravitational repulsion (antigravity) between material objects to occur in nature. Hawking 
and Ellis (1973) formulated these energy conditions in order to establish a series of mathematical proofs 
in their study of the application of general relativity theory to cosmology and black hole physics. 

However, there are general theorems of differential geometry that guarantee that there must be NEC 
violations (meaning exotic matter-energy is present) at a wormhole throat (Visser, 1997). In view of this 
it is known that static radial electric or magnetic fields are borderline exotic when threading a wormhole, 
if their tension were infinitesimally larger, for a given energy density (Herrmann, 1989; Hawking and 
Ellis, 1973). Other exotic (energy condition violating) matter-energy fields are known to be squeezed 
{quantum states of the electromagnetic field and other squeezed quantum fields (see Section A.2 for the 
discussion on squeezed quantum states), gravitationally squeezed vacuum electromagnetic zero-point 
energy (see Section 2.3 for the discussion on Gravitationally Squeezed Vacuum Energy), Casimir 
(electromagnetic zero-point) energy and other quantum fields’states/effects. These examples represent 
forms of matter-energy that possess negative energy density. Since the vacuum is defined to have 
vanishing energy density, anything possessing less energy density than the vacuum must have a negative 
energy density. With respect to creating wormholes, these have the unfortunate reputation of alarming 
physicists. This is unfounded since all the energy condition hypotheses have been experimentally tested 
in the laboratory and experimentally shown to be false - 25 years before their formulation (Visser, 1990 
and references cited therein). Further investigation into this technical issue showed that violations of the 
energy conditions are widespread for all forms of both classical and quantum matter-energy such as 
planets, stars, black holes, neutron stars, people, space dust clouds, etc. (Davis, 1999b; Barcelo and 
Visser, 2002). In addition, Visser (1995) showed that all (generic) spacetime geometries violate all the 
energy conditions. Violating the energy conditions commits no offense against nature. 


A.2 Squeezed Quantum States and Negative Energy 


In quantum mechanics the energy (E) and frequency (v) of a quantum oscillator system, such as 
electromagnetic radiation (or light), are interchangeable via the Planck relation E = hv (hi = 2nh). And 
from the Heisenberg quantum uncertainty principle, we know that the conjugate variable to the frequency 
is the oscillator phase (@), such that AVAg > fh is obeyed. Phase is difficult to measure and is ignored in 
characterizing complex quantum systems. 

Recent theoretical and experimental work has shown that in many quantum systems the limits to 
‘measurement precision imposed by the quantum vacuum zero-point fluctuations (ZPF) can be breached 
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by decreasing the frequency noise at the expense of increasing the phase noise (thus maintaining AVAg > 
A), while at the same time the variations in frequency, and therefore the energy, are reduced below the 
ZPF such that the energy becomes “negative.” “Squeezing” is thus the control of quantum fluctuations 
and corresponding uncertainties, whereby one can squeeze the variance of one (physically important) 
observable quantity provided the variance in the (physically unimportant) conjugate variable is 
stretched/increased. The squeezed quantity possesses an unusually low variance, meaning less variance 
than would be expected on the basis of the equipartition theorem. We can exploit quantum squeezing to 
extract energy from one place in the ordinary vacuum at the expense of piling up excess energy elsewhere 
(Morris and Thorne, 1988). 
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Appendix B — THe Methodology 


In the formalism of the THe methodology, the functions T and HY are introduced by requiring that the 
Lagrangian for the motion of particles (with charge e, and mass mio, for the a particle), under the joint 
action of gravity and the electromagnetic field 4a (ot = spacetime vector components), be expressed in the 
canonical form 


L LIl-m. P= Hy, +e,A,y,")dt+(8a)" f(eB + u'B')d'xdt (B11) 


where the arbitrary functions 7, H, €, and jt are functions of the metric (a.k.a. gravitation field), vis the 
a particle four-vector velocity, and 4a is the electromagnetic field four-vector potential, E and B are the 
electric and magnetic field strengths, and (B.1) is in geometrodynamic natural units (hi = co = G = €0 = Ho 
= 1). The Lagrangian characterizes the motion of charged particles in an external gravitational field by 
the two functions T and H, and characterizes the response of the electromagnetic fields to the external 
gravitational field by the two functions € and jl. For all standard (metric) theories of gravity, the four 


functions are related by 
iH 

B2); 

T (B22), 


and every metric theory of gravity satisfies this relation, such that the Einstein Equivalence Principle is 
satisfied. 
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In this paper | discuss the theory and actuality of the effects of 


ie Dilation, as predicted by 

the visible, experiential 
nal form of Time Travel from a personal, phenomenological perspective, 
illustrated through digital media. 


‘The body of work, this paper and an accompanying book of modified digital images, recalls the 
Hafele-Keating experiment of October 1971 and parallels the Quantified Self experiments of diary 
photography and personal analytics in a holistic, interconnected way. 


‘The work tracks 12 months of air travel and illustrates with practical data the physics and 
mathematics behind the theory and actuality of Time Dilation. The research combines the 
interdisciplinary worlds of Computer Arts with Data and Scientific Visualisation to create a tangible 
collision between the visualisation of the personal and illustration of theory 


‘The observations are documented in ethnographic, photo essay illustrations as an investigation 
into the mathematics and physics of personal and interpersonal time. Using situated imaging 
presented as a practice-based body of work to communicate the abstract world of very small time 
periods and the direct relevance of Einstein's work on the personal and perceptual world we 
inhabit. Contrasting Newtonian mechanics and Einsteinian space-time the work seeks to illustrate 
the personal nature of how the reality of time travel influences every aspect of the interpersonal 


Time dilation. Time travel. General relativity. Special relativity. Visual thinking. Photography. Visualisation, 


Practice-based research. Ar. 


1. INTRODUCTION 


In 1974 two American researchers, J.C. Hafele and 
R.E. Keating, conducted an experiment. 


They placed two caesium atomic clocks on 
passenger airplanes and flew them in opposite 
directions around the globe to test a hypothesis first 
posited in Einstein's theory of special relativity. 


Their aim was to measure the effects of relativity on 
these highly accurate devices - the predictions 
indicated that the eastward flying clock would lose 
40ns and the westward gain 275ns. A nanosecond 
is equal to one billionth of a second (10° or 
“/yoooseqc00 8). TO compare, one nanosecond is to 
one second as one second is to 31.7 years. 


During October, 1971, four cesium atomic beam 
clocks were flown on regularly scheduled 
commercial jet flights around the world twice, 
once eastward and once westward, to test 
Einstein's theory of relativity with macroscopic 
clocks. From the actual fight paths of each tip, 
the theory predicted that the flying clocks, 


al 


compared with reference clocks at the US. 
Naval Observatory, should have lost 404/-23, 
nanoseconds during the eastward trip and 
should have gained 2754/-21 nanoseconds 
during the westward trip .. Relative to the atomic 
time scale of the U.S. Naval Observatory, the 
flying clocks lost §9+/-10 nanoseconds during 
the eastward trip and gained 2734-7 
‘nanosecond during the westward trip, where the 
errors are the corresponding standard 
deviations. These resulis. provide an 
‘unambiguous empirical resolution of the famous 
clock ‘paradox’ with macroscopic clocks. (Hafele 
& Keating 1972) 


The results showed that compared to stationary 
clocks in the laboratory the eastward clock lost 
59ns and the westward gained 273ns. Whilst there 
has been discussion of the accuracy and therefore 
reliability of the measurements the experiment is 
commonly held up as one of the first to give 
practical evidence of the physical effects of time 
dilation, 
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2. SPECIAL RELATIVITY AND TIME DILATION 


In special relativity Einstein States that the duration 
of time will pass at different rates when comparing 
an object at rest versus an object in motion. The 
greater the velocity of the object in motion, the 
Closer to the speed of light, c, the greater the effect 
of what is known as ‘time dilation’ 


The effect of this phenomenon is significant at 
speeds close to the constant of light speed but 
becomes exponentially less as the object in 
question approaches rest 


j= 


Figure 1: The mathematical relationship of time, velocity 
and the speed of light describing Time Dilation 


Unless our velocity is a substantial fraction of the 
constant speed of light the dilation effect (y) is 
approximately 1. This, combined with our extremely 
limited lifespan is why we don't immediately notice 
time dilation at ordinary speeds. The fastest speed 
most humans will achieve, an airplane travelling 
near the speed of sound, gives a time dilation 
where y = 1.0000000000005. 


In other words, 1 second for a passenger on the 
plane would pass as 1.0000000000005 seconds for 
a stationary observer. 


Time effectively passes more slowly for the 
traveller relative to the observer. 


3. THE REALITY OF THE EFFECT 


Whilst there is discussion of the validity of the 
results of the 1971 Hafele & Keating experiment, 
particularly around the ‘corrections’ made to their 
data at publication, their initial observations are 
clearly aligned with the predicted results to be 
expected from the mathematics for time dilation. 


As Reinhardt et al (2007) note: 


Time dilation is one of the most fascinating 
aspects of special relativity as it abolishes the 
notion of absolute time 


In their 2007 paper they investigate the effects of 
time dilation with even more accurate atomic 
clocks, adding more experimental evidence 
consistent with special relativity. There are also 
numerous other experiments, such as those into 
muon decay, that provide additional practical 
evidence that the effect described is real and 
measurable. 
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Figure 2: Over Dorset: Duration 55 minutes 


4, IMPLICATIONS FOR EVERYDAY LIFE 


The practical implications for everyday life at first 
appear intangible when one considers the 
seemingly miniscule time periods being discussed 
Even taking some of the most extreme examples 
one can imagine being feasible, such as that of a 
cosmonaut living in a fast low earth orbit, 
circumnavigating the earth every 90 minutes gives 
Y of approximately 1.0000000003. 


If one considers our astronaut in orbit for two years, 
the Time Dilation due to special relativity would 
give an increase in lifespan of approximately 20 
milliseconds. A millisecond is a thousandth (10° or 
"fyoqa) Of a Second. 


This gap of 20 milliseconds, or two hundredths of a 
second, are suddenly well within human scale 
perception and understanding. This is a common 
measured gap in motor racing and fast sports like 
downhill skiing. Even the record for the 100m sprint 
is now is 9.58 seconds, run by Usain Bolt at the 
World Athletics championships in Berlin in 2009, 


Scales in milliseconds are spaces and durations 
that even humans with our modest lifespans can 
perceive and understand. 


‘As Ed Lu, Science Officer on the Intemational 
Space Station writes, from orbit, in his blog post on 
experiments in ‘Relativity’ 


After our 6 months in space, we will have 
actually aged slightly less than everyone else on 
the ground because of an effect called time 
dilation. It isn’t by much (about 0.007 seconds), 
but itis one side benefit of flying in space! 


Though the effects of time dilation at human scale 
speeds are often imperceptibly small they are 
nonetheless real. Seeing the implications of this 
reflected in everyday life reveals the truly personal 
nature of the time travel that we undertake in 
everything we do. 


The realisation that time dilation is a tangible and 
observable phenomena that affects ourselves and 
everything around us was given heightened 
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poignancy by spending large amounts of time flying 
at altitude and high speed. Observing the curvature 
of our planet and seeing the dark sky at the edge of 
space overhead, watching the mountains and 
deserts as they slid effortlessly under the wings of 
successive aeroplanes. Being able to observe the 
size of the individual against the backdrop of a 
macro-cosmic scale all the while reflecting on the 
fact that to a subatomic particle travelling near the 
speed of light, the universe is about four weeks old 
and it can be crossed in a matter of months. 


Nature can produce even larger particle 
energies. Some particles striking the Earth's 
upper atmosphere have energies that exceed 
2'1020 eV. If such particles are protons (with 
‘mass of about 1 GeV), their speeds would be 
(0.999 999 999 999 9999999999950, For 


them, y is 1011. Now the age of the universe is 
about 13 billion years for us, but for such 
particles, the age of the universe would be about 
(13 billion years/1011), ie about a month. Such 
@ particle could cross the visible universe in a 
‘matter of months (their time), 


This twist of perspective, the deliberate ‘making 
strange’ that Shlovsky (1917) describes occurs 
when translating the abstract of the macrocosmic to 
the intimacy of the personal. The act of comparing 
and contrasting macro-scale physics and 
mathematics with recordings of human scale 
observations evidence reveals useful and 
potentially significant insights into the nature of the 
‘world we actually inhabit. 


ey 


Figure 3: Sunset over Northern China. Duration: 10 hours 50 minutes 


5. THE PICTORIAL AS PRACTICE-BASED 
RESEARCH 


As Blevis (2011) so eloquently puts it, as an 
introduction to the extensive list of uses of digital 
imagery in design thinking 


Visual thinking is the use of imagery and other 
visual forms to make sense of the world and to 
create meaningful content. Digital imagery is a 
special form of visual thinking, one that is 
particularly salient for HCI and interaction design 
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Alongside the descriptions of digital imagery as a 
‘form of information’ and a ‘shared and externalised 
memory and cognition’ (Blevis 2012) | would argue 
that practice-based research, when used as an 
investigative tool, can assist in revealing and 
documenting subtle but important non-verbal 
evidence and also provide compelling and 
persuasive arguments within presentation of 
research findings and conclusions. The research 
approach taken in this area is explicitly practice- 
based, rooted within contemporary lens based 
digital media and video art. The investigative 
material presented as the counterpart to this 
research paper was collated from hundreds of 
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minutes of digital video and several hundreds of 
digital stil images taken while airborne on 
commercial passenger aircraft during January - 
December 2013. Taken over the course of 44 
flights, totalling over 80 hours airbome the visual 
material is published as a 42 page visual essay, 
also containing text elements and descriptions 
taken from this academic paper. 


Figure 4: Sunset over London. Duration: 55 minutes 


6, REALISATION OF EFFECT ON THE 
PERSONAL 


Having recorded the number of flights, durations 
and distances the calculations based upon the 
mathematics of special relativity, as discussed 
earlier show that. 


Given 44 flights totalling 85 hours and 20 minutes 
or approximately 5120 minutes flying time. gives 
307,200 seconds of travel per year. 


if y = 1,0000000000005 when travelling at or near 
the speed of sound, gives a dilation of 
0,0000001536 seconds. 


To slip one second from base reference, such as 
the clock sat on my kitchen table | need to travel at 
my present annual rate for 6,510,416 Years. 


Or to put it a different way, travel for a little over 
260,000 years to slip one frame out of sync on a 
standard rate video camera, 


7. CONSIDERING PHOTOGRAPHY IN 
EVIDENCE 


When collating the increasing amounts of video 
and photographic material recorded whilst airborne, 
travelling at or near the speed of sound, the 
overwhelming sensation of velocity, of speed, of 
travel is ever-present. Viewed at a macro scale the 
visual material illustrates this distancing, sliding 
nature of objects moving in a larger framework. It 
supports the realisation that the terra firma so often 
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taken as a baseline for observation is in itself only a 
small part of a larger perspective. The perspective 
that the proprioceptive nature of our observations 
of time, informed by the physicality of the form we 
have evolved and the life span perspective we 
consider as a norm and useful context are 


challenged by the linking of these measurable 
effects. The effects of the micro-scale variations in 
time seen in contrast to the macro-scale movement 
around the curve of the earth 


Figure 5: An aifplane travelling near the speed of sound 
gives a time dilation where y = 1.0000000000005 


The visual material, when presented as an adjunct 
to the evidence of the universal but intimately 
personal nature of the effects of time dilation help 
communicate the simple fact that we are all time 
travelling. Pursuing our own clearly delineated 
paths and durations relative to each other. Rather 
than there being one universal time that exists 
everywhere, for everyone, all at the same moment 
the personal implication that there is real evidence 
to prove that this is an illusion is both moving and 
compelling, 


Sitting in an airline seat riding at the edge of space, 
looking down on the oceans, seas, cities, forests 
and deserts, seeing terra firma for the illusion that it 
is. Not a constant underlying grid of space and time 
~ the universal yard stick and the universal clock, 
such as Newtonian physics promised as it replaced 
the Aristotelian events-make-time view of the world 
that had reigned before in popular consciousness. 


Realising that the H&K caesium clock from 1974 
could be sat beside me, ticking away in its own little 
timetrack, ticking to a completely separate rhythm 
than its counterpart clock sat on my kitchen table at 
home. Realising that the slipping and sliding of our 
lives against each other is our own intimate version 
of time travel, we all move forward as future 
becomes present becomes past but the durations 
we experience, and that actually occur, and when 
now happens is subtly different for everyone. The 
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time we each experience actually does expand and 
contract as we move in space. 


Figure 6: Frost over Mongolia. Duration: 10 hours 55 
minutes 


The illusion of the Newtonian ideal of a universal 
timescale, the idea of a ‘universal now’ is 
disappearing and being replaced by the ideas of 
general relativity. Of a universe full of individual 
‘nows’ all unique and all moving independently. 
This change is akin to seeing the universe of 
unique, individual ‘nows’ at a human, personal 
scale and seeing a life travelling, sliding, back and 
forth in time against the ‘nows’ of those around 
one, 


The important element this body of work seeks to 
describe is not physics or even a discussion of 
physics but an explanation of physics and the 
revelatory moment of seeing it in ‘real’ experienced 
life. This work seeks to relate that revelatory 
moment and articulate it with the artefacts, the 
book and the paper, telling the story of seeing how 
each and every one of us Is travelling in time, 
independently, uniquely, every day. 


To see a World in a Grain of Sand 
And a Heaven in a Wild Flower, 
Hold Infinity in the palm of your hand 


‘And Eternity in an hour. (Willam Blake) 
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ROTOR INDUCTANCE PROPULSION SYSTEM 


BRIEF SUMMARY OF THE INVENTION 


[0001] The invention, which is the object of my present 
application, is a spaceeraft with a circular, domed ull 
around which are located dual eletecally-charged counter- 
rotating rotors, The top surface of the upper rotor is etched 
‘with ciccular metallic grooves Which give the rotor a surface 
inductance. The groove height decreases from the inside 
radius to the outside radius of the rotor giving it a radial 
inductance gradient, The surface charge density times the 
angular velocity produces a current density. The counter- 
rotating rotors produce 4 negative spacetime curvature over 
the rotors, The negative surface inductance gradient times 
the negative spiking spacetime curvature times the current 
density squared times the area squared is the positive lift 
force on the rotor, 


REFERENCE WORKS. 
[0002] Gravitation, Wheeler 


[0003] Traveling-Wave Tubes, The Bell System Tech- 
nical Journal, Vol. XXIX, January 1950, No. 1, JR 
Pierce, 


[0004] The Magnetron asa Generator of Centimeter 
Waves, The Bell System Technical Journal, Vol. XV, 
April 1946, No. 2, 1B. Fisk, H. D. Hagstrum, PL. 
Hartman, 


[0008] Lectures on Physics, Richard Feynman 
[0006] Geometry of Electromagnetism, Paul Hammond 


BACKGROUND OF THE INVENTION 


[0007] 1 was reading several articles about the develop- 
meat of the magnetron during World War IL in the Bell 
System Technical Journal. [ was trying to understand why 
the device resonates because it must contain a spring con- 
stant which would arise from an inductance and capacitance 
due to the geometry of the cavity. As given by Feynman, 
inductance of a solenoid is the permeabiliy of space times. 
the turns per length squared times the volume of the sole= 
noid. Referring to FIG. 1, the magnetron cavity (A) has @ 
circular region connected to a planar region. The electrical 
‘current flows on the sides ofthe cavity show by the arrows 
(B). In this case, there is only one tuen per height of the 
cavity times the volume of the cavity times the permeability 
‘which produces the inductance. The two planar regions 
produce a capacitance across the ends whieh creates the 
resonant frequency. 


[0008] From my previous patent application Dual Rotor 
Propulsion System T know that the two rotors produce a 
‘current density in the angular direction along the rotor. IE 
spread out the magnetron cavity into a circular groove 
‘round a rotor then the current would flow on the side walls 
enclosing the groove volume. The rotors also produce a 
spacetime curvature profile as shown in FIG. 2. Curve (A) 
is 2 positive spacetime curvature tension over the dome. 
‘Curve (B) isa negative spiking spacetime curvature over the 
rotors. The curvature is measured ia inverse meter squared, 
So the surface inductance times the negative curvature times 
the current density squared times the rotor area squared is 
magnetic energy. The differential of the magnetic energy 
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‘would be a force, So there has to be a gradient ofthe surface 
Jnductance. The volume element of a groove is equal to the 
‘circumferential length times the height times the width of 
the groove. The easiest is to vary the height with radius, 
Since the curvature is negative, the gradient has to be 
negative as well in order to get a positive lift force. Thus the 
hneight goes from large to small from the inside to the outside 
radius. 


SUMMARY OF THE INVENTION 


[0009] ‘The invention relates toa spacecraft with a domed, 
‘circular hull of elliptical cross-section having dual electi- 
‘eally-charged counter-olating rotors located one above the 
‘other on the edge of the hull. The upper rotor is positively 
charged and rotates clockwise with a negative angular 
‘velocity per the righthand rule. The lower rotor is nega 
tively changed and rotates with a positive angular velocity. 
‘The current density is the surface charge density times the 
‘velocity of the rotor. This particular combination af velocity 
and charge produces an angular momentum which creates a 
regative spiking spacetime curvature over the rotors. 


[0010] |The top surface of the rotor is etched or machined 
with circular grooves arounad the rotor. This eceates a surface 
inductance which is equal to the permeability of space times 
the turns per length squared times the Volume of the groove. 
In this case, there is only one turn per height of the groove. 
be height of the groove decreases from one groave to the 
next, them there is a negative surface inductance gradient in 
the Fadial dietion, So the lift foree on the rotors would be 
the negative surface inductance gradient times the negative 
spacetime curvatuee times the current density squared times 
the rotor area squared. 


STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 


{0011} Not Applicable, 
ABRIEF DESCRIPTION OF THE DRAWINGS. 
{0012} 


[0013] 
foto 


[oo14) 
rotors, 


[001s] 
[o018) 
[0017] 


[0018] FIG. 7. 3D graph of vector potential using three 
solenoids 


FIG. 1. Perspective of magneton ewity. 
FIG, 2. Spacetime curvature G,, over hull and 


FIG, 3, Perspective view of spacecraft with dual 


FIG. 4. Wire frame view of three solenoids 
FIG, 5. Vector potential equation for solenoid, 
FIG, 6. Units of vector potential 


[0019] FIG. 8 Porspective of vector potenti! along 
rotors, 


[0020] FIG. 9. Rotor mechanics diagram using exponen- 
lial representa 


[0021] FIG. 10, Angular momentum equation duc to vee~ 
tor potential and rotating charged rotors. 


[0022] FIG. 11. Units of angular momentum. 


0023] FIG, 12. Exponential equation for twice imaginary 
sine of the angle. 
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[0024] FIG. 13, Angular momentum equation for g metric 
Tensor, 

[0025] FIG. 14. Angular momentum term for elemental 
Tine length a 

[0026] FIG. 15. The g metric tensor containing the angu- 
Tar momentum, 


[0027] FIG. 16. The spacetime curvature tension G,, 
‘versus radius due fo angular momentum. 


[0028] FIG. 17. Magnetic energy equation 
[0029] FIG. 18. Units of magnetic energy 


[0030] FIG. 19. Cross-section of rotor showing groove 
height gradient 


[0031] FIG. 20, Equation for the eight b of the rotor 
‘groove as a function of radius. 


[0032] FIG. 21. Equation for the groove induetance gra 
dient 


[0033] FIG. 22. Plot of the groove inductance gradient as 
4 function of radius showing that itis negative atthe rotor. 


[0034] FIG. 23. Lift force on rotors due to inductance 
‘gradient, compression curvature, rotor current density and 


DETAILED DESCRIPTION OF THE 
INVENTION 


[0035] 1. Referring to FIG. 3, the spacecraft has & 

ncular domed bull of elliptical cross-section with dual 
clectrically-charged counterolating rotors one above 
the other om the edge of the hull 


[0036] 2. Referring to FIG. 4, embedded within the bull 
are three solenoids or current loops carrying a constant 
clectrcal current in the positive sense per the right- 
hand rule 


[0087] 3. Referring to FIG. 5, Feynman has shown that 
the veetor potential {A} of a solenoid is equal to the 
‘number of turns per length {n} times the current {1} 
times the radius of the solenoid (3) squared divided by 
half the permittivity of space {¢,} times the speed of 
light fe} squared times the radius ('} prime from the 
center of the coil t0 some locaton in space such asthe 
rotors. I has been found by physicists Bohm and 
‘Aharanov thatthe vector potential field isnot confined 
{o an infinitely long solenoid as is the magnetic B fied 
‘The vector potential has units of Kilogram-meter per 
second-coulomb as seen in FIG. 6 


[0088] 4, Referring to FIG. 7, the three solenoids of 
‘varying radins andrea proce positive. vector 
potential atthe centerine ofthe rotors as seen inthe 
graph 

[0039] 5. This srah is then rotated ninety degrees 50 
that it canbe Toate in relation othe rotors as seen in 
FIG. 8. The vector potential (D), which is created by 
solenoids (A.B), passes though rotors (E) and (H. 
Rotor (E), Which has a positive charge (G), is rotating 
clockwise (F), an roe (H), which has a negative 
charge (K), is rot ‘counter-clockwise (J). 
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[0040] 6, Referring to FIG. 9, rotor mechanies uses the 
‘exponeatial funetion for the’ harmonic motion of the 
rotor. The radius is {ee} which when dilferentiated 
‘with respect to time becomes a velocity {ie} 
where the imaginary {i} is a 90° phase lead which 
makes the velocity tangential o the rotor. 

[0041] 7. The rotor surface charge {or sigma} is rotating 
‘around at some radius {1}. For the upper rotor the 
surface charge density is positive (+) bul the rotor has 
‘a negative angular velocity {—). For the lower rotor, 
the surface charge density is negative {a} but the 
rotor has a positive angular velocity {+0}. So the 
combined surface change rotation is (-0 6 e™ 40 r 
"}. This charge rolation times the postive vector 
potential due to the solenoids times the rotor surface 
area is equal to angular momentum § as shown in FIG. 
10. The units are given in FIG. Ml. The angular 
momentum is equal to the nezatve ofthe dilference of 
ihe exponentials times a constant, I then recalled that 
‘is difference is equal to twice imaginary sine of the 
angle as showa in FIG, 12 

[0042] 8. Referring to FIG. 13, the angular momentum 
iS equal w minus two times the imaginary number 
times a constant times the sine of the rotational angle 
In most of my spacecralt design, the electromagnetic 
fields determine the flow rate of angular momentum. 
‘When the flow rate is integrated with respect to time, 
the angular momentum becomes imaginary. In this 
invention, the angular momentum is imaginary di 
directly 10 the rotors. Tbe importance of being imagi- 
nary is that the radius resonates. with the angular 
momentum, In some spacetime curvature equations, 
the denominator has a term equal to the radius 10 the 
fourth power plus twice the square of the angular 
momentum. In spacetime units, angular momentum is 
viewed as meter squared. So the square of imaginary 
angular momentum i negative angular momentum 
equal to negative meters to the fourth power. So at 
some radi, these two terms are equal, the denom 
tor goes to zero, and the spacetime curvature becomes 
infinitely-large, ereating & huge spike. 

[0043] 9. ‘This next section ealculates the spacetime 
‘curvature from the equation forthe angular momentum, 

[0044] 10. Referring to FIG. 14, the elemental length 
ds is curved by the presence of the angular momentum 
‘hich is one of the energies, such as mass, charge, and 
clectromagnetc fields, that Einstein showed ean curve 
spacetime. Because the angular momentum is pointing 
in the vertical z-direction, due to the direction of the 
unit normal vector tothe surface of the rotor, it rotates 
around in the angular direction {td0} as’ found in 
cylindrical coordinates {1,82} 

[0045] 11. In gravitational physics there is ag metric 
tensor which is a measure of length in spacetime 
coondinates Lisa 4by 4 matrix with rows and columns 
‘equal tothe eylindrical coordinates. Referring to FIG. 
15, the diagonal ofthe matrix is {11,71} whece the 
minus one coreesponds to time whieh is Einstein's 
convention, Half the angular momentum goes in the 
{10} slot of the g metric tensor, and the other half goes 
in the {01} slo. 

[0046] 12. From this g meiric tensor, Einstein's G 
‘aureature tensor ean be calculated in the various diree- 
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tions. In Binstein’s General Theory of Relativity, his 
equation is Ga8nT where G is the spacetime curvatuce 
measured in inverse meter squared, and the T tensor is 
the stress-energy-momentum matrix containing all the 
electromagnetic pressures, mass and momentum com- 
ppooents that curve spacetime. The spacetime curvature 
tension G,, in the vertical direction, as a function of 
radius, is’shown in FIG. 16. A positive curvature 
indicates that there isa spacetime tension over the hull 
fh pads Th crate as 

ke over the dome of the hull (A) which means 
ther isa lage it force ove the eter ofthe ful. The 
curvature then falls off and spikes with a negative 
spacetime curvature compression over the rotors (B), 
This curvature also oscillates back and forth a short 
distance due to the sinusoidal term. The problem is to 
convert this compression into a lift force which this 
invention solves. 


[0047] 13. This next section shows how the spacetime 
compression over the rotors generates lift 


[0048] 14. AsI mentioned, I have been reading some of 
the World War I magnetron sciemitic papersof the Bell 
System Technical Journal. It turns out that inductance 
‘of a solenoid is equal to the petmeablity of space times 
the number of wiee turas per length squared times the 
volume of the solenoid. Imagine having a copper stip 
in the shape of the magnetron cavity in FIG. 1. The 
electrical current (B) flows around the height of the 
strip (A), s0 there isonly one turn per the height. Then 
that is multiplied by the volume of the cavity and 
permeability to get the inductance. The inductor is 
Storing magnetic energy equal to half the inductance 
times the current squared. In this invention, current 
density Jin amp per meter is used rather than current 
So taking a hint from this information, the magnetic 
‘enexgy Would have to be related tothe inductance times 
the square of the curreat density times the area squared 
of the rotor and times the negative spacetime curvature 
‘The curvature is measured in inverse meter squared 
‘That product produces a negative magnetic energy 
when in fact I want « positive force. This means that 
there has to be an inductance gradient in the equation 
instead of pure inductance and, furtheemore, the gra 
dient has to be negative in order to cancel out the 
negative sign of the compression curvature. 

[0049] 
terms of the inductance {.£}, curvature {K]}, current 
density {J} and area {A} is shown in FIG. 17 with the 
units in FIG. 18, The inductance in the equation is 
proportional to the volume ofthe eieular groove in the 
{op surface of the rotor. That volume is equal to (2 ¢ 
hh} where {h] isthe height of groove (depth) and {w} 


15, The equation for the magnetic energy in 
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is the width located at some radivs {1}. In terms of 
machining, it would be more difficult to machine. a 
variable width groove rather than a deeper groove of a 
constant width. So Tam going to say the gradieat is in 
the radial direction with the height of the groove 
seereasing going from the inside radius tothe outside 
radius as depicted in FIG. 19, 


[0050] 16. FIG. 20 gives the equation forthe height of 
the groove along the radius of the rotor 


[0051] 17. FIG. 21 gives the inductance gradient by 
differentiating the inductance with respect to the radius. 
‘The initial groove height ho is not very large, and the 
inductance gradient becomes negative at the rotor as 
sven in the geaph of FIG. 22. 


[0052] 18. Referring to FIG. 23, the li foree on the 
olor is now positive due to the combined negative 
inductance gradient times the negative spacetime eom- 
pression. The square of the negative current density is 
positive also. This means that that the top surface ofthe 
lower rotor can also have a surface inductance gradient 
which would double the lilt force. 


What I claim as my invention is: 

1. A spacecratt having a circular, domed hull with dual 
<lectrically-charged counter-rotating rotors one above the 
other located on the edge of hull 

2, Said hull having embedded wit 
solenoids which generate 4 positive ¥ 
rotors, 

3. Said upper rotor having @ positive surface charge 
“density, and rotating clockwise in the negative direction per 
the right-hand rule 

4. Said lower rotor having a negative surface charge 
density, and rotating counterclockwise in the positive diree- 
tion per the right-hand rule 

5. Suid motor surface charge density and velocity creating 
4 nogative current density on both rotors, 

6. Said vector potential and rotating surface charge den- 
sity on rotors generating an angular momentum in the 
‘vertical direction 

7, Said angular momentum, generating a spacetime cur- 
vature tension over the dome of the hull, and a aegative 
‘oscillating spacetime curvature compression over the rotors. 

'. Said rotors having circumferential grooves of decreas 
lng eight machined into the top surface of the rotors in 
‘onder to create a negative surface inductance gradient 

9. Said negative surface inductance gradient times the 
negative spacetime curvature compression limes the rotor 
‘current density squared times the rotor area squared gener- 
ating a positive lift force on the spacecraft 


three or more 
‘or potential at the 
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Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 6 
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Figure 7 
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Figure 8 
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Figure 9 
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Figure 10 
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Figure 11 
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Figure 13 
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Figure 14 
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Figure 15 
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Figure 16 
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Figure 17 
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Figure 18 
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Figure 19 
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Figure 20 
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WALKING THROUGH WALLS TRAINING 
SYSTEM 


BRIEF SUMMARY OF THE INVENTION 


[0001] ‘This invention is a taining system that enables a 
‘human being o-aequieesullicient hyperspace energy in order 
to pull the body out of dimension so thatthe person can walk. 
through solid objects such as wooden doors. 


BACKGROUND OF THE INVENTION 


[0002] A human being isa hyperspace energy eing living 
in physical container or body that is comprised of 67% 
water. This high pereentage of water makes this invention 
possible. Referring to FIG. 1, tbe byperspace enemy being 
receives energy from our dimension rough sevea vortices 
that run the length of the body. Each vortex connects fo 4 
separate hyperspace dimension having its own particular 
frequency: Tis arrangement allows forthe development of 
seven modular eneray components coresponding the 
rind, spiritual eye, voice, body, abdomen, plasms energy 
ball (battery), and ground eonnection 


[0003] Vortex (A), known as the top vortex, supplies 
‘energy to the mind and provides a channel of communica. 
tion to other entities in the universe. This channel has been 
tested up to 100,000 light years which isthe diameter of the 
galaxy. 


[0004] _ Vortex (B), known as the spiritual eye, hasa hollow 
cone-like appearance surrounded by white, misty, low= 
density byperspace energy. Because the eye iS modular, the 
‘mind can project it 0 vast distances, a process known. 2s 
remote viewing. 


[0008] Vortex (C), known as the voice and hearing mod- 
‘ule, can also be projected to enormous distances in oeder to 
communicate verbally with other entities. Using the proper 
remote viewing insteumenis, itis possible to project bath the 
eye and verbal modules to See and talk at the same time: 


{0006} Vortex (D), known as the heart vortex, provides 
protective eneray to the upper internal organs, arms and 
hands. 


[0007] _ Vortex (E) provides protective energy forthe lower 
‘organs such as the intestines, liver and kidneys. 


[0008] Vortex (F), known as the battery of the body, 
consists of an orange-colored plasma energy ball about one 
to two inches in diameter, The body becomes paralyzed if 
this ball is removed from the body. Whea the hyperspace 
energy being leaves the body, the vortices close aad the 
battery lakes over in order to keep the body functioning, This 
vortex also plays a role in the eration of the asiral enengy 
baby that attaches to the fertilized egg, 


[0009} Vortex (G) isthe ground vortex whieh rotates i the 
counter-clockwise direction in order to provide an energy 
ground for the electrical circuit All the other vortices rotate 
in the clockwise direction as seen from the froat such that 
energy lows into the vortex aecneding tothe right-hand rule 
of physics. 

[0010] Vortex (H) is the hand vortex which rotates coun- 
terelockwise on the right hand and clockwise on the left 
hhand as seen looking at the palm. Thus there is a rotating 
flow of hyperspace enengy between the two hands when the 
palms are facing each other. 
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[0011] Referring to FIG. 2, each vortex feeds energy into 
its own hyperspace module shown by the lettered box. la 
terms of quantum mechanics, each box is aca a potential 
cencegy well in Which each module develops separately. At 
the time of death of the body, these modules are joined 
together asa single eneray being, The process is powered by 
the plasma eneray ball battery which also contains the 
Jogical instructions for assembly. 


[0012] Different people, as tested by the pendulum on the 
hand vortex, have diflereat vortex sizes. Three people were 
tested. The first person had almest no rotational movement 
showing very litle energy. The second person bal a vortex 
radius of one inch, Another had a vortex radius of four 
inches which covered his eatire hand, The later also has the 
bility to lift another human being, lying prone on a table, off 
the table by flowing low-density hyperspace energy into the 
person through the hand vortices. He has also experienced 
‘walking through a solid wooden door with a dog at his side. 
‘What this means is that there is a way, as described ia this 
invention, of creating large enerey vortices which will 
enable a person to acquire sulicient energy to walk out of 
dimension through solid objects such as wooden doors. 


[0013] Researching the historical records, referring to the 
statue in FIG. 3, a humble black Catholic Dominican friar 
of the Santo Rosario Convent, by the name of San Martin de 
Poces, living in Peru in the 1500's, also developed this 
ability to walk through doors. For his beatification, many 
‘witnesses came forward to recount his extraordinary abili- 
lies. For example, a witness, who worked in the Convent, 
‘went to the cell of San Martin to ask for something to eat 
‘When he reached the cell, he saw San Martin leaving with 
some medications apparcatly to heal someone sick. The 
‘witness waited by the open door of the cell for his retura, 
‘Afier having waited awhile without being distracted by 
anything else, he saw said venerable brother fray Martin, 
‘come out from his cel from the inside and call him by name. 
‘The witness was terrified, not understanding how this was 
possible 

[0014] The woman who gave me the statue told me that he 
‘would walk miles and miles each day to visit the poor. The 
task of walking means that there iS a velocity involved. 
Because the body fas mass, then there is a mass times @ 
velocity, or momentum, involved in this ability. Notice also 
thatthe statue shows him walking wit his right arm crossed 
‘over his left arm in the form of an X. 


[0015] What this walking momentum means in terms of 
physics is given in the following analysis. The human body 
consists of 67% water, A water molecule consists of two 
hydrogen atoms and one oxygen atom having the atomic 
formula H,O. The atomic weight of one stom of hydeogen 
iS 1.008 awu, The atomic weight of one atom of oxygen is 
16,000 awu, The molecular weight of one atom of water is 
therefore: 


Welgi of wo sons ofhydogen 2x LUIS awa = 2016 awa 
‘eigt of oe atom af enygen' » 18200 awe = 6000 aw 
18016 a0 


‘The formula weight is just the atomic weight expressed in 
‘grams, Thus the loemula weight of water would be 18.016 
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grams oF 0.018016 kilograms. According to Avogadro’s lw, 
the formula weight contains N=6.02x10"° molecules. Thus, 
the mass of one water molecule i the formula weight 
divided by the number of molecules: 


18016 by 
¥ 


“snus 


me 


= 209200103. by 


[0016] According to Einstein's Special Theory of Relativ- 
liy, energy is equal to the mass times the speed of light 
squared. The energy of a photon is equal to Planck's 
constant b times the frequency f of the photon. Equating 
these two energies shows that 


are 


ten staan! ete sostes 


which says thatthe natural Iogarithm of the mass plus the 
natural logarithm of the wavelength is equal to the natural 
logarithm of Planck's constant divided by the speed of ight 
«, known as the base constant in the tetrahedron diagram, 
This diagram plots the mass versus wavelength in natural 
logarithms. Notice thatthe left hand side of the equation is, 
the sum of mass and wavelength, so the right hand side must 
also be the same 


401) eae) 


where QA, known as the Planck nas, isthe linear mass 
of the universe times the bottom dimensional limit of the 
universe A, andl 2A isthe bottom dimensional wavelength, 
known as the Planck wavelength. That is, our dimension is 
hounded by the Planck box having sides Planck mass and 
Planck wavelength, These boundaries bave values 

t(o)—r785001 

IacadTs2725085, 
[0017] Referring 1o FIG. 4, these two lines ae ploted on 
the tetabedon diagram. The Planck mass line (A) reflects 
cf the sphere (C) and returns as the Planek wavelength (B) 
which shows the dual nature of quantum physics. This 
creates te Planck box (6c) which is the boundary of our 
dimension 
(0018) Referring 1o FIG. §, the mass of the water mole 
eae #8 plotted as horizonal line (D) om the diagram. The 
energy ofthe water molecule is the mass times the speed of 
light squared 


Eeme 


Info sisin090 
Ineo 6) 
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[0019] Referring to FIG. 6, «circle (E), having a radius 
equal to the speed of light squared, centered on the mass of 
the water molectie atthe vertical axis, generates a circle (F), 
centered at the origin, that intersects (e) the mass of the 
water molecule at the Planck wavelength. That is, this 
intersection point sits right om the Planck box boundary 
between space ancl hyperspace. The radius of circle (F) is 
actually the mass ofthe water molecule divided by the speed 
of light squared. 


Taking the positive square root, the speed of light is one 
meter per second at the Planck boundary. The experiments 
‘with brain hemisphere resonance show that the resonant 
frequency of the human energy field is between 1 Hz to 5 Hz 
‘which is well below the hearing theeshold of 20 Hz. Because 
the traveling wave has a wavelength of 0.3048 m and the 
speed of light is unity at dhe boundary, he frequency should 
be 


28 Me 


‘which is within the middle of the experimental male range. 
At this resonant frequency, the human energy’being pops out 
‘of the body. This represents only a frst stage in the devel- 
‘opment of the energy being. But what is really wanted is (0 
have both the physieal body and the energy field move out 
cof dimension together as San Mactin di. 


[0020] Referring 1o FIG. 7, the 45° base line (G) is added 
to the diagram. Notice thatthe Planck mass intersects (b,0) 
the Planck wavelength on this line because they sum to the 
‘base constant. The mass of the water molecule erosses this 
Tine at point (). A circle, centered (1, with a radius equal 10 
the speed of light, is tangent to the Planck wavelength (h) 
and the Planck mass (g). Since mass times velocity is 
momentum, the diagram says that the momentum of the 
‘water molecule is tangent 10 the boundaries of the Planck 
box which separates space from hyperspace. In order to get 
to point @) from the momentum of the water molecule, a 
second circle is added to the momentum. 


[0021] Referring to FIG. 8, a circle (, centered on the 
‘water molecule mass atthe speed of light circle (i), is made 
tangent to the Planck wavelength at point (c). The momen- 
‘um M of space is equal 1 the Planck mass times the Planck: 
scale times the speed of light. At point c), the speed of light, 
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is unity, so that the momentum is just the Planck mass in 
‘momentum units: 


3419410 ag 


Circle (1) has a radivs equal to 
rion 23912700 


“Therefore the walking momentum in order to get point (@) 
isthe momentum of space M times this ratio. 


xis S076 a 


‘The stride length L per second that a person of mass W has 
to walk is the walking momentum divided by the mass W 
times a period T of one second 


For a person with a mass W of 99.79 kg (220 pounds), then 
the stride length L is 20.08 inches or one foot and eight 
inches, The person has to walk this length in one second on 
each foot. 


[0022] Looking at the statue of San Mactn, his arms are 
crossed over each other. The vortex of the right hand points, 
backward, and the left hand vortex points forward due to the 
reversed rotation, Referring to FIG. 9, this ereates @ rota- 
tional energy channel (D) sround his body (A). The stride 
Iength (C) is ealculated according to the body mass, and then 
aa banner printout is made showing where the footprints (B) 
fre to be placed each second. The question is: “What 
happens when one walks the walk?” 


[0023] On the very first experiment, referring to FIG. 10, 
‘what happens is that, after taking only six strides on the 
banner printout (A), & huge spinning vortex (C) develops 
lover the top of the head and the vertex locks onto the heart 
vortex in the center of the chest (B). In everyday life, this 
vortex is not created because normal walking is much faster 
andthe hands are beld atthe side of the body. The energy 
rush through the pineal glind is so intense that one feels 
immediately sleepy and starts yawning excessively due to 
the inereased flow of melatonia. 


[0024] After practicing with the banner printout, Jong 
walks were made through the park. In this ease, a vertical 
white line rotated around a vertical axis lovated about six 
{eet perpendicular to the path on the right side of the body. 
‘When the walking speed was cortee, this white line would 
lock onto the centerline of the body. Speeding up or dowa 
ceaused the white line t lose synchronization and rotate 
avsay. This white line i related to the ability to levitate the 
body San Martin had so much energy that, acording 10 
witness testimony, he could float horizontally ia the aie with 
his head resting against the bowed head of Christ on a carved 
wooden cross. Thus San Martin's energy sources were 
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‘channeling energy from Christ, collective broom energy as 
described in a separate patent application, and the walking 
momentum vortex energy. 


[0025] During the early part of the 20th century, a man’s 
ars wee yg in ping of bec. Wik hei 

ission, he placed a weighing scale under each of their 
Fes, When they passed sways he found tha each scale 
registered a Joss in weight of 2.5 ounces. This i equivalent 
10 04071 kg, which is the mass of the buman energy being. 


[0026] After conducting a number of experiments with 
waler vortices draining from a cylindrical tank, it can be 
stated fiom Bernoulli’ theorem that the potential energy 
plus the kinetic energy is a constant 


‘The shape of the inner surface of the water circulation has 
4 velocity proportional to the inverse of the radius, so the 
shape of the surface is 


‘which says thatthe height ofthe vortex is proportional to the 
inverse of the square of the radius, 


[0027] The hand vortex area ratio between the second! test, 
subject and the third test subject is equal to the square of 
thei ra 


Him Sink "18 


Because the speed of Light atthe boundary was determined 
to be one meter per second, the energy of the thied test 
subject is 


po uP 


le) = Ser Tet124 


[0028] Referring to FIG. 11, a circle (K), having this 
radius, is added to the energy of the water molecule (E), 10 
produce augmented energy circle (J). This eirele (J) inter- 
Sects the mass of the water molecule outside the Planck box. 
at point (j)- This means that the inereased hyperspace energy 
moves the water molecule, and hence the body, out of 
dimension. Furthermore, circle (J) is tangent tothe walking 
momentum ratio circle (I) which keeps the geometry locked 
together. 


SUMMARY OF THE INVENTION 


[0029] 1s the object of this invention to create a training 
system that allows a person to develop the ability to walk 
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around out of dimension, passing theough solid objects, This, 
invention is based on one of the most remarkable rlation- 
ships between the water molecule and the boundary between 
spice and hyperspace. The mass of the water molecule is 
equal to the energy of the water molecule at this boundary. 
Because the body is composed of 679% water, the body sits 
‘on the boundary such that any additonal inerease in energy 
‘would move the body out of dimension into hyperspace. 
Because human beings are actually hyperspace enemy 
beings living in physical bodies, the additional enengy 
required to move the body out of dimension comes from 
increasing the energy of the hyperspace being. One source of 
this energy comes from walking cross-handed atthe proper 
velocity in order to generate a large hyperspace energy 
vortex that flows energy into the potential Wells of the 
hyperspace being, This increased hyperspace energy will 
then allow the person to walk around out of dimension 
throvgh solid wooden doors. Because the door and the 
person are in two slightly diferent dimensions at the same 
‘moment, it appears thatthe person is walking through the 
‘door. Aller passing through the closed door, the person thea 
returns to our dimension and emerges inthe interior of the 
closed-door room. 


[0030] ‘This technique can be used in reverse to heal an 
infected hand instantaneously. A salve made from the 
StMary’s herb is applied to the skin of the infected hand. 
‘The hyperspace energy then flows through the righthand 
vortex suck that the infected hand and the salve age taken 
slighily out of dimension, What happens is similar io whea 
Short piece of straw is embedded in a hard wooden 
{elephone pole as tornado passes over the pole. The straw 
and pole are taken out of dimension such that they briefly 
‘merge together. As the tornado moves on, both objects come 
back to dimension merged together. Thus the salve (straw) 

with the bacieria (pole) in hyperspace such that 
the bacteria is killed instantly. Removing the hand voriex, 
brings the infected hand back into dimension cured, 


[0031} Based on this information and the results of many’ 
experiments, this invention creates a large vortex by walking 
ata certain Velocity with the hands crossed over the chest 
The proper walking momentum is created by a computer 
program that inputs the person's weight, shoe length, and the 
‘number of strides to be taken. The program then prints out 
«banner showing the footprints where the person has to step 
each second. When a person obtains suficient eneray from 
these methods, the person is thea tuned 10 the subspace 
geometzy of the universe as will be shown using the tetra 
hedron physics diagram, 


A BRIEF DESCRIPTION OF THE DRAWINGS 
[0032] FIG. 1. Eacegy vortices of the human body. 


[0033] FIG. 2, Seven poteutial wells fed by the energy 
vortices of the body. 

[0034] FIG. 3. Carved wooden statue of San Manin de 
Portes who could walk through solid wooden doors. 
[0035] FIG. 4. Tetrahedron diagram showing boundaries, 
ff the Planck box of dimension, 

[0036] FIG. 5. Tetrahedron diagram showing mass of 
water molecule 

[0037] FIG. 6. Tetrahedron diagram showing water mol- 
cule energy and mass are equal atthe Planck box boundary. 
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[0038] FIG. 7. Tetrahedron diagram showing that water 
molecule momeatum is tangent 10 the boundaries of the 
Planck box. 


[0039] FIG. 8. Tetrabedron diggram showing the momen- 
‘um ratio requized to reach the Planck wavelength boundary 
fom the water momentum. 


[0040] FIG. 9. Perspective view of erossed-hand momen- 
lum walking using banner printout, 

[0041] FIG. 10, Perspective view of vortex generated by 
momentum walking, 

[0042] FIG. 11. Tetrahedron diggram showing how addi- 
tional hyperspace energy supplied to the potential wells of 
the hyperspace energy heing enables the buman body to be 
piled out of dimension, 

(0043) FIG. 12, ‘Tetrahedron diagram showing the 
inverted tetrahedrons whose eressing represents tbe merging 
fof two worlds between space and hyperspace. 

[0044] FIG. 13, Tetrahedron disgram showing that the 
proton wavelength is determined by the Planck mass tangent 
to the inverted tetrahedtons. 

[0045] FIG. 14. Tetrahedron diagram showing that the 
mass of the Universe determines the electron and proton 
elementary particles. 

[0046] FIG. 15. Tetrahedron diagram showing that 
momentum walking together with the increased energy of 
the hyperspace energy being is tangent to the mass of the 
[0047] FIG. 16. Computer program block digyram for 
printing banner Footprints 


[0048] FIG. 17. Computer program input dialog window. 


[0049] FIG. 18. Computer program calculation of sside 
length per second. 


[0050] FIG. 19, Six-stride sereen banner pritout for 220 
Ib, person 


[0051] FIG. 20. Project tree showing help information by. 
double clicking on node. 


DETAILED DESCRIPTION OF THE 
INVENTION 


[0052] 1. Referring to FIG, 12, tetrahedron (A, path abe) 
's added to the diagram. The tip ofthe tetrahedron (e) falls 
‘on the base constant which is equal to Planck's constant 
divided by the speed of light. second tetrahedron (B, path 
def) is inverted around horizontal line (D) which has a 
‘geometrical relationship to the base constant, The line is 
located at 


Notice that the intersection of the two inverted tetrahedrons. 
(g) occurs at the Planck wavelength which isthe boundary 
between space and hyperspace. Line (Dis referred to a the 
merging of two worlds or the connecting of two worlds, a 
phrase obtained by means of remote viewing, That is, itis 
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the dividing line between space and hyperspace. This isthe 


reason thal the two boundaries intersect at this point. 
[0083] Referring to FIG. 13, the proton wavelength (E) is 


added to the diagram. The proton wavelength has a value of 
the electron wavelength divided by 1836.1527 


-2424008001 


‘Aine (bh), from the base constant a the proton wavelength 
(i), to the corner of the inverted tetrahedron (),inersects 
the merging of two worlds line at point (). A cite, with a 
radius equal othe Planck mass (G), centered (), is angent 
to the inverted tetrahedrons. Thus the proton is defined by 
the base constant and the geometry of subspace. The eessoa 
thatthe proton i tangent to both ttrabedrons is because the 
electron and proton follow one single path between space 
and hyperspace. Ths there is only one single parle in 
natuee. Because the particle enters our space st two different 
locations, we see the one particle as two distinct elementary 
particles, This relationship can be seen in Library of Con- 
768 lerahedron diagram 160565. 


[0054] Referring to FIG. 14 the mass of the universe MU 
is equal tothe linear mass © of the universe times the radius 
of the universe which is 10° meters 

aga 
as shown on the diagram as line (A). The electron wave 
length (B) reflects off the circumscribing sphere (11) and 
rolurns a8 the electron mass (C), The distance between 
reflection points is the hyperspace charge which is equal to 
the charge of space less the electron charge. So the electron 
goes from wavelength to electric charge to mass, The proton 
‘wavelength (D) rellects off the sphere and returas as the 
proton mass (E) which intersects the horizontal axis at point 
(©). Aline abe) from the mass of the universe at the vertical 
axis (a) to the proton atthe horizontal axis (c) intersects the 
electron (6) which determines the electroa’s mass and 
wavelength since this point ison the 45° base line. What this, 
means is that cosmology determines the values of the 
clementary particles. 


[0055] Referring to FIG. 18, the mass of the water mol- 
cule (C) intersects the 45° bas line at point (a). circle (F), 
witha radius equal to the Planck mass is centered on point 
(©) athe Planck wavelength boundary (B) where the mass 
of the water molecule numerically equals the energy of the 
water molecule and where the speed of light is unity, The 
Planck mass is tangent to the base eoostant which is the 
vertical centerline (I) of the diagram. The large circle (H), 
centered (a) on the Water molecule, is tangent to the mass of 
the universe (b) and tangent to the inverted tetrahedron (E). 
‘The difference between this circle (H) and the base constant 
(D ste energy the hyperspace being has to acquire in order 
to be tuned 10 the mass and geometry of subspace. This 
dilference, shown as citcle (G), has a mass 


37508 


re ea. 


Thus the hand vortex radius ratio as to be the square root 
cof the mass of the hyperspace eneegy being divided by this 
tangent mass, or: 
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‘whieh isa vortex radius tha is three times Tanger than that 
‘of anormal person, but one inch smaller than the third test 
subject who bad a band vortex radius of 4 inches. Ths isthe 
reason that the third test subjeet was able to walk through 
‘alls and teleport to other locations because his eneegy was 
Sulicienly large enough wo eross over the inverted terahe- 
dron into & codimension of hyperspace. Notice also that 
ote icele (with «radius equal to the mass ofthe water 
molecule, centered (c) on the boundary, is tangent to the 
tettahedon (K). Thismakes the eombined geometry tangent 
to the inverted tetrabedeons and the mass ofthe universe. 


[0056] 2. Referring to FIG. 16, a computer program 
{generates a banner printout with footprints spaced for walk- 
ing according to the weight, shoe size and length of banner 
desired, Some banners could fit in a small room, or be placed 
fon the floor of a long corridor. As shown in the block 
diagram the program inputs these three Variables with erzor 
checking. Then the program calculates the stride length L 
per second from the equation 


[0057] 3. In the above equation, the value of the momen- 
tum M, as determined by the tetrahedron diggram, is pret 
erably 50,9095736 ky mis. The weight of the person is 
‘converted 10 mass W in kilograms. The stride period is 
preferably 1 second. Referring to FIG. 17, the data is 
centered in the dialog input window. 


[0088] 4. Once the stride length has been calculated, the 
program displays the stride length and the required number 
‘of banner sheets in the message window, as seen in FIG. 18, 


[0059] 5. The print banner menu is selected and the foot 
prints are printed on continuous banner paper. A six-sride 
scaled screen version of the banner isshown in FIG. 19, The 
Danner paper is then placed on the floor, and a one-second 
beeping timer is activated from the toolbar or menu. The 
person then walks beside the printed foot prints, taking one 
stride per beep, which produces the correct walking momen- 
tum to generate the hyperspace vortex, ‘The vortex, which 
forms in only six sires, brings additional. hyperspace 
‘enetgy into the quantum potential wells of the hyperspace 
ceneegy being, 


[0060] 6. A belp system consists of a project tree which 
explains the various steps in using the program, Double 
mouse clicking on a project tree node displays the help 
instructions in a dialog window as shown in FIG. 20, 


[0061] 7. In summary, the purpose of the training system 
isto substantially increase the energy of a human being who 
‘will hen have the capability of walking through walls, body 
levitation, instantaneous healing of infections, full-body 
teleportation to another location, eemote viewing at vast 
distances in terms of light-years, and looking into hyper- 
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space co-dimensions. The third test subject and I have been 
able to experience all the above phenomena, He did it 
through augmenting his energy; and I have done it through 
the application of electromagnetic fields, by spinning on my 
vortex accelerator machine and using this invention 
1 claim 
1A training method comprising the steps of 
‘generating a banner having a plurality of foorprints spaced 
at regular intervals wherein the banner is placed on the 
ground; 
generating a periodic audible signal, whereby the audible 
Signal repeats ata regular interval of time equal to the 
period and 
walking on the banner by tring the footprints spaced at 
regular intervals, wherein one step is made with each 
audible signal 
2. The method of claim 1, wherein the step of generating 
the banner further comprises 
providing a person's actual mass in kilograms; and 
determining the stride length based upon the following 
equation: 
Leawuyr 
‘where [isthe stride length in meters, M is a constant of 
approximately 50.91, W is the mass of the person in 
kilograms, and Tis the period of the audible signal in 
seconds, and 
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wherein the footprints on the banner are spaced at the 
slride length 


3. The method of elaim 2, wherein the audible signa is a 
‘beep and the petiod of the audible signal is one second. 
4, Atraining method for a person comprising the steps of: 


a fixed periods 


generating an audible signal h 


generating a banver having regularly spaced indicia for 
identifying preferred step locations, wherein the dis- 
tance betsieen adjacent indicia i determined by the 
{ollowing formula 


Leqwuyr 
where the distance between adjacent indicia in meters is 
1, constant of $0,9095736 is equal to M, the person's 


‘mass in kilograms is W, and the fixed period in seconds 
is T and 


‘walking on the marked path by stepping upon each of the 
regularly spaced! indicia wherein one step is made with 
each period of the audible signal 

'5. The training method of claim 4 wherein te fixed period 
is one second, 

6. The taining method of claim 5, wherein the regularly 
spaced indicia aze footprints, 
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BOBBIN ELECTROMAGNETIC FIELD. 
PROPULSION VEHICLE 


BRIEF SUMMARY OF THE INVENTION 


[0001] This invention, which isthe subject of my present 
application, is comprised of a toroidal cove around Which ace 
‘wound a plurality of electromagnetic bobbins. The bobbins 
ace pulsed electrically to create an amplified magnetic wave 
that travels around the core, At the same time, a cireular 
electrical conductor carrying direct eurrent creates a mag~ 
neti field around its atea which results in the formation of 
a magnetic moment. This magnetic moment, together with 
the spacetime curvature distortion created by the traveling 
magnetic wave, produces a lift force on the vehicle 


REFERENCE PAPERS. 


[0002] Levitron, Hones, U.S. Pat. No, 5,404,062. 
[0003] Geometry of Electromagnetic: Systems, Paul 
Hammond, page 179. 


BACKGROUND OF THE INVENTION 


[0004] The idea for this invention comes from experi- 
meats I bave done using thin transformer laminations wound 
in intervals with bobbins of wire coanected to a frequency 
‘generator, Pulsing the bobbins electically creates a slow 
Iraveling magnetic wave along the surface ofthe lamination, 
‘The velecty of the wave, as shown by Hammond in the 
reference paper, isthe square root of the frequency divided 
by the conductivity and permeability of the material. From 
Einsiein’s General Theory of Relativity, this type of wave 
‘around the circumference creates a spacetime curvatuee 
distortion in the vertical direction that looks like a tilted 
plate. The magnetic field traveling around the circumference 
has o follow this curvature, This creates « magnetic gradient 
the zditeetion which together with the magnetic moment 
developed by a solenoid produces lift on the vehicle 


SUMMARY OF THE INVENTION 


[000S) isthe object of this invention to create a magnetic 
field yradient and magnetic moment in order to produce a lit 
force on the hull of a vehicle, The magnetic field gradient is 
proxluced by a traveling magnetic wave which produces a 
tiling-plate spacetime curvature around the hull. The mag 
netic moment is created by a simple ciccular wite camrying. 
direct current around is are. 


STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 
[0006] Not Applicable 
A BRIEF DESCRIPTION OF THE DRAWING: 


[0007] FIG. 1. The lif force on the vebicle is equal to a 
‘magnetic moment times the magnetic field gradient 


[0008] FIG. 2. Magnetic moment 1 created by direct 
‘current I flowing counterclockwise around the wire coil 
Cylindrical coordinates are shown to the right 


[0009] FIG. 3. The wire coil solenoid creates a magnetic 
field in the direction equal to the permeability of spa 
times the number of tures per length of the solenoid times 
the current in the windings. 
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[0010] FIG. 4, Perspective view of bobbin spaceerat 
[0011] FIG. 5, Magnetic wave velocity along core. 


[0012] FIG. 6. The » metre tensor in evtindval coord 
nates with the sinusoidal wave function inthe {1,0} slots. 


[0013] FIG. 7. The spacetime curvature G., in the vertical 
direction ereated by the magnetic wave traveling around the 


[0014] FIG. 8, Tilted plate spacetime curvature showing 
magnetic gradient. 


DETAILED DESCRIPTION OF THE 
INVENTION 


[0018] 1. Referring wo the equation in FIG. 1 the lift force 
‘on the bobbin spaceeraft is equal to its magnetie moment 
times its magnetic field gradient, The magnetic moment has 
units of electrical curcent, measured in amps, times the area 
‘enclosed by the curteat Thus the units of the magnetic 
‘moment are amp-m*. The magnetic momeat can be ereated 
by a lacge, circular eal of wire exerying direct current Las 
shown in FIG. 2. The spacetime cylindrical coordinates {t, 
+,8,2} are shown to the right ofthe drawing where 1s time, 
+ the radius the horizontal angle 8, and the vertical height z. 


[0016] 2. The wire col solenoid also produces « magnetic 
field io the vertical z-direction equal to the permeability of 
space 41 times the number of turns per unit length of the 
solenoid n, times the current I in the winding, The equation 
Js shown in FIG. 3 which can be developed from Ampere's 
Taw that the magnetic field around a loop is equal to the 
‘current passing through the loop. 


[0017] 3, Referring 0 FIG. 4, the bobbin. spaccerat 
consists of a large, horizontal, highpermeability toroidal 
‘core (D) wrapped at intervals with electrical bobbins (B) 
‘which can be pulsed electrically o create a traveling mag~ 
netie wave around the core. Interior to this core is a large 
direct current solenoid (C) which produces suid magnetic 
field in the z-direction. These devices are enclosed in a 
<ireular hull (A) containing the coils on the outer rim and a 
‘cain area in the center 


[0018] 4, Refersing to FIG. 5, the velocity of the magnetic 
‘wave on the surface of the core is equal to the square root 
‘of the wave frequency «divided by the conductivity a times 
the permeability ofthe core material. When the first bobbin 
is pulsed, a wave starts to propagate along the surface of the 
‘core. As the wave passes the second bobbin in sequence, 
another electrical pulse is generated to amplify the wave. 
‘After many cycles, the wave traveling around the core 
becomes larger and larger in amplitude. 


[0019] 5. A traveling wave has @ wave function equal toa 
‘sinusoidal function with an argument of the angle 0 around 
the periphery less the time t, oF Sin{0~c1] 


[0020] 6. In gravitational physics, there is g metric tensor 
Which is measure of length ia spacetime coordinates, 
When mass or electromagnetic fields are involved ina 
certain region of space, a curvature of space is created. The 
‘curvature of space can then be calculated directly from this 
meirie tensor. The result is Einslein's G curvature tensor 
Which shows the spacetime distortion. The g metric tensor is 
a4 by 4 matrix having rows and columns equal to time t, 
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‘radius, ange theta, and vertical height z, The diagonal from 
{op eft to bottom right hasa signature equal to {=1, 1,1 1} 


[0021] 7. Because the magnetic wave traveling around the 
core is varying with time tin the theta dcection, the wave 
function his to go into the {10} and {441} slots of the metric 
tensor, a8 shown in FIG. 6 


[0022] 8. From this metric tensor, Einstein's G curvature 
Tensor is calculated using a general relativity software pro- 
‘gram. The spacetime curvature in the vertical z-direction is 
Contained in the G,, component. A 3D plot ofthis curvature 
‘with respect to radius and theta is shown in FIG. 7, The axis 
‘on the right side is the angle around the periphery, and the 
axis om the left i the radius which goes from 0 1020 meters, 
‘The vertical axis of the graph is the spacetime curvature in 
the vertical z-direction. The center of the vertical axis is 
eco. Ata small radius, there isa sinusoidal curvature which 
is positive from 0 to x and which is negative from 7 to 2x, 
‘What this looks like is a tilted plate as depicted in FIG. 8. 


[0023] 9. In fat spacetime with no electromagnetic fields 
‘or mass, the curvature would be the horizontal plate as seen 
FIG. 8. Due to the traveling magnetic wave, the spacetime 
‘curvature looks like the tilted plate. The flatspace magnetic 
field was pointing up in the vertical diccction, baving no 
divergence and no gradient, In curved spacetime, however, 
the magnetic field becomes tilted just like the plate and & 
magnetic gradient dB,/dz is created. This spacetime curva- 
ture gradient of the magnetic field times the magnetic 
moment of the second coil produces a lift foree on the hull 
which is anchored to these coils 


‘What I claim as my invention is 

1.A spacecraft that generates a magnetic moment and a 
magnctic field gradient in the vertical direction ia order 10 
create a lif force on the bull. 
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2. A toroidal core wrapped with electrical bobbins at 
intervals around the core whose purpose is to ereate and 
amplify a magnetic wave that travels along the surface of the 

3. A circular, drect-current carrying solenoid, located 
radially inside the toroidal core, to create the magnetic 
moment 

4. Suid magnetic surface wave creates a spacetime eur- 
vature, similar to a tilled plate, which produces a magnetic 
ficld gradient in the vertical direction 

5. circular bull, with interior cabin, electrical power 
supply 10 drive the coils, and a computer to calculate and 
sequence the activation of the electrical bobbins 

‘6, Magnotie sensors, inthe form of small coils located on 
the toroidal core which ean detect the velocity and position 
‘of the traveling magnetic wave as feedback to the computer 
‘control system. 

7. A magnetic vortex generator, either rotating magaet or 
‘dual col, fo produce a wormbole through which low linear 
‘mass and low speed of light hyperspace energy can enter the 
hull in order to create highly relativistic electromagnetic 
field, 

8. A variable current generator to modulate the direct 
‘current in the coil so 3s to produce a variable magnetic 
‘moment that can conto lft, hover and descent 

9. Aa electrical power supply using mechanical flywheel 
stored energy together with a large area capacitor, resupplied 
‘with energy by solar cells located on the outer surface ofthe 
hull. 
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Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 
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Figure 6 
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Figure 7 
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Figure 8 
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Figure 9 
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Figure 10 
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Figure 11 


In{mass) 


d 


length) 


Patent Application Publication Aug. 26, 2004 Sheet 12 of 15 ‘US 2004/0164824 Al 


Figure 12 
“> Pacer 
+9 ! Pas J 
: | Ne / 
= es 
0 | ~ 
we x ff 
a 4 hee \ 
B i f 
i} 


Qe te mh to Ho to to to to eo lo —1E0 foo to “ED ~160 —10 109 Ho 
In(vavelength) 


Patent Application Publication Aug. 26, 2004 Sheet 13 of 15 US 2004/0164824 Al 


Figure 13 
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Figure 14 
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Figure 15 
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HYPERSPACE ENERGY GENERATOR 


BRIEF SUMMARY OF THE INVENTION 


[0001} This invention is a braided gold wire couxial eable 
‘of micron size which generates hyperspace energy: 


BACKGROUND OF THE INVENTION 


[0002] Electrical experiments with micron-sized braided 
gold wire coaxial cable show that it is capable of generating 
substantial amounts of hyperspace energy. Referting to the 
clectron microscope photograph showa in FIG. 1, the white 
‘mist emanating from the cable is low-density hyperspace 
energy that is flowing in from a co-dimension of our 
universe. The dimensions ofthe cable are of such a particu 
lar size as to couple the cable to the tetrahedral geometry of 
subspace, the dimension of space, the Planck mass and the 
Tinear inductance of the universe 


[0003] _ According to physicist Dr. Edward Witten of Prin 
felon University, space has twenty-four dimensions, of 
which ten dimensions are non-redundant, Imagine taking a 
path around the Pythagorean triangle, as known asthe planae 
tetrahedron, with sides equal to {°T, ¥, ¥3} as shown in 
FIG. 2. There are three squares denoied the one-square (A), 
the two-square (B) and the three-square (C). Bach square bas 
our sides, The edge of each square can be traversed ia two 
dlireetions, Thus the total number of dimensions is 


ima 420828 
[0004] Referring to FIG. 3, there is « path starting at the 
‘comer of the triangle, along the one-square (1), around the 
‘worsquare (23,4,), back along the one-square (6), around 
the three-square (789,10) ang back to the comer of the 
triangle, The numbering ofthe edges shows that there ae ten 
edges. Because the path is traversed in only one direction, 
the number of reduced dimensions is, 
i e010 

[0005] Referring to FIG. 4, the planar tetrahedron (B) 
forms one edge of the three-dimensional tetrahedron (A). 
Rotating the planar tevahedron 2120? produces the other 
two edges. The tetrahedron has four faces which are equi 
lateral tiangles, The ten dimensional path starts and ends at 
(©, the comer of the tetrahedron known as the zero point. 


[0006] Refesring to FIG. §, the projection of the 3D. 
tetrahedron (A) onto a plane iS called the tetrahedron dia 
gram (B) which is the main diagram of the new geometrical 
physics known as Aphysies, All the constanis of physies ean 
be derived geometrically from the tetrahedron diagram and 
lis associated planar tetrahedron, An example of this is 
shown in FIG, 6 where the edges are given specie con 
tans related to telrabedral geometry, dimension, curvature, 
ancl the mass. and wavelength of the elementary particles, 
such as the electron and proton. The ten dimensional path 
includes the following constants 


[0007] 
[0008]. proton wavelengtl 


[0009] c. 47x The solid angle of the sphere. The 
letrabedsoa is circumscribed by a sphere. 


[0010] a. In(2x) The natural log ofthe curvature. The 
subspace geometry is a logarithmic manifold, The 


a. electron wavelength 


Aug. 26, 2004 


tetrabedron diagram plots the logarithm of mass 
versus the logarithm of wavelength. 


[0011] e. 0.599547652 A constant related to fractal 
<dimension and the speed of light factor 2.99792458. 


[0012] £2 The edge of the 1wo-square. 


[0013] _g. “TO/L0 The square root of ten dimensions 
per 10 dimensions. 


[0014] b In(@Ac)-1 The oatural log of the momen- 
tum of space less one, 


[oo1s) i 


[0016] 
[0017]. j. °2 The edge of the wo-square, 


[0018] The length of each edge is multiplied by the 
constant assigned to that edge. The len edges have the oder 
of (¥F, 2, ¥2, 92, “T, ¥3, 93, ¥3, ¥3). What subspace 
geometry does is 10 multiply the edge length, such as °T, 
times the square root of two ¥. Then it takes the square root 
‘of that number ancl multiplies it by the next edge, which is 
times the curvature per 10 dimensions 


‘The curvature of space per 10 dimensions. 


ay 


[0019] It then takes the square root of that number and so. 
‘on, In equation form, this looks like the following calcula 


[0020] where the leners correspond to those in the list of 
‘constants. The square rook sum total is equal tothe Planck. 
scale Awhich is the bottom dimensional limit of the wi 
verse. The sum of the ten constants per a speed of light, 
ciccumference is equal to unity 


es 


= Looconen0 


[0021] 
Ingelgaoem 48610 is60000 


[0022] and multiplying by 2x is the circumference of a 
cicele with a radius equal 10 the speed of light, 


‘where the log of the speed of light is 
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[0023] Referring 1o FIG. 7, the tetrahedron diagram plots 
the natural logarithm of mass on the vertical axis (C) versus, 
the natural logarithm of wavelength on the horizontal axis 
(A). The reason for this thatthe mass ofthe electron times 
its wavelength is equal to the mass of the proton times its 
wavelength whieh in turn is equal to Planck's constant 6 
clivided by the speed of light, known as the base constant 
(B). If wo numbers multiply, they sum in logarithms. Ta 
subspace geometry, the sum ofthe logarithm of the mass of 
the electron plus the logarithm of the wavelength is equal 0 
the logarithm of the base constant which has a value of 
=95.91546344, 


Unni) = 85st 


[0024) What this means is that the mass and wavelength 
slide on a 45° base line (D) whieh has end points on the 
vertical and horizontal axes equal to the base constant 


[0025] Referring to FIG. 8 a fine (af) drawn from the 
Origin at the tetrahedral angle of 19.47122063, equal to the 
asin(’4), creates a tetrahedron (F) along path (afi). This 
tetrahedron is cireumseribed by « sphere (G) with sphere 
diameter (K). 
[0026] The Planck scale path calculation showed that the 
electron mass and the proton wavelength were the last two 
edges, The electron mass has a value of 
Ing, ==09.17088217 
[0027] 
In g)e-26.74463127 
[0028] Referring to FIG. 9, the electron wavelength (A) is 
plotted as a vertical line on the tetrahedron diagram. The 
‘wavelength reflects off the circumscribing sphere (G), and 
returns asthe electron mass (B), So the diagram incorporates 
the concepts of both classical physics (point mass particles) 
and quantum mechanics (Wave particles). 


and the electron wavelength bas 8 value of 


[0029] ‘The proton wavelength has a value of 
Inge 4.26008901 
[0030] ‘The proton wavelength (C) is plotted asa horizon- 


tal line in order to get the intersection (b) with the electeoa 


[0031] Referring to FIG. 10, a circle (D) with @ radius 
equal to the Planck scale is drawn centered (b) on the 
intersection of the electron mass with the proton wave 
length, which are the last two edges of the Planck scale 
calculation. A tine (ac) [rom the origin tothe intersection of 
the base constant with the rotated tetrahedron creates the 
vertical tetrahedron (acd). As can be seen, the Planck scale 
is tangent to the tetrahedron on side (ed) This tetrahedron is, 
the projection of the 3D tetrahedron shown before in FIG. 
'5. What this means is that the tewahedral geometry of 
Subspace determines the bottom limit of our universe. And 
this bottom limit, called the Planck scale, contains within 
itself the mass and wavelength of the elementary particles, 
curvature, dimension and planar tetrahedral geomery. Tet= 
‘ahedron diagram te10565 shows tha the electton and proton 
are one and the sime particle because the electeon path 
rotates counterclockwise around the curvature and thea 
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retumns clockwise a6 the proton path. ‘This path occurs 
moving through space and hyperspace. Because the single 
particle enters our universe from hyperspace al wo dillerent 
positions, we see it as two distinct particles. Thus tbe 
tetrahedron diagram shows that hyperspace exists. 


[0032] The specd of light is equal to the inverse of the 
Square root of the permeability 4 of space times the permit- 


livity € of space 


[0033] The permeability i linea inductance or inductance 
per length which you would find in a solenoid for example. 
‘The permittivity is linear capacitance or capacitance per 
length which you find in capacitor. In an electrical circuit, 
the inductance aad capacitance form a resonant cigcuit, The 
resonance frequency can be changed by changing the induc 
tor or capacitor. Ina similar manner, the speed of light is not 
‘constant, but can be lowered by increasing the permitvity 
Hyperspace energy has a high permittivity and therefore a 
low spved of light. This low speed of light gives hyperspace 
‘encegy a luminescent quality which is seen as a white mist 
(FIG. 1), 

[0034] From Einstein's General Theory of Relativity, the 


Suess pressure Ton spacetime is proportion o the square of 
the ratio of the elecric feld E 10 the speed of light c. 


tt 


[0035] Thus substantially lowering the speed of light 
{reales an enormous spacetime pressure which can be used 
to generate the lift force on electromagnetic field propulsion 
vehicles. Furthermore, the electric field is subject to the 
Lorentz transformation 


[0036] The electric field E, moving in a frame velocity of 
4 can quickly attain relativistic proportions because: the 
speed of light could be 1 meter per second, rather than the 
enormous value in our universe of 299792458 meters per 
second. Thus one would like to permeate the full of the 
electromagnetic field propulsion vehicle with this hyper- 
space energy in order to increase the electric field and hence 
the spacetime curvature around the hull which produces the 
«enormous lift foree on the vehicle. The method of bringing 
inthis hyperspace energy is to use braced gold wire coaxial 
cable which is coupled to the geometry of subspace. The 
subspace geomeiry is contained in the Aphysies tetrahedron 
diagram, 


[0037] Just as space has a linear inductance aod linear 
pacitance, it also has a linear mass © or mass per meter. 
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Physicist Dr. John A. Wheeler of Princeton likes to invert, 
this and eal it *mom" for moter of mass, The Planck mass 
is equal to the Planck scale Atimes the linear mass © 
Ion) e2A}—17.6290303, 
[0038] Planck's constant his equal to 2 times the Planck: 
scale squared times the linear mass Q times the speed of 
Tight. 
naan! Qeedanicani 
[0039] which shows that Planck's constant is actually the 
circumference of a circle of radius Planck scale times the 


Planck mass times the speed of light. The base constant is 
therefore 


[0040] which is an area, known as the Planck box, 
hounded by the Planck wavelength (2A) and the Planck 
‘mass. Everything outside the Planck box is hyperspace, 
Everything inside the Planck box is our universe, Thus the 
boundary between space and hyperspace is the Planck 
wavelength aod the Planck mass. In logarithms, notice that 
the Planck mas and Planck wavelength, just like he elec 
tron and proton, sum to the base constant. 


[0041] Referring 1o FIG. 11, the Planck mass (A) and the 
Planck wavelength (B) are plotted on the diagram and 
rellected off the sphere, The Planck wavelength intersects, 
the tetrahedron at (b) which isthe boundary between space 
and hyperspace known asthe centerline of the diagram. The 
‘centerline has a value equal tothe base times the square root 
of 


[0042] Referring to FIG. 12, the centerline (C) is drawo 
‘onthe diagram and the tetrahedron (E) is mirrored (F) across 
the centerline to indicate the co-dimensions of hyperspace. 


[0043] Referring to FIG. 13, cicle (H), centered atthe 
baveat the base (), tangent ote eenteine (C) bas aad 
equal to base times the square oot of 43 less one 


[0044] ‘This is the length that has to traversed in order to 
‘ross over the centerline from the base constant of our 
Universe to the eo-dimension of hyperspace. Furthermore, 
the Planck mass, which is the other boundary, has t0 be 
crossed in order fo get to either axis as seen by the length 
between the vertical axis and line (A), It ean be looked at 
also asthe length needed to go from the Planck wavelength 
(B) to the tangent point of circle (H) in order to reach the 
‘center of the migror tetrahedons, 
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SUMMARY OF THE INVENTION 


[0045) This invention is a braided gold wire coaxial eable 
‘of micron size that is coupled to the subspace geometry of 
the universe for the purpose of bringing in low-density 
hyperspace energy into our universe from the co-dimensions. 
‘of hyperspace. The dimensions of the coaxial cable are of 
such particular size as to enable it to couple to the tea 
dimensions of space, the 3:1 geometrical ratio ofthe tetra- 
hedron, the coaxial wave function based oa the logatithm of 
the ratio of the outer radius tothe inner radius ofthe eable, 
the length between the base constant of our universe and the 
centerline between mirror tetrahedrons, and the geometrical 
relationship between the Planck mass and! the linear induc~ 
tance of the eae. 


[0046] Referring 10 FIG. 14, the coaxial guide has an 
‘outer braided conductor (A) and an inner braided conductor 
(B) ia which the outer and inner conductors are at radi a and 
b respectively. The linear inductance L of the cable is equal 
{to the natural logarithm of the ratio of the radii times the 
permeability of space divided by the curvature 2. 


ewig) 


[0047] _1tcan he shown that the ratio of the atea-to-volume 
ratio of the tetrahedron to the area-to-volume ratio of its 
ciccumseribing sphere is 3:1. tis also the ratio of the area 
of the threessquare t the area of the one-square on the 
planar tetrahedron. It is also the tetrahedral angle asia) 
«equal to 19.47122063". Its also a maximum work condition 
between the velocity ratio of @ fluid stream and a moving 
‘vate such as in turbomachinery. So the first constraint on the 
radi is 


co) +) 03 


[0048] The second constrain is that the radius e of the 
cicele, equal tothe difference between the base constant and 
the centerline, is related to ten dimensions. The value of the 
radius projected into our universe is 


os anit nice 


[0049] and she dimensional constrain is 


xo sift)f =10 
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[0050] ‘The coaxial wave function constraint is 


[0081] The linear inductance ofthe coaxial cable has to be 
such that it gets geometrically across the Planck mass whieh 
is the second boundary of our Planck box 


off os 


[0052] With these four subspace consiaints, the outer 
raius @ and inne eadius b of the cable ate 


[0033] 
[0084] b=7.559058141 microns 


342461828 microns 


[0055] so the cable hus an outside diameter of roughly 16 
to 17 microns. 


STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 
[0056] Not Applicable, 


A BRIEF DESCRIPTION OF THE DRAWINGS 


[0057] FIG. 1. Electwon microscope photograph of the 
‘coaxial cable and hyperspace mist 


[0088] FIG. 2. The planar tetahedron 


[0059] | FIG.3. The ten dimensional path around the planar 
tetrahedron 


[0060] FIG. 4. The relationship between the planar tetra. 
hhedron and the 3D tetrahedron, 


[0061] FIG. 5. Projection of the 3D tetrahedron onto a 
plane to create the teirabedron diagram. 


[0062] FIG. 6 Dimension, geometry, curvature and 
tlementary particles thal make up the ten dimensional 
Planck scale path 

[0063] FIG. 7. Tetrahedron diagram showing base con- 
stant 

[0064] FIG. 8. Tetrahedron diagram showing rotated tet- 
fahedron and circumscribing sphere with electron mass and 
wavelength reflecting off sphere, 

[0065] FIG. 9. Tetrahedron diagram shoving intersection 
fof electron mass with proton wavelength which are compo- 
rents of the Planck scale path, 

[0066] FIG. 10. Tetrahedron diagram showing Planck 
scale tangent to tetrahedron. 


[0067] FIG. 11. Tetrahedron diagram showing Planck 
‘mass and Planck wavelength intersecting tetrahedron, 
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[0068] FIG. 12, Tetrahedron diggram showing mirror tet- 
rahedrons across centerline, the bouadary between space 
‘and hyperspace. 

[0069] FIG. 13, Tetrahedron diagram showing distance 
betveea the base constant and the centerline used to caleu- 
Tate the dimensions of the coaxial cable. 


[0070] FIG. 14. End view of coaxial cable showing radii 
‘and b used in the subspace geometry constraints in order 
to couple to hyperspace. 

[0071] FIG. 15. Perspective view of braided gokd wiee 
‘ouxial eabe. 


DETAILED DESCRIPTION OF THE, 
INVENTION 


[0072] 1. Referring to FIG. 15, the coaxial cable has a 
braided gold wire outer conductor (A) and a braided gold 
‘wire inner conductor (B) separated by a dielectric (C). The 
‘open braiding promotes the conduction of the electromag 
netic wave while allowing the hyperspace mist to seep out 
‘of the braid snd permeate the surrounding material in which 
itis embeded. 


[0073] 2. ‘The radius of the outer conductor and the 
radius of the inner conductor b have the following values ia 
‘order to couple the cable to the tetrahedral geometry of 
subspace. 

[0074] 4-8.342461828 microns 

[0075] b=7.559058141-microns 


[0076] 3. Eventhough the wire size is very small, the cable 
‘can be made ia limited lengths using the new nanotechnol- 
‘ogy and silicon mieromotors, 


T claim: 
1, A coaxial cable whieh has: 


4) 4 braided gold wire outer conductor of radius 8.34 
‘microns; 


b) a braided gold wire inner conductor of radius 7.56 
microns; 


©) thin dieleetrie separator between the two conductors; 
and 


4) an open weave to allow the hyperspace mist to seep out 
‘of the cable and permeate the surrounding material in 
which the cable is embeded; 

2. Aspecifi relationship between the physical dimensions 

‘of the coaxial cable, given in items (La) and (1b), 10 the 

following tetrahedral subspace couplings: 


4) the ratio of the area-o-volume ratio ofthe tetrahedron 
to the area-lo-volume ratio ofits circumscribing sphere, 
equal to 3:1, with a coupling to the natural logarithm of 
the ratio of the radii of the conductors; 


by) the ratio of the area of the three-square of the planar 
tetrahedron to the area of the one-square, equal 10 3:1, 
with a coupling to the Planek mass and the linear 
inductance of the cables 


by the distance between the base constant and V3 times, 
the base constant, equal to ~14.83817383 ip natural 
logarithms, with a eoupling to the outer radius of the 
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conductor, the ten dimensions of space, and the eo radius of the outer conductor to the radius of the inner 
dimensions of hyperspace; and conductor, and the curvature 2x, 


©) the wave function of the coaxial guide given in terms 
of item (2c), the natural Logarithm of the ratio of the tees 
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Figure 7 
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ELECTRIC DIPOLE MOMENT PROPULSION 
‘SYSTEM 


BRIEF SUMMARY OF THE INVENTION 


[0001] The invention is a spaceeraftwilizing trapezoidal 
electrostatically changed flat plate panels which form a 
pyramidal hull. A panel contains three holes each of which 
produces a potential energy ellipsoidal bubble that creates an 
lectric dipole moment, The rotation ofthe hull generates a 
‘magnetic momeat and a magnetic field gradient in the 
vertical direction that produces a lil force on the spacecraft 


BACKGROUND OF THE INVENTION 


[0002] Iris known from electrodynamics that a hole in a 
Conducting plane foms a poteatial energy bubble. This 
bubble creates an electri dipole moment from which itis 
possible to develop a magnetic moment. A rotating tilted hull, 
produces a velocity gradient that generates a magnetic field 
‘gradient in the Vertical direction, This combination produces 
f lilt force oa the spacecraft. A very large potential energy 
Dubble is produced provided that the hole protrudes out of 
the plate in an ellipsoidal shape. Furthermore, a double 
cladding, in which each layer around the hole has a different 
permittivity, confines the field to the outside of the hull for 
even better results 


[0003] The planar poteatil energy is created by a grid of 
‘lectically charged wires or rods runaing the length of each 
panel. circular potential energy from each rod very quickly 
sums to form a flat sheet of energy which emerges from the 
hole to form the potential energy bubble. 


SUMMARY OF THE INVENTION 


[0004] The invention relates to a spacecraft utilizing a 
rotating octagon of trapezoidal electrically charged flat plate 
panels o form a hull in the shape of a pyramid. Each panel 
has three protruding ellipsoidal bubbles thar produce an 
clectric dipole moment from a planar potential energy feld 
created by a group of charged rods parallel to the panel, 
Because the panels ate tilted and the hull is rotating, there is 
a tangential velocity gradient in the vertical direction, This 
creates the magnetic moment. Because the hull rotates, the 
‘ial elect field produces « magnetic field gradieat inthe 
vertical direction. This combination of magnetic moment 
andl magnetic field gradient produces a lift foree on the hull, 
of the spacecraf 


[0005] On the underside of each panel is a group of high 
voltage electrically charged rods which run parallel to the 
panel. These wires or mds produce a planar electrical 
potential field undemeath the holes in the panel. This 
potential energy field then bubbles out of the holes in the 
panel to create a large ellipsoidal potential energy field 
above the hull. The potential energy bubble carries an 
electric dipole moment which when rotated with the hull 
generates a magnetic moment in the vertical direction. 


A BRIEF DESCRIPTION OF THE DRAWINGS 
[0006] FIG. 1. Perspective view of electric dipole moment 
spacecraft 

[0007] FIG. 2. Perspective exploded view of one panel 
with the ellipsoidal domes, flat bull panel with three holes, 
the charged rod grid and the planar potential energy field 
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[0008] FIG. 3, Planar view of flat potential enemy field 
procluced by electrically charge wire rods, 


[0009] FIG. 4, Perspective view of eylindicl coordinates 
10.2) 

[0010] FIG. 5. Perspective view of ellipsoidal poteatial 
energy field emerging from hoe in plate which proces an 
electre dipole moment 

[0011] FIG. 6. Planar view of field Hines of poteatial 
‘energy bubble emerging from plate hole. 


[0012] FIG. 7, Planar view of sloping hull profile needed 


[0013] FIG. 8. Perspective view of bull showing electric 
dipole moment, the tangential velocity of the hull, and the 
‘magnetic moment. 


[0014] FIG. 9. Perspective view of the magnetic moment 
‘components in the radial and vertical direction whereby the 
lift foree is generated by the dot product of the vertical 
‘magnetic moment with the magnetic field gradient. 


[0015] FIG. 10. Perspective view of cross section of dome 
showing two layer cladding with different pemitivities 10 
enhance potential energy field 


[0016] FIG. 11, Planar view of enhanced potential energy 
field with two layer cladding, 


DETAILED DESCRIPTION OF THE, 
INVENTION 


[0017] 1. Referring to FIG. 1. the spacecraft is a rotating 
‘octagon of traperoidal electrostatically charged flat panels 
which form a closed hull (A). Each panel has three 
ellipsoidal domes (B) of varying size centrally located 
along the major length of the panel. The purpose of the 
ddome is to create a large ellipsoidal potential energy 
‘bubble over the hull which develops an electrical dipole 
‘moment, Because the hull is rotating, « magnetic moment 
is created in the vertical direction. A magnetic fiold 
gradient ereated! by the rotating electric field on the hull in 
combination with the magnetic moment produces a lift 
force on the bull 


[0018] 2. Referring to FIG. 2, the trapezoidal hull panel 
(A) contains three ellipsoidal holes (E). A group of wires 
or rods (C) running parallel to and just undemeath the 
panel are electrically charged to a high voltage atthe end 
terminals (B). The rods produce a planar potential energy 
field (D) just under the holes in the panel. The fleld 
cemenges fom the holes in the shape of an ellipsoidal 
bubble and is amplified by an ellipsoidal dome (F) on the 
outside ofthe hull 


[0019] 3. Referring to FIG. 3, the group of parallel rods 
(A) are given a Tinear charge A in units of charge per 
meter, The electric fiek! E developed by the rod is the 
linear charge divided by the circumference ofa circle of 
‘axis r around the wire times the pea 
‘The analysis of this arrangem 
arid width spacings, the potential energy field @ due to the 
electric field F, has become planar (B) in the z-direction 
aiven by the equation 


phe 
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[0020] 4, Referring to FIG. 4, the following analysis is 
done in cylindrical coordinates {1.0.2} 


[021] 5. Referring to FIG. 8, the ellipsoidal potential 
energy (B) emerges through the hole inthe panel plate 
()- In doing so it creates an electra! dipole moment (C) 
shown by the arow normal to the hole area 


[0022] 6, Referring to PIG. 6, the bubble (13) emenzes 
through plate (A). 


[0023] 7. Because the bubble has the shape of an ellipse, 
the centroid y of the bubble would be four thinls the 
radius a divided by = as given by 


Paine 


[0024] The electric dipole moment is then given as the 
charge q times the centroid y. The charge of the hole is 
equal (0 the permitivity E times the electric field E 
‘emerging from the hole times the area of the hole of radins 


cou _sewton 
a eaded OO oo col mca 


[0025] 8. The electric dipole moment p is the centroid y 
times the charge q 


Eee et eed 


[0026] The electric dipole moment p times the hull 
velocity vis equal to a magnetic moment p which is what 
creates the Tift foree on the hull 


ep amp? 
[0027] 9, ‘The rotating hull ereates the electric dipole 
‘moment velocity so thatthe eatire hull develops a mag 


netic moment. In tensor notation, the magnetic moment jt 
is in the vertical z-direction because there is a radial 
‘component ofthe electric dipole moment times the veloc- 
ity. The velocity is the radius rin the radial direction times 
the angular Velocity « in the z-direction 


wopator 
[0028] 10, The force F oa the hull is the gradient of the dot 
product of the magnetic moment jt with the magnetie B 
field 
F000 


[0029] 11. By electrically changing the hull of the vehicle, 
aralial electric field is proceed. By rotating the ful, the 
rial electric field changes with time, Thus Maxwell's 
‘equations will involve the curl ofthe magnetic field in the 
radial direction because the radial electric field is varying 
with time 
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[0030] 12. Theeeross product involves the magnetic field 
PF 7 
the theta direction which is zero 


[0031] Substinuing the derivative of the electe feld 
E 


[0032] and integrating with respect to angle theta gives 
the Vertical magnetic feld I as the tangential velocity v 
times the radial electric field F divided by the speed of 
Tight e squared 


[0033] 13. The force on the hull is the gradient of the 
‘magnetic moment yt times the magnetic field B. In the 
‘equation forthe magnetic field, the only available variable 
to work with in order 10 get a gradient of the magnetic 
field comes from the velocity 


[0034] 14. Referring to FIG. 7, because the hull is in the 
shape of a pyramid, the velocity isa funetion ofthe height 
of the hull. Using eight flat sides keeps the radial electric 
field pointing in the same direction ia each panel. Each 
panel has three domes to produce the magnetic moment 
for total of 24 magnetic moment generators. 


[0035] 15. Referring to FIG, 8, the electric dipole moment 
(A) points in the radia direction, the rotating bull peo- 
duces a tangential velocity (B), aad the resull is a mag 
netie moment (C) along the panel 


[0036] 16. Referring to FIG. 9, because the magnetic 
‘moment is parallel to the panel, there are vertical and 
raulial components of the magnetic moment. The vertical 
‘magnetic moment ereates the dot produet with the mag- 
netic fleld gradient, which is equal to the Tift force. 


[0037] 17. FIG. 10 shows a cross-section ofthe dome (A) 
‘and the plate hole (B) with double cladding to enhance the 
field. The upper cladding (D) has a low relative permit- 
tivity inthe range of 2 to 40, and the lower layer has a high 
relative permittivity in the range of 1200 to 4000. 


[0038] 18. Comparing FIG. 11 10 FIG. 7, this dome and 
cladding configuration creates a much larger electric 
dipole moment compared to a hole inthe plate, The wavy 
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lines are the equi-potential energy lines from the dome (C) 
and the upper layer (B) and the lower level (A). 


1 claim 
1. A spacecraft propulsion system comprising: 


‘a rotting octagon of tmperoidal electrostaically charged 
flat panels which form a closed sloping bull inthe shape 
of a pyramid: 


panels each having three holes covered by three ellipsoi- 
dal domes of varying size centrally located along the 
‘major length and axis of each panel; and 


4 grid of high voltage clectrstatically. charged rods 
located on the interior side of each panel such that a 
planar potential field is produced parallel to and under 
each panel hole 

2. The domes, holes and rotating charged hull of method 

1 producing: 
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an ellipsoidal potential energy field emerging from the 
holes and generating an electric dipole moment on the 
outside of the hull; 

‘4 magnetic moment in the vertical direction due to the 
raling electric dipole moment; and 

4 rotating elecric field in the radial direction which 
generates a corresponding magnetic field gradient in 
the vertical direction proportional to the velocity gra- 
lent of the sloping panels of the hull, 

3. Ali Force on the spacecraft hull generated by: 

the magnetic moment times the gradient of the magnetic 
field in the vertical direction; and 

4 dual surface layer hull cladding having different per- 
‘ittivities which enhance the electic dipole moment 
whereby the upper cladding has a low relative permit- 
tivity in the range of 2 wo 40, and the lower layer has a 
high relative permittivity in the range of 1200 to 4000. 
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Figure 3 
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Figure 4 
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Figure 5 
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Figure 6 
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Figure 7 
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Figure 8 
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Figure 9 
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Figure 10 
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Figure 11 
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Figure 13 
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ELECTRIC DIPOLE SPACECRAFT. 
BRIEF SUMMARY OF THE INVENTION 


[0001] This invention isa rotating spacecraft that utilizes, 
Tous spherical conducting domes perturbing a uniform clec- 
sic field in order to create a lift force by means of a magoetic, 
‘moment times the gradient of a magnetic field 


BACKGROUND OF THE INVENTION 


[0002] An electric dipole p is two electrical charges of 
‘opposite sign {q, -a) separated by a distance a 
praveoulonb-neter 


[0003] If this dipole is moving with a velocity ¥, it 
produces 4 magnetic moment 4 


mete? = ree 


[0004] ‘The magnetic moment is equal to a curteat 1 
circulating around an area. The magnetic field B has units of 
Kilogram per second per charge coulomb. 


[0005] ‘The gradient of the magnetic field in the ve 
slireetion z has units of 


[0007] 
Fae) 
which isthe gradient V of the dot product () ofthe magnetic 
‘moment with the magnetic field. ‘This means that the mag= 
‘etic moment has to be aligned with te field. The lift force 
‘on the spacecraft would then be the magnetic momeat in the 
vertical z-direction 1, times the magnetic feld in the 2-di- 
rection B,. For constant magnetic moment, the gradient 
affects the magnetic field only, resulting in the same force 
equation 
Fela B nD, 
[0008] Referring to FIG. 1, the electric dipole has a 
positive charge q located om the z-axis ata distance @ from 
the origin of the graph. A second negative charge —< is 
located ata distance -a from the origin, The postive charge 
produces ta electrostatic potential q, ata radius, equal to 
the charge q divided by 4x times the permittivity of space ey 


Of vectors, the force is equal 10 
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*" Fan 


‘where the permitivty is linear capacitance, measured in 
farads per meter. The electrostatic potential has units of volts 


‘because the charge in coulombs held by a capacitor is equal 
to the capacitance, measured in farads, times the capacitor 
voltage. Because the second change has the opposite sign, 
the potential @, at a radius r; to the same poial in space is 


[0009] The total potential at some poi 
to the sum of the two poteatials, or 


space is equal 


[0010] As seen in the diagram, the point of space is a 
distance ¢ from the origin. Using the law of cosines, radius 
+, can be wailten as, 


+4 Daron? 


14(3)- 


Ben) 


‘whore Lis the ratio of the charge location over the radius, and 
x is cos(0). The potential for positive charge qy can be 
writen 


pasts 
* "Raa 


[0011] Dropping the factor g/4xeqr, the square root ean be 
‘expressed in terms of the Legendre polynomial P, cos(8) of 
the nth power 


‘whore the absolute value of t is less than one. The polyno 
rial coellicients oft" can be oblained by using the binomial 
theorem to expand the generating function g(x) as 
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which evaluates 10 


rteata(Se—}P even 


[0012] The first three Legendre polynomials are therefore 
ret 


Ppa toe—p 


[0013] The electrostatic potential for both charges of the 


~(1+2(2 oo (2) 


sem ill-aZiomns() 


[0014] ‘The potential can be evaluated in terms of the 
Legendre polyoomials as 


oe SEE nromnfep $i neuron) 


sale 


109(2) Pconoy{2)' +] 


[0015] ‘The first and most dominant term when the radius 
is much greater than location a is equal to 


2a Pon 
ot 


which isthe electric dipole poteatial and 2aq is the dipole 
‘moment 

[0016] Now imagine a constant electric field Ey which is 
perturbed by a conducting sphere of radius a. The unper- 
turbed elecirostatic potential outside the sphere would the 
negative of the electric field times the radius times the 
Legendre polynomial, or 


uP 


[0017] ‘The electrostatic potential perturbed by the charges, 
is the Voltage Eya times the radius & times the a ofthe dipole 
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moment times the Legendre polynomial divided by the 
radius squared 


[0018] The total potential outside the sphere is the sum of 
the two potentials equal to 


= 


y) 


eon enafia-n 


[0019] Referring to FIG. 2, the previously uniform elec 
wie field is shown perturbed by the acuiral conducting 
sphere. The center of the sphere is taken asthe origin and the 
‘axis is oriented parallel to the original uniform field. 
[0020] The electric field induces a surface charge density 
‘con the sphere equal o the negative of the permitivty of 
space times the gradient of the electrostatic potential 


0 coo) 


a 
oan 


[0021] The electric feld also induces an electric dipole 
‘moment on the sphere equal to the 


‘with units of coulomb-m 
4 central axis at a velocity v, it will create a magnetic 
moment «equal (0 the dipole moment times the velocity 


wes 
‘with units of ampere-meter’ 


SUMMARY OF THE INVENTION 


[0022] As shown in the preceding background section, a 
neulral conducting sphere placed in a uniform electric field 
‘will generate a magnetic moment when rotated around a 
central axis. The electric field ean be created by two points 
charges of opposite sig separated by a distance between 
them. 


[0023] Referring to FIG. 3, the spacceraft has a spherical 
eabin (A) to which are attached cone-shaped electrostatic 
towers (B,O) above and below the cabin along the direction 
of iravel ia the zlirection, Because the electric field goes 
from he positive charge 1 the negative charge, the tip of the 
lower tower has a positively charged electrode, and the 
‘upper tower has a negatively charged electrode. Four 
cequally-spaced! neutral conducting spheres (D) are con- 
nected to the cabin by non-conducting tubes (E), The tubes. 
make an angle with the cabin such that the distance (CD) is 
‘greater than distance (DB). The angle 0 of the tube wit 
respect fo the cabin can be seen in side view FIG. 4 
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[0024] Referring to FIG. §, the charges create a uniform 
spherical field between the towers, The conducting spheres 
perturb this field suet tha the electzc field (E) points toward 
the upper tower in a manner similar to tha shown previously 
in FIG. 2 


[0025] Referring to FIG. 6, the conducting sphere pro 
‘duces an electric dipole moment (A) pointing at an angle 
toward the upper tower, 


[0026] Referring 10 FIG. 7, by the law of addition of 
vectors, the electric dipole p can be represented by two 
‘orthogonal vectors pointing inthe vertical z-direction p, and 
in the inward radial direction p,. 


[0027] Referring to FIG. 8, the hollow tube (A) connest- 
ing the cabin wth the conducting sphere contains a spiral- 
‘wound electrical solenoid (B) which produces « magnetic 
field (©). Thismagoetic field B can be decomposed ito wo 
cthogonal vectors pointing in the vertical -dection B, and 
inthe outwaed radial direction B, as shown io FIG. 9 


[0028] Referring to top-view FIG. 10, the spacecraft has 
4 clockwise angular velocity « (A) which gives the econ 
ducting sphere a velocity v as shown by the vector (B). By 
the right-hand rule of physies, the angular velocity vector 
points i the negative z-direction. The angular velocity i the 
2-ditection crossed with the radius ¢ ia the radial dicecti 
produces a velocity v in the clockwise O-direction using 
cylindrical coordinates {1,02}. 


[0029] Referring to FIG. 11, the negative radial dipole 
‘moment p, crossed with the negative velocity Vv, of the 
sphere produces a positive magnetie moment 4 inthe 
zalitection 


Kone 
[0030] Referring 10 FIG. 12, the magnetic field B, in the 
Vertical z-direction is doled with the magnetic moment ia 
the z-direction to produce a force Fin the vertical 2-direc= 
tion on each conducting sphere (FIG. 13). 


FeV Bo-nB, 

[0031] The magnetic eld that is produced by the solenoid 
factually cusves away and around, Thus there is a gradient of 
the field in the z-direction 


[0032] The force can also be expressed ia tensor notation, 
"The magnetic B field in the vertical direction is part of an 
electromagnetic 4x4 matrix Faraday tensor F 


which shows that the magnetic field is located in slot F'g of 
the Faraday tensor. In tensor notation the subscripts and 
superscripis have to match up on both sides of the equation, 
‘Matching subseripts and superscripts on the same side ofthe 
equation cancel. In this case, the electri dipole moment is, 
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n the radial direction p,. The velocity can be represented as, 
4 time derivative of the 8-coordinate x” or 


[0033] Thus the force component in the z-direction 
becomes 


Fm pales PX) 


‘where the angular and radial tensor components cancel and 
‘comma-z (,2) represent dlerentition ofthe magnetic field 
in the zditvetion 

[0034] The spacecraft design also has an inherent motion 
control system for moving. in various directions. If the 
magnetic field of one solenoid arm is increased or decreased, 
the force on that sphere will be increased or decreased. Thus 
the spaceeraft can turn in a particular direction, 


ABRIEP DESCRIPTION OF THE DRAWINGS. 


[0035] FIG. 1. Electic dipote. 
[0036] FIG. 2. Uniform electri field perturbed by electric 
Alipole. 

[0037] FIG. 3. Perspective view of spaceeratt 

[0038] FIG. 4. Angle of solenoid tube 

[0039] FIG. 5. Electric fed petusbed by conducting 
sphere 

[0040] FIG. 6. Electric dipole generated by conducting 
sphere 

[0041] FIG. 7. Orthogonal vector components of electric 
dipole 

[0042] FIG. 8. Magnetic field produced by tube arm 
solenoid. 


[0043] FIG. 9. Orthogonal vector components of mag 
netic field 


[0044] FIG. 10. Angular velocity of hull 
[0045] FIG. 11. Magnetic moment produced by radial 
lectric dipole and sphere velocity 

[0046] FIG. 12. Dot product of the magnetic moment with 
the magnetic fel. 

[0047] FIG. 13. Vertical lift force on all four conducting 
spheres. 

[0048] FIG. 14. Perpective view of spacecraft interior 


DETAILED DESCRIPTION OF THE 
INVENTION 


[0049] 1. Referring to the cutaway view FIG. 14, the 
construction of the spacecraft is thin-wall insulating ther- 
moplastic having a dieleettic constant in the range of 20 
kilovolts per millimeter (A). An insulated electeode (B) runs 
from the cabin power supply and high-voltage transformer 
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(©) to the tip of each tower (D). The four spheres (E) are 
silver plated to make them conducting, The tube solenoids 
(B) ase deiven by a dizeet current power supply (G). 


[0050] 2. The present model uses 3D computer design 
software and stereolthography fabrication techniques to 
create the thin-wall, low-weight, hollow structure of the 
hull. The computer model is sliced into many thin horizontal 
slices. A laser, mounted on an x-y table, draws out the slice 
con a table immersed in a bath of liguitl polymer. Due to its, 
sensitivity 10 the light, dhe liquid polymerizes. The table is 
then lowered a few thousandihs of aa inch more ankl the 
process is repeated. Thus making hollow spherical and 
Conical shapes is extremely easy todo. Partsean be designed 
and stored in * STL stereolithography files for transmission 
by Internet e-mail to the service bureau machine shop which 
sends the finished paris back the next day by express mail, 


1 claim 

1. A spacecraft comprising: 

a. a spherical cabin; 

b. an electrostatic conical tower mounted on top of item 
(1a), supporting a vertically-mounted. negatively 
charged insulated electrode atthe tip of the tower; 

«an electrostatic conical tower mounted on the bottom of 


item (1a), supporting a vertically-mounted positively 
charged insulated electrode atthe tip of the tower 


a vertical electric dipole exeated by items (16) and (Le); 


a high-voltage transformer to drive item (1d), mounted 
in item (1a); 
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{four tubular arms, mounted at 90° around and extending 
at an angle from item (1a); 


four solenoids, each of which is mounted axially inside 
item (1); 


bh. a direct current power supply to drive item (1g); 


four silver-plated conducting spheres, each of which is 
‘mounted on the end of item (1); 
fan electrostatic lit system that 


4. produces a unifoem spherical eletric field by means of 
fem (Ld) which eavelopes item (19); 


b. produces a perturedl electric fie due to the presence 
of item (19; 


«. produces an electric dipole moment inthe digection of 
item (16) due to items (2a) and (26); 


4. produces a vertical magnetic moment dc to the clock 
‘wise angular velocity of item (La) eombined with item 
Ce): 

«produces a vertical lilt force on item (Li) due to item 


Gd) combined with the magnetic field gradient in the 
vertical direction produced by item (1g); and 


creates 4 motion control system by varying the current 
to item (Lg) in order fo increase or decrease the effect, 
of item (2e) on a particular item (1). 
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PHOTON SPACECRART 


BRIEF SUMMARY OF THE INVENTION 


[0001] This invention is a spacecraft propulsion system 
that employs photon particles generate a field of negative 
energy in order to produce lift on the hull 


BACKGROUND OF THE INVENTION 


[0002] Referring to FIG. 1, an electromagnetic wave 
traveling in the z-direction consists of an electeic E field 
vibrating in the x-direction and a magnetic Nux dens 
field vibrating at right angles in the horizontal y-direction, 
The energy-sress-momentum of this photon can be ana~ 
lyzed using Einstein's General Theory of Relativity and the 
Faraday F tensor. The Faraday tensor is a 4x4 matrix 
containing the electromagnetic wave components as shown, 
here in general where ¢ is the speed of light 


Beare 
eo om =m, 
nel? | 
5 go om 


E 


For this particular photon, this tensor is 


[0003] The elemental spacetime length ds squared is equal 
to sum of the squares of the Cartesian elemental lengths 


laracteroidy? ee? 


‘The eoetticients ofthis equation, {-1,1,1.1} are the diagonal 
‘components of the g metre tensor 
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‘The stress-energy-momentum teasor T ean then be ealeu= 
lated for the photon using the Faraday tensor and the g 
metric tensor in the following equation from gravitation 
physies 


ar 
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‘The stress-energy-momentum tensor indicates the curvature 
of space due to the application of electromagnetic fields, 
‘mass, angular momentum and change. The mass of the Farth, 
for example, generates a negative curvature of spacetime 
such that objects fall toward the mass. The T tensor, which 
is also a 4x4 matrix, contains the momentum or fux terms 
in the fist row and first column, The normal pressure stress 
is located along the diagonal. The shearing stresses are 
Joeated off the diagonal. The energy term is in the upper lft 
‘comer as depicted here, 


sfevey fas, flax, fa 
fas, pressure, sheary shear 
=f, sare presire, shea 
ffs, shear, shears prewar, 


[0004] Since B*=E%e*, the stress-eneray-momentum ten- 
sor for the photon is therefore 


The 


‘This remarkable result shows that the photon is actually a 
negative energy particle (top left comer) which is pushed 
along by a postive pressure wave (lower right comer). The 
particle has a postive flux (upper right comer) inthe 
2directon, os well a a balancing negative ux ia the lower 
Jett comer so thatthe overall momentum of the universe 
remains the same. All four components cancel and we see 
the photon as a massless particle moving at the speed of 
light 

0005] ‘Thus the key idea behind this invention is that its 
possible to cancel out the presse tema and leave a station- 
ry vibrating electromagnetic field of negative energy over 
the hull ofthe spacecraft. The importance of negative eneray 
is that it is a proreguisite © generating wormboles between 
space and hyperspace 

[0006] Hyperspace consists of the those cosdimensions 
Which have different physics constants such a low speed 
Of light. The existence of hyperspace. which has 2 white 
misty look, is not a well-known seientiie concept. Experi 
Imenis with our magnetic vortex wormhole generators, 
hhyperspace torque generator, fll body levitation using Chi 
King breuthing, arm levitation by spinning the eo-gravita- 
tional K field, fll body teleportation though hyperspace 
distance of 100 meters using a pulsed gravitational wave, 
jumping into hyperspace, having a plate of toast enfold off 
the breakfast table and disappear into thin aie, walking 
through walls and doors outof-dimension, looking into 
other dimensioas, emote viewigg though subspace to dis- 
tances of 100,000 light years, and other electromagnetic 
‘experiments carried out by co-escarhers, have shown us 
the realty and existence of hyperspace. 

[0007] Referring to FIG. 2, the spacecraft consists of an 
"upper (1) and lower (2) hull attached by ceramic insulators 
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to a circular ring (3). The ring provides support and is 
attached to an outer sharp-edged rim which is electrostati= 
cally changed to a potential ~V. The purpose of the charged 
im isto generate a radial electic E feld around the vehicle. 
[0008] Referring to FIG. 3, the radius of the ring (4) is 
‘equal to a, The distance from a point on the ring to the 2-2xis 
ist. The potential on the z-axis is therefore the charge 
divided by the distance, 


This potential is expanded as a series in terms of inverse 
radius r 


35a _ Sot 


ota = 


‘The potential outside the ring can be written in temns of the 
Legendre polynomials P 


vate 3" tech 


where’ isthe numberof terms in the expansion. By equating 
the known particular solution porZout on the 2-axis with the 
general Vout solution, the coeflcients An] are fo 


aa! 
Aiyeo 
a= 


Ag 20 


Which are substiuted back into the Vout equation to get the 
potential outside the ring. 


[0009] Referring to FIG. 4, the potential (dotted lines 6) 
ooking ata slice through the ring (5) is shown together with 
the electri E field, The negative gradient of the potential is 
the electric field (7) shown by the direction of the arrows. 
‘The importance of this diagram is that the elects field 
points inthe radial direction toward the negatively charged 
ring. The force on an electron is the electron charge times the 
electric field 


PoactmindclEsiek 
Because the electron charge is negative and the radial fetd 
points inthe negative direction toward the ring, the foree on 
five. Thus the electron moves away from 
the ring in the positive radial direction, A 3-dimensional plot 
of the Fig (8) and the electric field (9) is shown in FIG. 8. 
[0010] ‘The stress-enengy-momentum generated by a radial 
‘lectic field is ealeulated using the Faraday F tensor 
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‘The g metric tensor has to be given in spherical coordinates, 
{10.0} 


wae 0 
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where 0 is the angle from the vertical to the radius r. The 
sires tensor T" along the radial direction is 


veg 


‘which shows that the pressure is negative along the radial 
Tine equal tothe square of the radial electric field divide by 
the square of the speed of light, Because the field is squared, 
it doesn’t matter thatthe electric field points inthe negative 
direction, The square makes it positive, but the overall 
‘curvature pressure is negative, Thus this negative pressure 
cancels out the positive pressure propelling the. photon 
along. The second key idea of the invention is how to 
‘generate this photon moving in the radial direction. 


[0011] thas been known for a long time in physics that an 
sloctron moving, in a circular path will emit photons in a 
process known by'the German word Bremsstrahlung which 
is translated as “breaking radiation.” There are several types 
Of radiation such as classical Bremssirabling involving a 
charged particle making a colision with another charged or 
‘uncharged particle in which photons are emitted. The quan- 
tum mechanical Bremsstrablung involves the sudden 
appearance or disappearance of a charged particle which 
also emits radiation, In space, having a field of wormboles 
in which the electrons are spiraling down into hyperspace 
‘would result in the emission of photons by the quantum 
‘mechanical method, Also, in the atmosphere, having colli- 
sions with air molecules results in emission of photons in the 
classical way. 


[0012] In order to get the electrons to spiral around and 
‘emit photons, a crossed electromagnetic Held is used as 
shown by the following equation 


Pitt) 
‘where the velocity vis in the postive radial direction due to 
the force of the electric field. The Velocity crossed with a 
magnetic Nux density B field in the O-direetion makes the 
electron move sideways back and forth in a wiggling 
‘motion 


[0013] Referring to FIG. 6, a direct current solenoid (10), 
represented by multiple curreat loops, runing vertically 
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through the center of the hull, generates a magnetie field that 
ccurves around the outside of the hull, as shown by contour 
lines (12). The noth pole (11) is atthe bottom of the hull. 
A radial arrow (13) from the electrostatially-charged rim is 
perpendicular to the magnetic field lines. The eross product 
in the force equation becomes the electron radial velocity 
times the magnetic field v, By 


[0014] Referring to FIG. 7, the electric field is in the 
Yedinection and the magnetic field isin the z-direction. The 
Tat looping path in the x-direction is the motion of the 
electron, The electron, which has a negative charge, stats to 
‘move in the direction opposite to that of the elect feld. In 
this particular diagram, the eleetron acquires a velocity in 
the negative yodirection, Then a sideways force in the 
xediroction is produced due to the cross product of the 
velocity with the magnetic field times the negative charge 


ayant 


Depending on the magnitude of the velocity, various size 
oops can be produced 


[0015] In terms of the hull coordinates, because the flat 
Toop is in the plane of the electric fied which points in the 
radial direction, the electron emits light in the radial direc> 
tion, This condition means that the negative radial pressure 
created by the electric field cancels the radial pressure ofthe 
photon, Thus the photon becomes a stationary vibrating 
quantum of negative energy, This has the appearance of a 
Juminescen light source. The stress tensor for this condition 
is therefore 


oe 
valli rave a 8 


[0016} residual negative energy 
al negative energy per photon, 


[0017] Referring to FIG. 8, the negatively charged rim 
(1d) produces a radial electic field (16) that crosses the 
‘magnetic B field (18) of the solenoid. Electrons emitted by 
the cbarged rim then encounter this erossed field which 
makes them spiral (17) around the hull, Because ofthe tight 
loop. the electron emits Bremssiahluag radiation ia the 
radial direction (18). The positive pressure field of the 
photon, which is directed in the radial direction, is canceled 
by the negative pressure fickd (19) created by the electric 
field. Because the photon energy is negative, a stationary 
vibrating electromagnetic quantum of negative enerzy (20) 
surrounds the hl 


which leaves a resi 


[0018] This negative energy and the pressure stress ere 
ated by the electromagnetic fields open up wormboles 
between space and hyperspace. The potential head is posi= 
tive from hyperspace into space because the energy of 
hyperspace is more positive than the negative energy field 
‘The low-density hyperspace energy fills the hull and its 
surrounding space with a white misty hyperspace energy 
Which makes the spacecraft lighter in mass, and therefore 
lighter ia Weight Within a gnivitational field. The actual 
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physics is more complicated stil because the electrons find 
that the resistance of hyperspace is lower than the resistance 
‘of space. Thus they spiral down the wormboles which results 
ina sudden disappearance of charge. The quantum mechani- 
cal effect of this is to radiate even more photons which in 
turn produce even more negative energy. 

[0019] The Tift on the hull is generated by the radial 
électric field. In cylindrical coordinates, the g metre tensor 


1009 
0109 
nore 


Using this metric tensor, the pressure stress in the vertical 
direction T™ is 


which is a positive curvature over the hull. The mass of 
Earth produces a negative curvature in which objects fall 
toward the mass, By counteracting this negative curvature 
‘with a more than positive curvature, lift is developed on the 
spacecraft, Because the negative energy lowers the effective 
iass of the vehicle, the acceleration is lage with a modest 
clectic field. Moreover, in our dimension, the speed of ight 
is 209792438 meters per second. Hyperspace energy has 2 
speed of light equal to one moter per Second, Thus the sess 
is amplified by a factor of 


Because electromagnetic fields are relativistic, motion in a 
Jow-velocity-of-light energy field amplifies their strength 


SUMMARY OF THE INVENTION 


[0020] Ics the object of this invention to ereate a space- 
raft propulsion system that produces wormboles between 
space and hyperspace using negative energy in order to 
‘generate lift on the hull, twas discovered inthe Riemannian 
curvature calevlations of gravitation physics that negative 
energy is required to keep open the throat of the wormbole. 
From experiments with the magnetic vortex wormhole gene 
craton, itis known that the proper combination of electro- 
‘magnetic fiekls, tozether with this negative energy, can 
‘reate & wormhole through whieh smoke ean be blown into 
hyperspace. 

0021} Referring to FIG. 9, the diretions of fore, veloe- 
ity, and electromagnetic fields are refered to in the eylin- 
drical_ coordinate system {0,7}. An_electrostatically 
charged sharp-edged ring in the direction around the hull 
of the spaceeraft produces a rail electric field. A vertical 
solenoid in the 2-lirection through the center of the hull 
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produces a magnetic field which is perpendicular atthe rim 
to the elect field, With the cuzeeat in the solenoid flowing 
inthe clockwise (~6) direction, using the right-hand rue, the 
‘magnet field points in the upward z-direction outside the 
rim, Because the rim is charged to a negative voltage, the 
electric field points toward the hull inthe negative radial () 
direction, Electrons emitted by the rim travel outward (+¥) 
because the charge on the electron is neyative which, 
together with the negative electric feld, produces a positive 
raaial force. The radial foree on the electron causes it 10 
acquire a velocity which interacts with the magnetic field 
‘The cross product of the velocity (+v) with te positive (+B) 
magnetic fickd produces a sideways force on the electron in, 
the negative 8-direction. However, because the charge on the 
electron is negative, the force is 
Fealesiohe(00.8,)(048 8) 

which is positive in he B-direction, Ii this sideways force 
that produces a flat spiraling or looping motion whereby the 
electron emits photons, known in German as Bremsstahlung 
radiation, in the radial direction. The photon, which is 
actually 4 quantum of negative energy, has a positive radial 
pressure which propels it along, Because the radial electic 
field produces a negative pressure in the radial direction, the 
two opposite fields cancel in the radial direction to form a 
residual stationary vibrating nogative enengy. Thus the hull, 
becomes surrounded by negative energy which, together 
with the pressure strosses created by the electic field, 
generates Wormboles between space and hyperspace. 


[0022] The gravitational potential between hyperspace 
and space is positive because the hyperspace energy is more 
positive than the negative energy around the hull. Thus the 
Tow-density, low-speed-oF-light Hyperspace energy flows 
through the wormhole and fills the hull, This has the effect, 
of reducing the effective mass of the hull. Because the 
clecticfeld generates a positive pressure over the hull in the 
vertical zirection, there is an upwaed force on the vehicle 
due to the pressure times the ull area, Since the Vehicle bas 
flow mass, there is « modest upward acceleration on the 
spacecraft equal to the force divided by mass. 


A BRIEF DESCRIPTION OF THE DRAWINGS. 


[0023] 


(0024) 


FIG. 1, Perspective view of an electromagnetic 


FIG. 2, Perspective view of spacecraf. 
[0025] FIG. 3. Perspective view of charged ring. 


[0026] FIG. 4, Planar plot of the radial electric field 
produced by charged ring 

[0027] FIG. 5, Perspective view of radial electric feld 
around ring. 


[0028] FIG. 6. Planar view of magnetic fx density fleld 
‘contour lines 


[0029] FIG. 7, Perspective view of electron motion in 
crossed electric and magnetic fields. 


[0030] FIG. 8, Perspective view of production of negative 
‘energy around hull 


[0031] FIG. 9. Perspective view of eylindrical coordinate 
system {1.2}. 
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DETAILED DESCRIPTION OF THE, 
INVENTION 


[0032] 1. The hull is made from a single sheet of alumi- 
‘num which has been stretched to its yield point by 
hydraulic eylinders. An upper and lower die is CNC 
smachined to the profile of the hull. The soft sheet is then 
clamped in the die where it takes on the smooth shape of 
the hull without any wrinkles. The hull is extremely rigid 
after forming and does not require any structural rein- 
forcements 


[0033] 2. A section oF the aluminum ring is made in a 3D. 
computer graphics program. The model is stored as a 
stereolithography file * stl). The computer model is then 
‘sent via Internet e-mail the stl server who prints the part 
in an ultaviolet light-cured polymer, The partis retumed 
the next day by Express Mail. Using a rubber blanket 
mold to create several ring sections, the entire ring is 
assembled together in another wooden mold box having 
thin circular Iaminate-coated particulate wall boards on 
either side ofthe ring. Then a liguid rubber mold is poured 
‘on op ofthe ring and allowed to harden overnight at wom, 
temperature. Since the rubber mold is flexible, the ring 
‘can be extracted fairly easily. Ths ring mode is thea sent 
to the foundry where it is cast in aluminum using the lost 
‘wax process in which a wax mold evaporates out of the 
sand casting, We are also experimenting with noa-mag- 
netic copper casting metals containing beryllium having 
good conductivity 


[0034] 3..A.11.5 em plastic pipe is mounted on a rotating 
fixture driven slowly by a microcontoller, stepper motor, 
and power electronies board. Using a large diameter 
insulated wire, such as a 17 AWG with a wire diameter of 
0.127 em, the wire is wound slowly on the pipe and 
expoxied so that the windings don’t come loose. The 
solenoid is then mounted vertically in the bull supported 
by the support ring and drivea by @ current generator 
located nearby on the test rig. 


[0035] _4. The ring is driven by a high voltage electrostatic 
‘generator similar to the night vision scope high voltage 
power supplies, The ring charg is isolated from the hull 
by ceramic insulators 


1 claim: 
1, A spaceeraft propa 
ponents: 
an aluminum horizontal circular structural support ring; 


mn system comprising the com 


‘an ahuminum hull in the shape of a high dome on top and 
shallow dome on the bottom attached to the circular 
support ring using ceramic insulators; 


an clectrostatieally negatively-charged sharp-edged cireu- 
lar ring, preferably of non-magnetic aluminum oF cop- 
per, attached with ceramic insulators to the outside of 
the support ring: 


«4 solenoid mounted through the center of the hull in the 
vertical direction and attached to the center of the 
support ring; 


aan electrostatic high-voltage generator to drive the outer 
lectrostatie ring; and 


4 direct high-current generator to drive the solenoid, 
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2, The method of claim 1, wherein a negative radial 
electric field is generated around the hull by placing a 
negative potential onthe sharp-edged electrostatic ring using 
the electrostatic generator. 

3. The method of claim 1, wherein the current-riven 
solenoid generates a vertical magnetic field around the hull, 
with the north pole of the solenoid facing down through the 
hhottom of the hull which causes the magnetic fux density 
field to point up outside the rim. 

4. The method of claim 1, wherein electrons ane emitted 
radially by the sharp edge of the charged ring, 

'5. The methods of claims 2, 3 and 4, wherein the crossed 
lectromagnetic fields cause the electrons to spiral arcund in 
flat loops during which photons are emitted in the radial 
direotion. 

66. The methods of claims 2 and §, wherein the negative 
rial pressure created by the electric field cancels the 
positive radial pressure of the photon to leave a residual 
‘quantum of negative energy per photon around the hull 

7. The methods of claims 2 and 6, wherein the pressure 
sires created by the elect field, and the negative eneny 
combine to form wormbioles between space and hyperspace. 
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8, The mothod of claim 7, wherein low-density hyper- 
space energy of @ higher gravitational potential ows 
through the wormboles to fill he hull and surrounding space 
‘around the hull with the ellect of reducing the effective mass 
of the spacocraf 

9. The method of claim 2, wherein the electric field 
‘generates @ positive pressure in the vertical dection over 
‘the holl which together with the hull surface area, generates, 
‘an upward lift force on the hull, 

10. The method of claim 6, whemvin the negative enerey, 
having a low light speed, amplifies the strength of the 
cloctromagnetic fields and pressure stress fields, 

11. The methods of claims 4 and 7, wherein the electrons 
spiral down the low resistance wormholes into hyperspace 
such as to ereate a sudden disappearance of electrical charge 
‘which quantum mechanically causes a large emission of 
‘additional photons. 
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Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 


Patent Application Publication Oct. 14, 2004 Sheet 6 of 24 US 2004/0200925 Al 


Figure 6 
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Figure 8 
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Figure 9 
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Figure 10 
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Figure 11 
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Figure 12 
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Figure 14 
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Figure 15 
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Figure 16 
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Figure 17 
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Figure 18 


Deymetrical Gollagse Precgy Density Get 


US 2004/0200925 AL 


Patent Application Publication Oct. 14, 2004 Sheet 19 of 24 


Figure 19 
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Figure 20 
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Figure 21 
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Figure 22 
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CAVITATING OIL HYPERSPACE ENERGY 
‘GENERATOR 


BRIEF SUMMARY OF THE INVENTION 


[0001] ‘This invention is hyperspace energy generator 
that uses cavitating oil bubbles within 4 magnetic field io 
‘order to create Wormboles between space and hyperspace for 
the purpose of permeating the bull of  spaccerafl with 
low-density, low-speed-of-light hyperspace energy. 


BACKGROUND OF THE INVENTION 


[0002] As shown by physieist Dr.John Archibald Wheeler 
of Princeton University, there isa second term in Newton's, 
gravitational equation which includes an additional force 
‘depending on whether or not the body is spinaing. 


Fomgom(n) 
[0003] where Fis the foree, m the mass, g the acceleration 
of geavity, v the forward velocity of the body, and © the 
angular velocity of the body. Referring to FIG. 1, a rotating 
cylinder (A) is moving with a velocity (B) while spinning 
counterclockwise as shown by the angular velocity vector 
(CO. The velocity crossed with the angular velocity vector 
produces a force in the upward direction (D). 


[0004] | Refesring to FIG. 2, pendulum (A) held in the left, 
hand over the right band will spin in the counteretockwise 
lireetion duc to the hyperspace energy vortex (B) emanating 
from the palm of the right hand. This vortex arises because 
fbuman beings are hyperspace energy beings that live ia 
physical containers located in this universe, ‘The voriex 
‘might he considered a wormhole between space and hyper 
space, Notice that the angular momentum vector of the 
‘vortex poinis up outof the palm ofthe bind. Ifthe hand were 
spinaing from left 10 right, then there would be a force 
exerted, as shown by the above equation, that would bring 
hyperspace energy into the ight arm, 


[0005] Referring wo FIG. 3, in order totes this hypothesis, 
Chakra Vortex Accelerator was built forthe purpose of 
spinning this hand vortex. The motor-driven machine has @ 
base (A) on which is mounted a warehouse palletizing ring 
and platform (B). A control column (C) has speed eonteol 
and on/off switeh. A person (D) stands on the platform with 
his right arm outsietehed and palm facing upward (E). The 
platform spins from left to right. 


[0006] Referring 10 FIG. 4, the velocity vector (A) points 
to the right. The angular momentum vector of the rotating 
chakra energy vortex points up. The cross product AxB=C 
produces force that brings in high permeability hyperspace 
jenetgy into the arm, 


[0007] Referring to FIG. 5, after spinning 99 times per 
Ay for a few months, it was noticed that the right arm (A) 
would remain out al an angle @ from the body without 
making any exertion to do so. The left arm, Which was not 
receiving the energy, remained at the side of the body. That 
is, the low-density hyperspace energy in the right arm was 
‘making the arm lighter and producing a subsequent anti= 
gravitational effect. The conclusion was that it might be 
possible to invent some device which Would produce large 
mounts of hyperspace energy. This would make possible 
relativistic electromagnetic fields which can be used to 
produce the lift force for electromagnetic field propulsion 
vehicles 
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[0008] Then in the February 1995 issue of Scientific 
American, a anicle appeared entitled Producing Light from 
4@ Bubble of Air which gave the details for producing 
Sonoluminesoeace from a cavitating bubble using a kit for 
sale containing the piezoelectric transducers. Referring to 
FIG. 6, the experimental setup includes a ring stand (A) with 
4 three-linger clamp (B) holding a 100 milliliter flask 
containing degassed water produced by a Walsh vacuum’ 
pressure pump. Piezoelecttic drive transducers (D) ate 
mounted on the sides of the flask in order 10 create sound 
pressure waves which create the cavitation bubble (M) in the 
center of the flask. The transducers are connected by insu 
lated wire (I) to a pair of inductors (E) having « mutual 
inductance between them, These inductors ate driven by a 
Frequency generator (H) connected to an audio amplitie (G). 
‘The oscillation signals are picked up by the oscilloscope (D) 
which is connected to the resistors (F) using the probes (K), 
‘The pieznelectric drive transducers act electrically as eapaci- 
tors, The inductors are wired in series withthe capacitance 
such that the combination resonates at the frequency at 
‘which acoustic resonance occurs, Bubbles introduced into 
the flask tend to coalesce in the center of the flask Above a 
certain sound intensity, the bubble will collapse and emit 3 
dim light visible to the unaided eye ia a darkened room, 3 
process called sonoluminescence, 


[0009] Further research showed that there were some 
earlier doctoral theses available. One of them by Dr. Steven 
DoWitt Horsburgh entitled Radial Instabilities of a pulsating 
air bubble in water mentioned a most interesting observed 
‘phenomenon of the surface oscillations called a “beaconing 
cffect.” When a bubble exhibited a sable or long-lived shape 
oscillation lasting more than two minutes, the bubble had a 
tendency to slowly precess. The precession rate was on the 
onder of a few bertz which can be taken to mean around 3 
H. Visually, the beacon looked like a light house beacon. I 
‘was a very obvious effect and when the beacon erossed the 
photodiode, the output voltage inereased by atleast an order 
‘of magnitude, 


[0010] | Upon reading this, it became apparent that sonolu- 
minescence is involved with gravitational hyperspace phys- 
ies. Einstein’s theory says that inertia is @ manifestation of 
the geometry of spacetime. It also says that geometry is 
alfected by the presence of malter to an extent proportional 
to the factor Gie* where G is the gravitational constant and 
«isthe speed of light. The inverse of this factor isthe linear 
mass & ofthe universe. A spherical shell of mass m with a 
radius R will ereate a drag angular velocity on a pendulum 


[0011] ‘The mass of the shell divided by the linear mass 
(mass per length) converts the mass into a length which is 
then divided by the radius of the shell which is also a length 
The numerical factor 4/3 is found only by a detailed caleu- 
lation, ‘The calculation, starting from a flat background 
spacetime manifold, showed the effect ofthe moving current 
fof mass on the metric. Expressed in polar coordinates, the 
metric acquires a non-zero coefficient gy. Inserted into the 
‘equation for geodesic motion, this off-diagonal metic coet- 
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ficient gives rise to a precession according to the above 
equation, The numerical factor corresponds to a pendulum 
located anywhere iaside the rotating shell of mass 


[0012] Inother doctoral theses, hooks and physics articles 
‘on cavitation, light is emitted after the bubble starts to 
collapse. A very sharp peak of light is produced which lasts 
in erms of picoseconds, Thus ths type of sonoluminescence 
is very different than the beaconing effect where the bubble 
remains stable for long periods of time. The beaconing effet 
is actualy a rotating wormbole between space and hyper- 
space, 

[0013] Briefly what happens is that there is ionized gas ia 
the bubble which releases electrons. As the electrons spiral 
own through the wormhole from space into hyperspace, 
they give of light. This situation puts the electrons in contact 
with the charge of hyperspace, Space has a charge which is 
equal tothe sum of the electron charge q, and the byperspace 
charge q,. The charge of space q is equal to the Planck mass 
times a conversion factor between mass and charge. The 
Planck mass is equal to the linear mass Q of the universe 
times the bottom dimensional limit ofthe universe known as, 
the Planck scale A. The conversion factor is the square root, 
of the geivilational coastaat G times the permittivity of 
space e. The permittivity is linar capacitance or eapacitance 
per unit length. Thus the charge of space is 


peAeNGagct 

[0014] Because the electron comes in contact with the 
hyperspace charge, the drag angular velocity in the sbove 
equation has to be modified. Notice that if the angular 
velocity ofthe shell is modified by the electron fine structure 
‘constant ct and the mass involved isthe mass ofthe electron, 
‘moving through a radius into hyperspace of the Planck scale 
‘A, then the drag angulue velocity would be 


[0015] ‘The angular frequency of the shell is 2x times the 
slectton frequency f,, 

arena 230. 
[0016] ‘The inverse of the electron fine steueture constant 


is equal to Planck's reduced constant Atimes the speed of 
light c times the factor 4 times the permittivity of space € 
dlivided by the square of the charge ofthe elec 
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[0017]. Planck's constant is equal to the Planck scale A. 
squared times the linear mass © times the speed of light. 
aves 

[0018] Notice tha the fine structure constant has a square 
in it and Planck's constant also has a square. Ifthe electcoo 
charge were traveling through the Planck seale into byper- 
space, then there Would be a linear charge equal 10 the 
electron charge divided by the Planck scale 


Oct. 14, 2004 


Raced, _sestec! 


ca 


[0019] |The constant equal to the linear mass @ times the 
permittivity times the square of the speed of light is actually 
the squate of the linear charge % of space. So the fine 
structce constant ean be waitten 


[0020] So the electron fine structure constant is related to 
the ratio of the charge of hyperspace to the charge of the 
electron, Which is the reason that the equation had to be 
modified. The electron moving across the Planck scale 
‘wormhole is modified by the hyperspace charge itis seeing 
in a hyperspace eo-dimension. This confirms that the bea- 
coning effect is a rotating wormhole into byperspace 


[0021] ‘The electron fine structuce constant is actually the 
fastest velocity in the Rola atom. The fine structure constant 
is the ralio of the electzoa orbital velocity to the speed of 
light 


[0022] where the permitted quantized m orbital speeds are 
¥,/mor v/l, ¥/2,v/3 and so on. Using a value of v3, the fine 
structure constant would be 


- Hasan 1) 14 


[0023] which when subst 
quency equation 


uted into the drag angular fre- 


[0024] The frequency of precession is 


sg = BE 218 


[0025] which is close tothe 3 Hz. observed in the expesi- 
ment, The ionized electrons are moving ata slower velocity 
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in the bubble, ‘The 1/3 ratio could also come from the 
subspace tetrahedron geometry where the tetrahedral angle 
is determined by this ratio 


asin(/3)1947120068° 


[0026] ‘This isan altemative possibility because this angle 
‘determines the charge of hyperspace according tothe tetra 
hhedron diagram of Aphysics. Ia geometrical physies, all the 
constants of physics are determined geometrically’ by the 
tetrahedron, The tetrahedron diagram plots the natural loga= 
rithm of mass versus the natural logarithm of wavelength 
“The tetrahedson is ciecumscribed by a sphere which reflects 
the election wavelength into the electron mass. Thus the 
diagram combines the dual reality of elassieal ph 
involving point mass particles, and quantum physics, 
involving wave-like particles. The scientific discovery that 
the electron and the proton are one and the same particle was 
‘made using this diagram, It also shows that hyperspace 
exists, 


[0027] Referring to the tetrabodton diagram in FIG. 7, a 
Tine drawn at the tetrahedral angle produces the tetrahedral 
lines (A,B) along, path (abe). This tetrahedron is cireum= 
scribed by sphere (C) with diameter (G). The electron 
‘wavelength (vertical dotted line D) reflects off the sphere 
(x) and returns as the electron mass (F). The distance (a) 
between reflection points is equal to the natural logarithm of 
the byperspace charge. It can be shown that the electeon 
charge is related to the geometry around the top of the 
sphere, Part of the geometry is outside the sphere which 
‘makes the charge immune to relativistic velocities 


[0028] Referring to FIG. 8, a current-carrying solenoid 
(A) prodices a magnetic flux (B) through the center of the 
coll. The end of the solenoid behaves like a magnetic 
‘monopole. One end has a positive magnetic chagge density 
44Pa tnd the otber has a negative magnetic charge density 
Par One of Maxwell's electromagnetic equations states 
that the divergence of the magnetic field is equal to the 
‘magetie charge dens! 


ay 
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[0029] Because the magnetic field is solenoidal, the sum 
‘of the charges in our spacetime is equal to zero, which isthe 
ustial Maxwell equation. In the ease of the wormbole, one 
pole of the magoetie lux is in our spacetime and the other 
pole is in a co-dimension of hyperspace. In our universe, 
there is a net magnetic charge density, and Maxwell's 
‘equation becomes 


Vite 


[0030] When working with bar magnets, bringing «wo 
forth poles together shows that there is a Spring constant 
involved. The electrons on the surface of the poe spin in the 
same direction which creates an electrical eurtet around the 
surface. The magnetic pole strength g is therefore a spring 
‘constant K dlvided by the cureent per area J 


a 


[0031] ‘The magnetic charge density is then the pole 
strength per volume V of 
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[0032] The divergence of the magnetic field has units of 


[0033] which are the units of the magnetic charge density 
[Notice thatthe units ean also be formatted as a pressure per 
electrical current in the wite. 


fees peste 


[0034] The current flowing through the coils of the sole 
noid, or around the pole face of the bar magnetic ereates a 
pressure on spacetime. And itis this pressure that ean punch 
lnrowgh spacetime into hyperspace, Referring again to FIG. 
8 an electrical charge winding a times around the end of the 
spacetime solenoid, as seen by path (C), is equal to the 
charge divided by Planck's constant times the pole Hux 


[0035) which shaws that the flux @ i quantized by the 
‘winding number n 


[0036] where the flux is equal to the winding number 0 
limes Planck's constant h divided by the charge. Since the 
flux is the pole sicngth in webers, the pole siength has a 
value of 


* 
sont 


[0037] The magnetic charge density is the pole steagth 
divided by the Planck volume ot 


[0038] ‘The magnetic B field of space divided by the 
Planck length of the wormhole, acting as a linear magnetic 
field, times the winding number is equal to the magnetic 
charge density. 
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[0039] Referring to FIG. 9, the wormhole (A), connecting 
space and hyperspace (D), is precessing (C) in the counter- 
clockwise direction with the angular velocity veetor in the 
vertical ziection. The magnetic fx (B) through the 
wormhole is in the radial direction. The mouth of the 
wormhole is an area with a normal vector in the radial 
lirection also, ‘This arrangement creates an electric field 
which cisculates around tbe interior periphery of the worm= 
hole. Maxwell's equation says that the curl of the eleetie 
field E is equal to the negative time rate of change of the 
magnetic B fel 


[0040] This equation is difficult ro manage i differential 
Tom, AS both Maxwell and Feyaman have sai, i is better 
touse the integral form involving Stokes’ theorem where the 
area da is converted into line integral ds which goes well 
with Maxwell's idea of flux linkage, 


[itxpindeesem 


[0041] The tux ©, which is precessing around at the drag 
Angular velocity calculated previously, is equal to the negs= 
tive of the elecicic field around the interior perimeter (E) of 
the wormbole, This is the reasoa that the besconing effect 
[asts for such along length of time. The force the eleeteon 
is equal to the charge of tbe electron times the electric field 
Because the charge is negative, the electron rotates coun 
terclockwise in the opposite direction to that of the electric 
field. The electrons continuously circulate around the inside 
periphery of the wormbole. Quantum theory predicts that 
any radiated electromagnetic energy from an accelerated 
clectron will give off one or more disercte quanta, of 
photons. The electon is accelerating because itis moving in 


a circular path, Because the water vapor is ionized in the 
ccavitating bubble due to sbock waves, surface oscillations 
and high temperatures, there are huge numbers of electrons 


Available for producing an intense light which, as registered 
by the photodiode, increased by an order of magnitude when 
the beacon rotated by the photodiode. 


[0042] From gravitational physics it is known that nega 
tive energy has to be produced in order to create a wormhole. 
‘Most experimenters are using collapsing spherical bubbles 
that do not produce negative energy and therefore do not 
produce the beacoaing effect. This next background section 
shows that if the bubble collapses asymmetrically, thea 
negative energy is produced. 


[0043] Referring to an experiment carried out by Fizeau, 
FIG. 10, water flows (B,C) in opposite directions in «wo 
tubes of water (A). Alight beam from a lamp (D) is projected 
through both tubes using ball-slvered mirrors (E). Fizeau 
‘measured an interference (F) between light propagating with 
the flow and light swimming against the curren, indicating 
thatthe flow of the medium does affect light propagation, A 
‘moving medium turns out to drag light to an extent quan- 
tiled by a dragging coellicient 
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[004] where a isthe index of refzactioa of the medium, 
Einstein's addition theorem of velocities states, 


[0045] In the limit of slow flows compared with the speed 
of light in a vacuum, the effective velocity of light v in the 
medium flowing at a velocity u is 


[0046] The relationship between cavitating bubbles and 
«dragging is that when the bubble collapses, the surface 
has a tremendous acceleration and velocity which creates 
internal shockwaves that bounce back and forth within the 
medium. At the same time, the water vapor and air are 
ionized which creates short bursts of light, Thus there is ight 
that is being dragged along by the collapsing surface of the 
bubble. This moving medium appears to light asa change in 
the metric of spacetime resembling, it turns out, a gravita- 
tional field. The velocity of the medium affects the elemental 
length ds? of spacetime as given by the metric for light 
dragging 
BPW ACCA) 
[0047] where k is equal 10 


[0048] and dx is the elemental length in the {dx.dy.dz} 

tine vhs wine png ie 

velocities {ux.uy.uz} ia the x, y and z-directions. Expanding 

‘cqniin pe ie Gbwing me 
sien re 

[0049] where velocity uz is zero and the speed of light is 

Sata 


[0050] |The dt energy density term is modified by one plus 
the k factor. Thus the index of refraction ofthe medium, the 
speed of light and the overall light dragging velocity u 
alfects the energy density. It can be shown that the speed of 
Tight in byperspace is much lower. The difference of the 
squares of the velocities in the deoominator creates the 
possibility for amplification of this term. 


[0051] The factors of the elemental lengths are then 
inserted into the g melric tensor which i then used to 
caleulate the spacelime distortion generated by the collaps- 
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ing bubble, The g metre tensor sa 44 matrix having rows 
soli oepnd oe ment ng (3 
ya 
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[0052] In Einstein's General Theory of Relativity, the G 
fcurvature tensor, which is a 4x4 matrix having units of 
inverse meter squared, is equal to siress-cnerey-momen- 
tum T tensor that is calculated from the electromagoetic 
fields. The stress tensor T combines energy density, electco- 
‘magoetie flux, and pressure terms in one matrix 

cosa 


[0053] Most of the physics constants ate linear constants, 
such 88 linear mass which is mass per unit length. The 
permittivity of space ¢ is linear capacitance or capacitance 
per meter, The permeabiliy of space jis linear inductance 
or inductance per meter. The speed of light converts time 
into meters. What this means is that energy, pressure and 
‘momentum can all be coaverted into meters using these 
linear constants. The inverse squared of the length in meters 
isthe curvature which is measured in units of m2, 


[0054] _ Referring to FIG. 1, square bubble (A) in the xy 
pane collapses with a velocity in the x-direction (C), and a 
velocity inthe y-tirection (B). This produces a curvature in 
the vertical z-direction (D). The curvature in the z-direction 
is the curvature tensor component G,,, which ean be eom= 
puted dicecly from the g light dragging metre tensor. The 
result of the calculation is an equation in terms of the 
velocity, aceeleration and the time rate of change of the 
acceleration, known as jerk 


[0085] Because the profile of the bubble radius expanding 
and collapsing with time bas been published by those 
researching cavitation, it is possible to differentiate the 
profile to get the velocity, acceleration and jerk. These 
equations can then be inserted into the equation for the G 
curvature tensor 


[0056] The radius R of the bubble depends on the aie 
density inside the bubble p the viscosity of the water, the 
pressure of the Pof the environmen, the surface tension 
ft the water, the etio of specific heats, and the velocity R 
and acceleration I ofthe bubble radius 


[0057] Referring to FIG. 12, the above equation for the 
bubble radius is shown in the feedback simulation program, 
The diagram starts by solving the equation forthe accelera= 
tion which is then integrated twice (1/S) to get the velocity 
and position, These variables are thea fed back to the input 
through the various constants involving the viscosity, sur- 
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face tension, pressure and air density. The graph at the 
bottom of the simulation shows the bubble radius with time. 


[0088] Referring to FIG. 13, the bubble profile with time 
is reproduced from the Scientific American article mentioned 
previously, This profile was then fitted with a polynomial 
‘equation Which is plotted i FIG. 14. By differentiating the 
equation, the velocity, acceleration and jerk are obtained 
which can thea be inserted into Einstein's G curvature 
tensor 


[0059] Referring to FIG. 15, the curvature component in 
the vertical direction G,, is plotted with respect to time. In 
the Scientific American plot, the light lash occurs atthe end 
‘of the collapse marked “LIGHT FLASH” around 22 micro 
seconds (FIG. 13). This corresponds to the 1Wo intense 
positive curvature G., spikes atthe end of the collapse. This 
represents # symmeitical spherical bubble collapse where 
the velocities are the same in the x and y dieection. 


[0060] The energy density component Gy, for this sym- 
itical collapse is given by 


[0061] Looking at this carefully, notice that ifthe velocity 
in the x-direction u, is equal othe velocity inthe y-direction 
1, and the acceleration in the x-direction a, is equal to the 
acceleration in the y-iection, then the equation reduces to 


[0062] which means that the symmetrical collapse with 
‘equal Velocities does aot produce any negative energy with 
which to create the wormbole. Only sharp pulses of light are 
emitted at the end of the bubble collapse Where the intense 
positive curvature spikes are encountered, In order to get the 
rotating wormhole beaconing effect, the Velocities have to be 
different. 


[0063] Referring to FIG. 16, the bubble is given an 
asymmetrical profile as shown by the two curves, The upper 
‘curve is in the x-direction, and the lower curve is in tbe 
y-direction, The collapse in the y-direction is not as severe. 


[0064] Referring to FIG. 17, the asymmetcical collapse 
has the curvature spikes at the begioning similar to the 
‘symmetrical case of FIG. 18, Notice that there ace no spikes 
At the end of the collapse. However, the energy density is 
much different 


[0065] Referring to FIG. 18, the energy density Gy is 
plotted as. function of time. Rather than being Zero asin the 
‘symmeteical case, there is a large region of negative energy 
densi as the bubble collapses. This negative energy is what 
creates the wormhole. Because there are no large curvature 
spikes at the end of the collapse, the wormhole bubble is 
stable and processes for a few minutes 
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[0066] Experiments with the pendulum show that some 
people have much larger auras thaa others. The pendulum 
swings over the entire hanl. One particular person who has 
‘enormous vortices was Working in a television repaie shop. 
When @ television set is brought in to the shop, the large 
capacitor has o be discharged firs, The repaiman with the 
large chakra vortices was standing behind a second repair= 
‘man who was approaching the television sel. As the second 
repairman got closer to the set, an enormous streaming blue 
spark sailed over his head and zapped the first technicis 
Hyperspace tas a much higher permittivity than our space 
time, The resistance of space R is equal to the square eoot of 
the permeability over the permittivity ¢ 


[0067] Since the technician with the la 
‘was producing large quantities of hyperspace energy, his 
resistance was very much lower due to his lager permittiv- 
ity. The spark grounded on his body. The free electrons, 
which are created by ionization ofthe hydrogen atoms ofthe 
water vapor, see a very low path of resistance and flow 
toward the wormbole. There they are trapped in accelerated 
‘motion due to the presence of the circular electric field and 
give off substantial numbers of photons which produces the 
bbeaconing lighthouse effect, 


chakra vortices 


[0068] ‘The elemental length ds” in cylindrical coordinates, 
{t. 5,6, 2} for a mass M is given by 
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[0069] ‘The mass M distorts the radius r of the elemental 
Tength which is what gives the mass a curvature or gravie 
tational field. Negative energy, whieh is produced atthe end 
of the bubble collapse, is equal to 4 negative mass times the 
speed of light squared, Thus mass M ia the equation goes to 
negative mass, or M->-M. Furibermore, negative energy 
inverts the mass factor so that the metrie becomes 
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[0070] ‘The g metric tensor contains the factors of the 
clemental lengths along the matrix diagonal 


Oct. 14, 2004 


[0071] As before, Einsicin’s G curvature tensor in the 
radial Gy, angular Gyo, and vertical z<lirection G,, is 
calculated from this negative energy g metric tensor. 


[0072] Referring to the 3D G curvature plot in FIG. 19, 
the strength of the curvature is given by the length of the 
arrow, and the direction of the curvature is given by the 
arrows, The curvature in the radial direction G., is along the 
bottom axis from the box corner origin to the right. The 
‘curvature in the angular direction Ggy is the bottom axis 
from the origin to the lelt, The height of the box is the 
‘curvature in the vertical dcection G,,. Notice in general that 
the curvature is perpendicular to the left face (z-plane) and 
thea starts to curve to the right and begins to poiat toward 
the right fue (rz-plane). On the bottom face (eB-plane) there 
is an upward vertical curvature. 


[0073] In cylindrical coordinates, the 6z-plane is actually 
4 vertical tube of radius r. So at Small, the curvature is 
perpendicular to the tube. At lamger radius, the curvature 
Stats to poiat inthe @-dtection, wrapping around the tube. 
‘At small radius, there is also a vertical curvature parallel 10 
the sides of the tube, 


[0074] Referring to FIG. 20, the curvature in eylindrical 
‘coorlinaes is seen to be the structure of the woembole, The 
‘wormbole (A) is formed due to the radial pressure (B) which 
pulls open the wormbole. One end of the tube connects to 
hyperspace, and the other end connects to our spacetime. 
‘There is aso a shearing pressure (D) along the sides of the 
tube which slices spacetime open and helps shape the tube, 

‘outward along the radius, the curvature tures side- 
‘ways and produces a shearing pressure (D) in the O-diceti 
which gives the wormhole a vortex appearance. These 
‘wormboles ean also be very large, enabling one to peer into 
4 co-dimension as aitested to by the inventor, 


SUMMARY OF THE INVENTION 


[0075] _As described in the previous section, the cavitating 
bubble has To collapse asymmetrically ia order to generate 
the negative energy which creates the Wormbole. Ia ordes to 
collapse asymmetrically, the forces on the bubble surface 
have to be unequal The force on the bubble is given in terms 
ofthe a dragging coflcient, the bubble radi R, the surface 
charge density D, the magnetic B field in spherieal coord 
nates (8, By, By). The fields ate integrated over the entice 
slid angle $ of the bubble to determine the force F 
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[0076] ‘The integration of the tangential components of the 
‘magnetic field such as {Bo, Bg) over the solid angle of the 
bubble will sum to 2er0. The surface charge density D, and 
the radial magnetic field B, are the only fields which ean be 
used fo ereate an unbalanced force. IF there is no surface 
charge density, then the force equation reduces to 


f fuclo- 


[0077] where the conversion constant isthe linear charge 
squared divided by the linear mass of the universe 72 2, 


[0078] In this invention, referring to FIG. 21, the mag 

field is ereated by two cylindrical solenoids (A,B) 
are Wrapped around the top and bottom of the glass 
container (C). The container has flat sides in the shape of an 
‘octagon. Each solenoid consists of a continuous rol of very 
thin sheet copper which are separated by beaded mylar line. 
‘The mylar beads separate the sheets electrically and provide 
air cooling to the coil which can get rather hot. This makes 
iteasy to assemble the coil because the copper rll and mylae 
Tine are wound together asthe solenoid is formed. The lines 
fof magnetic Aux low vertically through the container yet do 
not interfere with the transducers (D) which are mounied on 
the fat sides of the container 


[0079] Referring 1o FIG. 22, the cavitating bubble whieh 
Toems in the liquid in the container experiences « vertical 
‘magaeti field (B) due tothe two solenoids, These ux lines 
cteate a radial force on the top and bottom of the bubble 
(D.C). The flux lines on the outside (E) do not ereate any 
ralial force because they are tangential to the surface, The 
spherical bubble flatiens into an asymmetcical ellipsoidal 
shape (A) which enables the creation of the wormhole and 
lighthouse beaconing effect, 


[0080] Referring to FIG. 23, the spacetime curvature of 
the wormhole (D) ereates a tunnel (C), known as the throat 
of the wormbole, between flat space in our universe (A) and 
flat hyperspace (B) which exisis in a co-dimension of our 
universe, In general, the co-dimensions have different phys- 
ies constants. Going back to the chakra vortices of the 
human energy field, the vortices remove energy from space 
and deliver it 10. several hyperspace co-dimensions. This 
‘energy builds up humaa aura modules at diferent frequen 
ies in ssial space. Asiral space has a Very low speed of light 
and small linear mass. This isthe reason that human beings 
sa ee i bole a is ita Soe Ss 
‘or project their spiritual eye to remote locations for 

On the other hands the linear mass and speed of ight oF 
space is very much greater than hyperspace, Therefore, the 
pressure of the space is much greater than the pressure ia 
hyperspace. In lems of the wormhole with a throat area A, 
the pressure would be the linear mass times the speed of 
light squared over the area 


[0081] The pressure of hyperspace on the other side of the 
wormhole is 
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[0082] Because the linear mass and the speed of light of 
hyperspace are lower than that of space, there is a positive 
nel pressure going into byperspace. 
Peel pe Page 

[0083] This is the reason that the human vortices ean 
fobiain energy from this universe, Because the cavitating 
bubble produces negative energy, te linear mass is negative 
‘on the side of space. The pressure equation is then given by 


[0084] which shows that there is a reverse pressure going 
from hyperspace into our space. The asymmetrical cav 
ing bubble generates hyperspace energy. The hyperspace 
energy flowing into ovr universe also gives the light gener- 
ated by the wormhole a soft white misty look. 


[0085] There are many reasons for generating this hyper- 
space energy. Electromagnetic ficlds are subject to the 
Lorentz transformation which involves comparing the frame 
velocity with that of the velocity of light. 


[0086] If the ratio ofthe velocity v o the velocity of light 
© is close to unity, then huge relativistic fields can be 
produced. These fields ean curve spacetime to such an extent 
that a large lift force ean be produced on the hull of an 
electromagnetic feld propulsion vehicle 


STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 
[0087] Not Applicable 
A BRIER DESCRIPTION OF ‘THE DRAWINGS. 


[0088] FIG. 1, Rotating eylinder demonstrating additional 
lift force 
[0089] FIG. 2. Use of the pendutum, 


[0090] FIG. 3. The Ascension Machine, Chakra Vortex 
Acoelerator. 


[0091] FIG. 4. Hyperspace energy brought into body by 
rotation of band chakra 


[0092] FIG. 5. Antigravitational effect using low density 
hyperspace energy. 


[0093] FIG. 6. Sonoluminescence experiment 


(woes) IG. 7. Teaheron diagram showing hyperspace 
ccugge 
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[0095] 
[0096] 


FIG. 8, Magnetic monopole. 
FIG. 9, Processing wormhole. 
[0097] FIG. 10. Fizeau light dragging experiment 


[0098] FIG. 11. Asymmetrical velocity collapse of bubble 
raius generiies wormbole 

[0099] FIG. 12. VisSim feedback simulation of the col- 
lapsing bubble. 

[0109] 
time, 
[oot 
[0102] 
bubble 


[0103] FIG. 16. Dual velocity profile required to produce 
negative energy. 


FIG. 13, Cavitating bubble radius as a function of 


FIG. 14, Digitized bubble radius of FIG. 13, 
FIG. 15. Spiking spacetime curvature of collapsing 


[0104] FIG. 17. Spacetime curvature for dual velocity 
collapse 

[0105] FIG. 18. Negative energy generated from asym= 
‘metrical collapse of bubble. 

[0106] FIG. 19. 3D plot of spacetime curvature using 
negative energy. 


[0107] FIG. 20. Wormhole vortex. 


[0108] FIG. 21. Perspective of cavitation tank equipped 
with mageetic coils. 


[0109] FIG. 22. Flattening of bubble by magnetic eld 


[0110] FIG. 23. Hyperspace eneray generated by reverse 
pressure gradient of woobole 


[0111] FIG. 24. Solenoid and transducer driving circuits. 


DETAILED DESCRIPTION OF THE 
INVENTION 


[O112] 1. Referring to FIG. 24, the transducer driving 
itcuit uses a frequency generator (A) driving linear 
amplifier (B) into a pair of variable induetors (C) whieh 
resonate withthe capacitance of the transducers (D) attached 
to the sides of the Octagonally-shaped glass container (H), 
Resistors (L,M,G) provides voltage measuring points for the 
oscilloscope. 


[0113] A DC current source (I) drives the two solenoids 
(EF) which produce a vertical magnetic field (J) through the 
container, The magnetic field produces an. asyamettical 
force oa the bubble surface (K) such that the collapsing 
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bubble produces negative energy. The spacetime curvature 
produced by the light dragging of the collapsing bubble 
Surface, together with the negative energy, ereate a worm- 
hole belween space and hyperspace. The negative spacetime 
fenetgy produces a negative pressure which brings low- 
slensity hyperspace energy into our dimension 

1 claim: 

1. A hyperspace energy generator having: 

4) 4 glass container in the shape of an octagon acting a8 
the resonating chamber; 

») two piezoelectsic transducers, mounted and operating 
acoustically a8 a pair on opposite sides of item (18); 

©) an opaque oil-lke liquid with high index of elzaetion 
filling item (18) acting as the resonating liquid in whic 
the eavitating bubbles are formed; 

4) bwo thin sheet copper solenoids, located on top and 
bottom of item (1a), that produce a vertical magnetic 
field through items (1a) and (e); 

6) two variable inductance coils for ereatng a resonant 
frequency with item (1b); 


1) a linear amplifier driving items (1b) and (1e); 
8) 4 variable frequency generator driving item (1e); 


1) a direct current electrical generator driving item (1d); 
2, a cavitation system whick: 


8) produces one or more cavitating bubbles that collapse 
asymmetcically due to the dillerential force exerted on 
the bubble sueface by the presence of « vertical mag- 
relic field generated by item (1d) referred to above: 


by) generates negative eneegy due to light dragging of the 
collapsing bubble surfaces 


©) creates wormboles between space and hyperspace due 
to the presence of item (1b); 


«) generates a negative prossure between space and byper- 
space that forees low-density hyperspace energy into 
‘our dimension; and 

43. optional dual clectrically-charged plates that 


4) are mounted on the sides of item (1a); 


») create a differential electric charge density across the 
bubble surface forthe purpose of eating an additional 
‘method of asymmetrical bubble surface collapse. 
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This invention relates to a spaceeraft propulsion system 


Conrespondence Address: 


Tabs St clas utilizing theusters comprised of a motor-driven electrostati 
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22) Filed May 9, 2002 space by permeating each thruster with low density hyper 

space energy generaled by a Wormbole created between our 
space and hyperspace. A combination of three thrusters 
mounted! on the underside of the hull of the spacceraft 
provide thrust and yaw motion control 


(1) Int. cl? 
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Figure 1 


Figure 2 
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Figure 3 
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Figure 6 
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Figure 10 


Figure 11 


Figure 12 
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ROTATING ELECTROSTATIC PROPULSION 
SYSTEM 


BRIEF SUMMARY OF THE INVENTION 


[0001] The invention, which is the object of my present 
application, is a spacecraft propulsion system which devel 
‘ops. spacetime curvature tension utilizing combination of 
‘4 rotating radial electrostatic field and a fixed vertical 
electrostatic field, The two fields create a stress-energy T™ 
‘gradient inthe radially direction which is equal to force. The 
radial field is created on the side of a charged rotating 
cylinder on the underside of the bull. The vertical field is 
created by an annular charged ring concentric with the 
cylinder. Thee rotating eylinders are located in a triangle on 
the bottom of the hull ia order to produce a force in any 
direction ia the horizontal plane. 


REFERENCE PAPERS, 
[0002] Gravitation, Wheeler, page 80. 
BACKGROUND OF THE INVENTION 


[0003] When working with Maxwell's equations in tensor 
notation, it became apparent that a tensor can change iden- 
lity depending on what permutation of variables is involved. 
For example, one single equation ean involve both charge 
density ancl current density. And all of Maxwell's equations 
‘ean be reduced to just two equations. 


[0004] In the tensor equation for momentum, if the lever 
‘arm is length then the equation is equal to the flow rate of 
‘angular momentum, If the lever arm is time, then you get 

inear momentum. And if the field rotates with time, then the 
lime rate of change of linear momentum isa force which is, 
the basis for this invention, 


[0005] Einstein said that mass curves space and space tells 
mass how to move. In this sense, generalized! mass can be 
mass, electromagnetic fields, charge or angular momentum 
Which create a spacetime curvature that produces a force on 
the spacecraft 


SUMMARY OF THE INVENTION 


[0006] The invention relates to a spacecraft utilizing a 
Toating clectrostatically charged eylinder and a concentric 
annular charged ring {0 create a stress-energy spacetime 
‘curvature in the horizontal plane on the spacecraft’s under 
side hull. Amotor drives the rotating cylinder which extends 
below the hull. charged surface produces an electric field 
in the direction normal 1 the surface. The vertical and 
rotating electric fields combine to create a rae of change of 
linear momentum which creates horizontal propulsive 
force on the bull 


STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 


[0007] Not Applicable. 
A BRIEE DESCRIPTION OF THE DRAWINGS. 


[0008] FIG. 1. Perspective view of spacecraft bull (A) 
‘with the thee elecirostatically charged rotating eylinders (C) 
surrounded by thei annular charge rings (D) extending 
clown on the underside of the hull (B). 
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[0009] FIG. 2. Perspective view of individual thruster 
showing rotating cylinder and ring, 


[0010] | FIG. 3. Siress-energy tension created by two elee- 
trie fields and having units of curvatute 

{oott] FIG. 4 Cyn apuestine corinne (10, 
z) 


[0012] FIG. 5, Faraday electromagnetic F tensor eontain- 
ing electric fields in the radial and vertical directions. 
[0013] FIG. 6. Sices-energy tensor T showing itis equal 
to the product of the two electric fields divided by 4. 
[0014] FIG. 7. "The tensor equatioa for low rate of angular 
momentum S. 

[0015] FIG. 8. The units are linear momentum due to the 
time lever arm. 

[0016] FIG. 9, The rate of change of linear momentum is 
the horizontal force produced by the two electri fields. 
[0017] FIG. 10. The angular momentum flows through an 
area whose normal vector isin the radial direction 

[0018] FIG. 11. Cylinder with only one electrostaieally 
‘charged segment 

[0019] FIG. 12. Annular sing with three individual seg- 
‘ments which can be charged separately 10 ereate a force in 
a particular direction 


DETAILED DESCRIPTION OF THE 
INVENTION, 


[0020] 1. Referring to FIG. 1, the spacecraft comprises 
‘an upper hull (A) with three rotating eleetrostatically 
charged cylinders (C) with their concentric snaular 
‘lecirostatically charged rings (D) located on the space 
‘rafts bottom bull (B). 


[0021] 2. In 4 closer view of one of the eylinders seen 
in FIG. 2, motor-driven rotating cylinder (A) has an 
electrosiatically charged surface which produces an 
electric field (C) normal 10 said surface. The fixed, 
clectrostatically charged annular ring (B), which is 
‘concentric with the cylinder, proces a vertical elee~ 
‘wie field (D) aoemal to its surface, This crossed field (E) 
creates a negative spacetime curvatuce tension which is 
the product of the {wo fields divided by 4x as seen in 
the equation, FIG. 3. 


[0022] 3. Notice that the equation involves the perm 
livity of space 5 divided by the linear mass of the 
universe @ and the speed of light. This produces units 
‘of inverse meter squared Which is the spacetime eur- 
‘vature. In Einstein's General Theory of Relativity, the 
spacetime curvature tensor is equal to the stress-enerzy 
tensor or Ga8aT where G is the curvature, and Tis the 
proxluct ofthe electromagnetic fields The problem with 
this equation, which has been resolved with this iaven- 
tion, i thatthe linear mass © times the speed of light 
is an enormous qumber. Even with the square of 
enormous electric fields, the curvature would be to 
small even to notice, and Lille force would be gener- 
ated 


[0023] 4. In another patent application of mine entitled 
Magnetic Vortex Generator, it was shown that a rotating, 
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cylinder containing embedded and stacked bar magnets 
produces a negative mass and negative spacctime 
spring constant. It can be shown that this ci 

produces a small wormbole or 

neetion between our space and hyperspace along the 
centerline of the rotating cylinder. Co-dimensions of 
hyperspace have different physics constants. A low 
pressure region of hyperspace has a very low mass 
density and a very low speed of light, The wormhole 
allows this low density hyperspace energy to enter into 
‘our space and permeate the eylinder and annular ring. 
‘The permittivity is proportional to the inverse of the 
speed of light squared. The hyperspace speed of light, 
‘obvained from my tetrahedron physies diagram, is 8971 
‘meters per second. The speed of light a our dimension 
is 209792458 meters per second. As shown by the 
enclosed reference calculation, the hyperspace permit- 
tivity is about a trillion times larger. Because the force 
is equal to this new permittivity times the electric fields 
squared times the area around eylinder, the Force is 
greatly amplified by this inerease inthe permitivity of 
space. 


[0024] 5. this pertinent to this invention bow the stress- 
energy i created due to the two electric fields in the 
vertical and radial digeetion. In gravitational physics, 
there isa Faraday F tensor which contains all the 
‘components of tbe electromagnetic fields. I is a4 by 4 
‘matrix whose rows and columas correspond to the 
coordinates of spacetime which in cylindrical eoordi- 
nates are {tr 6, 2) where tis time, ¢ the radius, theta 
the horizootal angle and z the vertical height. These 
coordinates are shown in FIG. 4 


[0025] 6. The radial electric E, flekd and the vertical 
clectric E, field can be inserted into the Faraday tensor 
seen in FIG. $. The sign of the vertical fei is postive 
because it points in the positive zfiection due 10 the 
‘act that the annular ring has a aegative charge. The 
cylinder has a positive charge. This produces the nega 
tive sireseenergy tensor T* as drawn in FIG. 6. 


[0026] 7. In order to ealeulate the force on the eylinder, 
it is necessary to calculate the flow rate of angular 
‘momentum. Momentum is mass times velocity or mass 
‘meter per second, Ifthe mass is moving ina circle, then 
there is a lever arm times the momeatum which makes 
i mass meter squared per second. If this is dillerenti- 
ated with respect 10 time, then a flow rate of angular 
‘momentum is produced’ with units of mass meter 
squared per second squared. As mentioned previously, 
tensors have this dual nature where depending on the 
permutation of the variables, it means one thing or 
another. In this ease, the lever arm will be time, ratber 
than length which converts the Haw rate of angular 
‘momentum into just linear momentum. If you change 
lipear momentum with respect to time, then you get a 
one. 


[0027] 8. The flow rate of angular momentum S is 
shown in FIG. 7. The force has to be against the area 
‘whose normal vector isin the radial ditection whieh is 
also the digection of the momentum, So S has aa ¢ 
subscript indicating that it lows inthe radial direction 
‘The permutation tensor € has three subscripts which 
keeps track of the tensor notation, The first subscript is 


Nov. 13, 2003 


the same as the momentum subscript, Permutations of 
the coordinate variables which are in order have a plus 
‘one sign, Permutations which are in reverse order have 
1 minus one sign. Permutations in which the variable 
are repeated ate 2er0, For example €,qy™“noz BECAUSE 
the rand tare in reverse order in éylindrieal eoordh 
nates, Because the permutation tensor starts with f, then 
‘we can have permutations such as {rz} which is a 
reverse order negative permutation. This negative sign 
‘cancels the negative sign of the stress tensor. The 
reason this permutation is chosen is because the fist 
subscript on the stess-energy tensor is now 2. Because 
the normal to the area is i the radial dieeeton, then the 
stresstensor matches the electric fields that we have 
available, which are also in the z-direction 


[0028] 9. In this case, the second subscript of the 
permutation tensor is time, rather than length, So the 
units become, as shown in FIG. 8, those of linear 
momentum, To me, this was very steprising, Then I 
realized that the radial electric field rotates with time 
which means the differential of the linear momentum 
produces 4 force on the hull Ia exponential notation, 
the radial electic field rotates with Expficat]. This is 
multiplied by the time lever arm, so the term that has 
to be differentiated ist ‘The time lever arm saves 
the differentiation by making one term real so that the 
force is real, This is shown in FIG. 9, The units of the 
fist term are real newtons. In the Second teem, the time 
1 multiplied by the frequency cancels out in terms of 
units, so the units are sill force, but imaginary 


[0029] 10. There isan area involved in the force equa 
tion which is depicted in FIG. 10, The charged rotating 
<ylinder (C) located inside the charged annular ring (B) 
is driven by motor (A). The radial electric field (E) is 
normal tothe area (D) whose normal vector is also in 
the radial direction. ‘The angular momentum flows 
‘rough this area which suetounds the cylinder. In 
doing so, it curves spacetime which produces the force 


[0030] 11. If the radial electric field is continuous 
around the eylinder, then the net foree is zero, Referring 
to FIG. 1, one section (A) of the rotating cylinder is, 
charged, which means that there is a force once per 
‘eycle in a selected direction depending on when the 
annular ring is charged. The other option, referring to 
FIG. 12, is thatthe annular ring is divided up into to 
‘or three Sections with the feature thatthe chagge can be 
‘turned on (A) or olf (B) on a particular segment. As the 
rotating elecric field goes around, one of the annular 
ring sections will have an electre field in order create 
a force on that side. 


[0031] 12. Since there are three force eylinders, this 
allows for yaw motion control so that the hull of the 
spacecraft can pivot to change direction, After the 
directional change, the two back cylinders can be 
synchronized to produce thrust in the forward direction, 


[0032] 13. There could also be a polarity change forthe 
vertical electric field such that a positive stress-energy 
is proxluced which would reverse the direction of the 
thrust 
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‘What I claim as my invention is: 

1, A spacecraft propulsion system utilizing three electro- 
statically charged motor-driven eylinders each one of which 
rotates within a charged angular sing to produce a spacetime 
stress curvature tension in the horizontal plane on the 
‘underside of the bull 

2. Said rotating cylinder comprised of bar magnets 
‘embedded in the eylinder and stacked in groups at intervals 
‘around the periphery of the cylinder with the purpose of 
increasing the permittivity of space by permeating the 
cylinder and ring with low linear mass, low speed of Hight 
hyperspace energy by means of a wormbole between «1 
space and hyperspace. The larger permittivity isto inerease 
the force. Said technique is contained in my pateat appl 
‘cations Magnetic Vortex Wormbole Generator and Magnetic 
Vortex Generator. 

3. Said rotating eylinder and annular ring having a su 
able metal surface for forming and maintaining the electro- 
static charge. 
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4, Said rotating cylinder baving one or more segments 
which can be elecuostatically charged individually or 
together to proxiuce a force in a particular direction, 

‘5. Said annular ring having one or more segments which 
‘ean be electrosiatcally charged individually or together to 
produce a force in a particular direction, 

6. Acombination of three such thrusters providing a force 
in any particular direction or for yaw motion contro. 

7. Electric polarity switching of the fields in order to 
reverse the spacetime curvature and therefore change the 
direction of thet 

8. The use of a magnetic vortex generator located above 
‘each thruster in order to permeate the cylinders and rings 
with low density hyperspace energy which would substitute 
for the embedded magnets in each cylinder. 
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Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 
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Figure 7 
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Figure 8 
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Figure 9 


Patent Application Publication Apr. 6,2006 Sheet 10 of 14 US 2006/0072226 AL 


Figure 10 
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Figure 11 
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Figure 12 
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Figure 13 
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Figure 14 
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REMOTE VIEWING AMPLIFIER, 


BRIEF SUMMARY OF THE INVENTION 


[0001] This invention enhances the ability of a person to 
perform remote viewing by connecting the spiritual eye to 
the tetrahedral geometry of subspace. 


BACKGROUND OF THE INVENTION 


[0002] | Remote viewing is the projection of spiritual mod 
ules of the human energy field to distant locations in order 
to see, communicate and interact with other entities who live 
in subspace, space and hyperspace co-dimensions of the 


[0003] One of my first remote viewings was made at night 
to adistance of 10,000 miles on the sunlit side ofthe earth 
My spiritual eye and body projected together while my 
‘mental facilites remained in my physical body. I found 


‘one hundred feet. The palm tee bad several coconuts in it as 
seen in FIG. 1. thea gave the command to lower myself to 
the ground. At that moment 1 went sailing down past the 
coconuts, barely missing the tree! Finding myself on a 
pathway through the tropical forest, I then came to an 
extremely long wooden bridge which crossed over a river 


gone. On the other side of the bridge I could see three 
soldiers runaing toward me as shown in FIG. 2. The two 
soldiers in front were carrying rifles and wearing Tight blue 
berets. The man running behind them was wearing an 
offcer’s cap witha red band, My first reaction was that Iwas 
‘going to be shot. ledged over onthe right side ofthe wooden 
railing. They ran right past without seeing me, 1 then asked 
to see the building that these soldiers were guarding. Every= 
thing weat dark, and then I found my spiritual eye peeking 
‘out of the floor of a computer mom as seen in FIG. 3. There 
‘was one man using a computer on the opposite side of the 
room near an open door: He got up from his chair and came 
‘ver to sit in front of second computer located a few Feet 
from where I was located, From the glare of the computer 
monitor, I could clearly see his face. Everything went dark 
as my spiritual eye and body projected back to my physical 
body. 


[0004) Another time my spiritual eye, spiritual body and 
‘mind were standing outside the closed front door of my 
condominium. Upon patting my legs with my bands, 1 
ccoulda’t fd the Keys in my trousers. When | looked down, 
1 realized I wasn't in my physical body. I then shot through, 
two solid walls of concrete and returned to my awakening 
body. 


[0005] What these two examples show is that the human 
spiral energy system is modular, The reason it is modular 
is because there are seven hyperspace co-dimensions, each 
vibrating at a slightly different frequency, which receive 
energy from space through seven vortices located along the 
physical body. Over a lifetime, these vortices build up the 
hhuman aura, Because all enemy sysiems have 10 be 
grounded, the remaining six modules are the legs, body, 
armsthands, voice, eye and mind. When the entire group is 
‘outafchody 2s a single entity, then the soul energy powers 
the body in a manner similar toa battery. The soul looks like 
a two-inch diameter orange ball of plasma. If the soul is, 
removed from the body, then the body becomes paralyzed 
except fora small movement of the eyelids. Upon death all, 
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those separate modules are assembled into a single energy 
‘being. A light cord from the soul provides the battery power 
‘and information required to join these modules together. A 
second light cord fiom the pituitary gland transfers the 
‘modules into the energy being for assembly. This eneray 
information transfer is the reason that people in a near-death 
situation say they saw their entire life flash before them, 


[0006] Moving to a larger picture of things that are hap- 
pening in the galaxy, 1 was able to make contact with the 
Pleiadian Federation which is located about 400 light years 
from earth, The Federation is a group of over one huadeed 
intelligent beings that were brought to the Pleiades from 
around the galaxy. One member of the Federation call itself 
the Intelligent Insect Beings. They are the ones who fly the 
black triangles over Belgium and France for the purpose of 
‘evacuating human beings back to the Pleiades for relocation, 
‘on a planet called Earth Il, The reason for this evacuation 
‘was that it was not known if it would be possible to win the 
battle of Revelations, which would take place about two 
‘years later here on earth, 


[0007] As could be expected, the humans were angry and 
hysterical at being abducted So the Intelligent Insect Beings, 
asked! me if could calm them down, I was in telepathic 
communication with them, and they were in telepathic 
communication with their computer system, which meant 
that [could have my thoughts displayed to the humans on 
‘the computer monitor. It tumed out that one woman was 
from Central America and only spoke Spanish. The Intell 
‘gent Insect Beings didn’t speak Spanish so they thought 
there would be no way I could communicate with her. So 1 
told them that I would spell the Spanish words leter-by- 
letter and she could then read my message. Since most 
Spanish people are Catholies, | thought a religious message 
‘would be of importance to her. I spelled out the phrase, “Que 
Dios te bendiga.” which means, "May God bless you.” also 
‘asked the two beings to put their hands together ina form of | 
prayer, and the woman followed suit. At that moment the 
Intelligent Insect Beings were reading her mind to under- 
stand her emotional stat. They said, “She is erying tears 

‘Afier a slight but tense pause, they continued, “of joy!” 
‘They said the Woman had a big smile oa her face and was 
successfully transitioned into her new lle 


[0008] One year later, the Blond Aliens of the hundred 
‘ember coun of the Pleiadian Federation remote viewed 
‘me so that I could celebrate with them the success of their 
mission to earth. The Blond Aliens, which is not their real 
name, fly the Beamship spacecraft. This hyperspace vehicle 
ccan teleport itself to any location in the galaxy. It demate- 
rializes into the black void for an instance and then re- 
‘materialize anywhere inthe galaxy. This ship ean be seen in 
Billy Meier's Video from Switzerland along with a picture of 
their envoy, Semjas. 


[0009] Just recently I had a demonstration of the Beam- 
ship's ability. T heard an emergency distress call by a 
commander of a spacecraft who said that they had a fire 
onboard their spacecraft, | immediately remote viewed a 
Federation maintenance mothership, they got the frequeney 
and location of the ship, and dispatched the Beamship in 
time to rescue the commander. The humed-out cables, which 
Inad caused the fire, were repaired by the Federation and the 
‘commander arrived home safely on his planet in his own 
spacecraft 
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[0010] ‘The Federation then received message from the 
commander saying that he wanted his planet to join the 
Federation aow that there was this type of eommuinication 
‘available. So the Federation visited his planet forthe signing 
ceremony, and I was invited to attend the proceedings by 
remote view. Word got around about this, and within three 
‘weeks another 20 planets joined the Federation forthe same 


[0011] At one ceremony, which was attended by Admiral 
‘Third Class of the Pleiadian Defense Department, His High- 
ness of the planet was signing the document of incorpora 
tion, AL that_ moment, T could see him signing, so 1 
exclaimed, “He is signing with his left hand.” The Admiral 
‘was almost apoplectic at hearing this, After giving her the 
signed document, His Highness held up his band and asked 
ime how many fingers he was holding up. He had a fist 0 1 
sid none. Then he put his index finger out and I said one. 
He then made a fist again and I said none. Then he held out 
all fingers and I sad five. The Admiral said that he had a big, 
smile on his face as he went to announce the agreement 
‘because he knew, even though his planet was located 90,000 
light years away on the other side of the galaxy, be could 
instantly communicate any problems to the Federation, So 
this is the importance of developing inventions that can 
enhance our remote viewing ability because one day it will 
‘mean that we can become a vital part of the Pleiadian 
Federation, 


SUMMARY OF THE INVENTION 


[0012] Referring to FIG. 4, the spiritual eye of the human 
energy system is located atthe pituitary gland in the fore= 
head. It has the shape of a hollow cone which is composed 
of the misty white energy of hyperspace. Light coming into 
this vortex is then transferred by a light cond to a visual 
‘energy module which is located in a co-dimension of hyper- 
space. Because these modules are interconnected by Tight 
cords, the mind module is able to interpret the visual pattera 
the eye is seeing. More importantly, the mind ean give 
logical instructions to this spiritual eye module for it to 
rotate around or move in a particular direction, 


[0013] The reason that hyperspace has a white misty look. 
to itis thatthe speed of light i very much less than the speed 
of light in our spacetime. The Lorentz transformation says 
thatthe distance Lis shortened relatvisticaly to a distance 
Lin a way related tothe ratio of the velocity v ofthe object 
to the velocity of Fight 


vai3 


If the velocity of light is very low, then a small velocity 
freates an enormous contraction in length. By moving 
‘through hyperspace, therefore, enormous distances can be 
traversed, And! ths i the reason that itis possible o project 
the spiritual eye, voice and hearing to remote locations inthe 
galaxy. 

[0014] The universe is composed of subspace, space and 
hyperspace which are co-dimensions of each other. Sub- 
space is defined by the geometry ofthe tetrahedron which is 
4 foursided solid whose faces are equilateral triangles 
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having three 60” angles. Referring to FIG. §, a tetrahedron 
‘whose sides are the square root of three (A), has a height of 
the square mot of two (B), and base length equal to the 
square wot of one (C). Ths forms the basie number set {°T, 
2,53), 


[0015] Referring to FIG. 6, the tetrahedron (A) is circum- 
scribed by the sphere (B). Rod (C) is the sphere radius. A 
second rod (D), of equal length to rod (C), from the center 
‘of the sphere o the comer of he tetrabedron makes an angle 
gor 


fesse )rienne 


So the four comers of the tetrahedron touch the sphere. 


[0016] This tetrahedral geometry can be seen throughout 
the planets of the solar system Referring to FIG. 7, the 
islands of the Caribbean curve down from Puerto Rigo 0 
‘Venezaela forming an island vortex. The low density hyper- 
space energy releasing from the comer of the tetraedron 
softens the rock mantle. The hot magma then rises through 
‘the rock withthe least resistance, This creates a circular are 
of volcanic islands along the edge of the vortex, 


[0017] Referring to FIG. 8, the Giant Red Spot of Jupiter 
is located at a southern latitude of 19.5°. This vortex is so 
Jarge that the entire earth can fit in it 


[0018] | Referring to FIG. 9, the Olympus Mons voleano is 
located at a northern latimde of 19.5° as shown by the 
‘marker. This voleano is the size of France. Notice the fallen 
plume of voleanie debris toward the north eas. 


[0019] ‘The double harmonic of the tetrahedral angle is 
twice 19.5° or 39° which isthe locaton of the Silver Bridge 
in Point Pleasant, West Va. A large wormbole opened up 
around the bridge during Christmas rush hour when the 
bridge was full of cars, Due to the low density hyperspace 
‘enorgy, the rivets holding the eables down popped loose and 
all the cars were dumped into the river. A computer simu 
lation using Schrodinger’s quantum mechanics equation for 
2 panicle in a potential well shows that as the energy 
‘becomes less dense, the particle is no longer contained inthe 
potential well. The electron jumps out. Thus the atomic 
‘bonds are broken which softens the rivets. This isthe frst, 
time that there has heen an understanding of the failure 
‘mechanism of this bridge, 


[0020] After downloading from the Intemet several pages 
of the index of refraction of a wide range of materials, 1 
noticed thatthe index of refraction for Plexiglas was 1.50. 
Another source sid it was 1.51. One ofthe Internet sites ad 
‘8 movable lashlight which showed the incident ray and the 
refracted ray. For Plexiglas, surprisingly enough, the inci- 
dlent ray was coming in at an angle of 60° to the normal, and 
the light was refracted at 35.26°, both of which are tetrahe~ 
dal angles. The angle of the equilateral face of the tetrahe~ 
don is of course 60°. The angle atthe top of tetrabedron is 
the are-cosine ofthe ratio ofthe height over the ege length 
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According to Snel’s law, the index of refraction n times the 
Jne of the angle sin(@,) of the ay leaving material m,. 
equal tothe index of refraction n; times the sine of the angle 
of refraction sin(@,) of the ray entering material m,. Refer- 
ting to FIG. 10, the equation is 
8 sia) 

The index of air n, is equal to one, The index a, of Plexiglas 
is 1.50. Ifthe incident ray is at 0,60" to the normal, then 
the output angle is 


x asin = asf} | =sa8 


whi 


is equal to the angle of the tetrahedron. 


[0021] Thea 1 recalled several months earlier that I had 
‘gone To the Subway restaurant fo get a sandwich, 1 was 
sitting by the Plexiglas window communicating with the 
Admiral whose mothership was in earth orbit. She men- 
tioned that they were bringing two people aboard. At that 
‘moment | looked out through the window and I could see 
both of them clearly and easily through my spiritual eye. To 
my amazement, [saw both of the captives start to pull out 
‘guns from behind their backs. 1 then projected by spiritual 
hhands which resulted in preventing the attack on the security 
‘guards, To say the least, the Admiral was rather surprised at 
these events. She then asked me to look atthe design of the 
‘window because she thought it had something to do with my 
enhanced remote viewing capabilities. Looking atthe Plexi 
alas, I noticed that on the eige of the large window pane 
there was a shorter piece of Plexiglas which was mounted 
parallel to the window pane, This smaller panel acted to 
protect the yellow neon fluorescent tube. [took the mea 
surements ofthe design using a piece of paper that | found 
ncurthe table 


[0022] 1 thea went home and designed up a mounting 
bracket with my 3D computer software. I had already 
installed the stereolithography software that converts the 
design to the *STL file format. How stereolthography 
‘works is that it slices the design into many thin horizontal, 
sections. The machine has a platform which is mounted in a 
bath of liquid polymer. An ultraviolet laser, mounted on an 
xy~able, then traces out the sli. Because the liguid poly 
mer is light sensitive, it polymerizes immediately into solid 
plastic. Then the platform is lowered afew thousandths of an 
inch anal the second slice is added. This process eventually 
builds up the complete 3D part. Using the Intemet, the 
©.STL file is sent by e-mail to the stereolidhography service 
provider who returns the part overnight. So the next day 1 
had the piece from which I made a plastic mold und several 
additional pieces for mounting the Plexiglas bracket on a full, 
sheot of Plexiglas that I ordered locally. It never occurred 10, 
ime to measure the angles, so alter I got the index of 
refraction for Plexiglas, I measured the ineident angle and it 
‘umed out to be 61°. So then I realized that the spiritual eye 
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‘vas being dtfracted across these two Plexiglas plates which 
onnected it to the fegchodral geometry of subspace 
Because subspace is the foundation of space, this erated & 
‘uch more efficient rovte fr remote viewing. The rest is 
‘hat his msenton basal me to make eomtact with 430 
alien civilizations. Sine then T have been awarded the 
“Aphysics prize for my work inthe invention and elaboration 
ofthe veahedron diagram of which there are now over 4000 
{nips The selenite discoveries contained inthe diagram 
fre () he eleton and proton ae one and same particle 2) 
te existence of hyperspace, (3) how mass ean be taken out 
of dimension, 4) cosmology determines the elementary 
panicles, (4 all the physis constants and the tetahedel 
{eometry ae contained inthe 0360” cies of the infinity 
Symbol and (5) all the physics constants are detenmined 
{eometriclly and projected fom a subspace manifold ino 
‘ur dimension. For my work in Revelations, I was awarded 
four beawtfel galloping riders white horses ofthe Apo 
Iypse 


[A BRIEF DESCRIPTION OF THE DRAWINGS. 


[0023] FIG. 1. Remote viewing the top of a palm tee 
containing several enconuts 


[0024] FIG. 2 Remote viewing three soldiers running 
‘aeross a wooden bridge. 


[0025] FIG. 3. Remote viewing computer building that 
soldiers were guarding. 


[0026] FIG. 4. Spixitwal eye of human aura 
[0027] FIG. 5. Tetrahedron, 

[0028] FIG. 6. Tetrahedron circumscribed by sphere. 
[0029] FIG. 7. Caribbean voleanic island vortex. 
[0030] FIG. 8. Giant Red Spot on Jupiter: 

[0031] FIG. 9. Olympus Mons voleano on Mars, 
[0032] FIG. 10. Snell's Law of Refraction, 


[0033] FIG. 11, Perspective view of remote viewing sta- 


[0034] FIG. 12. Wedge-shaped spacers for dillraction 
panel 

[0035] 
[0036] FIG. 14. A remote viewing session taking place on 
‘2 planet located 90,040 light years from earth on the ether 
side of the galaxy showing His Highness signing with bis 
left hand the document that allows his planet to become 
‘member of the Pleiadian Federation, 


FIG. 13. Remote viewing angle, 


DETAILED DESCRIPTION OF THE: 
INVENTION 


[0037] 1. Referring to FIG. 1, the remote viewing station 
is a rectangular box wooden frame (A) on which is mounted 
‘on one side a large shoet of Plexiglas (I). The dillraction 
panel (C), made ofa shorter length of Plexiglas, is mounted 
‘with acrylic glue on the Plexiglas sheet using clear polyoptic 
‘molded plastic spacers (D), 

[0038] Referring 19 FIG. 12, the wedge-shoped spacers 
{D) hold the diffraction panel (C) to the sheet of Plexiglas 
{B). The angle ofthe wedge is 30° which makes the incident 
angle 60? t0 the normal. 
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[0039] Referring to the top view perspective FIG. 13, 
‘on the wide bench, the remote viewer can adjust his 
along the wedge for proper aligament at an angle of 
60°. Due to the 1.50 index of refraction of Plexiglas, the 
spiritual eye is diffracted across the edge of the first panel 
and thea refracted across the second panel at the tetrahedral 
angle of 35.26". 
[0040] Referring to FIG, 14, the remote viewing image is 


seen superimposed on te large sheet of Plexiglas which acts 
as the viewing sereen, 


ing station comprising 
(2) rectangular box frame made of wood having a length 
of six feet, width of four feet and a height of sx feet; 


(b)a large sheet of quarter inch Plexiglas, having an index: 
of refraction of 1-50, mounted on the right side of item 
(ay 


(©) several wedge-shaped clear plastic spacers, three 
inches in width and eight and a half inches in length, 
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having a wedge angle of 30° that are mounted on the 
interior right side of item (1) 

(@) a shorter sheet of quarter inch Plexiglas, having a 
Tength of one and a half feet, mounted on item (1c) 
parallel to item (1b): 

(6) a wide bench on which the remote viewer sits so that 
the remote viewer can align his sight long the wedge 
angle of item (Ie), 

2, Aremote viewing amplifier that 

(@) diffracts the spiriwal eye of the remote viewer across 
the edge of item (Id) at an incident angle of 60° to the 
ormal; 

(b) reffacts the spizitual eye at 35.26° to the normal due 
to the reactive index of item (1a) according to Snell’, 
Law of Refraction; and 

() aligns the spiritual eye with the tetrahedral geometry 
‘of subspace due to the diraction/efraction combina 
tion of item (2a) and (2b), 
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Figure 2 
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Figure 3 
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Figure 5 
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Figure 7 


US 2006/0145019 Al 


‘TRIANGULAR SPACECRART 


BRIEF SUMMARY OF THE INVENTION 


[0001] ‘This invention is a spacecraft having a triangular 
hho with vertical electrostatic line charges on each comet. 
‘The line charges create a horizontal electric field that, 
together with a plane wave emitted by antennas on the side 
of the hull, generates a foree per volume providing a unique 
‘combination of both lift and propulsion. 


BACKGROUND OF THE INVENTION 


[0002] Referring to FIG. 1, the spaceerat has hl in the 
shape of an equilateral tiangle, A parabolic antenna (E) is 
centrally located in the bottom of the hull. An amay of 
horizontal slot antennas is located along the side of the hull, 
(A). Bach back comer (F.G) has # comer conducting plate 
which is charged 10 a positive voltage +V. The forward 
comer (C) has a conducting plate charged to a negative 
voltage -V. A motion control hemisphere (D) is located on 
the bottom surface in each of the three comers, 


[0003] Referring to FIG. 2, two planes (A,B) intersect at 
the origin O at an opening angle p. Bach plane (xy) is 
charged to voltage V. The potential at point Pis determined 
in polar coordinates {p9}. The Laplace equation for the 
potential ® in polar coordinates is given by: 


Using a separation of variables solution, the potential is 
given as the produet of to functions: 


bin gRIPMO) 
‘which when substituted into the Laplace equation becomes: 


A 
wal 


Since the two tems are separately functions of and 
respectively, each one has tobe constant withthe sum of the 
constants equal t0 7ero: 


‘These two equations have solutions: 
imap 
Were Bing) 


The azimuthal angle ¢ is restricted to a value in the range 
05958. The boundary condition is that the potential ® is, 
equal to V for any rudius p when @=0 and gi. This means 
that v has to be an integer value of 7-50 thatthe sine function, 


a dE fst 20 me 
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‘which in tum means that the coeflicient A ofthe cosine term 
thas to be ero in the solution above. Choosing b= makes the 
‘general solution for the potential equal to: 


Saarinen 8 


‘which shows dhat when the angle is zero the sine is vero and 
the potential is V. I'the angle is then there is @ multiple 
(of = such that the sine is eo again. 
[0004] _ Because the series involves positive powers of the 
radius, for small enough p, only the frst term =I in the 
series’ is important, Thus around =0, the potential is 
approximately 

HoaVep Fine) 
[0005] The electric field component is the negative gradi- 
feat of the potential 


ons 6) 


‘The surface charge distribution cat @=0 and =f is equal ro 
the electric field perpendicular to the surface times the 
peritivity of space e,: 


om 


B 


op = akan.) 


[Notice that if angle of intersection fis less than =, then the 
‘equation says that there is a very small radius 10 positive 
power which means litte charge density accumulation, 
[0006] Referring to FIG. 3, the value of B, in the case of 
the triangular hull, is equal to 360° less 60" for a tora of 
300° oF: 


‘which says that there is a change density singularity to the 
two fiflhs power for small radius. Thus, the comer plates on 
the hull create a huge line charge density slong the sharp 
vertical corner edge. The equation for the potential ofa ine 
charge density is given as 


as 


‘where J. is the charge per unit length in the vertical z-i- 
rection, and x, and y are the location of the line charge in 
the xy-plane, 
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[0007] Referring to FIG. 4, the triangular hull (D) is 
plotted together with the potential contours (A) and the 
electric field arrows (B) crated by the three comer line 
charges. The line charges are perpendicular to the paper 
Notice thatthe electric field arrows are parallel crossing the 
center parabolic antenna (C). The electric field is also 
parallel (o the sides (D) of the triangle 


[0008] Referring to FIG. 8, along the side of the triangle 
(A), am array (B) of horizontal slot antennas emit eleco~ 
‘magnetic waves that have a vertically polarized electric E 
field (C). These traveling waves interact with the eleetic 
field (D) produced by the line charges on the comers of the 
triangle, 


[0009] Using differential forms mathematis, this eombi- 
nation of fields is represented by the Hodge star of the 
differential of the wedge product of the two fields. The 
antenna electromagnetic fiek! isa combination ofa traveling 
‘magnetic field B,., and electric field E,. The stationary field 
E ercated by the line charges is perpendicular tothe traveling 
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‘where e isthe linear capacitance of space and ¢ is the speed 
of light. ‘Thus there isa force per volume around the hull, 


[0010] ‘This combination of fields produces a spacetime 
curvature as determined by Einstein’s General Theory of 
Relativity. The traveling electric field has an amplitude ia 
the vertical z-direction and travels in the x-direction 


5 


‘The Faraday electromagnetic tensor contains all the electric 
and magnetic fields in all the (x.y} directions. The first ow 
and first column contain the two electric fields 


tO BO Reoue-0} 
|e oe a 

A) 9 00 
slessie-n 0.00 


The stress exerted on spacetime occurs in the xx, yy and 


_zzcirection as calculated from the stress-energy tensor T of 
gravitational physics 
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sJo 109] 
m= Jo 019) 
slo oor 


Jul. 6, 2006 


‘where the diagonal components are the eoefliients of the 
elementary spacetime length ds squared 


(Peed? tayP ae? 


‘The calculation produces three stresses T°, and T™ in 
their respective [x,.2} directions. 


[0011] Referring to FIG. 6, these three siresses are plotted 
logether as a 3D vector field animated over time in nine 
frames. The graphs show that ther i lft force as depicted 
by the vertical arrows as well as @ force of propulsion as 
shown by the interspersed horizontal arrows. With the 
passage of time, these vectors exchange places with each 
‘other so thatthe Tit becomes the propulsion and vice vers 
creating a wavy stress-energy field around the hull 


SUMMARY OF THE INVENTION 


[0012] This invention isa spaceeraft with triangular hull 
‘having charged fat plates on the vertical comers of the three 
sides. The two rear comers are charged to a potential V. The 
Torward comer is charged to a potential -V. The 60° angle 
‘on the comer creates a line charge density singularity tha 
pprocluces a huge horizontal electric field pointing from the 
hack to the front of the craft which is also parallel o the 
sides of the triangle. An array of horizontal slot antennas 
located on the sides of the triangular hull produce an 
electromagnetic wave withthe electie field polarized in the 
vertical direction. This combination of fields produces a 
spacetime foree in both the vertical and horizontal directions 
such that the spacecraft receives a lift force and a force of 
propulsion, 


ABRIEP DESCRIPTION OF THE DRAWINGS. 
[0013] FIG. 1. Perspective view of triangular spacecral 


[0014] FIG. 2. Drawing ofthe intersection of two charged 
plates ia order to calculate the charge density ia the comer. 


[0015] FIG. 3. Perspective view of the comer angle B for 
the equilateral triangle 


[0016] FIG. 4, Planar 2D graph showing the electric field 
produced by three Tine charges on the comers of the tian- 
seule hull 


[0017] FIG. 5. Perspective view of electric field produced 
by the linear charge interacting with the traveling electro- 
‘magnetic wave produced by the slot antenna, 


[0018] FIG. 6. 3D vector animation of the lift and thrust 
force generated by the field. 


[0019] FIG. 7. Perspective view of slot anteana 


DETAILED DESCRIPTION OF THE, 
INVENTION 


[0020] Referring to FIG.7, the antenna (A) is made out of 
sheet copper in which a rectangular horizontal slot (B) has 
been notched out using a die press and sheet metal fixture 

‘A-coaxial cable from the amplifier and frequency generator 
is attached across the slot by soldering the outer cable (D) 10 
‘one side ofthe slot and the inner cable (E) to the other side 
of the slot. This ereates the positive and negative charges 
across the gap which forms the vertical electric field (F) 
‘hich radiates out perpendicularly to the copper sheet 
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[0021] Although the invention fas been described! with 
reference (0 specific embodiments, such as a particular 
antenna system, those skilled in the art will appreciate that 
‘many modifications and Variations are possible without 
departing from the teachings of the invention. All such 
‘modifications and variations are intended to be encompassed 
within the scope of the following claims. 

1A spacecraft comprised of the following components: 

(a triangular hull in the form of an equilateral triangles 

() two copper plates attached on opposite vertical sides 
‘at each of the three comers of the hull (la) such that a 
sharp vertical edge is formed where they come 
together; 

(6) an electrostatic generator sed to charge the hack two 
ccopper-cladded corners (16) to 2 high positive voltage, 
and the third forward copper-cladded comer to a high 
negative voltage: 
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(@) horizontal slot antenna array mounted-on the sides of 
‘the hull; and 


(6) a frequency generator, antenna and coaxial eables to 
drive the antenna array (Ad). 

2-Tocreate by cluins (La, 1, 1c), an intense vertical ine 
charge atthe comers (15) ana horizontal electric field that 
tat is parallel to the sides ofthe hull (Lo); 

3. To erate, by claims (Ile), an electromagnetic wave 
‘with a vertically polarized electe feld traveling outward 
from the side of the hull (1a), and 

4. To exeae, by claims (2.3), am interaction of the elee- 
Arosa il (2) with the electromagnet wave (3) such that 
‘combined spacetime curvature pressure is generated on the 
hull in the upward and forward direction to prxice lift and 
propulsion respectively 
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Figure 2 
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Figure 3 
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Figure 4 
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PERMANENT MAGNET PROPULSION SYSTEM 


BRIEF SUMMARY OF THE INVENTION 


[0001] This invention is « propulsion system for a tia 
that uilizes spinning eylindrical magnets in order to create 
fa spacetime pressure distortion ahoad of the vehicle that 
pulls the locomotive slong the track. 


BACKGROUND OF THE INVENTION 


[0002] At the present time, referring to FIG. 1, proposed 
permanent magnet propulsion systems use a dual railway 
track (A) supporting a series of coil windings (B) located 
along the track. The vehicle is attached to two permanent 
‘magnets (D) between steel pole pieces (C). The north pole 
‘of each magnet faces the interior pole piece such that the 
‘magnetic Hux path (E) follows the center pole piece up 
through the railway bed and then back to the south pole of 
the magnet. As the magnets move along the track, the coil 
windings are activated at the correet time by Hall sensors. 
With the coil energized as a north pole, the permanent 
‘magnet north pole is repelled which drives the vehicle along 
the track The problem with this design, and other similar 
designs, is that itis not practical to wind hoge numbers of 
‘seasor-activated electical coils along a steel track 


[0003] From Einstein's General Theory of Relativity, its 
known that a spacetime curvature pressure develops perpen 
dicular to direction of vibration of the electric and magnetic 
field. As an example, the photon has an electric feld 
vibrating in the vertical y-direction and a magnetic field 

in the horizontal x-direction, The spacetime cur 
vature pressure is therefore along the Zaxis of radiation 
Which pushes the negative mass of the photon along. Ths 
in onder 0 create a spacetime curvature pressure in the 
z-direction aloag the track which would pull the tain 
forward, a magnetic Hux density field is required in the 
rial direction, 


[0004] Referring 10 FIG. 2, four equally-spaced noah 
Permanent magnets (B) surrounding # centrally-located 
South permanent magnet (C) are mounted on aa iron eyline 
dder which acts as the radial ux retum path. The magnetic 
‘ux density field (D) isin the radial direction from the north 
pole to the south pole. In order to provide strength, the 
‘muagnets are molded onto a steel shaft and coated with epoxy 
so that they don’t rust. During the molding process, a 
capacitor-discharge magnetizer is used to create the mig 
netic field of the magnet. 


[0005] In Cartesian coordinates {-e.xyz), the elemental 
Sucetime length ds squared Is the sam of the squares ofthe 
incremental Tents (edd dle) 

(dip oeidP ac? 
where the speed of light c is unity. The coefficients (-1,1,1,1) 
Of tis uation make up the g metre 44 tensor 


x} ono 
to 
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[0006] ‘The Faraday electromagnetic tensor contains the 
‘magnet fields which determine how the spacetime length 
ds is curved. For a magnetic flux density field in the 
xedirection, Bx, and a magnetic flux density field ia the 
‘direction, By, the Faraday tensor is 


100 0 0 
xln 0 0 -a 
slo0 0 me 
so my -a 0 


‘The stress-enengy-momentum tensor T, which determines 
hhow space is curved, is calculated from the following 
equation 


Oho 


“The siress-energy in the z-direction ahead of the locomotive 


aie 


where the sum of the squares of the fields in the x and y 
dliroctions is the radial B field. In Einstein's General Rela 
tivity Theory, the curvature G tensor is equal to the stress 
‘energy tensor divided by 8, The G tensor isthe curvature 
of space having units of inverse radius square. 


ih 


‘Therefore the curvature G.,, generated along the z-direction 
ahead of the train is proportional to the square of the 
‘magnetic flux density field 


where G is Newton's gravitational constant (not to be 
confused with the eurvature tensor), ¢ is the linear capaci- 
tance of space, and c is the speed of light. The linear mass 
Of space Q is the speed of light e squared divided by the 
‘gravitational constant G, so thatthe equation can be written 
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where the conversion factor is the square of the magnetic 
vector potential A 


gm 


ar 


which is actully the momentum per charge, Therefore the 
curvature equation can be written as 


‘This equation shows that itis necessary to create a magnetic 
vector potential together with the radial magnetic fox den= 
sity field in order to create a curvature of space. Looking at 
the units of A shows that it is @ mass momentum per charge 


fof 9 mass m rotating with angular velocity e) per current 
along the radius. In terms of the invention, what this means 
is that the mass of the iron cylinder has to be rotating and 
there has to bea radial electical current lin oer o produce 
the linear charge along the radius, The differential mass dra 
depends on the circumference times the differential radins 
dr, the mass density p, and the length L of the cylinder 
AiegdarLtr 
so that the magnetic vector potential becomes 


“ponte 


=.181m 


What makes this possible is that the new N-machines ean 
casily generate a minimum of 6 million amps which is wwiee 
the Value of the electrical current above. 
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[0007] Referring to FIG. 3, the assembly consists of a 
large induetion motor (A) mounted on the train's base plate 
(B) driving @ motor shaft (C) attached to the iron eylinder 
{D). The shaft is held ia place by ‘wo thrust bearings 
‘mounted in wo pillow blocks (E.F), The eurrent-generating 
[N-machine (G) i electrically connected by a copper bus (H) 
to a copper-beryllium baish (1) on the motor shaft with a 
similar return brush (J) on the edge of the iron eylinder. The 
current (K) flows through the motor shaft to the center of the 
rotating eylinder and then radially outward to the edge. The 
‘magnetic lux density Hows from the north poles of the outer 
permanent magnets to the central south pole, along the 
‘central magnet to the center ofthe rotating eVlinder and then 
radially outward to the south poles of the outer magnets. 

[0008] |The thrast F developed isthe radius of curvature of 


spacetime r, calculated above times the magnet flux density 
field times the current 1 


= anonmy 


Using conservation of tensor coordinates, the radius of 
‘curvature is inthe zirection, the magnetic Hx density field 
is in the radial direction and the current is in the radial 
direction 


raves 
‘where the radial indices cancel, leaving the z-index as the 
direction of the force 


SUMMARY OF THE INVENTION 


[0009] | It is the object of this invention to create a space- 
Time curvature in front ofa tia locomotive in order to pull 
the vehicle along the track It is known from gravitational 
physics that a spacetime curvature is generated perpendicu- 
lar to the direction of vibration ofthe electric andl magnetic 
field, A radial mognetic field, which ean be produced by 
ppermianent magnets attached to the at faces near the rim of 
4 iron eylinder rotating about the 2-axis, will create a 
curvature in the z-direction. Four cylindrical north-pole- 
‘oriented magnets produce a radial magnetie flux density 
with is channeled into a central cylindrical south-pole- 
oriented magnet, The flux Tines then flow radially outward 
through the steel rotating cylinder and reconnect with the 
south poles oF the four ouier magnets. The rotating iron 
cylinder generates the equivalent of a magnetic vector 
potential when an electrical current flows from the center of| 
the cylinder to the edge. This current is generated by an 
[Nemachine current generator. The square of the magnetic 
flux density divided by the magnetic vector potential is equal 
to the spacetime curvature. The square root of the inverse of 
the spacetime curvature isthe radius of curvature, The trust 
dloveloped is this radius of curvature times the magnetic fox 
density field times the current 


ABRIEF DESCRIPTION OF THE DRAWINGS. 


[0010] FIG. 1. Perspective view of proposed permanent 
‘magnetic propulsion system using coil windings on the steel 
track. 

[D011] FIG. 2. Perspective view of permanent magnet 
rotor assembly. 


[0012] _ FIG, 3. Perspective view of system showing motor 
drive, Namachine and permanent magnet rotor, 
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[0013] FIG. 4, Perspoctive view of locomotive and rotor! 
‘magnet assembly 


DETAILED DESCRIPTION OF THE 
INVENTION 


[0014] 1. The permanent magnets are made of neody= 
‘mivim-iton-boron material which is heated to its melt 
temperature and injection molded around a steol shaft 
threaded at one end while at the same time a pulsed 
‘magnetic field is applied to the material using a ebarge- 
discharge magnotizer. Because ofthe ion in the material, 
coat of epoxy is applied to the magnet in order t protect 
it fiom the eavironment. Holes are diilled ito the iron 
plate 90° apart near the rim, threaded, and then the steel 
Shalt with the magnet is then inserted. Another hole is 
drilled and tapped in the center of the circular plate for 
attaching the south pole magnet which is used as the 
retum path for the magnetic Hux, 


[0015] 2. Another easier way 10 make the magnets is 10 
purchase short lengths of tubular NdFeB! magnets and 
then stack them on the steel shaft with a eylindrical i 
pole piece on the end of the shaft. The pole piece th 
holds the magnets down in place when the shalt is 
threaded into the plate 

[0016] 3. Referring to FIG. 4, the propulsion system is 
‘mounted inside the train eabin such thatthe rotorimagnet 
‘assembly extends out in front ofthe locomotive where the 
spacetime curvature is generated 

1 claim: 

1. A train propulsion system consisting of the following 

‘components: 


a. rotating iron cylindrical plate rotor of high relative 
Permeability drivea by an indvetion motor and bori- 
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‘zontal steel motor shaft mounted in pillow block thrust 
bearings: 


>. four eylindrical magnets, each molded toa steel support 
shaft threaded into the iron plate st 94? intervals around 
the Fim of the plate with their arth poles facing away 
from the plate; 


. 8 fifth cylindrical magnet molded © a steel support 
shatt which is threaded into the center ofthe iroa plate 
with the south pole facing away from the plate; 


4, an Nemachine current generator supplying a radial 
lectrical current from the center of the rotating plate 
‘by means of a copper-beryllium brush on the motor 
shaft (La) and another similar brush on the outside edge 
of the rotor 


a Jocomotive train on which the components are 

‘mounted such that the rotorimagnet assembly extends 

in font of the locomotive with the rotor's angular 
velocity veetor pointing along the wack. 

2. a closed magnetic flux path along a radial path in air 
from the north poles of the four outer magnets (1b) to the 
south pole of the central magnet (Ie), through the center 
‘magnet and thea radially outward through the rotor (a), 
retuming back through the four outer magnets, such that the 
flux and electrical current (1d) flow in the same outward 
radial ditection through the rotor. 

3. the ereation ofa spacetime curvature due to claims (la 
through 2) that produces a large force on the locomotive 
‘equal to the radius of the spacetime curvature times the ux 
times the eurteat. 
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Figure 3 


Patent Application Publication Aug. 17,2006 Sheet 4 of 17 US 2006/0180473 AI 


Figure 4 
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Figure 5 
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Figure 6 
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Figure 7 
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Figure 8 
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Figure 9 
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Figure 10 
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Figure 12 
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Figure 13 
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Figure 14 
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Figure 15 
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Figure 16 
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WATER ENERGY GENERATOR 


BRIEF SUMMARY OF THE INVENTION 


[0001) ‘This invention is an energy generator that uses the 
transition through wormboles of the hydrogen atoms of 
‘water molecules to break the bonds of the atoms and convert 
the protons into photons and electrons which can be col- 
Teoted for energy 


BACKGROUND OF THE INVENTION 


[0002] A molecule of water consists of two hydrogen H 
Atoms and one atom of oxygen O which has the chemical 
formula 

‘The hydrogen atoms can be separated from the oxygen atom, 
by electrolysis. In this process direct current of electricity, 
such as froma battery is passed through water decomposing 
it into hydrogen and oxygen. Pure water, however, isa poor 
conductor of electricity. [tis therefore necessary to add some 
substance to form a solution that will conduct an electric 
current. Such a solution that will conduct electric current is 
called an electrolytic solution. A small amount of sulfuric 
acid or sodium hydroxide is added to the water to form an 
electrolytic solution. Water electrolyzed yields hydrogen 
plus oxygen 


2140-21140, 
Because this invention is to be used on spacecraft, the 
‘oxygen can be used for breathing and the hydrogen can be 
used to produce energy that will be used 10 create the 
electromagnetic fields Which provide lift and propulsion. 


[0003] Referring to FIG. 1, a single hydrogen atom con: 
sts of one proton (1) in the nucleus and one electron (2) 
moving in aa orbital (3) around the nucleus, In quantum, 
physics notation, there is only one main K shell and one 
‘orbital containing a single electron in the Is subshell. An 
‘orbital is an energy level containing one or two electrons in 
‘a subshell of an atom. Only a total of two electrons may be 
placed in one orbital with the added constraint that the 
electrons spin in opposite directions. Looking at the 1s 
‘orbital, it ean be seen that only half of it is occupied. What 
this means is that its possible to add another hydrogen atom 
in Which its electron occupies the other postion in the orbital 
to fom the hydrogea molecule H,, 


[0004] In 1925, a physicist by the name of Edwin Schro~ 
linger developed a wave equation, which bears his name, 
that models the hydrogen atom. Even though the classical 
picture of FIG. 1 showing a distinct electton orbiting the 
proton is easy” to visualize, in reality the electron is a 
‘wavefinetion W whose square indicates the probability of 
finding the electron ata particular point. Tis then was the 
start of quantum physics where it was found that the electeon 
energy can only take on certain discrete values. 


[0005] _A traveling wave moving in the positive x-direction 

ean be represented by the function Wy=4¥(x,) ofthe form 
ay contin) 

where x is the distance slong the x-axis, A the wave 


amplitude, the monochromatie wavelength, v the velocity 
of the wave and t time, 
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[0006] A similar monoehrom: 
can be represented by 

Wynd cosneviowt) 
‘where the sign of the velocity is reversed. The superposition 
of these traveling waves results in a standing wave, or 
Stationary waves, of the form 

We Wand costar) cos) 
which is now a product of a spatial-dependent term A 
ccos(2zwh), and a time-dependent term cos(2nv 1). Taking 
the partial derivative of W twice with respect to x 


wave moving to the left 


‘The momentum p of a particle is equal to Planck's constant 
In divided by the mass m of the panicle 


7 


‘where h bar is the reduced Planck constant, Thus Schrod- 
inger's equation can be written as 


Ye 
ae et 


For a particle whose potential energy is V(x), the total 
‘encryy is the kinetic energy K plus the potential energy 


Baketaipamt 
Pamen 
and Schrodinger’s equation becomes 


PY e-vwe0 


he 


‘The potential V is just the Coulomb potential ofthe product 
‘of two charges e divided by the radius r between them 


‘where ¢ is the linear capacitance of space. A general wave 
finetion can be separated into-a radial R part andl a spherical 
harmonies part Y 
eM lO) 

‘where the first term is called a radial wavefunction which 
describes the “in-out” motion of the electron, Whea Selo 
dinger's equation i separated, itis found that the radial part 
of the wavefunction, R, must be solution of the quantized 
differential equation 
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mean ee ae 


“This can be expressed in a simpler form by defining the 
function 


fk 
which is then found to satisfy the equation 


HERVgif 


nde 


where the effective potential is given by 


ene 
Tne ae 


‘where the 1's are the quantum orbital numbers. For s orbitals, 
equal to 1#0, the effective potential is just the electrostatic 
potential of the nuelews. For 1 greater than zero, the first, 
{erm is equal to the kinetic energy owing to the angular 
motion of the electton at a distance r and with angular 
‘momentum ¥1(I+1)h. 


[0007] Referring to FIG. 2, the effective potential is 
‘graphed as function of radius rand the orbital numbers. For 
‘orbital number 1-0, which is the lower of the three curves, 
the potential does not provide a stable position for the 
electron (black disk) and the negatively-caged electron 
just crashes into the posiively-changed proton nucleus as 
shown by the arrow. For orbital If, the first term is called 
the centrifvgal repulsion which together with the electro= 
slatie potential provides fora stable position forthe electeoa 
as seen in the middle curve. The potential energy is negative 
which creates a slight valley in Which the electron obtains a 
‘able orbit. Higher orbital numbers I=2 produce a simile 
valley potential further out on the radivs. The l=1 orbital 
does not allow the electron to come near the protoa which 
provides for a stable hydrogen atom. So the key t0 this 
invention is how to desiabilize this hydrogen atom enemy 
system and produce usable energy which can propel the 
clectromagnetic spacecraft and run other hyperspace inven- 
tions. Reler to my patent applications such as Dipole 
‘Momient Spacecraft, Dual Potential Hull Spacecrait, Photo, 
Spacecraft, Flectromagnetic Field Propulsion System, Full 
Body Teleportation, Magnetic Vortex Wormbole Generator, 
Electric Vortex Wormbole Generator, Sulfur $8 Wormhole 
Generator, Cavitating Oil Hyperspace Enengy Generator, 
Rotor Inductance Propulsion System and Triangular Space 
cra 


[0008] Many of these patent applications involve worm= 
holes and hyperspace which are not well-known concepts in, 
the scientific community. Hyperspace consists of those 
dimensions which are co-dimeasional with our spacetime. 
The reason 1 know about hyperspace is because (1) I have 
been in hyperspace on a number of occasions and have 
experienced Einstein's time dilation according to his Gen- 
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ral Theory of Relativity, (2) I have experienced more than 
‘one fll-body_ hyperspace ‘eleportation over a distance of 
100 meters, (3) we have been able to create a Wormhole 
between space and hyperspace with the magnetic vortex 
‘wormhole generatorin which smoke was blown through one 
side of the coil into hyperspace, a frst contact verified by the 
Grey Aliens, (4) Ihave seen the green mist associated with 
:moving ou of dimension and erossing over into hyperspace, 
(6) 1 have looked into another dimension and have seen 
‘ncther building, a car and a man who waving at me in the 
presence ofan artficially-intlligent Cyborg with the “high- 
‘ech look” fom the Pleiadian Defense Department (6) lean 
remote view through lyperspace subgeometty to distances 
‘of 100,000 Tight years to the edge of the galaxy and have 
‘made frst contact with around 500 extraterrestrial civiliza- 
tions involving the use of patent applications such as 
Remote Viewing Amplifier, Quantum Dot Enengy Cylinder 
and Walking Through Walls Training System, (7) | am the 
‘only person on Earth who bas communicated with the 
designers ofthe op ciecles found in England and explained 
‘thei design to them in terms of subspace eometry (8) lean 
‘walk through walls asa hyperspace energy being, and (2) 1 
have discovered how antigravity is possible using low 
density hyperspace energy, not to mention all the other 
research work on these electromagnetic field propulsion 
\ehicles. For my work in developing the goometry of the 
subspace manifold known as the tetrahedron diagram, Las 
given the Aphysies award by the Admiral, who is third in 
Tine to the Admiralty ofthe Pleiadian Defense Department. 

For my work in Revelations, she awanded me four beautiful 
salloping white ridesless horses of the Apocalypse. The 
‘reason that the Pleiadian Defense Department was iavolved 
was that the Admiral had the task of creating the energy 
being that would protect the subspace manifold during the 
battle of Revelations which took place in the year 2001, So 
those are some of my personal experiences in the field of 
hyperspace physics. 

[0009] As to the scientific aspect of hyperspace phhysis, 
observations of the solar system have noted that large 
vortices occur on the planets ata latitude of #19.5°, On the 
planet Jupiter, for example, the Giant Red Spot vortex, 
which is the size of two planets like Earth, is located at 
=19.5" latte 


[0010] Referring to FIG. 3, the Olympus Mons volcano, 
which is the size of France, occurs in the northern hemi 
sphere at 19.5", The plume of volcanie ash ean be seen being 
blown to the upper right 


[0011] Here on Ean, just north of me at +19.5° in the 
Caribbean, there isa slow moving rock mantle vortex that 
curves the islands down toward Venezuela, Since the tetra- 
hhedron has three comers, another comer oceurs at 120° 10 
the west where the Marshall Islands are located. The reason 
‘that the volcanic islands form is that low density hyperspace 
‘energy softens the atoms and molecules to such an extent 
thatthe atomic bonds are broken. The hot magma from the 
‘core has an easier path to the surface through the soft rock. 
compared to the hard rock of surrounding areas. As the 
vortex rotates, the rising hot magma creates. volcanoes, 
which form the chain of islands 


[0012] As another example of this, the Silver bridge, 
‘which is located at a double harmonic of 39° between Ohio 
and West Virginia, collapsed because a large wormhole 
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‘opened up and flooded the bridge with low density hyper- 
space energy: The metal rivets softened and pulled out of the 
plates holding dowa the suspension cables. Thus the road= 
‘way tilted to one side and all the ears fell into the river. 

[0013] Ifyou look at the quarried granite polygonal mega- 
Tithie stone blocks that were used to build Machu Picchu, the 
blocks are put together as though they were soft putty. They 
fit together perfectly. Maciu Picchu, or Great Piechu, is the 
(Quichua name fora sharp peak which rises ten thousand feet 
above the sea, How this Was achieved is described ia my 
patent application Rotating Magnetic Vortex Generator 
Which shows that rotating permanent magne's can create a 
‘wormhole between space and hyperspace. The low density, 
hyperspace energy then floods the block as to make it 
weightless. The block is then floated up from the quarry 
which is 2500 Feet below Machu Picchu. The huge 1000-ton, 
blocks found in the platform at Baalbek in the Cedar 
‘Mountains of Lebanon were also lifted into position inthis, 


[0014] Using a technique called Chi Kung breathing, not 
necessarily known to the Chinese, one of our researchers has 
‘heen able to levitate himself to height ofsix feet. He might 
have gone higher but he ost his balance and his arm touched 
a nearby metal pipe. He then floated back to the ground. 
Contracting the abdominal muscles eauses hot air t se ia 
the lungs While atthe same time cold ai is inhaled through 
the nose, This combination of hot and cold air mixing 
together creates environmental oscillators having a tempera 
ture fluctuation. This changes Planck's constant such that the 
body goes out of dimension and low density hyperspace 
‘energy fills the body. 


[0015] The final example comes from Biblical times. Jesus 
fand his father Joseph were both carpenters. A ebair that 
Joseph bad made for a client was found to be too small. So 
Jesus placed his hands on cither side of the chair and 
sireiched the chair fit. The phrase in Spanish is “mas sll 
which means that Jesus made more chair, In the dictionary, 
the Spanish word for putty is “masilla” The reason that 
Jesus could do this is that he passed hyperspace enengy 
‘through his hand vortices which softened the wood. See my 
patent application called Hyperspace Torque Generaior 
‘hich shows this in more detail, The hand vortex is actually 
a planar co-gravitational K field that can rotate a pendulum, 
around ia circles, This solenoidal field corresponds to the 
‘magnetic H field. The cette feld corresponds tothe linear 
grivitational g fied, The equations are identical for both sets 
Of fields. I learned that Jesus actually reincamated here on, 
Earth in onder to identify the planet on which the battle of 
Revelations would take place. 


[0016) In summary, these are some examples as to how 
Tow density hyperspace energy can soften and break the 
bonds of atoms and molecules. 


[0017] As mentioned previously, the astronomical obser- 
Vations suggest thatthe structure ofthe universe is related 10 
the tetrahedron. Referring 10 FIG. 4, the comers of a 
tetrahedron circumscribed by a sphere, touch the sphere at 
an angle of 19.47122063°. The ratio of the area-to-volume 
ratio of the sphere 10 the area-to-volume ratio of the tetra 
hhedron is /> which is the magic ratio in physics. The 
aresin(?s) is 19.47" 


[0018] | Inorder for all the physics constants to be projected 
Into our univers andthe n-dimensional hyperspace dinen- 
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sions, tore bas to bo a teteahodral subspace manifold. The 
only mathematical function wich allows multiple rotations 
‘of the complex plane is the logarithmic uetion Log} 
[0019] Referring wo FIG. 5, the complex number 2 in the 
complex plane is equal 10 x41 y where x and y are rel 
constants and ['=-1- The complex umber ean also be 
‘written in terms of a radius and an angle 


Esl 6] 


Because the angle can rotate more than once in 2 m 
‘multiples, the complex number 2 is actually 

ser Ea 002 » 
‘Taking the logarithm of 2 

LogeLow)106+2xm) 
[0020] Referring to FIG. 6, it can be seen that it is not 
possible to go around! multiple times on the same surface due 
to a branch cut along the origin where Log{0] is undefined, 
‘What happens is that as you rotate around oa surface (4) and 
‘get to the origin, you go down along the branch (5) to the 
next hyperspace plane (6) Thus the universe is composed of 
_many hyperspace co-dimensions, From personal experience, 
estimate that the distance separating the two dimensions is 
about 3 meters when I was looking into another dimension 
at the man Waving at me. The physies is even more eom- 
plicated because there is a Lorentz dimensional transforma 
tion in which higher dimensions appear smaller and lower 
«dimensions appear larger. In one case | was looking at a huge 
mothership at a much higher dimension and it looked like a 
tiny toy model spacecraft. They fired a laser cannon at me, 
and 1 then curved space which made the beam change 
‘course, You can see Why I was awarded the four horses 


[0021] The antilog of Loaf] is 
ne 


where the angle is the angular frequency w times te time t 
‘The subspace geometry remains stationary or fixed, but the 
projection of the antilog into our dimension generates a 
system which is frequency dependeat. This is why we get 
oscillating fields. 


[0022] From Finstein’s General Theory of Relativity, itis 
‘known that various kinds of energy can curve spacetime 
such as mass, electromagnetic fields, angular momentum 
‘and electrical charge, The elemental spacetime length ds in 
cylindrical coordinates {t,0.7}, known as the Schwarzs- 
child metric, shows that spacetime can be curved using mass 
Mand change Q 


+ cao +a? 


‘where you can see that the elemental time dt is dilated by the 
mass M and the elementary radius dr is reduced. T have 
‘actually experienced this time dilation in whieh, as T was 
jumping into hyperspace, | was hit by a car which broke my 
‘shoulder. When I came back into dimension which appeared 
to be a few seconds later, | found that had an 8-inch blood 
ring down the right side of my chest, My shoulder blade, 
‘which sticks up about two inches, is still broken to this day. 
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[0023] Referring to FIG. 7, lat space (7) can be curved (9) 
bby a massive body (8) such as a planet, For example, the 
amass ofthe Earth gives space a negative curvature such that 
‘objects tend to fall toward the ceater ofthe mass (bowl). Oa 
the other hand, using electromagnetic fieks, i is possible to 
produce a positive curvature such that a spacecraft rises by 
falling upward. 


[0024] Referring to FIG. 8, if the fields are intense 
‘enough, then a wormbole (12) forms between space (10) and 
hyperspace (11). This depiction is called an embedding 
dliageam because there is no open space going through the 
‘wormhole, An object traversing the Wormhole moves along 
the surface from one dimension to another. In oder to open 
the throat (12) of the wormbole, negative energy is required. 

Referring 10 my patent application Dual Potential Hull 
Spacecraft, negative energy is produced by the interaction of | 
fa microwave beam with an oscillating magnetic H field. Ia 
terms of differential forms mathematics, this is given as the 
Hodge Star * of the differential dof the wedge ~ product of 
the magnetic H field with the electromagnetic wave {B,E} 


AHN B Eta) 


which says that there is an increasing nate of change of 
negative energy (-p). Due the presence of negative enemy 
together with the spacetime curvature pressure produced by 
the electromagnetic fields, wormboles open up between 
space and hyperspace, There is a positive gravitational 
potential hetween hyperspace and space because the low 
density hyperspace energy is more dense than the negative 
energy inthis dimension. Thus the hyperspace energy flows 
{nto our dimension which reduces the mass ofthe spacecraft. 
‘The upward spacetime prossure stress over the hull de to 
the electromagnetic fields ereates a lift foree on the nearly 
massless vehicle, Because the hyperspace enemy bas a 
speed of light equal to one meter per second, the electro- 
magnetic fields become relaivistically strong. since they 
obey the Lorentz transfonmation. Due (0 the low mass hi 
spacetime lift pressure and strong EM fields, dhe vehicle ean 
attain very high rates of acceleration. 


0025] Another method to produce a wormhole isto use 
Ioucking magnetic fields which is described in my patent 
application Magnetic Vortex Wormhole Generator In grave 
lation physics, the Faraday F tensor which ia 4x4 space 
time metric {(.:2}, contains all the components of the 
electromagnetic fields inthe various spatial deections (x, 


7 


where contravariant index a refers 10 the rows, and the 
covariant index f! refers to the columns, For example, the 
component F=E, is the electric field in the x-direction. If 
there were two magnetic bucking fields inthe x-direction the 
Faraday tensor would be 
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‘which says thatthe Paraday’ tensor is zero. Thus no space 
time curvature is generated from two bucking magnetic 
fields at the same position. On the other hand, if the two 
Ducking magnetic flelds are concentric at different radi, then 
the Faraday tensor becomes 


sfoo 0 © 
sfoo 0 8,as))~ B54) 
slo 0 -@ami-aanp 0 


which is not zero due to the presence of the Kronecker & 
delta function whieh locates the fields at different positions 
"The spacetime stress-energy-momentum tensor T is then 
‘computed from the following equation 


‘where g isthe metric tensor containing the coefficients ofthe 
‘elemental spacetime length ds, With the mass M and charge 
‘Qterm equal to zero, there being just electromagnetic fields 
involved, the g mettic tensor in cylindrical coordinates 
‘ecomes 


[0026] Referring to FIG.9, the maanetic vortex generator 
has two concentric, thin, flat cylindrical slicon-iron cones 
(13,14), each consisting ofa stack of three 0.020 inch thick 
‘ransformer laminations wrapped with insulating tape. Using 
insulated magnetic wire, a flat helical coil (16) is wrapped 
counterclockwise arounel the outer laminations. The coil 
receives power through connection (15), The winding then 
continues around the core until coil (17) where the wire (18) 
is extended to the inner core and the wrapping of coil (19) 
proceeds in the clockwise direction. The inner core wrap- 
ping terminates on coil (20) with the extension of the second 
power connection (21). Because the coils ane wound in 
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opposite directions, the generator produces two bucking 
‘magnetic fields at different radii (22.23) 


[0027] According to Maxwell's electromagnetic equa 
tions, the curl of the magnetic Hux density B field times the 
square of the speed of light squared is equal to the rate of 
change of the electie E fel 


‘Multiplying both sides by the elemental area ofthe core and 
integrating over the area 


[osin=2 [emta=2 [2 rondr 


“The cul of the feld can be converted into a Tine integral 
around the eore contour using Stokes" Theorem 


[ovaan=ef marae [ma 


[0028] The magnetic ux density B field oscillates with 
angular frequency « 

Banyeh 
‘Substituting this into the equation and integrating over time 
for the inner core field 


[nent [ate 


‘This can be solved forthe electric E field that is produced by 
the oseillaing magnetic Hux density B field 


“The electric feld for the outer core is the same equation 
except that the opposite sign of the magnetic flux density 
field and the radius ef 


Adding these two fields together is the total electri field E 


C1 + Eaton 


aes t: Tn 
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‘The electrostatic energy ofthe field is equal to balf the linear 
ccopacitance of space times the summation over the volume 
of the dot product ofthe electric field with itselt 


sferw 


Because the electric field points inthe z-direction out of the 
coil, the dot product is actually the square of the electric 
field 


[0029] Referring to FIG. 10, the energy U per Volume is 
plotted as a function of time with a radius ratio ey/ of 3. 

‘As the graph shows, the magnetic vortex wormhole genera 
{or produces mostly negative energy which is required in 
corer to create the Wormholes. Because the siress-energy= 
‘momentum T tensor is also the square of the electric field, 
this graph gives the spacetime curvature pressure. Thus the 
‘electric field produces both the pressure and negative energy 
required to open up wormholes between space and hyper- 
space 


[0030] Going back to the effective potential equation, 


Wee 


it can be seen that the ist term is divided by the mass of the 
particle. In current gravitation physies, the mass of the 
particle is invariant with velocity. It does aot obey the 
Lorentz transformation, The mass is related to the energy E 
of the particle and its momeatum p by 
tip? 

In different inertial frames moving with a relative velocity v, 
the energy and the momentum obey the Lorentz transfor. 
‘mation, but no matter what the relative motion, the mass of 
the particle is constant. In the fist term of the effective 


potential, the mass is constant which leaves just Planck's 
constant 


[0031] Having worked for over ten years on the subspace 
‘manifold, known as the tetrahedron diagram, I found a most 
incredible intersection on the diagram when working with 
the water molecule, The water molecule has two hydrogen 
‘atoms and one oxygen stom as mentioned previously. The 
atomic weight of one atom of hydrogen is 1.008 atomic 
‘woight units (awu). The atomic weight of oxygen is 16.000 
aw, Therefore the molecular weight of water is 


Weight of wo atoms of hydrogen 251.08 aval =2016 ave 


Weight of one atm of oxygen 1216.00 a= 


The gram molecular weight is the atomic weight expressed 
in grams, so there are 18.016 grams in Avogadro's number 
‘of molecules. So the mass per molecule in logs is 


US 2006/0180473 Al 


face e/a ) 


eS 


[0032] Referring to FIG. 11, the tetrahedeon diagram plots 
the natural logarithm of mass Versus the natural logarithm of 
wavelength The reason for this is that mass times wave- 
Tength is equal to Planck's constant divided by the speed of 
light c, known on the diagram as the base constant, At the 
present time there are over 4000 diagrams which are copy~ 
righted in the Library of Congress. In logarithms, the 
product of two numbers is the sum of the two numbers. This 
‘means thatthe sum of the mass and the wavelength are equal 
to the base coastant which has a value of 
Inna ae }-98.01846344ebaseconsant 

(Our dimension has a lower limit on mass and length known, 
respectively as the Planck mass snd the Planck wavelength, 
‘The Planck mass isthe linear mass © of the universe times 
the Planck scale A. The Planck wavelength is circumference 
ofa circle of radius Planck scale, In terms of logs, the Planck. 
amass and Planck wavelength are 


lag mnenOA)=-17 68250102 


[0033] When these values are plotted on the tetrahedron 
diagram shown in FIG. 11, the Planck box (abed) is formed 
which are the boundaries of our dimension in subspace, The 
Tine aumbering is as follows 


Pak waeength 
Spent of ht squared ile 
lnvenateabotons 
senttine 


‘The enorgy of the water molecule, circle (97), is equal to the 
sum of the water molecule mass (29) plus the speed of light, 
squared circle (30). The enemy circle (37) intersects the 
‘mass of the water molecule (29) at the Planck wavelength, 
(28, point e), which is the boundary beoween space and 
hyperspace. What this means is that the mass is equal to the 
‘energy at the Planck box boundary. The enly way that this 
is possible is ithe speed of light c is equal to one meter per 
second 


om Pam ook materssond 
A water molecule traversing a wormbole into hyperspace 


‘undergoes a change ia the speed of light from 209792458 
m/s to | mis, 


[0034] Planck's constant fis equal tothe Planck mass QA, 
Times the Planck scale A times the speed of light. 


fare 


[By having the speed of light go to 1 ms, the orbital term in 
the effective potential Vs reduced by a factor of the speed 
of light squared equal to 910°. ‘This unbalances the 
{equation to such an extent that only the Coulomb potential 
term remains. 
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‘The electron is attracted to the proton nucleus because the 
centrifugal term no longer provides a stable orbit for the 
electron, Thus the atomie binding is destroyed andthe water 
‘molecule becomes soft as puty 


[0035] Referring to FIG. 12, the collision of the electron 
with the proton together with the enormous change in the 
proton’s energy causes the proton pto become unstable and 
decay. According to the Standard Model of particle physics, 
the elementary particles are composes of smaller particles 
known as quarks. The six quarks have been named up u, 
down 4, sirange s, charm ¢, top t, and bottom b. The 
subscript on the quark indicates one of three colors {red r, 
blue b, green g). As shown in the diggram, the proton is 
‘composed of three quarks {u, Uy, dg}, to of which are up 
{quarks of which one is red and the other areen, and a third 
blue down quark. The proton p decays into « positron 
‘which is an electron with a postive charge, and a newrally~ 
charged pion particle through the exchange ofan X boson 
particle. The pion has a mass between the electron and the 
proton, 


poate 
[0036] | Referring to FIG. 13, the pion 2° then decays into 
2 proton p and antiproton j which annihilate each other t0 
produce two photons shown on the right by the traveling 
‘waves. So the overall energy exchange is 


‘where hy isthe energy per gamma photon with frequency v. 
‘The electron ofthe hydrogen atom woud then annihilate the 
positron for additional photon energy 


[0037] Referring to FIG. 14, the hydrogen H atom is, 
‘composed (38) of the profon and electron as seen in the 
‘upper left comer, The proton decays (89) ito the neutral 
pion and a positron, The electron from the hydrogen atom, 
land this positron form one electra pair (40). The pion thea 
decays (41) into two gamma photons which produce an 
electron pair production energy cascade into. 132 pairs 
(4243) for a total of 133 electron pairs, These electrons ean 
then be captured electrostatically and used for the produc 
tion of electricity 


[0038] Referring to FIG. 15, the electrons are captured 
with the water droplet injector . The plunger (46) of a 
spring-loaded cylindrical solenoid (44) is attached to a 
tapered piston (47). By means of ring collar and bolts (48), 
the solenoid is bolied 0 the injector (48). supply of 
purified waters attached to the water inlet connection (49), 
‘When the solenoid is aetvated, it pulls back slightly so that 
‘water ean enter the valve, When the solenoid is deactivated, 
te piston forces the water droplet out through the nozzle 
{60) into a cylindrical gloss vacuum chamber (82). Two 
cylindrical glass disks (81) hold the nozzle in place. On the 
thee end of the vacuum chamber isthe sealed-ube con- 
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nection (56.57.88) to the vactum pump. Ia the midale of the 
‘vacuum chamber, wo metal plates (53) are attached through, 
scaled glass collars (84) to electical pins (88). The plates are 
clectrostatically-charged with opposite charges so as to form 
a capacitor. This ereates an electrical field between the plates 
which attracts the electrons to the positively-changed plate. 
[0039] Referring to FIG. 16, the vacuum tube and water 
injector (61) are mounted along the centerline of the inner 
(60) and outer ($9) magnetic vortex wormhole generator 
coils. The low density hyperspace energy traversing the 
womnhole along the centerline of the coils causes the 
injected water molecules to soften and decay into a cascade 
of electrons. The oscillating electric field along the center- 
Tine causes the electrons vibrate back and forth. The 
crossed electric field between the charged capacitor plates 
causes the electrons to flow toward the positively-charge 
plate in order to produce electricity 
[0040] | Referring to FIG. 17, the vacuum tube is connected. 
{o the vacuum pump through & hose connection o the pump 
air inlet (64). A'S Hp electric motor (62) drives dual rotating 

8 of screws which trap the air and move it toward the 
exhaust outlet (68) shown with no mufler. On a spaceerait 
‘operating in the vacuum of outer space, this component 
‘would not be needed. 

SUMMARY OF THE INVENTION 

[0041] It is the object of this invention to generate elec 
Uwcity by using low density hyperspace energy to soften 
water molecules such that the atomic binding is brokea 
which causes the hydrogen nucleus to decay into a eascade 
of electron pairs. These electrons are then collected on a 
positively-charged plate in order to produce electricity. The 
water molecules are softened by Mooding them with low 
density hyperspace eneruy that is produced by a magoetic 
vortex wormhole generator, The generator creates negative 
energy anda spacetime curvature along the centerline of wo 
concentric coils. This combination opens up wormholes 
along the centerline. Because the gravitational potential of 
low density hyperspace energy is greater than the negative 
energy, the hyperspace energy’ flows through the wormhole 
‘rom hyperspace into our dimension. The byperspace energy 
has speed of light equal to one meter/second. This causes 
1 change in Planek’s constant h such that the proton orbitals, 
of the hydrogen atom are unable to produce a ceatrfigal 
repulsion which keeps the electron in orbit. The Coulomb 
potential tenn dominates and the electron is atracted to the 
proton. Due to the vast change inthe speed of light, and the 
collision ofthe electron withthe proton, the proton becomes 
unstable and decay’ into @ neutral pion and 2 positron. The 
prion then decays into two gamma photons which produce a 


[0042] A water injoctor, consisting ofa solenoid-activated 
valve and nozzle, injects water droplets into a vacuum 
chamber which is positioned along the centerline of the two 
concentric cals where the wormholes form, Due to the low 
ensity hyperspace energy passing through the wormholes 
into our dimension, the water molecules soften and decay 
into electrons which are collected on an electrosatically= 
charged capacitor plate having a positive charge located in 
the plass vacuum chamber. 
A BRIEF DESCRIPTION OF THE DRAWINGS. 


[0043] FIG. 1. Perspective view of hydrogen atom K 
sell 
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[0044] FIG. 2. Graph showing potential binding energy of 
hydrogen atom. 

[0045] _ FIG. 3, Perceptive view of Olympus Mons voleano 
at +19.5° Mars latitude, 


[0046] FIG. 4. Perspective view of tetrahedron inscribed 
in sphere, 


[0047] FIG. 5. Graph showing complex plane. 

[0048] FIG. 6. Perspective view of hyperspace co-dimen- 
sions of logarithmie manifold 

[0049] FIG. 7. Perspective view of embedding diagram 
showing curvature of space caused by a mass. 

[0050] FIG. 8. Perspective view of wormhole embedding 
diagram, 

[0051] FIG. 9. Perspective view of coils of magnetic 
Vortex Wormhole generator 

[0052] FIG. 10, Graph showing that generator produces 
negative energy. 

[0053] FIG. 11, ‘Tetrahodron diagram showing that the 


speed of light at the Planck box boundary at the water 
‘molecule is one meter/second 


[0054] FIG. 12. Perspective view of proton decay into 
neutral pion and positron, 

[0085] FIG. 13. Perspective view of pion decaying into 
‘wo gamma photons. 


[0056] FIG. 14. Diagram showing decay ofthe hydrogen 
‘toa into electrons 


[0057] FIG. 15. Perspective view of water injector and 
‘vacuum chamber 

[0058] FIG. 16. Perspective view of vacuum chamber 
‘mounied along centerline of magnetic vortex. wormhole 
generator. 


[0059] FIG. 17, Perspective view of vacuum pun 
‘evacuate vactnim chamber. 


used 0 


DETAILED DESCRIPTION OF THE: 
INVENTION 


[0060] 1. The coils of the mognetic vortex wormhole 
‘generator are made of tree stacks of 0.020 inch silicon-iron 
‘wansformer laminates. These aze washed to remove the oil, 
and thea wrapped with insulating tape in order to keep the 
laminations together. Using a very long bench made of 
‘wooden planks and 2x4 sawhorse, the outer coil is wrapped 
counterclockwise right to lef using a large spool of 14 
AWG magnetic wine. A thin spacer is used between wind 
ings in order to reduce the winding capacitance. Once the 
‘outer col is Wound, the wire is continued tothe second inner 
coil which is wrapped clockwise, leaving enough wire 
between coils such that when the coils ane mounted in the 
‘wooden frame, the coil is one continuous winding having an 
input and output connection. Using an induetance meter, the 
inductance of the coil is measured, Using a standard fre- 
{quency of 60 Fz, the capacitance of a sheet metal capacitor 
is caleulated such that the generator is electromagaetically 
resonant at this frequency. The generator is connected to the 
line voltage by a 1:1 isolation transformer which is con- 
nected to a small primary coil wrapped on a toroidal core 
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whose similar secondary coil is connected to the sheet metal 
capacitor and inductance coil. Resonance is achieved by 
adjusting the spacing and overlap of the sheet metal 
[0061] 2. The vacuum chamber is made of a glass tube 
With Sufficient wall thickness to withstand the vacuum 
pressure. A numberof glass blowing techuiques are used to 
‘ake the glass-electrode connection forthe capacitor plates. 
‘Then circular picves of glass plate are eut out and ground to 
the inside diameter of the tube, fitted with the nozzle and 
‘vacuum connection, and then heat sealed to the chamber. 
‘The chamber and water injector aze then attached to a 
‘wooden bracket mounting which is doweled and glued tothe 
wooden frame of the generator. 


1 elaimn: 
1A water energy generator system comprising the com- 
ponents 


‘a magnetic vortex Wormhole generator and driving reso 
nant electrical circuit; 


‘a water droplet injector; 
vacuum chamber and vacuum pump; and 


‘an electrostatic electron capture system, 

2. By means of claim (1), a magnetic vortex wormhole 
generaior comprising two concentric cylindrical coils of 
different radii wound in opposite directions, made of thin 
sheet silicon-iron transformer laminations wound with one 
continuous length of magnetic wire providing a single input 
and single curput connection tothe driving electical cteuit. 

3. By means of claim (2), a coil winding method and 
oscillating driving circuit producing bucking electric fields 
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along the centerline of the generator normal to the coils 
Which create a spacetime curvature pressure and negative 
energy. 

4. By means of claim (3), the generation of wormboles 
between space and hyperspace along the centerline of the 
generator such that low density, low speed of light hyper- 
space energy flows through a positive gravitational gradient 
from hyperspace to space, 

5. By means of claim (1), a water injector comprising a 
solenoid-activated water valve, water supply connection, 
seal aad nozzle for injecting water droplets into the vacuum 
chamber. 

6. By means of claims (8) and (4), the softening and 
particle decay of the water molecules by the hyperspace 
‘energy into neutral pions, positrons, gamma photons and 
finally a cascade of electron pairs. 

7. By means of claims (6) and (1), the capture of the 
lectrons on electrostatically charged! capacitor plates, 
located in the vacuum chamber forthe purpose of producing 
electrical energy. 

8. By means of claims (1) and (2), a resonant electrical 
driving circuit comprising a line isolation transformer con- 
rected 10 a primary coil Wound oa a toroidal coil whose 
secondary output coil is connected to a capacitor and the 
inductance coil of the generator such that the capacitance of 
‘the capacitor and the inductance of the coil form a highly 
resonant electrical circuit 
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Figure 3 
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Figure 4 
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Figure 6 
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Figure 7 
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Figure 8 
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Figure 10 
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Figure 11 
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Figure 12 
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Figure 13 
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Figure 14 
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Figure 15, 
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Figure 16 
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Figure 17 
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Figure 18 
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MAGNETIC MONOPOLE SPACECRAFT. 
BRIEF SUMMARY OF THE INVENTION 


[0001] This iavention is a spacecraft propulsion system. 
that generates a field of wormholes which are threaded with 
a magnetic field. Acting as two attracting magnets, the 
spacecralt’s north magnetic field is attracted (0 the eon 
stanly regenerating south magnetic monopoles of the worm= 
holes which provides lft on the bull 


BACKGROUND OF THE INVENTION 


[0002] According 10 one of Maxwell's electromagnetic 
equations, the curl of the electric E-field is equal to the 
negative time rate of change of the magnetic fx density B 
field 


‘The curl can be though of as a circulation around a closed 
loop specified by the right-hand rule where the fingers curl 
inthe direction ofthe electric field and the thumb represents 
the changing magnetic Mux density field through the area of 
the loop. At no time isthe electric field diverging around the 
loop. That is, the divergence of the curl is 2em0 which is a 
‘well-known vector operation 


“The partial derivatives of div are zero at all points in space 
Perideming the integration, therefore, the divergence of 1 is 
cal to constant 
iv Boon 

0003] Referring to FIG. 1, the following diseusson is 
‘ade in cylindrical cooadinates {r6.2}. In cylindrical coor 
dinates, the divergence of the radial B field div B, i equal 
to a constant C 


wa Blec 


where the prime () represents differentiation with respect to 
the radius r. The solution to this equation resides in deter- 
‘mining the constant C. In the vacuum of space without any 
‘wommoles, the constant C is ero, Because the spacecraft is 
surrounxled by a field of wormoles, there is magnetic ux 
density field threading each one. That is, each wormhole is 
actually a magnetic monopole, and therefore the entire feld 
‘of monopoles constitutes a large magnet with one pole in 
this dimension and the other pole in the hyperspace dimen= 


[0004] The concept ofthe wormhole involves a new type 
of scientific thinking involving the creation of a gateway 
‘hetwoen our spacetime and that of a hyperspace co-dimen= 
sion, The gateway is created electromagnetically as shown, 
by my patent applications Rotating Magnetic Vortex Gen 
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erator, Magnetic Vortex Wormhole Generator, and Sulfur 8 
Wormbole Generator. The gateway ean also be created 
ultrasonically through bubble cavitation as shown in my 
pateat application Cavitating Oil Hyperspace Energy Gen- 
erator. In one experiment, smoke was blown through one 
side of the coil of the magnetic vortex wormhole generator 
and no smoke came out the other side, The smoke was blown, 
through the Wormhole into another dimension, 


[0008] The existence of hyperspace is not generally 
‘known in the seieatifie community. The reason it exisis can 
be thought of inthe following manner. Referring to FIG. 2, 
the comers of a teirdhedron (2) circumseribed by a sphere 
(1) touch the sphere at an angle (3) of -19.47°. Looking at 
the planets of the solar system, the Giant Red Spot vortex of | 
Jupiter, which can hold two planets the size of Earth, is 
located at this angle. On Mars, the Olympic Mons voleano, 
‘which is th size of France, is located at north 19.5° Here in 
the Caribbean there is a slow moving rock mantle vortex at 
north 19.5° that curves the islands dawn toward Venezuela, 

So the geometry of space is related to the tetrahedron. What 
this suggests is that there is a subspace manifold whose 
tetrahedral geometry projects all the constants of physics 
into our dimension, 


[0006] Referring 10 FIG, 3, this subspace geometry is 
shown in the tetrahedron diagram which plots the natural 
Jogarithm of mass on the vertical axis versus the natural 
logarithm of wavelength on the horizontal axis. With this 
diagram, itis possible to visualize the entire universe on a 
single sheet of paper. Triangle (4) is the tetrahedron whose 
\ertical centerline showa by the stall x ciele (a) is equal 
Planck's constant h divided by the speed of light c, known 
as the base constant. The base constant in logs is equal t0 
~95.91546344, Line (8) isthe diameter of the sphere (6). A 
circle (7), centered on (a), with radius equal to the speed 
of light squared, is tangent to the tetrahedron. It can be 
shown that all the constanis of physis, such as the speed of 
light squared and the Planck mass and the Planek wave- 
length, are determined geometrically by this logarithmic 
‘subspace tetrahextral geometry. 


[0007] Referring to FIG. 4, the complex plane consists of 
2 real horizontal axis, and a complex verical axis where the 
value ofthe complex number 2 is given by a radius rand an 
angle 6 

“The logarithm of 2 is 

Lex i042am) 

‘where mis an integer m=0,1.2 ... corresponding to multiple 
rotations of 2x, What this means in terms ofthe tetrahedro 
diagram, referring to FIG. §, is that there are multiple 
diagrams separated by 2x rotations. Each multiple is another 
hyperspace dimension. Only the log manifold has this char- 
acteristic. Referring to FIG. 6, the hyperspace dimension, 
shown as 21 circular surface (8), Tas a cut (9) on the 
undefined Log{0] origin line such that another hyperspace 
dimension is ereated below it (10), 


[0008] | Referring to FIG. 7, this branch ent does not bring 
‘one back to the original strface nearing the origin, It takes 
fone down to another level of the universe into. another 
hyperspace dimension. I can attest personally that I have 
‘been able to Jook into another hyperspace co-dimension as 
‘well as jump into another dimension, 
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[0009] Furthermore, Dr. Stephen Hawking of Cambridge 
University has shown that our dimension is connected t0 a 
wormhole through complex time. That is, the hyperspace 
dimension is rotated forward by 90° which makes it orthogo- 
nal to us, While this is the mathematical explanation as to 
why there are hyperspace co-dimeasions, I can attest per- 
sonally to the fact, as described in my patent application Full, 
Body Teleporttion, that 1 was teleported through hyper- 
space and returned to our dimension over a distance of 100 
meters. Because hyperspace exists, itis then possible, using 
electromagnetic fields, to open wormboles between our 
dimension and other hyperspace dimensions, 


[0010] Referring to FIG. 8, the constant C in the magoetic 
flux density B field equation is determined as follows, The 
end of a solenoid (11) is equivalent to a local magnetic 
soutee of fix which represents the wormbole. A charge 
(12) encircling the solenoid has the same value at P, and P 
Fut there is phase difference of 2x n where isan integer 
equal to the number of times the charge encircles the 
solenoid. The change in phase is equal to the charge 
livided by Planck’s reduced constant times the flux for a 
solenoid of midius rR 


Solving for the magnetic flux density field threading the 
wormhole 


The diferental equation becomes 
are 8 vcr 


Solving the equation for the radial field Br 


quating this Br fleld with the B fleld and solving for the 
[2] constant 


Substituting for C[2} the C{1} constant drops out and 
therefore the wormbole magnetic flux density field hecomes 
‘ constant inside the throat radius R 
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‘but the divergence moving from outside to inside the radius 
is a constant due to the discontinuity 


[0011] Referring to FIG. 9, the wormhole has a constant 
¢ylindrically-shapes! magnetic field of radius R with a nega 
tive south pole due to the negative charge on the elect, 
Using a wormhole radius equal 10 one hundeed times the 
electron radius with n equal to 10 tums, the magnetic fx 
density B field has a magnitude of 1.4x10° tesa 


[0012] Referring to FIG. 10, the wormbole surface (14) is 
2 connection through a throat area (20) between space and 
hyperspace (13) to another surface in hyperspace (15). The 
electron path (19) is actually spiraling down the surface of 
the wormbole. The magnotic flux density field (18) points 
into the wormhole such that the eross product ofthe electron 
‘volocty (16) withthe field (#8) points toward the outside 
trim of the wormbole. Because the electron has a negative 
charge, the foree (17) on the electron (-q vxB) is inward 
toward the centerline of the wormhole, Since one pole ofthe 
field is in space, and the other pole is in hyperspace, the 
‘wormhole appears to us as a magnetic monopole, The key 10 
this invention is how t0 generate this magnetie wormhole 
field, 


[0013] Referring to FIG. 11, the aluminum spacecraft is 
constructed of flattened, shallow spherical ower bull (21), 
circular upper hull with a fat sloping surface (22), 
spherical dome cupols (23), and a eylindrical section (24) 
housing a circular array of radial microwave Waveguides. 
Surfaces (22) and (23) are electrically charged, using high- 
voltage transformers, to an altemating electrostatic potential 
such thatthe potential on the dome is +V when the stoping 
hull has a =V potential and vice versa, This creates an 
electric field ftom the positively charged surface 10 the 
negatively charged surface 


[0014] Referring to FIG. 12, the dome (25) is charged to 
' positive potential. The spherical potential lines (26) ema- 
nate from the dome and curve arbund toward the sloping 
hnull. The negative gradient of this potential field is the 
electric F field (27) which is perpendicular to the potential 
lines. The electee field lines from the dome then temuinate 
‘on the sloping hull which can be seen in the lower right hand 
‘comer of the graph. 

[0015] Looking down from above at the top of the dome, 
referring 0 FIG. 13, the oscillating electric field generates, 
@ circular oscillating magnetic field around the hull at 
various elevations. The last two graphs in the right-hand 
‘comer are near the top of the dome as seen by the smaller 
radius contour lines. 


[0016] Referring to FIG. 14, the oscillating electric field 
lines (28) are between the dome and the sloping hull. The 
oscillating magnetic field (29) encircles the hull atthe level 
of the microwave waveguides, 


[0017] From gravitation physis, it is known that negative 
‘energy is required to open up the throat of the wormhole, In 
terms of differential forms mathematics, the negative energy 
is ereated by wedging the magnetic field with the radial 
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microwave beams of the waveguides. This generates an 
increasing time rate of change of negative energy pas shown, 
by 


+B Bane + Er) 


where (*) is the Hodge Star operator, () the differential 
‘operator and (") the wedge operator which joins the circular 
‘magnetic flux density B field withthe electromagnetic wave 
Barer Ewe) 


[0018] | Referring to FIG. 15, the interaction ofthe circular 
‘magnetic field (33), generated by the oscillating electric field 
G4), interacts with the radial electromagnetic field of the 
‘microwave beams (31) of the waveguides (30) to generate 
negative energy (32) over the sloping hull (38), 


[0019] This combination of fields also creates the worm- 
hole field over the hull. The spacetime curvature pressure T 
in the vertical zdirvction is equal to the square of the 
circular magnetic fix density field 


This stress-energy-momentum tensor ean be thought of as a 
spacetime eurvattre proportional to the inverse ofthe radins 
squared, or 38 pressure term which acts on the surface area 
cof the hull. Thus there isthe combination of a pressure stress 
and negative energy which creates the wormhole field over 
the sloping hull. Even though the magnet flux density 
field is oscillating, iis the square ofthe field which ereates 
the stress. Thus the tension is stil in the positive vertical 
zairoction. 


[0020} Due to the low speed of light of hyperspace, the 
hyperspace energy is low density. Thus there is # postive 
gravitational potential between hyperspace and our dimen= 
sion such that the hyperspace energy flows throngh the 
‘wormholes and onto the hull of the spacecraft. When this 
happens, a white mst forms over the hull. The effet of the 
hyperspace energy is o lessen the mass of the spaceerafl, 
and relativstically increase the strength of the electromag 
netic fies due to the smaller specd of Tight 


[0021] Referring to FIG. 16, the circular magnetic flux 
density field (36) is interacting withthe magnetic monopole 
(37). ‘The monopole acts as one pole of a magnet and 
therefore has a magnetic moment equal tothe area times the 
electrical current circulating through it asthe electrons move 
from our dimension into lyperspace. The great physicist 
‘Maxwell (1870) pointed our thatthe energy associated with 
charges and poles is potential energy and that therefore these 
objects tend to move in a direction that will decrease the 
potential energy, similar toa brick sliding down an inclined 
plane. Now to reduce the potential energy is the same as 10 
reduce the field which gives a measure of the potential 
energy. If two Tike changes are brought together they 
strengthen one another's field, while opposite changes 
reduce one another's field, Thus like charges repel and 
unlike ones attract 
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[0022] However, the eneny associated with electric eur- 
rents is ot potential but Kinetic in origin, because it is, 
associated with moving charges. Now in mechanies itis well, 
‘known that bodies move in a direction to increase their 
kinetic energy, if there is a source of extemal energy. The 
‘magnetic ficld of currents is a measure of kinetic energy and 
‘currents will ry to move ina direction that will increase the 
field, Thus similarly-directed currents attract and unlike 
currents repel. In FIG. 16, the monopole will act so 2s 10 
increase the lel of the circular magnetic B field wenerated 
by the spaceeraft. The monopole will then rotate ito align 
‘ment with the flux tube. This increases the field strength of 
the flux tbe. There isa torque t on the monopole equal to 
the eross product of the magnetic moment with the B field 


[0023] Referring wo FIG. 17, when the monopole is 
aligned with the fax tube, the cross produit is zeo and there 
is zero torque on the monopole. Notice that even if the 
‘oscillating B field points in the opposite direction, there is 
still zero torque since the torque depends on the sine of the 
angle between them, The sin(0°) oF sin(180°) is the same 
‘ero value. With the monopole aligned with the flux tube, the 
kinetic energy is now maximized. That is, both the ux tube 
and the monopole point in the @-direction. 


[0024] The magnetic B fold can be represented as a vector 
having three components. The only component is in the 
angular direction 

(0, 8.8,)=(0 BO} 
‘where the field varies, as was seen in FIG. 13, in the vertical 
‘cairection. The magnetic monopole field also points in the 
direction 

stone.) 
where there is a negative gradient of the monopole field in 
the 2-direction due to the location of the microwave 
‘waveguides near the sloping hull, 


[0025] The force F on the monopole is the gradient of the 
monopole’s magnetic moment jt with the magnetic fx 
density B field 

Pai Bn(0 0 hy Bele) 
which says that there is a force on the monopole in the 
zzieection equal to the magnetie moment times the gradient 
fof the magnetic field in the 2-direction plus the magnetic 


field times the gradient of the magnetic moment in the 
_aitection. 


[0026] Referring to FIG. 18. differentiating the magnetic 
field in the z-lirecion shows that the gradient is negative 
outside the hull, This can also be seen visually in FIG. 13, 
‘where the graphs decrease in intensity 
[0027] A negative gradient for both the magnetic moment 
and the field means that the force on the monopole is, 
negative, The force on the tube connected the hull is 
therefore the negative of a negative, yielding a positive lift 
force. 

Frnt U0s ig But*B Sv 

Fane 0s eB} 
‘which says there is an upward lift force onthe hull due tothe 
combination magnetic monopole and flux tbe. This lift 
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{oroe is in aldtion tothe vertical lift force generated by the 
spacetime curvature ereated by the electromagnetic fields 
themselves, 


SUMMARY OF THE INVENTION 


[0028] This invention is a spacecraft propulsion system. 
that uliizes electromagnetic fields and microwaves to gen 
crate negative energy and a spacetime curvature aver the 
hull. The hull consists of a hemispherical dome, a circular 
array of radial microwave waveguides, a sloping flat hull, 
fand a shallow spherical hull on the bottom, Alternating 
current high vollage transformers connected tothe dome and 
the sloping bull generate a curving oscillating electric field 
between the dome and the sloping hull. Due to this oscilla 
tion, aborizontal circular oscillating magnetic flux density B 
field is created around the dome. 


[0029] By fring the microwaves at right angles to the B. 
Field, negative energy is created over the hull. The negative 
energy and spacetime curvature pressure generate worm= 
hholes between space and hyperspace. Because hyperspace 
has a low speed of light and positive gravitational potential, 
low density hyperspace energy flows through the wormboles 
and onto the hull. The effect of the hyperspace energy isto 
lessen the mass ofthe vehicle and to increase the strength of 
the electromagnetic fields. Because the resistance of hyper 
space is less than the resistance of space, electrons spiral 
down the wormboles into hyperspace. This erestes a mag 
netic field through the wormhole with one pole in our 
dimension and the other pole in hyperspace. Thus a fild of 
‘magnetic monopoles is ereatsd over the hull 


[0030] ‘The magnetic monopoles, which represent kinetic 
‘energy, align themselves with the magnetie Mux tubes ia 
onder to maximize the total magnetic field. Because there is, 
a gradient of the monopoles and field in the vertical direc 
tion, a negative force develops on the monopoles equal to 
the gradient of the dot product of the magnetic moment of 
the monopole with the I field, Thus the opposite reaction is 
a positive force on the ux tubes attached to the hull whieh, 
is equivalent to bringing the north pole of a magnet together 
with the south pole of a second magnet. Because the hull 
constantly regenerates the wormhole field, the hull experi- 
fences a constant upward lift force, This is in addition to the 
Tift generated by the spacetime curvature pressure which is 
proportional to the square of the magnetic flux density B. 
field. 


A BRIEF DESCRIPTION OF THE DRAWINGS 
[0031] FIG. 1. Perspective view of eylindrical coordinate 
system {r, 8, 2). 

[0032] FIG, 2. Perspective view of tetrahedron circum 
scribed by sphere 

[0033] FIG. 3. Tetrahedron diggram showing speed of 
light squared is determined by the tetrahedron, 


[0034] FIG. 4. Complex 
‘complex plane. 


[0035] FIG. 5. Perspective view showing multiple log 
‘manifold hyperspace dimensions. 


[0036] FIG. 6. Perspective view of orthogonal hyperspace 
dimensions 
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[0037] FIG. 7. Perspective view of Logtz] showing cut 
along origin. 


[0038] FIG. 8. Perspective view of charge phase shift 
around a magnetic fx, 


[0039] FIG. 9. Perspective view of wormhole magnetic 
flux density B field 


[0040] FIG. 10. Perspective view of magnetic monopole 
‘wormbole, 


[D041] FIG. 11. Perspective view of spacecraft 


[0042] FIG, 12, Graph showing electrostatic potential and 
electric field over dome. 


[0043] FIG. 13. Animation showing circular magnetic 
field around dome at inereasing elevation. 

[0044] FIG. 14, Perspective view of electric and magnetic 
fields around hull 

[0045] FIG. 
tive energy. 
[0046] FIG. 16, Perspective view of monopole misaligned 
‘with fux tube with torque, 

[0047] FIG. 17. Perspective view of monopole aligned 
‘with flux tube at zero torque. 


[0048] FIG. 18, Graph showing negative gradient of ux. 
lube in the 2-direetion. 


Porspective view of generation of nega 


DETAILED DESCRIPTION OF THE: 
INVENTION 


[0049] _1. The aluminum hull is made by atecnigue called 
stretch forming which uses hydraulic eylinders to stretch a 
large sheet of aluminum to its yield point. This makes the 
‘aluminum sbeet soli and pliable, Using a die which has been 
ENC machine to the desire ull profil, the sheets then 
die pressed into a very rei 


consisting of a spherical dome, sloping hull, and shallow 
spherical dome. 


[0050] 2. The rest of the hull consists of cylindrical hull 
‘with a radius equal to the upper dome. A segment of this hull, 
is designed on a 3D computer graphics program and stored 
asa stereolthography ®.il file, The file is then traasmaitted 
‘over the Internet to a server who priais up the part on an 
xy-plotter with an ultraviolet laser and ultraviolet Tight 
sensitive polymer bath. The computer model is sliced by a 
special program into many thousands of slices which are 
printed one over the other until the partis completed. The 
server returns the part next day by Express Mail. Several 
parts are then molded using liquid plastic such as to form the 
‘complete ring. A sand mold is then eonstrueted from all the 
molds 10 form a plastic cylindrical hull having the 
‘waveguide slots molded into it. The waveguide silver-coated 
‘aluminum boxes are then installed inthe slots and connected 
to the frequency generators and amplifiers. The purpose of 
the plastic waveguide cylinder i to separate the electwostatic 
charges on the dome and the sloping hull In this particular 
cease we used a dome from anotber spacecraft design which 
saved on the cost of the die, 
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1 claim: 
1. A spacecraft propulsion system consisting of the fol- 
lowing components 
a lower hull made of aluminum sheet having a shallow 
spherical profile; 
a circular Hat sloping full made of aluminum sheet 
attached to the top of the lower hull on the periphery; 


‘an electrically-insulated plastic-molded tubular eli 
cal hull containing slots for mounting an array of radial 
microwave waveguides, attached 10 top of the fat 
sloping bull; 


‘a hemispherical cupola in the shape of a dome made of 
‘aluminum sheet mounted on top of the insulated eylin= 
drical bull: 


‘an array of rectangular microwave waveguides mounted 
in the waveguide slots of the eylindrical hull; 


4 high-voltage altemating current transformer with one 
side electrically attached to the upper dome and the 
other side electrically attached to the fat sloping hell, 
and 


a frequency generator and amplifier to drive the micro 
‘wave waveguides. 

2. By means of claim (1), an oscillating electric field is 
created between the upper dome and the sloping hull using 
the high-voltage altemating current transformer, 

3. By means of claim (2), an oscillating circular magpetic 
flux density field is generated around the sloping hull and 
upper dome. 
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4, By means of claims (1) and (8), negative energy is 
‘generated by the radial microwave beams of the waveguide 
fray impinging on the ciular magnetic ux deasity field 
‘around the hull 

5. By means of claim (3), a positive spacetime curvature 
pressure constituting a lift force is developed over the hull 
in the vertical direetion proportional to the square of the 
field, 

6. By means of elaims (4) and (8), a fleld of wormboles 
between space and hyperspace are generated over the hull 

7. By means of claim (6), due to the positive gravitational 
potential between hyperspace and space, low-density hyper- 
space energy flows through the woemboles onto the hl to 
reduce the mass of the spacecraft and strengthen relativis- 
tically the electromagnetic Fields 

8, By means of claim (6), electrons, emitted by the 
charged hulls, spiraling down the wormboles, generate a 
field of magnetic monopoles with one pole in space and the 
‘other in hyperspace. 

9. By means of claims (6) and (3), the magnetic mono 
poles maximize their kinetic field energy by aligning with 
the magnetic ux tube 

10. By means of claim (9), the gradient in the vertical 
direction ofthe dat product ofthe magnetic moments ofthe 
‘monopoles with the magnetic fix density field isa negative 
force on the monopoles and an equal but opposite positive 
Tif foree on the magnetic lux tubes attached to ll 

11, By means of claims (10) and (8), a dual method of 
providing apositive lift force onthe spacccrat is constituted, 
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fou) ABSTRACT 


A method for employing sinusoidal oscillations of electrical 
‘bombardment on the surface of one Ker type singularity in 
close proximity to a second Kerr type singularity in such a 
method to take advantage of the Lense-Thirring effect, to 
simulate the effect of two point masses on nearly radial 
‘orbits ia a 2+1 dimensional anti-de Sitter space resulting in 
creation of circular timelike geodesies conforming to the van 
Stockum tinder the Van Den Broeck modification of the 
Alcubierre geometry (Van Den Broock 1999) permitting 
{topology elange from one spacelike boundary to the other in 
accordance with Geroch's theorem (Geroch 1967) which 
‘results in a method for the formation of Godel-type geode- 
sically complete spacetime envelopes complete with closed 
timelike curves 
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Figure 1 
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Figure 2 
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METHOD OF GRAVITY DISTORTION AND TIME, 
DISPLACEMENT 


FIELD OF THE INVENTION 


[0001] The prosent invention relates tothe use of technical 
time displacement devices, which operate by the modifica 
tion of grivitational flelds. These drive systems do not 
depend on the emission of matter to create thrust to ake 
advantage of time dilation, but rather create a change in the 
curvature of space-time, in accordance with general relativ~ 
ity. This allows travel across topologies by warping space~ 
time, to produce a topology change from one spacelike 
Doundary to the other in aecondance with Geroch’s theorem 
Geroch 1967) 


‘THEORETICAL BACKGROUND OF THE 
INVENTION 


[0002] ‘The concept of gravity should be examined in the 
light of quantum gravity and in tum as a component of 
{quantum physics itself. The fundamental minimal quantum 
ff energy in quantum physics is Planck's constant: b. Thus 
in accordance with the energy equivalence formula E=me*, 
the fundamental minimum quantity of mass (m,) can there- 
fore be derived, from known constants by; mg=hie* (1). 
Taking this minimal mass, itis possible to show that the 
formation of all matter, the forees of nature and indeed 
space-time itself derive from ths single quintessential quan- 
tiy 
0003} Thus if the aumber of quintessences ina system is; 
‘emin,: thea the total Energy of the system is more 
logically given by, the eneray of a single quintessence (h); 
ciectly multiplied by the number of quintessences (a,) in 
that system, thus 

Fahne oa 
[0004} Furthermore, this minimal mass, termed quintes- 
sence, can form the basis of the existence of quantum 
gravitational field in the form of a space-time lattice, from 
‘which quantum gravity may be derived from frst principles. 
Furthermore, the conglomeration ofthese quintessence’ also 
accounts forthe formation of the elementary particles and 
the forces acting between them, as in supersring theory. 
‘This concept explains the formation of matter andthe forees 
cf nature on a quantum mechanical basis and directly 
exp the extnce of gave pil daly. Ths os 
fnjemuim,: the frequency of light and matter (f) is deter 
inlay dist. fom ihe number of onsite unts- 
sences. This leads automatically to the fundamental equs- 
ton dived om (1); enh whee ns the mmr oF 
«quintessences, which leads directly tothe Frequency ofboth 
light and matte. This in turn leads digcetly to a Universal 
wave equation for matter and Tight A=c/Bnyshe/BE (2). 
where is the relative directional velocity, vic. As the 
‘momentum, p=pxElc, then this equation also gives the 
standard de-Broglie wave equation, =hip in agreement with 
ccurent theory and experiments! 


[0005] Using the Universal wave equation, the standard 
equation for special relativity, mam./(1-p)!*, derives 
from frst principles. Also fom these observations, 8 modi- 
fied Dire wave equation may be derived, Eipe(jVs 
{imi (2a), the results of which have been reenlly verified 
by a paper in which the ombilals of electrons were exper- 
mentally directly visualised, Moreover, «fundamental 
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equation for general elativty canbe formulated, where Gis 
the grovittonal constant and ry isthe given radius of 
uintestence: Gnd(e,)*e/ABE (3), sich thatthe Universal 
‘rave equation nin det agreement with general relativity? 
“Thos special and general relativity and uantum mechanics 
«can be ifie. 


[0006] From here it is possible to proceed in.a number of 
‘ways; the geometric structure of the electron and the forces, 
‘of Nature may be derived from frst prineiples and in turn the 
structure of the quarks, including the top and bottom, 
‘otherwise known as truth and beauty can be seen. Moneow 

the presence ofa space-time lattice results in an undersar 
ing of quantum EPR effects, By allowing a theoretical flow 
‘of energy through the space-time lattice it can be shown that 


[0007] Energy is not bound by space-time 


[0008] Thus logically accounting for phenomena such as 
entanglement and quantum tunnelling. Quintessence can 
also be used to explain, logically, the inner physies ofa black. 
hole, the missing mass of the Galaxy, the continuing expan- 
sion of the Universe, Guth’s inflationary theory and the Big 

now possible to understand the Universe, 
space-time, matter and the forces of nature from 
the radius, mass and vibration ofa single quantity, quintes- 


[0009] | With this understanding of space-time, matter and 
the forces of Nature, and in particular gravity, it is possible 
to demonstrate that the modification of gravitational fields, 
and in tum the warping of space-time, can be technically 
readily achieved. 


[0010] Using standard equations for special relativity, 
imvemg((1-6°)"?, it can be demonstrated that by difleren- 
tially increasing the velocity of electrons, by applying a 
differential current, their mass can be increased in a specific 
‘way. In tur by increasing the mass of electrons, by general 
relativity, the number of gravitons emitted from these elec- 
‘rons ean be modulated. By multiplying this effect using an 
ultracentrifugational device the differential graviton emis 
sion ean be manifestly amplified. This in tur, in accordance 
with general relativity, will cause a change in the curvature 
of space-time. 


[0011] This effective warping of space-time does not, of 

imply superluminal velocities, but does allow the 
creation of warp drive systems, which do not depend on the 
creation of thrust by the ejection of material as used in 
ceurent space technologies. 


Part 1_-Fundamental Laws of Physies 
[0012] Quintessential Mass 


[0013] The quantum physical, minimum component of 
ey pact ane ie wee 
sora af mas, wing uml coy eqs 
ps et ae Oe et oe ee 
‘ued vet slo oval meh (The 
Tecan ts gene Got es ee ee 
tn ict umber of here mali Tente te 
So ee amen teaser ne doeaai cert 
inulpledy henumre escent) Ts 
as, Eeme?, then also E=mnc? and substituting m,=hle?, the 
Snengy equivalence forms has the more logical formal 
Ba as ney ore maars epinins 
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to the minimal energy unit; h, multiplied by the number of 
those minimal enemgy units (n,) 


[0014] Taking this minimal mass/energy, it is possible to 
show that all matter, the forces of nature and spacetime can 
be constructed from this single quintessential quantity. 
‘Moreover, using this quantity the laws of physies ean be 
derived from fist principles. Thus, a priori, all components 
of the physical universe, ineluding space-time, can be oon 
structed from this minimal mass component, termed quin- 
tessence, 


[0015] Wave Particle Duality 


[0016] Ifthe presence of quintessence accounts forthe 
Sirvture of mater and if mater iwslf forms. from the 
umber of quintessence, then the frequency of matter and 
this wave particle duality directly arses from fist pine 
ciples, Specifically the wavelength of mutter derives frm 
the vibmtion of quintessence from which it is consinuted. 
‘Thos the frequency (0) and in tor the wavelength of ight 
and mater is disctly equivalent tothe numberof qintes 
Sences contained within t. We find that the acta feueney 
let derived from fist principles from the 

as of the photon mn) and thus by the number of 
sqinessenees (n,) i ont 
[0017] Thus for light conventionally: 

fem 
[0018] and if E=me?, and heme, then 

foacing? 

snl 

fomlnony 

‘Ths 

Fy «® 
[0019] Thus the formula for the frequency of light E=hf is 
ow rally explained by the observation tha the funy 


is determined quite directly from the number of quintes- 
seaces a, within the photon 
0020] ‘The wavelength is thus also given by: 

ectang mip 
[0021] We can now show thatthe frequeney of matter also 
has the same derivation from quintessence, as has the 
frequency of light. Te frequency of matter is again equiva- 
lent fo the number of quiatessences it contains. ‘Ths the 
wave particle duality of matter itself can be explained by its 
Composition from quintessence. The amount of guises: 
Senees contained within elecitoa sphere will depend on the 
‘number of quintessences constituting the electron and those 
passing through it as a result of is relative velocity. 
(shore fevic)electively ts relativistic momentum (p). The 
frequency will then be related to the total numberof quite 
tessences, This for mater 


Fn, oy 
[0022] Thus it is possible to derive the conventional de 


Broglie wave equation for matter from frst principles. Thus, 
as Devil, we have: 


dana © 
[0023] thus as nj=Evh 
eto ° 


Apr. 6, 2006 


[0028] and as conventionally Bc=p, then for matter 
heb 

[0025] Provided that in the de Broglie equation, the 

momentum of the abject is calculated using the elatvisic 

‘mass, thus accountng forthe total numberof quintessences 

1 in an objet, this gives an accurate value for the wave 

Ienath of mater 


[0026] ‘Thus the wavelength of matter follows directly 
from its constituents, quintessence, As matter is made of 
quintessence, similarly o light, its frequency depends on the 
number of quintessences n, within it, traveling relative to the 
speed of light. Moreover, #=he/BE, underpins a fundamental 
relationship between wavelength and energy. Furthermore, 
this is mathematically the same as the term /=hv/E, giving 
4 relativistic expression for the wavelength of matter, from 
‘which the relativistic equations may be directly derived 
[0027] Wave Equations 
[0028] The derivation of wave particle duality from first 
principles also now allows the derivation of a modified wave 
‘equation for matter. 
[0029] To derive his 
‘meaced with the de Broglie equation using momentum (p) 
For lower energies the momentum of an electron is conven 
tionally derived from the kinetic enengy of the electron and 
ny- Thus conventionally: 


[0030] and conventionally, the de Broglie equation ean 
also be weitten as 

hah EEGS 
[0031] In tum the Shrodinger wave equation directly 
derives from the square of the above classical non eelativ- 
istic term for kinetic energy 


[0032] However, the Shrocinger equation, may be refined 
by taking into account relativity. Thus the tre values forthe 
‘energy ae given by the relativistic momentum (p). 

[0033] A fundamental relativistic wave equation for 4, 
and its logical derivation may now be developed through the 
concept of quintessence as a fundamental constituent of 
mater, 
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[0034] ‘The amount of quintessences in the electron is 
determined by the number of quintessences forming the 
clectron at rest, plus the amount of quintessences passing 
through it due to is relativistic velocity, which will deter- 
mine the relativistic momentum (p) of a panicle. 


[0035] The frequency of matter ean now be readily cal 
culated from first principles to give a more accurate result. 
‘Thus as matter is made oF quintessence, similarly to light, its 
frequency is equal to the number of quintessences n, within 
it, The wavelength will depend on its Velocity travelling 
relative 1o the speed of light and thus multiplied by the 
relative velocity compared to e(f=v/e): 


[0036] Hence for matter as previously shown: 
Peon atone 
[0037] And conventionally 
Bapicomel® 
[0038] | Using these equations, we can now, also, reformu- 
late the Shrodinger wave equation, which has the advantage 


that relativity can be trated in a quantum mechanical way. 
“Thus if the wave energy of matter is defined as 


5 NORIO R MT 


[0039] which in complex space generalises to 
EBT ey 
[0040] As the term 


also represents the ground state ratio of the velocity of the 
electron to ¢. Thus aeflavieel/137, 
[0041} Thus, also 

Bathe Vat, 
[0042] This is dhus the standard relativistic equation that 
Dirac was able to construct from the Shrodinger wave 
‘equation, This relativistic equation can be derived from the 
‘modified wave equation. This tkes into aecount the relative 


mass energy which the quintessential wave equation con 
tains, 


[0043] Where importantly the tem fam is the mass m, 
multiplied by the ratio ofthe relative velocity to light Bevie, 
and the tenn a is also essentially the relative velocity of the 
electron, 


[0044] The Dirac equation was an empirical formula 
which worked mathematically, nevertheless even Dirac 
admitted it was not logically understood, The importance of 
these equations is that they show that the existence of 
‘quintessence allows the waveparticle duality of matter to be 
explained and mathematically derived from frst principles, 
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‘Thus the frequency of matter or even light is simply deter- 
‘mined by the number of quintessences it contains 


[0045] Indeed, a recent publication in Nature has sug- 
‘gested thatthe direct visualisation ofthe orbitals oF electrons 
shows that these are in very close agreement with theory. 
However, there isa significant cleparture from theory, in the 
interstitial molecular regions, suggesting that the higher 
‘velocities of the elecirons obey the modified Dirac equation, 
‘Thus these orbitals were in keeping with the modified Dirac 
equation, which itself may be derived from the wave equa 
tion above, aehe/BE 

[0046] The Shrodinger wave equation will approximate to 
the correct values ualil v approaches c. lndeed the Shrod- 
inger equation will give similar answers as that derived from 
‘equation, under most experimental conditions. 


[0047] However, equation 2 and its derivative may have 
advantages over standard Shrodinger theory with relativistic 
speeds. Furthermore, equation 2, conceptually shows that 
the wave particle duality of matter derives from the principle 
that the frequency of matter is directly equal to the number 
fessences it contains. Importantly it also mathemati~ 

vty and quantum mechanics to be united 


[0048] With vac, the modified Dirac equation will yield 
zmore accurate results, particularly compared with the Schro- 
dlinger equation, We also find that the equation AxbeiPE is 
‘equivalent to the de Broglie wave equation, A=b/p, provided 
‘we use the relativistic mass in the de Broglie equation, 
Given this, these equations yield accurate experimental 
results, 


[0049] ‘Thus we find that the modified formulation of de 
Broglie wave equation A-be/PE leads dirwely to a modified 
Dirac relativistic wave equation and is supported by recent 
‘experiments which measure the waveleagth of matter and 
demonstrate the electron orbitals experimentally fom these 
‘wave equations for mate. 


[0050] Wave Panicle Duality and Relativity 


[0051] From here it is possible wo proveed in several ways 
Using the relativistic wave equation. [tis apparent that the 
reintroduction of the term for relative velocity into the wave 
‘equations will enable the reintroduction of special relativity 
info quaatum mechanics. la particular we should now be 
able to derive the term 


a a special case of quantum mechanics, 


[0052] Thos it 


= hea 


a EnV POome 
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[0083] Thus this derivation now allows relativity as a 
‘universal ease of the quintessential wave nature of matter 
[0054] The original premises on which special relativity 
‘was based were: thatthe speed of light is «constant and that 
all observers are equal. As the speed of light has dimensions 
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‘of length and ime but not apparently of mass, the relativistic 
change in mass is not accounted for, Using quintessence 
logically and directly accounts for the relativistic mass 
changes. 

[0055] Moreover, relativity can be derived fiom the de 
Broglie equation, and visa versa, directly, thus linking 
relativity and quantum mechanics by taking into account the 
ceistence of quintessence mass 


[0036) Hence, itis now possible to derive the relativistic 
‘equations for mass and in tum for space and time from the 
quintessential wave equation, thus deriving special relativity 
48a universal case of quantum mechanics and thas uniting 
special relativity and quantum mechanics, This now allows 
2 further understanding of the nature of space-time. 

[0057] 
[0058] The understanding ofthe tre nature of space-time 
‘and how it i formulated in three dimensioas of real space is 
crucial. To simply assume that space-time exists, and thence 
‘hot to question the nature of that existence, denies a deeper 
‘understanding of the universe 


[0059] In onder to understand the nature of space-time 
itself, at the quantum level a further look at the nature light 
and the photon is necessary. Since Einsteins description of | 
light as a particle (the photon) and the description of the 
photoelectric effect, the standart picture of light as simply a 
‘wave ean, no longer be applied. If light was to exist at a 
photon, it could not exist in one dimension, as ordinary 
‘waves do, jt would need to be three dimensional, with the 
addition of time, Let us suppose, in tis ease, that a photon 
is a three dimensional helical ringlet of light, travelling in 
the x vector, and spinning around the x-axis. Conventionally 
this singlet has a radius; reA/2x. The ringlet itself would be 
vibrating in the y and 7 vectors. The vectors x, y and 7 would 
represent the photon, the substance of which, would be 
travelling in the x direction and oscillating in the y and 7 
‘vectors, Which would represent oscillatory energy. This in 
turn would allow it to aet as a wave, and create oscillatory 
clectromugneti felds 


[0060] It is important to re-examine space-time itself in 
this light, this would have one directional vector with two 
‘vector dimensions of energy, one of capacitance ancl one of 
electrical permeability, thus aocounting for the well known 
constants of free space; the permitivity of free space (<a) 
and the permeability of free space (jig) respectively. The 
‘vector dimension of direction x, would be the direction of 
travel and those “quintessences” travelling in an outwardly 
direction would account for none other than the expansion of 
the universe. Three of these quintessences would naturally 
constitute three dimensional visible space-time. These con- 
stituents of space-time would interact with the generations 
of the other vector dimensions reciprocally, Thus one quin- 
essence would sweep out one vector of permeability and 
fone vector of permittivity, drough which the other (wo 
quintessences could travel, and viea versa, ereaing a three 
‘dimensional space-time late, 


[0061] ‘The permitivity offre space, (9) which i equiva- 
leat to capacitance, would as with capacitance plates, be 
determined by the efective separation between quintes- 
sences. The permeability of free space (i) is in fet 3 force, 
measured as 410°" N/A®, would result from the force 
produced by the vibration of quintessence and would be 


The Space-Time Lattice 
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lepenslent on the density of quintessence, Hence these two 
parameters would be reciprocal and thus the product of these 
‘two would therefore be a constant, which is recognised as 
none other than the speed of light 


Ton 


[0062] ‘This space time lattice would in effect becreated by 
‘quintessences travelling in all directions with a speed of ¢ 
within the latice, The quintessences of the space time latice 
‘would ia effect produce a non-statie ether A non-statie ether 
is folly compatible with special and general relativity. 
Indeed such an ether explains how space ime ean be curved 
as in general relativity. Furthermore, the existence of a 
‘non-state ether, was espoused by Einstein in his University 
of Leyden lecture on general relativity of May 5, 1920. In 
Einstein's owa words 


[0063] “According to the general theory of relativity space 
‘without ether is unthinkable.” 


[0064] Recent evidence from a number of sonrces now 
strongly suppot the presence ofthis non-state ether, in the 
form of quintessence. An editorial from a major journal 
sates “combined with other observations such as those of 
clistant Supernova, the QMAP results corroborate the pre 
vailing theory of inflation with the twist that the Universe is 
only one tht matter (both ordinary and dark) and two thirds 
‘quintessence, a form of eaergy possibly inherent in empty 
space” 

[0065] IF we take into accouat the existence of quintes- 
seace and as such a three dimensional space-time lattice, 
matter which is intrinsically made of constituents of charge 
‘would interact with this lattice to produce the effects of 
‘mass. Mass would be perceived as a result of matter (whose 
constituent particles appear to contain change) interacting 
with this lattice directly due to the inhibition of motion by 
the lattice's electrical permeability and perminivity vectors, 
which would foem the existence of complex space. These 
uintessences would in the direction in the y and 2 vectors 
produce small vibrations of the order of the Planck length 
(10"" m), whilst passing through the veetors of permeability 
and permittivity, thus producing the effects of mass. 


[0066] The vibration would endow quintessence itself a 
(aon rest) mass m, equivalent, to the minimal mass of: 


Feat hese © 


[0067] The presence and magnitude of Planck's constant 
(iy and especially the speed of light (c) is thus explained, 
Indeed, the speed of light 


is notin itsolf a fundamental quantity, 
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[0068] As the enemzy equivalence formula is B=me", the 
‘minimal mass of a single quintessence, would thus be the 
‘minimal mass, We", hence again: 


bec ibi®DST94107 kes a) 
meat 3) 
[0069] It is postulated by genera relativity thatthe shape 


‘of space time itself ean be altered, indeed the presence of the 
space time lattice now allows this to be altered by altering 
the density of quintessence, It is further clear that if quin- 
tessences underly the structure ofthe space-time lattice, they 
‘may also underly the structure of matter itself 


[0070] With regards a single quintessence, this passing 
Through an energy vector of the space-time lattice would 
appear asa vibrating sting. Ina similar way to string theory, 
the conglomeration of these quintessences would produce 
the constituents of ordinary matter. Thus the general equa- 
tion for the number of quintessences (a,) in an object of 
‘mass (m) would be 


[0071] The mass of the electon (m,) for example, would 
he directly determined by the number of quintessences inthe 
clectron, multiplied by the mass of quintessence, 


[0072] Quintessence and Complex Space 


[0073] Quintessence is postulated to constitute the fanda- 
‘mental nature of space-time. Three quintessences each trav 
elling in ther respective x vecors at 90° to each other would 
create three dimensional real space-time, These quintes- 
sences would in the direction in their respective y and 2 
‘yectors produce small vibrations of the order ofthe Planck 
length (10° m), this would create the vector dimensions of 
permeability and permittivity, The result would give space 
time 9 dimensions of space as in superstring theory. How= 
fever. unlike supersting theory the six hiddea dimensions 
‘would not be “curled up s0°as to be so small as to be 
invisible" these six dimensions would be present in complex 
space. Tins, only three of these dimensions would represent 
ondinary three dimensional particulate space time i.e. three 
dimensional objects. The other six dimensions produced by 
the vibrations of quintessence would form complex space. 


[0074] ‘The mathematics of complex space, using imagi- 
nary V-1 or () numbers, is assumed in the standard formu 
lation ofthe Shrodinger wave equation, Thus the presence of 
‘complex space is an integral part of quantum mechanics. 


B Eo yal 
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[0075] The mathematics of complex space is also an 
‘essential and integral part of the principles and application 
‘of modern electronic and vontrol engineering. Indeed it has 
been well recognised for some time that each direction 
vector in electronic engineering can, be associated with 
complex vectors, 


[0076] As this complex space consists of the vectors of 
permittivity and permeability it would only be “felt” by 
charged particles as in the electron. Nevertheless, as all 
particles are fundamentally composed of charged particles 
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the effects of complex space would be felt by endowing 
those particles with mass and in tuen kinetic energy. 


[0077] In conventional complex space, a 2 dimensional 
Cartesian Argand diagram is mathematically used. However, 
in order to formulate the equations for particles a three 
dimensional Argand diagram is esseaial. This will have 
three dimensional veciors, one real vector and two imagi- 
nary vectors. Three of these digrams will be required 10 
{ally describe the nature of particles, each with a eal vector 
in the x.y and 2 vectors, respectively. Nevertheless, in the 
instance below the real veetor isthe X veetor and the two 
imaginary vectors ate given by (y,2) 


[0078] The Three Dimensional Argand Diagram 


[0079] ‘The beauty ofa three dimensional Argan diagram 
is that the complex conjugate (‘e. the mirror image which 
confers mathematical realty on the coordinates) is formed 
by the value of the minus coordinate in the other complex 
‘vector dimension. Thus the complex conjugate of (Cy!*+ 
eta) is 646! he.) These two sums when 
‘nihipled thus give a rel aummber solution, 


[0080] Furthermore it is clear that nine dimensions of 
‘spacetime are necessary in the general relativistic equations. 
[By including complex space we thereby create the nine 
dimensional spacial mettictensor and the metric energy 
tensor of matter necessary for computations for general 
relativity From here we can begin to understand the true 
structure of matter 


[0081] Energy and the Space-Time Lattice 
[0082] The preseace of numerous experimental data for 
{quantum tunnelling. and indeed the recent observations by 


Nicholas Gisin, onthe entanglement of distant photons now 
rotumas us to EPR experiments 


[0083] Using the quintessential modification of the de 
Broglie wave equation, gives us am insight into these tele> 
poration and EPR effects, 


[0084] As 
abo BE 


us» 


dace, cy 
[0085] Importantly, as indicated by equation (2b), energy 
having no quintessence; would have a wavelength of infin- 
ity. Specifically pare energy containing no quintessences, 
Would have a lambda of infinity. According to quantum 
mechanics an infinite wavelength would result inthe prob- 
ability of that energy being anywhere. As energy itself has 
no electrical charge it would not be impeded by the permit- 
tivity and permeability ofthe three dimensional space-time 
lattice, Moreover, energy would not be detectable in three 
dimensional space-time, unless it interacted with matter, 3s, 
in the EPR experiments. Indeed, energy is not observed 
when not bound to any form of mass or particle. Thus 
equation 94, takes us to our original assertion 


[0086] Energy is Not Bound by the Space-Time Lattice 


[0087] ‘Thus, as the EPR experiments sugaest the exist- 
fence of energy separate from matter and thus separate from. 
the three dimensional space-time lattice, it is interesting to 
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find that experiment suggests the existence of five energy in 
‘ continuum separate from space time to produce the effects 
‘of quantum teleportation 


[0088] This is not, however, teleportation across an addi- 
tional dimension, this is a term to describe in partially 
familiar terms the dissociation of energy from the three 
dimensional space-time latice. As time is inextricably 
Tinked to each dimension of space, the effects of energy 
‘would be inextricably linked to the events, such as the 
creation of virtual particles, we se interacting Within space- 
time. 


[0089] tis unlikely that observers have any’ direct day to 
day experience to explain quantum events, Nevertheless, 
{quantum physies may have given us a window into the 
hitherto hidden workings of the Universe. Thereby, the 
mystery of the uniformity of the Universe, across distances, 
‘which the speed of light could not apparently traverse, is, 
readily explained by the fact that the fee energy contained 
in the Universe is not bound by the space-time latice. 


[0090] In the caso of light, due to the exceedingly samall 
masses involved, there would be relatively easy exchange of | 
‘matter With free energy within a photon. This would make 
the photon the ideal experimental tool to look for energy 
‘which isnot bound by matter and in tur energy which is not 
‘bound in space-time, Indeed, very recently Furusawa et at 

have reported to have observed the transference of energy as 
photons from A to B, without those photons traversing 
Space-time. This finding which bas been supported using 
other experimental techniques, is very important as it sug 
ests the existence of such a quantum continuum, 


[0091] We have already seen strong experimental data 
Using photons, atomic spins and other data for quantum 
teleportation which have recently been published which 
support these findings. According to the above equations the 
teleportation would vary in a predictable fashion, as with 
photons, in Tine with the wavelength of the light used, 
relative to the size of vibration of quintessence. As regards 
matter, the results do confirm that the effect of quantum 
‘tunneling is indeed dependant on the wavelength of matter 
and the size of that matter 


act IPartcle Physics 
[0092] Electron Steveture 


[0093] Understanding the electron is fundamental 10 the 
‘understanding of the elementary particles, The hidden nature 
of the clectton may recently have been revealed through 
observations by Horst Stormer, Daniel Tsui and Robert, 
Laughlin for which a Nobel prize has recently been awarded. 
‘They describe a quasi electron particle of charge "se. This 
has been described on a quantum basis as a vortex of energy, 
‘bound as 2 quasi particle in one dimension x, but not bound 
inthe other two dimensions y and z, allowing dispersion in 
space-time as a vortex, What is more intriguing are the 
‘experimental conditions in which this occurs. First of all a 
‘wo dimensional electron gas is ereuted and held between 
‘wo capacitance plates. A magnetic force is then applied in 
the remaining dimension, virtually ereating a one dimen- 
sional passage through which only a quasi electron appears 
to be able 10 pass 


[0094] Given the presence of charge of /, thea three of | 
these quasi electrons could form an entire electon in three 
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dimensional visible space time. Nevertheless, each would 
hhave energy and hence a wave function which would be 
present in the other vectors. This electron could thus follow 
the probability functions as described by the Shrodiager 
wave equation for y (othenise termed as “essence” by 
Shrodinger) 
[0095] Ifthe mass ofthe electro (an,) is constituted trom, 
‘quintessence, using the formula 

meet 
[0096] Thea an electron would be constituted trom: 


S11 10? 
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[0097] Thus taking into account the mass-energy content 
‘of quintessence (m,) itis independently possible to derive 
the magnitude of the charge of an electron (¢) using the 
following equation, 


[0098] 11 se agreement withthe experimentally 
observed charge on the electron of 1.60210" C. 


[0099] Interestingly substituting m,-Hv3c? in the above 
we have: 


[0100] This can also be weitten as 


) 


[0101] Equation (6) bas @ mumber of very special impli= 
‘ations, if re-examined, firstly three of these quasi electra 
spheres appear tobe required o constitute the charge of the 
electron, More intriguingly, it indicates that the charge is 
related to the volume of a sphere with an apparent radius of 
. Thirdly it indicates that the square of the change of an 
electron (e) is proportional to the permittivity of free space 
(Go). The charge given from equation (3) is in close agree 
‘ment with the measured charge of the eleciron. Furthermore 
a more exact value for the change of the electron (to seven 
decimal places) can be deduced by taking into account the 
gravitational field of the Farth (see Gravity and the Charge 
Of the Flectrn). Furthermore the charge of the electron (@) 
ean now be derived from fist principles. Thus, equation (3) 
corroborates the evidence that the electron is indeed com= 
posed of thee quasi electrons in keeping with recent experi- 
‘mental findings. 
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[0102] The significance ofthe electron, composed of three 
spheres each with a radius of is not immediately clear, but 
can be understood ifthe frequency of rotation of the electron 
is taken into account, Thus if the diameter of the electron 
‘was approximately 10° m, then its spin would need to be 


Laws 


_mapprox. eg. 10° cycles/see. Thus given a very high rotation 
rate an electron could have an effective radius of Ie and still 
‘occupy subatomic sizes. Indeed these observations might be 
used {0 estimate the rate of rotation ofthe quasi electron and 
its size (see Appendix 1). 


[0103] With regards a single quintessence, this passing 
through an eneray vector of the space-time lattice would 
appear asa vibrating string. Ina Similar way to sring theory, 
the conglomeration of these quintessnces would produce 
the constiueats of ordinary matter, The electron, for 
«example, would be constituted from approximately 1.238% 
107° quintessence. 


[0104] |The dimensions of the equation forthe electron can 
be readily resolved by considering each of the three vector 
dimensions, The exact dimensions ofthe equation need to be 
considered in the light of the nature of space-time itself 
‘These dimensional equations help explain the nature of 
‘matte. Indeed the equation for the electron may be neces- 
sary for the full understanding of gravity 


[0105] Complex Space and Electron Structure 


[0106] The presence of complex space also now further 
explains the conformation of the electron, and its formula 
tion at the quantum level, and the presence of paricles, 
anti-particles and theie spin up and spin down characteris- 
tics. 


[0107] Indeed the short form equation forthe charge ofthe 
clectron (-e) can now be rewritten as a metric tensor with 
three dimensions in real space and six in complex space. 


[0108] ‘Thus if thre of the x, y and 2 vectors are in ral 
space and six vectors in comple space, where cis the speed 
of ight inthe real space vector, ste speed of light in the 
complex veetor and _¢ i the complex conjugate of, thus 
the electron can be mathematically represented bythe egua- 
tio: 


eg Ue ea! 
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[0109] Which now elegantly gives the real number solu 
tion 


[0110] Where ee, 
space for a single qua 
“complex” tensor 


[0111] Whilst the wo dimensional Argand diagram bas 
four quadrants, the three dimensional Argand diagram has 
eight cubie sectors. Two ofthese cubie sectors are diametric 
‘opposites and can represent “real” pacticulate objects. These 
have the primary coordinates x, y. -7; as in the electron 
described above, and the -x,~y. 2, With the real vector x now 
having a minus sign. Those two “real” cubie sectors, there 
fore, mathematically represent particles and their anti-par- 
ticles 


fen as the permittivity of five 
electron Equation 4 represents 3 


[0112] The mathematical presence of the two primary 
iagonal mirror images (x, y,~Zand —x,-y, 2)now allow the 
introduction of the concept of antiparicies. This extension 
of the maths into a three dimensional Argand diagram thus 
results in the automatic formulation of the maths of anti- 
particles. Thus the charge of the positron (e) is formulated 
hy the shortened form equation, where the real vectors now 
cach have the minus sign, and therefore exist in the -x, ~¥, 
2 sector of the three dimensional Argand diagram. 


(O113] “The three dimensional Argond_ diagram also 
sccouns for chirality and indeed the p and down spin ofthe 
electron. There are Wo other “eal” primary coordinates ia 
the Argand diggram, these ae themselves the partial mirror 
mages ofthe above coordinates (ie. ~¥. 7 ahd ~X,¥,~2) 
In particular the y axis is of the opposite sign, thas in 
panicles the y axis is in the downs direction, 10 fom 
dwn spin particles and in anti-partcles inthe up direction, 
to form the antipariele The up spin electon is given by eg 
8 and hence the down spin electton (-\J 5) is given By the 
equation 


° 


[0114] Thus the three dimensional Argand diagram 
‘accounts directly for the preseace of antiparicles and the 
spin up and spin down panicles seen in nature, It also 
‘accounts for the necessity’ of the electron to form 2 square 
root spherical object, complex space depends on V=1, 
otherwise known 28 j 
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[0115] Electon Pairing and Superconductivity 


[0116] As the quintessences making up the clectron are in. 
4 square root conformation, each of these quasi electrons 
‘would have a tendaney to pair to form an entire sphere 


[0117] The square root sphere structure of electrons with 
up and down spins can now superimpose to produce 
‘complete sphere of varying extenls, This produces electron 
paieing as seen at the atomic and molecular levels. It also 
‘Accounts for the Pauli exclusion principle. This pairing thus 
‘accounts forthe reactivity of the valence electrons and the 
electron probability densities, which in tum aecounts forthe 
existence of chemistry. 


[118] Furthermore it is possible to account drely for 
Spercandictiviy from fist principles For i bath the 
Complex and weal vectors of the electron combine com- 
ety, the prot ofan up and down spin election form 
Perfect superingovel sphere with adie, with «charge of 
2.5910" C, denoted by the formula: 


@ 


[0119] As with standard superconducting theory, super- 
‘conductivity can be explained by the fommation of “Cooper” 
‘loctron pairs, where the electrons are forved to pair by the 
presence of positive erystal charge in particular formation, at 
Supercooled temperatures. In addition the electron pair now 
forms a stable entity whose angular momeatun eancels, 


[0120] It adaitionally becomes clear that the charge of two 
Separate electrons (2e) is 3.2«10~"” C, but the charg of the 
‘combined electrons (¢*) is 2.59x10™™ C. This electron pair 
thus appears to have 19 ondersof magnitude less charge than 
the electron and in tum 19 opders of magnitude less resis 
tance. It is this effective reduction in eharge and in turn 
resistance, which may account for superconductvity. When 
‘observed directly any electrical interaction with the Cooper 
electron pair will, however, result in the release ofthe fll 
charge of both electrons, so that the full electrical charge put 
in will be equal to that coming out ofthe apparatus. 


[0121] The Fine Structure Constant 


[0122] _Intruiginy from our knowledge of the electron we 
can fither define the term .alpha., the fine structure con- 
Stan; from the structre ofthe electron. Thus as the standard 
tem 
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[0123] For brevity we may represent the quasi elsetron 
structure as (4/3)nc"60; to signi is deeold symmetry, 
tins 
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ory 


[0124] Indicating that the fine structure constant of the 
electron (a) is indeed related to its dimensional structure. 
Again taking into account the effects of gravity the fine 
‘structure constant can be derived from first principles to nine 
decimal places (soe Gravity and the Charge of the Eleetroa).. 


[0125] Fundamental Forces and Particle Structure 


[0126) In order to understand the fundamental forces and 
the nature of fundamental particles, aa overview is required, 
‘Thus, there are three major forees; strong, electro-weak and 
aravity, each mediated by three force particles the gluon, 
photon and graviton respectively. These in tum, influence 
three types of particle, the quark, lepton, and by general 
relativity space-time itself, Each of these are composed of 
particles with multiples of charge of ¥, which are them- 
selves in three generations, and are present in three dimen- 
sions of real space. It is important that a comprehensive view 
of nature explains this threefold symmetry. 


[0127] Using the Standard Model of particles, it is well 
Accepied there exist quark particle charges of =!s, =" and 
44 and 4% in quarks and anti-quarks. Given that each 
particle is made up of three quarks the presence of these 
fractional changes support the association of the fractional, 
charges in this way to form three dimensional charged 
particles, In stable particles each of the three quarks would 
have a vector in one dimension, giving the three quarks 
together an existence in three dimensional visible space 
time. The particles that bind the quarks (gluons) are them= 
selves required, in stable particles, to have three different 
color charges, one color in each dimension, for the particle 
to exist in three dimensional space-time, Furthermore, there 
are three generations of quarks (and indeed leptons). 


[0128] |The Standard Mode! (ora modification of this) and 
in particular the observation of quarks and indeed quasi 
electrons with fractional charge of 4 and 7 in both eases, 
indicates that particles are constituted from the equivalent of 
three of these quasi particles to form an electron and quarks 
to form baryons. In the normal three dimensions the energy 
would be carried by the panicle, However, because each 
particle is constituted of three quasi particles and in each 
(quasi particle or quark one visible dimension would be the 
direction vector, inthe other two hidden dimensions of each 
vector the waves would carry energy. Thus each particle 
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‘would be associated with vibration, which would account 
for wave particle duality and Heisenberg’ uncertainty prin- 
ciple in three dimensional visible space-time. 


[0129] These observations lead us directly to the previous 
postulate that the structure of the electron is composed of 
‘none other than three (root) spheres, and that this equation 
forthe electron allows the determination ofthe charge of the 
clectron from first principles, thus: 


a 6 
Re 


[0130] In adiiion the mass of the proton (i,) can be 
diretly calculated. feom the ratio of the mass (M,) ofthe 
lecton, given by the equation: 


Me ssasn104 ay 


[0131] Surictly we should write, 


eas 


‘which is much more elegant. 
[0132] | Which now gives 


1 3 
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[0133] This is in very close agreement with the experi- 
‘meatally derived ratio of the proton to electron masses 
which is also: 5.446210 


[0134] Thos the correlation factor between theory and 
‘experiment has @ maximum eror «0.00001. 


[0135] 
pe ae! 


and equation 13: 


If we combine equation 3: 
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the positive charge ofthe proton (,) is given by: 


[0136] |The stable nuclear proton conformation ean thus be 
represented by the short form equation: 


Me @y 


IVT RAO 0 
[0137] This forms a stable 353 conformation as with the 
stable electron steueture 


[0138] Importantly the tenm (x) is the 90° solution to 
the Shrodinger wave equation for an electron confined in a 
space with radius 

[0139] Thus the standard equation for an electron confined 
in a one dimensional box is given by: 


Bele 


[0140] 1f the one dimensional box has @ length 21. the 
‘quantum amplitude (A) ean only be noa zero between x=D 
and X=2L. and the standard solution for the amplitude is 
none other than: 


ann?) 
[0141] Thus in one dimension the standard solution to the 
Shrodinger wave equation is 

ool? Sin 2 
[0142] Thus not only isthe electron charge derived trom. 
the equation for three spheres each with a radius of ¢ (eq. 3); 
but the proton mass and charge ean also be derived from the 
standard solution to the Shrodinger wave equation for a an 
electron confined in a space of radius 


[0143] The term (xe) itself would thus most logically 
represent the gluon which is present in the proton. These 
lions would bind the quasi electrons together to form the 
fundamental particles 


[0144] The masses of all the known particles, inckuding 
the up and down quarks, the W boson, the muon, charm, 
strange the tavon, tus and Beauty can thus also be derived 
fom fst principles in this fashion, and have the quasi 
cleetron as their basic constituent particle (see Appendix 1). 
(0145) Thus the structure of the muon (y) can also be 
derived from the ratio of the mass of the lesion (m,) and 
the mass of the muon (m,): 

om? 

Ths 

sme! emma) 
[0146] Where the charge of the muon is in this equation 
cquivalent to that ofthe electron e. In this ease (ve) ean 
be considered to representa specific high energy photon. 
Ths the structure of the muoa, written in shor fom is 


peace). ay 
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[0147] Moreover the structure of the tauon can be caleu- 
lated from the ratio of the mass ofthe electron and that of 
the Tauon (1.79 Mey): 
[ors] Thos 

S11 Mevi.79 Geve2.8Sat0™ 

manta %=2 8810-4 
[0149] As the charge of the tauon is equivalent to the 
charge of the electron, hence the structure of the Tavon is 
sziven by the above equation 

enn SACP) 
[0150] This equation accurately predicts the charge -1; 
fand mast of the Tauon (1.78 Gev), Thus the structure of 
‘the Tiuon ean in short Form be given by the equation 

sda eine 
[0151] Furthemore a more exact value forthe mass ofthe 
‘muon anxd tauon ean be deduced by taking into account the 
‘gravitational feldof the Earth ina similar way wo identifying 
the exact charge of the electron. In addition it may be 
necessary to take into account a possible mass value of the 
neutrino t arrive at a precisely accurate mass value of the 
‘muon and tauon, Nevertheless, the mathematical proof of 
these short form equations lie inthe fact that they can very 
closely identify the change and the masses ofthese particles, 
from first principles, as in equations. 


as, 


[0152] Overall the mathematical geometrical structure of 
all the particles can be derived from the quasi electron, 
‘which isin tum derived from quintessence, Thus, the short 
form particle structures can now be derived trom first 
principles, This includes the quasi electron (ge) aad electron 
{). from which the quarks (ud) and in turn the stable proton, 
(p) and stable neutron (n) and alpba particle (a) respectively 
are derived, The general structure of the force carrying 
‘bosons the photon, (g) and the gluon (7) and the intermediate 
‘vevtor boson (W) can be given. It will ulso intriguingly be 
possible to derive, according to their generation, the struc 
ture of the strange (s) charm (c), beauty (b, or bottom) and 
‘ruth (tor top) quarks directly from the structure ofthe muon 
(u) and Tavon (x) respectively. 


[0153] Using the term @=(4/3zc*), where, ~/+ represents 

the charge of the quasi electron, we find: 

[0154] 
fare! 


1st Generation: 
coy 
a 
as) 


alae!) 
se leat 
[0155] 2nd Generation 


we) as, 


e290!2u!9) (x 


3rd Generation 


2 no)! aioh a3) 


rela en 
[0157] Particle Gluons (g) 


ariel co 
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etait) eo 
oe 22) 
[0158] Particle Photons (.gamma.) 
sine) e 
pais om 
spine) eH) 
isa! 2s) 
[0159] Intermediate Vector Boson (W*”): 
wrasrolacuicte eH 
was 0l?2¢cb6 e, 
[0160] Suable® Proton: 
pela) « 


[0161] Sule Neutron: 
Stable * Neutron: 


-o1!2 ate) 08? 
01". 2anet) or 
(02! 2ane4)- 01? 


* Stable nucleonie neutron and proton conformations differ 
slightly from the Standard Mode, this is due to the sharing 
ff quasi electron and quasi positron particles within the 
nucleus, which allows stabalisation ofthese particles by the 
formation of stable 343 structures. The Standard conforms 
tions which describe non-nocleonie neutrons and protons are 
additionally given in Appendix 1 


[0162] Alpha particle (a) 


(re 2AWel2V-Er9)N!= 


[0163] The mathematical proof for these structures and 
their decay mechanisms is lengiby and is thus fully con 
taineel in Appendix. 1. All the particle structures are accu 
rately mathematically defined by the masses of these par 
ticles. 


[0164] The structure ofthese particles all contain the quasi 
lectron and thus the metric tensor structure necessary in the 
formulation of the gravitational equations is sustained. The 
respective forces created by the gluon and the photon are 
‘important as they tell us the behaviour of matter and also 
lead to the likely structure of the graviton 


[0165] Particle Spin and Size 


[0166] The significance of the electron, composed of three 
spheres each with @ radius of Vc, is not immediately clear, 
but can be understood if the frequency’ of rotation of the 
clectronis also taken into account. Knowing the structure of 
the electron has led us to deuce its charge and thus may lead, 
us estimate its size and spin, Thus these observations might, 
bbe used to calculate the radius and rate of rotation of the 
electron, 
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[0167] Let us suppose, that nature is truly beautiful, and 
that the radins of the fundamental quasi electron is indeed 
Ve, and in turn the radius was balanced by the velocity of 
rotation 2c. This can be directly confimed mathematically 
by taking into account the known spin ofthe electron, h/4=. 
‘Thus the actual spin ofthe electron may be ealeulated form 
the known energy of the spin. 


[0168] The rains ofthe electron is not up til now known, 
Bult the radius of a quark has been estimated, and this isthe 
radius derived from deep inelastic collisions of the proton, 
These estimates reveal a ads of approx. yal 1810" m 
‘This value may be used to assist ia contin the spin of he 
proton in revolutions pe se, (revs) and in tur the spin and 
Size ofthe electron, Firstly we may’ proceed to estimate the 
spin ofthe proton. Thus as ha (loulessee) and heE-t= 
Fed (Joulesesee, then the spin; 

haere ey 


[0169] As F=ma, where cm(revs-22)'r, and methe mass of 
the proton, then 


bigemQes2nht 


[0170] |The actual distance (@) traveled in a circle of half 
integer spin in 1 second is: revs:xt, thus: 


emissary 
[0171] Hence: 
rosso! 


[0172] Taking the effective mass the protoa as 1.6726 
10°” kg, then the rate of spin of the proton in revolutions! 


reves. 65410 lessee 
[0173] From the fequency of the specie rotation of the 
proton, given the half iateger spin associated with the 
proton, we can thus mathematically confirm the relationship 
Detween the radius of a particle and its spin: 

ryote 9) 
[0174] Furthermore, the fundamental radius of Ve seen in 
‘geometric structure the quasi electron, is also reflected inthe 
ration rate and radius for the proton, thus as above Lice! 
rovsel,85<10"" m, Moreover, this means the actual half 
integer velocity of rotation is none other than 2a/e in 
imetressee, So that the particle is in harmonie balance, 


[0175] Using the fundamental formula hi4neF-d, itis 
possible to oblain accurate estimates of the radius and spin, 
rates ofthe electron, or indeed any particle, using the same 
principle of harmonic balance, Using the formuls: 


rove 


[0176] It appears there are two unknowns, the radius if the 
¢lectron and is revolution rate, however, in accordance with 
the equation, r,=2/.revs, which gives the revolution rate of 
the proton, the same principle may also be used for the 
electron, by substituting r,=2/e.revs, such that: 
rmasaboin on, 


[0177] Taking the mass of the electron 9,109382x10-"" 
kkg, the rate of revolution of the electron is 


rosa otbco! eceee 
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[0178] Which gives a predicted radius of the electron as 
S361 cytes 

[0179] So the half integer rotation velocity (revstr) is 

2rd | for the electron in Keeping wit the harmonic balance 

ff the electro, 


[0180] The same principle may he used to obtain an 
Accurate estimate ofthe spin and radius of the muon, or any 
‘othe particle, Using the above formula 

reveah (28 


op 
[0181] Then as the mass of the muon is 1.882310" ka 
then the revs ofthe muon f,=5.070x10-” eyeles/see andl the 
radius 1, is thus 1316<10"" m, 


[0182] _I1is now possible to begin wo explain how the muon, 
and the other subatomic panicles are formed, If a quasi 
electron is complexed with another structure the total geo 
metic structure needs to maintain haemonie balance. So the 
frequency of rotation would need to match geometric struc 
ture with which the quasi electron was complexed 


[0183] Iatriguingly we find asymptotic convergence for 
the formulas for frequency and mass occurs, when the 
seometrc structure complexed with the quasi electron has 
the structure represented by (we!) [giving the frequency 
divided by two, because the single integer spin of the force 
carrying particles compares to a half integer spin for the 
‘muon, So that 

conayh 
[0184] | When the ratio of the masses ofthe electron (i, 
and muon (m,) are related, sueh that 
[0185] Indeed we find that (allowing forthe neutrino) this 
ratio is very elose to the actual ratio of the mass of the 
electron to the mass of the muon, determined experimen 
ually 
[0186] Furthermore, we have seen that these geometric 
Structures, representing harmonies of the speed of light, 
Which either match the freguency or the amplitude of 
Vibration of the quasi eleciron, mathematically define the 
‘masses ofthe particles and the fundamental forces of Nature 


art IEI—Quantumn Gravity 
[0187] Quantum General Relativity 


[0188] | Given the overall eneray “complex” energy tensor 
structure of the electron and the metric tensor, assumed in 
general relativity, the quantum nature of gravity itself ean 
now be explored. The spherical complex tensor for the 
electron and the positron give the mathematical quantum 
structure and energy tensor for all the other particles. 
‘Together withthe time dimension these nine space dimen- 
sions aecount for the 10 parameters present in the metric 
tensor necessary to formulate the equations for uavity using 
Riemann geometry and thus forms the basis of quantum 
gnivily,Iniriguingly the metre tensor at each poiat in space 
Time is required to consis of a collection of ten numbers, 
Consequently, ten dimensional space-time hypotheses, such, 
as this or superstrng theory, do automatically yield general 
relativity 


[0189] Furthermore, the mathematical representation of 
the graviton and the gravitational constant may be digectly 
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estimated from the knowledge of the mass and radius of 
quintessence. Thence, the force of the vibrations of gui 
testence lead direcly to quantum gravity 


[0190] The radius of quintessence should be approxi- 
_mately in keeping with the Planck length estimate (r), which 
is conventionally derived from the standan! dimensional 
‘equation: 
[0191] Given the nine spacial parameters present in the 
metric tensor, used in general relativity we find that the 
‘tual formula for, i mathematically ia agreement with 
theory when: 

onan? 
[0192] This again supports the 9 dimensional view of 


space and the size of the Vibrations of quintessence can thus 
bbe estimated, 


oD 


esa 
[0193] This value is in agreement withthe Planck length, 
Indeed if the above equation is correct then we find that we 
ccan derive the standard equation for the general relativistic 
increase in radius, (eg. 34) directly from first principles 
and arrive at a more fundamental equation for quantum 
cravity, As 

roMae 
[0194] By substituting eq. 33) into equation 34, a funda 
mental relationship between F and M is obtained. 


03 


0s, 


iid sGMC ho Mob 


[0195] And substituting the quintessential equation, 
Ihemte® (eq. 1) then: 

Prgadtingonde 
[0196] | Hence the ratio ofthe change in radius to that ofthe 
radius of quintessence square, is proportional, by a factor 
of ¢, 10 the ratio of the mass M of an object to that of the 
mass of quintessence, effectively the number of quintes- 
senees. Thus the change in radi, r' due to gravitation, is 
related to none other than the ratio ofthe mass and radius of| 
an object to the mass and the square of the radius of 
‘quintessence. Thus again the gravitational change in radius 
is directly related to the number of quintessences. 


[0197] Naturally, this would be exactly what would be 
logically expected if quintessence, lke the equation for the 
charge ofthe electron (eq. 6) forms from a root sphere. Thus 
the change in spacial radius of aormsal sphere is dependant 
fon the square of the quintessential radius. 


[0198] This increase in appareat radius represents none 
‘other than the (gravitational) binding energy for quintes- 


[0199] The meaning of the above dimensional equation 
G3) might itself be further understood by substituting the 
mass of quintessence (where my=h/c*) into the equation 
Thus in nine dimensions the gravitational constant (G) may 


‘be mote logically given as, 


[0200] | Where 27.2 isthe cross sectional area of quintes- 
ence and my isthe effective mass of quintessence, and thus 
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(x,2/m,) presents the effective mass per unit area which 
guintessence exerts. This equation reduces 

Snimete 
0201] From this we may derive the standard general 
relativistic relationship for the apparent change in ads (#) 
around a mass (M), irom an understanding ofthe mass m, 
and number (n,) of quintessences. AS m,=Min,, then: 


en 


araaten, 6s 
[0202] Then if 
never 0% 
[0203] thus directly substtuing for n, in eg, 38: 
regu oH 


[0204] The importance of this is that the gravitational 
change in radivs now logically derives from equation 36, 
which describes the gravitational force as resulting dieectly 
from the mass of quintessence exerted/per unit area of 
quintessence 


SarginjaGe 69) 
[0205] ‘Thus equation 34 is the conventional equation for 
the general relativistic inerease in radius (#) in a gravita- 
tional field, which is here derived Irom the underlying nature 
of quintessence. Thus the gravitational constant is derived 
from the mass and radius of vibration squared of quintes- 
seace from first principles. 


[0206] Indeed it is apparent that @ more fundamental 


equation for gravitation now exists, for equation (39) is 
‘mathematically accurate and numerically agrees with eg, 34: 


nian > 
[0207] These equations may be readily mathematically 
‘erifiod, [fin accordance with standard generl relativity the 
apparent increase in radius ¥ is 

rouse 
[0208] ‘Thea given that the mass of the Bart is $.9745x 
10* ka: 

Potatbeto 
[0209] Accordingly if F=3r,2nJe: (ea. 39). Given the 
‘number of quintessencesn, consititing the Earth is M,/t, 
thea 


oH 


[0210] As r,261.823%10"™ (eq, 33a) then: 

reLariaio a, 
[0211] Thus equation 39 gives the same answer as the 
‘Standard equation and may be understood oa a logical basis. 
Indeed the meaning ofc in the equation may be understood 
as it has been previously shown as being the basis for the 
radius of matter (eq. 6). Hence the general relativistic 
change in radius, is none other than the effective binding 
energy for quintes 
[0212] Quantum Gravity and Wave Particle Duality 
[0213] Quantum gravity can now be readily Hinked with 
{quantum mechanics, indeed any observations which are self 
consistent must be able to do so easily. 
[0214] ‘The frequency of light has been previously derived 


eon, 
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[0215] Thus the formula for the frequency of light (Eh) 
has previously been explained theoretically by the simple 
‘observation that the frequency is determined quite directly 
from the number of quintessences (a,) within the photon. 
‘The same principle has also been shown to apply to mater. 
[0216] Let us now follow these equations for matter by 
calculating the wavelength of a photon from the Gravita- 
tional constant as an example; and also as a test of these 
‘observations and to demonstrate thatthe gravitational equa- 
tions can also apply to the quantum world 


(0217) 


1 


a 9) 


[0218] where ¢ is the general relativistic inerease in 
radius, and ¢, is the eadius of quintessence (ey. 33). Where 
f-Eihen,, substituting for n,, then the frequency of the 
photon f (where fiel) is given by: 

Setar? 


[0219] Using the standard equation, r=GMI3e* (ea. 34); 
‘we may substitute for P, thus we have: 


fy x 6MPrc 18 Tome 


co 


[0220] It is possible to also demonstrate that the same 
relationship holds for the wave equation for matte. If we 
take the relativistic wave energy of matter, which has been 
previously derived, 

Ang 
[0221] This includes the term for the number of quintes- 
sences flowing through the electron, in the complex vectors 


‘of spacectie, to give the relativistic electtoa momentum (p) 
and a term for the rest mass, thus substituting into (40) 


« 


[0222] As f=p%n, for mater then the equation expands wo 


el EAs hevtfen 


ogee ay 


ORE 
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[0223] Then the equation again reduces to: 


OE 


[0224] Equations 3, 40 and 41 are important as they show 
thatthe quantum wavelength of any particle of rest mass m 
ccan_be derived from the gravitational constant G. Thus 
Tinking quantum mechanics to quantum gravity 


[0225] 11 is therefore important to confirm the numerical 
‘accuracy oF the above equation (40). We ean do this by 
comparing the result to the standard computation of the de 
Broglie equation, ina range where de Broglie itself likely 
to be most accurate; which according to these observations 
is in the low energy range (soe section oa Wave Particle 
Duality), 


[0226] Ir we take an electron with an energy of 0.1 KeV 
the wavelength is couventionally given (where the kinetic 
energy of the electron Fis given by the product of the 
charge of the electron (C) and the potential applied eV=0.1 
Key), by the standard equation: 


= 66810 02 10-1 0 1829 90 


ence 
As 23x10-%m Uap 


Whee E= moe? 


[0227] At 0.1 Kev, electron velocity is 610" risee, thus 
[Be2xi0" and y=1/(1=v"%c")! #1, 0002, Thus: 


9x $23 107 80.78 10 
TERIOT x Bx LUNES 1X10 ROTI 
x10" 


[0228] Divergence between the de Broglie equation and 
the above equation (2) occurs at intermediate and high 
energies where itis generally accepted that the standard de 
Broglie equation may be less accurate. The valves for eq. 2 
and de Broglie are compared to recent experiments, which 
demonstrate a relativistic curvilinear plot for wavelengths of 
matter in keeping with og, 40. 


[0229] The de Broglie equation in the non-relativistic 
format yields a simple logiinear scale, which is not in 
Keeping with relativity; whereas eq. 3 is dependent on 
relativity and mathematically accounts for both relativity in 
calculating the wavelength. Indeed recent experiment on 
«quantum tunnelling through a wire mesh strongly suggests 
that the relationship between enemy and wavelength is 
relatvisiclly curvilineae™* . Furthermore equation 3a 
Suggests a fundamental relationship between energy (E), 
relative velocity (we=), gravity (G) and the quantum 
wavelength 0) 
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[0230] Fquation2 isthe very same asthe Universal wave 
‘equation derived form frst principles for the wavelength of 
light and matter, which allowed a reatvistic solution tothe 
‘equations for wave particle duality (see Wave Particle Dual- 
ity). This now indicates that these quintessential equations 
are compatible with relativity, quantum mechanies and 
quantum gravity 

[0231]. Graviton Structure 

[0232] From these observations, if the value for the aravi- 
tational constant is substituted into the equation (35) we may 
now estimate the probable geomeirie structure ofthe gravi- 
tation, which she fore particle mediating gravity by acting 
con quintessence. Thus the Gravitational constant has heen 
previously derived from the vibration of quintessence bythe 
equation: 

Gen arm) 
[0233] This is ig accurate agreement with the value for 
G(6.67.10"" Nm? kg). This suggests thatthe most prob- 
able mathematical repesentation of the graviton (9), the 
third Toree carrying parle is 

rive 
[0234] ‘Thus the gravitational constant (i) canbe given by 
the mass and rads of quintessence and the stucture of the 
srvitoa 

co roo) 
[0235] This shows the gravitational fore wo be related © 
te fundamental radius of quintessence space ime, and the 
sgravitoa 


[0236] Quantised General Relativity 


[0237] The classical general relativistic formula, as given 
by Einstein is: 


Ration 
[0238] Where R is effectively the curvature of space-time, 
R,, denotes the contracted Riemann tensor of curvature and 
Tris the “energy tensor” of matter) 


[0239] If we substitute the energy tensor mattix of the 
electron (eq, 9)xtime, for the energy tensor of matter I, 
fand the meitie tensor of the space-time latticextime For the 
contracted Riemann tensor we ean arrive atthe same solu 
tions for general relativity 


0240] Turthennore, in his published paper on General 
Relativity, Einstein, defined the constant & as: 


69, 


ota? 
[0241] Therefore Einstein's equation should be written as 


tetra ty ” 
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[0242] Finstein himself was apparently not happy about 
the right hand component of the equation, However, we find 
that this part of the equation can now be explained and 


quantised by substititing the gravitational constant, 
G=9arigmay (es, 420), 
0243) Giving 


Rp 125 


{o244] By substituting mye%=b, and further substiting 
hava, we arrive al a qhanised solution to Finstin's 
cxquations, Where A, is the surface area of quinlessence 
Amir) is the graviton (9=(xl)] and fis Plancks 
constant 


co 


[0245] ‘The gravitational equation can now be further 
‘understood on a logical basis. The term A,m(4zr,?), where 
represents standard tem forthe surface aréa of a sphere of 
quintessence for the 9 space dimensions of the space time 
lattice, his the energy content of quintessencextime and is 
the graviton, thus the ght hand term now represents a true 
“metric energy tensor” of matter. 


[0246] This leads directly to the standard solution to the 
field equations, forthe general relativistic inerease in radivs 
# of an object, where A isthe surface area of a sphere of a 
siven mass M, such that 


POM? ry 


[0247] Furthermore although equation 45, gives the same 
solutions as Einstein's equation, which is essentially correct, 
the difference is that the equation is now dependant upon 
Planck's constant (h), and moreover the radius of quintes- 
sence, Which now defines a quantised solution to the equa 
tions. 


[0248] Graviton Force Characteristics 


[0249] Similar tothe photoa, the previously derived equa 
tion (42) for the graviton [=(v/e)] appears to also math= 
ematically represent « helical ringlet of quintessence, but 
with a spin of 2. For the photon, taking the direction of 
motion as the x vector and its axis of spin also as the x 
vector, would account for the electromagnetic fore aad its 
attraction and repulsion characteristics. Inthe case of the 
gluon component (zie), if the direction vector is x, then 
the axis of spia would be in the y vector, the same as quasi 
electrons, accounting for the particle binding characterisies, 
of the gluon force. In the case ofthe graviton, ifthe diret 
‘of motion was in the x vector, the graviton spin axis would 
be in the z vector thus, as will be demonstrated, accounting 
for the gravitational force 


[0250] ‘The spin axis of the graviton ean also be derived 
using the known characteristics ofthe electron. IPan electon 
is travelling in the x direction, then its spin axis is deter- 
‘mined by the by the sign of the y veetor (up or down). This 
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view is in agreement with conventional theory, which indi- 
cates that the eleetton spin is similar to a rotating planet 
“orbiting the sua, (the electron even appears to have orbital 
precession). As the electron passes through the space-time 
lattice, this spin would generate the formation of gravitons. 
‘This would occur as a result of the ejection of the excess 
quintessence passing through the electron. As the electron 
spins, the ejection of these gravitons would oceur at a 
‘tangent to the electron's direction of motion. The ejection of 
the gravitons would oecur, similarly to the ejection of energy 
‘ofa pulsar or quasar through the equivalent of the north and 
south poles of the electron. Thus, propelling the graviton in 
the direction of the electrons y vector. The ejection of the 
‘graviton wonld re-orientate and impart a specific angular 
‘momentum 10 the gravitons which would thus end up 
spinning on its own 2 axis. If for instance the graviton is 
released from an up spin electron the graviton will be 
rotating clockwise and its leading edge will displace 
tessence downwards. In turn this will provide an upw: 
fore. 


[0251] ‘This picture secounts for Fleming's left hand rule, 
is logical and provides an explanation for the magnetic force 
around a wire. According, to the left hand rule if the 
diroction ofthe current isin the x vector, the magnetic fold 
isin the z vector, and the force is upwards, in the y vector, 
in accordance with the above model. Therefore, this par 
ticular spin axis and the stracture of the graviton results in 
its force characteristics. As the graviton is very small com- 
pared to the electron and both have different rather rapids 
axis t is dificult for these o bind and interact, Nevertheless, 
because the graviton has a spin of 2, and as it spin axis is 
perpendicular 0 its direction of motion, in the z veetor, it 
readily displaces space-time quintessence t produce grav- 
ity. Thus because the graviton is able to displace space-time, 
iis capable of escaping a black hole. How else could the 
effects of gravity be felt beyond a black hole? 


[0252] Quantum Gravity and Bleetromagnetism 


[0253] With the above electron mode! of graviton produc 
tion the nature of magnetism ean be understood from frst 
principles, Furthermore, the presence ofa space-time lattice 
links relativity, and the forces of gravity with the electro- 
‘magnetic and other forces of Nature. Indeed, evidence for 
these links may first date back to the 1820s, when Andre 
Ampere first defined the Amp, The force of aftration 
‘hetweea two parallel wires 1 metre apart each carrying 1 
‘Amp in a vacuum was defined as none other than the 
permeability of free space (2x10"7 N per metre of conduc 
tor) Thus conventionally the magnetic fold strength around 
a Tong straight wire is given as: 

Bepsar 
[0254] Where [isthe current and pis the permeability of 
fre space (4210-77 NA) 
[0255] The attraction between iwo wires both canying 
negative charge is, however, counterintuitive as negative 
charges should repel. A conventional explanation overcomes 
this by invoking the presence of a magnetic field which is 
created by the current by the production of virtual photons, 
Thus we appear to have an explanation for the ellects of 
‘magnetisin Which involves virtual photons, however these 
photons are not observed. More accurately, according to 
‘conventional special relativity the magnetic field is none 
‘other than the electric field viewed relativistically 
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[0286] A more satisfactory explanation, therefore, lies in 
the interaction between the electrons and the space time 
lattice. The moving electrons in the two wires interact with 
the lattice w produce gravitons; which are in phase when. 
‘hh streams of eleettons are traveling in the same direction, 
The geavitonic waves interact constructively to disperse the 
spacetime lattice between the wires and induce an attractive 
foree between the two wires, which produces in effect the 
permeability of free space. Thus this force results from the 
vibration of quintessence itself. 


[0287] Conversely in two wires with cureat going ia 
‘opposite directions the graviton waves are in anti-phase and 
would interact destructively between the wires, The gravi- 
tonic waves traveling radially outward from the wires 
would, however, disperse the lattice outside the two wires 
and produce apparent repulsion between the wires, which is 
cexacily what is observed, These effects of electricity suggest 
that gravitons aet as waves and that phase is importa. 


[0258] This eifet is also seen with the north and south 
poles of ferromagnets. Nevertheless, with matter other than 
iron, cobalt or nickel, the graviton emission cannot be 
phased as the atoms are unable to align and magnets do not 
appear to exist with other materials. 


[0259] In ordinary magnetic system the release of grav 
tons from the north pole would be exactly balanced by those 
released fiom the south pole of the magnet and hence there 
‘would be no net force on the magnet until an external 
‘magnet or electrical current were applied. 


[0260] Overall the magnitude of the forces in electrical 
systems where electrical conduction occurs are well defined 
by the permeability and permittivity of free space Ht, ade. 
‘Where v is the constant velocity of the charge and is the 
clectic field produced by’ the charge. 


Bebuedre 


[0261] ‘These observations suggest thatthe forces of elec 
ticity which produce magnetism are indeed related 10 the 
permittivity and permeability of free space and that these 
quantities are exerted by an apparent vacuum. Thus the 
effects of magnetism could be explained by none other than 
the phased eilects of gravitational waves on the space time 
lattice, 


[0262] Flectromagnetism is of further intrest to quantum 
srwvity, panicoarly if we combine the standard equations, 
Beygl2ar and Beye], substituting for B we have: 


dative 5) 


[0263] ‘Thus 2aris proportional to the inverse of ¢,. Thus 
as space time is dispersed by gravitons the pemitivityfeld 
will increase in the same way capacitance increases with 
separation of plates. Because of the inverse relationship 
between e and 2nr, as inereases the circumference of a 
circle and the apparent ratio of zis to r will appear to 
diminish in accordance with general relat 

actual diminution in the circumference of a 


[0264] 
directly to ScheSdinger's formula for the average equilib: 


Incidentally, the above observations, also lead us 
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‘rium distance (2) between an electron with charge () in orbit 

around a proton, which is conventionally given by: 
roan? 

[0265] Where ¢, is again the permiivity of free space, m 

is the mass of the electron and n is an orbital integer, b is 

Planck's constant and e is the charge of the electron. 

Furthermore if e={¢o/3(4/3ne*)}"? (eg. 3); then the equation 

atnel, forthe electron orbital radius elegantly simplifies to: 
rat 

[0266] Hence the orbital radius ofthe electron is related to 

spin of the electron (h) and its mass (en). 


[0267] Quantum Gravity and the Charge of the Electron 


[0268] The equation forthe charge of the electron (eq 1 
contains the tem so (permitivity of fee space) which 
‘sccording to these observations should vary in grit 
tional fi. 

ene? 
[0269] If we combine the standard equations, B=j1pl/2ar 
sand Beye, substitting for B we hove: 

ante “6 
[0270] Thos 2xrs proportional to the inverse of Thus 
2s space ime is dispersed by gravitons the permitivity field 
Will increase in the same Way’ capacitance increases With 
Separation of plates, Becamse of the inven relationship 
between e, and 2, a8 €y increases the circumference of 
circle and the apparent rato of to rll pear to diminish 
in accordance with general relativity. 


[0271] Thus «, rises when space-time is dispersed by the 
‘gravitons that produce the gravitational field, This occurs 
‘similar way tothe process by which capacitance increases 
‘with separation of plates in a capacitor 


[0272] Nevertheless, as cis a constant and as e=[jeal"*, 
then ie rises then falls. This is entirely consistent as 1, 
‘which represents the force that quintessence exerts, would 
be axluced ifthe quintessence space time lattice is dispersed, 


[0273] Furthermore, as yedso<10-" NAW thea 98 1p 
falls, then the apparent ration x tof also falls in a gravita- 
tional fie. This is largely the same as stating, as does 
ener relativity, that the apparent radius rises in a 
‘ravitational field, So this view is consistent with general 
relatviy 


[0274] Nevertheless, o derive an exact value for the 
charge of the electron we must account for gravity inthe 
above equation, We will take the specific example of the 
Barth's gravitational field inorder to obian the exact value 
for the clectron. If in accordance with standard general 
relativity, the apparent increase in radius is 

raaueae 69 
[0275] Then given thatthe mass of the Earth is $.9748x 
10° kg then 
[0276] | Which isthe incremental factor by which «, must 
increase in Earth's gravitational field. So to eoereat ey to 
secount for gravity, ¢, must be divided by the inremental 
factor, xe. Similarly as effectively x decreases in a gre 
tational fed, to coeet to acount for gravity it must be 
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_muiipied by this incremental factor. So the equation for an 
electron in a zero gravitational field 

Heya) ahodw aL 2410" 
[0277] This now gives the charge of the electron as 
Ieasured in a zer0 gravitational field as 1.602210" C, 
Which isthe same as that measured on Earth. Notably these 
‘observations appear to suggest thatthe change of the eletron 
is the same irrespective of the gravitational field 


[0278] Virtually unlimited degrees of accuracy for the 
charge of the electron and for the fine structure constant (a), 
may be achieved by taking into account 2nd and ath order 
sgravitometrc effects. Thus if we take into account the effect, 
‘of gravity upon the radius ofthe Earth it also important 19 
take into account an effect upon the instruments with which, 
‘we measure quantities, this would be a second order gravi- 
tometric effec. Thus taking into account 2nd order effets 
(@), we have a very small, but nevertheless relevant change, 
sueh that =F(142e), Thus 2e"=9 3180486x10" 


Leg AAO) Lda .0D1TESALO™Y C oy 


[0279] This agrees exactly othe nearest 7 decimal places 
With the maximum aecuraey of the experimental value for 
the charge of the electron. Furhemore by taking into 
account the nh onder gravitometrc effect, its theoretically 
possible to predict accumey forthe charg othe electon 0 
Bin decimal places. This mathematically accuracy conims 
the structure ofthe electron from fst principles and indeed 
the theoretical effects of gravity on the penitivity of fe 
spice (4) 

[0280] This returns us dieely to the fine structure eon 
Mant forthe electron which i conventionally given by 

eache-e, Iame'=e/SA43x2), accordingly the quiat- 
essential equation for Fs structunly given by: 2xa=m 
[30f (where @=4/3 nc’; see The Structure of the Electron 
aux! Matte), we must now take ito accouat the effets of 
sravity, as above, dus 


2mm [90P )_20777-007297359, 
[0281] Where the gravitational term for the increase 


radius allows the mathematical derivation of 
‘@=0,007297353, and the above equation is in agreement 
with the conventional experimental value for 


‘n0,007297353 10 the nearest 9 decimal places. 


[0282] Hence the term (1_2ar")* is in accordance with 
these observations for the effet of gravity on electromag 
netic forces. To a maximum accuracy governed by current 
knowledge of the mass of the Earth and the Gravitational 
constant and thus the term for the gravitational increase in 
raxlius 2. These observations can also be used to accurately 
predict the magnetic moment of the electron 


[0283] Thus the presence of the fine structure constant can 
how be further understood, by deriving the constant from 
first principles; specifically from the actual dimensional 
‘conformation for the charge ofthe electron: e={e'/3(4/3ze")] 
*(o4 6. 


[0284] Overall the fine structure constant et (allowing for 
the teem # which is the general relativistic inerease in the 
ssuius of the Earth due to gravitation) is given by none other 
than the formula for the mass of quintessence and from the 
structure of the electron, which can now be derived trom 
first principles to seven decimal places or more, 
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[0285] Quantum Gravity and the Plectron Magnetic 
Moment 


[0286] The theoretical origin and nature of magnetism 
remains obscure in current electwmagnetie theory. An 
explanation suggests these magnetic eflects are produced by 
photons, although no photons have ever been observed. To 
‘get round this difficulty it is postulned by physics that 
‘magnetism results from “virtual” photons. However, Max- 
‘well's equation for electromagnetism states thatthe photon 
thas no niet magnetic effect 


08,9408 od 
[0287] Thus magnetism could not, by the above standard 
‘equation, be derived from a photon real or virtual 


[0288] In addition observational data suggests that black 
holes have powerful magnetic fields and as in theory pho- 
tons are unable to escape from black holes (except for small 
‘quantities in the form of Hawking radiation), it would be 
difficult to explain these magnetic fields on the basis of 
photon emission. 


[0289] Finstein postulated that magnetism was merely due 
to special relativity sup (ef 17). The postulate forthe nature 
‘of magnetism in these current observations, states that the 
‘magnetic force resuls fom relativity due to none other than 
the phased emission of gravitons (why postulate two invise 
ible forces, magnetism and gravity, when one, the graviton, 
will do) Ths view as previously discussed (Quantum Grav- 
ity and Plectromagnetism) is entirely compatible with stan- 
dard relativity". Thus with the graviton origin of mag- 
retin, the equation forthe magnetic momeat ofthe electran 
should have an expression in terms of quintessence and in 
tum the gravitational foree and in particular the graviton, 


[0290] ‘The standaed term for the magnetic momeat ofthe 
Bohr Magneton (SIB) is 
Bach, 

[0291] In standard quantum mechanics the Bohr Magne- 
ton, 4B, however, needs to be corrected to agree with 
experiment. The “correction factor” is termed “e”; where 
‘€=(@2n)-0,328 0,001 159641, Thus theory reveals, 
the magnetic moment of the electron where: 


03280252] 


‘oh a> 


[0292] The conventional derivation of the term e shove, is 
‘given from the fine structure constant, (@/2x) which is 
theoretically consistent. However, a rather arbitrary math- 
‘ematical correction term; 0.3284: iz? neess 0 he used in this 
Standard equation. This appears ad hoc and needless 10 say. 
‘more accurate measurements show, the electron magnetic 
‘moment 10 the Bohr magneton ratio, 14e=1.001159652, 
which suggests the correction factor is indeed incorect, 
Nevertheless, this correction Factor is essential for “renor- 
‘malisation” and thus for quantum mechanics to work, 


[0293] Quantum gravity readily explains the discrepancy 
betweea the theoretical Bohr Magneton (uB) and the actual 
‘measured magnetic moment of the electron (j,). In accor- 
dlnce with the above chapter (Quantum Gravity and the 
(Charge of the Electron) 


[0294] Thos the significant mathematical discrepancies 
can be removed by accounting for the effects of quantum 
gravity 
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[0298] ‘Thus taking the charge othe electron (e),using the 
‘equation for the Bohr magneton and the effects of quantum 
aarivity such that gravitational change in radius is 2". The 
‘magnetic moment of the electro is given by: 


efoto i lofaaetl) 


[0296] This ives an electron magnetic moment to Bobr 
‘agnetoa ratio of 1.00115968. Thus the mathematical tem 
for the magnetic moment of the electron is given, avoiding 
the arbitrary and dubious term 0.328e°%x" used in the 
standard equation, simply by accounting for quantum grav 
ity. 


[0297]  Itis now possible to unite the equations fr gravity 
nd magnetism by substituting the fundamental Key equs- 
tions of quantum gravity. Ths if: he3m,e* (eg. 1b) and 
sm.=m,j,(e9. 2). Then we can express the magnetic moment 
cf any particle with the charge of the elecizon, including the 
proton, i tems ofthe mumber of quintessences (1) i that 
particle 


baeo an « 


[0298] Given that te postulted structure ofthe graviton 
4s: (pene) (eg. 42), then substituting we have 

secs, 
[0299] Showing that the equations for the maynetc 
‘moment are compatible with the grivitatonal equations 
ven earlier Principally, the quintessential equations now 
Silow the determination of the magnetic moment of any 
hrged object from the equation for the gmiton and 
iret from the mamiber of quintessences it contains. In 
conventional physes the magnetic moment of the eletron 
roquires a correction factor, (14(@!230)-0.528«t), to 
derive the correct experimental value. These observations 
herein indicate tat the corsction factor ix more logically 
(sr) here js the general relativse increase in rave 
aroun a gravitational dy. This suggests that magnetism is 
not only fete by gravity, bt ean, as shown a above, be 
derived using the quantum grvietionaleqeations. 


[0300] Quantum Gravity and Special Relativity 


[0301] Ordinary matter passing through the lattice would 
produce gravitons which would interact with space-time as 
described by general relativity, The quantity of gravitons 
‘would be determined by the apparent mass and in tm these 
would apparently curve space time. The geometry of this 
“eurvature” is elegantly described by general relativity using 
Riemann geometty, specifically using metric tensors. 
Intriguingly the metre tensor is not a single number, but st 
each point in space time it is required to consist of a 
collection of ten numbers, Consequently, ten dimensional 
space-time hypotheses, such as this or superstring theory, 
‘may automatically yield general relativity 


[0302] |General relativity is indeed very elegant, neverthe- 
Tess there was a logical step yet to answer. That is, how do 
aravitons. shape space time? This can now be reaclly 
answered by considering the interaction of a three dimen- 
sional space time lattice with gravitons themselves 10 pro 
duce the effects of gravity. The effects of gravity areas such 
to compel a body in motion towards the gravitational object 
and to a much smaller extent visa versa. This effect can only 
be produced If gravitons repel quintessence (the constituents 
of the 3D lattice), Indeed, it has been stated that in order to 
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‘explain cosmic inflation and the “flatness” of the Universe 
that quintessence must shun (or be shunned by) mater 


[0303] In descriptive terms a body close to a large mass 
will have a tendency to move toward it because the three 
dimensional latice would be less dense as it approached the 
surface of the large mass. Overall there would be less 
resistance to motion in the direction of the large mass, and 
the motion in this direction would be facilitated by the 
vibration of quintessence. 


[0304] In general relativity the principle governing motion 
is the geodesic of least distance, this can be re-expressed 
sing similar equations using least action, Furthemore, the 
‘concept of motion due to the vibrations of quintessence is, 
‘more logically and experimentally compelling, 


[0305] These observations can now be used to link general 
‘and special relativity. Thus as we approach the speed of 
light, the mass of an object tavelling through the space-time 
lattice would approach infinity, directly because the number 
fof quintessences passing through a body would inerease 
‘with increasing velocity, hence the equation 


ws? (50) 
amolt-v So! 60) 
[0306] Ia tun this would generate increasing gravitons 


and accordingly this would explain the observed effects of 
special relativity. Time itself is due to passage through the 
space-time lattice, and where the space-time lattice is dis- 
persed by gravitons, time and length are reduced with 
increasing velocity and hence increasing space-time lattice 
dispersion, similar to the way in which gravity alters space 
time 


[0307] As a result 
4) a 24) 


[0308] Thus resulting in the effets of special relativity 
[0309] Quintessence and Black Holes 


[0310] To address the relationship of the space-time lattice 
to gravity directly, it is important to discuss the concept of 
quintessence with regard to general relativistic equations, 
‘The stanclard general relativistic equation for the apparent 
increase in radius (1) due to the curvature of space time 
around 2 gravitational object, which has also been previ- 
‘ously derived from first principles (eg. 36), is 


Gus 09 
[0311] This can also thus be written as: 
Sree] co 


[0312] This standard equation, is in keeping with the 
above observations. Specifically, as the mass increases, ¢ 
increases, in tun the radius will appear to increase (relative 
to). 

[0313] The above observations now allow us to examine 
the effects with regard to the interior of black holes them- 
selves. The event horizon would represent a critical density 
for quintessence, in which light could not escape. The 
‘Schwarzschild radius would now be given by: 

20M) 

[0314] The event horizon will occur atthe point at which 
there is less resistance to circular motion than motion in a 
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straight or partially curved line. Givea that zis proportional 
{0 Veg. The event horizon should occur when the permit= 
tivity has increased by a factor of x, 


[0315] Pifectively because the permittivity of free space 
rises, x decreases, This is entirely in keeping with general 
relativity which predicts the effective change inthe ratio of 
the radis tothe circumference as given by the conventional 
equation, where Fis again the apparent change in radius 


rauine 
[0316] Hence x will eectively decrease as we approach 
the event horizon ofa black hole, When x decreases 0 1, the 
circular circumference is equal to the diameter and more 
cover, inside this limit it is shorter for light to travel in a 
circle, Thus light cannot escape the event horizon, 


[0317] This can give us great insights into the workings of 
Space-time, for lat Euclidean space the standard equation is: 


[0318] In accondance with general relativity, the ratio of 
the radius to the circumference changes in a gravitational 
field, and effectively ze1, at the event horizon, thus the 
boundary condition for the shape of space-time atthe event 
hhorizon now has the direct equation: 


[0319] Within a black hole as the permittivity of space 
increases by a factor of 2x an object within it will complete 
‘wo rotations rather than travel in a straight line, In effect 
exceeding the speed of light by 2x. Hence, the condition for 
space-time is represented by the equation: 


[0320] Thus an increase in the permittivity of free space 
by a minimum factor of x, to produce a black hole is 
estimated to result from an increase in mass by a factor of 
approx. 10° (the ratio of the mass of the earth and that of a 
putative black hole). 


[0321] Continuing with the subject of a black hole, 
According to the model inside the black hole, the gravitons 
produced by the matter present would be in equilibeium with 
the density of the space-time lattice. Inereasing the rate of 
rotation of the matter in the black hole for instance would 
thus increase the production of gravitons and its effective 
‘mass and inerease the radius ofthe event horizon. A density 
gradient of the space-time lattice would continue to exist 
within the black hole, Progressively closer to the center of 
‘black hole matter itself would be increasingly compressed 
and the spherical structure of the quasi electron would be 
predicted to collapse. This collapse would result in the 
formation of an exotic form of matter in the form of pure 
‘quintessence in a black hole. 


[0322] This pure quintessence would produce the singu- 
larity at the centre of the black hole. The larger the black 
hole in terms of mass the more pure quintessence would 
exist at its core 

[0323] Quintessence and the Big Bang 


[0324] Quintessence theory not only predicts the occur: 
rence ofthe Big Bang, but allows a prediction forthe value 
of the entize mass of the Universe, from first principles. 
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[0325] In accordance with quintessence theory the big 
bang resulted from the explosion of an immense black hole 
singularity, which was constituted from pure quintessence. 


[0326] On the basis of quintessence, there wil be a critical 
‘mass for Big Bang event; thus if entire space-time between 
quintessence is compacted so that no further quintessence 
‘can be accommodated, the ation of further quintessence 
‘would destabilize the immense black hole, resulting in the 
Big Bang, 

[0327] is possible to predict this critical mass, using the 
radius of quintessence as a benchmark. Given the nine 
spatial parameters present in the metric tensor, used in 
general relativity we find that the actual formula for the 
radius of quintessence: r,*, is mathematically in agreement 
‘with general relativistic theory when: 

orga 

[0328] This again supports the 9 dimensional view of 
space (so erucial in supersting theory). Moreover, the size 
of the vibrations of quintessence can thus be calculated a: 


os 


rela m 
[0329] The volume of each quintessence is thus: 


03) 


ow 
[0330] So to be accommodated within unit volume of 
space time, with no intervening apparent space time, (given 
that each of 9 overlapping uintessences are required) would 
require approx. 
[0331] As the mass of quintessence is m'=he*=7.373%10" 
1 kg see (eq, 1). Then the mass of the Universe, to two 
decimal places, is 

eens ee) 
[0332] Thisis in cose agreement with a rent estimate of 
the mass of the Universe from COBE and other satellite 
data, which estimates the mass to be 100 trillion tillion 
willion tillion tonnes (10 kg) 


[0333] Moreover, the early formation of the galaxies ean 
be readily explained, itis likely that in such big bang some 
‘ery small black holes might have prevailed and that these 
formed the seeds of the galaxies We see today 


[0334] The event horizon, calculated from the Sehwartzs- 
child radius, of such an immense black hole is about 10°° m, 
‘which would have allowed Guth’ inflationary component to 
the early expansion of the Universe 


[0335] _In addition, inflation may result directly from the 
‘observation that once electrons have formed from the pri- 
‘mordial soup of quintessence, they emit gravitons which in 
turn repel space time, which might also result in another 
cosmic inflationary eyee. 


[0336] Most importantly quintessence theory explains the 
Big Bang from first principles and is capable of accurately 
predicting the mass of the Universe 

[0337] The Nature of Energy 

[0338] These observations allow a fundamental under- 
Standing of energy. The quantum physical, minimum com- 
ponent of energy is Planck's constant; h. To. define the 
‘minimal component of mass, using the standard energy 
equivalence formula; Esme”, sueh minimal mass (m,) 
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‘would be required to have the value equivalent to: mahlc* 
(2), The total mass ofa system (m) would then be; mena, 
‘where (a) isthe number ofthese minimal units. Thence te 
total energy of system can be derived from the minimal 
eneray; h, multiplied by the numberof these energy nits 
(6). Thus as, Bam then also B=m,nc* and substituting 
imyeie’, the energy’ equivalence formula as the more 
logical formulation, 


Eoin, a9 


[0339] Thus the energy of a systom is equivalent to the 
‘minimal energy unit; b, multiplied by the number of those 
‘minimal energy units (0) 


[0340] This leads directly to a deeper understanding of 
wave particle duality and the wave nature of matte, 


{asst ‘This s encased bythe guiness ene 


[0342] As conventionally f1/e=p, then 
lehipahoe 2 
Eon us 
eo, cy 

[0343] Importantly, as indicated by equation (2b), energy 


having no quintessence; would have a wavelength of infin 
ity. Specifically pare energy containing no quintessences, 
would have a lambda of infinity. According to quantum 
mechanics an infinite wavelength would result inthe prob- 
ability of that energy being anywhere. As energy itself has 
no electrical charge it would not be impeded by the permit- 
tivity and permeability ofthe three dimensional space-time 
lattice, Moreover, energy would not be detectable in three 
dimensional space-time, unless it interacted with mater, as 
in the EPR experiments. Indeed, energy is not observed 
‘when not bound to any form of mass or panicle 


[0344] Thus equation 2b, takes us to our original assert 
regarding the existence of pure encryy. 


[0345] Energy is not Round by the Space-Time Fattice 


[0346] Thus, as the EPR experiments suggest the exist- 
fence of energy separate from matter and thus separate from. 
the three dimensional space-time lattice, it i intresting to 
find that experiment suggess the existence of free energy in 
‘ continuum separate from space time and matter to produce 
the effects of quantum teleportation, 


[0347] This is not, however, teleportation across an addi- 
tional dimension, this is a term to describe in_ partially 
familiar terms the dissociation of energy from the three 
dimensional space-time lattice. As time is inextricably 
linked to each dimension of space, tbe efleets of enemy 
would be inextricably Tinked to the events, such as the 
creation of virial particles, we see interacting within space 
time, It is unlikely that observers have any direct day to day 
experience to explain quantum events, Nevertheless, quin= 
fessence theory may have given us a window into the 
hitherto hidden workings of the Universe, ‘Thereby, the 
mystery of the uniformity of the Universe, across distances 
which the speed of light could not apparently traverse, is 
readily explained by the fact that the free energy contained 
in the Universe is not bound by the space-time katie. 
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[0348] _In the ease of light, due to the exceedingly somal 
masses involved, there would be relatively easy exchange of | 
‘matter with free energy within a photon. This would make 
‘the photon the ideal experimental tool to Took for energy 
‘which isnot bound by matter and in tum energy which is not 
‘bound in space-time, Indeed, very recently Furusava etal 
have reported to have observed the transference of energy as 
photons from A to B, without those photons traversing 
space-time. This finding which has been supported using 
other experimental techniques, is very important as it sug 
‘gests the existence of such free enerpy. 


[0349] Overall, quintessence theory gives an a priori 
explanation for the concept of mass, the elementary par- 
ticles, the forces of nature and! quantum effects. It can 
‘equally be used logically to explain the inner physics of a 
black bole, the missing mass in the Galaxy, the expansion of 
the Universe, Guth’s inflationary theory and predicts the Big, 
Bang, from firs principles. 


[0350] Part TV: Applied Theory with the Intent to Create 
Closed! Timelike Curves 


[0351] Electra Bombardment of the Photosphere 10 
Induce Gravitational Shift 


[0382] Leveraging the above relationship between mass 
and quintessence we derive that if an electeomagnetic radia- 
tion With velocity v strikes the eveat horizon singularity of 
rest inertial mass mi, and U is the electromagnetic enengy 
absorbed by the singularity, then, according to Maxwells 
prediction, « momentum g-Uv is transfered to it. Mass 
shift d'm,. dependent on the extemal electromagnetic 
energy, euals the inertial mass shift dependent on. the 
inorement of energy in the patele. Since in this ease the 
inertial mass shift does not depend on velocity V, ic. its 
related only to the momentum q absorbed it ean be obtained 
‘by making pO in vasiation AH+I?-flecla me) 
{ye from the particles inertial Hansiltonian, Consequently, 
the expression of d,s written as 


ep wantie amy 14 UimellemelATeATRESTY «1 


[0383] Comparing now the expression of m, and m, we 
have mgem,~2dm,. By replacing m, in thi gation, given 
by equation above, we obtain the expression ofthe comre- 
lion between gravitational inass and inertial mass, 


mpem 2) etiimetfyeuallaio® «11 om, 


[0383] _ We see that only inthe absence of electromagnetic 
radiation on the event horizon (U=0) is the gravilational 
‘ass equivalent to the inertial mass, Note thatthe eletro- 
‘magnetic characteristics, e, mand s do not refer 10 the 
Singularity sell, but © the outside medium around the 
Singularity (photosphere) in which the incident radiation is 
propazating. 
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[0385] Stable CTC Solution From Modified M-Theory 


[0356] Our innovation is a method of creating an event 
‘where a dual membrane or dual boundary condition exist. 
‘We do this using generalization from a Misner space which 
has been modified if one analytically continues the maximal 
extended Misner Metric so that-ds =-du?4dw?a{dx?) 
(ax°} to the Euclidean section so that usiota zeta we obtain 
' Misner instanton on the section where w andl zeta are both 
real. The Euclidean time, t, andthe closed spacelike coor 
dinate are both periodic, the later having a period of 21. 
Going back to the Lorentzian sector we find that the period 
of the closed coordinate becomes linearly dependent on the 
physical time. Using automorphic fells in the Hadamard 
function one can obtain a quantized condition for time. This 
gives usa figure onthe order ofthe Plank time, This confines 
such a stable wormhole condition tothe genera area of the 
lank scale in its modified form which is that area defined 
by the Membrane itself. As such, these Plank seale worm 
holes are the true source of the tre virtual aspects of the 
‘vacuum and quintessence. The eects ofthe dul singularity 
system can be viewed as an overlap zone of two distinct 
space-times which have boundary conditions on both sides. 
‘As an object accelerates towards C its this same boundary 
fr horizon that object encounters when the Time defined 
horizon solution for the universe is imposed. At this point 
drawing upon Van Den Broeck’s alterations for this space- 
time geometry to create @ single closed Friedman-Robert- 
son-Walker spacetime the spage-time geometry can be rep- 
resented by this equation ds sdet"=1¥[{(dx-piidet? dy 
4? Bean be any function that is large nea the displacement 
device, We then consider this transformation as extended to 
four dimensional space-time with arbitrarily time dependent 
acceleration. We also present the device frame eneray den- 
sity T00 from a four dimensional caleulation and note that 
the 4d classical caleulation is everywhere finite 


[0387] Consider an Alcubierre interval given according 10 

a remote frame’s cylindrical coordinates by: 
API BP oP open te™-ar-PaP 

where fis a Function that is 1 atthe location of the deview 

and zero far from i 


[0358] Starting out withthe fist transformation 2'=z~et 
beta det. Where bis first expressed here asa function of time 
ct. With some algebra for simplification this results in 
BLP OfP We? 2 fied dP PF 
|-F and this becomes 
API PP Vo? 2hde Pap 

[0359] Notice that this returned the original intervals form 
with a reversal on the sign of b and a reversal of the 
boundary conditions for g. Now we notice that at r=0, this 
interval becomes the interval for special relativity wans- 
formed to eylindrical coordinates. Thus, we have found a 
transformation toa frame based local to the deviee. One ean 
also verify that in these coordinates the relevant affine 
connections vanish at r=0. a further proposed melification to 
this field we will reintroctce a time dilation term into the 
devices frame’s interval. Only we will use different bound 
ary conditions for it, We will keep A=1 both atthe location 
of the device, and far from it, but allow it to become large 
inthe warped region. This is achieved by the simplest means 
possible in the proposed field generation method. Since 
rotating kerr singulanty under bombardment would produce 


Let g 
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‘an equal negative energy region. With the effect focused 
outward away from the device slightly by the relative 
alignment of the kerr singularity the actual inward going 
portion of sueh fields would overlap and cancel their elfect, 
‘out in the region of the device. This yields a space normal 
time region, which is again restored at the fringes of the 
‘outward going field. From the standpoint of a geometric 
picture of spacetime around the device and extending 
‘outwards one has actually created a dual event horizon 
situation as fara time goes. The inner one isthe shell ofthe 
canceled out field inside of which normal time flow is, 
restored, The outer one is formed at the boundary where 
normal time resumes and within which we have a negative 
‘energy field, 


SUMMARY OF THE INVENTION 


[0360] The present invention is A method for the genera 
tion of a pseudo 2+1 dimensional anti<de Sitter space 
(DeDeo & Gott 2002) using wo Kerr type positively 
charged rotating dilation singularities where one singularity 
is maintained as a axis of rotation or “reference” singularity, 
and the other “target” singularity is subjected to a differential 
‘electron flow so as to simultaneously pass above the photo- 
sphere of said singularity in its direction of rotation — 
prograde orbit—and contrary to its direction of rotation — 
rotrograde orbit—to release a directed flow of gravitons ina 
sinusoida) oscillation simulating a rotational effect of the 
“target” singularity around the axis of rotation provided by 
the “reference” singularity, resulting in the ereation of 
timelike curves in a compact time-orieated manifold per- 
‘mitting topology change from one spacelike boundary tothe 
‘other in accordance with Geroch’s theorem (Geroch 1967) 
‘which results in a method for the formation of G odel-type 
gevdesically complete spacetime envelopes complete with 
‘closed timelike curves. 


BRIEF DESCRIPTION OF THE DRAWINGS 


[0361] FIG. 1 isa schematic representation of the mecha 
nism employed to house the components nevessary to gen 
crate a 241 dimensional ante Sitter space, resulting inthe 
creation of timelike curves in a compact time-oriented 
‘manifold 


[0362] FIG. 2 is a schematic representation of the G 
‘odel-type weodesically complete spacetime envelope created 
by the mechanism complete with closed timelike curves 


DETAILED DESCRIPTION OF THE, 
INVENTION 


[0363] Principles of Gravity Distortion Time Displace- 
‘ment Systems 


[0368] The theoretical understanding of quantum gravity 
allows the design of time displacement systems from frst 
prineiples. [3s unlikely that gravitons or Kerr singolarites 
«an be controlled in a precise way using current technology. 
"Nevertheless, an understanding of three dimensional space- 
time and matter, does allow the design of elementary dis- 
placement systems. That #8, systems whose displacement 
rely ondrect warping spacetime as opposed to the ejection 
(of material to provide thrust resulting in time dilatational 
ello 


[0365] The background for these systems are already 
partially understood and quintessence theory allows their 
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further development. For tis invention, the formation of 
black holes inthe lboraory represents a eral step in 
tinderstnding the mechanisms that undery gravitational 
Physic and in tm the warping of spacetime. The existence 
{flack holes pemits the localized applition a the Axil 
torsion Spin-Rotation Coupling Effect (Zhan Beesham 
2002) resulting ina Rotating Frame with Relativistic Factor 
(Gang. 2003) which can be used in the creation of 
‘Aleubiee spacetime bubble under the Van Den Brocck 
modification of the Alcubierre geometry (Van Den Broeck 
1999) resulting in method Tor the generation of pseudo 
241 dimensional anti Siter space (DeDeo & Gott 2002) 
‘ing. two Kerr type positively charged rotating ition 
Singolarities where one singlanty is maintained asa axis 
fotaion or “reference” singularity, and the other “argt™ 
Eingulaity is subjected toa differential electron faw so as 
to simultaneously pass above the photosphere of said sin~ 
Bulaty in ts direction of rotation and contrary Io is 
direction of rotation to release a directed flow of gravitons 
inasinsoidal ovation simulating rotational eet of tie 
“Target” singlarity around the axis of rotation provided by 
the “reference” singularity. inthis instance the space-time 
lattice would be repelled by gravitons in such a way as to. 
disperse space-time quintessence in & circular feshion 
around each ofthe singularities, producing multiple event 
horizons around the simulated axis of rotation provided by 
the reference singularity. 

[0366] ‘The release of gravitons from the target sngolrity 
is controlled by differentially governing the electron flow 
across the photosphere withthe use of powerful electric 
Currents, Intim the differential direction of flow across the 
thotosphere of gravitons would determine the direction of 
Thotion through the spacetime ltice andthe resulting time 
displacement from one spacclike boundary tothe other in 
accordance with Gerochts theorem (Geroch 1967) when 
implementing this approach iti important o remeber that 
the Block hole i not excited bythe smashing ofthe clump 
fst “it” the horizon The hole i ahr excited when the 
Imetri perrbation associated withthe clump is“flt"by the 
background meric. The exsittion even! therefore consti 
tutes smooth process wierebyin-fll fa chump fom «amb 
aie trough re serves as a source inthe Teukolsky (1973) 
tsquation for small perturbations tothe Kerr geometry (with 
fnpropriate boundary contitons at rs and). This i an 
important distinction with a reat deal of relevance 10 the 
ntcal engingerng of the displacement unit since we need 
{o ginge the “driving” of QNR modes in tems of an 
e-estive coupling frm clump inl 

[0367] What resut is a method for resonant driving ofthe 
<quas-nomal ingng (QNR) wave moves ofthe Keer geom 
Giry of the treet singularity. The miero back hole hyper 
accreting at rates 9 M. 1 MEsec. 1 from a nesting cooled 
disk is pushed through to oscillate near resonance of is 
(2, 3) quadrupole QNR fegueney de wo the in-fal oF 
compost muss overdensites from the cusp in ¢ extive 
Potential on dy time scale. This mode i induced 
‘via induced magneto-rotationally induced fluid dynamics in 
the oltrtelatvistc region of the flow bounded from below 
by the margnaly hound orbit radius: mb Ifthe QNR modes 
are fed resonantly fora few seconds of hyper-acretion, the 
tahanced amplitde of the oscillations yields a very high 
Fate of energy deposition ino gravitational waves. Indeed, 
the integrated energy deposition is lage enough to “evapo: 
rate” the equivalent ofa factor ofa few times the ttl rest 
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imassenergy of a single clump into gravitational waves, 
‘which in tum interact with the reference singularity 


[0368] Application of the method described in the previ- 
‘ous section results in translation outside of the cosmological 
horizon, where F(R)<0. The topology of the resulting geo 
dlesie, for large constant R, is mathematically equivalent ro 
1 Buclidean cylinder of the condition RxSn where Tis the 
coordinate along the eylinder. Ie are located outside the 
fature‘past cosmological horizons, where R is timelike and 
‘Tis spacolike. In the case ofa rotating Kerr black hole, there 
are two circular photon orbits that can exist inthe equatorial 
plane and he exploited to create a tipler sinusoid, One is a 
pprograde orbit moving in the same direction as the black 
hole's rotation, while the other is a retrograde orbit moving 
against the black hole's rotation. Their rai are respectively 
fiven by 
Plaza scar arco) 

Cos ceo) 

‘where isthe angular momentum per unit mass of the black: 
hhole. The orbits fall in the range M greater or equal to rl 
‘greater or equal to 3M greater or equal to r2 greater or equal 
{to 4M The fact that prograde photon or in or ease cooper 
pair with Bose characteristics orbits the black hole at a 
smaller radius than a retrograde one can be attributed to the 
well-known Lense-Thirring effect, ie, the dragging of iner- 
tial frames due to the black hole'srotatioa which we control 
and influence via electromagnetic induced load coupling 
‘with the open magnetic field lines threading the BH horizon, 
‘This dragging would cause charged cooper pairs to revolve 
around the black hole relative toa static observer at infinity. 
‘Thus, to such an observer, a prograde cooper pair would 
‘have to orbit at a smaller radius to compensate forthe ‘extra’ 
angular momentum acquired, while a retrograde one would 
Ihave to orbit at a anger radius fo compensate for the “ost” 
angular momentum. Indeed, in the limit of zero rotation, 
these two orbits coineide at r D 3M, giving the single 
circular orbit of the Schwarzschild black ole, Now, recall 
that orbits around the Schwvarzschild black hole are neces 
sarily confined to a plane passing through its center, because 
of the spherical symmetry of the space-time. However, the 
Kerr black hole space-time has only an axial symmetry (ia 
‘addition to being stationary), and this raises the possibilty 
‘of non-planar orbits. One could, for example, contemplate 
the existence of spherical Boseon orbits orbits with con- 
stant coordinate ri that are not necessarily confined tothe 
‘equatorial plane—around the Kerr black hole, Such orbits 
‘would be a nontrivial generalization of the two circular 
photon orbits that lie in the equatorial plane, At fist it may 
seem litte surprising that such spherical orbits could even 
exist, but there is ant interesting reason as to why they are 
possible. Note that an object in a spherical orbit would, in 
addition to moving around the black hole in the azimuthal 
direction, be undergoing some periodic motion in the lati- 
tudinal direction. Thisis only possible if there isa conserved 
quantity associated with motion in this direction, just as 
angular momentum is necessarily conserved by its rotational 
‘motion in the azimutbal direction. (This result can be seen, 
for example, using action-angle variable) Now, because the 
Kerr space-time has only axial symmetry, geodesics in it 
should have only to constants of motion, namely energy 
and angular momentum. However, Carter discovered the 
remarkable fact that geodesics in the Kerr space-time pos- 
sess a thi constant of motion, It teas out that Carter's new 
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constant governs the motion of geodesies in the latitudinal 
ireotion, although it is not related to any obvious space- 
time symmetry. Thus, spherical timelike orbits, which 
assume eigenlike properties around the Kerr black hole, are 
possible and when coupled with charged Bosons may be 
exploited to manipulate the relative event horizons of the 
“target” singularity. The location and the temperature of the 
‘modified event horizon depend on the time, charge and angle 
of incidence of the cooper pairs. The Fermionie spestrum of 
irae particles displays a spin-rotaion coup! 

the interaction between the particles with spi 
black holes with rotation. The effeets arise rom the inter- 
action between the spin of Dirue particles andthe rotation of 
the evaporating black holes, The feature of this spin-rotation 
coupling effec is its dependence on different helicity states, 
‘of coupled particles with spine’ and its irrelevance to the 
‘mass of particles 


[0369] In onder to design a mechanism for time displace 
‘ment exploiting the Carter asymettry cited above we utilize 
two positively charged top spin rotating kerr type black 
holes aligned on demand to create a simulated rotational 
effect around a central axis provided by the “reference” 
singularity. In the ease of the Kerr blackhole (singularity), 
this is accomplished by an inverse Blandford-Znajek (BZ) 
process utilizing the magnetic flux of open field lines 
‘connecting the horizon and an induced remote load, (Ding 
Xiong Wang, Kan Xioo & Wei-Hlua Lei, 2001) permitting 
the microscopic blackhole (singularity) to be rotated along 
its horizontal axis in at relativistic centrifiugational speeds. A 
differential current is then applied in such a way’ 38 to pass 
through the entie photosphere in the desired direction, As a 
result the gravity field can be manipulated by three factors 
that affect i in distinet ways. Adding electric charge to the 
singularities inereases the diameter of the inner event bori= 
zons. Adding mass to the singularities inereases the area of 
‘gravitational influence around the singularities. Rotating and 
positioning the polar axis of the singularities affects and 
alters the resulting gravity sinusoid 


[0370] In order to create a sinusoid expable of inducing a 
topology change from one spacelike bounklary tothe other in 
accordance with Geroch’s theorem The electric charge inthe 
upper half of the photosphere would be maximised, The 
electrons will have a veetor in the left to right direction as 
the singularity spins clockwise. Ifa maximised current is 
applied to the singularity in the same direction this will 
result in a increase inthe velocity of the electrons relative to 
the centre of gravity of the singularity, due to the flow of 
current. In turn, according special relativity and to the 
space-time latice model, this Wilt result inn increase in the 
relativistic mass if the electrons and in tum by general 
relativity an inerease in the release of gravitons. 


[0371] Conversely in the lower half of the singularity the 
electrons will have a vector of motion in the right to left 
ireetion due to the spin of the singularity. This will be 
relativstically slowed by the differential current applied in 
the same direction as the current above, and hence in the 
‘opposite direction to the direction of rotation. The charge 
ccan be separately applied and adjusted to ensure that the 
clectrons are relativistcaly stationary relative to the centre 
‘of gravity. Intum this will minimize the relativistic mass and 
result in a decrease in the release of gravitons for the lower 
half ofthe singularity. 
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[0372] The overall result will be a greater release of 
‘gravitons in one direction and a lesser release of gravitons in 
the converse direction. The effect will be enbanced by the 
use of a multi-phasic current simultaneously applied. This 
‘will result in the release of mult-phasi gravitons which will 
disperse space time in the singularity with inerease in 
dlensity in the converse this effect can also be produced and 
supplemented with the use radio requeney pulses, The radio 
frequency pulses must be designed to produce a change ia 
the spin ofthe particle w enhance the release oF gravitons in 
the desired direction 


[0373] With the use of lage currents the drift velocity of 
the electrons across the photosphere could be greatly 
increased, Within this region the electrical resistance is 
‘virtually eliminated. Thereby allowing large currents to be 
induced with minimum total power ontput 


[0374] The result is the production of cooper pained elec 
tons of high speed and hence high relativistic mass in the 
desired half of the singularity, whilst producing low speed 
‘and thus low mass paired electrons at the converse of the 
singularity, in accordance with special relativity. The imbal- 
‘nce in the rotating singularity will be continuously present 
creating a dynamic warping of space-time. In effect, the 
differential current flow, will produce differential graviton 
production and in tum, by general relativity, the warping of 
space-time 

[0375] As the cooper pairs eross the photosphere, acere= 
tion of the Bose particles results. Near-hole accretion across 
the target singularity i then motivated by magneto-rotation- 
ally induced, ultrarelativistic disk dynamics in the ezion of 
the flow bounded from below by the marginally bound 
‘geodesic radius rmb. As the particles impelled have high 
spin Values, largely coherent magnetic feld inthis region 
has the dynamical implication of eompact mass segregation 
at the displacement nodes of the non-axisymmetric, MRI 
‘modes, This results in prolific gravitational wave emission 
coincident with the gamma-ray stage. The gravitational 
‘wave emissions are then maniptlated to influence the re 
cereace singularity to produce a variable gravitational siau- 
soid Which is then used to mathematically approximate the 
_gravametric distortion, inducing a topology change from one 
spacelike boundary to the other in accordance with Geroch's 
theorem, 
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‘miro singularities has been maintained, While at frst 
‘lance this may seem to be deficiency in the patent 
‘application itis in fact an engineering problem that i inthe 
process of being solved. In the Intemational Journal of 
‘Theoretical Physies 41 (11): 2073-2090, November 2002 L. 
41, Garay published “Black Holes in Bose-Einstein Conden- 
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sates”, In this article Garay showed that there exist both 
dynamically stable and unstable dilute-gas Bose-Einstein 
condensates that, in the hydrodynamic limit, exhibit a 
‘behavior completely analogous o that of gravitational black. 
holes. This discovery coupled with creation of color glass 
condensate (CGC) an extreme form of nuclear matter in 
which a nucleus travels at nearlight (relativistic) speed 
which flattens like a pancake in its direction of motion and 
spawns a large number of gluons hold the key to high energy 
Singularity formation 
1 claim: 

1. A method for the generation of a pseudo 2+1 dimen- 
sional anti-de Sitter space comprising the steps of: 


creating two Kerr type positively charged rotating dilation 
singularities, including the sleps of 


‘maintaining one of the singularities as @ axis of rotation 
reference singularity, 


maintaining the other of the singularities as @ target 
singularity, and 


subjecting the target singularity to a differential electron 
flow s0 as to simultaneously pass the differential elec- 
tron flow above a photosphere of said target singularity 
in a direction of rotation thereof and contrary to the 
direction of rotation thereof, in onder to release a 
directed flow of gravitons in a sinusoidal oscillation 
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simulating a rotational effect of the tanget singularity 
around the axis of rotation provided by the reference 
singularity 
2. A method of generating @ force around a body, com- 
prising the steps of 


‘employing sinusoidal oscillations of electrical bomband- 
‘meat on the surface of one Kerr type reference singu- 
larity in close proximity to a second Kerr type target 
singularity to lake advantage of the Lense-Thiering 
effect, wherein the electrical currents employed in the 
bombardment are passed simultaneously across. the 
shotosphere of said reference singularity in its direction 
fof rotation and contrary to its direction of rotation to 
release a directed flow of grwitons in a sinusoidal 
oscillation simulating a rotational effect of the target 
singularity around the axis of rotation provided by the 
reference singularity: 


creating timelike curves ina compact time-oriented mani 
fold of Godel-ype geodesically complete spacetime 
‘envelope under the Van Den Beoeck modification af the 
“Aleubierre geometry, resulting in the ereation of time- 
like curves in a compact time-oriented manifold per- 
ritting topology change from one spacelike boundary 
to the other in accordance with Geroch’s theorem. 
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(CHI ENERGY AMPLIFIER 
BRIEF SUMMARY OF THE INVENTION 


[0001] This invention is an eneray amplifier that controls 
the direction ofthe second co-gravitational K field by means 
‘fa slot antenna located in a resonating sphere, The hyper- 
space mass flow rate entering into this dimension is deter- 
‘mined by the frequency ofthe antenna. This energy flow is 
‘used o inerease the energy ofthe human energy field known, 
a8 Chi. 


BACKGROUND OF THE INVENTION 


[0002] | Referring to FIG. 1, a pendulum suspended by a 
siting (3) is held by the string with the right hand (1) over 
the upright palm of the left hand (2). The pendulum swings 
incircles shown by the clockwise direction of the arow (4) 
‘The pendolum swings at constant frequency at about 1 10 
2 Hz. What this means is that there is a second gravitational 
KK field (S) that can cause a mass to rotate in circles. 
[0003] Everyone is familiar with the linear gravitational 
field which is defined as Newton’s gravitational constant G 
times the mass of the earth divided by the square of the 
axis of the earth, This is the field that causes objects to 
accelerate radially toward the earth’s surface. Newtons 
‘gravitational constant G is equal 10 the speed of light © 
Squared divided by the linear mass © of the universe. The 
speed of light is 
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‘The mass and radius of the earth are 
[0004] 


5077-10 og 


[0005] From electromagnetism, the electric I feld is tin- 
fear and the B magnetic field is circular or forms closed 
loops. The electric field starts and ends on electric charges. 
Since there are two electromagnetic fields, it makes sense 
that there are also two gravitational fields. A low of electric 
current through a straight wire causes a circular magnetic B 
field to form around the wire. Ina similar manner, a flow of 
‘mass through a channel causes a circular gravitational K 
field to form around the channel 

[0006] Referring o FIG. 2, the right hand rule (6) shows 
that ifthe low is along the direction of the thumb ofthe right 
hhand, then the fiekd curls around in the direction of the 
fingers. If'an electric current is flowing through the wire (7) 
in the direction of arrow (8), then 2 counter-clockwise 
‘magnetic Field eireles the wire shown by arrow (9) In the 
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bottom view, a mass flowing through a channel (10) in 
direction (11) generates a counter-clockwise gravitational K 
field shown by arrow (12). This field is the reason that the 
pendulum swings in circles. The gravitational K field only 
exists if there is a mass flow. In the wire there is also an 
electric field driving the electrons, 0 it must be that there is, 
2g pravitational field driving the mass along the channel, 
[0007] The correspondence between electromagnetic and 
‘gravitational constants must be the Tollowing: 


‘cies Maem 
Magnetic Field Comvita Fed K 


near Htc Charge 
eitivity of Spat 
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[0008] | Maxwells equation for the eul or circulation of B 
involves the current density J and an electsc field E chang- 
ing with time 1 


vanes te 


‘The comesponding gravitational equation is therefore 
0009} 


0), 1% 


[0010] IF the g field is constant with time, then the cireu- 
lation of the K field only depends on the mass density flow 
through the channel. Notice the minus siga ia froat of the 
first term which says that ifenergy is entering our dimension 
through a channel, then the K field is in the counterelock- 
‘wise direction as indicated by the pendulum. As seen in FIG. 
1, the energy is leaving through the left hand because the 
rotation is clockwise. Oa the right hand, the pendulum 
rotates in the counterclockwise dirvetion indicating that 
energy is coming from the hand. Thus there is a flow of 
‘energy between the hands known as the Chi energy. The 
‘purpose of this invention is to amplify this enerpy. 

[0011] The g gravitational field is due to a negative 
space-time curvature ereated by the mass of the earth. In 
many physics books this is depicted as a bowl. So the idea 
‘was to acquire a ceramic kiln which could produce ceramic 
Dowis using earthenware clay and a bowl mold. The curva 
ture created by the bowl, if any, could be detected by the 
pendulum, 

10012] Referring to FIG. 3, a pendulum (13) held in the 
right hand with the left hand near the side of the concave 
‘mold (14) starts to swing toward the right, away from the 
plaster mold as shown by arrow (18) 

10013] Referring to FIG. 4, a pendulum (16) held in the 
right hand over a positive curvature dome (17) swings 
Toward the top of the dome as shown by arrow (18), 


US 2007/0285325 Al 


Supposedly the K gravitational field rotates in circles, but 
these experiments showed thatthe pendulum movement was 
radial 

[0014] Referring to FIG, §, the pendulum (19) swings 
axially (20) toward the top of the dome (23) because the 
forces (24) around the dome counteract each other as shown, 
by arrows (21, 22). Thus there isno sideways pressureon the 
pendulum. 

[0015] ‘The next question was what is the value of the 
co-grivitational K constant? In electromagnetism the elec- 
{ri field is the speed of light times the magnetic Fel, So the 
2 gravitational field should be the speed of light times the 
co-gruvitational K fel. 


ak) = 434861183 


10016] where the radius RU of the universe is 10°° meters 
and isthe speed of light. The speed of light divided by the 
rraius is angular frequency measured in Hz. Recall that the 
pendulum over the hand has a frequency fof | Hz which 
‘makes the angular frequency 0 equal to 2x radians per 
second since «-2nf So the question is whether or not this 
value of K means anything in terms of hyperspace physics? 
[0017] ‘The universe has.a geometrical sub-manifold based 
‘onthe tetrahedron. All the physics constants ofthe universe 
are determined by this tetrahedral geometry. As shown in 
diageam 1010565 stored in the Library of Congress, the 
electron und proton are one and the same partiele. There is 
a continuous clockwise path from the electron wavelength, 
through electric charge to electron mass and retwming out 
cofdimension back along @ counterclockwise path as the 
proton, Because the paths are in opposite directions, the 
proton has a positive charge and the electron hag the 
‘opposite negative change. Because this path crosses into our 
dimension from hyperspace, we see two different particles. 
‘Thus Nature only has one particle. The tetrahedron diggram 
also shows that our dimension is offset from the origin ofthe 
diagram by the Cabibbo angle which is found in particle 
physics. Our dimension is determined by the Planck mass 
and the Planck wavelength which are the bottom limits of 
‘ourdimension, known as the Planck box. Ifthe proton mass 
is centered on the Planck mass, a tangent line to the circle 
can only be made by using the down quark and up quark 
which comprise the proton (duu). And the tangent line is 
drawn at the Cabibbo angle. So the diagram verifies some 
‘important experimental physies data 

[0018] Referring to FIG. 6 the tetrahedron diagram is 
‘irawn with a vertical axis (35) comresponding tothe natural 
logarithm of mass, The horizontal axis (36) is the natural 
logarithm of wavelength. The inverted tetrahedrons (28, 26) 
cross atthe centerline (28) which is known through remote 
viewing as “the merging of two worlds.” The centerline is 
the separation point between space and hyperspace. The 
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circumscribing sphere (27) has a horizontal diameter (29) 
and a vertical diameter (30), The electron wavelength (34) 
reflects olf the sphere and retums as the electron mass (33) 
10019} Because the K co-gravitational field is related 10 
Circular or spinning motion, as well as vorticity per ana, it 
‘might be imagined that it has something t do with the 
spinning electron, The energy E of the electron is equal 10 
the mass m, of the electron times the speed of light © 
squared, 


m= 9.1053857-10™ ogra 
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ne) = -90.13343019 


[0020] The tips of the inverted tetrahedron pass through 
the base constant, vertical line (37), which is equal to 
Planck's constant h divided by the specd of light. 


21026068510" diag meter 


(0021) On the tetrahedron diagram, the co-gravitational 
circle K (31) is centered on the base (37) atthe electron 
energy (32) shown by the small x circle at the intersection 
(8). AS can be seen, the K circle determines the electron 
mass (33) at the horizontal axis (36) as shown by intersee- 
tion (39). Because the electron isthe proton, it also sets the 
constants of the proton such as wavelength, charge and 
‘mass, Thus the K co-gravitational field determines our 
elementary particles. Because these particle paths go in and 
out of dimension, it means that hyperspace exists. And 
‘because the K field i cireula, depending on the direction of | 
the energy flow, another purpose of this invention is t0 
control the direction of the field 


SUMMARY OF THE INVENTION 


[0022] Referring wo FIG. 7, the Chi energy’ amplifier 
consists of to ceramie domes (40, 41) resting one on the 
other such as to form a hollow internal clam-like structure 
‘The domes are mounted on a cylindrical ceramic base (42) 
containing a reinforced passageway forthe coaxial cable and 
BNC connector (43). The BNC connector plugs into the 
frequency generator (not shown) which hes a frequency 
range of 0.4 Hz. to 5 MHz. 

10023] Referring to FIG. 8 with the upper dome removed, 
the coaxial cable (44) extends vertically through the base 
ino the lower dome. The cable is soldered to a slot antenna 
(45). The center conductor of the cable is soldered to the left 
side of the slot and the ground shielding is soldered to the 
right side of the slot, Thus there is a voltage difference on the 
‘wo sides which produces an oscillating electric field across 
the slot which radiates electomagnetic energy into the 
hollow dome. 

10024] A close-up of the slot antenna is shown in FIG. 9 
TThe antenna is 0.050" thick copper sheet (46) with a width 
of % wavelength by a height of 4 wavelength. A slot (47) 


US 2007/0285325 Al 


of 14 wavelength is electic-discharge machined into the 
copper sheet (47). The center conductor (48) from the 
coaxial cable is soldered to the top of the slot. The ground 
wire (49) is soldered to the bottom of the slot. This eon- 
figuration produces a voltage difference between the inner 
top and bottom surfaces ofthe slot. The frequeney generator 
produces an oscillating voltage across the slot which gen 
crates an electric field that radiates from the antenna into the 
ceramic cavity 

[0025] The wavelength ofthe antenna ancl the dimensions 
Of the ceramic cavity have fo be tuned to the geometry of our 
«dimension. Newton's gravitational constant G is equal to 


Ino = 2343004 
fee 


10 ater 75 inch 


‘The frequency of the antenna is the inverse of the gravita- 
tional constant, The reason for this is that when a circle of 
raxlius natural logarithm G is centered on the proton on the 
tetrahedron diagram, the ciele intersects the corner of the 
Planck box which bounds our dimension between space and 
hyperspace. Its the low-<ensity hyperspace energy that the 
amplifier will bring into this dimension, 

[0026] ‘The size ofthe ceramic cavity based on the angular 
frequency w-2at is 


where b is inside radius of the cavity, a isthe radius of aa 
object atthe center ofthe cavity and ¢ isthe speed of Tight. 
Using the object radius as 20.020 meter to account for the 
antenna, the inside radius of the cavity is b-4.25 inches 
Which is the size of the 8.5 inch diameter ceramic dome 
using 4 inch thick clay. The frequency is thea equal to 


which is close to the inverse ofthe gravitational constant G: 
of ~23.43. Thus the amplifier is tuned to the gravitational 
constant of the universe both in size of the cavity and the 
frequency of the slot antenna. Using a SMD surface mount 
‘capacitor and inductor inthe picofarad and nanohenry range, 
itis possible to get up to ths high frequency, but it was found 
that it was not necessary because the amplifier works at 
lower frequencies that are pulsed. 

[0027] Referring to FIG. 10, the swinging movement of 
the pendulum measured in inches atthe side ofthe dame is, 
plotted against a range of frequencies from 20 kHz. to 120 
KHz. At20 Kil, the pendulum swings % inch away from the 
dome, Then at 40 KL, the pendulum swings Ys inch toward 
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the dome. This pattem is repeated until 120 kz, What this 
‘means is that the amplifier can control the direction of the 
‘co-gravitational field using frequency. The tetrahedron dia 
‘gram shows that this phenomenon is related to the two axes 
of the cireumscribing sphere of the tetrahedron. 

10028] Referring o FIG. 11, the swinging ofthe pendulum 
is plotted for a range of frequencies from 1 MHz to 5 MHz. 
Ata frequeney of 2.78 MHlz the pendulum was swinging 
‘strongly from the vertical tothe horizontal, a distance of six 
inches. On the tetrahedron diagram, the distance from our 
hase constant to the centerline between inverted tetrahedrons 
is equal to 14.838168, This corresponds to a frequency of 
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which is elose to the experimental value 
10029] Referring. 10 FIG. 12, the Chi energy flowing 
‘between the hands, shown by the arrows, is amplified by 
placing the hands across the dome. This eneray from the 
Fight hand mixes withthe hyperspace energy entering the 
dome. from hyperspace. The combined energy is then 
absorbed in te left hand vortex. The effets of this amplified 
enemy are simply amazing and have to be experienced 10 
fppreciate what it means. 


ABRIEF DESCRIPTION OF THE DRAWINGS. 


10030] FIG. 1, Perspective view of pensulum movement 
over left hand vortex, 

[0031] FIG. 2. Perspective view of right hand rule of 
physics showing similarity between electromagnetism and 
anivity 

[0032] FIG. 3. Perspective view of plaster mold cavity 
showing negative curvature 

10033] "FIG. 4, Perspective view of dome showing positive 
[0034] FIG. 5, Perspective view of dome showing radial 
pendulum movement 

[0035] FIG. 6. Graph of co-gravitational K field on teta- 
hhedron diagram 

10036] FIG. 7. Perspoctive view of Chi Energy Amplifier 
‘with BNC coaxial cable 

10037] FIG. 8. Perspective view of slot antenna in dome. 
[0038] FIG. 9. Perspective view of slot antenna showing 
dlimensions. 

[0039] FIG. 10. Graph of pendulum movement versus 
frequency of antenna, 20 KHz 

[0040] FIG. 11. Graph of pendulum movement versus 
frequeney from 1 MHz 10 § MHz. 

[0041] FIG. 12. Perspective view of amplilying Chi 
energy. 


DETAILED DESCRIPTION OF THE, 
INVENTION 


[0042] The dome of the amplifier is made of red earthen- 
ware clay from Minnesota having cone 06 kiln firing 
temperature of 1828° F- over a period of 7.5 hours. The clay 
is placed between two hardwood 4 inch thick slats. ts then 
rolled flat with a rolling pin. The sheet of clay is cut in half 
and one hal is placed in 9-inch diameter bow! mold using 
sot sponge to push it ito position. The second als then 
added to the first with the seam between worked flat with a 
‘metal kidney and elephant ear sponge. The top of the mold 
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is scrapped flat to create the bowl shape. The moist clay is 
Jeftto dry for one day after which it falls out of the mold due 
to shrinkage, After completely dying, the dome is then 
Placed in kil which nns the computer-contoled cone 06 
temperature fring profi, A preheat at 180° F for one hour 
iis required to make sure the dome is completely bone dry. It 
takes 7 to 8 hours to ie the dome with another 12 hous to 
ool down naturally 

[0043] The base is also made of ¥ inch clay. A circular 
shane is eu out and ted with @sbbon of exuded clay 
Irom «clay gun fo make the cylindrical wall Using hole 
carter made of hollow tubing, a hole is made in the side oF 
the base for te coaxial cable, The second lower dome has 
4 hole eat inthe bottom when the clay is leather hard 
{0044} "A 0.030" thick copper shet is FDM machined 19 
Cut ahalf wavelength lo int copper. The inereondhctor 
‘ofthe coaxial eable is sollered using silver epoxy tothe one 
Side of the slot. The groond shiciing of the cable is silver 
{poxied tothe other side of the slot. The other end ofthe 
cfxial cable has a ENC connector which plugs into the 
frequency genentor 

{0045} The penvlum is made out of sot brass rod and 
‘machined ona lathe ito a plumb bob shape A hoe i riled 
inthe stem to hol the 6” long string 
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1 elim: 

1A Chi enengy amplifier comprising 

2. abollow ceramic dome inthe shape of a clam sell with 
athole in the lower hal tat proves acess to a coaxial 
cable, 

a cylindrical ceramic base on which the dome is 
mounted with hols that provide aecess for a coaxial 
cable ito item (a); 

«a slot auteana soldered to the coaxial cable, located 
‘midvay inside item (a, sueh thatthe inner conductor 
Othe cable is soldered w one side oF the slot and the 
‘roand shielding is soldered wo the other side ofthe slot 

4a frequency generator connected tothe oer end of the 
coaxial cable by means of a BNC connector forthe 
Purpose of providing an oscillating voltage to lem (c); 

«an electromagnetic wave generate! By items c,d thal 
resonates inside item (a) 

£.aco-gravtational K field generate by items (a 6. , 4 
«) whose direction ean be controlled by the equency 
ites (d); and 

flow of hyperspace enemy into or out ofthe dome due 
to item (0) 
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Yo all whom it may concern: 
Boitknown that], Nixota Tasia, acitizen 
of the United States, residing at the borough 
of Manhattan, in the city, county, and Stato 
5 of New York, have inventod certain new and 

useful Improvements in Methods of Utilizing 
Radiant Energy, of which the following is a 
specification, reference being had tothe draw- 
ings accompanying aud forming a part of the 
same, 

It is well known that certain radiations— 
such as those of ultra-violet light, cathodic, 
Roentgen rays, or the like--possess the prop: 
erty of charging and discharging conductors 
of electricity, the discharge being particu 
larly noticeable when the conductor upon 
which the rays impingo is negatively electri- 
fied. ‘These radiations are generally consid- 
ered to be ether vibrations of extremely small 
wave lengths, and in explanation of the phe- 
nomena noted it has been assumed by some 
authorities that they ionize or render con- 
ducting the atmosphere through which thoy 
are propagated. My own experiments and 
observations, however, lead mo to conclu- 
sions more in accord with the theory hereto- 
fore advanced by mo that sources of sch 
radiant energy throw off with great velocity 
‘minute particles of matter which are strongly 
electrified, and therefore capable of charging 
an electrical conductor, or even ifnot so may 
at any rate discharge an electrified conduc- 
‘tor either by earrying off bodily its change or 
otherwise, 

‘My present application is based upon a dis- 
covery which I have made that when rays or 
radiations of the above kind are permitted 
to fall upon an insulated conducting body 
connected to one of the terminals of a con- 
denser, while tho other terminal of the same 
is made by independent means to recelve or 
to carry avvay electricity, a current flows into 
the condenser so long as tho insulated body 
is exposed to the rays, and under the condi- 
‘tions hereinafter specified an indefinite ac- 
cumulation of electrical energy in the con- 
denser takes place. ‘This energy aftera suit. 
able time interval, during which the rays are 
allowed to act, may manifest itself in a pow- 
so erful discharge, which may be utilized for 

‘the operatjon orcontrol of mechanical or elec- 


15 


20 


95 


30 


35 


40 


48 


trical devices or rendered useful in many 
other ways, U 

In applying my discovery I provide a con- 
denser, proferably of considerable electro- 
static capacity, and connect one of its ter 
tminals to an insulated metal plate or other 
conducting body exposed to the rays or 
streams ofradiant matter. Tt is very impor- 
tant,particalarly in view of the fact thatelec- 
trical energy is generally supplied at a very 
slow rate to the condenser, to construct ‘the 
same with the greatest care. Iso by prefer- 
ence the best quality of micaasdieleciric, tak- 
ing every possible precaution in insulating 
the armatures, so that the instrament may 
withstand great electrical pressures without 
Ieaking and may leave no perceptible electri- 
fication when discharging instantaneously. 
In practice I have found that the best results 
are obtained with condensers treated in the 
manner described in a patent grauted to me 
February 23, 1897, No. 677,671. Obviously the 
above precautions should’ be the more rigor- 
ously observed the slower the rate of charg- 
ing aud the smaller the time interval during 
whieh tho energy isallowed to accumulate in 
‘the condonser. ‘The insulated plate or con- 
Aneting body shonld present as large a suz- 
face as practicable to the rays or streams of 
maiter, I having ascertained that the amount 
of energy conveyed to it per unit of time is 
under otherwise identical conditions propor- 
tionatetotheareaexposed,ornearlyso. Far- 
‘thermore, the surface shoald be clean and 
preferably highly polished or amalgamated. 
‘The second terminal or Armature of the con 
denser may be connected to oue of the poles 
of a battery or othog source of electricity or 
toany conducting’ body or object whatover of 
such properties ot so conditioned that by its 
‘means electricity of the required sign will be 
supplied to the terminal. A simple way of 
supplying positive or negative electricity to 
the terminal is to connect the same either to 
an insulated conductor, supported at some 
hoight in the atmosphere, or to a grounded 
conductor, the former, as is well known, fur- 
nishing positive and the latter negative elec. 
tricity. "As the rays or supposed streams of 
matter generally convey a positive charge to 


the first condenser-terminal, which isconnect- 
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€i to the plate or conductor above mentioned, 
Tusually connect the second terminal of the 
condenser to the ground, this being the most 
‘convenient way of obtaining negative electric- 

§ ty, dispensing with the necessity of provid- 
ing an artificial source. Tn order to utilize 
for any useful purpose the energy aceumu- 
lated in the condenser, I furthermore connect 
tothe terminals of the same a cirenit inelud- 

10 ing an instrument or apparatus which it is de- 
jired to operate and another instrament, or 
‘oralternately closing and opening the 
circuit, This latter may be any form of cir- 
cult-controller, with fixed or movable parts 


* a5 or electrodes, which may be actuated either 


by thestored energy or by independent mean: 
"The rays or radiations which are to be util- 

{ized for the operation of the apparatus above 
described in general terms may be derived 

20 from a natural source, as the sun, or may be 
artificially produced by such means, for ex- 
‘ample, as an are-lamp, a Roentgen tube, and 
the like, and they may be employed for a 
gteat variety of usefal purposes. 

25 My discovery will be wore fully understood 
‘from the following detailed description and 
annexed drawings, to which reference is now 
made, and in which— 

‘Figure 1 is a diagram showing typical forms 

30 of the devices or elements as arranged and 
‘eonnected in applying the method for the op- 
eration of a mechanical contrivance or instra- 
ment solely by the energy stored; and Fig. 2 
isa diagrammatical representation of a modi- 

45 fied arrangement suitable for special pur- 
poses, with a circuit-controller actuated by 
independent means. 

‘Referring to Fig. 1, C is the condenser, P 
theinsulated plate or conducting body, which 

4o is exposed to the rays, and P’ another plate or 
conductor, all being joined in series,asshown. 
‘The terminals TT" of the condenser are also 
connected toaeireuit including. receiver R, 
‘hich is to be operated, and a crenit-control- 

4g ling device d, which in this ease is composed 
of two very thin conducting-plates  f, placed 
in close proximity and very mobile, either by 
reason of extreme flexibility or owing to the 
charater of their support. ‘To improve their 

50 action, they should be inciosed in @ receptacle 
from which the air may be exhausted. The 
receiver R is shown as consisting of an elec- 
tromagaet M, a movable armature a, a re- 
tractile spring , and a ratehet-wheel to, pro- 

5 vided with a spring-pawl r, whieh is pivoted 
to armature a, as illustrated. ‘The apparatus 
‘eing arranged as shown, it will be found that 
when the radiations of thtesun or of any other 
source capable of producing the effects before 

0 described fall upon th plate P an accumula. 
tion-of electrical energy in the condenser C 
will result. This phenomenon, I believe, i 
Dest explained as follows: Thesun as well as 
other sources of radiant energy throw off mi- 

65 nute particles of matter positively electrified, 
which, impinging upon the plate P, commu- 
nieate an electrical charge tothe same. The 
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‘opposite terminal of the condenser being con- 
nected to the ground, which may be consid- 
eredasavastreservoir of negative electricity, 7° 
a feeble current flows continuously into the 
condenser, and inasmuch as these supposed 
particles aro of an ineonceivably small radius 

br curvature, and consequently charged toa 
relatively very high potential, this charging 75 
of the condenser may continue, as I have 
found in practice, almost indefinitely, even to 
the point of rupturing the dielectric. Obvi 
ously whatever clreuit - controller be et 
ployed it should operate to close the eireu 
in which it is included when the potential in 
the condenser has Sie the desired magni 


80 


tude. Thus in Fig, Qphen the electrical pres- 
sure at the terminils TT” rises to a certain 
predetormined value the plates ¢ 7, attract- 85 
Ing each other, close the cirenit connected to 
the terminals. This permits a flow of current 
which energizes the magnet M, causing it to 
draw down the armature cand impart a par- 
tial rotation to the ratchet-wheel w. As the 90 
current ceases the armature is retracted by 
tho spring } without, however, moving the 
wheel w. With the stoppage of the current 
the plates £7 cease to bo attracted and sepa- 
rate, thus restoring the cireuit fo its original 95 
condition, 

‘Many useful applications of this method of 
utilizing the radiations emanating from the 
sun of other source and mavy ways of carry- 
ing out the same will at once suggest. them- too 
selves from the above description. By way 
of illustration a modified arrangement is < 
shown in Fig. 2, in which the source of ra- 
Giant energy is a special form of Roentgen 
tube devised by me having but one terminal ros 
i, generally of alominium, in the form of 
half a sphere with a plain polished surface 
on the front side, from which the streams are 
thrown off, It may be exeited by attaching 
it to one of the terminals of any generator of 110 
sufficiently-high electromotive foree; bat 
whatever apparatus be used it is important 
that the tubo be exhausted to a high degree, 
as otherwise it might prove entirely ineffeot- 
ive. ‘The working or discharge eirouit con- 115 
nected to the terminals T T’ of the condenser 
includes in this case the primary p of a trans- 
former and a cirenit-controller comprising 
fixed terminal or brash / and a movable ter- 
minal f in the shape of a wheel with eonduet- 120 
ing and insulating segments which may be 
rotated at an arbitrary speed by any suitable 
means, Ta induotive relation to the primary 
wire or coil p is a secondary s, usualy of a 
much greater number of turns, to the ends of 125 
which is connected a receiver R. The ter- 
minals of the condenser being connected as 
indieated, one to an insulated plate P and 
the other to a grounded plate P’, when the 
tubo § is excited rays or streams of matter 130 
are emitted from the same, which convey a 
positive chargo to the plate P and condenser- 
terminal T, while terminal T’ is continuously 
receiving negative electricity from the plate 
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P._ This, as before explained, results in.an 

accumulation of electtical energy in the con- 

donser, which goes on as long-as the clreuit 

including the primary p is intérrupted. 
Whenever tho circuit is closed, owing to the 
rotation of the terminal #, the stored energy 
is discharged through the primary p, this giv- 
ing rise In the secondary s to indaced cur 
rents which operate tho receiver R. 

It is clear from what has been stated above 
that if the terminal T’ is connected toa plate 
supplying positive instead of negative elec- 
trlelty the rays should convey negative elec- 
irleity to plate P. ‘The source S may be any 
form of Roentgen or Lenard tubo; but it is 
obvious from the theory of action that in or- 
der to be very effective the electrical im- 
pulses exciting it should be wholly or at least 
preponderatingly of one sign. If ordinary 
symmetrical alternating currents are om- 
ployed, provision should be made for allow- 
ing the rays to fall upon the plate P- only 
daring those periods when they are produc- 
tive of the desired result, Evidently if the 
radiations of the source be stopped or inter- 
opted or their intensity varied in any man- 
ner, as by periodically interrupting or ryth- 
mically varying the current exciting the 
souree, there will be corresponding changes 
in the action upon the receiver R, aud thus 
- signals may be traisnitted and many other 
useful effects produced. - Furthermore,it will 
be understood that any form of eircuit-closer 
which will respond to or be set in operation 
when a predetermined amount of energy is 
stored in the condenser may be used in lieu 
of the device specifically described with ref- 
‘erence to Fig. 1, and also that the special 
details of construction and arrangement of 
the several parts of the apparatus may be 
very greatly varied without departure from 
the favention, 

Having deseribed my invention, what I 
claim is— 

1. Tho method of utilizing radiant energy, 


which consists in charging one of the arma- 
tures of a condenser by raysorradiations, and 
the other armature by independent means, ° 
and discharging the condenser through asnit- 
able receiver, as set forth. 

2. ‘The method of utilizing radiant onorgy, 
which consists in simultaneously charging 
a condenser by means of rays or radiations 
and an independent source of electrical en- 
ergy, and discharging the condenser through 55 
a suitable receiver, as set forth, 

3. The method of ntilizing radiant energy, 
‘which consists in cbarging ono of the arma: 
tures of acondensor by rays or radiations, and 
the other by independent means, controlling 60 
the action or effect of snid rays or radiations 
and discharging the condenser through a suit- 
able recoiver, as set forth, 

4, Tho method of utilizing radiant energy, 
which consists in charging one of the arma: 65 
tures of a condenser by rays or radiations and 
the other by independent means, varying the. 
intensity of the said rays or radiationsand pe- 
riodieally discharging the condenser through 
a suitable receiver, as set forth, 70 

5, The method of utilizing radiant energy, 
which consists in direeting upon an elevated 
conductor, connected to one of the armatures 
of a condense», rays or radiations capable of 
positively electrifying the same, carrying off 75 
electricity from the other armatare by con- 
necting the same-with the ground, and dis- 
charging the accumulated energy throngh a 
suitable receiver, as set forth. 

6. Tho method of utilizing radiant energy, 80 


50 


| which consists in charging one of the arma- 


tures of a condenser by raysor radiations,and 
the other by independent means, and eifect- 


| ing by the automatiedischarge of theaceumu- 


lated energy the operation or control of a 85 
suitable receiver, as set forth. 
NIKOLA TESLA. 
Witnesses: 


‘M. Lawson Dyer, : 
Rtcarp Donovay. 
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News from Australia 


“There are a couple of other major 
factors that we won't go into here, 
suffice it to say that our current pro- 
totype demonstrates 1500% more “ 
out” than “in”... * 


“The Lutec 1000 will be sold throughout 
‘Australia within three years. The majority of 
buyers are expected to be the home 
‘owners, although there is strong support for 
‘our product throughout the entire strata of John Christie (left) is the co-founder, CEO and chairman of Lutec 
society and business. Markat leadership (Aust) Pty Ltd 

‘should be maintained for the next five 

years. The product is sold through commis- Ludwig (Lou) Brits (right, above) is the co-founder, managing director 
sion only sales agents and our staff at the and head of development of Lutec (Aust.) Pty Ltd. He is Chairman and 
pant, mainly to anyone who needs or uses _difector of TTI Pty Ltd. TTI Pty Lid is a state government recognised 
electricity” RAP. (cemote area power) system provider. 
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15. Effect of Magnetic Blow Wave Field on Wine Systems, I. Shakhparanov and others 

16. Nikola Tesla and Instantaneous Electric Communication, V. Korobeynikov 

17. The Unitied Gravitation theory, 1. Kuldoshin 

18. New Sources of Energy from the Point of View of Unitary Quantum Theory, L.G. Sapogin, Yu.A. 
Ryabov, V.V. Graboshnikov 

19, Antigravitation Force and antigravitation of matte. Methods of its creation, A. K. Gaponoy 


. Alemanoy 


20. The capacitor, which has energy of atomic bomb (Review of A. Gaponov's research) 


consequence of many commonly at 
and dogmas of the modern “‘scient 
natural phenomena”. This crisis situation in modern 
physics is a direct consequence of many conservative 
scientific viewpoints, unfortunately supported and 
protected by modern official academic science. The 
evolution of our consciousness has heen influenced 
by many undoubtedly well known experts and has 
been evolving for a long time in the environment of 
specific scientific vacuum and requires immediate 
revival. Even methods used for dissemination of new 
knowledge should be improved, if one actually wishes 
to accelerate the progress of Humankind. 


‘The perspective for practical applications of new 
previously unknown scientific phenomena and effects 
looks very attractive, and they may be achieved by 
cooperative efforts of the human intellect. New 
breakthrough technologies of the 21" Century will 
require serious changes of many commonly accepted 
concepts and dogmas in fundamental physics. This 
process of progressive development cannot be 
stopped. 
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Abstract 


Recent far reaching theoretical results have used the 
quantum vacuum noise as a fundamental 
electromagnetic radiation field to derive a frequency 


(0) dependent version of Newton's gravitational 


coupling term, G((). This paper reconciles the cut-off 
frequency with the observed cosmological constant, and 
then briefly puts forward a realizable laboratory test 
case in the 10 - 100 MHz frequency range. One analogy 
is drawn between the classical vacuum energy 
experiments with attraction between two closely 
spaced plates (Casimir cavity) and the arbitrarily dense 
material boundaries possible in Bose condensates, such 
as irradiation at MHz frequencies of superfluid helium 
or superconductors. 
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‘Theoretical Background 


Zel'dovich [1] first suggested that gravitational 
interactions could lead to a small disturbance in the 
(non zero) quantum fluctuations of the vacuum and thus 
Give rise to a finite value of Einstein's cosmological 
constant in agreement with astrophysical data. Using 
dimensional analysis and the suggestion by Zel'dovich, 
Sakharov [2] derived a value for Newton's gravitational 
constant, G, in only one free parameter, frequency, (9 


J West -1 / Jodo 


where cis the speed of light and jis the Planck 
constant. The free parameter in frequency when 
integrated over all values from zero to high frequencies 
must contain the usual integration cutoff value (Planck 
frequency on observable electromagnetic phenomenon), 


G~ 


Puthoff [3] and others (4 5] have extended Sakharov's 
condition in a relativistically consistent model to 
determine constants of proportionality. His model 
derives an acceleration term in first order expansion (in 
flat space time), then equates inertial and gravitational 
mass (by the equivalence principle) to make contact 


with the gravitational constant, G directly as: 
G=(re' (ho?) ~1/ Jado 


which is the Sakharov condition [2,3]. This paper revisits 
the meaning of the cutoff frequency, @, ,for radiation 


interactions, of which the quantum vacuum [6-10] and 


Planck frequency are only the leading terms, and for 
which linear combinations of forces can introduce other 
plausible frequencies. One purpose of this 
reexamination is whether the resulting gravitational 
coupling constant, G, can be reconciled with the 
anticipated energy density of the universe [11] without 
resorting to extreme space time curvature and thus yield 
enough critical density to contain the expansion of the 
universe. Finally we particularize the case to the high- 
density fluctuations possible in Bose condensates [12], 
a potential experimental test case for how the effects 
of vacuum noise might manifest observably. 


One far-reaching consequence of the vacuum energy 
model is the attractive force of gravity becomes 
reducible to the radiative interaction between 
oscillating charges, e.g. the zero point field (ZPF) 
applied to subatomic charges. Mass and inertia arise 
from the fundamentally electromagnetic ZPF 
oscillations, 


This random background gives the usual quantum 
mechanical energy spectrum from particle field effects: 


plod ~ oda 


a very important dimensional relationship, since the 
third power in frequency avoids anomalous Doppler 
shifts from velocity boosts, or stated alternatively is the 
correct spectra for a Lorentzian (non accelerated) 
invariant radiation field [13] 

More specifically, the energy spectrum [3] can be 
written as; 


p(odo =[0* /27c*|[ha/2\do = 


=ho* (27*c'dw ~ odo 


which is an expression in the first parenthesis of the 
density of the normal modes and in the second 
parenthesis of the average energy per mode. When this 
energy density is integrated over all frequencies, the 
@ divergence produces well known infinities in the 
integration limit of high frequencies, thus an assumed 
cutoff frequency (appropriate to experimental 
observation limits at the Planck frequency), is usually 
introduced: 


For mass, m , moving in an accelerated reference frame 
= -a=Gm/r', the resulting energy spectrum includes 
a gravitational spectral shift [3], 


Ap' (odo = ho! 2n*c*[Gm/ r? Fda ~1/r'do 


a kind of short range (1/r') gravitational energy shift, 
but electromagnetic in origin when zero point 


fluctuations are included. (N.B. To account for equal 
gravitational mass effects in neutrons and protons, the 
2PF oscillations must involve subatomic charges, or 
‘parton’ effects. The assumption derives from high 
frequency interactions of ZPF wherein these subatomic 
particles are asymptotically free to oscillate as 
independent or free particles as quantum noise). 


A further far reaching consequence [3] is mass itself 
becomes interpretable as a dependent quantity derived 
from a damped (with decay constant I) oscillation 
driven by random ZPF: 


m=Te'/G=2n0/ ne Jado 
with the only two free parameters, the damping factor 
Tr, and again the frequency, (@. The internal kinetic 


energy of the system contributes to the effective mass. 


‘This leads to an overall average spectral density, written 
in terms of mass as: 


Ap" mca! 2hosr' 

for the electromagnetic field distribution near (1/r*) to 
the mass, m, which in detail is half electric and half 
magnetic. 


One additionally attractive feature is the 
correspondence between this derivation and the view 
of gravity as a dynamical scaleinvariance breaking 
model (e.g. symmetry breaking near the Planck mass 
energy [14)). A final result includes the force calculation 
between two ZPF radiation oscillators of the correct 
form yielding Newton's average force law 


<F >=-Gnt |r? 


‘Thus, for a Newtonian force to first order in a flat space 
time, Sakharov [2] could be credited for proposing 
gravity as not a fundamentally separate force and 
Puthoff [3] and co workers [4-5] applied the vacuum 
electromagnetic field to equate gravity to a long-range 
radiation force (e.g. van der Waals like force). Higher 
order oscillatory gravity modes vary as 


(info, /@.1) 


To first order, a weak G coupling constant, 


G= (re /ha?), appears for high frequency cutoff at 
the Planck scale. A corollary in analogy to 
electromagnetic shielding by ordinary matter can be 
rationalized as the problem of frequency mismatch at 
high Planck frequencies, e.g. ZPF cannot be 
fundamentally shielded. In other words, frequency 
mismatch precludes gravity shielding by matter. 


‘The purpose here is to revisit the only free parameter, 
the frequency cutoff, more in the spirit of a mass 


resonant frequency. The motivation for this approach 
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can be summarized as: 1) the generality of other 
complementary radiation effects without relying on ZPF 
alone (e.g. other isotropic, homogeneous radiation 
sources); 2) the weak coupling constant, G, yields a 
vastly smaller than observed size of the universe (e.g. 
too small cosmological constant) when the Planck 
frequency is used as a cutoff value; and (3) the particle 
mass, m = I’¢°/G, can be viewed as a renormalized or 
‘dressed’ mass with a resonant interaction potential that, 


is frequency dependent in its coupling constant, G , and 


‘with ‘bare! mass that is large, m, ~(m?/m), where 


the experimentally unobservable, m, = (hc/G)'*is 
the Planck mass. 


Im particular, why this large ‘bare’ mass does not 
generate a large gravitational field is not a unique 
anomaly in the Sakharov derivation, since similarly large 
vacuum point energies are common to field theories. 
‘The important point is that the derivation G(q) is 
general however to any isotropic radiation field with 
the Lorentz invariant energy spectra [p(w) ~ «|, thus 
the candidates for the cutoff frequency of the particular 
radiation source can be interpreted as a Planck scale 
only if the rest mass, m,, 
terms, rather than just the ZPF leading term. Since the 
ZPF is akin to a van der Waals force [3 5], polarizability 
(in charge and mass) must be considered, but without 
also excluding any number of linear combinations that 


is not composed of many 


might have alternative cutoff frequencies, @, , of 
damping terms, T, ‘ala particle physics interpretations 
for resonant masses during renormalization. In other 
‘words, once a gravitational energy spectrum, p(o)is 
postulated that is Lorentzian invariant, many 
fundamental sizes (or corresponding frequency values) 
are smeared (or dressed) by any number of characteristic 
frequencies between zero and the high frequency 
electromagnetic (Planck) cutoff @, . Quite simply, is the 
expression, @, =@,, a requirement for all radiation 
sources? 


at 


‘Many types of particle oscillations may satisfy the 
general requirements of a Sakharov condition, each 
having a characteristic mass (and energy) as in 
calculating the mass of any fundamental particle at its 
resonant frequency (including underlying partial 
charges or dense bosons). This brings the calculation 
to a consideration of the high density fluctuations 
characteristic of a Bose condensate [15 19]. While the 
high density variation may intrinsically be of interest, 
‘the exploration has more to do with reconciling the ZPF 
interpretation of the Sakharov condition with the 
observed cosmological constant [14] 


A “top down” view of calculating the cutoff frequency 
imposes the self consistency test for the cosmological 
constant, A, from the outset. To calculate, the total 
frequency integrated energy density of the universe 
must be included: 
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p(E)=/ p(EME = ha! /8x°c° 


which must have a mass equivalent, contribute to the 
universe's curvature, and thus have a fundamental 
relation to the critical density to contain the expansion 
of the universe [14 15]. The mass - equivalent ZPF to 
reach the universe's critical density [15], 


p~10™ g cm* would necessarily limit the cutoff 


frequency for gravity to the value,@, <7-107s! , or 
between 10-100 MHz 


Ahigher frequency greatly overshoots the cosmological 
constant, , and induces extreme curvature in the 
universe. This problem has been cited frequently and 
stated most bluntly, as either ZPF or the cosmological 
constant requires revision. The relevance here arises 
from similarly large positive coupling terms in quantum 
gravity [15], which also generate a local gravitational 
Instability for typical upper limits on the cosmological 
constant, A/8nG<10" cm. 


Rather than to dwell on the inconsistencies that plague 
attempts to reconcile quantum gravity, we particularize 
the problem to a case where the restriction to Planck 
scale becomes less clew, namely the high density 
fluctuations and universal scaling introduced in a Bose 
condensate. A Bose condensate, such as superfluid 
helium or superconductors [15 19], becomes of potential 
interest, mainly because of its arbitrarily dense 
boundaries and the classic Casimir experiment [20 22] 
which allows such dense material boundaries (two 
closely spaced conducting plates), if available, to 
modulate the background quantum fluctuation of ZPF. 
In other words, the matter-ZPF interaction becomes 
measurable by the observed attraction between two 
material boundaries. What dense boundaries might 
generate in Bose condensates remains a subject of great 
interest. 


‘The significant case to investigate is whether Casimir- 
like interactions [20 22] will not only couple to ZPF 
radiation at a scale comparable to the quantum noise 
(cr other radiation field), but also alter the value imposed 
by the Sakharov condition for G. It remains an open 
question whether this potential coupling interaction 
shares, as in ordinary critical phenomenon, the density 
correlation function, ®, that is both independent of the 
coupling strength (or universal in renormalization) and 
consistent with the observed average energy density 
of the visible universe, 


‘Thus the purpose here has how to restate the Sakharov 
condition in the gravitational coupling constant, G, 
based on its only free parameter, a frequency cutoff, @, 
Any potential relevance arises from similarly large 
values for the positive coupling term in quantum gravity, 
which generate conditions for a local gravitational 
instability for typical upper limits on the constant, 
A/8nG<10" cm*, 


‘To restate the Sakharov condition, matter in the vacuum 
provides boundaries for reduced ‘Casimir like’ modes 
available for otherwise isotropic radiation from quantum 
fluctuations (broad spectral noise). That this view 
reproduces Einstein gravity has been examined, 
including the full relativistic derivation [4-5]. The details 
of the appropriate mass, however, remain buried in the 
kinetic energy of general internal particle (‘parton’) 
motion [3]. Any appeal to a specific parton 
representation is limited only by essentially free 
particles with high frequency interactions, including 
underlying partial charges or dense bosons. The basis, 
of considering arbitrarily high-density fluctuations in 
Bose condensate in analogy to the ZPF-Casimir 
experiment remains both an empirical and theoretical 
case to examine. There exist laboratory scale cases [15- 
19] where resonant radiation in the required 10-100 MHz 
range appear to produce anomalous effect for such Bose 
condensates as superconductors, but further work to 
confirm these results would be needed. In other 
contexts, these effects have been discussed as the 
Schiff-Barnhill effect for superconductors interacting 
with a gravitational field [23], but for the static rest moss 
rather than an effective mass in a conduction band. 


Experimental Propositions 


4J. Weber [24,25] proposed the use of a superconducting 
Bose condensate for gravity wave detection, principally 
because of its potentially higher signal to noise ratio in 
carrying electrical signals upon length dilations in a 
relativistic framework for gravity waves travelling near 
the speed of light. W. Weber and Hickman [26] derived 
an experimentally testable relation based on torquing 
of a charged capacitor parallel to a gravity field, with 


2E, /n[ar/(\-a)*)] 


where the capacitor will rotate relative to the gravity 
vector, for = 2GM / rc’, is Schwarzschild radial 
coordinate [dR = dr(1-a)'"] , E, is dependent on the 
capacitor charge and geometry of the plates, 

E,, = [Q’d/2eWL(1-a)""|, for a plate separation, and 
radial dimensions,W and L, charge Q, and € the 
permittivity of free space. For plate separations of 2mm 
on Earth, the maximum torque is approximately 
1=10°2Nm, when charged to 2/3 dielectric 
breakdown. While not entirely promising for detection 
of such low torques, the large separation (2 mm) 
distance between capacitative plates naturally prompts 
generalization to the classic Casimir force [21] 
experiments only recently confirmed experimentally 
[20]. In particular, we rewrite the torque values to 
include the frequency terms derived with the Sakharov 
condition 


[G = (ae /ho?)) 
= 2Mne' /hazr 


‘The appeal of this formulation is that a frequency 
dependent torque is derived, which further makes 


contact with proposals to modulate the Casimir 
capacitative plates for continuous extraction of energy 
[27]. This result requires further investigation 
experimentally, particularly to compare with previous 
reports for anomalies in AC- tuned electrical capacitors 
(28) 
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it is necessary to periodically subject to the 
‘deepest revision the principles, which were 


Abstract 


‘The results of an approach based on the synthesis of 
standard quantum electrodynamics and of the ideas of 
self-organization in physical systems are briefly 
outlined. The quantum model of electron as an open 
self-organizing system is constructed, with the physical 
mechanism of self-organization consisting in the back 
influence of the own field created by electron on the 
same electron. The own field is considered as a physical 
property of electron, intrinsically inherent in electrically 
charged matter, which is included in the definition of 
the particle from the very beginning. The own field of 
electron endows the particle with wave properties and 
represents a bearer of superluminal signals, which can 
be used for the creation of qualitatively new 
communication systems. Because of the inseparable link 
between space and time, the force in relativistic 
mechanics is the cause of change not only of the velocity 
of particle, but also of the course of time along the 
particle's trajectory. For this reason the flow of time in 
some area of space depends on the character of physical, 
processes, occurring in it, and, therefore, time can be 
controlled by slowing down or accelerating its course 
‘with the help of material processes. The conclusions of 
‘the paper are not in conflict with the special theory of 
relativity (STR); they are a direct consequence of 
relativistic equations of motion and represent an 
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essential development of the generally accepted notions 
about space and time. At present all the necessary 
prerequisites are available, both theoretical and 
technical, for the practical mastering of the own fields 
of particles and of the physical properties of time. 


1. Introduction. The Problem of Electron and Future 
Outlook 


Electrodynamics, what is this? What is its value for 
man? Electrodynamics is the theory of electromagnetic 
interaction, one of four interactions existing in nature. 
Its role in the life of society is seen from the fact that 
the most part of natural phenomena, which we 
encounter at every step, is of electromagnetic origin: it 
is due to the interaction of electromagnetic field with 
electrically charged particles entering into atoms and 
molecules. It is fair to say that electromagnetism plays 
a crucial role in the life of mankind as it determines the 
ways of technical advance of society [1] 


‘The key problem of quantum electrodynamics is the 
problem of electron, which can be formulated as follows: 
to construct from the first principles a non-contradictory 
model of electron, which takes into account 
experimental facts, ie. to find the dynamical equation 
capable of describing the unique physical properties of, 
electron, its internal structure, its behaviour when it 
interacts with electromagnetic field. 


Electron was discovered a little more than 100 years 
ago, in 1897. With discovering the electron the revolution 
in physics began, which has resulted in unprecedented 
technical advance of society. The summit of 
development was reached in the middle of the 1950s 
and then the long period of evolutional development 
followed, when new physical principles were used to 
describe various physical processes and phenomena. 
‘The violent development of physics became slower in 
the 1970s and was replaced by stagnation in the 
subsequent years. The stagnation in electrodynamics 
continuing already over a period of several decades is 
gradually giving place now to a new ascent. The new 
scientific revolution is starting, which is associated with 
electron again, much as it happened hundred years ago. 
‘The reason is that electron is the most unique particle 
storing in itself the deepest mysteries of nature and the 
degree, to which they are disclosed, determines the 


‘wants to stay anonymous, until his patent application 
is done and university verification tests will be done). 
‘The claims are: 1200 Watts coil out with about 1076.4 
Watts in into the driving motor at 3450 RPM. 8 amps 
117volts at no load 9.2 amps 117 volts at full load. The 
output of about 1200 Watts is already a total overunity 
operation! As they just increase the input power by 
about 140 Watts only between idle and load state and 
they get 1200-Watts output it seems indeed a case, 
‘where Lenz law is violated! This generator also has NO 
motor effect! If you supply current to the coil, the 
permanent magnet in the center will not rotate; cause 
the flux just stays inside the toroid core! There you can 
see, that the back drag does not influence the 
mechanical rotation of the magnet!" Stefan used very 
good criterion to prove high efficiency of the design: 
‘There is no back-torque effect! It is most important 
aspect of Gramm's generator. You can contact directly 
Stefan Hartmann: Keplerstr. 11 B, 10589 Berlin, Germany. 
‘Tel: +49 0 245 00 497, FAX: +49 30 345 00 498 email: 
harti@harti.com info@ccard.net (Please, note: Dr. 
Harman referred to my old web site www.time- 
machine.spb.ru which is closed now), 


So, basic principles of MEG and @-machines are the 
same. It was patented more than 100 years ago. Primary 
magnetic flux is topologically separated in two (or more) 
fluxes, which are mutually compensated in the ring core. 
Advantages of MEG are absence of moving parts since 
special input coils produce changes of primary flux. Also 
level of saturation in ferromagnetic material obviously 
should be corresponding to intensity of primary 
magnetic field, which is created by the permanent 
magnet, Fig.4.1 


Besides MEG the same principle can be (and already 
was!) realized in many other systems. So, there is no 
any news in the USA patent #6,362,718 granted for "The 
‘Motionless Magnetic Generator’. What did they claim? 
‘You can find it in the patent: "The first input coil and the 
first output coil extend around portions of the first 
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magnetic path, while the second input coil and the 
second output coil extend around portions of the 
second magnetic path.” Yes, it is the same bi-directional 
principle we discussed above: two parts ofthe magnetic 
flux and each coil produce effect to reduce flux due to 
this superposition. 


FigA2 
Diagram of prototype by Bearden, 


Jn conclusion I'd like to confirm our sincere interest 
to develop joint work with all new energy research 
teams if they are not trying to obscure the issue of 
the technology by means of complex theoretical 
constructions and common words about zero point 
energy. 


Matter as a Resonance 
Longitudinal Wave Process 


Alexander V, Frolov 
Abstracts 


‘There is experimental data on gravitation anomalies for 
cases of resonance irradiation of the Bose condensates 
(superfluid helium or superconductor) at 10-100 MHz 
frequencies. It is developed by the author in frames of 
his aether theory that can be used for practical 
applications in aerospace and new energetics. 


2PF or aether fluctuations 


‘The fundamental electromagnetic radiation field (Zero 
Point Field) ZPF or the quantum vacuum noise is a 
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recently accepted physical notion. In the article [1] 
David Noever and Christopher Bremner used it to derive 
a frequency ~ dependent version of Newton's 
gravitational coupling term G. On the other hand we 
can consider the quantum vacuum noise as aether 
fluctuations. Dr. Alexander Mishin [2] described 
experiments on registration of these processes by 
means of special equipment. Both approaches (ZPF and 
aether fluctuation) allow to conclude that mass and 
inertia arise from these oscillations. However if we are 
considering the oscillation as some aether process then 
‘we can assume and describe some physical mechanism 
of this process. 


‘One of consequence ofthe vacuum energy model, which 
is described in [1] is that “the attractive force of gravity 
becomes reducible to the radiative interaction between 
oscillating charges...” Let's clarify which kind of 
radiation can be created by oscillating electric charges. 


There are many different sources to find the answer on 
‘this question and one of them is the article by Prof. Kirill 
PButusov [3] on symmetrization of Maxwell's equations 
and practical methods of generation of longitudinal 
waves in vacuum. So, ZPF model has a direct relation 
with the aether model since indirectly it leads to the 
question of longitudinal waves in vacuum. Physically 
they are waves of density of energy and in the aether 
model the waves are areas of more dense and more 
rarefied aether. Let's note that there are standing waves 
besides moving waves. 


‘To consider the interaction of some mass particles and 
‘the fundamental field the notion of subatomic charges 
“partons” was introduced [1]. So, the mass itself 
“becomes interpretable as a dependent quantity derived 
from a damped oscillation driven by random ZPF" (11. 
‘The authors wrote about “internal kinetic energy” of 
‘the mass particle and it can be considered as a function 
of ZPF oscillation frequency. In the aether theory of mass 
there is a similar notion of “aether vortex", which 
represents some cyclical process of some frequency and 
itis possible to calculate its kinetic energy. This aether 
vortex model of matter elements allows to assume real 
methods to change parameters of vortex and to get 
changes in parameters of existence of the matter. On 
the other hand we can discuss the possibility to change 
some physical parameters of aether in areas of the vortex 
to get the same result. This possibility follows from the 
well-known N.Kozyrev's experiments, which were 
named “investigation of active properties of time’. 
N.Kozyrev used chronal (temporal) approach in his 
theory. We have to change his notion “the density of 
time” to “the density of aether” to get a direct link 
between his experiments and the aether theory of mass. 


N.Kozyrev and others have [4,5,6] experimentally 
demonstrated that irreversible processes in matter 
produced changes of aether density in the area of the 
experiment. Detectors of different type can register this 
change. It is obviously that any matter element (ie. the 
acther vortex) in this area of changed aether density 
should get more inner (kinetic) energy or slow the inner 
motion. From the chronal point of view these are changes 
of inner time of this matter element. 


Gravity shield 


One more interesting point that is discussed in the 
article by Noever and Bremner [1] is a problem of gravity 
shield. The authors show that resonance interaction 
with ZPF produces “the particle mass” and it can be 
viewed as “a renormalized or “dressed” mass with a 
resonant interaction potential. Similar resonance 
approach is used in the conception of de Broglie's matter 
waves. Alsothe authors [1] mentioned the existence of 
an experimentally unobservable mass. In this case ZPF 
cannot be fundamentally shielded by matter since 
“frequency mismatch precludes gravity shielding by 
matter” [1]. The only way to get screening of ZPF 
fluctuations seems to be very complex: it is necessary 
to provide frequency matching for whole wavelength 
band of the oscillations, 


I think some specialization is necessary here to explain 
experimental gravity anomalies with Bose condensates 
experiments (superfluid helium or superconductors) 
special process in matter can be used as the gravity 
screen and this approach does not involve the 
frequency-matching problem. 


We have concluded above that any matter element is a 
resonance process and its energy is derived from ZPF. 
It is useful to note that these are longitudinal wave 
oscillations of energy density in aether. In this case, 
the gravity shield problem can be solved in frames of 
the aether vortex conception of matter. 


‘The longitudinal wave is a moving (or standing) areas 
of rarified and thickened aether. Let's consider the 
moving wave, which is responsible for gravitation 
attraction effect. How can we stop, re-direct or reflect 
longitudinal wave in aether by means of aether vortexes 
(matter elements)? We can produce interaction with 
this wave only by means of other longitudinal waves. 


In macro-level this idea can be realized as longitudinal 
‘wave generator. Electromagnetic processes, which can 
bbe used as sources of directed longitudinal waves, are 
known and some of them are described in (3]. In other 
way the gravity shield can be produced as longitudinal 
waves generated by natural aether vortexes (ie. by 
matter elements) if the matter exist in a special exited 
state, for example for cases of resonance irradiation of 
superfluid helium or superconductor at 10-100 MHz 
frequencies. 


‘Matter element as resonance process 


In [1] the authors wrote that it is possible to calculate 
“the mass of any fundamental particle at its resonant 
frequency.” There is the question: what is the general 
basis of whole spectrum of stable elements masses? 


In 1996 the author published the article “The concept 
of mass process” [7]. At first in this work physical sense 
and notion of 3-dimensional curvature was introduced, 
By analogy with known mathematical notion of linear 


curvature P; =— (where r is radius) and uniform 


2 


surface curvature P: = — it was proposed to calculate 
r 


curvature of a 3-dimensional space as 


3 


Ps a 


r 
‘The radius r in this case means that in a 3-space there 
is some periodical process. In other words, 3- 
dimensional matter is a resonance process. 


Further, de Broglie used formulations E=hf and E=pe 
(where p is momentum, h is Planck constant, f is 
frequency and c is velocity of light) to derive the 
following: 

hf=pe 2) 
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that allows us to get the well-known formulation 


h 
ant 
3 (3) 


‘There is another logical branch of this idea that leads 
to the understanding of the mass properties of matter 
as a resonance process. Instead of E=pe in [7] it was 
proposed to use E=mo”. In strength of the wave-particle 
duality we can write the equation 


me? = hf cy 


and from this equation the mass can be presented as 
resonance electromagnetic oscillations 


(8) 


Let's note that £=1/T, where T is some period of 
oscillation. So, we can write the following 


hi 
on 


me (6) 


‘where — is new constant between mass and period 


of time. 


‘There is an important conclusion: any mass is a process 
and there is some period of time, which corresponds to 
‘this mass. In other words, there is no physical sense of, 
time separate from some process of existence of mass. 
Product mass and period is a constant value, which was 
named as a chronal constant 


mt 


const (7) 


‘The chronal constant is a parameter of some real 


space and it is equal to (0.73725: 10°"[Js* /m*] 


Also in this work [7] there was a demonstration of 
several examples of newly discovered physical law: 
spatial curvature of some natural objects (proton, planet, 
DNA molecule) is a whole number. There is some 
analogy with the nuclear physics notion of wave 
number. From this fact we can assume that main natural 
matter elements exist in main resonance states. For 
example, if Bohr radius is 0.52917 Angstrom, then we 
can find the wave-length 1= 7d and the linear curvature 
is p = 1/1=3.0075-10" (m) and 3-dimensional curvature 
of this object is p = 3/1 = 1.0025:10° (m) that is unit of 
‘mater, corresponding to simplest atom, i.e. unit matter 
engine. Let's note that it is near the unit and some 
distortion of 0.0025 means non-ideal resonance state of 
the system. 
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Calculations for planet Earth in [7] were based on the 
known period of orbital rotation T=31557600 sec that 
corresponds to frequency of electromagnetic oscillations 


f =1/T =3.168861-10*(1/s) (8) 


and wave-length 


A=cl f =9.46....10'°(m) (9) 
The curvature (if this wave-length is considered as 
radius of the resonator) is following wave number 


p =1057.00:10"(1/m) (10) 
Also we can use other known data about the planet. 
Daily rotation period of our planet is known T=86400 
sec and we can calculate its wavelength 
A =3469,82(m) and corresponding curvature (wave- 


number). Sure, it is also a whole number with a good 
accuracy: 


p= 2882-107 (I/m) (11) 

‘The laws of physics in macro cosmos and micro cosmos 
are similar, From these calculations it was assumed that 
‘whole formation of mass spectrum of stable chemical 
elements of matter is determined by similar physical 
mechanism. 


Creation of mass 


In short we can summarize that technology of 
longitudinal waves in aether is a real basis for creation 
of matter with mass and inertia properties. N. Tesla 
used this method to produce different objects: from ball 
lightning up to electrons. Velimir Abramovic says in his 
article [8]: “The principle of resonance and harmonic 
oscillation of aether seems to be so clear that all 
problems of modern physics, especially a problem of 
energy conversion, will be solved with its development. 
By means of his vacuum tube Tesla got protons, 
electrons and neutrons directly from aether and 
reproduced them at any distance. Instead of giving a 
possibility to the bundle of protons to move through 
space to some place, he created conditions for 
momentary appearance of arbitrary quantity of particles 
in the given place.” 


Any objects can be classified as aether vortex and 
parameters of this vortex determine its mass, electric 


charge and other properties of matter. 


‘The “parton” as element of matter in [1] is a useful tool 
for description of physical properties of aether. 


Longitudinal waves in Woodward's experiment 


In [1] the authors state that resonant radiation in the 
required 10-100 MHz range appears to produce 


anomalous effects for such Bose condensates as 
superconductors. In my opinion it is a particular case 
of discussed above technology of longitudinal waves 
in aether due to possibility of transformation of 
transverse electromagnetic waves in longitudinal 
waves in the superconductors. This transformation in 
plasma is a well known physical mechanism. 


More facts to prove this idea: by Woodward [9] there is 
a special requirement, ie. the frequency of mechanical 
vibrations should be twice the frequency of electrical 
oscillations in the capacitor, which demonstrates the 
weight anomalies. But from the other hand it is a 
common rule for creation of longitudinal weaves in 
plasma! Also it is a necessary condition for generation 
of parametrical oscillations! So, we can assume that 
basis of the effects in [1] and [9] is a generation of 
longitudinal wave in aether. 


Conclusion 


Any element of matter can be considered as resonance 
process of aether oscillations, which are longitudinal 
waves. There is an analogy with description of these 
longitudinal waves and well-known matter waves by 
de Broighl. Experimenting on the longitudinal waves 
generation and especially experiments on standing 
waves to get gradient of aether pressure allows to 
develop gravity control technology. 
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Gerlovin’s Theory of Activation 


Alexander V. Frolov 


It isa review of the famous book by Ilia L. Gerlovin “Basis 
of unified theory of all interactions in matter"published 
in 1990, St.Petersburg, Russia. We hope this article let 
you discover some new aspects of physical vacuum 
structure to develop more new experimental methods. 
Comments made by Alexander V. Frolov, Editor. 


In [1] the author wrote about different methods to 
activate water solutions: mechanical, thermal, acoustic, 
magnetic and electrical. One of the known methods is, 
an activation by means of electrohydraulic method. 
‘There is also some information about activation of other 
mediums, mainly liquids, but also some gases and solid 
bodies, 


There are no theoretical explanations of these facts to 
explain all aspects of these phenomena. Furthermore, 
complexity of interpretation of these phenomena in 
frames of common physical notions induced some 
scientists to announce these phenomena as non- 
existing and “illegal”, 


Ilia L. Gerlovin formulated the physical principles of 
theory of activation of mediums on the basis of new 
physical theory, the Theory of Fundamental Field (TFF). 


‘These principles are based on his two important 
conclusions from the TFF: 


a) “Space around us is not empty, physical vacuum 
consists of material physical objects, i.e. elementary 
particles of vacuum (EPV). These particles are 
responsible for main activation processes; 

b) Force interactions between atoms in molecule, 
between molecules in crystals has not spherical 
symmetry in the crystals of solid bodies, but an axial 
symmetry and the interactions are changing in time 
with very high frequency of about 10" Hz. This 
feature of force interactions also makes its own 
contribution to the activation of mediums." (1, p. 
314] 


So, it was assumed that the phenomenon of activation 
of mediums can be defined as anisotropy of force 
interactions, which leads to “meta-stable state, which 
can be called structurally activated state of the given 
structure”. 


Here is some difference in principle between chemical 
term “activation”, which characterizes a transformation 
of molecule or atom in some active state with an 
increased energy, which is sufficient to provide a 
chemical reaction. It is energy activation. Gerlovin 
described new notion, a structural activation: “This 
phenomenon can he classified as some change of 
structure of activation object. With this, energy of 
molecule can have no changes, and active properties 
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Coupled with aetherodynamics time conception, which 
was suggested by Alexander V. Frolov, the works on 
the control of space-time parameters gain the possibility 
for development and commercial application. As a 
‘theoretical basis there are those N. Kozyrev works where 
his conception of “time density” are replaced by that 
of “aether density” according to Frolov. 


In September 2002, Faraday Labs Ltd Company plans 
to complete testing of the first experimental system, 
and to start the patenting and research of applied 
aspects, first of all in medicine, 


Physical Principles of the Time 
Machine 


Alexander V. Frolov 


Experimental success of research team headed by Dr. 
Vadim A. Chernobrov, Moscow was reported in [1]. The 
‘time course can be controlled as rate of any process in 
local space-time (inner space of the Time Machine). It 
can be decelerated or accelerated by means of special 
"converging electromagnetic waves. Ordinary waves 
move from the source whereas special “converging 
waves" move to some central point, ie. into the focus of 
the system. In Chernobrov's design of the Time Machine 
this process is organized by means of several spherical 
envelops, which consist of several electromagnets. 
Electronic control unit controls the processes in this, 
design. Dr. Chernobrov reported about 3% change of the 
‘time course in 4th version of the system, which was 
tested with a human inside. The goal of Dr. Chernobrov's 
work is to research the medical aspects and 
experimental investigation of the principles. Several 
important conclusions were obtained from the project: 
‘the time course can be controlled and character of the 
changes is different for acceleration and deceleration 
mode. 


Other known publication and research projects on the 
same topic seem to be very far from any commercial 
and practically useful application. Obviously the topic 
is very new and fantastic for most of scientific 
community and at first we have to clarify the physical 
principles of the time control project, which is started 
by Faraday Labs Ltd. 


In this project we believe that notion of time is one of 
possible description of real physical properties of our 
Universe. So, it is not mathematical abstraction but some 
aspect of physical reality and we can discover some 
physical properties of time. Russian astrophysicist N. 
A. Kozyrev [2 developed a theory of active properties of 
‘time and according to his point of view there are two 
properties: time course and time density. Prof. Kozyrev 
demonstrated experimentally that time density in area 
of some process (changes of matter) is dependent on 
entropy parameters of the processes. In [3] it was 
demonstrated that Kozyrev’s experiments could be 
interpreted in aether theory and it has led to simple 
physical conclusions and clear experimental 
perspectives: time course and its density can be 
explained and controlled as parameters of aether. 
Directions of aether flow and density of aether are 


subjects of experimenting with non-reversible changes 
in matter, for example, in crystallization or melting 
processes. Also it is possible to use special 
electromagnetic processes, for example, Chernobrov's 

onverging waves' or other longitudinal waves as 
methods of aether compression or rarefaction. If we 
assume that process of existence of elements of matter 
physically can be explained as aether vortex processes 
‘then its rate is a parameter of aether income/outcome 
balance (acther inflow in element of matter and aether 
outflow from the element of matter). It was also 
described in Time Rate Control (TRC) theory [3]. To 
control this balance it is necessary to develop technology 
of longitudinal waves generation, its focusing and 
resonance effects. The previous research and 
experimenting on the topic has been made by N. Tesla 


Let's assume that we have some technology to change 
parameters of time course. How should we organize this 
local space-time (what is spatial topology of the design)? 
‘There is a very interesting experiment to get the answer: 
rotation of a heavy cone (for example, lead cone) entrains 
surrounding aether, so a vortex appears, which is a 
toroidal formation of aether (rings). The rings can exist 
in space for a long period. The further question is: Why 
does the beam of light (laser beam) directed to the cone 
bby tangent create a luminous ring? We can assume that 
due to natural properties of photons (light propagates, 
along the geodesic line in space) some autonomous 
closed toroidal space should be created in such 
experiment. The next thought is: since space and any 
matter exist in time then we can speak about some 
autonomous time. The general conclusion is to be the 
following: autonomous 4-dimensional space-time can be 
created as toroidal aether vortex. 


Here is point to note some aspects of research project 
by Prof. Robert Mallett, Connecticut University, USA. In 
fact, sometime next year, he hopes to produce the first 
piece of technology that eventually will allow him to 
‘build a time machine. By Mallett it will be a device that 
employs lasers 'to twist space’. Why is he going to close 
the beam of light? His theoretical background is 
knowledge about black holes, i.e. understanding of the 
connection between gravity and curvature of space-time. 
In Einstein's theory both matter and energy can bend 
space and time. So Prof. Mallett assumes that curvature 
of space-time can be changed not only by mass (like a 
black hole) but it can he affected by energy of photons. 
‘This has led Prof. Mallett to consider the possibility of 
using a circulating beam of light to twist space and to 
create closed loops in time. It is predicted that a spinning 
neutral particle, when placed in the ring, is dragged 
around by the resulting gravitational field (4. From the 
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first view it is the same approach we have considered 
above (experiment with aether toroidal rings). But, 
proposals by Prof. Mallett differ in principle from the 
aether conception. 


‘The main aspect of this technology is a creation of 
autonomous (self-closed) toroidal space-time. 
Autonomous geodesic world line of this space-time is 
self-closed. Any photon should be circulating in this 
system due to its properties: photon is always moving 
along the straight line of the space. 


‘More deep understanding of this technology follows from 
the explanation of photon as oscillation of aether. Any 
photon can be considered as result of relative motion of, 
‘the matter (observer) in absolute space (immovable 
aether). Usually a photon is considered as moving object 
in space. But we can assume that observer is in the 
motion and the photon is oscillations of the absolute 
space (immovable aether). Which approach is more real, 
one? Sure, it is more easy to consider a photon as moving 
object but let's remember fact of our real motion in the 
Universe and fact of the Universe expansion. 


So, ideas by Prof. Mallett are very far from the aether 
nature of the time phenomenon. He follows the black 
holes theory and general understanding of space-time 
distortion due to mass or energy presence. Also he 
knows that a light beam should be closed in a ring. 
However Prof. Mallett is very far from physical basis of, 
the effects. The key of time rate control is technology 
of artificial aether flow, creation of aether vortex 
systems (AVS), management on density and direction 
of aether flow. There are several technical methods to. 
produce it. Any light beam should be curved in self- 
closed "light ring" if it is placed in a toroidal aether vortex 
and we can say that this system has own space-time. 


What does "some changes of time course” mean? We 
can measure it as some changes of standard rate of 
oscillation process, for example, some stable wavelength 
of laser beam or quartz oscillations. There is a well- 
known experiment with two atomic clocks (one of the 
clocks is placed on the roof of some building and another 
one is placed on surface of planet). Due to vertical 
component of gravity the time course should be different 
and it can be measured. How can we organize difference 
in these measurements if both atomic clocks are placed 
in the same altitude? 


It is necessary to consider gravity nature in frames of 
the aether conception. Two atomic clocks demonstrate 
difference in measurements due to difference in aether 
flow density. Hence, by means of aetherodynamics 
methods it is possible to control the rate of oscillation 
processes in the atomic clocks and in any matter (i.e. 
time course itself) 


‘The aetherodynamics methods have a clear analogy with 
electrodynamics: motion of charge produce field and 
there is the induction law. Really, classical 
electrodynamics can be considered as particular case 
of the aetherodynamics. So, physical sense of any field 
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is stress or deformation (it is some static field) or 
oscillations of aether. 


Let's introduce the notion of chronal (temporal) charge 
to consider some technical aspects. In electrodynamics 
we assume an electric charge as element of matter with 
positive or negative electric properties and we have to 
compare it with some reference (zero charge or test 
charge). Let's note that in any case we have to consider 
“charge of some particle’ but not an “abstract charge", 

So, we can postulate that any element of matter has zero 
chronal charge if it is moving from Past in Future with 
standard (usual for measurements of surface of our 
planet) time course. Ifthe time course (i.e. existence of, 
some element of matter) is decelerated then it can be 
measured as decrease of standard oscillation frequency 
of the matter. Time course acceleration means some 
increase of standard oscillation frequency of the matter. 

Let's determine that in the first case it is negative chronal 
charge and in the second case it is some positive chronal 
charge. Atomic clock is one of possible methods to 
measure zero chronal charge or to find some relative 
positive or negative difference. 


It is predicted here that motion of chronal charge 
should produce a chronal field. Some provisional data 
‘was received by Frolov from simple experiments on the 
rotation of a heat source. Accelerated motion of chronal 
charge (changes of density of chronal current) should 
produce aethero-induction effect that is an analogy (or 
more general case) of Faraday's induction effect. This 
effect can be detected as secondary (induced) 
deceleration of time course in nearest area of accelerated 
time matter. Another case is a secondary (induced) 
acceleration of time course in the nearest area of 
decelerated time matter. 


‘Technical realization of aethero-induction method seems 
to be very close to idea, which is described in classical 
epic "Back to the Future’. At frst, it is necessary to create 
or to collect some chronal charge in a "flux condenser" 
and then to accelerate it in space up to some velocity. 
According to the aether conception, this creation of the 
chronal charge is a real technical process. 


It is assumed that estimated chronal effects are 
demonstrated as some threshold field, ie. space-time 
has some stable discrete energy levels and changes of 
its curvature should have discrete threshold mode. All 
new aspects disclosed in this paper are the subject of a 
patent process. Faraday Labs Ltd organizes 
experimental program on the topic. Practical application 
ofthis technology is new energy systems and propulsion 
methods. 
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investigated completely yet. It was found also that 
harmful effect on biological systems is not related to 
the process of movement in Time itself but is a result of 
‘the difference of the Time rate value in various parts of, 
a body (a biological system). 


Inside of the laboratory setup it was also discovered 
that Time could be changed with some inertia. Areas 
of space having different Time rates have vague borders. 
With sufficient difference in Time rate the human can 
see an area with a different Time rate as some white 
mist. Higher the difference ~ the mist is denser, that 
can be used as an alarm signal for biological systems. 
It is possible to consider Time-travel as possible and 
(after experiments with mice) there are reasons to 
suppose it will he safe for travelers if they follow certain 
rules. It is especially necessary to emphasize: the trips 
‘through Time (due to new discovered properties of Time) 
can't affect the Past and they can't change our past 
history. All the so-called paradoxes for the traveler in 
‘Time (for example when “he meets himself in the Past” 
or “he kills his grandfather in his childhood” have clear 
solutions in $-dimensional Time. 


Itis possible to consider as a proven fact that Time has 
more than one dimension, i.e. O. Bartini's theoretical 
calculations are confirmed by these experiments: Time 
has 3 dimensions. Hence our Earth world can be 
considered as a 6-dimensional object: length, width, 
height, age or date of Time, variant of a History or 
erosion of Time, density or rate of Time. The concept of 
“the Arrow of Time" as fourth dimension (moment of 
‘Time) is a particular case of the concept of sixth 
dimension (rate of Time) that leads to the physical 
concepts of gravitation and energy and they are 
simultaneously connected. Concepts of the “ Einstein- 
Rosen bridges” known since 1916 or “worm-holes” 


introduced into science by John Willer in the 60's, are 
travels in 5" and 6" dimensions, ie. the “classical” Time 
travels, which were described by H. Wells. 


Editor's: As the reader could note, the author does not 
disclosure the secrets of the TM design. From the photo 
you can see the electromagnets, which form the regular 
‘stereometrical construction as well as the cables from 
the TM to the control unit, Dr. Chernobrov mentioned 
the converging electromagnetic waves only. So, to 
understand how it works, it is necessary to get a clear 
notion of the converging electromagnetic waves. Let's 
imagine the ripple effect created by a stone in the water. 
The waves move from a central point to periphery. The 
converging waves are just an opposite process: the 
waves move from periphery to the central point. Is it 
possible in Nature? Yes, sure. Dr. Chernobrov wrote: 
“Let's throw a hoop on the water and inside of the hoop 
we'll see converging waves." The Time Machine 
technology by Dr. Chernobrov is based on the similar 
principle. 


Time Machine Project 


Alexander V, Frolov 


‘Scientific Expert of the Russian Physical Society, 
General Director, Faraday Lab Ltd 
‘T/fax: 7-812-380-6564 Te: 7-921-993-2501 
Email: diector@faradayru. alex@trolov.pb.ra 


‘May 29, 2002 


Faraday Labs Ltd and Dr. Vadim Chernobrov have 
signed the agreement on scientific-research work on 
investigation of active properties of time. 


In the course of the previous experimental works, 
carried out by Dr. Chernobrov's research team during 
the period from 1984-2002, four versions of Time 
‘Machine had been made and tested. At these devices 
(the biggest system is about 1 meter in diameter) the 
effects of deceleration and acceleration of time course 
were created and measured. The principles of control 
of time course velocity were based on the 
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‘Alexander V. Frolov, General Director Faraday Labs Ltd and Ph. 
‘Dr. Vadim A. Chernobrov have just signed the Contract, 


interconnection of electromagnetic processes and 
physical properties of space-time. Special 
electromagnets, operating in pulse mode, are placed at 
the spherical frame. They create the so-called 
“converging wave”, which by Alexander Frolov is a 
longitudinal wave in nature. 


Coupled with aetherodynamics time conception, which 
was suggested by Alexander V. Frolov, the works on 
the control of space-time parameters gain the possibility 
for development and commercial application. As a 
‘theoretical basis there are those N. Kozyrev works where 
his conception of “time density” are replaced by that 
of “aether density” according to Frolov. 


In September 2002, Faraday Labs Ltd Company plans 
to complete testing of the first experimental system, 
and to start the patenting and research of applied 
aspects, first of all in medicine, 


Physical Principles of the Time 
Machine 


Alexander V. Frolov 


Experimental success of research team headed by Dr. 
Vadim A. Chernobrov, Moscow was reported in [1]. The 
‘time course can be controlled as rate of any process in 
local space-time (inner space of the Time Machine). It 
can be decelerated or accelerated by means of special 
"converging electromagnetic waves. Ordinary waves 
move from the source whereas special “converging 
waves" move to some central point, ie. into the focus of 
the system. In Chernobrov's design of the Time Machine 
this process is organized by means of several spherical 
envelops, which consist of several electromagnets. 
Electronic control unit controls the processes in this, 
design. Dr. Chernobrov reported about 3% change of the 
‘time course in 4th version of the system, which was 
tested with a human inside. The goal of Dr. Chernobrov's 
work is to research the medical aspects and 
experimental investigation of the principles. Several 
important conclusions were obtained from the project: 
‘the time course can be controlled and character of the 
changes is different for acceleration and deceleration 
mode. 


Other known publication and research projects on the 
same topic seem to be very far from any commercial 
and practically useful application. Obviously the topic 
is very new and fantastic for most of scientific 
community and at first we have to clarify the physical 
principles of the time control project, which is started 
by Faraday Labs Ltd. 


In this project we believe that notion of time is one of 
possible description of real physical properties of our 
Universe. So, it is not mathematical abstraction but some 
aspect of physical reality and we can discover some 
physical properties of time. Russian astrophysicist N. 
A. Kozyrev [2 developed a theory of active properties of 
time and according to his point of view there are two 
properties: time course and time density. Prof. Kozyrev 
demonstrated experimentally that time density in area 
of some process (changes of matter) is dependent on 
entropy parameters of the processes. In [3] it was 
demonstrated that Kozyrev’s experiments could be 
interpreted in aether theory and it has led to simple 
physical conclusions and clear experimental 
perspectives: time course and its density can be 
explained and controlled as parameters of aether. 
Directions of aether flow and density of aether are 


subjects of experimenting with non-reversible changes 
in matter, for example, in crystallization or melting 
processes. Also it is possible to use special 
electromagnetic processes, for example, Chernobrov's 

onverging waves or other longitudinal waves as 
methods of aether compression or rarefaction. If we 
assume that process of existence of elements of matter 
physically can be explained as aether vortex processes 
‘then its rate is a parameter of aether income/outcome 
balance (acther inflow in element of matter and aether 
outflow from the element of matter). It was also 
described in Time Rate Control (TRC) theory [3]. To 
control this balance it is necessary to develop technology 
of longitudinal waves generation, its focusing and 
resonance effects. The previous research and 
experimenting on the topic has been made by N. Tesla 


Let's assume that we have some technology to change 
parameters of time course. How should we organize this 
local space-time (what is spatial topology of the design)? 
‘There is a very interesting experiment to get the answer: 
rotation of a heavy cone (for example, lead cone) entrains 
surrounding aether, so a vortex appears, which is a 
toroidal formation of aether (rings). The rings can exist 
in space for a long period. The further question is: Why 
does the beam of light (laser beam) directed to the cone 
bby tangent create a luminous ring? We can assume that 
due to natural properties of photons (light propagates, 
along the geodesic line in space) some autonomous 
closed toroidal space should be created in such 
experiment. The next thought is: since space and any 
matter exist in time then we can speak about some 
autonomous time. The general conclusion is to be the 
following: autonomous 4-dimensional space-time can be 
created as toroidal aether vortex. 


Here is point to note some aspects of research project 
by Prof. Robert Mallett, Connecticut University, USA. In 
fact, sometime next year, he hopes to produce the first 
piece of technology that eventually will allow him to 
build a time machine. By Mallett it will be a device that 
employs lasers 'to twist space’. Why is he going to close 
the beam of light? His theoretical background is 
knowledge about black holes, i.e. understanding of the 
connection between gravity and curvature of space-time. 
In Einstein's theory both matter and energy can bend 
space and time. So Prof. Mallett assumes that curvature 
of space-time can be changed not only by mass (like a 
black hole) but it can he affected by energy of photons. 
‘This has led Prof. Mallett to consider the possibility of 
using a circulating beam of light to twist space and to 
create closed loops in time. It is predicted that a spinning 
neutral particle, when placed in the ring, is dragged 
around by the resulting gravitational field [4]. From the 
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Kozyrev-Dirak Radiation 
Its influence on animals 


Dr. Ivan M, Shakhparonov 


International Academy of Energy-Informational 
Sciences 


In the experiment with animals, that were made in the 
Center of Oncology Researches (COR) at the Russian 
Academy of Medical Sciences (RAMS), on the applying 
of Kozyrev-Dirak's Focused Radiation (KDFR), ithas been 
found that KDFR decreases the quantity of glucose in 
the blood, reduces its tenacity, promotes the 
strengthening of immunity and the rise of the quantity 
of marrow cells. 


Introduction 


‘This time researchers in Russia and abroad experiment 
on ball lightnings by means of nonoriented circuits, 
which are similar to the electric analogues of Mobius 
band, also by means of Klein bottle and their 
combinations. Non-oriented fields are investigated very 
intensively now. Accordingly, organisms of the 
researchers, who observe the interactions of such fields 
with a matter, are also changed, thus they should take 
it into account on making such experiments. The aim of 
the article is to show in which way the fields of 
nonoriented circuits influence on animal and human 
organism. Besides the article has for its object the 
prevention of negative consequences, which can appear 
for experimenters through the research process. 


Experiments with animals that were carried out in 1992 
1993 in Russian Academy of Medical Sciences (RAMS) 
had not been published in proper time because there 
were no quantitative methods of radiation detection. 
Later, in 1996 they were developed [1] and KDFR 
parameters were measured in that geometry, which 
were applied in RAMS. In 1998 powerful and super- 
powerful KDRF sources were obtained. These sources, 
were applied (and are applied now) in the researches 
at the controlled radioactive decay [2]. Kozyrev and 
Nasonov [3] and later also Lavrentyev with the 
collaborators [4,5] have proved experimentally that the 
Sun and some stars generate the radiation, which has 
early unknown properties. We suggest that the 
radiation, discovered by Kozyrev [3], and the radiation, 
which is researched by us and by other experimenters 
with nonoriented circuits, are of the same phenomenon, 
At first, it should be noted that on interaction between 
Kozyrev-Dirak radiation (KDR) and a matter made it 
colder. As it was demonstrated above [1], cooling effect, 
can be explained by matter re-magnetization under the 
influence of KDFR beam (adiabatic demagnetization). 
According to the still unpublished data, KDFR bunch 
destroys matter lattice by the way of it’s moving. 
However, after a couple of week matter reconstructs it 
to the almost tabulated points, without defects, 
blockness and other damages, which are peculiar to 


other natural crystal structures. In the definite sense 
nature demonstrates the way to rejuvenate 
compound structures. As it is well known, vital 
functions of biological systems on the Earth depend on. 
the structure and composition of water. Therefore, we 
have a right to expect considerable changes in the vital 
functions of biological organisms under the influence 
of KDFR. 


Experimental Devices 


In experiments with animals there were applied the 
devices, which concentrated KDR (KDCR) and had 50 
Wtt aggregate electrical power. The description is, 
presented in [2] 


KDFR indication was obtained by calorimetric method 
[1], along the way of movement of the main bunch (with 
10 cm across diameter) and at angle of 45° from the 
geometrical axis of a device. 


Researches of Bleeding Duration 


Let us consider KDFR influence on the blood 
composition of animals. At the experiment 24-28 gram 
‘weighting, pelletized fed male mice were used. In the 
process of the experiment it was discovered that 3 and 
4 hour processing of mice with KDFR at the distance 
2.5 m and at the presence of animals in the sphere of 
maximum radiating power, caused some changes of 
fibrillation system. The bleeding duration was 
determined according to Duke method. Two groups of 
animals were used at the experiments: a group with 4- 
hour duration of KDRF processing and a group with 6- 
hour duration. Time of bleeding was considered in 
dynamics at 1, 2, 7, 14, 21, 28 and 36 day (Fig. 1). The 
bleeding duration ofthe intact animals was determined 
by the value 12811 sec. After the applying of KDFR 
there was noticed some increase of bleeding duration 
to. 26116 sec and 223:+21 sec on the first day after the 
stopping of the influence. In the subsequent periods 
bleeding duration gradually decreases up to the level 
of physiological norm. The whole normalization of the 
index is observed at the animals, which were processed 
by KDFR during 4 and 6 hours, on 28-35 day up to 
115+12 and 13318 sec correspondingly. In the process 
of observations at the animals, the correlation between 
time of fibrillation and periods of KDRF processing of 
the animals has not been revealed (Fig. 1). 


‘leoding duration of animal afer and 6hour KDFR procesing 


Conta Geo) 
S-RDRE 4 hour (05) 
Te KDRF 5 hour (3) 


Bleeding (6) 
é 


“Time (24 hou) 


Fist 
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In the course of the experiment the strongly marked 
chronometric hypocoagulation was discovered due to 
the extension of the parameter “K" or, probably, because 
of the change of aggregation properties of platelets 
(Table 1) 


For the determination of biochemical indexes serum was 
obtained from §-8 ml of rats’ venous blood. Beforehand 


(24 hours before the slaughter), forage was taken away 
from the animals. The determination of biochemical 
indexes was provided by means of biochemical analyzer 
HITACHI. As a result of the experiment it was 
determined that at the first day after influence of KDRF 
there was a tendency of decrease of the glucose content 
(Table 2). Other indexes varied in the limit of 
physiological norm. 


Table 1 Parameters of thromboflexogramm after KDFR, 4 hours 


Faimal F Parameters of thrombollexogramm Fibrio gene Fibrinal activity 
R(sec) | K(sec) | _Ma (mm) 
T 72 = TO : 5 
Zz TOz = Te 5 
T 920 = 10 275 7 
2 180 160 2 315 20 
T 180 = 5 : 100 
Table 2 KDFR influence on the glucose content in blood of the rats 
Time (days) EDFR 4 hows Test EDFR 6 hours Tet 
after the experiment | __(mmole/l) (mole) (mmole) (mmole) 
L 314 6.12 6.39 721 
10 759 935 890 6.09 
30 6.05 6.09 


Research of haemopoiesis system 


Several criteria were considered: the dependence of 
biological effect on the distance, on the power flux 
density, on the duration of processing. Besides, KDRF 
influence on mice survival was considered. 


Atthe experiment 24.28 gram weighting, pelletized fed 
male mice were used. The marrow was examined in 
the dynamic at 1, 3 and 7 day after KDFR influence. Six 
animals were taken on each point. After the 
decapitation of the mouse their thighbones were taken 
out and after that the absolute number of 
myelokaryocytes was calculated by the standard 
method in Goryaev chamber. 


Dependence of the biological effect on the distance 


In all experiments the maximum flux density along the 
geometrical axis of KDCR device was a constant. There 
‘were used four temporal modes of the influence (1, 2, 3, 
4hours) and three points oflong distance between KDSR 
and the biological object (0.5; 1.5; and 2.5 m). At 0.5m 
distance there were no differences in the number of 
marrow cells in comparison with the control cells. With 
the increase of distance between KDCR and the object 
from 0.5 to 1.5 m some tendency to the increase of the 
number of marrow cells up to the 7° day was observed. 

Four-hour KDRF processing caused the increase of the 
number of karyocytes up to 29.9941.25x10* (P<0,001). 
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‘Thus, any dependence of the biological effect on the 
exposition has not been revealed. For instance, at the 
7* day after one hour of the exposition the number of 
karyocytes was equal to 28.45#1.87x10° at the same 
time after 3-hour processing it came to 27.6540.74x10* 
Alongside with the change of the distance to the 
biological object from 1.5 to 2.6 m the tendency towards 
the increase of the number of marrow cells has kept 
within the same limits 28.2741.32x10° and 
29.57:0.88x10" 


Dependence of the biological effect on the power 
flux density 


‘The comparative investigation of KDFR influence on the 
biological object in the coverage of KDCR (along its 
geometric axis) and outside the coverage has 
demonstrated that alongside with the increase of the 
radiation intensity there was a tendency towards the 
decrease of stimulative influence of KDFR on 
haemopoiesis. 


Dependence of the biological effect on the duration 
of processing 


On processing the animals at distances up to 2.6 m from 
KDCR and on increase of exposition to 3-4 hours it is 
possible to obtain reliably significant difference in the 
number of marrow cells from the physiological norm to 
the T* day. 


KDRF influence on the survival of mice 


‘The experiments, determining the survival reaction 
of animals, were made by means of gamma radiation. 
30-day survival is the criterion of determination. 

Conditions for the experiments are the following: in the 
coverage of KDCR and aside the coverage, (the distance 
between the KDCR and the object is 2.5 m in the 
coverage of KDCR and 0.5m outside the coverage). Time 
of influence is 4 hours. Animals of both sex were used, 

‘Two groups of animals were used. The test group was, 
put to the gamma radiation in the diapason of doses, 
which caused marrowy syndrome, ie. from 7.5 to 8.5 
Gr. The second group of animals after the irradiation in 
‘the same diapason of doses was repeatedly processed 
with KDFR. Time of the influence is 4 hours at 7.5 Gr 
gamma radiation on 15 mice in one bath and 8.5 Gr on 
15 mice in another bath. Total gamma radiation of the 
animals was made by means of the source '”Cs with 
‘the dosage rate of §.2 Gr/min. Gamma radiation in this 
dose diapason causes death of the animals during the 
development of the marrowy syndrome, i.e. from the 6" 
‘to the 20" day along with the aplasia of haematogenic 
tissue. Combination of gamma radiation and KDFR 
sometimes leads to the slight increase of the number of 
survived animals. If the animals are irradiated by 
gamma rays at first and then by KDFR, the death control 
at 7.5 Gr radiation is equal to 5.5% from the total number 
of the animals and at the following KDFR processing 
16% of the irradiated animals die. However, 67% of the 
animals in the tested group have died after KDFR 
processing and after the coming next gamma radiation 
with 8.5 Gr total dose. And in the group, which was 
processed with KDFR, only 46% of the animals died. 


Immunity strengthening 


For the investigation of KDFR influence the following 
tests were chosen: activity of natural killers and T-killers, 
which had been obtained by the immunization in vitro 
in the unidirectional mixed culture of lymphocytes and 
also in the reaction of blast transformation on the 
specific mitogen [6, 7|. All tests were made on the 7" 
day after a single KDFR influence. Unfortunately, data 
have been obtained with the applying of radioisotope 
preparations. Though the experiments of this kind were 
successful and though they have demonstrated the 
increase of some immune reactions’ level, there is a 
certain doubt in the relevancy of radioisotopes 
application [2|. Thus the series of experiments was, 
made. These experiments were aimed at the 
investigation of KDFR influence on the development of 
‘the swelling process. The aim of the experiment is the 
investigation of KDFR influence on the development of 
Ehrlich cancer and sarcoma-37, which were repeatedly 
inoculated to mice. At the first stage of the experiment 
there was a single KDFR influence on the mice 
repeatedly inoculated with sarcoma-37, on the 2 day 
after the repeated inoculation of the swelling cells to 
the animals. The repeated inoculation was made 
intramuscularly in a right thigh, in a dose 10° of cells, 
peramouse. Time of KDFR influence for the first group 
of animals was equal to 1 hour; for the second one it 


came to 2 hours; and for the third one it came to 4 hours. 
Each group consisted of 6 animals. The test group 
consisted of six mice with repeatedly inoculated 
sarcoma-37 and which had not been processed with 
KDFR. Asa result, the average lifetime of tested animals 
‘was equal to 9 days. The average lifetime of animals of 
KDFR groups came to 48 days (for 1-hour KDFR 
influenced group); to 12 days (for 2-hour group); and to 
31 days (for 4-hour group). Thus, the average lifetime of 
the experimental group came to 29 days. Besides, in 
the group, which has been processing with KDFR during 
1 hour, the half of mice had survived (three of six 
mice). 


At the second stage of the experiment the repeated (5 
times during 2 hours) KDFR influence on the mice was 
applied. These mice have been inoculated with 
sarcoma-37 at seven days before the beginning of the 
influence. As a result, the average lifetime of the animals, 
‘was equal to 27 days, and for the mice, which were 
processed with fivefold KDFR influence, the average 
lifetime was equal to 76 days. The obtained results are 
the evidence of inhibition of swelling development for 
the animals, which were processed with KDFR 
influence. This leads to the increase of lifetime of such 
animals in comparison with the test. Thereby, at a great 
extent the results of the previous experiments on the 
strengthening of immune status after KDFR influence 
were confirmed. 


Results and discussion 


Let us make a conclusion. At the KDFR influence on 
animals’ organism the following effects were observed: 
decrease of blood viscosity; strongly pronounced 
hypocoagulation; decrease of contents of glucose. 
Increase in the number of karyocytes and the extended 
lifetime ofthe animals, infected with Ehrlich cancer and 
sarcoma-37 ware also observed. 


As for human being, the researches in this area have 
not been carried out yet and they are still confined to 
the single observations. Itis possible to give an example 
from the author's practice. In 1975 nonoriented circuit 
of SkWtt power was examined. Field strength was 
measured. The author of the article had been working 
in the field for about 8 hours. And after five hours after 
‘the experiment I had felt bad. That time it was nothing 
known about the influence of the new radiation on. 
human organism. The arrived ambulance has quickly 
diagnosed that I was close to hypoglycemic coma. On 
several hours after the intravenous glucose injection, 
my state has become normal. Now we know that before 
the experiments with powerful KDFR bunches it is 
necessary to eat sugar. Thus we believe that the data, 
which were obtained after the experiments with 
animals, can be applied to a human being. We can 
suggest that the manifestation of the symptoms of the 
KDFR influence on human organism depends on the 
power of the applied source, on the total mass of the 
organism and on the time of it in the coverage of the 
irradiation. From aforesaid it is clear that the experiment 
‘with powerful KDFR sources is far from being harmless 
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and it is better to make it distantly after exclusion of 
man presence near experimental stands and devices. 
At the same time it is quite obvious that on applying of, 
small capacity and fixed time of irradiation itis possible 
to develop methods for curing of human diseases, which 
are considered now as incurable (for instance of 
diabetes, some diseases of haematogenic system, of 
cancer and possibly of AIDS. 
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Introduction 


Authors communicate the data on influence of Magnetic 
Blow Wave (MBW) field on several wineproducts. It was 
found, that MBW did not lead to significant changes in 
the major components of the wineproduct (sugar, 
organic acids, minerals). At the same time the taste and 
aroma of treated wine become more pleasant; content 
ofheavy alcohols and wine stone in the treated samples 
was less than in non treated ones. A mechanism of 
transformations was also discussed, 


Keywords: Magnetic Blow Wave (MBW), Wineproduct, 
GLC of aroma compounds and ethanol, HPLC of sugars, 
Atomic Absorption Spectrometry (AAS) of minerals, 
Heavy alcohols and aldehydes, Wine stone, Turbidity 
tendency, Organoleptic evaluation 


Magnetic Blow Wave (MBW) was obtained for the first, 
time during the investigations on ball lighting 
generation under the laboratory conditions 
(Shakhparonov 1994). MBW as a physical object is 
interesting because of some facts, which suggest that 
‘MBW is a magnetic monopole. The MBW can also 
interact with the matter and transforms it in a definite 
way. Typical example is an elementary carbon in the 
form of graphite, which is transformed by such magnetic 
treatment into ferromagnetic substance (ibid). 
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‘The graphite, which is initially diamagnetic, transforms 
to paramagnetic one with general radiation doze of 
about 7:10 neutrons/cm?. Other types of radiations 
could not affect this way (Svoistva 1975). So one unit of, 
‘MBW can he considered as 1-10" of neutron masses. This 
fact may be regarded as an indirect evidence for 
assuming that MBW and magnetic monopole are the 
same things. In the absence of excited radioactivity a 
slow MBW [v/c < 1-10*] occurs, which does not ionize 
atoms (Devons, 1963). Therefore, their interaction with 
the matter can be observed only indirectly. No data exist 
onthe interaction of MBW with organic substances. The 
experiments and results reported in the present 
communication may be a starting point for development 
of technology and to formulate the methods for vintage 
wine and best quality spirit production. 


‘Materials and Methods 


Assuming that MBW and magnetic monopole are the 
same things, a number of conditions were selected for 
all experiments. The MBW source and the samples were 
placed in the same axis and the axis was oriented 
according to magnetic meridian direction. Such 
magnetic orientation is appropriate, as the energy of, 
magnetic monopole theoretically increases in a 
magnetic field (Devons, 1963). All of samples were 
placed at 250 cm distance from MBW source, in 
hermetically closed glasses. It should be noticed that 
‘MBW could penetrate through many other barriers, for 
example into cast iron reservoir with wall thickness of 
5.cm (Amaldi, 1970) 


The quality investigations were made by using of 
standard equipment. HPLC, equipped with 
refractometric detector was used for sugars estimation. 
‘Separation of organic acids in forms of their ethyl esters 
and acid esters was carried out chromatographically 
using a column packed with polyethylenglycol 
succinate and the following temperature option: initial 
temperature is 120°C, final temperature is 220°C, 
temperature growth rate: 8°/min. GLC was also 
‘employed for determination of ethanol. Minerals content 


conclusion: in order to obtain complete information 
about any system, it should be destroyed. However, 
destruction of tissues of the man in order to get 
information about their state is a too high price to pay 
for the information about his health. 


However, the above Van Hoven's criterion can be 
satisfied with the minimum influence, when the cells 
are not destroyed and the atoms of these cells, being 
primary sources of torsion spectrums to be registered, 
are bring into the non-equilibrium state by means of 
outer disturbing influence. 


In order to choose the frequency of the disturbing 
torsion influence correctly, it is necessary to take into 
account the role of water in physical and biochemical 
organization of tissues of the human organism, 


‘At the same time, it is necessary to take into account 
the resonance torsion frequencies of various human. 
organs. Finally, it turns out that the signal of torsion 
disturbance should be rather sophisticated considering 
both these factors. The TORDI system is a ready-to-use 
production device. Nevertheless, it is important to 
understand that the model is not the limit of scientific 
and technical potential incorporated in it and that 
enhanced variants of the system will appear with the 
course of time. 


‘Summing up, I would like to draw your attention once 
more to the fact that work on torsion technologies is 
not limited by the directions that were discussed here, 
Actually, as it was pointed out in the beginning, on- 
going development includes all branches of economy, 
industry, agriculture and medicine, as well as all 
problems of everyday life. Technologies that we 
mentioned are the forerunner of the fact that the 
mankind is on the threshold of the age of torsion 


technologies, which, we believe, will change our life in 
the 21 century more than all the scientific and technical 
revolutions of the 20" century. 
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The Electrical Vortex 
Non-Solenoidal Fields 
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A mistake was found in the electrodynamics: it is 
detected that all electrodynamics’ postulates 
corresponds to the experimental facts, but vortex 
electric fields has unclosed inductive lines. 


When the magnet is moving, then the current of 
magnetic induction is moving together with it. From 
known velocity of motion v and the value of magnetic 
induction B, it is possible to calculate the intensity E of 
appearing vortex field according to electrodynamics 
formula of transformation of fields E=vB. 


If to change the E. é .B in formula 
of fields’ transformation, that will get D= & ,Bv, where 


B on induction D. 


D is electric induction, B is magnetic induction, v is 


velocity of motion, ¢ , is electric constant. 


Herewith the appearing electric induction is always 
‘transverse to the direction of motion. It is possible to 
formulate the rule of origin for electric induction under 
‘the condition of rectilinear motion: ifto dispose the right 
hand palm so four fingers shows the motion direction 
of the magnetic flow (the field), connected with moving 
magnet, and the vector B fells into palm, then the moved 
aside big finger will indicate the direction of vector D. 
‘The given rule is like the rule for Lorenz’ force, but on 
‘the contrary (the difference is in frame). In the first case 
the charge moves, but the magnet rests. Here the 
magnet moves, but the charge, which points the 
direction for lines of force of electric induction, is 
immovable. So, there it is the rule for left hand, but here, 
on the contrary, it is the rule for right hand. Thereby, if 
the charge moves, but the magnet is immovable, then 
‘the rule of left hand uses for determination of the force. 
But if the magnet moves, but the charge rests, then the 
rule of right hand uses for determination of the force. 
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‘The origin of electric force is connected with that, the 
vortex electric field D= ¢ ,Bv appears around moving 
magnet (the magnetic field does not act on immovable 
charges). 


In common literature on electrodynamics there is no any 
difference between electric vortex field and solenoidal 
field, but these are different notions. The sign of 
solenoidal field is the closed lines of electric induction 
(the flow of vector D through the closed surface is a 
zero), but for the vortex field the sign is following: the 
‘work of forces can be different from zero under the 
condition of motion along a closed line. That is to say, 
the vortex fields can agitate the rotational currents. 


From the electrodynamics textbook: "The work of forces 
of vortex electric field can be different from zero, when 
the electric charge is moving along a closed line.” 


For instance, when the magnet moves, the vortex 
electric field appears and this field can be solenoidal or 
not, depending on magnet's orientation, Let's take such 
example: the magnet moves evenly, rectilinearly, and 
it's poles are oriented transversely to direction of motion. 
According to the rule of origin for electric induction 
(D=€ .Bv that is the rule of right hand), the appearing 
vortex electric flow is not a solenoidal, since the lines 
of electric induction are not closed. Its begins in one 
conditional area of disturbance (+), accompanies the 
moving magnet, and it finish in another area of 
disturbance (-). For presentation it is enough to consider 
only two areas (+) and (-), represented on Fig.1. These 
dissimilar areas of disturbance appears because that 
flow of magnetic induction inside the magnet has the 
inverse direction, that outside the magnet. 


Fig.t Fig2 
‘That moving disturbance of electric and magnetic fields 
presents itself as transverse electromagnetic 
disturbance. Also, it is necessary to notice, that under 
such magnet's motion, the appearing vortex electric 
field is not closed, but the current of electric 
displacement, connected with it, is closed (a currents 
are always closed). In given example, for clarity, it is 
possible to present a intensity of electric field through 
the Lorenz’ force, if to take the frame, in which the 
magnet rests, and the test charge moves. 
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On the Fig.1 the moving magnet is conditionally 
represented (motion is toward to the text, magnet is 
moving away). N and S are poles of magnet. The 
direction of lines of electric induction, appearing when 
the magnet is moving, specified by arrows > and €. 
Part of the lines begins in positive area (+) and finishes 
in negative area (-), the areas are placed on the ends of, 
magnet. The flow of electric induction through closed 
surface is not a zero; that is to say, these areas of 
disturbance are moving electric charges. 


From the electrodynamics textbook again: “The flow of 
vector D through any closed surface is equal to algebraic 
amount of external charges, covered by this surface. In 
the electrodynamics these postulates has the same role, 
as Newton’ laws in classical mechanics." 


Thereby, according to postulate, it is necessary to 
consider the appearing dissimilar areas of disturbance 
(+) and () to electric charges, or it is necessary to 
change the postulate. 


Itis interesting, that a part of ines of electric induction, 
which placed frontal and behind magnet, starts and 
finish at infinity, since the distribution of magnetic 
induction around magnet has not determined borders. 


For clarity, it is possible to make following calculation. 
For instance, the coil (loop or turn) with current, as a 
magnet, moves evenly and rectilinearly, but its magnetic 
poles are oriented transversely on motion direction. 
Under such motion the lines of electric induction are 
not closed, and the dissimilar areas of electric field’s 
disturbance appears in space on the edges of this coil, 


On Fig.2 the moving coil with current is conditionally 
represented. It moves from left to right side of the page. 
‘The arrows on the coil indicate the direction of current. 
‘The appearing dissimilar areas of disturbance of electric 
field are marked by signs (+) and (-). Knowing, that in 
medium of the coil B=11,/2r and according to D= & Bv, 
itis possible to find the electric induction, appearing in 
the center, between two dissimilar areas D=¢,1,Jv/2r, 
where lis current in the coil, ris radius of the coil, v is 


velocity of motion, £, is electric constant, [ly is 
magnetic constant. The electromagnetic disturbances 
in transverse electromagnetic waves has the similar 
field construction, there also dissimilar areas of 
disturbance of electric field exists, that is to say the 
lines of electric inductance are not closed. Only the 
currents of electric displacement and magnetic 
induction are closed. 


Let's consider another example: magnet moves 
rectilinearly, but its poles are oriented longitudinally to 
direction of motion. According to the rule for origin of 
electric induction (D= ¢ ,Bv is the rule of right hand), 
the appearing rotational électric flow is solenoidal, since 
in this case the inductive lines become closed lines. 
Usually in books on the electrodynamics such moving 
magnet is considered, and the wrong conclusion is 
thereof done, that vortex electric field is always 


solenoidal, herewith it is forgotten, that poles of the 
magnet can be oriented not only along the direction 
of motion, but across also. 


From the electrodynamics textbook: “The vortex electric 
field differs from electrostatic field that it is not related 
with any electric charges and its lines of intensity are 
closed lines." 


From theory and from experiments it follows, that 
under transverse motion of magnet the lines of 
disturbance of vortex electric field can be unclosed 
and, accordingly, the flow of induction through the 
closed surface is not a zero. Then there is a direct 
discrepancy to facts in modern electrodynamics. It is 
strange, but for the whole history of researches in 
magnetism the transverse magnet's motion was not is, 
considered. It leads to revising of electrodynamics’ 
postulates, which plays such role in electrodynamics, 
as the Newton's laws plays in classical mechanics. The 
postulates, giving invalid belief about field processes, 
accordingly, do not allow to make some correct 
calculations. Fallaciousness ofthese postulates was one 
of the reasons, on which the electrodynamics could not, 
‘to consider and to calculate the discrete electromagnetic 
waves (photons), where the magnetic field also is the 
transverse field (the field construction and calculation 
of photons are represented on the page http:// 
www.comail.ru/~alemanov). That is to say, not only 
particles has the charges, but areas of disturbance of 
field (without particles) are the charges also, where 
‘the flow of electric induction through the closed surface 
is not a zero. Thereby, the vortex electric fields can be 
not only as closed flows of induction, but as well as 
inducted electric charges, accordingly, the laws for 
electric charges are valid for induced electric charges 
also. For instance, in the law of conservation of charge: 
if somewhere the area of disturbance with positive sign 
appears, that negative area appears also. 


From the electrodynamics textbook: “The vortex electric 
field is generated by the variable magnetic field. Its force 


lines 
field. 


re always closed, like force lines of magnetic 


But before this fundamental postulate, confirming, that 
force lines of vortex electric field are always closed, it 
‘was necessary to consider all variants of change for the 
magnetic field, including the variant of the transverse 
motion of the magnet. That is to say, the consideration 
of physical processes could not be unilateral. Faraday 
considered the longitudal motion of magnet and 
discovered the electromagnetic induction, but the 
transverse motion of magnet that have the principle 
importance for understanding of field processes in 
electrodynamics was not considered. Thereby, the 
longitudal motion of magnet brings to arising a vortex 
electric field with closed force lines, but transverse 
motion of magnet brings to arising a vortex electric field, 
‘where the lines of forces are not closed. In this case it 
lead to induced electric charges. It is necessary to 
notice, that this is first mistake, detected in 
electrodynamics postulates for all time of existence of 
electrodynamics. 

From the electrodynamics texthooks: "...Gauss' theorem 
is valid not only for electrostatics, but also for 
electrodynamics, which using a variable in time 
electromagnetic fields. We are not sure ifthis hypothesis, 
is valid or it is not valid... Only the experiment can 
give the answer on this question. The whole collection 
of experimental facts speaks in favor of this hypothesis.” 
But, unfortunately, the experiment with transverse 
motion of magnet was not considered seriously in this, 
‘textbook. 


(Editor's note: Well-known Searl's experiments and 
Godin & Roshchin's experiments are based on such 
transverse motion of magnets (rollers). In Alemanov's 
article it was demonstrated that in this case the 
‘experiment should lead to induced electric charges. 
Really it was detected in experiments. Hence this 
missed aspect of electrodynamics is very important 
for development of the new energy technologies.) 


Gravito-Inert Mass 


JA. Asanbaeva 


“720000, Kyrgyzstan, Bishkek, Kadyrov's Scientific Center 
+996 (212) 47-25-40, +998 (212) 65-02-83 


‘bondarenko@nazaraliev-centre.com 


Nature of mass is one of the important problems of 
modern physics. It is accepted to consider that the mass 
of elementary particle is determined by fields, which 
are connected with it (electromagnetic, nuclear and 
others). However, we didn't create any quantitative 
‘theory of mass. There is no theory to explain why 
masses of elementary particles form a discrete spectrum 
of values and to allow determining this spectrum. 


Mass (m) is a physical value, one of characteristics of 
matter, which defines its inert and gravitational 
properties. Accordingly, we distinguish inert mass (m) 
and gravitational mass (m,) 


Inert mass (m) characterizes dynamical properties of a 
body, its property to accelerate under the action of the 


force (F}) and according to the second Newton's law is 
considered tobe constant coetfciont of proportionality 


for the given body between F and acceleration 


R-ma a 


Gravitational mass (m,) is a source of gravity field. 
Every body creates its gravity field, which is 
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The Principle of Self-Organization, which can be 
formulated as follows: any material object 
represents an open self-organizing system whose 
internal structures are formed with the 
Participation of the whole universe. Apparently, the 
Principle of Self-Organization, incorporated in 
‘nature as one of the integral properties of matter, 
4is nothing more nor less than a spirit (or absolute 
idea, or creator) which operates the world and 
creates all its variety. 


Physical Mechanism of Nuclear 
Reactions at Low Energies 


VB Oleinik* and Yu.D. Arepjev 


‘Tall ma what the electron is, 
land I shal explain to you everything else 
W. Thomson 


Abstract 


The physical mechanism of nuclear reactions at low 
energies caused by spatial extension of electron is 
considered. Nuclear reactions of this type represent 
intra-electronic processes, more precisely, the processes 
occurring inside the area of basic localization of electron, 
Distinctive characteristics of these processes are 
defined by interaction of the own field produced by 
electrically charged matter of electron with free nuclei, 
Heavy nucleus, appearing inside the area of basic 
localization of electron, is inevitably deformed because 
of interaction of protons with the adjoining layers of 
electronic cloud, which may cause nuclear fission. Iftwo 
or more light nuclei occur “inside” electron, an attractive 
force will appear between the nuclei that may result in 
‘the fusion of nuclei. The intra-electronic mechanism of 
nuclear reactions is of a universal character. For its 
realization it is necessary to have merely a sufficiently 
intensive stream of free electrons, i.e. heavy electric 
current, and as long as sufficiently a great number of 
free nuclei. This mechanism may operate only at small 


energies of translational motion of the centers of mass 
ofnuclei and electron. Because of the existence of simple 
mechanism of nuclear reactions at low energies, nuclear 
reactor turns out to be an atomic delayed-action bomb, 
which may blow up by virtue of casual reasons, as it 
has taken place, apparently, in Chernobyl. The use of 
cold nuclear reactions for production of energy will 
provide mankind with cheap, practically 
inexhaustible, and non-polluting energy sources. 


Introduction 


Nuclear reactions at low energies, occurring in physical 
and biological systems, and, in particular, the cold 
fusion (CF) of nuclei, attract ever increasing attention 
(see review articles [1,2]. This is explained by the fact, 
that research on CF (in what follows, by cold fusion we 
shall understand any nuclear reactions at low energies) 
opens up the way to the solution of the problem which 
‘was set more than 50 years ago in the field of controlled 
‘thermonuclear reactions (CTR) and which has not been 
solved that is the problem to provide mankind with 
cheap fuel. An important point is that CF allows to 
create not only cheap, but also non-polluting energy 
sources, as nuclear reactions at low energies are not 
accompanied by radiations dangerous to health (= 
radiations, streams of fast neutrons and other particles). 
Note that the energetic problem facing mankind is 
presently of special interest in connection with the fact 
‘that, according to expert evaluations, the oil-and-gas 
resources in the world will suffice only for some decades. 
For this reason the study of CF is among the most 
important problems of physics. 


Page 215 


It is necessary to note that, relying on the standard 
‘theory of nuclear reactions describing nuclear processes 
in vacuum, experts in the field of nuclear physics, 
engaged in CTR, reject the very possibility of existence 
of nuclear fusion at low energies. Two basic objections 
are raised against CF: 


1. at low energies the penetrability of Coulomb barrier 
around nuclei is so small that the probability of nuclear 
fusion is practically equal to zero; 

2. distinction between the atomic and nuclear energy 
scales is so great that the energy, which might be 
evolved as a result of nuclear fusion, could not be 
transferred directly to atomic lattice; therefore the 
energy above should be emitted in the form of streams 
of Y-quanta, fast neutrons and other particles. 
However, such streams of sufficient intensity have not 
been registered. 


‘The answer to the first objection against existence of 
CF is that at the heart of CF are nuclear processes 
occurring in environment, and the basic role is played 
here, apparently, by collective effects caused by 
interaction of nuclei with particles of environment in 
which the nuclear reaction takes place. The laws 
governing the behavior of interacting nuclei in vacuum, 
are inapplicable to the description of CF of nuclei (3]. 
‘Nuclear reactions occurring at low energies submit to 
completely different laws, which can be established 
only provided that collective effects mentioned above 
are taken into account. For this reason the standard 
‘theory of nuclear reactions in vacuum can by no means 
refute the existence of CF. 


As to the impossibility of transferring the energy 
between levels of various scales, we can give an 
example of the phenomenon of sonoluminescence 
(luminescence of a liquid when a sound wave causing 
cavitation passes through it) [4], in which the energy 
‘transfer from an acoustic wave to electromagnetic field 
occurs with appreciable probability in spite of the fact, 
that the distinction between energies of acoustic 
phonons and quanta of light reaches 11 orders. 


As early as 10 years ago J. Schwinger, the Nobel winner 
and the known expert in the field of the theory of 
elementary particles and quantum electrodynamics, 
asserted that it is impossible to deny the reality of CF 
phenomenon [3,4]. Since then the CF phenomenon for 
nuclei was repeated hundreds times in laboratories all 
over the world, tens of patents on the ways of energy 
generation on the basis of CF were registered and 
enormous number of experimental works were 
published, which not only confirmed the existence of 
effect, but also contained its detailed analysis. 


‘The most convincing evidence for the existence of 
nuclear reactions at low energies seems to give the 
mass-spectrometric research of reaction products [5] as, 
well as research on biological systems [6]. Detailed 
study of electric explosion of foil made of especially pure 
materials in water, described in [5], suggests that at 
electric discharges transformation of chemical elements 
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occurs. Study of optical spectrum of plasma arising at 
discharge and of the mass-spectrometric analysis of 
sediments, which remained after the discharge, shows 
that in plasma there is an appearance of a significant 
number of chemical elements which were not presented 
in the initial material of explosive foil and electrodes 
and also that the isotope structure of the foil material, 
changes appreciably. The change of experimental 
conditions, for example, of energy contribution in foil, 
its mass and dimensions results only in redistribution 
of intensity of plasma spectral lines, i. in the change 
of statistical weight of chemical elements in plasma, 
but the composition of chemical elements remains 
unchanged and it essentially depends on the material 
of foil. As it is seen from the received results, nuclear 
reactions, which take place at electric discharge, are 
not accompanied by the occurrence of a neutrons stream 
and y-radiation and proceed at low energies of atomic 
nuclei, 


‘The research mentioned above as well as many others, 
carried out by different researchers in different 
laboratories, allow to draw a conclusion that existence 
of nuclear reactions at low energies is reliably 
established. 


‘The development of research on CF is hampered by the 
absence of theory of the phenomenon. As noted by 
‘Schwinger [3,4], the situation in CF is closely parallel 
to that one in high-temperature superconductivity: 
reality of the last, as a result of careful experimental 
research, is completely established, though theory of 
the phenomenon is absent till now. 


In [5], to account for the transformation of chemical 
elements, the hypothesis is put forward that at the 
electric explosion of foil in the plasma channel magnetic 
monopoles are formed which may overcome the 
Coulomb barrier even at insignificant kinetic energy due 
to the great magnitude of their magnetic charge. The 
monopole, appearing not far from a nucleus, causes its 
polarization: those nucleons of the nucleus, which are 
situated more close to the monopole, experience 
stronger influence of the last, than the nucleons situated. 
on the opposite side of the nucleus. As a result, a 
deformation of the nucleus arises (the nucleus is 
lengthened), which may result in nuclear fission. 


Obvious drawback of this mechanism of nuclear 
reactions is that magnetic monopoles have yet to be 
found out in nature. 


‘Numerous attempts to construct a consistent theory of 
CF (see reviews [1,2]) have not been crowned with 
success. As it was noted above, for the CF to be 
described, the account of the collective effects may be 
important caused by interaction of nuclei with 
environment, in which nuclear reaction takes place. 
But does it suffice to take into account these effects in 
order that the theory of the phenomenon is constructed? 
‘The analysis of the experiments on transformation of 
chemical elements at low energies and on the CF of 
nuclei suggests that the discussed phenomenon does 


not fall within the domains of exotic ones: it seems to 
occur in nature constantly, at every step, in both 
physical and biological systems. Therefore, it is natural 
‘to expect that nuclear reactions at low energies should 
have a simple physical explanation. 


However such explanation, which is not beyond the 
scope of existing representations, is yet to be found. 
Does not it mean that we are facing here the situation 
similar to that which has arisen in physics at the end of 
the 19th century and which has been figuratively 
described in the words: on the light sky of physics there 
are only two small dark clouds ~ the radiation of 
absolutely black body and the Michelson experiments? 
Let us remind that in order for these clouds to be 
removed, it has taken the revision of physical notions 
about electromagnetic field as well as about space and 
time. 


Asis noted in [8], there is a simple physical mechanism 
of nuclear transformations at low energies which 
existence follows from the quantum theory of electron 
as an open self-organizing system [9]. If two or the 
greater number of light nuclei appear inside free 
electron, more precisely, inside the area of basic 
localization of the particle, because of interaction of 
nuclei with electrically charged matter of electronic 
cloud, a force of attraction appears between the nuclei 
which may result in fusion of nucleus. This means that 
cold nuclear reaction represents an intra-electronic 
process which character is defined by physical 
Properties of the own field produced by electrically 
charged matter of electron. The purpose of this paper 
is more detailed consideration of the mechanism above 
stemming from the spatial extension of electron. 


In section 2 physical ideas are formulated and basic 
results are schematically presented of quantum theory 
of electron as an open self-organizing system. The 
theory outlined is necessary to elucidate the origin of 
the mechanism resulting in the occurrence of nuclear 
reactions of fusion and fission at low energies. The 
essence of the developed approach consists in that the 
own field created by electron is treated as a 
congenital, integral physical property of electron, 
intrinsically inherent in the particle by the very 
nature of things and for this reason the own field and 
self-action are included in the definition of the particle 
at the initial stage of formulating the theory. Asis seen 
from the received results, electron represents a quantum 
(elementary excitation) of the field of electrically 
charged matter. It is a solition, which physical and 
geometrical properties are described by the non-linear 
and non-local dynamical equation similar to the known 
Dirac equation. 


In section 3 the application of quantum model of self- 
organizing electron to nuclear reactions at low energies 
is considered. It is noted that because of the presence 
of simple physical mechanism of nuclear reactions at 
low energies, which is of a universal character, nuclear 
reactors represent, in effect, nuclear delayed-action 
bombs, which from time to time may blow up by virtue 


of the casual reasons. Hence, though nuclear stations 
may provide mankind with energy, however atomic 
engineering is a very dangerous way of energy 
production. The only acceptable way of solving the 
energetic problem consists in the use of nuclear 
reactions at low energies. 


Quantum model of electron as an open self- 
organizing system 


‘The basis for the standard formulation of quantum 
electrodynamics (QED) is the hypothesis that electron 
is a structureless point particle which does not 
experience self-action. This assumption results in 
serious difficulties ~ the divergences of mass and charge 
of electron and the impossibility to explain stability of 
the particle (see, for example, [10-12]) 


‘The difficulties mentioned above are very serious. 
According to Dirac, the difficulties of QED “in view of 
their fundamental character can be eliminated only 
by radical change of the foundations of the theory, 
probably, radical to the same extent as transition from 
the Bohr orbits theory to modern quantum 
mechanics” ({13], p. 403). "Correct conclusion”, Dirac 
emphasizes, “is that the basic equations are incorrect. 
‘They should be changed in such a way that divergences 
do not appear at all” 


‘The main reason of occurrence of difficulties is the 
assumption that electron is a point-like particle. 
‘Therefore, abandonment of this hypothesis is inevitable. 
As an analysis of the problem shows, the key to 
constructing a consistent quantum theory of 
electromagnetism lies in taking account of the Coulomb 
self-action of electron, i.e. the back action of the own 
field created by charged particle in environmental space 
upon the same particle. In the special case that the 
particle is at rest in an inertial reference frame, own, 
field of the particle turns into static Coulomb field. 


E.Schrédinger who suggested the historically first 
physical interpretation of quantum mechanics put one 
ofthe boldest ideas concerning the problem of electron 
forward. According to Schrédinger's hypothesis, the 


quantity ¢/¥(r)(¢ and ‘P(r) are charge and wave 
function of electron, respectively) is the density of 
spatial distribution of electron’s charge and, 
consequently, the linear sizes of electron are the same 
‘as those of atom [14,15]. However, they did not succeed 
in substantiating the interpretation and, for this reason, 
it was rejected by the majority of physicists [16]. 


An important step to the correct understanding of the 
physical nature of electron was made by A. Barut and 
by his collaborators [16-18] who formulated and 
developed quantum theory of electromagnetic 
processes on the basis of self-energy picture (the Self- 
Field QED). Using expression for the total own energy 
of electron, they managed to calculate the Lamb shift 
and other radiative corrections and to show that 
radiative phenomena may be described in terms of the 
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action function, without using the second quantization 
method. As is pointed out by Barut (17), "the correct 
quantum equation of motion for radiating electron is not 
the Dirac or the Schrédinger equation for bare electron, 
‘but an equation containing an additional non-linear self- 
energy term”, 


New lines of approach to the problem of electron are 
offered in [9, 19-24]. The formulation of electrodynamics 
is considered which represents a synthesis of standard. 
quantum electrodynamics and ideas of the theory of self- 
organization [25]. The physical mechanism of self- 
organization of electron consists in self-action. Taking 
into account the self-action means that electron is, 
treated as a feedback system. 


Let us outline schematically the results of the 
formulation of quantum electrodynamics in which 
electron is an open self-organizing system. 


Editor's note: The authors develop mathematics by using 
Lagrangian functions, 7 equations. You can contact the 
authors for more information about. 


‘Thus, the negative result is received: we have tried to 
‘take into account self-action of electron in a natural way 
‘by supplementing the Lagrangian function with the self- 
energy term, but we came to an equation that has no 
reasonable physical solutions at all. This result seems 
‘to mean that the standard theoretical scheme reaches 
here the limits of its applicability and so, remaining in 
its framework, it is impossible to solve the problem of 
electron and elucidate the physical nature of 
electromagnetic interaction. 


Essentially new point, which is introduced in [9] into 
quantum mechanics consists in the replacement of the 
model of isolated system described by harmonic 
oscillator with the model of open system. Let us 
advance the arguments indicating the inevitability of 
using the model of open system as a basis of the 
description of interaction between microparticles [26]. 


Note, first of all, that quantum particle theory based on 
‘the use of the models of isolated system is, strictly 
speaking, physically meaningless. Really, any 
observation conducted on a system represents a process 
of interaction of the system with the means of 
observation. But in case of microparticles (quantum 
particles) this interaction is not weak and consequently 
it is inadmissible to neglectit, i.e. microparticles should 
bbe necessarily considered as essentially non-isolated 
systems. 


A starting point of the standard formulation of quantum 
mechanics is the physical idea that interaction between 
physical fields can be reduced to collision of the 
particles corresponding to these fields, the particles 
before and after collision being considered as free ones. 
According to these representations, quantum 
mechanics is based on the notions of “bare”, non- 
interacting particles, with the interaction between them 
being considered as an additional factor which can only 
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insignificantly alter the physical properties of non- 
interacting particles. However, such an approach to 
interaction between physical fields is obviously of an 
idealized character because particles constantly 
interact “with vacuum as with some kind of physical 
medium in which the particles move” [27]. Interaction 
of particles with vacuum fluctuations is not small and 
it cannot be removed, 


It is well also to bear in mind that the necessary 
intermediary at studying micro-objects are the means 
of observations (the devices) with the classical field 
corresponding to them which should be taken into 
account in consistent quantum theory [28]. Inclusion in 
theoretical scheme of arbitrarily weak classical external 
field results in occurrence of non-zero width T of energy 
levels of “dressed” particles. The basic impossibility to 
isolate a real particle from vacuum fluctuations of the 
field and from the classical sources connected to the 
means of observation is indicative, thus, of necessity 
to take into account the non-zero width of energy levels 
of real particles [26]. 


‘The use of the harmonic oscillator model, when 
describing the interaction of electromagnetic radiation 
with substance, seems to he the main source of serious 
difficulties of the standard formulation of quantum 
theory, as such an approach means apparent neglect of, 
those physical processes which, proceeding constantly, 
are responsible for inseparable coupling of real physical 
system to surrounding medium. Introducing artificial 
notion about switching on and switching out of 
interaction of oscillator with radiation field, we are able 
to calculate within the framework of existing theory the 
‘width of energy levels of oscillator, but we cannot assert 
with certainty that such an approach results in correct 
description of interaction. 


From the reasoning given above it is seen that they are 
the models with energy levels of non-zero width that 
should form the basis for the description of interaction 
ofradiation with substance. It is necessary to formulate 
such a quantum theory, which would take into account 
the energy levels of non-zero width I. The case in point 
is that one should introduce an infinitesimal damping 
T into the initial set of equations describing interaction 
of charged particles with electromagnetic field. Such 
an approach means the violation in infinitesimal of 
homogeneity of physical system relative to translations 
in time. Necessity of violating the homogeneity of time 
follows from that fact that in the usual approach (with 
T= 0) the states of the system of interacting fields have 
degeneracy of infinitely large multiplicity in relation to 
time translations. According to the fundamental 
Bogoliubov's concept of quasi-averages [29], when 
describing the behavior of degenerate systems, one 
should include into Hamiltonian an infinitesimal term 
removing degeneracy. In the theory presented here 
degeneracy of states of quantized fields relative 
translations in time is removed by introducing the 
infinitesimal damping I’ into Lagrangian. Thereby the 
degeneracy under study is removed already in the 
initial, zero-order approximation, which is of 


fundamental importance for the approach based on 
perturbation theory. 


Formulation of the physical idea that quantum friction 
arises at the very elementary level - at the level of one 
particle is given in monograph [26]. Impossibility to 
isolate real particle from the surrounding world is that 
property which should be taken into account already in 
‘the one-particle theory (for each kind of particles), even. 
before switching on the interaction with other particles. 
Model of the particle as an open system (I'#0) is 
attractive owing to the fact that from the very beginning 
the degeneracy of states relative to time translations is 
absent in it, the degeneracy, which is removed in 
standard approach by taking into account the 
interaction of particle with vacuum field fluctuations 
and classical fields. The basis for the developed 
formulation is the fundamental concept of quasi- 
averages supplemented with the requirement that the 
equations of motion of the particle with [4 () follow 
from the action principle. It should be emphasized that 
the non-zero damping [ is introduced into 
electrodynamics with the aim to establish the structure 
of the Lagrangian function, which takes into account 
the property of openness of physical system. After 
establishing the structure, the limiting transition 


[0 is fulfilled. 


In our opinion, the development of quantum theory 
will be inevitably connected with the use of models 
of open system; as such models reflect more 
completely the physical essence of interrelations in 
the real world. It is necessary, thus, to define more 
exactly the concept of openness of physical system, 
which, on the one hand, would describe real system 
accurately enough and, on the other, would be simple 
enough to describe the particular physical processes. 


As open system has the richer physical contents in 
comparison with isolated system, some essentially new 
mathematical ideas are needed forits description. First 
of all, it is necessary to increase the number of 
independent dynamical variables describing the 
particle as open system. In papers [9,19-24], as a basis 
for the description of self-acting electron, the simplest 
model of open system is used which can be described 
by the Morse-Feshbach-Bateman Lagrangian function. 
30,31] and which was successfully used for the 
scription of dispersive medium (the review of articles, 
in which applications of the model of open system to 
electrodynamics of dispersive medium are considered, 
is given in monograph [26]). In this model the number 
of dynamical variables is doubled as compared with the 
isolated system, namely, to each dynamical variable of 
“bare” particle, V , there correspond two dynamical 
variables, which are denoted by W and P. These 
quantities are considered as components of the wave 
function describing the quantum state of self-acting 
particle. One of them, say, \ , corresponds in a sense 
to the particle alone (to the “bare" particle) and the 


other,  , to the surrounding medium, in which the 
particle moves. 


Editor's note: You can contact the authors directly for 
‘more information (8-16 equations). 


Equation (16) coincides in its appearance with the usual 
Dirac equation for charged particle in an external field 
described by 4-potential . However, in reality, it differs, 
essentially from Dirac's equation. The distinction 
consists in that equation (16) is non-linear and non- 
local, with the non-locality being of both spatial and 


time character. Potential (A,,) and vortex (A,) 
components of the 4-potential, entering equation (16), 
differ from each other by their physical nature: the 
former describes the Coulomb field and is expressed. 
quadratically in terms of the wave function components 
of electron, and the latter describes transverse 
electromagnetic waves and is expressed in terms of 
vortex electromagnetic field. As a detailed analysis 
shows, solutions to the basic dynamical equation 
describe the clots of self-acting electrically charged 
matter, localized in space, ie. the particle is a soliton. 


‘The internal energy spectrum of electron is discrete with 
an indefinitely large number of levels, and to each value 
of internal energy £, (Iris the set of quantum numbers) 
there correspond certain linear dimensions and 
geometrical form of the region of localization of 
electron's charge. Dimensions and the number of 
extreme of wave function increase with increasing the 
value of energy E,. The distribution of electric charge 
of atomic electron in the ground state consists of the 
range of basic localization with the linear dimensions 
of the order of Bohr radius a, (2, ~ 10-'m) and of the 
tail stretching up to infinity. It is essential that because 
of non-linearity of the dynamical equation of electron, 
wave function does not obey the superposition 
principle. By virtue of this, electron acquires the 
properties of absolutely rigid body: the perturbation 
acting on electron at an instant of time in the range of 
basic localization becomes known at the next instant 
t + 0 at any distance from the particle. 


In Fig. 1 the results of calculation are represented 
schematically, carried out on the basis of equation (13), 
of the distribution of electric charge in atomic and free 
electrons in the ground (a) and first excited (b) states. 


According to [9,19], the atom represents a system of 
nuclear and electronic solitons interacting with each 
other, the internal energy spectrum of the hydrogen 
atom, due to electromagnetic interaction, being of a 
zoned character. The occurrence of zoned structure of 
energy spectrum of hydrogen atom is explained as 
follows. Free nucleus, because of existence of Coulomb 
self-action, has a discrete internal energy spectrum. As 
the interaction of nucleus with electron is small in 
comparison with the energy of Coulomb self-action of 
‘the nucleus, it can be taken into account by perturbation. 
‘theory. From here it follows at once that each energy 
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b) 


Fig. 1. Density of electric charge (p) of electron in the ground state (a) and in the first excited 
state (b): the continuous lines correspond to election in the hydrogen atom, and the dotted ones 
to tee electron, ris the distance from the center of masa of electron measured in Bohr radi, 


level of free nucleus is split in a zone. There are 
indefinitely many zones (Balmer's replicas) and in each 
of them there are indefinitely many energy levels. The 
lowest zone coincides with the usual Balmer spectrum. 


Physical mechanism of nuclear reactions at low 
energies 


‘The quantum theory presented above schematically of 
electron as an open self-organizing system is indicative 
of the existence of the following mechanism of nuclear 
reactions at low energies [8] 


If there occur in the region of basic localization of free 
electron, which linear sizes in the ground state of the 
particle are several times as large as those for hydrogen 
atom (see Fig. 1), two or the greater number of nuclei, 
each of them attracts on itself the adjoining areas of 
electronic cloud, resulting in compression of the 
electronic cloud as a whole. As a result, there appears 
automatically an attraction of the nuclei, which proved 
to be “inside” electron, on each other (see Fig. 2). 


Calculation shows that the Coulomb barrier around 
nuclei is deformed, its height decreases and the 
probability of penetration through the barrier 


accordingly increases due to tunnel transition. Under 
certain conditions this process may result in fusion of 
nuclei. Obviously, the process in question can occur only 
at small energies of translational motion of the centers, 
of mass of electron and nuclei: nuclei should be “inside” 
electron long enough for them to have time to come 
nearer to each other as a result of electron-nuclear 
interaction. This mechanism of nuclear fusion is of a 
universal character. In order for it to be realized, it is 
necessary to have only a stream of free electrons 
intensive enough, i.e. heavy electric current, and as long 
as sufficiently great number of free nuclei 


Ifheavy nuclei appear “inside” free electron, owing to 
their interaction with the electronic cloud there occurs 
polarization of nuclei. Because the own field of electron 
interacts with protons more strongly than with neutrons, 
nuclei are deformed (become extended), and this 
process may result in the decomposition of nuclei to 
fragments (in nuclear fission). 


As is noted in [7], the official version of the reasons for 
Chernobyl accident contains serious contradictions, a 
number of facts concerning the accident has no 
convincing explanations, and this circumstance forces 
to search for the true reasons for the happening, since 


b) 


Fig. 2. 


‘The schematic image of interaction of nuclei 


tlectronie cloud compre 
‘are nuclear solitons, X, 
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th electronic cloud: (a) 1 is the region of basic localization of 
electron, 2 and 3 are nuclei, F,and F, are the attractive fore 
jon induced by Coulomb forces: (b) p isthe charge density, 1is electronic soliton, 2 and 
12.8) are coordinates of the centers of mass of particles 


‘between muctei, which appear at the expense of 


“not having understood the mechanism of the one 
‘tragedy, we sooner or later shall become witnesses of 
the other". The authors hypothesize that the reason of 
the accident was penetration into the nuclear reactor 
of magnetic monopoles, which have caused the decay 
of nuclei *"U, and this has resulted in production of 
delayed neutrons, growth of power output of the reactor 
and explosion. As an argument in favor of the 
assumption, the fact is presented that nucleus **U are 
disintegrated under the action of “strange” radiation 
appearing at explosion of foil 


In the opinion of the authors of (5,71, “strange” radiation 
is created by those magnetic monopoles, which form 
bound states with nuclei of atoms. These compound 
particles give the abnormally wide tracks similar to 
those of a creeping caterpillar, and also the tracks of 
complicated shape reminiscent of spirals and gratings. 
Character of tracks changes when imposing magnetic 
field, which, as the authors believe, is an argument in 
favor of the assumption above. There are also some 
special tracks very similar to scratches and ink spots. 
“Strange” radiation is of spherical form, it resembles a 
ball lightning, and its duration is more than ten times 
as great as that of the current pulse arising at electric 
discharge. With the course of time the luminous sphere 
(the ball-like plasma formation) is dividing into many 
small “balls”. 


It is our opinion that “strange” radiation is caused by 
free electrons in excited state arising in the area of 
electric discharge. According to [9, 19], linear sizes of 
the region of basic localization of such electrons can 
make many tens of sizes of atom. The heavy nucleus, 
for example, the nucleus **U, appearing inside the 
electronic cloud, is inevitably deformed because of 
interaction of protons with adjoining layers in the 
distribution of electric charge of electron, and this 
deformation can cause nuclear fission. If two or the 
greater number of light nuclei appears "inside" electron, 
‘then attractive forces arise between nuclei, which may 
result in fusion reaction. When electric discharge is 
strong enough, the areas of basic localization of some 
electrons can overlap, and if a nucleus lands in the area 
of overlap, because of Coulomb attraction of nucleus 
on the adjoining layers of electronic clouds, a bound 
state may be formed, of two electrons and the nucleus, 
characterized by the relative stability and significant 
spatial extension. 


Obviously, ifthe concentration of free electrons is great 
enough, there may be formed some relatively stable 
bunch of plasma consisting of great number of free 
electrons and nuclei, which in virtue of chaotic 
movement of nuclei and because of the absence of 
preferred directions should have approximately 
spherical form. Let us note that atomic electrons, 
belonging to additional energy zones of atom (Balmer's 
replicas associated with nuclear self-action, see Section 
2) can contribute to “strange” radiation. 


As is seen from above, to account for the reasons for 
Chernobyl accident, there is no need to involve 


magnetic monopoles. The scenario of development of 
events during the accident, described in [7], seems to 
be quite plausible if only to understand by initiators of 
nuclear fission not hypothetical monopoles but free 
electrons, which powerful pulse might arise as a result 
of electric discharge in the region of turbo-generators. 


‘The existence of simple physical mechanism of nuclear 
reactions at low energies, indicated in this paper, 
implies that nuclear reactors are, in effect, nuclear 
delayed-action hombs, which will blow up from time to 
time. Explosion of nuclear reactor may take place 
because of casual short circuit at an electric subcircuit, 
owing to which there appears an intensive stream of 
free electrons. This stream, having got for any reasons 
in nuclear reactor, may initiate explosion of the reactor. 
It follows from here that though nuclear stations may 
provide mankind with cheep energy, atomic energetics 
represents a very dangerous way of producing energy 
(as well as the energetics using controlled 
thermonuclear fusion). The only acceptable way of 
resolving the energetic problem consists in the use of 
nuclear reactions at low energies. 


According to the results obtained, nuclear reactions at 
low temperatures occur “inside” electron under the 
action of own field of particle. Hence, to elucidate 
physical mechanism of CF, it is necessary to study in 
detail intra-electronic processes and physical properties 
of own fields of particles. Note that the own field, by its 
physical properties, essentially differs from the field of 
electromagnetic waves: this is the field of standing 
‘waves of matter, it is of purely classical character and 
may not be reduced to the set of photons. The own field 
of charged particle plays in nature a special role, 
consisting in that it transforms environmental space into 
the physical environment (physical vacuum) with the 
properties of absolutely rigid body [32] 


As it was repeatedly noted in the literature [1,21, 
experiments on CF are badly reproduced, and this fact, 
gives rise to doubt the very existence of the 
phenomenon. Bad reproducibility of results seems to 
be explained by the fact that CF depends upon great 
number of parameters: upon electric current density, 
concentration of free nucleus, concentration of 
impurities and dislocations in samples, sizes of samples 
etc. In order to obtain reproducibility of results, it is 
necessary that all these parameters, describing the 
environment in which nuclear reactions occur, be the 
same in various experiments, but to achieve this as a 
difficult task. 


In conclusion we shall dwell upon the problem of linear 
dimensions of electron, which is of special interest in 
connection with the mechanism of nuclear reactions 
indicated here. The inference that the dimensions of 
electron in the ground state of atom are of the order of 
Bohr radius, i.e. of the order of atomic dimensions, 
following from dimension considerations [9,19] and 
confirmed by quantum model of electron, seems 
completely unexpected. At first sight, it is in conflict 
with both the theory of quarks and experimental data 
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on scattering of electrons. According to quark models, 
the radius of electron corresponding to its quark 
structure makes up the quantity of the order of 10 m 
[33]. It is necessary to emphasize, however, that the 
above-mentioned magnitude of linear dimensions of 
electron refers to the internal structure induced by 
Coulomb field. The last is long-distance and 
consequently the linear dimensions of internal 
structures produced by it (ie. spatial inhomogeneities 
in the distribution of electric charge in various quantum 
states) should considerably exceed the dimensions of 
quark structures connected with electron. There seems 
to exist a hierarchy of internal structures of particle 
produced by Coulomb forces, nuclear forces, inter-quark 
interactions etc. characterized by the smaller and 
smaller linear sizes. 


As to the experiments on scattering of high energy 
electrons, according to which the intemal structure of 
electron is not manifested up to distances of the order 
of 10° + 10°” m, two arguments, at least, can be 
adduced in favor of that there is no contradiction here 
with the experiment. Firstly, in experiments on 
scattering, investigators were trying to register the 
details of internal structure of electron within intervals 
much smaller than Bohr radius, which is why it is not 
surprising that results of experiments proved to be 
negative: at high energies electrons behave like point 
particles, their internal structure has no time to be 
manifested. Secondly, the results of experiments were 
analyzed from the point of view of standard 
representations about electron, which refer to a point 
particle, but are obviously inapplicable to real, self- 
acting electron. According to the predictions of quantum 
theory of electron as an open self-organizing system, 
real electron is a special object - soliton, i.e. such a cloud 
of electrically charged substance which, when 
interacting with other particles, tends to keep its sizes, 
and geometrical form. 


‘At present there is as yet no scattering theory of this 
kind of particles and for this reason it is impossible to 
predict with certainty how can the internal structure of 
electron be manifested in experiments on scattering. 
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The Evolution of Lifter 
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INTRODUCTION 


Readers of the electric-spacecraft journal might now 
alittle about the Lifter technology popularized recently 
be Jean-Louis Naudin, but they probably don't know 
‘the whole story. In the short amount of time that has 
transpired since the publication of that article, this 
technology has both literally and figuratively taken off 
~ going from a "proof-of-concept" prototype by Naudin 
to an international group of researchers investigating 
how to give the lifter higher-performance and greater 
efficiency. With the first commercial products now on 
the horizon, if you haven't taken the time to read up on 
lifter technology, this is the perfect time to do so. 

‘To give you a complete up-to-date overview of where 
this technology is, where it is going, and what I think it 
is capable of, let me start with the basics ~ an overview 
of how I became involved with Electrogravity research 
and what eventually led me to become involved with 
lifter technology. 


MY BACKGROUND 


I started college at 16 years old, back in 1992 ~ at the 
same time, I purchased a kit containing “hoverboard. 
plans" from Hovertech, Inc. The moment that I received 
‘that $20 white-manilla envelope in October 1992 was 
‘the moment that I became involved with what has now 
been nearly 10 years of electrogravity research. 


1 worked with Bill Butler ~ the president and chief- 
scientist of Hovertech - on a variety of different 
antigravity, Electrogravity, and levitation ideas from 
approximately 1992 through 1996. While putting in my 
college time, I was also taking distinct advantage of 
the enormous college library at Western Washington 
University to read up on everything that might possibly 
relate to Electrogravity. I read books on standard 
electronics and physics theory alongside with books 
by the masters of this science, such as TT Brown and 
Nikola Tesla. 


Bill and I played with several different ideas ~ many of 
them only peripherally related to Electrogravity. For 
instance, I published a manuscript initially in 1996 
describing ‘Tesla's theory on how to reliably produce 
Ball-Lightning using a standard Tesla coil ~ the 
information courtesy of WWU's excellent library. Bill 
also assisted me with obtaining video footage of a Searl- 
effect conference that he attended in Denver in the early 
90's ~ this footage was an excellent overview of Sear!’s 
design and construction concepts for what he believes 
is the next major technological step in aviation and 
space travel. 
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Bill and I eventually found different paths, and in some 
ways drifted apart. Bill moved into Geomagnetic 
levitation research and started intense investigation on 
the patents of How Wachspress and the magnetic dipole 
levitator. I went to more traditional technologies ~ 
eventually becoming a UNIX system administrator for 
AT&T Wireless. 


hadn't heard from Bill Butler in about 6 months when 
he sent me a short email containing the words “hey, 
check this out” - and a link to Jean-Louis Naudin's 
“Lifter Experiments” home-page. I visited the site, 
watched all of the video clips, and then watched them 
again. This was the technology that Ihad been waiting 
for! 
LIFTER TECHNOLOGY 


Ican say without a doubt that the lifter technology is 
completely revolutionary, but you might not realize how 
profoundly revolutionary it is until you've stopped to 
think about it for a bit. What is it about the lifter that 
makes it so unique, especially when so many inventions 
claim to produce more and better electromagnetic 
thrust? The answer is simple ~ the lifter works 
repeatedly. 


Jean-Louis Naudin started a figurative bonfire when he 
decided to replicate a “proof-of-concept” experiment 
by a small Huntsville, AL aerospace contracting firm. 
‘The lifter initially came into being in the mind of Jeff 
Cameron ~ the chief scientist of Transdimensional 
Technologies - in the 1970's from experiments 
conducted with high-power military and research-grade 
lasers. A device in the lasers called a “pre-ionizer" was 
used to apply a high-voltage to the lasing-medium to 
{facilitate better performance. Repeated operation of the 
pre-ionizer had a common side-effect of horribly twisting 
the wire and foil combination out of shape, which 
required a decent amount of work to repair. 


Jeff Cameron realized that the torsional effect on the 
pre-ionizer was a side-effect of some unknown force 
acting on the pre-ionizer apparatus, and he began a 
long-term investigation into what was causing the 
apparatus to deform. His eventual results indicated that, 
a force in the foil collector in the pre-ionizer was causing 
anet-thrust in the entire pre-ionizer apparatus that was, 
making it twist and move on its mounts within the laser 
= the lifter came to him later as a three-dimensional 
device to demonstrate this force. 


‘Naudin's genius became readily apparent not through 
agiant breakthrough in technology, but rather in a more 
subtle fashion ~ he replicated the lifter experiments of 
‘Transdimensional Technologies and published videos, 
articles, and complete construction plans on his website 
to allow others to do the same. In a manner similar to 
the open-source software movement, Naudin had taken 
an incredible scientific find that might have otherwise 
been overlooked and done and incredibly charitable and 
intelligent thing ~ he gave it away for others to play 
with. By following Naudin's instructions, inventors all 
over the globe began to slowly replicate the 


‘Transdimensional Technologies experiments and 
‘thereby validate the proof of concept that Jeff Cameron. 
had created to show that his "mystery force” was real 
after all. Naudin of course took advantage of these 
replications of the experiment by showcasing them on 
his own website ~ which in turn lends additional 
credibility to his research. 


As far as technology goes, the lifter demonstrates that 
science and engineering have more than their share of 
humorous irony. For the years that I researched 
Electrogravity and antigravity claims, all of the devices 
that I had seen required something “magic” to make 
‘them work. For instance, Bob Lazar's UFO-claims could 
have been reverse-engineered except that they require 
‘element 115’ to make them work - an element 
chemically related to Bismuth that is theorized to 
potentially have electrogravitic properties. I will come 
back to the possible electro-gravitational properties of 
Bismuth in abit, as it turns out that this element may in 
fact provide some use for future lifter technology. 


‘The Searl-effect disc is an even better example of the 
“magic” usually involved with building a working 
Electrogravity device. Sear!'s ideas seem valid enough, 
but although he supposedly demonstrated several 
working prototypes in the 1950's, he is currently 
pursuing millions of dollars in research funding in to 
replicate those experiments in a modem-day setting. 


The irony involving lifter technology is that while 
inventors all over the world have been searching for 
the perfect electro-gravitational device for decades, the 
possible working proof of concept for many of these 
theories has been sitting in front of us the whole time ~ 
the lifter costs less than $10 in parts to build, and none 
of them are magic ~ in fact, for my experiments, all of 
‘them were at stores within 2 blocks of my house — balsa 
wood from the craft store, aluminum foil from the 
supermarket, 30-gauge magnet wire from the local 
Radio Shack, and an old computer monitor for the high 
voltage power-supply. 


LIFTER PHYSICS 


Whether or not Jeff Cameron knew it at the time he 
constructed his lifter prototype, what he was actually 
building was a 3 dimensional representation of a 
drawing on a patent application by TT Brown in the 
1950's. In the patent application, the drawing shows a 
positively charged wire suspended over a grounded foil 
body which was meant to demonstrate the most basic 
Biefeld-Brown effect generator. While Brown's drawing 
is a little different than Jeff's design, the resemblance 
is uncanny enough to indicate that both of these men 
had the same basic force in mind. 


TT Brown's patent indicates that this Biefeld-Brown 
effect generator works due to a gradient electrostatic- 
field between the wire and the foil - in essence, these 
two elements compose a low-efficiency, high-voltage 
air-gap capacitor in which the difference in geometries 
between the two capacitive elements generates a net- 


directional force from the larger element towards the 
smaller element. Jeff Cameron seems to have a practical 
axiom that goes along with this scientific philosophy, 
which is that there must be both a leakage current and. 
a capacitance between the wire and the foil in order for 
the lifter to function, 


Conventional physics says that two capacitor elements 
of different sizes will not generate a net-directional force, 
so what gives? This is actually the thinking that 
convinced me to abandon my research into Biefeld- 
Brown effect technology in 1996 ~ physics says it doesn't 
‘work. What the books say will happen is that since the 
wire can only maintain a lower-capacitance than the 
foil, the overall capacitance between the two elements 
will be reduced to be equivalent to that on the smallest 
element (or plate) in the capacitor. This, of course, 
assumes a 2-element series-wired capacitor, such as 
‘the lifter. 


I can give you the conventional physics answer to this, 
small riddle by simply saying that the lifter uses a 
manifestation of ion-wind. This would state that the 
electrons crossing the air-gap cause a breeze that 
causes thrust - since the breeze would be traveling 
down from the wire to the foil, the thrust would be up, 
as demonstrated in testing. In the ion-wind explanation, 
‘the electrons are emitted from small-diameter of the 
positively charged wire in such great abundance that 
they move a significant airflow down to the foil where 
they are absorbed and transported electrically back to 
the HV power-supply’s electrical ground. 


Conventional physics would seem to have the 
theoretical answer to why the lifter causes lift, but in 
the experimental setting, which is what we now have 
an abundance of thanks to Jean-Louis Naudin, the 
conventional physics explanation doesn't suffice. 
Experimentally, there are several deviations from the 
ion-wind explanation that seem to invalidate it. For 
instance, if you completely contain the lifter in a plastic- 
enclosure, it will still generate lift ~ this would not be 
the case if a breeze was responsible for lifting the 
device. How could it be, if the breeze is limited to the 
inside of an enclosure which itselfis levitating? 


A more compelling proof that Biefeld-Brown is 
something other than ion-wind comes from Purdue 
University, where the lifter experiment was replicated 
inside a vacuum-enclosure with positive results. While 
ion-propulsion can work in space, it usually assumes 
that there is argon, krypton, or other noble gas to be 
used as the propellant - the vacuum enclosure showed 
‘that with no gas available for transport the lifter showed 
a moderate improvement in performance. 


‘The vacuum enclosure tests are definitely compelling 
evidence that something else is going on other than 
ion-wind - at least compelling enough for NASA to file 
patent number 6,317,310 ~ “Apparatus and Method for 
Generating Thrust using a Two Dimensional, 
Asymmetrical Capacitor Module”. The NASA patent 
description - which can be accessed from Naudin's lifter 
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‘website ~ is as vague is it is compelling in that NASA 
is basically requesting a patent on any technology that, 
generates force using two geometrically dissimilar 
capacitive plates. Disregarding the fact that this patent 
was issued nearly 50 years after TT Brown's patent 
using nearly identical descriptions and pictures, and 
also disregarding the fact that NASA also doesn't 
understand why the lifter generates thrust, it seems 
apparent the this phenomena is gaining credibility in 
engineering circles while physicists seemingly continue 
to deny that anything is going on. 


‘THE EVOLUTION OF LIFTER TECHNOLOGY 


Every good movie always has a sequel, and in 
technology, if at first a major government agency 
‘liberates’ your idea, it may seem that a sequel is in 
order. In the case of the lifter, it would appear that the 
NASA patent would cover this technology to at least, 
some degree ~ at least until someone overtums this 
patent under the prior-art rule - which means that the 
next generation has to be considerably more advanced 
to escape having the research and development be 
forfeit to the government. 


‘The pursuit of more advanced versions of the lifter 
technology is currently underway by several 
independent inventors, as well as Transdimensional 
‘Technologies themselves. Most of the private research 
bby inventors has delved into improving the current lifter 
design to produce a greater force output and utilize less 
power to do so. Because the lifter is so simplistic in 
design, many of these enhancements have been of a 
very basic nature, 


Jean-Louis Naudin was the first independent inventor 
to do serious work with improving the technology 
behind the lifter ~ and even so, the majority of his work 
has utilized similar materials in more complex 
arrangements. Naudin has demonstrated dramatically 
increased lifting forces by building a “lifter inside a 
lifter” for demonstration purposes. Naudin has also done 
a great deal of work in taking breaking up the concept 
of the single triangular lifter into a parallel series of 
lifting cells - which means that these cells, working in 
parallel, can contributed to greater stability and higher 
force output than any single lifting element. 


Saviour ~ an independent inventor working with Jean- 
Louis Naudin - has done some of the most interesting 
improvements on lifter design since those by Naudin 
himself. Saviour's concerns have not focused around the 
“bigger is better” philosophy that many inventors have 
stuck by ~he has done several experiments to determine 
the radiation output, remote-controlled applications 
development, and materials analysis and improvement 
on the lifter that others have not had the time or 
expertise to conduct. 


A recent experiment by Saviour demonstrates just how 
this gentleman's foresight is helping other 
experimenters ~ Saviour substituted nichrome heating 
wire for the common lightweight wire used for the 
emitter, and demonstrated that the lifting force greatly 
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increased when a higher potential 12-volt charge was 
used to heat the emitter wire in conjunction with the 
standard high-voltage charge coming off it. 


‘Transdimensional Technologies - the developers of the 
initial lifter design ~ are taking the approach to 
optimizing lifter performance to another level. They are 
currently not-so-secretly working on a 2" generation 
lifter, which will consist of a 1-piece layered material to 
replace the current wire and foil design. 


‘The layered material approach to the lifter is an idea 
that Jeff Cameron may or may not have had after some 
lengthy discussions with Travis Taylor ~ the man 
responsible for testing some anomalous materials 
mown as “Art's Parts" 


Art’s Parts were some pieces of material sent by an 
unknown person to the Art Bell radio talk-show with a 
note stating that the they were pieces of UFO wreckage 
taken from the often-cited “Roswell crash" in 1947, 
Whether ornot the pieces of material actually came from 
that crash is unknown, but Art Bell did the honorable 
thing by sending them to an acquaintance in US Army 
research named Travis Taylor for a professional scientific 
investigation. 


‘Taylor, who apparently tested the materials after-hours 
in a world-class research lab to avoid potential 
classification by his superiors, used an electron- 
microscope to determine that the layered materials were 
actually pieces of metal - containing several hundred 
microscopically thin layers of magnesium and bismuth. 
‘Taylor also tested the layered-metal with a high-voltage 
apparatus, which seemed to indicate that when a 
voltage was applied to the material, the layered metal 
would move - and in some cases levitate. 


‘Taylor reported his findings to Art Bell and sent video 
clips of his high-voltage experiments, which eventually 
made it back to a permanent home on the Art Bell radio 
show website. In addition, Taylor conveyed his belief 
‘that the only manner in which the pieces of metal could 
properly be produced was through an advanced form 
of electron-deposition technology, due (apparently) to 
an absence of oxygen-molecules between the different 
layers of metals. Additionally, the layers of metal were 
too thin to have been mechanically produced. 


Jeff Cameron indicated that Transdimensional 
‘Technologies maintained some contact at one point in 
time with Travis Taylor, apparently as professional 
colleagues in the defense community in Huntsville, AL, 
[am not an expert on this relationship, other than to 
say that to the best of my knowledge these two 
individuals knew and contacted each other, and that 
this is how Jeff Cameron might have come up with the 
20 generation lifter idea. 


ADVANCED LIFTER TECHNOLOGY 


As an inventor, I couldn't care less whether or not the 
idea for the technology came from a crashed UFO. To 
be perfectly honest, I'm not what you would call a 
“believer” anyways, although I have often wondered 


about it. My point is not to attempt to lend any credibility 
to “Art's Parts”, but rather to tie in the properties of the 
anomalous material's high-voltage movement with the 
underlying theory of lifter operation. 


Even mentioning a UFO in a respected publication or 
article is the kiss of death in today's world - and I 
wouldn't do it if it wasn't an intricate part of the story. 
‘The other interesting thought is that the layered material 
is once again partially composed of Bismuth ~ which is 
‘thought to possibly have some of the same electro- 
gravitational properties as Bob Lazar's Area $1 “element 
115”. Is there a similarity, or merely a coincidence 
between a claim that hasn't gained credibility and a 
technology currently under development? 


The lifter in its own right is essentially a layered 
material. One of those layers is the emitter wire, which 
is highly charged with about 30kV worth of electrons, 
another layer is the air-gap, which is approximately 3 
cm in height, and the final layer is an electrically- 
grounded “skirt” of aluminum foil that surrounds the 
lifter. It is also reasonable to expect that there are only 
two possible forces at work in the lifter ~ one of which 
being a possible ion-wind effect moving dowm from the 
emitter to the foil, and the other being a possible Biefeld- 
Brown effect, moving up through the foil to the emitter. 


‘There are a few shortcomings in the lifter as a design 
‘that might be overcome if we could transition the 
layered material from one containing an air-gap to one 
‘that does not. For instance, the lifter is currently a rather 
delicate object, in that having a wire under tension as, 
‘the emitter makes construction difficult for future 
automated assembly. Additionally, because the air-gap 
requires struts to support the emitter wire, a trade off 
involving the weight versus the strength of the struts 
is additionally involved in any current implementation 
of lifter technology. 


Some of the other changes that would be helpful to 
implement when transitioning lifter technology from one 
‘type of air-gap to another are changes in the materials 
used to increase the dielectric capacity. High-K 
dielectric materials may be used to increase the 
displacement of electrons in the material to enhance 
charge transport. And since increasing the dielectric 
potential of the layered materials also increases the 
breakdown resistance, it means that thinner materials 
can be used. 


Designing a lifter without an air gap would 
accommodate lower voltage requirements between the 
foil and the emitter. The voltage would not have to 
create the large e-field gradient to create a leakage 
current across such a large void. Therefore the overall 
voltage across the device could be greatly reduced, 
without much cost in thrust. A lower operating voltage 
in tum means that a lower-output power-supply can 
be used for a given amount of current, which increases 
‘the overall efficiency. 


‘Transdimensional Technologies recent research is 
utilizing the layered materials approach to eliminate the 
air-gap and substitute for it high-k dielectric materials 
‘that may allow higher overall performance. Although 
they have not yet released details about the exact 
composition or thickness of the materials that they are 
working with, they claim to currently have a 10% 
reduction in weight using a low-voltage current across 
the thickness of their newest device, 


FUTURE LIFTER TECHNOLOGY 


‘Thanks to the tremendous amount of research being 
done on lifter technology by Transdimensional 
‘Technologies and a loosely affiliated group of inventors 
around the world, the future of lifter technology seems 
very bright at this point. 


‘Transdimensional hopes to release some breakthrough 
research to allow replication of their newest 2" 
generation experiments in the very near future, and 
along with that stands the massive body of research 
and advancements being done by inventors and 
researchers such as Jean-Louis Naudin, Saviour, the 
Lifters-group, and myself. 


My personal goals are to attempt to assist 
‘Transdimensional Technologies in popularizing this 
technology to increase awareness ofit and help “spread 
‘the word" about what it is and how it can potentially 
help the world. 


Imagine if instead of getting in your car and driving 
‘through the usual maze of thoroughfares and side 
streets you were able to simply type in your destination 
and have a flying vehicle take you there automatically. 
‘The lifter technology offers to potential to transform the 
current transportation market by offering point-to-point 
aerial transport without the need for roads or freeways. 


Additionally, unlike the magnetic-levitation ("Maglev") 
technologies that are currently being promoted as the 
future of transportation, the lifter does not require a 
specially constructed and exorbitantly expensive track 
to operate ~ the greatly reduces the per-unit cost on 
the technology and opens the door for wider adoption 
bby the general public for transportation solutions. 


Other individuals are currently working to see if lifter 
technology may offer cost-effective methods of transport 
into space, which would reduce the cost greatly and 
allow a one-piece, reusable method of moving things 
into orbit. 


LIFTER RESOURCES 
All of the research involved with the lifter technology 
is available to the public on the internet. The list of 
resources below are some of the better and more 


common resources to obtain detailed lifter information, 


American Antigravity 
> hitp://tventura hypermart.net 
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> The author's website that includes video clips, complete 
instructions, and other related lifter information, 


Jean-Louis Naudin's “Lifter Experiments Website” 
Phutp://jnaudin free.fe 

> A very in-depth website containing video clips, complete 
instructions, 


‘World-Wide Lifter Replications 
> hup://jnaudin fee fr/htmy/Ifewnld. hem, 

> An overview with photos and video from many of the 
independent inventors who have replicated the lifter 
experiments, 


‘Transdimensional Technologies, Inc 
Dhttp://www.tdimension.com 


> The home page for Transdimensional Technologies, the 
developers of the lifter design. 


Blaze Labs (Saviour's Research Website) 
Dhutp://bel.150m.com, 

An excellent site on research into lifter enhancements, 
radiation testing, sealed devices, power supplies, and other 
topics relating to lifter technology. 


Lifter Builders Group 

> nutp://groups-yahoo.com/group/Lifters 

> An email group for the exchange of research findings for 
those interested in building lifters or staying current on the 
state of the technology. 


NASA Patent #6,317,310 
> The NASA patent regarding obtaining thrust from an 
asymmetrical two-dimensional capacitor, grant Nov 13, 2001. 


Research on the Capacitance 
Converter of Environmental 
Heat to Electric Power 


NE. Zaev 


143970, Moscow region, village Saltykovka, 
Granitchnaya Str, 8 529-9664 


Nickolay E. Zaev works on creation of the prototypes 
of converter energy, which do not require any fuel. 
The direct conversion of environmental heat to 
electric power is possible in the processes of “charge- 
discharge” in non-linear condensers or by means of 
“magnetization-demagnetization” of ferrites. Such 
converters of energy create cold and electric power 
without any fuel. 


‘Theory ofthe converter, results of early experiments on 
the generation of microwatt power, methods and 
features of research are given in this article. The 
methods of generation of a few watts power are 
described in details. The possibilities and difficulties 
of creation of powerful capacitance converters are 
discussed in this article. 


L Grounds of research. 


1.1. From positions of orthodox physics there is no 

subject of research. It is evident that the energy of 

charging (C) A, condenser C, is always equal or more 

than the energy of discharging (D) A,, i.e. always A2A, 

Only the advanced analysis shows that it is not always 
ac 

true, Exactly, in ©, where 577 < On inequality A,>A, 


is possible, and in C,, where S— <1, then the work 
p g av 


A.>A,, Therefore we should discuss the nonlinear 
capacitors (NC). In the end of 1969 Inoticed a systematic 
inequality A,>A, during the measurement of A, and A, 
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ofmany capacitors with different dielectrics. Theoretical 
grounds and results of measurements of this 
phenomenon are given in the publications in 1984 [1], 
[2, page 73). On the industrial standards NC (varicond), 
ceramic condensers VK2-ZSH, 4-6,8-10°4F with an 
optimal voltage about 95 V it was stated that 
A 


7. 712! with the power to about 98-10 Wt and 


“generated” extra power is equal to 21-10* Wt 


1.2. In [1] and [2| the strict theoretical proofs of 
realization of A,>A, (there are four of them) are given. 


(On 1m’ of dielectric |A,|-|A, 


an intensity of the field, V/m; e, is a dielectric constant 
of vacuum, a is a coefficient of nonlinearity of the 
capacitor). Below we state one more proof more 
connected with the parameters of circuit. 


tis well known that with the charge of a linear capacity 
from the source of constant voltage V,=const through 


the resistor R=const it gets an energy A, 


exactly equal to the output energy in the time of 
charging t, The output energy irradiated from the load 


Ris a Joule heat © = R- fi” dr 13, page 646}. 1fNC 


(nonlinear condenser) is charged, then there are no 
proofs of such equation. The NC are the variconds or 
ac 
<> 0 in the interval 
av i 
\V=0+V,, For the variconds V, is some voltage, which 
mds to the o, 1tv>v, then 25 <0 
corresponds tothe maximum, fV>V, then <— 
sp 1 HV>V,, then > 


For some other capacitors V, is a voltage breakdown. 


other capacitors, which have 


For further consideration let's believe that in the 
operating area of the given sample of varicond a function 


Reality and Consciousness in 
Education and Activity 


AP Smirnov 


‘Vice president of International Club of Scientists 
190031, Saint Petersburg, Kazanskaya str, 36 
‘Tok: +7 (812) 312-0508 
E-mail: scionce@shaping.org 


Relation of thought to existence is the main question of 
philosophy as science on general laws of Nature was, 
formulated but it still did not interpreted and solved in 
‘the frames of generally accepted logic standards. The 
ways to solve it lead to futile discussions of materialists 
and idealists, to senseless disputes of determinists with 
eclectics and apologists of the “chance”. This 
discussion lost its sense without a determination of 
‘terms under discussion and condemned debaters to 
have subjective “gustatory” senses, which were 
changing while aging and depended on the extent of 
received and conceived knowledge. Such is the situation 
in this link of World studying, which does not allow 
creating a logic chain of reasoning in the understanding 
of cognizable things. 


A paradoxicality of all things that happen is connected 
with incorrect translations and interpretation of 
wisdom of ancient philosophers and scornful attitude 
both to the knowledge of distant past and classical 
heritage, which highlighted the elements of natural- 
science approach to Weltanschauung. 


According to Plato, an ideal thing is a visual thing, 
which can be felt by our organs of sense. Therefore, the 
understanding of objective reality is mediated by the 
crowd of our feelings in such a way that perception of 
reality by means of these feelings gives us a notion of 
‘the World. Hence, our notions about reality are the 
subject of research in science, but not the World itself, 
i.e. the World outside of our consciousness. So, what 
should be studied in our notions about the World? Let 
us refer to the wisdom of ancient scientists again: " The 
World is given in motion and its laws are the laws of 
motion”. Then, we should speak about laws, order, ie. 
about relation and interrelation in the phenomena of 
motion. This is the distinctness in notions and actions 
(determinism) to predetermine further development of 
reality cognition logic, i.e. what has an influence on us 
and determines specific character of our perception, 
Further we can speak about formation of ideas about 
reality, which require some premises, principles to 
organize these ideas. These principles are given in 
classical heritage, in “Dialogues” by G. Galilee [1] and 
“Mathematical principles of natural philosophy” by I. 
Newton [2]. A notion of force as a measure for 
momentum was introduced, which manifests in action 
and disappears from the body after the action is over, 
and the body keeps its new state due to the inborn 
“inertia force". But the force itself cannot do anything 
without its application with a certain speed. Then we 


introduce a notion of action as a product of acting force 
F, and the speed of action V,,. 


We offer a law of interaction, which determines the 
interaction between action of the cause and the effect 
appeared during this action as a reaction, ie. the 
product of the force of reaction F, and the speed of 
reaction V,. Thus, this interaction between the cause 
and the effect is determined by the transfer of action 
from one object to another in equal quantity, but with 
appearance of new quality, which is determined by 
specificity of interacting objects according to 
fundamental law of interaction: 


F,V,=F,V,, 


Unfortunately, an incorrect interpretation of interaction 
manifestation as an opposite counteraction became 
strong in our mind, This manifestation is perceived as a 
compensation of cause by action of the effect. Moreover, 
the incorrect way of writing of the mathematical form 
of Newton's third law manifestation established in 
‘textbooks and scientific literature due to the incorrect 
translation as F,=-F,. This very tragic situation for the 
science suppressed the development of logic in 
description of processes. Chance and statistic approach 
to the description of phenomena has taken place in our 
perception. This approach is based on the model of non- 
interacting elements, in which there is no order 
stipulated by the interrelation of elements. The science 
has developed this model and its properties, and this 
fact predetermined the evolution of notions about real 
World. 


‘This ideology penetrated in mathematics, which for sake 
of physics began to study properties of objects, but not 
operations with them. Moreover, a possibility to reflect, 
specific character of real physical processes in the 
interconnection of cause-effect relations by 
mathematical operations is not realized. It is essential, 
‘that fundamental law of interaction establishes 
manifestation and description of elementary act of cause 
and effect interrelation, the law of manifestation of a 
Fact. It means that order in the World is conceived 
through manifestation of concrete facts. The action of 
law of interaction lies in the basis of these facts. 


So, there is a conclusion: the World is perceived 
through the discrete manifestation of motion forms 
evolution. Hence, the discrete mathematics of finite 
discrete aggregate can be applied to describe the World, 
‘but not the continual mathematics, which lies in the 
basis of traditional orthodox physics. All these 
circumstances lead to numerous problems and 
difficulties in description of our notions of reality, to the 
plenty of used principles, which are in contradiction to 
each other, as R. Feinmann noticed once [3]. 


And what we can get from determinism, which is based 
on fundamental law of interaction, law of cause and 
effect interrelation? The change of force value in a 
reaction takes place, ie. the change of value of the 
potential gradient, i.e. the change of energy 
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concentration. This circumstance is visually 
demonstrated by the operation of Archimedean lever 
as well as in all phenomena of the real World. This is, 
Archimedean lever, where the loss of speed takes place, 
‘but there is a gain in force. And the load raised on a 
lower height than the way, which was made by the 
applied force, will give a huge power during its free 
fall. This power is higher in so many times, in how many 
times the time of the load fall is less than the time of 
action spent on its raising! And this is the fact, which 
determines specific character of creation in the real 
World. We should attribute both quantitative and 
qualitative characteristics to energy. This is the side of 
energy manifestation, which is reflected in Plank’s 
formula: energy is proportional to frequency. 


Manifestation of fundamental law of interaction also lies 
in the basis of general universal regularity of evolution 
of real many-particle systems with the change in 
extemal conditions. This process develops in multistage 
way, and on the each stage the logarithm of the ratio 
‘between the event happened and the event to happen 
always is equal to the work of external forces. In other 
words, the relation of the event happened to the 
resource is in exponential dependence on the initial 
conditions and extent of external influence. Exponential 
character of development of processes is the evidence 
that Nature develops according to the law, which 
conserves itself during evolution. This regularity, which 
manifests everywhere, can be naturally called the 
Principle of Order. 


Fundamental law of interactions and Principle of Order 
appeared to be enough to describe and understand 
phenomena in the observed World. And it is natural to 
expect that this principle of Nature manifest in finer 
World also. This World includes lower and higher 
frequencies, which are not available for us yet to watch 
this wide-range frequency-wave emanating Universe. 


From all aforesaid we should make a conclusion that, 
‘the logic, which exists in the traditional physical tool, 


appeals to the model and principles of the World of non- 
interacting elements using the range of regularities, 
which also reflect some features of the real World, but 
they do not include fundamental law of interaction and 
Principle of Order, which are necessary and sufficient 
to describe reality. Descriptions existing in traditional 
physics are phenomenological ones and concern only 
those aspects of the phenomena under investigation, 
which do not include possible qualitative changes 
during development of processes, because the main 
property of real processes of interactions (creation of 
new energy property) was excluded, 


‘The current situation in physics had a strong influence 
on formation and development of other sciences, other 
fields of knowledge, since the logic of reflection of cause- 
effect links was initially excluded. These are the links 
to determine existence, ie. existence of constant 
creation of the World. All these circumstances give 
grounds to fundamentally revise educational programs, 
first of all, in physics, philosophy, mathematics, 
chemistry and biology. A change to the offered logic of 
cognition, which is based on the Principle of Order and 
fundamental law of interaction, will fundamentally 
change our notions about the World as well as will open 
big opportunities for new technique and technology. A 
‘Man has got huge opportunities in cognition and 
existence, but due to his immorality and features of 
incorrect aims in the logic of cognition he cannot use 
these gifts of Nature. We present wider and deeper view 
on the World and a Man in it, which allow analyzing, 
watching and operating with those fields of reality, 
‘which manifest in finer World, World of higher-frequency 
energies and other structures of fields. Logic of cognition 
had not touched these structures yet. 
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‘Two kinds of energy, accumulated energy [1] and free 
energy [2], are considered as an inexhaustible source 
of natural energy created by Nature itself. It is 
ecologically clean and possible to be renewed in natural, 
conditions. 


‘The energy accumulated in substance is released as a 
result of partial decay of substance in elementary 
particles. At that, the acquired defect of mass is so small 
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that it does not change chemical properties of substance 
and is compensated in natural conditions. Physical 
mechanism of energy-release lies in the fact that an 
electron in plasma layerwise takes sufficiently smaller 
elementary particles (electrino) from positively charged 
atoms or fragments of substance (ions). Electrino give 
their kinetic energy to plasma, heat it up and move 
beyond the bounds of reaction zone in the form of 
thermal and optical radiation. There is no substance, 
which could not take part in such process of energy- 
release, i.e. phase transfer of higher form (PTHF). The 
most appropriate, available and low-cost substances 
are air and water, which play the role of nuclear fuel in 
PTHE It is tumed out that usual combustion is also a 
process of PTHF, in which oxygen is a nuclear fuel and 
‘organic fuel is a donor of electrons. In the process of 
combustion oxygen atoms get the defect of mass equal 


concentration. This circumstance is visually 
demonstrated by the operation of Archimedean lever 
as well as in all phenomena of the real World. This is 
Archimedean lever, where the loss of speed takes place, 
‘but there is a gain in force. And the load raised on a 
lower height than the way, which was made by the 
applied force, will give a huge power during its free 
fall. This power is higher in so many times, in how many 
times the time of the load fall is less than the time of 
action spent on its raising! And this is the fact, which 
determines specific character of creation in the real 
World. We should attribute both quantitative and 
qualitative characteristics to energy. This is the side of 
energy manifestation, which is reflected in Plank’s 
formula: energy is proportional to frequency. 


Manifestation of fundamental law of interaction also lies 
in the basis of general universal regularity of evolution 
of real many-particle systems with the change in 
external conditions. This process develops in multistage 
‘way, and on the each stage the logarithm of the ratio 
between the event happened and the event to happen 
always is equal to the work of external forces. In other 
words, the relation of the event happened to the 
resource is in exponential dependence on the initial 
conditions and extent of external influence. Exponential 
character of development of processes is the evidence 
that Nature develops according to the law, which 
conserves itself during evolution. This regularity, which 
manifests everywhere, can be naturally called the 
Principle of Order. 


Fundamental law of interactions and Principle of Order 
appeared to be enough to describe and understand 
phenomena in the observed World. And it is natural to 
expect that this principle of Nature manifest in finer 
World also. This World includes lower and higher 
frequencies, which are not available for us yet to watch 
this wide-range frequency-wave emanating Universe. 


From all aforesaid we should make a conclusion that 
‘the logic, which exists in the traditional physical tool, 


appeals to the model and principles of the World of non- 
interacting elements using the range of regularities, 
which also reflect some features of the real World, but 
they do not include fundamental law of interaction and 
Principle of Order, which are necessary and sufficient 
to describe reality. Descriptions existing in traditional 
physics are phenomenological ones and concern only 
those aspects of the phenomena under investigation, 
which do not include possible qualitative changes 
during development of processes, because the main 
property of real processes of interactions (creation of 
new energy property) was excluded, 


‘The current situation in physics had a strong influence 
on formation and development of other sciences, other 
fields of knowledge, since the logic of reflection of cause- 
effect links was initially excluded. These are the links 
to determine existence, i.e. existence of constant 
creation of the World. All these circumstances give 
grounds to fundamentally revise educational programs, 
first of all, in physics, philosophy, mathematics, 
chemistry and biology. A change to the offered logic of. 
cognition, which is based on the Principle of Order and 
fundamental law of interaction, will fundamentally 
change our notions about the World as well as will open 
big opportunities for new technique and technology. A 
Man has got huge opportunities in cognition and 
existence, but due to his immorality and features of 
incorrect aims in the logic of cognition he cannot use 
these gifts of Nature. We present wider and deeper view 
on the World and a Man in it, which allow analyzing, 
watching and operating with those fields of reality, 
‘which manifest in finer World, World of higher-frequency 
energies and other structures of fields. Logic of cognition 
had not touched these structures yet. 
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‘Two kinds of energy, accumulated energy [1] and free 
energy [2], are considered as an inexhaustible source 
of natural energy created by Nature itself. It is 
ecologically clean and possible to be renewed in natural, 
conditions. 


‘The energy accumulated in substance is released as a 
result of partial decay of substance in elementary 
particles. At that, the acquired defect of mass is so small 
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that it does not change chemical properties of substance 
and is compensated in natural conditions. Physical 
mechanism of energy-release lies in the fact that an 
electron in plasma layerwise takes sufficiently smaller 
elementary particles (electrino) from positively charged 
atoms or fragments of substance (ions). Electrino give 
their kinetic energy to plasma, heat it up and move 
beyond the bounds of reaction zone in the form of 
thermal and optical radiation. There is no substance, 
which could not take part in such process of energy- 
release, i.e. phase transfer of higher form (PTHF). The 
most appropriate, available and low-cost substances 
are air and water, which play the role of nuclear fuel in 
PTHE It is tumed out that usual combustion is also a 
process of PTHE, in which oxygen is a nuclear fuel and 
‘organic fuel is a donor of electrons. In the process of 
combustion oxygen atoms get the defect of mass equal 


to 10°%, which constitutes the so small value that it 
cannot change chemical properties of oxygen and does 
not call killing radioactive emanation, 


‘There is a possibility to use energy properties both of 
oxygen and nitrogen of free air in the process of PTHE. 
‘To do this it is necessary to destroy nitrogen molecule 
atleast in atoms or smaller fragments by some initiating 
influence. It is achieved by electrical discharge, 
magnetic flow, explosion and other means. These means 
consume much less energy than produced in PTHE In 
particular, such processes were achieved in combustion 
engines. Such nitrogen mode of operation and 
combustion is accompanied by oxidation to HO, but 
not to CO,, which is more effective in energy and 
ecological aspects. Accordingly, the power of engine 
increases and organic fuel is saved. Exhausts from this, 
process mainly contain water vapor [3] 


PTHF processes with excessive power release (more 
‘than consumed power) were also obtained in heat- 
generators operating with water. 


Free energy diffused in the surrounding space could be 
‘transformed into mechanical, electrical or another kind 
of energy by means of vibration-resonance, 
electromagnetic and other energy systems. 
Classification of these systems as well as physical 
mechanism of energy transformation is given in [2]. The 
known Searl’s engines can serve as an example of 
energy systems working with free energy. 


‘The developed physical mechanisms of energy-release 
processes will allow to create industrial, stably 
operating, ecologically clean energy systems, which do 
not consume organic and nuclear kinds of fuel, harmful 
for humankind. 
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Introduction 


In techniques and in our life we got used to certain 
physical notions concerning force. We usually use these 
notions in creation of automobiles, airplanes, rockets 
and other techniques, but we don't think about the 
origin of forces in general. Usually appearance of force 
in continuum is connected with presence of momentum 
gradient. 


A number of works, which describe various versions 
about origin of a force appeared (1, 2, 5, 8, 17, 21, 22, 23, 
25, 30, 35, 36, 38, 39]. Different mechanisms of 
appearance of force are considered in these articles. 
Usually they consider origin of a force in one of the fields, 


which are: electromagnetic, gravitational and others. 
‘There was a theoretical attempt to connect the force 
initiation with energy gradient [33]. Experimental 
proof of force initiation due to energy gradient was 
obtained in the works (7, 38]. 


Below we made an attempt to show the general 
regularity of force initiation, which is connected with 
non-uniform distribution of energy in space. With this 
process, physical nature of any kind of energy and 
specific mechanism of force initiation does not play any 
role. These are only particular cases of general nature 
of force initiation. 


We are surrounded by space, which is full of energy. 
Here we mean the energy of any nature: mechanical, 
‘thermal, electromagnetic and others. Energy is related 
‘with material world and its value is connected with the 
volume. 


Any particle (volume) of continuum has energy: 


A 


(x,y. 2.0) (a) 


where x, y, z are Eighler’s coordinates of the center of, 
particle, tis time. 


‘Transmission of energy from one point of space to 
another one can take place by various methods, both in 
connection with energy transmission by material 
particle itself (which is a “carrier” of energy in this case) 
and without such transmission (for example, with wave 
motion). For the volume degenerated in ideal point the 
energy will be zero. That's why it is more comfortable 
to operate with the energy density concluded in the 
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increasing constantly. We are the first who analytically 
got the law of gravity of the masses from the known 
‘equation of thermal conductivity. Appeared that on the 
relatively small distances (in the bounds of the Sun 
‘System) the law of gravity by Newton remains valid, 
but on the larger distances the sudden decrease goes 
on (Gauss integral), which naturally solves the famous 
Zelinger's paradox of gravity. 


Asa conclusion we should note that in the bounds of a 
stable galaxy of a spiral kind there is the circulation of 
ether. Ether moves from the periphery of the galaxy to 
its center (nucleus) by two spiral branches. This 
becomes apparent as a weak magnetic field (8-10 micro 
Gauss). In the nucleus of the galaxy there is the impact 
of two strings as well as there is formation of the spiral 


toroidal circles (protons). Then the protons form the 
adjoined vortexes around themselves (electron shells) 
and from the proton- hydrogen gas the stars are forming, 
which are moving to the periphery by the same 
branches. There they dissolve in ether at the periphery 
since the protons will loose their energy and stability 
due to the viscosity. Ether which have got the freedom 
‘will return to the nucleus of the galaxy and this process 
is going on in our galaxy for hundreds milliard years 
and it will keep going until the new center of vortex 
formation will begin to concentrate ether. Then the new 
galaxy will appear and our galaxy will disappear. But it 
will not happen soon and we have enough time to 
understand that we should return to the concept of ether 
in modern science. 


Experimental Demonstration 
of Cosmic Influence on the Earth Life 


in N.A. Kozyrev’s Researches 
(“On the Influence of Time on Matter”) 


Alexandra L. Belyaeva 


Bishkek, 720075, Russia 8* Location, 46, apt 80 
‘Tel: 7-996-31-41-25-79, 
E-mail: artem belyaev@mailru 
Intemet: wwwnewphysics.h1.ru 


Editor's note: this article represents a part of the big 
scientific conception "World models in the new scientific 
progress”. On applying of this conception a great 
number of practical technical devices have been created 
(as an example of such device we offer the description of 
universal electrical bio-heater, which was created by the 
group of researchers from Bishkek, Kyrgyz Science 
Technical Center “Energy” during the work on ceramic 
electroconvector). 


We have to note that the position of our editorial 
board concerning “time” and Kozyrev's work is not 
ina good correlation with the authors’ one. 


Nicolay Alexandrovich Kozyrev scientifically and 
experimentally discovered the action of relations’ 
interconnection, which was falsely named as time. Time 
cannot cause action because it is absolute and does 
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not have any physical sense (Samat Kadyrov. 
‘Monograph “Theory of unified field”) 


Author's note: relations’ interconnection is an 
interaction of structurally similar objects. It is a 
nuclear resonant gain-frequency process: in a 
stationary electric field, which is modeled by 
systematic organization, there is a development of 
similar to structural one, in-focus rays of powerful 
regular coherent radiations. These coherent radiations 
are determined by properties of chemical components 
of interrelated substances. 


According to N.A. Kozyrey, it is ought to expect not 
identical density of relations’ interconnection in space. 
‘Some processes decrease density; others on the contrary 
increase density of relations’ interconnection. Action of 
the increased density is weakened according to the law 
of reversed squared distances; it is shielded by a solid 
matter, at thickness about Scm, and is reflected by a 
mirror, according to the familiar optics law. The action 
of the decreased density on a detector is shielded, but 
does not reflected by a mirror. Properties of a matter 
can be changed under the influence of relations’ 
interconnection. In this sense there is a big advantage 
in changes of electric current conductivity of resistor, 
which is brought into Witson bridge and is located near 
some process. For instance, in order to increase density 
it is useful to realize the process of evaporation of a 
volatile liquid; and for density decrease the process of 
cooling of a warmed-up agent can be realized. Due to 
these processes, change of conductor resistance is 
actually realized with opposite signs. Increase of density 
of the conductor with positive temperature coefficient 
leads to decrease of its resistance. At negative 
‘temperature coefficient there is an effect of the opposite 
sign, in the direction of changes, caused by temperature 
changes. Such correspondence to fall in temperature 
should be observed at changes of other properties of a 
matter, because disorder in a matter structure is 
reduced along with fall in temperature. The researches 
have shown the following results at the resistor, which 
‘was situated near processes of acetone evaporation on 
cotton wool and of solution of sugar in water. The 


relative resistance change of resistor was observed at 
the 6* or 5* digit after comma (or even at the 4* digit if 
resistors had especially high temperature coefficient). 


‘There is now a possibility to study the Universal World 
not only by means of the investigated spectrum of 
electromagnetic oscillations, but also through physical 
properties of relations’ interconnection. 


At many researches the influence of relations’ 
interconnection on resistor electroconductivity was 
investigated. Acetone evaporation (at 10-15 cm distance 
from the resistor) was applied there as the process, 
which controls sensitivity of a system. However, the 
process of evaporation can influence on the resistor not 
only with density increase, but also due to temperature 
increase that occurs at evaporation. In order to take into 
consideration this cooling effect, (in the area of 
evaporating acetone) temperature was measured by 
Beckman mercurial thermometer with 0.01°C 
multiplying factor. The first experiments (without 
thermal protection) have shown the fall in temperature 
by several hundredth of degree. This fall was enough 
to cause the changes of resistor electroconductivity. 
However, the thermometer had been keeping on the 
demonstration of practically the same fall in temperature 
at thermal insulation of the resistor. The thermometer 
reacted on the radiation of relations’ interconnection at 
acetone evaporation. 


‘The part of the thermometer with a placed in a 
pasteboard tube mercury tank was laid round with 
cotton wool and put into a glass retort. The experimental 
process was fulfilled near the retort, and the reading of. 
mercury altitude in capillary was determined by the 
scale of the thermometer through the closed window 
in the next room. The mercury altitude was decreased 
at dissolution of sugar in water (with steady 
temperature) and it was increased at the release of the 
squeezed spring, which was placed near the 
thermometer. 


‘The radiation of the relations’ interconnection was 
observed from many stars. It is caused by the inner 
processes, which take place on these heavenly bodies. 
‘The Sun (with its turbulent processes) radiates the 
relations’ interconnection besides the searched 
electromagnetic radiation. Actually, if sunlight is 
recovered with a thin screen, the significant influence 
on the resistor will be discovered. The influences of 
the Sun to the Earth through the relations’ 
interconnection become doubtless. These influences of 
the Sun should have a particular significance in vital 
functions of organisms, because it brings the beginning 
for life support. The totality of the researches 


demonstrates the dependence of matter state from the 
changes of the general background of the relations’ 
interconnection. The drift of the devices (that show daily 
changes) usually stops about at midnight and then 
changes its direction. As for the seasonal course, there 
is a density decrease of the relations’ interconnection 
in spring and summer; and there is an increase of it in 
autumn and winter. It is connected with the absorption 
of the relations’ interconnection by the vital functions 
of plants and with the return of it at their fading. There 
are indications at the seasonal changes of chemical 
processes. For instance, reaction of polymerization has 
more difficulties in its realization in springtime. V. 
Zhvirilis observations of minimum and maximum light 
admission by means of the crossed Nickolya prisms can 
bbe explained by the crystalline reconstruction of these 
prisms. 


By Kozyrev, as being invisible, vital source is 
disseminated everywhere in Nature, thus possibility of 
its accumulation is the only necessary thing. Such a 
possibility is realized in vital organisms because all vital 
functions counteract to the usual course of systems’ 
destruction. The ability of organisms to keep and 
accumulate this counteraction is the reason, which 
determines the great role of biosphere for the Earth life. 
But even if we assume, that spreading of life in Space 
is one of its peculiar properties, biosphere will not have 
a decisive significance. 


Cosmic bodies (and first of all stars) can serve as the 
reservoir, which gathers vital source. Enormous stocks 
of energy flow out of stars in a very weak degree through 
the radiation of comparatively cold external layers. Inner 
stars energy is preserved so well, that even at the lack 
of supplement, matter of the Sun would become cold 
only at one third degree per year. For the Universe the 
creative source carries the relations’ interconnection, 
‘Thus cosmic bodies are necessary for support of life. 


Author's note: We apprehend relation’s interconnection 
as natural radioactive background. In fact, it is a nuclear 
resonance gain-frequency interaction of inertial masses 
that depends on living systems, especially on its rituals 
and that regulates its survival. Cosmic bodies regulate 
this process. Humanity is able to control nature only 
obeying to natural laws. In-focus beams of powerful laser 
streams are formed in the electric field of living system 
organisms. The creation of proton-antiproton pair in the 
living cells, alongside with the process of the absolute 
release of energy serves as a creative vital force. The 
process of radiation, support, absorption of energy by 
the organization (assembly of particles) is realized 
through the relation’s interconnection and regulates its 
total mass. 


Humanity is able to control nature only obeying to 
natural laws. 
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Universal electrical bio-heater is intended for heating of 
rooms and preventive clearing of an air atmosphere from 
disease-producing organisms at continuous exposition 
(continuous work). The principle of its work 
fundamentally differs from those of the existing 
analogues. Carbon crystals are in the basis of bio-heater, 
which makes it environmentally appropriate. 


Bio-heater represents a range of ceramic cylinders, 
jointed with metal plates on top and undemeath. These 
plates play the role of load-carrying structure. It is used 
in production areas and living rooms for heating 
alongside with destruction of pathogen microorganisms. 
One bio-heater with 0,2 kWtt power is oriented for 
heating of the area with volume 35-45m'(in the future 
production of modernized models powered from solar 
cells is planned) 


As distinct from the usual oil heater, preventive electrical 
bio-heater destructs agents of infectious diseases, 
whereas, according to the researches, oil heater 
stimulates their reproduction. 


Absolute ecological cleanness is obtained by release of, 
‘the quarters from the effect of increased atmospheric 
dampness with the temperature, appropriate to sanitary 
code. Any type of mold or fungus disappears in the 
quarter and in the future these forms do not renew their 
existence (even after removal of bio-heater). 


‘The absence of injurious radiations is attained by the 
following: features of raw material, which is used during 
the process of electrical bio-heater production; radiation 
is normal during bio-heater working. Pollution-free 
‘temperature influence is attained by favorable infrared 
radiation, 


Among the other properties of electrical bio-heater there 
are following: fire-safety; explosion proof; chemical 
inertness; enormous effectiveness from the point of view 
of electric energy demand. Structural simplicity 
facilitates its durability; there is nothing in bio-heater to 
be broken. 


‘Technical aspects (applied Know How): In the process 
of technologic production of ceramic cylinders, from 
which bio-heater is consisted, diamond-like cellular 
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ceramic structure with superimposed combination of 
atoms of lattice elements is created. Rhythmic work of 
cells, which form ceramic mixture, leads to resonance 
and creates a kind of blow wave (at micro level). This 
blow wave physically destroys microorganisms that 
have no calcium framework. It is related only to those 
microorganisms that are agents of infectious diseases, 
suchas: staphylococcus, enterococcus, enterobacterium, 
etc. Thus parameters of the evoked blow wave coincide 
with vibration frequency of the definite types of 
bacterium and elementals. These blow waves cause the 
similar effect in room near of hio-heater, e.g. colonies of 
microorganisms are noticeably decreased there (even 
at the absence of bio-heater in the nearest room). 


Due toits self-organization, bio-heater works in the range 
of living systems, it is approached to them. There is a 
realization of active connection with living coaly forms 
of biological systems. Actually the work of bio-heater is 
adjusted to them. Bio-heater properties can be 
programmed at the process of its production. 


Bio-heater is a patented product. Patent KR 
#464 MKI C 04 V 33/24 “Ceramic mixture, 
possessing heat-radiating properties”. 
Application #20010075.1 at Patent KR #464 
MKI C 04 V 33/24 “The way of creation of 
energy, renewable, programmed hard-phase 
ceramic-carbon mass structure”. Application 
at Patent KR #464 MKI C 04 V 33/24 
“Technology of producing of electrical heaters 
with anti-resonant air prophylactic effect”. 


Finale product (FP) purchase is not more expensive than 
those of existent models of electrical heaters. Cost value 
is noticeably brought down on organization of the scaled 
production. It is ought to take into consideration that 
from all existent types of heating, from the customer's 
point of view, this one is the most energy-efficient. 
‘Manufacturing of such bio-heaters can be organized on 
the base of acting industrial production of ceramic 
fabrics. It will require some expenses. Moreover 
production service is rather cheap because there is no 
need in maintenance staff. 


Electrical bio-heater can be applied everywhere, where 
there is a need in: a) economical heating; b) decrease of 
air moisture; c) disinfections of rooms. 


As for the life cycle of bio-heater it does not become 
obsolete morally and technically. It is produced from the 
materials, which are not liable to wear. 


‘The invention has a certificate of KR Gosstandart. From 
the end of 1998 the first unimproved modification of bio- 
heater (with power 0,6 KWtt) were put into serial 
production in Bishkek (with small test production runs). 
‘This time bio-heaters are readily used as medical 
equipment in hospitals and maternity hospitals in 
Bishkek. Inventor: Alexandra L. Belyaeva. 


Technical Report 


‘The comparison of quantity of heat energy, 
required for heat of rooms, and of heat quantity, 
which is produced by Belyaeva's electroconvector. 


Mavlyanbekov Sh.Yu, 


Deputy Director KSTC "Energy’ 
Internet: wwvinewphysies.hi.ra 


Editor's note: this calculatious demonstrates the 
advantages of the device, which at 340 Wet energy 
consumption produces about 700 Wtt of heat power. 


‘The calculation of heat output, coming from the ceramic 
electroconvector to a room, was based on the basis of 
research statement of EVNA-0.2/220 electroconvector's 
influence on air micro flora of industrial rooms at 
23.10.01. - 06.11.01. period. 


‘The researchers were carried out in the arbitrary room 
in a four-storied large-panel building. This room was 
on the 3" floor, with facing east windows. The room 
was of 52.5 m? air-space, 3.5 m height and 16 m? area, 
The calculation of heat, was made on the basis of 
“Methods for calculation of the requirement in heat and 
electric energy of buildings". These methods were 
registered by Department of Justice of Kyrgyz Republic 


on 08.09.2000, #154. According to the normative data, 
‘temperature of inner air (t,) in the room must be equal 
to +20°C. In Bishkek planned specified temperature of 
external air (t,,) for heating is minus 23°C. The average 
temperature of heating period is t,,= -0.9°C, specific 
heat characteristic of the building is: 

q=04 Keal/m® h °C. 


Medium quantity of heat energy, which is required for 
heating, is determined by the formula’ 


On heating =4-V Ay ~t,).12 


[e.-1..)2 6,1, )]Kealh 


Q,,heating=0.4-52.5-(20+23):1.12. 
[(20+0.9)+(20+23)]=492Kcal/h 


‘Thus at the average annual temperature of the heating 
period, which is:t,,= - 0.9°C, the quantity of heat energy 
required for this room, comes to 492 Keal/h. 


According to the research statement, the trials of the 
electroconvector with 200Wtt power were carried out 
at the following external air temperature: +10.2°C; 
+8.5°C; +10°C; +6.6°C. The calculation data and results 
of its examination are brought together in a table. The 
parameters of electroconvector with 340Wtt power are 
demonstrated in the same table. 


Table 1 


‘Table of determination of heat entry and heat consumy 
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4] +10 | 320 DaTs 700 
(0.000235) 
+10 [423 0355 130 0.2-0.355=0.155]0.34-0.355 
(0.000305) ols 
3] 366 | 20 7366 TOO 
(0.000315) 
466 [ +19 0338 m2 0.2-0.338=0.138 0.340.338 
(0.000291) =0.002 
Calculation data demonstrate a considerable economy 
of heat energy at daily unevenness of external air E=0.93-5.67-343! 10° =727 Wet/m? 


temperature. 


Heat productivity of the new structure of electric 
convector with 340Wtt power was calculated on the 
assumption on the suggestion that heating of the room 
is carried out by the irradiation at the process of heat 
exchange. 


Cy:T*-10* 


‘Wit/m? 


where: C, =5.67 Wtt/m* K*is a radiant emittance of 


blackbody, €=0.93 is an emissitivity factor of the 
surface of earthenware duct tube; T=70°C=343 Kis the 
temperature of the surface of earthenware duct tube. 


On substitution of the known values into the formula 
we get: 


As the area of irradiation surface is equal to $=0.96 m’, 
then quantity ofheat, which is evolved by the convector, 
comes to: 


, = SE =0.96-727 = 698 wet (or 600 Keal/h) 
‘The quantity of heat, which is required for the heating 
ofthe room, is 492 Kcal/h (at the external air temperature 
equal to minus 0.90 and temperature in the room equal 
to plus 200). 


‘Thus, electric convector with 340 Wt power is able 
to heat totally the room with 60m3 area. 


Editors note: 940 input and 700 output! 


Longitudinal Waves in Vacuum: 
Creation and Research 


Ph. Dr. Kirill B Butusov 


190121, Saint Petersburg, Angliysky prospect, 518 
‘ol: (@12) 119-8511 


The author presents a new elegant system, which is 
the symmetrized Maxwell's equations. In practice it 
gives a possibility to create the longitudinal waves in 
vacuum. This system is of great importance in 
telecommunications and aerospace technigue. 


‘There is a stable paradigm in electrodynamics that the 
existence of the longitudinal waves in vacuum is 
impossible. This paradigm played its negative role 
preventing scientific minds from solving this problem. 
However, Maxwell was not as categorical in his opinion 
on this question as his following were. 


Particularly he wrote: “Science of electromagnetism as 
well as optics is not able to confirm or deny the 
existence of longitudinal oscillations.” 


Maxwell's dynamic equations are usually considered 
as partial derivatives in time, However, the total 
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derivative in time includes the so called substantial 
derivative, which was shown in the equations for the 
moving coordinate system. In particular, one of these 
equations was written by Maxwell himself to explain 
the phenomenon of electromagnetic induction 
discovered by Faraday. This induction takes place in 
the conductor moving across the field lines of 
electromagnetic field: 


B=VxBi o 


Other equations were obtained later by other scientists, 
In the table I below Maxwell's equations are given ina 
split form. Their static and dynamic parts are given 
separately as well as the equations for moving and fixed 
coordinate systems. Such matrix concept of Maxwell's 
equations allowed finding their incompleteness. Really, 
the analysis of the matrix shows its high symmetry. 
However, full symmetry of the system of equations is 
broken by the absence of the equation (X). It seems to 
be strange and calls a desire to remove this defect in 
such an elegant system of equations. 


Anew equation is introduced in the Table 1 for the full 
symmetry of the matrix: 


co) 


Fundamental Properties of 
Aether 


Alexander M. Mishin 


Author's note: In the article the principles 
determining major properties of aether are 
formulated on the basis of an empirical material. 


Real aether [1-6], the primary and superfine essence of 
which is still a secret, has turned out to be absolutely 
non-standard superfluid three-dimensional material 
medium, which simultaneously is at solid, liquid and 
gas phases. The first master phase of aether is a 
specifically solid absolute space or an energetical 
“bottom” of the Universe ("‘celestial stronghold”). At 
that the solid phase is considered as mesomorphic 
vortical-wave structure, which has particular 
holographic properties. Classical matter represents to 
bbe one of the stable and energetic space-time levels of 
‘the Universe. Aether vortexes exceed all conceivable 
space scales, have quasi-material properties and create 
a great number of stereo-dynamic subspaces (parallel 
worlds), 


‘The first basic principle, to which aether entirely follows, 
is the principle of the least disturbance (the least action). 
‘Many well-known and unknown physics laws are the 
subsequent of this principle. In particular, any motion 
in macroscopic aether happens in such a way to 
minimize the interaction with the matter of our world, 
‘with zero moment of the disturbance momentum. In the 
classical physics this principle has been reflected as 
Le Shatelye principle, as variation principle, laws of 
thermodynamics etc. 


‘The second principle is the principle of fractality, which 
confirms the similarity of forms and properties of 
quantum aether vortex structures regardless of their 
space scale. This principle also determines the Universe 
as stereodynamically multivariate system in the form 
of hierarchy of vortical-wave structures of the unified 
aether (fractal matreshka). On the researching of the 
macroscopic objects of the Universe it is possible to 
make a conclusion about microcosm structure if taking 
into account the changes of frequencies and velocities 
of action transmission, 


In the third place there is a principle of physical 
autonomy, which confirms that any solitary mass (for 
example a planet) creates aether system. The particular 
principle of relativity, which reflects one of the fractal 
‘properties of the Universe, can be applied to this system. 
Such autonomous mass becomes similar to the 
miniuniverse with its aether subspaces, which repeat 
the basic phases of the Universe spectrum in more 
narrow (which depends on the size of mass) frequency 
band of space-time frequencies. Thus, in the local 
system of the Earth solid aether reproduces the 
structure of gravitational field with energy “bottom” in 
the mass center. As the result such spherical body 
occurs to be an energy drain and warms up from within, 
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‘The fourth is the principle of interaction between matter 
and vortex-wave forms, which do not depend to the 
spectral part of the Universe, that is quasimatter. This 
is the principle of new interaction in nature. The value 
of energy interaction in each experiment diminishes in 
time according to exponential law that is explained by 
the forming of energy informational or adaptation 
barrier, which separates parallel worlds and reflects the 
properties of vortex tenacity of aether as superfluid 
medium. At that, time of interaction is proportional to 
the size of quasimatter and the barrier for the earthly 
conditions is lowered at the indefinite period, on the 
assumption of only thrice-repeated observation of forces, 
(triad law) 


According to this principle, aether dynamic experiments 
in the earth laboratory do not have classical 
repeatability that, from the one hand, gives occasion to 
doubts in the objectivity and scientific character of the 
non-traditional experiments and from another hand it 
is the most reliable test feature of macroscopic aether 
motions. Biosystems have special relations with this 
principle. 


‘The fifth is the principle of many-dimensional 
autobalance of forces. All vortex and linear motions of 
macroscopic aether organize themselves in the way that 
in the band of space-time spectrum of the local system 
(usually with the aid of fluid and gas aether) occurs to 
be self-balanced, that is they have zero resulting 
impulse and the moment of impulse due to the existence 
of the proportionate antivortexes and antistreams of 
another spectral structure at the same space volume. 
‘The self-balanced vortex structures and streams are 
practically closed for the outer watch from the direction 
of our material world, at least with respect to the 
methods of classical physics. The principle of 
autobalance of forces reflects aether properties as 
unified synergetic system and has a significant applied 
meaning. 


Let call the principle of viability of aether dynamic 
systems as the sixth principle. Only a stereodynamic 
multivariate system is a viable one, that is a system, 
which during a definite period of time has the 
opportunity, called as life cycle, to realize interconcerted 
self-oscillating processes of vortex-wave character 
simultaneously at different phase states (subspaces, 
layers) of aether. The most important features of such a 
system are its space-time quasimaterial (vortex-wave) 
broadbandness and finite time of existence, which is 
determined hy the conditions of creation of the energy- 
informational barrier. Self-oscillation regime demands 
the presence of an energy source, oscillatory circuit (a 
pendulum) of any character, intensive process (of 
negative tenacity) and a channel of positive feedback 
(negative entropy). 


In the sense, referred above, any material system is 
viable and occurs to be a big system in the form of 
coordinated community of multivariate subsystems. In 
its turn each big system as a part of the hierarchy is a 


constituent of bigger system, until everything is 
embraced by the Biggest System, that is the Universe. 


‘The seventh principle of the universal energy 
interchange is the physical realization of the law of unity 
and struggle of oppositions. This principle determines 
spontaneous creation of thermodynamic and 
antigravitation potentials. Any local matter mass (a 
body), situated in the open space, creates an exchange 
process with the surrounding aether volume in the way 
‘that more fine-structure fluid aether is absorbed by the 
body, and the less power-consuming gas aether is 
radiated. As the result the body as a heat engine gets 
energy due to the cooling of aether exteriors. At that, 
antigravitation forces acts between bodies and aether 
exteriors, which have different temperature. 


This principle, which establishes the existence of 
antipodes of the second law of thermodynamics and 
Newtonian attraction, is realized mainly in cosmic scales, 
and explains in which way the energy is created in the 
bowels of planets and stars and why the Universe is 
stable as regards to gravitation. Obviously, the most 
unexpected for the modern Physics is the discovery of 
non-traditional nuclear processes where conditional 
reactions of decay and fusion occur at the usage of 
quasimatter. 


More deep research of new experimental results and of 
the stated above scientific principles lets to determine 
the priority-driven strategic tendencies in Physics, to 
open more entirely the laws of mechanics and 


thermodynamics of many-dimensional aether, including 
the theory of non-traditional waves and new types of 
electromagnetism. At that, the supreme aim is the 
research of differences in aetherodynamics laws on the 
Earth (in a laboratory) and in outer space, the 
unknowing of these differences has caused logical 
insularity, false all-sufficiency of classical physics, which 
had refused as “not wanted” the aether conception and 
fundamental Universal laws. 
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Irving Langmuir and Atomic 
Hydrogen 
Nicholas Moller 


PO Box 201 
‘24008 Eretria 
Greece 


Editorial 


In this paper Dr. Nicholas Moller describes the history of 
development of Atomic Hydrogen technologies in details. 
It is remarkable that this technology can be applied not 
only for welding processes but also as a clean free energy 
source. It is important to note that in this case the 
hydrogen process does not involve a consumption of 
‘hydrogen, which is not combusted in the process. Atomic 
hydrogen is not really a fuel but rather a medium, 
gateway or a super-conductor of ZPE form the vacuum 
of space, converting ZPE radiation and ultra-high 
frequency electrical energy into infrared (heat) radiation. 


This is the story of Irving Langmuir who was the first 
to develop a theory on Atomic Hydrogen on the basis of 
empirical research and experimentation. His workin this 
field lasted from 1909 to 1927. During this period he 
was employed by the Research Laboratory of General 


Irving Langmuir. 


Electric Company. Patents and discoveries developed 
‘by Langmuir during his time with General Electric were 
to a considerable extent instrumental in laying the 
foundations for what is today one of the largest 
corporations in the world. 


‘The question that gave birth to this article, is why his 
‘work and discoveries on Atomic Hydrogen were the only 
work that received hardly any attention at all and why. 
his revolutionary breakthrough was deprived of world 
attention for almost 100 years? This question becomes 
even more relevant when taking into consideration the 
high standing he enjoyed with his contemporaries 
(including being awarded the Nobel Prize in Chemistry) 
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and it is better to make it distantly after exclusion of 
man presence near experimental stands and devices. 
At the same time it is quite obvious that on applying of, 
small capacity and fixed time of irradiation itis possible 
to develop methods for curing of human diseases, which 
are considered now as incurable (for instance of 
diabetes, some diseases of haematogenic system, of 
cancer and possibly of AIDS. 
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Effect of Magnetic Blow Wave 
Field on Wine Systems 
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S.RTsimbalaev, L.N-Kreindel, VN-Kocheshkova, 
A.LPodlesny, S Yu. Gelfand 


AGD Firm, Peschanyi pereulok, House No.20P korpus No. Lf. 33 
128252, Moscow, A- 252, Russian Federation 


‘Russian Institute of Canning Industry, Shkolnaya Street. 78. 
1142703 Vidnoe 3. Moscow Region, Russian Federation 


Introduction 


Authors communicate the data on influence of Magnetic 
Blow Wave (MBW) field on several wineproducts. It was, 
found, that MBW did not lead to significant changes in 
the major components of the wineproduct (sugar, 
organic acids, minerals). At the same time the taste and. 
aroma of treated wine become more pleasant; content 
ofheavy alcohols and wine stone in the treated samples 
was less than in non treated ones. A mechanism of 
transformations was also discussed, 


Keywords: Magnetic Blow Wave (MBW), Wineproduct, 
GLC of aroma compounds and ethanol, HPLC of sugars, 
Atomic Absorption Spectrometry (AAS) of minerals, 
Heavy alcohols and aldehydes, Wine stone, Turbidity 
tendency, Organoleptic evaluation 


Magnetic Blow Wave (MBW) was obtained for the first, 
time during the investigations on ball lighting 
generation under the laboratory conditions 
(Shakhparonov 1994). MBW as a physical object is 
interesting because of some facts, which suggest that 
‘MBW is a magnetic monopole. The MBW can also 
interact with the matter and transforms it in a definite 
way. Typical example is an elementary carbon in the 
form of graphite, which is transformed by such magnetic 
treatment into ferromagnetic substance (ibid). 
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‘The graphite, which is initially diamagnetic, transforms 
to paramagnetic one with general radiation doze of 
about 7:10 neutrons/cm?. Other types of radiations 
could not affect this way (Svoistva 1975). So one unit of, 
‘MBW can he considered as 1-10" of neutron masses. This 
fact may be regarded as an indirect evidence for 
assuming that MBW and magnetic monopole are the 
same things. In the absence of excited radioactivity a 
slow MBW [v/c < 1-10*] occurs, which does not ionize 
atoms (Devons, 1963). Therefore, their interaction with 
the matter can be observed only indirectly. No data exist 
onthe interaction of MBW with organic substances. The 
experiments and results reported in the present 
communication may be a starting point for development 
of technology and to formulate the methods for vintage 
wine and best quality spirit production. 


‘Materials and Methods 


Assuming that MBW and magnetic monopole are the 
same things, a number of conditions were selected for 
all experiments. The MBW source and the samples were 
placed in the same axis and the axis was oriented 
according to magnetic meridian direction. Such 
magnetic orientation is appropriate, as the energy of, 
magnetic monopole theoretically increases in a 
magnetic field (Devons, 1963). All of samples were 
placed at 250 cm distance from MBW source, in 
hermetically closed glasses. It should be noticed that 
‘MBW could penetrate through many other barriers, for 
example into cast iron reservoir with wall thickness of 
5 cm (Amaldi, 1970) 


‘The quality investigations were made by using of 
standard equipment. HPLC, equipped with 
refractometric detector was used for sugars estimation. 
‘Separation of organic acids in forms of their ethyl esters 
and acid esters was carried out chromatographically 
using a column packed with polyethylenglycol 
succinate and the following temperature option: initial 
temperature is 120°C, final temperature is 220°C, 
temperature growth rate: 8°/min. GLC was also 
‘employed for determination of ethanol. Minerals content 


was examined with Atomic Absorption Spectrometry 
(AAS). Electronic spectra of samples were obtained with 
double beams UV Vis spectrophotometer equipped with 
permanent wavelength scanning. Redox potential was, 
measured with EV-74 potentiometer. 


‘The aroma alterations in the wine samples were 
investigated by GLC method after preliminary 
concentration of aromas by solid phase adsorption. The 
concentration was carried out by barbotation of inert 
gas (nitrogen) through liquid and consecutive catching 
of volatiles with tube trap, filled by Polysorb 1 sorbent 
(Lur'e 1972). The well-known analogue of Polysorb 1 is, 
Porapak Q. The tube may be regarded as a short 
chromatographic column, and volatiles go through it 
according to their retention times. The choice of sorbent 
was motivated by the fact, that retention times of water 
and ethanol was rather small (ibid). Thus, a 
concentration process can be ended at the moment, 
when water and ethanol have passed through the 
column, as the other volatiles remained bonded. The 
aroma desorption was made with ethyl ester. The 
analysis of the concentrates obtained was carried out 
with gas chromatograph equipped with flame ionisation 
detector (FID), column 3m x3 mm, packed by Carbovax 
Mon the Supelcoport. Temperature for the analysis was 
programmed from 100 to 190°C with increase of 1°/min. 
Isothermal conditions in the borders had durations of 2 
and 40 min respectively. The “mild” conditions of 
separation were also employed (initial oven temperature 
was 80°C with isothermal condition duration § min, 
temperature growth rate 1°/min, final temperature 
150°C and isothermal condition duration 40 min) 


Optical activity was tested with Spectropol at D line of 
Na (680 nm). The samples were evaluated 
organoleptically by a group (12 persons) of workers from 
Russian Institute of Canning Industry. Turbidity tests 
were made under the methods of Valuiko et al (1987). 
In some cases, qualitative tests were completed by MPL. 
‘turbiditymetric measurements. Before testing samples 
were filtered. Determinations of heavy alcohols and 
aldehydes contents were carried out in accordance to 
National Standard (GOST, 6363-67) as follows below. 
Determination of the constituents of "heavy spirits" (i 
pentanol, i butanol) was based on reaction of the sample 
with salicylic aldehyde in a presence of H,S0,. Rose 
colour develops if sample contains the heavy alcohols. 
‘The density was measured with Vis-photometer and 
‘the quantative determination was carried out using 
standard graph made with mixture solution of i pentanol 
and i butanol. A method for determination of aldehydes 
content is based on a reaction of fuchsine sulphite. The 
developed colour was measured with Vis-photometer. 
Calibrating plot constructed basing on typed solutions 
was used for quantification. 


Results and Discussion 
Investigations of wine quality changes after MBW 


treatment were performed using two samples of 
portwine ("Zemfira") type wine. Sample 1 was a 


reference (non treated) and sample 2 was treated with 
‘MBW. 


In both samples, the fructose and glucose levels were 
practically the same and amounted to 
43.8 + 3,32.22.5 g/l respectively. Sucrose and maltose 
‘were absent. Total sugar content was 76.0 g/1 though 
the level marked on the label was 80 g/l. It is thus 
apparent that the treatment of wine with MBW does 
not lead to noticeable changes of sugars content. 
Results of organic acids determinations are given in the 
‘Table 1 


Table 1 
‘Main organic acids content, g/1 
Acid | ‘Treated wine Initial wine 
Lactic 0.0265 0.00187 
Oxalic 0.010 0.0088 
Succinic 0.209 0.18 
Malic 4.56 4.22 
‘Tartrie 0.0805 0.0895 
Citric 0.401 0.483 


Standard deviation for the determination method was, 
estimated as 7 %. This fact shows that differences in 
organic acids content are not significant. It should be 
noted that a tendency of slight increase in light acids 
(up to malic) in the treated wine was observed in 
contrast to noticeable change in more heavy acids. The 
ethanol content of both of samples was 181 and 
184 g/l for non treated and treated samples, 
respectively, though the label on the bottle indicated 
190 g/l concentration. Standard deviation was §%. Thus, 
MBW treatment does not lead to significant changes in 
alcohol content. 


Atomic Absorption Spectrometry (AAS) data indicated 
that the samples were practically identical in terms of 
K, Na, Ca, Mg, Fe, Cu and Zn contents (data are not 
shown), 


Similarly, spectra of treated and non treated wines, 
diluted 150 times before photometring, were practically 
identical, thereby pointed out that polyphenols are 
unchanged. 


When wine is industrially treated with IR or microwave 
heating, ultrasonic, ultraviolet and g radiation, different 
reactions occur and there include redox reaction, 
esterification, condensation, hydrolysis, Maillard 
reactions, etc (Kishkovsky 1988). Most of reactions are 
accompanied by redox potential changing. Increase in 
Redox potential points out the increase in concentration 
of oxidants, i.e. oxygen, peroxides, and other 
compounds, which are electron acceptors. Redox 
decrease is a result of oxidation processes (ibid). Redox 
potential was practically constant (AE= 145 mV and 
150 mV in samples # 1 and 2 respectively). Evidently, 
oxidation processes, like they occurred during heat 
treatment, were absent during the MBW treatment. 
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One of the important reactions to be considered is the 
Maillard reaction. Essentially it appears in form of 
‘browning, decrease in reducing sugars and amino acids, 
and new aromas formation. While our result evidences 
on absence of irrelevant aromas, alterations of wine 
colour, and sugar content, thereby indicating 
insignificant contribution of Maillard reaction on wine 
quality changes due to MBW treatment. Technological 
‘treatment often leads to esters accumulation that 
improves wine aroma. It’s well known that the most 
important in this context are the esters of C,-C,, fatty 


acids (Kishkovsky 1988). During heat treatment, storage 
and other physical influences, different kinds of acid 
esters accumulate. These have weaker aroma than 
esters of fatty acids. But their appearance proves the 
existence of esterification processes. A comparison of 
aromas chromatograms of the samples 1 and 2 proves 
occurrence of changes in concentrations of the 
individual substances (increasing of peaks length with 
retention times of 13.10, 100.9; decreasing of peaks 
length of £4.85 min). An order of peaks exit of different 
volatives is given in the Table 2. 


Table 2 


Exit order of 


different volatiles 


Exit order, from | Retention time in our Eaat order, om Retention time in] 

published data for | experiments, min published data for our experiments, 
Carbovax 20M Carbovax 20M min 

|Acet aldehyde 38 i-Pentanol 23.56 

Ethyl acetate a7 i-Amyl butyrate 

Diacetyl 4.82 Acetone 

Methanol 491 n-Pentanol 27.92 

ethanol 6.01 i-Amyl valerate 

/n-Propanol Ethyl lactate 

j-Butanol 13.68 Ethyl caprilate 62.6 

Butyl acetate 13.59 Acatic acid 

i-Butyl acetate Diethyl succinate 

Ethyl valerate Ethyl laurate 

/n-Butanol 17.73 Phenyl ethanol 

JAmyl acetate 20.70 Diethyl malate 


A comparison of retention times of components with 
peaks of standard substances of wine aroma indicates 
‘that butyl acetate and i-butanol are very close to peak 
2. Data on chromatographic separation with mild 
condition showed that i butanol and butyl acetate peaks 
exited simultaneously. Organoleptic evaluation recorded 
a nice smell in the treated wine, thereby due to the 
formation of butyl acetate. Data indicated the presence 
of ethyl malate, ethyl tartrate and ethyl citrate in the 
samples, in addition to two peaks corresponding to 
ethyllactate and ethyl oxalate. The large experiment 
error does not allow any inference on changes of their 


height after magnetic treatment. Identification of peaks 
with retention time factor especially in such complex 
system is not unquestionable. However, the best way 
is touse the chromato mass spectrometer, which allows 
inference according to their individual mass-spectrum. 


Organoleptic evaluation can depend on aliphatic 
alcohols content. Determination with GLC shows (Table 
3), that their quantity in the both samples is rather small 
with respect to average values taken from literature for 
this type of wines. Thus such changes can not be 
recognized with such evaluation. For both of samples 
pH was equal to 4.0, 


Table 3 
Aliphatic alcohols content, mg/1 


Average 
Alcohol Sample #1 Sample # 2 literature 
values 
(Kishkovsky 1988) 
Methanol 0-360 
i-Propanol 0,3-3 
n-Propanol| less than 20 5-50 
i-butanol | less than 20 less than 20 20-100 
n-Butanol | less than 10 less than 10 2-10 
i-Pentanol | less than 20 less than 20 100-250 
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‘The results of optical activity measurements indicated, 
‘that both samples are not optical active. Filtration, 
clarification and dilution could not change the optical 
activity. Perhaps, there is a compensation of different 
forms of D- and L- compounds in the samples, thus 
total activity was very close to zero, and magnetic 
influences could not change equilibrium between the 
forms. 


Organoleptic evaluation of more delicate taste and 
aroma of the treated sample with respect to non treated 
one, MBW treated sample as more complete, harmonic, 
noble, and natural in contrast untreated sample was 
recorded as excessively bitter and sour in spite of 
practically the same pH of samples. 


Itis interesting to test the tendency of wine to make a 
different kind of turbidity after the MBW treatment. Data 
showed that both samples were not positive for protein 
turbidity. In term of reversible colloid turbidity 
formation, after storage at 7.5°C for 1 day, the MBW 
‘treated sample was homogeneous, in contrast to the 
formation of different phases with different 
refractometric numbers in untreated sample. Both the 
phases in untreated sample were liquid, with a density 
very close to each other, but the borders of phases were 
like broken lines when crystallization begins in 
crystallization process. This alteration in untreated 
sample may be due to micelle state changes or of 
structurization of product. 


‘The tendency test for polysaccharide turbidity based 
on the reaction with phenol in presence of H,S0, and 
determination of the derivative formed by 
photometrically, indicated, that difference in 
concentrations of polysaccharide in the both samples 
are very small, the levels being 119 and 106 mg/! for 
untreated and treated samples respectively. These 
values are close to range of polysaccharide stability 
(150-200 mg/), and thus do not allow any conclusion 
on changes of relative stability of the samples. A 
tendency for polyphenols turbidity, due to polyphenols 
associates precipitation upon addition of salt did not 
show differences. Turbidity, as determined in MPL 
apparatus, was 15 FEM as against value of 0.2 FEM 
before testing in untreated sample. These numbers were 
respectively 14 and 0.3 FEM for treated sample. Thus it 
indicates that both the samples are very stable with 
respect to polyphenols turbidity and that the magnetic 
‘treatment does not lead to alteration in the polyphenols 
stability. 


The data on the colloid stability indicate, that both the 
samples showed rather high resistance against protein, 
polysaccharide and polyphenols turbidities. Besides, 
‘treated sample showed higher stability with respect to 
reversible colloid turbidities. 


It is interesting to investigate as to how heavy alcohols, 
and aldehydes, which are often produced, when low- 
grade technology is used, are affected by magnetic 
‘treatment. For these studies, a system of simple mixture, 
consisting only of spirit and water, was used. 


Commercial vodka bottled in standard 0.6 bottles and 
artificial solutions, containing 40 % of food derived 
rectified spirit were used. Data showed, that MBW 
treatment significantly influenced the heavy alcohols 
content, as the reduction in heavy alcohol was more 
than two times. In addition, it reduced aldehydes by 
more than 3 times in vodka, and more than 30% in 
rectified spirit. Data indicate that efficiency of aldehydes 
removal is higher when the sample contained higher 
level of aldehydes. Thus, the MBW treated vodka and 
rectified spirit will be better than untreated one. It is 
however stressed that untreated samples were also 
recorded as good by sensory panel. So, limits for 
aldehydes are usually present in high quality vodka 
established by National Standard (GOST §363- 67) are 
6- 18mg/l. Thus the organoleptic evaluation of samples 
does not allow to find difference in aldehyde levels in 
‘these samples. 


Table 4 
‘The main results of heavy alcohols and aldehydes 
determination 
(mg/1) in vodka and solution, contained 40 % of 
rectified spirit 
[Substance |Non-trested | Tested | Nontiested | Treated 
vodka | vodka | spirit | spirit 
fAtconols | &7 ass | aa8 15 
JAldehyces| 15 oa os 04 


Sediments formation and its character were also 
evaluated. The sediment in treated grape juice was 
dense and more dark, the formless, non crystalline sort, 
and gel like form. The volume of the sediment occupied 
up to 30% of total volume. The sediment did not sink or 
float, nor it stick to the walls of glass. It was found that 
100 ml of juice gave about 155 mg of dry sediment. 
Microscopic investigations showed an absence of any 
‘kind of bacteria or fungi in the sediments. 


‘The effects of high energy of magnetic influences on. 
sediment were also investigated. The experiments were 
carried out with “Portwine Erevanski, vol. 0.5 1, white, 
spirit content 19 vol %, sugar 10 %, prepared according 
to GOST (National Standard) 7208-84". Crystalline 
sediment appeared on the walls and especially on the 
bottom of the bottle after the BMW treatment. An 
amorphous precipitate was also presented, and it can 
bbe separated by decantation. Crystalline sediment, after 
washing with ethanol and drying to constant weight, 
weighted 69.2 mg, and was of bright brown colour. A. 
tartrate content as a tartrate acid, of the sediment was 
59% mass. If it is considered as a tartar (a wine stone) 
of potassium sodium tartrate, then tartar content in 
sediment works out to be 86%. If it is considered as a 
tartar of dipotassium tartrate, tartar content in sediment 
will be 93% 


Generalization of data shows the positive effect of 
magnetic treatment on the wine samples, leading to 


harmonic taste of treated wine and absence of non 
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pleasant tastes. Most of the changes were found tobein 
the flavour and taste components, which were minor 
substances in the product. For example esters 
concentration changes during the treatment. At the 
same time the content of major components, such as 
sugars, organic acids, particularly, heavy organic acids, 
and especially ethanol remain constant. It seems logical 
from kinetic point of view, when simple processes, like 
esterification, are preferable with respect to many 
stages reactions, and reactions with high activation 
energies, which can go at hard conditions. Also, it seems 
logical that magnetic treatment may influence on 
electrical state of colloid species. Thus magnetic 
treatment can be considered as mild, selective in the 
comparison with many other physical methods. 
Nevertheless, the changes lead to acceptable 
energetical and nutritious value of the product. Data 
show that difficult problems, such tartar removal, can 
be solved by MBW treatment. 
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The Fundamentals 
of the New Principle of 
Motion 
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123430, Moscow, Mitinskaya Str, 40-1-244 Email gibip@mailra 


P Sherbak 


‘The concepts of active and passive interaction between 
the moving object and the space form the basis of the 
new principle of motion. 


So as to be more understandable, let's consider what is 
the old principle of motion. For this we will use the 
concept of a moving object and the space in which the 
object is moving. Naturally, material objects and the 
space can’t interact between each other directly, 
because the space is the philosophical category. In this 
case we can understand physical essence of natural 
phenomena easily. In our view, the material objects 
interact with some fundamental energy of space (FAM), 
which fills all space with a different density. Thus the 
energy (FAM) is inalienably connected with the space. 
One of the first names of this energy is “ether” in the 
early scientific works. So, for the simplicity we will 
accept that the object and the space interact between 
each other. 


‘Thus, all existing methods of motion which have been 
invented by mankind till the present time are based on 
activity of the material object that means the one 
expends some energy to produce the motion, and at 
the same time space is passive, it means that space 
does not need to spent any energy to move the object. 
And so in common case space tries to keep the object 
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in the former state interfering with accelerated 
movements of the object (in accordance with the 1* , 
the 2! and the 3" Newton's laws) 


It should be noticed that such method of motion (for 
the speed, which is much less than the speed of light) 
takes place both in animate and inanimate natures. In 
this case the level of energy of motion and reaction of, 
space (or an environment) are not very high. 
Incidentally, the energy of object can be of different 
types: electrical, chemical, biochemical, mechanical etc. 
‘The common consequence of this type of motion is 
existence of the inertia. The classical physics can't 
answer the question: “what is inertia?» The same 
situation is applied to the concept of mass, which is 
closely connected with inertia. The classical physics 
says that the mass is a measure of inerti 


‘There is the new principle of motion of material object: 
the object is passive and space is active. In this case 
it's more favorably for space in the energy aspect to 
move the passive object and to spent some power then 
to keep the object in the present place in the former 
state of immobility (in accordance with the 1*, the 2 
and the 3 Newton's laws). And so we should introduce 
the 4" law of Newton's mechanics. It says that there 
are the systems of coordinates in which the body is 
‘moving not rectilinearly with acceleration when this 
body is in the state of immobility. 


‘The basic and the main differences of the offered 
principle of motion from the existing methods at the 
end of the XX century are the following: 


1) The absence of inertia of motion; 
2) There are no limits for the speed of motion; 


3) The absence of “fuel reserves” “on board" of the 
moving material object. 


Nikola Tesla and 
Instantaneous Electric 
Communication 


Viadimir I. Korobeynikoy 


Russia 


E-mail: elen@mailinfos.ru 


Nikola Tesla (1856-1943), an outstanding inventor, was 
and still remains one of the most mysterious persons in 
the history of electrophysics. Whereas the most scientists 
were moving together in direction of microparticles 
investigations, as the basis of matter structure and of 
nature itself, he was going in opposite direction. He had 
‘akeen interest in the investigation of electric charge of 
the Earth as a whole. He was looking for the ways to 
influence on it, to control its state and methods of its 
regulation. 


‘Therefore, exactly, the most of his searches, experiments, 
the purpose of constructions and buildings, created 
according to his conceptions, cause perplexity and 
misunderstanding of scientists even in nowadays. 


‘The most mysterious of his main experiments were made 
in USA after 1904. After Nikola Tesla death in 1943, all 
his diaries and records over a period from 1904 year had 
mysteriously disappeared, Probably they were stolen (it 
‘was known, what to take). Lost records could “cast light” 
‘on one of the most “strange” of his buildings in the form 
of the enough tall tower, on the top of which a specially 
created toroidal transformer was placed. This transformer 
could create there a huge electric potential up to the billion 
volts. 


Nikola Tesla switched on this tower-device, what caused 
the fright and even panic in mind of people from nearby 
settlements. Of course! Because of very high electric 
potential there began air ionization, which spread very 
high to the atmosphere accompanying by the effect of 
color play. Such luminous, color-playing sky caused even 
a horror of people, who knew nothing about the 
experiment made and its goals. They did not guess that 
‘Tesla by means ofthe electric charge, created of the tower, 
‘was influencing on the electric charge of the Earth as a 
whole (about 600000 Coulomb). There was a global scale 
in Nikola Tesla’s investigations. 


‘There is no point in detailed analysis of the fact that the 
potential ofthe tower top influenced on the Earth charge. 
Interaction of charges-balls with the distortion of field 
lines, distortion-distribution of charge on their surfaces, 
induced charge, is beautifully described even in school 
physics textbooks. In Nikola Tesla investigations the 


Earth had the role of one of the charged balls. It was 
possible by changing of charge on the tower to deform 
electric charge distribution on the whole Earth surface at 
once. This deformation (electric currents) could be fixed 
at once in every point of the Earth surface. Iti alluring 
touse this effect for data transfer telecommunication, both 
oon the Earth, and in space. 


After such introduction the question “How does the 
system of instantaneous electric communication for any 
distance look like and work?” is still opened. First of all, 
the readers need to know, that such instantaneous 
communication is possible in principle. The proving it 
theoretical calculations, are rather difficult for popular 
interpretation. Some part of readers can take it on trust 
and those who are most interested in can apply to works 
of Oleinik V-P. (quantum physics) the professor from Kiev 
Polytechnic University. At the minimum there are two 
necessary works: Oleinik V.P. “Faster-than-light transfer 
ofa signal in electrodynamics. Instantaneous action-at- 
distance in modern physics” (Nova Science Publishers. 
Inc. New York. 1999) and Oleinik V.P. “Latest 
development of quantum electrodynamics: self- 
organizing electron, faster-than-light signals, dynamical 
heterogeneity of time.” (Physical vacuum and nature, 
4, 3-17. 2000) 


“PC” magazine has devoted a rather significant article 
entitled “Computers and teleportation” to V.P. Oleinik 
‘works, concerning instantaneous electric communication 
PC” #6, 2000). Note, that the author of the given article 
has also found the possibility of instantaneous electric 
communication, but by means of materialistic methods 
absolutely different from Oleinik’s ones, what is most 
important -two different solutions point to the possibility 
of this communication. “PC” #6, 2000 in the article 
“Circles on fields” cited mathematical formulae of the 
structure of electron electro-magnetic field as an 
illustration (it refers to the Earth too) that the author of 
this article has got. 


‘The most attentive readers of that article could notice, 
that one vector Hz absolutely “ignores” Special Theory 
of Relativity, since its mathematical expression does not 
include the velocity of light, whereas it presents in other 
vectors as a product of electric and magnetic conductivity. 

Magnetic line ofthis Hz vector goes o infinity and returns 
back from infinity. It surrounds the whole Universe. Itis 

alluring to use exactly this (Hz) line for the instantaneous 
communication for any distance. 


Its not so difficult to do it. In the Fig. 1 the easiest and 
most available for understanding line of the 
instantaneous electric communication is shown. A 
rotating charged dielectric ball (an “electron”, isn't it?) 
isused as transmitter. The ball can be electrically charged 
up to the limit of charge flow-out into the ambient space. 
Around the charged rotating ball there appears electro- 
‘magnetic field, entirely analogous to the electro-magnetic 
field of the Earth (and of the electron too). The central 
‘magnetic line Hz goes to the infinity and returns 
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back from it to the opposite side of the ball. In the same 
\way the central magnetic line of the Earth (Hz) goes from 
‘one pole to the infinity through the whole Universe and 
returns from it to the center of the opposite pole. 


Ivby the information to force the rotating ball (electron) 
to “wag by tail” (by Hz vector) which stretches through 
the whole Universe, then this “wagging” can be controlled 
instantly in every point of the Universe. While the rotating 
ball has a steady distribution of the surface charge, the 
line Hz does not change its dynamic position in the 
Universe. 


If such distribution of the surface charge is broken, space 
position of the line Hz also will change. On mounting 
the Tower of Nikola Tesla on the surface of rotating ball 
and measuring the potential on this tower in time with an 
information itis possible to change the charge distribution 
‘on the ball, and, respectively. the space position of central 
‘magnetic line (Hz) in the whole Universe at once. Big 
disadvantage of the Tesla tower is that maximum 
influence on charge is executed in the point under the 
tower, and farther it began decreasing roughly 
(exponentially), according to physics laws. 


Hence it is advisable to influence on the whole surface 
of charged ball, but not on some point of it. It is possible 
to influence at once on the very big part of surface by the 
long capacitor, placed on the perimeter (equator) of the 
charged rotating ball. Because of optimality reasons, this, 
capacitor length should not exceed a quarter of the ball 
perimeter (equator) length. Charging and discharging this, 
long capacitor on the ball equator by the data signal, only 
the position (angle 5) will be changed, not a value of the 
infinitely long magnetic line (Hz) in the Universe. Itis a 
data transfer. 


‘The natural question appears: “How to make on the Earth 
the most powerful transmitter for the instantaneous 
electric communication?” The answer suggests itself: “It 
is necessary to use the Earth itself as a rotating charged 
ball.” It is not effective to use Nikola Tesla's Tower to 
deform the Earth electric charge. To place on the Earth 
very long (about thousands km) capacitor is quite easier. 

However, it must be placed not on the equator exactly, 
but moved a little bit because of the initial heterogeneity 
of the Earth surface charge distribution, caused by the 
presence of continents and oceans. It will be necessary 
to find the line of electric equator, where the amount of 
charge north and south of itis similar. This line will not 
be ideally straight and will be situated near the 30° 
parallel 


‘As a matter of fact, this grand capacitor is already built, 
but is half-broken. This capacitor is very well known ~ it 
is a Great Chinese Wall. The ancient, powerful Chinese 
‘Tzcin’ Shi Huandi empire adapted and used it (capacitor) 
for the protection from nomads incursions. How 
unexpectedly and originally it is! In this case the electric 
iron would be the best tool for spiking. Itis clear enough 
that the charged ball (as well as the Earth) will “wag by 
tail”, which stretches through the whole Universe and 
does not change its energy, but only changes its position 
in space in time with information, Now we can go on to 
the question, concerning the way to control the Earth 

‘wagging by tail” in the Universe, and thus to read 
information instantaneously in any point ofthe Universe. 


In the Fig. 1 it is shown the input device of the electric 
communication receiver, made of the magnet sensitive 
material (it can be soft-magnetic ferrite) in the form of 
pyramid, with the proportions of well-known Egypt 
pyramids. Magnetic field lines of the far space pass 
through the pyramid from the top to the base and are 
concentrated by pyramid. If there is no signal (the 
“wagging by tal” of the far planet-transmitter is absent), 
then the magnetic flow, coming through the pyramid, does 
not change, and induced voltage in the coil, placed in the 
base of the pyramid, is absent (no information). If 
‘wagging by tail” begins, then the magnetic flow, coming 
through the pyramid, will change, and it will cause the 
appearance of voltage on the coil in the base of the 
pyramid in time with the information, 


‘Thus, the signal isreceived instantly. Here it is necessary 
to remind once again the difference between the 


instantaneous and usual radio transmission, The usual 
radio transmitter for the transmission of the information 
uses the energy distortion of space by the information. 
This energy change in space happens with the velocity 
of light and hence there is the loss of time for information 
passing. In the considered case there is noenergy change 
in space, there is only a change of magnetic lines position 
(He). 


This is exactly the vivid and fundamental difference 
between the usual electric communication and the 
instantaneous one. In other words, in usual transmitter 
during the fixed time interval there is the change of 
signal energy (instantaneous value), whereas in 
instantaneous transmitter there is no this change (only 
information). This is exactly the fundamental 
difference. 


Evidently, o receive instantly the signal from the opposite 
part of our Galaxy, we need rather big pyramid, in order 
to concentrate a big amount of field lines into the 
oscillatory circuit under the pyramid. The question can 
appear: why the pyramid, why not a cone? The point is 
that lines of the Earth magnetic field (the very lines that 
compass needle reacts on) in the any place of the pyramid 
horizontal section have the same density of distribution 
and are directed strictly parallel to the pyramid base. The 
cone in its horizontal section cannot provide such 
uniformity of distribution that is why itis not advisable 
touse it. From the space magnetic field lines pass through 
and concentrate in the pyramid strictly at right angle to 
the pyramid base 


This is the riddle of pyramids wonderwork. Any person 
coming into a pyramid, at the same moment feels the 
change of mental and physical condition of organism; 
whish is very different from that it was before the entering 
into a pyramid. Of course! Visitors come inside, into 
concentrated magnetic field lines of the powerful and 
functioning magnetic core of the receiving electric circuit, 
what is absent outside the pyramid, 


Itis strange, but most of tourists are afraid of the ill effect. 
which can be produced by electrical systems on their 
health, but there they stand in a queue to feel this effect 
in pyramids. Concentration and division of magnetic field 
lines are the easy and effective way to reject a noise, 
created by the Earth magnetic field, 


Itis clear, pyramids should be oriented very thoroughly. 
so that lines of the Earth magnetic field would be strictly 
parallel to the base and to the opposite (East-West) sides 
of pyramid. To get such exactness of orientation in 
modern conditions is very problematically. 


‘The most convenient place to build a pyramid (pyramids) 
is on the electric equator, in the place of its intersection 
with the electric meridian. Such place is located in Egypt. 
near its capital Cairo, And again we meet a paradox: such 
pyramids are already built on the Earth, but they are half 


broken. And Egypt was not less powerful than the ancient 
Chinese empire 


‘The Egyptian dynasty of Pharaohs has “completed” and 
adapted pyramids to burial-vaults, where mummies of 
dead Pharaohs were buried. Pethaps, it is even more 
incredible than in China. The impression is given that 
ancient powerful civilizations on the Earth had a 
competition between themselves, who will use radio- 
engineering constructions for instantaneous galactic 
‘communication in the most incredible way. Let's give to 
a reader an opportunity to select a “winner”, 


Itmust be noted that «PC» already published information 
that the Chinese Wall and Egyptian Pyramids are radio 
engineering constructions, intended for the instantaneous. 
galactic communication (PC #114, 1997, etc) 


‘There appears an interest in the possibility to produce 
very simple and manufacturable systems of instantaneous 
electric communication right now. Radio-electronic 
industry can produce them, but still does not guess about 
it 


Furthermore, such systems of instantaneous electric 
‘communication can be created at home, and even senior 
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pupils are capable to use them. In the Fig. 2there is shown 
the construction of instantaneous electric communication 
line in comparison with the usual one. It can be produced 
even at home conditions. Two permanent magnets 
connected between each other by analogous poles, are 
used as transmitting circuits, 


Permanent magnets can be replaced by electromagnets. 
In the magnet connection point there isa coil, which while 
the signal passing through it will change its position (angle 
5) n the space of the central magnetic line (Hz), coming 
‘out from the place of two magnets connection. Receiving 
circuit is available to be made of the flat ferrite, but coil 


‘must be winded along, through butt-ends of core, so that 
the whole internal part of the coil would be maximal (in 
area extent) filled by ferrite 


‘The obtained coil ean be completely “winded” (screened) 
by flat ferrite of big size. For more clearness of the 
experiment the central magnet line of transmitting part 
‘must be directed strictly along the axis of the receiving 
coil 


Now, if we give the alternating voltage (information) from 
‘ransmitter to the transmitting coil, fixed on the permanent 
‘magnet, then the receiver, connected to the circuit of the 


‘transmitting coil, placed on the flat ferrite, will detect an 
alternating voltage (information), Maximum effect is 
achieved at the resonance (coincidence of transmitter and 
receiver frequencies). 


It is checked. It works. The dullest experts in radio- 
electronic (after the reading above) can rejoin, without 
making an experiment, that it is an absolute nonsense 
that any communication is out of the question. Coils with 
absolutely perpendicular axes, besides one of them is 
screened, do not interact with each other. 


And here the most interesting thing starts. In the Fig.2 as, 
it was mentioned above, the usual communication line 
and the instantaneous one were compared. The usual 
transmitter cannot generate the vector Hz. that is why 
systems of usual and instantaneous communication cannot 
see each other in strict sense. What does it mean? It 
‘means, that in the same city itis possible to transmit on 
the one-carrier frequency (“what a nightmare!) two 
absolutely different television channels without any noises 
of one to another 


Usually by frequency match of a transmitter to the 
working frequency of another one, the radio 
communication is broken, but here it does not happen 
Here some additional explanation should be given. AS 
the vector Hz, which “ignores” the theory of Einstein is 
received from Maxwell equations, it follows thatthe usual 
(Einsteinian) system and the instantaneous (Maxwellian) 
‘one work on mutually perpendicular electromagnetic field 
lines (vectors), 


In the Fig. 2 such difference is shown clearly. These are 
just “jokes” of complex numbers, when one value is 
absolutely perpendicular to another and nevertheless 
together they form single whole. In other words it means, 
that two greatest persons in science Einstein and Maxwell 
as a matter of fact are something like “Siamese twins”, 
completely grown together at the angle of 90 degrees, 
even by heads. On the one hand every one is on his own, 
but nevertheless they are the common (complex) 
organisms. 


Hence there are a lot of misunderstandings on happened 
phenomena. How many scientists tried to find some 
mistakes of Einstein? They produced very convincing 
proofs concerning instantaneous interactions in nature. 
‘These scientists did not suspect that time and still do not 
‘guess now that they already for along time are “walking” 
inthe complex physics, which still does not exist. Einstein 
and Maxwell ("Siamese twins”), each occupies his own 
part of the complex number (complex physics) and they 
cannot be already taken off from there. 


‘The only third, free “vacancy” is left to throw on the both 
of them at once the common “collar” and “reins”, Le. to 
fasten them (“twins”) together by module and argument 
as any complex number. In this case no matter how the 
‘one part of complex number “ignore” the other one, only 
its argument will change, and module always will be equal 


to the conditional unit. Only this single fact in prin 
changes the conception about “appearanc 
“disappearance” of elementary particles! Even considered 
instantaneous and usual communications on the same 
receivers and transmitters in a complex conception 
(complex physics) _ eliminate appeared 
“misunderstandings” of all kinds, 


Advantages of the instantaneous (Maxwellian) electric 
communication are especially evident during the 
connection with long-distance spacecraft. At present in 
the interval between sending of control signal to the 
station in region of Solar System peripheral planets and 
getting the reply itis possible to have a small break for 
dinner (itis very convenient), 


In the case of the instantaneous electric communication 
use, duty operators will have “no dinner”. Moreover, the 
system of instantaneous electric communication can 
realize two-way communication underwater and from 
underwater to overland. It is clear that input and output 
circuits of such system must be covered by slushing 
composite for the protection from aggressive effect of 
the salt sea-water, Such systems of instantaneous 
communication are very required to submarines. 


Now, when readers know and understand the principle 
of operation of instantaneous (Maxwellian) electric 
communication systems and their advantages over usual 
ones (Einsteinian), we can only wait, when radio- 
electronic industry will start to produce these very 
required systems 
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The Unified Gravitation Theory 
(The unified super-principle, 
which controls the Universe) 
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460019, Russia 


(Editor's comments by Alexander V. Frolov) 


A forum of the leading USA physicians took place in 
the White House in March 1998 in presence of President 
Clinton. There was only one question: “When will the 
nature of Gravitation he opened?” 


‘The well-known USA physician-astrologer S. Hoking 
declared that it possibly would occur in twenty years 
and it would be the Unified Theory of All. So, the 
scientific world by default called it the greatest 
discovery of the future, 


Some time later a new hypothesis pretending to this 
discovery has got its birth in Orenburg. Despite this 
fact this hypothesis would gain recognition and status 
ofthe Greatest Discovery of Mankind only by 2018 that, 
‘was predicted by S. Hoking. 


To present day there have been written a lot of 
hypotheses on this problem but they haven't been 
recognized. Many scientists consider our Universe as 
living and functioning according to the unified and rigid 
laws in Macro and Microworld, which provides 
automatic regulations of all its processes due to 
circulation of radiant energy of the Universe life in 
cosmic space. This energy is inexhaustible and 
environmentally clean, and Mankind may learn using it, 
in the nearest time for the welfare and for prevention of, 
contradirectional irreversible ecological catastrophe. 


‘There is no alternative for humankind to escape and it 
will not appear in the future, Only cosmic energy will 
save us. From the book “Secret Doctrine" by E.R 
Blavatskaya we can get complete information about the 
fact that a highly developed civilization of Atlases on 
‘the Earth had a “General Theory of All” yet 10-12 
thousand years before our civilization. They had no 
automobiles, but instead they had flying objects 
(aircrafts) "Vimana" of various types as well as ships 
and submarines, on which they also used Cosmic 
energy. 


While reading an abstract in General Soviet 
Encyclopedia, I got acquainted with the theory of 
“Aether wind", which was abolished in the beginning 
ofthe XX century, and then I understood that this theory 
contains a deposit to discover the nature of gravitation, 


‘The nature of gravitation is the only one and there 
are no alternatives in theoretical as well as in physical 
sense. When scientific world of entire planet abolished 
the theory of “Aether wind”, it lost the possibility to 
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discover the nature of gravitation. The XX century was 
marked by a revolutionary development of scientific and 
technical progress, but there was an almost 100-year 
stagnation in cognition of the Universe elements. 


‘The theory of “Aether wind” supposed that all Cosmos 
is filled with aether particles flying with the speed of 
light (these particles are “neutrino” according to 
modern understanding). The role of gravitation, carrier 
of light and retarding medium in Cosmos was 
attributed to this motion of particles. 


But this theory allowed chaotic motion of particles, 
which is impossible in mechanism of the Universe, 
which is adjusted up to automatic mode. Besides, 
motion of these particles is not possible without an 
absolute buffer unit, which prevents their head-on 
collision at the speed of 600000 km/sec (it is 
thermonuclear explosion and death of matter, ie. the 
Universe). E.P Blavatskaya wrote that Cosmos is filled 
with radiant energy of the Universe life, luminophore, 
electromagnetic asther. Theroby she predicted a ready 
solution to make correction in the uncompleted theory 
of “aother wind”. On the basis of above stated and due 
to the un-assumed dawning up, the theory of “aether 
wind" was completed. It was the ground to develop a 
hypothesis of radiant “aether wind". Particles of this 
wind (neutrino) are electromagnetic particles and move 
with the speed of light in all directions as 
contradirectional paired single-stream flows (like 
electrical current in twin-wire cable). Due to this, an 
absolutely stable concentration of these beams in 
cosmic space is provided according to the principle 
“what has come in, the same has gone out” 


‘The hypothesis formulates new views on the problem 
of structure of elements of the Universe material world, 


Some separate conclusions do not match the views of 
modem scientific thought on the problems of physical 
principles of material world structure and functioning 
of the Solar system. 


List of topics of the hypothesis 


1. The hypothesis disclosures the operating 
environment of a super-mechanism, which controls the 
Universe (it is a radiant “aether wind"). 


2. It disclosures the nature of retarding mechanism of 
flying objects in Cosmos (its name is Lorenz-Fitzgerald 
compression). 


3._Itproves the absence of Universal gravity and beams 
of light as we usually conceive it. (The beams of aether 
wind collide and compress matter. An alternative to the 
notion about beams of light is a temperature wave 
impulse on the beam of aether wind. It explains why 
the speed of light doesn't depend on the speed of the 
source of light. Light is a “passenger” on the beam of 
“aether wind”). 


4. This hypothesis disclosures the mechanism of 
stablization of rotary and orbital movement of the 
Universe matter in macro- and micro world due to 
retarding medium in Cosmos. 


6. It disclosures the mechanism of reverse rotation of 
Venus due to the forces of autorotation. 


6. It disclosures the mechanism of reverse orbital 
movement of planets and satellites of planets. (Such a 
planet had not been opened yet, but there are 6 satellites 
in the Solar system, which move counter to the others, 
and it is not an occasion, but a particular case of the 
effect of aether wind beams), 


7. Itdisclosures a real nature of Tunguska catastrophe. 
(There were about 100 hypotheses, but neither of them 
was recognized to be true). 


8. It disclosures the nature of gravitation and gives 
an explanation that gravitation can be: 
usual (vertical); 
horizontal; 
= circular 
It is important to note: not the entire matter takes 
part in gravitation, but 1/3, i.e. 33,3% of matter. 


9. It disclosures the nature of Levitation and proves 
‘that 1 liter of water on the surface of the Earth can have 
‘the weight from 0 up to 3 kg. 


10. It disclosures the role of gyroscope effect in life 
support of the Universe. The gyroscope effect allows 
transformation of translation energy of radiant 
“gether wind” to the rotational energy for practical 
needs of humankind. 


11. This hypothesis gives scientific and technical 
recommendation for creation of cosmic energy 
converters. 


12. It gives scientific and technical recommendation for 
producing of levitation effects for any technical systems. 


13, It disclosures the possibility of cosmic flights with 
the super-light speed. 

14. It explains experiments on metering of horizontal 
gravitation (The first experiment was made on February 
27, 1999) 


15. It disclosures the particle (neutrino) of original 
matter of the Universe and gives its characteristic. 
(Ancient thinkers called moder “neutrino” as “Aether”, 
and it was not occasionally, because its diameter is in 
10 times smaller than atom's diameter. 


All matter of the Universe consists of the same 
indivisible particles “neutrino” presented by three 
groups: 

+ “energy” group, which is in the beams of “aether 
wind"; 

+ building group, which forms the part of any micro 
particle; 

= free group (neutral-reserve) as a building material 
for new matter and operating environment of all 
electromagnetic processes. 


All neutrino of three groups rotate with the speed of 
3x10® rps (equatorial speed of neutrino is equal to the 
speed of light). 


Fields are formed in every particle as a result of rotation: 
= strong field of a small volume doesn't allow particles 
to close up; 
= weak field of a big volume is a general mechanism of 
gravitation. 


As scientists write at the present time, the World is 
subdivided on a dense world (which we can see) and 
fine world (invisible). At that the density of such world 
is in 10" times less than density of water. 


It is known in science that all matter of the Universe 
both great and small rotates and is a gyroscope. 
Particles of matter get rotation with their birth, thus 
the fields are born in them simultaneously. Matter 
cannot exist without rotation, which generates fields. 


All mechanism of interaction between three groups of 
particles is based on the mutual repulsion. This is the 
only mechanism, which always and automatically is 
able to create the necessary stable interval between 
the particles and only this mechanism provides the 
function of gravitation. 


Many scientists of the late XX came close to the 
discovery of the nature of gravitation, but they didn't 
accept a thought to conceive the motion of aether 
particles as a pair-counter flow. And there are three 
necessary conditions to realize gravitation: 
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1. The particles should have the fields of repulsion, 
2. The contradirectional flows should envelop the 
particle of matter from two sides. 

3. While one beam is passing a matter mass then the 
force of fields should decrease and gravitation effect 
should appear. 


‘Mechanism of gravitation 


Gravitation appears due to the intersection (Editor's 
note: interference) of fields, produced by beams particles 
and fields of the visual matter. As it was mentioned 
above, the beams are paired and contradirectional. 
Usually the beams in cosmos are mutually balanced and 
they do not call gravitation effects. 


But on the surface of the Earth the contradirectional 
beams are not similar in their power. The powerful 
beams come from above, i.e. they only penetrate the 
atmosphere, and the weakened beams come from 
below, i.e. they penetrated all the Earth. Thus, 
gravitation appears. 


Gravitation is a unique property of “aether wind" 
beams to loose part of their power during penetrating 
of matter mass. Gravitation is the difference of forces, 
of contradirectional beams. (Editor's note: Really other 
authors reported this idea also. I cannot find who was 
the first in discussion about gradient of aether as nature 
of gravitation.) 
Horizontal gravitation 


As a particular case, there is horizontal gravitation on 
the surface of the Earth. It appears on the boundary 
between lowland (of the sea) and plateau. In this case 
one beam goes above the surface of the Earth (water), 
and the counter beam penetrates mountain range and 


weakens. The first measurements of horizontal 
gravitation effect were made on February 27, 1999 on 
the route Orenburg ~ Samara at 49 km before Syrtinskiy 
slope. 


A leaden load (0,5 kg) on the float (a piece of foam 
plastic) moved on the water surface (not in the sea but 
in basin) towards the mountain. 


Horizontal gravitation is much more weaker than usual 
gravitation, but it can reach the value that makes water 
to flow at some angle upwards. 
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Circular gravitation 


Only fast-rotating bodies can create circular 
gravitation. 


All bodies rotate by their orbits around the Sun in the 
open space of Solar system due to circular gravitation 
guided by rotating the Sun. Furthermore; circular 
gravitation always is direct (co-directional to the Sun 
rotation) and reversed gravitation on the periphery of 
Solar system. A planet with reverse orbital movement 
had not been discovered until now, but 6 satellites of 
planets in the Solar system have reversed orbital 
movement. 


Here is the proof of the fact that circular gravitation 
appears only around the fast-rotating hodies and slow- 
rotating bodies, for example, the planets Venus and 
‘Mercury cannot form circular gravitation, that's why 
they have no satellites. 


Our Sun is a prototype of mechanism to transform 
translation energy of aether wind beams into rotary 
energy. 


(Editor's note: According to Kozyrev, any star is a 
transformer of time (chronal type of energy) into 
heat energy. Really, the aether wind can be 
considered as the chronal type of energy in our 
understanding and for our usual three-dimensional 
measurement equipment. To my mind it is a clear 
link to notion of 4-dimensinal objects, i.e. the time. 
Time can be described by parameters of the 
aether wind, i.e. its velocity, direction and 
density. So, we can say that quantitatively time 
can be described by formulations for kinetic 
energy of the aether movement. From the other 
hand it is equivalent of heat energy, which can 
be measured by usual methods after 
transformation of the longitudinal waves of the 
aether in transverse electromagnetic waves). 


‘Therefore, any mechanical disk rotating very fast will 
create a circular gravitational field, which is able to 
rotate all bodies in the direction ofthe disk (for example, 
a rim mounted on its bearing co-axially with rotating 
gyroscope). I designed and tested a similar device in 
January 2000. A gyroscope (of 200 mm diameter and 3 
mm thick) was over-speeded up to 18 thousand rpm. 
Rotation of gyroscope called slow (but with a good 
momentum) rotation of the rim of 15 kg weight. 


‘The gyroscopes with the mass of 0,5 kg, 15 kg and 90 
keg were tested during summer of 2001. All them called 
rotation of the rims. 


(Editor's note: There are other experimental facts. 
Fast rotation of mass should produce rotation of 
some part of nearby aether. Self-closed aether forms 
vortex and if photon is trapped by this vortex, then 


experimenters can see “ring of light” near rotating 
mass. The rings or self-closed photos can exist in 
the same place after the mass was stopped or 
removed away.) 


Nowadays gyroscopes in military devices are over- 
speeded up to hundreds of thousands of rpm. The more 
rates the gyroscope has, the more energy the rim will 
produce if it is connected to some generator. But these 
research works led to single-valued conclusions that 
gyroscopes themselves cannot produce big quantity of 
additional cosmic energy not jointly with permanent 
electromagnets. The Sun as well as planets has natural 
electromagnetism and their circular gravitation 
increases in many times due to the presence of 
electromagnetic fields. 


(Editor's note: I think it is obviously that a 
rotating magnet can involve into the rotation 
‘much more quantity of aether than any simple 
rotating mass. In some theories any magnetic 
field is considered as circulation of aether 
Particles.) 


Electromagnetic fields are the unique boosters of 
circular gravitation. So, the gyroscopes themselves 
cannot produce necessary quantity of cosmic energy 
per unit mass of gyroscope without using of 
electromagnetism. 


In October 2001, I got a copy of 24 patents description, 
‘There were patents on “perpetual motion machines”. 
But since such “perpetual motion machines” cannot 
exist in reality, then we can explain them as 
gyroscopical transformers of cosmic energy. Efficiency 
of these transformers varies from 150% up to 10°% and 
practically all of them work using gyroscope. But 
nowadays only the transformer (Bauman's machine) 
works in Switzerland, in Maethernitha theological 
community, Linden city. Some systems have been 
working from 1980 and producing total power of 750 
kWtt, the gyroscopes of 2m diameters are provided with 
constant magnets. 


Besides, there are ready transformers of cosmic energy 
in Russia. The Professor of Moscow State University, 
Academician of Russian Academy of Natural Science 
Leonid Leskov spoke about them in the first half of 2001. 
He actually said that Mr. Chubais does not allow 
innovation of energy transformers, which are ready for 
commercialization (see newspaper "Raduga”, Samara, 
July 2001), 


assume that any kinds of such transformers work on 
the energy produced by "Aether wind” beams. Pethaps 
our earth ancestry (Atlases) used this energy to fly as, 
well as extraterrestrials. Izemember information about 
flying platforms, which were designed in Germany in 
1943-1945. Nowadays there are publications that there 
are not less than 10 captured extraterrestrial’s 
spacecrafts on the Earth, and some samples were tested 
in Russia and the USA. 


On the basis of all above-mentioned it becomes 
extremely clear that the main secret of Nature was 
discovered, and let's representatives of conservative 
science don't pull the wool over people's eyes to prove 
that “it is impossible”. It is possible! Physics is an 
experimental science in its main part, and there is no 
completed theory until now. 


Asa result, I'd like to make some conclusions: The secret 
of Gravitation nature was discovered not in connection 
with new scientific investigation, but due to dawning 
up and understanding of the fact that gravitation since 
earliest times was produced by “Aether winds", which 
fill all cosmic space. Instead of improvement of “Aether 
wind" theory, academician science abolished it and 
forgot it such as some scientists of nowadays don't have 
an idea of it. While abolishing of “Aether wind" theory, 
scientific world spent 100 years in vain to find an 
alternative to it. A real Cosmic scientific and technical 
progress was slowed down during this term. Without 
‘this progress all humankind will kill environment of the 
Earth in 30-40 years! 


Rush hours for humankind to tun to cosmic energy 
came, we have not even an hour to wait, and otherwise 
‘we will loose a chance to survive. Today the scientific 
and technical level is such that taking into consideration 
the buildup made by inventors ~ enthusiasts, who 
created more than 50 types of Cosmic energy 
transformers, it is possible to begin repetition work in 
one year. Now theres the only barrier to do it, ie. market, 
relations in energetics developed during last 100 years. 


Let's look into near Future. The process of energy 
resources (coal, oil, gas) formation in bowels ofthe Earth 
took hundreds million years. There was period of clean 
ecology in the World Ocean, on land and in the 
atmosphere. And all it catastrophically had been 
diminishing during 2-nd half of the XX century. There 
are about 40 years for our civilization to reach the 
boundary of having no chance to support normal life 
on the Earth. An irreversible process of struggle for 
survival using underground environment and protection 
from mortal ecology will begin. Our close posterity will 
not forgive us this betrayal. 


Is there any solution? Yes, there is. 


It is necessary to publish the descriptions of all 
“perpetual motion machines” models as well as 
unprofitable publication of short technical 
documentation in the Internet and magazines, 
which will give a chance to many companies, 
research groups and individuals to re-produce 
them. But at first we should choose the models, 
which are the most reasonable in technology and 
prime cost. Such a way of replication of the models 
will give people confidence, interest and reliable 
information on existence of inexhaustible salutary 
cosmic energy. And the victory will be the reward 
for courageous, enterprising and advanced people. 
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which generates electrical voltage inthe 


structure of vacuum. This voltage generates 
Gravitational Impulse itself G = 4m, S -(Ar,)° , where 
E, 
Bb 


The supposed “Gravitational Impulse” in the 
experiment by Podkletnov is modeled by a quarter of 


Ar, 


Duration of this curve is determined by the decrease of 
magnetic field “trapped” into the superconductor due 
to the partial heating of semi-conductor emitter after 
plasma passed the discharge of 2MV with the current 
strength of 10000 A. The formula of the model is the 
following: 


ve (ct) 


fe! cos(2mf,J1— Dit) 


‘the calculation is made for the frequencies of 30, 3, 0,3 
and 0,03 Hz and acceleration of 12 m/sec’, which 
appears for the mass of the pendulum 30 g with the 
force horizontally to gravitation 0,03-12=0,36 N. 


It can be supposed that it is necessary to make more 
careful solution of the problem to find the effect on the 
pendulum by its reaction, which is known from 
experiment. We should apply the more correct use of 
spectral method of solution of differential equation for 
the pendulum with setting of impulse effect. Further, 
having the recording of temporal function of magnetic 
field by Hall-effect devices and using Maxwell formulas, 


‘we should find electrical field acting in physical vacuum. 
‘This field will give us the force of gravitational impulse. 


The experiment by V. Roshchin and S. Godin is simpler 
for physical modeling (Editor's note: the author assumes 
it is simpler than Podkletnov's effect). All input and 
output parameters are known to the authors, i.e. force 
of the magnets, frequency of variable magnetic field in 
the local place of space vacuum, change of gravity. 
Furthermore, there are known cylindrical formations of 
magnetic “loops” around the device and their 
approximate arrangement with the intervals divisible by 
the half of rotor radius. Effects of temperature decrease 
at 8° C in cylindrical atmospheric formations can be 
simply explained by adiabatic decrease of air pressure 
due to the decrease of gravitation between molecules of 
air. Formulas for estimation of decrease of gravitational 
and inertial forces are the same that for Podkletnov's 
experiment: 
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Abstract 
‘The Unitary Quantum Theory (UOT) is a new version of 


the field quantum theory, which has been developed 
by the principal author (Prof. L.Sapogin) of this paper 


for over 25 years. The theory is directly related to the 
problem of new energy sources, and this paper can be 
of interest for Journal of New Energy for it is the UOT 
(and not the classical Newton mechanics or the modern 
standard quantum mechanics) that provides a 
theoretical basis for the development of new sources of, 
energy and for the explanation of the operation 
principles of the existing and functioning over unity 
devices. 


‘The fundamental provisions of the UOT and a number 
of results received on the basis of it were published in 
many scientific journals and reported at international 
conferences (see [1-6], etc.). Generally, the UOT as 
expressed by the language of formulae and equations 
represents anew mathematical model of interaction and 
movement of elementary particles in the form of a 
complicated system of non-linear integral-differential 
equations, an important property of this model 
principally defines the trajectories and velocities of the 
particle movement in space (unlike the standard 
quantum theory, which directly defines only the 
probabilities of the presence of the particles at a certain 
point in space). Another, and the most essential (for the 
problem of new energy sources) property of the UOT is 
the absence of the energy conservation laws and the 
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impulse for single particles in it. That is why the UOT 
makes theoretically possible processes of energy 
generation as if from nothing, if they are regarded from 
the classical mechanics point of view or the standard 
quantum theory (while the UQT is able to explain the 
phenomenon), as well as creation of a device with 
efficiency above 1. In other words, the UOT provides 
fora theoretic possibility of making a perpetual mobile! 


In the 1970's, when the UOT started to be developed, 
there was nearly no data of the observed phenomena, 
or any experimental results confirming this unusual 
‘theory. Today, such data are abundant. For example, 
such processes can be named as generation of excessive 
heat energy during cavitation of very small water 
bubbles; generation of excessive electric energy in an 
anomalous gas discharge; excess generation of electric 
energy when electric current passes through proton- 
conducting ceramics, etc. Besides, and still more 
important, operating devices that have been created 
much more energy than it was necessary for these 
devices functioning: electric current generators 
“Testatica" (Switzerland); thermal cell CET! 
(J.Patterson, USA); heat generators (Yu.S. Potapov, 
‘Moldavia, J.Griggs, USA); electric current generators 
(PCorrea, A.Correa, Canada); electric engines on 
magnetic ceramics (Japan), and others. The said 
phenomena and operation principles of the above- 
mentioned devices can be explained with the help of 
‘the UOT, 


In this paper we will also touch upon such an important, 
problem as cold nuclear fusion. The feasibility of this 
nuclear process, which is categorically denied by the 
standard quantum theory and nuclear physics 
specialists, was predicted by the author of the UOT as, 
far back as in 1983. This phenomenon was discovered 
in 1989 (electrochemical experiments, M.Fleischmann, 
Pons). Many subsequently received experimental data 
confirmed the existence of nuclear reactions under very 
small energies, of nuclear transmutations in plants and 
biological objects, very slightly connected with 
generation of energy [7-8]. From the point of view of the 
UQT, which provides an explanation of the cold nuclear 
fusion mechanism, this process can be applied in 
practice (after the relevant devices are designed) for 
generation of energy, for production of isotopes, and for 
nuclear waste liquidation. 


Introduction 


Inventors, as well as swindlers of all kinds, had long 
ago been trying to construct, or at least design, a 
perpetual mobile, i.e. an imaginary machine that 
produced work without any outside energy. Peter the 
Great even founded the Imperial Russian Academy of 
Sciences for such research, but the modem Russian 
Academy of Sciences does not like to recollect this 
circumstance. On the other hand, the French Immortals 
in 1755 decided not to consider any perpetual mobile 
projects at all, and, as we would see, were quite right 
as regards the Newton mechanics. The brilliant success 
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of the classic mechanics has strengthened still more 
the sacred belief of the mankind in the Divine Infallibility 
of the Conservation Laws, and today it is nearly 
indecent to express any doubts about these laws. 


Let us first of all find out the origin of the conservation 
laws in ordinary mechanics. Practically any textbook 
will tell you that the Energy Conservation Law (ECL) 
follows from the homogeneity of time, the Impulse 
Conservation Law from the homogeneity of space, and 
the Angular Momentum Conservation Law from the 
isotropy of space. That is why many people have an 
impression that the conservation laws themselves 
follow only from the quality of time and space, which is 
today an undoubtedly relativistic notion. But, for 
example, the angular momentum is not a relativistic 
notion. So, such a narrow approach is not altogether 
cortect, and it is necessary to tum to the second Newton 
law, or the equation of relativistic dynamics and the 
system insularity. However, the qualities of the time and 
space ensue exactly from the analysis of the Newton 
mechanics, though they are often construed incorrectly. 
Let us remind you the correct interpretation. 


Homogeneity of time suggests that if at any two 
moments of time two similar experiments are made in 
similar closed loop systems, the results thereof will not 
differ. 


Homogeneity and isotropy of space mean that ifa closed 
loop system is moved from one part of space to another, 
or is oriented differently, nothing will change. 


‘The making of the fundamental energy and impulse 
conservation laws from the Newton equation is very 
simple. Let us put down the main equation of dynamics 
ap 
dt 


For closed loop system F=0 (no external forces 
operating) and the equation integral will be 


P = Const the impulse conservation law. 
‘Now let us take the main equation of dynamics as: 


F 


and multiply it scalarwise by v 


Woe dv 


Sf) 30) 


‘where vis the module of the velocity vector v. For closed 
loop system F=0, and the equation integral will be 


F.v=m 


a 


‘onst 


one of the forms of the energy conservation law. From 
the definition of the angular momentum for a particle, 


L=[rxP] 


Differentiating both parts by t, we get 


dL_[ar IP 

Sa) xP lal ex 

ar at dt 
Since the impulse vector is parallel to the velocity vector, 
the first bracket will equal to zero. On the basis of the 


resultant equation and the definition of central force as 
not creating any momentum, we get, 


[rxF]=0 or L=Const. 


In case of the central force in an unclosed system, the 
angular momentum is preserved by value and direction, 
‘The angular momentum conservation law for a closed 
loop system results in the same way as the impulse 
conservation law from the equation of the rotary motion 
dynamics: 


aL 


me 
dt 


For a closed loop system, the momentum of external 
forces M=0 and the integral of the equation will be the 
angular momentum conservation law 


L=Const 


In relativistic dynamics the emergence of the energy 
and impulse conservation laws separately can be easily 
received from the relativistic ratio for energy and 
impulse 


prc? +mict 


E 


‘Term m?ctis an invariant, ie. the same in all reference 


systems. In other words, it is a certain constant. This 
equation can be represented ina slightly different form 


= Const 


For the equation to be valid, it is required that 
E=Const and P= Const 


and this none the other but conservation laws for energy 
and impulse. 


Strictly, relativistic mechanics has a conservation law 
for 4-impulse vector p#, but we will not dwell on these 


details, because small energies are what we are 
interested in. 


In the classical theory, the energy conservation law 
states that the energy of a closed loop system remains 
unchanged, so, if the energy of such a system is 
designated at a moment t=0 as £,, and at the moment 
tas E,, Ey=E, 


Conservation laws in ordinary quantum mechanics 
‘The standard quantum theory formulates the energy 
conservation law in the same way. In quantum 


mechanics we have the same movement integrals as in 
classic mechanics. A certain value L willbe amovement 


integral, if 
+[iti|-0 ) 


since [sé ie ained ny commit of pasar 


di _ab 
dt or 


and of Hamilton's operator, any value L, not depending 
explicitly on time, will be the movement integral, if its 
operator commutes with the Hamilton's operator. When 
value L does not explicitly depend on time, the first item 
in (1) turns to zero. There remains 


dl [a 
—=|H,.L|=0 
= | | (2) 


and for the movement integrals not explicitly depending 
on time the Poisson quantum bracket equals zero. From 
(1) and (2) it follows that the average value of the 
movement integrals does not depend on time: 


All good papers on the quantum theory prove that 
probability w(L, ,f) to find at any moment t any value 


of the movement integral, ie. L., , does not depend on 
time. Further, is constructed as the movement integrals 


not explicitly dependent on time. Since operators {, 


and f{ commute, they have common proper functions, 
which are functions of stationary states. Let us note 
that the latter follows from solutions of the equation 
without time, which was received from the full equation 
with imposition of requirement 

E 

7 


equivalent to search of only periodic solutions. Further, 
quite naturally, there appeared an equation without time 
with actually imposed conservation laws, because now 
nothing depends on time. Expansion by such proper 
functions looks as follows: 


Ve1)= woe 


iy,=1,¥, HY, =EY, 


where 


¥o)=Lemstoeon 


}EOKO 


Page 255 


e(t 


(13 ) er 4) 


Since (3) is expansion into proper functions of operator 
L, probability does not depend on time: 


“(0 = Const 
Since energy is a movement integral and probability w 
(G,t) to find at a moment t an energy value equaling E, 
does not depend on time, then: 

dw(E,t) 
dt 


Let us note once again that it is the probability to find a 
certain value that does not depend on time, but not the 
value itself, which for any separate event is accidental 
and can assume a wide range of values. 


‘The quantum energy conservation law in the above form 
suggests a possibility of defining energy at a given 
moment without subjecting it to uncontrolled change, 
‘which raised no doubts in classic mechanics. But in the 
quantum theory the energy, without changing its value, 
can only be measured to 
ach 
Tt 
where r- is measurement duration. Formally, it does 
not present any difficulties for the energy conservation 
law, since energy is a movement integral, and we have 
much time to make long measurement. For example, let, 
us make measurements during time r, then leave the 
system to itself for time T, and then define energy again. 
‘The classic quantum energy conservation law states 
‘that the result of the second measurement will coincide 
h 


with the result of the first measurement to AE = = 


But even in the ordinary quantum theory all this is not 
consistent enough. For the real vacuum fluctuations can 
interfere, that always influences the results of a single 
process, but their influence disappears after the 
passage to an ensemble of events. Here we have a 
violation of the conservation law due to vacuum 
fluctuations, though existence of movement integrals, 
unlike in the Unitary Quantum Theory (UT). 


‘The generally accepted quantum theory carefully avoids 
‘the question of conservation laws for individual events 
inthe case of small energies. This question is either not, 
discussed at all, or it is said that the quantum theory 
does not describe individual events. Yes, it does describe 
individual events, but it can only predict a probability 
of this or that result. It is clear that in this case there 
are no conservation laws for individual events (it is 
‘wrong to speak about it in case of an accidental result 
of an individual event), and they appear only after the 
averaging by large ensembles of events. Essentially, it 
can easily be proved that classic mechanics follows from 
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quantum mechanics after summing up by a large 
number of particles, because for a sufficiently big mass, 
the length of the de Broglie wave becomes much less 
than the body dimensions, and no quantum-wave 
qualities can be talked about. 


Conservation laws in Unitary Quantum Theory 


In the UOT [1-14] any quantum particle is not a point, 
but a source of field like in the ordinary quantum 
mechanics, but it represents a bunched field (wave 
packet) of a certain unified field. The dispersion 
‘equation of such a nonlinear field tuned out to be such 
that the wave packet (particle) during its movement 
periodically appears and disappears, and the envelope 
of this process coincides with the de Broglie wave. 
‘Numerous particles during their periodic disappearance 
(spreading in the Universe) are repeated appearance 
from vacuum fluctuations. A theory of quantum 
measurements has been built, and the probability 
interpretation follows from the mathematical formalism 
of the quantum theory [10,11], and it is not postulated 
as in conventional quantum mechanics. Unfortunately, 
the main UOT equation tuned out very complicated, 
for it is a system of 32 nonlinear integral-differential 
equations, which could require for their solution some 
new mathematical methods. But from this the 
relativistically invariant Hamilton-Jacoby equation, and 
the Dirac equation system strictly follow. 


Papers [13,14] give a solution of the simplified scalar 
integral-differential UOT equation, which gave a 
localized solution for the form of a wave packet 
representing a particle. It turned out that the integral 
from a bilinear combination of such a solution for the 
whole volume gives with the precision of 0.3% the value 
ofanon-dimensional elementary electric charge (13,14), 
which was essentially its first theoretical calculation. 
‘Then, this solution in the form of a periodically 
appearing and disappearing wave packet (which 
square describes the density of a spatial charge) can 
be replaced by an oscillating charged particle [15-18], 
the movement whereof will be described by the 
conventional Newton equations: 


where m, Q, r - mass, charge, and radius-vector of the 


particle, U(g) - external potential, ®, initial phase. 


Since E=~GRADU , and a magnetic field also exists, 
the Lorenz force should also he calculated for 


v= [vx], but in the electromagnetic wave E and 


Hare equal, and for small energies value ~—>0 , and 


force F can be ignored. Both these equations produce 
qualitatively similar results for different problems, but 
the first non-autonomous equation evidently does not 
have any movement integrals at all, and any hope for 
analytical solutions is very unreal. But for the second 
autonomous equation such hope still exists. Let us note 
‘that these equations describe more accurately the 
experimental results of scattering on the coulomb 
potential than the classic Rutherford formula! 
Application of these equations for the tunnel effect and 
scattering on short potential also produces correct 
results, but in this case passage through a high barrier 
(tunnel effect) will be defined by the initial phase. Of 
greatest interest, however, is the harmonic oscillator 
problem. 


Itis possible that a change in the properties of a material 
point in the process of its movement is just another step 
in the material point movement theory. In conventional 
mechanics this idea is not altogether new. There are 
Meshchersky's equations for bodies with a changing 
mass, and Tsiolkovsky's equation for a rocket. But so 
far, in the conventional quantum theory, the particle has 
a permanent and stable in space and time set of 
properties, and in the UOT all the parameters of the 
particle are changed and oscillate during movement, 


It should be noted that Newton did not introduce the 
notion of a material point at all, and it would be 
ridiculous to think that he was not able to have this 
natural and rather trivial idea, Most probably, and it is 
not by chance, for today many troubles of the field 
quantum theory are rooted in the approach to the 
particle, as to the point, the most vivid example being 
a large bouquet of divergences. Nevertheless, this 
approach is very convenient and should only be used 
correctly. Let us also remember, that in accordance with 
‘the Newton corpuscular theory, beams of light were to 
be regarded as a flow of certain particles. They are 
emitted by a shining body in all directions and move in 
an empty space or a homogeneous medium evenly and 
straight, ie. in the same way as the ordinary material 
particles do in the absence of any external or interaction 
forces. Newton explained reflection and refraction of 
light beams on the surface of border between two 
homogeneous mediums by the effect of certain forces 
on this border, in the direction perpendicular to the 
surface. These forces changed the normal velocity 
component, but did not touch upon the tangential one, 
which allowed to derive the reflection and refraction 
laws. However, the inability of such a theory to account 
for the light partial reflection and passage phenomena, 
as well as the Newton rings (which he himself 
discovered), led him to bouts (or fits) theory, which is 
quite modern, although nearly forgotten. Newton 
believed that for full explanation of all the processes it 
was necessary to suggest that some light particles 
could experience reflection bouts, and others ~ passage 
bouts, Let us imagine light falling to a flat surface, which 
is partially, reflects and partially passes. With quantum 
description of this phenomenon, a particle connected 
‘tothe falling wave at the time of hitting the surface has 
a certain probability of passing or being reflected, and 


Newton simply used the word “bouts” in place of the 
word “probability”. 


It is absolutely clear that all descriptions of processes 
by the equation with an oscillating charge will be an 
approximation, because it is evident that no movement 
equations for a material point can describe even the 
simplest interference processes on a semi-transparent 
mirror, during which a material particle should be 
divided in two parts which will later eliminate each 
other by destructive addition. It is surprising, but the 
numerical solution of the problem of scattering on a 
short potential (the Ramsauer effect) for equations (4) 
and (5) gives the correct diffraction picture! But if we 
‘want to describe an individual particle correctly in the 
conventional quantum mechanics, the picture becomes 
inexact and purely probabilistic. At every given moment 
of time a particle can exist in only one of the mutually 
incoherent states, because one particle cannot move in 
different directions simultaneously (it cannot have many 
impulses at the same time). Nevertheless, there seems, 
to exist a whole class of processes, where description 
‘with the help of equations (4) and (5) have certain sense. 
Itis well known that in all experiments the local energy 
and impulse conservation law in individual quantum 
processes are true only under high-energy values. But 
under small energy values it is not so, at least because 
of the ratio of uncertainties and the probabilistic 
character of all the quantum theory predictions, and the 
idea of a global, not local ECL, is invisibly present in 
‘the quantum mechanics, and is certainly far from new. 


In the strict UOT and the quantum measurement theory, 
a great role belongs to unavoidable vacuum fluctuations. 
It is clear that these fluctuations are totally 
unpredictable and non-invariant in relation to space and. 
time translations. The same can be said otherwise: there 
are no habitual properties of time and space in this 
‘theory. Space-time is now not homogeneous and not 
isotropic. For example, if the system is transferred to a 
new point in space, or a certain experiment is repeated 
at another time, at the point where particle parameters 
are studied, and it interacts with the macro-device, a 
new value of vacuum fluctuations (different from the 
previous one) can appear and produce a different result. 
Of course, all this is only true for small energies and 
individual events. 


Still more destructive is the UOT for the notion of a 
closed system. For individual events under small energy 
values this notion is simply unacceptable for the 
following reason: vacuum fluctuation at the location of 
the particle (e.g. in a potential pit) can be sharply 
changed at any moment. It can be caused by different 
factors - the nature of vacuum fluctuations itself, or the 
‘tunnel effect of another random particle. 


Sometimes it is stated that conservation laws follow 
from the Nether theorem, though these results are 
present in the works by D. Gilbert and F Klein. For any 
physical system, the movement equations from which 
can be received from the variation principle, each one- 
parametric continuous transformation that leaves the 
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variation functional invariant, corresponds to one 
differential conservation law, and there exists a clearly 
conserved value. It is easy to see, however, that vacuum 
fluctuations imposed on the varied function (integral of 
Lagrangian) do not in sum remain unchanged during 
parametric transformations (at least today it seems 50), 
and this consideration does not work without 
preliminary of ensemble. 


And now we are in for a little philosophy. The local 
Energy Conservation Law (ECL) in individual processes 
follows from the Newton equations for closed systems. 
It would be naive to think that its local formulation will 
be preserved forever, and would be a bad mistake to 
transfer the ECL from the Newton mechanics to the 
quantum processes without any changes, because the 
latter are more fundamental, 


References to the first principle of thermodynamics are, 
strictly speaking, groundless, because this principle is, 
a postulate. For example, well-known Russian 
mathematician N. Luzin, in a letter to an inventor wrote 
that the first principle of thermodynamics is the result 
of unsuccessful attempts of the mankind at building a 
perpetual mobile, and strictly follows from nothing, 

Today it may be said with a great degree of certainty 
that no sophisticated machine in the framework of the 
Newton mechanics can be a perpetual mobile, and the 
decree of the French Academy of 1755 not to consider 
any perpetual mobile projects is still valid. We will only 
add that now it is valid only for those projects that are 
based exclusively on the Newton mechanics. 


‘There is the tendency in modern physics to reduce ECL, 
especially in theory, to the rank of a secondary 
derivation from the movement equations (movement 
integrals). Some physicists restrict the ECL to the 
framework of the first principle of thermodynamics, 
others, like D. Blokhintsev [37], think it quite probable 
that with the development of a new theory the form of, 
‘the ECL will undergo certain changes. F Engels wrote 
in his “Dialectics of Nature": “...none of the physicists 
actually regard the ECL as an eternal and absolute law 
of nature, a law of spontaneous transformation of the 
movement forms of the matter and the quantitative 
constancy of this movement in all its transformations”. 
But many people do not share this opinion. M. Bronstein 
in his book “Structure of Matter" wrote: “The ECL is 
one of the main laws of the Newton mechanics. 
Nevertheless, Newton did not ascribe to this law the 
general character that this law actually possesses. The 
reason for this erroneous (italicized by authors) opinion 
of Newton of the ECL is very interesting...”. It is now 
clear that in view of the above, such an opinion was 
not at all erroneous. Let us remind you that Newton 
predicted many things, even the UQT, in his "bouts 
theory" 


On the other hand, the authors of quantum mechanics 
realized that there was no conservation law for single 
quantum processes under small energies at all. The idea 
that the construction of ECL, together with the second 
law of thermodynamics, was a statistical law, true only 
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onthe average and inapplicable to individual processes 
with small energy, first occurred to Schroedinger, and 
later to Bohr, Kramers, Slater, and Gamov. In 1923 Bohr, 
Kramers and Slater made a desperate attempt to 
develop the theory, where the energy and impulse 
conservation laws in case of scattering would be true 
only statistically, on an average for long periods of time, 
but would be inapplicable to elementary events. Lev 
Landau even called it “Bohr's wonderful idea" 


Later, however, the authors gave up this approach and, 
besides, this idea at that time did not follow from the 
quantum theory equations, and the authors, to come 
out of the predicament, simply declared that quantum 
mechanics did not describe individual events at all. Thus, 
the most vivid paradox of the quantum science was 
removed by a simple ban on thinking about it! But the 
ingenious idea that conservation laws do not apply to 
individual quantum processes and emerge only after 
the averaging by the ensemble of particles remains 
alive. This idea might have been a little premature, and, 
possibly, should be a little different. 


‘The Unitary Quantum Theory (UQT), on the contrary, 
individual particles, and the difference in their behavior 
is accounted for by the initial phase of the wave 
function. In this case, local conservation laws do not 
exist for a single particle, and measuring the initial 
phase or some other parameters for an individual 
particle is quite a different matter. It is not true that the 
UdT has given up probabilistic description. Probabilistic 
interpretation remains, but the probability now is 
strongly dependent on the initial phase. Although the 
equations with an oscillating charge can determinately 
predict a particle's behavior, the measurements can be 
made only with the help of a macro device, which will 
give only a probabilistic result. Impossibility to 
determinate measurements does not change anything, 
for the UOT provides for a possibility of influencing the 
probability value, which was earlier unavailable. The 
existing Von Neumann theorem about hidden 
parameters does not effect our result, but the relevant 
discussion is too cumbersome, and we will leave it out. 


In other words, all the requirements, wherefrom the 
classical conservation laws follow, are now absent. We 
can hardly expect the conservation laws for individual 
particles to be preserved under small energies in such a 
situation. Today we are convinced that the classical 
energy, impulse and angular momentum conservation 
laws for individual quantum objects are not valid under 
small energy values because of periodic appearances 
and disappearances of the particle. All direct 
experimental tests of the conservation laws were made 
for large energy values, and for small energies of an 
individual particle only probabilistic results can be 
received, and, in this case, it would be indecent even 
to recall the conservation law, 


Energy generation and perpetual mobile 


Let us make the following imaginary experiment. For 
simplification purposes we will use in our reasoning a 


certain quantum ball-particle. When a classical ball 
approaches a wall (perpendicularly for simplification), 
‘the speed of the reflected ball is always equal to the 
initial speed (we ignore friction and regard the ball and 
the walls as absolutely elastic). In the case of aquantum 
ball, the speed of the reflected ball will acquire in 
different experiments with absolutely equal initial 
conditions a whole range of values: some balls will be 
reflected at a speed greater than the initial speed, others 
~ at a speed equal or lower than the initial speed, and 
all this is described by quantum mechanics. 


Let us ask the following question: what if a second wall 
is found, parallel to the first one, in order for the ball to 
increase its speed after each reflection from the wall? 
‘Then we will have increased ball energy without any 
special efforts on our part. Such phenomena appear in 
‘the problem of particle oscillations in a potential pit (not 
necessarily parabolic) on the basis of equations (8) and 


(9), when four types of solutions are possible, three of 
which are most important for us: stationary, "maternity 
home", and “crematorium”. In the two latter solutions 
traditional conservation laws do not work. These 
solutions are presented in Fig. 1. Such oscillator 
behavior explains many experimental facts. From the 
physical point of view, it means that in stationary 
solutions with fixed discrete energies (conventional 
quantum mechanics) the speed of the particle reflected 
from the wall will be equal to the speed of the falling 
particle. If the speed of the particle is decreased after 
each reflection, it will mean the “crematorium” solution, 
and ifit increases, the "maternity home”. Scenarios for 
situations will depend on the initial phase of the wave 
function and the particle energy. In ordinary situations 
‘the “crematorium” and “maternity home" solutions 
always compensate each other, and we find 
conservation laws. 


0 at 


Fig. 1. Dependence of the distance between the moving charge and the nucleus on time for 


‘autonomous and not 


‘The task of the future developers of new energy systems 
of the 21* century will consist in creating such initial 
conditions for a great number of particles making up a 
body that only the “maternity home” solution would 
be realized, and the “crematorium” solution would, if 
possible, be suppressed. 


It follows from the above that if the unitary quantum 
theory ideas are applied correctly, there is no 
fundamental taboo for a perpetual mobile. Such a taboo, 
as it was shown, does not formally exist even in 
conventional quantum mechanics (no conservation laws 
for individual processes with small energies), and, in 
order to generate energy, they should be somehow 
accumulated (all random processes with excess energy 
should be grouped together). But conventional quantum 
mechanics refuses to describe individual events and is 
unable to offer any ways for such grouping. The unitary 
quantum theory seems to offer such an opportunity. 


However, the great idea of free energy generation was 
distorted by effort of some research associations 


sutonomous equations. 


interested to keep their stability degree, that everyone 
who started speaking about it was considered to be a 
crazy man. 


Modern experimental physics has verified the 
correctness of conservation laws either for very large 
energies in individual quantum events, or for big 
macroobjects, when automatic averaging by ensemble 
is made, but the area of very small energies for 
individual events today is a terra incognita. 


Inorderto see how the conservation laws for reflection 
(repulsion) of an individual particle from the Coulomb 
heavy nucleus with different values of the initial phase 
are violated, we have solved numerically one- 
dimensional equations (8) and (9) under the different 
initial conditions: 


h=lm=l, 2Zze* =1, x) =100, Vig =-0.1 


In the Fig. 2 the distances hetween the moving particle 
and repulsive nucleus are shown asa time function, for 
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different initial phases in cases of non-autonomous and 
autonomous equations. 


\ 1) 


Conventional solution Mathemity ome solutions Cremateriam solutions 


Fig2 Three types of solutions for oscillator 


It is evident from the calculations that the speed of a 
reflected particle can be equal, lower or higher than 
the speed of a falling particle. This situation seems to 
bbe true for all potentials. 


Calculations were also made for other potentials: 
harmonic oscillator, Yukawa, Gauss, dipole, hyperbolic 
secant, and Wood-Saxon, and the quality results were 
nearly the same. If we sum up the impulse of all the 
particles falling with different phases and compare it 
with the summarized impulse of all the reflected 
particles, the summarized reflected impulse, for 
example, for the Coulomb potential, will be several 
percent higher than the summarized impulse of the 
falling particles. For other potentials such a small 
deviation can even be in the opposite direction. On the 
whole, this problem is very complicated and requires 
additional research, because all this is also dependent 
in quite a complex way on the initial conditions (initial 
speed, phase and distance). 


Philosophically, any categorical taboos, like the 
impossibility of creating a perpetual mobile, are 
absolutely unacceptable. If everyone is convinced of it, 
forever, the conservation laws and perpetual mobile 
‘taboos will remain unshakable as long as the human 
civilization exists. Of course, the funeral of the 
Conservation Laws can be very prolonged. Anyway, we 
are not going to do it, and our article might be just a 
cleanup for the future tomb, and the splendid funeral 
‘with all the necessary honors will be organized by future 
generations. On the other hand, these laws will never 
die out completely and will surely be applied, but such 
spheres of science and technology will appear, though 
small at first, where these laws are not valid. 


‘The truth should be accepted irrespective of where it 
comes from. Words of F. Engels from the “Dialectics of 
Nature" will be quite appropriate here: "When the solar 
system ends its life circle and shares the fate of all the 
finite things, when it falls victim to death, what will 
happen next? Thus, we come to a conclusion that the 
heat emitted into the universe should have an 
opportunity, in a way yet to be established by the 
natural sciences, to tum into another form of movement, 
where it can be accumulated again and start 
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functioning. And in this casethe main problem that 
prevented transformation of dead suns , back to red- 
hot nebulas will disappear" 


‘The question of whether the conservation law exists in 
global form (we have already proved its not being local) 
remains open, because nothing leads to it except the 
inertia of the human mind. This inertia was based on 
the Newton laws, which were replaced by quantum 
laws. This mental inertia leads to a situation, when in 
case excessive energy is generated during solution of 
movement equations, a question arises how it can 
happen, and where it comes from. Of course, ifa particle 
(e.g. a photon) falls on a semitransparent mirror, the 
packet is divided into two halves, which, due to 
imposition of vacuum fluctuations, will be recorded by 
photomultipliers as full-fledged photons [1-5]. The result 
is that energy is taken as if from vacuum: two photons 
appear in place of one. Another photon can be divided 
on the mirror into two halves, but they will not be 
recorded by the meters, and the energy will allegedly 
pass into vacuum. So, at one time we borrowed energy 
from vacuum, and then gave the same amount of energy 
ack to vacuum at another place. You can think like that, 
and this process might take place. But if we consider 
the equation with an oscillating charge, the energy and 
impulse conservation laws are not valid there for 
solution of the movement problem, and vacuum 
fluctuations have nothing to do with it at all. As for the 
question of where the energy comes from, itis the result 
of our mental inertia, and is, essentially, an atavism 
imposed by the Newton mechanics. But the latter 
appears as a result of an extreme passage from quantum, 
mechanics, which is more fundamental. 


Itis interesting to note that there is a bomb in the logical 
definition itself of the energy conservation law. Ifenergy 
is something that cannot appear or disappear and 
always simply passes from one form to another, the only 
value satisfying this condition is zero. We are far from 
assuming that energy does not exist. But the problem 
of existence is solved differently in different 
philosophical systems, and the mathematical approach 
seems to be the most correct one: an object exists ifit is 
free from contradictions. Energy has bad luck in this 
case, for under such an approach it should be zero. 


Some cosmologists (for example, British prof, Fred 
Hoyle) are very willing to have a process, in accordance 
with which the Universe has certain places where 
energy appears from other certain places, in which it is 
eliminated. Besides, any philosopher at least a little bit 
familiar with astronomy, looking at the bright night sky, 
will see the birth of matter and its expansion into a still 
greater space. But for this purpose the Global Energy 
Conservation Law is superfluous and only denies what 
is observed. The head reels. 


Cold Nuclear Fusion and Nuclear Transmutation. 
Let us approach the epoch-making experiments made 


by Fleischmann and Pons in March 1989 [30] from the 
positions of the equation with an oscillating charge. One 


of the authors predicted in 1983 [9] the possibility of 
such nuclear reactions under very small energies. 
Without going into well-known details, we will sum it 
up very briefly: cold nuclear fusion exists, and there are 
no people or theories capable of giving a clear 
explanation. The chain of various mechanisms meant 
to explain this intriguing phenomenon is growing, but 
few really believe in them. The reason is as follows. 


When a charged particle interacts with the nucleus, the 
potential energy is like in Fig. 3, where the right top 
partofthecurveis conditioned by mutual 
Coulomb repulsion between the nucleus and the 
charged particle. 


The repulsion potential will be 


Zee" 


where Z ~ charge of the nucleus, and z ~ charge of the 
approaching particle, ¢ ~ charge of the electron, r ~ 
distance between the particle and nucleus. When r=R 
(critical distance), then the potential energy curve goes 
sharply down, which is due to the emergence of intense 
nuclear gravitation, the potential whereof today appears 
more complex than could be imagined mathematically. 
Ifthe charged particle overcomes the Coulomb barrier 
with a height of 


Ze 
R YA 


B. 


MeV 


it will further get into the nuclear gravitation area and 
anuclear reaction will take place. 


Let us look at the nuclear interaction of a charged 
particle with kinetic energy T’< B, . From the point of 
view of classical mechanics, there will be no nuclear 
reaction in this case, because the particle will approach 
‘the nucleus and at a certain distance < R from the 
top of the Coulomb barrier will turn back and be 
reflected from it. However, from the point of view of 
quantum mechanics, there exists a tunnel effect, and 
the probability of such a tunnel passage, or transparency 
of potential barrier D is described by a well-known 
formula: 


Jy2uU 1) ) 


is reduced mass. The bottom 
M+m 


integration limit r,coincides with the nucleus radius R, 
and the top limit r, can be found from the condition 


and value Ay , the de Broglie wavelength 


2m, 
corresponding to the kinetic energy ofthe particle equal 


to the barrier height T'=B..1f T<<.B., expression 


(6) is easily transformed to look as 


_2ARB.)_.. { _ 2nZze* 
iw) cr 


where vis velocity. 


D=exy 


Let us now see what the shocking cold nuclear fusion 
‘will look like on the basis of the above considerations. 

‘The deuteron energy in an ordinary electrolytic 
Fleischmann-Pons cell will be about 0.025 eV, and the 
height of the Coulomb barrier for this case is 


8MeV In classical mechanics it would 


be just naive to talk about overcoming such a barrier 
with a height dozens times greater than the kinetic 
energy. Let us now see how the tunnel effect will 
improve the situation. Let us assess the value of g and 
‘for the case of collision between two deuterons with 
such energy: 


Ry 2mB. 
ers : 
arccoq |2 |. h-7 ~8883 ana the 
Vey \% 
probability of such a process will be 


exp(-2:1.9-8883) = 10", ie. practically pure zero, 
‘The fusion cross-section will be defined by the product 
of nuclear cross-section and the tunneling probability: 


o=6,,,D 


and, in the case under review, is also a very small value, 
If the clash parameter of deuterons is not zero, the 
emergence of centrifugal potential 
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«will still further lower the probability of such interaction. 


It is these very circumstances that make the nuclear 
physics scientist think that there is no cold nuclear fusion 
as such. For example, such a serious and responsible 
edition as Encyclopedia Britannica 2001 found no place 
for the notion of cold nuclear fusion at all. Such an official 
position can be understandable only from the point of 
view that quantum mechanics is absolutely true and 
unshakable. Despite this, for the 12 years since the 
Fleischmann-Pons experimental discovery, nearly 30 
international conferences have been devoted to this 
subject, there are lots of books and magazines on this 
subject, and the number of articles on the problem is 
nearing ten thousand. Today the situation is gradually 
developing in the positive direction, and the research 
in the field of hot nuclear fusion, which has already 
‘wasted over $90 billion for 45 years, is slowly coming 
to naught. 


But today there exist well known experimental data on 
cold nuclear fusion. They are numerous and various. We 
will dwell only upon the most important and sufficiently 
reliable results. Thus, the classical view of electrolysis 
of a palladium cathode saturated with heavy hydrogen 
in heavy water identifies an anomalous quantity of heat 
energy up to 3 kWt/cm!, or up to 200 Mj per small 
sample. Products of nuclear reaction have also been 
found: tritium (10"- 10%/s), neutrons with energy of 
2.5 MeV (10-100n/s), and helium. Absence of He” among 
the reaction products shows that heat is not generated 
by reaction dp. Besides, emission of charged particles 
©, 4, t, Yis observed. Similar processes are observed 
in case of a gas discharge on a palladium cathode, of 
phase passage in different crystals saturated with 
heavy hydrogen, irradiation of deuterium mixture with 
a powerful sound or ultrasound flow, in cavitating 
microbubbles in heavy water, in a tube with palladium 
powder saturated with heavy hydrogen under a 
pressure of 10-15 atm., etc. In certain reactions (e.g. 
d+1—@+p ) neutrons of 14 MeV are absent, and 
such a strange situation occurs in other cases too 
Activity of Li, Li’in reactions with heavy hydrogen 
and protons failed to be discovered, whereas reaction 


K’+p>Ca” 


‘was well recorded even in biological objects. But the 
most intriguing fact of all these processes is the 
shortage of nuclear reaction products for explanation 
of the emerging heat effects. Thus, in certain cases the 
number of nuclear reaction products (tritium, helium, 
neutrons, quanta) should be millions of times greater in 
order to account in some way for the quantity of the 
generated heat. Generation of such a big amount of 
energy cannot be accounted for by either chemical or 
nuclear reactions, or by phase passages. The well- 
known interaction d+d goes along three channels: 
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D+D—> T(1.01) + p (3.03) (Channel 1) 
D+ D—> He (0.82)+ n(2.45) (Channel 2) 
D+D—> He + (58). (Channel 3) 


All these reactions are exothermal. The third channel 
has a very small probability. It was experimentally 
discovered that they could occur under very small 
energies. In a molecule D, the equilibrium position 
between atoms is 0.74A and in accordance with the 
conventional quantum theory, these two deuterons 
could accidentally enter a nuclear fusion reaction. But 


=10%c# 
‘There is a known estimate that in the water ofall seas 


and oceans there are 10“deuterons, and in 10" years 
there will be only one fusion. 


the interaction value is very small Ap, 


It follows from the aforesaid that the main problem 
impeding the occurrence of the d+d reaction lies in the 
existence of a very high Coulomb barrier. Our approach 
allows for this problem to be solved, and there is such 
an opportunity in the UOT. The UOT equation solutions 
show that the distance to which deuterons can 
approach each other is strongly dependent on the phase 
of the wave function (by the way, it is absolutely clear 
intuitively). 


Let us consider the one-dimensional problem [15-18,31], 
‘There is a stationary nucleus with charge Ze at the point 
of origin, and another nucleus is approaching it along 
axis x (charge ze, mass m) at a certain initial velocity. 
‘The non-autonomous and autonomous equations of such 
a problem will look as follows: 


ala) 


Since an analytical solution was not found for all the 
areas of initial phases , numerical methods were applied 
with the following initial values: Z2=2=1, 0=1, m=1, 
x,=-10, ht =1 for different initial velocities and initial 
phase values. As had been expected, braking or 
acceleration of the particle happens only when the 
charge is large. But atthe last stage, under certain intial 


pines ener pontenu ly 
a en ear ae 
which means that the particle (or rather what is left of 
it) is not influenced by any forces, and it is crawling at 
a permanent small speed for a very long time (“the snail 
effect") inside the field of another particle, and can come 
Se cetiben ens ent 
cel‘ ont taal soe cries 
“iene peer ett 


invisible scout penetration into the enemy territory. This, 
phenomenon occurs only in certain phase areas, and 
can be conveniently called a phase hole, which is 
illustrated in Fig. 4 resulting from the solution of 
equation (8). 


oot 1s 
Initial phase 


Fig 4. Distance to the turning point of the moving charge 
depending on the initial phase value for different inital velocities, 


Let us note in passing that now we can account for one 
ofthe nuclear physics anomalies, which has a tendency 
to be totally ignored. Under a nucleon energy of 1 MeV, 
its velocity is 10° cm/s, nuclear radius is 10°* cm, and 
the passage time of the nucleus is 10s, but the time 
period in which the nucleon passes is usually 
anomalously long - 10“ and even more, and it is 
absolutely unclear what the nucleon is doing in the 
nucleus so long. In our model it is easily explained by 
the “snail effect”, 


For the same equation, the minimum distance was 
calculated between the charges dependent on velocity 
(Fig. 5) for different initial phase values. For comparison, 
Fig. 6 also shows the result of the classical calculation 
based on the Coulomb law. It is obvious from Fig. 4 and 
5 that the minimum distance to which charges can 
approach each other is nearly independent of kinetic 
energy, but with reduction of speed the initial phase 
area width is reduced as well. In other words, reduced 
energy brings also reduced probability of a nuclear 
reaction, 


‘The same results are true for the autonomous equation 
(9). Under the conventional quantum theory, the ratio 
of the reaction speeds in the tritium and neutron 
t 
channels should be close to unity: — 
n 


But in many 


experiments on cold nuclear fusion this value is very 


ar} 
Gifferent from unity and equals =10". In different 


7 39 
Veosty 1.901 


FFig.S Minimum distance between charges depending on the 
Initial velocity for different initial phase values. 


experimental situations it is reproduced by different 
experimental groups with a very high accuracy. This 
very intriguing problem has so far received no simple 
explanation. Let us dwell on a possible cause for such 
aphenomenon. With a small velocity in the phase hole, 
neutrons are affected by nuclear gravitation forces, and 
protons are affected by electrostatic repulsion forces. 
Under the effect of this momentum, the deuteron will 
have enough time to tum in such a way that the neutron. 
parts of the deuteron would faceeach other. After the 
neutron gravitation the nuclear forces will be saturated, 
which will weaken the proton connection, and one of 
the protons will leave the system. This reaction can be 
conditionally presented in the following form: 


d+d— p+(n+d)> p+t 
This reminds of the Oppenheimer-Phillips effect. 


It is well known, however, that under big energies, the 
probabilities of the first and second reaction channels 
are the same, and this phenomenon should somehow 
be accounted for. Increased probability of the neutron 
channel with growing energy can be connected with 
the appearance of secondary neutrons in the reaction 
T + D = He + n (14.1 MeV). In a douterium-rich 
environment, a big part of the resultant tritons will pass 
to neutrons in the process of this reaction, which has a 
cross-section of § barns under an energy value of 70 
KeV. According to assessments in [32], the number of 
such secondary neutrons per one triton is 

7.9:10-1.7-10°,2.7-10 for energy tritons 10, 20 
and 100 KeV respectively. Thus, the prevalence of 
! 
ni 
tritium is bom with energies over 40 KeV. 


> 10° can be expected only in those reactions, where 


It should not be assumed, however, that the phase hole 
phenomenon in its whole area leads to a nuclear 
reaction. It can be assumed that reduction of the 
Coulomb repulsion is followed by reduction of strong 
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interaction. But how? Today nobody knows the exact 
equation of the strong interaction potential. Besides, 
the particle approaches the turning point X,,, is rather 
“thin”. Will it be able to take part in a full-fledged 
nuclear reaction, or will it fly through, like it happens 
with the electron in the s - states of the atom? There 
are very narrow phase areas, when soon after the 
particle stops the charge grows quickly and is sharply 
accelerated. The charge can even be maximum in the 
nuclear force effect area. May be, it is this narrow phase 
area that is responsible for cold nuclear fusion, and in 
case of strong interactions the phase hole mechanism 
must be operating as well. 


It was discovered long ago that nuclear transmutations 
have a mass character (especially in plants and 
biological objects), but they have little to do with energy 
generation. Examples of such reactions: 


Mn + p— Fe® ; AP” + p> Si; 


P™+p3S*iK’ + pCa” 

In reactions of this type, a very slow proton (with 
practically zero kinetic energy) penetrates the nucleus 
in the above-mentioned way and remains there. No 
intranuclear energy is generated, because both before 
and after the reaction the nucleus remains a stable 
object. In classical nuclear physics, the nucleus usually 
became unstable after it was penetrated by a charged 
nucleon with a large kinetic energy and always broke 
into parts, and the nuclear debris had an even greater 
kinetic energy. Reactions of the above type were 
considered impossible under small energies and for this, 
reasons were not studied by classical nuclear physics. 

It seems to be a completely new type of nuclear 
transmutations, not recognized by modern nuclear 
science, but experimentally discovered rather long ago. 

‘Today there is a great deal of experimental material 
confirming mass nuclear transmutation phenomena, 

‘Moreover, there are many projects of neutralizing 
nuclear excess with the help of this technology. Journals 
Infinite Energy, New Energy, Cold Fusion, Fusion Facts, 
etc. and Internet are full of such projects. 


Of course, a change in the nuclear charge will result in 
restructuring of electronic atom shells, but the energy 
related to this process will be about several electron- 
volts and is nothing in comparison with the energies of, 
nuclear reactions from several to hundreds million 
electron-volts. By the way, nuclear engineers are 
accustomed to such energy ranges in nuclear reactions. 
It was this circumstance that made them deny a priori 
all nuclear processes in biology, because under such 
energy values of the debris dozens and hundreds 
thousand of complex biological molecules will be 
destroyed. 


Quite a long time ago, Lois C. Kervran [33] wrote a book 
about nuclear transmutations in biology, and now, 
nearly 20 years later, its second edition was published! 
It gives, evidently for the first time, numerous 
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experimental data of the above-mentioned phenomena. 
‘The reaction of the official science is very interesting, 
For example, well-known physicist Karl Sagan, after 
reading the book about such experimental data, advised 
Kervran to read elementary textbooks in nuclear 
physics! 


‘Some time later a research was made by Panos T. Pappas 
[58], who studied one of the well-observed nuclear 
reactions in biological cells: 


Classical biology has long known about the existence 
of equilibrium, when the ratio between the number of 
K and Na ions is maintained with greatest accuracy 
despite the shortage or even absence of K ions in food. 
Later, in work [59] this nuclear reaction was even called 
the life equation, and the existence of such nuclear 
reactions in biological objects was proved by M.Sue 
Benford with the help of direct physical methods. 


All thermonuclear fusion programs are based on blunt 
heating and compression of the reacting material. 
Despite the progress achieved, the head of the works 
in England, Dr. Alan Gibson [34], established several 
years ago that the model reactor design would be 
created not earlier than in 60 years. Today, this point of, 
view is generally accepted. Even if the reactor is once 
made (although the authors have grave doubts about 
it), it will be very complicated, expensive, and harmful 
for the environment. 


Classical approaches have so far not yielded any 
positive results, despite multi-billion investments and 
a great number of physicists, engineers, service 
personnel, and managers involved. It is only natural that 
this army of researchers is a potential impediment for 
all alternative projects of new power engineering. Ithas 
been noted that “viability” of any idea is proportionate 
to the number of people involved and investments made. 
For these reasons, the Fleischmann-Pons works were 
given a hostile reception in the USA and other countries. 


All the controlled thermonuclear fusion programs are 
accompanied with the adjective “controlled”, although 
there is no control whatever. It is simply that the initial 
‘quantity of the reacting substance is prudently made 
very small. For example, a ball of lithium deuteride 
during laser reduction has a diameter of several mm. 
So far no one has been seriously considering the 
‘question of utilizing the energy of an explosion of such 
aball, which is approximately equal to the energy of an 
explosion of a box of antitank grenades. 


‘The straightforward approach to fusion used by the 
modern science is very natural, because quantum 
mechanics has no methods of influencing this process. 

‘The future of really controlled nuclear fusion systems 
may be not on the way of primitive and blunt method of 
heating and compression ofthe material, but following 
UOT on the way ofusing collisions of nuclei having small 


energy and corresponding fine adjustment of the wave 
function phase. 


It is essentially possible in case of imposition of the 
external controlling electromagnetic field on the 
reacting system, which contains quasi-fixed ordered 
deuterium atoms and free deuterons. The same 
properties can be demonstrated by special atomic grid 
geometry. Diffraction scattering of a deuteron flow on 
such grids will lead to automatic deuteron selection by 
energies and phases, 


It seems that in the Fleischmann-Pons electrochemical 
experiments such an ordered system existed in the Pd- 
Dgrid, and some phasing occurred, which accounts for 
the results of these experiments [30] 


Today it appear to us that the cold nuclear fusion 
processes will be effectively used for nuclear waste 
liquidation and production of isotopes. 


Many researchers [35,36] discovered that the quantity 
of heat generated in the process of electrolysis of 
ordinary water on nickel electrodes (there is no hope 
for nuclear reactions in such systems) is the same as in 
the electrolytic cell with heavy water. It confirms other 
measurements, which showed that the quantity of 
nuclear reaction products is millions times less than is, 
required for such an amount of generated heat, and its 
origin remains a mystery. 


Further we will give certain concrete data 
demonstrating the phase values of a deuteron with an 
oscillating charge, under which the deuteron can 
approach the nucleus to a critical distance of 10" cm 
or less, ie. giving the data to estimate the value of the 
above-mentioned phase “hole” in the interval (0,r) of 
‘the phase change. 


Assume that the stationary nucleus with the charge 
is placed to the coordinate origin x=0 and the deuteron 
with the same charge q is placed at the initial moment 
‘t=0to the point 2x, < Qon the x-axis, and the deuteron 
velocity equals .iy =v, >0. The units of mass, length 
and time are chosen in such a way that 


m=1,h=1,¢=1 (m-deuteron mass, c- light velocity), 
Charge q equals 0.085137266. Our units are connected 


(to 4 significant figures) with the system (kg, m, s) as 
follows: 


1 mass unit = 3.945x 10"kg, 
length unit = 1.049: 10" m, 
time unit = 3.502: 10 s. 


The electron velocity corresponding to its energy of 
1eV equals 5.931:10 cm/s. The deuteron velocity 
corresponding to such energy will be assumed to be 
3680 times less, and in our units it will be §.372 107 
(if ¢ = = 310" cm/s). Then the deuteron movement 
‘towards the nucleus is described by the equation 


2g 


cost (r+, Je +2+Q,), (10) 


where the parameter 1, is defined under the condition 


> for 
O,x=%,4= i (thus ft, =(2%)/ 4) ), and this 


parameter may be considered as the initial moment of 
socalled local time. 


that the argument of cosine equals 


In the interest for us are namely solutions of eg. (10) 


‘under very small deviation ¢ from phase (p, and so we 


a 
put = +€ and rewrite eq.(10) in the following 


form: 


== inher ye tate), (11) 


x 
where a = 0.0144967 Let the initial x,to be equal 


- 600000 of our length units (ie. approximately 


5*10° cm ) and the initial deuteron velocity v, to be 


equal to the velocity vj, corresponding to the deuteron 


energy of 1 eV or less. But it tumed out that the 
precision of numerical integration ofthis equation under 
such initial conditions and under values [e| = 10ana 


less is small and besides the interval of the integration 
must be very large. That is why this equation also had 


tobe transformed by passing to “slow” time T= [E10 


- (4) 
the equation relative tothe vsable w= (25 ) aw a 


function of x: 


wfc (r4t,wexwt of (12) 


—(2x,)/ fw) 
-1ife < 0, Irmust be added also the equation for 7 as 
a function of x 


and +1if €>0, and 


dt 


de (13) 


‘The system of equations (12, 13) is, soto say, a “model” 
system describing fairly accurately the deuteron 
movement under all values of lel from 10 to 10* 
Numerical integration of this system was fulfilled under 
different values of e and under following initial 
conditions: 


W(%)=2.103,r(44) =0,.%, =-500000.r, = 68957318 (14) 


It may be noted that the initial deuteron velocity v, 


equals 1.450172 ( following the relation 


lely(x,)) for given initial w(x,) and for 


10”, i.e. such velocity is approximately 3.7 times 
less than velocity v,, corresponding the deuteron 
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energy of 1eV. If |e|=10* then the velocity v, is 


approximately 2.7 times greater than velocity Vy 


It tuned out that the numerical tables for values of WT 
obtained under different values of ¢ <0 in the 
interval (-10%, -10* ) don't differ essentially from each 
other. The following table is true to three-four significant 


figures for T and i/e|=/w 


x t iie| 
-500 000 ° 1.450 
“80000 1426-10" 0.0493 
“500 1.00210" 0.000489 
-200 1.06710" 0.000440 
+100 1.09010" 0.000425 
-80 1100-10 0.000423 


Ifreducing the table values of x to centimeters, we 
obtain the following corresponding approximate values: 


5-10°,5:10"5-10" 10708-1017 
‘The time interval 47° , in which the deuteron reaches 
the critical distance 10"* cm from the center, is 


67350/e| of + our time —sunits_—or 


(1.090. 10" el) 3.502.107 seconds. If nuclear forces 
are not taking into account then the deuteron may 
approach the distance less 10cm 

We present here the table, where are given the initial 
deuteron velocities ¥, in velocities shares V,. and the 


corresponding time intervals AT (in seconds) for 
different values of c. 


Y% 


. Tu: AT 6) 
“108 27 3.82: 10% 
“107 0.27 3.82 10" 
“10 0.27: 10" 3.82: 10* (= 10.6 hours) 


“10 0.27: 10% 3.82: 10* (= 10.6 hours) 

Let us note that the given data change essentially 
under positive values of ( 10%, 10”, etc.). There is some 
asymmetry of solutions behavior under negative and 
positive values of e. The calculations show the minimum 


distance [}},, more than 600 of our lengths units even 


{for relative big initial w(x,) = 10000. Thus, if we limit 
ourselves to the condition that the deuteron energy is 
not over (0.27) eV at a distance of §:10%cm from the 
central nucleus, and the whole process of deuteron 
movement towards the nucleus does not exceeds 
approximately 10.5 hours, then the interval 


a2 


ee a 
Gui0 -10™) is approximately the sought 
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phase “hole” in the whole interval (((),7t)) of phase 


change @,in eq. (10) 


If many deuterons with the energy not more than 
(0.27/eV at the distance 5 - 10° cm from the nucleus 


are equally distributed along their phases @, , the ratio 
of the length of this “hole” to x, equaling approximately 


0.3:10”, is equal to a share (or a relevant percentage of, 
0.3: 10*) of deuterons overcoming the Coulomb barrier. 


‘The above figures express at least the order of 
probability of the cold nuclear fusion occurrence, and 
this order is absolutely incompatible with the figures 
in the classical quantum mechanics mentioned above, 
Let us note once again that a one-dimensional problem 
‘was solved, and in case of an accurate analysis (not 
zer0 sighting distance will be taking into account) this 
probability will be lower, Let us also pay attention to 


the large time intervals AT calculated if |e| is very 


small. It explains well the effect (observed by many 
researchers) of continuation of cold nuclear fusion 
reactions during even many hours after the 
disconnection of the voltage in the electrolytic cell. This 
effect was named even “life after death”, 


As for the analysis of the deuteron movement with the 
help of the autonomous equation, the calculations lead 
to initial velocities v, , exceeding the above mentioned 


numbers, although the general motion picture is the 
same. But the autonomous equation is interesting, 


because in the area of those values x, i, under which 
the product xi is modulo small, it is possible to replace 
sin(xci) with x, and the eq.(11) under e=0 toreplace 


with simplified equation (describing the deuteron 
motion from initial point x, > Oto center) 


‘This equation has a very simple analytical solution. 
Without giving very simple calculations, we will present 
the final formulas. 

Let us take the following initial conditions: 


x(0) =x, >0, i(0)=-v, <0 


Travgt 


wx) =x, 1 In(+ any) 
a 


It follows from these formulas that the velocity of a 
particle moving in accordance with the initial equation 
never tums to zero, and under 


x(t.) =0, ie. the particle reaches the center of the 


nucleus, its velocity at this moment being 


-v 


x(t.) 


=r expl-ax,) * 


so that it passes through the nucleus and moves 
further. 

For example, let a=0.0144967, x, = 1000 (=10"''cm), 
§(0) =5.37-10-" (= 16 ems). 

Under such initial data, the product xxi =~0.0000537, 


s0 it is quite possible to replace sin(xi) with xt 
Inthis case, 


1-23-10" ¢ 


-29.9:10 


8-105), 


H(t.) (=9.10% cm/s) 

‘These figures fit well into the reasonable framework, 
so the autonomous model can also be of use for the 
movement analysis in the problem under review. The 
phenomenon of particle passage through the Coulomb 
potential accounts very well for the existence of 
pendulum orbits in the Bohr-Sommerfeld model, when 
in states 1s,2s,3s etc. the electron passes through the 
nucleus. Such states in the strict theory and experiment 
have no impulse, so in the Bohr-Sommerfeld model they 
were discarded as absurd. Now they have a right to 
existence. Further, the experimental data for angular 
distribution of non-elastic scattering by nuclear 
reactions (including reactions with heavy ions) reveal 
‘the big amplitude of the scattering forward. It is 
impossible to explain such effect by the formation of 
intermediate nuclei but it is may be explained from the 
viewpoint of our UOT. 


General Principles of Creating New Energy Sources 


In the ancient classical perpetual mobile idea it is 
supposed that energy is just created and not taken from 
outside (impossibility of a perpetual mobile is the first, 
law of thermodynamics). There have appeared lately 
many articles and even books dwelling on the idea of 
energy generation from vacuum. We are not in complete 
agreement with many of these works, and we will dwell 
only on some of them, which, in our view, can be of 
interest. One of the main ideologists of this completely 
new sphere in science are Daniel C. Cole and Harold E. 
Puthoff, and their first serious work entitled «Extracting 
energy and heat from the vacuum» was published in 
Physical Review E, vol. 48, #2, (1993). In this work 
authors use the Casimir forces [60] making them 
produce useful work. The appearance of such forces in 
vacuum is understandable intuitively: ifin a stormy sea 
we put vertically into the water two big parallel plates, 
on the outside part of these plates the waves will hit 
‘them at random, and between the plates there will be 
no waves. Then, the hitting of the waves outside the 
plates will produce a gravitation force between them 


(the Casimir force discovered experimentally long ago), 
‘which the authors of this interesting work are going to 
exploit. It is easily seen that in this idea energy is 
generated from vacuum fluctuations. 


Our approach is altogether different. When the equation 
with an oscillating charge was solved for the quantum. 
oscillator, 4 types of solutions were discovered. For us, 
only two of them matter ~ “crematorium” and 
“maternity home". In one solution (“crematorium”) the 
particle slowly falls to the bottom of the pit and finally 
‘turns into a “specter” (under the strict unitary quantum, 
theory it disappears, spreads about the Universe and 
contributes to vacuum fluctuations everywhere). In the 
other solution ("maternity home") the particle can even 
be born of a very small fluctuation, or accumulate a 
sufficiently big energy. Let us underline once again that 
both these processes are not at all logically connected. 

In other words, there are such systems where energy 
will disappear completely (electrolytic baths), or 
increase unlimitedly (it might be our Universe) 


It is the energy conservation law that presents the 
strongest impediment in all cosmological approaches. 
However, universes with birth of matter have long 
existed in scientific cosmology independently of us. 
‘There is known the theory of British astronomer Fred 
Hoyle based on the idea of continued creation of matter 
from nothing. The question of whether such an approach 
is realized in nature and whether the energy emitted 
by quasars is the result of work produced by a certain 
gigantic pit, is the most intriguing question of the future, 


It is yet unclear whether the values of appearing and 
disappearing energy in these solutions are equal. But 
neither in the strict UOT nor in the equation with an 
oscillating charge vacuum (as a big set of random 
oscillations) is needed for energy generation. Of course, 
UOT admits of such an energy exchange with vacuum, 
For example, during split of a photon on a 
semitransparent mirror, at one time both halves of the 
photon will not be registered and will give their energy 
‘tothe vacuum and disappear for the observers for good, 
at another time there will appear two photons out of 
one, and the lacking energy will be taken from vacuum. 
But the movement equations (4) and (6) themselves know 
nothing about vacuum and can generate energy due to 
their nature (they are noninvariant relative to the 
coordinate translations) and the conservation laws we 
are so accustomed to do not exist for them. 


Let us remind you once again that the latter follow from 
the Newton equations, and the Newton equations result 
from averaging by a big number of events, while for 
individual events of small energies no conservation laws 
in quantum physics exist. 


In other words, it can be said philosophically that 
motion of a small wave packet, once started, will give 
birth to other movements (energy) and, consequently, 
to matter. Since most various and breath-taking 
speculations are possible, up to the creation of a 
universe, we will stop here. 
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‘Thus, the generated or disappearing energy in our 
approach can he manifest not only in the changes of 
the particle velocity during movement in a certain 
potential, but in the appearance or disappearance of 
‘the particles themselves as well. A change of the 
particle velocity in movement is most easily 
discoverable, and it is the velocity increase that can be 
used for generation of heat or electric current. There 
can be energy systems, which exploit the fact itself of 
charge oscillation and the consequence of it. It is very 
probable that these phenomena, contradicting the most 
fundamental laws of modem science, have been long 
discovered and even applied. But these are the very 
phenomena that are the easiest to be exploited at the 
first stage of development of such new energy 
technologies. 


When an energy generation mechanism is used, 
crematorium-type solutions should be suppressed. But, 
all the quantum processes are built on the basis of 
elementary acts, and each of them is impossible to be 
controlled separately. But if the probabilities of such 
processes are controlled, they, being multiplied by the 
great number of participants in the process, 
automatically become macroscopic variables of 
quantum kinetics, and the process itself becomes 
possible. It can easily be achieved, if process 
participants with correlated initial phases are selected. 


Let us remind you that the Newton and relativistic 
classical mechanics follow from the strict UOT, while 
the Newton movement equations with the resultant 
energy and impulse conservation laws follow from the 
oscillating charge equation with averaging by the 
particle ensemble composing a classical body (material 
point). But these conservation laws are nonexistent for 
individual microparticles in our theory, and they appear 
only in case of averaging by the ensemble of particles. 
Thus, if the energy-generating processes are 
accumulated, and the processes where energy 
disappears are suppressed, a classical perpetual mobile 
can be created, 


But the UOT and the oscillating charge equation have 
other differences not only from the equations of classical, 
mechanics, but also from some equations of 
electrostatics and electrodynamics. 


‘There is a fundamental theorem of circulation for the 
electric field. Let us dwell on it in more detail. Let us 
have a vector field E, which can be an electrostatic or a 
gravitation field. 


E=P(x,y,2i+ Q,y,2)j+ROY.2k 


Line integral 


f(Pdx+Qdy+Radz)=fEdl (15) 


is called circulation of vector field E by contour . Of 
course, circulation depends not only on E, but also on 
the passage direction accepted in contour I; by changing 
‘the passage direction we will change the circulation 
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sign. Form (16) is convenient for mathematicians, but 
for our purposes we will present equation (15) in a 
different way. If both parts of equation (15) are 
multiplied by electric charge g, on the right we will get 
the integral of force gE by way dl, i.e. work for moving 
the charge along a closed loop contour. It is well known 
that this value is zero. 


fora 0 


(16) 


If this value were not zero, an energy source could be 
created. For this purpose a charge should be moved in 
electric field E from point a, located in the high voltage 
area ofthe field, to point b, located in low voltage area 
of the field, and then back, but along another route. The 
values of work from a—band from b—>awould be 
different, and we could extract work from the field 
without making any changes in the system. When the 
charge is constant, it is certainly true, so for a 
‘macroscopic constant charge this theorem is an analog 
of the energy conservation law. The authors have not 
come across such an interpretation of the energy 
conservation law in other works. If the charge is 
microscopic, then in the UQTT it changes, depends on 
time, coordinate and velocity, so work from a+b and 


from b> 4 will be different, in this case work can in 
principle be extracted from the field without any 
changes made in the system. 


Discussion of Experimental Results 


Let us now get down to explaining some very unusual 
experimental results, which the authors have nothing 
to do with, and which they sometimes regard rather 
skeptically. The point is that the sphere of new energy 
sources is the headache of all the human civilization, 
and in this sphere, like nowhere else, the dividends can 
bbe exorbitantly high, and for this reason there are in 
this sphere a lot of swindlers (even among the 
theoreticians) and simply erring people. The official 
science of the world does not so far believe in such 
research, but the most suspicious fact is the great 
multiplicity of such works. The authors are not inclined 
to regard all these people as swindlers or erring, 
because the UOT can offer a beautiful and simple 
interpretation of certain phenomena, 


‘There are strange plants with the efficiency over 100%. 
‘They are even manufactured in small quantities and are 
rated among energy-saving devices already termed over 
unities. Japanese researchers take these problems very 
seriously, and the leading role in studying this problem 
belongs not to the USA, but to Japan, which even 
finances many US institutes in this framework. The total 
Japanese expenditures for this research exceed 
'$200.000.000 a year. It can be forecast that with the 
Japanese mentality and the state policy of exporting 
not natural resources, but supethigh technologies and 
intellect, Japan will find itself among the leading 
countries early in the 21” century. We think that our 
readers will not be surprised to hear that Russia has 


not allocated a single cent for this program, and all 
research was made on pure enthusiasm, 


Inthe USA such works do not get official governmental 
support either (like, for example, the dying out hot 
nuclear fusion problem), but a great number of private 
firms and individual businessmen are conducting large- 
scale research. The following US journals are devoted 
to the subject: Journal of New Energy, Infinite Energy, 
Cold Fusion, New Energy News, Fusion Facts, and NET- 
Journal (Switzerland). 


‘Switzerland, Italy, Germany, and France are also among 
‘the countries where the new energy problems are 
seriously researched from the cold nuclear fusion point 
of view. 


Avery young sphere of power engineering has emerged 
and is quickly developing, which researches many new 
energy sources, In future those new energy-saving 
sources will first be used, which will considerably differ 
from the existing ordinary energy transformers in that 
‘they will generate additional energy that can be used 
in the interests of the mankind. The development of 
civilization will then be limited not by long-expected 
reduction of natural fuel resources, but by heat pollution 
of the environment. 


Let us enumerate just a few of the new energy 
directions: 

1. The Patterson fuel cell (CET). 

2. Supermagnet-superengines of Takahashi, Aspden 
and Adams 

3. Swiss plant Testatika. 

4. Engines operating on water. 

8. Hypersound Griggs pump, the Potapov and 
Schaffer heat generators. 

6. Schoulder and Fox cluster systems. 

7. N~ machines of Farade, Bruce de Palma, Newman, 
Searl, Tewari, ete. 

8, PAGD reactor of Canadian researchers P Correa and 
A. Correa. 


This list can be complemented with the surprising 
experimental results received by physicists A. Samgin 
and A. Baraboshkin (Russia, Institute of High- 
‘Temperature Electrochemistry under the Russian 
Academy of Sciences, Ekaterinburg) [24,25] and 
‘T.Mizuno [26] (Japan). They appear to have used, totally 
independently of each other, special proton-conducting 
ceramics, which, when electric current runs through 
‘them, generate a thousand times more heat energy than 
the electric energy consumed. In some experiments by 
‘TMizuno this value even exceeded 70000(!). T. Mizuno 
in a personal talk with one of the authors of this report 
said that he feared very much the radiation sickness 
But no 0, B,7 radiation or nuclear debris was found, 
and the nuclear processes are not responsible for such 
energy generation. Such proton-conducting (or, to be 
more exact, deuteron-conducting) ceramics was made 
using the power metallurgy methods by agglomeration 
under high temperatures. In other words, all the 


chemical processes in it had long been over. The origin 
of such an amount of excessive energy is absolutely 
incomprehensible in the framework of conventional 
science, for they cannot be accounted for either by 
nuclear or chemical reactions, or by phase passages. 
At first the authors of this experiment supposed nuclear 
fusion reactions of the D+-D type. At our request, A. 
Samgin replaced heavy hydrogen (deuterium) during 
ceramics production with ordinary hydrogen. If the 
effect of such huge energy generation was connected 
with the nuclear D-D reactions, all the anomalous heat 
effects would have disappeared, but they persisted, 
After such a large quantity of energy was generated, 
the tablet disintegrated into powder. 


‘These effects can easily be explained by UOT from the 
harmonic oscillator theory point of view. When the tablet 
is agglomerated, there remain in it some caverns of a 
size of hundreds Angstrom units. When direct or 
alternating current flows through it, the protons and 
deuterons in their movement (there are few electrons 
in such ceramics) get into these caverns, and a process 
can start which is described by the “maternity home” 
solution. A particle accumulating energy, oscillates in 
such a pit, and finally the energy will be sufficient both 
for heating and for destruction of the pit walls (tablet 
turning into powder). The same processes seem to be 
taking place in a palladium electrolytic cell with heavy 
water, and in a nickel electrolytic cell with ordinary 
water, which accounts for anomalously large heat 
generation, not related to nuclear processes. 


It would be good to verify experimentally the 
dependence of the tunnel effect on the initial phase. 
But it seems us that it is more important for our 
opponents, since both cold nuclear fusion (CNF) and 
discovery of nuclear transmutations (which, from the 
point of view of modern science, are even more absurd 
than the existence of CNF) evidently cannot be 
accounted for in any other way. Besides, such a direct, 
experiment is of a fundamental value. There are today 
a lot of people and groups in the world, who pin great 
hope on exploiting the nuclear transmutation 
phenomenon for the purposes of processing and 
recycling of nuclear wastes, and the question of 
industrial generation of tritium for military purposes 
using CNF methods was under consideration in Los- 
Alamos. Internet magazines are full of such information. 
We are not giving Internet addresses here, because 
everything is constantly changing in this live system. 


Let us analyze some of the above-mentioned devices. 
‘The first, the oldest and the most mysterious information 
‘was information about internal combustion engines 
operating on water. 


Let us give just one example. When we were students, 
one of our teachers, the late Professor G.V. Dudko (1959) 
told us that in 1951 he had participated in the testing 
ofan internal combustion engine [39,56-57]. The device 
represented a hybrid of a diesel and an ordinary 
carburetor engine, where a gas of petrol was needed to 
start it and then ignition was switched off, and an 
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ordinary fuel pump sprayed into the cylinder warmed 
up and strongly compressed water with special 
additives (which the inventor himself put into the tank 
in small quantities, and which, as we now understand, 
represented the principal secret). The engine was 
installed on a boat. The researchers were riding for two 
days in the Azov Sea, and only water vapor was the 
engine exhaust. Professor Dudko himself drew the water 
fuel overboard and poured it into the tank. They needed 
much water, several buckets a day, but there was no 
shortage of it... The question of why, if everything was, 
so great, these engines are still not in use, can occur 
only to a person who has never lived in Russia. 


‘From the point of view of the solutions of the harmonic 
oscillator problem, the following theoretical possibility 
exists [40,44,47,55-57|: if water with the necessary 
additives (which, evidently, represent the secret of many 
invented engines operating on water) is compressed 
and sprayed into the cylinder, each drop of water, when 
it gets into the cylinder after being compressed, will 
start dilating and will pass by inertia the equilibrium 
position. As a result, caverns (empty volumes) can be 
formed in it, with a size of several dozen of Angstrom 
units. Ifa free proton (or some other microparticle) gets 
into such a cavern in the required phase (it is supposed. 
that the task of the additive is exactly this), the 
“maternity home" solution will be realized and some of, 
the drops will explode... Later we heard and read many 
times about various Russian inventors, who had 
successfully created and tested engines operating on 
ordinary water with some mysterious additives, 


Of course, the possibility of catalytic water 
decomposition with small energy consumption before 
spraying into the cylinder is not at all excluded. There 
are films and information in Internet about testing of 
cars operating on water, which is catalytically (with 
small energy consumption) decomposed into oxygen, 
and hydrogen. Such power engineering would be 
ecologically absolutely clean, and the only restriction 
‘would lie in heat pollution of the environment. 


‘An ideal solution for the motor transport could also lie 
in use of some new types of electric energy generators. 
‘The UOT even admits of the possibility, which was long 
observed in the experiments of Nicolas Tesla and in 
those made by Canadian physicists the Correas, who 
even received a patent for a system generating energy 
from vacuum fluctuations (as they believe) [45]. The 
readers could have got acquainted with our detailed 
theory of these processes in [46]. But the ideal system 
for the automobile would certainly he Testatika. 


Any imagination will be amazed at the thermal cell CET! 
created by James Patterson, USA [27], in which takes 
place the electrolysis of specially made nickel balls in 
ordinary water. The US paper «Fortean Times» 185, 1995, 
‘wrote about it: “December 4, 1995 will go down into 
history. On this day a group of independent experts from 
5 US universities was testing a new source of energy 
with a stable output heat power of 1.3 kWt. The 
consumed electrical energy was 960 times smaller". All 
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experts note that the generated heat is of mysterious 
origin and cannot be explained by chemical or nuclear 
reactions, as well as by phase passages. The US ABC 
TV showed on February 7 and 8 1996 in the «Nightline 
and «Good Morning America» cycles of programs about 
the development by Patterson of a new energy source 
generating hundreds of times more energy than it 
consumes. The mysterious nature of the generated heat 
‘was again underlined. Itis interesting [24] that Motorola 
tried to buy the CET! patent from its authors for 
'$20.000.000, but met with a refusal. We are sure that 
‘Motorola had invested a certain amount of money into 
the study of this problem before making such a serious 
offer. All that happens within the Patterson element has 
nothing to do with nuclear reactions (although Patterson 
told one of the authors that he was of a different view), 
and, in our opinion, can be accounted for by exactly the 
same processes as were described above for proton- 
conducting ceramics, 


‘The sonoluminescence phenomenon, when certain 
liquids start shining if weak ultrasound is run through 
them, also looks very mysterious. No satisfactory 
explanation has so far been found for this experimentally 
proved phenomenon, discovered by Moscow University 
Professor $.N. Rzhevkin in 1933. As Nobel Prize winner 
Professor Yulian Schvinger said, “it has no right to exist, 
bbut it does exist” [38]. This phenomenon can also be 
explained from the above-mentioned positions. 


There are also heat generators (Yu. Potapov [21-23], 
Moldavia, James J.Griggs 28], and Huffman [29], 
Schaffer - USA). In them many cavitating bubbles are 
formed during circulation of ordinary water, in which 
excessive energy is generated, with the output to input 
energy ratio approaching 1.7. In these experiments and 
plants no chemical or nuclear reactions can take place, 
and thousands of Potapov’s heat generators have been 
manufactured for heating homes. In such devices (they 
are very different in appearance) a great number of 
cavitating bubbles are created in a flow of water. This 
is achieved either with the help of interrupting the water 
flow with a special rotor (J.Griggs, Huffman, Schaffer), 
or the water flow is twirled by a special helix and then 
enters the zone of sharp dilation, where cavitating 
bubbles are formed (Yu. Potapov). In general, it should 
be said that cavitation remains a great puzzle for 
theoretical hydrodynamics and science. For example, 
forged multi-ton screw propellers of big nuclear 
submarines under certain operation modes and 
geometry of the surrounding forms can be destroyed 
by cavitation within only a few hours. It happens 
because of huge energy generated in cavitating 
bubbles. 


Under certain values of phase and energy, a particle in 
the pit, each time reflecting from the walls, will have a 
greater velocity than that of a falling particle (this is 
within the uncertainty relation), and after many 
reflections will accumulate a fairly big energy which 
‘will be generated in the form of heat or bremsstrahlung 
when the pit is destroyed, and, finally, the energy of 
the oscillations of such a particle accumulated in the 


pit will always be transformed into heat in an ordinary 
solid body or a liquid. This physical idea immediately 
accounts for both sonoluminescence (although for 
sonoluminescence in general this mechanism is less 
primitive), and energy generation in proton-conducting 
ceramics, nickel during electrolysis in ordinary water 
(CET! element), and water bubbles of commercial heat 
generators. The theory predicts that the samples should 
be fissure due to increased pressure on the walls of the 
potential pit with the growth of energy, which fact also 
‘takes place, since both ceramic samples and nickel balls 
in the CETI element finally disintegrate. It is evidently 
for these reasons that any metal containing much 
hydrogen in its grid becomes fragile and is quickly 
destroyed, which fact is well known to engineers. 


‘The small number of experiments does not so far allow 
for making concrete conclusions as to what particles 
generate energy in pits (microbubbles). Besides, for at 
least an electron to disappear a pit of about 0.5 MeV is, 
required, while in a solid body the pits are about several 
eV deep, and what seems to happen is only loss of 
kinetic energy, and not disappearance of particles. The 
fact that this process requires very deep potential pits, 
which do not exist in a solid body, does not change the 
essence of the matter. 


Of course, under ordinary conditions, both competing 
solutions usually take place at once: “maternity home” 
and “crematorium”, which compensate for each other 
and the energy is preserved. For energy generation, the 
“maternity home" solution should prevail. Both these 
processes take place simultaneously and compete with 
each other, but, formally, they are not connected in space 
and time. The complexity of the energy generation 
problem lies in suppressing the "crematorium" solution 
by a careful selection of different parameters and 
promoting the “maternity home” solutions. So far we 
cannot say for sure what the optimum dimensions of 
such cavitating bubbles are, or which object oscillates, 
in them, because for this purpose special experiments 
are needed, which so far have not been staged. 


Of course, the inexorable Robber in the form of the 
Carnot principle stands in the way of transformation of 
the heat generated in a heat generator or ceramics into 
electrical or mechanic energy. In accordance with this, 
principle, all mechanic or electrical energy can be 
‘transformed into heat, but the reverse process is always 
connected with big losses. 


If there are experiments and plants in which energy 
generation contradicting the conventional conservation 
laws is discovered, there should also exist opposite 
ones, where energy disappears completely, i.e. the 
“crematorium” solution prevails. It proved to be true. 
‘There are such modes during electrolysis in electrolytic 
baths, under which the temperature of the solution in 
‘the bath is strongly reduced for unaccountable reasons, 
and this fact has no explanation at all. This phenomenon 
long ago was noted by attentive industrial engineers, 
and it is called the “bath-freezing” mode [49,50]. 


Chinese physicist Swe-Kai Chen from Taiwan in his 
experiments [48] stably observed the same phenomena. 
It is quite easily explained: a particle with a velocity 
exceeding the most probable velocity in this distribution 
gets into caverns on electrodes and after some 
oscillations reduces its velocity, which becomes smaller 
than the most probable one, and then the particle leaves 
the cavern at a small speed, and the same process can 
happen to another energetic particle. This leads to the 
cooling of the cell in the case of such mass processes. 


‘The problem of ferromagnet magnetization (the Easing 
model) can also be reduced to the orientation of a 
magnetic doublet by the external magnetic field, and 
then it is essentially the harmonic oscillator equation 


with a slightly different return force (F = 41) and all 
the conclusions made earlier remain in effect. That is 
why magnetization should also produce energy 
generation effects. This proved to be true. For the 
general public everything began on May 17, 1996, when 
Frode Olsen from the research group “Free Energy” 
showed on the Norwegian TV (TV2) a surprising film 
about a “dynamic sculpture” made by artist and 
sculptor Reidar Finsrud from Skaarer, Norway. The 
author of this “dynamic sculpture” had no idea about 
physics and had been making it for 12 years. Einstein's 
idea of how discoveries are made conveniently comes 
to mind at this point: everyone knows that a certain 
thing cannot be done, but there is a man who does not 
-know it, and it is he who makes the discovery. 


This “dynamic sculpture” accompanied by an 
“explaining” poster «perpetual mobiley represents an 
iron well-polished ball with a diameter of 2.7 inches 
weighing about 2 pounds. The ball is rolling along a 
circle on close guides resembling two parallel skids with 
a diameter of 25 inches past the poles of three 
permanent magnets, where it is magnetized. In the area 
of three permanent magnets three more mobile magnets 
are installed on special mobile §-inch long levers, and 
these magnets, when the ball passes them, are slightly 
inclined (due to the ball gravitation) and, after the ball 
passes them, are raised by the holding springs (sway 
like yokes). The ball makes a complete turn in 3 seconds. 
All this magic (they say the ball had been rolling along 
the close contour for more than a year) does not have 
any sources of energy and is installed for everyone to 
see in a Norwegian picture gallery on a special stand 
covered with a glass cover. The authors only saw a good 
‘TV film about this installation and were mostly surprised 
at the fact that the ball had not stopped during 
uninterrupted shooting (about 20 minutes). 


We are well acquainted with circus tricks, but it is 
absolutely incomprehensible how such a trick could be 
staged using some secret methods. It is clearly seen 
‘that the ball in its movement always partially transfers 
its energy to the three long swaying pendulums, but 
‘there is no way to use them for pushing the ball and 
making up for friction, this being the only trick that 
could, in our view, be applied here. All the rest is clearly 
visible and contains nothing suspicious. 
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Let us estimate the generated energy. At an initial speed 
of about 1m/s the ball stops after 30 seconds, if all the 
magnets are removed. It means that the energy 
consumed in 30 seconds is about 0.5 joules, or 1/60 Watt. 
‘The total energy generated in a month is 43,200 joules, 
and this is huge energy, much greater than that of a 
good shell! 


Itis clear (if the word is relevant here at all) that when 
the ball is approaching the permanent magnet and the 
process of magnetization is going on, it is accelerated, 
but when it mechanically gets past the equilibrium 
position and, moving away from the magnets, becomes 
demagnetized, the gravitation (which now starts 
slowing the ball down) will be slightly less than it was, 
at the moment of the ball's acceleration. This small 
difference in forces provides for small positive work to 
overcome friction. Energy generation and similar things 
during magnetization had been predicted by one of the 
authors in magazines Infinite Energy vol.1, No.2, p.38, 
(1995); Proceedings of the ICCFS, p.361, April 9-13, 
(1995), Monte-Carlo; Cold Fusion, No 11, p.10, (1995); 
Chinese Journal of Nuclear Physics (vol. 19, *2, 1997). 
‘The quantum-mechanic processes are very complicated, 
‘but some of them can be understood, 


All keen physicists were quick to understand it, and J. 
‘Naudin in France made a similar, but much simpler 
experiment. A ball of a soft magnetic material is 
swaying along parallel U-formed skids in a system of 
four magnets. Near the bottom of the U-form there is a 
small smooth step. It may have been made to make the 
‘magnetization and demagnetization processes different 
in time, which is very important. Ifthere are no magnets, 
nothing interesting happens and oscillations are quickly 
(in afew seconds) damped. If the magnets are present, 
oscillations go on up to 3 hours 27 minutes. It appears 
‘that in this case the author failed to find good material 
and parameters of the plant, so friction was not 
compensated completely. In all these experiments 
demagnetization of permanent magnets does not 
happen, because the experiment is repeated many times 
with the same results, 


And now a few vague words about demagnetization 
processes. During magnetization of the ball, the 
magnetic moments of its atoms are oriented (like the 
hands of a compass) along the field lines. When the 
ball leaves the magnetic field area, the atom magnetic 
moments are disoriented under the influence of the heat 
motion, and it becomes demagnetized. In the unitary 
quantum theory the share of the oriented magnetic 
moments in the external field can be bigger than in the 
conventional quantum mechanics (the “maternity 
home" solution), and the ball gravitation can be stronger 
due to it. Disorientation of these moments happens 
similarly in both theories. It seems to be for this reason 
and due to the difference in magnetization and 
demagnetization time that a difference in magnetic 
forces occurs when the ball approaches the magnet or 
moves off from it. 
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‘The scientists of the older generation will remember 
that a similar toy was shown in the 30's to David Gilbert, 
‘who said it was the most interesting thing he had ever 
seen. A question arises as to why it has not yet been 
realized. We do not know a physical-mathematical 
answer to this question, and it is not our task to analyze 
the social reasons of this phenomenon. Japan has a 
different mentality, and there is a governmental program 
for generating energy from permanent magnets. 
‘Takahashi [51] even seems to have made an electric 
engine with an efficiency of up to 318%! 


Still more mysterious is the long-known problem of 
energy shortage in many biochemical reactions with 
ferments (enzymes). For example, in the well-studied 
reaction of disintegration of polysaccharides in the 
presence of lysozyme the following happens: a 
polysaccharide molecule gets into a special cavern ina 
big lysozyme molecule, and some time later its debris 
are thrown out of it (Fig. 6). The broken binding energy 
of the polysaccharide is about 3 eV, while the energy of 
the heat movement is only 0.024 eV. From the standard 
science point of view, it is absolutely unclear where 
lysozyme takes the energy to break the polysaccharide, 
No satisfactory mechanism for explanation of such 
reactions (and they are very numerous) was found, and 
all this was “swept under the carpet", as physicists 
say. The UOT provides for a completely new look at the 
catalytic processes, which has an incomprehensible 
source of energy reducing the molecule activation 
energy. From our point of view, this process is a variant 
of the “maternity home" solution for oscillator. 
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FFig6. Break of palysaccharide molecule by lysozyme, 


‘The most surprising thing is that in all the cases 
generation of excessive energy cannot be accounted for 
by chemical reactions or phase passages. If nuclear 
reactions do sometimes happen (which should not be 
according to modem science), they can account for only 
ahundredth or a thousandth share of the generated heat, 
energy. There is no doubt that all these are effects of, 
new physics, for in the framework of the old physics all 
this is simply unexplainable. 


But the existence of a plant that produces out of nothing 
about 10 kilowatt of direct current electric energy with 
a voltage of 300 V seems nearly impossible. The story 
was described by one of the authors in three different 
magazines, and we will just give a brief resume [52- 
54] 


In summer 1999, at the invitation of Swiss physicists 
(Dizector of the Institute of New Energy Sources in 
Egerkinken Adolph Schneider), one of the authors 


visited several research organizations. It is interesting 
‘that there is such an institute in small Switzerland, and 
‘there is none in big Russia. The purpose of the invitation 
was very simple: to explain the operation of a plant 
generating energy out of nothing, ie. a perpetual mobile, 
In Switzerland such plants are called Testatik Machine 
M/L Converter from religious group «Methernitha» 
(Address: Methernitha, CH-3517 Linden, Switzerland, 
phone: + +41 31 97 11 24). 


Such machines exist today in the Swiss town of Linden 
near Bern, Part of the town belongs to the Religious 
Christian Community, which is fenced and heavily 
guarded. There are about 250 members of the 
Community, many of them are physicists, graduates of 
the universities of Geneva, Lozanne, Bern. It is not only 
a research laboratory, they have their own TV center, a 
film studio, a small furniture plant, shops, garages, 
residential blocks, and support services. You will 
probably have guessed that this community does not 
consume any energy, and this is the most accurate fact 
in the whole story, for the inquisitive journalists have 
found out that no money from them comes to the 
accounts of the local power station, which provides 
power for all the town. In a cellar of one of the houses 
‘they have a power station that produces energy... out 
of nothing. The author of this inexhaustible source of 
free direct current energy is Swiss physicist Paul 
Baumann. Let us briefly describe these fantastic plants: 
they are of four types (sizes) with capacities of 0.1, 0.3, 
and 10 kWt. Externally, the plant resembles very much 
‘the standard electrostatic machine with Leyden jars 
often used in physical demonstrations. There are two 
acryl disks with 36 pasted narrow sectors of thin 
aluminum, which rotate in different directions. In the 
first samples ordinary gramophone records were used 
for disks. The machine is started by pushing the disks 
in different directions by fingers. The rotation speed is 
50-70 turns per minute. After the start disks rotate 
independently and can be easily stopped by hand, the 
direct current voltage is about 300-350 V, and the current 
is up to 30A. The mechanical energy used for rotation 
(only 100 mWt, according to measurements made by 
Austrian Professor S. Marinov) is hundreds of thousand 
times smaller than the generated electrical energy. The 
biggest plant for 10 kWt has plastic disks with a 
diameter of over 2m, the smallest one - 20 cm, the 
weight of the plants is small enough, the 3-kWt machine 
weighing about 20 kg. 


The charge separation process (which consumes 
energy!) practically does not slow down the disks. 
Connection of a load in the form of a 200-Wt bulb does 
not change the rotation speed either. No cooling or 
heating of the air or machine parts during long operation 
takes place, only a slight smell of ozone is felt. The 
system is noiseless, compact, environment-friendly, and 
can be installed anywhere. 


‘The Community management thinks, and quite rightly, 
that wide spread of such systems in the world will lead 
toa heat explosion, because all the energy generated 
by the mankind finally finds itself in an energy dump 


(is transformed into heat), and all this can finally lead 
to overheating of the environment. They absolutely do 
not believe (and not without grounds) in the capability 
of the mankind as a whole to negotiate reasonable use 
of this invention, and they think that the harm caused 
bby it will be greater than from nuclear, bacteriological, 
or conventional weapons. Their main idea for the 
mankind is to live in balance with the environment and 
to make full use of the energy of the wind, the sun, the 
‘water, etc. For this reason the Community is heavily 
guarded, and they are not going to donate their main 
discovery to the mankind. 


Professor Stephan Marinov visited the Community twice 
(in July 1988 and in February-March 1989). He was even 
given such a plant with a capacity of 100 Wt (300 V, 
0.3A), which he studied in his laboratory. As far as we 
now know, even the inventor of this machine does not 
fully understand its operation principle, so he contacted 
Marinov out of sheer curiosity of a scientist. 


In 1989 Professor Marinov published a book “Thorny 
Path to Truth ~ Documents of Violation of Conservation 
Laws" in International Publishers East-West. The book 
contains a lot of photos, a measurement report, and a 
description of the plant. He also organized a research 
group called “Free Energy” within the Community 
(Methernitha Group Stephan Marinov Free Energy). 


‘There are very interesting words in this book: “I can 
state without any doubts that this machine is a classical 
perpetual mobile in its pure form. After the initial push, 
it goes on rotatingby itself for an indefinitely long time, 
constantly producing electrical energy in the amount 
of 100 Watt... It is still unclear, however, how it all can 
happen...”. As far as we know, nobody has managed 
to build a similar plant elsewhere, 


We have an approximate idea of how the plant operates. 
‘The idea is as simple and ingenious as that of the wheel, 
which is absent from the surrounding nature, so the 
inventor could not borrow the idea. We will just show 
that the existence of such a plant is in full conformity 
with the UOT. It is natural that the plant operates on. 
the basis of the charge separation principle. Let us have 
two metal spherical surfaces with a hole, isolated from 
the earth and from each other. If, with the help of an. 
insulated stick, we transfer the first electron from Ball 
Ato the internal surface of Ball B through the hole, a 
difference of potentials will occur, and if we transfer 
the second and the subsequent electrons, Ball A will 
attract the transferred charge, while Ball B will repulse 
it, and energy will have to be spent during the transfer 
of charges (Fig. 7). 


Let us remind you that under the existing circulation 
theorem (16), the charge transfer work will consume 
the same amount of energy as will later be generated 
during the passage of electric current resulting from 
charge separation. But in the UQT the circulation 
‘theorem (16) for an individual elementary charge is not 
valid. Thus, we can select the time and route, along 
which the charge will be transferred in such a way, that 
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'Fig.7. Work for moving the charge depends 
‘on method of movement and route, 


the charge value during the transfer will be close to 
zero, and, consequently, the electrostatic force and the 
charge transfer and separation work will be close to 
zero too. For example, instead of selecting the route you 
can wait for the charge to be reduced to zero and then 
transfer it quickly, and when the charge increases, 
immediately stop the transfer and fix the charge. Or you 
can duly select the route and velocity. There are many 
options. This was evidently realized by Paul Baumann, 
‘who is so far practically unknown to the official science, 
and who can find consolation in the idea that the 
inventor of the wheel will never be known at all. The 
problem of simple arrangement of all this is just a matter 
of technique. 


‘You cannot help, thinking that all these might be just 
tricks. The history of perpetual mobile abounds in 
evidence of downright swindling and frauds, and not a 
single positive result before, and who can guarantee 
that the information given above will not prove to be 
another swindle? 


First of all, if all the people always piously believe in 
the unquestionable stability of the energy conservation 
law, there will never be any progress in this sphere, 
and it is then unexplainable how man got down from 
the palm at all. Secondly, to justify the proposed 
rebellious position, the following idea comes in mind: if 
30 years ago somebody had told the authors (who were 
then already professors) that at the beginning of the 
next millennium they would deal in such research, it 
would have seemed not only a silly joke, but an 
absolutely impossible thing as well. But, as Voltaire said, 
“He is silly who does not change” 


In conclusion we wish to express with certainty that 
the time of theoretical recognition and of practical 
universal using of overunity devices will come soon and 
become the epoch of new energetics. The people of our 
planet will regret that so much oil, coal and gas was 
bumed causing terrible ecological losses. 


‘The authors thank astronaut V.A. Dzhanibekov and 
Professor AP Buslaev, 
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pphone/fax 8-095-198-2012 


In this paper the authors show the possibility of creation 
of a new kind of emanation. The magnetic monopole 
beam can be made in space as a result of focusing of 
some natural substance. Special devices based on the 
‘Moebius band elements make the given focusing. This 
emanation is able to magnetize graphite and organics, 
decrease the radioactivity, and influence the oncology 
diseases .The time reverse technology is realized in such 
devices. 


Experimental data, which allow making a conclusion 
about existence of previously unknown emanation, are 


presented in this report. Here are descriptions of 
experiments and methods of measurement. The effects 
of interaction between new type of emanation and 
matter have been obtained. 


‘Till the present moment theoretical physics didn't pay 
attention to the nonoriented configurations and spaces. 
‘The reason of this situation is the fact, that from the 
philosophic point of view it is not possible to determine 
and locate the area of the nonoriented topological 
structures in our world. We (eight scientific teams) 
joined our forces and we needed more than 20 years to 
solve this problem by an experimental approach. 


‘The fundamental tenet of the casual mechanics 
developed by Kozyrev can be formulated as follows. 
‘There are two types of energy in the Universe. The 
positive or «righty energy acts as a factor of the entropy 
increase. The negative, or «lefty energy tends to 
decrease the entropy, i.e. it acts as a factor, which 
regulates the entropy increase. The «right» energy is 
transformed to the wleft» one and this fact may be 
interpreted as a course of time from the past to the 
future. When the energy is transformed from the «left» 
to the wright» form, time is reversed. Kozyrev supposed 
[1] that through revolving of a body together with a 
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6. Activation by nuclear magnetic resonance; 
7. Activation by electronic paramagnetic resonance; 


8. Activation by electrochemical force. 


All these methods can be used as possible way to high 
efficient energy systems. Gerlovin wrote: "Usually 1, 6 
and 7-th methods of structural activation are realized 
in catalysis simultaneously. Besides, catalysis differs 
from macroscopic methods because it has the most 
minimal distances from the sources of activator fields 
to the activated molecules. And finally, an active 
participation of force fields created by nuclei of atoms 
and significantly more active participation of disturbed 
EPVis possible in catalysis. That's why catalysis is the 
most effective method of structural activation. The 
detailed account of this method exceeds the limits of 
this article and we can only annotate it." (1, p.333] 


Information stated above is only a small part of the 
questions appeared under consideration in Gerlovin's 
theory of fundamental field (TFF). Other important 
questions should be considered with a new 
experimental data. 
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Antigravitation Force and 
Antigravitation of Matter. 
Methods of its Creation 


Anatoly K. Gaponov, 
Sadovaya St. 195, Novosibirsk, 630009, Russia 
Part I 


For a long time there is an opinion in physics about 
antimatter as a possible source of antigravitation, but, 
the researches on this subject came into a dead end. 
‘The existent presentations and formulas forbade the 
conclusion about antigravitation, but our conducted 
investigations brought us to the possibility to get 
antigravitation of substance and to the paradoxical 
conclusions concerning the next: 


1. Two types of space exist: 
a) The Absolute space 
'b) The Relative space 


2.a The Gravitation Field is the relative space, which 
has accelerated motion, directed to the center of a 
planet. 


2.b The Antigravitation Field is the relative space, which 
has accelerated motion, directed from the center of a 
planet. 


3. Gravity force does not depend on mass of a body! 
‘The mass can be presented in three versions: 


a) m,-mass as amount of atoms, 


b) W., - electronic-atomic energy in mass. 


c) W., ~mechano-gravitational energy in mass. 


On the basis of the stated notions we offer to revise the 
essence of force not only in Coulomb's formula, but in 
Newton's formula too. 
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Itis well known, that mechanical energy can be bringing 
in electrostatic charge, where mechanical energy runs 
(tums) into energy of electric field, where 

v. 


(mechanical energy) FR (electrical 


energy) 
Similarly it is also possible to insert mechanical energy 


into mass of a body. As the result, the mechanical energy 
will tun into energy of gravitational field, where 


2 


(mechanical energy) V- Ft > (gravitational 


energy) 


Since the volume of the Earth is constant, the 
acceleration of gravitational field will be increased. 


It should be logical to expect, that when removing the 
mechanical energy from mass the inverse process will 
occur, that is to say acceleration reduction of gravitation 
field will occur. 


Inhis works I. Newton affirmed about existence of two 
spaces: 

‘The Absolute space - is an immovable non-rotatable 
space, which represents a limited cube, with our planet 
in the center. 


‘The Relative space ~ is a movable space. It can move 
with acceleration in the absolute space. 


Editor's note: In aether conception this means two parts 
of aether: some part is involved into the motion with the 
‘mass, but another part of aether is immovable. 


‘The main mistake in search of aether consisted in the 
following: Maikelson's experiments were aimed on 


search of relative velocity between bodies and space. 
However, it was the relative acceleration between 
bodies and space that was necessary to search for. 


‘To quote the conclusions of I. Newton: “Body can keep 
the quiescent mode or mode of rectilinear uniform 
motion ...” By this, he postulates, that the relative linear 
velocity between solids and space does not exist. But 
we know that for rotation it exists (the famous 
experiments with revolving pail of water) 


‘The gravitational field is the accelerated “falling” 
relative space, which represents a spherical form. If 
relative space moves, thus the question appears: where 
does it move? There is only answer: it moves in the 
absolute cubic space. 


In Einstein's theory there is notion of unified and curved 
space in gravitational field, but the contradictions 
appear here, and on concerning that N. Tesla writes: 
“Only by presence of force field it is possible to explain 
the observed motion of celestial bodies, but thus the 
hypothesis of curvature of space is not necessary. The 
whole scientific literature on this subject is futile and 
doomed on oblivion”. [1] 


The fact that gravitation is the accelerated moving 
relative space can be proved by observation of 
accelerated moving rocket, where the acceleration in 
rocket is equivalent to the acceleration in gravitational 
field. Accelerated movement of rocket is relatively, that 
allows speaking about either acceleration of rocket 
motion in immovable space, or accelerated motion of 
space in immovable rocket! 


‘The anti-gravitational field is the relative space, which 
has accelerated motion from the center of a body (for 
example: rotating cylinder, Earth satellite and etc.) But, 
it is possible to create the model of anti-gravitation 
without rotations. On the basis of analogy between 
mechanical and electric energy comes to conclusion that, 
gravity between bodies does not depend on mass of 
‘the body, but on mechanical-gravitation energy, 
contained in this mass, which is possible to contribute 
or to extract from. Therefore, this is the internal 
gravitation energy. 


Part IL 


‘The “Mass” can he considered as a measure of three 
different conditions of matter: 


m, - as a measure of amount of atoms, 
representing a “framework” or “container”, in which 
‘two types of independent energies are concentrated, 


W,, -as ameasure ofelectric energy, which can 
be either accumulated or extracted, and it have a 


“compressed” form. 


An example of accumulation of electric energy in mass, 
is a big cylinder, rotating with linear velocity, close to 
velocity of light, in this cylinder the mass of electric and 
magnetic fields of atoms increases. There are another 


possible ways to contribute and to extract the said 
energy from mass. 


And finally W,.M, is the mass, which can be a measure 
of mechanical energy, or it can be either inserted or 
extracted from the matter (it can be identified as the 
gravitational mass). This gravitational mass is what we 
put our attention on, because it affects upon gravitation 
and it is able to create antigravitation. 


“In his time N, Tesla worked on more general problem, 
‘which is the problem of matter and energy. And he has 
found, as he believed, the new physical principle, on 
the ground of which he brought forth his gravitational 
theory that was named dynamic gravitation. Buthe did 
not tell about it until almost the end of his life”. [2] 
Really, dynamic gravitation is the energy of motion. 


Let's take the following indications: 
\V~ mechanical velocity 

F -force 

t-time. 

Inthis case the product W =V-- F -r has the dimension 
of energy. Hereinafter, let's take 

I~ strength of electric current 

U ~ difference of potentials 

t-time. 


‘Then W' =/-U-T has the dimensional of energy. 
‘Thereby, W ~ W’ that is to say, the following products 
are accepted as equivalent: 

LVF t~ LUT 

2. In previous materials it was reported about 
‘untraditional way for accumulation of energy, under the 
condition, in which at constant current I the product 
q=U:t will depend on amount of inserted energy in 
unchangeable circuit L = const, in which the energy 
can be accumulated by untraditional way not only in 
electric capacity, but also in inductance. 


Similarly the energy can be accumulated by 
untraditional way in a moving body, under the condition 
V=const and m,=const (the product gr = F 1 will 
depend on inserted energy and have unlimited value) 
Exactly this charge will create the powerful 
gravitational fields. 


3. Let's take: F is mechanical force, Ris distance. Then 


the product F’- R has the dimensionality of energy. For 
Vv 


the uniform electric field the product E., also 


has the dimensionality of energy. In this case E, is 
constant, £ is intensity of electric field, V is volume. 
‘Thereby, F.R ~ E?-V - Similarly, V-R-t ~ g?-V 
We have received the correlations of resemblance 
for heterogeneous physical values, on the ground of 


which the following physical experiments can be 
offer 
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On the grounds ofthe above-mentioned analogies it can 
be assumed that the accumulation of “compressed” 
energy is possible in mechanics, as well as in electricity. 
Since the velocity is relative, that the mass can have 
zero velocity relatively a observer, who moves with this 
mass, but the force field will remain unchangeable, 
since it depends on already invected mechanical energy. 


Let's note that: 
When the “compressed electric energy is accumulated, 
the power field does not change. 


When the “compressed” mechanic energy is 
accumulated, the power field increases. 


Now we have come to the amazing conclusion that 
the gravitational force does not depend on mass of 
matter, but it depends on mechanic energy, which is, 
included in this mass. This energy is unstable and at 
contact with land it is disappearing, and at zero gravity 
it can be saved for a long time. 


Fig. 1 The first way to obtain the antigravitational force 


4. The magnets are not revolved, 
2. The cylinders of charged capacitor are 
different directions. 


Fag Fag 
E Sag E 
(25 


Fig. 2 The second way to obtain the antigravitational force. 


volving in 


1. The capacitor plates are charged and not evolving. 
2. The current circuits are revolving indifferent directions. 


Fag Fag 
= = 
oO @ 


Jig. 3. The third way to obtain the antigravitational force 


a) electric 
b) magnetic 


1. The disk and the ring are made from electrical current 
conductive material, 


2. When these disks rotate, the current, which emit the 
mechanic-antigravitational energy in the manner of heat, 
are formed there, 


[tal 


Fig. 4. The fourth way to obtain the antigravitational force 
‘Mechanical method. 


‘an extraction of energy from matter It was reported 
fm details on the 10 international symposium in Velgo- 
Donel, Russia 


2. ‘The difference with electric cizuits is that it is possible 
not only to extract the mechanical energy, butalzo to insert 
‘additional energy in the system. 
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The Capacitor, which has the 
Energy of an Atomic Bomb 


(Review of Anatoly K. Gaponov’'s research by Eugenie 
and Marina Golomolzins) 


Ist possible to place a pail of water into a one-liter jar? 
At the first look the answer is obvious: certainly not! 
However, the inventor from Novosibirsk, Anatoly 
Gaponov thinks differently. He does not “press” water, 
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but electrical energy, placing an energy equivalent of 
atomic bomb into ordinary electrical capacitor. 


Everybody using ordinary batteries knows its defect: 
they need frequent recharging. Gaponov's capacitor 
is slightly smaller than a matchbox. Just come home 
by electrical automobile, take out the capacitor from 
engine, and then put it into the pocket. For home 
needs you can just insert the capacitor into plughole 
to power the light, boiler, and TV system. In general, 
each electronic device can have its own capacitor, 
then an electrical wiring is not necessary. After one 


On the grounds ofthe above-mentioned analogies it can 
be assumed that the accumulation of “compressed” 
energy is possible in mechanics, as well as in electricity. 
Since the velocity is relative, that the mass can have 
zero velocity relatively a observer, who moves with this 
mass, but the force field will remain unchangeable, 
since it depends on already invected mechanical energy. 


Let's note that: 
When the “compressed electric energy is accumulated, 
the power field does not change. 


When the “compressed” mechanic energy is 
accumulated, the power field increases. 


Now we have come to the amazing conclusion that 
the gravitational force does not depend on mass of 
matter, but it depends on mechanic energy, which is, 
included in this mass. This energy is unstable and at 
contact with land it is disappearing, and at zero gravity 
it can be saved for a long time. 


Fig. 1 The first way to obtain the antigravitational force 


4. The magnets are not revolved, 
2. The cylinders of charged capacitor are 
different directions. 
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Fig. 2 The second way to obtain the antigravitational force. 


volving in 


1. The capacitor plates are charged and not evolving. 
2. The current circuits are revolving in different directions. 
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Fig. 3. The third way to obtain the antigravitational force 


a) electric 
b) magnetic 


1. The disk and the ring are made from electrical current 
conductive material, 


2. When these disks rotate, the current, which emit the 
mechanic-antigravitational energy in the manner of heat, 
are formed there, 


[tal 


Fig. 4. The fourth way to obtain the antigravitational force 
‘Mechanical method. 


‘an extraction of energy from matter It was reported 
fm details on the 10 international symposium in Velgo- 
Donel, Russia 


2. ‘The difference with electric circuits is that it is possible 
not only to extract the mechanical energy, butalzo to insert 
‘additional energy in the system. 
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Gaponov thinks differently. He does not “press” water, 
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but electrical energy, placing an energy equivalent of 
atomic bomb into ordinary electrical capacitor. 


Everybody using ordinary batteries knows its defect: 
they need frequent recharging. Gaponov's capacitor 
is slightly smaller than a matchbox. Just come home 
by electrical automobile, take out the capacitor from 
engine, and then put it into the pocket. For home 
needs you can just insert the capacitor into plughole 
to power the light, boiler, and TV system. In general, 
each electronic device can have its own capacitor, 
then an electrical wiring is not necessary. After one 


or two years you will just have to come into electric 
service station and charge your magic capacitor like 
a gas balloon. Meantime, this research work began 
from hypnosis. 


Anatoly Konstantinovich Gaponov (by birth from 
Kaluzhskaya region) is Ziolkovsky’ countryman. In his 
youth Gaponov was brought by fate into Sakhalin, 
where he showed hypnotic abilities. As an inquisitive 
person Gaponov had organized a research group, 
started experiments and soon he understood that 
human brain had incredible possibilities. 


A mental prick was made distantly to the hypnotized 
man, and he uttered a cry of pain. The ability to see 
people through, to define and to avoid organism's faults, 
was revealed in a hypnotic trance. It was possible to 
inspire pleasant emotions, to force “watching” a film 
on the given subject, as ifon the screen. An uneducated 
person became an erudite, as if being connected to a 
certain global information database. Thus an idea to 
make an amazing experiment was appeared. 


In one of the experiments Gaponov hypnotized the 
person with four classes education, and asked, ifit was, 
possible to transmit the electric current without wires? 
‘The hypnotized person gave the answer, that it was 
possible. For that it is required to convert the electric 
energy in x-ray radiation. And what afterwards? 
Afterwards it is required to focus that rays. By what? 
By the lens made from quartz glass, gold coated. It was 
a miracle! The person told about things that in usual 
condition he had no idea of! The information was 
received from somewhere outside, 


Further quite an amazing thing has occurred. Gaponov 
asked the hypnotized person, if it was possible to 
intensify the abilities of hypnotist's brain? 


He answered, that he could. “He turned me round and 
stared at the back of my head, - recalls Anatoly. - And 
suddenly the smile began to tear my mouth. [could not 
do anything with myself. When my mouth was sprawled 
literally from ear to ear, the hypnotized person in some 
inhuman voice declared that experience could not be 
continue since the cerebral hemorrhage would occur. I 
was hardly able to give the order to stop the 
experiment” 


‘Thereby, the experiments with hypnosis gave the 
beginning to the thirty-years period of inventions in the 
field of accumulation and transmission of energy. After 
the return to native Kaluzhskaya region, Gaponov was 
occupied with physics, development of logical thinking 
and became the town champion in chess. 


‘The necessary books fell into his hands by themselves: 
some time a certain acquaintance gave it to read; 
another time he found the last copy in a bookstore. As 
a majority of self-taught inventors, Anatoly preferred 
practical experimentation. In quest of laboratory for 
realization of his own ideas, he moved to Novosibirsk. 
Asa result, in 1980 Gaponov has made experimental 
system for compression of energy. 


From the school Physics we have known the notion of 

‘electric arc” ~ it is a small blue lightning between two 
electrodes. Gaponov has tamed this lightning in such a 
way, that having drawn apart two wires, which 
executed the role of electrodes, by hands and got the 
arc by length up to half meter. Anatoly confirms that in 
principle, it is possible to create an arc of any desired 
length under any amperage. 


One of the experiments found out one more enigmatic 
characteristic of electric discharge. During electric 
photography of arc a person happened to be between, 
the camera and the system. On typing pictures, the 
researchers have found with surprise, that the electric 
arc was perfectly seen through the person. That is to 
say, it created the invisible field, for which material 
object was not an screening obstacle, and which was 
fixed on the film. 


The further experiments with electric arc have 
allowed to get a new source of energy, as well as to 
open the possibility of setting light and sound on fire! 
Just imagine, you ring up a bell, it's sound waves spread 
at once in all directions, and then flash up with bright 
blaze, 


(Editor's note: this experimental facts are rare modern 
evidences of possibility to create longitudinal electric 
waves. It is clear analogy here with sound waves in air 
since they are longitudinal waves also. Alexander V. 
Frolov) 


When the problem of energy source was solved, 
Gaponov turned to the problem of energy 
accumulation. According to Gaponov, he has 
provedexperimentally the possibility of charging of 
an ordinary capacitor with any amount of energy. This 
statement sounds paradoxically: how it is possible to 
place the unlimited amount of contents in limited 
volume? However, this is not a simple way. 


Gaponov believes that energy “placing” occurs not 
in space, but in time by means of his system! In what 
way? Imagine, that you fill one-liter jar with water. But 
already after an instant the water-filled jar is in past, 
and that present one is once again ready to be filled. 
And so ad infinitum. Water as if it fills a certain “time 
reservoir", and a aris just a neck of this “time reservoir" 


(Editor's note: This method is described in other 
articles also but usually it is pure mathematical 
discussion about Minkovsky space-time and 
theoretical proposals. Gaponov's experiments 
are realization of fantastical idea to take power 
from the time flow, i.e. from Past or from Future 
to get over-unity in Present space. Alexander 
V. Frolov) 


“It is possible to demonstrate one more example, - 
Anatoly Gaponov adds. - Let's charge the capacitor 
with the expectation, that it will supply the light bulb 
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for one second. Thereby, on the Earth this light bulb 
will be on only for an instant. But if the same capacitor 
with light bulb is placed in rocket and dispersed 
around the Earth at the velocity, closed to velocity of 
light, time on the board of rocket will be so slowed 
that the light bulb on rocket will be glowing infinitely 
Jong for an observer from the Earth. It means, that in 
any case it is the same energy quantity, but in on: 
case it's action is sprawling for a second, and in 
another one it is sprawling for eternity! It is possible 
to say, that in my system I have created the condition 
corresponding to this hypothetic rocket”. 


‘The system for accumulation of electric energy could 
bbe charged by ordinary wall plug 220 VAC. Time period 
of charging is different and depends on the certain 
scheme of the system. By the way, sea electric slopes 
are the certain natural analogues of such capacitor. 
Some elements of internal device of these sea creations 
reminds the “pump” elements for placing of electric 
energy into “temporal jar” 


Finally, the third Gaponov's invention is the system 
for transmitting of energy without wires. As well as 
in two previous cases, there is an experimental device. 
Anatoly Gaponov speaks that he has succeeded in 
getting the essence of experiments for transmitting 
of energy, which were conducted by Tesla. 


Itis clear, that the main advantage of this method is an 
absence of wires and losses of electric energy. The 
electricity could be transmitted directly into any point, 
where receiving equipment placed, let say from Kaluga 
to Sahara. However, this is not so interesting for 
anybody, since for the present day Anatoly Gaponov's 
inventions don't have demand. 


“The first system was created twenty years ago”, - 
says Mr. Gaponov. - “Now I am fifty five, but things 
have not budged an inch". He adds dreamily: “Eh, if 
only I had a laboratory and some money..." 


Gritskevitch’s Hydro-Magnetic 
Dynamo 


Oleg V. Gritskevitch, 


RUSSIA, 690002, VLADIVOSTOK, 
Okeansky prospect, 99 - ap.132 
phone/faxc (7-4232) 424-674 Email: ogri@mail primorye.ru 
Russian Academy of Energy and Information, 
Russian Academy of Natural Sciences 


Editorial: The article presents construction and operation 
of Oleg V. Gritskevitch's hydro-magnetic dynamo, which 
is an example of very powerful new energy system. 

‘The prototype in Armenia has been produced over 
1500 KWets power during several years. 


The author was born on 14 August 1936 and grew up 
in Vladivostok, Russia. He is married and has a son 
Boris. Gritskevitch is a physicist by education. He 
worked in the Far - East branch of the USSR Academy 
of Sciences. Since 1985 he has been working 
independently as an inventor. He has more than 70 
patents on inventions ranging from household 
‘engineering up to high technologies, which he has 
been trying to apply in our country and met big 
difficulties. After numerous attempts to receive the 
patents the author was convinced that outflow of the 
information occurred. Therefore he has received the 
state certificates as on know-how (on a French way 
of patenting), for all his inventions. 


Introduction 


During the Institute for New Energy 1999 Symposium, 1 
lectured on my hydro-magnetic dynamo. This paper is 
my attempt to explain the construction and operation 
of my dynamo. 
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‘To fool investigators of my secrets, I have an occasion 
provided misleading information. For example, the 
drawing accompanying the Russian patent referenced 
below shows a cylinder across the toroid to fool readers. 
‘The real dynamo only has the toroid without the 
cylinder. Even its name “hydro-magnetic dynamo" is 
somewhat deliberately misleading. 


Thave some familiarity with the new energy field. Nearly 
all purported new energy devices are fairly small 
electrical generators. The dynamo may be the only new 
electrical generator which most nearly meets all the 
requirements of an ideal large-scaled electrical 
generator. My dynamo really is the single most valuable 
invention the world has ever known. 


Alexander V, Frolov of St. Petersburg recommended me 
to contact with Dr. Patrick Bailey, Institute for New 
Energy since Pat has lots of contacts who could possibly 
help me with patenting my invention of a new source 
of energy in USA. 


I conducted the work on the theory and creation of the 
electrostatic generator-converter «Hydro-magnetic 
dynamo» about 20 years. (See dynamo history below.) 
‘The first primitive equipment was created when I 
worked in Academy of Sciences. During that time 
various changes were introduced in the generator and 
in the theory of its work. It is now possible to 
manufacture, install, and apply it in industry. 


For the first time I made the public report on this work 
in 1991 on a symposium in Volgodonsk city. The report 
received the positive replies and reviews of the experts 
of a nuclear industry in USSR. The same year I was 
accepted in International Nuclear Society. In these years 
I offered development of this technology to different 
state bodies and private enterprises. But there was the 
only answer: “It is very interesting and perspective 
project, but there is no money for it”. 
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Gravitonics is Electronics 
of the XXI Century 


Hypothesizes, Conclusions, Speculations 


Spartak M. Poliakov, 
Oleg S. Poliakov 


60-ot SSSR str, 1-167, Friazino, 
‘Moscow area, 141120, Russia 


"Tol: (096) 564-65-67 


(This article was published in “ELECTRONICS: Science, 
‘Technology, Business” magazine 5/2000 p. 8-13) 


‘Today we can easily insist that ways to solve main 
gravitonics problems are already defined, at that the 
practical realization of any of them will mean the break 
‘through in engineering. So, what successes has the 
Russian science already achieved in the area of 
gravitonics, and what priorities can we lose here in the 
nearest future? 


Introduction to Gravitonics 


‘The electronics of the “past century” uses electron as, 
a ball, which has weight, radius, electric charge and 
magnetic moment. These very parameters define 
electron behavior in the electrostatic, magnetostatic and 
electromagnetic fields. But electron abilities are not 
limited by it; electron spin and internal microstructure 
features remain unaccounted and unclaimed. Evenly 
speaking, General Theory of Relativity (GTR) of Einstein 
was a power impulse for mathematical physics 
development and gave birth to many productive ideas. 
But the main problem, that is the secret of gravitation, 
remains undisclosed... In works of K P Stanjukovich [1] 
and A.Z. Petrov [2], who carefully followed GTR, it was 
shown that this theory described neither energy, nor 
impulse of gravitational radiation, ie. it can not explain 
gravitation. About 20 years ago V.B. Braginsky, today's 
RAS Corresponding Member, came up with an idea: “if 
the propagation speed of gravitational signal is higher 
than the velocity of light, there will be already ancther 
theory, not GTR!” Maybe, the reason is the postulation 
of equality of gravitational and electromagnetic 
radiation velocities?. 


‘Today the approximate theory of gravitational radiation 
sources can he built on the basis of the following simple 
considerations: if during annihilation of “electron- 
positron” pair there creates the pair of gamma- 
quantums with energy about 0.511 MeV, then the pair 
of back gamma-quantums with the energy about 
0.511 MeV, could create “electron-positron” pair. Is it 
possible to assume, that electron, positron and gamma- 
quantum with the energy about 0.511 MeV are just three 
stages of one and the same object”! If it is possible, 
then for the rational description of the given object we 
will have to suppose the existence of subparticles, 
named by us uniquantums [3], or named by other 
authors microleptons [4] 


On the basis of Heisenberg uncertainty relation 
conformably to the energy and duration of quantum of 
electromagnetic radiation, measured by laboratory 
means, it is possible to calculate the minimal “electrical 
length” of photon (i.e. quantum geometrical extension 
in free space in wave-length units), which is equal to 
137A, and in the uniquantum theory it is equal to 137 
uniquantum-antiuniquantum pairs. On the basis of 
these conceptions it is possible to construct the spatial 
microstructure model of electron. So, what kind is it? 


We think, that electron can be represented as thin- 
walled spheroid, walls of which are two light (C) 
barriers, separating the “internal” part of electron from 
the “external” one. From the traditional physics point 
of view “over-barier” space is an “imaginary” one. This 
very space can contain the gravitational mass of 
electron. The radius of the gravitational spheroid is 
equal to the half of the classic electron radius, and its 
imaginary weight is 137 times more than the rest mass 
ofelectron. Being "cut" off by the double light C-barrier, 
uniquantums of the spheroid internal part are as if non- 
existent for the outer world, and the rest mass of electron 
is formed by magnetic energy of three uniquantums on 
the external orbit with the classic electron radius. This 
very spheroid, rotating with the tangential velocity C, 
let us get the precise value of the electron spin. 


‘The study of presented model shows, that: 


+ The “electromagnetic” rest mass of electron is 
“magnetostatic”; 


‘* The gravitational mass of electron is an imaginary 
value and it is 137 times more than the rest mass 
of electron; 


‘+ The gravitational radius of electron is two times 
less than the “classical” one; 


+ The “internal” gravitational radius of electron is 
45.7 times more than the external one, ie. the 
internal space is compressed per 45.7 times (I); 


‘+ The spin is equal to the classical one, but this value 
is imaginary one (!); 


+ The value ofthe “effective” electron charge is three 
times more than the classical tabulated value; 


+ The native magnetic field of electron is equal to 
8,9-10"Oersted; 


‘* The gravitational constant is equal to 10"cm’/g.s*, 
i.e. it is about 10 more than the “world” 
gravitational constant of the Earth; 


+ The gravitational energy of electron is equal to 
137-0.511 MeV, i.e. 137 times more than the 
equivalent energy of the rest mass of electron, 


‘The model is paradoxical. But it can be tested 
experimentally! Comparing “electromagnetic” rest 
mass of electron with the relation of electromagnetic 
energy to gravitational one, it is possible to determine 
the connection between magnetostatic and 
gravitational energy of electron, and, therefore, with 
energy of the magnetized ferromagnetic. 
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Gravitational constants of the Earth and ofthe electron 
differ in about 10 and can be described by the same 
simple equation: 


Vice = 2Y yO", 
where k - is a parameter of the gyroscope shape, Y/.- 
is absolute universal constant, equal to 1/197 and @) - 
is native rotation frequency of the gyroscope. 


Letus assume, that gravitational constants of ll objects 
should be described by this equation. By substitution 
of the new gravitational constant into the known 
equation of the gravitational energy W =m? /r we 
will get the equation of the gravitational energy of 
rotating gyroscope with any size (from electron up to 
‘the Galaxy!). Thus, the main point of the “non- 
Einsteinian" theory of gravitational energy sources 
comes to the thing that any rotating object and any 
magnetized ferromagnetic have their own gravitational 
energy, and the sources of gravitational radiation can 
be only nonlinearly moved objects, or objects which are 
in the state of change of phase (for example, permanent 
magnet during its demagnetization). It is the 
gravitational theory and explanation of “strong” and 
“weal interactions! 


Laboratory test of the equations 


Magnetostriction 


JLB Joule found the effect of change of ferromagnetic 
linear sizes and volume during magnetization as early 
as 1842. Magnetostriction is widely used in modern 
technique, but in the physical encyclopedia of 1963 
there is the following honest acknowledgement: “For 
the most ferrites both longitudinal and transverse 
magnetostriction is negative; the reason of it is still 
unclear." 


In the scientific literature magnetostriction is usually 
defined as A=AL/L. However, during the change of 
extornal field to some arbitrary and enough small value 
AH, it is advisable to define magnetostriction as 
2=1/L-AL/AH, since in magnetostriction experiments 
the value AL/AH (orJL/9H ) is changed. By means of 
‘the suggested equation W=197(BHV)=BHV/a, which 
connects magnetic energy with the gravitational one, 
it is possible to get enough simple equation for the 
magnetostriction: 


2=1/L-0L/0H =00-k/(B-H), «H? -du/0H 
where (B-H),/0- is the density of gravitational energy 
in the point of magnetic saturation, is the parameter 
of share of gravitational field in the magnetostriction. 


effect, H - is magnetic bias, dli/QH - is differential 
magnetic conductivity. 


‘The new equation qualitatively corresponds to four 
known features of magnetostriction (5], namely: 


‘+. The magnetostriction sign is defined by the sign of 
041/0H , ie. by the course of the magnetization curve, 
measured in the direction of calculated component of 
the linear magnetostriction; 


+ Graphical sum of three linear components of 
‘magnetostriction, calculated by three main axes of the 
anisotropy form of the model, is always negative and 
numerically close to the value of the volume 
‘magnetostriction; 

+ Magnetostriction is an even effect, since the equation 
includes squared value of the external magnetic field; 
+ Dependence of magnetic conductivity from the 
filed Hand hence dependence 0ft/0H has ahysteresis 
nature. Therefore, the magnetostriction is a hysteresis 
phenomenon too. 


So we have the right to “close” the question of physical 
encyclopedia on the cause of magnetostriction. 
‘Magnetostriction is the secondary gravitational effect 
of ferromagnetic “self-constriction” in its own 
gravitational field. 


Gravitational-optic effects of GTR 


Distortion of the light beam, passing near the Sun and 
the photon frequency bias in the field of terrestrial 
gravity (the Nobel experiment of Paunda and Rebki) are 
the main arguments in favor of GTR canonization. It is, 
very attractive to repeat these experiments in laboratory 
conditions, basing on our conception of the origin of 
gravitational field, 


‘The acceleration of gravity, used in experiments with 
ferromagnetic, reached the value 4.72-10"cm/s*, i. 
about 4.8-10%g. At such values of acceleration there is 
no necessity to introduce a definition “space masses” 
In these experiments there was used the optically 
transparent ferromagnetic, which was the saturated 
solution of manganese chloride in water at room 
temperature. The experiment on the beam distortion 
‘was made in 1975 [7]. It was shown, that this effect is 
the result of two simultaneous processes. The first is 
an intense drift of magnetic ions, which forms the 
gradient of index coefficient that causes the light beam 
distortion. Another process is a relatively weak 
gravitational beam distortion, for which, nevertheless, 
the relation of deviation angle to the track length (the 
length of the dish is about 100 mm) is tumed out to be 
about 10° more than in “Einsteinian" gravitational-optic 
experiments. 


‘The experiment on bias of the optic radiation frequency 
[8] was made in 1978-1980 and was repeated in 1983. 

With use of heterodyne and interferometrical methods 
of measurement we were succeeded to observe effects 
of “red” and “blue” frequency biases in the non- 
uniformly magnetized ferromagnetic by means of simple 
displacement of the working dish (with the length about 
40 mm) from one side of the magnet gap to another. 
‘The maximum displacement is about 10°, that is about 
10 more than in the experiment of Paunda and Rebki. 


Problem of the propagation speed of gravitational 
radiation 


‘There are still only few publications about such 
fundamental parameter as the propagation speed of 
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gravitational radiation; it is able to speak only about 
pages, or even lines! Let us refer to major sources: 


I Newton: “The propagation speed of gravitational 
interaction is equal to infinity." It is an argument, 
because otherwise we would have to bring the “delay” 
parameter At into the Law of Gravity, what is not noticed 
in real conditions of star observations [9 


PS. Laplace in 1787, taking into account observation 
errors of that time, showed, that gravitational 
interaction speed was about 50-10° times more than the 
light propagation speed, ie. it was about 1,5-10"* cm/s 
(10), 


A. Einstein: “The propagation speed (of gravitational 
interaction) is equal to the light velocity”. This statement, 
is postulated. 


Even during the change of propagation speed of 
gravitational radiation between the Earth and the Moon 
it is impossible to define the signal delay about 10"" s, 
ie. we cannot measure directly the propagation speed 
of gravitational radiation (supposing that we have both 
generators of the gravitational radiation and receivers 
of it). But this speed can be estimated by the reflection 
impulse, what exactly was made in 1987 [3]. And its 
value is about 9-10” cm/s! 


On the basis of conservation law of impulse of 
unidirectional radiator with arbitrary energy type we 
can get a simple equation: 


F (dW | dt)=10°-V/C? 


where V ~ is the speed of radiation propagation, F ~ is 
tractive force in grams, dW/d t ~ is power of radiation 
in Watts and C-is velocity of light. 


[g/we} 


For making the experiment there were constructed, 
produced and adjusted: sensible scales with one degree 
of freedom (sensitivity of balance is about 1g at the 
oscillator mass together with the moving element of 
scales which is about 50kg); the indication system of 
small mass changes (phase-meter receiver); gyroscopic 
system, changing the mass in the dynamic mode (there 
are 16 possible operating modes — from the rotation with 
steady and variable angular speed up to the forced 
precession with the variable angle of precession, with 
the “right” and “left” rotation of all load-bearings 
elements at option); power sources and commutation 
automated system. The period from idea up to its 
realization took about two years (1985-1987) [3]. Taking 
into account the real parameters of the system, the 
program of calculation was drawn and propulsive buns 
‘were calculated. The results of machine computation 
can be compared with real impulses, demonstrated on 
the screen of the oscilloscope. 


If strange speed value 177 Cis discarded, then the 
middle speed value is close to C’, ie. to 
9-10" cm/s! Of course, we would like to think that this 
is the second fundamental matter speed of our world, 
which we has approached experimentally 


Gravitational receiver 


During the creation of gravitational antennas and 
receivers there appear almost insuperable difficulties 
from the moder fundamental science point of view. 
‘That is why it is advisable to look at this problem from 
another side. At first, it is necessary to consider 
gravitational radiation interaction not with the mass, 
which it goes through without losses, but with the 
gravitational field of independently gravitating mass, 
when the interaction must be the most effective because 
of the principle of physical processes reversibility. At 
second, it is necessary to choose some critical 
parameter of auto-gravitating receiver as a value, which 
is directly measurable by gravitational detector. For 
example, angular velocity of free rotation of thin disk 
with big diameter, the frequency of magnetization 
precession during NMR (nuclear-magnetic resonance) 
or NFMR (non-linear ferromagnetic resonance) etc. can 
be chosen as such a value. 


In 1987 there was the first successful attempt to receive 
the gravitational impulse. The source of external signal 
was gyroscopic precessing system with the variable 
angle of precession (the propagation speed of 
gravitational radiation was measured by it). Double 
gyroscope, setting in motion by one electric motor, but 
with the opposite directions of rotation, was used as a 
detector. Between disks there was placed the source of 
light, impulses of which, passing through disks 
openings, were registered by photodiodes. Their signal 
came into differential circuit of data processing. The 
memory oscilloscope reproduced impulses of 
gravitational radiation. At that radiating system and 
memory oscilloscope was started up simultaneously. 
During the work process there appeared a problem of 
exciting of slow auto-oscillations of gyroscope-detector, 
‘This problem together with the low frequency of auto- 
oscillations of mechanical system led to a conclusion 
that this research direction is not very promising, 
However, the fact of detection was proved! 


Gravitational engine of continuous action 


Only about nine years passed since the appearance of 
the idea about engine up to its realization! In 1997 the 
engine was produced and tested. The engine with 
weight about 28 kg was made “weightless” on the 
magnetic hanger, and longitudinal draft, appearing in 
accordance with the impulse conservation law, was 
measured by micrometer detector of longitudinal shifts 
(sensitivity is about 50g/point). Such engine could be 
built still in the beginning of the last century... However, 
it has a secret that is a gyroscope with the variable 
radius, working in the continuous mod 


‘The engine power is defined by the formula 


dW anf m?) dr 
© = sky fs 
dt at 


In June of 2000 there were made experiments with the 
model of gravitational engine, which represents a 
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gyroscope with the variable radius (see photo on the 
1st cover page). The mercury was used as rotating fluid. 
‘Tests were made in the Research Institute of Space 
‘Systems named by Krunichev. In three experiments, at 
a certain speed of rotating fluid there was fixed a 
decreasing of the engine weight (38,5 kg) up to 1.0-1.5, 
kg (2-3%). The specific impulse of the engine was equal 
to 2.5-3.0 kg per kilowatt of electric power. Analysis 
shows, that the increasing of propulsion force is possible 
at optimization of design and operating modes. 


Some preliminary resume 


Inthe magazine “Foreign Literature” #1, 1967 the article 
“For hundred years forward..." by Jack Marabini was 
published. There were made some conclusions about 
prognostic work of firm Rand Corp., including the area 
of gravitational technique. Namely: 
* Development of communication facilities on 
gravitational waves in 2000; 
© Creation of spaceships with antigravity 
engines in 2050; 
* Transformation of gravitational energy into 
electric one in 2100. 


In the article it was noted, that the most “fantastic” 
predictions of this firm, as a rule, come true passing 
ahead, 


According to our crude estimations, the propagation 
speed of gravitational radiation is "C” times as much 
than the velocity of light, but we know neither laws of 
attenuation and propagation of gravitational waves, nor 
laws of their reflection and refraction, nor laws of their 
interaction with the substance... The large routine work 
is expected: making of measurements and 
investigations, tabulating of obtained data, publishing 
and society familiarization of the results, their 
“popularization”. It is necessary to learn to use 
gravitational radiation and to protect oneself from its 
accidental influences, to design standards and 
dosimeters, etc., ie. to repeat the way of radio 
engineering and nuclear physics comprehension. 


For that we need generators and receivers of 
gravitational radiation. It means that the financial 
support is necessary. And engineers are sure tobe ready 
to pay the highest price for the chance to give to the 
Mankind spaceships, systems of instanteneous 
communication with them and real perspectives for the 
very long history. 


Conclusion 


We have already passed the long way, if not in space, 
‘then in time. We have made: 
+ Gravitational engines of continuous action with 
the specific impulse about 2.5 kg/kWt [11]; 
+ Transformers of gravitational energy into 
thermal and electrical ones [12]; 
* Communication system based on gravitational 
waves [13]; 
+ Receivers of gravitational (microlepton) 
radiation of biological and mineral objects (5; 
+ Devices for control of “laboratory time” flow 
(time machine) [14] 


‘The main goals of the authors were to attract readers’ 
attention to the problems, which demand an urgent 
solution. Some questions were decided, and even 
seemed to be clear. It also seems to be clear what todo 
further. And what do you think about it? 
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Experimental Research 
on Gravitational Propulsion 
System 


Editor's: It isa review of the article by V.A. Menchikov, 
the Director of Research Institute of Space Systems, 
named by Krunichev, Russia. The article was published 
in"Polyet" magazine #10,2001, p.38-39, Russia. It 
scrutinizes the matters on development of propulsion 
systems based on the unconventional approach to the 
problem of gravity, ie. gravitational engines. It also cites 
the results of the gravitational engine model research 
made by means of the experimental facility, created in 
the Khrunichev Research Institute of Space Systems. 


The device, transforming rotary motion into 
unidirectional motion, looks like S.M. Poliakov's one. It 
also operates with rotation of liquid, which causes the 
propulsive force. Truly speaking, Poliakov had an 
agreement with Research Institute of Space Systems 
named by Khrunichev in 2001. Some funds were assigned 
to develop the device, however the project, into which 
Poliakov had put a lot of work, still remains unrealized. 
Besides, the scientist's name is not even mentioned in 
the patent, 

Scientific and technological advance opens to mankind 
more and more wide abilities to use space for the 
solution of global problems. In many respects the 
complete realization of these abilities will be defined 
by the developement of means used for delivery of 
payloads into the space. In the XXI century the 
dominating use of reactive chemical and electrical 
propulsion systems in rocket-space technique as well 
as low application level of engines with other physical 
principles can be the factor of an “inhibitory” influence 
for the development of such techniques. It is caused by 
the fact that created rockets practically do not 
correspond to noticeably increased standards of safety, 
operating costs, costs for transport operations execution 
and ecological influence on the environment. 


‘Thus, there becomes to be urgent the problem of 
development of alternative approaches towards the 
creation of propulsion systems, made for the rocket- 
space technique on the base of unconventional ideas 
and engineering solutions. A rather old-established idea 
of creation of gravitational engine should be concerned 
as one of such ideas. It is based on the unconventional 
approach to the problem of gravity. Nowadays many 
countries take part in solution of the gravitational 
problem, namely Russia, USA, Japan, etc., and if till 
recently only some scientists and inventors showed the 
interest to this problem, then now it arouses interest of, 
research-and-production majors. Unfortunately, now it 
is not possible to speak about sufficient theoretical or 
practical development of this idea. However, the interest, 
is so considerable, that practically separate experiments 
on this subject were made earlier and they are still made 


nowadays. After all, stakes are very high and are 
defined by applied nature of the problem (the ability to 
create qualitatively new engines for the rocket-space 
technique), as well as by its scientific significance. 


One of the directions to solve the problem of the creation 
of gravitational propulsion systems is the realization of 
associated theoretical and experimental methods of the 
search of physical processes, leading to the antigravity 
effects appearance, which cannot be adequately 
described by existed theoretical conceptions. 
V. Shauberger's patent, based on the postulate of 
gravitational energy radiation by “disturbed rotating 
mass" can be considered as an example of such 
practical realization. Taking into account a number of 
known experimental results, a model of gravitational 
engine and experimental system for estimation of this 
model parameters were made in Research Institute of 
Space Systems named by Khrunichev to provide the 
practical realization of Shauberger idea (Fig-1). It is the 
metal construction, which provides the model 
displacement in upward direction with the ability of its 
rotation around vertical axis. 


pad 


Rg 
‘Schematic circuit of the experimental system 


Later, to increase the system sensitivity it was improved 
and the block system of suspension was replaced by 
the lever frame. 


‘Turing angle of the stand frame, where the model of 
gravitational engine is suspended, depends on the 
following: weight and geometry characteristics of the 
frame; weight characteristics of the engine (of 
counterweight); engine propulsion and frictional forces 
in bearings. Laser indicator of frame turning angle and 
vertical ruler let increase the gauge of lifting height of 
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‘the gravitational engine model proportionally to the arm 
of light beam, 


On using this system there was made a wide cycle of 
tests, which qualitatively confirmed the presence of 
propulsion force. Tests were recorded by video. The 
analysis of experimental results shows, that acting time 
ofpropulsion was about 12s at each switching. During 
repeated switching of the gravitational engine model 
in different conditions it is able to create the propulsion, 
the value of which at 40...60 s of operation can be about 
3 standard units of propulsion force (1 standard unit of 
thrust is about 10gs), and while using the powerful 
electromotor it can be about 80 standard units of 
propulsion at the intervals up to 4 s. 


Research Institute of Space Systems named by 
Khrunichev, works on automation of experimental 


researches and on development of laboratory resources 
for factor analysis of appearance of the propulsion vector 
with the usage of the described model of gravitational 
engine. 


Patent 


‘The patent was published in the Bulletin of Patent 
Information in 2001. 

(11) 20946 

(61) 7F 16 H.27/00 

(21) 2001121237/20 

(24) 01.08.2001 


Editorial: V.A. Menchikov together with AF Akimov, 
AA. Kachegan and VA. Svetlichnyi have got this patent. 
Dr. Spartak M. Poliakov, being the author of the principle, 
is not mentioned at all in the patent. 


©) 


NEWS REVIEW 


Boeing Tries to Defy Gravity 


According to Jane's Defence Weekly (UK), 
http://www.janes.com, Boeing, the world's largest 
aircraft manufacturer, has admitted it is working on 
experimental antigravity projects. These projects are 
able to overturn a century of conventional aerospace 
propulsion technology and alter the entire aerospace 
business. Boeing uses researchers by Yevgeny 
Podkletnov, who claims to have developed a device, 
which can shield objects from the Earth’s gravity. Many 
conventional scientists, who have not been able to 
reproduce Dr Podkletnov's results, view his project, 
named «GRASP» (Gravity Research for Advanced Space 
Propulsion) with suspicion. 


Dr Podkletnov claims to have countered the effects of 
gravity in an experiment at the Tampere University of 
‘Technology in Finland in 1992. The scientist says he 
found that objects above a superconducting ceramic 
disc rotating over powerful electromagnets lost weight. 
‘The researches have shown that the reduction in gravity 
was small, about 2%, but the implications - for example, 
in terms of cutting the energy needed for a plane to 
fly - were immense. 


His devise, named “impulse gravity generator” is 
capable to produce a beam of “gravity-like” energy that 
can exert an instantaneous force of 1,000g on any 
object ~ enough, in principle, to vaporize it, especially 
if the object is moving at high speed. Laboratory 
installation has already demonstrated the 4in (10cm) 
wide beam's ability to repel objects a kilometer away 
and that it exhibits negligible power loss at distances 
of up to 200km. 


Applications of the device can include space launch 
systems, artificial gravity on spacecraft, aircraft 


propulsion and “fuel-less” electricity generation ("free 
energy"). However, observers say that Podkletnov's 
device could be engineered into a radical new weapon, 
for example, adapted for use as an anti-satellite weapon. 
or a ballistic missile shield. 


Documents, obtained by reliable sources, show that 
Boeing is taking Dr Podkletnov's research seriously. It 
is also possible, Boeing admits, that “classified 
activities in gravity modification may exist". The paper 
points out that Podkletnov is strongly antimilitary and 
will only provide assistance if the research is carried 
out in the “white world" of open development. 


Boeing is the latest in a series of high-profile institutions 
trying to replicate Dr Podkletnov's experiment. The 
military wing of the UK hi-tech group BAE Systems is 
working on an anti-gravity programme, dubbed Project, 
Greenglow. The US space agency, Nasa, is also 
attempting to reproduce Dr Podkletnov's findings, but 
a preliminary report indicates the effect does not exist. 


1. Solenoids craste magnetic field 
2 Spinning, super-conducting ceramic ring 
3. Liquid Nitrogen acts as coolant 
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Beamship Technology: 


a Re-working of Early 20th century Discoveries 


Russell Anderson, 


Applied Electrogravitics 377 Avon Ra., Ste. D-119 
avon, PA 19239 russanderson2@hotmail.com 
494-255-1072 


Some Basic Background 


‘The concept of an electric aero-spacecraft with no 
moving parts was initiated by the Yugoslavian electrical 
wizard Nikola Tesla, who lit the entire world 100 years 
ago, at the turn of another century, with his 
revolutionary AC electric current. In 1916-17, Dr. Francis, 
Niepher performed meticulous mass-deflection 
experiments under rigorous scientific conditions with 
lead spheres suspended by wires with shielded and 
unshielded containers. An accounting of this important 
series of experiments is in TRANSACTIONS OF THE 
ACADEMY OF SCIENCE OF ST. LOUIS VOL.23, 1916 
and 1917. Related article is in THE ELECTRICAL 
EXPERIMENTER, March 1918. 


Before 1905, George S. Piggot was routinely 
suspending small silver balls to water globules, corks, 
‘wood, using the electrostatic field from a specially 
designed Wimshurst machine in a glass container under 
several atmospheres of pressure to raise the current 
level. Output voltage was typically S00KV. The field was 
propagated by a charged sphere. A small curved 
conducting plate on the floor acted as a ground. He 
observed unusual pattems of blue dots with filaments 
over the suspended objects, sometimes with an 
anomalous 1/2 cm “dark band” on the suspended 
objects. Piggot states, “Itis my firm conviction that that 
somewhere on the outer confines of our planet there 
exists a similar contracting belt thru which naught but 
‘the gravitational vibrations of the sun penetrate, and 
‘these vibrations absolutely annihilate or absorb all other 
less powerful ones”. If the force was Coulombic in 
nature, objects would be first attracted, and then 
strongly repelled by the charged metal sphere. After 
the objects were suspended, Piggot found he could 
remove the conducting ground plate, and the objects 
still floated, suspended. The phenomenon of levitation 
‘was accompanied by “luminous halos” 


In 1925-27, Albert Einstein released his scientific 
“gem" his “zur Einheitlichten Feldtherie", orthe Unified 
Field Theory for Gravitation and Electricity, o the press 
and the scientific community. It combines electricity, 
‘magnetism, and gravitation into a single mathematical 
expression, showing how High-Voltage/Low Current 
electricity (Electrogravity) -and conversely Low- 
Voltage/High-current (magnetogravity) “acceleration- 
fields” (G-field) could be produced using then-available 


relatively LOW-technology. Indeed, a very simple 
technology. The unifying field is the electrical field 
(because it can produce gravitation and repulsion fields, 
as well as magnetism). His Crowning work was 
released with much press write-ups and fanfare, then 
it was quickly forgotten as if the scientific community 
and the world had suffered some kind of collective 
amnesia! 


Alllofthe readers of this magazine need no introduction 
to the pioneering work of American Scientist Thomas 
‘Townsend Brown, who was playing around with an X- 
ray tube around the same year as Einstein's Unified 
Field Theory was released. He filed his first patent for 
this newly and accidentally discovered 
“electrogravitational-effect” which causes motion in a 
high-voltage condensor or capacitor configuration. He 
was only 17 at that time. The discovery that high- 
voltage/low amperage electrostatic potentials applied 
to an object causes motion in the direction of the positive 
pole, and electrical charges naturally move to the 
OUTER surface of an enclosed charge-conductor, held 
strong prospects for what Brown would later name the 
“space-car”, and wrote an article “HOW I CONTROL 
GRAVITATION”. His pioneering work, and 
demonstration of devices in Hawaii during World War 
II, drew attention from the department of Naval 
Intelligence. He was invited to work on “Project- 
Rainbow" (the Philadelphia Experiment for 
Electromagnetic Stealth) because of his pioneering work 
on what was starting to be understood very covertly 
as a true WARP DRIVE. Experiments with certain new 
and classified arc-welding apparatus at the 
Philadelphia Navy Yards to weld armor-plate for 
battleships was (by use of banks of primitive but 
powerful avalanche-discharge capacitors) producing 
anomalous and unexplained effects, such as 
disappearing tools and other apparatus in the heavily 
shielded welding chamber. These strange effects were 
accompanied by a strange "blackout -zone” which, like 
Piggot's early work, was not optical in nature. TT 
Brown's devices in his AH Bahnson Labs home movies 
lift more than their own weight and move inside vacuum 
chambers in these films. TT Brown later founded NICAP 
in 1956, which became the most respected UFO data 
gathering and hard scientific organization in the world, 
besides the US department of Naval Intelligence itself, 
and the Foreign Technology Division at Wright-Patterson 
Air Force base in Ohio. 
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‘My background and work 


Iprimarily have a background and degree in computer 
programming, electronics, most fields of science, Flying 
Saucer Technology research (almost 30 years worth), 
Radio/Control fixed and rotary-wing aircraft since 1972. 
Ihave been experimenting and working with high- 
energy and electrogravitic devices and systems since 
1987. I built my first small High-Voltage generators 
starting around this time. I built kits from Information 
unlimited and elsewhere. 


InJate January 1990 [built my first working 2-foot flying 
discs, which were a direct replication of Thomas 
‘Townsend Brown's most important representation of his 
electrogravity-propelled scale-model vehicular concept, 
from US Patent #2,949,550. In January 1992, I built a 
120KV high-voltage/low-current electrostatic generator 
from an Information Unlimited kit, primarily for force- 
field propulsion research. 


In June 1999, I built a tower and rotor apparatus to 
complete the experiment, and I powered it with the 
output from a 100KV generator I built from an 
Information Unlimited Kit. The results were spectacular, 
and taught me a great deal about what was involved in 
producing and maximizing the Biefeld-Brown Electro- 
gravitational effect. I suspected from my research, and 
my experiments, that the basic effect was not due to 
current-flow and resulting ion-wind. When there was 
current-flow, the effect is attenuated, power 
consumption goes up, and thrust goes DOWN. In late 
June of 2000, I presented this working TT Brown 
Electrokinetic Apparatus with larger 1-meter discs at 
the 2nd Antigravity Conference in Reno, NV, hosted by 
Jim Cox. A VHS videotape of this working and 
spectacular presentation at the first part of the 
conference is available from 
‘www.soundphotosynthesis.com 


Now that I had mastered producing horizontal thrust, 
vertical thrust, or antigravity, was the next goal. About 
‘this same time, there was buzz all over the Internet, 
about claims of two or three individuals who sounded 
credible at the time who had successfully replicated 
the many multi-layered “gravity-warp capacitor" or 
“electric rocket”. Oddly, these claims could not be 
verified, and the individuals making the claims 
disappeared back into the woodwork. Such actions are 
bizarre and hinder the progress of true science, which 
is undergoing a shift in paradigms right now, if not a 
change in dogma. 


I spent months die-cutting hundreds to thousands of 
tinfoil and aluminum-foil circular-notched conductor 
plates and wax paper and mylar rings. I did some initial 
testing with a Tin and wax-paper 400-layer gravity 
warp-capacitor heap, according to plans I had acquired, 
from H & A Industries in 1992, and what was on Bill 
Beatty’s amateur science site. No one else has come 
forward with positive results on this tedious and time- 
consuming device. So much work for so little effect! And, 


if you short out the stack with too much power, you 
must tediously and laboriously search thru hundreds of 
layers to find the dielectric layers with the telltale 
carbonized holes. The Electric rocket has been recently 
successfully replicated and tested in hard vacuum and 
patented recently by Hector Serrano. The Serrano effect, 
is identical to the so-called Biefeld-Brown 
Electrogravitational effect. They are one in the same 
thing. I may dust off my completed 400-layer grav-cap, 
‘but Ihardly find it worth the time and effort, because of 
my recent work starting in early October 2001 


‘The Lifter and The Evolution to Beamship Model 
Flying Craft 


Although Ihad attempted a few small “Hagen” patent- 
type antigravity (VIOL) models in the early 90s, Ifound 
their performance poor at best and their power 
consumption high. In late summer, 2001, someone, I 
forget who, on the JLN’s lab list of researchers and 
anomalous science-experiment and technology 
enthusiasts ran across a website owned by 
‘Transdimensional Technologies, of Huntsville, Alabama 
(famous for NASA research facilities, the late Dr. Rolf, 
Schaffranke, author of the important ETHER 
‘TECHNOLOGY, under the pseudonym "Rho Sigma”, and 
Dr. Tom Bearden) had produced a hovering device. From 
my previous work, I recognized it immediately as TT 
Brown's Electrokinetic Apparatus that I had 
successfully replicated and demonstrated before a live 
audience years earlier. I noticed the capacitors were 
made from Aluminum FOIL, not the thin-but-heavy 
Aluminum sheet stock from Home Depot that Ihad been 
using for years, (I had assumed that to make my 3-foot, 
discs hover and ascend vertically, I would have to use 
voltages in the hundreds of kilovolt range, and generate 
high x-ray, UV, and possibly gamma-ray emissions as a 
by-product, in other words, a typical flying saucer with 
all the associated radiological effects that have been 
documented for over half a century) so they could lift 
their own weight. The result matches almost exactly 
the simplest graphical representations of TT Brown's 
patent from 1960, and De Seversky's Ionocraft patent 
from 1964, which was a thin foil cathode plate with a 
thin anode wire separated from the cathode by stand- 
off insulator posts. I was eager to reproduce these 
devices (I don't know how I overlooked this simple 
solution, it was all sitting in those old 1960s Brown and 
De Seversky patents I have studied for 15 years 
previously) and many people around the world, 
especially the webmaster of the JLN Lab's site French 
researcher Jean-Louis Naudin, who began replicating 
many different types of larger and more sophisticated 
devices, some of which resembled model spacecraft, 
and began amassing tables of very useful data, that 
researchers could use as basic guidelines to follow. I 
replicated the first hovering device, the “Lifter” (so- 
called by ‘Transdimensional Technologies) as a 1-foot 
triangle, with 2.inch foil cathode and #42 enameled 
copper magnet wire. To energize it used a commercial 
power supply from Gamma High-Voltage Research that 
Thad acquired from Ebay some years ago. It was perfect 
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for antigravity research, having full metering, and 
variable voltage from 0 to 40KV, and current limiting 
from Oto 1.5 milli Amperes of current. The heavy 1-meter 
discs of the Electrokinetic Apparatus were too heavy 
and the rotor-friction to great for this low-powered 
device (60 Watts, maximum), but for the lifter, it proved 
ideal. 


‘My first “lifter” antigravity device worked, but its 
performance was less than ideal. It had to he stripped 
ofits lower balsa-wood frame and some of its foil before 
it would degravitate (counterbary), and it “maxed-out” 
the current-limited power supply at S3KV11.5mA, fora 
stable hover (actually this is an upward flight 
configuration, because the device is tethered to the lab 
table with 3 sewing threads). That is 49 Watts. The 
concept of a hovering TT Brown Electrokinetic 
Apparatus had been proven to my satisfaction, however, 
and I initiated more research into past works and 
patents to raise efficiency to workable levels. The 
performance was slightly better than my early 1990s, 
“wire-grid” type devices. I found this slightly 
encouraging. 


After a couple months reading and research (why re- 
invent the wheel, its all been done before), I started to 
replicate larger models in February and March 2002, 
‘but kept coming up against a size-barrier with the Multi- 
cellular (grid) approach that many researchers had 
assumed would raise thrust, and efficiency. This 
approach obviously did neither, as no one seemed to 
be able to produce hovering devices above a certain 
size, the current consumed (adding to total wattage 
consumed) was prohibitive with the low-powered (still 
high-voltage, low-current) devices that most of the 
mostly amateur researchers were using. Researchers 
around the world started to replicate different versions 
ofthe basic lifter 1 (an 6 to 12-inch equilateral triangle). 
‘The lifters are always tethered to the testing surface 
with 3 strings to keep them from going dangerously 
unstable and possibly short-circuit when they reach the 
limit of the umbilical supplying power to the device. 


From my previous Biefeld-Brown effect replications 
years earlier, and from carefully reading Brown's EK 
Apparatus patent, I knew that increasing the diameter 
of the wire would reduce leakage current created by 
coronal discharge, mostly coming from the forward 
electrode, which in the 2 and -foot saucers consisted 
of an arc of copper tubing in the front quadrant of the 
saucer, or disc. Corona robs power (amperage) from the 
disc that otherwise would be used to “propel” the disc. 
Increasing the diameter of the copper tubing, as per 
Brown's patent if the effect was due primarily to ion- 
wind, more current and current flow between the 
electrodes would be desired to effect more air 
movement. But this is not what I saw in the saucers. 
‘There was apparently another, far more powerful but 
subtle force effecting silent propulsion of the saucers 
that had nothing to do with charge-transfer and ion- 
momentum. 


In February of this year, undertook an effort to replicate 
and improve performance and reduce power 
consumption of the lifter device, based on data from 
my electrogravitic work of years past. I started by using 
thicker diameter enameled copper magnet wire, #35 
to #30 diameters. I first built a 1-foot equilateral 
triangular basic “Lifter-1", weighing only 3.5 grams. On 
‘March 16th, I built alifter with the thicker #36 enameled 
copper wire. 


Imade the three sides 1-foot long and exactly 2-inches 
high. After experimentation, I found the optimum spark 
gap for my High-Voltage power supply (Gamma High 
Voltage Research 40KV with current limiting to 1.5mA), 
‘The small silver-colored device leapt off the test table 
and pulled violently against its anchor strings to a 
distance of about a foot. This seemed like a great deal 
of force for such low power. The large discs of my TT 
Brown EK apparatus required a good deal higher voltage 
to initiate motion in the direction of the anode. The 
device consumed 26KV 1 0.56mA DC, which calculates 
out to 14.56 Watts. I was getting more excited, because 
this was the best efficiency seen of any result yet 
posted. 


(On March 19th, I tested 2 lifters glued together in a 
“diamond” shaped configuration. 


This 2-foot device weighed 6.0 grams, with the same 
#36 wire and a2 and 5/8" air gap. It took 25KV to nullify 
the weight of the device, and it achieved a stable hover 
at 35KV I 0.8mA. That is 28 Watts. This is about what 1 
had initially expected, double the power for double the 
Watts. Still, this was far less overall power going into 
the device to achieve a stable hover than my first 
primitive and radically shorn and trimmed device. After 
lift offto the extent ofthe anchors, [found I could reduce 
power slightly and maintain a stable hover. On march 
22nd at 3:49 pm I got the diamond lifter to achieve a 
stable hover with a 2 and 5/8" air gap at 29.5 KV 1 
0.32mA. This was only 9 Watts! This was unheard-of 
efficiency. I was further encouraged to build and test 
larger hovering devices to see how large I could get 
them with my low-powered commercial power supply. 


I then built a “lifter-2", which consists of three 1-foot 
triangular capacitor cells taped together. It weighs 11.4 
grams. March 30th at 3:22 pm, the device achieved a 
stable hover at 38KV I 0.57mA for 19.76 Watts total 
power. The larger device was more energy efficient than 
adevice 1/3 the size. I wanted to see how far this could 
go, so I added three more lifter cells to make a 6-cell, 
device, 3 feet on each of its three sides. I was eager to 
check the performance of this fairly large device. This 
was the diameter of my horizontally propelled TT Brown, 
Discs. 


This device weighed 21.6 grams. I kept the spark gap 
the same distance on this device. However this device 
failed to achieve counterbary (lift). It just sat on the 
test table, filling the air with the smell of ozone and 
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making a sizzling sound (corona noise). I noticed that 
the current maxed-out on the power supply at a fairly 
low voltage and would not go any higher. 


Iconcluded in my disappointment that all that wire from, 
all the inter-connections to the cells was causing corona 
leakage and robbing current, which otherwise would 
be used by the device for propulsion. 


‘The idea then hit me that perhaps I could make a device 
with the same outer diameter as the 3-foot device, but 
have greater efficiency because of amuch shorter length 
of wire. I built basically a 3-foot (1-meter) version of the 
first 1-foot device. This device weighed 16 grams. It 
lifted off the table with amazing force and hovered 
stably with 152mA 30KV which is 15.6 Watts. Not only 
had I achieved a larger-size device, but far better power 
efficiency for a much larger and heavier device. I was 
overjoyed! I saw that I had a great deal of lifting force 
to spare. [had not even come near the limit of my power 
supply. I added extra bracing at the corners and extra 
balsa and a triangular paper “payload -tray” in the 
center of the device, supported by three 1/16'x1/16-inch 
balsa stock. The extra bracing and payload area added 
approximately 2 more grams. With a § gram payload, 
‘the deviceconsumed 39.9KV10.99mA, for total power 
consumption of 39.5 Watts. I was really encouraged at 
that point, because I knew that these results were 
unheard-of, in terms of energy efficiency. I had solved 
the problem of decreasing efficiency by dispensing with 
a “grid-based” device. Increasing the area of the 
capacitor plate was one of the factors that increased 
performance and efficiency, lessening the input power 
requirements with increasing size. Now the Biefeld- 
Brown effect could be properly studied, now that most 
of the ion-flux had been eliminated, resulting 
conservation of energy by the device, and resulting in 
greatly increased propulsive force. 


Since I now knew the limit of payload for the device at 
the power level I was using, I added a balsa framework 
that approximated a central cabin area, and three small 
styro-foam spheres on the center of the straight sides 
on short lengths of balsa. The device no longer looked 
like a test device, but now looked like a scale model 
spacecraft. I remembered the Edouard “Billy” Meier 
UFO contact case, and knew that all his original 
photographs and movie footage of extraterrestrial 
spaceships the extraterrestrial themselves called 
“beamships” (there are several styles and variations, 
all with different specific functions and capabilities, 
some manned, some remote-controlled “telemeter 
discs” that had a tri-hemispherical undercarriage that 
Iinew from past research were propulsion condensors) 
and that the original un-tampered photos all passed 
rigorous analysis using the latest and most 
sophisticated computer and other equipment, case 
detractors not withstanding. Also the spiritual 
messages of these genetic brothers of Man and their 
accounting of humankind's history and origins from far 
across space rang true and struck a chord with me. 


I decided to name this new 1-meter model spacecraft 
Beamship Variation I. The three sides of the device 
performed the same function on this device that the 
three spherical or hemispherical capacitors often seen 
on the underside of full-size "beamships" (Daylight- 
disc-type UFOs), which illustrates a similar if not 
identical propulsion methodology to full-size 3to 7 meter 
and larger “off-Earth-built” aero-spacecraft. Clearly the 
propulsion methodologies were exactly the same in the 
model as in the full-size flight device. 


immediately built a 4-foot diameter model with a full 
cabin framework and internal payload area and 
achieved even greater performance and efficiency. I was 
ecstatic. This 4-foot device I dubbed Beamship 
Variation Il. lreceived a suggestion from Mr. Tim Ventura 
of American Antigravity that performance could be 
increased by using small diameter stainless-steel wire. 
It seemed unlikely to me that smaller diameter wire 
would increase performance, it contradicted Brown's 
patent, and my own past research with large 
electrogravitic discs. But Stainless steel has a high 
number of free electrons in the outer valence atomic 
shells (electron orbits). 


So obtained some #40 stainless locally and the results 
confirmed Mr. Ventura's suggestion. Corona noise was 
heard at a much higher power level, and was greatly 
attenuated in volume. Leakage current was less, and 
the two Beamships now had more thrust with less 
power input. They even carried more payload at less 
Power input. Variation It weighs 21 grams and loft a 
payload of 6 grams at 40KV I 1mA for 40 Watts total 
power. Again, this was unheard-of efficiency. The 
anode wires sang a strange harmony as the Beamships 
floated in the air, stably at any altitude, from floor to 
ceiling, without any fuel or visible means of support. 
‘This was very Beamship-like. 


thought that now since corona discharge on the anode 
wire was less, I could decrease the spark-gap distance 
‘without creating a spark (which kills lift). Thrust seemed 
initially to increase, but efficiency went down because 
there was current-flow now, and current consumption 
went way up. The supply would now max-out at 
37KV I 1.5mA and would not increase because of the 
current limiting. The Beamships now were noisy, as the 
foils chattered loudly because of all the ion-wind that 
was now rushing downward along and past the foils. 1 
used a concert fog machine to observe the ion-flux 
vector, and filmed it digitally with my Logitech web- 
cam, and with VHS analog video. 


Analysis of the fog -tests showed a circular vortex of 
air surrounding the anode wire that flared out into a 
downwash of air below the Beamship. I was 
disappointed, because I thought then that the thrust 
action of the device was due to simple ion-transfer. A 
useful-enough effect, but of questionable use in the 
vacuum of space without an ionizing medium. 
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Beamship Variation I 


Ireasoned had just about enough power in the supply 
to build and fly a 6-foot (2-meters) Beamship. Since the 
balsa came in 3-foot lengths, this was simple. As with 
all the lifter devices and the more evolved and efficient 
Beamship-series model aircraft, construction 
techniques are extremely simple and require little skill 
to assemble. Weight of the Beamship Variation III is 
42 grams, with 6-feet of length on its 3 sides. Height of, 
the foils was still 2'. Full frame and cabin, with Searl 
"IGV" type landing legs, to support the weight of this 
heavy and very large device. I set the spark gap at 2 
and 1/2 inches. At 12:15pm EDT, May 12th, 2002 the 
Beamship was weightless at 32KV with current maxed- 
out at 1.5mA. 


‘The device barely lifted off, and “hopped”, across the 
floor once or twice at full power. It had the same loud 
rattling of the foils due to the terrific downwash of 
electrified air. I needed to raise the power level. I 
increased the distance of the spark gap to 2 and 3/4" 
Now the Beamship took off straight up with power to 
spare, as if it was one of the smaller craft. Beamship 
Variation Ill is weightless at 30KV 10.85mA (25.5 Watts), 
and airborne into a stable hover at 35KV 1 1.35mA. That 
is only 47.25 Watts. It can carry a payload of § grams, or 
6 grams worth of additional framework and structure, 
to the limit of the power supply, which is 60 Watts 
(40KV I 1.5ma). 


‘The 42-gram, six-foot model aero-spacecraft only 
consumes 47.25 Watts at hover, but my first small and 
trimmed device ate up 49 Watts! Clearly, using the 
single-cell Beamship methodology had a huge 
advantage over the “multi-cellular" design that other 
researchers had built and tested, seemingly reaching 
an impasse in terms of size and efficiency, which my 
large single-cell Beamship technique had seemingly 
solved. In early April my 1-meter Beamship, weighing 
22 grams including S-gram payload, consumed 
39,6 Watts. So the 42-gram, 6-foot Beamship used only 
17.65 Watts more total input power at stable hover that 
the 1-meter Beamship. Power-to-weight ratio for the 
2-meter Beamship V. III works out to 1.125 Watts to lift 
1 gram stably of scale model electric spacecraft. With 
little tono ion wind, the Beamship had plenty of upward 
force and achieved stable counterbary at greater 
efficiency than I had ever heard or read about. Also, I 
‘was not aware of any devices in scientific history that, 
has achieved this type of counterbary for this little input 
power and this colossal size. I performed additional fog- 
tests with two red semiconductor-emitted laser beams 
in the plane of one side of the device, one above the 
wire, one below the foil. The Beamship without all the 
ion-wind was nearly silent again, except for “singing” 
and softly “thrumming” anode wires. These laser-beam 
‘tests further confirmed the marked absence of ion-wind 
with a larger spark gap, 


‘At 1.125 Watts-per gram at S7KV I 1.4mA (78.8 Watts) 
‘would lift 89.775 grams worth of electric spacecraft. So 


not only is the larger size ina single cell far more efficient 
that the “grid” design, in thrust and power 
consumption, but the reduction in current from 
increasing the spark gap raised power level to the 
device, while dropping power consumption of the 
device. My initial suspicion of ion-wind producing most 
of the thrust in the Biefeld-Brown effect had been dis- 
proven also because of the great weight of the device. 1 
never would have discovered this important fact ifThad 
stayed with smaller devices, trying to raise their 
efficiency. And I never would have discovered the 
efficacy of the Biefeld-Brown effect if [had stayed with 
the multi-cellular "lifter" methodology. One of the 
factors that raises the level of propulsive force (if 
“propulsion” is the right word) is increasing the area of, 
the plate, according to TT Brown's patents. So the larger 
size single-cell capacitor's ability to reduce power 
consumption and effect greater propulsive force and 
upward acceleration, was easily explained by the 
Biefeld-Brown Effect. Brown had been vindicated. My 
gut feeling had seemingly been confirmed: this was our 
first warp-drive (reaction-less drive). 


My experiments had yielded greater efficiency, and 
greater size and weight of VTOL hovering models than 
any that had ever heard or read about. Istill am having 
difficulty taking in these facts; and it is very awe- 
inspiring to see such a large device de-gravitate and 
hover stably at any altitude, from floor to ceiling. 


Next for me is a higher-powered supply (60KV), moving 
up to a three-meter Beamship Variation 1V, 
improvements to the cathode such as a thin, 
symmetrical airfoil shape, as Brown suggests in his, 
patents, tungsten wire, and then carbon-wire for the 
‘anode, and full heat-shrink coverings on the frames, 
running lights, onboard lasers, onboard digital/ 
proportional Radio/Control, and now that we know the 
power requirements, and have a good handle on 
efficiency, onboard power generation. I have already 
begun designing with my associates our own custom- 
made outboard and inboard battery-powered power 
supplies, and finally will cut the power umbilical to the 
model electric spacecraft permanently, and Beamship 
technology advances further. If the on/off duty cycle is 
pulsed at a low frequency, power input can be reduced 
by two-thirds, at least. Experiments conducted by Jean- 
Louis Naudin last fall (2001) confirm this phenomenon, 
suggested by Brown and De Seversky in their patents, 
Clearly, onboard power can easily be effected, using 
modern miniaturization and circuitry. Pitch and roll 
vector control can be achieved by electrically isolating 
the anode wires on the three sides of the ship, and 
varying pulses to these three wires. Yaw control can be 
achieved by simply installing a horizontal-double sided 
capacitor inside the ship near one corner. Simple full 4- 
channel flight control is thus achieved. 


‘The Beamship series aircraft are fascinating research 
and entertainment devices (see cover page), and are 
the vanguard of a whole new generation of radio/ 
controlled antigravity model aircraft with no moving 


[EZ ew Energy Technologis issue #4 (7) July-August 2002 


parts and dead silent propulsion. But they aremorethan The 21st century has begun in earnest! 

that. The Beamships, if allowed, could probably rise 

up at any speed thru the atmosphere, right up tonear-  Beamship series aircraft are available for sale for 
Earth-orbit, and probably keep on going out into research and hobby/entertainment use right now 
limitless space. No need to achieve ballistic escape through the American Antigravity website: 
velocities of miles-per-second. This is non-ballistic _ www.americanantigravity.com. Look for the Applied 
flight. They even have a certain amount of wind  Electrogravitics antigravity technology website late 
resistance outdoors and indoors because the electrical _spring, 2002. You can contact me, Russell Anderson 
field causes air to flow AROUND the model flying craft, __ for details on pricing, and new and improved variations, 
not into it. This is such a safer, environmentally cleaner, and power supplies for outboard and onboard drive, 
vibration and nearly silent and more pleasant method _ which are currently in design stages. 

of aero- space travel than carrying tons of explosive 
reaction mass, which can and does explode. No more 
use of heat energy to effect transportation. 


Editor's note: More ideas on development of T'T: Brown's 
patents are on our web site: http://www.faraday.ru. 
Read about T-capacitor! 


Data Table 1 
Antigravity Weight Wire type |Voltage/current | Total | Payload | Payload/power 
device of device Watts 
Lfoot “Flyer-1” | 3.2grams | #42 enameled | 33KV I 1.5mA 49 | None 
copper 
Lfoot “lifter-1" | 3.Sgrams |#35enameled|26Kv10.56ma | 14.56] None 
copper 
2-foot “diamond- | 6.0grams | #35 enameled |29.5KV10.32mA | 9 None 
lifter” copper 
2-foot, 3-cell 11.4 grams [#35 enameled |38KV10.57mA | 19.76] None 
lifter-2" copper 
S-foot, single-cell | 16grams |#35enameled|30KV1052mA | 156 | None 
‘Beamship copper 
Variation I" 
Beamship Variation] 18.5 grams |#35 enameled] ————_ | 39.6 | S grams 39.9KV 
L-fully-rigged copper 10.99mA 
‘foot “Beamship |2igrams |#40stainless-| ———— | 40 | égrams 40KV 
Variation II” steel 1imA. 
G-foot “Beamship | 42grams |#40stainless-[35KV1135mA | 47.25] None 
Variation III” steel 
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SmartPAK Technology™ 
invention by William Alek 


the world's first commercial all solid-state system 
that provides a “standard” platform for 
experimenters, researchers, and developers to do 
energy-related practical applications, experiments, 
and perform exploration of highly efficient 
alternate energy system 


The theory of operation is based on the amount of energy that is required 
to magnetize and de-magnetize ferromagnetic materials utilizing a 
core/coil/magnet assembly. It has been discovered that it takes MORE 
energy to magnetize a suitable core assembly than to de-magnetize it. 
The SmartPAK system is designed to measure and collect the difference, 
and store the excess energy for later use. 


The SmartPAK device is controlled by a 68HC908GP32 micrcontroller 
programmed to measure input/output voltages and currents, calculate 
COP, and contains software algorithms for a complete “turn-key” power 
management system. The device features a “standard” user interface, 
which allows the user to design their own custom core/coil/magnet 
“head assemblies”, and immediately test and display in real-time its’ 
performance. 


William Alek 
President and CEO of INTALEK, INC 
3506-43rd. Place Correspondence Address: POBox 37, 
Highland, Indiana 46322-3129 eee ee 004, Rumi 


Phone: 7-812-380-6564, 
e-mail: wsalek@intalek.com net@faraday.ru, www.faraday.ru 


Commercial Antigravity 


‘Tim Ventura 


tventura6@attbi.com 
Introduction 


Let me begin by posing a simple question that [would 
like the reader to keep in mind throughout this article: 
How far away is commercial antigravity? I'm not talking 
about a laboratory experiment where a giant magnet is 
used to levitate a frog, or secret UFO experiments that, 
the government isn't sharing with the business world, 
but areal, viable antigravity solution to what I consider 
to be the most pressing issue facing the world today — 
transportation. 


Who can answer a question like that? How far away is 
commercial antigravity? The author has read numerous 
scientific texts on the subject, and is familiar enough 
with contemporary theories of gravity, antigravity, and 
electromagnetism to suggest that most scientists 
believe that commercial antigravity is at least 100 years 
away from existence. But the author believes that most 
scientists are wrong, 


Defining terms 


Any article about antigravity would not be complete 
without properly defining the terms to be used. In this 
article, antigravity is not used in the strict sense of the 
word. The author's intent is to discuss a method of 
propulsion, which for all intents and purposes can be 
considered antigravity, and may include antigravity ~ 
but also may include several other forms of similar 
propulsion. The reasoning behind this is that experience 
has shown that the majority of people in the world don't, 
care how something works - they care what it can do 
for them. This article is about the effect of Antigravity — 
not the cause. 


Real Antigravity would consist of an apparatus used to 
either reduce the apparent mass of an object or reduce 
the effects of gravitational attraction between the Earth 
and an object. An example of an apparatus that may in 
fact do this is the Podkdetnov superconductor apparatus 
currently being tested by NASA. 


‘This Podiletnov device essentially consists of a spinning 
superconductor that self-levitates above a pool of liquid 
nitrogen and supposedly creates a "beam" or “shaft” 
of antigravity (or reduced gravity) directly above it as it 
operates. The levitation of the superconductor itself is 
not antigravity ~ it is a well-known side effect of 
ceramic-superconductors called the "Meissner Effect” 
‘The Meissner effect is simply a side effect of the 
superconductor's interaction with the Earth's magnetic 
field, and is easily explained by physics. 


Podkletnov claims that when he worked with a team of 
researchers investigating superconductors in Russia 


around 1991, the smoke from the tobacco pipe of a fellow 
researcher began to climb steeply in a column directly 
above the superconductor. The researchers hegan to 
think that they were on to something, and Podkletnov 
subsequently performed several follow-up experiments 
that led him to the conclusion that the levitating 
superconductor produced a shielding effect between 
the Earth and anything positioned directly above the 
superconductor. He reasoned that gravitational 
shielding would provide a “column” of reduced gravity 
above the superconductor that should extend up and 
away from the Earth indefinitely. Podkletnov calculated 
that with a rapidly spinning levitating superconductor 
he had achieved a 2% loss in weight for anything directly 
over the superconductor. 


Podkletnov's research is interesting and compelling, and. 
it would fall into the category of “real” antigravity — 
but Iam writing about Podidentov's type of research as, 
well as enormous amount of research and theory 
available on electromagnetic propulsion systems. These 
can be considered “effective” antigravity. 


‘The Harrier jet fighter can swivel its engine exhaust- 
nossels to create vertical lift, which resembles 
antigravity in that it is VTOL takeoff. However, the 
Harrier does not use effective antigravity because it has, 
all of the functionality and side effects of an aircraft. A 
helium blimp would be a closer example to “effective” 
antigravity, but it too is not ~ because it works on basic 
aerodynamic principles. 


Aerodynamics is not effectively antigravity — 
aerodynamics is instead expensive, difficult to 
manufacture, prone to explosive failure, and highly 
unreliable. This is not to suggest that a jet aircraft is, 
unreliable, because it has a variety of backup systems, 
but that the technology itself is unreliable in that a jet, 
is adversely effected by the medium that it uses to 
propel itself. Air pressure, humidity, temperature, and 
strong winds all cause a degree of unreliability. In 
addition, turbine engines stretch the limit of what 
mechanical engineering can achieve ~ which is why 
they are prone to break if even something as small as a 
bird gets sucked in during flight. 


Antigravity is not about moving the air around — it is, 
about a medium-agnostic means of air transportation 
that produces vertical and/or directional lift without 
relying on air-pressure like a wing or blimp. Antigravity 
is an electromagnetic or electrogravitic system for 
reducing the weight of an apparatus to allow it to lift, 
more easily. Antigravity is pushing a button and having 
your vehicle take off without runways, noisy engines, 
minimum flight-speeds, propellers, or any of the other 
drawbacks that limit conventional aircraft from 
achieving popularity similar to what an automobile 
might have. 


‘The author's definition of Antigravity for the purposes 
of this article is confined to electromagnetic or 
electrogravitic devices that reduce the weight of an 
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object to enable it to take off without conventional 
thrust-producing apparatus. This definition might also 
fit many of the classical characteristics known at one 
time as “the electric spacecraft”, 


1. Business Analysis versus Scientific Analysis 
‘The author disagrees with the majority of scientists as 
to when commercial antigravity will become possible 
for some very basic and obvious reasons. To begin with, 
‘the majority of credentialed physics-related scientists 
come from a theoretical school of thought, which tends 
to limit their world-view to only contain those things 
‘that are currently or potentially explained by theory. 
‘The author, however, comes from an experimental 
school of thought that seeks to capitalize on existing 
observational data without the rigorous need to explain 
every last detail of its functionality. The author is an 
engineer, not a scientist - and engineers don't need to 
totally understand how something works in order to 
make it better. 


This difference between the engineering point of view 
and the physicists is also different in the manner in 
which they seek out observational data. A physicist 
looks towards naturally observable data, and in the 
event that none exists they look towards current 
theories to explain potential future observations. The 
engineer is more open to ideas that are less rigorously 
tested from the perspective of scientific method, but 
are currently observed as potential solutions to real- 
world problems. 


2. Potential Technologies Overivew 
Phycists currently tend to dismiss the entire concept of, 
Electrogravity, and the reasoning behind their logic is 
very sound. To begin with, Electrogravity is not 
observable in nature. In addition, many of the claims 
by those persons who submit Electrogravity and 
antigravity devices for public review are faked, 
exaggerated, or just plain wrong. 


Physicists are responsible for maintaining a working 
body of theoretical knowledge, and if they were to admit 
results such as Schnurer's without skeptical scrutiny it 
would undermine the very fabric of technology itself. If 
the Podekletnoy results were to be accepted as fact at 
face value without rigorous prrof, imagine the amount 
of money that would be wasted in attempts to build 
enormous Antigravity vehicles based on this theory. 


In the middle of the spectrum lies the concept of Maglev, 
which is mentioned here only for the purpose of 
specifying that Maglev is not commercial antigravity. 
It has been mistakenly thought of as antigravity by 
many because it utilizes a magnetically-levitated train 
to improve the velocity of the train and reduce transit 
time between stops. In reality, Maglev is not really a 
vehicle at all. 


‘The definition of a vehicle would be a device that 
‘transports itself as well as its passengers and cargo 
between two points. This is why an automobile is 


considered a vehicle but an escalator or elevator is not 
= the automobile transports its entire propulsive 
apparatus to another location, but an escalator or 
elevator does not move - it merely repositions its cargo 
between points. The Maglev train is not really a vehicle 
at all - it is actually a very long electromagnetic 
armature that transports people and cargo between its 
ends at high speed. While it may serve a commercial 
need, it is not to he confused with Antigravity. 


On the opposite end of the spectrum is the author of, 
this article ~ who has built and successfully tested over 
30 electromagnetic “Lifters” at the time of this writing. 
‘The Lifter is a device based on research by 
‘Transdimensional Technologies and related to research 
by Thomas Townsend Brown that demonstrates an 
antigravity effect when a High-voltage DC current is 
applied to it. 


Currently, the exact method of propulsion for the Lifter 
is being debated. It is thought to be one of two things ~ 
either an effective form of “ion-wind" propulsion, or else 
a form of field-effect propulsion based on an as-yet 
unknown force. While the debate about the exact nature 
of this propulsion is important with regard to future 
research, in reality it does not change the observational 
data that demonstrate that this technology works 
perfectly, consistently, and reliably. 


‘The Lifter design was demonstrated by the author ina 
continuous mode of operation for over 7 hours straight 
on Sunday, April 21", 2002, at the Seattle Center 
“EarthDay and Renewable Energy Exhibition". During 
this seven hour period of time, the author's Lifter 
hovered at a tethered height of 12 inches from the 
surface of the table, powered by a 30 watt load from a 
simple computer monitor. 


‘This article is not meant to get into the details of 
methods of antigravity, only to suggest that it already 
exists in the form of electromagnetic propulsion systems 
if nothing else. The author is confident that in time 
physicists will find a theoretical reason for why the Lifter 
operates as it does, but for the time being the fact ofits 
operation overshadows the method of its operation. 


3. Market Needs 
Commercial Antigravity doesn't require a 2% loss in 
‘weight to operate ~ it will require something akin to a 
200% loss in weight. A commercial antigravity device 
will have to demonstrate exceptional performance to 
gain market acceptance, but not for the reasons that 
might immediately come to mind. 


One might believe that skepticism from the scientific 
community would prevent antigravity technology from 
gaining the scientific acceptance needed to become a 
commercially accepted engineering discipline. The long 
term view, however, shows that this is not the case ~ 
engineering and market forces drive innovation, and 
formal science plays a supporting role in explaining and 
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quantifying the innovations that engineers have already 
commercially qualified as valid. 


‘The real roadblock to success for commercial antigravity 
is market acceptance. The author's demonstration of 
the Lifter technology at the Renewable Energy 
Exhibition helped him to realize that the vast majority 
of consumers have no idea what antigravity technology 
could be used for, much less what they themselves 
could use it for. The same thinking was apparent at the 
dawn of the age of personal computing, when the idea 
of having a computer in the home was a completely 
foreign concept. 


So in brief, a market does not exist for antigravity 
technology, which is why inventors working with this, 
technology have been unable to find appreciable 
support for their work. Many inventors look at this 
technology and ask, “how could the public not 
understand how valuable a technology like this is?” — 
but that isn’t the problem. The problem is that most 
innovators with an interest in antigravity are so closely 
tied to the science behind the technology that they fail 
to review and address the business needs that drive 
the market acceptance of a new technology. In other 
words, people don't buy antigravity - they buy 
solutions. People don’t buy cars to simply have a car ~ 
they buy cars because people need transportation 
needs that they have to fulfill. People don't buy 
computers because they want to have a computer ~ 
‘they buy computers because they want to share and 
process information and communications. 


‘Marketing Requirements 


How will antigravity technology gain the market 
acceptance to become a commercially viable 
technology? There are a variety of ways in that 
antigravity technologies will become commercially 
viable, but only after antigravity is no longer sold as 
antigravity ~ it needs to be sold as a personal or 
business solution, 


‘The solutions that antigravity technologies are best 
prepared to provide at the moment are in the realm of 
transportation technology. This includes moving people 
and cargo to destinations in a similar manner to 
conventional transportation technologies such as 
aircraft or automobiles. 


With regard to providing transportation solutions, 
antigravity has the ability to incorporate the best 
features of both contemporary automotive and 
aerospace technologies into a single technology that 
will serve point-to-point transportation needs better 
than either of the two aforementioned technologies 
could by itself. 


For a moment, assume that a person wants to travel 
from Los Angeles to New York in a short period of time. 
Currently, the most convenient method of transportation 
to accomplish this would require the person to take an 
automobile to the airport, and from there take an aircraft 
from the Los Angeles airport to the New York airport. 


After departing at the New York airport, the passenger 
must then take another vehicle to their intended 
destination, 


Commercial antigravity technology could serve a dual- 
purpose short and long-range transportation role, taking 
on the aspects of both ground transport as well as air 
transport. 


Product Delivery Requirements 


In order to deliver commercial antigravity as a viable 
solution to business needs, a variety of work will need 
to be completed on the various component systems of 
this technology to turn it from what is currently a “proof 
of concept” into a commercial reality. 


Let us assume for a moment that we have developed a 
working device based on Antigravity or some method 
of Field-Effect Propulsion. While this is the critical 
stepping stone to success, this is by no means the end 
al be all of the development cycle. 


‘To begin with, the technology must be perfected to the 
point of being both economical and reliable. As it stands 
now, the market already has technologies in place that 
fulfill some or all of the requirements for the technology 
that Antigravity is being developed to replace. In order 
to serve as an effective replacement for these 
technologies, antigravity technology must then 
demonstrate that it both costs less in terms of operation 
and manufacture, as well as being more reliable than 
conventional air-transportation solutions. 


I mention reliability in light of the recent negative media 
attention surrounding several recent commercial airline 
crashes. From a marketing perspective, air-travel 
disasters provide a great deal of negative publicity for 
the airline industry. Since the airline industry has a 
mostly successful track record of delivering passengers 
and cargo, people are for the most part willing to forgive 
the occasional air-disaster. However, with a new 
technology such as antigravity-based air-transport, 
there is not a long enough track record to permit public 
acceptance of air-disasters. One substantial disaster in 
the early days of antigravity could serve to forever 
damage the credibility of this new technology. 


With regard to being economical, any type of antigravity 
system that intends to surpass existing methods of air- 
transport must be able to do so at a less-expensive rate 
to own and operate, and must have a vehicular lifespan 
at the very least similar to conventional air-transport 
devices. This would allow the total cost of ownership 
(TCO) to be less for an antigravity vehicle than it would 
otherwise be for a conventional craft. 


There is one caveat to acceptance of antigravity 
technology as compared to conventional aircraft, which 
is simply that if antigravity vehicles are able to operate 
in an environment or manner that precludes 
conventional aircraft, then they should be able to gain 
market niche without immediately having to surpass 
conventional aircraft in the area of TCO. 
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Assuming that we can develop a propulsion system that, 
is both more reliable and less expensive to operate for 
‘the transportation of passengers and cargo, we then 
have to build up the skeleton of a vehicle compatible 
with this form of propulsion around the actual propulsion 
system. 


For instance, a conventional aircraft has pitch, yaw, and 
several other flight controls, but for an antigravity 
vehicle there is a high likelihood that some or all of these 
controls will not be required, thereby changing the 
dynamic of flight associated with the craft. This will 
require new methods of pilot certification and flight- 
qualification, as well as requiring a control-philosophy 
to be created surrounding how the craft will operate. 


use the phrase “control-philosophy” instead of simply 
“control layout" because one of my assumptions about 
antigravity propulsion systems is that they will allow 
more flexibility in the design process for engineers to 
determine how the craft “should” fly, as opposed to an 
aircraft or helicopter, in which the components 
determining speed and handling are based primarily 
on an interaction between the design of the craft and 
‘the atmosphere. 


In brief, an antigravity cargo-transport may have very 
different needs for flight than perhaps a lightweight 
passenger vehicle would, although there would also 
need to be a consistency between the control-systems 
of these devices to reduce the need for extra pilot 
‘training and competency testing. 


Therefore, it should be apparent from the last few 
paragraphs that not only are there several propulsion- 
system related challenges involved with developing a 
commercial antigravity device, but there are also several 
challenges in the design, training, support aspects of 
this technology that also factor into the requirements 


to be complete before a complete product can be 
delivered. 


Conclusion 


At the beginning of this treatise, I posed the simple 
question of “how far away is commercial antigravity” 
‘The reader, | expect, probably interpreted that question 
in terms of time, which is the usual measurement of 
questioning when new technologies will become part 
of our lives. 


However, as I have attempted to demonstrate 
‘throughout this article, the time component is much 
Jess important to the development process than is the 
distance component - that is, how far away from 
commercial antigravity we are. When I use the word 
distance, I mean specifically what tasks must be 
completed in order for antigravity to go from being a 
proof-of-concept approach to a new form of propulsion- 
system to being a completed vehicle ready for 
manufacture, 


Ihave attempted not to address the legal implications 
of antigravity technology with regard to certification 
for general or specific use ~ my thought on this is that 
the discussion of legal ramifications of antigravity is 
best left for another time. This is due primarily to the 
size and scope of that discussion, which is beyond what 
1am attempting to analyze in this article. 


So, in finale, how far away from commercial antigravity 
‘we are depends not so much on time as on the rate at, 
‘which we can perform the work required to provide the 
underpinnings on top of which the technology can be 
built. This seems important to me, as it underscores 
how close we appear to be to a working method of 
antigravity propulsion, and how we might consider 
focusing resources and goals to achieve the realization 
of this common dream that we share. 


EDITORIAL: PERPETUAL MOBILE OF 1902 


There is one more interesting example of perpetual 
mobile, which was described in the collected articles 
[1]. The motor shown in Fig.1 was invented in 1902 
‘The vessels b, c, d and e are mounted on a shaft a, and 
have one side f tangential to the shaft, and the other 
side radial. Compressed air is forced into each vessel 
through the valves p. It is stated that under “the action 
ofthe internal pressure of the vessels, and after a slight 
impulse has been given to same, in the direction of the 
arrow, the whole apparatus will begin to move and 
continue to do so without ever stopping, the velocity 
corresponding to the pressure established within the 
vessels” 


Really simple... Let's try to examine it, 


Reference 
R.A Ford, The Perpetual Motion Mystery. A Continuing Quest, 1987 
Lindsay Publications, Inc, Bradley, IL 60915, 


Fig.l 
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Editorial: Yu.N. Ivanov discovered a new unusual 
physical phenomenon that is a gravidynamic paradox. 
‘The sense of the paradox is the existence of the situation, 
which is not forbidden by physical laws and which 
allows any man (even a child) easily hold suspended or 
carry things with 100kg or more weight by means of 
some simple device. This phenomenon is just a part of 
the significant applied topic and a demonstration of the 
possibility to cancel weight characteristics of any 
material object. Per se it is a work on the obtaining of 
the methods to eliminate aircrafts weight. 


We can use only resistant things as a support! 


Galilee-Newton's Laws are in the basis of classical 
mechanics. Thought concerned fundamental, these 
laws do not explain the main thing, ie. the internal 
processual essence of the phenomena, described by 
them. There is another scientific line - the quantum 
mechanics, which tries to discover the essence of deep 
processes. There is no connection between these lines, 
therefore they as if exist independently. There are also 
long-time conversations about necessity to combine the 
quantum and the classical approaches. We suppose, 
that practically the combining has already happened, 
since thanks to rhythmodynamics, there appeared 
phase, frequency and velocity of light in formulae of 
classical mechanics (without these attributes the 
quantum mechanics is impossible). It was revealed, that 
phase-frequency method of late mechanics formulae 
presentation gives a real physical sense both to 
formulae themselves, and to concepts which seemed 
vague before (namely: cause of motion, force, velocity, 
inertiality, gravitation). In this sense, the upcoming 
thythmodynamics fills up the gap between the main 
physical lines and draws them together. But let's 
change the vector, since the subject of the given article 
is to concern cases in which the third Newton law is, 
not directly valid. 


Newton formulated the third law in the following way: 


“Action always has equal and opposite interaction, in 
other words, actions of two bodies on each other are 
‘equal and directed in opposite sides”. 


‘This law represents the fact that one-way action of one 
body to another cannot exist in nature, but there is only 
an interaction between them, ie. there is no action 
without reaction [1] 


‘We must note, that the third Newton law is valid only 
for systems with 100% feedback, appeared in the 
interaction period. For example, during the magnet 
influence on the iron object it is revealed, that this object 
also starts to influence upon the magnet, ie. to attract 
it with the same force. It happens because in the period 
of action of magnetic field the iron object itself becomes 
the source of magnetic field (Fig.1). Here the magnetic 
field, as an especial environmental condition, acts as a 
mediator, ie. exists by itself in the interval between 
object and magnet 


Fig. t 


Interaction of magnet and metal body M. Here the action is equal 
to reaction, ie, the third Newton lav is valid 


It is considered to be that magnetic field, created by 
electric current, spreads with the velocity of light. If 
current impulse is short, then the magnetic field spreads 
independently from the conductor and no matter ifthere 
is current in the conductor at present, or not. If the 
distance up to the object is big, then the magnetic field 
remains between source and object for some time, and. 
has no influence upon the object. In this sense the 
portion of magnetic field, placed on the path between 
source and body, can be considered as moving 
independent “entity”, i.e. the space by means of itself 
carries its changed state (magnetic properties) from one 
place to another. In this period magnetic properties in 
the form of quantum can influence neither on the source, 
from which the magnetic quantum is already detached, 
nor on the object, which the magnetic quantum still 
does not reach. 


But having reached the object, magnetic field changes 
the state of this object. If as the result of influence the 
object becomes a source of magnetic field, then the part, 
of the field is reradiated in the direction of source, ie. 
the object itself becomes the source for some time, and. 
by this itis able to influence on the first primary source, 
In this situation the principle of action and reaction 
works, because the feedback takes place. 


If the feedback does not appear during the period of 
influence of one body to another, then the action and 
reaction law is not valid in the system. Let's 
demonstrate it by the example of the mechanical 
experiments, in which there is a feedback between 
objects. 
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Let there is a device (Fig. 2), which throws off two water 
(air) streams in the opposite directions in such a way, 
‘that reactive forces completely compensate each other, 
‘At that the thrown down stream compensates the 
gravity too. In this case the device will fly without 
falling, ie. it will have zero weight. 


P,=10okg 


weight of the ball 
is 10kg 


water 


Pn = 0kg 
weight of the node 
is zero 


Fig.2 


‘The ball, suspended in the water stream, does not put pressure 
fon the source. It happens because there is no feedback 
‘between the ball and the source. If you have such a device, 
then, lifting the all by means oft, you will not fee! the weight 
(ofthe ball. The reason: the ball hangs due to the kinetic energy, 
which the stream passes to it and and this ball can not 
Influence on the source through the water stream. 


‘The appearance of the ball with the weight P, does not 
influence on the weight P, of the device. And even in the case 
‘fw press the ball down, Le. essentially displace its location 
fm the stream, the device will feel nothing. 


‘The absence of device weight is evident for us; therefore 
we can easily move the device if its original (vertical) 
orientation remains unchanged. 


Let's change the situation and place the ball (body with, 
the shape, which is steady for hanging) in the upper 
stream. This ball with the weight about 10kg is placed 
in away to be kept by this stream at some distance, for 
example at 0.5m, Will the device react on the changed 
situation, ie. on the ball appearance? Will the weight 
of the ball, hanging in the stream, be added to zero 
weight of the device (0 + 10 kg)? 


‘The calculation shows that it will not: P=0+10= 0 [kal. 
There is only an illusion that the ball is supported by 
the stream and that it is apart of the system. As amatter 
of fact, the ball is detached from the system and hangs 
due to the water kinetic energy. It is easy to check it by 
making an experiment in a bathroom: “Remove the 
douche sprayer, then direct the stream up and holding 
it by the one hand with the aim of weighting, try to 
influence on the source by the other hand through the 
stream. You will be surprised to feel that the hand, which 
is supported by the stream or any object, which is 
hanged in the stream, does not influence on the source” 


At first sight the situation seems to be a paradox, 
however it very illustrates the possibility of the force 


action without reaction. So, the action can be one-way, 
ie. calling no reply reaction in the form of pressure on 
the action source. 


In such an unusual way it is possible to keep the ball of, 
bigger weight (100 kg and more), at that to move it, 
easily by means of the device and at the same time not 
to feel the presence of additional weight in the stream. 
It is possible only in the case when there is no 
feedback between body and source, i.e. the body, 
hanged in the stream, has no ability to act on the force 
source. Thus, we can both hold and move the heavy 
ball without additional efforts, and also lift it up to any 
height (for example, 100 m). As a matter of fact, we 
deal with the new gravidynamic paradox. 


It is interesting then, how to solve the task of the 
following type: “Let the body with 100 kg weight is 
hanged in the water (air) stream in such a way, that it 
does not change the velocity and direction of liquid 
outflow from the source nozzle, How much energy the 
operator must spend to lift this body to the height about 
10 m?" (Here it means that the operator must take the 
device, which supports the ball, and, moving upstairs, 
lift the body, which hangs in the stream, by means of, 
this device to the height about 10 m). Ifto solve this, 
problem correctly (the condition is that the operator lifts 
himself together with the device and the ball), we will, 
find out, that operator's energy is spent only for lifting 
of the device, which creates water streams. The 
operator, lifting together with the device, will not even 
notice that in the stream there is a body with about 
100 kg weight (this is the sense of the paradox). 


‘The situation only seems to be absurd, and even 
paradoxical for theorists, but it is not a hopeless one. 


We can also observe the effect of action without reaction 
in ultrasonic field of the source. Ifthe source is fixed on 
scales (Fig.3) and body is hanged, as it was made in 
the stream, the scales will show only the precise weight 
of the source and will not react on the weight of the 
hanged body, no matter how heavy it is. 


Fig. 


The ball, made of the special absorbent 
material, hanged in the powerful 
ultrasonic field, does not put pressureon 
the scales. It happens because of the 
fabsence of feedback between the ball, 
which has changed its state, and the 
radiation source. If you have such 
ultrasonic device in your hands, then 
Lifting the ball by means of this device 
‘you will not feel the ball weight. 


‘Ultrasonic generator 


Special absorhent (silencer) 
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‘The experiment of such type was made in one of the 
secret institutes. Water was used as an acoustic 
environment. The heavy ball easily floated up from the 
vessel bottom ic. it behaved as if it had no weight. 


‘The similar phenomena but such of the other 
organizational level, sometimes become apparent in 
nature. The phenomenon has its very name because 
the event happens unexpectedly and is not analyzable 
through laboratory research [3]. 


“A spherical ball lightning about the size of a football 
ball flew over a village Galtsovka of Altaisky Krai at a 
height of twenty to thirty meters. The first shed in its 
way, with ferroconcrete poles, was crushed and 
collapsed. Flying over a slated house, the ball lightning 
tore away the roofing slate together with nails, raised 
it into air and pulled it along, scattering its parts all 
over the village. Flying over a tractor station, the ball 
lightning crushed a frame, welded of metal angles and 
covered with tarpaulin. On the approaching of the ball 
lightning to another frame, it was at first dragged along 
the ground, and after the ball lightning had passed it, 
the frame was lifted and carried at a distance of 
300 meters. The weight of the frame was no less than 
100 kg”. 


Further the author analyzes the situation from point of 
view of the known physical laws: “The frame of 
hundreds kilograms weight was carried by fields of the 
flying ball lightning. However, for some reason the ball 
lightning kept on flying straight and did not note that 
some metal frame was caught to it. Ifthe ball lightning, 
as it is usually considered, has a density of air and it is 
a weightless formation, then why the frame with the 
weight not less than 100 kg could not change its flight 
trajectory even in some extent?” 


It draws attention that in some cases the ball lightning 
field pushed objects away, and in other cases it 
attracted them. It can be explained only by fact that in 
each case the ball lightning field specifically influenced 
on internal properties of objects, and then objects 
themselves somehow reacted on their new state (they 
changed their motion) . The feedback absence (in other 
‘way it happens between magnet and iron object) allows 
the ball lightning not react upon the things, which take 
place in its field. If these objects themselves became 
sources of similar field, ie. reradiated it, they would 
influence on the ball lightning trajectory. Most likely, 
in the given case, there was realized the situation 
when action caused no reaction. 


Conclusions 


In the context of known physical laws the particular 
problem of direct action without feedback was 
formulated and solved. The solution of this problem 
provides deep understanding of how to control weight 
characteristics of material objects in open systems. As 
it was shown by the example with water (which is only 
an illustration of more fundamental processes) we can 


“deceive” the nature, but only through the deep 
understanding of the processual character of the 
concerned events. 


By the example of ultrasound we show, that in principle 
there can exist such field flows, which are able to 
influence on bodies without the feedback effect. There 
were defined some conditions and criteria of bodies and 
methods of influence, at which the third Newton law is, 
not directly valid (it is not published in this article), 


The described type of influence can be called as, 
pressure. But during consideration of processes at 
atomic or deeper level, i.e. from the position of 
thythmodynamics, we find out something of another 
kind, that is phase-frequency one. It prompts tous, what 
kind of technologies will exist and how our aircrafts 
will look in nearest future, But not everyone is able to 
understand it at once. 
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In the gravitation field we have a balanced open system, 
in which appearance of the new body at first sight must 
cause this system reaction such as weight increase. 
However, this is not the case. 


‘The given problem is solved in two independent steps: 


1) examination of interaction between water source and 
water (reactive effect, which is compensated by counter 
flow); 


2) examination of interaction between water, detached 
from the source, and the body (unit time impulse per 
unit area). 


Itis impossible to examine the interaction between the 
source and the body because water has no rigidity. 
‘There are no means to influence on the source through 
the intermediate stream, therefore the principle of action 
and reaction is valid for each step individually, but not 
for both! But in this case the third Newton law must be 
developed as following: "If there is a 100% feedback 
between two bodies, their interactions are equal and 
inversely directed. And if there is no feedback, the action 
ofone body to another causes noreaction, ie. the action 
is not equal to reaction”. And this is already another 
law! 
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The earlier published article [1] was devoted to the 
explanation of the excess energy output at the rotation 
of flow medium in vortex tube (VT). The researches on 
VT demonstrated by the real examples that the excess 
energy output is a real fact, which is determined by 
natural physical processes. These processes take place 
in the fluid at its vortex (rotational) motion in the closed 
volume by means of phase transformations (skips) of 
the fluid state. However, the practice shows that for 
obtaining of patents and benefits for the real vortex 
devices, which are made for heat generation, it is 
necessary to write a little about their real technical 
characteristics, though technical and constructive 
possibilities of vortex devices can be much better. 
‘Temperature of water of these devices could not be 
higher than 120°C, and value of fluid pressure is 
confined within 5...6 kg/cm’. Circulation pumps of 
pressure over 6 kg/cm’ are used to increase thermal 
power output of vortex heat generators (VHG). It causes 
‘the discredit of VHG since at such a method their 
generative possibilities reduces to 100% value and less! 
We set a problem to discover the ways and engineering 
solutions for the essential increase of the coefficient of 
VHG energy conversion to not less than 200% value. 


Our experience in development and exploitation of 
deep-sea physical devices has given some engineering 
solutions in this way. Actually, we have the opportunity 
to use the generally applicable circulation pumps, 
which have pressure not more than 4.0 kg/sm*. At the 
same time we can raise the temperature of the heat 
carrier to 300°C and higher! and the pressure can be 
increased to 1000kg/sm*! Such fluid parameters allow 
‘touse this fluid as a heat carrier in powerful hot-water 
generators of steam engines, turbines etc. By the way, 
‘this method allows to make the value of temperature 
of water enough to supply its PYROLESIS! The main 
point of the method is the following: all the closed 
system of water-filled VHG works at pressure with the 
value under 1000kg/sm’. It is provided by means of the 
special device, the so-called automatic 
pneumohydraulic block (APHB). This lets to raise the 


temperature of working fluid to 1000°C with no change 
in its aggregative state. The practical functional scheme 
of such a device is shown in Fig. 1. 


Fig. 


1 vortex tube; 2 ~ entry vortex chamber; 3 by-pass: 
4 upstream end; §~ circulation pump: 6 ~ heat-exchangers 
‘7 APHE, 8 volume of fsid leakage compensation 
9 compressed-air flask; 10 - gas pressure regulator 


‘The device works in the following way. The whole 
device is filled with working fluid without entrapped 
gas. At the operation of the circulation pump (6), fluid 
‘through the upstream end (4), placing in the entry vortex 
chamber (2), swirls, accelerates and gets into the vortex 
‘tube (1), where its "energy saturation” is realized. Then 
heated fluid gets into the heat-exchanger (6) for 
heating or for other purposes. After passing through 
the heat-exchangers, fluid gets into the 
pneumohydraulic device (7), where there is kept up the 
proper level of fluid pressure in the whole system. To 
prevent the system breakdown at the accidental fluid 
leakage, there is a device (8), which compensates such 
leakages. Compressed-air flask (9), with the volume 
under 1000kg/cm*, and gas pressure regulator (10) keep 
up the selected level of the pressure in the system. The 
use of blocks (7,8,9,10) excludes evaporation in the 
system and prevents the breakdown of the circulation 
pump (5). 


‘This VHG scheme allows to double the effectiveness of 
YUSMAR devices [2] only at the expense of rise in 
‘working fluid temperature in 2...3 times. 


Observation of any fluid swirls and film documents of 
windspouts arrive to conclusion that all vortex 
structures are rotation bodies, created by the lines of 
the second order: Y=aX’. In other words, as a result of 
the rotation in the switl, air or fluid mass gets the 
acceleration of the second order. Taking into account 
the aforesaid, it is evident that in order to form the 
classical swirl in the VT, the very VT should he a tubular 
body of rotation. This body is created by the curve (see 
below Fig.2), 


In YUSMAR and similar devices the vortex fluid motion 
take place in straight cylinder and 1/3 of this area is, 
used for fluid deceleration that causes vortex flew 
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disruption. This results in the impossibility to increase 
additional heat in the straight tube in more than 1.54 
times. It is caused by the fact that the main vortex 
formation takes place only in the vortex chamber and 
the flows separation does in the tube itself Then, this 
vortex formation is right away disrupted by different 
plate brakes! It suggests itself that output part of VT 
should be made in the spiral form, expanding at the 
flow passage. 

Y 


Fig. 2 
Goneratrx ofthe wall of vortex tube 


Fg. 3 
Upper part of the tube 


Such section, made on the outlet of the vortex tube, 
helps to slow down the flow avoiding its disruption, 
since axial-cold flow, placed along the tube axis, should 
stay intact. Two of such engineering solutions allow 
raising the level of the additional VHG energy up to 
180....200%. 


YSMAR devices are designed for one tube with the 
assigned heat output. However, if to take into 
consideration and to use the aforesaid conclusions, then 
‘we can raise energy conversion coefficient (ECC) above 
200% at the series connection of two and more VT. The 
scheme of such a device is shown in Fig. 4. 


Fg. 4 


Where: 1 ~ the first VT; 2~ the second VT; 3— circulation. 
pump; 4 ~ heat exchanger 


According to Fig.4, the total energy output of the 
presented device is: 


rot 


Where: Q is the total output of the device; K is energy 
conversion coefficient of one VT; 2 - quantity of serially 
connected VT; P- the assigned power ofthe circulation 
pump, 


In our earlier article [1], concerning VT application, we 
supposed that there is a straight transformation of 
vortex motion of ionized fluid into electric current. Under 
studying of many articles, devoted to the methods of 
water ionization, we discovered a significant one. It 
demonstrates that at the determined temperature, pure 
water increases its ionization capacity up to 3 orders 
without changing in the aggregative state [3]. The 
diagram in Fig.5 shows such dependence. 


FgS 
Diagram of the dependence of pure water ionization from 
‘temperature 


The diagram demonstrates that water at 300°C 
temperature increase the quantity of ions in 4000 times 
‘as compared to 0°C and in 40 times as compared to 20°C, 
If to take into consideration that first experiments on 
VHG modernization help us to find the ways of fluid 
heating up to the practically any temperature without 
changing of its phase state, then on using the 
dependences (see Fig.5) it seems possible to create 
vortex fluid electric generators of the forward 
transformation. The aforesaid pneumohydraulic block, 
which is used for VHG functioning, allows to keep up 
water temperature at 300°C and pressure at about 
90kg/em? without threat of water evaporation! Presence 
of any rotation of fluid medium always causes 
appearance of two vortex flows. These flows always 
move and rotate in opposite directions and if we do 
not put obstacles for their motion then they transform 
into each other and can exist without energy supply 
for an indefinite period of time. 


The presented VT form (see Fig.6) provides the 
producing of two fluid flows in the tube. These flows 
do not influence to each other and there is only their 
reciprocal overflow without disruption of the flows in 
the central part of VT: The tube presents a tubular body 
of rotation, which is created by hyperbola. There is, 
positive angular acceleration of fluid in the lower part, 
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ofthe tube; maximum speed of rotation of the axial and. 
peripheral flows is in the middle part and negative 
angular acceleration, ie. deceleration and transfer of 
kinetic energy into heat energy, is in the upper part of, 
VI. 


Figs 


‘The maximum heating of fluid and its polarization is in 
‘the point Y=0. The polarization potential in the point 
can reach 10.000 V at 5m/sec flow speed for 10 cm 
diameter in the point. The cold flow, which comes along 
VT axis, is opposite to the peripheral hot flow. These 
flows close into one system in lower and upper 
chambers of VT. Thus, the presented VT classically 
modeled “rolling” and “unrolling” of water area. 


‘There are no single vortexes in nature. Two vortexes, 
rotating in opposite directions, always appear while 
fluid mediums rotation! Science is not still able to 
describe energy overflows from one vortex center tothe 
center of another one by means of mathematics. 
However we believe that this moment is close. There 
are maximum energy transformations of rotating water 
in the point Y=0. 


‘The potential of the inner flow is equal to the outer flow 
by its value but is opposite by its sign. Potential 
difference is maximum in the point Y=0, in which 
removal of electric charges is the most effective. 


It is appropriate mention here the name of Romanian 
engineer and researcher Henry Koanda, who in 20° of 
the last century discovered the so-called “Koanda 
effect" (attachment of fluid jet to the surface of usual 
kettle at pouring ofit out the cups). Basing on this effect 
he suggested to make new type of aircrafts, which could 
have advanced bearing capacity and maneuverability. 
Unfortunately, money and conservatism of aircraft- 
industrialists did not allow realization of these 
engineering solutions. 


‘At the same time, Koanda charged his disciple Patrick 
Flanagan with the job to research all water properties. 
‘The result was amazing! It was turned out that water 
actually has infinitely many phase states and when it 
is moving, then it can trap energy fromthe environment 
by some way. The publications on the point appeared 
in our press in the early eighties, late nineties of the 
last century. Most likely, they had become the basis of 
the invention, made by Potapov, ie. vortex tubes for 
water! 


distectate 


— 
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Fg? 
Scheme of vortex electric generator 


In the presented scheme of electric generator the entry 
and outlet vortex chambers are made of dielectric 
material in the spiral form. This material certainly 
should withstand not less then 300°C of fluid 
temperature and about 100kg/sm? of pressure. 
Fluoroplastic or ceramic can be used as such a material, 


From aforesaid it seems to be possible to submit the 
new scheme of electric generator for readers’ 
consideration (see Fig.8). 


Figs 
Generalized scheme of vortex electric generator 

1 — vortex tubes; 2 ~ circulation pump; 3 ~ heat exchanger; 4 ~ 

‘automatic pneumehydraulic block; § - compressed-alr flask 


Actually we could finish the article if it were no 
disputes about excess energy, which is released at 
vortex motion of fluid in tubes. Having used a simple 
experiment, which any inquisitive person can repeat, 
‘we found the positive solution (see the scheme of the 
experiment in Fig. 9), 

fountain 


vortex pipe 
water-filled 
vessel 
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Apipe with not less than 60cm length and about 
1-inch diameter is placed in a reservoir with not less 
than 50 cm depth. The lower part of the pipe is formed 
as an arm circular generator with about 16...17cm 
diameter. The gap width is about 2.cm. If we place the 
pipe with closed top end, which then will be open, into 
the reservoir, then water is splashed out above 20 cm 
of the reservoir level. Thus at the least 20% energy 
increase of energy mgH is observed. 


By the way, we suggest orthodoxies of physics and 
other who have doubts to make one more simple 
experiment. ry to boil water in a can. When water 
starts to boil, swirl it with a spoon to the right or to the 
left. Then you will suddenly discover that all water 
surface is calm and only in the center of the can there 
is a water-steam mixture, which is about 20% higher 
‘than the level of water surface. You will also see that 
water is absolutely calm at walls of the can. This 


experiment can be reproduced anytime and anywhere, 
even in space, since it is a demonstration of vortex 
fluid motion and its actual influence on everything, 
which is around! 


All presented engineering solutions are practically 
reproducible in any laboratory. The authors of the article 
would welcome the opportunity to co-operate with 
science and industry representatives for realization of 
the ideas in real serial production devices. 


References 


1. OX. Gritskevitch, S.A. Lisnyak, On possibilities 
of vortex energetics //New Energy 
‘Technologies. 2002, #1(4), p.2-3 


2, Patent RF #2045715, 1993 
3. Chemical and Engineering News. 2000 #1, p.26 


Investigation of Electric Energy 
Transmission Processes 
in non-Metallic Conducting 
Channels 


D.S. Strebkov, A.L. Nekrasov, S.V. Avraamenko 


‘All-Russian scientific Research Institute of Electrification 
of Agricultural Economy 
2 Vishnyakovsky passage, 1 Moscow, 109456, Russia, 
energy@viesh msk su 


DS. Strebkov 
(Editor's notes by Alexander V. Frolov) 


It has been found that at low frequency (1-25 kHz and 
higher) electric power can be transmitted with low 
losses from generator to receiver along single channel 
made of non-metallic conductive media such as water 
in plastic tube carbon thread, layer of damp soil, ITO 
films on glass substrate, laser and electronic beams. 


‘Transmitted power, as well as for traditional three phase 
lines, is limited by natural power of the transmission 
line and line capacity may reach at high voltage and 
pulse and operation modes the value 10° Wtt. 


Introduction 


‘The well-known methods of electric power transmission 
are based on transmission of active energy by means of 
conductivity currents in closed circuit. Electromagnetic 
energy spreads along power transmission lines (PTL) 
as progressing waves of electromagnetic field or field 
of charge [1]. Line wires made of aluminum or copper 
are conductive (guide) channels. Electromagnetic 
energy stream moves along these channels from 
generator to energy receiver and backwards to the 
generator. Maximum transmission possibility of 3-phase 
PTLsis limited by losses on the line resistance, by peak 
voltage (which is determined by electric strength of the 
insulation) and by electromagnetic stability of the line, 


‘The modern approach to provide the electromagnetic 
stability consists in rigid regulation of line parameters 
by means of high-speed shunt reactor and consequence 
capacitive compensation for the purpose to except 
changes of electromagnetic power flows and to 
suppress resonant properties of a line [2] 


In Tesla works [3] and in the researches of Russian 
scientists [4] a method of active power transfer was 
offered. This method supposes to transfer active power 
by means of electromagnetic capacitive current 
assisting with resonant properties of a single-wire line 
(SWL), made of a metal conductor. The purpose of the 
present workis a research of an opportunity to use non- 
metal conducting mediums for transmission of electric 
energy. 
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of charge [1]. Line wires made of aluminum or copper 
are conductive (guide) channels. Electromagnetic 
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generator. Maximum transmission possibility of 3-phase 
PTLsis limited by losses on the line resistance, by peak 
voltage (which is determined by electric strength of the 
insulation) and by electromagnetic stability of the line, 


‘The modern approach to provide the electromagnetic 
stability consists in rigid regulation of line parameters 
by means of high-speed shunt reactor and consequence 
capacitive compensation for the purpose to except 
changes of electromagnetic power flows and to 
suppress resonant properties of a line [2] 


In Tesla works [3] and in the researches of Russian 
scientists [4] a method of active power transfer was 
offered. This method supposes to transfer active power 
by means of electromagnetic capacitive current 
assisting with resonant properties of a single-wire line 
(SWL), made of a metal conductor. The purpose of the 
present workis a research of an opportunity to use non- 
metal conducting mediums for transmission of electric 
energy. 
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Methods 


For realization of the experiments a single-wire energy 
system (SWES) was used. Its electric circuit is shown, 
in Fig. 1 a,b. SWES consists of the following parts: high- 
frequency generator (1) of 28V voltage AC and 1 kWett 
power; transmitting (2) and receiving (3) Tesla 
‘transformer with conductive channel (4) between them; 
rectifier (5) and electric load (7) as an incandescent 
lamp or electric motor (220V, 1 kWtt power). High- 
voltage winding of Tesla transformer is made in the form. 
of cylindrical winding on the ferrite core with 50-100mm_ 
in diameter, 4000-6000 tums. The internal end of a high- 
voltage winding is connected to the conducting 
channel, and the external end is not connected at all 
(free end). A low-voltage winding that consists of 40- 
60 turns provides power supply of Tesla transformer. 
At the submission of electric power from the high- 
frequency generator to the winding of power supply 
zero potential appears on the free end of the high- 
voltage winding, and voltage with corresponding to the 
generator 1-25 kHz frequency is formed on the 
conducting channel. Besides, Tesla transformer as the 
spiral antenna generates electromagnetic waves of 5- 
10 cm length , which corresponds to the turn length of 
a high-voltage winding. Current resonance mode is 
formed in a supply circuit of Tesla transformer. At the 
same time, voltage resonance mode (of frequency equal 
to the generator frequency) is formed both in the 
reception and transmitting circuit of high-voltage 
windings and in the conducting channel (1). 


‘The following materials were used as the conducting 
channels: filled with water or sea water polythene tubes 
with 10 mm diameter and 1,5 m long; plastic tray with 
soil layer of 150x10x400mm; film of tin dioxide ~indium_ 
oxide (ITO) on 0,3 micrometer thick and 300 Ohm 
resistant glass substrate; graphite thread of 0,1 mm. 
diameter, 500 mm long and with 100 Ohm resistance. 
For comparison steel and copper wire of 0,1 mm. 
diameter and 5 m long was used also. 


‘The voltage on the conducting channel changed in limits 
1-10 KV, generator frequency changed from 1 up to 
25 kiiz. Voltage, current and capacity were measured 
on SWES output and on the load by standard electric 
measurement equipment, 


Results and discussion 


‘The replacement of the metal conductive channel to the 
channel made of non-metallic conductive materials does 
not effect to any reduction of possibilities of transmitting 
SWES or heating of a material of conducting channels. 
‘The consecutive connection of the channels did not 
resulted in reduction of transmitted power. Circuits 
break in the conducting water channel by the creation 
of an air gap led to the occurrence of arc discharge of 
reactive capacitor current. However this discharge did 
not cause increase of water temperature at transmitted 
power 300 Wtt and voltage 4,6 kV within 1 hour, that 
confirms the absence of energy losses in the conducting 


channel. The increase of water temperature did not 
result in decrease of transmitted power. Water PH 
reduction from neutral value up to 4 was detected. 


‘The increase of sea salt concentration in water up to 
the level of 5-7 g/l did not increase transmitted power 
in comparison with tap water. However the replacement 
of tap water to dionized water with 16 MOhm 
resistances resulted in 100 % decrease of transmitted 
power. 


‘Thus, it is experimentally shown, that conducting 
channels, produced from non-metal materials, have 
quasisuper-conductive properties in SWES at 
resonant mode. Possible explanation of this effect is 
the absence of active conduction current in the channel 
and the dominant role in the process of energy transfer 
belongs to displacement current, for which Joule Lentz 
law is not valid [11]. In the supply circuit of Tesla 
transformer current is practically reactive, and in 
resonance conditions active values of inductive and 
capacitive currents are equal. Vectors of these currents 
are opposite in their phases. Current of the high- 
frequency converter is spent for losses (component less, 
than 2 %) in supply circuit wires and in the core of Tesla 
‘transformer and also for creation of reactive current in 
the conducting channel. In the mode of voltage 
resonance we have measured voltage active values of 
high-voltage inductance windings and conducting 
channel, interturn capacitance of windings and the 
capacities of the conducting channel. We have 
discovered that they were equal and their phases 
were opposite to each other. Losses from transmission 
of capacitive current through active resistance of the 
conducting channel are insignificantly small. Corona 
discharged losses and leakage current could be 
decreased by isolation of conducting channel. In this 
case active current and magnetic field of the line are 
equal to zero. Electric field of the line has maximum 
value. As well as in usual PTLs, maximum transferred 
power is limited by charge power of the line. Angle 
between vectors of voltage is equal to zero in the 
beginning and at the end of a line. Quality factor of 
SWES at frequency § kHz is in 100 times above than 
usual PTLs at frequency 50 kHz. In the conditions of 
resonance it leads to the significant increase of voltage 
along the conducting channel and it also leads to 
transmission power. 


In usual PTLs voltage changes along the line are 
insignificant. The angle between vectors of voltage in 
the beginning and in the end of PTL constitutes the 
value, which is proportional to the wavelength of line. 


On the basis of the researches the methods and devices 
are offered for transmission of electrical energy through 
plastic water guide, electro-insulated from ground, 
‘through irrigational channels and through isolated 
pipelines, which are used for gas, oil, hot and cold water 
‘transportation. Also the energy can be transferred 
through fiber-optic cable with conducting film on the 
surface, through all-carbon composite cable and 
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through electro-insulated part of a ground and water 
surface, including highway parts. There are also 
methods and devices, designed for the following 
transmissions. These methods can be applied for 
transfer of power to stationary and mobile units. There 
are also generated requirements to electrical safety and 
to restriction of use of drinking and hot water from 
pipelines, which are under electrical voltage. These 
requirements and restrictions are generally the 
grounding of pipeline parts, which are located on certain 
distance from the generator. This distance is equal to 
‘the whole number of half-waves and for it SWES voltage 
is equal to zero. In the case of a side pipeline it is 
necessary to ground the parts of the pipeline that are 
placed on the distance of odd number of quarter- 
‘wavelength from the main pipeline. For SkHz frequency 
the quarter-wavelength is equal to 15000 m. 


N. Tesla grounded one end of high-voltage windings of 
his transformer on the receiving and on the transmitting 
end of SWES. Tesla considered this condition as the 
necessary one for the transfer of power along the Earth, 
‘The results of our researchers demonstrate that it is not 
necessary to use metal self-closed conductor (and 
current lines in the Earth) for transmission of electric 
energy on low frequency (1-25 kHz). 


For this frequency energy could be transferred from the 
generator to the receiver if we have single-wire guide 
system created as non-metal conducting channel. By 
the similar way electromagnetic energy is transferred 
by laser beam or microwave-beam. But in our case we 
can obtain high degree of efficiency that is caused by 
slight losses on energy absorption and energy 
emanation. Thus one of the ends of high-voltage 
winding at the energy generator will have zero potential 
and remain free. The symmetric end of a high-voltage 
winding on the reception end should be connected to 
some natural capacity 6 (Fig. a), which can represent 
the case of a balloon or frame of a tractor. In our 
experiments we used metallic safe-box as such natural 
capacity. 


Editor's note: In 1887, October 11, the famous Russian 
scientist Pavel Yablotchkov got the France Patent 
#120684, which described the method to increase 
efficiency of electrical circuit by means of “atmosphere 
electricity”. It was confirmed in many experiments that 
‘output power can be twice more than power provided 
for the circuit from primary electric generator. For that 
itisnecessary to use a single-plate capacitor. The special 
feature by Yablotchkov, that provides maximum 
efficiency, is the high degree of air ionization. For this 
Yablotchkov proposed to use the special capacitor, which 
consists of a big number of metallic needles. By its view 
this construction reminds of a hedgehog. Thus we can 
assumed; that above described natural capacity (balloon 
or frame of a tractor) serves as a collector of free electrons. 
By Yablotchkov the efficiency of such systems can be 
increased by means of maximization of ionization 
process. It will not lead to the increase of losses if the 
second end of the high-voltage winding is not grounded. 


In the other method of energy transfer, a condenser- 
diode block 8 was connected to the conducting channel 
on the receiver end. This block is one of the known. 
circuit of voltage doubling, Fig-1 (b). On the condenser 
B electric energy is transferred through electronic switch 
to load 7. In this case the entire length of conducting 
channel 4 and Tesla transformer winding 2 at generator 
must be equal to odd number of quarter wave-lengths, 


‘Non-metal conducting channel (for instance, fiber-optic 
or coal-plastic cable) can be used for transfer of electric 
energy not only along but also as perpendicular to the 
Earth (for example, to relay aerostat or sounding 
balloon). 


SWES conducting channel can be also created by 
ionization of air ions with laser beam [13]. Neodymium, 
laser with double frequency and with energy 1 Joule in 
impulse is abletocreate 10cm ion concentration in 
air. This concentration is sufficient for streamer initiation 
and for transfer of electric energy through the 
conducting channel. Ionization potential, time of ion 
existence and of excited molecule state, coefficient of 
multiquantum absorption, all these determine the 
limiting length of conducting channel in atmosphere 
that is equal to 300 km and its wave resistance at 200- 
400 Ohm. Voltage which is necessary for SWES comes 
to the quantity 0,5 MV ~ 15 MV, that depends on the 
length of a channel. 


We suggest to use relativistic electron bunches of high 
energy as the conducting channel out of the atmosphere. 
As distinct from laser bunches they do not have 
divergency. In this connection the Moon or artificial 
conducting body, where the energy receiver is placed, 
can be used as natural capacity 6. Whereas energy 
generator can be installed on the Earth or on its satellite. 
‘Transmission range of electric energy is determined by 
the length of the generated conducting channel. The 
entire length of the conducting channel in the beginning 
and in the end must be equal to the whole number of 
half-waves. Here the length of high-voltage windings 
of two Tesla transformers must be taken in 
considerations. Electric energy, transmitting through 
the conducting channel, can exceed the energy of 
electron and laser beams generators in 10-100 thousand 
times. These generators play the role of a directing 
system (of usual SWEG wires), along which the transfer 
of electric energy proceeds, 


It was offered to use colliding and crossing electron and 
laser beams with conducting transitional bodies as 
conducting channels for transfer of energy from the 
Space to the Earth and back. On the heights up to 
30 km compositional coaly and fiber-optic cables can 
beused. To create the global energy system of the Earth 
it was also suggested to apply single-wire energy 
system and conducting layers of the Earth ionosphere 
as the conducting spherical channel [14] 


‘Thus for electricenergy transfer at the frequency 
1.25 kHz and higher in the resonance mode a single- 
wire channel from the following non-metal conducting 
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mediums can be used: water, damp soil, coal-plastic, 
oxide film, ionized air channels, that are created by laser 
beams in the atmosphere, ionosphere conducting layers, 
and also beams of relativistic electrons out of the 
atmosphere. These non-metal conducting channels in 
the resonance mode have negligibly small resistance 
losses especially if to be compared with metal 
conductors, which are used in the known non-resonance 
methods of energy transfer by means of active 
conduction currents in the closed circuit. Electric energy 
in the resonance mode can be transferred with small 
losses from the generator to the receiver along the 
single-wire channel, made of non-metal conducting 
materials. The transfer can be realized at the frequency 
1.25 kHz and higher, to any distance and to any direction 
relatively to the Earth. The transmission capacity is 
limited by charge power of a line as well as in the usual 
PTL. At high voltage the transmission capacity can 
reach the quantity from 10 Wtt to 10°Wtt in the pulse 
and streaming modes. 


a 


») 


Fig. 
Electric circuit of single-wire energetic system 
‘with non-metal conducting channel 
1) SWES writh aymmetric array of Tesla generators 


b) SWES with diode-capacitor block in the end 
of conducting channel 
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Microcosm, Universe, Life 


Alexey G. Shlienov 
Budapechtskaya, 66-1-77,Saint Petersburg, 192286 Russia 


‘The authors of this article have prepared the 3" edition 
of the book “Microcosm, Universe, Life” and now they 
are looking for a publisher to edit Russian and English 
version. In particular, the mechanism of energy 
transformation in the Universe (Fig-1) is described in 
the book. Matter radiates energy in the form of photons 
(as well as neutrinos). In general this energy is observed 
in the form of Cosmic Microwave Background Radiation 
(CMBR). Photons and neutrinos transfer the most of 
energy to de Broglie longitudinal photons. Matter 
absorbs energy mainly in the form of longitudinal 
photons. Thus, a cycling process of energy 


Ernest L. Petrov 
Zaharova, 60-809, Saint Petersburg, 198990 Russia, 
Fox: (612) 587-9049, 


transformation (as well as matter transformation) occurs 
in the Stable Universe. 


‘The 3" edition is devoted to the description of 6 World 
Systems (Table 1), at that the 6% System is based on 
Unified Field Theory, which is developed by the authors, 
‘and proceeds from the following: 


(Editor's: The understanding of the energy 
transformation mechanism allows to develop new fuel- 
Jess energy sources based of mutual transformations: 
Jongitudinal photons <—> transverse photons). 


Table 1 


System 


Principal Ideas 


‘The 1% - Geocentric (Ptolemaic system) 


Geocentrism and Anthropocentrism 


‘The 2© ~ Classic (Copernicus ~ Newton's system) 


Description of the Universe on basis of Newton's 
Law of Gravity 


‘The 3" ~ Compromise (Tycho Brahe's system) 


‘The compromises between two first systems 


‘The 4° — Fractal (Charlie's system) 


Non-heterogeneity of Large-Scale distribution of 
matter in the Universe 


‘The 5* — Relativistic (Einsteinian system) 


Description of the Universe on basis of gravitational 
field equations. Anthrop principle 


‘The 6° — based on Unified Field Theory 


Electromagnetic nature of all physical interactions. 
Irreversibility of all elementary micro-processes in 
combination with circular character of 
transformations in Large Scale of space (c/H=R 
order) and time (t,,=1/H order) 


1. Fortheoretical results, which agree with the facts, 
it is necessary to use assigned inertial system (as, 
Lorentz did), which, as we have known, is connected 
with CMBR. Obtained by this way decisions can be 
applied to the other systems, in particular, with use of 
Lorentz transformation for mass, energy, momentum, 
time and length, 


2. ‘Theory must agree with the whole known 
collection of facts, starting with such established 


empirical generalizations as basic principles of Natural 
science (Giordano Bruno, Lyell) and conservation laws 
(Mayer, Joule, Helmholtz, Faraday, Newton, Huygens, 
Vernadsky). 


3. All physical objects could be presented as the 
systems, consisting of quanta of positive electric charge 
(protons), quanta of negative electric charge (electrons 
in fermions or boson states, which are part of neutrons 
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and atomic nuclei) and quanta of energy, impulse, 
moment of momentum (apeirons). 


4. The leading role in the Universe energetic 
belongs to de Broglie longitudinal photons (of the first 
class, i.e. with the spin 1=0), energy of which is twice 
as much as apeiron energy and is equal toh H, where h 
~is Plank’s constant, H- is Hubble's constant. 


5. Longitudinal photons, polarizable and 
depolarizable by matter particles, are the carriers of 
gravitational, magnetostatic and strong interaction, 
Electromagnetic interaction is carried by photons with 
spin I= +1 and weak interaction is carried by neutrinos 
and apeirons with spin I= +0.5. 


6 All elementary microprocesses are irreversible, 
‘that correlates with circular character of transformations 
in Large Scale of space and time. 


7. In particular, there is an irreversibility of the 
process of photons and neutrinos motion. At each 
segment, equal to the length of de Broglie wave, 
photons and neutrinos lose energy h H, which is equal 
to longitudinal photon energy. In such a way, Hubble's 
law can be presented as the following 


: exp(Ht), 


xp(Ht)-1, 


a 
A, 
where 2, 2, - are observable and laboratory wave 
lengths, r ~ is distance, R - is radius of gravitation 
interaction, which is equal to the radius of Metagalaxy, 
tis time, Z— is cosmological red shift. 


8 As resulted upon this process, the excess of 
longitudinal photons is absorbed by matter. At that, 
mass is considered as measure of capacity, which is 
absorbed by matter in form of longitudinal photons. 
Thus, energy of the matter should be increased 
according to the law: 


E()= mc? ox 


at that, 


jem c+met, 


137° 

where e'-is the capacity, which is absorbed by unit mass 
in form of longitudinal photons, ¢- is velocity of light. 
In particular, electron of the 1" Bohr orbit in hydrogen 
atom (ie. inthis case at de Broglie wave length) absorbs 
energy h H at 1 period. 


9. Being in ionization state, intergalactic matter is 
the general portion of average density of matter in the 
Universe p,,, besides, the average value of absolute 
velocity of baryon component is close to c/197. Let's 
consider this correlation to be exactly executed. 


CMBRis the most powerful cosmic radiation. Its specter 
is close to that one of black body at temperature 


1T,=2.726K, i.e. its spectral density is maximal at 
frequency v=160GHz. Cosmological red shift causes the 
increase of spectral density in radio-region (v<160GHz) 
and the decrease of it in microwave region (v>160GHz). 
Each of these processes is compensated by the inverse 
Compton effect, i.e. by the dispersion of radio-photons 
at matter corpuscle, first of all at protons. Calculations 
demonstrate, that average energy of absorbent radio- 
photons is equal to 0.45-10"erg (v=68GHz) and average 
energy of radiated microwave photons is equal to 
2.17-10*erg (v=330GHz). There is one re-radiated 
microwave photon per one absorbed radio-photon. At 
that, the concentration of photons and CMBR spectrum 
remain unchangeable. Syunyaev and Zeldovich 
concerned the close inverse Compton-effect of CMBR 
dispersion on electrons in clusters of galaxies. Actually 
such an effect was discovered in 2 clusters of galaxies. 


‘Thus, on transferring of energy to photons, matter 
corpuscles must fill the deficiency of energy by receiving 
it from longitudinal photons. In fact, there are observed 
demonstrations oflongitudinal photons, they are "static 
fields". In this case it is a cosmic magnetic field, which 
accelerates charged particles of matter (Alfven). More 
detailed consideration let us to find a virial correlation 
between 4 main components of energy density: 


Post™ 
BF 


Evins 
where r, c* is an energy equivalent of mass density of 
matter; £,- is energy density of CMBR; E,, - is average 
energy density of magnetic field; £,,, - is average 
density of kinetic energy. Thus, some kinds of energy 
circularly transfer to another, which are interrelated 
(Fig. 1), 
Ea PaV_ 
1.26 
Eo = EDP aY 
0.26 
where €,, - is average capacity, radiated by unit mass, 
in form of photons; V ~ is volume of 10° cm® order, 
according to which the averaging is made. 
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Fig 
Energy transformation in Large Scale «, =0.0942 erg gr'sec* 


average energy, which matter unit radiates in unit time; 
0.07476 erg gr'sec” — is energy, which matter unit absorbs in 
form of de Broglie longitudinal photons in unit time: 
19,-0.8720-10 gr om” ~ ia average matter density in the 
Universe; £,=4.18-10"* arg cm? —is energy density of cosmic 
microwave background radiation (MBR); V-10"cm” is volume 
‘at which the averaging is made; H=1.562-10" Hertz 
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10. ‘These correlations include pressures, densities 
and temperature T,, ie. we have the equation of the 
state of intergalactic matter, and thus of Metagalaxy 
and the Universe. Let us present this equation in simple 
form: 


EDaR Ean PoR 
c c 


and let us compare it with correlation for density of 
radiant energy on surface of a star * or of star system 


It is an especially amazing analogy between 
Metagalaxy (and the Universe) and large-scale cosmic 
system g, for which 


‘This equation agrees with the whole observed data of 
globular clusters, galaxies, groups and clusters of 
galaxies, in particular, with empirical correlations, 
which are magnitude - angular diameter. 


11. The stated approach lets to determine the values 
ofmany fundamental constants by different ways. As a 
case in point, the results of definite values e, and , erg 
g°'c* are presented in the Table 2. 


‘Table 2 

# Data € € 

1. | The boarder between two parts of the Main of 0.1 order of 0.1 order 
Sequence of stars 

2. | The results of recalculation of observed star of 0.1 order of 0.1 order 
characteristics as respects to their centers 

3. | The local minimum of star luminosity function of 0.1 order of 0.1 order 
near the Sun (according to G.A. Starikova's data) 

4. | The correlation: mass - luminosity of white of 0.1 order of 0.1 order 
dwarf stars 

5. | ‘The correlation: mass - luminosity of neutron stars, of 0.1 order of 0.1 order 

6. | The correlation: mass - luminosity of globular clusters less than 0.5 less than 0.6 

7,_| The correlation: mass - lumonosity of elliptic galaxies more than 0.06 Tore than 0.06 

8. | The correlation: mass - luminosity of spiral galaxies less than 0.5 less than 0.5 
and irregular galaxies Ir I 

9. | The correlation: mass - luminosity of galaxies as, of 0.1 order of 0.1 order 
awhole 

10. The correlation: mass ~ luminosity of clusters of of 0.1 order of 0.1 order 
galaxies 

11, | Empiric values of H, p,, E, constants of 0.1 order of 0.1 order 

12. | The most exact values of h, e, G, E, constants 0.0942 0.07476 


12. Uncontradictory description of Microcosm and 
‘the Universe promotes the better understanding of Life, 
which is inseparably unified with them. The statistical 
data manipulation of more than 100 catalogues of 
microphysics and cosmic objects let us to get more than 
1000 empirical correlations and diagrams, and to 
determine, that they agree with theoretical correlations, 
which were received according to the ideas on circular 
character of energy transformations (Fig. 1) and of 
matter in the Universe, 


‘The Russian edition of the book is mailed out: the 1" 
edition (1995) at the cost of $3; the 2" edition (1998) at 
the cost of $6. 


The authors are thankful for valuable 
discussions to Yaroslav G. Klyushin 
and to Alexander V. Frolov. 
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HYPOTHESIS OF A 
THEORY OF 
EVERYTHING 


Jack P. Gibson 
www crikcrtter@infoave:net 


This work grew out of an interest in curious occurrences, 
physical, mathematical and metaphysical. Many things 
just do not fit normal knowledge or are of unknown 
origin. Items such as gravity, time, mathematical 
equations of higher order, ghosts, e.s.p., etc. After a 
number of years, the problem began to appear to be 
not of this physical dimension but of a grander scale. A 
multi-dimensional space-time format seems to offer 
solutions to understanding most of the problems. In the 
following hypothesis all known physics and 
mathematics are considered to be valid. Metaphysical 
aspects, while not accounted for by physics and 
mathematics, are considered to be present in nature, 
either real or as a defect in physical processes, simply 
because they are experienced by so many people. The 
hypothesis will be kept simple because the details 
require the work of many specialists beyond my abilities 
and there is an endless list of speculative problems to 
which the hypothesis could be applied. To save time 
and distractions to the reader the following is stated as 
fact, knowing full well it may not be so, in order to 
present the most concise statement of the hypothesis. 


‘The Universe, from the smallest to largest unit, is a 
quantum probability based fractal illusion. All matter 
exists in three-dimensional space, both internal and 
external. Any grouping can be considered a fractal 
space. It is both real and imaginary at the same time 
acting according to Eulers equation: 


(e* (Pi) + 


0 
more useful in this instance is the general form: 
e* ix = -1=cos x + isinx = -tan 45 deg 


which allows use of a variable where Pi, a constant, is 
used in the original. The key to understanding of multi- 
dimensional space time is the realization that Pi is a 
variable! As we know Piis the lock on three-dimensional 
space. Because of its mathematical nature it can neither 
grow nor diminish, thereby locking in the three 
dimensional form of the fractal unit under consideration. 
Such a fractal unit is considered to be at rest. But 
Einstein's equation E=mc* includes speed or 
movement. When objects are moving relative to a fixed 
point, the moving object is foreshortened in the direction 
of movement. A circle becomes an ellipse and Pi 
becomes indeterminate letting the circumference 
fluctuate, according to its relative speed, between two 
and Pi in a circle of unit diameter. If one goes beyond 
the value Pi the Universe grows out of bounds without 


limit becoming unstable. If the value goes below two 
‘then the Universe blinks out. Le., one has exceeded the 
value of the constant c. Since all matter moves relative 
to a fixed fractal point and there are infinitely many 
points in the Universe of constantly changing velocities, 
the Universe is constantly adjusting its reality to the 
relative speeds of its components. Thus you get at times 
some weird things. Since not only time changes but 
the structure and observable mass also, one finds such 
things a matter appearing and disappearing as the 
small units of chaos move through the Universe. 
Changes in the local probability structure cause matter 
or reality to change in the image structure of the 
Universe. 


‘To delve further into the aspects of what is happening, 
let us consider the following. Einstein's familiar formula 
gives the relationships for our three-dimensional fractal 
space. The inverse of the formula gives the speed with 
which any fractal space can change, including the 
Universe. There is both a positive and negative 
component to the change. If we consider our fractal 
space to be positive then we may consider any other 
point to be negative. There are an infinite number of 
such points and while the effect on our space may be 
small from any one point; the effect adds up. Any moving 
or changing of mass must effect the entire Universe. 
Mass and inertia are tied together in such a system. 
Measured mass is the attempt of the mass to return to 
zero relative speed in its associated fractal space 
according to the laws of physics, ic. return to its lowest 
energy state. Inertia is the same effect of the changing 
state of the mass from one-dimensional state to another. 
Both are the result of efforts to change the dimensional 
state of mass. The positive aspect of the square root of, 
the ratio of energy/mass is the view we behold from 
our position in space while the negative is the view 
from the opposite position. 


In addition to the view of the Universe as being made 
up as fractal space, all moving at different relative 
speeds to any other fractal space, one must consider 
the make up of space having at the same time 
dimensional space, according to Euler's formula given 
above. There are at any moment an infinite number of, 
spatial dimensions, defined by the relative speed of the 
fractal units involved, extending throughout the 
Universe. Each fractal unit is constantly changing its 
position in dimensional space. There are thus constantly 
changing energy states throughout the Universe both 
in relative position in real space and in dimensional 
space. While on one hand the distances across the 
Universe are immense in relative space, many points 
across the Universe are present in the same dimension 
at the same moment, possibly allowing for instance 
travel across space without the time penalty. This 
results in what might be considered a tuned circuit for 
‘the Universe or its components 


If we consider the structure of the relative Universe to 
be stored energy analogous to magnetic fields and the 
dimensional fields to be capacitive, then we can plot 
the results on a conventional two-dimensional chart 
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where x is the horizontal axis and the vertical is the 
imaginary axis. A well-known construction in electrical 
physics and which is known to very often follow 
relativity closely. That throws the negative side ofiinto 
the second quadrant and the positive into the fourth 
quadrant, if we consider the Universe to be reflective 
and xto be negative when iis positive. Euler's equation 
does not reflect a totally positive or negative result. One 
‘wonders at this point as to other equations where unity 
is set to one or higher dimensional equations where the 
three dimensional components are factored out leaving 
another component. The fourth is considered tobe time 
but how do the remaining fit into a Universe as this, 
hypothesis describes? The line of thought can be 
followed further into electrical analogy, which I leave 
to the reader. The important result is that there should 
bea resultant O, figure of merit, of the Universe resulting 
in nodes, or peaks, of probability. The resultant tuned 
frequencies of the Universe can be calculated from 
known factors of the Universe. Such an effect should 
show nodes of reality where matter occurs. 


Properly applied the above hypothesis gives speculative 
answers to most of the problems facing science today. 
Questions such as: 


Is the Universe open or closed? 


Both. At each fractal component of the Universe there 
is a separate universe each reaching limits beyond 
which it cannot exist. At the same time there is 
somewhere a top Universe that must ever remain open, 


What is the structure of time? 


‘Time results from the ever changing fractal Universe 
and goes forward because all justification of the 
Universe causes a corresponding change in reality. Time 
moves slower at higher relative speeds and as all time 
is perceived to be slower in other fractal units, changes 
in our time are perceived to always go forward, 


What are such phenomena as ghosts, spirits, 
apparitions, etc? 


Events such as these are fragments of probability left, 
behind due to sudden changes in the probability of the 
illusion we perceive to be reality. Having little energy 
they are perceived but are not able to interact with the 
more forceful real reality. They float free in probability 
space interacting at random intervals with the more 
forceful realities of the real world. 


Where is the missing matter of the Universe? 


‘There may be clouds of matter floating about in deep 
space, however, most of the approximately 90% of 
matter missing will be found in the layers of dimensions 
making up space and which, though interacting, do not 
appear in our reality. Calculations show only about ten 
dimensions are active in any one reality. The rest curl 
up in a ball or knot. While an essential part of space or 
reality they are not perceivable from the fractal Universe 
of which they are a part. 


Parapsychology? 


Events of this type can be attributed to interconnections 
on the dimensional, or imaginary, level where there can 
be interactions between fractal units though not directly 
associated with each other in relative space. The 
manifestation varies or is temporary due to the 
constantly changing and adjusting due to interactions 
of the probabilities of the Universe. Due to the innate 
probabilities of each individual, one may be more 
susceptible or sensitive than other individuals. 


Bible, prophesies, angels, demons, aliens, etc. 


If one takes the Bible at face value, with some leeway 
for it’s age and many translations, it pretty well 
describes what it purports to describe. Historic 
predictions and conditions of today. If we assume this, 
hypothesis has any value then the passage in which 
God says “Let us make man in our image.” takes on 
new meaning. If we assume the probability basis of the 
Universe and the constant changing due to justification 
ofreality and time then the miracles listed do not seem 
s0 in violation of the physical world. The miracles only 
require some ability to control reality. Certainly well 
within the providence of a creator. It speaks ofheavenly 
beings capable of traveling through the Universe in real, 
time and some who interfered with mankind on the 
Earth and that they are still doing so today. If this, 
hypothesis is correct then it is readily seen how such 
events could occur, Creation events closely compare 
with the way todays computers are made and 
organized. If man can do it, why could not the original 
creator? Ifone ignores a creator, then one is hard pressed. 
for an answer as to how the Universe was created. 


UFOs 


Ifone accepts any part of the above then the functioning 
of UFOs begins to be understandable. They move 
through space by making spatial jumps through fractal 
nodes. Their appearing around magnetic and electrical, 
sources maybe due to some, on our part unrealized, easy 
entry and exit to other space at those points. They are 
able to make right angle turns at high speeds because 
the speed is only from our viewpoint. From the viewpoint 
of the craft it is simply changing locations in space. 
‘The turning on edge may be only a different orientation 
of space at that point. 


Particles “Out of the Vacuum” 


As we shoot atomic matter at higher and higher speeds 
into nuclei we are able to fracture the construction of 
the building blocks of matter. The high speed fractal 
construction of probabilities of the unit used smashes 
into the target with enough speed to mix the 
probabilities resulting in new nodes from the total 
probabilities present. Various probabilities are ejected 
resulting in short lived particles in unstable nodes. At 
times fragments of probabilities appear out of nowhere 
as they form up to combine into larger nodes. Travel 
distance and speed observed may give a clue to the 
basic frequency of the Universe. 
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Black Holes 


The midpoint of the tuned circuit of the relative 
structure and dimensional structure of the Universe. 
As matter spirals in, from the relative structure, to be 
tom apart into its basic probabilities it passes through 
tothe dimensional structure of space which holds 90% 
of the matter. There it is available for recollection and 
use by the relative space. 


Probability. Basic structure of the energy of space. 


Everything operates at random but within preferred 
patterns set by the frequencies involved. If you look long 
enough anything can be found. As a result we find odd 
bones of prehistoric creatures that may have never 
existed. Weird things can happen. Odd pieces of 
structure can occur such as metaphysical events. The 
Qofspace is sometimes sharp and sometimes rounded, 
spreading out to include things not really meant to be 
in the overall scheme of the Universe. Christ said “If 
you had the faith of a mustard seed, you could say to 
‘the mountain move and the mountain would move". (For 
‘those not of the Christian faith, this may be considered 
not as any proof but as a representative statement of 
‘the meaning of this paragraph.) That is in keeping with 
‘the quantum statements that nothing exists until it is 
seen and that we have some control over the 
probabilities. If the structure of space is based on 
probability then the next important question is ‘What 
is a probability’. We look to probability as a simple 
mathematical work. But, what makes probability work? 


JACK P. GIBSON 


About the Author: 


EDUCATION: University of North Carolina at Raleigh 
(Nuclear & Electrical Engineering), Air University, Gunter 
Air Force Base (Radio Fundamentals, Motorized Equipment) 
Western Electric Co Engineering Center 


‘The entire Universe is based on mathematics but we 
have no idea what is underneath the mathematics. Are 
dimensional planes perhaps better represented by other 
number bases? Are some of the unsolvable 
mathematical problems solvable in other number 
bases? 

Gravity 


All forces in the Universe are the same. Gravity happens 
to be the one that works on our fractal space. Others, 
molecular, atomic, and nuclear are the same but work 
in different fractal space. All are the result of matter 
trying to reach its lowest potential, 


‘The above are only random questions chosen without, 
any order. Most other problems can in some way be 
answered in line with the hypothesis, if not in detail. 
‘Too many questions can be fitted to the hypothesis not 
to take a serious look at it even though it may seem a 
little far out. The number of answers from one simple 
statement of the structure of the Universe defends the 
idea better than details. 


One possible proof, and a relatively simple one, occurs 
tomind. Einstein's theory ofrelativity was proved when 
NASA flew a clock in space and then determined that 
time did slow down. To test the above hypothesis I 
would like to see four clocks used in the following 


Four atomic clocks in sets of two each. Two to be left 
on the Earth and two to be placed in space for an 
appropriate time. At the end of that time one of the 
clocks on the Earth to be taken into space and compared 
to the two already in space. Bring one of the clocks in 
space down to the Earth and compare to the clock left 
on the Earth. 


‘The clock taken to space should read slower compared 
to the clocks in space because the ones in space were 
at rest compared to the one on the Earth. 


‘The clock brought back from space should read slower, 
the same as the first one flown by NASA, because the 
clock on the Earth was at rest compared with the one 
in space. 


‘The two clocks left in space should be returned after 
an appropriate time and compared to the ones on the 
Earth. The original in space should now be slower than 
the original on the Earth and its mate from space. The 
fourth clock is unpredictable. 


‘The author apologizes for any errors in theory, 
mathematics, etc. There was no one to consult on the 
hypothesis which is an original work of my own and 
drawn on many references of others from the past If it 
has any value I am indebted to the work of all the others, 
‘whose work relied on. Any errors are entirely my own 
and not attributable to others. This work is freely 
published in the public domain to be used by any and 
all who wish to do so. It is not to be copyrighted or 
patented in any manner so as to restrict others rights 
to the hypothesis or it's use. 
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Abstract 


‘The discovery of true elementary particle named 
electrino, which has a constant mass and constant 
positive charge and which is a material carrier of 
magnetic field, electric current and all kinds of 
emanation, was firstly practically applied at the 
modernization of wireless telephone. In the review 
V. Anpilogov writes: “The question on the influence of, 
low intensity microwave radiation on human health still 
remains open for discussion for more than 50 years” 
[3]. Discussion on this question has been already 
inappropriate still it was definitely proved in the patent 
application “Device, which is made to put away the 
charged particles flux from the head of the user of mobile 
wireless phone”. During the talk on mobile 
wirelessphone 2,6-10* particle/sec pass through user's 
brain, whereas their energy is 7,65-10"" Joule, and the 
energy of binding of molecules in protein polymers 
ranges at 4,3-7,6-10""Joule according to L. Poling. From 
‘that we can conclude that microwave radiation of the 
radiotelephone with top antenna leads to the 
destruction of user's brain tissue. The author of the 
patent application D. Baziev (#2001105456, 28.02.01, 
in Russia and #PCT/RU02/00084 of the international 
application) offers to fix the antenna on the low part of, 
the radiotelephone and to produce radiotelephones with 
minimal length within 10 cm. In this case the diagram 
of the directional radiation pattern is on the level of the 
user's chin and the brain is out of the direct exposure 
area. This harmless of the microwave radiation could 
not he proved before the discovery of “electrino”. 


Introduction 


Asystems analysis of ll experimental and observation 
material gathered in physics, astronomy, and 
astrophysics from the times of Galileo let us reveal the 
following: 


1. Experimental materials do not agree with the 
existing physical theory. 

2. There is a certain fundamental disadvantage of, 
the experimental material, which prevents to build a 
consistent theory. 

3. This fundamental disadvantage consists in the 
absence of a charge antipode of electron, which is in 
the form of a true elementary particle with a positive 
charge and finite mass. 

4. ~The proton and positron are not true elementary 
particles and neither of them can he a charge antipode 
ofthe electron because they are subjected to splitting. 


5. Discovery of the second true elementary particle 
with a positive charge could restore the charge 
symmetry in physics, thus leading to a radical revision 
of the existing theoretical physics and resolving its 
current crisis state. 


Searching for this particle required to ascertain physical 
nature of Planck's constant. This became possible only 
after the structure of alight beam had been understood. 
Namely, it was the photon sector velocity, known as, 
Millikan constant jl, rather than the speed of light c, 
that proved to be a constant, viz. 


a 


where A, and v, are the wavelength and frequency of 
the ion monochromatic beam in the light beam. 


‘This new quantity elucidated the physical nature of 
Planck's constant: 


Van /3 
h= — = 
mw 
= 6,6262681-10™ kg m*/s = constant, 


‘where m,is the mass of the second (after electron) true 
elementary particle to be called “electrino”. From this, 
expression we have 


2h 
“an 3 
= 6.85575729963- 10 kg = constant 


‘The electrino has a positive charge ¢ determined by 
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m, 
@) 


m,ne__ ~3.229526609098- 10" 
m,—nm, _1.6578584539- 107 


=1.98764431671-10~” C, 


cy 


where m, =1.66057 x 10*"kg is the mass of an 
elementary atom accepted as a mass equivalent of one 
atomic unit; n, = 3is the numberof electrons in one 
elementary atom: e = 1.6021892 x 10"* Cis the charge 
ofanelectron; m, = 9.038487 x 10" kgis an improved 
value of electron mass; n, = 2.418198867 x 10° is the 
number of electrinos in an elementary atom. 


‘Thus, itis obvious that Planck's constant is the angular 
momentum of the electrino. Moreover, it was Planck's 
constant that concealed the second true elementary 
particle, which is the charge antipode of the electron 
discovered by J.J. Thompson as far back as in 1897. 


‘The solution of Planck's constant has become a basis 
for the synthesis of the new theory of physics [1]. This 
theory in particular shows that the electrino is the 
carrier of the magnetic field and electrical current. It is 
a photon of radiation of all ranges, and serves as a 
universal carrier of energy and information. The electrino 
plays the role of a neutrino in moving along the first 
order trajectories. 
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The first experiment 


An extraordinary importance and novelty of the new 
‘theory required an experimental proof of the electrino. 
For that several experiments were made in the Institute 
of General and Inorganic Chemistry, Moscow. The 
experiment was based on the following effects 
predicted by the theory. 


1. Ifassume that electrino exists and that light beam is, 
a flux of particles having positive charge and finite 
mass [1] we can conclude the following. At the 
discharge of the dc source through an incandescent 
lamp in which the current is converted to light and 
irreversibly emitted, the source weight in charged 
state must differ from its weight in discharged state. 
If we prove this difference experimentally we may 
say that light does consist of material particles of 
finite mass and a de charge carried away by light is 
positive because an incandescent lamp (W=15 Wit) 
does not emit electrons, which are the carriers of 
negative charge. 


2. The second effect to prove was that the weight of 
discharging de source is increasing whereas its 
weight — when charged is decreasing. 


‘To prove the validity of these predictions, several sealed 
containers with different de sources inside were 
fabricated. The electrodes were brought out through 
glass insulators. The batteries were discharged through 
an electric lamp radiating in the visual and infrared 
ranges. The weight of containers was measured before 
and after discharge process with accuracy 
AW=+0,02 mg; balance enor was equal to 
4 = * 0,05 mg the standard deviation of the 
measurements was within o = 0,03 mg; the buoyancy 
was calculated for each measurement of weight. In this 
paper, we present test results of only one container with 
four generally marketed GP rechargeable cells 
connected in series. The total battery voltage reached 
5400 mV at 6000 mA/h charge capacity. The discharge 
was interrupted when the voltage dropped to 4000 mV, 
the duration of the discharge was measured accurate 
to one second. Two series of experiments were run: one 
inair, the other, under argon. Each series had ten charge- 
discharge cycles (Table 1 and Fig. 1). The total amount 
of the experiments and detailed discussion of results 
have been summarized in a recently published brochure 
(2). 


‘The results of the above tests allow us to make the 
following conclusions: 


1. Both galvanic and rechargeable cells during a 
discharge through an electric lamp show sufficient 
changes in their weight and charge thus proving that 
photons have a finite mass and a positive electric 
charge. 


2. Anew elementary particle, named electrino, derived 
from Planck's constant in August 1982, and 
published in May 1994, thus gets a complete and 
absolute experimental confirmation. 


‘The second experiment 


One of the concepts of the new theory is that the speed 
of light in vacuum is a function of photon frequency 
along the beam axis, according to the proportions: 


Jey, [ms], 6) 


v,=M/2 [s"']. 6) 
According to the new theory, for the velocity of 
monochromatic light (solar light or mercury-discharge 
lamp, but not a laser) with a wavelength of 
4,=6.8x10" m (mid-point of the red spectral line), we 


2.59336038-10"'s", (7) 
76348505882 -10° m/s, (8) 


which is 68.829% of the speed ¢, = 2.9979246x10' m/s 
ofa violet beam with a wavelength of 4 x 10” m. 


We have to account that, according to this theory, the 
laser beam is not a true light beam though it is created 
of electrinos. The speed of laser beam is equal to the 
speed of beam plus the speed of current in the 
conductor, viz., 


V, =2.8992629 10" m/s=const (9) 


If we select a monochromatic beam of ultra-violet light 
‘with a wavelength of h, =4- 10 * m then its velocity 
will be ¢,=10 C: 


Suis ee [sec _ 


= 2,9979246-10" m/sec 


v, = M/A? = 1/16-10- m? = 7,4948115-10" sec 


AW, mg. 


Fig. 
Voltage drop [mV] of a battery and (2) weight increment [mg] of 
‘container #6 in an argon atmosphere during the second 
discharge cycle minutes}. X-direction is spark duration in 

‘minutes; Y-direction —ia voltage of a batter 
auxiliary Y-dection ~is weight incensement (mg). 
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¢, = VIE, = ¥8.987551907 10" m? /c* = 2997924610" m/sec 


‘This experiment has been run yet, and it is offered for experimental verification with further publication of 


experimental results. 
Table 1 
Weight of container #6 (under argon) in charge-discharge experiments 
Charged battery Discharged battery Charge 

Fun] Measured [Buoyancy | Real weight Measured [Buoyancy] Real weight 

value Gmg | W,=Ww+e value amg | w=w+c  |aw,=w,w,| 

W=o,mg W=o,mg 
1_| 126825.192002 | 25.021 _| 126910.166 =.0.02) 126825.901 =0.01| 6,002 | 12691.903 0.01 | 0.797 
2_|126025.10720.02[ 98.572 _| 126011.679 +0002 | 126826221 =0.01| 26.598 | 126012750 +0.03| 1.080 
3 | 126e25.21=0.01 | 96.762 | 126911.992 +0001 | 126826279 =0.01| 86.560 | 126012839 +0.01| 0.847 
4 | 126825.107=0.01| 86.563 | 126911.749 =0.01 | 126826403 =002| 6.305 | 126012078 =002| 1.128 
5 | 26025, 65004 | 06.200 | i2eei1.0a1 =00a| i2ea2e65 20.01 | 06806 | i26012081 =00a] 0.770 
6 | 126827.28=0.00 | 95.187 | 126912.467 +0.00 | 126827.990 =0.01| 86.204 |126013.104 +003 0.727 
7 - - 2 7 
8 | 126826.08=0.00 | 96.182 | 126919.162 +0.00| 12682 7.807 =0.04 96.908 [126024205 +0.02| 1.042 
9 | 126826.05=0.00 | 96.207 | 126919.287 +0.00 | 126827.757 =0.01] 6.402 | 126024169 +0.01| 0.902 
70 | 125827252000 | 86.294 | 126013544 =0.00| 126828.36 =0.00 | 0729 [126914079 =0.00) 0.595 
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This article discusses experiments, which enable the 
identification of the seat of mechanical forces in 
homopolar-machines. Authors provide a suitable 
variation on a recent work “The Unipolar Dynamotor: A 
Genuine Relational Engine” [3], where “relational” 
implies “absolutely relativistic’. The authors’ view 
agrees with both Weber's recognition in the 19" century 
ofthe importance of relative motion in electromagnetic 
phenomena [4] and Einstein's 1905 statement 
concerning electromagnetism [5] 


‘The Faraday disk: a reversible engine 


‘The essential components of the homopolar machine, 
first conceived by Faraday in 1832, are shown in Figure 
1. A conducting disk, free to rotate in the neighborhood 
ofa permanent magnet, is attached to the end of a shaft. 
A closing wire provides a conducting path between two 
arbitrary points of the disk. Such a device exhibits 
reversible behavior. 


Closing wire 


Fig 
Faraday's sotup magnet, disk and closing wire 


Avradial current path of length L takes place in a region 
of the disk when direct current (dc) from an external 
source is injected into the closing wire. The interaction 
of the current with the magnetic field produces a 
Laplace force [6] 

F= J 1028) causing the rotation of the disk. This 


set-up is the motor configuration 


When the disk is spun by an external source of 
mechanical energy, an emf appears in it. The 
displacement of free charges is produced in this case 
by the Lorentz force f = q(vxB), converting the 
conducting disk into an emf source able to drive de 
through the whole disk plus closing-wire circuit. This 
set-up is the generator configuration. 


A seemingly curious fact occurs in the motor 
configuration, when de is injected into the circuit with 
the disk attached to the magnet. Both disk and magnet, 
turn together. 


‘Two rival theories, a relativistic and an absolutistic one, 
have been applied to understand the observed facts: 


In relativistic view, generator configuration makes sense 
only when there is relative motion of the magnet with 
respect to either the disk or the closing wire. Also, a 
motor configuration will only take place if the possibility 
of relative motion between magnet and either disk or 
closing wire is enabled. 


‘Thus, in the relativistic framework, with the magnet 
attached to the disk, the closing wire becomes the 
“active” part for the production of mechanical forces or 
emf, In this case the disk itself behaves as a “passive” 
element providing a closing-circuit current path. 


Conversely, in the eyes of an absolutist, a generator 
configuration is enabled only because of the disk or 
closing-wire absolute motion. Here, absolute means 
“relative to a frame where the preponderance of the 
mass of the universe is at rest” [7,8]. In our case, the 
lab frame acts as an acceptable absolute-motion 
reference. Thus, from an absolutistic view, the magnet's 
rotation with @ B/t = 0 in each point of the surrounding 
space is unable to produce an emfon nearby conductors. 
When in a motor configuration, dc is injected in the 
circuit, and the absolutist assigns the observed rotation 
to the magnet “dragging” by the conductor. Here, the 
closing wire acts as a “passive” circuit element. 


New experimental work, complementary to that 
currently known on the subject, introduces arguments 
in favour of the relativistic viewpoint. The related 
experiments, whose underlying physics rests upon a 
modified version of the original Faraday setup, are 
described in the following sections. 
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‘The asymmetrical rotor 


Figure 2 shows the disk-shaped ceramic permanent 
magnet creating the axial magnetic field B. The removal 
of a 12° sector introduces a field-reversion region. 
Outgoing and ingoing B field lines are represented by 
the and symbols, respectively. 


Bearing 


Jciosing wie 


Probe 


Shatt 


Fig2 
Layout of the Asymmetrical Retor applied to the experiments 


‘Two mercury collector rings are embedded in a wood 
cylinder. One is located close to the hollow-disk magnet 
inner rim and the other in the proximity of the outer 
rim. The magnet's inner and outer radii are 25 and 75 
mm, respectively, and its height 25 mm. Its average flux 
density 2mm above the magnet has been estimated to 
be 0.05 T based on a generator experiment with a 
rotating copper disk. The magnet-and-wood-cylinder 
body (the asymmetrical rotor from here on) is firmly 
anchored to a vertical shaft terminated in sharp points 
at both ends. While the lower one lays on a hard- 
polished surface, a conical bearing, enabling its almost, 
frictionless rotation, centers the upper one. 


Unlike the series-connected conductors diametrically 
anchored to the shaft in the Guala-Valverde case [3], 
only one radial conductor wire, a probe located 2 mm 
above the magnet's face, was considered. By mounting 
it on a bearing, its free rotation is permitted with its 
ends remaining in contact with both collector rings. A 
12V lead-acid battery applied to the closing wire feeds 
the probe through the collector rings. In the first four 
experimental cases presented the closing wire remains 
firmly anchored to the lab. In two complementary 
experiments, rotation of the closing wire mounted on. 
two shaft-centered bearings is allowed. Its behavior as, 


probe occurs by the injection of de from an additional 
closing-circuit wire anchored to the lab. 


Experimental 


Six experiments performed are described below: 


1. Rotor anchored to the lab, probe free to rotate 
above the magnet’s upward magnetic-field region: 
A radially-ingoing injected dc in the 0.2 A range 
was enough to overcome conductor-bearing and 
mercury-wire contact friction. A net 
counterclockwise rotation of the probe took place. 


2. Probe anchored to the rotor above the magnet's 
upward magnetic-field region, with both free to 
rotate: A radially-ingoing injected dc in the § A 
range was enough to overcome conductor-plus- 
rotor inertia and friction. A net counterclockwise 
rotation of the probe took place. 


3. Rotor anchored to the lab, probe free to rotate 
above the magnet’s downward magnetic-field 
region: A radially-ingoing injected de in the 0.2 A 
range was enough to overcome conductor-bearing 
and mercury-wire contacts friction. A net clockwise 
rotation of the probe took place. 


4, Probe anchored to the rotor above the magnet's 
downward magnetic-field region, both free to 
rotate: A radially-ingoing injected dc in the § A 
range was enough to overcome conductor-plus- 
rotor inertia and friction. A net counterclockwise 
rotation of the probe took place. 


5. Rotor anchored to the lab, closing wite free to 
rotate above the magnet's upward magnetic-field 
region: A 0.4 A dc injected in the inner collector 
ring was enough to overcome conductor-bearing 
and mercury-wire contacts friction. A net clockwise 
rotation of the closing-wire took place. 


6. Rotor anchored to the lab, closing wire free to rotate 
above the magnet’s downward magnetic-field 
region: A 0.4 A dc injected in the inner collector 
ring was enough to overcome conductor-bearing 
and mercury-wire contacts friction. A net clockwise 
rotation of the closing-wire took place. 


Discussion of results 


Experiments (1) and (3) can be explained using either 
absolutist or relativistic viewpoints because of the 
coincidence of the probe motion relative tothe lab with 
the probe motion relative to the magnet. 


Experiment (2) can be explained by a trivial absolutist, 
argument founded on a hypothetic probe “dragging 
effect” on the magnet. A relativistic viewpoint 
recognizes the “active” rotational torque on the closing 
wire rather than on the probe where, hinging on 
Newton's third law, the whole action may be split in 
two: 
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Magnet-probe. The magnet produces a 
counterclockwise torque on the probe, and the 
probe exerts an equal but opposite torque on the 
magnet. 


Magnet-closing wire. The magnet exerts a 
clockwise torque on the closing wire, and the wire 
an equal but opposite torque on the magnet. 


With the probe attached to the magnet, there is no 
chance for relative motion between them. Consequently, 
due to the action-reaction cancellation, rotation is 
forbidden. Conversely, with the closing wire 
mechanically decoupled from the magnet, relative 
motion of the latter is permitted. The torque exerted by 
the closing wire on the magnet is responsible for the 
observed rotation. 


Experiment (4): Due to its similarity with (2) a trivial 
relativistic explanation is applicable to the 
counterclockwise torque exerted by the closing wire 
on the magnet. There is no known plausible absolutistic 
explanation for it. As quoted above, the hypothetical 
dragging effect would produce a clockwise rotation in 
this case. The consideration of the experiments (2) and 
(4) suffices to reject the dragging hypothesis. 


Complementary experiments (5) and (6) confirm the 
short-range extension of the field-reversion region 
founded on the closing-wire clockwise rotation (6). 
Briefly speaking, the closing wire is not sensitive tothe 
field reversion and the magnet’s counterclockwise 
reaction explains at once the outcome of (4). Clearly, 
experiments (5) and (6) show that the torque on the 
closing wire is independent of its location on the 
magnet. 


Figure 3 depicts the two rotational torques involved in 


(2) and (4), 
x 


Htoraue 


Reaction 
‘oque 


Figs 
Rotational torques acting on the magnet and 
fon the closing wire 


‘Topological and miscellaneous considerations 


One of the keys to the success of the above described 
experiments lies in the dynamotor's magnet design (see 
Fig.4). The short-range field reversion region allows the 
inversion of the Laplace force on the probe, making the 
force on the closing wire insensitive to that B-field 


‘Ny 


Fig.4 
The magnets fi 


vision region 


In all the above cases the electromagnetic forces 
between probe and closing wire were neglected 
because of its small magnitude compared to the 
predominant magnet-wire interaction forces. 


‘The observed torques became, in all the experiments, 
independent of the location of the contact points 
between closing wire and collector rings. Also, the 
closing wire shape exhibited no noticeable influence 
on torques. These observations can be easily explained 
using the divB = 0 fundamental law, Laplace force, and 
some elementary topological considerations. 


Kennard (1), Bartlett [1] Panosky [7,8], Muller [9], Wesley 
[10] and some of this article's authors took absolutistic 
viewpoints when dealing with homopolar phenomena 
[11,12]. On the contrary, Weber [4], Assis [13],and Kelly 
[14] adopted a relativistic framework on the issue from 
the beginning, 


By attaching the magnet to the disk in the original 
Faraday setup, the relative rotation between disk and 
closing wire remains unchanged. Therefore, in a 
generator configuration, the disk plus magnet rotation 
at with the closing wire at rest in the lab is entirely 
equivalent to the closing-wire rotation at ~ with the disk 
plus magnet at rest. This fact introduced a correct but, 
physically “colorless” weak relativism to the homopolar 
generator description: the “unipolar generator really has 
three components, the magnet, the cylinder and the 
meter (including the contacts). A relative motion of the 
last two, not the first two, is required” [1]. 


A growing interest in basic electromagnetism [15,27] 
can not be ignored, and from time to time some authors, 
attempting to catch “free energy” from the space, have 
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claimed the design of homopolar engines with efficiency 
greater than unity, as can be checked by searching for 
homopolar motor on the Internet. The strict application 
of Newton's third law precludes the above non-physical 
possibility. 


Itis worthwhile to stress that the homopolar machine 
is a famous example where Faraday’s flux rule fails. 
‘This fact worried Faraday himself and is clearly 
discussed by Feynman [28] who emphasized that the 
correct physics is always given by the Lorentz force 
law and the Maxwell fundamental equation 
curl E = -B/t. Homopolar induction is fully understood 
using only the Lorentz force. Our experiments 
enhance the relativistic structure of the Lorentz force 
because the only relevant velocity is the velocity of 
the conductor relative to the magnet. 


Acknowledgments: ‘To Profs. C.N. Gagliardo and A. 
Ipohorski-Lenkiewicz for the conceptual comments on. 
this development, 
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Weight Reductions Generated by Bucking-Field Permanent Magnets 
LAB REPORT ON SmCo RING MAGNET 
EXPERIMENTS 


Experiments conducted by: 
William C. Simpson 


[New Horizons Research 600 Meridian Street Extension, 
#202 Groton, CT 06240 
‘Tel. (860) 405-1157 


The following experiments were conducted at the 
Coastal Environmental Laboratory (CEL) at Avery Point, 
Groton, Connecticut. (41° 19' 0.17" N. latitude x 72°3' 
50.27" W. longitude x 36 feet elevation above mean sea 
level) I wish to thank the personnelat the CEL for their 
generosity for providing the use of their Mettler Toledo” 
Model AG104 electronic scale for the measurements 
taken in the proceeding experiments. The AG104 
electronic scale is an enclosed pan unit with amaximum 
mass range of 101-grams with 0.0001-gram readability. 


DIAGRAM.1. 


Editorial: This article is one more 
link between magnetizm and 
theory of aether, tomy mind. It is 
possible to assume that in his 
experiments the author creates 
small but detectable changes in 
density of ether, that 
demonstrates itself as the weight 
changes. 

Alexander V. Frolov. 


© 


‘The purpose of these experiments was to see if there is 
any detectable weight change when permanent 
magnets are forced together with their like-poles facing 
each other. The magnets were weighed individually, in 
both directions, with their field poles oriented vertically. 
‘The sums of the two individual magnet weights (magnet 
#1 and magnet #2) in each vertical orientation were 
compared to the weight measurements taken when they 
were assembled using the nylon bolt and wing nut 
depicted in DIAGRAM 1. The specifications for the two 
Samarium Cobalt magnets used in the following 
experiments are shown in DIAGRAM 1 


‘The first set of experiments with the SmCo Ring 
magnets were conducted January 14, 2002. An inverted 
paper cup was used to raise the test sample magnets 
2.78" above the AG104 electronic scale pan in order to 
minimize possible magnetic interaction with the scale- 
sensing element, as depicted in DIAGRAM 2. The tare 
adjustment was used to set the scale readout to 
0.0000-gram with the cup in place. The magnets were 
weighed individually. Magnet #1 weighed 9.9450-gram 
with the N pole facing up and 9.9397-gram with the $ 
pole facing up. Magnet #2 weighed 9.9520-gram with 
‘the N pole facing up and 9.9443-gram with the $ pole 
facing up. 


‘The second set of experiments with the SmCo Ring 
magnets were conducted February 4, 2002. These 
experiments were shielded with Mu 80 magnetic 


BARE EARTH MAGNET SPECIFICATIONS: 
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shielding material as depicted in DIAGRAM 3. The 
scale was tare adjusted to 0,0000-gram with the entire 
set of Mu 80 shield pieces in place. Then the magnets 
‘were weighed individually. Magnet #1 weighed 9.9483. 
gram with the N pole facing up and 9.9486-gram with 
the $ pole facing up. Magnet #2 weighed 9.9527-gram 
with the N pole facing up and 9.9542-gram with the S 
pole facing up. The Nylon bolt and wing nut were 
placed in the Mu 80 shield can (without the magnets) 
and the scale was tare adjusted to 0.0000-gram 
‘Therefore, the readouts would only be reading the 
‘weight of the bucking magnets. 


‘The first column in TABLE 1, the vertical measurements, 
is the distance of separation d, or air gap, of the 
magnets. The second column shows the January 14, 
2002 weight measurements of the two magnets, as 
shown in DIAGRAM A. The third column shows the 
January 14, 2002 weight measurements of the two 
magnets, as shown in DIAGRAM B. The fourth column 


shows the February 4, 2002 weight measurements of 
the two magnets, as shown in DIAGRAM C. The fifth 
column shows the February 4, 2002 weight 
measurements of the two magnets, as shown in 
DIAGRAM D. 


‘The horizontal measurement, as depicted in TABLE 2, 
TABLE 3, TABLE 4 and TABLE §, are through the four 
basic magnetic compass headings; North, East, South, 
and West respectively. They are referenced to 
DIAGRAM E and DIAGRAMF for the January 14, 2002 
experiments and DIAGRAM G and DIAGRAM H forthe 
February 4, 2002 experiments. The corresponding 
graphs of the force change plots, GRAPH 1, GRAPH 2, 
GRAPH 3, GRAPH 4, and GRAPH § accompany each 
table. The forces were converted from the mass 
readings, which are a scalar measurement, to dynes, 
‘The convention used for the force vector was chosen as 
plus (+) for up, or a weight reduction, and minus (-) for 
a weight increase. 
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TABLE 1: 


hours EST. 


hours EST. 


VERTICAL EXPERIMENTS 


January 14, 2002 Experiments: Start 
time: 13:27 hours EST, End time: 16:40 


February 4, 2002 Experiments: Start 
time: 13:18 hours EST, End time: 14:50 


01/14/2002 EXPERIMENTS. 
OPEN, WITH PAPER CUP 


02/04/2002 EXPERIMENTS. 
WITH MU 80 SHIELDING 


Airgap| Diagram A Diagram B Diagram C Diagram D 

a NtoN vertical Sto S vertical NtoN vertical Sto S vertical 
19.8893-gram 19.8917-gram 19.9025-gram 19.9013-gram 
(Sum of 1 & 2)* (Sum of 1 & 2)* (Sum of 1 & 2)* (Sum of 1 & 2)* 

0.0 19.8759-gram 19.8787-gram 19.8760-gram 19.8758-gram 

Inch | 0.0134-gram weight | 0.0160-gram weight] 0.0265-gram weight 0.0255-gram weight 
reduction (0.06737%) | reduction(0.08045%)] | reduction(0.13324%) reduction(0,12821%) 

18 19.8761-gram 19.8751-gram 19.8760-gram 19.8763-gram 

Inch | 0.0132-gram weight | 0.0166-gram weight | _ 0.0265-gram weight 0.0250-gram weight 
reduction(0,06637%) | reduction(0,08346%) | _reduction(0.13324%) reduction(0.12570%) 

a 19.8763-gram 19.8748.gram 19.8760-gram 19.8768-gram 

Inch | 0.0130-gram weight | 0.0169-gram weight | _0.0265-gram weight 0.0245-gram weight 
reduction(0,06536%) } reduction(0.08497%) | reduction(0.13324%) reduction(0.12318%) 

3/8 19.8765-gram 19.8753-gram 19.8760-gram 19.8777-gram 

Inch | 0.0128-gram weight | 0.0164-gram weight | _0.0265-gram weight 0.0236-gram weight 
reduction(0.06436%) | reduction(0,08246%) | _reduction(0.13324%) reduction(0.11866%) 

12 19.8774-gram 19.8753-gram 19.8757-gram 19.8809-gram 

Inch | 0.0119-gram weight | 0.0164-gram weight | _ 0.0268-gram weight 0.0204-gram weight 
reduction(0,05983%) | reduction(0.08246%) | _reduction(0.13475%) reduction(0.10257%) 

5/8 19.8776-gram 19.8754-gram 19.8779-gram 19.8806-gram 

Inch | 0.0117-gram weight | 0.0163-gram weight | _0.0246-gram weight 0.0207-gram weight 
reduction(0.05883%) } reduction(0.08195%) | reduction(0.12368%) reduction(0.10408%) 

11/16 | 19.8777-gram 19.8748-gram 19.8773-gram 19.8832-gram 

Inch | 0.0116-gram weight } 0.0169-gram weight | _0.0262-gram weight 0.0181-gram weight 


reduction(0,05832%) 


reduction(0,08497%) 


reduction(0.12670%) 


reduction(0,09100%) 
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* Magnets #1 and #2 were individually weighed in 
the orientation used in each experiment and their 
separate weights were added together. 


‘The following equation was used to calculate the 
‘weight changes, in dynes, in the proceeding graphs. 
2s 
AF = k-Amass-g 


where 
kk = 980.665 - dyne. gm* 


and 
g = 9.80665 m- sec? 
which is the local rate of gravitational acceleration. 


‘The product of the measured changes in mass, Amass, 
and g is denoted as follows on the graphs: 


NNopen , , = Amass-g 


for N-to-N pole facings in the open (or unshielded). 


SSopen ,, = Amass-g 


for S-to-S pole facings in the open (or unshielded). 


NNshield ,, = Amass-g 
for N-to-N pole facings shielded with Mu 80 shielding, 
SSshield ,, = Amass-.g 


for S-to-S pole facings shielded with Mu 80 shielding. In 
the subscripts, , and., refers to the respective number of 
data points per plot. The subscript , refers to the vertical 
change in force (weight change) axis and , refers to the 
horizontal distance d axis. In GRAPH 1, , =. 


GRAPH 1. 
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MAGNETIC DECLINATION FROM THE LOCAL TOPOLOGICAL MAP: 


1984 Magnetic Declination U.S. Geological Survey 
‘New London, Connecticut Quadrangle Topological Map 


TABLE 2 
North # 01/14/2002 EXPERIMENTS 02/04/2002 EXPERIMENTS. 
Heading OPEN, WITH PAPER CUP WITH MU 80 SHIELDING 
Air gap ] Diagram E Diagram F Diagram G Diagram H 
a NtoNhorizontal |S to S horizontal NtoN horizontal Sto S horizontal 

19.8906-gram 19.8905-gram 19.9019-gram 19.9019-gram 
(Sum of 1 & 2)* (Sum of 1 & 2)* (Sum of 1 & 2)* (Sum of 1 & 2)* 

0.0 19.8736-gram 19.8778-gram 19.8890-gram 19.8810-gram 

Inch | 0.0170-gram weight |0.0127-gram weight | 0.0129-gramweight |  0.0209-gram weight 
reduction (0.08547%) | reduction(0.06385%) | reduction(0.06479%) | — reduction(0.10497%) 

ve 19.8728-gram 19.8790-gram N/A‘* N/A** 

Inch | 0.0177-gram weight | 0.0115-gram weight 
reduction(0.08899%) | reduction(0.05782%) 

va 19.8721-gram 19.8798.gram N/A‘* N/A** 

Inch | 0.0184-gram weight | 0.0107-gram weight 
reduction(0.09251%) | reduction(0.05379%) 

3/8 19.8708-gram 19.8800-gram N/A‘* N/A** 

Inch —_| 0.0200-gram weight | 0.0105-gram weight 
reduction(0.10055%) | reduction(0.05279%) 

ya 19.8698.gram 19.8811-gram N/A‘* N/A** 

Inch —_| 0.0207-gram weight | 0.0094.gram weight 
reduction(0.10407%) | reduction(0.04726%) 

5/8 19.8693-gram 19.8818-gram N/A‘* N/A** 

Inch | 0.0212-gram weight | 0.0087-gram weigh 
reduction(0.10658%) | t reduction(0.04374%) 

11/16 | 19.8696-gram 19.8827-gram 19.9190-gram 19.9029-gram 

Inch | 0.0209-gram weight |0.0078.gram weight | 0.0171-gramweight | 0.0010-gram weight 
reduction(0.10508%) | reduction(0.03921%) } increase(0.08588%) increase(0.00502%) 


# Compass Heading is approximate 


* Magnets #1 and #2 were individually weighed with pole faces oriented vertically, with N up then with $ up, 
and the results were averaged and added. 
** Due to time constraints, these measurements were not taken. 
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NOTE: 
‘The calculated mass of each magnet was determined by the 
following formula based upon the manufacturer's dimensions 
and density value. 


seal) Ge 


density = 8.7 gmem* 


mass = density-volume 


mass = 10.7017 gm. 
This is higher than the magnetized mass of each 
magnet. 


However, some tables give a lower density for 
‘the SmCo magnet, 0.300Ib/in’, which equals: 


density = 8.303971-gmem* 
mass = 10.089017 gm. 


‘This is still higher than the magnetized mass of 
each magnet. Does the SmCo material become 
slightly lighter in weight when it is magnetized? 


TABLE 3 
East # 01/14/2002 EXPERIMENTS 02/04/2002 EXPERIMENTS 
OPEN, WITH PAPER CUP WITH MU 80 SHIELDING 
Air gap | Diagram E jagram F gram G jagram H 
D Nto N horizontal Sto S horizontal N to horizontal Sto horizontal 
19.8905-gram 19.8906-gram 19.9019-gram 19.9019-gram 
(Sum of 1 & 2)* (Sum of 1 & 2)* (Sum of 1 & 2)* (Sum of 1 & 2)* 
0.0 19.8763.gram 19.8766-gram 19.8928-gram 19.8731-gram 
Inch | 0.0142-gram weight | 0.0150-gram weight | 0.0091-gram weight | 0.0288-gram weight 
reduction (0.07139%) | _reduction(0.07541%)_| reduction(0,04570%) | ‘reduction(0.14464%) 
ve 19.8777-gram 19.8750-gram N/A** N/A** 
Inch | 0.0128-gram weight | 0.0155-gram weight 
reduction(0,06435%) | _reduction(0.07793%) 
v4 19.8782-gram 19.8749-gram N/A** N/A** 
Inch | 0.0123-gram weight | 0.0162-gram weight 
reduction(0,06184%) | _reduction(0.08145%) 
3/8 19.8779-gram 19.8722-gram N/A** N/A** 
Inch | 0.0126-gram weight | 0.0183-gram weight 
reduction(0,06335%) | _reduction(0.09200%) 
2 19.8792-gram 19.8716-gram N/A** N/A** 
Inch | 0.0113-gram weight | 0.0190-gram weight 
reduction(0,05681%) | _reduction(0.09552%) 
5/8 19.8814-gram 19.8712-gram N/A** N/A** 
Inch | 0.0091-gram weight | 0.0193-gram weight 
reduction(0,04575%) | _reduction(0.09703%) 
11/16 | 19.8815-gram 19.8720-gram 19.9338-gram 19.9030-gram 
Inch | 0.0090-gram weight | 0.0185-gram weight | 0.0319-gram weight | 0.0011-gram weight 
reduction(0.04525%) | _reduction(0.09301%) | increase(0.16021%) | increase(0.00552%) 


# Compass Heading is approximate 


* Magnets #1 and #2 were individually weighed with pole faces oriented vertically, with N up then with $ up, 


and the results were averaged and added, 
** Due to time constraints, these measurements were not taken. 
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‘TABLE 4 
01/14/2002 EXPERIMENTS 02/04/2002 EXPERIMENTS 
OPEN, WITH PAPER CUP WITH MU 80 SHIELDING 
Air gap | Diagram E gram F Diagram G .gram H 
D NtoN horizontal Sto S horizontal NtoN horizontal Sto S horizontal 
19.8905-gram 19.8905-gram 19.9019-gram 19.9019-gram 
(Sum of 1 & 2)* (Sum of 1 & 2)* (Sum of 1 & 2)* (Sum of 1 & 2)* 
0.0 19.8746-gram 19.8769-gram 19,8896-gram 719.8660-gram 
Inch | 0.0159-gram weight | 0.0136-gram weight | 0.0123-gram weight | 0.0359-gram weight 
reduction (0.07994%) | _reduction(0.06837%) | reduction(0.06178%) | reduction(0.18030%) 
18 19.8720-gram 19.8788-gram N/A* NA’ 
Inch | 0.0185-gram weight | 0.0117-gram weight 
reduction(0.09301%) | _reduction(0.05882%) 
wa 19.8709-gram 19.8797-gram N/A** N/A‘ 
Inch | 0.0196-gram weight | 0.0108-gram weight 
reduction(0.09854%) | _reduction(0.05430%) 
3/8 19.8704-gram 19.8803-gram N/A** N/A‘* 
Inch | 0.0201-gram weight | 0.0102-gram weight 
reduction(0.10105%) | _reduction(0.05128%) 
12 19.8711-gram 19.8814-gram N/A** N/A‘ 
Inch | 0.0194-gram weight | 0.0091-gram weight 
reduction(0.09753%) | _reduction(0.04575%) 
5/8 19.8698-gram 19.8825-gram N/A** N/A‘* 
Inch | 0.0207-gram weight | 0.0080-gram weight 
reduction(0.10407%) | _reduction(0.04022%) 
1116 | 19.8703-gram 19.8817-gram 19.9423-gram 19.8810-gram 
Inch | 0.0202-gram weight | 0.0088-gram weight | 0.0404.gram weight] _0.0209-gram weight 
reduction(0.10156%) | reduction(0.04424%) | increase(0.20290%) | _reduction(0.10497%) 


# Compass Heading is approximate 
* Magnets #1 and #2 were individually weighed with pole faces oriented vertically, with N up then with S up, 
and the results were averaged and added. 

** Due to time constraints, these measurements were not taken. 
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TABLES 
West # 01/14/2002 EXPERIMENTS 02/04/2002 EXPERIMENTS 
OPEN, WITH PAPER CUP WITH MU 80 SHIELDING 
Airgap | Diagram EF Diagram F Diagram G Diagram H 
D N to N horizontal Sto S horizontal NtoN horizontal Sto horizontal 
19,8905-gram 19.8905-gram 19.9019-gram 19.9019-gram 
(Sum of 1 & 2)* (Sum of 1 & 2)* (Sum of 1 & 2)* (Sum of 1 & 2)* 
0.0 19.877-gram 19.8748-gram 19.8933-gram 19.8724-gram 
Inch | 0.0128-gram weight | 0.0157-gram weight | 0.0086-gram weight | _0.0295-gram weight 
reduction (0.06787%) | _reduction(0.07893%) | reduction(0,04319%) | _reduction(0.14816%) 
18 19.8767-gram 19.8737-gram NA’ N/A* 
Inch | 0.0138-gram weight | 0.0168-gram weight 
reduction(0,06938%) | reduction(0.08446%) 
14 19.8777-gram 19.8739-gram N/A‘ N/A‘ 
Inch | 0.0128-gram weight | 0.0172-gram weight 
reduction(0.06435%) | _reduction(0.08647%) 
3/8 19.8783-gram 19.8727-gram N/A‘* N/A‘ 
Inch | 0.0122-gram weight | 0.0178-gram weight 
reduction(0.06134%) | _ reduction(0.08949%) 
172 19.8806-gram 19.8722-gram N/A‘ N/A‘ 
Inch | 0.0099-gram weight | 0.0183-gram weight 
reduction(0.04977%) | reduction(0.09200%) 
5/8 19.8811-gram 19.8716-gram N/A‘* N/A‘ 
Inch | 0.0094-gram weight | 0.0190-gram weight 
reduction(0.04726%) | reduction(0,09552%) 
11/16 | 19.8803-gram 19.8723-gram 19.9427-gram 19.8976-gram 
Inch | 0.0102-gram weight | 0.0182-gram weight | 0.0408-gram weight | _0.0043-gram weight 
reduction(0,05128%) | reduction(0.09150%) _| increase(0.20491%) | _ reduction(0.02160%) 


# Compass Headin 


approximate 


* Magnets #1 and #2 were individually weighed with pole faces oriented vertically, with N up then with S up, and the results 
were averaged and added. 
*** Due to time constraints, these measurements were not taken, 
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RING MAGNET #1, NUP: 9.9483-grams 
RING MAGNET #2, N UP: +9.9527-grams 
TOTAL WEIGHT: 19.9010-grams 


WEIGHT INCREASE WITH OPPOSITE POLES ATTRACTING, AS DEPICTED IN DIAGRAM I, IN MU 80 SHIELD 


where 19.9861-grams was the measured value: 


19.9861-grams ~ 19.9010-grams = 0.0851.gram weight increase. 


NOTE: ALL Mu 80 
COMPONENTS 


Wath ote" 
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‘THREE RIVERS COMMUNITY COLLEGE, 
THAMES VALLEY CAMPUS 
LAB REPORT ON SmCo RING MAGNET 
‘EXPERIMENTS 


The following experiments were conducted at the 
Thames Valley Campus (TVC) of the Three Rivers 
Community College, Room #207 Chemistry Laboratory, 
in Norwich, Connecticut on March 8, 2002. (41°30' 34.62" 
N. latitude x 72°6' 13.63" W. longitude x 115 feet 
elevation above mean sea level) I wish to thank the 
instructors at Three Rivers for their generosity for 
providing the use of their Sartorius® Model # 2442 
analytical balance for the measurements taken in the 


proceeding experiments. The Sartorius Model # 2442 
analytical balance is an enclosed pan unit with a 
maximum mass range of 200-grams with 0.0001-gram 
micrometer readability and a precision of 0.05-mg 
standard deviation. 


‘The purpose of these experiments was to compare the 
Avery Point vertical measurements conducted on the 
Mettler Toledo” Model AG104 electronic scale, in 
TABLE 1, with the Sartorius Model # 2442 analytical 
balance measurements recorded in TABLE 6, The same 
‘two Samarium Cobalt magnets (magnet #1 and magnet 
#2) weighed individually in each vertical orientation 
were compared to the weight measurements taken 
when they were assembled using the nylon bolt and 
wing nut depicted in DIAGRAM 1. The specifications 
for the two Samarium Cobalt magnets used in the 
following experiments are shown in DIAGRAM 1 


‘The first column in TABLE 6, the vertical measurements, 
is the distance of separation d, or air gap, of the 
magnets. The second column shows the weight 
measurements of the two magnets, as shown in 
DIAGRAM A. The third column shows the weight 
measurements of the two magnets, as shown in 
DIAGRAMB. An inverted paper cup was used to raise 
the test sample magnets 2.75" above the Sartorius 
Model # 2442 balance scale pan in order to minimize 
possible magnetic interaction with the balance, as, 
depicted in DIAGRAM 2. The fourth column shows the 
‘weight measurements of the two magnets, as shown 
in DIAGRAM C. The fifth column shows the weight 
measurements of the two magnets, as shown in 
DIAGRAM D. These experiments were shielded with 


New Energy Technologis Issue #4 (7) July-August 2002 BE] 


Mu 80 magnetic shielding material as depicted in 
DIAGRAM 3. The resultant data of TABLE 6 is plotted 
on GRAPH 6. The results of the previous experiments 
at Avery Point, from GRAPH 1, and the recent Thames 
Valley experiments, from GRAPH 6, are plotted on 
GRAPH 7 for comparison. The Mu 80 magnetically 
shielded experiments on the Sartorius Model # 2442 
analytical balance at Thames Valley are in close 
agreement with the data collected with the AG104 
electronic scale at Avery Point. However, the Thames 
Valley data collected for the unshielded experiments is, 
somewhat smaller in weight reduction. I attribute this 
to external interference. The Thames Valley setup 


included a nonferrous tabletop, as did the Avery Point 
setup. However, the Thames Valley balance table 
consisted of a steel frame and legs, which may have 
altered the readings. The Mu 80 shielding provided a 
more intrinsic method for accurate data collection. 


‘The horizontal measurements were not taken in this set 
of experiments due to time constraints. A final 
experiment was attempted to replicate the relative 
weight increase with the opposite poles of the ring 
magnets “stuck” together, as depicted in DIAGRAM J; 
however, the magnets shattered during assembly! 


TABLE 6 
03/08/2002 TRCC EXPERIMENTS, 03/08/2002 TRCC EXPERIMENTS, 
@ TVC: OPEN, WITH PAPER CUP @ TVC: WITH MU 80 SHIELDING 

Airgap | Diagram A Diagram B Diagram C Diagram D 

a NtoN vertical Sto $ vertical NtoN vertical Sto S vertical 
19.8734.gram 19.8726-gram 19.8912-gram 19.8929-gram 
(Sum of 1 & 2)* (Sum of 1 & 2)* (Sum of 1 & 2)* (Sum of 1 & 2)* 

0.0 19.8699-gram 19.8696-gram 19.8691-gram 19.8706-gram 

Inch 0.0035-gram weight | 0.0030-gram weight | 0.0221-gram weight | 0.0223-gram weight 
reduction (0.01761%) | reduction(0.01510%) _| reduction(0.11110%) | _ reduction(0.11210%) 

18 19.8699-gram 19.8699-gram 19.8688-gram 19.8707-gram 

Inch 0.0035-gram weight | 0.0027-gram weight | 0.0224-gram weight | _0.0222-gram weight 
reduction(0.01761%) | _reduction(0.01359%) | reduction(0.11261%) | _reduction(0.11160%) 

1/4 19.8695-gram 19.8695-gram 19.8687-gram 19.8712.gram 

Inch 0.0039-gram weight | 0.0031.gram weight | 0.0225-gram weight | 0.0217-gram weight 
reduction(0.01962%) | _reduction(0.01560%) _| reduction(0.11312%) | _ reduction(0.10908%) 

3/8 19.8695-gram 19.8699-gram 19.8692-gram 19.8730-gram 

Inch 0.0039-gram weight | 0.0027-gram weight | 0.0220-gram weight | 0.0199-gram weight 
reduction(0.01962%) | reduction(0.01359%) | reduction(0.11060%) | _ reduction(0.10004%) 

12 19.8689-gram 19.8699-gram 19.8695-gram 19.8738-gram 

Inch 0.0045-gram weight | 0.0027-gram weight | 0.0217-gram weight | 0.0191-gram weight 
reduction(0.02264%) | _reduction(0.01359%) | reduction(0.10909%) | _reduction(0.09601%) 

5/8 19.8686-gram 19.8699-gram 19.8702-gram 19.8746-gram 

Inch 0.0048-gram weight | 0.0027-gram weight | 0.0210-gram weight | 0.0183-gram weight 
reduction(0.02416%) | _reduction(0.01359%) _ | reduction(0.10557%) | _ reduction(0.09199%) 

11/16 | 19.8680-gram 19.8699-gram 19.8707-gram 19.8756-gram 

Inch 0.0054-gram weight | 0.0027-gram weight | 0.0205-gram weight | 0.0173-gram weight 
reduction(0.02717%) | reduction(0.01359%) | reduction(0.10306%) | _reduction(0.08697%) 


* Magnets #1 and #2 were individually weighed in the orientation used in each experiment and their separate 


weights were added together. 


NOTE: 


March 8, 2002 Experiments: Start time: 12:12 hours EST, End time: 18:47 hours EST. 
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GRAPH 6: MAGNETIC DECLINATION FROM THE LOCAL 
TOPOLOGICAL MAP 
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1989 Magnetic Declination ~ U.S. Geological Survey 
‘Norwich, Connecticut Quadrangle Topological Map 


GRAPH 7: 


KEY TO GRAPH 7: 


For N-to-N pole facings in the open (or unshielded) at Avery Point (AP); 


NNopenAP 
For S-to-S pole facings in the open (or unshielded) at Avery Point (AP): 
‘SSopenAP 

For N-to-N pole facings shielded with Mu 80 shielding at Avery Point (AP): 
NNshieldAP 

For S-to-S pole facings shielded with Mu 80 shielding at Avery Point (AP): 
SSshieldAP 

For N-to-N pole facings in the open (or unshielded) at Thames Valley (TV): 
NNopenTV 

For S-to-S pole facings in the open (or unshielded) at Thames Valley (TV): 
SSopenTV 

For N-to-N pole facings shielded with Mu 80 shielding at Thames Valley (TV): 
NNshieldTV 


For S-to-S pole facings shielded with Mu 80 shieldi 
SSshieldTV 


i Thames Valley (TV): 


‘The subscripts for the data points are all the same value in GRAPH 7, 
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Advanced Nuclear Waste Decontamination 


Technologies 


‘Mark Porringa 


Zeropoint Techtonix Inc, 430 Bass Lake Road, RR # 1, 
Deep River, Ontario KOJ 1P0, Canada 
(613) 584-2960 fax: (613) §34-4616 porringam@accl.ca 


It is a review of nine alternative, peer-reviewed techniques as candidates for the global clean-up of nuclear waste. 


‘The following is a reasonably comprehensive list of 
potentially effective nuclear waste treatment methods 
that might be employed to treat the entire range of 
radioactive wastes that have proven to be such a 
daunting and horrendously expensive problem for the 
nuclear industry (in all its forms) with major, long term 
implications for the environment. 


A wide variety of methods will probably be required to 
accommodate the many different radioactive waste 
sources including high and low level, solids, liquids and 
gases. Process names used here are in some cases just 
convenient labels used to categorize and set them apart 
from each other. 


‘Theories on several of these processes are still quite 
speculative and solid evidence that would pass 
conventional peer review is still lacking. This is after 
all a very new field of science. 


Some of these technologies are already well protected 
bby international or national patents, with additional US 
and intemational patents pending, and further patents 
may be obtained on new developments as they are 
made. 


‘The Brown's Gas-Metal Matrix Process: 


‘The BG-MMX process utilizes a patented electrolysis, 
cell of the Australian Prof. Yull Brown's design that is 
said to produce a stoichiometric mixture of monatomic 
hydrogen and oxygen or possibly a quasi-stable water 
molecule raised to a high-energy state. This gas has 
some very peculiar properties including the ability to 
sublimate tungsten (600°C) with an implosive flame 
that bums cool in air with a temperature of only 130°C. 


‘The gas is used to heat a proprietary mixture of metals 
and/or metal oxides including the radwaste to be 
neutralized. A highly exothermic radiant reaction 
appears to result in the immediate reduction of 
radioactivity approaching 95% of the original levels 
judging from preliminary tests, within seconds of 
‘treatment. The process is conjectured to be effective 
with high level solid wastes and possibly gasses, but 
probably not liquids. The high temperatures involved 
may also preclude the processing of more volatile 
wastes, 


Since 1991, this technology has been successfully 
demonstrated, on a small scale, at least 50 times to US, 
Chinese, Japanese and United Kingdom officials on a 
variety of nuclear waste products including Americium, 
Cobalt, Uranium, and Plutonium. The technique can be 
applied for the immediate decontamination of stockpiles 
of nuclear waste materials being held near nuclear 
power plants. The process is very simple, safe, and 
inexpensive to develop further into robotics application 
for on-site treatment with no foreseen environmental 
effects, 


Photoremediation 


‘The Photoremediation process of the American Dr. Paul 
Brown is essentially conventional physics, albeit 
applied in a new and novel way. The process involves, 
the use of a high-energy electron beam impinged on a 
target, which in tum produces a monochromatic gamma 
radiation that is tuned to induce Photofission and 
Photoneutron reactions in the target material causing 
rapid neutralization of radioactive isotopes. The 
efficiency claimed exceeds 500% due to the high cross- 
section reactions in the Giant Dipole Resonance region. 
‘The 10 MeV electron beam produces typical fission 
reactions in the 200MeV range effectively turning high 
level solid wastes such as spent fuel into an energy 
source. The process is apparently intended for on-site 
treatment with some waste-partitioning required, an 
aspect which may not be desirable in certain countries. 


While this idea is similar in topology to a system being 
developed by Los Alamos National Labs, Dr. Paul 
Brown's approach offers several advantages: no need 
for extensive chemical pre-processing and the energy 
required to effect transmutation is greatly reduced. No 
new technology needs to be developed, yet the 
engineering of such a photon reactor must be completed, 
and it could itself become a practical method for 
generating power. 


ZIPP Fusion 


‘The ZIPP fusion process, identified by Mark Porringa, 
induces a wide variety of fusion reactions, resulting from 
the radial compression of individual diatomic and other 
simple molecules dissolved or suspended in a light 
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water, carbon arc electrolysis cell. A variety of other 
cell configurations are envisioned. 


‘The process appears to produce only stable isotopes, 
which should therefore make it capable of stabilizing a 
wide variety of radioactive waste materials. The theory 
on the process draws from Condensed Charge 
phenomena, Brown's Gas implosion, cavitation bubble 
collapse and sonoluminesence - all variations of the 
Casimir effect - which is believed to cohere the Zero- 
point energy of Quantum Vacuum Fluctuations 
‘Transmutations using variations of this basic process 
may be applicable to a wide variety of nuclear wastes 
and appears capable of operating with an efficiency 
exceeding 100%. 


A major implication of this process is that the Strong 
force of the nucleus is understood as an ultra close range 
Casimir effect. Oakridge Nuclear Laboratories in the 
US in conjunction with several international 
collaborators have just (this month, in fact) announced 
a deuterium cold fusion process based on the essential 
elements of the ZIPP Fusion process first reported in 
1998. The process is very simple and inexpensive to 
develop. 


RIPPLE Fission 


‘The RIPPLE Fission process is an adaptation of existing 
potential technology utilizing a supersonic ionized gas 
‘to aerosol a counter flow heat exchanger that envelopes 
the radioactive waste aerosol in a vacuum induced 
plasma vortex which appears to disrupt the matter 
stabilizing influence of the Quantum Vacuum 
fluctuations resulting in “gentle” low recoil fission 
reactions which produce only stable fission products, 
with excess neutrons being prompt converted to 
protons via quenched Beta emissions. The process is 
apparently proven with conventional non-radioactive 
wastes and is believed applicable to the entire spectrum 
of radwaste without the need for waste partitioning. 
This process is also conjectured to operate with over- 
unity efficiency. 


‘The LENTEC Processes 


The Low Energy Nuclear Transmutation Electrolytic 
Cells of the Cincinnati group produce a variety of 
transmutation reactions using a variety of exotic 
electrolysis cell designs that generally produce 
condensed charge clusters composed primarily of up 
to 10" electrons each. These electron charge clusters 
produced with the use of special electrodes can 
penetrate the nuclei of larger atoms in solution and 
‘transmute these atoms into stable elements. 


‘The range of design and operating protocols and 
potential applications are essentially limitless provided 
for the waste that is dispersed in the electrolyte. The 
reported transmutation of thorium to stable titanium. 
and copper by the Cincinnati Group and by the Salt 
Lake City group is one of the most dramatic examples 


of this type of treatment process. Application to other 
high-level liquid transuranic fissionable wastes such 
as surplus Plutonium seems likely. The glaring absence 
of normal fission yield energies is perplexing but 
probably explicable as another form of low recoil fission 
reaction, similar to RIPPLE fission. 


‘The Plasma Induced/Injected Transmutation - PIT 
Processes (also known as HDCC) 


Plasma Induced/Injected Transmutation processes run 
include a gamut from recent achievements dating back 
to the Oshawa-Kushi cold plasma transmutation 
reported in 1964. The patented high-density charge 
cluster process (HDCC) was first discovered by Kenneth 
Shoulders and added on to by Harold E. Puthoff. Later, 
the late Stan Gleeson discovered HDCC in properly 
processed solutions. Still later, Alexander Hyanok of 
Belarus discovered HDCC, followed by Vasiliy 
Baraboskin in Russia. 


‘The production of Condensed Charge Clusters and 
various plasma glow discharge phenomena in a variety 
of gaseous atmospheres is again implicated as the 
underlying cause with what should be by now an 
obvious connection with the coherence of Zero-point 
energy from the Quantum or Stochastic vacuum. 


Desk-top high energy particle accelerators have also 
been envisioned, based on the “piggy back" principle, 
in which the clusters permit acceleration of “piggy- 
backed" heaver +ions to extremely high energies 
capable of causing fusion and transmutations in target 
materials including those in solution and the materials 
of which the electrodes are composed. Brown's Gas 
implosion and cavitation bubble collapse reactions are 
also believed to be prevalent in these types of cells due 
to the prevalence of electrolysis. 


A high-density charge cluster technology was 
discovered and used by Stan Gleeson to stabilize 
radioactive liquid wastes and has been developed 
farther in the last 4 years by a group led by $-X Jin and 
Hal Fox. Best results for radioactive liquids have been 
demonstrated in the processing of thorium for a 30- 
minute period and achieving a reduction of radioactivity 
of about 90% from a liquid sample. 


Kervran Reactions 


‘The very compelling evidence compiled by French Nobel 
Candidate Dr. Louis Kervran has identified a wide 
range of nuclear transmutations in biological systems 
that have not been adequately explained. Coherence 
of Zero-point energy via Casimir effects within the 
Somatid particles identified by the Canadian Gaston 
‘Naessens is implicated as a possible cause. A wide 
variety of in vitro and in vivo reactions are believed to 
be possible as proven in nature and numerous 
experiments typically involving a reaction medium 
composed of a dielectric fluid such as water. Highly 
radiation resistant microorganisms have been found 
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thriving in the core of nuclear reactors indicating the 
possibility of microorganisms being capable of 
transmuting some bioactive nuclear wastes in the 
course of the normal metabolism of such organisms. 


‘The Monti Process 


‘The Italian Roberto A. Monti’s process involves 
confined explosions involving proprietary mixtures of 
materials that include radioactive waste. Ignition of 
such mixtures causes nuclear transmutations resulting 
in reduced radioactivity (to near-background levels) 
following combustion, gradually over 1 to 4 days. 


‘This technique has been confirmed by the Italian ENEA 
and is supported by the French CEA scientists as a 
serious candidate for treatment of waste stockpiles. The 
system, as currently designed, required waste to be 
inserted into a chamber. 


Higher group symmetry electrodynamics 


Extremely weak, non-classical, higher group symmetry 
electromagnetic fields were found during a 1991 
experiment made by Glen Rein to alter significantly the 
level of radioactivity in materials, even those in the 
environment. The experiments suggest that higher 
group symmetry electrodynamics modulate the 
‘quantitative and /or qualitative properties of radioactive 
species. If the non-classical fields directly affect the 
radioactive species, itis likely that the appropriate field 
parameters will be discovered to neutralize radioactive 
emissions. In 1999, a theoretical basis for the 
phenomenon was developed by the Welsh physicist, 
M. W. Evans, with the participation of Lt. Col. (retired) 
‘Thomas E. Bearden, 


The technology is extremely simple and could be 
applied with minimum logistics for treating massive 
structures, in-to outdoors, such as the Chernobyl 
disaster site. 


‘As the engineer who designed the self- 
sustaining magnetic motor being advertised 
by Psitronics Group Systems, International. It 
perhaps falls upon me to explain (as well as I 
am able) the methods used by me in this 
motor's design: 


‘The actual “picture” description is totally 
Intellectual Property; Protected as a Trade 
Secret, 


However: This magnetic motor is a 
“perpetually imbalanced configuration” of 
permanent magnets; an unequal number of 
magnets on the rotor & stator; that revolves 
ina “self-sustaining” manner as the magnets 
seek balance... There are no electrical 
components in the design unless one wished 
to insert alternator windings in the stator to 
provide an electrical output. 


We have discovered: through a prior 
unsuccessful prototype that using a para- 
magnetic material (we used aluminum) for the 
rotor & stator was self-defeating; as with the 
powerful rare earth magnets used in the 
design aluminum destroyed the magnetic 


Psitronics Group Systems, International 


Robert “Paul” LeBreton, 2901 Hwy. 6, HC 77 Box 42, Laguna, NM 87026 USA 


E-mail: wizzard9@earthlink.net Phone:1-(505)-836-7534 
Psi/Group's Magnetic Motor - Funding for New Prototype Sought: 


fields... On further analysis of the failed 
prototype it was deduced that a “latch up" 
condition would occur between rotor & stator 
magnets; unless the rotor magnets were 
canted or skewed at an angle from the stator 
magnets... The plastic prototype 
contemplated corrects both of these 
problems. 


We are seeking an investor willing to put up 
$4000 (DUS) for the prototype and who can 
offer $40,000 return on investment “ifit proves, 
successful” ...We have a Global Distribution 
‘ready to go” as well as a pledge of $ Millions 
towards Manufacturing & Marketing from 
EarthTech, International on submission of a 
running motor. 


Very Respectfully Yours, 
Paul LeBreton 


http://home.earthlink net/~wizzard9 
(Psi/Group Website) 


Inquiries should be emailed to: 
‘wizzard9@earthlink.net 
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Experimental Investigations 
of the Radioactive Isotope Half-Value Period Changing 
in the Local Volume of Cause-Effect Relations 


Igor A. Melnik 


Prvunze 292, Tomsk, 634021, Russia, Ph, (3822) 244565, 
breg@mailru 


Nuclear-design methods of the elemental analysis are 
based on the property of the radioactive isotope decay 
rate constant. Half period as a constant quantity is 
defined by the time feature (the time flow is uniform in 
the every space point). The given postulate is confirmed 
by the long-term results and raised no doubts. But in 
last years some researches, investigating enough fine 
effects by change of the registered radiation intensivity, 
came to the conclusion about influence of space cycles 
on the time flow [1]. In his tum,N. A. Kozyrev 
during the investigation of active physical properties 
of time came to the conclusion about violation of its 
uniform flow in the local volume of the cause-effect 
relations, created by the cyclic motion (rotation, 
oscillation) of bodies [2,3,4] 


‘Thus, the author get an idea to use a radioactive isotope 
cozium-137 as a “sensor”, measuring the changes of 
‘time flow uniformity in the certain local volume of 
cause-effect relations. In basis there are following 
arguments: owing to a conception of time uniformity 
and considerable cezium-137 half-value period, the 
source activity must be permanent during the 
experiment time. By the time flow (period) change, i. 
changes of uniformity in the local volume of cause-effect 
relations, the half-value period ~ T is changing in the 
direct proportion. Source activity, respectively, is 
changing in the inverse proportion according to the law 
exp (1/T) in relation to the external space volume. 
Hence, registered gamma-quantum intension 
(amplitude impulse distribution) in the absence of the 
cause-effect relations is proportional to the function 
N,~ exp (In2/T,). Then the proportion N,/AN, where 
AN=N,-Nis made, and by means ofit ahalf-value period 
difference is defined by the formula 


YAT=|1/T,+1n (AN/N,)/in2| (1) 


N,~ selective average amplitudes of impulses at the 
case of static liquid (in the absence of the cause-effect 
relations); 

N- selective average amplitudes of impulses at the case 
of rotation of liquid, 


In this case, there were investigations of the 
determination of the gamma-quantum intension change 
(ie. change of a half-value period) dependence on the 
angular velocity of the activator rotation, and also on 
‘the coordinates location and amount of cause-effect 
relations (Fig. 1). 
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‘The following devices were used as measurement 
equipment: semi-conducting detector (SCD-63V) (1), 
preamplifier (PAG-2K), amplifier (BAI-3K) and analyzer 
(AMA-02F1). Energy gammacline of 662 KeV was 
measured with the resolution 4 KeV. The gamma- 
quantum source was glued to the detector housing 
at the distance of 100 mm from its surface; so, any 
spatial change through coordinate axes was executed 
together with the detector to avoid even a tiny change 
of the source-detector geometry. 


‘The vessel with a liquid (2) was placed above the source 
(6), vortex fluid motion was created by an activator (5), 
placed on the rod of electric motor (3). The glass with a 
liquid, connected with the motor and frame (4), was 
displaced regarding to the center of the revolved 
activator, what was the reason of the glass vibration in 
horizontal line, and, hence, one of frame sides vibration 
in vertical line (v). In its base, the frame was a square 
with the side of 200 mm. To assign the direction of the 
space cause-effect relations, one of frame sides was 
vibrating, and the opposite one (on the X axis) was fixed 
on the table (7). An experiment was made in such a 
way, that vibrating parts did not adjoin with the 
detector. The radius of glass is 50 mm, the distance from 
central axis up to the vibrating frame part is 100 mm. 
N-selection of the every value on the diagram (Fig. 2) 
corresponded to twenty measurements, roots from the 
average variance of numbers distribution D = 160 
impulses. 
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na ‘etry 
Dependence of photopealcN area from the angular velocity of 
rotation - W, where 1 is photopeak area at static liquid, 2~ is 
Dhotopeak area at clockwise rotation, 2 ~ is photopeak area at 
anticlockwise rotation 


During two months eighteen experiments were made 
(at the one geometry) of the given effect fluctuation 
study, and there were no considerable deviation. An 
effect of the time deceleration always appeared at the 
angular speed of the activator rotation W=3780 r/min 
(during the vibration of the whole perimeter of the frame 
base). If there was a vibration on the only one side of 
the frame base (on the X axis), then this effect appeared 
at the higher speed of rotation. Unfortunately, the 
‘maximum motor speed of rotation W,,,.=4880 r/min did 
not let to define the precise position for the next rotation. 
point. During the experimental results extrapolation 
W,=5930 r/min (W,=nW/2) was obtained. 


In the table there are selective middle amplitudes of 
impulses -N=SN, /n roots from the numbers distribution 
average variance D, dispersion of the simple average G 
at the different directions of the liquid rotation (for the 
rotation point W=3780 r/min). The half period is, 
estimated by the equation (1) and formula T=T,+AT 
where T,=30.2 year (the cezium-137 half-value period). 


Liguid motion | N.imp. | D G | Byear 
Staticliquid | 163040 | 160.7 | 35.9 | 30.200 
Clockwise | 15696.0 | 1620| 362 | 30412 
Anticlockwise| 15553.0 | 165.0 | 36.9 | 30.423 


During the investigation of the activator angular speed 
of rotation dependence on the registered gamma- 


quantum intension, there was discovered the time 
deceleration effect in the fixed point of ambient space 
of the glass with the liquid. The effect was versatile, 
during the further study of the reasons of the effect 
disappearance, the following regularities were found: 


1. Intension change appeared only at the case of 
asymmetrically fixed glass, when there 
appeared horizontal oscillations, transmitted to 
the vertical oscillations of the frame; 


2. Aneffect disappeared, if the gamma-quantum 
source was placed in the glass center 
(~ 23mm down from the glass bottom); 


3. At the same speed of rotation but without 
liguid, with an eccentric activator, the time 
deceleration effect disappeared, 


Will consider the system with liquid, its intemal chain 
consisted of three cause-effect relations: 


1. Activator-liquid; 
2. Liquid-glass (frame); 
3, Frame-table, 


Glass oscillations were transmitted to the frame through 
the hard cohesion. There was only one cause-effect 
relation ~ an activator (a frame) ~ a table. Thus, 
amplitude of the time flow changing was, most likely, 
influenced on by the amount of cause-effect relation, 
and also, there was observed a quantum effect, 
dependent on the activator and liquid rotation 
frequency. 


‘The time deceleration maximum amplitude appeared 
during the source displacement from the central axis of 
glass along the X coordinate to the distance ~ § mm. 
‘There appeared the necessity to check the given effect 
on space points along the all coordinate axes in the 
radius R = 100 mm from the central point of the glass 
bottom (an extreme vibration point along the X axis was 
placed on this distance). 


On this purpose there were made some experiments, 
results of which are shown on the (Fig. 3), (Fig. 4). 


Fig.3 
Dependence of the increase of photopeak -AN area from the spatial interval in Cause-Effect Relations by X and Z coordinates, 
‘where XZ, is clockwise rotation, X,Z,~ is anticlockwise rotation 
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Dependence of the increase of photopeak -AN area from the spatial interval in Cause-Etfect Relations by X and Y coordinates, 
‘where XY. ~ is clockwise rotation, X,¥_ — is anticlockwise rotation 


Let us suppose that positive axis Zis directed from the 
glass bottom center to the ground and axis X- from the 
central axis of glass to the vibrated part of the frame 
(North-West), in this case ¥ is directed to the North- 
Bast. Along the all coordinates, in every adjusted space 
points on the distance R, from the glass bottom center 
(R, = 5; 50; 70; 100; 115 mm), there were forty 
measurements. At that in every point after ten 
‘measurements connected with the rotation there were 
measurements at the static liquid. It was made to avoid 
any systematic errors. The amplitude of the sample 
average impulses at the static liquid - N,= 10550 imp. 
In this case the root from the dispersion A=120, 
dispersion of the simple average G=19. Amplitude 
increment was calculated by the formula AN=|N,N| 
Following regularities were found: 


1. If considering the difference of impulse 
amplitude (in the positive coordinate space) in 
the first cause-effect relation evidence 
(activator-liquid), ie., to put the difference 
between the initial (5 mm) and final (50 mm) 
points of amplitude registration (their middle 
evidence between “clockwise” and 
anticlockwise") AN,!*=|N,-N,,| into the 
formula (1), then relations AT,/AT,=AT,/ 
AT =1.11 (n/2N2=1.11) 


2. Change of impulse amplitude difference along 
Xis the antiphase of changes along Z and Y; 

3. At the rotation clockwise and anticlockwise 
there takes place a periodical inversion of 
amplitudes difference relation; 

4. At the liquid rotation clockwise and 


anticlockwise, there appears an obvious 
distinction in evidences of the increment AN in 
negative region of coordinate axes; 


5. Along Y and Z-axes in points (5; 100 mm) there 
is observed insignificant time acceleration. 


‘The whole cause-effect relation system was defined as 
an internal (activator-table), as an external one (ground 
- system center of gravity). In the internal space volume 
time at the certain conditions breaks its own 
uniformity, at that the time period change is nonlinear 
and is defined by its quantum nature. Therefore, 
standard clocks in causal relations must be considered 
regarding to the center of gravity and location of the 
measurement point in the internal system space. 
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UP-TO-DATE INVENTION 


TILLEY ELECTRIC VEHICLE 


Tilley Foundation, Inc. 
131 Hiwassee Road 
Lebanon, TN 37087, USA 
615-443-5315 
E-mail: chtilley@bellsouth.net 


Nowadays there stays urgent the development of 
technologies, which could possibly be combined into 
a reliable, commercially successful advanced self 
powered vehicle with additional desirable but currently 
commercially unavailable features. 


The advantages of electric vehicles seem to be 
evident ~ they are clean, quiet, powerful, require much 
less maintenance than gasoline or diesel-fueled 
vehicles, and are inherently much simpler and easier 
to manufacture. Their drawbacks have been a short 
range, long battery recharging time, and a heavy, bulky 
battery pack. 


After several years of personal accomplishments in the 
alternative energy industry, Carl B. Tilley, the inventor 
from USA, was convinced that it was possible to build 
an electric car that could be powered without the help 
of external power to keep the battery charged. 


‘The concept to produce a useful electric performance 
car that would last more than a few hours and would 
be economical to run, safe to drive around town or 
across the United States and never use a drop of fuel 
challenges the future of transportation as we know it 
today. 


With the establishment of the Tilley Foundation, Inc., 
in the year 2001, Carl Tilley set out to prove it could be 
done. It was an ambitious project and it broke ground 
on the facility in Tennessee that would build the first 
self-generating electric car. 


Construction of a 1,800 square foot building, that was 
powered with another recently developed electric 
device, began in the year 2002. Electricity for this car 
is provided from a different energy invention, which 
was void of any outside power supply. It is ironic that 
one alternative energy device actually built the 
invention to power and build the electric car. 


‘The Tilley Electric Vehicle (TEV), converted from a 
1981 DeLorean, energizes the imagination and defies 
what has been accepted as a standard in the area of 
transportation for years. 


From the selection of the proper car to be converted, to 
the advanced technology, which is on board, the TEV 
performs comparably to gasoline-powered vehicles.The 
difference is you have no need for fuel and you do not 
have to stop the vehicle to charge it after driving. There 
is no pollution and you can cruise the highways at the 
same speed as any other vehicle. 


‘There is a new car on the road today. A car built with 
technology that defies the concept of fossil fuel 
powered cars, and can run coast to coast without ever 
relying on the battery being charged from an outside 


‘The long awaited transportation revolution and the end 
ofour reliance on fossil fuel has now begun ....the Tiley 
Electric Vehicle. 


‘The demonstration of a DeLorean powered by an 
electric motor and 12-volt standard car batteries is 
supposed to be on September 7, 2002, at the Nashville 
Superspeedway, USA. The battery bank is kept in a 
charged condition by the “on board” charger which is, 
the device invented by Carl B. Tilley. Racing legend 
Bobby Allison is one of the guest drivers for this 
demonstration. 


Details and results of the 
demonstration read in 
our next issue 
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The Problem of Time: 
Force as the Cause of Change 
of the Course of Time 
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Abstract 


‘Material processes occurring in a physical system under 
the action of a force field necessarily influence the course 
of time along the trajectory of motion of particle. A 
general relationship is obtained which relates the course 
of time on one path section of a particle when moving in 
2 force field to that on the other path section in the same 
inertial reference frame. According to the results 
obtained, the force in relativistic mechanics is not only 
the cause of acceleration of particle relative to an inertial 
frame of reference, but also the cause of change in the 
course of time along the particle's trajectory. Therein 
lies the physical content of the dynamical principle 
underlying the special theory of relativity (relativistic 
mechanics). The applications of the theory developed 
to homogeneous fields - to the fiold of gravity and 
electromagnetic field, and to the gravitational field 
produced by a point mass particle are considered. 
Physical properties of the state of imponderability of 
particle in an external force field are investigated. It is 
noted that the change in the course of time in a force 
field is in no way connected with the change in space- 
time metric and is a direct consequence of the causality 
principle of relativistic mechanics. The existence of 
dependence of the course of time on the state of 
motion of particle in a force field points to the 
feasibility of controlling the course of time using force 
folds. 


‘Time is among the most common concepts, which are 
used constantly both in everyday life and in science. 
This is because all the events and material processes 
in the world happen in space and develop in time and, 
hence, the laws that govern space-time connections are 
‘the most general and hold for all the forms of matter. 
Nevertheless, time remains one of the most mysterious 
concepts of physics; its physical essence is not 
adequately revealed up till now [1-4]. The concept of 
time with difficulty yields to logical analysis. 


From the point of view of common sense the essence of 
time is that time characterizes the duration of events 
and processes, indicates their natural sequence, at 
which the present, going away to the past, gives place 
to the future. 


Isaac Newton gave a clear-cut characteristic of the 
concept of time, to which the majority of physicists 


adheres: “The absolute, true, and mathematical time 
in itself and by virtue of its nature flows uniformly and 
regardless to any other object". Though, according to 
Newton, time flows equally and uniformly and does not 
depend on the processes, occurring in the world, the 
daily experience speaks in favour of the fact that the 
course of time is not uniform. Depending on 
circumstances in our history, it seems to us that time 
either flies swiftly or hangs heavy on our hands; 
sometimes it even changes suddenly, by leaps. In 
connection with these speculations the question arises 
of whether the subjective sensations of non-uniformity 
in the course of time familiar to everyone have an 
objective basis. 


In Newtonian mechanics time is of an absolute 
character, it does not change as one passes from one 
inertial reference frame to another and represents 
merely a parameter, whose change at the will of explorer 
results in the change of state of a mechanical system in 
accordance with the equation of motion. 


In relativistic mechanics time remains a parameter 
describing the development of system. But now time 
and space are intimately linked with each other to form 
a single system, ie. the 4-dimensional space-time. In 
going from one inertial frame of reference to another 
time gets entangled with spatial coordinates, so that 
time in one reference frame represents a “mixture” of 
time and coordinates in the other. Time ceases to be 
universal, the same in all inertial reference frames; it 
takes on a relative character. 


‘The indissoluble association of time and space takes 
on special importance in the light of the concept of 
physical field, which was called by Einstein the most 
important discovery in physics after Newton. According 
to this concept, the occurrence in space of a force field 
means that space turns into a physical environment, 
which is capable to interact directly with other bodies 
and gains, thus, physical properties, becoming an active 
participant of physical processes. In view of the fact, 
‘that space and time are indissolubly related to each 
other, the presence of a force field in some area of 
space must necessarily result in the appearance of 
physical properties of time caused by the motion of 
body in this area. 


‘Thus, from the synthesis of the notion of space-time and 
of the idea of physical field it follows with necessity 
‘that the course of time in a given region of space 
should depend on physical processes in this region, 
ite. time, as well as space, should have physical 
properties [5-8]. 


It should be emphasized that in special theory of 
relativity (STR) time and spatial coordinates are 
independent and formally equal in rights quantities, 
which determine the position of elementary events in 
space-time. On the other hand, time stands out in 
relation to spatial coordinates. The special role of time 
is due, from the viewpoint of geometry, to the 
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pseudoeuclidity of geometry of the 4-dimensional space. 
From the physical point of view, it is associated with 
the dynamical principle (causality principle), according 
to which the state of motion of a physical system at an 
instant oftime ; uniquely defines its behaviour at the 


next instant of time r +). The significance of dynamical 
principle lies in the fact that it relates the temporal 
evolution of system to the physical processes caused 
bby force fields and in doing so it allows one to determine 
the course of time in the system, its possible 
dependence upon the character of physical processes, 
and not just the sequence of events and their duration, 


‘The idea about the existence of the physical properties 
of time belongs to N. Kozyrev (9]. By introducing into 
mechanics an additional parameter taking into account 
the directivity of the course of time, Kozyrev has 
formulated causal (asymmetrical) mechanics from 
which it follows that time has physical properties. 

According to the results of theoretical and experimental 
investigations conducted by Kozyrev and his followers 
[9-13], events can proceed not only in time, but also 
with the help of time, information being transmitted 
not through force fields, but via a temporal channel, 
and the transfer of information happens 
instantaneously. The appearance of additional forces, 
associated with the physical properties of time and 
capable to fulfill work, testifies that time can serve 


In the papers by I. Eganova [12] and M. Lavrent’ev and 
I. Eganova [13] it is stated the problem of direct 
experimental research of the physical properties of time 
to ascertain the relations of a new type between 
phenomena and to discover new methods to change 
the state of substance. In [14] O. Jefimenko investigated 
‘the dynamical effect of the slowing-down of time. 


According to [6-8], the conclusion that physical 
properties of time exist follows strictly from relativistic 
mechanics, without introducing any additional 
hypotheses. The physical properties of time are of purely 
dynamical nature: their existence results from dynamical 
principle. The availability of physical properties of 
time is manifested in that time has a local 
inhomogeneity: its course along the trajectory of 
motion of a point particle in a force field is 
continuously changed, and this change in the course 
of time is a result of the action upon the particle of a 
force field in the inertial reference frame, in which 
the motion is considered. 


Editor's note: The author gives a detailed consideration 
of the physical content of the local dynamical 
inhomogeneity of time. Considering the motion of a 
classical point particle under the action of a force field 
in the inertial reference frames, that moves relatively to 
each other, Valentin P Oleinik derives 73 equations, that 
help him to obtain the following conclusion 
(mathematical details and physical reasoning may be 
found in 
http://temporology-bio.msu.ru/OLEINIK/oleinik htm.) 


‘The elucidation of the physical nature of time is one of 
the most important problems of theoretical physics. The 
purpose of research on the problem of time is to study 
the physical properties of time, i.e. to ascertain the 
possible interrelation between time and material 
processes. In particular, it is of interest to find out 


‘+ whether the flow of time depends upon physical 
processes and whether the back influence 
exists (ie influence of the change of the time 
course on physical processes); 


+ what mechanisms of the change of the course 
of time are available; 


‘+ what factors are capable to speed up or to slow 
down the flow of time. 


In papers [5-8] on the basis of Lorentz transformations 
relating to coordinates of points, lying on the trajectory 
of motion of particle in a force field, the phenomenon of 
local dynamical inhomogeneity of time is predicted. The 
main result consists in the proof that material processes 
occurring in a physical system under the action of a 
force field necessarily influence the course of time along 
the trajectory of motion of particle. The case in point is, 
the change of the course of time along particle's 
trajectory in one inertial reference frame as compared 
with that in the other. 


In this paper the next step is made: the relationship is, 
obtained which relates the course of time on one path 
section of a particle when moving in a force field to that, 
on the other path section in the same inertial reference 
frame. The main idea underlying the approach 
developed results from the analysis of Lorentz 
transformations and consists in that the course of time 
of a particle moving by inertia, ie. of a particle being 
not exposed to force, should be uniform. 


Asis well known [17,18], the existence of dependence 
of the course of time upon the gravitational field 
potential is predicted with the general theory of 
relativity (GTR). According to GTR ({17], p.303), time 
flows differently at the different points of space in one 
and the same reference frame. Since “gravitational field 
is nothing more nor less than a change of the space- 
time metric” ({17), p.313), one can assert, apparently, 
that the change in the course of time is due, in the view 
of GTR, to the change of the 4-space metric. It should 
be emphasized that in the present paper gravitational 
field is considered as an ordinary force field, and the 
particle motion is supposed to occur in pseudo- 
Euclidian space-time. The main formulas of the article, 
(22) and (26), describe the change in the course of time 
in an arbitrary force field at different spatial points in 
one and the same inertial reference frame. As is seen 
from the results received, the change in the course of 
time in a force field is in no way connected with the 
change of space-time metric. It is conditioned by the 
force field action on particle in inertial reference frame 
and is a direct consequence of the dynamical principle 
underlying relativistic mechanics. 
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It should be emphasized that the existence of 
dependence of the course of time on the state of 
motion of particle in a force field points to the 
feasibility of controlling the course of time using force 
fields. 


Note an important peculiarity of the non-inertial 
reference frame, in which the imponderability state of 
aparticle is attained: there is such a space-time region 
in which the reference frame at hand can be 
approximately considered as inertial. In connection 
with the fact that such reference frames (it is natural to 
call them quasiinertial in contradistinction to the true 
inertial reference frames) are, generally speaking, not 
equivalent to each other (see previous section), the 
derivation of a rigorous criterion for inertial reference 
frame acquires especial significance. The dynamical 
criteria for defining the inertial and non-inertial states 
are considered in the papers by B. I. Peschevitsky [19] 
‘The heliocentric reference frame seems to he among 
‘the quasiinertial reference frames, being inertial with 
adequate accuracy only in a restricted region of space 
(for example, within the limits of our Galaxy) [16] 


‘The author is grateful to Yu.D. Arepjev for his interest 
to the paper and stimulating discussions. 
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‘Time cannot be absolutely defined, and there is 
zo inseparable relation between time and signal velocity. 
“Albert Einstein (1) 


‘Time does not exist by itself 


‘The phenomenon of time emerges in relationships ~ as, 
an expression of properties of physical bodies and 
changes that occur to them. 


‘Time is a factor of energy. Time has to do with the 
increase and decrease of energy. For example, as energy 
is brought down to a “zero level’, time is “eliminated”, 
so in a sense, time cannot be “compressed” - only 
climinated. In the zero-energy level, electrons occupying 
this level in unlimited numbers are available through 
state transitions for the building of matter and the 
vacuum [2]. So it is the extent and the nature of energy 
flow that determines the characteristics of time. 


How do we know all this? 


In his seminal foundations of physics work of the early 
1900s, Sir Edmund T. Whittaker demonstrated by 
canonical quantization that there exist physical, time- 
like and longitudinal photons in vacuo [3,4,5]. The 2 
scalar potential functions, F and G which completely 
characterize an electrodynamic field due to electrons 
in the ether are: 


F(x, yz, t) 


e 
Gemnat= Lao tant 


In these equations, for the fundamental case in which 
a field is due to any number of electrons moving in any 
‘way, we observe that time emerges only through the 
displacement of energy. Another way of putting it would 
bbe that time emerges through change in energy. 


‘These photons have an independent physical existence. 
Whittaker himself observed, after computation that the 
“total disturbance at any point, due to this system of 
waves, is independent of the time, and is everywhere 
proportional to the gravitational potential due to the 
particle at the point” [6]. A. D. Sakarov admitted that 


the gravitational field is a “conglomerate of loose things: 
and not a fundamental field of nature at all 7]. 


Everything electromagnetic, and probably gravitational, 
starts from these potentials, not fields, and under certain 
circumstances, there may exist photons without fields 
being present at all. In the vacuo, the longitudinal light 
photon travels in the direction of the beam, like an 
energy capsule, as a scalar four-potential-function 
energy standing-wave field, with many different 
frequencies, with an internal symmetry based on 
circular polarization [8,9], an energy field or nexus that 
“has an end, but no beginning”. The time-like and 
spacelike parts of the four potential are photons with 
spin ~1, 0 and +1 that are longitudinally directed, and 
which are observed in the Compton and the 
photoelectric effect (10) 


‘Movement of light affects time 


Philip S. Callahan designed an elegant experiment that 
shows how variations in the movement of light affect, 
time [11]. Changes in exposure settings of photographs 
of same objects, including coherent light laser spots 
results in shift of position of images. The more coherent 
the light, the less apparent is a shift in time. He 
suggested that time is neither absolute nor independent 
of photon activity of space. 


We can also state, as a corollary, that the movement of 
light generates time. After all, the electrodynamics is 
associated with photons. This is particularly significant 
in time engineering, as will be seen later. 


‘Time and life 


Now, it is well known that the ability of cells to sense 
the presence of light is a primary function of life itself 
Ifa cell can sense light, itis alive; ifit cannot, it is dead 
[12]. Callahan was able to observe that time increments 
were detected on light-detecting surfaces of living 
organisms such as the cuticles of leaves. 


‘The Russian time researcher, Nikolay A. Kozyrev 
considered that living systems "consume" time for their 
life-energy [13]. Velimir Abramovich suggests that 
living organisms are naturally-driven “time machines”, 

‘They each have an inbuilt time that serves as a “code” 
to structure their own physical totality and to regulate 
their own functioning. Thus their “local time” acts as a 
“time operator" ("time condition") frequency [14]. The 
nature and level of electromagnetic fields in living 
systems could therefore be considered as indicators of 
their “energy level” and how it affects and adjusts the 
inherent rate of time-flow. 


‘Time and consciousness 


We append to these statements the notion that, yes, 
time is “consumed” by living organisms ~ but only if 
they are conscious. Essentially, time can be perceived 
by measurement, which always requires a conscious 
observer. 
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When we measure, we observe the differentials of 
energy flow. It is the measurement of these differentials 
- as we note from the Whittaker equations of scalar 
fluxes - that allows us to the measure the equivalence 
of time. When we measure differentials, we are 
effectively creating our notion of time. 


Itis difficult for humans to conceive that time does not 
exist when humans think about it. Saint Augustine 
speaks for all humans with his observation: 


While I do not think about time, Lknow that time exists. 
When I begin to think about it, Istop understanding 
what itis. 


With such conditioning, humans cannot come to grips 
with the notion that the Universe has no beginning and 
no end. It is like the paradigm of absolute nothingness 
- people cannot deal with the concept of no time 
because, effectively, consciousness, like life, consumes 
‘time. One could advance the notion that thought itself 
is time in motion, When we think, we are creating time. 
Life is movement - and the brain registers energy 
differentials and their associated fluxes of scalar 
potentials. 


‘Time and causal mechanics 


Since time is the result of movement of energy (and 
accordingly, light), then time is associated with the 
cause-effect processes linked to a first position of energy 
to the next. In other words, time is innate to causal 
mechanics. 


Variations in energy flow, logically, lead to variations in 
the characteristics of time. They also permit variations 
in causality. 


Conversely, changes in time lead to changes in physical 
structure [15]. This phenomenon was proven by Kozyrev 
and has been labelled as the Kozyrev effect [16]. He 
demonstrated that changes in the course of time affect 
‘the performance of electronic components. Figuratively 
speaking, a transistor is like a corral in which light 
behaves in a certain way. By changing the way that 
light behaves, a transistor becomes valueless. 


‘To create an extra-temporal causality (with linkages to 
another level/dimension) one must change the light 
movement. Changing the light patterns means 
changing the behaviour of a wave, and its concordant 
photonic reality. By altering the photons, we make them 
go to another dimension. 


Changes in time can effect change in living systems 
[17]. The engineering of “time-polarized” waves has the 
promise to target and amplify natural healing procession 
in living organisms. It is these natural activities that 
would restore diseased cells to their original and healthy 
condition [18]. Such time engineering may also include 
‘the reversal of the effects of AIDS, smallpox, anthrax, 
and most bio warfare agents, with treatment times of 
only a few minutes per week, with no more than 3 


treatments required in all. Eventually it may also be 
possible to reverse the effects of genetic disorders, effect, 
limb regeneration, and cure spinal cord injuries [19]. 


Engineering causality 


Variation in the density of energy determines variation 
in the “the course of time". By the "speed of course of, 
time” is meant the rate of causal transformation and 
‘the input of additional forces into systems (including 
mechanical tensions). According to Russian scientists 
(20, 21,22] there are interesting possibilities in deploying 
engineering for causal mechanics. 


In preventive time engineering, one could delay the 
approach of a known cause and to artificially close the 
consequence loop, and thereby annulling it from ever 
achieving an effect. In other words, one can make the 
effect “happen” before its normal time, disrupting space 
structure with its related “speed of the course of time". 
One can also make it “happen” after its expected 
deadline. This technology could have interesting 
implication in strategic situations (preventing a extra- 
planetary body from attaining a collision course). 


According to the Russian experience, when the spatial 
structure is disrupted by time-engineered causal 
mechanics, the affected region undergoes relative 
greater entropy (or, less order). The volume of space is 
forced out to somewhere else, generating torsion fields, 
much like a balloon will drift away from denser air. A 
similar phenomenon occurs when the velocity ofa mass 
increases, the force emerges against it, called “inertia” 
[23]. Now, to increase velocity, the energy of the mass 
increases. In the case oftime, as the movement of energy 
increases, interaction or reaction with another 
dimension ensues to compensate for that primary 
change [24] 


‘The boundary layer between the two states of space 
can then act as a mirror and the approaching agent may 
be reflected back to its source. For example, alight beam 
may be reflected back to its emitter, in full, or in part, 
depending on the engineering, 


With space-time engineering, we could develop 
teleportation systems [25]. The course of time goes from 
‘the past tothe future, in the direction of greater disorder. 
Going back to the past represents deceleration. The 
etheric continuum is perceived by Kozyrev is containing 
variations of “density” of structural elements. The 
“denser” the etheric region, the slower is the course of 
time. A zone of accelerated time course would be forced 
out into “rarefied” ether. A zone of slowed time would 
be forced into denser ether, hence the basis for a 
teleportation technique. 


In vivo experiments with a Time Machine 
For over 18 years, a Russian association of scientists 


has conducted experiments with acceleration and 
deceleration of time with 4 prototypes of time machines 
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[26]. Light-heartedly, the units are called “muskrat 
traps” since the experiments conducted in remote forest 
were disguised as a high-tech electromagnetic 
technology for trapping muskrats. The time machine 
units are spheres ranging in diameters of 30cm, 1 meter 
and 2.1-meter. The shells are encased with coils 
designed to produce convergent waves. 


Team leader Vadim A. Chernobrov describes 
converging electromagnetic waves as moving from a 
periphery to a central point. They are observed when a 
‘hoop is thrown into the water and inside the hoop the 
‘waves converge. If a potential is applied to do work 
and to initiate the energy differential process, the other 
reverse direction scalar (the reverse-time energy flow) 
must react. Thus, compensation of time - in the form of, 
‘the deceleration or acceleration of the rate of time - can 
take place [27]. 


‘The first trials involved mice, in which most (25 out of 
31) died. Eventually, there were successful 2-hours runs 
oftime travel. An experiment with a dog that was clearly 
frightened also showed no ill effects. This led to 
experiment with humans, the first being Ivan Konov 
‘who, on August 26, 2001 decelerated into the past by 
3% of planetary time during a half-hour trial. Dozens of, 
others have experienced the phenomenon and report 
such sensations as: quicker pulse, giddiness, itching 
skin, body twisting, numbness at extremities and acase 
of an out-of-body experience. Harmful effects on living 
systems donot appear to be linked to the change of the 
rate of time, but rather to the variations of the time rate 
value among regions of a living organism. 


Some individuals reported visual experiences such as 
“starry sky", “luminous vortices” and colour spots. 
Individuals observing outside of the time travel machine 
noted headaches. The most interesting phenomena 
occurred just before the start-up: significant presence 
of ozone for several hundreds of meters around the 
machine, which was located in a forest. Also noted were 
strange lighting effects in the sky above the apparatus, 
accompanied by sounds that inexplicably appeared to 
generated from inside. 


Factors affecting the rate of time 


‘The experiments yielded interesting observations: the 
phenomenon of the rate of change of time varies 
according to the hour of the day and according to the 
lunar phase. The rate can he influenced by a variety of 
external inputs, including mechanical vibration, 


‘The transition into the future differs from than into the 
past. It is like movement from any point in a tree ~ where 
downwards represents past time. There are many paths 
possible towards the future - upwards, along the 
branches, but only one towards the past - downwards 
to the trunk. The return from the past time is possible 
only ifthe time traveler does not interfere with occurring 
events - or the possibility of returning to another branch 
of the tree. However, a return move from any variant of, 


future time is possible regardless of the behaviour of 
the traveller. 


The Russian time-travel experiments point to a 
relationship between inertia and time. In changes of 
rates of time, the region adjacent to the spheres 
develops a boundary layer effect, appearing as an aura 
of “white mist”. The greater the time differential, the 
denser is the mist. 


Assimilar phenomenon has been observed, and captured 
on film, with some experiments conducted by John 
Hutchison involving remote-controlled lifting and 
disruption of objects [28,29]. It may be that the 
Hutchison effect involves causal mechanics. 


‘Time and frequency 


‘Time may be viewed as a process ~ or “change-of- 
space” in any direction that does not exist in our 
dimension [30,31,32]. In physics, new properties are 
commonly acquired as the result of change in some 
property: charge, current, induced magnetic field, etc. 
Here, the new property becomes a new dimension. 
For the frequency of oscillations, the formula is 
£ = 3/2 [l/s], where }. is wavelength in (m]. Here, the 
velocity of light is equal to 3 (the 10° mathematical 
degree is omitted since it is a question of scale of 
measurement only). 


‘Therefore, the analogy between our dimension and 
frequency gives us a new notion, which is 
curvature p: p=3/r (I/m] and f = 3/A [V/s]. The 3- 
dimensional radius is represented by R=1/p= 1/3 {ml 
and time as a period of oscillation has the relationship 
T = Mf [s]. Time can be considered to be equivalent 
to the radius of curvature p if the linear radius rand 
the wavelength 4 are the same. This is a condition 
for the spatial resonance effect. Note that in this 
analysis, “m” and “s” are unlike when length is 
‘measured in meters in our dimension. However, for a 
new dimension it is possible to use equal units for (m) 
of 4th dimension and conventional “second” 
Furthermore, light (photons) is possible in our dimension 
only as a process in such a spatial resonator 


Experiencing time dilation 


Based on the above discussion, it is proposed that we 
experience changes in rate of time in our daily life, 
During sleep, as our energy level decreases, so it can 
bbe argued that time decreases and we “go” into another 
dimension. Aspects of what is observed during the 
dream-state do not obey the rules of our familiarity of 
physical existence, and conventional causality - 
because the rate of time is different. As we start our 
dreaming, and as we emerge from dreaming, the 
recalled experiences resemble more our regular 
experiences. Before and after sleep, our brain frequency 
tends to resemble the daytime’s. In effect, 
understanding our dream state's sense of time may be 
a reference key to comprehending the physics and 
causality mechanics of time engineering. 
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‘Time and planetary gravity 


‘The Earth's mass appears to be in continual growth, 
250 to 360 million years ago, our globe may have been 
half size - with all of the continents as one landmass 
[33]. In ancient sediments, the natural angles of slope 
in sand beaches greatly exceeded those of today, 
indicating that gravity has on our planetary surface has 
increased 8-fold, several times, during the last 1.6 billion 
years. Yet the planet's average density may not have 
changed - only the acceleration of free fall [34,35]. 


There could also be another explanation possible for 
the change of slope of beaches. The pull of the moon 
may have been different in the past. 


Also, the planetary magnetic fields could have 
increased over the millions of years, through interactions 
with the solar flux of hydrogen atoms. The sun is in 
constant explosion ~ production of energy differential 
Earth and other planets could be responding with 
harmonics to compensate for the solar activity, leading 
to an overall increase in magnetic fields. Such a 
phenomenon may give the illusion that the physical 
body is growing larger. In other words, with time, the 
force of gravity would alter planetary mass and energy. 


Assuming that the Earth’s density has not increased, it 
is possible account for, mathematically, the relative 
increase ~ growth processes - of the nuclei of terrestrial 
atoms, including the doubling of mass of nucleons and 
of electrons [36]. Such calculation also accounts for the 
emission of 2 different photons by hydrogen atoms (also 
known as the “red shift" described by E. Hubble). 


‘The phenomenon can be explained with the time-like 
and longitudinal photons described by the bi-directional 
2 scalar potential functions [37,38]. Could it be 
suggested that matter is gravity minus time? In other 
words, gravity is related to accumulation of energy 
differential (time) in mass. 


‘The value of gravity varies throughout the planet, in 
part because of the poles and in part due to local density 
of matter. Kirill P. Butusov has noted a correlation 
between places of civilization and regions of greater 
gravity. A faster rate of evolution may be associated 
with such gravity zones. In these zones there would be 
a greater influx of scalar potentials. Time would be more 
“authenticated” by these energy flows into conscious 
beings. Butusov reminds us that time has a “positive 
energy” and flowing into nuclei of atoms or a “negative 
energy” flowing out of the nuclei of atoms [39] 


The outflow would be representative of gravitational 
energy. Longitudinal waves are known to be able to 
enter and to leave nuclei. Such flows of time must come 
from other dimensions. After all, the surface of any 
elementary particle separates our dimension from 
another. This leads to an interesting possibility in which 
all time-associated processes between dimensions are 
synchronized. 


‘Time reconsidered 


Arguments have been laid that suggest that time is, 
equal to energy differential (including movement of 
light). Living systems “consume” time as part of their 
consciousness and measuring processes. 


It is possible to engineer causality. An understanding 
of higher-order electrodynamics is required. Techniques 
exist for the generation of scalar potentials. Causality 
technology has many applications. They include: 
therapeutics, energy generation, consciousness 
technology, inter-dimensionality, defence systems, 
teleportation, and of course, “time travel" 


Appreciation is expressed for guidance in this 
discussion by Thomas E. Bearden and 
Bernard de Montréal. 
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Preface 


In 1992 the author of this words, having been stimulated 
by Kozyrev's book [1], started to reflect on Time meaning 
and Time and Space asymmetric roles during the 
Universe Expanding. The development of these ideas 
has led to the work [2], it is available now (the Russian 
version only) on the website of the Institute of time 
nature explorations (grant #00-07-90211 of the Russian 
fund of basic research), 


I would like to thank the Chairman of the Russian 
Interdisciplinary Temporology Seminar Dr. A. Levich 
from Moscow State University for his constant support 
and friendly interest. Also I would like to thank 
A. Moskowsky for the 20-year discussion of the physics 
history and philosophy. 


‘The said work [2] pretends to revise radically a number 
of basic physical concepts of the Space - Time, Motion 
and Energy nature. It includes a detail analysis and 
mathematical calculations. Only a brief account of the 
main part of this work is presented below. 


Introduction 


‘The nature of time is not yet enough clear for natural 
science. In Newton mechanics time was presented as 
some universal formal parameter. Its value rises steadily 
at every point of the Universe by unknown for us reason. 
Each physical process occurs in space in 
correspondence with the time course. 


In the Special Relativity (SR) time and space are 
integrated to the common 4D-continuum. However, in 
this theory the time component having imaginary factor 
seems also to be “exotic”. In this concept the increase 
of time is also implied in each reference frame. 


‘The General Relativity (GR) allowed linking the time 
properties with gravitational fields and the space 
geometry. The time currency started to be associated 
with a spatial expansion of the Universe. 


The theoretical physics traditional approach to the 
process description is based upon the considering of 
time course as primary (original) one. There are also in 
the modern physics [3] several attempts to deduce the 
time concept as secondary one from different 
fundamental (microscopic) concepts. 


However, the third way (inverse to the first one) is 
possible and forms the basis of this paper. A starting 
point of this way is the following question: “Does any 
universal process exist which could generate physical 
time?” 


(Editor's note: The same question was formulated and 
the answer was proposed by Alexander V. Frolov in 1996, 
report “Matter as process’, Scientific congress “New 
Ideas in Natural Sciences”. It was assumed that similar 
process can be produced by special technical methods 
also.) 


Such fundamental cosmic process really exists and itis 
well known in the modem science. It presents the 
Universe expansion and was opened at the first third 
of the 20% Century by the American astrophysicist 
E. Hubble and others [4]. It means the general increase 
of distances between all 3D-bodies. The same 
scattering of two-dimensional-figures happens on the 
surface of some spherical balloon during air incoming. 
‘The centre of this sphere does not belong to the surface; 
all points of the sphere (the Universe) are equivalent. 


‘Some time earlier the theoretical physics had come to 
the same results. As it is well known, the Einstein's GR 
‘was published in the 1916. After that Friedmann (1922) 
proposed the concept of the expanding Universe. For 
example, in the book [5] a description ofthe basic cosmic 
model is given. Hereinafter this model is called 

‘Einstein-Friedman model", or “EF-model". In this 
model the Universe is presented as 3D- hyper surface 
of a 4D- sphere with increasing radius. Of course, the 
curvature of the 3D-hyper surface increases with time 
too. 


Basic hypothesis relative to time nature 


Some simple and pictorial views consist a basis of the 
new concept. Hereinafter it is called briefly as “The 
Spherical Expanding Universe Theory (SEUT)’. 


In the SEUT, as well as in the EF-model, in every time 
the Universe represents the 3D-hyper surface of a 4D- 
sphere. However, there is one very important difference. 
In the Einstein's theory the spatial components of the 
metric tensor are opposite in sign to the time's one. For 
example, we may consider time as imaginary quantity, 
‘then spatial coordinate as a real one. On the contrary, 
in the SEUT the 4D-continuum is considered as purely 
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Euclidean, all the four coordinates are real quantities, 
‘The usual spherical geometry can be used on a surface 
of the 4D-sphere, 


As it is well known, in the GR the Age of the Universe 
can be calculated using the EF-model or a similar one. 
Usually, the radius-age dependence is not a direct 
proportionality in such GR models. However this result 
may be deduced if to neglect the global pressure of 
matter that fills the Universe. In [2] it is demonstrated, 
that an account of the static pressure of matter follows 
to the Universe radius linear dependence on its age (see 
below). 


On the contrary, in the SEUT the time universal course 
is manifested. The Universe age is identified with a 
current Universe radius divided by the velocity of 
light. Numerous important consequences may be 
deduced from this statement. On the other hand, it 
allows avoiding many other arbitrary postulates in the 
model. 


‘Mechanical motion and maximum velocity in the 
SEUT 


The SEUT states, there is no unlimited set of 
independent mechanical motions. Only world lines of 
moving bodies exist. Each of them has some inclination 
relative to the time line, which presents anormal to the 
hypersurface of the 4D-sphere. Itis an inclination angle 
that defines the spatial motion velocity. At the increase 
of sphere radius the intersection point of word line and 
current hypersurface “moves” with exact 
correspondance with a modern physics prediction, 


In particular, immovable objects (stars) have zero 
inclination, their world line are normal to the 
hypersurface. Hence they “scatter” according to the 
Hubble law, their mutual velocity is proportional to 
mutual distance. If a body world line has some 
inclination relative to normal, the angle is more than 
zero. But it can't exceed 90°, therefore maximum 
mechanical motion velocity appears naturally, itis equal 
to the velocity of light. 


Let us consider three variants of motion (see Fig. ). 


GOO 


Fg. 
Phenomenon of a "motion" of point on a sphere surface for 
immovable (at the left), uniformly moving (at the centre) and 
‘non-uniformly moving (at the right) 


‘The left picture illustrates the Hubble effect. The right 
picture presents a general case of motion with 
acceleration. The central picture corresponds with an 
inertial motion; its world line is direct. In this case the 
moving body displacement increases proportionally to 


the Universe radius increment. So, inertial motion is not 
postulated in the SEUT, it appears as natural model 
consequence. 


Ata large 4-sphere radius values all the relationships 
of SR and usual mechanics laws are applicable 
approximately in the SEUT. A Special Relativity light, 
cone transforms to all the hyper surface of the 4D- 
sphere. But the analogy is not complete, because an 
absolute remote SR area degenerates to this 3D- hyper 
surface in the SEUT (see Fig. 2) 

absolute 

future 


Z absolute future 


absolute 7 aosclute 
’ 
Pees absolute future 
past 
Fig. 2. 
4D- continuum areas inthe SR (at the left) and in the SEUT. 
(atthe right) 


SEUT and Minkowski geometry 


Let us consider small increments of time and space 
coordinates along body world lines during the Universe 
expanding. It is enough to consider a small area of the 
Universe, so we can neglect its curvature. Then it is 
acceptably to replace approximately concentric hyper 
surfaces (“isochrones”) by parallel hyper planes. The 
space-hold corresponds with a representative point 
“drift” perpendicularly to isochrones, an inertial motion 
corresponds with displacement along inclined direct 
lines between isochrones. 


At each time the Universe is represented by a certain 
isochrone that contains all the real spatial points. Let 
us accept that 4D-sphere radius increment divided by 
velocity of light presents invariant measure of (absolute) 
time increment. We will also state that this quantity 
has the same value in each inertial reference frame, ie. 
at a motion along each direct world line. 


Let the angles of world line inclinations from normal 
direction are enough small. Then metric relationships 
like Minkowski geometry ones appears in our purely 
Euclidean 4D-continuum. In particular, well known 
relationship 


cds? 


dtd 


can be deduced from the Pythagorean theorem. It 
connects a spatial component dr with a time component 
dt (at moving reference frame) through velocity of ight 
c. Here ds is an absolute time interval (between two 
4D-events at a immovable reference frame). Hence, if 
velocities aren't very high, the Lorentz transform is, 
correct in different inertial reference frames. 
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On the Einstein's relativity principle 


If the world lines inclinations from exact normal 
direction cannot be accepted as small, then Minkowski 
geometry relationships are correct approximately only. 
It means that Einstein's relativity principle is correct 
(in the SEUT) only for reference frames that move with 
velocities enough small relative to selected reference 
frame. Such reference frame is linked hardly with abody 
at (absolute) rest, i.e. drifting along radial world line. 


‘The selected reference frame existing reminds of old 
ether theories that contradict to the Special Relativitiy 
views. It seems, these theories became a thing of the 
past irretrievably. In fact, the velocity of light in vacuum, 
is constant everywhere and everywhen. However, the 
reference frame existing can be detected in principle 
as a light signal frequency bias, ie. with the help of 
Doppler effect. Well, this phenomenon is really detected 
by the modem astrophysics! 


‘The temperature diagram of the Cosmic Microwave 
Background Radiation (CMBR) coming to the Solar 
system from all the sides of the Universe is presented 
on Fig.3. The data was registrated during 4 years by 
the Cosmic Background Explorer (COBE) satellite 
(NASA Goddard Flight Centre, COBE Science Working 
Group) 


Fig. 3 
‘The anisotropy of the Cosmic Microwave Background 
Radiation (CMBR) 


‘The well-known Russian scientist J.B. Zeldovitch in the 
Editorial Addition to [6] in connection with earlier 
experiments notes that careful measurements allowed 
to find out some anisotropy of CMBR. An antenna 
oriented to the Lion constellation detects that the 
radiation temperature is 0.013% more, than mean 
‘temperature. The radiation temperature in the opposite 
direction is 0.013% less, than mean. Generally, a 
‘temperature varies continuously between these two 
values. The isotropy presents only for some imaginary 
observer. The Solar system, Earth move to the Lion 
constellation relative to this observer having velocity 
390 + 60 kin/s. Hence, as a result of the Doppler effect, 
a incoming radiation seems to be more hot, and an 
overtaking radiation seems to be more cold. This 
example shows that for observer of any point of the 
Universe this CMBR is isotropic. We may consider this 
observer and the connected reference frame as selected, 
one. The selected reference frame existence at the 
Universe every point looks like the physicists commonly 


held view preceding to Relativity. They thought that 
the light presented ether oscillations occupying whole 
the Universe. They thought also that a reference frame 
connected with ether was preferable, or selected. They 
tried to detect the Earth motion relative to ether. We 
know that these experiments gave the negative result: 
any ether doesn't exist. But the Universe evolution 
follows that when CMBR is observed (and only in this, 
casel), the selected reference frame (called sometime 
“new ether”) appears. The new ether or CMBR just 
realises the motion according to Hubble's law. 


‘The modern NASA's data allows to put the relation of 
the Solar system velocity to the velocity of light equal 
to 0,15%. It is enough small value justified Special 
Relativity and Minkowski geometry relationships 
application. But can we believe this phenomenon to be 
an exhaustive proof of the SEUT accuracy? 


‘To test it we propose a not complicated observational 
experiment. If the CMBR anisotropy is due to the real 
selected frame existence, then it may be detected for 
any electromagnetic radiation. In particular, an 
anisotropy of solar radiation has to exist at the different 
year periods. It has to be detectable in August, when 
‘the both solar radiation and CMBR come to the Earth 
from the Lion costellation side (see Fig. 4). In February 
‘these sourses are opposite in disposition relative to the 
Earth, therefore the solar radiation anisotropy direction 
has to be opposite. The expected effect value (with 
account of the Lion constellation straight ascendancy 
and obliquity of the ecliptic) is approximately equal to 
300 km/s, i.e. nearly 0,1% of the velocity of light. In 
November and May the anysotropy has to be practically 
absent. 


Earth abit 


oe 


Lion Constellation 


° 


December, 22 


Mars, 21 


une, 22 


Fig. 4 
‘The Sun and Lion constellation disposition relative tothe Earth 


Probably, an analogous SEUT test in a laboratry is 
realizable with help of artificial radiation sources. 


Particle mass, energy and impulse 


So, we consider the Universe as expanding 3D- 
hypersurface of a 4D-sphere. Mass localisation places 
in the Universe present the points of the hypersurface 
intersection by world lines. So, these world lines have 
areal physical meaning, not abstract illustrative this 
one. We may expect this physical meaning to be more 
essential than simple word expression. 


Particularly, while the Universe global analysis is 
making, we may suppose that such fundamental 
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particle feature as its mass at rest presents some relative 
value. Such relation (some kind of a quantum number) 
may include, for example, 4D-sphere (the Universe) 
diameter and some characteristic size like de Broglie 
‘wave period that is inversely proportional to the mass. 
‘This hypothesis may make clear inertia nature as two 
characteristic times relation. It may also explain the rest- 
energy notion. 


‘Meanwhile, the Universe radius increases with time. 
Well, what happens to mass? Ifade Broglie wave period 
increased proportionally to time, we couldn't generally 
detect the Universe expansion, including famous “red 
shift”. But if particle wave periods are constant, then 
matter mass has to rise proportionally to the Universe 
age and size. 


In the Relativity (like Minkowski geometry) we use 
vectors having imaginary projection to time axis and 
real projections to space ones. Particularly, it is true for 
velocity, acceleration, and energy-impulse 4-vectors. As 
against, vectors having all the real components are only 
used in the SEUT. At that, a 4-interval value (length in 
pseudo-Euclidean space) of some relativistic vector 
answers the absolute time axis projection of a 
corresponding SEUT-vector, and imaginary component 
of a relativistic vector (time of motion) answers the 
corresponding vector length in purely Euclidean 
continuum of the SEUT. For example, the energy-impulse 
vector module presents such quantity. Its projection to 
absolute time axis is energy at rest divided by velocity 
of light, and its projections to spatial axis are impulse 
components. This quantity is constant while the particle 
movement is inertial one. 


A jump to non- inertial motion in the SEUT is connected 
with a corresponding state vector changement law. So, 
if particle motion velocity changes, its energy at rest 
doesn't change, therefore full acceleration at a time 
interval can be calculated using the difference between 
new and old impulse values. Thus, the non-uniform 
motion equation in the SEUT can be found like SR as 
time derivative of an impulse expression. 


‘The force-acceleration relation depends on a mutual 
orientation of force and velocity vectors in the both SR 
and SEUT. But in Relativity a reference frame velocity 
can be choised arbitrary, for example it can be zero, 
‘then the relation will be equal to one. 


On the contrary, in the SEUT an absolute velocity is 
presented, it is defined by the world line inclination 
relative to the normal. Let the Earth move with any 
velocity relative to the immovable (selected) reference 
frame. Then we will be able to detect the absolute 
velocity using two measurements, the first one along 
‘the world line, and the second one in a perpendicular 
direction. 


If this absolute velocity is really defined by direction 
and value following from CMBR anisotropy effect, then 
we can expect a relative difference near 2,25 - 10* 
‘between longitudinal acceleration and transversal one. 


Local gravitational fields of particles 


What does the SEUT talk about body gravitational 
fields? Let us imagine all the bodies as immovable and 
drifting exactly along the radial world lines. If there is, 
a mutual gravity attraction effect between two bodies 
in such Universe, an observer will detect some curvature 
of their world lines. They will seem to be bending one 
to another instead of a radial divergence. In essence, in 
this case we may replace a world line by a gravitational 
field line. Then the analogy allows us to identify an 
Universe isochronous intersection with an equal 
potential surface that these field lines have to be normal 
to this surface. So, we arrive to a presentation that a 
Universe isochronous intersection is not strictly 
concentric hypersurface. It is perturbed by some kind 
of craters (see Fig.5), that centres correspond with 
gravitating bodies. 


— 


Fig. 5 
{Local body gravitation field 


‘The inclination angle of a crater profile relative to non- 
perturbed sphere hypersurface is equal exactly to the 
inclination angle of a normal relative to strict radial 
direction. Hence, a local gravitation field intencity 
measure agrees practically in each point with body 
velocity measure that we used earlier. It authorizes 
energy concept using for both mechanical motion and 
gravitation phenomenon, 


SEUT and General Relativity 


Let us discuss some GR's aspects. Is it acceptable to 
neglect pressure of matter? When Einstein searched for 
his early cosmological static model solution, he had to 
introduce a cosmic constant in his equation. This 
constant answered a negative matter pressure, that 
Einstein could not determine a meaning. In a non- 
stationary model a solution exists independently on 
cosmic constant presence, therefore it may be put often. 
as zero. As rule, bodies’ velocities may be put as zero 
to0; therefore (dynamic) pressure is usually neglected, 


However, we insist on necessity to account a static 
pressure of gravitating matter. Really, it can be ignored 
in the case when Einstein's relativity principle is 
applicable. Accordingly with it a gravitation field can 
be always replaced by reference accelerated frame. In 
this case a purely kinematical side is only accounted, 
However, not every field may be considered (even 
locally) as uniform one (see Fig. 6). Let the radius of a 
field source (or a probe particle) have the same order 
that the mutual distance. Then the Einstein's equation 
connecting space geometry with matter physical 
features seems to be incomplete. More precisely, it is 
incorrect to put exactly equal to zero a static pressure 
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in the matter density tensor, itis necessary to introduce 
its (unknown, calculable) value accounting the 
continuum deformation energy. 


=> eo 


Fig. 6 
At the left a locally uniform gravitation field is presented, 
the right field can't be considered as uniform one even locally 


Are the proposed amendments important? Specialists 
know, that the Metagalaxy gravitation radius is in fact 
comparable with its real size. In [2] we have showed 
that the Universe radius was Jess than its gravitation 
radius. 


It is shown also in the same work (2), that a resulting 
gravitational pressure in the Universe is negative and 
itis responsible for the Einstein's cosmic constant. This 
fact seems to be evident because a gravitation force 
aims to gripe any matter accumulation. But itis possible 
to conclude it by a non-trivial way. Let us consider a 
matter pressure as a reactive force operating within a 
uniform sphere of incompressible liquid. A pressure 
dependence on internal density is presented in [7]. We 
can see (2), that if the sphere gravitation radius 
exceeds its geometric radius not more than 
approximately 1% (or it is still ess), then a sudden 
negative change of the pressure appears at the 
internal abroad. This phenomenon may be explained 
as a volume “expansion” due to a metrics 
perturbation. 


‘The consideration of static pressure allows not only to 
find out a new (linear in time) cosmologic solution, but 
also to calculate a dependence of the Universe 
gravitational pressure on the radius of the Universe. This 
negative value has the representation like that one for 
non-relativistic sphere (a star or a planet, for example). 
Also we would like to note, the formulation of density- 
Universe radius in the SEUT is exactly the same that 
‘the formulation of so-called critical density in the EF- 
model. 


‘Two very important circumstances are clarified for all, 
‘that. First, the Universe mass was turned out as 
linearly increasing function of the 4D-sphere radius, 
and it is not a constant. A famous Einstein's 
programme is realized unexpectedly in the SEU’ 
matter features (density) are reduced to a space 
features (curvature). In other words, a necessity to 
introduce a mass distribution in the equations extemally 
(“by hands”) is eliminated in the SEUT. This operation 
is need in the GR to find out a spatial metrics 
changement law. 


Secondly, the seeming paradoxicality of University mass 
(and energy!) non-conservation make us to reflect on 
conditions that the accomplishment allows tothe energy 
conservation law correctness (see Fig.7) 


—> — 
— —, 
= 

r r 


Fig. 7 
If space features do not depend on time, then the closed system 
energy is constant (atthe left). But if space features avelve in 
‘ume, then the isolated system energy have not to be constant. 


It is evident, we believe, that the energy can be exactly 
constant only in such physical system (or in whole the 
Universe) for which space features (in particular, a 
curvature) are strictly constant in time also. However, 
the both modern physics and SEUT issue from the 
opposite concept. Hence, this state can only be 
accomplished approximately, moderately of abit ofthe 
modern rate of a relative space curvature evolution. 
‘This rate has order 10 per year for the modern 
Universe. 


N.A.Kozyrev [1] basing on astrophysical observations 
stated the common star radiation origin that has to 
bbe due to the time-energy transformation. Accordinly 
with the SEUT, the relative increment of star mass (and 
its rest energy) is equal to the Universe age relative 
increment. It is interesting that the Sun mass relative 
lost due to the radiation consists in 10"* per year, ie. 
five orders less than mentioned above energy 
increment. 


Universe origin and closed geometry 


‘The cosmological EF-model could not say anything on 
the Universe origin. On the contrary, the work [2] 
approach allows an obvious way to study the problem, 


As it is noted in [7], the metrics of any sphere area 
having a non-zero density is perturbed relative to 
Euclidean one, its geometry agrees with 4D-sphere 
hypersurface geometry. For non-collapsing sphere its 
gravitation potential reliefs like a very small “pit" that 
gravitation radius is much less than its geometric size. 
However, when the density rises, the metrics perturbs 
more and more, and the pit transforms to some kind of 
“crater”. The crater is connected with the external 
surface by a narrow neck. Only this neck or its part is 
visible for an external observer, and the gravitation 
insurmountable barrier transmutes an object central 
area into “a lost world” 


From the point of view of the external world, the central 
area presents a “black hole" absorbing irreversibly all, 
the matter and radiation. On the other hand, for our 
Universe inhabitant the “navel-string" connecting with 
the external world has to seem a spherical “white hole”, 
‘to which a matter and radiation are coming continuously 
(and, may be, carry out an information on the external 
world features). There is an old Russian fiction science 
book called “Sannikov Land”, where an internal gigantic 
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trench concerning central small star is described. Our 
model seems to be like this picture. 


Is it possible that we live in such a black hole? The 
present hypothesis answers affirmatively this 
question. The negative sign of the matter pressure 
due to continuously increasing of our world size 
allows to such conclusion. And the University self- 
closing can be physically explained by the way. 


On the other hand, ast is shown in (2], in spite of matter 
average density negligibly small, the Universe 
gravitation radius is more than its geometrical radius; 
hence, it presents a black hole. This condition 
accomplishment agrees the Universe self-closing, the 
boundary absence in spite of its finite volume. Also, 
this fact confirms our assumption that the Universe rest 
energy localisation area does not exceed the gravity 
operation area. 


A specific model of star collapse is created inthe modem 
General Relativity. In general, it can study in three 
different reference frames. As a rule, the “point mass” 
models are used. The first model is linked with an 
external observer; the second one accompanies a matter 
falling to the black hole. The third model presents an 
internal reference frame, i.e. an observer within 
collapsing object. 


From an external observer's point of view the matter 
falling time to the black hole is infinitely large. However, 
in an accompanying reference frame itis finite. Since in 
the accompanying reference frame time and space 
coordinates are expressed through the both types of, 
external reference frame coordinates. What is more, in 
the internal reference frame the time and space 
coordinates quite trade places, the metrics tensor 
components are depending on time. Further, any matter 
point history in this accompanying reference frame 
starts at the zero moment and finishes after same 
universal time period in a special (singular) point, after 
‘which nothing exists ("time barrier"), 


As we believe, another lacing between internal and 
external collapse pictures will be possible, if we 
consider a non-point collapsing object. Nobody wonders 
now at a situation, when a time period can be finite in 
one reference frame and infinite in another one. 
‘Therefore, we can believe, unlimited black hole 
collapse in the external Super-Universe may seem to 
present unlimited expansion of our Univers« 
observing inside. This expansion seems to start froma 
singular point, and the same point is the history end of 
all the matter of the external Super-Universe that fall to 
the black hole. I would like to note especially, it does 
not mean that internal time pass in opposite to external 
one, Rather, it is possible to state, time within a black 
hole passes ortogonally to external one. 
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The Experiments on 
Thermo-Gravitation 


This review of the article by Alexander P Schegolev, the 
scientist from Saint Petersburg, was received by NET 
editors from our reader viadrim@mail.ru and presents 
his own view about Schegolev's experiment [1]. The 
opinion of our editorial board is not fully in agreement 
with the author's conclusion. Also we have no 
information who is viadrim@mail.ru. 


It is known from the science history that the very 
experiment gives a push to revising of old knowledge; 
it also checks the new designs and conclusions. The 
knowledge of physical theories is based on the 
experiment; the experiment confirms hypothesizes or 
refuses them. Making experiments, we ask questions 
to the nature. And it always answers us on the clear 
pointed question. However. 


Michael Faraday was trying in vain to find out the 
relationship between gravitation and electricity. These 
experiments were repeated on the modern level. 
Further, there was made an attempt to screen gravity 
force, the influence of environment on gravity was also 
trying to be researched. Many efforts were spent on 
finding out of the gravitational radiation falling to the 
Earth from depths of the Universe, as well as artificial 
generation of gravitational waves. 


‘The experimental studies of weight change must be 
under attention. In particular, the attempt to find the 
differences in weight after sharp turning of body from 
the quiescent state into the state of rotation around its 
own axis was undertaken. The experiments of the 
influence of strong magnetic field and temperature on 
‘the weight of a body were made. 


But alas! No changes of weight were discovered in 
previous experiment (Editorial: Perhaps, the author has, 
no information about sucessful results. We reported 
about such results in our magazine). Analyzing these 
experiments and theoretical premises, the author of the 
given article has made an unusual experiment imitating 
‘the heat motion in the Earth from core to peripheries. 
For that experiment there was used the steel ball with 
100 mm diameter. The cone hole was made in the ball 
up to its center. The ball was installed by the hole 
upwards on laboratory scales with 50 mg scale factor 
and laser eam was directed inside (into the hole). The 
directed heat flow outgoing from the center of the ball 
was created by this way. While the surface temperature 
increasing, the arrow of scales became to be rejected 
aside weight decrease. The temperature was measured, 
by the contact thermocouple. After an hour and half, 
approximately, when the temperature was 300 degrees 
Celsius the laser was switched off. The difference (the 
decrease) in weight against initial value (in the cold 
state) was four grams per 4200 grams of the test body. 


Further, the ball was getting cold slowly on the scales 
and its arrow was creeping to the initial position. For 
acceleration of this process, the ball was periodically 


blown on by pressure air. It 
was the check, if the air 
(heated by the ball) 
influences on scales or not. 
The stability of its data 
independently on actions of 
pressure air stream 
excludes such suggestion. 
When the temperature of 
the ball became the same 
with room temperature, its 
‘weight return to the value 
nearly initial, However it is necessary to add, that this 
“nearly” is about 200 mg. This confirms that the change 
of the weight was not occurred because of the 
evaporations of metal from action of laser beam, and 
we were the witnesses of absolutely unusual 
phenomenon. (Editorial: Perhaps, it is necessary to take 
into account the deformation). 


Force F 


‘The ball with cone hollow 


‘That is all concerning the question, which was given 
to nature by the author of the given article. However, 
one more doubt remains: did the heat radiation (coming 
from the ball) affect on mechanism of scales? ‘To check 
this, the control experiment was made, under which 
the same ball was heated by usual way in the electrical 
furnace. In spite of its temperature was about 600 
degrees Celsius and the ball was placed on scales for a 
long time (until full cooling down), the arrow did not 
move from the initial position. Thus, we have really 
tumed out face to face with a phenomenon requiring 
an explanation. 


If the weight change in this experiment has happened 
in consequence of gravitational interaction, then, 
‘therefore we must revise some fundamental concepts. 
‘Today it is difficult even to assume the consequences. 
‘The only thing, which is possible to say certainly, is 
that divergent on radius uni-directional (single- 
vector) heat flow is the object for observation, 
absolutely unknown to us or unnoticed before, which 
holds the ensemble of surprises. Up to now, we have 
dealt only with chaotic heat motion, which was 
researched by the thermodynamics and heat 
‘transmission. 


For analogy, it is possible to give the example of the 
electric current arising, which is possible to get only 
under directed electrons moving. In general, more than 
ten experiments were made, and all of them have given 
the same result: the weight of the body was decreased. 
Who will solve this enigma? 


Editor's note: The question is presented above. The 
answer is the aetherodynamics theory. Any directed 
(unidirectional) heat flow is also a flow of aether. The 
mass changes are the demonstration of natural 
mechanism of existence of this mass as aether vortex 
(Alexander V. Frolov). 
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UP-TO-DATE INVENTION 


The RotoVerter from arkresearch 


Editor's: The description of this invention was received 
from Hector D. Perez Torrez, designer of the "RV" 


Rotoverter and TV 
“transformation” devices. 


transverter. OU 


Here is the first prototype, used to test a SPH generator. 
Light bulb was a 100W 120V, AC generator required 
380W for excitation to 120VAC plus the light bulb load 
for a total of 480W. Input to rotoverter was 240W for a 
total of 200% efficiency from the prime mover. Friction 
Joss and prime mover loss was not calculated, PF unity, 
120VAC unto a purely resistive load excitation pure 
DC120VDC3.1666667A (380W) + 100W = 4g0w. - 
240W=240 excess. 


9 Lead JHP 


Itis acommon 3PH dual winding 230/460V motor wired 
to 480V run at 120v as a ROTOPHASE converter. That's 
the beauty of it, OFF the shelve components preferably 
totally enclosed motors (so fan can be removed) low 
friction bearings, from 3HP to 7.5HP Re-rating hp can 
be from 1/7 to 1/3 the original HP (some motors can run 
upto 1/2 HP capacity but will require extreme care and 
cooling.... and exact tuning to load). 


‘System requires starting and running capacitance; the 
perfect starting capacitance is the one that gives same 
plate current value as 480V but running at 120V. The 
best running capacitance is the one that gives the 
lowest Amperage reading at programmed load. (ALL 
capacitors are AC 370V OIL “no electrolytic"). 


‘Some motors are better than others; also for generator 
use you must choose the over-unity generator and motor 
combination to obtain OU. It looks easy to gain it, but, 
requires quite a good choice of items and common 
sense. In this Research we have found even afewtums 
or a run weld in stator can change drastically the 
results. Up to date best performance has being obtained 
from US (motors 7.5 HP BALDOR 3.5, HP GE 3HP totally 
enclosed, dual winding 230/460V). Higher HP will 
require professional expertise in industrial electricity 
and power eng. (not recommended for amateur 
experimenter). Anyone engaged in this experiments 
must be familiar with safety procedures and basic 
electric and mechanic knowledge. Voltages and 
rotating machinery must be handled with great care. 
SEE basic diagram and connection. 


Wye-Connected Motor 


ato y wo oF 


HIGH VOLTAGE 
5 ty 
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Latest UPDATE BELOW 7-01-02 


ARK RESEARCH 2pne 
searving current > 9.08 


Seesion Todboee 120a EXEERIMENT ON MAGNETIC ROTO AMPLIFICATION 


RUYL contact ge 
swizen sbut oow 


fant bo-fea) A Ht +] TEROC 
eumiae 3 v a area ss 
woot Lam a =! 
wechanical abate ov pal 
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CHERNAL & MECHANICAL LOSS WAS HOP CALCULApED 


Fig2 
Subject: RV Basic level 1 Full MODEL Disclosure (Public domain) 


This is the RV (Level 1) plan of a full looped RV system: 


Battery provides primary power for 12VDC to 120VAC. As to run prime mover (Roto-converter), second motor 
acts as ansquirrel cage self-exited generator, a triple flux-capacitor LC tank tuned to best Standing wave condition 
as to create standing wave current node internally in battery at 0 voltage to battery “negative resistor". At 0 
volts “voltage” a negative current is created as to maintain a reverse flow (charge) to battery exceeding the 
forward drain of the inverter demand, detuning system with a forward charge at 10 amperes with a voltage rise 
of approximately 0.83333 V over the battery. Voltage charge produces OU transform from the 0 point standing 
wave component. System gains energy from stochastic resonance within the LC tank components draining 
energy from “thermal” signature of the Aether and K thermodynamic-thermoelectric ambient heat (Electron 
spin). This is a full disclosure of an operational and tested device. System is made of standard off shelve items 
‘Tuning is made by changing capacitor values and the proper selection of standard items for its construction, 
3PH motors, 10:1 12V or 5:1 24V transformers with the proper core and winding values (standard) off shelve, 
diode bridges capacitor (all standard), 


Warning: System opens (NON standard) space-time anomaly as time is reversed due to aether energy transform, 
Extreme warning: Do not exceed 10KW Nor use of trans-uranic elements near unit as they may reach critical 
mass by regressive “inversed” decay. PB 206, U235, U238 must be maintained as far as possible from unit. 
Extreme Warning: Dangerous Toy, Eldridge, Event horizon and hell raiser effects may be created by protoplasmic 
fields at extreme potentials PK. 

Use wisely. You Can create Paradise or open the gates to Armageddon. 


The choice is yours now. 


Hector D Perez Torrez 
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General Director, Faraday Lab Ltd 


A running “free energy” machine coming from 
Switzerland, Europe. It was developed over a 20 years 
Research period by a religious group called Methernitha. 
‘This group lives in Linden, Switzerland. The head 
engineer of this superb machine, Mr. Paul Baumann 
discovered its principles while observing nature. He 
claims its running principle was found by studying the 
lightning effects from nature. The documents being 
offered here shed light on this energy marvel. 


‘These documents are the result of work of people who 
have witnessed this wonder machine over the years. 
‘And here are the facts: 

‘The Testatika is a rotary-type machine that runs 
onit’s own, once started by revolving it’s two discs 
by hand! 

‘The machine not only runs on it’s own energy, 
but produces also a huge amount of excess power, 
at least 3 KWit of power! This is almost enough to 
supply a small house with one machine! 

‘The machine is about 70cm wide, by 40cm deep 
and is about 60cm in height! 

It delivers from 250 volts to about 320 volts direct 
current, depending on the humidity in the air! At 
this voltage it can supply at least 10 Amperes of 
pulsating direct current! 

‘Testatika is not a perpetual motion device, but 
an energy machine that collects it’s huge amount 
of energy from the ions contained in air. However, 
there are some technological secrets implemented 
to overcome the normal drag-resistance of 
conventional generators. This is but one of it's 
secrets held by the Methernitha group. 


‘There are many different sized Testatika machines, 
some of the smaller units deliver only about 200 to 
300 watts, none of which are mass-produced. These 
devices are still laboratory prototype units. 


Methernitha is a spiritual community (Christian 
Alliance) http://www-metheritha.com. They wrote: 
“We are fortunate in gaining the experience that 
paradoxically the most beautiful and useful results can 
be achieved by just using the most simple means. 
Never did we use any borrowed capital because we 
‘want to stay free Swiss citizens and do not want to be 
hindered or even bound in any way in the pursuance 
of our aims.” 


‘The two contrary-rotating discs generate an electrostatic 
charge. One disc represents the earth, the other the 
cloud. Using grid electrodes the charges are bound. After 
that they are collected by non-contacting so-called 
antenna keys and then sorted. 


After being initially turned on by hand, the discs rotate 
by themselves according to the electrostatic laws about 
attraction and repulsion. A rectifying diode keeps the 
cycles in steady state. Otherwise the impulses of 
attraction and repulsion would accumulate and cause 
the discs to run faster and faster. The correct speed is, 
of great importance and for optimal power generation 
the discs have to run quite steady and slow. 


By means of grid condensers the energy is stored and 
then uniformly discharged, at the same time reducing 
the high voltage and building up power with 
additional devices. Finally the machine supplies a 
uniform direct current, which varies according to 
the size of the model. The machine furnishes about 
3-4kWt permanent output, depending on humidity, 
whereby the electric potential ranges from 270 to 
320 Volt. High humidity of the atmosphere prevents 
the build-up of electric potential. The drier the air 
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is, the better. 


(Editor: It is necessary to note that the analogues method 
was used by Russian inventor Pavel N. Yablochkov who 
in 1877 take out a patent #120684 "The system of 
distribution and amplification of electrical currents by 
means of atmosphere electricity...” As it was shown by 
Yablochkov devices, power doubled in lamps, though 
current of consumption did not increse.) 


No doubt, through the so far achieved results one main 
objective has been reached, namely to prove that it is 
possible to use Free Energy. Nevertheless the research 
work is not yet completed. 


‘To the educated physicist many things of this machine 
may seem impossible, maybe even crazy. Maybe he is, 
also offended by the conceptions used to explain the 
whole. Only partly we could use the concepts of 
conventional physical terminology to explain and define 
only approximately the functions and properties of the 
various parts of the machine. 


After all it will be necessary to create some more new 
concepts like the one we have already used before, 
when we termed the non-contacting collectors of 
electric charges as antenna keys. 


‘This machine puts experts, which are just trained in 
conventional physics to a very hard test, because its mode 


of action is not explainable with the state of the art of 
officially accepted physical knowledge, or at the most 
only partially explainable. However also a trained 
specialist should remain free and independent in his 
‘thinking, and should avoid to be limited by the temporal 
framework of publicly admitted knowledge in any science. 


Ithastobe noted that the established science was already 
many times forced to change or give up some of its very 
fundamental concepts. Think about Galilee, to name only 
one example. Our human society almost condemned this 
man as a sorcerer and magician, just because he 
investigated and discovered a truth that seemed 
unacceptable by the established science of the days. 


‘The book knowledge of any times is not wrong, but it is, 
incomplete, and therefore allows to draw wrong conclusions, 


‘There was used information from the official web sit. 
hhttp://www.methernitha.com 


Official adress of Methernitha: Methernitha 
Genossenschaft Administration, Moosbuehlweg 2, 
3617, Linden, SWITZERLAND 


Official E-mail of Methernitha: info@methernitha.com 
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FUSION BY PLA: 
'CTROLYSIS OF WATER 


Ph.M. Kanarev 
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Abstract: It has been disclosed that transmutation of 
the atomic nuclei of alkaline metals and the atomic 
nuclei of the cathode material takes place during 
plasma electrolysis of water. 


Key words: atom, nucleus, proton, neutron, electron, 
cathode, low-current, 


INTRODUCTION 


Cold nuclear fusion is the first hypothesis of a source 
of additional energy in heavy water electrolysis. 
Fleischmann and Pons, the American electrochemists, 
are the authors of this hypothesis [1]. They reported 
about it in 1989. Since that time a large number of 
experiments has been carried out in order to obtain 
additional energy from water (2), [3], (4, [SI, (71, [8], 
[9], [10], [11], [12]. We continue to discuss this problem, 


‘THE FIRST EXPERIMENTAL PART 


In order to check this hypothesis, the following 
experiments were performed. Two cathodes were 
made of iron with mass of 18.10 g and 18.15 g. The 
first cathode operated during 10 hours in KOH 
solution; the second cathode operated during the 
same period in NaOH solution. Mass of the first 
cathode remained unchanged; mass of the second one 
was reduced by 0.02 g. The voltage by 
plasmaelectrolysis process was 220 V and the current 
(0.5-1.0) A (Fig.1). The indices of the consumption of 
the solution and the gases being generated were as, 
follows (Table 4). 


Fig. 1. 
Diagram of gas generator. Patent # 2175027: 
1 - id of the reactor; 3 - body ofthe reactor: 6 - the cathode; 
9 the anode; 11- solution dosing unit; 16 - cooler, 20 - pipe for 
‘gas release; 23 - anemometer 


Table 1 


Experimental results 
indices] Water Volume [Energy expenses, 
Jconsumption, kg | of gases.m‘| kW/m" 
KOH 0.272 8.75 0.28 
[NaOH 0.445 12.66 0.21 


In order to increase safety of experimental results, the 
volume of the gases introduced with the help of 
anemometer is reduced twofold. 


It is known that from one litre of water it is possible 
to produce 1220 litres of hydrogen and 622 litres of 
oxygen. Quantity of the gases generated by the 
plasma electrolytic process is much greater than it is, 
possible to get from consumed water (Table 1) [6]. It 
gives the reason to think that not only water 
molecules, but also the nuclei of alkaline metals and 
the atomic nuclei of the cathode material serve as a 
source of these gases. The analysing experiment has, 
been performed in order to check this fact. 


‘Tadahiko Mizuno, the famous Japanese scientist (the 
co-author of this article), who works at the Division 
of Quantum Energy Engineering Research group of 
Nuclear System Engineering, laboratory of Nuclear 
Material System, Faculty of Engineering, Hokkaido 
University, Japan, kindly agreed to perform chemical 
analysis of the cathode samples with the help of the 
nuclear spectroscopy method (EDX). Here are the 
results of his analysis. The content of chemical 
elements on the surface of non-operating cathode is, 
as follows (Table 2), 


‘Table 2 
Chemical composition of the cathode surface prior 
its operation in the solution 


Element Fe 
% 99.90 


‘The new chemical elements have appeared on the 

working surface of the cathode, which works in KOH 

solution (Table 3). 

‘Table 3 

Chemical composition of the surface of the 
cathode, which operates in KOH solution 


Element | Si K LG] |G 
% 0.94 | 450 | 1.90 | 93.00 | 0.45 


‘The chemical composition of the surface of the cathode, 
which operates in NaOH has proved to be different 
(Table 4). 


‘Table 4 
Chemical composition of the surface of the 
cathode, which operates in NaOH solution 


[Element] Al | Si [Gl | K [Ca|G@| fe [Ga 
% — [1-10 [0.56 [0.20 [0.60 [0.40 [1.60] 94.00 [0.65 
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‘Thus, the hypothesis concerning the participation of 
‘the nuclei of alkaline metals and the atomic nuclei of 
‘the cathode material in the formation of gases during 
plasma electrolysis of water has experimental 
confirmation. Let us carry out the preliminary analysis 
of the data being obtained (Tables 2, 3, 4) 


‘THE FIRST THEORETICAL PART 


In any of these cases, the atoms and the molecules of 
hydrogen are formed. The part of it is burned and the 
other goes out with the steam. We have already shown, 
that the processes of fusion of the atoms and the 
molecules of hydrogen and its isotopes result in 
occurrence of additional thermal energy [6]. Numerous 
experiments show that up to 50% of additional thermal 
energy are generated during the plasma electrolysis of 
water, it is less than the results of the calculations 
originating from the existing cold fusion theories [6] 
‘That's why it is necessary to analyse energetics of the 
particle creation process during the atomic nucleus 
‘transmutation. 


Having considered the model of the electron we have 
found out that it can exist in a free state only when 
it has a definite electromagnetic mass [6]. Being 
combined with the atomic nucleus it emits a part of 
energy in the form of the photons, and its 
electromagnetic mass is reduced. But stability of its 
condition does not become worse, because the 
energy carried away by the photons is compensated 
by binding energy of the electron in the atomic 
nucleus [6] 


If the ambient temperature is increased, the electron 
begins to absorb the thermal photons and to pass to 
higher energy levels of the atom reducing binding with 
it. When the electron becomes free, it interacts with 
‘the atom only if the ambient temperature is reduced. 
As this temperature is reduced, it will emit the 
photons and sink to lower energy levels [6] 


If the electron is in a free state due to an accidental 
external influence on the atom and the environment 
has no photons, which are necessary for it to restore 
its mass, it begins to absorb the ether from the 
environment and to restore its constants in such a 
way: mass, charge, magnetic moment, spin and radius 
ofrotation. The electron acquires the stable free state 
only after it has restored its all constants [6]. 


‘Thus, if an interchange of the free state and binding 
state with the atom takes place due to the accidental 
influences on the atom, the electron restores its 


electromagnetic mass every time due to absorbing 
the ether. It means that actually it plays the role of a 
converter of the ether energy into the thermal photon 
energy. 


‘The Japanese investigators Ohmori and Mizuno [4] 
registered neutron radiation during plasma electrolysis 
of water and reported that not only the nuclear process, 
but also the process of the electron capture by the free 
protons can be the source of this radiation. 


As hydrogen plasma is generated during the plasma 
electrolytic process of water electrolysis, there exists 
atendency of the capture of the free electrons by them, 


It is known that rest mass of the electron is 
‘m, = 9.109534 - 10 kg, rest mass of the proton is 

6726485 - 10” kg, and rest mass of the neutron is 
m,=1,6749543- 10” kg. The difference between the mass 
of the neutron and the mass of the proton is equal to 
=23.058 - 10 keg. It is 23.058 - 10° / 9.109- 10% = 
331 of the mass of the electron. Thus, the proton 
should capture 2.531 electrons in order to become the 
neutron. The question arises at once: what willhappen 
to the remained of electron mass 
(3.0-2.631)m,=0,469m,? The disturbed balance of 
masses in this process is explained by modern physics 
in a simple way: a neutrino is created [6]. 


As the neutrino has no charge, it is very difficult to 
register it. If the neutrino takes the excess mass 
away or replenish the lacking one, can the 
elementary particles execute this process by 
themselves? 


As the photons are emitted and absorbed only by the 
electrons, the proton, which absorbs the electrons, 
cannot convert the remainder of mass of the third 
electron into the photon. If the electron is absorbed by 
the third one and gives more than a half of its mass to 
the proton in order to convert it into the neutron, the 
remaining part of mass (0.469m,) of the electron, which 
has no possibility to become the photon, is converted 
into a portion of the ether, which “is dissolved” and 
mixed with the ether in the space. The fact that plasma 
has no photons with the mass corresponding to the 
part of mass of the third electron, which has not been 
absorbed by the proton during its conversion into the 
neutron, can serve as a proof of such affirmation. Let 
us calculate energy of such photon [6]. 


‘The difference the mass of the neutron and the 
proton is equal to Am,,=23.08 - 10” kg. If we 
subtract this value from the mass of three electrons, 
‘we'll get mass m,, from which the photon should be 
formed [6] 


‘m,=3m,-Am,,= 3-9.109534 -10""- 23,05810 = 4.270602-10"" kg @ 


Ifthe photon is formed from this remainder of mass m,, its energy will be (6): 


4.270602 - 10° - (2.997924 - 10" 
1.602189 - 10% 


23.956126 - 10'eV (2) 
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‘his value of energy conmesponds to roentgen spectrum, neutron radiation with intensity of 50,000 neutrons per 
that's why the creation of each free neutron should be second, and they failed to register roentgen radiation [4]. 
accompanied by the creation of one roentgen photon. Ifit 

does not take place, we have two opportunities: the first Ifin this process the roentgen photons were created, they 
one—weshouldtinkthat inthe caso Whentheneuton young encnedhoat offieacy ofthe plasma elecraiyic 
mmp4080010,- hy and Dew eeey iho wimown  PRSwKS becaurethey would not beth dural Pitons 
Alfection; the secott ene - there wore ne conditions for cts mum inte 

the formation of the photons in the process being {He electons make the energy transitions to the eexcy 
considered, and mass, which failed to be formed as a pete Celerant ae Seorter ee ee eee 
particle, “was dissolved" in the ether. Which variant is Whete the infrared photons and neighbouring ones from 
Fe att cnt ecedlcci Etiias the optical ange of tha(epaccun With noongien of 
known that the Japanese scientists registered only '=(0.001-8.2) eV ame generated (Table 6) [6]. 


Table 5 
Electromagnetic spectrum bands 


Bands Wave-length, m Energy, eV 
1. Low- frequency band 107...10%) E=10"..10" 
2, Broadcast band (108.107) E=10"...10* 
3. Microwave band E=104..10° 
4. Relic band (maximum) E=1.2-10° 
5, Infrared band d= (10.7.7: 10") E=10°..1.6-107 
6. Light band 2=(7.7-107...38- 10") E=16-10%.3.27 
7. Ultraviolet band d= (3.8-10*...10%) E=3.27...1- 10° 
8. Roentgen band = (10°...10%) E= 107.10" 
9. Gamma band A= (10.10) E= 10.10" 


‘Thus, the neutron fusion processes in plasma electrolysis of water will not generate additional thermal energy. But 
the appearance of the neutrons in plasma will promote the formation of the nuclei of deuterium and, possibly, of 
tritium. As the balance of masses remains almost unchanged, we have no reason to expect that additional energy 
will take place when deuterium and tritium are formed. But it is sure to appear during fusion of the atoms of 
deuterium and tritium, ie. the hydrogen atoms [6]. 


In order to become a proton, the neutron should radiate something, which mass is Am, =23.058 - 10" kg. Let us 
convert this mass into energy [6]. 
23.058 - 10** (2.998 - 10°) 
E,= Am, -C? = 1.294. 10 eV @) 
1.602 - 10 


‘This energy corresponds to the gamma range photons, ie. not to the thermal photons, and this process does not give 
additional energy. Thus, if the process of the formation of the helium atoms takes place during plasma electrolysis of 
‘water, it should be accompanied by gamma radiation. If there is no such radiation, but the helium atoms are formed, 
the neutrino takes away the above-mentioned portion of mass Am, or this mass, which has no opportunity to be formed. 
as the photon, “is dissolved’ in the environment, ic. it is transferred into the state of the ether [6]. As the roentgen 
photons and the gamma photons are not the thermal ones, this process gives no excessive thermal energy [6], 


Another variant is possible. When the atoms of alkali metal bombard the cathode atoms, they are destroyed completely 
and destroy the atoms of the cathode materials. Under the notion "completely" we'll understand such state when both 
the atom and the nucleus are destroyed. In this case, the protons of the destroyed nuclei begin to form the hydrogen. 
atoms. The process of fusion of the atoms and the molecules of hydrogen generate additional thermal energy [6]. But 
‘one should bear in mind that if plasma disintegrates water molecule into hydrogen and oxygen and if these gases 
contact plasma, hydrogen is combined with oxygen, and water is formed. Noise generated by plasma is hydrogen 
microexplosions. Taking into consideration the above-mentioned fact the larger the volume ofhydrogen burnt in plasma, 
the smaller its volume in the gas-vapour mixture. It means that such reactor operation modes are required when 
‘quantity of burnt hydrogen is minimal one. Our theory allows us to have such results. 


Asironis the cathode material, the nuclei of its atoms are the targets of the atomic nuclei of potassium, alkaline metal. 
During the transmutation of the iron nuclei (Fig. 2b), the atomic nuclei of chromium (Fig. 2 a) and the atomic nuclei of 
copper (Fig. 2 c) are formed [6]. 
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a) Cr (24,28) 


1b) Fe (26,28) c) Cu (29,34) 


Fig. 2. 
Diagrams ofthe atomic nucle af a) chromium, b) ion, ¢) copper 


When the atomic nucleus of iron (Fig. 2 b) pass into the 
atomic nucleus of chromium (Fig. 2 a), two protons and 
two neutrons are released; two atoms of deuterium or 
one atom of helium can be formed from them. If the 
neutrons pass into the protons, four atoms of hydrogen. 
are formed, 


It is easy to soe (Fig. 2) that the atomic nucleus of iron 
(Fig. 2 b) should lose two upper protons and two 
neutrons in order to pass into the atomic nucleus of 
chromium (Fig. 2 a). 


Three additional protons and six neutrons (total 9 
nucleons) are required for the formation of the atomic 
nucleus of copper (Fig. 2 c) from the atomic nucleus 
of iron. As on the cathode surface (Table 3) the number 
of chromium atoms, which probably are formed from 
the atomic nuclei of iron, four times more than the 
number of atoms of copper, then the solution is sure 
to have superfluous protons and neutrons of the 
destroyed atomic nuclei of iron, and we can 
determined their approximate relative quantity. 


Let us suppose that four nuclei of the iron atoms pass 
into the nuclei of the chromium atom. The total quantity 
of free protons and neutrons (nucleons) is equal to 16. 
As one atom of copper falls on each four atoms of 
chromium, 9 nucleons are spent for the formation of one 
nucleus of the copper atom, and 7 nucleons remain free. 


Be 
» ie Go 


b) 0 (8,8) 


a) K (19,20) ©) Si (14,14) 
Fig. 3. 

Diagrams of the atomic nuclei of: 

8) potassium, b) oxygen, ¢) silicon 


Let us see what is formed when the nucleus of the 
potassium atom is destroyed. Potassium is situated in the 
first group of the fourth period of the periodic law. Its 
nucleus contains 19 protons and 20 neutrons (Fig. 3 a) [6) 


In Fig. 3 a, we can see a weak link of the nucleus of, 
the potassium atom (6]. It is situated in the middle 
of its axis neutrons. When the transmutation of the 
nuclei of the potassium atoms takes place, the nuclei 
of the oxygen atoms can be formed (Fig. 3 b) as well 
as its isotopes and the nuclei of the silicon atoms 
(Fig. 3c). 


‘The analysis of the structure of the nuclei of the 
potassium atom (Fig. 3 a) shows that it is the most 
probable source of the nucleus of the silicon atom 
(Fig. 3 ¢), which atoms appear on the cathode (Table 3). 


It is easy to count that during the destruction of one 
nucleus of the potassium atom and the creation of 
one nucleus of the silicon atom § free protons and 6 
free neutrons, i.e. 11 nucleons, are formed. 


‘Thus, the transmutation of the nuclei of the iron 
atoms and the potassium atoms results in the 
formation of free protons and neutrons. As the 
protons cannot exist in free state, the hydrogen atoms 
are created from them. If the protons are connected 
with the neutrons after the destruction of the nuclei 
of the iron atoms and the potassium atoms, the 
formation of deuterium, tritium and helium is 
possible. 


Let us pay attention to the main fact - absence of the 
sodium atoms in the cathode material. It is natural 
‘that the potassium atoms have appeared on the 
cathode, which operated in KOH solution (Table 3). 
Why are no sodium atoms on the cathode, which 
operated in NaOH solution? The answer is as follows: 
the nuclei of the sodium (Fig. 4,a) atoms are 
completely destroyed during the plasma electrolytic 
process. The presence of potassium on the surface of 
the cathode, which operated in NaOH solution (Table 4), 
can be explained by insufficient ablution of the reactor 
after the operation with KOH solution. 


As free protons and neutrons appear during the 
destruction of the nucleus of the sodium atom 
(Fig. 4,a), some nuclei of this element begin to form 
the atomic nuclei of aluminium (Fig. 4, b), chlorine 
(Fig. 4, c) and calcium (Fig. 5). 


But not all free protons and neutrons are spent for 
the construction of the atomic nuclei of aluminium, 
chlorine and calcium. A part of them is spent for the 
hydrogen atom formation. 


If we knew the total quantity of transmutating 
atomic nuclei of iron, potassium and sodium as well 
as the exact composition of the gases generated 
during the plasma electrolytic process, it would be 
possible to determine the atomic nuclei being 
formed from additional nucleons. Now we can only 
suppose that the majority of new nuclei are the 
protons, ie. the nuclei of the hydrogen atoms. The 
increased volume of the gases generated during the 
plasma electrolytic process is explained by it [6]. 


Oo 


Energy Technologies, Issue #1 January - February 2003 


©) C1 (27,18) 


a) Na (11,12) 


b) Al(13,14) 


Fig. 4. 
Diagrams of the atomic nuclei of 
4) sodium, b) aluminium, c) chlorine 


Ca (20,20) 


Fig. 5. 


Diagram of the nucleus of the calcinm atom 


‘The analysis of these Tables shows that transmutation 
of the nuclei of iron, of which the cathodes are made, 
results in the formation of chromium and copper in 
both cases. Apparently, aluminium, chlorine and 
calcium are formed from the destroyed sodium nuclei, 
In any case, free protons and neutrons are formed. 


But not all free protons and neutrons are spent for the 
formation of the atomic nuclei of copper, aluminium, 
chlorine and calcium. A part of them is spent for the 
formation of the hydrogen atoms. In any case, the 
atoms and the molecules of hydrogen are formed. The 
analysis has shown that plasma electrolytic process 
extracts not more than 0.005 kg of alkaline metal from 
one litre of the solution. It appears from this that if all, 
neutrons of the atomic nuclei of the molecules of water 
and alkali metals are transferred into the protons and 
the atoms and the molecules of hydrogen are formed, 
the formed volume of gas will be considerably less 
than the one registered during the experiment (Table 1) 
A question arises: where do additional gases come 
from? In order to get the answer on this question we 
made the next experiment. 


THE SECOND EXPERIMENTAL PART 


First of all we take into account, that high temperature 
of plasma forms the conditions when a set of various 
processes takes place at the cathode. First of all, water 
is boiled and evaporated. At the same time, one part 
of water molecules is disintegrated with a release of 
the atomic hydrogen; another part of the molecules 
forms the orthohydrogen molecules. A part of water 
molecules is disintegrated completely and is released 
at the cathode together with hydrogen and oxygen. 
A part of hydrogen is combined with oxygen again 
generating microexplosions (noise) and forming water. 


During plasma electrolysis of water, water vapor, 
hydrogen and oxygen are released simultaneously. If 
vapor is condensed, gas mixture is released. In order to 
measure gas flow rate the electronic anemometer have 
been used. Diameter of the electronic anemometer was 
equal to internal diameter of the gas make tube 
(23, Fig. 1), Its readings were registered and processed. 
by the computer. The experiment was performed dozen 
times, and each time its readings were reproduced with 
‘small deviations 11]. But we had no hydrogen analyzer, 
that's why the results being obtained cannot be 
considered as final ones. We admonished it in all editions 
of the book Water is a New Source of Energy with such 
a phrase: "We abstain from lending an official status to 
these results with the hope to get necessary financing 
and to repeat them with a complete set of the necessary 
devices" [12, page 176], 


In the middle of the year of 2002 we received small 
financing, which allowed us to make a new reactor and 
to buy some measuring instruments, in particular the 
scales with the measurement limit up to 600 g and 
accuracy of 0.02 g. Careful preparation allowed us to 
increase duration of continuous operation of the reactor 
(to 10 and more hours) and to register solution 
consumption for gas production. 


‘The main difficulty of operation with the hydrogen is 
in the fact that its mixture with air (4-74)% or oxygen 
(4-94)% is combustible, and the fact was emphasized 
more than once during the experiments that made the 
researches be very careful. The second difficulty during 
hydrogen quantity measurements generated by the 
plasma electrolytic reactor is in the fact that its 
molecule has the smallest dimensions, that's why it 
penetrates easily to the places where the molecules of 
other substances do not penetrate, Molecular hydrogen 
diffuses easily even into metals. For example, one 
volume of palladium absorbs up to 800 volumes of 
hydrogen, 


Gas flow speed was measured with the help of various 
anemometers, its readings being registered with the 
help of the computer. Numerous measurements and 
numerous analysis of gas flow speed measurement 
accuracy with the help of the anemometers showed 
that error of a conventional anemometer can be 100%. 


Fig. 6. 
Diagram of measurement of flow rate ofthe gas and ite volume: 


2 anemometer, 3 graduated tank, 4- water tanke 
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It is known that it is possible to produce 1220 litres of 
hydrogen and 622 litres of oxygen from one litre of water. 
Quantity of the gases generated by the plasma 
electrolytic process is much greater than it is possible 
to get from consumed water (Table 1). It was a strong 
reason for a search of the measurement error. For this 
purpose, the diagram of measurement of flow rate of 
‘the gases and their quantity was used (Fig. 6). 


‘The results of the measurements were as follows. The 
anemometer showed that 200 litres of gas mixture 
penetrated through it during 10 minutes. Nearly one litre 
of gases was in the graduated tank during this period. 


‘Thus, the measurement of gas flow with the help of 
‘the anemometers distorted the result 200 fold. It should 
be mentioned that the reactor operated in the 
production mode of hydrogen and oxygen in the 
cathode zone. As a result, their mixture burst. The 
pulses of these explosions increased the readings of 
the anemometer. 


Ithas become necessary to return to the reactor operation 
modes when no oxygen is released in the cathode zone. 
Our theory allows us to do this easy. 


PROTOCOL 
of tests of the first model of low-current Electrolyzers 
Itis known that itis possible to produce 1.22 1 of H,+ 0.622 O,= 1.843 (H,+0,) from 1 ml of HO 


Table 6 

Experimental results 
Tndices T z 3 “Average 
‘T-duration of experiment, hour T T T a 
voltage, 70 70 70 70 
Seurrent, A 0.038 0.080 0.088 072 
‘T= power, W ZT 5.0 Sad Ex 
‘volume of consumed solution, mil 87 EH Ex EKY 
B-density of the solution, kg/l Tor 04 TOF TOF 
G-volume of consumed water, tal 1.60, EEG 415 ESC] 
T-volume of the gas mixture being produced, I 2.35 7.06 7.85 505 
S-volume of hydrogen being produced, T 35 E87 307 TO 
“-energy consumption per 1 1 of hydrogen, W-h/l 138 1.20 127 1.28 
B-energy consumption per tm of hydrogen, kWh/m 138 1.20 1.27 1.28 
S-existing energy consumption for production of 1 m of 4.00 4.00 4.00 4.00 
hydrogen from water, kWh/m* 

CONCLUSION 


‘Transmutation of the atomic nuclei of alkaline metals and the atomic nuclei of the cathode material during 
plasma electrolysis of water existed. Plasma electrolytic process opens new prospects in study of matter on 
the nuclear, atomic and molecular levels. The low-current electrolysis allows us to get the inexpensive hydrogen 
from water. 
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as 


owsEnergy Nuclear Reactions) 


http://wwwelenr-canrorg 


Editorial: There is a collection of some papers on LENR (Low Energy Nuclear Reactions), also known as Cold 
Fusion. CANR, Chemically Assisted Nuclear Reactions, is another term for this phenomenon. These original 
scientific papers are reprinted with permission from the authors and publishers. 


Website http://www-lenr-canrorg features a growing library of scientific papers about LENR and an extensive 
bibliography of journal papers, news articles and books about LENR. 


COLD FUSION: What is it and what does it mean to 
science and society? 


Edmund Storms 


Cold fusion is important because it promises to be a 
new source of pollution-free, inexhaustible energy. In 
addition, it is important because it reveals the 
existence of a new way nuclei can interact that 
conventional scientific theory predicts is impossible, 
What then is this phenomenon that suffers such 
promise and rejection? 


Energy can be obtained from the nucleus in two 
different ways. On the one hand, a large nucleus can 
be broken into smaller pieces, such as is experienced 
by uranium in a conventional nuclear reactor and by 
the material in an atom bomb. This is called fission, 
On the other hand, two very small nuclei can be joined 
together, such as occurs during fusion of deuterium 
and tritium in a Hot Fusion reactor and in a hydrogen 
bomb. This process, called fusion, also takes place in 
stars to produce much of the light we see. 


‘The fission reaction is caused to happen by adding 
neutrons to the nucleus of uranium or plutonium to 
make it unstable. The unstable nucleus splits into two 
nearly equal pieces, thereby releasing more neutrons, 
which continue the process. As every one now 
knows, this process produces considerable waste that 
is highly radioactive. The uranium used as fuel also 
occurs in limited amounts in the earth's crust. As a 
result, this source of energy is not ideal, although 
widely used at the present time. 


‘The normal hot fusion reaction requires two deuterium 
or tritium nuclei to be smashed together with great 
energy. This is accomplished by raising their 
temperature. However, this temperature is so high 
that the reactants cannot be held in a solid container, 
but must be retained by a magnetic field. This process 
has proven to be very difficult to accomplish for a time 
sufficient to generate useable energy. In spite of this, 
difficulty, attempts have been under way for the last 


40 years and with the expenditure of many billions of 
dollars. Success continues to be elusive while the 
effort continues, 


Cold fusion, on the other hand, attempts to cause the 
same process, but by using solid materials as the 
container held at normal temperatures. The container 
consists of various metals, including palladium, with 
which the deuterium is reacted to form a chemical 
compound. While in this environment, the barrier 
between the deuterium nuclei is reduced so that two 
nuclei can fuse without having to be forced together. 
Because the process causing this to happen is not 
well understood, the possibility is rejected by many 
conventional scientists. Difficulty in producing the 
process on command has intensified the 
rejection. While this difficulty is real, thas not, as many 
skeptics have claimed, prevented the process from 
being reproduced hundreds of times in laboratories, 
all over the world for the past 13 years. As you will 
see by reading the reviews and papers in our Library 
(see http://www.lenr-canr.org/LibFrame1.html), 
the process continues to be reproduced with 
increasing ease using a variety of methods and 
materials. 


What is the nature of this process and why has it 
been so hard to understand? To answer this question, 
a person needs to understand the nature of the 
barrier that exists between all nuclei. Because all 
nuclei have a positive charge in proportion to their 
atomic number, all nuclei repeal each other. It is 
only the surrounding electrons that hold normal 
matter together, with the nuclei being at 
considerable distance from each other, at least on 
the scale of an atom. When attempts are made to push 
the nuclei closer, the required energy increases as the 
nuclei approach one another. However, when deuterium 
dissolves in a metal, it experiences several unique 
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conditions. The surrounding metal atoms produce a 
regular array that is able to support waves of various 
kinds. These waves can be based on vibration of the 
atoms (phonons), vibration of the electrons, standing 
‘waves of electromagnetic energy, or a wave resulting 
from conversion of the deuterium nuclei to a wave. In 
addition, the high density of electrons can neutralize 
some of the positive charge on the deuterium nuclei 
allowing a process called tunneling, ie.. allowing 
passage through the barrier rather than over it. The 
mechanism of this neutralization process is proposed 
to involve a novel coherent wave structure that can 
occur between electrons under certain conditions. All 
of these wave processes have been observed in the 
past under various conventional conditions, but 
applying them to the cold fusion phenomenon has 
been a subject of debate and general rejection. 


While the debate based on wave action has been 
underway, people have proposed other mechanisms. 
‘These include the presence of neutrons within the 
lattice. Normally, neutrons are unstable outside of the 
nucleus, decomposing into a proton, an electron, and 
a neutrino. Presumably, this reaction can be reversed 
so that neutrons might be created in a lattice 
containing many free electrons and protons. Having 
no charge, the neutron could then interact with various 
atoms in the lattice to produce energy. These neutrons 
might also be hidden in the lattice by being attached 
to other nuclei in a stabilized form, to be released 


‘when conditions were right. Several particles normally 
not detected in nature also have been proposed to 
trigger fusion and other nuclear reactions. 


While search for a suitable mechanism has been 
underway, an understanding of the environment that 
triggers the mechanism has been sought, the so-called 
nuclear-active-environment. Initially, this environment 
was thought to exist in the bulk of the palladium 
cathode used in the Pons-Fleischmann method to 
produce cold fusion. It is now agreed that the nuclear 
reactions only occur in the surface region. Recent 
arguments suggest that this surface layer does not 
even require palladium for it to be nuclear-active, 
Nuclear reactions have now been produced in a 
variety of materials using many methods. The only 
common feature found in all of these methods is the 
presence of nano-sized particles of material on the 
active surface. If this observation is correct, four 
conditions seem required to produce the nuclear 
reactions. First, the particle must have a critical small 
size; second, it must contain a critical concentration 
of deuterium or hydrogen; third, it must be constructed 
of certain atoms; and fourth, it must be exposed to a 
source of energy. This energy can take the form of a 
sufficiently high temperature, a significant high flux 
of hydrogen through the particle, application of 
energetic electrons or charged particles, or application 
of laser light of the proper frequency. Until, the 
importance of these factors is understood, the effect 
will continue to be difficult to replicate. 


Technical Introduction to LENR-CANR 


Edmund Storms 


‘At low energies, the Coulomb barrier prevents nuclei 
from coming together and fusing to form a single 
nucleus. To initiate a nuclear reaction, several methods 
are used. Nuclear reactions are normally initiated by 
pushing two atoms together with enough force to 
overcome the Coulomb barrier by brute force, or by 
using neutrons which penetrate the nuclei without 
seeing a barrier. (Neutrons have no electrical charge, 
so the Coulomb barrier does not stop them.) These 
forces are normally provided by high-temperature 
plasma or by accelerating ions to high energies. In 
contrast, LENR describes the mechanism and 
conditions that cause a variety of nuclear reactions to 
take place with relatively low activation energy. These 
unique conditions reduce the need for excessive energy. 
‘The normal method forces the nuclei together, while 
the new method encourages them to come together. 
‘The challenge has been to understand the unique 
characteristics of the necessary solid structure such 
‘that this structure could be generated at will 


Because the proposed method is unique, at odds with 
current nuclear theory, and is still difficult to reproduce, 
support for studies in many countries, but not all, has 


been very limited. Nevertheless, considerable 
information has accumulated over the last 13 years 
since Profs. Stanley Pons and Martin Fleischmann 
showed the world the possibilities inherent in this 
phenomenon. Much understanding is buried in 
conference proceedings and reports that are not 
available to a serious student. This information will, 
as time permits, be made available on this site. 
Students of the subject are also encouraged to use 
this site to interact with other people in the field and 
provide objective critiques of the work published here, 


PHENOMENA DISCUSSED IN SOME OF THE 
PAPERS 


At least 10 ways have been demonstrated to produce 
anomalous heat and/or anomalous elemental 
synthesis. A few of these methods will be described 
here. For course, not all of the claims are worthy of 
belief nor are they accepted by many people. 
Nevertheless, the claims will be described without 
qualifications in order to provide the reader with the 
latest understanding. 
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‘The most studied method involves the use of an 
electrolytic cell containing a LiOD electrolyte and a 
palladium cathode. Current passing through such a 
cell generates D+ ions at the cathode, with a very 
high effective pressure. These ions enter the 
palladium and, if all conditions are correct, join in a 
fusion reaction that produces He-4. Initially 
palladium wire and plate were used, but these were 
found to form microcracks, which allowed the 
required high concentration of deuterium to escape. 
Later work shows that the actual nuclear reaction 
occurs on the surface within a very thin layer of 
deposited impurities. Therefore, control of this 
impurity layer is very important, but rather difficult. 
The use of palladium is also not important because 
gold and platinum appear to be better metals on 
which to deposit the impurity layer. This method is 
found, on rare occasions, to generate tritium within 
the electrolyte and transmutation products on the 
cathode surface. Different nuclear reactions are seen 
when light water (HO) is used instead of D,0, 
although the amount of anomalous energy is less 
when H,O is used. These observations have been 
duplicated hundreds of times in dozens of 
laboratories, 


Application of deuterium gas to finely divided 
palladium, and perhaps other metals, has been 
found to generate anomalous energy along with 
helium-4. Both palladium-black as well as 
palladium deposited as nanocrystals on carbon 
have shown similar anomalous behavior. In both 
cases the material must be suitably purified 
Palladium deposited on carbon can and must be 
heated to above 200/260°C for the effect to be 
seen. When deuterium is caused to diffuse 
through a palladium membrane on which is 
deposited a thin layer of various compounds, 
isotopes that were not previously present are 
generated with isotopic ratios unlike those 
occurring naturally. 


A plasma discharge under H,0 or D,O between 
various materials generates many elements that 
were not previously present. When the electrodes 
are carbon and the plasma is formed in H,O, the 
main anomalous element is iron. This experiment is 
relatively easy to duplicate. 


Several complex oxides, including several 
superconductors, can dissolve D, when heated. 
When a potential is applied across a sheet of such 
material, the D+ ions are caused to move and 
anomalous heat is generated. 


If deuterium ions, having a modest energy, are 
caused to bombard various metals, tritium as well 
as other elements not previously present are 
generated. These ions can be generated in a pulsed 
plasma or as a beam. 


When water, either light or heavy, is subjected to 
intense acoustic waves, collapse of the generated 
bubbles on the surrounding solid walls can generate 
nuclear reactions. This process is different from the 
fusion reaction claimed to occur within a bubble just 
before it disappears within the liquid because 
neutrons are not produced in the former case, but are 
produced in the latter case. This method has been 
applied to various metals in heavy water using an 
acoustic transducer and in light water using a rotating 
vane which generates similar acoustic waves. 


HOW TO EXPLAIN THE CLAIMS 


A major problem in deciding which model might be 
correct is the absence of any direct information 
about the nature of the nuclear-active-environment. 
At this time, two important features seem to be 
important, the size of the nanodomain in which the 
reactions occur and the presence of a deuterium flux 
through this domain. The domain can apparently be 
made of any material in which hydrogen or 
deuterium can dissolve. Until the nature of the 
nuclear-active-state (NAS) is known, no theory will 
properly explain the effect and replication of the 
claims will remain difficult. 


When fusion is initiated using conventional 
methods, significant tritium and neutrons are 
produced. In addition, when other elements are 
generated, they tend to be radioactive. This is in 
direct contrast to the experience using low energy 
methods. These products are almost completely 
absent and, instead, helium-4 is produced. When 
radiation is detected, it has a very low energy. This 
contrasting behavior, as well as the amount of 
anomalous energy, has made the claims hard to 
explain using conventional models. This difficulty 
has been amplified by a failure of many skeptics to 
recognize the contrasting effect of the environment, 
a plasma being used in the older studies and a solid 
lattice of periodic atoms being present as the new 
environment. 


Over 500 models and their variations have been 
proposed, some of which are very novel and some 
are variations on conventional ideas. Most models 
attempt to explain the nuclear reaction once the 
required environment has been created, without 
addressing what that unique environment might be 
like. These models involve conversion of a proton 
(deuteron) to a neutron (dineutron), creation of an 
electron structure that is able to neutralize the 
barrier, conversion of deuterium to a wave which 
interacts without charge, and the presence of 
otherwise overlooked neutrons and/or novel 
particles. Many of the models will have to be 
abandoned or seriously modified once the nature of 
the nuclear active environment is understood. 
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It Started in 1989... 


Peter Hagelstein 


Many of us recall the controversy surrounding the 
announcement of claims of observations of fusion 
reactions in a test tube that were made in 1989, At the 
time, these claims were greeted with considerable 
skepticism on the part of the physics community and 
the scientific community in general. 


The principal claim of Pons and Fleischmann 


‘The principal claim of Pons and Fleischmann in 1989 
‘was that power was produced in palladium cathodes 
‘that were loaded electrochemically in a heavy water 
electrolyte. The evidence in support of this was a 
measured increase in the temperature in the 
electrochemical cell. There was no obvious evidence 
for nuclear reaction products commensurate with the 
claimed heat production. Fleischmann speculated that 
perhaps two deuterons were somehow fusing to 
He-4 through some kind of new mechanism. 


Rejection by the physics community 


This claim was not accepted by the physics 
community on theoretical grounds for several reasons: 


First, there was no mechanism known by which two 
deuterons might approach one another close enough 
to fuse, since the Coulomb barrier prevents them from 
approaching at room temperature. 


Second, if they did approach close enough to fuse, 
one would expect the conventional dd-fusion reaction 
products to be observed, since these happen very fast. 
Essentially, once two deuterons get close enough to 
touch, reactions occur with near unity probability, and 
the reaction products (p+t and n+He-3) leave 
immediately at high relative velocity consistent with 
the reaction energy released. To account for 
Fleischmann's claim, the proposed new reaction 
would seemingly somehow have to make He-4 quietly 
and cleanly, without any of the conventional reaction 
products showing up, and would somehow have to 
arrange for this to happen a billion times faster than 
the conventional reaction pathway. Most physicists 
bet against the existence of such a magical new effect. 


‘Third, the normal pathway by which two deuterons 
fuse to make He-4 normally occurs with the emission 
of a gamma ray near 24 MeV. There was no evidence 
for the presence of any such high energy gamma 
emission from the sample, hence no reason to believe 
that any helium had been made. 


Finally, if one rejects the possibility that any new 
mechanisms might be operative, then the claim that 
power was being produced by fusion must be 
supported by the detection of a commensurate amount 


of fusion reaction products. Pons and Fleischmann 
found no significant reaction products, which, given 
the rejection of new mechanisms, implied an absence 
of fusion reactions. 


An alternate explanation is proposed 


‘The physicists decided in 1989 that the most likely 
reason that Pons and Fleischmann observed a 
temperature increase was that they had made an error 
of some sort in their measurements. When many 
groups tried to observe the effect and failed, this led 
most of the physics community to conclude that there 
was nothing to it whatsoever other than some bad 
experiments 


‘The claim of Jones 


A second very different claim was made at the same 
time in 1989 by Steve Jones. This work also involved 
electrochemistry in heavy water and the observation 
ofreaction products corresponding to the conventional 
dd-fusion reactions. The initial publication showed a 
spectrum of neutron emission that Jones had detected 
from a titanium deuteride cathode loaded 
electrochemically. The response of the physics 
community was skeptical, as the signal to noise ratio 
‘was not particularly impressive. Given the polarization 
of the physics community in opposition to the claims 
of Pons and Fleischmann (which were announced 
essentially simultaneously), the physicists were not 
of a mood to accept much of any claims that fusion 
could happen in an electrochemical experiment at all 
Jones went to great lengths to assure fellow scientists 
that his effect was completely unrelated to the claims 
of Pons and Fleischmann, and was much more 
reasonable. 


Physicists had reason to be skeptical. Theoretical 
considerations indicated that the screening effects that, 
Jones was relying on were not expected to be as strong 
as needed to account for the fusion rates claimed. As 
this experiment could not seem to be replicated by 
others at the time, it was easy for the physics 
community to reject this claim as well. 


Cold fusion, weighed and rej 
with prejudice 


Cold fusion, as the two different claims were termed, 
was dismissed with prejudice in 1989. The initial 
claims were made near the end of March in Utah, and 
the public refutation of the claims was made at the 
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beginning of May. It only took about 40 days for the 
physics community to consider the new claims, test 
them experimentally, and then announce loudly to the 
world that they had been carefully weighed and 
rejected. 


Following this rejection, physicists have treated cold 
fusion rather badly. For example, Professor John 
Huizenga of Rochester University was selected to be 
co-chair of the DOE ERAB committee that met to 


review cold fusion and issue a report. Shortly 
afterward, he wrote a book entitled Cold Fusion, 
‘The Scientific Fiasco of the Century, in which he 
discusses the claims, the experiments, and the 
extreme skepticism with which the new claims were 
greeted. Robert Park discusses the subject in his 
book entitled Voodoo Science. You can find many 
places where physicists and other scientists happily 
place the cold fusion claims together with claims 
of psychic phenomena. 


A Science Tutorial 


‘Talbot Chubb 


First it is important to recognize that there are four 
distinct types of energy production: 

1) chemical energy, that powers our cars and most of, 
our civilization; 

2) nuclear fission energy, as used to generate about 
15% or our electricity; 

3) hot fusion nuclear energy, which powers the sun and 
most stars; 

4) cold fusion nuclear energy, which appears as 
unexplained heat in a few experimenter's laboratory 
studies and which most scientists believe is 
impossible. 


‘The three types of nuclear energy produce 10 million 
times as much heat per pound of fuel than occurs with 
chemical energy. How do these types of energy differ? 
‘To understand this question you need to know some 
chemistry and physics. 


Lesson 1 


Nature has provided us with twotypes of stable charged, 
particles, the proton and the electron. The proton is 
heavy, normally tiny, and has a positive charge. The 
electron is light, normally large and fuzzy, and has a 
negative charge. The positive charge and the negative 
charge attract each other, just like the north pole of a 
magnet attracts the south pole of a magnet. When you 
bring two magnets together with the north pole of one 
facing the south pole of the other, they pull together, 
bang! When they bang into each other they release a 
little bit of energy in the form of heat, but it is too small 
an amount to easily measure. To pull the magnets apart 
you have to do work, which is another way of saying 
you have to use up energy. It's almost like pulling a rock 
back up a hill. Rolling the rock down a hill actually 
creates a little heat, and pulling the rock back up the 
hill takes energy. In the same way the positive charge 
ofthe proton pulls on the negative charge of the electron 
and they stick together releasing energy in the process. 
‘Theresult is a hydrogen atom, designated H. Ahydrogen 
atom is nothing but a fuzzy electron hugging a compact 
proton. The proton is the nucleus of the hydrogen atom. 
If you knock the electron off the hydrogen atom you 


get a positive ion H+, which is nothing more than the 
original proton. Anion is the name applied to an atom. 
or molecule that has lost or gained one or more 
electrons, hence is no longer electrically neutral. 


Lesson 2 


As you know, nature has provided us with more than 
one type of atom. We have oxygen atoms, nitrogen 
atoms, iron atoms, helium atoms, etc.. How do these 
atoms differ? The answer is that they all have different 
types of nuclei (plural of nucleus, from the Latin). And 
these different nuclei all have different numbers of 
protons inside them, which means they all have 
different plus charges. The nucleus of the helium atom 
has 2 protons inside it, hence has plus 2 charge, and 
requires 2 electrons to neutralize its charge. When 2 
electrons stick to it, it becomes a helium atom. The 
oxygen nucleus has 8 protons and has charge 8. When 
B electrons stick to it, it becomes an oxygen atom. The 
nitrogen atom has 7 electrons, and the iron atoms 
something like 26. But all the atoms are built more or 
less the same way, with a compact positively charged 
nucleus embedded in a cloud of fuzzy electrons. The 
difference in size between the compact nucleus and 
the fuzzy electrons is enormous. The sun has a diameter 
only about 100 times that of the earth. The electron 
cloud on an atom has a diameter which is about 100,000 
times that of the nucleus. Cube these numbers to get, 
the difference in volumes. 


Lesson 3 


We now are in a position to understand what chemical 
energy is. The atoms, all electrically neutral, can 
actually join with each other and release more energy. 
‘This is another way of saying that they can join into 
more stable configurations. The electrons in an atom 
try to configure themselves so as to get as close as 
possible to their nucleus, but their fuzzy nature 
requires that they take up a certain volume of space, 
However, if they join together with the electrons of 
another atom they can usually find a tighter 
configuration that leaves them closer to their beloved 
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configuration that leaves them closer to their beloved 
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nuclei. For example, 2 hydrogen atoms can join 
together into a more compact configuration if each 
hydrogen atom contributes its electron to a2-electron 
cloud, which the separate protons share. In this 
manner they form a grouping of the 2 electrons in a 
single cloud, together with the 2 isolated protons 
spaced apart from each other but still within the 
electron cloud. The result is a heat-producing chemical 
reaction H + H => H, (The => means “goes to" or 
“becomes”.) The H, configuration is the hydrogen 
molecule, and when you buy a tank of hydrogen gas, 
H, molecules is what you get. Furthermore, the 
2 electrons of the H, molecule and the 8 electrons of 
the O atom can find a still more compact configuration 
by combining their electrons to create the water 
molecule HO, plus heat. The water molecule is really 
a single cloud of electrons in which are embedded 
the three point-like nuclei to form a minimum energy 
configuration. So when we burn oil or coal we 
reconfigure the electrons to produce more stable 
configurations of point-like nuclei embedded in 
electron clouds, liberating heat. So much for chemical 
energy. 


Lesson 4 


We have slid over one point in the above discussion. 
How does Nature make a nucleus containing two or 
more protons in the first place. After all, each of the 
protons has a positive charge, and the positive 
charges repel each other very strongly when they are 
separated by a tiny distance, equal to the distance 
across a nucleus. The repulsion of like charges is just 
like the repulsion between the north poles of two 
magnets when they are pushed together the wrong 
way. Something must overcome this repulsion, or else 
the only kind of atoms we would have would be those 
of hydrogen. Fortunately, this is not what we observe. 
‘The answer is that there is a second kind of force 
which acts on protons. This is the nuclear force. The 
nuclear force is very strong but requires particles to 
almost sit on each other to have any effect. Also, there 
is a second kind of heavy particle, which is just like a 
proton, except that it has no positive or negative 
charge. It is not pushed away by the proton's plus 
charge. This other kind of particle is called the neutron, 
since it is electrically neutral. A peculiar fact of life is 
that it exists in stable form only inside a nucleus. 
When not in the nucleus it changes into a proton, an 
electron and a very light anti-neutrino in about 10 
minutes. But it lasts forever inside a nucleus. Anyway, 
the neutron and the proton very strongly attract each 
other once they get close enough together, and then 
they combine to form a highly stable pair called a 
deuteron, which we designate D+. The single 
deuteron, when it combines with a single electron, 
forms the heavy hydrogen atom called deuterium, 
designated D. A second nuclear reaction occurs when 
two deuterons make contact. When they can be forced 
together so as to make contact, the 2 deuterons fuse, 


making a doubly charged particle. The grouping of 
2 protons and 2 neutrons is even tighter than the 
proton-neutron grouping in the deuteron. The new 
particle, when neutralized by 2 electrons, is the 
nucleus of the helium atom, designated He. Larger 
groupings of neutrons and protons exist in nature and 
serve as the nuclei of carbon, nitrogen, oxygen, and 
iron, etc. atoms. All of these groupings are made 
possible by the very strong nuclear force, which is 
felt between particles only when they are in contact, 
or share the same nucleus-size volume of space. 


Lesson & 


We can now understand normal nuclear energy, which 
is really nuclear fission energy. During the early history 
of the universe massive stars were formed. In the 
explosion of these massive stars, lots of different types 
of nuclei were formed and exploded back into space. 
Second and later generation stars and planets were 
formed from this mix, including the sun. In the explosion 
process probably every possible stable configuration 
of protons and neutrons was produced, plus some 
almost-stable groupings, such as the nucleus of the 
uranjum atom. There are actually 3 different types of 
uranium atom nuclei, called uranium-234, uranium-235, 
and uranium-238. These “isotopes” differ in their 
number of neutrons, but they all have 92 protons. The 
nuclei of all uranium atoms can go to a lower energy 
configuration by ejecting a helium nucleus, but this 
process occurs so rarely that the Earth's uranium has 
already lasted over 4 billion years. But the uranium 
nuclei are unstable in another way. In general, 
groupings of protons and neutrons are happiest if they 
have about 60 protons-plus-neutrons. The uranium 
nuclei contain more than three times this number. So 
they would like to split in two, which would release a 
lot of heat. But nature doesn't provide a way for them 
to split apart. They have to first go to a higher energy 
configuration before splitting in two. However, one of 
the three forms of uranium nucleus found in nature 
called uranjum-235 and designated *U, gains the 
needed energy if it captures a neutron. The energized 
nucleus that results from neutron capture then splits 
apart with the release of an enormous amount of energy, 
and incidentally with release of additional neutrons. 
‘The additional neutrons can then split more uranium-235 
nuclei, keeping the reaction going. This is what 
happens in nuclear power plants, where the heat, 
which is the end product of the nuclear splitting 
process, is used to boil water, generate steam, and tum 
electrical generators. (One also gets lots of radioactive 
products, which are a nuisance to dispose of safely.) 


Lesson 6 


We are now also in a position to understand hot fusion 
nuclear energy. As mentioned in lesson §, the groupings 
of protons plus neutrons is most stable when the 
numbers of neutrons and protons approximate those 
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found in the nucleus of an iron atom. Just as uranium, 
has too many neutrons plus protons to be 
comfortable, so the light elements like hydrogen, 
helium, carbon, nitrogen and oxygen have too few. 
If the nuclei can be made to make contact under 
proper conditions, they can combine to create more 
stable groupings, plus heat. This is the process of 
fusion. Nature has found a way of doing this in stars 
like the sun. All Nature has to do is heat compressed 
hydrogen hot enough and wait long enough and hot 
fusion will occur. If Nature were to start with 
deuterium, which already has a paired proton and 
neutron, the task would be relatively easy in a star. 
‘Temperature is a measure of how much speed an 
atom of a given type has as it bangs around inside 
acloud of such atoms. The higher the temperature, 
the higher the speed and the closer the atoms get 
to each other momentarily during a collision. In a 
star the temperatures are high enough that all the 
electrons quickly get knocked off the atoms, so one 
is really dealing with a mixed cloud of electrons and 
nuclei. At very high temperature the nuclei 
occasionally get close enough during collisions for 
the pulling-together short range nuclear force to 
turn on, Then the nuclei can stick together and go 
to a lower energy grouping of protons plus neutrons, 
releasing heat. Hot fusion nuclear energy is an 
attempt to carry out this process in the lab, using 
deuterium and mass-3 hydrogen (whose nucleus is 
a compact grouping of 1 proton and 2 neutrons) as, 
the gas. Hot fusion requires that the gas be 
contained at temperatures of hundreds of millions 
of degrees, which can be done with the help of 
magnetic fields, but only for 1 or 2 seconds. The 
hope is to contain the gas for longer times. During 
the period of high temperature containment nuclear 
reactions occur during collisions. The main form of 
energy release is ejection of high energy neutrons 
and protons. The proton energy quickly converts to 
heat. The neutron energy can also be converted to 
heat but makes the equipment highly radioactive, 
It then becomes difficult to repair the equipment, 
which could make hot fusion a poor candidate for 
commercial power production. In any case hot 
fusion power is a dream that is still probably at least 
50 years away. But most scientists view hot fusion 
as the only way to achieve fusion power. Hot fusion 
produces less radioactivity than fission power, is 
environmentally benign, and has a virtually limitless 
fuel supply on earth (many millions of years at 
present energy usage rates) 


Lesson 7 


So now we come to cold fusion. Cold fusion may 
provide an easier and non-radioactive way of 
releasing nuclear fusion energy. Cold fusion relies on 
a different way of letting the protons and neutrons 
in one nucleus make contact with those in another 


nucleus, so that the nuclear force can bring them into 
amore stable configuration. The requirement for any 
nuclear reaction to occur is that the reacting nuclei 
occupy the same volume of space. This condition is 
called particle overlap. In hot fusion particle overlap 
is brought about briefly by banging the nuclei 
together so as to overcome momentarily the repulsion 
of the two positive charges which try to keep the 
particles apart. In cold fusion particle overlap 
conditions are achieved by making deuterium nuclei 
act as fuzzy objects like electrons in atoms, instead 
of like tiny points. When either light or heavy 
hydrogen is added to a heavy metal, each hydrogen 
“atom” occupies a position inside the metal where 
it is surrounded by heavy metal atoms. This form of 
hydrogen is called interstitial hydrogen. With 
interstitial hydrogen the electrons of the hydrogen 
atom become part of the pool of electrons of the 
metal. Each hydrogen nucleus oscillates back and 
forth through a negatively charged electron cloud 
provided by the electrons of the metal. They can be 
thought of as moving back and forth like the 
pendulum in a grandfather clock. This vibration 
exists even at very low temperature, due to a 
peculiarity of a branch of physics called quantum 
mechanics. The vibration is called zero point motion. 
‘The nucleus then becomes a fuzzy object, like the 
electrons in an atom, But this amount of fuzziness is 
not enough to permit a hydrogen nucleus to make 
contact with another hydrogen nucleus. To get two 
or more hydrogen nuclei to share the same volume 
one must go one step further. In a metal electrical 
current is carried by electrons that act more like 
vibrating matter waves than like point particles. If 
electrons did not become wave-like inside solids, 
‘there would be no transistors and no present day 
computers. This wave-like kind of electron is called 
a Bloch function electron. The secret of cold fusion 
is that one needs Bloch function deuterons. One 
needs wave-like deuterons inside or on the surface 
of a solid in order that two or more deuterons share 
the same volume of space. But once the Bloch 
function deuterons are created, the nuclear force 
comes into play and the protons and neutrons making 
up the deuterons can rearrange themselves into the 
more nuclearly stable Bloch function helium 
configuration, with release of heat. To study cold 
fusion the experimenter has to force deuterons to 
assume the wave-like form and keep them in the 
wave-like state. Cold fusion experiments 
demonstrating release of excess heat show that this 
can be done. But at present no one knows how to do 
it reliably. Since cold fusion promises millions of years 
of energy without the problems of global warming 
or radioactivity, a real effort should be made to learn 
how. 


Formore tutorials goto www.hometown aol.com/cffuturet 
and www_hometown.aol.com/cffuture2 
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LENR (Low Energy Nuclear Reactions) 
Experiments 


Review from 
http://www.lenr-canr.org 


Have you ever wondered what a physics laboratory 
looks like? They are seldom spacious or organized the 
‘way they are shown in movies. Most LENR researchers 
work at universities or home laboratories, with tight 
budgets in a crowded space. They keep old, broken 
equipment on shelves to scavenge parts for new 
experiments. In this section we present some 
photographs of equipment provided by researchers, 
and close up pictures of equipment. The actual cells, 
cathodes and other equipment used in electrolysis 
experiments often have an ad-hoc, home-made 
appearance, because they are made by hand. They 
have to be; they are unique, one-of-a kind prototypes. 
Nothing quite like them has ever been made before. 


A visitor seeing a LENR experiment the first time may 
feel disappointed. It looks like any other electrochemical 
experiment. The heat or neutron flux produced by the 
experiment are so small they can only be detected with 
sensitive instruments. A null cathode that produces no 
effect looks exactly like an active cathode. The difference 
between one cathode and another is in the microscopic 
structure, or the traces of elements mixed in with the 
palladium. Only one kind of cold fusion looks dramatic. e. 
the glow discharge reaction. 


Here are a few photographs of cold fusion cells and 
devices (also see the cover page). 
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Fig.1 
Box Calormeter 


On Fig. 1 there is a 
calorimeter constructed 
by Edmund Storms. Note 
the DieHard® battery, 
lower right, that serves 
as an unninterruptable 
power supply. A power 
failure can ruin an 
experiment. Whenever 
possible, inexpensive, 
ordinary materials and 
instruments are used. 
‘However, experiments are 
never cheap, and they 
cannot be done on a 
shoestring. The equipment, 
arranged for another 
experiment (see Fig. 2), 
costs about $40,000, 


Fig.2 (On the left) 
‘Vacuum aystem to prepare 
particles for gas loaded cold 
fusion cells, courtesy 
Storms, 
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Fig.3 
Avbigh resolution mass spectrometer used for on-line helium 
detection during a cold fusion experiment at C. R. ENEA Frascati 
(ttp://wwwrascatienea it/nhe/) 


Fig.5 
‘A fow-type cell, courtesy E. Storms Close up of a Miley-style call, courtesy E. Storms 
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‘A cell installed inside a Thermonetice Seebeck calorimeter with 


the lid removed, courtesy , Storms 
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Hydrogen power 
engineering 


Faraday Laboratories Ltd, Moscow, and 
Spectrum Investments Ltd, London, started 
joint R&D project on hydrogen power 
engineering. Photo: Alexander V. Frolov, 
Faraday Laboratories Ltd and Nicholas Moller, 
Spectrum Investments Ltd. The project 
includes designing and building of prototype 
to use hydrogen recombination process for —— 
heat generation, 


Fig.8 


On the Fig. 8 you can 
see a glow discharge 
electrochemical cell at 
Hokkaido University, 
courtesy T. Mizuno. 
The cell is installed 
inside a crowded 
constant temperature 
air-cooled chamber. It 
placed on a magnetic 
mixer. Cooling water is 
pumped through the 
plastic tubes attached 
to the top and bottom. 
‘The muffin fan at the 
back circulates the air 
in the chamber 


Fig.9 


A schematic of the 
calorimeter shown above 
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On Electrogravitation ‘ 


|| Andrey V-Lemeshko 
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. 
Part I 


“Jet's go to the Mars!” 


‘Nowadays it becomes evident that exploration of deep 
space by means of rocket equipment is impossible, 
Aircrafts, which run on jet thrust, are too expensive 
and unreliable. Besides, they are too slow-speed if were 
considered on a scale of solar system. For example, the 
flight to the remote areas of our planetary system can 
drag on tens years. But the main disadvantage of 
rockets is their low load-carrying capacity. Thus, the 
most powerful transport system "Progress" can deliver 
less than 100 ton of load to the orbit of the Earth, and 
only 1 ton to the orbit of the Mars. Rather natural 
question arises as to whether any alternative ways of 
space exploration exist? Are there any transport 
systems, which can compete with rocket equipment 
on the interplanetary routs of future? Actually, at 
present there is only one technology, which is 
alternative to rocket ones - it is the so-called light 
sailers, using light pressure for acceleration. Laser and 
maser can be also used for their acceleration from 
satellites. However, there are also some disadvantages 
here. 


There is also one more transport system, which is 
undeservedly consigned to oblivion. It uses electricity 
in acceleration aggregate. This transport system or the 
electric propulsion system is a result of researches and 
investigations of two little-known, but extremely 
talented American physicians and inventors, Thomas 
‘Townsend Brown and Paul Alfred Biefeld (the last one 
was also a professor of Astronomy). 


‘Thomas T. Brown was the first who discovered electric 
principle of this propulsion system. Thus, in twenties 
of the XX century Thomas T. Brown, being the student 
of secondary school, became interested in X-rays. He 
wanted to reveal if the rays, outgoing the X-ray unit, 
could take positive effect. For his researches the 
inventor had got Coolidge Tube, the device, which 
radiates X-rays and consists of a glass tube. Deep 
vacuum is created in this glass tube. Anode and 
cathode are placed in the tube. Cathode radiates 
electrons and anode brakes them. X-rays are created 
at striking of electrons against anode. Brown used 
Coolidge Tube in the way nobody had done before. For 
ease of handling the researcher suspended the device 
on wires, which run to anode and cathode parallel to 
the Earth. During the operation of the device he noticed 
that every time when current fed to the tube, the tube 
was moved aside and tended to make slight 
progressive motion. Subsequent experiments 
demonstrated that the deviation value depended only 
on the value of voltage, which is between anode and 
cathode. The higher voltage is, the more deviation, 


X-rays were neither here not there. Much later at 
participation of Paul A. Biefeld, the same tendency to 
move was revealed at plane disc capacitors. The 
reason, which causes this motion, is the same, ie. 
voltage, which exists between plates and not between 
anode and cathode as in Coolidge Tube. 


Having run series of experiments, the researchers 
proved that electric energy could be directly 
‘transformed to mechanical. They also devised the 
physical principle, which were included in the scientific 
annals as Biefeld-Brown effect. 


Editor's: Let us note that earlier Ampere and Faraday 
shave been working on Electrokinetic effects which are 
easily detected at strong current. Modern researches on 
this point are known as “Sigalov's effect” (force appears 
in electric conductor which is bent at angle and at 
current impulse) 


‘The essence of this effect lied in the fact that charged 
disc electric capacitors tend to move in the direction 
of their positive pole. At formulating of the essence of 
this effect the scientists consciously did not mention 
Coolidge Tube in order to demonstrate that according 
to their experimental observations, electron streams 
‘were not involved in generation of electromotive force. 
‘This effect of the direct transfer of electric energy to 
mechanic one (Biefeld-Brown effect) is observed, when. 
current is fed to the Coolidge Tube or to the plane disc 
capacitor. 


However, all this was realized much later, when in 
1923 Brown became a student of Dennis University in 
Greenville, Ohio, where he met his teacher and later 
on a coauthor, Paul A. Biefeld. In school time the 
inventor came to the conclusion that the reopened by 
him phenomenon has nothing in common with X-rays, 
and that high voltage, used for rays generation, is the 
basis of this phenomenon. Besides, Brown designed 
a device named “Gravitor". It looked like a usual 
bakelite box and was made as a simple construction, 
which consisted of several flat aluminum plates. The 
plates were placed as coins in arouleau and separated 
with dielectric. It had only to place the box on the 
scale and connect it to some energy source with 
100 kV voltage as the device either lost or put on about 
one percent of its weight that depended on polarity. 
An outside observer, who was not familiar with the 
essence of this effect, could think that mass was really 
changed. (Editor's: Weight but not the mass is changed 
here, Weight is the force. There is a possibility of partial 
compensation of the weight by another force.) But this 
‘was not the case, For better understanding of the 
processes, which take place at gravitor operating, let 
us make a mental experiment. Let us take a weight, 
put it on the scale and then raise it a little. The scale 
will certainly show that the weight has become 
lighter. After that let us press the weight then the 
scale will show that it has become heavier. However, 
in fact mass does not change. In the same way motive 
force, caused by high voltage, slightly raises the 
gravitor and at changing of polarity presses it. At that 
it seems that there is some change in weight. Thus, 
as if by chance, the scientist has discovered effect of 
direct transition of electric energy into mechanical one. 
(Editor's: Let us specify the author's terminology. In 
‘TT. Brown's Patent of 1927 it was mentioned that there 
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was generated a force which partially compensated 
weight. The matter was always about the generation 
of x-force while gravitational field remained 
unchangeable). 


Having graduated from the University, from 1926 up to 
1952 Brown already by himself was being occupied with 
development of his electrical propulsion system. At the 
same time whether in chase of fame or in hope to obtain 
money for his researches, TT: Brown began asserting 
that he had discovered something new in physics, viz 
“electrogravitation’ i.e. some connecting effect between 
gravitation and electricity. (Editor's: In my opinion, 
‘TTT. Brown has never posed a problem in such a way. 
The matter always concerned the fact that X-force 
appears while gravitational field does not change.) As 
for the development of the invention, it came to the 
decrease of weight of the device and increase of DC 
voltage, which fed the plates of the “gravitor’. Asa 
result the devices could fly and lift weight which greatly 
exceeded their own. Thus in 1953 in his laboratory Brown, 
demonstrated the flight of aircraft which had a disk form, 
‘The device made 51 m/c (180 km/h), flying at circular 
course of 6 m diameter. This device was nothing but 
very lightweight capacitor in which by means of the 
special construction electromotive force was redirected 
in two planes upward and sideward. It made the device 
rise in air and fly around the mast. Current of 50kWett 
voltage was supplied to the central mast by the wire. 
‘Then speed of “flying disks” became higher, the payload 
capacity was increased but that was again resulted by 
decrease of weight and increase of the supplied voltage. 
‘TTT. Brown so succeeded in decreasing of the thickness 
of capacitor plates and in making his devices superlight, 
‘that the witnesses of these demonstrations called these 
devices as “air films" 


Later on all works in this area were placed on secret, 
list and then closed because of lack of prospects. Thus, 
accounts and experiments demonstrated that it was 
impossible to overcome terrestrial attraction entirely 
and go to outer space by means of the gravitor 
because there are no such natural materials which 
could take huge electric and heat loads. Besides, 
sufficiently massive electric power station would be 
needed to produce required currents. (Editor's: 
Thereupon the following question appears: why the 
author looks for “currents” while the essence of the 
technology is in applying of high voltage but not of 
the currents?!) Moreover some alternative was made, 
ie. jet engines. Gravitor could not compete with them 
by above-mentioned and quite objective reasons. In 
time, since the mechanism of transition of electric 
energy into mechanical one was not disclosed and 
Brown's populist idea has received some publicity, this 
effect became surrounded with idle talks and guess- 
works. However the scientists who researched this 
very effect, has developed only three theory wh ich 
could explain its existence. 


‘The first theory was suggested by T.T. Brown, the 
discoverer of this effect. To his dying day Brown, 
asserted that he had discovered the effect which could 
connect gravitation and electricity, i.e 
“electrogravitation". But this theory can be easily 
refuted by practice. It is enough to put Brown's bakelite 
‘box to the scale in such a way as to place the plates of 
the “gravitor” at right angle to the surface of the scales. 


‘Then poles of the “gravitor" will be placed at the same 
level and parallel to ground and as a consequence 
electromotive force will influence in no way on the 
scale, since this force is directed sideward but not 
upward or downward. The scale will accurately show 
that there are no changes in weight and hence there is, 
no electrogravitation. (Editor's: The author will obtain 
propulsive force and it is directed not upward and 
downward but sideward. However the effect exists in 
any case. The changing of weight appears only when 
propulsive force generated by the device is directed 
against the weight force, ie. upright.) 


‘The second theory was suggested by T. Brown's 
opponents. They asserted that electromotive force 
appears as a result of the so called “electron wind”, ie. 
electron streams which exist between the plates of the 
“gravitor’. In their argumentations Brown's opponents 
rest upon the following facts which are well-known to 
every physicist. Fast electrons, as well as photons, have 
dual properties, i.e. interacting with matter and 
environment, they behave both as a wave and as a 
material particle. Since light or photons carry energy, 
then they heat bodies which are in their way and put 
pressure onthe illuminated surface etc. Similarly electron 
streams carry heat or kinetic energy and hence they can 
put pressure on the anode of Coolidge Tube and get it, 
moving forward. This theory seems to be interesting, 
however it explains appearance of electromotive force 
only in Coolidge Tube, but there is no explanation why 
discoid capacitors tend to move. Point is that there are 
no free electron streams in the capacitors. Usually 
between the plates of capacitors there is a dielectric 
which brings electron streams tonothing. Ifthere is no 
electron wind, then what makes capacitors move? 


Editor's: There is always a surface charge and reactive 
outflows of ions. But it is just a partial explanation of 
Biefeld-Brown's effect. 


‘The third theory is based on the following fact. It is well, 
kown that electrons can have heat or Brownian chaotic 
motion. Free electrons, placed in a conductor, are in the 
similar chaotic heat motion before voltage is applied to 
this conductor. The higher temperature of the 
environment is the higher speed of this heat motion. 
According to school course of physics, heat energy or 
energy of chaotic motion of molecules (electrons) can 
be entirely transferred into mechanical one. If all 
molecules (electrons) start to move simultaneously and 
in the same direction, and if they push some piston 
toward this direction then heat energy of molecules 
(electrons) will be entirely transferred into mechanical 
work. In other ways, this piston will move until 
molecules (electrons) calm down. It is considered that, 
this process is unrealizable in practice. 


However, it seems that this is not quite the case, ie. it, 
is possible to regulate chaotic heat motion of electrons. 
Obviously this process takes place in the capacitor and 
in Coolidge Tube. It is no secret that when negative 
electrons try to move to the neighbor positive charged 
electrode, then dielectric layer which is placed between 
the plates of the capacitor prevents it. Electrons rest 
upon this layer and start to heat. Their internal energy 
is also increasing. The higher voltage is the higher 
heating of electrons, i.e. their capacity to have chaotic 
heat motion increases. However, chaotic motion of 
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electrons is not observed on the capacitor plates, since 
the directed force (voltage) influences electrons 
Electrons tend to move upward, downward, tothe right 
and to the left, but voltage prevents it. Thus they just 
are forced to move in space in one direction and with 
the same speed. Capacitor or gravitor has to move 
alongside with electrons because plates of the 
capacitor (gravitor) become a piston which is pushed 
by heated electrons. This piston is in progressive 
motion. It starts to move under the influence of 
electrons, or rather together with electrons. The higher 
voltage is, the higher temperature of electrons and 
hence the higher their speed. Therefore speed of 
capacitor (gravitor) increases at voltage increase. There 
is a usual chain, i. electric energy transfers into heat 
energy and heat energy transfers into mechanical one. 
Approximately the similar process takes place in 
Coolidge Tube, but there the heat of electrons is caused. 
bby thermoelectric emission on the cathode. Electrons 
evaporate from the cathode surface. Voltage, existing 
between anode and cathode, makes electrons move in 
one and the same direction. They move towards anode, 
which serves as piston and takes heat push upon itself, 
ie. it transfers heat energy of electrons into mechanical 
work. It is clear that the higher voltage is the more 
intensively electrons are heated. Therefore electrons 
more intensively influence anode and the suspended 
tube is deviated to a greater extent. (Editor's: 
Nowadays this very explanation is the most admitted 
one. ) 


Resting upon Biefeld-Brown’s theory and experimental 
results and at sufficient financing, already within the 
next few years it would be possible to create a unique 
electric engine which can operate on hot or quick 
electrons. Besides there will appear a possibility to 
orbit the first spaceship equipped with a propulsion 
system similar to gravitor one’s. In near future 
scheduled cargo-and-passenger service could be 
organized within planetary system. First of all such 
transportations can be organized between the Mars, 
Moon and Venus orbits that will let to start active 
colonization of these planets. 


‘Thus, more than 200 flights to the Moon and back and 
about 70 flights to the Mars are possible by means of 
the gravitor which is made of modern fusions and 
dielectric materials and which is placed on the Earth 
orbit. At that there is a minimum risk for its breakdown, 
during the flight, because gravitor has no movable parts 
and no explosives are used. Negative consequences 
for the crew in an improbable emergency are 
insignificant. Even ifhigh voltage causes disruption of 
dielectric layer between the electrodes and voltaic arc 
appears then the spaceship, equipped with such a 
propulsion system, will mechanically arrive its 
destination. The source of energy will be its only trouble 
spot and it will happen only if nuclear reactor instead 
of solar batteries is used. There is also an idea to attach 
dwelling capsules and cargo bays, equipped with such 
electric engine, one after another, like carriages are 
attached to a locomotive. It will let to equip this 
interplanetary vehicle in several stages by compactly 
packed modules which are delivered from the Earth. 
Unfortunately, this project exists only on paper and 
support of government or financial institutions is not 
expected in the near future. Faint hope is rested upon. 
enthusiasts but there are too few of such people, 


besides almost all of them are rather hardly related to 
space flights and science. Most of scientists even hear 
nothing about Biefeld-Brown Effect, because it has, 
never become widely known, since all works of this 
field, except the very first experiments from the USA, 
‘were run and then closed in secrecy. 


Part IL 


's time to go to the stars” 


Due tothe theory of relativity there is an ingrained belief 
of several generations that it is impossible to move with 
more than 300 000 m/c speed, i.e. to move faster than 
light, since the postulates of this theory read that mass 
is directly depended on speed. Calculations 
demonstrate that while speed of some accelerated 
body verges towards light speed its mass will increase 
and in the point of equilibrium (V=c) it will 
unrestrictedly increase. Hence acceleration will tend 
to zero and speed will not virtually increase, no matter 
how long acceleration speed acts on the object. In other 
words, the accelerating mass dissipates speed. In 
principle it is correct but another conclusion can be 
also drawn from the dependence of mass and speed, 
for example, the following one: to accelerate an object 
to the speed which exceeds light speed, mass of the 
accelerated body should decrease and its speed should 
increase. Any physicist will say that this statement is 
correct. At first sight it is practically impossible to 
realize this idea therefore it was wrongly give to writers 
of science fiction. They added this idea to their armory 
and the hypothetical device, which realizes it, was 
named as gravitational engine. Let us realize this idea 
from the practical point of view and basing only on facts 
and logic. 


‘Thus let us apply to the facts and give the description 
of one experiment. Professor of Pulkovo Observatory 
N.A. Kozyrev is the author of this experiment, he was 
also the first to discover the phenomenon of lunar 
volcanism. Kozyrev used a gyroscope, ie. the device 
consisting of two rings of different diameter. These 
rings are placed athwart one in another and movably 
jointed. Top is attached to the inner ring through the 
cardan. The scientist put usual thermos filled with hot 
water near the beam scale. The top of the gyroscope 
was preliminarily spun up counterclockwise. At that 
balance indicator showed that gyroscope top at 
90 gram weight became 4 milligram lighter in weight. 
‘Then Kozyrev started to pour water of room temperature 
inside the device through the vinyl chloride tube fixed 
into the hole, which was made in the plug of the 
thermos. Seemingly it is impossible to influence upon 
the gyroscope operating and its weight by a balloon 
filled with hot water, which is being cooled. Besides 
the thermos consists of a double-walled container 
which practically entirely excludes heat exchange with 
the environment, However balance indicator moved at 
one or two points, i.e. such connection existed. 


‘This experiment can be divided into two steps. At the 
first stage the thermos filled with hot water is placed. 
near the gyroscope and we can register the decrease 
of the top weight. At the second stage water of room 
temperature is poured into the thermos and the scale 
again shows that the weight has been changed. 
Somehow Kozyrev explained the second stage of this 
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experiment. He assumed that when we pour cold water 
in the thermos, then the equilibrium of the system is 
broken because some irreversible processes take place 
‘there. Cold water can not cause temperature increase 
of water in the thermos. Until the system come to 
equilibrium at a new level, i.e. until the same 
temperature is set in the whole volume of the thermos, 
this process will cause the condensation of time which 
“additionally” influences the top. However the scientist, 
missed that the weight of the top had decreased long 
before the moment when cold water was poured into 
‘the thermos, i.e, before irreversible processes appeared 
there. (Editor's: Evidently, the author of the article is 
not well familiar with Kozyrev's researches and with 
works of other experimenters who investigated this 
problem.) In other words, at the first stage of the 
experiment there is nothing to condense time and that 
insignificant weight condensation, which was equal 
to4 milligram, absolutely does not fallen into his theory. 
Some other process is presented there. 


It is quite possible that at the first stage of the 
experiment we deal with nullification of the top weight, 
ie. mass of the top tends to zero. Some conclusion 
arises from this assumption, ie. hot water can influence 
‘the mass of the top in some still incomprehensible way. 
(Editor's: The point is not in water temperature but in 
the process of changing of the entropy.) Thus there is a 
simplest and primitive model of the gravitational 
engine, viz there are hot water along with gyroscop: 
and the required decrease of mass at the "outlet’ 
Certainly, itis very bold assumption but it can be easily 
checked. Near the gyroscope there should be placed 
thermos filled with not boiling water (of 100°C. 
temperature) but with water of 50°C temperature. If 
the weight of the top decreased by one half (for 
example, by 2 milligram instead of 4 milligram), then 
we can surely ascertain that the hotter water in the 
thermos is the more decrease of mass. Besides, each 
100°C of water heating will decrease mass of the top 
by 4 milligram. It is not very difficult to calculate the 
‘temperature at which mass of the top will verge toward 
zero and the top will start accumulating negative mass. 


Let us now assume that our experiment was successful 
‘then water as well as any other matter cannot be heated 
tosuch high temperature. However it is possible to heat, 
electrons. They are very compact and have insignificant 
mass and can be heated to very high temperature. It is 
necessary to take several plates then to place a dielectric 
between them and to apply voltage. Electrons rest on 
the dielectric and start heating. The top can be rotated 
anti-clockwise by means of electric engines, i.e 

capacitor and gyroscope should be combined in one 
system with common center of gravity. It is not very 
difficult, as the saying goes, it is just an engineering 
problem. The higher temperature of electrons is the more 
decrease of the top mass. Finally there is amoment when 
mass of the capacitor-gyroscope system will reach zero 
and this electric machine will rise to the surface of the 
gravitational field of the Earth or any other planet. It 
will be Biefeld-Brown's force that will make our 
apparatus taking off the gravitational field of the Earth. 

‘This very force will start to accelerate our apparatus in 
the space vacuum and top of the gyroscope will lose its 
mass which appears at acceleration. Thus it is quite 
possible to reach speed, which is close to the light one, 
or even to overcome the threshold of light speed. 


Part IIL 


‘what is new?" 


What is implied by gravitational waves? This question 
has been exciting the scientists from the half of the XX 
century. But still nowadays, in spite of all attempts of 
the scientists to dissolve the problem, these waves 
were not discovered. There is a standard way to 
discover them, which is based on general relativity. 
Basing on this theory, scientists assume that 
gravitational waves should change in some way the 
weight of material objects. According to this 
assumption the scientists suspend very heavy balls to 
very precision scale and then try to trace changes of 
their weight. There were only negative results. It seems 
that mass changes so quickly and to such short period 
of time that scale fails to react upon these changes, 
However there is another way which seems to be very 
promising, 


Dependence of time and gravitation is a well-known fact. 
‘Thus speed of time course depends on force of the 
gravitational field of an object. Stars and planets can be 
considered as an example. The more intense attraction 
near them the more slowly time passes there. In other 
words, the greater mass of the planet the more slowly 
time passes near it. It is possible that oscillations of 
masses, which generate gravitational waves, in some 
‘way change speed of the time course along the whole 
way of the propagation of gravitational waves. In other 
words, gravitational waves are always attended with 
slight time fluctuations. Time starts to pass a litle faster 
or alittle more slowly as compared with its usual course. 

‘These changes can be traced by means of usual quartz 
plates. Let me remind of the fact that quartz plates are 
used at some models of clocks to keep time. Thus, 
oscillations of gravitational masses produce in space 
both gravitational waves and time fluctuations 
(chronowaves), which can be easily detected. Possibly 
these chronowaves are the part of gravitational waves, 

‘This assumption is already a scientific fact which is 
unfortunately ignored by more than one generation of 
researchers. 


Professor N.A. Kozyrev was the first who surmised about 
the existence of time ways (chronowaves). He called 
them as “time flows". The scientist worked out and run 
asimple experiment to confirm his hypothesis. Telescope 
and quartz plates were used. Quartz plates were placed 
in focus of the telescope, which was pointed to some 
bright star. Its objective lens was covered with black 
paper or tin plate in order to exclude the influence of 
light beams. At that quartz plates reacted upon the 
presence of chronowaves. Thus there was changed the 
frequency of oscillations of plates which were placed in 
focus of the telescope. 


Besides the scientist discovered that in focus of the 
telescope there were changed electroconductivity and 
volume of some matters. It is explainable since some 
parameters of space as well as speed of passing of some 
physical processes and phenomena depend on the 
speed of time course. Outwardly it appears in change of, 
electroconductivity and volume. In spite of the fact that 
‘during the experiments tin plate (thick metal cover) was 
used some skeptics insisting that the point is in infrared 
radiation which is produced by the heated cover. 
However they was silenced by Kozyrev's researches, 
Basing on the fact that we usually see stars not where 
they really are, but at the place they were at the moment 
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of emanation of light signal, the scientist calculated the 
location of Procyon star, whichis the nearest tothe Earth. 
Kozyrev pointed the telescope to this “clear” part of the 
sky zone that allowed to avoid the influence of infrared 
radiation and to fix the location of the star. Thus it is 
nothing but chronowaves generated by the star that can 
change oscillation frequency of quartz plates. 


After Kozyrev's death this field of research is not 
considered by official science and the very existence of 
chronowavesis denied. Only some theorists warily impute 
the above-listed effects to the action of some torsion fields 
and waves the existence of which is rather questionable, 
However chronowaves exist and they can be used in 
practice, for example, to get information from any point 
four galaxy in several seconds. It is quite possible since 
chronowaves have no mass and thus they are 
propagated more quickly than light waves. Howeverit 
is still a question what will transmit this information to 
us because the transmitter of these waves yet has not 
been invented. (Editor's: It is interesting what mass of 
light waves the author means. It is a pity that the author 
of the article did not read 9 previous issues of NET 
magazine! There was a detailed demonstration of the 
connection of Kozyrev's theory and experiments with the 
theory of longitudinal waves in aether. If to replace 
Kozyrev's notion of “waves of time density” by the notion 
of “waves of aether density” then we will get a real 
experimental approach which can help to solve the 
problem of antigravitation and time control.) 


Of course theoretically chronowaves can be also 
generated without participation of great gravitational 
waves (it seems that heat processes can also generate 
them). However no particular success was achieved in 


this field. Thus by means of chronowave transmitter it is 
possible just to “listen” to remote stars the light of which 
will reach the Earth in many years. This receiver is very 
simple and it can be made by anyone who knows alittle 
about radio engineering. Under home conditions it is 
better to use a miniature incandescent bulb (lamp with 
filament tungsten) as a receiver and usual ohmmeter as 
‘measuring instrument. 


If in usual receivers radio waves are excited by weak 
electric currents existing in antenna then chronowave 
antenna is constantly under tension. Chronowaves donot 
excite current there but change some characteristics of 
it, influencing on electroconductivity of the matter which 
‘was used for the antenna (let us remember Kozyrev's, 
experiments). Later on these insignificant changes are 
‘transferred in audio signal or fixed by any other means. 
‘That is the principle of operation of the device. 


Editor's: These experiments on the registration of flicker 
effect in more detail are described in A.M. Mishin works 
which were published in previous issues of our magazine. 
As the reader could notice, the editors’ opinion in many 
respects does not coincide with the author's point of view. 
(Alexander V. Frolov) 
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Time Machine 

Alexander V, Frolov gave this interview to the Spain 
magazine “Mas Alla de la Ciencia" ("Science"). The 
interview concerns some questions about scientific- 
research work on investigation of active properties of 
‘time, Let us remind that in 2002 Faraday Lab Ltd and 
Vadim A. Chernobrov (Moscow) started the join Time 
Machine Project 


Miguel Segui: How does it value the results obtained by 
‘the prototype of time machine? 

Alexander V. Frolov: Usually it is about 3% changes, ie. 
3 sec per 100 sec of experiments. 


M.S.: How other devices are preparing inside the project 
‘Time Machine? 

AR: Now we have project with special electromagnets, 
which are emitters of the longitudinal waves. So, other 
devices are electronics parts to provide impulse current. 
But it is not the only one version of the system. If the 
emitters of the longitudinal waves are based on other 
principles so all device has other design. 


MS:: Do you believe that some day the time trips will be 
possible? 

AE: Yes, sure. We have the clear theory for it and it is 
based on understanding of physical sense of the aether, 


its relation with notion of time and with concept about 
existence of elements of matter in space-time. According 
to aether-vortex theory any element of matter is created 
from aether and its temporal parameters depend on 
density of aether. 


‘MS.: What practical applications can have the prototypes 
‘that are developing? 

AE: Any change in the time course is the method of 
influence onto biological systems and the medical aspect 
is the main application. Also any physicist now relation 
between G (the gravity constant) and time course (rate 
of time). For example, time is slower on the surface of 
Earth than in space. So, local time changes (which are 
changes in density of aether or direction of aether wind) 
can be used to get propulsion force without reactive mass 


New Energy Technologies, Issue #1 January - February 2003 


flow. Also we can hope that some new materials can be 
produced in special area of slowed or accelerated time 


MS.: Which are the main difficulties of developing ofthese 
devices at the moment? 

AE: For us now it is a part of the work that is related 
‘with designing of the powerful current electronics circuits. 
Also there are no known analogies for patent work, but 
‘we hope to complete our patent claim in March of 2003. 


‘MS.:Is it foreseen that they carry out experiments with 
human beings and the machine of modification of the time, 
just as V. Chemobrov carried out? 

AF: We, ie. Faraday Laboratories Ltd, are developing 
small unit for testing of the principles. In future we'll work 
with other design and with participation of the pilot 
(suman passengers). But it will be the system of other 
kkind. Let me explain: now we are working to get small 
local change of the aether density, so called “chronal 
charge”. It is analogy with electric charge, which 
produces electric field in space. If the electric charge is 


moving then it will produce magnetic field. According to 
ourplans after confirmation of the principles we are going 
to create design with moving “chronal charge" to 
generate “chronal field”. There are suppositions that this 
field can be used practically for antigravitation propulsion 
transport. 


rilo Luciano Filho, Brazil 


‘murllo@intrumenticom br, avalanchedrive@hotmail.com 


For the while, this project has only these two names, as, 
above. There is still a lot to do upon this development 
that involves free energy and / or “over-unity”. It is, 
designated to be offree use and application by everybody 
and everywhere, without any royalties just like it was a 
very old idea, which is now opened for entire community 
use. The inventor has enough strong reasons for this will 


‘This is a kind of donation, a personal donation, for the 
very best future of the Earth. Pioneers are needed (late 
pioneers?) Any person may be involved in this 
development to make money since there are no barriers 
for that. This means that this is an open idea and in this, 
‘way it must stay. The principles are new and original and 
the energy involved is quite huge. In the inventor's mind 
there is realized the possibility to create an expert hands- 
on group to finish the project. In this article there is a 
rough draw which seems to be enigmatic but in fact it 
can clear the understanding of the principle and show 
the situation at which body may offer controlled spatial 
variation of length for the same weight. 


‘The short text and a schematic draw ( see Fig.1) are 
the way to show the principles and a few possible 
construction solutions. The photo shows a part of the 
device which can clear the so called weight localized 
rarefaction. Possibly the understanding of capacity for 
an observer willbe a little forced. Ifnecessary author can. 
send the full patent requirement text, which contains 54 
pages and 92 figures, not in English but in Portuguese. 


FRCM - “AVALANCHEDRIVE" 


‘Negative Column | 


v 


Understanding of FRCM / avalanchedrive is a challenge in itself. When you start to learn about FROM you will find 
complete original problems to deal. Free your mind basing on some mechanical and physics Inowledge and then 
avalanchedrive will come to make a part of your life. Feel free to work. 
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PATENT REQUIREMENT RELEASE 


‘This patent requirement is basically the application 
of a new physical principle which could be defined 
and found at least 400 years ago, so simple it is, 
Surely it is one of such things which was let behind 
by human mind and concern. FRCM is odd and 
amazing. The key for this project is a special body 
that can behave like a solid and like a fluid, at the 
same time, with combined characteristics just as, 
designed and required. 


The mass potential of a specially designed 
segmented body is hold and managed, and 
throughout proper means is sequentially fractured 
while suspension balance is kept. This causes, after 
start, a constant and cyclic movement, since 
arrangement goes, and the conducting and forcing 
form of the mass is not interrupted. 


Also called “avalanchedrive", this principle work 
is based on just three main parts or components: 
1"is the special segmented body ~ a chain; 2" is 
the stationary and external assembling to hold and 
conduce the chain; 3" is the straight vertical, in 
order to achieve the maximal weight storage 
position in the arrangement. 


The chain is an endless repetitive zigzag 
construction with weights and defined angles that 
looks like an entire and elongated ellipse. Its design 
makes easy the change of its profile and form 
(mutant profile) that will be contracted or elongated, 
according to the way it is organized, supported and 
driven. When contracted or expanded, the chain 
assumes its maximal or minimal weight, in 
comparatively the same heights and level, but at 
different cross sections (tunneling?) 


For distribution of the chain track the external 
assembling forms a kind of duct or rail, which is 
also elliptical. It allows to the chain to be contracted 
and expanded, to change direction, move, and pass 
away, as desired. The chain follows the way that 
the rail allows, in four different zones: mass-united 
zone, or positive column, or weight capacitor; the 
lower reversion input zone; the liberation zone, or 
negative column, with same height of the positive 
one; and the upper reversion zone, and its “zero 
point”, or non-resistance top. 


Both reversion zones are composed mainly of 
wheels. However, while the lower zone has to 
hang, open and bolt the chain, in order to change 
its profile and natural falling-down trajectory, the 
upper has a very passive function, that is just to 
let the chain cross over, and avoid any turn back 
possibility. 


Fact is that in all circuit the chain follows with 
passivity the “voids” of trails, but assumes a very 
strong positive and pressure action in mass-united 
zone, especially in the button, where to the wheel 
there is applied all the active potential weight of 
the device, formed by the entire stack of the full 
contracted state, forcing movement. 


Photo of FRCM (Avalanchedrive) 


It is easy to understand how and why FRCM works. 
Weight of the positive column is directly connected 
= as a compressed spring ~ against the relatively 
lighter negative column, through lower reversion 
wheel, where happens a kind of flux (the “solid 
flux”) of the chain, that never can find a state of 
rest. Cycles of “breaking” of the chain can 
beconsidered as the instant of touch of each corner 
of the chain to the lower step wheel. To complete 
the circuitry, the chain excess, which is much 
lighter, passes over the upper wheel and turns 
back to the positive column top. It is impossible 
to turn the full subtracted potential to its source 
but mechanically the easier job to be done in 
FRCM, 


FRCM manages and converts mass in 
energy... 


‘The chain flows from the positive column, naturally 
finds changed profile and reverses to opposite way, 
and then it is pushed up to the negative column and 
to top. Finally it is collected, friendly, to restore the 
potential, at non-stop run! The only alternative to the 
chain is to move and move, and apply the positive 
surplus of weight to wrench under axle of the wheel. 
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‘This FRCM principle allows develop the equipment 
which is going to be able to take energy, work and 
force from gravity potential, so as it happens from 
wind and water at electrical generator machines, 
today. The potential is kept in such critical situation, 
that the only way for it is to escape and move. 

Besides in consequence of the suspending mass 
state the linear constant repetition of event will 
suffer. Water and other fluids do not offer “mutant 
profile” with fixed value of pressure, just as solid 
materials. There are many arguments for this view. 


Fig. 2 
Segment of a chain 


Considering all mechanical losses, a part of the 
mass will be very active and applied in eccentric, 
or radial position to the wheel, even with the risk 
to cause too high speed. FRCM manages and 
converts mass in energy. 


See a non-scale schematic draw ( Fig, 2) and photo 
of a chain segment to compare densities between 
columns at right and at left. 


A theoretical case can be calculated: at total 
chain weight - 100, general losses - 20, total 
negative resistance - 30, active or positive 
surplus is 50 ~ 30 = 20. This surplus that may be 
of 2kg, 200kg or 2,000kg, depending on scale, will 
force and free edge of the wheel, while the total 
weight keeps confined in the device. In the above 
case the difference of balance is 1.66. This means 
that the flowing velocity of the negative pile is 1.66 
times higher than the falling of opposite positive 
pile. Just like a “solid venture”, this change and 
relation is fixed, and in other cases may be varied 
or calculated to 3, 4 or even more! In all cases the 
speed must be hold that is not very easy job while 
one faces gravity acceleration. 


‘The author of FRCM conceptions feels like these 
ideas have been around for many centuries, and that, 
they are now discovered just like old draws. And this, 
can be the bigger and the best moment to release 
this. Many thousands of different designs and 
solutions are coming in the future at looking for the 
better performance, costs and durability. Author 
thinks it to be strange that previous guesses could 
not reach this macro-physical concept. To build 
FRCM circuits, even re-applied or used old pieces, 
for example from ships and trains, will be useful, 


‘This is only a start to a “new-old” development and 
clue to the sources of the modern mechanical 
engineering. Certainly some oppositions should be 
overcome. It is expected that other names are also 
going to be created and proposed to FRCM, but 
“avalanchedrive" seems to be a good one. 


Author expects to get the invention and concept 
credits but not royalties and would also be glad to 
keep working on this concern. So, this message is a 
kind of invitation, 


Editor: Unfortunately we have no photo or video 
documents of the operative device. We wait for readers’ 
comments on this invention. 


Complete text of the patent is avaible in 
Pourtuguese only. 
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President Bush's vision of a hydrogen-powered, 
non-polluting “Freedom” car for the next 
generation of American motorists pulled out 
silently from a Newport Beach, Calif., garage with 
Gregg Kelly at the wheel, bound for his office 
10 miles away. 


Kelly, president of a California robotics company, 
happens to drive a Toyota prototype of a 
hydrogen-fueled car, one of a handful in the United 
States today. 


It will take at least a decade before a host of 
technological, economic and political barriers are 
overcome, permitting a fleet of these 
revolutionary vehicles to appear on U.S 

highways, industry experts said. But by including 
the goal of hydrogen fuels in his State of the Union 
message Tuesday, Bush has opened the door to a 
fledgling movement that has already attracted a 
surprising coalition of supporters. 


Environmentalists, automakers, oil companies and 
coal producers, engineering labs and strategists 
have seized on hydrogen as an almost too-good- 
to-be-true power source. It is abundant in water 
and air, it burns cleanly and it could free the nation 
from its dependence on Middle Eastern oil 


“For President Bush to frame the goal as he did is 
significant,” said Jeremy Rifkin, consultant and 
author of a book advocating a transition from oil 
and gas to hydrogen. “How much is made of this, 
time will tell." 


‘The president said he hoped that Americans born 
today would learn to drive in hydrogen-powered 
cars, a schedule that auto experts said could 
technically be met. But whether these vehicles 
will be commercially available depends on a huge 
array of variables. 


First, the technology is still incomplete and 
unaffordably expensive. The specially equipped 
‘Toyota Highlander that Kelly drives has no price 
tag. The Japanese manufacturer, after investing 
millions of dollars in research, lent the vehicle to 
a University of California research project that 
Kelly's company supports. “My checkbook isn't 
fat enough,” Kelly said. 


‘The car is powered by electricity generated in a 
fuel cell by chemically combining hydrogen and 
oxygen. The engine spits out water drops instead 
of the carbon dioxide and other pollutants 
generated by burning gasoline. 


With foreign manufacturers committed to press 
ahead, Detroit's carmakers have had to accelerate 
their research programs. In June, Ford Motor Co. 
will unveil a prototype car that uses hydrogen to 
power an internal combustion engine ~ part of a 
“pridging strategy" to help ease hydrogen into 
the marketplace until fuel cells are fully 
developed. 


General Motors Corp. has developed a fuel cell- 
powered, car-sized “skateboard” ~ four wheels 
attached to a platform less than a foot thick, to 
which any kind of car body could be buckled. 


Rather than use fuel cells, BMW has refitted 10 of 
its $70,000 Model 745 sedans with hybrid engines 
that burn either gasoline or liquid hydrogen 
directly. It could be mass producing them by the 
end of the decade at a “reasonable” cost for its 
customers if there were enough hydrogen fueling 
stations to power them, said spokesman Gordon 
Keil. “We're trying to get [fuel suppliers] interested 
in hydrogen. We've not met with a lot of 
enthusiasm.” 


As daunting as the engineering challenge is the 
need for a national hydrogen fuel infrastructure ~ 
factories to produce the fuel, pipelines and trucks 
to distribute it and stations to store and sell it. 
Environmentalists dream of a totally “green” 
strategy in which solar or wind power is used to 
separate hydrogen from water ~ an approach 
whose costs now would be prohibitive. A nearer 
prospect is producing hydrogen from natural gas, 
or coal, however in either case, the carbon dioxide 
byproduct would have to be injected underground 
to avoid a huge increase in greenhouse-gas, 
emissions, experts say. 


Rifkin argues that an eventual scarcity of oil and 
gas, decades ahead, will push prices of these fuels 
up to a point where hydrogen becomes cost- 
competitive. “It isn't a problem that will yield to 
technology alone,” agreed David M. Nemtzow, 
president of the Alliance to Save Energy. 


While all the major automakers are developing fuel- 
cell technology, most are cautious about hyping it 
“We don’t want to get too exuberant about it in 
that sense, overselling it,” said Greg Dana, vice 
president for environmental affairs at the Alliance 
of Automobile Manufacturers. 


Fresh in some minds is the experience of the 
Clinton administration, which launched a high- 
profile, $1.5 billion research venture with the 
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Detroit automakers a decade ago to produce an 80 
miles-per-gallon family car. No cars emerged, and 
the Bush administration halted the venture in favor 
of its hydrogen strategy. 


Some of the president's political opponents contend 
the hydrogen option is a way of deflecting criticism 
over administration policies favoring energy 
production over conservation. “The president seems 
content with the auto industry's approach: ‘Don't 
make us do anything today’," said the Sierra Club's 
Daniel Becker. Others say it does not go nearly far 
enough. Sen. Byron L. Dorgan (D-N.D), chairman of 


the Democratic Policy Committee, said recently, “It's 
moving in the right direction. But his proposal is rather 
timid. I think we need a bolder plan.” 


Bush's spending plan for the hydrogen project, 
$1.5 billion over five years, represents a $500 million 
increase over his current budget. The administration 
proposes to earmark $273 million for the 2004 fiscal 
year, but did not offer many specifics yesterday. The 
funding would support research on fuel cells, vehicle 
technology and distribution issues. 


‘The magnitude of the goal demands an effort on the 
scale of the Apollo Moon project, Dorgan said yesterday. 
“You have to set benchmarks for five, 10 years out.” 


UNUSUAL PERMANENT MAGNET MOTORS 


‘Thomas Valone 


Integrity Research Institute, 
‘wwwintogrityresearchinstitute.org 
1220 L St. NW, Suite 100-232, Washington, DC 20005 
‘Email: ii@erole com. 


Abstract 


Permanent magnet motors that try to achieve 
unusual overunity efficiencies with changes in 
wiring geometry, electronic switching schemes 
and magnetic configurations often are not 
successful. There are some designs that should 
be regarded as conventional and others as, 
promising. Hopefully this article will help the 
reader to tell the difference before investing or 
accepting investment. Note: patents can be 
viewed for free at www.uspto.gov and also 
http://gb.espacenet.com/espacenet. 


Introduction 


An article about permanent magnet (PM) motors 
would not be complete without first reviewing the 
basic configurations that are present on the 
market today. Commercial PM motors are 
necessarily DC motors since their magnets are 
permanently polarized before assembly. Many PM 
motors which use brushes are switching to 
brushless motors that promise less friction and 
wear. Brushless motors include electronic 
commutation or step motors. A step motor, often 
used in the automotive industry, offers more 
continuous duty torque per unit of volume than 
any other electric motor but it is often a lower 
speed motor. The electronic commutation design 
is applicable to the switched reluctance (SR) 
motor. The SR motor substitutes soft iron in the 
place of higher cost permanent magnets for the 
outer stator and instead has an inner PM rotor. 


Brushless motors in general produce torque from 
current in the armature by the application of 
Faraday's Law. The ideal PM motor has a linear 
torque vs. speed curve. There are both outer rotor 
and inner rotor designs that are standard in PM 
motors, 


Fig.1 


Lenz's Law 
Induced B-field opposes motion. 


‘To point out the focus of many of the problems with 
analyzing motors, the Motion Control Handbook 
(Designfax, May, 1989, p. 33) says that there is a 
“very important relationship between torque and 
back emf that is sometimes not understood.” This 
relates to the electromotive force (emf) that is 
produced by the application of a changing magnetic 
field (4B/dt). In engineering terms, the “torque 
constant” (N-m/amp) equals the “back emf constant” 
(V/radian/sec). In physics, the motor terminal voltage 
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Detroit automakers a decade ago to produce an 80 
miles-per-gallon family car. No cars emerged, and 
the Bush administration halted the venture in favor 
of its hydrogen strategy. 


Some of the president's political opponents contend 
the hydrogen option is a way of deflecting criticism 
over administration policies favoring energy 
production over conservation. “The president seems 
content with the auto industry's approach: ‘Don't 
make us do anything today’," said the Sierra Club's 
Daniel Becker. Others say it does not go nearly far 
enough. Sen. Byron L. Dorgan (D-N.D), chairman of 


the Democratic Policy Committee, said recently, “It's 
moving in the right direction. But his proposal is rather 
timid. I think we need a bolder plan.” 


Bush's spending plan for the hydrogen project, 
$1.5 billion over five years, represents a $500 million 
increase over his current budget. The administration 
proposes to earmark $273 million for the 2004 fiscal 
year, but did not offer many specifics yesterday. The 
funding would support research on fuel cells, vehicle 
technology and distribution issues. 


‘The magnitude of the goal demands an effort on the 
scale of the Apollo Moon project, Dorgan said yesterday. 
“You have to set benchmarks for five, 10 years out.” 


UNUSUAL PERMANENT MAGNET MOTORS 


‘Thomas Valone 
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Abstract 


Permanent magnet motors that try to achieve 
unusual overunity efficiencies with changes in 
wiring geometry, electronic switching schemes 
and magnetic configurations often are not 
successful. There are some designs that should 
be regarded as conventional and others as, 
promising. Hopefully this article will help the 
reader to tell the difference before investing or 
accepting investment. Note: patents can be 
viewed for free at www.uspto.gov and also 
http://gb.espacenet.com/espacenet. 
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is equal to the back emf minus the IR drop due 
to internal resistance. (Example: V = 8.3 v, 
back emf = 7.5 v, IR drop = 0.8 v.) This physics 
principle, also referred to as Lenz's Law, was 
discovered by Friedrich Lenz in 1834, three years 
after Faraday invented the homopolar generator. 
‘The oppositional nature of Lenz’s Law, and its back 
emf, is built into a physical law called Faraday’s Law, 
which is at the root of motor drive. The back emf is 
the reaction of the changing current in the coil. In 
other words, the changing magnetic field naturally 
creates a back emf because they are equivalent. 


‘Therefore, it is recommended that Faraday's Law 
be carefully reviewed first before proceeding. An 
article such as “Faraday's Law—Quantitative 
Experiments" (Amer. Jour. Phys., V. 54, N. §, May, 
1986, p.422) will help convince the valiant new 
energy experimenter that the change in flux which 
causes a back electromotive force (emf) is 
INHERENTLY equal to the back emf. It cannot be 
avoided or circumvented for excess energy benefit, 
unless the amount of magnetic flux change per time 
is also altered. They are two sides of the same coin, 
‘The energy into an inductive coil style of motor will 
naturally equal the energy out. Also referred to as 
“electrical induction,” the changing flux “induces” 
aback emf, 


Switched Reluctance & 
Field Switching Motors 


To explore an alternative method for inducing 
motion, the “Permanent Magnet Motion Conversion 
Device” by Ecklin, patent #3,879,622, uses 
rotatable shutters for alternately shielding the 
poles of a horseshoe magnet. Repeated again in 
the Ecklin #4,567,407 "Biased Unitized Motor 
Alternator with Stationary Armature and Field,” 
the idea of switching the magnetic field with a 
“flux switch" is common to these types of motors. 
‘To illustrate the underlying principle, Ecklin states, 
“The rotors of most of today’s generators are 
repelled as they approach a stator and are 
attracted back by the stator as soon as the rotor 
passes the stator in accordance with Lenz's law. 
‘Thus, most rotors face constant nonconservative 
work forces and therefore, present generators 
require constant input torque.” However, “the steel 
rotor of the unitized flux switch alternator actually 
aids the input torque for half of each rotation as, 
the rotor is always attracted and never repelled. 
This construction makes it possible for some of the 
current or power fed to the motor windings to 
magnetically feed through a solid magnetic path 
to the AC output windings ...” Unfortunately, 
Ecklin still to this day has not achieved a self- 
running machine, 


Also related is the Richardson patent #4,077,001 
which discloses a low-reluctance keeper physically 


moving in and out of engagement with the ends of 
a magnet (p.8, line 35). Lastly, the Monroe patent 
#3,670,189 uses a related principle but 
accomplishes gating with the passing of rotor 
poles between permanent magnet stator poles. 
‘Monroe's claim 1, seems by its length and detail, 
to have almost guaranteed its patentability but of 
course its utility remains questionable. 


It seems unlikely that as a closed system the Field 
Switching Motor can become self-running. In many 
examples, a small electromagnet will be necessary 
to help push the keeper into a synchronized 
rhythm. The Magnetic Wankel from Popular Science 
(June, 1979) can be compared in a basic manner 
to this type of invention. Also, the Jaffe patent 
#3,567,979 can also be compared (see abstract) 
‘The Minato patent #5,594,289 is also of a similar 
type as the Magnetic Wankel and quite intriguing 
to many people. 


It has been found with inventions such as the 
Newman motor (U.S. Patent Application Serial No 
06/179,474), a nonlinear effect such as an impulse 
voltage is advantageous for overcoming the 
Lorentz force conservation effect of Lenz's Law. 
Also similar is the mechanical analog of the 
‘Thornson inertial propulsion device which uses 
nonlinear impact to transfer momentum along an 
axis perpendicular to the plane of rotation. A 
magnetic field contains angular momentum which 
only becomes apparent under certain 
circumstances such as Feynman's Disk Paradox, 
where it is still conserved. The impulse technique 
may possibly be used to advantage in this Field 
Switching Motor if the field switching can be done 
fast enough, with a rapid rise time, but more 
research is needed 
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Fig. 2 
Switched Reluctance Motor (IEEE Spectrum 1/97) 


‘The best Switched Reluctance Motor that also has 
full accommutation is the Dr. Harold Aspden patent 
+#4,975,608 which optimizes the performance of the 
coil input and operating above the knee of the B-H 
curve, Switched reluctance motors are also 
explained and praised in IEEE Spectrum (1/97) 
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Fig. 3 


‘Adams Motor 


‘The Adams motor has attracted many followers 
including an endorsement from Nexus magazine 
as the best free energy motor they have seen. The 
performance of the machine, however, can be fully 
explained by Faraday’s Law. The pulsing of 
adjacent coils which moves a magnetized rotor is 
actually following the same configuration as a 
standard switched reluctance motor. The delay 
that Adams speaks of in an Internet posting of 
his motor can be understood from the exponential 
voltage (L di/dt) of the back emf. The latest 
addition to this category, which gives credit to 
the Adams motor, comes from down under with 
PCT WO 00/28656 awarded to Brits and Christie 
in May, 2000. The simplicity of this motor is 
immediately obvious with the switchable coils 
and permanent magnet on the rotor. The patent 
also makes it clear that the “input DC current as 
supplied to the stator coil produces the magnetic 
repulsion force and is the only outside input to 
the overall system for total movement...” It is a 
well-known fact that all motors work on this 
principle. The key to their design is on p.21 of 
their patent where the inventors want to 
“maximize the influence of back EMF which tends 
to maintain rotation of the rotor/armature in a 
single direction.” All of the motors in this field- 
switching category try to achieve this effect. 
Figure 4A of Brits and Christie disclose the 
voltage sources “VA, VB, and VC." Then, on page 
10 it is stated, “At this time current is applied from 
the power source VA and continues to be applied 
until the brush 18 is no longer in contact with one 
of the contacts 14 to 17." There is nothing unusual 
about this design compared with the more 
sophisticated attempts listed previously in this 
section. All of these motors require an electrical 
power source and none of them are self-running 


When pulsing a coil with the passing of a 
permanent magnet, a suggestion that would help 
prove the claim for free energy is not to use 


battery power for the coil current. Instead, the 
amazing Weigand wires are recommended (Pop. 
Sci., May, 1979) that exhibit a huge Barkhausen 
jump of magnetic domain alignment and a very 
well-defined pulse shape. Having a coil wrapped 
around a Weigand wire produces a substantial 
pulse of several volts with a changing external 
magnetic field passing a certain threshold. No 
electrical input power is required for this pulse 
generator. 


Toroidal Motor 


As compared to motors on the market today, the 
unusual design of the toroidal motor is similar to 
the Langley patent #4,547,713 with a two-pole 
armature in the center of the toroid. If a single- 
pole design is chosen, with for example North 
poles at each end of the armature, this would 
resemble the radial magnetic field for the 
armature which the VanGeel patent #5,600,189 
uses. The Brown patent #4,438,362 assigned to 
the Rotron company, utilizes varying 
magnetization segments for a rotor in a toroidal 
air gap. The best example of a carousel toroidal 
motor is the Ewing patent #5,625,241, which also 
resembles the Langley patent mentioned above, 
Based upon magnetic repulsion, the Ewing 
invention uses a microprocessor-controlled 
carousel, basically to try and take advantage of 
Lenz's law and get a jump ahead of the back emf. 
‘The Ewing invention may be seen in operation, 
with co-inventor David Porter, in the commercial 
video, “Free Energy: The Race to Zero Point.” 
Whether it may be more highly efficient than other 
motors on the market remains an open question, 
As the patent states, “it is also possible to 
operate the device as a motor using a pulsed 
direct-current power source" (col. 7, par. 30). It 
also contains a programmable logic controller and 
power control circuit which the inventors thought 
would send it over the top of 100% efficiency. 


Unless a prototype proves to be successful in 
achieving a torque or force conversion linkage, the 
internally propelled magnet may be left without 
a practical application. Commercialization of 
these types of motors may not be favorable, since 
many competing designs are currently available 
on the market, with high flux linkage. 


Linear Motors 


‘The area of linear induction motors is well known 
in the literature. Schaum's Outline Series, Theory 
and Problems of Electric Machines and 
Electromechanics (McGraw Hill, 1981), explains 
that these are the same as cutting the rotor and 
stator of a standard induction motor and laying 
them out flat. The late Dr. Laithwaite, author of 
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Motion Without Wheels, was famous for monorail 
designs for trains in England based on linear 
induction motors. 


‘The Hartman patent #4,215,330 is an example of 
one that achieves a linear motor transportation of 
a steel ball up a magnetized incline of 
approximately 10 degrees. Another invention in 
this category is the Johnson patent #5,402,021, 
which uses permanent arc magnets on a four-wheel 
cart, exposed to a parallel track of alternating 
permanent magnets which are in a fixed position, 
An even more amazing permanent magnet patent 
is the Johnson #4,877,983 which an eye witness 
has seen operating at the Johnson home in a closed 
loop for hours. It is reasonable to assume that a 
pickup coil could be positioned nearby so that each 
trip would result in a pulse of electricity to charge 
a battery. The Hartman patent could also be 
arranged in such a circular track so that perpetual 
motion of the first kind can finally be 
demonstrated 
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Hartman patent #4,216,330 


The Hartman patent is based upon the same 
principle as the famous electron spin experiment in 
physics called the Stern-Gerlach experiment. With 
an inhomogeneous magnetic field (one that is non- 
uniform) the force on an object with a magnetic 
moment is the gradient of the potential energy. 
Every physics textbook points out that this type of 
field, that is strong at one end and weak at the other 
end, will result in a unidirectional force on the 
magnetic object equal to dB/dx. That is exactly 


what the Hartman patent possesses (note spacing 
of magnets). Therefore, the resulting force 
propelling the ball up a ten degree incline, in the x 
direction, is in keeping with the laws of physics 


With state-of-the-art magnets, including ambient 
temperature superconducting magnets which are 
now finishing the development stage, a 
demonstration of impressive cargo weight will be 
shown to be transportable without maintenance 
electricity costs. Superconducting magnets have the 
unusual property of retaining the initial magnetized 
field for years, without the need for periodic 
energization to restore the initial field strength. 
Examples of the state of development of the 
superconducting magnet market can be found in the 
Ohnishi patent #5,350,958 (lack of cryogenics and 
lighting system output) as well as the reprinted 
article from IEEE Spectrum, July, 1997 on magnetic 
levitation. 


Static Electromagnetic Angular Momentum 


In a provocative experiment with a cylindrical 
capacitor, Graham and Lahoz (Nature, V.285, No.15, 
May, 1980) have expanded upon the proof published 
by Einstein and Laub in 1908 that the Lorentz force 
needs an additional term to preserve action and 
reaction. The article they cite has been translated 
and published in my book, The Homopolar 
Handbook (described below). Graham and Lahoz 
emphasize that there is a “real angular momentum 
density to r x (E x H)/c*” and suggest how to see 
this energy effect in permanent magnets and 
electrets. 


‘This is encouraging work, with an impressive source 
of Einstein and also Minkowski for its information. 
It is possible that it may have a direct application 
for the homopolar generator as well as the magnetic 
energy converter mentioned below since both have 
an axial magnetic field and a radial electric field 
like the cylindrical capacitor experiment of Graham 
and Lahoz. 


Homopolar Motor 


My book, The Homopolar Handbook (HH), covers 
experimental tests and history of the Faraday 
discovery, including Tesla’s contribution to it 
Recently however, there have been new 
developments into a multi-rotor design of a 
homopolar generator, similar to the invention of 
John R. R. Seazl, 


Recurring interest in the Searl device, as pictured 
on the cover of Antigravity, the biography of Searl 
by John Thomas, should also center on the 
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homopolar generator (HG). Preliminary analysis 
reveals that there are actually two separate HG 
phenomena occurring simultaneously, one which 
can be called the “revolution” effect (#1) and the 
second that could be called the “rolling” effect 
(#2). The first effect can be visualized as 
magnetized segments of an imaginary solid ring 
revolving around a common center. As suggested 
by drawings in HH, p.141-2, there are precedent 
designs that allow for segmenting an HG rotor. 


With this model in mind, the #1 effect can be 
calculated, for 1 Tesla strength magnets, 
magnetized axially, adjacent to a single ring 
1 meter in diameter, to produce more than 2 volts 
emf across each roller, (E-field directed radially 
from outer diameter of rollers to outer diameter 
of the adjacent ring) with say, 500 RPM. Note that 
this #1 effect is independent of any rolling of the 
magnet. The magnetic field in an HPG is tied to 
space and not to the magnet so rolling will not 
affect this large scale homopolar generator's 
Lorentz force effect (HH, p.10). 


‘The #2 effect, located within each roller magnet, 
is the one noted in Electric Spacecraft Journal, 
Issue 12, 1994, (HH, p.160) where each roller, is 
a small homopolar generator. This effect is found 
to be somewhat weaker as it generates 
electricity from the center of each roller to its 
periphery. This design is like Tesla's HG (HH, 
p.81) where a rolling belt is contacting the outer 
edge of a circular magnet. With rollers in the 
vicinity of a tenth of a meter in diameter rolling, 
without slipping, around a 1 meter ring, 
approximately a half of a volt will be generated. 
‘The Searl design of ring magnetic material will 
normally strengthen the roller's B field. 


It is important to realize at this point that the 
principle of superposition applies to these two 
effects. The #1 effect is a uniform E field across 
the diameter of the roller. The #2 effect is a radial 
effect as stated above (see HH, p.6-8). However, 
only the emf in the section of a roller between 
the two contacts, say at the center of the roller 
and its edge which contacts the ring, will 
actually cause current flow in any external 
circuit. This realization means that the effective 
voltage from the #1 effect will be half of the 
available emf, or a little more than 1 volt, which 
is still about double of the #2 effect. Upon 
applying superposition in the limited region 
indicated, we also find that the two effects 
oppose each other and the two emfs must be 
subtracted. The result of this analysis is that 
approximately one half of a volt of regulated emf 
will be present to generate electricity from a 
single set of rollers and one ring about 1 meter 


in diameter. As current is drawn, a Ball Bearing 
‘Motor effect will also take place (HH, p.54) that 
actually pushes the rollers along, assuming the 
roller magnets have a reasonable conductivity 
(Thanks to Dr. Paul La Violette for this reminder) 


Ima related work, (Tech. Phys. Lett., V. 26, #12, 
2000, p.1105-07), Roshchin and Godin have 
published experimental results of their one-ring 
device, called a “Magnetic Energy Converter,” 
with rolling magnets on bearings. It was 
designed as an improvement to the Searl device, 
‘Though my above analysis does not depend upon 
the ring being made of magnetic material, 
Roshchin and Godin did so. Their findings are 
encouraging and detailed enough for researchers 
to find renewed interest in this type of magnetic 
motor. 


Fig.5 


‘Magnetic Energy Converter in the experiment 
by Roshichin and Godin (Russia) 


Conclusion 


So far, a couple of permanent magnet motors may have 
achieved perpetual motion, which exceeds 100% 
efficiency. Of course, conservation of energy concepts 
have to be considered and the source of the alleged 
extra energy examined. If permanent magnet field 
gradients do offer a unidirectional force, as the 
textbooks predict, then it is about time for its 
conversion toward useful work. The roller magnet 
geometry, now called a “magnetic energy converter” 
is also a unique style of magnetic motor. Exemplified 
in the Russian patent #2165435 by Roshchin and 
Godin, it is a magnetic motor-generator that shows 
potential for excess energy output. Since it relies upon 
the circulating cylindrical magnet rolling around a 
ring, the design is actually a generator rather than a 
motor. However, as they utilize the torque produced 
by the self-sustained motion of the magnets to run a 
separate electrical generator, it is working as a motor. 


[Reprint fom Proceedings of Institute for Now Energy Conforence, 2001 
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Hydrogen Energetics 


Review by Alla Pashova 


A Russian writer Ludmila Ulitskaya, who is rather 
far from energy problems, says: “I'm quite sure that 
cheap electric energy sources have been already 
worked out and are hidden in oil king's safes 
However such projects won't be taken out of the 
safes until the last oil drop is combusted. They don’t 
want redistribution of money, world, power, and 
soon", Experts are sure to agree with the writer. 


Now only ideas which can coexist together with the 
traditional oil power engineering and with a system 
of world oil distribution can escape the safes. Some 
expensive scientific toys promising future universal 
welfare are created to reassure ecologists, viz 
automobiles equipped with hydrogen engine 
According to estimation of Japan representatives 
of motor car industry, installation of the hydrogen 
engine into such a car as a classical Sedan now 
comes to about $700 000. Approximate cost of a 
hydrogen bus named Kitaro achieves the astronomic 
amount of $1.25 million, 


The hydrogen engine consists of several fuel 
elements, which are known as fuel cells. Hydrogen 
under pressure of 1.5-2.7 atmospheres comes to an 
anode. A cavernous catalyst splits the molecules 
into electrons and protons. The electrons set the 
electric engine in motion, and the protons come 
through a membrane acting to a cathode as an 
electrolyte. Here the catalyst combines them with 
the working electrons and with atmosphere oxygen 
into water molecules. It should be noted that the 
Europeans and the Americans are extremely 
charmed by this water streamlet which is exhausted 
instead of poisoning gases. Moreover, output of the 
fuel cell is 3-5 times more than output of the petrol 
engine. 


‘The first hydrogen power station inaugurated in Las, 
Vegas, Nevada, in 2002, (see Fig.1, 2) represents a 
system of the fuel cells with the proton penetrable 
membrane as an electrolyte (they are designed and 
produced by experts of Plug Power Inc.). The station 
produces hydrogen transforming and cleaning 
natural gas and generates electric power combining 
hydrogen stored in reservoirs with atmosphere 
oxygen. The USA Energy Department and Air 
Products Inc. together paid $ 10.8 million for this 
project. 


It is necessary to note that the priority branch of 
the hydrogen engineering is providing new means 
of transport with fuel, and electric power production 
is just the second aim. The mentioned station 
produces electric power in addition to its main 
function. Nevertheless, if fuel market begins to 


decrease then the electric power payments will 
provide the “hydrogen magnates” with stable profit. 
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Fig. 1 
Hydrogen power station 


Nowadays the hydrogen automobiles allow oil kings 
keep the system of centralized fuel distribution and 
the infrastructure of service stations which will 
provide the means of transport with methanol, 
natural gas with hydrogen blend, and liquefied or 
gaseous hydrogen. Thus interested companies 
control the hydrogen engineering and scientific 
thought. 


‘Moreover, oil can be applied as it is useful for board 
reforming (conversion), i.e. it can be used as a 
hydrogen source. The systems based on conversion 
have been known for along time but there was need 
to work at them. 


Russian experts improved the conversion system by 
replacement of the catalyst by plasma. Thus the 
conversion occurs in gas discharge of HVF appearing in 
the blend which needs to be converted. According to 
experts’ opinion the Russian system is portable and has 
high output. In 2001 a group of experts of Russian Centre 
of Automobile Engine represented experimental 
prototype basing on Chevrolet Pickup $ 10. 


‘The ideal of modern hydrogen engineering is the 
following: “There should be minimal changes in the 
system of fuel distribution, non-polluted air, and thin 
streamlet of distil exhausted". However, evidently, 
the exhausted water is an ideal source for hydrogen 
fuel reproduction by means of high effective 
electrolyzing. If the closed system is worked out we 
would obtain an energy source powered by 
continuous chain of electrolyzing and recombination 
whose efficiency would be more than 100 %. 
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What are the known ways of hydrogen production? 
‘The greatest amount of the gas is produced on the 
base of catalytic conversion of hydrocarbon with 
‘water vapor. Temperature of the process depends on 
the catalyst composition. It is known that 
temperature of propane reaction can be decreased 
to 370° using bauxite as a catalyst. Approximately 
95% of by-product carbon monoxide is further used 
in the reaction with water vapor. 


A significant part of the total hydrogen production 
is given by a method of water gas. The essence of 
‘the method lies in reaction of water vapor with coke 
that is followed by the producing of carbon monoxide 
with hydrogen mix. The reaction is endothermal, it 
occurs at 1000°C. The heated coke is processed by 
the vapor; extracted purified mix of gases contains 
some hydrogen, some carbon dioxide, and great 
share of carbon monoxide. Further vapor processing 
of the carbon monoxide at 370°C increases the 
hydrogen extraction. The amount of carbon dioxide 
increases as well however it is easy to be removed by 
passing the gases mix through a scrubber sprayed 
by a water contraflow. 


Fig. 2 


‘There is a well-known iron-vapor method according to 
which vapor is passed above iron at 500-1000°C. 
‘Hydrogen obtained by this method is usually applied to 
hydrogenise fats and oils. Composition of the iron oxide 
depends on the process temperature. Iron-3 oxide («,0.) 
prevails at the temperature below 560° C. Ifthe vaporis 
passed above the iron at the temperature above 560° C 
then iron-2 oxide (FeO) share increases. A slight 
admixture of carbon monoxide is removed when the 
heated mix passes above a catalyst. At this time the 
carbon monoxide is transformed into methane. 


In the processes of oxidation and thermal cracking of 
hydrocarbons at soot production hydrogen is produced 
as a by-product, 


‘The next effective method is methanol-vapor one. It is 
an endothermal reaction which is proceeds in common 
iron reactors at 260° C temperature and at 20 
atmospheres pressure. 


‘There should be also mentioned a catalytic reaction of 
ammonia decomposition at which nitrogen and 
hydrogen is produced. The reaction can be profitable if 
it is necessary to produce great amount of hydrogen. 
‘The method is useful ifthe obtained hydrogen is directly 
applied. 


Electrolysis is the oldest method to produce hydrogen. 
Direct current comes to electrodes, the cathode collects 
hydrogen, and the anode accumulates oxygen. The 
technology makes hydrogen to be too expensive energy 
carrier. There is often used a technology of hot 
processing of water vapor at 700-900° C accompanied 
with light petrol and heavy liquid fuel which bleeds 
oxygen. This method is quite expensive as wel. 


As it is known, wasteful power consumption of 
classical electrolysis is caused by the fact that it is 
used to overcome forces of hydrate bound of ions with 
water molecules and to compensate endothermal 
effect of water decomposition. Therefore, ions 
reduction at corresponding electrodes requires more 
current intensity than in the case of absence of this, 
physical phenomena. Hence production of 1 cubic 
meter of hydrogen requires 18-21.6 MJ, and total 
power consumption exceeds 50 MJ (taking into 
account the electric power production). Therefore 
hydrogen becomes too expensive. 


In 1888 D.A. Lachinov patented a method of non- 
contact electrolysis. Improvement of this method 
promises huge amount of cheap hydrogen and 
appearance of high effective energy source 
operating as a closed cycle. The main problem of 
Lachinov’s method is a gas layer covering the 
electrode in some time and impeding the reaction, 
It was proposed by I. A. Goryachev to prevent the 
gas layer using pulsating electric field. A.V. Frolov 
has proposed to increase electrolysis efficiency by 
means of rotation. Centrifugal force causes more 
swift detach of gas blebs from electrodes surfaces. 
Power consumption to overcome frictional force in 
the construction and to generate potential electric 
field is insignificant as compared with output, 
Hence efficiency of the system may exceed 100%. 


‘There is also described the experimental device for 
production of hydrogen and oxygen from water 
where modulated voltage (not de voltage) is applied 
to the electrodes. Modulation frequency is in 
connection with proper oscillation frequency of 
water molecules as well as with spatial structure, 
Possible efficiency of water electrolysis in spark 
discharge which removes oxygen admixture should 
be investigated . Water electrolysis at the radiation 
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by electromagnetic waves of light range needs to 
be investigated as well. 


Ikar Research Centre informs that plasma 
electrolysis can be the most probable source of 
cheap hydrogen. In 1987 a group of Russian 
scientists patented the first plasma-electrolytic 
reactor. Since the reactor had been worked out at a 
defense establishment then the patent was 
restricted and not covered by press. The patent 
contains a structural scheme of the reactor and 
some results of cleaning and disinfection of water 
by plasma. The patent does not represent any 
information of additional energy generated by 
plasma or hydrogen production. 


In April of 1989 American scientists Pons and 
Fleishman published their experimental results on 
additional energy production at common water 
electrolysis. They claimed cold fusion to be source 
of this energy. However there is no reliable proof for 
this phenomenon, 


In 1996 Yu. Beklyamishev, one of the co-authors of the 
first plasma-electrolytic reactor, published his 
experimental results. They demonstrated that there 
was additional energy in the plasma-electrolytic 
process. However he did not explain the energy 


In 1998 there were published new experimental 
issues of appearance of additional energy in the 
plasma-electrolytic process. A group of Russian 
scientists tested one of the plasma-electrolytic 
reactors and officially fixed the additional energy. 
A report of the testing session was published in 
issue #22 of “Infinite Energy” magazine. In May 
of 1998 the third edition of a book named “Crisis 
of Theoretical Physics" was published by Prof. F. 
M. Kanarev. It contains data of additional energy 
production at plasma electrolysis of water defining 
the energy source. Soon Ohmori and Mizuno 
(Japan) published their results in works of Vancou 
ver conference on cold fusion and in issue #20 of 
“Infinite Energy". Ohmori and Mizuno observed 
neutron radiation occurring at a plasma process 
as well as iron, chrome, nickel, and carbon 
appearance on a wolfram cathode. That seemed 
to be a strong evidence of cold nuclear fusion at 
plasma electrolysis of water. Ohmori and Mizuno 
have explained neutron radiation as a result of 
electrons captured by protons. Nevertheless their 
conclusions raise doubts as cold fusion would have 
produced much more additional energy than it was 
fixed. 


In 1996 there appeared the first publications where 
hydrogen atoms fusion instead of nuclear fusion was 
supposed as the additional energy source at usual 
electrolysis as well as at plasma source. In Russia 


first experimental results demonstrating energy 
consumption decrease for hydrogen production at 
plasma electrolysis of water were published in 1999 
by Prof. FM. Kanarev. (See FM. Kanarev's article in 
this issue of NET). 


Fig. 3 
Honda FOX-V3 uses hydrogen as a fuel. Hydrogen is fed. 
under high pressure in the engine. 


‘Nevertheless we have to note that high efficiency 
electrolysis is possible! O. Hvolson in his “Physics” 
(Berlin, 1923) explains a method of designing of a 
machine which can produce heat due to positive 
difference between energy of hydrogen 
combustion and energy consumed to hydrogen 
production by means of water electrolysis. In this 
case we do not consume energy to split the atoms 
It occurs due to intermolecular forces at water 
dissociation by sulphuric acid ions. Energy is 
consumed only to neutralize charges of existent 
hydrogen ions and acid residue ions. Hydrogen 
combustion produces the energy which would have 
been consumed to split the atoms in the air. Hence 
67.54 Keal of energy can be produced at § Keal 
consumed. (F. Lepehin) 


High effective electrolysis application is clear 
future of energetics. Nowadays Stuart Energy Inc 
applies water electrolysis as a hydrogen source in 
a frame of hydrogen-fuel project. Experts of Stuart 
Energy Inc have designed a refueling unit which 
produces hydrogen and stores it in a 104-pound 
reservoir. Thus several auto are provided with fuel 
and it takes a couple of minutes to refuel. 


It is quite simple to predict social and economical 
consequences of innovation of high effective energy 
source operating as a closed cycle energy system. 
Economic activity and private life of people will be 
independent of cities, of their industry and power 
engineering. People will move out of the cities and 
they will use compact and powerful energy sources 
there. Hence, decentralization of world economics 
will happen. 


Regions of any country become more free from the 
central authority, the power of which nowadays is 
based on centralized fuel energetics 
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Concerning acoustic waves, we deal with longitudinal 
oscillations of the medium, since degree of air (medium) 
compression and rarefication changes along the 
direction of the wave spreading. Notion of the medium 
of electromagnetic waves propagation, i.e. notion of 
“aether", as well as the very possibility of the existence 
of longitudinal electromagnetic waves is disputable 
for some scientists. Let's clarify the situation and 
demonstrate that usual photon is longitudinal wave of 
energy density, which can be described as Umov- 
Poynting vector. 


‘The transverse character of electromagnetic waves 
means that vector of electric field and vector of 
magnetic field are directed across the wave line. 
However, these vectors are just our subjective way to 
describe the process. Notions of electric and magnetic 
fields can be replaced by the notion of unified helical 
field, since to describe the motion of the point along 
the helical line there should be concerned the linear 
transfer (it is detected as electric field) and the process 
of rotation (it is described with the magnetic field). 
‘Thus notions of electrodynamics are just one of the 
ways to describe reality. Energy density of the given 
point of space is the real (objective) parameter of the 
wave. This energy density is described by the known 
Umov-Poynting vector 7 


Fig.1 


Let us consider electromagnetic wave in classical 
representation (Fig-1). Then we discover that 
direction of Umov- Poynting vector coincides with 
the wave line. The vector is unidirectional and 
“pulsating”, because its quantity changes from zero 
to some maximal value and then it is reduced to zero, 
besides it takes place at half of the period of 


transverse wave. So, it is the explanation of the fact 
that frequency of longitudinal oscillations is twice 
as much than frequency of transverse oscillations 
(Fig. 2). Previously it was known from the 
mechanism of energy interchange between 
longitudinal and transverse plasma oscillations and 
from the phenomenon of parametrical resonance. 
However the physical meaning of this phenomenon 
was not disclosed. 


From the presented here conception it follows that from 
the physical point of view, electromagnetic waves are 
longitudinal oscillations of energy density. In usual 
case these oscillations are unidirectional pulsations 
that determines the ability of the photon to be moving 
unidirectionally. Practically it is possible to create other 
types of photons, ie. types of oscillations of energy 
density with qualitative new physical properties. It can 
be achieved by setting of definite functions and 
superposition of F and 77 vectors. 


For example, in 1996 a conference “New Ideas in 
Natural Science” was organized by us in Saint- 
Petersburg, with the participation of 30 foreign 
guests and more than 100 Russian scientists. The 
report made by Academician Ignatyev, Krasnoyarsk, 
aroused great interest. During the experiments with 
rotating of crossed vectors £ and 7j (see Fig. 3) there 
was created Poiting's vector, which corresponds to 
propulsion force of 60 N (about 6 kg) 


Fig. 2 
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‘The experiment is demonstrated on the photo (see Fig. 4), 
where the diameter of the device is equal to 4 meters 
and ends of the coils are to toroidal capacitors. This 
experiment was made in Krasnoyarsk. 


E 


Since it is impossible to consider vacuum, where some 
form of energy can exist, as “emptiness” then we can 
speak about vacuum as about some medium. Faraday 
and Maxwell, classics of electromagnetic theory, wrote 
exactly about deformations, stresses and expansion of 


aether. From this point of view electromagnetic waves 
are analogues of the waves of longitudinal deformation 
ofelastic medium. More than 60 years ago Nicola ‘Tesla 
wrote: “I showed that the universal medium is a 
gaseous body in which only longitudinal pulses can 
be propagated, involving alternating compressions and 
expansions similar to those produced by sound waves 
in the air. Thus, a wireless transmitter does not emit 
Hertz waves which are a myth, but sound waves in 
the ether, behaving in every respect like those in the 
air, except that, owing to the great elastic force and 
extremely small density of the medium, their speed is 
that of light.” [1] 


Nowadays, the development of engineering and the 
new views upon the phenomena of electromagnetism, 
impel us to consider physical vacuum as material 
‘medium of the special type, which has the well-known 
properties, in particular electrical and magnetic 
properties. Moreover, this medium has energy, and 
energy density can be changed in case of propagation 
of any photon. Thus, as Tesla stated in his article “The 
‘True Wireless”: “"The Hertz wave theory of wireless 
‘transmission may be kept up for a while, but I do not 
hesitate to say that in a short time it will be recognized 
as one of the most remarkable and inexplicable 
aberrations of the scientific mind which has ever been 
recorded in history”, 
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Abstract 


‘This paper reviews the development of antigravity 
research in the US and notes how research activity 
seemed to disappear by the mid 1950s. It then 
addresses recently reported scientific findings and 
witness testimonies - that show us that this research 
and technology is alive and well and very advanced. 
The revelations of findings in this area will alter 
dramatically our 20” century view of physics and 
technology and must be considered in planning for both 
energy and transportation needs in the 21* century. 


Historical Background 


‘Townsend Brown's Technology of 
Electrogravitics [1] 


In the mid 1920's Townsend Brown [2] discovered that 
electric charge and gravitational mass are coupled. He 
found that when a capacitor is charged to a high 
voltage, it has a tendency to move toward the positive 
pole. His findings, which became known as the Biefeld- 
Brown effect, were opposed by conventional minded 
physicists of his time, 


‘The Pearl Harbor Demonstration. Around 1953, Brown, 
conducted a demonstration for military top brass. He 
flew a pair of 3-foot diameter discs around a 50-foot 
course tethered to a central pole. Energized with 
150,000 volts and emitting ions from their leading edge, 
they attained speeds of several hundred miles per hour. 
‘The subject was thereafter classified. 


Project Winterhaven. Brown submitted a proposal to 
the Pentagon for the development of a Mach 3 disc 
shaped electrogravitic fighter craft. Drawings of its 
basic design are shown in one of his patents. They are 
essentially large-scale versions of his tethered test 
discs. 


Review of Issues from the 1950s 
In 1956, a British research company, Aviation Studies 


(Intemational) Ltd. published a classified report on 
Electrogravitics Systems examining various aspects of 


gravity control. They summarized the pioneering 
‘work of Townsend Brown and then described the use 
of electrogravitic thrust as follows: 


“The essence of electrogravitics thrust is the use of 
a very strong positive charge on one side of the 
vehicle and a negative on the other. The core of the 
motor is a condenser and the ability of the condenser 
to hold its charge (the K-number) is the yardstick of 
performance " [3] 


In one of their conclusions, based on Brown's work, 
they suggested that: “Electrostatic energy sufficient 
to produce a Mach 3 fighter is possible with megavolt, 
energies * (4) 


In spite of Brown's solid research, they later 
stated that, “One of the difficulties in 1954 and 
1955 was to get aviation to take electrogravitics 
seriously. The name alone was enough to put 
people off” [5]. It seems that is as true today as, 
it was in the 1950s 


Areport by another British company, Gravity Rand, Ltd. 
in 1956, agrees with this assessment and states 
“To assert electrogravitics is nonsense is as unreal 
as to say it is practically extant. Management 
should be careful of men in their employ with a 
closed mind or even partially closed mind on the 
subject.” [6] 


However, a trade press magazine, The Aviation 
Report, made numerous references to antigravity 
projects and listed many of the companies pursuing 
research in this area. Quotes from The Aviation 
Report listed in the Aviation Studies (International) Ltd. 
Report [7] are suggestive of what was going on 
behind the scenes. 


In 1954 they predicted that: “... progress has been. 
slow. But indications are now that the Pentagon is 
ready to sponsor a range of devices to help further 
knowledge.”... “Tentative targets now being set 
anticipate that the first disk should be complete before 
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1960 and it would take the whole of the ‘sixties to 
develop it properly, even though some combat things 
might be available ten years from now.” (Aviation 
Report, 12 October 1954) [8] 


During this time period many of the major defense and 
technology companies were cited as either having 
research projects or activities in this new field. For 
example: "Companies studying the implications of 
gravitics are said, in a new statement, to include Glenn 
Martin, Convair, Sperry-Rand, and Sikorsky, Bell, Lear 
Inc. and Clark Electronics. Other companies who have 
previously evinced interest include Lockheed, Douglas 
and Hiller." (Aviation Report, 9 December 1955) [9]. 


Others of these reports mention: AT&T, General 
Electric, as well as Curtiss-Wright, Boeing and North 
American as having groups studying electrogravitics, 


During the same time period, the Gravity Rand report 
notes that: “Already companies are specializing in 
evolution of particular components of an electogravitics 
disk.” [10] 


‘However, in the area of predictions, the Aviation Report 
stated the following based on an extrapolation of 
technology development: “Thus this century will be 
divided into two parts ~ almost to the day. The first 
half belonged to the Wright Brothers who foresaw 
nearly all the basic issues in which gravity was the 
bitter foe. In part of the second half, gravity will be 
the great provider. Electrical energy, rather irrelevant 
for propulsion in the first half becomes a kind of catalyst 
to motion in the second half of the century." (Aviation 
Report, 7 September 1964) [11] 


Looking back it is easy to say that they missed the 
mark. Did they really miss it by a half a century? 
Reading through these reports it is quite obvious that 
there was much interest in antigravity among a number 
of very high profile companies, as well as in the 
Department of Defense. What happened to this interest, 
and why was it all downplayed during the following 
four plus decades? After all, T. Brown had shown that, 
there is a demonstrable connection between high 
voltage fields and gravity. Why has it taken until the 
1990s for more than just a few scientists to look at these 
results and publish on them in the open literature? A. 
review of recent statements by former military personnel 
and civilians connected to covert projects begins to shed 
light on research activity in these areas over the last 
half century. And it appears that there had been 
significant breakthroughs during this time period, well 
shielded from both the scientific and public eye. 


Recent Scientific Developments 
In this section we consider developments in the 


antigravity field since the late 1980s and why the 
confluence of scientific findings and the testimony of 


witnesses associated with the military and covert 
groups indicates that a gravity solution with 
technological implications has been found. 


Although general relativity has not been able to explain 
Brown's electrogravitic observations, or any other 
antigravity phenomenon, the recent physics 
methodology of quantum electrodynamics (QED), 
appears to offer the theoretical framework to explain 
electrogravitic coupling. Recent papers by members of 
the Institute for Advanced Study Alpha Foundation are 
putting a solid theoretical foundation onto the antigravity 
effects within the theory of electrodynamics and include 
papers by Evans [12] and Anastasozké et al [13] 


Earlier in a 1994 breakthrough paper, Alcubierre 
showed that superluminal space travel is, in principle, 
physically possible and will not violate the tenants of 
the theory of relativity 14]. Puthoff [15] later analyzed 
these findings in light of the present SETI (Search for 
Extraterrestrial Intelligence) paradigms that insist that, 
we could not be visited by extraterrestrial civilizations 
because of the speed-of-light limitations dictated by 
the general relativity theory. He suggests that super- 
luminal travel is indeed possible. This leads to reduced- 
time interstellar travel and the possibility of 
extraterrestrial visitation, which our limited under- 
standing of physics and scientific arrogance has 
“forbidden in some sectors for most of the 20" century. 


‘The second aspect of these physics findings deals 
with the zero point or vacuum state energy shown 
by the Casimir effect [16], which predicts that two 
metal plates close together attract each other due 
to imbalance in the quantum fluctuations. The 
implications of this zero point or vacuum state 
energy are tremendous and are described in several 
papers by Puthoff [17] starting during the late 
1980s. Bearden [18] and colleagues have also 
written extensively on the theoretical physics of 
zero point energy and additionally have described 
various technological means of extracting this 
energy (for example see the recent paper by 
Anastasozki et al (19].). A theoretical book on zero 
point energy (and antigravity) was published by 
Bearden in 2002 [20]. There is significant evidence 
that scientists since Tesla have known about this 
energy, but that its existence and potential use has, 
been discouraged and indeed suppressed over the 
past half century or more [21], 


‘The coupling of the electrogravitic phenomena 
observations and the zero point energy findings are 
leading to a new understanding of both the nature 
of matter and of gravity. This is just now being 
discussed in scientific journals (though some 
evidence suggests that it has been understood for 
decades within the black project covert community), 
‘The question that is being addressed is: what keeps 
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the universe running? Or more specifically, where 
do electrons get their energy to keep spinning around 
atoms? As electrons change state they absorb or 
release energy, and where does it come from? The 
simplistic answer is that it is coming from the vacuum, 
state. Puthoff [22] describes the process as follows: 
“I discovered that you can consider the electron as 
continually radiating away its energy as predicted by 
classical theory, but simultaneously absorbing a 
compensating amount of energy from the ever- 
present sea of zero-point energy in which the atom is 
immersed. An equilibrium between these two 
processes leads to the correct values for the 
parameters that define the lowest energy, or ground- 
state orbit (see “Why atoms don't collapse,” NEW 
SCIENTIST, July 1987). Thus there is a DYNAMIC 
EQUILIBRIUM in which the zero-point energy 
stabilizes the electron in a set ground-state orbit. It 
seems that the very stability of matter itself appears 
to depend on an underlying sea of electromagnetic 
zero-point energy.” 


Furthermore, it appears that it is the spinning of 
electrons that provides inertia and mass to atoms. 
These theories, linking electron spin, zero point 
energy, mass, and inertia have been presented in a 
number of recent papers, such as those by Haisch [23] 
and colleagues and provide us with a possible 
explanation of the Biefield-Brown effect. It appears 
that an intense voltage field creates an 
electromagnetic barrier that blocks the atomic 
structure of an atom from interacting with the zero 
point field. This slows down the electrons, reducing 
their gyroscopic effect, and thus reducing atomic mass 
and inertia, making them easier to move around. 


Evidence of Extensive Antigravity Technology 
‘The B-2 Advanced Technology Bomber 


In 1993, LaViolette wrote a paper [24] discussing the 
B-2 bomber and speculating on its probable 
antigravity propulsion system, based on a solid 
understanding of electrogravitics, [25] the aircraft's 
design and the materials used in its manufacture. It 
appears that the craft is using a sophisticated form of 
the antigravity principles first described by T. Brown, 
Support for this thesis came from the Aviation Week 
and Space Technology (March 9, 1992), which reported, 
that the B-2 bomber electrostatically charges its 
leading edge and its exhaust stream. Their 
information had come from a small group of former 
black project research scientists and engineers 
suggesting the B-2 utilizes antigravity technology. 
‘This information was supported by Bob Oechsler, an 
ex-NASA mission specialist who had publicly made a 
similar claim in 1990. These findings support the 
contention that there have been major developments 
in the area of antigravity propulsion which are 
presently being applied in advanced aircraft. 


LaViolette later states the obvious that “the 
commercial airline industry could dramatically 
benefit with this technology which would not only 
substantially increase the miles per gallon fuel 
efficiency of jet airliners, but would also permit 
high-speed flight that would dramatically cut flight 
time.” [26] 


‘The Hunt for Zero Point (27] 


‘This recent book contains some of the strongest 
evidence yet for major efforts and success in the 
field of antigravity technology. The author, Nick 
Cook, who for the past 15 years has been the 
Aviation Editor and Aerospace Consultant for Jane's 
Defense Weekly, spent the last 10 years collecting 
information for the book. This included archival 
research on Nazi Germany's antigravity technology 
and interviews with top officials at NASA, the 
Pentagon and secret defense installations. He 
shows that America has cracked the gravity code 
and classified the information at the highest 
security levels. Because antigravity and its allied 
zero point energy technologies potentially offer 
the world a future of unlimited, non-polluting 
energy it has been suppressed because of the 
“huge economic threat". His findings support 
those reported by many of the Disclosure Project 
witnesses cited above. 


Antigravity Technology Demonstrations 


Although T. Brown reported many of his findings 
nearly a half century ago, other experimenters have 
just recently begun to reproduce his work and 
report on it in the open literature and on the 
WWWeb. For example, Davenport [28] published 
the results of his work in 1995 supporting the 
findings of T. Brown, while Bahder and Fazi (29] in 
2002 described their assessment of the forces 
associated with an asymmetric capacitor. 
‘Transdimensional Technologies [30] in the USA and 
J. Naudin [31] labs in France have posted on the 
WWWeb: diagrams, web videos, and data on their 
versions of antigravity “Lifters” based on an 
extension of Brown's work. It is a sad commentary 
on this whole area of research to see that public 
science is requiring us to demonstrate principles 
that were demonstrated nearly fifty years ago. 


There have also been a number of other 
demonstrations of “antigravity” phenomena by 
researchers throughout the world. This includes the 
work of Brazilian physics professor, Fran De Aquino, 
and such devices as: the Searl Electrogravity Disc, the 
Podkletnov Gravity Shield and Project Greenglow, the 
Zinsser Kineto-baric Field Propulsion and the 
Woodward Field Thrust Experiments on 
Piezoelectrics. All of these are described in more 
detail by Greer and Loder. [32] 
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Implications of This Research 


Antigravity and zero point energy research and their 
applications are finally being addressed by some of 
the open scientific community. This means there will 
have to be a rewriting of textbooks in this area so 
our new generation of students can apply this “new 
knowledge.” Its application will lead to major 
breakthroughs in transportation technologies both 
earthside and in outer space. The implications are 
that we have the potential for human exploration of 
our solar system and beyond, if we have the will, 
within our lifetimes. It also means that the majority 
of 20 century space technology will be obsolete and 
in fact may already be so. 


‘The zero point or vacuum state energy source is seen 
as a totally non-polluting energy source, which has 
the potential to replace all the fossil fuels on this 
planet. It also will provide the energy needed for 
long range space flights. This means that fuel cells 
and solar cells in common use today for space flight 
energy applications will only be needed until we 
transition to these new energy technologies. 


Based on an analysis of trends in antigravity research 
over the last half-century and the information 
provided by numerous witnesses, it appears that 
there is both good and bad news. The good news is, 
that it appears that we (at least covert projects) have 
already developed the theories of antigravity, and 
additionally have developed working spacecraft 
based on these principles. The bad news is that 
these technologies have been developed for at least, 
several decades, at the public's expense and that 
human kind has been deprived of these technologies, 
while continuing to waste energy using less efficient 
and pollution enhancing technologies. 


Supporting this contention is the following quote 
from Ben Rich, former head of the Lockheed 
Skunkworks. Just prior to his death, he stated to a 
small group after a lecture [33] that: “We already 
have the means to travel among the stars, but these 
technologies are locked up in black projects and it 
would take an act of God to ever get them out to 
benefit humanity...” He further went on to say that, 
‘anything you can imagine we already know how to 
do.’ Strong words from a knowledgeable deep 
insider and words that support what a number of 
the witnesses stated as well. 


As the reality of this knowledge begins to be 
understood, there will be an outcry among space 
scientists not on the inside for release of these 
technologies to allow all of us to explore space. There 
will be major changes in the way that NASA does 
its business, though predicting these changes is 
difficult. 


Not only has space exploration in the public sector 
suffered, but our planet's environment has suffered 
as well. Thus as this knowledge begins to sink in 
there will be an outcry among all concerned citizens 
on this planet for release of these technologies to allow 
all of us to reduce and ultimately eliminate global 
warming and environmental pollution that so 
threatens our way oflife. These technologies will not 
only affect space travel technologies, but will also 
have a profound effect on transportation and energy 
production on the earth's surface. 


In conclusion, we might consider the observation 
made by Halton Arp [34]: “We are certainly not at the 
end of science. Most probably we are just at the 
beginning!” 
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Congress ‘The Time Machine” 


Faraday Labs Ltd invites to participate in scientific congress devoted to experiments on changing of space- 
‘time properties. It is planned April 12, 2003, Moscow. Main topics of the congress are time and gravitation 
in the context of eatherodynamics, experiments and applied aspects of these technologies. The main report 
is "Method to Control Temporal Parameters of Physical Processes" by Alexander V. Frolov. 


Organizing committee: Vadim A. Chernobrov (KOSMOPOISK research center) and Alexander V. Frolov 
(Faraday Labs Ltd). The registration fees are not required. 


Please, contact us http://www.faraday.ru or email congress@faraday.ru Phone/fax 7-812-380-3844 


Please send this pre-registration form by post: P.O. Box 37, St. Petersburg, Russia 193024 


or e-mail: congress@faraday.ru 


PRE-REGISTRATION FORM for participation in the congress “The Time Machine 


Last name: 

First name: 

Title/ Function: 
Company/ Organization: 
Address: 

Postcode: 

City: 

Country: 


I would like to submit an oral presentation (report). 
(Please, enclose one-page abstract). 


intend to participate as a guest 


I'm interested in further information, 


Signature 
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- PROPULSION SYSTE! 


: 


Review from web site http://wwwsisre.com/ 


‘Email adres 


‘The “Searl Effect", discovered by J.J.R. Seatl, is a 
method of extracting energy. Some current 
expressions for the source of this energy being The 
Space Fabric, Quantum Space Field, and Zero Point 
Energy. 


SISRC Ltd has been formed to develop and license 
Searl Effect Technology (SET) on a global basis. 


THE COMPANY 


SISRC Ltd is the company formed to administer the 
implementation of the Searl Effect Technology, (SET) 
invented by J. R. R. Searl. SISRC Ltd designs, 
develops and implements Searl Effect Technology as 
it is initiated in various applications and territories. 
SISRC Ltd is the administrative hub of the group and 
will continue to be based in the UK. SISRC Ltd will 
grant production and marketing licenses for Searl 
Effect Technology applications to different companies 
in specific territories. Currently proposed related 
companies include: 


* SISRC -Germany, SISRC -Iberia, SISRC - Sweden, 
SISRC - Australia, SISRC New Zealand, 

+ SISRC -AV (Audio Visual) provides computer 
graphics presentations of the SET. 


BACKGROUND 


‘The Searl Effect Generator (SEG) technology, as 
applied to the commercial market, had been 
previously developed to the point where a few 
prototype SEG generators were made, and used for 
electricity generation and motion. Commercial 
interest at that time focused on the SEG's transport 
potential and, under commercial pressure to deliver 
a fully functioning system, the original generators 
‘were used and lost ina series of vehicular propulsion 
experiments and demonstrations. Funding was 
insufficient to continue with the manufacture of the 
required larger-scale pressurized cabin machines - 
resulting in the termination of the project at that time. 


Although all the operating principles, precise 
proportions and weights of the required materials 
are known for three of the four required operating 
materials, the precise data of the original magnetic 
layer is uncertain. The objective of the current R&D 
programme is to re-establish the original magnetic 
layer using modern and more efficient materials. 


Originally, the layered materials were constructed 
and magnetized by the now-defunct Midlands 
Electricity Board under the direction of John Sear! 
(see colored photo of the experimental craft 
construction on the cover page). 


\amin@sisre.com 


Modern magnetic materials have advanced 
considerably, and old ones discontinued, so a series, 
of tests need to be conducted to establish the 
optimum materials and processes. These tests need 
to comply with the working criteria required and 
must lead to a cost-effective manufacturing process, 


Fig.1 
Experimental ring and rollers 


Im recent times SISRC has been re-establishing the 
original research. Due to the very limited funding that, 
has been available, only a partially functioning 
demonstration prototype of the SEG principles has, 
been possible. This prototype consists of the 
innermost of the three composite rings required and 
several rollers. 


We would like to hear from anyone who worked on 
or was involved with Searl Technology prior to 1983, 
Also anyone who has any old technical data, 
photographs or films relating to the technology. Such 
information could greatly assist this technology to 
reach the marketplace for the benefit of all and would 
be dealt with in the strictest of confidence. 


TECHNICAL DESCRIPTION 


Physically the Searl Effect Generator (SEG) consists 
of three concentric rings each made of a composite 
of four different materials which are also 
concentrically attached to each other. The three rings 
are fixed to a base. Surrounding each of the rings, and 
free to rotate around them, are rollers - typically 10 on 
the first ring, 26 on the next and 35 on the outer ring, 
Surrounding the rollers on the outer ring are coils, 
which are connected in various configurations to 
supply either AC or DC current at a variety of voltages. 
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Multiple magnetic poles are imprinted on the rings and 
rollers to form frictionless magnetic bearings. These 
also arrange the static charge into opposing charge 
clusters which cause the rollers to rotate around the 
circumference of the ring (as shown in Fig. 2) 


Some expressions currently in use to describe the 
‘source of the energy for the SEG are The Space Fabric, 
Quantum Energy field of Space or Zero Point Energy. 
This is an unlimited and constant source of energy 
which can be made to flow when the correctly 
proportioned masses concerned are stimulated by the 
correct frequencies creating an ‘open system’. 


‘The idea of utilising this source of energy is currently 
the subject of various devices and experiments such 
as the ‘Lamb shift’, ‘Casimir Effect’ and the work of 
the Russian Nobel Prize winner Ilya Prigogine 
However these devices and experiments tend to 
only prove the existence of the energy and not a 
method to create a coherent, ordered flow to 
produce useful power. 


15 KWe Seat! Etfect Generator (SEG) 


In contrast, John Sear] has discovered that, in order 
to create a steady and stable flow, all the masses of 
the device (and the stimulating frequencies) must 
conform to precise values determined mathematically 
by the ‘Law of the Squares’. A machine constructed 
to these principles produces a stable and useful power 
output. 


DEFINITION OF A SURFACE OPERATING 
S.E.G. (J. Searl) 15.09.00 


A Linear motor operating on a magnetic bearing with 
the characteristics of an auto-transformer. The S.E.G. 

is defined as a device, which is constructed from 
2,124 component parts, which make up 3 plates and 
66 roller sets (see figures on the cover page). 12 of 
the 2,124 components create the 3 plates, which act 


as reaction components. 2,112 components are 
employed to create 66 roller sets, which act as active 
components. Each roller set consists of 8 segments 
constructed from 32 components. Each segment 
cannot be less than 34 grams in weight, as the law 
of the squares defines that value as the lowest value 
suitable for the reasonable generation of electricity. 
‘Therefore the smallest roller set must weigh 272 grams, 
making a grand total of 2,244 grams per roller set for 
‘the smallest surface bound SEG. 


‘Tolerance should be about 0.05 gram per roller set. 
‘The larger the error the greater is the loss of power 
within the unit. Therefore the total tolerance for the 
smallest SEG roller set must not be greater than 3.30 
grams - above this factor the SEG will not function. 
For the best results, the tolerance across the total 
66 roller sets should not exceed 0.05 grams! 


Fig.3 


‘The S.E.G. is a step up rotary transformer. In fact it's 
a ‘three rotary transformers’ operational system, 
within a unit. The inner transformer output is fed in 
to the input of the second plate which increases the 
output of the second unit, which output feeds as an 
input to the final unit, thereby increasing its 
finaloutput to a very high voltage. Therefore the 
S.E.G. is just a prime mover for the production of 
clean electrical energy. The output windings must 
be designed to step down this output to 240 volts at 
15KWr's. 


During 1968 it being upon this issue, as development 
progress both here and in the USA, new findings are 
being created, and updates will be added to this page, 
as they are certified. When the SEG rollers are brought 
into close proximity to the SEG Ring, the Sear! Effect 
resonant magnetic field causes negative ions and 
electrons to be drawn into and accelerated through 
the machine. This process is assisted by the highly 
electron-attracting rare earth metal Neodymium. 


‘The unique mechanical and material arrangement of 
the SEG pulses the neodymium to continually release 
and replace the surplus electrons to provide electrical 
or mechanical power, or both. 
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Fig 
DEVELOPMENT 


Prior to the production of complete 15KWt Sear! Effect 
Generators (SEGs), a minimum of two demonstration 
Ring & Roller prototypes are to be produced. 


‘The “Ring” is typical of the innermost of the three rings 
required to make a complete SEG. The 69-roller sets ina 
complete three ring SEG are identical. Six roller sets will 
bbe made for the prototype inner rings so that the Sear! 
Effect can be demonstrated. 


‘The production of a self-running Ring & Roller prototype 
will establish the precise sequence and parameters of 
electrical, magnetising and material processes required 


for the SEG and will demonstrate electrical power 
generation. An operating single inner ring with 1-8 
rollers will also determine if a particular material will 
function correctly and at what level of power output. 


Fig. 5 


Demonstration ring and rollers 


‘The five phases of the development programme that 
commenced in October 1999 have been completed and 
the rollers successfully magnetised with ‘Sear! Effect’ 
magnetic fields. A sixth phase is now required to apply 
the technology developed in Phase five to the “Ring”. 
‘This sixth Phase resulting in a demonstration Ring & 
Roller prototype has duration of 6 months. 


Scientific Breakthrough 
Liberates Energy Users from 
Fossil Fuel Dependence 


Information from 


bup://www.genesisworldenergy org/genesis_world energytm 


Story originally published by Diana Echeverria, USA. 


Director of Public Relations 
Guy Rome & Associates, Ine 
208-245-4143 208-602-0225 (cell) 


‘Technology breakthrough harnesses energy from 
the molecular structure of water 


BOISE, ID - Dec. 5, 2002 - Genesis World Energy, a 
privately funded consortium created by a group of 
military and space program research and development 
specialists, today unveiled a scientific breakthrough 
that allows consumers to easily access the energy 
contained within the hydrogen and oxygen molecular 
structure of ordinary water. This scientific breakthrough 
provides a limitless, low cost and environmentally clean 
source of energy that can be implemented with minimal 
cost and effort. The viability of using water as an energy 
source, previously a theoretical concept, is now a 
reality. “Water has always been the source of life on 


this planet, now it will also transform the way we create 
energy” said Charles Shaw, corporate counsel and 
spokesperson for Genesis World Energy. “The 
implications for worldwide energy generation and 
consumption are nothing less than staggering.” 


‘The Edison Device 


‘The first application of this technology is represented 
inthe "Edison Device”, a self-contained, self-sustaining 
energy generation unit. Roughly the size of an outdoor 
air conditioning system, the power source can be 
quickly and easily installed in any home or business to 
provide virtually unlimited energy from any available 
water source. The Edison Device utilizes the existing 
electrical wiring and natural gas plumbing in a home 
or business to replace the energy provided by utility 
companies. The home version of the Edison Device 
produces approximately 30 kWt of combined gas and 
electrical energy per day. By comparison, the typical 
home uses between five to six kilowatts per day. 
The commercial model is capable of producing 
100 kilowatts of energy per day. The energy generation 
portion of the devices has no moving parts. In fact, the 
only “mechanical” aspects of the equipment are small, 
circulation pumps and micro-valves, making the Edison 
Device both silent and virtually maintenance-free. A 
minimum amount of water is used over an estimated 
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20+ years of service life. 


Discovery by a Group of Scientists Headed by Valerian Sobolev 


Some time ago mass media announced that a 
sensational discovery was made by a group of Russian 
scientists headed by Valerian Sobolev. This discovery 
aroused ambiguous attitude of physic community. We 
have written about this fundamental and, to a certain 
extent, revolution discovery. Let us revise the fact that 
Sobolev claimed 7 scientific discoveries which were 
made, ie. the process of depletion (a special 
electrochemical process), magnetic discharge, a new 
energy source, a method of low temperature plasma 
generation and superconductor. A laboratory system 
of the experimentally disclosed process as well as its, 
industrial prototype is easy to be realized in practice 
for creation of new energy sources and wide-ranging 
production of ultrastrong materials. In many cases 
these materials can replace existing constructional 
materials, 


‘The materials produced as a result of the process are 
multielement chemical compounds which are new 
states of matter. This new state of matter has a time- 
changing magnetic field that can be EMF source in a 
coil of a generator. Ordered structures of matters which 
are in the new modified state are nothing but a magnet 
charge. Materials containing the magnet charge and 
representing a continuous matters are new energy 
sources. Due to the new state matters become able to 
produce electric power as well as to generate low 
temperature plasma. It is easy to be realized in the 
process of common technological procedures. That 
promises designing of propulsors for “unsupported” 
transportation systems in near future. 


Basing on realization of the disclosed process and using 
new materials the group of Russian Scientists headed 
by Sobolev together with American businessmen has 
created superfine and flexible glass for packing. The 
glass was called as “strong glass”. It seems to 
demonstrate higher pressure stability than steel. 
A method of production of these materials was patented 
in 1999. In the patent the scientists of Valerian Sobolev's 
group are represented as authors of this new method, 
and the owner ofthe patent is Dynelec Corp (Columbus, 
Ohio, USA). You can read about the patent at the Web: 
site of http://patft.uspto.gov/netahtml/srchnum.htm, 
(patent #5,964,913, October 12, 1999), 


Sobolev's group has appeal to the Russian government 
for sponsorship; however only foreign investors have 
provided funds for new energy sources developing. 

‘According to Russian Information Agency "News", 
Sobolev's group has signed a $168 million contract with 
one of Canadian companies for developing industrial 
production of energy sources. Manufacturing of such 
energy sources can change energy supply system all 
over the world. According to the contract the Canadian 
company is going to finance building of at least two 
plants. One of the plants is going to be built in Russia, 
and the other one is planning to be established in 
Canada. Each plant is supposed to produce 70 thousand 
ofthe self-running energy sources a year. Power output 
of the sources will come to 3-10 kWrt. In other words, in 
the nearest future every person will be able to buy such 
an energy source and to apply it in household. 


Single-Wire Electric Power System 
(see photo on the cover page) 
Experimental Results of Russian Scientists 


Scientists of the All-Russia scientific research institute 
of electrification of agriculture (VIESH) academician 
DS. Strebkov, engineer $.V. Avramenko, dr, A. Nekrasov, 
post-graduate student O.A. Roshchin developed anew 
method and the equipment for transmission of electric 
energy on a single-wire line using resonant idle 
operation mode and reactive capacitive currents for 
transmission of active electric power. Tesla 
transformers and frequency converter were used at the 
experiments, 


First there was created the experimental sample of 
single-wire electric power system (SWEPS) with 10 kW. 
electric capacity and 3000 V voltage. As a result, 
obtained SWEPS electric parameters a hundred times 
exceeded parameters of a usual two-wire or three-wire 
alternative and direct current line. 


In the end of 2002 there was made an attempt to 
increase transmitted capacity by using of more 
powerful condensers, which were installed in resonant 
circuit. There was developed the electric technique of 


20KW single-wire electric power system (SWEPS) with 
two Tesla transformers. As a result parameters of a low- 
voltage winding of the step-down transformer were 
changed. They exceeded parameters of a usual two- 
phase or three-phase ac line or de line in two hundred 
times. At room temperature effective specific 
transmitted electric power was 4MW/mm?and specific 
current density was 600 A/mm®. These parameters 
could be achieved for existing methods of electric 
energy only at use of special materials in a mode of 
low temperature superconductivity. The measurements 
which were made at wire with diameter of Imm, 
100 microns and 80 microns, demonstrated that 
parameters did not depend on diameter of a wire. There 
‘was also experimentally confirmed the property of a 
single-wire line to transfer active power without 
essential losses on line resistance. Irradiation losses 
at low frequency 3,4 kHz were small. In single-wire 
power system the 80 microns wire plays a role of 
directing system for an electromagnetic energy flow, 
‘which runs from the generator to the load. 
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We present update information on the experiments with Lifters or asymmetrical capacitors, which use High Voltage 
to produce a thrust. By Jean-Louis Naudin it was demonstrated with “Maximus” experiment, that a Lifter can 
bbe scaled up and also that such a device is able to lift up to 60 g of payload (total weight: 194 g). According to 
Naudin, it is now possible to build a craft which will use the Biefeld-Brown effect to fly silently and without 
moving parts only powered by electrical energy. It was also declared that on January 8th, 2003, there was 
successfully done two historical flights with a mouse as a test pilot of the Lifter “Maximus” (propellantless 
electrokinetic craft). Below there is an analysis of electrogravitation experiments made by Jean-Louis Naudin and 
‘Tim Ventura. (See color photos on the cover page) 


Review of Electrogravitation Experiments made 
by Jean-Louis Naudin and Tim Ventura 


‘Tim Ventura 


‘Tim Ventura Wobsite: http//www.americanantigravity.com 
Email: TVontura@seattle telecomsys.com, tventura6@atbi.com 


‘There is a spreadsheet containing a jpeg-snapshot of data that I have assembled based upon Jean-Louis Naudin's 
published results (JLN Labs Website: http;//jnaudin free fr. and http://wwwjlnlabs.org). Inthe graphs that I've created, 
it seems to indicate that current plays more of arole in propulsion than voltage does — ie.: for a given amount of power 
in watts, raising the current and decreasing the voltage seems to create a higher level of thrust. 


In light of this, I have been increasing the thrust of my own Lifters by creating an electrical-bypass of the “load- 
resistor” on my power-supply's high-voltage output. This has an interesting result: 


use a current-driven power-supply, which means that if no load is connected to it the voltage will build up on the 
high-voltage output until arcing occurs. In my case the voltage will build up to around 65kV, at which point the power- 
supply will automatically shut down. Conversely, ifa very light load (such as a short circuit) occurs, the opposite effect 
‘happens and the power-supply will deliver much higher current at a much lower voltage until the supply is overdrawn 
and once again shuts down. 


‘Normally the output load-resistor constrains the current, and in doing so it maintains the voltage on the high- 
voltage output at the nominal 50kV output level. However, bypassing the output load-resistor allows the power- 
supply to deliver voltage and current that are based almost entirely on the type of load connected to it, 


When I connect a normal Lifter to the bypassed power-supply, the voltage will build across the air-gap until 
ions begin to flow in a conduction-current across the air-gap. Although this begins to happen at approximately 
15RY, it seems to have some type of “peak efficiency’ at approximately 22.5 kV. The amount of current climbs to 
approximately 11mA at this voltage. 


‘This method of experimental setup seems to allow the Lifter to “find its own sweet-spot" for operation, instead 
of using the output-resistor to “force” a specific voltage on it for operation. This appears to maximize the thrust 


output during operation, 


Lifter Efficiency Spreadsheet 


Description Lit Length | Efficiency] Lifter | Voltage | Corona |Current | Power 
capacity | (cm) | (g/m) | Weight | (kilovolts)| Air-Gap | (mA) | (watts) 
(grams) (grams) (centimeters) 
Lifter 1 33 60 65 2.3 Er) 3 O57 | 23.9 
Lifter 2 06 180 63 66 43.35 3 112 _| 485 
Lifter 3 20 360 66 16 25 z 253 | 695 
Lifter 4 36 720, 3S a my z 201 | 1329 
SStageLifters [54 7080 5 2a 30 a5 3.08 | 240 
Coliseum Lifter | 90 2160 Tie 0 31.769 a 3.08 __| 264.16 
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New Electric Fire 


Valery D. Dudyshev 


Doctor of Technical Science, Professor, 
Corresponding Member of Russian Ecological Academy 
ecolog@samaramail.ra 
bp: //eewwintrasoftru/nizot 


Abstract 


The article proves importance and prospects of 
development of combustion technologies. In particular 
there is considered application of a new electric fire 
technology for environmentally appropriate combustion 
of any matters and gases. The technology uses electric 
fields as combustion catalyst. There is observed 
application of technology in heat-and-power 
engineering, transport heat engines, disposal units etc, 
[1,2]. Itis demonstrated that the new technology allows 
intensify combustion processes and increase their 
controllability (i.e. the control of temperature, gases 
pressure, gradient ofheat conductivity, and soon). There: 
ismade a conclusion about availability ofthe technology 
to solve critical energetic and ecological problems of the 
civilization. 


We hope that this article will excite interest of a wide 
circle of readers, i.e. of professionals in the area of 
combustion and heat technologies, physicists, 
ecologists, and those people who are interested in new 
scientific ideas. 


Global Ecological Problems are the Problems 
of Ineffective Combustion of Hydrocarbon Fuel 


‘The ecological problems become more and more serious 
and threaten to grow into world ecological catastrophe. 
‘The main cause of the atmosphere pollution in 
megapolises is imperfection of combustion 
technologies (of heat-and-power engineering, heat 
machines, transport engines, waste combustion...) It 
has been proved that their share of pollution of the 
planet atmosphere comes to 70-80%. The combustion 
technologies mean any technologies of combustion of 
fuel, matters and gases. The combustion technologies 
are the most popular technologies in the world. The 
modern civilization without the combustion 
technologies is impossible. There are many industries, 
which apply these technologies, such as heat-and- 
power engineering, transport, metallurgy, food 
industry, oil-and-gas refining industry, chemical 
industry, waste combustion neutralization. 


‘Therefore the global ecological problems will not be 
solved until the mankind develops the combustion 
technologies. The article describes and discloses the 
essence of the new technology of ecologically 
appropriate and effective combustion of fuel and 
wastes of any type. 


Why is it difficult for ecologists to 
conserve nature? 


Moder methods and technology used for solving of 
the ecological problems consist in analysis of extent 
and sources of the environment pollution (ecological 
monitoring), and, moreover, in refinement of 
atmosphere, water and soil, which are used in 
different technologies or have been polluted due to 
the imperfection of the technologies (it is refinement 
from such toxic components as drinking and run-off 
‘water, exhaust and waste gases etc.) 


Unfortunately, methods of measuring of the huge 
spectrum of toxic matters, which are thrown into the 
atmosphere at matters combustion, as well as the 
methods of their utilization are impartially difficult, 
expensive and imperfect. Even using of an ideal 
technics for measuring of the atmosphere pollution is, 
not effective since it is a struggle with consequences 
ofthe combustion and other technologies imperfection 
‘but not with causes of the atmosphere pollution. 


Ecological and energetic effectiveness of the 
known combustion technologies 


It is known that real effectiveness of transformation of 
chemical energy of fuel in the combustion process is 
low. For example, in heat engines it comes to 25%, 
effectiveness of transformation of heat energy into 
electric energy in thermoelectric power stations does 
not exceed 40%. If energy consumptions of mining, 
processing and delivery of the fuel to consumers are 
‘taken into account then the summary efficiency of the 
existent combustion technologies (of heat machines 
and devices) comes to no more than 10 ~ 15%! It means 
‘that more than the half of chemical energy of the fuelis, 
transformed into heat and different toxic matters and 
‘waste gases, which pollute the planet atmosphere. 
‘They cause acid precipitation, a global “greenhouse” 
effect, which threaten to cause the climate warming, 
the world flood, and final poisoning of the living nature. 
‘Thus the share of imperfect power engineering in the 
nature pollution comes to 70 ~ 80%! How is it possible 
to cleanse the planet atmosphere, especially the 
environment of world megapolises, in the situation 
when the amount of toxic matters produced by 
‘transport and industries is comparable with the amount, 
of rest pure air? 


Until the mankind learns burn matters and gases by 
effective and ecologically appropriate way the planet 
atmosphere will remain polluted and in near future it 
can become uninhabitable. Thus we will not solve the 
ecological problems until we gain the understanding 
of the combustion processes and processes of 
combustion transformation of matter chemical energy 
into heat energy, and then into other useful types of 
energy (ie. electric energy, mechanical energy, light 
energy). 
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Physical Essence and Problem of Classical 
‘Combustion of Matters 


Combustion is one of the most difficult phenomena, 
which are known by the humankind. From the scientific 
point this phenomenon is a chain reaction of sequential 
fragmentation of fuel particles into smaller charged 
radicals; it is physical chemical processes of 
transformation of chemical energy of intermolecular 
connections as well as combustion also includes 
physical processes of transformation of energy into heat 
and light on molecular and atomic levels. Many other 
processes, which proceed simultaneously, are involved. 


From school years we know that combustion is a 
process of interaction of fuel with an oxidant that is, 
accompanied by heat and light energy generation. In 
higher school the words of “as well as by cryptic energy 
of chemical connection of waste gases” are added to 
the school definition. The combustion processes are 
studied and improved by scientists and experts of 
different areas (chemists, physicists, heat-and-power 
engineering specialists, thermalphysicists etc.). There 
are known fundamental investigations of combustion 
chain reactions made by such Russian scientists as 
NN.N. Semenoy, Ya.B. Zeldovich and their followers. 


Until now intensiveness of fuel combustion is increased 
byair blowing into the combustion zone that increases 
the amount of waste toxic gases thrown into the 
atmosphere. Let us arouse several questions, which 
seem naive at first sight. Why is an oxidant (air or 
oxygen) needed for matter combustion? Is it possible 
to do it without any oxidant? How does the 
combustion process begin and proceed? There are a 
lot of vague questions in physics of combustion. For 
example, how can the temperature and the 
intensiveness of the combustion be regulated? Can the 
heat conductivity of the flame be controlled? How can 
heat motion of particles be regulated in the flame and 
in the waste gases, and what can it cause? There is 
another problem of combustion. It is the very 
hydrocarbon fuels, which are applied at modern heat 
processes. The great Russian scientist, D.1. Mendeleev 
stated that to use oil is the same thing as to stoke a 
stove with banknotes. 


Since the hydrocarbon fuels are complicated chemical 
matters and the combustion processes are imperfect 
then in the process of their combustion a great amount 
of different by-product matters and toxic gases are 
produced. They waste unused self-energy of fuel into 
the atmosphere and pollute our planet. 


Physical essence of the new electric 
combustion technology 


How is it possible to burn the hydrocarbon fuel by 
environmentally appropriate way? How can this 
environmentally appropriate technology be realized in 


practice? A brief answer is following: it is necessary 
to make such conditions of combustion of organic 
fuel, and to introduce such a combustion catalyst that 
the energy of intermolecular and intramolecular 
connections of the organic fuel becomes absolutely 
free. At that the chemical energy can be transformed 
into energy of electromagnetic radiation, for 
example, into light energy and heat energy without 
generation of by-product polluting matters and gases. 
Then a working body (for example, water) is 
effectively heated by this directed concentrated 
electromagnetic radiation. In this process effects of 
electromagnetic waves reflection and concentration 
are used, or the electromagnetic radiation is directly 
transformed into electric energy. In this case there is, 
a new opportunity to regulate flame temperature and 
to extremely decrease quantity of the oxidant, ie. to 
create organics combustion with minimal quantity of 
waste gases. 


Is it principally possible to burn organic matters and 
gases without the atmosphere pollution using electric 
field as a catalyst? It is possible if parameters of this 
field are correctly chosen. More precisely it is possible 
ifhhuge Coulomb forces of the electric field are correctly 
regulated by interaction of electrically charged particles 
ofthe fuel and the oxidant with force lines of the electric 
field. 


One variant of an experimental device is represented 
in Fig. 1. 

Devices for approbation of the new electric 
combustion technology 


WG 18 


ir 


Fig.ta 
Plan of the experimental device 
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Fig. 1b 
Photo ofthe experimental system 


A structure chart of the experimental device, which 
was designed to investigate the new electric 
combustion technology, is demonstrated in Fig-1a. The 
device contains a body (1) equipped with flat 
electrodes, which are insulated from the body (2), 
(they can be placed in either horizontal flat or vertical 
flat). The electrodes (2) are located on opposite inner 
walls of a combustion chamber (3). The device is 
equipped with a mixer (4) with a device for supplying 
of blended fuel to the zone of combustion. At the same 
time the device (5) is used for electrical combustion 
of the blend. The described device is equipped with 
an air track (6), which contains an oxidant activator 
(7) joined with a regulator (8) by a control circuit and 
with the mixer (4) by an air pipe (9). The regulator (8) 
serves for regulation of the oxidant activation extent, 
Atthe end of the air pipe it is possible to place a vortex 
device (it is not shown in the figure). Also the device 
is equipped with a fuel track (10) containing a fuel 
activator (11) and a regulator (12) of the activator and 
consumption of fuel. The block (11) is joined with the 
mixer (4) by a fuel pipe. The device is equipped with 
an electric combustion activator (14) containing a 
high-voltage transformer (15) of intensity and 
frequency joined to its regulator (16) by a control 
circuit. An electric outlet of the block (15) is joined to 
one of the electrodes (2), and the second outlet is 
safely electrically grounded by a grounding mat (17). 
The high-voltage wire of the outlet of the block (18) is 
connected with the electrode (2) through a bushing 
insulator (it is not demonstrated in Fig. 1a). The device 
is equipped with a gas toxicity calculator (18) joined 
to the inlet of a mode optimizer (19), which is a control, 
system for interacted regulating of all the parameters 
of combustion. For that the outlet of the mode 
optimizer (19) is joined to the inlets of control of the 
regulators (8), (12), (16) 


‘The device operates in the following way. At first an 
activated oxidant of O1 is applied through the air track 
(6), activator (7) and air pipe (9) to the mixer (4). Then. 
an activated fuel of Fis applied through the fuel track (10) 


and the activator (11) to the same mixer (4). A 
blended fuel is prepared in the mixer (4) and then is, 
atomized and combusted by a sparkle of the block 
(5). In the combustion chamber (3) flame and waste 
gases are processed by strong alternating electric 
field, which is generated by the block (14) in a gap 
between the electrodes (2). In the process of 
combustion waste gases toxicity is measured by the 
special toxicity sensor (18). Depending on current 
toxicity the parameters of flame combustion are 
regulated by the mode optimizer (19). More precisely 
the oxidant consumption and the extent of its 
activation are changed by the regulator (6), the fuel 
consumption and the extent of its activation are 
changed by the regulator (12), the intensity and 
frequency of the alternating electric field generated 
by the block (14) in the combustion chamber (3) is 
changed by the regulator (16). Let us note that the 
electric field in the combustion chamber (3), viz in the 
gap between the electrodes (2), catalytically 
influences on both the flame and the waste gases. 
‘The essence of the process lies in the fact that the 
processes of fragmentation and oxidation of fuel 
radicals and of toxic oxide molecules are accelerated, 
Intensiveness of combustion and of toxic gases 
refinement increases as well as the intensity of this, 
field and its frequency do. As a result of the 
interconnected regulation of all the listed parameters 
fuel of any kind can be fully, intensively, “cleanly” 
combusted, 


In Fig. 1b there is a photo of the operating experimental 
device designed to investigate the processes of 
influence of electric field on the process of matters 
combustion and of cleaning of waste gases. The photo 
represents following things. 


1. In the left side there is a furnace with a high- 
voltage electrode in a higher part of its body. 

2. In the centre there is a vertical column of the 
electric combustion cleaning (after-burning) of 
toxic gases in the electric field; on the top of the 
column a high-voltage electrode can be seen. Gas 
pipes designed for toxic gases supply-withdrawal 
are connected with the column and located to the 
right and to the left from it. 

3. A regulable blower is represented in the upper 
Tight side of the picture. It is designed for toxic 
gases withdrawal and connected with the gas pipe 
by the column. 

4. At the foot of the picture there is a regulable 
high-voltage tension source (the electric field 
source), which is connected with the furnace and 
the column of toxic gases cleaning by high-voltage 


It is experimentally proved that combination of two 
stages of the combustion activation (i.e. in the furnace 
and the column) ensures ideal cleaning of toxic gases 
at combustion of any toxic matters. 
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Some Results of Experiments 


Our experiments and investigations of many-sided 
influence of electric and high-voltage electromagnetic 
fields on the combustion process have proved that such 
practically ideal condition of fuel and matters 
combustion is possible to be realized in practice [1] 


‘Low-powered static and alternating electric fields (i. 
the fields of constant sign and of variable sign) of more 
than 1kV/cm intensity were used as combustion 
catalysts as well as high-frequency electromagnetic 
fields of low power with some frequency of oscillations 
of molecules in the flame (flame power is 0.1 ~ 1% of, 
heat power of the flame of the combusted organic 
fuel). 


Peculiarities of Oxidants Application in the 
New Technology 


It is known from the thermodynamics and combustion 
‘theory that optimal ratio of the oxidant mass, for example 
air, and the fuel is approximately 1:16 in an average 
combustion process. In our experiments with the electro- 
field catalyst the ecologically appropriate combustion 
ofthe hydrocarbon fuel (mazut, straw oil) was achieved 
at oxidant deficiency (for example, at the ratio of oxidant 
mass and the fuel of 1:1). For experts it means that there 
is a real possibility for 10 - 15 times decrease of amount 
of waste gases of any heat machines and to while their 
former power is the same. As the experiments 
demonstrate carbon and hydrocarbon are absolutely 
removed from the waste gases. In the experiments 
oxides of hydrogen and nitrogen were 4 ~ 8 times 
decreased and flame existence was 5 ~ 10 times 
increased. 


‘The issues of the experiments prove the hypothesis 
about possibility of effective environmentally appropriate 
combustion as a process of direct transformation of 
chemical energy of organic fuel into electromagnetic 
radiation energy of the flame (including heat and optic 
diapasons). The transformation is accompanied by 
removal of polluting toxic components from the waste 
gases that occurs due to many times intensification of 
‘the combustion process under action of electromagnetic 
catalysts. 


Operations of regulable activation of fuel oxidants 
(simultaneous or separate), which are introduced into 
‘the combustion technology, ensure additional improving 
ofthe combustion process. Especially it occurs at heavy 
oil fuel combustion and water-fuel emulsion combustion 
that was experimentally tested by us. The process 
becomes especially effective if the flame of the 
combusted activated blended fuel is additionally 
processed by alternating electric field. Due to 
introduction of the operation of all the combustion 
parameters regulation (of consumption of fuel, oxidant, 
of their activation extent, and of their combustion 


intensiveness extent), according to the information of 
the waste gases toxicity, it is possible to achieve 
effective combustion of fuel and waste products of 
practically all kinds. 


Our experiments demonstrate that combination of the 
very flame procession with procession of the waste 
gases and air (i.e. an oxidant) by electric field is very 
effective for the waste gases cleaning. The essence of 
this additional cleaning of the waste gases lies in 
fragmentation of carbon particles and exhaust opacity 
by electric forces of an alternating field as well as in 
after-oxidation of some toxic oxides in the medium of an 
ozonized oxidant. Energy consumption for activation of 
the flame combustion by strong electric fields is small, 
and does not exceed 1-3% of heat energy of the flame. 
Advantage of this invention is universality of the 
application for combustion of any inflammables. It is 
possible due to widening of the diapason of the electric 
field parameters regulation (of intensity and frequency), 
‘especially in the mode of their interconnected regulation. 


‘The essence of catalytic action of the alternating electric 
field on the flame combustion process consists in 
effective breaking of dipole radicals of fuel by an 
activated (dipole) oxidant. Moreover, the essence lies in 
better mixing of layers of combusting flame with the 
oxidant that occurs due to removal of a doubled electric 
layer from the limit line of the flame. Thus this technical 
solution allows achieve new positive effects due to its 
significant peculiarities, ie. extending of application area 
of the known electric combustion method over the 
combustion process of any inflammables as well as it, 
allows significantly increase controllability of the flame 
combustion process. 


Let us note that in the experiments on the combustion 
of organic fuel in strong electric fields the regulation 
of the flame temperature and of its existence was 
achieved at unchanged consumption of fuel and of 
oxidant. That was achieved by changing of the 
parameters of the combustion electric-field catalyst 
(intensity and frequency) of a longitudinal electric 
(electromagnetic) field. Rotation and stabilization of 
the flame was achieved by a rotating transversal 
electric field. Changing of the flame height was 
realized by the longitudinal electric field. 


‘The investigation, which has been performed by us, 
Proves that directly acting on the flame the very 
electric field which directly influences on the flame 
and emission of electrons flow (ideal type of oxidation) 
into the flame can most effectively intensify the 
combustion process and make it harmless for the 
humankind and for the environment! 


It has already been experimentally proved that 
energy consumption required for generation and 
regulation of this electric field and of the electrons 
flow for intensification and environmental 
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appropriateness of the combustion is quite small 
relatively the combustion energy and comes to 
fractions of a percent of the flame energy. Thus our 
experiments prove that the best “oxidants” and 
combustion catalysts are not superfluous air but the 
jectron and the electric field! 


Regulation of Heat Conductance of the Flame 


As our experiments have demonstrated, the electric 
Jd can act as an effective combustion catalyst as 
woll as a regulator of its intensiveness; moreover, it 
can control even a vector of heat conductance. It is 
proved by the experiments that the parameters of this, 
field can be regulated as well as temperature of the 
flame and gradient of the flame heat conductance. 
Interesting experimental results were obtained 
measuring full heat of combustion of the same 
quantity of fuel at the usual method of fuel combustion 
and at the method, which uses combustion electric 
catalysts, even in the case of oxidant deficiency. In 
the last case the energy of fuel combustion almost 
1.6 times increases that can be explained by fuller 
transformation of fuel chemical energy into 
electromagnetic radiation. At the usual combustion 
methods the chemical energy of the organic fuel was 
not completely used and remained as a cryptic 
summary chemical energy of intermolecular 
connections of many toxic waste gases, which were 
exhausted into the atmosphere by heat devices 
Basing on the performed experiments it may be 
supposed that, evidently, specific heats of matters are 
20-50% higher at this method than at their usual 
combustion method. The essence of the new electric 
combustion technologies consists in this new physics 
of combustion. 


‘The author has already got patents for invention of 
Russian Federation [3 - 12] for the methods of 
regulation and intensification of matters combustion 
processes, 


Some peculiarities of atomization, 
inflammation and combustion of organic fuel 
in electric fields 


We have not discussed all the potential capabilities 
and advantages of the new electric combustion 
technology for different areas of technics. Let us 
demonstrate them in more details. 


One of characters of the new electric combustion 
technology is effects of oxidant ozonization, of 
electrostatic atomization and electrostatic injection 
of electrically charged particles of fuel and the 
oxidant that is followed by generation of the finest 
aerofuel opacity on a molecular level in a 
combustion chamber. Naturally, such fine atomization 
of the fuel causes its easier evaporation, inflammation 


and combustion especially in the medium of the 
ozonized oxidant. The mechanism of fuel electrostatic 
fragmentation is physically explained by Coulomb 
interaction of repulsion from each other of 
electrically likely charged fuel drops (particles) that 
is accompanied by their progressing fragmentation 
and corresponding decrease of their mass and electric 
charge. As the experiments have shown the extent of 
the fuel drops (particles) fragmentation depends on 
initial electric potential of fuel charging and initial size 
of injected fuel drops (particles), which for their part 
depend on configuration and size of a fuel-injection 
nozzle as well as on pressure occurring in a fuel line of 
the heat machine. 


Generated by dipolar high-voltage potentials 
catalyzing electric field can be introduced into the 
atomization zone or (and) the combustion zone of the 
combustion chamber of an engine. Its Coulomb forces 
accelerate motion of electrically charged particles of 
fuel and oxidant to an opposite electric potential, 
which is connected with, for example, a piston of an 
engine. Thus electric field acts as an electrostatic 
pump that allows decrease pressure in a fuel line as, 
well as allows practically ideally atomize the fuel and 
mix it with the oxidant. Moreover, it lets simplify and 
improve the systems of injection and inflammation of 
the blended fuel in heat machines and devices, for 
example, in internal combustion engines or in boiler 
plants. Their application can cause additional 
improving of energetic and ecological characters of 
the combustion technologies. According to our 
information, such high-performance fuel-injection 
nozzles have yet been unknown in technics therefore 
they have not been applied in heat machines (injector 
internal combustion engine), 


Is it possible to combust water? 
Water as a fuel! 


More amazing experimental results were obtained at 
40-80% dilution (emulsification) of liquid organic fuel, 
for example diesel oil, with habitual water. Summary 
energy as heat and light, which is generated in the 
process of such blend combustion, was not practically 
changed that can be explained by liberation of energy 
of chemical connections of water as well as of fuel. In 
the process of the experiments on combustion of the 
emulsion at first it was transformed into the finest 
water vapor on the molecular level by means of 
capillary electroosmosis and of electrostatic 
atomization. Then dipolar water molecules, which 
had been electrified by field, were fragmented into 
hydrogen and oxygen, and then the hydrogen was 
effectively combusted in the medium of the 
ozonized oxygen. Let us note that at this mechanism 
of water “evaporation” and of following splitting of 
water molecules into hydrogen and oxygen the electric 
field expends energy, and heat of organic fuel 
combustion just accelerates (catalyze) this process. 
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Editor: It is necessary to note that electric field can 
not expend energy. If there are no conduction 
currents then the field source does not decrease 
difference of potentials. Hence it can be concluded 
that effectiveness of such power systems is possible 
to be UNRESTRICTEDLY HIGH. The author writes 
about it below as about an “incomprehensible 
phenomenon’. 


‘The most amazing and incomprehensible fact is that, 
the electric field transforms water into “vapor” and 
breaks the water molecule into hydrogen and 
oxygen practically without any expenditure at 
minimum of energy consumption. Electric power 
of the intensity high-voltage transformer, which is 
necessary for strong field generation, lies in the 
interval from several watts to tens of watts. As the 
experiments 
consumption of the high-voltage source practically 
is not changed at correct shunting of the flame by 
the electric field (i.e. through an air gap). Current 
consumption practically did not increase depending 
on mode of fuel atomization and its combustion (of 
flame height, of combustion intensiveness...) 


have demonstrated electric 


‘There are only two conditions of effective work of 
static electric field as an electrostatic pump-atomizer 
of fuel and as a catalyst of blended fuel combustion. 
‘The first one is intensity of the field in the zone of 
fuel atomization and in the zone of flame combustion. 
‘The second one is enough emission of electrons into 
the blended fuel flow. In this mode Coulomb forces 
make work of electrostatic pressure generation and 
of electrostatic fragmentation of particles and 
molecules of fuel and water. The forces repulse likely 
charged drops of water. Heat motion of fuel radicals, 
which are combusted and fragmentized in the flame, 
impedes their chemical recompounding into water 
molecules in the zone of combustion. Moreover, it 
causes proceeding of a very physical chain reaction 
of hydrogen combustion in the flame. 


‘Therefore additional light and heat energy, which 
is generated in the flame by combustion of hydrogen 
generated from water molecules that occurs in the 
ozonized oxygen, does not decrease summary 
energy of combustion of blend of fuel with water 
but increases it, 


‘Thus using of electric and electromagnetic fields as, 
the strongest catalysts of combustion of organic fuels 
and any matters clears great prospects of 
combustion technologies improving. Moreover it 
allows create ecologically appropriate heat machines 
and devices and 20-50% increase their effectiveness 
due to fuller transformation of chemical energy of 
inflammables into heat or light energy. 


Ways of radical improvement of heat machines 
or about a new mechanism of transformation 
of heat energy into mechanical energy 
and into kinetic one 


For clear realization of causes of extremely low output 
of moder heat machines that has generally lead the 
civilization to the ecological catastrophe it is necessary 
to understand their common principle of operation as, 
well as a cause of heat energy non-effective using in 
them. 


A mechanism of transformation of heat energy, which 
is generated by fuel combustion, is the same for all 
known heat machines. It consists in generation and 
transformation of superfluous pressure of a heated 
working body (ie. gas, vapor etc.) into kinetic energy 
of a working element of the heat machine (i.e. a piston 
of an internal combustion engine, a turbine of an 
aviation engine, a reaction jet flowing out a rocket 
nozzle etc.) in special chambers of the machines. 


It is also known that the higher the temperature of the 
heated working body, for example of a gas, the higher 
initial pressure in the working chamber of a heat, 
machine. Why output of heat machines is so low? Any 
expert of thermal physics, thermodynamics, and heat 
machines can answer that efficiency (output) of heat, 
energy transformation into mechanical one is defined 
by the second law of thermodynamics and is clearly 
illustrated by Camo heat cycle. According to these 
postulates, output of an ideal heat engine does not 
depend on a working matter and on the engine 
construction but is defined by temperatures of the 
working body in the starting point and in the final point 
of the cycle, i.e. by the temperatures of the heater and 
of the refrigerator of the heat machine. Real output of 
the heat machines is limited by heat stability of 
materials and by imperfection of engine constructions. 


Nevertheless known thermodynamic processes and 
lows of heat motion of particles and molecules are 
significantly changed in strong electric fields and 
demonstrate new prospects for improving of heat 
machines. 


A solution of the problem can be briefly formulated as: 
to increase output of heat machines it is necessary to 
use a new mechanism of redistribution of heat energy 
into energy of directed pressure of a compressed working 
body (i.e. gas, vapor, etc.) on the working element of 
the heat machine. At the minimal pressure it should be 
redistributed on sidewalls of the working chamber. 


Can it be realized in practice? On the face of it the 
technical solution is unrealizable nevertheless it exists, 
Itis possible to redistribute and to regulate heat motion 
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(pressure) of heated gas inside a closed reservoir and, 
hence, its temperature in a certain direction. To 
achieve this aim it is necessary to introduce static 
electric field into the combustion chamber of a heat 
machine and to orient heat motion of electrically 
charged and dipolar molecules of expanding 
working bodies (i.e. gas, vapor) along force lines of 
the electric field by electric Coulomb forces. 
Something similar occurs, for example, in liquid crystal 
cells of electronic timer, in Kerr cells (electric optic 
effect) at periodical application of electric field to them 
that causes dipolar molecules turn along a field vector 
as well as change of light penetrability of these 
matters, 


‘There is a difference between this known in 
electrooptics phenomenon and our case. The difference 
lies in the fact that polarized gas molecules remain 
movable along force lines of the electric field in contrast 
to liquid crystals, which do not. This fact causes 
redistribution of parameters of heat energy (i.e. 
pressure, temperature, and heat penetrability) of 
dipolar molecules of heated gas just along force lines 
of the field. The more the intensity of the field at the 
initial temperature of the working body is the more the 
difference of pressures on the sidewalls of the chamber 
and on the working element, for example, on an engine 
piston. 


Heat motion of polarized particles of heated gas can 
be decelerated by combination of three electric fields 
of constant sign in accordance with all three 
coordinate axes; hence it is possible to significantly 
and quickly decrease temperature and pressure of 
the gas. In this case the heat energy of the heated gas, 
makes jump transformation into electromagnetic 
radiation. 


Editor: Historically this method, ie. plasma retention by 
electric field, was proposed by Oleg Lavrentiev in 1948. 
He had 7-grade education and served as a sergeant in 
Armed Forces in Sakhalin. After he sent Stalin a letter 
containing a phrase, as “I know a secret of hydrogen 
bomb creation” he was invited to Moscow toset his ideas 
out to academicians. His ideas were not lost nevertheless 
the scheme of plasma electrostatic retention was not 
applied ("Expert” magazine #23, 18 of July of 2001). In 
1950 Sakharov and Tamm proposed a scheme of a toroidal 
magnetic thermonuclear reactor which has been 
developed until now. Why isit so? It is difficult, expansive 
and practically unreal. 


‘Thus introduction of strong electric fields into heat 
machines allows significantly increase effectiveness 
of transformation of heat energy of a working body 
into mechanical and kinetic energy of working 
elements of the machines by means of directed 
regulation of temperature and pressure of heated gas, 


for example, in the starting point and in the final point 
of a working stroke of a piston. In other words it 
allows increase output of the machines. 


APPLICATION AREA OF NEW ELECTRIC 
COMBUSTION TECHNOLOGY 


Practical application of the new combustion 
and thermal technologies 


‘The new technology is universal and applicable in 
practically all spheres of technics. Therefore we 
believe that further development and application 
of this new technology of fuel and waste products 
combustion is very important for radical improving 
of all the heat machines and of all thermal 
technologies. As the civilization uses hydrocarbon 
fuel and matters in its life circle then just this new 
technology can solve critical ecological and 
energetic problems of the civilization. 


It is impossible to view in details all proposed 
perspective technical solutions based on this 
technology [1-25] within one article. Therefore we 
give only one striking example. 


Environmentally appropriate engine 
for motor transport 


Since the transport, which uses thermal internal 
combustion engine (ICE), is most harmful for the 
environment then let us discuss ways of their ecological 
and energy improving. Several years ago the author 
patented “method of intensification of ICE operation” 
[7]. The essence of the invention consists in introduction 
of controllable electric field into combustion chambers 
during the whole operation period of an engine by 
special monoelectrode spark-plugs (Fig.2) 


Initial zone of blended 
fuel combustion 6 snized air 
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1. ~ combustion chamber; 
2. ~ piston, 2a heat-resistant surface of the piston 
(zone of electric-spark discharge) 

3. ~ admission valve (its canal is not indicated) 

4. ~ exhaust valve (its canal is not indicated) 

5, - combined mono-electrode spark-plug; 5a ~ fuel 
nozzle with hollow central electrode and end disk 
electrode 

6. electric insulator of the spark-plug ~ fuel nozzle 
7. ~fuel pump (for example, an electrostatic one) 

8. high-voltage regulable transformer (electric field 
source) 

9. ~ force block of tension high-voltage transformer 
(=12V/25KV) 

10. ~ system of regulation of electric field source (9) 
11. - board current network =12V (SB is a storage 
battery of an automobile). 


‘This structure chart briefly demonstrates basic 
components of a new ICE, where there is directed 
pressure of gases on a piston. In particular, many 
inventions of the author are realized in practice here, 
ie. semi-digital spark-plug, electrostatic fuel nozzle (5), 
electrostatic fuel pump (7). A new mode of volume 
inflammation of blended fuel has been realized in 
practice, ie. “a spark coming from a disk electrode 
(6-a) to a piston (2-a)". Since it is possible to regulate 
the electric field intensity generated by a high-voltage 
source of tension then an advance angle of blended 
fuel inflammation can be regulated, gases pressure 
on the piston at explosion stroke of ICE operation can 
be regulated as well. 


Photo of 


Fig.2b demonstrates simplified three-dimensional 
construction of the proposed energetically and 
ecologically perfect ICE. There are observable elements 
such as a combustion chamber, a piston, valves, a 
monoelectrode sparkplug, and an electrostatic fuel 
nozzle (in the centre on top), which is connected with 
the spark-plug. In the centre of the combustion chamber 


it can be seen volume inflammation of the blended fuel 
at spark appearance from end electrode to the piston. 


As a result a summary positive effect of ecological, 
construction and energetic improving of ICE is 
achieved, i.e. effective cleaning of exhausted gases 
directly in the combustion chambers of the engine, 
significant simplification and perfection of a fuel 
injection system, improvement of system of distribution 
and electric inflammation of the blended fuel. In this 
engine a distributor (as well as its analogues) is 
removed at all since sparking and intensive 
inflammation ofthe blended fuel automatically appears 
between central electrode of the spark-plug and the 
piston which comes to the upper “dead” point. The 
central electrode of the spark-plug is constantly under 
high tension. The advance angle of ignition is regulated 
by change of the electric field intensity. Powerful 
multipoint ignition causes simultaneous intensive 
inflammation of the blended fuel that occurs throughout 
the whole chamber. The electric field as a powerful 
combustion catalyst intensifies the process of the blend 
combustion at the explosion stroke of the engine and 
at after-burning of waste gases directly in the 
combustion chambers at the following output stroke 
of the engine operation. Directed along the axis of the 
piston in the combustion chambers this electric field 
serves as a transformer of gases heat energy into 
mechanical energy of the thermal engine pistons. That 
is caused by the fact that the field orients heat motion 
of the expanding gases along the axis of the pistons in 
combustion chambers of the engine at explosion stroke 
of ICE just. It causes redistribution of heat energy and 
increase of the gases pressure on the very pistons that, 
significantly improves effectiveness of transformation 
of heat energy of the fuel combustion into mechanical 
energy of the piston motion (theoretically the 
improvement is by two-three times), ie. it two-three 
times increases output of a classical thermal engine 
making it come to 70-80%. 


‘The electric field, which is introduced into the 
combustion chambers of an internal combustion 
engine, ensures significant economy of fuel (up to 30- 
40%) at saving of its working characteristics. It occurs 
due to fog electrostatic spray of fuel and to the fuel 
electrization as well as due to oxide ozonization, 
‘Moreover it occurs as a result of deep after-burning of 
hydrocarbon components of fuel, combusting blend and 
waste exhaust gases. This method allows effectively 
regulate temperature of the blend combustion in the 
chambers while required compression in cylinders is, 
the same, for example, to minimize nitric oxide 
generation in the exhaust gases. As a result there is no 
necessity in external devices for cleaning of exhaust, 
gases of internal combustion engines; ecological 
appropriateness improvement can be simultaneously 
achieved. Additional aerosol hydro-alkaline processing 
of these gases can allow totally clean exhaust gases 
of the transport, which operates on thermal engines. 
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Workability of such an environmentally appropriate 
engine in two-stroke and four-stroke variants is 
experimentally demonstrated. There are also 
experimentally shown decrease of all toxic components 
in exhaust gases, 20-30% increase of useful power of the 
engine, and simultaneous decrease of fuel consumption. 


‘Thus practical application of the new electric 
combustion technology can exert revolutionary 
influence upon propulsion engineering development 
and upon increasing of ecological compatibility and 
effectiveness of the transport, which operates on 
thermal engines. 


Diagram of operations of technology of effective using of refinery 
wastes in heat-and-power engineering 
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Fig.3 
Technology of environmentally appropriate combustion of refinery wastes as fuel for oiler plants 

‘The author has patented other technical solutions of improvement of different devices, which are based on these 
technologies. These solutions concerning boiler plants, gas turbine engines and jet engines and many other heat 
machines and devices allow increase their effectiveness and simultaneously significantly improve their ecological 
factors. As an example of application of this technology in heat-and-power engineering there is a diagram of 
operations of the technology of the environmentally appropriate combustion of refinery waste as a fuel for boiler 
plants (Fig.3). Unfortunately the limits of one article do not allow discuss these inventions in details nevertheless 
the author will realize it in practice in future works. 


Conclusions: 


1. The existent methods of solving of the ecological problems are ineffective as well as work of organizations, 
which deal with ecological and nature conservation activity. It is caused by the fact that they are oriented to 
search and remove consequences of ecological pollution of the nature instead of their causes. 

2. The article demonstrates real causes of global ecological problems, which consist in imperfection of 
‘technologies of generation and transformation of energy. 

3. Using of strong electric and electromagnetic fields of low power as combustion catalysts allow significantly 
improve ecological factors of combustion technologies and of devices, which realize the technologies in practice. 
In other words it allows realize in practice “clean combustion of fuels and wastes and possible existence of 
“clean” heat technics" 

4. Application of electric and electromagnetic fields in the combustion technologies allows significantly increase 
effectiveness of transformation of chemical and heat energies of fuel into mechanical and electric energies. 

5. The electric combustion technology allows realize in practice principally new ways to control combustion 
process as well as to control many thermal and kinetic processes (ie. processes of pressure, heat conductance, 
‘temperature, etc.) ie, allows increase output of heat machines. 
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6. The new electric combustion technology is a universal method of solving of ecological and energetic problems 
of the civilization and a universal way of radical improvement of technics (i.e. of the transport, boiler plants, oil- 
and-gas processing plants, combustion wastes recycling plants, etc.) 
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‘There is discovered new electric physical effect of 
intensive “cold” evaporation and dissociation of liquids 
and aqueous solutions into fuel gases without any 
energy consumption due to high-voltage capillar 
electroosmosis [1] 


Prospects and problems of 
hydrogen engineering 


Effective obtaining of hydrogen from water is a long- 
standing tempting dream of the civilization. That is 
connected with the fact that there is a huge amount of 
water on the planet, and hydrogen engineering promises 
the possibility to obtain unlimited quantity of “free” 
energy obtained from water. All the more, the very process 
of hydrogen combustion in oxygen medium, which is 
obtained from water as well, ensures ideal high-calorie 
and environmentally appropriate combustion, 


Ecological and energetic problems are very actual 
nevertheless they have not been effectively solved. All 
known methods and devices of production of hydrogen 
and other fuel gases are ineffective since there is no a 
real high-performance technology of evaporation and 
splitting of liquid molecules. The main cause of 
ineffectiveness of the analogous consists in their difficulty 
and in energy consumption for breaking of intermolecular 
connections at dissociation of water liquid fractions. 


Physical-chemical structure of even habitual tap water is, 
quite complicated since there are numerous 
intermolecular connections, chains and other molecular 
structures in water. In particular, in habitual tap water 
there are different chains of oriented water molecules, 
which are peculiarly connected with admixture ions 
(cluster formations), its various colloidal compounds and 
isotopes, mineral matters as well as various dissolved 
gases and admixtures. 


It is a paradox but in the living nature there is a long- 
standing effective way of electric capillar delivery and 
“cold” evaporation of liquid, which allows transform it 
into gaseous state without heat energy and electric 
energy supply line. This natural effect is realized in 
practice by plants, which deliver aqueous solution and 
make its “cold” evaporation by capillar electroosmosis, 
Itis quite comprehensible that this natural energetically 
perfect technology is applicable in methods of liquids 
transformation into fuel gases. The author of this article 
has designed such experimental devices of cold electric 
capillar evaporation of liquids according to electric pumps 
of trees (Fig.1-3). 


‘The simplest operating device, which experimentally 
realizes in practice the effect of high-voltage capillar 
electroosmosis of the “cold” evaporation and dissociation 
of water molecules, is demonstrated in Fig. 1. 


New Electroosmotic Capillar Method of 
Obtaining of Fuel Gas from Water 
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Fig.1 


‘Simplest device of capillar 


jectronsmosie of liquids 


First experiments on the electric capillar dissociation of 
liquids were made with using of habitual water as well, 
as its solutions and water-fuel emulsions of various 
concentrations as liquids. In all these cases fuel gases 
‘were successfully obtained in spite of the fact that these 
gases greatly varied due to their composition and heat 
capacity. The experiments on the electroosmotic 
evaporation and dissociation of liquids are realized in 
practice by the following way. First a wick (3) and a 
porous evaporator (4) are moisten with a water-fuel 
blend (emulsion) (2) then the blend (2) is poured into a 
reservoir (1). Then a high-voltage source of tension (6) 
is switched on and high-voltage difference of potentials 
(about 20 kV) is supplied to the liquid at some distance 
from the capillaries (ie. from the wick (3) and the 
evaporator (4)). The source of electric field is joined to 
the device by electrodes (5-1) and (6). A plate perforated 
electrode (5) is placed above the evaporator (4) surface 
at a distance, which is enough to prevent an electric 
breakdown between the electrodes (5) and (5-1) 

Electrostatic forces of longitudinal electric field acts on 
the liquid. As a result dipolar polarized molecules of the 
liquid move along capillaries of the wick (3) and 
evaporator (4) from the reservoir to an opposite electric 
potential of the electrode (5) (i.e. electroosmosis 
occurred). Liquid molecules are detached from the 
evaporator (4) surface by these forces and transformed 
into a visual fog, ie. the liquid is transformed into another 
aggregative state at minimal energy consumption of the 
electric field source (6). After that they provide 
electroosmotic elevation of this liquid. In the process of 
detaching and collision of evaporated liquid molecules 
with molecules of ir and ozone as well as with electrons 
there is occurring partial dissociation between the 
evaporator (4) and the upper electrode (6) in an ionization 
zone. At the process a fuel gas is produced, which can 
come thorough a gas collector (7), for example, into 
combustion chambers of motor transport engine. 


It has been experimentally shown that change of 
intensiveness of process of evaporation and dissociation 
of vapor molecules depends on change of distance from 
the electrode (5) to the evaporator (4). Moreover, this, 
dependence is conditioned by the following factors, viz 
bby changing of the evaporator area, kind of the liquid, 
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quality of capillar material of the wick (3) and the 
evaporator (4), parameters of the electric field as well 
as the source of intensity (of power) (6). 


‘The author's first experiments on this simplest device, 
which were organized in 1986, demonstrated that 
“cold” water fog (i.e. gas) appears in capillaries from 
liquid (i.e. water) at high-voltage electroosmosis 
without any observable energy consumption but just 
using potential energy of the electric field. This 
conclusion is evident since in the process of 
experimenting consumed electric current of the field 
source was the same and equal to the consumed 
current of the source idling. This current was not 
changed depending on the appearance of the liquid 
evaporation. 


‘The experiments demonstrated that capillar 
electroosmosis evaporated quite significant quantity 
of water (1 liter) without any energy consumption for 
10 minutes at a 10-centimeter-diameter capillar 
cylinder. That is to say that the consumed electric 
power (10 Watts) of the electric current source, ie. of 
the tension high-voltage transformer (20 kV), was 
unchangeable and did not depend on mode of its 
operation. It has been experimentally stated that the 
whole consumed energy supplied by the current 
network is insignificantly small comparably with the 
energy of liquid evaporation. It can be explained by 
the fact that power was consumed only to generate 
the electric field and did not increase at liquid capillar 
evaporation that occurred due to work of an ionic pump 
and of a polarized pump. Hence the effect of cold 
electric-capillar evaporation of liquid is very economical 
in respect to the process energy consumption. 


Inspite of the fact that energetic essence of this process 
has not been disclosed it is evident that both “cold 
evaporation” and water dissociation are realized in 
practice by potential energy of the electric field. More 
precisely, the visual process of evaporation and water 
splitting into Hand 0, at the capillar electroosmosis is 
realized by powerful Coulomb forces of this strong 
electric field. 


Editor: It is not the most surprising fact. The most 
astonishment is aroused by school-day stereotypes that 
work of a field at a closed cycle is equal to zero. These 
stereotypes have been kept in mind of people for a long 
period of time. Everybody understands that a field can 
do work but if a body falling from some height is 
accelerated in a potential field and its kinetic energy 
increases then it requires energy consumption torelevate 
the body up to this height. Nevertheless, the analogy of 
a gravitation field with an electric one is not one-valued 
since the electric field may be generated only at a part, 
of trajectory of the accelerated body motion. An electric 
field can be pulsating, it can be screened or it is possible 
tochange its direction at the reverse part of the trajectory 
in such a way that the field constantly accelerates the 
body. Hence a principal conclusion can be made: 
‘summary work of a potential field may not be equal to 
zero. This conclusion has earlier been proposed by A.V. 
Frolov in his article published in the USA (Newsletter of 
the Institute for New Energy. May 1994. p. 1-4). 


In principle this uncommon electroosmotic pump- 
evaporator-splitter is an example of the perpetual 
motion machine of the second type. Thus the high- 
voltage capillar electroosmosis of aqueous liquid 
provides really intensive and energetically free 


evaporation and splitting of water molecules into the 
fuel gas (,,0,, H,0) by means of using of potential 
energy of the electric field. 


To produce more complete dissociation of water 
molecules into the fuel gas it is necessary to make the 
whole water molecules collide each other and be split, 
into molecules of H, and O, in an additional 
transversal alternating field (Fig.2). 


Fuel gas 
HiosHo = 


Fig.2 
Davie for production of fuel gas by electrooemosis, The device i= 
‘equipped with an additional high - voltage splitting center of 
liquid molecules by electric alternating field. 


At the second stage of water dissociation the energy 
of the second electric field is used, more precisely, 
powerful electrostatic forces are used to intensify 
oscillation resonant process of “collision-repulsion” 
of electrified water molecules represented as water 
gas. The result of this process is complete breaking 
of liquid molecules and generation of fuel gas, 
molecules. 


Conditions of optimal dissociation vary due to a kind 
of the liquid, to capillaries properties, and to the field 
parameters. These conditions are caused by required 
productivity of the process of dissociation of concrete 
liquid. Fig.2 demonstrates in details functional 
structure and composition of the device equipped 
with two sources of the electric field. 


In the case of preliminary division of initially 
chemically neutral water into chemically active 
fractions (i.e. acid fraction and alkaline fraction) 
realization of the technology of production of fuel gas 
from water becomes possible at temperature below 
zero (up to ~30°C ). In winter it is quite important 
and useful for motor transport. This “fractional” 
electrically activated water does not freeze at degree 
of frost; hence the device designed for hydrogen 
production from such activated water can operate 
at environment temperature below zero and at 
degree of frost, 


This principle of additional chemical activation of 
water (or liquid) is realized in practice in the device 
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(Fig.3). In contrast to the devices mentioned above 
(see Fig.1, 2) this device is supplied with an 
electrochemical activator of liquid (3) with evaporators 


(4) 
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Fig.3 
Hybrid device equipped with two sources of electric field and 
Tiguid electric activator 
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Fig.4 


Productivity of the method increases as well as oscillation 
frequency of the second tranaversal electric field (A) and 
‘evaporating area (B) increase. 


There is a known and low-expenditure progressive 
electric technology by Stanly Mayer, which has been 
worked out to obtain fuel gas from water (Mayer cells). 
Our technology is more progressive and ensures higher 
productivity than Stanly Mayer's technology does [3]. It 
can be explained by the fact that this electroosmotic 
effect of evaporation and liquid dissociation combined 
with amechanism ofthe electrostatic pump and the ionic 
pump ensures intensive evaporation and dissociation 
ofliquid as well as effective detachment of gas molecules 
from the dissociation zone. The process of gas molecules 
detachment is accompanied by acceleration from the 


upper end of the capillaries. Therefore in our case the 
effect of screening of the working zone of molecules 
electric dissociation is not produced. All these processes 
proceed at minimal energy consumption, which is similar 
‘toanalogous energy consumption. Moreover, the process, 
of fuel gas production does not slow down as the process 
in Mayer's technology does therefore gas productivity of 
our method is significantly higher than that of this 
progressive analogue at similar minimal energy 
consumption. 


In the near future production run of these high-effective 
electroosmotic generators of fuel gas from practically 
any liquids (including tap water), which are based on 
the proposed new technology, can be established. At 
the first familiarization level it is especially easy and 
economically appropriate to realize in practice a variant 
of the device of transformation of water-fuel emulsion 
into fuel gas. A prime cost of the production-run device 
for generation of fuel gas from water of 1000 m*/hour 
productivity comes to approximately 1 thousand of 
US dollars. Consumed power of such an electric 
generator should come to no more than 50-100 Watts. 
‘Therefore such compact and effective fuel electrolyzers 
can operate practically in any motor car. As a result heat 
engines can work on any hydrocarbon liquid or even on. 
habitual water. Mass application of these devices for 
‘the motor transport can cause immediate energetic and 
ecological perfection of the motor transport as well as 
designing of an environmentally appropriate and 
economical heat engine. Approximate financial 
expenditures for working out and designing of the device 
for fuel gas obtaining from water, and for bringing the 
investigation of the first testing device of 100 m'/sec 
productivity to an experimental-industrial model come 
‘to about 450-500 thousands of US dollars. That contains 
‘the expenditures for projecting and investigation, for 
designing of the very experimental device and of atesting 
‘bed, which is necessary for approbation and engineering 
development of the device. The author is interested in 
‘business and creative cooperation with those companies, 
‘which can provide this project with investments to bring 
the device to the experimental-industrial model and 
introduce the perspective technology into practice. 


Conclusion 


Electroosmotic “cold” evaporation and dissociation of 
water and aqueous solutions through capillaries is a 
perspective way of highly productive fuel gas 
production at minimum of energy consumption. 


References 


1. VD. Dudyshev New electric combustion 
technology is an effective way of solving of energetic 
and ecological problems // "Ecology and Industry 
of Russia” ("Ekologia I Promyshlennost Rossii") 
magazine #3 1997; 

2. “New Energy News" magazine, May 1994. P 1-5; 
3. Stanly Mayer Method of production of fuel gas. 
Patent of the USA #4.936,961; 


New Energy Technologies, Issue #1 January - February 2003 


Conceptual Hurdles ta New 
~-Millennium poli b" 


Donald Ree 


E-mail torsionpower@yahoo.com 


Abstract 


‘Time, space, energy and mass form the four-fold 
conceptual basis for gauging physical reality. The 
following paper, as a follow-up to a previous exposition [1 
‘which focused on the necessity to change the current, 
paradigm for time, continues in this same vein, but will 
also consider in greater depth the interrelations of this 
phenomenon with the other three yardsticks cited above. 
Again, information garnered from a wide variety of 
sources will be considered. We hope to provide, through 
just such a unique eclectic format, the beginnings of a 
possible fresh understanding of the workings of nature 
and perhaps ultimately furnish a conceptual basis for 
extending the structure of current physical theory to 
compatibly encompass the elements of a unified 
framework of physics and metaphysics. 


Introduction 


In the former article cited above, by investigating the 
following varied sources and research [2-17], we came 
to the inescapable conclusion that the phenomena of 
time and space are considerably more intimately related 
thanis currently suspected by modern science, and will, 
require a drastic re-working to fit the conclusions ofthe 
various evidence cited. Towards this end, the adoption 
of a more expansive paradigm for these yardsticks was 
suggested, which incorporates a fluid-field nature for 
time and space where both are derivatives of the 
fundamental ground-form of energy in flux or oscillation. 
‘These new approaches involve the inclusion of a 
Kozyrev-type of “substantial” (active) time-flow as 
opposed to the conventional “relational” (passive) 
concept of time, where it is used as a static parameter 
signifying duration. The substantial aspect of time pre- 
supposes that it is an essence which can and does affect 
physical processes, and that those same physical 
systems can cause a reverse action on time [8]. Such 
active fluctuating (deformable) types of time or space, 
implies the establishment of a revolutionary notion: 
positing completely non-scalable metrics for both time 
and space. This is in direct contrast to all contemporary 
orthodox models for physical reality, either in Einsteinean 
relativity (Special or General theory), quantum field 
theory, or even superstring/supersymmetric theory, all 
of which continue to consider both of these yardsticks 
from their relational (length or durational) standpoints. 
Consequently, all these formalisms require scalable 
metrics of some sort for their proper description (for 
refreshing viewpoints on this matter, see [7]). For 
instance, in the standard equations of quantum theory, 
time is regarded merely as an unchangeable static 
parameter. When we later consider applying these novel 
substantial aspects of time to the edifice of quantum 
theory, we will see that time must then become a 
“hidden variable”. It will be seen that by considering 
time in this manner, a clearer and more tractable 
explanation of the inevitable probabilistic aspects of 


quantum theory, evidenced in the signature Uncertainty 
Principle, complementarity and non-locality will arise, 
‘without having to invoke the counter-productive and ill- 
conceived Copenhagen Interpretation. 


Oscillatory Models for Time and Space 


Upon accepting non-scalable metrics for time and space, 
we observe that a similar field nature for energy and 
‘mass must in turn also be postulated. Moreover, from 
the Killick description of how (sub-atomic) tachion-pairs 
operate [6], shuttling their energy back-and-forth in a 
free-wheeling but purposeful manner and creating 
oscillatory features of time and space by their action, 
we should consider the possibility of another 
unprecedented concept: a “value-motivated” energy 
might be at the foundation of the structural integrity of 
physical matter. This is conceivable when considering 
Killick's description of the tachion-pair dynamic/ 
evolutionary cycle as necessarily including the 3-step 
process of observation - reflection ~ action (trinitivity 
of motion). Along the same lines, from the Smith book 
‘The New Science [5], we learn that a so-called “tempic 
field” energy exists, which could be described as the 
parent structure out of which our standard conception 
of “clock-time" (entropy changes) results. The tempic 
field is essentially a scalar (but not static) function which 
has vectorial nature only in terms of its distribution or 
gradient in space. Because of the nature of the tempic 
field, its derivatives - the electric and magnetic fields 
can operate on each other in a specific geometric/ 
topological manner, to produce a local change in the 
time-frame of matter, to use a term coined by the entity 
Kryon [4]. This theoretical description of the alteration 
of inertial/gravitational mass and time-frame has 
possibly seen recent actual demonstration in the 
‘dramatic experiments of John Hutchison [10] and Rudolf 
Zinsser's “kinetobaric" effect [11], as well as 
unpublished research of both Wilbert Smith and Ken 
Killick with electric caduceus-wound coils [5,6] 


‘New Models for Relativistic-Fluidic Vacuum- 
Structure and Possibility of its Manipulation 


Alll of this evidence allows us to conclude that 
measurable changes in relativistic parameters of time, 
space, mass and energy might not only be a feature 
accompanying rapid uniform movement of physical 
objects (Special Relativity), or representative of large 
gravitating astrophysical objects (General Relativity) 
Indeed, by relying on current limited paradigms, 
contemporary physics may have missed ascertaining 
the possibility of being able to alter these same 
relativistic parameters by the artificial technological 
manipulation ofthe tempic (vacuum) fields of sub-atomic 
particles in stationary matter, by use of specific 
electromagnetic fields. Tom Bearden, for one, has 
articulated on these various “futuristic"-type 
technologies in his many writings over the years [15]. 
We have recently seen that some of the novel theoretical 
conceptions of the more visionary physicists such as 
David Hestenes on the zitterbewegung (vacuum “jitter") 
phenomenon exhibited by the electron [12-14], has finally 
caught up with some of these advanced ideas by 
presenting new mathematical demonstrations (using 
‘geometric Clifford-algebraic) manipulations of the Dirac 
‘equation. In summary, the Hestenes’ study concludes 
‘that the Dirac wave function and its properties, including 
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the Dirac equation and relations to physical observables 
such as energy-momentum, spin and position probability 
current, all possess heretofore obscured important 
geometric relations. These results imply that 
probabilistic features of the quantum theory of the 
electron/positron arise principally from the 
electromagnetic interaction of the accompanying 
zitterbewegung-spin field of these particles with the 
ambient dynamic vacuum. This is, of course, in direct 
contrast to the conventional received view that ascribes 
wave-particle duality as a property of matter that is 
completely independent of the nature of its interactions, 
‘This revolutionary geometric interpretation of electron 
dynamics incorporates in its model an electron spin 
which arises from a helical or spiral world-line in space- 
time. The essential unprecedented feature of the 
Hestenes' zitterbewegung idea is the association of the 
spin with the local circulatory-helical motion 
characterized by the phase of the electron wave function. 
‘Thus, we reach the conclusion that the complex phase 
factor of the electron wave function can be directly 
associated with an objective helical motion of the 
electron which is, in turn, a derivative of the 
zitterbewegung. One intriguing feature of this structure 
is a frequency of oscillation that is inversely proportional 
to the scalar radius of curvature of the particles’ helical 
world-line. Moreover, the Clifford-algebraic analysis 
reveals that this oscillation frequency is identical to 
electron/positron mass, revealing a possible key variable 
particle mass-energy (frequency measure), which is in 
inverse relationship to particle size. It is clear that this, 
new model has important classical implications not yet 
considered by established physics which nevertheless 
directly correspond to some of the key features of sub- 
atomic behavior enumerated above and previously. Here, 
we refer to the tachion-pair dynamics [1,6], and also to 
the microscopic dynamics of elementary particles 
revealed by the selected esoteric sources previously 
considered [1-5]. 


Another researcher who echoes many of these 
conclusions is C. Sano [21]. Sano built on the work of 
AP Smimov [22] who postulated that Newton's Third 
Law of action/reaction actually modeled “screw” 
structures, implying that elementary particles 
(specifically electrons/positrons) possess chiral-spiral 
field configurations. Accordingly, Sano posited that all, 
actions/reactions are transmitted between actors and 
reactors by parallel or perpendicular clutching of the 
rotating chains of electromagnetic spirals of the hidden 
electrons and positron-pairs of the vacuum. Also, 
similar to the Hestenes’ development cited above, Sano 
postulated that the radius of the outer electromagnetic 
spiral surrounding the electron/positron pair can 
change, oscillating in size around either particle, and 
thus producing the particles’ electric or magnetic 
character. Supporting his theory, Sano cites the key 
research of LM. Shakhporanov [23] whose experiments 
claimed that magnetic monopoles were generated, by 
employing an electrical circuit based upon Moebius 
band topology. Some of the unusual phenomena 
demonstrated by this apparatus, tending to support 
the magnetic monopole hypothesis, was transformation 
of diamagnetic substances into paramagnetic, the 
ferromagnetization of normally non-magnetizable 
materials (graphite, etc.), acceleration of chemical 
reactions, acceleration or deceleration of the decay of 
radioactive materials, etc. Sano also claimed that 


extraction of energy from the vacuum was possible 
using rotational action/reaction using magnetic 
monopoles. 


Referencing this research to the current exposition, we 
recall that the key element of Killick's hypothetical 
tachion-pair operation was the similar non-linear/non- 
orientable Moebius-type dynamic cycle which results 
in the corresponding deformation (compression or 
rarefaction) of time/space/energy parameters [1,6]. In 
this regard, the remarkable similarity of this model to 
the research of Sano and Shakhporanov may be much 
more than mere coincidence. In fact, later we shall 
examine new research outlining an apparatus (yet 
untested), which claims to overcome the Coulomb 
barrier in low energy nuclear reactions (LENR), and 
achieves nuclear fusion by producing local time-dilation 
of soft photons in proximity of the deuteron reactants. 


Additional Key Russian Research 


To motivate the reader's sensibilities towards 
consideration of some of these unorthodox ideas, we 
defer to the previous article [1] in which many of these 
notions and mentioned research are explored in greater 
depth, as well as consider the following corroborative 
research. 


One intriguing example of such experiments is the work 
of V. Chernobroy, from which he has claimed to 
demonstrate both acceleration and deceleration of local 
time-rate, within a small spherical enclosed volume 
conducted since 1988 [18]. The experimental system to 
produce these effects, was a set of electromagnets, 
connected in series and parallel and installed inside the 
globe-shaped surface in several layers. In various 
arrangements including up to 3o § of such layers, these 
electromagnetic working surfaces (EWS) of various 
diameters were installed inside each other (similar to 
the Russian toy doll “matrioshka") with the maximum 
EWS diameter was about 1 meter, and the minimum. 
(internal) diameter of 115 mm. With this configuration, 
Chemobrov claimed to measure small but detectable 
deceleration (-30 sec/hr.) and acceleration (+30 sec/hr.) 
of time within the sphere to time monitored outside its 
field of influence. One interesting difference was noted 
between the slowing down vs. the speeding up of time. 
‘The deceleration occurred considerably more smoothly 
and steadily whereas with acceleration, sharp 
discontinuous jumps were observed. These instabilities 
accompanying time-acceleration was observed in 
connection with cycles of the moon, diumal fluctuations, 
and also operator presence. Chernobrov also noticed 
another phenomenon that also was reported in 
connection with the alleged legendary Philadelphia 
experiment, where matter in different time-frames 
apparently exhibited strange relative optical phenomena 
[see 1,4]. Specifically, the human eye in the time-frame 
exterior to the experiment perceives matter within the 
time-frame created by the apparatus as either 
transparent or surrounded by a vague white mist. We 
note with interest that transparent “shimmering" effects 
of substances in the target area were also occasionally 
a feature of Hutchison effect [10] 


Academician A. Chemnetsky produced what he termed 
a self-generating discharge (SGD) in a plasma that 
exhibited longitudinal energy density waves from a 


New Energy Technologies, Issue #1 January - February 2003 


structured vacuum, Some unusual effects noted were 
over-unity energy generation (C.0.P > 1), as well as 
change of the electrical conductivity of matter (reduction 
of the resistance of resistor) placed between the 
capacitor plates of the SGD. A local structured vacuum 
was definitely produced since the resistance value 
remained unchanged even when the generator was 
‘tumed off, Here reference must be made to the Kozyrev 
experiments [1,8], in which a type of similar memory 
process was activated ostensibly within the vacuum. 
Specifically, it turned out that in experiments with a 
vibrating torsion balance (or pendulum), at points of 
support the emerging additional forces did not disappear 
‘when the irreversible process (vibration) was stopped, 
‘but remained in the system for an appreciable time. The 
SGD plasma device may have also produced a detectable 
change in local time-flow rate as evidenced by decrease 
in frequency of a quartz oscillator placed in the discharge 
ofthe generator. The Chernetsky generator thus possibly 
caused anomalies in time-rate at a local space position. 
‘There were also basically anecdotal phenomena where 
psychic ability of personnel in proximity to the SGD was 
apparently enhanced [19]. The latter effects are not 
inconceivable once the intimate connection of 
consciousness to space and time is ascertained, from 
consideration of not only hypothetical “value-motivated” 
‘tachion-pair dynamics, but from the more prosaic studies 
as we shall see next. 


Pathological Studies in Time-Perception 


We can motivate further understanding for the claimed 
intimate connection of time to space by considering the 
results of a recent study of patients possessing a 
disjointed sense of time by Metod Saniga of the Slovak 
Academy of Sciences [20]. Saniga discovered the brain 
is hard-wired to perceive space and time as 
interconnected. Specifically, time pathology is 
apparently always accompanied by space pathology, in 
a sense that space either loses dimensions or acquires 
other dimensions. To quote Saniga “When time seems 
to stop, people often feel as if space becomes 2- 
dimensional. On the other hand, when the subject feels 
they perceive the past, present and future all at once, 
‘they simultaneously have the impression that space has, 
infinite dimensions”. This phenomenon is apparently not 
culturally endemic since Saniga illustrates that both 
pathologies cross cultural lines, evidencing similar 
studies cited from Italian, German and English 
psychological journals. In his report, Saniga combined 
mathematical models ("pencil-conics") and pathology 
reports of schizophrenic, drug-induced and other 
abnormal perceptions of time. His current work also 
encompasses studies of near-death experiences. He 
found that most of those who claim to have allegedly 
crossed over to the “other side” and back, tell similar 
tales. For that brief moment of near-death, the universal 
subjective experience of all individuals in this state of 
consciousness is that time loses its meaning. Although 
such evidence can at best be considered as anecdotal, 
since subjective conscious experience transcends the 
possibility of scientific proof, nevertheless perhaps these 
results from pathological and near-death studies also 
give us a hint towards new conceptions of time and 
space that necessitate both phenomena to be 
inextricably linked. 


Investigation of the Possible Internal Properties 
of Time 


One inescapable conclusion that results from all the 
above varied studies, either scientifically or 
psychologically based, and which cries out for future 
experimental verification, is the possible existence of 
an internal structure for time. Such a structure also 
implies the necessity for constructing a new edifice for 
physical reality that incorporates non-scalable metrics 
for the four fundamental yardsticks. We shall first 
investigate supporting evidence for internal time 
structure and subsequently the various implications of, 
space, time, energy or mass that is non-scalable. 


First, accepting an internal time structure, we are led to 
conclude that in quantum theory, time must then attain 
“hidden variable” status. One recent study that 
brilliantly articulates this notion, is the thought- 
provoking paper by X. Chen (24). By positing 3 time 
variables as quantum hidden variables, Chen derives 
the Dirac equation classically. Moreover, he 
demonstrates that the non-intuitive property of "spin" 
of an electron or positron , arises naturally as, 
a topological property of 3-dimensional time 
+ 3-dimensional space. By extrapolating from this, 
model, Chen then concludes that the inherent 
probabilistic aspects of quantum theory itself, as 
evidenced in wave-particle duality, Uncertainty 
Principle, quantum non-locality (“entangled” particles), 
etc., can he interpreted as the behavior of a single 
particle in 3 + 3 time-space. Chen postulates that the 
three dimensions of time geometrically form a “time 
sphere", with a generic point on the sphere possessing 
the following 3 coordinates: time radius, and two "time 
angles”. The mathematical formalism arising from the 
process of stereographic projection from the north pole 
of this sphere, having radius of one-half, to any point on 
the spherical surface, incorporates both the positive- 
energy (north hemisphere) and negative-energy (south 
hemisphere) solutions to the Dirac equation (see Fig. 1 
for clarification; note Zis a four-component spinor wave 
function). Also, by considering the evolution of a single 
particle, from the standpoint of this model of internal 
time-space, we can derive a picture of different paths 
on the time sphere of different weights, and on each 
path causality is satisfied. Through this process, Chen 
derives a purely classical explanation of the originally 
‘quantum-mechanically canonized Feynman Path Integral 
concept. This result emerges since each path from the 
time-sphere center to the surface corresponds to each 
‘Feynman path, and the surface ofthe sphere corresponds 
to the “surface” of the wave function. Chen also 
classically explains the processes inherent to Bose- 
Einstein-condensation (BEC) and superconductivity with 
this model. In such phenomena, two particles with the 
same spatial coordinates, cannot possess the same time 
angle, and thus will not have any interaction with each 
other and occupy the same quantum state as evidenced 
in BEC and superconductivity. Finally, Chen's solutions 
of the Dirac equation for a free particle correspond to 
Hopf bundles in monopole theory, and each Hopf fiber 
corresponds to each plane wave with different 
momentum states. This picture corresponds to wave 
packet diffusion in quantum theory. When a particle is 
ina fixed momentum state, each space point can contain 
only one Hopf bundle (one time angle), and various 
different time angles will be distributed in the whole 
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space but with the same Hopf bundle. Consequently, 
that particle can be found everywhere. This picture 
appears to describe the Uncertainty Principle classically 
using 3 + 3 dimensional time-space. Along similar lines 
R Kiehn [25] has also recently underscored the important 
>but overlooked classical connection between spinors, 
minimal surfaces and the Hopf map. 


Recently, Chen's work has been further developed by 
H. Kitada [26] who, by introducing both 3-dimensional 
time and energy operators, sheds new classical light on 
the uncertainty relation that holds between these two 
parameters as well. Moreover, Chen is not the only 
reseracher to derive the Dirac equation classically. 
R.A. Close has published a paper which presents a 
classical mathematical description of circularly-polarized, 
waves in 3-dimensions [27]. It turns out that these chiral 
space waves are satisfied by a four-component wave 
function which satisfies a Dirac equation. Furthermore, 
much like the Hestenes' zitterbewegung interpretation 
of quantum theory, the term normally associated with 
electron mass in the Close equation, introduces a rotation 
or oscillation frequency of the propagation direction. 


Classical models for nuclear processes have also recently 
been proposed which incidentally also imply internal 
time structure. Notable among these, C. Cagle claims 
to have developed a fusion energy device employing 
LENR based upon such a classical theory [28]. Normally, 
Deuterium nuclei are diffuse in momentum space (having 
high relative velocities). The process Cagle outlines 
produces a compactification of their momentum space 
(low relative velocities), so that the deuterons develop 
common de Broglie wavelength that is greater than or 
equal to the inter-particle distance. This is claimed to 
be accomplished by passing soft x-ray photons near the 
region of two deuterons in a lattice structure of Lithium 
Deuteride. The soft x-ray, when absorbed , produces a 
region of total time-dilation, causing two effects: first, 
ionization of atoms by strongly repelling any 
associated electrons in the area, and secondly and 
most importantly, the physical extent of the time- 
dilation causes two adjacent normally repelling 
Deuterium nuclei to overlap in a common momentum 
space; that is, their relative velocities achieve very 
low values. Consequently, due to the time dilation, fora 
very short time their common de Broglie wavelength 
exceeds their inter-particle distance. Thus, they become 
strongly attractive and undergo nuclear fusion. 


Cagle also claims to clarify misconceptions about the 
fusion process in a thermonuclear bomb. He maintains 
that it is not due to extreme kinetic energies (high 
temperatures) of particles as supposed in current 
paradigms, but due to nuclear processes caused by 
absorption of a time-dilated soft photon flux, produced 
by Compton scattering of hard x-rays from a fission 
igniter, passing through a foil of depleted Uranium, 
Again, just like the controlled nuclear fusion process, 
this causes overlapping of deuterons in momentum 
space (low kinetic energies) for a few pico seconds, and 
subsequent fusion with normal exothermal processes 
ensuing. 


Furthermore, as a fundamental component of his LENR 
fusion device, which ostensibly produces time dilation 
and controls energy production from the fusion process, 
Cagle incorporates a topological field structure termed 


an electromagnetotoroid. The toroidal field current 
oscillates between toroidal and poloidal modes in a 
dynamic cycle which is amazingly virtually identical to 
Killick's description of the oscillation dynamics ofa single 
unit toroidal tachion [1,6|(also see Cagle's website for 
animated simulation). 


Regarding dynamics of astrophysical structures, Cagle 
further claims that the stellar jet core star of HH30 is, 
also a gigantic electromagnetotoroid. During the poloidal 
current mode, vast quantities of matter are produced 
and ejected along the poloidal axis when the mode 
changes from poloidal to toroidal. This leads one to 
consider the possibility that the source of superluminal 
gamma ray bursters, which have heretofore mystified 
astrophysicists and defied explanation in terms of 
current paradigms, might be the result of large- scale 
abrupt changes in the time-frame of celestial vacuum 
regions, subsequently causing a boost in light velocity. 


Implications of Non-scalable Metrics 


When postulating fluid-field natures for the four 
yardsticks of physical reality: time, space, energy and 
mass, we must assume the existence of a non-scalable 
metric for our vacuum structure. Such a non-scalable 
vacuum, absent of a defined reference frame, must of 
necessity possess a dual nature. That is, the primary 
feature of a dual vacuum structure implies that infinitely 
small quantities must be treated on an equal footing 
with those that are infinitely large. In other words, 
information encoded into infinitesimal elements, is also 
instantly present in the unbounded infinite extents as 
‘well. This is tantamount to the existence of a holographic 
information encoding and transmitting vacuum field, 
‘which would structure events in space and time as a 
non-Markovian chain. In a non-Markovian chain of 
events, the prediction about the next link in the chain, 
requires a knowledge of all links, not just the one 
preceding it. 


Metod Saniga's research into mystical perceptions of 
superconscious reality appears to support such a 
primordial non-Markovian holographic mapping of time 
and space. To quote from a transcript of such a vision: “I 
wake up in a whole different world...a different 
space...This space was distinct from the one we all 
know. Ithad different dimensions, everything contained 
everything else. One was situated in a state of being in 
which the ‘will be’ (future) and the ‘vanishing’ (past) 
were already included, and this being was my 
consciousness. It contained it all. The ‘being contained’ 
‘was present very vividly in a geometric way in the form 
of circles of different sizes which again were all part of 
unity since all of the circles formed exactly one circle. 
‘The biggest circle was a part of the smallest and vice 
versa." [20], 


Such a structure of time and space can best be 
‘topologically encoded in a non-orientable structure such 
as the Moebius band or Klein bottle. Similar to the data 
presented in the above mystical revelations and in the 
previously treated Killick tachion-pair dynamics [1,5], in 
such configurations "inside" and “outside” lose their 
meanings and meld into one another; ordinary 
dichotomic relations distinguishing thesis from 
antithesis are sublated and supplanted by a higher unity 
defining the evolutionary process of the system. In the 


New Energy Technologies, Issue #1 January - February 2003 


mathematical edifice abstracted from such a vacuum 
structure, duality rather than exclusivity of field 
structures holds sway. This in tum, presupposes static- 
dynamic triality of fundamental field structures, 
characterized by the three magnitudes: zero, infinity and 
‘the mediating factor of unity, the latter being an 
indication that each of the other two field extremes are 
in perfect balance. Accordingly, we will assume that the 
stability (coherency) of non-scalable fields results 
‘whenever more than half their reality is in common. 


Further development pertaining to a specific algebraic- 
geometric structure that would inherently incorporate this 
field model, will be carried out in a future paper. 
‘Nevertheless, the interested reader can skirmish on this, 
frontier by consulting the relevant recent references to a 
Clifford-algebraic structure which encodes the projective 
duality of “space” and “counterspace” into a model for 
mechanics on the quantum level [29]. This promising 
model accounts classically for the phenomenon of 
quantum non-locality. It also heralds a new version of 
quantum field theory which, by treating electron-positron. 
pairs as topologically non-orientable, is free of the 
detrimental divergences in self energy and charge, thus 
obviating the necessity for the ad hoc prescription of 
renormalization so endemic to current theory [30]. 


However, due to the limited scope of the current 
treatment, here we shall only make general comments 
on the significance of the above-mentioned concept of 
field triality. Although this model may appear foreign to 
current physical theory, we underscore that exactly such 
a system was delineated by W. Smith in the book, The 
‘New Science [5]. Observing, as we have [1], that this book 
in some parts of its exposition can cause confusion, we 
carefully choose the following selected passages that are 
most instructive in clarifying the notion of non-scalable 
metrics and in pointing the way to new paradigms (my 
comments in parentheses). General comment on non- 
scalable metrics: “Unity is half way between zero and 
infinity and always remains the fulcrum about which all 
other values regardless of scale pivot”. On the electric 
field: “Between the two limits of zero and infinity and 
‘through unity there is divergence which we recognize as, 
the electric field, but with the exception that there is no 
point charge at zero. Our awareness establishes the 
charge at radius unity with exactly half ofit being ‘inside’ 
and the other half being ‘outside'". On tempic field 
dynamics: “The tempic field being purely scalar in nature 
merely contributes to the manner in which changes can. 
occur in the system. If, however, through some 
characteristic of configuration, the tempic field within a 
composite particle displays some irregularity, this will 
manifest as a ‘vibration’, and if the magnitude of the 
vibration is sufficient as to cause the interpenetrating 
fields to exceed the half-and-half point , the whole system, 
will come apart: radioactivity. When a system does come 
apart, those field which were coherent and 
interpenetrating in the correct proportion will remain so 
and take off down the tempic field gradient and become 
radiated energy”. On velocity of light/Planck’s constant: 

“Within the universe we perceive, we are reasonably 
satisfied that the maximum value of all the coherent fields 
involved in our particles and radiated energy have the 
same value, Planck's constant is the numerical expression 
of this value, and the velocity of light is the expression of 
‘the numerical value of the (local) tempic field intensity”, 

On nuclear fusion: “If a region is selected in which there 


are two fields of the same kind, same magnitude, same 
direction, such that very nearly half the reality of each is 
‘within the region, then the two fields are just on the verge 
of becoming coherent. If the fields are not coherent, the 
total energy in the region is the sum ofthe energies of the 
two fields; i., twice the square of the field intensity of 
each integrated over the region, or twice the energy of 
the two fields incoherent. This represents the ‘packing 
energy’ ofbits and pieces of atomic nuclei, and also points 
the way to the precipitation of energy out of the cosmic 
background (vacuum engineering)". Notice how this 
description, written 45 years ago, of how a tempic field 
gradient (time-stress) operates between atomic nuclei to 
produce coherency (half-in half-out condition), perfectly 
parallels the recent Cagle view, which claims the fusion 
process takes place only as a function of time-dilation 
[28]. Finally, on gravitation: "With the exception of skew 
electric fields (electric field possessing tempic field 
gradient) all the other fields of an aggregate mass may 
bbe considered as static because they have no component 
ofthe tempic field at right angles tothem. The skew fields 
(spiral-helical?) on the other hand, are dynamic because 
they do have a quadrature tempic field component. 
Furthermore, skew fields are largely incoherent 
(gravitation cannot normally be shielded) simply because 
the usual almost random orientation precludes their 
meeting the half-in requirement of form to become 
coherent. Since the gravitational field is due to the skew 
electric field, or stated differently, to the induction from 
the ‘motional magnetic field’ (longitudinally moved 
magnetic field), this is the logical region to explore for 
the mechanism by which fields may be produced to 
combine with the gravitational field (of Earth) to produce 
a resultant more to our liking (alteration of local 
‘gravitational potential)” 


‘This last quote describes the gravitational field of a 
mass as a residual field phenomenon, similarly to the 
Sakharov and Puthoff conclusions which attribute 
gravitational and inertial mass to the interaction of 
accelerated or gravitating matter with the zero-point- 
vacuum-fluctuations (2PF) causing a vacuum reaction 
force [31]. Moreover, similar to the Hestenes' claims, 
in their recent papers [32], Haisch/Rueda/Dobyns 
propose that, via this new interpretation of inertial 
mass as an acceleration-dependent electromagnetic 
(Lorentz) force, that a former postulate of quantum 
mechanics appears to be derivable classically via the 
interpretation of rest mass as the energy of the ZPF 
driven zitterbewegung; that is, the de Broglie 
wavelength of a moving particle, may be derived from 
Doppler shifts of the Compton frequency oscillations 
associated with zitterbewegung that occurs when a 
particle is placed in motion. 


For further studies of physical theories with non- 
scalable metrics, the reader is directed to the excellent 
work of A.A. Nassikas [16]. Like few theories hitherto 
postulated, Nassikas posits a fundamental probability 
density function for vacuum energy, out of which 
oscillatory-deformable sub-atomic level physical 
aspects of time and space then emerge. This is the 
reverse to most contemporary paradigms, which view 
energy as a derivative of matter, time and space, even 
at the quantum level. Finally, A. Frolov has used 
Nassikas' theory to explain over-unity energy 
generation that has been demonstrated in some LENR 
electrolytic cells of the Pons-Fleischmann variety [17], 
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Editor: Actually Prof. Nassikas wrote in this patent 
‘that the dea which is described in the patant was proposed 
by Alexander Frolov. In 1996 these questions were 
discussed by us in Saint-Petersburg. Specifically, a 
Palladium cathode over-saturated with protons produces 
‘an imbalance of the vacuum engine in this area, with an 
accompanying change in the local time-rate and 
subsequent breakdown in the Coulomb barrier of the 
nuclei as per schemes articulated by C. Cagle [28] and T. 
Bearden [15]. 


Conclusions 


In this journey through the latest research and 
speculations involving new interpretations of the four 
physical yardsticks: time, space, energy and mass, we 
hope the reader and technical specialists/theorists have 
been inspired to continue research along the lines 
suggested in the above dissertation. Inthis regard, certain 
open-ended questions present themselves that focus 
squarely on the viability of technological future 
developments in the new energy field. First, could the 
missing element in our eventual understanding of all 
devices featuring documented over-unity energy 
generation, change in mass (gravitational potential), 
LENR-based transmutation of elements and the 
amelioration of radioactivity, etc., be due the alteration of 
local time-flow in sub-atomic vacuum fields within the 
apparatus? Secondly, could the frustrating feature of the 
capriciousness of over-unity power and the like to yield 
to testable replication in many cases, be due to currently 
unperceived uncontrollable aspects of time and the 
vacuum which mustbe addressed in order to solve these 
problems? Thirdly, could incorporation of non-orientable 
topological structures such as the Moebius band, Klein 
bottle, etc. in new models of electrodynamic field 
structure, be instrumental in finding the answers toboth 
of the previous questions? With sufficient probing for 
possible answers to such questions, the present author 
has the firm belief that new paradigms are certain to soon 
result that will crystallize these thoughts into viable 
scientific hypotheses subject to experimental testable 
verification. As an offshoot and definite bonus of this 
process, possibly a new more expansive understanding 
ofthe role ofthe vacuum in both nature and consciousness 
will be in the offing. 
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Resonant Phenomena Occurring in Alternating Current Circuit 


Alexander V. Frolov 


Te/fax:7-(812)-200-28-44 
E-mail office@faraday.ra 


‘There is a classical (according to manuals) notion that, 
resonant phenomena can not influence on efficiency of a 
transformer or a motor as in a capacitive circuit or in an 
inductive circuit power produced at minimal power at 
‘the input of an oscillation circuit is reactive (let us remind 
that active power is measured at active resistance), 


At the beginning of the last century this aspect was 
viewed differently. Advantages of a resonant case in 
alternating current circuits were used in practice. Let us 
appeal to a rare book by J. Claude-V. Ostwald named 
“Electricity and its applications by popular language” 
(LN. Kushnerev Press, Moscow, 1914, p. 463). 


“The phenomenon proceeds in a corresponding electric 
circuit as well as it occurs in hydraulic model: if self- 
induction and capacity parallel connected with each other 
are under influence of an alternating electric propulsion 
force then the total current coming through the system is 
equal to the difference of currents which pass two certain, 
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join ammeters to the general circuit (M) and to either 
path (P and N). If P demonstrates 100 Amperes and 
N demonstrates 80 Amperes then the total current will 
bbe equal to 20 Amperes instead of 180 Amperes. Thus 
alternating current has its own "summary" so we should 
consider its condition. ...capacity introduction 
compensates self-induction action in some way... let us 
begin to change the self-induction by moving a core into. 
What will happen if the current coming through the coil 
achieves 80 Amperes, i. is equal tothe current observed 
in the path with a capacitor? 


‘As you guess, since the total current is equallto difference 
between currents passing the paths then now it will be 
equal zero. It is an incredible case:the device produces 
zero current dividing into two paths and in each of these 
paths current is equal to 80 Amperes. It is a good example 
{forthe first acquaintance with alternating current, isn't it?” 


Andrey A. Melnichenko (Moscow) is one of modern 
investigators who research this phenomenon. Any motor 


of alternating current can be considered as inductance. 
A circuit consists of motor coils and some capacitor 
‘connected in series with the motor winding. Thus if we 
take the circuit, consisting of motor coils and a capacitor 
‘which is connected in series to motor winding and adjust 
it in resonance, then mechanical power occurring on the 
motor shaft is produced at zero (minimal) power 
consumption of an alternating current source. 


‘Melnichenko applied a simple method of voltage increase 
by meanse of resonance: he succeeded in obtaining of 
normal voltage for operation of standard motors of 60 Hz 
220 V from a source of 60 Hz 110 V and 70 V. The circuit 
consumption for overcoming of its active resistance (of 
coils) can be considered as insignificant. Low frequency 
currents require a large capacitor. Nevertheless even at 
higher frequency, for example at-400 Hz, the system can 
be compact and effective. This method is worth to be 
applied in a scheme consisting of an alternating current 
motor in resonance mode and an electric generator which 
has a stable load. Change of load causes change of 
rotation speed therefore the system requires to be 
readjusted for resonance. 


Experiments with powerful alternating current motors 
(about 100 Amperes as J.C. Ostwald wrote) working in 
resonance mode should demonstrate all advantages of 
the resonance mode application. 
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Space Power Generator 
and Paramahamsa Tewari Update 


Submitted by Toby Grotz, USA 


ep /wwwewari.org 


Anew generation of Space Power Generators is being built by Paramahamsa Tewari. The new design is expected 
to achieve substantial gains over previous models which has been measured over unity by experts in the utility 
industry as well as by independent consultants. Details are presented on the web site http://www.tewari.org. 


From the Electron to a Perpetual System of Motion 


Paramahamsa Tewari, B.Sc. Engg 


Asis well known, an electron, despite high-speed interactions with electric and magnetic fields and other particles 
of matter, remains unaffected structurally—maintaining its mass, charge, inertia, and locality after the interactions. 

‘This single fact itself is sufficient to postulate on the existence of some unique universal entity constituting the 
electron, such that the structure explains the known properties and behavior of the electron ~ as to how it sustains 
the collisions with the other particles and, yet, remains permanently indestructible without any reduction in the 
quantities of its basic properties. A theory that explains this enigmatic fact is framed and described in detail 
elsewhere. It reveals that the electron is a perpetually rotating system, a space-vortex (vortex of absolute vacuum) 
that through the process of motion in electric current, and interaction with external magnetic field can also lead 
to the development of a system partially violating Lenz’s law and, thereby, capable of achieving perpetual motion 
in a machine. Such a conclusion has a new theoretical basis, as well as experimental confirmation ~ briefly 
outlined in this paper. 


‘The basic understanding of the interaction of electric current with magnetic fields requires deeper knowledge of the 
fundamental nature of the electric current as well the magnetic field; this, in turn, leads to an inquiry on the nature 
of “electric charge" and its distribution in the electron structure. The origin of electron mass and charge, electrostatic 
and electrodynamic forces are described below with the vortex structure of electron, which further facilitates 
explanation of atomic structure and, thereafter, an over-unity efficiency generator. Due to brevity, predominantly 
qualitative-descriptions of the physical processes involved have been presented, 


‘The full theory and diagrams are presented in From the Electron to a Perpetual System of Motion at 
http://www.tewari.org. 


Universal Principles of Space and Matter 
(A Call for Conceptual Reorientation) 


A new book, Universal Principles of Space and Matter has just been published by Paramahamsa Tewari. 
Arangements are being made with the publisher to provide these books outside of India. The price is expected to 
be about $30 depending on shipping costs from India 


Anew theory of matter, that confronts with the existing concepts of space in the contemporary physics. 
‘The basic phenomena dealt with are: 
* Structural interrelationship between space and matter 


* Origin of mass, inertia, and electric charge 
* Creation of the electron from space 
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— wy i er ini ites 
— * Derivation of the presently known universal constants (gravitational, Coulomb's: 
Se Te constant, dielectric, magnetic permeability, electron charge, electron mass, Planck's 
SPACE Feteeegeeneeenen 
MATER Een 
Lemmas = * Theoretical derivation of the surface gravity of the Earth, Sun and the 
fem planets 
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New Reviews of P. Tewari’s work 


New reviews of P Tewari's work have been received JNET 


from Dr. John A. Wheeler and Prof. Umberto Bartocci 
A copy of Universal Principles of Space and Matter New Energy Technologies 
collection of articles 


Mhis summertesideace ts Meine Japanese Version 


Collection of articles fom Now Bnerey 
Dr. Wheeler saw the development of modem physics 
De Wheeler saw the development of modem physics | .cSlagies magazine, 20012002 is published 
colleague of Albert Einstein's at Princeton. Credited with in Japan. 

Doing he “fathr ofthe Black Hole Theory", Dr Wheeler 


is well schooled in quantum mechanics and relativity. On purchasing of the book, please, contact 


Eiichi Yamamoto, 


After receiving his copy of Universal Principle of Space Pe nema 


and Matter Dr. Wheeler called the book “a unique gift”. 
‘Further reviews of P'Tewan's work by Dr. Wheeler can be found 


at: http://www tewari org/Critical Reviews/critical reviews html. Banal acinin @pemneteans 90.0 OF 


eyama@yamatrans.co.jp 


Prof. Umberto Bartocci 


Universita’ di Perugia 


Dipartimento i Matomatiae Informatica Via Vanviteli Raum&Zeit 


(06100 PERUGIA - ITALY 
Tel: (39)-075-5002404 


E-mail: bartocei@dipmat unipg it EnlersVerlag GmbH, 


Geltinger Str-140, 
82515 Wolfratshausen, 
‘Telephon: 08171/41 84-76, 
‘Telefax: 08171/41 94-66 
Internet: 
1http://www-raum-und- 
zeit.com 


This is a very singular book, in front of the current 
paradigm of contemporary Physics, a “cartesian- 
inspired” work which calls for reorientation in the 
foundations, by wisely warning that: 


‘The conclusion of the modern physics that absolute 
space, time, simultaneity, and space filling media are 
idescietlited Wess ia Gortetoly goersatine (fr 178), Institut far Raum-Enorgl-Forschung (REF) bm, 


‘The books deals with arguments such as: Discovery of 


Charge and Mass Equations; Fundamental States of <Giahal Sealing Theary- Hydregan-Hellum 
Gosmic Energy, Fields and Forces; Gravitation; Universal Enaverte 

Constants; Motion of Electron; Atomic Structure; Light; - Gravitation theory - Information technologies 
Creation of Cosmic Matter (about Tewari’s physical =Marbamatic Biclogy pletommunieation 
conceptions see also the second section of this Episteme’s technalbales 


- Gravitation energetics- Transport technologies 


special issue http://www-dipmat.unipg.it/~bartocci). 
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laser beam 


Lighteraft Technologies, Ines 
il y 


Ball Lightning control 


apse 


The Ore 4 


ball formation 


Read in thisyissue! 
: ~é 4 


Tilley Foundation, Inc. 
. JS | B ittpjwww. tilleyfoundation.com 


curs 


Printed version ISSN 1684-7288 
ew, Online version ISSN 1684-9698 


Techmologics: 


Published by Faraday Laboratories Ltd. Issue #2 (11), 2003 
Research on advariced aerospace systems and new ener; 


Commercial 
exploration of sp 


ace 


Also in this issue: ©] 
@ New experiments on magnetic motors 


@ Ball lightning in laboratory environment 


® Alternative aircrafts and space propulsion systems 


NEW ENERGY TECHNOLOGIES #11 


Minato Wheel. E. Vogels (Sweden) 
Mechanism of Drive-Free motion, S.A. Gerasimov (Russia) 

Production of Ball Lightning in Laboratory Environment. Report by A. Pashova (Russia) 
Electric Discharge Produced into Air Half-Space. G.D. Shabanov, OM. Zherebtsov (Russia) 
Free Energy. A.V. Frolov (Russia) 

Some General Properties of Matter and Energy Sources. E.D. Sorokodum (Russia) 
‘Commercial Exploration of Space. Review by . Leontyeva (Russia). 

Prospects of Hydrogen Energetics. Ph.M. Kanarev (Russia) 

Heater Producing Healthy Effect. A.L. Belyaeva and others (Kirghizia) 

Inertial Propulsion Device. V.E. Senkevich (Russia) 

Unlimited Accelerated Nonreactive Motion. Review. 

Revolutionary Current. S.K. Baliyan (India) 

Tilley Electric Vehicle. Review. 

‘Trends in the Application of Motor-Generators. A. Akau (USA) 

Electric Vehicle in Russia. Review by A. Pashova (Russia) 

‘The Richard Clem Motor and the Conical Pump. R. Koontz (USA) 

Spontancous Flow Heat Pump. JL. Brochet (France) 

Registration of Gravitational Waves. V.N. Petrov (Russia) 

High-Energy Hyper-Low-Frequency Electric Field. Yu.V. Ivanko (Ukraine) 

To the Question of Work Made by Electrostatic Field. A.V. Frolov (Russia) 

‘Comments to Electro-Reactive LIFTER News. 

Letters from Readers. 

Advertisements (books) 


aLe_b 


Eric Vogels, Sweden 
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‘The self-running bicycle wheel was shown to the public 
at the First International New Science Symposium in 
1997, held in Korea. The inventor of the wheel, Mr. Kohei 
Minato, was a speaker during the symposium. On 
www.keelynet.com you can find the quote of an eye- 
witness: 


“The motor is actuated by moving the N pole of alarge 
permanent magnet (the drive magnet) toward the 
Wheel. As this magnet is moved toward the wheel, the 
wheel starts to spin. As the magnet is moved closer to 
the wheel it spins faster. 


‘The acceleration of the wheel is rapid. So rapid in fact, 
as to be startling. Te put it another way I was very 
impressed. The motor works. And it works very well. 
In the film clip (see http://fdp.hemsida.net) a slight 
pumping action of Minato's hand holding the magnet 
is apparent. When I braced my hand so that there was 
no pumping action, the motor still an. In fact it seemed. 
‘to run better. 


Fig. 2 


Pumping action by the hand held magnet is not the 
power that drives the motor. When the drive magnet, 
is moved away from the wheel it coasts rather quickly 
‘to a stop and comes to rest in a manner typical of any 
spinning bicycle wheel. Again when the wheel is at 
rest and a large magnet is moved up to the wheel it 
starts to spin. At no time it is necessary to touch the 
‘wheel to get it rotating.” 
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Since the symposium in 1997 and the first publications 
in the Internet several people have tried to replicate 
the wheel, as it seemed to be a perfect energy source 
for the future. Some claims are made that replication 
‘was successful but no proof in the form of pictures or 
video clips are given, 


Because I have a great interest in magnets and free 
energy and the fact that I did a lot of experiments to 
find a device that could be rotated only by means of 
permanent magnets, I decided to try to replicate the 
wheel by myself. 


‘This journey started by searching on the Internet and 
collecting all the material that was available. A good 
way to sort all the found material was building my 
own website at http://fdp.hemsida.net where all my 
findings are presented, 


One of the devices I build was made from a ‘how to 
build a Minato wheel'-manual that I found on the 
Internet. 


Fig. 5 


Unfortunately this wheel did not show any 
movement at all. | mounted the magnets at several 
angles and distances from the rim without 
achieving any positive results. Since the size of the 
wheel (1 meter diameter) was not very practical to 
handle and since the results were negative 1 
searched for an easier way for testing. I found that 
the use of Styrofoam, an old turntable and 
Neodymium disc magnets kept the whole project, 
within the edges of my kitchen table. I developed a 
computer program to help me design wheels, since 
I want to be able to replicate my own wheel, in case 
I find a model that works. I do not believe in an 
engine that works after several weeks of tuning and 
that fails to function as soon as one magnet is 
replaced. Individual tuning is okay to optimise a 
working design but if a design does not show the 
potential to rotate by itself it's a flawed design. 


After optimising the way to build the small wheels, 
I could design and make a wheel in 30 minute: 


I made a test scenario and the results for every 
test were posted on the web site. 


Fig. 6 


Isearched for the ‘perfect’ angle, number of magnets and. 
position, The set-up with the strongest thrust was used 
asthe base for the other experiment. By this time I realized, 
that I was not really trying to rebuild the Minato wheel 
but that I wanted a rotating device, powered by 
permanent magnets. 


When for the first time I decided to split atrack ofmagnets 
that covered 180 degrees of the wheel in a number of 
smaller tracks, the results became much better. 


Fig. 7 


By using this way of placing the magnets, every track 
differs a little bit from the next track, depending on its 
place on the wheel. The angle of the magnets 
influences on the thrust that is given by the stator 
magnet, depending on the speed that the track is 
entering the magnetic field of the stator. In other words: 
the track at the beginning of the wheel, with magnets 
covered side of the wheel, gives less thrust than the 
track at the end. This is important since a track with a 
lot of thrust has a big ‘sticky spot’ that should pass 
the stator. This ‘sticky spot’ stops the wheel during its 
rotation just before the first track enters the magnetic 
field of the stator. 
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During the last experiments the stator magnet changed 
place and pushed against the magnetic fields of the 
‘tracks from above. Simply because more thrust was 
developed by this way. The next wheel will have the 
‘tracks mounted on a different level. It means that the 
first track will have a bigger distance to the stator 
magnet than the last track. This should make the 
sticky spot weaker and the final ‘kick off' stronger. 
‘The final wheel will be mounted vertically, like the 
Minato Wheel, 


‘Thanks to the invention of the Neodymium magnet in 
1983, magnets became much more powerful while the 
size and length decreased. Before 1983 a lot of the 


experiments could not be done since the size of the 
magnets made the positioning of several magnets in 
tracks like this was impossible. It is my personal 
believes that the strength of these magnets will lead 
to results that are impossible according to the physical 
law books, because these magnets did not exist when 
‘those books were written. 


Until the moment I write this I have not found the 
perfect energy source yet but by exploitation all the 
material and findings on my web site I hope that more 
people get interested and will help searching for a 
great energy device that will not pollute the air which 
our children and grand children have to breath. 


Mechanism of 
Drive-Free Motion 


Sergey A. Gerasimov, Russia 


Physics Department, Rostov State University, Rostov-on-Don, 344090 
Email: GSIM1953@mail.ra 


The article presents results of the experimental study 
of the motion created by vibrations of an internal mass 
of the system of bodies accompanied by impacts of 
the unbalanced load with the external body. This type 
of propulsion drive is known by a number of names. 
Among these are the vibrational propulsion device 
and reactionless machine. Sometimes it is called the 
inertioid (1, 2}. The vibrational transposition is proved 
to go on by means of internal forces of a system of 
bodies [3-5]. The Tolchin's inertioid [6] is considered 
to be the first device that used the forces of inertia to 
create the reactionless infinite motion in space. We are 
not in a position to be a judge of this. There exist a 
number of projects of such machines but experimental 
results concerning such kind of motion are very limited. 
Below there are the experimental results on average 
velocities of such a motion and the description of a 
propulsion device a main particularity of which is 
absence of wheel-drive. 


Fig. 1 
Scomatic representation of a vibratory-impact selftransposition 


‘The unbalanced load in this device is an electric 
motor E of mass m that executes undumped vibrations 


relative to a platform P of mass M with four wheels W 
which can roll on a horizontal surface L with rolling 
friction the coefficient of which is k. The frictional force 
is determined to be a force which adjusts to keep the 
cart from motion across a surface. A disk cam C at 
one end of the axle of the motor ensures a prescribed 
character of the vibrations and elastic impacts 
between the load m and the follower B of radius a. In 
present experimental device, the cam C consists of 
‘two semicircles of different radiir and R as it is shown 
in Fig.1. In this experiment r=0.03m, R=0.05m and 
a=0.01m. The electric motor and the platform are 
coupled by a connecting spring S. The force F by 
means of which the electric motor is pressed to the 
follower varies linearly from F=4N at x=0.04m to 
F=4.8N at x=0.08m. The compressed spring S is, 
necessary not only for creating close contact between 
‘the cam and the follower. The restoring force of the 
spring produces the transposition of the cart in a 
direction opposite to F when the follower moves 
without contact from x=2R-r-+a up to an impact at 
x=r+a. The impact suppresses the transposition. 
Another mode of transposition is also possible when 
the impact of the cam on the follower is a reason of 
the transposition of the cart in the direction of the 
force F. In this case the frictional force extinguishes 
the transposition of the cart. 


Friction between the load of mass m and the cart is 
negligible since the corresponding effective 
coefficient is less than 0.001. The same is for the 
friction between the cam and the follower. The mass 
of the spring is m,=0.007 kg, and the mass of the 
cam is m,=0.019 kg. The total mass of the wheels is 
‘m,,=0.082 kg. This value can be useful fora theoretical 
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without contact from x=2R-r-+a up to an impact at 
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Another mode of transposition is also possible when 
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negligible since the corresponding effective 
coefficient is less than 0.001. The same is for the 
friction between the cam and the follower. The mass 
of the spring is m,=0.007 kg, and the mass of the 
cam is m,=0.019 kg. The total mass of the wheels is 
‘m,,=0.082 kg. This value can be useful fora theoretical 
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analysis. Thus, the total mass of the unbalanced body 
is chosen to be much larger than the mass of the cam 
or the spring: m= 


0 0.05 Ol ok 


Fig. 2 
Mictional coefficient dependence of average velocity 
of the platform at the period of vibrations T=1s for 
various mass ratios m/M: 

(a) M=0.9 kg , (b) m=1.2 kg , (c) m=1.6 kg 


At least in the case of irreversible mode, one could 
expect that the value of average velocity of 
transposition <v> must be proportional to the number 
of impacts per unit of time. In the other words the 
path traveled by the cart per one impact must not 
depend on frequency of vibrations. This is a reason 
why the dependence of the product <v>T versus 
the value of the friction coefficient k and ratio of 
masses d = m/M is investigated in this work. 
‘Measurements were carried out for two magnitudes 
of rotation period T= 1s and T=6s of the cam. The 
obtained results are presented in Fig. 2 and Fig. 3. 
First of all, the assumption mentioned above is not 
confirmed, 


Fig. 3 

Average velocity of the platform <v> as a function of 

frictional coefficient k at T=6s for various mass ratios, 
m/M: (a) M=0.9 kg , (b) m=1.2 kg , (c) m=1.6 kg 


‘The value <v>T for the period of the rotation T=15 
sufficiently differs from that for T=6s measured at the 
same conditions. Besides, when the mass ratio is large 
the cart can change its direction of transposition. The 
reason of these results is not clear but this device 
provides a challenge to explain and investigate this 
kind of motion that enables us to discover the 
reactionless motion if it is probable. One should pay 
attention to a fact that the infinite transposition of the 
platform takes place even if the friction coefficient kis 
small. 


References 


1. Gulia N.V. Inertia. // Moscow: Nauka. 1982. 
2. Aspden H. Anti-gravity Electronics. // Electron and 
Wireless World. 1989. V, 95. No 1635. B 29-31. 

3. Nappo F Sulla Influenza Indiretta Delle Forze Inertne 
sul Moto del Baricentro. // La Ricerca Scientifica 
(endiconti). 1965. V. 8. No 1. P 3-14 

4. Gerasimov S.A. Anisotropy of Frictional Force and. 
‘Vibrational Transposition. // Problems of Applied Physics. 
2001. V7. P 85-88, 

5. Gerasimov S.A. Self-Similarity of Vibrational Motion 
in a Resistant Medium. // Journal of Applied Mechanics 
and Technical Physics. 2002. V. 43. No 1. P 90-92. 

6. Tolchin VN. Inertioid. // Perm: Perm Book Publisher. 
1977. 


About the Author 


Sergey A. Gerasimov graduated 
from Faculty of Experimental and 
Theoretical Physics of Moscow 
Physical Engineering Institute in 
1976. Received Degree of PhD in 
Physics and Mathematics in 1987. 
Author of about 70 articles on 
Astrophysics, Atomic and Radiation 
Physics, Classical Electrodynamics 
and Mechanics. In present - 
Associate Professor of Department of General Physics 
of Rostov-on-Don State University. The fields of scientific 
interests are questionable problems in physics: self- 
interaction, self-transposition, unipolar induction. 


‘an online and published 


magazine about Electric, 
Hybrid, Fuel Cell Vehicles, 
advanced batteries, ultra capacitors, 


fuel cells, microturbines, free energy systems, 


events and exhibitions worldwide 


63600 Deschutes Mkt Rd, 
Bend Oregon, 97701 
541-388-1908 fax 541-388-2750 
cetimes@teleport.com 
ww welectrifyingtimes.com 
Subscription $13/3 issues: 


a 


y i 
> 


Production of Ball Lightning in 
Laboratory Environment 


Report by our correspondent Alla Pashova 


Three years ago a working device producing a ball 
lightning in laboratory environment was designed in 
Saint-Petersburg Institute for Nuclear Physics (SPINP). 
‘The produced ball lightning is accessible for detail 
investigation and quite stable. The lifetime of the ball 
lightning comes to about one second that is rather 
significant for alike artificial formations. The 
experiments on the device made by scientists of SPIN. 
ie. A. E. Egorov, G. D. Shabanov, 8. Stepanov, are not 
supported or financed. Let us note that every scientist 
of the group searches proofs for his own hypothesis of 
nature and structure of the ball lightning at all. 


A leading expert of SPINP, Anton I. Egorov, pays 
attention to dethronement of scientific myths: 


— There is a myth of ball lightning that is created 
by mass media. The mythical ball lightning is a 
concentrate of mysterious energy which is extremely 
dangerous for a human. It destroys houses, kills 
animals, pursues people. After meeting it a human can 
lose his hair or teeth and different misfortunes begin 
to happen. Supposing a simple story of a farmer- 
eyewitness: “It thundered, and a fist-sized fire ball 
rolled down along a drainpipe. It fell into a barrel of 
water, the water gurgled. I came up to it and put my 
hand into the water. The water seemed to become 
warmer...” After republishing of the story by several 
newspapers a dramatic story about a ball lightning 
which has evaporated a barrel of water appears. No 
wonder that such familiar attitude to facts causes 
hundreds of hypotheses of ball lightning nature 


— What is your hypothesis about ball lightning 
structure? 


— At the beginning of 90" I. D. Stakhanov, a 
member of Institute of Magnetism (IZMIRAN), 
developed a special method to interview eye-witnesses 
that resulted a right notion on ball lightning 
phenomenon. According to Stakhanov, ball lightning 
is a clot of hydrated plasma which is generated in wet 
air at electrical discharge. 


Water as a chemical compound is remarkable for its 
anomalous properties: combining of two lightest 
elements does not generate gas but produces a high- 
boiling liquid. This is caused by extremely irregular 
distribution of electrons in a water molecule. Due to 
this property it acquires properties of an electric dipole. 
Water molecules interact with charged ions, aerosol 
particles, and with each other in a special way. 


If a positive ion and a negative ion are introduced 
simultaneously into a puff of warm wet air then water 
dipoles immediately produce hydrate shells around the 
ions. When the hydrated positive ion approaches the 
hydrated negative ion additional water molecules are 
drown into gaps between them. As a result, there is a 
stable cluster in which the charged ions are conserved, 
‘The cluster consists of two ions of opposite charges 
and the hydrate shell. Water molecules prevent the 
ions’ approaching and recombination, hence, lifetime 
ofthe ions in the cluster increases up to tens of minutes, 
ie. in 12-13 orders. Interaction of clusters causes open- 
chain structures followed by space structures. That is 
to say, there is appeared a clot of cold hydrated plasma 
‘that accumulates great energy (up to 1 kylojoule per 
liter). The clot of plasma loses this energy at 
recombination of ions. 


— Could you, please, tell about the design of the 
device? What processes proceed when the device is 
operating? 


— _ Ourtask is to introduce an abundant population 
of ions into a puff of warm air saturated with water 
vapors. A base of the device for laboratory reproduction 
of ball lightning is a capacitor bank which is able to be 
charged up to 5.5 kV. The positive pole of the capacitor 
bank is connected to a ring electrode by means of a 
copper bar. The ring electrode is placed on a bottom of, 
apolyethylene reservoir filled with water. The negative 
pole of the capacitor bank is connected to a carbonic 
electrode which is placed in the centre of the reservoir 
near water surface. A quartz pipe encloses the 
electrode in such a way that it is possible to drop water 
or to put some natural matter on it. 


‘To generate a ball lightning 2-3 drops of water are put, 
on the electrode. When impulse discharge occurs a 
bright plasma spout escapes the centre of the electrode 
that is accompanied by a quiet plop. A glowing 
plasmoid which is an artificial ball lightning parts from 
the plasma spout. It comes up slowly in the air and 
then disappears falling to pieces in 0.2-0.3 seconds. 


We have made thousands of experiments for 
investigation of ball lightning properties, ie. defining 
size, lifetime, colour, average temperature, excessive 
charge, content of a dust component. 


It was ascertained that the artificial ball lightning is 
generated in a narrow interval of breakdown tensions. 
‘The average size of such a ball lightning is 12-20 cm, 
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and its lifetime comes to 1 second. Temperature of the 
ball lightning is not very high, i.e. 50° C. This can be 
defined if to take into account speed of rising of the 
ball lightning. If the plasmoid is accepted as a puff of 
warm wet air of 14-centimeter diameter which in 
atmosphere comes up at 293 K at speed of 1-1.2 m/sec 
then, consequently, its temperature should not exceed 
330K. 


Colour of the lightning varies greatly and depends on 
presence of aerosol of matter trapped in the moment 
of discharge. Usually the lilac central part of the 
plasmoid is surrounded by a diffusive yellowish layer. 
Some admixture of natrium salt and calcium makes the 
core of the plasmoid yellow or orange. 


If the central carbonic electrode is replaced by an iron 
or copper or aluminum one then the fundamental 
character of the phenomenon does not change. 
However, colour of the plasmoid depends on aradiation 
spectrum of excited atoms of the electrode, i.e. iron 
plasmoids are whitish, copper plasmoids are greenish, 
aluminum ones are white with reddish shimmer. 


— A generated ball lightning exists for about 1 
second. How can it be made more stable? 


— Lifetime of an artificial ball lightning depends 
on many conditions, ie. size and geometrical form of 
the central electrode, voltage between the electrodes, 
value and duration of a current impulse, temperature 
and electroconductivity of water which is put on the 
central electrode. Besides, lifetime of the plasmoid can 
be changed by introducing an additional dispersive 
phase into it. We have tested tens of matters and begun 
to investigate suspensions of colloidal graphite and 
fine-dyspersated ferric oxide. 


A suspension of 3 g of colloidal graphite, 8-10 ml of 
acetone (which played role of penetrating agent), and 
90 mi of water is put on the central carbonic electrode. 
When an electrical discharge occurs a layer of the 
suspension forms a flying spherical plasmoid. It comes 
up slowly and disappears in 0.3-0.8 seconds. The core 
of the plasmoid has a colour of flame, i.e. colour of 
burning carbon. 


‘To prolong the existence of the generated ball lightning 
without application of aerosols it will be possible to 
use the so-called “Faraday's cylinder” whose 
production has been already begun. For the same 
purpose GD. Shabanov proposes to put a stopping 
potential on a probe of detention. 


— There is an opinion that physical nature of ball 
lightning is similar to the process of controlled 
thermonuclear fusion. In this case, if your work on 
gonoration of a stable ball lightning is successful then 
you will be a competitor of the expensive project of 
controlled thermonuclear fusion. 


— I think that it is totally incorrect. Hydrated 


plasma is the first enemy of the thermo-nuclear fusion 
‘as water molecules do not allow neutrons approach each 
other. Effective cold fusion should be realized in organic 
liquids, for example, in heavy acetone or in a water-free 
medium. Somehow, it should be an absolutely “ary” 
process, No experiments on real “dry” cold fusion have 
been realized in practice. It has not been also examined 
the surfaces on which the combination of heavy 
hydrogen atoms produces maximal heating. 


Scientists should pay attention to two most effective 
cold fusion processes. The first one expects association 
of two atoms of deuterium occurring on a totally dry 
douterated surface which consists of, for example, 
zirconium deuteride. In the moment of fusion of a 
deuterium molecule local heating appears, and neutrons 
depart. The other perspective method of realization of 
the cold fusion process requires an absolutely “dry” 
organic liquid, ie. liquid acetone in which hydrogen 
atoms are replaced by deuterium atoms (C,D,O) or 
by atoms of cyclic compound of C, (D; ),. A tellurium 
cr zirconium tip of an ultra-sonic dispersant is placed 
into a reservoir ofthis liquid. Cavitation blebs are formed 
cn the surface of the dispersant. Neutron output comes 
to 10° particles. Maximal neutron output, which was 
achieved by Lipson, an American experimenter, consists 
of 10° neutrons at a desired result of 10". Certain 
quantity of neutrons can be obtained during ultrasonic 
cavitation which is accompanied by a phenomenon of 
sonoluminescence. Due to sound resonance the only 
cavitation bleb is generated in acetone. When the bleb 
collapses weak glowing is observed. The cause of this 
phenomenon consists in gas heating occurring in the 
bleb that is the result of high pressure produced by its 
collapse. The burst can last from 1/20 up to 1/1000 sec. 
Light intensiveness depends on quantity of gas in the 
bleb. If gas is absont in the bleb then the glowing does 
not occur. Light emission of the bleb is very weak, it 
becomes visible if it is strengthen or in absolute 
darkness. 


—Isit rightful that cold fusion is the future of world 
power engineering? 


‘To my mind another direction seems to be more 
perspective, ie. extraction of uranium from sea water 
and then its burning in heavy hydrogen reactors like 
one which exists in Canada. Photo voltaic accumulators 
can also become a successful approach of the 
alternative traditional fuel engineering. By the way, a 
working model of such a device to utilize free solar 
energy has recently been created in our Institute 
(official web site: http://www-pnpi.spb.ru), 


Editor: Read the publications on this theme in following 
issues of our magazine. Below there is a description of 
other attempts to generate a ball lightning in laboratory 
environment or at home. Besides, we publish an article 
dedicated to the problem of laser control of ball lightning. 
In the article there are photos (also see the cover page) 
and a scheme of the working device designed by this 
scientific group. 


Ball Lightning 
Experiments 


Information from 
ttp://www-personal umich edu/—reginald/ball_Lhtml 


Ball Lightning 
in the Microwave 


This is a great experiment to try at home. It requires a 
microwave oven, a candle, a toothpick and a lighter. 
First you put the candle (~1-2 inches in height) in the 
microwave (remove glass plate from hottom so candle 
sits on metal). Put the toothpick in the candle sticking 
straight up. Light the toothpick on fire so that flames 
are leaping off the tip. Shut the door quickly and turn 
on oven full blast. There will be loud popping noises 
and then balls of fire will leap from the toothpick and 
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In the article a possibility of streak lightning control 
by means of low intensive laser emission is observed. 


During investigation of an electric discharge into air 
half-space [1] it was noticed that this discharge can 
be controlled by a low intensive laser beam. Now there 
is a problem of laser control of lightning discharge [2]. 
However, numerous works on this approach 
demonstrate that “the hope to get a quick solution of 
the problem of lightning control by laser emission has 
not been confirmed" [3]. 


Careful observation of this problem in [2] has shown, 
ways out the situation, The authors of [2] consider 
plasma channel produced (by means of laser) in free 
atmosphere at a possible greatest height to be of 
doubtless interest of the science of lightning. Finally, 
creation of the plasma channel should be of benefit for 
lightning protection. The authors of (2] give notice that 


fly around inside the microwave while making a 
buzzing sound like a bee. If it doesn't work at first try 
to move the position of the candle in order to find the 
“hot spot” in the oven for it to work. 


Real Ball Lightning Generated 
by Pulsed Power Inductor 


‘This experiment is very DANGEROUS. The author did 
this one a few years ago. The Idea was got from an 
article about a guy generating ball lightning using a 
high current transformer (TBA). The author had an idea 
ofusing an inductor to store large amounts of electrical 
energy. The conductor on the end of the stick touches 
the metal ring. This completes the circuit, and start 
the inductor. Then there was used the air compressor 
nozzle to blow out the arc as the wire was pulled away. 
‘The copper wire explodes and creates rapidly rotating 
and burning molten balls of copper. These ‘Balls of Fire’ 
exhibit many of the properties of real ball lightning. 


“there are many difficulties of fundamental and 
practical importance on this path”, 


Weak theoretical understanding of lightning generation 
causes pessimistic estimations of solution of the 
problem. The article [2| notes particularly that “there 
are neither adequate theory, nor numerical calculations 
and qualitative understanding of the phenomena 
defining the speed of a leader... The situation of a 
theory of the leader channel is little better (from 
quantitative point of view)..." 


Realistically the following statement can refer to the 
lightning discharge: “The electric discharge appeared 
to be very “unhandy” for theoretical description but, 
‘the most interesting phenomenon in the experimental 
aspect” [4] 


Experimental Part 


In this work a capacitor bank with 0.6 mF capacity, 
‘which can be fed up to ~5 kV, was used to produce 
impulse discharge into air half-space. A scheme of the 
device is presented in Fig.1. At connection/ 
disconnection of a discharger § a “spout” is let out of an 
electrode 3. The spout carries the potential of the 
cathode (virtual cathode) at a significant height into air 
half-space. A probe placed at the height of ~15 cm fixes 
a potential which is similar to the potential occurring at 
the cathode. The researches have demonstrated that the 
produced formation continues to glow for several 
hundreds of milliseconds (the glow is fixed from a zone 
located at 15-45 cm above the cathode). Typical time of 
the discharge comes to 10020 msec and depends on 
the cathode material. Electric field generated in the 
spout comes to less than 8 V cm 
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to be very “unhandy” for theoretical description but, 
‘the most interesting phenomenon in the experimental 
aspect” [4] 
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In this work a capacitor bank with 0.6 mF capacity, 
‘which can be fed up to ~5 kV, was used to produce 
impulse discharge into air half-space. A scheme of the 
device is presented in Fig.1. At connection/ 
disconnection of a discharger § a “spout” is let out of an 
electrode 3. The spout carries the potential of the 
cathode (virtual cathode) at a significant height into air 
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the cathode material. Electric field generated in the 
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Fig1 
A scheme of a device made for producing of long- 
living plasmoids 


1 ~a polyethylene reservoir, 2 ~ a ring electrode, 
3~ a central electrode, 4 ~ a capacitor bank of 
0.6 mF capacity, 5 ~ a discharger, 6 -water or 
aqueous suspension drop, 7 ~ a quartz pipe, 8 - acarbonic 
or metal electrode, 9 ~ a copper bar. 


‘The spout was acted by weak laser emission of less 
than 1 mW at 22-centimeter height. The laser beam 
was directed perpendicular to the discharge axis, the 
spout achieving the laser beam moved along the beam 
towards the laser. 


In Fig.2 the spout has moved ~8.5 cm along the laser 
beam, and a usual sphere formation was generated. 
Due to the horizontal motion it was distorted if to be 
compared with usual sphere formation. The usual 
sphere formation is represented in Fig.3 (also see the 
cover). 


Fig. 2 
‘Motion of the leader channel (spout) along the laser 
accompanied with the sphere formation 


Fig.3 
‘The standard ball formation 


Discussion 


As it is evenly mentioned in [5], results of model 
experiments are difficult to be applied directly to laser 
control of lightning because in short intervals 
characteristics of the discharge differ from 
characteristics of lightning discharges. Actually, at 
comparing considered current and the field existing in 
alightning (i~100 A, ~3 V cm") with these phenomena 
occurring in a laboratory spark (~1 A, ~300 V cm") 
incorrectness of modeling of this process becomes 
obvious. From the other hand the authors of [2] note that 
“the leader channel is like a channel of electric arc... At 
current strength of ~100 A plasma of the channel of the, 
arc is supported by fields the densities of which come 
to several volts by a centimeter. The lightning has such 
leader currents" 


Even an air arc of atmosphere pressure has a field of 
about 100 V cm’ at currents of about 1 A. The generated 
discharges (spout) accompanied by the field of less than 
8 V cm? (maximal current appearing in the discharge 
gap is 50-60 A) are more appropriate for modeling the 
leader channel of the streak lightning than typical 
discharges used for investigation of these processes, 
for example, like [6] 


At first approximation the leader channel is considered, 
as an ideal conductor in the article [2]. We make research 
to define the field in the discharge (spout) more exactly. 
‘The article [2] makes the following consideration about 
‘a cause of occasional generation of new leader heads: 
“the surface of equipotential plasma conductor (channel) 
has a property of instability. There is an occasionally 
generated sharp jut. An intensified field appears at the 
jut along the edge. Under the influence of the field the 
jut becomes to grow in any direction including at the 
significant angle to the weak outer field”. The aforesaid 
seems to explain why our leader channel changes its, 
direction and runs at right angle to its initial motion. 
(Fig.2). Weak harmonic action of the laser beam to the 
leader channel causes generation of a new head which 
continues motion “on the significant angle”. 


‘The effect of plasma motion towards a light beam is a 
demonstration of a general tendency of propagation of 
‘the discharges to an incident electromagnetic field [7] 
rea occupied by plasma usually increases towards 
‘the laser emission" [8]. Leading character of motion of 
this formation is confirmed in [9] as well as the 
interaction with the laser beam is confirmed in [10]. It, 
should be taken into account that in the works [9-10] 
experiments were performed at devices which 
generated such a discharge. However, that discharge 
was by 2 orders weaker than the discharge generated 
by the device represented in this work. Naturally, the 
results were less defined. Comparison ofthe discharges 
is presented in [11] 


According to our data, the leader channel (spout) has 
a very abrupt bound (less than 1 mm). In this layer the 
field can come to ~30 kV cm" (at height of 15 cm). 


Conclusions 


Due to the assumption [2] about instability of the 
surface of the equipotential leader channel there has 
been successfully performed the “control” action on 
an electric discharge which models a streak lightning. 
It has been achieved by means of weak harmonic 
oscillations made by the laser. This mechanism is 
supposed to be applied for streak lightning control. 
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In general the conception was formulated in 1995 and 
today we can say that the concept of physical vacuum, 
which is a new source of energy, finds more and more 
supporters. The fundamental works about nature of 
“zero point energy” are published, for example, 
Andrew D. Sakharov [1], Hal T. Puthoff [2] and many 
other interesting works. It is clear now that space or 
“physical vacuum” has its internal structure, therefore 
it can be used as a new source of energy if we organize 
the process of changing of this structure. Moreover, 
according to some theories, the existence of reality (ie. 
the World of some certain parameters of space and 
time) is defined by the function of probability of energy 
density. For example, Dr. Nassikas, Greece [3], proves, 
that it is not possible to consider the space without its 
energy, and there is no space without energy. The 
internal structure of reality is coexistence of two forms: 
gravitational energy and electromagnetic energy. Any 
local increase of the first one should produce decrease 
of the second one, so the sum amount of the change is, 


In some other articles about energy transformation 
processes (gravitational form of energy into 
electromagnetic heat radiation of mass, for example) 
we can find that both increase of entropy and the 
inverse processes (decrease of entropy) are possible 
and in this case the electromagnetic energy can be 
converted into the gravitational form, that is shown in 
details in the works of Nobel laureate I. Prigozhin, Order 
and Haos. Man's new dialog with Nature, London, 
1984. Since the direction of time (the time course) and 
direction of the entropy change (increase or decrease) 
are related notions then free energy technologies are 
considered by Kozyrev as methods of practical 
application of natural time course [4] that is presented 
in aether-dynamics by Frolov as aether flow of some 
density and this aether density determines the time 
rate as hardness of cause-effect connections for any 
process, and also for the process of existence of matter 
in space-time of this aether density. 


According to this theory, in any point of space it is 
possible to get power by means of energy 
transformations without any consumption of mass-fuel 
We can say also that in this case some change of the 
energy density of space should be detected. 


Let's clarify some determinations: 
1. The Potential (lat. Potentia that means “force"). 
In physics this is scalar parameter, it's gradient 
expresses the intensity of field of a certain force. In 
common sense, the potential is possibilities, which 


exist for execution of some task, for completion of some 
work. 

2. The Work is a quantitative parameter of energy 
transformations. The transformation means here 
change of form, 

3. The Energy (Greek “Energie” means “action, 
activity”) is a quantitative characteristic for different 
forms of motion. 

4. The Power is amount of work per unit of time, 


According to the given determinations by The Soviet 
Encyclopedic Dictionary, edition of 1988, Moscow, the 
fact of presence of potential (scalar) field, for 
example, electrical or gravitational filed, is real 
possibility to produce some work if we can organize 
change of energy forms. Let's note that power source 
is not required to keep the potential field in force. It 
ish 


.the potential (scalar) field can produce real 
work! 


‘The example of this work, which is produced by the 
field: body falls in gravitational field and when it strikes 
on the ground then some part of its potential energy is, 
transformed to heat, that is the work as transformation 
of energy forms. So, there is a conclusion: the potential 
(scalar) field can produce real work! But we have 
considered only a half of cycle and in classical case in 
the second half of the cycle it will be necessary to 
produce the same work against the field to raise the 
body to the initial point. 


Let's formulate the task to produce the work 
periodically and to get the power in load from this, 
process. Usual mistake is to accept the particular case 
(the same body returns back in the same field) as a 
single possible case. But in special case changes of 
the system are possible, for example, the field intensity 
is not a constant but some variable value (alternating 
or pulsing), or the body changes its own parameters, 
In this case in each of half-cycle of the process the field 
can produce real positive work to accelerate the body. 


‘The main technological solutions are obvious: it is 
necessary to create gradient of field in space (full or 
partial screening of trajectory of the body, which is 
moving in the field) or gradient of field in time (pulsing 
mode of field). This is quite easy for electric and 
magnetic fields, but for system, which uses 
gravitational field to produce the work, we can assume 
changes of parameters of the body only. 


Itis possible to understand why professional physicists 
dislike the question about possibility to use scalar 
(potential) fields to produce useful work in a load since 
they think about The Law of Energy Conservation. To 
find mutual understanding it is necessary “to upgrade” 
this Law for 4-dimentsional case of real physical 
system. It is necessary to introduce the notion of the 
structure of space-time where the considered process 
is created. In other words, for real practical engineering 
tasks it is necessary to consider space-time of the real 
process but not an abstract space-time. Usually the 
energy density of technical processes is small in 
comparison with natural energy density of space 
(aether density), which is a result of real astrophysical 
processes, ie. motion of planet, star, galaxy. If we 
discover structure of this real rhythm of the space-time 
of our planet then we'll be able to design it in our 
‘technical devices to use aether-dynamics as theoretical 
basis. 


So, in orthodox physics there is the unchallengeable 
formulation: the work of potential field on closed 
trajectory of motion is equal to zero. Yes, it is right for 
only case: if one part of work is positive (the 
acceleration) and another part is negative (the 
deceleration). But one part of the trajectory or a part 
of periodic process with the negative work can be 
excluded by different methods: by means of spatial 
superposition, pulsing mode and change of interaction 
polarity or by the screening of electromagnetic 
interaction. 


For example, minor changes in vacuum tube design 
(the grid is located under cathode) allows increasing 
the kinetic energy of electrons and to increase emission 
current by means of the potential on the grid only. Also 
vector potential of magnetic field or gravitational 
potential can be used hy similar way. 


Fig. 1 


Besides this way it is possible to use pulsed mode and 
switch-off the primary energy source before the 
emission electrons will reach the anode, Fig.2. In this 
case there is not the conductivity current between 
anode and cathode and the primary source is not 
discharging during its work. 


‘Therefore, it is not a news that potential field can 
produce real work. In any textbook there are examples 
of positive and negative half-cycles that result to zero 
net work. But for the case of consequent execution of 
two processes the parameters of one of the processes 


can he changed, that the work, which is produced on. 
the closed trajectory can be formed as two or more 
parts of positive work. Important aspect is following: 
it is necessary to determine the point (moment) of 
change the sign of the interaction and at that point 
(moment) to change the parameters of the process 
accordingly. 


—+_t--ft 


Fig. 2 


‘The good sense requires the answer: what is the source 
of the power to produce this work if this proposed 
concepts right? Let's notice that before the considered 
examples, the existence of power interactions of 
potential fields must make the same question. For 
example, how the ordinary permanent magnet (i. its 
vector potential) holds a piece of metal making work 
against force of gravity without any fuel? How the 
potential field can move and accelerate ions, ie. kinetic 
energy of ions can be increased without any fuel? What 
provides the forces of elasticity? Let's try to find 
answers from consideration of inner structure of electric 
and magnetic field, especially let's develop our 
understanding of the notion of gradient, which 
describe properties of space-time design in area of 
this field. 


‘The concept of potential as bi-directional flow of 
photons and anti-photons was proposed by English 
mathematician E. Whittaker, and then it was developed 
by Dr. Thomas E. Bearden [5]. In this concept, the 
generalization of the Third Newton's law looks as the 
requirement of complementary pair to the process of 
the electromagnetic radiation. Since “process” means 
achange of information in time, this paired anti-process 
is reversed in time. Of course, it is development of 
process to its own future, but from our point of view, it 
goes from future to past. According to generalized Third 
Newton's law the radiation of photon is paired with 
anti-photon. In this case, the internal space-time 
structure of electric potential field is formed by two 
contrary flows of energy: photons spread from charge 
source and the anti-photons “inflow” into the charged 
mass. Let's notice that this concept defines the 
relationship of charge and mass. The charge without 
mass does not have any sense, 


‘The flow of energy outgoing from charged mass is, 
responsible for all phenomena of radiation. Incoming 
flow of energy is responsible for the gravitational 
interaction. Therefore, the notions “radiation” and 
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“gravitation” can be considered as complementary 
pair; that is considered in details in concept of Josef 
Hasslberger [6], 


Lit is impossible to get “something” from 
“nothing” 


‘There is a quite correct question: since “something” 
can not be created from “nothing” then what and 
where will be changing if we create the process of free 
power dissipations in local area of our space-time by 
means of asymmetrical potential interaction? 


Let's try to present a “process” as some change of 
“information” in time and from this point we'll get the 
conclusion about results of this energy disbalance of 
the natural internal structure of potential field: in this 
case the entropy process in direct time (heat dissipation 
in load) should be balanced with equal anti-entropy 
process in reversed time. In other words, the disbalance 
is change of the space-time curvature and changes in 
the time rate. 


So, it is impossible to get "something" from “nothing” 
but if we have understanding of the balance (process 
in time and anti-process in reversed time) then in the 
Universe the 4-dimentsional balance is not violated. It 
is assumed here that it is impossible to create one 
process but it is possible to create two opposite 
balanced processes, and each of them produce real 
work in the load. In astrophysical consideration it was, 
stated in 1964 by Academician Gustav Naan, Estonia, 
‘Tartu. He wrote [7 


“In our real world we could extract any 
amount of energy from vacuum if some 
technology provides at the same time the 
extracting of the same amount of energy for 
anti-world. Total sum value of energy is 
equal to zero.” 


Let's note also that similar conception of “dynamical 
zero” was applied in ancient India mathematics, ie. 
“zero” is not “nothing” but it is hidden possibilities 
(balance of forces). 


One more interesting question appears: what is about 
reality of the particle of matter after we have claimed 
that its mass-parameters are parameters of certain 
process? With this idea the material world as a whole 
is certain process and “stability” is not a property of 
some object but a parameter of its existence, which 
is a process in space-time of some certain energy 
density and some certain structure. By analogy the 
vortex in liquid is a process but it is not a liquid. 


‘Thereafter, as electron was presented by Shredinger 
as wave packet and by Whittaker as function of two 
scalar potentials, the old idea of instability or dynamic 
structure of matter has the possibility of 
experimental testing and development as a 


teleportation technology. This idea is technology of 
space-time engineering, i.e. creation of the space-time 
with some certain parameters where curvature (or 
rate of time) determined rate of existence of the matter 
in space, It is related with some energy density, which 
can be increased or decreased. Since by this way it is 
possible to consider any material particle of substance 
as certain process, which is balanced by 
corresponding time-reversed process, so there is no 
theoretical difficulties to develop technologies of 
chemical transmutation, _materialization, 
dematerialization, teleportation etc. 


So, the using of potential energy to create a process 
of dissipation of power in load does not violates the 
Law of Conservation, and this Law can be 
generalized: the total energy of four dimensional 
system is amount of energy of processes in time and 
energy of processes in reversed time, it is constant 
and it is equal to zero. 


Now let's try to review some free energy projects (the 
systems to produce work without consumption of 
fuel). Russian Peter the Great had intention to visit 
Germany in 1725 to test the Orferius' device. There is 
avery old description of “perpetually rotating wheel”, 
which was made in India by inventor Bhaskar in 1150! 
From that times the mind of inventors is developed to 
other modern systems but due to the efforts of 
scientific groups, which are interested to keep in force 
the ideas of primitive materialism, the great idea of 
free energy transformation is distorted to such extent, 
that any person, who began to speak about free 
energy, had a chance to get the name of “mad”. Why? 
‘The reason is common understanding of the "power", 
which is “some work per unit of time" and generally 
it can be presented only as result of some 
transformation of matter structure, ie. disintegration, 
chemical reaction, nuclear decay, nuclear synthesis 
or any change of structure of a matter. In any case, a 
material (the firewood, oil products or nuclear fuel) is 
considered as the fuel, regardless of its transformation 
method, 


Some concepts did not consider the fields 
(electromagnetic, gravitational and others) as a kind 
of matter. So hypotheses, and even successful 
experiments on transformation of "non-material" type 
of energy in energy of material object (into the work) 
were not taken into consideration. The physics is a 
study about measurable and tangible quantities. New 
measurement methods let us work with anew physical 
phenomenon. So, we can see that real situation in 
alternative energy is changing due to experimenters 
efforts but not from the great theoretical team. 


Some time ago the electric energy was not considered 
as a material object, but gradually people have been 
able to refuse the gas pipes, which were real material 
source of power for the gas light lamp, in favor of 
electric wires for electrical illumination. In a short time, 
think, it will be possible to refuse the wires and we'll, 


consider the aether (physical vacuum) as unlimited 
energy source if we organize the process of 
transformation of space-time parameters. It will be 
necessary to drop the old conception of “primary source 
of power”, which should be connected with the 
consumer by some method and to develop conception 
of free energy source in any place “on-demand” 


Let's consider, what the term “free energy" means 
today. The energy in general sense means the “ability 
of body to produce some work". The energy of closed 
system is constant. Certain device can look like 
“perpetual mobile”, but nobody will be shocked 
because the way of energy “inflow” is known. For 
example, solar panel battery is obtaining its power from 
external source of light. But in general case, 3- 
dimensional observer can see nothing similar to the 
inflow of energy into the system if multi-dimensional 
energy balance is not analyzed. In other words, 
“perpetual mobile” is a right name since for its 
description it is necessary to use notions of “Time”, 
“Eternity”, “Causality” and other categories, which are 
more related with philosophy and religion but not with 
modern physics. 


‘The “perpetual mobile idea" is really value to be the 
purpose of serious scientific work. In the book “Great 
experiments in physics" published by “World”, 1973, 
Professor G. Lipson wrote: ‘Joule was the person of a 
very practical kind of mind and he was enthusiast of 
the perpetual mobile idea". I hope that it is not 
necessary to explain here who was Joule. However, 
“practicality” of free energy generators is obvious only 
for energy customers, but not for energy producers, 
who created the centralized system of energy 
distribution. This is the main reason of absence of 
alternative fuel-less energy systems in the modern 
market. 


Let's consider the existing classification of “perpetual 
mobiles" 


1. “Perpetual mobile” of the first kind is a design, which 
can “create energy”. It is disputable aspect and all 
patent offices refuse to consider the patent claim of 
such type. They answer that “energy can not be 
created or destroyed" but energy can be transformed 
from one type into another type. 


2. “Perpetual mobile” of the second kind is the collector 
of environmental heat. It is not a “thermo-pair" which 
uses temperature difference to produce electricity, but 
it is the “heat pump". This type of devices works with 
negative entropy, or more exactly, with sintropy. The 
‘terminology still is not defined but we can say that in 
entropy systems the produced work is equivalent to 
the dissipated heat and the work, which is produced 
by sintropy systems is equivalent to some absorbed 
environment heat. 


3. The “perpetual mobile” of the third kind is a 
demonstration of perpetual motion without friction. The 


analogue is electric current in superconductors 
Development of this idea is creation of systems with 
negative friction. In electromagnetic systems it 
corresponds to the known cases of the “negative 
conductivity", ie. some electrical circuits in this mode 
can generate output power. 


Additionally, let's show that “creation of energy” is 
possible in theory, for example: two processes of equal 
power compensate each other A + B = 0. Let’s assume 
that some technology creates another (inverse) process 
as: 0 = A +B ie. two processes of some power in sum 
create zero result. In general principle, also there is 
possibility to use many processes balanced situation 
asA+B+C +... = and this interesting conception 
is known as theory of multipolarity. 


Let's consider some quite real (to my mind) examples 
from the history of development of free energy 
technologies. Nikola Tesla's investigations are not well 
known to modern scientists and engineers. In his 
‘works on development of wire-less telecommunication 
‘Tesla used flat spiral coils as a secondary winding of 
transformer. The magnetic field of such coil is radial 
and it is placed in the plane of the coil. In 1995 the 
author of this article experimented with similar flat 
spiral coils. I have to claim that when such coil is 
operating as secondary winding and the solenoid is 
the primary winding of the transformer then we can 
measure asymmetrical mutual induction, i.e. 
connection of active load (lamp) to output circuit of the 
transformer is free from input power in the primary 
winding. It is the simplest example of technical 
realization of the asymmetrical cause-effect connection, 
described by Kozyrev in his theory of active properties 
of time. 


.» “creation of energy” is possible in theory. 


Another Tesla's invention is his resonance transformer. 
Modern electrical engineering describes transformer 
‘with forced electrical oscillations and radio engineering 
considers operation of resonance systems mainly. Tesla 
put the question on transformation of power in 
resonance transformer and by this way the efficiency 
can be more than 100%. With high frequency currents 
and high power level Tesla used single-wire terminals 
as loads, ie. the lamps and other single-wire receivers 
of power (motors) were powered from high frequency 
changing electric field. Such single-wire terminal does 
not consume any power from primary source because 
it uses the change of potential in point of connection 
to conductor (let's note also that for maximum efficiency 
this point of connection should be one of the maximums 
of standing wave). 


‘The notion about “free vibrations” belongs to Tesla and 
this term describes sinusoidal oscillations in electric 
circuit that is created after short non-sinusoidal 
impulse due to real vibrations of the free electrons. 
Resonance mode of the free vibrations can be the real 
way to excess power output. 
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Original Tesla’s approach to electrodynamics allowed 
hhim to build in 1934 fuel-less car with electromotor, 
which was powered from some 12 vacuum tubes 
generator of unknown design, 


‘The standing waves of electric field that were 
observed by Tesla during thunderstorm brought him 
to conclusion about possibility of the system to power 
remote energy consumers from energy generator 
without any transmission lines and without radiation 
methods. He assumed that it is necessary to create 
special standing wave of electric potential (or variable 
in time electric potential field) around the generator, 
then the unlimited number of loads (lamps, motors) in 
area of this potential field can be powered if they are 
tuned in resonance with oscillations of the generator. 
Let's notice that in each receiver the power can't be 
more than power of this generator but it is possible to 
install many independent “receivers” without mutual 
interference. 


‘The modern investigations on these problems sound 
as sensation, because Tesla’s works are unknown for 
the modern generation of scientists. Of course, modern 
electronics components and the tools facilities allow 
to create real “miracles” in comparison with the past 
age experiments. For example, engineer Avramenko 
described his work on single-wire power transmission 
in Journal of Russian Physical Ideas, 1991, No.2, and 
in journal “Inventor and rationalizator" 1992, No. 5, 6. 
‘The light bulb (or ventilator) was used as load of the 
single-wire power transmission line. This line can be 
made of high resistance material, for example, 
tungsten, but the power can be transmitted without 
heating of wire! It is possible to say that in this, 
experiment a wire does not transmit power from the 
generator to the load, but the wire is the conductor of 
information signal, which is created by polarizational 
current opened and described by M. Faraday. 


Itis not difficult to repeat the experiments with single- 
wire line: it is necessary to place two diodes on the 
end of a line, which is connected to secondary 
windings of high voltage transformer (Iused television 
set high voltage unit) by such a way that different poles 
of the diodes are connected to the line, Fig.3. 


Fig.3 


‘Two other poles of diodes create the source of 
potential difference (voltage), from what it is possible 
to charge the capacitor or to power the load 
(luminescent bulb). This diodes scheme is named as 


“Avramenko's diodes plug". In my experiments it was 
determined that high efficiency mode is resonance 
mode in real line and in this case the maximum change 
of potential is created in the point of connection of 
the “Avramenko's diodes plug”. There is well known, 
formulas to calculate this resonance as quarter-wave 
antenna vibrator system. Of course, high frequency 
and high potential allow creating high power in the 
load. In 2001-2003 New Energy Technologies 
magazine have published new experimental results 
on single-wire power transmission reported by 
research team from Moscow (Prof. Strebkov, 
Avramenko, Nekrasov and others). For example, they 
built and tested lines from 20 to 100 Kwtt power level! 


.». the electric potential field can create non- 
compensated force in the system and to 
produce a work without any power input. 


‘One more well known researcher on the subject of 
free energy was Thomas Townsend Brown. He 
considered creation of reactionless propulsion force 
by means of electric forces only. Ionization is not 
considered here! According to his works, the electric 
potential field can create non-compensated force in 
the system and to produce a work without any power 
input. English patent by T. T. Brown #300,311 of 
August 15, 1927 describes the method to create 
propulsion force and power from electric energy 
source only. In this first patent it was claimed that in 
ordinary flat electric capacitor (two flat plates and 
dielectric between them), which is charged up to 
50 kilovolts and more, Brown discovered propulsion 
force. This force moves the capacitor to positively 
charged plate direction. It is only one of his ideas and 
in his other patents of 1930 - 1965 Brown has 
described many new methods to create propulsion 
force and free power in load by means of electric field 
only (scalar potential field as a source!) 


. the efficiency of “electric system can be 
million to one” 


We have to exclude ideas on electrokinetic apparatus 
since it is just a reactive method and propulsion force 
is result of ionization flow. Especial case is Brown's 
idea to create the asymmetry of electrostatic forces 
by means of some special form of surface, USA patent 
#3187206 of June 1, 1965, application of May 9, 1956 
(Fig 4). 


‘The schemes and descriptions by the Brown's patents 
are undoubtedly the work of great practical value. As 
was mentioned by Brown, the efficiency of “electric 
system can be million to one” because the potential 
field can produce real work, for example, rotate some 
electro generator, but it does not change the primary 
source of field. 


In 1927 T, Brown demonstrated the devices in Ohio, 
later he worked in France. His works in France were 


stopped and he returned in the USA. Detailed information on his works can be received from descriptions of 
patents http://www-soteria.com/brown and from the book “Electrograviticis Systems” by Thomas Valone, 


Integrity Research Institute, USA. 


3,187,206 


June 1, 1965 T. T. BROWN 
ELECTROKINETIK APPARATUS. 


Filed May 9, 1958 
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Fig. 4 


Electrokinetic apparatus by TT. Brown 


Besides, there is the simplest example of creation of 
real work by means of potential field that is also 
resulting from the Brown's works. Usually two plates 
of electric capacitor are equal to each other. However, 
if one of the plates is small and another one is large 
then the electric field between them is not isotropy 
field and in this case there is some gradient of intensity 
of the field. In such field any dielectrical object, for 
example a ball, will be polarized unevenly and due to 
this fact some force should make it to be moving aside, 
where the field has the greater intensity. Ihave to note 
formathematicians that since the intensity is “gradient 
of potential” then gradient of intensity is the gradient 
of the gradient, i.e. it is the second derivative of 
potential. This idea is an example of the well-known 
rule: the change gives the new quality. 


‘The example of creation of the propulsion force by 
means of potential field is also connected with 
“perpetuum mobile" task, since conductivity 
currents in the capacitor are very small and it almost, 
does not require power consumption (after being 
charged once time) and the system can produce 
mechanical work permanently, in this case it is the 
work against the gravity force. In general case, if the 
design allows asymmetrical energy transformations, 
then the surplus output power and reactionless 
propulsion force can be created in this system. 


‘Most likely future aerospace systems, which are based 
on the electrogravity, are the most perspective 
direction of free energy technologies. Why not for the 
power engineering? It is clear that now there are some 
existing fuel heating systems, heat stations and 
power industry to provide by some traditional way 
all current needs of the society and due to this fact 
the innovation of any free energy technology is related 
with hard competition. However, for commercial 
programs for cosmos the reactive rockets principles 
are not acceptable more. Each satellite during its 
operation should produce profit to compensate large 
expenses for the rocket-carrier. Only fuel-less 
propulsion systems can allow developing space 
commercial programs that are new infinite market. 
Let's note that the gravitational (reactionless 
propulsion) technologies are not related with 
cosmodrome and their cost can be quite acceptable 
to realize the project with private funds. 


. future aerospace systems, which are 
based on the electrogravity, are the most 
perspective direction of free energy 
technologies. 


There are some known examples of free energy 
systems. 


In 1921 The Seattle Times, as well as Denver Post of 
August 8, 1921 published the articles about inventions 
of Alfred Earl Hubbard. His device included the central 
core with coil and eight remote coils placed around 
the central core. After primary impulse, the impulses 


in all coils were powered and rotating magnetic field 
was created in central coil. The power produced in 
the central coil was quite sufficient for self-excitation 
of the system and for producing of useful work in the 
load (motor). The boat and the car with electromotor, 
which was powered from the Hubbard's generator, 
were demonstrated, 


In 1928, Lester Hendershot invented the electric 
generator of 300-Watts power. This device was 
designed of details used in radio-receiver to get 
oscillator (500 kilohertz) and non-inductive coil. Later, 
in 1970, William Cooper experimented with non- 
inductive bifilar coils. He used induction phenomenon 
in the case of zero magnetic component (two-wire 
winding or flat spire coil) 


‘The Cooper's USA patent 3610971 of 1971 describes 
the principle and the device to create power in 
ondary circuit without reaction on primary 
circuit, as well as method to get reactionless 
propulsion force for aerospace application. Cooper also 
has found that specially designed coils can produce 
the field, which can not be screened and this field has, 
some common parameters with the gravitational field. 


‘The gravitation is considered by Cooper as a 
polarization of atoms in gravity field of planet. So he 
declares in description of his patent: “the electronic 
generator... of super high frequency creating the 
pulsing electric field of single polarity... acting in 
opposite direction to the Earth gravitational field... that 
to depolarized the atoms and to release them from the 
gravitation” 


Fig.5 


By the way, the gravitational field itself can be used to 
get a power. “Unbalanced wheel” is a well known 
design. The weights on the one side of the wheel, 
which is rotating in vertical plane, can be organized to 
be moving to axis, but on the another side the same 
weights can be organized to be shifted from the axis, 
to the periphery of the wheel. By this way there is some. 


constant shifted center of gravity in the system and it 
can be permanently rotating system. One of the 
inventors who built such wheel is Hugo R. Fraga, 
Havana, Cuba (The Perpetual Motion Mystery. 
R.A. Ford, Lindsay Publications Inc., Bradley, IL 60915, 
USA, 1987, see Fig. 6). 


‘The earliest information about such systems is dated 
of 1150 and the name of inventor is Bhaskar, India. He 
used the tangential disposed pipes, which were half- 
filled with water. In France (1235-1240) William de 
Onnecure demonstrated self-rotation wheel with seven, 
weights. In Italy (1438) Mariano de Jacopo has built 
the system made of eight bars disposed in the plane of 
rotation, and the bar can be fold up in the middle like 
elbow joint to provide rotation. One of the well-known, 
and documented events of real demonstration of 
perpetual rotation wheel was mentioned in 1620. 
Edward Somerset (Second Marquis of Worcester), 
author of the book “Century of Inventions”, 1963, has 
built and tested the wheel of about 4 meters in 
diameter, 14 weights of 25 kilograms each. The test of 
this machine was organized in London, in witness of 
King Karl, Grand Duke Hamilton and Grand Duke 
Richmond, and there are files in royal archives about 
this test. The descriptions of these and other systems 
are published in the book “Perpetual mobiles: past and 
present time” by Brodiansky, Moscow, 
Energoatomisdat, 1989. 


In different idea, which is known from Leonardo Da 
Vinchi drawings, lifting of water is produced by the 
holical ‘Archimedes’ screw" of small diameter with large 
centrifugal acceleration, which reduces weight, but 
lowering of water was organized with the screw of other 
(large) diameter, so the force of weight is working to 
rotate this screw by the weight of the falling water. The 
paradox of these systems will be removed if to consider 
‘them as systems of variable topology, as it was done at 


the beginning ofthe present article. Practically, the eycle 
is separated here into two processes (the lifting and 
falling of mass) in the system with different parameters 
(the topology) for the first stage and the second stage 
of the cycle, but herewith it is necessary to consider 
‘two different physical systems, not one and the same. 
In that caso, the classical theory can explain the work 
created by potential gravitational field of our planet as, 
energy exchange between two different systems. 


Other well known topic is research projects by John 
Searle, ic. the "Searle's disks” (Fig. 6). It is necessary 
‘to note that the inventor mentioned in his articles anti- 
gravitational effect and free energy output also. The 
address is: John Searle, 13 Blackburn Lower Strand, 
Graham Park Estate, London MW9 5 NG, United 
Kingdom, 


In several words we can say that rotor makes free 
electrons to be displaced to the peripheries of the 
system. With sufficient velocity it was mentioned that 
there is phosphorescence and ionization around the 
disk. It is possible to assume that main effect is based 
on well known Lorenz forces and understanding of the 
Poynting vector, which is circulating in this system. 
‘The ionization currents are closed through the space 
from periphery to the center, and self-rotation of the 
disk is provided by the classical Lorenz force, since 
the current interacts with magnetic field of the rollers. 


In Russian experiments of 1992 Roshin and Godin built 
similar system of 7KWtt power output and they claimed 
that 100 kg axial force and areas of decreased 
‘temperature in environmental also were detected. Fig.7 
demonstrates main parts of the system by Godin and 
Roshin, 


It is necessary to note that similar anti-gravitational 
effects appearing for the case of over-unity operation 
were observed by different inventors independently. 
For example, in 1990 Floyd Sweet demonstrated his 
invention named as “vacuum triode amplifier” VTA. 
‘The barium magnets were pre-conditioned by special 
method to be used in special “trigger mode”. This "bi- 
stable condition of magnet” provides possibility of 
transition from one direction of field to another 
direction due to the weak control signal, which was 
provided from external generator. It is known that if 
‘the material was pre-conditioned by the magnetic 
switching of 60 Hz frequency then its control signal 
must have the same 60 Hz frequency. A part of output 
power was closed to provide feedback and 
additionally some power can be used in output coil 
for the load. Tom Bearden studied the scheme of 
vacuum triode amplifier and confirmed that it 
demonstrates the work with negative energy. It means 
‘that the work in the load is connected with use of 
negative time. In this negative time, according to 
Bearden, the gravity is repulsing force. The 
experiments on VTA demonstrated that VTA 
decreased its weight according to level of the power, 
which is extracted from vacuum. Additionally we can 
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say that permanent magnets and coils of VTA were 
self-cooling during operation and the temperature 
difference was about 20 degrees in contrast with the 
environmental temperature. 


One of VTA schemes includes two sets of magnets 
4x6 x 1 inch, placed on two walls of frame. The 
attraction is created between them. Output and 
controlling coils are located between them. The axes 
of output coils are parallel to the magnetic field lines, 
but the axis of control coils are placed under 90 
degrees angle. The secret of system is the 
“conditioning process", which “brings the magnets 
to the special condition". It is necessary to create 
great number of micro-cracks in the magnet due to 
re-orientations of magnetic domains. In such “half- 
magnet" the domains get the ability to be orientated 
in the same direction in a weak “control” magnetic 
field. In fact, they are not domains but large parts of 
magnet's material, separated by micro-cracks, that 
is to say acoustic domains. Many researchers repeat 
Floyd's works. Let's note that are discharge of 
alternating current through magnet barium ceramics 
directly can provide the best results of the 
“conditioning” process. The coil of “conditioning” is 
not necessary in this case. The frequency of 
alternating current must be corresponded to the 
frequency of the control signal. Thereby, Sweet was 
creating the bi-stable solid-state condition of 
magnetic substance. The acoustic resonance is the 
reason of oscillations with the frequency according 
to the control weak magnetic field. Floyd Sweet died 
on July 6, 1995 at age of 83 years old. It is known, 
that his widow sent the archives to some great 
Automobile Corporation, 


. the extraction of space energy is result of 
transformation of vacuum energy but from 
the other hand the energy density in this 
case determines so called “time rate” 


Itis interesting to note again that the magnets of VTA 
demonstrated self-cooling during operation, up to 20 


difference 


degrees 
environmental temperature. It is one more example of 
relation between notion “density of time” and 
“energy”. We can say that the extraction of space 
energy is result of transformation of vacuum energy 
but from the other hand the energy density in this case 
determines so called “time rate”. 


in comparison with the 


Kozyrev's articles [4] on causal mechanics theory and 
experiments describe possibility to use “time course 
for producing of useful work". Kozyrev introduced 
notion “density of time” and he demonstrated 
experimentally several methods how to change the 
density of time, which depends on irreversible 
processes intensity. Powerful “generator” of such 
processes is biosphere of our plane and it creates 
season and daily changes of the density of time. It is 
known that VTA power output also was variable in 
different time of day and night. It can be explained by 
Kozyrev. Next step in logical development of this idea 
is to change notions from the “density of time” to 
“density of aether” [10], 


Relation between magnet phenomena and aether 
circulations was known from the beginning of the 
electrodynamics and now we can assume that VIA 
was real example of asymmetrical cause-effect 
connection, where the hardness of this connection 
depends on the density of aether. In this case the 
season and daily variation of the aether density are 
reason of VTA output power variations. So, we can 
make a conclusion: conception of asymmetrical cause- 
effect connections should be used as theoretical basis 
of all over-unity systems. 


Generation of extra power in nonlinear materials (ferrites 
and dielectrics) was considered by Nikolay E. Zayev, 
Journal of Russian Physical Ideas, #1, 1991. Discovery 
was claimed as “Cooling of some dielectrics by 
changing electric field with generation of energy”, 
Russia discovery #32-OT-10159, November 14, 1979; 
the inventions were also claimed as “Method of 
transformation of heat energy of dielectrics into electric 


energy”, Russian patent claim #3601725/07 (084905), 
of June 4, 1983 and “Method of transformation of heat, 
energy of ferrites into electric energy", Russian patent 
claim #3601726/25 (084904), of April 3, 1983. This 
‘theory is not about some transformation of space-time 
structure but in any case the practical application of 
conversion of environmental heat is very important 
because this work is real basis of free energy systems. 


In one of Zaev's articles, which were published in 
Journal of Russian Physical Ideas, he quoted from 
K. Zialkovsky: “If the heat can be transmitted from 
cold body to hot body, then it must have enormous 
importance, and not only philosophical or scientific, 
but also practical importance. The Clausius postulate 
is not confirmed in this case. The gravitational force, 
as well as other reasons (number of the reasons is, 
unknown) break this postulate... heat can be 
transmitted from cold body to hot body but only as 
the result of some exclusive conditions", published 
in Russian, he Second beginning of 
thermodynamics”, Kaluga, Russia, 1914. So, the 
inventor of free energy system should provide this 
“exclusive conditions” to organize collection and 
transformation of environmental heat in his free 
energy system, 


Another well-known free energy system is Swiss 
electrostatic machine. In spiritual commune 
Methernitha, Linden in Switzerland, since 1980 
several free energy devices have been generating total 
power of 750 kilowatts. From the technical point of 
view, these devices are modernized electrophore 
generator. Permanent magnets also included into 
design of these devices. The machine of 20 cm 
diameter produces about 200 watts, and a big 
machine has the disk of 3 meters and it produces 
about 20 kilowatts, Fig. 8. 


Fig.8 


(One of the modern technical decisions, which are very 
close to this Swiss machine is patent USA No. 4897592 
by William Hide, January 30, 1990. This device is 


“system to generate power from electric field”. It is 
one more example of work, which can be produced 
by potential field, in particularly by means of electric 
field that can be used as free source of power. The 
energy (the potential energy) is the possibility to 
produce work and the power is a work per unit of time, 
ie. it is a process. The properly organized process, 
for example acceleration of rotor in Hide's machine, 
uses the potential field on the part of positive work 
(acceleration) and the author of the patent provides 
meta screen on the part of the trajectory, where the 
field decelerates the rotor. 


.» it is “perpetuum mobile” and it can not 
be patented even if it really works! 


One more example is Reed's motor, which uses energy 
of permanent magnets. By the description of 1991 it 
is made of four disks (two immovable discs and two 
rotating discs), and eight magnets are placed on them. 
Howard Johnson used similar method, USA patent 
#4151431, Fig.9 

U.S. Patent Apr. 24,1979 Sheet 10f2 4, 151,431 


ee 


SS 


Fig.9 
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Journal “Science & Mechanics" of 1980 describes this, 
invention. Hovard filled the application in 1973 but 
he has got the confirmation only in 1979! The reason 
of delay is very clear: it is “perpetuum mobile” and it, 
can not be patented even if it really works! Johnson 
found clear and simple description of generation of 
power in his device and explained it as “extraction of 
power from inner energy of electron spin in 
ferromagnetic material’. 


From text of his description it follows that USA patent 
#4,151,431 of April 24, 1979, “Permanent magnet 
motor", author Howard R. Johnson, application 
+#422,306 December 6, 1973 was developed from the 
prototype that is USA patent #4,074,183 of 1978, class 
of international classification HO2K 41/00E: 


“The invention is directed to the method of utilizing the 
unpaired electron spins in ferromagnetic and other 
materials as a source of magnetic fields for producing 
power without any electron flow as occurs in normal 
conductors, and to permanent magnet motors for 
utilizing this method to produce a power source. In the 
practice of the invention the unpaired electron spins 
occurring within permanent magnets are utilized to 
produce a motive power source solely through the 
superconducting characteristics of a permanent magnet 
and the magnetic flux created by the magnets are 
controlled and concentrated to orient the magnetic 
forces generated in such a manner to useful continuous 
work, such as the displacement of a rotor with respect 
toa stator. The timing and orientation of magnetic forces 
at the rotor and stator components produced by the 
permanent magnets to produce a motor is accomplished 
with the proper geometrical relationship of these 
components." 


..conception of asymmetrical cause-effect 
connections should be used as theoretical 
basis of all over-unity systems. 


tis reported that functioning Johnson's model produced 
about § kilowatts power free of any primary source of, 
energy. Let's note that Johnson writes in his patent 
about permanent magnet as about system with “super 
conductive parameters”. The currents of electrons in 
permanent magnet are manifestation of real 
superconductivity and for this case it is not necessary 
to provide the cooling for zero ohmic resistance. 
‘Moreover, the “resistance” must be negative since the 
‘magnet could save and renew its magnetized condition. 
Thereby, any permanent magnet is the example of 
perpetuum mobile of the third kind on the micro level 
Also we can say the same about each atom. 


Also, let's note that in general case motion (rotation) 
can be created due to the discussed above gradient of 
field, which in Johnson's device is result of asymmetry 
in “rotor-stator” system. By the similar way the gradient, 
of velocity of airflow above and below wing creates the 
gradient of pressure and this fact produces great lifting 
power in airplanes. 


Fig.10 


Well-known variant of permanent motor-generator is 
Adams motor, Fig.10. The rotor with radial orientated 
(the same pole outward) permanent magnets is 
rotating and creating inducted currents in stator coils, 
which are placed around rotor in the plane of rotation. 
From the point of traditional electrical engineering, 
any motor-generator without closed magnet flux is 
not high efficient device. However, exactly open 
magnetic flux of the Adams motor allows to take off 
power without deceleration of the rotor. We can 
assume that in this case phenomenon of 
electromagnetic induction is not important but in this 
design there is magnetic induction only, i-e 
magnetization and demagnetization of cores in the 
field of the moving magnet. It is a perfect analogy 
with phenomena of electric induction that is 
“electrization by influence”. Similar “magnetization 
by influence” differs from electromagnetic induction 
and secondary magnetic field in winding of generator 
is not related with deceleration of the rotor. Robert 
Adams works with Harold Aspden under patenting 
of their system, Adams is more than 70 years old but 
from our correspondence with him we can say that, 
he is going to build demonstration version of 10 Kwtt 
generator. 


.any permanent magnet is the example of 
perpetuum mobile of the third kind on the 
micro level. 


‘There is also special name “alternators” for this class 
of devices, which use interruption of magnetic flux, 
for example it is the device by USA patent of John 
Echlin #4567407. 


‘The experiments to investigate the alternator 
principles were organized also by the author of this, 
article and it was demonstrated that ferrite core of 
the generator coil is self-cooling. The simplest 
experiment is based on electro motor, which rotates, 
iron plate and it periodically appears in the gap 
between magnet and coil. But it is necessary to note 
that change of the flux in the coil area should be 
organized by such a way to decrease the flux of the 
field in the rapprochement half-cycle and to increase 
the flux for the moving off half-cycle. In this case the 


rotor is accelerated by the secondary field (back-EMF). From 1994 to 2003 several experiments were produced 
and main principles were claimed in the patent description, Fig.11. 


Fig.11 


One more topic is “extraction of power from air" and 
Josef Swenson has conducted the series of simple 
experiments to develop it. The frequency of natural 
pulsations of electric field of planet is about 7.5 Hz 
and it is well known from Tesla's age. Swenson 
works with frequency 376 kilohertz and antenna of 
10 meters. Please, contact for more details: Josef 
‘Swenson 423 North 16th Street, Moorhead, Minnesota 


jo 


Fig.12 


56560, USA. However, everybody remembers from the 
school story about simplest electrical experiments by 
Lomonosov and Rihman, who investigated arc 
discharge in gap between iron wire from a roof 
(“antenna”) and ground wire. Let's include the 
resonance circuit “inductance-capacity” and diode 
rectifier to get some useful work in the load “from 
atmospheric electricity", Fig.12. 


In 1900-1930 a lot of articles were published in 
technical press about Henry Moray. His demonstration 
systems produced more than 0 kilowatts free power 
output. It is known that Mr. Yakovlev (from USSR 
Foreign Department headed by Mr. Molotov) visited 
Morey in November of 1929 in New York to test his 
devices. The devices consist of capacitors, coils and 
special electronic-vacuum lamps. 


In 1990 journal "Magnets", 2 (3) published article, 
which describe analogy between Moray’s devices and 
Hubbard's coils, which can extract power by means of, 
inner energy of nucleuses of materials if special 
resonance is created. In 1978 Cospray Research 
Institute has published the well-known book “The Sea 
of Energy” by T. N. Moray, in which theory of Moray is 
presented most completely. 


ROM Raum-Quanten-Motoren Corporation 
(Schmiedgasse 48, CH-8640 Rapperswil, Switzerland, 
fax 41-55-2125209) offers for free energy devices of 
different power level: ROM 25 kilowatt and ROM 
200 kilowatt. The principle of work is based on an 
invention by Oliver Crane and his theory. Web site 
http://www.rqm.ch. But I have to note that in present 
time they are developing capitalization of the company 
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mainly (actives are above 650 million dollars) than 
innovation of the new technology. 


(One more historical example: in 1925-1945, Hans Koler 
demonstrated his free energy devices. The system was 
built in Germany and it produced 60 kilowatts of free 
power. The description includes six permanent 
magnets and coils, which were superposed in plane of 
hexagon form. Each magnet is core of the coil. 


Another interesting topic is unipolar induction effect, 
which is well-known from Faraday. This effect creates 
electro motive force (EMF) in rotating disk if axial 
magnetic field is applied to the disk. One of the well- 
known practical developments in this area is device 
by Bruce de Palma. In 1991 he has published the results 
of his tests, from which it follows that deceleration of 
the rotor due to back EMF in the case of unipolar 
induction is less than in traditional electro generators. 
So output power of system can exceed the power, 
which is necessary to rotate the rotor. 


Really, motion of electrons in magnetic field, which is 
perpendicular to plane of rotation, is the reason of the 
Lorenz force and this force acts in radial direction that, 
can not be the reason of deceleration. Indian research 
on this topic is developing by P. Tewari. In New 
Zealand there is research group headed by Dr. Ashley 
Gray. In 1994 the leader of Japanese market MITI 
published report about progress in 40 KWtt unipolar 
generator, which uses superconductors for its 
electromagnets. The interest of Japan to alternative 
energy projects can be explained by the position of 
Japan on fuel market. 


‘There is a well known rule: Demand is related with 
Proposals. It is easy to imagine the prospects of local 
introducing of free energy systems in one or several 
countries, if some producers of product will be able to 
exclude expenses on electricity and fuel from cost sales. 
Other countries of their own rich natural resources (for 
example, oil) will be in problematic position on the new 
international market, mainly due to the fact that their 
industry and transport are oriented to conversion and 
consumption of oil fuel that increase the cost of all 
products. 


. increase of the spark gap produces more 
surplus power in the load of the circuit. 


‘One more modern free device was invented by Wingate 
Lambertson, USA. In his device free electrons get the 
additional energy passing through the number of thin 
metal-ceramic composed layers. The units were 
designed by the authors and each unit can generate 
11600 watts, and it is possible to connect them in parallel, 
‘The address of author: Dr. Wingate Lambertson, 216 83rd 
Street, Holmes Beach, Florida 34217, USA. 


Especially the researches on free energy with plasma 
processes should be noted here. In 1980-1990 Alexander 
Chemetsky, Yury Galkin and others have published the 


results of experiments on creation of “self generated 
discharge" SGD. The electric arc was placed 
consecutively into secondary circuit of electromagnetic 
transformer and it produces real increase of power in 
load and reduction of consumption power in primary 
circuit of transformer. The author of the present article 
produced simplest experiments to investigate the arc 
(electric discharge) in electric circuits and possibility 
to create the mode of “negative resistance" in this 
circuit was confirmed. One of the effects was 
demonstrated in 1996 during the conferences “New 
Ideas in Natural Science", St.-Petersburg. 


Adjusting parameters of arc (distance between two 
electrodes) it is possible to see that consumption 
current is decreasing until zero and then it can change 
its direction i.e. this system begins to generate 
the power. During similar experiment of 1971 by 
Dr. Chernetsky substation transformer in Moscow 
Aviation Institute was destroyed in result of strong 
“reversed current” impulse, which exceeded consumed 
power in 10 times more. According to Chernetsky's 
concept, the reason of this mode is well known 
phenomenon of plasma instability and pinch-effect for 
great currents. However, the author of this article 
tested device, which demonstrated similar effect 
(switching on the load in secondary circuit of 
transformer and in the presence of arc in this circuit, 
consumption power does not increase, but reduces) 
for small currents about 300 mA. 


Since for pinch-effect it is necessary hundreds Amperes 
then it was offered another explanation: the surplus 
power in this circuit appears due to the acceleration of 
electrons in the gap between electrodes, i.e. particles 
of plasma are accelerated by means of electric 
potential field between two electrodes. It is noted 
during the experiments that increase of the spark gap 
produces more surplus power in the load of the 
circuit. To avoid mistakes the measurements of the 
consumed power were organized in DC (direct current) 
battery circuit and therefore there is no any reason to 
speak of phase shifts mistakes to try to explain 
skeptically this effect. 


.. Waves of density of time are used by 
organisms for their vital activity. 


‘Today theory and experiments on self-generating 
discharge are quite well developed to build free energy 
systems of any power scale. ‘The reason of delay in its, 
practical development is a complex problem: this work 
leaves the frames of classical physics. In his book 
“About physical nature of bio-energy and its 
simulation", Moscow, Publ. VZPI, 1989, Dr. Chernetsky 
considered the structure of biological fields and bio- 
energy processes in living organisms from the point of 
longitudinal waves conception. Self-generating 
discharge in the mode of negative resistance produces 
such longitudinal waves and they are self-sustaining 
(self-powered energetically) and it is considered as field 
of living object. 


Really experimentators of the Chernetsky's group, who 
worked with SGD device detected influence of 
biologically active radiations and fields, which can be 
not screened by usual methods. It was reported by 
Chemetsky that parameters of this radiation can be 
selected to accelerate the development of plants and 
biomass or to suppress it. So, we should speak about 
artificial living biological system or biological form of 
energy for this class of free energy devices. Perhaps 
by the same plasma oscillation way all living organisms 
provide its vital activity, since long time ago it was 
known that metabolism and food can not provide 
enough energy for vital processes. 


Nikolay A. Kozyrev also wrote about “reason of life” 
and he confirmed that waves of density of time are used. 
by organisms for their vital activity. Between “waves 
of density of time" and “waves with longitudal 
component” there is a clear analogy. Kozyrev and 
Chernetsky experimentally demonstrated methods of 
creation of such waves. 


..any free energy system should change the 
causality in surrounding space-time. 


New Energy News magazine, March 1996, wrote 
about attempts to innovate for American aerospace 
stations special power source, which uses similar 
plasma technology: anomalous electric discharge. The 
USA patents #5416391 and #5449989 belong to Dr. 
Paulo Correa and Dr. Alexandra Correa, Canada. In 
their report on free energy Denver conference it was 
claimed that efficiency is about 483% 


Let's note one more free energy topic: high efficient 
electrolysis. Classical electrolysis as decomposition 
of electrolyte in electric field is a wonderful example 
of work, which is produced by field and it can be 
organized by such a way to be free from the primary 
energy source (battery). The traditional scheme uses 
closed circuit of current through electrolyte and the 
battery, so the battery is discharged during the 
operation with electrolytic cell. However any physics 
‘textbook confirms that ions in electrolyte are moving 
due to electric field only, i.e. work to organize the 
displacement of ions and heat power, which is 
connected with this work, are produced by the 
potential field and expenses of the primary power 
are not required. 


‘The current through the battery, which is created in 
usual closed electric circuit destroys the primary 
difference of potentials in the battery but it is not some 
necessary condition. For correct organization of the 
experiment the products of electrolysis (gases) can 
be created almost free and their utilization (burning) 
can provide more heat power than input electric 
power. 


Prof. Latchinov, the real member of Russian Physic- 
Chemical Society, who patented his method of 
electrolysis in 1888, mentioned that in some cases the 


electrolytic cell is freezing during its operation. This 
is an effect of the law of Conservation, which forces 
to return the surplus power by means of heat 
environmental energy. In the experiment by Latchinov 
the electrolytic cell can create gases of high pressure 
and consumed power is the same as for the case of 
low pressure gases. However, it is clear that high 
Pressure gases can produce more work than low 
pressure gases do. This question was sensational 
problem in scientific societies of 1888 and it is not 
solved yet completely. 


One of other variants of high efficient electrolysis was 
investigated by Igor Goriatchev, Russia. Instead of 
usual 3 Volts level of electrolysis, Goriatchev uses 
0.2 Volt pulsing mode. He claimed ratio output/input 
as 100% efficiency and he hopes to increase this value 
twice in more perfect design. 


Professor Kanarev from Krasnodar wrote about his 
experiments on plasma electrolysis and has proved 
that in electrolysis of water output power can be more 
than input power. 


Real example of “perpetuum mobile of the second 
kind” is invention by Russian engineer Albert 
Serogodsky (Moscow) and German engineer Bernard 
Sheffer (Berlin). They have patented new system for 
direct transformation of environmental heat into 
electricity, Germany patent #4244016. Retro- 
condensation of mixture of benzine and water is 
organized in closed system under temperature of 154°C 
degrees. You can try to get more info from: Werkstatt 
far Dezentrale Energleforschung, Pasewaldtstrasse 7, 
14169 Berlin, Germany. 


‘The fundamental theoretical researches on direct, 
transformation of environmental heat to useful 
work were provided by Real Member of The 
Russian Physical Society Mr. Gennady N. Buynov, 
St.Petersburg. The description of his project on 
“The Mono-thermal device” was published in journal 
“Russian Ideas" #2, 1992, 


In 1995 the scientific journal of Russian Physical 
Society #1-6 published article “Perpetuum mobile of 
the second kind (paired gas-chemical cycle)". The 
author Gennady N. Buynov proposed to consider that 
entropy function can be abortive, ie. it can be 
undetermined in some place if reversible chemical 
reactions are presented in the system. 


Herewith, the circular integral of entropy is 
not a zero and in this case the heat function 
but not entropy function (according to the 
Gess law) becomes the function of condition. 


Buynov offers to use four-oxide of nitrogen as working 
matter for this cycle. His works are excellent example 
of scientific enthusiasm, which (in combination with 
financial interest of the customers) could produce real 
results for Russia many years ago. Let's note that 
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priority of this discovery belongs to Russia in spite of 
attempts of other scientists to claim and develop this 
idea now as their own work, 


We can make a very interesting conclusion if we 
analyze history of so called “cold fusion” discovery. 
According to de-classified materials of 1960, priorities 
of Russia in this topic are obvious. In 1989 Pons and 
Fleshman have reported about results of their 
experiment. In 1995 Russian Journal “Inventor and 
Rationalizator”, #1 has published article about 
invention made by Ivan S. Filimonenko that was 
named in 1957 as “warm nuclear syntheses", In 1957 
he detected extra power output in process of heavy 
water electrolysis and he mentioned several applied 
aspects, for example, propulsion force and possibility 
to reduce radioactivity by means of this process. In 
1960 Kurchatov, Korolev and Zhukov have supported 
the ideas of the author. Russian Government adopted 
secret resolution on this work: 


1. Investigation of energy generation. 
2. Development of propulsion without reactive mass 
flow. 

3. Research on protection from radioactivity. 


But in next several years this work was suppressed 
by people of nuclear power plant team. The only 
system of such type named as TOPAZ was innovated 
for Russian aerospace systems. World-wide 
innovation of this technology is areal way to introduce 
“warm reactors of syntheses” and it is not necessary 
to wait for results of high-cost “Tokomak” project and 
other thermonuclear researches. Let's note that 
secondary effects (propulsion force and influence on 
radioactivity) are possible due to using of “free 
energy” aspect if output power is result of change of 
space-time parameters. 


In 1994 Journal “Russian Ideas”, #1-6, it was 
published an interesting document “Conclusion of The 
Moscow City Council Commission on the question 
about Ivan Filimonenko's discovery and its 
development”. In this document it was recognized 
that it is vitally necessary to renew this works. But in 
2003 we still have nothing new on this topic. Why? It 
can be assumed that the Problem of innovation for 
this technology is possible military application of the 
methods since influence on radioactivity (for example, 
remote reduction of radioactivity of some object) is 
area of interests of the Defense Department. The fact 
that energy generators by Filimonenko can be used 
for quick restoration of the present ecological balance 
is not so important in this case. The same conclusion 
is about propulsion method, which was proposed by 
Filimonenko. Mr. Korolev knew about this method; 
however present space programs are still based on 
rockets and reactive principles, and anti-gravity flying 
machines we can see only in fantastic movies. 


At the same time, development of commercial cold 
fusion projects was started in some countries, for 


example: Patterson Power Cell is introduced in Texas, 
USA (Clean Energy Technologies Inc., Dallas, Texas, 
fax 214-458-7690). More than thirty patents were 
owned by ENECO Corporation, which is collecting the 
main technological solutions in this area. The 
production of electrolytic thermal cells was started by 
Nova Resources Group., Inc., Colorado. 


In August of 1995 Atomic Energy of Canada, Ltd, 
Company, which is member of The Planetary 
Association for Clean Energy, has published the review 
on moder methods of conversion of nucleus wastes 
and deactivation. Two new technologies were offered 
for introduction: contact processing by "Brown's gas” 
and remote processing by scalar (torsion) fields. Let's 
note that the technology proposed by Canadians and 
Filimonenko's technology demonstrate the effect of 
influence on the rates of radioactive decay. 


‘These examples are only small part of real situation. 
Main references on publications are foreign and it can 
lead to wrong conclusion that Russia is delayed in this 
direction of new technologies development. In fact, 
Russia has more talented inventors and researchers 
than any other country. However, condition for work, 
patenting and publications of ideas are not the same, 
and usually Russian technologies cannot reach the 
level of international market. This problem depends 
only on real and official state policy with respect to 
inventors and scientists. In real life financial support 
of scientific institutes is mainly subsidy for 
management of the institutes, but not for science. The 
inventions and discoveries always were made by a 
certain real person, but not by Institute or some 
scientific team, 


In Russia of last age and in the other world on the 
whole the institutes and laboratories have been 
creating for a new scientific problems, discoveries 
or new directions in science. It was necessary to 
claim about discovery and provide priority for own 
country to get official support. Main schools of 
thought appear by this natural way. By the same 
natural way the necessary in existing of some 
scientific institute can be removed when the idea 
grows up to serial production stage. If there are no 
any fresh ideas in this school then the institute 
should be transformed in design office of the 
production plant on this topic. It is almost impossible 
to create a new research institute in modern Russia, 
so really new ideas (if they are not ranged in frames 
of some existing scientific directions) can not be 
developed and they can not create a new school of 
thought in Russia. 


.. it is possible to make a conclusion about 
grandiose misinformation of society. 


People (carriers of the new ideas) have to leave 
Russia to realize their sensational ideas on free 
energy and antigravitation topics. Why they do not 
work with Russian Academy of Sciences? It is the 
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rhetorical question. Usually after many years of 
correspondence with patent office or with official 
science bodies the authors can find that their ideas 
are published in “serious scientific magazines” but 
without any respect to their names. 


Attachment 1 presents some information about 
patented technologies. When we study old and modem 
patent documents, it is possible to make a conclusion 
about grandiose misinformation of society, which 
leads to appearance of two different Worlds, separated 
by the level of knowledge: evident and hidden 
knowledge. The achievements of the second hidden 
world could change our planet, give a chance to remove 
all energy and ecological problems. Besides, we have 
discussed that some free energy systems (for example, 
self generated plasma discharge) have also the 
medical-biological aspects. This “influence” from free 
energy system is related with negative entropy 
processes in area of the operation of the system so some 
components of biological systems can be changed to 
less entropy. The design of free energy system defines 
the type of this influence. It was noted before that 
operation of any free energy system should be 
considered in high topology space-time as 
multidimensional system to see what the reason of the 
effect is, 


So, since the rate of time course is determined by 
Nikolay A. Kozyrev as rate of cause-effect 
‘transformations, then any free energy system should 
change the causality in surrounding space-time. In this 
case we can assume that it creates quantum physics 
effects on the macro level. It is interesting to assume: 
Heisenberg's uncertainty, tunnel effect and 
manifestation of wave characteristics (up to diffraction 
of objects) for macro level. 


Some experimental data by Kozyrev is related with 
quantum effects, which were detected in his 
experiments with rotating and vibrating gyroscopes. 
‘This technology is the basis to design real teleportation 
systems, which will change parameters of space-time 
to allow changes of position of some material object 
from one point of space to another point of space 
(without transference on the distance between these 
points) by means of combining these points in the same 
place of space for some time. 


‘The process of study of new technologies in alternative 
power industry and gravitation is developing actively 
in the world. Besides secret programs and institutes, 
it is possible to make a conclusion that activity of this, 
work in countries of limited fuel resources is more 
efficient. Now Russia has rich natural materials and 
oil resources but in the short time this advantage 
will not play any role in development of economy. 


Industrial and defense power of any country 
will depend on free energy technologies, 
knowledge on the biologically active energy 
and reactionless propulsion methods. 


‘The new technology creates not only a new technical 
systems but also new economical systems. It is not 
physics but policy... Development of great Russian 
territories with industry of free energy technologies for 
home and commercial application is the way to change 
world economical balance in favor of Russia. It is 
difficult to say now what financial-economical group 
of modern Russia is most interested in development of 
this direction of science. The purpose of any financial- 
economical group is power on the market of energy 
resources, but when the free energy technologies are 
developing, then people and industrial or agricultural 
producers will be more independent from centralized 
system of energy and oil distribution, therefore, they 
will be more independent from influences of central 
authorities, 


‘From the point of view of serious business, there is only 
one real argument in favor of developments of any really 
new technology: it should lead to increase of profit and 
expansion of the market. In this sense, it is possible to 
compare the new energy technologies with beginning 
ofthe steam machine age or with appearance of electric 
machines and illumination. This means the super 
profits and serious fight with competitors. To develop 
this way any efforts of scientists are not sufficient work 
It is necessary to join them with the efforts of large 
business structures, which are interested to create new 
market of energy and power engineering in parallel to 
present monopoly fuel-energy market or to develop 
commercial exploration of space by means of new 
propulsion principles. In particular, telecommunication 
space satellites and projects on colonization of space 
could be the nearest commercial directions of the new 
market. 
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Attachment 1 


Methods and devices to create power without 
external sources and reactionless motion systems 


3913004 October 14, 1975, Method and equipment 
to increase electric power, Robert Aleksander. 
4975608 December 4, 1990, Motor with switchable 
magnetic resistance, Harold Aspden, 

5288336 Converters of heat into electricity, Harold 
Aspden, see also patents 5,065,085 and 5,101,632 
4622510 November 11, 1986, Parametric electric 
machine, Ferdinand Kap. 

2912244 1959, Gravitational System, Ottis Karr. 
4006401 February 1, 1977, Electromagnetic 
generator, V. Rivas 

3811058, 3879622 Motors with permanent 
magnets. 

1835721 December 8, 1931, Motor with permanent 
magnets, A. Povel. 

1963213 June 19, 1934, Magnetic motor, G. Pose. 
1859643 May 24, 1932, Motor with permanent 
magnets, G.L. Worsington. 

1859764 May 24, 1932, Magnetic device, 
G. Baugon, 

2982261 Mac Klintok's Air motor. 

4595843 June 17, 1986, Transformer of rotation 
magnetic flux, Robert Del Vechio. 

4567407 January 28, 1986, Motor - alternator, John 
Ekin, 

3368141 January 6, 1968, Transformer in 
combination with permanent magnets, K. Garon. 
3890548 June 17, 1975, Motor with pulsing 
capacitor discharge, Edwin Gray. 

4595852 June 17, 1986, Electrostatic generator, 
Robert Gandlach, 

4831299 May 16, 1989, Homopolar generator of 
alternating current, Enakishy Khasaka. 

4249096 February 3, 1981, Electric dynamo, 
Barbara Nikoks. 

3610971 October 5, 1971, Electromotive generator 
of electric field, Williams Couper. 

4897592 January 30, 1990, System producing 
power from energy of electrostatic field, Williams 
Hyde. 

4151431 April 24, 1979, Motor with permanent 
magnets, Hovard Johnson, 


4806834 February 21, 1989, Electric circuit of 
inductive conductors, transformers and motors, 
Erl Kening. 

3374376 March 19, 1968, Electric generator, 
‘Raymond Kromry. 

3977191 August 31, 1976, Power source, Robert 
Brett. 

3670494, Method of converting of atomic energy 
in kinetic energy. 

4709323 November 24, 1987, Converter of parallel 
resonance, Charles Lien, 

5146395 September 8, 1992, Power source using 
two accumulating circuits, Richard Mac Kee. 
4210859 June 1, 1980, Inductive device with two 
orthogonal windings, Paul Meretsky. 

4500827 February 19, 1985, Linear electric 
generator, Thomas Merit. 

4904926 February 27, 1990, Electric generator of 
magnetic motion, Mario Patsishinsky. 

4945273 July 1990, High effective electric machine, 
Josef Pinkertone. 

4883977 November 28, 1989, Converter of magnetic. 
power, Dennis Regan, 

4077001 Electromagnetic converter, Frank 
Richardson, 

5018180 May 21, 1991, Conversion of energy, 
Kennet Shoulders. 

4652771 March 24, 1987, Transformer, Theodore 
Speach. 

477 2816 September 20, 1988, Conversion of 
energy, Jefry Spens. 

4748311 May 31, 1988, Inverter, Fridrikh-Verner 
‘Thomas, 

International patent HO2K 31/00, 39/00 dated June 
24 1982, Closed part of unipolar machine, Adam 
‘Trombly. 

4687947 August 18, 1987, Electric circuit for 
conserving of power, Melvin Kobb. 

4772775 September 20, 1988, Generation of plasma 
flux in electric arc, Sam Lich, 

‘The USA patents 5416391 and 5449989, Paulo 
Correa, 

4432098 and 4429280, Transmission of information 
by means of magnetic vector potential, Raynolds 
Gelinas. 

Great Britain, #547668, January 30 (September 7) 
1942, Motor with permanent magnets, Stenly 
Hichkok, 

Great Britain, application # 2282708A, Motor with 
permanent magnets, Robert Adams, Harold 
Aspden. 

4394230 USA patent, July 19, 1983, Henry K. 
Pukharich, 

2251775 Great Britain patent, April 20, 1994, 
‘Thermoelectric conversion, Harold Aspden, 
5288336 USA patent, Thermoelectric conversion, 
Harold Aspden. 


The USA patents on electrogravitation 


1363037 Goddard, December 21, 1920; 
2004352 Simon, June 11, 1935; 


2210918 Karlovitz, August 13, 1940; 
2588427 Stringfield, March 11, 1952; 

2231877 Bennet, 18 February, 1941; 

2279586 Bennet, 14 April, 1942; 

2305500 Slayter, December 15, 1942. 

English patent 300,311 August 15, 1927, Townsend 
Braun. 

French patent 1003484 November 1951, 
Electrogravitation; 

3187206 June 1, 1965, Electrokinetic equipment, 
‘Townsend Brown. 

3022430 February 20, 1962, Electrokinetic 
generator, Townsend Brown. 

3018394 January 23, 1962, Electrokinetic converter, 
‘Townsend Brown. 

2949550 August 16, 1960, Electrokinetic 
equipment, Townsend Brown. 

1974483 September 25, 1934, Electrostatic motor, 
‘Townsend Brown. 


Attachment 2 
Organizations 


Faraday Lab Ltd, Lev Tolstoy Str. 7, 
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‘Moscow reg., Mytishy, B. Sharapovskaya str. 3 
Fax 095-2926511 

Academy for Future Sciences, PO. Box FE, Los 
Gatos, CA 95031, USA. 

AERI, Advanced Energy Research Institute, 14 
Devonshire Mews West, London WIN 1Fp, Great 
Britain, 

ADAS, Association of Distinguished American 
Scientists, BO. Box 1472, Huntsville, AL 35807, USA. 

Borderland Sciences Research Foundation, 
RO. Box 429, Garberville, CA 95440-0429, USA. 

Center for Action, BO. Box 472, HCR 31, Sandy 
Valley, NT 89019, USA. 

Electrodynamics Gravity, Inc., 35 W. Tallmadge 
Ave., Akron, Ohio 44310, USA. 

Fusion Information Center, BO. Box 58639, Salt 
Lake City, Utah 84158-0369, USA 

Gravity Power Research Association, 36 
‘Mountain Road, Burlington, MA 01803, USA. 

GRI, Group Research Institute, PO. Box 438, 
Nelson, New Zealand. Dr. Ashley Gray. 

High Energy Enterprises, PO. Box 5636, Security, 
CO 80931, USA. Fax 719-4750582, 

Institute for Advanced Studies at Austin, 4030 
Braker Lane W,, Suite 300, Austin, TX 78759, USA. 

INE, Institute for New Energy, 1304 South 
College Avenue, Fort Collins, CO 80524, USA. 

Integrity Institute, 1377 K Street, NW, Suite 16, 
Washington DC, USA. Fax 202-543-3069. 

Orgone Biophysical Research Laboratory, Inc., 
PO. Box 1395, E1 Cerrito, CA 94530, USA. 

Quantum Biology Research Laboratory, PO. Box 
60653, Palo Alto, CA 94306, USA. 

SEA, Space Energy Association, PO. Box 11422, 
Clearwater, FL 34616, USA. 


Tesla Book Company, PO. Box 121873, Chula 
Vista, CA 91912, USA. 

‘Tesla Incorporated, 760 Prairie Av., Craig, CO 
81625, USA. Fax 303-824-7864. 

Journal Explore, PO. Box 1508, Mount Vernon, 
Washington 98273, USA. 
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Asheville, NC 28814, USA. Fax 704-683-3511. 

Nexus New Times Magazine, P.O. Box 30, 
‘Maplepton Old, 4560, Australia. Fax 074-429381. 

Journal Cold Fusion Times, RO. Box 81135, 
Wellesley Hills MA 02181, USA. 

Journal Infinite Energy, PO. Box 2816, Concord, 
NH 03302-2816, USA. 

Journal 21st Century Science & Technology, 
PO. Box 16285, Washington, DC, 20041, USA. 

Journal Cold Fusion, 70b Route 202N, 
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“Robert Adams and Company" 46 Landing Road, 
Whakatane, Bay of Plenty, New Zealand. Robert 
Adams, 

‘Methemitha, 3517 Linden, Switzeland. Manager 
Francis Bosshard. 

Swiss Association for Free Energy, RO. Box 10, 
5704, Egliswilli, Switzeland. 

Space Research Institute, Box 33, Uwajima, 
Ehime 79, Japan. Dr. Shinichi Seike. Fax 895-24-7325. 

Nuclear Power Corporation, 581 400 Karnataka, 
India. Project Director Dr. Paramahamsa Tewari. 

Cosmic Energy Foundation, Neptunuslaan 11, 
3318 E1 Dordrecht, Netherlands. Dr. Martin 
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Labofex, Experimental and Applied Plasma 
Physics, Ontario, Canada, Dr. Paulo N. Correa. 
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Introduction 


Nowadays there are appear more and more attempts 
to disclose new methods of obtaining energy from the 
ambient space, i.e. from heat, electromagnetic, 
gravitational fields, physical vacuum, aether, etc. (See, 
for example, publications in New Energy Technologies 
[1-3)). The publications demonstrate that researchers 
meet various incompletely investigated physical 
processes. These scientific areas are difficult to be 
investigated. All this makes obstacles for development 
of works on creation of new energy sources. In this 
work there is made an attempt to demonstrate 
general properties of energy sources of any physical 
nature. This attempt is based on a general analysis, 
of properties of matter. A theory of transformers is 
used to investigate general properties of matter. 


Action of all physical, technical and biological systems 
is expressed in energy transformation. Numerous 
theories based on particular (specific for some system) 
methods are applied for description of these systems. 
However, if the number of degrees of freedom and of 
elements inside a system increases then many theories 
are not able to describe operation of the systems. First 
these problems appeared in electrical engineering, 
radio engineering, automation and acoustics. The 
theory of transformers is applied to these fields of 
science. The theory represents a complicated system 
as a “black box" having several inputs and outputs. 
Operation of the numerous elements occurring inside 
the box is represented as some equivalent functions 
reduced to the inputs and outputs. 


In the last decades methods of solution of mechanical 
dynamic tasks by the method of complex resistances 
are developed as well as representation of elements 
as linear transformers [11] and finite elements in liquid [14] 
This tendency can be applied to the mechanics of 


Devoted to memory of Academician A.A. Harkevich 


liquids and gases. Now there are successfully 
developed those concepts which assume observation 
of models having very few degrees of freedom to be 
enough for analyzing processes in hydrodynamic 
systems [10]. However, a mathematical apparatus for 
description of transformers operation which is well- 
developed in these areas of science and engineering 
has a special view and is applicable only for these 
scientific areas, 


Academician A.A. Harkevich developed a theory of a 
linear transformer up to the level of the general theory 
of transformers which is applicable for transformation 
of any types of energy [24]. The general theory of 
transformers proposed by A. A. Harkevich is applicable 
for description of various energy sources, flying and 
swimming objects, functioning of different animals’ 
organs, and technological processes. In this work some 
general properties of matter and energy sources are 
investigated, according to the general theory of 
transformers. 


General theory of energy 
transformer 


‘The whole ambient space, from the microworld to the 
macrowonld, is filled with energy. According to different 
theories, space is represented as a compact medium. 
(ie. having distributed parameters) or a medium 
consisting of a limited number of discrete elements (i.e. 
having concentrated parameters). On the analogy of 
hydrodynamics [10, 14] the compact medium can be 
represented as an equivalent system with a limited 
number of degrees of freedom. Hence, the whole space 
can be represented as some system consisting of 
elements and communications between the elements 
with a limited number of degrees of freedom. Energy 
exchange occurs due to the degrees of freedom. Energy 
transmission occurs if energy gradient is presented in 
the ambient space. Due to the energy gradient a force 
tends to realize transmission in the space [4]. The 
elements can be systems as well. 


Hence, the more we observe dividing the elements on 
the systems and the systems on the elements the more 
we will penetrate into the microworld (ie. atoms, 
elementary particles, physical vacuum, aether, etc.) 
‘The more we combine the elements in the systems, 
and the systems in the new larger systems the more 
we observe the macroworld (the Solar System, galaxies, 
etc.). All the systems and the elements are 
interconnected. The systems and their elements are 


transformers of energy. Energy motion occurs in the 
smallest part of space. Consequently, the whole space 
can be represented asa system consisting of the energy 
transformers. In the general case due to every type of 
energy limits of a transformer consist of outer limits 
(ie. communications with the macroworld) and inner 
limits (ie. communications with the microworld). 
Dividing into the macroworld and the microworld 
occurs in relation to the size of a transformer for every 
type of energy. Types of energy coming through 
communications of a transformer and inside it may 
differ, ie. mechanical, heating, electromagnetic, 
chemical and other known and unknown types of 
energy. 


The processes in which a great number of interacting 
elements and different types of energy participate are 
very complicated and do not allow describe the 
processes accurately by modern mathematical 
methods. Hence, there is a problem to find such 
methods of solution of the tasks which without 
disclosing all the communications inside the element 
can give the understanding of the way an element 
moves in the system. The following premises can be 
made for the method of solution of the task of a system 
and its elements’ motion: 


1. Motion of all the elements in the space is 
characterized by energy exchange occurring among 
‘them; 

2. We are interested in a certain limited area for 
every individual type of energy. The chosen limited area 
will be called as a transformer; 

3. The transformer has degrees of freedom both on 
its limits (sides) and inside it (inner degrees of freedom); 
4. Further this limited area (the transformer) which 
has or is able to have a limited number of degrees of 
freedom (sides) at its limit will be observed; 

6. Interaction between this transformer and the 
ambient space occurs only through these degrees of 
freedom (sides) by means of energy exchange; 

6. Motion of energy between the elements of the 
transformer occurs according to its degrees of freedom 
inside the transformer. There can be a limited or 
unlimited number of degrees of freedom. 

7. Allthe space is full of the transformers. All the 
transformers adjoin each other without gaps. Energy 
exchange between the transformers occurs through 
‘their sides which do not have a size but reflect general 
kinematical and dynamic characteristics of the energy 
‘transferred through these sides. 


Editor: The full variant of the article includes 
mathematical description of operation of energy 
transformers which is followed by these conclusions: 


- There can be any number of different types of 
elements having a corresponding number of degrees 
of freedom and any type of energy inside the 
‘transformer. However, on every side of the transformer 
a generalized force has the same value and depends 
only on change of energy according to this degree of 


freedom. Therefore, two transformers are considered 
to be equal if the generalized forces (energy changes) 
on all the sides are equal. In this case it is not 
necessary for the inner structure of the transformer, 
number of inner degrees of freedom, and energy types 
of these two transformers to be equal. This is a 
principle of equivalency of transformers at the 
equivalency of the forces acting at the sides of 
transformers. 


+ Inthe general case the generalized force at any 
side depends not only on energy exchange occurring 
at this side but on energy exchange occurring among 
the sides or at other sides of the transformer. The 
generalized forces are produced by energy 
distribution in the space. 

- A transformer is characterized by the fact that 
there are different types of energy at its different input, 
sides (or the energy can be of the same type but 
having other characteristics of motion). 


Resistances of the interaction provide information 
about physical properties of the transformer, in 
particular, about physical interaction between the 
sides. At that a number of inner degrees of freedom 
in this transformer as well as the reactions at the other 
sides do not play any role. Proper resistances of the 
sides and resistances of the interaction provide 
information about inner physical characteristics of the 
transformer reduced to equivalent values at the sides. 
Hence, it is possible to have two transformers having 
equal equivalent resistances of interaction for all the 
sides. However, according to their geometrical and 
constructional characteristics and types of energy, the 
transformers will be different. The resistances may 
be a function of kinematical characteristics 
(a nonlinear transformer) or of time (a parametrical 
transformer). Moreover, it can have constant values 
(a linear transformer) 


It is appropriate to consider physical properties of 
matter included in the volume of a transformer only 
due to resistances at the sides of the transformer. 


Structure of the transformer 


Every inner degree of freedom can be represented as a 
series circuit. By analogy with electric circuits (6, 7, 
11, 16-18] the transformer can consist of various 
circuits. An unlimited number of degrees of freedom 
allows represent a transformer consisting of an 
unlimited number of chains. The circuits have series, 
parallel, or mixed junctions. A part of a circuit whose 
elements have the same generalized displacement is 
called as a branch. The branch can consist of one or 
several elements. A place where three or more 
branches are joined is called as a multiple junction. A 
circuit is considered to be a closed path including 
several branches and multiple junctions. All the 
elements of a chain connected in series have equal 
generalized displacement (as well as equal speed and 
acceleration). The generalized force acting on the 
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whole circuit is equal to the sum of forces acting on 
the elements of the series circuit. 


‘The elements connected in series can be replaced by 
one element in such a way that the generalized 
displacement and the summary generalized force would 
not change. In the case of a parallel connection all the 
branches of the circuit are joined to the same pare of 
multiple junctions and are under influence of the same 
generalized force. Parallel circuits can be replaced by 
series equivalent circuit and vice versa [6, 7, 11, 17, 18] 
Hence, a number of inner degrees of freedom and a 
quantity of chains may be decreased as well as, 
increased. In this case resistances occurring on all the 
sides will be constant. 


Structure of the linear 
transformer 


‘The simplest transformer is a one-side transformer 
having one inner degree of freedom. 


Ifto the input of the transformer we deliver generalized 
displacement (or force) which depends on time as a pure 
sinusoidal signal then the linear transformer will have 
sinusoidal reaction of the same frequency. For the 
sinusoidal signal with fixed frequency the linear 
transformer (including a transformer having an 
unlimited number of inner degrees of freedom) can be 
represented as an equivalent transformer reduced to this 
input as one chain. An equivalent transformer placing 
at this input at other fixed frequency of sinusoidal 
disturbance will be represented as a chain having one 
degree of freedom but different values of chain elements. 


If the signal at the input of the transformer is of 
complicated time-periodical form then it can be 
decomposed to Fourier series. Every harmonics of the 
Fourier series will produce its own chain. The general 
complicated signal will produce the complex chain 
consisting of compound sum of elementary series 
chains. This complicated chain consists of elementary 
chains interconnected in series or in parallel and 
combined in multiple junctions and circuits. The 
construction principles of this complicated chain can 
be based on methods of identification and synthesis 
which are well developed in electrical engineering, 
automation for linear and non-linear transformers [9, 12, 
13]. These principles are formally useful for transformers 
which transform energy of any physical nature. 
Identification produces so much elementary chains as, 
the number of inner degrees of freedom. Every 
elementary chain reflects motion by one inner degree 
of freedom. Physical analogy occurring among motions 
of different nature is actual here [11, 16, 18]. Values of 
the generalized masses, elasticities, dissipative and 
active elements can depend on kinematical variables 
(non-linear chains), on time (parametrical chains), or 
they can be constant (linear chains). 


Ifa series circuit includes mass and elasticity then it 
will have resonant frequency. At this frequency 


reaction of mass and elasticity will be absent in the 
summary reaction. It is equal to the fact that we will 
know nothing about the value of mass (and elasticity) 
and, moreover, about its presence at all. The mass 
can have huge value, but it will be absent for us. 
Hence, if we assume a transformer as an atom then 
the atom may include elementary chains having huge 
masses (much more than the mass of the Earth), but 
we will not know about it until we apply such 
frequency to the input which explicates this mass. 


Any energy transformer including a transformer with 
distributed parameters can be represented as a 
system of elementary series and parallel chains 
connected in a certain way. A concrete transformer 
can have various types of these connections. All of 
them can be included into another combination of 
connections that is accompanied by change of values 
of masses, elasticities, dissipative and active 
elements. However, in this case equivalency of 
reaction should he fulfilled at a certain diapason of 
frequencies on all the sides of the transformer. 


‘There is a special spectrum of resonant frequencies 
for every combination of connections of the 
transformer. There will be an unlimited number of 
degrees of freedom and, hence, an unlimited number 
of resonances for the transformer with distributed 
parameters (for example, an elastic nail, a 
compressible fluid having a limited size). Our 
influence on the transformer usually has a certain 
diapason of frequencies. As the result of a limited 
diapason of excitation frequency the transformer will 
represent a system having a limited number of inner 
freedom, even if the transformer has distributed 
parameters, 


Values of equivalent elements depend on oscillation 
frequency. Moreover, according to known laws, 
several parallel circuits can be transformed into a 
series one and vice versa. Taking it into account the 
following conclusions can be made: 


1. The generalized mass, elasticity and dissipative 
elements do not have constant values in nature. Their 
value depends on frequency of the process, i.e. they 
depend on the character of time-change of the 
disturbance acting on the transformer. 

2. The generalized mass, elasticity and dissipative 
elements are products of time-space change of energy. 


Types of energy transformers 


‘Transformers can be nonlinear, parametrical and 
linear. The transformer can he active (having an 
internal source) and passive (having an external 
source). The passive transformer can never be an 
energy source (by definition). A transformer can 
accept or transform one type of energy 
(monoenergetic transformers) or several types of 
energy (polyenergetic transformers). The 
polyenergetic transformer includes a mechanism and 


corresponding elements and chains which allow 
transform one type of energy into another one. 
Fundamentally, all the transformers are polyenergetic 
transformers of energy, however many of them can be 
represented as monoenergetic ones since other types. 
of energy participate weakly in them. Designing a 
‘transformer it is more convenient to put the energy 
source out the transformer. Let us further classify the 
passive transformers. 


The passive transformers can belong to the 
following types: 


Simple transformers 


In this case energy is produced at the output due to 
transformation of energy coming to the inputs into 
energy of another type or having other characteristics. 
‘The following transformation can serve as the example, 


An electric transformer: resistance of one value comes 
to the input, and the resistance of another value comes 
from the output (a type of energy is the same). 


A furnace for combustion of fuel: energy of chemical 
connections comes to the input and heating energy 
comes from the output (energy of radiation may be 
neglected). 


A Wind Generator, Hydroelectric Power Station: kinetic 
energy of moving air or water comes to the input, and 
electric energy comes from the output. 


2. Energy intensifiers 


In this case a transformer intensifies energy coming to 
one of the inputs due to energy coming to the other 
inputs (or to the other input). Below there is an example 
for a monoenergetic transformer. Energy (an electric 
signal having certain parameters) comes to the input 
of a transformer, and the output energy has the same 
characteristics but it is more intensive. It can occur 
due to electric energy coming to the other input of the 
‘transformer. 


Aheat pump represents an example for a polyenergetic 
transformer. Low potential heat energy of the ambient 
space (air, water, ground) comes to the input of the 
heat pump, and electric energy from a power network 
comes to the other input. The output heat energy has, 
value which is equal to the sum of the coming heat 
energy of the ambient space and electric energy 
coming from the power network through the electric 
engine of the compressor. The output heat energy 
excesses energy coming from the power network by 
several times. The output energy is always lower than 
the sum of the low potential heat energy and the 
electric energy coming to the input. Hence, the output 
of a heat pump is always less than unit. 


Efficiency of the heat pump consists in the fact that a 
consumer pays for electric power produced by power 
network only (use of the low potential heat of the 


ambient space is free). However, the output heat 
energy is several times more than the energy which 
can be produced by the electric power coming to the 
input. 


3. Active oscillator 


An active oscillator is a device of a certain type. Energy 
oftime-constant characteristics comes toits input, and 
at output there is energy of time-periodical 
characteristics. Energy with time-periodical 
characteristics can come to the input as well since 
‘these characteristics are not connected with the time- 
periodical characteristics of the output energy. The 
transformer can operate in a mode of an active 
oscillator if it has the following features: 


1. Indirect connection as a series circuit: one of the 
outputs is connected to an additional transformer 
‘whose output is connected to one of the inputs of the 
transformer. The additional transformer provides 
certain changes of the input signal (time delay). 

2. Energy comes to the input (it can be time- 
constant or time-periodical). 

3. The transformer must have a certain type of non- 
linearity. 


Examples of the active oscillator 


Internal combustion engine: the indirect connection is, 
the system of combustion, the non-linear element is 
the system of admission and exhaust valves, and the 
energy source is energy of chemical connections of fuel. 


Various electric generators: all of them have the indirect, 
connection, the non-linear element, and the energy 


‘The active oscillators differ from the electrical 
intensifiers qualitatively. The difference consists in the 
fact that the active oscillator can operate and receive 
energy from the ambient space without additional 
energy coming to it (from a power network, for 
example) 


‘Theorists and experimenters try to create a self- 
supporting self-organizing system in their works on 
creation of alternative sources. This fundamentally 
correct tendency requires using theory of active 
oscillators. There is the developed theory in electrical 
engineering, automation, and other scientific fields [25] 
‘To simplify application of these theories it is necessary 
to use analogy between equal processes which take 
place in different physical fields. 


4. — Rectifiers 


‘Time-periodical energy comes to the input of the 
transformer. The output energy has time-constant or 
practically time-constant characteristics. If the 
‘transformer has a non-linear element or elements of a 
certain type (a diode or a one-sided valve) then it can 
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operate in the mode of a rectifier. The examples are 
electrical rectifiers and pumps of a valve type. 


Properties of energy transformers 


eneral properties: 


1. Atransformer can transform energy of one type 
as well as transform one type of energy into another 
type. 

2. The generalized kinetic, potential and 
dissipative energies are specific peculiarities of energy 
change in the space and time. 

3. The generalized masses, elasticities and 
dissipative elements are products of energy change in 
space and time. 

4. Values of the generalized masses, elasticities 
and dissipative elements (existing inside the 
transformer as well as reduced to the equivalent values 
on the sides of it) depend on a temporal character of 
changes of kinematical or dynamic disturbances. 
Values of the generalized masses and elasticities at 
the sides of the transformer are lower than the 
corresponding values inside the transformer. 


5. Energy interchange between macrostructures 
and microstructures can occur through a transformer, 
6 One area of space can “know” about another 


area of space through energy exchange only, i.e 
through generalized dynamic and kinematical 
interactions. In the light of the fact that chains of 
different transformers can have similar physical 
properties (for example, an equal resonant structure) 
interference of these transformers seems to be possible 
including interference occurring at a great distance. 


Properties of the passive monoenergetic transformer: 


1. Transformation of characteristics of the same 
energy type. 

2. The output energy can be both equal or lower 
than the sum of energies coming to all the inputs. The 
sum of the output energies decreases due to dissipative 
losses occurring inside the transformer. 


Properties of the passive polyenergetic transformer: 


1. One energy type coming to an input can be 
transformed into another energy type coming from the 
output. 

2. The sum ofenergies of all the outputs can be equal 
tothe sum of energies ofall the inputs or less than it. The 
sum of the output energies decreases due to dissipative 
losses occurring inside the transformer. The output will 
always be lower than unit. If the energy coming from 
certain of the outputs (within the limits of one output) is, 
considered as a positive effect then the output will be 
less than the mentioned value. 

3, Energy ofone andthe same type comes tothe input 
and from the output while other energy types can come 
from other outputs. This property can allow increase one 
type of energy coming from an output at the expense of 
the other types of energy coming to the inputs. 


Analysis 


This article is aimed to provide general properties of 
the energy transformers and to analyze some 
problems of creation of renewed energy sources, 
according to these properties. There are made various 
attempts to design a renewed energy source which 
would produce energy without fuel consumption. In 
the light of the above mentioned results, the 
researches on creation of the renewed energy source 
may be represented by the following way. Energy can 
be produced from the macrostructures and the 
microstructures. 


In the case of the macrostructure, energy can be 
produced by a simple transformer, an electric intensifier 
or an active oscillator. Methods of production of energy 
from the ambient space by means of simple 
transformers (thermoelectric and hydroelectric power 
stations, wind generators, etc.) are developed 
sufficiently by the humankind. Works on producing 
energy from the ambient space by means of energy 
intensifiers are on its initial stage. Heat pumps, which 
utilize low potential heat energy by means of Freon- 
compressor heat pumps, are successfully introduced. 
One of the perspective approaches is replacing such a 
heat pump by a vortex oscillating heat pump which 
does not contain Freon and a compressor [3, 5, 19, 221. 
In future it will be possible to replace the energetic 
pump by a new energy transformer of the type of an 
active oscillator. In this case the energy source will 
always obtain energy from the ambient space without 
using additional energy from a power network. Energy 
sources of the type of the active oscillator are internal 
and external combustion engines, stream engines, etc. 


In the general case a transformer can contain different 
energy types and has communications with outer 
microstructures. It should be noted that the outer 
microstructures can be included in the geometrical 
size of the transformer. Energy of this microstructure 
can be huge; hence, this energy can be obtained from 
them for a very long period of time. Atomic reactors 
can serve as an example for this fact. The types of 
energy in these microstructures can be represented 
by known types (electromagnetic energy, nuclear 
energy) and unknown types (whose numerous 
quantity can be considered). These energy types exist, 
in the ambient space. However, almost all the 
transformers of energy produced by a human (except, 
the nuclear reactors) do not interact with the energies, 
and we do not obtain energy from these 
microstructures. 


‘The task of creation of a new energy source consists 
in designing such an energy transformer which could 
obtain energy from the microstructures and transform 
it into the type of energy which is needed to a 
consumer, In this case all the designed transformers 
will not have over unit output. Efficiency of these 
transformers will be defined by the cost of the energy 
produced by them. This energy depends on a ratio of 


energy coming to one of the inputs (electric power) 
(for example, in heat pumps) to the output energy. If 
the output energy is much more than the artificial 
energy which comes to one of the inputs then this 
‘transformer can be very useful for a consumer. 


New high effective energy sources are often claimed 
to be created. According to the observed facts, 
existence of such sources is practically possible, 
Nevertheless, realization of this source will depend on 
our knowledge of physics of the microstructures and 
methods of transformation of energy of the 
microstructures into such type of energy which can be 
used by a consumer. Physics of microstructures is 
investigated badly, and many types of energy are 
totally unknown. Therefore, modern scientists try to 
create the new energy sources at random. In this case 
the following results can be achieved: 


1. The high effectiveness of an energy source (over 
unit output) does not correspond to reality. 
2. The output energy of the energy source is 


actually higher than the input energy (the source of 
the energy intensifier type). 

3. The energy source actually produces energy 
without artificial input energy (the source of the active 
oscillator type). It can occur if an inventor failed to 
recognize the source of energy coming from the 
microstructures. It can be connected with particular 
or total lack of exploration of physics of the 
microstructures. Moreover, the fact is caused by 
transcendent difficulty of disclosing energy sources 
from the macrostructures. 


Conclusions 


It is principally possible to create an energy source 
whose output energy would be higher than its input 
energy (an energy intensifier) or an energy source 
which would produce energy without additional input 
energy (an active oscillator) 


1. Various energy sources or transformers of energy 
of the macrostructures and microstructures can be 
designed. 

2. Practical value of the energy source is defined 
according to cost of its output energy instead of the 
output value. 

3. Designing new energy sources it is useful to 
consider them from the point of view of transformers. 
It is worth to define all the communications of the 
transformer and to state experimentally energy at all 
‘the accessible communications of the transformer. 

4. Developing theories of sources it is expedient to 
use physical analogy and to take into account ready 
results of works on theories of transformers, chains, 
etc. of electrical engineering, radio engineering, 
automation and other scientific fields. 

5. Inthe light of the fact that it is planned to obtain 
energy from the microstructures it is necessary to pay 
attention to new probable types of radiation and to 
‘their influence on a human. 
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~25:_>Commerdial Exploration of Space 


Review 
by Olga Leontyeva, Editor 
hhttp://wwwdaraday.ru 


r Of late years the mankind has 
greatly advanced in space 
exploration. New spaceships are 
created, automatic apparatus are 
launched to the planets of solar 
system, space stations are orbited. A man has passed 
to outer space and begun exploring the planets of solar 
system. More and more specialists and people of 
different professions are involved in the development 
of space industry. However to present day only a few 
of them has succeeded flying into space, 


Fa a 


At the present state of affairs space flight is very 
expensive and a serious reason should exist to forward 
a man into space if he or she does not relate to the 
aims of professional cosmonautics. However in last 
years there has appeared a certain breakthrough in the 
solving of the problem. Nowadays space technologies 
gradually tum from the sphere of experimental and 
scientific researches to the area of practical application, 
‘The time has come for a man to realize the real space 
flight without being the professional cosmonaut. 


What are the ways to solve the problem? No doubt that 
special attention should be paid to the development of, 
new space technologies, search of new types of fuel 
and attraction of investments to the sphere of space 
tourism, 


April 28, 2001 can be considered as official date of birth 
of space tourism, when there was launched the space 
ship "Soyuz TM-32" with the first space tourist aboard. 
Almost in a year, on April 25, 2002 the space tourist, 
#2 South African Republic person Mark Shattlword 
started on his space journey. 


‘Today many companies give the opportunity to make 
a real space flight for all comers who have enough 
money and health. It is promised the providing of the 
most modern space technologies and the most perfect 
space equipment. It can be created a furor by the 
“Minimum program” of the Russian company “Atlas 
Aerospace" which is made by the members of 
‘Yu.A. Gagarin Center of training of cosmonauts. 


Inrecent years at the international market there appear 
more and more companies which deal with search and 
encouragement of inventors who work on creation of 


alternative propulsion systems. Activity of "X Prize 
Foundation” company can be considered as an 
example, 


The X PRIZE Foundation 


'722-A Spirit of St. Louis Blvd 
St. Louis, Mo. 63005 
‘Tel: 636-519-9449, Fax: 314-533-6502 
ttp://wwwxprize.org 
E-mail: press@xprize.org 


‘The X PRIZE is a $10,000,000 prize to jumpstart the 
space tourism industry through competition between 
the most talented entrepreneurs and rocket experts in 
the world. The $10 Million cash prize will be awarded 
to the first team that: 


Privately finances, builds & launches a 
spaceship, able to carry three people to 100 kilometers 
(62.5 miles) 

Returns safely to Earth 

Repeats the launch with the same ship within 2 
weeks 


‘The X PRIZE competition follows in the footsteps of 
more than 100 aviation incentive prizes offered 
between 1905 and 1936 which created today's 
multibillion dollar air transport industry. 


For more than 30 years, the general public has waited 
for an opportunity to enjoy the space frontier on a first- 
hand basis. The X PRIZE Foundation is working to make 
space travel possible for all. The spaceships that 
compete for the X PRIZE are designed to carry 
passengers, 


Since its inception in May 1996, the X PRIZE Foundation 
has registered more than 20 teams from seven countries 
to compete for the prize. The X PRIZE is fully funded 
through January 1, 2005, through private donations and 
backed by an insurance policy to guarantee that the 
$10 million is in place on the day that the prize is won. 
Additional funds are still being raised by the X PRIZE 
Foundation to implement the competition (judging, 
media, event management, etc.) and continue the 
Foundation's education mission. 


‘The X PRIZE was inspired by the early aviation prizes, 
of the 20th Century, primarily the spectacular trans- 
Atlantic flight of Charles Lindbergh in The Spirit of 
St. Louis which captured the US $25,000 (US$) Orteig 
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prize in 1927. Through a smaller, faster, better 
approach to aviation, Lindbergh and his financial 
supporters, The Spirit of St. Louis Organization, 
demonstrated that a small professional team could 
outperform a large, government-style effort. 


‘The Societal Benefits of the X PRIZE include: 
* Creation of a new generation of heroes 
Inspiring and educating students 

Focusing public attention and investment 
capital on this new business frontier 

* Challenging explorers and rocket scientists 
around the world; and, 

* Vehicles built for the X PRIZE will eventually 
serve four different industries: 

+ Space Tourism 

= Low-cost satellite launching 

+ Same-day package delivery 

+ Rapid point-to-point passenger travel. 


In Fig. 1 itis demonstrated the typical X Prize trajectory. 


62 Miles 
(100 km) 


Air Traffic 


Fig. 1 


Editor: Below we publish photos and brief 
comments about some official X PRIZE registrant 
teams. More detailed information you can find at 
http://www.xprize.org/imagefacts/photo! html. 


The Da Vinci Progect 


http://www-davinciproject.com 


‘The da Vinci Project will launch its spacecraft 
("Wild Fire”) from the world’s largest helium 
balloon. The 3,270 kg (7,200 pound) rocket will be 
tethered 720 meters (2,400 feet) below the balloon 
and lifted over the course of an hour to an altitude of 
80,000 feet. The 10,000 pound thrust, liquid oxygen, 
kerosene engines will fire the first stage and the rocket 
will ly an initial angular trajectory to clear the balloon. 
‘The spacecraft then will transition to vertical flight 
to its apogee of 120 km in space. The rocket will reach 
a maximum speed on both its ascent and re-entry of, 
Mach 4, or 4,250 kph (2,650 mph). 


An innovative ballute will protect and stabilize the 
rocket on re-entry. A flyable parachute will be 
deployed at 25,000 feet and the rocket will descend 
under control, guided by GPS, to a predetermined 
landing zone. The da Vinci Project has already 
successfully conducted full-scale rocket motor test 
and has built a full-scale mockup of their vehicle, 


“Discraft” corporation 
hhttp://www-xprize.org/teams/teams.htm! 


John Bloomer, the team leader, is an aerospace 
engineer and he has worked on many aerospace 
progects, including Apollo and holds more than 60 
patents on a disc plattorm aircraft. Bloomer’s ship 
utilizes “Blastwave" Pulsejets. 
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Flight Sequence 


Fixed, 7850-ft?-area, laminar-flow wing take-off at 
about 60 mph within about 150 ft, featuring climb with 
gradual air-breathing acceleration (according to a 
fixed program) at fixed angles, to exit the atmosphere 
at Mach 10 on an unpowered ballistic arc to reach 75- 
mi. altitude: return on down-leg of same unpowered 
arc to gradual power-on flare-out re-entry of the 
atmosphere in simple reverse sequence of the take- 
off velocity profile. Range above 100,000 ft is about 
480 mi. which is covered in about 5 minutes. 


“Kelly Space & Technology” 


http://www.kellyspace.com 


‘The vehicle is a rocket-powered delta wing glider with 
a liquid oxygen and kerosene liquid rocket engine. 
‘The spacecraft is prepared and fueled at the takeoff 
airport. The spacecraft is towed to release altitude 
behind a conventional jet powered aircraft such as, 
Boeing 747 aircraft. Upon release from the tow aircraft, 
the main engine is throttled up for boost phase. The 
vehicle nominally coasts to an apogee altitude of 
100 kilometers. The vehicle then glides to a landing 
at the takeoff airport for checkout and refueling prior 
to the next flight. 


Flight Sequence 
The lifting body will be towed to launch altitude 
behind another aircraft, and the rockets will be 
ignited. The craft will return to the landing site and 
make an unpowered, horizontal landing. 

“Lone Star Space Access” 


http://www.dynamicar.com 


‘The Cosmos Mariner employs air-breathing jet 
propulsion for take-off and landing from conventional 


airports and rocket propulsion for ascent from cruise 
flight in the stratosphere to 30 or 40 nautical miles 
altitude. From there, the vehicle coasts to a target 
altitude of around 65 nautical miles. The air frame is 
designed to interface with two jet engines (turbofan 
or turbojet) each with 20,000-Ibs static thrust or less. 
For rocket propulsion, the Cosmos Mariner will use 
the Aerojet AJ26-NK31A, a staged-combustion 
kerosene engine. The vehicle is designed to take off 
and land from conventional runways. 


Fig. 4 
“Cosmos Mariner" 


Along with X Prize Foundation it should be mentioned 
ALLTRA Company (Germany). ALLTRA consists of a 
small group of space experts. The main objective of 
ALLTRA is to ‘sell’ the space idea to a broad public 
and to identify future commercial opportunities in the 
space sector. 


On the official ALLTRA website http://www.alltra.de 
you can find collection of artist's views of the projects 
which are aimed at decrease in space ships value by 
means of using of new types of engines. Besides the 
Company deals with the development of space hotel 
projects. 


JNET 


New Energy Technolo; 
collection of art 
Japanese Version 


Collection of articles from New Energy 
‘Technologies magazine, 2001-2002 is published 
in Japan. 


On purchasing of the book, please, contact 


Eiichi Yamamoto, 
President Yama ‘Trans Co. Ltd. 


Email: admin@yamatrans.co.jp or 
eyama@yamatrans.co.jp 


Alternative Aircrafts and 
Space Propulsion Systems 


Editor: Nowadays all over the world there are made numerous attempts to create new types of aircrafts and alternative 
‘space propulsion systems. Below we publish the review of some interesting devices which are presented in the 
modern market. 


to ride on the fan also provides a fast stream of air 


“Arbortech Pty.Ltd” exiting from the rear of the craft to provide forward 
thrust ~ just like a hovercraft. To help provide better 
http://www.airboard.com.au acceleration the Airboard also includes a unique 


friction drive wheel at the rear. When the rider wishes 
to accelerate forward, weight transfer is used to bring 
the friction drive into contact with the ground. By 
engaging the friction drive clutch the Airboard can 
be accelerated forward without losing the feel of 
hovering above the ground. The control of the 
Airboard is provided by weight transfer of the rider, 
similar to surfboards, skate boards and snow boards 
In operation the Airboard can be started, stopped and 
steered in a controlled manner and this means that 
riders can perform stunts, trick maneuvers and race 
around tight tracks against each other. In this unique 
way the Airboard is the first ever vehicle to deliver 
the advantages of hovercraft vehicle without the 
disadvantages of proof acceleration and handling. 


“Trek Aerospace, Inc.” 


http://www-solotrel.com 


Fig. 1 
Airboard 2000 


General Technical Specifications 


Total payload, including rider — 100 kg (220 lb) 
Operating time — 1 hour on full tank of fuel 
Construction — Fiber glass/High-impact plastic shell, 
Aluminum frame, Rubber skirt 

Starting — Electric key-start, Battery included 
Engine — Briggs & Stratton 4-stroke 

Fuel tank capacity — 5 litre (1.3 US gal) 

Fuel type — 85 Octane unleaded 


How does it work? 


Airboard uses Hovercraft air cushion principles to 
glide just above the ground. The air cushion is 
generated from a purpose designed engine and fan 
which are suspended below the Airboard shell. In 
addition to providing an air cushion for the Airboard 


Fig. 2 


‘Trek Aerospace 


jons and Predicted 


Preliminary Specificat 


Performance 
Normal Gross Take Off Weight 800 Lbs. 
Fuel (15 U.S. Gallons) 98 Lbs. 
Mission Payload, net of fuel 352 Lbs. 
‘Takeoff/Landing Distance 0 (VTOL) 
‘Maximum Speed 70 Mph 
Range 120+ Miles 
Hover/Loiter Endurance 24 Hours 
Engine Type Advanced 
Int. Combustion 
Fuel Requirements Heavy-Fuel or 
Gasoline 


‘Special Features: 100% fly-by-wire control system with 
electronic stability augmentation; Intuitive, easy to fly 
safely; Minimal field service requirements; Rugged, 
efficient power train, 


DM AeroSafe 


http://dmaerosafe freeservers.com 


Fig. 3 


EAGLE vertical take-off and landing 
aerial rescue platform 


DM AeroSafe is a small research and development 
team, which has developed a totally new high-rise 
rescue technology to retrieve trapped people from 
areas which cannot be reached by conventional aerial 
ladder, conventional helicopter or a helicopter 
equipped with a Heli-Basket. 


This technology could give rise to a new class of air 
transportation means, used for safe close-in 
maneuvering around tall structures, even inside the 
highly populated areas. 


Eagle Aerial Rescue Platform’s Performance 
Summary 


Dimensions: 


Length - 42 feet (12.8 m) 
Width - 42 feet (12.8 m) 
Height - 16 feet (4.8m) 


Weights: 


‘Max. Gross weight - 5000 pounds (2268 kg) 
Payload (Crew of two plus 10 rescued people) - about 
2000 pounds (about 900 kg). 


Propulsion System: 


Four (4) variable collective pitch Ducted Propellers 
Propeller Diameter - 7.8 feet (2.4 m) 

Engines - four (4) four-cylinder radial piston aero 
engines with forced air cooling system 250 hp each 
(1000 hp total) 


Performance: 


Max. Duration - about § hours without refueling 
Max. Airspeed - 40 knots (75 km/h) 

Max. operating altitude - about 7000 feet (about 
2200 m). 


“LTAS/CAMBOT, Inc.” 
http://wwwlvem.com 
Passenger Craft “Ltas 30-Xb” 


The ships have rigid monocoque hulls, hybrid 
powered vectored thrust control and full active 
buoyancy control. (TAS US Patent Pending). 


‘This small 2-3 person craft at 70 to 80 feet in diameter 
will demonstrate ALL production systems and is, 
designed for the LTAS FAA Type Certification 
program. 


NASA’s Langley Research 
Center 


http://science.nasa.gov 


NASA researchers are studying insects and birds, and. 
using “smart” materials with uncanny properties to 
develop new and mind-boggling aircraft designs. 


‘The “personal aircraft” that replaces the beloved 
automobile in people's garages may still lie in the 
realm of science fiction or Saturday-morning cartoons, 
but researchers at NASA's Langley Research Center 
(LaRC) are developing exotic technologies that could 
bring a personal “air-car” closer to reality. 


Fig. 4 


And air-cars are just the beginning! Self-healing 
wings that flex and react like living organisms, 
versatile bombers that double as agile jet fighters, 
and swarms of tiny unmanned aircraft are just a few 
ofthe science -fiction-like possibilities that these next- 
generation technologies could make feasible in the 
decades ahead, 


Laser Beam Flight 


Lightcraft Technologies, Inc. (LTD) 


http://wwwiightcrafttechnologies.com 


Lightcraft Technologies, Inc. is a new company 
committed to providing low-cost access to space 
‘through the use of beamed energy propulsion. (See 
color photos on the cover page). 


Fig. 1 


In 2000 at the High Energy Laser Systems Test Facility 
(HELSTF), Lightcraft Technologies, Inc. (LT!) set anew 
world's altitude record of 233 feet (71 meters) for its 
4.8 inch (12.2 cm) diameter laser boosted rocket - in a 
flight lasting 12.7 seconds. 


Although much of the flight was spent hovering at 
230+ feet, the Lightcraft sustained no damage and 
will fly again. Besides setting the new altitude record, 
the craft demonstrated the longest ever laser- 
powered free flight and the greatest “air time" (ie., 
launch-to-landing/recovery). LTI launched a total of 
seven vertical flights between 8:30 am and 11:30 am 
with three Lightcraft weighing less than 1.8 ounces 
(61 grams). Two of the flights by Lightcraft #3 reached 
159 and 184 feet with the same propellant load! 


set a new world’s altitude record of 
233 feet! 


‘The record flights were powered by the 10 kW pulsed 
carbon dioxide laser named “PLVTS" by the 
organization that owns it: the Directorate for Applied 
Technology, Test and Simulation (DATTS). Even 
though PLVTS was suffering from an arcing or 
grounding problem that caused it to run erratically, 
the laser power was still adequate to propel the craft 
to record altitudes. 


What is a Lightcraft? 


A Lightcraft is a 1kg launch vehicle, made from high 
temperature ceramic materials, that flies into space on 
a megawatt laser beam, 


Fig. 2 


‘The Lightcraft is both a single-stage-to-orbit launch 
vehicle and a satellite. If you have any further 
questions or comments, write or call LTI headquarters 
in Bennington, VT. The company representatives would 
be delighted to send you more information, or answer 
any inquiries over the phone. 
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How does it work? 


A ground based laser is the power source that propels 
the Lightcraft into orbit. Lightcraft can deliver payloads 
into space for a fraction of the cost of traditional rockets 
because most of the engine stays on the ground, 
thereby unburdening the craft from having to lift the 
energy source for its propulsion system. 


Fig. 3 


‘The back side of the craft is a large, highly polished 
parabolic mirror that is designed to capture the laser 
beam projected at it from the ground. The mirror 
focuses the beam, rapidly heating the air to § TIMES 
the temperature of the sun, creating a blast wave 
out the back that pushes the vehicle upward. As the 
beam is rapidly pulsed, the vehicle is continuously 
propelled forward, on its way to orbit, 


History of Lightcraft 
1987 — Prof. Leik Myrabo invents Lightcraft for SDIO. 


1997 — First successful wire-guided tests at WSMR. 
Solved flight stability difficulties, much like the Wright 
brothers did with the airplane. 


1997 — Lightcraft broke Goddard's 41 ft., 1926 first 
successful rocket flight - but this time with no on-board 
fuel, 


1998 — Record flight of 99 ft. with air breathing 
Lighteraft engine. 


1999 — Record flight of 128 ft. with first rocket 
Lightcraft engine. 


2000 — LTI sets new world record for highest flight 
(233 ft), longest flight time, and heaviest vehicle. 


How can LTI reduce launch costs? 


Conventional Launch — $175,000,000 
The Lightcraft — $46,000 


Chemical Rockets: 


- carry massive propulsion source on board 
- are expendable 

- extremely costly 

- prone to explosion due to fuel on board 


Laser Propulsion: 


- propulsion energy source remains on the ground! 
- Lightcraft are inexpensive to manufacture and 
extremely light weight 

- highly reusable power source is never subjected to 
the risks of flight 


Lightcraft Technologies, Inc. 


1914 Walloomsac Rd. 
Bennington, VT 05201 
Office: 802-447-6275 
FAX: 802-447-8216 
E-mail: tmyrabo@lightcrafttechnologies.com 


Alternative space 
propulsion systems 
Star Drive 


‘Mark R. Tomion, USA 
hittp://www.stardrivedevice.com 


Re: U.S. Patent 6,404,089 for the Electrodynamic 
jeld Generator, (EDF), 


issued June 11, 2002 to Mark R. Tomion. 


‘The ‘official’ name of the “StarDrive device", per the 
U.S. Patent and international PCT Applications, is 
Electrodynamic Field Generator. The EDF Generator 
uses banks of permanent magnets and rotating Field 
Coils to produce a very-high DC rotor voltage, and 
plane-parallel ring electrode arrays to electrostatically 
expand and control that voltage as applied to the hull, 
so that huge quantities of external Field electrons may 
be accelerated to energy levels that are usually 
reached only with a particle accelerator! It’s 
somewhat like a glorified arc welder whose output is 
deliberately shorted to its own housing, and the DC. 
voltage and current across the emitter and collector 
housing sections can be thermionically increased to 
values that are generally observed only in lightning: 
but the Field's current density is limited to a value 
which falls short of damaging the hull! 


Fig. 1 
StarDrive device hull & electrodynamic 
Field configuration 


As depicted above (Fig. 1), electrons circulating in the 
external Field envelope can achieve an impact velocity 
at the central collector sections which is very nearly 
that of light, and applied magnetic fields allow broad 
modulation of the Drive Field current's properties. The 
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Primary Arrays shown in the generalized schematic 
diagram below (Fig. 2) have control grids which allow 
an arc resistance imbalance to be imparted to the 
otherwise symmetrical Field current, so that they 
render the two relativistic current impulses variably 
non-isometric: thereby yielding thrust that is 
essentially reactionless! And the simple DC Primary 
Power System, like the early Faraday disk dynamo, is 
wholly rotor-based 


Note: It can be seen that the propulsive thrust 
developed by a StarDrive vessel is essentially brute- 
force in nature ~ it's produced simply by means of a 
controlled variable imbalance in the continuous 
physical impact of the two external hemitoroidal 
electron current streams with the collectors! If these 
two Field currents were of equal magnitude, no net 
force would be developed. However, if the “lower” 
current stream is stronger than the “upper”, the vessel 
will be propelled away from the stronger current ~ in 
the “upward” direction. Since there's no ‘backward’ 
exhaust produced in the process, this type of thrust 
is truly and demonstrably reactionless in nature. 
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Fig. 2 
Generalized schematic of rotor & dual induction ring assemblies 


Needless to say, tremendous quantities of heat are 
produced in the StarDrive device's electron “targets” 
or collector housing sections, and liquid sodium must 
be pumped through each Primary Array's ceramic 
resistor network as a coolant. However, this excess 
heat in ground-based units may be used in the 
commercial generation of electric power and 
desalinization of seawater. 


In fact, because an intense arc discharge field has 
the unique capacity to absorb vast quantities of 
quantum background energy, the EDF Generator is, 
so efficient that the latter task may become truly 
cost-effective for the first time! And not only will 
large over-unity StarDrive Dynamo units be able to 
produce electric power at 60 to 720 MW output 
levels, they'll be able to do so for many years before 
the permanent magnet banks must be 
remagnetized!! The only truly external input energy 


required in the interim is that necessary to initially 
bring the rotor up to speed - .- 


Fig. 3 
A denumbered version of Fig. 1 
from the EDF Generator Patent 


‘Those of you who find this advanced technological 
prospect for the 21st century as exciting and 
fascinating as we do should consider making the 
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inventor's book StarDrive Engineering a valuable 
addition to your personal or reference library. 


A Layman’s Description 
of the StarDrive Device 


Nearly anyone who endeavors to gain an initial 
understanding of the Electrodynamic Field Generator, 
even a scientist or engineer, is likely to ask for a concise 
layman's explanation of “how it works". This isn’t 
easily accomplished, for this device represents an 
unorthodox and multidisciplinary technology. However, 
the overview provided below will discuss the operative 
characteristics of the machine's simplified electric 
power generation variant in what is hoped to be the 
most direct manner possible. In this case, when people 
ask the question above, what they generally mean ist 
“By what means is over-unity operation achieved in a 
‘StarDrive’ Dynamo?". It is assumed here that the 
reader has not only already become acquainted with 
certain basic aspects of the design, but also 
understands that over-unity operation is an absolute 
prerequisite for any viable system of light-speed 
interstellar propulsion. 


By way of further background, the formative 
mechanical design basis of the EDF Generator is of 
course the original Faraday disk dynamo. For whatever 
reason, no one seems to have bothered trying to 
develop this simple machine into a more sophisticated 
and patentable form before now. The principal 
limitation of Faraday’s disk dynamo in its original form 
was that, when one or more permanent magnets were 
used to pass flux directly through the plane of a solid 
conductive rotor, a rather high-loss heavy current at 
very low voltage was produced. The first design 
improvement was therefore to use rotor-mounted toroid 
field coils in order to generate a much higher-voltage 
primary current, and to segment the rotor to reduce 
“eddy current” losses. Also, the toroid coil 
configuration absolutely minimizes Lenz losses, or the 
magnetic “drag” that is experienced by any 
conventional generator's rotor, 


‘To climinate the use of brushes, it was necessary to 
apply traditional vacuum tube design and operating 
principles. Fortunately, most of the original patent work 
in this field has passed into the public domain, so 
incorporating certain aspects of that work into the EDF 
Generator presented no impediment to its 
patentability. By using plane-parallel electrode arrays 
instead of brushes to charge the rotor, it is possible to 
limit that portion of the induced rotor current which 
passes through the field coils to a very low level ~ 
effectively isolating them from the actual output circuit. 
‘More importantly, however, it then becomes possible 
to thermoelectrically charge the Generator's housing 
itself in such a way that it carries the device's full 
output circuit current instead! 


‘The reason for this unorthodox design parameteris that, 
it was desired to actually incorporate a standing 


electric arc field into the output circuit, to take 
advantage of the electron's inherent ability to absorb 
quantum background energy [including zero point 
energy, if and as necessary]. As a result of a thorough 
study of lightning, the inventor of the StarDrive device 
reasoned that the electrons comprising any naturally- 
occurring bolt of lightning had to recover (or absorb) 
an amount of ambient photonic energy equal to that, 
which they expended in transit ~ in order to satisfy 
the conservation of energy principle. In such a case, 
it is not necessary that “we" do the work of moving 
charge against a potential gradient; the work may be 
done by the charge itself in being attracted along the 
potential gradient (or voltage level), 


And since it is known from the field of welding that it, 
takes less energy to sustain an arc than it does to 
initiate it, it therefore becomes possible to create an 
electrical circuit that outputs more energy than it 
requires as input. This is exactly what the EDF 
Generator does ~ by incorporating a standing arc field 
in its output circuit. Using the StarDrive device as our 
mechanism, “we” only provide the work-energy 
required to establish and maintain the external field’s 
potential gradient, by initiating rotor rotation and 
bringing the thermoelectric elements up to 
temperature, The electrons in the electrodynamic field 
do all the rest . 


Further Notes from the Inventor 


In conjunction with one of our StarDrive Generator 
prototype project funding proposals, we are presently 
working on an interim proof-of-concept experiment 
for our proposed 24 kW air-cooled EDF Generator 
prototype. This full-scale mock-up of the 30'-dia, 
Generator's rotor and dual induction ring assemblies 
is intended to demonstrate the fundamental design 
principal discussed at the close of the Technical 
Overview (linked to our website’s Method of 
Operation Summary page), whereby the voltage 
electrostatically induced on the rotor anode rings 
which power each Primary Array should be roughly 
one-third (1/3) of the Field Coil voltage (because of 
the capacitive dual induction ring geometry of the 
Primary Power System). For safety reasons, the Field. 
voltage in all air-cooled StarDrive Generators will be 
limited by design to 850 VDC, and to 1,400 VDC in the 
larger liquid-cooled StaDrive Dynamos. 


‘The experiment will also assist greatly in the 
derivation of remaining production model 
specifications, and will in fact incorporate 
production-quality rotor segments and electrode 
rings. Should this proof-of-concept experiment be 
successful, not only will the ability of our over-unity 
24kW Generator prototype to deliver large-scale DC 
output that's compatible with standard AC 
inverters (for utility grid distribution or off-grid 
conventional use) be virtually assured, but a major 
milestone incentive in our existing funding 
proposals will have been fulfilled as well. Further 


updates like those below will be forthcoming on the 
News page of http://www.stardrivedevice.com. 


01/28/03 - International Patent Filings Secured!: We 
are very pleased to report that we were successful in 
our efforts to secure numerous international (PCT) 
Patent Application filings for the Electrodynamic Field 
Generator by the final deadline of January 21, 2003! 
These important filings were effected in Australia, 
Canada, the People’s Republic of China, the European 
Union (including France, Germany, Italy, Spain, and 
the United Kingdom), India, Japan, Mexico, the 
Russian Federation, and South Africa, 


The securing of these key Patent Application filings 
adds immeasurable value to our StarDrive 
Engineering Project overall, as it will greatly protect 
and enhance our investors’ upside global market 
potential (assuming, of course, that our 24 kW 
StarDrive Generator prototype is successful)! Be sure 
‘to check back from time to time for further updates as, 
we proceed into the development phase of the Project. 


11/07/02 - Academic Reference: Those of you kind 
visitors to our website who would like to have the 
benefit of an informed and unbiased academic opinion 
regarding the Electrodynamic Field Generator are 
welcome to contact John J. Tulip, Ph.D., Exec. Vice- 
Pres. of American International University. This 
consideration also applies of course to those parties, 
who may be interested in securing a direct 
participation in our forthcoming EDF Generator 
Prototype Project. Dr. Tulip has not only expressed 
much-appreciated support of our efforts to introduce 
this important new technology, but has also had the 
opportunity to review our technical manual StarDrive 
Engineering. You may contact Dr. Tulip via e-mail at 
TulipJJ@aiuniversity.edu although we ask that you 
expect him to field serious and respectful inquiries 
only. Should you desire to speak with him by 
telephone, please be assured that he will endeavor 
to return your call whenever circumstances permit if 
you provide him with the proper phone number. 


10/07/02 - Joint Venture Agreement Announced!: 
Mark Tomion, founder and president of Archer 
Enterprises and inventor of the recently-patented 
Electrodynamic Field Generator, is very pleased 
to announce that he has signed a Joint Venture 
Agreement with Affirm Technology Partners of 
Carlsbad, California to build a working prototype 
of his over-unity ‘StarDrive' device's electric 
power output variant. The co-developers are 
planning to commence construction of a small air- 
cooled StarDrive Generator unit with a projected 
output rating of 24kW and a housing diameter of 
only 30 inches, at a total weight of under 50 lbs., 
before the end of November 2002. 


Should this exciting project be successful, it would 
represent an historic milestone in the development 
of over-unity electric power generation technology. 


Not only is this small prototype EDF Generator 
expected to demonstrate a minimum Coefficient of 
Performance in excess of 20:1, but the design employed 
is completely linearly-scalable in a very broad range 
of sizes that would include liquid-cooled StarDrive 
Dynamo units with output ratings of up to 1 gigawatt! 
‘The most remarkable feature of these large Dynamo 
units is that an amount of recoverable thermal energy 
comparable to their respective electrical outputs will 
be made available for desalinating seawater, or for 
use in centralized municipal and industrial hydronic 
heating systems. And this capability would make the 
large-scale desalinization or distillation of water truly 
cost-effective for perhaps the first time ever. 


Interested parties are welcome to contact Mr. Tomion 
at office@stardrivedevice.com (585-526-6817) for 
farther information. 
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> Prospects of Hydrogen Enerdetics 


Ph.M. Kanarey, Russia 


E-mail: kanphil@mail kuban.ru 


Hydrogen is the only pollution free and inexhaustible energy carrier. But the implementation of such attractive 
properties of hydrogen is restrained by large expenses of energy for its production from water. Modern level of 
knowledge gives the opportunity to reduce these expenses [1), (2), [3] 


It is known that a gram-atom is equal numerically to atomic mass of the substance, and a gram-molecule is equal 
numerically to molecular mass of the substance. For example, the hydrogen gram-molecule in the water molecule 
is equal to 2 grams, and the oxygen gram-atom is equal to 16 grams. The gram-molecule of water is equal to. 
18 grams. As the mass of hydrogen in the water molecule is 2x100/18=11.11% and the mass of oxygen atom is 
16x100/18=88.89%, the ratio between quantity of hydrogen and oxygen is preserved in one litre of water as well. 
It means that 1000 grams of one litre of water contain 111.11 grams of hydrogen and 888.89 grams of oxygen. 


One litre of hydrogen has mass of 0.09 grams, one litre of molecular oxygen has mass of 1.47 grams. It means that 
from one litre of water it possible to produce 111.11/0.09= 1234.44 litres of hydrogen and 888.89/1.47=604.69 
litres of oxygen. Thus, one gram of water contains 1.23 litres of hydrogen [1] 


Now energy consumption for production of 1000 litres of hydrogen from water is 4 kWh and of one litre ~4 Wh. As 
it is possible to produce 1.234 litres of hydrogen, then 1.234x4=4.94 Wh are spent for production of one gram of 
water now. 

Instruments and Equipment Used for the Experiment 
A special experimental low current electrolyzer, a voltmeter of the highest accuracy (accuracy class 0.2, GOST 
8711-78), an ammeter of the highest class of accuracy (accuracy class 0.2, GOST 871160), a balance with value of 
a division of 0.10 grams and 0.010 grams, and a stopwatch with value of a division of 0.1s. 


Experimental Results 


Indices ‘Sum 

1 — duration of electrolyzer operation connected to the supply line, in 6 cycles t, min Gx5=30.0 
= teadings of voltmeter V, volts BERS 

= ammeter readings I, amperes 0.02 

‘T= power consumption (P=Vxlet/60), Wh OI36 

5 - duration of electrolyzer operation disconnected from the supply line, in 6 cycles, min | 6x65=330.0 

6 solution mass change m, grams 0.44 

"7 = mass of evaporated water m’, grams C.02x5=0.12 

= mass of water converted into gases m”=m-m, gram 0.320 


‘9 - power consumption per gram of water converted into gases P=P/m", Wh/grams of water |__0.425 
110 - existing power consumption per gram of water converted into gases P”, Wh/grams of water 4.94 
11 ~ reduction of power consumption for hydrogen production from water, K=P"/P’, times} 11.62, 


12- quantity of released hydrogen, AM =0.320x1.23x0.09=0.035, grams 0.035 
T= power content of hydrogen being produced (E=O.0ssxi42/50)=1.307, Wh 307 
14- energy efficacy of water electrolysis process (Ex100/P), % 1027 


‘Note: Gas output is clearly observed during many hours after the electrolyzer is disconnected from the electricity supply. 
Conclusion 
Low ampere water electrolysis is a way for production of inexpensive hydrogen from water and hydrogen energetics. 
References 
1. PhM. Kanarev. The Foundation of Physchemistry of the Micro World. Krasnodar, 2002. 320 pages 


2. http://book Kanarev.innoplaza.net 
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Heater peeceae Healthy Effect 


A. Belyaeva, L. Savelyeva, 0. Bondarenko, Kirghizia 


http://www-leteco.hi.ra 
Email: leteco@mail.ru 


Nowadays problems of rational use of resources 
including energy resources are very important, Lack 
of energy-efficient technologies causes consumption 
of great amount of electric power, coal, and mineral 
oil. From another hand, in the XXI century one of the 
main approaches of human society development is 
turned to healthy life-style and development of 
ecologically appropriate technologies. Hence, basic 
direction of heating systems development should 
correspond to, at the least, two requirements, ie. 
effectiveness (energy-saving) and ecological 
appropriation (ecological functioning). Moreover, it 
is necessary to take into account additional 
requirements for modern works: 


- Relatively low prime cost of the systems; 

- Minimal operating costs; 

- Availability of a system of temperature mode 
control; 

- Use of domestically produced materials for the 
systems. 


The aim of the work is creation of a universal electric 
device of natural ecologically appropriate materials. 
The device should maintain relative air humidity of 
natural atmosphere in a quarter, make its ecology 
healthier, meet all the listed requirements, and 
represent new generation energy-saving system 
designed for heating of industrial and domestic areas 
according to features of technical solution. 


ALL. Belyaeva is the author of this work. The 
invention of this heating device was acknowledged 
as the best invention of Kirghiz Republic of the last 
two years. A.L. Belyaeva was called as a laureate of 
a competition of “The Best Inventing in Kirghiz 
Republic in 2001-2002 


Solving this problem the author based on work 
experience existing in the area of semi-conductor 
production. Actually, the model was worked out in 
the common area of electric engineering and 
industrial crystals growing. Using of knowledge and 
skills of the both areas made creation of this device 
possible. 


It should be noted that initially the invention of the 
heating device, which is discussed here, was 


connected with necessity to improve microclimate 
and air atmosphere in a semi-conductor shop since 
the industrial process required optimal conditions. 
Hence, the device was observed as an element of 
the industrial process. However, soon other positive 
characteristics of the device were disclosed, i.e 
when it was installed in a quarter all visible mould 
disappeared. Laboratory investigations stated that 
the operating device annihilated all pathogenic 
microflora. This rediscovered feature allowed using 
the device both in domestic and industrial area. After 
series of following laboratory investigations and 
bench tests construction of the device was changed 
and improved that allowed prepare it for line 
production. 


Ceramic electroconvector: 


general characterist 


‘The working name of the final version of the model is, 
Ceramic Electroconvector TY 2971-006-22997241-2002, 
Ceramic Electroconvector is an industrial and domestic 
electric heater of direct stationary action. It has high 
effective heat emission and satisfies ecological, sanitary, 
medical, and fire-prevention requirements. 


At the same time it should be mentioned that by 
several characteristics this electroconvector differs 
from other known models of electroconvectors as 
well as from other existent heaters. It may be 
observed as a representative of an independent, 
specially created group of heating devices. 


One of the main characteristics of the 
electroconvector is presence of constructive heating 
carbonic elements made of ecologically appropriate 
natural non-metal materials. Essentially, the 
electroconvector construction does not contain metal 
(the only metal part of the device is its supporting 
construction) 


Production of heat of physiologically comfort zone 
requires 0.3 kW/h energy consumption which is 
3-10 times less than energy consumption of known, 
models of heating engineering. The Ceramic 
Electroconvector influences positively on ecology of, 
a room. Room heating occurs better and more softly 
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as conducting carbonic elements can be heated 
maximally up to 100° C. As a result oxygen is not 
burnt, and air is not overdried in a room. Achieved 
minimization of metal content in the constructive 
elements of the device increases the level of 
ecological compatibility both of electroconvector 
constructions and operation. 


The device accumulates no static electricity, 
neutralizes harmful magnetic field generated by 
alternating current in the conducting element (it is 
typical for all the other electrical household 
appliances). Therefore, the additional positive effect 
is produced and higher ecological characteristics of 
functioning of this electroconvector are confirmed. 


Insulating strength of ceramics prevents electrical 
shock accidents. Ecological compatibility of the 
electroconvector is provided by materials of the 
construction. The base of the device is a studied 
natural silicate fiber which has quantitative and 
qualitative content of useful chemical elements 
which are the closest ones to the group of medical 
adsorbents listed in a medical encyclopedia. The 
ceramics is adjusted to emit electromagnetic waves 
only in infra-red spectrum. 


‘The electroconvector produces heat waves in the 
average IR spectrum (8.4-8.6 mkm) which is 
maximally approximated to the diapason of heat 
waves generated by a human (9.37 mkm). It 
annihilates humidity of buildings independently of 
outer space humidity. At the same time it neither 
burns oxygen nor overdries air. 


Healthy effect is produced by all the constructive 
elements made of ecologically appropriate natural 
materials. Electric power is transformed into heat 
emission by conducting elements. This process 
causes a mode of generation of a continuous heat 
spectrum of radiation. The heat radiation is similar 
to heat spectrum of radiation generated by a human. 
At the same time, this feature together with resonant 
oscillations of the crystal lattice of the ceramic 
cylinders produces a destroying effect on pathogenic 
and conditionally pathogenic microorganisms. 


From the point of view of room ecology the proved 
healthy effect of the operating electroconvector becomes 
very significant. The effect considers continuous 
presence of a human in the room, ie. risk of pathogen 
infection through respiration objectively decreases. 


Application of the ceramic electroconvector is 
especially actual in patient care institutions and 
children’s institutions, in special precision industries 
and space technologies. It can also be used in saunas 
with dry vapor. 


‘The ceramic electroconvector is designed for 
unsupervised continuous work. 


Structure of the electroconvector 
producing the healthy effect 


Shortcomings of known electric heaters are: great, 
electric power consumption (0.75-3.0 kW/h), big, 
number of metal details, complex technical 
performance, and use of a necessary additional 
blower as a ventilator. Big number of metal details, 
decreases ecological compatibility and productivity 
of the heaters. The listed devices have to use high 
temperatures on heat-release surfaces for warming 
up rooms up to the level of physiological comfort. 
This causes increase of energy consumption, 
Moreover, using of metal heating elements influences 
on air and relative humidity in the room. According 
to available data, no existent electroconvectors have 
healthy influence on ecology of a room. 


‘The represented ceramic electroconvector contains 
a carrying frame with horizontal boards which have 
convective gaps. The carrying frame has heat-release 
monolithic hollow ceramic cylinders whose walls 
contain longitudinal through holes. Heating carbonic 
conducting elements and de-energized carbonic rods 
are built in the through holes. The heating 
conducting elements are connected in parallel-series 
circuit at the output of the cylinders with it's ends 
placed into insulating supports of the carrying frame, 


Constructive heating elements are the main 
differences of the device. All the heat generating 
constructive elements, i.e. conducting and de- 
energized heating elements, as well as heat-release 
surfaces of ceramic cylinders have contiguous 
spectra of infra-red radiation. 


Energy-efficient effect 


‘The electric scheme of connection of the conducting 
elements provides different modes of work of the 
device. According to these modes, energy 
consumption is in the interval of 0.05-0.3 kW/h. The 
mode of 0.05 kW/h is calculated on a supporting level 
of warming-up of a room. Maximal energy 
consumption (0.3 kW/h) corresponds to the superior 
limit of the temperature mode of heating of working 
heat-release surfaces of the ceramic cylinders. In this 
case temperature of the heat generating elements, 
i.e. de-energized carbonic rods and conducting 
carbonic elements) lies in the limit of max 100°C. This 
produces a significant potential resource of electric 
strength and of durability of the used elements. The 
de-energized carbonic rods function as heat 
accumulators at switching on and switching off the 
device. Heating the conductors the de-energized 
rods accumulate heat through the ceramic walls of 
the cylinder till their temperature becomes equal to 
the temperature of the conducting elements 

Appearing electromagnetic resonance between the 
conductors and the de-energized carbonic rods 


intensifies infra-red radiation of the ceramic wall. 
Accumulative heat potential of the de-energized 
carbonic rods allows maintain uniform radial heating 
of the heat-release ceramic surface of the cylinder 
without decreasing energy consumption. In this case 
additional conducting elements of infra-red radiation 
become unnecessary. 


‘The heating efficiency of the ceramic electroconvector 
was estimated by independent experts. Surface 
density of the radiation flow was calculated by 
formula of Stefan-Boizmann distribution law. Taking 
into account heating of the cylinders’ surfaces up to 
70° C this value came to 727 W/m*. Total heat 
generated by the electroconvector per hour comes 
‘to 600 kcal or 698 W at the total area of the radiation 
surfaces of 0.96 m® (on the basis of 1 kcal=1.163 W/h 
according to [1]). The electroconvector consumes 
300 W/h and produces 698 W/h. That is to say that it, 
effectively transforms electric energy into heat energy. 
Operational modes of the electroconvector are based 
on analysis of the heating effect produced by different 
devices, i.e. a tube metal heater (TMH) having a 
conducting metal element of Nichrom, a ceramic 
cylinder having a Nichrom conducting element, and 
a ceramic cylinder having a conducting element of 
carbonic ribbon. The carbonic ribbon produces high 
heating efficiency. Temperature on the surface of the 
ceramic frame is up to 80° C and temperature on the 
conducting element is 100° C. Hence, the device 


equipped with the conducting element of the carbonic 
ribbon does not produce excessive heat radiation. 


The electroconvector consumes 300 W/h 
and produces 698 W/h. 


After one-year operation of the preproduction models 
in a private school it was noticed that number of 
respiratory illnesses and influenza among the pupils 
slumped, condition of skin became better, attacks of 
bronchial asthma among the teachers stopped, and 
allergic itch left the patients who suffered from allergy. 
A side effect was that flowers began to grow better, 
and those which had not blossomed began to blossom. 
at least. Obviously, a combination takes place there: 
air cleaning of microorganisms, humidity 
normalization, warming comfort, and influence of 
pyramidal ceramic structures on water vapors which 
are transported by warm blasts. 


Applied Know How 


Ambient air in rooms is a complex substance 
including various chemical compounds, ions, dust 
parts, water vapors, infectious and potentially 
infectious microflora, etc. The electroconvector is 
represented by a ceramic hardphase crystal structure. 
Cold air blast moves close to the ceramic surface. It 
meets combined oscillation of crystal microlevel 
structures of ceramics. Filtering electromagnetic 
screen appears that breaks shell of pathogens and 
potential pathogens. It is a performance of sanitation 
properties. Atmospheric water contacts with 
structures of ceramics, then it is cleaned and 
structured. After that water cleans air which is 
breathed in by a human. Hence, the organism 
becomes healthier. It is a performance of the healthy 
effect. A clean room warmed uniformly improves 
human's health. 


Main Performance Attributes of 
the Ceramic Electroconvector Producing Healthy Effect 


Nominal required power 
Voltage of the feeding network 
Frequency of altemating current 


‘Temperature of the conducting element in operation mode 
‘Temperature of the heat-release surface of the cylinder 


Surface density of radiation flow 
Quantity of radiated heat 

Class of protection 

General area of heat-release surfaces of the cylinders 
Sizes 

Weight 

Durability 


0.05-0.3 kWt/h 
2204 22.V 

50 Hz 

50...110° C 
39...90° C 

727 W/m? 

600 kcal/h 

1 

9600 cm? 

410 x 400 x 75 mm 
18-21 kg 

30 years 


‘The ceramic electroconvector is designed as a floor construction for repetition work. 
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Inertial Propulsion Device 


Vitaly E. Senkevich, Russia 


E-mail: hhhhha@mail.ru 


A body is at rest or moves linearly and uniformly 
until it is not influenced by an external force. 
(School course of physics) 


Forget everything that you were taught at school. 
(Arkady Raykin) 


‘This propulsion device consists of an engine and a 
body. The engine (see Fig.1) is remarkable for its 
movable stator (S) which can make free rotation as well, 
as a rotor (R). When the engine starts the stator and 
the rotor begin to rotate in opposite directions. Thus 
the engine has two ends and one of them is connected 
to a flywheel (F). This flywheel begins accelerated 
rotation. 


A ctoss-beam (CB) is connected to the second end of 
the engine where a rotating momentum appears. Under 
the influence of this momentum the cross-beam presses 
down one of the supports placed on the body (for 
example, Sup.1). As a result a force which is 
compensated by acceleration of the flywheel (F) 
appears on the support. When the flywheel is 
accelerated up to certain speed a control system (CS) 
switches the windings of the engine to change the 
direction into the opposite one (reverse). At that the 
cross-beam also tends to turn to the other side and 
presses down the second support (Sup.2). Thus the 
cycle repeats. It should be noted that forces acting at 
the supports are codirected and they move the whole 
device. 


Fig.1 
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Unlimited Accelerated Nonreactive Motion 


by GP Ivanov 


Information from http://tts.lt/~nara/ruspopul.htm 


Bias of centre of inertia of the closed system is a 
phenomenon exceeding the bounds of modern 
scientific conceptions. At the same time it is a way to 
‘the new marvelous world of earlier unknown laws and 
phenomena of nature. Researches made by G.P Ivanov, 
Russia, have allowed him come to the following 
conclusion: it is a quite realizable task to create 
‘technical devices which can move under the action of 
nonreactive forces. However a purposeful scientific- 
research spade-work is required for the reliable 
registration of them by modern experimental facilities. 
According to the author during the whole XX century 
the known idea of latent impulse were misleading the 
scientists from the serious research of impulse-energy 
processes existing in systems at the presence of quasi- 
stationary electric and magnetic fields. According to 
GB Ivanoy, it is related with the fact that the notion of, 
“latent impulse” has nothing in common with the real, 
momentum, since the very existence of “latent 
impulse” and “latent energy” which attends it, would 
make it impossible, for example, to adjust radio 
equipment since all effective capacitances change their 
value a hundred and thousand times as much (it 
depends on their orientation with respect to the 
magnetic field of the Earth), 


Fig. 1, 2 demonstrate the patented by G.P Ivanov 
method of realization of nonreactive motion (G.2 Ivanov, 
Yu.G. Ivanov. Method for production of propulsion. 
Patent #2172865, M., 2001). Fig. 1 demonstrates a 
device which consists of magnetized core with the 
attached metal electrodes. 


Fig. 1 


‘The simplest “nonreactive” element 


When alternating voltage is applied the device 
‘together with the center of inertia of the whole system 
(including power source and lead) will oscillate under 
the action of nonreactive force. It will move along the 
direction which is perpendicular to the vectors of 
electric and magnetic fields inside the core. 


On Fig. 2 there is an analogous device supplied with 
a cylinder core. Magnetization of the core is defined 
by current of the coil which is wound around it 
(see Fig.2). 


Cal of the core 
remagnetization 
Internal electrode 


Core made of 


magnetic dielectric 


External electrode 
is —e 


Fig. 2 
Diagram of the device which can be in unlimited 
accelerated nonreactive motion 


Let us supply the electrodes of the device with such 
voltage which is enough to change field density in the 
core (for example, according to the law E=E,sin@t), and 
the coil with voltage enough to change the 
magnetization (according to the law M = M,cosw) 

‘Then nonreactive force which is constant in its direction 
will act on the device along the axis of the cylinder. The 
average of the force is H,=iliM,Vic’, where Ey, Mg 
are the amplitudes of density values of the electric field 
and amplitudes of the core magnetization, fis frequency, 
Vis core capacity. As a result the device can either move 
with acceleration or act against external forces. The 
researches allow the author to prove the validity of the 
following theorem: At motion of the open-loop system 
(device) the work made by nonreactive force could 
not be realized by means of decrease of energy of the 
proper (appurtenant to the system) power source. 

Where this energy comes from if there are no artificial 
power sources outside the device? However everywhere 
‘there is such form of matter as electrovacuum. It allows 
us come to a conclusion that nonreactive forces make 
work by means of decrease of electrovacuum energy. 


Existence of electrovacuum does not contradict to the 
modern physical picture of the world. On the contrary 
providing the realization of laws of momentum and 
energy conservation, this idea originates from and 
organically supplements it. The theory of electrovacuum 
opens quite realizable prospects in different fields of 
human activity which seem to be fantastic and 
impossible. It also proposes unusual ways to solve many 
problems which are considered as insoluble. For 
example, it becomes possible to create nonreactive 
cosmonautics and private aircrafts. Energetics will be 
changed beyond recognition since power sources which 
require no material fuel will occupy the place of big and 
small modern electric power stations. The analogous 
list could be continued. There are presented quite 
realizable prospects related to inexhaustible reserves 
which are hidden in the ambient space. 
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Electricity is one of the most wonderful inventions of 
the 18th century. It can be produced by various methods 
in which different types of energy are used such as 
mechanical or chemical energy. In this article we discuss 
a new type of methods in which electrostatic energy is 
used. 


In this method we use electrets as an energy source. 

Electrets are permanent polarized dielectric material 
which is made by cooling dielectric material ina high 
intensity electric field. When we place an electron in 
the electric field of a point charge, it is influenced by 
a force. If the direction of the force is such that the 
electron moves in a closed path then it represents a 
current in the opposite direction along the closed path. 

Here closed path means a metal wire loop in which 
the electron movement is responsible for the current. 


‘The charge of the electrets remains constant for many 
years (100) and there is no loss of energy because we 
use only the property of electrets that they apply force 
when a charge is placed in its electric field. Since here 
we create energy in the form of electric current then 
it violates the Law of conservation of energy. 


Let us discuss the method in three steps: 


1) Fundamental 

2) Equivalent circuit 

3) How we can use it as a potential source of 
electricity. 


1. When we put a metal rod in the electric field of 
a point negative charge then the electron is influenced 
by repulsion force which moves in arrow direction and 
the electric field is cut by putting an earthed metal 
plate from any direction. When we place four charges 
onthe corner of the metal frame and shield the electric 
field in particular direction as shown in Fig.1 then the 
force on the electron which is placed in metal frame 
will be in the direction of arrow and this makes a loop. 

The force influencing on the electron will be 
continuous, so the current which moves in direction 
opposite to the electron movement will induced in the 
metal frame. 


2, The equivalent circuit of Fig.1 is shown in Fig2. 
It demonstrates that a ‘V' volt battery and a resistance 
'R’ can be replaced by an arm of the metal frame. The 
polarity of the battery is shown in Fig. 1. A current of 


magnitude (V/R) will be induced in the circuit by this 
method, 
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Fig. 2 


3. We can use another device as a potential source 
(see Fig3.). Let us take an electret and make a hole at 
the centre. A hollow thin walled metal cylinder is fitted 
in the hole and a metal frame is taken as shown in the 
Fig. 3. We can use this metal cylinder as an electric 
field shield which may affect the direction of the force 
influencing on the electron. We may use this device as 
a potential source of electricity which will give 
electricity until the charges on the electrets vanish. The 
charge on the electrets remains constant for many 
years. Thus we can create energy and the problem of 
energy shortage can be solved by this method forever. 
| We are trying to make a prototype of this but due to 
lack of equipment facility we are not able to 
demonstrate a working model. However we are trying 


to modify it 


¥ g = Ke A 
Russian scientists are preparing new application 
of enerdy of geothermal waters 


http://www-sciteclibrary.ra 


Away for economical use and utilization of energy of geothermal waters was found in the Institute of Geothermal 
Problems (Russian Academy of Sciences). The new technology can he applied for heating in different purposes, 
and can compete with the power engineering, which uses the conventional energy carriers. 


Geothermal springs are ideal for generating electricity by means of using of their permanent heat. This is especially 
important for Kamchatka, which is rich in these springs; however they are almost never used in mass power 
engineering, but only serve as an attraction for tourists, who admire beauty of Kamchatka geysers. At the same 
time the region itself freezes every year because of shortage of fuel for electric power stations. 


What prevents us from using the geothermal springs? 


The problem is that the storages of most of geothermal water fields have low and medium temperatures. This 
does not allow providing their competitiveness as regards conventional energy carriers. During tens of years this 
fact was an obstacle to the development of geothermal energy. 


A solution was found in the Institute of Geothermal Problems. It was brought out that at many exploited geothermal 
fields wellhead overpressure exceeds 5-10 MPa and more. These waters contain fair quantity of dissolved organic 
gases. The scientists have found out that methane content of these waters exceeds 90 %. And until now at 
exploitation of the fields these types of energy have not been properly utilized. 


The scientists of the Institute of Geothermal Problems have developed a technology of the optimum utilization of 
energy of geothermal waters and have increased the thermodynamic effect of the process. 


This aim was fulfilled by means of transmission of thermal energy of geothermal water through the intermediate 
heat exchangers to the secondary heat carrier. Chemical energy of dissolved gases was used as an additional 
source of energy. The transmission was held by the use of primary and secondary separators. The distinctive 
feature of their technology is that associated potential energy of geothermal water is used as an additional 
source of energy. Expander and compressor placed on the same shaft are used as potential energy converters. 
Gas-holder and gas control point are used for utilization of energy of dissolved gases. 


‘Thus on the bases of this technology geothermal energy can be effectively developed that will be competitive 
with fuel hydrocarbon energy. 
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Editor: The advantages of electric vehicles were proved 
‘more than once. No fuel is required to set them in motion. 
Along with evident advantages of electric vehicles, such 
as their powerful characteristics and harmlessness for 
environment there is a side benefit, i.e. much less 
maintenance as compared with gasoline or diesel-fueled 
vehicles is required. Moreover it is easier to manufacture 
such vehicles. 


In the previous issues of New Energy Technologies 
‘magazine we have already acquainted our readers with 
Tilley Electric Vehicle designed by Carl B. Tilley (USA). 
Below there is some up-to-date information and photos 
from the inventor. Besides we also publish an article 
devoted to the similar types of fuel-less motors. 


After several years of personal accomplishments in the 
alternative energy industry, Carl B. Tilley was 
convinced that it was possible to build an electric car 
that could be powered without the help of external 
power to keep the battery charged. 


‘The concept to produce a useful electric performance 
car that would last more than a few hours and would 
be economical to run, safe to drive around town or 
across the United States and never use a drop of fuel 
challenges the future of transportation as we know it, 
today. 


With the establishment of the Tilley Foundation, Inc., 
in the year 2001, Carl Tilley set out to prove it could be 
done. It was an ambitious project and it broke ground 
on the facility in Tennessee that would build the first, 
self generating electric car. 


you have no need for fuel and you do not 
have to stop the vehicle to charge it after 
driving. 


Construction of a 1,800 square foot building, that was 
powered with another recently developed electric 
device, began in the year 2002. Electricity from the 
building built the car from a different energy invention, 
that was void of any outside power supply. It is ironic 
that one alternative energy device actually built the 
invention to power and build the electric car. 


From the selection of the proper car to be converted, to 
the advanced technology which is on board , the Tilley 
Electric Vehicle TEV performs comparably to gasoline 
powered vehicles. The difference is you have no need 
for fuel and you do not have to stop the vehicle to 
charge it after driving. There is no pollution and you 
can cruise the highways at the same speed as any other 
vehicle. 


‘The rear mounted electric motor provides over 130 SAE 
net horsepower at 5,500 rpm. It offers a 3 speed 
automatic transmission that is smooth shifting and 
totally silent running. All this is combined with rack 
and pinion steering and a 35/65 rear weight bias that 
enables fast, sensitive handling and needs no power 
assistance. 


..battery system will be fully charged at all 
times while in use. 


It has 4 wheel disc braking for fast progressive, fade- 
free stopping. Counterbalanced gull-wing doors need 
only 14 inches of clearance. The rear sporty louvers 
are aerodynamic designed so that it almost eliminates 
any drag effect. All this with a stainless steel body 
makes for a great car. 


Control center for the battery bank only allows what 
is needed to keep the batteries charged while in 
operation no matter what the speed or discharge from 
the battery bank. Your battery system will be fully 
charged at all times while in use. Simply get in, start, 
the car and drive like any other vehicle. 


A 1981 DeLorean was converted as the Tilley Electric 
Vehicle.Conversion of the car began in late June of 
2002, State of the art metal fabrication to construct 
support for the electric motor, battery bank, control 
center and the TEV device was completed in July of 
2002. 


Several tests were made to validate the TEV 
technology. One of the last tests was made on 
September 7", 2002. It has been demonstrated that 
after 17.3 miles driven on the Superspeedway at 
speeds ranging from 80MPH to 96MPH independent 
engineer certified batteries were full. 


Assembly Pictures (see also the cover page) 


Photos by Robert Gaither 


Fig. 1 
Removing Gas Motor 

Fig. 4 
Fitting Parts 


Fig. 2 Fig. 5 
‘Transmission Work 


Fig. 3 Fig. 6 
Drive Motor ‘Motor Mounted 


About Ready 
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Fig. 9 
Special Wiring &Guages 


Fig. 10 
Car Unveiling 


Adrian Akau, USA 


E-mail: adrianakau@aol.com 


Ifthe Tilley generator-motor should enter into the world 
market, some curious consequences may result, the 
most important being the transition of the Honda and 
‘Toyota hybrid cars into full fledged electrics. 


First of all, a comparison should be drawn between 
the Tilley and the two hybrid cars presently being sold, 
the Honda Civic and the Toyota Pirus should be made. 


‘The Honda Civic and the Toyota Pirus both use 
charging systems with a gasoline motor for better 
milage. The Tilley motor-generator is a stand-alone 
electric vehicle. The Honda motor-generator is just 


60mm thick and provides (10kW or 13hp). The Toyota 
Pirus has a 44hp unit (American Version) which feeds 
power into electric motors at the wheels. Both Honda 
and Toyota gasoline motors are off at 0 mph. Only the 
electric system is used until the power demand reaches 
10 kW; then the gasoline motor automatically kicks 
in. The Pirus is able to get higher milage in city driving 
than in country driving from the fact that the ratio of 
the power from the electric part to power to the 
gasoline part of the motor is greater at lower than at 
higher speeds, that is, less power is needed to run the 
car in city driving than in country driving because of 
the lower speeds and air resistance. 
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most important being the transition of the Honda and 
‘Toyota hybrid cars into full fledged electrics. 


First of all, a comparison should be drawn between 
the Tilley and the two hybrid cars presently being sold, 
the Honda Civic and the Toyota Pirus should be made. 


‘The Honda Civic and the Toyota Pirus both use 
charging systems with a gasoline motor for better 
milage. The Tilley motor-generator is a stand-alone 
electric vehicle. The Honda motor-generator is just 


60mm thick and provides (10kW or 13hp). The Toyota 
Pirus has a 44hp unit (American Version) which feeds 
power into electric motors at the wheels. Both Honda 
and Toyota gasoline motors are off at 0 mph. Only the 
electric system is used until the power demand reaches 
10 kW; then the gasoline motor automatically kicks 
in. The Pirus is able to get higher milage in city driving 
than in country driving from the fact that the ratio of 
the power from the electric part to power to the 
gasoline part of the motor is greater at lower than at 
higher speeds, that is, less power is needed to run the 
car in city driving than in country driving because of 
the lower speeds and air resistance. 


American car companies are beginning to develop 
their own starter-generators to “save an extra 10% 
on the gas milage”. Are they doing this because they 
don't want to be left behind in the milage competition 
or because they really understand the nature of the 
starter-generator motors used by the companies 
producing the hybrids? 


With the advent of the Tilley motor-generator, a new 
factor enters into the situation. If the system proves 
valid, does this mean that Honda and Toyota are out 
of the running? Hardly not! It is likely that these 
companies have allowed or even planned for this 
contingency with larger capacity motor generators 
which would do a similar job. With their fine cars and 
superb engineering, the transition from a hybrid to a 
pure electric might be costly but not too difficult to 
engineer. Each of the two hybrid companies may 
already have been built, tested vehicles of this 
nature. However, since the primary purpose of the 
car companies is to make money it is doubtful if this 
full-fledged fossil fuel-less type will be placed on the 
market unless competition so requires. A car using 
the Tilley motor-generator might certainly push them 
in this direction, 


Should the Tilley remains undeveloped, one might 
expect the second level hybrid car to arrive in a few 
years from Honda and Toyota. These cars should 
have greater electric generator-motor capacities and 
smaller gasoline engines. These systems could give 
small cars much higher gas milage and could also 
be placed in larger, more elegant vehicles such as the 
Honda Accord and the Toyota Camrey. 


‘The transition to fuel-less motors should hopefully be 
slow and painless for both the pocket book as well as 
the human psych. If scientists cannot be convinced 
by studying conventional scientific laws on how these 
motors work, perhaps they will better see the need 
for the promulgation of new laws in this area. 


We know that at the present time, both Honda and 
‘Toyota motor generators (M.G.) have a powers assist 
function while the Tilley stands alone. Let us look at 


the present situation (we will use the Toyota U.S. M.G. 
because it is the more powerful version): 


Honda and Toyota classify their M.G.’s as permanent 
magnet types; Carl Tilley says his is and advanced 
D.C. motor. 


Power output: 


Honda is given at 10 kW at 3,000 rpm or 13 hp 
‘Toyota is 33 kW at 1,040-5,600 rpm or 44 hp 
‘Tilley is up to 135 hp depending on rpm's 


Voltage/Battery (Ni-MH=Nickle Metal Hydride, 
AH=amp hours) 


Honda: 144V, 120 Ni-MH cells@1.2V ea., 6.5 AH 
‘Toyota: 274V, 228 Ni-MH cells@1.2V ea. 
‘Tilley: 144V,12-12V lead acid (Wal-mart), 1200AH 


Physical Characteristics of each M.G. 


Honda: 60 mm wide 
Toyota: unknown 
Tilley: 9" dia., 146 pounds 


‘The main effort should be to implement the transition 
away from the use of fossil fuels. We know this can 
be done but it takes proper attitude. Proper attitude 
takes knowledge and knowledge takes willingness 
to lear. Willingness to learn takes desire to learn 
and desire to learn takes humility. Unfortunately, 
humility is a characteristic that many people, 
especially learned ones lack. Editor's: Carl Tilley’s 
comments are also given below. 


Very Good...you seem to know what we already were 
aware of...before we could mass produce our Tilley 
car Iam sure some auto company would come out 
with basically the same thing...I do believe they 
already have it and they are just waiting for the right 
time. The good news is that at least the Tilley car 
lighted their fire to get them started. 


Carl Tiley 


Read in the next issue! 


In April 12 of 2003 scientific conference “The Time Machine” was organized by Faraday 
Laboratories Ltd in Moscow. There were presented the reports by V.A. Chernobrov, 
A.V. Frolov, A.V. Rykov, E.D. Sorokodum, V.J. Kosyev, A.N. Solonyi, V.A. Atsukovsky. There 
was discussed design of the device made by Faraday Laboratories Ltd. as well as main 
principles of control on temporal characteristics of physical processes by changing of 
density of space energy, i.e. aether density according to patent claim. 

Details are in the next issue! 
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Review by Correspondent Alla Pashova, Russia 


‘The director of EV (Electric Vehicles) company located 
in Tolyatti (Russia), Alexander Mukhanov states: “If 
during 2 centuries intellectual efforts of a scientific 
thought were concentrated on an electric engine 
instead of the internal combustion engine then now 
we would have driven electric vehicles, and the 
greenhouse effect would not have exist” 


‘The electric vehicle has driving-wheels which are set, 
in motion by an electric engine, and it is powered by 
an electric battery. The electric vehicle appeared in 
Great Britain and France in 1880 and it is significantly 
older than the automobile equipped with the internal 
combustion engine. 


At the beginning the speed and the fuel distance of 
the electric and gasoline vehicles were approximately 
the same. The main disadvantage of electric vehicles 
was a complicated system of recharge since there were 
no usual transformers of alternating current into direct, 
one. Hence, the electric vehicle was recharged in a 
quite difficult way. An electric engine operated on 
alternating current was used to recharge it. The electric 
motor rotated a shaft of the generator which was 
connected to batteries of the electric vehicle. However 
in 1906 a rectifier which was simple to operate was 
invented. Despite its principle of operation was quite 
complicated (mercury vapor was used for 
transformation of alternating current into direct one) 
it has given a great stimulus for development of 
automobile industry. 


There were no essential proves of advantage of 
gasoline vehicles as compared with electric vehicles. 
‘Nevertheless, even at that time there was an opinion 
that electric vehicles run more slowly and to shorter 
distances. However “gasoline” records were also 
insignificant and comparable with results produced by 
the electric vehicles. At the same time producers of 
electric vehicles did their best to demonstrate the 
advantages of these vehicles. If you remember, Walter 
Baker, one of the most famous American constructors 
and producer of the electric vehicles, achieved the 
speed of 130 km/h driving his car. An electric vehicle 
produced by Borland Electric company run from 
Chicago to Milwaukee (the distance of 167 km/h along 
non-asphalted road) without recharge. Next day after 
recharging the electric vehicle returned to Chicago by 
its own power without meeting any incidents. During 
the journey its speed came to 55 km/h. 


In 1899-1900 a hereditary Russian nobleman Ippolit 
Romanov made an experiment on designing of the first, 
Russian electric vehicle. Since these vehicles had been 


designed to run in Saint Petersburg then the city 
council required to produce them in the same place. In 
1899 Romanov's first electric vehicle was made. Its 
general design was borrowed from English cabs in 
which a cabman sat on a high dickey placed behind 
passengers, Romanov's electric cab had two passenger 
seats situated in front of the dickey in a half-cabin 
having side and back windows. The cabin was 
equipped with a hood. The seat of a driver was placed 
behind and above the cabin; a box containing an 
accumulator was located under the driver's seat. The 
vehicle was four-wheeled. Diameter of the front wheels 
was smaller than those of the rear wheels. The front 
wheels were fixed by elliptical springs and were 
driving ones. They were connected to two independent 
electric motors by a roller chain drive. The regulated 
rear wheels had a smaller diameter and were fixed by 
spiral springs. 


This first electric vehicle was equipped with lead 
accumulator which had 36 banks. It required 
recharging every 60 versts (1 verst ~ 3500 feet). The 
total power of both the electric motors was equal to 
4hp. Design of the vehicular part of Romanov's electric 
vehicle was borrowed from the models produced by 
an American company named Morris-Salom. This 
company had produced electric vehicles since 1898; 
however those models had wheels of greater diameter 
as they were equipped with pneumatic tires, while 
Romanov's vehicle had wheels with light rubber rims, 
Both the electric vehicles had two electric motors, but 
the distinction of Romanov's electric vehicle consisted 
in the presence of 6-row ball bearings in the wheels. 


Romanov's second cab was built in 1900. This model 
had entirely closed and glazed cabin for passengers. 
‘The chain drive was replaced by a gear; however the 
basic sizes remained the same. This model was 
equipped with an accumulator designed by Romanov. 
‘The general weight of the electric vehicle was 45 poods 
(750 ig), and the weight of the accumulator came to 
22 poods (362 kg). It should be noted that weight of 
‘American and French electric vehicles exceeded these 
figures. The speed of both Romanov's models of the 
electric vehicles came to 15 km/h. 


Romanov's first electric bus was built in the same 1900. 
‘The electric bus weighted 100 poods (1600 kg) could. 
make speed up to 10 km/h. For reasons beyond 
Romanov's control, traffic of the electric vehicles in 
Saint Petersburg was not organized. 

A vehicular company named “Frezer and Co.” 
participated directly in production of Romanov's 


electric vehicles, i.e. a running gear of these vehicles 
was created by this company. In January 1900 The 
Cyclist magazine reported that this company had built 
an electric vehicle which had already been tested. A 
picture of this first electric vehicle by “Frezer and Co.” 
can be found in advertising publications of those years, 
Various firms proposed the innovation for sale and 
described its technical characteristics. 


Frezer electric vehicle was four-seated, had two 
engines whose total power came to 7 hp. The 
advertisement booklets reported as following: “The 
accepted system of accumulator is remarkable for its 
solidity and life-time. Capacity of the elements is about 
15 Amperes/ hour per a kilogram of electrodes. The 
size of the battery is defined according to calculation 
of 120 Wy/h per one ton and per one-kilometer of the 
distance; its weight is equal to 30-40% of the total 
weight of the vehicle including a payload”. Weight of 
Frezer electric vehicle came to 70 poods (1120 kg). It, 
made the speed of 15-18 km/h and required recharging 
every 35-60 versts of the path. The second variant of 
Frezer electric vehicle differed from the first one for less 
weight of the accumulator which was located above 
‘the rear axle. 


In addition to the four-seated vehicles, Frezer Company 
produced two-seated electric vehicles equipped with 
engines of 3.5-hp power. The two-seated electric 
vehicle was remarkable for its more perfect steering 
tube. There is known one specimen of this model 
purchased by somebody from Riga (Latvia). Moreover, 
on the territory of “Frezer and Co.” there was a station 
for recharging accumulators of the electric vehicles. 


In the period of the Soviet Union pilot batches of electric 
vehicles began to be produced only after the I World 
War. In general there were small lorries applied for 
‘transportation inside great buildings, for example, in 
a main post office or an airport. 


Now there is a great probability that Moscow will be 
the first Russian city where the electric vehicles can 
find mass application. Russian capital suffers from gas 
pollution which is especially heavy in the center of the 
city. At the same time the budget of the city allows 
acquire own ecologically appropriate transport. Now 
financing of production of the electric vehicles is 
realized through the Fund of Ecologization of Moscow 
‘Transport. The means are assigned due to income taxes 
coming to the budget of the city. 


To tell the truth, citizens of big cities now electric 
vehicles very well, ie. usual trolleybuses and trams 
are electric vehicles despite they are not autonomous. 
An autonomous public electric transport has one 
advantage which is especially valuable in the 
conditions of the cities overcrowded by cars. This 
advantage is their mobility. Trolleybuses are 
inseparable with their wires that causes decrease of 
their maneuverability. For example, they cannot pass 
several cars which have been parked wrongly. In this 


case a maneuverable and autonomous electric vehicle 
‘will run to the center of the road and pass the obstacle 
with ease. 


A Moscow company named Eltran which deals with 
exploitation of electric transport has developed a model 
of EV which runs the distance of 60 kilometers without 
recharging. Total recharging of this electric vehicle 
‘takes about § hours, however a half of required energy 
they can obtain for 1 hour. Hence, if the accumulators, 
are recharged before their full discharge then this 
vehicle can operate constantly. However, a developed 
infrastructure of charging stations is necessary for this 


From the economical point of view, EV does not yield 
to trolleybuses and trams which house more 
passengers but run twice more slowly than the 
autonomous and compact EV. Therefore EV does not 
experience difficulties in jams in the conditions of the 
traffic of the city. It maneuvers easily in thick traffic 
current. 


Unfortunately, now EV cannot replace automobiles 
equipped with internal combustion engines. 
Imperfection of its accumulator batteries does not allow 
it to become a public vehicle. The battery imperfection 
causes a small run on one recharging, long cycle of 
recharging, and high price of the electric vehicle. 


To tell the truth, EV has important advantages. 
Maintenance charges of EV are lower than the charges 
of the standard automobile requiring expenditures for 
support of cooling systems, powering systems and 
exhausting systems. The lifetime of the electric engine 
comes to 10 thousands hours. Quantity of operations 
for maintenance of the engine is minimal. For example, 
it is necessary to change brushes in the de motor from 
time to time. As for a modern three-phase electric motor 
and synchronous ac motor they are practically 
maintenance-free. 


EV is easy to drive. To start the car you should only 
insert the key, turn it and press the accelerator pedal, 
You do not need to make any manipulations with 
adherence or gearshift. 


Use of EV is justified in so called zones of higher 
environmental requirements that are cities, parks, 
vacation resorts, Electric buses, developed by Eltran 
run in the public green space of All-Russia Exhibition 
Center. There are about ten compact commercial EV 
operating in Moscow. 


Taking care of environmental sanitation the 
management of AZLK (big automobile plant) has 
developed EV on the basis of two production 
automobile models “Moskvich-2141" and “Moskvich- 
pikup-2335", "Moskvich-Elektro” (Fig. 1-2) at fully 
loaded mass of 2060 kg accelerates up to 60 km/h at 
16 seconds. Maximum speed of the load-free vehicle is 
110 km/hour. Cruising range at one battery charging 
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is 100 km, and it comes to 80 km with 400 kg of load. 
At present Electrical Vehicle “Moskvich” is filled with 
imported component parts, which are cheaper but 
functional. In time it will be supplied with Russian 
equipment that will make it cheaper. 


Fig. 3 


‘The model of truck equipped with electric motor "ZIL- 
Electro”, the authors of which being called “AVEKS" 
and “Optimum-electro”, also enjoys the support of the 
Fund of Ecologization of Moscow ‘Transport. Various 
privileges and free passage to any location in public 
green zones are promised to the future owners of "ZL 
Electro” 


Forty-eight lead-acid traction batteries of roll type 
(Optima battery) are hanged in pairs along the ramps 
of the truck. They are united into 4 sections (Fig.3) 
Capacity of these batteries is enough for 70 km 
running. Probable charging station for these machines 
is the loading/unloading point. Charging time varies 
from 30 to 60 minutes. Substantial disadvantage of 


the model is that batteries take away a great 
percentage of carrying capacity. Among the 
advantages of the model there are small internal 
resistance, fast recovery (to 400 A), discharging to 
zero level without serious consequences, 


A traction induction unit “ATAD-Optimum 50/120” 
serves as the engine for "ZIL-Electro”. Its weight is 
only 100 kg and it doesn't require any diesel generator 
or transmission that compensates a little the loss of 
carrying capacity. 


‘The engine is very simple. It is a non-contact rotor of 
a “squirrel cage" type rotating on the bearings. No 
brushes are used. Thus expensive maintenance is 
postponed for uncertain date. On the other hand there 
is asynchronism. It means that some equipment is 
needed for converting into three-phase current and 
further frequency and amplitude adjustment 
However it is expensive and complicated. 


In spite of all existing disadvantages, Electric Truck 
is considered to have a bright future ahead of it. There 
several reasons for that: 


1 The vehicle is manufactured from cheap 
production component parts. 
2 The system of optimum vector control of the 


drive is introduced. (The torque and shaft speed of 
rotation is regulated precisely, energy of the batteries 
is used rather efficiently.) 

3 Microprocessor system with feedback coupling 
and great number of sensors (current sensor, heat 
sensor, velocity sensor, voltage sensor) minimizes 
losses, prevents the motor and batteries from 
overheating, protects mains from short circuit in case 
of an accident. 

4 The vehicle is reasonably priced (for such an 
exotic object) ~ about $26 000 USD subject to serial 
production. 


Volzhsky automobile plant has already been engaged 
in research of EV for a quarter of a century. Over 10 
original models have been designed and produced for 
these years. They have been appreciated abroad as, 
well as in Russia. These are electric vehicles "Poni", 
“Oka”, “Elf”, “Gnom", “Niva”, “Rapan" “Lada-golf”, 
etc, 


‘The models manufactured on the basis of VAZ-1111 
“Oka” became the most popular among them. These 
EV received many different rewards, and became 
world-renowned. For example, VAZ-111E “Oka”, 
manufactured in 1993, kept all merits of a production 
midget car. Use of electric motor makes it a non-toxic 
and noiseless vehicle. Efficient fast-acting short 
circuit protection eliminates current rush, providing 
absolute car operating safety. 


In EV of VAZ manufacture two direct-current motors 
are commonly used as a power-generating set. The 
first is a 25kW capacity motor with torque of 110 Nm. 


Another one has 40 kW capacity and torque of 190 
Nm. Motors of the first type are usually mounted on 
light vehicles, such as “Golf”, “Oka-Electro", “Elf”, 
while high-power motors are usually used for VAZ- 
2108, VAZ-2109, “Niva” 


The first models of electric vehicles used to be 
equipped with nickel-zinc batteries. But as life time 
of these batteries is not long, it was decided to start, 
using nickel-cadmium batteries, manufactured at 
Saint-Petersburg plants “Rigel” and “Istochnik” 
Nickel-cadmium batteries are power-consuming, they 
withstand temperature of ~40°C. The only drawback 
of these batteries is their cost, and as a consequence 
a high cost of the vehicle itself. Because of that the 
final choice has been made in favor of lead-acid 
storage batteries, which were mounted at “Gamma 
Golf” in particular, thus reducing its price by several 
times. The batteries are located under the driver and 
passenger seats. They allow discharge of 80-85% and 
provide cruising range without recharge of up to 
100 km within city area and several times more on a 
highway. Power current is transmitted from the 
electric motor to the front wheels through single- 
reduction gear unit, which substitutes the 
‘transmission. 


For the present time electric vehicles are not 
developed to take the place of automobiles with 
internal-combustion engine in all industries and 
spheres of application, but only as a specific vehicle 
for highly specialized utilization. They are utilized 
when use of internal-combustion engine is 
objectionable or impossible, 


It is considered that so-called hybrid models of EV 
would be able to replace automobiles with intemal- 
combustion engines. These are vehicles with two 
motors, an electric motor and an internal-combustion 
engine usually running on diesel oil. In this case the 
combustion engine works constantly, but under the 
operation modes of little air pollution. Besides, fuel 
consumption is also much reduced. 


In this direction real commercial success is possible. 
For example, “Tbyota-Pirus” has already been chosen 
as a personal vehicle by tens of thousands of 
customers, this being a good result for such an original 
construction. 


Nowadays three circuits of hybrid propulsion system 
are generally known. The simplest one is a series 
circuit, in which combustion engine operates together 
with a generator, and battery or generator powers 
electric motor providing propulsion. Actually this is 
‘the same circuit of electric transmission that is used 
at quarry trucks, Its main disadvantage is great losses 
of energy at transmitting the torque to the wheels. In 
parallel circuit the output shafts of the motor- 
generator and combustion engine are rigidly bound, 
and it doesn't allow working in steady-state mode (ie. 
with permanent rotations and load), 


In the third circuit, which is also the most commonly 
used there are an electric motor, combustion engine 
and a generator. The output shafts of all these units 
are bound by planetary differential. This allows almost 
lossless distribution of power between the units, and 
provides sustained performance of the combustion 
engine. The disadvantage of this circuit is the extreme 
complexity of coordination of units operating. 


A hybrid EV was produced in Russia by automobile 
plant “Izhmash” though it has not been put in mass 
production yet. At the developing of the propulsion 
system instead of unique components there were used 
units of Russian mass automobile production that is 
one of the fundamental design solutions. “Orbit” Izh- 
21261 was used as a base for the device. It was 
equipped with gasoline engine (of 30 hp power and 
650 cm’ capacity), drive de motor IIT-125-12 (of 120V 
voltage and 49 H/m torque) and eight accumulators 
6CE-55. Twin-engined propulsion system works 
according to the parallel circuit of engine joint. 
Electromotor serves as starter and at the acceleration 
it operates simultaneously with internal-combustion 
engine. On reaching some definite speed the 
electromotor changes its operation mode to the mode 
of generator and charges the accumulators. When the 
loads at gasoline engine increase then the 
electromotor begins to operate together with it. 
Operation of the hybrid propulsion system is 
controlled by starting regulation electronic 
equipment. Control unit, speed transducer of 
crankshaft of the internal combustion engine, detector 
of the accelerator pedal etc. are responsible for 
coordinated work of the engines. 


During the tests fuel consumption of the hybrid vehicle 
“Orbit” was less by 20% than that of the usual model. 
For Russian prototype it is a good qualitative 
characteristic, however foreign designers reach better 
results, for example, “Crysler ESX3", which was 
presented in 1998 at Geneva auto show, consumes 
3.3 liter of diesel oil per 100 km of path. 


Representatives of specialized Moscow companies 
producing EV assert unanimously that these are hybrid 
electric vehicles which should change public transport, 
with internal combustion engine. To encourage the 
automakers it is useful to create the proper laws 
drawing on foreign experience. For example, in 
California, USA, automakers whishing to present their 
production in the state market should put out 2% of 
automobiles with null blast. Legal system also supports 
an automobile user who is provided for free parking 
and free or cheap recharge. The user is granted with 
maximum of discounts to encourage him buying EV 
which is still twice as expensive. However it is said 
that in one of the villages situated near Moscow where 
the so called new Russians live, everybody drive 
electric vehicles leaving their cars with gasoline engine 
outside the gates. It would be quite good if EV tums to 
the real vehicle from the extravagancy of nouveau 
riches and beloved creation of ecologists. 
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An Investigation of the Clem Motor 


Robert Koontz, USA 
rdkoontz@attbi.com 


In December of 1992 Jerry Decker posted an article 
on the KeelyNet BBS, about a self-running motor that 
developed excess useable power. The information, 
gathered from newspaper and individual sources, 
gave an anecdotal account of the motor invented in 
1972 by Richard Clem of Flower Mound, Texas. New 
information has since been added and can he found 
on http://www. keelynet.com/energy/clem1.htm. 


Richard Clem worked with heavy machinery for the 
city of Dallas. He used asphalt-spraying equipment, 
which pumped liquid asphalt. He noticed the asphalt, 
pump would continue to run for up to 30 minutes after 
the power was turned off. It was this discovery that, 
led to the development of the motor. Modifications he 
made eventually resulted in a substantial 350 
horsepower output from a 200-pound motor. Clem is 
said to have often driven a car, powered by this motor, 
up and down Central Expressway in Dallas. He 
claimed it didn't use any fuel, and only needed a 
change of oil every 150,000 miles. 


‘The motor had only one moving part, a cone shaped 
rotor mounted vertically on a hollow shaft. Spiral 
channels cut into the cone wound around its length 
and feed into peripheral nozzles at its large end. When 
fluid flowed through the spiral channels it was ejected 
out the nozzles and caused the cone to spin. At a 
certain velocity, the rotating cone became 
independent of the starter pump and began to operate 
by itself. At an operating speed of 1800 to 2300 RPM 
the fluid heated up to 300 F, requiring a heat 
exchanger. Vegetable oil was used because at 300 F 
water boils and conventional engine oil breaks down. 


A 12-volt battery was the only other power source, 
Clem never applied for a patent because his motor 
design was derived from the asphalt pump that was 
already patented. Fifteen companies turned him 
down before a large coal company offered to back 
him and signed contracts to sell the motor. Soon after 
the deal was signed, Richard Clem died of a heart 
attack 


‘The above account contains only what I considered 
to be relevant for analysis of the Clem motor. Visit 
http://www.keelynet.com/ for the original material, 


‘The gear pumps, typically used for asphalt spraying, 
do not match the description of the pump used by 
the city of Dallas back in 1972. There should be public 
records showing what equipment manufacture the 
asphalt sprayer was purchased from. Since the 
asphalt pump was patented, I searched for a pump 
patent that met the following criteria: 


1) Patent issued on or before 1972. 
2) Delivered pressure equivalent to a positive 
displacement gear pump. 

3) Cone shaped rotor with spiral channels. 

4) Self-propelling action. 

5) Capable of pumping a viscous fluid like asphalt, 
6) Large heat transfer to pumped fluids. 


The following illustration (Fig.1) is from US Patent 
3,697,190 (Truncated Conical Drag Pump). The patent 
was issued October 10, 1972 (criteria 1) and appears 
to match the description of the asphalt pump that 
Clem converted into his motor. 


Fig.1 


Housing 11, Conical interior wall 12, Conical rotor 13, 
Inlet chamber 14, Inlet pipe 15, Outlet chamber 16, 
Outlet pipe 17, Support feet 19, Detachable end cap 20, 
Rotor shaft 21, End cap wall 22, Boss 23, Packing 24, 
Adjustable gland nut 25, Bracket arms 27, Bearing boss 29, 
Bearing 30, Snap ring 31, Inner race 32, Sleeve 33, 
Shoulder 34, Retainer nut 35, Reduced diameter outer 
end 36, Coupling 37, Packing 39, Retainer 40, Gland 
nut 41, Bearing boss 43, Integrally formed bracket 44, 
Shaft reduced diameter 45, Bearing sleeve 46, Bearing 47, 
Snap ring 48, Inner flanged 49, Inner race 60, Nut 51,Shaft 
reduced diameter 53, Lock nut 55, Flat faces 56, Snap 
ring 57, Washer 59, Nut 60, Helical channel 61, Channel 
base 63, Channel sidewalls 64, 


This is a high-pressure, low volume drag pump that 
can be used in place of conventional positive 
displacement pumps (criteria 2). It has a conical rotor 
‘that has a close fit clearance with the stationary 
housing wall. Delivered pressure is limited by back 
flow across the radial clearance and is inversely 
proportional to the square of the clearance. As aresult, 
even a small increase in radial clearance would rapidly 
reduce pressure. The rotor is cone shaped so that the 
clearance can be controlled by axial adjustment of the 
rotor relative to the housing wall. 


‘The conical rotor has two helical channels (criteria 3), 
in the form of square threads, spaced 180 apart for 
balance. The channel depth decreases as the rotor 
diameter increases. Fluid enters the channels at the 
small end of the rotor. The fluid is induced to rotate 
with the channel by boundary layer drag. The 
boundary layer is the thin layer of fluid adhering to 
‘the channel surface. Molecular cohesion tends to drag 
‘the adjacent fluid with the boundary layer. The fluid 
is also in contact with the housing wall. The boundary 
layer drag against this stationary wall slows the 
rotation of the fluid in the channels. Because the fluid 
rotates slower than the rotor, it is forced through the 
channels towards the large end of the rotor. In 
addition the fluid is forced towards the large end by 
centrifugal force. 


Fig.2 


The above drawing illustrates the proportional 
decrease in channel depth as the rotor diameter 
increases. Why was this done? Note that as the 
diameter doubles so does the circumference. This 
means the fluid has to travel twice as far in the same 
time to maintain a constant slip velocity. By 


reducing the channel depth in half (cross-section 
area = depth x width) the fluid velocity is doubled 
thereby keeping the slip constant. 


‘The spiral channels could be thought of as very long 
convergent nozzles. The increase in fluid velocity is 
in the opposite direction of the rotor spin. We should 
expect a reaction force from the acceleration of the 
fluid. This thrust would be directed tangent to the 
circumference and would increase the spin torque 
on the rotor. Even without the peripheral nozzles, 
that Clem later added, the pump rotor experiences a 
thrust force in a direction that would self-propel it 
(criteria 4), 


Because fluid drag is the primary pumping force, it 
is well suited for viscous fluids like asphalt (criteria §). 
‘The long channels also represent a large sliding 
surface area with frictional losses that would transfer 
heat to the pumped fluid (criteria 6). 


All six of the patent search criteria have now been 
met. Of course this doesn't prove that it is the asphalt 
pump Richard Clem worked with. 


A peculiar condition indicated by the patent is that 
as the velocity increases in the channels the pressure 
also increases. Bernoulli's Law requires the pressure 
to drop proportionally as the velocity increases. 
Assuming an ideal fluid without losses, when the 
channel depth is reduced in half, the cross section 
area is also half and this doubles the fluid velocity 
and the fluid pressure should drop in half. So what 
is going on here? There is a centrifugal component 
that would add to the fluid pressure. 


My guess is it's too smalll to overcome the predicted 
pressure drop. Here is what I think may be going on. 
‘As the diameter and velocity increases the drag force 
propelling the fluid through the channel is 
proportionally greater. Energy is being added all 
along the length of the channel. Whatever the reason, 
if this high-velocity, high-pressure fluid is feed into 
‘tangent peripheral nozzles at the rotor large end, the 
energy will be converted to shaft horsepower. 


‘The Clem motor is producing 360 shaft-horsepower 
and a large heat energy component. Where is this 
huge amount of energy coming from? Recent 
quantum mechanics zero-point field (ZPF) theories 
may point to the answer. From an article available 
at “BEYOND E=mc" Bernhard Haisch, Alfonso 
Rueda & H.E, Puthoff [1] 


“Our work suggests inertia is a property arising out 
of the vast, all-pervasive electromagnetic field we 
mentioned earlier, which is called the zero-point field 
(ZPF). The name comes from the fact that the field is 
held to exist in a vacuum-what is commonly thought 
of as “empty” space-even at the temperature of 
absolute zero, at which all thermal radiation is 
absent.” 
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ZPF researchers theorize that mass, inertia and 
gravity are not intrinsic properties of matter but the 
interaction of matter with the zero-point field. By all 
pervasive it is meant that the ZPF exists not only in 
‘empty space but it is passing through your body right, 
now and everywhere else. When you throw a stone 
youare interacting with this field since the ZPF resists 
change in motion. In essence the ZPF is the modern 
day aether. 


‘The amount of energy making up the ZPF is thought 
to be enormous. Is the fluid acceleration in the Clem 
motor interacting with the ZPF in such a way as to 
rectify it and draw energy from it? Is it a hydraulic 
aether-diode? The fluid, in the Conical Drag Pump, 
flows through long convergent channels. Disregarding 
the boundary layer, is this accelerated flow laminar? 
Would such a long orderly flow entrain the aether 
energy? 


From the perspective of the rotating channels the fluid 
appears as the discharge from a long nozzle. To 


Power takeoff ——+|[]] 


exaggerate, if the fluid was held fast to the housing 
wall, the rotating channel would travel through the 
stationary fluid. This would be equivalent to achieving 
100% efficiency. In reality the fluid is slipping against 
the stationary housing wall so that the rotating 
channel (nozzle) is moving faster than the fluid 
discharge velocity. Assuming the reaction thrust as, 
the only propelling force, this would give efficiency 
greater than 100%. So, as the slip increases the 
reaction thrust decreases, but the efficiency increases, 


Assuming the Conical Drag Pump is the pump Clem 
used, can it answer the following? 


1) Why was a hollow shaft used? 
2) Why was the cone mounted vertically? 

3) Why was a starter pump needed? 

4) How were the peripheral nozzles added? 

5) How was the motor RPM regulated? 

6) How did a large coal company get involved? 

7) Was this kind of pump ever used in asphalt 
sprayers? 
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Clem motor shown in start mode 
‘The arrows show oil flow 


‘The above drawing shows a hypothetical Clem motor based on the Conical Drag Pump. The motor is mounted 
vertically so that the check valve on the hollow shaft is submerged down in the oil tank. The hollow shaft extends 
from the oil tank through the rotor into the inlet chamber. The start pump draws oil from the tank and forces it up 


‘the external feed line connected to the inlet chamber at 
‘the small end of the rotor. This fills the hollow shaft and 
forces the check valve closed. The oil flows into the spiral 
channels and out the peripheral nozzles. The reaction 
‘thrust of the nozzles spins the rotor. The oil flows through 
the return line, through the valve, filter, and heat 
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exchanger and back into the tank. The start pumpis most 
likely a standard hydraulic gear pump. It continues to 
pump until the rotor spins up to its operating speed. The 
combinations of a start pump and check valve would be 
a simple way to both prime the motor and spin up the 
rotor. 
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Clem motor shown in operation mode 
‘The arrows show oil flow 


Once the start pump is shut off the check valve is free 
to open. Oil is drawn up into the hollow shaft to the 
inlet chamber at the small end of the rotor. The spiral 
channels pump the oil down towards the large end of 
the rotor. A plate is attached to the large end of the 
rotor and fits with a close clearance with the housing 
wall. Nozzles attached to the outer edge receive high- 
pressure oil from the spiral channels. The jet reaction 
‘thrust from the nozzles delivers shaft horsepower to 
the power takeoff at the shaft top. Adjusting the valve 
to create hydraulic backpressure regulates the motor 
RPM. Closing the valve stops the motor. 


When I first read about the Clem Motor I found it, 
odd that a deal had been made with a coal company. 
Was there a connection with the pump? After finding 
the Conical Drag Pump patent, I wanted to contact 
the inventor Walter D, Haentjens of Barrett, 
Haentjens & Co., Hazleton, Pennsylvania. Otto 
Haentjens founded Barrett Haentjens & Co., in 1916, 
‘The business began in the coalmines of Pennsylvania 
with Otto Haentjens original patent on the balanced 
opposed impeller multi-stage volute pump. The 
company still supplies pumps to the coal industry. 


‘They have expanded to other markets and their 
pumps are installed in many industries worldwide. 
It is now known as Hazleton Pumps Inc., after its 
acquisition by The Weir Group. 


Icontacted Peter Haentjens, the VP/General Manager 
of Hazleton Pumps, by e-mail to find out if this pump 
had ever been put into production. He replied that 
they had not done anything with the patent. 


An unusual pump design would have a tough time 
competing in the market with an industry standard 
like gear pumps. The Dallas asphalt sprayer may have 
been a one of a kind field test of the pump design. Or 
the pump manufacturer offered it for testing to an 
asphalt equipment company in the hopes of 
generating interest in it. 
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"Spontaneous Flow Heat 
; PACES : The Alternative 


Jean-Luc Brochet, France 
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“Paces" is a new high performance electronic 
process. It is not a traditional heat pump fitted with 
some electronic gadgets to improve its output, but a 
truly revolutionary process totally unused up to now. 
‘There are no moving parts, not even a moving fluid in 
it. "Paces" is an electronic process because for its 
development the pump’s fundamental element uses 
micro-electronic techniques. 


an average of 9000MW could be produced, 
that is to say the equivalent of several 
nuclear power stations. 


‘The principle consists in attracting the gas neutral 
molecules onto a so-called “electrostatic” plate, to 
accelerate them and heat the plate. An intense electric 
field is applied in a capacitor with micro-pores covering 
the plate. The neutral molecules are polarized and 
accelerated when they penetrate these micro-pores 
where the intense electric field exists. Each molecule 
accelerates and absorbs electrical energy when it 
enters into a pore. But in tum it decelerates and gives, 
off an equal amount of energy upon its exit from the 
pore. 


The molecules, by going back and forth 
between the plates, continually give off and 
take energy, thus resulting in a total 
consumption equal to zero. 


‘The gas fluid does not undergo any change of 
thermodynamic state, contrary to all other heat pump 
processes. A thermodynamic cycle remains at the level 
of each gas molecule, but not at the level of the entire 
set of molecules. 


‘There is more to this new process, it is not just heat 
pump process added to an already long list: these new 
characteristics also enable some new applications. 
Besides the traditional heat pump applications, due to 
its excellent coefficient of performance this process 
makes it possible to produce electricity by cooling 
the environment. 


For instance, if the Rhine was equipped with heat 
exchangers into which diverted water could flow, thus 
cooling its temperature by just one degree, an average 
of 9000MW could be produced, that is to say the 
equivalent of several nuclear power stations. Please 


note that this process would also enable both 
electricity and fresh water to be produced from 
seawater, an interesting application for areas of the 
world where water is a scarce resource. 


‘Thus we have at our disposal an ecological process for 
producing electricity, it would become conceivable to 
produce hydrogen in great quantities; vehicles would 
be hydrogen powered. Ozone, CO2 or any other type 
of pollution would become a thing of the past. 


It will most probably be the energy source of future 
generations, ecological and excellent, inexhaustible, 
powerful yet completely harmless, stable and steady 
(contrary to the sun and wind); an invention capable 
ofre-launching the world economy, in particular giving 
impetus to the currently depressed new technology 
sector. 


However, you have probably noticed that this 
invention requires advanced technology, and the few 
French laboratories capable to develop this process 
have proven inaccessibility to do it for independent 
researchers such as the author of the article. Besides, 
the invention’s claimed qualities, the revolutionary 
aspect was very often interpreted by examiners as 
‘utopian’, even before they read the document! Having 
tired of battling against concept fixed for the past two 
centuries, the author of the article has now decided to 
place this project within the hands of the 
international scientific and technological community, 
in order to give the best chance of success to the 
invention. 


It will most probably be the energy source 
of future generations! 


Initial development requires the construction of a 
Prototype; three possibilities are described on the 
website (http://www.new-energy-paces.com). As 
there is no longer legal protection abroad, anyone is 
free to experiment and to market, as he or she wishes, 
in all other countries outside of France. 


Please help me to spread the word about this project, 
for example through scientific forums on the Internet. 
‘This will allow you to receive feedback and gather other 
opinions. Your participation, even the most modest, will, 
be of use. ‘To those of you who help this project to see 
the light of day, all of humanity will be indebted. 


ion of Gravitationa 


Vladimir N. Petrov, Russia 


173001, apt. 76, 10 Bolshaya Saint-Peterburgskaya st., Veliky Novgorod 
E-mail: petvn@km.ru 


Registration of gravitational waves is one of 
fundamental problems of physics. At the beginning 
of the last century A. Einstein's works predicted 
existence of these waves. Nevertheless, despite 
numerous attempts are made in different countries of 
‘the world these waves have not been fixed up today. 
Josef Veber, an American physicist working in 60" of 
the XX century, is sure to be called as the first 
experimenter who disclosed gravitational waves. 
Nowadays lots of many-million projects on 
registration of gravitation waves are developed and 
realized (LIGO (USA), GEO-600 (Germany-England), 
VIRGO (Italia), and TAMA (Japan)). However no 
positive results were achieved. 


Failures in registration of gravitational waves can be 
explained by the fact that researchers have erroneous 
notion of the essence of these waves. This erroneous 
notion is laid in an experimental project that causes 
negative results. 


Many researchers believe that influence of 
gravitational waves on the bodies should be resulted 
in deformation of these bodies (i.e. in change of mutual 
place of particles of a material body). All the attempts 
to disclose the gravitational waves are based on this, 
notion. Now two types of ground gravitational 
antennas are supposed as priority. 


‘The first type supposes the registration of mechanical 
oscillations of a massive test body that is initiated by 
influence of gravitational waves on it. 


The second can register changes of a distance 
between space-apart free masses when gravitational 
waves act upon them. Great attention is paid to the 
second type of antennas in the developed projects. 
Failure attempts of registration of gravitational waves 
can be explained by their low intensiveness and 
insufficient accuracy of existing measuring 
equipments. Therefore, now there are made various 
attempts to register gravitational waves produced by 
such great cosmic phenomena as confluence of black 
holes. More accurate instruments and measuring 
equipments, for example, a laser interferometer, are 
developed. Nevertheless, positive results are hardly 
to be obtained, 


Here is one of the fallacious explanations of action of 
gravitational waves on a body: “Passing of 
gravitational waves changes an interval between 


objects transferring them one from another like two 
boats sometimes are approached sometimes moved 
from each other by sea waves". 


Following this example to explain influence of the 
gravitational waves on bodies placing on the Earth, 
it can be said that all bodies are in one boat and 
raising or sinking of the boat on sea waves does not, 
cause change of the distance between the bodies. 
However, this example seems to be very simplified 
for explanation of influence of the gravitational waves 
on bodies. In fact, the case is much more difficult. 


According to A. Einstein's theory, bodies moving with 
variable acceleration will radiate gravitational waves. 
Gravitational waves represent the essence of 
changes of gravitational field occurring at light 
speed. Since the gravitational field is a deformed 
space-time then the gravitational waves cause 
change of deformation of the space-time. Change of 
deformation of the space-time is accompanied with 
change of deformation of geodesic lines (i.e. lines by 
which all the bodies move). 


A body moving by a geodesic line whose deformation 
is changed changes its acceleration. Change of 
acceleration of the body will change gravity applied 
to the body in this area of space. Hence, influence of 
gravitational waves on the body occurs through 
gravity which influences on it. 


It is known that a fundamental difference between 
gravity and other forces appearing at a direct contact 
with a body consists in the fact that gravity provides 
all the elements of the body (all its points) with equal 
acceleration (deformation can not occur), and other 
forces influence on certain parts of the surface of a 
body and so cause its deformation. 


Hence it is senseless to try to measure deformation 
of a body or change of a distance between test bodies 
occurring under influence of gravitational waves. It 
is necessary to note that, in particular, when a body 
is placed on an unmovable support relatively to the 
Earth, value and the direction of gravity coincides 
with weight of the body. Therefore, in this case 
gravitational waves can be registered at measuring 
of changes of the body weight. 


An experiment on registration of the gravitational 
field of the Earth by measuring change of weight of 
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a test body was made. Before the beginning of the 
experiment there was set a problem to register 
gravitational waves produced by the Mercury and 
the Venus at approaching to the Earth. The 
gravitational field in which the Earth moves changes 
due to superposition of gravitational waves of other 
planets on it. These changes were necessary to be 
registered, 


‘The experiment was as follows: a test body (a 100 grams 
weight) was weighted on an electronic balance in 
equal time intervals of 14 days. The experiment was 
lasting for 12 months. In the experiment it appeared 
that change of a distance between the Earth and the 
mentioned planets causes change of weight of the 
test body. The change of weight of the body occurred 
in proportion to the distance between the planets. 
‘The test body was weighted in the same conditions 
and in the same place. The performance of the 
experiment is so easy that every person can made it 


It is known that weight of a body changes 
(decreases) at moving along the Earth surface from 
its pole to the equator. Change of weight of a body 
locating in the same place has not been fixed until 


‘The fixed change of weight of the test body proves 
change of gravity applied to it and, consequently, 
change of the gravitational field in which the test 
body moves as well as the Earth does. These 
changes of the gravitational field were caused by 
motion (superposition) of the gravitational waves 
produced by the mentioned planets at their 


approaching towards the Earth at the distance of 
the existent gravitational field. 


Hence, the Earth and all the bodies locating on it move 
in the constantly changing gravitational field, 
therefore, constantly change their weight 
Nevertheless, as it is known, change of the 
gravitational field is the influence of gravitational 
waves on it. Hence, measuring changing of weight of 
bodies we can speak about registration of 
gravitational waves. 


In search of the 4th dimension 


From http://home.ural.ru/~meop/index.html 


High-Energy Hyper-Low-Freaueng 
Electric Field 


Yury V. Ivanko, Ukraine 
E-mail: ux01w@hotmail.com 


‘The article represents a practical and theoretical 
research on possibility of existence of a high-energy 
hyper-low-frequency electric field which is 
interpreted by modern measuring instruments and 
subjective perception as a static field. Besides there 
are observed a problem of the field registration, a 
hypothesis of relic origin of the registered field and 
a hypothesis of wave nature of the Universe, 


A passenger on board a ship sailing in the ocean will, 
never notice action of waves of high and low tide. At 
the same time, weathering waves of several numbers 
produce a dangerous storm. However, an ocean liner 
is designed for such a storm therefore the passenger 
would just experience some discomfort. It is another 
case if tide wave hides reefs... I wish our ship, ie. the 


Earth, the Solar System, the Galaxy, and the Universe, 
not to be lead to such a place by any ignorant 
“navigator”! 


One of the most mysterious persons in the history of 
electricity physics was an outstanding inventor 
Nicola Tesla (1856-1943). When the majority of 
scientists developed researches of microworld particles 
he followed the opposite scientific path. He was 
interested in the electrical potential of the whole Earth. 
He researched ways to influence on it, control its state 
and methods of its regulation. Therefore many of his 
patents, experiments as well as a purpose of 
constructions and devices built according to his ideas 
arouse perplexity and misunderstanding of modem 
scientists. 


a test body was made. Before the beginning of the 
experiment there was set a problem to register 
gravitational waves produced by the Mercury and 
the Venus at approaching to the Earth. The 
gravitational field in which the Earth moves changes 
due to superposition of gravitational waves of other 
planets on it. These changes were necessary to be 
registered, 


‘The experiment was as follows: a test body (a 100 grams 
weight) was weighted on an electronic balance in 
equal time intervals of 14 days. The experiment was 
lasting for 12 months. In the experiment it appeared 
that change of a distance between the Earth and the 
mentioned planets causes change of weight of the 
test body. The change of weight of the body occurred 
in proportion to the distance between the planets. 
‘The test body was weighted in the same conditions 
and in the same place. The performance of the 
experiment is so easy that every person can made it 


It is known that weight of a body changes 
(decreases) at moving along the Earth surface from 
its pole to the equator. Change of weight of a body 
locating in the same place has not been fixed until 


‘The fixed change of weight of the test body proves 
change of gravity applied to it and, consequently, 
change of the gravitational field in which the test 
body moves as well as the Earth does. These 
changes of the gravitational field were caused by 
motion (superposition) of the gravitational waves 
produced by the mentioned planets at their 


approaching towards the Earth at the distance of 
the existent gravitational field. 


Hence, the Earth and all the bodies locating on it move 
in the constantly changing gravitational field, 
therefore, constantly change their weight 
Nevertheless, as it is known, change of the 
gravitational field is the influence of gravitational 
waves on it. Hence, measuring changing of weight of 
bodies we can speak about registration of 
gravitational waves. 


In search of the 4th dimension 


From http://home.ural.ru/~meop/index.html 


High-Energy Hyper-Low-Freaueng 
Electric Field 


Yury V. Ivanko, Ukraine 
E-mail: ux01w@hotmail.com 


‘The article represents a practical and theoretical 
research on possibility of existence of a high-energy 
hyper-low-frequency electric field which is 
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subjective perception as a static field. Besides there 
are observed a problem of the field registration, a 
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the same time, weathering waves of several numbers 
produce a dangerous storm. However, an ocean liner 
is designed for such a storm therefore the passenger 
would just experience some discomfort. It is another 
case if tide wave hides reefs... I wish our ship, ie. the 


Earth, the Solar System, the Galaxy, and the Universe, 
not to be lead to such a place by any ignorant 
“navigator”! 


One of the most mysterious persons in the history of 
electricity physics was an outstanding inventor 
Nicola Tesla (1856-1943). When the majority of 
scientists developed researches of microworld particles 
he followed the opposite scientific path. He was 
interested in the electrical potential of the whole Earth. 
He researched ways to influence on it, control its state 
and methods of its regulation. Therefore many of his 
patents, experiments as well as a purpose of 
constructions and devices built according to his ideas 
arouse perplexity and misunderstanding of modem 
scientists. 


Having formulated my own hypotheses I often think 
why such a Great Genius as Nicola Tesla took his 
invention away with him. 


Danger of this invention lies in simplicity of production 
of devices for generating (detecting) energy. 


Practical Prerequisites 


Prerequisites of this and other hypotheses were some 
undeclared effects occurring in practical wireless 
communication as well as investigation of devices for 
distant transmission of electric power. 


Distant energy transmission was demonstrated by 
Nicola Tesla in 1892 in London and in 1893 in 
Philadelphia. However, even now the way he did it 
remains unknown. 


In 1977-1985 I had to work a lot with radio 
transmitting equipment of different power of middle- 
wave (MW) and short-wave (SW) diapasons 
According to fundamentals of physics, intensive 
electromagnetic field is produced around antenna 
curtain connected to a radio-frequency transmitter. 
There are brightly glowing gas-discharge 
electrovacuum devices at the distance up to several 
meters in this field. Attention was paid to the fact 
that more than ten daylight lamps of 80 W were 
successfully “glowed” at 40 W power of a transmitter. 
In this case a distant correspondent did not note 
significant decrease of a level of a received signal at 
‘the indicator of the receiver. It had to return to this, 
fact in many years. The data of this experiment are 
represented in a particular document. 


There is one more interesting effect which is 
disclosed when transmitting equipment (TX) and 
antennas (ANT) are adjusted. An incandescent lamp, 
which is connected to a certain place of a break of 
the antenna curtain or of a power feeder (L), glows 
brightly. The antenna circuit is not closed as galvanic 
element. (See Fig. 1) 
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Fig. 1 


Hence, the power line of the incandescent lamp is as if 
it is single-wire. It also had to return to investigation 
ofthis effect in many years. The data of this experiment 
are represented in a particular document. As in the 
case of the incandescent lamps, the correspondent did 
not note significant decrease of the level of the received 
signal at the indicator of the distant receiver. 


S. V. Avramenko designed a plug of semiconductor 
diodes. Connecting this plug to a generator of 
alternating voltage of 10-10000 V by means of a single- 
wire line in the load of the plug he discovered current, 
which was continuous by the direction but pulsating 
by the value. Electric current measured in the single- 
wire line is very little, hence, the impression of 
superconductivity is produced, i. it is possible almost 
to avoid energy losses in the wires. 


My experiments also represent a visual demonstration 
of the effect. For example, several links of light-emitting 
diodes connected inverse-paralle! glow in the single- 
wire line. Garlands of light-emitting diodes and lamps 
having a single-wire power line can be produced. It is 
interesting that in this case power consumed by the 
generator do not increase practically (See Fig. 2, 3, 4). 
It was noted that if a standing wave is created around 
‘the generator “then an unlimited number of consumers 
would be able to apply a change of a value of this field 
to produce power in a load in their place" (Editor: This 
phrase is in inverted commas since it is a part of the 
well-known article “Free Energy" by Alexander V. Frolov 
(Read in this issue, p. 15)). 
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Russian scientists investigated this phenomenon and 
proposed an explanation of producing active power in 
the load by means of reactive capacitive current. This 
was made applying resonant properties of the single- 
wire line made of a metallic conductor. Further, 
possibilities of application of nonmetallic conducting 
mediums for transmitting electric power were 
investigated. However, the researchers pay attention 
for the fact that this explanation is insufficient. 


A task group named “Analysis” from Voronezh city 
(Russia) made a qualitatively new explanation of 
results of S. V. Avramenko's experiment. The works of 
this group from Voronezh are devoted to the comparison 
of properties and characteristics of so-called inertial 
and inertialess currents occurring in circuits at low 
frequencies. Their general and particular features have 
been disclosed. In the works there are demonstrated 
conditions at which conductivity caused by inertialess 
discharges predominates in conductors and conditions 
at which currents caused by conduction electrons 
predominate. There are demonstrated a description of 
S. V. Avramenko's experiments and the conclusions 
made by the researchers. The authors cite data of their 
test experiments which prove a part of conclusions 
made by S. V. Avramenko and his colleagues. 


However this explanation does not have a right to exist, 
as it does not have variants for practical application. 


Results of my theoretical and experimental researches 
allow provide a fundamentally new (!) explanation of, 
energy “transmission” having occurred in the 
experiments performed by S. V. Avramenko, 
investigations by D. S. Strebkov, VA. Kuligin and other 
investigators. (Editor: See publications of these works 
in previous issues of our magazine). Moreover, they 
allow explain origin of many physical phenomena and 
processes including the origin of non-inertial charges 
and currents and their visualization. 


First Hypothesis 


Recently a number of scientists all over the world have 
declared a thought that surplus power is produced in 
the systems having overunit output due to inability to 
identify correctly all the existent energy sources. And 


a so-called phenomenology is observed due to the 
inability to deal with different types of energy (or fields). 


In physics a negation of an overunit device follows a 
well known state which is considered to he true in 
other fields of knowledge, ie. energy conservation law. 
It should be noted that it is formulated for isolated 
(closed) systems. I have devoted some time to the 
investigation of this state and to practical experiments 
and come to the following conclusion: there are no 
isolated (closed) systems in the nearest cosmos which 
can be observed by us! 


Particular physical, chemical and other processes may 
actually be observed in closed circuits for making 
calculations with sufficient approximation. 


‘Show me an isolated system, and Iwill prove 
that it is open. 


Hence, according to fundamental physical laws, energy 
does not appear from nothing and not disappear to 
nowhere. However, the source of oscillations, i.e. our 
generator, does not provide a load with energy; 
nevertheless, power is produced in the load. Energy 
conservation law must be fulfilled! The classical 
formulation of the energy conservation law is as 
following: total energy of an isolated system is not 
changed in the course of time. According to this, the 
only fact remains valid, i.e. the single-wire system is 
not isolated from outer influence, hence, energy is, 
consumed from some other source which is outer in 
relation to the system?! In this case our generator is 
one of sources of information about an amplitude, 
frequency, and phase. 


Calculations and experiments have allowed made a 
following supposition. Avramenko's diode plug is a 
particular case of a device known in radio engineering 
for a long time, i.e. AM detector (a peak-detector, a 
limiter, a frequency mixer). I have examined the other 
known circuits of AM detectors and frequency mixers, 
‘The investigations are continued and by this time the 
supposition has been confirmed. 


Let us accept an artificial generator (Tesla’s 
transformer or any other one) as a main generator 
(or a main oscillator) and a hyper-low-frequency 
(ALF) oscillation of a huge amplitude as an envelope 
curve. Let us name it as RW (“relic wave") without 
placing emphasis on the sense of the name. 


Let us suppose that the field can be of: 
- local origin (artificial radio transmitters); 

- atmospheric origin; 

- geomagnetic Earth origin; 

- the Moon ~ the Earth; 

- the Sun ~ the Earth (the Sun as a nuclear reactor 
producing electromagnetic radiation, the Solar System); 
- galactic origin; 

- Universal origin ~ the Relic Wave; in contrast to the 
relic radiation occurring in the diapason of SHF (i. in 


contrast to the convenient notion) its the diapason of HLF 
- Ete, 


‘The researches have demonstrated that the field of local 
and atmospheric origin may be excluded. The other 
variants require to be developed. Nevertheless, the 
variant of the Universal scale seemed to be the most 
probable. There is some reason for this supposition: 
‘the modern notion of the birth and the state of the 
Universe, ie. the Big Bang and the expanding Universe, 
‘The known variants of scenarios of the Big Bang are 
based on a nuclear explosion of enormous power. The 
nuclear explosion is accompanied by an 
electromagnetic impulse (disturbance). It can be 
supposed that the Big Bang caused forming of a field 
having enormous amplitude values and long (great) 
period of oscillations. Probably, we deal with this field, 


The second hypothesis about 
inconstancy, i.e. about wave 
nature of the Universe 


A Russian proverb says: “Everything passes, 
everything changes”. Constant electric voltage does 
not exist (!). That, what is considered as the constant 
voltage, really is a constant component (occurring at a 
certain time interval). This component is formed by 
combining of variable sinusoidal oscillations and/or is, 
a quite low frequency fundamental. Hence, it is a non- 
sinusoidal “changing” having amplitude linear part at 
‘the time interval of the observer. 


For example, in reality a usual storage battery of “direct 
current” can not support invariable voltage, ie. when 
a discharge appears the voltage decreases (changes 
in time, oscillates with a non-sinusoidal oscillation and 
a quite low frequency fundamental), when a charge 
appears the voltage increases. 


It is necessary to observe the constant voltage 
occurring after a rectifier and even a stabilizer as a 
constant component existing in the time interval from 
switching on to switching off. This will correspond to 
that is proposed by Fourier! 


Show me a device producing constant 
voltage, and I will prove that the voltage is 
not constant. 


Conclusions 


If the supposition is totally confirmed then the 
statement that an electric field plays a fundamental 
role in the Universe will be valid. 


We live in an electric field of a huge potential but we 
do not notice it. Since our reference point is the 
amplitude value of RW field in our point of space 
then the potential is equal to zero for our perception 
and for measuring instruments. Besides, RW has an 
amplitude linear part at the time interval of the 


observer. Hence, we consider RW field existing as 
unrevealed or as weak interactions in natural 
processes. Nevertheless, this influences directly on the 
‘whole surrounding material world. 


Artificial production of heterogeneities in the RW field 
can cause its significant visualization. 


According to the concept of the physical field, which 
‘was called by Einstein as the most important discovery 
in physics since Newton's time, every body generates 
a force field in the ambient space (for example, the 
electric field occurring if the body has an electric 
charge). This force field becomes apparent when atest 
body located in a certain point is influenced by a force. 


Discovery of the fields of this scale allows define this 
concept more accurately. I would like to restate the 
information mentioned above in the following way: 
every non-homogeneity of physical vacuum (aether), 
which is registered by our perception or by measuring 
instruments as a physical object or a physical field, 
interferes with RW (according to other interpretations, 
it absorbs or rereflects RW, or becomes excited) 
producing new wave fields. This perceived physical 
field has frequency which is higher than RW 
frequencies. It is perceived as static in the time interval 
of observation. Hence, the field generates a charge and 
not the reverse. Any linear or non-linear transmission 
(motion) of a material or field object changes non- 
homogeneity which is generated by this object. 


A question about measuring of parameters of the 
Universe remains open. Can an oscillation of the period 
of T=14 billions years and of the amplitude of A~T be 
seen, perceived, registered or measured? 


‘The used literature and references are not cited 
in the article due to its great volume. The reader 
can familiarize with them at the web-site of 
http://www.efir.com.ua. The complete text of the 
article and other materials can be received from the 
author. 
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We know some simple examples of work making due 
to the forces, which appear in electrostatic field. Since 
the field itself does not require energy consumption 
from the source (not taking into account the charge 
leakage), then free energy can be received with these 
forces. The first phenomenon that we are going to 
consider is a phenomenon of electrostriction. 
‘Mechanical forces appearing in dielectric under the 
influence of electrical field tend to deform it. Sometimes 
these forces are small, but they can be huge in special 
dielectrics. The character of deformation also depends 
onnon-linearity of electrical field. Suffice it to remember 
that heating of a body takes place during deformation, 
and we can make a conclusion on possible using of 
the given effect in practice. Periodical deformation can 
be created due to the rotor or any other methods to 
change the field. 


‘The second effect is not so popular. It was found by 
Hertz in 1881 that there is a rotation of dielectrical 
cylinder (or ball) in permanent electric field if it is 
created in some liquid or in gas (see Fig. 1) 


Fig.1 


Here él is a dielectrical permittivity of the liquid, e2 is, 
a dielectrical permittivity of the rotor, yl is a 
conductivity of the liquid and y2 is a conductivity of 
the rotor. This effect was discovered by Hertz, then it, 
was described by G. Quincke, Germany. Also Japan 
scientist I. Sumoto studied the effect in 1955. Modern 
research work was made by K.M, Polivanov, Moscow. 
‘There is the so called equation by Polivanov describing 
special conditions, which are necessary to begin 
rotation (€1/ €2=/2H1 is the Polivanov's condition). 


Forces of electrostatic field produce this rotation and it, 
is a real free energy system that can trap energy from 
inner structure of potential field. Let's try to describe 
the mechanism of this effect and then we'll be able to 
increase the power of the system up to the level of 
industrial application. So, why does it work? To my 
mind, there are some differences in conditions for 
polarization of the rotor and molecules of liquid or gas 
those are surrounding the rotor since there is a 
difference in permittivity and conductivity. 


Fig.2 


Due to this reason the molecules are polarized both by 
the field of electrodes and by the field of rotor. The rotor 
is polarized in the electrical field of electrodes, and 
molecules of liquid on its surface are polarized by the 
electric charge of the rotor, but not according to 
direction of the field. So, the rotor is surrounded by 
“screen” ofmolecules on its surface. The electric charge 
of this screen partially compensates the field of 
electrodes. 


When some angle is created by the first initial turn, 
there is some part of the rotor surface, where molecules 
of liquid on the surface of the rotor are attracted to 
electrodes and it is the reason for future rotation. After 
some angle of the turn the polarization in this point of 
the rotor surface is changed but new molecules are 
incoming in the so called "sector of attraction” and the 
rotation is always accelerated. This well-known effect 
of 1881 is a very good example of possibility to produce 
useful work in load by means of electrostatic field only. 


One more interesting effect is known as Faraday 
effect. In 1836 Faraday noted that raising of liquid 
upwards takes place in condenser with liquid 
dielectric (plates are installed vertically). During this 
process electrostatic field makes the work against 
gravity. A. Gyemant in 1926 established that value of 
this force is proportional to the square of voltage on 
condenser. Later in 1955 this phenomenon was 
studied in details by I. Sumoto, Japan. That's why in 
physical encyclopedias this effect is called “Faraday- 
Sumoto effect". In Tareev's book [1] it is pointed: 
“Under high voltage this phenomenon leads to 
flowing and turbulent boiling of liquid”. I should 
remember for those, who see nothing unusual here, 
‘that it does not necessary to consume the power from 
initial source, Creating an initial field in electric 
capacitor, then we can use the received mechanical 
work. It is evident that the gradient of electrical field 
creates the conditions for movement of liquid 
dielectric. A task to create conditions for liquid 
circulation is more complex, but it has solution, if we 
‘take into account the presence of one more static field, 
ie. gravitational field. Joint action of electrostatic and 
gravitational fields stipulates the circulation of liquid 
dielectric even in the simplest constructions. Besides, 
electrostatic filed can be partially screened. 


The analyzed examples should draw attention of 
experimenters to these obvious ways of how to create 
useful work by means of electrostatic field. 
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Editor: Below we publish the comments of our reader. 


Letter On 


Hertz-Quincke-Sumoto Effect 


from Doug Maret 
Email: doug.marett@sympatico.ca 


‘As far as Ican tell, the original reference by Hertz is 
“On the Distribution of Electricity over the Surface of 
Moving Conductors", Wiedemann's Annalen, 13, 
pp.266-275,1881. Hertz's discussion of this 
phenomenon is cursory at best, having very little 
experimental work included. The real phenomenon 
appears to have heen discovered by W. Weiler in 1893 
(Zeitschrift fur den Physikalischen und Chemischen 
Unterricht, Vol.6, pp194-195). Weiler observed that a 
glass cylinder placed in a poorly conducting 
liquid between two spherical electrodes began to 
rotate when the electrodes were connected to an 
electrostatic generator. In 1896, George Quincke 
reported the same phenomenon and published a 
comprehensive report on it. This was in Annalen der 
Physik, Ser.3, Vol. 59, pp.417-486. Subsequent 
investigators have tended to attribute the discovery 
‘to Quincke, when in fact Weiler was the first to pioneer 
‘the work. 


1 do know that PE. Secker et al. performed work on 
this field, references of which are available in the 
English language. These are: 


PE. Secker, et al., (1968) Journal of Applied Physics, 
Vol. 39, pp.2957-2961, and 
PE. Secker, et al., (1970) Journal of Physics D: Applied 
Physics Vol.3, pp 216-220. 


Thope that this information might be of use to you, 


The Foundations of Physchemistry 
of Micro World 


Ph. M. Kanarev 


‘The Second Edition 


‘The book was published in Russian and English; 
‘you can also read itat http://book-Kanarevinnoplaza.net 


‘The new axiomatic of natural sciences is given in the 
book; on its basis, quantum physics and quantum 
chemistry have been returned to the classical way of 
development. The first steps are made on this way, 
which have led to discovery of the structure of the 
photon, the electron, and the principle of the formation 
of the atomic nuclei, the atoms and the molecules. 


‘The Planck's Law of radiation of perfect blackbody is, 
given on the basis of classical concepts, and the 
connection of quantum phenomena with the laws of 
classical physics is proved. 


‘The application of the new theoretical results to the 
solution of practical energy tasks on the basis of plasma 
electrolysis of water is shown. Due to this electrolysis, 
additional heat energy and the energy containing gases 
(aydrogen and oxygen) are generated. Cold Nuclear 
‘Transmutation of the atomic nuclei of alkaline metals 
and the atomic nuclei of the cathode material takes 
place during plasma electrolysis of water. 


‘The book is intended for physicists, chemists and other 
specialists who are seeking the new directions for 
understanding the foundations of the micro world and 
the new energy sources. 
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E-mail: office@faraday.ru 
hhttp://wwwaraday.ru 


March 21, 2003 we got news from France about 
electro-reactive propulsion system. 


Blaze Labs reached 100g PAYLOAD level. 


You will find all the details of the Saviour's 
experiment at: http://blazelabs.com/exp14.htm. 


‘This electro-reactive ionization-flying model requires 
46 kVolt, 4 mA, i.e, about 200 watts to fly with 100 g 
useful load, 


It is interesting to note that Jean-Louis Naudin’s 
previous opinion of 1997 ~ 1999 about priority of the 
Frolov's asymmetrical capacitor now is changed. 
Sometimes people wish to re-write the history. It is 
possible and it is easy. Naudin's web page about 
http://jnaudin free fr/lifters/story.htm (see Fig. 1) is 
not started from the real beginning of the story. He 
forgot our discussion of 1997 and also photos and 
MPEG video I have send to him when he has started 
his way in electrograviticis. 


If you remember the name of Naudin’s first 
asymmetrical capacitor “Frolov’s Hat” (see Fig.2) 
then you know why there is this name of this, 
technology. But really it is not important to try for 
some serious reply from Jean since he has no 
personal post address, phone, or his photo on the 
web site. 


Also it can be useful to visit this page 
http://www-faraday.ru/t-cap.html to know about 
something more important than electric ionization 
flying models (Lifters), since it is just a reactive 
ionization way, which is similar to rockets. 


Ideas now developing by us are not aimed to 
increase the power level (from 1 gram to 100 gram 
propulsive force). It is a qualitatively new idea; it is 
really electrograviticis instead of “electro-reactive 
Lifter" 


So, what is about real “history of the question” 
instead of the French version? The question here is 
not about a priority, it is nonsense after T:T. Brown's 


patents. As an example the NASA patents on 
asymmetrical capacitors can be mentioned since the 
ideas were opened before the NASA patent and there 
is nothing new in it. The problem is that people who 
develop reactive ionization Lifters develop only 
primitive reactive technology. It is not essence of 
‘LT, Brown research but it is the distortion of his 
ideas. 


So, the team in France is working to develop and 
support ideas of secondary and wrong method. Why? 
Perhaps they either do not see the real way or have 
payment for the wrong way to mask a real work. 


Fig. 2 


Te ing Taio Ha aoe 


Questions & Answeres 


Josh Werrmann (Email: jsh111@yahoo.com): I wanted to ask you a few questions about an article titled “Highly 
Efficiency Electrolysis” by A.V, Frolov. In this article it is stated that Dmitry A. Latchinov patented a method for 
electrolysis, where one of the electrodes is insulated completely from the water. It is also stated that another 
scientist, Igor Goryachev, used a method of pulsed electric fields. I don't know if you know, but inventor Stanley 
‘Meyer has a patent that covers both of these processes together, in a way. His patent is U.S. patent number: 
4936961. Take a look at this. In the patent it states EXPLICITLY that there is a pulsed electric field, where a 
condition of NO CURRENT is preferred. This is very similar to the above to Russian scientists, except that the 
patent states a condition of resonance is necessary. I am wondering do the two scientists that are described 
require resonance in their devices? Or just plain pulsed electric fields, where one electrode is insulated from 
water. 


Another patent I would like to refer you to is Archie Blue's electrolyser, U.S. patent number: 4124463. This device 
is similar to A.V, Frolov's idea, to get the oxygen and hydrogen bubbles off the electrodes, except he uses a 
blower to blow air in the cell, instead of rotating the cell like A.V. Frolov does. His invention also uses the 
conductivity current to work. 


Alexander V. Frolov: As far as I know resonance is not created in this case, The main idea is the removal of 
gaseous film which appears on the surface of electrodes by rotation or some other methods. 


the new source of energy 


http:// www.sciteclibrary.ru 


‘The system of 150-tons magnets which have been developed by scientists of the USA, Japan and Russia opens a 
new era of safe and unlimited energy. In this system nuclear fusions serve as a source of energy. They accumulate 
heavy chemical elements not by means of nuclear reactions but by ultrahigh plasma pressure. 


‘After supplementary research is held which aims to reduce manufacturing costs of the giant magnet weighing 
925 tons, this magnet will be produced and demonstrated at the opening of the International Thermonuclear 
Experimental Reactor (ITER). This magnet in its turn will become a part 
of a bigger system, that is combined into a magnet weighing 
approximately 10000 tons. The task of TER is the demonstztion of the | REE 
process of muclear fusion, as an encrgy souce During the process of PE 
nuclear fusion the light elements are combined by immense pressure, 

thus producing heavier elements. During this production process a lot 
of energy is emitted, The task of giant high-power magnets is to create 
magnetic fields, which must hold and control plasma, or to charge 
electrically the gas, in which the fusion is being held. 


In Japan the system of 160-tons magnets serves as adjustment system 
of 925-tons magnets, which will be finally put into operation and heat 
up the ITER plasma, Two additional giant magnet systems will confine 
the plasma and will control its form. The model for one of them is 
presently being examined in Germany; the model of the other is in 
project. 


Cylindrical 150-tons magnets have three main parts: external module, 
built by the Japanese team, internal module, built by the American 
team and a thin rod in the core which is equipped with process control 
‘equipment. Three different rods were separately checked, two of them 
were built in Japan, another in Russia 


BOOKS Review 9 


Harnessing the Wheelwork of Nature 


G40 pgs. Adventures Unlimited Publishers, 2002) 


‘Thomas Valone 
Email: iri@erols.com 


Itis a new book by Thomas Valone, who edited this anthology in time 
for the Wardenclyffe Tower Centennial (1903-2003). This book presents 
n for the first time, the feasibility argument for Tesla's most ambitious 
Ur \ dream, the wireless transmission of power. Pictured on the book's cover 

i ELAS St near his feet, the 187-foot Wardenclyffe Tower was Tesla's means to 
By deliver natural 8 Hz electricity anywhere in the world, by longitudinal 


‘Unknown to most electrical engineers, Nikola Tesla's dream answers 
the energy crisis worldwide, saves electrical conversion losses, and 
provides a real alternative to transmission lines. In Dr. Corum's 
contributed papers, he explains Tesla's magnifying transmitter, which 
‘Tesla compared to a telescope. Corum points out that “the tuned circuit 
of his magnifying transmitter was the whole earth-ionosphere cavity 
resonator.” This fact helps explain why Tesla stated, "When there is no 
receiver there is no energy consumption anywhere. When the receiver 
is put on, it draws power. That is the exact opposite of the Hertz-wave 
system...radiating all the time whether the energy is received or not.” 
‘Thus, with Tesla's futuristic transmission of power, source dissipation 
will only be experienced when a load is engaged in a tuned receiver 
somewhere on the earth. This fact alone represents a major leap 

EDITED BY forward in electrical transmission efficiency, even one hundred years 
THOMAS VALONES PH.0; PEs. later. 


Why wasn't the prototype of Wardenclyffe finished in 1903? Tesla offered this visionary conclusion: “The world 
was not prepared for it. It was too far ahead of time. But the same laws will prevail in the end and make it a 
triumphal success... Let the future tell the truth and evaluate each one according to their work and 
accomplishments. The present is theirs; the future, for which I really worked, is mine." 


Up until now, there has been a general malaise regarding the lack of scientific comprehension of Tesla's greatest 
dream. For example, the Serb National Federation notes, “With the exception of the first biography of Tesla by 
John J. O'Neill, science editor of the New York Herald Tribune, and published in 1944, unfortunately no biographer 
since has had the necessary scientific/engineering academic credentials to discuss Tesla’s work in the various 
fields.” Contributors to Harnessing the Wheelwork of Nature are primarily physicists and engineers who are 
experts in Tesla technology. Their wealth of knowledge demonstrates their mastery of this extraordinarily 
progressive and technical subject. Finally, the best academic credentials have been brought to bear on the world's 
greatest electrical futurist. 


‘This is a very readable and profusely illustrated reference volume on wireless transmission of power, besides 
being an excellent biographical gold mine of Tesla history. Nick Cook, editor of Jane's Defence Weekly and author 
of The Hunt for Zero Point says, “Tesla is one of the great overlooked geniuses of science and electricity. His full 
story deserves to be told. Tom Valone sheds important new light on his life and work.” 


Integrity Research Institute will hold a Tesla Energy Conference & Expo on November 8-9, 
2003 to celebrate the Wardenclyffe Tower Centennial (1903-2003) in conjunction with the 
Tesla Wardenclyffe Project, Inc. (www.teslascience.org). 


See www. IntegrityResearchInstitute.org for more details. 
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gSONFERENCE "THE TIME MACHI 


Editorial: On April 12 
Laboratories Lid in Moscou; Rt 
(properties. At the conference there were discus 


2003 a scientific conference “The Time Machine” was organized by Faraday 
devoted to the experiments on control of space-time ph) 
ed problems of time and gravitation in the context of 


etherodynamics, experiments and applied aspects of these technologies. Below we publish a review of the 


‘main reports presented at the conference. 


The First Results of the Works on the Designing of 
Devices to Control Parameters of 


Physical Processes (of Time) 


Further Plans on Designing of the 
Time Machine 


Vadim A. Chetnobroy, Russia 


“KOSMOPOISK”, Nagitinskaya 19A, 111533, 
Moscow, Russia 


wil: chemobrov@kosmopoisk ong 


To conduct the experiments on the influence upon 
physical Time (density of space enemy) some special 
eral method of such influence 


devices were used as a get 
‘These devices can create converging waves which can 


cause the appearance of quasi-monopole in the confined 
space. Quasi-monopole is a part of space which has 
some parimeters of hypothetical unitary monopole or 
bunch of such particles (in particulas itallows registering 
one magnetic pole by means of measuring equipment 
from the outside at some distance from this pole). 

‘The pilot experiments have shown that its very difficult 
GE not impossible) to create long-living quasi-monopole 


by means of permanent magnets or electromagnets 
operating on direct cuments (in this case quasi-monopole 
represents a space with one outer and one inner magnetic 
pole). It can be explained by the fact that lines of force 
of the “inner pole” invariably find a weak spot in the 
heterogeneous surface of magnets and break out. As a 
result, at the device along with one “outer” magnetic 
pole there is a local output of magnetic lines of the 
“inner” pole. 


During the designing of new devices there was a task to 
create a quasi-monopole situation in the confined space. 
‘This situation should be created not uniformly but 
transiently by pulsation method. Frequency of work of 
electromagnetic oscillators first of all was selected 
depending on linear dimensions of the devices Selection 
of the frequency was made in such a way that one period 
of pulsation does not exceed the period of time which 
is necessary for electromagnetic waves to reach the center 
and opposite waves of the device 


Ac the designing of laboratory devices, which generate 
converging longitudinal waves, several different 
principles to obtain required parameters were considered 
in the multi-layer quasi-monopole, which works in high- 
frequency mode. Several types of the devices were 
realized at different degrees of development and with 
different success. It was shown that the simplest devices 
were that ones which used electromagnetic (solenoid) 
oscillators connected in series and in parallel. In different 
experiments benween 3 and 5 such surfaces were used. 
‘These surfaces were called electromagnetic work surfaces, 
(EWS). All layers of 
mounted in series in each other (like matreshka). The 
outer layer was either mounted at force shell or 
simultaneously represented such a shell by itself, 


Sof different diameters were 
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‘The size of the maximal EWS 


was about 0.9 m, the 
diameter of the minimal (inner) EWS was equal to 
115 mm that was enough to place laboratory animals 
inside the contwol detection devices. Laboratory animals 
were used to determine the consequences of the 
influence of converging spherical electromagnetic waves. 
Payload, (ce. that which was directly used for transfer in 
‘Time-Space), included the afore-mentioned detection 
devices and (occasionaly) laboratory animals, The term 
“payload” was coined by analogy 
is used in cosmonautics, Volume of payload section was, 
placed in the center of symmetry of the Time Machine 
(TM). In all the earliest Machines (except the 7" model) 
this volume still has not exceeded the volume of a 
football. The device with an outer diameter of 2.1 m 
and inner payload section of 1m has the maximum 
size. It allows making human-aided experiments, 


th the term which 


At different stages of the experiments the calcula ions 
were made by all available known modern methods 0 
fix time, All types of electronic, quartz, mechanical and 
several specially made doubled quartz generators were 
used (there were compared frequency readings of 
measuring and etalon heat-insulated generators which 
were placed at a distance). Certain experiments used 
lightguiding diodes and some other methods Before and 
after the experiment (more rarely during the experiment) 
readings of measurement clocks were periodically 
compared with those of an etalon clock and with signals 
of exact time which were transmitting by radio. Other 
physical Factors causes side effects upon some types of 
measuring devices, for example, upon quartz-ceystal 
dlocks. However, doubling of measurement methods 
allowed essentially decreasing inaccuracy of 
measurements. 


At some operating modes (which were not always 
predicted) the change of Time speed was attained (Prof. 
Nikolay A. Kozyrey called it density of Time t/t). This 
change came to about a fraction of a second per an 
etalon hour. Let us take usual “etalon” earth time as 
1,=+1 then it becomes clear that it is speed range of 
+0.99<t/t,<+1.01 which is researched in the 
experiments. Thus being placed inside the device, the 
inanimate objects and animals were transferred in the 
Future (with “above-2er0” speed) more slowly or faster 
than those around them. It occurred at all operational 
modes of the device (deceleration or acceleration), 


Difference of Time (gradient of Time speed or 
curvature of Space-Time field) was observed not only 
inside the TM, though there is no doubt that a maximal 
value of changed Time was registered inside the smallest 


“matreshka”. As was expected, during the experiments 
Time change was also registered outside the device. 
However such change which had an opposite sign was 
smaller than the change inside the device approximately 
by an order of magnitude It entirely corresponds to 
geometric laws, ie. in proportion to the cube of the 
distance). 


In other words, TM influences not only its inner part 
and pay load but also the environment. It bears a strong 
resemblance to jet propulsion but in Time and not in 
Space. Itisa flight which is realized by rejection of Time 
instead of mass 


‘Thus it was determined that the processes of 
deceleration and acceleration of Time distinctly differ 
in their nature and consequences. In such a way the 
deceleration was considerably smoother and more stable. 
During acceleration there were observed sudden changes, 
in readings and this operational mode was characterized 
by general instability and dependence on any (or many) 
external factors. Particularly, acceleration instability also 
consisted in the following:at fixed power the value speed 
of Time depended on the time of day and situation of 
the Moon. Possibly it also depended on some other 
factors including the presence of an operator or other 
people near the device. Even insignificant external 
influence, for example, mechanical shaking, caused the 
change of speed value which sometimes was mther 
significant, 


Inside the laboratory devices there was also registered. 
that Time can change with some sluggishness. After 
the changed Time speed influenced some physical object 
(or example, soil) then residual effects were observed 
at it for some period of time. These effects can be 
climinated only by the influence of another speed of Time. 


Preliminary general conclusions 


‘The Present is the transfer or transformation of the 
polyvariant easily changeable Future into the univariant 
“unchangeable Past. Thus flights in the Past (at “negative” 
density-speed t/t,) and in the Future will happen in 
different ways. They can be compared with the motion 
of an ant along the tree: from any point of the tree (ie. 
from the Present) ther is only one way downwards open 
to the ant (ie. in the Past) and many different ways 
upwards (Le. in the Future). However among all the ways 
to the Future undoubtedly there are most probable, low- 
probable and almost improbable variants for 
development of the Future. The less probable this 
variant of the Future the more unstable and energy- 
intensive the motion to the Future will be. According to 
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the “lav of the crown of tree”, return to the Present is, 
possible only if when being in the Past the traveler does, 
not interfere in the course of events and does not change 
the course of the past History. Otherwise the 
chronotraveler will return to the parallel Present from 
the Past by another branch of History: Penetration to 
the Future from the Present is hampered by the choice 
of the branch for transference. However return from 
any variant of the Future into the Present is possible at 
any scenario if there are no fusions of different variants 
of History. 


In other words, we have a circumstantial evidence of 
the assumption that Time has more than one dimension, 
‘Thus there is an affirmation of the theoretical inferences 


% 


of R. Bartini who believed that Time has 3 dimensions, 
Hence we can consider our terrestrial globe as 6- 

dimensional where the dimensions are: length; width; 
height; age or date of Time; variant of History or blur 
of Time; density or speed of Time. Thus the notion of 
“Arrows of Time” is completely absent in the fourth 
dimension (date of Time) but it is a special case of the 
notion of the sixth dimension ie. speed of Time. At 
the same time the notion of speed of Time also relates 
to the physical notions of gravitation and ener: Thus 
the notion of “Einstein-Rosen bridge”, which was 
introduced in 1916,o¢ notion of “worm course”, which 
was introduced by John Willer in the end of the fifties, 
are connected with transference in the 5 and 6" 


dimensions, 
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‘This invention belongs to the methods and devices 
to provide control on rate of physical processes (that 
includes the process of the existence of matter in 
space-time) by means of increasing or decreasing 
of energy density of space (ie. energy density of 
physical vacuum or density of the aether), 


Let us consider the history of 
the invention: 


Earlier there were proposed some methods and devices 


to influence the rate of physical and chemical reactions, 


biological processes of period of oscillation of the 
system. In the works by N.A. Kazyrev [1] there is a 
description of the experiments on the influence of some 
process (for example, process of evaporation or 
crystallization of matter) upon the period of another 
process which serves as a detector and can be compared 
with reference oscillation process In one case, the rate 
of oscillations of the detector decreases in the 
surmunding area near the process of matter evaporation. 
In another case, the mte of detector oscillations increases 
in the surrounding area near the process of matter 
crystallization. If we use a term of “entropy” then itis, 
possible to say that the processes which are accompanied 
with entropy increasing (for example, conversion of 
matter from solid state into liquid one) influence on the 
matter (surrounding processes) in such a way that 
entropy of systems decreases. In another case, for 
example, near the process of crystallization, entropy of 
systems increases in the surrounding area near this, 
process. Kozyrev used the term “wave of density of 
time” and he made a conclusion that in addition to 
“directivity” of time (time course) there are active 
properties of time, for example, “density of time”, 


‘To develop this approach for applied purposes it is 
necessary to use in-depth analysis of the physical sense 
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description of the experiments on the influence of some 
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with entropy increasing (for example, conversion of 
matter from solid state into liquid one) influence on the 
matter (surrounding processes) in such a way that 
entropy of systems decreases. In another case, for 
example, near the process of crystallization, entropy of 
systems increases in the surrounding area near this, 
process. Kozyrev used the term “wave of density of 
time” and he made a conclusion that in addition to 
“directivity” of time (time course) there are active 
properties of time, for example, “density of time”, 


‘To develop this approach for applied purposes it is 
necessary to use in-depth analysis of the physical sense 
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of the “time density” notion. Connection of notions 
about “time directivity” and “entropy of the system” 
was demonstrated in the work “Introduction into 
thermodynamic of irreversible processes”, 1964 by llya 
Prigozhin [2]. In the work “Quantum fluctuations of 
vacuum in curved space and theory of gravitation” by 
A.D, Sakharov [3] the conception of vacuum structure 
was suggested. In the USA the work “Can the vacuum 
be engineered for space flight applications?” by HE. 
Puthoff [4] is well-known, The author considered the 
applied aspects for study of vacuum structure and 
described the method and device to obtain propulsive 
force by means of changes in vacuum properties, 


‘A substantive conception of time and methods for 
creation of waves of energy density were also considered 
by Prof. K.P. Butusov in the work “Time is a physical 
substance”, 1991 [5]. In the book “What is The Time?” 
by Yu. G, Belostotsky [6] the connection between the 
notions of time and aether was demonstrated. This 
connection was considered from the point of view of 
astrophysics there 


We can also say that the modern conception of aether 
is successfully developed by V.A. Atsukovsky in his 
works [7] 


In my articles, for example, “Physical principles of the 
‘Time Machine” [8], it was demonstrated that to develop 
experimental works on the topic it is useful to clarify 
the terminology and to consider “waves of time 
density” as longitudinal waves of energy density in 
space. In this case the notion of “time density” has a 
physical sense of energy density (aether density) 


‘This approach can be realized practically by means of 
classical electro-technical and radio engineering methods 
and itis a development of aether-dynamical conception 
on the nature of electricity and magnetism by M. Fada, 
“Experimental researches on electricity”, volume 3, (9 


Let us consider a usual bipolar magnet from the point 
of view of aether-dynamics. Then it is possible to say 
that itis inflow and outflow of aether, ie. itis a balanced 
energy system which does not change energy density in 
space. In this case it is evident that creation of magnetic 
monopole or modeling of quazi-monopole by means 
of electro-dynamical methods is a technical basis to 
create some local change of energy density in space. 


Electric processes could also be used alongside with the 
magnetic phenomena. For example, in another book 
“Symmetrization of Maxwell-Lorenz equation” by Prof. 
Butusev [10] the creation of longitudinal wave was also 


5 


considered. It was demonstrated that an electrically 
charged sphere can radiate longitudinal wave when the 
sphere radiusis changing, ie. when its surface is changing 
while the value of electric charge is constant. 


‘One more well-known method is described in the book 
“Experimental geavitonics” by Polyakov [11]. There is a 
consideration of the generation of gravitational waves 
at the high-frequency magnetization and 
demagnetization of ferromagnetic material, ie. at the 
powerful volume magnetostriction. Since at this 
phenomenon there are changes of matter density (ie 
changes of energy density in space, which is occupied 
by matter), then volume magnetostriction is a special 
case of changes of energy density 


Earlier Vadim A. Chernobrov had described a method 
and device to control temporal characteristics of physical 
and chemical processes by means of creation of the 
‘magnetic monopole (quasi-monopole). In this magnetic 
mono-pole ther is a convergent wave, which is created 
by several sources situated in the spherical frame. 
According to this method in the multilayer spherical 
structure where every layer (the 
“electromagnetic work surface”) is an assembly of 
lectromagnets, by means of series connection of the 
layers the wave is created, which converges to the center 
of the device. The device has the same outside magnetic 
poles of the electromagnets (and the same inner poles) 
and thus a model of macroscopic magnetic monopole 
is created. 


so. called 


We assume that at in-phase operation of all sources of 
‘waves interference of longitudinal waves provides some 
change of value of enesgy density of space in the focus 
of the system. 


Experimental facts prove that detectors installed in the 
center of the device (for example, mechanical or 
electromagnetic oscillators) show change of period in 
their own oscillations, We have protected them by 
shielding them from heat radiation as well as from other 
kkinds of electromagnetic influence. ‘Thus it is possible 
to assert that the detectors decelerate or accelerate their 
oscillation period depending on the energy density, which 
is generated in the center of the device. 


However for the experiments made by means of such a 
device, accurate adjustments of all wave sources are 
required to provide their in-phase operation. At the 
same time, operational stability of the system depends 
on the operational stability of each of the wave sources. 
Increase of the impulse frequency causes increase of 
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the effect; however, itis limited by the parameters of 
electromagnets and generator of impulses. Besides, to 
increase the effect itis necessary to use more powerful 
enemy sources since the current in the windings of 
electromagnets determines the value of the magnetic 
field of the created quasi-monopole. 


Since the efficiency of such systems directly depends 
oon the frequency and the value of changes of energy 
density in space, then in the next version of alization 
of this technology we suggest using of plasma shells 
instead of electromagnetic working surfaces. This will 
allow significant improvment in the specific parameters 
of the device 


‘Thus let us consider general engineering principles of 
operation and outline the ways to develop this method. 
Fig 1 represents a three-layered electromagnetic emitter. 
This electromagnetic emitter is designed according to 
the invention in which the directed mdiation of wave 
of energy density is created along the axis of the device. 


Fig.2 
yered electromagnet with ferrite core 


‘The device is designed according to the idea by 
‘Vadim A. Chernobrov for creation of the directed wave 
of energy density by means of phase shiftin propagation 
of impulse front in three current branches, namely 
i, i, i,, These branches are displaced along the 
electromagnet axis at some distance d. 


“The de vice works in the following way: When the pulsed 
generator is activated, front of current pulse é, appears 
at the output 4. Impulse front at branch 1 advances 
impulse front at branch 2 that is caused by spatial shift 
of current branches 1, 2,3 relatively to each other along 
the electromagnet axis at the distance d. Impulse front 
at branch 2 in its turn advances impulse front at branch 3 
for a certain time T. The second output of the 
electromagnet 5 is placed in such a way that impulse 
front at branch I will phase lag behind the impulse front 
at branch 2 (which in its turn will phase lag behind the 
impulse front at branch 3) for the same period of time 
T. Therefore at branch 5 the united impulse front is 
generated again. 


‘Time T can be calculated in the following way: 
‘T=d/e (seconds) fo) 


where ¢ is a constant of propagation of impulse front. 
‘This constant is known as velocity of light. 


At each impulse the T (ie. the value of relative lag of 
impulse front) is a constant value. Thus high-frequency 
consequent excitation of layers of the electromagnet 
appears at each impulse. The frequency of the excitation 
is calculated in the following way: 


f=1/T ro) 
where T is relative lag of impulse front in seconds, 


‘There is an example of frequency calculation: for 
the shift distance d=7 mm we can calculate a lag 
T = (7/2.997924)x10" =2.335x10" (seconds) and 
frequency f=1/T approximately comes to 4.28x10" 
(Hert) 


“Thus this design of three-layered electromagnetic emitter 
allows creating the waves of super high-frequency band 
(for example of millimeter range) without the use of a 
semiconductor or other radio components. 


Iris very expedient to use the electromagnets designed 
with magnetostrictive material cores, that will 
significantly increase energy density of the longitudinal 
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wave, which is generated by the multilayer electromagnet. 
In Fig 2 there is an emitter with the core. In the case of 
high-frequency ferromagnetic magnetostrictive materials 
6 the efficiency of emitter operation significantly 


Fig 3 
al design 


Fig, 3 represents the spherical distribution of emitters 7 
at the upper 8 and lower 9 hemisphere of the frame 
which could be opened in order to place detectors and 
different objects inside. It can also allow to establish in 
what way the changes of density of space energy 
influence the properties of different materials, velocity 
of physical and biological processes as well as chemical 
reactions. The installation of detectors 10 inside the 
device is shown on Fig. 4 


Fig 4 
Detectors inside the system 


Another version of design is represented in Fig, 5, where 
the suggested method is realized by means of a spherical 
electric capacitor with three coats 11, 12, 13. Each 
capacitor coat is connected to the outlet of three-phase 
pulsed generator 14. 


7 


‘Three-layered spherical capacitor 


In this case the wave of energy density is created without 
electromagnetic emitters and this principle is not related 
to the modelling of magnetic quasi-monopole. The 
device operates due to the control unit, which provides 
the high-frequency changes of electric potential at each 
coat in such a way that the mode of high-frequency 
converging or diverging wave of energy density is 
created. In fact it is a standard three-phase generator 
but it produces not the rotation of the rotor of some 
electomotor but “compression” or “decompression” 
of aether. Aether is “pumped” in the center of the 
device or “pumped out” of the center. 


In this case there is no need to tune separate sources of 
waves to make the device work in in-phased mode. It 
ensures reliability of the device operation if to be 
compared to the quasi-monopole. Besides, much less 
energy is necessary for the processes of charging and 
discharging of multi-layer spherical electric capacitor 
than for creation of magnetic field by means of 
conductivity currents, 


Since the efficiency of such systems directly depends 
‘on the frequency and value of changes of energy density 
in space, we suggest the use of plasma shells instead of 
electromagnetic work surfaces for the next version of 
the device. It will allow significantly improvment in the 
specific parameters of the device. For that it is enough 
to place the electrodes of the multi-layers eapacitor in a 
low-pressure gas area and these electrodes should be 
made as gauze electrodes. At that the wave is created in 
plasma, which is excited layerwise by se 
electrodes placed in a spherical space between the inner 
and outer spherical bodies of the device. Therefore this 


ral gauze 


version of design of the device can be considered as 
the manipulation of the plasma method. 
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Fig 6 isa plan of one more design version. It is made as, 
an inner frame 15 and outer frame 16, the space between 
them is filled with some gas 17. Three electrodes 18, 19 
and 20 are connected to the three-phase pulsed generator 2. 
Consequent excitation of plasma layers by 
electrodes 18, 19 and 20 creates the wave of energy 
density. Propagation of this wave can be directed both 
to center of the device and from the center of the device. 


Fig. 6 
Wine in plasma 
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Fig.7 
Schematic electrie circuit 


In Fig. 7 there is a schematic electric diagram of the 
desiga. 
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‘To conclude. The work on time control has just started 
We have clearly determined the main physical principles 
. which can change the 
aether density in some given volume of space and thus 
influence temporal parameters of any physical process 
‘The small experimental results today allow us to make 


of operation of such devies 


real positive condusion on availability of this method 
and on the possibility of its practical application in 
applied aspects. The first aspect is antigravitation 
propulsion technology and we are developing the 
methods to detect mass (weight) changes in the time 
control experiments to prove this applied possibility 
Another area is medical applications of the changes in 
the aether density 


Russian Federation patent claim #20031 10067 was filled 
April 9, 2003. At present time we are interested in 
marketing for this technology as well as in search of 
additional investment and partners. 
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A crisis exists these days both in Natural science on the 
whole, and, in its basis, ie. physics, This situation is 
caused by fundamental errors in the methodology of 
its theory. The postulate method and predominance of 
‘mathematics above physical sense can be also considered 
as the seasons for this. Crisis situation has also taken 
place in the past and the way out was always to use a 
deeper level of matter organization than the accepted 


A large amount of material on elementary panicles of 
matter is collected in physics. It was discovered that all 
these particles can be trinsformed in each other. Besides 
that, there was discovered the ability of vacuum to create 
such particles at strong electromagnetic fields, In this 
connection it becomes clear that all these particles and 
vacuum have a common building material, i. a physical 
medium which fills all the world space. This medium 
was renamed aether and the element of the medium 


was renamed amer, 


‘The worked out methodology of aetherodynamics 
allowed determining that aether is a usual viscous 
coercible gas for which all laws of usual dynamics of 
gases are valid. It has allowed to determine its 
tarth space and then to describe 
the structures of primary stable elementary particles (i. 
proton, neutron,electron, photon, atomic nuclei, atoms 
and some molecules) as well as physical essence of 
general fundamental interactions (ie. strong and weak 


characteristics for ne. 


nuclear interactions, electromagnetic and gravitational 
interactions) and some physical phenomena, 


Also developed was the model of aether circulation in 
the Universe within the limits of perpetually existent 
‘matter, usual Euclidean space, and evenly flowing time 
Formation and decay of mattes, formation and decay 


of celestial bodies and galaxies as well as functional 


classification of galaxies are also included there. 


“To confirm some theses the author and his esearch team 
experiments mainly 
electromagnetism that gave positive results. The research 
‘was conducted on testing of the presence of aether wind, 
‘These research works have confirmed the results 
obtained by D. Miller in 1925. 


conducted several on 


Report by Vladimir A. Atsukovsky 
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Electromagnetic Gravitational Interaction 
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In the article some mechanisms of electromagnetic 
gravitational interaction will be considered in the view 
of the Unified Theory of Field, Space and Time. See 
the complete description of The Unified Theory of 
Field, Space and Time at http://uic.nnoveu/~kovy2; 
http://uft.hl.zu or in the book [1] which has the same 
title 


First of all, let us consider the structure of Space-Time 
where the mdiation propagates. In our World gravitation 
is the unique substance which exists everywhere and 
{gets over any obstacles. There are no known methods 
of insulation of gravitational field in modem science. It 
is impossible to imagine space and gravitation separately. 
Gravitation exists everywhere where there is some space. 
‘The gravitational field created by all masses of our 
‘metagalaxy is the aether in which cosmic objects moves 
and electromagnetic oscillations are propagated. The 
space surrounds us since the whole matter carries 
gravitational chage of only one sign, From astronomical 
research of cosmic space it follows that radius of 
metagalaxy is equal to the critical (gravitational radius) 
and hence gravitational potential is equal to ~ 107 
[nt/c'Jin each point of space. 


In our space the sum potential of the electric field is 
equal to zero. All bodies and space-time as a whole are 
electrically neutral. This assertion follows from two 
unique properties of gravitational space-time: 


1, Values of electric charges of different signs of 
elementary particles are exactly equal 

2. ‘There is an equal number of elementary particles 
which carry electric charges of different signs 


If electric potential is equal to zero in the given point 
of space then energy of alternating magnetic field passes 
entirely to the electric field and radiation gains the 
parameters of electromagnetic oscillations. However 
electric potential of positive and negative signs can prove 
its properties at the simultaneous charging of different 
local spatial regions. In the electric field the character 
of radiation differs from that one which is observed in 
ideal gravitational space-time (without electric potential), 
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In the presence of electric potential some part of 
magnetic energy is spent to create gravitational 
alternating field. Radiant energy is absorbed. Electrically 
charged spatial regions are perceived by us as filled with 
a strong absorbing substance. At the same time if the 
potential of the electric field can be compared to the 
potential of the gravitational field then spreading of 
radiation becomes impossible 


Change of both electric and gravitational field results in 
the creation of a magnetic field in the region of space- 
time which has a dual electrog avitational nature. Change 
in the magnetic field results in the creation of both 
electric and gravitational fields. The amplitude of 
electromagnetic and magnetogravitational constituents 
of the unified electromagnetic gravitational oscillations 
depends on field potential of opposite nature. The 
electromagnetic constituent is determined by 
gravitational potential and the magnetegravitational one 
is determined by electric potential. Transference of 
gravitational masses of matter in electrogravitational 
field-aether causes the creation of the proper magnetic 
field. Coming from the direction of magnetic field some 
force influences upon the moving electrically neutral 
masses. This force is similar to Laurence force. 


Electromagnetic gravitational converter designed 
according to the Sead Effect (Fig. 1) visually demonstrates, 
the mechanisms of electromagnetic gravitational 
interaction. A detailed description of the experiment is 
presented in the article [2] by Vladimir Roshschin and 
Sergey Godin (see http://www.n-t.org/tp/ts/dms.htm), 
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‘The device consists of a cylindrical stator of about 1 
meter in diameter which is surrounded by 24 cylindrical 
rollers. Stator and rollers are made of magnetic material 
and they are magnetically linked (there is no contact 
between them). Vector of the magnetic field of the stator 
and rollers is vertically oriented along the axis of the 
gylinder but it has opposite direction. Rollers are 
mounted on the movable separator which circles round 
the stator. Each roller rotates on its axis in the same 
direction, The weight of the device is 350 kg. During 
rest, the device is electrically neutral and has proper 
gravitational charge, inestial mass, magnetostatic field of 
the stator and rollers. 


(On stating of the magnetic system the following ef ects 
were observed: 


Depending on the frequency (up to 35%) the 
weight of the device was decreased. 

‘Ata frequency of 550 rpm there is a spontaneous 
acceleration of the system and turns of the rotor 
abruptly increase (in quadratic dependence). To 
stabilize the mode it had to take off the excess energy 
to active load (up to 7 kWrt) by means of 
electromagnetic transduces. 

Magnetic field was distributed in a room as 
concentric surfaces of 5-8 cm thickness and 50-60 em 
period. Depending on speed of rotation of the 
magnetic system there was a fixed temperature 
decrease from 0 to 8° within the regions of space 
‘which were curved by magnetic field 

‘The glowing (corona discharge) appeared around 
the working converter. 


Appearance of all mentioned effects is caused by the 
simultaneous presence of electric, magnetic and 
gravitational fields in the area of the converter. 


Fig. 1 
Electromagnetic gravitational converter 


Because of the Searl Effect a very complicated 
configuration of electric, magnetic and gravitational 
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fields appears in the device. Rollers having their own 
field B rotate around the stator which has its field B. 

Cycloidal motion of numerous magnets which are built 
in the rollers causes change in the magnetic flux. EMF 
Eappeass in the area of rotation of the rollers. EMF is 
directed along the perimeter around the device. The 
clectric field creates stationary waves which are registered 
around the device as concentric electromagnetic 
gravitational walls. Magnetic rollers should be made non- 
conducting in such a way as to allow electric field 
penetrating inside. In the presence of the electric 
potential change of the magnetic flux causes appearnce 
of gravitational field G. This field is directed along the 
perimeter around the device. In the presence of electric 
potential the Lorenz force influences the gravitational 
masses of the rollers, These gravitational masses move 
in the external magnetic field of the stator. The Lorenz 
force is directed transversely to the velocity along the 
cydloid and in the direction of the field B, The value of 
the Lorenz force depends on the electrical potential, 
magnetic intensity, mass of the wollers and their traverse 
speed. The electric potential in its turn depends on speed 
of rotation of rotor of the magnetic system. As a result 
the Lorenz force depends on speed according to square 
law Rotating geavita tional masses of the rollers generate 
magnetic field B, Field B, generates derived fields E, 
and G, etc. 


Spontaneous acceleration of the system does not depend 
on the direction of rotation. Directions of fields and 
forces change at change of the direction of rotation 
that corresponds to acceleration in the opposite 
direction. When the direction of rotation is changed 
the weight of the device changes. When rotation is in 
‘one direction the field G, is directed upwards (decrease 
of weight), when rotation is in another direction, it is 
directed downwards (increase of weight). In the presence 
of electrical potential many other interesting but still 
unstudied phenomena are observed (for example, curve 
of space, change of speed of time-flow, changes of 
ambient temperature...). Magnetogravitational converter 
transforms gravitational energy of space-time into 
energy of electric field which in its turn is transformed 
into mechanical energy of the rotating magnetic system 
and electric energy of the load. Energy resources of 
the future are not coal and gas reserves or nuclear power. 
‘They are in the ineshaustible energy of gravitational 
aether of our space-time. 
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Medium For Existing of Matter in Nature 


Anatoly V.Rykov,Russia 
Email: rykov@uipe-ras.segis.ru 


By medium for existing of matter in Nature we 
understand physical vacuum which is a category 
determining all spheres of matter “life” (from particles 
of microworld to gravitational interactions in the 
Universe). Matter can not exist without this medium. 
‘Thus a question emerges, viz; how physical science can 
be developed without taking this fundamental aspect 
into consideration? 


According to the Einstein postulate, in void light always 
propagates with limited speed, which does not depend 
con the motion mode ofa radiating body. Itisa statement 
of deep physical sense which lies in the fact that only 
some physical medium can possess such a property. 
Indeed, if velocity of light, which was radiated by abody, 
further does not depend on speed of this body then it 
is possible only ina certain medium. For example, in air 
sound propagates with a certain speed which does not 
depend on the speed of the source and is determined 
only by density and volume elasticity of air. Thus, 
according to the Einstein postulate, there is a physical 
medium instead of void and velocity of light depends 
on the parameters of this medium (as is well known, 
velocity of light is equal to the square root from the 
product of inverse values of electrical and magnetic 
conductivity of vacuum). 


‘The author of this article made an attempt to research 
this physical medium [1]. The author useda well-known 
experimental fact that at interaction of a photon witha 
charged real particle this photon transformsto electron- 
positron pair. Besides, it was taken into consideration 
that photon is an electromagnetic phenomenon. The 
research allows the following conclusion: the medium 
named in physics as vacuum (before the XX century it 
was called aether) is created by electric dipoles from (+) 
and () elementary charges. These dipolesare surrounded 
by magnetic (mass) continuum. There were determined 
dipole intervals elasticity of decompression and ultimate 
strength of this interval. What does this model of 
medium mean? 


1. This model isa physical validating for the “birth” 


of electron-positron pairat energy which is necessary 
to break dipole and create the “clot” of mass of 
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these two particles. A certain model for the “birth” 
of mass must exist. It is not clear as yet but can be 
represented as vortex of magnetic continuum inside 
the charge shell of electron and positron. 


2, Let us suggest that values of (+) and () charges 
differ at 7.848981x10" Coulomb, then this difference 
is sufficient for the medium to be a source of 
gravitation and inertia, According to Newton's law 
of gravity, a weak electric charge of medium (all 
material bodies exis in this medium) causes ll bodies 
to attract one another (under Coulomb's law). On. 
the other hand, weak medium charge of alike sign 
creates repulsive forces which manifest themselves 
in the form of the expanding Universe. Thus it 
becomes clear the amazing uniformity of gravity and 
forces of negative pressure for the Universe. The 
mentioned difference of values of (+) and () 
charges of medium dipoles is not used as arbitrary 
parameter but it logically follows from its electrical 
structure [2]. 


3. Hypothesis of nature of gravitation is confirmed 
by calculations of the deflection angle of electric 
waves by the Sun, Calculated angle differs from the 
experimental value only in the fifth sign, which 
depends on the accuracy of several physical values 
used in calculation formula, There is practically an 
absolute coincidence with Einstein’s theory. The 
difference is that itis a concept of space and time 
(ce. geometry) which prevails in the general theory 
of relativity while in the nature of gravitation physical 
basing is used. Velocity of light is unstable and 
determined by medium state which depends on 
electric, magnetic and gravitational potentials. 


4, The existence of “black holes” relates to medium 
structure and nature of gravitation. At the edge of 
“black holes” the ultimate acceleration from gravity 
is realized. It causes breakdown of connections in 
electric dipoles of medium, creation of matter and 
antimatter (the socalled “evaporation” of black holes 
which was theoretically predicted by E. Hoking, 
England). However at the border of ablack hole the 
velocity of light is equal to zero since its propagation 
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medium disappears. According to Einstein’s theory 
itis such a deceleration of time that electromagnetic 
oscillations gain zero frequency. 


5. Naturally the medium isa carrier ofall types of 
electromagnetic radiation, beginning at stationary 
clectrie voltage and ending with super-highfrequency 
“photons”, which can be determined not as 
electromagnetic but as magnetoclectric phenomenon. 
In the latter case magnetic continuum of medium 
has a crucial importance since it determines very 
small degrees of magnetoelectric disturbance. These 
degrees are thousands of times less than those of a 
hydrogen atom. It is reasonable that such small 
degrees creates illusion that a photon possesses 
properties of particles. 


6. Medium structure directly leads to the notions 
of Quantum Mechanics, beginning at quantification 
of electronic “orbits” in atoms. This medium 
determines the “allowed” spots for electrons to be 
placed around nucleus. Thus medium isa necessary 
place for the existence of all matter or matter of the 
Universe. The so called Compton length of electron 
wave is one of the validations of this statement. It is 
directly calculated to a high accuracy according to 
electric structure of vacuum. 


7. Thus Plank’s constant is not a mysterious 
“quantum of action”, on the contrary its entirely 
determined by medium parameters. Thereby the crisis 
(which conventional physics is accused of) can be 
logically overcame by the introduction of medium 
which is capable to take radiation in electromagnetic 
region only by quanta. Plank’s constant is always 
presented at all quantum approaches. Itis additional 
evidence in favor of the necessity to take into account 
the medium as natural place for existence ofall the 
matter in Nature. 


8. I isstill a question what processes take place in 
the centers of galaxies. The observations show that 
the centers of galaxies create star matter. They often 
flow out the centers and settle themselves at 
approximately the same plane. Itis an evidence of 
the fact that centers of galaxies quickly rotate and 
the favorable conditions for stars to reject matter 
are created. Similarly planetary systems are created 
around the rotating stars. It is thought that centers 
of galaxies are gigantic black holes. In the context 
of the concept of medium for matter existence it 
can be set up a hypothesis that being at some special 
state the medium creates stellar systems, i. galaxies. 
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9. Astrophysicists more and more trend to accept 
the existence of unknown “dark” matter, which 
occupies approximately 70% of all matter. Itis said 
that due to antigravitation property this dark matter 
is responsible for the expansion of the Universe. 
Hypothesis on the nature of gravitation gives the 
allirmative replies to such suggestions 
of the Universe is caused by weak electric charge of 
the medium and distributed mass of magnetic 
continuum isthe very dark matter. 


10.All elementary particles (electrons, positrons, 
mesons, protons, neutrons etc, are in the medium 
and interact with it, In the case of electrons and 
positrons this interaction causes the great extension 
of dipoles of medium which directly adjoins to 
borders of particles. This extension helps photons 
to break the particles. In case of protons, there is 
such a breakdown of the medium at their borders 
that protons turn to be dressed in “coats” of virtual 
electrons and positrons. And medium is shown to 
be in entire state only when reaching the first Bohr 
orbit. This interaction of the medium and particles 
leads to the factors which determine the lifetime of 
some of them. Thus life time of a neutron is up to 
30 minutes depending on the state which it has while 
leaving the nucleus. For mesons “the tearing” 
Coulomb forces, which exist between the medium 
and particles, are very powerful that makes the life 
time of mesons very short. However ifthe particles 
moves with a high speed relatively to the medium, 
then these forces noticeably decrease and if the 
speeds of motion is close to velocity of light then 
these forces become very small. The life time of such 
particles noticeably increases, In Einstein's theory it 
issaid about “deceleration” of time. Finally the life 
time of particles is determined by the inner steadiness 
and outer influence of the medium. Protons have 
fantastic binding energy and they cause such great 
external destructive effect that their lifetime becomes 


immense, 


11. When particles move in medium with high speeds, 
there is a concentration of magnetic continuum 
which is recognized as increase of mass of particles 
at increase of their speed. Evidently, we can continue 
the list of physical phenomena which relate to the 
presence of medium for existing of matterin Nature. 
However it seemsto be enough to admit that medium 
(physical vacuum, aether) is of a great importance 
for the very existence of the Universe and for the 
processes which take place there. “Mechanism” of 
gravitation and inertia has a special importance since 
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it is the only thing which can make clear the real 
mechanism of Nature. It is possible that the 
methodology, which is accepted in physics, is 
necessary for more accurate description of 
phenomena but itis not enough for understanding 
of the nature of “space” and matter. Research of 
the medium for existing of matter will be able to 
‘meet the conditions sufficiency. 


“The understanding of vacuum structure, which is created 
by electric lattice from charge dipoles, surrounded with 
magnetic continuum, gives an opportunity to control 
the forces of gravitation and inertia. The medium of 
vacuum can be influenced by: 


1. The radiation which has frequencies coming to 
the frequency from point #11 of the list of 
parameters. 

2. Electric voltages which exist in vacuum (ivis not 


% 


very promising because of real matter breakdown). 
3. Magnetic intensities (magnetic ux density). Ie is 
the most promising influence method (I-10 Tesla is 
enough to compensate terrestrial gravity). 

4, Transformations of low accelerations to high 
accelerations of impact type. 


Potential electric and magnetic energy is immense in 
vacuum medium, Reasoning from energy of one dipole, 
which is equal to 1.6x10 (13) Joule, we will derive the 
value of electric energy equal to about 10 (+31) Joule 
per one cubic meter of the medium that is equivalent to 
‘mass annihilation of 10 (+15) ke! 


References 


1._Rykov A.V. Foundations ofaether theory// RAS,ML, 2000, 

pat 

2. Rykov A.V, Hypothesison the nature of gravitation// MSU, 
2001, pp. 59463, 


Spartak M. Polyakov 


(09 January, 1931 - 04 June, 2003) 


Russa). 


Spartak M. Polyakov graduated from 
Kishinev State University with degree 
in “General Physics”. For many years 
he worked at the top secret military 
engineering department “Istok” 


Spartak M. Polyakov, a legendary physicist experimentalist, known for his research in the 
field of gravitation, has died. Polyakov was the author of more than 50 research works, 
among them “Introduction into experimental gravitonics». Polyakov was the creator of the 
znew model of photon. Hlealso conducted numerous research in the field of electrodynamics, 
gravitational phenomena and superlight 


Plyakov’s alternative physical theory allowsexplaining such phenomena 
as magnetostriction and optical magnetization. The basic postulate of 
this theory states that the speed of propagation of gravitational waves, 
isdozens of times faster than velocity of light regarded by the traditional 
science asthe limit. In his experiments Polyakov demonstrated such 
methods of generation of gravitational waves as precession of 
gyroscope and remagnetization of ferromagnetic. 


While working for “Istok”, Polyakov designed on his own a device 
which is possibly the first gravitational motor in history. Total specific 
thrust produced by rotation of gravitating mass comes to 2.5 kg/kWr. 
This index is close to that produced by the engines of modern 
helicopters, which is equal to 8 kg/kWt. Practical application and further 
development of Polyakov’s ideas can provide humanity with new kinds 
of communication, gravitational engines and free energy devices. 
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Principle of Operation and Experimental Data 


Sergey S Abramov, Russia 


Adams’ motor-generator 
represents the type of devices 
which use, as their creators 
claim, so-called “free energy”. 
‘The term “Zem point energy” 
is also used in some sources [1, 
2], Due to quanta-mechanical 
Auctuations, this enemy exists 
even at zero temperature. 
Adams’ motor-generator 
belongs to the group of Switch 
reluctance motors [3]. Robert Adams, former Chairman 
of the Institute of Electrical Electronics Engineers, 
USA (New Zealand section), designed this machine 
in the late sixties of 20 century. Similarly to all the 
devices utilizing free ener gy (referred to in come sources 
as “overunity devices”), Adams’ device remains 
practically unknown to the general public. The device 
is rather simple to assembled even at home, which 
I experimentally proved. However, it is necessary 
to be very careful while choosing the model 
parameters. As to the latter I have managed to 
collect quite a big number of instructions from 
existing sources; the summary of these instructions 
is presented below in this article. Based on these 
instructions, a low-power model can be assembled 
even without a mathematical analysis and modeling 
of electromagnetic field. Such model would 
certainly facilitate optimization of the device. 


Adams? motor is most frequently a DC machine; 
however, it can also use an AC source through a rectifier 
In the latter case only the adjustment of the device and 
its control system can be provided. 


Editorial: We disagree with some assertions of the 
author; however this article is of great interest. 


My experiments on my own model do not yer allow me 
to make an unambiguously positive conclusion 
concerning the possibility to generate excessive energy 
Experiments with my new control system designed on 
the base of AVR controller AT90s2313-L0PI (it is 
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produced by Atmel company (http://wwwatmel.com) 
will allow to be mow specific. Below there is a general 
analysis of the motor principle of operation and a 
number of recommendations concerning the 
construction and technology. I do not propose to take 
this as compulsory rules to follow; other technical 
solutions are possible 


Basing on the principle described in this article, 
R. Adams (the link to his articles is available a: 
hetp://wwwaethmogen.com/wri/intro.shtm)) created 
a few DC motor-generators which operate on permanent 
magnets. Some of them, according to information found 
on the Internet, have manifested 690% electrical 
efficiency and 620% mechanical efficiency. These devices 
‘operate at room temperature without overheating. My 
device has shown between 1 and 3 degrees overheating 
after an hour of functioning, However, itis easy to prove 
that such overheating is predictable for an average 
current of 0.15 A in coils of 35 mm long and 25 mm in 
cross sectional diameter. I have not been able to prove 
the data published on the Internet concerning the Adams 
motor capability to operate when the stator temperature 
is a few degrees lower than that of the environment. 
‘The temperature of the coil and of the power transistor 
is a good indicator of correctness of the circuit set-up 
and of functioning of the contwl circuit. There were 
cases when transistor and coil were noticeably heated 
after adjustment. Usually this was explained by a bad 
choice of points of transistor switching or by too 
extensive current impulses in the stator (which must 
amount t0 approximately 25% of period length). After 
the required adjustment the motor continued to operate 
almost without overheating 


Adams’ motor was first mentioned in Australian Nexus 
Magazine in 1992. Later, Harold Aspden (Britain) 
proposed a slightly impmved version of the motor and 
received Great Britain patent No. 282708 [4], which 
stmngly reminds of the original version published by 
the above magazine. Adams? device represents an 
electrical motor and/or generator consisting of a rotor 
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‘with radially directed permanent magnets and of a stator 
also constructed with a few radially directed and 
periodically magnetized cores with winding. (Fig. 1). In 
some models axial orientation of magnets and coils are 
also used. 


Permanently magnetized poles of rotor can include any 
umber of poles, even an odd number. Analogous poles 
of the magnets (all N poles or all $ poles) are directed 
outside. A version with alternating poles is also possible; 
such model allows the torque to increase. In this case, 
after passing a rotor pole the stator is demagnetized by 
the current impulse and begins to be attracted by the 
magnet of different polarity: This circuit requires a more 
complicated control; on the other hand, it manifested 
rather good results in certain models. 


Fig. 


Poles with winding placed on the rotor are radially 
oriented in order to obtain a supply of energy emerging 
as a result of the influence of counter emf from the 
rotor poles. Steel or iron cons are used for the poles of 
the stator with winding. It is also possible to use other 
materials, at that the core must have high magnetic 
inductivity and low level of magnetization reversal losses. 
‘The stator winding consists of a few hundred turns 
‘The current inducted by the magnet in this winding will 
have the polarity which will cause repulsion of the 
‘magnet. Since the electromagnetic state of stator changes, 
quite significantly and quite fast, then the stator core 
can be considered to be the most crucial element of the 
device. Ignoring this fact was one of the most frequent 
mistakes made by those who tried to reproduce Adams 


‘The current inducted in the stator is the function of: 
field size, 
number of winding tums, 
speed of flux changes. 


Resultant parameters of this device cause each pole to 
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be attracted or repulsed by stator poles when the rotor 
is in certain position in case when the rotoris unbalanced. 
“To achieve this effect it is required to switch the input 
current in control coils after the signal from sensor of 
sotor position, R. Adams used a mechanical switch as a 
sensor. My device and a number of other devices use 
the signal from two Hall sensors. However, according 
to experimenters’ information, better results are achieved 
if a position optical sensor is used 


‘Time of switching of impulses is determined by the 
size of the motor itself, ie. the speed of motor rotation, 
location of rotor magnets towards the stator windings 
and the distance the rotor magnets pass while moving 
by the poles with stator winding 


It is necessary to take into account that 
any patt of this motor can be modeled 
based on the existing electromagnetic 
theory and no part of the motor is in 
conflict with any laws of 
electromagnetism. There are so many 
‘ways to construct Adams’ motor that 
any version may be considered to be 


correct. 


One can say that the frequently 
pulsating electromagnetic process in 
the stator core is what allows Adams? 
device to function as a kind of diode 
which borrows energy from the field 
of permanent magnet but then does not return that 
energy in full 
5 stages can be defined in the periodical process which 
takes place in stator: 
1. The magnet is attracted to the stator core. The 
permanent magnet is attracted 0 the iron core of 
the stator with winding. While doing so no 
consumption of electrical current takes place. It is 
as if kinetic energy is borrowed from an internal 
ferrite magnetic source and is supposed to be 
returned into the stator 
2. Stator core is magnetized. During the period when 
the magnet is positioned in front of stator core they 
both comprise a single magnetic conductor with an 
air gap and the stator core becomes an extension of 
the magnet side it faces. It is usually supposed that 
the energy “borrowed” on the first stage is getting 
back now. 
3. Stator core is demagnetized. When the stator core 
becomes rotor magnet extension, the circuit closes 
and current impulse gets to stator windings. I have 
seen the instructions saying that the angle between 
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stator axles and rotor magnet must amount to 7-8 
degrees as shown in Fig, 1. However, my model made 
it clear that at increase of speed of rotation it is 
necessary to start the coil a litle eatlier, when the 
magnet axle has not reached the stator axle. Probably. 
this applies to the circuit with a Hall sensor only and. 
if an optical switching is used the making angle will 
be different. 

Magnetic field of this current acts to compensate 
magnetization of the stator, which is caused by the 
field of rotor magnet. Consequently, the summed 
current significantly compensates attractive Force 
between rotor and stator and the rotor can freely 
rotate by using the inertia obtained at stage 1. This 
process is characterized by the fact that this current 
impulse is amplified by the current inducted in the 
stator winding by rotor magnet which, in accordance 
with Lentz law (1834), counteracts the power which 
induced it. Consequently, kinetic energy obtained as 
a result of attraction of the rotor to the stator at 
stage 1 is transformed into electrical demagnetizing 
impulse in stator winding during the period when 
the rotor and stator directions are congruent. This is 
the unique overunity characteristic of this model. 
However it is obvious that instead of retuming this 
‘energy the motor transforms it into electromagnetic 
demagnetizing fied. 

4. Restoration: when the rotor is removed from the 
stator attraction zone the latter looses energy and 
returns to its initial demagnetized state. Decreasing 
electromagnetic field creates a current wave of 
reverse polarity which can be stored in the capacitor. 
5. Reiteration of the process: This periodical process 
is renewed as described in stage 1 during the next 
magnetization of the stator, excluding the fact that 
emf preliminarily stored in the capacitor, on term 
of presence of suitable electrical circuit, can be used 
for facilitating stator demagnetization or even used 
to supply the load. 

It may be briefly summarized that the frequently 
pulsating electromagnetic process in the stator core is 
whatallows Adams device to function as a kind of diode 
which borrows energy from the field of the permanent 
magnet but does not return that energy in full. The 
important characteristic of such motors is that the stator 
windings are used for demagnetizing and not for 
magnetizing as it could seem from the first sight. 


Ic is noteworthy that there is a small pause between 
attraction to the stator and repulsion from the stator. 
“The effect of attraction to the core takes place a split 
second before the repulsion effect manifests clearly: This 
pause being the reason of electromagnetic asymmetry 
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creates conditions necessary for achieving overunity 
effect. If the attraction to the core and repulsion by 
means of Lentz currents were taking place 
simultaneously and with the same power there would 
notbe any overunity chamcteristics. That is why the rotor 
must be as lightweight as possible. From this point of 
view, T. Harwood’s model is the most lightweight of 
the known models. In Harwood’s device the magnets 
are mounted between two CD disks fixed on the shaft 
by means of plastic washers and glue. My model is 
heavier, which can be considered as one of its 
disadvantages, 


‘The principle of operation of Adams’ motor is based 
on the balance, which creates the electromagnetic 
asymmetry. Toget the motor to operate the magnet must 
be attracted to the stator core which must have a smaller 
cross-section area in order to create attraction without 
any significant repulsion ef fect from the stator windings 
mentioned above. When stator and rotor axles are 
congruent the Lentz induced current must be sufficient 
for compensating the natural attraction of the magnet 
to the stator core. Consequently stator windings must 
have enough turns for demagnetizing effect, but not to 
the extent that this effect fully manifests before the rotor 
reaches the stator axle when Lentz current has its 
‘maximal value. 


During my experiments at 12 V voltage and on using 
two independently controlled stator coils the speed of 
rotation reached 3400 rpm. Please note that while 
reproducing such device it is necessary to take certain 
measures in order to ensure safety in case of possible 
breakdown, The magnet disconnected from the rotor 
may be dangerous! 


‘Technological recommendations are as follows: 


1. The device must be low power. Itis better not to 
try to begin with a motor functioning in kilowatt 
ange. This is feasible only on condition of having 
all necessary technological documentation which is, 
not available at the moment. 

2. The preferable voltage for the first model is 12 V. 
If the voltage is less the speed of rotation is too 
slow for indicating the expected chamcteristics of 
the device. 

3. The best magnets are ferrite ones with dimensions 
4x4x5 (where 5 is the magnet length). The practice 
hhas shown that at 12 V voltage neodymium-iron- 
boric (NdFeB) magnets cause a jetky rotation of the 
tor. 

4, The side of the stator core facing the rotor must 
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Control circuit with hall sensors 
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have the size which is 4 times smaller than the 
corresponding side of the 
magnet, If cross-section area 
of the stator is larger, a bigger 
part of magnet field comes to 
the stator core when their axles 
coincide and thus there is 
nothing to induce Lentz: 
currents in the stator windings 
It is a common point of view 
that it is necessary to try to 
minimize the volume of a 
device and to obtain the maximum efficiency at 
minimal material expense. In practice, it has always, 
been the goal while designing electrical machines to 
decrease losses in stator FR. As for the Adams motor, 
it requires not only the use of disproportionate 
magnets but windings 
disproportionate number of turns specially designed 
to obtain maximum Lentz’ currents that is achieved 
by hundred of turns of winding, 

5. It is necessary to define approximately the 
effective zone of the magnet field. If practically 
applicable magnet field is equal to, for example, 8 
cem, and the stator has a 10 cm long winding, then 
more than 20% of turns will not be efficient! crossed 
by magnetic force lines and will only create an 
excessive mass of the device. To define the degree 
of effective action of the magnet we can put a 


also stator with 


paperclip on the table and move it gradually in 
direction of the magnet until 
the paperclip is attracted to it. 
Actually if we take into account 
friction losses then the magnet 
influence zone 
larger. That is why the stator 
winding in the axle direction 
can be 10% larger than that in 
this experiment. The description 
of this test has been found 


Il be a litele 


on Tim Harwood’s website 
(https /erenageocities com /theadamsmotor edmnotochim), 
6. The air gap clearance between the stator and the 
rotor must not exceed 1 1.5 mm. 

7. Use as little metal in the device as possible. It is, 
preferable that the metal is used in the core and stator 
‘windings only 


In onler to increase the efficiency of this motor, it is 
necessary o build it in a manner, which allows removing 
the counter emf from the stator windings. To do that, 
this emf may be taken off and stored in the capacitor. 
‘The article published by Nexus magazine and Great 
Britain patent No, 282708 consider special genemtor 
windings; however, no sufficiently detailed data on 
operating rules are provided. Michael Smith (Australia, 
dnp //sweveortuncct.com/ greenfield /bp/ 16 /contentl hen) 
hhas unequivocally informed me in one of his letters that 


New Energy Technologies, Issue #3 May - June 2003 18 


xP 


Senne (Ge = sgeore 
aa fra At vocal | | | Bee 
Gad AN ita Pas(ost) [o Controllar's UO ports can 
£ = Shira pas [16. rdgie oopet Soran 
Sliwroypoe naa iB bout am 
4 re 
5 folne 


cs 
18 fraser 
Eel Ah sx pater 12 sions ea at 
(1.3. Ah) 2 Ema 
Aen, 


i, 


Fig. 3 


he has not achieved generation of excessive energy in 
such a system. During his experiments a two-battery 
ciwcuit proved to be more effective. In this circuit, during 
1 part of periodical process the energy is stored in the 
capacitor and then a 


circuit. In order to achieve a better rotor balance I had 
to re-construct it twice. Iris very important to align the 
axles of the beatings with maximum precision; otherwise 
a considerable decelerating torque will manifest. The 

shaft penetrates the lenver 


command 


sotencd to. [i order to increase the efficiency of] 
thyristor, which [tis motor, it is necessary to build it] 


discharges it into the 


second battery, At Le counter emif from 


in a manner, which allows removing 


moving base. It 
possible to rotate the base 
at a small angle for the 


precise alignment of 


the stator windings. 


axles and then to fix it 


that capacity, the 
second battery must be no less than 4 times more than 
the capacity of the first one. Otherwise the excessive 
energy does not have enough time to be stored during 
the discharge. Ihave also managed to provide the charge 
of the second battery, but the contol circuit has not 
been assembled fully yet, as it is shown below in Fig, 4. 
Better results are expected when its final adjustments 
together with AT90s2313 controller program have been 
made 


I managed to start my first model of the motor in 
April, 2002. Afterwards, I spent approximately six 
‘months increasing its rotational speed from 750 to 3200. 
3400 spm, decreasing vibrations and improving contwl 
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with screws and nuts, 


In order to decrease aerodynamic losses, wo veneer 
parts are mounted between the magnets. Thus I managed 
to increase the speed, although the rotor weight has also 
been increased. 


Stator cores are made of plates taken from a 
disassembled radio transformer. Tim Harwood used 
nails with winding, however, my own results with such 
cow pro 

10s1 1x50 mm. 


ed to be poor. Dimensions of the core are 


‘The type of power source is also important. First, I 
connected a9 Volt accumulator of “Krona” type in series, 
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with three metal- 


ydride 1.2 V accumulators The speed. 
of rotation did not exceed 1500 rpm. But when I used a 
lead/acid accumulator with 1.3 Ab capacity, the speed 
increased to 2600 spmif there was one coillon the stator. 


Four magnets mounted on the rotor have the dimensions 
of 2082035 mm and are fixed on a 105 mm glass fiber 
laminate disk. The current impulses proved to be too 
wide, by up to 40%, In order to make them shorter 
(down to 25-30%), I had to use the control circuit 
(Fig. 2) with two Hall sensors At the signal from the 
first sensor the stator current is started, the second 
sensor switches it off Many experimenters used a timer 
to control the impulse length while working with Adams? 
‘motor that is more practical since impulses are supposed 
to be wider during the start. I took this factor into 
account while designing the controller circuit. 
impulses are shown in Fig. 3. Their fronts are supposed 
to be shorter; it is probable that the coil has more 
inductivity than necessary. The impulses amplitudes are 
slightly different which is explained both by the 
difference in volume of induction of the magnets and by 
difficulty in achieving similar air gaps while working. at 
home 


Durrent 


T have provided the charge mode of the 2-nd battery at 
my two-battery design. After 75 minutes of operation 
of the device the source lost 0.17 Volt whereas the 
second battery was charged at 0.36 Volt. The capacit 
of both batteries in this experiment was equal. Besides 
after such charging the second battery started to 
discharge quickly. The circuit where stator current 
charges the battery directly has to be considered 
ineffectual (see Fig. 1). To evaluate the charge, which is 
gained in non-hermetic accumulators, the density of 
electrolyte can be measured. 


‘To obtain a more uniform torque I added the second 
stator which is controlled independently. This required 
installing two more Hall sensors and an additional power 
transistor. The angle between axles of the coils amounts 
to 135 (180-90,2=135) degrees. When the current is 
present in one part of the stator itis absent in another 
and vice versa. The speed has increased up to 3200- 
3400 rpm, and I deemed the further increasing of this 
characteristic unnecessary. 


Increasing the number of circuit elements does not seem 
a good idea. Futhermore the adjustment process 
becomes more complicated. In order to improve the 
circuit of battery charge adding.a timer circuit is required 
‘Thus, I decided to use a controller circuit. A simple Basic 
program has been developed for AVR controllers. This, 
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program operates in mode similar to transistor circuit, 
but its capability can be significantly increased due to 
the built-in processor timers. Today program 
improvement is the most efficient way to solve the task 
of generation of excess energy in this circuit 


‘This article is meant to elucidate the principles of 
operation of one of the simplest devices which pretend 
to become an “overunity device”, ‘free energy machine”, 
“perpetual motion machine”, whatever you call it 
Probably someone will try to create such motor- 
generators on their own. Ihope that my article will serve 
asa guide and will help to avoid the mistakes made by 
many experimenters (including myself) before they 
managed to build their own model. 
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in the Model of. ‘Extended Space 
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A series of preliminary experiments 
‘on checking the possibility of 
generation of gravitational field at 
deceleration of charged massive 


f) 
S 
ar? 


generalization of the special theory 
of relativity (STR) for the five-dimensional extended 
space with metric (+3-,y-) was offered. 


Introduction 


works 


‘The model of extended space (ESM), combining 
electromagnetic and gravitational interactions was made. 
For this, there was made (1+3)-dimensional space 


extension M(T;X) of Minkovsky to (1+4)- 


dimensional space G(T; XS). Let us call it extended 


space. As the 5-th additional coordinate the value already 
existing in Minkovsky space, ie, $ interval 


= (ce)? 


@, 
is used. 


Let us note that attempts to combine gravitation and 
electromagnetism have a substantial background, 


Modern approaches to this problem trace back to the 
work of F. Klein [10] in which he proved that dassical 
Hamiltonian mechanics can be represented as optics in 
the space of a great number of dimensions, 


“Then T. Kaluza tried to generalize Einstein’ theory of 
gravitation to include electromagnetism in this theory 
as well [11]. He proposed to consider (1+4)-dimensional 
space with metric depending on potentials of the 
electromagnetic field. Kaluza’s idea was evolved by O. 
Klein [12], G Mandel [13] and V. Fock, and the model 
they had created got the name of the Kaluza-Klein 
theory. They proved that the trajectory of a charged 
particle has the form of a geodesic line with zero-length 
in 5-dimensional space, 
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In his works on 5-optics Y. Rummer [15] proposed to 
assign action dimensionality to the new dimension and 
to consider it periodical with the period equal to Plank’ 
constant, Note that rest mass of particles in all these 
constructions unlike the model of extended space 
evolved in the works [1-7] was considered a fixed value. 
Subsequent development of multidimensional theories 
is given in the monograph [16] 


‘A separate approach is represented by multidimensional 
constructions in the theory of strings and supesstrings [17] 


Approach to construction of (1+4) dimensional space 
evolved in [18] is close to the proposed model of 
extended space. Here itis proposed to use mass (matter) 
as the 5-th coonlinate. However, in this model, as its 
originators admit, itis impossible, for example, to create 
the enempy-pulse tensor. There is no such disadvantage 
in the extended space model [8} 


Mechanics of a material point [1, 2, 7] and 
electrodynamics [1, 8] were made in the introduced 
extended space. Besides Lienat-Vihert potentials [6, 19] 
corresponding to such a model were also considered 
and properties of solutions of Maxwell augmented 
system of equations which are in conformity with these 
potentials were analyzed there, 


Gravitational effects in extended space, such as the 
second orbital velocity, red shift and light deflection [4, 
20, 21] were considered. It is proved that the formulas 
received in the general theory of relativity for calculation 
of values of these effects can be received by an 
absolutely different method within the framework of 
the extended space model as well 


It was proved [6, 19] that the fields in the model of 
extended space can change their signs Such change of 
field-intensity sign and, consequently, change of sign 
of Lorenz force can be associated with radiation reaction 
of these fields which occurs when charged partides 
move with acceleration, 
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‘Thus, on the one hand, it was proved in the model of 
extended space that it is possible to get certain formulas 
describing gravitational effects of the general theory of 
relativity [4,20] using the technique of turns in extended 
space On the other hand, it was proved that the 
electromagnetic field can be a source of gravitational 
field [6, 19} 


Besides, 2 moving massively charged particle under 
deceleration can create a variable gravitational field 
around itself [9, 6, 19]. The following experiment was, 
offered for experimental check of the latter assumption. 
In this experiment probable occurrence of gravitational 
field at deceleration of relativistic electrons was 
determined by change of oscillations of a massive 
torsion pendulum. 


Experimental device 


A narrow bunch of relativistic electrons from a 
microtron | average power of the bunch is 450 Wt, 
electrons energy is 30 MeV) was directed to a brake target 
(position 2 or 3) made of wolfram exactly where 
decelemtion of accelerated electrons took place. 


A special tomion pendulum suspended on a vertical 
suspender 5 made of a springy metallic string with 1,8 
‘mm diameter was placed near the bike target to register 
gravitational field which could probably appear at 
electrons decelemtion. The length of the suspender 
made is 85 cm. The pendulum could rotate freely on 
the suspender only in horizontal plane. 


‘The pendulum consisted of a light aluminam rod 4 (with 
a length of 120 cm) on the ends of which massive londs 
Gand 7 made of non-magnetic material were fixed. The 
‘weight of each load was equal to 4kg, In the center a 
pendulum was fastened to a vertical suspender 5 by a 
special mounting preventing slippage during turns To 
reduce the influence of magnetic inducings the 
pendulum was grounded and additionally screened by 
metallic grid from all sides. The period of free 
oscillations of the pendulum made were about 40 s, 


Rigidity of the pendulum vertical suspender could be 
changed by means of limiting the length of effectively 
operating part of the suspender. As a result, the period 
of oscillations could be continuously changed within 
the limits of 40 to 27 s 


‘To reduce the influence of mechanical noise and to 
intwduce additional attenuation in pendulum oscillations 
‘wo liquid dampers 10 and 11 located near the pendulum 
massive loads were used. 
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Experimental device 
1 = microtron, brake target made of wolfram — positions 2 
‘or 3, 4 —rod, 5 — vertical suspender, 6 and 7 — massive 
loads, 8 - mirror, 9 — He-Ne laser, 10 and 11 = liquid 
dampers, 12 — optical system, 13 — concrete protection, 
14 observation channel, 15 — video system, 16 — screen. 


Pendulum deflections were observed on a graduated 
screen by deflection of a laser beam reflected from a 
flat mirror 8. For this, the beam from a continuous He- 
Nellaser 9 through the optical system 12, which constricts 
the divergence angle of the laser beam, was directed 0 
the mirror through a special narsow channel 14, located 
in concrete protection 13 around the microtron. By 
means of a video system 15 the beam reflected by the 
mirror was registered on the screen 16 located at a 
distance of 500 cm from the mirror. The video system 
allowed remote checking of vibrations of the laser spot 
and ackitionally enlarged the visual angle up to 12 times 
‘The diameter of a focused laser beam on the screen 
was made 0.15 mm, The maximum turn angle of 
pendulum for the reflected beam to remain within the 
receiving channel was approximately 2 degrees. The 
accuracy of turn angle registration of the whole system 
was 5x10 degrees. 


“The pendulum was placed in such a way that one of the 
massive loads were close to the brake target ata distance 
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of about 20 em, There was also an opportunity to move 
the brake tarpet from one end of the pendulum (position 2) 
to the other (position 3). This allowed changing the place 
of deceleration of electron bunch at constant parameters 
of all unaccounted mechanical noise and magnetic 
inducing Thus, direction of pendulum torsion was 
changed under probable exposure of occurring 
gravitational radiation. 


Below there is a photo of the experimental plant (see 
also the colored photo on the cover page) 


Calibration Measurements 


“‘Tomake measurements it was necessary to select optimal 
parameters of the pendulum (masses of loads suspender 
rigidity and the value of oscillations attenuation). On 
the one hand, while carrying out the measurement it is 
desirable that the amplitude of pendulum oscillations 
should be as maximal as possible. On the other hand, 
the beam reflected from the mirfor should not go outside 
the limits of observation, restricted by the diameter of 
the narrow observation channel in radiation protection 
around the accelerator. Besides, the typical operating time 
of the loaded accelerator usually is 10-15 minutes. 
Necessity to accumulate the minimum of sufficient 
statistical data within this time limited oscillations period 
and the time of setting of the pendulum in a new 
equilibrium position at outside influence. All these 
requirements were as far as possible taken into account 
during selection of the final setting parameters. 


An example of free oscillations of the pendulum in the 
presence of minor mechanical vibrations caused by the 
operating of vacuum pumps is given in Fig. 2, series 1 
(the experiment took place on 31 May, 2001). The 
diagram shows the amplitude of laser beam oscillations 
on the screen 16 (upper and lower rows of values) 
depending on the number of oscillation. The laser beam 
is reflected from the mirwor 8 which was fixed to the 
pendulum. The diagram also shows the current central 
equilibrium position (the central row) calculated by these 
amplitudes Series I represents oscillations at influence 
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of the background mechanical noise, Series II represents 
the response of the pendulum to minor permanent 
outside force. Accuracy in determination of position 
of the center of a light spot was 0.1 mm. 
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Calibration Measurement 31 May, 2001 


Measurement was carried out with one liquid damper in 
service and with increased tigidity of suspender (it was 
made by means of limiting the effectively opemting 
suspender length). The period of free oscillations in 
these series was 29 sec. In this case there were set 
contimious oscillations of the pendulum around the 
average value of balance of 2.2 mm with the average 
amplitude of values fluctuation of about 0.2 mm. 


Air cooling of one of the massive loads by a very light 
continuous air flow was carried out to study response 
of the pendulum to a minor constant external force. In 
this case (Fig 2 Series II noticeable change of pendulum 
oscillations already took place after 3-4 periods. Absolute 
setting of a new balance took place after 7-8 oscillations. 


In the case of another series of calibration measurement 
held on 7 June, 2001) both liquid dampers were used 
and rigidity of suspender was decreased. The period of 
free oscillations of pendulum was about 40 sec. 


Addition of the second damper and decrease of 
suspender rigidity caused, on the one hand, increase 
amplitude of pendulum oscillations at influence of the 
external force and, on the other hand, in that case 
noticeable change of the equilibrium position of the 
pendulum took place after 1-2 oscillations 


Periodical checking of the in variability of initial central 
position of pendulum balance in time was also carried 
‘out, Thus, for example, in the series of measurement 
of 7 June 2001 measurement of equilibrium position 
was checked not only before the start of the main series 
of measurement, but also 2 hours after completion of 
the main works 


New Energy Technologies, Issue #3 May - June 2003 


Experimental Results and Their Analysis 


Within the period from 17 May, 2001 to 7 June, 2001 7 
‘measurement series were carried outat various operation 
modes of the accelerator and at various pendulum 
parameters, 


A record of check of equilibrium position of the 
pendulum was carried out before and after switching 
off the electron bunch (as well as during calibration 
measurement). Ar the same time, all electric inducing 
and mechanical noise remained stable within the whole 
measurement period. This was achieved by means of 
additional switching on all the devices which were used 
during measurement (water and vacuum pumps, 
magnetron, deflecting magnets, etc.) and their switching 
off only on completion of the measurements, 


In Fig, 3 there are results on measuring the central 
position of the pendulum when brake target is in 
position 3 (see Fig. 1). Series I and III on the diagram 
correspond to check measurement directly before 
switching on and several minutes after switching off 
the electron bunch, Series I-A and II-B tonally reflect 
pendulum oscillations at the time when the accelerator 
is operating (For about 10 minutes) and for some time 
after the bunch is off. Additionally, a trend line is drawn 
(averaging by 3 points). 
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Fig. 3 
Measurement of central position of pendulum equilibrium 
when brake target is in position 3 


Results of a similar experiment are given in Fig. The 
only difference in this experiment is that the brake target 
is in position 2. Also a trend line is added (averaging by 
3 points). Series I and III are check measurements made 
directly before switching on and after switching off the 
electron bunch. Series II are pendulum oscillations at 
the time when accelerator is operating, 
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Brake target in position 2 


From qualitative comparison of trend lines (Fig. 3 and 
Fig 4) it can be derived that there is a correlation 
between switching on the electron bunch and the 
average deflection of the pendulum from 
equilibrium position if compared to checked series 
before and after switching on. At that, direction of 
deflection changes depending on what pendulum 
load the brake target is close to. 


Unfortunately, due to circumstances beyond the control 
cult to improve 
experiments accuracy or to accumulate much of 
statistical data by now: Estimate of the value of the force 
which may cause such a shift of position of pendulum 
equilibrium was carried out. In the experiments this, 
deflection did not exceed 1-2 mm (in the units of 
registering scale). Calibration of a rigid suspender (if it 
applies toa massive load at a pendulum end) gives 
the upper boundary of this force of not more than 10°° N. 


of the author it seems to be di 


Conclusion 


[A series of ‘experiments were made on checking the 
possibilty to generate a field at deceleration of charged 
massive particles in matter 


Electrons accelerator was used as a source of charged 
particles A narrow bunch of relativistic electrons 
(average beam power is 450W, elections energy isabout 
30 MeV) was directed at a brake target made of wolfram 
where deceleration of accelerated electrons took place 


Measurement proved appearance of statistically reliable 
deflection of a torsion pendulum, one of massive loads 
of which was located close to a brake target by the time 
of deceleration of relativistic electrons, 


Change of direction of pendulum torsion at shift of a 
brake target from one end of the pendulum to the other 
was also registered. The value of the force which causes 
pendulum deflection has the upper boundary of |. 


24 


Of course, these first experimental results on checking 
the predictions made on the basis of development of 
the model of extended space are of preliminary nature 
and need more thorough checking. That will be the basis 
of future experiments. 
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There is a widespread opinion common to the 
mainstream academic community and also to various 
alternative scientific forums, that some kind of exotic 
new physics will be required to design and implement 
over-unity technologies. That is to say electrical motors, 
electrical generators, or other apparatus, which produce 
an excess of magnetic force or energy above the value 
actually inputted. 


However, this has recently been experimentally 
demonstrated not to be the case, as I have validated 
myself in simple $20 experiments undertaken at home 
‘with parts bought from the local hardware store. It is 
the purpose of this article to educate seaders that with 
car, thought, and a little work, it can be demonstrated 
that existing textbook physical law, freely allows for the 
extraction of excess electrical enemy from magnetic 
systems. 


The Flynn Research Project 


Joe Flynn has been engaged in magnetic flux research 
for over 25 years now. His work is long standing, 
comprehensive, and in later years, well funded. It is 
reported $7m has been spent to date, with over $1m 
alone developing a revolutionary high performance 
magnetic motor. His equipment is validated, and 
apparently already in mass production for select 
customers. Yet few researchers have heard of Joe Flynn. 
This surprising situation will hopefully shortly be 
changed, and Joe Hynn awarded the scientific accolades 
he deserves, for being the genius master mind behind 
one of scientific history’s most outstanding research 
projects Since many lines of research have been 
formulated and explored by Joe Hyna, the following 
article presents only a brief summary of some of his 
best art apparatus, but is nonetheless sufficient to convey 
the basic ideas 


‘The first illustration (Fig. 1) is taken from Joe Flynn’ 
US patent 6,246,561, and explains a simpie magnetic 
force multiplication experiment, which forms the basis 
for the Flynn magnetic art. If the windings on either 
side of the central magnet, which are normally connected 
in series, are properly pulsed, the field of the permanent 
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magnet in the center will be diverted to the opposite 
side of the core flux path provided. Or in altemative 
language, the side of the core that is pulsed is 
demagnetized, relative to the field of the permanent 
magnet used in the apparatus. This is elementary 
textbook physics anyone can understand. 


rennnnaer AoeeRnR Is 
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1L75 times more force is delivered to the legs of the core 
than is provided by the electrical input to the contol coils 


So what is surprising about this apparently simple 
apparatus is that the armature on the side of the flux 
core will contain 1.75 times more units of magnetic 
force, that could be manifested by the electrical input to 
the apparatus alone. Since the ability to arbitrarily move 
the force from one point to another is the basis for 
motion or work, however simplistic, we therefore have 
a basis for a system that can be developed for practical 
technological purposes. Expressed in alternative 
language, we also have the capability to engineer a time 
varying magnetic field, without the need for moving 
parts, which will allow development of systems that 
output electrical energy. Both capabilities are highly 
desirable, and offer substantial opportunity for technical 
development. 


Following on from this basic experiment, there is a 
second simple and logical improvement in layout 
illustmted in Fig. 2, which should be obvious, but has 
been shown not to be the case. In this instance, the pulse 
is centrally located, and a dual flux field layout employed, 
which both demagnetizes the core relative to one 
magnet, and magnetizes it relative to the other. Since 
the two actions are complementary, the input required 
to manifest the flux switching effect is halved, therefore 
doubling ‘efficiency? 
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Fig. 2 


3.47 times more force is delivered to the legs of the core than is provided by the electrical input to the control coils, 


It should be noted that while the efficiency is doubled, 
the absolute output may not be significantly improved 
This is because the major weakness of this effect and 
technology is flux saturation of the core, with values 
depending upon the specific properties of the B-H curve 
of the core material employed, limiting the absolute 
output of both layouts the same. 


‘The previous statements are not required to be taken 
‘on trust, and simple experiments have been proposed 
by Joe Flynn, such that anyone can validate this eftect 


for themselves. Figure 3 is a simple experiment taken 
from the Flynn website (http:/ /www.llynnresearch.net), 
that can be used to validate the principals put forth in 


this article. 


‘Simple Magnetic Force Multiplication Experiments 


Oair gap 
Ns NS 
cS =: 
NS Ns NS 
4mm air 
gap 
421 grams 4724 grams 3845 grams 1091 grams 
One magnet Two magnet Parallel Path Conventional 


Fig. 3 


Parallel Path ean deliver 3.47 times more force to the legs of cores than any competing conventional tedinology 


‘An even simpler non electrical flux experiment was 
pmposed by GM in the Parallel Path Egroup. My 
apparatus is illustmated below in Figure 4. It is no more 
than magnets and steel staple stips, bought from a local 
hhanlware store for a total of under $10. The Parallel 
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Path effect can be replicated with identical apparatus, at 
only a slight increase in cost and complexity, with the 
addition of a simple 12V polarity reversible power 
supply, such as those commonly sold to power computer 
speakers, among other applications 
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‘Simple Magnetic Force Experiments 


Relatively small changes in layout produce large 
changes in force 


Conservation of Energy / Field Potential 


One of the aspects of the Flynn technology people find 
most difficult to understand, is how you can have a 
device that delivers 3.47 times more magnetic force than 
is electrically inputted, yet not violate accepted principals, 
of text book physics, as stated in the introduction. The 
key point here is conservation of energy. Magnetic fields 
do not gain energy ~ they are conservative. You can 
only ever obtain less energy from a magnetic field minus 
losses than is in fact present. I feel this apparent puzzle 
can not be better explained, than by reference to Joe 
Flynn’ own words: 


“Since the Parallel Path System produced 3.47 times 
more force than the conventional system, with the same 
electrical input, it appears to violate conservation, this 
is only true when observed froma traditional view point. 
‘The system contains three flux producing sources (2 
magnets and an electromagnet) which together are 
capable of producing a far greater force than is actually 
produced. All of the flux sources together can produce 
a force of 13.11 units, therefore in the physical sense a 
loss of 1 - (9.01 / 13.11) = 31% is realized.” 


So the system is 350 % efficient, in terms of delivered 
‘magnetic force compared to net electrical input, yet still 
conforms to the accepted physical principals of energy 
conversation, by being only 69 % efficient, in terms of 
the fields present in the system. However surprising this, 
result may appear, the analysis presented is in outline 
correct, with the difference between fields present in 
the system, and net electrical input, being the important 
concept presented. 
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Losses in the System and Optimisation 


Flux density (8) 


field intensity (H) 
Fig. 5 

In order to properly optimise flux cores, an appreciation 
of the physics that undedies the transfer of flux within 
a core is required, The normal magnetization curve, or 
B-H curve, is a mathematical relationship between 
applied field intensity H, and resultant flux density 
manifested in the core B. It varies according to core 
‘material, and the curve will shift, if there is a starting 
magnetism within the core, such as that provided by the 
field of a permanent magnet. If the start magnetism is 
excessive, the core is saturated, and will not properly 
respond to the applied force H. A simple B-H curves is 
illusteated in Fig. 5. 


Hysteresis is a delay between applied magnetic force H, 
and resultant flux density B, that again varies according 
to material type. It also manifests as a delay between the 
termination of force H, and the manifestation of flux 
density B. So, the system will not turn on instantly, and 
will not tum off instantly, in simple terms. This is 
because the magnetic memory of the core, means a flux 
vector remains within it, even when the application of 
magnetic force H has been terminated. If we apply a 
reversed force H to the core, the basic B-H curve is 
now expanded as in Fig, 6, with the memory effect also 
illusteated. 


Flux density (B) 


= switching losses 


Field intensity (H) 


Fig. 6 
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‘Thus as can be seen, to return to the 
initial switched state, the remnance 
magnetism must now be overcome, 
hence input once in operation, will 
be greater than that required for the 


very first pulse. The area within the 
hysteresis curve gives a rough 
estimate for the amount of wasted 
energy, and along with other 
conventional sources of losses 


Motor Apparatus 


resultant in flux transfer within a 
core, is what reduces the efficiency 
of flux cores from maximum values 
‘of 2, of 4, down to values such as 
1.75 or 3.47, typically 


Simple Parallel Path Technology Demonstrator Motor 


{e) 


1 


e) 


—— 


Fig.7 


Designed to demonstrate core principals, not provide over-unity 


Although mumerous practical applications abound for this effect, electric 
motor design remains the most outstanding opportunity. To this extent, 
again a few simple images, should be sufficient to explain how the basic 
flux switching apparatus, can be turned into a highly efficient electrical motos, 


“The first motor shown in Fig. 7 is one I have proposed to validate the flux 
switching effect at a most basic level. It illustrates the point made in the 
Flynn patent, that the armature of the core can be removed, and replaced 
with a motor flux path, This first motor is not claimed to be highly efficient, 
but it helps one to understand how the transition from simple flux core to 


motor takes place. 


Fig. 8 


Magnetic force 


lernately switched from one leg to the othes, imparting 


motion to the rotor sections 
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‘The next motor shown in Fig. 8 is 
again taken directly from the Flynn 
patent, and illustrates the next 
intermediate step to motor design. 
‘The fields of the permanent 
magnets are altematively switched 
from one side of the surrounding 
flux cores to the other, alternately 
interacting with N and $ poles on 
the rotor, imparting motion to the 
central rotor shaft. 


With proper financial support, and 
the facilities to have metglas cores 
‘custom moulded, Joe Flynn was able 
to develop his final best art, shown 
in Fig. 9. No detailed performance 
numbers have been released for this 
motor, whose precise performance 
chamcteristics remain proprietary to 
Joe Flynn at this time. But the 
“optimisation is so expert itis stated 
to posses certain exotic properties, 
such as cool ambient operation, even 
during prolonged periods of 
continuous load. This ‘cold running” 
is said to be of great interest to the 
American military, as it offers 
excellent stealth performance 
characteristics 
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Steel Armature 


Magnets 


Coils 


Electrical Apparatus 


Many readers will no doubt have 
noticed the similarity of the first 
illustration presented in this 
document, to the so called ‘Tom 
Bearden MEG’ This is 
comment, and Joe Flynn has always 
highlighted this issue. How. 

has been commonly stated Joe 
has simply developed mechanical 
apparatus, and the MEG with its 
electrical functionality is distinct art, 
more advanced than the mechanical 


fair 


Flynn apparatus. However, this is 
shown not to be the case by a careful 
examination of the Flynn patent, in 
which the following is stated in the 
“Power Conversion’ section: 


“The construction (shown in Fig.10) 
utilizes four control coils and a single 
permanent magnet and the 
construction (shown in 10 B) uses 
‘wo control coils and two permanent 
magnets. The flux that would 
normally be supplied by a primary 
winding is supplied by the static flux 
of the permanent magnet or 
magnets and the control coils 
convert this static flux into a time 
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Linear Actuator 
Flux paths 
— 
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Flux paths 
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Fig. 9 


Optimal Flux Core Motor Construction 


varying flux in a novel way. Both arrangements use two secondary coils, the 
secondary coils are placed in the region of the continuous flux path that 
would be occupied by an armature or rotor in the linear or rotary 
arrangements. The regions of the flux paths that perform work are the 


same in all cases? 


‘By alternating the polarity of the contwl coils during one cycle, one working 
region experiences an increasing flux and the opposite region experiences a 
decreasing flux and during the next cycle the opposite occurs. This results 
in the induction of a voltage in the secondary coils that is decided by the 
magnitude of the change in flux in the working region and the time in 
which this change occurs. The novelty of this discovery is that the primary 
flux inducing the voltage in the secondary coils is supplied by the permanent 
magnet or magnets and is far greater than the flux supplied by the control 
coils? 
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Fig10 taken directly from the Flynn patent makes the 
point even clearer. As can be seen, the device illustrated 
is in all functional respects absolutely identical to the so 
called “Tom Bearden MEG,’ This identical prior art, 
therefore calls into question the intellectual property 
rights of Magnetic Energy LTD, as the same invention 
can not be patented more than once. Joe Flyna has also 
stated that his intellectual property rights will be robustly 
defended, by legal action if necessary, and he regards 
himself and his 
company as being in 


Present Status of the Flynn Project 


Initially Joe Flynn was remarkably open about his work 
and research. However, since performing a working 
demonstration of various advanced hardware samples 
for the American Department of Defence, little has been 
heard, 


I want to clearly emphasize I do not speak for Flynn 
research, nor am I in any way connected with Flynn 


research, and — by 


possession of exdusive 
tights to the so called 
“MEG? unit. 


the input and output circuits must be 
closed in series. The disclosure of this 
technique amounts to putting the basic 
MEG methodology fully into the public 


consequence, have no 
inside information 
whatsoever as to the 
present status of the 


domain. 


As wegards replication 


project. But we all 


of electrical output 
orientated flux core devices, certain important details 
need to be stated. For example grade 8 ceramic magnets 
should be used, so as to avoid flux saturation of the 
cow. A basic ertor, many early experimenters wasted 
time on. ‘The requirement for strong magnets to obtain 
over-unity results, is as much of a myth, as the idea new 
physics is required. 


But perhaps the greatest trade secret of the electrical 
devices, one which several lengthy non disclosure 
agreements are required to be signed before it can be 
disclosed, is that the input and output circuits must be 
closed in series. The disclosure of this technique 
amounts to putting the basic MEG methodology fully 
into the public domain. 


‘The reason for this circuitry requirement is obvious 
enough, with only a little analysis. If the output circuit 
is closed when the input circuit is activated, then the 
input energy simply leaks into the output circuit, as in 
an onlinary transformer. So no flux switching effect is 
manifested, and the field of the permanent magnet is 
static in time. Thus you have an ordinary transformer, 
with reduced efficiency, because of the core flux 
saturation effect provided by the permanent magnet. 


‘This is one of the most important point to make about 
the Flynn apparatus If you approach itasif itis a normal 
piece of scientific equipment, then proper optimisation 
is not greatly problematic. For example more turns on 
the output coils, simply means more voltage and less 
current, exactly as standard textbook equations predict. 
Genenly, problems only occur, if you imagine the effect 
is based upon exotic scalar type or vacuum enemy 
physics, when in fact it is ordinary flux manipulation 
within a core 
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sincerely hope, that the 
project has not been 
swallowed whole by the American deep black military 
industrial research complex. 


However, even if this is the case, it does not mean the 
technology is lost. Extensive and generous details have 
been provided by Joe Fly 
patent deposition, website, and other comments, such 


ran of his research, both in his 


as to enable persons of scientific training and skill, to 
replicate the effects stated, 


While replication of the electrical effect remains 
extremely demanding, the mechanical apparatus is very 
easy both to understand and replicate. There is no reason 
why scientists and home tinkers together, can not build 
Flynn type flux core motors, and explore over-unity flux 
‘manipulation for themselves. The future has arrived, and 
it is simpler and cheaper than anyone imagined to be 
possible 
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Flynn Research Company 


http://www.flynnresearch.net 


Photo 1 


3.3" 1.2" stack height 1/2 hp weight 59 oe 


Editor: Below we publish information and photos, 
represented on Flynn Research Company website 
Op /unusynnresearchaed, and a description 
of the patent’on methods for controlling the path of 
magnetic flux. 


Flynn Res 
the novel application of permanent magnet and 


-arch is dedicated to research focused on 


electromagnetic 
technology. Magnetism is 


Photo 2 


Dynamometers, Power Analyzer ete 


We still do not know what a line of flux is and how 
it travels through space. We know flux “appears” to 
originate within a permanent magnetic material, 


forms a loop from one end to the opposite end of 
the magnetic material, appears 
time constant, produces a force (attractive and 
repulsive) between other 
permanent magnets and 


to occur without a 


a field that has potential 
for tremendous growth 
from both a science and 


[Everything known about magnetism is based on| 
“effect and relationshi 

understanding or provabl 
a line of magnetic flux. 


“magnetically permeable 
materials and has a 


ps without a clear| 
le definition of what is 
relations 


ip to current 


application perspective. The 
researchers of Flynn Rk 


ich Company believe that 
magnetism is one of the least understood and most 
misinterpreted of the natural forces, with the 
exception of gravity 


Even though much work has occurred in the 
advancement of magnetic materials, little 
advancement has the 
understanding of magnetism. The field of 
magnetism is based on both theory and ‘myth’ and 
is generally described as a ‘phenomenon’. 


occurred in basic 
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flow Ev 
about magnetism is based on 


ything known 
“effect and 


relationships” without a clear understanding or 
provable definition of what is a line of magnetic 


flux, 


The research is based on the “magnetic force of 
attraction effect” that is related to magnetic flux by 
the number of lines of flux occupying a given area 
or flux density squared. ‘The simple fact that if the 
number of lines of flux occupying a given area 
“doubles” the force of attraction becomes four 
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Photo 3 Photo 5 


Photo 4 


X.8" motor testing Parallel Path Test Apparatus 


times greater. The basic model shows that with specific structures electromagnetism acting with 
permanent magnet materials can divide and multiply force in a manner that cannot be explained with 


conventional physics. 


Rotary devices, linear devices, reciprocating devici 
product of this research. The goal of the Company is to commercialize their devices for use in an energy 
dependent world. Flynn Research is a research & development company and in cooperation with Magnetic 
Revolutions LLC licenses their technologies for use in the electric motor and power conversion industries. 


and power conversion devices are now a patented 


‘The researchers do not construct their own test equipment nor write capture and data evaluation programs 
but use industry / scientific accepted products. Close to $1.5 million has been expended developing, 
protecting and evaluating the technology. Many fine minds have been involved in the development and 
evaluation of the technology. Many presentations have been given both to motor companies and academic 
groups. The prototypes have all been professionally built, which include a 1/2 hp 3.3" dia 1.2" stack 
height, the assembled motor weighs 59 oz and a motor 8" dia with a stack height of 8" currently undergoing 


testing 
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United States Patent No. 6,246,561 
June 12, 2001 
Methods for controlling the path of magnetic flux from a permanent 
magnet and devices incorporating the same 
Inventors: Flynn; Charles J. (Greenwood, MO) 
Assignee: Magnetic Revolutions Limited, L.L.C (St. Louis, MO) 


Appl. No: 127086 
Filed: July 31, 1998 


c 


44-4, 
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i Tat = 


"e 
—" 


[eal 


A permanent magnet device includes a permanent magnet having north and south pole faces with a fist pole piece 
positioned adjacent one pole face thereof and a second pole piece positioned adjacent the other pole face thereof 
So as to caeate atleast ewo potential magnetic flux paths A first conti coil is positioned along one flux path and 
a second control coil is positioned along the other flux path, each coil being connected to a control circuit for 


controlling the energization thereof The control coils may be energized in a variety of ways to achieved desirable 
motive and static devices, including linear reciprocating devices, linear motion devices, rotary motion devices and 


power conversion, 


Editorial: The principle of designing of the device (two counter parts of the flux are used) 
resembles ®-machine or Gramm? s generator. Read in this issue more details on these devices. 
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Review prepared by correspondent Alla Pashova, Russia 


Flux-machine (or @-machine, since configuration of 
its field resembles the Russian letter “”) was 
designed by Alexander V. Frolov during the first 
half of 1990s. &b-machine description was published 
more than once on the pages of scientific periodicals 
(1994, Institute of New Energy, Newsletter, June 
1994, p.9 2002, New Energy Technologies, 2002, 
p.3), and it is well known to many researchers 
concerning themselves with such kinds of engineering. 


Let us consider the arrangement of P-machine; see 
Fig. 1 (first published in 1994). A report was 
presented at the conference «New ideas in natural 
science», 1996 in Saint Petersburg (see photo in Fig. 1) 
The primary coil is mounted in the center of 
generator; two secondary ones are diametrically 
wound on a ring core, An air gap between ring and 
central magnetic circuits are of particular importance. 
‘Two magnetic fluxes from two coils are balanced, 
and, thereby, there is no reaction in the primary 
circuit. 


(0 


0) 
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Seealso Fig. 7, p.29 


the analogy is evident 


The device bears some similarity to the Gramm’s 
generator (Zenob Theophyl Gramm, 1826-1901, 
Belgium-France, took out a patent for an electric ring- 
rotor generator in 1869). In Gramm’s generator (Fig. 2) 
the ring rotor with a toroidal winding rotates. The 
toroidal winding touches two diametrically located 
conducting brushes. It turns out that in the ring of the 
rotor all winds of one rotor half create a field which is 


directed towards a field created by the other rotor half. 


Fig.2 


An example of analogous device is represented in Fig. 3 
(information is from the website: 

hutp://swww skif.biz/energy/arhiv1-6.shtml),andalsoin 
Fig. 4 (we have written about this invention in New 
Energy Technologies, Issue #5 (8), 2002, article by VI. Boryak, 


Email: spin@i.com.ua). 
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‘One more example from the USA: in February, 2003 
Donald Hofmann (USA) filed an application for 
patenting “Generators and transformers with toroidally 
‘wound stator winding», Below we publish the description 
of the patent. 


loinput~o! 
Fig.4 


In August 1999, according to Stephen Hartman 
(Hartman Multimedia Service, Email: har@harti.com, 
info@ccard.net), a German research team designed a 
toroidal generator. As stated by the researchers, it 
obtained more than 1.200 W by load while efficiency 
exceeded 100%! 


‘This subject has become very popular among different 
researchers. Fig, 5 illustrates a design with a magnet 
rotating in the center (designer - Olaf Berens, Email: 


olaf.berens@prognost.com). 


om 


Fig.5 
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Fig.6 


Inventors: Steven L. Sullivan, USA; David L. Goulet, 
USA; Donald Hofmann USA. 


Electrical generators are provided with toroidally wound 
stator windings electrically connected in series; high 
permeability stator core, preferably an amorphous 
magnetic alloy material, glassy metal or HYPERCO™ 
50laminations; anda ,rotor. The toroidally wound stator 
coils and the stator core trap essentially all ofthe flux 
fields generated by the stator coils within the stator core, 
Since there is essentially no magnetic field leaving the 
stator, there is essentially no flux field interaction with 
the field generated by the rotor. The reduction of flux 
field interaction also reduces counter torque. 
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According to another embodiment of the invention, 
open positions of a rotor may be filled with magnetic 
material, preferably iron, Filling open portions of the 
rotor may assist in reducing undesirable flux leakage 
from the rotor. By trapping substantially all ofthe flux 
within the rotor, interaction between rotor and stator 
flux is reduced. In this manner, counter torque is 
reduced thereby increasing the overall efficiency of the 
device. 


A prototype of this embodiment was constructed using 
astandard 10 kWet gas-powered generator. The stator 
‘was removed from the generator and its housing. The 
stator windings were removed from the stator and 
rewound by hand using aNo. 10size copper wire 
180 winds wrapped in a toroidal fashion around 
approximately 180 degrees ofthe stator. 


‘The stator was then reinstalled in the modified housing 
and re-attached to the gas-powered generator. A 
standard 12 volt car battery was attached to the input 
of the rotor. A 12.92 volt input with 0.8 Amps was 
measured as the input to the rotor. The output was 
measured as 6.5 volts with a 40 Amp output. A series 
of input and output measurements were taken for 
various inputs. 


Editor: Thus input power is 10 Wt, and output power is 
260Wt 


So, the old well-known ideas have found new ways of 
embodiment, though their essence remains unchanged. 
Let us note that Faraday Labs Ltd has been working on 
creating a prototype of -machine with a toroid of 
200 mm in diameter. 


Please, read more about this in the next issue! 
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Editorial: We publish the specification of several interesting patents, which were taken out by Russian 


inventors for recent years. 


Russian patents on alternative energetics 


1Ns93001754, 1996.06.27, Converter of gravit 


ional forces into energy, V.V. Mironov and others 


1N292008720, 1995,02.10, Slavic method to produce energy by conversion of gravitational forces, V.V. Mironov 
1N293006696, 1995.04.30, Supporting converter of gravitational forces into energy, V.V. Mironov 


'N22001121071, 2003.04.10, Method to create energy in liquid, heat-generator and heat-and-power devi 


Baurov and others 


AYu, 


'N22132109, 1999.06.20, Generator of mechanical energy, A.Yu. Baurov and others 
1N22001125794, 2003.05.10, Generator of static electricity, 5.1. Danilov 

1N22001120796, 2003.04.10, Electric power device, D.M. Beliy 

'N298116077, 2000.05.10, Heat engine (monotherm, “perpetual mobile of second-type"), V.L. Likhachov and others 


1Ns93048971, 1996.04.20, Float e 


, LP. Tchinarev 


1Ne94023174, 1996.03.27, Gravitational-hydrostatic engine, LP. Tchinarev 
1N298112650, 2000.03.20, Water engine, V.A. Gylchuk 

'N22001115953, 2003.03.20, Potential engine by Prokopenko, V-F. Prokopenko 

1N22001115954, 2003.03.20, Potential amplifier by Prokopenko, V.F. Prokopenko 

1N22001124364, 2003.04.20, Drum of gravitation (gravity), L.A. Strelnikov 

1N:95107181, 1997.02.20, Method to convert energy of physical vacuum into energy of physical space, OK. 


Polev and others 


1N292008695, 1995.04.20, Method to get overunity efficiency, Yu.V. Karasev and others 
1N:93006851, 1995.04.30, Principle, method and device for circulation of mass by force of gravitation and 


inertia, GS. Kirichenko 


1293039885, 1996.05.20, Hydro-gravitational electric power station, L.S. Konkov 
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1N:93036371, 1995.11.27, Method to convert energy created in result of interaction of earth’s gravity force and 
air bearing capacity into electric energy, V.I. Kovalenko 

1N293025690, 1996.07.27, Method and device to convert heat energy into mechanical one, A.I. Lendyaev 
1N22001122885, 2003.04.20, Rotary method to convert magnetic energy into mechanical one, L.N. Mezentsev 
1N22001 106783, 2003.02.10, Gravitational source of energy, A-D. Yurik and others 

1N22001115968, 2003.03.20, Method to convert energy, V.S. Gorelyuh 
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According to another embodiment of the invention, 
open positions of a rotor may be filled with magnetic 
material, preferably ison. Filling open portions of the 
rotor may assist in reducing undesirable flux leakage 
from the rotor. By trapping substantially all of the flux 
within the rotor, interaction between rotor and stator 
flux is reduced. In this manner, counter torque is 
reduced thereby increasing the overall efficiency of the 


‘The stator was then reinstalled in the modified housing 
and re-attached to the gas-powered generator. A 
standard 12 volt car battery was attached to the input 
of the rotor. A 12.92 volt input with 0.8 Amps was 
measured as the input to the rotor. The output was 
measured as 6.5 volts with 2.40 Amp output. A series 
of input and output measurements were taken for 
various inputs 


device. 

Editor: Thus input power is 10 Wr, and output power is 
‘A prototype of this embodiment was constructed using 260 Wt 
a standard 10 kWet gas-powered generator. The stator 
was removed fiom the generator and its housing The 
stator windings were removed from the stator and 
rewound by hand using a No. 10 size copper wire with 
180 winds weapped in a toroidal fashion around 
approximately 180 degrees of the stator. 


So, the old well-known ideas have found new ways of 
embodiment, though their essence remains unchanged, 
Let us note that Faraday Labs Ltd has been working on 
creating a prototype of ®-machine with a toroid of 
200 mm in diameter. 


Please, read more about this in the next issue! 
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Editorial: We publish the specification of several interesting patents, which were taken out by Russian 
inventors for recent years 


Russian patents on alternative energetics 


Na93001754, 1996.06.27, Converter of gravitational forces into enengy, V.V. Mironov and others 

N292008720, 1995.02.10, Slavie method to produce energy by conversion of gravitational forces, VLV. Mironov 
N293006696, 1995.04.30, Supporting converter of gravitational forces into energy, V'V. Mironov 

‘Ne2001121071, 2003.04.10, Method to create energy in liquid, heat-generstor and heat-and-pawer device, AYu. Baurov 
and others 

1Ne2132109, 1999.06.20, Generator of mechanical energy, AYa, Baurov and others 

‘Ne2001125794, 2003.05.10, Generator of static electricity, $.1. Danilow 

1Na2001120796, 2003.04.10, Electtie power device, DM. Beliy 

.Na98116077, 2000.05.10, Heat engine (monotherm, “perpetual mobile of second-type”), V.L. Likhachov and others 
1Na93048971, 1996.04.20, Float engine, LP. Tehinarew 

‘Na94023174, 1996.03.27, Gravitational-hydrostatic engine, LP. Tehinarey 

‘Na98112650, 2000.03.20, Water engine, V.A. Gylehuk 

1Ne2001115953, 2003.03.20, Potential engine by Prokopenka, V.F, Prokopenko 

1Ne2001115954, 2003.03.20, Potential amplifier by Prokopenko, VIP. Prokopenko 

No2001124364, 2003.04.20, Drum of gravitation (gravity), LA. Strelnikow 

Na95107181, 1997.02.20, Method to convert energy of physical vacuum into energy of physical space, O.K. Polev and 
others 

N292008695, 1995.04.20, Method to get overunity efficiency, Yu.V. Karasev and others 

.N293006851, 1995.04.30, Principle, method and device for circulation of mass by force of gravitation and inertia, GS. 
Kiricienko 

N293039885, 1996.05.20, Hydro-gravitational electric power station, LS. Konkov 

1N093036371, 1995.11.27, Method to convert energy created in result of interaction of earth’ gravity force and air 
bearing capacity into electric energy; VII. Kovalenko 

N293025690, 1996.07.27, Method and device to convert heat energy into mechanical one, A.J. Lendyaew 
.Ne2001122885, 2003.04.20, Rotary method to convert magnetic energy into mechanical one, LLN. Mezentsev 
.Ne2001 106783, 2003.02.10, Gravitational source of energy, A.D. Yurik and others 

1Ne2001115968, 2003.03.20, Method to convert energy, V.S. Gorelyuh 
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12002131190, 2003.04.20, Method to convert heat energy into useful work, GR. Umaroy and others 
12001122676, 2003.05.27, Device to get enemy by conversion of energy from one state to another, LA. Trushina 
and others 
Ne2131636, 1999.06.10, Fucl-less engine, VIE. Alekseenko 
No5037775, 1996.10.10, Magnetic engine, VIE. Alekseenko 
194003087, 1995.12.27, Gravitational engine, A.A. Voznyukov 
193058095, 1996.06.27, Perpe 
No93056706, 1996.07.27, Perpetua 
193039002, 1996.01.20, Gas-dynamic perpetual mobile, A.I. Lendyaev 
14011000, 1995.11.27, Perpetual mobile by Makagyan, VS. Makagyan 
17114829, 1999.06.27, Perpetual mobile by Makagyan, VS. Makagyan 
5114965, 1997.08.10, Electric perpetual mobile by Abrakitos, VIE. Abrakitov 
19512209, 1998.02.20, Perpetual mobile, V.V. Sharov 
19111572, 1999.09.27, Perpetual mobile, NM. Rotar 
No08116343, 2000.05.10, Engine-eleetrie saw (perpetual mobile), V.V, Smirnow 
1000101256, 2001.11.20, Perpetual mobile, V.D. Rykow 
22000120592, 2002.07.20, Perpetual mobile, KL. H: 
101117783, Magnetic perpetual mobile, SN. Verevkin 
1003.04.20, Magnetic engine, A.E, Ryumin 


mobile, Yu. Parshutin 


mobile, A.V. Remezovich 


1001123502, 
032711, 1995.02.20, Ferromagnetic engine, V.P Levkin 

14019782, 1996.01.10, Device for demonstration of conversion of permanent magnet energy, MLE. Ostrikoy and 
others 

195103846, 1996.11.27, Magnetic generator, M.F. Ostrikov and others 

195112010, 1997.06.27, Method to convert permanent magnet energy into rotary motion, A.V. S 
Ne2143170, 1999.12.20, Method to convert energy of mechanical loading into energy of repeated transference, 
ML Rahowsky a 

12000119415, 2002.06.20, Method to convert enengy of fields of permanent magnets into mechanical work, 
YuS Piliphow 

e2001109811, 2003.02.27, Method to capture and convert enesey of physical 
SN. Kovalev 

Ne99121374, 2001.11.10, Perpetual mobile, E.M. Volodin 

Ne9 4026259, 1996.05.20, Device to convert magnetic f 


tarostin and others 


nd othess 


“sum into electric energy, 


ld enemy into kinetic energy, P. Imrish 


@ 


io 7 
PATENT OFFICE 

Really "free energy"? le 

What about a latent battery?) 
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Device for conversion of magnetic field 
energy into kinetic energy 


No. 94026259, 1996.05.20 


Author: Pavel Imrish 


S 


‘The invention refers to a device for 
conversion of magnetic field energy 
into kinetic energy: The device has 
1 rotating wheel with at least two 
radially opposing non-magnet 
holders used as guide ways for at 
least two permanent magnets, 
respectively. The permanent 
‘magnets are mounted in the holders 
so that there is a possibility to 
semove them. From the both sides 
of the wheel plates made of 
magnetic material are mounted 
axially; the plates surround the 
wheel partially. Depending on 
direction of the both poles, namely 
on location of the similar and 
opposite poles towards each other, 
compression element is situated on 
the holders, or between the wheel 
and the outer end of the permanent 
‘magnet located at the furthest radial 
distance from the axle of the wheel, 
or between two permanent 


magnets (The device operation 


principle is obvious from Fig, 1). 


Fig 1 


Editor: We have found an example of a similar 
device whose description is presented in the book 
by R. Ford The Perpetual Motion mystery [1]. 


In this case, there is an analogous process, during 
which half of the cycle is screened and the rotor 
is supposed to rotate permanently (see Fig. 2). 
1, RA. Ford, The Perpetual Motion mystery. Lost 
Technology Series, p.23. 
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Fig.2 
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Review on Grigory R. Uspenskiy's works, Russia 


bp: / /space21.boom.ru/gravitylatm 


‘The level of development of modern astronautics is 
primarily determined by the energy capabilities of space 
o, nowadays the single-mission carrier rockets 
equipped with chemical engines allow space exploration 
within the solar system. These carriers have delimited 
the near-earth space in the form of ageostationary orbit, 
‘where the practical-purpose space complexes operate. 


Newer and higher levels of quality will be reached by 
cosmonautics upon its mastering gravity power 
engineering Flights towards the nearest stars will become 
possible and by the end of the next century this will be 
followed by travels throughout Galaxy: 


Gravity engines are structurally simple (two bodies of 
different density are rigidly connected). To form 
some practicably significant value of thrust it is required 
to use absolutely new technology regarding creation and 
retaining of matter of high density which can be 
compared to that of atomic nuclei. For instance, at an 
engine mass of about 2 ¢, it is possible to attain 10. N 
thrust using bunches of aluminum and lead nuclei. ‘The 
nuclei are approached to each other at a distance 
comparable with sizes of these bunches 


Fig.1 


Use of matter which is denser than nuclei bunch, 
increase of mass of the gravitating bodies, and reduction 
of the distance between the bodies causes increase of 
thrust. So, for a level of density of gravity holes (ie. for 
extremely dense state of matter in which it is not 
attracted by other bodies) limit value of acceleration of 
the gravity engine reaches the order of 10" ms” 
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In engineering, we usually use units of distance as meters, 
centimeters, millimeters, and microns. Let us consider 
one of them — millimeters. With such a size of the 
gravitating bodies and distance between them, it is 
possible to obtain substantial thrust forces of the gravity 
engine and, accordingly, accelerations of its motion, 


So, using an engine of 20 ton mass we will get the 
thrust of 2x10* N, with mass of 200 ton we will get 
the thrust of 2x10°N, and so on. Thus, by increasing 
the engine mass by one order of magnitude, we 
obtain increase of thrust by two orders, while sizes 
of the bodies remain unchanged. But acceleration, 
in this occasion, remains constant and equal to 
approximately 1 m/s* 


Decreaseiin size of gravitating bodies of the engine leads 
to the corresponding increase of thrust by an order. 
Decrease of size is realized by increase of density of 
these bodies by 3 times up to 0.3 mm at the same masses. 
“The acceleration they produce is increased by an order 
as well, ic up to 10 m/s'. Decrease of sizes of the 
gravitating bodies and the distance between them down 
to 0.1 mm results in further increase of engine thrust 
by one more onler and also increase of accelemtion up 


to 100 m/s. If size of the bodies is 1 micron then 
acceleration increases up to 10% m/s* 


It is apparent that even with up-to-date technological 
possibilities of miniaturization the gravity engine with 
masses of dozens and hundreds of tons is capable to 
create great thrust forces and form accelerations 
considerable enough to fly across the Galaxy. Therefore, 
the problem of creating a gravity engine is, mainly, the 
problem of producing and retaining the high-density 
matter. It will be possible after studying the mechanism 
of interaction between matter & gravitational substance 
followed by developing techniques for synthesizing of 
high-density, large-mass, and small-size substance from 
this matter 


Itis possible to control the value of thrust of the gravity 
engine changing the distance between gravitating bodies 
‘Thrust direction can be changed by turning the rigid 
connection of the gravitating bodies. The engine can 
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be activated by bringing the gravitating masses together, 
and switching-off by moving them apart 


In a 24-hour period, such a ship can reach a speed of 
10 m/s and cover a distance of about 10" m. In a 
month, with a top speed of 3x 10° m/s the ship will 
cover the distance of 10" m; ina year, with a speed of 
4x 10° m/s the ship will cover a distance of 10" m; in 
10 years 4x 10° m/sand 10" m, respectively: Apparently, 
the ship with sulficient over-load can be used for flights 
within the solar system and for manned flights towards 
the nearest stars 


When transporting unbreakable and non-urgent cargoes, 
the acceleration can be increased up to a few dozens of 
unities The flight duration might be also increased by 
several tens of years This extends the area of utilizing 
the gravity ships with over-loads of several unities 
Besides these ships can be used for transporting 
operations within near vicinities of the Galaxy. 


‘The high-speed flight will demand protection against 
approach flow of matter. So, per second (with a ship 
speed of 10" m/s) 10°kg of matter will approach the 
ship. At that density of interstellar material is 10°* kg/m? 
and midship area is 10% my. 


‘The great speed of approaching matter will create a 
substantial resisting force. At a speed of 10" m/s, this 
force will come to the order of 10 N, whereas with a 
speed of 10" m/s it will come to 10% N. This is a great 
value, but as compared to thrust of such a ship which is 
to equal to 10" N, the former value is a small one. That 
is why it is possible to overcome such resisting force. 


Intercommunication with these ships might be, most 
likely, realizable by means of distortion of gravitational 
field. It is possible that the gravitational field distortion 
vill be formed, on the contrary, by generating the matter 
from the gravitational field, and, most probably, by a 
method as yet unknown. 
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Monograph “General Etherodynamics. Modeling of matter structures and fields on the basis of 
conception of gas-like acther” by Vladimir A. Atsukovsky. 2" edition, M., Energoatomizdat, 2003; 
Brochure “12 experiments on etherodynamics” Zhukovsky, Publisher “Petit”, 2003, 


‘On questions about purchasing, please, refer to Email: atsuk@dart.ru 


¢ 


Floyd Sweet Bench Test DVD 


In onler to demonstrate the reality of tapping free energy from the vacuum, we have now made available a very 
reasonably priced DVD of the bench tests of the late Floyd Sweet's Vacuum Triode Amplifier, with 


commentary by ‘Tom Bearden. 


During these two tests, the unit, which weighed about 6 Ibs, can be seen to be putting out well over a milion 


times more power than was put into it 


‘This DVD males an excellent educational or instructional tool, and is priced at USD 9 including US domestic 


shipment. Running time is about 20 minutes. 


Note: the full length Sweet DVD, which includes Sweet's proprietary conditioning process for the magnets, is 


also still available. 


Order from http://www.cheniere.org/sales/order_by_credit_card.htm 
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On Velocity of Drive-Free Motio 23 


S.A. Gerasimov , VV. Stashenko, Russia 


Physics Department, Rostov-on-Don State University, 
Zone St. 5,344090, Rostov-on-Don, Russia 


Editorial: We publish a summary of the article. The 
original text you can receive from the authors. 


A drive-free system made on the basis of a planar 
‘mechanism is described. The experimental results 
on average velocities of the drive-free propulsive 
system are presented in a scaled view. 


During usual motion, a system is repealed from the 
surface in the case of its motion on a plane or from the 
medium when it moves in a resistance medium. This 
kind of motion is achieved by using a drive mechanism. 
In contast to the usual motion, the drive-free propulsive 
system moves due to interaction of a body of a system 
with another body of the same system, Sometimes such 
machines are called iner tioids [1] of vibration propulsive 
devices [2). To produce such kind of motion it is 
sufficient to provide anisotmpy of the resistance force 
[3-5] or asymmetry of the internal force [6]. One of the 
simplest ways to do itis to use a simple two-link planar 
mechanism. <A device for such a motion is shown in Fig, 1 


Experimental device 


This device with a total mass of M+m consists of a 
platform P on which an electric motor E rotating a drive 
rod R of length r is mounted. This is only one part of 
the planar mechanism. Another link is the connecting 
rod C of length ¢ which connects the unbalanced load 
Land the drive rod R by means of two bell bearings B. 
‘The unbalanced load I. of mass m on the rod I slides in 
guide G, The basic distinction of this mechanism is in 
that this variant of drive-free machine allows us to 
analyze the experimental data on average velocities of 
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motion. Actually the only forces, which act on the 
platform and are collinear to the moving direction, are 
the force F caused by vibtions of the load Land the 
frictional force F, The platform starts to move when 
the force acting on the platform becomes greater than 
the frictional force. 


Let us discuss possibilities of the real propulsive 
shown in Fig. 1. Measurements were made at s=0.01 m 
and at three mass tatios m/M. The values of frictional 
coefficients were measured for each parameter of the 
system and vary from k=0.25 to k=0.4. The system starts 
moving when theoretically the drift does not take place. 
When motion becomes reversible, the velocity of drive- 
free drift does not decrease 


stem 


“Thus drive-free motion is possible even if the frictional 
coefficients are very small. When increasing the 
frequency of vibrations velocity does not decrease. We 
can not discuss the existence of some third force acting 
on the platform (we can suggest the existence of 
frictional force F, and the intemal force F caused by 
vibmtions). Let somebody else take the liberty of making 
such a conclusion! 
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The torque of a self-action exerting on the mobile 
part of the reactionless engine is measured. It is 
‘shown that there exists a value of the height of the 
‘mobile electrode at which the torque of self-action 
ismaximal. 


‘There is an opinion that a body can not act on itself[1]. 
‘The existence of the so-called force of self-action is 
believed to contradict to the law of conservation of 
momentum. This is nothing but prejudice. Though the 
experimental confirmations of existence of self-action 
[2-4], conventional science is ready to refuse modern 
electrodynamics and make up a new theory of 
electromagnetism [1, 5]in order to save Newton's third 
law in use. Itis comprehensible. First ofall, these are 
the theoretical [5] and experimental [3] errors. The 
equivalence [5]of the Biot Savart force is mathematically 
coarse since in this case the highest terms of expansion 
of force of self-action are cast out. This equivalence 
violates law of action and reaction and Ampere force 
law for which the principle of equality and collinearity 
of action and reaction forces is valid. Non-linearity of 
dependence of the torque of seli-action on the current 
intensity [3] makes us doubt in the validity of these 
results, Moreover, typical values of force 2, 4Jand torque 
[3, 6]are too small evenf direct current in the circuit is 
significant. It is required to pass through the direct 
current of hundred amperes to produce the considerable 
displacement or turn of a body. Asa result, small values 
of the effect caused ambiguity in the explanation of the 
phenomenon [1]. 


In fact, searching the reactionless propulsive devices we 
usually forget about the magnetic selF-action which arises 
when a body consisting of a magnet and incomplete 
electric circuit can move violating law of action and 
reaction [7]. This violation is proved theoretically [8] 
but peculiarities of this motion are not well discussed. 
“The principle of such a motion is shown in Fig. 1. This 
isthe magnetic interaction between two current elements 
one of which is a part of a closed circular loop Land 
another is perpendicular to the first one. Since the force 
dB, acting on any current element of the loop Lis 
perpendicular to the density of current j,, then the 
Z-component of the torque dN, =[r,xdF_] is equal 
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to zero while torque which exerted on the second current 
clement by the magnetic field of the loop, does not. 


Fig. 1 


Violation of law of action and reaction. 
‘The force dF, with which the magnetic field B of another 
current element acts on the current of density}, isnot 
equal nor opposite to the force a with which the magnetic 
field B ofthe first current element actson 
the current of density} 


‘An experimental device is shown in Fig. 2. A 
commercially available ring-shaped carbon-steel magnet 
M(inner radius ~ 20 mm; outer radius ~ 55 mm, 
height ~ 25 mm) of 2.2x10° A/m magnetization is 
located on the cover of a cylindrical electrode E 
suspended by thread 7: The electrode Eis furnished 
with a central electrode Cof the same height /aand 
5 mm diameter. The radius ofthe electrode Eis 130 mm. 
‘The open end of electrode Zand the central electrode 
Care submersed in aconducting liquid Z, and Z placed 
in two volumes of a vessel Vso that the depth of 
submergence of these parts is about 5 mm. In this 
experiment the conducting fluid is 10% solution of 
copper sulfate (CuSO $H,O). The vessel Veonsists of 
two thin coaxial plastic eylinders of 2mm thickness. 
‘The radii of the plastic cylinders having the common 
bottom are equal to 10.5 em and 18 cm. The height of 
the vessel is 12.5 em. A disk anda ring shaped electrodes 
Sand Sof 1.5 mm thickness are placed on the bottom 
of the vessel to supply the direct electric current of 
intensity /. All conducting parts of the device are made 
of copper. The thickness of the electrode Eis 1.5 mm. 
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When the direct current of density flows through 
the electric circuit, the magnet and the electrode Erotate 
in the direction of the magnetic force dF which is 
proportional to the vector product {jxB] as shown in 
Fig. 2. This isa force of self-action by means of which 
the mobile part of this device consisting of the magnet 
Mand the electrode Facts on itself. However there is 
no force of reaction which could cause such a rotation. 
This is really true since a ring-shaped magnet is 
equivalent to two cylindrical surfaces with the surface 
current of density j,, The force of self-action dF acting 
on the cover of the electrode is compensated by the 
force of self-action OF. acting on the cylindrical part 
of the electrode E Magnetic induction field B. “does 
its part” as shown in Fig. 2. Therefore, it would be 
appropriate to find out how the height of the electrode 
Einfluences the value of the torque N. Such an influence 
is demonstrated in Fig. 3. 


s lo S S_ 
Fig.? 
Experimental device 
(hind (9) -Aiecionnel aaenece nee dubied rial 
parts of the mobile electrode E 


Fig.3 
Dependence of the torque Non the height of the electrode 
‘at various values of the direct current Fin the circuit 
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“Thus there exists the value of the height fat which 
torque of self-action is maximal. Thisis the first result 
ofthe present work, AtJ=1 Aand A=2em the electrode 
of 2.2 radian (126°) with respect to the 
equilibrium position. Such a turn corresponds to 
ad, ie to the constant of torsion of 
the thread, The second result is that the maximum value 
of the torque of self-action Nat the current J=1 A is 
even larger than the value of the torque produced by 
the traditional unipolar device [3] at the current 50 A. 


In fact, this work represents an attempt to draw attention 
toa more effective and simple practical application of 
the selfaction. It remains only to transfer electric current 
in an unclosed electrical conductor and such a possibility 
really exists, 
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Photoaccumulators ate galvanic elements 
consisting of to communicating vessels 
fone of which is exposed to light and 

E another is kept in darkness. Ionic 


SFB composition of electrolyte, which fils these 
& [BB vessels, depends on intensity of 
q ituminaton. If an inexpensive electrode 


placed in cach vessel, thea a potential 
difference will appeat If the electmdes are closed a external 
‘working resistance the electron stream will begin to equalize 
ionic composition and the difference in illumination intensity 
will tend to disbalance it. As a result, certain working mode 
will be established which will allow to utilize the 


photoaccumulator for production of industrial electrical 
cenemgy. As distinct from the solar battery, which 
works while exposed to the light, the 
photoaccumalator stores some part of solar 
enemy in its electrolyte which is supplied with 
clecttical energy after sunset too. 


“The idea of photoaccumulator is not a new one, 
Ie was established in the end of 19° century that 


it is feasible to create 
containing 
mixture: F 


photoaccumulator 
sctrolyte made of the following 
+ Hg? = Fe + He 


‘This photoaccumulator was not adopted in 
practice because of high toxicity of the electrolyte 
and very low EMF (approximately 0.018) 
Development of technology is accompanied by 
widening range of materials and matters which can be used 
in lagge scale production and power industry. Among such 
materials are, in particular, titanium, depleted uranium and 
rare-earth elements. Nuclear power industry uses U235 
isotope only. Naturally occurring compound contains only 
0.72% of U235, Hundreds of thousands of U238 from which 
U235 has been extracted am kept as useless stock 


In the end of sixties in one of radiochemical laboratos 
of LIND (Leningrad Institute of Nuclear Physies) PN. Moskaow 
repeated the same experiment over a long period of time In 
the morning he placed a tight closed retort filled with uranyl 

dhloride soluted in compound of water, sprit and hydrochloric 
acid on the windew-sill The solution ia the retort changed 
its color from yellow to emerald-gren. Before leaving the 
labomtory Moskalyov removed the retor with green solution 
from the windowsill to a closed chest. In the morning 
Moskalyov retrieved the retort with the solution (which was 
almady yellow) from the chest and placed i¢ on the sill. The 
solution became green again and the whole process repeated. 
daily 
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Chemical processes in uranium electrolyte are rather 
complicated: first, under the light influence the umnyl ion 
‘oxidizes ethyl alcohol, whichis then transformed to aldehyde: 
UO, + C, HOH" = U* (OH), + CHO. 


In the dark ions of unmy-4 interact with aldehyde and aw 
transformed to UO, uranyl ion and spirit again. Thus, this 
cyclic process can take place over a significant period 
of time being supported by the energy provided by light 
‘quanta of visible light which are transformed into the heat. 


“The idea of uilining this process fa omer to obtain elects 
energy emerge ia the lae nineties, The mechanism of wranen 
Photoaccumator is very simple (Fig 1) two glass wesel, one 
made of eeaneparent las aod another of non 
transparent glass, are connected witha black 
ack-proof mubbet tube, The enemnuncating 
esse ate filled with aqueous electrolyte 
containing 40% of spit, 80-100 g/l UO, 
and 0.2 m HCI. The electrolyte i previously 
activated by maliple cytes of exposing it 10 
light and then placing i in darkness in order 
to obtain a significant volume of aldehydic 
fraction. The major difficulty of designing 
uraniam phoooaccuulator is eonnected with 
the chole of the mater for electrodes. In 
galvanic elements catbonized platinura 
flectodes ate usually used. For picical use 
platinned titanium gives the best St. Tianfura 
fal covered with superfine layer of patna 
is curently widely used in electrochemical indasty and is 


procurable 


In the transparent vessel the titanium petal-shaped electrodes 
are parallel the light flow, so the light quanta move freely 
through the solution, 


In working condition each photoaccumulator produces 
10 mA of current at 0.3 volt voltage, so they are to be 
connected in lamge batteries, both in series and in parallel 


It is also necessary to consider che aspect of safety. Until 
nov, the depleted uranium has been used for one purpose 
only, namely, for manufacturing of cores for armor-piercing 
shells When used in this manner, the uranium is pulverized, 
which leads to environmental damage. The battery of 
pphotoaccumlators is placed in hermetic metal chest the front 
panel of the latter must be made of solid safety glass. Such 
system will protect the photoaccumulator battery from 
‘malicious intent and the security staff from weak umnium 
radioactivity 
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International Prize on Power Engineering 
“GLOBAL ENERGY” 


International Prize 


“Global Energy” was 


first presented in 
St. Petersburg on June 
15, 2003. The bonus 
fund of $900,000 was 
shared between three 
scientists “whose work 
has been and is still 
important both to the 
last century and future 
research”, said Zhores 
Alferov, Chairman of 
the Global Energy Prize 
Award International 


Committee 
Zhows I, Alferov 


Nick Holonyak, Professor at the University of Hlinois 
), was awarded for “fundamental contsibutions to 


the development of power silicon electronics and 
invention of the first semi-conducting light-emitting 
diodes in a visible part of the spectrum”. Thyristor 
invented by Holonyak allows the transformation of 
direct current into alternating and vice versa, to direct 
this process, to store and accumulate energy. This device 
is used for every electric locomotive, for frequency 
transformation. Such devices help to save significant 
amounts of energy, thus, about 30 percent of all energy 
produced in the world is processed through thyristors, 


Nick Holoayak’s other 
invention, i.e 
conducting light-emitting 
diodes in a visible part of the 
has led to 


spectrum, 
development of a new field 
of the modern power 


engineering, Supposedly, 
efficient and safe light- 
emitting diodes will replace 
daylight lamps in the next 
ten years 


“Although Nick Holonyak’s 
invention dates back to the 
end of the S0ies of the last 


century, it remains current” 
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said the Chairman of 
Expert Commission, 
Academician Vladimir 
Fortox 
the key inventions leading 
tothe search of newways 
of sustainable energy 
saving’ 


“This is one of 


Gennady Mesyats, 
Academician of Russian 
Academy of Sciences, 
andIan Douglas Smith, 
Senior Scientist at The 


Titan Pulse Science pi soma of Global Enetay 


Division, were awarded Prac haute 


for giving birth toa new 
direction in the field of power engineering, ie. power 
pulse energy. Due to their search, commutation of 
high-level currents at megavatt levels of voltage has 
become possible; a number of powerful current 
choppers have been created, futher more, there have been 
developed transformer constructions which allow 
avoiding energy loss in power transmission lines. These 
research and innovations resulted in the creation of a 
number of unique pulse power machines and devices 
“Helin” 
* (Russia) and 


widely used in Russia and abroad (“Aurora”, 
(USA), « 


others), 


‘Sinus”, “Gamma”, “Maus”, * 


Aeseruae, i 


Energy 
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-Teleportation 


Review prepared by correspondent Alla Pashova, Russia 


For conventional science, the term “teleportation” is 
not worthy of serious consideration unless ascertained 
by compulsory “quantum” teleportation. Thus, 
teleportation is unconditionally referred to microworld 
phenomena and, in fact, comes to distant information 
transfer. Spatial transference of a macroobject of definite 
‘mass has been excluded. 


Teleportation of states 


‘What does quantum teleportation mean? During active 
development of quantum theory, in 1935, the so-called 
EPR-paradox (instein-Podolskiy-Rozen paradox) was 
formulated in the well-known work “Can quantum- 
mechanical description of reality be full?” written by 
Albert Einstein, Boris Podolskiy, and Natan Rozen. 


‘The gist of the paradox is as follows. There are two 
particles interacting for some time, thereby forming a 
common system. From the position of quantum 
mechanics this coupled system can be described with a 
certain wave function. When interaction is over and 
particles scatter within arbitrarily large distances, they 
siill will be described by the same function as before. At 
that, state of each sepamte particle cannot be known in 
principle thatis apparent from uncertainty relation. Only 
‘when one of the particles enters a receiver, which records 
its parameters, the relevant characteristics of the other 
one emerge (exactly emerge, but not become known!) 
‘Thus instant unlimitedly distant “transmission” of 
quantum state of the particle is possible. Therewith, 
teleportation of the particle itself and transference of 
mass do not take place. 


Einstein and his colleagues believed that existence of 
such particles predicted by quantum mechanics prove 
theory incompleteness. Thereof, the scientists inferred 
the necessity of other parameters (besides wave 
function) to describe quantum states. Otherwise, from 
the local viewpoint, correlations between elements of 
such a system could not be understood. Itwas far much 
later, when Bell showed that some of measurements 
could define these correlations and exclude any local 
hidden parameters. It was not until early 1980-s that 
famous experiments were performed finally eliminating 
a possibility of local hidden parameters. 


AT 


In 1980, Alan Aspect experimentally proved that EPR- 
pamdox in quantum world takes place indeed. Special 
measurements of state of EPR-particles indicated that 
EPR-pair not only has a common origin, but in addition, 
that one of the photons somehow “get to know” the 
‘way the second one was changed. In further experiments, 
existence of EPR-paradox was affirmed, even if particles 
of EPR-pair were removed from each other over a 
distance of 10 kilometers or so. 


In 1993, Charles H. Bennett and his colleagues worked 
out a method to transfer the quantum state of some 
object of the microworld to another quantum object by 
means of EPR-pair and called this method “quantum 
teleportation”. In 1997 a group of experimentalists, 
under the direction of Anton Zeilinger for the first time 
implemented quantum teleportation of the photon state 
in the University of Innsbruck. 


In such away, esearchers keep on improving the process 
of quantum teleportation. In 2001 Danish scientists 
managed to link gas particles spaced at a substantial 
interval from each other, by transmitting information 
about quantum state from one particle to another by 
‘means of laser. The quantum teleportation between two 
gaseous clouds were attained by Eugene Polzik and his 
colleagues in Orkhus University. They succeeded in 
coupling about million of cesium atoms, whereas the 
previous record was only four atoms 


Scientists of Australian National University destwyed a 
laser beam and nearly instantly recreated it in another 
point in space; in other words, they teleported photons 
of the laser beam. In contrast to previous similar 
experiments, the physicists managed to obtain the 
required result in 100 percents of cases. Ping Koy Lam, 
the head of the task group of Australian University, 
claimed that the first atom of solid substance was likely 
to be teleported within near three to five years. However, 
as most scientists admit, a task to teleport a human 
remains almost impracticable. Even teleportation of 
atoms, as compared to that of photons, is much more 
complicated process It is even harder when dealing with 
molecules It is basically possible (though practically very 
difficult) first to tmasfer a molecule to a minimam- 
energy state (ground state) causing it to radiate a certain 
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sequence of photons. These photons will find 
themselves in a certain superposition containing all the 
“quantum” information, which was available in the 
molecule. Thereafter, it is possible to teleport photon 
states by means of EPR-pairs. Moreover, it is also 
required thatthe classically measured information about 
a molecule. If molecule of minimum-energy state is 
present in the receiver, then this molecule, by interacting 
with teleported photons in a required order, will 
transform to the quantum state identical to that of the 
initial one, Consequently, the quantum state of molecule 
of a certain material will be transmitted, actually with 
velocity of light. When that happens, the quantum state 
at the transmitting side will be destroyed. 


‘The human organism comprises about 10° atoms. To 
save and transmit information on properties of that 
‘umber of particles seems to be practically unachievable. 
“Theoretically, nothing prevents us from doing that, but 
complexity of the problem is such that now no one 
seriously thinks abour the solution’”—states Ping Koy Lam 


Being a method of information transmission, quantum 
teleportation has found its application in quantum 
computers, whose information is stored in the form of 
a set of quantum states. Impossibility to wiretap and 
copy transmitted information is considered to be an 
advantage of such computers. Those researchers, who, 
nevertheless, wish to answer the question of “How to 
teleport matter, but not its state?” have to seek for more 
perspective theories and techniques 
Teleportation of material objects 

‘Those people, who really want to realize instant spatial 
tmnsportation of objects, ie. teleportation, should refer 
to studying properties of Space and Time. Quantum 
teleportation has a certain finite velocity that cannot 
exceed that of light. The genuine teleportation assumes, 
that an object should set off from a starting point to a 
finishing point (these points differ by a certain distance 
X), at that the transference time comes to zero. The 
object to be teleported is not changed or taken to atoms, 
to be gathered later at a distant point of space according 
to information transferred to this point. (Fig!) 


‘The object disappears from one place and simultaneously 
appears in another place. How is that possible? A body 
will disappear from point A and appear in point B if to 
bend space in such a way as to let point A and point B 
coincide. Then the object will instantly appear in point B 
since there is no interval between points A and B 
‘Teleportation could be realized by a device, which would 
male it possible to superpose points A and B 
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Fig. 


Space is supposed to be unbendable without enormous 
energy consumption. However, Alexander V. Frolov 
points out that this issue is not so unambiguous: 
“Normally we consider space in connection with 
“natural” course of time existing in it. That is some 
degree of space curvature. Let us assume that it can be 
changed. The space curvature can be considered as 
acceleration or deceleration of time. Acceleration always 
demands, for instance in mechanics, some energy 
consumption. But if we “decelemte” time, energy is 
liberated and it can be accumulated for subsequent use” 


KZ, Leshan suggests surrounding a transferred object 
with a closed surface consisting of vacuum holes Inside 
such a “hole sphere” there is geometry similar to that 
of a black hole. This place is absolutely isolated from 
the external Universe. No radiation is able to penetrate 
through the hole in space and time. For an observer, 
who is inside the hole sphere, the distance between 
sphere center and its border is infinitely lasge, since 
spatial metrics is ever-varying from the center to the 
border. Distances between the points is continuously 
shortened so that the distance between any couple of 
points comes to zero at the very hole surface. A matter 
tmansmitter can have inner or outer hole surface. In the 
first case a teleportation station has a spherical chamber 
to place the object. Equipment to produce holes should 
be located upon the outer side of the sphere. Such a 
station is capable to provide hundreds of launches a 
day by instantly expulsing spaceships to deep space over 
distances of millions of light year. 


From microcosm towards macrocosm 


Simeon Bocharov (member of Chemistry and 
Biochemistry Department, University of Delaver, 
Newark, USA) considers teleportation phenomenon 
using microobjects as an example and applying an 
interesting conception of protomatter 
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In S. Bocharov’s opinion, many paradoxes of the 
present-day science could be solved under condition of 
considering the whole existing matter to be a single 
continium, i.e. protomatter. At this approach, the 
micmcosm objects are not independent ones, being 
represented in the form of distortions of the very 
continuum and its manifestations here and now. 
Protomatter, whose distortion degree is beyond modern 
possibilities of detection, corresponds to vacuum. In 
the present-day paradigm redistribution of protomatter 
distortion corresponds to motion of particles The 
important peculiarity is a wfusal of such concepts as 
structure, dimensions, mass and other macroscopic 
characteristics with respect to microcosm objects, since 
he they are not considered as sepamte entities. 


For experimental justification of his theory, . Bocharov 
suggests to consider teleportation of microobjects 
incorporated in fullerens under low temperatures and 
pressure. 


‘Asa basis for reasoning he takes the fact that identical 
or similar conditions, whereon distortions are located, 
bring them to the state of identical or similar by lability/ 
diffuseness. And vice versa, distortions, which are similar 
by lability /difuseness, influence their near surroundings, 
creating, as a result, similar macroscopic states In such 
case protomatter distortion (in some spatial domains 
and under similar conditions) will cause appearance of 
similar distortions in another domain, whose degree of 
removal depends on presence of other distortions and 
their characteristics. In other words matter will be 
teleported from one spatial domain to another. 


Possibility to realize teleportation of microobject causes 
the well-known phenomenon, which is nowadays 
described as embedding of particles into inner hollows 
of spheroid falleren molecules without reacting with 
them. As object of teleportation there can be used 
distortions classified as elementary ones, such as 
hydrogen, helium or stable matters (noble gases). In both 
cases the influence of objects upon surroundings is 
minimized 


‘The researcher believes that in case of successful 
experiment, new pattern of matter structure will be 
confirmed, and valuable teleportation of microobjects 
(with prospects of such possibility for macrocosm 
objects) will be demonstrated. 


One more approach to teleportation of physical 


macroobjects was considered in the work “Practical 
application of time rate control” (New Energy 
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‘Technologies No. 3, 2001) by Alexander V. Frolov: It is 
assumed thar density of space (aether) energy determines 
rate of passing of any processes induding the very 
process of matter existence. Changes of aether density 
(increase or decrease) must result in the emergence of a 
force analogous to that of buoyancy, though acting 
towards the fourth dimension, This “chrono-motive 
force” (CMF) is also an analogue of electromotive force 
(EMF) and can be generated by analogy with 
electrodynamics According to Alexander V. Froloy laws 
of quantum mechanics as to discretization of levels of 
energy of material system, which exist in the domain of 
increased or decreased aether density, are valid in the 
macrocosm as well. Teleportation (as a transition from 
one state of the system to another one) can be studied 
with electron transference from one orbit to another as 
an example with the only difference that for the 
teleported object not only its location, but also the very 
spatial properties are changed. In aether of different 
density (after discrete transition) the same object will 
have different space around it, wherein time is 
decelerated or accelerated. Experiments of this field have 
already been in development stage. 


‘Therefore, modern theoretical physics has handed the 
problem of teleportation to researchers- 
experimentalists, who possess sufficient breadth of 
‘mind, Perhaps, using teleportation technologies, they will 
manage to fundamentally alter the process of space 
exploration and raise our civilization up to radically new 
development level 
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‘Mass defect” in Home Conditions 
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‘The idea to conduct experiments on “mass defect” 
demonstration appeared after a cycle of seminars, which 
took place in1993-1996 at the Moscow Aviation Institute 
under the direction of V. I. Patrushev, Doctor of 
Technical Sciences, Professor of “Designing of 
aewhydrodynamic systems” Department (the author of 
the article is also a graduate of the Department). At 
the seminars, an enterprising group studied and 
developed an applied theory of “Displacing fields” by 
‘Alexis V. Muslikin and an associate “Theory of energy 
exchange processes”. Later the group was called “Group 
studying non-inertial transference” (non-inertial 
natural processes). 


‘The experiment was aimed to test some theoretical 
suppositions, namely, that it is possible to influence on 
existent energy flows which input and ouput to the 
matter. At that the simplest way to influence indirectly 
is to change the medium the flows come through. In 
general, optic experiments on luminous flux refraction 
show the same, But light refraction and change of speed 
of light propagation at passing through different 
‘mediums is one thing; and change of mass of a material 
body is something new that has not ever been dealt with, 
Moreover you can consider light (ie. electromagnetic 
radiation) t0 be the secondary manifestation of output 
energy flow: Besides mass defect is very important for 
ruclear physics because it “helps” to develop this branch 
and stimulates drawing “energy dividends” in splitting 
reactions, decay reactions and nuclear fusion reactions. 
But unfortunately we can not touch element nucleus 
and even million nuclei while we can easily touch metallic 
balls of 1 gram weight, 


Let us note that a concept of mass is one of the most 
tuncemain in physics. We can not measure mass direct. 
Ic is possible to do it only indirect, by gravity, using 
scales (it does not matter what kind of scales are used), 
or by kinetic momentum (in this case mass is a measure 
of inertia) by means of dynamometers 


‘Thus it is evident that change of WEIGHT shown 
by scales is not MASS change as measure of matter 
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quantity. Since one of the most important points of 
the theory of “Displacing fields” is creation of a vehicle 
of new generation, then one of the major tasks is to 
overcome gravity (to decrease weight). And this “home 
experiment” shows the way to solve it. However we can 
call it “home” only in part, because for weighing there 
were used electronic scales (mass-comparator with 
measurement accuracy of 0.1 microgram. (See Fig, 1). 


Fig. 


Precision scales METTLER TOLEDO allows making: 
High-accuracy weighing in the range 
from 0.1 microgram to several tones 
Measurement with resolution up to milliard points 


‘Two sets were designed for weighing, The first one had 
an aluminum (Al) ball-kernel which weighed 1 gram and 
a lead (Pb) casing-shell consisted of two parts (half- 
spheres) which also has weight of 1 gram. The second 
set had on the contmry a lead kernel and an aluminum 
casing. The sets were disassembled and then 
hermetically assembled to make a single device with no 
gaps (See Fig. 2. 


Since it had to be done with great accuracy and it was 
a piece article, aot a Moscow product company 
undertook to produce it. And only one of the students, 
Nicholas Sorokin, a young boy with skilful fingers, had 
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helped. He invented a technology 
which allowed making balls of the 
necessary size at home conditions 
He was literally pickling every 
micron of metal with acid and finally 
got the necessary size and weight. 


So, the weight of a non-assembled 
set was: I gram (weight of kernel) 
and 1 gramm (weight of shell) 
Weight of an assembled set, 
acconling to the “Theory of energy 
exchange processes” by Muttikin, is 
‘not equal to the simple sum of the 
non-assembled components, and 


mass defect would be different for 
various sets right up to the change 
of sign 


ball-kemel | casing-shetl 


Fig. 2 


Set of experimental balls 


More than 50 experiments was 
carried outon weighing for every set. 
Assembled sets as well as non- 
assembled sets were weighed. [twas 
confirmed that there was an 
interaction between input and 
output flows for MATTER 
MAINTENANCE. It became 
apparent in the form of mass 
defect. Defect appeared in the 
sixth sign, i.e. it comes to the 
range from 0.0002% to 0.0007% of 
“kernel” mass (or “shell” mass). 
‘At that the lesser mass defect 
corresponds to aluminum shell, 
while the greater one corresponds 
to lead shell. Accuracy of weight 
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measuring by the mass comparator exceeded the acquired result by 
10 times. So we could not tell about inaccuracy of measurements. So 
‘we had to apply to the “Russian center of testing and certification” which 
‘was very famous all over the world (Rostest-Moscon) 


In general that is all, we have got an answer for ourselves, and the period of 
testing is behind, We have to advance; very much is still to be done. In 
addition let us mention one more surprise we got during the experiments. 
‘The matter concerns some time delay in receiving final results of every 
weighing A qualitative picture of it is represented in Fig. 3. We did not 
expect that this effect would appear at such a rough level of measurement 
of energy exchange processes. 


m, Curves of stabilization of energy 
interchange process - changes of 
mass defect in ime far each experiment 


microgram 


Fig. 3 
‘Time stabilization of the process for receiving final weight 


‘The subsequent report and detailed discussion of the experimental results 
by specialists (including physicists of various specializations) resulted in an 
unexpected non-recognition of facts and distrust. The main argument was 
a demand to increase the number of experiments up to 5-10 hundreds. 
And only then scientists would be ready to accept facts. It was quite a 
predictable reaction for the orthodox science in the middle of 90s. It remains 
to hope that if the discussion took place today it would have a paved way 
However itis not a fact. 


In conclusion let us note that this experiment on revealing mass defect 
ranks with famous experiments, in which rotating gyroscopes also 
demonstrate mass defect (decrease of weight) and even one of higher order 
than in our experiment. But in return we have no rotation, no chemical and 
nuclear reactions, while mass defect is presented. 


Let us add that it is possible to complicate the task: to make a double casing 
and to choose other materials for “kernel” and “shell”. (See Fig 2).In our 
case low prices and availability made us use Al and Pb. The results will be 
more interesting, for example, with Li and Os (and with other 
supertransuranic elements) 
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Based on the original 


observations and 
experiments, the article gives 
more precise definitions of 
ether model, than which was 
previously elaborated. 
General laws of the Universe 
aetherodynamic are 
considered. There is described 
a new physical reality in the 
form of quasi-real 
aetherodynamic structures (“topological harmonics”) 
generated by dynamics of the substantial world. 


Ac the present-day stage of physics development words 
of Maugham, an English philosopher, take on particular 
topicality: “The great verities are too important to be 
new”, Indeed, we are increasingly making certain that 
our remote ancestors were familiar with fundamental 
laws of the Universe; furthermore, they knew these 
better than we da, But which methodology of cognition 
of Nature and what kind of information sources did 
the ancient scientists have? Today, we can openly say 
they had not ordinary experience only, but also esoteric 
pretersensual one, without feeling any necessity to be 
divided into materialists and idealists. For more details 
on evolution of physical ideas, refer to work [1] 


In discovering all over again, 1 also had to elaborate a 
“cellular taction” strategy, which enables the most 
important characteristics of aethemdynamic processes, 
to be sensually perceived and evaluated. The main thing 
is that all my sensory observations are definitely 
reproduced at laboratory experiments while the simplest 
physical equipment is used. 


We may get reliable knowledge about Natu from 
Nature itself only. Thus foundation of classical physics 
describing usual substantial world is also based on 
empirical facts studied by Galilei, Newton, Faraday and 
‘many other physicists-natural philosophers I also would 
like to defend great Newton against attacks on his 
adherence to inductive methods which really brought 
imperishable values into science 


New Energy Technologies, Issue #3 May - June 2003 


Anew convolution of cognition is possible on condition 
of introduction into science of new concepts based on 
empirical study of physical entities previously unknown, 
‘Thereupon, I share the thought of Elena Ventzel, 
professional mathematician: “Mathematical methods are 
‘not useful, bat harmful until phenomenon is not studied 
at a pre-mathematical, humanitarian level”. It is, 
ideological and logical language that may be used today 
to discuss the aether problem, whose solution calls for 
comprehension of natural-science facts, which are 
beyond traditional notions settled over centuries. 


‘The long-term investigations have confirmed that 
exhaustive definition of a fundamental natural entity was, 
given by Rene Descartes: “Universe does not contain 
anything but aether and its vortexes”. This is not merely 
1 postulate; this is an objective summary of empirical 
observations of Nature phenomena, In any academical 
model of microcosm there is no answer to the question: 
what kind of substance are electrons, quarks, strings 
made of? That is the very substance our forefathers 
called aether. Aether is unified field indeed and itappears 
that fornearly his whole life Einstein had been searching 
for something that was under his foot. 


It must be recognized that there is no undistorted, 
quiescent aether in Nature; as well as no zero-size 
vortexes exist. Therefore, in a customary sense, the 
ether conceptis pushed behind transcendental horizon 
and turned into an inconceivable entity whose mystique 
is tantamount to religious ideas However, all quantum 
vortex-wave distortions of the superfluid three- 
dimensional aether, which have an appeanince of tori, 
threads, solitons and occupy spatio-temporal spectrum 
from zero to inter-universe scale, are material and contain 
energy under scientific interpretation. Any spaces such 
as turbulent fields, physical vacuum, gravitational fields 
and, of course, matter are material, All of them are 
etherodynamic structures of the real world. Spatial 
hierarchy of aether vortices is referred to as quantum 
stais, fractal structure or “matreshka” [2-5] 


‘To understand basic laws of aetherodynamics it is 
necessary to give a general definition for classical matter 
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and other aether states. As a first approximation, let us 
give the name of matter to aether microscopicleft-serew 
self-oscillating vortex-wave systems (elementary 
particles), whose existence and parameters are 
conditioned by higher hierarchical systems. This is our 
displayed world, with its electromagnetic fields and 
fundamental constants. Let us refer to vortex-wave 
structures of any vortex size, which in the considered 
space domain are balanced by a number of left and 
tight-screw vortices corresponding to matter and 
antimatter with prefix “quasi” to a free aether. Stable 
vortex lattices with alternating direction of helicity can 
be also considered in this case. Under natural conditions 
everything but classical matter or electromagnetic and 
gravitational fields can be related to the five aether. In 
the first place, these are the so-called physical vacuum 
and vortex fields, which attend gravitation. They 
represent anisotropic nonlinear subspaces and occupy 
definite places on spatio-temporal spectrum of the world 
ether. Particular free subspace creates an aggregate of 
topological harmonics [5] attending all the physical 
processes. Satellite of the gravitational field is 
distinguished because it belongs to specific class of stable 
vortex lattices. 


Apparently, in geneml case, energy of five aether is 
virtual for our world due to its helical symmetry and 
quasi-matter, from the view of difference in sizes of 
typical vortices which correspond to protomatter. But 
this is not the entire point. There is also superfluidity of 
aethes, whose vortex viscosity has marvellous properties. 
‘Asa result, ther are created phenomena of inertia and 
energy-information barrier separating material world 
from constant influence of quasi-real structures or 
turbulated space. 


Classical inertia, as vortex viscosity, arises in the 
microscopic and more fine-structure free aether (in 
Newtonian space) and ever regularly reveals itself during 
accelemtion of material bodies. However everything is 
different at stage of macrovortex aether, where inertia 
has properties of adaptation, Hew it is affirmed that 
inertia phenomenon is “spread” throughout the spatial- 
temporal spectrum of vortes distortions of aether field. 
‘At that nature of inertia is changed. Within 
topoharmonic subspace in laboratory scales, the inertia 
law “diminishes” in time according to exponential 
dependence, whose time constant is determined by 
specific conditions and varied over wide limits (from 
seconds to many days). On the expiry of this time, 
inertial intercoupling transforms to the law of flicker 
effect. It may be said that flicker effect specify 
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penetbility of energy and information barrier after 
expiry of time of paraphysical regular phenomenon [6] 
Consequently, most of time the interaction with free 
macroaether is of random character and should be 
evaluated by mean observation 


‘To extend conceptual scope of our investigation it may 
be added that in classical hydrodynamics a liquid, along 
with ordinary inertia, has determined vortex 
macroinertia, which is created by vortices of the liquid 
itself, Therefore, it is necessary to keep on comparing 
processes at al levels of the unified field of aether. For 
instance, electric inductance is a kind of specific inenia, 
and topological harmonics of electromagnetic and other 
phenomena are subjected to the enegy-information 
bamier (under laboratory conditions). 


In the above arguments, the principle of relativity is 
latently and unconsciously presented. However, this 
complicated question needs to be separately considered. 
Physical nature of the energy-information barrier and 
reason for dependence of the inertia properties upon 
the size of vortices of free aether remain unclear, too. 
However, it can be supposed that classical elementary 
particles, as distinct from protomatter, have self- 
oscillating properties and are commensurable with 
vortices of the surrounding free world; and that the 
above-mentioned energy-information barrier does not 
exist for them on microscopic section of the spectrum, 
‘The gist of the barrier itself comes to “memorizing” 
topoharmonic processes by Earth’s gravitational fields 
and laboratory equipment. Turbulent fields (physical 
vacuum) do not have such a “memory”. 
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Figt depicts diagrams of spectral density of vortices’ 
energy; diagrams of rate of interaction transfer @ and 
circular frequency «9 depending on sizes of vortices of 
the world aether A (in picometers). As we can see, 
velocity of distortions propagation Vis equal to velocity 
of light Cin the physical vacuum, ie in electron sizes, 
exceeds C in nanocosm and tends to zero toward 
megacosms Circular frequency of vortices rotation and 
course of physical time have the analogous qualitative 
dependence. However, vortices energy W has a feature 
and grows toward both ways ftom the lab scales; the 
ether numbers have been assigned conditionally, but 
all the specified phase states reflect some physical reality 


One of the most complicated questions is a definition 
of vortex matter in each particular case. The diagram 
demonstrates energy of free aether in the form of 
protomatter (simplest elementary particles — vortexes), 
and energy of classical elementary particles as helically 
definite self-oscillating emissions of aether field is 
localized in the most nonlinear subspace (physical or 
substantial vacuum). Unification of the elementary 
particles into atoms and macrobody does not denote 
direct transition to parallel world with different 
fundamental constants, whereas change of vortex size 
in the diagram exactly implies such a transition, though 
at a level of protomatter. This is a very intricate and 
crucial point. For example, a star is, unconditionally, an 
elementary particle of the relevant level of the Universe, 
even though comprising the ordinary matter. 


Left wing of energy spectrum reflects property of the 
turbulent field of aether to gravitate, to sink down to 
the “bottom” transferring energy to the vortices of lesser 
scales. This phenomenon of distributed “gravitation” 
is available in every space point and explains a least- 
action principle. An illustrative analogue of this egularity 
is represented by the Earth's gravitational field and 
structure, Dense plasma assumed as iron core is situated 
in the center, and higher - there are magma, solid crust, 
water and air. These phase states exist in free aether 
within universe scales as well. Consequently, in 
femtocosm, and maybe at an even deeper energetic 
“bottom”, there must be a plasmic subspace; evidently, 
it isassignable that aether translated from Greek means, 


Increase of energy to the right is connected with 
extending a dynamic band of the vortices spectrum, as, 
the scale increases. In our world, this increase follows 
the flicker effect law; but this is only what we perceive 
tcmss the energy-information barrier. Actually, at this 
section the vortex energy must increase well more 
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strongly, because our observation capabilities are 
limited by accessible matter processes. Turning back to 
stars, one may affirm that modern science is unable to 
evaluate their real energy (evaluations are considerably 
underrated). The Galaxy vortex entrains such deep levels 
of multidimensional space-aether to its rotation that this 
causes violation of the Newton's law of inertia, Notion 
Of “hidden mass” is unnecessary for explaining dynamics 
of galaxies. Iris quite enough to take into account that 
differential rotation entrains the fine-structure aether 
{inertial subspace), and this process results in decreasing 
the inertia and external centrifugal forces. Unfortunately, 
Fig 1 reflects only a characteristic size of the galactic 
vortex and does not visually demonstrate its active band 
of the spectrum. The finer is the space structure, the 
more inertial and closer to the absolute reference frame 
is the space. Obviously, the non-homogencous, 
stereodynamically multidimensional and multiphase 
ether requires a perfectly new theory of random fields, 
which would also make allowance for the phenomenon 
of the material world. 


Energy motion processes or specteal energy-cascades 
along abscissa axis are of decisive importance for 
existence of our world and the Universe. These 
processes have unusual properties. The “violet” cascade 
is attended with reduction of vortices size, absorption 
of matter energy and tends to increase energy 
concentration at the “bottom” of the world aether (near 
ordinate axis on Fig1). This regularity experimentally 
confirmed in both spatial and temporal domains is a 
direct consequence of the above-mentioned 
phenomenon of distributed gravitation and clarifies an 
existence of the left wing of the spectrum. In classical 
physics “the violet” cascade effect is reflected in the 
least-action principle as well as in the thermodynamics 
laws. 


“The “red” energy cascade (right wing of the spectrum) 
corresponds to increase of vortices size and is 
accompanied with energy liberation. To startit up under 
earthy conditions special technologies are called for [7] 
“This has been confirmed with laboratory experiments 
and underlies the “perpetual motion” theory, where 
energy is pumped from nanocosm to the classical 
material world. Conception of artificial biofield {6}, I 
have developed, considers methods of creating the 
aether vortex-wave macroscopic-scale distortions in 
physical systems As a matter of fact, we deal with ways 
of extending of natural spatio-temporal spectrum 
of aether (which settled into itself) by creation of a 
subspace of the topological subharmonics of the 
classical elementary partides, atoms and molecules 
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(physical bodies), within the context of the 
ethemdynamics fundamental law [5]. 


Even within action of fluctuating energy-information 
barrier, the spectrum sight wing exhibits existence of 
natural processes in Nature that, supposedly, violate the 
known laws of thermodynamics [8]. But, as faras Naruse 
cannot conflict with itself, we have to recognize that 
there is another physics, which “works” in geographic 
and greater scales, where role of the energy-information 
bamier demands to be reappraised. To all appearance, 
the universe vortex partialyl entrains plasmic subspace 
of aether into its rotation, and conditions for realizing 
“red” energy-cascade and generating matter are created 
on the sections of the maximum density gradient 
spectral” non-linearity). But the same way as a fish in 
‘ocean does not know reasons for storms and currents, 
wwe will never learn which force untwists the Universe 
handwheel, whose energy feeds our substantial world. 


“There are two components of free aether field that are 
the most essential for the present-day physics. The first 
one (left wing) is positioned on the spectrum beside the 
“bottom” in the form of dense liquid-crystalline 
“plasmatic” medium transforming to the Newtonian 
inertial subspace (physical vacuum). Since inertia is as 
regular as electric inductance is, the first subspace proves, 
to be especially material and not such free, because it 
has properties which were imposed by the Universe 
rotation and distributed “gravitation”. Let us 
conventionally limit the spatial spectrum of the first 
component with a nucleon size. The second component 
of aether space (right wing of the spectrum) stretches, 
towards larger scales. 


Except for known cosmic objects this is an unknown 
ocean of the macrovortex and really free aether, or 
topoharmonics, which are born by dynamics of the 
substantial world. It is an experimentally proven fact 
that topoharmonics are generated by photons electrons, 
and all the moving bodies (5, 9) 


‘The second component has an ability to conversely affect 
the matter it was generated by as well as other material 
objects via “flickering” forces [10, 11]. This special 
subspace turns out to be doubly virtual, a genuine 
phantom. That is why, it has been winning the status of 
areal physical entity with such a difficulty, while Chinese 
philosophers were familiar with the same thousands 
years ago, separating entities “yang” and “yin”. 


“The laboratory experiments indicate that topoharmonics 
have not only properties described in [5], but also an 
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ability o interact with the space, creating a static domain 
of the excited aether in the course of propagation of 
the vortices-waves. At that physical bodies placing within 
this space volume are “charged” [2, 9]. The mentioned 
active domain (horizontal route) is “separated” by the 
Earth’s gravitational field as follows: quasi-substantial 
constituent mpidly settles down creating vertical flow, 
but some phase structures are disintegrated very slowly 
(days, months, years) 


‘The susprising thing is that biosystems equally belong 
to both aether components, not experiencing any 
constraint from the side of the energy-information 
banter. The so-called human biofield is a topoharmonic 
partof physical body. It occupies its place on the spatio- 
tempomal spectrum (Fig. 1). Quasi-substantial constituent 
(yang) and antiquasi-substantial one (yin) are strictly 
balanced, and acupuncture points and chakras are an 
analogue of Hartmann’s geophysical grid, which is well- 
known to paraphysicists 


Conceptual generalization of physical ideas in the 
context of unified field of aether gives a constructive, 
cognitive impulse in solving of different problems, such 
as Nature’s choice of exclusive laws for existence of 
“left-screw” material world as well as the problem of 
flicker-effect. At that, researching into the physical 
processes responsible for proton positive charge is of 
fundamental importance, 


In condusion, let us take note of conventional character 
of dividing the aether field into two components by the 
form of energetic spectrum. As a matter of fact, 
topoharmonics are generated by matter towards both 
lager spatial frequencies (subharmonics) and smaller 
‘ones (harmonics) and fill all levels of the Universe. The 
aforesaid is aimed at making perception of the most 
studied aspect of the new physical entity (vague due 
to diversity of hypothetical descriptions which exist in 
publications on this subject) more accessible. 
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Lately, the notion “Global energy” has become widely 
spread as a prize corresponding to this notion has been 
instituted in Russia, Since the Euclidean times, an 
unwritten law exists in science: to give definition to the 


notions, which are involved in scientific analysis. It is 
done for the purpose that everybody who uses this 
notion can understand the sense implied in it 


‘The Global energy problems have been discussed for a 
long time; they are well known. Depletion of natural 
energy carriers (oil, gas and coal) is the first problem. 
Environmental safety of energy carriers is the second 
problem. It is generally recognized that the solution of 
the issues connected with the aggregate of these two 
problems is of a global chamncter. The results of scientific 
research, which should deal with global energy, originate 
from it, First and foremost, they are such scientific 
investigations, which result in the possibility t0 use an 


inexhaustible and environmental friendly energy carter. 
It has been known for a long time. It is hydrogen 
produced fiom water. 


Why hydrogen and why from water? At combustion of 
hydrogen, water is regenerated; thus, the energy carrier 
is inexhaustible. As far as inexhaustibility and 
environmental safety are concerned, hydrogen has no 
competitos. However implementation of these qualiti 
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is restricted by large energy expenses for hydrogen 
production from water. For hydrogen production, 
modern electrolyzers use from 10 to 20% more energy 
than it is produced at combustion of hydrogen. 


Iv is easy to imagine what financial and intellectual 
resources of the world are included in the search of the 
ways to duce ener gy expenses for hytlrogen production 
from water. In Russia many scientific institutions of 


applied research and educational institutions deal with 
this problem. There is a Research Hydrogen Institute. 


“The associations of scientists on hydrogen energetics 
have been established in USA and Europe. This year, 
they carry out their regular scientific conferences, to 
which the author of this article has been invited 


Editorial: Let us note that itis not necessary to coin new 
‘scientific term “global energy”, since quite for a tong time 
the notion of ‘free energy” is used. This term represents 
the idea of the possibility to freely use energy by a 


Energy problem is gobal not due to depletion of oil 
and gas, but due to their environmental unsafeness. 
However the confirmations exist that the world owners 
of energy resources do not bother about the problem 
of environmental unsafeness of modem energy cartiers. 


56 


House of the Saint-Petersburg State University, 2001, 
p. 258-269, 
5. A.M Mishin. Etherodynamics basic a: / Pundamental Pob- 
Jems of Natural Science and ‘Technics. Series «Pmblems of the 
Univeme research, fascicle 26, part I, - Sait Petersburg: Pub: 
lishing House of the Saint Petershurg State Univesity, 2003, p. 
206-218, 
6 AM. Mishin, Physical system with artificial biofield./ Fun 
damental Problems of Natural Science and ‘Technics S 
‘Problems of the Univetse research», fascicle 23, - Sai 
Petersburg: Publishing House ofthe Saint-Petersburg Stare Uni 
versity, 2001, p. 258-269, 
7. VE Zolotaey, VV" Rosthin, SM. Godin, About space-time 
“Mosconi Publishers «REST», 


structure and some i 


2000, 309 p. 


8. V. Star, Physics of phenomena with negative viscosity 
Moscow: MIR, 1971 

9. WN. Kvanalaoy, NT: Peevozchikor Discovery of a “non 
physical” component of OKG radiation. Journal «Parspsyehol- 
‘ogy and Psychophysics. - Moscow: 1999, Na 2 (28), p 64.67. 
10. AM. Mishio, Longitudinal thermomagnetie effect. Fus~ 
damental Problems of Natural Science and Technics S 
‘Problems ofthe Universe research, fascicle 26, part IIL -Sait 
Petesburg: Publishing House of the Saint Petersburg State Uni- 
vesity, 208, p. 219-228, 

TL AA. Bfimoy, AD. Shpitatnaya, YA, Zakoldact. Eruptive 
pprominences and earthquakes in the view of global space 
anisotmpy. / «New Ideas ia Naural Sciences, Sevies «Problems 
of the Universe research» fascicle 19, part I. ~ Saine Petersburg: 
RAS, 1996, p. 403-413 


Philip M. Kanarev, Russia 


‘The Kuban State Agrarian University; Department of Theomtical Mechanics 


13, Kalinin Street, 350044 Krasnodar, Rus 
‘mail: kanphil@mai uban.re 


Lately, the notion “Global energy” has become widely 
spread as a prize corresponding to this notion has been 
instituted in Russia, Since the Euclidean times, an 
unwritten law exists in science: to give definition to the 


notions, which are involved in scientific analysis. It is 
done for the purpose that everybody who uses this 
notion can understand the sense implied in it 


‘The Global energy problems have been discussed for a 
long time; they are well known. Depletion of natural 
energy carriers (oil, gas and coal) is the first problem. 
Environmental safety of energy carriers is the second 
problem. It is generally recognized that the solution of 
the issues connected with the aggregate of these two 
problems is of a global chamncter. The results of scientific 
research, which should deal with global energy, originate 
from it, First and foremost, they are such scientific 
investigations, which result in the possibility t0 use an 


inexhaustible and environmental friendly energy carter. 
It has been known for a long time. It is hydrogen 
produced fiom water. 


Why hydrogen and why from water? At combustion of 
hydrogen, water is regenerated; thus, the energy carrier 
is inexhaustible. As far as inexhaustibility and 
environmental safety are concerned, hydrogen has no 
competitos. However implementation of these qualiti 


‘New Energy Technologies, Issue #3 May - June 2003 


is restricted by large energy expenses for hydrogen 
production from water. For hydrogen production, 
modern electrolyzers use from 10 to 20% more energy 
than it is produced at combustion of hydrogen. 


Iv is easy to imagine what financial and intellectual 
resources of the world are included in the search of the 
ways to duce ener gy expenses for hytlrogen production 
from water. In Russia many scientific institutions of 


applied research and educational institutions deal with 
this problem. There is a Research Hydrogen Institute. 


“The associations of scientists on hydrogen energetics 
have been established in USA and Europe. This year, 
they carry out their regular scientific conferences, to 
which the author of this article has been invited 


Editorial: Let us note that itis not necessary to coin new 
‘scientific term “global energy”, since quite for a tong time 
the notion of ‘free energy” is used. This term represents 
the idea of the possibility to freely use energy by a 


Energy problem is gobal not due to depletion of oil 
and gas, but due to their environmental unsafeness. 
However the confirmations exist that the world owners 
of energy resources do not bother about the problem 
of environmental unsafeness of modem energy cartiers. 


56 


In history of science, the facts of annihilation of the 
scientists who have won success in reduction of energy 
expenses for production of hydrogen from water have 
alwady been registered. The requesters of these actions 
think that they will lose their profits with the coming of 
hydrogen energetics. They do not understand that this 
process cannot be abrupt. It is impossible to replace 
the infrastructure of the existing energy cariers by 
infrastructure of hydrogen ener getics within one or even 
ten years. Besides, infrastructure of hytirogen energetics 
will not be crated on a blank place. It will be integrated 
into the existing infrastructure of energetics gradually; 
and its owners will automatically become the owners of 
hydrogen energetics. The first step has already been 
made in this direction. In the USA, a decision has been 
taken to equip all filling stations with pumps to fil the 
cars with hydrogen. 


It is known that a priority of results of theoretical 
investigations is their publication in press. Usually, such 
priority is a personal one, Generally a patent isa priority 
of the results of experimental investigations. As a rule, 
this patent belongs to a group of authors. A published 
patent is a genie released from a bottle. No finesse of 
the authors to hamper a reproduction of experimental 
data given in a patent without the participation of the 
authors can stop the process of their implementation. 
“Thus, the authors or a group of the authors who have 
filed an application for a patent are deprived 
automatically of the opportunity to influence the process 
of practical realization of their ideas. 


In Russia, the state is a main patent holder of the global 
patents. Due to the well-known reasons, it has proved 
to be unable to control the course of scientific 
investigations and to forecast significance of their results 


tis known that if it becomes possible to reduce energy 
expenses for hydrogen production of water fivefold, it 
will be the cheapest energy carrier. Russia has already 
got technology; which reduces these expenses tenfold 
and more. However another way of looking is more 
penpective. Is there any use to decompose water into 
hydrogen and oxygen and to use hydrogen as fuel for 
heating, for example, of water in heating systems? Is it 
possible to make water generate heat? It turned out that, 
itis possible. 


In Russia, three firms (“Yusmar”, “Termovikhr” and 
“Noteka”) sell cavitation heating equipment with ener gy 
performance index up to 150%. Official science looks 
awry at this activity, since such results conflict with one 
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of the main laws of physics: law of conservation of 
energy, But market profit is stronger than this law: 


Meanwhile, engineering practice has already proved thar 
additional energy in the form of heat is generated in the 
ventilation systems and in the systems of water 
cavitation. Though scientific analysis of this problem 
shows that physical vacuum is the most probable source 
of additional energy in the systems of ventilation and 
water cavitation. Valence electrons of destroyed 
molecules of water take energy from physical vacuum 
and release it during repeated fusion of these molecules. 


Why is additional energy generated in the air systems 
of ventilation and in systems of water cavitation? 
Because they are mechanical systems and mechanical 
destruction of chemical links requires half energy as 
compared with thermal destruction of these links. This 
is the main reason why one fails to increase energy 
performance index of cavitation processes over 200%, 


Certainly, an increase of efficiency of any process by 30 
0r 50% is a good result; if it is obtained, it is possible to 
get even better one. But what if a water molecule is 
destroyed not mechanically, but electrodynamically? In 
this case, it becomes possible to find resonance 
frequencies of influence on the molecules and therefore 
to reduce considembly expenses of electrical energy for 
their destruction. Subsequent fusion of destroyed 
molecules will lease determined quantity of energy 
unavoidably. It is a simple idea, and it has already been 
implemented. Ar electrodynamic influence on water 
molecules, electrical energy is converted into thermal 
energy with tenfold energy performance index. It means 
that if we spend 1 kWh of electric energy, we will get 
10 kWh of thermal energy: To obtain such results, it is 
necessary to have knowledge of physchemistry of the 
microworld, which corresponds to knowledge of the 
2st century, and it has already been published. Every 
month more than 1000 foreign scientists become 
familiarized with this knowledge at 
http://Kanarevinnoplaza.net and 

http:/ /book.physchemistry.innoplaza.net. 

‘The Russian speaking readers get this infor mation from: 
hetp://www.n-towg/tp/ns/iéhtm, 

hnetp:/ /swwwikar.udm.ru/sb28-2.htm and 
hutp://www.n-t.og/tp/ts/ebshtm, 


T hope that now the waders will know the essence of 
the notion “global energy” and will understand those 
results of scientific researches which can really solve 
the related problems. 
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‘There is revealed the cause of appearance of additional 
‘energy during formation of covalent bonds in the fusion 
processes of axygen, bydrogen and water molecules, 
‘besides the source of this energy is described. 


Introduction 


Engineering practice connected with servicing of 
ventilation systems allows revealing appearance of 
excessive thermal energy in circulated air. Similar 
phenomenon has been registered in systems of water 
circulation with the devices for its active cavitation. The 
results of our investigations explain not only a cause of 
these phenomena, but they give an opportunity to 
peeform quantitative calculations for energy processes, 
which generate additional thermal energy (1), [2], [3h 
141, BL 


Theoretical part 
An axygen atom is the eighth element of the periodic 


table, It is situated in the sixth group. The structure of 
its nucleus is given in Fig. 1 (1), (2, (3) 


Diagram of nucleus of oxygen som: light ~ the protons, 
dark and grey ~ the neutrons 


In Fig 2 diagram of the oxygen atom originating from 
the structure of its nudeus is given (Fig. 1). It has eight 
electrons, The electrons situated on the axis of symmetry 
are the most active ones (1, 2). Other six electrons 
situated in the plane, which is perpendicular to the axis, 
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line (a line of symmetry), by means of their total electric 
field remove electrons 1 and 2 from the nucleus at a 
large distance at that forming conditions for their large 
activity during the interaction with the elections of the 
neighbouring atoms (1), (2), [3] 


Diagram of the oxygen atom 


“The least ionization energy of the election of oxypen 
atom is equal to E,=13.618 eV. Binding energy of this 
electron with the atomic nucleus corresponding to the 
first energy level is equal to £,=13.752 eV. Let us call 
this electron the first one. The calculation of energy 
indices of this electron, including its binding energies 
E,, with the atomic macleus, acconling to the formulas, 
(V) and @), gives the following results (Table 1) [1} [2} 3} 


® 
-, 
z @ 
Table 1 


Spectrum of the first electron of the oxygen atom 


Values [no] 2[3 [4/5 | 6 
Ey (exp) [ev | 10.18 [12,09 |12.76 | 13.07 [13.241 
En (eheor) [eV | 10.16 [12.09 [12.76 | 13.07 [13.241 
E,(theor) [eV | 3.44 [1.53 | 0.86 | 0.55 | 0.38 


“The oxygen molecule structure is given in Fig. 3, a. It is 
formed by means of a connection of unlike magnetic 
poles of axis electrons of two oxygen atoms [1], (2) 3} 
It is known that the fusion process of the oxygen 
molecules is accompanied with a release of 495 kJ /mole 
of energy, or in calculation for one molecule 


495-1000 


Ee= ng? go 
6,02. 10° -1.602-10 


13eV. 


@) 


What principle does the Nature follow by distributing 
energy of 5.13 eV between the electrons of oxygen 
molecule (Fig. 3, a)? Energy of 5.13 eV is a thermal 
binding energy between the electrons 1 and 2 of two 
oxygen atoms (Fig. 3, 2). When the oxygen molecule is 
formed, itis emitted in the form of the photons by the 
electrons, which enter into the bond, Hence it is equal 
to an amount of energies of two photons emitted by 
these electwns. Consequently, each contacting electron 
emits a photon with energies of 5.13/2=2.565 eV=E, 
(Fig. 3). According to Table 1, in this case the valence 
electrons are situated between the second energy level 
and the third one [1] 


Fig 3 
Diagram of binding energy distribution between the 
clecteons in the oxygen molecule 


‘Two oxygen atoms are combined into a molecule in an 
excitation state. The excitation state is the state of an 
atom when its valence electrons are situated at such 
distances from the nuclei when the binding energy E, 
between them is reduced to the thousandth of fractions 
of an electron-wolt. In such state the atom can loose an 
electron and become an ion. Otherwise, without loosing 
electrons it is combined with an electron of the 
neighbouring atom by the valence electron, and a process 
of formation of oxygen molecule begins. It is an 
exothermic process when the axis valence electrons 
1 and 2’ emit photons, descend on lower energy levels 
and release 2.565x2=5.13 eV. 
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Let us pay attention to the fact that energy 5.13 eV is 
released by two electrons, which form a bond with 
energy of E,=2.56 eV. In modern chemistry this bond 
is called a covalent bond. In order to break this bond it 
is necessary to use 2.56 eV of mechanical energy. For 
thermal deavage of this bond, double quantity of energy 
is required, ie. 5.13 eV. It is explained by the fact that 
the photon energy of 5.13 eV is absorbed by two 
electrons simultaneously. Only in this case, both 
electrons will be transferred to the highest energy levels 
with minimal binding energy E, when they are 
disconnected, and each oxygen atom becomes a free 


‘Thus, energy expenses for destruction of oxygen 
molecule depend on the method of influence upon the 
bond. During thermal action upon the bond it is 
destroyed when energy is 5.13 eV. During mechanical 
effect upon the bond, it is necessary to spend 2.56 eV 
of energy in order to destroy this bond. Therefore 
energetic of fusion process of the oxygen molecule 
depends on method of its destruction, 


After thermal destruction of the oxygen molecule 
process of its formation begins from emission of the 
photons with energies of 2.56 eV by both valence 
electmns, and the previous electrodynamics binding 
energy (E,=2.56 eV) is restored between the electrons 
of both atoms 


“Thus during thermal destruction of the axygen molecule 
the same amount of thermal energy is spent than that 
which is released during its further formation. No 
additional eney appears during thermal dissociation 
of oxygen molecule and at its further fusion, 


If oxygen molecule is destroyed by a mechanical method, 
then it is necessary to spend 2.56 eV of mechanical 
energy for this purpose. Valence electrons of oxygen 
atoms are in a free state at lack of energy, which 
corresponds to such state, as there is no process of 
absorption of 2.56 eV of energy by each of them. The 
electrons cannot remain in such state; they should 
replenish immediately the energy, which they have failed 
to receive during a mechanical break of the bond 
between them, Where should they take it from? There 
is only one source: the environment, ie. the physical 
vacuum filled with aether. They convert aether into 
energy of 2.56 eV immediately. The next stage is a 
connection of two oxygen atoms, whose valence 
electrons have replenished the reserves of their energy 
by means of aether. This process is accompanied by 
emission of the photons with energies of 2.56 eV by 
two electrons. Thus energy of absorbed aether is 
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converted into thermal energy of the photons If we 
spend 2.56 eV of mechanical energy for destruction of 
oxygen molecule, we will get double quantity of energy 
(2.56x2=5.13) eV during further fusion of this molecule. 

Additional energy is equal to 2.56 eV. 


‘Much experimental data show that in ventilation systems, 
thermal energy of circulated air exceeds electric energy 
spent for a fan drive. Now we know that this energy is 
‘generated at mechanical destruction of covalent bonds 
in the molecules of gases, which the air consists of. 


Using the above-mentioned method, let us analyse 
energetic of water molecule, which sometimes generates 
additional thermal energy. A water molecule consists, 
of one oxygen atom and two hydrogen atoms. Binding 
energies E,, of the hydrogen atoms with its nucleus are 
given in Table 2 [1], (2) (3) 


Table 2 
Spectrum of hydrogen atom 


Values a 2 3 4 J 6 
E,, (exp) [eV] 10.20 | 12.09] 12.75 | 13.05 | 13.22 
E,,, (heor)| eV 10.198 | 12.087]12.748 | 13.054 13.220 
E, Gheor) [ev] 3.40 | 151 | 085 | 054 | 038 


Ic is known that combination of hydrogen and oxygen 
is accompanied by an explosion, but its cause remains 
unknown, Let us try to find it 


rgy of fusion of hydrogen molecule is equal to 
436K} /mole, or 4.53 eV pera molecule. As the molecule 
consists of two atoms, then the above-mentioned energy 
is distributed between them. Thus energy of one bond 
E,, between the hydrogen atoms is equal to 2.26 eV 
(Fig. 4). At mechanical destruction of this bond 2.26 eV 
is enough. At thermal destruction of this bond double 
quantity is required (2.26x2=4.53 eV) [1] 


2.260 


Fig. 4 
Hydrogen molecule 


In order to form two water molecules, itis necessary t0 
break two hydrogen molecules and one oxygen molecule 
into atoms. At mechanical destruction of covalent bonds, 
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2.26x2=4.53 eV is required to break two hydrogen 
molecules and 2.56 eV to break an oxygen molecule, 
Sum of these energies is equal to 7.13 eV If the 
destruction processes of the above-mentioned 
molecules are carried out with a thermal method, then 
4.53+4.53=9.06 eV is quired for the destruction of 
two hydrogen molecules, and 5.13 eV is required for 
the destruction of one axygen molecule. In total, it is 
equal to 14.19 eV. The difference between the energy 
spent for mechanical and thermal destruction of 
covalent bond of hydrogen and oxygen molecules is 
almost double. 


It is known that during fusion of one mole of water 
285.8 kJ or 285.8x1000/6.02x10*%1.6x10!=2.96 eV per 
amolecule are released. As a water molecule consists of 
Cone oxygen atom and two hytlgen atoms, 2.96/2=1.48 eV 
falls per the bond (Fig. 5). Hence the electrons of 
hydrogen and oxygen atoms in water molecule are 
between the forth energy level and the fifth one at the 
usual temperature (1.48/2=0.74 eV = E,), Table 1,2 (1) 


Diagram of water molecule: 
1,2, 3, 4,5, 6,7, 8 are the numbers of the electrons of 
oxygen atom; P,, P, are the nuclei of the bydrogen atoms 

(the protons); e,and e, 
hydrogen atoms 


re the numbers of the electrons of 


“Thus when two hydrogen molecules 2H, and one oxygen 
molecule O, are destroyed by the thermal method, 
14.19 eV are spent. As a result of fusion of two water 
molecules (2H,O), 2.96x2=5.98 eV is released. There is 
some disbalance here since fusion process of water 
molecule is an exothermic one and 2.96 eV is released 
by one molecule. The given calculation shows that 
(14.19-5.98)/2=4.10 eV is absorbed during fusion of 
one water molecule. What is the cause of this 


contradiction? 


‘The oxygen atom in the water molecule should reduce 
its volume when the transition from gaseous state into 
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liquid state takes place. It will happen when the ting 
electrons of axygen atom descend on lower energy levels, 
(nearer to the nucleus). They will emit the photons and 
their total energy will be equal to energy spent to 
destruction of two hydrogen molecules and one 
oxygen molecule, ie. 14.19 eV. Since two water 
molecules have 12 ring electrons each of them will 
emit 14.19/12=1.18 eV=E, (Fig. 5). It is more than 
energy (E,=0.74 eV) of binding of axis electron with 
the nucleus, and it shows that the ring electrons are 
situated nearer to the nudeus than the axis ones. 


In this case quantity of energy produced due to fusion 
of two water molecules (14.19+5.98) eV exceeds energy, 
which was spent for the destruction of two hydrogen 
molecules (0.06 eV) and one axygen molecule (5.13 eV). 
nempy difference of 5.98 eV is divided between two 
water molecules. It means that 5.98/2=2.99 eV or 
285.8 kJ/mole fill per a molecule. It corresponds to 
the existing experimental data completely [1]. 


‘The above-mentioned facts clarify a cause of the 
explosion, which takes place when hydrogen is combined 
with oxygen. Simultaneous transition of six sing 
electrons of each oxygen atom in the nascent water 
molecules to lower energy levels is accompanied by 
simultaneous emission of the photons, which generate 
explosion phenomenon. 


Let us pay attention to the fact that ewo binding energies 
E,, between valence electrons e2 and 2 and between 1 
and el are shown in Fig. 5, b. Energy of one 
electrodynamics bond is equal to E,= 0.74 eV. If this 
bond is destroyed by the thermal method, 0.74x2=1.48 eV 
is required. This energy will be released during further 
fusion of the water molecule from hydrogen atom H 
and hydroxyl ion OH— In this case, no additional energy 
is generated. 


‘Therefore the given bond is destroyed by the 
‘mechanical method spending 0.74 eV per a bond, each 
electron will have energy deficit equal to 0.74 eV after 
bond destruction. This energy will be immediately 
absorbed from the environment and will be emitted 
during the repeated fusion of the water molecule from 
the hydrogen atom H and the hydroxyl ion OH. At 
‘mechanical destruction of one bond of water molecule, 
the covalent chemical bond forms E,= 0.74 eV of 
additional thermal energy, which is registered in systems 
of water cavitation constantly (as we have already 
noted) (1), (2) (3) 


It is known that water molecules combine and form 
dusters. If the bonds between the molecules in the 
clusters are covalent ones, mechanical destruction of 
these bonds should be accompanied by a release of 
additional thermal energy as well (1), (2), [3] 


Experimental Part 


Fig. 6 
Diagram of the experimental device: 1 - reservoir for solution; 2 - thermometer, 3 - electronic scales; 4 - solution supply 
duct; 5 - rotameter; 6 feed solution mgulaeor; 7 -a special thin plasma reactor is in the process of patenting; 8 - thermom- 
eter, 9 - discharge of heated solution; 10 - inlet reservoir 
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Thus, chemical bonds between the atoms in the 
molecules and the molecules in the clusters can be 
destwoyed mechanically, by electrodynamic and thermal 
influence. We have already shown that the mechanical 
‘way of destruction of such bonds requires half energ 


as compared with thermal energy. It appeass from this 
that energy expenses for electrodynamic destruction of 
these bonds should be less than thermal expenses as 
well. Electrodynamic impact on the bond gives the 
opportunity to form the resonance modes where energy 


expense for the destruction of these bonds is reduced 
to grater degree. In onler to check this hypothesis a 
special experiment was carried out. It was connected 
with electrodynamic destruction of chemical bonds of 
water molecules with a changing frequency of impact. 
“To test this hypothesis the check experiment was prepared 
and carried out by (besides the author of this article) 
ALL Tlishey, GP. Perekotiy, D.A. Bebko, D.V. Korneev. 
A diagram of the experimental device is given in Fig 6. 
“The results of this experiment are given in Table 3. 


Table 3 
Protocol of control test 
Indices 1 2 3__| Mea 
1 — mass of the solution, which has passed through the reactor m,kg. | 2112_| 2153 | 2118 | 2.128 
2— tempemture of solution at the input of the reactor t, degrees 28 a | 24 | 28 
3=tempemture of the solution at the output of the reactor t,, degwes | 335 | 335 | 335 | 335 
4 = differential tempemture of the solution 1, degrees oS oS 5 | 95 
3— durability of the experiment OT, = 300_| 300 | 300_| 300, 
6— reading of voltmeter VB 25.0_| 25.0 | 25.0 | 25.0 
T= reading of ammeter I, A T40_| 140_| 140| 140 
3 lecivic power consumption according to indices of volimeter Tos0~ | Tos0~ | T0S0 | 10.50 
and ammeters, E,=IxVxAt, KJ 
= power spent for heating of the solution, E,=41oxmee, K] BHI0_| 5.70] B4ST_| BAT 
0 reactor efficiency index according to the reading of voltmeter | 800 | 8.16 | 8.03 | 8.06 
and ammeter K= E,/ E, 
Conclusion 


Fig. 7 
Photo of heat reactor 


In the Russian market three firms (Yusmar, Termovikhr 
and Noteka) sell cavitation water heating equipment with 
energy efficiency index of 150%. Soon, an air heating 
devices with the same efficiency will be produced. The 
processes of mechanical destruction of covalent bonds, 


of the air gas molecules, molecules and clusters of water 
and their further fusion serve as a source of additional 
energy generated by these devices (1), (2) [3]. 
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Analysis of energy balance of the molecules with 
covalent bonds shows the possibility of additional 
thermal energy formation during mechanical and 
electrodynamics destruction of these bonds. 
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Under the proper configurations and in the correct pre 
glow discharge environment more electrons can be 
released than what is required to trigger the release. This 
release of energy attains a high frequency oscillation 
that is indicative of the metal or metals involved in its 
release. 


“The release of high frequency energy from metals and 


semi metals (semi 


Early in the summer of 1981, the pre gow had first 
caught my attention. This is where I had observed it 
between two plastic insulated hook-up wires from radio 
shack. The plasma between the two wires was called 
into existence because of a high voltage power supply 
that I had obtained for my electrogravitic experiments, 
‘The two wires were twisted together and given a charge 
kilovolts 


of around nine 


conductors) through the 
mechanism in the pre- 


The release of high frequency energy from 
the atoms of electrical conductors is credited 
to my identification of the mechanism in| 


It was not until 1989 
when I observed a high 


glow discharge leads to 
the generation of radiant 
energy. This correlation 


the pre-glow  discha: 
matter. This has lea 


lalternative energy circuits. 


frequency signal on my 
coming 
pre-glow 


e, or fourth state of| 


10 extremely efficient| 9scilloscope 


from the 


has been identified 
though my findings. The release of high frequency 
energy from the atoms of electrical conductors is 
credited to my identification of the mechanism in the 
pre-glow discharge, or fourth state of matter. This has 
lead to extremely efficient alternative energy circuits 


‘The pre-glow discharge condition occurs when a 
sufficient amount of charge difference is applied across 
the gap of two electrical conductors. It makes a hissing 
sound if the electrodes are surrounded by air. The 
electrical properties between this gap change: electrons 
become “stripped” from their respective atoms and are 
libemted, In this state, air is ionized and is transformed 
into a plasma and is no longer a gas. It is now in the 
fourth state of matter, the other three being solid, liquid, 
and vapor (gas). ‘The fourth state of matter is a good 
conductor of electricity, its average resistance being 
much lower than that of the same substance in its 
gaseous state 


A good readily available spark gap combination is lead 
and iton. This combination generates plenty of radiant 
energy and causes noise to be heard on a radio in its 
vicinity. As a general rule, the better the themoelectric 
difference between the dissimilar couple the more radiant 
energy that will be generated when it is exposed to a 
plasma field, 
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discharge phenomenon, 
‘These signals were coming from across the room and 
originated from a crude component that I had built, 
‘This crude component consisted of a guitar wire that 
was centered through a section of PVC tubing Around 
this tube was wrapped a coil of insulated transformer 
wire. This was my first ion-valve. Itwas excited with the 
same power supply where I had observed the plasma 
effect several years previous 


I knew that my ion valve was generating high frequency 
oscillations using air ions but did not find any practical 
applications for it until six years later. It was in this year 
(1995) when I realized the importance of the ion valve 
and its associated high frequency ion field, known as 
radiant energy to Moray, it being the essential principle 
behind his energy receiver: 


In one experimental set-up, it was confirmed that when 
a charged capacitor is discharged through a spark gap 
that the stored energy is transferred by way of high 
frequency electrical oscillations. It was found that these 
oscillations occur directly before the discharge of the 
capacitor, thus the term, pre-glow discharge. Itwas found 
that during the pre-glow discharge plateau, energy is 
transferred from a primary to a secondary electrical coil, 
Directly after pre-gleww discharge, a surge of current is 
measured, At the point of cument surge is where most 
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of the stored ener gy in the capacitor is released as wasted 
heat. It was apparent that by maintaining the pre-glow 
discharge plateau a very efficient mode of energy transfer 
and conversion can be obtained. Logically what is 
required is a control mechanism. This is where my ion 
valve finds its niche. Upon further investigation, it is 
found that it keeps pre-glow discharge oscillations at 
their plateau, and suppresses current surge in a spark 
gap. It is a self-regulating quenching device. When it is 
placed in series with an aircore tmnsformer and arc 
‘ap, its plasma hisses smoothly, the arc in the spatk gap 
is almost silent and is very small. Continuous oscillations 
can be seen on an oscilloscope. A light bulb connected 
to the secondary will glow brightly. This result is not 
possible without the ion valve included in the circuit 
‘The ion valve has the added feature of preventing back 
electromotive force, generated from inductive loads, 
from being discharged back through the circuit. Without 
the ion valve, energy is normally lost when it is 
discharged and is transformed into heat. Using the ion 
vale therefore has the effect of conserving energy 


Fundamental Radiant Energy Device 


“Standard” scientific principles are not being violated. 
‘There is no fringe science involved with radiant energy 
power generation. This is a very old source of energy 
being extracted and harnessed in a unique way through 
my discoveries. What I have discovered is practically a 
limitless source of energy: Radiant energy has existed 
since the beginning of time. What I hold daim to is an 
improved method to generate and to convert radiant 
energy, kinetically active ions, cosmic energy, call it what 
you will, into useful electrical power. Think of the radiant 
energy power generator as a type of energy detonator 
that liberates great quantities of energy with only a small 
exciting spark. No laws of physics are being violated. 
No new laws are being implied, They are being expanded. 
‘The concept is not that much different from how a 
lighted matchstick is able to start a bonfire 


‘The power generated from my circuits comes from the 
transformation of matter into radiant electricity: It does 
not come from the splitting of atoms. To obtain high 
‘wattage from a spontaneously radioactive substance 
‘would require unsafe amounts of radioactive material 


Under the right conditions ordinary matter can be made 
to generate intense surges of radiant energy that can be 
heard on a radio receiver as static noise. Build a device 
that can efficiently capture this energy and convert it 
into usefal electrical currents and you will have yourself 
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a powerful source of electrical power. This device will 
be powered by artificially disintegrating matter as 
described by Gustave Le Bon in his book “The 
Evolution of Matter” and in his book “The Evolution 
of Forces”. 


Energy and matter are two distinct entities of the same 
manifestation, Matter represents a stable condensed 
form of energy. Heat, light, electricity, etc., are 
uncondensed 


brations of matter oscillating at differing 
rates. “Cosmic Energy” is the term that Le Bon used to 
define matter and energy as being one and the same 
manifestation. He theorized that when stable matter is 
disintegrated it is transformed into energy that we 
recognize as heat, light, electricity, radioactivity, etc. 


Semiconductors will generate intense surges of electron 
oscillations that become powerful sources of mdiant 
energy. A simple ion valve, of call it what you will, can 
be used to generate and convert this form of radiant 
energy into useful electromagnetic oscillations. A tuned 
transformer can be used to directly convert these 
oscillations into to a practical voltage and amperage. This 
unique valve is shown in Fig. 1. Before it can function it 
must be connected to a suitable voltage source. The 
ciecuit in Fig. 2 demonstmates the full working concept. 
Other embodiments are also possible. The proof of 
concept circuit reveals how radiant energy can be 
generated and converted into useful electrical currents. 
Many additional stages can be added for more power. 
Many other circuit and component configurations can 
also be used but the fundamental conversion principle 
remains the same. The circuit and components shown 
should give you a very clear idea of how the technology 
works. The actual mechanics and electronics of building 
and validating a radiant energy prototype are relatively 
simple. Contrary to what some people might think, 
dangerous levels of radioactivity are never used in my 


devices. 


lon-valve Converter Technology Explained 


“The ion-valve converter (ion-valve) shown in Fig.1 has 
an axial negatively charged tungsten cathode wire that 
extends the length its cylinder and is capable of emitting 
secondary electrons. The anode cylinder is positively 
charged and is made from a semiconductive material 
that will readily capture electrons, 


Within a few milliseconds the accumulated negative ions 


are attracted to the positively charged onrushing atomic 
ions When the negative and positive charges collide they 
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neutralize each other generating high frequency electrical 
oscillations 


“There appears to be a common thread shared between 
several alternative energy devices. It is the pre-glow 
discharge. The port on the Hans Coler device released 
by the British Government indicates that there is excess 
energy released when electrical contacts are opened and 
closed. The Lester Hendershotdevice utilized a buzzer 
ciscuit that opened and closed its electrical contacts. In 
the Alfred Hubbard coil pre-glow discharge flowed 
through electrical contacts, a distributor cap and mdium 
soaked spark plug The Joseph Newman motor used a 
sparking commutator. Thomas Moray invented a 
glowing, cold cathode discharge tube that was the heart 
of his radiant energy device. Hermann Plauson was 
granted US. Patent No. 1,540,998 that used spark gaps 
to convert atmospheric energy. Frank Wyatt Prentice 
was granted Canadian Patent No. 253,765 that detailed 
his invention, which lighted 50 sixty-watt carbon lamps 
with an input of only 500 watts, His invention utilized a 
spatk gap driven high frequency tuned resonant system. 
Chaney Britten used ion-valves constructed with a 
central wire that was surrounded by a coil of wire which 
is described in his US Patent No. 1,826,727. 
valve was said to have lit up his home in the 19308 
according to a local newspaperarticle of that time period. 
‘Alexander Chernetski experimented with what appeass 
to have been a type of ion-valve that was filled with 
hydrogen gas. It is said that he got up to five times more 
energy out of his device than what he putinto it. Edwin 
Gray was granted US. Patent No. 3,890,548 for his 
efficient spatk gap driven capacitive-discharge motor. 
He improved on this patent by replacing the spark gaps 
with a pre-glow discharge switching tube. His US. 
Patents No. 4,595,975 and No. 4,661,747 describes this 
tube in detail. Gray's patents claim to conserve battery 
power by sending unused energy back to the supply 
batteries On close examination, we also find that his 
switching tube is actually a quenching device. 


Beitcen’s 


Radiant energy was generated during the pre-glow 
discharge cydle that also contributed to recharging the 
batteries, Paulo N. Correa and Alexander N. Correa 
obtained patents to a pulsed pre-glow discharge system 
that recovers energy and recharges a battery 


I have found that radiant enemy is generated when a 
plasma field is in contact with the atoms of an electrical 
conductor. Most importantly, the quant 
energy is greatly increased when the plasma field occuss 
between the interelectrode couple of two differing 
electrical conductors. That, the wattage produced will 
depend largely on the type of electrode materials that 


f mdiant 
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are used. I do not suspect that the above referenced 
inventors were aware of this amplifying mechanism. 


Fig. 1 


Ton Valve 


In the embodiment in Fig, 1 the negative charge on the 
wire in the ion-valve negatively ionizes any gas that 
contacts it. These ions rush towards the positively 
charged oylinder. When a metal ion that carsies an excess 
electron hits head-on with an elementary differing 
positively charged onrushing metal ion a violent union 
Of the two metals occurs This causes the newly formed 
bimetallic alloy to violently oscillate, break up (dissociate) 
and to liberate a burst of electrons. The “sea electron 
model” helps to explain this effect. According to the 
sea electron model metals are bonded to each other 
through electron sharing. ‘The model suggests that metal 
atoms be bathed in a sea of valence electrons. If this 
‘model is taken one step further it can be seen that when 
metallic atoms are dissociated from each other excess 
electrons are released in the form of electrical oscillations 
of high Frequency (radiant energy). This occurs because 
the electrons no longer take part in the inter-atomic 
binding force that existed before the dissociation took 
place. It becomes clear that the freed electrons will add 
ampenge to the output circuit to which itis connected. 
Henceforth, the equation Ix E = P holds true in this 
system, Where, “I” represents the electrons (amperage), 
“BY electromotive force (ionic voltage), and “P” the 
power generated. 


Obtalal Serial © from the 
ning Electrica nergy, fom the 


Matter is cosmic energy in a condensed state according 
to Le Bon and Moray. What this means is that matter 
can be excited its plasma state and caused to rapidly 
disintegrate transforming itself into electricity 
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Proof of Concept 


‘The proof of concept shown will obtain energy from 
the dissociation of matter bringing the circuit to life. Ie 
does this by creating a plasma field between differing 
electrical conductors. Electrons are unleashed and 
feedback to the circuit where they are converted into 
useful power, 


Acconiing to the law of conservation, when we give to 
a material body a determined quantity of energy, this 
energy might be transformed, but the body will never 
give back a quantity in excess of what it received. This 
principle is considered too self-evident to be disputed. 
Irmakes sense that matter can only give up energy that 


is given to itand is unable 


Plasma oscillating on the 


to create excess energy. 


correct wavelength will act 
like a spark on a mass of 
explosive material but 
releasing electrical particles 
instead of heat. This is to say 


the excited fourth state of matter (plasma)| 
causes condensed energy (solid matter) 
to become uncondensed (radiant energy). 
The reaction will be far superior to the| 
force that invoked it in the first place 
because the energy stored in matier is 


Without vi 


lating this lav, 
matter can be excited into 
giving up its stored inter- 
atomic energy: 
Condensed matter can 


that the excited fourth stae [released 


become uncondensed if 


of matter (plasma) causes 

condensed energy (solid matter) to become 
uncondensed (radiant energy). The reaction will be far 
superior to the force that invoked it in the first place 
because the energy stored in matter is released. The 
energy that is condensed in the elements of matter is 
immense. The result is that an enormous amount of 
energy is released with only a slight loss of matter. 
Gustave Le Bon proved this when he demonstrated that 
the action of solar light and from electric arcs on bodies 
produced electric particles similar to those of uranium, 
He showed that it caused all bodies to disintegrate 10 
different degrees 
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its oscillations become 
violent enough and henceforth transforming itself into 
radiant energy: No laws have been violated. They have 
been expanded. The first law of thermodynamics 
describes the principle of the conservation of energy 
estates that “energy is not created or destroyed; it merely 
changes form”. The fact is that the creation or 
destruction of energy is a result of matter being broken 
down or built up. They both go hand in hand. 


Naturally occurring radioisotopes were created through 


the billions of years of cosmic ray bombardment of 
ordinary matter. Their matrixes became unbalanced, The 
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conct trigger will cause these isotopes to seek their 
original balanced state. Enormous amounts of electrical 
energy can be obtained from the transformation of 
stored cosmic energy. These isotopes contain a very old 
energy reserve that can be released in a unique way with 
my discoveries. 


Have you ever wondered about spontaneous radioactive 
decay? Is it really a super charged state of matter? If an 
atom can become ionized by either gaining or by losing 
electrons then why can there not be a nuclear ionization 
too? I hypothesize that atoms do become ionized on 
the nudear level by gaining or losing neutrons. This may 
appear incidental but could be at the very heart of an 
ultra-chemistry. It is highly probable that this 
hypothesized phenomenon is behind natural 
spontaneous radioactive decay and explains many 
unanswered questions about nuclear science 


Liberated Energy 


With a slight excitement from a pre-glow discharge in a 
spark gap, or even with no excitement at all, as we 
observe in spontaneously disintegrating radioactive 
bodies, such as U235, we can obtain large quantities of 
energy. Clearly, we did not create this liberated energy, 
since it already exists in matter, but we release it under 
the right conditions. This is being done without violating 
the law of energy conservation. The idea that matter 
could be transformed into energy was absurd before 
the acknowledgement of nuclear transformations 


A Nu Science is on the horizon. It involves the means 
of transforming matter into energy without splitting 
atoms This science recognizes several isotopes of matter 
that spontaneously liberate energy as observed in 
naturally occurring radioisotopes. My research indicates 
that it is also possible to artificially speed up the narural 
decay process of condensed energy (matter) using a 
minute plasma field, as from a pre-glow dischayge, ete 
With a very small quantity of energy, we will be able to 
produce a very large quantity of energy without splitting 
the atoms 


Capture Capacitor 


Nature offers us cosmic energy that manifests itself in 
many different forms. Electricity is only one of its 
manifestations. From this knowledge, we can obtain 
electrical power with no moving parts. The natural world 
contains many storehouses of this cosmic energy 
Enemy is all around us just waiting to be transformed, 
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‘The capture capacitor is one such example. It is called a 
capture capacitor because it captures and transforms 
electrical charge into electrical current. It does this with 
the aid of naturally occurring radioactive matter 
(NORM). Put a pair of dissimilar metal electrodes 
together with a porous ceramic dielectric material 
sandwiched between them, along with a weak electrolyte 
and you have built a capture capacitor. In a low power 
capture component there exists a minute impurity of 
NO.R.M. It is always present in clays and is usually 
present in ceramic materials, 


If you want a capture capacitor to generate more power 
all you have to do is to add additional amounts of 
radioactive material to the dielectric. Lead~210 is the 
optimum choice because ithas a half-life of around 22.3 
years and is a pure beta (electron) emitter. Its half-life is 
almost twice as long as tritium. This means that it is 
feasible to build a component that will put out power 
for several years with little maintenance, Lead-210 is a 
decay product of radon gas. The parent source of mdon 
is unnium, Therefore, uranium ore can be powdered 
and mixed into the ceramic material 


‘The atomic ions emitted from naturally occurring or 
attificially induced radioactive transformations can be 
directly converted to electrical power. The circuit shown 
can be used to convert radiant energy into useful 
electrical currents. Additional stages can be added for 
more power. The circuit shown gives a general idea of 
how such an energy conversion device functions By no 
means is this technology limited to this one circuit, 
configunition, or source of radiant energy. 


EAGLE-RESEARCH 


Energy Solutions 
since 1984 


‘A Research Organization that 
Develops & Distributes 
Practical Energy-Saving 
Methods & Devices 


4 Energy Way, P.O, Box 118 
Porthill, Idaho 83853 
FAX: 250/492-7480 


‘Technical questions to: 
wiseman@eagle-research.com 


New Energy Technologies, Issue #3 May - June 2003 


4 A new type of high field superconducting magnet from Oxford 
Instruments has enabled physicists athe Univesity of Nottingham 
tobalance che fosce of gravity and levitateheavy and dense materials 
suchas lead, gold and diamonds. The patented Minimum Condensed 
Volume™ (MCV) Cryoftee™ superconducting magact, 
developed and manufactured by Oxford Instruments in 
collaboration with the University of Nottingham, isthe fire of its 
kind in the would, Unlike conventional superconducting magnets, 
the MCV magnet never needs to be refilled with quid helium and 
yetcan generate afield over 300,000 times stmnger than the Earths 
magnetic field, MCV has a very small foorprint and, operating at 
42K with a room temperacure borg, can generate highly stable 
magnetic fells up to 16 ‘Tesla 


bup://wwwoxford-instruments.co.uk 


} Polish inventor Zygmunt Orlowski called attention of the 
scientific society to his peepetual motion machine METTOZ, which 
acconling to the author afte Further improvement will be able to 
‘extract energy ftom the earth’ gravitation 


Ihups/ /wwwsnets.pl/~metozor/ per petual_motion_machine tm 


@ Iris necessasto change behavior of peoplein order wo decrease 
cavironmental damage. This was che message of “Green Week 
2003" which took place since June 2 theough June 5 in Brussels 


The conference's key sues weee three aspects of United Europe 
cavironmental polig: sustainable produetion and consumption, 
renewable energy and water supply. 


Green Week is the first environmental Forum of such a scale. These 
thousand participants from all over the world represented 
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governments and funds, indostey and mass media. ‘The exhibition 
‘organized in the framework of Groen Week included 62 displays 
from 14 European countries and were dedicated to the newest 
environmental technologies and projects. During the Green Week 
26 conferences and seminars took place, as well as a great number 
‘of press conferences and actions for young people. 


British researchers (Gantner Watts compamy) believe that 
they have made a groundbreaking scientific discovery after 
apparently managing to “create” energy fom hydrogen atoms. 


“the device reprsents “ 


hermal energy cell” which appears to 
produce hundreds of times more energy than tha put into it. IF 
the findings ate coreect and can be reproduced on a commercial 
scal the thermal energy cell could become feature of every home, 
heating water for a fraction of the cost and cutting fuel bills by at 
least 90 per cent. 


Ihups//wwwstelegraph.co.uk 
} Gravity Conversion Rotary Device 
“The below fgute i from 


bhup:// www.theverylastpageoftheinternet.com/aewelaims/ 
GaavityMotor/gravity_motoshem 


Does it really work? 
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(CE ROVERS 


‘Tim Ventura, USA 


Email eventura6@attbi.com 
hhesp://swwwamericanantigravitycom 
bps / /swwwamericanantigravity.com/matcushtml 


Editorial: This overview is devoted to the fantastical device created by inventor Marcus Hollingshead that 
encountered more than its share of publicity and controversy between November 2002 and March 2003. 
You can participate in discussion on aggroup@yaboogroupscom. 


‘The problem with Marcus has been that he was 
pressured by too many people to produce too fast results 
I started talking to him in November, and he is always 
sounded like an honest, rational man with a good heart. 
“The problem is that once people started to hear his 
private claims that he could lift something like 2 tons of 
weight, things kind of went south, 


While people in general have been very well-meaning, 
they are desperate to solve many of our current energy 
problems, and when Marcus appeared with a potential 
solution it got out of control. Pretty soon film crews 
‘were showing up at his house unannounced, and he was, 
getting unwanted phone calls from people who had 
looked up his number online 


In my opinion, itis really a problem of a “social dynamic” 
at work here ~ too many people, with too much access, 
all at once. This also correlates to the type of person 
that different people are. For instance, Iam a very open 
person, and I really do not value my privacy a heck of a 
lot — therfore, when TV crews diop by with 5 minutes 
notice (and they have), I tend to just let them in for a 
demo, However, Marcus, who is much more of a private 
person, seems to have become a bit overwhelmed at 
this proposition, 

‘Also, keep in mind that I had initiated working with the 
media because I felt that it was time for the excellent 
work in the Lifters geoups to see the light of day. There 
was some debate about this, but the Lifters group as a 
whole has greatly benefited from being about to tell 
people about this new technology 


Marcus had not actually “gone public” about his work 
He had leaked information about his research to a few 
people, and from there it was leaked to several others, 
‘who in turn told their friends about it. Unlike the Lifter 
technology; which has hundreds of people that can talk 
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about how it works and where it came from, Marcus 
technology was represented solely by himself. ‘That 
‘means that everything surrounding his device came back 
ultimately to him alone. Without any real group 
ownership of the expertise behind the device 


As I said before, Marcus was new to the publicity, and 
did not have time to prepare the resources that the rest 
of us have had to answer questions, provide demo 
materials, etc, Naudin and Saviour have a masterful 
manner with regard to teaching people about Lifter 
technology, but they have had years to prepare this 
information and perfect a method of presenting it to 
people 


Most of us in the AG groups tend to pmoselytize for the 
technologies that we believe in, I know that I do, and if 
you haunt the newsgroups much you will notice that 
everybody there believes in something and can go on 
for months non-stop telling the world about it (again, I 
do this). Marcus, however, does not really have this 
personality — he is more of a “take it or leave it” type 
of person. 


For me, this was another indicator that he was the “real 
deal”. You have to understand that I have never seen 
working prototype pictues of the Marcus device, and 
all that I had to go on was the feeling that I got from 
interacting with him on the phone and online. ‘The fict 
that he did not try to “sell me” on the idea was a big 
plus. He told me about the device, and his story was 
always consistent. The other people that he talked to 
also had a consistent story—I have not talked to anybody 
and heard a different version than I heard from Marcus 
himself That is big plus fiom the credibility perspective. 


Marcus initial goal (from when I started talking to him 
in November) was to gradually ease into working with 
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the public to tell them about the technologies he was 
working on. Unfortunately, I probably aggravated the 
issue a great deal, because his early descriptions of the 
technology might have gone unnoticed if ithad not been 
for some of the things he had mentioned about his 
research 


When I read Marcus’ firsts posts on the device, my very 
first thought about his daims was that they were bogus. 
Judging from the reaction of the Antigravity newsgroup, 
1 gathered that a few other people also had the same 
initial reaction. The reason might be a little selfish — 
after you hear claims but do not see wsults for a long 
enough period of time, you tend to protect yourself 
emotionally by becoming skeptical to the idea that 
somebody can be lifting hundreds of pounds of weight 
using a completely new and revolutionary technology 


Nonetheless, something that Marcus had said resonated 
‘with me. I remember that he was talking about his results 
being based on a study of the Earth’s fields, which is 
something that I had read about myself during the 
college years. Telsa had done a lot of work involving 
the Earths electrical and magnetic-fields, and I had 
always felt that this research might come in handy later 
as a potential basis for Antigravity research. However, I 
did not have any specific ideas, and began asking Marcus 
questions offline to find out more about his research, 


In reality, I am nobody special, so I think that perhaps 
this would have happened in any event no matter what 
my reaction would have been, Certainly I am not the 
only person that took an early interest in his work, and 
from what I leamed later he had already been a little bit 
too honest in the BBC online newsgroup before he ever 
became involved with the Antigeavity newsgroups. 


From January to mid-February Marcus became like 
somewhat of an addiction in the newsgroups. This was 
1 strange phenomenon to watch, butif he did not answer 
questions in the newsgroups for even a day people 
started asking whether he had been kidnapped or the 
government had assassinated him. 


You have to understand that most inventors tend to 
segregate their time into “public” and “private”. I do, 
Naudin does, and everybody does this When you talk 
to the public about what you have built, you really get 
into it — but when you are actually working on it, you 
tend to hole up in the garage and put the entire world 
on “ignore” until you have finished with whatever itis, 
that you are doing, 
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Marcus really started to get publicity in late November 
2002, and it built up over a few week period of time. By 
mid-December, he had a healthy following in the 
Antigeavity newsgroup and people in the 5 or 10 other 
AG newsgroups were developing more than just a 
passing interest. Great stuff for Marcus he had thought 
that he was the only person doing this research, and it 
turned out that lots of people shared this common 
interest with him, We had lots of really valuable and 
productive exchanges 


Marcus bided his time working on the projects — he had 
initially stated that he could lift around 200 pounds of 
weight with his November version (prototype #161, if 
I remember correctly). He did not have a digital camera, 
and he did not want to publish photos until he had a 
better prototype anyways. That was OK with me Iam 
used t0 work with a variety of inventors and came to 
realize a long time ago that everybody has their own 
style. I was content to wait until Marcus had additional 
data, and the only thing that I insisted upon was that 
sooner or later he ante-up and provide some 
photographic evidence. 


Despite lacking photos or video evidence, Marcus did 
have documentation. In fact, he wrote more 
documentation about his device than I had ever hoped 
to receive. He cranked out about the equivalent of 30- 
pages of “real” documentation in a very detailed form 
within 1-month, and had the email equivalent of many 
more pages in postings about how the device worked 
online, Marcus had alteady been publishing details online 
for about 2.5 months, 


Despite the incredible amount of published data that 
Marcus was able to complete, in some ways it made 
things worse for him than not having anything at all 
“The reason was the nature of his research. My work, 
currently focused on Lifters, was in a technology that 

easy to explain — the device is built like this, it works like 
that, and it can be described in a manner similar to some 
other thing ...basie easy to explain, and easy to compare. 


Afterall, Lifters have been accused by science of being 
ion-wind devices. If nothing else, rebutting this claim 
gives us someplace to start — something to compare 
against to provide people with an idea about how the 
device works Additionally, we had tons of video and 
photographic evidence to back up our claims. In Marcus 
case, the documentation that he provided made things 
worse because his technology is so utterly different. It 
is not ion-wind, nor the Biefeld-Brown effect, nor 
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apparently the Searle effect. In fact, the more than you 
tried to pin down exactly what it was the harder it 
became to describe i 


Also, its not like he could simply fall back onto describing 
the construction of the device ~ reason being that it 
contained a series of interrelated coils with a unique 
configuration that were intrinsically tied to the 
operation of the device. Every time he wrote a detailed 
summary of the construction of the device, we had 
come avay with more questions than we had started 
out with, After a time I gave up trying to understand 
how it was constructed, because I only had bits and 
pieces 


Marcus was using an arrangement of 6-coils, and what 
are described as “bifilar windings”. Essentially, this 
means that you wind two wires together around a coil 
and then tie one of the ends to another, making the two 
wires essentially one long wire wound “against itself” 
down the length of the armature its on. There are 6 of 
these armatures on the device, mounted around a central, 
RP (or reference point) 


Marcus created all of the terminology for these parts — 
this lends additional credibility to the idea that he had 
had 7 years of experience with it. These are ideas that 
you just do not “make up” for publicity. For instance, 
the bifilar windings on the armature-coils are self- 
cancelling fields, and even a basic-electronics education 
will tell you that. However, the interesting thing is that 
once you wally start to get into the advanced “post- 
scientific” research on magnetic fields you start to see 
self-cancelling magnetic coils all over the place. The 
reason is apparently that while the “B-field” (Editor: Ze 
‘magnetic field) of the coils cancels, the “A-field” (Editor: 
ice. wctor potential) that Tom Bearden keeps talking about 
does not, which means that you can isolate the really 
interesting effects from the coil without having to deal 
with the high field-intensity effects from normal 
electromagnetism. 


Marcus had described these six armatures as being 
activated in a series, or order, to obtain results. Each of 
the coils was spun by an electric motor mounted on the 
armature, and when the coil was spun up to a certain 
speed and “stubs” mounted a periodic intervals on the 
side of the armature were fired in sequence the 
antigravity effect was created 


Marcus Antignavity effect was a directional force that 
was applied in a unique manner depending on which 
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coils were activated. This means that by activating (for 
instance) coils 1 and 3, he could create an antigravity 
effect and move the device left — or something to that 
effect. Turning on and off each set of coils gave him 
movement on one axis of thrust, which corresponded 
to X,Y, or Z ima standard 3-D geometric graph. Since 
you can move in either direction down any given axis of 
thrust, this means that you have 6 axis of movement 
height (up and down), width (left of right), and depth 
(forward or backward). His device provided movement 
on any axis by either one coil or an arrangement of coils. 


Fora while Marcus did not want to talk about side effects, 
but I pressured him into it. The reason was that I have 
seen side-effects that were pretty darned strange in a 
number of different experiments, and I was willing to 
bet that if 1 pressured him a bit he would talk about 
what he had seen but did not want to reveal (for fear 
that people would not take him serious). It turns out 
thae I wns right. 


Marcus had talked about the RP, or “Reference Point” 
‘upon several occassions. This is a. mult-lay 
that acts somewhat like a capactive element. It sits in 
the direct center of the Marcus device, and it is the 
reference-point for the entire device. The RP is 
‘manufactured from cast-iron, and Marcus says that he 
hhas a local company build them for a few bucks each by 
pouring iron into a mold based on one of his designs. 


ed device 


You can active the RP at the same time that you activate 
the coils. You have coils rotating around the RP, with 
“stubs” on the coils firing periodically at points 
corresponding to spots on the surface of the RP 
Meanwhile, you also have an electrical charge on the RP 
itself, which means that there are a lot of elements 
interacting at once to create a very complex dynamic. 


‘One of the interesting side effects was a darkening and 
“blurring” effect of the RP,asif light was being reflected 
off it Another was a Star-Trek like “force shield” around 
the RP These only occurred when all of the coils were 
activated at once, Also note that since the coils are 
opposing in nature (one for each direction on each axis), 
that when you awe creating the force field effect the 
device cannot be levitating, However, the device is 
opemtional, and you have a force-field that you can 
apparently bounce a heavy hammer off without being 
able to penetrate it (Marcus description). 


Another interesting nore is that the force-field effect 
can be modified to create a vacuum, Iam not sure how 
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Marcus noticed this, but he had said that it appeared to 
create a vacuum inside of the field’s boundaries during 
operation. Interestingly it also ran very cold — apparently 
down to a hundred degrees below zero, but only within 
the localized boundaries of the field. 


Tam not a professional physicist, but this is something 
that has been reported with the Seas! effect and several 
other experiments, and the reason that I believe it occurs 
is because you are taking the kinetic energy of the device 
as well as some of the kinetic energy of its molecules 


(lesheat energy), and injecting it into another dimension. 
Afterall, anytime we directly modify a gravitational field 
‘we are creating a dimensional effect, but in normal life 
‘we do not notice it because the boundaries between 
gravitational fields are very gradual 


lager gradient of time/space /whatever. The difference 
between two frames is the difference between two 
locomotives moving at different speeds — the energy 
input goes into accelerating each locomotive up to that 
speed, but the actual work is performed if those two 
tmins interact is solely a product of the frame of inertial 
reference (mass & velocity = energy). 


Another excellent example is a helium-balloon. You put 
the energy into condensing the helium and pumping it 
into the balloon, but itis not the helium that creates lift 
— itis the surrounding atmosphere. In a very real sense 
a helium balloon gets its energy from the surrounding 
environment. The energy that you put into “maintaining 
flight” ina helium balloon is only the strain on the fabric 
used in holding the helium into the confines of the bag 

that encloses it. With 


Well, in the Marcus device 


the Marcus device, I 


the boundary between 
gravitational fields is not a 
several thousand mile-long 
gradient like the Earth’s 


the energy input is used only in putting the| 
device into another frame of reference, bul 
that any interaction between us and our| 
normal” frame would have to be modified| 
lfor any interactions with the “modified” 


would bet money that 
it is not the input 
energy creating these 
effects — it is instead 


iframe. 


field is—instead of you have 


the difference in 


a gradient perhaps 10-times 
mow intense focused within a 3 t0 4 inch area, That 
‘means that you are creating essentially a rift in time and 
space (self-healing) that is kept open by the energy that 
you are pumping into the device. 


“To the best of my knowledge, this is the most accumte 
description that I have seen yet for why his device does 
this Marcus himself could not explain why these effects, 
occurred, and to be honest I scared him more than a 
litcle when I told him my theory. 


In the hypothesis that I just put forth on the origin and 
functionality of the Marcus device effect, the interesting 
thisis that there really is nota direct correlation between 
input energy and the effect itself. That is because you 
are not using the input energy to actually cause an effect 
— you are essentially using the input energy to translate 
the device into another dimension (although it is stil 
pattally within ours) 


Einstein called these “frames of reference”. The idea is 
that the energy input is used only in putting the device 
into another frame of reference, but that any interaction 
berween us and our “normal” fame would have to be 
modified for any interactions with the “modified” frame. 


Again, this takes place in normal physics — but usually it 
involves motion, and normally it takes place over a vastly 
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frames of 
dimensional/inertial reference between 
environment and the “device's” environment, whatever 


that difference may be, 


You see, even though this sounds like a load of BS, 
magnetism is not real. This is not an idea that Iam 
making up — in fact, itis an entire chapter in the physics 
101 textbook kicking around downstairs in my house. 
“Take two magnetic fields, and project them in the same 
direction at the same speed. 
with Field B, because neither of the fields really exists — 
they are merely ripples on a pond, and that pond is the 
background of the time-space continuum. People that 
believe in relativistic gravitational effects take for granted 
that things like this happen — after all, gravity is not a 
force per se in relativity — only a modification of the 
dimensions of time-space. Well, most people do not 
realize that Einstein based his theory of gravitational 
force on his study of magnetism, Magnetism is the same 
thing — it is a modification of the fabric of time-space. 


jeld A can not interact 


“Take two magnetic fields that did not interact from a 
moment ago, and now change the direction that one of 
them is traveling in, Suddenly, the two fields that could 
not even see each other a moment ago now create an 
incredible “torque” — this is the same thing that we see 
in barmagnets and electric motors This is the “torsion 
field” research. 
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Bar magnets are different than pure fields because they 
are composed of the discrete fields of thousands of 
tiny magnetic “domains”. That is why the fields from 
barmagnets are never “invisible” to each other ~ it is 
because that the fields in bar magnets are too jumbled 
to ever really “line up” to the point of being invisible. 
Pure fields can do this, however, reinforcing the 
supremacy of Einstein's relativistic effects with relation 
to electromagnetism, 


Anyhow, that is about it for now I will try to come up 
with a more detailed picture for you on this if you like, 
but I expect that you will probably have mowe questions 
about Marcus theory and device in near future. It is a 
very complex idea underlying his research, but the basis 
of it is the idea of “rotating magnetic fields” 


If you want to do additional research on your own into 
related fields of study, I would definitely look up 
“elativity and magnetism” — it provides an excellent 
example of how to visualize relativity theory in the study 
of magnetic field interactions. This is something that 
electronics engineers are not taught, which is why you 
have never heard of this in an engineering sense before. 
However, in physics is a well-known concept, although 
most physicists prefer to work with quantum mechanics 
rather than relativity these days. 


In terms of rotating magnetic fields, you can look up 
“torsion fields” — again, the Russians have the best 
understanding of advanced torsion field physics, 
although their best material probably has not been 
tminslated yet. Additionally, rotating magnetic fields are 
the basis for the Searle Effect and the Hamel devi 


Marcus was intrigued by Searl’s claims, because they 
appear to have matched many of his own results. 
Interestingly, Marcus had developed his work within an 
“intellectual vacuum” and had never heard of Searle 
before I told him about the similarities. Nevertheless, 
force-fields, ice-cold operating temperatures, and 
antigravity seem to be a pervasive similarity between all 
‘manners of experiments that have been reported using 
rotating magnetic fields I had assumed that Searle’s 
claims were bunk, but after hearing about similar effects 
from Marcus research it led to reconsider some of the 


ctiticism surrounding Searle lately. 


One a final note — one group that may lend additional 
credibility to this esearch is Godin and Roshchin in 
Russia. They obviously benefit from the years of 
knowledge that the Russians accrued in magnetic field 
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systems theory, and they attempted a replication of the 
Seatle effect device some years back (and claimed to get 
some results). I hear that they have been working on a 
revised version of their experimental setup recently and 
hope to have even better results in the very near future. 


Magnetic flow fora bifila-wound toroid that is spl at four 
points on the toroid. This configuration occurs when the 
coils in the nubs are charged to match the charge on the 

toroidal coil, The configuration is a quadra pole with a 
minimum magnetic field at the center 


Fig 2 


Marcus recommends the Kikusui 60001 and 180001. 
mulkipurpose AC power-supplies 


A scale-model mockup of the sing-arrangement within the 
‘Marcus device, showing the interlinking coils 
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Systems of conversion of thermal energy 
to mechanical one 


Review prepared by correspondent Alla Pashova, Russia 
‘There is a wide class of closed-cycle heat engines using differential temperature of water and ambient 


air: This kind of systems enables thermal energy to be directly converted to mechanical one so as to 
perform a useful work. We publish patent specifications of two analogous devices of this kind. 


In 1928 PI. Dobrokhotov proposed a design of such an engine. 


De aera It represents an endless chain thrown over a pair of blocks and 

is partly immersed into water. The chain consists of coiled pipes filled 

oe eenine lee ear meme | ich volatile liquid (such as sulfurous anhydride or ammonia). 
ocean Bassey tt One end of each coil is fastened to a frame, while another end is 

ro DRORTEREEARIETR Ds fastened to a cylinder piston mounted on the same frame, When 


overwater elements are heated by means of ambient air the liquid 
inside the coil evaporate. Vapor put pressure upon the pistons which 
being in motion compress air in the cylinder, and thereby reduce 
volume of each element. When submerging, the element gradually 
cools down, thereupon causing a decrease in pressure of vapor of 
the liquid, which is enclosed within coils. The pistons move in 
backward direction, and the volume of air available inside the 
cylinder 


ipenasee INVENTION $U1404681 A1 


Increase of | 23.06.88 
volume results | YuS. Grigoryey 
{| Prototype: USSR patent #13534 
in increase of | F036 7/06, 1928 
water buoyancy 


i 


the device in 


iararens 
WY 


In 1980, ¥.S. Grigoriev developed his forerunner’: idea by 
improving the system described above. The inventor aspired 0 
enhance the effectiveness of this method of conversion of heat 
energy to mechanical one. He suggested fixing the volume of 
chambers filled with a heat-sensitive actuating medium at its 
minimal magnitude before immersing of those chambers into 
‘warm water, In water the actuating medium heats and par tally 
evaporates At a maximum depth of submersion, the chambers 
are released from fixation to be expanded during emesion. Thus 
fone may avoid expansion of the chambers during their 
submersion. Futhermore, there is a possibility to activate the 


device and get the useful work without preliminary spinup from 
an external drive. 
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Iliya R. Prigozhin 
(25 January, 1917 - 28 May, 2003) 


Be | liya R. Prigozhin, aged 86, Nobel Prize Winner, Belgian scientist of the Russian origin, died on 
28 May in Brussels Prigozhin made a number of prominent discoveries in the field of 


thermodynamics and statistical mechanics of nonequilibrium processes. In particular he developed 
a concept of irreversibility 


applied to thermodynamics Prigozhin was studying time as a physical 


\ phenomenon. In 1977, he was awarded the Nobel Prize for chemistry “for works on 


thermodynamics of nonequilibrium processes" 


"The scientist formulated one of the major theorems of the theory of nonequilibrium processes. 
‘This theory was later named after him, According to Prigozhin’ theorem, stationary state of the system corresponds to 
‘minimal entropy genexation, ‘The outstanding physicist was also an initiator o 
processes in biology 


plying methods of theory of nonequilibrium 


“Thermodynamics principles were enune 
intenction of heat, electrical, and mec 


«din the middle of the XIX century after the invention of a steam-engine, when 
I work amused a higher interest. In accordance with the first lav of thermodynamics 


representing an energy conservation principle, energy neither disappears aor appears in any closed system, but transforms 
fiom one form to another, 


‘The Prigozhin’ theorem sounds as follows: stationary state of the system (under conditions impeding a 


sinment of equilibrium, 
te) corresponds to the minimal generation of entinpies. If there are no such impediments, then production of entropy 
sches its bare minimum, ie. zera. ‘The theorem was proved by Prigozhin in 1947, 

In thermodynamics the nonequilibrium specifically open systems were of most interest for Prigozhin, In such systems either 
or both (matter and energy) interchange in reactions with an environment. At that, quantity of matter and/or energy increases 


‘or decmases in the course of time. 
Ieis obvious thar human society as well asthe biological en vironment is an example of dissipative and nondlissipative structures 
In the 60s and 70s, Prigozhin developed his theory of dissipative structures and deseribed the formation and development of 
embryos. Critical points of bifurcation in his mathematical model are correlated with a point, wher a biological system: 


becomes consecutive and stabilized. 


For bis scientific career time, the physicist was awarded over 40 scientific rewards and admitted as an bonorary 
‘member into national academies of many countries all over the world. 


% 


New Energy Technologies 
PRINT EDITION ADVERTIZING RATES 


Full Page Ad Halt Quarter 
page Ad Page Ad| 
B/W - 
$200 
B/W - $400 Color - 
$400 
Color - $800 


New Energy Technologies is distributed in the leading Scientific Laboratories in Russia and has 
subscribers in more than 20 countries all over the world, 


‘To advertise contact us: 
Faraday Labs Ltd, Phone/fax: 7-812-380-3844 
hup://www:faraday.tu, office@faraday.ru 


75 New Energy Technologies, Issue #3 May - June 2003 


Russian Academy of Sciences 
Russian Physical Society 
Nuclear Society of Russia 
Mendeleev Chemical Society of Russia 
‘Moscow Lomonosov State University 
Russian People’s Friendship State University 


The 11* Russian Conference on Cold Nuclear Transmutation of Chemical Elements and Ball-Lightning (RCCNT&BL-11) isto be held 
during September 28- October 5, 2003. The place of the Conference isin Dagomys near the city of Soci 


The program of the Conference includes the Following subjects: 
Experimental esearch in cold nuclear transmutation (fusion) and ball lighening;, 
‘Theoretical models with respect to cold miclear transmutation (Fusion) and ball-ightning effects; 
Applied to these problems technologies and devices 


The Organizing Committe of the Conference is pleased to invite you to attend the Conference. The terms of yout pattcipation are as 
follows: 


The fll eas is $900, which will include the egistration fee, hotel eservation and living, three daily buffer meals, conference proceedings, 
ttansporation fiom the Sochiaisport and back, social dinner and special excursion of entertainment. 


The languages of the Conference are Russian and English 


The total cost can be reduced to $800 iF transieeed before August 10 t0 the account of the Omanizing Committeg which is t0 be 
announced on having received from you a confirmation about your decision to attend the Conference 


1f you make a decision to take part in the Conference, please, let us know befor July about he tle and abstract of your report 


Contact telephone: (7) (095) 196-9476 (ask Mr. Igor Goryachev), Fax: (7) (095) 196-6108 
‘Email: gnedenko(@kiae.ru; Bazhutov@erzion.madi.ry; bazhutow@ izmiran.resi.ru; bychvl 
“Address: I. Goryachey, Russia, 123182 Moscow, 1 Kurchatew Sq, 

Research Institute of High Technologies at RC “Kurchatov Inst 


Thank you for publication of my article, Your magazine becomes more andl more popu. 


My special thanks to Editorin-Chief Alexander V, Frolov. Whatever they say or write in che press he has done a great work and itis not 
fly my owa opinion. He has managed to do that eversbody had been waiting for 2 long time. My colleagues (not only ftom Rostov-on- 
Doa State University but also from other Rostow lsticutes of higher education) ask me personaly send the best regatds to the editorial 
staff of your magazine 


Sergey A. Gerasimor 


Free energy? 


The scientific community says that it cannot exist. Where dd we hear that before? Academician Valesy Sobolev from the Academy of 
Sciences, the head of the research group working on the experiment says: “This i aot some new physics, bur just experiments that have 
been performed very seriously Make surge of electrons from the environment, temoxe them, deplete the fused electlyte with basic 
typical metals; whar you derive from itis whar cannot be produced by chemical methods. This is a new state of substance” As the 
reseatchers sa, frst they discovered a particular electrochemical process where high-temperature material in a new state ae the product. 
This in its eur allowed to discover a new stare of substance, new class of materials, a new source of energy, a new method of cold plasma 
‘generation, a new superconductot See whole article at: hrps//english peavda.u/science/19/94/379/9675_enegpy-heml 


Josef Hassiberger 


Personal home page on physics, energy technolqgy, social and economic issues: hrrpe//wwwhasslbergetcom 
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Faraday Lab News 


One of the most interesting research projects of our company 
inthe year 2003 has been the research on hydrogen dissociation 
and recombination processes. It has taken us about half a year 
to build a special vacuum tube and in October, 2003 we 
obtained some experimental results on the heat output and 
efficiency of the system. The system we designed in our 
laboratory is shown in Fig.1 and also on the cover. The water- 


cooling system and the heat measurement system make it 4 
possible to measure the heat output within the range of 100 W 

to 5 kW with pinpoint accuracy. In the year 2004 we are 
planning to go on with our research work, 


We have completed the second stage of designing and 
developing a high-efficiency magnetic generator with the 
neodymium permanent magnets of 1.25 Tesla. We 
confirmed the possibility of double output increase from 
the usage of two magnetic induction counter fluxes 
produced by the two coils wound on the generator core 

- ! (Fig2). 

Fig2 


Our laboratory continues designing and perfecting a 
powerful “alternator’-type generator with permanent 
magnets and a drum-type rotor. We will give our readers 
more detailed information after we are aware of the 
patent examining result 


Our tesearch on “The Control of — Temporal 
Characteristics of Physical Processes by means of Ether 
Energy Density Change” is also awaiting the results of 
the patent examining group. This research on time and 
the construction of the “time machine” is not a pure 
theory but it has quite real prospects of being applied 
to the aerospace industry as a propulsion method. 


Itis worthy to note that now the alternative energy prospects in Russia do not entirely 
depend on financial factors. The cooperation is important between researchers, 
investors and organizations interested in the innovative development of Russian 
industry rather than in the development of Russia as the world primary natural 
resource is also important. Progressive political and public organizations should 
develop and introduce alternative energy programmes as well as render support to 
local researchers. The successful innovation of new technologies is impossible 
without this support and lobbying government. Let us hope that the year 2004 will 
bring along new opportunities and promising contacts. 


Alexander V. Frolov 
General Director Faraday Laboratory Ltd 
http://www. faraday.ru 
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An interesting but a very simple motor has been designed. It operates on the basis of heating differences 
of its components due to temperature variations of contacting environments or due to variable radiation 
intensity. 


Motor structure 
‘The motor structure (see Fig.1) includes a metal or plastic wheel (1). In the center of the wheel there is 


an axis (2), on which spoke ends are fixed (3). Other spoke ends come through a hole in the wheel rim. 
On the spoke end there are weights, for example, in the form of small balls (4) 


= 
Pes 
O 
Ia 
OC ie 2O-O 


Fig] 
Motor 


‘The structure peculiarity is preconditioned by a loop-shaped part placed on each spoke (5), which has 
a form of a metal strip or core. An arched bimetal component is built in the center of each loop-shaped 
part (6). Joints can be fixed at the joining point of loop-shaped parts and spokes to simplify the motor 
movement (7), 
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In the motor structure described arched bimetal 
components become straight when heated. The 
motor axis ends are placed in bearings (8), 


To initiate the motor movement the loop-shaped 
parts need to be in mediums (zones) with 
different temperature. For instance, the lower part 
of the wheel may be placed into hot 
water (9) and the upper part will stay in the 
ait (10). 


Motor operation 


When the motor is in a medium with identical 
temperature, for example, in the air, the 
temperature of all bimetal components will also 
be the same; therefore, they have identical form, 
In this case all spokes will similarly project over 
the wheel rim andall weights have similar distance 
from the wheel axis. 


‘This state makes the whole system balanced and 
immovable. But if the motor wheel is partly placed 
into water with the temperature exceeding that 
of the ambient air the bimetal components in 
water will become straight and shift the 
axis weights from the wheel axis. This 
phenomenon initiates motor operation. 


Let us consider this process in more detail 


(On touching water, the bimetal component in 
the loop-shaped part becomes straight and 
shifts a weight from the wheel axis. The wheel 
becomes unbalanced, obtains torque and turns 
clockwise. This rotation makes the following 
bimetal component on the next loop-shaped 
part of the following spoke touch water. This 
bimetal component also becomes straight and 
shifts a weight from the wheel axis, generating 
an increased torque that turns the wheel 
clockwise 


At the same time a bimetal component comes 
from hot water on the left side of the wheel in 
zone “A”. The component cools and restores its 
initial form, ie. it curves more and pulls the weight 
‘on the spoke to the rotation axis. This leads to a 
decrease of its counterclockwise torque that 
affects the wheel. 


‘The loop-shaped parts on the left side (A) and the 
right side (B) of the motor wheel will cause 
asymmetry in the number of weights projected by 
the spokes. On the motor left side (A) the weights 
will be projected from the wheel axis when the 
spokes are located in comer “C”. On the right side 


(B) the weights on the spoke axes will be shifted 
from the axis when the spokes are located in 
corner “D”, Fig.2 shows that corner “D” is far 
larger than corner “C”. This means that more 
weights will be shifted on the right side of the 
wheel in zone “B” than on the left side in 
zone “A’ 


Fig2 shows that the wheel weights generating a 
clockwise torque are projected on the right side. 
On the left side in zone “A” only one weight is 
projected and it generates a counterclockwise 
torque. More weights shifted from the wheel axis 
on the right side will generate a greater clockwise 
torque than the weights shifted from the wheel 
axis on the left side. This is the cause of the wheel 
clockwise rotation. 


‘This interesting effect is achieved due to the 
loop-shaped parts on the wheel spokes with 
bimetal components placed on them, When the 
next wheel spoke reaches corner “D”, the 
bimetal component connected with it touches 
hot water, becomes straight and shifts the 
corresponding weight further from the wheel 
rotation axis. The motor wheel continues 
rotation, making the next bimetal component 
touch water. It is also heated, becomes straight 
and shifts the corresponding weight from the 
wheel rotation axis. The wheel continues 
rotation. Bimetal components are touching 
water in succession. On the left side, in zone “A”, 
the bimetal components successively come out 
of hot water, cool in comparatively colder ait, 
return to the initial sharply curved form and pull 
the weights on spokes to the wheel rotation axis, 
‘This is the reason for the wheel torque to 
decrease 


‘Mass movement from the axisin a rotating object 
commonly causes reduction of rotation speed. 
And, on the contrary, the rotation speed increases 
when the mass comes close to the axis. In motor 
zone “A” the weights come close to the rotation 
axis after the corresponding _bimetal 
components come out of hot water, and the same 
number of weights move from the center in zone 
“B’, ie. these effects on the rotation wheel 
compensate each other. 


In essence this is a heat machine. ‘The heat 
transfer from a warmer medium — water — to the 
cold medium — air — is achieved owing to the heat 
capacity of the band-form bimetal component. 
This is the reason for fast heating and cooling 
processes. Due to the fact that bimetal 
components are not large, not so much heat is 
needed for their heating 
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‘The motor will operate when the air temperature 
exceeds that of water but in this case it rotates 
counterclockwise, 


‘There is another model of this motor when nitanol 
components are used instead of bimetal ones, 
Nitanolisa memory metal alloy that changes shape 
when reaching certain temperature 
In thisinstance, the nitanol componentis normally 
curved but becomes straight when heated (for 
example, up to 50° ©), and the weight on the spoke 
end moves from the 
wheel rotation axis initiating rotation of the wheel. 
‘That means similar operation of a nitanol-based 
and bimetal-based motor. 


‘The motor structure is very simple and its operation 
does not require power or fuel supply: it is enough 
to place its wheel into the water the 
temperature of which is different from that 
of the air. 


‘The motor structure may be further developed: for 
example, a focused sun ray can be used for the 
heating purposes; the bimetal component can be 
heated with a common electric lamp on one side 
of the wheel, the required heat may come from a 
heating radiator, stove or burning gas-jet. Such 
motor may be heated when installed on a 
mantelpiece, etc. 


‘This article describes the motor model that can be 
used as a toy. Being supplied with looking-glass 
units it may be applied to get various luminous 
effects or may be installed in the shop showcases, 
or else at exhibitions. This motor is also able to 
operate in a gravity force environment, even on the 
Moon. There direct sun rays may heat bimetal 
components to 200° C, and the temperature of the 
components located in the shadow almost reaches 
absolute zero, ie. the temperature difference in this 
instance is over 400" C, which enables constant 
efficient motor operation, 


Fig2 
The motor in operation 
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Electromagnetic Rotation: 


S.A. Gerasimov , V.V. Stashenko, Russia 
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EmailGSIM1953@mailru 


Introduction 


‘The electromagnetic rotation is the motion of a magnetized 
body ina direction perpendicular to both the vector of 
magnetization J,, and the direction of the electric current j in 
a liquid inside which the magnet is located (Fig. 1). 


Editor: Readers can compare this vector composition and the 
device scheme of Godin and Roschin with the Searl 
experiments. The similarity is evident. A.V: Frolov 


Fig 
Electromagnetic rotation, A magnet M of magnetization J, thatis 
partly or entirely submerged in a conductive liquid Lwith a direct 
current of density j is moving in the direction of the force F,+F, 


{Rostov State University, Rostov-on-Don, 344090 


‘The force producing such a motion 
issufficiently weak and, normally, the 
phenomenon is observed at rotation. 
Although, this is quite a well-explored 
phenomenon [1-6], nobody knows 
what makes the magnet rotate [4] 
There is an opinion [2,3] that the 
motion of the magnet in the 
conductive liquid is caused by the 
forces of attraction F, and repulsion 
F, between currents of density j 
flowing in the liquid and surface 
magnetization currents j,, of the 
magnet, often called the Ampere 
currents as shown in Fig, 1 


‘The external magnetic field of a long 
cylindrical magnet originating far 
from either pole is zero. Therefore, no 
force is exerted on charges moving in 
the liquid far from the ends of the 
magnet. Nevertheless, the magnet still 
moves in the liquid with the direct 
current even if it is only a thin 
magnetized needle [5]. Thus, the 
deeper the magnet is immersed in the 
conductive liquid, the more liquid 
gathers around it. The deeper the 
immersion is, the higher the total 
force must be. That should be so. 


In reality, itis quite different. During 
intermediate immersions when the 
magnet is partly submerged in the 
liquid, the torque N does not depend 
on the depth of immersion, in the 
other words, currents flowing round 
the cylindrical magnet do not 
influence the exerting force acting [6] 
Moreover, during shallow 
immersions, the magnet_moves 
together with the liquid, This is 
none other than the self- 
interaction [7]. The conductive 
liquid under the magnet experiences 
the magnetic action. The direction of 
this force coincides with the direction 
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of the magnet motion. Thus, the part of the conductive liquid moving in this direction under 
the action of the magnetic field B, affected by the frictional forces in the liquid causes the 
motion of the magnet in the same direction. The only way to find out the role of the self- 
interaction in this phenomenon is experimental investigation. It would be appropriate to exclude the 
currents flowing under the magnet. In this case the magnet must rotate in the opposite direction 


Experimental system 


A commercially available cylindrical magnet M of magnetization J,,=1,95-10° A/m and a balanced load. 
P connected by a rocker R are suspended by a thread Tas shown in Fig, 2 


mm, v=70 mm, the diameter of the central 
electrode Eis 5 mm, the thickness of the bottom Gis 2 mm, (x) and (* are directions of the force acting on 
current elements of current density jin the magnetic field of inductance B 


‘The magnet is immersed in the 5% copper sulfate solution (CuSO,) so that the depth z of immersion can 
vary. A vessel containing the conductive liquid £ is large enough for the magnet to be almost entirely 
immersed. The cylindrical surface C of the vessel and the central electrode £ of the system are made of 
non-magnetic materials, The bottom of the vessel G is, of course, insulator. The magnet is coated with 
an insulating moisture-proof varnish. The length of the electrode £ equals the height h of the vessel. A 
direct current of strength [passing through the cylindrical electrode C, the conductive liquid £, the central 
electrode £ and the disk electrode D generate a torque of electromagnetic origin which results to the 
rotation of the magnet. The disk electrode D is intended to provide the system with the symmetrical 
supply of the current 


a 
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Experimental results 


‘The size of this experimental device differs from that described previously [6]. As a result we have 
obtained the torque N, which is about ten times more intensive than the former one. But 
the main result is that the torque does not change its sign when the magnet is being immersed in the 
conductive liquid (Fig. 3). 


N, g-cm’/sec? 


100 05 


Q 0.5 1zfn 


Fig3 
Atypical experimental dependencies of the torque NV 
acting on the magnet depending on the depth of immersion = 


‘When the magnet is almost entirely submerged in the liquid the depth of which equals the height of the 
magnet, no currents are flowing under and above it. In this case the rotation of the magnet is expected 
to be the result of drag action of the rotating liquid located in the intermediate field relative to the 
magnet. This part of the conductive liquid is rotating in the direction opposite to that of the motion of 
the magnetized body. It seems to be the right way. The magnet pushes the liquid away and, therefore, is 
moving in the opposite direction. No, this is wrong. If it was correct, this effect would also occur during 
the shallow immersion. At small 2 the magnet and the liquid rotate together. So far we still do not know 
what makes the magnet rotate. 
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For several decades the author has been 
organizing a contest for young inventors on the 
radio, television, in mass media and the Internet. 
‘There have been accumulated thousands of 
engineering solutions that belong to 
schoolchildren and youth. There are many 
original ones, including perpetual mobile. 
‘Though unfeasible in principle, they have 
interesting structure and competent engineering 
solutions, 


For example, a child's dream to create an oblique 
roof over a city or field and direct the rain flow to 
a turbine to obtain mechanical work is of little 
use. But it's quite another matter if this child takes 
a pencil, a sheet of paper and tries to make a 
sketch or a drawing of such construction. Even if 
the construction is primitive and unfeasible, the 
child will get his first engineering experience and 
self-reliance. 


Ican still remember one peculiar case. Once the 
editors were instructed (it was in the times of 
the USSR) to assist an honored inventor of new 
machines. It was a Stalin Prize laureate, creator 
of a special type of lime that was widely applied 
in construction (I will not disclose his name). 
‘The inventor was given (that was not common 
practice) a large room in a shared apartment 
situated in a prestigious block of apartments in 
Moscow. It turned out that all room space, 
except for narrow passages at the walls, 
occupied by a huge table. On the table up to the 
ceiling there were some pipelines, glass and 
metal vessels, retorts and other laboratory ware. 
‘The most impressive thing was retorts heated 
by gas coming through a hose from the shared 
kitchen, All that staff was bubbling, hissing and 
steaming, The inventor was creating a perpetual 
mobile! 


I will give one more example of a situation 
common for the editors of the "Inventor and 
Rationalizer", Once we had a respectable-looking 
visitor who made an odd request to get the 
President of the French Academy of Sciences to 
respond to his letters about a perpetual mobile 


plan, The essence of Alexander Rodionov's 
(Maloyaroslavets, Russia) invention was that "in 
accordance with Newton'sand Guerin’s laws fluid 
flows up through capillaries and turns a wheel 
when flowing down (see Fig.1). 


's law 


uerin 


Gi 
Newton's law 


Fig.1 
Perpetuum-mobile 


‘There are many similar projects in the history of 
engineering, Hence, this case may be considered 
as typical. We all know that the molecular 
adhesion forces (moistening) that push the fluid 
upwards will stick to it and the capillary motor 
will never work. But is the idea totally unfeasible? 
Since false modesty is inappropriate when it 
comes to perpetual mobile, Iwill present my ideas 
on this not so honorable subject for the reader's 
judgment 
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It seems that all perpetual mobile inventors start 
not with a pencil and a sheet of paper but with 
experimenting on magnets, oblique plane, wicks, 
wheels, springs and other materials at hand, My first 
heat (perpetual) motor was also the result of an 
experiment 


‘The "Capillary" idea of Alexander Rodionov 
haunted me. I recalled that the great Lomonosov 
devoted lots of time to studying molecular 
adhesion and capillarity. They are present in 
everyday life, let alone the nature, especially in 
plants that would not be able to exist without 
them, How else would moisture flow up the trunks 
and stems? But, on the other hand, according to 
Mikhail V. Lomonosov's data, water flows up only 
for the maximum of several dozens of millimeters 
even through the thinnest capillary. But trees may 
have the height of several dozens of meters! If, as 
it is customarily considered, moisture flows from 
one capillary to another of its own accord, why 
not suppose that a capillary perpetual mobile is 
feasible? Explanations that moisture in plants 
flows up due to root pressure do not sound 
plausible. So where is the truth? 


Years have passed since that visit of A. Rodionov. 
Now, just like I used to sympathize with, as it then 
seemed, a rather odd inventor, now my relatives 
sympathize with me. One can not blame them: for 
weeks and months there have been flowerpots all 


Fig. 2 
Motor 


around the apartment - on the tables, window-sills 
and bookstands. With bottles, tubes and self-made 
water manometers to follow. 


Once, when I was assembling a device, I could not 
find two similar glass tubes and had to put in the 
tube of thin polyethylene. But no matter how hard 
I worked the water in the communicating vessels 
was at different levels. In the glass tube the water 
level was always higher. It could not be otherwise, 
if you come to think of it, but isn't it the right time 
the words" made of equally wettable material" were 
inserted into the communicating vessels law? 


Here is a primitive experiment: make a hole in the 
bottom of a plastic flowerpot containing soil and 
a plant, and insert there one end of an elastic tube. 
The other end is inserted into the bottom of a 
plastic bottle containing water (see Fig. 3). In 
accordance with the communicating vessels law, 
the water will flow from the bottle into the 
flowerpot. When wesee that the soil hasbeen made 
wet, the experiment shall get more complicated: 
elevate the flowerpot so that its bottom is higher 
than the liquid level in the bottle. In some days we 
shall notice that the soil has not dried up and the 
water level in the bottle has lowered. One should 
not be a Solomon to guess that the soil or the roots 
of the plant transfer the water from the lower to 
the higher level. Here is a typical natural perpetual 
mobile! 


a 


It is no use referring to the molecular adhesion forces since they can not be applied at such height 
differences, What is it then? A molecular collision as in a boiling kettle? But a leaf has neither high 
temperature nor much space, Nevertheless, water evaporates both from the soil and leaf surfaces. At the 
same time there is rarefaction under the evaporating surface. Can it be the rarefaction that pulls up new 


portions of water? 


10 
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Fig 3 

Rarefaction 
Let us make the experiment still more complicated. Put the leg pipe of a liquid manometer into the 
bottle cork. (Fig 3) Almost immediately the water level in the closest leg to the bottle will start rising. It 
‘means that there is rarefaction in the bottle. Can it be the rarefaction that "rules" the plants? 


Most likely, the essence of the mistake made by Rodionov and other authors of capillary motors consisted 
in attempts to get the water outflow from the capillary. If it is not flowing out but evaporating, as 
it is common for the soil or plants, then, probably, vacuum will manifest itself and the 
capillary perpetual mobile will start working. 


I made my first capillary perpetual mobile many years ago (see Fig. 4). And it worked: though slowly, the 
wheel was steadily turning, No doubt, it was due to the heat inflow from the ait. Therefore, such motor 
will work if there is a temperature difference and relative humidity of surrounding ait 
is below 100%, 


Fig 4 
Capillary Motor 
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‘The heat motor operating principle is clear from 
this figure. The disk (many disks on the common 
axis) is divided into isolated sections, Their surface 
is covered with a moisture-proof piece of material 
(filtered paper, cloth, etc.) The part of each section 
somewhat gets under the base of the next one. 
Hence, a small part of the base of one section anda 
part of the part following the section can get into 
water simultaneously. Due to the capillary 
moistening the section and the part will start to 
absorb water. Since the section is shifted about the 
center of gravity, the turning moment is bound to 
appear. The section that is out of water starts to dry 
up, the moment will increase and the wheel will 
start turning. 


Having determined that, though slowly, the motor 
is turning, the author applied to a patent authority 
for a patent on the invention of the "Perpetual 
mobile", meaning it as a joke. I hoped that the 
experts (I knew some of them personally) will 
understand this joke. But, unexpectedly, the device 
was considered an invention, though under the 


name of the"Heat motor" (certificate of authorship 
USSR * 1455040). 


Basically, the motor is similar to the project of A 
Rodionoy. I would not be surprised if he protested. 
‘The same capillaries and the spontaneous rise of 
liquid on the moisture-proof material. The only 
difference is that the liquid does not flow out but 
evaporates from the capillaries. 


Almost without any reason - one can not predict 
his eccentricities - I have recently made one more 
capillary motor (see Fig. 3). Perhaps, it resulted from 
my experiments with plants, This motor directly 
and spontaneously lifts water to a higher level, 
which is more convincing. Moreover, water flows 
in the form of drops (or a stream) and turns the 
propeller! The motor is quite operable and has even 
been shown on TV. But do not try to verify it on 
your own - such work is useless without certain 
know-how. The author would not like to disclose 
the "secret" yet. I could still make a patent 
application 


The Continuous Rotation Device 


‘Theessence of thisinvention is thatinaclosed 
circle the rotation of the object occurs without 
any outer influence or any power sources 
(electric energy, oil, diesel oil, etc.), which 
results in the rotation of the rotating part of 
the device. The torque can be easily enhanced 
by means of transmitting it to the reduction 
system, At that rate, the necessary rotation 
speed and rotation power can be acquired. 


‘The device is small, easy to transport, mobile 
(both, in operation and switch-off), simple 
and inexpensive to make and assemble. It is 
economical, ecological and weather 
independent. 


‘The device can be used in any industrial or 
household appliance field where the 
continuous rotation is required, tis especially 


important tonote that this device can be used 
to generate energy on a large industrial scale 
as well as in small laboratories, in mountains 
and remote districts, in tunnels, at sea, etc. for 
it does not require any power lines, 


Patent Claim Priority: 
20030059, April 19th 2003 


For more information 
contact 
the author of the invention: 
Eldar Sariyev, 
Azerbaydzhan, Baku, 

‘Thilisskiy Prospekt, 75-26; 
Tel: + (994 12) 92-47-73, 98-95-02; 
Email:eldar_sariyev@yahoo.com 
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Vladimir N. Sukhanoy, Russia 
Kosmonaviov Str, 35-39, 420061 Kazan 
Email: Wladimir Sukhanov@soroskswru 


Natural hydrologic cycle is a widely recognized 
phenomenon, Water evaporates from the ground 
and water reservoir surfaces, generally, due to the 
Sun heat, then moves to the superstructure 
atmospheric layers where it is condensed, and 
precipitates onto the ground surface, but on higher 
levels compared with evaporation surfaces. In this 
process water is also purified and desalted. From 
the higher levels water flows to its main 
evaporation points, forming streams like brooks 
and rivers where water power plants could be 
established. Flowing to the lower surface layers 
with lower potential energy, water in the Earth’s 
gravitational field performs work that can be 
utilized. 


Natural hydrologic cycle principle is used 
in the gravity-heat power system (USA 
patent No. 3953971, International class. 
F03G7/04 of May 4, 1976). 


In this system the temperature difference between 
ground surface layers (the mountain foot and its 
top) is used to produce electric power and obtain 
fresh water. The temperature difference does not 
change much with change of height, and the 
system effectiveness is quite moderate, which can 
be named as its drawback 


‘The system utilizes free environmental energy. Its 
efficiency (converted to the process maintaining 
energy) tends to infinity. 


‘The author proposes a new gravity-heat power 
system that can substitute modern heat power 
plants. It contains all installation components as 
per USA patent No. 3953971 except for the heat 
exchanger on the ground surface whose functions 
are performed by a conventional steam boiler. 


Gravity energy component G in the 


where 
* X,,—fluid flow, 

¢ T—time of operation, 

# g—acceleration of gravity, 


¢ H_- tower height between the steam 
boiler and the freezer (condenser). 


‘This formula does not allow for vapor density of 
operating fluid. 


‘The vapor density is insignificant as compared with 
the operating fluid density. 


Energy P, required to maintain operation: 
P-X,.Tq, 


where q ~ specific fluid vaporization 
energy 


Efficiency K — of the system should not 
be lower than 80% 
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To obtain efficiency that equals 120% the 
following is required: 
H=2,2q/g 
OrH= 25,4 kilometer 
13 


Construction of such towers is too complicated for 
modern technology. Therefore, a stratospheric 
balloon that is linked to the ground surface by a 
flexible twin-core hose rope may be used. One core 
is designed to send down fluid and the other to 
send up vapor. Flowing down to the ground surface 
through the hose, the fluid will generate fluid 
column pressure. The fluid will cross water-turbine 
generator cascades, after each of which the fluid 
pressure will decrease and the fluid will continue 
its way down. 


‘There is an alternative. To make the tower several 
times lower the evaporation (at the tower foot) and 
condensation (at the tower/mountain top) should 
be phased (in the form of cascade) at various 
pressure values and with utilization of the same 
heat energy. For this purpose a heat carrier is used 
that will transfer heat from the tower (mountain) 
top to its foot. This operation will enable the tower 
height segmentation into H/n sections where n is 
the number of grades in a cascade. 


Cascade structure is shown in Fig. 1 


Fig. 1 
Cascade 


where 


1 — ground surface, 

2 — tower component or the smoke-stack of 
the steam boiler, 

3 — steam boiler, 

4— steam pipe, 

5 — heat exchanger and condenser, 

6 — pressure pipeline, 

7 — water-turbine generator, 

8 — heat exchanger and evaporator, 

9 — circulation pump, 

10 — pipeline of the heat cartier circulation. 


Cascade (operating fluid, water) with 500 meters 


of height can contain several dozens of grades (50 
and more). In this case the cascade efficiency 
may approach 120%. 


Decteasing the tower height to 500 meters (for 
water) will allow for utilization of conventional 
water-turbine generators and standard equipment. 


In the proposed cascade the heat energy is required 
to maintain the cascade working capacity when 

arth's gravitational field energy is utilized. In the 
author's opinion there are still other ways to use 
gravitation. 


‘The system scale is its main drawback. Therefore, 
partial utilization of the proposed principle may 
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seem more attractive. The proposed engineering 
solution was simple, 


In a thermal power station the condenser 
is installed on the top of the tower 
(mountain). After the condenser the water lift 
in the water tower finished at the steam boiler 
pressure pipe (omitting the pump that was no 
longer necessary). Energy required for pressure 
pipe operation was saved. In other words, the 
water tower was utilizing the Earth’s gravitation 
at the conventional juncture of vapor 
condensation in the steam plant 


Such proposal was made on June 17, 1982 in the 
patent application USSR N3453603/06, (101161) 
expert code 060701KH. However, the utilization 
of free and environmentally friendly gravity energy 
did not arouse interest even on the part of patent 
experts. 


Fig. 2 
System 


The author is looking for serious partners. 


The Alternative Energy Potential 
in Russia 


According to the International Energy Agency 
(IEA) calculations, total investments into the 
energyindustry constitute approximately 330 
billion dollars annually. Almost halfof thissum 
(150 billion annually) is allotted to the 
development of the electric power industry. 
‘This information only partially reflects the 
potential of the alternative energy 
development anddoesnotincludethemarket 
growth factor upon the introduction of 
autonomous powersystem technologies. Vast 
territories of the planet have not been 
sufficiently developed yet duc to the absence 
of local energy resources and power lines. 
From this point of view, Russia is the country 
with an enormous consumer demand 
potential provided that the mass production 
of autonomous fuel-less energy systems 
guarantees low production prices, 


Alexander V. Frolov 
Editor-in-Chief 


Fuel-less energy R&D | 
R&D in alternative astronautics| 


Read our 
New Energy Technonlogies 
magazine 


Lev Tolstoy Str. 7-601 
St.Petersburg 
197376, Russia 

Tel. 7-812-3803844 


www. faraday.ru 
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Review prepared by correspondent Alla Pashova, Russia. 
Based on the Internet pages and other information sources 


It is common knowledge that any 
experimental information, which is against a 
conventional scientific paradigm, is 
considered to be false, extracted from the 
y and finally is turned into something 
classified and elite. 


Politics-oriented science as a whole and 
natural science in particular often result in 
misrepresentation and falsehood of popular 
knowledge that turns it into the fighting 
weapon of socio-political organizations, states 
and their groups. 


World-outlook and political contradictions of 
any society often determine science 
development strategies, In 1885 Nicola Tesla 
presented his transformer in action by means 
of which he lit carbon lamps in a 25 miles 
circle without any cords, conductors or 
switches using the 5000-HP turbine of the 
Niagara hydroelectric power station, 
Afterward, he obtained financial support for 
‘one of his energy projects. 


On a special testing ground Nicola Tesla built 
vacuum-energysystems, However, in 1885 the 
systems, as well as the testing ground, were 
destroyed as it became evident that if they 
went on the mankind would never need 
organic fuel again. But the destruction of the 
systems and testing ground does not at all 
mean the destruction of papers and 
documents...Ever since that moment people 
have been trying to find "free energy’ 


‘The experiment of distant lighting of carbon 
lamps without using any cords was repeated 
only once by the physicist Filippov. He 
managed to light the lamps in Tsarskoe Selo 
‘employing the electric generating systems in 
St, Petersburg. Filippov died in 1914 under 
mysteriouscircumstances. 


In 1917 the Portuguese American Andres 
invented non-convetional fuel foran internal 


combustion engine. The essence of his 
invention wasinsomeinexpensivechemicals, 
which he dissolved in water (some drops of 
chemicals per pail of water). A special state 
committee tested the new fuel during the 
New York - Washington - New York 
automobile races. After the races one of the 
largest oil monopolies in the US. offered 
Andres 2 million dollars in cash for the 
documentsandall rights forhisinvention and 
later locked all the information in their safes. 
‘Two dayslaterafter getting the money Andres 
disappeared. (The information was disclosed 
by V. Vasilevsky, the former chief of the 
scientific and technical intelligence 
department of the KGB of the USSR, who had 
been in charge of the departmentsince 1930). 


The above-mentioned examples show that 
there were a lot of attempts to develop 
revolutionary energy technologies. But what 
then are the grounds for the ‘energy crisis’ 
complaints? The answer is simple: the desire 
of a group of financial and energy 
multinational corporations for an economic, 
political and, finally, for a total control of the 
world. That is why there is no room for"free- 
energy" hunters in our science, not even as 
laboratory assistants, not to mention some 
higher positions, 
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Practice often negates scientific dogmas, 
especially when it comes to the efficiency of 
different devices. In general, the traditional 
understanding of efficiency is quite limited 
and should be forgotten. Instead of the 
traditional notion "efficiency" we should 
consider the notion "energy-conversion 
efficiency” (ECE), which has no limits. In 1974 
in the USA a six-stroke internal combustion 
engine was designed which had a double ECE. 
‘The fifth stroke of the engine operation 
included water injection; the sixth was 
characterized by the water vapor 
introduction. Firstly, the engine had a higher 


ECE than that of the Carnot 
cycle. Secondly, taking__—the 
55 % ECE of the contemporary internal 


combustion engine, the ECE of a six-stroke 
engine exceeds 1 


Practice often negates scientific 
dogmas, especially when it 
comes to the efficiency of 
different devices.In general, the 
traditional understanding of 
efficiency is quite limited and 
should be forgotten. 
Instead of the traditional 
notion"efficiency" we should 
consider the notion "energy- 
conversion efficiency"... 


Before the war there appeared "studebekkers" 
with the fuel consumption of 5.5 | per 100 km. 
But the fuel-economy record was set by the 
Japanese. In 1986 they builtupan automobile, 
which used only 0,055 | of fuel per 100 km 
(about 44 g). Unfortunately, now we do not 
have plants, which could manufacture 
automobilesof the kind. 


In 1832 Tomson came up with the idea of a 
heat-pump unit. Stating the unity and 
interconvertibility of substance movements, 
he proved that the mechanical energy 
consumption can restore stray heat. At that 
time cross-Atlantic shipshad low-temperature 
steam engines, which employed exhaust 
steam and ether vapors. The efficiency of those 
engines was already higher than the Carnot 
cycleefficiency. 


Now with thehelp of the factsacquired during 
the last century we will prove the scientific 
inconsistency of the orthodox model of the 
second stage of thermodynamics. In 1941 the 
English physicists O. Hougen and K. Watson 
published their work featuring the 
experimental fact that theammonia-saturated 
vapor pressure in liquids was higher than the 
general pressure. For example, with the 
general pressure of 50 atm and the 
temperature of 0? C, such pressure was 17 % 
higher. This means that having placed a 
semitransparent partition and a turbine 
between two containers it could have been 
possible to build up a natural-heat vapor- 
Converter, This method was used by von 
Platen, the Nobel prizewinner from 
Sweden, whoconstructed aself-rotating 
centrifugal machine, which provided a 
1000 atm pressure when ammonia 
interacted with water. The heat emitted 
was enough to compensate friction 
losses. It is also known that the Carnot 
principle cannot be applied to closed cycles. 
\W. Vielstich, ‘Combustion Cells, 1968: "If an 
entropy change ofa reactionis negative, 
it can exceed 1 It means that a certain 
amount of energy can be obtained from the 
natural heat. Such an effect is possible in 
electrochemical generators, which employ a 
direct oxidation process before oxidation and 
dioxidation': 


A demonstrative example of scientific 
experiments withdrawn from science is 
discovery * 13 "The knock power-transfer 
regularity" made on December, 18th, 1962, 
which makes it possible to create a mechanical 
"perpetual mobile”. The experiment shows 
that the conventional "knock theory" doesnot 
work in practice: the bouncing energy ofa 
body after it has been knocked can be 
higher than its energy before it hasbeen 
knocked. 


Trying to get some _ recognition, 
E. Aleksandrov, Doctor of Engineering 
Science, made his demonstrative 
experiment in front of many different 
commissions: a chilled-steel ball when 
falling froma 10m height ontoa firmly- 
fixed chilled-steel plate madea 14-15 m- 
high bounce. That was the notorious 
‘perpetual mobile’ as itis. It went on like this 
until somebody decided to explain the result 
of the experiment by a metal lattice internal 
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energy. At once, everything was clear, Since 
thatmoment the above-mentioned principle 
hasbeen successfullyemployedin percussion- 
action machines. This principle can also be 
used in simple electric-power systems. 


Nowwecan see that electro-technicians had 
already constructed demonstrative perpetual 
mobile’ machines 10 years before politicians 
and economists started to speak about the 
‘energy crisis. 


In 1921 the mass media wrote about A. 
Hubbard who invented an electromagnetic 
generatorwithout any external energy supply. 
The Hubbard generator was used as a boat 
motor. 


-.now we can see that 
electrotechnicians had 
already constructed 
demonstrative ‘perpetual 
mobile' machines 10 years 
before politicians and 
economists started to speak 
about the 'energy crisis’... 


In 19281 Nidershot invented 300 W electric 
generator, which did not require any external 
cnergysupply. The device consisted of a radio- 
technical oscillation generator (500 kHz) and 
a coil. After 68 years there appeared 
publications about A. Melnichenko who 
repeated the experiment. 


In 1927 T, Brown (England) obtained patent 
‘on the ways of originating a moving power 
and energy using an electric field. Later, in 
1955 while working in France, he presenteda 
system with the speed-capability of several 
miles perhour using a 2000 eV field. After that 
he had to stop his experiments and was sent 
tothe USA. 


In 1943 N. Tesla presented an electric-motor 
automobile, The energy was generated by a 
previously-unknown generator. 


In 1960 Stovbunenko (whose research work 
results were subject to a special verdict of the 
Military-Industrial Complex) presented his 
motor, which made it possible to move in his 
oldautomobile'Moskvich' around the city for 


the whole day utilizing the power ofastandard 
automobile battery. 


In 1980 there wasa qualitative break through 
in electro-technical "perpetual mobiles", 
Baumann'selectrostatic machinesof the total 
capacity of 750 kW started functioning in the 
religious community of Liden (Switzerland), 
serving all daily needs of the village. (See the 
photosbelow) 


The photos are taken from 
www.free-energy.cc 
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‘Thus, in 1980 there appeared a community 
with no energy problems, no need for 
organic fuel and no fear for the'energy crisis’ 


In 1881 N. Sluginov discovered an energy 
imbalance that occurred in the water 
electrolysis process. In his experiments he got 
that the output energy was 30% higher than 
theinputenergy. In 1980 American scientists 
recreated this energy imbalance and proved 
that while employing the steam turbine 
rejected heat, the water electrolysisefficiency 
reaches 120%. 


‘This information introducesa story aboutan 
energy system invented in 1957 under the 
guidance of |, Filimonenko. The system did 
not simply generate energy in the form of a 

high-pressure vapor and output hydrogen 
and oxygen but also absorbed radiation. In 
1960 the USSR Central Committee and 
Cabinet Council gave a special secret ruling, 
known as “The Three 'K’s'” (Keldysh, 
Kurchatov, Korolyov) to go on with the 
research in this system. However, after 
Kurchatov's death the project was 
“oppressed” and later on after the death of 
Korolyov the project was completely 
cancelled. The special committee of the 
USSR Academy of Sciences stated that the 
system was functioning against "the Law of 
Nature’. I Filimonenko was dismissed and 
expelled from the party, Later, in 1980-1991 
the experiments were partially renewed. 

Several testing systems were constructed in 
the Chelyabinsk region but the construction 
was never finished and the use of a mobile 
system for eliminating the damage caused 
by the Chernobyl accident was refused, This 
story is a demonstrative example of the 
traditional rejection of promising projects 
by science, which could be very beneficial 
for Russia. 


Theoretical Background of 
‘Perpetual Mobile’ 


Originally, the term ‘entropy’ was used only 
in connection with the reasoning about 
limited or eternal nature of the Universe. 
Later it came to be used to describe the 
functioning principles of thermal machines. 
Now there exist more than 600 contradictory 
definitions for ‘entropy’, which are actually 
the results of a long and unfinished 


discussion between the supporters of Dekart 
and Leibnitz, who defined 'motion' in 
different ways. It is these permanent 
contradictions in the _ theoretical 
fundamentals of physics that make it 
impossible to explain the existence of a 
‘perpetual mobile’, However, standard 
physics has never denied the possibility of 
creating energy technologies allowing the 
ECE higher than 1 


Weshould remember that thebasisof theso- 
called variational calculation is the 
mathematical apparatus technique of the 
conventional mechanics. It seems that if 
system behavior equations directly depend 
on time, this system cannot fall under any 
conservation laws. This is the proof of a 
complete failure of the conventional 
energy conservation law! 


It is these permanent 
contradictions in the theoretical 
fundamentals of physics that 
make itimpossible to explain the 
existence ofa ‘perpetual mobile’ 


In time-independent thermodynamics the 
existence of ‘perpetual mobile’ can be 
explained by the system internal energy 
usage. There exist two kinds of 
thermodynamic systems. Some of them 
when being heated oraffected insome other 
way start increasing their internal energy 
while othersystemsshow theinternalenergy 
decrease. The latter are called negative 
absorption systems. The standard version of 
the first law of thermodynamics does not 
cover all the processes occurring in such 
systems, The output of anegativeabsorption 
system can be higher than its energy. The 
additional output is acquired by the gradual 
internal energy loss. 


‘To cap itall, there are more than a hundred 
experimental facts that show the limited 
nature of the Maxwell theory, They were 
obtained byscientists from different research 
institutes and construction bureaus, were 
tested and registered. Thus, for example, in 
1973 in the USSR ‘the acoustic 
magnetoelectricity effect was discovered. 
‘The author of the discovery proved the 
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interaction of electrons with ultrasonicwaves 
with a 1000-times energy increase. This is 
against the Maxwell theory, which absolutely 
denies effects of the kind, But the limited 
nature of the theory was never accepted, 


However, the examples of the machines in 
action prove that since 1834 when the first 
refrigerator was invented, when the cro’ 

Atlantic ships were equipped with low- 


temperature ether-vapor steam-engines, the 
contemporary science had no right to 
introduce 'the second holy principle’, 
especially in the orthodox form of 'the Carnot 
cycle efficiency’. The modern theoretical 
physics cannot provide grounds for the 
negation of creating over-unity devices. That 
is why we should rely on the physici 

experimentalists who develop the 
apractical rather than theoretical way. 


Magnet 2 - Rotor 


Vasiliy E.A 


Alekseenko's Fuel-less Motor 


Patent # 2131636 
ckseenko 
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Energy and Antigravity Possible 


Dr. Ines Espinoza, USA 


‘email: dr.ines@vasantcorporationcom 


Editor: it is worth mentioning that the 
(first gravitational-wave physical 
‘mechanism and the mechanism of spin- 
effect "grazer" (gravitational lasers) 
designing were described by S. M. 
Polyakov and O.S. Polyakov in the book 
"An Introduction to the Experimental 
Gravitational Studies", Moscow, 1991 


After a 7-year research study, a senior 
staff aerospace defense engineer, 
George J. Bugh, concludes 
economically free energy and even 
antigravity are possible. 


A 7-year study of "free energy" devices, 
sometimes called "over unity" devices, 
was done to determine if any of these 
devices generated power by 
transferring energy from unknown 
sources and if so to determine where 
the energy was coming from. Included 
in the study is research of related 
devices with claimed antigravity 
effects. The study attempted to 
determine validity of claims, 
commonalities of +—_ device 
characteristics and to determine how 
these devices could work. The results 
conclude that some devices can 
generate economically free 
energy. This study also concludes 
there is a possible link between 
gravity and electromagnetism 
that can be exploited to generate 
antigravity or electrogravity 
effects. 


‘The majority of the study was to come 
up with a theory to explain how the 
devices could work. In his research, Mr, 
Bugh used mostly classical 
electrodynamics rather than quantum, 
electrodynamics. In Quantum theory, 
the wave-like characteristics of matter 
are described using abstract probability 
waves. However, Bugh proposes that 
the wave characteristics of matter may 


also be described as coming from a very real sea of unseen 
electromagnetic standing waves among all matter. There is a 
slide show presentation at the website that explains the 
differences between the Quantum and Classical way of 
explaining particle interactions. 


According to classical electrodynamics, all electrically charged 
particles, ike quarks of protons and neutrons.as well as orbital 
electrons for example, should radiate away energy from 
precessional and precessional plus orbital motion. 


Precession. 


Fig 
Electron motion 


If in fact this really happens then all electrically charged 
particles can be radiating away energy all the time. However, 
all particles can also absorb just as much energy from all other 
radiating particles. The absorbed energy applies 
electromagnetic forces that naturally move all similar type 
particles into harmonious precessional motions with all other 
particles. This results in a vast sea of electromagnetic standing 
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waves among all matter. Even free particles would move into precessional motions that are in sync with 
the established sea of standing waves, 


Symbolic Electron Process in an 
Opposing External Magnetic Field 


W4yyyy 


Fig. 2 
Electron precession 


‘There can be a hidden yet strong tendency towards harmony among all matter in the universe due to 
these unseen standing waves and spin interactions among all matter. This tendency can overcome toa 
great extent the tendency towards chaos and heat death of the universe. This tendency can also be 
exploited to perform work 


bos ica ay 


Fig.3 
Spin wave 


‘This is an interaction among all matter that Ernst Mach alluded to as necessary to cause matter's, 
characteristic of inertia, Einstein later called this Mach’s Principle. Einstein studied Mach’s ideas while 
developing his theory of General Relativity. 
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Bugh describes inertial resistance to acceleration as caused by electromagnetic forces. Changesin position 
of a mass will cause phase differences to develop between the precessional motions of the particles of 
that mass relative fo the sea of standing waves. This in turn causes electromagnetic force that resists a 
mass from changing its position, 


‘The research papers are published in a book and a CD titled "Spin Wave Technology Initial Release’. 


Spin Wave Technology 


Electromagnetic interaction among uncompensated electron spins 
from gyroscopic precession in an opposing cxtcrnal magnetic ficld 


Electromagnetic interaction among compensating electron spins 
from gyroscopic precession in m: tic fields manifested from 
apparent relative motion of protons of the nucleus 


Fig 4. 
Spin wave technology 
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At the end of the book 
interactions using classical electro 


suggests that it should be possible to create computer simulations of particle 
imics to demonstrate both inertial resistance and gravitational 


attraction and it should be possible to simulate devices that manipulate these particle interactions to 
demonstrate antigravity effects. 


Cc 
a Resonant Cavity 


Ferromagnetic material 
Antenna & Field Coil 


—»> + Distance between resonant cavity 
and the ferromagnetic lasing 
material where both the antenna 

= emissions and emissions reflected 

= off the cavity walls provide the 
maximum re-enforcment of 
coherent electron precession and 
coherent spin waves 


Distances that will allow an 
integer number of EM waves 
. between opposite resonant 
cavity walls at the coherent 
electron pression frequency 


Fig. 5 
Spin wave laser 


More information is available about the research results at the 


website: www.vasantcorporation.com. 
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On Physics of Electromagnetism 
Mechanical Analogue or Pure Mechanics? 


Yury V. Ivanko, Ukraine 
E-mail usolwéhotmailcom 


After publication of the article 1) longitudinal - showing as electric voltage, the gradient of 
"Study of possibility of a bigh- Potentials between the emitter feeding point and the emitter 
energy byper-low-frequency ©!4 end. Us 

electric field" in the "New Energy 2) tangential - showing as amperage - electric current, I 
Technologies" magazine, Issue 

#2, 2003 Lam often asked why 1 3) radial - showing as the interacting force of two flows ~ 


have mentioned the Big Bang in ™agnetic field (attraction /repulsion), H (not to be mixed with 
my hypothesis, the commonly used term of magnetic intensity), 


I would like to reassure atheists 
since I do not back the Big Bang Spin direction 
hypothesis. But I had to base 


myself on something. At present 
the origin of the Universe as a A-A 
result of the Big Bang has priority =~ 


and is recognized by the 
academic science. 


Both theorists and experts have 
long noticed a deep analogue 
between vortex motion of air 
currents and electromagnetism. My 
vision of the physics of electricity 
and electromagnetism is fully based 
on existence of a vortex capable 
physical environment. What is 
considered to be and is measured 
as electric voltage, electric 
current, magnetic or 
gravitational interactions is 
nothing but similar- 
originating phenomena - the 
result of vortex flow 
environment affecting our 
detectors - dissimilar 
formations for these vortex 
flows. 


For instance, let us consider three 
vectors for the flowalong theskin- 
layer of the line conductor - acrial 
emitter, together with alternating Figt 

voltage attached toit (Fig 1): Interaction of two left-handed homogeneous pa 
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Let us consider it step by step: 


Consider line conductor AB with length Lin 
free space (Fig. 2), 


A a 
ne, 
I 
Fig2 


Line conductor in free space. 


Let us assume that he is not affected by and 
fields. Then the gradientof potentialsbetween 
‘A.and B equals zero. Let us apply sinusoidal 
voltage from the generator output to point A 
(Fig. 3). 

tu 
uy 


t ty t, & 


Fig3 
Sinusoidal voltage at the generator output. 


Let us consider the initial time point t,, The 
generator output voltage is U=0. Attime point 
1, the generator output voltage has changed 
and took on value U , 


It is necessary to note that (See Fig. 2) the 
propagation speed is finite:c=300000 km/sec. 

Point B will "learn" about the voltage alteration 
onlyin timet,=t +L/c. Therefore, at time point 
t, between points Aand B appears gradient of 
potentials Ap =U ,. So what is the direction of 
vector U,?Right, along conductor AB, 


What practice says 


One should not be a physicist or radio 
mechanic to notice small électro-shock of 
ungrounded metal objects close to aerials of 
powerful transmitters. Specialists term them 
as "electromagnetic inducers", Has an expert 
ever measured the actual characteristic of the 
field intensity distribution along a line 
conductor? Why should he? Everyone knows 
from school lessons how alternating voltage 
isdistributed along the conductor, the length 
of which is comparable with the wave length 
(Fig 4) 


°) 
LA/4 L 
Fig 


-ntation of voltage distribution along 
©) ford/4. 


sical repres 
linear vibrator a) for A, b) ford, 


Now let us consider what experimental 
measurements suggest. 


Anexperiment of measuring the field intensity 
distribution along the lineconductorisshown 
below. Aclassic field indicator (FI), assembled 
as perscheme in Fig,5, was used asan intensity 
measuringinstrument, 


2 a 
@ 


b 


Figs 
Field indicator principle diagram, 


Flwas located in immediate proximity to the 
vibrator but had no galvanic contact with it. 
Experimental frequencies were selected in 
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accordance with the standing wave coefficient 
minimum (SWC) for 4, 4/2, 4/4. Sinusoidal 
signal generator was connected to oneend of 
the vibrator (Fig, 6a). 


d) 


Fig 
Measured field intensity 
alonga linear vibrator, 


‘Tobetter understand diagramsin Fig. 6 curves 
aredrawn at theupperandlowerendsof each 
axis L that corresponds to the vibrator 
location. The curves were run with FI 
horizontally located on both sides of the 
vibrator. 


From Fig. 6d it is clear that the diagram is 
axisymmetric and looks like a conic funnel. 


‘Meanwhile, the vibrator directional diagram 
measured by the monitor receiver far more 
distant than 4, shows the characteristic that 
coincides with the simulated one through the 
‘Matlab-6 system (See Fig.7). As you can see 
from this figure, the spatial characteristic of 
the directional diagram is in the form of a 
toroid, 


a5 


eeeLreaeee 


aoes 


os 


2ees 


Fig? 
simulated directional diagram of the semi 
wave vibrator 


Matlab- 
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A series of alterations was made to explore 
vortex ether dynamic processes with variable 
wave length and frequency in line conductors, 
solenoidal and flat coils, etc. 


For certain purposes the solenoidal coil may 
beconsidered asa shortcut linear vibrator.On 
respective frequencies the field intensity 
distribution along thesolenoid corresponds to 
the linear vibrator. Thisdata may prove useful 
to many modern engineers of the Tesla 
transformers and generators. To increase 
voltage on the cold end a toroid capacitor is 
setin the Tesla transformers, Nuclear physicists 
use the hemisphere capacity for the particle 
accelerators, Thus, a voltage of millions of volts 
may be achieved. 


Flat coils are best explored in terms of field 
intensity distribution (See Fig. 8) 


Fig8 
Field intensity distribution for a flat coil in a closed 
resonance circuit, 


Field intensity distribution on a resonance 
frequencyiscorrect, 


‘The practical experiment for the case in fig. 
6d has shown that the neon lamp that is 
connected with the vibrator end will be off. 
And this is with a 100 W generator! It is a 
paradox, one would say. The measurement 
diagram showsa'"splash’ of the field intensity 
atthe vibrator end butwe feel nothing. Indeed, 
when the FI is located as shown in Fig9 for 
3/4, the "electrodynamic vacuum" will 
generate, The device showed "0" intensity, 
which conforms neither with the diagram in 
Fig6 nor with the diagram in Fig 7 


Vibeuwor 


Sam 


Fig 


Field indicator shows "0" 


sctrodynamie vacuum’ 


‘The same "vacuum" in the center of tornado 
was observed by people in the epicenter. 


Remember what is measured with the field 
indicator (anampere meter) along the linear 
vibrator. The Ampere force! 


So, both people and their environmentare in 
rotation process. The Earth rotates around its, 
axis and around the Sun. ‘The Sun rotates 
around the Galaxy center, The Galaxy rotates 
around the center of the Universe. The 
Universe rotates. 


Every space point has an inceptive rotation 
impulse (torque). Let us remember the 
analogy. Water flowing out of the tub rotates 
counterclockwise in the northern hemisphere 
and clockwise in the southern hemisphere. If 
youseta right-handed torque in the northern 
hemisphere, the water will continue to flow 
counterclockwise. 


The electromagnetism is the same. It has a 
natural left-handed rotation. Nevertheless, 
practical radiotechnology is familiar with 
right-handed fields artificially generated by 
transmitters. 


The commonly used term of magnetic 
interactions is easier to understand if we 
consider the electromagnetic field asa vortex 
flow, Twoleft-handed homogeneous parallel 
flows are shown in Fig.1. At the point of 
interaction A of vector projection, the speeds 
of flow propagation on section plane A-Ahave 
opposite direction and compensate each 
other. The actual flow density is p,< p< p, 
Reduced pressure occurs at point A. The flows 
are attracted, The resulting attraction vector 
for the whole flow is radially directed, The 
counter parallel flows will have composition, 
ie. overpressure, and will repel. 
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One should note that graphic presentation in 
Fig. for vectors H and I for the etherdynamic 
systems is possible only in special cases, In 
dynamic vortex flows the current intensity 
vector is actually directed towards the flow 
movement and coincides with the vector 
direction of its propagation speed (V). The 
resulting vector H remainsa radius-vectoronly 
for the considered point of interaction of two 
flows. The flow energy parametersare defined 
byits propagation speed V (Fig.1), 


1am convinced of existence of ether vortex 
flowsin the Universe. Modern astronomicand 
cosmologicalsurveysconfirm myhypotheses 
of aether Fyper-fields existence ona Universal 
scale, 


The commonly used 
term of magnetic 
interactions 
is easier to 
understand if we 
consider the 
electromagnetic 
field as a vortex 
flow. 


Even an amateur in aerodynamics and dynamic of 
{gas vortex may make cosmological conclusions: 


¢ vortex initiation implies the initial gradient 
flow of at least two counter flows; 


energy parameters of the emerging vortex flow 
can not exceed those of the parent flows 


# there exist ether flows with energy exceeding 
that of our Universe 


our Universe has not originated from a point 
and is not finite. It is the spiral (vortex) structure 
of our Universe that testifies against the Big Bang 
hypothesis, 


Conclusion: 


Practical radiotechnology is familiar with the 
key difference between the field intensity 
distribution diagrams of aerial emittersin near 
and far zones, After combining diagrams 6d 
and 7b (Fig.10) it is possible to draw certain 
conclusions, 


When transverse waves (radio waves) are 
formed around the aerial vibrator, the double 
transformation of the initial flow geometry 
starts: 


¢ the first flowisa homogeneous spiral 
flow on the conductor skin-layer; 


* the second flow is a non- 
homogeneous vortex flow of the near 
zone; 


¢  thethird flowisa toroidal flow ofthe 
far zone. 


The toroid volume alteration in the far 
zone (as per the transmitter vibration 
frequency) forms volumetric planar 
transverse vibrations (spherical waves) 
that are called electromagnetic or radio 
waves. The gradient of potentials 
alterations (as per the transmitter 
vibration frequency) provoke changes 
of the Coulomb plane, which form 
longitudinal vibrations with a narrow 
directional diagram. 
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‘The longitudinal flowisassumed tobe formed 
asa chain of toroids (like smoke rings) 


Ether-dynamicapproach provides grounds for 
more substantial conclusions and 
assumptions. A new approach to energy and 
‘communication systems is made real, Further 
results of the experiments with transmitters 
and aerials, assembled on ether-dynamic 
principles, enabled to draw the following 
conclusions: 


- all reasons, preventing transformation of 
the transmitter power into the power of 
transverse radio waves, are evident, 


- _ all reasons for the transverse wave phase 
lagging with the increase of distance from the 
emitter, are also evident; 


- besides the toroid that forms the 
transverse wave, the second flow generates a 
crucially new radiation that hasa very narrow 
directional diagram along itslongitudinal axis, 


- the aerial ignores wave geometry for the 
second flow and its longitudinal derivative; 


- the radiation along the second flow axis 
hasa very high penetrating power, 


- the radiation along the second flow axis 
has no signs of polarization, 


The list of references is not shown in this article duc to its size. It can be looked up at 
www.efir.com.ua. 


In October 2003 the second stage of the research on the “time control” was completed. In the 
photo below you can see Chernobrov V. A. and Frolov A. V. in the laboratory, October 31st 
2003. 


‘The secondstage conclusions are quite interesting, however the usage of timers (chronometets) 
as detectors is proven to be inappropriate for they are subject to magnetization and their 
indication variations cannot be reliable in this case. 


‘The next stage will feature the following method of detection of the time rate changes (the 
rate of the matter existence) that is the radiation wave-length measurement. Ifitis possible to 
achieve significant results then we will be able to detect the change of the laser ray colour in 
the area of the effect and its linear path 
deviations. The experiments will be held 


to register the weight changes of the 4 
detectorat the expected influence of the 2 al ea 
produced effect on the ether density yg 


Our company looks for cooperation 
with corporations, which are interested 
in the application aspects of these 
technologies. 


Frolov. V. 
General Director, Faraday Lab Ltd 
7-812-3803844 

buip://www faraday.ru 
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Ph. M. Kanarey, A.I. Tlishev, Russia 
E-mail kanphilémailkubansu 


‘The main task of the experiment was 
to check the _hypothesis: 
“Electrodynamic influence on the water 
molecules gives the possibility to 
significantly reduce energy expenses on 
destruction of their chemical bond: 
further fu-sion of these molecules 
considerably increases the output of 
additional energy in the form of heat" 


In order to solve this 


task, special 


experiments were carried out as regards the electrodynamic destruction 
of chemical bonds of water molecules by electric pulses of various 
frequencies, 


Photo of the Thin 


Plasmaclectric Heat 
Generator 


CHECK TEST RECORD FOR PLASMAELECTRIC HEAT GENERATOR 


Table 1 
Indices 1 3 | ave 
1 | mass of the solution, which has passed through the reactor m, kg. | 0.470] 0.432] 0.448] 0.450 
2 | temperature of solution at the input of the reactor +f, degrees 22 | 22 | 22 | 22 
3 | temperature of the solution at the output of the reactor f,, degrees 66 | 66 | 65 | 6567 
4 | temperature difference of the solution Aft, -f,, degrees 44 | 44 | 43 | 436 
5 | durability of the experiment Ar, s 300 | 300 | 300 | 300 
6 | reading of voltmeter V, V 450 | 450 | 450 | 450 
6 | Reading of oscillograph , U,V 447 | 447 | 447 | 447 
7 | reading of ammeter 1, A aa [aa | aa faa 
7° | Reading of oscillograph , 7, A 22 | 22 | 22 | 22 
8 | electric power consumption according to indices 
of voltmeter and ammeters, E,=I-V-Ar, k] 284 | 284] 284 | 284 
9 | power the heated solution, E.=4.19-m-Ar, k} 7964] 80.01] 80.72] 80.46 
10] reactor efficiency index K = E,/ E, 28.04| 28.17] 28.42| 28.21 
Supply voltage and current were measured with the help of a voltmeter, an ammeter and an 
oscillograph (Fig. 1-4) 
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Fig. 3 
Current 


Process parameter calculation according to the 
oscillograms (Fig. 1-4) to the check test record 
(Table 1) gave the following results: 


# Pulse scale 10. 


@ Average voltage amplitude according to Fig.1 
and Fig, 2:Ua,, = (23+25+28+10+26+29) x 10/6 = 
235 V. 


@ Average current amplitude according to Fig. 3 
and Fig, 4:Ia,, = (20+6+17+7+10+19+3) x 10/7 = 
LITA 


Pulse repetition period T = 7.4 ms 
duration t, = 0.28 ms. 


Pulse 


# Pulse frequency f 
Relative pulse duration 


1000/74 = 135.1 Hz, 
7.4/0.28 = 2632 


# Space factor Z = 0.5/26.32 = 0.019. 


0.019 x 235 


@ Average pulse voltage U,, ATV. 


rt { ial T Eat ji 
jai 
10V_2ms 
Fig. 1 Fig. 2 
Voltage Voltage 
sy ti T ted 


Fig 4 
Current 


Average current in pulses I,, = 0.019 x 117 
22 A. 


‘Thus, it is possible to consider that the 
experimental test of energy efficiency of the 
water electric heat generator with the help of 
two methods gives practically identical results 
and confirms the above-mentioned hypothesis, 
concerning the —_— possibility to 
generate additional energy in the 
processes under consideration. It should be 
noted that as during measurements the pointer 
instruments of high class 
of accuracy of 0.2 have been used (relative 


conventional gauging error does 
not exceed 0.2%), and oscillographic 
measurement accuracy is much lower 
(usually, about 5%), the 
readings of the voltmeter and 


the ammeter should be considered more 
accurate. 


Commercial efficiency of the water electric heat 
generator will depend on pulse generator 
economy. Since effi-ciency of powerful pulse 
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generators can be near one unit, energy 
efficiency in industrial plants that use the con- 
sidered heat generators should not differ greatly 
from the data obtained during laboratory 
research. 


Simplicity and one hundred per cent 
reproducibility of the described experiment 
open a prospect for quick commercialization of 
the water electric heat generator. 
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Don Smith 
professional in science & engineering. Served 
in three wars; WWII, Korea and Vietnam. He 
has enjoyed long and successful profession 
asan executive in the petroleum industry. His 
life long outside interests include electronics 
and engineering. A popular walk on substitute 


is a University degreed 


for University Professors in physics, 
chemistry, biology and computer assisted 
drafting. Teaching style similar to Richard 
Feynman, He enjoys celebrity status in Japan 
and Saudi Arabia 


About 20 years ago, the book "Inventions, 
Researches and Writings of Nicola Tesla", 
resulted in his reconstructing, as a way of 
understanding the many theories and devices 
shownin the book. From thisencounter,a very 
strong bonding resulted. The object then 
became putting his thinking inside that of 
Tesla, such that expanding upon and 
extrapolating areas not yet reached by Tesla. 


Smith’s Generator 


Review 


‘TransWorld Energy, 


8110 Bent Oak Lane Spring, Texas 77379, USA, 


Email:donsm|@eatthlinknet 
|hutpy/altenergy-pro.com 


‘Technological advances in materials provide 
sourcing for devices not possible at earlier 
periods. For example, magnetic permeability 
which is the counter part of negative 
resistance is an open field for experimentation 
today. 


Don does not sell his inventions, but trades 
licenses for shares in companies which then 
incorporate the new technology into their 
marketing systems. Assuch, he ison the Board 
of directors of several well established 
ventures located in Japan, Brazil, Mexico and 
Saudi Arabia 


Successful reproductionsofDon'stechnology 
are present in Finland, Saint Petersburg ~ 
Russia, Yugoslavia, Romania, Japan, Hong 
Kong, and numerous other Countries. His 
book "Resonance Energy Methods" has a 
circulation of 40,000 copies in worldwide in 
manylanguages. 
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Abstract 


Mr, Don Smith has discovered that Ohm's Law of Resistance does not apply to Magnetic 
Resonance that travels unrestricted for great distances. Therefore, multitudes of electrons are 
disturbed, The Magnetic moments are translated into usable electric energy. The Magnetic 
Dipole provides an unlimited source of electrical current. Mr. Smith's "Dipole Transformer" 


hasbeen pending since last September. 


12Volt7 Amp Battery potting Magnetorestrictive Metal Wheel 


Don Smith's 
Rotating Seperator Coil 


Capacitors 


Fig1 
Smith's Energy Receiver 


Useful energy occurs as the result of 
imbalances of ambient background energy 
and it is a transient phenomenon. In 
conventional circuits, the electrical field is in 
aclosed system that is damped out with heat 
loss, which severely limits its utility. The flip 
side of the electron generates magnetic 
waves, which is an open system, not 
subjected to heat loss. These being 
unrestricted are the universal source of 


energy. Universally present electrons 
are flipped to their electrical position, 
resulting in useful energy. When properly 


constructed an electrical circuit can become 
self sustainable once started. An obvious 
corollary would be that the number of radio 
or television receivers in operation does not 
deplete the magnetic wave source providing 


theservice, The keysource of unlimited energy 
is Magnetic Resonance, To understand this 
requires putting a stake through outdated 
physics. An obvious example is the piano 
where the keyimpactsthe onenote giving one 
sound, which resonates with its two side keys 
providing a much higher level. Magnetic 
Resonant Energy clearly amplifies 
demonstrating more energy out than in. 
Excess energy consequent toa reaction 
is called Free Energy and can be very 
large as is in the case of Magnetic 
Resonance. The intentionally ignorant 
physicist makes a habit of ignoring this fact. 


Useful electricity is obtained from disturbed 
electrons, which radiate magnetic fields and 
waves. The generator disturbs and collects this 
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Fig2 
D. Smith's Energy Receiver 


emitted electron energy, These electrons remain fully in 
tactand undiminished until the end of time. This Energy 
is free and the cost of accessing it depends on the 
ignorance of the collector. With an appropriate collector 
system an unending source of environmentally benign, 
inexpensive, available energy everywhere, is provided. 


Editor: in September 2003 
Donald Smith took part in the 
annual "Inventor's Week-end" 
Conference where he 
presented the report on his 
invention. In this issue you can 
find more details ‘on the 
conference. 


It is worth of a note that we 
have received a number of 
negative comments on this 
inventor's work. However, 

we thought bis articles to be 
quite interesting and decided 
to publish them. We would be 
glad to get readers' comments, 

who are familiar with the work 

and inventions of Donald 
Smith, 


In our lab we are still working at the 
optimization of the alternator design (clectro- 
magnetic generator with the permanent 
magnets). We have introduced the drum rotor 
instead of the disk rotor into the new design 
of the alternator. The operation mechanism 
is the same, namely, the alternation of the 
magnetic flux near the generator coils occurs 


asa result of the rotating elements operation 


lay Lab Lid 


anent-magnet generator of the rotor, which "shunt" the magnetic flux. 


Frolov AV. 
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a New Over-Uniity Device 


Ryan S. Wood, USA 


14004 Quali Ridge Dri 


Problem description: With any singly successful 
over-unity energy device comes a host of business, 
technical and financial problems and 
opportunities, A public announcement 
permanently will lead to a "Pons & Fleishman" 
effect thatat best delays public success and at worst 
derails the entire technological effort. Careful 
attention needs to be applied to the marketing 
launch, replication, patents, legal defense and 
finances 


Potential Solution: With a few working devices 
that generate100-500 horsepower it is relatively 
easy to hook these units to the electrical gird and 
generate monthly checks from the utilities. The 
law states that major utilities must purchase 
electricity from any supplier at "cost avoidance" 
rate now typically, between 6 and 10 cents per 
kilowatt-hour. This law, California Public Utilities 
‘Commission - Rule 21, for example, is designed 


Broomfield, CO 80020 


to help small hydro-electric producers and solar 
or wind farms, There is a safety requirement of grid 
transfer switches, but they are not terribly 
complicated or expensive. The entire equipment 
set-up must be approved by the utility, however, 
ifyou start witha diesel electric generator or small 
hydro plant it can be approved, operating and 
stable before the clandestine switch or hybrid 
operation with an over-unity machine. The law is 
strongly supportive of the energy producer and 
disconnection for non-safety or maintenance 
reasons is exceeding rare. 


A key benefit of this approach is that you have 
established repeatability by having multiple 
working sites, you have established that it can 
generate money and the technology does real work 
and you have created several independent 
locations where press and scientists can visit to 
validate the over-unity effectiveness in-situ. 


Typical revenues would be as follows: 


Generator Horse Power 100 200 300 400 500 
Annual 8, 90% uptime @ 6 c/kWh $35,100 | $70,199 | $105,299] $140,398] $175,498 
Monthly payment @ 6 c/kWh 3292 | 35850 | $8,775. | $11,700 | $14,625 
Annual $, 90% uptime @ 10.c/kWh_ | $58,499 | $116,999 $233,997 | $292,496 
Monthly payment @ 10 c/k 34875 | $9,750 $19,500 | $24,375 


It will take money without the strings of 
investors to champion and defend a new 
breakthrough technology into the energy 
marketplace and this strategy offers a quiet way 
to prepare for the ultimate launch and resulting 
scientific and media frenzy that will ensue. It 


will take years for the business to form, 
products to be built and marketing and 
acceptance and industry confidence to be 
established. All during those years this strategy 
can generate cash to support engineering and 
operations. 


Please call if there are questions at 303-941-9663 (cell), 
Home: 720-887-8071 
Ryan S. Wood 
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The Hutchison Effect — 


An Explanation 


Mark A. Solis, USA 
hhup//www-geocitiescom Research Triangle/ 
Email: your_neighbor_2000@yahoo.com 


People often ask, "What exactly is the 
Hutchison Effect?" This brief essay is an 
attempt to answer that question to the 
satisfaction of the majority, First of all, the 
Hutchison Effect is a collection of 
phenomena which were discovered 
accidentally by John Hutchison during 
attempts to study the longitudinal waves of 
Tesla back in 1979, In other words, the 
Hutchison Effect is not simply a singular 
effect. Itis many. 


‘The Hutchison Effect occurs as the result of 
radio wave interferences in a zone of spatial 
volume encompassed by high voltage 
sources, usually a Van de Graff generator,and 
two ormore Tesla coils. 


Editor: We can call this effect "The H. 
Wells Effect" because he was first to 
describe it in bis book "The Invisible 
man". The main character of the 
book used two sources of electro- 
magnetic vibrations and Wells said 
that they were not Hertz waves but 
something else. "But the essential 
phase was to place the transparent 
object whose refractive index was to 
be lowered between two radiating 
centers of a sort of ethereal 
vibration..."("The Invisible Man", 
chapter 20). 


A, V. Frolov 


The effects produced include levitation of 
heavy objects, fusion of dissimilar materials 
such as metal and wood, the anomalous 
heating of metals without burning adjacent 
material, spontaneous fracturing of metals 
(which separate by sliding in a sidewa’ 
fashion), and both temporaryand permanent 
changes in the crystalline structure and 
physical properties of metals. 


Fig, 1 represents the proofof Hutchison Effect 
based on metal blocks, Deformation occurred 
at room temperature as a result of complex 
interaction of electromagnetic fields, 


The levitation of heavy objects by the 
Hutchison Effectis not - repeat not- the result 
of simple electrostatic or electromagnetic 
levitation. Claims that these forces alone can 
explain the phenomenon are patently 
ridiculous, and easily disproved by merely 
trying to use such methods to duplicate what 
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Fig1 


Cold melting of metals 


‘The upper left: steel, The lower left: aluminium with coin prints and with a coin inserted in a partially open split; 
The lower right fully torn aluminium bar; The middle upper and right: section part of the aluminium block, 
into which a wood block is fused (brown matter) 


|ttp://www.rumormillnews.com/JOHN-HUTSHISON2.htm 


the Hutchison Effect has achieved, which has 
been well documented both on film and 
videotape, and has been witnessed many 
times by numerous credentialed scientists 
and engineers. Challengers should note that 
their apparatus must be limited to the use of 
75 Watts of power froma 120 Volt ACoutlet, 
as that is all that is used by Hutchison's 
apparatus to levitate a60-pound cannon ball. 


‘The fusion of dissimilar materials, which is 
exceedingly remarkable, indicates clearly 
that the Hutchison Effect has a powerful 
influence on Van der Waals forces. In a 
striking and baffling contradiction, dissimilar 
substances can simply "come together," yet 
the individual substances do not dissociate. 
A block of wood can simply "sink into" a 


metal bar, yet neither the metal bar nor the 
block of wood come apart. Also, there is no 
evidence of displacement, such as would 
occurif, forexample,one were tosinkastone 
into.a bowl of water. 


‘The anomalous heating of metal without 
any evidence of burning or scorching of the 
adjacent materials (usually wood) isa clear 
indication that possibly the nature of heat 
may not be completely understood. This 
has far-reaching implications for 
thermodynamics, which hinges entirely on 
the presumption of such knowledge. It 
should be noted that the entirety of 
thermodynamics is represented by the 
infrared portion of the electromagnetic 
spectrum, which is insignificant in a 
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context of 0 Hz to infinite Hz. The 
anomalous heating exhibited by the 
Hutchison Effect shows plainly that we have 
much to learn, especially where 
thermodynamics and electromagnetism 
meet. 


‘The spontancous fracturing of metals, as 
occurs with the Hutchison Effect, isunique for 
two reasons: (1) there is no evidence of an 
“external force’ causing the fracturing, and (2) 
the method by which the metal separates 
involves a sliding motion in a sideways 
direction, horizontally. The metal simply 
comesapart. 


Doctor John Hutchison 


Some temporary changes in the crystalline 
structure and physical propertiesofmetalsare 
somewhat reminiscent of the "spoon 
bending" of Uri Geller, except that there is no 
onenearthe metal samples when the changes 
take place, One video showsaspoon flapping 
up and down like a limp rag in a stiff breeze. 
Inthe case of permanent changes, a metal bar 
will be hard at one end, like steel, and soft at 
the other end, like powdered lead. Again, this, 
is evidence of strong influence on Van der 
Waals forces 


‘The radio wave interferences involved in 
producing these effects are produced from as 
manyas fourand five different radio sources, 
alloperating at low power. However, thezone 
in which the interferences take place is 
stressed by hundreds of kilovolts. 


It is surmised by some researchers that what 
Hutchison has doneis tap into the Zero Point 


Energy. This energy gets its name from the 
fact that itis evidenced by oscillationsatzero 
degrees Kelvin, where supposedly all activity 
in an atom ceases, The energy is associated 
with the spontaneous emission and 
annihilation of electrons and positrons 
coming from what is called "the quantum, 
vacuum." The density of the energy 
contained in the quantum vacuum is 
estimated by some at ten to the thirteenth 
Joules per cubic centimeter, which is 
reportedly sufficient to boil off the Earth's 
oceansin a matterofmoments 


Given access to such energies, it is small 
wonder that the Hutchison Effect produces 
such bizarre phenomena, Atthepresent time, 
the phenomena are difficult to reproduce 
with any regularity. The focus for the future, 
then, is first to increase the frequency of 
occurrence of the effects, then to achieve 
some degree of precision in their control. 


The spontaneous fracturing 
of metals, as occurs with the 
Hutchison Effect, is unique for 
two reasons: there is no 
evidence of an "external 
force" causing the fracturing, 
and the method by which the 
metal separates involves a 
sliding motion in a sideways 
direction, horizontally. The 
metal simply comes apart. 


Editor: On November 17th 2003 we 
got to know that the inventor Jobn 
Hutchison can eventually lose bis 
home laboratory. The property can be 
confiscated upon court order due to 
neighbours' complaints. Apparently, 
it is dangerous to conduct 
experiments of the kind at home and 
even within a town. We wish bim 
success! 


A. V. Frolov 
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Sa0 Catlos-SP, Brazil 


Introduction 


A few years ago, Zaev [1, 2] demonstrated 
experimentally the possibility of heat to 
clectrical energy conversion by means of 
ferroelectrics. A capacitor filled with a 
ferroelectric material was charged and 
discharged periodically at a temperature just 
alittle lower than the Curie point, According 
to Zaey, the capacitor must have a nonlinear 
capacitance dC/dV > 0, which means the 
capacitance increases with rising voltage. 

Besides these experimental results, it was 
proven by a theoretical calculation that the 
electrical energy obtained during discharging 
can reach up to 1.35 of the energy introduced 
to charge the capacitor. The present paper 
presents an inexpensive and simple electric 


circuit which can be used to prove heat to 
electricity conversion experimentally. 
Moreover, the physical mechanism of heat to 
electricity conversion isexplained in the form 
ofathermodynamic cycle. 


Thermodynamic cycle for energy 
conversion 


‘The following thermodynamic cycle is 
composed of four reversible steps. It works 
only ata temperature just a little lower than 
the Curie point, where the dielectric constant 
ishighly temperature dependent. Fig. 1 shows 
the relative dielectric constant of a 
representative ferroelectric ceramic as a 
function of temperature. 
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Relative dielectric constant versus temperature for a barium strontiu 
prepared by the author. Curie point 


tanate ceramic (80% Ba, 20% Sr) 


55°C 
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Asitcan bescen, just below the Curie point in 
the range from 50 to 55°C, small changes of 
the temperature cause high changes of the 
diclectricconstant. 


Furthermore, to understand the conversion 
mechanism, itis necessary to understand the 
electrocaloric effect. When an electric field 
is applied to a dielectric medium, the latter 
is polarized, For ferroelectric materials, the 
parallel domain alignment is the most 
important part of the total polarization. 
During the successive alignment of the 
domains, some material parameters in 
particular entropy, heat capacity and 
temperature change. Since the material 
possesses less degrees of freedom in the 
polarized state, its entropy and heat capacity 
are reduced. Asa consequence, provided that 
no heat exchange with the environment is 
possible (adiabatic conditions), the 
temperature increases. It is very important 
to understand that the energy for warming 
of the dielectric is not taken from the 
polarizing electric field. The increase in 
temperature isa result of the decreased heat 
capacity only. 


From this, itcan be derived easily what means 
“nonlinear capacitance’ 


When a capacitor is charged adiabatically 
which means its voltage increases faster than 
any heat exchange with the environment is 
possible, due to the electrocaloric effect, the 
temperature of the dielectric must also increase. 
As it can be seen from Fig.1, below the Curie 
point, an increasing temperature leads to a 
higherdielectricconstant. Assuming thatboth 
temperatures, theonebefore chargingandthe 
other after charging are still below the Curie 
point, one can say that the dielectric constant 
increases with an increase in voltage. 


Since the capacitance is proportional to the 
dielectric constant, the capacitor has a 
nonlinear characteristic dC/dV > 0. In the 
same way it can be concluded that adiabatic 
charging just a little above the Curie point 
reveals a nonlinear capacitor characteristic 
with dC/dV <0, 


Quantitative experimental measurementson 
the electrocaloric effect. in some 


representative ferroelectric and 
antiferroelectric materials were published by 
Thacher {3} 


STEP 1: Adiabatic charging 
of the capacitor 


We consider a capacitor filled with a 
ferroelectric medium at an environmental 
temperature a little lower than the Curie point 


An adiabatic charging of a capacitor (no heat 
exchange) effects an increase in temperature 
and capacitance due to the electrocaloric 
effect. We assume that this increase in 
temperature is so small that the temperature 
remains below the Curie point. Finally, the 
capacitor is completely charged while the 
dielectric medium has a higher dielectric 
constant and therefore a higher capacitance 
than it posseses at the environmental 
temperature, 


To go further to step 2, the capacitor is hold 
under conditions where no discharge i 
possible, eg itisdisconnected from the power 
supply, 


STEP 2: Thermal equilibration 


After a short time, the charged capacitor has 
cooled down to the environmental 
temperature, While cooling down, the 
dielectricconstantand capacitance decrease. 
But the charges ofthe capacitor plates remain 
constant. As a consequence, the voltage and 
the electrical energy increase. This can be 
readily recognized from the general capacitor 
equation q=CV (q=charge, C= capacitance, 
V=voltage): 


q=constant=C, V, 


STEP 3: Adiabatic discharging of the 
capacitor 


While discharging the capacitor the 
temperature and capacitance decrease (again 
heat capacity changes) due to the 
clectrocaloric effect, leading to a further 
increase in the available electrical energy. The 
ferroelectric medium posseses now a final 
temperature below the temperature of the 
environment. 
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STEP 4: Thermal equilibration 


In order to proceed with step 1, it is necessary to reach the environmental temperature. An 
inflow of heat from the environment to the dielectric material is required 


Electric circuit to observe energy conversion 


ow +/-5V 
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Fig. 2 


Electric circuit for testing the energy conversion effect. The connections to the square wave gene! 


torare labeled 


with OV and +/- SV, the resistors Rb are to adjust the maximum base current of the transistors, 


Assuming the experimenter has a nonlinear 
capacitor, the set-up shown schematically in 
Fig. 2 is proposed as a possible conversion 
device. The circuit contains two different types 
oftransistors (NPN and PNP) which fulfill here 
the function ofa switch. 


‘The NPN junction transistor consists of two 
n-typesemiconductors (called the emitterand 
collector) separated by a thin layer of p-type 
semiconductor (called the base), On the other 
hand the PNP junction transistor consists of a 
thin layer of n-type semiconductor lying 
between two p-typesemiconductors. Thebase 
is the ON/OFF switch for the transistors, If a 
current flows to the base, there isa path from 
the collector to the emitter, where a current 
can flow (switch is ON). If there is no current 
flowing to the base, then no current can flow 
from the collector to the emitter (switch is 
OFF). 


The charging-discharging process _ is 
controlled by a square wave generator which 
producesan outputsignal switching from+5V 
to -5V, The switching frequency is adjustable 
from 0.1 Hz up toat least 10 kHz, This output 
signal is applied to the bases of both 
transistors. 


During the time the square wave generator 
output signal is +5V, a base current flows 
through the base-emitter junction of the NPN 
transistor which creates low resistance path 
between the collector and the emitter, As a 
consequence, the capacitor is charged by the 
battery. The collector-emitter junction of the 
PNP transistor has a very high resistance, 
because here no basé current flow: 
‘Therefore the capacitor is not discharged at 
the same time. When the output signal 
switches to -5V, a current flows to the base of 
the PNP transistor and not to the base of the 
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NPN transistor. Now the capacitor is 
discharged, 


In order to understand the function of the 
inductance in Fig. 2, we analyze the 
thermodynamics of the charging process. 


K 


| 


Fig. 3 
Simple circuit for charging a capacitor 


If a linear capacitor of capacitance C is 
charged to a voltage V through the load R 
according to Fig. 3, the energy W=0.5 CV2is 
stored in the capacitor, During the charging 
process, a time-dependent current I(t) flows: 


1) =V/Rexp ¢1/RC) 
‘This current develops the heat Qin the load: 
2Q=R Jr(pdt=0,5cv? 


Here the integration limits are from zero to 
infinity. This calculation shows, that the 
y taken from the battery is the energy 
storedin the capacitorafter charging plusthe 
heat produced in the load, also 2*C V2. One 
can see that the heat Q is not dependent on 
the resistance value R. 


‘The above used equations are only valid in 
case ofa one-step charging process. 


If the capacitor is charged stepwise to the 
final voltage V, eg. using a ramp generator, 
and each voltage step effects a voltage 
increase , the total heat produced in the load 
is (N= number of voltage steps): 


Q=NO05 C(V/N)?=0,5 C/N 
Now the energy taken from the sourceis: 


W=051+1/N)1/20 


If the number of steps N tends to infinity, the 
heat Q tends to zero. 


This energy lossin the load dramatically 
influences the efficiency of any 
conversion device and must be taken 
into account, otherwise all 
experimental attempts to observe 
energy conversion would fail. 


A more detailed discussion on charging a 
capacitor and the unavoidable energy losses 
was given by Heinrich [4] and Gupta et al. [5] 


‘The inductance in the circuit (Fig. 2) effects a 
slower rising of the current during the 
charging process (due to self induction) and 
can reduce the heat generated in the load 
dramatically. 
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A.Akau, USA 
Email adrianakau@aolcom 


‘The Gates motor company has produced 


a motor that does not run on fossil fuel 
or onelectricity. It comes ina 28 HP and 
a 5,000 HP version. When linked to an 
electric generator, the larger motor will 
produce 2,200 kW. 


My name is Adrian Akau. Tama recently 
retired school teacher, having taught 
science and math in the public school 
system, state of Hawaii for the past 36 
years. One of the classes I taught was on 
energy. 


Our world should be reaching the half- 
way mark in easily accessible oil by about 
the year 2016. Since the rate of oil usage 
isbecoming higher each year, it is unlikely 
that the oil supply will last as long as the 
140 years since the first well was drilled 
in Pennsylvania. We will become more 
dependent upon OPEC with all the 
political pressures and problems that 
accompany this type of dependency. As 
the easy oil is consumed, we must look for 


from shale. The added expense will be 
passed on to the consumer. 


‘The burning of coal is not the answer 
either because coal cannot supply 
convenient energy as does oil. An oil- 
based economy cannot transfer over 
readily to natural gas; there is not 
enough natural gas available and it is 
again, not a convenient and 
concentrated source as is oil. We also 
have serious pollution problems with 
the burning of fossil fuels (natural gas 
being the exception) but the burning of 
all fossil fuels have contributed to the 
serious problem of global warming, 


It may take all of 50-80 years to transfer 
to a non-fossil fuel economy. The 
transfer must be made slowly so as not 
to disturb the infrastructure of our 
economy which is presently based upon 
fossil fuels. We must gradually create a 
new infrastructure that is non-fossil fuel 
dependent. 


The motor incorporates a 
unique spring configuration to 
provide rotation 


‘The production model of the motor is 
24 inches high by 48 inches in length, 
Connected toa generator it will provide 
sufficient power for about eight 
hundred US homes. It is designed to be 
tough and to last a long time. It uses a 
high grade airplane synthetic engine oil 
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to prevent friction and the build up of 
heat. Only the oil filter needs to be 
changed, The motor has special needle 
bearings and portions of the motor are 
made of high quality steel 


‘The Gates motor is designed to run 24 
hours/day, 365 days/year without 
incurring any fuel costs. The larger size 
motor would come in pairs; the spare 
motor being used as a back-up unit 
should the regular motor be turned off 
for maintenance such as to change the 
oil or in case there should be any 
problems with the first motor. The 
company is willing to enter into a 
contract for maintaining the motor 
after installation 


‘The Gates motor represents a major 
breakthrough in motor design 
technology and provides practical 
solutions to environmental and fuel 
conservation concerns. Finally, a 
completely mechanical motor has 
been developed. It can deliver the 
power needed in a wide variety of service 
applications without any waste products 
or emissions to adversely affect the 
environment. This revolutionary new 
motor utilizes spring power technology. 
Unlike conventional motors which must 
reach a maximum rpm level before the 
desired horsepower, the Gates motor 
provides maximum — horsepower 
instantly by virtue of the torque stored in 
the springs. 


The basic operating principle of the 
Gates motor involves a series of 
springs configured to provide the 
required motor rotation and power 
delivery. Consider, if you will, the 
operating principle of a grandfather 
clock. Once the clock is wound, it 
continues to operate until it runs down 
and stops. The springs must then be 
rewound so it will operate again. Suppose 
the clock is continually being rewound 


as it operates. Then the clock would run 
continuously. This condition is what forms 
the basis for the operating principle of the 
Gates motor. The motor incorporates a 
unique spring configuration to provide 
rotation. The springs inside the motor are 
wound and preset at the factory at the time 
the motor is assembled. The amount of 
torque wound into the springs at the 
factory determines the horsepower of the 
motor. Inside the motor are a multiple of 
springs positioned horizontally in a 
circular arrangement. As the motor 
operates, the springs are unwound a set 
number of degrees. A double ratchet 
system at one end of the motor rewinds 
the degrees used back into the springs. As 
the springs are unwinding, the power 
generated from all the springs reset 
each spring (one at a time) during 
each revolution of the motor. Itis this 
reset action that produces and delivers 
power from the springs to the flywheel 
located at the opposite end of the motor. 
‘The flywheel serves to ensure the smooth 
operation of the motor and to convert the 
springs into useable horsepower. The 
smaller motor has 50 foot pounds of 
torque at a shaft speed of 3000 RPM and 
will produce 28 HP. The HP can be altered. 
by factory adjustment. The speed of the 
engine is controlled by a hydraulic pump, 
which provides pressure upon the power 
shaft 


Contacts: Gates Motor Corporation, 
P.O. Box 715, Hauula, HI, USA 96717 
Email-gagates@earthlink.net 


Editor: We tried to get the video of this 
device operation from Gates Motor 
Co., but after along consideration it 
was not provided since the authors 
are competitor-conscious. 
Alexander V. Frolov 
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Cold Electricity 
Adrian Akau, USA 


Dr. Peter Lindemann in his book "The Free 
Energy Secrets of Cold Electricity" presents 
thestory of this typeof electricity which really 
is not electricity as electricity is normally 
meant to be understood, Cold electricity 
behaves differently than normal electricity. 
Regular electricity may be used in the process 
to generate this cold form but this 
transformation is not the type of change in 
voltage and current that occurs in a 
transformer. Rather, itis the extraction of a 
form of current from "normal" electricity by 
a process that uses high voltage. 


In discussing the Edwin Gray motor, Dr. 
Lindemann relatesa demonstration by Gray. 
Gray used a 6 volt car battery with lead wires 
running to a system he had devised using a 
voltage booster and a series of capacitors 
which raised the voltage to 3,000 volts, He 
then closed switch thatran the high voltage 
into two electromagnets which caused aloud 
popping sound and cause the top 
¢lectromagnet weighing a pound and a 
quarter tobe propelled over two feetinto the 
air. Gray claimed that only 1% of thesystem's 
energy was used with 99% going back to the 
battery, Hesaid that he had ‘split the positive’ 
with his system. 


Other evidence of using this fractionated 
clectricity was Gray's use of a small 
motorcycle battery (15 amps which would 
normally produce W=V x A=6V x 15 A=90 
watts) to run concurrently six 15-watt 
electrical light bulbs, a portable 110 volt’ TV. 
set and two radios, A glowing 40 watt light 
bulb running off the system was dropped into 
water without the glass breaking; the bulb 
gave off light but not the heat that 
accompanieda bulb run by regularelectricity. 


‘This would mean that tungsten in the 
filament of the light bulb was not resisting 
the flow of this fractionated electricity and 
that this "cold electricity" was causing the 
luminous glow by some othermeans. 


According to Gray's Patent 4,595,975, low 
voltage was chopped into pulsating DC by 
passing it through a multi-vibrator (buzzer 
likea doorbell). Then the pulsed DC wassent 
through the low voltage winding (primary) 
of a transformer which changed it to 
pulsating high voltage DC current at the 
secondary side. The pulsating high voltage 
DC was rectified by a full wave bridge and 
changed into high voltage DC. 


‘The high voltage DC was used to repeatedly 
charge a capacitor as the current was sent 
to briefly discharge acrossa spark gap (rated 
at 3000 volts). The discharge of the spark 
across the gap had to be in one direction 
only and its duration was controlled by the 
size of the capacitor and by the strength of 
amagnetic field encompassing the gap. This 
magnetic field had a quenching effect 
because it caused a back EMF each time the 
discharge occurred, The current from the 
discharge across the gap was then sent 
through a resistor and then to a vacuum 
tube (the conversion switching element 
tube). 


Another of Edward Gray's patents "Efficient 
Electrical Conversion Switching Tube 
Suitable for Inductive Loads’ (April 1987, 
patent 4,661,747) described the switching 
tube Itutilizesa low voltage anode (positive 
plate), a low voltage anode (positive plate) 
and one or more electro-static or charge 
receiving grids (located between the positive 
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plates and the cathode or negative plate 
supplying the electrons). This tube's function 
was to ‘split the positive’. A normal vacuum, 
tube usually uses only a single anode at a 
particular voltage to control the voltage flow 
within the tube. The function of the charge- 
receiving grids was to collect the "cold 
electricity’ 


‘The most unusual part of this Power Supply 
circuit consisted of devices specifically 
designed to remove excess energy when the 
Switching Tube was functioning. Aspark-gap 
protection device, served to "protect the 
inductive load and the rectifier elements 
from unduly large discharge currents’. As 
stated, the rectifier elements are the two 
anodes and the grids in the Switching Tube. 
In a normal vacuum tube, no protection 
would be necessary because the maximum 
power of the tube would be based upon the 
electricity provided to heat the tube filament 
and to charge the anode (voltage x amps). 
‘Therefore, the excess energy comes from the 
process occurring as the spark gap affected 
electrical pulses pass through the Switching 
‘Tube. The process of extracting the "cold 
electricity" places danger of overload upon 
the system. (Please take note that the 
"electricity" from the Switching Tube is no 
longer the normal typeof electricity we have 
from our batteries or from an electrical outlet 
but rather a completely new form with 
entirely different characteristics) 


‘The description continues, "Should the 
potentials (voltages) within the circuit 
exceed the predetermined values fixed by 
the mechanical size and spacing of the 
elements within the switching tube, the 
energy is dissipated (bypassed) by the 
protective device to the circuit common 
(electrical ground)" by two strategically 
placed diodes (devices that permit the 
passage of electricity in one direction only) 
‘The question now arises "What is the cause 
of this large amount of excess energy which 
must be dumped to ground through device 
acting like lightning rod in order to prevent 
the circuit from burning out?" 


‘To examine the cause of the excess energy 
source, we must go back overa hundred years 
101889, Heinrich Hertz had just announced 


in 1887 that he had discovered 
clectromagnetic waves and Nicola Tesla was 
attempting to duplicate Hertz'sexperiments, 
Tesla used abrupt and powerful electric 
discharges produced with banks of 
capacitors charged to very high potentials 
and was able to explode thin wire (copper 
bus bars). He came to the conclusion that 
Hertz had mistakenly associated electrostatic 
inductions (clectrified shockwaves in air) for 
true electromagnetic waves. 


‘The explosion of the copper bars by means 
of the "disruptive discharges" from the 
capacitor bank produced sharp 
shockwaves which struck Tesla with great 
force across the entire front of his body. 
Tesla said they felt more like powerful 
gunshots rather than electrical sparks. They 
produced effects similar to lightning or to 
those produced by high voltage DC 
generators previously discussed; the simple 
closing of a high voltage DC generator 
caused a stinging shock. AC generators were 
not in use in this pre-AC era and it was 
shown, later on, that AC generators did not 
produce these effects 


‘This shock was first assumed to be the result 
of residual static charging. It stood straight 
out of highly electrified conductors, seeking 
ground paths which included workmen and 
switchboard operators. In long cables, Tesla 
estimated that this _ electrostatic 
concentration was several orders in 
magnitude greater than any voltage the DC 
generator could actually produce. It caused a 
hedge or crown of bluish needles or spicules 
topointat rightanglesto the cable orstraight 
from the electrical cable line into the 
surrounding space. The bluish needles 
appeared the very instant the switch was 
closed and disappeared a few milliseconds 
later, after which the system functioned 
normally, However, anyone through whom 
the blue needles passed, especially in large 
regional power systems which used high 
exceptionally high voltages, usually did not 
survive, Generators rated at a few thousand 
volts produced hundreds of thousands or 
evenmillionsof electrostatic volts during the 
start-up pulse. Highly insulated, heavily 
grounded relay switches had to be installed 
to protect workers from certain death. 
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Engineers at this time assumed the effect to 
becaused by a"bunching" action which 
occurred when a powerful force was 
not able to move charge sufficiently 
quickly through a system. (A similar 
"choking effect" also happened with large 
steam engines; if steam was introduced too 
rapidly, the steam engine could explode.) 
‘The metal of which the wire was composed 
somehow offered resistance to the charge 
carriers before they were able to move away 
from the generator terminals, Itseemed that 
the wire acted as a blocking force to the 
clectrons or to some unknown part of the 
electrons for the first few milliseconds, rather 
than as a conductor. The powerful, deadly 
bluish spikes sprang from the line until the 
current charges actually "caught up" with the 
applied electrical field. Itwasasif thespicules 
were a form of relieving pressure on the 
system by converting the voltage impulse 
intosome other form. 


‘Tesla began wondering why the electrostatic 
field moved faster than the actual charges. He 
believed that this effect could help him find 
clectric waves better than his capacitors 
because the line resistance caused the 
electrostatic charges to bunch together into 
adensity much greater that obtainable with 
hiscapacitors, 


Tesla understood that ordinary capacitor 
discharges were oscillating currents or spark 
currents which "bounced" between each 
capacitor plate until their stored energy was 
dissipated. The high surge voltage of the DC 
generator exerted such a high one way 
pressure on the dense line charges, due to the 
millisecond resistance of the metal, that 
possible voltage "bounces" were also 
oscillations of current as was true with the 
capacitors, Tesla used every means possible 
to block the "back-rush" (bouncing) of the 
oscillating current in order to prevent the 
supercharge to prematurely decline; he 
wanted to maintain this powerful "bunching" 
effect as long as possible in order to study it 
and to make use of it. 


His face and hands experienced a penetrating 
shockwave;asharp pressure andan electrical 
irritation were brought on at the sudden 
closingof the switch. Hisfaceand hands were 


especially sensitive to these shockwaves 
which caused a “stinging” effect at close 
range. Tesla believed that he was being struck 
by material particles approaching the vapor 
state as they were thrust from bluish crowned 
wire. 


Later on, he was to discover they were not 
gas particles. He placed himself behind a 
glass shield but to his amazement, he 
still felt the shockwaves and stinging 
effects; the glass shield did not protect 
him. Thesestinging rayscouldbefeltatgreat 
distances from their sources and, to his 
amazement, would penetrate shields ofboth 
glass and copper. Tesla knew that normal 
electrostatic charges spread over the surface 
of a metal (copper, for example) shield so 
that the stinging effect could not have an 
electrostatic origin and therefore was not 
electrostatic in nature but was from some 
otheryet unknown source. 


Joseph Henry in 1842 had noticed the 
magnetization of steel needles by the 
discharge of a Leyden Jar (type of primitive 
condenser made with a glass bottle). The 
Leyden Jar was at the top floor of a building 
while the needles were in the basement. Dr. 
Henry, noting the passage of these 
magnetizing rays through brick walls, oak 
doors, stone and iron flooring and tinceilings 
believed that the spark given off by the 
discharge released "light-like rays" that 
passed through the material obstacles with 
ease before magnetizing the needles. 


Elihu Thomson, a physics instructor in 1872 
had been attempting to make sparks froma 
Ruhmkorrf Spark Coil more clearly visible for 
his physicsstudents. He attached one pole of 
the coil toa cold water pipe and noted that 
the previously blue spark changed to white. 
He then attached the other pole to a large 
metal table top and produced a silver-white 
spark that would be clearly visible to all 
attending his lecture. He went to the door of 
the room to notify hiscolleague but received 
astrong shock from the door knob. Turning 
off the Ruhmkorrf coil prevented the brass 
knob on the oak door to stop shocking. He 
returned with his friend, again turned on the 
coil and discovered that all metal objects in 
the entire building, no matter how distant 
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from the coil or insulated from the floor, 
produced long and continuous white spark: 
upon the touch ofa penknife orscrewdriver. 


‘The device ‘Tesla perfected was far superior 
to the Ruhmkorrf Spark Coil. The effect of 
his disrupter device was so strong that a 
single wire placed in an oil bath produced 
what he had originally but mistakenly 
thought to be gaseous streams so powerful 
that they visibly depressed the oil intoadepth 
of about two inches, Tesla concluded that 
"besides the air, another medium is present’: 


...be placed himself behind a 
glass shield but to bis 
amazement, he still felt the 
shockwaves and _ stinging 
effects; the glass shield did not 
protect him. These stinging rays 
could be felt at great distances 
from their sources and, to his 
amazement, would penetrate 
shields of both glass and 


copper... 


‘Tesla had been able to perfect his device by 
placing a capacitor between the switch and 
the D.C. generator thusincreasing the power 
and protecting the generator windings in 
much the same manneras the diodes Edwin 
Gray's Switching Tube protected Gray's 
circuit. Tesla also raised the voltage and 
quickened the "make-break" rate of the 
switch to increase the power level by placing 
a powerful permanent magnet crosswise to 
the discharge path of the high voltage output 
ofthe DCgenerator wires, The magnetic field 
caused the discharge arc to automatically 
"plow out’ the charge passing through the 
wires in the presence of the magnetic field 
builtup reverse emf (electromotive force or 
voltage). 


‘Tesla believed he had discovered a new type 
ofelectricity with special characteristics. This 
form of electricity did not consist of 
alternating waves. They were longitudinal 
‘waves composed of successive shocking 


waves with effects that could be seen and felt 
ata distance. Vector components of these 
shock waves were unidirectional. They 
were able to force charges in the 
direction of their propagation. In his 
patent 787,412, "Art Of Transmitting 
Electrical Energy Through The Natural 
Mediums" (April 18, 1905), Tesla calculated the 
mean velocity of the waves propagated by his 
device to be 471,240 Km/sec. Knowing that 
the velocity of light is 300,000 Km/sec would 
indicate that the typeof transmission towhich 
Tesla is referring is different than standard 
¢lectromagnetic radiation; these special 
longitudinal "Radiant Energy" waves moved 
faster than the speed of light. 


After conducting hundreds of experiments, 
Tesla found that "Radiant Energy" 
longitudinal waves could penetrate all 
materials and cause "electronic 
responses" inmetalssuchascopperand 
silver. Impulses exceeding 0.1 millisecond 
duration produced effects such as pain, 
mechanical pressures, explosion of thin wires 
and vibration of objects. Impulses of 1.0 
microseconds caused the sensation of 
physiological heat; at still shorter lengths 
white light would fill the room, Impulses less 
than 100 microseconds were safe to work 
with and Tesla planned to use them for his 
power broadcast system since they could 
pass through all matter. 


In 1890, Tesla discovered that placing a long 
single turn copper helix near his magnetic 
disrupterbecame covered with an envelope 
of white sparks. Effects were strongest when 
the helical coil was placed within the 
disrupter wire circle. In this"shockzone’, the 
coil was surrounded by a blast of long, fluid 
like silvery streamers which clung to the 
surface of the coil, flowing over the coil at 
right angles to’ the windings. Tesla 
hypothesized the electrostatic-likeeffectwas 
due to radiant transformation rules requiring 
measurements of discharge lengths and 
attributes of the helix used (numberof turns, 
diameter, etc.). (Editor: resonance) 


‘The new induction law he discovered 
showed that radiant shockwaves became 
much stronger when encountering 
segmented objects. The radiant shockwaves 
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“flashed over" the outer skin of the helix from 
end to end without passing through the 
windings of the coil; shockwaves of 10,000 
volts introduced to a 24 inch coil rise to 
240,000 volts. The greater the resistance in 
the helix turns, the higher the maximum 
voltage. This was completely different from 
magneto-induction. Remember that he was 
not working with electricity but with radiant 
shockwaves. 


Aether particles were 
incompressible and could 
easily pass through space and 
matter with a speed much 
greater than the speed of light. 
This was pure radiant matter 
but, at the same time, pure 
Radiant Energy. Cold electricity 
is one of the forms of this 
Radiant Energy 


This transformer he invented used radiant 
shockwaves to produce pure voltage without 
current, Each transformer had to be"tuned" 
by adjusting the disrupter to a specific 
impulse duration, At that point, voltage 
impulses could flow smoothly, flowing over 
the copper surface much like a stream of 
water in a pipe. No amperage could be 
detected but if the stream was aimed at a 
distant metal plates, "current" was produced 
which reached several hundred or even 
thousands of amperes, Tesla then began to 
wonder what made up this white, currentless 
stream, 


‘Tesla determined that normal charge carriers 
(€lectrons) could not travel as quickly as the 
radiant pulse; no current moved tie coil 
because the electrons were choked in the 
metal lattice of the coil. The radiant pulse 
moving over the surface of the coil was 
not electronic in nature. He placed the 
legs of a heavy U-shaped copper bus bar 
directly to the disrupter primary and then 
connected the short-circuited system to 
several incandescent lamps. These lamps 
glowed with a brilliant cold white light as 


with Gray's light bulb, proving that the power 
forthelightwasnotelectrical in nature. Tesla 
believed that the electrons were blocked 
from flowing through the wire while the 
radiant pulse was released over the coil 
surface as a "gaseous" pulse (splitting the 
positive, according to Gray). 


‘Teslacame tobelieve that voltagecould 
be viewed as streams of aether under 
various states of pressure and that his 
transformers affected the aether as to 
produce the luminous effects he 
observed. In his patents, he describes his 
Mlight-like rays" as tightly constricted aether 
streams propelled from his transformers 
along infinitesimal ray lines along which an 
incompressible movement occurs instantly 
through space on all points along its path. 
Aether streams were being drawn in through 
his transformer at higher natural pressure 
and then accelerated in the electrical 
discharge. The voltage in his transformer 
could control the brilliance oflightinaroom 
but this type of light was almost impossible 
to register on film. He could heat up a room 
or cause cool breezes by controlling the 
voltage in impulse duration in his 
transformer, 


‘Tesla saw electrical current was really 
acomplex combination of aether and 
electrons. Through the application of a 
disrupter, the electrons were removed from 
the gap by the magnetic field while the 
aether steams continued to flow through 
the circuit. He considered aether particles 
highly mobile with infinitesimally small 
mass and cross-section as compared to 
electrons. They were incompressible and 
could easily pass through space and matter 
with a speed much greater than the speed 
oflight. This was pure radiant matter but, at 
the same time, pure Radiant Energy. Cold 
electricity isone of the forms of this Radiant 
Energy. 


Edwin Gray, Dr. Nicola Tesla and Dr. Thomas 
Henry Moray all used radiant energy 
technologies. It is important to understand 
that the Laws of Thermodynamics and 
Maxwell's equations do not pertain to 
"Radiant Energy" technologies. 
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* Fantastic) Projects, 


a 


Gravity Conversion 


Review is prepared by editor Tatiana Ezhova 


Here another fuelless perpetuum mobile is presented. 


The system design 


‘The design includes a wheel with spring spokes, Pegs may be fixed inside the wheel to balance 
movement of weightson springs. All partsshould be homogenized as to dimension and weight. 
‘The author used 4 oz, lead balls and the 3/16" springs. The wheel measures 9" in radius as 
measured from hub center to center of each lead ball at outer periphery. This device isactuated 
and stopped by the hand. Its speed is self governing, it ramps up to speed quickly and simply 
staysthere. 


Note:you can find more detailed information about the device at 
hutp,//www greaterthings.com /News/FrecEnergy /Directory /GravityMotors/photos/. 
Also read in this issue article" Novozhilov's motor" that describes another wheel motor that 
does not require any fuel for its operation, 
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ABSTRACT 


Highly localized nuclear activation in 
electrochemical systems and other electrical 
discharge processes have been observed by 
many laboratoriesin the world, Thisreportisan 
attempttoexplainsuchanomalousphenomena 
by using torsion field theory and axion model, 
Anisotopic behaviours of radiation products, 
burst character, "heat after death" of excess 
energy release in electrical discharge systemsare 
considered to be interpreted by the torsion 
coherence of vortex dynamics with the zero- 
point energy induced by localized intense field 
emission of micro-protrusion of the cathode, 
and the dynamic Casimir effect of transient 
evolution of triple region of gas, liquid solution, 
and electrode protrusion. Axion model and 
Primakoffseffectare proposed forexplanation 
of nuclear transmutation without noticeable 
gamma radiation. 


Nuclear products with high concentration, 
unidentified tracks with highly collimated 
lines of low energy nuclear reactions in the 
electrochemical systems were recorded by CR- 
39 solid detectors and photo-films, and 
localized spots with chemical alterations were 
‘observed at our laboratory. It is suggested to 
carry outintensivestudy of vortex dynamic for 
explaining the anomalous phenomena in 
wide area of nature and laboratories. Analysis 
of vortex dynamics with wide range from 
pitting corrosion of electrochemical system, 
laboratory plasma, tornado, to quasar spiral 
model with extremely high energy cosmic rays 
in the center region, leads to a conclusion for 
that vortex dynamics creates torsion fields 
responding to the anomalouseffects. 


I. INTRODUCTION 


Many laboratories in the world have 
observed nuclear reactions andexcessheat 
in electrochemical systems. The mechanism 
ofsuch anomalous phenomena isnot being 
well understood according to normally 
accepted physics, 


Nuclear products with high concentration 
and tracks with highly collimated lines oflow 
energy nuclear reactions in the 
electrochemical systems were recorded by 
CR-39 solid detectors and films at our 
laboratory [1,2]. These facts suggest that 
quasar model with spiral structure and 
extremely high enrage cosmic rays in the 
center could be used to explain the 
mechanism, Itissupposed touse the concept 
of torsion field to interpret the observed 
phenomena, typically,thepropertiesofaxion 
acceleration, memory effect, and the 
polarized nuclear reactions with torsion 
effect [3] 


II. PHENOMENA IN NATURE AND 
AT LABORLATORIES, 


‘The vortex and spiral structures are the 
archetype that appears atall levelsof nature 
and laboratories, for example, atom 
structure, vortex lattice in superconductors, 
dense plasma focus, lightning, quasar etc. 


Recent report of dark matterannihilation at 
the galactic center describes that the cold 
dark matter near the galactic center is 
accreted by the central black hole into a 
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dense spike [4]. Particle dark matter 
annihilation makes the spike to be a 
compact source of photons, electrons, 
positrons, protons, antiprotons and 
neutrinos, It reminds us for that there is a 
similarity among pitting corrosion with 
electrochemical noise, laboratory plasma 
pinching (dense plasma focus, for example), 
fast laser induced ion beams [5] and quasar 
spiral model with high-energy cosmic rays 
in spiral center in spite of large dimension 
difference. Comparing the experimental 
results of electrochemical cells with excess 
heat and nuclear transmutation to 
astrophysics phenomena, itissupposed that 
the investigation of vortex dynamics of 
torsion coherence with the zero-point 
energy is essential for tapping the zero- 
pointenergy. 


As it is predicted by quantum mechanics 
that the vacuum is seething with active 
energy, even at temperature of zero point 
Kelvin, Thiszero-point energy (ZPE) can be 
thought as an infinite number of virtual 
photons that are popping out of the 
vacuum and going back in, but should be a 
measurable effect en masse. To exam the 
origin of ZPE background, the interaction 
of matter with the ZPE can be treated on 
the basis of charged point particles 
interaction with a background of 
electromagnetic zero-point radiation with 


Based on observation in the experiments, the 
following featuresare considered in order to 
understand the experimental results with 
electrical discharge systems, 


A. ELECTROCHEMICAL DOUBLE LAYER 


In an electrolytic cell, the electrolysis with 
high conductivity and the electrochemical 
double layer with large layer-capacitance 
lead to a typical structure of the cathode 
potential distribution similar to the cathode 
drop of glow discharge in low gas pressure. 
For a compact layer the thickness of the 
double layer is equal to one ionic layer,across 
which there isa linear fall of potential. Thus, 
high electric field exists in some regions on 
the surface of the cathode, 


‘The local enhancement of the electric field 
on the cathode surface with the double 
layer is related to the protrusions and 
cracks similar to the tip discharge in air or 
in a vacuum. The current distribution 
depends strongly on the surface roughness 
and the work function of the electron 
emission. A high transient current density 
© 10*A/cm?) could be expected due to 
enhanced field. 


B.ENERGY CONCENTRATION 


On the cathode surface, the high persistent 
electrical fields (>10°V/em) and large 
equivalent capacitance (>25 uF /em)leadto 
a high energy concentration in the double 
layer [6]. The concentrated field on the tips 
of the protrusions or cracks after a long- 
loading period with deuterium on the 
palladium cathode surface creates a high 
transient electron flux because of the large 
distributed capacitance and the negligible 
inductance in a localized discharge mini- 
network. The experimental data show that 
the reactions take place only in some 
restricted areas that have specific properties. 
‘The idea of micro fusion due to the results of 
energy concentration and thehigh deuteron 
flux could be used to explain the nuclear 
transmutation 


C.TORSION FIELD AND THEIR 
EXPERIMENTAL MANIFESTATIONS 


Elementary particles have the moment of 
quantity of motion, ie. spin, If in any 
Substance the spins of particle have a 
preferable direction, then itis interpreted as 
spin polarization of the substance. Every 
substance creates a torsion-field (or called 
spin-field or axial field) in the space 
surrounding it when polarized by spins [7] 
The superposition of torsion field, 
generated by the atomic and nuclear spins 
of each molecule, determines the intensity 
of torsion field in the space surrounding 
cach molecule. Torsion field has strong 
penetration ability and does not interact 
with the crystal lattice of substances, The 
torsion field created by rotation ofsomesort 
of matter is concentrated in two opposite 
beams propagating along the rotation axis, 
The intensity of torsion-field with some 
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lower constant value can be retained for 
several weeks after the rotation is stopped. 
Such property of vortex mater has been 
recently observed in type II 
superconductors with magnetic flux line 
lattice [8]. The studies of vortex matter of 
type II superconductors have shown a 
number of puzzling phenomena associated 
with vortex motion, including: low- 
frequency noise and slow voltage 
oscillations, a history-dependent dynamic 
response, and memory of the direction, 
amplitude duration and frequency of the 
previously applied current. 


Some behaviors of the torsion-field effect 
have been observed in the experiments of 
clectrolysis regarding the so-called cold 
fusion, such as when the gas bubble chains 
come out from the protrusions of the 
cathode surface a long time after 
switching off the electrolysis potential 
‘The more surprising thingis the heat after 
death, which has been recorded by many 
labs. This phenomenon could be 
explained by the persistence effect of the 
torsion-field produced by vortex 
dynamics of tip effect, 


DD. EXPERIMENTAL RESULTS IN THE 
ELECTROCHEMICAL CELL 


CR-39 plastic films possessing with a high 
degree of optical clarity and isotope in 
track response, and are sensitive to 
neutron, proton, tritium, alpha, and other 
charged particles, were used to detect the 
products of nuclear reactions, The films of 
CR-39 were immersed in the NaOH 
electrolyte of heavy water and placed 
adjacent to the tips of the cathode [9] 
After 110 hours, electrolysis experiment 
with the applied voltage I Vand current 2 
ma, the solid detector was etched by 6.25 
N NaOH solution in 70°C for 11 hours. The 
photomicrograph shows the cluster of 
tracks with a cycle crater of 100 xm in 
diameter and 25 xm in depth, According 
to the etching condition, the energies of 
the most of the particles, P, T, @ are 
estimated roughly to be in the range of 1- 
4 MeV. On the backside of same region of 
the CR-39 film detector, one can clearly 
see a few of tracks in the circle area or 


nearby. Such tracks are believed to be 
created by recoil-protons of forward 
incident neutrons, High concentration of 
the cluster of nuclear tracks could be 
explained by the quasar spiral model and 
by the crystal channeling effect [Fig,1]. The 
experimental results of the generation of 
tritium with single crystal metal of Pd 
show that none of the generation of 
tritium has been revealed by using non- 
single crystal electrodes [10]. The 
importance of the crystal channeling 
effect for nuclear reactions in the 


electrochemical systems can be inferred. 


Fig 
Schematic presentation of a micropinch spiral 
by tip effect in the electrolysis cell: 

a) tip of the electrode; b) spiral structure of 
micropinch;¢) electron beam; d) crystal channel; 
©) ion beam 


‘To determine the spatial distribution of 
radiation active sites (RAS), Black-white 135, 
films of 27 DIN have been used to image the 
position of the RAS. After a 1,5 year of 
deposition in glass tube of finishing 
electrolysis experiments with light water 
electrolyte for more than 200 hoursrunning, 
the patterns of RSA were clearly formed on 
the films after exposure of 100 hours [2]. The 
bright spots corresponding to the tips of 
palladium cathode edges can be seen due to 
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the tip effect. The effect of magnetic fieldon 
the traces of the charged particles has been 
observed while the Pd samples exposing to 
the films, which were folding and wrapping 
up thesample, were inserted between couple 
magnets, The tracksstretchingalong the film 
surfaces confirm that the tracks were created 
by charged particles, electrons for example, 
with low energy about some keVs. Highly 
oriented tracks can be observed by 
autoradiography by using normal films 
locally[Fig.2] 


Fig2 

Autoradiography of charged particle tracks of be 

delay isotopes on the surface palladium cathode. 

‘Some tracks of beta particles are paralleling the 
cathode surface. 


E. SONOLUMINESCENCE AND “BUBBLE 
NUCLEAR FUSION” 


Some scientists of Oak Ridge National 
Laboratory in America reported their 
articles of bubbles experiments in Science. 
Experimental results show that the 
radiation lights of sonoluminescence 
possess three characters: short duration 
with picoseconds; wide continual 
spectrum; highly oriented thin beams 
Based on those characters, vortex 
dynamics with axial acceleration of 
bubble collapse could be inferred. 
Nuclear reaction with abnormal gamma 
radiation was observed [11]. Dr.Claudia 
Eberlein describes her conclusion on 
sonoluminescence that only the ZPE 
spectrum matches the light emission 
spectrum, which must be a ZPE 
phenomena [12]. The effect of torsion field 
on nuclear reactions along the axis of 
vortex should be taken into consideration 


for the low ratio of the nuclear products of 
n/T due to spin polarization of reaction 
particles. 


Axion model and the Primakoff effect are 
proposed for explanation of nuclear 
transmutation without noticeable gamma 
radiation, Many laboratories in the world 
have been engaged in several experiments to 
search for axions, light neutral pseudoscalar 
particles yet to be discovered. The axion 
would be produced in thesolarcore through 
the Primakoff effect if its mass is a few 
¢lectronvolts and could be detected in the 
laboratory. 


I. CONCLUSION 


Researchers of new energy study of "cold 
fusion" type should pay great attention to the 
general processes of electrolysis to find the 
key points, which could playa major role in 
the transit from the electrochemical 
processes to processes of torsion and the 
nuclear processes. From the authors’ point of 
view, the evolution of double layers is of 
importance to understand the anomalous 
effect, typically on the protrusions of 
cathode. The change of space-time near the 
tips due to torsion field generated is expected 
to delivery the zero-point energy, and 
dynamic Casimir effect for the evolution of 
gas bubbles on the tips are expected to 
generate photons and excess heat [1]. The 
yields of transmutation productsare related 
io the current distribution on the cathode 
surface. The cathodes of thin wire were 
benefit to the generation of nuclear reactions 
and excess heat for electrochemical systems. 
Careful examination of the evolution of 
clectrochemical double layer will lead to a 
good understanding of pitting corrosion 
with electrochemical noise, and further to 
recognize the anomalous excess heat and 
nuclear reactions. 


Heat after death was observed at many 
laboratories. Itis believed that the persistence 
behaviors of torsion field can be used to 


explain such anomalous phenomena. 


‘The contact between beads coated with a 
thin metallic layer or multilayered film and 
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palladium black particles could be regarded as 
point-contact similar to the tip-effect [13] 


We may say that it is expected to reveal the 
puzzles of the mechanisms of high-Te 
superconductivity with pinning vortices by 
the torsion field theory [14,15] 
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Fantastic Projects 


e 


The Invention of Roman 
Solomyanny 


Our previousissue featured an article about 
Roman Solomyanny who came to our 
office and told us amazing things. He said 
that during his army years (according to his 
words, he was in the military intelligence) 
he made a radio technology invention and 
later on built a free energy generator. The 
inventor claimed that his device had been 
working for a certain period of time 
without any fuel and had been producing 
power enough for heating and lighting his 
countryside house. We could not ignore 
such an intriguing piece of information. 
Moreover, Roman promised to build and 
present his device in 2003. We paid him for 
this interesting story to be published in the 
issue and prepared for the continuation, 


Alas, to no avail... His mobile phone was 
silent and we started to worry about the 
inventor'shealth, Fortunately, we managed 
to contact his parents on his home 
telephone (Roman lives in St, Petersburg) 
and they told us that the chap was OK. It 
seems he's lost his interest in us. But we still 
hope that Roman did invent something 
really exciting and not only polished up his 
talent for writing science fiction articles. 
Those people, who want to know the 
details about this invention or discuss it 
with the inventor himself, can get in touch 
with us for his contact information 
Anyway, we will be very pleased to see him 
again full of new exciting stories. We have 
already introduced the 'Humour' section 
into the magazine and are planning to start 
the 'It Just Can't Be So' section. 


Editor 
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Anti-Gravity: 
The Holy Grail of the 21st 


‘e 
@ 


Bruce A. Smith, USA 


POBox 1676, Yelm, 
Email: brucesmith@tais 


‘ashington 98597 


A Primer on the Role of bees mien ee Electrostatic, and Torsion Fields 


in Anti-Gravity an 


Before visiting a University of Washington 
physics professor to talk about electrostatic 
propulsion, and hopefully anti-gravity, | 
realized: Birds defy gravity: Sodo 747'sforthat 
‘matter. They apply the laws of physics and lift 
offthe ground. That's anti-gravity, isn'tit? Yes, 
that's true, I suppose, ina metaphorical sense. 
But seagulls, jumbo jets and space crafts 
manifest anti-gravitation effects strictly 
speaking, What I want to address here is not 
the overcoming of gravity but the 
neutralizing of it. 


Dr. Eugene Podkletnov, one of the foremost 
researchers in anti-gravity, and whose work 
is sought by NASA, Boeing and British 
Aerospace (now known as BAE Systems) 
describes the hunt for anti-gravity the 
greatest scientific quest of this century, He 
calls for an international effort, akin to the 
Manhattan Project that developed the atomic 
bomb, to conquer the secrets of anti-gravity, 
and usher in a new era of scientific 
understanding whose _ technological 
development will be atascaleso vast that the 
potential outcomes are merely hinted at by 
our previousachievements, 


Just getting sucha project offthe ground will 
require unprecedented international 
cooperation, and public disclosure aswell; the 
potentials are that vast, that scary, and that 
dangerous, Dr. Dan Marckus, noted British 
avionics expert, states in The Hunt for Zero 
Point, the seminal work-to-date on anti- 
gravity written by Jane's Defence Weekly 
aviation editor Nick Cook, that the secrets of 
anti-gravity in the wrong hands will make 
thermonuclear weapons look like 
firecrackers. 


Field-Effect Propulsion 


The secrecy surrounding anti-gravity 
research is phenomenal. Boeing refuses to 
publicly acknowledge any activity in anti- 
gravity development despite the fact that its 
competitor and sometime sub-contractor, 
British Aerospace (BAE Systems) is, the latter 
providing funds for four university research 
effortsas part of its Project Greenglow, one 
of which was a Podkletnov replication 
experiment headed by Dr. Clive Woods at 
the University of Sheffield,. Further, Nick 
Cook publicly, and privately to me in an 
email, states quite directly that George 
Mueliner, former director of Boeing's ultra 
secret Phantom Works, claims Boeing 
sought the services of Dr. Podkletnov to 
unlock the secretes of his gravity-shielding 
research, Cook says that Muellner states 
Boeing was denied Podkletnov's services 
due to the objections of Russian officialdom, 
which the Russian-born Podkletnov must 
payattention to, apparently, despite the fact 
that he works in Tempere, Finland. Dr. 
Podkletnoy, wisely perhaps, chooses not to 
clarify these particulars despite our several 
emails, 


Perhaps Boeing can denyany activityonanti- 
gravity because NASA is doing its own 
Tesearch, and asa prime contractor to NASA, 
such as by running the Space Shuttle 
Program, Boeing probablyknowswhat NASA 
knows. NASA spent $600,000 recently in its 
Breakthrough Propulsion Physics program 
(BPP) to purchase Podkletnov replication 
equipment. Inexplicably, thatequipment sits 
in boxesin NASA's Marshall Research Center 
in Huntsville, AL, awaiting more funding; 
according to an email I received from NASA 
propulsion researcher, Ron Koczor., 
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But enough with this business; what do we 
know about anti-gravity? 


‘The search for that answer has taken me to 
some exciting and obscure places in this 
world, like the Aeronauticsand Astrophysics 
lab at the Seattle campus of the University 
of Washington. I called those folks because 
Nick Cook in The Hunt for Zero Point, 
mentions that UW received NASA contract 
to study theories of inertia as part of its BPP 
program, That's a good place to start, | 
thought, but it took backtracking to BPP 
Project Director Mare Millis at NASA's Glenn 
Research Center in Cleveland to find Dr. 
John Cramer at the UW Physics 
Department. His mission was to confirm 
with Dr. James Woodward the latter's 1996 
preliminary research into the loss of 
gravitational mass in a targeted piece of 
metal from oscillating capacitors, Although 
Woodward's initial data appeared 
encouraging, NASA's Millis told me that their 
funding dried up before completing their 
research, Furthermore, the entire BPP 
became unfunded in 2002 and now in 2003 
has become a hazy, privatized version of its 
former NASA subset self. 


However, UW is continuing related 
research, such as magnetically confined 
fusion energy generators and that, for me, 
by using electromagnetism to contain an 
inner field makes it a close cousin of anti- 
gravity and field-effect propulsion. I spoke 
with Professor Uri Shumlak who told me 
that he and other UW staff from the 
Department of Aeronautics and 
Astronautics, along with a bevy of their grad 
students, are building a prototype of a 
fusion generator called HIT, which stands 
for Helicity Injected Torus. 


‘This donut ring-shaped torus encloses a 
roundish chamber. Within that chamber a 
vacuum is first created, and then a volume 
of hydrogen gasis introduced and heated to 
a few million degrees Celsius, which 
separates the electrons and protons from 
their atoms turning the whole stew into a 
quasi-neutral foam of plasma. Then the torus 
envelopes the plasma with a magnetic field 
tokeepit away from the sides of the chamber 
enabling the plasma mass to stay hot, and 


keep the rest of Seattle cool. (While I was 
standing next to his little eight foot long 
gizmo, Prof, Shumlak assured me there was 
no danger ofa couple million degrees of heat 
escaping. ‘The heat density of the plasma was 
"too low" for me to, well, break a sweat over. 
His quote was, "There's no more heat mass 
inside that chamber than what's contained 
in a cup of coffee." I sure hope you're right, 
Doc.) 


‘Then, once the plasma fieldis contained, the 
magnetic field squeezes the plasma, fusing 
the nuclei of one hydrogen atom into 
another, As the hydrogen couples combine, 
a helium atom is created and a neutron is, 
released, along with lotsofenergyin the form 
of heat. One day, such a generator will give 
us unlimited amounts of electricity, as the 
heat can produce electric voltage. 


Lotsofelectrical power on the cheap the WW 
predicts; and the Department of Energy 
agrees, once the details of building reliable 
magnetic field generators are solved. What 
does magnetic fusion have to do with anti- 
gravity? Two things: first, magnets. 
Electromagnetism seems to be one of the 
major players in anti-gravity, particularly the 
use of electromagnetic fieldsto contain other 
fields, such as plasma fields in the HIT, or 
torsion fields, but more about that later. 
Secondly, the HIT works, or is about to. It's 
real and mainstream science embraces it, 
while anti-gravity is, well, a little more out 
there and reliable data is harder to obtain. So 
the technology of HIT lays a base that other 
research can build upon, such as not only 
containing other fields, butalso building field 
effect propulsion systems, the most 
clementary of which is electrostatic 
propulsion, and aspects of that are already 
being applied by NASA. 


Electrostatic propulsion uses electrical fields 
differently than electromagnetism does. In 
EM a current flows and creates a field, while 
in electrostatic systems the current is static 
and a charge builds up a field, such as in a 
capacitor. 


‘These theories are utilized on NASA's Deep 
Space I,a probe bound for the outer reaches 
of our solar system. On Deep Space I, the 
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propellant, a tankful of xenon gas, is excited 
electrostatically into positiveions. Theengine 
has a negative charge at the exit end, so the 
charged xenon rushes out the tail pipe with 
a greater thrust than if it was just using 
conventional chemical propellants. In fact, 
the electrostatic propulsion system on Deep 
Space | allows it to fly at 60,000 mph, or 
10,000 mph faster than it would with a 
conventional rocket. In addition, only 82 kg, 
of xenon is needed for its entire mission, so 
with itssmaller massand weight Deep Space 
I will fly along side its intended target, a 
comet, and drag race on equal footing while 
filming and conducting studies. Again, not 
anti-gravity per se, but electrically charging 
Deep Space I's fuel-field sets the stage for a 
closer look at electrostatic propulsion. 


‘Taking that closer lookisTim Ventura andhis 
fellow researchersat American Antigravity, an 
organization based in Kirkland, WA. Ventura 
and his crew use electrostatic asymmetrical 
capacitors to create a field that levitates 
‘objects, such as their small, kite-like "lifters." 
‘These lifters are very light, weighing only a 
few ounces, and have balsa wood struts that 
support the capacitors. When two capacitors 
of different size receive theirshare of a 30,000 
volt charge, the lifter lifts- no motorsor wings, 


How, no one really knows in my judgment; 
and the phenomenon is replete with 
controversyand mystery, Butasone who has 
seenalifter fly, letme tell youwhat one look: 
like and what I saw when Tim Ventura's 
took off. 


Tim has been building lifters since he was a 
kid and has perfected a four-foot, by-four- 
foot, by four foot triangular lifter which has 
flown somany missions in his garage that the 
silver aluminum foil has turned white. The 
thin, chopstick-like balsa wood ribs that hold 
the aluminum foil in place are joined every 
few inches by a vertical strut (much like a 
telephone pole on a HO model railroad set) 
which sticks up and secures the copper or 
stainlesssteel wire of the upper capacitor. The 
ribs are intersected every ten inches or so by 
the strut of an interior triangle, since the 
whole lifter is composed of interconnected 
isosceles triangles which give the necessary 
strength to the balsa wood frame, All told 


there isabout 30 linear feet of aluminum foil 
and a similar run of wire, 


‘The lower and larger capacitor is a strip of 
aluminum foil stretched between the 
horizontal balsa wood struts. The second 
capacitor is a thin strip of 50 gauge wire 
mounted about one inch above the 
aluminum foil. As capacitors they store 
electrical charge but don't pass it on in a 
current, 


Fig1 
Lifter 


The negative lead goes to the lower 
aluminum foil and the positive lead is 
attached to the upper wire. The three corners 
of the lifterare tethered to the work table so 
that the electrical leads from the power 
source are not broken off in flight. 


‘The power source kicks out 15,000 volts at 
250 watts, Tim usesa voltage generator made 
byInformation Unlimited, Inc, but before the 
current reaches the capacitors, the voltage is 
stepped up to 30,000 volts by Tim’ 
homemade voltage multiplier stack. At full 
throttle the lifter is straining at the tethers, 
bending the balsa wood framenear the point 
offracture, 


‘Throw the switch and at around 17,500 volts 
thelifterbegins to quiverin take-off. Atthe full 
power of 30,000voltsthelifterisroaringanda 
noticeable downward breeze is observed. 

‘Many physicists call ition wind," and say that 
itis how the lifters fly. But what exactly is ion 
wind, and can it be the cause of flight? 
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“Ion wind is the movement of ionized air 
particles," according to Ventura, "which flow 
downward according to electrical charge." 
Here's his theory: 


‘The positively charged wire on the top part 
of the lifter steals elections from the 
surrounding air, leaving the effected air 
molecules positively charged. These 
positively chargedair molecules, orions,then 
head downward toward the large source of 
negatively charged electrons generated by 
the aluminum foil. These air molecule ions 
are bigger and heavier than the electrons 
seeking them, so there is a net thrust 
downward pushing the wholelifterup. That's 
the theory, and frankly all I can do to verify 
the theory is to tell you what others tell me. 
Before Ido that, though, let me tell you what 
I experienced standing next to a levitating 
lifter. 


In flight the lifter emits a high whining, 
hissing buzz, and I could feel a good breeze 
coming up at me from the work table 
underneath the lifter. Also, standing next to. 
the lifter but not touching it, the hair on the 
back of my head started to rise up in 
electrostatic-like fashion. 


Fig2 
Lifter 


‘To analyze the air currents Tim blew baby 
powder at the top of the lifter. The majority 
of the particulate cloud was drawn into the 
middle area of the lifter and then sucked 
downward. A kind of vortex was created at 


times, for intermittently I could see a cloud 
forming into an organized column beneath 
the lifter and then spreading out in 360 
degrees once it hit the work table surface. 


Electrostatic propulsion uses 
electrical fields differently 
than electromagnetism does. 
In EM a current flows and 
creates a field, while in 
electrostatic systems the 
current is static and a charge 
builds up a field, such asina 


capacitor 


Is that ion wind? Well, there certainly was a 
breeze, anditsure felt like air, buthow would 
Iknowifitwasionized? Something definitely 
sucked the baby powder down, but was it 
more than just regular air blowing past me? 
Again, [don't know. 


Is the movement of wind why lifters fly, 
regardless of whether it is ionic or not, or is 
the wind just a by-product and not the 
propulsion? Could the capacitorsbe creating 
a field that neutralizes gravity, allowing the 
craft to levitate? Or are they creating some 
kind of new field that is localized and the 
surrounding ambient field pushes this "field- 
bubble" up, much like a helium balloon is 
pushed up by the surrounding heavier air 
trying to fill the emptier "field! of the lighter 
helium? 


Ventura thinks at least two phenomena are 
at work. Ion wind is definitely one he feels, 
for the breeze is self-evident. However, he 
thinks a second effect is at work, too, and 
many agree with him, Most speculation 
concerns what is called the Biefeld-Brown 
effect, the"Brown" being T, Townsend Brown, 
whose names well known in early quantum 
research and whose work is prominently 
discussed in Nick Cook's ‘The Hunt for Zero 
Point. 


The Biefeld-Brown effect, according to 
Ventura, is the theory that high voltage, air- 
gapped capacitors with different or 
asymmetrical capacities generate a net 


New Energy Technologies, Issue #5-6 (14-15) September - December 2003 61 


directional force upwards from the larger 
clement to thesmaller element, which on the 
lifteris from the aluminum foil o the wire, This 
force then pushes against the ambient energy 
field of the surrounding area, perhaps pushing, 
against a more rigid energy field of the zero 
point energy field. 


Brown apparently made his case for these 
electromagnetic effects, receiving patents in 
the 1960's for his research, NASA's Dr, 
Jonathan Campbell at Marshall Research 
Center in Huntsville confirmed to me that he 
also, has received a patent recently for his 
research into the thrust effects of 
asymmetrical capacitors. 


Editor: By the way, this patent is meaningless 
from the point of view of a prime claim. Before 
that there had been many publications on the 
subject. 


AV. Frolov. 


Fig3 
Lifter 


However, prominent physicist Hal Puthoff, 
whose research is a broad swath across the 
fields of the ‘new physics, featured in both The 
Field and The Hunt for Zero Point, and who 
was also the military's "Top Psychic" as the 
twelve-year director of the CIA's remote 
viewing squadron, hasa different perspective: 
"I'm quite certain at this point that the so- 
called'lifter phenomena isjustan electrostatic 
ion wind phenomena, not antigravity.” 


But Dr. John J. Rusek, Adjunct Professor of 
Acronautics and Astronautics at both Purdue 
University and the United States Air Force 
Academy, says that "Initial findings of 
‘classroom! experiments with lifters show 
ionic wind to be way too small a factor, by 
three orders of magnitude." Dr. Rusek has 
formed a technological company, Swift 


Enterprises, to continue this research and 
bring it to the level that is "presentable to the 
mainstream physics community." 


Along these lines, Jean-Louis Naudin showson, 
hisextensive website, not only howto builda 
lifter, but also several photos of research into 
the ion wind issue. Naudin's team has wrapped 
testliftersin plasticyet they still produce anti- 
gravitational effects. 


Others may have a clue to the second or even 
a third force at work. Researcher Fran De 
Aquino, professor of physics at MaranhaoState 
Universityin Sao Luis, Brazil, is described in the 
literature asshowing that "bubbles oflocalized 
space-time" can exist in variance to the 
surrounding fields. Anecdotal experience 
Suggests that the lifters may be undergoing 
such space-time anomalies 


Editor: At this point we need to interrupt 
the author as he bas already completely 
confused the reader. Iwouldrecommend 
referring to Thomas T. Brown's patent: 
USA patent #3, 187,206, 1965. 
‘Alexander V. Frolov 


‘The Hunt for Zero Point states that NASA 
sought the services of Dr. Eugene 
Podkletnov, and although their replication 
research languishes, The Hunt claims that 
researcher Ning Li, of Huntsville, AL is 
pursuing this line of research as a private 
contractor to NASA. 


Another Huntsville operation, 
‘Transdimensional Technologies, is exploring 
these multi-faceted phenomena as well, and 
itsextensive web site showsit tobe a frequent 
contractor to NASA, including research into 
"asymmetrical capacitive propulsion," and 
capacitor-based devices to test "ion wind" 
forces. Jeff Cameron, of Transdimensional, is 
said by Ventura to be "the father of the lifter," 
having developed them while exploring 
anomalous torsional effects of high energy 
lasers, The lasers twisted andat the timeit was 
considered a nuisance. But the unknown 
forces at work later led Cameron to found 
‘Transdimensional, develop lifter technology 
to a commercial level, and subsequently 
patent many pieces of related technology. 
Unfortunately, Ihave been unable toreach Jeff 
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Cameron or anyone at Transdimensional for 
any kindof confirmation. 


Nevertheless, how would gravitons be 
blocked, or gravity shielded? 


Dr. Hal Puthoff says there are two ways of 
looking at it, First, one can look at the issue 
from a quantum point of view, that there is a 
particle exchange between the gravitonsand 
something else, and the net effect is anti- 
gravity. The how's and why's of that are 
speculative, so Puthoff turns to a classical 
approach for answers. He prefers looking at 
“engineering the vacuum.” Todo that one must 
first look at the vacuum. 


As L understand it we are all in the vacuum, 
everythings. The "vacuum" is the matrix that 
contains all matter and all energy. It is the 
engineering perspective of the zero point 
energy field, or the "Field" as popularized by 
Lynn McTaggart in hermasterpiece The Field, 
Puthoff shared with me statements from 
fellow researcher Dr. T. D. Lee that state:"The 
vacuum is the seat of energetic particle and 
field fluctuations, and ... is the seat of space- 
timestructure... that encodes the distribution 
of matter and energy... The vacuum is 
energetic in its own right.” 


‘Thus energy can be drawn from the field;and 
spacecraft can have "vacuum propulsion 
systems, or propellant-less propulsion," in 
other words, field effect propulsion. 


At any rate, more and more physicists are 
thinking that the vacuum can give them a 
whole lotta oomph, enough to propel 
spacecraft; and when they learn how to corral 
it, a whole bevy of new phenomena may be 
encountered, including anti-gravity. Thisnew 
potpourri of research is being called by many 
the "new physics." And although hisapproach 
isclassical, Dr. Hal Puthoff seems to besensing 
what's out there waiting to be discovered. 


Puthoff’s current research as been to explore 
“the perturbation of atomic or molecular 
groundstates, hypothesized tobe equilibrium 
States involving dynamic  radiation/ 
absorption exchange with the vacuum 
fluctuations. In thismodelatomsormolecules 

are expected to undergo energy shifts that 


would alter the spectroscopic signatures of 
excitations involving the ground state." 
Puthoff sayshe'shad no sucesso far with this 
approach, but his words remind me of De 
Aquino's speculation that objects lose mass as 
they absorb energy. Pull energy from the field 
around you and you lose weight. Bingo, lift- 
off. But how does one pull energy from 
the field? 


Editor: Somesolve thisproblem by means ofthe 
ether density changes, which are performed 
with the help of vortex longitudinal-wave 
technologies. 

AV. Frolov 


‘Torsion fields might play a role here according, 
to many, and the literature on anti-gravity is 
filled with the phrase, "torsional effects” But 
what exactly is a torsion field? "It has 
something to do with spin," Nick Cook told 
me on the phone, "You have a torsion field 
when you spin something. Add a little 
clectromagnetism and you might have anti- 
gravity." That's theshort-hand version ofitand 
here’sa deeper look. 


Mike Wright, resident physics expert at 
BeyondTheOrdinary.Net web stream radio, 
told me this: "When forces create curvature 
(suchas rotation) in more than two planes, a 
torsion field results. Not only does the object 
go around, but it goes around and 'down’ or 
‘up’, and the up/down movement is an 
additional acceleration in that dimension, EM 
and gravitational fields differ by having a 
magnitude of force and only one direction of 
movement. 


"A tornado is a structure of air in air. A 
whirlpool is a structure of water in water. So, 
because more than two planes are involved, 
objects can be created from ‘nothing’; that is 
to say that objects can be created from the 
medium of the environment,suchasa tornado 
from two air masses of differing temperature.” 


So spin plus movement is the key. Again, Tim 
Ventura is on the hunt. He demonstrated to 
me that spinning magnets will cancel 
out their magnetic fields sufficiently so 
that two magnets facing each other with 
like poles will not push each other away 
if one of the magnets is rotating 
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perpendicular to the force of 
opposition. It's not anti-gravity, but it 
getsus closer to the heart of the matter. 


Further, Russian physicists have been 
researching the torsional effects of both sub- 
atomic particle spin, and the loss of 
gravitational massin planets fromthe angular 
momentum of their orbits. Spinning makes 
something happen, but what? Tornadoesand 
Mother Nature might have a few clues. 


‘Tornadoes spin, in a sense, although no one 
is Oklahoma who has spent a night in a 
storm shelter during an F5 event would 
describe the tornadoes in the night sky as 
spinning. Nevertheless, tornadoes have 
anomalouseffects that are legendary: blades 
of grass stuck into mirrors, a piece of straw 
embedded flawlessly intoa tree trunk. How? 
It seems as if the laws of mass, gravity and 
inertia are melted as winds switl at speeds 
up to 300 mph in an organized vortex 
pattern, Is this a clue to melting the pull of 
gravity? 


Getting information to this question has not 
been easy. Manyscientists claim not to have 
even heard of torsion fields, including particle 
physicists at major US universities. So, again | 
turn to Nick Cook and The Hunt for Zero 
Point 


Dr. Dan Marckus says that if "you generate a 
torsion field of sufficient magnitude the 
theorysaysyoucan bend the four dimensions 
of space around the generator. The more 
torsion you generate the more space you 
perturb, When youbend space youalso bend 
time." 


Marckus continues, "If you dipped ..one of 
these whirlpools ... into the zero point 
energy field, the seething mass of latent 
energy that existed on an almost 
undetectable level all around us [in the field 
would]... react in an almost magical way by 
directing that energy.” 


The torsion field, in effect, is "a pump, a 
‘coupling’ device that could dip into,and then 
direct, energy out of the zero point energy 
field.” "But," Marckus continues, "the vortex 
wasn't a three-dimensional phenomena or 


evena four-dimensional one. It couldn't be. 
Fora torsion field to be able to interact with 
gravity and electromagnetism it had to be 
endowed with attributes that went beyond 
the three dimensions of left, right, up and 
down, and the fourth-dimensional time field 
they inhabited; something that the theorists 
for convenience sake labeled a fifth 
dimension-hyperspace." 


Cook concluded that the torsion fields "bind 
with gravity... to produce a levitation effect - 
- an antigravity effect," but “it wasn’t doing 
so in the four dimensions of this world, but 
somewhere else." That somewhere else is 
hyperspace. So how do we activate 
torsion fields and enter hyperspace? 


Dr. Eugene Podkletnov may have a clue. 


Podkletnov, the Russian researcher working 
in Finland, has studied the gravity shielding 
effects of superconductors. Again, Nick Cook 
in The Hunt, relays vital information, Cook 
says Podkletnov claims, "If the 
superconductors are rotated considerably 
faster than 5,000 rpm.. the disc experiences 
somuch weight loss that itactually takes off” 
Thus, torsion field creates levitation. I 
emailed Dr, Podkletnov to find out more 
about this issue, He replied: "[A] fast rotating 
object can, under certain conditions, cause 
the polarization of the volume that it 
occupies in space and around it. This 
polarization causes the gravitational effect as 
itmodifies [the] local gravity field, The vortex 
of the polarized particles will create a vertical 
thrust with a certain force and spatial 
momentum. Some scientists call these 
polarized particles gravitons. The term 
graviton isan artificial one and at present we 
are not sure if it is a wave or a particle and 
what type of particle. Maybe it is a usual 
tachyon orasuperluminal neutrino (a faster- 
than-light-particle), Polarization of the 
media means that the spins of electrons, 
protons, neutrons and of small subatomic 
Particles that constitute the fabric of space 
or vacuum would be parallel. Then a kind of 
gravity well is formed and the objects tend 
to fall into this well, We observe this picture 
as an object rising to the sky. Polarization of 
the media (of space) causes some glow 
around the object as it acquires additional 
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energy and because of it, the glow around 
some objects is observed." 


What I understand from Dr. Podkletnov is 
that gravity is the effect of spin -- the spin of 
all subjected particles, from the sub-atomic 
level and up being parallel; thus they are all 
aligned to fall into the gravity well of earth. 
And spinning objects, such as his 
superconducting discs, when influenced 
additionally by an electromagnetic field, will 
experience a shift in the spin of the sub- 
atomic and atomic elements, They will be 
turned and not be aligned in parallel. Thus, 
theyare able to levitate. 


But how to polarize the media and get 
things spinning? Enter Dr. Marcus 
Hollingshed, an enigmatic figure allegedly 
from Cambridge University. Dr. 
Hollingshed claims to have built a six- 
ringed toroidal coil antigravity device, 
which achieved great effect using rotating 
magnetic fields. In January 2003 he 
announced on the Internet that he has 
developed a 160kg vehicle able to lift in 
excess of 2000kg and that it has both 
horizontal and vertical drive features, His 


ELECTRICAL 
LEVITATION 


device cannot only go up and down and 
sideways, but it can push things away and 
pull objects to it 


In addition, the field that the device 
purportedly generates is capable of being 
broadened and weakened, or narrowed and 
amplified in a lensing effect, with the field 
producing an absolute vacuum of 2.2m 
spherical diameter. Best of all, when it's 
cranked up the core of it goes invisible, 
although the term Dr. Hollingshed uses is 
that there is a "loss of reflected light." There 
are no reports of independent confirmation, 
and Nick Cook says he hasn't been invited 
to see it, so, he's skeptical, 


Where does this leave us? Perhaps Dr. 
Podkletnov's words sum up our current 
situation."Modern theoretical phy 
give you the direct answer to your questions 
(levitation, torsion fields, etc,) anda scientist 
who would agree to give you the answer 
cannot be regarded seriously, softly speaking. 
If you had asked Dr, Einstein if he were an 
expert on gravity, the answer would be NO. I 
canrepeat hiswords: No, lam nota magician, 
yet; Lam still learning” 


Wayne Macleod, USA 
Bmai:dynamars2100@yahooca, cwleod@shawca 


Gravity is the incremental slowing of time as 
we move closer to its source. If we imagine 
panes of glass stacked on top each other, one 
paneslightly denser than the one immediately 
above, a ray of light coming from above will 
constantly refract ina curved beam downward 
asit enters the stack. The same is true of a ray 
of light entering a gravity field. The analogy 
not too far fetched because refraction is 
caused by a slowing of light in the denser 
medium. Of course, gravity affects material 
objects as well as light, but thisis explained by 
every object traveling on a ‘world line’ in 


spacetime. We can use light as in the glass 
example because light is its own world line. 


Why the world lines of objects take the paths 
they do can best be understood by 
compressing our normal 3 dimensional space 
into 2 dimensions, length and height only. 
When we throw a stone into theairit risesand 
falls in a parabolic arc in these two space 
dimensions, That path in space is a complete 
mystery until we consider another dimension, 
time, a dimension we can imagine measured 
at a right angle to the plane of the 2 space 
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Gravity is the incremental slowing of time as 
we move closer to its source. If we imagine 
panes of glass stacked on top each other, one 
paneslightly denser than the one immediately 
above, a ray of light coming from above will 
constantly refract ina curved beam downward 
asit enters the stack. The same is true of a ray 
of light entering a gravity field. The analogy 
not too far fetched because refraction is 
caused by a slowing of light in the denser 
medium. Of course, gravity affects material 
objects as well as light, but thisis explained by 
every object traveling on a ‘world line’ in 


spacetime. We can use light as in the glass 
example because light is its own world line. 


Why the world lines of objects take the paths 
they do can best be understood by 
compressing our normal 3 dimensional space 
into 2 dimensions, length and height only. 
When we throw a stone into theairit risesand 
falls in a parabolic arc in these two space 
dimensions, That path in space is a complete 
mystery until we consider another dimension, 
time, a dimension we can imagine measured 
at a right angle to the plane of the 2 space 
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dimensions, By multiplying the time of the 
object in flight by the speed of light, we have 
athree-dimensional coordinate system, not 
of space but of spacetime. We can then graph 
the world line of the object. So why does the 
‘object fall? It is because spacetime near 
massive bodies is curved. A remarkable fact is 
that the curved world lines of all objects in 
the same gravity field, whether of a thrown 
ball or fired bullet, have the same radius of 
curvature, Hence all objects fall with thesame 
acceleration. 


To neutralize gravity we must somehow 
‘straighten’ the world lines of objects traveling 
in curved spacetime, It would be as if we had 
in our stack of glass panes a bubble, around 
which the density of glass became less on 
approach to the bubble. Then the ray of light, 
when close to the bubble, would refract 
‘opposite to the path it would normally take 
when traveling thought the rest of the glass. 
imilarly, if we could manufacture a ‘time 
bubble’ ina gravity field opposite to the time 
slowing knownas gravity, we would have any 
‘object embedded in the time bubble isolated 
from that gravity field, 


The Electrical Levitation theory can best be 
understood by first considering an analogy. 

Let us imagine a wheel spinning on an arm 
like a child's propeller toy. The arm also 
rotates, in a direction opposite to the 
spinning wheel, We consider the rate of 
spinning of the wheel from the point-of-view 
of two observers, one observer stationaryon 
the ground, the other observer rotating with 
the arm, Obviously the two observers will not 
see the same rate of spinning on the wheel. 

Because the armis rotating opposite the spin 
of the wheel, its rotation must be subtracted 
from the rate of wheel spin as seen by the 
stationary ground observer. This is not true 
of the observer rotating with the arm, who 
will see the spin of the wheel as if there were 
noarmrotation, 


‘The concepts easier to envision with linear 
motion, suchas ofa man throwingaballona 
moving train, The velocity of the ball seen by 
the pitcher on the train will not be the same 
asits velocity seen bya stationary observeron 
the ground. As the stationary observerseesit, 
that velocity will have the train's velocity 


subtracted from it if thrown against the 
train's velocity. It is the same with rotary 
motion: the velocity of the wheel for the 
stationary observer is slower because the 
arm's rotation issubtracted from it 


Butsuppose the wheel rotation isthesame for 
the two observers! Something must be 
different between them, and that is time. As 
explained by Special Relativity for linear 
motion, time is not a universal constant; it 
differs between observersdependingon their 
relative motion, The property of nature that 
is constant, that produces this relative time 
difference, is the speed of light. So we must 
look for a similar constant in nature for a 
relative time difference between observersin 
ourrotaryexample, We have one inelectron 
angular momentum, known as electron 
"spin," h/4zr = 5.28x 10° kg-m?/sec, where h 
isPlanck'sconstant Like the speed of light, this 
quantityis constant forall observers, whether 
the observer is on a rotating system or 
stationary on the ground, Here is the tool for 
producing our time'bubble! 


Let us now imagine a series of concentric 
rings, all rotating in the same plane and in 
the same direction. Electric current is 
pushed through these rings in the same 
direction as the ring rotation, (Current here 
is considered the flow of electrons, not 
conventional positive current.) The rotating 
rings are sandwiched between two 
magnetic plates, the function of which is to 
maintain the angular momentum of the 
current electrons oriented properly with 
ring rotation. 


Analogous to the above example, each 
electron takes the place of the spinning 
wheel and the rotating arm is replaced by 
the rings. Thus, because electron angular 
momentum is a universal constant, an 
observer of the electrons in this rotating 
system will not have the same time as a 
stationary observer outside it. If each 
current electron has its "spin" oriented 
opposite the rotation of the rings, time on 
the rotating system would run faster than 
fora stationary ground observer, the same 
as in empty space relative to the Earth. The 
rotating system would therefore have the 
world line of empty space, not that of the 
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gravity field. Its spacetime would not be 
curved. Since gravity is a time 
phenomenon, such a system in a gravity 
field could not have the behavior of a 
normal object. This conclusion may seem 
erroneous considering that ring rotation 
could never reach relativistically significant 
velocities, but we have an analogy with 
magnetism that is caused by a Lorentz 
contraction of the distance between 
moving electrons. If we considered the 
diminutive drift velocity of electrons alone 
we would never conclude that magnetism 
was possible, but the effect isaccumulative 
over trillions of electrons. The hypothesis 
here is that the same is possible with the 
trillions of free electrons oriented with a 
spinning ring, to produce an accumulative 
timeeffect. 


We now cometo the controversial part of this 
theory because the above treats electron 
angular momentum the same as angular 
momentum of a normal physical object, 
whereas the electron is a quantum particle 
and quantum particles have their own 
realities with bizarre consequences when 
analogized with our macro universe. For 
instance, the electron has quantum spin 
number 1/2, and such a particle would have 
720 degrees in one rotation, not 360. 
Nevertheless, the electron does possess di- 
pole magnetism. Itdoes bebaveasaspinning 
ball with negative charge. Electrical 
Levitation is therefore an empirical theory. 
‘The property of the electron that gives 
electron di-pole magnetism cannot be an 
actual physical rotation, but whatever that 
quantum property, if it produces di-pole 
magnetism there is reason to expect it to 
produce other macro physical phenomenaas 
if it were. 


‘The theoretical finding of General Relativity 
that time runs slower ina gravitational field 
was confirmed by the Pound-Rebka 
experiment in 1959. Itis not that gravity 
causes time slowing, gravity is time 
slowing. Since time and energy are 
reciprocal, more time on our rotating ring 
system would mean less energy seen by an 
observer in that frame of reference than seen 
bya stationary observer on the ground, the 
opposite of the red shift ofa gravity field. This 


energy difference must equal the energy of 
the mass in a gravity field that is to be 
levitated, its energy of weight, and lost. 
Experimenters should therefore be aware 
that their device might radiate. But thisisnot 
a free energy machine. The energy of 
levitation comes from its magnetic field,and 
the electron magnetic moment energy turns 
out to be V, = me? divided by the electrical 
current, m is the mass to be levitated and cis 
the speed of light. This is an enormous 
amount, but becomes practical if enough 
clectrical current can be sent through the 
rings. That means the electrical resistance of 
the ring material must be very low. For 
copper itis not. No material currently exists 
with sufficiently low electrical resistance at 
room temperatures, butsuperconducting 
materials exist that at cryogenic 
temperatures experience a dramatic loss of 
electrical resistance, 


An experimental device can therefore be 
envisioned using a superconducting dise 
substituting for the electric rings. The dise 
would serve as a conductor for an electric 
current and would therefore need to be sliced 
along one radius with an insulator placed in 
the notch, Both edges of the notch would be 
connected to a power source by brushes 
rotating with thedise. With counterclockwise 
disc rotation as seen from the top, to have 
clockwise electron “spin” the magnetic field 
between the plates would have to beup. Only 
the moving free electrons of the current will 
beavailable foranytimealterationeffect. These 
will also produce a magnetic field, which. 
itisreasonable to assume would be of the 
same time alteration effect as the 
electrons, thus producing the required 
alternate time “bubble”. 


‘The resources required for an experiment 
using superconducting material at cryogenic 
temperatures are beyond this writer's means 
andan experiment has not been attempted, 
but an experiment at the Tampere Univers 
Finland, 1992, using a superconducting disc 
suggests that gravity shielding is possible. 
Owing to the immense advantages 
gravitational shielding would give to the 
present interest in space exploration, effort 
toward its development would be logical. 
This essay may offer clues on how to begin. 
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Editor: | find the article by Wane McLeod 
quite interesting as his approach is very 
similar to the idea I first presented in my 
report at the "Space, Time and Gravitatio 
Conference which took place in St. 
Petersburg in 1998, The report was included 
into The Proceedings of the Conference, 
Part 1, 1999. Before that the brief version of 
the article was published in English in the 
ELECTRIC SPACECRAFT’ magazine, 
Leicester, North Carolina 28748 USA, Issue 
27, 1997 p.30-31. 


I managed to demonstrate that the ideas of 
‘Thomas T. Brown, especially his USA patent 
* 3,187,206 of 1965, are something more 
than just the force asymmetry in the electric 
capacitor. According to the concept 
presented in my report, by creating a matter 
property gradient (in particular, the 
dielectric permittivity gradient) we actually 
change the curvature of the electric force 
line in space. Normally, the natural space 
curvature accounts for the electric field 
potential decrease with the distance 
increase from the surface of the charged 
object. By creating the dielectric 
permittivity gradient (described by T-T. 
Brown in his patent of 1965) we change the 
natural distance potential gradient law. We 
can both increase and decrease this change 
and even reverse it, With the dielectric 
permittivity change square function, the 
natural space curvature is completely 
compensated and with more extent it is 
reversed and can be turned to negative. At 
that rate, the potential is not decreased but 
increased with the increase of the distance 
from the surface of the charged object. This 
is the essence of my concept that has never 
been considered before by any author. By 
creating the gradient described by the 
quartic function we get the same distance 
potential gradient law as in the natural 
conditions only with a different sign! 


1-T. Brown, who discovered a force in 
capacitors with a special dielectric, offered 
the practical application of this concept. 


However, he did not find the source of this 
force, which, according to my concept, 
conditioned by two factors: the 
corresponding dielectric property gradient 
function and the elastic properties of the 
dielectric material, which is of no less 
significance. Normally, dielectric particles 
are attracted to the charged surface but 
when the reversion of the curvature of 
electric field force lines occurs, they are 
repulsed from it and we can use this 
propulsion force. Elastic deformations 
(including those occurring during the 
pulsating operation of the field) account 
for the reaction forces equivalent to the 
generated propulsion force. Thus, the 
‘momentum conservation law is in action, 
however, the device is still moving 


‘TTT, Brown also considered other ways of 
generating a force, such as the material 
magnetic property gradient, Logically, by 
analogy with the electric field we can 

sider the gravity field, which can be 
"designed" and "reversed" by means of 
creating a matter with the density gradient. 
At that rate, the gravity potential must 
change in accordance with a certain law 
when the distance from the gravity field 
source being increased, 


We should also note that the local space 
volume levitation effect with the accelerated 
or decelerated time rate was first described 
in my articles "Physical Principles of the Time 
Machine", NET #3 (6), May-June 2002 and 
"Practical Application of the Time Rate 
Control (TRC) Theory", NET #3, November- 
December 2001. 


Our company conducts experimental 
researches on creating new materials that 
possess the properties described. We are 
interested in serious business contacts 
with companies in the aerospace industry 
to further discuss eventual cooperation 
projects in this field, including co- 
patenting 


Alexander V. Frolov 
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Pe 
Past 


etuum Mobile 
uit at the Present 


Vladimir I. Likhachev, Russia 
Krasnodarskaya str, 38/20-1, Moscow, 109386 


In several issues of the "Nature and man. 
Light" magazine in 1995-97 my colleague 
EOparin and I wrote on the unscientific 
character of absolutizing the law of 
degradation of energy, on the importantissue 
of creating the perpetuum mobile of the 
second kind utilizing infinitely available 
environmental heat energy.Weevensenda 
letter to Yury S. Osipov, the Russian Science 
academy President, but received no reply. 
Notwithstanding many official discussions, 
there are no well-reasoned objections to our 
arguments or proof on the part of "high" 
official science, because, in fact, we are right. 


I have recently received one more 
confirmation: brightand feasible data on the 
negentropy cycle (the cycle with 
spontaneous reduction of entropy) with a 
chemically active working substance that will 
be described later, 


After the publication of Victor M. 
Brodyansky's book "Perpetuum Mobilein the 
Past and at Present. From Utopia to Science 
and from Science to Utopia’, Second Edition, 
one can not but return to these issues. More 
so because the foreword of V.A, Fabricant, 
member of the USSR Academy of Pedagogical 
Sciences, claims the law of degradation of 
energy tobe the "law of nature" andsupports 
shamefully the deformation of the 
monothermists, especially P.K Oschepkov, by 
academicians P.Kapitsa, LArtsimovich and 
LTamm ("Pravda" of November 22, 1959), 
followed by E, Velikhov, AProkhorov and 
VSagdeyev ("Pravda" of June 22, 1987) 


After the publication of Brodyansky’s book I 
met the author several times (notably at a 
special seminar in The Moscow Energy 
Institute) and expressed my opinion about 
his book: the book avoids serious discussion 


of the monothermists, stresses their failures 
which are quite normal in the initial 
development of perpetuum mobiles of the 
second kind. 


For example, Brodyansky knew about 
Tsiolkovsky's discovery. Guay'sbook "On the 
Little-Known Hypothesis of Tsiolkovsky" is 
listed among the First Edition references, But 
Vladimir Brodyansky avoided analyzing this 
discovery both "in the past” and "at present’ 

‘The Second Edition references even list the 
"Physical Thought in Russia" magazine, 
issue #1 of 1991, that contained for the fist 
and only time the modern edition of the"Law 
of Degrading of Energy" by ‘Tsiolkovsky. "At 
present" V, Brodyansky knows my analysis of 
Boltsman's mistakes but he paid noscientific 
attention to myanalysis either. 


In Brodyansky’sbook the description level of 
chemical reaction cycles is even lower than 
that of Schpilrine. Schpilrine at least tried to 
present his arguments but here we see 
unsupported statements "justified" by the 
phrase "the detailed discussion would take 
too much space". Vladimir Brodyansky's 
analysis of anti-Stokes luminescence 
(pp.216-219) is also superficial. Dissipative 
and entropy processes prevail in it. But if 
there is evidence supporting higher 
frequency quanta than the frequency of 
radiating flux, it is the evidence of 
negative entropy. Vladimir Brodyansky 
not only is familiar with it and also shows it 
by the example of investigating the Sun and 
the Earth (p.247), 


Vladimir Brodyansky’sanalysisofRank’s tube 
(pp.235-237) displays the same tendency. In 
the Rank's tube the dissipative processes also 
prevail. Its effectiveness as a refrigerator is 
lower than in the traditional schemes. 
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But one can not deny the existence of 
negentropy processes in it, It is these 
processes that “originate” the cold gas flow. 
And Brodyansky's"origination" on p.236"The 
vortex tube in fact divides the coming gas 
into two fluxes: heated and refrigerated" - is 
totally false. That can be performed only by 
"Maxwell's demon" that does not exist in 
substance. 


‘The refrigerated flux in the Rank's tube is 
formed by the "Tsiolkovsky’s flux" by way of 
heat transfer "from coldtohot’, from the tube 
center to its circumference by centrifugal 
accelerations. On its basis (to be more 
exact, on the basis of Finko's tube) the 
perpetuum mobile of thesecondkindcan be 
created. And we have this engineering 
solution. E.Oparin and I made the 
corresponding patent application for an 
invention but the Federal Institute of 
Industrial Property again refused to consider 
such applications. Here one can see similarity 
with the causes of re-edition of Vladimir 
Brodyansky’s book. And one need not be a 
big politician to admit the reality and 
understand the sources. 


Environmental and, especially, anti-nuclear 
movement is invincibly expanding. Danger 
to human life and threat of ecological 
catastrophe are quite real. The Second 
Edition of Brodyansky's book protects 


behind scientific arguments those who use 
Russia asa source of easy money and then flee. 


Butwelike our country - vastandaustere, This 
austerity and space form REAL PEOPLE and 
support humanityand materialistichumanism 
ofthe energeticand talented, not just the rich, 


In modern Russia the powerfully spread 
alcoholism, debauchery and drugs are the 
instruments of slavery. But the monothermy 
and development of alternative power 
engineering will become basis for Russia's 
revival and unprecedented prosperity 


Russians learn slowly, sometimes, very slow! 
even disgracefully slowly. But we will learn. 
And then no one will stop us. The following 
tips are meant for those who are ready to risk 
their efforts and facilities in order to build 
alternativeenergy knowledge base:dissipative 
and negentropy processesare inseparableand 
very often theirmechanism is thesame. In our 
environment the dissipative processes are 
more effective and hide the negentropy ones. 
No dissipative process combination can 
generate the negentropy cycle. Look for 
examplesin Brodyansky's book. To create the 
negentropy cycle and.use the environmental 
energy at least one negentropy process is 
required that has effectiveness and 
negentropy exceeding entropy growth at all 
levels of the cycle. 


News from “IntAlek” Company 


William Alek [alekws@intalek.com] has updated the latest and/grearest ZPOD system drawings: 


hhtp://www.intalek,com/Index/Projects/SmartPAK/Projects/ZPOD/ 
ZPOD_System05.pdf 


‘This is release 5.0 


Here is the latest electrical schematic: http://www.intalekcom/ZPOD/ZPOD_ System05 gif 


Based upon his "preliminary" tests thus far, he estimares thé COP is around 2.0, This estimate is, 
interpreted from the following scope traces: 


http://www.intalek.com/ZPOD/in.GIF 
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Alan Francoeur’s Generator 


Canada 


Alan L Francoeur, Canada 
Emailalfashawea 


‘This is my writing and development about 
the Interference disc generator, and the 
permanent magnet dynamo machine, and 
other related inventions. I have always been 
intrigued with electricityand magnetismand 
aetheric energies starting at a young age. 
Back in 1980 I wanted to do something to 
help get my large vehicles better fuel 
economy. With this goal in mind, 1 
experimented and designed my first heat 


Fig 1 


invented the Interference Disc generator 
concept while I was employed at Giant 
Yellowknife Mines NWT from 1983 to early 
1986, The idea of using metal blocking plates 
to shield magnetic fields stirred in my mind 
while working around heavy electrical mining 
equipment, and 1000hp and other electric 
motors with exposed coils that have heavy 
metal around the outer casing. I did a search 
at the timeand found John Ecklin’s work very 
interesting with his application of the 
shielding effect. During my off time in 
Yellowknife, I was experimenting with the 
interesting effect of producing induction with 
astationary coil mounted beside a stationary 
magnet with a small air gap maintained 
between the magnet and the coil. During the 
construction of my first disc machine, I called 
it the Interference Shielding effect because of 


exchanger vaporizer system to do my part to 
clean up our cars and trucks, fig, 1, 2,and 3 are 
two earlier vaporizer unitsunder construction. 
For more information about this fuel system, 
please refer tomy vaporizer fuel system report. 
‘The main body of this writing is referring the 
permanent magnet dynamo system that has 
been in the making since 1987, starting after 
the development of the interference disc 
generator, 


Fig 3 


the interference the blocking disc does to 
cause induction, thus the Interference Disc 
Generator fits the description. The first 
transformer coils [used to test the interference 
shielding effect were used from old radios, and 
the magnets were alnico types. Back in 1986 
in Calgary Alberta,a friend Bud Johnson andI 
constructed the first test disc generator model 
using alnico magnets, fig. 4, and later ceramic 
magnets were installed. Months later I 
designed and began construction of another 
larger Interference Disc machine with 
horseshoe shape neodymium 35 grade 
magnets mounted on the outside, and with the 
NandS magnetic poles facing toward the coils 
inthe center portion ofthe machine. The coils 
and magnets in this larger machine are 
mounted in reverse of the first Interference 
Dise generator, fig. 5, 6. 
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General description of the interference disc 
generator 


‘The Interference Disc electrical generator is made of a 
stator (114) consisting of an array of even number 
parallel mounted bar magnets (112) arranged and 
supported (114) in a circular fashion equidistant from 
each other, where the polarity of the magnets (112) are 
alternating when viewed at either end. Fig, 7 


Fig. 7 
Magnetic bars assembly (rotor) 


Alsoiin the stator fig.8, (102) there are twice the number 
of coils (111) as bar magnets (112) wound in pairs on 
U-shaped cores (110), One half of the coil pairs 
mounted at one end of the bar magnets (112) in the 
same circular fashion, each corresponding to and 
aligned opposite to a pair of bar magnets (112) and 
separated from it by an air gap. On the other endof this 
pair of bar magnets (112) there are another set of coils 
(111) aligned likewise. 


‘The rotor is made of two magnetically susceptible 
circular plates (109A or 109B) (such asiron or steel) Fi 
9, centrally mounted on an axle (107) fig. 7, which is in 
Fig. 6 respect to the array of magnets and coils Fig, 9a. 
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‘The interference discs (109A or 
109B) are separated from each 
otherso that they can rotate in the 
air gaps between the magnets (112) 
and the coils (111). The 
interference discs (109A or 109B) 
have a number of equidistant 
opening, either more or less in 
number than the number of 
the bar magnets (112). 


‘The arrangement and size of the 
‘openings are such that when the 
discs (109A or 109B) are rotated by 
an outside motive force, they open 
the magnetic field’ between 
adjacent bar magnets (112),and the 
opposing coils (111) at both ends 
of the stator (114) simultaneously. 


{ + uC, + <5 Hence inducing an alternating 
a P @ P 1 S electric current in the stationary 
7) coils (111) fig. 10. 
AMS . . 
LY } By opening and closing the 
| | magnetic influx to the core (110) of 
Fig. 9 the coils (111), an alternating 


currentwill be generated in the coils 


Fig. a 
Magnetic bars assembly (stator) 
Option Il: multable magnetic coil-disk assembly 
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Fig 10 


(111) ina retro-order to the rotational 
direction of the interference discs (109A or 
109B). Depending on the number of 
magnet-coil assemblies three phase AC 
current can be obtained, The regulation and 
attenuation of these currents can be achieved 
byknown electric engineering methods (Fig, 
10). 


‘The efficiency of the unit would vary greatly 
depending on the speed of rotation, the 
width of the air gap, the strength of the 
magnets, and the materials used to construct 
the coils. used nickel base amorphous 
metglass in the coils in both the smaller and 
larger machines, which as a result, shows 
greater efficiency as compared to 
conventional core laminates, Less energy is 
needed tospin the balanced disc rotor while 
causing a larger moving magnetic field to 
cause induction in the stationary coils, With 
this effect, it is easy to visualize the 
advantages this design hasover conventional 
generators and motors, New testing of the 
coils will be conducted after the machine 
goes through all the upgrades to eliminate 
the problems with the warping interference 
discs, 


‘The Interference Discs Generator described 
in this document has the potential to 
produce more than unity effectsbycasy 
turning of a magnetically balanced (non- 
warping) interference disc. Optimizing the 
device with closer tolerances and correctly 
selected materials and incorporating internal 
magnetic balancing, will add to the success 


and improved performance of this unique 
generator design. 


Improvementscan be made with thisdesign 
while the operating principal remains the 
same, Looking at the photographs included 
you will see the Ist proof of concept 
generator frame is constructed mainly from 
aluminum, this metal was used only because 
itwasinexpensive material and easy to work 
with fig. 11, Non magnetic and non- 
conductive materials should be used to 
construct the generator frame supports to 
eliminate the eddy current losses. All of the 
nuts and bolts used to hold the disc 
generators together worked well for making 
the test machines capable to have adjustable 
air gaps, however, they can all be eliminated 
with design changes that preset the gaps and 
tolerances to optimize the conditions of the 
interference disc effect. 


Fig 11 
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Manyimprovements were adopted in 
the next larger #2 version of the 
Interference Disc generator fig. 12 
Phanolic materials (non conductive 
and non magnetic) were used in the 
frame supporting the magnetsand the 
coils, thus eliminating eddy current 
losses within the frame support. Large 
aluminum Ebars were used to support 
the magnet frame supportand the coil 
framesupport with no noticeable eddy 
current losses. The aluminum used is 
positioned further away from the coils 
and magnetsin the larger generator so 
as not to be affected by the magnets. 
Larger more powerful neodymium 
magnets and I shaped transformer 
coils were installed and tested in the 
larger machine which showed an 
increase. in output power 
over the Ist machine fig. 13. Using 
more powerful neodymium magnets 
in this larger disc machine created 
some problems with the interference 
discs, Notonly did they warp the dises 
they caused them to vibrate and 
chatter causing the fins to hit the 
magnets and the coils. increased the 
air gap to over halfan inchand moved 
the disc furtheraway from the magnets 
to prevent damage. The effect was a 
reduction of magnetic flux 
reaching the coils that reduced the 
power output. The discs must be 
constructed much stronger and rigid 
if using neodymium magnet 
grade 35 or greater, then 
the air gap can be closed so more 
magnetic flux will reach 
the coils allowing for a greater 
electrical output. 


‘The wiring of the coils circuit can be 
constructed by known engineering 
methods to achieve AC or DC power, 
andlikeany conventional transformer, 
wind the coils with heavy wire for 
more amps and more turns for more 
volts, The coils are stationary in this 
machine which makes it easy to 
harness AC power directly from the 
coils without brushes. All coils that are 
in phase can be wired in series or 
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parallel, the number of the blocking plates on the interference disc determines the phasing of 
the coils. 


‘The diagram in fig, 14, 14a shows the path of the magnetic flux movement in relation to the 
position of the blocking plates of the interference disc. The magnetic field in the core/coil is 
switching polarity as the interference disc fins alternately moves in and out of the air gapson 
each side of the coil. Asyou can sce, depending on the position of the disc, positive and negative 
induction takes place for AC output of the coils. John Ecklin has achieved this effect using 
rotating blocking plates. Ihave achieved the same effect using balanced rotating interference 
discs with multiple stacks of isolated coils and poles mounted in a circle equal distance from 
eachother. 


HU 


Fig 14 Fig. 4a 


The effect I reproduced with Gary Wesley's permanent magnet motor is related to the 
Interference Disc generator in the fact that blocking plates are used to shield the magnetic 
field, only we differ on methods to balance the blocking shields. Gary Wesley used springs to 
carefully balance the blocking plate, and | used a different number of interference fins working 
with the magnets to balance the blocking plates, The magnets in my Interference Disc machine 
become the springs 


More photos of both Interference Disc machines are shown in fig.15, 15a and 15b below. 


Fig 15 
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Closing comments on the disc 
generator 


In closing this discussion of the Interference 
disc generator, I would like to go over and 
point out some of the concepts that I 
incorporated into the design of my permanent 
magnetdynamo, 


AsImade further progress and completed the 
later stages of the Interference disc generator, 
itbecame clear to me to use certain concepts 
ofthe machine and incorporate them into the 
design of my multiphase permanent magnet 
dynamo. Some of these concepts are 
explainedhere. 


Ihave constructed several interference discs 
that have a different number of blocking 


15b 


shields, some with 10 blocking fins and some 
with 11 blocking fins and others with 12 
blocking fins. They are all interchangeableon 
the machine to change the phase relations 
between all the isolated coils. The 12 finned 
disc will produce single-phase dynamo with 
all the coils in phase, and the 10 finned disc 
on the machine will produce a three phase 
dynamo. One phase represents four groups of 
isolated coils,and the second phase represent 
the other four coils, and the four coils left are 
the third phase, for a total of twelve coils. All 
just by changing the number of fins on the 
interference disc and or adding more layers. 
Using 12 magnet poles and the 10 or 11 
interference fins on the disc, the rotor discs 
becomes magnetically balanced and e: 
rotate in spite of the load on the coils, The 12 
finned disc has a larger holding force because 
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of the same number of fins as 
magnetic poles, However, itcanbe 
reduced to almost nil by adding 
morelayersofinterferencediscand 
balance them against each other. 
Many in phase coils can then be 
added in series or in parallel tobuild 
your power levels to any desired 
potential 


Both machines have stationary 
coils, and the disc generator has 12 
magnetic poles (6N and 6S), and 
the permanent magnet dynamo 
also has 12 magnetic poles (6N and 
6S). The disc generator uses 10 or 
more fins on the interference 
shielding plate per rotor, and the 
permanent magnet dynamo has 10 
or more coils around each rotor. 
There is the same number of 
interference blocking plates as 
there are induction coils on each of 
the two difference machines and 
the number of blocking finsand or 
coilsareinterchangeable. The back 
emf effects are different on both 
machines, the Interference disc 
generator demonstrates easy 
turning of the discs while the 
stationary coils are loaded, and 
when producing alternating 
current the permanent magnet 
dynamo rotor slows down whena 
load is placed on the stationary 
coils, Both machines produce AC 
power out of the coils and the 
Interference Disc generator has a 
closed magnetic circuit through the 
coils, and the permanent magnet 
dynamo hasopen magneticcircuit 
through the coils. 


The Permanent Magnet 
Dynamo 


I would like to begin this topic at 
this point by describing my 
permanent magnet dynamo 
machine. 


I designed this machine to be 
completely interchangeable into 


many different motor generator combinations. These 
combinations involve different number of magnetic 
polesand different numberof interchangeable coil poles 
in thesame machine, two versions are possible, one with 
isolated coils and another with the coils that share a 
common core fig, 16 


We can change the magnetically balancing effect 
(holding force) by changing the number of coil poles or 
(interference disc fins) in relation to the magnetic poles. 
‘This turns the machine into a multipurpose, multiphase, 
variable output,and variable frequency acdc permanent 
magnet motor generator system. I first designed this 
unique multi purpose dynamo in 1987 after I built my 
third Interference Disc generator. 


Fig. 16 


Dynamo description: 


Rotor: 


Itis well known that a bar magnet has its magnetic field 
concentrated at the N and pole ends, and the half way 
line between the poles of a magnet is the neutral zone, 
thisis the region where the magnetic field iscanceled or 
neutralized. The ferrous keeper ring I designed for this 
rotor is mounted near the axle and it has machined flat 
decks so the magnets attach flush to the deck of the 
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Fig. 17 


keeper ring. Because of this feature, flux 
leakage is reduced at the keeper ring and the 
magnetic field concentrates at the rotor poles. 
With the poles of the magnet positioned near 
the axle and attached to the keeper ring in the 
rotor, the magnetic field that was there is now 
forced to add magnetic field density to the 
outer magnetic poles on the rotor rim, The 
density of the magnetic field at the poles is 
now greatly increased which makes a very 
powerful small size rotor. The ferrous inner 
keeper ring (active iron) thatisinstalled inside 
this rotor design, isalso theneutral zone of the 
magnetic field when viewingall the combined 
permanent magnets in the rotor. Shown isa 
cut away view diagram of the rotor, fig. 17 


I utilize rare earth rectangular shape 
neodymium grade 35 bar magnets with the 
dimensions of 3" long and 1x1" on the end 
poles. There are 12 bar magnets mounted 30 
degrees apartin NSNS configuration, and the 
bar magnets are attached to a precision 


machined inner keeper ring which makes the 
active iron the region of the middle of the 
magnetic field (the neutral zone). Another 
way to view thisis to imagine two 3" long bar 
magnets attached together, you now have a 
6" long magnet. Bend this magnetin halfand 
install iron at the U and it now becomes a 
horseshoe magnet with two 3" long pole 
ends. It's a powerful rotor design in the fact 
that each of the 3" long bar magnetic poles 
has the fieldstrength of a6" long bar magnet. 
More poles on the rotor will allow for higher 
frequency ac generation at lower rpms, 
twelve magnetic poles on each rotor isshown 
in fig. 18, 19. 


ig. 19 


The drawing in fig. 20 and picture in fig, 21, 
shows twelve magnet poles in each rotor in 
relation to the position of the coils. Ten 
amorphouscoresareshown mountedaround 
cach of three rotors before they were wound 
with magnet wire fig. 21. The machine I have 
constructed housesa total of three rotorsside 
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byside that are mounted 10 degrees apart in relation to 
their magnetic poles, each rotor has twelve magnets 
installed for a total of 36 magnetic poles shown infig. 20. 
Thisdynamo concept can beconstructed to any size with 
unlimited numbers of rotors and coil combinations to 
fitany power requirements, 


Fig. 21 


It is well known that a magnet exerts a force of 
attraction to iron bringing them closer together, after 
they have come together, they are in their static 
position. A force must be exerted to either the magnet 
or the iron in order to pull the magnet and the iron 
apart, removing them from their static position. 
The term static position is used to describe the point 


when the magnet and the iron 
bar are at their nearest point. 


As in the Interference Disc 
Generator, this Permanent 
Magnet Dynamo I am describing 
also uses an internal magnetic 
balancing effect which reduces 
startup torque on the rotor. 


In this system, one set of magnets 
isintheirstaticpositioninrelation 
to the coils, such as the impulse 
coils, Another set of magnets on 
one side of the rotor is not in the 
static position, and there is 
another set of magnets that is not 
in its static position on the 
opposite side, One side is half in 
to the coils, and the other side is 
half out the coils, allowing the 
rotor to have minimal start up 
torque in turning the rotor. The 
magnets function in twojobs,the 
first with its velocity is to cause 
induction into the transformer 
coils producing ac power. 


The second function, is the 
opposite pair magnetic fields on 
the rotor balancing each magnet 
out of their static position in 
relation to the coil positionsat any 
given time, they cancel their 
holding force which puts the 
rotor at equilibrium. This reduces 
the amount of start up energy 
required to rotate the rotor 
resulting in higher efficiency. It 
allows the rotor and or multiple 
rotorstoturn easily andefficiently 
despite the inherent powerful 
holding force of the rare earth 
neodymium magnets. With the 
three rotor. machine 
configuration, Ihave connected 6 
impulse coils in three phase to 
function as the motor impulse 
circuits witha hall effect brushless 
motorcontroller fig, 22 


Star wound three phase motor 
impulse coil. 
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Trees aa 


Star wound 
three phase motor impulse coils 


‘Two more pictures of the one rotor dynamo option 
are shown with a Ihp de motor turning the rotor 
with an 800 watt load on the coils, six 100 watt AC 


light bulbs, and two 100 watt 12 volt DClight bulbs, 
Fig. 25, 25a. 


Fig. 25a 


Fig 25, 
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‘The efficiencies of this dynamo are so far inconclusive with regards to producing an endless 
self running machine. Our research is continuing to improve the efficiency by eliminating all 
conventional type ac and de motors from this dynamo, and incorporating high voltage de 
impulses of very short time duration’s as Ed Gray did with his technology years ago. However, 
a description of my early self running attempts isincluded near the end of this dynamo report. 
‘These tests have manifested an abundance of heat in the 24 volt de drive motor. 


Another picture of the three-rotor dynamo configuration is shown with 12 regenerating ac to 
decoils, and with the motor impulse coils removed fig. 26. 


Fig 26 Fig. 26a 


Another close up of the regeneratingcoilsand Tests to produce an abundance of 
three phase motor impulse coils is shown on. heat 
the dynamo fig. 27. 

I have testing the machine so as the output 
coils are connected to regenerate a 12 volt 
battery as the motor is turning the rotors, I 
used a bran new conventional permanent 
magnet 1/4 hp 24 volt de motor that is 
running on 12 volts to turn the 110 pound 3 
balanced rotors, and or the 35 pound 1 
balanced rotor version. 


‘Theregenerating output coils produce ACto DC 
power with nonoticeable ripple on thescope. 
‘The generated direct current from the coils is 
connected to goback into the battery,in which 
the motor uses to produce the torque needed 
to rotate the rotor. As this happens, the 
regenerated de power from the coils is again 
goingbackintothe battery first,andthen tothe 
motor. Theresultisthat the batterysupplies less 
powertothemotorwhentheregenerating DC 
current is going into the battery. The motor 
takes on a load from two sources, one is from 
free wheeling the rotor with out loading or 
drawing current from the coils, and the other is, 
the load induced on the motor when the coils 
Fig 27 are loaded to produce current. 
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‘The de permanent magnet motorhasshown 
that during one of many switch mode tests, it 
consumes 15 ampsat 12 volts from thebattery 
while a chosen number of regenerating coils 
supply? the amount of current going back to 
the battery. The battery supplies 50% of the 
amps and the regenerating coils supply the 
other 50% amps. This effect can be changed 
depending on how many open isolated 
regenerating banks of coils are activated and 
loaded, 


‘This test shows a 15 amp draw the motor 
while itis turning the rotors under load while 
regenerating current from the coils. It maybe 
they balance each otherandboth battery and 
coilssupply7.5 amps each that make the total 
15 amps draw on the motor. This accounts 
for the 15 amps total load that is shown on 
thede drive motor. It producesan excessively 
large amount of heat in the de motor that is 
useable output energy. On a larger scale the 
heat generated in a given motor can be 
enormous. More accurate measurements are 
needed to determine the trueenergyin verses 
energyout. 


However, this electric heat pump effect can 
be altered to produce more or less heat 
depending on the size and type of the drive 
motor, and theamount of regenerating coils 
that are placed under load. Cooling tubes 
woundaround the motor with water flowing 
through them is a way to pull the heat out 
for useful applications, Hot water from the 
drivemotorand electric power from the coils 
at the same time. 


After running the machine, the amorphous 
regenerating coils remain cool to the touch 
where asthe conventional dcmotor gets very 
hot with higher amps going through it. The 
machine also hasa longer running time when 
the coils are regenerating the battery, as 
compared to running an outside equal load 
with the same amp draw, in that case the 
battery drains much faster. 


‘This sheds light with the observation of high 
heat build up in the motorside (less efficient 
side) of the circuit while being cooler on the 
generator side (amorphous side) of the 
Circuit, After hours of run time the battery 


begins to drain, when this happens, the 
battery begins to show tangible 
temperature changes from one side of the 
battery to the other. The whole negative side 
of the battery remains cool to the touch 
(temperature drop), while the whole 
positive side of the battery gets warmer to 
the touch (temperature rise). ‘The effect is 
repeatable and only happens when the 
regenerating coils are connected to charge 
the battery as it is running, It may be 
approximately 20 degrees difference in 
temperature, depending on how many 
regenerating coils are activated sending its 
current to the battery. There must be 
exothermic reactions and endothermic 
reactions going on inside the battery motor 
generator combination that is causing this, 
temperature difference, The load and heat 
generated can be changed the on the motor 
from the flick of a switch that activates and 
loads the output coils, which in turn dumps 
it’s energy back into the battery pack or 
outside load, The efficiency ratio of the 
machine changes depending on how many 
and which banks of regenerating coils are 
activated, which again also effects the 
temperature difference manifesting on each 
side of the battery, motor, and amorphous 
coils. 


Other tests 


An Automotion de brushless 3 phase motor 
controller with hall sensors was used to test 
the machine in fig. 26a. Tests have shown 
the Lhp de motor and the three phase 
brushless de motor controller will not be 
the answer to closing the loop on this 
motor generator machine. The brushless 
controller has a 50% duty cycle which will 
not manifest the electro radiant effect, and 
it also has a constant draw on the battery 
as a regular de motor does. It is much less 
efficient than using very fast and short 
unidirectional de impulses in the motor 
impulse coils to kick the rotor around. This 
brings the subject of Nikola Tesla's 
magnifying transmitter and Ed Gray's 
radiant energy impulse motors to light, and 
a possibly answer to closing the loop for a 
real auto-rotating machine. 
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Before I go further with this, I want to point 
out the many phase possibilities this 
dynamo has. If you look at the coil 
arrangements in the 10 coil machine, you 
can clearly see the coils that are in phase 
with each other, When a second and third 
rotor is installed with all the coils attached, 
‘one pair of coils on the first rotor isin phase 
with another pair of coils on the second 
rotor, and another pair of coils is in phase 
on the third rotor. With the ten coil to 
twelve magnet pole rotor assembly, the 
machine has five phases of isolated banks 
of coils. If twelve coil mounting bars are 
attached around the three rotors, and the 
thiee rotors ate spiraled off set by 10 
degrees, you will have a powerful three 
phase dynamo. If the rotors are not off set 
by 10 degrees and are lined up in phase with 
each other, all the coils on the machine will 
be in phase for a powerful single phase 
dynamo, The volts and or amperage can be 
tailored for an application by the winding 
of the transformer coils, and the machine 
produces 60hz. at 600 rpm, This dynamo 
machine concept is also interchangeable 
into many other motor generator 
combinations, and sizes, and any volts or 
amps requirements, it all depends on the 
needs of the end user. 


Cooling tubes wound around 
the motor with water flowing 
through them is a way to pull 
the heat out for useful 
applications. Hot water from 
the drive motor and electric 
power from the coils at the 
same time. 


It is possible to have super efficiencies with 
this system using unidirectional hy de 
impulses of very short duration'sat the make 
brake contact at the closure of the switch. 


I have acquired two of Ed Gray's radiant 
energyimpulse motors “4 and #5 to revivean 
almost lost technology. | am proposing to 
combine a special permanent magnet 
dynamo with less back EMF thatis tailored to 
produce 5kvdeunder 2000rpm. This dynamo 


will energize a Skv de capacitor bank and 
replace Gray's 12 volt to 5kv de converter. 
‘The energized capacitor bank will discharge 
through the conversion tubes in the very 
same manner as in Gray's original circuit, 
only the capacitors will get energized from 
the high voltage de dynamo instead of from 
abattery through an inverter. This version of 
ahigh voltage de dynamo will be connected 
to and turned by Ed Gray's EMA motor, a 
starter motor will disengage after it begins 
running, 


‘There are three banks of high voltage coils 
that are connected 120 degrees out of phase 
from each other, each bank represents 12- 
100 watt coils for a total of 1200 watts per 
phase. All isolated coils in each phase are 
wired in series to produce the high voltage 
de potential to energize the capacitor bank. 
‘The isolated capacitor bank will discharge 
their potential through its conversion tubes 
in 120 degree increments each time the 
impulse coils are at their closes point 
toward each other. One isolated capacitor 
bank will discharge through the conversion 
tube with it disconnected from the de 
dynamo circuit. The second isolated 
capacitor is at this point beginning to 
receive its charge from the de dynamo, 
while the third capacitor phase is fully 
energized just before the switching circuit 
disconnects it from the de dynamo for it 
discharge phase. This fully aligns all the 
isolated 3 coil phases in this permanent 
magnet dynamo system to the 120 degree 
three phase radiant energy impulse system 
of Ed Gray's EMA motor *5. 


The planisto eliminate all the batteries and 
converter and use a rotating high voltage de 
dynamo in its place. Nikola Tesla used high 
voltage de dynamos with capacitors as part 
of his magnifying transmitter to produce 
radiant electricity. So it seems logical to do 
the same thing, merging Ed Gray's radiant 
energy motor and our version of a high 
voltage de permanent magnet dynamo. 
Could it regenerate a car, or power ahhome, 
and ora factory? 


Shown below are pictures of Ed Gray's 
motors in fig 28, 29. 
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Fig 28 


Fig 29 


I would like to acknowledge two friends of 
mine who have helped make the 
Interference Disc machine possible, Bud 
Johnson 1986 shown in fig. 30 and the late 
Dr. Carl Reich shown 1987 in fig. 31.[ would 
also like to acknowledge Wilbert Griffith 
and Brian & Rose Langan for their 
contribution in helping us make these 
projects possible, and there are others who 
wish to remain anonymous, Bud Johnson 
also an inventor, was One of the first people 
who I met after relocating to Alberta from 
the NWT, he made arrangements for us to 
construct the first disc machine in a 
machineshop. 


Fig. 30 
Bud Johnson 


Fig31 
Dr.Carl Reich 


Dr. Carl Reich was a pioneer in the alternate 
medical field and he published a book along 
with Robert R. Barefoot called "The Calcium 
Factor", copyright 1992. Through Carl's 
dedication and hard work with alternate 
health and energy, Dr. Carl Reich contributions 
have also helped made the Interference Disc 
machineand our Permanent Magnet Dynamo 
possible. 
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I also would like to thank my wife Jan 
Francoeur for being part of making this 
research possible, she has spent countless 
boursto prepare this report and assist in 
the reconstruction of these machines. 


‘The test results and hypothesis Ihave written 
are not complete, and the research and 
development of the described magnetic 
energy machinesis on going, and as such, the 
potential and performance and true 
efficiencies of these machines are still yet to 
be determined. This author knows that the 
aether is real and free energy systems are 
possible, and I will continue to work until 1 
have completed the integration of Ed Gray's 


radiant energy motors with our larger version 
dc dynamo machine. When this happens, a 
new round of testing will begin with our 
attemptsto run the two machines togetherin 
closed loop regenerating mode. 


Ihope I explained these energy machinesina 
way that you all can understand, and more 
information will be released as progress is 
made. You may find this information 
useful with your quest to be energy 
independent. However, ifyouprofit from 
any of my ideas I have described in this 
writing, then in all fairness, please 
remember to reward the inventor so 
research and development can continue. 


This is my gift to humanity. 


Interesting Information 


New Propulsion Letter 


from Paul Toomer <jorjencar@leeds322.fsnet.co.uk> 


Please take a look at this new web site on how to challenge 
Newton's third law of motion at 


http://magnetic.propulsion.mysite.freeserve.com 
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ANEW PARADIGM FOR TIME 


EVIDENCE FROM EMPIRICAL AND ESOTERIC SOURCES 


Donald Reed, USA 
1032 Borden Road, Depew, NY 14043 
Email torsionpower@yahoo.com 


The author of this article 
presents an experimental approach 
to the teleportation problem 
and time pace control 
and 
space regularity questions. 


Part I of II 


ABSTRACT 


The following essay seeks to establish 
awareness, through a far-ranging careful 
examination of various empirically 
documented anomalous research results in 
the field of new energy, the long-suspected 
evidence provided byassociated key legendary 
secret government project work in the USA 
and former USSR, maverick new theoretical 
models in foundational physics for 
elementary particles /fundamental 
electromagnetic wave-field structures, as well 
as remarkably corroborative related 
information from esoteric (psychically 
channeled) sources, of the necessity for the 
development of a new paradigm for mass, 
energy and especially time. After having been 
guided through this process, the reader will 
hopefully be motivated to acknowledge the 
importance of this imperative for a new 
understanding of the workings of nature, as 
well as gain hints for the associated future 
development of new viablesustainable energy 
sources and related technologies. 


Introduction 


When we come to examine the annals of 
physics over the past century, we find them 
replete with several competing core theories 


of the physical world, each attempting to 
demonstrate a unified conception of space, 
time, energy and matter. Notable among 
these, the most successful and formally 
canonized in academia, are special and 
general relativity, and quantum theory, the 
latter of which includes quantum 
clectrodynamics and quantum 
chromodynamics as recent offshoots. 


However, even these fundamental theories 
have fallen short in achieving this coveted 
goal, due to many reasons, not the least of 
which is their failure to account for the 
anomalous but substantial documented 
evidence continually presented over the 
years by new energy research and other 
related empirical evidence considered 
outside mainstream science. In this author's 
opinion, these weaknesses in current physics 
and its relative ignorance and/or selective 
omission of the findings of non-orthodox 
scientific research, stem primarily from an ill- 
conceived institutionalized conception of 
time, as an immutable linear flow against 
which everything involving change can be 
measured. This "relational" concept of time 
treats it as a specific passive property of 
physical systems and changes happening to 
them Itisa one-dimensional continuousand 
homogeneous entity geometrically 
describing the property of duration. This 
antiquated relational view of time is 
abstracted from our unique prejudiced 
viewpoint as sentient beings whose 
particular point of waking conscious focusis 
this camouflage physical reality, which is 
apprehended through the limitations 
circumscribed by the physical senses. 


Accordingly, modern physics is built on the 
basis of this relational conception of time. 
However, the use of this conception has not 
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so far resulted in resolving all the problems 
associated with time, Moreover, so far even 
an essential definition of time has not been 
formulated in physics, there are only 
‘operational definitions indicating different 
methods of measuring time intervals. 


In contrast, the "substantial" conception of 
time, advanced in this paper, implies that 
time is an independent phenomenon of 
nature existing side by side with matter and 
physical fields, whose active essence can and 
does affect objects and processes occurring, 
in the universe, Moreover, the following 
dissertation argues, by positing that active 
substantial change is the basic concept and 
relational time is its derivative, that those 
‘objects and processes can also have a reverse 
action on time. 


Accordingly, we will attempt to show, 
through a wide-ranging examination ofnew 
energy research and other information, the 
necessity for the establishment of a fluidic, 
clastic, field nature for true active time which 
is malleable; one in which even the local 
pace of time, and mass and energy content 
can be influenced artificially by intelligent 
technological control, or naturally by 
conscious intent, or by a combination of 
these two methods. To help motivate the 
reader's awareness for this imperative, we 
will also examine several esoterically-based 
sources from key selected psychically 
channeled transcripts. These will be taken 
from the following sources: unpublished 
comments by Jane Roberts on an altered 
state of consciousness{1] (indicated in this 
manuscript by].R.),or published transcripts 
from The Seth Material and The 
"Unknown" Reality (indicated in the 
manuscript by UR)[2], published chronicles 
from the entity Kryon, channeled by Lee 
Carroll [3], and concepts from Wilbert 
Smith's legendary discourse: 
The New Science (NS) [4]. 
For easier reference, all psychically 
channeled transcripts will appear in italics, 
with my additional explanatory comments 
in regular type within parentheses. 


Granted, our unique investigative foray 
ranging asit does from the concrete arena of 
knowledge represented by the cutting edge 


of visionary science to the intangible arcane 
realms bordering on the spiritual, will of 
necessity lack the exacting logic of scientific 
rigor, 


Nevertheless, we hope to provide, through just 
such a unique eclectic format, the beginnings 
of a possible fresh understanding of the 
workings of nature and perhaps ultimately 
furnish a conceptual basis for extending the 
structure of current physical theory to 
compatibly encompass the elements of a 
unified framework of physics and 
metaphysics. 


As" unscientific" as this proposed venture may 
appear, especially to the contemporary 
physicist or theoretician, we unabashedl 
presson, secure in the belief that the currently 
perceived "mutually exclusive" bodies of 
knowledge defined through psychic means 
and that of orthodox physicsare more closely 
linked than is currently suspected. Indeed, it 
will be demonstrated that that some of the 
psychically defined data bears a striking 
resemblance tothe tenets of present empirical 
knowledge. 


New Research 


Theories Indicate Necessity for Novel Time 
Concept 


Abody of work which postulatesa fluid-field 
substantial nature for time, is the esoterically- 
based book written by Wilbert Smith in the 
carly sixties, The New Science. Here, Smith 
outlined a unified theory of all physical 
interaction by positing that an active mass- 
free field energy he termed the tempic field 
exists, and is the parent field structure out of 
which our passive relational linear clock time 
emerges. To be sure, this book and its specific 
format of exposition has its weaknesses, not 
the least of which is a writing style which 
taxes one's comprehension to the limit. All 
researchers who have attempted to connect 
Smith's knowledge with the frontiers of 
current scientific knowledge, new energy 
research, etc,, have been frustrated by his 
introduction of terms which may or nothave 
the same meaning as the corresponding 
terms in mathematical science, This practice 
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causes many passages to appear so vague as 
to cause total bewilderment on the part of 
the reader. 


...the establishment of a 
fluidic, elastic, field nature for 
true active time which is 
malleable; one in which even 
the local pace of time, and 
mass and energy content can 
be influenced artificially by 
intelligent technological 
control, or naturally by 
conscious inten 


Incoming to investigate the source of Smith's 
theory 25 yearsago, came into contact with 
Kenneth Killick of Canada. Killick was the 
individual who served as the original mentor 
and fora timea colleague of Smith in the mid- 
1950's. Smith, whose background was in 
electrical engineering, found it very difficult 
to accept or understand the philosophical 
overtones of Killick's thought, Consequently, 
he resorted to the use of psychic mediums to. 
try toverify the information provided to him 
by Killick. This is the origin of Smith's 
association with discarate entities known to 
those familiar with his work as "the boys 
topside”. Thus Smith's subsequent writings 
promote such confusion perhaps because he 
only obtained a partial understanding of 
these cosmic ideas, and he opted to writing 
in a kind of code basically to try to hide his 
own confusion, Through my own association 
with Ken, I discovered that The New Science 
is able to be put into reference with known 
facts once the spiritual-philosophical 
elements of Killick’s teachings are duly 
integrated, When this is done, "Wib" Smith's 
book can teach much and can become a 
cornerstone to new energy science. 
Otherwise, it remains at best, a fragmentary 
enigma. 


‘The work by Smith and Killick is pertinent 
tothe theme of the present paper, since they 
both showed through experimentation with 
a special caduceus-wound coil, that so- 


called relativistic parameters of mass and 
gravity, energy, and time-flow, can be altered 
through intelligent artificial control 
Adequate delving into some of the elements 
of these theories will enable us to glean new 
insight for transforming the current 
paradigm of time, Further details on Ken's 
so-called tachion energy theory can be 
found in thisauthor's earlier expositions on 
this subject in issues of Energy Unlimited 
(1978-1982)[5], 


Smith's main error is in postulating a 
fundamental "spin" dynamics based upon 
conventional continuous rotation. As Killick 
points out, such a concept of spin on the 
microscopic level, precludesany possibility of 
trucevolutionary change, in the cosmicsense. 


Also, as we shall see presently, the continuous 
spin concept obviatesexpression byanything 
in the universe, of its personal moral 
responsibility. However, with tachion energy 
theory intact and untrammeled, the 
impersonal dualistic concept of interaction 
between two polar entities, such as i 
expressed not only in ordinary classical 
Newtonian physics, but its 20th century 
successors, relativity and quantum theory, is 
supplanted with the omnipresent workings 
of a trinity at all levels and manifestations 
ofreality. 


Indeed, the fundamental tachion field (mass- 
free) energy has three components: two 
polar opposite entities (a positive "charge" 
and a negative "charge"), and the ability for 
these two to be in what is called "static- 
dynamic balance", The static-dynamic balance 
completes the tinity. 


Asimple physical macroscopic manifestation 
of static-dynamic balance can beseen in two 
people arm wrestling. As the energy of one 
participant is brought to bear against that of 
the other, wewill seea vibration or oscillation 
once a balance of their energies is obtained. 
Asmoreeffortisexpended, the vibrations will 
increase in frequency and decrease in 
amplitude. At this point we will see a static 
state relative to the two arms, neither causes 
loss of arm position of the other, But 
simultaneously we also have a dynamic 
situation in the rapid oscillation which 
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maintains, and is in turn sustained by the 
muscular energy which produces the static 
state of the arms, Both states mutually 
support each other's existence. The two 
component entities (the arms) resonate 
together, but without losing their own 
identity. 


The implications of this last statement, 
missing in current physical theory, is unique 
to the system of tachion energy, We will see 
in the following that the dynamic 
functioning of these sub-atomic tachions is 
such that by their inherent ability to 
manipulate space and the time-frame of 
matter through static-dynamic balance, they 
do not harm anything else in their 
environment, nor aie they affected (forced 
to lose their own identity) by the ambient 
environment. Accordingly, inertial massisnot 
an inherent component of tachion energy, 
but is a derivative of certain tachion field 
modes 


Wespoke earlier of tachion "charge". Wekeep 
the word in quotes to underscore that thisis 
not to be equated to electrical charge, but 
merely signifies two polar energystatesof the 
primordial ground-form, out of which all 
known physical forces come to be manifest. 
‘These tachion energy states can be defined 
in terms of "rotational" motion, Again 
“rotation” must also be placed in quotes as it 


does not signify the common idea of 
continuous spinning. Such a concept w: 
Suggested above in connection with 
evolutionary progress in its cosmic 
interpretation. 


The tachion-pair could be described as 
executing a "back-and-forth" ratcheting 
movement. The tachion-pairs are analogous 
to the ends of a drum majorette's baton, But 
unlike the twirling motion of the baton, the 
tachion-pairs do not demonstrate the classic 
macroscopic continuous spin motion, but 
oscillate ina 3-component "clocking" action. 


In Fig. 1 we have drawn a circle and have 
divided it into three 120 degree arcs. The first 
motionin the tachion cycle isan arc from the 
0-360" location, to the 240 degree position. 
‘Thismovementisstated philosophically asthe 
question, "Can I go?" In the second phase it 
swings back from the 240 degree position to 
the 120 degree point, and then returns to the 
240 degree position. This graphically 
represents an analysis of the first question,and 
can be phrased as the "Let me think" 
component. Finally, then it proceeds forward 
another 240 degrees taking it past the 360 
degree point to 120 degrees. This last stage is 
the action motivated from the analysisin stage 
two, and is entitled, "Yes I can’, In this activity 
itwill be observed thatall path lengths are 240 
degrees. 


0-360" 
(© 20F Oo oO 
“Cani Gor “Let Me Think” "es 1 Can" 
Fig 


The 3 


ponent Tachion Movement 


However, as representative of true evolutionary progress, the tachion-pair does not remain 
confined to the plane in its 3-phase cycle. After each "Let me think" stage, the entire pair unit 
could be considered to advance "upward", perpendicular to its plane of "rotation". The 
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combined motions can be viewed 
asan elevation up aninclinedramp, 
screw-fashion (Fig. 2). 
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240° 


2) Inital Position 
Fig2 
Tachion “Ratcheting” 


‘Thus, while they clock themselves 
backwardsin the plane, they never 
go back to where they were 
originally but only seem to do so 
from the point of view of an 
observer in the plane. This entire 
activity can be visualized as a 


diametrically opposed pair rotating’ ina plane, but there 
must still be considered an upward ratcheting 
movement. They execute the clocking motion simply 
because they adhere to the three principles of 
observation, analysis and motivation. A meaningful 
application of this idea to the structure of physics would 
eliminate the necessity for a totally impersonal type of 
interaction governed solely by force, Unlike all current 
theories of elementary particles, the tachion-pair, by its 
unique activity, thus expresses a personal moral 
responsibility, So this elemental energy of the universe 
never goes where it is not wanted, but only where it will 
not disturb its immediate environment. 


The topological structure of each tachion in the pair is 
also significant in regards to this "ethical" modus 
operandi, First, tachions in their primordial state are 
massless, toroidal shaped fields which always occur in 
pairs. Like toroids, tachions will singly exhibit three 
motional degrees of freedom, to wit; 


1. rotationaround its majoraxis. 


2. inner (P), or outer (N) rotation about its cross- 
sectional (poloidal) axis. 


3. expansion and contraction of the field (cach toroid 
pulsates radially about its cross-sectional axis), 


Asapair-unit, the combined motions will give rise to the 
following possible orientations: two identical (N) 
rotations; (N) rotation - (P) rotation; two identical (P) 
rotations (Fig. 3) 


‘The dual (P) or (N) rotations will always lie in the same 
plane, whereas in the "mixed" rotation mode, the 
orientations of the tachions will be mutually 
perpendicular, In the pair unit, the energy will shuttle 
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back and forth between the tachions by virtue of their harmonious expansion and contraction. 
‘The contraction of one pair partner is immediately compensated for by an equal amount of 
expansion in the other, When one is fully expanded and the other completely contracted, 
they will reverse roles executing the second portion of the cycle. There will be two points in 
the clocking cycle where the tachions will share an equal amount of energy (‘field equity") 
stage. In each cycle of a tachion-pair the field equity stage is passed twice, a fact which is 
significant when topology of the field dynamics is considered (see [5]). Now, looking at the 
field geometry for the tachion-pair unit at the two field equity stages of the cycle, we observe 
that the two geometries are not identical but are mirror images of one another via a non- 
orientable field structure. See Fig, 5, which shows the isomorphism between the dynamics on 
a Moebius band (anon-orientable topological structure) and the tachion pair clocking cycle. 


Moebius Cycle: Flags move in direction of arrows in 180? stages 


‘Legend: Flag labeled R/l.on Moebius corresponds to right /left 
etn (200) Fee eg aren naam 
‘expansion/contraction in resp. tachiion; (360°-720°) situation 
isreversed (U/D — cont /exp); Flag masts pointing in 

ic directions corresponds to max. 


field disparity field equity for tachion-pait. 


Figs 
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‘This suggests the remarkable idea that the space time points that the pairs generate are not, as 
commonly assumed, identical, static, and bereft of intrinsic character, but exhibit 
enantiomorphic topologies, which by virtue of their mirrored relationship exert upon one 
anothera potential for dynamic interaction, For now we present asecond diagram to illustrate 
the three pair energy modes: N-N, N-P, P-P, as well as one sequence of oscillation of the N-P 


pair (Fig. 4) 
a) Three types of pairs: 


N-N (horizontal) 


(CED) 


N-P (mixed) 


P-P (vertical) 


by Stages in clocking cycle of N - P pair (I thry V) 


1.¢’Can Go?) 
IM ("Yes I Can’) 
I (Let me Think") = 
V (same as) 
IV (same as IT) zs, 


In this figure we note a unique trinity of field 
operation; two stages of maximum field 
disparity (I and Ill) connected by the 
intermediate condition of field equity (II). 
Upon postulating the additional requirement 
that the pair will create a new space-time 
location every time the field equity state is 
reached, we see that with each cycle the unit 
will not return to its original state with 
respect to the environment, but will advance 
to new evolutionary states with each 
pulsation, In accordance with the above 
comments, the tachion-pair unit "ascends" 
the evolutionary spiral via this unique action 
we have termed "clocking" motion. In 
acccordance with the description in Fig. 4A, 
in Fig. 4B, stage I represents"Can I go?", stage 


Il represents "Let me think", and stage III 
represents"Yes I can" 


Now, in this regard, the previous analogy of 
the tachion-pair as likened to the ends of a 
baton, where the baton rises and falls as it 
rotates, is quite apt. However, unlike theends 
of the baton tachions are not rigidly 
connected but possess much freedom of 
movement outlined above. On the other 
hand, much like the baton ends, they are 
mutually supportive of each other's activity 
and requirements, never seeking to 
overpower, or to be eclipsed by the identity 
of their partner. In this manner they exhibit 
personal moral responsibility, as we have 
previously stated. By their mutual 
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harmonious action tachion-pairs will 
progressin a trueevolutionary fashion, while 
never harming anything else in the universe 
by theiraction. 


...the dynamic functioning of 
these sub-atomic tachions is 
such that by their inberent 
ability to manipulate space 
and the time-frame of matter 
through — static-dynamic 
balance, they do not harm 
anything else in their 
environment... 


Now, the above isan inherent characteristic 
of tachion-pairs as long as they go about 
their business individually- that is, in their 
pre-physical state, Now, when the three 
fundamental tachion-pair energy modes 
described above exhibit a slow clocking 
frequency, there is opportunity for them to 
join together whereupon we begin to see 
matter being formed, The element of mass, 
or inertia is provided by the binding activity 
of the (N-P) mode, which is a function of 
the slow oscillation of the pair unit. Besides 
the clocking frequency, the factor of inertial 
mass or density of physical substance is also 
dependent upon the amount of separation 
between the two pair components in each 
individual sub-atomic tachion-pair unit, In 
general, the denser or more massive an 
object is, the slower its microscopic 
tachions will clock, and the farther apart 
will be the individual toroid components, 
This is a classic push-pull situation, ic., 
there is a key inverse static-dynamic 
balance relationship between tachion-pair 
pulsation frequency and their area of 
‘operation (density of field), The rest mass 
that any physical substance displays to 
macroscopic observation, is thus a direct 
function of the amount of energy supplied 
by the master field to sustain the oscillation 
of the pair-unit. Thus, a primary feature of 
tachion dynamics is the following: if we 
change the energy, we must expect to 
observe a corresponding change in the 
manifestation of the mass, and vice versa. 


Consequently, in tachion dynamics there is 
a built-in interchangeability of energy and 
mass, an idea which concurs with similar 
conclusions in Einsteinean relativity 
(notably, E= me’). 


But here is where tachion theory and 
relativity part company, We have seen that 
our postulated "clocking" pulsation of the 
pair is the factor, which determines both 
space and time. Both space (area of pair 
operation), and time (frequency of 
pulsation) are mutually dependenton what 
we shall call the master field of 
thought and intention, which 
determines the clocking frequency. 
From the dynamic influence of the master 
field arises subsidiary conditions of time and 
space which are truly "fluid" qualities of 
tachion operation. Thisis indeed consonant 
with the assumptions of a proper unified 
field theory in which all the factors of our 
objective world as apprehended by the 
physical senses, are subsumed under the 
relative state of a guiding master field. 

Moreover, under the geometrical constructs 
of such a theory neither space nor time 
should be subservient to the other but 
should retain their unique qualities in a 
mutually supportive relationship. This is 
guaranteed in tachion theory under the fluid 
give-and-take of the pair operation 

Relativity, on the other hand, despite its 
logical consistency, does not meet the above 
requirements. To his great credit Einstein 
recognized the need to integrate time with 
space in a synthesis that would retain the 
distinctive qualities of both, The result was 
a theory, which extended the classical 
Euclidean concept of 3-dimensional space 
asa kind of "cosmic container" of matter, to 
embrace a structure of space, which arises 
from the laws interrelating its material 
content, Thus, for instance, in his General 
Relativity theory gravitation became 
interpreted as a distortion of the spatial 
fabric by sources of mass-energy in a non- 
Euclidean framework, Unfortunately, as a 
foundation of his theory, Einstein 
mistakenly assumed a subservient role of 
time tospace, He tried to "freeze" timedown 
intospatial-like dimensions utilizing metric 
equations, which were variants of a basic 
form, Before a true understanding of 
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gravitation is developed, the rationale for 
applying such metrics to this end should be 
seriously re-appraised. In short, instead of 
freezing time down into spatial dimension 
in order to make it fit a world ruled by 
nothing but gravity, we must develop a 
conception of space sufficiently fluid to let 
true time have its proper place therein. 


‘These and other similar ideas are articulated 
by Andrea and Paulo Correa in their recent 
insightful essay on the various serious 
shortcomings of relativity theory. They write: 
“Time is not treated by relativity as distinct 
in nature or in quality from the set of 
topological locations or lengths between 
points. Whetherin theSR (Special Relativity) 
form ofa flat Minkowski spacetime orin the 
GR (General Relativity) form of a curved 
Riemannian spacetime, the essence in 
relativity lies in its treatment of time as the 
fourth length of a 4-dimensional space. AS 
the actual metric of a length of time is not 
fixed, only the intervals being invariant, one 
cannolongerspeak of the reality of timelines 
orofsynchronicity" [6] 


In their second installment, the 
Correas even imply the existence of a 
mass-free energy, which isan integral 
element of the Killick tachion energy 
theory: "From a strict physical viewpoint, 
only an energeticist position can make 
sense, While space and time may be 
considered to exist outside the function of 
matter, independently from it, they cannot 
be conceived outside the function of 
energy...the field remains conceptualizable 
(in Einsteinean relativity) only by the 
pseudo-Riemannian manifold, which, on its 
own, fails to analytically treat the difference 
in dimensionality between Space and Time, 
fails to differentiate between them as 
distinct manifolds, and fails to account for 
them as the intrinsic properties of energy in 
flux’, 


‘The tachion theory is such a model that 
delineates the functions of time and space in 
terms ofa basic mass-free energy substratum, 
Nowaswe haveseen, since tachion dynamics 
pre-supposesa static-dynamic balance feature 
connecting frequency of the pairs 
(fundamental time elements) with their area 


of operation ("fluid" space configurations), it 
representssucha foundation upon which to 
construct such a theory which will 
harmoniously treat time and space on an 
equal footing without neutralizing the unique 
structural featuresof each, Since the decrease/ 
increase in the clocking frequency of the 
tachion-pairs will result in a corresponding 
increase/decrease of area of operation, the 
local pace of time will also decrease /increase 
atthat space-time location. Thisisducto the 
push-pull relationship between energy and 
time. The intrinsic energy of a tachion-pair 
will be defined to be its energy of "motion" 
(energy in the "convergent", pre-physical 
state). Thus we see that an increase /decrease 
inthe clocking frequency also implies that the 
intrinsicenergy of the pairwillalso followsuit. 
Consequently, the intrinsic energy available 
for a manifestation will increase /decrease as 
time pace allotted for this purpose decreases/ 
increases. Moreover, the product of intrinsic 
energy and time interval will always be 
constant due to the perfect trade-oftbetween 
both factors in the tachion clocking action. 
‘This relationship is remarkably similar to the 
quantitative statement of the Uncertainty 
Principle in quantum mechanicsin the form: 
E- t=h, Thisformulastates that the product 
of the energy exchange of a quantum 
mechanical particle and the time interval 
required for that exchange to take place, is 
equal to theso-called"quantum of action’, or 
Planck’sconstant, 


Thus, as a concomitant of tachion 
dynamics, which is argued could also be the 
basis of electron spin geometry among 
other things (see [5]), time is made 
malleable, no longer continuous, or rigidly 
uniform as in Newtonian conceptions, or 
subservient to space as in Einsteinean 
relativity, time "flow" can go to zero, and 
can even reverse under the application of 
certain electrodynamic —_field 
configurations such as provided by the 
caduceus coil and other devices [5]. With 
tachion dynamics even the laws of causality 
will no longer hold. This is due to the fact 
that tachions have a much broader field of 
operation than the purely physical realm 
‘Thus, many unusual demonstrated features 
relative to quantum theory, such as the 
principle of Indeterminacy, quantum non- 
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locality (EPR experiment), "entangled 
particles" as well as hypothesized qualities 
ofan aether of space, can find their source 
in this microscopic non-linear 
clectrodynamic clocking oscillation 
attributed to the tachions, In fact, the 
ultimate expression of time as well asspace 
tooursensory perception, could bea direct 
function of these substratum pulsations. 
From this consideration there emerges a 
new dynamic model for fundamental 
time as a "fluid-clastic" field effect arising 
from the unique ratcheting oscillatory 
motion of tachion-pair entities. Ultimately, 
it will be seen that tachions may even form 
the structural essence of consciousness 
itself, thus providing the long sought-for 
unifying link between physics and 
metaphysics 


N.Kozyrev 


Other Recent Russian Research Implying New 
Dimensions for Time 


Another key researcher who postulated an 
active substantial role for time was the 
Russian astrophysicist Nikolai Kozyrev[7].He 
argued that the gap between the exact 
(physical) sciences and the natural sciences 
will not vanish until the principle of causality 
differentiating cause and effect is placed at 
the basis of the exact sciences. This implies 
the objective directionality of time or its flow. 
‘We encounter numerous manifestations of 
this principle in our life and in natural 
science. Yet this principle is new in both 
mechanics and physics as a whole. The 
natural scientist's time is not Minkowski’s 
geometrical time, nor is it the time of 
mechanics, theoretical physics, etc. 


Nikolai Kozyrev argued that 
the gap between the exact 
(physical) sciences and the 
naturalsciences will not vanish 
until the principle of causality 
differentiating cause and effect 
is placed at the basis of the 
exact sciences 


AsKozyrev argued, mechanics hasbeen using 
only the "geometrical" property of time, its 
duration size, ie, the intervals between the 
events under study. Timed, these intervals 
acquire the same passive properties as the 
interval measured between two points in 
space. [tis only this property of time that the 
objective sciences assumed to be existing 
objectively, postulating that all other time 
properties are subjective. However, if we 
want to differentiate causes and effects, in 
reality the flow of time must be a physical 
quantity, duly expressed mathematically and 
entering the equations of mechanics, The 
physical meaning and mathematical 
expression of the flow of time can be 
obtained from the space-time properties of 
causality. Thus, processesin the world occur 
not only in time, but also with the aidof time. 

‘Time flow is an active property owing to 
which time may act on a material system 

Consequently, it is in the properties of time 
that the source maintaining the vital 
processes of the world must be sought. 


From these arguments, we can also derive a 
fundamental property of time, Letus assume 
that we have changed byacertain technique 
the flow of time in a material system. In this, 
process we have perhaps changed the 
stresses within the system and hence its 
energy. 


However, itis impossible to change the total 
amount of motion of the system, i, to 
obtain a momentum equivalent to an 
external action. In other words, time may 
carry energy but no momentum, Time is a 
non-momentum material reality. From the 
above property of the flow of time, Kozyrev 
concluded that it follows directly that the 
rotation of a body may be used as a device 
for changing the flow of time in a system. 
‘Time flowsinto thesystemin the cause-effect 
direction, the rotation increases the flow, and 
hence the system obtains additional energy. 


Inattempt toverify his theories, in the 1950s, 
Kozyrev thus performed experiments with 
spinning gyroscopes and discovered, in 
agreement with his predictions, that the 
weight of the spinning system changes 
slightly depending upon the magnitude of 
the angular velocity and the direction of 
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rotation. Although the effect detected was 
not large, the nature of the arising forces 
could not be explained by existing theories. 
By applying a vibrating framework to the 
gyroscope, Kozyrev also found that notonly 
does time deliveran energy, but that near the 
cause-effect system time density changes. 
Time is rarefied near the generator and 
becomes denser near the receiver. In other 
words, time becomes stretched by cause and 
compressed by effect. In addition, the 
variation in time intensity is in inverse ratio 
tothe first degree of the distance. Thiscan be 
seen by the following consideration: Time is 
expressed by rotation and hence involves 
planes passing through a pole of the rotating 
system with any orientation in space.Inthe 
case of lines of force issuing from. pole, 
their density decreasesin inverse ratio 
to the square of the distance, while the 
density of planes can readily be shown 
to decrease with the first degree of the 
distance. 


Kozytev discovered another property of time 
when investigating irreversible processes 
such as crystallization of a substance, 
condensation, or evaporation. This influence 
can be effected by any irreversible process 
and is registered by a measuring system 
withoutany preliminary excitation, ie, when 
the cause and effect positions are not 
separated, In other words, apart from flow 
and density, time seems to have another 
property, causal orientation, resembling ina 
way the polarization of light [8]. This property 
proves to beso variable that even the sign of 
the observed influences may change and 
hence the reciprocal cause and effect 
positions become reversed. 


Continuing his studies on the properties of 
time, Kozyrev (with V.V.Nasonov) conducted 
astronomical observations using a receiving 
system ofa new type. When the telescope was 
directed ata certain star, the special detector 
positioned within the telescope registered 
the incoming signal even if the main mirror 
was shielded by metal screens. This fact 
implied that electromagnetic waves (light) 
had some component that could not be 
shielded by metal screens. When the 
telescope was directed, not at the visible but 
at the true position of the star, the detector 


registered a signal that was much stronger. 
The registration of the true position of 
different stars could only be interpreted as 
the detection of star radiation that had 
velocities billions of times the velocity of 
light, It was concluded that the radiation 
from stellar bodies hence had a component, 
which was non-electromagnetic. Kozyrev 
also found that the detector measured an 
incoming signal when the telescope was 
directed at a position symmetrical to the 
visible portion of the star relative to its true 
position, This fact was interpreted as a 
detection of the future positions of stars [9]. 


From the 1960's onward, additional Russian 
research groups continued and expanded 
upon the work began by Kozyrev on the 
unique non-electromagnetic radiation that 
was apparently a concomitant ofall rotating 
bodies, whetheraccompanying macroscopic 
spinning objects of great mass (cosmological 
or terrestrial), or at the quantum level 
exhibited by elementary particles possessing 
recorded anomalous spin features which 
were not accountable by standard theories. 
This emanation which was exhibited by 
rotating bodies was termed torsion radiation 
[10]. Subsequently it was learned that this 
unique radiation was a part of all living or 
inertsubstances. Thisso-called "torsion field" 
research was carried on mainly in secret in 
the former Soviet Union, and only became 
known to the Western nations after the fall 
ofthe ron Curtain, Many effectsattributable 
to alterations in time and gravity have been 
reported through this research, For more 
information on this topic the reader is 
directed to this author's review in reference 
10nd references therein. 


Part II of II 


Summary of Part I 


It is the intention of this multi-part 
dissertation to motivate an imperative for 
considering the eventual establishment of a 
more expansive paradigm for the 
phenomenon of time, one which views time 
from the "substantial" as opposed to the 
orthodox "relational" standpoint. The 
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substantial concept of time implies the 
existence of an active essence which can 
and does affect objects and processes 
occurring in the universe. Furthermore, 
approaching time from sucha fundamental 
basis implies that by positing active 
substantial change as the ground form 
prime mover andrelational time (passive 
"clock-time", or entropy changes) as its 
derivative, that those objects and processes 
canalso have areverse action on time. 


Towards this end in Part | (hereinafter 
referred to as I), we considered the key 
research of the late astrophysicist N.A. 
Kozyrev who, in carefully controlled 
experiments which were Subsequently 
successfully replicated, recorded phenomena 
which have hitherto been unexplainable by 
standard contemporary received 
knowledge- whether from thestandpoints of 
Newtonian, Relativistic or Quantum physics. 
Kozyrev pointed out that only by considering 
time as an active essence, could these cited 
"anomalous" phenomena, which are virtual 
conundrums from the viewpoints of a 
relational (passive) concept of time, be duly 
formulated on a logical basis. Accordingly 
Kozyrev's associated "causal mechanics" 
incorporates an objective directionality of 
time flow, implying differentiation between 
“cause” and "effect", Consequently, by 
applying a thermodynamically 
irreversible process to a physical 
system (example: vibration to a 
spinning gyroscope), the rotor in this 
instance would be observed to lose (or 
gain) asmall but detectable percentage 
of its weight, depending upon the 
direction of rotation. Moreover, in this 
process linear momentum (lincarspeedof 
rotation) is not changed, but energy is 
nevertheless delivered to the system by 
additional forces directed along the axis 
causing a change in angular momentum, 
and that near the cause-effect system of the 
irreversible process, time density isaltered 
- rarefied near the generator and 
concentrated in proximity to the receiver. 
Kozyrev concluded that time is a non- 
momentum material reality. 


Other experiments of an astrophysical 
nature showed that registration of the true 


position or future position (as opposed to 
visual-present-position) of different stars 
via the non-electromagnetic component of 
star radiation, demonstrated the existence 
ofan energy essence, which was apparently 
instantaneous, or had a propagation 
velocity of at least a billion times the 
velocity of light. In this regard, Kozyrev 
opposed the conventional astrophysical 
paradigm, which posits energy generated/ 
emitted by stars is a physical consequence 
of thermonuclear conversion, Instead he 
maintained that via rotation, stars 
converted time essence into non-physical 
(or pre-physical) energy. The latter was 
nevertheless detectable on Earth by 
transduction through reflecting telescopes 
shielded by metal screens, of stellar 
radiation by a Wheatstone bridge. Hence 
the "impact" of time was detected by 
resistor electric conductivity changes (see 
land references therein) 


Leaving no stone unturned in our 
investigation, we also took up a discussion 
of the related Killick-Smith tachion energy 
model for fundamental (pre-physical) 
reality. Here we coined a new term- a 
trinitivity of action, which was 
underscored as a key feature of the 
operation of tachion-pair entities 
Accordingly, we posit the existence of two 
polar topologically orthogonal toroidal 
fields, with the unique ability, by the mutual 
shuttling back-and-forth of their energies, 
toexistina third auto-generated state called 
"static-dynamic balance", Now, since 
tachionsare hypothesized to transfer energy 
instantaneously, inertial /gravitational mas 

is nota primordial component of tachion 
operation (see I). Here we see a striking 
similarity to the Kozyrev conception of the 
operation of time in interaction with a 
physical system - where energy changes are 
manifested without linear momentum 
alterations delivered, Likewise, the Smith 
book, The New Science (sce 1) treats the 
hypothetical tempic field as a scalar 
quantity, which only has direction in 
relation to its distribution (or 
"density" change). Only through 
establishing what Smith termed a 
tempic field gradient does the tempic 
field possess vectorial nature. Similarly, 
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Kozyrev viewed time like space as 
possessing both geometrical and physical 
properties. The geometric property of time 
is duration (its scalar component), while 
physically the course of time is similar to 
vectorial field propagation and the density 
of time to field intensity. Although Smith and 
Kozyrev apparently never were aware of 
each other's research, the following quote 
from Kozyrev reveals that they both made 
key profound discoveries about nature 
which indeed bear more than a superficial 
similarity: "Time density isa scalar quantity, 
just the one observed in the above 
experiments, Time density decreases with 
increasing separation from the process 
creating it. Therefore, a vector property 
corresponding to density gradient and 
tractable as time obtaining, should also be 
observed" [7]. However, in Iwe also enjoined 
the reader to observe caution and selectivity 
when attempting to separate the wheat 
from the chaff in Smith's book. 


Accordingly, the previous ideas are 
substantially correct, whereas his concept of 
"continuous spin" of tempic field energy is 
basically flawed. Killick replaces this 
outmoded counter-productive notion with 
a key ratcheting motion, like the 
escapement ofa watch, whichis performed. 
by the tachion entities composing a pair- 
unit, Through this unique "clocking- 
motion", a cycle of tachion-pair operation 
exhibits what could only be described as an 
ethical modus operandi, passing through 
the three stages of observation - reflection - 
action. By Virtue of this 3-stage process, 
tachion-pairs demonstrate in their 
individual activity and in interaction with 
their environment - personal moral 
responsibility. 


‘This is indeed an unprecedented notion 
which implies that a type of conscious 
thought process can be ascribed to tachion 
operation. This can be related to current 
notions from quantum physics, relative to 
quantum coherence of states - suchas wave- 
function collapse, Indeterminacy, quantum 
non-locality (EPR experiment), entangled" 
particles, etc, This may bean indication that 
in such cases, whenever the Principle of 


Causality is breached or at least 
compromised, we may be witnessing the 
unique effects of the inherent conscious 
microscopic non-linear clocking oscillation 
of the tachions 


Along these lines, although Kozyrev did not 
report observing any effects of time energ) 
which could be considered as "valu 
motivated", he did report on an equally 
mysterious “after-effect" in many 
experiments, which could only be construed 
as signifying a memory process. For 
instance, it turned out that in experiments 
with a vibrating torsion balance (or 
pendulum), at points of support the 
emerging additional forcesdid not disappear 
when the vibration was stopped, but 
remained in the system for an appreciable 
time Interestingly, their relaxation times 
were found to be independent of the 
mass of a body but were dependent on 
its density. The largest effects with 
maximum preservation timeswere observed 
on porous materials like brick orvolcano tuff, 
In enumerating on this unusual preservation 
action Kozyrev observed:"..abody placed for 
acertain time near an (irreversible) process 
and then brought to a torsion balance, 
produced the same effect onitas the process 
itself..aluminum showed no memory. The 
largest memorizing effect for processes of 
both signshas been shown by sugar'{7]. Also, 
his colleague Danchakov later observed in 
conjunction with biological experiments 
that water with decreased viscosity due to 
having been subject to the action of a 
process, exerted a distant action on water 
that had not been under such an action, 
causing its viscosity to decrease as well, 


In this second part of the current dissertation, 
we will examine other important related 
information gleaned principally from 
esoteric sources, referenced in I. These have 
been obtained from books by Jane Roberts: 
The Seth Material, The "Unknown" 
Reality (UR) [2], unpublished transcripts 
(.R)[1], and transcripts from the entity 
Kryon channeled by Lee Carroll [3). This 
information is remarkably corroborative 
with that from Kozyrev research and the 
tachion energy theory. Finally, we will cap off 
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‘our exposition with a briefexamination ofa 
bold new maverick physical theory of sub- 
atomic electron structure, featuring variable 
time/mass attributes, which could be the 
catalyst forbringing the cited elements from 
esoteric knowledge and empirical physics 
research (Kozyrey, etc.) out from their 
hitherto relative obscurity, to the forefront in 
‘our ongoing mainstream investigations in 
probing the cutting edge frontiersof notonly 
physics, but those of the natural sciences as 
well 


Other evidence 


When one compares the transcripts from 
various esoteric sources it's remarkable 
how similar is their description of nature's 
fundamental operationsat the pre-physical 
level. For instance, a careful reading of the 
Jane Roberts’ channeled transcripts from 
the entity Seth, reveals a remarkable close 
connection with the particles termed EE 
(electromagnetic energy) units and the 
above Killick teachings on tachion pair 
dynamics, But first a word of caution to the 
reader, We should resist the tendency to put 
into the frame of reference of our sentient 
physical experience, structures whose 
essence is fundamentally non-physical 
‘The customary physical characteristics of 
duality and dichotomy of fields, and the 
related yardsticks of mass, length and time, 
for the most part, may not apply in this 
situation. 


It would be impossible, however, to 
formulatea comprehensive model for the EE 
unit dynamics were none of the factors for 
gauging physical reality to be able to be 
applied to higher dimensional realms 
Fortunately, one characteristic does survive 
the transition to the non-physical 
framework- the clement of pulsation. Seth 
reports in [2] how EE units, much like 
tachion-pairs are built up and dynamically 
pulsatein response to thought patterns. First, 
depending upon the relative intensity of the 
emotional energy, they will instantly be 
drawn together in clumps or may just as 
quickly disperse, Furthermore, being of a 
pulsating nature, these units canexpand and 
contract. Theoretically, there is no limit to 


their size or frequency of pulsation, Seth 
describes their operation in the following 
manner: Now, thereare electromagnetic 
structures, so to speak, that are 
presently beyond your instruments, 
units that are the basic carriers of 
perception. Their size varies. Several 
units may combine, for example. To put 
this as simply as possible, it is not so 
much that they move through space, as 
that they use space to move through. 
‘There isa difference. 


On this point, if our conceptions remain 
"earthbound" we will not perceive any 
difference between these actions, but once 
we cast our mental gaze beyond physical 
experience, an important distinction 
becomes apparent. To understand this, we 
need onlyreflect on the similar non-classical 
logic that is the basis for the non-orientable 
Moebius topology that we haveseen governs 
the dynamics of the tachion-pair unit [5] 
‘Tachions, whose translational movement is 
governed by the relative pulsation frequency, 
apparently enterand leave our level of reality 
at two times (field equity stages) during each 
pulsation cycle, Before leaving our plane, the 
tachion-pairconstitute what wecall aspace- 
time point. 


Upon returning to our level, due to the 
Moebius topology of the clocking cycle, 
their essence creates a new space-time 
point with enantiomorphic (mirror image) 
characteristics to the first. The resulting 
progress of the units in physical reality is 
thus manifested bya "jerkily discontinuous" 
movement, Summing up, since the units 
are the point they create, it can now be 
understood that the units use space (or the 
nature of the space-time points) to move 
through, rather than the case of 
macroscopic matter which moves 
continuously (or appears to) through 
space. 


Seth continues his description of the EE 
unit dynamics: Laws of attraction and 
repulsion are used and, in a manner of 
speaking, thermal qualities are involved, 
and this is the only bint that your scientists 
have received of them so far. The units 
charge the air through which they pass, and 
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draw to them other units, The units are not 
stationary in the way that, say, a cell is 
stationary. These units have no "home". 
They are built up in response to emotional 
intensity. They are one form that emotional 
energy takes. They follow their own rules of 
attraction and repulsion. As a magnet will 
attract with its filaments, so these units 
attract their own kind and form patterns 
which appear to you as perception. They are 
electromagnetic, in your terms, following 
their own patterns of positive and negative 
charge. In this instance, like definitely 
attracts like. The units are just beneath the 
range of matter. None are identical. 
However, there is a structure to them. The 
structure is beyond the range of 
electromagnetic qualities as your scientists 
think of them. Consciousness actually 
produces these emanations, and they are the 
basis for any kind of perception, both 
sensory and extrasensory. These 
emanations can also appear assounds and 
you will be able to translate them into sounds 
Tong before your scientists discover their 
basic meaning. One of the reasons they have 
not been discovered isprecisely because the 
are so cleverly camouflaged within ail 
structures, 


Beingjust beyond the range ofmatter, having 
a structure, but a non-physical one, and 
beingofapulsatingnature, theycan expand 
and contract. They combine qualities of a 
unitanda field, in other words. Since theyare 
beyond the range of matter, upon which 
matter is formed, they will not follow the laws 
ofmatter, although at times they maymimic 
the laws of matter. It is almost impossible to. 
detect an individual unit, for in its dance of 
activity it constantly becomes a part ofother 
such units, expanding and contracting, 
pulsating and changing in intensity, inforce, 
‘and changing polarity. It would be as ifthe 
positions of your north and south poles 
changed constantly while maintaining the 
same relative distance from one another, and 
by their change in polarity upsetting the 
stablility of the planet- except that because 
of the greater Comparative strength at the 
poles of the units, a newer stability is almost 
immediately achieved after each shifting. 
Even the altruistic motives of the tachion- 


pair as cited by Killick parallels similar 
behavior of these EE units. 


Again from J.R: The behavior of these units 
changes in the following manner. Whenaunit 
in the act of combining with another, it 
aligns its components ina characteristic way. 
When it is separating itself from other units, 
itwillalign its componentsin a different way. 
The polarities change in each case, within the 
units. The unit will alter its polarities within 
itself, adapting the polarity-design of the unit 
to which it is being attracted; and it will 
change its polarity away from that design on 
breaking contact. 


Ken Killick has described the mutual action 
of several tachion-pairs bonding, as the 
origin of standard sub-atomic particles 
possessing features known to modern 
Science such as mass, charge, spin angular 
momentum, magnetic moment, etc. Thus, 
according to tachion energy theory, the 
electron attains its validity, and maintainsits 
structural integrity, by virtue of relations 
between the component pair dynamics [see 
[5)).Since for the bulk of their independent 
existence, tachion pairs are in the pre- 
physical state, we can speculate that they 
may actually be superluminal entities. 
Remarkably, J.R. echoes this view with 
similar notions: ..the electron achieves its 
validity because of these (possibly 
superluminal) orbital units (tachions?) 
What wesee asan electron isnotmade ofthe 
same things as the orbital units, however; it 
isaneffect..when you change thestructure 
of the electron, you are changing the 
relationships between the orbital units, This 
change will require an application ofenergy. 
Itmay be possibleto constructachamber that 
would give the electron more freedom. 


Whatever we do now in the handling of 
electrons is notgiving them enough freedom 
and we are structuring the way in which they 
can appear. The next observation made by 
Seth could prove to be essential in clarifying 
the true nature of time... If electrons were 
given more freedom they would affect our 
notion of time in perceiving them. The 
way the measurements (on electrons) 
are made forces the electron to appear 
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in a particular way, but actually it's 
flitting around, seemingly in many 
places in rapid succession (pulsing in 
and out of physical reality). Turning to 
the structure of elementary particles in [2], 
Seth offers a similar observation in which he 
describes the electron as commonly 
perceived by scientific measurement 
apparatus, as merely a shadow or facade of 
the actual electron entity which constitutes 
amulti-dimensional structure. 


In terms of a structural model for the 
clectron, Seth says it would be more 
appropriate to view these unitsas composed. 
of interrelated fields ratherthanasthecurrent 
conception of a particle or a wave. 
Correspondingly, both of these criteria are 
key elements of the tachion theory, which 
posits the electron as composed of two-pair 
tachion fields. The electron achieves its 
stability-integrity from the interaction of 
these free-wheeling units, 


Electron Spin and Structure of 
Fundamental Time 


Theelectron"spin" feature isalso claimed to 
be integral to the exhibit of "time'sarrow"' in 
UR [2]: The electron spin determines time 
"sequences" from your viewpoint. In those 
terms, then, a reversed spin isa reversed time 
motion..electrons, however, spin in many 
directionsatonce, aneffectimpossible for you 
to perceive. You can only theorize about it. 

Thereare "electromagneticmomentums" thus 
achieved and maintained- certain stabilities 
thatoperateand maintain their own integrity, 
though these may notbe "equal" atall portions 
of the spin. There are equalities set up 
"between" the inequalities..time, in your 
terms, then, is spinning newly backward as 
surely as it is spinning newly into the future. 

And it is spinning outward and inward 
(pulsing inward and outward of physical 
reality) intoallprobabilities simultaneously. 


Itisvitalthatyouunderstanatthisinwardand 
outward "thrust" of time, however, and 
realize that from this flows the consecutive 
appearance of the moment. The thrusting 
gives dimension to time that so far you have 
not even begun to realize... This inward and 


outward thrusting allows for several 
important conditions that are necessary for 
the establishment of " relatively" separate, 
stable universe systems, Such a system may 
seem like a closed one from any viewpoint 
within itself. Yet this inward and outward 
thrusting condition effectively sets up the 
boundariesanduniquenessofeach universal 
system, while allowing for a constant give- 
and-take of energy among them. By their 
unique operation, the EE-units, which form 
the elementary particles such asthe electron, 
serve asthe conduit for this energy flow once 
itis transduced by elements of thought that 
Seth terms "consciousness units"(CUs). 
Continuing in UR on this subject Seth 
describes how time can be alternately 
created or "broken down", The 
consciousness units serve as source points or 
"poles" (Black holes or White holes?) through 
which energy falls into your system or is 
attracted to it- and in so doing, forms it. The 
experience of forward time and the 
appearance of physical matter in space and 
time and all the phenomenal world, results. 
As CUS leave your system, time is broken 
down, Itseffects are no longer experienced as 
consecutive, and matter becomes more and 
‘more plastic until its mental elements become 
apparent. ‘These observations are 
corroborated by Kryon in hisdissertations to 
follow. 


Specifically, in the Kryon channelings, 
further insight on this electron "freedom is, 
given in the context of change of frequency: 

‘There is something we call the electron haze 
which isaround the nucleus ofthe atom. The 
space between the energy haze and the 
nucleus (which isgread), varies more thanyou 
think in matter. As the space varies, the speed 
(frequency) of the haze must change. It is in 
the physics where the speed of the haze is 
strongand fast that you have adifjerent time- 
frame than your own..you have not yet 
accepted that an object can seem to be 
stationary- yet traveling (vibrating) very fast. 

Not in a linear time from point A to point B, 
butin the electron haze ofits vibrating parts. 


JR. corroborates these comments in this 
dissertation: Einstein considered relationships 
ofthis sort that holdin the far universe asone 
increases velocity towards the speed oflight, 
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but there are also "inner" situations (altered 
stationary states) that relate these 
quantities, and that are much easier to get 
into. In regards to atomic structure to allow 
for frequency changes, Kryon adds:Whatisit 
that makes the distance between the parts 
change? Thisisthe puzzle for the scientists. For 
the area between the nucleus and the energy 
haze although vast, isnotvoid. Itisapatterned 
soup ofenergy (theso-called"vacuum"), and 
itis within the pattern of this null that changes 
the distance, and therefore the speed 
(frequency) of the haze. 


Mass, gravity and time are intimately 
related to this frequency change in the 
atom. Witnessthecomments from |.R: Time 
existsasan invisibledragonmatterand 
thisis interpreted asgravity. Time exerts 
a definite force like gravity, and this is 
connected with the bebavior of the 
electron. However, since we always look at 
electrons in a certain way and gravity ina 
certain way, we miss the connection, And this 
related comment as well: There is another 
equation to be discovered that expresses the 
relation between time, mass and gravity: 
Kryon reiterates this sentiment, along with 
relatively detailed scientific information: 
Gravity is an absolute product of the 
characteristics of mass andtime..one of which 
you may change. 


What hasbeen missingsofarin your thoughts 
ishow gravity isrelatedto time, and that the 
entire issue of gravity, mass and time isnon- 
linear. You have yet to develop the formula 
ofphysics. Itisnothere yet, and we are going 
logiveyou threeattributesoftheformula, but 
without the formula. These attributes are 
understood but the way they relate are 
misunderstood. Your science is just now 
beginning to see the shadows of them, 
however. The firstattribute of the formula is 
the ability to understand thedensity of mass. 
Why is the electron haze so far from the 
nucleus? We have told you that you can 
change this distance, and in doing so, the 
density will change in the massthatisdefined 
by the atoms being shifted. The electron haze 
will have to vibrate faster (this is possibly the 
"freedom" referred to earlier by J.R.), the 
Closer itis to the nucleus; when the electron 


haze vibrates faster, its time-frame will ship. 
Therefore, thesecondattributeoftheformula 
isatime-shift, and they go together. Also, be 
aware that you make an erroneous 
assumption that the actual speed 
(frequency?) of the electron haze must 
always be the same no matter what the 
distance. This is not understood yet either. 
There isadifference between speed (velocity/ 
translatory rate) and vibratory rate, and it 
bas to do with the actual physical definition 
ofthe electronbaze. 


Mass discrimination is the ability to control 
the density of mass. With a density shift will 
come a time-shift, and with a time-shift will 
come a third attribute..we will call the 
reality of location, or where the matteris. 
in which dimensional reality it goes towhen 
shifted. Here is an axiom: shifts in 
dimensionality when matter is 
changed in this fashion createa reality 
where the matter has to be to exist in 
its new form. It might be inches from 
where you changed itor miles, That depends 
on how much it got changed. The difficult 
thing to explain to youisa concept that has 
not been recognized... that matter has a 
reality index, and that itscoreattributesare 
linked to where it exists in time and space. 
Therefore, the three attributes that must 
work together are density, time-frame 
and location. 


Electromagnetic Field 
Manipulation of Cosmic Lattice 
and Time-Space-Matter 


Inregards to tapping this (mass-free) energy- 
haze-soup, between the atomic nucleusand 
electron shells, Kryon speaks thusly: There's 
something we are going to call APD (atomic 
phasic displacement). This is a term that is 
‘going to refer tothe ability to tap the (Cosmic) 
Lattice for unlimited energy. The Cosmic 
Lattice is balanced, but it is not quiet. The 
Lattice has astounding power. Ithasa flow of 
energy that I cannotexplain to you, forthere 
is no paradigm model for it yet in your 
thinking. Therefore, you would not easily 
understand. TheLatticehas vents thatwecan 
best describe as necessary for the flow of 
energy. It balances the slight inequity of the 
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polarity. The vents also have to do with 
time..you willalways find two vents together. 
One will be prominent, the other will be 
secondary. You might graphically and clearly 
seeone, butyou will have to look carefully to 
see its partner. There are always two. This is 
anaxiomor physical rule ofthe Lattice energy, 
and of the universe: This information 
remarkably parallels Killick's teachings on 
tachion energy pairs, 


‘Witness this Kryon pronouncement:Hiding 

within common atomic structure is a 
marvelous peek atsomething that will totally 
and completely mystify you, for itwillseem to 
break all the laws of time and space. The" 
twins" area pair ofatomic parts thatalways 
relate to each other, andare alwaysfoundin 
pairs. You will discover that when stimulated 
correctly, they willalways move together asa 
pair. When you start separating them by 
distance to experiment, they will continue to 
move exactly together. If one's energy is 
converted, then the other will do the same. This 
will cause you to totally reexamine your ideas 
of time and space, for this condition will not 
follow the "ultimate speed" of transmission 
thatyou thought was correct..that ofthe speed 
of light. You will have discovered something 
that travels faster than you can evermeasure. 
Compare this statement with the torsion 
energy claimed by the Russians to travel ata 
billion times light speed [10] 


Inreturning to the discussion on how to tap 
the Cosmic Lattice for energy, Kryon 
continues: The ventsare very necessary for the 
balance of your universal energy. The vents 
are also energy portals, (drains, toyou), and 
arewhere the frontofeach Lattice cell touches 
the back..Like so many other physical 
processes, however, its going to take a 
tremendous amount of energy in order to 
unbalance even one cells nullattribute..Once 
you understand how to" prod" the null to 
‘unbalance itself, you will be rewarded with a 
steady flow ofenergy, farbeyond what you put 
into it. This is accomplished since you create 
your own tiny "vent". An unbalanced cell 
creates a situation where the other cells 
around it will try to" feed" energy to the one 
thatisunbalanced. This createsatap thatwill 
pull upon the Lattice indefinitely, as long as 


your work matches the properties the Lattice 
‘expects to see. Kryon further expandson the 
specific method to accomplish this../Here's 
how it works. Two magnetic fields together, 
posturedin the correct way- away that isvery 
three-dimensional in your thinking process- 
will create a "designed magnetic field" thatis 
very specific. 


..your math told you that 
there might be a possibility of 
invisibility and that was your 
goal. This was again because 
you did not understand that 
because the distance between 
the parts change, it doesn't 
necessarily mean that the 
overall size will dramatically 
change or that it might 
vanish... 


Itsoneyoubaveneverseen, and does not exist 
naturally. Start with tryingseveral magnetic 
fields postured against one another- of 
unequal force and pattern, and at right 
angles, Don't make any assumptions. Think 
freely. Done in the right fashion, these two fields 
willcreateathirdpattern which isuniqueand 
is the product of the original two. This third 
custom-created pattern is the one that you 
want to deal with, andisthe one that has the 
potential of manipulating the Lattice. Once 
you have createdit, you willknow of its special 
qualities by how dramatically it changes the 
physics around it. And this important 
‘admonishment is given: Here is a caution, 

Keep this experiment away from your body. 

Keep the experiment in check with your 
scientific methods. Go slowly. Understand 
what you're seeing before yougo onto thenext 
step. Do not expose yourselfto any magnetic 
fields. Remotely conduct all energy 
experiments. Remember that magnetics also 
plays an important part within your body 

(DNAcomponents). 


Here is another. Understand that if you 
unbalance the Lattice too grandly and too 
greatly, you will have atime displacement, 


104 


New Energy Technologies, Issue *5-6 (14-15) September - December 2003 


for the process also involves the property of 
time...One ofthe actualphysicalplayersinthe 
creative process ofunbalancing the Lattice is 
the manipulation of the time-frame of matter. 

This is not time travel, but time 
displacement. It is where you are actually 
addressing tiny partsofmatter, and changing 
the time-frame they are in. When the inequity 
of time-frames meet one another (matter 

mixed up with differing time attributes), the 
resultis a displacement ofdistance (reality of 
location). Although there is no horrendous 
danger for Earth within this time 
displacement, it can and will affect the local 
situation within the experiment. In other 
words, itcan create a matter-distorting effect, 
completely stopping the experiment, and 
actually dislocating the parts. We are not going 
losay anymore about thisat the moment, but 
the more astute scientific minds reading this, 
will go to the next obvious step..and the 
answer is "yes", the Lattice is also the key to 
quick travel oflarge physical objects..even of 
very short distances. 


Possible Documented 
Demonstrations of Time-Space 
Warping 


Such fantastic transformations were 
possibly evident in the Hutchison 
experiments [11], in which metal samples 
were catastrophically fractured when 
exposed to radiation from the unique 
electromagnetic field effect. It was also 
noticed that many physical objects of 
different composition which were separate 
in space before the electromagnetic field 
was applied, became inexplicably 
embedded in each other once these objects 
were radiated by the field effect. For 
instance, pieces of wood contained 
metal knives, etc. Other metal samples 
were catastrophically fractured in their 
molecular-atomic crystal arrangement, 
producing a substance which was uniform 
and geometrically symmetrical at one end 
but appeared to have the resemblance of 
corrugated cardboard at the other. 


Also, similar to Kryon's assertion of the 
inevitability of time-shift with massaltering 


phenomena, in  Hutchison's work 
anomalous inertial impulses were recorded 
on film, sometimes resulting in the 
complete lift/levitation of various 
substances of different mass, We notice also 
anomalous inertial impulses were a feature 
of the Zinsser "kinetobaric’ effect [12], in 
which due to excitation by sawtooth 
microwaveimpulseswith very fastrise 
time, a sample attached to a torsion 
balance, deflected the balance for days and 
weeks after the original excitation was 
extinguished. Notice the similarity between 
these results and those of the Kozyrev 
experiments, some of which reportedly 
featured a memorizing preservation effect 
onatorsion balance, ete. 


Wealso find additional confirmation from the 
basically anecdotal evidence from the alleged 
legendary Philadelphia Experiment in 1943, 
which apparently causedeither large time-or 
space (teleportation) shiftsin a Navy ship. In 
fact, in another piece Kryon himself possibly 
speaks directly about the Philadelphia 
Experiment, providing us with further insight 
into important possible new paradigms for 
time, mass and energy: In all your questions 
regarding magnetics and the massless 
condition, you have never asked about what 
happened in your year 1943. You tried to 
create a massless condition with coarse 
equipment and little understanding of what 
you were doing. Inthe processyou actually did 
‘create an unstable massless condition for a 
moment. Its instability created a situation 
where, insteadofatruemassless condition, you 
received one where the time-frame changed 
but the parts within the sphere of the time 
change did not have the fine-tuned 
synchronicity needed fora massless object. The 
resultwasan actual distance displacement of 
the objectinstead ofa true massless condition. 

Indeed, humans were involved on the large 
objectand their biology was damaged greatly. 

Your experiment was donein an atmosphere 
ofdesperation, and your goalwasflawed. For 
your math told you that there might be a 
‘possibility ofinvisibility and thatwas your goal. 

This was again because you did not 
understand thathecause the distance between 
the parts change, itdoesn'tnecessarily mean 
that the overall size will dramatically change 
(or that it mightvanish). 
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Although this may seem like a paradoxtoyou, 
the internal mechanics of small particle 
behavior supports this. The change is 
measurable but very small, much like what 
happens with heat and chill.. Many of you 
have guessed correctly thatmagneticsand 
electricity play a critical role in the 
determination of the real attributes of 
mass..and the magnetic variables that 
determine the mass product, are often 
working within very small particles to create 
the density of an object and also its time- 
frame. The time frame ofamassless object is 
Slightly different than your own, making you 
to appear slightly slower than the massless 
object. Its reaction to more traditional mass 
molecules around it is also predictable: 
because of the very slight time displacement, 

it tends to change the number of electrons 
within the atoms directly in contact with it. 

This is a clue on how to detect a massless 
objecteven ifyou can'tsee it 


The reason you felt the object (ship) would 
vanish was that you were able to simulatea 

"vanishing" in ihe laboratory with smaller 
objects. This observation was not consistent 
however, so you again were in desperation 
totry this experiment ona larger object. The 
"vanishing" was an illusion and was due to 
adistance displacement rather than an"in 

place" vanishing..does this give youa clue to 
Tong distance travel using magnetics and the 
vibratory rate ofmatter?.. Only one human 
on the planet bas ever captured a true 
massless condition, and even this was a 
coarse one and lasted for only for a few 
moments that were uncontrollable inscope. 

This massless condition was created in the 
primitive workshop of a great electrical 
scientist in your culture on the American 
continent not too long ago. If you were able 
tovisithis workshop, you would note the holes 
inthe ceiling and the patched glass-covered 
light port where his massless objects took off 
and wildly flew everywhere. If be had been 
born 50 yearslater he wouldhave been able 
to control the attributes of the experiment. As 
itwas, he did not have the precision tools you 
have now to direct and control such an 
experiment. It was his great passion to 
understand this phenomena, but because it 
wasso uncontrollable and sporadic, he was 


never able to bring others to see it work, for 
he couldnot accurately create it consistent: 
This depressed him in bis later years, for his 
was.a great three-dimensional mind,. When 
asked the identity of this scientist Kryon 
replied: The inventor of your multi-phase 
current, born in the land you now call 
Yugoslavia. 


From the above information, there emerges 
aremarkably consistent picture suggesting 
that atomic structure may not beas rigid or 
immutable as formerly thought. Changing 
the fundamental frequency of vibration of 
atomic structure can perhaps apparently 
not only change the density of matter by 
altering the distance of electron shells from 
the nucleus, but in so doing alter the time- 
frame of that object, its mass and also the 
reality of location of that substance 
Certainly, the implications of the Kozyrev 
research, among others, can possibly form 
the basis for the eventual technological 
implementation of these futuristic 
principles. Perhaps those experimenting 
with the relatively detailed data provided 
by Kryon on APD can actually realize this 
coveted goal. 


Maverick New Theories in Physics 
Suggest Fluid Nature for Time, 
Space, Energy 


The Dirac theory is to be understood as a 
theory ofthe electron with electromagnetic 
interactions. It consists of the Dirac wave 
function and its properties, including the 
Dirac equation and relations to physical 
variables such as energy-momentum, spin 
and position probability current. In spite of 
itsindisputable mathematical successes, the 
Dirac theory is still without a completely 
satisfactory physical interpretation. In 
particular, the so-called zitterbewegung 
(‘jitter motion") isa distinctive feature ofthe 
Dirac theory which continues to be the 
subject of conflicting interpretations in the 
standard scientific literature. The concept of 
zitterbewegung was introduced by 
Schrodinger to interpret high frequency 
oscillations in free-particle wave packets of 
the Dirac theory. These oscillations with 
angular frequency 2mc?/h arise from 
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interference between positive and negative 
energy components of a wave packet. 
Schrodinger interpreted the oscillations as 
fluctuations in position of the electron about 
an average motion, However, this concept 
has not been interpreted in the bulk of the 
literature as having an objective significance, 
buthaserroneously been viewed by standard 
theory asa mathematical artifact of the one- 
particle Dirac theory which does not appear 
in a correctly formulated quantum field 
theory. 


However, as noted theoretical physicist 
David Hestenes suggests in the first of his 
recent article series in the journal, 
Foundations of Physics [13], itis only by 
interpreting the zitterbewegung literally and 
objectively as point particle motion, that a 
complete and coherentinterpretation of the 
Dirac theory can be achieved. Moreover, this, 
model has implications that have not yet 
been previously considered by established 
physics that relate directly tosome of the key 
featuresof sub-atomic behavior enumerated 
in the tachion energy theory and also in the 
microscopic dynamics of elementary 
particles revealed by the selected esoteric 
channelings that we have previously 
considered in the present exposition. 


In particular, itimplies that the electron is the 
seat of a fluctuating electromagnetic field 
which oscillates with the DeBroglie frequency 
of the electron (1.6x 10?'cycles/sec) 


‘Thus ittellsusthata kind of electromagnetic 
wave-particle duality is implicit in the Dirac 
theory. Of course, this contradicts the 
conventional view that wave-particle duality 
is a property of matter which is completely 
independent of the nature ofitsinteractions. 
If the zitterbewegung is an objective 
phenomenon, then it originates from 
electron self-interaction, since it persists in 
the absence of external fields. In this new 
theory which considers the zitterbewegung 
as an objective physical phenomenon, the 
electron massandspin canbe identified with 
the energy and angular momentum of 
electromagnetic interaction, It suggests that 
the self-interaction is such that there exist 
certain stable, non-radiating but accelerated 
states of motion; in particular, for a free 


particle, this implies motion in a circle with 
the radius of a Compton wavelength- the 
zitterbewegung, The zitterbewegung implies 
that some of the mass, at least, is kinetic self- 
energy associated with a spin, and it 
reconciles the mass with a zero mass of the 
bare electron, Thus, according to this bold 
new theory, the electron spin arises from a 
helical world-line in spacetime, To be sure, 
some researchers have previously postulated 
such a helical electron dynamics. 
Unfortunately, such models have failed to 
explain whya helical motion forspin should 
depend on interference between positive 
and negative energy states or why the 
zitterbewegungshould depend on the waya 
wave packet is constructed, or even how the 
zitterbewegung can be the origin forelectron 
spin despite the fact that it vanishes for plane 
wave states that certainly describe a particle 
withspin, 


The Hestenes model does offer an 
explanation forsuch effectsand accounts for 
the ubiquitous feature of spin angular 
momentum as a function of the 
zitterbewegung, The essential 
unprecedented feature of the Hestenes' 
zitterbewegung idea is the association of the 
spin with a local circulatory-helical motion 
characterized by the phase factor of the 
clectron wave function, 


Thus, we reach the conclusion that the 
complex phase factor of the electron wave 
function can be associated directly with an 
objective helical motion of the electron, 
which is, in turn, a derivative of the 
zitterbewegung. Although the idea of helical 
motion connected with the electron has 
been considered before, it has not previously 
been related to electron phase to produce a 
completeinterpretation of the Dirac theory. 


Moreover, in the next installment of his 
dissertation [14], Hestenes argues that the 
zitterbewegung is not only an objective 
dynamical phenomenon associated with 
the electron, but is a ubiquitous 
phenomenon, with manifestation in every 
area of quantum mechanics, even in the 
non-relativistic domain, For instance, by 
showing that spin angular momentum can 
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be regarded as angular momentum of the 
zitterbewegung fluctuations, _ the 
zitterbewegung interpretation of the Dirac 
theory begun by Hestenes in reference 13, 
provides an explanation for the electron 
spin and magnetic moment in the physical 
circulation of momentum and charge. It 
also explains the mass as the energy of this 
circulation, Thus, the origin of the 
zitterbewegung is attributed to self- 
interaction of the electron with its own 
electromagnetic field, The relations derived 
by Hestenes in this article suggests that the 
interaction is of magnetic origin, since it 
has the form of a Larmor precession energy 
if spin angular momentum is proportional 
toaself-generated magnetic field. The so- 
called "rest mass" of the electron is thus a 
kinetic energy of self-interaction. It is this 
that gives the electron its inertial 
properties, and the flywheel-like nature of 
this inertia may be the ultimate origin of 
spin dependence in electron scattering, 
And the Heisenberg Uncertainty relations 
can now be attributed to the 
"zitterbewegung fact" that an electron 
cannot be confined to a region smaller than 
a Compton wavelength. Also, the stationary 
states of a bound electron exhibit a 
resonance of the orbital frequency with 
harmonics of the zitterbewegung 
frequency, which is imposed formally in the 
standard’ theory by requiring single- 
aluedness of the wave-function, Evidently, 
such resonances, so prominent in quantum 
mechanics, can be interpreted as 
zitterbewegung resonances, This leads toa 
new explanation of penetration of a 
potential barrier by sub-atomic particles as 
due to zitterbewegung fluctuations in 
momentum, and the Aharonov-Bohm 
effect as a shift in zitterbewegung phase. 
‘The zitterbewegung phase factor literally 
represents a physical rotation. The rotation 
rates of this phase in time and space 
directions are the source of the electron's 
energy, mass and momentum, 


Inhis third paper(15], Hestenes drawsacloser 
relation of the zitterbewegung dynamics to. 
the Dirac theory by suggesting that the latter 
actually describes a statistical ensemble of 
possible electron motions, which are actually 
governed by the zitterbewegung sub- 


structure. Sincethe energy-momentum of the 
electroncan now be interpreted in termsofa 
rotation ratein thespin-plane, Hestenesthen 
derives a corresponding relation which 
defines a variable mass for the electron- 
another unprecedented idea which is in 
agreement with the information given by 
Kryon in his dissertations and Ken Killick’ 
tachion theory. The mass m, the scalar radius 
of curvature r and the zitterbewegung 
frequency all covary with changes in the 
rotation rate in the electron spin-plane 
Hestenes obtains a relation demonstrating 
that the electron mass is inversely 
proportional to the zitterbewegung 
frequency. This conforms to the relativistic 
concept of mass as a measure of energ; 
content, But here, mass is concluded to be 
primarily a frequency measure. This also 
conforms to DeBroglie’s original idea that the 
electron contains an internal clock with 
frequency determined by its mass, though for 
a free particle, the zitterbewegung frequency 
differs from the DeBroglie frequency by a 
factor of 2, Moreover, the new key relation 
derived by Hestenes: m-r = 1/2h (i, Planck's 
constant), says that this frequency measures 
the radius of curvature of the electron world- 
ling, soitisa thoroughly geometrical quantity. 
‘Thus, asmassincreases the radiusof curvature 
decreases, in concert with the tachion 
dynamics as well. All this suggests that the 
electron mass relates our externally imposed 
time scale to a time scale intrinsic to the 
electron. 


‘The reader can see that the information 
transmitted by J.R.is also remarkably similar 
in this connection. It should be evident that 
there is introduced a new concept of mass 
here, though, toa certain extent, itwasalready 
implicit in the Dirac theory. The formerly 
vague concept of mass as some kind of 
material stuff is completely gone. Also, no 
longer is vanishing mass a distinguishing 
feature of particles moving with the speed of 
light. 


Corroborating Research on 
Oscillatory-Fluid Nature for Time 


In his recent  thought-provoking 
dissertation [16], Tom Bearden relates of 
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the dynamic influence of time on a 
material system: "But we can also 
legitimately state that 'time is energy’ and 
be rigorously accurate...Time is extremely 
compressed EM spatial energy..Without 
further elaboration, we speak of a 'mass' 
in which a small portion exists as 
‘masstime' rather than mass, as having 
been 'time-charged’ or'time-excited’ 


‘The t-polarization wave in the time 
dimension is quite unique: The spatial 
energy of the wave is in equilibrium and 
not vibrating at all; instead, the photons 
comprising the wave are vibrating in their 
time-components... In short, mass m is 
changed into masstime mt by photon 
absorption... Rigorously, a mass does not 
really ‘travel through time’ continuously, 
per se, but proceeds with an overall serial 
change mechanism, driven by its total 
virtual and observable photon 
interactions, as m+ mt+ m+ mt+..We 
propose that this may account for the 
duality of particle and wave...The particle 
actually oscillates at a high rate between 
the mand mtstates... Mass 'travels through 
time’ by an extremely high oscillation 
between corpuscle-like state and wave- 
like state", Notice how Bearden's 
description of the macroscopic operation 
of time on a physical system closely 
parallels Hestenes' proposed model for of 
the zitterbewegung dynamics at the sub- 
atomic level which provides the electron 
(and possibly photons, etc.), with a time- 
substructure (its internal "clock") 


We can see many other places in Bearden's 
treatise where the unique terminology 
chosen can now be put into direct 
reference with equivalent concepts and 
unique phraseology employed by many of 
the researchers examined in the current 
exposition. This cross-referencing 
certainly provides much needed 
clarification about key ideas for researchers 
currently involved with the development 
of this fledgling discipline that we shall 
term causal mechanics, after Kozyrev's 
designation. 


Allsuch efforts will help to place investigative 
endeavors currently scoffed at’ by 


establishment science on a firm rational 
foundation, as well as assist in synthesizing 
seemingly disparate but surprisingly related 
‘anomalous" phenomena. For instance, to 
implement the science he has termed 
"vacuum engineering’, Bearden often speaks 
of the necessity of establishing a "local time- 
stress of the vacuum potential", This 
process, which as we hope to have shown, 
here is completely legitimate, is identical to 
what Smith calls creating a’ "tempic field 
gradient’, Kozyrev's “alteration of time- 
density", or Alexander Frolov's"changein the 
local time-rate’. 


Itcan clearly bescen that such ideascan only 
be perceived as science fiction fantasy, if we 
observe strict adherence to all current 
received paradigms (even in superstring 
theory), which consider space and time 
purely from their relational standpoints. 
‘These theories must of necessity involve 
models employing scalable metrics for their 
proper description. However, once we 
embrace the novel view posited here that 
vacuum energy is primary and both local 
space and time are derivatives of this mass- 
free non-scalable dynamic non-local 
oscillating substratum, then we can conceive 
of space and time properly as 
complementary aspects of non-local 
conscious reality, neither fixed in a scalable 
manner or subservient to the other, but fluid 
and mutually interdependent features of 
energy in constant flux (see the related ideas 
voiced by A. Correa and P, Correa in I). 


With this approach we will then come to 
acknowledge the technological feasibility 
of many of the "futuristic" claims made in 
the channeled transcripts. For instance, we 
can see that it will no longer be necessary 
to propel elementary particles to 
relativistic velocities, or to probe 
astrophysical systems possessing large 
gravitational fields, to recognizealterations 
in space, time and mass parameters, since 
these phenomena can equally as well be 
accomplished in the laboratory by 
modifying atomic structure of stationary 
matter through electromagnetic means. 
Once again, peruse the Kryon dissertations 
on this process, for it may be key to future 
technology. 
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Forthosewho wish to furtherinvestigate these 
theoretical possibilities, the papers of 
A.A. Nassikasare recommended. Nassikashas 
postulated what very few researchers before 
himhave theorizec:theexistenceofaground- 
form probability density function forenergy,as 
a necessary precursor to the malleable 
(deformable) characteristicsoftimeand space 
[18]. One of Nassikas’ conclusionsis significant 
in light of ideas articulated in the present 
exposition concerning the hypothetical 
tachion-pair model for reality (see I). Here we 
refer to the key push-pull oscillatory 
(’breathing") operation between space and 
time, which may be responsible for the 
structural integrity of matter as we know it 
(again re-read the Hestenes zitterbewegung 
model). 


Researcher Alexander Frolov has taken 
Nassikas’ theory even further to suggest an 
explanation for the anomalous over- 
unity effect that has continually been 
demonstrated in low-energy nuclear 
reactions (LENR) over the past decade [19]. 
In such so-called "cold fusion" cells the 
Palladium cathode is over-saturated with 
protons, producing a local imbalance in the 
vacuum engine, causing a local alteration in 
the time-frame of the experiment to 
compensate the local change in energy 
density, Subsequently, as Frolov claims, 
this time-frame change converts non- 
local time-energy directly into heat 
energy, similar to Kozyrev's 
description of energy production by 
stars. Perhaps this observation might 
provide the hitherto missing key in our 
understanding of fusion by electrolytic 
action. 


Conclusions and Prospects 


In the preceding paper itis sincerely hoped 
that the author has demonstrated ample 
evidence that will spur on researchers of a 
kindred spirit towards the development of 
new paradigms for space, energy, mass and 
especially time. All these concepts, as well as, 
the foundations of current classical 
clectromagnetic theory, are in need of a 
drastic overhaul before we can fully 
appreciateandunderstand the operations of 


nature as it interrelates the metaphysical- 
mental realms with the physical level of 
reality. 


At any rate, the continual appearance of 
research results, such as the Kozyrev effect, 
which up to present apparently resists 
explication in terms of conventional 
scientific paradigms, certainly offers clear 
evidence of the incompleteness of our 
knowledge of nature, even in this 
enlightened era since the dawn of the new 
millennium. 


Accordingly, hints as to how the Kozyrev 
effect arises in association with the 
postulated active properties oftime, and how 
the latter interacts with known physical 
forces,canassistus towards the development 
of a more comprehensive paradigm which 
embraces a wider spectrum of human 
knowledge - one in which the current 
conundrums rampantin the foundations of 
theoretical physics, and biological science 
disciplines as well, which have hitherto 
prevented the establishment of a unified 
model of all physical interaction, can find 
satisfactory solution, Also, such empirical 
evidence which generally flies in the face of 
current scientific wisdom, presents the 
greatest challenge to our ongoing search for 
new sustainableenergy sources which will be 
of absolute necessity in the future, 


In this light, if formally integrated into 
scientific thought, the tenets of tachion 
energy theory, which isbased on an altruistic 
modus operandi, also may hold profound 
implications for the status of our very social, 
political and religious structures as well 
Indeed, unlike the impersonally motivated 
interactions believed tobe the basis for force 
interactions in modern sub-atomic physics, 
which help sustain our illusory belief in the 
supremacy of the ego, the philosophical basis 
of tachion dynamics is an able reminder of 
the humility of purpose which shouldbe the 
guiding force whatever our walk of life. Like 
tachion-pairs, in the ideal social structure 
individuals will work side-by-side, yet 
achieving a common accord. United in the 
circle of their activity they will work together 
joyfully in freedom, each with his own task, 
yet always conscious of the common bond. 
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With the full import of these simple truths 
appreciated, tachions may afford a rational 
justification of the formerly "unprovable" 
mystical doctrine of the omnipresent 
intelligent plan behind the working of the 
universe at all levels of conscious reality. We 
will come to realize the profound truth of 
Einstein's vision of ultimate reality couched in 
his heretofore cryptic statement, "God is 
subtle, never malicious" 
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Alexander V. Frolov, Russia 
7 Lev Tolstoy Ste St.Petersburg, 197376, Faraday Laboratory Lid. 


In one of our issues we published an article about the results of the experiment conducted by SM. God 
and V.V. Roschin. They started in 1990 at Moscow Aviation Institute (MAI) when a technical physi 
laboratory was created in Machine Industry Projects Institute at the "Aeropromservice Association, Their 
research work was financed by private investors and was continued in close cooperation with Chair 
310 of MAI, especially with Prof. PhD. LK. Kovalev, Prof. PhD. V.V. Rybakov and PhD. KY. Ilyushin. By 
1991 "a device for inner energy of matter conversion" had been designed and tested (according to the 
‘Technical Design Assignment), The prototype was finished in the middle of 1993 (Fig.1), 


Fig1 
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‘The experiments resulted in the 
possibility of creating a 7 kW output 
power in load after the rotor was sped. 
up to 10 rps, but in the autumn of 
1993 the laboratory was closed due to 
the investors’ financial problems, 
Now their research work is 
continuing in Moscow and we hope 
the scientists will obtain new 
experimental results. 


You can email S.M. Godin for 
more information at: 
smgodin@online.ru 


Considering the theoretical basis of the 
functioning of these systems I should 
suggest a number of 
for prospective reseai 


SM. Godin, VV. Roschin et. al. (Physics 
of Negative Viscosity Phenomena. Prof, 
Victor P. Starr. Massachusetts Institute 
of Technology) spoke of vacuum. 
(quantum medium) as a physical 
medium possessing negative 
viscosity. At that rate, it is worth 
making assumptions that can be useful 
to the developers of this topic. I think 
that standard (positive) viscosity of 
‘matter, from the physical point of view 
presupposes the presence of positive 
friction and a "work-to-heat" entropy 
transformation. Consequently, 
negative viscosity should 
correspond to the negentropy cycle 
‘heat is converted to work". This is 
exactly the stray heat conversion once 
described by Tsyolkovsky in 1914. 
Apparently, the medium of the kind 
supports self-sustained vortices 
characterized by the surrounding 
medium — heat —_ absorption, 
which was mentioned yet not 
explained by S.M. Godin and VV. 
Roschin, 


It is possible that all the elements of 
matter are the self-sustainable vortex 
structures. To mathematically describe 
these physical mechanisms, the 
notions “heat-work-heat" 
transformation and "time" or 
ravitation" should be interrelated. 
Russian philosopher Pavel D. 
Uspenskiy had been making related 
research since the year 1910. 


Fig2 


From the conventional point of view, this device (Fig 1) creates 
a circulating energy flux described by the Umov-Pointing 
vector (toroidal vortex) as the roller magnet field vector is 
vertical and the electric field is radial. 


S.MGodin (on the left) and AV Frolov (on the right), St 
Petersburg, June 2001. 
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Imventor’s Week Con ce 
cat 2003, USA : 


‘This year the annual Inventor's Week-end 
Conference was held on September 19-20 in 
Seattle, Washington, The conference featured 
several interesting inventions, including MEG. 


Bill Alek demonstrated a device that he believed 
could let him detect Vortex-Energy. It was attached 
toa meter, and his belief was that if he walked into 
a naturally-occurring energy vortex carrying the 
device it would show him changes in gravitational 
and other energies. He cited the Vortices in Santa 
Cruz and Oregon as examples that might be good 
for experimentation. 


Z-Pod, Bill Alek 


Bill Alek 


In his report "Introduction to Parametric Mass 
Fluctuation - a breakthrough in Energy and 
Inertialess Field Propulsion’ Bill Alek presented the 
Z-Pod, developed to test a theory of solid-state 
parametric mass fluctuation. Here is the URL for a 
good overview of the device that he published 
online at www.intalek.com: 


http://www.intalek.com/Index/Projects/ 
SmartPAK/Projects/ZPOD/ 
ZPOD_System03.pdf Rio Von Stenberg, 
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Rio Von Sternberg was presented as the original 
inventor of the MEG. He apparently has a patent 
on the device; however, from his presentation 1 
understand that his configuration is somewhat 
different than the model that J.L.Naudin and 
‘TEBearden have been experimenting with. 


Alexander Peterson had a very interesting 
presentation on optical-mirror magnetic field 

stems. The crux of his presentation involved 
cutting precise notches into magnetic coils to 
separate them into identical optical-isomeri 
shapes. Apparently, by cutting a thin line directly 
down the center of the transformer-core is believed 
by Peterson to increase the efficiency of electric 
motors by up to 50%, 


Alexander Peterson 


Mark Plotkin, a well-known Washington DC 
attorney also took part in the conference. He is 
interested in new energy technologies and works 
with new technologies in collaboration with Mark 
Whitford at www.awetecinfo. The photo of Mark 
shows him rotating a steel coil apparatus that was 
passed around the conference by Slim Spurling, 


Mark Plotkin 


Slim Spurling is an inventor from the Southwest, 
shown holding a helical-wound coil that he claims 
provides health benefits through an interface with 
zero-point energy. Sputling’s belief is that this 
specific circumference of the coils provides a 
‘asimir-like Effect" that concentrates the energy. 


Donald Smith 


Note: Donald Smith, a well-known inventor, also 
took part in this year's conference. His work is 
described in more detail in a separate article of this 
issue. 


Full information on the conference and 
reports is presented at http:// 
ionvalve.com /iw/2003/ 
conference2003.htm. 
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e SG8a Inertia” Patents 


Informati 


rom www rexresearch.com/inertial/ 


N26,290,622 (7/18/01) es 
Mechanical Force Generator i 
Murray, Lawrence D. [| 
N26,259,177 (7/10/01) 
Motion Imparting System 
Deschamplain, Daviv 


1 


Ne 5,937,698 (8/17/99) 

25,890,400 (4/06/99) Centrifugal Propulsi 
Apparatus for Generating onSystem 
a Propulsion Force Kunz, William T. 


Oades, Ross A. 


N26,089,511(7/18/00) 

Method & Apparatus Ne 5,966,986 (10/19/99) 
for Propulsion Propulsion System 

Rasmussen, James K. Laul, Virgil R. 
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No 5,673,872 (10/7/97) 
Apparatus for Energy 
Transformation & Conservation 
Shimshi, Ezra. 


GO 


25,831,354 (11/03/98) 
Bootstrap Propulsion. 
System 
Stopplecamp, Timothy J. 


No 3,492,881 (2/3/70) 
Prime Mover 
Auweele, AlbertJ.v. 


25,410,198 (4/25/95) 
Propulsion System 
Butka, Kemal 


Ne 5,860,317 (1/19/99) 
Gyroscopic Propulsion System 
Laithwaite, Eric R. & 
Dawson, Wm. 


Ne 5,685,196 (11/11/97) 
Inertial Propulsion 
Plus Device & 


Engine 
Foster, Richard E. 
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vans Peers - 


Ne 5,167,163 (12/1/92) 


Energy Transfer Device No 5,182,958 (2/2/93) 
McMahon, Johnc. Non-Linear Propulsion & 
Energy 
Conversion System 
+ Black, James W. 


Ne 5,782,134 (7/21/98) 


Flectromagnetically Actuated 

Thrust Generator 

No 5,557,988 (9/24/96) 

CentripetallyImpelled Bouden, James D. 
Vehicle 


Claxton, John C. 


Ne 5,156,058 


Converting Rotary Motion Ne 5,488,877 (2/6/96) 
to Centrifugal 
Lineal Motion Inertia Drive 
Bristow, Theodore R., Jr. Lieurance, Richard L. 
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N25,024,112(6/18/91) 
Gyroscopic Apparatus 
Kidd, Alexander D. 


Ne4,801,111(1/31/89) 
System for Propulsion & 
Positioning 
Rogers, Charles E., et al. 


N24,991,453(2/12/91) 
Centripedal Device for 
Concentrating 
Centrifugal Force 
Mason, Lyle M. 


N25,111,087(5/5/92) 
Propulsion System 
Butka, Kemal. 


N24,784,006(11/15/88) 
]Gyroscopic Propulsion 
Device 
Kethley, Lancelot L. 


N25,090,260(2/25/92) 
Gyrostat Propulsion. 
System 
Derloy, MS.& Derloy M. 
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N24,884,456(12/5/99) 
Centripedal Device for 


Concentrating 
Centrifugal Force 
Zachystal, George J. N04,788,882(12/6/88) 
Flywheel 


Fulop, Charles. 


Ne 5,054,331(10/8/91) 
‘Controllable 
Gyroscopic Propulsion 
f ‘Apparatus 
No5,042,313(8/27/91) a 
Conversion of Rodgers, A-T- 
Rotational Output 

to Linear Force 


Montalbano, Paul J. 


Ne4,856,358(8/15/89) 


No4,770,063(9/13/88) Conversion of 
[Universal Propulsion Powerplant &| Rotational Output 
Impulse Drive Unit toLinear Force 
Mundo, James D. Montalbano, Paul J. 
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N24,744,259(7/17/88) 
Apparatus for 
Producing a Directional 
Unit Force 
Peterson, Oscar F.A. 


N04,712,439(12/15/87) 
Apparatus for Producing a Force 
North, Henry. 


No4,242,918(1/6/81) 
Mechanical Propulsion System. 
Srogi, Ladislaw G. 


© © 
Ne°4,674,583(6/23/87) 


impulse Drive 
Peppiatt, AlvinC., etal 


Ne4,409,856(10/18/83) 
PropulsionSystem 
de Weaver, Fred, III. 


Ne4,579,011(3/1/86) 
Propulsion Apparatus 
Dobos, Elmer M. 
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N04,577,520(3/25/86) 
Mechanical Propulsion System 
Colla, Joseph. 


N24,631,971(12/30/86) 
‘Apparatus for 
Developing a Propulsive 
Force 
‘Thornson, Brandson R. 


Ne 3,889.453(6/17/75) 
Propulsion System 
Mast,Oscar. 


N24,238,968(12/16/80) 
Conversion of Centrifugal Force 
to Linear Force & 
Motion 
Cook, Robert L. 


Ne4,726,241 (2/23/88) 

Continuous Force & Impact 
Generator 

Melnick, Harry. 


No4,261,212(4/14/81) 
Unidirectional 
Force Generator 
Melnick, Harry $. 
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No3,968,700(7/13/76) 
Converting Rotary Motion 
intoa 
Unidirectional Linear Motion 
Cuff, Calvin I. 


Ne4,347,752(9/7/82) 
Converting Rotary Motion. 
to 
aRectilinear Force 
Dehen, Frederick L. 


Ne 3,998,107(12/21/76) 
Converting Rotary Motion 


into 
a Unidirectional Linear 
Motion 
Cuff, Calviv L. 


No3,979,961(9/14/76) 
Propelling an Object by an 
Unbalanced Centrifugal 


Force... 
Schnur, Nicolas J. 


cE 


No4,398,431(8/16/83) 
Mechanical Power Transmitting 
System 
Melnick, Harry S. 


N23,555,915(1/19/71) 
Directional Force Generator 
Young, Hersey W.,Jr. 
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N23,750,484(8/7/73) 
‘Centrifugal 
Thrust Motor 
Benjamin, Paul M. 


Ne 3,863,510(2/4/75) 
Inertia Engine 
Benson, Everett H. 


Ne3,916,704(11/4/75) 
Vibratory Motion 
Gaberson, Howard A. 


Ne 3,756,086(9/4/73) 
Propulsion System 
McAlister, Roy E., etal. 


Ne3,810,394(5/14/74) 
Centrifugal 
Mechanical Device 
Novak, Leo J. 


Ne 3,807,244(4/30/74) 
Device for Transforming Kinetic 


Energy 
Estrade, Fernand. 
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Ne23,196,580(7/27/65) 
Toy Vehicie Having...Self-Contained| 
Drive Means 
Rakestraw, Robert G. 


No3,584,515(6/15/71) 
Propulsion Apparatus 
Matyas, Laszlo B. 


No 3,266,233(8/16/66) ~ r 
Inertia Propulsion Ne 3,177,660(4/13/65) 
Device Propulsion 
Farrall, Arthur W. Apparatus 


Haller, Paul. 


N23,653,269(4/4/72) 
Converting 
Rotary Motion No 3,683,707(8/15/72) 
into Propulsion 
Unidirectional Motion System 
Foster, Richard E. Cook, Robert L. 


& 
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No 3,182,517(5/11/65) 
Variable 
Oscillation System 
Dean, Norman L. 


Ne4,087.064(5/2/78) 
Orbital 
Propulsion 
Apparatus 
Knap, George. 


A 
No4,095,460(6/20/78) 
Converting 
Rotary Motioninto 
Unidirectional Motion 
Cuff, Calvin I. 


Ne2,639,777(5/26/53) 
Method & Device for Imparting 
LateralMovement 
Dull, Marshall L. 


No2,886,976(5/19/59) 
System for 
Converting Rotary Motion into 
Unidirectional Motion 
Dean, Norman L. 


N23,203,644(8/31/65) 
Gyroscopic 
Inertial Space Drive 
Kellogg, H. Dudley 
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No 2,636,340(4/28/53) 
Direct Push 
Propulsion Unit 
Llamozas, Juan D. M. 


g é 
Ne5,150,626(9/29/92) 
Translational Force 


Generator 
Navarro, T.L. 


38,714(3/8/66) 
Thrust Motor 
Schur, George O. 


Ne2,009,780(7/30/35) 
Centrifugal Variable Thrust 
Mechanism 
Laskowitz, Isidor B. 


7 


No 2,088,115(7/27/37) 
Reaction Motor 
Neff,Tom. 


{B. 


3,404,854(10/8/68) 

pparatus for 

Imparting Motion toa 
Body 


ly 
di Bella, Alfio. 
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The Free Energy, 


trifugal Force 


This experiment is conducted by Faraday Lab Ltd 
in cooperation with V. I. Bogomolov 


In the previous issue we wrote about the invention of 
Bogomolov V. I. The device shown in Fig.1 (and alsoon 
the cover) was constructed and tested in our laboratory. 


Fig.1 
‘The Device 


The simplified diagram is known as "Maxwell's 
Pendulum’ (Fig.2), This isa disk set onto the horizontal 
axis with two attached strings. The upper ends of the 


strings are fixed to the crossbar. 


Fig.2 


If we wind the strings about the 
axis, the disk will lift (the height h) 
and store the potential energy of 
the Earth's gravitational field 
E=mgh (m - mass of the flywheel; 
g - free fall acceleration; h - the 
height of themassfall).Ifwe let the 
pendulum go, we can observe 
periodic "up-and-down" damped 
oscillations: first, the string spins 
and potential energy converts into 
rotation kinetic energy; upon 
reaching the lowest point the disk, 
still rotating, goes up using rotation, 
kinetic energy and then convertsit 
again into potential energy. This, 
device is interesting: due to the 
energy conservation law we can 
observe the usage of rotation 
kinetic energy of the flywheel, 
measuring only the h-parameter, 
the liftheight of the flywheel strings 
in the second semi-oscillation 
compared to the height with which 
the pendulum started fallingin the 
firstsemi-oscillation, the difference 
hl -h2of the ewosemi-oscillations 
isdirectly proportional to the losses 
of rotation kinetic energy for air 
resistance work and friction, 


We have made "Maxwell's 
Pendulum" more complicated by 
substituting the flywheel disk for 
the Watt centrifugal governor in 
accordance with its description in 
the article (1). The main difference 
of the device from Maxwell's 
flywheel is that the flywheel inertia 
momentum changes by the 


hy = 1100 mm centrifugal force operation at the 
bs =9S9 mm_ lever transferring of weights (the 


m (otal weight - 1200 g) from the 
™ minimum radiusposition (40 mm) 
to the maximum radius position 
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(90 mm). At that, the levers compress the 
string with the force of about 16 N. 


There have been three stages of the 
experiments. During the first stage we define 
the necessary lift height of 1100 mm at 
moment when the string winds around the 
axle, When the flywheel falls from this height, 
the rotation speed and centrifugal force are 
achieved, which move apart the loads to the 
maximum radius (90 mm) and which 
completely compress the string, During 
the second stage the loads are fixed at the 
minimum radius position (40 mm), thus the 
compress string centrifugal forces are not 
involved any more and we can measure the 
air resistance and friction losses of kinetic 
energy. At this stage the flywheel lifts up 
to 980 mm losing 120 mm, During the third 
final stage the load fixing rodsare taken away 
and centrifugal forces are applied. just 
like during the ’second stage the Watt 
governor starts spin-falling from the height 
of 1100 mm. It compresses the string andllifts 
up to the height of 1030 mm thus 
exceeding the second stage height 
by 50mm! 


The experiment conclusions of the 
author: 


1, At the third stage the flywheel exceeds the 
“loss height” h=980 mm, This means that the 
compression of the string was performed "for 
free’ 


2. At the third stage the flywheel converted 
kinetic energy into potential energy and lifted 
up 50 mm more. This means that in 
accordance with the principle of conservation 
of moment of momentum, the outer 
compressed string energy force has 
caused the momentof momentum change of 
the rotating masses, thus giving the additional 
acceleration to the flywheel andincreasing 
its kinetic energy "for free"! 


3. For the practical application of the 
Bogomolov generator in order to generate free 
energyitisnecessary to achieve a high rotation 
speed (more than 10 000 rpm) and involve 
centrifugal forces to transfer the rotating mass 
to the less possible inertia radius difference. 


‘The described centrifugal regulator diagram is 
not sufficient for larger experiments, For the 
industrial generator the author has a 
hydraulic-principle pneumatic string device 
drawing (know-how) 


Editor: Also in this issue: the article on "Glen Gates 
Motor" by A. Akau. The principle is almost the same. 
The further implementation of this ideamay soon 
design purely mechanical power-generating 
gystems, which use inertia and centrifugal forces. 


References: 


1 Bogomolov V1. "The Bogomolov Generator’, New 
Energy Technologies, ksue * 4, 2003, 


Magnetic Powet Inc. (MPI) is developing Self-Powered Generators. Together with its subsidiary, Room 


‘Temperature Superconductors Inc, 


(see the website www.ultraconductorscom), MPI has raised a 


total of more than $7 million from Angel investors to date, 


Due to a pleasant surprise, solid-state electric power generators might be fabricated by modifying off- 
the-shelf utility hardware. If confirmed in coming weeks, this could result in serial fabrication by this 
time next year, since large devices of the type needed for conversion are presently manufactured 
worldwide, 


Multiple modules may prove able to replace power plants. 


smaller units appear practical for powering 


homes. Later, optimized designs might replace engines in every variety of vehicle. These generators 
may make possible very rapid utilization of fuel and pollution free electric power --a revolutionary, 
new, renewable energy alternative. 


Accredited Angel investors can help speed the work needed to bridge into major capital, and 
accelerate this remarkable alternative, Multi-million dollar funding is on the horizon. Additional 
information is available privately. We welcome due diligence by qualified parties. 
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History of Perpetual Motion 
and Free Energy Machin. 


Web site http://www.phact.org/e/dennis4.html 


Hundreds of people for centuries have 
attempted to solve the holy grail of energy 
production - Perpetual Motion Machines. 
Still to this day Eric Kreig gets weekly emails 
from people who feel they are about to get 
‘one working. Ericis very skeptical about free 
energy. But his collection of information is 
y interesting, Eric offered a special prize 
for those who will agree to publicly test their 
over-unity devices. 


* Villand de Honnecourt 13th century 
hada drawing of one, 


*¢ Leonardo da vinci made a number of 
drawings of things he hoped would make 
energy for free. 


# Jesuit priest, Johanes Taisnerius 
worked on a magnetic based perpetual 
motionmachine. 


¢ Mimara in 1518 designed a “self- 
blowing windmill”. 


¢ John Dee of 16th century reported 
seeing one - but wasn’tallowed a closer look. 


* Cornelis Drebbel, 1610, was an 
alchemist and magician supposedly made 
one. 


* Robert Fludd 1630 proposed many 
machines -people were trying to patent 
variations of Fludd’s device in the 1870's 


¢ Edward Somerset 1638demonstrated 
many free energy water wheels to the king of 
France. 


#1635 - first of many English perpetual 
motion machine patents granted.- By 1903, 
600 such patents had been granted. Free 
cnergyclaimantslove impressing people with 
patents. 


* Ulrich von Carnach in 1664 in 
Germany designed a perpetual ball-moving 
machine. 


+ Scientist Jean Bernoulli (1667-1748) 
proposed fluid energy machine. 


+ Bockler in 1686 made designs for self 
powered water mills. 


+ In 1712 Johann Bessler aka 
Orffyreus investigated 300 different 
perpetual motion models and claimed he 
had the secret of perpetual motion and got 
much investment money. 


¢ Dr Conradus Schiviers in 1790 made 
a belt driven wheel. 


Sir William Congreve in 1827 tried a 
machine running on capillary action, 


*  Britisher Henry Prince1866 described 
the first partially submerged perpetual 
motionmachine. 


¢) Mark Zimara of Italy had a huge air 
powered machine that never worked. 


+ Horace Wickmam of the USA got a 
patent toa machine with many balls that just 
rotatearound. 


* Austrian, Alois Drasch patented a 
machine in the US in 1868. 


+ German, George Andreas Bockler 
proposed ‘selfoperating mills’ using variants 
of Archimedes screws. 


¢_ E.P.Willis of Connecticut made money 
off a perpetual motion machine in 1870 - 
people eventually found outa secret source 
of power toit. 
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+ Charles Redheffer in 1812 in 
Philadelphia made much money on a 
perpetual motion machine, tried to restrict 
scientific evaluation, but was eventually 
debunked, 


# Scottish shoemaker Spence designed a 
magnetic based machine, which was 
debunked, 


*¢ John Worrel Keely of Philadelphia in 
1872 (he also had a traveling show of 
exhibitions), He fooled many scientists with 
amachine, which appeared to run on water. 


+ John Gamgee in 1881 got considerable 
support for a machine very similar to Dennis 
Lee's, which used liquid ammonia - it got 
vaporized from heat readily available, thus 
expanding it would drive a piston. Gamgee 
thought the vapor would condense to liquid 
to start the cycle over again. The Navy 
appeared to have been fooled and showed it 
topresident Garfield - it never wentanywhere 
‘Tom Napier agrees that Dennis Lee may have 
resurrected Gamgee's engine. 


¢ J. M. Aldrich was arrested for getting 
investors for his free energy machine in 1899 
- he some how was able to avoid conviction 
and conned many investors. Oneof whom was 
finally able to inspect the machine found a 
hidden spring, 


¢ TH. Moray in the 20's demonstrated a 
“radiant energy device” to many people who 
were unable to find a hidden power source. 
Some how, the secret was said to have been 
forgotten. 


* Lester Hendershot in 1928 got an 
Army commandant to endorse his free 
energy machine - but it was later found to 
have a hidden power source in the motor. 
His sons believe Lester lost his notes and that 
maybe they can rediscover how to get it to 
work, 


*¢ Viktor Schauberger claimed to have 
discovered some special vortex energy in 
water, Since he died in 1958, I don’t know if 
hisclaimshave been replicated, but people are 
still studying his works. 


¢ MrPapfin 1966 wasa conspiracy believer 
alternative car engine got a few investors but 
killed someone during a demo. He tried to 
blame the problem onan investigating skeptic. 
He disappeared and became part of urban 
legend of scores of people, which the big 
conspiracy hasbeen silencing for generations, 


¢ Guido Franch was convicted of fraud in 
1954 and 1973 of selling rights to distribute 
little green pills thatwould convert water into 
gas. He hid behind conspiracy theory and 
secrecy to avoid fair testing. A number of 
people have run this scam and many people 
still believe there are pill repressed by the oil 
companies. 


* Garabed T.K. Giragossian in 1917 
claimed to have a free energy machine. He 
was one of the early frauds to hide behind 
conspiracy theory. Woodrow Wilson signed 
a resolution offering him protection from 
some kind of conspiracy. After much fanfare, 
and delaying tactics his machine turned out 
tobea giant flywheel, which was charged up 
with energy slowly and put out a lot of 
energy for just a second. In spite of lack of 
proof of anything significant his followers 
still bothered the US congress for 
recognition, 


¢ Otis Carr in 1958 sold stock for a 
company to manufacture UFO's and free 
energy machines from Oklahoma. He claimed 
inspiration from Tesla. 


Edgar Cayce even babbles about “Motors 
with no Fuel’. 


*¢ McClintock was claimed to use air as a 
fuel and had a patent, 


* The Evgray machine scammed many 
investors (who didn’t know how to test 
‘depleted’ batteries). 


¢ Arnold Burke in 1977 collected 
$800,000 of investor money (again, mostly 
from bible believing farmers) for a ‘self acting 
pump’. He tried to hide behind religion. He 
called his device Jeremiah 33:3' Finally, an 
open test was done in 1979 and found a 
hidden source of electricity. His believers (with 
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an infinite supply of denial) still raised 
$250,000 to get out of a fraud conviction. He 
still went on making lots of claims with no 
evidence, 


¢ Robert Adams in 1977 made all kinds 
of conspiracy and OU claims in New 
Zealand, Many still believe in the Adams 
Motor. - He had the obligatory battles over 
patents, debates over theory, debates over 
power measurement and dabbling in other 
areas of alt physics, He’s 80 years old and said 
to have a scientific education, He has a lot 
of theories about Aether. Skeptical 
information. 


+ Robert Stewart in 1978 got over 
$3,000,000 of investment money (much from 
farmers) fora closed cycle engine using freon 
rather than water. This ‘engine’ used thesame 
scheme John Gamgee tried to sell the navy in 
1882. -Eric Krieg thinks this is the same 
approach Dennis Lee’s free energy machine 
works on, | think he just faded away (people 
claim he was silenced). 


*¢ Rory Johnson of Elgin Illinois, claimed 
tohave invented cold fusion, laser activated, 
magnetic motor that produced 525 HP, 
weighed 475 Ibs, and would propel a large 
truck or bus 100,000 miles. After signing a 
numberof dealers, he moved all his equipment 
‘out of hislabs, moved to Cand died. (To this 
day, folks say he was silenced by OPEC). 


* RJeseph Maglich was a physicist and 
claimed to have a device in 1978, which 
harnessed fusion power from seawater. They 
say they put power in and get more power out. 
Pvenever heard of them since. 


¢ Howard Johnson got a patent for a 
device that claimed to make free energy from 
amotor like device. As of 11/02, Stephen was 
claiming he would soon mail out samples of 
working ones. By 12/12/02, Stephen dropped 
‘outofcontact. 


* Keith Kenyon hada device claimed to 
produce more energy than consumed. 
Calculations seemed to not take power 
factor (also known as phase angle) into 
account. It never openly had its output 


hooked up to its input. Even Dennis Lee tells 
his followers that all the over unity motors 
(claim to make more electricity than 
consumed) usually just fool people who 
can’t measure power factor. 


¢ Muller: Bill Muller and Carmen Muller of 
Germany raised moneyon an over unity motor 
and got a few followers, but never actually 
demonstrated one working, 


* Dennis Lee Since 1988 has been 
promising to demonstrate free electricity 
“in a month or two”, He is much like 
Newman in his mixture of religion & 
extremist politics, evasion of qualified 
investigators, endless promises, threatening 
detractors, etc. He had a Fischer engine, a 
CRD device and now, and OU motor device. 
Dennis has invested in Searle and Stanley 
Meyer and joined Pantone in 2001 in a 50 
state tour. 


¢ Stanley Meyer 1996 claimed to have a 
water powered car and wasalso bigon mixing 
Christianity and patriot politics in with fringe 
science, Meyer was found guilty of fraud after 
his Water Fuel Cell was tested before an Ohio 
judge. Itisrare foran inventor tobe prosecuted 
for an invention that does not work, but 
Meyer's problem was that he had been selling 
“dealerships”, offering investors the “right t0 
do business” in Water Fuel Cell technology. 
Meyer refused to allow anyone else to measure 
his device. Dennis Lee investedin him, Hedied 
in early 1998, 


* Joseph Newman in 1984 claimed to 
have a free energy machine based on 
alternative physics. Like many perpetual 
motion inventors, he sued the US patent 
office. Many people wrongly measured the 
true power output of this machine, (they 
didn’t realize you must specially calculate 
power for non sinusoidal current 
consumption). He now refuses to shipa unit 
for testing. Ten years ago, inventor Joseph 
Newman gave an open  weck-long 
demonstration in the Super dome in New 
Orleans, Over 9,000 people attended from 
across the country (including Dennis Lee who 
reportedly wanted to join his ideas with 
Newman). Newman is suing some former 
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investors he claims are trying to steal his 
invention. I give more information. Evan 
Soule of Newman’s organization offers a 
rebuttal. 


+ Bruce De Palmahada machine in 1986, 
which appeared to one Electrical Engineering 
professor to put out 4 times more power than 
consumed. Turned out it was just a 
measurement error, (We could go on andon 
with such examples). 


* Dr. Potapov sold a device that was 
claimed to produce more energy than 
consumed. 


Editor: Eric’s skeptical remarks can be 
tolerated but sometimes he writes about the 
things he does not know. Potapov and his 
team have created a technology, which have 
been replicated and sold by dozens of 
companies in Russia (see the cover picture of 
the Susorov heat generator). There are 
several devices in St. Petersburg to be tested. 
The efficiency is 200 % and more. The 
operation principle: electric motor rotates in 
water and causes the heating of water. We 
have also received the information about 
another Russian invention, namely the close 
cycle vortex generator: “water rotation - 
vapour - turbine - electric power “ (the 
power is from 100 kW). 

Alexander V. Frolov 


¢ John Bediniclaimsto havea free energy 
device, 


¢ Mr. Finsrud is a Norwegian artist who 
madea sculpture where a metal ball moves for 
weeks apparently with no outside influence. 


¢ Don Watts of Las Vegas in around 1990 
had a patented CEACU, which stands for 
Centrifugal Energy Amplification and 
Conversion Unit-it turned out tobeonemore 
investment fraud, 


* Stephan Marinov claimed to have 
proven much alternative physics and to have 
contacteda Methernitha thatclaimsto havea 
Free Energy Machine, He committed suicide 
on July 15, 1997 but he left behind some 
intenserants. 


*¢ Greg Watson sold kits for a rolling ball 
and track that were thought to have over unity 
in 1997. Attempts of replication | know of 
have failed, 


¢ CETI These people have claimed to have 
a device that puts out anomalous yet small 
amounts of heat - maybe cold fusion. They 
raised millions. As of 10/97,they havenot been 
willing to have me come over and see for 
myself. They have said, we want people to think 
itdoesn’t work so we won't have competition. 
I've wondered if the energy may have come 
from not accounting for friction effects from 
the cooling flow through the pellets. Jed 
Rothwell, rational editor of Infinite Energy 
Magazine says “however, tests with CETI cells 
atMotorola, SRland the FrenchAtomic Energy 
Commission show no measurable friction”) 
Milton Rothman has a response: “I openly 
admit that I have not followed all the history 
of cold fusion claims and am generally 
ignoranton thesubject”. 


* In January 1998 Barbara Hickox 
allegedly has a patent dating from 1981 fora 
fusion powered free energy system, 


¢ Paramahamsa TewariofIndiaclaimsto 
have a device that is 200% efficient. 


* RQM is a Swiss company selling FE 
machines foundat www.rqmch. 


*¢ Ted King is looking for people to buy 
stock for a car he plans to drive across the 
country using just 2 12-volt batteries, Youcan 
contact Ted if you want to buy shares, 


* Bruce Perreault has claimed to have 
discovered anew element, the plasmatron, ion 
pump, radiant energy device, etc. 


¢ Daniel Pomerleau of Canada claims to 
have something that works, but he isn’t 
interested in releasing it (as 12/97) 


+ Entropy Systems of Ohio 1999 Sanjay 
Amin got 1.6 million investment dollars for a 
device that would violate the 2nd law of 
thermodynamics. I'veasked them to apply for 
my prize forproof.-Theyseem tohave folded. 

See a rational review of Amin’s claims. 
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* Brian Collin of Australia claims 
revelation from God (like most ofthese people) 
to make a free energy device. A Stephen Mark 
claimed he invented it. 


¢ Kawai and Takahashi - both of Japan 
claimed in the 90's to have overunity devices. 


¢ Carl Cella claimed to have one of the 
many cars said to run on water. 


*¢ Robert LeBreton in 1999 claimed to be 
making a 600 hp free energy machine. 


*¢ Renzo Boscolio in 1999 in Italy claimed 
to have low-energy nuclear reactions but 
refused to supply real proof that he promised 
to people who came out from Infinite Energy 
Magazine. 


* Doug Konzen of Seattle says he has an 
overunity motor in Jan of 2000 that anyone 
cansee, 


*¢ Troy Reed of Oklahoma was ready to 
issue licenses for manufacturing his 
permanent magnet motor etc. He’s taking 
investment money fora device he claims puts 
‘out more heat energy than input energy. He 
says he’s dumpeda few million into his designs 
over the last 10 years and had little interest in 
my prize offer when I contacted him in 2001 


*¢ Kipper Motor. In 10/00, Steve Elswick 
thought it was overunity. But David Sligar who 
paid $175 for plans could not get it working, 


+ Ludwig Brits and Victor Christie in 
2001, claim the Lutec free electricity over 
unity motor/generator will soon be in 
Australia. 


¢ Jasker in 2002, an Irish company has 
claimed to have free electricity. (Some have 
said it is just a joke). 


+ Confidential Technology -Wayne 
Cochran died 12/29/02 Crazy Jack Carey 
took over. They have been promising FEsoon 
for about 20 years now. 


+ Tom Bearden’s MEG device: many 
articles on the Internet. 


* Gurbakhsh Singh Mann of India 
claims to have invented gravity and buoyancy 
perpetual motion machines, 


* Michael J. Marshall in Las Vegas has a 
device called QSFG , which stands for quick 
start fuel-less generator he says 64 nations 
have asked him to build factories. 


* Carl Tilley and Robert Kibbey in 6/ 
2001 in Tennessee have claimed some over 
unity device and other stuff. Their 
demonstration failed in 9/02 and asof 11/02, 
they have been evading proper 
demonstrations. 


+ Stephen Walker in 9/2002 promised to 
send me and several others a free energy 
machine in mail. 


*¢ PerEnDev promised to make some kind 
of free energy by means of magnets. 


¢ Bill Muller of Canada in 2003 claimedto 
have some kind of OU device. Independent 
tests found it under unity. 


* Energie: In 2003 this Greek company 
promised a homopolar magnet (De Palma 
design) FE design by June of 2003. They 
actively seek investors, 


* GWE Genesis World Energy In 2002 
this group claimed to have 400 people who 
developed some device that sounds like it 
separates water into H2 and O2 using less 
energy than mainstream science says is 
possible. As of 2003, they have evaded 
independentconfirmation, More information 
is available. 


+ Steven Greer (Disclosure Project) In 
02.2003,Steven announced he had discovered 
some real sources of Free energy, which he 
promised to make sure get proven to the 
general public. 
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Tesla Energy Science Conference 
and Exposition 


1220 L Street NW, Suite 100-232 Washington DC 20005 
‘Tel:800-295-7674 
Fax: 301-513-5728 
www ntegrityResearchinstiuteorg, 
Email iri@erolscom 


Saturday, November 8, 2003 
Wireless Electricity Seminar 


9:30 AM 10:15 AM 


Opening Address: 
Foundation 


Space Solar Power” — Dr, Paul Werbos Program Director, National Science 


10:15 AM 12:15 PM 


Special 2-Hour Presentation: “Nicola Tesla and the development of RF Power Systems” - Dr. James 
Corum, Physics Professor, research Scientist and Inventor and Kenneth Corum, Physicist, teacher, 
consultant. 


00 Pm 3:00 PM 


‘ower Engineering Scalar Field Theory: Faraday vs. Maxwell and Longitudinal Wave Demonstration” — 
Professor Konstantin Meyl, Engineer, Author, Inventor of the Demo-Set, Professor at the University 
of Berlin 


3:15 PM 4:15 PM 


Vireless Energy Through the Earth-lonosphere Cavity” — Dr. Elizabeth Rauscher, Nuclear and 
Astrophysicist, Inventor of the ELF Earthquake Predictor and Triangulator. 


15 PM 5:15 PM 


lasters of the lonosphere HAARP Modifies the Polar Electrojet” - BBC Video on Tesla Technology, 
with Wiliam Tetbo, demonstrating ionospheric excitation by radio waves. 


6:30 PM 7:15 PM 


Masters of the Ionosphere ~ BBC Video Presentation repeated for the Special Tesla Evening Event 
attendees 


7:30 PM 8:30 PM 


“The Wardenclyfte Dream: Tesla’s Plan for Wireless Worldwide Distribution” — Dr. Mare Seifer Professor, 
Author of the best-selling book Wizard, The Life and Times of Nikola Tesla, presents an illustrated historical 
account, 


8:30 PM 9:00 PM 


High Voltage Tesla Coil Demo — High Voltage Device with Music: The Tesla Tower wind ensemble 
composition by Prof, Holland, Skidmore College 


Sunday November 9, 2003 
Electrotherapeutic and Tesla History Day 


9:30 AM - 10:30 AM 


Family Perspective on the Personality of Nikola Tesla. Review of the Popular Interest in this Scientifi 
Icon” with Qand A Session — William Terbo, Engineer, Closest living relative of Tesla (Grand-nephew). 
Founder and Director of the Tesla Memorial Society. 
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10:30 AM 11:30 AM 


“The Search for Free Energy: Genius, Vision and Psychology of Invention” ~ Keith Tutt, British Writer 
and Author of the book The Scientist, The Madman, The Thief and their Lightbulb that includes Testa 


215 PM 


11:30 AM 1. 


“Electrotherapy with Tesla Coil Design: Intorduction to Bioelectromagnetics” — Dr. Thomas Valone 
Physicist, Professional Engineer, Author of the new book, Bioeletromagnetic Healing: A rational for its 
Use. 


12:15 PM 1:00 PM 
Exhibitors Presentations ~ Brief Presentations by exhibitors (5-10 minutes each) 
2:00 PM-3:00 PM 


“Emerging Opportunity: cancer Electromagnetic Frequency Therapy” ~ Dr. Mark Neveu President, the 
National Foundation for Alternative medicine. 


3:00 PM 4:00 PM. 


“Turn of the Century Electrotherapy Discoveries” — Jefrey Behay Director, The Turn of the Century 
Electrotherapy Museum. 


4:00 PM 5:00 PM 


“How a Crushed Leg Helped Me Discover High Voltage Electromagnetic Healing Device” - Ralph 
Suddath, Third generation Tesla Electrotheraphy Inventor, radio Host, Entrepreneur 


5:00 PM 5:15 PM. 


Closing Remarks ~ Thomas Valone Program Coordinator 


‘The Conference Report Compilation can be purchased from T. Valone, 
Integrity Research Institute. 


“Nornikel” and Alternative Energy 


“Norilsky Nikel”, the largest Russian non-ferrous metal producing 
company has announced the beginning of the cooperation with the 
Russian Academy of Science. Metallurgists are planning to invest into 
the development of the hydrogen energy and fuel cell R&D projects 

of the Russian Academy of Sciences. Accordingly, last week an 
agreement was signed. Mikhail Prohoroy, the General Director of 

“Nornikel” said that they are ready to invest 20-40 million dollars 

annually into R&D projects of the Academy in this field. 


“Expert” magazine, * 43, November 17-23, 2003 
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DEV Magnetic Motor 


Review 


www perendey.co.za/products/magnetic_motor/index.html 


shown below is a Magnetic Motor with 
Alternator (Patent Pending): 


Fig 


‘This is the "PerEnDev" (Perpetuum Energy 
Devices) company latest motor predicted to 
deliver some 60 kW. Motors can be built up to 
amW. 


Background of the Magnetic Motor 


‘The Company started in 1969 with the 
development of a magnetic motor to drive an 
alternator to produce electricity. The concept 
wassound but the problem they faced was that 
the magnets that were available at the time 
(ferrite magnets) were not very powerful. The 
unit ran but had very little power and the 
project was abandoned. 


In 1996 the "Perendev" company started to 
investigate the possibility of reviving the 


original idea, magnets had now come a long 
wayand were very powerful (rare earth), 


Fig. 2 
Rare earth magnets 


After the engineers successfully designed a 
new model, the company developed a 3 rotor 
system producing 6 kW, coupling this to an 
alternator throughan 11:1 gearbox to produce 
electricity in 220volt and 380volt, single or 3 
phase. 


Fig3 


‘The units will be ideal for the s 
user, such as emergency, milita 


nall and large 
ry, farms, plots, 


New Energy Technologies, Issue *5-6 (14-15) September - December 2003 


137 


industrial and large users.. in fact 
any application requiring power. 


Key Benefits Foreseen: 
# No fuel costs 
¢ Constantrunning 
¢ Reliable 
¢ Cost Effective 


4 Portable (6kw-120Kw) 


Jasker Power System 


Editor:In 2002 "Faraday Lab" got an offer 
from the company to buy their 6 kW 
generator for testing at the price of about 
$6,000. However, no contract was signed. 
The company is currently engaged in 
redesign of their motors and is looking 
for regional partners but they are not yet 
ready to produce on the line. In ourissues 
we will try to inform the readers on their 
activities. Alexander V. Frolov 


Electric Radial Motor 
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Konzen 200-300 percent over-unity energy Space 
Pluse Motor Power Generator 
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‘The RotoVerter Bendini Pulse Motor 


Motorbasedon Flynn Technology Finsrud Device 
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Entirely New Kind Of Generator Invented! 


(1-26-2003 ) TASHKENT, Uzbekistan 
(UPI) - An Uzbek inventor said he has 
created a type of electrical generator that 
does not rely on the principle of 
electromagnetic induction — on which all 
existing generators are based. 


‘The new generatoremploysa concept called 
magnetic conductivity modulation and 
it has potential applications in industry, 
communications, households and even the 
military, explained Vladimir Matveev, the 
inventor, a specialist in electronics. 


Matveev said he is convinced he has created 
a fundamentally different machine. 


All electrical machines know are based on 
the principle of interaction between the 
magnetic fluxes (lines of force) of their rotor 
(rotating member) and stator (portion that 
remains fixed)," he explained. 


Such machines, Matveev said, are based on 
electromagnetic induction, a property of 
energy discovered by Michael Faraday, an 
English physicist and chemist, in the 19th 
century. The machines produce electrical 
current either by moving a conductor across 
a magnetic field or by regulating the flux of 
that field. 


"My machine has a principal difference," 
Matveev told United Press International. "The 
magnetic field of its stator does not interact 
with the magnetic field of the rotor (because) 
its rotor is not a magnet — the rotor only 
changes the magnetic resistance of thestator," 
he said 


‘The stator in Matveev's generator contains a 
magnetic core with a permanent magnet and 
adetachable winding A rotor with changeable 
magnetic resistance is placed ata cutoff point 
in the core's magnetic field. It is composed of 
alternating magnetic and air parts and can 
operate in either linear or rotary form, 


When the rotorissetin motion, itsalternating 
componentspass through the magneticcore’s 
cutoff point. When the magnetic part passes 
through the cutoff point its magnetic 
resistance decreases. When the ait part passes 
through, its resistance increases 


This pulsing of resistance results in changing 
the magnetic conductivity of the magnetic 
core, which in turn produces an alternating 
electrical current in the core’s winding. The 
frequency of the winding's current can be 
controlled by regulating the rotor's speed or 
by changing certain qualities of its magnetic 
or air parts, Also, the generator's electrical 
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‘output — its voltage - can be controlled by changing the 
configuration of the rotor's components, Matveev 
explained. 


Electrical machine assembly - 
FEDORO VF 1996.10.10 1996RU-119822 
(1998.09.27) GOIR 31/34, 31/02 


Addnl.Data: VOROBEI VK MATVEEV V A 


NOVELTY - Device has electrical machine, 
non-brush field exciter with diode rectifier, 
two dynamics double-winding transformers, 
which primary windings are located on rotor 
and secondary windings on stator. One end of 
primary winding of second transformer is 
connected to rotor housing; another end is 
connected to common point of conductor 
which is connected between capacitor and 
cathode of semiconductor diode, which other 
terminals are connected to direct current 
terminals of diode rectifier. Semiconductor 
diode is connected to cathode group of 
rectifier; capacitor is connected to anode 
group. Secondary windingsof transformersare 
connected to actuating member through 
generator of signal, which is proportional to 
resistance of insulation in excitation winding 
circuit, 


USE - Electric power production 


Matveev said his generator is 
different from an invention by 
Howard Johnson of the United 
States, Johnson discovered how to 
build motors that can run without 
input of electricity or any other 
kind of external energy. He 
obtained a patent in 1973 for 
describing electrical generation 
using only the energy contained in 
the atoms of permanent magnets. 


Matveev also said some Russian 
inventors have experimented with 
a generator similar to his. Their 
generator changes its magnetic 
conductivity by changing 
temperature, However, the 
machine requiresa lot of time tobe 
heated and cooled alternately and 
resultsinacurrent frequency much 
lower than what generally is used 
in industry. Moreover, the Russian 
generator requires high steel 
density and greater mass. 


Matveev's machine generates 
clectric energy of industrial 
frequency. Furthermore, he said his 
machine is simple, reliable and 
requires less steel and mass than 
conventional generators. Italso can 
be adapted to flows of low speeds, 
such as weak water or wind 
streams. Matveev tested the 
generatorin his former household 
in Kazakhstan before he patented 
itin Uzbekistan, 


"Lwant to pass the invention on to 
all mankind," he said. 


Boris Abdurakhmanoy, director of 
the Uzbek Koinot (Cosmos) design 
office and head of the laboratory 
of — semiconductors and 
photoelectricity of the Institute of 
Electronics of the Uzbek Academy 
of Sciences, told UPI: "Matveev ha 
offered a fundamentally new 
approach to a problem of the 
creation of electric power 
generators.” 


142 New Energy Technologies, Issue #5-6 (14-15) September - December 2003 


Editor: In the previous issue we made a review of Mikhail Smeretchanski's invention 
"Perpetual motor with magnetic control elements" (# 4, 2003). This invention was 
patented; shown below are some pages from the patent itself: You can contact the author 
by e-mail: smeretchanski.mikbail@wanadoo.fr, or the postal address: 13 av. 
Rochambeau 3800 GRENOBLE FRANCE 


PATENT 
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The Most Interesting Articles - 2003 


In the year 2003 we have published more than 120 
articles, mainly on the alternative energy, new 
propulsion principles and the development of 
ether dynamics, 


" low energy nuclear reactions (LENR) 
efficient electrolysis were represented 
by the works of Professor Kanarev, E. Storms, P. 
Hagelstein, ‘T. Chubb and E. Cartlidge. 


Almost every "New Energy” issue features articles 
on highly-efficient permanent magnet motor or 
generator experiments or patents of the kind. The 
articles by T. Valone, E. Vogel, A. Akau, T. Hardwood, 
A. Francouer and S. Abramov are of great value for 
engineers and researchers in this field 


‘The interesting articles by M. Filo, R Koontz and V. 
Bogomolov reveal several principles of designing 
and building purely mechanical energy generating 
systems, ll these systems possess one common 
feature: namely, the fact that a substance (a solid 
or fluid working mass) is accelerated in the 
gravitational field or in the centrifugal force field. 
‘The design characteristics of the system make it 
possible to obtain free energy. 


‘We have published several articles by S. Gerasimov 
and his colleagues on the reaction-less propulsion 


device experiments, We hope that in the future we 
will keep in touch with these researchers. 


The article by D, Reed on the new physics 
development concepts is worth mentioning too, 
‘The article by E.Sorokodum on new energy sources 
and the article by V. Chemnobrov on the research 
into the active properties of time are of no less 
importance. 


A. Egorov's article on the ball lightning makes it 
possible to form a number of experimental 
approaches to the problem of creation multi- 
purpose stable plasma objects. 


Electrogravity questions, water-powered vehicles, 
longitudinal electromagnetic wave technologies, 
the Searl effect commercialization, capillary 
engines, resonance high-efficiency power- 
engineering, single-wire power lines, heat pumps 
and other similar research works were presented 
to our readers in the year 2003, We have minimized 
theoretical articles and we hope that the magazine 
has become more interesting and useful for the 
new energy practice development. 


Alexander Frolov 
St. Petersburg, Russia 


There is interesting newsgroup of the site: http://www.overunity.com, 
Stefan Hartmann, email: harti@harti.com 
Stefan Hartmann writes: This is the answer I got from Finsrud; it seems that the film they have done about him will 
‘be shown [on Discovery Channel] in 2004 when [if] interpret this norwegian text right.. 


Subject: Documentary Film 
lar Finsrud, 


Dear Sir, 


‘The Australian Broadcasting Company together with The Discovery Channel, have funded my company 
to make a documentary film entitled ‘A Machine To Die For', the story of Perpetual Motion and the 
search for 'Free Energy’ 

Thave read extensively about your Perpetual Motion sculpture and we would be interested in traveling 
from Australia to Norway in order to film this now famous piece of work. At the same time we would 
‘request an interview with yourself, 

Ifyou are in agreement with this it is our intention to be in Norway on the 10th and 11th of July 2003. 
‘This documentary will be released worldwide and should produce considerable interest in your Gallery. 


Mark Eliot 
Catherine Jarvis and Mark Eliot t 
Romany Mil Studios 
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Hydrogenics Secures $3 Million from Japan Auto 
Makers 


Letter from RemyC remyc@prodigy.net 
Contacts: investors@ hydrogenics.com 


Hydrogenics Secures $3 Million in Test Equipment Orders Japanese Auto Makers Select 
Greenlight Power for Fuel Cell Testing Equipment 


TORONTO, Sept. 30 — Hydrogenics 
Corporation (Nasdaq: HYGS; TSX: HYG), a 
developer and manufacturer of fuel cell 
products, announced today that its wholly 
owned subsidiary, Greenlight Power 
Technologies (Greenlight) has received 
orders totaling US $3 million for fuel cell test 
stations from two leading Asian automotive 
customers. Both are repeat orders for 
multiple machines. 


Cumulatively, Greenlight is providing seven 
Fuel Cell Advanced Test Stations (FCATS) to 
two major customers, The first order is for 
three 3 kW PEM FCATS L-Series test systems. 
‘The second is for three 12 kW PEM FCATS H- 
Series test systemsand one 60 kW PEM FCATS 
HX-Series testing station. The stations are 
expected to be delivered over the next two 
quarters. 


"Our decision to open an officein Tokyo, Japan 
over three years ago continues to pay 
dividends," said Pierre Rivard, President and 
CEO of Hydrogenics. "The Japanese market is 
advancing quite aggressively towards the 
commercialization of fuel cell technology, as 
evidenced by our growth in test equipment 
sales to the region over the past three years. 
We are delighted to secure these major 
contracts with customers who are clearly 
setting the pace in fuel cell development." 


Greenlight fuel cell testing systems provide 
high precision instrumentation, combined 
with full-featured software. They deliver fuel 
cell testing results that prove the reliability, 


repeatability and versatility required for world- 
leading fuel cell development programs. 


About Hydrogenics Corporation 


Hydrogenics Corporation (Nasdaq: HYGS; 
‘TSX: HYG) isa leading clean power generation 
company, engaged in the commercialization 
of fuel cell technology and test stations forfuel 
cells. The company is building a sustainable 
business, in a potentially "game changing 
technology" for transportation, stationary and 
portable power. Hydrogenics, based in 
Mississauga, Ontario, Canada, has operations 
in British Columbia, Canada, Japan, the United 
States and Germany. For more information, 
please visit www.hydrogenics.com 


About Greenlight Power 
Technologies, Inc. 


Greenlight’ Power Technologies Inc. 
(hup://wwwegreenlightpower.com),awholl 
owned subsidiary of — Hydrogenics 
Corporation, is a leading global supplier of 
testing and diagnostic equipment to the fuel 
cell industry. It has supplied fuel cell test 
equipment io the world's premier fuel cell 
stack manufacturers, component 
manufacturers, system integrators and 
research organizations. Greenlight providesa 
full suite of test equipment for fuel cell stack, 
stack component, reformer and system testing 
forcompanies focused on portable, stationary, 
and transportation fuel cell applications. 
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Anuvu Incorporated 


3980 Research Drive 
Sacramento, CA95838. 
USA 
Tel: (916) 921-7040 
Fax: (916) 921-7044 
Email:anuvu@anuvu.com 


www.anuvu.com/home.html 


Now ourreaders can get familiar with some hydrogen fuel cell development photos.Itis worth 
‘ofanote that the prices are high for the majority of people. For example, a hydrogen fuel cell 
car costs 100 000 dollars FOB Sacramento, CA. The next picture features a fuel cell van, which 
costs 150.000 dollars, 
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OUTPUT ~ 
IONIZATIO! 


We have received an interesting article from California. Here is the short version. 
of thearticle. 


The Mechanism of The Electric Spark 


Review of the research 
by Leonard B.Loeb 
Professor of Physics, University of California at Berkeley 
and 
John M. Meek, Research Engineer 


Stanford University Press, Stanford University 


Dedicated to Professor’. §. Townsend whose 
pioneer research and theory laid the whole 
foundation for the study ofthe mechanism of 
the electrical spark discharge. 


Although the electric spark has been known 
tomankindin its various manifestations from 
time immemorial, its mechanism has to date 
been little understood, The initial clarification 
of the mechanisms involved is due to J.S 
‘Townsend asa result ofhisbrilliant researches 
in the early nineteen hundreds. On the basis 
of his theory of ionization by collision by 
electrons and positive ions, the fundamental 
mechanisms active and especially the 
coefficients required in theirapplication were 
made available. 


In 1936 the present senior author was forced 
to describe the mechanism of spark discharge 
in terms of a modified but distinctly 
unsatisfactory Townsend theory. In 1935 the 
discovery of photo-ionization in air by corona 
discharge indicated a solution was not far off, 
‘The turning point of a more successful theory 
came in the discovery of streamers in positive 
point to plane corona in 1936. The 
quantitative analysis of the self-propagating, 
positive streamer in all breakdown 
phenomena became clearly evident asa result 
ofthe data concerningelectronavalanches. As 
a result a qualitative mechanism of sparking 
by streamer propagation from anode to 


california 


cathode functioning by means of photo- 
ionization in the gas was established, 


The Townsend Sparking Criteria 


It will not be necessary here to derive the 
famous equation of Townsend for the current 
[i] ina gap between electrodes asa function of 
the photoelectric current fio] from the cathode, 
the gap length [x] and the coefficients [a] and 
[B]. For this the reader can go to any standard 
text. (Editor: the equation is omitted) 


In thisequation the first Townsend coefficient [a] 
represents the number of new electrons created 
in the gas byan initial electron in itsadvance of 1 
cmalong the field axis from the cathode. 


The second Townsend coefficient [B] in 
‘Townsend's original theory was the number of 
new electrons created by a single positive ion in 
itsadvance of I cmalong the field from the anode. 


‘The quantity [a] has been extensively studied 
in various gases, It varies with the ratio of field 
strength to pressure, X/p, where [X] is in volts 
per centimeter and [p] sin millimeters of Hg. 


Note: the reason we are going through this is 
to determine the actual increase in current 
provided by the spark gap, and thus be able to 
design the circuit to avoid blowing out 
semiconductor components. Italso providesa 
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soundand already proven scientific theory to 
work from giving us a good foundation and 
the confidence to proceed with technical 
design work. 


‘The quantity [B] has been evaluated, albeit 
rather inaccurately, from the variations of [i] 
with [x] at various higher values of X/p, by 
many observers in different gases, Inasmuch 
as it has now been shown that there are 
numerous other mechanisms other than 
impact with positive ions, which can liberate 
the secondary electron, needed in discharge. 


‘There has been an inclination to give up the 
mechanism of impact ionizations by positive 
ions in gas. The discovery of measurable 
photoelectricionization in gashasnowmade 
itpossible to explain such cases. Theexactway 
in which photo-ionization in the gas could 
‘operate to cause a spark, was not clear until 
the development of the present streamer 
theory. 


‘The Streamer Theory of Spark 
Discharge Anode Space-Charge Field 
Due to an Avalanche 


Assume a spark gap of 1 cm in length. Assume 
that in air at atmospheric pressure the 
potential across the plates is 31,600 volts, 
whichis the conventionally observed sparking 
potential [Vs] 


Letus then calculate what happensin the field 
to one of those electrons, It starts across the 
gap, quickly acquiring an average random 
energy ofsome E=1/2mC= 3. electron volts 
and a drift velocity [v] in the field direction of 
about 1.5 to 2 times 10’ centimeters per 
second, Asit movesit createsnew electrons at 
a rate of [a] per centimeters in the field 
direction so that in a distance [x] it and its 
progeny amount to e(ax) electrons, forming 
what is called an electron avalanche. 


‘Therefore, e(ax) positive ions have been left 
behind by the electron group, virtually where 
they were formed in the 10” second of 
advance for the electrons in the distance x=q 
across the plates, As the electron avalanche 
advances, its tip is spreading laterally by the 
random diffusive movement of the 
¢lectronsFrom these data it is possible to 


compute the density of positive-ion space 
charge left behind at any point [x]. The value 
of [a] under these conditions is about 17, 
making ¢(aq)=e(17). The first ion pair is 
created at 0.0407 cm from the cathode. At0.5, 
cm from the cathode there are 4914 ions, at 
0.75 cm there are 3.66 times 10° ions, and 
within 0.0407 cm from theanode thereare 1.2 
times 10” ions, Most electrons will be 
drawn to the anode except for some few 
that are bound by the positive ions, 
making sort ofa conducting discharge 
plasma in the avalanche. 


Such a distribution of ions does not make a 
conducting filament of charges across the gap, 
and hence in itself an avalanche that has 
crossed does not constitute a breakdown of 
the gap. Thus one must look further for the 
mechanism of the spark, 


If Loeband Meek are correct then ifwe assume 
a spark gap of 3 mm and a voltage of 5,000 
voltsthere are roughly 2,000 electrons created 
by avalanche for every one electron leaving 
the cathode, Theystate that most of these'free 
electrons’ are absorbed by the anode. [This 
would certainly explain why the 
semiconductor components cannot handle 
the current gain] 


NOTE; Loeb and Meek make little reference 
to initial amperage. There are only two values 
they refer to 10°ampere and 10™ampere. 


In conclusion: Sparks and Arcs are two 
different beasts. My initial research into the 
amperage necessary to form an arc does not 
apply to spark and the process of avalanche 
where this huge gain mechanism is possible. 


Photoelectric Ionization in Gasasa 
Secondary Mechanism 


Accompanying the cumulative ionization 
thereis producedbylectrons from fourtoten 
times as many excited atoms and molecules. 

Some are excited to an energy exceeding the 
ionizing potential of some of the atoms and 
molecules present, either by excitation of an 
inner shell, by ionization and excitation, orin 
amixed gas like air by the excitation of 
molecules of higher ionizating 
potential, e.g., N2 These excited atoms or 
molecules emit radiations of very short wave 
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length in some 10° second. This short 
ultraviolet radiation is highly absorbed in 
the gas and leads to ionization of the gas. In 
fact, the whole gasand the cathode as well are 
subjected to a shower of photons of all 
energies traveling from the region of dense 
ionization with the velocity of light. Thus 
nearly instantaneously in the whole gap and 
from the cathode new photoelectrons are 
liberated which almostat once begin to ionize 
cumulatively. 


The Mechanism of Positive Streamer 
Formation 


‘The photoelectrons created at points in the 
gas and at the cathode at any great radial 
distance from the avalanche axis will merely 
create other avalanches. Those in the gas will 
be shortand those coming from the cathode 
region will be long and like that of the initial 
avalanche. Being smaller and, inany case, later 
in creation than the parent avalanche, such 
avalanches will be of no interest in breakdown. 
However, those photoelectrons created near 
thespace-charge channel of positiveions,and 
especially near the anode, will be in an 
enhanced field, which exerts a directive action 
drawing them into itself. If the space-charge 
field [X1] is in the order of magnitude of the 
imposed field [X], this action will be very 
effective. In addition the values of [a] will be 
muchenhanced. 


The electrons from the intense 
cumulative ionization of such 
photoelectron avalanches in the 
combined fields [X] and [X1] which are 
drawninto the positive space charge feed 
into it, making it a conducting PLASMA 
which starts at the anode. The added fields 
will be most effective along [X] and so will the 
ionization. The positive ions they leave behind 
will therefore extend the space charge towards 
the cathode. These electrons also create 
photons, which produce electronsto continue 
this process. In this fashion the positive 
space charge develops toward thecathode 
from the anode as a self-propagating 
positivespace-chargestreamer. 


As the streamer advances towards the cathode 
it produces a filamentary region of intense 
space-charge distortion along a line parallel to 


the field, The conducting streamer of a plasma 
consisting of electronsandionsextendingto the 
anode thus makes a very steep gradient at the 
cathodeendofthestreamer tip. Asthisadvances 
toward the cathode the photoelectron 
avalanches produced by radiation at the 
cathode, especially at the intercept of the 
extended streamer axisat the cathode, itbegins 
to produce an intense ionization near the 
cathode, Hence the positive ions created there 
may increase the secondary emission, Thus, as 
the space-charge streamer approaches the 
cathode a cathode spot is forming which may 
become a source of visible light. 


When the streamer reaches the cathode there 
is a conducting filament bridging the gap. As 
thestreamer tip reaches the cathode the high 
field producesa rush of electrons towards the 
end of the streamer. This if followed by a 
current of electrons, gives a high-potential 
wave, which passes up the preionized 
conducting channel to the anode, 
multiplying the electrons present by a 
large factor. The channel is thus rendered 
highly conducting. If the metal can emit a 
copious supply of electrons because of the 
formation of an efficient cathode spot, the 
current of electrons continues the channel 
maintaining its high conductivity and ever 
increasing in it. This current, unless limited 
by external resistance, will then develop into 
an arc. It is, however, the intense increase in 
ionization by the potential wave, which gives 
the highly conducting channel characterizing 
thespark. 


Conclusion: According to Loeb and Meck 
thereare three meansby whichasparkinopen 
air will providea very large current gain. If this 
is true, it should be fairly easy to prove with 
inexpensive and unsophisticated equipment. 
Once the actual amount of current gain has 
been determined for the design parameters of 
the spark gap, then the rest of the circuit can 
be designed for the increased current value. 


Editor: It is worth of a note that the 
current gain by meansof ionization was 
patented by Pavel N. Yablotchkov (the 
patent of France * 120684, October 11th 
1887). Some two years ago one of our 
issues featured an articleabout him. We 
think it is worth being published again. 
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PATENT of 1877 by Pavel N. Yablotchkov 


Alexander V. Frolov 


Faraday Lab Led, 


Lev Tolstoy St, 7St. Petersburg, 197376 Russia 


“Tek 7-812-380-3844 


Pavel N. Yablotchkoy was born in 1847 near Saratov, Russia. 
He graduated asa Military Engineer in 1866 and spent several 
years in the Russian Army. 


In 1872 he came to Moscow and started his activities in 
electrotechnical field, Since 1875 he had been working in Paris 
with the famous Louis Breget and his first French patent * 
110479 of November 29th, 1875 was dedicated to an 
electromagnetic transformer. Then he developed and 
patented a lighting system (the well-known Yablotchkov 
electrical candle), In 1876 he patented a new electromagnetic 
transformer for industrial purposes, France * 115793 of 
November 30th, 1876. 


‘The most interesting patent claim on over-unity devices by 
Pavel N. Yablotchkov is known as France patent * 120684, 
October 11th, 1877, "The system of distribution and 
amplification of electrical currents by means of atmosphere 
electricity." The patent describes special capacitors connected 
in series with the load to increase the output current by means 
of ionization, Experiments were conducted together with the 
well-known physicists such as Dr. Maskar, Dr. Varten-Delaru 
and others and they confirmed the 200 % efficiency of 
the circuit. Now we will try to explain the method, 


From s high-voltage source 


Ground tad pola 
wath many naedles 


Fig.1 features a schematic drawing taken from Yablotchkov's 
patent. The Leyden jar is an asymmetrical capacitor, ie. it is 


different in principle from a two-plate 
flat capacitor. The inner electrode of 
the jar should be connected to a high- 
voltage source and in this case the 
changes of the potential have an effect 
on the potential changes on the 
external electrode. It does not work in 
the opposite case and if you connect 
a high-voltage source to the external 
electrode no potential changes will be 
detected on the inner electrode 
Connection to the ground or to a 
special plate (which is covered with 
many needles to increase air 
ionization) is necessary to attract the 
maximum number of electrons to the 
plate surface or to return the 
maximum electrons from the plate 
surface when potential changes on the 
external electrode are produced by 
means of electrical induction in the 
Leyden jar. 


In conclusion I should mention one 
mote supposition of the secrets of the 
well-known Swiss M-L converter 
(Methernitha). The main elements of 
the design are Leyden jar capacitors, 
which have the external surface made 
of perforated metal. 


‘The other known fact is that great 
ionization of air is observed when the 
converter is in operation. So, the 
electrostatic machine can produce 
pulses of a very high voltage (potential 
difference) but it cannot be used as a 
source of a powerful current. In order 
to increase the current in the circuit 
we should apply a certain method and 
Yablotchkov’s technology seems to be 
appropriate. A large surface of the 
external electrode of the Leyden jar 
can be a good solution to the problem. 
Maximum strong ionization allows us 
to obtain the output current several 
times stronger than the weak current 
generated by the electrostatic 
machine 
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Konstantin Meyl 


Scalar waves 


From an extended vortex and field theory 
to a technical, biological and historical use 
of longitudinal wav 


Edition belonging to the lecture and seminar 
,Electromagnetic Environmental Compatibilit 


Preface to the lecture, 1" Edition 1996 


The theme encloses the electromagnetic compatibility of both technical and biological 
systems. Only part of the electromagnetic wave can be considered for function twoubles 
namely the part that was absorbed and has rolled up to a vortex. The activity depends on 
the numberof ereated vortices and of thei lifetime, their decay. 

The eddy current only manifests in conducting materials, In the ait and in dielectric 
materials on the other hand the vortex of the electric field will form, also called the 
potential vortex. To calculate and to measure this vortex is our goal. 


First well carry out a survey of the problems and the usual methods. From the analysis of 
unsolved problems the need for the introduction of the new vortex phenomena is deducted 
and an adequate field-theoretical approach will be chosen. Afterwards the potential 
vortices are calculated and their properties are discussed and interpreted. 
For the purpose of proving their existence, on the one hand the Schrodinger equation will 
be derived and on the other hand the quantum properties of the most important elementary 
particles will be calculated and compared with the well-known measured values, 
Measurement and calculation are in excellent agreement for weight, charge, magnetic 
moment and spin, So the theory not only proofs it’s correctness, in addition it 
demonstrates it can achieve much more. The theory takes us 10 the unification of the well- 
known interactions and physical phenomena and shows itself as an unified theory. 
In the practical conversion and usage of the theory there will not only be informed but by 
all means also be provoked as an entrance in a fruitfully discussion. Fundamental 
questions will be taken up like: What is information, energy, temperature or smell? The 
connection to the theme of the electromagnetic environmental compatibility is formed by 
the technical and the biological usage of the potential vortices, the energy transmission of 
Nikola Tesla exactly like the in a similar way functioning nerve conduction, Here we 
already can expect biological reactions, 


This lecture, held for the first time in the winter semester of 1995/96, is available in book 
form, as an edition belonging to the lecture. This lecture will not deliver ready recipes or 
instructions. The goal is reached when the critical sense of the listeners and readers has 
bbeen inspired and discussions have been set going. Everybody has to draw the 
consequences out of such a theory by him or herself. 

In addition to this lecture a seminar is offered, wherein several themes are supplemented 
for deepened, different theories are compared and possible consequences are discussed. 
‘The appearance of an edition belonging w the seminar has stated in 1998" 
Regarding the conversion of consequences both politicians and scientists are equally 
addressed, because the electromagnetic environmental compatibility has developed 10 one 
ff the most urgent problems of today’s world. But in last consequence all of us bury the 
‘worldwide responsibility for our environment, 


==._K- Meyh Elecvomagnetic environmental compaibiliy, Pat 2 and 3 of this 
book, Edition belonging to the seminar. 
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1. Introduction 


Here the extremely controversially discussed question of the environmental compatibility 
of electromagnetic fields will be persuaded, Limits should inform what is incompatible 
and what is compatible, But there are as many limits as there are commissions and 
specialists, And besides that differ the results from each other for several powers of ten. In 
‘course of time the legitimate doubts become unmistakable and the representatives of 
Science slowly get to feel the burden of proof. 

For the sake of efficiency, the actual discussion conceming the theme of electro-smog is 
fanalysed and the necessity to involve an until now unnoticed field phenomenon in the 
discussion about limits is derived: It concems vortices of the electric field. These potential 
vortices, as they are called, have the corresponding properties to show biological effects 
even at the lowest field strengths. In any case it is not possible to exclude that at present 
the wrong physical phenomena are measured and made responsible. 

‘A parable should bring clarity 

Lets imagine that the © us well-known and over our sense of touch understandable 
physical phenomenon of the temperature is unknown to us, neither measurable nor 
perceptible. Our weather station only exists of a barometer that could show us the air 
pressure and deliver us indications if good or bad weather is to be feared. 
We ready realize that there exists a connection between the air pressure and our health and 
make the to us well-known phenomenon responsible. When the pointer points to good 
‘weather we can go out lightly dressed. With bad weather we should take a coat, so we 
know from experience 

"Now we imagine the realistic situation that in winter we have @ weather situation of high 
pressure but i's stone-cold outside. The weather station will display high temperatures 
‘with the result that some people will walk around with short-sleeved and open shist, only 
to lie in bed with a cold in the evening. OF course the air pressure was to blame! Logically 
the “pressure sensitive", as they are called mocking, demand the limits for the allowed 
pressure 10 be reduced so far that mo consequences for health are to be feared. 
Conceming the theme of allowed limits, seience is asked and science proceeds in a 
systematic way: the pressure is investigated in the laboratory, isolated from all other 
parameters and so it is discovered that man catches no cold even at a substantially higher 
air pressure, so there is no reason to alter the limits. 

‘Actually we would expect these at any time reproducible results to have a calming effect 
fon the minds of the participants of the discussion and on the population. Instead the 
pressure sensitives time and again cite new knowledge that won't ft in the scheme. So is 
for instance stated that draught causes the same health problems although this pseudo 
effect has nothing at all to do with the air pressure. So owing to incomprehensibility and 
‘emotions the discussion about limits becomes a face 

‘The fact that sensitive people react to effects of ait electricity and possibly get ill without 
proof that some today measurable physical quantities are responsible should make us 
think. It is little calming watching our scientists poking at the dense fog whereas at the 
same time among the runners of the new telecommunication networks there spreads 
something like a gold-ligger mood, 

To introduce a new technology is not difficult, but to abolish it for reasons of the 
electromagnetic environmental compatibility is almost impossible! 
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Fig. 1.1: Discussion about limits 


HBL Limits for professional exposition (electronics engineers) and 
EZ Limits for non-professional exposition (population in general) 
according to the Recommendation of IRPA/INIRC 

DD Limits according to VDE 0848 / 1989 
Limits according to VDE 0848 / 1992 
experimentally determined threshold values of reactions of 

© biological systems ©: 

1 Increase of the activity of movement of birds 

2 deflection of divining-rods 

3 influence on the time of reaction of men 

4 conditional reflexes of fish without electrical organs 

5 conditional reflexes of fish with electrical organs 

6 conditional muscular reflexes of men 


taken from: 

TLL. Konig: Unsichtbare Umwelt (Wetterfubligk,), 5. Aufl, Bild 111, S. 123 
Verlag “Moos & Partner Munchen, ISBN” 3-89164-058-7 
‘i>: Habiger ua., EMV, Verlag Technik, Berlin 1992, S. 152 
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1.1 Discussion about limits 


Whoever follows the public discussions concerning electro smog always sees wo arguing 
parties, whose standpoints lie so far apart that they inevitably talk at cross purposes and 
there can be found no consensus. 


On one side the “affected” find together who maintain to have found the electromagnetic 
radiation as the damaging cause for their problems. They are to be taken serious, even 
‘when only their personal sensitivity serves as means of measurement and proof and a more 
for less distinct sensitivity against electromagnetic phenomena. This group occasionally 
finds support of homeopaths who can base on reproducible laboratory resulls that fit as 
few into the view of life of science as the empirical statements of affected and possibly 
hurt people. 

On the other side stand the representatives of the energy-supply companies and the 
runners of radio networks who argue with the needs of our modem industrial society and 
give "limits" prescribed to them by scientists. These, for their part, proceed according 10 
Strictly. scientific methods. Their presented results are reproducible and there's no doubt 
about them. 

‘The limits after all are fixed far below those that are recommended from a scientific 
Viewpoint. Nevertheless both groups are separated from consensus by powers of ten. 
When we want to know how deep the ditch is we want to bridge, we should take a look at 
the determined limits (Fig. 1.) 


“The limits stem fiom the IRPA (International Radiation Protection Association) an organ 
ofthe World Health Organization that in turn has appointed the INIRC (Intemational Non 
Tonizing Radiation Committee), These now state to have used all available scientific 
research results as bass forthe given guidelines. 

Moreover a safety range was worked into them, So the limits were fixed at substantially 
lower levels to guarantee that no health damage arises. In this way Fist the limits were 
determined forthe people who for reasons of profession are exposed to electromagnetic 
Fields. 

For the population in general the limits forthe socalled non-professional exposition were 
reduced further to one half tll one fill for reasons of caution and care In Fig. 1 these 
limits ate registered, Thereby i distinguished between magnetie fields and elect Fields 
that appear stationary or at extremely low frequencies (ELF describes frequencies between 
1 Hand 100 Hz). Moreover limits for low-frequeney (I-10 Kz) and hihefrequency (I- 
10 Mila) altematng electromagnetic fields are give 

‘The graph should serve as a ough orientation and show us the proportion of scale. As 
further information some thresholds of measured reactions of biological systems are 
registered (after Konig"). Because a logarithmic scale was chosen to fital he values on 
‘one graph it becomes clear that between the fist reactions and the recommended limits 
there lie up to five powers ofl, The dtch seems io be insurmountable 


Wireless telephones 


Fig. 1.2: Set of problems of environmental compatibility by 
mi of the example of the handheld wireless 
telephones (handy), 


i>: _L..Klitzing: Neurophysiologische Einflusse durch elektromagnetisehe Felder 
wahrend und nach der Exposition, Med. Universitat zu Lubeck 
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1.2 Wireless telephones 


sal surveys with regard to the influence of brain currents by digital radio 
niversity hospital in Lubeck have startled handy manufacturers and users 
equally “*. Although in this case measurement errors could be detected, the ,bugaboo on 
the wall” remains that we are sitting unsuspecting in a restaurant and a neighbour draws 
his handy out of his pocket to make a digital telephone call. Thereby synchronizing the 
brain currents within a radius of 100 meters on the broadcasting signal and occupying our 
brain useless with technical signals. The derivation will show that from the start this can't 
happen to all visitors, because as 2 prerequisite conditions of resonance must be fulilled. 
But would there be an affected, he or she for sure would have considerable problems, 
because informations that are not picked up over the sense organs can neither be classified 
timely nor as regards content. 

‘An affected whose brain has picked up technical signals not even is able to register by 
itself that it was fed with incorrect informations. It would be reasonable when the visitors 
of the restaurant would defend themselves and put the radio operator on the doorstep. The 
‘number of restaurants where apart from cats and dogs also handy's have to stay outside is 
increasing. How should we keep out of the way of electromagnetic fields? Should we walk 
around permanently with a steel helmet or even better in a knights amour and even go to 
‘bed with them? It would be worse than inthe dark middle ages. 


Summarizing: it should be guaranteed that the operation of electro technical apparatus 
causes neither health damage nor unintentional influence or iritaion. A systematic and 
Scientific procedure should investigate in the laboratory all relevant physical phenomena 
individually for their interaction. Electro physics bases on two phenomena in connexion 
With eleetto-smog: on the one hand the radiation and on the other hand the thermal effect, 
but at a close look both factors prove to be of only litle importance! 
In radiation measurements the intensity of the electromagnetic wave at a certain place is 
determined, In laboratory experiments the field strength is increased so long till biological 
reactions are observed. Thermal limits are determined in a similar way. As said, the values 
lie about powers of ten above those that possibly bother you when you hold a handy to 
your ear. It is true that the microwave radiation penetrates into your head but we also 
know that it marches out again on the other side and this visit in your head happens with 
the speed of light 

Exactly like this are guest in your body constantly your local radio station, your local 
television station the satellites with hundreds of programs and anyway the whole radio 
{echnical world even when you did not invite them. 

For an electromagnetic wave to become receivable, the field strength must lie clearly 
above the common noise signal and this can only be achieved by a permanent overlap, by 
standing waves, like in a cavity tuned to a specific frequency or an antenna. As long as 
people don't let themselves grow antennas on their heads they hardly have to fear direct 
biological effects of electromagnetic waves. 

That leaves as the second phenomenon the thermal effect. With a handy held to your 
cheek there comes into being a local fever in your head, But that is not af all unusual or 
lunnatural for the human body. Something like that happens to a far greater degree when 
you take a hot foot bath or let yourself be irradiated at one side from the sun at a tourist 
wil, 


Absorption of waves 


Power of waves: 


irradiated stored radiated 
(absorbed) 
P, ——> E—P. 
local fever: 


absorbed power: 


effectiveness: n = Pa/Pe 
Fig, 13: Damping of waves and ability to absorb of a 
body 
(our head) if we are making a phone call with a 
handy. 


a contribution to the theme dielectric losses 


* capacitor 
+ high-frequency welding 
+ microwave oven 


“is! Meyl: Potentialwirbal Band 1 [AT] (only in German), 
INDEL Verlag, Villingen-Schwenningen 1990, ISBN 3-9802 542-1-6 

K. Mey: Potentialwitbel Band 2 [A2} (out of print) 

INDEL Verlag, Villingen-Schwenningen 1992, ISBN 3-9802 542-2-4 
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1.3 Absorption of waves 


‘The with the theme dealing physicians logically have to put up with criticism that they 
work only with two phenomena that not at all can be involved authoritative in the causes 
for biological effects. A third factor ean be considered, a field phenomenon until now 
stayed unnoticed by science: the vortex of the electri field, the so called potential vortex. 
‘A vortex is to be considered as an oscillation around a fixed point. Through that a 
Permanent overlap is caused, like what happens at an antenna only that the vortex is not 
bound to the dimension of an antenna. The potential vortex is contracting and in this Way 
reaches extremely high eneray densities at very little spatial measurement, densities that 
lie far above those that field strength measurements are pretending tous [Al] 


When again you take the handy at hand with which you ,blow" the pulsed microwaves 
into your head, Don't worry, because with the speed of light and without provable damage 
almost everything comes out again on the other side, but anly almost everything. A lille 
damping of the wave has taken place and your head has absorbed this part of the iradiated 
wave (Fig. 13). Who claims this is already the thermal factor actually should realize that 
there exists no corresponding term in the wave equation, Here there are found merely two 
dual vortex phenomena as a possible damping term: the eddy current and the potential 
vortex. An eddy current damping is ruled out because of the bad conductivity of the head, 
But this favours his dual anti-vortex, the potential vortex [AI]. 


Seen physically the following is taking place in your head: the absorbed waves roll 
themselves up’ to vortices and through that becosme localized and overlap themselves 
permanently (Fig. 1.4b). In the course of time the vortices decay and produce the well- 
known eddy losses that lead to the measurable increase in temperature. When reactions or 
biological effects arise, simply and solely the vortex can be considered as the possible 
cause. Thereby play to points an important role: the number of the generated vortices 
and their lifetime that is determined by the time of decay. 


In anticipation of the mathematical caleulation of the potential vortices it is pointed out 
here that these are favoured not only by a low conductivity, but also by a high 
dielectricity. Because water has an unusual high dielectricity (¢¢ = 80) and our head 
‘consists predominantly of water daubts in dealing with handy’s are reasonable. 


Also the relaxation time constant representative for the lifetime ean be calculated [A2] 
We must proceed from the assumption that both the number of the vortices and their 
lifetime, that is all the at a fixed point in time in our head existing and effective vortices, 
can be a cause and therefore have to be considered and investigated scientifically 


Overlap effect 


a) standing wave 


Alectro- 
magnetic 
wave (2, fi) 


amplifier 
for fi 
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c) broadband antenna for EMC-measurements 


Fig. 1.4: Measurement of localized waves and vortices 
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1.4 Overlap effect 


‘The graph at the left (Fig. 1.4) should clarify once mote that only the in space localized 
and permanently overlapping field appearances can be considered as a cause for biological 
effects, This can concer an over an antenna standing wave (a) of a vortex (b) which is to 
be taken as localized by nature 

It would be allowed to in general speak only of a vortex because the standing wave can by 
all means be understood as a special case of the vortex. The essential difference is that the 
vortex is not bound to the size of a fixed antenna and can contract self at any time to 
achieve in this way a substantial higher energy density. As a result this than will lead to an 
increased biological effectiveness 


1 should be pointed at a further omission. In the discussion about limits, without 
exception, the absolute field strength of the broadcasting signal is valued and not the type 
‘of modulation. The last mentioned should actually not at all play a role according to the 
prevailing scientific opinion, 

Totaly different is the case with a vortex that acts damping. Such a vortex shows near it's 
centee a considerable smaller wavelength than more to the outside and through that it has a 
big frequency bandwidth [AS]. It is to be expected that in the extremely broadband 
pulsed signals of the digital networks the creation of vortices (or eddies) will be favoured 
considerably stronger than in amplitude- or frequency-modulated signals (AMIFMIC- 
network). In connexion with analog modulated radio- or handy-signals until now there 
never has been reported of any synchronization of the brain currents with handy-signals 
from a comparison of the EEG with the broadcasting signal, 


Interestingly the for EMC-measurements usual stepped broadband antennas have exactly 
the construction that certainly would be favourable to the measuring technical registration 
of vortex phenomena (Fig. 14). 

With the dipole antennas of different lengths for different wavelengths there still are 
measured waves and not vortices but these measuring techniques is certainly 
accommodating © the until now unnoticed and stayed undiscovered vortex phenomenon. 
So there are some good reasons that the vortex is a dominating influential factor for EMC- 
problems. 


By means of the example of the handheld wireless telephones can be studied and 
discussed with which set of problems the very young discipline of science of the 
environmental compatibility has fight in the future. And in which ways there can be 
found approaches towards a solution of the problem. When the comfortable and trodden 
‘out ways of textbook physies do not lead to the goal than we will have to force our own 
‘way through the jungle of science. 

At first welll have to obtain a short overview of the actual level of research and 
knoviledge. From the eriticism 0 this we than can derive the tasks of the electromagnetic 
environmental compatibility and in particular the unsolved task. 


=: K_Mayi-Wirbel des clekiritchen Feldes, cine neue STorquelle? 
EMC Journal 1/95, 6. J, S. 56-59. 
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Fig. 2.1: Overview concerning environmental compatibility 


<i>: _ E, Habiger: EMV-ubergreifende Aspekte zu benachbarten Problemfelders, 

Elektrie 48 (1994), Heft 5/6, Seite 163-161 

<li>: EMVG: Gesetz uber die elektromagnetische Vertraglichkeit von Geraten, 
Bundesgesetzblatt Teil I vom 9.11.1992, S. 1864 
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2. Tasks 


2.1 Tasks of the electromagnetic environmental compatibility 


‘The environmental compatiblity (EC) Forms the generalization that includes both the 
electromagnetic compatibility (EMC) and the biological compatibility (BC). Besides the 
{echnical and functional goals of an undisturbed functional course it also pursues ethical 
and moral goals 

Technology should benefit to humanity and atthe same time be in accord with nature 
This goal will not be reached when this technology directly or indirectly is endangering 
humanity. 

A direct attack on the health of people poses for instance the military usage of tech 
apparatus or the negligent usage, by pretended ignorance and unsuspicion. 

Isa technology posing a danger to the environment so humanity endangers itself indirectly 
With this technology. After all are human beings a product of their environment. We 
always should reckon on the environmental sins taking revenge on us Sooner of later. 


ieal 


In fig. 2.1 a formal definition is given that in particular concerns the claims for an 

ems the compatibility aspects of unallowed emitted 
the reliability and quality safety with which a 
id task is fulfilled and finally the questions of the protection of health and the 
salty at work. 


Moreover fig. 2.1 provides an overview and the structure of the 2nd chapter. First we'll 
treat the electromagnetic compatibility (EMC) that first ofall deals with the influence of 
artificial but also natural interference sources on technical apparatus, 

‘After that welll throw a glance at the appearing fields in nature. The biological 
‘compatibility (BC) deals with the influence on biological systems. 

‘An especially sensitive atea of the environmental compatibility (EC) than describes the 
With a cross-link hinted influence of artificial interference sources on biological systen 
that is popularly described as electro smog" 


‘The numerous aspects of the environmental compatibility for instance in the areas of 
chemistry and biology that certainly are important, but do not fall in the area of 
electromagnetism, cant be treated inthe here marked framework 


‘Tasks of the electromagnetic compatibility (EMC) 


Fig. 
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2.2: Classes of limits according to VDE 0871 
(since 1-1-96: VDE 0875)" 


=i; Anion Kobling: Grundlagen der Funkenistorung in der Bundesrepublik 
Deutschland, etz Bd. 108 (1987), Heft 10. 
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2.2 Tasks of the electromagnetic compatibility (EMC) 


Fst of all the EMC (electromagnetic compatiblity) is concemed with the function of 
technical apparatus. Correspondingly rational and dry sounds the official definition 
"electromagnetic compatibility (EMC) describes the ability of an electrical setting-up (ie. 
of a construction element, of a construction group, of an apparatus or of an installation) 10 
function in an electromagnetic environment without stressing this environment by 
electromagnetic effects in an unallowed fashion ™ 


Actually it concems an old need for protection that should be as old as the usage of electro 
{echnical apparatus. But in the beginning no one cared about it The spark gaps with which 
Heinrich Hertz I888 in Karlsruhe has carried out the first radio technical experiments 
were genuine polluters", that would have been detectible at several hundreds of 
kilometres distance with modern receivers. For these installaions that he had assembled in 
the lecture room with his students, today he would hardly get a permission of operation 
and the since 1996 requited declaration of conformity he would get not at al 


1925, as in Germany the number of radio listeners had exceeded the limit of one million, 
for the first time a need for protection appears in the certificate of approval for radio 


receivers: "The public telegraphs and telephone installations must not be disturbed by the 
radio receiv 
Later on every backside of the good old steam radios there was found the following hint 


(Granslated): "This apparatus meets the interference radiation regulations of the German 
Post Office”. So the manufacturers were urged to measure the emission of their apparatus 
and in particular to sereen the HF-osellators in the superhet-receivers, 


Since the fifies, in the VDE-institute EMC-examinations in the present day sense are 
taken. The main point of the measurements and the by the VDE recommended limits, 
hhowever is about interferences bound to a circuit. On the supply lines of the network the 
prevailing conditions are reproducible so that standards can be put through (Fig, 2.2), 


For measurements of interference radiation maybe the time was not ripe enough or the 

scessity was not big enough. The usual argumentation was: what we can’t measure 
reproducibly, can not be forbidden and certainly not be put under punishment. Therefore 
merely recommendations were issued or impositions weak as wax were made like: "the 
interference field strength. must be so small that an undisturbed reception is guaranteed 
fas soon as the minimum field strength for utilization exists at the place where the antenna 
is mounted” 


In common parlance that means something like: "as long as no one bleats, everything is 
allowed". Within a connected industrial area there even existed an officially legitimized 
fools freedom, Merely atthe fence ofthe industrial area limits had to be fulfilled 


Specially for the line-frequeney of the sereen one has decided to build a loophole in the 
law so that one didn't have to throw the TV sets, that so successfully had conquered the 
living rooms, out of the window. OF course the flickering screens did interfere exactly as 
‘before but this EMC-interference now was officially approved. 


Declaration of conformity 


specification: 

(basic-, generic- household, 
product-standards): business,... indugtty 
stability against 

interference: DIN EN 50082-1] [DIN EN30082-2 


against emission 
of interference: 


test procedure: 
stability against 
interference: 

and 


against emission 


of interference: 


document: 


DIN EN 50081-1] [DIN EN 50081-2 


DIN EN 61000-4 
(IEC 1000-4, resp. TEC 801) 
DIN EN 550.. 

DIN EN 60555 


EU- declaration of conformity 


Fig. 2.3: The way to EU conformity 
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2.3 Declaration of conformity 


In the EMC times seem to have gone as the standardizers had to fit in with the insu 
ciencies of technology. Meanwhile the conditions have tumed up. We owe this cireum- 
stance first of all the EMC-law of 1992 that doesn't name any limits but it states the 
political intention to demand from technical apparatus and installations an appropriate 
ability against interference and at the same time limit the sent out interference. 
‘As a consequence of this law the measurement facilities and measurement processes had 
to be standardized to get reproducible measurement results that are not influenced by the 
electromagnetic environment. That goes so far that even the floor covering of a 
‘measurement hall is dictated because the conductivity of the floor influences the degree of 
reflexion. Normally the examinee is situated on a revolving plate that is tuned around for 
360° during the measurement of the radio interference field strength. Is it however not 
possible to tum the examinee than the antenna has to be led around it, thereby again 
increasing the dimensions of the measurement hall, The distance to the antenna should be 
up © 10 meters. Moreover it must be possible to move the antenna, up till a height of 4 
meters to register the influence of the eflexions on the floor. 

Moreover there is to plan a reflexion free zone around the measurement track (in elliptical 
form) that depends on the reachable damping of reflexions of the used absorber. Used are 
pyramids of foam material soaked with carbon and increasingly tiles of ferrite or 
shieldings of wallpaper. 

Taken all together for a measurement hall doing justice 10 standards there result 
considerable measurements of for instance 18 m length x 10 m width x 7 m height. 
Lets again come to talk about the EMC-law with which only the intention but not the way 
is fixed. To form the claims catalogue in a way that is fulfllable in general, some concrete 
prescriptions, the so called standards, have to be worked out. This task was transferred 10 
the European committee for electro technical standardization CENELEC, which has 
established the workgroup TC 110 to at first work out some standards: 
The basic standards deal independent of product with general questions of the EMC, of 
the testing process and of the measurement environment. 

The generic standards likewise deal independent of product with the so called 
fundamental technical standards for apparatus in their dependence of the respective 
electromagnetic environment (protected computer oom or medical room, environment of 
the house, office or industry. 

‘The product standards concern the EMC-standards referring to produets (7 product 
families / approx. $0 products). 

In Fig. 23 the arduous way through the jungle of paragraphs for a technical apparatus is 
outlined. Corresponding to the requirements of use, first the relating ES-standards for the 
apparatus have to be determined and than have to be measured according 10 own test 
Standards based on the fundamental technical standards. When the allowed limits for 
Stability against interference and for sending out interferences are not exceeded, the EC- 
declaration of conformity is handed out, Since 1.1.96 that declaration is needed when 
fapparatus are commercialized or ~ stated more exactly - "put in citculation” and operated. 
When still further EC-guidelines are met in the end the CE-hallmark is awarded. Since 
1.1.96 only with this hallmark the access to the common market of the EC is possible 
Violations can be punished with fines and if need be with imprisonment, But there are 
great national differences in the EC. The Federal Republic of Germany with fines of up to 
50,000 Euro counts as expensive for criminals. 
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24 EMC-techniques to measure the emission of interference 


Actually we already can be glad that it came 10 an europe-wide agreement for the 
regulation of the EMC-set of problems. But the question if we can be satisfied with what 
‘we have reached is sill outstanding. All too often the lowest common denominator of the 
‘measurable and checkable was sought and not so much the technical possible was taken 
{nto consideration. 


‘The main emphasis is put on the measurement of the emission of interferences, 
Traditionally the interferences bound to a circuit ate registered in a frequency range up 
to 30 MHz. The corresponding wavelengths thereby can correspond with the length of the 
supply lines and form standing interference waves, Primarily the spectrum of the 
interference currents is measured eg. over a HF-current converter. These currents 
produce a voltage drop over the intemal resistance of the feeding network. Because the 
properties of the networks can vary very strong, a standardized end-resistor is required for 
the measurement of the interference voltage. For this purpose an imitation of the network 
is switehed between the network and the examinee. This imitation in addition has the task 
to keep away the interference signals that come from the supplying network with the help 
of filte-elements (Fig. 2.4) 

The measurement of the interference radiation, the field-bound interference emission, 
lakes place between 30 MHz and 1 GHz. For that a fiee field or an absorber-hall with 
litle or no reflexions is required. The standardized distances of measurement are 3, 10 and 
30 meters. The eclectic field strength is determined with dipole broadband antennas, the 
magnetic field stength with frame antennas. It must be possible to both vary the receiving 
antenna between horizontal and vertical polarization and to adjust the receiving antenna in 
the height and the position to the test object. 
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Typical measurement set up to measure the emission of 
interferences bound to a conductor” 


A: shielded link conductor 
B: bundle of conductors folded like a meander 
CC: connection to the reference mass 

ME: receiver of interference signal 

NNB: Simulation of network 
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Fig. 2.5: Measurement set up to measure the emission of 
bound to a conductor," 


= Emst Wabiges EMV, Huthig Buch Verlag Heidelberg (1992), 
ISBN 3-7785-2092-X 
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2.5 Electro-Smog 


‘There is almost no end to the possibilities of variation and one needs already lot of 
overview and experience to determine the field strength maximum, Nevertheless we have 
to ask ourselves if in this way really all emissions of interference are understandable, that 
popularly are described as ,electro smog 


‘Smog is the combination of the terms Smoke and Fog. It therefore describes @ pressure on 
the environment with fog like smoke. When for instance in the case of smog alarm all 
interference sources are switched off, which means all kilns are brought to a stop and alll 
automobiles are stopped, than the fog like smoke therefore still is not vanished from the 
air, I just distributes itself and dissolves only very slowly. 


The transfer of the smog idea on the electromagnetic interference radiation is bound 10 ful 
because, when the test object is switched off no emission of interference at all is detectable 
With the usual measurement means. Nevertheless the rainbow-press is tying to enumerate 
almost all electromagnetic field phenomena under the term electro smog” without 

‘eration of the fact that this term is not at all a collection term. 
From the sight of an expert one can only speak of smog when something like smog 
remains and slays active further after the switching off of an electro technical apparatus. It 
should be a phenomenon that is not understandable by the standardized measurements of 
interference radiation, Such a phenomenon would be eg. the vortex of the electic field 
However vortices are virwally not measurable in a direct way because they have the 
unpleasant property to whirl about around the measurement probe. But they will be 
detectable by their eddy losses and in the case of the electric field vortex appear as noise, 
Until now the standardizer however haven't planned to investigate the influence of an 
‘apparatus on the noise inthe environment, Here we sill grope in the dark. 


At least the vortex shows a storing property that would justify the use of the idea "smog" 
‘We'll have to investigate the phenomenon. 
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Fig. 2.6: Picking up of interference voltages in network lines.“ 


<i Emst Habiger: EMV, Huthig Buch Verlag Heidelberg (1992), 
ISBN 3-7785-2092-X, 
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2.6 EMC-techniques to measure the stability against interference 


‘The question is: what kind and what intensity of an electromagnetic interference can an 
apparatus cope with without limiting it regarding its teehnical function. 
For that test generators are used and with their help interference signals are produced in 
the test object. Fig. 2.6 shows the possibilities of a symmetrical, of an unsymmetrical and 
fof an asymmetrical production of interference voltage signals in the power supply lines of 
fan examinee. Over and above that the testing possibilities and testing methods are 
‘numerous. In principle the following processes are used: 

L The simulation and production of interference factors typical for the network like 
hharmonic waves on network voltages, overlapping signal voltages, changes of network 
voltage, decrease of network voltage, network interruptions, network unsymmetries and 
‘network frequency changes 
2 The production of both energy-poorer and energy-richer interference impulses like they 
‘ean form in energy-networks by switching acts or by the effet of lightning (burst). 

‘The simulation ofthe course of events when static electricity discharges. 

4. Low-frequency magnetic fields like those that can form by network frequency operating 
and loading currents of by short-circuit and lightning currents inthe form of pulse. 

5. The stability against interference against the influence of an electromagnetic field also 
called radio interference firmness. For this purpose high-frequency generators and 
broadband antennas are used to expose the examinee to electromagnetic fields in a 
frequency range between 10 kilz and 18 GHz. At the moment tests are only performed 
between 27 and 500 MHL. The modulation of the carrier wave should be possible to be 
able to imitate the interferences by radio technology as realistic as possible. Thereby 
the field strength values can by all means each up to several 100 Vien 

In accordance with expectation the result of this irradiation with an outside field is that 
every conduction path and every wire can act as an antenna and therefore can produce 
high-frequency currents and measurable potentials. Building parts of the analog techno- 
logy as a consequence battle with problems of drift whereas with digital logic parts and 
computer parts the danger exists that switehing states change unintentionally. Let us 
remember again the overlap effect of fig. 1.4, The electromagnetic wave itself marches 
with the speed of light through the examinee. When a small part of the wave finds an 
‘object that it can use a8 an antenna than the localized overlap comes into play. This than as 
‘cause is responsible for the effective and measurable antenna currents. Until here the text 
‘books help us 1 explain the problems that happen and to remove them logically. 

However time and again cases are reported where textbook physics can't help us any 
further. Spectacular cases even came to court like eg. the ABS (Antilock Braking System) 
of a truck that had failed due to EMC-interference radiation. As a consequence the brakes 
had failed. When afler that the local radiation pollution is measured no anomaly at all can 
be discovered. The measurable field strength is not higher as is usual in the whole area. 
Maybe you also have made the experience that offen the causes can't be found when your 
‘computer suddenly "crashes" out ofthe bu. 

Heere the mentioned vortex of the electric field is capable to deliver plausible explanations 
because it is not bound to the geometry of an antenna and in addition is highly active 
without being detectable with the usual EMC measurement methods of the interference 
‘radiation measurement! 
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Fig. 2.7: Intensities of natural electromagnetic fields 


(electric, magnetic and 
electromagnetic fields) 


In addition to fig. 1.1, page 3. 
magnetic field in Gauss (= 10° T), 
electric field in V/m. 


Er AS, Presinan: Electromagnetic Fics and Life 
Plenum Press, New York - London, 1970 
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2.7 Tasks of the biological compatibility 


The second leg of the environmental compatibility (EC) forms the biological compatibility 
(BC) besides the electromagnetic environmental compatibility. Whereas the interests of 
the EMC ate looked afler by electrotechnical engineers and clectrophysicsts, with the BC 
also doctors, biologists and architects are addressed. 
Moreover this leg is already very old and already existed long before artificial interference 
sources could be cfeated by mankind. The interaction between the arising interference 
sources in nature and the biological systems in general and specially men always 
interested the doctors, the priests, the druids and geomants, that not seldom looked after 
several functions in personal union equally. Unfortunately they as a rule have kept their 
knovledge and capabilities as secret knowledge, didn't make any recordings and merely 
initiated and trained theit respective successors. Through that a great deal got lost and 
today non-medical practitioners, homeopaths and esoterics trouble themselves to take up 
to the far-reaching butied knowledge. 
Because this concems pure knowledge by experience, offen the with the topic oecupied 
persons themselves are not capable to say anything about the physical backgrounds and 
fauses. One concentrates entitely on the under certain circumstances reachable resulls and 
only in rare cases on reproducable effects, In some areas the scientific assignment already 
has succeeded, have parascientific phenomena managed their admission in the so called 
act sciences", bul in most experience disciplines the assignment is still due. There still 
is alot to do here 


In the time as there not yet were operated any artificial interference sources on our planet, 
the senses of man naturally were a whole lot sharper for his electromagnetic environment 
as today. Today, where there scarcely is a place on earth where we are not irradiated by 
terrestrial transmitters, by satellites or by the netfrequency that is measurable everywhere, 
In the bluntness of our senses perhaps the hybris of modern man is founded, with which he 
‘wants to rise himself above esotericism, geomancy and other sciences of experience and 
thereby dispute the electric and magnetic fields their biological effectiveness. 


‘The fields of natural origin form an electromagnetic environment for men, that they have 
‘adapted 10 and that they probably need for a lie in accord with nature, The evolution has 
taken care fora corresponding adaptation, 

In fig. 2.7 in addition to the limits from fig. 1.1 the intensities of natural electromagnetic 
fields are registered”. They lie clearly lower as the recommended limits but exactly in the 
area wherein the first reactions of ving beings are observable. 


When we ask us how much electromagnetism is good for us and how much harms us so 
the obvious answer is: exactly as much radiation as nature dictates in the fluctuations 
between day and night, between the months, years and in the end between the eycles of 
sunspots of 11 years, Here the guide value is found that man and nature have adapted 
themselves to. In fig. 2.7 the corresponding area between the natural minimum and 
‘maximum values is given. 
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Fig. 2.8: Absorption dependent on frequency in the atmosphere 


<i>: _entnommen aus: HLL. Konig: Unsichtbare Umwelt (Wetterfubligk), 5. Aufl, 
Bild 8, Seite 14, Verl. Moos & Partner Milnchen, ISBN 3-89164-058-7 
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2.8 Natural fields 


(Our electromagnetic environment has something to offer: 
From the magnetic north pole to the magnetic south pole of the earth run the field Hines of 
the earth's magnetic field that we are exposed to, With a compass we use the vector 
character of the magnetic field to fix our position, The induction averaged over time is 
approx. SO uT. But it is overlapped by short-time fluctuations caused by geomagnetic 
storms in the ionosphere. 


‘These storms again are caused by the eddy currents and the currents of charged particles 
that come from the sun, At the Same time these eddy currents in the ionosphere together 
With the earth's magnetic field form a protective shield with a excellent screening effect 
{or us inhabitants of earth, 

In several layers like for instance the ozone and Heaviside layers a filtering and damping 
luntil the complete suppression of the very broad cosmic spectrum is caused. This 
cexiraterestrial spectrum of radiation doesa!t leave a single frequency out and has a lethal 
intensity for us. 


Only for a litle window in the frequency spectrum, radiation ean pass almost undamped, 
as can be seen in fig. 2.8: the light with the spectrum of the colors. For this nature bas 
donated man a sense organ so that man can protect himself against too high dose values. 
After all, who will look voluntarily into the sun? We only get into touble when our sense 
forgan doesn't function any more (for instance in the fringe range of the visible spectrum, 
the UV-range). 


For other frequencies of electromagnetic radiation man neither has a sense organ but that 
doesn't mean that he is not influenced by these. Here, as in the UV-range he only 
indirectly notices that he has got too high a dose when he bas to discover some influences 
fon his well-being and his health, Without the help of neutral measurement apparatus he 
himself by no means is in a position to make a connection between an excessive 
exposition to radiation and his heath problems, 


When natural field strengths should be used as a measure for technical limits, so there 
should be paid attention to the fact that nature doesn’t know intense continuous 
itradiation. The Values are subject to powerful Nuctuations that leave men and nature the 

chance to regenerate 

‘The television stations not even think i is necessary to reduce their broadcasting power 

after the end of broadcasts and further sprinkle the sleeping population with test signals, 

With senseless pictures of going by underground of nonstop program advertisements. 

People need the intermissions, That again shows how good nature means it with us. 
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Fig. 2.9: Spectrum of frequency of one lightning, 


measured 


field strength at a distance of 1.6 km from the place 


of origin. See Watt and Maxwell: 


from: 


<im, TEL, Konig: Unsichbare Umwelt (Weiterfubligh,), S-Aufl, BIN 38, Seite 27, 
‘Verl. Moos & Partner Munchen, ISBN 3-89164-058-7, see <ii> 
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2.9 Electricity of the air 


‘The electrostatic field strength of the earth lies between 50 and S00 Vim, That is a whole 
lot considering that voltages off 60 Volts can be lethal for man, But a living person 
distorts the terrestrial E-field for reason of his own field and his electric conductivity, so 
that there exists no danger for him as long as he doesn't grow into the sky. 


Maybe the dinosaurs had to become extinet because they were to big and for instance the 
E-field near the ground had risen with a jump by a meteorite that brought a high charge 
from the cosmos. That would explain why the smaller living beings could survive the 
natural disaster. 


Also the thunderstorm electricity can become life-threatening. Burns, heart and brain 
failures are the most common consequences. After all the probability to be struck by 
lightaing is four times higher as to have six right ones inthe lottery. 

(Over the lightning channel of approx. | meter in diameter charges between 10 and 200 C 

are transported what results in current strengths of 2000 up to 200,000 A. The main 
discharge lasts between 10 and 50 usee. With the preceding and all the following 
discharges it lasts over a second. 

Field strengths on the scale of 4,000 Vim are typical but in a distance of $ km these wear 
off to 8 Vim. The frequeney spectrum ofa lightning reaches 4 powers often into the range 
of the radio waves. In fig. 2.9 is shown the field strength measured in a distance of 1.6 km 

{rom the place of origin. 


‘The origin of lightnings is still an unsolved problem after the well-known models (Wilson) 
fare not in a position to explain the reason for the origin of the potential difference of more 
than 100 million Volts requited for the ionization of the air. Also the lightnings that struck 
in the direction —_of-— the -—ionosphere still ~=—sate~—mysterious. 
‘Well have to come back to this 


<b HLL. Konig: Unsichtbare Umwelt (Wetterfubligkeit), 5. Aufl, Bild 38, Seite 27, 
Verlag Moos & Pariner Munchen, ISBN 3-89164-058-7, according to « 

A. D. Watt and E, L. Maxwell: Characterisie of Atmospheric Noise from 1 10 
100° Keis. Symposium onthe Propagation of VLF_— Waves, 
Boulder, Col., Paper 35, Jan. 1957. 


<iii>: see Part 1, chapter $.4 and part 2, chapter 14.11 


Biological effects 


‘Acceleration 
Rate (mmv/h] 


20 


10 


Wachstumsrae [mi 


Fig.2.10 A: Effect ofa static magnetic field of 100 
kA/m (0,12 

Tesla) on the root (I) and on the plant (II) of barley 
seeds 

plants in the magnetic field: dotted line 
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according to Novitski*” 


Es __Noviski, Yur: Elec ofa magnetic Weld on the diy seeds oT some cereals. 
Proceedings of Conference on the Effect of Magnetic’ Fields on Biological 
Objects, Moscow, p. 52, 1966. 

Taken ‘from: H.L. Konig: Unsichtbare Umwelt (Wetterfubligkeit), S. Aull, 
Bild 72, S. 73, Verlag Moos & Partner Munchen, ISBN 3-89164-088-7 
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2.10 Biological effects 


‘The in fig, 2.1 indicated connection between the EMC and the BC, by some authors 
inofficially described as EMC-environment (EMCE), describes the effect of artificial 
fields on biological systems. This concerns the sensitive range of tasks that is discussed 
extremely controversially in the public. The problem thereby is that the artificially 
produced field strengths lie above the natural field strengths for several scales. 
In the thirties first reports about troubles were provided by naxy radio operators that 
complained about headache, dizzyness, concentration failure and indisposition. Besides 
these negative reports concerning the so called "radio operator disease” at the same time 
medical usages conceming high-frequency therapy were tested, In the beginning this 
diathermy called healing method still was a short wave irradiation. Today it is extended 
into the microwave range and uses the thermal effect of electromagnetic rays. The 
increased temperature of the tissue causes an increased local blood flow. This. supports 
healing processes, loosens cramped muscles and can help in case of theumatic fever. 
‘The advantage of the HF-iradiation compared to contact heat by a hot-water bottle o by 
infrated rays is the higher penetration depth. Herein short waves are superior 10 
microwaves. But microwaves can be better focussed on a certain part of the body. 
Is the temperature further increased, so the tissue is damaged. This is used for the 
trealment of cancer and is called hyperthermy. Because cancer cells as a rule are flowed 
With blood worse than healthy eels, they are more sensitive to heat and therefore are faster 
destroyed than healthy cells at a correspondingly increased temperature, In this way for 
Instance in the USA cattle with a so called cancer eye are treated. For that the spot 
suffering fiom cancer is radiated with 2MHz-waves for 30 seconds with a handheld 
apparatus of 10 Wats broadcasting power. The rate of sueces is given to be 90%! 
‘The method of hyperthermy has not yet been able to establish in the area of the medicine 
for humans. Also at our college corresponding research work is carried out in. co-operation 
\ith the radiological clini ofthe university of Freibury (Germany )™. 


‘The thermal effects of high-frequency fields are therefore well-known and subject of 
scientific research. On the other hand and in spite of numerous publications, non-thermal 
effects even today are denied by some scientists as non-existent”, Here only a few 
‘counter-examples will be listed. 


Fig, 2.10 A shows the effect of a static magnetic field of 0.12 Tesla on the root (1) and on 
the plant (I}) of barley seeds. The readable effect is an acceleration of the growth of the 
treated seeds (dotted line) compared tothe plants for checking (drawn Tine)" 


DHL Schulz, W. Oppitz, Lokale Hyperthennie durch hochffequemte 
Wirbelstrome, Medizin Technik I, 1987, 

<i>: G. Nimuz: Mikrowellen, Einfubrung in Theorie und Anwendung. 2. Aufl, BI- 
Wissenschafisveriag 1990, ISBN 3-411-03203-0 

<ili>: Novitskii, Yu: Effects of a magnetic field on the dry seeds of some cereals 
Proceedings of Conference on the Effect of Magnetic Fields on Biological 
Objects, Moscow, p. 52, 1966; taken from: HLL. Konig: Unsichtbare Umwelt, 
fig.72, p. 73, Verlag Moos & Partner Munchen, ISBN 3-89164-088-7 
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Fig. 2.10 B: Measured increase in the production (K) 
of colicin 
by colibacteria as a microwave effect 


a) asa function of the wavelength, 
b) asa function of the intensity of the microwaves, 


according to Keilmann”. 


taken from: 


<i>: HL, Konig: Unsichibare Umwelt (Wetterfuhlighei), 5. Aufl, Bild 106, S. 111 
Verlag Moos & Partner Munchen, ISBN 3-89164-05) 
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A static field naturally produces no induction and hence no heating will arise. In the case 
of alternating fields the thermal effect in experiments is excluded by working with 
extremly low stimulations. The example aller fig. 2.10 B. shows the measured increase in 
the production (K) of colicin by colibacteia at on rowave power 


In addition the example provides the interesting information that obviously only a certain 
frequency and ifS harmonic waves increase the production, other frequencies on the other 
hhand remain inactive. Because only minimal field strengths ate used it more likely 
concerns an information-technical as an energetic effect (curve a), This statement is 
supported by the observation that an increase of the intensity not at all necessarily as a 
consequence also increases the production (curve b). What the colibakteria need is 
obviously neither energy nor heat but only a certain frequency that stimulates the colicin 
production or the growth, 


Should it really be confirmed that biological effects of electric and magnetic fields can be 
produced by certain frequencies and can't happen by an energy transition so. the 
iscussions about limits must seem ample meaningless. 


Maybe the one or the other in thought already draws a connection to the acceleration, the 
acclerated growth of kids, which is observed world-wide and stronger in cities than in the 
country. It started for approx. 100 years simultaneous with the electrification of the homes 
in the towns. In Asia the acceleration and also the electrification have started later 
Other growth stimulating effects like radio waves, X-ray examinations, atomie tests and 
provable also the nourishment with vitamin B6 happened only until much later and at the 
‘ost could support the actual effect. 


But how should proof be offered when anyway the field strength not at all can have a 
decisive influence on the growth of man after the statement of fig. 2.10 B? Which 
information is authorative? Where lies the responsible frequency window? Does the 
information actually manifest as frequency? Is the authorative influential factor also in this 
cease not at all noticed and measured? 


A lot of pressing questions are still outstanding. But in any ease the numerous influential 
factors detected in experiments do not at all et themselves reduce to sole factor, for 
instance the nourishment. Fora family doctor it may be comfortable to be able to give an 
easy explanation; Cause isthe nourishment!” With such a reductionist on the other hand 
the actual cause stays in the dark and the asked questions in this way won't let themselves 
be answered. 
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Fig. 2. 11: __ profile of the 50-Hz-field on the ground 
at 380KV/IKA in each circuit.” 
a) electric field, 
b) magnetic field. 


taken from: 
<i=:__E, Habiger y a. Elekiromagnetische Vertraglichken, fig. 73, page 147 and 
Fig. 7.1, page 146, 2" Ed., 1992. Berlin, Miinchen: Verlag Technik. 
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2.11 Anifcial fields 


‘The scepticism of people feeling close to nature is especially directed against artificial 
lds that man can't see nor hear nor smell. Objects of doubt are first of all the 
installations forthe ereation, distribution and conversion of electric energy. 


‘An essential role plays the fact how close the supplying and the draining conductors ate to 
feach other, so that the respective fields an compensate each other. The worst Solution one 
can think of is realized at the electrified railway. Here the rails and the earth are used as 
the draining conductor for he current while thete exists an ample large distance to the 
supplying conductor. A compensation is almost impossible thus causing gigantic 
interference fields that are detectable even at a distance of 10 kilometers. The increased 
putting on of railway engines feeded by rectified current is likely to aggravate the set of 
problems because the non-sinusoidal absorption of cutrent is strongly afflicted with 
harmonic waves. 

With high tension transmission lines (fig. 2.11) the interference field strength is reduced 
When the three cables are suspended with only litle distance between them. But even the 
selected phase order can play a role. OF course the optimal compensation effect is 
‘guaranteed with cables in the earth, But these are expensive and technically not realizable 
for such high voltage levels. 


In the eighties also the computer screens got in the headlines. The terminals are furnished 
with @ cathode ray tube and have a very broad radiation spectrum that already starts at 0 
1. Here already statie maximum values of 64 kVim are measured! 


Trequency range Measured maximum “30 em in font oF 
values Ena. the sereen 

Satie eld (OH) oakVim 

30H. 60 Hz 10 Vim and 
03-1 Aim 

SHz- 1k TS00 Viv and 10 Vim and 
4Aim 06m 

5012-05 Miz Tam 

15 Kll2-220 ki SO Vin and 15 Vimand 
TI Alm O17 Aim. 

3 MHlz -300 MHz oI 


Fig. 2.11: Electromagnetic fields from sereens™ 


Protection against artificial fields 


4 
system used frequency measured 
about value 

fradio broadcasting station 600 kHz. 217 Vim 
lomw20kw) 

jadio broadcasting station 15 MHz 1.25 Vim 
(SW 100 kW) 

SOS-transmitter 410 kHz 1.3 Vim 

lon a ship (100 W) 

Epitaxiedevice 450 kHz 37...400 Vim 
|(induction oven) 

HF-welting press 27,12 MHz 70...85 Vim 
(welding of plastic fois) 

radar. on a ship 9,3 GHz 1..30 uWiem 
|(TRN 311) 

jradar of an airplane 9,2 GHz 450. . 

2800 uW/em? 

domestic appliances measured ina distance _of 30 em 
Ihand mixer SO Hz 50 Vim 
refrigerator 50 Hz 60 Vim 

Fig. 2.12: ___ the electric field strength resp. Power density 


in our environment.”* 


taken from: 
<i; E, Habiger u, a. Elekiromagnel 
2. Ed., 1992, Berlin, Munchen: Verlag Technik, ISBN 3-341-00993-0 


Vertraglichkeit, Fig 72, page 146, 
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2.12 Protection against artificial fields 


Avtficial fields more or less always occur in the neighbourhood of electric apparatus and 
installations. Especially problematic are those that work with the free radiation of 
electromagnetic fields, that is all the radio broadcasting stations, handheld and radar 
transmitters. 

Herewith itis important that not needed parts ofthe antennas ae shielded, that antennas 
ith litle close by field pollution are used and tha the stand should be situated atleast 3 
km remote from inhabited areas. Fo instance at radar installations damping values of 10 
4B and more can be obtained only by using a corresponding tre growth, 

‘This obviously concerns a damping of the waves in a dielectric manner. Welll have to 
‘come back to this because textbook piysies does not know a corresponding damping term 
inthe wave equation, 


‘The radiation leaking out in case of the high-frequency welding of plastic foils and ofthe 
microwave oven should be minimized, 

Inthe ease of induction ovens or of motors an active shielding often causes problems so 
that for simple domestic appliances ike a hand mixer and especially for the electric bair- 
dryer non proportionally high field strength values are measured. Fig, 2.12 informs about 
it 


Protective measures fr the operator ate hardly possible. To protet uninvolved people not 
only the apparatus but also the rooms and eventually whole parts of buildings had to be 
shielded and grounded, 


Sometimes also fairly simple possibilities are helpful like e.g. the usage of a remote 
control. By clearing away the cable salat at the workplace and at the sleeping place 
induction loops can be removed. Alarm-clocks operated by batteries. should have 
preference over those operated by the network. Mattresses with metal in them and spring- 
beds which clearly act as an antenna should be avoided. In extreme cases even so called 
"currentfree switches" and shielded network lines are recommended (ig. 2.13) 


Inthe area ofthe network supply lines a choking coil can help decrease the spreading of 
high-frequency interference radiation. It is especially important that all the conducting 
metallic objects like e.g. water pipes, heatings, steel racks, machines, switehing racks, 
steel armaments and metallic windows should be grounded properly, because otherwise 
extremly high static charges could result instead of a shielding. Construction biologists 
recommend to when possible do without metals when building houses and furnishing, 
\hat of course is only realizable with limitation, 


In any case numerous measures are known that toa lesser extent find their legitimation in 
classical physics, but more likely in precaution. As long as we do not know which 
phenomenon causes the electrosmog and we don't have a measuring-instrument at our 
‘disposal, precaution is really the only thing we can do irrespective of the effectiveness of 
the measures and ofthe arising costs! 


Unsolved tasks, 


transmission line 
used voltages: 


10/30/110/220/380kV 
‘Transformer 

j Neutral earthing 
(N=PE)! 

Li underground cable 
po 12 3x400V 
cae to the consumer loads 
t— 

ul ‘main fuse 
recommendation: 
9 reactor with current compensation 
TA Standard (!): grounding of the 
neutral conductor 
Li Bi 
bt to the instalation 
ere i of the house 
fase (bedroom) 
power supply 
(ie. 12V DO) 
Dt ‘measurement of current 
with amplifier 
(low lamp) 
consumer load 
(bedroom) 


try and the problems involved 
installation 


Fig. 2.13: About the circ 
with a "current-free switches 
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2.13 Unsolved tasks 


The report concerning the actual state of research could be continued at will, But the 
expositions should sulfice, to understand what are the tasks of the electromagnetic 
environmental compatibility (fig. 2.1) and which questions still have to be supplied with a 
solution, One can get deeper into every of the addressed points and then discover that 
some questions can be expressed sharper and maybe conceivable answers can be found, 
bout at the same time and unavoidable the number of new questions increases faster. 


Let us again take up the example of the handheld wireless telephones (chapter 1.2). At 
Teast it now is clear to us that the usage of the built-in microwave antenna of a handy is 
problematic. In the interior of an automobile it never should be used. If, however, one uses 
the antenna installed on the outside on the sheet metal then the damping and sereening 
effect of the sheet metal chassis is advantageous at least for the handy user 


With that of course the central question is not answered. The question of what the cause is 
for the interfering and at worst health endangering effect of the HF-radiation. Field 
freedom we can't find anywhere on this world, Possibly we even need the fields, But then 
the question is how much is necessary, how much is healthy and how much makes us il 


‘The gap of explanation especially gets clear in the case of the static or of the low- 
Frequency magnetic field: away fom technical interference sources normally fields on the 
scale of 10 nT are measurable. Construction biologists say that 20 nT, so twice that value, 
should not be exceeded at the sleeping place and maybe 50 nT at the desk. These values 
however are determined purely empirical, 


When @ person is examined in a nuclear magnetic resonance tomograph that person is 
exposed 10 a field that lies between 0.2 and 1.5 Tesla. that is a value 7 ll 8 powers often 
higher than before mentioned without this leading to the death of that person. Entiely on 
the contrary this method is regarded as especially caring and safe compared to the X-ray 


Here again the legitimation of the thesis put forward is entirely comfirmed. The thesis that 
the well-known physically measurable and controllable phenomena can not be considered 
as a cause and that possibly a until now undiscovered field phenomenon should be called 
toaccount 


Should such a phenomenon exist it should be derived, calculated and proved. We must go 
to endless troubles and try everything. The actual difficulties wherein the electromagnetic 
rental compatibility is stuck are a challenge 


28 Approach 


fundamental physical 
principle 
(Goa) 


Fig. 3.0: pyramid of causality 


vortices are a consequence of the principle of causality 
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3. Approach 


In the question, if there exists a still unknown phenomenon that influences the 
clectromagnetic environmental compatibility, we must fall back far until upon the roots of 
‘our physical understanding. Here we find a fundamental principle that until today is not 
doubted and that is regarded as elementary, the principle of causality. Every result of a 
‘measurement, every interpretation is checked for causality and only after passing this 
‘examination iis accepted and published. 


This principle of cause and effect has established, not only in physics but also in many 
other disciplines of science. Is an effect observed, so there immediately is asked for the 
cause. This principle encounters us i daly life 


When all observable and measurable effects ever can be assigned to a cause without force 
‘and without exceptional regulations then the logical result is a pyramid of causality. On 
{op fundamental physical principle is found, that is regarded as given by nature or as 
given by god and that with its properties is responsible as the cause for different effects 
These effects again appear as the cause for new effects and so on (Fig. 2.0) 
Sometime we have removed us so far from the top of the pyramid that a direct reference 10 
the deseribable effects can't be made anymore, so the impression could arise that it 
concerns an isolated and independent discipline. We should take care not to think in such 
‘2 monocausal way, because both delimitation and avoidance of interdsciplinary working 
‘methods will inevitably steer us into a dead end! 


‘This pyramid of causality stands for the vision of a "unified theory", like it is demanded 
and sought-after by numerous research scientists, But as long as iti not found, well have 

todo with unsolved problems of causality. About this any number of examples ean be 

given, 


A physical principle based on the principle of causality is the vortex. This the eddy current 
‘demonstrates us clearly. The cause for its origin is an alternating field. According to 
Faraday’s law of induction this induces a voltage that in a conducting medium results in a 
current according to Ohm's law. Around this current according lo Ampere’s law an 
alternating field forms, that points perpendicular to the current and overlaps the original 
alternating field, This induced field first ofall is an effect that overlaps the cause and itself 
becomes the cause, The effect that follows from that further overlaps and forms a new 

cause ete. In this way vortices form. 


‘Vortices quasi represent the principle of causality 


=i When Tor instance @ woman complains: "Doctor, my Te knee hurls” (effect). 
The doctor diagnoses the cause: "Yes, that comes with age!” With that 
causality is established. "But doctor", Says the woman, "my right knee is 
exacily as old as my left knee!” And already the doctor has a new problem of 
causality, 


40 Principle of causality 


Principle of Causality: 


cause —> effect 
quantum physical Ste ee eet = caer 
approach: quanta —> fields 


field-theoretical approach: fields —— quanta 


violations of the principle of causality: 
1. monopoles exist 
2. starting point for the strong interaction 
3. fields and quanta are a cause at the same time 
4. hypothetical particles (gluons, quarks, etc.) 
5. transmission of information with speeds faster than 
re photons (University of Berkeley) 
+ with microwaves (University of Cologne) 
+ with laser beams (Technical Univ. of Vienna) 
6. transmission of energy with speeds faster than light 


+ with scalar waves (Nicola Tesla) 


Fig. 3.1: Causality or the principle of cause and effect 
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3.1 Principle of causality 


Our physical view of life strictly obeys the rules of causality, the principle of cause and 
effect. But there are numerous cases, where causality at first could not be fulfilled 
‘anymore, Here alternate solutions had to be found to not endanger this very successful 
principle. A few examples should clarify this: 
1. Technically it is impossible to produce a magnetic monopole. When a north pole is 
produced then the accompanying south pole is also formed. In the same way only the 
positive and negative pole ean be assembled as the so called dipole. In the microcosm. 
however we find monopoles. Electrons are such particles. To restore causality we must 
grant the microcosm its own laws that are not valid in the macrocosm! But this 
monocausal hypothesis contradicts the observation that the microcosm represents an 
image of the macrocosm and vice versa. Doubts if this assertion is allowed are 
reasonable, 
2 Like charges repel each other and that the more the smaller the distance gets. In an 
fatomic nucleus positively like charged protons are together at the smallest possible 
room without any repulsion happening. Arithmetically seen all atomic nuclei would 
have to explosively ly to pieces. But because this doesn't happen, shortly a new and 
supposedly fundamental interaction, the strong interaction, was introduced to save 
causality, Nevertheless this interaction now holds the like particles in a not explained 
‘manner together. Causality could be oblained only by the introduction of a new 
fundamental phenomenon. 
3. When causality should hold as the supreme principle, it should be demanded with 
priority for the fundamental phenomena of physics. Instead, in quantum 
electrodynamics the particle is attributed the same physical reality as the field, With the 
wave-particle duality Heisenberg has given out the corresponding formula of 
‘compromise. This slaps the face of the principle of cause and effet 


Causality on principle allows only 1wo approaches for a solution: the quantum physical 
approach. which holds the quanta as the cause for the fields, and the field-theoretical 
asproach. wherein only the fields act as the cause. For both approaches there are good 
arguments. The field theorists cite that fields can exist also in the vacuum, so that there 
exist fields without particles but never particles without fields. Against that the quantum 
physicists old that somewhere, even when quite far away, there exist particles and that 
the measurable fields merely ae thie ation ata distance, 

Both approaches first arouse the impression to be fully equal. In the course of the 
‘discoveries inthe area of quantum physics, the corresponding approach has been able to 
establish. But it demands that all phenomena have to be understood as a consequence of 
particles. So should gravitons make gravitation possible, should gluons hold everything 
together and the quarks form the basic building parts. Meanwhile there is only worked 

With hypotheses. Out of poverty quantum physics meanwhile has said goodbye to strict 
causality, alter the number ofthe violations of causality has risen that much and in every 

respect thete isa lack of models of explanation. It seems as ithe end is reached, as if the 
«quantum physical approach to a large extend is exhausted 


a Field-theoretical approach 


Field-theoretical approach: 


‘3% Maxwell equation 4th Maxwell equation 


DivB= 0] @3) DivD = pal 4) 


With the relations of material: 


B u| 65 5) 
h-DVH = 0 (3° e-DiVE = pa 44) 
H: source free E: non-vortical 

vortex field source field 
New field-theoretical approach: |DivD = 0 7) 
thus: DivH = 0 @3") and [DivE = 0 er) 


HH and B: source free vortex fields! 


Einstein: 

“Is it conceivable, that a ficld theory permits us to 
understand the atomistic and quantum structure of, 
reality? This question by almost all is answered with 
No. But I believe that at the moment nobody knows 
anything reliable about it". 


Pauli 


“The electric elementary quantum e is a stranger in 
Maxwell-Lorentz’ electrodynamics" 


Fig. 3.2: The field-theoretical approach 


A. Einstein: Grundzuge der Relativitastheorie, $ 162, Anhang Il; 5. Aufl. 
"8 Braunschweig 1974, 
V. Pauli: AufSatze und Vortrage uber Physik und Erkenntnistheorie. Vieweg, 
Braunschweig 1961, entnommen aus: 
H.G. Kussner: Grundlagen einer einheitlichen Theorie der physikalischen 
Teilchen und Felder. Musterschmidl-Verlag Gottingen 1976, S. 161 


3.2 Field-theoretical approach 


‘The fieldtheoretical approach is the very much older one. Until the last turn of the century 
the world in this respect still was in order. Max Planck, by the discovery of quanta, has 
plunged physics into a crisis, 

Albert Einstein, who, apart from his lightquanta hypothesis, in his soul actually was a field 
theorist, writes: Is it feasible that a field theory allows us to understand the atomistic and 
quantum structure of reality?". This question by almost all is answered with No, But 1 
believe that at present nobody knows anything reliable about it, 


[By the way the "No" can be justified by the fact that the field description afler Maxwell is 
by no means able to the formation of structure so that itis not possible For quanta to 

appear as a consequence. The field-theoretical approach could, obstructed by Maxwell's 

Field theory, not Further be pursued and to this until today nothing has changed. 

Nevertheless it would be an omission to not at least have tied this approach and have it 
‘examined for its efficiency. Maybe the above mentioned problems of causality let 
themselves be solved much more elegantly. For this however the Maxwell theary must be 
reworked 10 a pure field theory. With the well-known formulation it offends against the 
claim of causality, since itis field theory and quantum theory at the same time. To 
‘Maxwell himself the quanta were still unknown, but today we know that the fourth 

‘Maxwell equation is a quantum equation: 

diy D = pa(84) 

Afier this the electric field is a source ffeld whereby the individual charge carriers, like 
eg. electrons, act as sources to form in their sum the space charge density py. The other 
three Maxwell equations are pure wave equations. In this way the third equation identifies 
the magnetic field as source free 

divB=o 63) 

This for Pauli probably was the reason to call, 


stranger in Maxwell-Lorent electrodynamics" 


lectric elementary quantum & a 


Let's return to the principle of causality according to which in the field-theoretical 
approach the fields should act as a cause and not the particles, In a corresponding field 
description quanta logically have not lost anything, It is only consistent to likewise 
demand freedom of sources ofthe electric field 


DivD=0 


‘When the electric field is nota source field, then what i it? The magnetic 
Field, Hence it would he obvious to also conceive the electric field as a vortex field, 
‘Numerous reasons speak frit 

LA non-vortical gradient field, like its formed by charge carriers, merely represents a 
special case ofthe general vortex field. Only by the generation of quanta a source field 
cean form as a special case, 

2. The electromagnetic wave teaches us the duality between the E- and the H-field that 
are directed perpendicular to each other and are in a fixed relation 1 each other. Ione 
‘of them is a Vortex field then also the dual field must be a vortex fel. 


a“ Duality 


Duality: 

b b 

Has er) JEds=-u a2‘) 
a a 


Circulation along the closed path ds: 


Ampére’s ace. to 

lew | 6a) Maxwell: (3.8) 
$ Hds = lein Eds=-0 f Eds = -Uein 
34 Maxwell eq. 40 Maxwell eq. new: 

DivB = 0} @.3) [Div = pei 34) | DivD = 0] 7) 


With the relations of material: 


B= pH] (3.5) D=«c-E| 36) 


Fig. 3.3: The dual field description 


Dual approach according to Jackson“ or Lehner 


DivB= mags because of the 4" Maxwell equation: Div D = pai (3.4) 


Pmagn = magnetic monopoles should exist, 
otherwise dual extension (3.8) not allowed! 


Caution: closed loop conclusion! 
Maxwell theory proves the correctness of the Maxwell theory. 
Result: search for magnetic monopoles unsuccessful. 


<TD. Jackson, Classical Plecirodynamnics, 
1975, 8. 251-253, 


<i>: G. Lehner, Elektromagnetische Feldiheorie, Springer-Verlag Berlin, Heidel- 
berg 1990, 35-36 und S. 533 £1 


Ta_, John Wiley, New York, 
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3.3 Duality 


Duality is a fundamental physical principle. Opposite, but one another complementing 
phenomena can be assigned to each other in pairs, like eg. (see fg. 8.8) 


Yin (female) ‘Yang (mate) 
south pole ‘north pole 
e Ss 
R[O} resistance [2] conductance 
UV] voltage 1 fA] current 
E [Vim] cloot.field strength Hi [A/mm] magnet.tield strength 


D [Asin'] — clectrdisplacement B [Vsin'] magnetic inducto 
{AsV} eletrfield-constent —— ip [Vs/Am] _magnet.field-constant 


QIAS| charge = 6 IV magnetic tux 
pulAsim’| eletrcharge density — PyapVs/n] magnet. charge density 


induction law Ampére’s law 
potential vortex eddy current 
(vortex ofthe electric field) (vortex of the magnetic field) 


First of all we find the duality confirmed in the case of the electromagnetic wave 
spreading in a homogeneous medium. Here the field pointers of E and H are directed 
perpendicular to each other and are in fixed relation to each other. But ifthe wave is 
damped in the presence of matter, for instance by eddy currents, then by basing on 
“Maxivell’s field theory the duality will vanish, 
A good example for perfect duality provides the integral of a field strength vector along 
the pat from at be 

b 


JHds = 1 Gay and {Eds=U . 2") 


a b 
Urn i the integration takes place along a closed path then the circulation yields 


FH ds = lene G1) and 4Eds=0 62) 


According 10 Ampere's law (.1) the magnetic field can thus form enclosed currents and 
spatially spreading eddy currents. The electric field on the other hand should be 
imotational (3.2). 

Lets take the case thatthe electromagnetic wave is damped by eddy currents and the 
‘magnetic field inthis way becomes a vortex field, The electric fleld itself that, as said, is 

ina fixed relation and perpendicular tothe vortex field H, will show all the vortex-typical 
properties. Hence nothing would be more obvious as to also grant the eleetrie Field a 
ormation of vortices: 


FE ds = —Unig Ga) 
Cries of this dual approach, like for instance Jackson” or Lebaer™, point out that with 
reference wo the fourth Maxwell equation the electric field should be understood as a 
source ik: 


divD = pa G4) 


46 


Flow vortices 


Avy (velocity) 


Fig. 34a: 
rigid- 
body rotation 


Ay (velocity) 


a 
R (radius) 


Velocity distribution v(R) for a vortex with 


> 


R (radius) 


Fig. 3.4b: Velocity distribution v(R) in a potential vortex 


(see Lugt™”). 


== Lagi, Hans J2 Vortex flow ia nature and technology. Krieger publishing 
company, Florida 1995; page 30 and 31, ISBN 0-89464-916-7 
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For a complete duality from the existence of electric monopoles, individual inthe space 
charge density p4 contained charge carriers, the claim for magnetic monopoles is derived. 

In spite of intensive search such north or south pole particles however until now could not 
be found. Here from the sight of criticism is seen a confirmation for the assumption that 
Maxwell's field theory is self-contained and hence in principle may not be extended, The 
critics have a problem of causality: They postulate source fields that at the same. time 
should be vortex fields. But ifone asks how ene should imagine such a field that is scalar 

‘nd at the same time vectorial, then it looks as ino one has ever made any thoughts about 

it 


The from causality derived solution of the problem of lacking duality requires to extend 
the Maxwell theory in one point, by introducing the potential vortex of the electric feld 
here and atthe same time make a cut in another place: 


diy D=0 en 


With this formulation, the assumption ofa feedom of sources in principle, the complete 
duality already is reached: Now neither magnetic nor electric monopoles exis (Fig. 3.3)! 
AL first we have to accept the loss ofthe electron hoping that the ealeulation in the end 
\works out: the "exchange" vortices against particles, by which the quanta can be banned 
{rom the field theory, suggests that the elementary particles themselves are nothing else as 
spherical vortices that have found to an own physical reality 


3.4 Flow vortices 


In fluid engineering convincing and strong indications for the correctness of the chosen 
approach ean be found. It benefits us that hydrodynamic vortices are visible or ean be the 
injection of smoke, eg. ina wind-tunnel 

Already Leonardo da Vinei had observed at liquids that there exist wo dual basic types 
fof plane vortices: "Among the vortices one is slower at the centre than at the sides, another 
fs faster atthe centre than atthe sides. 

A vortex of the frst type, also called "vortex with rigid-body rotation", is formed for 
instance by a liquid in a centrifuge that due toils inertia of mass is pressed to the edge 
because there the largest velocity exists. In an analogous Way the electromagnetic vortex 

in electrically conductive material shows the well-known "skin effect” (Fig. 34a. 
To explain the other vortex Newton describes the experiment where a rod is dipped into a 
liquid as viscous as possible and then is turmed. In this potential vortex the velocity of the 
particle increases the closer to the rod itis (Fig. 1.4). 

‘The duality of both vortex phenomena becomes obvious when we make ourselves clear 

that in the experiment with the centrifuge the more liquid presses to the edge the less 

viscous the medium is. And that on the other hand the potential vortex forms the stronger 

the more viscous the medium is. As conclusion we read in text books thatthe viscosity of 

the liquid decides whether a vortex with rigid-body rotation or a potential vortex is 

form 


Rankine vortex 


v (velocity) 


R (radius) 


aa 


Fig. 3.5: Combination of a vortex with rigid-body 
rotation and 
a potential vortex (Lugt™). 


> —_Lugt, Hans J.: Vortex flow in nature and technology. Krieger publishing 
company, Florida 1995; ISBN 0-89464-916-7 
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3.5 Rankine vortex 


When we, in a third experiment, immerse the centrifuge filled with water into a tough 
medium and let the centifyge rotate, then inside the centrifuge a vortex with rigid-body 
rotation forms and outside the centrifuge a potential vortex forms (Fig. 3.3). 


1 is obvious that one vortex always causes the other vortex with the opposite properties 
and so the existence of one causes that of the other. So in the first case, that of the vortex 
with rigid-body rotation, outside the centrifuge potential vortices will form in the 
surrounding air, whereas in the second case, that of the potential vortices, the turning rod 
itself can be interpreted as a special case of a vortex with rigid-body rotation. 
Hence in all conceivable experiments the condition always is fulfilled that in the centre of 
the vortex the same state of "peace", that we ean fix as "zero", prevails as in infinity 


When we fake a tomado as an example, thus a whirlwind. In the "eye of the eyelone" 
there's no wind at all. But when I go away from this spot, then Tim blown to the outside. 1 
can really feel the vortex with rigit-body rotation in the inside. If however, I am standing 
fon the outside, then the potential vortex tries to pull me into the vortex. This potential 
vortex is responsible forthe structure and in the end also forthe size ofthe tomado, 


At the radius of the vortex, the place with the largest speed of the wind, an equilibrium 
prevails, The vortex with rigid-body rotation and the potential vortex at this point are 
equally powerful. Their power again is determined by the viscosity, which thereby fixes 
the radius ofthe vortex! 


‘Therefore meteorologists pursue with interest whether a tomado forms over land or over 
water, Over the ocean for instance it sucks itself full with water. In that way the potential 
vortex increases in power, the radius of the vortex gets smaller and the energy density 
increases dangerously 


If the knowledge ffom hydrodynamics is transferred to the area of electromagnetism, then 
the role of the viscosity is taken aver by the electric conductivity. The well-known current 
eddy occurs in the conductor, whereas its counterpart, the postulated potential vortex, 
forms in the bad-conducting medium, with preference in the dielectric. The duality of both 
vortices is expressed by the fact that the elecirie conductivity of the medium decides 
‘whether current eddies or potential vortices can form and how fast they decay, Le. convert 
their energy into hea. 


so Vortex and anti-vortex 


Fig, 3.6: Kirlian photograph of _ leaves 
structured corona discharges 


(produced by students of electronics in the laboratory for power eleetronies of 
the Author, University of Applied Sciences Furtwangen 1991) 


Kupfimuller, Karl: Binfuhrung i 
wger-Verlag Berlin, 12. Auflage 1988, page 453 

Kupfnuller, Karl: Einfuhrung in die theoretische Elektrotechnik, 
Springer-Verlag Berlin, 12. Auflage 1988, page 208 


die theoretisehe Elektrotechnik, 
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3.6 Vortex and anti-vortex 


Fig. 35 shows that vortex and dual anti-vortex mutually cause each other. In high tension 
Iwansmission lines we find a striking example for the combination of current eddy and 
potential vortex. Within the conductor current eddies are formed. Thus the current density 
increases towards the surface of the conductor (skin effect). Outside of the conductor, in 
the air, the alternating fields find a very bad conducting medium. If one follows the text 
‘book opinion, then the field outside the conductor should be an irrotational gradient field! 
"But this statement causes unsolvable problems. 


When vortices occur inside the conductor, then for reasons of @ detachment of the vortices 
without jumps at the interface to the dielectric, also the fields in the air surrounding the 
‘conductor must have the form and the properties af vortices. Nothing would be more 

‘obvious as to also mathematically deseribe and interpret these so-called gradient fields as 

vortex fields. When looking exaet this argument even is mandatory! 


‘The as laws of field refraction known boundary conditions“ in addition demand 
steadiness atthe interface of the conductor to the dielectric and don't leave us any other 
choice. If there i a vortex field on one side, then also the field on the other side i a vortex 
field, otherwise we offend against the law! Here an obvious failure ofthe Maxwell theory 
is present 

Outside the conductor, in the air, whete the alternating fields find a very bad conducting 
‘medium the potential vortex not only exists theoretical; it even shows itself. Dependent 
among others on the frequency and the composition ofthe surface of the conductor, the 
potenial vortices form around the conductor. When the thereby indueed potentials exeeed 
the initial voltage, then impact ionisation takes place and the well-known corona 
discharge is produced. Everyone of us ean hear this as erackling and see the sparkling 
‘kin with which high tension transmission lines cover themselves 

In accordance with the text books also a gradient field increases towards the surface ofthe 
conductor, bt an even shining would be expected and not a erackling. Without potential 
vortices the observable structure of the corona would remain an unsolved phenomenon of 
physics (Fig 3.6) 


But even without knowing the structure-shaping property of the potential vortices, that in 
addition acts supporting and that we'll have to derive, it ean be observed well that 
especially roughness on the surface of the conductor stimulate the formation of vortices 
and can produce vortices. If one is looking for a reason why with large frequency the very 
short impulses of discharge always emerge from roughness”, then very probable 
potential vortices are responsible for it. By means of a Kirlian photograph it ean be 
shown that the corona consists of structured separate discharges (Fig. 36). 


With this the approach is motivated, formulated and given reasons for. The expositions 
can't replace a proof, but they should stand a critical examination. Mathematical and 
physical evidence will be furnished later. 
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Concentration effeet 


copper cable fibre optic cable 
LiIf (current density) (intensity) 1 
~ 
R (radius) R (radius) 
distribution distribution 
of the current density intensity of light 
(eddy current) (potential vortex) 
Fig. 4.1 ‘The distribution in principle of the intensity of 
light 


within a fibre optic cable“* compared tothe 


distribution of the current density in a copper cable 


<i> Meyl, Konstantin: Potentialwirbel, Band 1: Diskussionsbeitrage zur natur- 
Wwissenschaftlichen Deutung und zur” physikalisch-technischen Nutzung, 
basierend auf einer mathematischen Berechnung neu entdeckter hydro” 
tischer Wirbel, INDEL Gmbli, ‘Verlagsabteilung, 
Villingen-Schwenningen 1990, ISBN 3-9802-542-1-6 
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4, Propertios 


4.1 Concentration effeet 


It can be assumed that until now there does not yet exist a technical application for the 
hhere presented potential vortex theory unless the phenomenon was used by chance and 
lunconsciously. About this the transmission of optical light signals over fibre optic cable 
cean be given as atypical example, 

Compared to a transmission of energy impulses over a copper eable fibre optic cables 

show a considerable better degree of effectiveness. The derived potential vortex theory 
provides a conclusive explanation for this phenomenon and therefore is put here to 
discussion: If we cut through a fibre optic eable and look atthe distribution of a light 
‘impulse over the eross-section, then We observe a concentration in the centre of the 
conductor (fig. 4.1) 


Here the duality between the vortices of the magnetic and of the electric field comes to 
light. Whereas the current eddies in a copper conductor cause the "skin effect” as is well- 
known, potential vortices show a "concentration effect" and align themselves with the 
vortex centre, The measurable and in fig. 4.1 shown distribution of the light intensity in a 
Fibee optic cable may confirm this phenomenon, the orientation of the potential Vortex on 
the vortex centre. 


For instance the calculation of the resistance of a copper cable provides as an important 
result an apparent decrease ofthe resistance directed towards the Conduetor surface. There 
the associated better conductivity as a consequence causes an inereased current density, In 
the reversed direction, towards the centre ofthe conductor, consequently a decrease ofthe 
effective conductivity would be present, and this result is independent of the used 
‘material, According tothe rules of duality this is a condition for the formation of potential 
vortices. As already said the conductivity is responsible for it, if the expanding eddy 
current with its skin effector the contracting potential vortex with its concentration effect 
‘sprkanint, 


Usual fibre optic materials possess not only a small conductivity, but in addition a high 
dlieletrcity. This additionally favours the formation of vortices of the electric field. Ione 
consciously or unconsciously supports the potential vortices, thea there isa possibility that 
the life ofthe fibre optic cable is negatively influenced because ofthe concentration effect. 

(Of course it can not be excluded that other effects, like e.g reflections or the modes of the 
light are involved in the concentration effect. But it should be guaranteed that this actually 
concerns is causal phenomena and doesa't concern only alternative explanations out of 
‘ignorance of the active vortex phenomenon. 


‘The formal mathematical reason for the concentration effect provides the reverse sign in 
Faraday’s law of induction compared to Ampere’ law (see also equation 3.1 and equation 
38 in fig. 33). 


st Duality of the vortex properties 


magnetic electric 
field strength field strength 
H E 
potential 
vortex 
| electric 
i dipole 
| 
vortex of the | vortex of the 
conductor | non-conductor 
ideal case: 
superconductor | vacuum 
| 
material properties which act amplifying: 
permeability ' dielectricity 
result: | 
»skin effect* | concentrations 
j effect® 


Fig. 4.2: The acting as a dipole of 
current eddies and __potential vortices. 
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4.2 Duality of the vortex properties 


The rules of duality dictate for the vortex of the electric and of the magnetic field the 
following characteristics: 


1. Whereas currents and eddy currents demand a good conductivity, potentials a 
potential vortices can only form with bad conductivity, thus in a dielectric and best in 
the vacuum, 


2. Eddy currents run apart, strive towards infinity and thus show the well-known "skin 
effect” with a spatially: limited arrangement of the conductor. According 10 the rules of 
duality the potential vortex will strive towards the vortex centre and in this way will 
show a "concentration effect” 


3. Another property of vortices is shown in fig. 4.2. 
(On the left side a plane eddy current is indicated. Since the discovery of Ampere law 
itis well-known to us that such a circular current (I) forms a magnetic dipole standing 
perpendicular to the vortex plane 

(On the right hand side the dual phenomenon is sketched. Here charges are piled up 
circularly to a planar potential vortex (U). Thereby an electric dipole forms, standing 
perpendicular tothe vortex plane. This relation directly follows from the equations of 
the feld-theoretical approach, 

‘Whereas circular currents and current eddies produce magnetic dipoles, the postulated 
potential vortices will form electric dipoles 


With these three interesting properties some key questions of quantum physics, that until 
now have stayed a mystery to science (fig. 44), ean be answered conclusively and without 
compulsion eg. 


[Why are there no magnetically charged particles? 
‘The better the conductivity of a medium is, the higher as @ consequence the number of free 
charge carriers is. the more strongly eddy curtents are formed, The answer t question 1 is 
inferred from the opposite case 
In the ideal vacuum no charge carriers at all are present, why no currents, no current 

teddies and consequently no magnetic poles can exist. 

With this wellsknown fact the first question already is answered. The question why in the 
‘microcosm there can not exist magnetically charged elementary particles, why the search 

Toe magnetic monopoles doesn't make any Sense. Let's ask further 


I Why are there only electrically charged particles? 
Let us for that consider the dual conditions. The worse the conductivity of a medium is, the 
more the potential vortex -will be favoured that because of this property also ean be 
understood as the vortex ofthe delectie, 

In the mentioned extreme case ofthe ideal vacuum, no eleetic conductivity is present for 

reason of the missing charge earrierS. But this circumstance favours the potential vortex 

tnd that, according to fig. 4.2, forms electric poles and with tis aso the second question 

‘would be answered cay. 

It can be traced back to the boundary conditions of the microcosm that without exception 
electrically charged particles are entitled to exist; a realization derived from the fleld- 
theoretical approach, that covers all experiences. 
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Fig. 4.3: 
potential 
vortices 


electron as an elementary vortex 


the elektron & 


Elementary particles as configurations of 
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4.3 Derivation of the electron as an elementary vortex 


‘The next key question necessarily has to be brought to a conclusive answer to save the 
principle of causality, so that we no longer have 10 postulate an own physics with its own 
laws for the microcosm: 


IIL, Why do these particles show as monopoles? 


‘Mote concrete the question has to read: 
‘Where is the positive pole in a negatively charged electron, ifit should be an electric 
dipole? 

‘The only possible answer is 

In the centre of the particle! 


‘Thus in the centre of the electron its positive pole is hidden and in the centre of the 
positron its negative pole is hidden, But we only observe these particles from the outside 
fand for reason of the field conditions of the electron we measure a negative charge and for 
its antiparticle, the positzon, a positive charge. If in each ease we wanted to measure the 
electric flelds included in the inside, we had to destroy the particle. Then a proof would 
not be possible anymore 


Here also a persistent mistake is eliminated by the for a long time known axiom that 
‘monopoles can not exist at all if one considers ‘continuity! By means of technical-physical 
experiments this axiom is sufficiently secured 

‘The quantum physical approach is standing on uncertain ground if it is postulated that 
other laws of nature should apply to particle physics, if a second approach, the field- 
theoretical approach, is conceivable that does not know these problems! 


‘The discussed concentration effect gives the potential vortex a structure shaping property 
‘With tha also the fourth key question can be answered: 


IV. Why do the particles have the form of spheres? 


‘The potential vortex is favoured in the particle-free vacuum of the microcosm because of 
the missing conductivity. In connection with the concentration effect the following 
‘conclusion can be dravs 

‘The extremely mighty potential vortex exerts a high pressure on the microcosm and on 
each particle. 


‘With that also the fourth key question, why stable elementary particles are spherical, can 
bbe answered by the potential vortex theory: 

nly the sphere is able to withstand a high outside pressure, 

All other forms, like e.g. dipoles formed like a rod or a club would be instable in the 
presence of the extremely concentrating potential vortex. They would be immediately 
destroyed by the pressure of the potential vortex. 


quanta as field vortices 


I. Why are there no magnetically charged 
particles? 
(the vacuum has no conductivity!) 


I. Why are there only electrically charged 
particles? 
(in the vacuum only potential vortices can exist!) 


m1. 


Why do these particles show as monopoles? 


(the other pole is locked up in the inside of the vortex 
oscillation!) 


Iv. 


Why do the particles have the form of spheres? 


(for reason of the outside pressure by the concentration 
effect!) 


V. Why is the elementary quantum stable? 
(without conductivity no decay of vortices takes place!) 
VI. Why does for every particle of matter exist an antiparticle? 


(there are two swirl directions with equal rights!) 


VII. Why are particles and antiparticlesincom- 
patible? 


(contrary swirl directions!) 


Fig. 4.4: Key questions of quantum physics 
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44 Quanta as field vortices 


‘The fied-theoretical approach demands removing the electron from the field equations 
(eq. 3.7) and atthe same time introducing the potential vortex ofthe electric field. With, 
this vortex phenomenon there now is a possibility that the electromagnetic wave 
spontaneously rolls up to a Vortex in case it is disturbed from the outside. The vortex 
particle that is formed in such a way owes its physical reality on the one hand the 
‘concentration effect of the potential vortex, that compresses this particle to the dimension 
of a tiny sphere and on the other hand its localization for reason ofthe oscillation around 
axed point 

‘The spherical elementary particles are being compressed to inconeeivably small 
dimensions. Therefore they are capable to bind a comparatively high energy in their 
inside. This is confirmed by the mass-energy relation E = me” @) 


‘The fact thatthe energy is dependent on the speed of light can be judged to be a clear 
indication that quanta actually are nothing but oscillaing electromagnetic 
vortical oscillations of empty space! 

‘The next question reads: 


packages, 


V. Why is the elementary quantum stable? 
‘The worse the conductivity is, the more the potential vortex will be favoured, the more 
strongly the concentration effect will form, the smaller the spherical phenomena will get ~ 
the larger the authoritative relaxation time will be, ie. the slower the decay of vortices 
tnd with thatthe more stable the vortex phenomenon willbe 

In the microcosm, that comes the ideal case of a particle-free vacuum very close, the 
spherical vortices because ofthe missing conductivity have an absolute stability 


VI. Why does for every particle of matter exist an antiparticle? 
Since every vortex can also oscillate 

in the opposite direction, there always exist two forms of formation of spherical vortices 
With equal rights, one of them is assigned to the World of matter and the other to the world 
of anti-matter. 


VIL, Why are particles and antipartiles incompatible? 
For reason of the contrary swirl direction they are incompatible to each other. They have 
the tendency to destroy each other mutually, like two trains that want in the opposite 
direction ona single-tacked distance. 


‘The quantum physical approach does not have an answer to these key questions. Until 
now scientists have merely thought about to what the observable contraction ia the 
‘microcosm and the maerocosm can be traced back. Because the approach was not able to 
furmish an answer, without further ado some new matter was introduced: the sluons. These 
binding particles should be able to exert the necessary pressure. But until now no one has 
been able to observe or detect this fabulous matter. Nobody knows its structure and its 
composition. Despite missing evidence itis stated that this matter is mass less and at the 
same time lumped; itis invisible because it can't interact with any other matter, not even 
With the supposed building parts ofthe atomic nuclei, the quarks. But atthe same time 
there should be exerted a pressute on the quarks, for which reason quarks again should be 
able to interaet with gluons! 


60 the photon 


Fig. 4.5: Two coaxial oscillating vortex rings (Lugt™). 


<i> Lug, Hans J.: Vortex flow in nature and technology. Krieger publishing 
‘company, Florida 1995; page 42, ISBN 0-89464-916-7 
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4.5 The photon 


The ability to form structures as a consequence of the concentration effect gives the 

potential vortex a number of highly interesting properties. To derive these properties. we 

fan make work easier when we fall back upon the observations and experiences of Mow 

‘dynamics, 

Heere the vortex ring takes a special place. Its vortex eentre is not closed, for which reason 

itis not stationary and propagates in space with a constant speed. It can be observed that 

the velocity of propagation increases with the ring diameter becoming smaller. By means 

of the vortex rings, that skilful smokers can produce with pointed lips, these properties can 

be made visible 

Now if two vortex rings run into each other with the same axis and direction of rotation 

then both oscillate around each other, by one vortex attracting the other vortex, thereby 

accelerating and thus contracting it The second vertex then slips through the core opening 

and gets again slower and larger. Now the first vortex accelerates and plays the same game 

(ig. 45), 

1 ‘would be obvious forthe vortex of the electric field to have a corresponding propety. 

‘The electron e- and with the opposite switl direction the positron e+ will form such a 

potential vortex corresponding to the derivation. Two electrons, as like charged particles, 

Would repel each other and surely will be out of the question for such @ configuration. An 

electron and a positron however will attract each other and because of their 
sompatibility they will mutually destroy unless they open theit vortex centres to form @ 

vortex ring. Now the e- shows its positively charged centre that shows the same switl 

direction as the e+ seen from the outside. Therefore the vortices don't hurt each other, 

\when the positron slips through the opened vortex centre of the electron and vice versa 

‘This oscillating electron-positron pair bas strange properties: seen from the outside one 

roment itis negatively charged and the next moment itis positively charged. Therefore 

over time on the average no charge will be measurable and no electromagnetic inter- 

action will take place. 

(One moment the particle is matter and the next moment it is antimatter, Hence no mass at 

all can be attributed to the particle, Interactions primarily takes place between both dual 

vortices. We can predict, the particle has neither mass nor charge. The environment 

merely sees a fast oscillaing particle that only within every half cycle is capable of an 

interaction 

The centre of the oscillating particle is open, for which reason it is not stationary 

anymore. Instead it propagates in z-direction with the switl velocity, which is the speed of 

light, in this way preventing a rotation around the x- or y- axis (lig. 4.6). In this way a 

polarizability is present. 

The only possible and, as we will see, necessarily taking place rotation around the z-axis 

gives the particle a spin of the magnitude of a quantum of angular momentum. After all 

the rotation for e"ande’ is ofthe same magnitude witha spin of each time 1 «jy There 

should be paid attention to the fact that for the ease of an opposite sense of direction of the 

respective rotation around the common 2-axis the spin on the average will be zero, 

In addition the particle is characterized by an outstanding property: a periodically taking 

place oscillation with any frequency, but tha frequency as to be constant 

We now only have to take a table of particles to hand. Actually we will find a core- 

sponding particle that has all these properties: he y-quana,alsoealled photon, 


@ pir creation | 


Fig. 4.6: The photon as oscillating electron-positron pair 


‘The decay of the y- quanta (photon)"* 
(= pair creation = Bethe-Heitler-process 1934 ): 


y—ete 


(42) 


<= Nachinann, Onto. Phanomene und Koazepie der Elementaricilchenphysik, 
Vieweg, Braunschweig 1986, S. 135, ISBN 3-528-08926-1 
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4.6 Pair ereaton 


Proof for the correciness of the model concept provides the decay of the photon in an 
electron and a positron in the presence of a strong field, as for instance in an atomic 
nucleus. This observable decay is called pair creation or Bethe-Heitler process” 

ye ere any 

In this process the elementary vortices for a short time get back their localization and are 
therefore detectable. Otherwise the electron and positron have the form of a sphere, the 

photon however rather has the form of two oscillating discs 

‘The photon doesn't participate in the electromagnetic interaction, because the electric Field 
lines run from one disc to the other (from + ta -). The field lines are not open as they are 
for e or e* (ig. 43). To open up the field tines an energy is nevessary that corresponds to 
the sum of the 1wo formed particles. But from this it by to means follows that this amount 
of energy will be released in the reversed and much better known process, where matter 
and anti-matter annihilate under emission of y-quanta, At the end of the derivation the 

‘vortex model will provide us the desired answers on questions of the energy of photons. 

Here first’ ofall only the properties ~— willbe concerned. 
Experiments, in which light shows asa particle, are the photoelectric effect, the Compton 

effect and alot more, According to the by Maxwell developed classical theory of light 
however is light an electromagnetic wave that is not quantized in any way, neither as 
sphere nor as dise, the wave nature of light as well has a physical reality and is secured by 
experiment. This is witnessed by the interference patterns of overlapping coherent light 
beams. 


‘A concept in which light could exist atthe same place and the Same time both as wave and 
fas corpusele could never be brought into accord with the principle of causality. Formulas 
‘of compromise, like the uncertainty principle of Heisenberg that refers to the point of 
view ofthe observer, can't change anything about this dilemma, The dual nature of light, 
that in this context is gladly spoken of, rather consists of the fact that dependent on the 
local field conditions, any time and spontaneously the wave can roll up toa vortex. 

‘As an example of a violation of the principle of causality it has been indicated under point 
3 (fig. 3.1) that both fields and quanta at the same time should be the cause of something, 
‘This concept was formulated by Maxwell and written down in moder quantum electro- 
dynamics by Dirac but in the field-theoretical approach we have dropped this conept 
because it violates all rules of causality in an elementary manner. Therefore it only is 
consistent, if we hold the view that the lights either wave or particle but never is both at 
the same time! 


Im the spontaneous transition of the wave to the particle all the important properties are 
conserved: the propagation with the speed of light, the characteristic frequency of the 
oscillation and the mentioned polarizability 
‘The process of rolling up possibly takes place already in the laboratory, in a bubble 
chamber and at the latest in our eyes. To receive the electromagnetic Wave, we bad to have 
antennas. We actually see the photons. It therefore would be obvious if our cells to see 
only could perceive vortices, inthis case photons. We don't possess a sense organ for 

Fields and waves. 
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Fig. 4.7: The power density shown against frequency for 
noise 

(a) according to Kupfmuller™”, 

as well as for dielectric losses of a capacitor (also a) 
and for eddy current losses (b) according to MevI 


(b in visible duality to a). 


in die theoretische Elektrotechnik, Springer- 

‘Auflage 1988, ISBN 3-540-18403-1 
ichilineare Berechnung von 

Dissertation Universitat Stuttgart 1984 


<i Kupfimuller, Karl: Einfubeu 
Verlag Berlin, 12. 


Wirbelstrombupplungs 


AT Noise 


I, according to the field-theoretical approach, there exist electric field vortices then they 
will not only form the elementary particles in the vacuum, but will also macroscopically 
oer and have an effect in large dimensions. 


Assuming a wave that rolls up t a plane vorex it would be obvious if polarization and 
velocity of propagation are conserved in the process. But how does it stand about the 
Frequency? 

‘The wave now will walk round a stationary point, the vortex centre. The propagation with 

the speed of light e will remain existent asthe sel velocity. For a plane eireular vortex, 

where the path for a revolution on the outside is very much longer than near the vortex 

contre, there arises a longer wave length and as a consequence a lower frequency on the 
outside as more tothe inside. With this property the vortex proves to be a changer of 
frequency: the vortex transforms the frequency of the causing wave in an_evenly 
spectrum, that sans at low Frequencies and stretches 10 very high frequencies (ig. 14). 
Exacly this property we observe in “white nose”. The consistent conclusion would be 

that this conceras the vortex ofthe electric field. Anyone ean, without big expenses, 

‘convince himself or herself ofthe localization, of the property to change the Frequency and 

‘of the cicumstance that vortices can be very easily influenced, that they avoid or again 

\hil about a place of disturbance, for instane an antenna. For that one oly needs to tune 

a radio receiver to a weak and noisy station and move oneself or some objects around, 

then one is able to directly study the influences from the manipulation of the receiving 

signal 

But already the fact that the using and measurably of signals is limited by noise makes 
clear. which attention the potential vortex should be given 


Within limited frequency range the power of the Nyquist or resistance noise is 
\dependent of frequency (lig. 4.7). This should be clarified particularly by the term 
‘analogous fo white light, where all visible spectral ranges independent of 

frequency have the same energy density 


But this relation doesn't hold for high frequencies of any magnitude. Here another noise- 
effect appears, that is said to have its cause in the quantum structure of energy 
Untouched by’ possible interpretations an increasing power of the noise is measured, that 
more and more tums into a being proportional to frequency (fig. 47, curve a). 
Interestingly this curve shows a remarkable duality to the power curve of eddy currents, 
likewise shown against the frequency, that for instance can be measured at eddy current 
couplings” (fig. 47, curve b). This circumstance suggests a dual relation of the potential 
vortex of the electric field in bad conducting media on the one hand and the eddy current 
in inductive materials on the other hand * 


‘Sie Mey, Konstantin: Wirbel des clekirischen Feldes, 
EMC Journal 1/95, 6. J, ISSN 0945-3857, S. 56 - 59. 


66. capacitor losses 


metallized film of polypropylen 


glass plate 


glass plate 


a) measurement set up according to Yializis and others” 


b) after 40 hours ©) after 52 hours 
Fig. 4.8: Measurement set up (a) and photo of vortex 
structure 


in a metallized __polypropylen —_layer_—_capacitor 
(at 450 V/ 60 Hz/ 100°C) 

Observation of the formation of a vortex (b) and (c). 
(110 fold magnification), according to Yializis et al.” 


A. Vializis, S. W. Cichanowski, D_G. Shaw: Electwode Conosion ta Metallized 
Polypropylene Capacitors, Proceedings of IEEE, International Symposium on 
Electrical Insulation, Bosten, Mass., June 1980; 


4.8 Capacitor losses 


Next the dielectric losses in a capacitor fed with an alternating voltage are measured and 
likewise put on against the frequency. At first the course is independent of the frequency, 
bout towards higher frequencies it increases and shows the same characteristic course of the 
ceurve as the before mentioned power ofthe noise (fig 4.7, curve a) 


This excellent agreement suggests the assumption that the dielectric losses are nothing but 
eddy losses. 
These vortex phenomena, caused by time-varying fields, are not only found in ferro- 
‘magnetic and conductive materials, but equally as dual phenomena in dielectrics and non- 
conductors 


As examples of practical applications the induction welding or the microwave oven ean be 
‘mentioned. The process ean be described in other words as follows: in both examples the 
cause is posed by high-frequency alternating fields that are irradiated into a dielectric as 
anelectromagnetic wave, there roll up to potential vortices and eventually decay in the 
vortex centre. The desired and used thermal effect arises during this diffusion process, 


‘The striving in the direction of the vortex centre gives the potential vortex of the electric 
field a structure shaping property. As a consequence of this “concentration effect 

circular vortex structures are to be expected, comparable to the visible vortices in flow 
dynamics (e.g tomnados and whirlwinds). At the same time the dual anti-vortex arses, the 
diverging eddy current. It takes, as is well-known, the given structure of the conductor, so 
in the technical literature’ one correspondingly talks of a "skin effect" 
Now if conductor and non-conductor meet as they do in a capacitor, then atthe boundary 

area visible structures will form. Circles would be expected, if the eddy current in the 
inside and striving to the outside is equally powerful as the potential vortex that comes 
from the outside and concentrates. 


Actually such circular structures are observed on the aluminium of high tension 
capacitors, when they were in operation for a longer period of time. The formation of 
these circles, the cause of which until now is considered to be unsolved, is already 
experimentally investigated and discussed on an intemational level by scientists (ig. 
48) 


‘These circular vortex structures can be seen asa visible proof “for the existence of 
potential vortices ofthe elect ld 


ii»: D. F. Taylor, On the Mechanism of Aluminium Corrosion in Metallized Film 
Capacitors, IEEE Transactions on EI-19,August 1984,No.4,pp.288-293, 

iii Meyl, Konstantin: Wirbel des elektrischen_Feldes, 
EMC Journal 1/95, 6.1, ISSN 0945-3857, S. $6.59. 


os vortex lines and vortex streets 


Fig, 4.9: Motion of two point vortices. (Lugt") 
A. with opposite direction of rotation 
B. with the same direction of rotation 
1. for equal vortex strength 
2. for unequal vortex strength 


Example from practice for case AL: 
vortex pair behind an airplane 
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4.9 Vortex lines and vortex streets 


I can be assumed that the vortex of the electric field is relevant with regard to the 
clectromagnetic environmental compatibility. This then holds not only for microcosmic 
and microscopic vortices, but also for macroscopic and larger dimensions. The individual 
vortices ean join together to balls and lines. For the study of this process itis useful to 
‘again fll back upon experiences of low dynamics. 


‘The co-operation of individual point vortices has been investigated thoroughly in flow 
dyamics. Without any outside manipulation an individual vortex rotates on the spot 
That changes in the case of two neighbouring vortices. Now it depends om their mutual 
srength and sense of rotation. If they have the opposite sense of rotation and equal 
strength then thei centres of rotation move straight forward in the same direction. If 
however the direction of rotation is the same then both vortices rotate around each other 
(ig. 49), 


In this way @ multitude of point vortices is capable, to form in the first case whole vortex 
streets and in the second case spherical vortex balls. In principle a vortex string can also 
consist of a multitude of potential vortices pointing in the same direction; but it has the 
fendeney troll up toa vortex ballin ease itis disturbed from the outside, as ean be shown 

very clear by means of computer simulations", 


As a starting-point for a discussion the thesis can be put forward that also electric field 
vortices, in nature usually consisting of a multitude of individual point vortices, appear as 
vortex sings and vortex balls. 


Perhaps historians see in this property an answer to the question, how it was possible for 
the Romans to build streets stright as a die in the wildemess. ‘Their land surveyors, the 
Augures, had at their disposal neither laser, nor any other suitable gauges. Their most 
important tool was the Lituus, the crook, that at its upper end was rolled up like a vortex in 
the sense of a fat col shaped like a spiral. 

The question poses what this strange object was used for. Perhaps the roman land 
surveors tracked down any vortex lines with this erook and then used them to orientate 
themselves? 

History still holds a lot of secrets, but for now only this indication is given. The following 
seminar will give enough opportunities for speculations and discussions" 


i>: Lugt, Hans J: Vortex flow in nature and technology. Krieger publishing 
company, Florida 1998; p.38, fig. 325, 3.26 and 3.27, ISBN 0-89464-916-7 

<ii>: K. Meyl: Elektromagnetische Umweltvertraglichkeit Teil 2 und 3 Seminar- 
umdrucke, INDEL Verlag VS; see part 2 and 3 of this book. 


Water colloids as vortex balls 


Fig. 4.10: The rolling up of a vortex chain to a vortex ball 
for the smallest disturbance 
(case Bl in fig. 4.9) (Rosenhead™>). 


<i: L, Rosenhead: Formation of vortices from a surface of discontinuity. Proc. 
Roy. Soc. A 134, 1931, 170. taken from 
Lugt, Hans J.: Vortex flow in nature and technology. Krieger publishing 


company, Florida 1995: page 39, figure 3.29, ISBN 0-89464-916-7, 
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4.10 Water colloids as vortex balls 


We have to realize that in the biosphere we are staying in a relatively ideal dielectric. The 
two “capacitor plates” are being formed by the ionosphere and the earth. The potential 
vortex will, as said, be favoured by a bad conductivity and by a high dielecricity. Conse- 
‘quently it will dominate and take effect in the biosphere. In which way it takes effect is the 
central theme of the electromagnetic environmental compatibility 


Life in this world consists predominantly of water and water has a very high dielectricty! 
With thatthe effectiveness and the long life of the potential vortex inereases. The human 

head for instance contains 70% and plants contain over 90% water! But it does not 

simply concer H10, but structured water ina colloidal form, These water colloids could 

be vortex balls because they consist ofa large number of water molecules in a spherical 
arrangement They form independent and insoluble particles with a negative electric 

charge lig. 41D. 
Water is not equal water thanks to this structure. One can buy healing water and 
corresponding sources are well-known and famous. Many an effect can be explained by 
‘means ofa chemical analysis but not everything, 


“The highest age in this word is reached by the inhabitants of Hunza, inthe mountains of 
noshem India atthe fotill ofthe Hinda Kush, at an alitude of 2500 meters. They dink 

some muddy glacial water that i strongly colloidal. lence it would be obvious that plants 

and also we ourselves need such water for our physique. Presses are known with which 

the advantageous vortex balls, say colloids, ae produced artificially by mechanic or 
‘chemical teatment"”-Levitated water, ait sclled and ast i for sale nowadays i aid 

to be more healthy. Unfortunately people predominantly work empiric in this area, 
because science occupies itself with this topic only lite or nt at al. 

Another problem is the fact that the colloids again fall apart quickly. The like negative 
charge favours this process. The liquid crystals have to be stabilized from the outside, In 
the case of the Hunza-water the colloids are surrounded by a vegetable layer of fatty acid 
and are protected in this way “It possibly is very obliging to nature, ifthe water colloids 
also in biological systems ate stabilized in that way. 

Everyone of us knows that fesh spring watr tastes much beter than tale, bottled water, 

even ifthe chemical analysis turns out of be absolutely identical. For this fact classical 

Science is notable to give a cause - a further problem of causality. In any ease should 
potential vortices with their structure shaping property be considered asa cause for the 
formation of water colloids. t surely causes no difeulies at all wo interpret the colloids as 

vortex bulls 


<b V. Schauberger: Die Entdeckus 
Ne. 112 und: 

N.. Harthun: NaturgemaSe Technik - Wege fur die Forschung nach 
Viktor Schauberger, Verlag Delta Design, Berlin 1996, 

<ii>: Flanagan: Elexier der Jugendlichkeit, Waldthausen Verlag Ritterhude 1992, 
orig: Elixir of Ageless 
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4.11 Phenomenon of teansport 


‘The vortex principle is self-similar, This means that the properties of an individual vortex 
also for the collection of numerous vortices again appear and can he observed in a similar 
‘manner. That's why a vortex ball behaves entitely similar as an individual isolated vortex. 
‘The same concentration effect, that keeps the vortex together, shows ils effect for the 
‘vortex ball and keeps it together also. 

Something corresponding holds for a basic property of potential vortices, being of a 
completely different nature. It is the property to bind matter in the vortex and carry it 
away with the vortex. Well-known are the vortex rings that skilful cigaretle smokers ‘can 
blow in the air. OF course also non-smokers can produce these air eddies with their mouth 
bbut these remain invisible. Solely by the property of the vortex ring to bind the smoke it 
‘becomes visible tothe human eye. 

Tout potential vortex transports something then it rather should be a dielectric material, 
so preferably water. Therefore if in the environmental air we are surrounded by potential 

tices that we can detect for instance as noise, then they are capable with their 

“phenomenon of transport to pick up water and to keep it in the vortex. In this way the 
atmospheric humidity is explicable as the ability ofthe aie particles to bind comparatively 
heavy water molecules. If the vortex falls apart then it inevitably releases the water 
particles and it rains, This is merely a charming alternative for the clasical representation 
‘without claim to completeness, 
Already the Romans have made use ofthis phenomenon to find water and sources, About 
this Vitruv“" (from 23 BC) in his 8th book about architecture writes: "Before sunrise one 
hhas to lie down on the earth atthe places, where to search for water. and one has to Took 
atthe area... Then one has to dig atthe place where there appears curling and in the air 
rising moist steam, Because this characteristic can not occur ata place where there is no 
‘water. The ata certain time of day and in certain seasons oecasional in meadows and com 

fields observable streaks or circular mostly moist places with differing vegetation, have to 
bo judged as an infallible sign for the existence ofthis phenomenon. 
This phenomenon of transport again appears for the discussed water colloids. The 
involved water molecules form a spherical objet with a negative charge. They turn thet 
negatively charged side to the outside and point with the positively charged end in the 
direction of the middle of the sphere. There, no longer discernible from the outside, 2 
negatively charged ion can be, that is stuck, that no longer can escape and that gives the 
‘whole colloid a characteristic property. In this way nature knows various water colloids 
that constitute plants and animals, But stating ata temperature of 41°C the liguid crystals 

fall apart. This not by chance is the temperature at which a person dies. 
Already 10 millivolts pe liquid erytal slice forthe electecaly induced death 
‘The to a colloid identical structure we find in the structure of the atoms. Here the atomic 
‘nucleus is held in the inside of a vortex-lke cloud of electrons, the atomic hull. We'll hit 
the phenomenon of transport a last time, when we derive the elementary putiles, For the 
photon is already discernible the tendency of an elementary vortex, to take another vortex 
in its inside. Merely because the electron and positron are evenly matched a stable 
‘configuration is prevented forthe photon. 


-<i5y Vitruvius Pollio, Marcus: Ten Hooks about architecture, WHG 1987 
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In chapter vortex calculation used differential operations: 
field pointer (vector = bold): 
A sea te At eA 
Gradient of the scalar function of position V: 
grad V = ex - SV/8x + ey - SV/Sy + er - 6V/8z 
Divergence of the vector A: 
div A = 8Ax/Ox + 5A;/By + BAs/5z 
Curl (vortex density] of the vector A: 
Tot A = ex: (BAs/dy ~ 8Ay/Bz) + 
+e) (BAx/82— BAs/x) + 
+ @: + (BAy/x ~ BAs/ Sy) 
Laplace operator A: 
AA = BA/6x2 + 6A/oy? + HA/62 
arithmetic rules: 
AA ~ grad div A rot rot A 
divrotA = 0 
AxXB = —BxA 
div(AxB) = BrotA-ArotB 
rot (Ax B) 


(B gradjA ~ (A grad)B + A div B- Bdiv A 
Ax(BxG) = B(AC)-C(AB) 


* important equations are given in a box 
* nemequations are underlined twice. 


Fig. 5.0: Collection of formulas for vector analysis, 
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5, Derivation and interpretation 


Vortices cause big problems to every measuring technician, They have the us 
property to whirl around the sensor even if it is as small as possible, Vortices avoid the 
smallest disturbance and then can hardly be detecied reproducibly 


From the well-known eddy current we know of this problematic. Instead ofthe vortex, We 
are forced to measure and analyse any effects that arise from the vortex. These can be 
‘measurements of the eddy losses or effects back on the stimulating field. But only 
provided tha the effect actually occurs 

‘The prerequisite for an increase in temperature by eddy losses is that the vortex falls apart. 
Ina ideal medium it unfortunately will not do us this pleasure 


[As vrtex of the dielectric the potential vortex will find fairly ideal conditions in air or in 
water. How should a vortex be detected, if it does not produce any effect? The classical 
‘measuring technique is here a its wis’ end 


From the duality to the well-known eddy current and by means of observation in the pre- 
‘vious chapters numerous properties of the potential vortex have been derived. But these 
are not all the properties. The mathematical calculation of the electic vortex field, that we 
‘want to turn to now, will eveal stil further meaningful and highly interesting properties. 


‘The observation is important, but it can't replace an exact calculation. A. strictly mathe- 
‘matical derived result has occasionally more expressiveness than a whole book full of 
explanations. It will be a big help to derive and to discuss the field equation that all 
‘considerations are based on, 


We facilitate the mathematical work by vector analysis. Therefore it is useful that we 
choose the differential form (equation S.1 and 5.4) instead ofthe integral form (equations 
3.Land32 resp. 38), 


16. fundamental field equation 


1, Ampére’s law: 


rotH = j + aD/ot 6 
with H = H(r,t) 

and Ohm's law: j=0-E r 
dielectric displacement:  D = e-B 6 
relaxation time: u = e/o ¢ 


2, Faraday’s law of induction (extended according to duality 
=rotE = B/tp + 6B/at ee 


with E = Eje,t) 
and the flux density: B 


-H G 


srotE = 1-(H/w + dH/at)) 6: 


-rotrot EB = p-(1/t2)-rotH + p- d(rot H)/st ‘ 


insert equation 5.1": 
-rotrotE = p-e-(E/tite + (1/t2). 3E/dt + 


+ (1/t) -3E/6t + 6°E/5t) fcr 
-rot rot = AB~graddivE = AE, 
if divE = 0 G3 


abbreviation: nee = 1/e ‘ 


3. fundamental field equation: 


Bc? = 5°B/Bt! + (1/1)-0E/8t + (1/n)8E/3t + B/aite 
I a b c a e 


Fig. 5.1: Derivation of the fundamental field equation. 
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5.1 Fundamental field equation 


Well start from Ampere's law which provides a value for the current density at any point 
pace and this value corresponds tothe vortex density ofthe magnetic field strength 


rol = j+8D/5e 1) 
Wert use Ohm's law: j=ok 52) 
Nhe dielectric displacement: Dek 66) 
Joo the relaxation time: node, (53) 


fh indicates how fast the current eddies decay. So far we can fall hack upon well-known 
Petations 
[Poe result is: rot = ¢> (Ee, + BEM) (ir) 


‘The new elecric field vortices demand the iniroduction of a corresponding time constant 
tau; that should describe the decay of the potential vortices, as an extension. The extended 
Faraday law of induction now provides a potential density, that at any point of space 
corresponds to the vortex density of the electric field strength: 


r -rotE = Bir, + Bis (sa) 


pee the tux density B= weH. 65) 


‘esl Fat the required 
Jeli to equation 1°: E = p(s: + aH) oan, 


Pee avain apply the curt to equation 5.4" 


rotor = po (I/eg)-rot Hl +p -S(rot He (35) 
Jet insert equation 5.1°, we obtain: 


wee (Barts + (Why -8E/8t + (We) BEL TERE) (SSH) 
Which according 10 the ules of vector analysis can still be further simplified: 
“rot rot E = AB - grad div E , whore we should remember that the divergence has to 
Vanish (div E = ©. fig. 32, equation 3.7 ), should the corresponding field vortex be 
inserted! 

Furthmnoc the flowing wellknown abbreviation ean be inserted: j.-2~ Ve" (8.6) 


With thatthe relation withthe speed of light e simplifies to the sought-for field equation: 


= SBE + (1/4) BEB + (ie) OBL + Bre 
be ell (61) 


; 0 
eee 


‘This equation describes the spatial (a) and temporal (b,c, d) distribution of a field vector 
It describes the electromagnetic wave (a, b) with the influences that act damping. As 
dumping terms the well-known eddy current (e) and in addition the newly introduced 
potential vortex (d) appear. 


78 fl mathematical interpretation! 
Field vector:y= E, H,j, Bor D 


1. elliptic potential equation: 
(stationary:t —= % resp. 3/6t = O) 


54) 


2. hyperbolic equation: 
(undamped wave equation) 


69) 


3. parabolic equation: 
(vortex equation) 


(1/s)-dy/8t 
pain, 
c/d 


1 


decay time of the eddy currents = 
relaxation time:t; = ¢/o 69 


decay time of the potential vortices = 
relaxation times: ~ wo ay 


mathematically di 
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5.2 Mathematical interpretation of the fundamental field equation 


Every specialist will be surprised to find the Poisson equation (a, e) again as @ term in the 
wave equation, This circumstance forces a completely new interpretation of stationary 
fields upon us. The new damping term, that is formed by the potential vartices (4), is 

standing in between 

Let us start with a mathematical analysis. We have applied the curl to equation $.4*, then 
fngerted equation $.1° and objained a determining equation forthe electric field strength 

E. Of course we could as well have applied the cul to equation S.1* and inserted equation 

5.4*, This would have resulted inthe determining equation for the magnet field strength 

u. 

If we insert Ohm's law (5.2) and cancel down the specific conductivity, or we put in the 
relations of material (3.5) or (3.6) and cancel down by u respectively, then the field 
equation can likewise be written down for the current density j, for the induction B or for 
the dielectric displacement D. 

11 just is phenomenal that at all events equation $.7 doeso't change its form at all. The field 
vector is this arbitrarily interchangeable! This circumstance is the foundation for the claim 
ofthis field equation to be called fundamental 

It does make sense to introduce a neutral descriptive vector y as a substitute for the 
possible field factors E, H, j,B or D. 


‘The fundamental field equation 5.7 consists of three different types of partial differential 
equations: a byperbotic (b), a parabolic (c and d) and an elliptic (e) type. On the left-hand 
side each time the Laplace operator (a) is found which describes the spatial distibution of 
the field factor. 

‘The potential equation of the elliptic type (e) is known as Poisson equation. It describes 
the stationary borderline case of a wor off temporal process ({ “w= 29, resp. 6/6%~ O), 

With this equation potentials and voltages can be calculated exactly like staonary electric 
currents (5.8), 

‘The hyperbolic equation (b). known as wave equation, shows a second derivative to time. 
Which expresses an invariance with regard to time reversal; or stated otherwise: the diree- 
tion of the time axis can be reversed by a change of sign of t, without this having an influ- 
fence on the course of frequency. Wave processes hence are reversible. Equation 5.7 makes 
‘lear that a wave without damping by no means can eaist in nature. For that both time 
constants (r, and £3) Would have to have an infinite value, which is not realizable in 

practice. Seen purely theoretical, undamped waves could withdraw themselves from our 
measuring technique (5.9). 

Both vortex equations of the parabolic type (cand d) only show a first derivative to time. 

With that they are no longer invariant with regard to time reversal. The processes of the 
formation and the decay of vortices, the so-called diffusion, are as a consequence irre- 

versible. Seen this way itis understandable thatthe process of falling apart ofthe vortex, 

Where the vortex releases its stored energy as heat eg. in form of eddy losses, ean not take 

place in reverse, This irreversible process of diffusion in the strict thermodynamic sense 
‘increases the entropy of the system (5.10), 

Because it poses an useful simplification for mathematical calculations, often the different 
lypes of equations are treated isolated from each other. But the physical reality looks 
different, 


0 physica interpretation! 
field vector:y = E, H, j, BorD 


1. Borderline case: no conductivity (vacuum) 
(a= 0; 1/n = a/e = 0}: 


Aye = By/att + (A/a) Sy/ Bt | 
ee 


a 


ey 


(damping by potential vortices) 


2. Borderline case: ideal conductivity (superconductor) 


(1/s = 


; fa = O}: 


Ay ct = Sty/St? + (1/ti) - by/St. 
oe ea aa tose | 


a b € 


(damping by eddy currents) 


3. Diffusion equation 


+ wise 


Avec? = (1/)- 6y/at 
ae ee 


a c/a e 


12 


(vortex) 


Fig. 5.3: Two borderline cases of the damping of waves 
and 
the diffusion equation for the decay of vortices 
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5.3 Physical interpretation of the fundamental field equation 
{In nature the different types of equations alway’ occu in a combined manner. 


1. Let's take the concrete case of the particle-free vacuum. Here the specific conductivity 
is zero, The relaxation time constant r; = s/c responsible forthe decay of vortices tends 

towards infinity according to equation 5.3 and the terms (c) and (e) are cancelled from the 
field equation 5.7. What remains is the by potential vortices (d) damped wave equation (b) 
(equation 5.12) 


2. The reversed case (witht; —>= <<) will consequently occur in materials without 
resistance, super conducting materials. We now are dealing with the well-known case of 
the wave damped by edly currents (equation 5.12*). 

Virtually all in nature existing materials however don't fulfil these boundary conditions, 
{rom which it follows that both damping terms always occur together and in addition the 
stationary term (e) becomes active. 

It is true that every antenna demonstrates that the electromagnetic wave is convertible in 
high-frequency altemating currents and vollages, which then are amplified in the receiver. 
[But until this fundamental equation was written dawn it however sas not understood that 
this transition takes place by means of a vortex. Used are either antennas from well con- 
ducting material, or wave guides and hom radiators, which only hve a minimal condue- 
tivity, because they are filled with air. Actually the wave ean be converted in two dual 

ways; by means of the rolling up to current eddies or to potential vortices (fig. 1.4), 
Now we Finally are capable to explain, why wave guides make possible a better degree of 
effectiveness: Owing to the concentration effect of the potential vortex the HF-power is 
‘bound inthe inside and not emitted until the antenna is reached as happens for a wire for 

reason of the skin effect. 

Therefore, physically, one has to imagine this relation, which describes the transition of an 
electromagnetic wave info a vortex, in the way that the wave spontaneously can roll up to 

1 Vortex in case itis disturbed from the outside. The more vortices are generated, the 

larger consequently isthe damping of the wave (equations 5.12 and 5.12! 


3. The life span of the vortices is limited and is determined by the electric conductivity. 
The a first stored vortices decay with their respective time constant, This process is 
described by the diffusion equation 5.12%, The final stage of the decaying vortices 
finally is deserted by the Poisson equation (a, e: equation 5.8). 


If the vortex falls apart it converts the in the vortex stored energy in heat. These processes 
fare known from the eddy current. We speak of heating losses, that the stationary currents 
‘cause in the conductor material 

[But new is the concept that such vortex phenomena can occur as dielectric losses in 
capacitors or in the ait. The microwave oven or induction welding are good examples of 

this, 
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5.4 Phenomenological interpretation of the fundamental field equation 


How does a damping by vortices take effect in practice? First of all we notice that the 
reception of broadeastings gels worse. "The information signal is neglectable regatding 
the noise” explains the radio engineer and means, the number of vortices increases at the 
expense ofthe wave intensity 
Why, does the pupil ask, is itso cold in space? There the sun shines day and night and in 
addition much more intensely than on earth! The correct answer would have to read that 
because ofthe extremely small conductivity no diffusion process can take place, We owe 
the warmth on our eatth solely the here taking place decay of vortices. Responsible is the 

‘of the almosphere 
to 500 km height over the earth's surface, the region which is called the 
ionosphere, the gases predominantly exist in ionized form. There a very good conductivity 
prevails and eddy current losses are the result. Correspondingly high ate the measurable 
temperatures. Besides the diffusion process the eddy currents carry out a damping of the 
cosmic radiation, We say the sunlight is filtered and reduced to a for nature bearable 
intensity 
[But not all frequencies are damped in the same way (fig. 2.8). We observe a blue shift, if 
we look into the actually black sky. The blue sky doesnt show any spots or clouds. The 
reason is to be sought in the skin effect of the eddy currents, which strive outwards, Since 
no edge of a conductor is present here, no skin ean form, The vortices spread evenly over 
the ionosphere 
‘The potential vortex however is able to structure. It merely needs a bad conductivity and 
this i finds in lower heights between 1 km and 10 km. It damps the wave and with that 
also the light, for which reason we say it becomes darker, the sun disappears behind 
clouds. 


‘The clouds well visibly form the discussed vortex balls and vortex strings. Clouds can 
form virtually from the nowhere during intense solar iradiaton, ie. the waves can roll up 

to vortices. But asa rule this takes place above the oceans. Here also the phenomenon of 
transport has an effect. Because of the high dielectricty the water surface favours the 
formation of potential vortices. So the vortices bind individual water molecules and carry 

them away. Ifa diffusion process takes place, in which the vortex decays, then it rains. 

‘This ean happen in two diferent ways 

1. Either the conductivity increases. If for instance during intense solar irradiation air ions 
form, the sun is able to break up clouds and fog. Or when the air is raised in higher 
layers with better conductivity, because a mountain forces this, then it rains at the 
mountain edge, 

2, For potential vortices the electric field is standing perpendicular to them, Ifat one point 

an exceptionally lot of vortices join together, which let the cloud appear particularly 

dark to black, then the danger exists tht the ionization field strength for air i reached, 

in which case a conductive air channel forms along which the stored up charges 

discharge. Also lightning isa diffusion process, in which potential vortices decay and 

rain ean form, 

In connection with the electromagnetic environmental compatibility great importance is 
atibuted in particular to the storage and the decay of electric vortices. There not only is 

an academic-scientific interest in the question, how many potential vortices are generated, 

how many are stored and how many decay, if we make a telephone call with a handy, if 

\We are staying under a high-tension line or if we are eating food, which has been heated 

Up in a microwave oven, The necessary mathematical description is provided by the 
fundamental field equation 5.7 


a atomistic interpretation! 
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Fig. 5.5: The structure of atoms in the view of the 
fundamental field equation 


condition for equilibrium: u 12 613) 
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'5 Atomistic interpretation of the fundamental field equation 


Let's again tum to the smaller, the atomistic dimensions, Here positively charged protons 
and negatively charged eleetrons are found. Both are matter particles and that means that 

‘Seen from the outside both have the identical swirl direction, For reason ofthe unequal 

charge conditions they atirct each other mutually and according to ig. 49 rolate around a 

‘common centre of mass as differently heavy pair. Chemists say: "ihe light electron orbits 

the heavy atomic nucleus", With smal balls they iry to explain the atomic structure, 

But the model is no good: it contradicts causality in the most elementary manner. We are 

dealing with the problem that according to the laws of electrodynamics a centripetally 
accelerated electron should emit electromagnetic waves and continuously lose energy, to 
‘eventually plunge into the nucleus 

‘Our experience teaches that this fortunately is not true - and Niels Bobr in order to save 
his model of the atom was forced to annul the laws of physies with a postulate founded in 
arbitrariness, 

Actually this state only exists for a very short time and then something unbelievable 
hhappens: the electron cant be distinguished as an individual particle anymore. "Il is 
smeared over the elecron orbit” do certain people say; "possesses a dual nature’ says 
Heisenberg. Besides the corpuscular nature the electron should in ease of its "second 
nature” form a matter wave, "the postion of the electron is to be looked at as a resonance 
Which isthe maximum of a probability density", do explain us de Broglie and 
Schrodinger. 

‘These explanations can hardly convince. If the electron loses its particle nature in its 

second nature, then it also will lose its typical properties, like for instance its mass and its 

charge. but this isnot the case 

‘Tue vortex theary provides clear and causal answers: if the electron were a ball it con- 
Tinuosly would Tose energy, therefore another configuration forms that does not know 
this problem. Here the phenomenon of transport takes an effect. The electron opens its 
Vortex centre and takes the tiny protons and neutrons as atomic nucleus up into itself. The 
Bohr electron orbit with that is not a path anymore, but is occupied by the whole particle 
fas spherical shell. This is confirmed by the not understood measurements exactly like the 
‘photos of individual atoms with the scanning electron microscope, 

But now an electron does in its inside have the opposite switl direction as the proton seen 

from the outside. As a consequence a force of repulsion will occur, which can be 
interpreted as the to the outside directed current eddy, the force of attretion for reason of 

the opposite charge works in the opposite direction and can be interpreted as the potential 

vortex effet. 

It both vertices are equally power: 13) 

fr if both forces ae bulanced as one usually would say, then the object which we call an 
‘tomas in a sable state 

It probably will bea result of the incompatible swirl direction, why a very big distance 

results, ifthe electron becomes an enveloping electron, On such a shell not too many 
electrons have room. Because of the rotation oftheir ow, the electron spin, they form a 
magnetic dipole moment, which leads toa magnetic attraction of wo electrons if they put 

thete spin axis aiparalleliy. 


[AS a "Iricionless" against one another rotating pair they form two halfshells of a sphere 
land with that occupy the innermost shell in the hull of an atom. If the positive charge of 


the nucleus is still not balanced with that, then olher electrons is left only the possibilty to 
form another shell. Now this nest electron takes the whole object up into itself. The new 
shell lies further on the ouside and naturally fers room to more as oaly Wo vortices. 


6 Klein-Gordon equation 


approach: 
6 
with © = Ut = (lft + Afra/2 6 
we insert the approach 5.17 and its derivations: 
BE/St = -a-y- et + (By/St}- et Gi 


© 


BE/B2 = 02 y- et 20 - (By/St) e+ (2Y/3E) SU 


into the fundamental field equation 9.7: 


AB c? = 8B/6t2 + (1/0) - 8B/8t + (1/2) - 3B/8t + B/arwe 


and divide by et: 


6 
Ay? = y/te (a= 
-o-y:(I/tit ifn) ic 
+ (1/ti+ 1/ta) - by/Bt (ey 
+ oF + y— 2ady/St + By /St? 
insert the frequency according to equation 5.18: 
rc 
Ay 85, yfun (a) = 
= (w/2) > (1/1 + 1/2)? (cy 
+ (1/ei+ 1/2) - by/6t ce 
+ (w/4) > (/it 1/ry? 
= (I/tit 1/2) - By/Bt + 52y/5t? 
summarized with equation 5.18: 
Ay-o = y/ta-o%-y + By/3t 6 


Fig. 5.6: Derivation of the Klein-Gordon equation (5.20) 
from the fundamental field equation (5.7) 
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5.6 Derivation of the Klein-Gordon equation 


‘The valid model of the atom today still raises problems of causality, as bas been 
explained. An improvement was provided by an equation, which was proposed by the 
‘mathematician Schrodinger 1926 as a model description. This equation inthis way missed 
the physical root, but it nevertheless got international acknowledgment, because it could 
be confirmed experimentally. Looking backwards from the result then the physical 
interpretation ofthe probability density of he resonance of the waves could be pushed 
aflerwards. 


ih Syiat = U-y—(b?/2m) -Ay (5.14) 
‘The Schrodinger equation is valid for matter fields (of mass m), while the intersetion 
With a outside force field the energy U indicates. It ean be won from a wave equation by 
conversion, which possibly is the reason why it usually is called a wave equation, 

although in reality iti a diffusion equation, soa vortex equation! 

For the derivation Schrodinger gives the approach of a harmonic oscillation for the 
complex wave functiony: 


wera) = 06 615) 
if the entire time dependency can be described by one frequency f= Wih 
(de-Broglie relation): @ = 2nt = We2n/h = Wh 616) 


‘The high-put goal is: if the structure of the atom is determined by the fundamental field 
equation 5.7 then one should be able to derive the experimentally secured Schrodinger 
equation and to mathematically deseribe the discussed special case. Also we select at fest 
an approach perio in time: 

(rt) = wort) 16.27) 

with @ = Ve = (ity? (518) 

We inser the approach $.17 and its derivations into the field equation 5.7 and divide by 
the damping term e™ 


Ay 2 = white = w(t) + Ma) + (Ir) + Us) (Bylt) + 
+ @-y ~ 2odyiot + Syiat? (5.19) 

If as the next step the angular frequency according to equation 5.18 is inserted, then 
summarized the provisional intermediate result resuls 


Ay? = yin — ay + Siar 


‘The derived equation 5.20 represents formally seen the Klein-Gordon equation, which is 
used for the description of matter waves in quantum mechanies and which particularly in 
the quantum field theory (e.g. mesons) plays an important role. Even ifit often is regarded 
as the relativistic invariant generalization of the Schrodinger equation, it at a closer look is 
incompatible with this equation and as "genuine" wave equation iti not capable of 
treating vortex problems correctly, like e.g. the with the Schrodinger equation calculable 
quantization of our microcose, 


88 time dependent Schrodinger equation 


Schrédinger approach yf, Saal é 
W/h; de-Broglie relation: 
o = Ont 


with: 


W-2n/h 


wh 6. 
the derivation: 


by/at = -io-y 


rewritten for y: 
v = (i/o) - 8y/8t ¢ 
2. derivation: 
By /5t2 = -iw- by/st ¢ 
inserted in equation 5.20: 
Ay 2 = y/tin -2i0-dy/st ‘ 


= sought-for Schrédinger equation (usual notation): 


i+. by/St = U-w~(h2/2m) - Ay c 


comparison of coefficients is needed: 
Einstein relation (with the speed of light ¢): 


with (5.16) W=m-c = ob ‘ 
coefficient of the 
imaginary part: -2io = 2(@/i) = 2mci/ib  ¢ 
comparison of coefficients 
for the = 
real part: Ifune = U- 2m/ [ 
kinetic energy of a particle moving with the speed v: 

om: = W-U 6 
v= group velocity of the matter wav 

v = hf/me = ho/me 6 
Eq.5.27: U = W- %-mho/mep “ 


£g.5.24: W=o-h; (ko/me) = c; resp: m/b = o/c? 
In eq.5.27" the sought-for coefficient reads (according to eq. 5.2 
U-2m/? = 2o/ch-[o-h-% -m- 0] 

= 20/Ah-[o-h-% ob) = (o/eP  & 


Fig. 5.7: Derivation of the time dependent Schrodinger equation 
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5.7 Derivation of the time dependent Schrodinger equation 


With the Schrodinger approach 5.15 and its derivations the derivation is continued: 


wien) = aryee te |, (15) 


Syl =-ie-y, baw. y= (i/e)- Bylbe (21) 


yrs (522) 
scording 10 equation 5.21 and 5.22 are now 


‘The for a harmonic oscillation won relations 


inserted into equation 5.20: 
Ayo = wir, 21a bye 


‘This is already the sought-for Schrodinger equation, as we will see in a moment, when 
Wwe have analysed the coefficients. Because, besides equation 5.16 for the total energy W, 
also the Einstein relation is valid (with the speed of light c): 


Wem e=o-h 624) 


Wwe can replace the coefficients of the imaginary part by: 
2(@/i) = 2me*/iw 5.25) 
To achieve that equation 5.23, as required, follows from the Schrodinger equation 5.14, a 
comparison of coefficients i eartied out for the real part 

Vryne = U2m/s [5.26) 


ihe kinetic energy of a particle moving with the speed vis: 
4s om-vF= W-U 627) 

then acccording to De Broglie this particle has the wavelength hmv. The consideration of 
the particle as matter wave demands an agreement with the wave length cif of an electto- 
magnetic wave (With the phase velocity e), The particle hence las the speed v, which 
‘corresponds withthe group velocity ofthe mater wave: 

v = hf/me = ko/me , (528) 
it we insert vinta equation 5.27 

U = W-% sm(o/mey? S27) 


According to equation 524 on the one hand the tot energy is Wom w + h and on the 
oxher hand relation 528 gives (ho/me) =e sespem/h = oft 
Inserted into equation 5.27* the sought-forcoeticient reads (acording 0 9, 5.26): 
U-2m/W= 20/ehs {ow — 5 «m-e'] 
= 2o/@h fork — 4 -a-h) = w/e (529) 


‘90 time independent Schrodinger equation 


comparison of coefficients 5.26 is fulfilled if: 
! 


A/nmc? = U-2m/R = (0/0)? cc 


the angular frequency is given by equation 5.18. Therefore has. 
bbe valid: 
! 


Aer = Ye (1ftit Ufa}? (o 
resp.: 1 
Mifee = % (1/u+1/u) ic 


arithmetic average = geometric average, if: 


1/m = 1/t2 and: © 


is valid. Bq. 5.23 is divided by o? and 
eqs. 5.30 and 5.25 are inserted: 


Ay = U+y- (2m/b?) + (2m/ih) - 3y/8t al 


= time dependent Schrédinger equation 5.14 


replace Sy/8t ace. to eq. 5.21 with @ = W/h ace.to eq. 5.24: 


Ay = U+y- (2m/h9) + (2m/ih) y+ Ci) W/b 6 
Schrodinger approach 5.15 for the function of position 6(r): 


Ag = (U2m/b? - W-2m/b4)- 6 6 


Ag = ~2m/h? (W - U)-6 s 


= time independent Schrédinger equation. 


Fig. 5.8: Derivation of the time independent Schrodinger equation 
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5.8 Derivation of the time independent Schrodinger equation 


‘The soa is reached i we are canabe to fli the comparison of coefficients 5.26 


U-2m/b = (o/e) (530) 


‘The angular frequency w is given by equation 5.18, Therefore has to be valid: 
(yt Wee = 


(Wy + Uy = YT are 6.32) 


As is well-known the arithmetic and the geometric average only correspond in case the 
variables are identical In this case, as already required in equation 5.13: 


Sal) 


1°63) 
has to hold 

From this we can draw the conclusion thatthe Schrodinger equation i just applicable to 

the described special ease (according to eq, 5.13), in which the eddy current, which ties 

to increase the particle or its eicular path and the potential vortex, which keeps the atoms 
together and also is responsible for the stability of the elementary particles, are of 
identical order of magnitude, 


‘As a check equation 5.23 is divided by c* and equations 5,30 and 5.25 are inserted: 


Ay = Uew: @m/#) + Qm/ik) Syibt_|(5.14") 


‘This is the time dependent Schrodinger equation §.14 resolved for Ay. 


Next we replace Sy/il according to equation 5.21 with = W//ace. to equation 5.24: 


Ay = U-y- Qm/) + Qm/ib) yi) W/AS33) 
1 we separate the space variables §(r) from ine by the Schrodinger aproach 5.15 we 

obtain: 

Ag = (U2m/# - W-2m/¥) 6 634) 

This quotion 5.34 for the function of space cootdinotes,(e) is the time independent 
Schrodinger equation: 


Ag =-2m/H WU) |(535) 


‘The solutions of this equation which fulfil all the conditions that can be asked of them (of 
finiteness, steadiness, uniqueness etc.), are called eigenfunctions. The existence of 
corresponding discrete values of the energy W, also called eigenvalues of the Schrodinger 
equation, are the mathematical reason for the different quantum postulates 


2 Interpretation of the Schrodinger equation 
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Fig. 5.9: Photographs of models of the probability 
densities for 

different states of the hydrogen atom, 

The densities are symmetrical if rotated around the 
vertical axis 


taken from: 


<P U._Gradmann/Hl Wolter: Grundlagen der Atomphysik, 
AVG, Frankfurt a, M. 1971, P. 190. 
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5.9 Interpretation of the Schrodinger equation 


‘The interpretation of the Schrodinger equation is stil disputed among_ physicists, because 
the concept of wave packets contradicts the corpuscular nature of the elementary particles. 
Further the difficulty is added that wave packets at a closer look never are connected, run 
part more or less fast, and really nothing ‘can hinder them doing that. But for a particle the 
connection represents 4 physical fact. Thea there can be no talk of causality anymore. 
‘The monocausal division into two different levels of reality, ina space-timely localization 
fand in an energetic description, does not represent a solution but rather the opposite, the 
abolition of the so-called dual nature, As has been shown, the potential vortex is able to 
achieve this withthe help ofits concentration effect. 

[But ffom the introduction of this new field phenomenon arises the necessity 10 interpret 
the causes for the calculable and with measuring techniques testable solutions of the 
Schrodinger equation in a new way. Laws of nature do not know a possibilty to choose! If 
they have been accepted as correct, they necessarily have to be applied. 


Three hundred years ago the scholars had an argument, whether a division of physical 
pheomena, like Newton had proposed it, would be allowed to afterwards investigate 
them in the laboratory individually and iolated fom other influences or if one belter 
should proceed in an integrated manner, like for instance Descartes with his cartesian 
vortex theory, He imagined the celestial bodies floating in ethereal vortices. 
One absolutely was aware that the whole had to be more than the sum of every single 
realizaton, but the since Demokrit discussed vortex idea had to make room for the 
overwhelming successes of the method of Newton. And this idea after 2100 years was 
stamped, to in the meantime almost have fallen into oblivion. 

Today, where this recipe for success in many areas already hits the limits of the physical 
possibilities, we should remember the teachings of the ancients and take up again the 
vortex idea It of course is true that only details are calculable mathematically and that 
nature, the big whole, stays incalculable, wherein problems can be seen. 

If we consider the fundamental field equation 5.7, we find confirmed that actually no 
‘mathematician is capable to give a generally valid solution for this four-dimensional 

partial differential equation. Only restrictive special eases for a harmonic excitation ot for 

certain spatial boundary conditions are calculable, The derived Schrodinger equation is 

such a case and for us particularly interesting, because it is an eigenvalue equation. The 
eigenvalues describe in a mathematical manner the with measuring techniques testable 
siructures ofthe potential vortex 

Other eigenvalue equations are also derivable, like the Klein-Gordon equation or the 
Lionville equation, which is applied successfully in chaos theories. So our view opens, if 
chaotic systems like turbulences can be calculated as special cases of the same field 
{equation and should be derivable from this equation, 

‘The in pictures recorded and published structures, which at night should have come into 

being in cor fields, often look like the eigenvalues of a corresponding equation. The ripe 

cars thereby lie in clean vortex structures flat onthe soil, Possibly potential vortices have 

charged the ear to such high field strength values that they have been pulled tothe soil by 

the Coulomb forces 


os 


proof 


Consequences resulting from the derivation of the Schrodinger 


equation from the fundamental field equation 5.7: 


I. Any experiment which confirms the Schrodinger| 
lequation is with that able to confirm at the same time the| 
lexistence of the newly discovered potential vortex and| 
the. ness of the field-theoretical approach. 


(2. Properties of the atomic hull and of the atomic nucieus) 
which can be described with the Schrodinger equation, 
lcan as of now be interpreted as an electromagnetic 
[phenomenon. 


|S. There exist no particles or wave packets from matter 
Jwaves, but only configurations consisting of potential 
vortices and current eddies. 


[&. There exists no matter! What we call matter is nothir 
but an electrom oscillation of s 


The relation between the energy of oscillation and the mass is 


described by the relation named after Albert Einstein 


E=me* (61-524) 


Fig. 6.1: Derivation of the Schrodinger 
power of proof and consequences 


equation, 
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6. Theory of objectivity 


6.1 Proof! 


A new theory only has chances on acknowledgment ift is provable. For that physical 
phenomena in the sense of the new theory are calculated and independently of this 
experiments are being carried out. Ifthe calculations are confirmed by reproducible 
‘measurement results, then with that the correctness of he approach is proven, 
Inthe here presented case we have chosen the field-theoretical approach instead of the 
usual quantum physical approach. As a consequence of this we had found as a new 
phenomenon the vortex of the electric Field. With regard to the normally used Maxwell 
theory this resulted in changed field equations in a dual formulation. If both equations, 
each of which describes a source-free vortex field are inserted into each other the result is 
an only in time and space formulated, generally valid and hence fundamental field 
equation (5:7, ig. 5.1), 
This equation has many special cases; one of them, the Schrodinger equation, could be 
derived by using an approach which was harmonic in time. We renounced to give special 
solutions of the Schrodinger equation, because these are printed in numerous text books. 
On the other hand experiments are Known, which are capable to confirm the theoretical 
solutions and thus to prove the Schrodinger equation. The eigenvalues of the equation 
describe for instance the shell-shaped structure of the atoms with the by Niels Bohr given 
radi 
Now this already proven equation was derived from the new fiekd-heoretical approach. 
Thus for the special case, the area where the Schrodinger equation is valid, the new theory 
can be said to be proven (ig. 6.1). 
We still are not content with that and put another stone on top: we will calculate the 
quantum properties of the elementary particles for ourselves. These until now have only 
been measured. Today is merely sought for symmetries and for models of explanation, like 
eg. the quark-hypothesis. From a calculation science is miles and miles away. We will 
vmpare the calculation results with the measurement values. Then everyone can check 
1d compare for him or herself 
‘The conditions in an elementary particle are completely different. Here it concems the 
vortex itself, whereas the model of the atom merely describes vortex properties, so-called 
actions at a distance, The differences in size and distances for an atom lie more than five 
powers often over those ofa particle! 
Here a new problem of causality comes to light, at which we now must have a critical 
look: the question of the by Einstein postulated constancy and universality of the speed of 
light. Seen fom a relativistic and subjective point of view of an observer, Einstein by all 
means may be right. But may such a theory be generalized? How are the measurements 
concerning the speed of light and the relativity of space and time to be judged when 
looking at them objectively? 
The current measurements of speeds faster than light speak a clear language and represent 
a challenge fig. 3.1, violation ofthe principle of causality no. 5). 


6. Law of conservation of ene 


The electron as a spherical capacitor (see fig. 4.3): 


with circumference 
U=mr~e 


is valid: 


field theoretical approach (vortex particles): 

‘The amount of energy bound in the inside of the particle is identical 
with the free and measurable amount of energy on the outside of 
the particle. 


(If the number of particles is left unchanged): 
In an isolated system the sum of the energy is constant 


(particle = electromagnetic vortex) 
Energy is a state description of electromagnetism. 


Fig. 6.2: Derivation of the law of conservation of energy 
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6.2 Law of conservation of energy 


Let the starting-point for our considerations be the electromagnetic wave in a particle-free 
vacuum. Here no vortices appear, so that the plane wave can propagate undamped with the 
speed of light, and in this way a transport of energy takes place, Electric and magnetic 
energy each are the same magnitude 

Let's now imagine the symmetry is disturbed as the wave is, 
‘Asa possible result the wave rolls up toa spherical vortex. 

‘As we will see such a process is possible, for instance at impact on a strong field. Thus 
part of the energy is bound in the inside, This part from now on withdraws itself from 
every possibility fo measure il. We can only measure the second part of the field energy, 
\with which the particle interacts with its neighbourhood. 

We can assume tat 


The amount of energy bound in the inside of the particle is identical with the free and 
‘measurable amount of energy on the ouside ofthe particle 


lowed down” on one side 


‘The same energy W, = 0.51 MeV, we attribute to the electron for reason of its mass with 
the help of the Einstein relation (6.1) is also bound in its inside. This conclusion is also 
applicable to other elementary particles and with that to all matter 

We here again recognize the principle of the duality between the to the outside striving 
eddy current in the inside ofthe elementary vortex and the concentrating potential vortex 

fon the outside. Thus also seen energetically both are of the same magnitude. 
Whereas in the case of the electromagnetic wave it concerns a symmetrical oscillation 
around "zero", by the process of quantization, by the rolling up to a spherical vortex, there 
forms an energetic state of space different from zero, The order of magnitude is 
determined by the number of elementary vortices, of which the particles and all m 
Anti-matter forms the opposite energetic state and this again is for the particles of matter 
available in their inside in a bound forn 

As long as we do not artificially produce new elementary vortices and thus keep the 
number of available vortices constant, the energetic state will not change, or as it is 
formulated intext books: 

Inn isolated system the sum ofthe energy is constant 


‘Tue Taw of conservation of energy 1s not an axiom, but Follows without compulsion Irom 
the vortex theory. Its not elementary, but a consistently derivable consequence of the 
field-theoretical approach, according to which solely the field ats as cause for all other 
physical phenomena, also for the conservation of energy! Because the cause of it is the 
electromagnetic field, the following has to hol: 

Energy is a state description of electromagnetism. 


Now we finally can explain why energy can be converted, Different forms of energy only 
are different forms of formation of the same phenomenon! 

OF course this statement of the field-theoretical approach does not yet explain what, for 
instance, the temperature has to do with electromagnetism. I ask for some patience; no 

question wll be let unanswered, 


os radius of the electron 


From 


e~r 2) 


follows: 


The speed of light determines the size of the elementary particles, 


Energy of a capacitor: 
Ww = aC, (3) 
written down for the electron (with the Einstein relation): 


Ww. 


€2/Ce = mic? = 0,51 MeV on 
Capacity of a spherical capacitor: 

Cy = 80+ Ante (4) 
“classical” radius of the electron“ is: 


Te = €8/60- 4a We(65) 


10° m (66) 


in the case of Kuchling the radius of the electron is: 


r= 14l+ 10% m (cu) 


Fig. 6.3: Calculation of the radius of the electron. 


<b: Mende, Simon: Physik, Gl. 10.39, VEB. 
Kuchling: Physik, GL At4, VEB-Leipz 


vig, 4. Auf. 
bis einscbl, 11. Auflage 1974 
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6.3 Radius of the electron, 


For the crucial process, in which the electromagnetic wave rolls up to a vortex, it is for 
feasons of continuity to be expected that the velocity of propagation remains equal that 
thus for the vortex oscillaio exactly like for the electromagnetic wave the speed of light 
is determining. The direction of propagation in the case of the vortex takes place 
perpendicular o the in fig, 6.2 shown field direction ofthe electric field steength. Not even 

inthat both field phenomena dif. 

Summarizing: the propagation takes place with the speed of light ¢ along a circular path 
\With the perimeter = 2 Therefore holds 

e~r (62) 

According to this equation the radius and with that the size of the electron is determined 
by the speed of light, Therefore the question of the size of the electron is raised, 


‘The energy interpretation predicts that for the theoretical case of a change of size the 
energy density in the inside of the particle is influenced that however the quantity of the 
included energy remains unchanged. We therefore can further proceed from the 
assumption that the bound amount of energy is independent ofthe size ofthe particle 


Consequently for the elementary quantum the energy W, = 0,51 MeV is assumed, whieh it 
has acecording to the Einstein relation W, = mc, For the electron of mass m, the with 
ensuring techniques determined value is inserted 

The spherical electrode of a spherical capacitor with the above given energy We 
(according to eg. 6.1) and the eapavity C. (according o equation 64, fig. 6.3) represents a 

Very realistic model ofthe negatively charged particle, 

Tn this manner the classical radius of the electon is calculated to be" 1, = 2,82°10-! m, 


But in the ease of Kuchling it only is half this size“, what according to equation 6.2 
Would mean that in the case of Kucbling the light would be on the way only half this 
fast “"”. Therefore if one is careful, one prefers to be silent concerning this delicate theme 
and if one is honest, one admits aot to know anything exact. 

Not only the electron but also all the other elementary particles are according to the field- 
theoretical approach formed from concentrated potential vortices. For these equation 6.2 
hence has to hold inthe same manner, so that more generalized we ean conclude: 


‘The speed of light determines the size of the elementary particles. 


This statement is incompatible with the assumption of @ constant speed of light! Because 
then all elementary particles would have identical size. As is known, however, are the 
building parts of the atomic nucleus, the protons and neutrons very much smaller than 
individual electrons. The constancy of the speed of light is to be questioned. 
‘This question is of such an elementary importance that we are not content with these 
considerations and in addition undertake mathematical derivation in the sense of the 


field approach, 


lite; Difference = Thomas Tasior 


100 ‘Maxwell field equations 


‘The Maxwell laws, source free (figures 3.2 and 3.3): 


DivD=O = G7) and DivB=0 @ 


Faraday’s law of induction] and Ampére’s law 
E=E(,t) with 1/n= H=H(rt) with j=Oresp. 1/11 = 


rot B= - oB/at | (5.4) rot H= 8D/3t 6, 


with: B= p-H  (55)/ and D-«-E @ 


if we again apply the curl to equation 5.4 and insert equation 5, 
(cf. fig, 5.1, ea. 5.5): 


srot rot E = p+ S(rot H)/at = w+ e+ 8 B/3e ¢ 
thanks to missing divergence: div E= 0 63 
(fig. 5.2): 


wave equatiot 


with the speed of light c: wee = 1/c? 6 


AB. ct = SB/ot? Gs 


Hertz’ wave ~ transverse wave ~ plane wave with: 


direction of propagation: (w= de/at) co 
E-6|, [D-D,], [H-%), [B=B,] 6 
curl operation (in y-direction): with equation 5.4: 
rotE = -dB/dx = —dB/dt 6s 
with 6.8: dE = (dx/dt)-dB = v-dB (65 
or generally: [B= vxB (ou 


Fig. 6.4: Derivation of the laws of transformation 


<i>: Prof. G. Bosse in his text book in reversed direction derives the Faraday law 
of induction from the law of transformation 6.10, which he again derives 
rom considerations about the Lorentz. force.” G- Bosse, Grundlagen der 
Elektrotechnik Il, BI 183, Hochschultaschenbucher-Veriag, Mannheim 1967 
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6.4 The Maxwell field equations 


‘The laws of transformation of the electromagnetic field shall form the starting-point for 
the coming up considerations. To exclude any doubts with regard to the interpretation, the 
equations will be derived from the Maxwell laws under the assumption that no sources or 
charge carriers are present (fig. 32 and 3.3) and as a consequence no current density (j= 
0 is we be expected, 
This corresponds to the vanishing ofthe time independent terms, which consequently are 
responsible for the occurring of force effects like e.g. the Lorentz force. Only at the end of 
this derivation we can understand the sense of this assumption (with I/gj= 0 and I/cs~ 0). 
‘The procedure at first corresponds to that of fig. 5.1. Here the fundamental field equation 
had heen derived from Faraday's law of induction and Ampere’s law. With the 
assumptions made this time the in fig. 5.2 treated undamped wave equation is left (59, 
here 5.9°), Whom the derivation is still present ean goin at this point 

Ina sulficiently great distance from the source we ae dealing wih a plane wave, in whieh 

the field factors only depend on the direction of propagation x, The Hertz’ wave is a 
transverse wave, in which the field pointers oscillate perpendicular to the ditection of 
propagation and in addition stand perpendicular to each other: 


V=avdt] (68), (BSE. D=p,, H=H, B=B, (68) 
‘The cur, applied wo the electri ld pointer, itself pints inthe y-direction 
fot E-= dE/dx . This for the ransverse’ wave carried oul curl operation is now 


compared with Faraday’s law of induetion (5.4): 
ro E = -dE/dx = - dB/dt 69) 
“The elation won ina mathematical way, withthe speed fixed by (6.8), reads 

aE =(dy/at) dB = y* dB (69) 


‘The result of this derivation at first only is valid for the introduced simplification, for 
instance for the case of the transverse electromagnetic waye, Better known is apart from 
that the generalized formulation, which among others by G. Bosse is called law of 
tansformation. 


E> vaB (6.10) 


‘With Ampere's law (5.1) we now should proceed in an analogous manner. The resull i: 


H =—vxD {610% 


This equation 6.10 is given among others by Simonyi“. Now that we know, under 
Which circumstances these equations of transformation can be derived from the Maxwell 
equations, the actual work ean start. 


IPT K- Simongi, Theoretische Flekirorechnik, 7. Aufage VED Verlag Berlin 1979, 
pp. 921-924; In addition see chapter 27.8 in part 3 of this book. 


m2 Equations of transformation 


Laws of transformation: 
E = vxB|/= vx u-H 10) 


vxD 


-vxe-E (6.10%) 


and 


We experience the magnetic field as an electric field 
and the electric. field. «= as. a——smagnetic 
simply and solely for reason of the same relative motion! 


field 


The component of the direction of motion perpendicular to the 


area defined by the field pointers 


E = v-n-H ol 
and 
(ut 
with the relations of materi 
Gs 
rey 
with the speed of light: 
e- i yu Gi 
additional fiel 
EB, = -v-pee-E = -(%/c)-E tr 
resp, 
He = -v8-e-p-H = —(y2/c3)-H (6.2 
basic field: E resp. H (atv=0) 
measurable overall field: (if v +0) 
E,= E+E, 13) 
resp. 
Ho= H+H, 13") 
Fig. 6.5: Properties of transformation of 


electromagnetic field. 
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6.5 Equations of tansformation 


As a consequence of the ia fig. 6.5 again written down laws of transformation of the 
tlectromagnetic field (6.10 and 6.10") magnetic phenomena can be traced back to electric 
phenomena and vice versa. The mathematical formulation reveals us the two sides of the 

Same medal and points to a perfect duality between both fields and their factors of 
dsepton 

Because a way exists, as is shown here, in which the equations of transformation can be 
derived from the Maxwell field equations, the same generally valid and extensive 
importance should be attsbuted to them. They can with the same right be called the 
foundation of electromagnetism. Wherein does lie its message for physies, the always 
‘curious researcher will ask? For thatthe relations of material 3.5 and 3,6 are completed: 


E = veut |6.10) wd | 


vae-k | (6.10%) 


‘The here presented equations slate, that we measure an electric field strength E, if we are 
moving with regard to a magnetic field H with the speed y and vice versa. 
‘The electric and the magnetic field therefore prove to he an experience of the observing 
person and we can say 


We “experience the magnetic field as electric field and the electric field 
‘as magnetic Field simply and solely for reason of the relative motion! 


Lets assume, v is the component of the relative velocity (6.8), which stands perpendicular 
to the area defined by the field pointers (6.87), then the equations of transformation (6.9° 
with 3.5) now read 


E = vow HO ond 


vee oy) 


If we are moving with the velocity v in a basic field which is present with the field 
strength E, then according to equation 6.11% we observe a magnetic field, which again 
according to equation 6.11 is o be interpreted as an additional electic field E,: 


E Spee = SOF) 612) 


In duality equation 6.11 inserted into equation 6.11% provides for the magnetic Held 
slrength a corresponding additional field H, 


H, = -¥ yee-H = -(%2)-H 6.12") 


We obviously owe the measurable overlap fields in 2 laboratory simply and solely tothe 
relative velocity V with which the laboratery is moving. But now we must pay attention to 

the fet that a terrestrial laboratory rotates along with the earth, thatthe earth orbits the sun 

and the sun again rotates around the centre of the milky way. Eventually the whole milky 

\way is on the way in the eosmos with a galactic, for us hardly understandable speed. If we 

further take into consideration that for every subsy’stem an additional field oecurs as a 
consequence of the relative motion with regard to the super ordinate system, then ane 
‘additonal field follows after the next and overlaps this one. 

Lets imagine, the relative velocity could be reduced towards zero - and maybe we are 
‘moving around such a cosmie point - then here no overlapping field would be measurable 


“<SA devivation using vectors is written tm chapter ZR (part 3) 


04 Field overlap 


Additional field (from fig. 6.5): 


1) E, = -(v2/e)-E | and 
612") 


He = -(v/e)-H 


Superposition of the fields: 
The additional field (E, resp. H,) overlaps the basie field 
(E resp. H) to produce the measurable overall field (Ey resp. Ho) 


(13) Eo= E+E, = E-( 63%) 


Ho = H+H, = H+( 


transformed: 


14) 


for the Lorentz contraction holds apart from that: 


ve 1 
(or) a- (—=* 
e lo 
From the comparison 
Follows 
(eae, 
Eo Ho 1 
oo yh a eee 
BE H lo 


the proportionality 


~1/P |and 


Fig. 6.6: The field dependency of the Lorentz contraction 


Ho ~1/lo? (6.15) 
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(66 Field overlap 


Field yeetors can be superpositioned. In this manner the additional field E, resp. H, which 
depends on the velocity, according to equation 6.10, overlaps the respective basic Held (E 
resp. H) wo produce the measurable overall field (Ey esp. Hl) 


Re E+E = E0-¥) | «13 


H+H, = He(l=vie) | 6.13%) 


Jn the result something suprising the factor (-v%") appears, which is wellknown fiom 
the special theory of relativity and for stance appears in the Lorenz contraction. 
If we rewrite both equations for the characteristic factor and compare with the in a purely 
mathematical ‘way, over” the Lorentz transformation, won length —contaction 
(1 Wie?) = (ihy” then it hecomes clear that the Lorentz contraction physically seen 
should have its cause in the changed field conditions which a with relativistic speed 
roving body finds with regard toa resting body 

Ape ees ee 
€ E 7 ae 
“The equation is a compulsionless consequence of known physical las. tn this derivation 
actually no new facior was inteoduced and nevertheless a completely new picture for the 
natural sien ety resus 
In our observer system, where the field F exis, a rule has its prope length ly, In another 
system, hich is moving with the speed v relative to the observer, as a consequence of the 
here prevailing field Ethe corresponding rule has a length 1. In which relation the Factors 
stand to each other, is described by equation 6.14. Accordingly the following 
proportionality hols: 


6.15) 


EH~Y Ea Hy ~ My 


If we ate exterior to a very fast moving body with velocity v, we immediately can observe 
how this body for reason of ils relative velocity experiences the calculated additional field 
and in this way experiences a length contraction. If the observer is moving along with the 
body, then he purely subjective seen doesn't detect a length contraction, because he 

himself and his entire measuring technique is subjected to the same length contraction. 
From the axiomatic approach what would be, if the field, which itself only represents an 
experience, would determine perceptible space and its dimensions, quickly a fundamental 
realization’ can develop if the described experiences should coincide with real 
observations 


[57 Hecane ta this pol of view the subjective Status of the observer i determining, 
it is not completely impossible that there is an error ia the interpretation of the 
equations of transformation (6.10 and 6.10*). But because we started fom the same 
aint of view of the observer for the derivation of the length contraction from the 
‘orentz transformation, here the same error is 10 be expected. In pulting both results 
equal (6.14), a like constituted error on both sides will cancel out in any case and the 
Fesull stays above all doubts! 
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(Model): 


‘Two particles of matter each in the field of the other particle. 


Two clementary particles or two accumulations of _ matter 
consisting of these are able to reduce the distance to each 
other for reason of their fields, which we interpret as a 


force of attraction. 
vans 
Eide 
@ spice 
| 
© tus | 


sum gp 


B: (Example): The orbits of the planets in the field of the sun. 


Fig. 6.7: The influence of the field on interactions. 
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6.7 Field dependent curvature of space 


Let's assume, an accumulation of matter, as big as our earth, wanted to fly past the sun in 
the distance earthsun. But it would not succeed. Because the fields arising from the sun 
decreases with increasing distance and according 10 equation 6.15 as a consequence the 
size of the particles of matter increases. The planet hence is more strongly contracted on 
its side turned towards the sun, as on the turned away “night side". It bends towards the 
sun and its flight path becomes a circular path around the sun, That is the interaction 
known as gravitation! 


To an earth inhabitant this curvature reveals itself merely in the observation that the 
duration of sunshine at daytime is longer, than it would be expected to be under the 
assumption of the earth as a homogeneous sphere. In this context one willingly speaks of a 
curvature of space. Actually it is a curvature of matter under the influence of the field 
‘dependent length contraction. 

Exactly this contraction the planets owe their circular orbits around the sun and by no 
‘means the equilibrium of forces between the force of altraction and the centrifugal Torce 
(fig. 6.7 B). It obviously is a fundamental mistake to think that gravitation would causally 
bbe connected with a force effect! 

If, in this context, we speak of a force of attraction for the sake of our subjective 
observation, then We must realize that it merely ean concern an auxiliary term founded in 
usefulness, 


A thought experiment should bring us clarity (lig. 6.7 A). The field, which surrounds 
every particle of matter, reaches ill infinity but becomes less effective with increasing 
distance. If the distance between two particles is 1, then one particle is in the field of the 
other particle. As a consequence of the field the length | reduces and in this way the size 
ddotermining field increases, which again leads toa further eduction of length ete. As a 
‘consequence it can be observed that both particles are moving towaeds each other. We 

speak of a force of attraction, because we can't register the influence ofthe field with our 

In this way the consistent result that we and our environment at daytime must be smaller 
than in the night will as well remain hidden, We experience the effect only indirectly as 
gravitational pull ofthe earth. 


Because we don't see the cause of a subjectively observed force effect, for the 
electromagnetic interaction, just as for the gravitation, the field dependency of the length 
contraction will be responsible. Hence the following conclusion holds for both interactions 

equally way, 


“Two elementary particles or two accumulations of matter consisting of these ate able to 
reduce the distance to each other for reason of their fields, which we interpret as a force 
of atraction 


Now the question still is open, why gravitation only knows forces of attraction, whereas 
the electromagnetic interaction also permits forces of repulsion and which are the causal 
Fields for each 
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A: The field lines of the E-field for unlike charged particles 


WS 
ZI 


B: The field lines of the E-field for equal charged particles 


The clectromagnetic interaction of a particle is a result of 
the influence of the open field lines arising from it on the 
dimensions of space, 


Fig. 6.8: The influence of the open field lines of the E-field 
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6.8 Electromagnetic interaction 


A convincing answer to the open question provides us the analysis of the course of the 
field lines, on the one hand for charged particles and on the other hand for uncharged 
particles, which donot participate inthe _ electromagnetic _ interaction, 
fat first we consider electrically charged particles, like e.g. electrons, protons or ions 

‘Then all in common is that the towards infinity running field lines of the electric field are 
open, With this field the particle is able to interaet with its environment, We measure a 
‘charge and an electromagnetic force effect. Inthe ease of unequal charges, as is well- 

known, a field amplification and attractive acting forces are observed whereas for equal 
charges a field reduction results and repulsion is observed. 


If we make a connection between the field conditions and the electromagnetic interact 
inthe sense ofthe proportionality (6.15), then the particle in reality is able to influence the 
distance to other particles merely with the help ofits electee field. For unequal charges a 
‘compression of field lines arises, in which one particle stays inthe focussed field of the 
other and vice versa. In this way a contraction ofall lengths occurs and the observable 
attraction happens (ig. 68 A), 

For equal charges the opposite ease is present, in which even a local field freedom ca 
occur (fig. 6.8 B). I'the field tends towards zero on the dashed line, then the distance will 
0 to infinity (according to eq, 6.15). Consequently, the observable effect that both bodies 
goaway from each other, will each to infinity 


Actually the electromagnetic interaction proves to be a result of the field dependent length 
‘contraction, 


‘The electromagnetic interaction of a particle is a result of the influence of the open field 
lines arising from iton the dimensions ofthe space, in which itis. 


tis important thatthe field lines are open, for which reason they are bent away from like 
charges and are directed towards unlike charges. Subjectively seen we find out that as a 
consequence ofthe field reduction repulsive force effeets and as a consequence of the Field 
compression attractive acting force effects are observed (Fig. 6.8). 

‘The consequence of is every electric field is, a is well-known, a magnet field standing 
perpendicular on it, The field lines ofthe magnetic Field run parallel to the surface ofthe 
particle and have a closed course (lg. 6.9 A)! 

‘Therefore no magnetic poles form, which would be measurable. Seen from the outside the 
particle behaves neutral magnetically seen, because ofthe closed course ofthe field lines. 
‘An artificial field reduction and as a consequence observable forces of repulsion, like in 
the case ofthe electromagnetic interaction, hence in principle are impossible. 


‘The effect of the magnetic field thus is limited to @ geometrical manipulation of the 
environment, namely the curvature of space, with which we have founded the 
phenomenon of the attraction of masses and of the gravitation. 


0 Gravitation 


‘A: The open field lines of the E-field and the closed field lines of 
the H-field of an electrically charged particle (e.g. e-) 


B: The closed field lines of the E-field and H-field of an electrically 
uncharged particle (e.g. of the neutron n°), 


Gravitation is a result of the influence of the field lines with a closed 
course running parallel to the surface of the particles on the 
Jdimensions of the space, in which they are. 


Fig. 6.9: The influence of the closed field lines of the H-field. 
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69 Gravitation 


For uncharged, neutral particles 1, molecule ete.) both the magnetic and the 
perpendicular on them standing electtic field lines have a closed course. Now both run 
parallel tothe surface ofthe paticle (fig. 6.9 B). 

As is said, the density of field lines with a closed course cant be influenced from the 
Coulside. If we approach a particle, the consequence of an inerease ofthe density without 
exception is a decrease of the linear measures and thus a larger force of attraction. For this 
‘ease of field lines with a closed course, for which in general it doesn't give a field 
attenuation and no forces of repulsion, there holds: 


Gravitation is @ result of the influence of the field lines with a closed course running 
parallel to the surface of the particles on the dimensions of the space, in which they are 


Both interactions logically have an infinite range. Both form a whole in the influence of 
the fields on the size conditions 

1 surely is ofthe greatest importance that for this derivation ofthe field dependency of the 
Lorentz contraction from the known equations of transformation of the electromagnetic 
field we could do completely without the introduction of new factors of description oF 
neglects, 

Solely by consistent derivation and interpretation of the result the unification already bas 
suceeded and the electromagnetic interaction and the gravitation could, with the derived 
field dependent Lorentz contraction, be raced back toa single basie phenomenon. Doing 
so we have to pay attention to the fact that the observer is subjected to the same Lorentz 
contraction as his measuring technique and therefore he can't see the field dependency at 
all, Merely as being an exterior observer it in rare eases will be possible to him to see the 
‘curvature of space in the presence of strong fields. 


From this for an astronaut practical consequences result. If he namely would land on 
Jupiter, he would think Mat hills to be gigantic mountains, that small he would be! Vice 
versa if he landed on the moon, high mountains would appear to be insignificant hills, not 
because of wrong altitude readings of the terrestrial mission control and measurement 
centre, but only because of his own body size. The astronauts of the Apollo missions. were 
not prepared for this circumstance and afler their landing on the moon were completely 
surprised, how litte validity leamed textbook physics has, hardly has one left the earth, 
‘They have brought photographs with them which prove the Lorentz contraction to depend 
on the field and therefore on gravitation. 


‘The fact that force effects should arise from the interactions is an auxiliary concept and 
auxiliary description of the observing person founded in pure usefulness. The Lorentz 
force therefore shouldn't be regarded as cause anymore. It actually appears only as 
property of the field factors. Seen this way it only would be consistent to do without space 
charges and currents as a result of moving charges and 0 assume a source-fiee and 
(quanta-fre Field description (fig. 6.4: j= 0). 

From an unified theory it is demanded that it besides the electromagnetic interaction and 
the gravitation also is able to integrate the strong and the weak interaction. We will also 
solve this problem, 


m2 Field dependent speed of light 
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Fig. 6.10: Diversion of the light by a strong gravitational field. 


Speed of light of the wave: c= Rf (616) 


For the wavelength % holds (because of eq. 6.15):B,H ~ 1/) 


From equation (6.16) follows (with f= constant): 


Ve? 17) 


The speed of light depends on the field! 
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6.10 Field dependent speed of light 


But not only matter is bent towards gravitational field. If we only think of the much cited 
phenomenon that the ray of light of a star is diverted towards the sun, if it passes very 
close to the sun on its way to us, like this has been observed for the frst time during an 
eclipse ofthe sun in 1919 (fig 6.10). 

‘Quite obviously the field ofthe sun also slows down the speed of ight, On the side ofthe 

ray of light which is turned towards the sun, the feld is somewhat larger and the speed of 

light correspondingly is slawer than on the side which is turned away, and with thatthe 

ray of light changes its direction in the observable manner, Exactly this relation willingly 

is interpreted as a consequence of curvature of space. 

‘The extremely strong field of a black hole can divert the light down to a circular path, in 
‘order to in this way catch and bind it. The light now orbits the black hole like planets the 


At this point the open-minded reader already might have tapped the confimation of the 
proportionality 6.2 (~*), which has been derived from the vortex model (fig. 6.2), 

‘The sceptic is offered ‘still another derivation: for the borderline case that the relative 
velocity v tends towards the speed of light c (fig. 6.6), according to equation 6.13 the 
measurable overall field E, (and also H,) will go to zero and equation 6.12, with E,. = 
(and H,~-1), will again tum into the wave equation (5.9) after double differentiation 

(ig. 64), 

‘The speed v = © So to speak forms the escape velocity, with which the electromagnetic 
wave runs away fom the cosmic field, Under these circumstances of course neither an 
autraction of masses nor an electromagnetic interaction can be exerted on the wave. 

If E, goes to zero at the same time ly tends to infinity (equation 6.15, fig. 6.6): ie. the 
wave spreads all through space, This result entiely corresponds to the observations and 
experiences, 


For the wave lenglh 2 and in the end for the velocity of propagation ¢ only the selffeld of 
the wave E resp. I is responsible. Because of 


andthe proportionality ftom equation 6.15: RH ~ 192 17) 
‘obiain the new relation: EM ~ ue (6.17) 


If the speed of light in the presence of matter decreases, then we now also know why. It is 
the field, which surrounds matter, that slows down the speed of light, Therefore a 
‘gravitational field is able to divert a ray of light ia the same manner as mater which Dies 
past. Finally moves the speed of light in the proportionality 6.17 10 the place of the linear 
measure (in 6.15). 

But if the rule fails one will ry to replace by an optical measurement arrangement. In this 
‘manner the field dependency of the Lorentz contraction should be measurable; but i isnt 


na universality of the speed of light 


From the comparison of the derived proportionalities: 


6.13); (6.17) 
1 


follows: 
l~e (6.18) 


The speed of light is proportional to the measurement path, 
The variable speed of light is being measured with itself. 


The result at all events is a constant value. 


The constancy of the speed of light is based on a measurement 
which is faulty from the principle! 


Because of ¢ ~ r: physical length contraction 


Fig. 6.11: Derivation of the length contraction 
(field dependent Lorentz contraction) 
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6.11 Universality 


Why can't the rule be replaced by an optical measurement arrangement? The crucial 
indication provides the comparison of both derived proportionalities 6.15 and 6.17. 
According to them holds the same field dependency for both the Lorentz contraction and 
the speed of light: 


UP ~ Veo 1~ (618) 


Ifthe rule has proved to be useless, then we will experience the same disaster if we 
measure optically .e, with the speed of light. 
Obviously both, the length I and the speed of light © as a length per unit of time, depend in 
the same manner on the respective local field strength. On the one hand do both measuring 
methods lead to the same resull; but on the other hand will anything which can't be 
measured with one method, neither be measured with the other method. 
If now the speed of light is being measured optically, then the measurement path will be 
yportional to the speed of light and as a result will the unknown factor be measured with 
itself. The result of this measurement, which is faulty ftom the principle, at all events is a 
constant value, because here two Variables which stand in direct proportionality to each 
other are related to each other. 
Was the famous experiment of Michelson and Morley unnecessary, the result trivial? And 
how does it stand about the postulate of the universality of the speed of light? 
If we for that consider a eube (fig. 6.11). And we assume that the speed of Tight is a 
vectorial quantity, which in our experiment is for instance in one direction twice as large, 
as in the direction of the other two space axes. By means of the mentioned influence of the 
speed of light on the spatial length is, a8 a consistent consequence, the cube along this 
edge pulled apart to a cuboid. We however register this spatial body with our eyes, which 
is With the speed of light and that bas increased proportionally 10 the length of the edges, 
for which reason we as subjective observer still see a cube in front of us and not a cuboid. 
If we trust an apparent objective measurement more than our sense organ and measure the 
thee lengths of the edges of the cuboid again with a rule then we get Ubree times the same 
length, whieh is a cube. 
We probably are dealing with an optical deception using the rue meaning of the word, 


If the by Einstein postulated universality and constancy of the speed of light in reality 
oesa't exist at all, we in no way would be capable to register this; nether to observe nor 
to measure it! 

‘The Galilean theorem of the addition of speeds objectively seen stil is valid, even if the 
fact that the speed of light appareatly is independent of the speed of the source pretends us 
the opposite 

If for instance a light source is moved towards a receiving device or away from it, then the 
speeds will overlap, like for the passenger, who marches in a driving train against or in the 
driving direction through the corridor. For the ray of light also the fields, which influence 
the speed of light and the measurement equipment, overlap. As a consequence will a 
measuring technician, who himself is exposed to this overlapping field, always observe 
and "measure” the identical speed of light. The observer as a result imagines, there isan 
universality ofthe speed of light. 


16 acther 


The field takes over the function of the aether. 
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Fig. 6.12: Experiment of Michelson and Morley to 
detect an aetherwind™” 


<P: A.P.French: Special Relativity, Massachusetts Institute of Technology, 1966. 


<li>: Nikola Tesla: "This is the same as writing a business letter and forgetting the 
subject you wish to write about". To. Einstein's Theories, Rare Book. a 
Manuscript Library, Columbia University, 15.4.1932. 

Einstein proceeds in the same manner with the time dilatation, by assuming 
fa time constant by definition for the derivation to present at the end of his 
derivation a variable time. And with that he presents a result which 
contradicts his approach completely 
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6.12 Aether 


Important experiments like the one of Doppler concerning the redshift or the one of 
Bradley concerning the aberration of the stars show only to clear, where the influence of 
the speed of light subjectively still is perceptible, or for laboratory experiments Tike the 
fone of Michelson and Morley, where the influence isn't perceptible anymore, because the 
length of the interferometers always changes proportionally 10 the speed of light 
‘The look in the stars at the same time is a look in cosmic areas, where completely other 
field conditions prevail and as a consequence completely other values for the speed of 
light and for the dimensions of space are present, The mentioned observations suggest that 
We together with our measuring station are moving through the cosmos and therefore a 
relative velocity has to be present with regard to an aether which determines the respective 
speed ofligh. 

If we however constrict our range of vision and retire in a laboratory, then we no longer 
are capable to observe the influence of the field on the speed of light. The experiments of 
Michelson which Maxwell had prompted to and which Morley with a higher precision had 
repeated with the goal, to detect the acther, inevitably had to tum out negatively. The 
laboratory experiments resulted in the misleading picture, as if the earth was resting in the 
acther. 


‘The not understood measurements will suggest any observer, he forms the centre of the 
universe and everything rotates around him, entirely in the sense of the Ptolemean view of 
life, which, although long ago abolished, here belated has experienced _ support. 
With @ Swabia caper Albert Einstein has prevented a relapse into the dark Middle Ages 
land removed the open contradiction in the question of the aether, which once is measured 
fas moving and another time as resting, by without further ado abolishing the aether. With 
that he undoubiedly has solved a central problem of physics and at the same time ereated a 
new one. AS is known does the speed of light have a certain value, and therefore the 
question is raised, what determines is size. Exactly for this purpose a luminiferous aether 
hhad been introduced, however it is constituted. 

Scientifically it does make litle sense, to make an assumption, if at the end of the 
derivation the prerequisite is deleted without substitute. In such a case either in the 
approach or in the derivation is a principal error*!"*. Nikola Tesla comments om the 
Working method of Einstein with the applicable comparison, as if Einstein had, while he 
was writing a business letter, forgotten completely the subject he wanted to write about 
ig. 612") 

The answer, which removes all contradictions and is entirely in accord with all 
observations ‘and measurements, i obvious. Naturally a luminiferous aether exists, which 
determines the velocity of propagation and of course it by no means is bound to the 
observer. 

As has been derived in figures 6.5 and 6.6, will for a relative velocity v arise field, which 
according to proportionality 6.17 determines the speed of light, With that we have derived 
completly 

‘The field takes over the function of the aether. 


‘The equations 6.10 also answer the question, why no actherwind is being observed, 
although such a wind actually is present: we experience, as we have discovered, an E-field 
With ,,head wind" as a resting H-field and vice versa and therefore we aren't capable to 
deteet the head wind in the aether! 


us spin and tunnel effect 


Key questions of quantum physies (fig. 4.4 + continuation): 


IV. Why do the particles have the form of spheres? 
(with increasing E-field decreases c) 


VII Why is the elementary quantum localized? 
(in the vortex centre: c= 0, see figures 4.3 and 6.2) 


IX Why do the elementary particles have a s 
(spherical form demands field compensation) 


X. Why is the magnitude of the spin quantized? 
(cosmic basic field determines the need of E,) 


XI. Why can speeds faster than light occur in a 
tunnel? 


(a reduction of the cosmic basic field can only be realized 


locally in a tunnel) 


to XI 


Fig. 6.13: Consequences concerning the field 


dependency of the speed of light: spin effect and tunnel effect 


im: Nimtz,G.: Instantanes Tunneln, Tunnelexperimente mit elektromagnetischen 


1119-1120 
lane Tunneln? Phys.B 


Wellen, Phy’.B1.49, VCH Weinheim (1993) Ne. 
‘i>: Thoma, P.. Weiland.T.: Wie, real ist das i 
Weinheim (1994) Nr4, S. 359.36 


<*>: The measurement results are in accord with the theory of objectivity, not 


et al 


however the contradictory attempts to interpret them <i> and = 
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6.13 Spin and tunnel effect, 


Only with the field dependency of the speed of light (6.17) we can understand, why the 
elementary quanta can form as spheres, like is drawn in the figs 43 and 62. In the centre 
the field Tines run together, ie. the field increases and the speed of light decreases. Only 
inthis way it will be possible forthe vortex oscillation to everywhere oecur with the speed 

of Tight, even in the inside of the particle! In the centre of the vortex particle the field in 
theory will become infinitely large and the speed of light zero. This circumstance again is 
the foundation why the elementary particles are localized and it answers key question 
VIII of quantum physies. The absence ofa speed alter all isthe characteristic of an 
immobile thing. 

‘The field dependency of the speed of light answers also further basic and up to today 
unanswered key questions of quantum physies, like Why the elementary particles have a 

spin (IX) and why the magnitude of the spin is quantized (X), 

A vortex particle after all does not exist alone in the world, but it is in the field of other 
particles. We can eal this the cosmic basic fleld (E resp. H). This basi field overlaps the 

selffield and takes effect the strongest in the area of the spherical shell, where the sel 
field is comespondingly small. In order to keep the form of a sphere, this influence of the 
basic field has to be compensated. The additional field (E, resp. H, according 10 eg. 6.12) 
necessary for the compensation is produced by the particle, by rotating in a spiral around 
itself with a speed v Which increases towards the outside of the spherical shell, Therefore 
‘does the elementary particles have a spin. The electron spin is therefore determined by the 

cosmic basic Field 
Another effect ofthe field dependent speed of light isthe tunnel effect. As an example We 
‘consider the two differently charged particles shown in fig. 68 A. The open, outside of the 
particles running, field lines of the electric field are predominantly bent towards the each 
lime oppositely charged particle. If another particle wants to pass between the two, then it 
gels into an area of inereased fleld strength. As a consequence it will be slowed down, 
because here a smaller speed of light is present 

Water molecules show with their polar nature exactly this property. Water has a remar- 
ably high dielectric ¢ and slows down the speed of light correspondingly acconling to 
equation 5.6 (qe Vie"). The reffaction of light at the water surface is an observable result 
lf the reduced speed of light in the presence of matter 

If we now examine the case in which the two particles have the same charge as is shown 
in fig. 68 B (and fig. 6.13 belonging to XI). The field lines repel each other, so that 
exactly in between the two particles a field free area forms, in which the speed of light 
‘goes to infinity! This area acts like a tunnel. If we send through a particle exactly here, 
then purely theoretically seen it won't need any time to run through the tunnel, and for a 
short time the signal becomes infinitely fast. 
Ifa particle hits only slightly besides the tunnel, then it will one-sidedly be slowed down 

and diverted by the respective field. We call this process reflection or scattering. Only the 
few particles, which exactly hit the tunnel, arrive behind the hurdle and in the ideal case 
even almost without loss of time! 

‘The current measurements of speeds faster than light demonstrate in a convincing manner 
the superiority of the field-theoretical approach with regard to the nowadays normally 
used quantum physical approach, 


0 ‘measured speed faster than light 


wave guide: 


tunnel: 


analysation at the| oscillograph: 


V = amplification 


Fig. 6.14: The microwave experiment at the II 
Physical Institute of the University of Cologne to 
measure speeds faster than light.” 


<i>: Nimuz, G. : New Knowledge of Tunneling from Photonic Experiments, Proc. of 
the Adriatico Research Conference, 1996, World Scientific Publishing 
Company 
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6.14 Interpretation of the measured speed faster than light 


Now the attempt can be undettaken to interpret the spectacular experiments, in which a 
speed faster than light has been measured. Its reported that in experiments with 

photons atthe University of California in Berkeley on an average a speed of 1.7 times the 

speed of light has been measured by Prof, Raymond Chiao and his co-workers. At the 
‘Technical University of Vienna Prof. De. Ferenc Krause already has obtained 2.4 times 

the, according to Einstein at maximum obtainable, speed of light with tunneling laser 

‘The first measurements of speeds faster than light have been carted out with microwaves 
at the University of Cologne by Prof. Dr. Gunter Ninz and co-workers, They al fist 
had published the measurement of a speed 2.5 times the speed of light. In the meantime 
they even have transmitted a symphony of Mozaet with a speed almost 10 times the speed 
of Tight and with that have contradicted Einstein's hypothesis, according, to which the 
speed of light in vacuum would be the highest possible speed for the transmission of 
signals. The different experiments only resemble each other in the point that the particles 
have 10 tunnel, because one has put a bartier in thet way. This “tunnelling” apparently is 
the cause for obtaining speeds faster than light. With the prevailing physical view of life 
these measurement resus ae incompaible 

In the measurement set up in Cologne the microwaves are sent through a wave guide, 
Which they pass with the speed of light Ia parts with narrowed cross-section is inserted 
Where the microwaves actually don't fit through at all, then the sigoal gets damped 
strongly. Now however arrives nevertheless a small part of the signal at the other end of 
the wire, but much faster than allowed, namely with the measurable speed faster than 
F 

The answer of the here presented potential vortex theory reads as follows: the waves 
picked up by the wave guide run up to the enty of the tunnel, in order to find out that they 
don't fit through, They are reflected of absorbed, A small part however tolls up to 
Potential vortices and these fit through the tunnel, They however have to be compeessed 
additionally, In the derivation of the photon (fig. 4.5 and 4.6) we had seen that the inner 
Vortex always is faster than the bigger one, through which it slips. through. The 
Compression therefore causes an increase in speed. In flow dynamics is known an analogy 
the Venturi-tube. The flow-technical potential vortices also confirm exactly this propery. 
One can as well stat with the Lorentz contraction (Fig. 6.6, eq. 6.14%). This states that a 
particle moving with a higher speed actually becomes smaller and not only appears 10 be 
smaller as an optical deception of the observer. Because only smaller particles fit through 
the tunnel, the particles, measurable atthe other end, must be comespondingly faster quod 
erat demonstrandum, in the same manner also the experiments of Berkeley can be 
explained physically, because here is worked with photons from the sta”. With that the 
process of rolling up the wave can be left out. The tunnel lets pass only compressed and 
{therefore fase ight particles. 


=T__RY Chiao, POG Rwiat, A.M Steinberg: Schneller als Licht? Spektrum der Wiss, 103 
i>: B. Schuh, Gespenstisch fixe Wellea, DIE ZEIT Nr. 45, 3.1193, 8.43, 
Siist Enders, A, Nima, G- Photoni-tunneling experiments, Physical Review B, 
Vol. 47,'No. 15 (1993), pp. 9605-9609, 
cis: “Enders, Al! Nimtz, Gu Evanescent-mode propagation and quantum tunneling 
Physical Review F, Vol. 48, Nol! (1993), pp. 632-633, 


m2 Definition of the speed of light 


"The theory of relativity is not a physical theory... it is a mathe- 
matical poetic idea, a deduction from impossible premises." 
Oskar Kraus 


"The theory of relativity is a mathematical masquerade, behind 
which is hidden an inextricable ball of a mixing up of ideas, 
contradictions, fallacies, arbitrary assumptions and ignoring of 
healthy logic." 


Erich Ruckhaber 


"The theory of relativity not only is fantastic, but also of an in- 
consistency which in the history of science not yet has been 
present."" 

Harald Nordenson 


"A physics of hybrids, of contradictions and fantastic confusions, 
nonsense!" 
Johann Marinsek 


“This is absurd." (regarding mass-energy interpretation) | 
Nikola Tesla 


"In my experiments I have destroyed billions of atoms, without 
having observed any emissions of energy." 


Nikola Tesla 


Fig. 6.15: Some statements regarding the theory of relativity 


Walter Theimer: Die Relativitatstheorie, Seite 7, Francke Verlag, Ber 


ISBN 

‘<li>: Johann Marinsek: Rationale Physik, S. 163, dbv-Verlag TU Graz, 1989, ISBN 

3-7041-0176-1 

Sib: Nikola Tesla, To Einstein's Theories, Rare Book and Manuscript Library, 
Columbia University, 15.4.1932. Entnommen aus J.T.Ratalaff: Tesla Said, 

Tesla Book = Company, 238, ISBN. -0-914119-00-1 

<4: Nikola Tesla, Franz Ferzak World and Space Publications 1985, 
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6.15 Definition of the speed of light 


If a light signal propagates in space, then as a consequence of the velocity of propagation 
«it ata certain point in time tis ina distance ¢ ofthe light source: 


reett (6.19) 
Should the speed of light become smaller for instance by Ac, then the light signal 
‘obviously has covered a distance less by Ar of the time interval has changed byt 

r+ Ar = (e+ Ae) (C41) (6.20) 


This equation describes purely mathematically the most general case which can be 
assumed. By writing out the multiplication and subtraction of equation 6.18 the change in 
distance considered fo itsel€ is 

A= c-At + t-Ac + Ac-At(621) 


‘The answer of mathematics is that the change in distance ean have its cause in a change in 
time, in a change of speed or in both. We now want to turn to the physical interpretation 
and have a closer look at the two possibilities, in which either ¢ or tis to be taken constant 
(see fig. 6.16), 

In the first ease the speed of light ¢ is constant and as a consequence the change Ac = zero. 
‘The mathematical formulation (according to eq. 6.21) therefore reads 


Be 
an | 


case | 


(relativity) 622) 


Win this conception world a change in distance is observed, for instance the Lorentz 
‘contraction, then in order to save this relation inevitably a change in time, for instance a 

time dilatation, has to make the compensation. Finstein in an applicable manner speaks of 
relativity, because according to his opinion in the case of both variables, the length 
‘contraction and the time dilatation, it only concerns observed changes. 

For the time dilatation experiments are given, But for the measurement of time always 
only atomic clocks are available and their speed of running of course could also be 
influenced by the Lorentz contraction, In any case it can't be claimed the time dilatation is 
proven experimentally as long as we do not know the mechanisms of decay of atoms. 
Otherwise the statements of the theory of relativity are familiar to us, for which reason 
further remarks seem unnecessary. 

In the second case the time ¢ is constant and consequently the change At = zero, At a closer 
look this case is much more obvious, since why should time change, After all time has 
been stipulated by definition 


Afterall, we are the ones who tel, what simultaneity is! 


‘The mathematical formulation for this case reads (eg. 6.21 with At» 0} 


case 2: (objectivity) (623) 


‘This equation does open up for us an until now completely unknown and fundamentally 
other way of looking at the physical reality. 


na relativity and objectivity 


rit inition of. -ed of light ¢ [m, 


r[m] = distance of the light source: 


rect 


For changes, observed or measured: 
r+ Ar = (c+ Ac)-(t+ At) 


= crtte Att Ac t+ Ac: At 
Change in distance: 


dr = c'Att+t Act Ac“At 


2 possible causes: 


with Ac = O 
case 1: 


c=— (622) 


c= constant 


ar~ at 623) 
= time dilatation = universality 
‘Ar = observable Ar = physical 
length contraction length contraction 
Theory of relativity Theory of objectivity 


Fig. 6.16: Theory of relativity and theory of objectivity, 
derivation and comparison. 
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6.16 Relativity and objectivity 


New to the second ease (equation 6.23) is particularly the proportionality contained in i 


But to us it is not new, because we have derived the same proportionality from the model 
conept (equation 6.2, fig. 62), in which the elementary particles are understood as 
spherical vortices 
Equantion 6.25 unconcealed brings to knowledge that any change of the speed of light ¢ 

[avs] in the same way leads to a change of the radius + [m], the distance between two 
points in space or even the length of an object, eg. a rule. Such a rule after all consists of 
nothing but spherical atoms and elementary particles and for their radius again the 
proportionality 6.25 holds. Therefore itis to be set 


rel (626) 


and taken hoth together we already had derived as equation 6.18 (fig. 6.11) from the field 
dependency. Here the vartex model as well finds a confirmation of its correciness, as in 
the derivation from the equations of transformation of the electromagnetic field, Because 
all three, the derivation according to the model, the physical and the mathematical 
Aerivation, lead to the same result, this second case should be called "objective" 


With thatthe first ease, which describes the subjective perception of an observer, is not 
supposed to be devaluated. It contains the definition of reality, according to whith only is 
real what also is perceptible. The theory of relativity of Poincare and Einstein is hased on 
this definition, 


With the second case, the ease with a variable speed of light, we however get serious 
problems, since we observe with our eyes, and that works with the speed of light If that, 
changes, we cant see it, as already said. If we could see it, then "reality" would have a 
completely different face and we surely would have great difficulties, to find our way 
around. In this “objective world” neither electromagnetic interactions nor gravitation 
Would exist, so no force effects at all. Because all distances and linear measures depend on 
the speed of light, everything would look lke ina distortion mirror. 

‘The concept of an “objective world” at first has not a practical, but rather a theoretical and 
mathematical sense. The distinction between an observation domain and a model domain 
is founded in pure usefulness. 


‘The observation domain should correspond to ease 1 and the model domain to ease 2. The 
‘mathematical derivation tells us, how we can mediate between both domains (equation 
621): This mediation amounts 10 a transformation, which provides us the instruction, how 
transition from the observation into a not perceptible model cancept, from the relativity 
into an objectivity has to. 


126 transformation 


Theory of relativity Theory of objectivity 


speed of light: absolute time: 


© = constant t= constant 
‘ar ar 
6. 
at 
consequences: consequences: 


time dilatation and 


length contraction 
observable 


universality and 
length contraction 
Teal 


| 
| 

oe] omy | be 
| 
{ 
L 


observation domain 
(measurable) 


model domain 
(only calculable) 


xt) O————O xin); 


1. approach| 


' I 


| Il, transform 


| | 


‘VI. compare | il. calculate 


| 
| 
| 
| 
| 
| 


I 
i IV. transform back 
i | 


Viresult | 


Fig. 6.17: Model-transformation between 
theory of relativity and theory of objectivity. 
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6.17 Transformation 


The observation domain is, as the name already expresses, perceptible (observable) with 
the help of our sense organs and measurable with corresponding apparatus. The special 
theory of relativity for the most part provides us the mathematics needed for that, And in 
that is assumed a constant speed of light. Because a length contraction is being observed 
and can be measured, a time dilatation must arise as a consequence. Such is the consistent 
atement of this theory. Because we already could make us clear that it concems a 
subjective theory, of course caution is advisable if generalizations are being made, like the 
fone of the inductive conclusion of the length contraction on the time dilatation, We'll 
{come to speak about that in this chapter (fg. 6.20). 


‘The model domain however is not observable to us and only accessible in a mathematical 
manner. Here the time is @ constant, On the other hand do the radii of the particles and all 
other distances and linear measures stand in direct proportionality to the speed of light. If 
that changes, then does that lead to a change in length, The length contraction occurs 
physically, which means actually. We propose the name “theory of objectivity” for the 
valid theory which is derivable with this prerequisite and independent of the point of view 
of the observer 


The importance of this model domain and of the possible model calculations is founded in 
the circumstance that many physical relations withia our observation domain aren't 
recognized by us and can!t be mathematically derived. Besides is only all to often worked 
With unallowed generalizations and with pure hypotheses. Such a thing does not even exist 
inthe model domain, 


‘The model domain can be tapped over a transformation, For that we select an approach 
x(0) in the to us accessible observation domain. This then is transformed into the model 
domain by a calculation instruction M{x(#)}. Here we can calculate the sought-for relation 
In the usual manner and transform back again the result according to the same calculation 
instruction M"fx(-)} but in the reversed direction. After being retumed in our familiar 
‘observation domain, the result can be compared and checked with measurement results 
(ig. 6.17). 

In this way we will derive, calculate and compare the quantum properties of the 
clementary particles with the known measurement values. Here we remind you of the fact 
that all attempts to calculate the quantum properties conventionally, without 
transformation, until now have failed. Not even a systematization may succeed, if it 
concerns for instance explanations for the order of magnitude ofthe mass of a partiele. 


A transformation at first is nothing more than an in usefulness founded mathematical 
measure, But if a constant of nature, and as such the quantum properties of elementary 
particles until now have to be seen, for the frst time can be derived and calculated with a 
leunsformation then this measure with that also gains its physical authorization. 
We now stand for the question: how does the instruction of transformation M{x(s)} read, 
With which we should wansform the approach and all equations from the observation 
domain into the model domain? 


re ‘transformation table 


general special theory | theory of 
relations: of relativity objectivity 
domain of observation model 
validity: domain domain 
speed of light © =o 
cm/s): = constant |e ~ 4 
field strengths (6.15) ] (6.15) + (6.18) 
Hx Ape | Ho ~ Ir 
E~1r EB ~ Mfr 
because of ea. (5.6) 
e-u = 1/c?is valid: 
u [Vs/Am] : bo = const. w~ ifr 
| 
© [As/Vm] : 8 = const. 8 ~ ifr 
relations of material: 
Beu-H 65: | B~ 1/2 By 1/7 
B[Vs/m-] 
D=e-E ao | D~1/r D-1/e 
D [As/m?] 
.g. spherical capacitor 
capacity: C[As/V] = e4nr (64) | C= const. 
charge: QIAs]| = C-U 631) | Q = const. 
energy: WiVAs] = Q2/C 61) | W = const, 
with energy-mass relation: 
(524 and (6.1) W = me? 
mass m [kg = VAs*/m2] | m ~ 1/1? 
relaxation time 1 [s} | 11 = const. 
with, n= e/a (53) 
specific conductivity « [A/Vm): o~ Mfr 


Fig. 6.18: Transformation of the dependencies on radius 


theory of objectivity 129 


6.18 Transformation table 


‘The attempt to write down at this point already a closed mathematical relation as instruc- 
tion of transformation, would be pure speculation. Such an instruction first_must be 
verified by means of numerous practical cases, ie, be tested for its efficiency and 
correctness, But we not even know the practical examples necessary for this purpose, af we 
‘apply the transformation forthe firs ime! 

Forhis reason it unfortunately is not yet possible, to calculate absolute values in a direct 

We have to be content to work with proportionalites and to earry out comparisons, 

In ig. 6.18 the proportionalites are compared in the way, how they would have to be 
transformed: on the left side, how they appear and can be observed in the view of the 
special theory of relativity, and on the right side, how they can be represented and 
‘aleulated in the theory of objetivity 

The change, which here Would have to be transformed, is the physical length contraction, 
which is the change in length as it depends on the speed of light. For spherical symmetry 
the length | becomes the radius 1 (eq. 626), of which is to be investigated the influence 
In the observation domain we had derived the proportionality (6.15 + 6.18) 


E~Ue and H~ Ue 


‘The field ofa point charge or ofa spherical capacitor confirms this relation: 


E = Qiedar 
Because the speed of light in our observation is constant, also both constants of material 
which are related to it (eq.5.6: £m 1/e*), the dielectricitye and the permeability p, are 


to be taken constant. 
With that the same proportionality as for the field steengths also holds for the induction B 
and the dielectric displacement D: 


Bele and D~ Ue, 


In the model domain everything looks completely different, Here the radius and any length 
stands in ditect proportionality to the speed of light, In this way we get problems with our 
usual system of units, the M-K-S-A-system  (Meter-Kilogram-Second-Ampere). The basic 
unit Meter [m] and as a consequence also the unit of mass Kilogram [kg ~ VAs'/m'] 
appear here as variable. It would be advantageous, to introduce instead the Volt [V] as 
basic unit 

But in any case does the dimension of a quantity show us, in which proportionality it 
stands to the unit of length, This in the model domain then is’ authoritativel As an example 
ddoes the speed of light have the dimension Meter per Second. In the model domain there 
consequently has to exist a proportionality tothe length (a. 
‘The speed of light determines with equation 5.6 again the conslants of material 


WIVSAm] ~1ir and g{AsVim]~ ir (628) 
According 1 the model bolds unchanged! 
B[Vsine]~ Ui? and DAS] ~ Ve 629) 


But if we insert the proportionalities 628 and 6.29 into the equations of material 3.5 and 
3.6, then holds for te feld strengths: 


H[Alm]~ Ur and E [Vim] ~ 1 27) 


Further dependencies of the radius can he read in the same manner either by inserting into 
well-known laws or immediately from the dimension. 
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In the observation domain: 


energy density of a field: 

wer @-EQ+u-H/2 ~ I/rt «“ 
energy: ae (6. 
with c= constant and W = m-c? pee 2 6. 


e is bigger and lighter than p* or nd 


m 639) To 626) lo (624) 1 
= = = cr 
mo r 1 Vi1- (w/e? 
In the model domain: 
e.g. spherical capacitor 
capacity: C[As/V] = eder (64) | C = const. (6: 
charge: Qld] = c-U 6a | Q= const. 6: 
energy: WivAs] - @/C 1) | [Wee const] 3: 
(6.33) means: law of conservation of energy! 
relaxation time ui [sk u = const. (6: 
with u seo 63) 
specific conductivity [A/Vm} =i} 


| 


(6.36) means: elementary vortices are indestructible! | 


Fig. 6.19: Interpretation of the dependencies on radius. 
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6.19 Interpretation of the transformation table 


‘The transformation should tel us, what we would see ifthe variable speed of light would 
be observable to us. Doing so highly interests results come out 

‘The energy density of field sas isknown w — (s+ E'~ ys HEY2 (637) 

In the observation domain will, according to fig. 6/19, decrease the energy density w 
proportional to I/t*, Multiplied with the respective volume we obtain for the energy itself 


the proportionality: Wel, (638) 
If we make use of the Einstein relation Wem 
With e = constant holds also forthe mass m: m~ lr (639) 


In this manner we finally find out, why the small nucleons (protons and neutrons) subjee- 
tively seen are heavier than the very much larger electrons. AS a consequence does a rela- 
livistie particle experience the increase of mass (with the length contraction according to 
equation 624") 


m 63) 62) by (629 1 


‘This result is experimentally secured. Out considerations therefore ae entirely in accord 

With the Lorent-transformation. There at leat is no reason to doubt the correctness, 

In the model domain we with advantage assume a spherical symmetry. As easily ean be 

shown with equations 64 and 6.31, are the capacity and charge of a spherical capacitor 
independent of the radius (6.30 and 6.32). In that case also the from both values calculable 
energy (6.1) must be constant. We come to the same conclusion, if take we the above 
equation 6.37 for the energy density of a field or if we carry oul a verification of 
dimensions 


'W [VAs] = konst (6.33) 
‘This simple result is the physical basis for the law of conservation of energy! With that 
we have climinated an axiom, 


“The rst tates thatthe eneray stays the same, even if the ads, the distance or the 
speed ofan object ould change, To the ubjectively oscrving penn it stows self 
tmeely in various forms of expression, Conscucnly tthe energy a diated by te 
here presented fd thar, formed by Gndiog nc ade the quanta tne sane out 
of cocrgy but of he oppo sign The amour of energy therefor is bound tothe tuber 
ofthe present partic as We aed) had derived 
Under ihe assumption of constant tne (35) tere results fr the electric conductivity, 
by calculating backwards ever the cquaion of tie flatatoe, nie (G2) Ihe 
proportional (6.36) 

i (636 


Maybe the result surprises, because it can't be observed. Actually we know that the 
(microscopically observed conductivity in reality only represents an approximated 
averaged measure for the mobility of free charge carriers. In a partcle-tree vacuum 
however this well-known interpretation doesn't make sense anymore. Hence it is 
recommended, to only work with the relaxation time constants. Who nevertheless wants 10 
eontinue to work withoas a pure factor of description, can do this. But he mustn't be 
surprised, if in the model domain with decreasing radius the conductivity suddenly 
Increases. But this is necessary, because otherwise the elementary particles would 
collapse. Only by the increase of the conductivity, which is produced by the spherical 
vortex itself, will the expanding eddy current build up in the inside of the particles, which 
counteract the from the outside concentrating potential vortex. 


r 


1. Particle decay 


Approach: 


a.The particles don't decay by themselves, but only by a 
corresponding disturbance from the outside. 


b.The decay time is the statistical average in which such a distur- 
bance can occur and take effect. 


¢.The elementary particles consist of an integral and finite 
number of elementary vortices, which can't decay anymore for 
their part. 


If the compound particles get into the disturbing range of 
influence of high-frequency alternating fields, then they are 
stimulated to violent oscillations and in that way can be torn 
apart into individual parts 


As disturbing factor the high-frequency fields of flying past 
neutrinos are considered primarily. 


f. Authoritative for the threshold of decay and with that also for 
the rate of decay is the distance, in which the neutrinos fly past 
the particle. 


g.The distance becomes the larger, the smaller the particle is. If 
the particle thus experiences a relativistic length contraction, 
then it will, statistically seen, to the same extent become more 
stable! 


That has nothing to do at all with time dilatation] 


We are entitled to demand a simultaneity, after all we are the ones, 
who tell what that is! 


Fig. 6.20: Proposal for an interpretation of the particle decay 


<b: Walter Theimer: Die Relativitatstheorie, Seite 106, 
Francke Verlag, Bem, 1977, ISBN 3-7720-1260-4 
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6.20 Panicle decay 


We still have to get rid of fundamental misunderstanding. It concerns the problem of the 
time dilatation. Here the model domain doesn't give us any difficulty, because it dictates a 
constant and therefore by us definable time. In the relativistic view however should in 
moving systems clocks go wrong! But how does one want to explain a time dilatation 
physically, ft merely represents a purely mathematical result of the actually taking place 

length contraction on the one hand and the postulate of @ constant speed of light on the 
other hand? 

Nobody has troubled more about the physical interpretation than Einstein himself. But he 
had as less as we nowadays the possibilty to verify the so-called phenomenon experimen- 

tally, by accelerating a laboratory clock” 10 values. close to the speed of light. 
Only atomic particles can, e.g. in avcelerator systems, be brought on such high speeds and 
then be observed for their properties. But also these experiments don't have any power of 
proof, as long as we don't know the atomistic structure of the particles and there exists the 
danger of ‘misintenpretations 
So the slowing down of the rate of decay of instable, particles at high speeds willingly is 

Cited as "proof for time dilatation”. "The most cited example for the time dilatation is 

the “long-living” meson. They.-mesonis a charged particle, which exists only 22 * 10° 

seconds fit is observed in rest. Then it decays ... About 10 % of the mesons reach the 
earth's surface. Even if they fly with approximately the speed of light, they at least must 
have used 30 + 22 * 10% seconds, in order to reach the earth. Their "life" therefore by the 
movement las been extended for a multiple... 10 the supports of the theory of relativity 
here the time dilatation is revealed.” 

This "proof however is worthless, as long as "the structure and the mechanism of decay 
ofthe particle are not known", ike W. Theimer expresses himself. 


On the basis of the new field theory the approach standing on the left page is dared (lig. 
6.20), Accordingly the particles don't decay by themselves, but only by a corresponding 
disturbance from the outside, which for instance is triggered by the high-frequency fields 
fof Mying past neutrinos. The closer the neutrinos Ay past the particle, the sooner it will 
‘decay. But the distance becomes the larger, the smaller the particle is. Ithe particle thus 
experiences a relativistic length contraction, then it will, statistically seen, to the same 
extent become more stable! 

That has nothing to do at all with time dilatation, as this proposal for an interpretation 
shows (fig. 6.20). The same effect of course also occurs, if atomic clocks are taken for a 
fy ina plane and compared to identically constructed clocks on eurth, 

‘The time was stipulated by us and therefore should be able to keep its universal val 
We are entitled to demand a simultaneity, after all we are the ones, who tell what 
simaltaneity is! 

‘An interesting technical use would be the acceleration of the rate of decay in order to 
dispose of radioactively contaminated waste. For that the waste has to be irradiated by 
collecting and focussing free neutrinos or with the help of a neutrino transmitter, like one 
Which will be discussed in chapter 9, Afler such a neutrino shower dangerous radioactive 
waste would be reusable or at most be harmless domestic refuse 
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7. Proof 


Ample evidence is available for the correctness of the theory of objectivity. The field 
dependent change in length is observed and used as magnetostiction or electrostiction 

‘material, e.g. a nickel rod, is brought into an alternating magnetic field, 
jeld dependent longitudinal length oscillations are observed. In the same manner 
titanate oF quartz. crystal oscillates in the electric field if a high-frequency 
alternating voltage is applied, 
A practical application forms the production of ultrasound, 


In this chapter are, as already announced, the quantum properties of the elementary 
particles calculated and in this way is furnished perhaps the most convincing proof for the 
existence of potential vortices and for the correctness of the field-theoretical approach 
and the theory Which is based oni 

A special challenge represents the calculation of the particle mass. This mass stretches 

from 207 electron masses of the myon over 1839 of the neutron into the order of 
magnitude of 18513 electron masses (Y°). Doing so not only can be tested, if the 
calculated values correspond with the measured ones. Also the gaps have to correspond, 

ice where there doesn't exist a diserete mathematical solution also no particle should exist. 

‘The fig. 7.0 standing on the left page anticipates the result and shows that even this strict 
condition is fulfilled! The agreement of the calculated with the measured results is 

excellent. If in individual cases small deviations become visible, we always have to bear in 

‘mind thatthe measurements asa rule are analysed statistically and the results are falsified 

it small particles creep in unrecognized, Particle physics nowadays has at its disposal 
extremely precise gauges, bt even here remaining errors cat be excluded 


Quantum physics is occupied with further taking apart the elementary particles into 
hhypothetic particles, the quarks, and to sort these according to properties and symmetries. 
Seen strictly causal this procedure thus corresponds 0 the quantum physical approach. 
We however have taken the field-heoretical approach, and this excludes the introduction 
of hypothetic particles from the star. It should be our goal to derive and to explain the 
quantum structure as a field property. Yes, we even want to caleulate it, with which we 
Would have overtaken quantum physics in the sientifie competition with one leap! 


Strong support our approach has experienced by current experiments, in which matter was 
transformed in electromagnetic waves - practically the reversal of the rolling up of waves 
to vortices. To do so at the Massachusetts Institute of Technology (David Pritchard and 
others) sodium atoms were dematerialized in waves by lattice scattering”. According to 
Einstein one surely could have blown the whole M.LT. in the air with the occurring mass 
defect; but don't worry, no emission of energy whatsoever has been observed, entirely as 


predicted by the vortex theory 
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With the classical radius of the electron r, = 2,82 * 10°" m. 


Ce = e0*4nre= 3,135 10°F 


U. = eC. = SIIKV 


(constant independent of r.) 


elementary vortices 


(64) 
(31%) 


Formation forms (vortex 


1, Amassing (formation of vortex balls) 


Il, Overlapping (phenomenon of transport) 


properties): 


Fig. 7.1: The amassing and overlapping of elementary vortices 


Proof 1 


7.1 Elementary vortices 


We had derived the electron and the positron as elementary vortices (fig. 43). Before we 
ean go in the calculation, we must gain a clear picture of the possible configurations of 
Vortices, which for reason of the derived properties are possible. For that we start with the 
lementary vortex and afterwards we predict the behaviour of interaction which can be 
expected. 


Actually only one single particle is really elementary. Aeconting 10 the realizations of the 
new theory it is an elementary vortex in the form of a sphere. Is size is determined by the 
speed of light and this again by the local field strength; its stability is founded in the 
‘concentration effect of the potential vortex, The whirling takes place everywhere with the 
speed of light, even in the Vortex centre, where all field lines run together, where the field 
increases infinitely and the speed of light goes to zero, This last circumstance owes the 
elementary vortex its localization. 


We can attibute a charge 10 this vortex for reason of the field lines which on the outside 
run tovsards infinity and which we can measure (Fig. 4.3). This is the smallest indivisible 
unit, the elementary charge e. Structure and course of the field lines suggest to understand 
and to calculate the elenientary vortex a8 a spherical capacitor. By basing on the classical 
radius of the electron r, given in fig. 63 the capacity according to equation 6.4 is 
calculated tobe: 


Cy = tordnm = 3138-10 F644) 


Here the theory of objectivity has provided us the realization that even for a change of the 
radius of the electron the capacity remains unchanged constant (6.30), and this entirely 
‘corresponds to our observation, 


Between the hull of the elementary vortex, measured at the radius +, and its centre, 
respectively also with regard to infinity, there exists aceording to equation 6.31 the tension 
voltage of: 

U. = el, = SIDE a1") 


as wells constant and independent ofthe size ofthe elementary vortex, 


Since a different solution is refused, we'll have to assume that all elementary particles 
consist of an integer multiple of elementary vortices. For that the amassing, like closely 
packed tennis balls, or the overlapping of individual vortices in the form of shells, like in 
the case of an onion (phenomenon of transport) can be considered, 


‘The among each other occurring forces of attraction can be traced back to the fact that 
every elementary vortex is compressed by the field of its neighbour as a consequence of 
the field dependent speed of light. This field as a rule is for the small distances 
considerably larger than the field on the outside, Therefore do compound elementary 
particles not have the twofold or triple mass, but at once the 207-fold (myon) or the 1836- 
fold (proton) mass. After all there is no other explanation for the fact that there don't exist 
lighter particles (with a massless than 207 electron masses)! 


138 ‘matter and anti-matter 


a. The electron-positron pair 


b. , The e' - e+ pair for a small distance: 


Fig. 7.2: The electron-positron pair annihilation 
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7.2 Matter and anti-matter 


For the amassing or overlapping of elementary vortices several cases must be distin- 
guished, because wo inverse forms of formation are possible for the elementary vortex: 
the negatively charged electron and the positively charged positron. Whereas in the case 
of the electron the vortex produces a component of the electric field which points from the 
inside to the outside, has the field in the case of the positron the opposite ditection for 

reason ofa reversed switl direction 
This statement can be generalized: if we consider the elementary particles from the 
outside, then we assign the particles with a swirl direction identical to that of the electron 
to the World of matter and call the particles with the opposite swiel direction anti-matter. It 
ow is strongly recommended, to lake colours to hand, in order to optically clarify. the 
properties of vortices. The electzon will be marked as a green sphere and the antipartcle, 
the positron, asa red sphere. 
If We now’ look into the world of matter, then appears our world of matter to us "gre 
the world of anti-matter however "red". The uniform green colour ofa the in our world 
existing elementary particles however doesn't exclude that red anti-vortices can exist 
hidden in the inside of the green vortices, where we cant discover them. But they must be 
‘completely covered, otherwise a disastrous reaction occurs, the pair annihilation, as a 
consequence of the oppositely directed property of the vortices which cancel out 
By means of the pair annihilation a dematerialization can occur, because every 
elementary vortex keeps in ils inside the same amount of energy with opposite sign and 
the fusion of two inverse particles can result in a zero sum of the energy. The best kaown 
example is the annihilation of an electon-positron pair under emission of radiation 
discovered by Klemperer in 193. In the upper representation (fig. 72a) the elementary 
vortices still are symmetrical, but the outside field lines already are "bent” and linked 
together in such a way that, with the exception of the ones in the direction of the axis, no 
interaction takes place which can be measured 
‘The two particles for reason of the diferent charge approach each other quickly, and the 
closer they are, the larger the mutual force of attraction becomes; a vicious circle, which 
Ieads to the asymmetry shown in the lower sketch (fig. 7.2b) and only comes to rest, if 
both particles have destroyed themselves mutually 
The electron and the positron had the same amount of, but oppositely directed swirl 
activity, so that purely arithmetically seen a zero sum of the rest energy results. But it 
should be paid attention to both particles having some kinetic energy on the occasion of 
the relative motion to each other and if they rotate around their own axis also rotational 
energy. An emission of annihilation radiation occurs, is the explanation of particle 
physics, 
‘With the knowledge of the photon (fig. 4.6) we can interpret the annihilation radiation as a 
consequence of the phenomenon of transport. The fister and consequently smaller vortex, 
for instance the green one, slips into the red one and sees the green inside, which is 
compatible for it Unfortunately it only can remain there, as long as it is smaller, thus is 
faster, and therefore it shoots out on the other side again. Now the electromagnetic force 
fof attraction fully takes effect. It is slowed down and the red vortex correspondingly 
accelerates. The process is reversed 
These around each other oscillating vortices, so we had derived, have a characteristic 
frequency (colour), are polarizable and are moving forward with the speed of light as a 
consequence of the open vortex centre. I therefore concerns the photon 


Positronium 


Fig. 7.3: Theoretical final state of the positronium 
= static y-quant (photon). 


proof ua 


7.3 Positronium 


But before the two elementary vortices, the electron a 
under emission of radiation, they will Yor a short t 

Which one vortex overlaps the other. 

Its formation we can imagine as follows: an electron, flying past a resting positron, is 
cached by this for reason of the electromagnetic attraction and spirals on an elliptic path 

towards the positron. In doing so its angular velocity inereases considerably. It will be 
pulled apart to a flat dise for reason of the high centrifugal forees, to eventually lay itself 
around the positron as a closed shell 
Now the red positron sees the electron vortex soto speak "from the inside” and doing so it 

sees as well red; because the green vortex has a red centre and vice versa! The result is the 
in fig. 73 given configuration, 


the positron, are annihilated 
we take a. shell-shaped, a bound state, in 


‘The number of field lines, which run from the red border of the positron in the direction of 
the centre, is identical to the number, which point towards the green border of the electron. 
Here already the same state has been reached as in the centre, which corresponds to the 
slate at infinity. That means that no field lines point from the green border t0 the outside; 
seen from the ouside the particle behaves electrically neutral. It doesn't show any 
electromagnetic interaction with is surroundings. 


If the particle were long-living, then it undoubtedly would be the lightest elementary 
particle besides the electron; but without stabilizing influence from the outside the 
positronium can't take the in fig. 7.3 shown state at all. The positron takes up the kinetic 
energy which is released if the electron becomes a shell around it, But before the bound 
slate can arise, which would identify the positronium as an elementary particle, the equal 
rights of both vortices comes to light. With the same right, with which the electron wants 
to overlap the positron, it itself vice versa could also be overlapped, 
If the stabilization of the one or the other state from the outside doesn't occur, then the 
stated anihilation under emission of y-quanta isthe unavoidable consequence (fi, 4.6) 


we dipol moment 


Fig. 7.4: Two electrons with oppositely directed spin 
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74 Dipole moment 


As electrically charged spheres elementary vortices have a magnetic dipole moment along 
their axis of rotation as a consequence of the rotation of their own (Jig. 7.4). This is 
measurable very precisely and for the most important elementary’ particles also known 
quantitatively. In contrast to the angular momentum the magnetic moment can't be 
constant according to the here presented theory. It should slightly change, if we increase 
the field strength in the laboratory 


In a particle consisting of several elementary vortices the vortices mutually inerease the 
local field strength. Therefore we measure atthe proton, which consists of three vortices, 
not the triple, but only the 2,793-fold ofthe nuclear magneton which can be expected for 
reason of ts mass. Also the neutron has instead of the double only the 1,913-fold nuclear 
‘magneton, The deviations therefore are explicable as a consequence ofthe surrounding 
elds. 


Prerequisite for this point are two other, still unanswered, key questions of quantum 
physics: 


XII: Why is measured for the proton approximately the triple of the magnetic dipole 
‘moment which can be expected for reason of the charge? 


XII: Why does the neutron, as an uncharged particle, actually have a magnetic 
‘moment? 


These questions can only be brought to a conclusive answer, if we have derived the vortex 
struetures ofthe respective particles 


‘The elementary vortex, as @ consequence of the spin along its axis, forms a magnetic north 
pole and a south pole, Another possiblity to interact with an extemal field of with other 
particles is founded on this property. This shall be studied by means of two electrons, 
‘which form an electton pai. 

For reason of the equal charge the two electrons at first will repel each other, If they rotate 
of their own they however will mutually contract, which, seen from the outside, is 
imegpreted as a force of attraction, And in addition will they align their axes of rotation 
antiparallelly. While they now rotate in the opposite direction, a magnetic force of 
attaction occurs 


As is shown in fig. 7.4, the magnetic dipole field in this way is compensated towards the 
outside, as is clarified by the field line (H) with a closed course. Between both electrons a 
space free of E-field stretches. If both vortices are a small distance apart they lay 
themselves around this space like two halfshells of a sphere. A particle forms which seen 
fiom the outside is magnetically neutral, but it carries the double elementary charge (fig, 
7.4). 

‘The exceptional affinity is always restricted to wo vortices of equal charge with an 
opposite direction of rotation. Further vortices can't be integrated anymore and are 
repelled. This property of vortices covers the quantum condition (Paulis exclusion 
principle) For the spin quantum number perfectly. 


radius 1: 


electric 

field strength E: 

a: theoretical course 
of the field of a 
single negative 
charged body 

b: actual course of 
the field of a pr 


¢: field of an e* 


d: field of an e~ 


ummm: : difference between the vortex calculation (b) 
‘and the classical calculation (a). 


Fig. 7.5: The mvon and the electric field E(x) 
of the three elementary vortices 
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7S Myon 


We now have discussed all conceivable possibilities, which two elementary vortices can 
form: the creation of a pair for like charge and the annibilation under emission of photons 
via the formation of the positronium as an intermediate result for unequal charge, Next 
another elementary vortex shall be added and all different possibilities and configurations 
ill be derived, which can be formed by amassing or overlapping. 


‘The positronium can, as said, only take the in fig. 7.3 shown bound structure, if it is 
stabilized from the outside. This task now a further electron shall take over. According to 

the shell model the innermost elementary yortex an electron (e), is overlapped by a 
positron (e") and that again overlapped by an electron ('. 

With an in the sum single negative charge, a completely symmetric structure as well as a 
half‘integer spin this particle will show @ behaviour coresponding 10 a large extent 10 that 
of the electron. Merely the mass will be considerably larger, because every vortex each 
time compresses the other 1, 


It therefore concems the myon (1°), which also is called "heavy electron”. The myon 
was diseavered 1937 in the cosmic radiation (Anderson and others). 

In fig. 7.5 are drawn above each other the shell-shaped structure of the myon and the 
elecri field E(x) ofthe three elementary vortices. 

It is visible that merely in the proximity of the particle the actual course of the feld 
deviates from and is smaller, than the course which theoretically can he expected for a 
single negatively charged body. ‘The diference is marked by a hatching. 


‘We now can tackle the calculation ofthe myn. For that the following considerations to 
begin with are usefil: 

“Mass is an ausiliary term founded in usefulness, which describes the influence of the 
electromagnetic field on the speed of light and with that on the spatial extension af the 
Without exception the local cosmic field E, has an effect on a free and unbound 
elementary vortex, thus on an individual e or e" and determines so is size and its tas, 
But as long as we haven't determined ths field strength, the ealeulation of is quantum 
properties won't succeed. 

Instead the masses of compound particles will be compared to each other, which are so 
hheavy that the field strength of the neighbouring vortices is predominant over the basic 
field E, so that a neglect of E, seems to be allowed. The course of the calculation is made 
{oral elementary particles in the same manner, which is explained hereafter. 


6 caleulation ofthe vortex fields 


Spherical capacitor: (r 


inner radius; ta 


outer radius) 


i 
Electron (ri = 0 and ra= rj: U = 511 kV = const. (6.31 
Ui = Uz = Us = Us =. = Un @. 
At The radius mr: is valid: E(ri)= E; and 
n ' m 
Ur = [Eidr = Erm = U2 = JE.:dr=Ei(t2—1) ay) 
° n 
At the radius rz is valid for the 2nd and 3rd shell E(r2) = Ea: 
m ! 13 
Uz = [E2dr = Ey(r2—n) = Us = [Ezdr = Ba(ts-m)  (7.1°4) 
n nm 
comparison of the radii: 
(7%) ase) 
Ar = ly Sey Ce ori ta. 9... = tam tot (13) 
resp.: 
Bye 2 -ty. tae Bety m= net ay 
‘comiparison of the fickd stucigtls, (7.1° with 7.1% with Bq. (72): 
E: = Ey = Ea =. = En os) 
Theory of objectivity, fig. 6.18: E ~ ifr (6.25) 
see fig. 7.5: Ei(to) = Ea = Es: (ri/r3) 
Ea(ta) = Esa = Ea: (t2/ra) 
Eo = cosmic basic field (negligible) 
E{n) = Eat Eat Bo = Bi: (ra—ni)/r + 06) 
Bie) 2-n-n i 
— - —__ - — on 
Ei 3en 3 


Fig. 7.6: Calculation of the electric field strength E(r) of 
the myon from its dependency on radius 
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7.6 Caleulation ofthe vortex fields 


‘The tension yoltage of an elementary vortex, like for a spherical capacitor, is determined 
by integrating over the electric Feld strength from the inner radius f up tothe outer radius 


u = fear cy 
For the electron (f, = 0 und r, =r.) we already have carried out the integration and 
determined the tension voltage to be S11 KV (equation 6.31"), 
Doing so we further had discovered that it won't change, ifthe radius r varies. Even fora 
shell configuration, in which electrons and positrons alternately overlap, the approach is 
valid 

Uy=U; =U) = Ue. Uy (72) 


Ata certain radius all elementary vortices show the same density of field Hines and with 
that also the identical field strength, so that we can solve the integral (7.1) forthe each 
time neighbouring vortex shells and éan compare the resuls 

Ache radius r with E(s;)= Ey the agreement, according to equation 7.1" (Lig. 7.6), i8 
Valid for the innermost and the averlapped vortex shel 

Ac the radius r; with E(t.) = Es the agreement according to equation 7.1°* (fig. 7.6) is 
valid analogously forthe 2nd and 3ed shell. 

Ifill more shells are present, then we can arbitrarily repeat this procedure. For the radius 
of each shell we always obtain relation 7.3, which, related to the innermost radius, 
provides the following simple expression for the individual radi: 


e241; ged 3 ment fo) 


From the comparison of the integration results 7.1* and 7.1°* follows further that all 
clementary vortices produce the same field strength: 

Bye Be. = Be as) 
We infer fiom the transformation table (fig. 6.18, eg. 627) that the Geld strengths E and HE 
decrease with It. In fig. 7.5 the decrease of the fields with I/r is shown. Up to the radius 


f, the field of the innermost vortex E; has wom off to the value Ey =~ Ey + (eit) 
This feldis overlapped by Es) =F, *(rys) as well as the cosmic basic Held E,: 
(ey) = Eq Eat Ey = Ey (62-1) +E, (76) 


‘The local basic field E, is not known, but it is very small with regard to the field of the 
neighbouring vortex” shells, so" that a neglect seems tobe allowed. 
From equation (7.6) inthis way follows with the radius relation (7.4) 


Br) 2enan 1 
gee (7.7) 
E, an 


For the shell-shaped configuration of the myon (fig. 7.5) relation (7-7) indicates, whieh 
Field the outside vortex shell is exposed to, From this can already be seen, how much it is 
compressed thanks to the field dependent speed of light and how much its mass as a 
‘consequence is increased 


as calculation of the proton 


Structure of the proton p’ 


Calculation: 
structure consisting of two shells, inner vortices with 2 * Ey, 
field strength at the outer radius 3: 


E(t2) =2*E2) =2*E\(ri/tz) =Ey 78) 
Comparison of p’ (7.8) with w’ (7.7) (z= number of the elementary 
vortices being involved with) 
in building up the structure, here each time z.= 3) 
Comparison of the radii with = E~1/r (627) 
tp mH Ei 3 13 1 
Fd 2 = . * 79) 
1h tp“ Ep(ra) 3 1 3 
Theory of objectivity (fig. 6.18): m-l/r? (634) 
my ep 4 3 
a(S = — = 9 (710) 
my oy Tp 3 
my/m, = 9* (mlm) = 9 *207 = 1863 qty 
Measurement value, proton mass: m, = 1836 +m, 
Resp.: 


measurement value myon mass my 
myon calculated value: 


207 * m, 
204% m,. (error 


1.5%) 


Since we, by using this calculation method, for the first time succee- 
ded in deriving the mass of an elementary particle from that of an- 
other particle, the particle mass isn't a constant of nature anymore! 


Fig. 7.7: Calculation of the proton 
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7.7 Caleulation of the proton 


If we again remember the affinity of two elementary vortices, which rotate with opposite 
spin. They align their axis of rotation antiparallel and form a very probable, but not 
particularly tight hound pair (ig. 74). 

If we this time start with 2 positron pair, then does this pair have a double positive 
elementary charge. The two & hence exert a particularly ig force of attraction on 
electrons flying past them. If they have cached one and put it round as a shell, like a coat, 
then they Will never again give it back! To again remove the electton, a tiple positive 
charge Would be necessary. But such a particle can't exist at all. The new particle 
therefore has an absolute stability and a very big mass, because the positron pair is 
considerably compressed by ils outer shell. The total charge is single positive, With these 
properties it actually only can concem the proton. Tis structure is shown in Gg. 7.7 
We can start fiom the assumption that both positzons are very close together in the inside 
and thus each forms the half of a sphere, For the calculation of the proton mass we then 
fan assume as an approximation a structure of two shells, in which the inner vortex will 
hhave the double charge and the double field (2 * E,). With equation 7.4 the field strength at 
the outer radius is: 


Efe) = 2Ey = 2*E "(ri /t2) = E (8) 
If We want to compare the results of the p’ (7.8) and the 4" (7.7), then it should be 
considered that the fleld of the innermost elementary vortex E, only is equal, if the number 
4, of the elementary vortices involved in building up the particle is identical. Here with 
each time 2, = 3 this i the ease, Because of equation 6.27 (E, H~ It) now also the radit 
fare comparable: 

Le) 3 

he te Et) 3 
‘The mass of @ particle first is determined by the number of the elementary vortices 2. 
According to the theory of objectivity (fig. 6.18) however also the radius has an influence 
fon the mass male (634) 


‘This proportionality should be applied to the p"1-~ comparison. 


1 
09) 
3 


‘The calculation provides a nine times bigger mass for the proton with regard 10 the mass 
‘of the myon. Therefore the mass ofthe proton related tothe mass ofthe eleetron is: 

mim, = 9° (mim) = 9*207 = 1863, my 
It would be favourable, to start ffom the with measuring techniques determined value for 
the mass of the proton m,/m, ~ 1836 and calculate backwatds the related mass of the 
‘Then we obtain 204 as the calculated value instead of the measurement value m/m= 
om, 
‘The reason forthe deviation of 1.5 percent is caused by the neglect of the costnic field E, 
with regard to the field ofthe neighbouring elementary vortex. This neglect takes very 
‘much less effect forthe relatively heavy proton than forthe ight mon, 
‘The cosmic field therefore will compress the myon more strongly and increase the mass 
‘more strongly as is calculated here, in agreement with the measurement results. 
‘Summarizing: since we, by using ths calculation method, forthe first time sueceeded in 
Ueriving the mass of an elementary particle from that of another particle, the particle 
‘mass isnt a constant of nature anymore! 
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a; theoretical course of the 
field of a single positive 
charged body 


b: actual course of the 
field of the p* 


¢: field of an é 
de: field of both e* Exle) 
umm discrepancy between the measurement (b) 


= the vortex calculation (b) 
and the classical calculation (a) 


Fig. 7.8: The proton and the electric field of the three 
elementary vortices in x-, y- and z-direction 
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7.8 "Strong interaction” 


A central question of nuclear physics concerns the forces which keep the atomie nucleus, 
Which consists of many neutrons and protons, together and give i its very good stability in 

spite of the like postive charge (key question XIV fig 7.13). 

According to today’s textbook opinion (course of the field indicated with a in fg. 7.8) the 
forces of repulsion between the individual protons increase further as the distance gets 
smaller, to obtain immense values within the nucleus. They theoretically had to be 
overcome by new and unknown nuclear forces. Therefore physicists assume the 
hypothesis of ~~ "strong interaction”. “But they are_—-amistaken, 
‘The answer to this open question is provided by the course of the field (b) forthe proton, 
sketched in fig. 7.8. We see that the electric field at first indeed still increases if we 
approach the proton, but in the proximity it contrary to all expectations decreases again 
luntil it is zero. With that then also any force of repulsion has vanished! But the course of 
the field follows without compulsion fiom the overlap of the three individual elementary 
vortes fields 

The field direction in the z-direction even is reversed! In this topsy-turvy world, in theory, 
fan electromagnetic force of attraction between two like charged protons can occur. We 
conclude: 

A strong interaction doesn’t exist at all. The usually given values for “range” and 
“strength” just represent a misinterpretation, The hatched drawn area marks the difference 
which is misinterpreted by quantum physics, The model concept over and above that 
answers another mysterious property of the proton, As an electrically charged particle with 
4 spin it first of all should form a magnetic moment for reason of the rotating charge, But 
‘until now the measurable order of magnitude couldn't be explained. 


7.9 Magnetic moment ofthe proton 


If the inner positrons rotate around each other with oppositely pointing spin, then the 
magnetic Field line is already closed within the particle and no effect in x- oF y-ditection is 
observable from the outside 

[AS pair they however still can rotate together around the z-axis and they'll do that. The 
‘overlapping electron for reason of its rotation of its own will likewise build up a magnetic 
dipole moment along its axis of rotation. 1 also will align its axis in the z-direction, so that 
now all three elementary vortices have one field axis. Being comparable to individually 
“elementary magnets” aligned in the same direction they produce a tiple magnetic 
‘moment (key question XI fig. 7.13). 

If we namely would start with a single positively charged body according to the theory of 
quantum mechanics, then we would have expected the value of the nuclear magneton” py 
as the magnetic moment for the proton fly =e - W2m . Opposite to that provide 
experiments with protons the approx. ltreefold value as already predictable by the new 
vortex theory. In addition does the direction of the vector Pay correspond with the spin- 
axis, so as if the proton were negatively charged. The reason for that is that only the 
‘outermost elementary vortex determines the spin of the particle, and that is acwually a 
negatively charged electron! Also this excellent agreement in the case of the proton can be 
judged as proof for the correctness of the vortex model 


[Ey __The nuclear magneton has the value OF Pag = 5.0508 + 107 Am 


152 structure of the neutron, 


a. n° ifthe e- amasses toa p*. 


Fig. 7.10: The neutron with magnetic dipole field H 
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7.10 Structure of the neutron 


Until now could not be solved, why despite its missing charge also the neutron n° has a 
magnetic moment. The experimentally determined value is approx. the double of the 
nuclear magneton. Further was with measuring techniques an only 0,14% bigger mass 
With regard to the proton determined. The difference is approximately two and a half 
electron masses. And how reads the answer in the view of the potential vortex. theory? 
I is obvious that a positively charged proton and a negatively charged electron mutually 
atact and amass together (ig. 7.10a). A pair annihilation can't oceur, because the 
electron, which jackets both positrons, prevents this. The formation of an outer shell is not 
permitted by the high stability of the proton. It would have to be a positron shell, which 
instead of neutrality would produce a double positive charge. Conceivable is however the 
configuration, in which one of the two e” of the proton takes up the e° in its inside and 
overlaps it (ig 7.106) 


At irst appears the amassing of p” and e’ to be the obvious answer tothe structure ofthe 
‘neutron also in view of the small inrease in mass, Since both elementary particles (p” and 
©) have a spin, will they align their axes of rotation antiparallelly and rotate against one 
another, exactly like an electron pair. But we now have unequal conditions: the proton 
brings the triple magnetic moment, the electron however only the single, and its field line 
will be closed by the proton. The difference which remains is the measurable double 
nuclear magneton, with which key question XIII (fig. 7.13) would be answered 
exhaustively 

‘This structure is shown in fig. 7.10a and has as rest mass the by only one electron mass 
increased proton mass, but it will deviate from this value, when the unequal partner come 
closer. Doing so the electron will be more strongly compressed by the heavier proton as 
Mass, magnetic moment and charge thus correspond to a large extent with the 
‘measurement values. Problems are seen concerning the spin and the stability 

Set of problems concerning spin: both the & and the p” havea hal-integer spin, for which 
reason this configuration should have an integer spin 

Set of problems concerning stability: the neutron decays as is well-known in a p” and an 
but this object should be shorter-lived as determined by experiments. If namely the 
partner come each other very close, then the field strength of the p’, contrary 10 
expectation, doesn't increase but decreases, as is shown in fig. 7.8. The € therefore can 
only be bound very, very loosely; in z-direction it even will be repelled! 

For these reasons isthe open structure, which is shown in fig. 7.10a, not feasible as an 
isolated elementary particle, but only in a spatially extended network, like itis present in 
‘an atomie nucleus. In this case the neutron is, as is well-known, lighter by the mass defect, 
‘hich is interpreted as binding energy. 

Possibly it only concerns an intermediate stage. The heavier final product ofthe n° then 
‘could look like is shown in fig. 7.10b, For this version the line of the magnetic field 
already is closed partly within the particle, so that also here the approx. double nuclear 
‘magneton remains as a rest with a sense of orientation, as if the neutron were negatively 
charged, 

Without charge and with the 1/2 spin it in this configuration fulfil all important quantum, 
properties ofthe neutron, even that ofthe stability 


calculation of the neutron 


the field of the © 


the field of the e* Ex 


(nin) = Ey (tain) 


and in addition thee": Es)= Ey (ry/t), 


Effs) = Ea + Bx + En + 
negligible 


With the radius relation (eq. 7.4): mal ound oy = 3% Ty 
The total field 
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Fig. 7.11: Calculation of the mass of the neutron 
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7.11 Calculation of the neutron 


‘The calculation of the mass for the structure of the neutron according to fig. 7.10b has still 
remained open. 


[Because in this book forthe first time has been shown, how the mass can be calculated, if 
the particles are understood as potential vortices, we also in this ease again want to make 
Use ofthis possibility 

We have, like for they" structure of three shells with the radii 1, andr. At the outer 
radius 15 the Gelds of the elementary vortices on the inside have an effect on the electron 
‘On the outside like isthe ease forthe p= 


the field ofthe e Ey -Ey(rys3), 


the fel ofthe e Ey 


Ex(oin) = Ei(ein) 
and in addition thee” Ey.= Ey (et. 
‘The total field is, with the radius relation equation 7.4 
Ein) Teo Steer? Sa! 2 


ee = Pe Sy 
Ey fea atl hs Bie wad oe Bt 3 


If we compare the neutron, in which now 2, = 4 elementary vortices are involved, with 
the proton: 


tw | Ei) 
ty Felts) 4 


9 
= — = 1s 7.13) 
3 


then we infer from the arithmetically determined result that the neutron according 10 the 


radius is 12,5% bigger than the proton, The mass i calculated to 
m, >) Bit l .cs 
— = (= 058714) 
1, ae cing 


The panicle therefore has a mass which is 5% larger than for the proton, slightly more as 
has been measured for the neutron, The difference is acceptable, The particle after all is 
structured very asymmetrically, in which the reason is to be seen, why the uncharged 
particle, looked at from close up, nevertheless show an observable charge distribution 
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Decay equations if neutrinos are involved: 


ee — ee a Fe 713), 
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Fig. 7.12: The electron-neutrino as a ring-like vortex 
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722 trdecay 


In the ease of the calculated quasistable particles, they~ and the n°, the verifieation by 
means of the well-known decay processes is still due, Also free neutrons, those which are 
‘not bound in anatomic nucleus, decay. But with an average life of 918 seconds they are 

by far the longest living among the quasistable elementary particles 
‘Should the neutron decay be triggered by neutrinos, then obviously a distant flying past 

does not suffice. For that the electron is bound in the proton’ too tight. There probably’ has 
to occur a direct "crash", in which a neutrino is used, since the decay equation reads: 


We pe HF, (7.15) 


[As could be expected a proton p’, an electron and the mentioned electran-aotineutino 

are formed. What here is written down as the emission of an antipartcle, is equivalent 
in the absorption of the parile™, in this case of the neutino. The reaction equation 7.15 
can be reformulated accordingly” 


att, ——e pt tet [i159 


Also for the decay of the myon an electron-neutrina is used, In both cases it provides the 
energy necessary for the decay. But we can really understand the decay only, after we 
hhave got to know these particles better. 


Without charge and without mass neutrinos show hardly any interaetions with matter and 
as a consequence they possess. the enormous ability of penetration - as is well-known, 
‘They ate said to participate in the weak interaction’, which should teigger a conversion of 
the concemed particles, which is their devay. Pauli already has postulated the newtino 
1930 theoretically, because the transition from a hallinteger spin to an integer spin for the 
si -decay otherwise Wouldnt have been explicable, 


If we imagine an elementary vortex is being born, but the local field strength and energy 
isnt sufficient for obtaining a quantized state. The result is an incomplete potential vortex, 

‘hich has an open vortex centre and as a consequence shows no localization at all In the 

form ofa vortex ring it oscillates around itself, while it continually turns its inside to the 

cutside and then again wo te inside, 

One moment the vortex ring is green, then it is red again, one moment matter, then anti- 
matter, one moment positively charged and the next moment negatively charged. In 
contrast o the photon the nusmber of the involved elementary vortices 2, for the neutrino is 

dd (forthe ve 22" 1. Perpendicular to the direction of propagation the neutrino has a spin 

(h="4) for reason of a rotation, which overlaps the pulsating oscillation. 
This vortex ring is, a5 said, not a member of stationary matter, because it doesn't form a 
“black hole” in ils centre, where the speed of light becomes zero. But it has an absolute 
stability like every elementary vortex, even if it only accurs incomplete and hence not in 
any quantized form,. This concept of the electron-neutrino as an open oscillating 
clementary vortex in the form of a ring-like vortex covers the experimentally determined 
realizations unexpectedly wel. 


=__—Kinner 11G2 Grundlagen einer embeilichen Theorie der physikalischen 
Teilehen und Felder, Musterschmidt, Gottingen 1976, S.155 
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‘A strong interaction doesn't exist. The electric field in 
the proximity of the proton goes to zero within the range 
which is determined with measuring techniques 


A weak interaction doesn't exist. That interaction only 
is a special case of the electromagnetic interaction 
which appears in a weakened form. 


XII: Why does the proton have approximately 3 
times the magnetic moment which can be 
expected for reason of the only single charge? 

(3 elementary vortices) 


XII: Why does the neutron as an uncharged 
particle anyway have a magnetic moment? 
(Structure of the n°) 


XIV: What owes the atomic nucleus, which con- 
sists. of like charges, its _ stability? 
(Course of the field of the p’, instead of "strong interaction") 


XV: Why does the free neutron decay, although it 
is stable as a particle of the nucleus? 
(Interaction with neutrinos) 


XVI Why do neutrinos nevertheless participate in 
the “weak interaction", although they have no 
mass and no charge? 

(Oscillating charge) 


XVII: How can be given reasons for the finite range 
of the "weak interaction"? 
(Reaction cross-section for particle decay) 


Fig. 7.13: Further key questions of quantum physics 
(Continuation of figures 4.4 and 6.13) 
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7.13 "Weak interaetior 


Let's now look again at theBdlecay of the neutron, in which a neutrinos used. But this 
by no means will be a process of the weak interaction. Instead will neutrinos, contrary 10 
the textbook opinion, participate in the electromagnetic interaction. They after all are one 
moment positively charged and the next moment negatively charged. With slow-acting 
leauges this it is true cant be proven, because the interaction is zero on the average. But 
this charged oscillating vortex ring can exert a considerable effect while approaching a 
neutron, whieh is based solely on the electromagnetic interaction. 

‘The neutron is. stimulated 10 synchronous oscillations of its own by the high-frequency 
alternating field of the neutrino, until it in the ease of the collision releases the bound 
electron, which takes up the energy provided by the neutrino and transports it away. The 
Interaction obviously is only very weak due to the oscillation. But a physical 
independency of it has to be disputed 

‘The finite range, which is given in this context, indicates the reaction eross-section around 
the n°-particle, within which the “crash” and as a consequence theftdecay occurs, This 
range is considerable larger as the particle itself. The electromagnetic interaction for such 
small distances after all is so violent, even if it only occurs in pulses, that the neutrino is 
thrown out of its path and can fly directly towards the neutron. 


Perhaps we now understand also the [decay of the myon. It actually were to be expected 
that without outside disturbance an absolute stability could exist because of the ideal 
symmetry of they. On our planet we however are in every second bombarded with 
approx. 66 milied (billion) neutrinos per em”. Obviously i takes 2.2 ys on the average 
tll a neutrinayflies past a myon so close thal it decays. In doing so it stimulates the 
outside elementary vortex to violent oscillations by teying to syachronize it, In this case 
the electron-neutrinoy,carries away with it the wo outer, and therefore weaker bound, 
clemeotary vortices of the myon, which meanwhile are oscillating synchronously. The 
Jnnermost vortex, an electron e, is eft behind, The decay of the myon which takes place 
with a probability of almost 100 % ead: 

WE CFR yp ut ee +H, 718) 
‘Thus a different neutrino yi, is formed which can be distinguished from the v, and is 
called myon-neuting since it forms from thejr, Actually it even has a similar structure of 
thee shell, a8 is shown in fig. 7.5. But the vortex centre is open and the particle isn't 
stationary anymore. In the picture now only a momentarily state i shown, in which they, 
appears green on the outside and red in its open centre, AS already for the vy oscillates also 
here the inside to the outside and vice versa, this time merely as a packet of three shel, so 
that also this particle shows all the typical newtino properties discussed for the example of 
the ve 
‘The Tor potential vortices typical and already discussed phenomenon of transport here has 
an effect, In particular in connexion with vortex rings this property is known from 
hydrodynamics. It thus canbe observed, how vortex sings bind matter and camry away sith 
them, Because the neutrino is not quantized, it neither is restricted with regard to its ability 
to transport elementary vortices. Consequently even bigger configurations are 
conceivable, ike configurations ofS shells, 7 shells ete. 


Ey "Zeugen aus der Sonne”, WDI- Nachrichten Nr 45 vorn 9.11.90, Seite 26 
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a: the structure of the tau-neutrino with 5 shells 


colour of the elementary vortices 
from the outside to the inside 


gn/rd/gn/rd/en 


ive. 


efelele/e=v. 


b: the heavy and stable variant of the tau particle 


(gn/rd + gn/rd)gn 
resp. 


(eye + efere 


Fig. 7.14: Tau-neutrino and tau particle 
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7.14 Tau particle 


In the table of the leptons after the e° and the as the next particle the tau particle ¢ is, 
found with its accompanying neutrinoy,,The obvious solution for the tau particle 1S the 
structure of five shells, as is shown ia fig. 7.14a. With that the electron would have 
another particularly “heavy relative with otherwise very similar properties 
For the myon the neutrino was stable, the particle itself however instable. We after all 
hhuve explained the particle decay as a consequence of an outside disturbance, and 
disturbances always are based on interactions. Correspondingly should, with the ‘small 
possibility for an interaction, also the neutrino y_ of the tau particle have a better stability 
than the particle r itself 
Without doubt this structure of 5 shells fulfils all known quantum properties like spin, 
‘charge ete. Merely the check of the mass is still due. This we now want to calculate for the 
structure shown in Fig. 7.14a. 


ms 1360 mg (7.17°) 


‘But the forthe tau particle measured value is considerable higher! 
Even if this stucture is the only possible in the case of the neutrino yy for reason of the 
complete symmetry, will the tau particle however change its structure by itself if another 
structure exists, which is more stable, thus in which the particle can take a bigger mass. 
Such a maximum provides the structure shown in fig. 7.14b afler checking all possible 
‘configurations with five elementary vortices 


m, = my-(—)P-((- + — 
be ht 


3 ai, 
1836-(——)-( Fm, = 3778 -m,_ (7.18%) 
3 3 


2) 028) 


This value now lies 8% above the measurement values. It would be obvious, if unbound 
tau particles predominantly would take the structure shown in fig. 7.14b, The remaining 
error becomes explicable, if a very small number of tau particles in the lighter structure 
according to Tig. 7-14a are involved with a correspondingly smaller probability 


‘The enormous variety of kinds of decay, and not a single one of the dominating ones bas a 
probability of over $0%, makes it more diffieult for us, to be able to directly infer the 
inner structure of a particle from the decay products, It nevertheless should be mentioned 
that after all 35% of all decays take place by taking up and using a neutrino y, oF y., 
entirely in accordance with the model of the myon decay (equation 7.16). 
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name | mass | mass | el- |char-| ra- | inner structure 
(m/m,} |(m/m4| vorti-| ge | dius | The elementary 
measu-| cal- | ces | Q | r/rp | vortices, colour: 
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? : Gg) 2 | 0 | 3 
w | 207 | 204) 3 | 1 | 3 
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7.15 Table of vortices of the calculated leptons and mesons 
compared with measurement values (Part 1). 
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715 Pions 


Unlike the leptons, which we could derive and calculate fairly completely, the mesons 
don't have a halfinteger spin. With this characteristic property they therefore can't 
represent an individually overlapped elementary particle and they probably will consist of 
the amassing in pairs of individual configurations of potential vortices, This kind of bond 
can't be particularly tight. Consequently we don't know any stable mesons. 


‘The most important basic building part of the mesons we have got to know over the 
positronium in fig. 7.3. It necessarily has to amass t another particle, otherwise it 
Snnihilates under emission of a y-quanta, as already mentioned. This particle, as it wil 
be named here, has the mass of: 


Imo = (23): (1/2) 1836+m, = 136m, (7.19) 


which only can be determined arithmetically. As a partner, to which they/-particle can 
amass, first of all anothery'-particle should be considered. Because both partner will 
folate against one another, this new particle would not have a spin and moreover would be 


uncharged. The mass now would be twice as big with: 
rig = 2+me = 272+m,.(7.199) 

But the two y/particles will come very close together and mutually feel the local, in the 

same dtetion orientated, disttbution of the Feld, which will ead toa weakening ofthe 


field and as a consequence o a slight reduction ofthe mass, 
With these properties it probably concerns the uncharged pion, This model concept 

finds an excellent confirmation in the wo possible kinds of decay, which ean be regarded 
as equivalent: 


5° my +y with a probability of 9% 
and 
poe yter +e with a probability of 196 


‘Also in the case of the charged pionnthe observable decay offers a big help, which will 
take place with a frequeney of almost 100 %: 


ee ty 
‘The equation doesn't state anything about the fact if @ neutrino v. is used in the process. 
But it points atthe circumstance that the partner of the 7/-particle for the m* most likely is 
1 myon j=, The mass wil be smaller than the sum of both building pars 


(204136) m, = 340 * m, 


os table of vortices of the mesons 


name | mass | masse | elem.- |char-| inner structure of 
(m/m.)}(m/me)| vorti- | ge | The elementary 
measu-|caleu-| ces | Q | vortices, colour: 
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‘Some compound configurations 
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Fig. 7.16: Table of vortices of the calculated leptons and 
mesons compared with measurement values (Part 2). 
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7.16 Table of vortices of the mesons 


‘The numerous kinds of decay for K-mesons suggest that these strange particles. will 
consist of various combinations of amassed together and in pairs rotating’. and 4 
particles. The possibilities of combination now already have increased in such @ way that 
for every kaon and other mesons several solutions can be proposed. To avoid unfounded 
speculations only afew clues will be given 


Besides the /-particles also heavier arrangements should be considered as partner for the 
spin and asa building pat for kaons and other mesons. 

If for instance a 2! is overlapped by a y’. then this particle has an arithmetically 
determined mass of 918 mt therefare can concern a building part ofthe uncharged kaon 


‘The likewise with three »/ formed configuration of 6 shells however, if it actually would 
staystable for the duration of a measurement, would have the mass of 3672 electron 


‘A very much better detectability must be attributed to the configuration of 4 shells which 
consists of two /, so to speak a heavy relative of the» and the , It among others should 

be able to decay like a7'With this property and with an arithmetically determined mass 
(of 1088 m. it actually only can concern the 1/-meson, Solely according to the numeric 

Value the meson could also consist of four p-aesons; but the decay in anly to light 

quants speaks against 


‘The kaon-puzzle in addition is made more difficult by the spontaneously possible ability 
to change of the iavolved particles during a process of decay, as is made clear by the 
numerous kinds of decay. These dependent pion halves can be "swallowed" or "spit aut” 
by neuteins in the process, they ean farm from incident light or be emitted as photons and 
eventually they even can break up in thei individual part 


In fig. 7.16 the possible configurations of potential vortices are sketched and the 
respective, according to the new theory calculated, mass is given. If above that the other 
decay products and quantum properties, which can be given far the vortex structures, are 
added, like eg. charge, spin and if need be magnetic moment, then an assignment without 
doubts to the until now only from measurements known elementary particles is possible. 
In order to better be able to assess the efficiency of the potential vortex theory, the 
‘measurement values are compared tothe calculated values, 


Some terms are put in brackets, because it can be assumed that the calculated part only 
foncems the dominating part, 10 which furthery/or other small configurations of vortices 
will amass for reason of its high mass. Correspondingly should the mass in that case be 
corrected slightly 


Trcould eg, concern the D™mesan: 
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Fig. 7.17: Table of vortices used for the calculation of the 
most 

important barvons with suggestions for the structure 
(Part 3). 
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7.17 Table of vortices of the baryons 


‘The number of possibilities of combination quickly increases, if only a few elementary 
vortices extend the structure of a particle. This probably is the reason for the large number 
of observable hyperons, which recently have been produced artificially and observed with 
the help of particle acelerator. 


Both the neutron and the lambda particle can exist in a lighter and a heavier variant, At the 
moment of the decay, as it for instance is observed in a bubble chamber, according to 
expectation the state with the smaller mass takes the bigger probability. But in the 
amassing with further particles as building part of bigger and heavier hyperons the heavier 
structure is more likely. This circumstance should be considered in calculating the mass of 
the byperons. 


In figures 7.17 and 7.18 the most important baryons are listed, which are characterised in 
the way that one of the amassed together packets of vortices isa nucleon, thus a proton or 


The given, from measurements known, kinds of decay are able to confirm the inner 
structure pretty good. Of course an infinitely lot of combinations are conceivable and 
humerous predictions are possible. But speculations are unnecessary from the time on 
Where we are able to calculate the particles! 

The restriction to the few in the table listed particles seeming to be important hence 
doeset list the universal importance ofthe theory of objectivity in any way! 


os unified theo 
name | way of 
decay 
50 | Arty 
(100%) 
eo | acre 
(100%) 
e- [act 
(100%) 
(Q) [A+ K- 
(69%) 


Fig. 7.18: Table of vortices used for the calculation of the 
most 

important baryons with suggestions for the structure 
(Part 4), 
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8. Unified theory 


With the theory of objectivity the longed for goal of a "theory of everything” (TOE), of an 
universal theory, seems to have moved within reach. If in the nineteenth century. still 
promising field theories and approaches were being discussed, then has at the latest 
Einstein's theory of relativity destroyed all hopes in such a theory. Science as a conse- 
quence has become very much more modest and understands a TOE only as the 
Unification ofall known interactions, 


Einstein has stated the minimum demand so: "a theory should be favoured by far, in which 
the gravitational field and the electromagnetic field together would appear as a whole" 
“IL is evident that a subjective or relativistic observer theory never is able to achieve 
this, 


‘The presented theory of objectivity made it possible that the unification here for the fist 
time actually has succeeded. This undoubtedly brings science a whole lot further, but it 
stil is not sufficient to lie one's hands in one's lap being content with oneself. After all we 
still know very much mote phenomena, which likewise should be unified, After all it is no 
accident that both Maxwell and Einstein, 10 name only two prominent representatives, 
after completion of their well-known works have struggled for the question, what sort of 
phenomenon it concerns in the case of the temperature and how this could be integrated in 
their hoor. 


‘The requirement reads: We must be able to derive all basie factors, which influence our 
system of units with their basic units, as a compulsionless result from the new theory. 
Besides the dimensions of space and time which determine our continuum, the expla- 
nation and unification of the basic factors mass and charge has to be tackled. If we have 
succeeded in doing so, we'll also tackle the problem of the fifth and last basic factor, 
Which until now has put itself in the way of any unified theory as the question of fate, the 
problem ofthe temperature! 


<i: Einstein, A: Grundziige der Relativitastheorie, Vieweg+Sohn, 
Braunschweig 1973, 5. Aufl, WTB 58. Seite 97. 
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‘The hydro- 
gravitational field 


relaxation time con- 
stant: ~ Heo 
mass: m0 

force: F =$-H 


| The electrogravitational field 
charge: © 40 


mass: m +0 
force: F =Q-B+$-H | 


Fig. 8.1: Structuring of the fields and definition of terms 


<i: Einstein, A. = Grundziige der Relativitatstheorie, Vieweg + Sohn, Braun- 
sehweig 1973, 5. Aull. , WTB 58, 


<li>! derived from the Greek hydro (= water). 
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8.1 Structure of the field theory 


In contrast fo Maxwell's theory the new field theory, which we derived from duality, is 
also able to describe fields, in which no particles and no quanta exist. It probably is 
justified and useful in the sense of a clearer communication, to give the new field a name 
ofits oven. 

The author recommends the introduction of the term “hydtotic field”. In it should be 
expressed, which importance water has for both the like named potential vortex and this 

field <i> 

As we already have worked out, the hydrotic field is favoured particularly by polar 
materials and by a high dilecticity. Water is a corresponding and in the biosphere of our 
planet dominating material 


Whereas we had to correct the concept of a vortex five electric field, we had until now, 
‘considerable, we can take over the description of the magnetic field unchanged. This then 
should also be valid for its name. The new field which consis of both correspondingly is 
called hydromagnetic field 


In fig. 8.1 we recognize the structure. At the top stands the "hydromagnetic field”, which 
is described mathematically by the equations of dual electrodynamics in fig. 3.3. It does 

rot know quanta and as logical consequence neither charge nor mass! If we inset these 
equations, Ampere’s law and the dual formulated Faraday law of induction, into each 
other, then there results as a mathematical description of our space-time-continuum the 
fundamental field equation (5.7, fig. 5.1). As a new physical phenomenon the potential 

vortex appears, which gives the hydromagnetic field a new and important property: this 
field car be quantized! 


Starting-point is the wave, which for corresponding interference effects can spontaneously 
roll up o a vortex, which as highly concentrated spherical vortex finds a new right to exist, 
und finds wo a new physical reality 


‘The in the described manner formed particles show specific properties of their own. We 
now are able to attribute them for instance a charge or a mass. And these properties also 
can be investigated and deseribed individually and isolated from each other. Thus are 
formed the two special cases, strange by nature, on the one hand the well-known, with the 
help of the Maxwell equations describable "electromagnetic field” and on the other hand 
the new "hydrogravitational field” 


If we overlap the results of the two special cases, e.g. by adding the force effects of 
electric charges and accelerated masses, then we summarized obtain a field, which we 
accordingly should call "eleetrogravitational”. This ease is not at all unknown, Already 
Niels Boke in this way has calculated the radii ofthe electron orbits in the hull of his 
‘model ofthe atom, to mention only one example. We ean summarize: 


[The liydromagnetic field i the all encompassing and with that most important eld. Apart 
irom that the electromagnetic field of the currents and the eddy currents and the hydro- 
gravitational field of the potentials and the potential vortices merely describe the wo 
possible and important special cases. For reasons of pure usefulness for every special 
case a characteristic factor of description is introduced, the charge and the mass! 


unification of the interactions 


Auxiliary terms (description of quantum properties): 
™ mass * charge * temperature * Planck's quantum of action 


di 
AE-G@= 


Fig. 8. 


Unified theory 


electromagnetic interaction (open field lines) 
* gravitation (closed field lines) 

* strong interaction (does not exist) 

* weak interaction (only special aspect) 


sare a result Of 
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8.2 Unification of the interactions 


‘The discovery and introduction of the hydromagnetic field makes the desired unification 
possible, because the electromagnetic resp. Maxwell field, which describes the electro- 
magnetic interaction, and the hydrogravitational field of the gravitation can be derived 
from tis field asa consequence of the Formation of quanta 

‘The kind of the interaction is caused by the course of the Field lines ofthe field quanta 

Which formas spherical vortices: the open field lines make the electromagnetic interaction 
possible. And the field, lines with a closed course lead to gravitation. Both are a direct 

result of the field dependent speed of light. A mote perfect unification seems hardly 

possible 

[As the next step the unification with the strong and the weak interaction is required, but it 

could be shown that those don't exist at all. I just concerns misinterpretations with much 

fantasy, which should help explain the difference between a wrong theory and the physical 

reality 

Numerous auxiliary terms for the description of the quantum properties exist, like for 
instance mass, charge or Planck’s quantum of action. The prerequisite for their usability 
naturally is the existence of the quanta. But until these have found to a physical reality, the 
auxiliary terms are unnecessary. The hydromagnetic field does not know quanta, quantum 
properties or auxiliary descriptions. It will be shown that, according to expectation, also 
the temperature is a typical quantum property, which comes within the group of the 
auxiliary terms, In this Way also the temperature is fitted into the unified theory without 
‘compulsion. 

Without the by us for reasons of usefulness introduced auxiliary terms the fundamental 
field equation is left with its description of a spatial-temporal principle. Ifa world 

equation should exist, then this field equation 5.7 has the best prerequisites. 
For the fundamental field equation the division in four parts is repeated like already for the 
hydromagnetic field (fig. 8.1). It likewise consists of four individual parts, the wave (b), 
the two vortex phenomena (c and d) and the time independent term (e) (fig. 82). Whereas 
the duality still is combined in the wave, it comes to light clearly for the vortices to again 
be combined in the fourth case. Here arise however potentials and currents, which again 
can react and oscillate with each other, for instance as L-C-esonant circuit in an electronic 
cicuit, with which the principle is repeated, 

This principle is shown clearer for the phenomenon of the temperature as in all other 
cases. If we start at the top in the picture in fig. 8.2 we have an electromagnetic wave, 
Which is absorbed and thus becomes a vortex. If the vortex falls apart, then eddy losses are 
formed, We observe that the temperature rises and propagates in the well-known manner. 
We have arrived in the bottom box, but this again can be taken as the top box for the now 
following process, because the equation of heat conduction is a vortex equation of type ¢ 
cord! We discover a sel-similarty: 


‘The spatial-temporal principle formulated mathematically by the fundamental 
Field equation can be cartied over into itself time and again, 


Temperature 


a. at absolute zero temperature: 


b. if thermally excited: 


Fig. 8.3: ‘Temperature as an oscillation of size for the 
speed of light depending on field strength 
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8.3 Temperature 


Following the atomic view, in the case of heat it concerns kinetic energy of the molecules 
Which carry out more of less violent oscillations. In the ease of gaseous materials with this 
concept, basing on mechanical models, actually successful calculations are possible, like 
for instance the speed distribution of gases won by Maxwell from theoretical considera 
tions concerning probability 
But the attempt 0 apply the formulas of the kinetic theory of gases to solids and liquids 
only succeeds, if additional supplements and improvements are introduced. Since at all 
events it concems temperature, thus the same physical quantity, of course also an uniform 
interpretation should be demanded, which in addition should stand in full accord to the 
presented design ofan integrated theory (TOE). 
Against the background of the new theory of objectivity we consider, what happens, if for 
instance the local field strength is increased by a flying past particle, The matter located at 
this point is contracted for a short time. By coming closer to each other, the individual 
clementary vortices mutually reinforce their field and are further compressed. Sometime 
this process comes toa standstill, is reversed and swings back. 
At the same time every single particle, which in this way carries out an oscillation of size, 
hhas an effect on its neighbours with it field, to also stimulate these to the same oscillation, 
bbut delayed by some time. This phenomenon spreads in all directions. The propagation 
only will become stationary, if all neighbouring elementary vortices pulsate with the same 
amplitude. It ow should be recorded: 


‘The oscillation of conteaction ofthe elementary vortices we call temperature. 


Also this thermodynamic state variable therefore is @ result of the variable speed of light. 
‘AL the absolute zero of temperature no oscillaion takes place anymore, whereas the upper 
limit lies in infinity. Since the cause for temperature represents an oscillation of the local 
electromagnetic field strength around the cosmic field strength, the following phenomena 
must be considered as excitation and cause, as dictated by the’ fundamental field equation 
87; 


1 Blectromagnetic waves (b) are able to stimulate matter particles to synchronous oscilla 
tions of contraction by their alternating field. In doing so energy in form of heat is 
transferred to the particles, with the result that their temperature is increased. The wave 


is absorbed completely, if the thermal oscillation corresponds with the frequency of the 
We speak of thermal radiation, 
2 But also the two dual vortices, the eddy current (¢) and the potential vortex (d) can 


cause oscillations of contraction. This immediately becomes clear, if we consider a 
vortex as the special case of the wave, in which the oscillation takes place around a 
more or less stationary vortex centre. In the case of the decay of vortices, of the 
transition of energy fom vortices to matter, the inrease in temperature is measurable. 

In the case of this process of diffusion we speak of eddy losses and of loss heat 


176 heat energy 


Answers to open questions of thermodynamics: 


1, Temperature occurs independent of the state in which the 
matter is (unified theory). 


2.Temperature even occurs in solids, where a purely kinetic 
interpretation fails (unification). 


3. Each elementary particle is carrier of a temperature. 


4.Expansion with increasing temperature because of the 
increasing need for room for larger amplitude of oscillation 
(principle: bi-metal-thermometer). 


5.For solids the thermal oscillation of size is primarily passed on 
by the electrons in the atomic hull. Good electric conductors 
therefore at the same time also have a high thermal conductivity. 
(principle: electrical resistance thermometer) 


6.For gases the entire atoms carry out this task, for which reason 
a kinetic auxiliary description becomes applicable. 


7.For extreme amplitudes of oscillation the atoms partly or entirely 
lose their enveloping electrons, when they change into the 
plasma state. 


8.The second law of thermodynamics loses its claim to be 
absolute and at best reads: with today's technology we are not 
capable, to design a cyclic working machine, which does 
nothing else, as to withdraw heat from a heat container and to 
convert it into mechanical work. 


sstions concerning thermodynamics 
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3. Flying past particles, in particular unbound and free movable charge carriers (e) 
produce an altemating field for other fixed particles. Doing so kinetic energy can be 
transformed in temperature, thus in energy of pulsation. A good example is the inelastic 
collision, But it ean also be pointed to numerous chemical reactions. Whoever searches 
for a conerete example, takes two objects in his hands and rubs them against one 
another. In that case the particles which are at the fictional surfaces ate being moved 
past each other in very small distance, in this way causing oscillations of pulsation, 
Which propagate into the inside of the objects according to the thermal conductivity. We 


speak of friction heat. 


‘This model concept provides sound explanations for a whole number of open questions 
(Gg. 8.4), Le. why the temperature occurs independent of the tate (1) and even in solids, 
Where a purely kinetic interpretation fails (2). Every single elementary particle after all is 
cartier ofa temperature 3). 

‘With increasing temperature most materials expand, because the need for room, purely 
geometrically seen, inereases for larger amplitude of oscillation (4) This principe is used 
fn the ease ofa bi-metal thermometer. 

In the ease of solids the thermal oscillation of size is passed on primarily by the electrons 
inthe atomic hull (5). Good electric conductors therefore atthe same time also have a high. 
thermal conductivity. An example of an application is the electric resistance thermometer. 
Inthe case of gases the entire atoms carry out this task, for which reason a kinetic theory 
becomes applicable as an auxiliary description (6). 

For extreme amplitudes of oscillation the atoms partly or entirely lose their enveloping 
electrons, when they change into the plasma state (7) 

Finally the model concept even limits the second law of thermodynamics, which contains 
the postulate that i is impossible o design a eyclie working machine, which does nothing 
else, a to withdraw heat from a heat container and to convert it into mechanical work (8). 


84 Heat energy 


‘The discussed oscillation of contraction shows two characteristic properties, which must 
be looked at separately the amplitude and the frequency. 
“Temperature describes solely the amplitude of the oellation of Size. 


‘The beat energy however is determined by both, 
by the amplitude as well as by the frequency. 


Consequently the ideas of temperature and heat energy should be Kept silly apart. It 
therefore isnt allowed to set this oscillation equal to the electromagnetic wave in tables of 


Frequency. 


To be correct two tables should be given, one for the wave, characterized by propagation 
with the speed of light, and another one’for oscillations of contraction, thus for stationary 


phenomena and phenomena bound to matter. The later i 


jeed can likewise propagate 


relatively fast by fluctuations of pressure in the case of acoustical sound frequencies or by 
free movable charge carriers in the ease of heat conduction, but the velocity of 


propagation for sound oF heat is as is well 


wn still considerably smaller than the speed 


Of light, Thus an assignment without doubts can be made as to which kind of oscillation it 


78 sound 


ibes the amplitude oft 
i spherical vortic 


‘Temperature cles 


illation of size of 


ever is determined by both 
je and the frequency, 


ermal radiation 
(infrared radiation) 


contraction - |- expansion 


‘vortices of temperature [vortices of heat current 
or 6D 
AT-a = a) | aoa = aa 
| © -Reame (82) | a= conductivity 
| of temperature 
stationary temperature 


{asynchronous oscillation of size) | 


temperature T | heat current | 
spezial case: 


| ound 
(synchronous oscillation of size) 


Fig. 8.5: Heat conduction resp. sound 
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85 Sound 


‘The close relationship of longitudinal sound waves with the oscillations of contraction of 
thermally heated matter becomes particularly clear for ultrasound, where the arising heat 
in the inside of the body which is exposed to sound can be measured directly. The funda- 
mental difference consists of the fact that the produced sound waves not only have the 
same frequency, but also the same phase, what needs not be the case for the temperature 
The apparently uncoordinated occurring oscillations of size of the temperature, which as a 
rule occupy more space ifthe intensity increases, form a "thermal noise”. 


‘The oscillaion of size with the same phase is not realizable at all in a spatial formation of 
particles, with one exception, the case that all particles expand and afterwards again 
contract simultaneously and in the same time. We can observe such a synchronization of 
the pulsation oscillations of all elementary vortices in the case of a pulsar. For us a pulsar 
looks like a “lighthouse” in space which shines with a fixed frequency. 
In reality it as well ean concem a constantly shining sun, which carries out a synchronized, 
thermal oscillation of size, like a gigantic low-frequency loudspeaker. During the phase of 
contraction of the stat its emitted light stays back. To us the pulsar looks dark. In addition 
the field strength is extremely increased and the light becomes correspondingly slow. 
During the phase of expansion the conditions are reversed and we observe a light flash. 
Exactly the pulsar unambiguously confirms the here presented theory of the variable, field 
dependent speed of light 


The well-known fact that the microcosm represents a copy of the macrocosm, already 
suggests that each atom is capable of the same oscillaion of size as a pulsar: if next to the 
oscillating atom a resting one is placed, then does this one see a smaller field during the 
phase of contraction because of the increasing distance. It hence becomes bigger itsell. If 
the pulsating neighbouring atom afterwards expands, it however becomes smaller. The at 
first resting atom in this way becomes a "pulsar" oscillating with opposite phase. 
‘The oscillaing atom has stimulated the neighbouring atom as well to an oscillaion of size 
fand this process will be repeated with the closest neighbouring atom. We speak of heat 
conduction, 

To which extent the average distance between neighbouring atoms is influenced while a 
material is heated, solely depends on the structure of the atomic lattice. For matter with a 
fixed lattice according to expectation a smaller heat expansion will occur, as for the 
unordered structure of gases, in Which we find confirmed well-known relations. 


In a for potential vortices characteristic property sound waves and thermal waves of 
contraction correspond: 


The propagation of potential vortex fields takes place as a longitudinal wave. 


In this point vortex fields cleatly differ from the transverse propagating electromagnetic 
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basie principle of eyberneties 


1, Ampére’s law (see fig 5.1): 


TotH = €: (E/11 + 8E/3t) ( 
with relaxation time 1 = ¢/o 

transformed: SE/at = (1/e)-rotH ~ E/n re 
integrated: E = [ (rot H)/e - E/ti] dt ca 
2. Faraday’s law of induction (in analogy): 

transformed: 8H/8t = —(1/u)- rot E - H/t2 6 
‘integrated: =H = J{(rot E)/p + H/t2] dt ae" 


adaptation of comparator ji-controiler | contrat path 
driving factors | 
Fig. 8.6: Control technical analysis of the dual equations 


of the hydromagnetic field. 


unified theory 181 


8.6 Basie principle of eybemneties 


Surely ean be atributed also infortnation tothe potential vortex. But how should infor- 
‘mation be formed? Is information a form of energy? Energy occurs as a consequence of 

the formation of potential vortices. Without this phenomenon there wouldn't be any 
energy! 

Can information be described by means of a mathematical equation? 

To be able to answer these questions, we subject the fundamental field equation 10 @ 
control technical analysis. IF it actually concerns a world equation, then an answers should 


be possible 


We again take up Ampere's law 5.1* from fig. 5.1 and remodel it according to the time 
derivative (5.1°%). If the equation now is integrated over the time (5.1°**), a signal flow 
‘diagram can be drawn (fig. 86. 
‘The structure of a regulatory circuit is clearly visible, The individual paragraphs are 
described in an analogous way as for a tecbnical control system. The execution of the curl 
operation on the field pointer of the magnetic field strength H and the multiplication with 
Vp accordingly form an adaptation of driving factors. In the comparator the difference for 
control from driving factor w and controlling factor x is formed and supplied to an 
integral controller, The control path has a purely proportional behaviour and consists of 
the processing of the measurement Value of the electric field strength E with |/cy.in which 
describes the relaxation time ~—sof~—sthe~——eddy— currents, 
Im technical control systems such a structure is found remarkably seldom, although it has 
an invaluable advantage: it possesses a stability in principle. Not a single adjusiment of 
the controller exists, in which the closed regulatory cireuit could become unstable, 
because it shows a proportionally delaying behaviour of first order. Possible changes of 
the adjustment of the controller or of the cantrol path merely take effect on the speed, with 
Which the regulatory circuit is able to follow changes of the driving factor. 
‘This control technical basic principle convinces by its simplicity and efficiency. It meets 
us again in identical form in the second field equation 54°, the extended Faraday's law of 
induction. In dual formulation the electric field strength now appears as input factor and 
the magnetic field strength as output factor. Both regulatory ciccuits are coupled and 
‘connected with each other, by deriving their driving factor each time from the controlling 
factor of their dual partner, Is this structure actually efficient and meaningful? 
Every regulatory circuit needs a target value, which is dictated from the outside. Let us 
think of the numerous conteol systems in nature, At all events a higher intelligence would 
be necessary for all the target values. This problematic is comparable 10 the question, what 
existed first) the egg ffom which a hen hatches or the hen without which no eggs can exist 
Without a given target, evolution would not exist 


‘The connected regulatory circuit structure provides the matching answer: cybernetic 
systems, which usually and as is well-known strive to a state of balance, get their target 
Value from their dual "partner". It is crucial that correspondingly dual systems are self 
sufficient and can form and develop independently out of themselves without target values 
of a third side, This basie principle of eyberneties undoubtedly is brilliant 


1 


adaptive regulatory circuit structure 


adaptation of | comparator) I-controller | control path 
driving factors 


Fig. 8.7: Signal flow diagram of the fundamental field 
‘equation 
with adaptive structure. 
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8.7 Adaptive regulatory circuit structure 


If out of the nowhere something like the cosmos or like life on enrth should form, then the 
connected regulatory circuit structure basing on duality probably is the only possible and 
conceivable. Thus it merely concerns the conteol technical representation of the funda- 
‘mental Field equation. 


The question for the efficiency not only concerns the stability, but equally the possibilty 
of both systems, to oscillate and 19 communicate with each other by the coupling and the 
associated exchange of information. 


Fig. 8.7 shows the signal flow diagram of both regulatory circuits. These are switched in 
Tine and form a coupled circuit, which itself can be interpreted as a third regulatory cirewit, 
‘Also this one shows a change of sign in the eireut like the other two cireuils. 


The information technical interpretation could turn out as follows: information about a 
regulatory process in the lower regulatory circuit Fi, caused for instance by a disturbance 
is communicated aver the coupled circuit to the upper regulatory circuit Fs. In this case 
Fy acis a8 transmitter and Fy: as receiver of the information, Afterwards both exchange 
their places, because Fra for ils part reacts by a regulatory process and reports to Fy. The 
regulatory circuits adapt to each other. Obviously it concems the basic structure of an 
adaptive regulatory circuit, 


To analyse the coupled circuit the examination of individual special cases is 
recommended. If the regulatory circuits Fj, and Fi» are opened up in the way that the time 
constants tau; and tau; go towards infinity, then the double integral effect is lefl. Analyses of 
technical regulatory circuit teach us thal such systems always tend to instability. Because 
in addition the target value is zero, an oscillation around zero will arise, which we call 
cleciromagnetic wave, 

If one of both time constants becomes finite, eg-t;, then damping of the waves will occur. 
The “subordinate” cascade regulatory circuit Fyy will adjust iself and now has a propor 
tional delaying behaviour of frst order. Together with the integral controller of the open 
Fi eireuit the coupled circuit will show the typical and more or Less optimal regulatory 
behaviour ofa damped oscillation. 


‘These special cases correspond with the mathematical (fig. 5.2) and the physical (fig. 5.3) 
interpretaion of the fundamental field equation. In addition a spatial rotation, a swirling 
will occur because ofthe double execution of the curl operation, 


If interpreted control technically then vortices ane the temporally stable, spatial swing of a 
field pointer around a centre, the vortex centre 


Without potential vortices no stability, no matter, no energy nor information would exist! 


As can be looked up in Goethe's Faust, it always has been a desire of humanity 
‘ut, "What keeps the world together in the heart of hearts” 


isa information 


electric field — __ magnetic field 
potential — current 
capacitor — oll 

Faraday’s law of induction — _Ampére’s law 
potential vortex —— eddy current | 
convergence — __ divergence 
dielectricity —— permeability 
non-metal — ___ metal 

isolator —___ electric conductor! 
tuned cavity — antenna 

cold — _ hot 

Yin — Yang 

female — male 

minus — plus 

introverted — extroverted 
stability — ___ dynamics 

water —__ fire 

implosion —__explosion 


Fig. 8.8: Table of dual correspondences 
(as a supplement to chapter 3.3 and fig. 4.2), 
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8.8 Information 


‘The search for an answer for numerous philosophers and physicists was tantamount to the 
search for a world formula. OF course mustn't be forgotten that a formula only is a 
‘mathematical description and never the physical reality itself. It is a mathematical tool in 
the hand of a person and not the world or the cosmos itself, which he tries to understand. 
‘What keeps the world together in the heart of hearts, has to be more than only a pure 
apparatus of formulas, Actually the fundamental field equation tells us more, It reveals us 
‘ basic principle basing on duality in which the dual partners mutually dictate target 
values and goals. This principle convinces by its simplicity and efficiency, Apart fom the 
"self regulation” it obviously also has the fundamental possibility of a "self 
organization” and the "generation of information”. The field equations of the 
hhydromagnetic field thus afe the starting-point for the formation not only of matter and 
energy, but also of information. Accordingly holds: 


Tnformation is nothing but a structure of electromagnetic voriex fields! 


‘This Statement is new and to a large extent incompatible with the conception world of 
Norbert Wiener, who goes as the founder of cybernetics. From N. Wiener stems the 
sentence: “information is information, not matter and not energy" 

We hold against it that obviously a fairly direct connection exists. We have worked out 
that only the vortex can show a stable adaptive regulatory circuit structure. Only the 
vortex and not the wave exists in two forms of formation dual to each other, and the 
principle of duality again is the prerequisite for the formation of information, of self 
organization and finally for the evolution. In fig. 88 well-known dual partnerships are 
listed, From it follows in a consistent way that for the production of information without 
exception the electromagnetic vortices should be considered 

[But how can this so important duality occur, how can it form? This question is closely 
associated with the question of the formation of vortices. The signal flow diagram (fig. 
8.7) to that says that the dual regulatory circuits F, and F: can only exist by the coupled 
circuit, which provides them the necessary target values and at the same time forwards the 
respective information, In this way of the oscillations and the more or less damped wave 
F, and F; communicate with each othe 


The electromagnetic wave —serves«=—solely the 
‘mediation of information and energy. 
‘Wilh that falls a central role upon the wave, so that vice versa i valid 
Without wave no vortices, no duality and 
‘consequently no evolution can exist 
According 10 the to date state of knowledge the basic principle of eyberneties forms the 
basis for matter and energy as well as for information. Since the wave can only serve the 
transmission of information, the principle of duality and the vortex will funetion as 
carriers of information. We are entitled, to speak of vortex information, this by no means 
is characterized by special frequencies or modulations of frequencies. This is prevented by 
the property of the vortices which allows them to change the frequency. On the other hand 
various configurations of vortices are possible and numerous combinations and modula- 
tions are conceivable. 
If technical apparatus generate vortices, then they produce information. Here a serious 
danger with regatd to the environmental compatibility can not be excluded! 
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Equivalent things: 
elements of the fundamental field equation 5.7 
*elements of the Greek philosophy of nature 
temperaments 
= (impulses of growth) 


wave + oscillation: 
air (light) 
sanguine person 


(blossom) 


potential vortex eddy current: 


fire (heat) 


water 
| phlegmatic person choleric person 


(fruit) 


| (leat) 
on EEeeeees J 


wood =| metal 


melancholic person 


(root) 


Fig. 8.9: The theory of four elements of the old Greek 
philosophy of nature (Aristotle and others) 
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8.9 Philosophy of nature 


Seen in the view of the philosophy of nature now two dual points of view are possible 
‘The optimistic one would be: 

We and our environment on the one hand are a result of the eybernetic principle and on 
the other hand of our observation point of view which should be valued relativistcaly 
If really everything should be electromagnetism, a phenomenon which cant be grasped 
directly by humans, then the pessimist would come to the conclusion: everythins is 
nothing. What we observe is nothins but a deception of the senses. Perhaps therefore 
Tamous philosophers of antiquity, like Empedokles or Demokritos have ended their life in 
the crater of the Etna, According to the theory of the atom of Demokritos (470 to 380 
B.C) the formation of matter, earth and celestial bodies will occur by means of formation 

of vortices! 

[Empedokles (482 to 420 B.C.) was the fist to develop a theory basing on four elements, 

which was continued and improved by Plato (428 to $48 B.C.) and Aristotle (384 to 322 

BLC)). Accordingly these elements are changeable into each other and mixable with each, 

other. From them all bodies are build up. 

‘The terms "air, water, fire and earth, with which the philosophers have described the four 

elements, are of course not identical with the ones in our translation and conception world, 

but they were used in a philosophical sense as a substitute forthe description of the 
respective basie principle 

There also have been different approaches, to translate these terms differently, e.g. by an 
assignment tothe four states of matter (solid, liquid, gaseous, plasma). But the ancient 

texts don't get easier to read in that way. 

Fig. 89 shows the obvious assignment to the four building parts of the fundamental field 
equation 5.7. It would be worth an attempt, to exchange the terms in the translations of 
ancient texts and to translate air with wave, water with potential vortex and fire with eddy 
current. The term earth has two sides, which should be translated with potential instead of 
‘wood and current instead of metal 


Lets try the tanslation this way with the theory of Plato", by correspondingly tanslating 
‘anew the talk of Timaios about the formation of the world, The perception of smell then is 
described as follows: "..a8 the potential vortex turns into waves (or) the wave into 
potential vortices, the smells are formed during this transition, and smells are smoke or 
og. But fog is the transition of waves into vortices, the transition of the vortex into waves 
however smoke" 

Plato here provides an indisputable and conclusive interpretation of the fundamental field 
equation. In this equation the potential vortex acts as damping term in the wave equation, 
what in the case of waves rolling up to vortices will show to the observer in the way that 
the electromagnetic waves and therefore also the light will be damped. We say, the 
visibility gets worse and speak of fog. If the damping phenomenon disappears again, as 
the potential vortices break up, then Plato speaks of smoke. 

Numerous ancient texts, which until now only could be “interpreted” philosophically, in 
this way tum out to be a rational textbook description of natural scientific phenomena. 
They anyway only get readable and understandable for the general public with the modem 
‘echnical terms. 


== Platon: Samliche Werke 5, Rowohlis Klasiker Nv 47, S. 188, 66 


88 formation of smell 


Optimist: 


cybenentc principle and onthe otk 


Plato (alk of Timaios about the formation of the world) 
description concerning the perception of smell: 


"as water (the potential vortex) turns into air (waves) or air (the 
wave) into water (potential vortices), the smells are formed during 
this transition, and smells are smoke or fog. But fog is the transition 
of air (waves) into water (vortices), the transition of water (vortex) 
into air (waves) however smoke" 


changed translation with the technical terms: 


air wave 
water ____ potential vortex, 
fire eddy current 
Asa consequence: 
smell is vortex information 
Fig. 9.0: The explanation of Plato concerning the 
formation of 


smell, smoke and fog" 


<i>: Platon: Samtliche Werke 5, Robwoblts Klassiker Nr. 47, S. 188, 668 
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9. Usage 


IF the newly discovered vortex phenomenon of the vortex of the electric field exists, then 
it will be possible to practically use it. Whereas we still think about possibilities for 
technical usage, there by all means exists the possibility, that nature already is successfully 
using the vortex for a long time. We should look precise at things. We can only learn of 
ature! 


Remarkable about the passage of Plato (fig. 9.0) is not only the fact, that the potential vor- 
tex already was known for two and a half thousand years and was taken into consideration 
for an interpretation, but also the realization of Plato, that during the described transition 
the smells form. Smell thus would be a vortex property! 


After all vortices are able to bind information as can be inferred from the basic principle of 
cybernetics. With this vortex property and the statement of Plato smell obviously would be 
nothing else than pure information which by potential vortices is stored, distributed and 
eventually is caught by the hair cells for smell ofthe nose, 
Ifnow a dog takes up a track, does it then run after vortices which remained behind or 

does it analyse, according to the encyclopaedia, the chemistry left behind, or does it 
combine both? Does the bloodhound for instance interpret the vortical oscillations of 
chemical substances like lattice oscillations or the movements of the electrons in the 
atomic hull? A lot of work awaits the research scientist of vortices here. The seminar will 
offer opportunity, to deepen this topi 


Only if technicians exist, who put an electronic box on the table with a button, at which 
they adjust the wanted scent of rotten eggs to lavender, we honestly can claim to have 
‘understood the phenomenon of the smell 


For the majority of the people @ theory only wins its sense by the practical applicability, 
and therefore well have to develop and present a technical usage on the basis of the 


vortex theory. 


is Suggestions Tor appropriate seminar themes: the meaning of Smell, Taste, the 
aroma therapy, the homeopathy or the effect of aetheric oils. (To that in part 
3, INDEL Verlagsabt. 2003) 
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‘The basic experiment 
with the Tesla coil: 


BO RV 3 KHz 600 kv 
2wndg. | 24 wndg, 
network primary |secondary 
high tension capacitor spark coil coil 
transformer gap 
= ground 


Fig. 9.1: High tension transmitter of Nikola Tesla 
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9.1 Longitudinal electric waves 


1 is important, that experts struggle for problem solutions. Only if the discussion about 
Timits doesn't come to a result which can be grasped and verified, then also. in the 
environmental compatibility the willingness will grow, to accept a not yet known 
phenomenon asa futher and possibly crucial influential factor. 

Already for a hundred years there has been a dispute of experts. At that time scientists all 
over the world were trying to verily the experiments of Heinrich Hertz. Then from 
America the message came, Hertz had been mistaken and the electromagnetic wave would 
hhave completely other properties. The scientists in Europe were indignant, but they had 10 
take the message seriously, because it afler all came from the important experimental 
physicist Nikola Tesla (1856-1943), who with his inventions of the rotary field and of the 
asynchronous motor has stamped today's electric energy technology as no other 


As a result Lord Kelvin boarded a steamship as a mediator and sailed 1897 to New York 
to convince Tesla from the opposite. But the experiments, which Tesla presented his 
Lordship, didnt give rise to any doubts", and thus Kelvin ‘retuned to Europe with the 
message: "Both are tight, Tesla as well as Hertz! Whereas the electromagnetic wave which 
Hertz has detected, is a transverse wave, does Tesla work with a longitudinal wave"! 
Lord Kelvin as a result started to draw most different vortex models, because it was clear 
to him, that @ propagation as a longitudinal standing wave analogous to the sound wave 
only is conceivable, if quantized structures exist, which knock each other mutually. Kelvin 
therefore assumed vortex structures of the electromagnetic field. His vortex models were 
published and landed in the curiosity box of orthodox science. 

Heinrich Hertz did have a big advantage. He could refer to Maxwell and calculate his 
wave with the field equations. For modem technology the mathematical caleulability is 
almost an indispensable prerequisite! 

For Tesla wave there however neither was a mathematical nor a physical theory. The only 
thing Tesla had, were presentable experiments. 

In Colorado Springs he had build a 10 kW transmitting installation and lighted 200 Muo- 
escent lamps of 50 Watt each on a mountain in the Rocky Mountains in a distance of 25 
miles. With that he had completely transmitted the transmission power of 10 kW, as can 
be inferred from the press reports at that time. With Hertzian waves, which propagate 
spatially, this experiment even today, after over 100 years, wouldn't be’ realizable techno- 
logically, According to the law of the square of the distance one isn't even able to let glow 
‘tiny litle Lamp in such a distance 


For sure his rotary field theory was a big help for Tesla in all experiments. Actually a 
rotary field can be seen as the special ease ofa planar vortex. 

Thus Tesla obviously was able, to use the potential vortex without even knowing it, Tesla 
hhas stimulated a loosely coupled high tension coil wound like a spiral to self-resonant 
oscillations and emitted the produced vortices over an antenna (fig. 9.1). On the receiver 
side the process was then reversed. 


N, Tesla: II The Singular Misconception of the Wireless (Famos 
Ilusions), Electrical Experimenter, Feb. 1919, p. 732. 
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wood-wool or 
glass fibre wool 


Fig. 9.2: Orgone accumulator according to Wilhelm Reich.” 


<b: Dr. James DeMeo: The Orgone Accumulator Handbook, 
ISBN 0-9261855-0-7 
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9.2 Medical technical usage 


Nikola Tesla at his time was extremely popular in the area of medicine. With his inven- 
tions injuries were cured and pain eased. Modern diathermy goes back to his work, But 
‘Tesla at that time has treated the patients with vortices, whereas today, possibly out of 
Ignorance, electromagnetic waves are used. These however have in contrast to potential 
vortices only a small penetration depth. Today in addition only the effect of heat is con- 
sidered and in no way the information technical effect of electric vortices. Here we are 
missing the comparison, to be able 0 say. if the treatment with a Tesla apparatus was 
more successful than with modem microwave radiators 


‘The experiments of Wilhelm Reich (1897-1957) aimed in the same direction, Exactly as 
Tesla 55 years before also Reich emigrated to America in 1939. He had specialized in 
catching and collecting vortices, which he called “orgone", from the ait. In this way he 
ould store up high energies over time and then use them purposeful. With his orgone 
accumulator" he was able to cure wounds faster and to ease pain. He also treated cancer 
and a lot of forms of anaemia. Technically Reich could demonstrate, that charged 
capacitor plates discharge faster under the’ influence of his apparatus. His orgone 
accumulator for instance is a wooden box, filled with wool of steel and wood, which 
alternate in layers. He said that the reason for this construction is, that metals repel the 
forgone energy, whereas organic materials become charged and accumulate it. That holds 
in his opinion t a particularly high degree for water 

Reich concludes that no material and ao device are known, with which the orgone energy 
could be shielded. This with regard to the environmental compatibility of the vortex 
‘phenomenon should make us thoughtful 

‘AS a supplement it should be mentioned, that Reich already at the end of the fortes has 
pointed to the dying of the forests and he has made a ditect connection wo the orgone 
energy. Reich was slandered and mocked and died in the prison of Connecticut, while his 
‘writings were bumed publiely 


Not much better fared the Austrian forester Viktor Schauberger (1885-1958), who also 
cean be deseribed as visionary, He was able to produce water with a particularly good 
conductivity. His water in addition goes for medicinal and healthy. Also to him travelled 
‘cancer patients of far away to get this water. 

Schauberger spoke of the natural treatment of the water, whatever he meant with that, In 
any case he build with great success installations to transport wood by floating it and even 
installations 10 mine ore with so-called double twist pipes, which made possible a 
transport without friction even of materials, which are heavier than the "means of 
twansport” water. It could be proven that no contact with the pipe took place. This was 
scientifically investigated and confirmed at the university of Stutgart 1952 by Prof, Popel 
Quite obviously inthe double twist pipe vortices have formed, which have bound the 
‘material tobe transported (see phenomenon of transport) 

Today you can buy levitated water at over 100 selling points in Europe, of which is 
claimed, that it is prepared according to instructions of Schauberger. Unfortunately we 
aren't able to ask him anymore, if he agrees with such a "centrifuged" water. Thus the test 
ofthe effectiveness has tobe lel to everyone himself or herself, 


4 Aying objects 


A: Concerning the functioning of the Faraday generator 
(BE = vxB): 


Fig. 9.3: Applications of the Faraday generator” 
in the flying disc of Prof, John Searl 
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9.3 Flying objects 


‘The medium of Viktor Schauberger always was the water. He could produce light effects 
and very high temperatures with it with only minimal excitation in the form of impulses. 
‘An installation, which had been built according to his plans at the company of Siemens, 
eventually melted at 4000°C by improper operation, as he himself stated. According t0 
that the machine would have released more energy than used, thus a perpetuum mobile 
‘The authorities of the state in the Third Reich were impressed and put Schauberger in a 
concentration camp, where he was instructed to build a "fying saucer" under permanent 
supervision together with fellow prisoners. For him its all about the concentration effect 
and the usage of the as a result accurring implosion in contrast 10 our today’s " technology 
of explosion and fire" as Schauberger was accustomed to express himself 
lis not known, if Schaubergers “repulsine” ever has took off, 

A disc, which has proven its suitability to fly, was constructed and built by the english 
fechnician John RR. Searl, although he said he can't explain the effect. He also had big 
Aifficuties, to get the apparatus under control. A dise broke through the ceiling and the 
roof of his laboratory and disappeared to never be seen again. Five other flying discs, 
Which he after this experience started in the open, went lost in the same manner 
Without knowing the effect, he of course neither could assess the dangers, His 
experiments have claimed serious injuries and a casualty, While he 1985 was put in prison 
under a pretext, his laboratory and his house were burned down and all documents 
destroyed. Now he works on a technieal usage. According to the principle it concerns a 
Faraday machine. Thereby @ permanent magnet, magnetized in axial direction, is turned. 
Now the magnetic induction B for a relative velocity v is measured as an electric field 
strength E according to equation 6.10: E= vx B (6.10) 
Because the vectors are arranged as standing perpendicular to each other, will arise a 
tension voltage in radial direction (direction of E-field) which ean be taken off: Apart from 
the friction no further force of reaction occurs in the case of the Faraday generator 
Because of the small gain of energy until today no application ready for the market exists. 
But this principle, to convert magnetic field energy into electric, already has moved the 
nature of many inventors. Professor Searl has reversed this old principle, Whereas 
normally the component of the velocity towards the centre of rotation decreases, it 
increases in Searls case. For that he works with roller pivoted concentric rings, which he 
drives by a small electric motor (fig. 9.3). Doing so something inexplicable for him 
happens: After switching off the motor the revolutions per minute don't decrease again, 
Dut increase audibly and increase further, until the produced electric field shows the well- 
Known high tension phenomena: corona discharges, formation of ozone, ionisation of the 
air and production of a Vacuum in the inside of the dise 

The rings and rollers consist of several layers, which are built up similar to @ bi-metal. The 
only explanation I can think of is that a change in structure would occur as a result of the 
physical length contraction which is caused by the increase of the E-field in the direction 
ff the centre of rotation, The bi-metals try to withdraw themselves from this change by an 
increase of their rotation of their own (fig. 6.5). To compensate the field the dise builds up 
4 spin, as also the elementary particles do (fig. 6.13). While the formation of vacuum pre- 
vents sparking in the inside of the flying dise, and the revolutions per minute further in- 
crease because there is no air friction whatsoever, the disc weighing 5 tons all of a sudden 
lakes off the ground and according to reports of eyewitnesses shoots vertically upwards. 


electro gravitation 


high tension 
+ 


atom direction of movement atom. 
(air) (charged capacitor) (air) 

Fig. 9.4: Capacitor experiment concerning the so-called 
electro- 


gravitation according to Prof. Biefeld / Dr. Brown 
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94 Electro gravitation? 


Wild speculations circulate about the mechanism of the Might of a "flying saucer", which 
should funetion without sound and without combustion, and for which no sound. barrier 
exists, as pilots have observed, The talk is about cancelling gravitation or about an 
"electro gravitation” 

Reproducible in any case is an experiment, which has been systematically investigated by 
the american professor Biefeld and his pupil T. Brown from 1925, Accordingly does a 
body charged to high tension show a force effect in the ditection of its positively charged 
note. As a check for oneself a capacitor can be suspended on its connection wires and it 
‘ean be observed, how it moves visibly in the direction of the positive pole in case it is 
charged (fig. 94) 

Because the Biefeld-Brown effect depends on direction, it actually canvt concer gravita- 
tion at all but merely a not understood electromagnetic interaction. In the neighbourhood 
of the capacitor pole air molecules are found, and their negatively charged atomic hull is 
attracted by the positive pole. At the same time the atomic nucleus is repelled. By that the 
fir atoms in the presence of the high tension capacitor become unsymmetrical, causing the 
force of attraction due to the smaller distance to exceed the force of repulsion, At the 
negatively charged end the conditions are exactly reversed. There a repulsion occurs. 
Because the polarized air atoms and molecules are sucked in, no pressure can build up and 
as a result no sound barrier can occur. Experiments with charged and uncharged rockets 
hhave brought the interesting result, that the electrically charged rockels flew many times as 
Tiaras the uncharged anes (5-6 times as high) 

Many a person now pethaps starts 10 dream of the flying carpet but, as said, it isnt an 
"effect of antigravitation". Does "free energy” actually exist, we have to ask ourselves? 
From the gravitation the soviet physicist Landau calculates an energy density of 16 
megawatt hours per cubic meter for the earths surface, Immediately inventors are found, 
who want fo use this gravitational energy. 


‘Nikola Tesla in his laboratory in Manhattan has incidentally built resonators, of which he 
could bring al electric, magnetic and mechanic factors in resonance, On an evening stroll, 
he fastened a battery operated vibrator to the tubular steel scaffolding of a new building 
and let everything shake and wobble. In his laboratory such a device once got out of 
contol by inattentiveness and triggered an earthquake. In that way the road surfacing and 
pipes were burst and window panes got broken. The police penetrating his laboratory only 
could see, how Tesla forcible finished the experiment witha sledge-hammer. 

‘The experiments which got out of control of Tesla, Seat! and Schauberger have one thing 
in common: it concerns constructions with an unipolar arrangement ofthe fel. 
‘Tesla had arranged the magnetic field in a unipolar way, as he has reported himself, Sear 
had realized electric unipolar fields in a construction Similar to the electron, and Viktor 
‘Schauberger had specialized in producing unipolar structures with water vortices. 

In the ease of the corresponding technical usage, which ean be interpreted as making use 
of the oceurring "spin coupling”, therefore in principle utmost eaution is imperative 


Rho Sigma (Dr. Rolf Schalrankey: Forschung in. Fesseh 
Elektro-Gravitation, Ventla-Verlag, Wiesbaden, 1972, Page 67, 


Tas Raisel der 


wx Free Energy? 


Nikola Tesla: Ere many generations pass our machinery will be 
driven by power obtainable at any point in the Universe This idea 
is not new, we find it in the marvellous myths of Antheus, who 
derives energy from the earth... Everywhere in the universe there 
is energy. Is this energy static or kinetic? If static, our hopes are 
in vain; if kinetic, and this we know it is for certain, then it is a 
more question of time when men will succeed in attaching their 
machinery to the very wheel work of nature". New York, the 20" 
may 1891, American Institute of Electrical Engineers 


Generator LES 
x Consumer light bulbs 
Fig. 9.5: Energy transmission bound to a wire, 


Patent No. 593,138 (1897) of Tesla. 


<i> Philadelphia Public Ledger, Nov. 2, 1933, 
<i>: Dr, Nikola Tesla: Complete Patents, Tesla Book Company, New Edition 1983, 
Compiled by J. T. Ratzlaff, ISBN 0-960356-8-2, page 301-304. 
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9.5 Free energy? 


Furthermore is reported of Tesla, he would have developed a “converter for space 
energy” and 1931 have built it in a luxury car (Pierce Arrow). The car was a 145 kavh 
fast, doing so the asynchronous motor (presumably built by Westinghouse) furnished 80 
HP at 1800 Rpm. The "iree energy" the converter, build by Tesla himself, got fiom a LS 
m long antenna, Because the motor ran without adaptation of fiequency in slipping 
operation, it had to be cooled correspondingly. It was on the way in trial run for over a 
week. Now we of course want fo know, of what this "fee energy” consists, which Tesla 
will have used and of which he already 1891 had spoken in the American Institute of 
Electrical Engineers. 

For the electron as a spherical vortex we have calculated an electric tension voltage of S11 
KV between its surface and its centre respectively infinity (equation 631%, fig. 7.1). The 
highest level of tension voltage normally used for the high tension transmission lies at 380 
KY (effective value); for a direct current transmission it is SOO KV. Although still higher 
tension voltages would be desirable, they are avoided. This is no accident. Experiments 
with higher tension voltages namely” have resulted in inexplicable high losses. 
We have an explanation: the electrons are taken apart on the way! Their inner energy 
amounts with the outer energy to zero. The charge catrier, which in the power station as 
result of an energy conversion has been sent on a journey, is in danger to vanish into thin 
air (e.g. corona) for tension voltages above SI KV. The transmitter of Nikola Tesla how- 
ever (fig. 9.1 and 9.5) worked with 600 kV and more. He said, with his experiments he 
hhad destroyed billions of particles without being able to observe an emission of energy 
and made fun of the misinterpretation of Einstein of the already at that time well-known 
mass-energy relation E= me" 

For the purpose ofa one wire or a witeless energy transmission the tension voltage there- 
fore has to be higher than SII KV, With Teslas equipment however the electrons shouldnt 
be destroyed, but merely be pulled apart to plane circular vortices with help of the today 
is Tesla coil known winding. These then could be sent on a journey over the antenna, t0 
‘again be caught and formed back in spherical electrons by the receiver antenna, As long as 
the electrons don't fall apart, they keep their structure and quantum property. Quanta pass 
fon an excitation, for instance a bump, in form of a longitudinal standing wave, by one 
particle bumping the neighbouring particle, analogous to sound waves, where one gas 
molecule passes the bump on to the neighbour. The transmission hence takes place as 
longitudinal scalar wave. 

Electrons pulled apart to planar vortices in addition haven't got a closed vortex centre 
‘anymore on their journey. For the by Tesla in his laboratory used and publicly presented 
fone wire energy iransmission (1897, Patent Nr. 593,138) the transmission hence doesn't 
take place in the wire, but as vortices around the -wire. That explains, why only a 
relatively thin conductor, which normally should have melted, was necessary for a 
demonstrated power transmission of 10 KW. Tesla however could show, that the wice 
Stayed cold and virtually no heating losses were measurablecii> (fig 9.5). 
He himself said, that this one wire transmission technology is much better than the alter 
nating current technology full of losses, which stems from him as well, Tesla must have 
Known the limit of SIT KV very exactly, because on several photographs one can see, that 
hhe changed the coiling technique off this value! 


=i! Philadelphia Public Ledger, Nov.2, 1933 
<i>: resp. Tesla’s lost inventions, VAP, page 36 and page 48, 49, 
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Nerve cell: "Action potential’ Synapse 
(© amplifier) (= electrical signal) (= diode + 

memory) 
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Nerve conduction with 120 m/s 


Fig. 9.6: Nerve cell and message processing (neurons) 


+ Material information conduction: at plants 
+ Information conduction with hormones: at simple animals 


+ Electrical information conduetion: at higher developed 


creatures 


+ Analog transmission: from 10% and more difference 


potential, and 
+ Digital transmission: number of the action potentials 


+ Modulated information: i.e. complex modulation of 
action potential (the potential vortices) 


in 
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usage 201 


9.6 Nerve conduction and action potential 


‘Technical solutions often are only a suboptimum and many times they ate anything but an 
‘optimum, In many cases the feasibility stands in the foreground. In the question of the 
current distribution at that time the decision was made for the worse system, the full of 
Tosses three phase system, because no current meters were available for the fee of losses 
‘one wire technology. Without being able to collect money fom the consumer, it wouldn't 
have been possible for the energy distribution installations to pay for’ themselves. 
Compared to that is nature with its selection principle merciless and without compromises. 
Only the most efficient system has a chance to survive and spread, If i's about trans- 
ittining information in an electric way and two different principles present themselves, 
then in nature only the better one will be brought into action, 
Let take a look at the nerve conduction in the human body. In the synapses ion concen 
tations and electric potentials of 70 to 90 mV arise. Here with conventional gauges the 
activity of a nerve can be detected. From a measurement of the transmission time of 
synapse to synapse the velocity of the signal is determined. If we however want to 
measure between the switch points on the line, then we have to find out, that for instance 
with an ammeter actually nothing is measurable, In addition the nerve fibre has a 
erable conductivity 
‘The biologist calls the electric signal just "action potential” and draws a vortex-like ing 
around the nerve fibre and speaks of a mixed digital and analogue information 
transmission 
The doctor on the other hand knows 1wo different types, fast and slow nerves. In the inside 
both are built up virtually identical. A characteristic difference consists of the fact, that the 
fast nerves are jacketed with a thick fat layer. 
The technician would say, they are beiler isolated, but why they therefore should be faster, 
he hardly would be able to answer. If we however assume, that the action potentials or OUT 
potential vortices oscillate around the conductor, thus exactly in the isolaion layer and are 
forwarded there, then possibly an explanation would have been found. 
‘The nerve conduction moreover has much in common with the one wire system of Tesla: 


1L Charges and electric potentials are transmitted 
2 Doing so a ansport of charge carriers, thus an electric current on the 
line, isn't detectable 
3. Consequently no losses worth mentioning occur. 
Decisive fo the functioning isthe dielectric insulator material wh 
the conductor and not the electric resistance ofthe conductor. 
5. _In-contrast to electric citeuits a draining conductor is unnecessary 


Tt looks as if the one wire system is not new at all, as would nature use it already for ages 
in the highest perfection. We realize immediately, why our head does without a ventilator 
and how the high of signal processing density can be explained. Compared with our brain 
modem personal computer (PC) with their backward cable technology are far less than a 
subopsinum, 

With regard to the pressure on the environment by interference radiation we had derived, 
that currents and eddy currents with the skin effect direct theit radiation to the outside 
Whereas potential vortices with their concentration effect direct it to the inside. Probably 
for this reason the radiation field of a person is environmentally better compatible than 
that of aPC. 
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Fig. 9.7: Wireless energy transmission, 
Patent No. 645,576 (1900) of Testa. 


<=: Dr. Nikola Tesla: Complete Patents, Tesla Book Company, page 311-321 
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9.7 Wireless energy transmission technology 


‘Tesla still weot a step further. He has cut the wire connection between transmitter and 
receiver (ig. 9.8) and instead has installed each time a spherical elecuode (fig. 9.7). With 
this facility he now was able, 0 transmit energy completely wireless (1900, Patent No. 
645,576). Building on this principle Tesla already 1890 had built a radio remote contol 
for & battery operated submarine and had presented his patented system the navy. But they 
werent able, 10 recognize the strategic importance of the radio technology and rejected 
withthe words: "e's too advanced!” (Fig. 9.8. 
‘Tesla further had proven with this technology the mentioned proof concerning the 
existence of longitudinal electromagnetic waves. There exist descriptions, purly of Tesla 
ase, how he, inside oF also oulside his laboratory, goes in search of esillaton nodes 
of | the sanding —wave witha tmcasuring receiver 
He names several conditions for the wireless energy transmission 


1 “perfect resonance” (same frequency) of transmitter and receiver 
2. Installation of the receiver on an “oscillation node" (maximus). 


Important is also the measurement of the velocity of propagation, and that ist constant 
fiom the start for a wave, which oscillates in the diection of propagation. From the 
research of earthquakes we know, that the longitudinal waves are faster than ihe as. well 
ecuring transverse waves. Usually the distance to the epiceniee is determined from the 
dilference in ranseision time, 

Ta the patent specification the measurement is described". Tesla has sent longitudinal 
radio signals from his transmitter in Colorado Springs once around the earth along the 
carts surface and determined a wansmission time of 0,08484 seconds. This corresponds 
to a frequency of approx. 6 Hz. He saw his result canfirmed, as he could find the oscilla: 
tion node of the standing wave again (according to 4/2}in his laboratory (on the ground 
pla). 

For the full wave lenglb the Schumana resonance, which describes a standing wave of 
an around the earth running Hertzian wave, lies as is well-known at 78 Itz) Tesla 
Calculates for his wave a speed 1.6 times the speed of light assuming the polar radius of 
the eat o be 6363 kn 

Also this measurement result confims, that Tesla dide't use the Hervian wave. Tesla 
found the off-beat cancept of Einscin, the speed of light would be the fastest possible 
velocity of signal transmission, only funny. If however today is claimed, 1993 in 
Tunnelling experiments for the fist tine a speed faster than light has been measured, then 
this just ist ue. Possibly also the Tesla wave tunnelled, as the vortices for a small 
conductivity of the air contract and asa result of the length contraction become 
comespondil fast. 

Later Tesla aller several goes in vain even succeeded in building high tension tube as a 
tunnel, with which the velocity of the signal could be increased arbitaily. Tesla with that 
pursued the goal to be abl to make radio contact with thee worlds" 


iss __NTesla: Av of Transmitting Eleciical Energy Through the Natural Mediums, 
US-Patent No. 787.412, “184.1905, Complete Patents. pp. 397-402 
<i -M, Cheney: Tesla, Man out of Time, Bames & Noble Books, New York, 1993, 


und S. 309, Omega-Verlag, 1996, ISBN 3-930243-01-6 
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Fig. 9.8: Energy wave broadcasting system, | 
Patent No. 787, 412 (1900) of Tesla. | 
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9.8 Measuring and switching technique of Nikola Tesla 


‘As an important and accepted experimental physicist with 14 doctor titles and carrier of 
the Edison medal Tesla always has held on to his measurement results. Not a theoretical 
interpretation but exclusively correct carried out measurements have shown him the 
physical reality. But the by Tesla won measurement resulls were already for 100 years 
hard to digest and coulda’ be brought into accord with any theory. Therefore a switching 
technical analysis of the by Tesla described and carried out experiments should give us 
now information over the nature of the fee energy, the tachyon energy, the orgone, or 
however fantasti the terms may read, 

‘The Tesla coil, according 10 the instructions of the inventor, is a flat coil wound like a 
spiral in contrast to the copies today on sale which, surely out of ignorance, are mostly 
cylindrical. lis peculiarity probably is to be seen in the circumstance, that charges moved 
through the wire of the coil inevitably inerease their angular velocity towards the centre, 
In this way the electrons, which at first are spherical elementary vortices, are pulled apart 
to vortex rings like planar dises. 

Tesla switches the "secondary" called Mat coil between two "terminals". Following he 
sends, stimulated by his "primary", charge carriers from one terminal to the other and back 
‘again and produces a standing resonant oscillation 


Mostly replaces Tesla one of both terminals by the earth, He thus assumes, that now the 
earth as a spherical electrode takes over the function of one terminal. That he again infers 
from the observation, that a by the transmitter wireless fed litle lamp goes out, if he cuts 
the connection to the ground. Doing so the oscillation collapses. Radio sets on the other 
hand can also be operated without grounding, as we know! 

The degree of effectiveness of today’s distribution technology of current due to the 
heating losses lies clearly beneath 100 per cent. Without the losses of the wiring it lies 
‘close to 100 per cent for the discussed one wire energy transmission, There the vortex 
Fings are guided nicely one after another along the line like beads drawn over a string. 
This result even is to be expected, as far as no vortex “jumps off the wire or "falls apa 
For the wireless version Tesla however to his own surprise had to find out that more 
energy could be received, than his transmitter produced. The measured degree of 
elfectiveness lay above 100 per cent! He therefore called his transmitter a "Magnifying 
Transmitter" (fig. 9.10), The further transmitter and receiver were away of each other, the 
further the received energy increased. Tesla inferred from this, that there had to exist free 
energy and that he had caught that to. 


Consequently he had built a receiver for free energy and registered for patent (1901, 
Patent No. 685,957, fig. 9.9), Tesla states that the amount of energy depends on the size of 
the "terminal". OF today’s sight we could be willing, 10 describe this receiver plate as a 
solar panel, but we should know, that the apparatus produced energy even at night! In 
addition the energy gain was considerable higher than for today's solar panels. Tesla 
spoke of "radiations ", of an unknown radiation and he in his lifetime has in vain sought- 
for help of explanation, 
The vortex model will also inthis question be a valuable help to us. 
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Fig. 9.9: Receiver for "free energy", 
Patent No, 685,957 (1901) of Tesla 
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9.9 Energy technical usage 


‘The answer of the potential vortex theory could tum out as follows: 
If at the transition of the one wire to the wireless transmission the ring-like vortices is 
purloined the guiding wire the vortices immediately begin to tum around each other, as is 
observable for flow-technical ring-like vortces,. In this way the ring-like vortex the next 
moment shows iis inside. If it before was an electron vortex (fig. 4.3), then it now shows 
as positon, if it was negatively charged, then it now is positively charged. Following it 
oscillates back again, ete. Wit that the ring-like vortex on the average has no measurable 
charge and no mass, because it allemately forms matter and anti-matter. Without inter- 
action it has an enormous ability of penetration . In physics such particles are called 
neutrinos. 

Tesla thus had, apart from his transmitted energy wave, which turned out to be neutrino 
radiation, by chance also caught neutrinos which oscillated synchronously. 


According to the actual level of knowledge do neutrinos penetrate the earth and appear 
also on the night side. The order of magnitude in every second amounts 10 approx. 66 
billion neutrinos per square centimetre. It is a ue bombardment. If we would be able, 0 
collect and convert all neutins, the won energy would be enttely sufficient, 1 cover the 
need for energy of the world population (approx. 27 Wim’). We mevely have 0 
materialize them, thus give them mass, charge and the necessary localization. Tesla was 
able to do that experimentally! Let's record: 

‘The ring-like vortices, which Tesla with his transmitter has sent on a joumey as electrons 
With an open vortex centre, are neutinos (fig. 7-12). Tesla requests that wansmitter and 
recciver operate in resonance, thus with the same frequency. Under this condition the 
receiver collects in all osellating vortices, so that no one is lost. 

If the neutrinos for instance are just positively charged when leaving the transmitter 
electode, then an electromagnetic force of attaction takes place, if the receiver electrode 
at the same time is negatively charged. The required operation with the same Frequency 
and opposite phase guarantees that also the next moment, if both, the neutrino and the 
receiver, have changed their polarity, the elecvomapnetic atlaction is preserved 
is obvious, that strange neutrinos which fly past and by chanee oscillate synchronously 
are as well attacted, In that way the power collected in the receiver capacitor will increase 
further and degrees of effectiveness of over 100% are obtainable, Tesla discharges. the 
receiver capacitor timed with the frequency of resonance (fig. 9.9) and points t0 the 
difficulty of an exact keeping of the condition of synchronisation. 

Tesla indeed did wosk on a theory of his own, but never published it The patent office and 
his lawyers ad (0 proceed fom the Maxwell theory, although Tesla knew’ only t0o good, 
that his apparatus in no way could be described with this theory. It therefore can't be 
excluded, that important facts in his patent specifications haven't been mentioned at all ~ 
fr even worse = consciously or unconsciously in an inapplicable manner have been 
explained with the Massel theory. 

Perhaps this is the more profound reason, why the mumerous Tesla imitations don't want 
to function quite so well, With the new theory there should be some changes, and we 
should accept the challenge for he sake of humanity 


208 environmental compatibility 


‘The transmitter tower of Tesla ($7 m high with a spherical electrode of 21 m) 
for the transmission in multiplex mode of operation (according the inventor) of 


* telephone calls 
telegraph services 
teleprinter services 
radio programmes 
navigation signal; 
time signals 

video signat 


Fig. 9.10: The planned transmitter Wardencliff of Tesla on 
Long 
Island, 7.5 MW (1902). 
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9.10 Environmental compatibility 


We now can summarize the different observations and try to find answers for the in the 
first chapter raised questions concerning the electromagnetic environmental compatibility 

‘The by Tesla used longitudinal energy wave is a potential vortex wave in the sense of the 

vortex model of Kelvin, which we again could identify as neutrino radiation (Dirac). 

Also other, partly quite fantastic terms, are known like "radiations" (Tesla), “orgone 
radiation” (Reich), “tachyons" (Feinberg), “grid radiation” (Hartmann), "bioradiation” or 
Actually these rays have nothing to do with water as a cause, Water with its high dielee- 
licity however favours and influences the course and the local distribution of the 
radiation, The maximums of the standing wave considered for themselves result lines in 
straight as a die in the landscape. Of Tesla is known, that he measuring technically could 
detect the cross points of the lines, which he called oscillation nodes. 
There exist so-called dowsers, who can make these standing waves out even without 
technical aids. For that they hold a fork in their hands, which suddenly moves over such 
lines, 

Let's remember that the same potential vortices are used at the nerve conduction as 
reaction potentials to conduct stimuli. If ring-like vortices arrive at a muscle, it contracts 
Without knowing, if the signal was sent from the brain over the spinal cord oF picked up 
from the environment over the fork and the hand, 


‘Thus ifthe same signals, which we use for the tasks of controlling and thinking, are also 
produced by technical apparatus, then this touches the question of the environmental 
compatibility ina direct way. Above extremely strong points of resonance, which are 

called "geopathic zones", now and then even is wamed about "psychotronies", a function 
trouble ofthe brain, which can show in a disturbance of the waking consciousness. 

A possible explanation would be that the brain is occupied with so much vortices picked 
up fom the outside, that it isn't able anymore to accomplish its actual tasks. For muscle 
cramps or an inexplicable erash of a PC an correspondingly interpretation would be 
obvious 

As long as no gauges are available, the highest caution is imperative! 


If Tesla had been able to put into operation his transmitter tower for longitudinal waves 
(/World Telegraphy”, WardenelyfTe, Long Island, s. fig. 9.10) withthe estimated power of 

7.5 Megawatt and thus had been able to realize his dream of a world-wide wireless 
‘communication, then this could have had hardly estimable consequences forthe health of 

the world population. 

Shortly before the completion of the project, in the year 1905, Tesla without notice let stop 
all work. He to that never made an explanation to anyone. Officially it was said, his 
financial backer J. P. Morgan would have withdrawn his financial means. In any case 
was Tesla financially ruined with this step. 

Perhaps also T. A. Edison was behind it, who was his opponent at that time, Edison 
‘committed himself engaged for the use of direct current. Against the altemating current, 
preferred by Tesla, Edison argued with unhealthy risks, and with that he perhaps wasn't 
So wrong at all. 
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Fig. 9.11: Concerning the technology of the Wardencliff 
transmitter (fig. 9.10). 


<=: Dr Nikola Tesla: Complete Patents, (J.T-Ratzaff), Tesla Book Company 
(1983), ISBN 0-960356-8-2, P. 435. 
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9.11 Ecologically fair usage 


‘Tesla not only has stimulated ecologically fair usages ofthe energy radiation. To that can 
be counted the use of a Tesla transmitter as a radiation weapon” as well as the 
‘mentioned building ofa Tesla interferometer, the low-frequency interferences of which 
‘can Iead to mighty gravitational waves and with help of which it should be possible, to 
produce earthquakes, 10 sink ships or to shoot down planes from the sky. Against the 
hhackground of two world wars it can be understood, why Tesla has dravn altention to the 
possibilities of a use of his system for the purpose of defence. 


In today’s sight a technology like Tesla's wireless energy transmission (fig. 9.11) hardly 
would have any chance of a large technical use, because it should be reckoned with 
enormous problems of environmental compatibility. After all had come out in our 
considerations, that entirely in contrast to the Hertzian wave just of the Tesla energy wave 
direct biological effects are to be expected, A purposeful medical use of the Tesla rays 
however can be imagined. 


‘The collecting of "Yee" energy waves with a neutrino receiver at first undoubtedly would 
be a clean and ecologically fair alternative to the present energy technology, with which 
we heat or nuclearly contaminate our environment. But even the use of free energy 
converters has limits. Should it turn out that the Photosynthesis uses such a 
rmaterialization, in which the necessary free electron for the chemical reaction actually is 
produced from a caught neutrino in the so-called reaction centre and thus the reaction 
fenergy is won, then for an as usual excessive use by men it can't be excluded anymore 
tha the plants on eatth die and nothing grows anymore! 


| in contrast attibute big chances 10 the one wire transmission technology. Because for an 
use of alternative and regenerative energy sources, like the sun in the desert or the 
geothermal energy in Iceland, the transport of energy has to be made over large distances 
ough the oceans the small losses and the possibility to be able to use sea cables, play a 
big role. In the residential areas and conurbations on the other hand it has a positively 
effect, that by the concentration effect of the potential vortices the interference radiation 
is directed inward. Laid on the bottom of a sea or of a river, such a line in addition is 
protected against the effects of lightning and sabotage, and it neither spoils the 
‘ounteyside, as the old-fashioned high tension pylons do. 


For transportation tasks the mentioned making use of the spin coupling would surely be 
the most suitable drive. The denser the medium, the more efficient would be the driving 
effect, for which reason not only flying objects, but quite particularly also ships and sub- 
‘marines could be operated non-polluting in this way without combustion and without 
exhaust fumes. Build up effects by the water pressure of the sound barrier don't occur. 
[But control might not be entirely unproblematic. If for the reason of a unipolar arrange- 
ment of the field a relative velocity 10 compensate the field becomes necessary, then a 
correspondingly build up arrangement will do so without considering losses. It is no acci- 
ddent that most apparatus which got well-known have flown the builder sooner or later 
“past his ears” (note of the translator: broke into pieces). Till a commercially utilizable 
fying saucer has been built, many technological hurdles have to be tak 
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Claims concerning the environmental compatibility 


Claims to an up-to date environmental policy 
in view of longitudinal electromagnetic energy waves 

Tesla waves = neutrino radiation = scalar waves 
potential vortex waves: 


T. Gauges must be developed and built, with which the 
energy waves can be measured 


2.All_ technical apparatus should be tested regarding the 
emission of energy waves. Harmful radiation should be 
avoided. 


3.Only such transmitter antennas may be brought into 
action, which emit a minimum of energy waves. 


4.The ability of biological systems to absorb energy waves 
should be determined. To that also. belongs __ the 
question, how many vortices collect locally and how 
fast they fall apart. 


S.Limits for allowed pressure produced by _ artificially 
energy waves should be fixed, regulations and laws 
enacted. 


6.The in nature available energy waves should be 
brought to a technical use, with the goal of a natural 
energy production, 


Fig. 9.12: Catalogue of claims conceming the 
environmental 
compatibility in the view of the new field theory. 
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9.12 Claims concerning the environmental compatibility 


Now we sil not know, if the using of a handy or another electronic device poses a danger 
to the user. Now, we surely cant exclude a danger, and the slatement of the manufacture, 
itis safe because all Fits have been met, is worth nothing, as long as the part of longitu: 
dinal waves isnt measured. Therefore stands at the very top of thelist of the catalogue of 
claims (fig. 912) the development and the building of gauges to. measure Tesla radiation 
More than half the 700 patents of Nikola Tesla concern the building of vansmiter and 
feceiver installations for eneigy waves. Here a lot of valuable clues are found, especially 
as he himself has bull and used some of the switching circuit designs, In the seminar a 
febuild is dscussed, with which 1995 the existence of longitudinal waves could be proven 
(a7 

For an carthquake always both, the transverse and the longitudinal wave, occur simulta- 
neously and, aken exact the same is valid for the sound wave, even if the transverse part 
doesn get too far in the air. ‘The emission of both parts in analogy is almost to’ be 
expected of an electromagnetic wave generator of trasmier, Actually both waves. are 
‘eteclable at the receiving point’ The useful tansverse wave and the longitudinally 
propagating vortices, which show as noise (fig. 4.7). If the vortices are predominant and 
the useful signal goes under in the noise, then a inferuption ofthe radio operation occu. 
‘Also small gardeners immediately near a radio station have made experiences as e.g. i a 
distance of one kilometre fom the transmitter of RIAS-Betlin. They were able to light 
their allotments day and night with & neon tube, 10 which they merely had ted a free wire 
‘The radio station immediately insinuated, that they in an illegal manuer had tapped theit 
useful wave and damped it. But it cant be excluded, that the transmitter bas. sent a 
longitudinal part in the ether too, which was responsible for the energy transport. But that 
suggests, that also at ofher transmitter antennas, thus for the mobile phones, the 
tinwelcome pats is transmitted even than, if we dont use ta all 

Still another problem is added. If in'a modern receiver radio waves arrive, then they roll 
up to a standing wave and according 10 fig. 14 to a vortex over the antenna, According to 
that we arent able anymore to distinguish, if the transmission took place as Hertzian wave 
or as Tesla wave. The separation of both sorts of waves has to’ take place before the 
antenna is reached. 

‘An up-o date measurement arrangement would look as follows: In font of the receiver 
antenna a path with a tunnel, which represents an insurmountable obstacle for the tats 
verse waves (fig. 614), is placed. Then only the longitudinal waves pass the tunnel, and 
these atthe end of the tunnel can be recorded and analysed with conventional technology. 
‘The tunnel i an elegant possibility, to make use of the part of Tesla waves, Aft all only 
this part is relevant with regard to the electromagnetic environmental compatbiliy 
Conceming the above asked question we ean take home al least one important realization. 
The probability is quite high, that you actually notice nothing of the andy radiation, be- 
cause not every system react in the same manner to cerlain vortices. ‘The resonance 
conditions regarding fequency, phase and position always have to be fulfilled, if an 
absorption of energy. waves "should occur. (Gig. 210° B, E.coli bacteria, 
On the other hand it however can't be excluded, that just you of me synchronize according 
to frequency and collect 100 % of the transmitted energy radiation, In contrast to the 
Hertzian wave plays for that the distance to the source of interference only a secondary 
role! Seen that way worties would by al means be entitled 
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From Indian mysticism: 


it neither is 


this nor that 


itis itis 


not this not that 


it is this 


and it is that 


Fig. 9.13: The structure of the world equation, an example 
from 
Indian mysticism 
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9. 13 Epilogue belonging to part 1 


‘The correctness of a new theory not by all means guarantees, that it also is accepted! A 
new theory must be used. Only if a conerete need exists then an acknowledgement is 10 be 
expected if at first only by the ditect beneficiaries 

In november 1994 in Munich the trade fair "Electronica" took place. Here invited by the 
Deutschen Gesellschaft fur EMV-Technologie (German association for EMC-technology, 
note of the translator) the books about potential vortices [Al, A2] were honoured with a 
prize by an internationally renowned EMC-scientist. The number of people, who the 
potential vortex theory helps further to find answers to problems, which until now aren't 
explicable, grows further 

Nevertheless, nobody should believe that something will be changed to the content of the 
{ext books in the shelves that fast. Habit and laziness encourage to further use the 10 date 

interpretation, even ifa new theory has ready a better and convincing answer. Ital take 

some time, to give an example, till the heating of water in a microwave oven is explained 

as eddy losses, as is described sound by the potential vortex theory already today. 

The discovery of a physical phenomenon may happen ina right second. lis 

acknowledgement on the other hand as a rule is a lengthy procedure. If we look back in 

history we find out that even in the past it hasnt been otherwise, 

(Of the four fundamental phenomena in fig. 8.2 at fits the tension voltages and the charges 

have been discovered by Coulomb (5.7e). 

(5.70): An effect ofthe eddy currents was observed already 1825 by the French physicist 

‘Arago. He discovered that a magnetic needle suspended above a rotating dise tends to 

rotate along. Out oF ignorance he named the effect "rotational magnetism”. 

But the eddy currents could only be mathematically described with the help of two laws, 

the law of Ampere (1820) and the law of induction of Faraday (1831). Because the effect 

due tothe eddy current losses rather was regarded as disturbing, technical applications ot 

patents at first have stayed out. At first Riidenberg has carried out fundamental 

calculations for eddy current brakes in 1906, The discovery and usage of the "skin effet” 

isto be attributed to Tesla 

(5.7b): The electromagnetic wave for the first time was mathematically described by 
‘Maxwell (1864). He had aimed to calculate the light and he could show, that his theory 

actually could correctly deseribe all properties of the light. With that he was able to prove 

the correctness of his theory. But he had to deal with many sceptics, because he had 

postulated the dielectric displacement, without however in his lifetime being able to 

‘measure it because of ils smallness 

‘This may be the reason, why the discovery is attributed to Heinrich Hertz and was and is 

spoken of the Hertzian wave. Neutrally seen Hertz at first was nothing more than a 

enthusiast pupil, who had worked through the "Treatise", Maxwells books. All results, 

\hich Hertz could observe experimentally, already were contained in the Maxwell-theory 

and published, 


=e Tames Clark Maxwell A Treatise on Blectriciy & Magnetism, vol. 2, 
Chapter XX: Electromagnetic Theory of Light, Dover Publ. New York 
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But the great mathematical description of Maxwell at first had a purely academic 
importance. The interest of the general public on the other hand concentrates on the 
practical applicability. Hertz had experimented with antennas and has laid the foundations 
of the building of a gauge for electromagnetic waves (1888). The wireless transmission of 
invisible waves was convincing. It was an entirely new technology, which stimulated 
fantasy in view of a technical usage. A practical man, who was stimulated by the 
theoretical realizations, was Marconi. He goes for the inventor of the radio (1895, Nobel 
prize: 1908. 

Between the three summits, fist the calculation and at the same time discovery, second 
the measurement and thied the usage of the wave phenomenon lay 31 years, and the radio 
technology is developing still further, even today. In the area of the cellular phone 
network and the telecommunication even a kind of gold mining mood prevails, which 
can't be impressed much even by hints of an electromagnetic environmental compatibility 

In the euphoria of the past 100 years is fallen into oblivion completely, that besides the by 
Hertz detected transverse wave in the wave equation according 10 Laplace and according 
to the original version of Maxwell also a longitudinal wave was described mathematically 
‘This one was discovered and detected by Tesla in numerous experiments. With reference 
to his discovery Tesla initially had asserted publicly, Hertz had been at fault, with which 
hhe undoubtedly was wrong and had incurred the wrath and the scom of the scientific 
community. As a result of this development his experiments haven't been reproduced and 
the discovery of the scalar wave could fall into oblivion, 

Not enough with such sanctions against the inconvenient freethinker Tesla a series of 
professors like Gibbs and Heaviside have made cuts and discarded all parts from the 
original version of the Maxwell equations, which by that time weren't considered 10 be 
experimentally proven by experiments of Ampere, of Faraday, of Ohm and Herz. With 
that the scalar waves fell victim t0 the axe, what, though it had encountered severe 
criticism, finally entered as textbook opinion into all textbooks, after Hertz also had 
Sanctioned this measure 

If the field equations according to Maxwell in today's revised version don't deseribe 
scalar waves anymore, then all orthodox scientists, who want to bear reference to that 
hhave to bear one thing in mind: discarding a term of an equation is the same as neglecting 
it, But the term only may be neglected if it is sufficiently small. The first thing every 
student learns in the physical practical taining is that this first has to be tested. For that 
the term has to be measured and its order of magnitude must be determined. Then it is 
litte helpful and extremely unscientific, if at first is neglected and on the basis of the 
revised field equations, which have put all scalar waves to zero, is demonstrated that the 
neglect was allowed of even necessary. 

‘A practical example are the longitudinal wave parts, like they occur and are proven in the 
near-field of a transmitter antenna, Considering the order of magnitude a neglect is out of 
the question, On the other hand they should not exist at all according to textbook physics, 
because they had fallen victim to the axe. Since most scientists in present time do not 
know about the cutting action anymore, they are postulating field vortices anew in the 
proximity of an antenna, Field vortices, which are propagating longitudinally in the 
direction ofa field pointer as a scalar wave. 
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With that hey calculate their own arbitrary assur 
in the practical training of physics a student unevaluated neglects an essential factor of 
influence, then his experiment goes as not passed. The experiment must be repeated $0 

long until according to the approved methods of scientific soundness all used neglects, 

hhave been tested individually and have undergone an error consideration, 

Do we now have to deny the cutting action, which had been plotted by Gibbs, Heaviside 

and others, having the necessary scientific soundness? Do we have to review and rework 

all textbooks concerning the illegal neglect? Since the cuting action a gap gapes in the 

Field theory! 

(5.7d): The potential vortex fills the remaining gap in fig. 82. Several research scientists 
and scientists can be named, who already could observe this phenomenon: in front of all 
goes Nikola Tesla for discoverer of the Tesla currents, very weak currents which are said 
o cause extremely high potentials. Here presumably cause and effect have been mixed up, 
because weak currents never can produce high potentials. Actually the potentials prove to 
be a result of the potential vortices, whereas the currents aren't more than a result, nothing 
but leak currents. At least Tesla could use the vortex, but without a usable theory he 
neither could calculate nor adequately explain it, Besides Tesla Wilhelm Reich should be 
‘mentioned, who has collected the vortices in his orgone accumulator. 

Mostly only certain aspects were observed and investigated: by Tesla the planar vortex, 
by Reich the influence on the weather, by Schauberger the water vortices and by all three 
the medical and biological aspect. The list of names is incomplete and could arbitrarily. be 
continued. 

With the discovery of the potential vortex (1990) the basis for the building of a gauge and 
the technical usage of the physical phenomenon is laid [Al]. It not only concems the 
search for water, but also the detecting of the vortex balls and vortex streets, of the 
standing waves of the energy radiation in the air, at the workplace, at the bedroom, in 
clinics, in recreational areas and hotels. As explained at the start, neither the field strength 
of a Hervian wave nor the arising heat development can be made responsible for 
biological or technical har 

It primarily are the newly discovered vortices of the electric field, which take effect. The 
effects can, as we have seen, as well be good for health as bad for health. Intensity, plane 
of polarization, vortex configurations and many other characteristics play a role here. To 
research these influential factors gauges for vortices will be needed as well. 

We have to realize that in the technical domain the electromagnetic compatibility of an 
apparatus is determined by its sensitiveness to vortices, thus by the fact how many and 
Which vortices can cause a function touble. To determine the environmental compatibility 
of a product the emitted vortices, the energy radiation, have to be measured. Limits for 
high tension lines, for screens or handheld phones must be given in units of the potential 
vortices. The potential vortex has shown us the way to a unified theory and has brought 
along a new picture and understanding of our environment. It with that wants to show us 
the correct way for an ecologically compatible dealing with nature 


=is)_Zinke, Brunswig: Lehrbuch der Wochirequenziechnik, TB, SAuml. 1986 
Springer-Verlag Berlin, Seite 335 
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Part 1: Edition belonging to the lecture: 
Electromagnetic Environmental Compatibility" 


Prof. Dr.-Ing. Konstantin Meyl 
Scalar waves 


a 1 Auge 1996 4. Aultage and st English Eton 2003, 


Both technical and biological systems can be influenced by 
electromagnetic fields, whereby numerous questions still are 
open, like e.g. concerning limits and the nature of physical 
interference fields. The book shall do justice to the circumstance, 
that a fact oriented discussion about .,clectrosmog” implies an 
analysis of possible reasons, a mathematical derivation and a 
physical argumentation. 

We proceed from the assumption, that only that part of the 
electromagnetic wave should be considered for malfunctions, 
which has been absorbed and which has rolled up to a field 
vortex. The effectiveness depends on the amount of the produced 
vortices and on the life span, the decay of vortices 
Analogous to the sound wave vortices in space are propagating as 
longitudinal waves. In this context is pointed to numerous effects. 
Examples for the technical and biological use of these standing 
waves are the energy transmission of Nikola Tesla as well as the 
nerve conduction, which functions in a corresponding manner. If 
the same vortices, which man uses for conduction of information, 
are emitted by technical devices, then biological reactions can't be 
excluded anymore and worries with regard to ,,clectrosmog” seem 
to be justified 


Causes, phenomena 
and natural scientific consequences 
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From an extended vortex and field theory to a technical, 
biological 
and historical use of longitudinal waves. 
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Preface to the seminar 


‘The point of a seminar is, to deepen, to practise and, as far as possible, to practically appy 
the material of a lecture. The knowledge of the content of the lecture hence is a 
prerequisite for the participation, 
For the reader of this book that’s tantamount to the recommendation, to have read the first 
part, the edition belonging to the lecture, before*"*. Here the questions conceming the 
electromagnetic environmental compatibility” are asked and the necessary bases for their 
fanswering is laid. Also practical consequences for various areas of science are indicated. 
‘The deepening most suitable should be made in form of a seminar, subdivided into the 
here presented part 2 to the energy technical seminar and a part 3 to the information 
technical seminar, Part 2 correspondingly concerns the energy technical aspeet of electric 
‘or magnetic longitudinal waves, whereas part 3 is dedicated to the information technical 
aspect”. Because it concems a book which merely for reasons of usefulness is published 
in three parts, the chapters are consecutively paginated. References to chapter 1 to 9 hence 
auiomaticaly relate to part 1. The numbers of the figures and tables as a rule are identical 
With those ofthe chapters in which they ae discussed 
‘The seminar should lead on over the pure reading, consuming or listening and should 
stimulate to join in. All involved persons may and should give ideas and ask questions, 
even if these may sound little orthodox. The scientific working method takes, that is 
struggled for answers and even is argued, if necessary. To reach this goal, it mustn't exist 
¥y obligation or censorship, neither for the leader of the discussion nor for the 
participants ofthe seminar. 
‘The seminar is being carried out since the summer semester 1997, The works of the 
seminar written by students treat the Knowledge of text books of the respective theme. 
Following the lecture the answers are discussed and compared to those of the theory of 
‘objectivity’ and other models of explanation. This procedure in this edition belonging 0 
wr is reflected at some points, if for instance a chapter is completed with a 


The first edition of this 2" part still was incomplete and has been handed out to the 
participants of a congress in Switzerland instead of a manuscript belonging to the lecture 
the I7* of Nov 1998. The here presented second edition in the meantime 0 a large extent 
is complete, but surely not yet perfect. In accordance with the experience made with the 
fist part of the book also for this 2"! part a thied and revised edition, in which the ideas of 
the participants of the seminar and of the readers find consideration, will be due to be dealt 
with after a year. The reader of the second edition has to console himself with the fact that 
a lively seminar constantly is changing and developing futher. And that has tobe so! 


Villingen-Schwenningen, January 1999 


[i=] Electromagnetic environmental compatibility, Part 1, Edition belonging to the 
lecture, INDEL Verlagsabteilung, 1996, see page 1-218 of this issue. 
<ii>: Electromagnetic environmental compatibility, Part 3, Edition belonging to the 
information technical seminar, 2002, see page 443 - 625 of this issue 
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10, Oscillating interaetion 


A theory i not an end in itself, even if it sounds very convincing, It has to be measured by 
its applicability. As an entry into the practical consequences, which result from the 
theoretical part” the question about the validity of Kepler's laws is raised, 


10.1 Kepler's laws 


‘The "radius vector a fine drawn ffom the sun to a planet, sweeps out equal areas in equal 
periods of time. At least has teached us Johannes Kepler it that way (fig. 10.1). The 
balance of forces, the gravitation on the one and the centrifugal force on the other hand 
resulls in the innermost planets of our solar system orbiting the sun very much faster than 
the outer planets (Mereury in 88 days, the Earth in 365 days, Jupiter in 4333 days and 
Phuto in 90465 days!) 

For the inner planets as well as the big planets Jupiter and Saturn Kepler's laws are still 
found confirmed. But that shouldn't apply anymore for the outermost planets of the solar 
system. Beyond Saturn should prevail changed rules as is said, based on observations of 
the Voyager spaceerats 

If we direct our view to an unknown galaxy, then does it rotate around its centre and in 
doing so 10 a large extent keeps its form. Despite rotation of its own an elliptic, a barred or 
even a spiral galaxy virtually doesn't change its characteristic form. From this follows, 
that the inner stars of a galaxy are considerably slower on their way than the outer stars! 
But we expected exactly the opposite. 

According 10 Kepler's regularity the outermost stars would have to orbit extremely slow 
In order not to be hurled into space as a result of the centrifugal force. But then a galaxy 
‘wouldn't keep its structure. The spiral form, as it already has been observed and classified 
by Hubble (ig. 10.2), merely would be an accidental exception as a momentary picture 
‘but by no means the ale 

We have to take note, that the structure and in particular the cohesion of a galaxy can't be 
explained with Kepler laws 


<i: Konstantin Meyl: Eleciromagnetic environmental compatibility, Part 1 of this 
book: Causes, phenomena and -—natural— scientific consequences. 
<iim: Kendrick Frazier Das Sonnensystem, Time-Life Bucher, Amsterdam (1991) 
<ili>: The basie laws of the universe start to rock: ,,What is the matter with the 
galaxies? They rotate in their fringe ranges much faster, as is allowed by the 
laws of physics. Or is something wrong with these venerable laws? The 
astronomers and physicists stand for the dilemma to have to decide between 
the two alternatives: feign the observations us an other world or do we 
calculate wrong since centuries?” (translated), Bild der Wissenschaft Nr. 2, 
1989 


Unknown interaction 
Kepler's 1" law: 


The planets move in elliptical orbits, with the sun 
at one focus. 


planet 


perihetios 


Fig, 10.1: Kepler's 2"! law (concerning the conservation of 
angular momentum) 
‘The line drawn from the sun to the planet sweeps 
out equal areas in equal periods of time. 


Kepler's 3 law: 
The ratio of the squares of the revolutionary 
periods of two planets is equal to the cube of their 
average distance to the sun: 4a, 
(104) cage 0 


normal spiral galaxy 


sphere “a 
EO ES a) 
elliptic galaxy sBa 


Fig, 10.2 The classification of the galaxies according to Hubble<i> 


<b: according to FL J. Lugt: Vortex Flow in Nature and Technology, page 223, 
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10.2 Unknown interaction 


So which interaction keeps galaxy together? We today believe to know four different 
sons. 


1. The gravitation": But since Kepler's law isn't valid in this case anymore, the 
gravitation is ruled out from the start, Obviously for the distances in a galaxy it hardly 
iseffective. 


II, The electromagnetic interaction: It is responsible for the structure of the atoms 
Looked at from the outside atoms carry no charge, ie. the charge conditions are 
balanced. A binding of our sun to the centre of the Milky Way by an electromagnetic 
fnteraetion thus is uled out as wel 


IL, The strong interaction: Since for the proton another charge distribution is measured, 
as a single positively charged particle should have according to the normally used 
theory, the strong interaction was introduced as a nuclear force, to explain the big 
error, the grave difference between measurement and calculation. The good advice 
hence reads: instead of giving birth to postulates at random, first of all the fault should 
be searched for in the normaly used theory"?! 


IV, The weak interaction: It quite obviously is involved in the particle decay". Both, the 
weak and the strong interaction, only have an extremely short range. With this 
property they consequently won't be able to keep a galaxy together. 


Conclusion: In a galaxy a still ws 
to seurchit 


jown interaction takes effect, and science is requested 


Both interactions with infinite range, the electromagnetic interaction and the gravitation 
occur as a result of static fields, therefore assume a constant charge or a constant mass. 
Considered more exactly in" that case it merely can concem special cases. 
Gravitational waves, which reach our earth and which are detected in very costly 
experiments”, already show that the existence of allemating fields can't be excluded and 
oscillating interactions by all means are conceivable! The physical research at present 
probably is on the right track. The researchers however don't have ready an usable 
explanation yet. We accept the challenge! 


Ss: Derivation of Kepler 3° Taw in fig. 110 
Konstantin Meyl: Potentialwirbel, Band 2 

INDEL-Verlag, Villingen-Schwenningen 1992, ISBN 3-9802542-2-4 

<iii>: Gero v. Randow: Wenn kosmische Katastrophen Raum und Zeit verbiegen, 

zum Thema Gravitationswellen-Detektor, VDI Nachrichten Nr.9, 1.3.91, S.32 


4 ‘Harmony of the alternating current engineers 


Analogy: 

for direct current 

1 
la 
t 

Measurement: 

mean effective value 

(moving-coil instrument) ({moving-vane inst 


Fig. 10.3: Direct current and alternating current 
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10.3 Harmony of the alternating current engineers 


‘Today's situation can be clarified by the following picture: you engage a “direct current 
engineer” 10 measure the tension vollage in the socket of our power supply system, The 
salyed-in-the-woot direct current engineer", who never has heard anything of altemating 
Current, reports: .No tension vollage is measurable". If he for reason of your doubiful 
expression looks still more exact he will realize: ,,The pointer of my moving-coil 
instrument strangely fidgets around zero, but the swing is so small that one confidently 
cean touch it’, (ig. 103) 

Modern science is accustomed to say, without a valid theory and without technical 
measurabilily nothing can exist, what musta 't exist. If you drop dead after the experiment, 
then you probably ad a weak heart or other afflictions. In such cases as a rule the victim 
himself is to blame and by no means theoretical physics! 


In the case of our power supply system the answer is known: The mean of the alternating 

vollage of the network is approximately zero, The pointer of a moving-coil instument for 

reason of its inertia can't follow the fast changing anymore and only fidgets on the spot 

‘The effective value however amounts to around 230 Volls, But to measure it you need 

another device, for instance a moving-vane instrument. Seen so, direct cutrent deseribes 
1 case of alternating current with frequency zero, 


The properties of altemating current can be depicted best by an extraterestrial observer. 
He will tell us: Seen from a distance at least at night a great harmony seems to prevail on 
earth, All lights in the streets and cities twinkle completely synchronously. All generators 
are in resonance among each other and with all consumers. There are two big races: The 
50 Hertz race and the 60 Hertz race, which appear if the earth turns further and the SO 
Hertz rae is switching off again its twinkling lamps. 


‘The synchronization necessary for an exploitation of altemating fields is so obvious for us, 
that hardly anybody realizes, that a consumer operated with only one Hertz difference 10 
the frequency of the network can't be supplied with power anymore, Apart from the 
ccomrespondence in frequency it even depends on the correct phase. The phase angle must 
bbe between 0 and +90°. This corresponds to an efficiency factor cosq between I and 0. 
The cable connections serve both the transport of current and the synchronization of all 
the generators and consumers connected to the network, The frequency is kept so constant 
that simple clocks, switching stations and even old record-players can be operated 
synchronously with the frequency of the network, 

‘The synchronization of the feeding in power stations is supervised by a station of its own, 
Which dictates the time. It is true that we aren't capable of seeing the twinkling of the 
lamps anymore for reason of the inertia of our eyes, but it can be detected and filmed with 
high-resolution cameras. Even if we can't perceive the harmony of the altemating current 
engineers, it nevertheless exists 


“<r Konrtantin Heyl Pojetalwirba, aed 2, INDEL-Verng (1999) 
see also in Part 1, chapters 6.8 and 6. 
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10.4 Four fundamental interactions 


‘These considerations suggest, that also gravitation and electromagnetic interaction merely 
describe the special ease of oscillating interactions with frequency zero. To avoid 
‘confusions, well have to think of new names. 

“The electromagnetic interaction can be clarified by means of open field lines, which tart 
ata charged body and end again at another body’ of unequal chatge. In physics clases itis 
‘normal to make the field lines of a magnet visible with iron filing. Between the unlike 
poles a foree of attraction is observed 

[If We this time assume that both magnetic poles change their polarity atthe same time, 
then the force will decrease fora short time during the changing of polarity, to afterwards 
bbe active again in ull magnitude and inthe same direction, Therefore a force of attraction 
is observed again even for a reversed polaiy. 

‘The generalization hence reads: The electromagnetic interaction will occur also in the 
oscillating ease, but in weakened form, if both bodies involved inthe interaction change 
their polarity synchronously and if they ate in resonance, A name by analogy would be 
"resonating interaction” (table 10.4). 


It is known of the electromagnetic interaction, that its effect is larger than that of the 
gravitation by powers often. This presumably has to do with the described and observable 
bundling up of the open field lines, whereas closed field lines can't be bundled up. The 
gravitation hence is linked with the closed field lines, which surround all elementary 
particles, every atom and every body’ 


‘The opposite of the bundling up is the repulsion of open field lines, for which reason here 
also forces of repulsion can occur. For the gravitation however no repulsion is observed, 
because closed field lines virtually cant be influenced. 

Apart from the circumstance that the effect generally will be smaller in the oscillating 
cease, similar properties are to be expected. Also its range will be infinite as well. It is 
recommended to call the case of oscillating charges, as already said, "resonating 
interaction” and the ease of oscillating masses, the oscillating gravitation, levitation’ 
(able 10.4) 

‘The term levitation” is very appropriate, but not new. Unfortunately until now no 
generally binding definition existed, what should be understood by thal, for which reason 
‘misinterpretations and irritations can't be excluded. Mostly levitation is linked to a 
cancellation of gravity, up 10 a state of free floating, but we will see that quite other 
phenomena become describuble with this term, 


10.5 Resonating interaction 


‘The question, what keeps a galaxy together, now can be answered unambiguously. The 
well-known interactions already have been excluded. If for the enormous distances the 
gravitation can't keep the outer stars anymore in accordance with the Kepler rule, then the 
levitation wont be able at al 
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Example: central star S, with 3 planets P,-Ps 
and with 4 neighbouring stars S1-S. 


Fig. 10.5: The invisible threads of a resonant interaction 


45*10" km 


milky way-radius: 15000pe*3*10° 
7,510" km 
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Therefore the oscillating charge is left. Actually the resonating interaction will reach 1 the 
‘outermost areas of a galaxy. The bundling up of the field lines results in the centre of the 
galaxy and one of its sta 10 sland in an exclusive resonance to each other, what looked at 
from the outside looks like, as if the star hangs at an invisible string or a "rubber band” 
and thus turns around the centre. 

Because quite a few stars hang at the centre of galaxy, it can be assumed that it provides 
correspondingly many resonance. The centre perhaps is comparable with an extremely 
broad banded transmitter, which operates on all channels simultaneously, The stars then 
pick as a receiver the for them suitable channels and hang themselves by rubber band” at 
the heap (ig. 10.5), 


Should there exist any particles with an oscillating charge, which synchronize between 
centre and star with the resonating interaction, then they will mediate between both 
partners. If we assume that the centre at one channel just is positively charged, then all at 
the same time negatively charged particles will be attracted, the positively charged 
particles however repelled. Whereas the unlike particles in the centre participate directly 
{in the production and maintaining of the oscillation, the like positively charged particles 
will be hurled into space. 

But at the same time does a star, which clings to the centre, have to be negatively charged. 
It hence attracts the repelled particle, The particle thus drifts from the centte 10 the star 
even then if all three, the centre, the star and the particle, change in polarity. The result is, 
that the stars grow in diameter by collecting the particles. Only because our sun actually 
grows, it has the chance, to sometime become a red giant! 


Since the sun radiates, as is well-known, in every second a radiation equivalent of S 
million tons, it permanently has to be supplied with a substantially greater amount of 
‘matter. If @ resonating interaction should occur, then our sun will get its material” 
supplied from the centre of the Milky Way and that isa black hole! 
But no particle with a mass comes out of such a hole, yes not even light, For a particle 10 
bbe able to leave the black hole, it should have neither charge nor mass. At most an 
oscillating charge and mass would be allowed. Such a particle would have an enormous 
ability of penetration as a result of the missing static interaction, It would be able to rush 
‘through the eatth unhindered, 


According to actual knowledge only neutrinos have the described properties. One also 
knows that the centre of our Milky Way represents a mighty source of neutrinos, 
From this derivation follows: 
|. As mediatots of the resonating interaction serve synchronously oscillating neutrinos. 
2 Starting with the proof of the neutrinos it should be able to backwards also prove the 
existence ofthe resonating interaction. 
3. If, as a practical consequence, we imagine that the eentre of the Milky Way woulds't 
Supply neutrinos anymore. Then the whole galaxy would fall apart and aot one of its 
stars would shine anymore 
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Fig. 11.1: The Atlantic ocean floor 


<=: Miller, R: Driftende Kontinente, Time-Life, Amsterdam 1991, .79 
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11, The growing globe 
11.1 Long-distance effect ofthe neutrinos 


‘The long-distance effect thus lies in the circumstance that the neutrinos, in the ease of a 
resonance of the source of neutrinos and the receiver, span an invisible rubber band” 
between both, which i called resonating interaction and keeps the wo together. 


As a transmitter of neutrinos functions for instance a supernova, the death of a star, in 
Which 98% of the mass annihilates under emission of neutrinos or a black hole, which 
‘continually swallows light and matter and spits them out again as neutrinos after a stil 
unexplored process of digestion". The process, which in the case of a supernova takes 
place as a” singular occurrence, ina black’ hole possibly takes place permanently. 
‘The hurled out neutrinos on the other hand serve the sun as a source of energy. 
A receiver of neutrinos then for instance is our sun, So that the hard and very fast cosmic 
neutrinos become utilizable for the sun, they at first have to be slowed down. But that is 
only parly successful: 

1. Some very fast ones manage to pass through the sun and fly out again on the other side 

of the sun. The compared to the cosmic neutrinos strongly slowed down neutrinos then 

are called solar neutrinos. 

2. Another part can be further slowed down and materialized. As a result of the oscillating 

‘mass of the neutinos as well particles of matter as also some particles of anti-matter are 

oemed. The particles of matter make the sun grow. 

i. The with matter incompatible anti-matter annihilates under emission of light as is well- 

Known. For this and for no other reason our sun shines! 


‘Also the planets have such a neutrino reactor at their disposal. Only so the heat in the 
inside of the earth is explicable! It can be assumed that the planets materialize less the fast 
and hard cosmic neutrinos and that they are served more by the slowed down solar 
neutrinos, which our sun releases again unused. 

As is well-known radiates the planet Jupiter already today wice as much radiation energy, 
fs it from the sun receive. In this typical encyclopaedia type balance the involved 
neutrinos of course are not considered, But it shows that Jupiter is on the best way to 
‘become a sun itself Its moons then will become planets. 

From this the example we also see that with increasing mass the crust of the planet 
becomes thinner and thinner at the expense of the neutrino reactor in the inside, until i 
finally is eaten up and the celestial body openly starts to shine. Astronomers report for 
reason of thei observations ofthe formation of more and more new stars. 


One part of the collected neutrinos thus i materialized by the planet. In the case of our 
earth it contributes to its growth, 
Who doesn't want to believe that the earth becomes bigger, should look at modern maps 
of the oceans, on which the topography of the ocean floor is shown. According to the 
theory of Alfied Wegener concerning the continental drift North and South America on 
the one hand and Europe with Africa on the other hand steadily drift apart since 200 
lion years. The result can be read at the atlantic ocean floor. The gaping, chequered rift 
zones (6 the right and left of the Mid-Atlantic Ridge show how the earth is tom apart (fig. 
cu), 


222 Model of expansion 


Fig. 11.2: The pacific ocean floor 


<i Miller, R: Driftende Kontinente, Time-Life, Amsterdam 1991, S. 78 
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11.2 Model of expansi 


Geographers assume that at another point to the same extent continental plates are 
sulbduced and molten, That thus has to happen i the Pacific Ocean. But the sea maps tll 
‘one just the opposite (fig. 11.2). At the oeean floor ofthe Pacific Ocean the same eft 
formations are found as inthe Atlantic Ocean (Hg. 11.1). That means that America drifts 
away from Australia and Asia exactly as from Europe, without being erushed or molten in 
doing so! 

‘The only possible answer thus is: the earth grows. 

The characteristic rfl zones in addition ate found around the Antarctic. From this the 
conclusion ean be drawn thatthe 7 continent slowly is moving away, while the biggest 

habitable mass of land predominantly stays behind on the northern hemisphere, by Eurasia 
and North America forming a clip around the North Pole. 


Concerning the evolution of the earth there are and were numerous approaches in various 
directions. Paul Dirac at his time postulated, the brightness of the sun should decrease as 
a result of a decrease of the gravitational constant as well. In contrast to that 
Astrophysicists today observe just the opposite (Ingersoll 1987). According to the 
hypothesis of Carey” energy will tansform in matter in the universe. According to the 
idea of Onsterle“” aether particles are absorbed, which make our globe grow. Also other 
research scientists share the idea of the growth of the earth with him in their reports". 
[As a geologist Oesterle"™” cites his colleague Herzig: The at the Mid-Oveanie Ridge 
newly produced oceanic crust has to be consumed again at other points, because otherwise 
the arth would expand” and criticizes the plate tectonivians” that they would postulate 
their ‘model without physical ‘grounds, 
He gives some arguments for the corevtness ofthe model of expansion 


8) Subduetion: The already discussed missing of zones of subduction and of melting of 
continental plates tothe assumed extent, 

') Paleomagnetism: errors and mistakes inthe hypothesis of the migration of the poles. 

‘© Continental depth drillings: They brought much higher temperatures in depths from 
4000 meters, as expected and calculated according to models. 

4) Stand of the sea water: Only if the water can spread in newly forming oceanic basins 
it can be explained, why the covering with water on earth continually is going back. 
‘This argument we want to investigate with a derivation of our own. 


El Dirac, PAM Nature 139, p. 323 (1937) 


iio Carey, S. W.: Theories of the Earth and Universe, 
Stanford University Press 1-413, Stanford, California 
<iii>: Oesterle, 0.: Goldene Mitte: Unser einziger Ausiweg, 

Universal Experten Verlag, Rapperswil (1997), ISBN 3-9520261-9-0 
<id>:  Hilgenberg, 0. C: Vom wachsenden Erdball, S. 1-56, Figenverlag, 


Berlin (1933) und Neues Jahrb. Geol. Palaoat. Abh. 116, "1, Berlin (1962) 

<iS>: Jordan, P: Die Expansion der Ende. Vieweg 1-180, Braunschweig (1966) 

<i6>: Giancarlo Scalera, K.-H. Jacob: Why expanding earth? Institute Nationale di 
Geofisica e Vuleanogia, Roma and Technical University of Berlin 2003 
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Today’s earth: 
equatorial radius: R = 6378 [km] 


earth's surface: Op = 4.0R? 
(sphere) = S.112:108[km?] 


29% of this area is land and 71% is water 
for an average water depth of ty = 3.8 [km] results a 


water volume of: Vw = 0,71-Or+ty = 1,38:10° [km*} a 


‘The carth 200 million years ago (super continent: Pangaea): 
today’s land area (29%) was 100% of the earth’s surface! 


Pangaea surface area: Op = 0.29-Oe 


1.48.10" [km?] 
=4nn? a 
Pangaea radius: tp = YO,/(47) ae 
(corresponds to = 3435 [km] 


the radius 
of the sphere of shelf): = 54% of today’s radius 


Pangaea volume: Vp + 


ot = 1697-10" [lam] at 

Pangaea was covered with water h [km] high: 

volume: V=Vp+Vw= + se(tp +b)? = 121-10" [lem] an 
= 15,7% of today’s volume of the earth, 


tpt 


= (8-V/4-n)¥/3 = 3443,8 [km] a 


Pangaea water-level h above the NN (sea-level) at that time: 


‘The growing globe 25 


11.3 Ancient Egyptian legend of Genesis 


We don't have to search long for evidence. If we go back 200 million years in the history 
of the earth, as all continents still were united and formed the super continent Pangaea, as 
the 29% landmass of today thus constituted 100% of the earth's surface. AC that time the 
diameter of the earth was almost half of today’s diameter (exactly $4%). But if one 
distributes the amount of water of our oceans of today over the smaller earth, then possibly 
the water stood the young earth up to its ears in a first rough estimate. We now want to 
calculate how high the water stood, 

For that we determine at first the water volume of today’s oceans, by multiplying 71% of 
the earth's surfuce Og with the average water depth. In doing so it is supposed that the 
water volume has not changed in the course of time. As an approximation this assumption 
‘could be correct if the factors, which influence the water volume, mutually compensate 
On the one hand it has to be taken into account that in the process of fusion in the inside of 
the earth apart from other materials also juvenile water is formed, but on the other hand 
the water volume is reduced by photosynthesis and by the splitting of water molecules, In 
the case of the newly formed water it should concer roughly one cubic kilometre per 
year". The photosynthesis however possibly can be estimated by means of the formed 
oxygen of the air just as the splited water by the content of oxygen of the waters and the 
seas, Since the processes are subject to temporary fluctuations, the exact estimate is 
difficult, Atleast should an effect of compensation more or less be taken into account, 


Next we calculate the surface of the earth 200 million years ago, the super continent, 
which Alfced Wegener called Pangaea. If the 29% continental land mass of today at that 
time constituted the whole surface, then the diameter of the earth at that time was 
determined at 54% of today’s diameter, then the volume together with the water volume 
‘would amount to only 15.7% of today’s volume and the water stood 8.78 kilometres high 
above the level NN at that time (fig. 11.3). With that even the highest peaks were under 


‘Consequentally stands in the legend of Genesis ofthe ancient Egyptians: 
~ They tell us that the earth was completely covered with water and that the earth rose ftom 
the water. It is talked about a primeval hil, of which creation took its start, on which the 
fist sunrise and sunset was observed 


If at that time Tife only existed in the water, of which we today still can detect the remains 
in excavations in mountains and plateaus, then it surely wasn't because the evolution had 
forbidden living on the land, There existed no land! All land was lying under water. 
But if, looked into the future, the land area increases further at the expense of the surface 
of the’sea, then our earth sometime will dry up, as already other planets before us, ex. our 
neighbouring planet Mars. 


is! Oesteile, 01 Goldene Mite: Unser einziger Ausweg, 
Universal Experten Verlag, Rapperswil (1997), ISBN _3-9520261-9-0 
iim: Robert Bauval_und Graham Hancock: Der Schlussel zur Sphinx, List. Verlag 
(1996), S. 253 and in der Sendung: Die grossen Ratsel VII am 25.5.97 in $3 
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Fig. 11.4: The inner structure of the earth on an average 
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114 Inner steueture of the earth 


Next the question is raised: How fast does our earth actually grow? The calculated growth, 
distributed over the 200 million years, results in a yearly increase in the diameter of the 
earth of less than 0.1 mm. Carey" assumes 0.08 mm per year and Owen only 0.01 mm 
per year. 

Actually the young earth must have been somewhat bigger than calculated, because as a 
result of the smaller gravitational acceleration the density of the matter must have been 
smaller. But this changes nothing to the relations, because the less dense earth was 
surrounded by likewise less dense water, the water-level nevertheless reached the peaks, 
as already calculated. 

For indicating absolute linear measures and the calculation of the gravitational 
aceleration the respective density should be considered. In most calculations the density 
js cancelled out, so that as well can be calculated with an unchanged density 


[A grave error however lies in the assumption of a linear growth, Hilgenberg assumes an 
exponential growth” and gives as a reason for the empirical approach of the e-function 
the ,law of organic growth". In order to now not 10 speculate oF 10 postulate in the same 


‘manier, we will derive and found our approach. 


IF namely the carth grows, then its core of fusion also grows, which causes the growth to 
take place accelerated, ete. A customer of a bank, who sees his amount of money grow 
according to such a regularity, will be given information immediately about the growth 
rate witha compound interest calculation. 

But how big is the growing fusion reactor of our planet? According to today’s level of 
Knowledge about the structure of the earth the inner core i8 surrounded by the outer core 
and that again by the earth's mantle. On top floats the thin, but firm carth’s crust, on 
Which we live. The inner core has a radius of neatly 1390 kn, the outer core stretches to a 
radius of 3500 km, whereas the erust is only between 10 and 78 km thick, dependent on 
the geographical late (ig. 114) 


=i) Carey, S. Ws Theories of the Earih and Universe, 
Stanford University Press: 1-413, Stanford, California 

<li>: Owen, H. G.: Has the Earth increased in size? - In: New Concepts in Global 
Tectonics, Texas ete. University Press (1992), p. 289-295, Lubbock 
<li>: Hilgenberg, 0. C: Vom wachsenden Erdball, Berlin 1933, Eigenverlag, 
Seite 31 und 32 

<i4>: Mitton, S. (Herausg.): Cambridge Enzyklopadie der Astronomie 
(The Cambridge Encyclopaedia of Astronomy), Orbis Verlag (1989) 


a8 Earth's core as a converter of neutrinos. 


calculation: 2879,5 + § a 
(see fig. 11.6) bees Suse 

tyears ago: with: |t = 2:108-n [a] q = 1+ 28109 
correspondents to (= an = 

the approximation: 2880 + mj] a 


with the time constant: 1 = 107,1 Mio. Jahre 
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1.5 Earth's core as a converter of neutrinos 


| proceed from the assumption that the conversion of neutrinos and materialization in 
clementary particles takes place in the inner core. For the conversion no energy at all is 
used, because the inner energy together with the outer energy of the particle amounts to 
zero. The neutrinos merely have to be remodelled into another structure and for that they 
at first have tobe slowed down withthe help of the oscillating interaction, 

During this process of slowing down, as said, no heat is formed because in the case of a 
mass less particle no energy can be set free in the domain where the classical law of 
conservation of energy is valid. Only after completion of the process of materialization we 
are able to detect mass and energy of neutrinos 

But if the oscillating interaction is taken as a basis, the oscillation with opposite phase 
between particle and earth's core, then contrary to all expectations a cooling down takes 
place. If the particle has reached its region of destination in the core, then the oscillations 
are overlapping. Mathematically seen they are added with reversed sign: they thus are 
subtracted. The result of the mutual compensation is the decrease of the thermal 
oscillation and the cooling down of the region which vas expected. 
In addition the formed particles with a mass mutually contract (see part 1, chapter 8.3 and 
8.4) and in doing so are further cooling down, as we will derive (chapter 12.7 with fig. 
128). The physical limit of the process of contraction and cooling down is formed by 
absolute zero, at which no thermal oscillation at all occurs anymore, so. that 
superconduction becomes possible with the result of giant electric currents and magnetic 
fields, which ean be detected even at the earths surfuce in damped form, for instance with 
compass. 

The necessary heat energy is flowing towards the quick-frozen inner core from the 
outside, principally fom the outer core. Here, in the core, from the neutrinos slowed down 
to the speed of light various elementary particles are formed. Most of them immediately 
fall apart, to form other configurations. In the end only electrons and protons are 
preserved, which, as the only stable particles, can't fall apart anymore. These again are 
toying hard to take the state of an atom, which however needs very much space with the 
large distance between atomic nucleus and hull. Under the high pressure the enveloping 
clectrons therefore will time and again fall into the nucleus to form neutrons together with 
the protons. 

The neutrons need no atomic hull and can, as is well-known of neutron stars, take an 
extremely high density. In the case of the earth's core the neutrons however cannot be 
stabilized. The contraction to a neutron is accompanied by a corresponding drop in 
pressure, so that the neutron falls apart again. A continual oscillation of size is formed, 
‘with which the neutrinos again interact, With that also the high density of the earth's core 
‘would be explicable simultaneously. 

In earths outer cote the vatious atoms and isotopes are formed, which in the sum release 
more energy than they absorb in their fusion processes. Here the fusion oven rages, which 
supplies the inner core with heat 

The formed matter is pushed further to the outside, rolls asa viscous mass through the 

earth's mantle and collects the surplus radiation and heat from the fusion oven. 

With this model of explanation we now can tackle the calculation of the growth of the 
earth (fig. 11.6), 
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Growth in volume in analogy to the compound interest calculation: 


duration: n= 200 million years 
starting, capital Vp= Pangaea volume — V,~(4/3)08° 

final value: Vp = today's volume Vi= (4/3) 08? 

savings bank formula: Vy = Vjtq" (compound interest) (11.9) 


with ,,interest rate": (WV)! (11.10) 


radius of the core of the Pangaea sphere 


== dy = d= 541 [km] att 
with 

Pangaca radius: r = 3435 [km] 

earth's mantle dy = 2800 [km] 
earth's erust dk = 94 [km] (incl, covering with water). 
core radius today: Rh=R-dy dy = 3500 [km] (uz) 
earth's crust today: d*= 34-78 [km] 


From V ~r° the growth factor q is calculated to be 


1 +.28:10° (11.13) 


core radius after n years: R= Rtg”? ay 


radius of the earth after n years: R* = Ry + dy + dk (Lis) 


Fig. 11.6: The calculation of the growth rate of the earth 
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11.6 Speed of growth, 


200 million years ago in the centre of the globe a core of fusion has formed and taken up 
its operation, probably under the influence of a cosmic accurrence connected with a high 
neutrino radiation, AS a result the thin erust of the earth was tor apart and the oceanic 
basins were formed, 

If we assume that the might of earth's mantle (with da, = 2800 km) and erust (with less 
than 100 km) haven't fundamentally changed, then earth's core at that time had a radius of 
only $41 km. The savings bank formula” now only may be applied for the core and only 
for its Volume. On the condition of @ constant neutrino density the volume of the core in 
every year will grow for one order of magnitude, which again depends on the respective 
Volume itself. There results the in fig. 11.5 presented course of the radius of the core and 
of the earth 

According to our calculation the earth at present grows every year for 915%10" tons, which 
corresponds to an increase in volume of 16500 cubic kilometres and an increase of area of 
5.2 square kilometees. The earth momentarily grows for 6.3 cm per year in diameter, from 
‘which follows that the perimeter increases pi-fold and a continental drift of 10.2 em per 
year is to be expected across both the Atlantic Ocean and the Pacific Ocean. 
Geologists today actually measure a plate movement of typically 10 em, at individual 
points of upto 12 em per year 

Whoever likes to do handicrafts, can build together a globe of shells by himself. 
Hilgenberg for that gives a handicraft instruction”. He draws the continents of a globe of 
today and cuts them out. Doing so, not the coast line of today is authoritative, but that of 
the edge of the shells, at which the mainland plates are breaking off into the deep sea. He 
hhence also speaks of a sphere of shells and helps the handerafters with the words: 
[Because the paper shells of the sphere of shells owing to their strong curvature are 
difficult to nestle, we cut slits in the paper, which suitably lie there, where mountain 
ranges strech and now can start with the gluing”. Doing so it shows that the slits in 
particular in the case of the Ural and the Himalayan gape far apart, that in reversed 
direction in the ease of the enlargement of the sphere of shells the lifting out of the 
‘mountains necessarily had to occur at these points by means of upsetting. 
Under these circumstances our model concept should be further rendered more precisely, 
If the change of the curvature of the growing surface of the earth is the cause for the lifting 
out of the mountains, then the surface of the earth 200 million years ago was structured 
‘merely by impact craters and by voleanic cones, then the amount of water may have been 
correspondingly smaller, The additional water of the oceans of today was collected by the 
earth either from the cosmos, by crossing the flight path of a comet with a water tal, or by 
the here discussed idea of a core of fusion in the inside of the earth it has produced the 
water itself 


How ever such detail aspects may have had an effect, it therefore nevertheless changes 
nothing 10 the model concept on the whole. Hilgenberg’s globe of shells” in my opinion 
to still makes more sense as all the models of explanation, as they are spread in today’s 


text books. 


i: Miller, R2 Daifiende Kontinente, Time-Life, Amsterdam 1991, S. 78 
<i>: Hilgenberg, O.C.: Vom wachsenden Erdball, Berlin 1933, Figenverlag 
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Actual data: 

mass of the sun me = 1.99:10% [kg] q 
radius of the sun ts = 696000 [km] 

distance to the earth r= 149 597 870 [kcm] (averaged) 
mass of the earth M = 5.976-10% [kg] ; 
moment of inertia [Sg = Mate | (of the earth orbit) ont 
orbital velocity Ve = ote = Qnre/te aun 
averaged“: ve = 29.79 km/s] = constant (il 


revolutionary period| t, = 365.25637 [days] 
te = sidereal year 


equatorial radius R = 6378 [km] | 


moment of inertia [J =" (2/5) NERS] (of the rotation of its own) (1119) 


rotational velocity [ves @eR = BeR/IE|= 0.465 [km/s] 129) 


sidereal time of rotation [te= 1 [day] = 86 164.1 (sl ] 
distance to the moon tm = 384 390 [lem] (averaged) 
radius of the moon Ry = 1738 [lem] 
mass of themoon m_=  7.350-10% [kg] = constant cial) 
moment of inertia [Ue immie!] (of the moon orbit) (1123) 
orbital velocity Vn = Optin = Qatm/ty ey 
of the moon averaged: vn = 1.026 [km/s] = constant (12g 
revolutionary period [fw = 1 sidereal month (from fixed star 

te = 27.322 [days] to fixed star) 
observed a= Lsynodic month (from new moon 
revolutionary period| _t'n=_29.53 [days] to new moon) 


Fig. 11.7: The data of sun, earth and moon of today” 


<>: Mitton, S. (Herausg.): Cambridge Enzyklopadie der Astronomie 
(The Cambridge Encyclopaedia of Astronomy), Orbis Verlag (1989) 
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1 is an exciting matter, if one can experience for oneself, how the pieces of the puzzle fit 
together, how the southern end of America is wound around the Cape of Good Hope and 
the Falkland islands surface for the east coast of South Afica, in the vicinity of Australia 
how the Antarctic occupies the Pacific basin as a neighbour of Australia, von South, 
Middle and North America, run through by the equator, etc 

The corrections to the view of life of Allied Wegener and the geographical evidence, 
Which Hilgenberg gives, are sound, well founded and even after 65 years still highly 
actual. The physical statements of the geologists however, for instance the earth in the 
‘course of time would rotate faster and faster, eannot be followed, 


11.7 Conservation of angular momentum 


‘The question about the rotation of the earth is raised. Is it not changing at all, is it getting 
{aster ot slower? In the case of a with time growing earth there is only one possibilty: The 
rotation of its own will decrease and not increase, as Hilgenberg. supposes. 
For that you only need to place yourself on a turntable, to turn and if possible with weights 
jn your hands stretch out your arms sideways, 10 feel, how the rotation of the table is 
decreasing. It surely would have done the geologist Hilgenberg_ good, to leave his desk for 
fa short time for @ stroll to the most nearby playground, for the purpose of the described 
physical experiment with himself 


In this case the law of conservation of momentum authoritatively has an effect in the 
formulation of the law of conservation of angular momentum for the rotating motion. 
According to that all angular momenta in the solar system should amount to zero. If we 
Took at the planets which have no moon, then is remarkable that these need an eternity for 
4 revolution around their own axis (Venus for instance needs 243 days). According to the 
law of conservation of angular momentum our earth owes its rotation of its own primarily 
the mooa, 


For reason of this relation we can assume a proportionality between the angular 
momentum of the moon Jg*Ws and that of the rotation of its own of the earth Iw, (eg 
1139, fig. 11.10). They even have to be identical, if the partner of rotation earth and moon 
are sen as a closed system, 

If the earth would be approached as a homogeneous, spinning sphere, the angular 
‘momentum at first would be too stall for a factor 4.1 (eg. 11.29, fig. 11.9). The law of 
conservation of angular momentum dictates as a necessary result, that the dense core of 
the earth must rolate faster than the earth's crust! From the correspondence of orbital 
angular momentum of the moon on the one hand and the sum of the angular momenta of 
their own of earth's mantle and earth's core on the other hand results a 31 fold higher 
angular velocity of the earth's core compared to the rotation of the earth's surface (eq 
1138, fg. 11.9), 

Does our earth owe its geomagnetism this rotation of the core? At least the possibility 
exists that there exists a causal relation between the rotation of the earth's core and the 
geomagnetism. Well further collect arguments and put the question concerning the 
ormation ofthe geomagnetism under consideration, 


24 Set of difficulties concerning the change of magnetization 


Concerning unipolar induction (Faraday): [B=vxB” 


(see part 1, eq. 58, fig. 6. 


A) 


solar wind 


with B= 2 [V/m] 
118 


29,79 [km/s}|_ on the average approx. B = 50 {ut} m 


ve 4B 


s 


earth magnetic field |B 


ca 1120, Ve = 465 [m/s] 
and h = 6378+10 [km] 


Fig. 11.8: 
earth 


4B 
NI 


‘The magnetic and the electrostatic field of the 


as a result of an unipolar induction 


<i>: Measurement values in chap. 2.8, e.g. reference entey <i> (Prof. Dr. L. Konig) 
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1.8 Set of difficulties concerning the change of magnetization 


Now investigations of the polarity of the magnetization of rocks have resulted in the fact 
that in irregular intervals, on an average every 500,000 years, a change of polarity of the 
‘geomagnetism has occurred and no one knows Why. 

If the rotation of the core should produce the magnetism, then it in any case also is 
responsible for the process of change of magnetization, That purely theoretically is 
possible in two ways: Either the core tills out of ils plane of rotation for 180° and rotates 
suddenly in the opposite direction or earth's mantle together with earth’s erust, on which 
‘we lve, is timed upside down, 

It surely isn't my intention to produce any pani, but from a physical point of view only 
the second case is possible. Usually not the tail wags with the dog, but vice versa, the dog 
with the tail. The high rotational velocity of the earth's core exerts an extremely 
stabilizing influence. After all its angular momentum is 4.85 times larger than that of the 
mantle (eq. 11.33, fig. 11.9). Therefore the rotation of the core and the direction of earth's 
‘magnet field always are preserved seen from the sun 


1 further proceed from the assumption, that an electrostatic field arises from the sun 
accompanied by a partite Mux, the solar wind, though which the earth flies through in a 
perpendicular direction. According tothe Faraday law of induction E~ v xB (eq 11.25) 

It experiences, as a result of the unipolar induction, a magnetic field: which stands 
perpendicular on the ecliptic and this dictates the orientation of earth's magnetic field 
With that also the direction of rotation would be determined. The core thus by no means 
can tit! 

On the condition that the core doesn't rotate completely fictionless, the car's mantle 
Will in the ease of the same dircotion of rotation be accelerated, in the case of unequal 
direction, after a changing of polarity, it will be slowed down again. If the process, for 
reasons. of conservation of angular momentum, takes place altematingly with a cetain 
regularity, then the inhabitants of the earth for every changing of polarity might 
experience, how the North Pole in the shortest time tums over the equator to the South 
Pole, how the sun sels at the point, where it before had sen. As said, after a changing of 
polarity our earth is standing on iis head! In the Bible corresponding clues are found” 
Tr-can be taken from the media that one reckons with such a changing of polarity in the 
foreseeable future. When and ist actually takes place, stands however in the sts. 


If magnetism thus is produced by the rotation of the core, or by electric curents in the 
earths core as a. resull of the superconduction or by both, then the earth is aligned in the 
field of the sun like the magnetic needle in a compass. If we take as a cause a solar wind 
With an electric field strength of just 2 Vim, then this would not only determine the 
direction of earth's magnetic field, but also the order of magnitude, and that at present lies 
at $0 uT averaged overtime (chap. 2.8). 

With the same mathematical relation an electrostatic field around the earth of 199. Vim 
resulls a6 a result of the rotation of the earth. That faily exact corresponds to the measured 
values!” Quite obviously all is related to each other. In the question for the how" at this 
point consciously no definite answer is strived for. It rather should be discussed and 
‘worked to together in the semina. 


“iis _The Bible, OT, The 2 book of Kings 20,9-11 (King HezsKiah) and Joshua 
10,12-14, literally cited on the page after the next page (chap. 11.9), note=si> 
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Angular momentum Ji + of the orbiting moon (with eq, 11.22 + 11.23) 


@m= 29°10" [kgm?/s] (en) 


Jas ge = Ma 


Angular momentum J - ag of the rotation of the earth (eq. 11.19-+ 11.20, 
same direction of taming): 
(theoretically) J-@e = (2/5) M-R?-o@= 7*10 [kgm*/s] (11.28) 


Orbital momentum moon _ Jam . 29 2 44 a 
‘Angular momentum earth Joe 7 i 


Angular momentum Jy + Gpof earth's mantle and crust (Ry, = core radius) 


Sus o = (J-Jx) (2/5)-(MR?-MxRn?)-cor = 6*10" [kgm’/s] (11.30) 


conservation of angular momentum: Jm tim = Jk: OK - Ju we wal] 


Angular momentumJk + of the earth's core 


Jie toe = Jin Om + Jat Oe = 35°10” [kgm*/s] (11.32) 


Angular momentum core _ _Jk-ox | 35 _ 
“Angular momentum mantle Jur pee ee 


J 0K = (2/5) Mier? oK (1135 
With the mass of earth's core Mx = pV = pe(4/3)eRu? (135) 
and the averaged core density roy = 12000 kg/m’ 

the angular velocity 


of earth's core amounts to: eax= 3,310" [s"!] (11.36) 
and that at the earth's surface: (E= ve/R = 0,073*10" [5]. (1137) 
rs = 45u.ay 
oe 
t 
Fig. 11.9: Calculations concerning the conservation of 
angular 


momentum and the rotation of earth's. core 
(One tum of the carth's core lasts 32 min, It results contrary to 
the earth rotation. Of the surface of the earth a period duration 


‘of 31 min should be observable.) 
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11.9 The weakly damped moon 


‘The increasing angular velocity in the direction of the centre of the earth surely has 
something to do with the set of difficulties conceming the conservation of the spherical 
structure, comparable to the reason for the particle spin (chapter 6.13). The increasingly 
‘missing radial component of the gravitational field has to be compensated by an additional 
field produced by the rotation (according to part I, equation 62, fig. 6.5) 


‘The moon apparently doesn't know this set of difficulties. We can assume a constant mass 
for it (eq. 11.21). On the one hand is the moon smaller than the earth 200 million years 
ago, as it started to grow. On the other hand are doubts concerning the existence of an 
active core of the moon legitimate. In the Apollo-15 mission seismic gauges had been 
installed at the ground of the moon and at the start from the moon the produced seismic 
waves had been recorded”. The surprisingly small damping as the lunar module fell back 
fonto the ground of the moon more likely allow the conclusion that the moon is hollow 
inside! 

Also the small density of the moon points in the same direction, and finally no clues at all 
cean be Seen on the surface of the moon, which would point to a growth of the moon. 


Apart from the mass also the orbital velocity of the moon is taken constant, what surely is 
true, as long as nobody and nothing drives the moon extra (eg. 11.24). The analysis of the 
law of conservation of angular momentum provides the in fig. 11.10 derived provisional 
result (eq. 1141), 


i= Moonquakes ever more mysteriously: The by Apollo 12 wiggered moonquake 
by bombardment” of the surface of the moon with the clapped-out Lunar 
Module Intrepid” at thursday evening puts scientists for bigger and bigger 
mysteries) An exact analysis of the measurement data now resulted in the by 
the astronauts Conrad and Bean installed ..seismic station” on the moon ... 10 
have recorded and to have sent to the earth $5 minutes long. ... The 
seismologist Dr. Gaty Latham spoke of important information about the 
structure’ of the moon" and meant, one now’ can throw away the text book" 
One had reckoned that the impaci of the Lunar Module on the moon would 
tigger a quake of at best. some minutes", (translated) 
Frankfurter Rundschau vom 22.11.1969 


‘Concerning reference entry <i>, chap. TLR 
i>: The Bible, OT, Joshua 10,12-14: There stands in the ,.book of Jasher ": So 
the sun stood sill ih the midst of heaven, and hasted not to go down about 
‘whole day. And there was no day like that before itor after it, 
The 2" book of kings 20,9-1l: king Hezekiah: This sign thou ... let the 
shadow return backward ten degrees. And Isaiah the prophet cried unto the 
LORD: and he brought the shadow ten degrees backward, by which it had 
gone down inthe dal of Aha 
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For the proportionality of the angular momenta of the earth: 
Jee ~ Ju-o: ~ Jk-ox 

With: Jsor = (2/5) MR? + 2n/te a 

and the orbital momentum of the moon: 

Yoo Om TEx? + Vin Ten a 

is valid the 


conservation of angular momentum: Je ~ Jm- a (it 


or: MR%/te ~ motoVm a 
with ma = constant (11.21) 
and va =constant (11.24): | MR? ~ tet a 


centrifugal force = _ gravitational force 


ave? G-Mang_ a 

Tm Tm? 
orwitheq. 1122: va? = GM/rm = (2ntm/tn? (IL 
if M_= constant: Tm? ~ te? a0. 


Kepler's 3:4 law. 


Here M_# constant, instead vq = constant (1123) and therefor 


follows from eq. 11.43: 

(month) | tm ~ ta ~ M a 
with eq. 11.41: 

(day) t ~ R at 
and for an analogous 
derivation: year) | te ~ te ~ my a 
with v.= constant 


Fig. 11.1 Calculation of dynamic celestial mechanics 
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11.10 Caleulation of celestial mechanics 


We still need a further relation and try the balance of forces between the centfugal force 
and the gravitational foree. Both the © the outside directed centrifugal force and the to the 
inside diteted gravitational force depead on the mass of the moving body, here the ass 
ofthe moon my, so tha its cancelled from equation 1142. 

‘As determining. mass only that of the earth is left and that is taken constant in accordance 
with the knovledge of text books, The result of this assumption is Keplees 3° law (eq. 
10.1). But beware, it here merely concems a momentary picture! Ta the course of time, 
accorling. to the derivation, the mass of the earth increases so that this assumption is 
Untemable 


Instead, as already said, the average orbital velocity of the moan, one kilometre per 
second, can be taken constant (eq. 11.24). Since the orbital velocity is calculated from the 
proportion of the perimeter ofthe circular orbit 2-7, with regard tothe revolutionary 

period of a month (11.43, left page), and at the same time from the balance of forces a 
dependency of the mass of the earth M and the radius of the orbit of the moon follows 
(11.43, right page), the interesting relation (1144) results: 

Here the mass M, the radius tq and the revolutionary period tq stand in a direct 
proportionality to each other, and that means: if the mass of the earth increases in the 
course of time, then the moon will go away from us to the same extent, then also every 
‘month will get correspondingly longer. 


Clarified with numeric values follows from a growth of the earth for 915*10" ke per year 
a going away of the moon for yearly 5.88 meters (fig. 11.11). The going away of our 
satellite could be confirmed by means of measurements with laser reflectors, which had 
been put up on the moon by Apollo astronauts, according to dpa message" 


In addition every month lengthens for 3 milli seconds. That is valid for the sidereal month 
(= 27322 days), for which a fixed star serves as a reference point for the measurement of 
a revolution, as well as for the synodic month, as it is observed fom the earth from new 
‘moan till new moon (= 29.83 days). The synodie month today is longer than four weeks. 
But 3.7 million years ago it once actually lasted exactly 28 days, as we can calculate easily 
(fg. 11.10. 


But now also the length of @ day is changing. If we inser the proportionality (11.44) from 
the balance of forces in that of the conservation of angular momentum (11.81), then it is 
shown that a day depends quadratic on the radius of the earth (11-45), that a lengthening 
Gf every day for 4.5*10° s can be determined with the help of the growth curve of the 
arth (Gig. 115). This is sealy very small, but 200 million years ago the day had just 19 
hours, if extrapolated to 900 million years only 1804 hours! The result of the american 
geologists around Dr, Charles Philip Sonett of the University of Arizona in Tucson also is 
18 hours in their analysis of correspondingly old sediment formations, as the US science 
‘magazine Science has reported’. ‘The correspondence of this measurement with our 
calculation without doubt as free of evidence! 


5] 900 million years ago a day had 18 hours, Washingion (dpa) 1997 
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Going away of the moon per year with [IM tm J (acconting to eq. 11.49)2 
Atm = Tm:AM/M = 384390[km}9.15-10°%[kg/a] /5.976-10% [kg] = 


lengthening of month per year with |M-~ ts |{(11.44) (sidereal) 
Ate = te AM/M = 27.322 [days] - 86164 [s/day] - AM/M = 


synodic month (from new moon till new moon) of 28 days: 
‘Ata. = 29.53 [days] - 28 [days] = 1.53 [days] = 192-108 fms] 
linearly calculated 132-106 [ms] /36 [ms/al 4 


ay length 200 mio. vears ago, with fis SR!) (145) a 


Ate = 0.215-24[h] = 5.16 {hl and tt = 24[h]- Ate 


ay Jength.200 mio. years ago, (R‘-3200 km) amounts te 18,04 hours 


ptesentlengthening perdayamountsto: te/te = 4.5.10 


but: the year increases 130,000 times faster than the individual cS | 
according to the measurement of Aristarchos 2300 years ago ] 
iste = 965.25637 [days] - 965.25062 [days] = 0.00575 [days] 


and AleLte= 0.00575:24.6060-1000 / 365.25697-2300 = 0.59 tms/dax | 
= | 


(aoe. 09, 146) 


going away of the earth from the sun per-vear, with 
Afe/t = FeAte/tet = 149.6:10% [km] Ate/tot = 1.024 fkm/al) 


growth of the sun per year/second, with [GSI (acconting eq, 1146) 
for: | 
Am./t = me-At/tet = 1,99-10""t-Ate/tet = 1,96:10"_jt/vear) 
resp. in.a second for: = 43-10" {t/a} 
and at the same time a loss due to radiation of: Penman 


Fig. 11.11: Figures according to analysis of some examples 
: s 
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11.11 The biblical age 


We therefore owe the growing diameter of the earth that every day gets longer and longer 
(eq. 11.45) and from the going away of the moon a lengthening of the month results (eq, 
11-44). Not only the months and the length of the days increase, but also the whole year. A. 
corresponding derivation for the revolution of the earth around the sun, as it has been 
‘earied out for the revolution of the moon around the earth (eq. 11.44), delivers analogous 
resulls (eg. 11.46): The sun determines the length of the year and the distances t0 the 
planets. To the extent, to which the sun grows, the solar system increases in extension. 
Also the distance to the earth increases. proportionally with the mass of the sun. By the 
going away from the sun the temperature on the planets however not necessarily 
‘decreases, because at the same time the radiation intensity of the growing central star 
increases. According to measurements it has increased for 30% since the formation of the 
solar system” 

If both the rotation of the earth and the revolution around the sun get slower, then by all 
‘means is conceivable, that the number of days per year approximately stays the same and 
‘mankind nevertheless’ gets less old. If we take the 2300 years old writing of the Greek 
Aristarchos about the sizes and distances of the sun and the moon”, He determined, 
assuming a heliocentric view of life, the year to be 365.25062 days. Because the 
correction taken by Aristarchos concemed even the fifth place after the comma, we must 
assume that correspondingly precise gauges were available in Alexandeia already 310 BC. 

‘The today measured sidereal year with 365.25637 days has lengthened for whole 0.00875 
days, From this follows that the year increases considerably faster than the individual day 

It of course would be nice, if we could calculate the lengthening of the year, but 
unfortunately no data about the growth of the sun are available. 

If we proceed from the measurement of Aristarchos, without being able to verify or 
reproduce its reliability, then from that would result a going away of the earth from the 
sun for yearly one kilometre, then the sun should grow for 4.3*10"" tons per second. In any 
‘case the sun materializes mass considerably faster, as it loses mass in the same period as 
radiation equivalent, and that surely is correct (fig. 11.11). Today one generally assumes 
that ,since its formation the earth has gone away from the sun for in total 30,000 kan 


But if in the past the year consisted of less days and every day moreover was shorter, if 
therefore the biological life time was divided in shorter periods, then mankind could get 
older, then obtaining a biblical age possibly by no means was unrealistic. If Adam still 
should have got 930 years old, according to the I" book of Moses, then his lifetime 
already must have been quite long ago. While Abraham still did get'175 years old, no 
successor of him has reached his age anymore. In the Bible it is said: And the LORD 
said, My spirit shall not always strive with man, for that he also is flesh: yet his days shall 
hhe an hundred and twenty years". Today’ even the limit given by the LORD isn't 
reached anymore! 


= Ts the sun Toosing her Gravitation? Musirierie Wissenschalt, NeI, 1995 
<i>: Hermann Wild: Technologien von gestern, Chancen fur morgen, 
Jupiter-Verlag Bern (1996), ISBN 3-906571-13. Seite 22 
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Concerning the formation of our solar system 


The balance of forces (equation 11.42 generalized): 


centrifugal force = gravitational force 


My G-Man (2) 
T ro 


results in the cosmic velocity vi! 


we = Gan/r | (122) 


independent of the mass M of the satellite or planet! 


For vow falling back into the central mass m 
For vu taking the leave into space 
For vey stationary orbit 


written down for the n"” planet in the solar system: 
with r(n) =r, average orbital radius of the planet 
and v(n) =v, average orbital velocity 


as well as m, mass of the sun 


va = VGans/ta 


Yn = Gams/vate [0124 


Fig, 12.1: The first cosmic velocity ¥, 
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T,New cosmology 
Astronomy still hasn't satisfactorily solved the question of the formation of the solar 
system. I thereby however concems a central problem, because it includes the origin of 

the earth. But as long as we not yet have understood the relations in our nearest 
environment, the processes, which we observe with giant telescopes in the depths of 
pace, will remain a book with seven seals, wll lose models of explanation concerning the 

[Big Bang and concerning the so-called unavoidable heat exitus every reliability. 


12.1 Conceming the formation of our solar system 
2-8-1972 the observatories of the sun reported an unusual high solar activity and 6 days 
Tater a slowing down of the rotation of the earth occured, which was recorded as the 
lengthening of a day for more than 10 milliseconds. This effect hardly can be explained by 
the tidal friction alone already just concerning the energy balance. Instead this observation 
‘makes clear two things to mankind. On the one hand, how much our earth depends on the 

solar processes and on the other hand, that the changes by all means can occur not 
continuously, but periodically and if need be even sporadic. 

If, as a result of the conservation of angular momentum, the sun determines the orbital 
velocity of the earth, if it dictates the rotation of the earth by its neutrino activity and the 
growth of the earth and if the earth in the same manner determines the orbit of the moon, 
then it would be obvious that the moon originally has been a part ofthe earth and this in 

turn Sometime a part of the sun. As it came off, the necessary angular momentum then has 
been passed on proportionately to the celestial companions, with which the cause for 
evolution and rotation of their own would be clarified. In addition the moon goes away 
from the earth and the earth again from the sun, so that looking back it by all means would 
be obvious, i they once had belonged together. 

If we assume that cosmic dust particles meet and accumulate, then all collected rubble 
contributes to the rotation of its own of the forming celestial body. The more matter finds 
Together, the larger its force of attraction gets, the faster it will grow like a celestial 
vacuum cleaner. In the course of time this process however is slowed down again and 
eventually comes to a standstill, because as matter condenses, volume and spherical radius 
decrease and the rotation of its own increases to the corresponding extent. The celestial 
body rotates faster and faster and reaches at its surface the cosmic velocity vk, which is 
given by the mass m and the radius + of the star (eq. 12.2). Now the centrifugal force has 
feached an order of magnitude, for which the celestial body hurls exactly as much matter 
into space, as it on the other hand collects by its gravitational effect. 

Our sun was lucky to have been supplied with neutrinos in the range of influence of our 
galaxy. It went in resonance and started 10 grow, this time from out of the inside. It 
however could not yet shine, because a crust had formed on its surface around its core of 
fusion and ils manile, a crust on which permanently was falling cosmic matter from the 
outside. The increasing viscosity of the sun becoming compressed caused a slowing down 
of the core of the sun and the corresponding acceleration of the mantle and erust. 


24 ‘The birth ofthe planets 


Titius-Bode law of 1766: 


in astronomical units a with: Te = ate 


(r= 149 598 000 [km] average orbital radius of the earth) 


1 (by definition) 
1,52 (measured) 


Jupiter: veer a=5,2 5,2 (measured) 


Pluto: a= 7,2 39,4 (measured) 
circumsolar 

cloud of planets: | v=9 | a= 154 - 

ett? v=10 | a=308 : 


Table 12.2: The Titius-Bode series of the planets (the 
theoretical 
values compared to the measurement values) 
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Sometime our like mad spinning sun had increased that much, that the crust came off like 
the ,tread of an old car tyre" and was catapulted into space. The repulsion was achieved 
by the centrifugal force exceeding the gravitaion for the force of cohesion, which at the 
moment of the separation of crust regions suddenly tears off. Like snowballs the planets 
lulled off the sun's surface in this process and were hutled away. Their velocity of rotation 
at this time was identical to the cosmic velocity of the sun v, and with that for many a 
planet large enough to produce its own satelites out of its own surface, which perhaps. was 
rot yet completely ideally spherical 

With every planet, which the sun gave birth to, it gave away a part of its own angular 
momentum 10 its child as orbital momentum. Only {rom this time on the sun reduced its 
angular velocity steadily until this very day. By losing the erust it also started to shine 
‘openly, Thus atleast could ous solar system have been formed, 


12.2 The bieth of the planets 


From this observation various consequences result. If stars are observed, which are 
rotating very fast, then they either are very young, or they have no planets. Stars, which 
compared to our sun are rotating less fast, have given away the angular momentum to their 
planets and such, which hardly are rotating, have their planets already sent away into 
space. But if the last planet leaves its solar system and the sun stops to rotate, then the sun, 
Which meanwhile has grown to a red giant, without a, the spherical form stabilizing 
centrifugal force, will collapse. The supemova is the death of a star and thereby neutrinos 
are set fre, the material for new life 


After the coming off of the planets these first clear free their flight paths, by together with 
the sun collecting the flying around matter. Even whole planets thus can collide, are 
slowed down and form bigger units. Finally only some few planets in very particular 
‘orbits are left. Their average distance to the sun obeys in an until now completely 
inexplicable manner the Titius-Bode series (equation 125, table 12.2) 
In the case of the by the german scientist Titius 1766 formulated regularity it concems a 
rule of thumb founded purely on experience. But it is remarkable, that the planet Uranus 
‘could be predicted (Bode 1772) and after systematic searching also be found (Herschel 
1781) with it 

The most distant planets Neptune and Pluto however don't obey the law. Their distance 
should be very much larger. But this circumstance we already had given reasons for with 
the fact, that for them the resonating interaction already overlaps and exceeds the 
‘gravitation in ts effect (chap. 10.1 note” and chap. 10.5) 


The arbitrary seeming series of numbers 0, 3, 6, 12, 24, 48, 96, 192, 384, .. with a 
respective doubling of the value, starting with the 3, the addition of 4 and the following 
division by 10 at first are nothing but pure acrobatics of numbers, which now really has 
nothing to do with physics (table 122). A physical background can be supposed however 
because of the tried and tested applicability and that should be fathomed. 


256 “The derivation ofthe Titius-Bode law 


Orbital angular momenta J-o of the n* planet 


with: J= mr? and @=vo/tn? | So=mreve | a 


By using equation 12.3: equation 12.4: 
‘amounts the orbital 


angular momentum to; Jo |= mAGmsta = Gmim/va| 


dependent ‘On Tn on Ya 


change of the angular momentum (1* derivation) with the ordinal number n. 


Aa). -an-mg ea) 
4 Gm-ms: ar a 
d{J-o) 
dn 
with eq. 12.8: | d(J-o) 
van 
| 
By comparison of the left and 
after introduction 
ofthe constant; 1. 
N 
the differential 
‘equations read: Va. oe | 49 
2N dn 


and the general solutions: | r(n)=ra=tee*® | vin) = vn = vore™®, (2: 


‘The 1* derivatior fee eieare el 
het an 


‘and the comparison with | dn sa, ae 


eq. 12.13 and eq. 12.14: baie = cine 
an NO" 
determine the Se 
coefficient A: Ra YN |} = -1/2N . 02 
‘The result is for the average | for the average 
for a planet ‘orbital radius |] —_ orbital velocity 
in the nt orbit: | ory =m fl] vm = ve 
x(n) = ree |] vin) = veer? 
72) Ta 
Fig. 12.3 Calculation of the distances and orbital 
velocities 


of the planets 
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12.3 The derivation of the Titus-Bode law 


Even if Bohr's atomic model should be wrong, it gladly is compared to the system of the 
planets, The radii of the electron orbits mathematically result as eigenvalue solutions of 
the Schrodinger equation, and that we have derived from the fundamental field equation 
(chap. 5.1, eg. 15) (chap. 5.$ - $9). The orbital radii are calculated in increasing order in 
accordance with the sequence of whole numbers with n= 1,2,3,4, 

From the same sequential regularity of the planetary orbits can be derived, that they also 
obey the eigenvalues of the same fundamental field equation, which isn't called a world 
equation in vain. The quantitative distances fiom the sun are determined by the size of the 
sun: ifthe sun increases, then also all distances increase to the same exten 


Now result identical distances between the orbits from Bolu's model, whereas this 
distance in the case of the planets with increasing distance fom the sun gets larger. The 
reason for this unevenly grading ean be calculated just like that (fig. 12.3). 


We arbitrarily pick a planet, which occupies the orbit n, where m, again represents the 
sequence of whole numbers (a ~ 0, 1, 2,3, .) If the orbit of this a planet changes, then 
also its distance tothe sun #y~ (a) its orbital velocity yj v(n) and the orbital 
‘momentum Ju (12.7) are changed, 

‘We ty (as in equation 11.42, fig, 11.10) the balance of forces between centrifugal force 
and gravitational force (eq. 12.1, fig. 12:1) and solve equation 12.2 for the orbital velocity 
‘The orbital angular momentum of the planet written dawa once in its dependency’ 0m f 

and inthe right column next tit on Vg (eg. 12.8, fig. 12.3), is derived for the oxbital 

ondinal number no record the change in angular momentum (equations 12:9 0 1211) 


In fig. 123 the paths to the solution for both cases are given. For the average orbital radius 
rn) as well as for the average orbital yelocity v(a) of the planet an exponential course (eq, 
12.18 and 12.19) and in logarithmic representation a straight line (fig. 12.4) results. 


fen the orbits of the distant planets Neptune and Pluto, for which the Titius-Bode series 
fils, now are correctly reconded, so that with good cause can be claimed, to correctly have 
derived the regularity of the distances of the planes physically and mathematically. 


‘The hollow planet 


AE o=d 2. agp 5 6 7 ua 1g 
100 


(a) 


10 


Cae pee ee 2 8 8 

(ppm or hn port p ee 
i Pas ee ge ee 
2 5 8 5 2 

3 

x X without line (): values according to Titius-Bode 
———+# dotted line: measured distances 

drawn line: calculated distances 


Fig. 12.4: Representation of the distances of the planets 


[AE] 4 


result of the calculation: | r(n) = 0,3332-€ 
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12.4 The hollow planet 


‘The numerous accompanying moons of the big planets obey in the same manner as the 
Planets this regularity, so that for the found result every coincidence is excluded. The 
‘orbits of the moons of Jupiter (fig. 12.5), of the moons of Saturn (fig. 12.6) and of the 
moons of Uranus (fig. 12.7) in logarithmic representation ie almost on a straight. line 


Some orbits certainly are occupied several times, while many an orbit has remained 
unoccupied. Other orbits again are occupied by a ring of countless chunks of rock, so- 
called planetoids. Hest known representative is the asteroid belt (a = 4) between the orbit, 

ff Mars (n= 3) and that of Jupiter (a = 5). The Titius law requested the planet "Aster", but 
what one found (Piazzi, 1801), at first only was Ceres, the biggest representative of the 
small planets 

As a second asteroid, as they are called, was found (Olbers 1802) its discoverer proposed 
the explanation that both, Ceres and Pallas, could have formed ina cosmic catastrophe, 
which a bigger celestial body had suffered 

Perhaps the sought-for planet Aster actually had imploded after a collision and had been 
tom apart in countless fragments, of which today still more than half « million picces are 


fying around. Most of the fragments however have been collected by the neighbouring 
planets Jupiter and Mars. Also in the case of the moons of Mars and the outer moons of 
Jupiter it could concer scrap of Aster. Some presumably fell on the young earth and 
triggered natural disasters and let deep sears 


ean be imagined that the planct Aster was hollow from the inside and thus was built up 
Similar to the moon. Such a hollow sphere could have formed, if the sun, or in the case of 
the moon, the earth still was rotating with the cosmic velocity and as a result of the 
centrifugal force at the perimeter parts of the crust came off as connected sheets and rolled 
up toa tube. 

‘The fast spinning tube then remodels into a hollow sphere with openings at the poles. In 
the inside of the sphere, near the equator, protected conditions and the best prerequisites 
for an undisturbed development, for instance of intelligent living beings, are found by the 
way. Apart from the advantages the hollow sphere however has as a fundamental 
disadvantage, that the normally protecting shell in the case of a collision with a bigger 
celestial body can becomes instable and can implode. 


In the ease of the moon the pole openings in the meantime are closed and a presumed gas 
pressure in the inside in addition provides stability. The wall of the spherical shell 
however is mot evenly thiek, so that the moon all the time turns the same, namely the 
heavier, side towards the 


th. In view of the seismic measurements of the Apatlo- 
missions, which revealed an extremely small damping of the ground of the moon (chap. 
119, note <i>), we should look after our moon well, because a comet, which lets the moon 
implode, would be able to bring about more damage on earth, than if it would hit the earth 
directly, 


Should there exist a hollow and possibly even on the inside habitable planet in our solar 
system, then surely Satur should be considered, Its density is smaller than that of water, 
s0 that water would be distributed over the inside area of the hollow sphere, if it would be 
existent. One should examine more detailed the extremely flat pole regions of Saturn for 


possible openings! Also Uranus and Neptune ate possible candidates. This only is thought 
asa idea 


Concerning the formation of the universe 
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100 
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1 
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a 
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& Ss 
—e—+— dotted line: measured distances 
— drawn line: calculated distances 
in position stand: Leda, Himalia, Lysithea and Elara 


in position n = 10 stand: Ananke, Carme, Pasiphae and Sinope 


Fig. 12.5: The distances of the moons of Jupiter 


haere 
Result of the calculation: | r(n)= 67608 "7" ii) 


slots to chapier 125: 


(tise we observe as and cll common Te nothing but a wnucuared state of 
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12.5 Concerning the formation of the universe 


‘The widespread concept of an expanding universe bases on the observation of a red shit 
of the spectral lines of galaxies, which increases with theie distance. As the physical 
explanation for the diseovery of Hubble, the Doppler shift for alight source, which is 
moving away from us, is used. But this concept of an against the attraction of the 
gravitation taking place expansion is nothing more than a work hypothesis, 


‘The by Christian Doppler in acoustics investigated effect teats the observable shift in 
frequency, if the source of sound or the receiver is moved with regard to the medium of 
propagation. But according to today's version there doesn't exist such a medium at all for 
light, because Einstein has abolished the concept of the aether. According to that the 
Doppler effect neither canbe applied to changes in light frequency. 
In the case of the expanding universe, for a decrease of the density and the tracing back to 
1 Big Bang, it therefore should concem a misinterpretation! 


Here another effect has to take effect, which one is not yet larfied. Perhaps the changing 
field relations of the observer environment play a role, after the earth moves away from 
the sun. But perhaps the galaxies only influence the propagation of their own light, or the 
light ray on its millions of years lasting way through space slightly loses energy, what is 
expressed by gradually increasing ils wavelength and shifting its spectrum towards the red 
frequencies. 

‘The hypothesis of the Big Bang moreover contradicts every causality. It is not able w give 
tan answer concerning the origin and the future of the universe and on the question of the 
origin of the energy and the particles. With that its physical value of explanation goes 
towards ze. 


If we again hold the theory of objectivity against the theory of relativity (part 1, we con 
to quite other answers. Here apart ffom the waves also vortices are found. Specially in the 
case of the spherical vortex a part of the wave power is enclosed in the inside, so that 
looked at from the outside a irom zero differing energetic state results, which even is 
accessible measuring technically (chapter 6.2) 

Wave and vortex are two possible forms of state, so that for the conversion of one state in 
the other state at first no energy is necessary. The change of state depends on the local 
field relations. 

If we assume that in the beginning the cosmos was fee of energy and particles. Then the 
first vortex. was a possible product of chance with an infinite extension. This first spherieal 
vortex, which was contracted under the potential vortex pressure, gave structure 10 space, 
gave itenergy and field and took eare forthe rolling up and formation of new vortices. 

Tr ean be assumed, that even today new particles continually are being formed in the fringe 
areas of the infinitely extended cosmos, which fly towards us and in doing so contract 
‘They are attracted and at the same time shrunk by the fields of the eelestial bodies. They 
form the source of all matter and energy for our observable universe, which permanently 
is changing its structure. Because the same oscillation with reversed sign is enclosed in the 
inside of the spherical vortex, the sum of the energy present in the cosmos is exactly equal 
to ero, With thatthe question concerning the causality is superfluous. 


262 Counter examples concerning the 2! law of thermodynamics 
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straight line: calculated distances 


Fig. 12.6: The distances of the moons of Saturn 


Note to chapter 12.6 (24 law of thermodynamics“); 


[Heat cannot completely be transformed 
linto mechanic or electric energy. 


=! see Blectzomagnetic environmental compatiblity, Part 1, fig. 84 


New cosmology 263 


‘The formation of the universe also can be explained causal and completely without @ hot 
Big Bang, even if a supernova surely represents something like a "local Big Bang" for the 
concerned celestial bodies, According 10 the observations of the sky expansion and 
contraction, explosion and implosion occur everywhere in form of oscillations. 


On the whole the expanding universe, which once was in thermodynamic equilibrium with 
‘matter, should cool down further and further. But stop, the 2 law of thermodynamics 
{eaches one just the opposite. If the entropy only increases, as the law dictates, then the 
‘whole universe should end in a heat death, just as mysteriously and inexplicable, as it 
should have been formed with the Big Bang. Perhaps something is wrong with the law 
(ig. 8.4)? 


12.6 Counter examples conceming the 2™ law of thermodynamics 


‘Most likely a small experiment convinces us. We heat two spheres, one somewhat less, the 
other somewhat more. Then we focus the heat radiation of the less hot sphere with help of 
a parabolic mirror and point it t0 the hotter one of both. That as a result becomes hotter, 
‘whereas the colder is cooled down. The heat thus has flown from the colder to the hotter 
sphere. I it allowed todo that? 

According to the 2% law of thermodynamics it of course isn't. There the heat always can 
fnly flow from the hot to the cold sphere. But in this primitive experiment it measurable 
and verifiable flows in the wrong dlection. Here the entropy, which is said to always only 
‘norease, actually decreases. Here entropy is being destroyed! 

Shall we now let the carrying out of the experiment be forbidden under threat of penalty or 
shall we secretly put the law of entropy to sleep? It can't be denied that this law until now 
has quite well helped us along, at least for terrestrial processes, at least if one dispenses 
With the, poor inventors, whose inventions offend against the since 100 years tried and 
tested 2"! law of thermodynamics. They haven't really arrived at the patent office at al 
then they already are outside at the door again. Such inventors with thei illegal behaviour 
even today must feel like criminals, 


Just what that observed experiment can, each refrigerator and each warmth pump is using 
as well. And it is not an isolated case: also our sun clearly functions and operates illegally! 
The surface temperature amounts to only $800 degrees Kelvin and supplies the 
atmosphere of the sun with energy. The energy thus flows from the sun to the corona, and 
that is with values above 1,000,000 degrees Kelvin for some powers often hotter! 


Only the vortex concept resolves the many question marks without compulsion. In the 
case ofthe sun certainly Vortices ate at work. Here the high temperature in the corona 
arises asa result of vortices falling apart. We also speak of eddy losses, The transport 
takes place by heat radiation, exally as in the experiment with the two spheres 

‘The possibility exists therefore in Vortex processes as well asi technical cece processes 
that heat could flow from the colder tothe hotter sphere. Whether this isan offence 
against the law of thermodynamics, is in the end a question of iterretatin ofthe lw 
and upto the opinions of the scholars, 
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Fig. 12.7: The distances of the moons of Uranus 


Note to chapter 12.7 (law of entropy): 
[The entropy of a closed system never can decrease. It is| 


lincreased in the case of all irreversible processes. In the case| 
lof reversible processes it remains constant. 
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12.7 Entropy destroying potential vortices 


Vortices in addition can amalgamate to balls and to planar vortex systems (49 and 4.10) 
In that case similar consequences, as they can be observed in flow-technical potential 
vortices in hydrodynamics, can be expected, As a result of the concentration effect (4.1) 
and because of the consérvation of angular momentum an increase of the velocity of 
rotation of the vortex occurs. Like in the case of the pirouette in figure skating a 
spontaneous acceleration of its own is observed. In that way the kinetic energy of the 
system is inereased, and that has to come from somewhere 

If we don't supply the contracting vortex with any additional energy for the increase of its 
rolation of its own, then as a source of energy only the heat energy is lef. For this reason 
every contracting vortex generally converts heat in kinetic energy, it therefore cools down 
its environment! It moreover destroys entropy and offends against the 2" law of 
thermodynamis (ig. 12.8) 

It isn't an accident, if in the inside of a tomado it starts to hail. The whislwinds really 
furnish visual instruction of the contraction and acceleration of their own of ring-like 
vortices. If then, even in tropical regions, hal stones are formed, the cooling effect has 10 
come ffom somewhere, and it can be assumed that the vortex withdraws the heat energy 
from its environment (calculation in fig. 128). 


If in specialist books is talked about matter or stars condensing, then vortex physies 
teaches us that they in reality are contracting and by doing that cooling down. That also is 
valid for whole galaxies. We owe solely the voriex laws that the continual heating by 
absorption of radiation is prevented and our sky in the night is dark and doesn't shine as 
Tight as day. 

‘The cosmic background radiation, which as a result of vortices lies at almost 3° Kelvin, 
actually can only be given account for with a contracting of vortices of the Milky Way 
galaxy. If the cooling down in a compression resp. condensation process has arrived at 
absolute zero, the vortex becomes stationary, the contraction becomes dependent on the 
inradiated energy or it wholly comes to a standstill without supply of energy. An example 
for that is earth's inner core, which at zero Kelvin ean't contract further. 

From the point of view of causality it is suggested that we galactic and perhaps even 


cosmic to a large extent are in thermodynamic equilibrium, completely without Big Bang 
and heat death. 


Numerous inventions, as mentioned, are based on the principle of converting 
environmental heat in useable energy by contraction of vortices. If however the inventors 
don't know the vortex laws and if they have developed their concept empirically and less 
physically, then it very oflen happens that erroneously gravity is made responsible, then is 
talked of gravitational converters, of the use of a gravitational field energy. But the 
inventors don't do themselves a favour with that. 


<5 Ta the seminar Wis desired to Think about this. Doing so the philosophical 
faculty may feel as well addressed, as the sandpit of physics, in which 
completely unsuspecting is played and juggled with Big Bang hypotheses by 
ignoring all physical regularities and every Common sense 
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Evidence to counter: 
planar, contracting ring-like vortex 


conservation of angular momentum: Jo = mrv=constant| (i 


conservation of energy: Eun = %4 mw? = constant ( 
defore (ri, vi) | afterwards (ra, v2) 

contracted (r2 <r mrivi > mv fr 

with the consequences: vali tonite 02 

an 

Kinetic energy: Exo = omy? $ Bua = mv? & 

increase of the 

kinetic energy: @ Bw | ve _ |, 
a 1 WP ee 


notice: Because ofthe change in enerey’heat no adiabatic change of sate? 


change of volume: Bi F. 
with V = nth Va q 
notice: Because of the change of volume no. of state! 


assumption: isobar change of state (with p = const, Gay-Lussac) 


result: Tl VL wt on? 
(wortices of gas) Te Va vi 
involved with the: |__— 


* acceleration v2 >, is the contraction of vortices ra<t1, V2<Vi 


+ withdraveal of heat Qa Qi = 
* and entropy destruction: | S$ = Comin @ = Cpmin (2) «23 


Fig, 128: The cooling and entropy. destroying effect 
° contracting tential vortices 
(Calculations conceming chapter 12) 
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13. Recording of space and time 


If observations should force us to touch the sacred physical laws, then we should frst of 
all judge our measuring technique critically of all sides and bring it in an usable state. 1 
suggest, we start completely from the beginning with the devices, with which the 
dimensions of space and time are recorded, with the tape measures for the measurement of 
length and the chronometers, our clocks. 

We must find out, why comets are slowed down if they approach the sun like by the hand 


of a ghost and in going away again are accelerated, although no forces at all act on the 
celestial bodies from the outside 


We must find out, why in mines deep under the earth another value for the gravitational 
constant is being measured as on the surface of the earth”. The results hardly can be 
imagined, ifan universal constant should lose its constancy 

Thereby ‘can Newtonian mechanics and the well-known laws be used very successfully 
from today’s point of view, as the derivations in the last chapters have shown. We even 
could verifiably and mathematically correct calculate the growth of the earth and the solar 
system with them. The physical laws in the normally used formulation in spite of that 
seem to be bound to certain limits. Some observations contradict all experience. 


SETH Schulz Eine Kontanis verian thre Konstanz; news Experiments nabren 
Zweifel an Newtons Graviationsgesez, Die Zeit Nr 40 vom 38.0997. From it 
{he following quotation (ranslted) 

[Ht already is suspected for several years, that a fifth force could exis, this 
Suspicion goes back to exact measurgmenis of the gravitational constant Gin 
‘Auswalian ‘mines and’ shails. Physicists of the. University of Queensland 
Brisbane had determined, that © for measurements undemeath the carth is 
about one” percent larger than ‘the comresponding. since centuries in 
inboratories determined size. Their proposal fr explanation, ‘namely a fiflh 
repelling force, at frst met with sHarp disapproval: Bat an’at 21 august in 
the journal Science (Bd. 23787, . Rel) published work which bases’ on 
‘measurements ina driling hole in Michigan, confirms the Australian data” 


<ii>: Already the nobel prize winner of physics, Lenard, pointed to the 
circumstance, that the felativistic representation of the astronomical 
aberration is incorrect, after no distinguishable aberration could be observed 
at binary stars, as it had been expected. With that Lenard by the way also 
has confirmed the existence ofan aether. 
P. Lenard, Annalen der Physik, Bd. 73, S. 89 (1924) 


268 


S-V: indication of month, 
(rotating) 


A: inlet 
G: swimmer 


E: outlet 


Fig. 13.1: The water meter of the Ktesibios (approx. 250 
BC) 
(with regulation of the water-level) 
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13.1 The measuring technical debacle 


We are standing for a measuring technical debacle, because we have fixed our calendar 10 
the rotation of its own of the earth, We call a 360° tum a day, divide it in 24 hours of 60 


minutes each and every minute in 60 seconds. With that we determine the duration of a 
second. 
A clock according to this definition only then is exact, if it follows the changes of the 


earth to the same extent. Obviously this in particular is the case for atomic clocks. An 
objectively seen precise going clock however would land at the waste disposal site as 
completely unusable, 

Alter all nobody wants to know, how late it really is. Everyone only wants to find 
confirmed his subjective feeling, and our experience of time simply is directed after the 
course ofthe sun, thus afte the rotation of the earth! 

For the moment and as an approximation also for the life time of a person, this 
determination of time may be sulficiently exact, but seen over larger periods of time, one 
doesn't get around a conversion. Actually the 200 million years since the beginning of the 
Creation on the mentioned primeval hill are considerably less long ago. ‘The carth and the 
\whole sola system are very much younger, than Was assumed until now! 

If we as an example again take the cited research group of the University of Arizona 
(chap. 11.10), which by means of an analysis of sediment formations have found out, in 
accordance with our calculation, that 900 million years ago a day only had 18 hours” 
Such traces in geological deposit layers can be very informative, if they are analysed 
corretly, since here the measurement technician himself is not subject to the process. He 
stands outside and hence can exactly measure the time difference. 

Ia geologist of that time had looked at his watch during the formation of the layers, then 
a day obviously would have had 24 hours, and he wouldn't have been able to understand 
the whole excitement at all, The accusation, he would suffer trom chronic blindness 
caused by his job, he of course would repel resolutely. Can you now imagine, from which 
disease our science of today suers? 


‘Our chronometer are nothing but the improved model ofa sundial™. 
We live in the dimensions of space and time, but we quite obviously have the biggest 
possible difficulties with the dimensioning of both. Possibly we already aren't capable of 
that at all by principle. Most suitably we clarify the situation by means of examples 
ceoncering the two problem spheres. 

Let us at first stay at the dimension of time. It may have become clear, how problematic 
the chosen determination of the time scale in seconds is and which contradictions can 
result if larger periods of time are considered More and more often science fiction authors 
romp about on the playground of time, fantasize about some time travel, or they 
cecasioally make jokes about it 


900 million years ago a day had I hours, Washington (dpa) 1997 
‘There also exist models, of which is asserted, they go according to the moon. 
‘A passenger, who got on the 10 o'clock bus, passes by the church steeple 

clock, which only reads 5 to 10 and curses: Damn, I took the bus in the 

‘wrong direction! 
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Centrifugal force 


he = (m/Ri(veuij) = mRYoe +o)? 


with: R = 6378 [km] (radius ofthe earth), 
ve = oR = 0,465 [km/s] {rotational speed of the earth), ¢ 

We = oR = ©R/to (peed ofthe plane) 

and: ts [s] (duration of journey) 


energy of the moving steering quanta: 


R R 
Er2 = JFi2dR = mJRlortoydR = 
° ° 


Big =f mRi or + of? = mie = op? 


energy balance (generally of a quantum of radiation): 


ingeneral: E = h-f= me? resp. (m = hé/o 
and (OL 4mit 0) 

= | Bie = = wi? /(2e3, 
AL/f = Ati2/to resp. Ati2= teAf/f 
(eq. 13.7 inserted into eq. 13.8) 


specifically: 


resulting in: [tia = bve=we/2-2)| 
time of travel around half the earth: t. = =R/v 


results in a difference in going of: At = Ati - Ate aa 
At = [(ve + vo? (ve - v#2}eR/(vr2-c2) «3a 

result =n " 
calculated: | At = 2vewR/e? = 207 [ns] | 313) 
Wess Lea | 
measured by Hafele and Keating’: _214 [ns]! 313) 


Fig. 13.2: The difference in going of two atomic clocks | 
(caesium resonant clocks) | 


[Br Hafele Keating Experiment, Oltober 1971; «a W. Bauer: Klassleche Physik 
Graphia Druck, Salzburg (1975), Eigenverlag. 
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13.2 The clock paradox. 


‘The theme time dilatation” in connexion with the particle decay already has been treated 
(part 1, chapter 6.20). It has been shown, that a fast moving and with that length 
‘contracted particle to exactly the same extent (Lorentz’s square root) becomes more stable 
and longer-living. If relativists pack an atomic clock based on radioactive decay in a plane 
and detect a difference in going between the one, which has been flown around and a 
second identically constructed clock, which has stayed at the ground, then they have with 
that detected experimentally avery ‘small length contraction, which really occurred, and by 
‘no means a time dilatation, as they claim, 


Now we in addition owe Einstein, that the aether has been abolished and from that 
follows, that it ean play a role in which direction the plane flies. If therefore both clocks 
are taken along each in a separate plane, one plane flying to the west and the other to the 
‘cast, both planes meeting again for the first time on the other side of the globe, then 
according to Einstein's theory it shoulda’t be possible to determine a difference in going, 
if both planes constructed identically were on the way with the same velocity. But this is 
not the case! 

Actually a difference in going is measured, which however can't be calculated with the 
theory of relativity, yes, ‘which is completely incompatible with this theory and clearly 
borings anyone to the eye, that the effect actually can't have to do anything with a time 
dilatation, thatthe moving elocks merely go wrong and we have to ask us, why’ 


These experiments were carried out with atomic clocks, which are constructed as caesium 
resonators and work with an exactness of one second in 300000 years. AS a resonator 
serves a quartz crystal, which is controlled by an ion current of caesium atoms, which 
have lost their outermost enveloping electron. The system is fed back, because the 
oscillating quartz controlled by the caesium ions again adjusts the caesium vapour by 
radio wave and finally its own atomie controlling current (lig 13.7) 


The reason for the measured difference in going is seen in the field and here specially in 
the different gravitational field. The centrifugal force directed opposite to the gravitational 
force at least is not the same, because for a westward flight along the equator the speed of 
the plane vy should be sublracted from the velocity of rolation of the earth vg, whereas in 
eastward direction it should be added (eq, 13.1). 

For the steering quanta supplied by the caesium resonator now the energy balance is put 
up (135 with 13-4) and the change of the reference frequency is calculated (13.7). With 
the change in frequency is connected directly a change of the at the two clocks readable 
times 1, (13.8). For a joumey around half the earth, where one clock is flown westwards 
tnd the other one eastwards, the difference in going should, according to the calculation, 
amount 10 207 ns. Interesting of the result (13.11) undoubtedly is, that the velocity of the 
planes doesn’t play a role. Its cancelled out 


October 1971 caesium atomic clocks were sent around the world in scheduled planes in 
the Hafele-Keating experiment. To be able to estimate the inaccuracy in going of the 
clocks and with that the measurement error, four clocks were used. Between the westward 
jourey (273 47 ns) and the eastward joumey ($9 410 ns) a difference in time of 214 
rnanoseconds was determined, This under strict scientific conditions determined result 
fonce more proves the correctness of the theory of objectivity by confirmation of the 
calculated value. That however is not valid for the special theory of relativity, because that 
doesn't appear in the calculation at all! 

Who now believes, we would have less problems with the dimension of space, I must 
disappoint. The determination ofthe linear measures equally ends in a fiasco. 
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radius 
of the earth: R = 6378 kan 


shaft depth: a= 1,3 km 


measured change in 
length: x*=20.9. em 
(lengthening) 


measurement: b* = a+ x" 


expected: b= a-x 
error: aaa xt tx 
das 474m 


‘The Tamarack mines experiment 


b = a-x = aRa)/R 


x= a-ata/R = 


22265cn 


(hort 


Fig. 13.3: Expectation and measurement in the Tamarack mines 


(The curvature of the earth and the length of the shaft a 


are drawn strongly exaggerated for clarification) 
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13.3 The Tamarack mines experiment 


[As long as the ,f001 measure" depended on the shoe size and the ,cubit" on the forearm 
of the tailor, the world still was OK. The sciences however request a reproducible quantity 
for comparison, and that can be fetched at the Bureau International des Poids et Mesures 
in Sevres near Paris. The original meter is a Platinum alloy. Because the length of the 
metal always depends on temperature, it is stored at a constant Kept temperature of O° 
Celsius. Now there in addition still exists a field dependency, an electrostriction resp. 
rmagnetostiction. And how is the measurement bar behaving, i the earth grows and the 
density increases? Is it then shrinking just like other objects in its environment? At this 
Point already chaos is proliferating 

‘The newest definition of the length measure meter acts as a blow for liberty and thus 
smarks the abyss, at which we are standing: The length is determined by means of a 
measurement of transmission time of an electromagnetic wave, eg. of a light signal, It is 
suid that with this determination a higher reproducibility should be obtained. 
Actually a photo optical facility to measure length is as exact as the builtin facility 10 
‘measure time, and there we use it again, our sundial. In addition a constancy of the speed 
of light is taken as a prerequisite, and that is given in meters per second. From a change of 
the speed of light for forinstance 10% a change in length for 10% as well would result 
Because we see this process with the help of our eyes as well with the speed of light, we 
never can see the change. We neither can technically measure it, because all gauges we 
construct are built up corresponding to our sensory impression. We ourselves have 
shovelled the hole, in which we fal 

Only if we succeed in taking a neutral standpoint outside of the events, the true relations 
will become visible to us. For the field dependency of the space measures avery clear 
experiment has been carted out, of which I now want to report 


1901 the French government was offered the possibility to carry out an experiment in the 
shut down Tamarack mines near Calumet (Michigan) with the goal to determine the 
diameter of the earth more exact. For that the geophysicists let down two plumb-lines of 
27.2 kg each in two perpendicular winding shafis, which were at a distance of 1.3 km from 
tach other, The plumb-lines were tied to hardly expandable piano wires of as well 3 km. 
length. It now was expected, since the plumb-lines hung in direction of the centre of the 
earth, that in a linking gallery between the two shafls a length of (1.3 - x) km should be 
‘measurable, From the shortening x one wanted to infer the diameter of the earth (ig. 
133). But it came completely different, 

Instead of a shortening a lengthening for x = 20.9 cm was measured in the gallery! The 
point of intersection of the lines through the two shafls had to be aot in the inside of the 
earth, but in space! Immediately ,,hollow earthers" appear, who claim we would live on 
the inside of a hollow world”. Perhaps one should shoot them to the moon, because from 
there the earth without doubt is seen as a sphere. Obviously we aren't dealing with a 
surprise of fai, but with a fundamental measuring technical problem, 


Tor that see also pat 1, chapter 611 and 6.12 
>: hitp:/www.10.0r at/subrise/hollow:him, 
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Field dependent linear measure 


Volume of the globe: V = (4/3)0R° (ail 

and of the inner sphere 

in depth a: Vor (4/3) (Ray? oat 

resulting in the : 5 = 

relative change: (SV =YVen 1. (R@yp 2-2] cat 
Vv R 

from m = Vp fora constant density p (a 

and; m = g/VG4nn = AwHNG4ru (3: 

follows: [ima VS Hl ai 

resp. the 


relative change: 


1-0-RP 


According 


and the 


to the theory of objectivity the length of the 
measurement wire is field dependents with: 
Hija] and [fi ~ ifeaae| 323) 
a_p- 
(aor for 


relative change: 


Shortening of the 


equations 13.22 and 13.24: 


rule Aa is calculated from the comparison of 


AH Goq-2 is wee 
nH Bee = (1325) 
Aa = a(i-1/2-G-a/RP) 0326) 


‘Aa = 40 [cm] (result of the calculation] 


Aa _=_47 [cm] 


Fig. 13.4: 


(measurement value 
for comparison, 1315) 


Calculational verification of the measured shortening 
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13.4 Field dependent linear measure 


If-a measurement result delivers just the opposite, as was expected by the experimentators, 
then the layman is amazed and the expert is surprised, at least at first. But then, out of a 
feeling of panic, the whole view of life could collapse, as many as possible scientists and 
renowned professors are being informed and integrated, if they want it (Prof. McNair) or 
rot (Prof. Hallock, Columbia University) and eventually the matter is buried thin! class 
and a guise of silence is spread over it. The censorship of the scientific making of opinion 
in advance doesn't permit publications, which are not in accord with our view of life, out 
of the aninsal survival instinct 


A science, which deserves this name, should look different. There it must be permitted, 10 
‘ask questions and to publicly discuss about it 

T proceed from the assumption, that the earth is a sphere, which we inhabit from the 
outside; T have no doubts about that. With this as a prerequisite there is only one possible 
answer to the Tamarack mines experiment: The 13 kilometres long measurement wire, 
Which in the gallery in a depth of 1.3 km had to jut out for 26.5 em, instead is too short for 
209 em, fiom which immediately follows that it, howsoever, is shrunk for 47.4 em in the 


t of course the experiment was checked for possible measurement errors. The shafis 
were covered to exclude any draught. The measurement path was optically checked, but 
the result remained unchanged. But if the cause for the unexpected result doesnt lie in the 
experiment, then theoretical physics is addressed, afterall itis still the experiment whi 
shows us the physical reality and not some theoretical model concept 
In the 1* part of the book already the derivation of a useful explanation is found: The 
speed of light and with that also the linear measure depends on the field”. The 
measurement wire accordingly gets shorter, if it is exposed 10 a larger field strength (cq 
1323). We can verify the measured shortening ealculative (fig. 13.4). 
For that we at first determine the change of the field strength, as itis to be expected in a 
depth of 1.3 km. We here are dealing with the closed Hf field lines, which are responsible 
for the gravitation. In a past derivation it has bee shown, that a gravitating mass ean be 
converted into a magnetic field”. Between a mass m and a field strength H hence exists a 
proportionality (13.21), in the same way as between the same mass and its volume, if a 
constant density is present (13.19). 

‘The result accordingly is a relative decrease of the volume of the earth and the 
corresponding mass being under the measurement place, as well as a relative decrease of 
the radial component of the field strength, but a cortesponding relative increase of the 
tangential component ofthe field for 0.061% (13.22 with 13.18) 

In the gallery the measurement wire however is spread out in the direction of the 
tangential component of the field lines, and that shortens the measurement wire as a result 
of the field dependency of the linear measures” (13.23). From the above increase in field 
the calculational shortening of the rule for 40 cm results, which compared to the 
measurement result also, should be rated as a confirmation of the theory of objectivity 
hic was taken as a basis"! 


Example K_ Meyly Potentialwirbel, Bd I, velerence entry /S/ 
for that see also part 1, chapter 6.6, equation 65 and chapter 6.10 
K. Meyl, Potentialwirbel Band 2 (1992), page 27, equation 20 
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Fig. 13.5: Rise of the earth over the horizon of the moon 


Mitton, S. (Herausg.): Cambridge Enzyklopadie der Astronomie, 
Orbis Verlag (1989), note: No star is Seen! 


nees in part 1, chapter 6.9 
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13.5 Experiences from space travel 


‘The good correspondence of the calculated shortening of the measurement wire and the 
until now not understood measurement in the Tamarack mines shows both qualitatively, 
and quantitatively the correctness and useful applicability of the theory of objectivity of 
the field dependeney of the linear measures. Our measurement laboratories normally” are 
situated om the earth's surlace and there everywhere are found approximately identical 
field relations. But if we leave the usual measurement environment and move the 
lnboratory for instance in the sky, then we experience a complete mystery. Here however 
prevail the reversed conditions as in the mines experiment, in which inthe inside of the 
earth, for an increase of the feld strength, a length shortening was measured. In the sky the 
field swengths decrease and the linear measures correspondingly increase 
‘This experience astronaut Roosa made in the Apollo Id mission. While he alone in his 
capsule orbited the moon he depicted mission contol, he could see the lunar module and 
observe his two colleagues at their work on the moos. Nobody wanted to believe the 
Asieonau, since he Was lying i a height of 180 kr! 
Commander Aemstrong (Apollo 11) at the fist landing on the moon indicated, the target 
crater Mackensen, 4.6 km in diameter measured from the earth, just has the size of @ 
eld! Astronaut Seott (Apollo. 15) called Mount Hardley, which is said to be 4.8 

practice hill for skiing. Perhaps they somewhat have exaggerated, but a trie 
tatements always is present! 
‘Actually the gravitational field of our satellite is very much smaller than that of the earth 
On the surface of the moon there is only one sixth of the gravitational pull of the earth. 1 
we, to be able to compare, stick to the details of size, as they are measured by our 
Tnboratory on earth, then the astronauts on the way to the moon together with the lunar 
module and their rover had grown for a factor YG,then the first footprint is 2.5 times as 
large as on earth, then the asonauts were moving like giants in the scenery of @ model of 
the railroad (eg, 1323 and note 14), 
On the moon there exists almost na almosphere, for which reason the astronauts had 
imagined a wonderful view of the star-spangled sky, at least before they stated. After the 
landing they were bitterly disappointed. The sky was black and not one single star could 
be seen! They have brought many photographs, but nowhere stars have been 
photographed, they apparently have moved outside ihe range of vision (lig. 13.5 and 
36, 
Many will still remember that the first pictures, which the space telescope Hubble 
supplied 1990, were completely blured. The problem obviously was, that the mitrors had 
been adjusted on earth and not in space. Only after the optics had been given glasses in 
1994, sharp pictures could be radioed to earth. Somehow the distance to the stars had 
changed, The telescope had become shortsighted, resp. the distance to the str-spangled 
Sky appeared to be gotten larger. We already know why. If we remove us from the 
gravitational field of the eamh, the field strength decreases and the observable distances 
increase! The highly sensitive telescope already sufficed the 3% deviation, with which 
should have been reckoned for the near earth bit, oe fatal 
One should have familiarized the astronauts before with the laws of physics. Then this 
disappointment would have been spared to ther, and in the case’ of the Hubble telescope 
the NASA and the european ESA could have saved a lot of money for the sake of the 1ax- 
pain population 


27a Spherical aberration 


Warum sieht man am Himmel keine Sterne? 


enschaft Nr. 11 (1997) Page 62 


Fig. 13.6: Illustrierte W 


Ist example: landing on the moon 
gravitational 
ill of the earth ge. M/R M Rn 
“pull ofthe moon ~~ gm" “iia/Ra?” ma’ RE ~ ©0378 


in space everywhere on the surface of a sphere is valid:A = 4aR8 
eq, 13.20 (fig. 13.4<iii>):m ~ @ = AB = 4nR2uk ~ RAHl 
as well as eq, 13.23 (fig. 13.4<ii>) for the field dependency: H~ 1/P 


and further: 
= & He Wa? 32 
60375 = = FE = Fe 0228) 

resulting in the length dilatation (expansion) on the moon: 


| Trond tena = Y6087S = 2.487 [osm 


2™ example: communications satellite in a geostationary orbit 


(at h = 36000 km above the equator, R = 6378 km), 


a 
i ue 6.4 1339 


Fy R 


Fig. 13.6 b: Examples of calculation for length dilatation” 


<i>: If the theoretical value of 6.64 could be quantitatively confirmed by 
observations from off the earth with a telescope at a corresponding 
magnification, then with that would have been proved, that in the case of the 
spherical aherration it actually concerns the calculated influence ofthe field 
U. Seiler-Spielmann: Das Marehen vom toten Mond, Zeiten Sehrift 5/94,8.39 
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13.6 Spherical aberration 


It is tne thatthe problem of the changed length relations is known tothe experts under the 
term of a "spherical aberration", But with that itis neither qualitatively nor quantitatively 
undersood. Only the theory of objetvity soundly gives reasons for, why the astronaut 
Rosa has seen his colleagues almost 3 times as large, why weather saeites in a height of 
1500 km are approx. 25% lager and why communications satelites in, a 36000 km. high 
‘geostationary orbit even increase to the 6.64 fold of theit original size". It also explains, 
Shy the neutral point between earth and moon, at which the attraction of masses oF both 
celestial bodies mutually cancel, wasat reached at the point where it had been expected 
by the moon rackets" 
We, the inhabitants of the earth, are adapted completely to the conditions on the carts 
surface. If we find our way well in the dimensions of space and time, as we observe them, 
then that must not be valid By all means for scenes, because that has made it ss business 
to find out the seres of nature 

IF it wants to deserve the name science, then st on the one hand has to consider, that we, 
the organic materials, as well as all inorgonic materials are assembled fom the same 
atoms and molecules and with that ate exposed to the same length relations. If changes in 
Tenath between day and night (28 result of the gravitational fie of the sun (see. chap 
6.7), between summer and winter or as a result of changes in field occur, then we arent 
able to register ths at all. Tha even today the fot” is used as a measure, for instance in 
the air traffic, shows only too clearly, how maa raises self to the measure of al things 
Science asks for modesty! 
On the other hand it should be paid tention to the fact, that man eyes everything with 
speed of light with the opies of his eyes, and that speed by ao means has to be constant 
Solely the definition of the speed of Hight ¢ as a linear measure per unit of time points to 
the det propentionaiy between cand length 1 (se chapter 6.3) 

e=1} (331) 
Ii a rule has proven to be unusable for measuring @ distance, then we'll experience the 
same disaster, if We measure optically, Le. with the speed of light. Obviously both, the 
iength I and the speed of light € depend in the same manner on the respective local eld 
strength. On the one hand both measurement techniques lead to the same resll, but on the 
oer hand what can't he measured with one method, neither ean he measured with the 
oie. 
To. prove the constancy, it is normal to measure the speed of fight optically. But since 
there exists-a proportionality between measurement variable and measuremeat path ($3), 
the unknown variable is being measured with ise. This measurement faulty by principle 
in all cases delivers a constant value. In contrast tothe textbook opinion of today by 10 
tmeans  consancy of the speed of ligh can be assumed. In the case of the ina vacuum 
measurable 300,000 kms st concerns a capital measurement emor, at Best a coniant of 
measurement, but never ever a constant of nature! 


With the postulate and the misinterpretation of a constancy of the speed of light as a 
universal constant of nature Einstein already let several generations of physicists run into 
the same dead end, in which they today are stuck altogether. It surely is no accident, that 
the big time of discoveries abrupt came to an end with Einstein, 


200 Irony of the measuring technique 


[The radio waves 
lchange the direction 
lof rotation of the 
polarizer: lenveloping electrons 
magnet sorts out lof the Cs atoms 
atoms with unwanted 
direction of rotation m 


oven sends: 
Cs-atoms 
on a journey 


‘The quartz oscillator 


oscillates with 
9 192 631 770 Hertz 


Schematic representation concerning principle of functioning 
L = length of resonator determining the exactness 


The Befield is a weak magnetic field, which eliminates the 
influence of magnetic stray fields. 


The arrangement in addition is situated in a vacuum tank. 


Fig. 13.7: Set-up of a caesium atomic clock 
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13.7 Irony of the measuring technique 


Lets record: The linear measure is determined and defined by a measurement of 
transmission time. As a reason is given, that with today's clock technology a higher 
precision and reproducibility can be obtained, as with a rule or original meter. 
‘The exactness of going of the atomic clocks again depends on the free flying path (L in 
fig. 13.7) of the atoms. For the caesium clocks of the Physikalisch Technischen 
Bundesanstalt in Braunschweig the resonator length amounts 10 several meters! The clock 
is used world-wide asa standard 


“The irony thus Ties im the fact, that a geometric length dictates the measurement of time 
and the measurement of time again determines the measurement of length - poor science! 


How does one fee oneself from a capital closed loop conclusion? Why and how do signal 
transmission times or clocks actually depend on the gravitation? Who once got stuck in a 
dead end, knows that he only can get out inthe reverse gear. 

‘A possible way goes back to the roots of classical physics and to the theory of objectivity 
in the I part of the book, which is free from the limits of a subjective and relativistic 
observer standpoint. That isn't a dead end and in addition explains, why all atomic clocks 
react sensitive to magnetic fields (magnetostriction) and what these fields have to do with 
gravity (see chap. 6.9)! 

Today's clocks are so exact, that even differences between a clock stationed on a 
‘mountain and one at sea-level can be recorded. Even more clearly was the depending on 
gravitation determined at an atomic clock, which was shot in a rocket 10000 kilometres 
high into space. The result of the analysis without doubt was, that the clock in that case 


doesn't tick” correctly anymore, 
[But what does theoretical physics say about it? It claims, here the ted shift” has been 
‘measured; it thus concems a confirmation of the special theory of relativity. But since it 


concerns a clock experiment and not a light signal, it clearly contradicts this theory, which 
isn't able to describe any gravitational effect at all, as is well-known. For this ease in the 
spheres of theoretical physics one helps oneself with the general theory of relativity, with 
which actually only would be proven, that the two theories from the legacy of Einstein 
completely incompaiible contradict each other. We come tothe following conclusion: 


Whoever gives details about length or time, is obliged to also indicate the relerence 
system, 


He also has to inform where his laboratory is situated and with which devices he 


With the conclusion also the discussion would be opened. Throughout the last four 
chapters a main idea can be found. It should be worth, to again think about the brought 
forward arguments and to dare a comparison with text books. 

In the text books there doesn't exist such a thing as an oscillating interaction. Here no 
answer is found to the question, why the solar system isn't hurled out of the galaxy as a 
result of the high velocity, why the inside of the earth is ot, how the geomagnetism is 
formed, why the continents drift and why the ocean floor nowhere is older than 200 
rillion years, a8 samples from the ocean floor prove’. How would you answer these 
ental questions? 


is) Kendrick Frazier Das Sonmensystem, Time-Life Bucher, Amsterdam (1991) 
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Fig. 13.8: The Bethe-Weizsacker cycle (concerning the 
sun's fire) 
(meaning of: "C= carbon nucleus, ‘He = helium nucl., 

gamma quant, “N = nitrogen nucleus, p = proton, 


ositron, y= anti neutrino, "0 = oxygen nucleus 


Fig. 13.9: The top of the unfinished obelisk in Assuan‘” 


<p: Hermann Wild: Technologien von gestem, Chancen fur morgen, 
Jupiter-Verlag Bem (1996), ISBN 3-906571-13.0 Es 
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13.8 Discussion of the cosmological insights 


‘The numerous models which are offered, of a geodynamo, an iron core, of assumed zones 
of subduction and of plate tectonics may be helpful for the explanation of individual 
isolated phenomena. But they physically don't give a uniform picwre and partly contradict 
each other, 
Lord Kelvin had calculated a period of shining of $000 years on the basis of a sun 
consisting of coal", The german physicist Hermann von Helmboltz landed at 15 million 
years, in which case the sun yearly should shrink for 100 meters. He already assumed a 
‘Temperature of 15 million degrees centigrade, as also the Bethe-Weizsacker cycle has as a 
prerequisite, which according to today’s concept should describe the process of nuclear 
Tusion taking place in the inside of the sun (fig. 13.8). The only thing is that this extreme 
femperature is completely incompatible with the high density in the core of the sun! 
‘There are more than good reasons to assume the opposite of the widespread textbook 
opinion and assume that the core of the sun is cooled by the collected neutrinos in the 
same manner as the inner core of the earth and that superconducting areas are formed, 
Which powerful fields even cause the protuberances on the surface of the sun, 
Since in the sun no measurement is possible, with which a model could be verified or 
disproved, terrestrial arguments naturally suggest themselves. Here the pieces of evidence 
for the growth of the earth can be taken in the hand and photographed. We already have 
discussed some facts. But there are found a multitude of other ones, for instance from the 
domain of archaeology, for which text books of today until now as well provide no 
explanation, 
Possibly the stones and monoliths weighing several tons, as they were used for prehistoric 
buildings, should be linked with the growth of the earth. Ifthe earth was smaller atthe 

me they were build, then they pethaps by no means were as heavy as today! 

‘Then the stones for reason of the smaller density in addition were softer and with that 
easier to work on. Dr. Wild points tothe building technical peculiarity, thatthe stones. 
ormed like cushions originally must have been soll. He proves with the photograph ofthe 
top of the unfinished obelisk in Assuan (fig. 13.9), thatthe traces of working stem from a 
spatula in a plastic mass. 
Also the perfect fitting ofthe stones used for the building of the pyramids can only be 
explained inthis way. ln the joints not even a knife point can be inserted! 
I even stones in the course of time increase in density and hardness, then itis easier for us 
to comprehend, how small rivers in past time could dig large deep valleys in the earth's 
crust, then we perhaps also understand, why very old bones today are petrified It is 
obvious, that also bones in the course of time increase in density and hardness. Even if 
science should succeed in breeding living dinosaurs, then their chance to survive in spite 
ff that would be equal to zero, because the dinos would collapse under theit weight of 
their own of several tons. Their bones would be much too thin and britle for their weight 
of today! 


Kendrick Frazier Das Sonnensystem, Time-Life Bucher, Amsteniam (1991) 
The indication to petrified bones stems from a participant of the seminar. 


208 
25-07-1996: 
11-12-1996: 


The liberalization of the energy markets, 


Assistant head of government department 
Acceptance of the common standpoint. 


European parliament 
Resolution of the guideline. 


Statement concerning proposals of change of the 
european parliament. 


Assistant head of government department 
Resolution of the guideline. 


Coming into effect of the guideline 
Publication in the official paper of the EC. 


19-02-1999: Period of translation of two years 
Reduction of the threshold values for current 

19-02-1997: to 40 million kWh (opening of the market 23%) 

19-02-2000: to 20 million kWh (opening of the market 28%) 

19-02-2003: to 9 million kWh (opening of the market 33%) 

until 2006: —_,,Anti imbalance clause" 
A nine years period of transition to preserve 
equal opportunities. inthe. _~—_competition. 
Report of the commission. 

19-02-2006: _ Further stage of the liberalization 
European commission tests by means of the 
made experiences, if the current market 
should be opened further. 

Fig. 14.1: ___ Timetable of the EC single market guideline 
electricity 

<> ing der Stromversorger auf den Wettbewerbs- 


markt, ATW Atomwvirtschaft-Atomtechnik 43. J, 1998, Heft I, S. 10-13, 


‘The way towards free energy ass 


14, The way towards free energy 


Can energy actually be produced? No energy supply enterprise is capable to do that. Fact 
is, that energy only is converted and not produced. For that the available resources on 
earth are tapped and brought into a utlizable form of energy. AS different the conversion 
processes may be, finally always heat is formed. We thus gradually burn the globe, on 
Which we ive. How long ean something ike that go right? 

Science gives all-clear: ,stock of eneray is sufficient for the next 100 years. Newest 
calculations disprove the Tear of a scarily of energy on earth, There exist large stocks of 
‘coal andi”. 

[But what are 100 years compared to the age ofthe earth? How will our descendants judge 

our thinking and acting? They will condemn it and eurse us, that much is clear already 

oxy. 

We have an obligation to preserve the environment, and we only will be able to fulfil it, if 

we look to nature, how it covers its need of energy, if we finally understand and 
‘meaningfully copy nature 

We still are miles away ofthe gol 


14.1 The liberalization of the energy markets 


11 is important in the interest of a member of the executive that the stock of energy doestit 
draw to an end, as long as he carties the responsibility for the enterprise of the economy of 
energy. The interest in the environment and the environmentalists for obvious reasons is 
less distinet. The problems are more of a commercial kind. Concerning that an actual 
example is given, 

A special kind of problem is the meanwhile Europe wide valid decree of the EU 
concerning the liberalization of the energy markets (fg. 14.1). The list of the 
consequences starts with the fact, that the concluded licence contracts for power supply 
between energy supply enterprises and the communities, which are valid till 1997, are 
only wastepaper. Every customer of electricity as of now can conclude an individual 
contract with every "producer of eletsicity" 

So an environmentally aware Black Forest person decides to obiain his power from a wind 
power station, which is situated in Denmark. That truly sounds very liberal. But how 
should that function, if there is no wind at all in Denmark for a week, or the connection is 
interrupted by a flash of lightning? The windmill further delivers power and the runner 
‘writes its bill wuly believing, its power has arrived. The consumer then reads the bill at 
candlelight and puts with understandable anger his claim for compensation together. 
Pointing to the fact that such difficulties can be solved by book-keeping, the consumer 
again is calmed down; but that the not by contract obtained power will cost him dear, is 
another story. 


Tis) Iilusirierie Wissenschaft Ne 6, Jul 1996, page 48-31 
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return of energy in a period of operation of: 
photovoltaic ' 


monocrystalline silicon 


polycrystalline silicon 


amorphous silicon, 


wind energy with 4,5 m/s 


wind energy with 5,5 m/s 


wind energy with 6,5 m/s 


very small hydro-electric 
power station 


small hydro-electric power 
station 


big hydro-electric power 
station 
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Fig. 14.2: Average time of paying for itself for the spent energy 
(return of energy) 
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14.2 The consequences ofthe liberalization 


With the EU decree the monopoly only has shifted towards the runners of the distribution 
nets, afler all only one net is present. Competition however would require at least two 
nets, thus a doubling of all house connections and all high-tension pylons, but that 
fortunately is unrealistic. 

To prevent fleecing of the consumers by means of the net monopoly, polities introduces in 
the place of the free market economy dirigisme and plan economy with the well-known 
concomitants: no-one will look after the existing nels, no-one feels responsible anymore, 
because afer all they have become public good by decree. One thus les the pylons rot 

slowly and repairs only in emergencies. This possible development really can't have been 
the good intention of the EU, 

In the next few years we however will be able to observe for the producers of energy 
exactly the development, which the EU-commissioners have imagined: Total competition 
contest, price war and a struggle for power to survive economically. A chance only has the 
nuclear power station, which gels rid of its refuse cheaper and if need be even illegally or 
Which lives of indirect state subsidies, or the brown coal power station, which increases its 
efficiency at night, when no-one watches, by switching off the expensive filters. 

The first power stations, which are selected out by the liberalized energy market, are the 
hydro-electric power stations which stand closest to nature. They simply are too small and 
{00 intensive of personnel, to be able to survive, 

Gas turbine power stations, which deliver the power for half the price, than are ranking 
first. Then there is no place for regenerative systems anymore, 

Solar energy, how many roofs a supporting program may have, stays a toy supported by 
the state. For a photovoltaic installation the ..Retuen of Invest” still lies at more than 80 
years, whereas is reckoned with a theoretical life of 20 years. In practical use on the other 
hhand_photovoliic installations occasionally already have failed afler seven years, after the 
photocells had gone blind. In this ease not even can be talked of an ecologic energy, 
because the return of energy lies still above that, The supposed Idealist who spoils his 
roof with photovoltaic to reassure his ecologic conscience, would have spared the 
environment more, if he had eovered his need of power from the socket, because already 

the production of the photovoltaic installation gobbles up more energy than can be 
produced with it, With regard to the environmental compatibility the ecologic balance 
sheet of a power station is attached a central importance (ig. 14.2) 

With the law of feeding in power the state intervenes dirigiste, supposedly to protest the 
consumers. With this law the state orders, that not it, but the energy supply enterprises 
have to take the subsidizing of the regenerative energy, that they have 10 take over the 
power delivered at the inappropriate time in exactly so’ less suitable amounts at a price, 
Which exceeds the market value by a factor of two and for falling prices of power even by 
f factor of four, With the law the politicians very fast and without agreement of the 
effected enterprises have shifted the black Peter" further to these, which will get 
problems to preserve their competitiveness in the international comparison with the 
subsidy duty. It can't have been the intention of the EU-commissioners, that on a national 
level the price of power increases to finance some energy technical playground, 
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Fig. 14.3: Power interruption and not being at disposal 


i=: ETG, Energietechnische Gesellschaft im VDE: Qualitat der Stromversorgung, 
Dialog Nr. 1, Jan/Feb. 1998, S. 21 
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14.3 The chances of the wind enerey 


Meanwhile, as a result of the law of feeding in power, no longer the politicians but the 
energy suppliers are the ones, who around the North Sea look out of the Window every day 
With the worry, some wind could blow and the mills could tur, because every kilowatt 
hour of a windmill must be subsidized strongly. Every windless day however reduces the 
power bill, with that helps the consumer and raises the chances of competition of our 
economy. 

IF it should be neglected, to tip over the law of feeding in power in due time with help of 
the EU, then the consumers will get their power in future abroad, then at the Preussen 
Elektra, damaged most by wind energy, as the first the lights will go out, then economic 
power and prosperity in Germany in future are dictated from abroad. 
But if the law is dropped, then with that the duty to subsidize the regenerative energy 
carriers drops back to the state. Now all tax payers may foot the bill, even those, who 
don't use any power at all, The well-known Justice of subsidy” comes into effect, 

Without support by the state only few types of power stations will be left behind. In 
addition ate overcapacities being reduced, because they only cost money. But both is at 
the expense of the reliability of the delivering of energy and of the safely of the consumer. 
We owe the high stability of our network of today the large number of most different 
providers of power, which cover the basic load up to the peak load according to their 
Suitability (Hg. 143). But let us not talk of the golden past. The network after all isn't able 
{o store power. From that follows, that without redundancy and without free power station 
capacities which can be activated at any time a short overload is sufficient, to let the 
network collapse. 

Once the EU guideline conceming the liberalization of the energy markets is in effect, 
When persons selling power wend their way fom front door to front door, to convince the 
housewives to obtain the power from them and not from other hawkers, when the power 
stations only live of stock and the depreciated overhead power lines only are entered in the 
hooks with the serap value, then we should be dressed warmly and always have ready 
sulicient candles 


14.4 The chances of being self-sufficient concerning energy 


‘The only way out is the decentralized energy supply, the getting out of the large energy 
union and the way towards being self-sufficient. The argument sounds convincing in view 
Of missing alternatives. But now it no longer is possible lo plug the plug in the socket and 
then switch on whenever it pleases us. First it bas to be calculated, if the windmill oF the 
installaio for solar energy supplies sufficient power or if a cold meal should be made. In 
contrast to today's consumer habits the runners of such installations will have to adapt 
their need of energy to the prevailing weather conditions. 


[iS= A baby-Boom, like after the big power failure im New York, would be the 
smaller evil. The inhabitants and shopkeepers in the New Zealand metropolis 
‘Auckland will long and frightened remember the power failure in february 
1998, which lasted weeks and was a result of not carried out mai 

‘works of high-tension pylons, 
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Fig. 14.4: At maximum obtainable power density of different 
carriers of energy 


ETZ, Heft 19/1995, S. 40 
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Block heating power stations, propagated as stand-alone solution for people being self: 
sufficient, deliver power and heat at the same time. But if [ don't need any heat on a hot 
summer day, then also no power is available or I uselessly heat into the open. For that one 
may leave all electric consumers switched on in winter, even if they aren't used at all, only 
to get the hut warm. Does a stand-alone solution look lke that? 


‘The situation truly is demotivating. Even the energy suppliers meanwhile may have 

realized that the energy politic way is a dead end. But for real alternatives in energy 

technology the pressure by suffering still doesnt seem to be big enough. 

‘The intention o learn of nature is present in principle. The solar ire one wants to ki 
earth ina fusion oven, but the oven does not as it should, 

Obviously the sun functions completely different, as physics imagines today (see Fig. 13.8). 

[Before copying stands understanding, and in there seems to be a hitch! 


14.5 The space energy technology of nature 


‘Also nature needs energy, even very much. But it hasn't got any connecting pieces for 
tanking and no oven lid to fill in the fuel, it doesnt know our ecologically harmful 
combustion technology and environment destroying explosion technology” at all, Nature 
rather works with the opposite, with implosion and fasion. 

The sun, we have derived, materializes the matter which it needs for growing and shining 
fiom the neutrino field, ‘The earth and other planets imitate the sun, 
‘The concept is simple and convincing. The source of enctay lies in the air and musta't be 
dragged about in tanks. Collected and materialized is just as much, as is needed at the 
moment. In that way the resource energy is spared. In addition there can be done without 
any sort of storing. In addition it ean show a substantially higher power density, than all 
today known and used energy carriers (fig. 144). 

Such a source of energy solves all described energy problems at once. Nature wouldnt be 
as we know it, if it wouldn't have this ideal energy, also called fee energy". The balance 
sheet of energy alone brings it to light, because as a rule it doesnt work out for biological 
systems. Oflen more encray is released than ig taken up by the food, 
Im that case some migratory bits materially seen should have completely used themselves 
up before reaching their destination, if the energy necessary for the flight would be of 
purely material nature. From a concrete example the following is reported”: 

birds have - depending on kind ~ a maximum range velocity between 24 and 83 
at their Atlantic fights no opportunity for an intermediate landing. They are thousands of 
kilometres on the way and hardly lose weight. For instance an Albatross. with a body 
length of up to 1.20 meters and a wing span of up to 3.50 meters uses per kilometre only 
85 grams of weight at a non-stop flight. How is that possible without additional supply of 
energy?” 


<I: KCE, Raihgeb: Wie man die Trete Energie anzapli: Vogel machen & tins vor, 
Raum & Zeit 79/96, S. 74 
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Fig. 14.6: Freiherr von Reichenbach (76 years old) 
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Fig. 14.7: Odic emanations of magnets according to pictures 


of 
sensitives 


=i TP, Thietz: Tatont Erde, VAP (1996), ISBN 3-902367-62-3, Seite 13 und TS 
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14.6 The gap in the energy balance of man 


Even man appears 10 tap an additional source of energy, because for reason of scientific 
tests with recruits these over longer periods of time are able 10 physically release more 
than twice the amount of energy they take of calories with the food. Obviously living 
beings don't rely on one source of energy alone. Possibly the taking up of food 
predominantly serves the metabolism, and the energy aspect plays only a secondary role. 

‘This interpretation at least would be obvious, since we scoff several times a day, sort the 
necessary and useful building-materials out and hand over the rest to the purifying plant 
and nature, where some bacteria and organisms search the sorted out again for useful 
things. "Food chain’ we call this kind of building-materal trade 

If the whole had anything to do with energy of with a ,, combustion process without fi 
then no animal nor any human being could do without the taking up of food for longer 
periods of time. But Franciscus of Assisi could fast 90 days, as is handed down 0 us 
‘There exist numerous examples, which reach into the time of today 

The mitochondria, the energy centres of each cell, by no means are capable of the 
combustion process", which man ascribes to them. Here in all probability a taking up of 
space energy independent of food takes place. 

[A research scientist only has t0 look at nature with open eyes, what unfortunately happens 
rarer and rarer, because the laboratory scientist always is troubled, to keep the disturbing 
factor ,nature " away from the experiments 


14.7 Carl Freiherr von Reichenbach 


In this contest no-one can go past 1wo natural scientists: Carl Freiherr von Reichenbach 
(1780-1869) and Dr. Wilhelm Reich (1897-1957) 
Reichenbach called the by him investigated life energy ,, Od-energy "in the style of the 
Teutonic God Odin. He worked with test persons, who could perceive actually invisible 
ymena and worked out the special properties of this Od-energy field with the 
‘as he called them. 
A quotation from his work shows however that the knowledge about the life energy must 
be a lot older” than his own discoveries: On paintings saints often are shown with a 
ring-like aureole around their head, something I before this would have dismissed as a 
pure figment of imagination, But it was shown that this glowing ring actually can be 
perceived by the sensitives as an Od-phenomenon and so the aureole obviously can be 
traced back to real impressions of particularly sensitive persons.” 
Reichenbach also found out that water has a big endeavour to take up this Od-energy or in 
the language of the present day, to absorb the field energy. This circumstance we find 
confirmed in technology, since water absorbs high-frequency waves, whereas an insulator 
for a vacuum lets them pass through. But without vortex physics it however remains 
entirely unclarifed, why! 


sii HP. Thiet: Tatort Erde, VAP (1996), ISBN. 3-922367-62-3, page 110 
lib: HP. Thiet: Tatort Erde, VAP (1996), ISBN 3-932367-62-3, page 16 
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Fig. 14.8: Wilhelm Reich and the model of an Orgon 
accumulator 
for applications of the whole body. 


<i: taken from: HP. Thiet: Tatort Erde, VAP (1996), ISBN 3-922367-62-3, 
pages 38 and 89. 
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14.8 Cold fusion and Genesis 


Chronologically the doctor and psychologist Wilhelm Reich followed in the footprinss of 
Reichenbach. He merely altered the name for Od and spoke of Orgon. His speciality. was 
the accumulation of Orgon radiation, 1 would say the focussing of neutrino radiation. 
Actually the properties like e.g. the missing possibility to shield Od, Orgon and the 
neutrinos are identical, so that we can proceed from assumption, that it also concerns the 
same physically, 

We already talked about Wilhelm Reich (part 1, chapter 92). He could show that the 
‘measurable temperature in a closed box, constructed like an ,Orgon accumulator", is 
increased in a mysterious manner without supply of energy from the outside. He even 
could prove, that this energy actually concems the sought-for life energy, as he observed 
the creation of life in the laboratory under the microscope. For that he cooked muscle 
fibres, vegetables of other cells so long until the cell structure had been destroyed enttely. 
But from the educts entirely by itself new living beings, like protozoa of algae, were 
foned™ 

Reich at his microscope actually followed the transition of dead to living matter. What is 
Of interest here, at frst only is the energy technical aspect of this conversion. Later we will 
‘occupy us with the atthe same time occurring information technical aspect 


Worth mentioning seems to me the experiment with the silly" chickens, which have at 
theie disposal astonishing abilities besides the laying of exes. 

‘The test chickens were handed chicken food, from which to a large extent all calcium had 
been extracted. But the chickens showed themselves unimpressed and further laid keenly 
theit eggs. The experimenters were surprised, where the chickens actually got the lime for 
the egg shells. How solves such a chicken the problem of raw materials? 
For that further materials were extracted from the food and look, at the removing of silicon 
the laying of eggs was over. The experiment actually only allows the conclusion, that the 
"stupid chicken is capable of a cold fusion, that it itself produces" the necessary calcium 
from silicon presumably by using carbon. Every alchemist here has to go pale with envy. 
But what says the research scientist of fusion to that, who actually should know, how 
fusion functions? After all he is paid for it by the tax payer! The chicken uses the fusion 
already today and the other living beings presumably also, but for that energy is needed 
and the balance sheet should work out! 

‘The neutrino radiation therefore has to be factored into the balance sheet of energy. If the 
balance sheet then works out, it could be proven with that, that here neutrino energy’ is put 
to use. In addition the process of the conversion of neutrinos has to be investigated, which 
surely has something 10 do with the frequency and the wavelength of the radiation. After 
all a child has cells exactly as big as an adult. 1 only has less cells! So that an interaction 
cean occur, the ell size has to fit in with the wavelength, which obviously is very: small, 
presumably in the range of the radioactive radiation,” with which circumstance the 
biological incompatibility with this electromagnetic wave would be explicable 


SET TP. Tietz Tator Erde, VAP (1996), ISBN 3-922367-62-3, 5.39 
i>: Louis Kervran: Biological Transmutations, s.a. J. Heinzerling: Energie, 8.278 
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1. Primary reaction 
(light reaction in the centre of reaction): 


ring-like vortices/neutrinos are being collected 
electrons are formed 

energy is produced 

¢ is attracted by the water dipole 

water molecule is being splitted (photolysis): 


2. Secondary reaction (dark reaction): 


carbon dioxide is reduced with the 
splitted off from the water to carbohydrate 


hydrogen 


Reaction equation of photosynthes 


6 mol CO: (carbon dioxide) 
+ 12 mol H:0 (water) 
+ 675 Kea 


1 (vortex energy, light) 


1 mol CsH i205 (glucose) 
+ 6 mol Oz (oxygen) 
+ 6mol HO (water) 


Fig. 14.9: Concerning photosynthesis 
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14.9 Photosynthesis 


‘The materialization of free electrons is a prerequisite to start the photosynthesis. The 
normally used explanation, the free electron necessary for the splitting of the water 
molecule was knocked out an atom by light, doesn't seem to be correct, after until now all 
attempts of a technical realization according to this model concept have failed. At the 
Photosynthesis the plants obviously help themselves with the neutrino radiation, which 
according 1o an estimation of today with 66 billion paticles per second and per square 
‘centimetre might be more than sufficient fora green earth 

If we put a seed in a water glass, then a plant grows from it and forms small leaves, which 
get bigger and bigger. A wonder of nature, we say. Where does it actually get its building- 
‘materials? From the water or from the aif? Necessarily the plant obviously produces « part 
of the matter isel? 


Experts think they have understood the process of photosynthesis: Take light and water 
and carbon dioxide and handicraft from that sugar and oxygen. But from where does the 
plant take the necessary energy for the rebuilding and the spliting of the water molecule 
the photolyse? The taken up solar energy hardly is sufficient for that, especially since the 
plants only absorb about 1% of the photosynthetic utilizable sunlight incident on earth. 
By means of reception molecules, which look like small antennas, pigments less than 30 
fam in diameter, such is the level of knowledge, the sunlight is collected and led into a 
photochemical centre of reaction. Here the reaction should take place, provided that an 
electron set free by the light jumps into the middle of the centre of reaction, But exactly 
this favour the electron doesn't make the research scientists, who want t0 imitate the 
process. Copying nature still doesnt succeed. 

‘The mistake presumably lies in the circumstance that the light doesn't set free any electron 
at all. The electron actually frst of all is produced in the centre of reaction. By means of 
the antennas a neutrino vortex is collected, which at first occupies the entire space, 10 
afterwards contract to an electron, which as a result automatically is centred in the centre 
of reaction. 

In the process of materialization at the same time the necessary energy of the process is 
formed. The reaction equation after all also has to work out energetically, because the 
plants doing so get neither hot nor cold (fig. 14). 

Because curiously the light reaction even can be observed in the dark", one could be 
inclined to in principle call into question the influence of light on the photosynthesis. But 
such an influence nevertheless seems to be present, after all does a plant react on the 
itradiation of light and changes its spectrum of absorption through ts colour. But it for 
sure is another influence and not the one, which one attributes the green plants today! 
It would be important to finally understand the way of functioning. The plants and 
particularly the algae are the ones, which actually first have made possible life on this 
planet with the photosynthesis, the most original form of a production of matter and 
energy. 


m= __Lutige, U. wa: Botanik, VCH, Weinheim (1994) ISBN 3-S2730031-7, S. 136 
sii: Lutige, U. wa: Botanik, VCH, Weinheim (1994) ISBN 3-527-30031-7, S. 126 
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phytylrest: a 
hhydrophobe tail 


Fig. 14.10: Formula of structure and spatial model 
of the 
photosynthesis pigment chlorophyll.“ 


Luttge, U.et al: Botanik, VCH, Weinheim (1994) ISBN 3-527-30031-7, p. 118 
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14.10 How nature materializes 


‘The structure of the receiver antenna allows us a deeper insight into the manner, how free 
energy is tapped during the photosynthesis, For the dimensions determining the’ frequency 
of the photosynthesis pigments, as the antennas are called, we have to go down to the 
molecular structure. Fig. 14.10 shows the formula of stricture and next to it also the 
spatial model ofthe pigment chlorophyll” 


‘Two points point at the function for free energy conversion. On the one hand is situated in 
the centre of the molecule a double positive ionised Mg atom, surrounded by four nitrogen 
atoms and a carbon ring consisting of 20 atoms, from which arises a polarization of the 
entire molecule, This in addition is oscillating because the electton cloud of the 
enveloping electrons, which hold the molecule together, perform swirl oscillations 
depending on the temperature. With that chlorophyll is able to go into resonance with 
oscillating neutrinos 

A role play the unipolar field configuration and the effect of resonance of the molecular 
oscillation of its own forming as a result of the polarization. A further role in addition 
seems to play the spatial structure, 


‘The model of the receiver antenna" chlorophyll taken out of a textbook" and shown in 
fig. 14.10, consists of a stalk and a spirally wound head, which resembles a Lituus or 
crook, which Etruscan and Roman Augurs have taken in the hands for land surveying, a 
precursor of the crosier (see fig. 16.10). This again has the form of a Tesla coil and that, as 
already derived, is able to withdraw rotational energy from the collected neutrinos 
(chapter 98). Doing so free electrons are materialized, and these then start the process of 
photosynthesis. An explanation concerning the way of functioning of the antenna 
pigments here for the first time is geting available. 

By the way also the mitochondria, which form the energy centres in every cell, have as 
Well the form of a Tesla coil. Whoever wants to understand the energy economy of a cell 
or the photosynthesis first should occupy himself with the Tesla coil (chapter 9.8). 


‘The open question, how land surveying should be possible with a Tesla coil, we at first 
still have 10 shelve, because in this chapter it concerns the way towards free energy and 
the chance to learn of nature, Examples to be looked at are on the one hand the core of 
fusion in the inside of the earth and on the other hand the humus layer on the surface of 
the earth, which has been materialized in the course of time with the help of photo- 
synthesis, 


The goal seems to be worth striving for. If we in the first place have learned to produce 
energy exactly like nature, then well further try to produce matter purposeful, with whieh 
ageold alchemist dreams could be fulfilled. We wouldn't need to scrape and to search in 
some mines any longer. We would materialize the products without refuse, naturally and 
just for the environment, direct in the final form. I admit that at present it sounds prety 
futuristic 


With another example, the lightning and particularly the ball-‘lightning, the collection 
concerning the use of fee energy in nature shall be completed, 


TU Latige, MC Kluge, G, Bauer Botanik, 2. Aufl Weinheim, VCH (1994) ISBN 
43-527-30031-7, 8, TIS 


00 Lightning 


Lightning flashes, if the contact has been closed 
Lightning between clouds and the earth is distinguished in four 
groups. But lightning also can be triggered inside a cloud 
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Fig. 14.11: Concerning lightning.” 


<i>: taken out off Ilustrieste Wissenschaft Nr. 8, August 1995, Das unverstan- 
dene Phanomen der Blitze, S. 13 
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14,11 Lightning 


Lightning is a spectacle of nature just as imposing as unsolved. It concerns an electric 
process of discharge, in which to the amazement of all experts arrive for several powers of 
{en more charge carriers at the surface of the earth, than hefore were contained in the 
cloud! Furthermore unsolved is, why lightning glows, Let us start with the open question 
for the difference of potential necessary so that the ait is ionised and a lightning channel is 
formed. 


fat frst the electric tension voltage of 200,000 volts between the surface ofthe earth and 
a height of 10 kilometres is availabe, which according to our calculations result from the 
rotation ofthe earth and the magnetism of the earth (fig. 11.8). Another source of tension 
voltage is not known. By air movement and supposed processes inside a cloud locally an 
additional accumulation of charge carriers may occur, so that in the case ofa thunderstorm 
the by Tesla assumed, twice as big value doesn't seem unrealistic 

(On the other hand a tension voltage between 4,000 and 10,000 volts is necessary so that a 
blow ean occur for an air gap of one centimetre depending on the atmospheric 
humidity". Linearly projected the thunderstorm cloud theoretically should hover just one 
meter above the earth if there i lightning. 

ere somehow a huge gap gapes between theory and practi 


At the latest at the spikes, the mysterious lightning, which strike out of a thunderstorm 
loud upwards in the ditection of the ionosphere and the still more mysterious ball- 
lightning it has t get clear, that the actual source of tension voltage of a lightaing by no 
‘means is known, Without knowledge about the eause welll never understand lighting. 


The potential vortex theory offers an useful approach, according to which the necessary 
difference of potential is formed from a formation of vortices”. The vortex again, as 
damping term in the wave equation, occurs as a result of intense sun irradiation. That 
explains why lightning always strike from the part of a cloud, which is the darkest, where 
the most sunlight is absorbed and the damping is the largest. 

The possible formation of ice in a lightning channel is a further confirmation for the 
correctness of the vortex explanation, After all it has been derived that contracting 
potential vortices withdraw heat in principle (lig. 12.8). 

But now we also want to know fom this efficient theory, why photons and electrons are 
formed during the lightning and where they come from. Here obviously energy is formed 
bby means of materiaizing of vortex particles. 


=e RL, Clark: Tesla Scalar Wave Systems, The Earth as @ Capacitor, The 
Fantastic Inventions of Nikola Tesla, ISBN 0-932813-19-4, $. 265 

<ii>: Karl Kupfimuller: Einfuhrung in die theoretische Elektrotechnik, Springer 
Verlag Berlin, 12. Auflage 1988, ISBN 3-40-18403-1, S. 221 

<iii>: K. Meyl: Potential vortices, Part 1: Discussion contributions to the natural 
scientific interpretation and concerning the physical-technical usage, basing 
fon a mathematical calculation of newly discovered hydrotic vortices, (only in 
german) INDEL GmbH, Verlagsabteilung, Villingen-Schwenningen 1990. 


Ball-lightning 
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Fig. 14.12: Contemporary representation, how 1753 


lightning 
research scientist Prof. Richmann is struck deadly 


by ball-lightning in his laboratory." 


<i>: Illustrierte Wissenschaft Nr. 8, August 1995: Das unverstandene Phanomes 
der Blize, page 13 
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| proceed fiom the assumption that lightning collects and converts neutrinos. The process 
corresponds to the one at the sun, but on a smaller scale and only for a very short time. 
‘The lightning channel is polarized’ by the charge carriers. Change of temperature and field 
lead 10 a spatial oscillation, which by the way also functions as a source of sound, as 
anyone can hear. Taken both together lightning, seen from the outside, becomes an 
unipolar resonator, which is capable to attract neutrinos and to go into resonance with 
them. Now the predominant part is converted into electrons, because also the air 
molecules and air ions in the lightaing channel belong to the world of matter. But it can't 
bbe avoided that a small part of antiparticles is formed, which then annihilate with particles 
oof matter under emission of radiation, Doing so photons are emitted and lightning glows, 
asanyone can see! 


14.12 Ball-lightning 


If in the case of lightning there still exist excuses, the difference of potential preferably is 
traced back to neither understandable nor measurable processes inside a cloud, then at the 
latest in the case of ball-lightning most experts are at their wits end. Only for very simple 
natures explanations circulate in the direction that here for instance the organie remnants 
(of a bird struck by lightning are burnt of 

Actually ball-lighting is observed very seldom. It is a ball Mashing with reddish till blue- 
White colour. Tis diameter lies between 10 and 50 centimetres, The glowing phenomenon 
can last several seconds to minutes. Doing so ball-lightning rolls over a street, temporary 
Moats in the ait, goes apparently unhindered through every wall and disappears from time 
{o time without a trace or discharges with loud moise and formation of sparks. Some stink 
‘of poisonous gases and some also cause noise. 

Famous has gotten the ball-lighining, which 1753 of all people should have struck the 
lightning research scientist Professor Georg Wilhelm Richmann in St. Petersburg. In his 
laboratory during a thunderstorm a ball of fire as big as a fist should have jumped fom a 
fron tube 10 his head and should have hunted him down, so eye witnesses have reported 
(lig. 14.12) 

Since ball-lightning has a closed structure, it has to drag about its source of energy with it 
If this however consists of organic or other matter, the ball wouldn't be able to float, after 
all the brightness of a spherical vortex and with that the need of energy is enormous! We 
have to proceed fom the assumption that just ball-ightning covers ils need of energy from 
free energy and serves itself from the neutrino field 

‘The spherical form is a consequence of the structure shaping property of the potential 
vortex”. Scientists are increasingly interested in this not understood phenomenon, In 
their experiments they try {0 artificially produce ball-lightaing with more or less great 
success in the laboratory. By means of the experiment they then want to lean to 
understand, what the textbooks don't give away. 

If we want to leam of nature something about free energy, lightning in the laboratory 
offers us in the form of a blow of of a spark gap relatively good possibilities, It surely is 
‘no coincidence that the father of fee energy, Nikola Tesla, in his experiments almost all 
the time has worked with spark gaps! 


Sie Tor that see iw the T™ part the chapiors 4 GIT 4.10 
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Fig. 14.13: Fork bent by ,,pure manual work". 


<i> Whoever has to eat with bent flatware in the Hotel Adler in Waldkatzenbach 

mustn't believe that the food didn't taste well to some 

ie host himself, who in a sociable round shows his 

that he not only can cook well. I could personally 

he fact that Robert Hartmann doesn't use ‘any aids. 

title pags jer Boden Mensch” 
g this on thday. 
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14.13 Diseussion conceming the neutrino conversion 
mn nature two different principles for the use of the neutrino radiation ean be observed. In 
case of use a glowing phenomenon occurs, ia the othe cases not 

‘The glowing lighting should be assigned to the first case. Here not only the neutrinos 
crossing the lightning channel are used, but also neutrinos from the environment 
oscillating in resonance are collected. Atound the lightning channel a kind of reaction 
radius is formed, inside of Which all synchronously oscillating neutrinos are attracted 
under the resonant interaction, During the discharge process the radius can increase like an 
avalanche, to collapse again with the transition into the stationary discharge current. A 
corresponding technical concept, which is disoussed in the next chapter (15.5), is very 
efficient, but almost uncontrollable. A. characteristic is the formation of antipartiles, of 
positon, in the course of the matealization, which then anniilate under emission of 
radiation and cause @ shining. Also. spark gaps and fluorescent lamps possibly help 
thennselves from the neutrino field, as sll has tobe to worked out 

ln the second case nature works without any avalanche effect and without any glowing 
phenomenon. To this counts for instance the photosynthesis or the mode of operation of 
{he mitochondria, the energy centres of a cell. All cel, whether vegetable, animal or 
hhuman, only use the neuteinos which just that moment pass by them and only in those 
amounis, as they just are needed. They thus handle their energy very caring. Without 
exception electrons are materialized and no positon. 

If nevertheless unwantedly an avalanche effect occurs, something which happens 
fortunately only very seldom, then a selinflammation and self-burning occurs, then it 
should happen, tht a person burns off himsel™. This risk also i known of hay. 

‘There also exist rare talented persons, who can control and regulate the process of 
materialization by concentration. These people can bend spoons of other metallic 
abjects. For that they concentrate themselves some time and send the materialized 
charge carriers into the object, which they hold in their hands. Since the metal lative 
solely is kept together by the enveloping electrons of the individual atoms, the additional 
electrons make the metal structure sodden. Now for a short moment the metal can be bent 
and distorted at will. Doing so neither heat is produced nor is the colour changed. The 
result of the process can be produeed neither by cold working with raw force nor under a 
flue, Also here nature shows us a technology for an ecologically compatible. metal 
processing (fig. M.13) 


‘The way from the conventional over the regenerative towards free energy is predrawn. It 
fnly has to be gone! Affer the existence of the neutrino radiation goes as proven and 1998 
for the frst time conerete amounts have been determined measuring technical and 
published by a Japanese team of research scientists, with that also the question for an 
energy technical use of the particle radiation has been answered clearly. Now only the 
question of the mechanics is open, The Japanese research scientists by the way have found 
‘out that at night only half as much solar neutrinos can be detected than at daytime. The 
other half according to that is absorbed in the inside of the earth. This in the meantime 
published measurement result in brilliant manner confirms the working hypothesis of a 
‘growing globe (chapter 11), 


ae Za_Asche_pulverisien,_Musirierte Wissenschatt 6” 1997, S. 61 
‘ace. 1 an examination of the American SCI-COP in 1984. 
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Table 15.1: The force effect of interactions, 
ordered according to size, with examples 
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15, Principle of functioning of space energy 


In this chapter we want to turn us towards the technical concepts and techniques 
concerning "space energy", which occasionally here and there already should have existed 
‘or have been operated with quite different success. After Nikola Tesla having pointed the 
direction more than 100 years ago, the way towards fee energy appears to be predrawn. 
Never before the public’ interest in the topic of space energy was as big as today. 
Unfortunately this concerns more the collecting and gathering of rumours and 
speculations. As in every branch of science also here hunters and collectors can be 
found. But obviously the hunters, the inventors and theorists have bigger problems, to put 
something useful on the table. They are fighting against their own not knowing, unuseful 
textbooks, general ignorance, intolerance and an all-powerful energy lobby. What the 
collectors on the other hand come up with does make appetite but not full. 
‘An useful and efficient theory might be the most important prerequisite just with regard to 
the reproducibility of an effect and the produet liability of a SET-device. That's why one 
mustn't expect a complete list of devices of that kind in this chapter, because in the 
foreground stand the physical and technical explanations concerning the way of 
functioning, the understanding for constructive and guiding details and the learning trom 
the mistakes and errors ofthe inventor. 
For a better survey the possible courses of the field lines according to the theory of 
fobjectvity are listed in detail (table 15.1) and discussed ftom the top one aller another 
starting with the stongest known interaction. To complete examples and concepls are 
presented. 
As is well-known there exist electric (E-) and magnetic (H-) field lines. Further exist open 
1d closed field lines and finally is distinguished between the oscillating and the static 
case. The resulls are to to the third power, thus eight possibilities of combination in total 
In table 15.1 all eight versions are given, even if one or another case is of more theoretical 
nature. For the objective of a systematizing of different concepts concerning space energy 
technology the taking apart in any case is helpful. The figure opposite is survey and 
structure atthe same time forthe following chapters. 


15.1 The course ofthe field lines 


Im chapter 6 a relation between the course of the field of a body and its observable 
interaction has been made (part 1, chapter 6.7 till 69). Here a point of approach is offered, 
For instance to maximize the force effect a magnet or {o optimise an electric motor, the 
engineers nowadays help themselves with costly programs working according to the 
‘method of finite elements. In this way they obtain a picture of the field lines, the course of 
Which makes possible conclusions conceming the production of force of torque. 
‘The relation without doubt is given, the only question isin which order of magnitude. 
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for like poles: 
repulsion 


for uncharged bodies: 
no influencing of field lines 


for unlike poles: 
attraction 
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Fig. 15.2 A: The course of the field lines leads to a force effect 
(repulsion or attraction) 


repulsion attraction 
like poles unlike poles 
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Fig. 15.2 B: The course of open field lines 
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Fig. 15.2 C:_The proportion of forces at the example of the 
electron. 
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‘The theory of objectivity answers the question from the equations of transformation with 
the proportion 13.23 (fig. 13.4). According to that the electric or the magnetic field 
strength standin inverse proportion to the square of a length oF ofa distance: 


EW ~ Vat (13.23) baw. (15.1) 


Less mathematically expressed this, for two bodies in the distance a, where one body is 
situated in the field of the other, means nothing else as that the distance is reduced, Nearer 
to the body the density of the field lines again increases, in that way the distance further 
‘decreases and we observe an approximation 

Usually the idea of force is introduced as a factor of description and there is spoken of a 
force of attraction. But that not necessarily is required, because the force only represents 
an auxiliary description. The cause for the observed attraction rather isthe. spatial 
‘istribution ofthe field strength, 

In this case the two bodies come closer and the mutually active fields get bigger and 
bigger, until the parts eventually run into each other (fig. 6.7 A). There one comes the 
thought to inerease the force of attraction by an artificial compression of the field lines. In 
the case of the electromagnetic interaction such a compression actually takes place, since 
the field lines arise from one pole and end at an unlikely charged pole, which so to speak 
collects and bundles up the field lines (fig. 6.8 A) 

At last we find out the reason, why electromagnetic forees of attraction are bigger than 
fravitational forces for many powers of ten (between 10" and 42-10" for the electron, 
derivation see fig. 15.2 C)! For table 15.1 this means, at the top have to stand the open 
field lines, which bundle up at the poles. Then very long nothing comes and after that the 
effets of closed field lines are being found, 

For open field lines however also the opposite of a bundling up is possible. In the case of 
like poles the fields run away of the other pole (fig. 6.8 B). Between both a space is 
formed, which is free of field lines, where thus the lield tends towards 2er0, whereas the 
distance between the poles according to the proportion 15.1 grows towards infinity. In this 
case we observe, how the bodies are going away from each other. We speak of a force of 
repulsion, which actually reaches until infinity. This gives reasons for the occurting of 
both forces of attraction and forces of repulsion in the case of the electromagnetic 
interaction, 


15.2 Gravitation 


In the case of closed field lines in principle no repulsion can occur, since no pole, neither 
orth pole nor south pole, neither positive pole nor negative pole is able to influence the 
position of such a field line. This circumstance as well as the order of magnitude of a 
possible force of attraction suggest to settle gravitation here. 

It gladly is forgotten, that the field pointers of E- and H-field normally occur together and 
like in the case of the electromagnetic wave stand perpendicular to each other. It is normal 
fo calculate only the electric field pointers for a charge cartier, without paying attention 10 
the circumstance that the Hefield is present as well. The textbooks as a rule remain silent 
about this dark chapter or they lapidary remark, the dual field lines are closed in 
themselves and hence inactive anyhow, which however is incorrect, 
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amplitude of oscillation U [V] 


f=0 


Fig. 15.3: The transition of an oscillating into a static interaction 
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But, according to the proportion 15.1, they actually develop a force of attraction, even if 
this is relatively small. No one really needs to be surprised that gravitation is not 
understood until today, if a whole group of fields simply is overlooked by science! 
We now also can explain, why there don't exist any massless charge carriers. Namely only 
the E-field or the H-field can form open field lines and never both at the same time. 
Otherwise they wouldn't be able to stand perpendicular to each other anymore. The each 
time other field, in the case of electrically charged bodies itis the H-field, then is wrapped 
perpendicularly around the E-field lines, independent of the circumstance if electrically an 
attraction or a repulsion occurs and without exception it forms a weak force of attraction, 
the gravitation. 


15.3 Systematizing the interactions 


‘Next we should know, from which felis ta he expected larger force effet: rma the E 
or fom the H-feld? AC the example of an electomechanieal converter his question can 

be answered concretely. 

“The forces which occur and form th trgue in an electric mator customary in wade ae 
produced by magnetic poles in lator and rotor which repel each other nthe case of ike 

‘harge and ata each other inthe ease of unlike charge. Now therein principle exists the 
possibility to build a motor which works with Coulomb forces, thus with postive and 
negative poles, instead of the magnetic forces, About such designs numerous patent 
specifications exist, but no customary version on the mark. 

“The renon very simple is that a maghetic motor forthe sre org is many times smaller 

and better priced, From iis the conclusion cn be drawn that forthe same constuction 

‘olume a magnetic force Fy i considerably larger than 3 Coulomb force F, which for 

instance binds together alomic nucleus and atom hl 

“Thus in table 15.1 the magnetic frees are ranked before the Coulomb forces 

Finally we have 10 distinguish between the static and the oscillating case, which are 
distinguished in the frequency. In fg. 153 an oscillation is shown, which by chance just at 
the moment of the vertex valle changes into the steady stacy thus takes the frequency 
zeto. In this case the effective values between a static and a sinusoidal oscillating 
interaction are distinguishedby the” factor” v= 1 
I we operate an universal motor with direct current, then it releases more power, than for 
4 comespanding Reding with allerating curent, Even & high-ension line, which stands at 
maximum 311 KV, is operted with alterating current up to 380 KV, with direct current 
on the other hand up 10-500 KV. Consequently in table 15.1 the slaic interactions stand 
before de osilting interactions. 


‘The strong interaction naturally isn't found in the list, afler it has been derived that it 
ddoess't exist at all (see chapter 7.8), whereas the weak interaction is hiding behind the 
‘oscillating interaction. It shakes other particles so long tll they fall apart (see chapter 
713). 

‘We now would be as far, to diseuss the 8 eases listed in table 15.1 one after another by 
means of practical examples, 


312 Magnetic force converter 


The principle of the side-pole machine 


Fig. 15.4: Alternating current dynamo, according to the 
inventor 

(Kromrey) a magnetic converter for free energy with a 
degree of effectiveness of more than 100%." 


<i>: Raymond Kromreys Molekularstromrichter, NET-Joumal 6/98, 8. 5 
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15.4 Magnetic force converter 


‘As a result of the systematizing of all eight possible interactions, the largest force effects 
fare to be expected as a resull of static and of open magnetic field lines. 
11 is questionable, if this statement is generally valid and is true everywhere in space. But 
it is valid at Teast for a terrestrial laboratory and only here, on earth, a solution for the 
energy problem is strived for, No wonder therefore, if the electric energy technology 
nearly without exception is using these fore effects. We find them at a solenoid, at a relay 
coil, at a magnetic tuning cylinder and equally between the stator field and rotor field of 
an eleetric motor. 


‘The motor however takes a special position, because its rotor is turning. In that way a 
switching of the winding and commutating of the currents is necessary oF the field of the 
stator winding is being turned, for instance in the case of an alternating current motor. 
This is necessary, so that in the air split of the motor the fields from the stator and rotor 
always are standing opposite like for the solenoid and a driving force can be formed. 
For the operation therefore oscillating currents are necessary, so-called alternating 
currents, which are fed in into the winding with the right frequency and phase. There can 
be spoken of an operation in resonance. It surely is no coincidence, that Nikola Tesla, the 
founder of the rotary field theory and inventor of the alternating current motors. at the 
same time is the discoverer of the neutrino radiation! 


The electric motor slides already into the second column ffom the top in table 15.1, as we 
see, and should be assigned to the case of the oscillating interaction of open magnetic 
fields. The frequency for motors usualy is very small 


But also at high frequencies there can’t be reckoned on some free energy which would 
show of even be utilizable, as can be heatd from the inventors who tinker with magnets, 
mostly with permanent magnets (Fig. 15.4). The reason very simple is that there exist no 
physical particles, which could mediate this interaction, Magnetic monopoles would be 
necessary, this north pole or south pole particles, so that an interaction with the open H- 
field lines ean occur. 

Such particles could form as a result of currents and eddy currents, but for that a good 
conductivity would be necessary and that isn't present in the vacuum, Therefore magnetic 
‘monopoles can't exist at all! This point we already had worked out (fig. 4.4, question 1) 
‘The same statement then also applies tothe oscillating case 


If nevertheless something like fiee energy should show in the case of some magnetic field 
converters, then unnoticed by the inventor still other physical effects are added. By means 
fof concrete concepts this circumstance canbe studied and discussed, 
‘The meanwhile well-known railgun is a corresponding example, for which besides the 
used magnetic force unintentionally a further principle is used. A more detailed 
‘occupation with this device is worthwhile, because here some fundamental concepts of 
space energy get clea, 
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A: Shining railgun in action 


: Concerning the way of functioning of the railgun 


current i B: flux density 


pulse generator slide (short-circuit bar) 
Fig. 15.5: Structure and way of functioning of the railgun 


<i>: in the internet under: www.glubeo.com/weaponry/railgun him 
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155 The railgun 


The engineers and physicists involved in the SDL-project were quite astonished, as they 
had a close look at the bent rails of their gun. During the test operation the equipment was 
really lying around their heads 

‘They were very sure to only have fed in 16.7 MJ of energy, from the rotation of a 
homopolar generator, because more was not available for the experiment by any means. 
‘The projectile with mass my = 0.317 kg lying on the rails thereby should have been 
accelerated to the velocity of 4200 ‘mis. Instead huge forces were at work here, which the 
construction coulda't counteract at all, There is talk about the released energy having 
amounted to 399 GJ, what corresponds to an over-unity effect of 24000. This factor 
describes the proportion of the released to the taken up power or energy. 
If these details should be correct then this would be the most efficient converter for free 
energy, which has been developed until now. 


Behind the project name SDI (Strategic Defence Initiative) is hiding the by the United 
Slates prepared "Star wars". But how one fares a war, which nobody can pay anymore and 
‘no-one wants, entirely according to the motto: There is a war and no-one goes there? This 
war undoubtedly the strategists and initiators themselves have lost, who even had to 
\wateh, how their space gun appears in the intemet with design drawings and ich visual 
‘material t be called by anyone’. 

Today, where we are surrounded by nothing but friends, where in Russia and at other 
potential opponents is fought more against internal problems and one lets the expensive 
space toy f0t for lack of money, the coat of the military secrecy obviously no longer can 
bbe held over such an explosive projet as the railgun 


‘Thus informative details have reached the public. In the pictures a bright lightning can be 
seen at the moment of launching (fig. 155 A), Here presumably is being materialized, in 
Which the part of anti-matter annihilates with the particles of matter under emission of 
light. There thus takes place the same process as in the case of lightning or the shining of 
thesun. 

In addition is being reported that heat energy is withdrawn from the environment, a 
circumstance, which i typical for all functioning converters for space energy. We thereby 
are reminded ofthe possible formation oF ice in a lightning channel 


Like for a lightning also the railgun is stimulated with a very high excitation voltage and 
With extreme speeds of change of the tension voltage (high dudt) (fig. 15.5 ©). From the 
setup it concems a bridge of Ampere, which in various respects appears to be superior to 
the rocket engines, after the costly transport of the propellant into space isn't necessary, 
since the capacitor batteries can be recharged by solar power. 


=IS) e.g www glubeo, com weaponry railgun him 


<i> Galeczki, PL Marquardt: Requiem fur die Relativiat, 
Verlag Haag + Herchen (1997), S. 139 
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Fig. 15.6: The distribution of field lines and force effect on 


the slider of the railgun through which current 
flows in a permanent magnetic field 
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‘The projectile has the form and the funetion of a short-circuit bar and is guided slidable 
between both rails of the railgun. The high-tension capacitors ate switched on both rails at 
the moment of launching, so that in a very short time an extremely high short-circuit 
‘current of several thousands of Ampere flows through the bat. 

Since the bar in addition is situated in a static magnetic field, there acts an accelerating 
force on it (fig. 15.6 D). It is the force effect of a conductor through which flows a curent 
in a magnetic field, like it is active in every electric motor. If we overlap the fields of the 
conductor (fig. 15.6 A) and of the magnetic field (15.6 B), then we observe a bending and 
lengthening of the field lines (15.6 C). There exists the effort to re-establish the original 
slate, which represents the smallest magnetic resistance, and for that the conductor is 
shifted out by means of the arising force. In the sketch it is accelerated to the left 
‘That far the explanation concerning the bridge of Ampere. That has nothing to do with 
free energy. For the enormous degree of effectiveness, as it has been determined, further 
effects have to be added. 


15.6 Unipolar induction 


‘The projectile, or from the function let us rather speak of the short-creuit bar or the slider 
at fist is entirely conventionally accelerated and experiences, mathematically expressed, a 
dvidt. The magnetic field B stretching perpendicular to the movement is constant, so 
that according to the Faraday relation” E = v x B from the velocity v an electric field 
strength E results and from the acceleration dvidt a field change dE/dt 
‘These open field lines along the length of the slider, in particular the oscillating part, 
appears to interact with oscillating particles and to collect these particles”. It concerns 
presumably neutrinos, which primarily materialize in charge catriers. These contribute to 
the current ux in the slider and to the acceleration, whereupon still more neutrinos are 
collected 

A hardly controllable avalanche effect is formed. Only if the change in tension voltage has 
Worn off and the capacitor is completely discharged, also the resonant interaction will 
again collapse. 


The inventors, who want to construct a civil version of the railgun, is given a warning on 
the way which should be taken seriously. At first it doesn't take particularly much 
imagination to imagine a rotating arrangement of the gun, a construction with one axis, 
Whit which a generator driven, which produces power. A small part is supplied the system 
again as supply for itself. The rest would be available free to the consumers as non- 
polluting, regenerative ‘ence. 
That really Sounds good, ifthere wouldnt be this one obstacle 


<5 — The equation of wansfomnation concorang The unipolar induction alread 
was weated more detaled'n chapters 64.and93 0 if 


<ii>: It is the resonant interaction according to table 15.1, line four 
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‘Tendency to instability 
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Fig. 15.7: The collecting of neutrinos by oscillating open field lines 
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15.7 Tendency to instability 


Im a continuously working machine the discharging of the capacitor cannot remain a single 
event as in the case of the gun, The discharging and the recharging has to take place cyclic 
depending on the revolutions per minute. To obtain a rotating movement even to a certain 
extent ignition has to follow ignition. But if the new ignition takes place, although the 
avalanche effect of the last one still hasn't wor off, then inevitable a catastrophe will 
jccur, then the work of wonder is taken apart” under the eyes of its creator. 
Numerous inventors already have had to collect such painful experiences. It is assumed 
that not even Nikola Tesla had eseaped, as he had to put away again his stately luxury car 
With electric motor and energy converter in a barn near Buffalo already after one week of 
test operation inthe year 1931" 

Of course also for this problem solutions in accordance with engineering are offered. 
Meaningful would be a restriction of the revolutions per minute and a power regulation. 
Only most inventors don't think that far. On the one hand, because they handicraft without 
fan useful physical model and on the other hand they think they already have reached the 
goal, if they observe something like free energy for the first time. Just as fast as the joy 
then’ the disillusionment comes, because a converter which doesn't work, is not able to 
‘convince anyone. 

Tesla already was aware of this set of difficulties. He fastened his converter to the dash- 
board and not in the engine compartment, presumably to adjust the coupling of the coils 
fiom the drivers seat during the drive by means of two metallic rods, which he pushed into 
the case. But sometime even this regulation by hand has to go wrong, because the 
collected neutrinos on their part collect further neutrinos (Gig. 15.7), so that in the case of 
fan unfavourable order of ignition an additional amplification is possible, For a reliable 
‘operation according 10 that directly or indirectly the phase of the ignitions to each other 
shouldbe checked, 

AL the example of the railgun space energy technologists and inventors can study the 
relations and the way of functioning very concretely and even calculate these relatively 
simple. It is a big relief, that all three vectors stand perpendicular to each other: the E- 
field, the B-field and the’ velocity v. Ideal conditions both with regard to a maximizing of 
the wanted accelerating force and for the resonant interaction, increase at the same time 
the collecting of space quanta, which probably may be set equal to the neutrinos. 
This is made possible by the Faraday’s law of unipolar induction, In that way at the right 
and left end of the slider a positive a negative pole each are formed. The further the wo 
poles are away of each other, the more the field lines are opened and the more neutrinos 
fan go into resonance. In this place still considerable improvements and optimisations are 
possible 

In addition to the two discussed the phenomenon of the electrostrition is added as a thitd 
phenomenon, which authoritatively contributes to the conversion of neutrinos into 
flectrons. It is a field dependent change of length, which in the case of lightning takes care 
(of the thunder and in both cases, therefore also here, is active as a charge carrier producer. 


TS see also Chapler 93 Fie energy, 
A. Schneider: Energien aus dem Kosmos, Jupiter-Verlag 1989, Kap.ll, S. 20 
‘and H. Nieper: Revolution, MIT-Verlag 1981, 8. 194 
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A: electric dipole (e.g. electrostatics, see also fig. 6.8) 


B: electric monopole (c.g. electron e~, see also fig. 4.3) 


C: Mixed form in the case of cylindrical symmetry 


Fig, 15.8: Dipole fields with unipolar parts 
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15.8 Unipolar field configuration 


If we again go back to fig. 5.1 and continue our considerations with examples concerning 
line 3. The obtainable force effect of open electric fields indeed is for powers of ten 
smaller than that of magnetic fields, but then particles are mediated, an invaluable 
advantage and an indispensable prerequisite with regard to the generation of space energy. 
As long as the particles are considered in the balance sheet of energy then in addition by 
‘no means can be claimed, space energy converter are perpetuum mobiles. 

In the question, why only electric particles can be mediated, has to be pointed t0 the 
repeatedly mentioned circumstance that only electric particles ean be formed as a result of 
the concentration effeet of potential vortices. Magnetic particles however plain and simple 
cannot exist, since for missing conductivity in the vacuum no eddy currents are possible 
(Gee fig. 44). 

In the case of the arising Coulomb forces again is distinguished between the static and the 
oscillating ease. We want to start with electrostatics 


‘The range of technical applications of static electricity is large. It stretches from 
varnishing technologies and filter technologies till the fly grill in the arbour. In all cases 
the field i built up by charge separation. By means of a high-tension generator a positive 
pole and a negative pole ate produced, between which the field is stretching. The field 
lines now start at one pole and end atthe other, unlike pole (fig. 15.8 A), 
In this manner almost no open field lines ate available, which point to the outside and 
could interrelate with free particles. If one for instance intends to attract and collect 
arged particles from the solar wind, from the cosmie radiation of from the electricity of 
the air, then the design in one point has to be changed fundamentally. 
‘A unipolar field configuration is necessary. What is meant with that, answers a glance at 
the spherical vortex model of the electron (fig. 15.8 B resp. fig. 6.2). Here it as well 
‘concerns a formation of dipoles asa result ofthe charge separation, but one pole is hiding 
inthe inside of the other pole . In that way its Field lines are captured and don't have a 
chance anymore to come out, to teach the other pole 
But if the pole lying on the outside for its part can't close its field lines any longer, then 
these point helpless into space and search in ther neighbourhood, inthe distant world and 
it need be even in the infinity of the universe an unlike anti-pole, which as a result 
interacts and is attracted, 
‘The measuring technician analyses these open field lines and falsely calls the construction 
then a monopole, only because he isnt able to reach the locked up pole. To blame is the 
unipolar field configuration, which with that probably would be explained to a certain 
extent. 
“The designer and inventor as well might have realized how he has to construct his device, 
with which he generates open field lines o collect space quanta, He has to lock in one of 
the two poles as good as possible. Optimal would be of course a spherical symmetric 
construction like in the case of the elementary vortex. Compared with that a cylindrical 
symmetry indeed is suited far less good, bu it offers constructive advantages (fg. 15.8 C). 
We now will report of such a functioning device 


2 the Testatika 


Fig. 15.9: Demonstration converter "Testatika" 


<i>: A, Schneider: Energien aus dem Kosmos, Jupit 


Verlag 1989, 8. 29, 
I. Schneider: Neue Technologien zur Freien Energie, Jupiter-Verl. 1994, p. 13 
and in the NET-Journal, Heft 8/9, 1997, S. 16 as well as iss. 12, 1997, p. 6. 
D. Kelly. Der Schweizer ML-Konverter, Raum & Zeit Special 7, S. 164 
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15.9 The Testatika 


‘An electrostatic device, which produces open electric field lines, is situated in Linden in 
Switzerland. It optically is very imposing and belongs to a religious community, which 
has called it Testaika and is of the opinion that it is a free energy converter 
Inexplicably the Testatika does not serve the community, which generates theit electric 
power conventionally and to a large extent by itself, as a source of energy. Instead the 2 
KW device only very seldom is demonstrated for special occasions of 10 select groups of 
Visitors. The religious community after that explains the astonished observers humanity 
not ye is mature forthe technology. 

Periuaps just the opposite is correct and the technology not yet is mature, According to my 
personal assessment such an electrostatic device in principle is entirely unsuitable for the 
‘ontinuous operation 

It can be expected that the open field lines sooner or later will interrelate with the 
clecticity of the air and thunderstorms are being attracted by the infermal machine so long 
until lightning strikes and the demonstration with that has finished. That's why the 
Testatika may be switched on only for a short time, only at sure weather situation and not 
too humid air, and many a registered visitor bas been sent away without having seen the 
"thunderstorm machi 

[As an object of demonstration and study the Testatika however is well suited. Alone the 
circumstance that no cable leads to the device and it nevertheless releases energy in the 
order of magnitude of | till 2 KW, surprises all visitors. At least the impression is mediated 
as if the machine would violate the law of conservation of energy, which is not correct. 
The Testatika is similar to an induction machine, which works with ffiction electricity 
Thereby the unlikely charged bodies do not have to unconditionally touch and rub at each 
other, it already is sufficient, if they are brought in the immediate vicinity of each other. In 
the case of the Testatika the electrostatics of two against one another rotating dises is 
taken offby brushes. 

‘The excitation energy presumably is taken out of the natural E-field, which just like that 
ean amount to 200 Volts per meter (see chapter 2.9). The large diameter of 80 em of the 
dises and their bad conductivity (acrylic glass) permit this conclusion. The charge taken 
fff by the brushes afterwards is temporarily stored in wo capacitors of 2 Farad at 300 
Volt, so-called Leyden jars. This far one actually is reminded of a Wimhurst generator, in 
which the energy is supplied the system by tuming the dise. Large powers cannot be 
drawn by that Plans to build such an induction machine by yourself have been 
published 

Tn the case of the Testatika however two discs are used and by hand stimulate t© rotate 
‘oppositely. This rotational energy in this case isn't used to produce power, otherwise the 
dises quickly would stand sill again, but that doesn't happen. 

Until now apparently no-one has discovered the secret, which is kept strict by the 
‘members of the community. In my opinion the energy situation on our earth however is 
too serious, as that we would be able to afford playing hide-and-seek and egoistical 
seeretiveness, 


[ETT Schneider: Neue Technologion Zur Preien Energie, Jupiter Ven. 1904, S14 
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Fig. 15.10: Sectional drawing of the Testatika 
according to 


Don Kelly, (Clearwater, Florida, USA) 


<i Der Testatika generator, NET-Journal, Dezember 1997, page 6 
similar picture is found in Raum & Zeit Spezial 7, page 164 
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15.10 The secret of the Testatika 


‘The crucial point is the opposite direction of rotation ofboth dises. If we assume the static 
earth electri field is the eause and serves as an excitation field, then as an effect a field 

arises, which stands perpendicular to that, The axial component now points out of the 

centre ofthe dise 

Inthe ease of only one dise the field lines infront and behind the dise again are closed, so 

that no open lines can form. With one dise or with two dises rotating in the same direction 

hence no unknown charges can be attacted 

In the case of two oppositely rotating dises however shows one component along the axis 

‘of rotation fo the observer, that ofthe other dise exactly in the opposite direction. In that 

way between both dises a pole is ,pinned”, which no longer is able to close all field lines 

fon the outside around the machine. Thus open field ines and a, however incomplete, 
‘unipolar arrangement are formed. 

The charge carriers sucked from the electricity of the air as a result support the natural 
clectrostaies and speedy recharge the capacitors, even ifup to 10 Amperes are taken out 

by the consumers 

‘The ingenious thing of the machine is its extremely simple construction and the simple 

concept 

one includes the collected particles also in the balance sheet of energy, then it thus will 

‘urn out thatthe law of conservation of energy isnot violated a all. There thus can't be 

talked of free energy. In this context the Testatika may rather be given as a 
counterexample. Air ions are the carriers ofthe electricity ofthe ait and not carriers of 

five energy. 

Negative air ions are indispensable for our welfare. One should only remember the first 
‘men in space, who afler the landing were pulled out of their capsule more dead than alive, 
after they had to stay in the unhealthy atmosphere of the capsule for a longer period of 
time. Only the installation of ionising devices for negative air ions made possible longer 
staying in space 

‘The taking out of the air of negative ions hence is not unproblematic and not particularly 
ecologically compatible. An atmosphere harmful to life is formed which Dr. Wilhelm 
Reich has called DOR-state. He by the way has designed a Cloud-Buster, with which he 
could take static electricity, forming above the desert sand, out of the ait. In that way the 
negatively charged rain clouds no longer are repelled and driven away. Reich has tested 
his weather machine 1984 in the desert of Arizona, After he had freed the atmosphere of 
the .DOR-strain", as he expressed himself, in the desert area the atmospheric humidity 
steadily increased from 15% up to 95%, there grew prairie grass and everything started to 
turn green, and eventually after many years for the first time rain fell again. 

Static electicity, as far as the right polarity is chosen, may conditionally be used for the 
mechanics of rain making. For ffee energy concepts it however isn't suitable. Alseady 
Nikola Tesla has pointed to the circumstance that our hopes will be in vain if the free 
energy would be of static nature (see fig. 9.5). He in his speech, which he gave 1891 
before the AIEE, has left no doubt that free energy exists, which i kinetic and with that 
energy technically usable for a, 
Chapter 16 will be occupied solely with this eas 


[according fo point 4 ia ble TST 
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Fig. 15.11 ‘The Cloud-Buster of Dr. Wilhelm Reich 1954. 


H.-P. Thietz: Tatort Erde, VAP (1996), ISBN 3-922367-62-3, page 122 
Part 1, fig. 9.3; concerning the unipolar induction see also fig. 6.5 and 11.8 
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Fig. 15.11 shows the weather machine of Reich, the Cloud-Buster. It can be understood 
only hard, why Reich directs a 3-4 m long metalic pipe with a diameter of 4 em to the sky 
and connects the rear end with a deep well or with Mowing waters. The effect should have 
been increased considerably with a few milligrams of radium. An indication that he must 
have worked with static electricity, delivers however a tragic accident, in which one of his 
collaborators was lamed on one Side. He carelessly had touched the charged apparatus and 
suffered an electric shock". 


15.11 The key to free energy 


‘As a contribution to the discussion the individual principles of functioning of space energy 
‘again are collected and the attempt is undertook to value them. 

In the case of an oscillating dipole configuration, for instance the railgun, open field lines 
are present only along the mutual line of connection (fig. 15.8 A). With that not 
particularly many space quanta can be reached. It hence has to be operated with gigantic 
excitation powers in the range of many thousands of Ampere, so that further field lines 
‘ing open and interact. The wanted over-unity effect therefore can only be reached at an 
enormous expense of technical apparatus. 

‘An unipolar arrangement here is considerably more advantageous, where holds: the more 
unipolar, the fewer excitation power is required. But in that way it ean take longer until 
the collecting of neutrinos like an avalanche again has worn off. In the case of an ideal 
spherical arrangement (fig. 15.8 B), as the ball-lightning takes, the process can even last 
{or minutes. This explains why unipolar systems can be kept under control only very hard, 
If the neutrino avalanche is rolling then it purely theoretical only can be stopped with a 
still larger excitation power, for instance by phase shifting, what can hardly be realized in 
practice. The rolling avalanche can't be stopped anymore by normal means. A 
synchronous operation between the neutrino oscillation and the converter can, apart from 
the technologically hardly realizable high frequency, by no means really be recommended, 
As a rule one single steep flank of the change of the excitation voltage is sufficient to start 
the avalanche. By means of the repetition frequency or by means of the duly cycle of the 
excitation voltage then resonances to the neutrino Field can be made or avoided. On the 
other hand can't be done without the avalanche effect. The utilizable power of the neutrino 
converter otherwise would be much too small. This case should be pursued further in the 
design ofa longitudinal wave gauge, 


All converter systems at first work based on a well-known and tried and tested physical 
principle of functioning. In the case of the railgun it is the bridge of Ampere, The thus 
lused ogee effect on a conductor through which flows current is advantageous due to the 
oblainable order of magnitude and as a basic concept extremely recommendable. But also 
Coulomb forces or other physical principles can be used. 

Despite that a further relation still must be added, which produces the interaction with the 
neutrinos, Closely associated with the unipolar arrangement it is the unipolar induction, 
which in virtually all space energy concepts is put to use. It already could be shown that 
the railgun uses the effect as well as John Sear! in the case of his flying disc". The 
Faraday law of induction turns out to be the key to free energy. 
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ferrite ring- revolving, con- _ferrite ring- 
like magnets _ ducting ring like magnets 
Fig. 16.1: __The Faraday generator, which wi ti 


‘magnets is called N-machine.> 


According to chap. 6.5, eq-60 the equations of transformation 
EaveB] ad [= ovxD] a 


where: v =dx/dt=v-e, = component of the directic 
of motion perpendicular to the area being stretched by the 
pointers H-Hey and E-Ee,. 
Thus in addition to the basic fields E and H (at v = 0) addition 
fields E, and H., depending on motion, occur and the overall fiel 
E, and Hy are measured (which corresponds to eq, 63 in chapter 6.5): 


EOS E+E] and Esai eae a 
(which corresponds to eq. 62 in chapter 6.5): 
with: [B.=B 7] and He = = vd ae 


Table 16.2 A: ‘The equations of transformation of the 
electromagnetic field.«i 
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16, Space energy technology (SET) 


It quite concretely concerns the question for a technology conceming the use of the 
resonant interaction (according to line 4 in fig. 15.1). For that open and at the same time 
oscillating electric field lines are needed, which mediate neutrinos and pass them on to a 
receiver working in resonance. The sun, some planets and other celestial bodies, as we 
already have worked out, use the effect. Even an entire galaxy is kept together in this way. 
‘This interaction plays the crucial role for the theme of space energy and the question is 
asked, with whieh technology it can be produced artificially 


16.1 The unipolar generator 


‘The most direct way obviously leads over the Faraday relation concerning the unipolar 
induction. With the classic Faraday generator, where a permanent magnet is tumed along 
its axis, at first a static electric field can be produced. By rotating in opposite direction oF 
‘magnets rotating in the same direction but oppositely poled, relatively simple one pole can 
be pinned” between the magnets and an unipolar construction ean be built. Numerous 
research scientists already have worked in the area of the Faraday machine more or less 
successfully (ig. 16.1)". There is reported of instabilities and of the picking up of 
lunknown energy at high revolutions per minute. In the majority of the cases it in a sense 
of the Testatika will concem collected electricity ofthe ait. 


‘The Faraday relation in addition also appears 10 be hardly understood correct physically 
by anyone. A scientific magazine in this context takes the opinion: "Faraday proves 
Einstein weong", and the production of electricity with Faraday's unipolar inductor 
‘violates the laws of physics 


=r A Schneider: Energion aus dem Kosmos, Jupiter Verlag 1989, Sa 


<iiby Faraday in his experiment di et ate cone dse shove a resting 

inde magnet as expeted loop of wite a tehron vollage Way cea 

Emaching Than hele the magne rotate andthe de seod sil now 
feain a fonsion voltage should have resulted'- but there was no. voltage. In 
ihe thd experiment ihe magnet rotated with the disein the. same dtetion 
and ‘with ie same speed. Because tere was no relative motion between 
Both, “an induced tension yolige. wouldnt have Deen expocted = but it was 
easurable! (Nemachine, see fig. 16:1). 
What docs tna mean? If the relative movement between magnet and disc is 
Tot always crucial for the formation of an induced tension vellag, then also 
the absolute movement has to playa Tole ~ because somethings to move, 
for a current deing formed, But an absolute movement according. tothe 
theo, f telathigy cant be, detected" “his|Faraays eprint proves 
inaisin wrong! “Terefore you ‘wont find anything about the experiment in 
the textbooks * a " 

“Taken out ofthe atl: Faraday widrlegt Einstein, PM-Magazin 11/1998, P. 133 
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from table 16.2 A: 


vD 


with the velocity v= dx/dt, 


ae 


not accelerated dv/dx = 0 (inertial system) and derived for x: 


comparison of coefficients with Ampére’s law: 
dio/dx =, 

integrated over dx and ds and formulated generally valid: 

OH, ds = las 


thus follows from that: magnetic field = vortex field! 


«6 


Faraday’s law of induction (analogous derivation): 


cause for measurable electric field Eo is missing: 
dE/dx = 0 , 
integrated over dx and ds and formulated generally valid: 
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The author of the article proceeds from Maxwell's formulation of Faraday's law of 
induction, according to which arises a tension voltage in a wire if the wire cuts magnetic 
force lines, thus is moved relative to a magnet 

If he had read my books, then he would know that Faraday not only has found the older, 
bout also the more comprehensive law, whereas Maxwell only describes a special case 
Starting-point for the by me developed theory of objectivity are on the one hand Faraday's 
law of induction and on the other hand the regularity dual to that, which both together ace 
called equations of transformation of electromagnetism (ig. 6.5, eq, 60 and fig. 16.2 A, 
eq, 16.) 


16.2 Derivation of Maxwell's field equations 


For the derivation we assume, as already in fig. 6.5 for sake of simplicity, that the 
movement v= vz_takes place perpendicular to the area stretched by the field pointers 

H= Hy and E = E,. If we derive the equation of transformation, writen down for a field 
component depending on motion, for the coordinate x by using the equations of material 
and compare the result with Ampere’s law resp. Faraday's law of induction, then it 
becomes clear that the comparison is successful only under certain prerequisites. This 
circumstance proves that the Maxwell equations only describe a special ease and that the 
equations of transformation are more general valid and causal (able 16.2 A and B), 

But in this place is crucial that Faraday's law of induction according 10 Maxwell only is 
able to describe a formation of dipoles. For the formation of unipolar field. structures 
however must be fallen back upon Faraday's law conceming the unipolar induction, 
Whoever wants to understand or even develop by himself concepts concerning space 
energy, first must have understood Faraday’s law in its whole range 


Usually the Faraday generator is, like in the original building shape, equipped with 
permanent magnets and operated in a steady operating state. Doing so consequently only 
static electricity is formed. We however need oscillating feds, and for that either the 

rolation, or the magnet should be changed in polarity with high frequency. Expressed with 

the precision of mathematics, the first case is described by: E(t) = v(t)x B and the second 

cease by E(t) = v x B(). Both cases have to be investigated and discussed, because both 
(1) and B(@) are possible in principle. Itis added that in both cases mechanically moving, 
asa rule rotating, designs but just as well resting designs are conceivable, in which only 

the moving charge carriers themselves realize the component of velocity v 

This time the crucial point is, that in both cases equally a change of the electrie field 
strength F() is produced, with the help of which neutrinos should be collected. Because of 
the extremely high oscillation frequency of the neutrinos large field changes dE(\dt and 
associated with that large changes of tension voltage dU/dt seem to be the optimal 
solution, which can be handled with today's technology. Apart from that further 
difficulties are added, which require a managing in accordance with engineering. If we 
namely work with a large acceleration dv(tjidl, then the inertia of the accelerated masses 
should be overcome, then only very small and light projectiles can be launched like in the 
case of the railgun. If we however work with fast changes of the magnetic field dB(0/dt, 
then the inductance acts slowing dow, 
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A: Suggestion from the patent specification of John W. Ecklin 


B; For instance the Stationary Armature Generator“ 
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Fig. 16.3: Principle of the Ecklin generator.” 


<i=: A. Schneider: Generatoren mit Ferritkernumpolung, NET-Journal 6/98, S. 9 
Ecklin: Permanent Magnet Motion Conversion Device, U.S-Pat. 3'879,622 
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16.3 SET-deviees with rotating magnetic fields 


If we again come to speak ofthe Faraday generator, which can be built up in two variants 
Inthe case ofthe F-machine the magnets rest and only the dise rotates, whereas inthe case 

of the N-machine the magnets rotate along. In this case cat be avoided that some ofthe 

induced charge carriers roam about in the magnets and sensitively disturb the structure of 

the material. One only thinks ofthe bending spoon effect! 

The consequences stretch from a loss of the permanent magnetism, over a shattering and 
bursting up to a pulverizing of the magnets. Adventurous rumours and alarming reports in 
this direction are suficentl avaiable. 

‘An improvement could be obtained by an isolation layer between the conductive disc and 
the magnets, but against induced charge carriers inside the rotating magnets this measure 
is notable to achieve anything 

‘Anyhow the best thing to do will be to completely do without permanent magnets in 
neutrino converters! If we replace them at least in our minds by electromagnets, then a 
feeding with alternating voltage is possible. That also is necessary if osvllating neutrinos 
and not ai ions should be collected 

[As a result of the alternating voltage at first large eddy currents occur in the dise. The 
losses can be reduced by radial slits in the disc. The induced currents then only can, as 

Wanted, flow radially to the outside 

Bigger headaches causes us on the other hand the inductive and with that current storing 
effect of the excitation coils. If a too large excitation inductance should prevent a fast 
increcase in current, then also the induced electric field will increase correspondingly 
comfortable and hardly be able 10 persuade a single neutrino 10 stay. 
‘A coil core of icon or dynamo sheet metal with that is ruled out from the stat. Even ferrite 
Would be suitable at most conditionally. Usable are aie coils with as possible as few turns. 
In an advantageous design the slit copper disc rotates between two ait coils, if need be flat 
coils. built in the way Tesla did, which are fed with pulsed tension voltage 
‘The highest speed of change in current surely is obtainable by means of a spark gap, like 
already Tesla has used (fig. 91). But also other technigues are thinkable as pulse driving, 
For instance semiconductor power amplifiers with MOS transistors not only can be 
switched fast and hard, but in addition frequeney and duty cycle can be adjusted freely 
With reproducible exactness. These are niceties, which will gain importance in connection 
with the control and regulation of a converte. 

Und the heading "generators with magnetic flux variation” Mr Adolf Schneider has 

collected and commented on some concepts”. The generator of the american research 
Scientist John W. Feklin registered for patent at 2-4-1975 thus stands as an example of a 
\whole group of inventions, in which the magnetic conductivity inthe magnetic eireuit and 

With thatthe ux is changed with a jump. 

Fig. 163 B shows a building form consisting of two horseshoe magnets (1, 3) with a 
likewise resting colin between (6). In rest the magnetic ereuit experiences no change and 
consequently no tension voltage is induced in the coil. The tick is that an axis (31) is, 
pinned right through the arrangement which is tured with two soft iron anchors, which 
‘magnetically short-circuit alternating the let (27) and the right (29) horseshoe magnets 
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Fig, 16.4: Bedini magnetic converter. 


<i: A. Schneider: Generatoren mit Ferritkernumpolung, NET-Journal 6/98, $.10 
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Besides the moment of reluctance, which should be compensated by the physical 

principle, and the friction of the bearing actually no further moment of reaction can oceur 

Which would have to be gotten over, not even then if current is taken out of the coil. If the 

flux change is large enough, purely arithmetically it should be possible wo take off an 

electric power which is considerably larger than the friction power. John Bedini has 1985 

measured an over-unity effect of up to 12.6 at a similar constructed generator, where with 
easing strain also the factor could be inereased (lig. 16.4). 
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1 judge these measurements rather sceptical, afler I already in three cases had to break the 
message gently to the inventors, that their device unfortunately was nothing but an energy 
destroying machine and they merely had measured wrong, where admittedly the 
meastring of pulsed tension voltages and currents is not quite simple. So that you don't 
become a victim of wrong hopes and self-deception, I recommend all SET inventors to 
realize the closed-loop. IF in the continuous operation power can be taken out of such a 
arrangement without supply of energy fom the outside, and be it as small as possible, then 
that convinces everyone even any journalist and any non-expert. 

Unfortunately in the case of numerous concepts at this place already the end is reached, As 
charming the variation of the magnetic circuit may be, in most cases I miss the unipolar 
arrangement of the fields, Perhaps here no neutrinos are needed at all and energy merely is 
Withdrawn from the environment heat? I'm not able to answer this question and I surely 

don't need to, as long as no magnetic converter is demonstrated to me as closed-loop. 

such a converter, if it ean be realized, presumably will at least partly hide one ofits poles 

and produce some open field lines; that atleast would be expected, 


fa still bigger measuring technical problem represent the neutrinos bound to a line, which 
oscillate around the conductor in the form of ring-like vortices. We have become 
acquainted with these in the case of the single-wire transmission technique of Tesla (fig. 
9.5). They are formed, if neutrinos awe slowed down and collected, but not yet have 
materialized to charge carriers. Tesla did use them for his loss-free energy transmission 
technology, but he couldn't supersede the alternating current technology full of losses, 
Which also stemmed from him but which he called the worse technology, from the market 
because there were no power meters available forthe single-wire-technology. 


Today we still aren't one step further. The energy supply enterprises still decline this 
technology, as I had to learn myself, although this would be the only way to transport 
solar energy ftom the desert or energy from the geothermal energy of Iceland by a sea 
cable to Central Europe, where itis needed 

Today still no gauges exist for such neutrinos bound to a line. Therefore will every 
measuring technician experience his Waterloo at SET-deviees, in which they occur! I now 
\ill report of such a converter and the odd measuring problems. 
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Fig. 16.5: Space quanta manipulator of the Firma ROM AG" 


Gibas, Greilinger, Lehner, Rusterholz: Strom aus dem All, Mega Link, Fach- 
zeitschrift "fur Elektronik,” Nr. 6, Marz 1998S. 18-23, 
resp. Bau: Glaube kann Berge versetzen, Bulletin SEV/VSE 25/97, 8. 31 
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16.5 RQM and the space quanta manipulator 


Ian emplayse or one ofthe numerous shareholders ofthe Swiss Fema ROM AG in 
Rappers peaks of pace quanta, thes he with tal resumably means the ern. An 
cnciltng source of neutrinos is called central Space Oscillator and an operation in 

resonance ofthe enexgy ect he so-ai space quan manipulator, reurd 

Mr Ludwig Sis, the creator ofthe worl of tagiation, was ota physi bu rane 

operator (pseudonym Crane O. and inventor, whom textbook physics coulda kelp 

fhe in he considerstion anyhow. His concep i ican be tanlated int a scientic 
comprehensible anguage ono at east helped im personally and gave hi the poston 

to create the space quanta manipulator (ig. 165), 

1 consists of several pot coil systems, which are build up and boxed into each other 
according 10 the Matijoschka principle of scaling down, The femomagoetc core maerial 
OF the pot spheres (111,16, 21) should show magnetostrictive properties a distin 
possible. As we wil see this measure gains Rs atial importance fist jn connexion with 
the interaction with neutinos! 

Each pot sphere cartes an excitation winding (2, 7, 12, 17, 22), through which 
alteratively flows cute in oposite direction. By ans of his measire, which seems 
Useless according to classic design concepts, ne of bot eld poles spied athe 

Cente in which way the necessary open fel lines are produced 

The individual po spheres ae insulated from ch other, where the isolation layers 3, 8 
Ty 18, 26, 28) should have a high dieleticiy. The pot spheres thus in addition form 
capacitors with each other, even the ending plates at both sides (27, 29) funtion as 
capacitor pes 

This construction, the core piece of the planned RQM converter, is driven by a 
transistrsed power ampliler wil excitation impulses a steeply lanked as possible, 
‘According to patent specification” the pulse widhe are rely eligible im steps ofS ns 
tetwecen 200 nanoseconds and one second: Besides the reguency also the platy and DC 
Collage oe ae agustabl, 


Every visit ofthe laboratory leaves a lasting impression: Carefully the engineers grope 
forward, turn atthe frequency and the duty cyele, until the effect suddenly occurs and 
neutrinos, the space quanta, are being collected. One realizes that tuning parameters with 

still stronger reactions would be possible, but entirely without any regulation and 
limitation of power that cant be controlled anymore, The avalanche effect would destroy 
everything, and so one is further dangling along the brink ofthe abyss inthe development 
Iaboratory of the RQM, all the time trying hard to gain control of the hardly understood 
effect. 

Concerning the setup and the mode of operation of the pot system the inventor did let his 
posterity have explanations, but why a diode in free operation ED suddenly loses its 
rectifying function, for that neither the employees nor specialist visitors of as high as 

possible scientific rank in the laboratory uatil now had ready an answer. 


=D: Gibas, Lehner, Greilinger: Vorrichtung und Verfahren zur Erzeugung 
celektromagnetischer Pulse, Patentschrift CH 687 428 AS vom 7.5.1996 


228 SET-deviees with pulsed magnetic fields 


Fig. 16.6: The RQM test installation of 23-9-1996"" 


ix: F, Greilinger: Der Weg zur erfolgreichen, stabilen Energicauskopplung, 
ROF Magnetik, Sonderausgabe 1996, page 10 
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As said, the neutrinos no longer are free but bound 10 a line, if they leave the pot system. 
They oscillate around the wire, even around every semiconductor and rove through the 
entire switchboard. Doing so they can cause quite something, also bring about quite some 
disaster 

Lead batteries are being recharged, which without doubt is desirable, but in the continuous 
‘operation they are destroyed by the same vagabonds, In normal light bulbs for instance 
some of them materialize to charge carriers, so that according to a gauge more current 
leaves the light bulb, as on the other side flows in to it It indeed glows completely normal 
but measuring technical forthe installation nothing is normal anymore 

The visitor can be shown by means of a high precision measuring facility of vibrations 
that the pot coils oscillate not only electrically and magnetically, but also mechanically. 
But the effects alone don't make a converter, which ean be produced and which await 
already numerous buyers of options and licenses, 

On the one hand measures for the purposeful conversion of the roving space quanta in 
utilizable charge carriers here sill are missing. On the other hand any controlling facility 

is missing, to adapt the power taken up from the neutrino field to the momentary need of 

the consumers. The brave engineers of the ROM still have quite some way in front of 

them, but the line of approach is right and the reached ean be looked at. 


16.6 SET-devices with pulsed magnetic fields 


Inthe case of the space quanta manipulator mechanically nothing is moving. I the copper 
coils the charge carriers merely are on the way with the velocity v. We here have present a 
typical example of a SET-system with pulsed magnetic field. Compared to the before 
discussed SET-devices with rotating magnets, for instance the N-machine, the space 

quanta manipulator clearly has its nose in front. Without brushes, without friction and 

\Wear and tear i theoretically has unlimited lie 

In addition it is simpler to produce the necessary large steepness of the flanks in an 
electronic way as by a mechanical variation of the magnetic field. By means of 
electronically driving the process it also can be checked, controlled and regulated easier. 

‘The question for an optimisation of the concept still remains. At present one already can 
be satisfied with a study of possibility, but sometimes one will question the design. There 
as an example the eddy current losses in the iron pots will be at discussion. About sheeted 
fo sintered materials could be thought, if not at the same time the inductance of the coil 
would increase in that way, which slows down the increase in current. 
Ferrite materials again are very brittle and would erumble to dust under the mechanical 
oscillations of size. I proceed from the assumption, that also here an arrangement with air 
coils could turn out to be an optimum. It does make sense, if Tesla at higher frequencies 
always did experiment with ai cols. 

Now it still depends on the coiling technique. One single conductor loop doesn't provide 
‘any open field line. For this purpose if need be two loops have to be supplied with current 
in opposite direction, like it is the case for a so-called Mobius winding. In this way 
possibly just as many neutrinos interact as in the ease of the pot coils of the space quanta 
‘manipulator, which are alternatively supplied with oppositely phased current. 
‘To clarify the situation we now should occupy us with the coiling technique. 


340 SET-devices with Mobius winding 


Fig. 16.7A: The Mobius band 


Fig, 16.7 BB: The Mobius strip 


64 
Fig. 16.7: Bifilar wound flat coil 


Fig. 16.7D: Mobius winding arranged like a cross 
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16.7 SET-devices with Mobius winding 


In connection with space energy devices often is talked about the use of a Mobius 
Winding. That is traced back to the Mobius band, which one obtains, ifone for example 
fone end of along paper strip after a half tur glues together with the other end. The result, 
is a strip, which has neither top side nor underside and neither right nor left border. This 
‘object with only one side and only one border is a ereation of the German mathematicia 

‘August Ferdinand Mobius (1790 - 1868), fi. 16.7. 


A distant relative of the Mobius band is the strip with the same name, where the magnetic 
field Tines mutually cancel out. It is the same compensation, as we know of a 1wo core 
electric cable, where the supply and return cable are run close together. For that the sense 
fof winiding ofa conductor loop simply is reversed (fig. 16.7 B). 

If the magnetic field vector is wrapped right-handed around the supply cable and lef 
hhanded around the return cable, then both amount to zero, so that measuring technical no 
rest field ean be detected anymore at some distance 

‘Tut pointer ofthe electric field stands perpendicular to the magnetic field vector and 

points in the direction of the conductor and the movement of the charge carters. From the 
coupling of magnetic and electric field follows, that the compensation of one of them also 

leads to the compensation of the other one. But if the electric field actually is, 
‘compensated, then there may not flow any current in the winding! 

There however flows a current if an electric tension voltage is supplied to the Mobius 
Winding. As a result of this forced current flow both electic and magnetic fields have to 
occur, which are not compensated! Some field lines will fold outward the expected 
<rection and stand in space as open field lines. These we, inthe oscillating case, owe the 
interaction withthe neutrinos, 


A perfect compensation would be expected for a two core, bifilar winding. The American 
physicist William Hooper was able 1o obtain interesting effects with a bifilar wound flat 
coil. With help of a balance he could detect attracting or repelling force effects on 
different, electrically or magnetically neutral dses (ig. 16.7 CY" 

But he feeds the flat coil with direct current, so that a contribution of neutrinos can't be 
expected. Such effects only will occur, if one works with pulsed signals, because the 
bifilar wound fat coil quite obviously is able to form wanted, open field ines. 


<im: Schneider, Adolf: Energien aus dem Kosmos, Jupiter-Verlag 1994, page 28, 
taken out of: 

Mielondt, Sven: Tachy. 
Kaum & Zeit Verlag 1984 


wenenergie, _-Hyperenergie, _Antigravitation, 


a Mobius converter of Seike and Coler 


> Derivation: 
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Fig. 16.8 A: Derivation of the Mobius strip acc, to Seike<i> 
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Fig. 16.8B: Scalar wave radio according to Prof. Seike<i> 
‘<p: Seike, Shinchi: The Principles of Ultra Relativity, Space Research Institute 
1990, ISBN 915517-1 
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16,8 Mobius converter of Seike and Coler 


Concerning construction it can be an advantage to wind a Mobius coil not purely bifilar 
and in that way to do without a perfect compensation. It often already is sulficient, if two 
conductors ross and only individual components of the field vectors partly cancel out 
In the case of the coil, which is pulled apart and wound like a cross, drawn in fig. 16.7 D 
the conductor current and the fields of supply and return cable belonging to it stand under 
aan angle of almost 90°. This in individual cases should already be able to cause the 
Formation of open field lines, 


Similar field conditions are formed, if after every tum the wire is looped under the last 
Winding. At the knots again the angle conditions of approx. 90° oceur. The Japanese 
professor Shinichi Seike preferably works with this kind of winding, which he directly 
derives from the Mobius. band (fig. 168 A). He has designed an electro-gravitation 
motor basing on this principle. He also speaks of weight reduction and of an artificial ante 
gravity field. It could be confirmed experimentally, that his setup cooled down slowly 
during the operational tests, despite the expected heating up by the copper losses of the 
‘eurent™'*="- Unfortunately Idon' known anything more exact. 
In his book further is found the wiring diagram of a radio for the reception of scalar waves 
ig. 168 B). He thereby quite simply replaces all coils in the highefrequeney part with his 
Mobius coils. 1f longitudinal waves. already are measurable and receivable with this. simple 
‘measure, frst has to be checked 


‘The German captain Coler more than 50 years ago has developed another Mobius 
converter. His "Magnetstromapparat”, with approximately 6 kW power and an at least 
four-fold over-unity effect uses six coils with permanent magnetic core. As a peculiarity 

he in addition runs the coil current through the core under an angle of 90° with regard to 
the coil curent (lig. 168 C). 


More detailed details can be seen inthe footnote 


<=] Adolf Schneider: Energion aus dem Kostnos, Jupiter: Verlag 1994 

§.22: "Scientists of the Technical University Charlottenburg in Berlin and Munich 
confirmed that the device functioned without objections, but they didn't find 
‘@ theoretical explanation for the production of energy. "The professors Kloss 
and Franke of the Technical University of Berlin found a degree of 
fffectiveness of 450%, Prof. Schumann confirmed that 4.8 to 6.7 times more 
fenergy came out, than was put into the device. Prof. Schumann excluded a 
‘deception entirely as the records prove. 
But it wasn't simple to set the device going and the stability for longer 
periods of time wasn't guaranteed. The war confusion set an end to further 
Fesearch. After the end of the war the British secret service confiscated all 
available documents and apparatus, Part of the report was declassified in 
1962 
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Fig. 16.8 C: 


The Coler converter 
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16.9 Teslas fat coil 


In the category of the unconventional coiling techniques without doubt the Tesla coil may 
not be missing. If in schools and high schools such eoils were standing inthe laboratory 

for teaching purposes, then as a rule it are cylindrical coils. In reality Tesla worked with 
flat coils but tht, so is said, isn't necessary anymore today, since we have at our disposal 

better isolating materials than 100 years ago. Actually Tesla contended with problems of 
osilation, which he could solve with the help of the flat coil, but it should turn out that the 
coil geometry is attached a erucal importance. 


Everything had started with Tesla having 10 leave the Technical Highschool in Graz 
Without diploma. He ran out of money and he had dared to criticize the venerable 
Professor Poeschel and his sparking Gramm dynamo, With that he had put himself under 
‘compulsion to succeed. Two yeats later he had ready the solution. In the year 1882 he 
discovered the rotary field in Budapest. 

In the time to come he designs and builds an alternating current motor, but no-one wants 

to have it and surely Thomas Alva Edison not. Tesla after this disagreement very fast 

gives up his job atthe Edison Company again and again stands under pressure to succeed. 

With that the eternal bachelor Tesla urges himself to ever higher efforts. He wants to 

prove himself and the rest ofthe world that his altemating current system is superior to the 

direct current system, 

Direct current, as is well-known, can't be transformed, and thus the advantage of Teslas 
alternating current lies in the possibility of power transport by high-tension cable over 
large distances. But for that the high-tension transformers first had to be developed and 
thereby the said problems of isolation occurred. 

With each turn the tension voltage at the transformer winding increases. The distance to 
the grounding point lying on the outside has to be chosen bigger with each turn, $0 that no 
blow inside of the high-tensio ‘occurs. A consistent solution of the problem in 
accordance with engineering is the flat coil used by Tesla, wound spirally from the inside 
to the outside (ig. 169A) 


I thus is correct that isolation technical reasons led to the Mat coil, since Tesla himself was 
completely surprised as he had to find out that this coil can lose its self-induetion, that 
sealar waves can be detected with it and that it is cooled down during operation in an 
inexplicable manner. 


‘This cooling effect Tesla has investigated more detailed and afterall even used. In his 
patent specification concerning the superconductivity he describes, that the flat coil also 

loses its Ohmic resistance, if he in addition previously cools it with liquid air. The 
emaining cooling down to absolute zero his flat coil obviously has carried out entirely by 
itself with help ofthe neutrinos (fig. 16.9 B) 


i: Nikola Tesla: Coil for Electro-Magnets, Patent No. 512,340 (1894) 
i>: Nikola Tesla: Means for Increasing the Intensity of Electrical Oscillations, 
Patent No. 685,012 (1901) 


M6 ‘The secret of the fat coil 


singly wound flat coil _ bifilar wound flat coil 
(Tesla coil) (from the patent specification of Tesla) 


Fig. 16.9 A: Coiling techniques of Tesla's flat coil.” 


Fig. 16.9 B: Patent specification of Tesla concerning 
Superconductivity.” 


<B_ Nikola Tesla: Coil for Electo-Magnets, Patent No, 512,340 (1894) 


<i: Nikola Tesla: Means for Increasing the Intensity of Electrical Oscillations, 
Patent No. 685,012 (1901) 
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16.10 The secret of the flat coil 


‘The technical function could be explained in the way that the charge eariers ofa flat coil 
by induction are set into motion for excitation from the outside. The transmitted enerey 
shows in form of kinetic energy. The spiral lat coil becomes narrower and narrower 
towards the inside, the length of each winding shorter and shorter, so that the kinetic 
energy inevitable has to decrease in favour of a rotational energy. The faster and faster 
rotating spherical vortices are pulled apart o Mat dises and eventually to ring-like vortices 
by the centrifugal force. The electrons at first become neutrinos bound toa line and finally 
free neutrinos. Tesla has technically used the frst ones in the single-wire-transmission 
technique (Lig 9.5) and the last ones in his wireless energy transmission (fi 9.7) 

Like many other inventors, Tesla owes also the inventions, which he counts his greatest, 
like the radio technique and the Magnifying Transmitter, first of all his industriousness. 
his persistence and a great deal of inventor luck. A magician, as he is ealled in his most 
important biography, he by no means was". The flat col, to Which led him chance and 
Which plays a central role in all these inventions, gave him the lucky position, to collect 
neutrinos and materialize them to charge cartirs of in reversed direction to demateralise 
electrons to neutrinos 


The technology however is everything else but new. Already the Litwus of the Etruscan 
and Roman Augurs and the erook of the priests had the same spiral structure (fig. 16.10), 
Inthe case of the devices, which the Augues for instance served at land surveying, it 

‘clearly concems Mat coils according to Tesla. We will go into ths stange gauge” more in 
‘dtl prt 3 ofthe book. 

‘The tick probably is, that one component of the electric field pointer is directed towards 
the centre ofthe coil and asa result some open fel lines are generated, which then collect 

neurinos from space 

In this process the neutrinos thanks to the resonant interaction are slowed down to the 
speed of light and following, as discussed, materialized by means of the flat coil, as in 
addition rotational energy is withdrawn fom the neutrinos. Since the receiver oscillates 
resonant with opposite phase, in addition the thermal oscillations are reduced and the 
receiver coms coll 

Ione compares the Mobius coil with the Tesla coil, then besides numerous properties in 
common the strength of the first coil lies in the production of open field lines and the 
collection of neutrinos, whereas the special and additional property of the Mat coil lies in 

the materialization, in the conversion of neutrinos into charg carriers. Bu the advantages 

‘of the lat coil have to be bought atthe expense of having to work with very high tension 
voltages (above S11 KV) and with large changes in tension voltage (du/dt), With this set of 
difficulties we will have to dealin more detail 


“<i: Margaret Cheney. Nikola Tesla, Evfinder, Magier, Prophet (Orig Man Out OF 
Time, 1981), Omega-Verlag Diisseldorf 1995 

<i: K. Meyl: Electromagnetic environmental compatibility, part 3, edition be- 
longing to the information technical seminar, INDEL Verlagsableilung 2003. 
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The Etruscan Lituus the Roman Lituus 


Fig. 16.10: 


‘The Lituus or crook of the Augurs in ancient Rome 
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16.11 Discussion concerning the technology of the neutrino collectors 


Let us again collect the facts for the discussion: A SET-device is distinguished by a more 
or less unipolar design and open field lines, with which interact neutrinos, which are 
oscillating in resonance. These then are slowed down and collected. For the transient 
process a large change in tension voltage (dE/dt) is required, which ean be obtained 
directly, for instance by means of a spark gap, or indirectly by means of Faraday's law 
‘concering the unipolar induction (E =v x B. 

‘The discussed possibilities concern the acceleration of a machine part (dvidt), the 
variation of the magnetic field (4Bidt) by pulse-like excitation signals (16.5) or by 
‘magnetic fux variation (16.3) and the railgun, which even ean be operated without foreign 
‘magnetic field (fig. 15.5 C) and for which in that case occur both a dv/dt and at the same 
time a dB/dt 

For resting arrangements the velocity v is that of the charge carriers moving in the 
conductor. So that Faraday's law thereby doesnt lose its influence, the pointers of E and 
\ mustn't point in the same direction, as inthe case of "normal" coils. Unconventional 
windings, which for instance can be knotted like Mobius strips (16.7), take remedial 
action. Also the ancient crook, rediscovered as flat coil of Tesla (ig. 16.10), proves to be 
suitable in principle. Here one component of the electri field pointer points in the 
direction of the centre so thatthe wanted, atleast partly, unipolar arrangement can be 
formed 


‘The first step, the collecting of space quanta, shouldn't pose an insurmountable obstacle 
anymore in View of the numerous possibilities and the detailed explanations, A real 
difficulty we till have before us, because in most cases some ring-like vortices bound 10 a 
line are formed, for which no electronic construction element exists and for which 
Tunctioning converters hardly are known. 
‘There spoons are bending, some lumps are flying through space, radioactivity is 
disappearing without a trace, light phenomena are formed and the device suddenly is 
becoming cold. Almost all inventors, who have arrived inthis place, are enthusiastic about 
the not understood effects or with that are Wanting to get attention, but hardly anyone 
really starts something with that. Until now the necessary system and an useful theory 
were missing 


Only too often isn’t considered, that ony an indirect conversion into charge carriers is 
possible, that during the materalization of neusinos a intermediate product is formed, 
Which can be described with the model concept of a neutrino bound toa line or of an 
oscillating ring-like vortex. The technologies collected in this chapter concerning the 
collecting of neutsinos only form the fist step ftom the fee tothe bound ring-like vorte. 
“The coming chapter is dedicated tothe second step. Here we should try to understand the 
properties of space quanta bound to tine and loudly think about for Which purpose we 
could use them in practice’ 


<i>: Reference: Both chapter 16 and chapter 17 treat point 4 according to table 
15.1 concerning the resonant interaction (page 86). 
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Fig, 17.1: ___Application of the mirror transformation 


to the neutrinos 


Kicine Enayklopadie Atom, Verlag Chemie GmbH, Wemmheim 1970, S. 119 
For the neutrinos the quantum number parity isn't defined, because they have a 
Fixed association of the direction of momentum and spin; the sense of rotation of 
the spin and the ditection of momentum in their case form a left-hand wound 
serew, in the case of antineutrinos a right-hand wound screw. By the shown 
mirroring the direction of momentum is reversed, but the sense of rotation 
remains unchanged; ie. reactions, in which neutrinos occur, are not mirror 
invariant, they violate the law of conservation of parity". (translated) 

Note of the author:, an antineutrino by no means can be assigned to the anti- 
matter, since it exactly like every neutrino altematingly lakes the matter 
state and the anti-matter state, by oscillating around itself (see fig. 7-12). The 
description merely follows a definition founded in usefulness 
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17. Technical use of the weak interaction 


17.1 Radioactivity caused by neutrinos 


Neutrinos are standing in a weak interaction with other elementary particles. This 
circumstance is known in general. According to the considerations and derivations 
expressed in the book the neutrinos mediate the resonant interaction, what leads to the 
conclusion, that the weak interaction represents a partial aspeet of the’ resonant interaction, 
in which case it merely concerns the proximity 

Efforts are further being undertaken, to combine the weak interaction with the 
electromagnetic to an electroweak interaction, afler it was remarked that a certain coupling 
constant corresponds in both cases. We of course aren't surprised, because the 
electromagnetic interaction anyhow describes only the special case of the resonant 
interaction with the frequency zero, 

‘The weak interaction concems with the very small range of just 10" meters only the 
proximity of the neutrinos, for instance the B-decay, where the neutrinos for the reason of 
their oscillating charge a free neutron rattle and shake so long, until it eventually decays. 
‘on the average after approximately a quarter of an hour 


‘The Austrian physicist Wolfgang Pauli had remarked, that half the decay energy after a beta- 
decay is missing and the balance sheet of energy isn't working out, In addition also the 
balance sheet of angular momentum isnt working out, because the nuclear spin is being 
changed for a whole unit. Pauli as a result 1930 has introduced a hypothetical parti 
‘without mass and without charge, which he called neuting. 

‘With that Pauli and his co-working Italian colleague Fermi itis true are the givers of the 
name of the neutrinos, but not by all means the discoverer If Cowan and Reines 1956 have 
detected these particles with large expenditure of devices, then also that by no means was 

‘a premiere, as falsely can be read in textbooks and encyelopaedias. After all Nikola Tesla 
already decades ago had demonstrated, thatthe neutrino radiation not only exists, but even 

‘can be used energy technically 

Now the radioactive decay a radiation occurs, triggered by the conversion of neutrons 
in protons or vice versa. This obviously takes place under the influence and participation 
of neutrinos in the atomic nucleus. The [-radiation to a special extent consisting of 
electrons and positrons, as it occurs inthe case of nuclear fission, is quite unhealthy and 

by n0 means ecologically compatible, Under the influence of fre charge carriers ot only 

‘metal lattices become soft and spoons can be bent, but also an electrolysis takes place, 

‘here the water molecules are splitted into their parts. That isnt a good prerequisite for 

the flora and fauna on our planet, which predominantly is built up of water structures. 
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Fig. 17.2: Einstein, Tesla and Steinmetz” 
(from left to right) 


Er Franz Fevak: Nikola Tesla, Eigenverlag, S. 103 
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17.2 Nikola Tesla, the discoverer of the neutrino radiation 


‘The discoverer of the neutrino radiation himself will best be able o explain the connexion, 
In the New York Times Tesla writes, that he has discovered and investigated the 
phenomenon of the cosmic radiation, ong before others started their researches” 
"According to my theory a radioactive body is only a target, which constantly is being 
bombarded by infinitely smal balls (neutrinos), which are projected from all parts of the 
universe. If this, at present unknown, cosmic radiation could be interrupted completely, 

then no radioactivity would exist any longer. 

T made some progress regarding the solution of the mystery, until Lin the year 1898 
attained mathematical and experimental evidence, that the Sun and similar celestial 

bodies emit energy-tich radiation, which consist of inconceivable small particles and have 

velocities, which are considerable faster than the speed of light. The ability of penetration 

of this radiation is so large, that it penetrates thousands of kilometres of solid matter, 
without their velocity being reduced noticeably. * 
must be admired how Tesla guided by experimental observations and a reliable instinct 

comes to the correct result. He merely with the conclusion, because of the missing 
interaction the neutrinos have to be inconceivably smal, isn't quite right. Their size rather 

depends on the velocity, because the overfast neutrinos are being length contracted 
stronger. Tesla however hits the nail exactly on the head, if he on the occasion of the press 
conference for his 81" birthday declares, the radioactivity isa clea proof ofthe existing of 

‘an outer radiation of cosmic origin. I Radium could be shielded against this radiation 

in an effective way", Tesla writes in an essay of 1934, ,then it wouldn't be radioactive 
anymore”. At this occasion he contradicts Albert Einstein, without thereby pronouncing 


the name and is indignant atthe wrong working method of the sientsts™. 


Me personally fascinates, how here until now ignored results have been presented, which 1 
first had to work out theoretically myself with difficulty. Tesla, to the best of my 
knowledge, hasn't taken theoretical derivations, at least none have been handed down. As 

4 brilliant experimental physicist he must have reached his conception world by means of 
the measuring technique. The perfect correspondence of his experimentally determined 

and the by me theoretically won insights should be judged as evidence for the correctness 
ofthis view. 


=: Dr, Tesla Waites of Various Phases af is Discovery, 
New York Times, Feb. 6, 1932, P. 16, col. 8 

<i>: Tesla Said (J.T. Ratzlaff), Tesla Book Company, ISBN 0-914119-00-1, P. 272 
<iii>: "The scientists of today think profound instead of clear. One has to be mentally 
sane, to be able to think clear, but one can think profound and nevertheless be 
completely insane. The scientists of today have substituted experiments by 
‘mathematics, and they travel from one equation 0 another and eventually build 
‘up a construct, which has absolutely no relation to reality”. 

taken from N. Tesla: Radio Power will Revolutionize the World, Modern 
‘Mechanics and Inventions, 7/1934, (Tesla Said, P. 264) 
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Fig. 17.3 ‘The Magnifying Transmitter of Nikola Tesla 
Would" ‘the research station in Colorado Springs 
(1899 - 1900) have been suitable for transmutation? 
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17.3 Transmutation and reduction of radioactivity 


If'we are capable to collect and bundle up neutrinos, then should with that an influencing 
of the radioactive decay become possible, then also a decontamination of radioactively 
contaminated material and a so-called transmutation should be possible. We here have a 
concrete possibility before us, o use the produced ring-like vortices direetly for the 
benefit of humanity. Dangerous transports with Castor containers, permanent and 
temporary storage and the contamination of whole areas by radiation, like around the 
nuclear power station Tschernobyl, which got out of control, wouldn't be necessary tal 
If'namely burned out fuel rods and objects contaminated by radiation have undergone @ 
concentrated neutrino shower, then the radioactive decay takes place accelerated, so that 
the half-life can be drastically reduced. After the treatment the dangerous special waste 
‘would have been changed to harmless domestic rubbish. Even recyeling or reuse are 
Feasible. 


‘The topic is at least as explosive as the energy question and as well completely unsolved. 
‘That's a different places and in some companies i alteady feverish researched about 

technologies concerning transmutation. Often it are the same people, who also work atthe 

theme of space energy. The reason quite simple is that in both eases neutrinos have to be 
collected and bundied up. In the case of transmutation however the necessity of 
‘materialization can be dropped, so that the goal can be obtained faster and simpler. 
Consequentially is reported of more cases of a successful decontamination and of 
transmutation, than of functioning energy converters. Until now most techniques however 

slill hardly are suitable for bringing into ation technically on a large seale, but they carry 

clues of a solution of the problem already in them. 

‘Atthe congress "New Energy technologies from USA" 6.12.1997 in Zurich I have 

lectured concerning the theme”: Presumably as the first one the doctor Dr. Wilhelm 

Reich has cartied out corresponding experiments with his ,Orgon accumulator” (fi, 

9.2), From him also stem warnings about biological effects, which should be taken 

serious, if radioactive material is put under his Orgon accumulator and the process of 

decay takes place accelerated” 

If one dares an interpretation of his experiments with only 1 mg radium, then 
charge carriers materialized at hitting upon his sample of the bundled up neutrino radiation 
‘with the consequence of high electrostatics in the environment, which Reich has called 
DOR-state (Deadly ORgone) (chap.15.11) 

Another way would be the rebuilding of a neutrino transmitter according tothe plans and 
patent specifications ofthe experimental physicist Nikola Tesla (ig. 9.11). He 100 years 
‘ago had realized a real neutrino-broadeasting and for that developed an unconventional 
switching technique. Tesla called his transmitter a , Magnifying Transmitter" (Gg. 173) 
He choose the name , Magnifying Transmitter", after he had received more energy than he 
hhad transmitted in experiments and this effect moreover was increased with increasing 
distance to the transmitter. He obviously also had collected free and synchronously 
oscillating neutrinos, and that would be the best preequisite fora successful transmutation 
‘and decontamination of radioactive material! 


“is: Konsiantin Mey: Die Weehselwirkung der Neutrinos; uber Massnahmen, die 
Halbwertszeit beim radioaktives Zerfall hherabzuseizen. 
NET-Journal Jg. Nr. 3, Jan/Feb. 1998, 8. 14-20 
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<i>: Patterson, J. A.: System with electrolytic cell 


1d method for producing heat 


fand reducing ‘radioactivity of a radioactive material by electrolysis. US Patent 


No. 5.672.259 of Sept. 30, 1997, as reprinted in Infinite Energy, 
Nov.1997, pp. 13-16 


‘Technical use of the weak interaction 357 


17.4 The Patterson Power Cell 


‘As an example worth paying attention to, the Patterson Power Cell should be mentioned, 
\hich not only ean be used for generation of energy but, how could it be otherwise, also 
for reduction of radioactivity and for transmutation, The energy cell invented by the 
mist Dr, James A. Patterson is researched and developed further by the company CET] 
(Clean Energy Technologies Inc.) in Sarasota (Florida, USA). According to latest reports 
such a device supplies at most one kilowatt of heat energy at an over-unity of up to 4000; 
thus 4000 times the energy is released than is taken up as required forthe operation! 
In fig. 174 one single cell ofthe energy converter is shown. The glass container consists 
‘of three chambers of approx. 4 cm height each time and about 1.9 cm in diameter and 
Works like a continuous-flow water heater. From the bottom tapwater ot distilled water is 
supplied and atthe top connection again taken away in heated form. The excitation takes 
place electrstatically by means of two platinum electrodes. The anode situated atthe top 
{s connected with the positive pole and the cathode with the negative pole ofthe source of 
eet curr. 
In the three chambers are situated tiny, filmy coated small balls, which form the real 
principal item ofthe cell. Production method and structure ofthe beads are oriented to the 
task to be mastered. Inthe ease of a variant conceived for the generation of energy the 
barely one millimetre in diameter small synthetic beads carry after each other a thin layer 
of palladium, a layer of nickel and once again one with palladium". 


The small balls remind with their layered structure at first of the Orgon accumulator of 
Reich. They also seem to function as collectors of neutrinos, but for smaller wavelengths 
and much higher frequencies. In addition is chosen a concentric arrangement with the 
spherical form, which with the electrically conductive surface and the dielectric core fulfil 
the function of a eavity resonator. Resonance actually is possible with flying past 
neutrinos, which have a wavelength which amounts to an integer multiple (1,2.3,.) of 
twice the diameter ofthe sphere. 

The arising resonant oscillation however concerns not only the electric and magnetic 
fields, but by means of electrostriction and magnetostriction also a mechanic oscillation of 
size. The oscillation of size in reverse causes again oscillating electric and magnetic field 
pointers, which are partly open along the spherical structure and can interact resonant with 
further neutrinos. In this tepercussion field the actual secret of the functioning of a 
Patterson-cell is hidden. 


The president of the German association of space energy, Prof. Dr. Dr. Josef Gruber on 


the occasion of his visit at the company CET! and of a conference about , 
‘Vancouver has published a report 


ld fusion” in 


“is: Gruber, = Kalle Fusion und Raumenergie; report conceming the 7 


international eonference about 
BC, Canada (Infinite 


"cold fusion” of 19.-24.4.1998 in Vanvouver, 
nergy, Issue 19, 1998) and teport concerning 


"Intemational Symposium on New Energy" of 23-26.5.1997 in Denver, 


Colorado, USA (Denver-report of the remote University Hagen) 
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Fig. 17.5 Low Energy Nuclear Transmutation Cell," 
the kit for experiments LENT-I 
(Showing Temperature and Pressure Gags) 


=) taken from the NET Journal, TOT 1997, 7 
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17.5 Report ex 


ycerning the cold fusion 


"In the case of the Patterson transmutation cell it concems a special electrolysis cell, in 
which the radio nuclides are charged. During the electrolysis the decay activity measured 

bby means of a Geiger-Muller counter decreases drastically, Within a few hours reductions 

of up to 80% are obiained. In such an electrolysis system with electrodes consisting of 
specially coated beads low-energetic nuclear reactions can be observed. In this case 
elements are detected in the metallic layers ofthe beads, which before were not contained 

in these. Further ate measured changed (unnatural) proportions of isotopes. From these 
transmutation can be inferred, which is used inthe cell for the conversion of radioactive 

clement. 

Until now natural uranium and thorium were used as radioactive material. The 
reproducibility already now is very good. The applicability for eommercial purposes, for 

the reduction of the radioactivity of burnt up fuel elements and for the conversion of 
plutonium is easy to see” 

At his visit in the laboratory of CETI in Sarasota 28.5.97 Prof. Gruber has witnessed an 
experiment to annihilate radioactivity with the Patierson transmutation cell, He reported 
about it: "In the presence of N. J. Olson from Pacific Northwest Laboratory (operated by 
Batelle for the US. Deparment of Energy) a team of the television station ABC 
conducted by the science journalist Dr. M. Guillen made recordings for a television 
program, which meanwhile has been broadcasted all over the country. The original tension 
voltage = among others a Geiger counter ratled - subsided as the expected success became 
apparent in the experiment: After one hour 50% of the radioactivity stemming of uranium 
nitrate were removed, in another half an hour further 13%. Doing so also a considerable 
Jot of surplus heat was produced. 


New techniques of this kind to reduce radioactivity have an important advantage: One 
brings the SET-device there where the radioactive material is situated and reduces the 
radioactivity on the spot. For the conventional technique, still being in researeh, in 
contrast to that the radioactive material frst is wrapped in a complicated manner and then 
transported to a special factory, where radioactivity is reduced at great technological 
expenditure and use of energy - altogether a procedure which is relatively costly and 
palitcally only hard to carry through’ 

Patterson cells already can be obtained commercially for research purposes. The same 
goes for a demo-kit” of the company Trenergy, Ine. of Hal Fox, who has built up the 
biggest database of the world concerning the theme "Low Energy Fusion” inthe "Fusion 
Information Center" at the university of Salt Lake City. He is editor-in-chief of the 
"Journal of New Energy" 

one believes the statements on their web-site, then one is capable of converting 10 g 
of radioactive thorium in 900 mg titanium and some copper in less than an hous with the 
kit for experiments LENT-. Under a pressure of 3200 psi sodium already is said to have 
fusioned to gold, something of which alchemists dream, as an unintentional side effet, as 
researchers in Cincinnai/Ohio say 


== NET Journal, Jan, 1997, 8.24 
=ii>: see Internet tp://www.hal-Fox@islke.uswest.net 
<li> > NET-Joumnal, 10/11 1997, S.7 
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Fig. 17.6: The water-fuel-cell according to Stanley Meyer“ 


El TGT Eilon: Stan Meyers Wasser-Zellen-Technik, Raum & Zeit special 7, 
1. 201, taken from the Canadian patent specification 1234 773 of 5-4-1988 
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17.6 Water-Fuel-Cell technology 


‘The United States are, just what concerns spectacular techniques like the removal of 
radioactivity or the transmutation of new materials, obviously sil the land of unlimited 
possibilities. Nowhere thelist of researchers of cad fusion is as long as in North America, 

But there also in many places only is tried and tinkered without visible system or usable 
theory. Then in many cases unfortunately only a show-effeet is to the fore, while 
‘construction plans and details concerning the way of functioning, as Tar as they actually 

exist, are kept secret In total there, besides a lot of hot ar and wrong hopes, is left behind 

litle to be wed ‘and cited. 
By the way, in my opinion cold fusion has to do very much more with space energy and 
neutrinos than with hot fusion. How much disaster & wrong referring to and an unusable 

theory can bring about, has become clear atthe example of the "eold fusion researchers” 
Fleischmann and Pons. They have placed themselves into the scientific offside with their 
rmisinterpretation concerning cold fs 

Moreover are both primarily scientists and theorists. Practice however is, according to 
general definition, “iin spite ofall it functions!" The American Stanley Meyer is such a 
practical man and his water-cell-technology actually seems {0 function, although he in his 
18 patent specifications gives theoretical explanations, which he just as well could have 

saved himself, With that his effect isnt explained, 

‘An usable interpretation would be that this device, comparable to a cell of plant during 
Photosynthesis, splits water molecules into its parts by putting on neutrinos. Even without 
knovledge about space quanta the buggy of Stanley Meyer already runs with a air-cooled 
1500 ce VW-engine, and it consumes no gasoline at all, The tank is filled with water: i 
even may be sea water. The consumption of water lies at 2.8 litres at 100 kilometres and 
thereby is formed predominantly hot steam again as a combustion product, 

If thus cold water is converted into hot water and at the same time mechanical energy is 
available. then inevitably another source of energy must be involved. According to my 
interprelation it must concer the neutrino field. If the here presented details are correct 
then the over-unity effect lies at approx. 100, the degree of effectiveness thus at 10000 

percent. 


American companies, with which Stanley Meyer had concluded contracts, should make 
the "Water-Fuel-Cell technology" mature for series. Also the financing seemed secured. 
[But then per intemet the message came, he 213.1998 was having supper in a restaurant in 
Grove-City, as he suddenly jumped to his feet from the table and called out, he had been 


poisoned. He died on the spot 


Alarge number of inventors is known, who tap space energy with the help of water. It 
concerns an increase of the content of oxygen or of the content of colloids, thus an 
improvement of the water quality. Orit concerns formation of vortices as already in the 
case of Walter Schauberger, glowing phenomena or also the generation of free energy 
from the neutrino field. In this concert the concept of Stanley Meyer takes an outstanding 
place, as particularly efficient, instructive and clearly understandable for us, for which 
Feason we cast our eyes over the design (Fig. 17.6 and 17.7), 


= Zum Winschied von Stanley Meyer", NET-Toumal April/Mai 1998, 5.25; see: 
obituary in Infinite Energy Magazine 
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A. The pattem of the pulses ofthe excitation voliage: 
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Fig. 17.7: Wiring diagram for the driving of the water-cell” 


<i>: Stanley, A. Meyer: Process and Apparatus for the Production of Fuel Gas and 
the Enhanced ‘Release of Thermal Energy from such Gas, 15.06.89, US-Pat 
207,730: International Publ. WO 89/12704; Int-Appl. PCT/US89(02622 
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17.7 Unconventional electrolysis 


Numerous of the by Stanley Meyer used construction priniples already have been treated, 
be it the excitation with pulses of electri tension voltage or the spherical structure of the 
resonant cavity (fig. 17.6). Asa spherical capacitor with the positive pole inthe centre and 
the negative pole at the outside edge it corresponds to the model of the electron and Fulfil 
nan almost ideal way the conditions of an unipolar arrangement according to ig. 15.8 B. 
‘The use of certain patterns ofthe pulses and steep flanks of the pulses (large dU/a) make 
possible effects of resonance at frequencies starting at ten kilohertz, in which neutrinos 
participate increasingly. First the series resonant circuit, consisting of the adjustable, 
external inductance and the spherical capacitor, is stimulated by means of the current 
rectifying wiring (ig. 17.7) Inthe case of resonance, which is carried out by comparison 
‘ofthe inductance, the excitation current drops, whereas the tension voltage atthe same 
time teaches values of more than 1000 Volts. IF in addition a neutrino resonance occurs, 
then the known avalanche effect will occur. The equipment then takes up virtually no 
‘current. 


As a dielectric serves water, with which the container is filled permanently. The 
‘dimensions are oriented after the velocity of movement of the water molecules according 
to details ofthe inventor. Also the oscillating water molecules should go into resonance. 
‘Then they can help to materialize the neutrinos. Ther rotational energy party passes to 
the water molecules and as soon as the neutrinos have been converted to charge caries, 
they will ake the water molecule from the oppositely charged side and split it without 
further ado. The oxygen and hydrogen pases leave the capacitor through fine openings at 
the upper edge of the spherical chamber, which are so small, that no ignition back can 
occur, and in the simplest case reach a combustion chamber, where they burn again to 
Water a a high-temperature flame (fg. 1756). 

‘The gases of course also can be guided into the eylinder ofa Otto engine and be ignited 
there, asin the ease of the experimental bugay. In the sectional drawing ean be seen a 
filler by means of which, according to the consumption, water is refilled. The round 
resonant cavity not necessarily has to be spherical. Stanley Meyer more frequently differs 
from the ideal form and works with a eylindrical symmetry (fig. 17.8), with which 
‘obviously inspite of that the goal can be obtained, if pethaps not quite s0 good. To this 
compromise the explanations of fig. 15.8 C apply. 

I've, to conclude, cast our eyes over the wiring diagram which Stanley Meyer discloses 
in his patent specification (fig. 17.7 and 17.8)". In the centre is a transformer, which 
should produce an if possible high tension voltage. A rectifying diode, which takes care 
that only positive tension voltage pulses serve the excitation, is switched in seies withthe 
reaction capacitor, which is filled with water, a fixed and a variable inductance. In that 
way the positive pole is always situated in the centre ofthe reaction chamber. If both 
connections would be exchanged or the diode be turned over, then the neutrinos 


presumably would materialize in positrons and notin the wanted electrons. 
But if one leaves out the diode entirely and one has a tension voltage changing both in 
positive and in negative direction, then maybe electrons and positrons are equally 
generated, which annihilate each other under emission of gamma quanta. Doing so n0 gas 
is formed, but at most light, as long as the effect of collecting neutrinos isnt lost also. The 


‘concept should be worth to be examined more detailed already of pure scientific interest, 
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‘A: The high-tension transformer: 
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Fig. 17.8: High-tension transformer and driving of the 
cylindrical water-cell<i> 


<i>: Stanley A. Meyer: Process and Apparatus for the Production of Fuel Gas and 
the Enhanced Release of Thermal Energy from such Gas, 15.06.89, US-Pat 
207,730; International Publ, WO 89/12704; Int. Appl, PCT/US89/02622 


Technical use of the weak interaction 365 


17.8 Materialization of neutrinos 


In the centre of attention of the water-fuel-ell of Stanley Meyer is on the one hand the 
polar arrangement (according to fig. 15.5 B or C) to collect the neutrinos and on the 
other hand the water for slowing down and materializing. Over and above that a lot was 
tinkered and tried, as can be inferred from the patent specifications (fig. 17.8). That starts 
at the. coiling technique of the tansformer and concerns the experiments with laser 
Simulation as well as the top part, which according to the inventor should extract the 
electrons (Electron Extractor Grid). The measures may bring an improvement, but are 
insignificant for our considerations. 
AL this place it primarily concems the question of the materializaion of neutrinos. But if 
such a materialization has to be made complete, if water molecules must be splitted, 
depends on how long the process lasts. If everything goes very fast, then perhaps it is 
sufficient that a neutrino for a short time is showing as an electron, before it again 
oscillates back. In this short time the spliting process already could have taken place. The 
used neutrinos for that had to be very low-lrequent and very slow, They afler that could 
‘again leave the reaction chamber and fly on as neutrino, 
Possibly the fishes, which live in stagnant waters or in the deep sea, owe the slow 
neutrinos the content of oxygen in the water. Because here no bundling up takes place, the 
spliting of water takes place rather by chance. The volatile hydrogen atoms escape very 
Swifly, whereas the big oxygen atoms ate left behind in the water. 
Now we still don't know how charge carriers can be won. At the ROM unit resonant 
‘oscillations of size had been measured and that can be judged as an important clue. If 
namely @ space quantum is slowed down then it becomes bigger. The inverse case we 
already had made us clear: If a particle is correspondingly fast then it i sufficient length 
contracted to fit through the tunnel (fig. 6.14), 
To slow down neutrinos according to that the target area should carry out an oscillation of 
size with opposite phase. Organic material and biological systems are excellently suited 
for that. Every contraction of a muscle brings that to mind, Inorganic matter and our 
technology however normally don't know this phenomenon. Technical energy converters 
simply are built up fundamentally else than biological muscle machines. 
In historical sources at certain places is pointed to the fact that priests had experimented 
‘with quartzes and miraculous phenomena were observed. OF course the question is asked, 
if such experiments today still can be reproduced, Because the density of the earth slowly 
increases due to the growth in volume, also the wavelength of these oscillation quartzes is 
changed. The same neutrino radiation therefore today can't be active anymore, It thus 
aly because a 


described effect today doest't want to function anymore. 
Magnetosirictive or electrostrictive material could be a solution. For instance a 
piezocrystal, which contracts under the influence of an outside field. As an ultrasound 
converter an applied alternating voltage leads to the emission of a sound wave. If we 
reverse the function, then a received longitudinal wave should lead to an electric tension 
voltage and then at last the materialized charge carriers could be taken off! 
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Fig. 17.9: The course of the field in the case of a glow-discharge™ 
(The num values indicate the active field ines, 
as they ean be read from the representation). 


= _K_ Kupimulies Emfuhn 
Springer-Verlag (1988), S. 197 


iim die theoretische Elektrotechnik, 12. Aull 
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17.9 Oscillation of size and luminescence 


‘There exist substances, which at high temperatures start to glow. In the sense of the theory 
of objectivity presented in the first part of the book in the ease of temperature it actually 
concerns an oscillation of size of the involved elementary particles (fig. 83). If this 
oscillation of size lies in the visible frequency range, then we can directly perceive it and it 
‘can be used for instance in alight bulb forthe purpose of lighting, 

In the case of an are. fluorescent tubes ot glow-discharge lamps light is formed as well 
even without a thermal effect. These glowing phenomena are called luminescence. They 
can be caused by chemical processes, by friction, by crystallization or by electric fields. 
‘As ean be shown speedily, in these cases it also concerns an oscillation of size. 


If we for that consider the model on the left (ig. 17.9). Between two electrodes there is a 
non-conducting gas, eg. air. [now a tension voltage is applied then, under the influence 

ofthe electric field, some gas atoms are spited into positively charged ions and negative 

electrons (case A) and pulled apart (case B). This process of enlargement of the glow- 
discharge fast as lightning comes close to that of the thermal oscillation of size and 
obviously in the same way is perceived as light. 

‘The ionised gas pats are attracted by the unlike poled electrodes and move towards these 

(case C, D). Whoever takes the effort to count the number of the field lines, will find out 

that between both electrodes the electric field drops, whereas ita the same time increases 

atthe electrodes. The frst thing causes that the process of ionisation i stabilized by itself 

and a state of equilibrium will result the resulting current takes a constant value 

‘The increase of the tension voltage at the electrodes on their behalf causes that an are 
remains standing or the glow-discharge lamp glows on, even if the feeding voltage is 

reduced. For this reason a fluorescent lamp needs a’ starter, since the network voltage is 
too small o start the effec of luminescence 


We indeed know, thatthe gain of light ofa fluorescent lamp is a least three times better 
than that ofa light bulb. AS a rule a degree of effectiveness in spite ofthat can't be given, 

since it merely concems a comparison measurement in the case ofthe measurement ofthe 
lighting intensity witha luxmeter. It hence cant be excluded, that we already are dealing 

With an over-unity effect in individual eases and neutrinos are involved in the effect of 
slowing. 

A necessary oscillation of size would be present, as the perceivable noises of open spark 
gaps prove, Also in the case of lightning the thunder occurs as a consequence of a 
longitudinal oscillation of size and at the same time a glowing phenomenon occurs as a 
consequence of materialized neutrinos (Lig. 14.11), It almost is obtruding a scientist that 

here the same principles ae at work. 

One however hardly can prove that neutrinos are involved in the luminescence, because 

the configuration is symmetrical with regard to the resonance of neutrinos and just as 

‘much particles materialize as anti-partcles, which afterwards again annihilate completely 

as an impulse of light. They hence can't he measured directly. It gets interesting if an 
asymmetrical arangement with unipolar character is chosen, 
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Phosphorescence and sonoluminescence 


Fig. 17.10: Tesla with a wireless light bulb™ 


A Sarony-Portrait from 1894, Tesla-Museum, Belgrad 
<li>: R. Hiller, K. Weninger, S. J. Puttermann, B. P. Barber: Effect of Noble Gas 
Doping’ in Single-Bubble ‘Sonoiuminescence, “University of California, Los 
Angeles, USA, Science, Vol. 266, 14.10.1994, P. 248.250 

and: D. Lohse: Wenn sich 

im dunkeln; (University of Twe 


ferwandelt, Mechanismus liegt noch 
teilungen der DEG 4/98, 8. 19-21 
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17.10 Phosphorescence and sonoluminescence 


Let us first look at the observable after-glowing at fluorescent lamps or ata sereen, the 
phosphorescence. It presupposes a storing effect, and that in accordance with prevailing 
textbook opinion canbe traced back to the excited state of some atoms. Doing so electeons 

inthe atomic hull change from one level of resonance, an instable state of energy, to 

another orbit, which represents the ground state. Doing so the difference in energy is 

emit in the form of ight. The process obviously not only takes place as luminescence 

during the switching on of the excitation voltage, but also as phosphorescence after the 
svvitehng off 

An enveloping electron now doesn't fy as a tiny planet around the nucleus, but occupies 

the ene orbit as an inflated spherical vortex (fig. 5.5). Seen from the ouside i is a mater 

vorte, Ithowever sees the enveloping electrons on the further onthe outside lying orbit 

From the inside and there they are showing as anti-matter vortices. As Tong asthe distance 

of respects kep, nothing happens. I however an inner spherical vortex presses to the 

‘outside o the ouside one othe inside, then the incompatibility of the vortices takes effect. 

tnd both annihilate under emsssion ofa photon. In this respect the explanations ofthe 

Vortex model are very help 

But now, after this flash of light, 1wo electrons are missing in the atomic hull. The 
positively charged atomic nucleus never would allow this Toss. Replacement has 1 be 
fetched and that actually only can stem fom the neuttino field. Therefore the enveloping 
election doesat change the orbit immediately, but instead has to wait, until a suitable 
neutrino passes by, with help of which the game of changing places can be executed. This 
explains the time delay and gives reasons forthe observable aler-glowing 

“The form of the unipolaly charged sphere (acconling 10 fig. 188 B) forms almost ideal 
prerequisites for an interaction with neutrinos and the step-like change of size from one 
‘orbit to the next ideal prerequisites for their materializaion. The longitudinal wave 
onnected with the change of orbit without doubt can be called a high-feequency sound 
wave. Ithowever ean be detected because of missing gauges for such high frequencies, 

But if we take the frequency down into the range of the ultasound, which ean be handled 
technically, then effects arise which brilliantly prove this interpretation and the 
participation of neutrinos inthe luminescence 

‘The not understood phenomenon is called sonoluminescence and at present is researched 
at numerous high schools primarily for academic interes. The stricture is conceivably 
Simple. One takes a ball of glass filled with water and positions at the edge one 
piezocrystal next to another. Then one with the piezo loudspeakers, operated with the 
Same phase, sounds the whole with ultrasound and see there, the water glows 
mysteriously! The ‘sound. waves change the pressure. Inferring. from the observations, 
during the phase of low pressure smal bubbles are formed, which atthe following tse of 

pressure collapse and emit a ultrashort flash of light. There thus takes place an oscillation 
of size, which leads tothe -——“Muminescence’ phenomenon! 
So fir so good: but suc a Mash of light is much shorter than the collapsing ofthe gas 

bubble lass. With less than 50 picoseconds its faster than the otherwise usual atomic 
transitions of electrons. The whole thing obviously has nothing to do with this kind of 
luminescence. Also the spectrum doesnt fit and finally the overanity effect lies at one 
tilion, the light energy thus is 10" times larger than the energy part which is taken up 
fm the sound wave by every tom 
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Fig. 17.11: Light bulbs according to plans of Tesla” 


<i>: __N, Tesla: Experiments with Alternate Currents of High Potential and High 
Frequency, Lindsay Publications Inc, ISBN 0-917914-39-2, Fig 18, P. 704103 
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17.11 Discussion concerning the use of the weak interaction 


In the ease of the luminescence the conditions lie similar like those for lightning. The 
science of today it is true has some problems of explanation at detail aspects, but again 
and again manages to protect the ivory tower of physies from collapsing, with supporting 
auxiliary explanations. But atthe latest in the case of an unipolar arrangement, in the ease 
‘ofa ball-lightning or the sonoluminescence, the participation of the neutrinos clearly 
comes to light, the auxiliary concepts prove to be unusable 


It surely is no accident that the discoverer of the neutrino radiation also was the fist, who 
has experimentally investigated the luminescence. The lamps of Tesla (lig. 17.11) all were 
Without wear and didn't have filaments like those of Edison. They however had to be 

operated with high tension voltage and relatively high frequency. Both a single-wire and a 
Wireless transmission technique were possible (fig. 9.5 and 9.7). In hs laboratory Tesla 

only needed t0 hang a fluorescent lamp without any return cable on a wire, then he had 
light. Famous also are the pictures on which he holds a lamp in his hand, which glows 

entirely without any connection, but only ifhe takes it in his hand! (fig. 17.10), 


If we again tur through the chapter, then it is remarkable that in most cases, from the 
transmutation to the luminescence, neutrinos can be used for reason of their resonant 
interaction which in the proximity can be put equal to the weak interaction. A real 
‘materialization however poses an enormous difficulty. I namely the translatorie motion of 

the space quanta is slowed dowa, then the risk exists that for balance the rotation 
increases. But that as well has to be slowed down for a materialization! Only if both 

processes of slowing down take place, the goal can be reached. In that ease the described 
‘cooling down effect occurs. 


For a measurement technical check i therefore offers to record the slowing down of the 
translatoric motion and the collecting of the neutrinos by means ofthe measurement ofthe 
radioactive decay of a sample. And to read the materialization as the slowing down of the 
rotation from a measurement of temperature. In addition are helpful proofs about 
oscillations ofsize, glowing phenomena and deviations inthe balance sheet of energy. 
With that it should be able to obtain a system forthe exploration ofthese phenomena with 
the goal of a practical exploitation ofthe neutrino radiation forthe benefit of humanity. 


372 ‘Water as a eatalytic converter for neutrinos 


A: 


Floating installation 
for wood according to 
Viktor Schauberger<* 


B: 
Ancillary part for 
shower according to 


graduate engineer 
Wilhelm Martin. <> 


Fig. 18.1: Mechanical whirling of water 


iv: N, Harthun; Naturgemasse Stromungsfuhrung nach Viktor Schauberger 
Analyse einiger seiner Patente und Zitate; MuT Ne 4, 1980; sa. Kap. 92 

O.Alexandersson: Lebendes Wasser; W.Ennsthaler Verlag Steyr, 1993, 5.156 
V. Schauberger: Die Entdeckung der Levitationskraf, Implosion 112, S. 39. 
<id>: Do we owe the taste of bubbling spring water to neutrinos? 
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18, Physical phenomena 


In this chapter it on the one hand concerns indirect effects of the resonant interaction and 
‘on the other hand effects of gravitation and levitation, 


18.1 Water as a catalytic converter for neutrinos 


Already the Austrian forester Viktor Schauberger has pointed to glowing phenomena at 
Whirled water, He first had observed such in nature at torrents and waterfalls in the Alps. 

Later he was capable, to produce and to demonstrate tis effect even artificially". One 

could speak of hydroluminescence, where sill the question would be left open, how it 

actually functions. 

Already in chapters 4.10 and 4.11 has been talked about the special properties of water. It 
here at frst concerned the property of transport ofa vortex, which even is capable to bind 

particles in the vortex, which are heavier than the whirling medium itself. Schauberger had 

become famous by letting build floating installations, in which not only tree-trunks, but 
also gravel could be transported down to the valley, without the sides of the channel 

actually having been touched by the rubble. This phenomenon has been examined and 
confirmed on the scientific side * 

Basing on this principle today different devices for processing water are offered and sold, 

Which bind lime, mineral materials and suspended matter in the vortex and in this way 

prevent deposits in the pipes. The methods, 19 whit! the water, are however very different. 

Some whit! the water mechanical, others magnetically and again others electrically 

Here the dipole nature of the HO-molecules has an effect. IF tun a water molecule with 

its electric charge distribution, then from the moving charge a magnetic field results. IF 

thus in the pipe a hydrodynamic flow vortex is produced, then an electric and a magnetic 
vortex, the potential vortex and the eddy current, are the result (see fig. 42). 
‘The wanted flow vortices vice versa also can be obtained, by guiding bubbling whirled 

Water past permanent magnets, of by feeding in alternating magnetic fields with the help 
of coils, or finally by working with pulsed electric potentials. Each of these system 
operated passively or actively, has its specific advantages and disadvantages (fig. 18.1 B 

and C), 


I can be assumed that with the vortices also the water quality is changed. As a rule the 
content of colloids increases, due to which the surface tension falls. In the colloids 
negative ions are bound, for which reason also the electric conductivity decreases. 
Finally the content of oxygen increases and that actually only can come from an 
electrolysis. The neutrinos thereby are suspected ” 

Asan extreme dielectric medium water favours the formation of potential vortices, which 
immediately after their formation contract swiflly. This oscillation of size of the 

electrically charged potential vortices makes possible actually an interaction with 
neutrinos, and that on the one hand has as a consequence the water splitting and the 
increase ofthe content of oxygen in the water and on the other hand the above depicted, 

observable glowing phenomenon, the hydroluminescence 


ava ‘Background and zero point radiation 
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Fig. 18.1 C: Wiring diagram for a simple water 
processor 
with pulsed field (2 kHz rectangular signal) 
a: for magnetic —field-—_excitation 


b: for electric field excitation 
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Fig, 18.2: The spectrum of frequencies of light and of the 
zero 
point radiation.” 


<b A. Waser: The Puzzling Nature, AWVerlag Luzern 1996, p. 88 
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To complete in fig. 18.1 C the wiring diagram of a simple water processor is shown, 
Which works with pulsed electric (b) oF magnetic (a) fields, 
If we temporarily again leave the theme water and take along the notion, that it must be 


atteibuted a great importance in connexion with the interaction and the materialization of 
neutrinos 


18.2 Background and zero point radiation 


Whathappens really, if cold matter or interstellar gas molecules are hit or touched by the 
everywhere present neutrinos? Then it can be expected that oscillations are being 
stimulated and as a result the temperature slightly increases. If we thus at a space flight 

hold a thermometer out ofthe shuttle window, then we will measure everywhere such a 
remaining temperature of a few degrees Kelvin, which is called cosmic background 
radiation, 

By popular scientific small talkers the background radiation is called remnant of a so- 
called Big Bang. It even is misinterpreted as evidence for the Big Bang. Even if a certain 
value of entertainment can't be denied, the Big Bang from a physical view until now on 
has raised questions and contradictions. 

If we stay at the fact that oscillating neutrinos depending on their radiation density and 
velocity of propagation produce a thermal oscillation, which ean be detected asa slightly 
increased lemperature. To measure that we don't need immediately to undertake a space 

‘ight, We also can install the thermometer in an artificially produced vacuum. In vacuum 
physies out of ignorance of the relations the neutrino radiation then is called zero point 
radiatio 

In the case of the neutrinos it of course concerns an oscillation around a mean value, 
Which for a symmetrical form of oscillation has the value zero. The term nevertheless is 
misleading and chosen very unfortunate, After all we don't speak of zero point current in 
the ease of allemating curent 

Since every supernova and every black hole emits neutrinos and correspondingly in 
physical experiments until now no preferred direction could be determined for the zero 

point radiation, it is taken as homogeneous and isotropic in space. From the Lorenz 
invariance again is inferred a cubic course ofthe zero point spectrum, an increase of the 
radiation intensity with the third power of the frequency. With this assumption the 
radiation density of the vacuum however strives with increasing frequency towards 

infinity. Here an error has to be present inthe considerations! 

[proceed from the assumption that in the case of the spectrum of the neutrino radiation it 

rather concerns a spectrum of resonance, the maximum value of which lies above the 

frequency range measurable with devices of today. It of course would be very important 10 

find out, where the radiation maximum lies, but without being able to measure it that lies 
unfortunately inthe range of pure speculations (Lig. 18.2). 

Half the wave length in any case should be tuned ( the length of the antennas of the 

energy centres of the cells, the mitochondria and the chloroplasts which are eapable of 
photosynthesis. In both cases the head diameter of the ATPhases amounts to approx. S 
rhanometer. It would be obvious, ifthe resonance point would lie here. But it could as well 

lie at still smaller wave lengths in the domain of molecular dimensions. 


6. ‘The Casimir effect 
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Fig. 18.3: The Casimir effect 
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18.3 The Casimir effect 


If this zero point radiation actually would be the cause of the Casimir effect, which is 
generally assumed today, then neutrinos would have to be involved, if the zero point 
raditation would be to put equal to the neutrino radiation, The effect even is quoted as 
evidence, but Ihave my doubts. 


‘The experiment is relatively simple and functions also in a vacuum. Two absolutely plane 
and smooth polished metal plates are placed very close to each other. Doing so the 
distance should only amount to one thousandth tll one millionth of a millimetre. If the 
force, with which both plates are attracting mutually, is measured then it exceeds by far 

the gravitational force. We are dealing with an unknown force, neither electric nor 
magnetic 

Because the force of attraction still arises near the absolute zero of temperature, some 
make the zero point radiation responsible. In our translation that Would be tantamount to 

the neutrinos exerting a pressure from the outside on the metal plates, if need be with their 
small rest mass, as far as this should not be based on an offset-error of the detecting 
devices. For that the plates would have to damp the neutrino radiation effectively and by 
‘mutual shielding reduce the radiation pressure from the split. The question is asked, if the 
from the outside hitting bombardment of quanta, as itis called, actually can exert a 
pressure which would be compatible with the nature ofthe neutrino radiation. 


If we now try an entirely other interpretation, which does without the postulating and 
designing of new force effects. Now the from the unified theory won interactions 
according to table 15.1 form the basis. Inthe Casimir effect, as said, neither magnetic nor 

electric forces are involved, so that open field lines and the corresponding force effects (1 

Lill 4) ae ruled out. Ithas to be the work of closed field lines and that in the stati case we 

know as gravitation (5). Now the mass of the metal plates is too small, as that an 
acceptable force of attraction of masses could result. 

‘The measurable force is much larger, even if it according to its nature could be @ gravita- 
tional force. Here oscillations, as they actually take place in the hull of the metal atoms, 
seem to play a role. If between the oscillaions of the two plates standing opposite occurs 
resonance, then a levitation is possible (6), which deseribes an oscillating interaction, 
produced by closed magnetic field lines. 

At extremely low-frequency signals this interaction is known as gravitational wave and 
object extravagant and costly physical experiments 


Ser The question, which interpretation is correct and which one should be 
rejected, could be verified as follows: at first the force between two plates of a 
certain metal and afterwards that of another metal has 10 be measured. If in 
‘@ third experiment a plate from the first and one from the second experiment 
fare brought together and the force effect goes back measurably, then the 
{quantum physical interpretation would be wrong clearly. With that would 
Ihave been shown that here resonance effects are used, which presuppose an 
identical metal latice structure of both plates. 

If the force effect however doesn't go back, then both statements are possible, 
then one has to think up another experiment 
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Fig. 18.4: The flying dise of Searl on a german title page.” 


Special 7, Raum 8s Zeit Dokumentation aus dem EHLERS Verlag, 
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184 Effects ws 


le high tension 


IK erackles inthe laboratory of high-tension. The air smells electrically charged. Only in a 
corner someone sits and Waits with much perseverance and patience, until something 
happens. Then he lets thunder down lightnings of several millions of Volts on a small 

sample, It flashes and crashes and sill nothing happens. 

No, it doesn't concer Tesla! Tesla has worked purposeful, In addition has Tesla only 
called himself inventor, But the man in the comer feels himself a discoverer and as it is 
proper for a discoverer, he has immediately named the effect after himself. As a real 
‘American he lets market himself and his discovery by the media and a video tape. 

Doing so he obviously doesn't know at all, what he wants to have discovered, of what this 
Hutchison effect actually consists. It perhaps is an event of pure chance, for which he 
sometimes has to wait hours. If it very suddenly would occur, then it is a real potpourri of 
all already discussed effects: metal spoons are bending (fig. 14.13), massif steel rods are 
breaking, light effects are being observed (chapter 17.9 PP), water stars to dance and to 
cook (chapter 18.1), without getting hot and finally do some samples take off and fly 
‘crosswise through the room. He then speaks of anti-gravitation, 

Inthe video tape can be seen, how he brings about a physical length contraction as a result 

of a locally produced field concentration with two as an interferometer configured Tesla 
‘coils. Ina botle for instance the air volume is changed. This confirms the correctness of 

the here presented theory of objectivity (chapter 6.6 PP). 

In any case no-one is amazed more about the results of chance than John Hutchison 
himself. Overwhelmed by the magic, the charm of the effects and the feeling to be able 10 
move fieely outside the trodden out ways of physics, he stil sits in his comer with the 
video camera and waits, until finally something happens again 


‘There is worked with tension voltages, which are considerably higher than S11 KV, the 
calculated tension voltage of their own of the charge carriers (ig. 7.1)- One thus by no 
means has to be amazed, if under the influence of several millions of Volt electrons are 
taken apart and metalic objects are breaking or bending. 

‘The extreme tension voltage and field change we owe an oscillation of length and of size, 
Which spontaneously can lead to an interaction with neutrinos. Materialized neutrinos 
again are responsible for glowing phenomena and for the electrolysis of water, which 
under the impression of the rising gas bubbles seems to dance and to cook. For my readers 
and participants of the energy technical seminar therefore models of explanation are 
available 


One effect we still haven't discussed and analysed more in detail: the antigravitation resp 
the levitation. As long as no reproducible field conditions are present and the chunks are 
accelerated in any arbivary direction, it will be difficult to understand the physical course 
ofa levitation 

In chapter 9.3 we already had become acquainted with and discussed a levitation device 
with the flying dise of John Searl for which the Feld conditions are comprehensible. This 
time we should have a somewhat close look atthe ying device (Hg. 18.4)" 


“i= Some reports can be found in Special 7 Freie Energie™, Raum & Zeit Doku- 
‘mentation aus dem EHLERS Verlag, Seite: 141 bis 157 und 174 bis 185 
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Fig. 18.5: _ Concerning the controlling of the flying dises 
according to Searl. 
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<i: H_Schneider, HWatt: Dem Searl-Fifekt auf der Spur, Special 7, Raum & Zeit 
Dokumentation aus dem EHLERS Verlag, Sauerlach, 1. Aufl, (1994), S. 183 
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18.5 Flying dises 


‘The Seatl-dise can be calculated relatively good with the Faraday equation concering 
unipolar induction. To estimate the order of magnitude, we just suppose the roller magnets 
produce an induction of one Tesla and the radius is one meter, then between the centre of 

the flying dise and its edge S11 KV is applied, ifthe revolutions per minute has reached 

the value of 80000 revolutions per second. As soon as the revolutions per minute is 

reached, the neutrino conversion can start. 

‘The at the edge of the dise arising corona, which consists of individual electrostatic 
discharge flashes, takes care for the necessary dU/dt, by every blow and every spark is 
‘drawing the potential for a short time towards ground. The tension voltage jumps in swift 

order between values ofabove 511 kV and zero Voll to and fro. In connection with the 

already discussed unipolar field configuration neutrinos ate being collected in this Way. 


A technological challenge represents the layered construction ofthe roller magnets and the 
rings, which have to withstand extreme centrifugal forces (ig. 18.5). Friction however is 
nota theme, since on the one hand the ai inside the dise ionises and a vacuum is formed 
and on the other hand the air split between rollers and dises increases by the field 
dependent contraction ofthe metal part, 


Actually one in this case by no means can speak of antigravitation, because the gravitation 
isnt really vanishing. The dise even in flight still is heavy tons. Here merely a resonant 
interaction is built up which is larger than the gravitational pull of the earth. The dise is 
attracted by the cosmic source of neutrinos, with which it has built up the resonance. 

Exactly there it will ly! 


‘The by Seat! designed controlling in my opinion actually can't have functioned satis 
factorily. He uses emission plates, as he calls them, which alternatively are switched on by 
means of switches and are able to form electrostatic forces with some air charge carters. 
In reality the drive probably is comparable to that of a sailing ship, for which the wind 
always blows from one direction. The ship isn't pushed by the wind, as one erroneously 
‘could think, but rather by the under pressure behind the sail pulled forward. Without 
steering facility the object always is driven in dtection of the drain, The sailor would say, 

the ship without helmsman drifts towards lee, 

Seatl in this way has lost all fying dises which were started. By using solar neutrinos they 
presumably have fallen into the sun and burnt. The controlling should function analogous 
toa sail, then one would stand a chance, by "aversing” against the "wind", to sometime 

again come back to the starting-point. 


Tiss Hy, Schneider, H, Watt: Dem Searl-Etfekt auf der Spur, Special 7, Raum & 
Zeit Dokumentation aus dem EHLERS Verlag, 1. Aull. Seite: 183 
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Fig. 18.6: The remote controlled flying discs of John Searl.“* 


<i> Special 7, Raum & Zeit Dokumentation aus dem EHLERS Verlag, S. 152 
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18.6 Propulsion with neutrinos 


In search for an ideal propulsion system for spacecrafts the flying dises of John Seat stil 
have demonstrated a further possibility. After the start occasionally were let strange 

particles on the ground, which hada't be there before. The flying device obviously had 
‘materialized them and dropped ther a the start. 

With this materializaion of neutrinos the chance is showing ofa very efficiently working 

recoil propulsion, Ifnamely the neutrinos are converted into matter then they by that gain, 

back thei rest mass. If this takes place inflight then the materialized paticles also bring 

along kinetic energy. It then works as ajet engine for which the direction of the jet can be 
directed and in that way the vehicle canbe controlled comfortable 

In the case of the Searl-dise the materialization of neutrinos rather happens as a not 
understood side effect. In the case ofa systematic use however the principle will show a 
characteristic property. Instead of a vapour trail a beam of light will shine out of the 

fying object in the direction of the emitted particles, but it will beak off abeuptly after a 

ceartain distance 

To blame is the part, which has become anti-matter, which it is tre as well contributes 10 
the recoil, but simultaneously annihilates with incompatible particles of matter under 
emission of particles of light. If in some distance all antipartcles are used up then also the 
‘beam of light comes to an end. 

there concerns necessary properties of a corresponding propulsion technology for 
spacecrafls, which don't have to drag their propelling energy along with them. Our space 
technicians finally could handle another than the "hammer throwing method” in which 

case the "hammer by means of terrible fuel consumption after a phase of acceleration 

only staggers uncontrollable through space under the influence of its inertia, 

With a neutrino propulsion on the other hand one at any time can accelerate or brake. It 

will strongly influence the field around itself, so that ean be reckoned that for every 
acceleration a field dependent change of size should be perceptible by an outside observer. 

I therefore a corresponding flying device is accelerating then it will suddenly become 
smaller and that then looks so as if it would have moved away with a jump without 
temporal delay, but that isn't the case at all. 

‘The jerky movernents only would be a result ofthe perception with our eyes by means of 

the propagation of the light. Since the passengers are exposed to the same field, they 

change their body size along with that of the vehicle. They actually notice nothing of an 
apparently infinite acceleration, which only observers oa the outside would observe and 

Which indeed no living being could stand, 

Nowhere the explanation crisis is larger than in space travel! The theory of objectivity 
represents areal help, because it perhaps as the only one pus us ina position to conceive 

and understand not understood observations as necessary technological consequences. 

Only by uncovering parascientific as purely physical phenomena man of today will be 

able to ree himself trom the constraints of magic and his ov illusio 

Is the until now discussed cases resonant or other force effects are being used, whereas the 
gravitation remains unchanged. Closed field lines after all cannot be influenced, normally 
at least, Pechaps an indirect possibility exists to have an effect on the gravitation? 
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Fig. 18.7: Experiment for the manipulation of the 
gravitational 
pull of the earth. 


<i>: Schneider: Anti-Gravitation im Labor nachgewiesen?, NET-Journal Januar 
1997, S. 14,15; sa. Internet: http:/www-keelynet.com/gravity/fingray.btm 
ii»: E. Podkletnov, R. Nieminen: A possibility of gravitational force shielding by 
bulk YBa;CuO,-x Superconductor, Physika C 203 (1992), P. 441-444 

<lii>: Force field Implications of Anti-Gravity, The Journal of Ideas, Art.191, 7.9.95 
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18.7 Antigravitation of levitation 


‘The night already had fallen over Finland, but atthe University of Tampere the light still 
\was on. Then a scientist put his beardy head through laboratory door and with a "hello 
folks” blew the smoke of his pipe over the exyostat for the examination of superconductive 
materials. The scientists were speechless, because the smoke seemed to hit an invisible 
\all and was drawn upwards in direction ceiling almost at aright angle. 

Alter having aroused the curiosity, Dr. Eugene Podkletnov also has held other materials 
above his rotating dise and had to discover that these as well lose weight, and that he 
actually influences the gravitation with his experiment, Even the air pressure at the 
‘corresponding place in a lying above floor was smaller 

With a superconductive dise of 30 em diameter cooled by liquid nitrogen a reduction of 
gravity for 2% to 4% can be obtained, if the dise rotates with more than $000 revolutions 

per minute. With the revolutions per minute also the effect inereases, but itis independent 

from the excitating field”. Finally the fields of the superconductive currents in the ring 

remain existing unchanged even after switching off the excitation and it only depends on 

these fields. 

‘The shielding effect of the arrangement on electromagnetic fields already had been known 
before and should be examined closer inthe laboratory. One only was surprised thatthe 
gravitation could be shielded as well, that obviously both interactions are related. 
According to the prediction of the theory of objectivity the closed magnetic field lines 
gravitate and the field components directed towards the centre of the earth cause the 
measurable force of weight. By the very strong superconductive fields obviously field 
overlaps and possibly a local driving out of field oceurs, like one has long known for eddy 
currents (Meissner effec) 

With that the earth gravitational field of course is not cancelled, but merely spatially 
moved, or it partly has changed its direction. If only @ small part of field pointers tums out 
of their orientation towards the centee of the earth, then at that point the force of weight is 
reduced to a corresponding extent. The theory of objectivity requires that! 

By the way reports exist, according to which even without rotation a weight reduction can 

‘occur for superconductive rings, and others, where is worked even entirely without super- 
conduction. As core material forthe ring Ferrite or a strong permanent magnet is used. In 

that case depends on the circumstance that the ring-like coil is operated in selE-resonanice 

and always in the right moment again is excited anew by induction, The ring core then 

stores the Fields up over time, exactly as the superconductor. 

Stricktly speaking it are the atomic nuclei and in the end all elementary particles, which 

are aligning in the high field. Dr. Ning Li wants to artificially produce gravity, by 

directly influencing the quanta, With that she comes the phenomenon very close". The 
possibilities of this effect nevertheless are very limited, since two percent more or less are 

not exactly much, and the dream of the complete cancelling of gravity or even inertia 
possibly stays just a dream, I stricktly speaking just concerns influencing the gravitation 

and not antigravitation! 
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Table 18.8 A: The interactions of closed field lines.” 


Fig. 18.8 B: Test models of the "flying saucer” 


according to Viktor Schauberger. 


<b: according to fig. 15.5, eases $to 8 
<iib: O.Alexandersson: Lebendes Wasser, W-Ennsthaler Verlag Steyr, 1993, §.103 
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18.8 Discussion concerning the effect of closed field lines 


If we now direct our eyes exclusively tothe lower half of fig. 15.5, in which the conse 
{quences of closed field lines are listed. Without the possibility of a direct focussing like 

Tor open field lines, the caused force effects turn out extremely stall. With that they are 

less suitable for an use of free energy, The considerations in that context rather aim at 
technologies to reduce weight, like they would be worth striving for for lying devices. 

we allege that herein the same way the force effects of magnetic H-fields exceed those 

of electric E-fields for three to four powers of ten. Then it will hardly play a role for the 

ogce of weight of a body with or without additional electric charge, ifits E-field lines are 

closed as well or ate open. The increase in weight of an uncharged body only will have an 

effect in the third till Fourth place after the decimal point. Seen so in the case of the 
gravitation it primarily concerns an effect of the magnetic field, more strictly speaking the 

effect of closed magnetic fe lines (chapter 69). 

If one succeeds in influencing these magnetic fields for instance by the influence of 
extremely strong fields of a superconductor, then also the gravitation will change, as has 
been shown (chapter 18.7). Let's imagine, in the case of a systematic procedure we would 
sueceed in a perfect influencing, for which no component ofthe H-field lines points into 

the direction ofthe centre ofthe earth anymore, then an uncharged body would only have 

fone tenthousandih of its original weight, whereas a charged body actually would weigh 
nothing anymore. This state of the weightlessness supposes that all E-field pointers point 

{nto the direction of the centre of the earth or diametrically inthe opposite direction, since 

E- and H-field are standing perpendicular to each other. Unfortunately such a field 
distribution technically hardly can be realized and so the flying carpet” furthermore 
remains reserved tothe fairytales, 

‘An effective reduction of weight of planes and other flying objects however seems by all 

‘means feasible, and so slowly the number of research facilities increases, which more or 

less officialy have a critical look at the cancelling of gravity and the levitation. The 
theories on which they are basing, however often sound very bizarre and moreover are 
completely unphysical. Maybe a look atthe distribution of field lines, as proposed here, 

Ihlps to get further 


In the case ofthe levitation, which occurs strictly speaking only in the ease of oscillation 
for closed field lines, resonance again plays the crucial role for the coming about of the 
interaction. In connection with neutrinos the resonance can serve less the collecting; we 
rather need it forthe materializing, for the production of mass, charge and energy. 

For the artificial production of a levitation either a mechanical oscillation in the atomic or 
molecular domain is needed, like for instance is produced by a rotating water molecule, or 
1 resonant oscillation of size takes place by use of eleclrostrictive of magnetostrictive 
materials, lke piezerystals or oscillating quartzes. 

In this context surely is of great importance that also the temperature could be identified as 
4 particle immanent oscillation of size (chapter 8.3). That's why besides a cold. materiali- 
zation or cold fusion also exists, at least theoretically, the possibility of a hot materiali- 
‘atin oF hot fasion, 
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Fig. 18.9: The increasing number of free energy inventors.” 


<i>: only the inventors mentioned in the text ate entered, Literature for that: 
‘A, Schneider: Energien aus dem Kosmos, Jupiter-Verlag (1994), 8. 77 
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18.9 Concerning the determination of the stand of today’s energy technique 


‘An analogy to the production of matte forms the production of light. At high temperatures 
as is well-known is formed thermal light and at low temperatures cold light, the discussed 
luminescence. An oscillation of size of the light source in all eases of the formation of 
Tight isthe cause, be it as an electromagnetic wave or as photon vortex, be it in whirled 
Water of as sonolumineseence. We at last see ourselves putin a position to understand the 
various light phenomena as something which is related, 

‘The call for new energy carriers and an ecologically compatible energy technology can't 

be ignored anymore. The number of inventors al present increases fast (Lig. 18.9). Itis 
legitimate and worth recommending, to observe for this purpose first ofall nature, how it 
solves its energy problem. Doing so we should realize that in contrast tothe technology of 
today no combustion and no explosion takes place, but rather principles ofa cold fusion 
and of an implosion as a result of contracting potential vortices are being used. Actually 
nature may point the way out of the energy technical dead end, We only have to accept the 
offer, be open and show being ready, to invest in the development of methods in 
sccondance with nate. 

Directed at the address of the distributors of supporting funds for energy research the 
claim in plain English reads: to grant no money anymore for ecologically harmful 
‘concepts, like nuclear fission or for not understood and not realizable developments like 
hot fusion. to immediately stop the fruitless works and to provide the money for an 
ecologically compatible energy research. 

Immense saving potentials moreover are found in all domains of physics, where instead of 
‘costly experiments just as well the things could be ealeulated with an usable theory. To 
check the theory then only few experiments would be necessary. Afterall all important 
‘discoveries have come about in this manner. Nobody should think, he had understood a 
matter, once he has filled himself up with sufficiently much measurement data 

‘The root of the evil lies already in the education, where students of physies want to 
understand everything and therefore are trying hard to grasp with their view and bands for 
everything. Abstract thinking or mathematical derivations however ate too uncomfortable 
for most; they have the erroneous opinion, understanding (German: begreilen) would have 
todo more with grasping (German: greifen) and for tht the head afterall cant be used. 

One reason for this development can be seen in the relativistic point of view of Albert 
Einstein, who proceeds from the assumption of a subjective observabilty and has raised 
the relativity between a physical principle and the observation to the basis of physical 
thinking. The arrogant motto prevails: what I can't observe with my sense organs oF 
register with corresponding gauges also ist physics, but esoteries or parascience 

[But if we want an ecologically compatible tezhnology, then this cant be reached with this 
point of view. Then we only hinder ourselves with our own arrogance and intolerance. We 
have to leave the erroneous quantum physical way and again learn to think abstractly by 
taking up tried and tested principles of classical physies. An objective point of view forces 
us to register the phenomena, which lie outside the observable range, with mathematical 
‘MEANS (see chapter 13). Only if we have learned that, we will understand and realize the 
true relations in physics! 
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Fig. 19.1: A self-built charge amplifier. 


Owmexperiments so 


19, Own experiments 


‘The opposite of the theoretical considerations form practical experiments. If we want to 
register and understand physical and natural scientific phenomena, then we shouldn't 
entirely forget the aspect of handicraft. Doing so it can't be avoided that it goes on very 
personally, if about the laboratory work is being reported, not even then, if the 
experimenter is at pains to exclude every influencing of the carrying out of the experiment 
and the result Afterall does anyone have to execute the experiments himself, since a good 
sceptic anyhow only believes, what he has observed with his own eyes. 


19.1 Concerning the rating of experimental phy'sies 


‘There already have been scientists, who have requested to reject a measuring technical 
determined result for the ease that textbook physics doesn't produce it. This attitude even 
today still is taken by an uncounted community of believers of science, entirely after the 
‘motto: "Nature kindly has to fit in with the dogmas of theoretical physies! 


This wrong thinking is reflected in the scientific journals, which reject to print 
discussions. Controlled by a tester board, which only has the task to prevent dissenters 
from the publication of their ideas, they are the sad proof, how widespread this erroneous 
aititude today is in the university seen. 


Actually solely the scientific experiment shows us the physical reality! The theoretical 
models, like the here presented vortex model merely should help to understand nature and 
its laws. The representatives of theoretical physics are in the role of a helper and that 
requires modesty and openness. 


For the case that a professor of theoretical physies imposes a pledge of secrecy on an 
experimenting colleague, ifthis one wants to report publily about his amazing tunnelling 
experiments, then the public nevertheless should have the right to find out, ifa tunnelling 
experiment reveals speeds faster than light, even if it doesnt suit the theorist and he in 
inappropriate arrogance only should consider the experimental physicist as his assistant 


universities only are occupied with preservation of property and the industry only with 
the inerease ofits productivity, if future research consists of hiding public research funds 
internally in such a way that nobody realizes the fraud of support and in reality nobody 
thinks of the future anymore or wants to work for it, then we will be able to observe how 
discoveries and inventions migrate from the industry and the universities with their 
controled central organs and increasingly will tke place again in garage, cellar, solitary 
study room or in privately organized circles, 
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Bony a 


IC Ibis IV: CA 3130; IC V: 4066B; IC VI: NESS! 


Fig. 19.2: Wiring diagram of the self-built charge amplifier 
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19.2 The charge amplifier from the workshop of handicrafts, 


Is connection with my vortex theory inthis book time and again clues to experiments can 
bbe found. Iam aware oftheir importance and I always, to verify my theoretical working 
‘ut, have aecompunied it with practical experiments. Doing so not the proof, which can be 
published and reproduced by anyone at any time, stood in the foreground. With the 
experiments in my workshop of handicrafts I only wanted to check for myself, if my 
derivations stil ean be verified. 


Consequently was at frst done without a publication inthe first and second edition of the 
second part concerning the "electromagnetic environmental compatibility". For the 
‘addition of the here presented chapter about own experiments from the third edition there 

are several reasons: fist; I have been asked for it by several readers, second; from every 
‘experiment is coming a piece of physical reality to meet one and thied are here latent some 

useful ideas and approaches which get us somewhere. 

OF course can't be read much from a handicrafts self experiment, but perhaps one or 
another reader, who has better laboratory technical possibilities at his disposal than me, is 
Stimulated to carry out own experiments 


‘To chase after the potential vortices in the ai, 1989 at first have built together a charge 
amplifier. I connected differently formed antennas at the particularly high-ohmic 
difference input. Corresponding the in nature arising static electric field tension voltage 
should arise between both antennas, which my gauge should amplify and indicate on a 
‘moving-col insiument 

To be able to register local changes, a measurement eycle is gone through, which period 
cally is repeated: It starts with the measurement time, during which entirely by itself 
‘between both antenna a charge is building up. The value aflerwards is stored analogue in a 
‘Sample-And-Hold link and displayed by means of a moving-coil instrument. Then the 
input clamps are short-circuited, the antennas again discharged and the game starts from 
the beginni 


Measurement time, zero and amplification can be adjusted at the device (fig. 19.1). 
‘Whoever has fun to ebuild i, finds the by me realized wiring diagram in ig. 19.2. 


It is true 1 did realize other designs, but technically the here shown design proved to be the 
‘most usefil solution. 


204 Interpretation of the observations with the charge amplifier 


Fig. 19.3 The bath tub drain vortex; 
shown is a tidal vortex near St. Malo.” 


Photograph from the magazine Life" of 4.7.1969, resp. from: 
HH J. Lugt: Wirbelstromung in Natur und Technik, Seite 371 
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19.3 Interpretation of the observations with the charge amplifier 


‘The practical use of the device at fist proved to be extremely difficult, because the pointer 
seemed to perform a wild dance. At a more close look I however could make exactly those 
observations, which I had sought-for as proof for the existence of potential vortices. 


First I did find confirmed the known high field strength. We after al live between the 
jonosphere and earth's surface right in the middle of the dielectric ofa "spherical eapaci- 
tor", Because the values of the electric field reach very much closer to the maximum 
value, which is lethal for living beings, than the value of earth's magnetism, I did draw 
from thatthe conclusion that biological effects primarily can be expected from the E-field 


If the E-field, as Maxwell's field theory specifies, actually would be irvotational, then we 
Would be dealing with a gradient field. My device would have to display everywhere to a 
large extent the same value. But that was not the ease. 


Maybe the building is responsible for the chaotic display and the wild swings of the 
pointer, so T thought. Doing so I had thought of the auxiliary explanations of the high- 
frequency engineer about so-called reflections in closed rooms. Therefore 1 stormed with 
the gauge, which had gone wild, into the open air and walked different ways, which 
should have been reflection free, but the picture stayed the same. In any case the E-field is 
not a gradient field had to find out 


Following I could, what required much patience, find certain places, at which forthe same 
movement from the same direction could be seen a reproducibility of the swing of the 
pointer, it even could be arbitrarily often repeated. | marked the point exactly. Then T tried 
to move the device from another direction towatds the marking and had to find out thatthe 
point had moved away. 


ITT sit in the bath tub in the evening and pull the plug, then I each time am enthusiastic 
bout how sensitive the drain vortex reacts, how I can send it from one corner into the 
other by the snipping ofa finger without it flling apart (fig. 19.3). Doing so one easily 
can imagine with a bit of phantasy how difficult, yes, almost impossible it would be to 
measuring technically register the vortex for the case that we could not see it. The gauge it 
is tue would display violent wave movements. But a reproducibility we would not be able 

to obtain, exactly as for my sel-built charge amplifier. 


Now I knew that the by me at 2.1.1990 at frst purely theoretical derived potential vortex 
actually exists as vortex ofthe electric Field! 
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Copper plate ca.20KV| 


1Na148 


Fig. 19.4: Wiring diagram concerning the Kirlian device.<i> 


<i: Elektor, Fachveitschrift fur Elektronik, Mai 1977, S. 22-25: KirlianfotogralV 
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19.4 High-tension experiments in the laboratory for performance electronics 


At first the students of electronics, with which I had to do daily, were infected by my 
‘discovery. With true enthusiasm they soldered together one circuit after another. In my 
laboratory something like a mood of setting out could be felt. One student brought along 

and old ignition coil ofa motor vehicle, then the control circuit for it was buil, plexiglas 
organized, an aluminium plate glued under it and the whole box dragged into the 
photographical laboratory". Three students made a detour along the outside grounds of 

the polytechnic and picked the necessary visual aids of tees and bushes 

Following the leafs were laid on photographical paper and by means of the sel-built high- 
tension generator charged 10 20000 Volt. Doing so at all edges and particularly at the tps 
of a leaf corona discharges arise, which expose the photographical paper. We then 
‘developed the photographs ourselves and diseussed the results“ 


‘The indication, for a second photograph the whole leaf would appear even if hal the leat 
is torn apart after the first experiment and only one half is put on, occupied us in 
particular. Eventually we didst put on a leaf at all in the second experiment and found out 
that nevertheless the leat put on last became apparent on the photograph. Now only one 
physical interpretation was possible: The potential vortices of the leaf stimulated by high- 
tension still were in the plexiglas disc in weakened form! Here they swirl further and 
under high-tension furthermore produce corona discharge impulses. 


Now also the students were convinced of the existence of the potential vortices 


‘This experiment stimulated the brain cells of the entire team: If potential vortices under 
high-tension cause electric Blows, since the corona discharge is nothing else, then in this 
way the local vortex distribution in space should be measurable? One student immediately 
got down to work and build from the horizontal diversion unit of an old television a high 
Tension generator with an adjustable spark gap. Following he walked with his flashing and 
crashing device all through my laboratory and others walked with him and dragged the 

gauges behind them, But to their big disappointment they were not able to see an influence 
‘dependent on place 


‘Then it suddenly was clear for me: It would have done the students well, if they before 
Would have had a bath and observed the drain vortex, "it sulfces the famous wing stroke 
of a butterfly”, I explained my team, “and instead come up with this infernal machine an 
‘chase away all the vortices, which we actually want to register". We had to realize that as 

a rule phase of disillusionment follows the euphoria, 


<= Klekior, Fachzeisehrit’ Tur Elektronik, Mai 1977, 5. 22-25: Kirlianfotografie; 
fig. 19-4 shows the wiring diagram and fig. 19.5 A the self-built device 

<ii>: The Kirlian photographs from the darkroom of the polytechnic are shown in 
ig. 36. 
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Fig. 19.5 A:__A self-built high-tension device for 
Kirlian photography. 


Fig. 19.5 B: 
Kirlian photograph 


of the right hand 
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19.5 Measurement of dielectric capacitor losses in the HF laboratory 


My convincing work clearly was shaped more complicated with my professor colleagues. 
Most pretended to understand nothing about it and kept themselves out. 
But there also are exceptions. ,something like that has never been there at our polytechnic, 
that a colleague puts forward an own field theory ".a physicist colleague remarked after 

my lecture public to the polytechnic" at 3.7.1990 and meant, that must be celebrated. He 
festively let me cast my eyes in his store room, got out a few bottles of wine, which then 
some of my colleagues of physics emptied with me in their official room. Doing so we 

small talked about the sense of nonsense to fix on the education of physics to the Coulomb 

charges. 


‘The head of the high-frequency laboratory showed likewise impressed. At last he now 
knew, why capacitors at microwave frequencies ean become so hot that they solder them- 
selves out of the circuit by themselves and can fall out, why PVC-films can be welded 
with HF, ete. ,We have to prove that not the dielectric i to blame, as stands in the 
textbooks" he eame towards me. 
Atleast following my idea potential vortices are the ones, as I expressed myself, which are 
behaving dual to the eddy currents. It concems vortex losses, thus a physical phenomenon, 
Eddy currents now ean be damped as is well-known, by for instance sheeting the iron 
circuit for engines and transformers. The insulation between the sheets prevents the 
formation of eddy currents in that direction and the degree of effectiveness increases, 
"Twould suggest", [told my colleagues, to "sheet" a capacitor ina dual manner and to 
measure the losses”. Because eddy current losses increase with the square of the 
frequancy, we picked microwave frequencies. In the HF-laboratory a card with an L-C 
resonant circuit was made, we should be able to quite precisely determine the losses by 
‘means of its quality. The inductance was formed as a microstrip line and for the capacitor 
a socket was planned, 
The carrying out of the experiment consisted of using single layered ceramic capacitor, 
so called trapezium capacitors, with a vapour deposited silver coating on both sides as a 
package and to measure the quality of the resonant circuit as a measure forthe dielectric 
losses. According tothe rules of duality the dielectric (as nonconductor) thus corresponds 
to the permeable transformer sheet (conductor) and the silver coating (conductor) to the 
sheet insulation (nonconductor). In a second experiment the silver coating now was 
femoved and the same capacitor material measured at identical conditions this time 
wanging anything? 
‘Tension and nervousness suddenly could be felt, even among the students, who followed 
the experiment from the second row. All looks were pointed at the monitor of the network 
analyser, on which slowly the bell-shaped curve of the measured resonant circuit quality 
became apparent. The result was surprisingly clear. I fitst looked at my colleagues and 
then at the students and had to realize that all eyes were pointed at me. The First 
‘measurement was a bull's eye! The vortex losses "uncoated" were considerably larger. 


<i: K, Mey Die mangelnde Dualitat der Maxwellschen Gleichungen with 
contributions concerning the theme of magnetic space poles, the mathemati- 
fal calculation and. the technical-physical interpretation ‘of newly discovered 
potential vortices, Invited by the rector of the FH Furtwangen at 3.7.1990 


200 | Mierowave oven for testing inthe laboratory of electrical engineering 
+ experiment 1: quality of resonant circuit with coated capacitors 
from a series ofS separate experiments averaged: Q = 48 


+ experiment 2: silver coating removed with diluted nitric acid 
possibly the acid has damaged the dieleetic: a9 


+ experiment 3: silver coating polished off mechanically. 
low quality means high dielectric losses! averaged: 


i ea nance freau 
‘* resonance sharpness = 
{quality number): BREE (Reconance requency 


ata resonance frequency {0 of approx, 400 MHz. 


Versuch 1 
Versuch 2 | 
Versuch $ | 


o 10 2 30 4 50 6 --@ 
Quality number Q of the L-C resonant circuit 
the dual , sheeted” capacitor has the lowest losses, 
the resonant circuit with that the highest quality (experiment 1), 


Fig. 19.6: Measurement of the dielectric capacitor losses 


over the quality of a resonant circuit 
HF laboratory at 11.06.1990. 


temperature 


micro wave oven 


Cooling time 
t 
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Fig. 19.7: Measurement curve of the water temperature over 


time 
at 22.10.1996 in the electrical engineering trainin; 


Observation: for the microwave oven the container despite the "after cooking 


ctleet” 
remains colder than in the ease of a hotplate. Sensor: PT 100, 
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19.6 Analysis of the measured capacitor losses 


First of ll the colleague spontaneously prompted a common publication. 


But a certain disillusionment had to await us, For the next measurement hardly @ 
differemce could be detected. We varied the contacting and removed the silver coating, 
‘once with hydrochloric acid, once with fine sandpaper. Every measurement we repeated 
"umpteen times and inthe end had to draw the conclusion that the results for our somewhat 
unprecise construction fluctuated extremely. 

‘Averaged over all measurements and methods, indeed a reduction of the dielectric losses 
for alayered capacitor resulted, but at a critical consideration of the errors the results 
‘seemed to “drown” in the mean variation. Inthe opinion of my colleague the visible trend 
wasn't sufficient to convince dyed-in-the-wool sceptics, whereupon he withdrew with the 
indication, I should ty at the people of microelectronics, they more likely would be 
‘capable to reproducibly gain control ofa layered construction, 


‘The experiment atleast let a legitimate chance open that the vortices of the electric Field 
actually exist, and inthe case of the delectric losses of a capacitr it concerns vortex 
losses 


19.7 Microwave oven for testing in the laboratory of electrical engineering 


Volunteers first” was said at 22.10.1996 in the electrical engineering practical training 
1d two students got down to work, I had brought along from our kitchen the microwave 

‘oven, a portable immersion heater, a kitchen stove plate and different containers. In the 
laboratory of the polytechnic I in addition had got hold of a Bunsen burner. Inthe sense of 

the "Stiftung Warentest” (institution to protect consumers in Germany, note of the 
translator) it concerned the question for differences in heating water; or following the 

publi is cooking with gas more healthy than cooking with the microwave 

We wanted to know. So we cooked water, filtered by inversion osmosis, once with the gas 
‘burner. once with the hotplate and finally with the microwave oven, Switched off always 
Was at the same moment at the same temperature, and the cooling down curve was 
recorded with an x-t-ime recorder (Fi. 19.7). 


discuss 


Between gas and electric cooker virtually no difference could be detected, but the 
‘microwave oven at switching off still showed an odd temperature increase. I already had 
‘remarked this earlier. ITone takes a water glass out ofthe microwave oven, then the water 
‘again really bubbled off, although the container itself had remained relatively cold. Ione 
‘on the other hand takes a water pot off the gas cooker, the water suddenly stops cooking. 
From where comes this difference, which also the experiment could confirm? 


<i A resull oF my dual way of looking at the vortex Tosses Is the representation 


02 Microwave heating by decay of 
vortices 


A: damped wave equation: 


AEC? = BER + (1/4-5E/at 
(wave) + (wortex) 


B: open chain of reasoning in the physics of electromagnetism: 


electric eld strength Faraday's nw of induction Potential density 


=0? 
without proof 

Ohm's ‘dual law 
law (not provable) 


relation 
not provable! 


Fig, 19.8 Contribution to the discussion about the impossi- 
bility, to prove, according to scientific methods, in 
a chain of reasoning (A-B-C-D) the last link (D-A), 
which closes the chain, 
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19.8 Microwave heating by decay of vortices, 


thas to concern a storing effect. Inthe case of an normal cooker the heat transfer takes 
place by convection. In the ease of a microwave oven we however are dealing with an 
electromagnetic wave. 

But in the wave equation nothing can be read about heat; here merely vortices can be 
found as a damping term (fig. 19.8 AY"! Therefore as the only possible interpretation is 
left thatthe microwaves roll up to vortices to fall apart themselves after a certain time. 

Only at the vortex decay heat is formed. 

‘The irradiated microwave power according 10 that is stored over a longer period of time as 
vortex in the water and the food. The vortex decay takes place according to an e-function 
With the calculated relaxation time constant tau 


From the circumstance that particularly water is heated up in the microwave oven despite 
the small electric conductivity but with high dielectrcity, I infer that it has to concern 
mainly potential vortices, rom which a biological effectiveness ean be expected. The 
question if this should be valued positively or negatively, I have to leave up to the doctors 
and therapists, At least physically seen a difference is measurable. Thus a vortex decay 
Will occur for a meal prepared in the microwave oven even if we already have consumed 
it 


Conclusion: I wish all: your health! 


But what do I write about vortex losses, if every sceptic knows half a dozen alternative 
interpretations. Inevitably I have to beat in mind that also the eddy current heating owes 
its acknowledgement only the circumstance of the discovery ofthe corresponding laws. If 
thm hada't discovered his law and formulated it inthe known form and instead the dual 
formulation would have been discovered, then we today would attribute the dielectric 
losses in a capacitor and in the microwave oven tothe potential vortices, inthe ease of the 
transformer however the material would be responsible for the heating and not eddy 
‘currents, for which there then also wouldn't be a theory (ig. 19.8 B). 


1k actually is pure coincidence that at first Ohm's law and not the dual formulation had 
been discovered and acknowledged. But because both are equivalent, we also have 10 

assume the correctness of both, even if the last link of a chain of reasoning A-B-C-D back 

from D to A in principle can't be proven anymore, since it already is explained by the 

chain A-B-C-D (fig. 19.8 ) 

‘There I thus had discovered a potential vortex, without a possibility for a direct proof of 
existence. For that the textbooks are full with auxiliary explanations, with which physies 
successfully cheats past this important field phenomenon. I was frustrated. There had to be 
‘ way to measuring technically register the vortex i some way 


Fundamental field equation 15 in fig. Sl or equation 20, fig. 53 
<i>: Relaxation time constant: see equation 10 in fig. §.1 oF fig. 8.1 
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exer 


antenna rod 


coupling coil (1 winding) 
Tesla coil 
(spirally 
wound 
flat coil) 


oscillos 


(0... 500 pF) 


12 
(wire length L of the spherical electrode 
to the earth = half the wave length) 


grounding 
7 
(the earth as opposite electrode) 


19.9: Proof of scalar waves with the Tesla coil." 


<i>: The inverse use for a high-tension transmitter according to fig. 9.1 
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19.9 The Tesla coil from the workshop of handicralts 
T again retired in my workshop of handicrafis and wound Mat coils or I pondered in my 
study over Tesla books. 1995 from several sides my attention had been drawn 10 the 
circumstance thatthe inventions of Nikola Tesla can be organized in three categories: 

‘The frst third has made him world-famous. It concerns the rotary field theory, the 
asynchronous engine and the today normally used alternating current technology, which 
we owe him, 

‘The second third concems technologies and inventions, which were rediscovered by other 
people partly only years later or even were only pinched and distributed as novelty under 
nother name. Electron microscope, superconduction, electrolyte capacitor, fluorescent 
lamp, fuse. coaxial cable and a lot more count among that. 

‘The last third however concerns inventions, which until the day of today still aren't 

understood and await ther scientific explanation and technological use. Tesla himsel 

called these achievements his most important inventions, but sill owes us a scientific 

explanation. The seieatitic world also hastit got a theory ready and doesn't know to do 

anything with i, Public research doesn't take place of is prevented by lobbyists 

What remains, are tinkerers of various educational background and qualification, who are 
tying hurd to comprehend the buried experiments of Nikola Tesla off their own bat in the 
garage or in the hobby cellar. 

Tielt like one of these, by winding one winding after the next from the inside to the 

outside. Then I soldered an antenna wite at the inner end of the flat coil, which I in Tesla 
manner connected electrically with a spherical electrode hung up under the ceiling. 
‘The opposite electrode should be connected to the outer end of the winding, itis said, and 
the distance between both should be as big as possible. If namely an electrode just is 
collecting, then the opposite electrode is repelling the same space quanta, According 10 
‘Tesla’s recommendation I did use the earth as opposite electrode and for that tapped the 
central heating or the grounding ofthe foundations 

To take signals only one t two windings as secondary winding were necessary. 1 
‘connected them with an adjustable air capacitor from an old steam radio to a frequency 
determining parallel resonant circuit and looked at the taken tension voltage at the 
oscillograph (fig. 19.9), 

[sill had problems with the statement of Tesla, the coupling had to be made loose, Thus 

the question is asked, how loose? I after that organized two toilet paper rols of different 

size, (after the toilet paper had been used, naturally) and pushed them into each other. The 
smaller toilet paper roll carried on the gable-end the fat coil as pri 

transformer and the bigger one the coupling col. Now by shifting any wi 
coupling could be adjusted to (fg. 19.10). 

I was astonished myself. Tesla actually was right with his discovery of the scalar waves. 
With my arrangement they can be clearly distinguished from the Hertzian waves, 

‘The following procedure is recommended: 


406 Biological effectiveness ofthe Tesla coil 


¢* 


ical dbetrode 


fiat coil 


xpli 


saittishie capacitor 


Fig. 19.10: The experimental configuration 
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First of all I seek a source of interference with the adjustable capacitor and tune to 
maximum amplitude, Then I change the coupling and further optimise in this way. If now 
the amplitude again decreases from a certain point while approaching the coupling coil, 
then it concerns the sought-for longitudinal waves, If namely the coupling is too tight, 
then the received vortices again are driven away by the effect back on the fat coil. They 
make way. 

At last I had found a method to catch the vortices in such a way that they not immediately 
"ran away" from me again. At once I presented them in the technology centre in St. 
Georgen. Inthe time following I improved the technology further and further, used bigger 
toilet paper rolls and eventually even turn up garbage cans, I varied wire length, wire 
diameter and the sense of winding (ig. 19.10), 


I had very different success. Sometimes, if at the same time in my workshop of handicrafts 
the radio worked, it would look as if the received signal would synchronize with the sound 
waves. Both are longitudinal waves after all, With transverse waves something like that 
\would be unthinkable. 

One moreover could observe, how a resonance builds up: first slowly and then faster and 
faster, so that I sometimes got terribly afraid. Several times we had to repair our 
oscillograph, afler the protective diode at the input amplifier had blown, and that for 
signals of 50 to 100 millivolt 

‘That was entirely impossible. Only individual spikes, which were 00 fast to be seen at the 
screen, could be 10 blame. In the case of distant thunderstorm activity T obtained maximum 
values of more than half a Volt. After that I undamped the grounding as fast as possible, 

so that no lightning would be caught, since I didn't have the intention to burn off my 


workshop. 


19.10 Biological effectiveness ofthe Tesla coil 


Also the biogical effectiveness of the Tesla radiation I could impressively prove with 
this device. 14.06.1997 a woman, who called herself extremely  electrosensitive 
participated in the weekend seminar about electrobiology, which I took over from Prof 
HK. Konig (TU Munich) after his death. That I wanted to test 

Thung up my device in the lecture auditorium and installed the oscillograph in such a way 

that all could see it. The voluntary test subject however could see neither the public nor 

the sereen. One person every S seconds said "now" and the female candidate should say, if 

Thad clamped of undamped the grounding if therefore scalar waves were received oF not 
Ale a training round her proportion of hits was lying at 100 percent! 

According to her statement she could feel it. A further test subject achieved even atthe 

back ofthe room with a pendulum the correct answer. I myself was surprised by this and 1 

already have repeated this experiment several times with different success. It without 

doubt depends on the sensitiveness of the test subjects. Every person afte all reacts to 

other signals, 


What however has astonished all participants and can't be emphasized enough at all, is the 
circumstance that it in this case concems a receiver and nota transmitter! 
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{Attenuation 
Rate: 1/20) 


with receiver 
on fat 100 Oo 


Fig. 19.11 A: Measurement record for scalar wave transmission line 
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19.11 Wrestling for measuring technical insight in the Transfer centre 


In the central question who should be believed more, the famous experimental physicist 
Nikola Tesla of his erties, my experiments withthe Tesla coil were the visible proof that 
We have (0 take Tesla's statements seriously. Now not only at myself, but also at the 
students of the polytechnic and the colleagues of my Transfer centre a true Tesla euphoria 
broke out 

In every free minute the patents and original writings were studied, which I had myself 
send from the Tesla Society in Colorado Springs in the USA. In particular my trainees and 
diplomands developed a ineredible ambition in making a historical Tesla concept work. 
‘They built a whole series of various high-tension generators. In the laboratory one could 
hear crashing and there was a smell of ozone. 


22.1.1998 ata presentation of the works for a degree the candidate looked after by me 
very proudly held a fluorescent lamp in his hand, which inthe field of hs sel-buil bi 
tension generator glowed even without any wire connected, entirely according to the great 
mode (fig. 17.10). Atal efforts we however laboratory technical weren't able to reach 
tension voltages of above 511 000 Volt, But at this tension voltage the actual Tesla effects 
actually start! 


Perhaps it was tough luck, but possibly also a chance that we in the laboratories, which 1 
had at my disposal, were forced to work with lower tension voltages and that meant that 
We gradually had to beak away fom the Tesla designs. 

“Moreover we hadn't at our disposal the precisely controllable spark gaps, which Testa had 
‘developed and used. [fone wants to obtain an if possible high tension voltage change 
(dud) for an interaction with neutrinos, then according to today’s technology 
‘considerably more favourable concepts are offered, for instance with hard switching 
Power-MOS-Transstors. 50 Kilovolt per microsecond were to meet, 

‘Therefore we changed the technology and worked from now on with fast semiconductor 
switches. From the laboratory radio now only a hissing and crashing came out of the 
loudspeaker, ifour experiments were running. 


At 12.10.1999 we for the first time succeeded to build up a transmission line for Tesla 
radiation. Doing so the transmitter and receiver were situated in different rooms of my 

transfer centre. The transmitter coil was operated in self-resonance and fed only from a 

small funetion generator with 10 Volt. But ifthe diplomand held a fluorescent lamp neat 

the spherical electrode, then it started to glow! 

Following I observed at the oscillograph the signal of the receiver coil, which as well was 
operated in resonance. If the diplomand switched off the transmitter, also no receiver 
singnal Was present anymore. But if it concemed radio waves according to Hertz ot Tesla 
radiation, with that still wasn't answered. 

‘Therefore I prompted still another experiment, This time the colleagues observed at the 
transmitter the signal at the funetion generator, while | undamped and again clamped the 
receiver. The shouting with joy from the adjoining room indicated that it had been 
observed, how the receiver reacted upon the transmitter and both are in resonance with 

each other. Such an effect characteristic for scalar waves, is a radio technical 
impossibility! In the case of radio with Hertzian waves an effect back from the receiver 

‘on the tansmitr is unthinkable by principle. 


410 Neutrinolysis, the alternative splitting of water 


Fig. 19.11 B: Scalar wave transmission line according to Tesla 
Ltr: M-Andresen (diplomand), author (TZ-head), DipLIng.M.Rehm (project leader) 


(Own experiments a 


In the next step we let glow the famous little lamp on the side of the receiver. As a 
consumer served a small light-emitting diode, of which the light intensity remained 
unchanged in the ease of resonance. To prove this, we placed the receiver on a carriage 
and rolled the corridor in the TZ up and down with it. Ifthe receiver was only slightly out 
of tune, then from the then arising fluctuation the standing wave nature could be observed 
perfectly. 


With the setup it can be demonstrated well, how the law of the square of the distance, of 
the decrease of the field strength with the square of the distance, known from radio 
technology hasn't got validity anymore for scalar waves. Very clear also was the energy 
transmission of sealar waves out ofa closed Faraday cage. 

In the end we have determined the degree of effectiveness of the sealar wave 
transmission line. An output power of 49 mW resulted from the measurements of the 

‘current and tension voltage for a loading of the receiver with a 100 Ohm resistance. 
Simultaneously the power taken up by the transmitter amounted to 233 mW. If we 
however subtract the idle power consumed by the transmitter from this, and that was 
determined to be 223 mW for switched off receiver, then actually only 10 mW are 
available for the wireless energy transmission, The degree of effectiveness according to 

that would be 490%! 

If we here really have obtained an over-unity of 4.9 then the receiver must have collected 
along free space energy, or did some parts evade our power measurement? The sceptics 1 
recommend an own rebuild, since alone the proof of the scalar wave properties inevitably 
has to lead to every Maxwell burdened HF technician breaking with the old belief. 


19.12 Neut 


lysis, the alternative splitting of water 


Free after the plans of Stan Meyer we filled diverse containers with water and let it 
"erash’. If then bubbles raised and it got exciting, we changed the Frequency and exactly 
paid attention tothe effect remaining the same or if t increased as well with increasing 
frequency, thus if we only watched a classical electrolysis, or already the wanted 
"neutrinolyse", as we were accustomed to term the splitting of water in its parts under the 
influence of neutrinos in the laboratory. Typical for that isa bubbling and "cooking" of the 
actully cold water produced by the rising gas bubbles (fig. 19.12). 

We also have reversed the principle. Doing so we have switched the container as neutrino 
receiver and measured the Forming charge carriers, The passive system proved to be really 
‘moody. On the one hand tension voltages of several hundred millivolts a a load resistance 
of 10 megaohm can be realized, on the other hand the charged gas particles and the as 
secondary reaction inthe water set free ions continually change the electric conductivity, 

so thatthe cause to be measured, the neutrino radiation, hardly can be reproduced on the 
displayed result. The water hence has to be changed more often and also the developers 
found themselves between jubilation and disillusionment subject to continually changing 
feelings. 


<i: A. und 1, Schneider: Neutrino-Power - Energie aus dem Kosmos, Bericht 2u 
Vortrag und’ Demonstration des Autors am 25.11.99 in Villingen, NET- 
Journal 12/99, S. 4-6; Interview mit Prof. Dr-Ing. Konstantin Meyl: Durch- 
bbruch in der Freien-Energie-Forschung, NET-iournal 13/99, S. 7-9 


40 Millions of voluntary test subjects at 11.8.1999 


Fig. 19.12; 
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constructions for 


focussing lens) 


earth 
Fig. 20,1: Cours 
moon 

on the occasion of the eclipse of the 
at the 11" August 1999. 


concerning the calculation of the position of the sun at 11.8.99: 


at 21.6. after 0 days is |23.4%cos 0° = 23.4°| northern latit 


at 21.9. after 92 days is |23.4°.cos 90: 


~° | = equator 


at 11,8. after 51 days is |23.4°-cos 31. davsqo°) 
92 days 


23,4°.0.644 


<i>: Konstantin Meyl: Zur Brennglaswirkung des Mondes bei 
einer ‘Sonnen- 


At 11.8.1999 the sun at noon stands above latitude 15.1 


of the neutrino radiation focussed by the 


sun 
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20, Cosmic experiments 


As long as no usable technical auges are available, we should observe and study nature 
and all celestial phenomena, Here the sealar waves with all thei properties ae presented 
to us. That is valid in particular fr the case that the cosmos makes an experiment with us 
and with the entie earth, Such a situation offered the eclipse ofthe sun of August 11 1999 

"bulk experiment” to which travelled millions of spectators, to partiipate in 
1 experiment as Voluntary test subjects 
My warning for possible influences proved to be absolutely justified afterwards, even if 
cnly comparatively few took note. In view of strong changés in the EEG of individual 
test subjects and a proven temporary aceleration of the rotation of the earth science once 
snore stand before insoluble problems 
‘To answer the open questions I want to start with my indications, which 1 have published 
{anticipation ofthe cosmic event of August 11”. Aftrwands a revision and the attempt 
of an interpretation fom the scalar wave view follows. Perhaps this way leads to a reliable 
prediction of of earthquakes and other cosmic events. After that we perhaps know more 
out origin, availablity and futher important parameters ofthe sought-for space ener. 


20.1 Millions of voluntary test subjects at 11 August 1999 


Astronomically seen, it concerns a harmless natural spectacle as it already was observed 
‘more often, ifthe moon glides between sun and earth and its shadow in broad daylight 
immerses parts of the earth in a dark night. The special thing about the eclipse ofthe sun 

‘of August 11 1999 however was, thatthe sun activity ust strived for ils maximum value in 

its eleven year eycle, and the orbital distance to the moon simultaneously reached a 
‘minimum Value. In addition we must pay attention to the special situation of the angles 

(Gig. 20.1). Due to the extremely rare constellation the area of complete shadow at first, 

‘was larger and darker than normal, On August 11 it hada width of 110 kilometres, 

‘The sun besides the light also sends us solar neutrinos and for those the moon is 
transparent. It with regard to them acts like a glass ball, which lets the light it is true pass 
through, but in doing so refracts it. The glass ball acts like a convex focussing lens, which 
focuses the arriving rays behind the ball in a focus, 

To slow down and collect neutrinos the moon it is true is too small, but it will be able to 
influence the flying direction. Very fast neutrinos, which run through the moon, hardly 
‘will be diverted. The slow and biologically active ones however will be bent stronger. 

At this point it would be of utmost importance 10 know, in wi 
the rays run together and combine into a focus, 


distance from the moon 


<7 Konslantin May Zar Brennglaswirkung des _Mondes ber cinerSonnen- 
finsternis, NET-Journal, Jg. 4, Heft Juli/August 1999, Seite 13-17 


4a ‘Model of calculation for the cosmic experiment 


scattering 51km 
area 
northem tropic 
(at 21.6.) 
position of the sun 


Fig. 20.2: The course of the focussed neutrino radiation at 
11.08.1999 for 48.4° northern latitude. 


(this corresponds to the line Ulm-Augsburg-Freising) 


calculation of the critical latitude: 


= 35001an _ 
sin o = EOF Ln ~ 0.5488 resulting in the angle a = 33.3° 


58000 km 


minimum distance to the moon: F 
radius of the moon: Ry = 1738 km 
radius of the earth: R= 6378 km_ (at the equator) 
length of the Tangente: _X = 3500 kmytan 33° = 5332 km 


seattering radius: ry = X-Re— = 25.5 kin around the centre 


Focussing without scattering on earth's surface increase to 
Re /te= 68 times , resp. with scattering to 
68 *0.5* 0.8 =27 times the natural neutrino radiation! 
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For that we again bear in mind that neutrinos as particle radiation propagate in space in the 
sense of a plasma wave. Since the oscillation of such a longitudinal wave takes place in 
the direction of propagation, it neither knows a distinet velocity of propagation nor an 
upper limit 

‘The sea of neutsinos in which we swim, is a combination of dfferenly fast pasticles. The 

slow ones are bent stronger by the moon, with the property of a convex focussing lens, so 

that the focus should be looked for near the moon, whereas the fast ones hardly are 
diverted. Theit focus lies futher distant from the moon than the earth, up to the extremely 

fast cosmie neutrinos, which experience almost no diversion, because they, asa result of 

the Lorentz contraktion, are small enough to tunnel through any Kind of matier. 

If neutrinos, depending on thei velocity of propagation, have their focus partly before and 

partly behind the earth at an eclipse of the sun, then it comes up to a conclusive logic that 

there actually exist such, of which the focus lies exactly in the centre of the complete 
shadow on earth's surface. But thereby the question is asked, which biological 
effectiveness these neutrinos have or which damage they bring about. 


20.2 Model of calculation for the cosmic experiment 


More than a year ago the results of an international neutrino experiment have been made 
public. Thereby for the first time the order of magnitude of the natural radiation des 

\was recorded, after the detector before having been calibrated at an artifical source of | 
neutrinos. As the perhaps most important result at night only half as much solar neutrinos 
‘could be detected as during the day with the immense Super-Kamiokande detector in a 
Japanese mine. With thatthe here taken interpretation, that earth's core collects neutrinos, 
‘meanwhile even is proven experimentally! For that thas to interact withthe particles and 
that means, it has to exert a force of attraction on them. Thus the earth's core during an 
eclipse ofthe sun will further amplify the effet of focussing if the konzentrierte neurino 
ray is directed on earth's core, This critical point we have to calculate (fig. 20.2) 

‘The proportion ofthe radii of earth's core (3500 km) and the entire earth (6378 km) results 
in the sine ofthe sought-for angle and that amounts 1 33.3 degrees northern latitude. AL 
August 11 moreover is added that at noon the sun with regard tothe equator i standing at 
15.1 degrees. so that a first extreme focussing should be expected, ifthe centre of the 
complete shadow intersects latitude 48.4. This would be the ease forthe latitude of Ulm in 
direction Augsburg and Freising. 

Now we would like to know more about the amplitude ofthe focussed radiation, about the 
spatial extension and the period of time. Without concrete data material we have to 
proceed from several simplifying assumptions. If we therefore assume, 50% ofthe at earth 
arriving and biologically relevant neutrino radiation stems from the sun, which inthe case 
of an eclipse of the sun is focussed to 80% and scattered to 20% by the moon. If we 
further assume the focus just touches earth’s core, then between Ulm and Augsburg a 
sphere of action of 50 km can be expected, within which the neutrino radiation on the 
average reaches 28 times the value of the natural radiation, The intense irradiation under 
these assumptions will last one minute 
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Physical technical consequences 


distribution percentage 
of the neutrino radiation 
related to the natural (100%) 


-150 


Fig. 20.3: The spatial distribution in the case of focussing of 


the neutrino radiation by means of the burning 
glass effect of the moon on earth's surface. 
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Of course the calculated values only are valid to the extent, as also the assumed boundary 
values apply. After August 11 we know more about this cosmic experiment, about the 

spatial distribution and indirectly about the interaction with earth's core, about the 
physical properties and the biological effectiveness of the at present available neutrino 
radiation. 


203 Physical technical ‘consequences 
‘The neutrino radiation is a scalar wave radiation which, as mentioned, can be perceived by 
sensitive people even without aids. Who hasn't at his disposal this sensitiveness, is 
recommended a simple setup. 
For that one hangs up a fluorescent lamp, connects the one end with a piece of wire, as it 
Were as antenna, and the other end is grounded. For a sealar wave radiation which 
creases fast, the lamp should start to glow by itself Under big transmitting installations 
this method already has been successfully applied by many allotment gardeners 
thousandfold. I hence recommend all research scientists of eclipses to test themselves the 
possible field Nuctuations inthis simple way. 


From a technical viewpoint first ofall the atomic reactors and their nuclearly 
‘contaminated waste will be concerned by a fluctuation of the neutrino radiation, In view of 
present eclipses of the sun an accident can be expected less, since the neutrino radiation it 
is true for a short time reaches an extreme maximum, which averaged temporally and 
spatially over the whole event again is relativized somewhat. The relations shall be 
clarified with an example (Fig. 20.3). 

Whoever places himself inthe centre line ofthe complete shadow on August I, at frst 
will detect a decrease of the neutrino radiation to 50 to 60 percent, then a steep increase to 
2800 percent and from the summit again the whole backwards, while standing on the earth 
ine turns by under the moving moon shadow. The ring with half the radiation, which 
reaches us first, doesn't pose a problem since, as said, we only have half the radiation in 
every night. Some animals and plants as aresult erroneously will set out for sleep. 


‘The wave distribution one can imagine like that in the case of a pool, in which was thrown. 
1 stone. But we still don't know the resonance frequency, for which reason the length of 
the eycle depicted in fig. 20.3 is chosen arbitrary. The actual deviation from the 
distribution given by nature is the peak in the focussed ray centre. Living nature must 
stand large Nuctuations of the solar radiation, since every supernova sends usa relatively 
short bateh of fresh neutrinos. Where we have difficulties is the question, how much 
‘uetuation sil can be tolerated by manki 

‘The question for possible biological consequences is due to be dealt with in view of the 
announcement of a complete shadow tourism causing concern, as it is awaited for August 
11, At the incomplete state of knowledge about the properties of neutrinos, every tip to 
the complete shadow remains a journey into the unknown. 
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Fig. 20.4. A: The course of the complete shadow for 
the ancient 
eclipse of the sun at 28.5.585 B.C. 


Fig. 20.4B: The course of the complete shadow over 
south 

Germany at August 11 1999 (grey) and the possible 
course of the focussed neutrino radiation (white). 
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20.4 Biological consequences 


In the case of an eclipse of the sun effects on the biology, like problems withthe heart 
among affected, at least cant be excluded. Ifthe scalar wave density increases above the 
density which is normal, then this has a positive effect on the economy of energy, as long. 
as the body is capable to regulate the amount taken up. Ifthe regulatory process however 
should fail. then the risk of aself-inflammation exists, Also straw bales and other organic 
and inflammable materials could thus go up in flames. 


[But before that happens, first the information technical influence of the salar waves will 
show. Here we have to expect a psychotronic influencing, which is showing in a limited 
ability of perception, History teaches us as an example that a by Thales of Milet 
predicted total eclipse ofthe sun at 28.5.585 B.C. compulsorily has ended a battle in Asia 
Minor between the Medes and the Lydians, because the soldiers appatently most literally 
had gone out oftheir mind (Hg. 20.4 A. 


Actually all in connexion with the free energy addressed phenomena are conceivable. 
from the “neutrinolyse” up to the acceleration of the radioactive decay. It would be 
understandable, if in a water glass bubbles should rise, even if no carbonic acid is 
‘contained in the water at all. Afler man not having at his disposal a sense organ for his 

own energy source, the brave in the complete shadow of an eclipse of the sun are 
recommended smaller technical experiments and observations. The cautious however will 
avoid the area from the start 


As counter movement 10 the complete shadow tourists there will also be refugees, who 
believe in the predictions of Nostradamus, who in his quatrains has predicted a messenger 
of fright over Europe for 11.8.1999. He mentions Lyon, Ulm and Moskau, which actually 
lie on one line“ 

‘The line ofthe complete shadow however will run under another angle from Plymouth in 
South England over Ulm to Bukarest and further into Turkey. Maybe Nostradamus wasn't 
8 clairvoyant at all, but merely a good calculator, or he knew someone who could calculate 
excellently, afterall he has indicated the time and even Ulm as the centre correctly. Apart 
from the small angle error, in addition the direction is correet (ig. 20.4 B) 

Worth paying attention to also is, that he contrary to his habit here gives a concrete date 
\hich astronomically can be calculated unambiguously, that he simply skips the numerous 
eclipses of the sun of the past and only points to the one of 11.8.1999, which runs 
erossways through South Germany. Extremely sinister are his forecasts, which mustn't 
commented on further, since he speaks of "Mort et Tombe", of death and grave 


Merodor Historien, Kroners Taschenausgabe 224, S.33 (ch page 586 and the 
modern misinterpretation note 9 on page 754); further sources: dtv-Atlas zur 
Weltgeschichte S. 45; resp. Propylaen-Weltgeschicite I, S. 168. 

<li: Michel de Notredame (1503 bis 1566), Mathematiker, Astrologe, Leibarzt von 
Konig Karl IX: Centuries (1588) X, Vers 72 
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Fig. 20.5 A: The total eclipses of the sun of 18.4.1539 
and 
21.8.1560 


sa 


* 
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Fig. 20.5 B: Under the impression of the last two eclipses of 
the 

sun over Europe death and war play dice about the 
fate of mankind during the eclipse of the sun of 
ees 


<i Wemer Raffeiseder! Sonneafiasternis, Hugendubel Verlag, Munchen 1999, 
ISBN 3-89631-302-9, Seite 156. 
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20.5 Epilogue to August 11* 1999 


My indications have been published two weeks before the cosmic event in the NET- 
Journal”. The public interest was immense. Now, after the spectacle is over, itis time for 
an analy. 


Besides numerous very subjective descriptions of eyewitnesses, which scientifically 
hardly can be analysed, at numerous polytechnics over the world has been observed, how 
Foucault pendulums suddenly and completely unexpected have deviated from their normal 
swinging direction. With this device 150 years ago the rotation of the earth had been 
detected in Pais. 

Since according to prevailing textbook opinion an eclipse of the sun is a purely optical 
phenomenon, the scientists world-wide are having a big problem, Which force here has 

‘eared at our earth and caused relative accelerations of the kind tha the pendulums could 

turn out of thei usual plane and changed into an elliptic orbit, while the shadow of the 

‘moon ran over us? The gravitational force ist even oughly capable to that, That merely 

has brought a 50 em higher flood. The enormous force effect, which even puts the 
gravitation in the shade, actually only can come from the interaction of the neutrinos. 


Different reports are present concerning the influencing ofthe radioactivity. In the cases, 
in which measurement samples have been used, almost no change could be observed. This 

is confirmed by a video tape, which northeast of Munich directly in the centre of the 
complete shadow documents an experiment, in which during the whole time the 
radioactivity of 1 kg crude granite is” monitored with a professional dosimeter. 
‘The background might be that calibrating samples are chosen in principle under the aspect 
of being influenced the least by outside interference sources. It therefore would have been 
better, if we instead had put a lettice as a biological and broadband sample in front of the 
device. Because there, where one anyway hadn't expected deviations and thus neither 
Were measured calibrating samples nor unfortunately were made recordings, is said to 
temporarily have occurred a visible increase. 

Even in the case that somewhere accidently should exist recordings, the increase is too 
small, to help explain traditions from the Middle Ages, according 10 which is talked about 
"stinking log" and about “ageressive damps, which fall from the sky". Other sources. speak 
of harmful radiations, which one regarded as the trigger of plagues 

tis said: "They poison the drinking water andthe erops and make people sick". Crops 

fier an eclipse of the sun either should not be harvested at all or only after a violent 

shower. The warnings for a poisoning "without adding poison”, which reach back into the 

19" century, suggest the assumption that it concems results of a radioactive 
contamination 


=i: Konstantin Mey: Zur Brennglaswirkung des Mondes ber einer Sonien- 
finsternis, NET-Journal, Je 4, Heft Juli/August 1999, Seite 13-17 

<ii>: From the thitd and extended edition of this second part concerning 
Electromagnetic Environmental Compatibility the following chapters are 
completed. 

‘lif: Mark Littmann/Ken Willeox: Totality - Eclipses of the Sun, Honolulu 1991 
Kapitel 4: Eclipses in Mythology; nachzulesen bei Wemer Raffetseder: 
Sonnenfinsternis, Hugendubel Verlag, Munchen 1999, Seite 130/131 
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Fig. 20.6 A: __ Eclipse of the sun of 5. 5. 840 AD. 


Fig. 20.6 B: Nostradamus 
announces catastrophes 
for 1999 in the Centuries 


of 1558. 


i=! Bryan Brewer: Eclipse, Chapter 1: Eclipses Throughout the Ages, Seattle WA 
1991, S20, cited in Wemer Raffetseder: Sonnenfinsternis, Hugendubel 
Verlag, Munchen 1999, ISBN 3-89631-302-9, Seite 130, Bild Seite 159. 
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206 Dropping of the neutrino radiation 
Plagues of that kind, which in the Middle Ages have claimed lives as a result of an eclipse 
of the sun, hardly are verifiable, unless a prominent vietim was among them, like eg. the 

son and successor of Charlemagne, emperor Ludwig 1. He 55.840 witnessed an eclipse of 
the sun witha totality of five minutes. Further iti said: The fright which this experience 

gave him, little later shall have torn him to death"<i> 

According to that there must have existed times, in which the radioactivity present inthe 
countryside and stored in the body of a person during an eclipse ofthe sun could be set, 

free and be the undoing of the affected. AC the same time such a decontamination of 

radiation acts cleaning for nature 

In this ease only the interpretation of Nikola Tesla provides us an explanation, which 
states that the neutrino radiation causes the radioactivity<ii>. Textbook physics however 
doesn't Know this causality. For that the primeval fears of humanity are pure superstition. 
‘The prophesies of Nostradamus even are referred to as counter evidence. 

But the question remains open, why his predictions concerning August 11 didn't happen, 
Obviously, so has shown us the cosmic experiment, the neutrino radiation relevant for the 
setting free of radioactive radiation drastically has decreased since the Middle Ages. 

Nostradamus personally has occupied himself with the translation and interpretation of 
hieroglyphs and has written down his insights - surely out of fear ofthe inquisition - inthe 

form of encoded quatrains. According to that he has based his considerations on 
considerably older sources, which presumably stemmed from a time, in which a 

‘considerably higher radiation prevailed 

We have to proceed from the assumption thatthe scientists ofthe Semitie- Aramean people 

of the Chaldeans, which ruled Babylon from 626 B.C., were just as capable as astronomers 

of today, to exactly calculate an eclipse ofthe sun even centuries and millenia in advance. 

After all the Saros-cycle to determine eclipses of the sun is a discovery of the Chaldeans. 
What they however coulda't know and we ourselves still cant indicate today, is the 
prevailing density of the cosmic radiation at a future time. But that obviously has hanged 
‘considerably. 

‘The natural magnetic field strength for instance is recorded at the baking of earthenware 
jugs and vases, by strengthening along the parts containing magnetite, From the 
measurement of ancient earthenware goods we know that in antiquity a field strength must 
have prevailed which was 3 to 4 powers of en higher. 

According 10 the here presented theory the earth owes ils magnetism its core and that 
again draws its energy from the neutrino field. According to that also the neutrino 
radiation should be subject tothe same decrease 

therefore the Babylonians out of the radiation situation at that time in the interpretation 

‘of Nostradamus and other fortune-ellers, who presumably all more or less have writen 

each other off, have predicted a catastrophe for 11.8.99, then this scientifically is just as 
untenable, as the today widespread hubris, with which the knowledge and the reports of| 
experience from ancient times are dismissed as supersti 


<iD7 ef chapter 17.2 Nikola Tesla, the discoverer of the neutrino radian 
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Fig. 20.7 B: 


Eclipse of the sun of 26.2.98 (declinatio 


<ii>: Particularly violent earthquakes since 118.1999 (excerpt): 
Turkey 17. (strength 7.8) til 198. (5.0), 318. (52), Greece 79. (5.8). 


Turkey 13.09. (5.8) and finally Taiwan 20,9.99 (strength 7.6) in a rythm of 6 
to 7 days! Complete list in the internet under: 


‘hups/www-seismo.hannaver bgr.delermos_ listing html 
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‘This “superstition” mentions tremendous natural disasters like floods like the Flood or 
destructive earthquakes often as a direct result of an eclipse of the sun, and as the worst 
‘eonsequence the end ofthe work. 

Almost all reporters and newsreaders inthe evening of August 11 full of irony pointed at 

the non-oceurrence of the end ofthe world and spread the convietion that according to 
prevailing physical ideas something like that isn't possible at all. They at that time 
‘couldn't know thatthe anaolic plat, which the complete shadow had erossed, had gotten 

into motion. The relatively weak earthquakes, which 118. shook Cyprus and atthe same 

time Iran, only Were spontaneous harbingers. 

In the following weeks the staggering core of the earth made us clear that there had been 
done force to it Severe earthquakes with thousands of aftershocks followed each other 
and one message of terror chased the next”. Public authorities however take care not 10 
‘of decline to make a reference othe eclipse ofthe sun. 


20.7 Analysis and comparison of the occurrences 


If we for comparison consult the total eclipse of the sun of 26.2.1998, for which the 
complete shadow of the moon coming from the Pacifie Ocean had run over the Caribbean 
into the Atlantic Ovean, Exactly the moment it erossed the Caribbean island Montserrat, 

the voleano Souttere erupted. 

ure coincidence says Science, which hasn't got an explanation model at all fora relation 
With the supposedly purely optical phenomenon. But this argumentation is relativized, if 
according to fig. 20.2 the tangential collecting of solar neutrinos by earth’s core is 
considered. This process best can be compared with photon radiation, which is 
tangentially collected and directed into an orbit by a black hole inside the radius of 
Schwwaraschild 

Since the shadow of the moon always draws a straight line on the earth, two points of 
intersection are present with the circle of the projection of earth's core on earths surface, 
for which the radiation focussed by the moon just touches earth's core and in that way 
experiences an additional concentration. The frst point of intersection at that time was 
situated in the Pacific Ocean: but the second one was situated exactly at the Caribbean 
island Montserrat (fig. 20.7 B), 


‘This time, at August 11 1999 the frst point of intersection was situated in South Germany, 
the second in Iran, and again the focussing at the second point of intersection has shown a 
devastating effect. The entie continental plate has gotten in motion (fig. 20.7 A). 


Another strange phenomenon has occurred in the USA atthe same time as the eclipse of 
the sun. A tornado swept with its destructive force right through Salt Lake City. I is, 
remarkable that no meteorologic indications were showing before and hence official 
‘observation authorities had no possibility of warming for he tornado, Had here pat of the 
focussed neutrino radiation been redirected at earth's core and given a rotation, to again 
screw out into the sky on the other side ofthe earth at Salt Lake City? 


Tis Werner Raffeiseder= Sonnentinstemis, Hugendubel Verlag, Miinchen 1999, 
ISBN 3-89631-302-9, Seite 120. 
<li>: Collection of particular violent earthquakes since 11.8.1999: see fig. 20.7. 
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“Milky Way.” 5 
h ectelzcuse) 


Belt of Orion, 
\Observation horizon — 


[s!__Robert Bauval, Graham Hancock: Der Schlussel av Sphinx (Keeper of 
Genesis), List Verlag Munchen 1996, ISBN 3-471-77188-3, S. 286 und. 287. 
<i>: dito page 86, 


Cosmie experiments 427 


20.8 Radioactive decontamination with the help of a supemova 


A mighty source of neutrinos forms the black hole in the centre of the Milky Way. For us, 
‘on an outer spiral arm of the galaxy, the distance o the centre is gigantic as well, so that a 
relatively equally distributed spectrum of differently fast neutrinos arrives at our world, 

Which represents a kind of basic energy technical supply forthe solar system and our 

world. For the fluctuations between day and night, or the focussing by the moon or other 
planes the “participants” in the solar system are responsible themselves 

In contrast to that a supemova, the explosion of a star, is a considerably smaller source of 
neutrinos, which however also is possible less distant to the earth. In addition it is a 
singular event, in which all neutrinos are set free simultaneously within a fraction of 

second, They arrive at us one after another. First the fast and hard radiation reaches us as it 
Were as harbringer. In the course of time the arriving neutrinos then become slower and 
shower, until they sometime become biologically relevant. If'in the end everything is over, 

‘ve can See the cause, only now the supernova is showing inthe telescope. 

we assume such an event takes place, with perceptible might and in a distance of 500 

light years. then this neutrino radiation overlaps with the general background radiation and 

‘a characteristic over-intensification of neutrinos of a certain velocity of propagation 

‘occurs, This problem then occupies us for S00 years, where the respective radiatio 
situation permanently is changing depending on the time afte the explosion 

If we in this way of looking dare a judgement of the cosmic events in historical time, so 

‘makes believe much the assumption thatthe radiation in the last hundred years has worn 

of completely. Edgar Cayce treats in the book "Our Ancestors" different cultural cicles 

{rom the old Indian up to the Hopi, in which still is talked about an energy technical use of 
quartzes and other materials 

We indeed can theoretically comprehend that the neutrino radiation can let an oscillating 
quartz glow, if it is stimulated in its resonance frequency, but technically the technology 
Today can't be realized anymore. Possibly the chance for technological use only existed 
for a few years or decades. 

Presumably also the pyramids originally have been built as resonators, to slow down fast 
neutrinos to a technically utilizable speed. But in the course of time the original function 
was unnecessary and the neutrinos had gotten so slow that in antiquity altematively an use 
as electrostatic lightning generator of as Nekropolis took place. Today they only stan 

the countryside as unusable monuments of a gone epoch. 

Many ancient techniques, to which I will eome to speak in the third part, in this way just 
fas unexpected become plausible as the radioactive decontamination described in the 
Middle Ages, 


“bs Hermann Wild: Technologien von gestern, Chancen Tur morge 
Verlag Bern 1996, ISBN 3.906571-13-0, (2B. S. 77 und 145 bis 163). 


Tupiter- 
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Constellation at 23.9. around 10500 B.C. at sunrise: 


i. 


Fig. 20.9: The orientation of the pyramids of Giza makes 
believe 
an operation of the installation around 10500 B.C. 


<i: Robert Bauval, Graham Hancock: Der Schlussel zur Sphinx (Keeper of 
Genesis), List Verlag Munchen 1996, ISBN 3-471-77188-3, S. 324 

The two research scientists take the hypothesis of an orientation of the ancient 
Egypt pyramids after the starry sky around 10500 B.C. This however is not com- 
palible with their thesis of the aligning of the shafts to individual stars around 2500 
B.C. (ig. 20.8 C). How should the precise worked shafls later have been integrated? 
It would correspond a certain logic, if an orientation of the buildings to the energy 
source at that time would have taken place; but doing so it should be taken into 
Consideration that the stars are exploded as supernovae and today hardly might be 
‘observable. 

Despite several good ideas more questions are raised by the book, than are 
answered. Have the technicians 2500 B.C., after making restorations, experimented 
‘With the buildings and sought-for alternatives of use? 


20.9 Fre energy from the Orion constellation 


After all hundred years ago still the last unreliable rests of the wearing off neutrino 
radiation were available to Tesla, Moray, Keely and other inventors for the experimental 
proof of free energy, of which we today aren't able to rebuild and show in function one 
Single model. And that, although the technical aids have gotten better for many times. 
But for the free energy inventors that isn't a reason, to immediately stop their efforts, 
because the next supernova already is announced by’ the actual swings of the Foucault 
pendulum. It could concern the explosion of the giant red star Betelgeuse in the 
constellation of Orion in a distance of 500 light years”. It well may be possible that it 
already shortly has exploded and that it will supply us with fresh and free energy for 
scarcely the next S00 years and at the same time will give the earth a good shake, thanks 
tits smight and knot too great distance. 
‘The reaction, which happened after August 11, of earth's core, which is the first 10 
interact with the fast particles, should make every astrophysicist clear that here something 
js coming towards ust 

I would be obvious, i the reactions of earth's core still increase. Every year particularly 

around 21.6,, ifthe sun is standing in the Orion constellation, deviations ean be expected. 

But then the supposed source of neutrinos, Betelgeuse, the sun and the earth don't exactly 

forma line, because the giant red star lies 74° below the ecliptic. Because ofthat the rays 

slowed down and focussed by the sun run away over the earth. At the earth then rather 

Would be expected a dropping ofthe radiation, 

If the phase of shakes of the earth sometime should be over, a decontamination due to an 
increased radioactive decay and various biological effects should be expected. Then, 
perhaps in 200 years, also many concepts concerning free energy, today sill dismissed as 
hopeless, suddenly will funetion entirely by themselves. 

‘The relatively free possibility of development of the human mind and the present sciences 

\we possibly owe the special circumstance to be able to live in a time of minimized field 

strengths, Strong fields however can lead to psychotronic influencing ofthe consciousness 

and to an outside determining of mankind. This circumstance seems to have caused Tesla 

to compare man with a robot, and to eall him an independent machine controlled from 
outside. 


‘TB; Freek Reijmerink: Stemenatlas Deutschland, Welibild Verlag 1990, 8.12 (ein 
sterbender Riese) und Illustrierte Wissenschaft, Nr. 9, 1999, S. 7, Brennen 
die grossen Steme in den Sternbildern je aus? Die Eniferaungsangaben 
schwanken zwischen 270 Lichtjahren (Meyers Lexikon), 310. (Sternenatlas), 
‘500 (ll Wiss.) und 652 Lichtjahren (Cambridge Enzyklopadie d. Astronomie). 

Tm the observable domain of the starry sky one statistically seen has the 
chance, to experience every second a supernova, 

ii>: Nikola Tesla: How cosmic forces shape our destinies, New York American, 
72.1917, and Edition Tesla (1997), Bd. 6, ISBN 3-89539-245-6 der Mensch 
als machine, S. 65 


430. Interaction of the neutrinos with earth's core 


1 point of 
intersection, 


Fig. 20.10 A: Eclipse of the sun of 13.11.2012 (decl.: 18.1°) 


1 point of 
intersection 


Fig. 20.10 B: Eclipse of the sun of 11.11.3799 (deel.: -17.3°). 


<i>: The celipse of the sun of 7.7.3797 is harmless compared to that of 
11.11,3799, Have they been mixed up or isa calculation error present? 
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20.10 Interaction of the neutrinos with earth's core 


A strong neutrino field still doesn't make a catastrophe. Only in connection with one of 
the regularly happening eclipses of the sun should one be expected under certain 
circumstances. Only, which eclipses of the sun can get dangerous, we have to ask us, and 
why warns e.g. Nostradamus only for very particular dates? 

‘The check of the respective eclipses of the sun results in aertical constellation everytime 

for the cases, where the ine ofthe complete shadow and the cirele ofthe projection of 

earth's core intersect under avery flat angle and both points of intersection lie very close 
together. In the extreme case finally the lines only are touching and the points of 
{intersection fuse toa line of intersection, 

A corresponding constellation the next time is expected at 13.11.2012. For 7.7.3797, at 
Similar conditions Nostradamus foretell the end ofthe world but why? 

From the interaction of the neutrinos arises as from every other interaction a force effet. 

the points of intersection lie far apart, then earth's core is pulled once to the East and a 

short time later again tothe West by the Focussed neutrino radiation. On the average this 

will hardly influence earth's mantle and earth's crust because ofthe immense moment of 

interia, The possible earthquakes will remain regionally restricted to the area around the 
‘wo points of intersection, 

But if a line of intersection forms, then no compensation of the force effects takes place 
anymore, then during the whole time one-sided is pulled at earth's core and that can have 
fatal results. It is the same as for a spinning top, which is given a blow from the side: it 
staggers several times, until the gyroscope frees have stabilized it again. 

But if earth's axis staggers, then the sun describes strange orbits in the sky, it goes 
backwards again, for a longer time doesn’t set or it doesn't show for the same period of 

time for the people living on the other side ofthe globe, 

Such an event already is described in the Bible". For the twenty hours, in which in 
Europe the sun didn't set for a day, again describe the chroniclers of the inhabitants in the 
South American Andes, how at their place the sun diet show for twenty hours 


As a further example from the Greek mythology is mentioned the description of the poet 
‘Apollodoros. according to whom Hercules forthe solution of his 10" task let the chariot of 

the sun bring to 2 standstill. "He tuned his vehicle round and raced the way back, 
dragging along the Pleiaden and all stars, so that the sun set in the East". But if all stars 
take part in the same backwards motion, then this example proves the assumption of the 
staggering earth's axis, 


Br Tosua 10.13-14 and the ia chapier 11.8 cited passages 
<i>: nach Montesinos, zitiert in Zecharia Sitehin: The Lost Realms (Versunkene 
Reiche), Knaur Verlag Miinchen 1992, ISBN 3-426-04827-2, S. 203, 


<li>: Wemer Raffetseder: Sonnenfinsternis, Hugendubel Verlag, Milnchen 1999, 
ISBN 3-89631-302-9, Seite 18, 


aa Changing of polarity and apocalypse 


‘A: Map of the world 
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1 i wun of 27. 1 
{angle of the sun = declination: 19.3 
‘The trigger of the biblical Flood? 
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20.11 Changing of polarity and apocalypse 


The pulling at earth's core, which shows as a wobbling of the magnetic axis and in 
damped form can lead toa tilting ofthe axis of rotation ofthe earth, still doesn't make an 
apocalypse, no end of the world, This only can be expected, if after a tilting of the axis of 
rolation of earth's core a change of polarity on the surface of the earth occurs. Doing so 

the new magnetic poles, like a compass needle inthe field ofthe solar wind, again align in 

such a that the North Pole will be lying "up" in the ecliptic. Because earth's surface 

Will keep it direction of rotation, the sun will after the process having stabilized, as usual 

again rise in the East and set in the West. But the inhabitants of the earth, which before 

still were having midsummer, find themselves again in the midst of midwinter and vice 

Truly apocalyptic processes can be expected during the phase ofa change of polarity of 

the earth, Thereby occur unusual relative accelerations and violent earthquakes. The 
largest destructive potential however is present in the waters ofthe oceans, which are set 

in motion, 


As is well-known the earth at the equator is measuring a radius which is 21 kilometres 
larger than at its poles. Ifonly a part ofthe waters temporarily flows in the direction of the 

poles ofthe earth, then the biggest part of the habitable land in Middle and Nosth Europe 

sinks in the loods; then indeed also the statement of Noah makes sense, who as the first 

thing saw the mountain of Ararat rise from the floods, after the water again flowed back 

into its usual ocean basins. The mountain of Ararat afte all measures a height of 5137 

meters above sealevel! 


At comparing historical events with details fom the Bible the Flood should have taken 
place in the year 2245 B.C.". According to the description of the postion of the stars Dr. 
Wild caleulaies July 2281 B.C. as time for the Flood. The Arabic historical writer al- 
Makrizi again shifls the event into the year 3094 BC. Who is ight? 
We must verify the eclipses of the sun in this time and determine the position of the points 
of intersection, then we perhaps find the correct answer. Possibly earth's axis has wobbled 
more than once, have occurred several catastrophes in different regions. At 27.72281 B.C. 
in any case there actually has occurred an extremely critical constellation, whereas the 
other two years are ruled out. Here no total eclipse of the sun took place (Fig. 20.11), 


According to the calendar of the Ugha Mongulala 6110 years before this Flood a still 
‘much more devastating one should have occurred. That therefore would have been $391 
BC, while Scott-Elliot dates the catastrophe inthe year 9564 B.C.*"_ Acconing t Plato 

it would have been about 9500 B.C. For such long periods of time a check however isnt 
quite easy anymore, because the meantime changes of the earth sum up considerably. 


<i Wild S. 231, 229 and 225 
<ii>: Wild S, 219, 218 and 210, among others cited from Scott-Elliot: Atlantis und 
das untergegangene Lemuria, Bauer Verlag Freiburg 1977. 


a3 ‘Scalar wave gauges for the prediction of earthquakes 


Fig. 20.12 A: Eclipse of the sun of 29.03.2006 (decl.: 3.2°) 


SR Ree 


Fig. 20.12 B: Cave painting from Minateda (Spain) <i> 


<i>: Laviosa-Zambotti: Origini e Diffusione della Civilta, Marzorati, 
Milano 1950, 
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Besides the constellaion of sun and moon is crucial the occurring of a relevant neutrino 
radiation and the question if both is sufficient to tilt the earth and change its polarity 
Some experts expect a change of polarity for the time coming, since it takes place with a 
‘certain regularity and measured in earth historical periods of time in addition fairly often! 

‘This circumstance the earth presumably owes the river valleys cut deep in the countryside 

and other topographic phenomena, One presumably can only survive such a catastrophe in 

an ark (Noah), in the air bubbles of large caves (the walls of which painted children and 

autists out of pure boredom, see fig. 20.12 B) or in the highland, preferably in the area of 

the equator (Central Aftica, highland of Mexico, Andes, Himalaya). 


20.12 Sealar wave gauges for the prediction of earthquakes 


We urgently need gauges, to be able to judge the neutrino situation. At first we with that 
pursue the same goal, as wit the building of. free energy converter, however with the 
difference thatthe converter should maximize the collected amount of energy, whereas the 

gauge should minimize the taken up energy, 10 not foo much load the sourve and not to 

change the local radiation situation, 

In addition the neutrino radiation should be registered distinguishable in its velocity of 
propagation, what means that the building of a gauge will be very much more costly than 

that of an energy collector. That's why it can be expected that an usable measurement 
instrument might be available only many years later and we that long only can base on our 

‘own power of observation, 

We for instance ean statistically analyse, how the earth after an eclipse ofthe sun reats 10 

the neutrino radiation focussed by the moon, At August 11 the second focal point was 

situated in the East, and from that an acceleration of the rotation of earth's core ean be 
predicted. Corresponding observations actually have been made on the surface of the earth 

With the help of the Foucault pendulum, 

‘The relation the next time can be checked at the eclipse of the sun at 29.3.2006. This time 
the inverse case is present. A first focussing takes place in the West, so that pendelum 
swings in the reversed direction would be expected, which indicate a siowing down of the 
rotation (fig. 20.12 A), 


But ifthe rotation ofthe earth should change, then the balance sheet of angular momentum 
of moon, earth's mantle and earth's core isn't correct anymore. As a result a force of 
difference oceurs, which lets the spinning top stagger. But if earth's core staggers inside of 
earth's mantle, then it powerfully stirs the liquid magma, and in this way releases its 
surplus energy again. As a result earth's mantle is heated up somewhat, We, on our wafer 
thin earth's crust, then time delayed feel the effects ofthe staggering of the core as an 
earthquake. The period seems to lie at approximately 6.5 days, as far as this can be read 
from reactions to the lat two eclipses ofthe sun. 


436, Calculation of future oecurrences 


Fig. 20.13 B: The 


Astronomicum 
Cae: sei 

around 1540 the 
determination of 


the positions of the 
moon_nodes.> 


=e Werner Raffeiseder: Sonnenfinstemis, Hugendubel Verlag, Munchen 1999, 
ISBN 3-89631-302-9, Seite 134, 
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20.13 Caleulation of future occurrences 


From the analysis of past and present cosmic events with a strict scientific procedure can 
be predicted 10 a certain extent also future events. It thereby by no means concerns 
prediction, but exclusively the result of an analysis. 


After the mentioned eclipse of the sun of 29.03.2006 there once more exists danger of 
earthquakes (approx. 44.2006) forthe Island of Crete and Asia Minor. 
From the eclipse of the sun of 13.11.2012 as well no good can be expected, even if the 
points of intersection, situated close together, lie far away from populated land in the 
south-west Pacifie basin, The Maya calendar by the way ends to this time. 
At 218.2017, 18 years or a Saros cycle after the eclipse of the sun at 11.8.1999 and 
correspondingly 120° further to the west, the corresponding complete shadow runs 
‘erossways through the USA. The thankless role of Turkey at the second point of 
intersection this time takes over South Carolina. One only can hope that the houses in 
Columbia ate built more stable dhan in Lem 

In fig. 2013 A the two eclipses of the sun of 11.8.1999 and of 13.11.2012 with their 
respective Saros cycles until 2066 are shown. The as critically to value tendency of the 
course of the complete shadow is visible, which wants to nestle against the cirele of the 
projection of earth's core to form a line of intersection, 


here break off, since anyone with my indications and an eclipse of the sun-CD ean 
analyse at home all further events personally. I value that if possible many analyses are 
made and controversially discussed, because possible cosmic catastrophes concemn us all. 
somewhat 


What good is the building of gigantic fusion ovens, if the runners by no means have 
understood the process of he fusion themselves? Why build ring asceleraors for billions 

‘of dollars, if elementary particles ean be calculated at the desk? How is the expenditure for 
gravitational wave detectors justified, ifthe actual music plays at entirely other velocities 
‘of propagation? Why is half the annual production of the world of Gallium used for an 
indirect proof of neutrinos, if every self-wound Tesla coil is able to collect more 


Our scientists, for whom I as a colleague quite often must be ashamed, have the primary 
task (0 draw attention to cosmic and other risks and to calculate them in advance. In any 
‘ease it is extremely unpardonable to leave this core duty up to some fortune-tellers and 
self-appointed prophets. 

One should more often remind them that the Chinese Kaiser Tsehung-Khang let sentence 

his court astronomers Hi and Ho to death, after the two not having predicted an eclipse of 

the sun. It thus certainly didnt concern a missed spectacle or a missed tourism business, 

but presumably the need for safety of the Kaiser and his subordinates, for which the two 
astrophysicists in ancient China had to take responsibility! 
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Fig. 20.14: The difference in going of two caesium atomic 
clocks 


positioned in different directions, but in the same 
laboratory in Harbin, China, ‘during the partial 
eclipse of the sun of 24.12.1992." 


<i>: Shu-wen Zhou: Abnormal Physical Phenomena Observed When the Sun, 
Moon, and Earth are Aligned, 21° Century Science & Technology, Fall 1999, 
Vol." 12, No. 3, pp. 54-61. Comments concerning Figure 9: 
Straight lines AB and CD show that the rate of change of the time difference 
between the two clocks is constant in non-eclipse periods, but becomes 
ireegular around the time of the eclipse. 
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20.14 Epilogue to the energy technical seminar 


Very slowly the word goes round that the energy source of the future has got a name: 
""Neutrinopower". Unfortunately fundamental physies, which is financed with public 
money, still does know almost nothing about the nature of the neutrino radiation, In 
addition hinder useless model concepts any progress in this direction and so the 
responsible fundamental esearch steps on the spot 

Considerably more extensive were already 100 years ago the insights of the experimental 
physicist Nikola Tesla, the discoverer of the neutrino radiation and father of the free 
energy. The space energy however is showing most clearly in nature, which only uses this 
advantageous form of energy. In particular during eclipses of the sun and other cosmic 
experiments it openly comes to light and can be detected by us fora short time 

‘The physicist Prof. Shu-wen Zhou of the University of Huazhong in Wuhan, China, 
systematically has investigated the effets, iTsun, moon and earth are aligned". Doing so 

he has proven inexplicable physical anomalies in experiments. Stimulated by the 
discoveries of Maurice Allais with the Foucault pendulum he built an arrangement 
specially flor proving horizontal forces of acceleration, and actually he with that could 
measure face effects during the total elipse of the sun of 24.10.1995, He even speaks of 

an oscillating force! 

Funher he could determine changes in the spectral wave length of various elements, which 
under normal conditions go as constant and even as characteristic forthe respective 

clement. The relative change of size of the wave length during the ring-like eclipse of the 
sun over China of 23.9.1987 resulted in the 100-fold value compared to the difference in 
the spectrum analysis between surface of the earth and surface of the sun! This 
comparison reveals an immense discrepancy between theory and practice and puls us for a 
solid problem, 

For that six different models of spectrometers were installed in several laboratories of 
different polytechnics and a photograph was taken ofthe emission spectra of H, D, Ca, 

CN, Ni, Ti, ete. Also other reasons than that of an eclipse of the sun could be excluded 
uunambiguosly. In the results of these, at artificial light carried out conventional 
‘measurements, in any case abysses yawn. The from spectrum analyses won "insights" 

about the composition of strange celestial bodies now for sure can be done away with 
Without knowledge about the respective prevailing neutrino radiation, 

Spectacular also is the proof of differences in going of atomic clocks of various 
‘constructions. During the patil eclipse of the sun of 24.12.1992 seven caesium clocks in 

four cities of China and in three planes were used. The analysis ofthe differences in going 
resulted in, as is shown exemplary in fig. 20.14, changes of the gradient during the eclipse 

‘The results forthe atomic elocks in the planes and for wo further time measurements 

‘umes out with similar elasty* 


<i5: Shou-wen Zhou Abnormal Physical Phenomena Observed When the Sun, 
Moon, ‘and Earth are Aligned, 
21" Century Science 6s Technology, Fall 1999, Vol. 12, No. 3, pp. 54 - 61 
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Fig. 20.15: Long-term measurement between 1989 and 
991 of the difference in going of two atomic clocks at 
the U.S, Naval Astronomical Observatory.” 


The in the 1000 days occurred eclipses of the sun have been enter- 
ed later. In addition is recorded, if the northern hemisphere (N-H) or 
the southern hemisphere (S-H) of the earth was involved. 


<i=Shicwen Zhou Abnormal Physical Phenomena Observed When the Sun, 
Moon, and Earth are Aligned, 21° Century Seience & Technology, Fall 1999, 
Vol. 12, No. 3, pp. 54-61. Figure & 
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A connection tothe neutrino radiation Prof, Zhon doesnt drav, but it almost i obvious. 
From the U.S. Naval Astronomical Observatory (L.C/7970) long-term measurements over 
1000 days between 1989 and 1991 are present (fig. 20.15). The difference in going 
between the two atomie clocks positioned at different places shows a permanent up and 
down, The reason goes as completely unknown, 

But ifthe eclipses, which took place in this ime, are entered then one immediately sees 

the assignment to a maximum or a minimum value. If an eclipse of the sun namely 
concerned the southern hemisphere of the earth, then the difference in going each time 
reached a maximum, but ifthe shadow of the moon run over the northern hemisphere, the 

cach time a minimum occurred. Chance here probably is out of the question! 


Let us record: The effect of an eclipse of the sun, to which for instance a Foucault 
pendulum reacts, can equally be traced back to the interaction of the neutrinos asthe free 

energy. That's why the here presented book carries the title "Free energy and the 
interaction of the neutrinos”. It has appeared in the series concerning the "Electromagnetic 
environmental compatibility”, and also for that there ate good reasons. Our energy 
technology must become more ecologically compatible and we come the goal closer, if we 

cla ature, understand and copy it 

That it further concems electromagnetism, likewise is explained from the interaction of 
the neutrinos, which concems the oscillating and resonant case of the electromagnetic 
interaction, In this respect the reference to the series of books therefore would be given, 

It only indirectly has to do with "electrosmog", or what otherwise is understood under 
environmental compatibility in general, It however could be shown that also the earth 
radiation i a form of neutrino radiation, and that it poses a biological effectiveness, after it 

turned out that it serves nature as an energy source. With that the conflict with space 

energy devices already is predetermined ifthe same scalar Wave radiation should be used. 

‘Then one system takes away the other system the energy basis and the existence basis, 

This environmental compatibility problem can be solved, ifeare is taken that both don't 

get in each others way with regard to the frequeney and the wave length, We for that need 

a deep understanding concerning the topic of the space quanta and the neutrinos, their 

physical properties and the corresponding device technology. The book should make a 
‘contribution to that 

‘The other side of the medal is the information technical aspeet of the scalar wave radiation 
and the environmental compatibility problem connected with that. The third and last part 
of the series of books is dedicated to this theme, 
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Part 2: Edition belonging to the energy technic 
"Electromagnetic Environmental Compatibility" 


seminar: 


Prof. Dr.-Ing. Konstantin Meyl 
Scalar waves 


Abstract: 4. Auflage 1998, 4, Auflage and Ist English Edition 


With regard to the environmental compatibility a decentralized 
electrical energy technology should be required, which manages 
without overhead power lines, without combustion and without 
radioactive waste. ‘The liberalization of the energy markets won't 
on any account solve our energy problem, but only accelerate the 
way into the dead end. New, ecologically compatible concepts are 
collected and discussed in the book. 


A useful energy source could be represented by 
which hit upon the Earth from the sun or from s 
however only are revealed to the measurement technician, if they 
interact. It will be shown that the particles oscillate an 
interaction or collection with the goal of the energy technic 

only is possible in the case of resonance 


Since these space quanta as oscillating particles have almost no 
charge and mass averaged over time, they have the ability of 
penetration proven for neutrinos. 

In the case of the particle radiation discovered 100 years ago by 
Tesla, it obviously concerns neutrinos. We proceed from the 
assumption that in the future decentral neutrino converters will 
solve the current energy problem. Numerous concepts from 
nature and engineering, like on the one hand lightning or 
photosynthesis and on the other hand the railgun or the Tesla 
converter are instanced and discussed. 


Free energy and the interaction of the neutrino radiation 


INDEL GmbH, Verlagsabteilung, Fax: +49-7721-51870 
Tel: +49-7724-1770 
Postal orderin; address: 


PPZS, rot: Dr. K. MeylLeopoldst. 1, D-78112 St Georzen 
www.k-meyl.de meyl@k-meyl.de 
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Scalar Waves 


From an extended vortex and field theory to a technical, 
biological 
and historical use of longitudinal waves. 


Part 3 


by 
Professor Dr.-Ing. Konstantin Meyl 


Edition belonging to the lecture and _—_ seminar 
“Electromagnetic environmental compatibility" 


(Original title: "Elektromagnetische Umweltvertraglichkeit") 


Translated out of the German language 
by Ben Jansen 
(2003) 


Part 3: Edition belonging to the information technical seminar 


Scalar waves and the technical use of longitudinal 
waves and vortices, 


INDEL GmbH, Verlagsabteilung 
Villingen-Schwenningen 2003 


ISBN 3-9802 542-4-0 
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part 3 


Preface to the seminar, part 3 


With the appearing in print of the 3° part of the series of lecture notes of the 
electromagnetic environmental compatibility, the collection of material can be considered 
to be completed for the time being. By now almost all aspects concerning the theme of the 
Potential Vortices of the electromagnetic field and their propagation as a scalar wave 
Should have been addressed or atleast indicated 

‘And that’s what it is about in the case of the editions belonging to the seminars: In the 
Seminars, taking place inside and outside the university, questions about the phenomena 
and the biological effectiveness of the fields, which surround us, are discussed. The 
Scientifically correct procedure asks as a preparation for the seminar a. voluminous 
collection of material and a compilation of theses with the pros and contras 10 them 
The argumentation, which is denoted as textbook physis" and is generally accepted, the 
participant of the seminar can work out himself by means of the available journals and 
books. The potential vortex, which completed the field equations, however makes. possible 
4 counterstatement, which for most participants at first will be unusual. The old dispute 
between quantum and field physics rekindles. What is missing is a voluminous collection 
of material concerning the refined Field physics, and this gap the editions belonging to the 
Seminars should close 

In the case of this book the primary concern is to make sur, that all faces, properties and 
physical consequences of the new and unified field physics are addressed. The question, if 
All points can bear a strict verification, remains reserved to the seminar and. its 
panicipants, of whom cach should form its own judgement. The seies of books should be 
Understood a6 a stimulation, to make own thoughts about the various points. Who has no 
opportunity to participate in a seminar, by means of the lectute at least gets an idea of 
what is” discussed here and how is stugeled for scienlific insights 
‘The herewith completed collection of material by no means may be compared or confused 
with a basic work about the theory of objectivity. That the editions cannot and want not 
afford at all. They together with the discussions at best form the basis for a seienifially 
basic work, at which lam working 


Im the case of the collection of material concerning the electromagnetic environmental 
compatibility consisting of three parts, again and again new aspects have emerged, which 
found entrance into the book, at which I was working at that particular time, whereas the 
rough structure has been controlled precisely: part 1 with the chapters 1 to 9 treats the 
basies, part 2 with chapters 10 to 20 the energy technical aspect and part 3 with the 
chapters 21 t@ 30 the information technical aspect" of scalar waves. 
‘The here presented 3" part stars with the wave equation and the two comprised parts of a 
transverse and a longitudinal wave. The historic dispute between Heinrich Hertz and 
Nikola Tesla with the experimental evidence of the each time used wave part is continued 
lover the wave-particle uncertainty compromise up to the dispute about the right field 
description: that of Maxwell or the new dual and at the same time unified description, 
which builds upon Boscovich and Faraday. The aspects, which seem so irreconcilably 
thereby only are two parts of a single equation, which is much older and can be traced 
back to Laplace: the wave equation, 

Until now no derivations of this equation, which contains both wave parts, are known 
‘This for the first time succeeds from the new and extended field approach in the summary 
from chapter 26. At first however is attempted to make the world of the scalar waves 


Preface belongi 


i to the Seminar, part 3 445 


plausible with models, calculations and observations. For that are used examples from 
high-frequency engineering, like the ground wave or the near-field area of an antenna, and 
from nature and medicine, which are granted two chapters. The comparison of the nerve 
‘conduction with Tesla’s one wire technology is bringing it to light that scalar waves 
equally are used in both cases. In a frequency diagram the insights are entered concisely 
and is shown that considerably more unexplored domains occur than already is known, 
that in most eases not even gauges are available. With the design for building a scalar 
wave gauge the scientific Verification of until now only empirically won results is 
mulated, like for instance the results the raiesthesia wants to have determined with the 
help of the Sensitivity of man as a biosensor. 


Many relations will be revealed to the reader only, if he has worked through the summary, 
Which follows. From Maxwell's field equations only the well-known (transverse) Hertzian 

waves can be derived. (Longitudinal) scalar waves however in the result ane zero. This is a 
flaw of normally used field theory, since sealar waves exist for all particle waves, like eg. 
as plasma wave, as photon- or neutrino radiation. Because the field pointer, in the 
direction of which longitudinal waves are propagating, is oscillating, the frequency will 

oscillate like the velocity of propagation, which again is measured as a noise signal. Any 

tantenna noise proves the emission of scalar waves in space. But scalar waves, of whatever 
should be subsumed under the by mathematics minted generic term fiee of any value 
judgement, surely are more than only noise 

Starting from Faraday’s discovery - instead of the formulation of the law of induction 
according to Maxwell -an extended field theory is derived, which goes beyond the 

Maxwell theory with the description of potential vortices (noise vortices) and their 
propagation asa scalar wave, but contains the Maxwell theory as a special case. The new 

field theory with that doesn't collide with the textbook opinion, but extends it in an 
essential point withthe discovery and addition ofthe potential vortices. 

Also the theory of objectivity, which follows from the discovery, is compared inthe form 

‘ofa summary with the subjective and the relativistic point of view and the consequences 

{or variable velocity of propagation ofthe scalar waves, formed from potential vortices, 

are discussed. Like already in part | the unification ofthe electromagnetic interaction with 

the gravitation succeeds impressively. 


Besides the mathematical calculations this book contains a voluminous material collection 
concerning the information technical use of scalar waves, ie. the useful signal and the 
usually interfering noise signal change thei places, ifa separate modulation of frequency 
and wavelength makes a parallel image transmission possible, fit concerns questions of 
the environmental compatibility for the sake of humanity (bioresonance, among others) or 
to harm humanity eleetrosmog). With that the book again finds back tothe starting point, 
to the open task, which made necessary an excursion through all domains of physics t0 
answer it hope, the long march was worthwhile 


Villingen-Schwenningen december 2002 


446, Preface belonging tothe seminar, part 3 


Preface to the 2" edition of part 3 


In favour of chapter 30 as a complement, an introduction info the ancient broadcasting 
technology of the gods, the I edition wass't printed anymore in the year 2002 as 
originally planned. Instead the individual chapters have been prepublished in different 
places. The chapters 21 to 25 are found among others in the book "scalar wave 
technology", which has been published as an instruction for an experiment to demonstrate 
scalar waves in 2001. Excerpts from it, as also from the chapters 26 to 28 have appeared 
in form of individual essays indifferent journals 


‘Again experimental successes had, been intervening, which caused a renewed defering of 
the date of appearance of the 3" part of the series of books. In my laboratory the bie 
directional transmission of music and of data by scalar wave was suecessful. We thus also 
can transmit information backwards from a receiver to the transmiller or to a second 
receiver, whereby the receivers work purely passive, thus without own power supply. The 
operating energy is as well supplied to them by the tansmitter by scalar wave. The 
demonstrated technology opens completely new possibilities of a technical application 
Conceivable ate telemetry installations where measurement signals have to be. tansmited 
from rotating or otherwise inaccessible places of a machine. The energy for the 
measurement electronics can be transmitted wirelessly by scalar waves and the signal can 
be sent back along at dhe same time, by modulating it oat the energy cavir. In this way 
dozens of measurement stations ean be connected wireless with a single central 
teansmiter, which supplies them al with energy. 


‘The question was asked: 1s the technology really entirely new? The answer is amazing: 
No, it here concers the oldest technology of humanity, which had developed to a peak in 
antiquity, to send receive engineering of the gods. For this claim even a mathematical 
proof is available. For that the authoritative transition, the unrolling of a vortex to a wave 
(Ube transition ffom the near-field 10 the far-field) or in the reversed case the rolling up at a 
receiver antenna (usually denoted as standing wave) is calculated with help of the 
extended field theory. The result is, that at this tansition the velocities of propagation 
resp. the wavelengths of the ansverse and the longitudinal wave stand to each other in 
the ratio of the Golden Proportion. 

With regard to the optimization of a transmitter or receiver antenna the Golden Proportion 
hhas an effect on the construction resp. the architecture of corresponding buildings. Which 
‘ones, with that deals the complementing chapter 30, But it mustat be missing either, since 
after all it concems a grandiose practical information technical use of scalar waves, from 


Which we technologically ean learn a lot 


<i>: Note: chapter 30. provides an introduction into ancient broadcasting 
technology of the gods. The Working off of history with respect to the use of 
scalar waves is so voluminous, that for that a book of its own is published 
with the title: 

<li>: K, Meyl: Sendetechnik der Gotte, historischer Sciencefictionroman (2003), 
Villingen-Schwenningen, INDEL Verlagsableilung, ISBN 3-9802 542-59 
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21, Derivation ofthe scalar wave 


WilliamThomson, who called himself Lord Kelvin, after he had been knighted, already in 
his lifetime was a recognized and famous theoretical physicist. The airship seemed him 
too unsafe and so he went aboard a steam liner for a journey from England to America in 
the summer of 1897. He was on the way ina delicate mission 

Eight years before his German colleague Heinrich Hertz had detected the electromagnetic 
\wave ia experiments in Karlsruhe and scientists all over the world had rebuilt his antenn 
aurangements. They all not only found confirmed the wave as such, they even could show 
the characteristie properties. 

yas a transverse wave, for which the electric and the magnetic field pointers oscillate 
perpendicular to the direction of propagation. This can be seen as the reason, that the 

velocity of propagation is showing itself field independent and constant. Itis the speed of 

light e. 


With that Hertz had experimentally proven the properties of this wave, previously 
calculated ina theoretical way by Maxwell, and atthe same time proven the correctness of 
the Maxwellian field theory. The scientists in Europe were just saying to each other: "well 
done!” as completely other words came across from a private research laboratory in New 
York: “Heinrich Hert is mistaken, it by no means isa transverse wave but a longitudinal 


Such a screwball most said and did as if they hada't heard the evticism at all. But then 
‘one couldn't ignore it completely, because on the one hand claimed the private research 

scientist 10 have experimental proof and on the other hand it wasn't just anybody, who 
here reported. It was nobody but Nikola Tesla, the Croat experimental physicist who 
emigrated to America 

iim we owe the modern alternating current technology from the high-tension network for 

energy transmission over the altemating current transformer to the asynchronous machine. 

With his magnificent inventions he had earned enough money, to be able to afford a 
private laboratory, in which he could research and invent uncensored and free. The key to 

his sucess was lying in his purposeful, concentrated and efficient working method. 

He was fast! Whereas in Europe still was being discussed about properties and theoretical 
possiblities of application ofthe wave, Tesla already presented the armed forces a remote 
‘controlled scaled-down submarine in Madison Square Garden (fig. 21.1 A). To convince 
such a man, who only holds valid what his experiments reveal, from the opposite, should 
be a hopeless enterprise 

Lord Kelvin was aware of that, as he made the decision to go on the journey. He could not 
and did not want to put his head into the ground, as many of his colleagues, because on 
the one hand scientists ate curious by principle and on the other hand he travelled as an 
official representative of science. He had been instructed to free, as Mr. Clean, the 
undamaged world of sciences from erroneous teachings. Bur it came completely differnt 


aaa. Lord Kelvin in a delicate mission 


Fig. 21.1 B: Patent specification concerning the 
remote 
controlled submarine.” 


Nikola Tesla: Method of and Apparatus for Controlling Mechanism of Moving 
Vessels or Vehicles, US-Pat, 1898, Nr. 613,809. Complete Patents: P. 351 
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21.1 Lord Kelvin in a delicate mission 


‘The first day of his visit at Tesla Kelvin spoke the admonishing words he had been 
instructed 10 speak. He recommended Tesla warmly to publicly retract the remarks 
concerning the Hertzian mistake and to contribute himself to the settlement of the dispute 
Seen from a specialist viewpoint they talked at eross-purposes. 

But at night in his hotel room the Lord again thought about the experiments, which had 
been shown to him, The standing wave nature had been visible unambiguously: the 
oscillation nodes, the effect back on the transmitter, the high degree of effectiveness and 
many other things more, Such properties the Hertzian wave indeed doesn't know. Also 
‘Tesla didn't work with dipole antennas, but with Mat coils, with spark gap oscillators and 
With a very unconventional switching technique, set up different in principle. 

‘The next morning Lord Kelvin appeared in the laboratory again and greeted Tesla with the 
words: "Then you don't use Hertzian waves?” "Certainly not", Tesla answered,” it ane 
radiations. By waves no energy could be economically transmitted over a larger distance. 

My system works with true conduction, which theoretically seen can take place over a 

larger distance, without bigger losses occurring.” 

In the article of the "Electrical Experimenter” is noted further, that the doubting critic 
Kelvin suddenly tured into one ofthe biggest followers” 

Kelvin deduced very fast: according to that there exist two different sorts of wave 
propagation. So Hertz with his transverse wave is just as right, as Tesla with the 

As a represantative of theoretical physics he however could pull out Tesla a decayed 

tooth. Maxwell had based his field description on an aether concept, which at that time in 

the world of sciences triggered violent discussions. Since Tesla saw such an aether as a 
prerequisite for longitudinal waves, he thought he and not Hertz had proven the Maxwell 

wave in experiment for the first time. By stating this the magnificent experimental 
physicist however revealed weaknesses in the area of theory. Maybe he had not read exact 
enough of understood the books of Maxwell, which without doubt were formulated 
‘mathematically only arduously comprehensible in the original version, 

In this point Tesla had to learn otherwise by Kelvin. Maxwell's field theory provides 
without exception a mathematical description for the Hertzian wave. For the Tesla 
radiation however no field deseription exists! This by the way is the circumstance, why. 

this wave could disappear from the textbooks and again fall into oblivion. 
Tesla himself had problems to theoretically imagine, what happens at his wave. His 
models in some points pethaps were even better than the official textbook opinion, but not 
Without contradiction to accepted regularities. That's why Tesla did without a publication 
‘fis ideas, although he in his lifetime had filed away at an own theory. 


<i>: Nikola Tesla: Famous Scientific [usions, 1, The Singular Misconception of 
the Wireless, Electrical Experimenter, Feb. 1919, printed in Tesla Said, p. 197 
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Helmholtzian ring-like vortices in the nether 


Figure 21.2 A: 


William Thomson, 
becoming Professor 
Glasgow University 


the age of = 22 
From 1892. on he 
called Lord Kelvin. 


Fig. 21 


Vortex rings from a smoke vortex gun.~* 


<i>: David Ash, Peter Hewitt: Science of the gods, Gateway Books, Bath, 1990 


Derivation of the scalar wave 451 


21,2 Helmholtaian ring-like vortices in the aether 


Tesla told Kelvin at his visit from the meeting with the German Professor Hermann von 
Helmholtz on the occasion of the World's Fair in Chicago 1893. Kelvin knew him very 
‘well and had cooperated with him in the past. Now the vortex concept of his colleague 
and his model of stable vortex sings were very obliging. 

In the case of a standing wave the impulse is passed on from one particle to the next. In 
the case of acoustics for instance we are dealing with a shock wave, where one air 
‘molecule knocks the next. In this way sound propagates as a longitudinal wave. 
Correspondingly the question is raised: What Sort of quanta are the ones, which in the case 
(of the Tesla radiation cary the impulse? 


Lord Kelvin was already on the way back to Europe on the steamship and he deduced: 
The Tesla experiments prove ihe existence of longitudinal standing waves in space In the 
question, what passes on the impulse, Kelvin comes tothe conclusion it re vortices in 
the aether! With that he had found an answer inexperience. With his students he built 
boxes, with which he could produce smoke rings, tobe able to study and demonstrate 
experiments the special properties of ring-like vortices in their low technical analogy (Tig 
21.2"). Buthe did't have ready asulable fet theory. 


‘The from Germany to the Isles exported vortex physies fora short time could establish in 
England, before it was slaughtered and buried by the German quantum physicists. A main 
advocate has been James Clerk Maxwell, who held the vortex theory forthe best and most 
‘convincing description of matter”. As his successor at the Cavendish laboratory in 
(Cambridge J.J. Thomson was appointed, who already as a young man had gota price for 
‘a mathematical treatise about vortices". He discovered the electron and imagined it, how 
‘ould it be otherwise, asa field vortex. 


‘The crucial weakness of vortex physics, the lacking of an usable field theory, was of 
benefit to the emerging quantum physics. This could change fundamentally with the 
discovery ofthe potential vortex the vortex ofthe elect field") 

In addition is the experimental proof of a vortex transmission as a longitudinal wave in ait 
or in a vacuum, as it has been furnished by Tesla already 100 years ago, neither with 
Maxwell's theory nor with the today normally used quantum theory explicable or 
compatible. An urgent need is present fora new field theory! 


<i>: David Ash, Peter Hewitt Science of the gods, Gateway Books, Bath, England 
1990. 
<li>! James Cletk Maxwell: "..the vortex ri 
imagines as the true form of the atom, fulfil more conditions than any other 
previous concept ofthe atom, 
iii>: J.1. Thomson: "the vortex theory is of much more fundamental nature than 
the usual theory of solid particles.” 
<id>: Konstantin Meyl: Potentialwirbel Band 1 (1990) and Band 2 (1992), INDEL- 
‘Verlag, Vllingen-Sebwenningen, 
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Scalar waves, a mathematical reasoning (1) 


1. prerequisite: wave equation (textbook-formulation) 


1 84 


taking apart of the delta operator mathematically (Laplace 
operator) according to the rules of veetor analysis (fig. 5.0) 


AE = graddivE - rotrotE 
wave = longitudinal + transverse |(57 1) 


2. State of the art of technology: Hertzian wave = transverse wave 


special case: = solution of Maxwell's field equations 
no sources: 
eB 
|-rotrotE = 3:5 
divE = 0 ee 121.3) 
and 


transverse wave: 
field pointers oscillate crosswise to the direction of propagation 
The propagation occurs with the speed of light c. 


3. claim ‘Tesla radiation = longitudinal wave 
special case 
itrotationality: 
= => 52 4 
‘rot = 0 |and | graddivE = za La ; Qa) 


longitudinal wave, shock wave, standing wave: 
field pointer oscillates in the direction of _ propagation. 
Velocity of propagation is variable! 


Fig. 21.3: The special cases of the wave equation 
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21.3 Taking apart of the wave equation 


Before one plunges into the adventure of an entiely new field theory, it frst of all should 
be traced and analysed, what the latest textbooks say about scalar waves. 


‘There some scalar or vector potentials are introduced; there the constant of dielect 
js written down as a complex variable, although it physically seen concems a material 
constant, only o be able to calculate with this trick artificially a loss angle, which should 
indicate the losses gccurring ina dielectic, where in reality it concers vortex losses. OF 
course one can explain the dielectric losses of a capacitor or the heating in a microwave 

oven entirely without vortex physies with such a label fraud, but it should be clear to 
anyone, that in a complex constant lies buried an inner contradiction, which is 
incompatible with physical concepts 

We are used to such auxiliary descriptions so much, thatthe majority of today's physicists 

tend to attribute physical reality to this mathematical nonsense, AS pragmatists they put 
themselves on the standpoint if with that experimental resulls can be described, then sue 

an auxiliary description can't be so wrong after all. Doing so the circumstance is forgotten 

that here the ground af pure science is abandoned and is replaced by ereeds. 


We find everything already in the wave equation, as it ean be found in all textbooks, 


ag= 358 Jay 


Behind this formulation wo completely different kinds of waves are hiding, because the 
used delta operator consists of two parts according to the rules of vector analysis: 


arddivE ~ rot ror 
Tongitudinal / trans 


AE |a12) 


We want to discuss two special cases 
If we put the left part (in eg, 21.2) to zero (div E = 0) which is tantamount 10 no sources of 
the eld then the well-known radio wave remains, which also is called Hertzian wave, 
after Heinrich Hertz, as sad, had experimentally detected it in Karlsruhe 1888: 


ave=o and [rrr = 4-88 [pci ae) eis) 


It concerns the transverse wave, deseribed by Maxwell, for which the fleld pointers 
oscillate crosswise to the direction of propagation. The propagation again occurs with the 
speed of light ¢, So much concerning the state ofthe art of technology 

But as we see, in the mathematical formulation of the wave equation is hiding, yes, even 
more than only the generally known electromagnetic wave. The no sources approach is a 

neglect, which only is valid under certain prerequisites! 
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Scalar waves, a mathematical reasoning (II) 


3. claim: Tesla radiation = longitudinal wave 


' rot E 


0| and |graddivE = 14) 
special case: 7 
source field, because div E # 0 

=> sources - charge carriers. (plasma 


=> sources = vortex structures 


4. approach: (div E # 0) is a scalar! 


> E-field vector can be derived from a scalar potential: 


E = ~gradg ai 


and divE =-—divgradp=-Ao alo, 


inserted in eq. 21.4: homogeneous scalar wave equation 


jern 


5. proof: For the case of an additional space charge density 


pa should be considered: div D 
and divE =pa/e (21.8) 
inhomogeneous scalar wave equation = plasma wave! 
z 
Ag = 1.20 & leg 
€ 
Fig 214: Derivation of the plasma 


as an example of a scalar wave 


waves) 


scalar wave 


=Pet 


wave 
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21.4 Derivation of the sealar wave equation 


Making neglects by all means is normal and legal in science. But it may not be curried out 
at will and untested. In any case an error consideration is necessary, the result of which 
should be, that the neglect indeed is suficienlly smal 

In the here presented ease ofthe wave equation I haven't found one single textbook, in 

Which this error consideration has been carried out, As a result of this inexcusable 
negligence there is the danger that exactly the aspect is neglected, which it actually 

‘concerns. This could lead to catastrophical results, e.g, that the eauses for electrosmog, for 
numerous EMC-problems, for biological and technical effeets aren't seen and understood 
anymore that pure science once more dilapidates to a creed! 


In the ease of the wave equation the assumption of no sources deseribes only one side of 
the medal. The other side, which for the electromagnetic wave occurs as an error term, we 
get if we this time put the ight’ pat’ in equation 212 to zero 
(rot E= 0) 

In this case a divergence of the field i present, which requires a souree field. As sources 
some charge carriers, quanta or at least particle structures, e.g. vortex structures have to 
exist. Their propagation occurs, as we know it from the sound propagation, as shock wave 
jn longitudinal manner. The ‘air molecules, the quanta or particle structures thereby 
oscillate in the direction of propagation, Also the field poiater has a component inthis 
direction 


rE=0 and | graddivE ~ (special case) in) 


‘The occurring divergence of the field pointer (div E) is a scalar, for which reason this 
wave preferably is called sealar wave. 


In the special case of a scalar wave (rot E = 0) the E-field vector can be derived from a 


scalar potential g: 


E=-grde |215) 


On the one hand this term is used i the wave equation 21.4 on the right-hand side without 
forming the gradient on both sides of the equation. On the other hand the divergence of 
the approach 21.5: 


div E =-divgnd9 =-A@ 16) 
is applied in equation 21.4. The result is the homogeneous scalar wave equation: 


ae 58 Jain 
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Scalar waves, a mathematical reasoning (III) 


Proof: plasma wave = 
inhomogeneous scalar wave equation 


21.9) 


one solution: @* = Me + @,* (= Langmuir waves). 
Fig.21.5 A: Derivation of the plasma wave as an 


example of 
the existence of scalar waves in the wave equation 


fe) 


Hertzian Grounded oscillator! 
oscillator with (according to Tesla) 
muuch energy at with little energy at 
low degree of high degree of 
effectiveness effectiveness 


Fig, 21.5 B: Nikola Tesla explains the difference 
between his 
radiation and the Hertzian wave.” 


<i: The solution describes dispersion relations of plasma waves; longitudinal 
\wave movements + Langmuir oscillations of the election density. 
<i>: Nikola Tesla: The Problem of Increasing Human Energy, The Century 
Monthly Magazine, June 1900, ISBN 1-882137-00-0, Page i-1S 
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21.5 Derivation of a plasma wave 


Doing without formation of the gradient for the derivation of the homogeneous wave 
equation iS tantamount to an integration of the equation. We hence under certain 
conditions must expect the occurring ofan integration constant, 

This is the case, if in addition a space charge densitypy occurs as source of the field, 
which according to Maxwell equation 4 can be considered as the divergence of a dielectric 
displacement D (lig. 21.4) arm ray 

resp. with the relation oftmaterial D = 2-E: divE= pyle =A, (21.8) 


If we complete this contribution with possible present feld sourves, then the 
inhomogeneous sealar wave equation results 


ae - 2 Se 28 Jars) 


For these equations solutions have been published". They have the same form, as the 
‘well-known dispersion relations of Langmuir waves. That is electron plasma waves, thus 
longitudinal wave movements associated with Langmuir oscillations of the electron 
density. 


‘With that it has been proven that scalar waves and longitudinally propagating standing 
waves are described by the wave equation and are contained init. This in any case is valid 
in general just as in the special case of a plasma wave, as mathematically could be 
derived here. 


From the example of the derivation of plasma waves from the wave equation 21.1, we see 
that scalar waves by all means are kon and their existence isn't casted doubt on at al. 
‘Afterall the mathematically won solution is secured by sumerous experiments. Why do 
textbooks concerning high-Frequency engineering then ignore the scalar wave parts in the 
wave equation? 

(Our specialists seem to concentrate so much on their branch, that they are losing the view 
‘on the Big Whole, They practice one-eyed physics, where the plasma physicist keeps ane 
eye shut and the radio technician the other eye. What the other one does and researches, 
they don't understand anymore for ages. It is necessary to point them to their common 


‘The perhaps most important statement of the wave equation is that every emitted wave 
contains both longitudinal and transverse parts! Both parts in addition ovcur jointly, so 

that for corresponding boundary conditions it can be expected that one part is 
transforming into the other part. The HF technician then suddenly measures less field 
strength and comes to the conclusion that his radio wave has been damped or partly 
absorbed, Doing so heat is created, he says, although the wave equation by no means 
‘contains a corresponding term for the necessary thermodynamic description. He simply 

hasnt understood the wave equation! 

Absorption means nothing but transverse waves in the ease of a disturbance rolling up to 
vortices, 10 become a sealar wave in this way (Hg. 1.4 and 5.3), With that they are evading 
every field strength measurement and what can't be measured doesn't exist in one-eyed 
physics! Therefore can't exist, what shouldn't exist, 


se Mistakes of the HF technology 


spatial wave 
= Hertzian wave 


Folosholaloiaons 


Fig. 21.6: Ground waves, which follow the curvature of the 
earth and radio waves reflected at the ionosphere.” 


<i: Meinke, Gundlach: Hochfrequenztechnik, 4.Aufl. Springer-Verlag Berlin 
1986, ‘Seite R18: ,Lang-, Mittel- and “Kuraweliebreiten sich einerseits 
entlang der Erdoberflache als Bodenwellen, andererseits unter Mitwirkung 
{der lonosphare als Raumwellen aus.” 
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21.6 Mistakes of the HF technology 


‘The devastating judgement of Tesla, Hertz was mistaken, was rash. His claim of having 
detected the Maxwell wave himself, proved tobe untenable. With this claim in particular 

“Tesla hud the scientific world against him. If one opens encyclopedias or textbooks then 
‘one gets the impression, until the day of today seience still hasn't forgiven Tesla, what 

lonce more shows how persistent prejudices ae kept. 


Just as little does a verdict of the American Supreme Court justice to the true 
circumstances, with the decision of the highest judges that Tesla and not Matconi is 
entitled the right to be the inventor of the radio, AS we see, have both inventors in reality 
used completely other kinds of waves. The available transmitters of 100 years ago we 
\would from today’s viewpoint call ,broadband dit slingers". These spark flying monster 
have blown both parts ofthe wave equation, the transverse as well a the longitudinal part, 
into the air o ample extent. What distinguished the wave pioneers was their receiver 
technique, was eventually the question, which wave part they have filtered and utilized. 


Marconi worked with dipole antennas, as already Heinrich Hertz. With that both could 
preferably track down and detect the radio wave. So they also should be entitled the right 

to be pioneers of radio technology. The verdict of the highest judges doesa't justice to this 
circumstance and should rather be judged as a nationalistically coloured political issu. 

‘Tesla however worked with two spherical electrodes, in which he preferably replaced one 
electrode by the globe, by grounding his devices. In this way he could receive the sealar 
wave parts. But that are not radio waves! Sealar waves have completely other properties, 
‘one even could be inclined to call them opposite properties. 


To improve the degree of effectiveness of the transmission stretch one naturally was 
Laying to also optimise the transmitting installation with regard to the respectively used 
Wave part. Tesla optimised the sealar wave part and could record reactions of biological 
beings. His part represents a set of difficulties ofthe environmental compatibility, which 
should be taken serious. In the beginning the Marconists on the ships, as the radio 
operators were called, suffered from the so-called radio operator disease, which is 
unsolved until today. This phenomenon only disappeared after the radio deviees on board 
had been optimised in favour of the used radio wave. The reached and measuring 
technically verifiable increase of the degree of effectiveness, primarily obtained by an 
improved antenna adjustment, simultaneously means a reduction of the Scalar wave part, 
Which endangers health 

But a received signal hides the receiver technician, if it has been on the way as a 
transverse or as a longitudinal wave. The coupling in one and the same equation leaves 
‘open both possibilities. Every radio amateur knows the so-called ground waves, which 
ative faster atthe receiver, than the Hertzian waves mirrored at the ionosphere, which 
propagate in a straight line. Allegedly the ground waves follow the curvature of the 
earth’, so itis written in expert books. This explanation hurts, since who can see along 
the curvature ofthe earth with a pair of field glasses, He would see the back of his head! 
No, the explanation the ground waves would run along the earth’s surface is pure 
nonsense. The interference and the fading with which the radio amateur is fighting, ate a 
result ofthe differently fast arriving wave pars, and doing so the scalar wave part tunnels 
asa straight line right through the earth (fig, 21.6) 


460. Coupling ofthe wave parts 


primary waves secondary waves 
longitudinal waves | = transverse waves 


Fig. 21.7 A: Longitudinal and transverse earth quake waves. 
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Fig.21.7B: Analysis according to the Richter scale. 
(eg: 40 s duration between S- and P-waves 
for 5S mm amplitude means an earthquake 
of strength 5 in a distance of 220 miles.) 
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21.7 Coupling of the wave parts 


‘The set of difficulties of ground waves makes clear the coupling of longitudinal and 
transverse waves as two aspects or parts of a wave. As the corresponding equation 21,1 
mathematically taken apart into 21.2 dictates, das every transmitter emit both parts 


Exactly this circumstance the owners of allotments have used, which directly near a 
transmitter had illuminated their estate with freely bung up fluorescent lamps. The 
transmitter runners after that wanted to present them the power billand they could obtain, 
tha this kind of illumination technique was prohibited. 

Nowadays anyone may operate a high-frequency technical installation, even if he hasn't 
understood at all the wave equation used by that. Actually one should have been grateful 

to the allotment owners, iTthey withdraw the scalar wave radiation, which is incompatible 

With the environment and biologically harmful, with their fluorescent lamps, Taken exact 

it even is the task of the transmitting technician to pay attention fo it, that only radio 

waves ate sent into the air, since only those should be used. The time has come to reverse 

the burden of proof to protect the environment, nature, the consumer and the unasked and 

not involved persons, which are irradiated 


From other areas, for instance from flow dynamics or for body sound is generally known 
that both wave parts exist and in addition occur jointly. In the ease of a propagation 
through the earth, like for an earthquake, both parts are received and utilized. Because 
their propagation is differently fast, the faster oscillations arrive first and that are the 
longitudinal ones, From the time delay with which the transverse waves arrive at the 
‘measurement station, the distance tothe epicentre ofthe quake is determined by means of 
the different velocity of propagation. For geophysicists this tool is part of everyday 
knowledge (lg. 21.) 


Only who keeps one eye shut, could mean that the electromagnetic wave is purely 
transverse and sound purely longitudinal, It is true that a transverse sound wave doesn't 
get (00 far in air, for Which reason sound as a rule is considered as a purely longitudinal 
Wave by neglecting this part, but such a neglect may not be carried out in general, it must 
be checked if it is legitimate from case to case and an error consideration should be 

carried out 


Further examples for the coupling of the wave parts are furnished by the latest tunnel 
experiments. Here so-called pure transverse waves are sent into a tunnel, through which 

they doa't ft through at all. The Maxwell-theory then dictates that behind the tunnel no 

signal should te measurable, 
Buta signa is being measured, which inthe tunnel in addition was faster than allowed. 

In conferences again is being discussed about the wave equation, The imagination of the 
specialists reaches from phase velocities of an electromagnetic wave, which isn't present 
avall up to instantaneous tunnelling, during which the elocks should stop 

‘The wave equation however supplies the only possible answer: The tunnel filters out the 
scalar wave parts and les pass from them only those, which are sufficiently small and 
correspondingly fast! 


<i>: see Part 1, Chapter 6.14 


462 Set of difficulties ofthe near 
E-field H-field E-field Hfeld) 
eS a / 
es = 
o 90° 180° 270° 
Fig, 21.8 A: The fields of the oscillating dipole antenna 


Fig. 


21.8B: The planar electromagnetic wave in the proximity 


<i> Zinke, Brunswig: Lehrbuch der Hoehfrequenvtechnik, 1. Bd, 3. Aufl 
Springer-Verlag Berlin 1986, Seite 335 

<i: dpa-message in the Sudkurier of 25.11.2000: ,Gefuhr furs Herz" 
(Translated) Patients with a cardiac pacemaker produced in the Netherlands 
hhave been warned by the producer of the device (Vitatran) to be careful when 
passing anti-theft installations in stores. For devices, which were implanted 
between 1992 and 1998, there is the danger of the implant failing, 
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21.8 Set of difficulties of the near-field 


In high-frequency technology is distinguished between the near-field and the far-field 


Both have fundamentally other properties. 


Heinsich Hertz did experiment in the short wave range at wavelengths of some meters. 
From today’s viewpoint his work would rather be assigned the far-field, As a professor in 
Karlsruhe he had shown that his, the electromagnetic, wave propagates like a light wave 
and can be refracted and reflected in the same way. Iisa transverse wave for which the 
field pointers ofthe electric and the magnetic field oscillate perpendicular to each other 
and both again perpendicular to the direction of propagation. It hence would be obvious, if 
in the case of the Hertzian wave it would concern the far-field, Besides the propagation 
With the speed of light also is characteristic that there occurs no phase shift between E- 
field and H-fiel. 


Inthe proximity it looks completely different. The proximity concems distances to the 
transmitter of less than the wavelength divided by 2*pi. Nikola Tesla has broadcasted in the 
range of long waves, around 100 Kilohertz, in which case the wavelength already is 
several metres. For the experiments concerning the resonance of the earth he has 
operated his transmitter in Colorado Springs at frequencies down to 6 Hertz. Doing so the 
whole earth moves into the proximity of his transmitter. We probably have to proceed 
from assumption thatthe Tesla radiation primarily concer the proximity, which also is 
called the radiant range ofthe transmitting antenna, 

For the approach of vortical and closed-loop field structures derivations forthe near-field 
are known’. Doing so it must be emphasized that the structures don't follow feom the 
field equations according to Maxwell, but the calculations are based on assumed rotation 
symmetrical structures. The Maxwell theory by no means is eapable of such a structure 
shaping by principle. The calculation provides as an important result" that in the 
proximity of the emitting antenna a phase shift exists between the pointers ofthe E- and 
the Hefield, The antenna current and the H-field coupled with it lag the E-field ofthe 
oscillating dipole charges for 90° (fig. 21.8) These charges form a longitudinal standing 
Wave the antenna rod or antenna dipole. For this reason also the fields produeed by 
high-frequency currents at frst have the properties ofa longitudinal wave inthe proximity 
of the antenna, 


‘The near-field already is used in practice in anti-theft devices, as they are installed in the 
entrance area of stores. The customer walks through the sealar wave transmitters. Ifthe 
coupling coil has not been removed at the cash point, then a signal from the alarm system, 
sounds. The coils work purely passive, ie. they are supplied with electric energy per 
scalar wave and stimulated ‘to oscillate for their part, Then the effect back on the 
transmitter is being utilized, Even ifthe principle is functioning, people still should be 
Warned not to use a technology, which has not been understood completely. Then not 
explined catastophes ae inevitable 


<< Zinke, Branswig: Lehrbuch der Hochirequenztechaik, 1 Bd, 3.Aul. 


Springer-Verlag Berlin 1986, Seite 335 
<i>: dpa 
the lef, fig. 21.8) 


ssage in the Sudkurier of 25.11.2000: ,,Gefahr furs Herz". (quoted at 


“Teunstion tothe far-field 


Fig. 21.9 A: The coming off of the electric field lines from a 


dipole 
The forming vortex structures found a longitudinal 


electric wave carrying impulse! 


electromagnetic wave (transverse) 


Fig. 21.9 B: The planar electromagnetic wave in the far zone 
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21.9 Transition to the far-field 


Insufficient distance 1 the transmitting antenna as far-field the transverse 
electromagnetic wave results (Fig. 21.9 B). It is distinguished by not occurring a phase 

shift between E- and H-field anymore. Every change of the electric alternating field is, 
followed immediately and at the same time by a change of the magnetic alternating field 

and vice versa. 

In the proximity however the phase shift amounts to 90°. Somewhere and somehow 
between the cating antenna current and the far-field a conversion from a longitudinal 
into a twansverse wave occurs. How should one imagine the transition? 


In the books the coming off ofa wave from a dipole is represented according to 
21.9 A. The fields come off the antenna, the explanation reads. If we consider the 
Structure of the fields coming off then we see field vortices, which run around a point, 
Which we ean call the vortex centre. Such field structures naturally are capable of forming 
standing waves and to carry an impulse. The scalar wave field in general and the near- 
field in special we only will understand with suitable vortex physics and with a field 
theory extended for corresponding vortices we also will be able o calculate it, Postulates 
cannot replace field physics! 


Be that as it may, the vortex, afer having left the antenna, for bigger getting distance at 
some time seems to unroll to propagate further as an electromagnetic wave. There takes 
place a transition from longitudinal to transverse, or spoken figuratively, from vortex to 

wave. How complete this conversion takes place, how big the respective wave parts are 
afterwards, on the one hand depends on the structure and the dimensions of the antenna, 
Information is given by the measurable degree of effectiveness ofthe antenna 

‘The vortex structures on the other hand are the stabler, the smaller and faster they are. If 
they are as fast as the light or even faster, then they become stable elementary particles 
for instance neutrinos. Slower vortex structures however are predominantly instable. They 
preferably unwind to waves. Vortex and wave prove to be two possible and under certain 
conditions even stable field configurations. 


Lets emphasize: A Hertzian dipole doesn't emit Hertzian waves! An antenna as near-field 
Without exception emits vortices, which only atthe transition to the far-field unwind to 
electromagnetic waves. A Hertzian wave just as little can be received with a dipole 
antenna! At the receiver the conditions are reversed. Here the wave is rolling up to a 
vortex, which usually is called and conceived asa standing wave". Only tis field vortex 
‘causes an antenna current inthe rod, which the receiver afterwards amplifies and utilizes. 
‘The mostly unknown or not understood near-field properties prove to be the key to the 
understanding of the wave equation and of the method of functioning of transmitting and 
receiving antenna. The question is asked, how one should imagine the rolling up of waves 
to vortices and vice versa the unrolling? How could an useful vortex mode) look ike? 
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Circularly polarized wave (transverse) 


Fig.21.10 A: _Left-circular polarized wave 
(as explanation for the transition to a vortex and 
to a scalar wave) 


electric wave (longitudinal) 


Fig, 21,10 B: Magnetic ring-vortices form an electric scalar wave. 


vortex and wave _=two stable field configurations 
electromagnetic wave = transverse Wave propagating in a straight 
Tine 
ring-like vortex = transverse wave running in circles 
vortex velocity = speed of light ¢ 
change of structure = if the field is disturbed without expense 
of energy 
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22.10 Scalar wave model 


‘The light, as electromagnetic wave, in the presence ofa heavy mass or of strong fields is 
bent towards the field source (fig. 6.10). The wave normally propagating ina straight line 

thus ean be diverted. The square of the speed of light further is inversely proportional to 

the permeability and dielectrcity, shor, in presence of matter itis more or less strongly 

slowed down. ITthis slowing down of the wave oceurs one-sidedly, then a bending ofthe 

path can be expected as well At the end of the antenna a reflection and a going back of 

the wave can oceur, which atthe other end again hits itself. Now the wave has found a 
closed-loop structure, which ean be called vortex. The figures 21.10 B and 21.11 A show 

the two possible structures, 

In technical books ths vortex with the properties ofa, standing wave" is explained gisty 
‘Near-field and standing wave are two examples, how the textbooks succeed in describing 
‘mathematically right a small part ofthe scalar wave properties, without having to have a 

‘good look at Vortex physics, With such auxiliary descriptions however the end is reached 

fas, if for instance it concerns understanding a pure scalar wave transmission according to 

Nikola Tesla (fig. 19.11) and the special properties of this wave type. With the vortex 
‘concept of an extended field physies new horizons are opening. 

If we direct our look again to the sketches (fig. 21.10 B and 21.11 A). In both cases 
electromagnetic waves are represented which propagate with the speed of light, only that 

the wave doesn't go forward in a straight line but instead runs around in circles. It also 
furthermore is transverse, because the field pointers of the E-ield and the H-field oscillate 
perpendicular toc. By means ofthe orbit the speed of light ¢ now has become the vortex. 
velocity. Wave and vortex turn out to be two possible and stable field configurations. 

For the transition from one into the other no energy is used; it only is a question of 
structure, The vortex structure thus stabilizes itself by means ofthe field dependency of 

the speed of light. 

By the circumstance that the vortex direction of the ring-like vortex is determined and the 
field pointers further are standing perpendicular to it, as well as perpendicular 10 each 
other, there result two theoretical formation forms for the scalar wave, In the first case 
(fig 31.10 B) the vector of the H-field points imo the direction of the vortex centre and 
that of the E-field axially to the outside. The vortex however will propagate in this 
direction in space and appeat as a scalar wave, so that the propagation of the wave takes 
place in the direction of the eclectic field. 1 call this an clectric wave. 
In the second case the field vectors exchange their place. The ditection of propagation this 
time coincides with the oscillaing magnetic field pointer (fig. 21.11 A), for which reason 
speak of a magnetic wave, 

‘The vortex picture of the rolled up wave already fits very well, Because the propagation of 

wave direction ofits field pointer characterizes a longitudinal wave, because all 

‘measurement results are perfectly covered by the vortex model. It even is clear that no 

energy has to be spended for the conversion, since merely the structure has changed. IF it 
becomes a vortex the wave just doesn't run in a straight line anymore but in circles, to 

either wrap around the magnetic field veetor (fig. 21.10 B). or the elect field veetor (Fig. 
211A), 
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Double-frequent oscillation of size 


magnetic wave (longitudinal) 


Fig. 21.11 A: The magnetic scalar wave 


H-field lines 


E-field lines 


Figure 21.11 B: Wave propagation in a coaxial cable, 
(Example for waveguide, horn radiator, ete.) 


Cross-section of coaxial conductor and field 
distribution in the direction of propagation. 


<i; Hi, Armbruster, G, Grunberger: Elektromagnetische Wellen im 
Hochfrequenz- 
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21.11 Double-frequent oscillation of size 


Because longitudinal wave propagates in the direction of the field, the field pointer also 

Will oscillate with the velocity of propagation v. This hence isa't constant at all, it can 

significantly differ from that of the light and can take arbitrary values. According to the 
Id oscillating with it determines its momentary size: 


21.10), 


‘The velocity of propagation v of the scalar wave thus oscillates double-frequently and 
\with opposite phase to the corresponding field, A detailed description would mean ifthe 
field strives for its maximum value, the velocity v ofthe wave reaches its smallest value 
Inthe field minimum the scalar wave vice versa aocelerates fo its maximum value. For 
longitudinal waves therefore only an averaged velocity of propagation is given and 
measured, as this for instance is usual forthe sound wave, and this can Vary very strong as 
is well-known (body sound compared to air sound, et.) 
‘The two dual field vectors of E and H, the one in the direction of propagation and the one 
standing perpendicular to it, occur jointly. Both oscillate with the same frequency and 
both form the ring-like vortex in the respective direction. As a result the ring-like vortex 
also oscillates in its diameter double-frequently and with opposite phase to the 
corresponding field (fig. 21.10 Band 21.11 A). 
This circumstance owes the ring-like vortex its property, to tunnel. No Faraday cage is 
able to stop it, a could be demonstrated in experiments”. Only therefore the ground 
\wave runs through the earth and not along the curvature of the earth, A futher example is 
the coaxial cable (fig. 21-11 B). Also this acts asa Tong tunnel and so it isnt further 
that the electric Field lines have the same orientation, as for a magnetic scalar 
wave. Asa practical consequence in this place there should be warned of open cable ends, 
wave guides or horn radiators with regard to uncontrolled emitted scalar waves! 


At present in the press is being discussed, ithe cable network runners for some channels 
the mission to operate again should be withdrawn, because the airline radio traffic is 

being disturbed. The original opening for cable frequencies, which actually are reserved 

for the airline radio traffic, based on the erroneous assumption, that conflicts are 
unthinkable. But then the planes were disturbed in their communication, As the cause TV- 

cables made out, which hadn't been closed according to the rules witha resistor, as it 

by all means can occur on building” sites and during renovation works. 
On the other hand is being argued with the small current, which flows through the coaxial 
cable, and the large distance to the planes also is cited. According to that it actually can't 
cconcem Hertzian waves. It presumably are scalar waves, which escape from the open 
cable ends and which are collected by a receiver in the plane. It indeed is very litle field 
energy, but because it again is being collected and bundled, the scalar wave is able to 
exceed the part of the rudio wave by far just at large distances and 10 cause problems. 
For such examples from practice the sealar wave theory is fully taking effect 


“is: Adolf und Tage Schneider im Interview mit Prof Dr-lng. Konstantin Mey! 
Durehbruch in der Freien-Energie-Forschung, NET-Journal 12/1999, S. 7-9. 
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1. H. Hertz: electromagnetic wave (transverse) 


Fig. 21.12: The three basic types according to the wave 
equation 
(21.1), (electric, magnetic and electromagnetic wave). 
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21.12 Bleotric and magnetie sealar wave 


Let us revord: For the wave propagation there thus are three possible and stable states (fig. 
21.12): the transverse electromagnetic wave according to Heinrich Hertz (fig. 1), the 
longitudinal electric wave according to Nikola Tesla (ig. 2), and a longitudinal magnetic 
wave (fig. 3), which isnt connected yet with a name of a discoverer. The last one is a pure 
product of my theoretical derivation. The question is asked, which practical meaning the 
‘magnetic wave could have. 

It is formed by individual electric field vortices, which 1 have discovered and called 
potential vortices 1990. I proceed from the assumption that the youngest of the three 
waves will play the by far biggest role in the fulure, because its properties are 
unattainable, both with regard to the energy technical and to the information technical use. 
(One example for each should support this thesis. 


‘The experiments concerning the electric wave according to Nikola Tesla, where is being 
Worked with electrically charged spheres, don't show a particularly high power. Magnetic 
converters, so the experiences of my laboratory activities, are superior to an electrostatic 
‘converter as a collector for free energy by far. That even can be expected, because a 
‘magnetic engine is much smaller than an electrostatic engine of the same power as is well- 
known, 


At a congress of medicines was given a talk on the basic regulation of the cells, on the 
communication of the cells with each other. Professor Heine in his decades of research 
work has found out that the cells for the purpose of communication build up channels for 
instance in the connective tissue, which afler having conducted the information again 
collapse, Interestingly the channels have a hyperboloid structure, for which no conclusive 
explanation exists. 

‘The structure of the data channels however is identical with the one of a magnetic scalar 
wave, as shown in fig. 3. Through a channel formed such, which functions like a tunnel or 
4 dissimilarly formed waveguide, only one very particular scalar wave can run through. 
Waves with different frequencies or wavelengths don't fit through the hyperboloid. formed 
funnel at all in the first place. Through that the information transmission obtains an 
extremely high degree of safety for interference 

To the biologist here a completely new view at the function of a cell and the basic 
regulation of the whole organism is opening. The information tunnel temporarily forms 
more or less a vacuum, through which only potential vortices can be conducted, and that 
without any losses - simply perfect! From this example is becoming clear that nature is 
Working with scalar waves namely with magnetic waves, 


One other point should be recorded: The mentioned tunnel experiments, in which speed 
faster than light is being measured with most diferent devices, impressively confirm the 

presence of scalar waves. But ifscalar waves exist which are faster than light and other 

nes, which are slower, then it almost is obvious that also such ones will exist, whieh 

propagate exactly with the speed of light. These then will have all the properties of the 

light and won't differ from the corresponding electromagnetic wave in the observable 

result. AS scalar wave it however is formed by vortex configurations, which 
‘unambiguously have particle nature. Nothing would be more obvious than to equate these 

quantum structures with the photons. 
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Wave-particle compromise 


Question: — Is the light 


Seen strictly causal, 
ite. physically in the 
period between 
1600 and 1900: 


Turning away from 
classical physics: 
(removing of the 
principle of 

cause and effect) 


wave or particle? 


Descartes 


(0396-1650) 
Huygens 
(4629-1695) 
Newton 
(0620.726) 
Young 
(a77-1829) 
Frauenhofer 
(a7aT-1826) 
Fresnel 
(1788-1827) 
Maxwell Planck 
(4831-1879) (859-1987, 
Hertz Einstein 
(3887-1094) (0879-1955) 


‘Heisenberg 
(1899-1975) 


de Broglie 
/ng9-1981) 


Dirac (QED) 
(2902-1988) 


Fig. 22.1: The view of some physicists concerning the 


nature 


the light as wave or as particle, 


According to 


the wave equation the 


is a mixture of wave and photon radiation! 
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22 Properties of scalar waves 


For the light quanta hypothesis the Nobel Prize for physics was awarded 1921, But it only 
\was a hypothesis, an idee fixe, which was honoured here. It is quite odd, if such an 
important prize is awarded to a research scientist, who hasn't got the slightest idea what 
light quanta are anyway, of what they consist and how they are built up. 
Albert Einstein cleverly used the embarrassing situation, by in his celebration speech on 
the occasion of the awarding of the Nobel Prize giving a talk on the theory of relativity 
After the speech a member of the committee found it necessary, to point to it, that this 
‘wasn't object of the awarding of the prize and that the theory of relativity concerns a pure 
theory, which can't be proven by principle. A theory hence neither could be awarded the 
Nobel Prize 

Such words on the occasion of awarding a prize for a daredevil hypothesis give the whole 
‘event really grotesque characteristis. But it came still worse. 


22.1 Wave-particle compromise 


Physicists of name and rank had come together. It concemed the question if the light is 
wave, of particle or even both at the same time? For both variants experimental proof was 
present, the discussion became inflamed and the things boiled over. Finally they were as 
smart as before, as Wemer Heisenberg presented is ideas concerning the uncertainty 
principle. This compromise, on which one eventually came to an agreement, with good 
eause may be called the worst in the history of physics. It dictates me, what I shell see and 
how exact I may look. With it the contradiction should be overcome that the light contrary 
tw every causality should be wave and particle at the same time. 


Such fixings not only have a funny, but also a tragic side. Since it were authorities, which 
hhave approved the compromise and the whole community of science has confidence in the 
Sfatements of its authorities, which immediately and unfiltered is entered in all textbooks. 
At the meeting it simply and solely concemed the wave equation and only that could have 
supplied the correct and only possible answer: It falls apart into two parts and this 
explains, why the light one time appears as an electromagnetic wave and the next time as a 
vortex particle, which is called photon. The conversion can take place at any time 
spontaneously and without puting on energy, so that depending on the used measuring 
technique the particle appears as wave or as particle, but of course never as both at the 
same time! 


Looking back one can say that the funny thing about the situation was that all discussed 
about the wave and its properties known at that time, that all should know the wave 
equation. An equation as is wellsknown says more than a thousand words and one look 
‘would have sufficed entirely, to answer the controversial question once and for all. It 
‘would have saved us a lt. 


Concerning the measurement af light 


first slit refractive slit detector sample picture 


Fig. 22.2 A: Light forms interference patterns at the slit 
(light stripes are formed, where the waves oscillate in 
phase, dark stripes, where they oscillate out of phase) 


monochromatic light 


B: The photo-electrie effect 


‘Atome als Energiewellen, Physiker wandelten einen Strom von Natrium 
atomen in Wellen um II. Wissenschaft 7/1996, Sete 56-+ 57 
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22.2 Concerning the measurement of light 


‘The uncertainty principle with the interpretation of Heisenberg, the light is wave and 
particle at the same time, is incompatible with the wave equation. Heisenberg puts an 
equal sign, where in the wave equation in reality is present an addition of both wave 
pars, Fortunately in mathematics there is no need of speculating, there a derivation is 
right or wrong. Nothing is changed to that even if all physicists of the world should go in 
the wrong direction following the prevailing opinion. The wave equation exert an 
influence on the interpretation of the light experiments, on the one hand the ones 
concerning the interference and refraction of the light, where electromagnetic waves. are 
becoming visible (fig. 222 A) and on the other hand the photo-electic effect, as proof of 
light quanta (fig. 22.2 B). 


Already the wave theory of Huygens requires interference pattems of light rays, as they 
for instance are observed behind a slit, and demonstrates with that the wave nature. If on 
that occasion the particle nature is lost, if thus the photons present before the slit can't be 
detected behind the slit anymore, then plain and simple the measuring method, thus the slit 
js 10 blame for that, The vortices have unrolled themselves at the slit to waves. 
Corresponding experiments also have been carried out with mater. At the Massachusets 
Institute of Technology whole sodium atoms were converted into waves. At the detector 
pure interference pattems were observed, which go as evidence for the successful 
emateraliztion””. But the vortex. physicist they show still more: they reveal, that atoms 
merely are waves rolled up to spherical vortices, which at any time and spontaneously can 
again unroll to waves ata lattice (chapter Sand 7), 

The common interpretation, the wave nature detectable behind a slit must have been 
present in the same form already before the slit, is untenable and in the end wrong, as 
‘makes clear the experiment with the sodium atoms. 


The photo-clectric effect, which on the other hand shows the quantum nature of the light, 
has been discovered by Heinrich Hertz, further investigated by Lenard and finally 
rendered more precisely by Millikan 1916 (fig. 22.2 B). It bases on the circumstance that 
light of higher frequency, thus blue light, has more energy than red light of lower 
frequency. But if electrons are knocked out a metal plate by light, then that occurs, by the 
waves rolling up t vortices. Now indeed photons are at work, which are detected with an 
clectroscope indirectly. 

In the same way a photon ray in a bubble chamber can be photographed. But also here the 
‘measuring method is responsible for what is being observed. 


A good example is the human eye, the rods and cones of which merely can pick up 
potential vortices and pass them on to the nerves as so-called reaction potentials. Incident 
Waves can only be detected, if they first have rolled up to vortices in the compus vitreum of 
the eye. For us seeing, it doesn't play a role of how many percent vortices and waves the 
light is consisting 

Behind a sheet of glass for instance a larger vortex part can be expected and still the light 
has the same brightness as without sheet; the sheet of glass is perceived as transparent. We 
nevertheless must assume that light with a large wave part has another quality, than such 
light behind glass or artificial light witha large part of photons. 
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wave equation: 


Comparison of the parts of Tesla and Hertz 


. 1 &E 
AE = id divE — rotrotE = — 
grad div rot ro me a 


Heinrich Hertz: | 


Nikola Tesla: 

e scalar wave electromagnetic, 
(electric or wave = | 
magnetic) = | 


* longitudinal wave 


transverse wave 


form (each time form 
for velocity of (each time for 
propagation v): frequency): 


* (v>c): neutrino 
radiation, 
morphogenetic 
fields,... 


* (v=c): photons, 


« (v<c): plasma wave, 
thermal vortices, 
biophotons, 
earth radiation... 


* (v=0): noise,... 


* cosmic radiation 
« X-rays, 

UV radiation, | 
«light, 

« infra-red radiation, 
« microwaves, 

« radio waves, 

* VLF, ULF,... 


Fig. 22.3:___ The two parts of the wave equation 
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22.3 Comparison of the parts of Tesla and Hertz 


Light as a rule always is formed as photon radiation, even on the sun, If in the end only 
waves artive on earth, then the vortices Sometime onthe way to us must have unrolled 10 
waves. Photon radiation after all is a scalar wave radiation, which generally is 
predominant in the near-field of the source of radiation. There is no reason, why the light 
should act in another way than the wave radiated by a radio transmitter, which as well 
forms vortices in the near-field area, as we already have discussed. For different 
interpretations of wave properties of one and the same physical phenomenon there is no 
place in a unified theory. 


If we stay at the comparison then it is not an individual ease that an experimental setup is 
responsible for what is being measured and observed. A parallel case to the experiments 
concerning the ature of the light is the one conceming the wave propagation. Hertz has 
received and utilized the transverse part and Tesla the longitudinal part and either one 
claimed, only he is right. There doesn’ t exist an other equation, which has been and is 
being ignored and misunderstood so thoroughly, as the wave equation. 


Fig. 22.3 shows in a survey the two parts of the wave equation in the assignment to the 
terms and forms: Right hand side the electromagnetic wave according to Heintich Hertz 
and left hand side the scalar wave according to Nikola Tesla. The terms, like on the one 
hhand transverse wave and on the other hand longitudinal wave relate to the kind of wave 
propagation, 


If the field pointers oscillate erossways to the direction of propagation, then as a 
consequence the velocity of propagation is decoupled from the oscillating fields. The 
result in all cases is the speed of light, and that in our observation is constant 
I is usual to make a list for increasing frequency, starting at the longest waves (ELF and 
VLF) over the radio waves (LW, MW, SW, UHF), the TV channels (VHF, UHF), the 
‘microwaves, the infa-red radiation, the light, the X-rays up to the cosmic radiation. 

It really is interesting that it concerns one and the same phenomenon despite the different 
forms! As long as Maxwell only had published a theory for the light, in the world of 
science 24 years long at first nothing at all happened. Only Heinrich Hertz with his short 
‘wave experiments opened the eyes. Now all suddenly started at the same time to research 
into various phenomena on the frequency scale, fom Madame Curie over Konrad 
Rontgen up to Nikola Tesla, who primarily researched the area of long waves. 


With regard to the scalar waves until now a corresponding booster detonation has failed to 
appear. The immense area is new ground scientifically, which is awaiting 10 be explored 
systematically. I ry to make a contribution with my’ historic rebuild of a scalar wave 
transmission fine according to the plans of Tesla 


=i: Im Gesprach mit dem Fermsehmoderator und Buchautor Johannes von 
Butllar weise ich au die Chancen und technischen Moglichkeiten hin! 
Johannes vonButtlar im Gesprach mit Prof. Dr, Konstantin Meyl: 
‘Neutrinopower, Argo-Verlag Marktoberdorf, 1. Aufl. (2000), 
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electromagnetic rolling up 
wave vortex 


Fig. 22.4: The wave rolling up to a vortex. 
wavelength of the wave: ii = ¢/fi 
wavelength of the vortex: n(n = 1,2,3,4,5) < dr 
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22.4 Noise, a sealar wave phenomenon 


Longitudinal waves can take arbitrary velocities between zero and infinity, because they 
propagate in the direction of an oscillating field pointer and as a consequence of that their 
velocity of propagation oscillates as well and by no means is constant. It does make sense 

to llist the forms of scalar waves according to theie respective velocity of propagation (Gg. 
22,3, left colunsa). 

If we start with a localized vortex, a wave rolling up, which further is contracting. Doing 
so the wavelength gets smaller and smaller, whereas the frequency increases. An evenly 
frequency mixture distributed over a broad fequency band is observed. This phenomenon 
Js called noise (Gg. 1.4). But besides the localized noise, noise vortices ean also be on the 
\way with a certain velocity as a scalar wave, e-g. for the radio noise. In this case they 
show the typical properties ofa standing wave with nodes and antinodes. 


Also the earth radiation is said to have standing wave nature, which can be interpreted as 
Slowed down neutrino radiation. If it is slowed down on the way through the earth, then 
the neutrino properties are changing, as this was measured in the Kamiokande detector in 
Japan recently. Unfortunately the proof occurs only indirect, because there still don't exist 
measuring devices for sealar waves. Welll talk about this problem area later and are 
content with the clue that already within living memory the standing wave property has 
been used to find water and deposits of ores and still is used today (Hg. 224) 


If we continue our considerations concerning the forms of scalar waves, as they are listed 
in fig. 22.3. The sealar waves, which are slower on the way than the light, are joined by 

the plasma waves. This is confirmed by measurements and calculations 

For thermal vortices, as they have been investigated by Max Planck and for biophotons, as 

they can be detected in living cells by colleague Popp, the velocity of propagation 

however is unknown. It was not and still is not measured at all, now more than ever. The 
research scientists have confidence in the assumption that all waves go with the speed of 

light, but that is a big mistake. 

For all wave kinds there a least exists also one vortex variant, for radio waves for instance 

it is the radio noise, which propagates with a velocity different from c. The velocity is the 
produet of frequency and wavelengt 


Yara. 


From the three variables v, f and } at least two must be measured, if one has a suspicion 
that it could concer sealar waves. At this place most errors are made in the laboratories. 
Countless experiments concerning the biological compatibility, concerning medical 
therapy methods and similar experiments must be repeated, because as a rule only. the 
frequency is being measured and it has been omitted to at least check the wavelength or 
the velocity of the wave. Countless research scientists must put up with this accusation. 
‘Much too blind the scientists, who now again may star from the very beginning with their 
‘work, have had confidence in the predominance of the speed of li 
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hard neutrino radiation 
(small ring-like vortex) 
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Fig. 22.5:___The ring-like vortex model of scalar waves. 


weak neutrino radiation 
(large ring-like vortex) 


photon radiation (light = 
individual ring-like vortex or 
as an oscillating pair). 
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22.5 Neutrino radiation 


‘The neutrino physicists make the same ertor, They proceed from the assumption that their 
particles are on the way with a speed somewhat less than the speed of light e. This 
contradicts the observation according to which black holes should represent strong sources 
of neutrinos, which are black only for the reason that no particle radiation is able to eseape 
them, which is on the way with ¢ or even slower. If a black hole does hurl neutrino 
radiation into space, than that must be considerably faster than c, as normal neutrino 
physicists still by no means can imagine it today. 

But the neutrino radiation only can be detected after it has been slowed down to a value 
Which is smaller than c. If the slowing down occurs slightly assymmetrical, then as a 
consequence a mean of the mass different from zero appears. The measurement" of such 
fa rest mass, a it at present is propagated and celebrated, is a classical measurement error! 
‘As long as a neutrino on the way to us sill is faster than the light, the mean of its mass is 
generally zero. The effective value of the mass of a neutrino is however considerable. 
Only it is able to give account for the sought-for dark matter, as far as it must exist in the 
today supposed form anyway. 


‘The Tesla radiation, that the discoverer Nikola Tesla already in own experiments. had 
found out, is faster than light (chapter 9.7 and 17.2). Since this Tesla radiation according 
to the description is identical with the neutrino radiation, since it so to say forms a subset, 
Twill call neutrino radiation all the scalar waves, which are faster than the light. This 
stretches from the weak radiation at low frequencies up to the hard neutrino radiation of 
cosmic origin, But the hardness of the radiation does not only increase with the frequency, 
it in particular increases withthe velocity 


The neutrino radiation first of all is carrying energy. On top of this basic wave radiation in 
addition information can be modulated. Doing so extremely complex. modulation variants 
are offering, OF this kind we must imagine thoughts, as being complex modulated vortices, 
Which can propagate as sealar wave in space. Rupert Sheldrake calls this vortex field a 
morphogenetic field. At this place merely is pointed at his very interesting research 
resis” 

Thoughts can be standing in space, in the form of localized noise, but they also can move 
with speeds faster than light. According to that a communication with intelligent beings 
{rom other star systems by all means woulda't be an Utopia anymore. 


Every fast neutrino forms an individual sing- 
wave is, the more dependent the vortices become. The photon already can consist of two 
ring-like vortices (Jig. 4.6), whereas plasma waves and other slow scalar waves can form 
from a multitude of individual vortices, which are rotating around each other, to form 
vortex balls and vortex streets (chapter 4.9 - 4.11). From this circumstance already results 
very different scalar wave behaviour in the different areas of the velocity of propagation. 
‘This trend for small velocities can as well be observed towards lower frequencies. For a 
certain wavelength the fequeney after all (according to eq, 22.1) is proportional to the 
velocity of propagation. 


we vortex (fig. 7.12). The slower the scalar 


ie R. Sheldrake: Seven experiments that could change the world, New York: 
iverhead 1995 
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Fig. 22.6: ‘Scalar waves and radio waves, 
comparison of the properties. 
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22.6 Parallel instead of serial image transmission 


We continue with our considerations concering the special properties of scalar waves, 
represented in the left column, and compare these with the well-known behaviour of 
clectromagnetic waves in the right column (fig. 22.3 i now followed by fig. 22.6). If we 
again take up the possibilities for modulation and the transmission of information, then it 
becomes very clear from the comparison that we today work with a technology, which we 
it is tue master more or less, but which is everything else but optimum. 
For the Hertzian wave the velocity of propagation is constant. With the frequency 
therefore at the same time also the wavelength is being modulated. But that strongly limits 
the information transmission, An image for instance must be transmitted serially point 
after point and line after line, The serial image transmission takes place very slowly, for 
Which reason the velocity of the PCs permanently must be increased, so that the amount of 
data can be managed. 

With the clock frequency on the other hand also the losses increase, so that in the end the 
CPU-cooler limits the efficiency of modem PCs. Something our engineers obviously do 
‘wrong, as a comparison with the human brain clarifies. Our brain works without a fan, For 
it a clock frequency of 10 Hertz is sufficient. It needs neither Megahertz nor Gigahertz 
Trequencies and despite that is considerably more efficient. 


Nature only works with the best technology. The second best technology, as itis put t0 use 
in our machines, in the evolution woulda't have had the slightest chance of surviving. The 
Strategies 10 oplimize of nature are merciless. In a free economy that goes completely 
different. There the ,bunglers” are joining together to companies dominating the market 
buying up the innovative ideas without further ado, to let them disappear in the drawer, so 
that they can bungle further in the way they did until now. It after all have been the lousy 
products, which have made them to the companies they are today. The ego of power is 
incompatible with the interests of nature, 


Nature works with scalar waves and their velocity of propagation is arbitrary. Wavelength 
fand frequency now can be modulated and information can be recorded separately. In this 
‘manner a whole dimension is gained to modulate, the image transmission can take place 
in parallel, which means considerably faster, safer and more reliable. AS anyone of us 
knows by own experience, assembling the image takes place all at once, the memory of 
past images takes place ad hoc, Nature is indescribable more efficient than technology 
‘ith the sealar wave technique. 


If we again take the right-hand side of fig. 22.6 with the properties of the Hertzian wave. 
In the opinion of Nikola Tesla it is a gigamic waste of energy. The broadcasting power is 
scattered in all directions and the tansmission losses are enormous. At the receiver 
virtually no power artives anymore. To receive a radio signal the antenna power has to be 
amplified immensely. It is a wave, which actually only can be used as radio wave, thus as 
‘a wave with which arbitrary many participants should be reached, 

This wave however is completely useless, if it concerns a point-to-point connection. If I 
‘want to all someone, to talk only with him, a radio wave is the entirely wrong method, 
‘because I with that bother hunderds and thousands of people that I don't want to call at all! 
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Tesla radiation (radiations) = ~—scalar_—wave, 
longitudinal wave propagation: 


with grounding: 


Fig. 22.7: __Comparison of radio waves according to H. Hertz 
and electric scalar waves according to Nikola Tesla, 
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22.7 Comparison of the properties 


‘The course of the field lines clarifies the difference. For the scalar wave all field lines 
going away fom the transmitter run together again. As long as no scattering field occurs, 
there also won't be any transmission losses. It is an energy wave, for which the full 
broadcasting power is transmitted wirelessly and which arrives at the receiver, by that 
focussing the field lines again, 


Here one at once numerous technical applications come to mind, if energy should be 
transmitted wirelessly. A TV, which supplies its remote control with energy itself, 
lelemetric installations, which are fixed at difficult accessible or rotating machine parts 
‘and which can't work without energy supply. 


For a mobile with 3 Watts of broadcasting power only a few microwatt arrive at the 
ground station. If T would have a scalar wave mobile, which functions with resonance 
then a broadcasting power of some microwatt will be completely sufficient, to carry out 
telephone call right through the earth. This minimam broadcasting power suffices, because 
everything, what is being transmited, arrives at the receiver ~ erucial is that the conditions 
of resonance are fulfilled. That means, both must have the same frequency and the 
‘opposite phase. In addition the modulation has to fit, so that on the one hand not several 
Participants in the conversation are getting in each other's way. For a purely carrier wave 
transmission on the other hand there would be the risk of natural fields being collected 
also and the power at the receiver taking inadmissibly high values. This is. prevented 
effectively by a correspondingly complex modulation, Nature solves the problem in 
exactly this manner 

Mobile phone technology with scalar waves of course still is a pie in the sky. A big 
challenge for the engineers poses the adjustment condition of opposite phase and the 
fitting modulation, which Tesla called ,individulisation"’". Entirely by the way the 
network runners and the telephone companies are getting quite superfluous. 


‘Telephone charges, so one perhaps can read in the history books in a hunderd years, were 
the indication of a century of rigorous exploitation of man and nature. With scalar waves 
direct, more dimensionally modulated information transmission diteetly with the partner 
of conversation is possible and sufficient eneray is available to humanity any time and any 
place, without being dependent on any companies! This notion is not new, but it is 
Inconvenient for the rules; already Nikola Tesla has weitten about it, but obviously no-one 
wanted to listen to itn 


Sealar waves are able, that is made clear by the properties, to revolutionize both the 
energy technology and the information technology fundamentally. It is more than on 
technology for the new century. Scalar waves are a chance forthe whole millenniurs! 


<i=:__N, Tesla: Transmission of electrical energy without wires, Electrical World 
tnd Engineer 7.1.1905; Edition Tesla Vol. 4, P. 131 


<ii>: _N. Tesla, New York Times of 15.9,1908; Edition Tesla Vol. 6, P. 241 
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Frequency diagram 
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Fig. 23.1: Frequency diagram of longitudinal and 
transverse 
waves as they depend on the velocity v. 
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23, Research ofsealar waves 


Scalar waves are still unexplored area, scientific new ground as it were, Individual 
research scientists already have selectively ventured forward in this area and have 
described properties of the scalar wave investigated by them in their special research area 
‘mostly in measurement technical manner. But as a tule they lack the physical relation, as it 
is derived in this book for the first time. If we don't proceed from individual 
measurements, but fom the wave equation and the mathematical physical derivation of 
scalar waves, then we have the great chance to understand as something belonging 
fogether on the ane hand noise, photons, neutrinos and lots of other known phenomena as 
well as on the other hand still unknown phenomena, which are called parascient 
We should remember that we without theory of Maxwell and the representation in a 
frequency band today still wouldn't know that the radio waves (LW, MW, KW, UHF), the 
microwaves (uW), the infrared thermal radiation (IR), the light and the X-rays concern 
just the same phenomenon. The graphic representation of both waves in one diagram in 
this place is extremely help 


23.1 Frequeney diagram 


In fig, 23.1 the fequency fis shown against the velocity of propagation v with the 
Wavelength 9, as parameter. The broad line at 3°10* mis represents the speed of light c 
Here the frequency band of the transverse waves can be found again in the well-known 
one imensional repeesenation, 
Ceosswise to that, somethat unusual, the longitudinal waves aun. These start at the left at 
‘over the sound as it propagates in aig, in water and in metal, over a large, 
extent still unexplored, range of the bio photons, the heat vortices and of the 
dowsing rod effects and end on the other side of the speed of light at the neutrinos. 
Between that the special case is setled that the particles, or said better vortices, 
propagating as a scalar wave have exactly the speed of light, It gives reasons for the 
circumstance, a8 already mentioned, that light can appear as wave of as photon radiation 
t. avcording to the wave equation, afterall always consists of a combination of both 
forms. At very high frequencies, e. the cosmic radiation, this combination is shifted in 
the divection of vortices and their distribution as a scalar wave, at low frequencies the 
tendency inversely oes inthe direction ofthe normal wave. 


If we assume that for the transverse wave over all frequencies a dozen of speci 
gauges is necessary, each of them also can be switched over in range several time 
We can project that to record a scalar wave of a certain frequency over all velocities of 
propagation likewise 12 devices and for the whole field shown in fig. 23.1 approximately 
12x12 = 144 devices will be necessary. OF these 144 gauges today just 12 are available 
‘There thus still are missing 132 pieces, which should be developed. 
With these gauges, so Tam convinced, the many white spots in the diagram can be tapped 
scientifically litle by litle if a systematic procedure is used. My vortex theory thus will be 
attached a central importance, 
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Fig.23.2: Frequency diagram with entries concerning Wust 
waves, 
Tesla transmitter and various not understood effects. 
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23.2 The reverse of the HF medal 


‘The diagram possibly may settle disputes, like the ones between the ,Wustlingen” (note of 
the translator. the author here is playing with words, Wustlingen literally means lechers) 
and the high-frequency engineers" 

Professor Wust of Munich already 1934 had proven, that the Wust waves named after him 
in air have a velocity of propagation of approximately 10 ms. He investigated them in 
the frequency range between 16 Hz (= 60 em) and S00 Mz (j= 2 cm). The high- 
frequency technicians immediately have converted to the speed of light, since they don't 
know anything else, and on the spot have shifled the phenomenon into the range of the 
microwaves between 0.$ GHz (260 em) and 15 GHz (j= 2 em). In the diagram now can 
be found, at which place this phenomenon belongs actually. It presumably concerns the 
same energy ray", which Dr, Soeder has observed and proven already at velocities of 
propagation of $5.2 kin’ and wavelengths around 10 em 

Furthermore follows ffom the diagram (23.2), why ultra sound ean be calibrated in heat 
degrees, and why radio reception of signals from a completely other frequency range 1s 
possible by principle, if for identical wavelength a velocity of propagation diferent from 
‘occurs. Further the range of operation used by Tesla at approx. 1.6 times the speed of light 
is depicted. 

Also the noise is such a book with seven seals. It concems, it is true, a fixed chapter of 
high-frequency engineering, but without visible connection to the other chapters. That 
‘might be based on the circumstance that the relation, as it is dictated by the wave equation, 
isn't recognized 

Every high-frequency signal is accompanied by a noise signal; every antenna produces 
‘more or less noise. HF engineering dictates the measures, how the noise can be suppressed 
resp. the signal-noise distance be increased, The goal is to make the electromagnetic wave 
stand out in such a way from the noise that it ean be received. For that the measurement 
Setup must be choosen correspondingly, are the measurement cables dictated, and must be 
paid attention to power adaptation and corresponding termination resistors. For measuring 
HE correctly all interference influences should more of less disappear. 

But what are the interference influences, which the HF-technician suppresses? According 
to the wave equation it are the scalar wave parts, and to that also is counted the noise. 
Every HF-technician thus knows the scalar parts as interfering noise signal, but doing so 
he completely fails to notice the technical advantages and chances, which e.g. are present 
inthe noise. 

If by means of an autocorrelation function a noise signal is compared to itself then often a 
hidden message comes 10 light. According 10 that, informations can be hidden in the noise 
and of course transmitted wirelessly. This important circumstance is known, but it is 
hardly used. The noise vortices thus can be modulated in an extremely complex. way. 
There can be transmitted a lot more information in the noise as sealar wave, than with the 
radio wave. 
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Fig. 23.3: ___ Dowsers dowse an ore vein.” 
From: — Speculum —metallurgiae _politissimum, 
Rossler, Dresden 1700. 


<i) __Ludeling, Harimut: Handbuch der Radiaesthesie, Verlag Eike Hensch 1994, 
S. 145, ISBN 3.927407-09-7. 
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The possibility of more dimensionally modulating and parallel image transmission make 
scalar waves superior to the radio waves in such a way that one should seriously think 
about the reversed procedure, in which the noise is conceived as useful signal and the 
radio wave as interference signal 


In the frequency diagram (23.1 and 23.2) can be read like in a diary, in which most pages 
it is true still are empty, but in which some very informative marginal notes can be found 
for different points of difficulty. It mostly are parascientific phenomena, which, not 
understood and excluded by textbook physics, are waiting 10 be taken up in the building of 
physies. As an example well pick out an extensive area of alternative research, 


23.3 Radiesthesia 


A particularly broad spectrum of scalar waves is provided by the already several mes 
‘mentioned earth radiation. An ancient science of experience, which troubles the 
exploration of the earth radiation, is the geomancy. The Roman land surveyors, the 
Augures, used as an aid a flat coil like also Tesla did to receive scalar waves. The Lituus, 
a the device was called, resembles so much that of the Erusks that we must proceed from 
the assumption that the method is much older (fig. 16.10), 

This part of the scalar wave research, also called radiesthesia, is derived of radiate", 
Which can be translated with "send out rays" resp. perceive". It describes the doctrine of 
the sensitivity to radiation of man. Doing so the radiation sensitive uses his own nerve 
framework asa biosensor 


The nerve conduction could be derived as a biological variant of the Tesla one wire 
transmission, for which ring-like potential vortices are passed on as action potentials in 
form of standing waves (fig. 9.6). OF this kind are also the control commands, which cause 
‘a muscle 10 contract. If now corresponding vortices are picked up by means of a dowsing 
rod or similar aids in our nerves, then the contract addressed muscles contract, because 
they can't distinguish, from where the command comes. This unconscious nerve twiteh 
leads 10 a swing of the dowsing rod and w the well-known dowsing rod phenomenon. 
But man can't replace a technical gauge. Hence one speaks of dowsing and not of 
measuring. To this should be added the condition of resonance, which must be fulfilled 
Since every person however builds up other resonances, dowsed results of others oflen 
can't be reproduced. But from this particular difficulty one cannot draw the conclusion 
that the phenomenon does not exist and radiesthesia is not a science. Series surveys and 
statistical analyses here in any case dont lead any further. It always only are individual 
talented dowsers, who have at their disposal really fantastic abilities and find with great 
certainty water, ores and even oil 
With the perception of @ physical phenomenon it mostly starts. Cultural man looks after 
his discovery as cult, whereas modern man, guided by the wish for reproducibility and 
jore objectivity, is toubled to design and to build a technical measurement work. With 
regard 10 the scalar wave in general and the radiesthesia in special we still are at the stage 
ofthe Stone Age. 
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Fig. 23.4: Nets dowsed at latitude 49." 


L__ net: ,,global net” according to Dr. E. Hartmann; 
orientation: N - S: 2 m distance and E - W: 2.5 m distance 
IL net: ,,diagonal net" according to Dr. M. Curry; 
orientation: NE - SW and NW - SE: 3.54 m = 2.5 m* sqrt(2) 


[IIL , lightning net" according to R. Schneider; orientation like L.] 
[IV. net ace. to Benker; like I. but: N - S: 10 mand E - W: 10 m] 
[V. sun/planet net ace. to W. Auer; with 3.66 m orientation S./P_] 


According to Prof. E.G.Hensch etal 
‘<i>: Hensch: Radiaesthesie im landlichen Bauen und Siedeln, Arbeitskreis zu 
Landentwicklung in’ Hessen, W4, Wiesbaden" 1987; resp, 
W. Auer: Erdstrablen?.. AWGEO 199, Eigenverlag 1998; resp. 
Mayer/Winklbaur: Biostrahlen, 5. Aufl. ORAC Veriag, Wien 1989, Seite 168) 


Research of sealar waves 495 


234 Prediction of earthquakes with the help of scalar waves 


‘The standing wave character of the earth radiation is a help. There are dovised points and 
lines of maximum radiation intensity, which form nets, which encompass the whole world. 
On the one hand we are dealing with a net oriented in direction north-south and east-west 
(Hartmann net) and on the other hand with a net standing diagonally to that under 45° 
(Curry net). Because the angle of 45° can be derived as borderline angle from a vortex 
field calculation", 1 already early have pointed to the circumstance that it here 
presumably concerns a vortex phenomenon 

[Because the nets in addition are dowsed in ait, it must be vortices of the electric field, so- 
called potential vortices", which here form ‘regular structures. The formation of vortex 
lines and complete vortex streets (chapter 49), which consist of countless individual 
vortices, can be explained as follows: 

Electric’ scalar waves propagate in the direction of the electric field strength and mediate 
field vortices, eg. neutrinos. If at a certain moment the transmitter carries a positive and 
the receiver a negative charge, then all the particles which are positively charged are 
repelled by the transmitter and atracted by the receiver. All run at the same time towards 
the same goal, although all mediated particles carry the same charge and repel each other! 
This incompatibility can be compensated partly, by the vortices rotating around each 
other. In this circumstance can be seen the reason for the structure shaping, the formation 
of some lines in the countryside (fig. 23.3). The distances between the lines have 
characteristic values, which allow conclusions about the wavelength of the standing 
waves. We must assume that they dictate the structure shaping and that the spatial vortex 
distribution aligns with the nodes and antinodes of the respective standing wave. The 
distance between the lines, which corresponds to half the wavelength, becomes smaller 
tnd smaller towards the North Pole and the South Pole of the earth, the net thus narrower 
‘and narrower. Also is the net said to change strongly before an earthquake. This all are 
clues for the circumstance that the structure shaping radiation comes from the earth, that 
the cause must be sought inthe earth radiation, 

1 should be noted marginally that with scalar wave detectors, which permanently scan the 
nets, a just as effective as inexpensive earthquake prediction should be possible, Such a 
facility would be an enormous relief and help for all earthquake waming services, It even 
should be possible to determine in advance the future epicentre, if there is measured at the 
same time at if possible many staions and the respective deviations are compared. 


A further influential fictor is the composition of the subsoil; eg. ores and metals influence 
the earth radiation, Water shows a special affinity for the ‘earth radiation. It does collect 
the radiation and after bundling it up releases it again. To blame is the high dielecticity of 
water (280), which again favours the formation of potential vortices 

A technical use of this effeet would be the neutrinolyse (see fig. 17.6-17.8 and 18.1), the 
spliting of water molecules by neutrinos if these take the state of an electron, hydrogen 
escapes and the oxygen content in the water increases. If ¢ neuttino however shows as a 
positron, then it annihilates and there is formed a light flash, which serves the experts” in 
neutrino detectors as proof. 


Mel, Kz Wirbelstrome, Dissertation Universitat Stultgart 1984 
‘Mey, K.: Poteatialwirbel Band 1, INDEL Verlagsabt, 1990 
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Spectroid of the radiation field of a subterranean flowing water 
veign (according to P. Schweizer)": 


soainversahadle stay 


announcement — 


ff | 


[ 


Subterranean flowing water, 
fault, fissure, cracks, caves, etc., 
‘but also ore veins, oil, coal, etc. 


Fig. 23.5: Radiaesthetic search for water”, 
(dowsing of the earth radiation) 


=e __Ludeling, Wartmut: Handbuch der Radinesthesie, Verlag Eike Mensch 1994 
S. 145, ISBN 3.927407-09-7. 
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23.5 Searching water wit the help of scalar waves 


Faults of earth's crust lead to fissures and cracks in the rock, which often fill up with 
standing oF flowing water. Potential vortices of the earth radiation are attracted by the high 
dielectrcity of water and are radiated again in slowed down and focussed form. On the 
surface of the earth the mixture of various scalar waves arriving there can be dowsed as 
‘main emphasis zone. For reason of the broad radiation spectrum the results of proficient 
‘dovsets in the main emphasis zone more often coincide 
At both sides in addition spectroids are forming, which are dowsed as parallel running 
vortex lines. Because every harmonic wave produces other lines and every dowser reacts 
to other resonances, a profound ability is required, if from the distance of the so-called 
announcement zones the water depth should be inferred (fig. 23.5). Some specialists 
indicate besides the place and the depth also the amount of deposit and if need be the 
‘water quality. For that they analyse the radiation intensity, but unfortunately many all too 
often overrate their abilities 
Already the Augures, the land surveyors in the age of the Romans have aligned their 
Sreets and the castles with the nels and the lines in the countryside. Even today new 
evidence about the centeal importance of the standing wave character of scalar waves can 
be found at excavations (fig. 16.10). Since every scalar wave also occurs coupled with a 
radio wave by means of the wave equation, earth rays originally could be detected 
conventionally with field strength gauges. But the intensive use by radio stations has made 
it necessary to change from the short wave range to the VHF-range and further to the 
UHF-range. It were indirect measurements, which could be interfered easily. 
Today geologists work with ELF scanners in a range between 1S and 30 KHz if they 
search for water. They analyse the emitted signals of submarine transmitters, because 
these are attracted and amplified by water earying layers. 
Experiments also are carried out with noise receivers or unused broadband TV channels. 
analyse influences of the earth radiation on the magnetic field of the earth, but for 
wthod the expressiveness is controversial 
Again others walk along a path with a scintillation counter measuring the inverse profile 
‘AC the places of maximum earth radiation a minimum of gamma radiation is measured, 
‘This stunning celation only can be interpreted as follows: the natural radioactive decay at 
these places takes place accelerated and that proves: 
1., that earth radiation sets radioactivity free and causes it in the first place (chap. 17.1 pp). 
2" that in the case of earth radiation it actually concems slowed down neutrino radiation. 
But also this method works indirectly. It only functions in the open air and then only in the 
case of unspoiled nature, which sometime was covered with an even layer of radioactive 
‘dust. By cultivation or plantation the radioactive layes" very often is changed and mixed 
up, whereupon the measurable profile hail allows conclusions. 
For indirect measurement methods of that kind, for which the measurement variable stands 
a relation, which isn't known in more detail, 10 the sealar wave of interest, generally 
caution is advisable. Too offen a message is seen in a wonderful 3-D diagram of the 
magnetic field strength or the radioactivity distribution, which has much more mundane 
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Lecher air antenna according to W. Busscher 


short-circuited end of the Lecher conductor 


short-circuit slider handle 
can be displac 


(man as 
termination 
resistor 

and biosensor} 


The tuning length L of the | handle 
Lecher antenna determined 

the resonator length for | 
standing waves. There is valid: 


Ls nd/2_ with n= 1,2,3,../ 
Therefore the wave 

length is ambiguously 
determined; ¢.g. for: 


aye 


L=3a/2 


Eso’ 


Fig. 23.6: ___Lecher conductor as scalar wave antenna. 


‘Can be read at Prof. Dr. Ing. Christof Rohrbach: 
i>: Rohrbach: Radiasthesie, Physikalische Grundlagen und Anwendung 


Geobiologie und Medizin, Haug Verlag Heidelberg 1996, Seite 100, 
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23.6 Receiving scalar waves with the Lecher antenna 


In the ease of technical gauges it is normal to change the frequency tuning. For that the 
‘capacity of a capacitor is being varied, which is part of a resonant circuit. This method ean 
simply be realized with the today available construction elements. Biological systems on 
the other hand, for instance a person, work primarily with a variation of the wavelength. In 
this case (acconding to eq. 22.1) the frequency is directly proportional 0 the velocity of 
propagation, 

So. provide for instance radiaesthetic dowsings clues for the wavelength. The frequency 
however can't be given, because that oscillates along with the velocity of propagation and 
at present the forming noise signal sill cant be analysed. There canit be bought electronic 
construction elements, which like a body cell would be able of oscillations of length, 
Oscillation quartzes and piezo elements, on the basis of which scalar wave detectors could 
be constructed, form an exception 

Similar t the Lecher conductor different forms of tunable Lecher antennas have been 
developed. which are used for dowsing. Such a frame antenna, developed strictly 
according to the rules of high-frequency technology stems from W. Busscher (fig, 23.6)" 

With the short-circuit slider a closed-loop antenna circuit in the upper partis tuned 10 half 
the wavelength or an integer multiple of it (L =n./2 with n = 1,23... The person, who 

holds the Lecher antenna with both hands, forms the termination resistor for the attached 
antenna circuit. AL the same time he prevents the occurring of an effect back on the tuned 
resonant circuit by means of damping of the Lecher conductor. The sense of this 
arrangement is lying in the circumstance that man as a ,biosensor” should feel if standing 
waves, which call vortices re formed in the Lecher antenna 

A modification of the Lecher air antenna is the Lecher dowsing rod according to R. 
Schneider. I is produced as an etched board, which has a dielectrcity of approx. 4. As 
a result the velocity of propagation and the wavelength are only half their normal value. In 
addition a shortening factor V is introduced, which depends on the construction of the 
Lecher dowsing rod” (L= Venvi/4 with V = 0.952 and n = 1,23.) 

In fig. 23.7 some published tuning values have been drawn up. The values for want of 
corresponding technical gauges it is true still haven't been confirmed, but they allow a 
certain insight into the world of the sealar waves, as they are influenced and radiated by 
water, by metals, by oil or even by other planets, the sun and the moon. 
Doing so. some questions remain open: We for instance don't know, if the corresponding 
wavelength concerns the basic wave or only an m® harmonic wave. The details not only 
are unreliable, they moreover also are ambiguous. If however several tuning values L’ are 
present for which resonance occurs, then if need be an integer divisor ean be sought and 
the wavelength ean be determined. But that doesn't function always 


S_ Will Busscher: Die Laf-Lecher-Lenung als Wunschelrule. Eine Metbode um 

e Wellenlangen zu bestimmen. Welter-Boden-Mensch 3/ 1991, Seite 46-57. 

<ii>: R. Schneider: Einfuhrung in die Radiasthesie Teil Il: Leitfaden und Lebrkurs 
. Oktogon-Verlag, Wertheim, 2. Aufl (1984) S. 136, 

ii>: Rohrbach: Radiasthesie, Physikalische Grundlagen und Anwendung in 

Geobiologie und Medizin, Haug Verlag Heidelberg 1996, Seite 100. 
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‘Supposed wavelength ? of the transmitted scalar wave radiation inl 
tem} 

a | of (with the different tuning values 1) 

32 {= 15.5in/mens 10.8 4/05 7-8 afer; 3.1'2/3) 

{L'= 12.95/mrs; 8.65 n/meai 4.3 n/t) 

net [ (= 12.2 o/at 9.6 n/mmes; 6.1 n/m 3.05 njemt 
4m = 16x25em —_(N-S direction) LT ojo) 
Sm = 20x25cem (E-W direction) 


net (= 11 A njinea5 6.9 n/a 3.5 ayer} 2.2 of 
7.08 m = 30x 23.6.cm (NR-SW + NW-SE direction) 


Met Ml (12.6 a/m45 9-4 njaed} 8.2 5/2; 6.15.2} 4.14/35 2 


(= 7.8 ym=2) 

13.5 to 13.8 n/m~2} 3.3 to 3.5 1/2) 

8.2 nya} 4-1 o/mets 2njmer/a) 
{L= 6.6 non 25 3.2-8.3 n/mei; 1.6 0)m-1/2) 
16.945 4.1 5/25 8.85 9/4; 2.9 5/35 2.5 3/25 2.254 


(C= 4.15 nm-3) 

(3.65 n/m-1. thermal spectral lines: 11; 21 en 

(4.05 ajm=a, thermal spectral line at 3.14 cr 
(4.65 om, ther. spectral lines: 3; 3. F 
{5.1 n/m~4, thermal spectral line at: 3.45 ex 


(derived from tuning values of a Lecher antenna 
L'=. Van /4m_ with V= 0.952 

and n=1,2,3... for 4/4, 2/2, 32/4, hy 

and m = 1,2,3... for 1 the basic wave 

and the 2", 3%, ... harmonic wave 


according to 
‘<i>: Ludeling, Hartmut: Handbuch der Radiaesthesie, Verlag Fike Hensch 1994, 
S. 161 ff. The author gives the clue: The values have been determined 
empirically. by different persons. and predominantly could be confirmed by. the 
author and his co-workers. There however always can occur deviations 
caused by different dowsing methods, Every value therefore always should be 
‘checked with own measurements.” 
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23.7 Assignment according to wavelength, 


[As said, the methods to determine the wavelength by means of the Lecher antenna are 
‘ambiguous and unreliable. So water should have a wavelength twice as long as a fault, But 
since water ofien is collecting or subterranean flowing in faults, one is entitled the 
suspicion that here 2/2 was taken, where in reality the full wavelength 2 acts 
The rest of the table affer that should be looked at with the same scepticism, The table 
nevertheless is not wholely uninteresting, because it points to certain trends and is able to 
furnish clues, which if need be ean represent a help of orientation in the systematic 
research of salar waves. 

At the planets is remarkable that the Lecher conductor reacts to values, which correlate 
With the respective thermal spectral lines, If these spectral lines propagate with ¢ and it 
actually should concem the same cause, the frequency thus should be identical, then the 
planets would emit scalar waves, which are faster than the light. In the case of Mars 1.35 
limes the speed of light c would be present, in the ease of Saturn 1.55 times and in the ease 
of Jupiter the values would lie between 146c and 1.63. In the case of the moon wo 
thermal spectral lines are being measured, which om the one hand have as a result 1.39e 
and on the other hand 0.73c. At this place still ample research tasks should be solved, 


In the case of scalar waves the wavelength is the most important factor to refer to, The 
frequency however varies continually, which in electrical engineering 1s called noise. That 
fagain is connected to the circumstance that frequency and velocity of propagation 
oscillate, so that merely an average value can be given at a time, But that hardly can be 
measured, which again makes the assignment more difficult. We thus still aren't capable 
enter the table values from fg, 23.7 int the frequency diagram of fig. 23.1 


A technical gauge for scalar waves is necessary, A practical solution could look as 
follows: A noise transmitter tunable in frequency and wavelength operates on top of a 
cearied along noise receiver. The arrangement with that comes the Tesla tansmission path 
for sealar waves very close, If the transmitted noise signal hits upon a likewise one in the 
surroundings then overlapping ovcurs, which at the receiver causes a change of the 
displayed value. If doing so a subtraction (extinction) or an addition (amplification) of the 
signals occurs is unimportant, 

With this arrangement in any case statements are possible about frequency, wavelength, 
velocity of propagation and about the amplitude of the scanned signal, without 
withdrawing energy and strain the signal in doing so”. With such a gauge radiation 
conditions depending on location could be measured as well as technical devices checked 
lor the emitted sealar wave parts (ig. 24.1), 

‘An important use over and above that would be given in medical diagnostics, Every living 
being produces noise" the technician would say, it emits scalar waves" T would say, 
whereas following general usage is talked about the ,aura of man". The value of an aura 
diagnosis still is completely unknown to most doctors and therapists, especially as. the 
Scanning of the aura at present only is possible by dowsing. But the patient expects that a 
doctor works wih a technical gauge and not with a dowsing rod? 


<i>: First experiments, which 1 carried out with students in the Taboratory, look 
very promising, Unforunately the works at present rest for reason of lack of 
money 
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natural 
radiation field: 


‘coupling of phase (via the ground line) 


Fig. 24.1:___ Concept for a device to detect scalar waves 
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24, Medicine of oscillation 
24.1 Mediation of information with the help of scalar waves 


If for the discussed scalar wave gauge the transmitted comparison signal in addition 
deviates from the form of a sinus, if the signal is modulated in some way, then even the 
transmission of information by means of the noise as scalar wave can be realized. If we as 
fan example again take the aura of man, which is more than only a radiation field, it carries 
information for instance about the state of health of man. Kirlian photography is one form 
of making it visible (Fig. 3.6) 

Not only the nerve conduction and the brain work with scalar waves. Man in this way also 
corresponds with his fellow people, some more, others less. There are people who 

and that should be interpreted in the tue meaning of the word. Others opposite to that are 
more receiver characters", who pick up more scalar wave radiation than they give away. 
But because they not only pick up positive radiation energy, they are susceptible to 
information, which makes sick. That's why a healthy equilibrium in the exchange of 
thoughts, feelings and the different forms of scalar waves is very important. All that is 
reflected in the aura of man. If we technically are capable to sean the aura of man, than 
this ean be a blessing for humanity and forthe public health 


‘The possible abuse however must not be overlooked. Unbiased research results, which can 
be used for the benefit of humanity, in many cases just as well can be used to harm 
bumanity 

A connector of both these worlds is the Russian psychologist Prof. Smirnov, who has 
shown publicly in television, how a spoken sentence can be transformed in a noise signal, 
Which is taken up directly by the brain as information, with the help of a computer 
program “'. He with that is capable to "sodden individuals, as he says, be in this way can 
lake the fear away from soldiers before a combat mission and can operate the disease out 
of drug addicts without bloodshed. In the television film such an operation at the open 
subconscious" is shown life, The patient heats the noise signal over headphones and is 
cured already after few minutes teatment time, 


We here are getting in the domain of ethical and moral problems of scalar wave research, 
which aren't solved by us looking away and leaving the field up to others. According to 
the words of Prof. Smimov the only thing, which can stop the research scientist, is his own 
moral. He doesnt say any more and that isn't exactly reassuring! One here is working 
with signals resembling sound", is said in the report of the Zweite Deutsche Fernsehen’ 
thus With longitudinal waves and that shows, that already more knowledge about scalar 
‘waves is present than is generally known by the masses. 


Another way is leading over the bioresonance, Also here at first the possibility and chance 
to cure diseases is to the fore. The bioresonance is a central aid in the area of the medicine 
of oscillation, which is inereasing in importance permanently 


=i: Die Zombies der Foren Za 


a (Besta Film Warschaw im Autirag & ZDF 1998) 
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‘Systems with positive feedback 


transistor amplifier tension voltage supply 


(pnp type) (battery) 


'2N3906 


Bio-Feed-Back: (4 ‘The test subject 


with headphones 
{input of the signal) 
and hand electrodes 
(taking off of 
the signal) 


Fig. 24.2 A: Wiring diagram of the Syncrometer.* 


<i>: Wiring diagram taken from: H, Clark: The Cure for All Cancers (1993) New 
Century Press, USA, Page 434 


<i>: Flanagan: Horen mit der Haut anstatt mit den Ohren, Sonnenwind 1/97, 
8113-17. 
sa N.Begich: Towards A New Alchemy, The Millenium Science, Earthpulse Press 


1996 
Dr. Bodo Kohler: Biophysikalische Informations-Therapie, Gustav Fischer 


Verlag (1997), Kap. 11.6 Der individuelle Grundton, S. 239 IT. 


Dr. Bodo Kohler: Die bipolare Farb-Ton-Therapie, CO’Med 2/2000, S.10 - 15 
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24.2 Systems with positive feedback 


‘The field of oscillation of man easily can be influenced, because it concems a vortex field 
A technical measurement with the gauges available at present is almost impossible and 
highly inaccurate. There however exisis the possibility, to apply electrodes 0 a person and 
to integrate him in the circuit of a technical device The two of them form a feedback 
system with man in the return loop. The operation can take place in two different ways, 
depending on the sign of the feedback (Fig. 24.3): 

For positive sign it concerns positive coupling, In this case the signals released by a 
person sum up, for which reason already minimum amplitudes are sufficient to produce 
violent reactions in the case of resonance. For resonance to occur, the system must either 
search independently the suitable fequeney and phase, or the therapist searches the points 
of resonance. 


2421 The Syncrometer: 


‘An independently working system is e.g. the Syncrometer. By means of two electrodes, 
‘which are held withthe hands ot are atached directly tothe head, the noise signal emitted 
by a person is called off and supplied to a broadband amplifier. The test subject again 
hhears the amplified signal via headphones, so tha the circuit is closed. 

Apparently unspecific and still reproducible during operation certain signals capable of 
resonance are emerging stronger by amplifying and swinging themselves up. The aura 
starts to extend or expressed in the words ofa radiation sensitive, the so-called reaction 
distance is inereasing, with which he means the distance in which he deteets a dowsing 
rod reaction, 

‘The test subject now increases his radiation, so this method can be valued. By 
strengthening his own radiation power, he works more as a transmitter and less as a 
receiver for scalar waves. Inthe last point the therapeutic use seems to iie, because by that 
the patent can get rid of resonances to any unpleasant persons orto technical transmitters, 
which are burdening him. The device consequently also is sold as aid of protection against 
eectosmog 

‘The amplified signal also can be picked up directly by the skin instead of by the 
‘headphones and still being ,heard". The reports stretch from a harmonizing and balancing 
effect up to “electronic telepathy" and states similar to ecstasy of the test subject™. 


24.22 The sound therapy. 


‘The controlled variant of this method for instance is the sound therapy. Now the sounds, 
Which the patient picks up by means of headphones, do not stem from him but from a 
sound generator. The therapist goes through the scale and tries 10 find out at which sound 
the aura swings up. If the eigenffequency is found, then the patient can therapize himself 
by again and again playing of humming his eigentone"™ 

I concems here only physical statement on the used methods of allemative medicine and 
not therefore, whether healing successes are actually possible 
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sound frequency wavelength colour wavelength 


[equally tempered [Hz] fem] {run} 
F sharp” 740 46.4 purple) 
rt 684941 (crimson) : 
E* 659-520 (violet) es 
Dsharp" 622, 55.1 indigo 421 
D" 387584 lew 446 
Csharp" 554 61.9 turquoise 472 
c 523. 65,6 green 500 
iW 494 69.5 yellowgreen 530 
Asharp! 466 -73,6——_yellow 562 
a 440 78.0 orange 595 
Gshap 415 82.6 orangered 630 
? 32875 red 668 


Table 24.2 B: Seale of the colour range." 


colour chakra Sense organ _ planet type 
purple 7. (erown chakra) epiphysis Jupiter 
indigo 6. (brow chakra) hypophysis Saturn 
bleu 5. (throat chakra) hearing Mars 
green 4, (heart chakra) feeling Sun 
yellow 3. (solar plexus) seeing 

orange 2. (sacral chakra) Venus 

red 1. (oot chakra) smell Moon 


Table 24.2C: As 


colour metals gems (Selection): 


purple 7. tin amethyst, fluorite 

indigo 6, lead indigo-sapphire, azurite 

bleu 5. iron sapphire, lapis lazuli 

green 4. gold emerald, malachite, jade, gr. tourmalin 
yellow 3. topaz, amber, citrine 

orange 2. copper carnelian, fire opal 

Rot I. silver ruby, coral, garnet, red jasper 


Table 24.2 D: Assignment to a selection of gems.” 


Dr. Bodo Kohler: Biophysikalische Informations-Therapie, Gustay Fischer 
1997), Kap. 11.6 Der individuelle Grundton, S. 190 - 194 
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242.3 The colour therapy, 


Analogous to acoustics also colours each time can be assigned @ wavelength and also here 
fan be detected that every person responds t© certain colours, thus wavelengths, in 
particular which can stimulate his aura to resonant oscillations. In practice sound and 
colour therapy often are used coupled”, even succeeds more oF Tess an assignment t0 each 
other. That in last consequence leads to a "scale of the colour range" (table 242 BY". 
According 10 statement of the treating doctors does a patient, who responds 10 a certain 
colour, also reat tothe corresponding sounds and viee versa. 


242.4 The aroma therapy. 


If according to that it depends less on the circumstance if sounds or colours are used, but 
the wavelength of an oscillation is crucial, then a stimulation also should be possible by 
‘means of the remaining sense organs, eg. the nose, the tongue or the skin. The smell after 
all already could be identified as vortex information (fig. 9.0). Fragrances of natural 
essences can significantly influence the frame of mind. But as long, as we still haven't 
understood the physics behind it, we technically hardly are capable 10 generate equivalent 
vortex modulations ariticilly, 


242.5 The gem therapy, 


Already the holy Hildegard von Bingen (1098-1179) knew and used the beneficial effect 
fof gems. Physical background of this at first purely empirical form of therapy is the 
characteristic eigenfrequencies of the gems, which are picked up as stimulation over the 
skin, Because gems represent a mixture of various molecules, the oscillations in the 
atomic hull will overlap, so that overlapping and beat frequencies can form with 
Wavelengths in biological ‘relevant areas. There even can form modulations, which are 
carrying information. The effectiveness again is linked with the resonance condition, 
\hich must be fulilled between the gem and bis carrier. 


24.2.6 Meditation and self-therapy 


‘There even exist people, who don't need any technical aid at all to get rid of unpleasant 
resonances, Some meditate and go into resonance with themselves, whereas others prefer 
to love a person, to whom they feel attracted’ or with whom they are on the same 
wavelength", which means as much ‘that they go into resonance with’ this person, 
In the Catholic Church for instance the priests are not allowed to get married, because they 
should be in a resonance with the ehurch and with God. 


“B= _Dr Bodo Kohler: Die Coloroma-Therapie, Der aussergewobaliche Einsatz von 
Aromen, Co'Med 4/2000, S. 48-52 


<ii*: Cousto: Die kosmische Oktave, Synthesis Verlag Essen 1984 
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Fig. 24.3 A: Structure concerning the medicine of 
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Fig. 24.3 B: Regulation or control? 


Positive or negative coupling? 
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24.3 Systems with negative feedback 


For negative sign it concerns negative coupling. In this case the signals are subtracted. 
‘The signals released by a person are played back to him with opposite phase, This method 
lies in the donsain ofthe bioresonanee, 


243.1 The homeopathy 


‘The concept, which is pursued by the medicine of oscillation in the case of the 
bioresonance, is that harmful or ill making oscillations should be effaced. Not the direct, 
but rather the indirect strengthening of the immune system is to the fore, which should be 
reached by relieving it The approach with that pursues the same goal as the pill medicine, 
Where oscillations, which should produce a wanted effect and which are bound by means 
of substances are supplied to the body. 

The disadvantage of the administration of pills is the often toxic effect of the cartier 
substance, The German doctor Samuel Hahnemann (1755-1843) has demonstrated a way, 
in which to make the helpful and important information for the body to go over fiom the 
cartier substance to the water by diluting with water and by shaking. The water molecules 
now oscillate in time of the carrier molecules. Interestingly in doing so not even the 
information gets lost, the modulation thus is preserved. By constantly shaking there even 
occurs an amplification or a potentiation", as Hahnemann expressed himself, because 
now every cafrier molecule reaches and modulates countless water molecules. ‘Thus the 
amount of water informed is bigger than the amount of the original chemical substrate 
In the case of homeopathy like is treated with like. If for instance a poison causes certain 
complaints at a healthy person, then in “homeopathic” administration this information 
helps a sick person with similar complaints. There thus occurs a disturbance activation 
with opposite phase, as the engineer uses to express himself Despite a widespread 
scepticism the method of homeopathy indeed seems to function, and it has stood the test in 
countless cases. 


243.2 The bioresonance 


A technical realization is represented by the bioresonance. For that endogenous 
oscillations are called off by means of an ECG (electrocardiogram), an EEG 
(clectroencephalogram) or a MEG (magnetoencephalogram) at the surface of the skin. The 
technical device then shifls the phase for 180 degrees and amplifies the signal to the extent 
that pathological frequencies are extinguished for reversely directed input. This very 
reasonable theoretical concept in practice of course only is as efficient, as the empirical 
determined pathological frequencies are the cause of a disease and not only represent an 
‘unimportant symptom as side effec. 

To that technical problems are joining. Prof. Heine blames the constantly changing 
reaction diversity and the thermal ‘noise for the citcumstance that the fequency spectrum 
permanently is Muctuating", as he writes if. That hardly ean realize the necessary phase 
‘aversion, We meanwhile know that vortices have a Mictuating frequency spectrum, that 
in the case of biosignals it concerns such field vortices, which result in a noise signal 
unspecific in frequency. 

With this knowledge we should be able to significantly improve bioresonance procedures, 
and even the inversion of phase shouldn't represent an insurmountable difficulty anymore 
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Fig. 24.3 B: — Frequency spectrum 
of parasites according to Clark. 
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Fig. 24.3 C: Diagram of frequency ranges for some 

living 

beings. 


<i>: Dr. Hulda Clark: The Cure For All Diseases (1995), Page 604-643, 
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‘A further problem, which Heine addresses, can't be denied": For communicative 
‘molecule oscillations the microwave range of 1 GHz up to above 10000 Giz is crucial. A 
calling off of endogenous interference oscillations in this range with the help of normally 
used electrodes is not possible”. It thus could happen that essential frequencies, which 
are directly related to a disease, aren't recorded at all and as a consequence also not 
treated, There even is the risk of informations being brought in, which additionally stress 
the immune system instead of relieving it, that the patients aller a treatment are worse off 
than before. The doctor or therapist is burdening himself with a big responsiblity, when, 
hhow and at whom he applies methods of bioresonance of if he better does without them. 
For the mentioned reasons the method in the therapy only plays a secondary role. The 
bioresonance on the other hand is quite often and with great success used in the diagnosis 
(Nosoden), if it for instance concems the determination of an incompatibility or an allergy 
= but that is a completely different theme. For the bioresonance the transition of diagnosis 
to therapy is however loating. 


24.3.3 The frequency therapy 


If using a frequency therapy the problems ate standing similarly. If we separate the closed 
and negatively fed back circuit of a bioresonanee and form an open control chain 
consisting of a technical control device and the patient, then we get the structure, as it is 
put to use in a frequency therapy. The goal still is the same: parasites or pathogenes, 
Which stress and burden the immune system should be fought. 

But a disadvantage of every open contol chain is that the treatment at first occurs blind 
due othe missing feedback. 

‘The natural healer Dr. Hulda Clark has examined as support various pathogenes and 
parasites under the microscope, while she has varied the frequeney and at the same time 
applied a low-tension voltage. Doing so she could observe the dying of bacterias and 
parasites at certain frequencies. Correspondingly she publishes tables, in which the in each 
‘ease ,moral” Frequencies are listed”. 

Hut without being able to verify the success of a treatment in the living organism, she 
proceeds from the assumption that by applying a low tension voltage (3-10 Volt), as it is 
produced at the output of a commercially available frequeney generator, if a sinusoidal 
Signal is set with the appropriate frequency exactly the associated parasites and leeches 
will be destroyed. Doing so a fixed rhythm of pauses and treatment times must be adhered 
{0(7 min on, 20 min off, 7 min on, 20 min off and 7 min on) 

‘The doctors and therapists treating with this particularly inexpensive method report 
amazing results, inexplicable spontaneous cancer cures, like of HIV-positive patients, who 
after the teatment were tested HIV-negative. But also the inverse case already should 
have occurred, that a HIV-negative patient afterwards was HIV-positive! Here too clear 
the limits of this method appear, which in practice unfortunately tums out to be relatively 
unspecific 


<i>) Prof. Dr. Heine: Grundregulation und Extrazellulare Matrix ~ Grundlagen 
und Systematik, Lehrbuch der biologisehen Medizin, (1991) 2.Aufl 
Hippokrates Verlag Stuttgart, Seite 63 

<iii>: U, Warnke: Bioresonanztherapie - Wunsch und Wirklichkeit. Medizin 
transparent Nr-2 (1996) $. 36-37 
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Fig. 24.4: Wiring diagram of the Zapper.” 


Wiring diagram taken from: 


<i>: H. Clark: The Cure for All Cancers (1993) New Century Press, USA, Page 507, 
resp, 


Dr, Hulda Clark: The Cure For All Diseases (1995), Page 48 
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24.4 The Zapper 


From the point of view of physies of today the frequency therapy actually shouldn't be 
able to function at all, The electromagnetic waves penetrate only few millimeters into the 
skin at the used frequencies and wouldn't have the slightest chance, to reach a parasite, 
Which i staying somewhere in the body, But it is said that it is possible to cure athlete's 
foot, by the patient taking the electrodes in his hands. How, we ask the question, does the 
signal of the function generator know where it should go? 

It quite obviously concems a resonance phenomenon. The likewise emitted scalar wave 
part tunnels undamped at those places in the body, with which it can build up a resonance 
‘and that for proper tuning are the unloved parasites. The scalar wave radiation is bundling 
up at the resonant receiver, so that despite the low transmission power as a consequence of 
the bundling up the energy density for the parasite becomes very high. It as a result is 
destroyed by its own ability to go into resonance. Once it is killed, the next one goes into 
resonance, logs off as well ete. In this way the parasites are destroyed one after another 
‘and not all at once. Tha's why the specified teatment cycle makes sense. 
‘The copper electrodes should not be taken in the hands directly, Dr. Clark recommends, 
but before be wrapped with moist paper By means of this insulating layer, so is my 
interpretation, the conventional wave part, for which the skin functions as a wave guide, is 
reduced whereas the desired scalar Wave part is increased, Such measures crucially 
contribute to the success of a therapy method, even if they were determined purely 
empirical 

If one wants to address every possible parasite individually, then the treatment takes 
correspondingly long. If one on the other hand sends all relevant frequencies at once by 
overlapping them, then the treatment ean be abbreviated to the duration of one session. If 
the therapist goes still further and replaces the sinusoidal signal by a rectangular signal, 
then infinitely much sinus functions are hidden in it, as a Fourier analysis shows. With 
rectangular signal, as it is delivered by the Zapper, one as it were catches everything, 
Good as well as Bad, There the helpful intestine bacterias break exactly like the 
\wrongdoes, 

The treatment with the Zapper is simple, inexpensive and exactly as controversial. It is the 
shot with the shotgun in the Forest. One always hits something. We nevertheless must ask 
the question, why one only hits parasites and bacterias and not the vital organs? Aren't 
those damaged also? 

Now then, the signal of the function generator is not modulated; it doesn't carry 
information. Tha’s why only monocellular parasites, which dos!t know information 
exchange, are capable of a resonance. Human cells and more than ever whole organs on 
the other hand work with complex modulations, which effectively prevent any formation 
fof resonance with the technically generated basic wave, with which the question would be 
answered so fr 

‘That however also means that immune reactions can be expected: IF the first treatment 
With the frequency therapy still is successful and all simple parasites could be hit, then 
only further evolved parasites have been spared, which modulate their information. They 
now breed and can't be reached anymore in further sessions. The method suddenly doesn't 
function anymore, the therapist finds out, the body apparently has become immune. 
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Fig. 24.5: Harmonic spiral built on the first Gregorian scale. 


<i c Naturgemasse Frequenztherapien, Die Harmonie der 
Snirale. CO'Med 10/2000.'S. 46 - 49 
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24.5 Discussion conceming the medicine of oscillation 


‘The textbook medicine in its explanations and treatment methods is basing on the models, 
Which it can measure and analyse and which it understands. Doing so man and whole 
nature is reduced 10 a handful of chemical reaction formulas. The whole pharmaccutic 
industry lives on this misleading path, which long ago has revealed to be a dead end, 
medical as well as financial. This health service cannot be paid anymore and we should 
ask the question if it actualy is worth the money, if with electric signals of minimum 
power can be obtained effects comparable 10 the effects of the pill medicine 
We need a new medicine, a potential vortex medicine. First of all we should research how 
tan organism covers its energy needs and how it communicates. There leads no way past 
the scalar waves and the newly discovered potential vortices. Chemical processes a8 they 
are being observed, occur by the way, that is beyond doubt, but they by no means are the 
cause. Hence of pills and other chemical means at most a treatment of symptoms and a 
case of side effects may be expected but not a cure of a disease. Once the potential vortex 
medicine will be systematically explored and be put to use in practice, healing successes 
‘can be expected, which we at present cant imagine at all 

The amazing results, which already today are obtained in the medicine of oscillation and 
of which some doctors can report, dictates the direction in which the textbook medicine 
should develop. In the question, which kind of oscillaio or which ,sequence of sounds" 
(Fig. 245) isthe right "one, still exists considerable need for research. 
Some doctors even already work with my new theory and cite whole passages from my 
publications until now about this theme 


“ip: Dr Bodo Kohler BiTsyn, der neue Weg in der Tnformations-Medizin, 
Jubilaums-Sehrift der Internationalen  Arzte-Gesellschaft Tur Biophysika: 
lisehe Informations-Therapie, Bad Nauheim den 6 -8.10.2000, Seite 48 - 56. 

<is>: Bioenergetische Messverfahren in Theorie und Praxis, Vortragsband der 
Gesellschaft Tur Energetische und  Informationsmedizin e,V., Universitat 
Stuttgart am 17.7.1999, 

<ii,>: Dr. Johann Lechner: Storfelddiagnostik, Medikamenten- und Materialtest, 
Teil 2 aus der Reihe: Praxis der Ganzheitlichen Medizin und Zahnmedizin, 
Verlag Dr. E. Wubr (2000), Kap. 2.42 Beruhrungslose skalarwellentragende 
Informationsubertragung 8. 173 I, bes. Kap. 2.4.2.3 Seite 175, 176, 

<iiy>: Dr. Reichwein, Peters: Zellulate Elektromagnetische Systemsteuerung, Der 
Freie Arat 5 (2000) im Wissenschafts-Forum (Anhang, S. IV - XXII), 


<li>: Dr. M, Doepp: Tesla-Wellen, Neue Studien, CO'Med 5/2000, S. 94 - 95, 
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Fig. 25.1: The measured frequency spectrum of man.” 


<> Dr. P, Bembenck: Akupunktur und (Bio-) Resonanz, CO'med 6/98, S. 50-58 
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25. Contributions to the discussion concerning the information technical use 


‘The medical research predominantly takes place with statistical methods, This 
changed fundamentally, if only the physical relations have been realized and their causes 
found out. Only then a basic research will be possible also in the area of medicine, as it 
today already is usual in other disciplines. 

In this chapter it concems the question of the medical basis in general, and specifically the 
‘question of the use of the newly discovered potential vortices in biological systems. Doing 
so very aware is attempted to put the normally used medical view at the back and to derive 
the answers from the perspective of the engineer and the physicist. This approach is 
unfamiliar, so that some textbook physicians will have difficulties to follow. It however 
will prove 10 be very helpful. Medicine in addition needs new impulses and that justifies a 
new approach, like the unconventional one proposed by me 

In this connection gladly is fallen back upon the comparison of biological with technical 
systems, although here exist differences in principle and fundamental It can be expected 
that nature has developed very appropriate strategies 10 solve certain tasks, as it also is 
tached in engineering and used in practice. At this place not only medicine benefits from 
new insights, engineering vice versa also can leam of nature, because natures optimization 
slrategies ate much much older and correspondingly perfect, 


25.1 Window of the sensuous perception 


To clarify the inner processes in man we consider his sense organs, which function as 
interface to the outside world. Technically seen in the case of the sense organs it concerns 
measurement converters to record and process certain physical values in our environment 
and their adaptation to pass on the information by means of the nerves. The measurement 

ferters thereby are built more or less complex, which is related to the circumstance 
that the measurement factors, which a living being needs to orient itself and to be able 10 
survive, ate quite differen. 


It concems litle windows within the frequency spectrum shown in fig. 23.1, which should 
bbe analysed. Man for instance chooses the visible frequency window and interpretes it 
with an assignment to the colours, because in this range the sunlight can reach the surface 
of the earth and the ionosphere doesn't exert an excessive damping (ig. 2.8) 

‘The acoustic window depends on the sound propagation in air, whereas dolphins work 
with ultrasound, which carry considerably further in water. The associated measurement 
converters, the ear and the eye, have a very complex structure. From this can be inferred 
that here ‘the received signal must be transformed into a different physical measurement 
signal, that the perceivable signals are of other nature than the signals, which our nerves 
are able to pass on 
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25.2 The sense organs (nose, eye, tongue) 


If we want 10 find out something about the nature of the nerve signals, then we should 
more detailed consider a sense organ, which is constructed if possible simple. In that case 
it is possible that no signal transformation is necessary at all anymore, because the 
perceivable variable is exactly of the kind the nerves ean process 

‘The primary and perhaps most ancient sense organ of the living beings is the nose. It is 
constructed extremely simple. On the one hand according to eneyclopaedias it is a 
chemical sense for the perception of smell materials. Man on the other hand can 
distinguish several thousands of scents. For that a huge analysis factory with 
correspondingly much receptors would be necessary, which one searches in vain in the 
nose between the nasal hairs and the nerves. We from that infer that scent should consist 
of particles, which are to a large extent identical with the reaction potentials. It thus will 
concern potential vortices. These ring-like vortices of the electric field again are 
‘modulated and carry information, which our brain is able to analyse 

According to the derivation in chapter 9.0 Plato already 2400 years ago knew such 
relations. The conclusion is obvious that smell is vortex information, which according to 
the explanation of Plato forms at the transition of waves in potential vortices and vice 
versa, At the natural philosophers in antiquity the cirele of the insights is closed. Modern 
seience just int that far 


‘The hollow eye of the snail functions both as nose and as eye (fig. 25.2), This very ancient 
combined organ points to a relatively close affinity between both measurement” sensors. 
Possibly in the course of evolution both organs have developed from such a common 
original form, 

In the case of man the smell rods occupied with the nasal hairs of roughly 2 micrometer in 
length, actually remember of the rods and cones in the eye, with which photons are 
collected. In both cases, so we can explain the mode of action in accordance with model, 
the ring-like vortices settle on the rods and run as reaction potentials along the nerve to the 
brain, which then analyses the modulation, 

In the case of the highly developed human eye the light rays first have to traverse the 
vitreous body and afterwards a pigment layer, before they reach the rods and cones. In this 
way the electromagnetic wave parts must roll up to vortices, since our nerves can only 
pass on vortices. The photons can be interpreted as corresponding vortices, 
If we compare the eye with a bubble chamber, in which the tacks of ionized particles can 
be observed and photographed as thin white fog stripes. Here in collision experiments it 
ean be proven that it concerns particles carrying impulse and not waves, But the 
measurement setup by no means does answer the question if it already concerned particles 
before they entered the bubble chamber, or if these have formed spontaneously in the 
presence ofthe saturated vapout. 

It would be obvious, if for our eye the chamber water being under the inner eye pressure 
‘would take over the function of the bubble chamber and would take care of the rolling up 
(of the light waves to light quanta 
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nerve bundles 


Fig. 25.3: Taste bud of the human tongue 
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We optically can't detect a difference, if the light while passing through a thick glass plate 
increases its part of photons. At the latest in the eye in any case all the light is transformed 
in photons and usable vortices, so that we musta't detect a loss of brightness. The lass 
plate seems transparent to us, even if the sunlight should change its composition and its 
biological quality iit passes the plate 


If the tongue while tasking responds to dissolved substances, then it not by all means 
needs {0 be a chemical excitation. Instead fine hairs, the taste hairs resp. sense pins, serve 
as receiver like in the case of the nose. The similar structure of the receptors and the 
circumstance that for most invertebrates sense of taste and sense of smell can't be 
distinguished of each other at all and consist of the same primary sense cells, suggest that 
the tongue doesn't analyse the chemistry as such, but only the molecular oscillation 
pattems, that also the taste is nothing else but vortex information! 


25.3 The nerve conduction 


For the collection of the potential vortices and the extraction of their information fine hairs 
in the sense cells obviously play a central role, They ate connected more ot less directly 
With the end of a nerve and pass on the information without big transformation. Even in 
the organs of equilibrium sense hairs work. 

From the comparison with the technique developed by Nikola Tesla T could show that the 
nerve conduction concerns a single-wire transmission, a kind of waveguide, for which the 
transport of the excitation information takes place in the insulation layer and not in the 
conductor itself (fig. 9.6). As proof I quoted that the thickness of the insulation determines 
the velocity of propagation, that as is well-known the nerve conductors with thick fat layer 
pass on their action potentials faster than those with thin insulation, 
Particularly interesting is the observation, how the fat layer is constricted in fixed 
intervals, like for Wiener sausages (ig. 254 A), These nodes of Ranvier prove that only 
Tongitudinal waves are being transported, which are standing waves with nodes and 
antinodes, if the distance from node to node exactly corresponds to the distance from one 
rode to the next. With that nature with the use of the potential vortices is fir ahead of our 
power engineering. The nerve-cables determine with their structure, which signal will be 
transported and which not) 

‘The technical cables on the other hand are stupid and conduct everything, the useful signal 
just as well as any arbitrary interference signal. Anyone, whom the computer crashes 
every few minutes, knows what I'm talking about 

Man isn't able 10 afford a crash of his think computer, It would be lethal for him. His 
nerve costume even tolerates short-citeuits. The acupuncture is such a short-circuit 
technique by means of electrically conductive needles, There even is given a therapeutic 
benefit and a relaxing effet fr the body. 

Cut through nerve fibers even can partly regenerate again, even without a eut through 
nerve again growing together with its other end. The nerve conductors are so intelligent, 
that only the matching information arrives at the end by passing on informations from one 
Fiber to the corresponding next with the same node interval 


520 ‘The brain, a sealar wave computer 


A. Nerve conduction with nodes of Ranvier (to transmit standing waves): 


insulator = Myelin hull (wound as Tesla coil) 


B, Single-wire transmission according to Nikola Tesla“ 


The brain works with scalar waves! Reasons are: 


1. Lacking of a signal transformer between the nerves and the brain. 
2. High performance density of the think apparatus. 

3. The brain activity measurable from the outside with the EEC 

4, Spark formation and corona discharges at open top of the skull, 

5. Insulation defect occurring in the case of epileptics. 


<i Original sketch of Tesla is situated in the Nikola Tesla Museum, Belgrade. 
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Nerves represent an intelligent and at the same time interference safe wiring, which is 
superior 10 any technical solution by far, or you can try to acupuncture a cable cond of 
your computer, You will have litle pleasure of it 

Nikola Tesla also in this point was ahead of the times. He has experimented with a single 
conductor technology, for which the insulation layer is constructed like for a nerve fiber 
(fig. 25.4 B). We'll have to learn to handle such aids in the future, if we in engineering 
‘want to emulate nature and as well want 10 send informations as scalar wave. A. normal 
power cable as said conducts everything, useful as well as interference signals. If however 
the signal should be accomodated in the noise, a selective cable is required, which should 
bbe constructed according to the example of the nerve conductors. Before a scalar wave 
technology can be introduced and successfully used according to that completely other 
cables, coupling elements, amplifiers and other components should be developed. The 
trouble should be worthwhile at the chances, which this genial technology offers us! 


25.4 The brain, a scalar wave computer 


The brain cells (neurons) are of the same kind as the nerve cells. Hence can be done 
Without a signal uansformer, can the informations transmitted by the nerves to the brain 
directly be processed further. From that follows that also the brain without exception 
orks with potential vortices. There ate several reasons for this hypothesis: 
Las said, the lacking ofa signal transformer. 
2 the high performance density of the think apparatus. (AS a result of the 
Concentration effect of the potential vortices the efficiency of the human brain is in 
such a way high concentrated compared to the much more space claiming 
‘computers funetioning on the basis of currents) 
4. the brain activity measurable from the outside with the EEC 
4. spark formation and corona discharges at open top of the skull. (Brain surgeons 
can report of such observations). 


S. The insulation defect occurring in the ease of epileptics. (During a fit instable 
potential oscillations ofthe nerve eells occur, which lead to strong electric blows) 


With the ,exciting” and the inhibiting’ 
both a .high-aetive” and a ,low-active™ method of operation is possible 
redundant, particularly interference safe signal transmission. 

Salety for interference is very important not ony in nature. Inthe operating instructions of 
‘aPC can be read: operate only at room temperature, keep dry, don't throw or shock, take 
cure for sufficiently cooling air, ground apparatus, pay attention to mains voltage, ete". A 
‘comparison with the ange of operation of man i like scorn. 

Nevertheless the consequences if errors occur are quite similar: a garage door, which 
‘opens ia mobile is switched on, by all means can be compared witha light phenomenon, 
Which we perceive after a blow on the eye at the biological level 


synapses as separation point between the neurons 
id with that a 


522 Conceming signal engineering 


supply end return 
in the conductot 
expanded 

the conductor: ‘ | gets hot 

result, transmission: with losses 


strategy: 4 "| field displacement 


Fig. 25.5:__ Comparison of the signal technology 
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25.5 Concerning signal engineering 


By means of a technical analysis of biological relations completely new interpretations 
result also for the occurring of a disease. We permanently and everywhere are surrounded 
by noise signals, but as a rule they can't touch us, because the body has developed perfect 
slrategies for defence. The nodes of Ranvier on the nerve bundles here are just as helpful 
as the diode effect of the synapses. By means of the salt content and the skin resistance the 
body in addition controls the uptake of potential vortices from its surroundings, by using 
thatthe vortex decay is determined by the conductivity 


‘The specialties of the by humans used signal technology come to light particularly clear if 
compared with the cable technology used in the technical world (fig. 255). So is worked 
with only one wire instead of with supply and return cable, are mediated potential vortices 
instead of charge carriers, does the transmission take place in the insulator without losses 
and not in an electric conductor, which as a result gets hot and produces current heat 
losses. Nerves thanks to their ability of selection represent an intelligent form of signal 
twansmission, by helping to filter the asked information from the noise, This surely is 
necessary since with cables, which indiscriminately transmit every signal, an use of scalar 
‘waves hasnt succeeded yet, We should try to learn of nature! 


A special challenge is the protection against error signals. A passive shielding by a metal 
‘case however is not possible, because scalar waves can't be shielded by principle, so that 
the precaution should be taken actively by means of the conductivity. That's why we 
sweat salt if we strain us physically, whereby the vortex decay is determined by the 
conductivity, which depends on the salt content of the body liguids. In the case of a 
‘sweating activity the body reduces its conductivity, so that the needed potential vortex 
energy will reach the cells, 


If the body sometime isn't able to defend itself against interference signals, then 
‘malfunctions of pathological reactions are a possible result, During having a bath for 
instance a musele cramp can occur, if the body doesn't defend itself fast enough or 
sufficiently against the high potential vortex activity in the water, Now vortices can be 
picked up in the nerves, which are of the same kind as the ones emitted by the brain, only 
that both muscles, biceps and wiceps at the same time get the signal 10 contract. The result 
is a cramping of both muscles, 


Thus the brain has developed intelligent strategies to protect itself of interspersed 
rmisinformations. It weighs the incoming signals and forgets again all unimportant ones 
more or less fast. We speak of the ability 10 learn and that meuns that signals rise in the 
valuation scale and with that are stored longer, the more frequent repeated our brain 
receives them. This strategy assumes that interference signals only occur sporadic, for 
Which reason they are rated unimportant and fast are again forgotten. 
A PC on the other hand doesn't have such a property. It notices everything 
indiscriminately and sometime will crash of overload, if not the user will constantly foster 
itand will administer the available memory. A PC is and stays stupid. 
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Fig. 25.6:___ Strategies against interference signals, for damages 
linked with operation and for wear and tear. 
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25.6 Stability against interference and repair mechanisms 


‘The interference signals present in our natural environment as a rule are distsibuted 
stochastic, but not so artificial interference signals like for instance transmitters emit. If for 
instance in the case of mobile telephony there occur time and again identical signal 
patterns and if a person perceives these, then because of the continual repetitions a high 
Importance is pretended and precious siorage space in the brain is allocated, This to a 
special extent applies for the permanent stand-by signals, which are emitted by mobiles 
and condless phones even then, if we don't phone at all. Such misdevelopments thereby 
Would be technically avoidable just like that! 

If still no gauges are available and as a result there exist neither guidelines nor limits for 
the radiation exposure of scalar waves, then such devices must be developed and built. For 
the requested electromagnetic environmental compatibility not engineering, but man 
should bein the centre of attention! 


Let us throw a short glance at the set of difficulties of wear and tear, Most technical 
devices find the way into the workshop only, if they already are defect. Some aren't 
repaired anymore in principle and immediately sent to the rubbish, because they are worn- 
out and a repair isn't worth the effort anymore one says, whereas other, mostly expensive 
systems are being serviced by exchanging all wearing parts, 


Nature has brought to perfection the last principle. It allows the body a permanent 
‘maintenance; by permanently producing new cells and replacing consumed ones, It with 
that obtains considerably longer operating time and even is capable 10 heal wounds. Just 
‘imagine dents in our cars would disappear from alone after a few weeks and the bodywork 
‘would look like new. Such an optimal maintenance is costly and it has its. pri 
By means of the cell division the building plan for the spare parts is copied. The task on 
the other hand is transmitted to the new cells by radio” by means of waveguide channels, 
fas proves the matching structure of scalar wave and waveguide (chapter 21.12 and fi 
257). The cells hence have a kind of ,deventral intelligence", which technical matter lacks 
completely. A comparison with engineering nevertheless makes sense, because wear and 
tear occurs for all systems in continuous operation, Thus strategies must be developed to 
provide the nevessary material for operation, buiding-material and exchange parts, 


By sizing of the hyperboloid structures of the matrix channels it should be possible to 
determine the wavelength of the scalar waves to enter them in the frequency diagram 
@p. 
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Tunnel structure of the basic substance according to Prof. 
Heine: 


Fig. 25,7: __ Information channels in the intercellular matrix.” 


<i: Hartmut, Heine: Lehrbuch der biologischen Medizin. Grundregulation und 
Extrazellulare Matrix, 2. Aufl. 1997, Hippokrates Verlag Stuttgart, S. 56 
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25.7 The microwave window 


‘There still is lacking information about the fiequency oF the velocity of propagation to be 
able to specify and enter in figure 23.1 the cell information. Let's take to hand the book 
about "Biostrahlen"*. In there is explained how for individual cells the emission of 
electromagnetic signals already could be measured, which are interpreted as_ circularly 
Polarized waves (fig. 21.10). It is said that thereby their polarization plane is rotating 
With the speed of light, whereas the wave itself is propagating in longitudinal way 
relatively slow and ‘acc othe authors with the speed of sound, 
‘The occupation with the potential vortex theory in the explanation lets immediately 
recognize the vortex, for this is rotating with the speed of light in cicles as rolled up wave 
(Gig. 21.10). If it is bound to the surrounding matter with closed vortex centre, then it can 
be expected that the propagation actually takes place with the speed of body sound. 
It could concer the same signals, which Prof. A. Popp calls biophotons and detects 
measuring technically in living organisms”. He however considers the phenomenon for 
the same wavelength with the speed of light and lands at light frequencies, even then if 
nothing is glowing visibly! The question is asked: Does it concer the frequency of the 
light oF only the corresponding wavelength or actually both, thus light, as is expressed in 
the name biophotons? 

‘The photomuliplirs, which Prof. Popp uses as light amplifier", however can only be 
tuned to certain wavelengths and not to frequencies. Even if the detected biophotons have 
the wavelength of the light, then nevertheless nothing will glow if the velocity of 
propagation and as a resull also the frequency siffers from that of the light for several 
powers of ten. In the case of the immense number of cells also the number of photons 
should correspondingly sum up and the body as a whole should star 10 glow, which is not 
the case 


The waveguides in the intercellular matrix serving the cell communication, which Prof. H. 
Heine observes microscopically, have wavelengths between 20 and 300 nanometer, which 
cortesponds to the range of the ultraviolet radiation”. But if the propagation is. slower 
than the light for 6 powers of ten, then also the frequency will only amount to one 
millionth and be situated into the range of the microwaves. Here a biological window 
seems to be present, to which we should turn our attention for reasons of the 
electromagnetic environmental compatibility! 


‘The thermal radiation, which reaches the earth from the sun and the planets, lies in the 
microwave range between 2 and 20 em. If the sun does well to us, if we need the radiation, 
then it could be because of the identical frequency. But that also means that the sun and 
the planets are capable to have an effect on the cell communication, that they for instance 
‘could function as elock for the heart 


<isz__T. Mayer, G, Winkibaur: Brostrablen, Verlag ORAC, Wien 1989, 5, Auflage 
S. 97; Messung von det DNS eines Gurkenkeims abstrablenden Photonen, 
<i: A Popp: Neue Horizonte in der Medizin, 2.Aufl, Haug Verlag Heidelberg 1987 
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Frequency diagram with entries concerning 


relevant areas (Tinnitus, nerve conduction, ete.). 
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25.8 Discussion concerning scalar wave medicine 


In the sensitive range of the supposed microwaves window however are also situated the 
tmobile phones and their harmonic waves, which occupy a broad spectrum in particular for 
pulsed operation in digital nets. The D-net for instance has a wavelength of 32 em, the E- 
ret lies at half that wavelength. But to which frequency does this correspond at the speed 
of sound? Now, the frequency is 6 powers of ten smaller and now lies at I KHz resp. 2 
Kilz To that are added the numerous harmonic waves, which form a noise signal and lie 
above that, With that these signals are situated completely in the audible range, there 
Where our ears are most sensitive! 

This cause we probably owe the disease of modem civilization Tinnitus". Every charged 
particle will follow this electromagnetic oscillation and produce corresponding sound 
oscillations, Which can hear not sick ", but completely on the contrary healthy” people, 
Who as a result possibly get sick. The objection, in this range also cosmic radiation for 
instance from the planets is present, is legitimate. It however should be considered that 
planets also are going away from the earth again and in addition is present a fluctuation 
according to the time of day due to the rotation of the earth, while the mobile telephone 
‘mass in our vicinity radiate in continuous operation. 


In this window in addition the clocking of the brain currents takes place at 10 Hz. 1 would 
recommend blocking the acoustic relevant range between 2 em (16 Kil) and 3 m 
wavelength (100 Hz) for all technical use. Every operation of transmitter in a biological 
window harms all people and cannot be answered for by any institution, 


kt further should be considered that the biological window of the plants and animals 
as a rule correspond (0 that of man, but sometimes are shifted significantly upward or 
downward in wavelength. We are not entitled to judge nature. The immune system of the 
animals now obviously has reached the breaking point and also that of man doesn't seem 
to be that anymore, which it originally was 

We must proceed from the assumption that many diseases on the one hand and therapy 
‘methods on the other hand partly direct and partly indirect have 10 do something with 
scalar waves: (Eg, the occurring of cancer), 


SEIT Mayer, G. Winklbaur: Biostrailen, Verlag ORAC, Wien 1989, 5. Auflage, S. 
97: Messung von der DNS eines Gurkenkeims abstrablenden Photonen, 

‘A. Popp: Neue Horizonte in der Medizin, 2 Aufl. Haug Verlag Heidelberg 1987 

<iii>: Hartmut. Heine: Lehrbuch der biologischen Medizin. Grundregulation und 
Extrazellulare Matrix, 2. Aufl. 1997, Hippokrates Verlag Stuttgart, 8. 56 

<4i>: K. Meyl: Skalarwellenstrahlung. Welehe Bedeutung haben Skalarwellen fur 
die Medizin? GNP-Vortrag am 29.04.2001, Rhein-Main-Halle Wiesbaden, see: 
Co'med Fachzeitschrift fur Komplementarmedizin, 6/2001, pp.5-60. 
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I. According to the Maxwell theory: 


1. Faraday's law of induction: 


rotE = — 6B/st es» 
with E(r.t) 
and H=H(rt) B= .-H (082) 


[-rot rot B = p - d{rot H)/dt\as) 


2_Amnere's law: 


(rotH = j + SD/ét ec 


with 
Ohm's law: jor 265) 

dielectric displacement: D=c-E 266) 
relaxation time t = e/a 67) 


[ rot = 6+ (B/t + 68/5) 20s) 


3. Inserting equation 26.8 into 26.3 yields: 
~rotrotE = p-e-(1/t-8E/8t + 6°B/3t2) co 


with the abbreviation: pe = 1/c? 610) 


4, Field equation of a damped transverse wave: 


= rot rot E- c2 = 6B/dt? + (1/1) - 8B/at, 


A ~~ sin) 
transverse wave vortex damping 
Fig. 26.1 Derivation of the wave damping by means of the 


formation of vortices!" 


= _ see also EMC, pat T, chapter 53, Zbanleline ease 
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26. Recapitulation from the viewpoint of textbook physics 


Now that we in the meantime have accumulated innumerable mosaic parts as inspiring 
contributions to the discussion for the information technical seminar, it is time to sort the 
‘ideas and to put the parts together to an overall picture. 

Sceptics and orthodox scientists can only be convinced, if we start from textbook physics 
‘and completely do without postulates. Those demands will be fuliled! 


26.1 Common misinterpretation of the antenna losses 


‘The mathematical description of physical relations leads to the well-known laws, which 
shouldn't be doubted anymore as soon as they are accepted to be correct, But what about 
the interpretation? Although a law dictates the interpretation and there is no choice, 
because laws must be adhered to, yet textbooks from time to time violate the mathe: 
matically dictated interpretation, a circumstance, which can't be accepted. I would like to 
ilustate this with an example 


Let us assume that the measured degree of effectiveness of a transmitting antenna amounts 
to 80 percent. There exist better antennas, but also distinctly worse antennas, but Tm not 
timing’ at a certain construction. The statement simply says, that 80% of the fed in HE- 
power is transformed into Hertzian waves. Thus there arises a loss of power of 20 pervent, 
tnd the question follows: of what do those 20% consist? 


‘The answer, which is usual among experts and is supported by the textbooks, reads: the 
antenna wire gets hot and also the air around the antenna is heated by dielectric losses. In 
short, heat is formed. 

But T have to point out and will furnish proof that this interpretation is predominantly 
wrong! It in any case isn't in accord with the laws of Maxwell. Who namely obeys the 
laws, comes to an entirely different result! 


A short derivation brings itt light (fig. 26.1). 
We start with the formulation of Faraday's law of induction according to the textbooks 
(26.1), apply the curl-operation t0 both sides of the equation (26.3) and insert in the place of 
rot Hl Ampere’s law (264268), The generally known result describes a damped electro- 
magnetic wave 26.11)” 

It on the one hand is a transverse wave, which represents 80% of the antenna power for 
four example. On the other hand a damping term can be found in the equation, which 
obviously corresponds 10 the sought-for 20%. With that the answer would have been 
ound, We realize that because of a damping of the wave 20% antenna losses arise, These 
losses can't concern heat at all, since the damping term in the equation has got nothing in 
common with thermodynamics. In the equation doesn't stand anything about heat! 
Sucha mistake! 
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Fig. 21.8 A: The fields of the oscillating dipole antenna.“ 
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Fig. 21.9 A: ‘The coming off of the electric field lines 
from the dipol 


<i) Repeliton belonging to chapter 27 
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26.2 Wave damping by field vortices 


+ Mathematically seen the damping term describes vortices of the electromagnetic 
Field. This term for instance forms the basis ofall eddy current caleulations >. 


+ Physically seen some waves - in our example it is 20 percent - roll up to field 
vortices, with which the wave damping and the antenna losses would be explained, 


In the course of time a substantial part of the generated vortices will fall apart. These 
thereby will produce eddy losses in form of heat. Thus eventually still heat is produced ~ 
agreed. The criticism of the textbooks consists of the circumstance that we by no means 
can proceed from the assumption that all vortices spontaneously fall apart and a total 
conversion into heat will take place. The process in addition takes place with a temporal 
delay. The time constant x gives information in this respect. Field energy is bulfered in the 
vortex, where some vortices live very long and it can’t be ruled out that a few even exist 
as long as you like, 

To find out more about these field vortices and their behaviour, one has to get deep into 


vortex physics. Unfortunately nothing can be found about vortex. physics in the textbooks. 
‘The mistake is systematic. The following short compendium should help close the gap: 


+ Mathematically seen a closed-loop electromagnetic field vortex will show as a 
scalar, Such field vortices, which are mediated by a scalar field, are propagating 
cexaclly as charged particles in longitudinal manner as a sealar wave, 


+ Physically seen a closed-loop field vortex has got particle nature, If one particle 
kicks off the next one then an impulse is mediated, then a shock wave is occurring 
4 longitudinal undulation ofthe particles. 


From the vortex physical view the interpretation of the antenna example now sounds 
entirely different 

‘The charge carriers in an antenna wite oscillating with highefrequency form a longitudinal 
shock wave. Between current and tension voltage usually a phase shift of 90° is present. 
The fields produced by these charge carters form a scalar wave field in the immediate 
Vicinity of the antenna, the so-called near-field zone, which likewise contains longitudinal 
field components and shows a phase shift of 90° between electric and magnetic field (Jig. 
218 A). As in textbooks is clarified by field lines, the generated fields actually form 
Vortices, where one structure kicks off the next one (fig. 21.9 A), 

The vortices in the near-field zone of an antenna consist of standing waves, which 
obviously are transforming with increasing distance. In our example 80% of these are 
lunrolling and tun into transverse waves, whereby the characteristic phase angle between 
E- and Hefield»=—sat—that’~——aceasion becomes ———zero, 
Lets turn again to those 20 percent loss 


Tar K, Meyk Warbelsirome, Diss. Uni. Stuligart 1984, INDEL Verlagsabr 
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1. According to the Maxwell theory: 


The consistent application of textbook physi 


+ Longitudinal waves run in the direction ofa field pointer: 
+ The field pointer oscillates, the vector of velocity oscillates along! 


+ At relativistic velocities field vortices are subject to the Lorentz 
contraction. 


+ The faster the oscillating vortex is on its way, the smaller it gets, 
+ The vortex permanently changes its diameter (see fig. 21.10 B). 
+ With the diameter the wavelength decreases (see fig. 22.4), 
+ The switl velocity is constant (= speed of light c) 
+ The cigenfrequency of the vortex oscillates with opposite phase 
to the wavelength. 
+ The vortex acts as a frequency converter! 


+The measurable mixture of frequencies is called noise. 


leads to the statement: 


+ The antenna noise corresponds to the antenna losses! 


I Mathematical description of a wave by the 
inhomogeneous Laplace equation: 


AB. 2 =- rot rot E-c2+ grad divE - c= 5° /8 


¥ ~Y- Ws 
Laplace transverse longitudinal wave 
operator (radio. wave) (scalar wave) 261 


Divergence E is a scalar! 
‘The corresponding term founds a scalar wave. 


Fig. 26.3 Mathematical description of a wave 
according to 
Laplace. 
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26.3 Laplace versus Maxwell 


Longitudinal waves as is well-known don't know a fixed velocity of propagation at all 
Since they run in the direction of an oscillating field pointer also the vector of velocity 
will oscillate. For so-called relativistic velocities in the range of the speed of light e the 
field vortices are subject to the Lorentz contraction. That means, the faster the oscillating 
vortex is on its way, the smaller it gets. The vortex, as a mediator of a sealar wave 
carrying impulse, permanently changes its diameter. 

Since, in the case of the vortices, it should concer rolled up waves, the vortex velocity 
Will continue to be ¢, with which the wave now runs around the vortex centre in a circle. 
From that follows that if the diameter gets smaller, the wavelength of the vortex as well 
will decrease, whereas the eigenffequeney ofthe vortex accordingly _ increases. 
If the next moment the vortex oscillates back, the frequency again decreases. The vortex 
acts as a frequency converter! The mixture of high-fequency signals distributed over a 
broad frequency band formed in this way, is called noise. A noise signal indeed is 
measured from the outside with the help of broadband receivers... We also speak of 
antenna noise and with this knowledge we can further specify the 20% antenna losses: 
‘The antenna produces 20 % noise, which can be put equal to the generated vortices 
because ofthe wave damping. 


[AC this point the Maxwell theory doesn't leave us room for interpretation at all. If in the 
textbooks the impression is aroused, as if the noise were an independent discipline, than 
that is not tue at all. How much the noise is connected with the electromagnetic waves, 
proves a short look atthe wave equation, 

‘The wave equation found in most textbooks has the form of an inhomogeneous Laplace 
equation, The famous French mathematician Laplace considerably earlier than Maxwell 
did find a comprehensive formulation of waves and formulated it mathematically (eq 
26.12), which until today is still accepted as valid. 


On the one side of the wave equation the Laplace operator stands, which describes the 
spatial field distribution, and which according 10 the rules of vector analysis can be 
decomposed into wo parts. On the other side the description of the time dependency of 
the wave ean be found as an inhomogeneous term, 


If the wave equation according to Laplace (26.12) is compared to the one, which the 
“Maxwell equations have brought us (26.11), then two differences clearly come forward: 
1. In the Laplace equation the damping term is missing. It doesn't describe the 
formation of vortices, and that means vortices do not exist at all, or present vortices 
hhave been there ftom the beginning 
2. With divergence E a scalar factor appears in the wave equation, which founds a 
Sealar wave 


At this point at once hot tempered discussions concerning the question of the existence of 
Scalar waves blaze up. But this question has already been answered clearly with the vortex 
consideration. Since an accepted description of longitudinal and scalar waves exists with 
the plasma wave and the plasma wave can be derived directly without postulate from the 
term of the wave equation (chapter 21.4/21.5), which founds scalar waves, there are 
further arguments present for their existence, 
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L According to Maxwell 


| -rot rot E- c? = 8&/at? + (1/1) - dE/3t 
[Snr eee slo) 
| ‘transverse wave Vortex damping 


Description of electromagnetic waves with vortex damping 
Example: sunlight and the damping in the ionosphere (bleu sky) 


IL According to Laplace: 


f 
AE « c2,=~ rot rot BE - c? + gr: 


Description of transverse electromagnetic waves (Hertzian waves) 
and longitudinal scalar waves (Tesla radiation). 

1° example: propagation of light as a wave or as a particle. 

2° example: useful signal or noise signal of an antenna 


Ill. Mathematically seen (comparison of coefficients): 


(1/9)- 5B/3t, + grad divE -c? = 0 | 
ee MM | (26.13) 
vortex ooalar f : 


IV. Physically seen 
(irom the comparison of equation 26.12 with equation 26.11): 


Vortices propagate longitudinally as a scalar wave! 


Fig. 26.2 Comparison of the two wave descriptions. 
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26.4 Error term in the wave equation 


From the comparison of coefficients of both wave descriptions follows even more: 


+ Mathematically seen the damping - resp. vortex term according to Maxwell ean 
bbe put equal to the scalar wave term according to Laplace. 


+ Physically seen the generated field vortices form and found a scalar wave, 


Here also doesa't exist any room for interpretation, as long as we work with the wave 
equation according t0 Laplace and at the same time adhere to the Maxwell theory. If 
however the scalar wave part is put equal to zero, as is common practise in the textbooks, 
then as a consequence either vortices nor noise may exist. But that contradicts all 
measuring technical experience! Since every antenna produces more ot less noise, the 
textbooks obviously only show half the truth, Science however gropes for the whole truth 
and that shouldbe fathomed, 


If in the ease of the antenna example the vortex part amounts to 20%, then that's 
tantamount to 20% sealar wave part, resp. 20% noise. The scalar wave part constitutes 
with regard to the Hertzian useful wave something like an emor term in the wave equation. 
‘The part definitely is too big, as that it might be put equal to zero. Even so all error 
‘consideration in the textbooks is missing, if the scalar wave term is assumed to be zero. 
‘That violates all rules of physies and of taught scientific methodisen. 


In practice this shows by a useful signal going under in the noise and reception not being 
possible anymore as soon as the scalar wave part gets out of control. Even in this case, for 
Which the degree of effectiveness tends towards 2ero, it still i common practise to put the 
error term, Which is dominating everything, equal 10 zero, But who in this point follows 
the textbooks, disregards with that the wave equation and doing so by no means can refer 
to the circumstance tha all colleagues make the same mistake 


‘The building of physics behaves like a house of cards, where the cards mutually support 
each other. Perhaps that is the deeper reason why those, who have discovered a marked 
card, don't pull it out immediately. In addition they are hindered by the self appointed 
guardians of the pure doctrine", since everyone knows what happens with the house of 
cards if the marked card is pulled’ out. Only, do we want to and can we live with that in the 
long run? Is it a solution of the problem, if the so-called experts among the physicists and 
technicians look away and don't deal with the foundation of their branch anymore? If 
universities crash ther basis education into the wall and choke off every contradiction? 


Please allow me to pull out the marked card now and place it on the table! 


It concerns the question: what is the nature of the field vortices, which form a scalar wave 
in space, Eddy currents in the iron parts of the antenna are explained with the field 
equations, but not the noise, which is measured especially in the air. If an antenna on the 
fone hand produces field vortices and as a consequence eddy losses and on the other hand 
dielectric losses, then we can assume that besides the eddy currents in the conductor also 
vortices in the dielectric must exist. Le's search for them! 
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Interim result (comparison of arguments): 


The Maxwell _ equations 
on the one hand dictate 
that as the reason for a 
wave damping only field 


On the other hand the 
same laws merely 
describe eddy currents, 
which can only occur in 


how one should imagine] 
the conversion of one 
form into the other form. 


vortices should be con-] the electrically _ con- 
sidered. ducting parts of the 
antenna. 
On the one hand the) On the other hand does 
field vortex __interpre-|_ the noise appear in the 
tation makes it possible] neighbourhood of _ the 
to explain the noise off antenna, thus in the air 
an antenna perfectly. and not in the iron 
parts! 
The mathematical for] In field physics on the 
mulation reveals, how] other hand is missing a 
wave and vortex, resp.| useful description of 
noise, co-operate and] _ electric field vortices in 


a dielectric, which could 
found the noise signal. 


Table 26.5 


Arguments pro and contra. 
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26. 5 Interim result 


It shouldn't be a disadvantage, to interprete physical laws more consistently than usual, 
even if in the present case orthodox science through that at first should fall into a deep 
cris If the way is. worthwhile, only will» show atthe end. 
Let us try to work out the contradictions in form of a comparison of arguments: 


+The Maxwell equations on the one hand dictate that as the reason for a wave 
damping only field vortices should be considered 
‘© On the other hand the same laws merely deseribe eddy curs 
‘only oceur in the electrically conducting pars ofthe antenna, 


Ws, which can 


+ On the one hand the field vortex interpretation makes it possible to explain the 
wise of an antenna perfectly 
© On the other hand does the 
nd not 


Se appear ia the neighbourhood of the 
he ion par 


+ The mathematical formulation reveals, how wave and vortex, resp. noise, co- 
‘operate and how one should imagine the conversion of one form into the other 
form. 


‘© In Field physies on the other hand is missing a useful description of electric 
field vortices in a dielectric, which could found the noise signal 


‘The most obvious among all conceivable solutions is the one that we have to assume the 
existence of dielectric field vortices, so-called potential vortices. We are challenged 10 
search for a corresponding description. If the quest should be successful, then the 
contradictions would be overcome. In addition there is the promise of a whole number of 
simplifying explanations of various phenomena in the dielectric (see fig. 26.5 and fig. 
262). 


‘The phenomenon of noise becomes an aspect of wave physics, which is more than merely 
4 field disturbance, which makes the reception of the useful wave more difficult. If the 
scalar wave nature’ is realized, then applications can be imagined, in which the noise is 
used as useful signal. In the way that the scalar part in the wave equation doesn't have to 
bbe pul to zero anymore to obtain freedom of contradiction, even optimizations of antennas 
fof of capacitors are possible with regard to the dielectric losses by means of the 
caleulation of the sealar part. 


New in any case is the idea that the dielectric losses of a capacitor are eddy losses and not 
1 defeet in material of the insulating material. With that the capacitor losses correspond to 
1 generated noise power. We also can say, every capacitor more or less produces noise! 
The electric field lines point from one capacitor plate to the other plate. If one plate 
radiates as a transmitter and the other plate functions as a receiver, then the field 
propagation takes place in the direction of the electric field pointer and that again is the 
condition for a longitudinal wave, Here the circle closes in the conclusion, the capacitor 
field mediates dielectric field vortices, which following the field lines found a sealar wave 
because of their scalar nature. The heating of the capacitor results from the decay of 
vortices. 
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Potential vortices explain div. phenomena in the dielectric: 


Fig. 26.6: __ Advantages of a field description extended with 
potential vortices. 


=e _ Rupe Shelivake: Seven Experiments That Could Change the World. 
Riverhead Books, 1995 
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26.6 Failure of the Maxwell theory 


If the capacitor losses or the antenna noise should concern dielectric losses in the sense of 
vortex decay of potential vortices, which don't occur in the Maxwell theory at all, then we 
are confronted with a massive contradiction: 


For the description of the losses the Maxwell; theary on the ne hand only offers 
field vortices and those only in the conductive medium, 
‘0. On the other hand do the dielectric losses accut in the nonconductor and in 
the air 


+ In conductive materials vortex fields occur, in the insulator however the fields 
are irrolational. That isn't possible, since at the transition from the conductor to 
the insulator the laws of refraction are valid and these require continuity! Hence 
failure ofthe Maxwell theory (Fig. 26.7) will occur in the dielectric 


‘© As a consequence the existence of vortex Fields in the dielectric, so-called 
potential vortices, should be required! 


In electrodynamics as a help the approach of a vector potential A is used, which leads to a 
complex formulation of the dielectric constant g and in this way makes it possible, to 
‘mathematically describe the dielectric losses of a capacitor by means of the load angle, 
Which stretches in the complex plane. But which physical value does this approach have? 
How can now the ianer contradiction be explained, which is hidden in a complex constant 
of material? One should only remember the definition of the speed of light e=1/Vsq (eq 

26.10) and its dependency of &. For a complex & here are resulting insurmountable 
problems inthe textbooks, 

From the viewpoint of mathematics the introduction of the vector potential at first may 
represent a help. The before mentioned contradictions however fist raise doubts to the 
‘model concept, which ffom a physical viewpoint eventually will lead to errors, if the speed 
‘of light isnt constant anymore and even should be comples. 


‘These considerations should be sufficient as a motive to require potential vortices, even if 
for their description the field theory according to the textbooks has to be revised. As a 
supplement there is pointed to the following points: 


+ As an inhabitant of a dielectric between «wo capacitor plates also man is a 
product of these field vortices. 


sScalar waves can be modulated moredimensionally and he used as carrier of 
information, as Prof. Sheldrake has proven with his proof of mospho; 
fields 
‘The dielectric vortices moreover provide an explanation for natural events, They form the 
ey to nutneraus disciplines of science, from physies over biology up to medicine 


Rupert Sheldrake: Seven Experiments That Could Change the World 
head Books, 1995 
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Problem of continuity in the case of the | 
coming off of vortices 


Example: hightension cable 


In conductive materials 
vortex fields occur in 


the transition _ from 


Conclusion: + According to the Maxwell theory 
there exist no vortices of the electric field (no 
ntial vortices) and therefore no scalar 


wave: 


¢ Without theory it is impossible to design a 
usable scalar wave gauge and to furnish 
evidence. = Classic closed loop conclusion: 
* The missing of scientific evidence again 
,proves* the assumption of the irrotationality 
and confirms“ the correctness of the Maxwell 
theory. 


¢ Hence it cannot be, what shouldn't be! 


Fie. 26.7: Concerning the failure of the Maxwell theory 
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26.7. Concerning the evidence situation 


In the question, if a physical phenomenon should be acknowledged as such, experimental 
mathematical and physical evidence should be shown, In the case of the potential 
Vortices, the vortices of the electric field and their propagation as a scalar wave, the 
historical experiments of Nikola Tesla” and the modem clone of these can be judged as 
experimental evidence 


With the well-known wave equation @ mathematical description for this phenomenon 
has been specified and discussed". It will be shown that both transverse and longitudinal 
wave pars are contained alongside in the wave equation, ie. both radio waves according 
to Hentz and scalar waves according t Tesla. Doing s0 the mathematically determined 
scalar wave properties are identical with the experimental results! 

The wave equation is an inhomogeneous Laplace equation and the first and oldest 
description of scalar waves. It thereby is unimportant, if the famous mathematician 
Laplace himself already may have realized and discussed this circumstance or not. The 
deseription fits perfectly and that is what counts! 


At this point the third point should be put on the agenda, the physical evidence. This is 
‘connected very closely with the question for a suitable field theory and that again is basing 
(on a corresponding approach, 


=is1__N, Tesla: Apparatus Tor Transmission of Electrical Energy, US-Pateat-No, 
649,621, New York 1900, Dr. Nikola Tesla: Complete Patents pp318-321 

<ii>: Johannes vonButtlar im Gesprach mit Prof. Dr. Konstantin Meyl 
‘Neutrinopower, Argo-Verlag, Marktoberdorf, LAufl. 2000. 

<li>: K. Meyl: Scalar Waves: Theory and Experiments, Journal of Scientific 
Exploration, Vol. 15, No. 2, pp. 199-205, 2001 


54 Energy out of the field 


( * * * Task Schedule * * * ) 


1. Neutrino radiation => energy radiation! 
(ace. to Pauli: cares for missing energy in the case of the B-decay) 
2. High neutrino density => high energy density! 
3. Neutrino = particle without charge or mass (mean), 
but because of oscillations: effective value of charge and mass#zero! 
4.Interaction only in the case of resonance 
(e.g. weak interaction)! 
(same frequency, 180° phase shift) 
5. Neutrino radiation is an energy source which can be 
used (not a question of physics, only a question of technology!) 
6. Particle radiation (neutrino) => shock wave (like sound) 
longitudinal wave 
=> scalar wave (mathem.) 
Interaction/resonance of the v = scalar wave problem 
Scalar waves are a problem of the field theory! 
. Maxwell theory neglects scalar waves. 


een 


+ Search for a new approach (chap. 27.8) 


Derivation of the Maxwell equations as a 


Derivation of scalar waves (chap. 27.13) 


Derivation of the gravitation and more 


Table 27.1: Task schedule belonging to chapter 27 
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27. Faraday versus Maxwell 


Numerous phenomena of the electromagnetic field are described sufficiently accurate by 
the Maxwell equations, so that these as a rule are regarded as a universal field description. 
But if one looks more exact it tums out to be purely an approximation, which in addition 
leads o far reaching physical and technological consequences. We must ask ourselves: 


# What is the Maxwell approximation? 


How could a new and extended approach look like? 


* Faraday instead of Maxwell, which is the more general law of 
induction? 


+ Can the Maxwell equations be derived as a special case? 
+ Can also scalar waves be derived from the new approach? 
+ Can the gravitation as well be derived and a lot else more? 


On the one hand it concerns the big search for a unified physical theory and on the other 
hhand the chances of new technologies, which are connected with an exiended field theory. 
‘As a necessary consequence of the derivation, which roots strictly in textbook physics and 
manages without postulate, scalar waves occur, which could be used manifold. In 
information technology they are suited as a carrier wave, which can be modulated 

lly, and in power engineering the spectrum stretches from the wireless 
ission up tothe collection of energy out ofthe Field 


27.1 Energy out of the field 


Neutrinos for instance are such field configurations, which move through space as a scalar 
wave. They were introduced by Pauli as massless but energy earying particles 10 be able 
to fulfil the balance sheet of energy for the bela decay. Nothing would be more obvious 
than to technically use the neutrino radiation as an energy source. 

But for a technical exploitation a useful model description of the particles and their 
interaction is imperative. For the sake of simplicity we imagine the neutrino 10 be an 
oscillating particle, which permanently oscillates back and forth between the state of an 
electron and that of a positron. With that the polarity changes from positive to negative 
and back again and the charge averaged over time is zero, Because of the change from a 
slate of matter to the state of an anli-particle also next to no mass can be measured 
anymore. 

A technical oscillator operated in resonance, which oscillates with the same frequency but 
opposite charge, will interact with the particle and build up an oscillating electromagnetic 
interaction, with which we already are familiar as the weak interaction in the proximity of 
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‘Tubular vortices 


+ Examples: drain vortex (bathtub vortex) 
whirlwind and waterspout, tomado (image). 


a ‘ 


Inside: expanding vortex 
Outside: — contracting anti-vortex 

Condition for coming off: equally powerful vortices 
Criterion: viscosity 

Result; tubular structure 


Fig, 27.2: ___Vortex and anti-vortex - a physical basic principle 


<i>: Lugt: Wirbelstromung in Natur und Technik, G. Braun Verlag Karlseuhe 
1979, Bild ,,Tomado" yon Tafel 21, Seite 356 
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‘The propagation of particle radiation as a longitudinal shock wave however can't be 
described with the normally used field theory and the Maxwell equations, so that the field 
theory at this point must be reworked, Connected with this is the question of what is 
oscillating here, a question, which often is answered with an aether of whatever nature. 
speak of field vortices and call the aether a property of the field. With that the set of 
difficulties is shifted into the domain of vortex physi. 


27.2 Vortex and anti-vortex 


In the eye of a tomado the same calm prevails as at great distance, because here @ vortex 
and its anti-vortex work against each other. In the inside the expanding vortex is located 
and on the outside the contracting anti-vortex. One vortex is the condition for the 
existence of the other one and vice versa. Already Leonardo da Vinei knew both vortices 
and has described the dual manifestations (chapter 3.4), 


In the case of flow vortices the viscosity determines the diameter of the vortex tube where 
the coming off will occur. If for instance @ tornado soaks itself with water above the open 
ocean, then the contracting potential vortex is predominant and the energy density 
increases threateningly. If it however runs overland and rains out, it again becomes bigger 
and less dangerous. 

‘The conditions for the bathtub vortex are similar. Here the expanding vortex consists of 
air, the contracting vortex however of water. In flow dynamics the relations are 
understood, They mostly can be seen well and observed without further aids. 


Im electrical engineering i's different: here field vortices remain invisible and not 
understood, Only so the Maxwell theory could find acceptance, although it only describes 
‘mathematically the expanding eddy current and ignores its anti-vortex. I call the 
contracting anti-vortex potential vortex” and point 10 the circumstance, that every eddy 
‘current entails the anti-vortex asa physical necessity 

Because the size of the forming structures is determined by the electric conductivity, in 
conducting materials the vortex rings, being composed of both vortices, are huge, whereas 
they can contract down to atomic dimensions in nonconduetors, Only in semiconducting 
and resistive materials the structures occasionally ean be observed directly (fig. 4.8) 
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‘Vortices in the microcosm and macrocosn 


Spherical vortices 


‘Examples: expanding vortex contracting vortex 

= quantum collision processes gluons 

physics (several quarks) (postulate!) 

+ nuclear repulsion of like strong interaction| 
physics (postulate!) 

ha atomic centrifugal force of the electrical attraction| 
physics enveloping electrons Schrodinger equation 

. astro- centrifugal force gravitation 

physies (inertia) (can not be derived?!) 
Example: elementary particles as electromagnetic field vortices 

insi expanding eddy current (skin effect) 

lOutside: contracting anti-vortex (potential vortex ) 

ICondition for coming off: equally powerful vortices 

\Criterion: electric conductivity (determines diameter) 

Result: spherical structure 

(consequence of the pressure of the vacuum) 
Fig. 27.3: Spherical structures as a result of contracting 


potential vortices.” 


Er see Pant 1, chapier ty 
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27.3 Vortices in the microcosm and macrocosm 


‘The approximation, which is hidden in the Maxwell equations, thus consists of neglecting 
the anti-vortex dual to the eddy current. It is possible that this approximation is allowed, as 
long as it only concerns processes inside conducting materials. If we however get to 
insulating materials the Maxwell approximation will lead to considerable errors and it 
wont be able 1o keep it anymore 


If we take as an example the lightning and ask how the lightning channel is formed: 
Which mechanism is behind it, if the electrically insulating air for a short time is 
becoming a conductor? From the viewpoint of vortex physies the answer is obvious: The 
potential vortex, which in the air is dominating, contracts very strong and doing so 
squezes all air charge carriers and air ions, which are responsible for the conductivity, 
together ata very small space to form a current channel 


‘The contracting potential vortex thus exerts a pressure and with that forms the vortex tube 
Besides the cylindrical structure another structure can be expected. It is the sphere, which 
is the only form, which can withstand a powerful pressure if that acts equally from all 
ditections of space. Only think of ball lightning. Actually the spherical structure is mostly 
found in microcosm ill macrocosm. Let's consider some examples and thereby search for 
the expanding and contracting forces (fig. 27.2, 


+ In quantum physies one imagines the elementary particles to be consisting of quarks. 
Irrespective of the question, which physical reality should be attributed to this model 
concept, one thing remains puzzling: The quarks should run apart, or you should try to 
keep together three globules, which are moving violently and permanently hitting 
each other. For this reason glue particles were postulated, the so-called gluons, which 
now should take care for the reaction force, but this reaction force is nothing but a 
postulate! 


+ In nuclear physics it concerns the force, which holds together the atomic nucleus, 
which is composed of many nucleons, and gives it the well-known great stability, 
although here like charged particles are close together. Particles, which usually repel 
each other. Between the theoretical model and practical reality there is an enormous 
gap, which should be overcome by introducing of a new reaction force. But also the 
rhuclea force, called strong interaction, is nothing but a postulate! 


+ In atomic physics the electric force of attraction between the positive nuclear charge 
and the negatively charged enveloping electrons counteracts the centrifugal force. In 
this case the anti-vortex takes care for a certain structure of the atomic hull, which 
obey the Schrodinger equation as eigenvalue solutions. But also this equation 
inrespective of its efficiency until today purely is a mathematical postulate, as long as 
its origin isnot clear. 


+ In astrophysics centtfugal foree (expansion) as a result of the inertia and gravitation 
(contraction) as a result of the attraction of masses are balanced. But the “gravitation” 
puls itself in the way of every attempt to formulate a unified field theory. Also this 
{ime it isthe contracting Vortex, of which is said it can't be derived nor integrated. 


550 Faraday's law and Maxwell's formation 


James Clerk Maxwell», 
the mathematician (1831-1879) 


IL 


¢.g.: transformer 


eat = 
Michael Faraday, 


the experimentor (1791-1867) 


Fig. 27.4: The fathers of the law of induction, 


<i>: J.C. Maxwell: A treatise on Electricity and Magnetism, Dover Publications 
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It is remarkable how in the domain of the contracting vortex the postulates are 
accumulating. But this hasn't always been the case. In ancient Greece already 2400 years 
ago Demokrit has undertaken an attempt to formulate a unified physics. He traced all 
visible and observable structures in nature back to vortices, each time formed of vortex 
and anti-vortex. This phenomenon appeared him to be so fundamental, that he put the term 
vortex” equal to the term for ,law of nature". The tem ,atom" stems from Demokrit 
(460-370 BC). 


Seen this way the physicists in ancient times already had been further than today's 
physics, which with the Maxwell approximation neglects the contracting vortex and with 
that excludes fundamental phenomena from the field description or is forced to replace 
them by model descriptions and numerous postulates, 

What we need is a new field approach, which removes this flaw and in this point reaches 
‘over and above the Maxwell theory. 


27.4 Faraday's law and Maxwell's formulation 


In the choice of the approach the physicist is free, as long as the approach is reasonable 
and well founded. In the case of Maxwells field equations two experimentally determined 
ies served as basis: on the one hand Ampere's law and on the other hand the law 
‘of Faraday. The mathematician Maxwell thereby gave the finishing touches 
for the formulations of both laws. He introduced the displacement current D and 
completed Ampere’s law accordingly, and that without a chance of already at his time 
being able to measure and prove the measure. Only after his death this was possible 
experimentally, what afterwards makes clear the format of this man. 
In the formulation of the law of induction Maxwell was completely free, because the 
discoverer Michael Faraday had done without specifications. As a man of practice and of 
experiment the mathematical notation was less important for Faraday. For him the 
attempts with which he could show his discovery of the induction to everybody, eg. his 
Unipolar generator, stood in the foreground. 
His 40 years younger friend and professor of mathematics Maxwell however had 
something completely different in mind. He wanted to describe the light as an 
electromagnetic wave and doing so certainly the wave deseription of Laplace went 
through his mind, which needs a second time derivation of the field factor. Because 
Maxwell for this purpose needed two equations with each time a first derivation, he had to 
introduce the displacement current in Ampere’s law and had to choose an appropriate 
notation for the formulation of the law of induction to get 10 the wave equation. 
His light theory initially was very controversial. Maxwell faster found acknowledgement 
for bringing together the teachings of electricity and magnetism and the representation as 
something unified and belonging together than for mathematically giving reasons for the 
principle discovered by Faraday. 
Nevertheless the question should be asked, if Maxwell has found the suitable formulation, 
if he has understood 100 percent correct his friend Faraday and his discovery. IF discovery 
(from 29.08.1831) and mathematical formulation (1862) stem from two different 
Scientists, Who in addition belong to different disciplines, misunderstandings are nothing 
‘unusual. It will be helpful to work out the differences. 
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‘The discovery of Faraday 


discovery of Faraday 


vxB 
unipolar induction 


en) 


Fig. 27.5: ‘Two formulations for one law 
‘As a mathematical relation between 


the vectors of the ele 
and the induction B 


24 Maxwell equation 


Es abla 


law of induction generally 


ea 


tric field strength E 
(= magnetic flux density) 


Consequences 


(the physically mean 


of the field concept’ 


describes a field 
physical principle 


« The Faraday approach} 


+ field = experience: 


We experience the electric as a 
magnetic field and vice versa as| 
a result of a relative velocity 


* Particles do not occur in 
the Faraday approach 


* the electric (B+ field 
= static field of charges, 

> the magnetic (H-) field 
= field of moving charges. 

]> The origin of the particles 
remains unsettled (postulat 


E- and H_field. 


* Perfect duality betweenle No 


duality in the fiel 
description _ 2 


* v leads to dual permutation 
of E- and H-field. 


|. Charge carriers=el. monopo 
J+ No magnetic monopoles! 
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27.5 The discovery of Faraday 


If one tums an axially polarized magnet or a copper dise situated in a magnetic field, then 
perpendicular to the direction of motion and perpendicular to the magnetic field pointer a 
pointer of the electric field will occur, which everywhere points axially 10 the outside. In 
the case of this by Faraday developed unipolar generator hence by means of a brush 
between the rotation axis and the circumference a tension voltage can be called off. 
‘The mathematically correct relation E = v x B I call Faraday-law, even if it only 
appears in this form in the textbooks later in time", The formulation usually is attributed 
{o the mathematician Hendrik Lorentz, since it appears in the Lorentz force in exactly this 
form. Much more important than the mathematical formalism however are the 
experimental results and the discovery by Michael Faraday, for which reason the law 
concerning unipolar induction is named alter the discoverer. 

OF course we must realize that the charge carries at the time of the discovery hadnt been 
discovered yet and the field concept couldn't correspond to that of today. The field 
concept was an abstracter one, free of any quantization. 


That of course also is valid for the field concept advocated by Maxwell, which we now 
contrast with the ,Faraday-law" (lig. 274). The second Maxwell equation, the law of 
induction (27.1%), also is a mathematical description between the electric field strength E 
fand the magnetic induction B. But this time the two arent linked by a relative velocity 
In that place stands the time derivation of B, with which a change in flux is necessary for 
fan electric field strength to occur, AS a consequence the Maxwell equation doestit provide 
4 result in the slatic or quasi-stationary ease, for which reason it in such cases is usual, 10 
fall back upon the unipolar induction according to Faraday (e.g. in the case of the Hall- 
probe, the picture tube, etc.). The falling back should only remain restricted to such cases, 
so the normally used idea. But with which right the restriction of the Faraday-law to 
Stationary processes is made? 

The vectors E and B can be subject to both spatial and temporal fuctuations. In that way 
the two formulations suddenly are in competition with each other and we are asked, 10 
explain the difference, as faras such a difference should be present 


Part 2, INDEL 1996, Chap. 16.1 


<i>: among others in R.W. Pohl: Einfuhrung in die Physik, Bd.2 Elektrzitaslebre, 
21.Aulfl Springer-Verlag 1975, Seite 76 und 130 


Ditferent formulation ofthe law of induction, 


unipolar generator 


discovery of Faraday 


ce | 


e.g: transformer 


264 Maxwell equation 


[B=vxB 


rot E 


en) 


= aB/dt 


Difference, e.g. in the (quasi-) stationary case (4B/dt = 0): 


E+#0 
Electric and magnetic field 


coupled: Ge 
on BW) 


mag. inducti 


Only E or B can form an 


open field line. 
The other field line is 
a closed-loop field line 


Fig. 27.6: 


E=-0 


in the stationary case are: 


decoupled: ——e E 
neglectible  B 


Closed-loop field lines 
have no effect, can’t 
be influenced and are 
neglected (Maxwell 
approximation!) 


Law of induction according to Faraday or Maxwell? 
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27.6 Different formulation of the law of induction 


Such a difference for instance is, that it is common practice to neglect the coupling 
between the fields at low frequencies. While at high frequencies in the range of the 
electromagnetic field the E- and the H-field are mutually dependent, at lower frequency 
tand small field change the process of induction drops correspondingly according 10 
Maxwell, so that a neglect seems to be allowed. Now electric or magnetic field can be 
measured independently of each other. Usually is proceeded as if the other field is not 
present at all 

‘That is not correct. A look at the Faraday-law immediately shows that even down to 
frequency zero always both fields are present, The field pointers however stand 
perpendicular to each other, so that the magnetic field pointer wraps around the pointer of 
the electric field in the form of a vortex ring in the case that the electic field strength is 
being measured and vice versa, The closed-loop field lines are acting neutral 0 the 
foulside: they hence need no atention, so the normally used idea. 1 should be examined 
more closely if this is sufficient as an explanation for the neglect of the not measurable 
closed-loop field lines, or if not after all an effect arises from fields, which are present in 
reality. 

Another difference concerns the commutablity of E- and H-field, as is shown by the 
Faraday-generator, how a magnetic becomes an electic field and vice versa as a result of a 
relative velocity v. This directly influences the physical-philosophic question: What is 
‘meant by the electromagnetic field? 

The textbook opinion based on the Maxwell equations names the static field of the charge 
carers as cause for the electric field, whereas moving ones cause the magnetic field. But 
that hardly can have been the idea of Faraday, to whom the existence of charge carriers 
was completely unknown, The for his contemporaries completely revolutionary abstract 
field concept based on the works of the Croatian Jesuit priest Boscovich (1711-1778). In 
the ease of the field it should less concern a physical quantity in the usual sense, than 
rather the experimental experience” of an interaction according 10 his field description 
We should interprete the Faraday-law to the effect that we experience an electric field, if 
We are moving with regard toa magnetic field witha relative velocity and vice versa 

In the commutabiity of electric and magnetic field a duality between the two is expressed, 
Which in the Maxwell formulation is lost, as soon as charge carriers are brought into play 
Is thus the Maxwell field the special case of a particle free field? Much evidence points 10 
it, because after all a light ray can run through a particle free vacuum, If however fields 
can exist without particles, particles without fields however are impossible, then the field 
should have been there first as the cause for the particles. Then the Faraday description 
should form the basis, fom which all other regularities can be derived, 
‘What do the textbooks say to that? 
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Contradictory opinions in textbooks 


‘+ According to Prof. Bosse*: 
equation artstimaten Dp Maxwell = special case 


Faraday-law 
(unipolar induction) 


284 Maxwell equation 


[RESORT] 
ay resp. 
7+ fa, SS ao 7ae] oo 


E-vxB 


Discordance at the Technical University of Darmstadt 
* According to Prof. Kapfmiiller*: 
special formulation general formulation 


of the law of induction 


Different order in the derivation 
Ace. to the TU Darmstadt (Prof. Ktipfniillers+ /Prof. Boss 
follows from[F = 1005 


od ET 


‘unipolar induction 


According to the University of Gottingen (Prof. Pohl) 
follows from[F = Q° 2. 
and B= vxB 


Lorentz force can 
be derived | 


Fig. 27.7: Different opinions and derivations 


<i>: K, Kupfinuller: Einfubrung in die theoretische Elektrotechnik, 12, Auflage, 

Springer Verlag 1988, Seite 228, Gi. 22. 

<ii>: G. Bosse: Grundlagen der Elektrotechnik 11, Bl-Hochschultaschenbucher 

Nr. 183, Aufl. 1967, Kap. 6.1 Induktion, Seite 8 

<iii>: R. W. Pohl: Einfubrung in die Physik, Band 2 Elektrizitatslehre, 21. Auflage, 
wger-Verlag 1975, Seite 77 
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27.7 Contradictory opinions in textbooks 


Obviously there exist two formulations for the law of induetion (27.1 and 27.1%), which 
more of less have equal tights. Science stands for the question: which mathematical 
description is the more efficient one? If one case is a special case of the other case, which 
ddesription then is the more universal one? 


What Maxwell's field equations tell us is sufficiently Known, so that derivations are 
unnecessary. Numerous textbooks are standing by, if results should be cited. Let us hence 
tum fo the Faraday-law (27.1), Offen one searches in vain for this law in sehoolbooks. 
Only in more pretentious books one makes a find under the keyword “unipolar inductio 
If one however compares the number of pages, which are spent on the law of induction 
according to Maxwell with the few pages for the unipolar induction, then one gets the 
impression that the latter only is a unimportant special case for low frequencies. 
Kupfmuller speaks of a special form of the law of induction’™", and cites as_practical 
examples the induction ina brake disc and the Hall-ffect. Afterwards Kupliniller derives 
from the ,special form” the ,,general form” of the law of induction according to Maxwell 
1 postulated generalization, Which needs an explanation. But a reason is. not given” 
Bosse gives the sume derivation, but for him the Maxwell-result is the special ease and not 
his Faraday approach’! In addition he addresses the Faraday-law as equation of 
transformation and points out the meaning and the special interpretation. 
On the other hand he derives the law from the Lorentz force, completely in the style of 
Kupfimuller* and with that again takes it part of ils autonomy. Pobl looks at that different. 
ee inversely derives the Lorentz fore from the Faraday-law’* 


By all means, the Faraday-law, which we want to base on instead of on the Maxwell 
equations, shows strange effects" fiom the point of view of a Maxwell representative 
of today and thereby but one side of the medal (eq, 27.1). Only in very few distinguished 
textbooks the other side of the medal (eq. 27.2) i mentioned at all. In that way most 
textbooks mediate a lopsided and incomplete pictur’“*". If there should be talk about 
equations of transformation, then the dual formulation belongs to it, then it concerns a pait 
‘of equations, which describes the relations between the eletre and the magnetic field 


I the by Bosse" prompted term equation of transformation” is justified or not at first is 
‘unimportant. Tha is a matte of discussion, 


=e! _K Kupimuller Giafuhring i die theorstische “Elekirorechnik, 12.Aulf., 
Springer Verlag 1988, Seite 228, Gl. 22 

<ii>: G. Bosse: Grundlagen der Elektrotechnik I, BI-Hochschultaschenbucher 
Nr.183, LAufl. 1967, Kap. 6.1 Induktion, Seite 58. 

<li>: R.W-Pobl: Einfubrung in die Physik, Bd2 Blektizitatslehre, 2 LAufl 
Springer-Verlag 1975, Seite 77 

cif: G. Lehner: Elektromagnetische Feldtheorie, Springer-Lehrbuch 1990, 1 
Aull, Seite 31 Kommentar zur Lorentzkraft (1.65) 
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The new and dual field approach consists of 


equations of transformation 


ofthe electric and _of the magnetic field“ 
LE = vxB jer) om [RE SYEDT 
unipolar induction equation of convection 


+ Formulation according to the rules of duality 


+ Grimsehl“” speaks of the ,,cquation of convection" 
according to which moving charges produce a magnetic field 
and so-called convection currents (refering to Rontgen 
1885, Himstedt, Rowland 1876, Eichenwald and others) 


+ Pohl" gives examples for the equations of transformation, 


+ he writes the equations beneath each other 


(FE = pv xH]e73)o0 [= Seve Ee 7a 
* and points out that for y=c = 1/\pe 
‘one equation changes into the other one! 


The new and dual approach roots in textbook physics! 


Fig, 27.8: The new and dual field approach 


<P: soe Pat 1, chapter 65 
<it>:Grimsebl: Lehrbuch der Physik,2.Bd, 17 Aufl. Teubner Ver. 1967, S. 130. 
<i>: RW.Pobl: Einfulnng in dic Physik, Bd2 Elekwiztaslebre, 21 Aull 
Springer Verlg 1975, Seite 79 
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27.8 The field-theoretical approach 


‘The duality between E- and HLfield and the commutabilty asks for a corresponding dual 
formulation 10 the Faraday-law (27.1). Written down according to the rules of duality 
there results an equation (27.2), which occasionally is mentioned in some textbooks. 
While both equations in the books of Pohl" and of Simonyi"” are written down side by 
side having equal rights and are compared with each other, Grimsehl™” derives the dual 
regularity (272) with the help of the example of a thin, positively charged and rotating 
metal ring. He speaks of equation of convection”, according to which moving charges 
produce a magnetic field and so-called convection currents. Doing so he refers to 
Workings of Rontgen 1885, Himstedt, Rowland 1876, Eichenwald and many others more 
Which today hardly ate known. 

In his textbook also Pohl gives practical examples for both equations of transformation, 
He points out that one equation changes into the other one, if as a relative velocity v the 
speed of light e should occur. This question will also occupy us. 


We now have found a field-theoretical approach with the equations of transformation, 
Which in its dual formulation is clearly distinguished from the Maxwell approach. The 
reassuring conclusion is added: The new field approach roots entirely in textbook 
physics, as are the results from the literature research, We can completely do without 
postulaies. 

Next thing to do is to test the approach strictly mathematical for freedom of 
contradictions. It in particular concems the question, which known regularities can be 
derived under which conditions. Moreover the conditions and the scopes of the derived 
theories should result correctly, eg. of what the Maxwell approximation consists and why 
the Maxwell equations describe only a special ease. 


27.9 Derivation of Maxwells field equations 


As a starting-point and as approach serve the equations of transformation of the 
electromagnetic field, the Faraday-law of unipolar induction and the according to the rules 
of duality formulated law (eq. 27.1, 2). If we apply the curl 10 both sides of the equations 
then according to known algorithms of vector analysis the curl of the cross product each 
time delivers the sum of four single terms. Two of these again are zero for an 
accelerated relative motion in the x-direction with v = del. 

One term concems the vector gradient (v grad)B, which can be represented as a tensor. 
By writing down and solving the accompanying derivative matrix giving consideration to 
the above determination of the vvector, the vector gradient becomes the simple time 
derivation ofthe field vector B((t) (eg. 27-10, according to the ule of eg, 27.11). 


RW POREFinfuhrang indie Physik, Bd2ElekriaiasTehre, —31.Aufl 
Springer-Verlag 1975, Seite 76 und 130 


<i: K. Simonyi: Theoretische Elektrotechnik, 7.Aufl. VEB Berlin 1979, Seite 924 
<<ilé>: Grimsehl: Lehrbuch der Physik, 2,Bd., 17-Aufl. Teubner Verl. 1967, S. 130, 


S60. Derivation of Maxwell's field equations 


As approach serve the equations of transformation (fig. 27.5) of 
the electric and of the magnetic field: 


BSvxB joj [HS-vxD)] oe 

Ifwe apply the curl to the respective cross product 

[FEB SHOR B))c75) an [LHS FORD) ov 

then according to the algorithms four sum terms are delivered: 
ToE = (Bgradjv —(vgrad)B +vdivB -Bdivv| ers) 

rot H = -((D grad)v = (v gradjD + v div D —D div v| (27.0) 

where 2 of them are zero because of: [vit] = dr/dt | @7 
+ the divergence of v(t) disappears: divy = 0 , (27.8) 


+ and will be zeroas well: @v(t)/@r = [grad = 0| 779) 


+ there remain the vector gradients: 


dB 


(vgrad)D = ap 427.10) 


and 


+ according to the rules“” in general (with eq. 27.7): 


AV(r()) _ EV(r=x(t))  de(t) _ 27 
t ae Gel = (grad) Vern 


+ A comparison of the coefficients of both field equations 
rot E ==dB/dt¥vdivB = -dB/dt—b ] enn) 
rotH = dD/dtSwavD = aD/dt+j | or 


with the Maxwell equations results in: 


* for the potential density b = -vdivB = 0 — , (27.14) 
(eq. 27.12 _= law of induction, ifb = 0 resp. div B= 0) 


for the current density} = -v divD = =vepa .Q7la 
(eq. 27.13 = Ampere's law, if j = with v moving negative 
charge carriers (p.= electric space charge density), 


Fig. 27.9: Derivation of Maxwell's field equations as a 
special case of the equations of transformation 


<i>: Bronstein ua. Taschenbuel der Mathemat 


4.Neuaull Thun 1999, S. 652 
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For the lest not yet explained tems at Get are veten down the vector b and j at 
tBbeevition. With equation 2713. we inthis way inmedacly Took at the wellkaowe la 
Of Ampere’ (I" Mawel! eqution. The compaaon of cocficens (2713) tn addon 
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iaw of Ampefe tbe interpretation of the, potential density b sill is"dus- From the 
compargon Wi the lw of indicon (eq 27-1*) we marly inf, that according to the 
Mawel theory tha teat aarumed fo be. zero; But tal" exncly’ the lax 
approtimaion ad tbe rection wah mga to te new and dial Held appronch, ich 
ron in Fara. 

Tn tat way aio she duty gets lst with tbe argument at magnetic moeopotes (div B) 
in conta 10 electric monopoles (dv D) do no exist and ul today could evade every 
root lds is overlooked that dv D at ft dectes only edly cures and ai B ealy 
the necenary ani-vonet, the pote) vores. Spheteal parle, Me eg. chan carers 
presigpee lh vores: on, the inside the expanding (Gv D}_ and on We cutie the 
Sontag vortex (GiB), which then necesuy as to be diferent fom ze, een if 
thee baat et been searched fare vores dual to dy caren which ar cxpresod 
ine nog te 

Asuring 1 mooopole concems 1 apscal form af a field yore, then iminediaely gta 
flea, why the search for magnetic ples aso be a dead end and el lure ist good 
fh cemienogenent” The miadey ckcle condusivly ia vcs revens cee 
destin eiiy curens and the fomaion of magne memopoes, Pols denies and 
pots vorices Bowever can coeur Aa ren can wiow exception only cecal 
Gharged. parca be found) inthe yuu  (levaton in chper 42 il 44), 
Bouse varices are moce thy eonopslelke stnuer depending en some boundary 
Pendloas, "nly "The" "vaces" deipta “will "be punved uthr’ eomegunty 
Tat us record: Maxwells field equations can dteely ve derived ffom the new dul 
Feld approcch unr. teiictve" condor, Under tis condiion the 1 approaches 
tre elated wih Uat also ror ee, Both illow the textbooks and ea 300 Speak 
bei texbook opinion, 

The esncton (b= 0) suey is meaning and resonable in all thas cases in which the 
Mawel! toy is succf It only has an effect inthe domain of elecdynansis, Here 
Usually a vecoe pola! A is woduced and by mean of te clclaon Sf a complet 
elcevc constant a las angle {a determined, Mathematically te approsch is coect aad 
dicleine losses tan be “eleulaed. Pujsicaly” however the vest exremely 
(pediooable, since us a contequnge of complex sn corplex sped of ight would res 
(Gccording to he definition = 1A) With tha lecrodynamicsafends against all 
tpeciatos of fhe lxthoo, acing to which cs contant and not vale ad ea 
te ever compe. 

But if res af the deiation pial is wong, then somthing with th approuch ix 
wrong, then the fies in the dieloctie perhape have an eslily olbet nature, then 
Utes loses petaps are vores leses of pte vetezs ling apa? 


862 Derivation of the potential vortices 


+ Maxwell's field equations: 
TotE = —dB/dt (law of induction) 4 


rotH = dD/dt+j | (Ampére’s law) eo 


+ describe the special case for b = 0 resp. div B = 0 


rot E = =dB/dt+vdivB = -dB/dt-b | ar 
rotH = dD/dt-vdivD = dD/dt+j | @ 


The physical = meaning = of_-—the_-_introduced 
abbreviations b and j is: 


+ the current density j = Swaiv DD! = — vepa , C715) 
+ with Ohm's law j= oE = D/ti,and (27.16) 

+ the potential densityb = 2vdiviB = B/% .e717) 
+ with the eddy current time constant tT) = e/a ({1l6 


+ and with the potential vortex time constant t2 


The complete field equations (27.12 and 27.13) read, with the time 
constants (r; and tof the respective field vortex: 


+ completely extended law of induction (with B =H): _ (27.18) 
rot E =-dB/dt—B/ty =~ w(dH/dt + H/ts) |ar2 


+ and the well-known law of Ampere (with D =e): (27.19) 
rotH = dD/dt+D/m = (dE/dt+E/u) |er2 


Fig. 27.10: The extension of the law of induction for 
vortices of 
the electric field (potential vortices].“” 


<b: see also fig. S.1 
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27.10 Derivation of the potential vortices 


1s the introduction of a vector potential A in electrodynamics a substitute of neglecting the 
potential density b? Do here two way's mathematically lead to the same result? And what 
About the physical relevance? After classic electrodynamics being dependent on working 
with a complex constant of material, in what is buried an unsurmountable inner 
contradiction, the question is asked for the freedom of contradictions of the new approach. 
At this point the decision will be made, if physics has 10 make a decision for the more 
efficient approach, as it always has done when a change of paradigm had to be dealt with 
‘The abbreviations j and b are further transformed, at first the current density in Amperc's 


law j=. Veil (27.15), as the movement of negative electric charges. By means of 
Ohm's law j=GE and the relation of material D=SE the current density j also can be 
written down as dielectric displacement current with the characteristic relaxation time 
constant t, = ef (e9. 27.16) for the eddy currents. In this representation of the law of 

Ampere (eg. 27-21) clearly is brought to light, why the magnetic field is» vortex field, 
fand how the eddy currents produce heat losses depending on the specific electric 
conductivity cj, As one sees we, with regard to the magnetic field description, move 
around completely in the framework af textbook physics 


Let us now consider the dual conditions, The comparison of coefficients (eq, 27.12 + 
27.17) looked at purely formal, results in a potential density b in duality to the current 
Gensity j, which with the help of an appropriate time constant t; founds vortices of the 
clectric field. I eall these potential vortices (in e4. 27.20) 


‘Im contrast to that the Maxwell theory requires an irrotationality of the electri field, 
which is expressed by taking the potential density b and the divergence B equal to zero, 

‘The time constant t therehy tends towards infinity. This Maxwell approximation leads to 
the eircumstance that with the potential vortices of the clectrie field also their propagation 
as a scalar wave gets lost, so that the Maxwell equations describe only transverse and no 
longitudinal waves. At this point there can occur contradictions for instance in the case of 


the near-field of an antenna, where longitudinal wave parts can be detected measuring 
technically, and such parts already are used technologically in transponder systems eg. as 
installations warning of theft in big stores. 


It is denominating, how they know how to help oneself in the textbooks of high-frequency 
technology in the case of the near-field zone”, Proceeding from the Maxwell equations 
the missing poteatial vortex is postulated without further ado, by means of the 
specification of a , standing wave" in the form of a vortex at a dipole antenna. With the 
help of the postulate now the longitudinal wave parts are calculated", like they also are 


being measured, but also like they wouldn't occur without the postulate as a result of the 
Maxivell approximation, 


There isn't 4 way past the potential vortices and the new dual approach, because no 
scientist is able to afford to exclude already in the approach a possibly authoritative 
pPheaomenon, which he wants to calculate physically correct! 


is! Tink, Branswig: Lehrbuch der Hochirequeaziechaik, 1. Bd, 3 Aullage 1986 
Springer-Verlag Berlin, Seite 335 


64 Derivation of the fundamental field equation 


+ Under the assumption: E = (r,t); H=H(r,) , 
+ using the relations of material: 
(B-pH land D-= : 
+ the complete and extended law of induction reads: 
Depa e/a > — wlartjat + H/x2) |29 


rot B 


+ and the well-known law of Ampere: 
(RRS Da eewyet+ Bln) Jorn 


if we again apply the curl operation to eq. 27.20 and insert 
4.2721: 


-rotrotE = y-d(rotH)/dt + (u/t2)(rot H) way 
= ye[e2E/At2 + (1/t1)-B/ot + (1/12)-6B/et + B/tita) | e728} 
= (for fore/ot? + (1/rs + 1 /tR/et + B/21) | e729) 
with the definition for the speed of light c: 
ew = 1/e]er25 

the fundamental field equation reads: 


<e2rot rot B= @B/at? + | 
Oa, 
x B (electromagnetic wave) + 
+ (1/m) dB /at + (1/1) 0B /at + E/ nat. 
ELE AE LOLS (A Ja) TG) at Bae, 
c a e 
+ eddy current + potential vortex +1/U 
Fig. 27.11: Derivation of the fundamental field 
equation 


from the equations of transformation of the 
electromagnetic field. * 


<i>: The fundamental field equation mathematically describes a wave di 
With the vortices of the electric and the vort 

Iv is formulated only in space and time. From 
eigenvalue equations, (Le. the equation of Schrodinger, 


Faraday versus Maxwell 565 


27.11 Derivation of the fundamental field equation" 


‘The two equations of transformation and also the from that derived field equations (2720 
and 27.21) show the two sides of a medal, by mutually describing the relation between the 
electric and magnetic field strength (between E and H), We get on the track of the 
meaning of the ,.medal” itself, by inserting the dually formulated equations into each 
‘other. If the caleulated Hefield from one equation is inserted into the other equation then 
as a result a determining equation for the E-field remains, The same vice versa also 
functions to determine the Hefield, Since the result formally is identical and merely the H- 
field vector appears at the place of the E-field vector and since it equally remains valid for 
the B-, the D-field and all other known field factors, the determining equation is more than 
‘only @ calculation instruction. It reveals a fundamental physical principle. 1 call it the 
"fundamental field equation’ 


‘The derivation always is the same: If we again apply the curl operation to rot E (law of 
induetion 27.20) also the other side of the equation should be subjected to the curl. If for 
both terms rot His expressed by Ampere’s law 27.21, then in total four terms are formed 
(27.26): the wave equation (a-b) with the two damping terms, on the one hand the eddy 
Currents (a-c) and on the other hand the potential vortices (al) and as the fourth term the 
Poisson equation (a-e), which is responsible for the spatial distribution of currents and 
oct 

Not in a single textbook a mathematical linking of the Poisson equation with the wave 
equation can be found, as we here succeed in for the first time. It however is the 
prerequisite 10 be able to describe the conversion of an antenna current into 
electromagnetic waves near a transmitter and equally the inverse process, as it takes place 
at a receiver. Numerous model concepts, like they have been developed by HF- and EMC- 
technicians as a help, can be described mathematically correct by the physically founded 
field equation, 


In addition further equations can be derived, for which this until now was supposed to be 
impossible, like for instance the Schrodinger equation (chapter 56-59). This contrary to 
current opinion isn't a wave equation at all, since the tem (b) with the second time 
derivation is missing. As diffusion equation it has the task to mathematically describe field 
vortices and their structures, 
As a consequence of the Maxwell equations in general and specifically the eddy currents 
not being able to form structures, every attempt has t0 fal, which wants to derive the 
Schrodinger equation from the Maxwell equations. 

be fundamental field equation however contains the newly discovered potential vortices, 
Which owing 10 their concentration effect (in duality to the skin effect) form spherical 
structures, for which reason these occur as eigenvalues of the equation. For these 
eigenvalue-solutions numerous practical measurements ate present, which confirm their 
correctness and with that have probative force with regard to the correctness of the new 
Held approach and the fundamental field equation, By means of the pure formulation in 
space and the interchangeability of the field pointers here a physical principle is 

‘uli all requitements, which a world equation must meet, 


=e weako hg ST 
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Com 


‘The Maxwell field asa derived special ease 


sparison: 


The Faraday ap- 
proach is universal 


It reveals a physical 
principle 


+ The field equations describe o1 
‘a special case! 


the particles 


(Principles of causality 
are preserved) 


The field is the cause for} 


causality) 


Particles probably are field 
configurations 

Quanta can be calculated 
as field vortices 

(without any hypothesis) 
All quantum properti 
can be calculated likewise 


* Particles consist of hypothetic 


subparticles 
Quark-hypothesis must rep! 
missing calculation 


Sorting und systematizing of 
properties in the standard- 


Potential vortices form} 
electric field vortives 


(the E-field is a source free 
vortex field) 


Field vortices carry momen- 
tum and form a scalar wave| 


Longitudinal wave with arb. 
velocity of propagation v 


= theory of objectivity 


Electromagnetic wave is a 
transverse wave 


Constant propagation with the 
speed of light ¢ 


=> theory of relativity 


Fig. 27.12: 


Comparison of the field-theoretical approaches 


according to Faradav and according to Maxwell. 
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27.12 The Maxwell field as a derived special ease 


AAs the derivations show, nobody can claim there wouldn't exist potential vortices and no 
propagation as a scalar wave, since only the Maxwell equations are to blame that these 
already have been factored out in the approach. One has to know’ that the field equations, 
and may they be as famous as they are, are nothing but a special case, which ean be 
derived 


‘The field-theoretical approach however, which among others bases on the Faraday-law, is 
universal and can't be derived on its part. It describes a physical basic principle, the 
allemating of two dual experience or observation factors, theit overlapping and mixing by 
continually mixing up cause and effect. It is a philosophic approach, free of materialistic 
‘or quantum physical concepts of any particles. 


Maxwell on the other hand describes without exception the fields of charged particles, the 
lectric field of resting and the magnetic field as a result of moving charges. The charge 
carriers are postulated for this purpose, so that their origin and their inner structure remain 
unsettled and can't be derived. The subdivision e.g. in quarks stays in the domain of a 
hypothesis, which can't be proven. The sorting and systematizing of the properties of 
particles in the standard-model is nothing more than unsatislying comfort for the missing 
caleulability 


With the field-theoretical approach however the elementary particles with all quantum 
properties can be calculated as field vortices (chap. 7). With that the field is the cause for 
the particles and their measurable quantization. The electric vortex field, at first source 
free, is itself forming its field sources in form of potential vortex structures. The formation 
fof charge carriers in this way can be explained and proven mathematically, physically, 
‘graphically and experimentally understandable according to the model. 


Where in the past the Maxwell theory has been the approach, there in the future should be 
proceeded from the equations of transformation of the feld-theoretical approach. If now 
potential vortex phenomena occur, then these also should be interpreted as such in the 
Sense of the approach and the derivation, then the introduction and postulation of new and 
ecoupled model descriptions isn't allowed anymore, like the near-field effects of an 
antenna, the noise, dieleetric capacitor losses, the mode of the light and alot else more, 


‘The at present in theoretical physics normal scam of at first putting a phenomenon to zero, 
to aflerwards postulate it anew with the help of a more of less suitable model, leads to a 
breaking up of physics into apparently not connected individual disciplines and an 
inefficient specialisthood, There must be an end 10 this now! The new approach shows the 
way towards unified theory, in which the different ateas of physics again fuse 10 one 
area. In this lies the big chance of this approach, even if many of the specialists at First 
should still revolt against it 


‘This new and unified view of physics shall be summarized with the term "theory of 
objectivity". As we shall derive, it will be possible to deduce the theory of relativity as a 
partial aspect of it (chapter 6 and 28. 


Let us first cast our eyes over the wave propagation, 


08 Derivation of the wave equation 


+ _ Starting-point: the fundamental field equation 


See: 1 as Be 


d? tm dt tu dt = tite 
+ with a magnetic flux density B = B(r(t)). 


|-c#rot rot B= 


ie condition for eq. 27.26%: 


the special case, if =0 and o/e= | (1/ti) = 0} (7.16%) 
The remaining vortex term is transformed by applying already 
used relations (eq. 27.10 and eq. 27.17): 


(710) 


cy 


-vdivB|. | 


If the velocity of propagation: v= (va, Wy=0, v.=0) ; v= dx/dt , 
then the simplified field equation (if the coordinates are orientated 
on the vector of velocity) results in the general wave equation 
(involved with the x-component) in the form: 


B - ctrotrotB = d?B/dt? eng 


longitudinal transverse wave 
with v = arbitrary| with c= const.| velocity of propagation 


2™ condition for eq. 27.28: v 


The wave equation in the usual notation (= inhomogeneous 
Laplace equation, = purely a special case!) now reads: 


AB = grad div B- rot rot B = (1/c2)-d?B/dt? 


Fig. 27.13: Derivation of the wave equations 
(inhomogeneous 

Laplace equation) as a special case of the equations 
of transformation of the electromagnetic field. 
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27.13 Derivation ofthe wave equation 


The first wave description, model for the light theory of Maxwell, was the inhomogeneous 
Laplace equation: 


Agc?=d7R/dt| with | AB = grad divE—rotrotE | @728+) 


‘There are asked some questions: 
*+ Can also this mathematical wave description be derived from the new approach? 
+ Isitonly a special ease and how do the boundary conditions read? 

+ In this case how should it be interpreted physically” 
+ Are new properties present, which can lead to new technologies? 


Surting-point is the fundamental Geld equation (27.26). We thereby should remember the 
interchangcability of the field pointers, that the equation doesot change its fom, if it is 
derived for H, for B, for D or any other field factor instead of forthe E-field poiter. This 
time we write it down for the magnetic induction B and consider the special case, that we 
are Tocated in a badly conductiog medium, as is usual for the wave propagation in ait. But 
With the electric conductivity cals I/z = tends towards 2er0 (eq. 27-16"). With that 
the eddy currents and their damping and other properties disappear from the field 
equation, what also makes sense. There remains the potential vortex term (I/ts)*dBidt , 
Which using the already introduced telations (eq, 27.10 and 27.17) involved with an in x” 
Givetion propagating wave (= (V4, ¥s = 0, ve= 0) ea be transformed dict into 

~1vP grad div B 
The divergence of @ field vector (here B) mathematically seen is a scalar, for which reason 
this term as part of the wave equation founds so-called ,scalar waves" and that means that 
poteaial vortices, as far as they exist, will appear as a scalar wave. We at this point tacitly 
Sntcipate chapter 28, which provides the reason for the speed of light losing ss vectorial 
nature, if it is correlated with itself. This insight however is valid in general for all 
Yelocites (¥ = drt), so that in the same way a scalar desripive factor ean be used for 
the velocity (v= dvd as for 
From the simplified field equation (27.26) the general wave equation (27.27) can be won 
in the shown way, divided into longituinal and tansverse wave parts, which however can 
propagate with different velocity 
Physically seen the vortices have particle nature as a consequence of their structure 
forming property. With that they cary momentum, which puls them in a positon to form 
2 longitudinal shock wave similar to a sound wave. Ifthe propagation of the light one ime 
fakes place as a wave and another time as a panicle, then this simply and solely is a 
consequence of the wave equation. Light quanta should be intepreted as evidence for the 
existence of scalar waves. Here however also occurs the eslsction that light always 
Propagates with the speed of light. It concerns the special case v = e. With that the derived 
wave equation (27.27) changes into the inhomogeneous Laplace equation (27.28). 
The eleclromagnetic wave in both cases is propagating with c. As a transverse wave the 
Field vectors are standing perpendicular to the direction of propagation. The velocity of 
propagation thecefore is decoupled and constant. Completely different is the case for the 
Tongitudinal wave. Here the propagation takes place in the diction of an oscillating field 
pointer, so that the phase velocity permanently is changing and merely an average group 
Velocity can be given for the propagation. There exists no restriction for v and v = € only 
desenbes a special ease 


570 “The new field approach in synopsis, 


+ From the dual field- [fon Mawellv nad 


theoretical approach | derived: 
are derived: 


Maxwel 
eld equations 


=the wave equation 
(with, transverse and| 
longitudinal parts) 


> only transverse waves 
(m0 longitudinal waves) 


> scalar waves 0 
(Tesla-/neutrino radiation) {ne 2 


alar waves) 


vortex and anti 
(current eddy 
vortex ) 


vortex 
nd potential 


=> only eddy currents 


Schrodinger equation [=>0 
(basic equation of chemistry) 


Klein-Gordon equation 
(basi eg, of nuclear physics) 


>0 


Fig. 27.14: Comparison of the effi 


cy of both approaches. 


(as_an interim result, if Wt concerns the question, which 
approach of the two is the more efficient one and which one 
better should be discarded. The final balance is made in 
chapter 28), 
It here concerns partial aspects of the following theories: 


=> theory of objectivity _ [=> theory of relativity 
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27.14 The new field approach in synopsis 


Proof could be furnished that an approximation is buried in Maxwell's field equations and 
that they merely represent the special case of a new, dually formulated and more universal 
approach. The mathematical derivations of the Maxwell field and the wave equation 
disclose, of what the Maxwell approximation consists. The anti-vortex dual to the 
expanding eddy current with its skin effect is neglected. This contracting anti-vortex is 
called potential vortex. It i capable of forming structures and propagates as a scalar wave 
in longitudinal manner in badly conducting media like air or Vacuusn, 


At relativistic velocities the potential vortices are subject to the Lorentz contraction. Since 
{or scalar waves the propagation occurs longitudinally in the direction of an oscillating 
field pointer, the potential vortices experience a constant oscillation of size as a result of 
the oscillating propagation, If one imagines the field vortex as a planar but rolled up 
transverse wave, then from the oscillation of size and with that of wavelength at constant 
switl velocity with e follows a continual change in frequency, which is measured as a 
noise signal 


The noise proves to be the in the Maxwell equations neglected potential vortex term, 
Which founds sealar waves. If at biological or technical systems, e at antennas noise 
signal is being measured, then that proves the existence of potential vortices, but it then 
also means that the scope of the Maxwell theory has been exceeded and erroneous 
cranceps canbe the resul 

[As an answer (0 the question about possible new technologies is pointed to two special 
properties. 

1 potential vortices for reason of their particle nature carry momentum and energy. Since 
we are surrounded by noise vortices, an energy technical use of scalar waves would be 
feasible, where the noise power is withdrawn of the surroundings. There is evidence that 
biological systems in nature cover their need for energy in this wa). But at least an energy 
transmission with scalar waves already would be a significant progress with regard to the 
alternating current technology of today. 


2" the wavelength multiplied with the frequency resuls in the velocity of propagation v of 
wave Gif = »)and that for scalar waves by no means is constant With that wavelength 

and frequency” aren't coupled anymore; they ean be modulated separately, for which 
reason for scalar waves whole dimension can be modulated additionally compared to the 
erizian wave. In that the reason can be seen, why the human brain with just 10 Hz clock 
frequency iS considerably more efficient than madera computers with miore than 1 GHz 
clock frequency. Nature always works with the best technology, even if we haven't yet 
understood it 


If we would try to leam of nature and an energy technical or an information technical use 
of sealar waves would occur, then probably nobody wanted to have our today stil highly 
praised technology anymore. In the course of the greenhouse gases and the elecirosmog 
we have no other choice than to scientifically occupy us with scalar waves and their 
technical use 


872 ‘The question concerning the aether 


Equations of transformation 
of the electric and of the magnetic field” 


E=vxB f(27-1)and 


with: B 


w-H (28.1)and 


uw x BY (27.3) and 


Experience/observation is dependent on the relative velocity v ! 


Written down in general Written down in components 
with field vectors in Cartesian coordinates: 
(unit vectors ex 5 ey , €:) 


inecdirection: | v = va(x(t)) = dx/dt 
Ho=-e-vxE — inerdirection: | H =-Hy=—e-veE: 


. 
E = p-vxH_ inerdirection: |B = Ee= pveHy 
inserted Inte cach other: | Es) 


E =-o--[v x (vx E)] inecdirection: Ez = ¢-p-veveE: 

E =-(1/c?).|v(v-E)-E-(v-v)] Ee = (1/c2)-vi2-Ex 
0, since 1 

EB =+ (v?/c2).B res| Ez= (v2/02)-Ex as 


result:<> 83) 


Fig. 28.1: The equations of transformation, 


<i>: see part 1, chap. 6.5, eq. 60 
<ii>: R. W. Pobl: Einfubrung in die Physik, Bd. 2 Elektrizitatslehre, 21. Aull 
Springer-Verlag 1975, Seite 77, $a, Kommentar auf Tafel 
<iti>: chapter 28 isa repetition of chapter 6 
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28. Objectivity versus relativity 


‘The new and fieldtheoretical approach contains the Maxwell-equations, but goes over and 
above these in one point. It describes potential vortices and theit propagation in space as a 
scalar wave. With that can also conclusive answer be given to the often-asked question 
for the medium and the mediated particles, which is a prerequisite for every longitudinal 
wave. Mediated are vortex structures with particle nature and the field itself functions as a 
‘medium. Is with that also answered the question concerning the aether? 


28.1 The question concerning the aether 


Do you know the Maxwell-experiment? No, you wouldn't be able to, since the intellectual 
father fast did make a backdown, afler it didn't work out. Today one speaks of the 
Michelson-experiment and it may be connected with any other names (Morley, te) 
Remember: In his light theory Maxwell had determined a particular and constant value for 
the speed of light and for that there should be a physical reason, which should have its 
‘cause in the aether. By means of proving this acther Maxwell wanted to prove his theory, 
but this enterprise thoroughly went wrong. 

The consideration was as follows: If the Earth is spinning and is moving through the 
cosmos, then one should be able to detect an aetherwind and different values for c in the 
different points of the compass. Maxwell found support for his project at the observatory, 
since with the aberration of the stars Bradley previously had described an observation, 
Which could be considered as evidence for an aether. The director of the observatory 
charged his assistant Dr, Michelson with the task, 10 carry out a corresponding proof of an 
ether this time in a terrestrial experiment. But such an aether coulds't be proven, what 
Maxwell had to accept as a severe strike against his light theory. Seven years later 
Maxwell got the acknowledgement, however from a completely other comer by means of 
the experiments concerning the radio transmission of Heinrich Hert, 


Until today the question has remained open why astrophysics can prove the aether, 
whereas the detection in a terrestrial laboratory fails and it looks Tike there doesn't exist an 
aether. But as definition for the cause of ¢ the aether can't be abolished as long as it is 
lunsettied why the light is propagating with of all possible velocities, The question is 
asked, what determines the propagation of light from today's point of view? Now, by 
‘means of outside fields the light can be slowed down. At present the world record lies at 
less than 65 kilometers per hour ina Bose-Einstein condensate. I electromagnetic fields 
determine the speed of light, if in addition field or gravitational lenses should confirm this, 
then the field takes over the task of the ather! 


At this place the new field-theoretical approach shows its capabilites. The equations of 
transformation say nothing but that a moving Hefield transforms a resting E-field and 

ce versa, that thus in the place of a moving aether, the aetherwind, a resting aether is 
found. Doing so the dual field partners merely exchange their places, Therefore it is a 
Wild-goose chase, wanting 10 measure an aetherwind with gauges, which underlie the 
same field (Gg. 282) 
Michelson hid to fail, 


874 an overlap of the overlap, 


The equations of transformation say: 


E = p+ vx 82730 | H = -¢-vxE @7ay 


+ Experience/observation depends on the relative velocity v! 
+ The field takes over the function of the aether (determines c) and 


+ an actherwind v x H is measured as a resting aether E and viee versal 


+ for y = ¢ the equations of transformation tum into each 
other and are identical [v= vs(x(t))]. 


+ for v<ca motion field E, depending on v is resulting 


exe) 


+ the motion field overlaps the E-field 


+ in the case of vortex fields the effect overlaps the cause and 
itself is the cause for a new effect. 


+ The overlap reaches to infinity, where each time is valid: 
En = Enr(v2/c2)ean 
+ the field Eo overlaps the motion field E, 
E = Eo+ Ey = Bo-(1 +v2/c?) cx» 
+ for infinite overlap: 
E = Eot Ei + Eg+ Eat Eqt .,. + Ent Enert ... 289 
+ results in the power series 


E = Eel + (v/c)2 + (v/c}* + (w/e) +... 
+ (v/c)20-+ (v/c)2e) + 


(2810) 


Fig, 28,2: Power series as a result of a vortex overlap. 


<i>: Grimsebl: Lehrbuch der Physik, 2.Bd., 17.Aulfl. Teubner Verl. 1967, 8. 130, 
i>: RWPohl: Einfubrung in die Physik, Bd.2 Elektrizitaslehre, 21.Auf. 
Springer-Verlag 1975, Seite 72 und 76, baw. 130. 

<i>: K, Simonyi: Theoretische Elektrotechnik, 7.Aufl. VEB Berlin 1979, Seite 924, 


id>: E_ Friebe: Die Vektorprodukte det Maxwellechen Elektrodynamik, DPG- 
Didaktik-Tagungsband 1995, $.396 
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28.2 Vortices, an overlap of the overlap, 


Not with any approach until now the question concerning the aether could be solved. Only 
the new Field-theoretical approach proves with the unambiguous and fee of contradition 
clasfication of the question concerning the aether its unmatched superiority. We hence 
Without exception work with this approach, which is anchored tightly in textbook physi 
is of transformation on the one hand are the law concerning the Unipolar 
to Faraday (27.1) and on the other hand the dual formulation (272), 
Which GrimsehI calls convection equation. Grimsehl goes around the question for the 
correct sign by means of forming a modulus. Pohl draws detailed distinctions of eases and 
dictates the each time relevant formulation of the dual law". The sign eventually should 
be chosen according to the definition of the orientation of the field pointers. Also Simonyi 


gives both equations and the each time appropriate experiments 


If we assume the cartier of an electric field is moving with the not accelerated relative 
velocity v with regard to the reference system used by the observer, then a magnetic He 
Field is observed, which stands perpendicular both 1 the dteetion of the E-field and to the 
direction of ¥. Ii the motion takes place perpendicular to the area stretched by E- and He 
field, then the H-lield again is observed and measured as an E-field, There will occur an 
overlap ofthe feds 

In spite of that we fist consider the theoretical case, that no overlap is present, and the 
observer as it were sees himself, The result is Wivial: the relative velocity v must be the 
Spoed of light v= © - (285) If considered at the speed of light, the two equations of 
transformation turn into each other. They now are identical both mathematically and in 
their physical expressiveness. For this case it actually is possible, 10 derive the dual law 
straight fiom the Faraday law. For a wave propagating with the speed of light, to name an 
example, the field stength propagating along is always equal to the causing field strength, 
‘which depends on positon 

IF besides the evaluation of the values also the circumstance is considered that it concerns 
vectors, then at this place a problem as a matter of principle of dhe Maxwell theory gets 
Visible, to which has been pointed occasionally, eg. "at the German Physical Society 
‘The derivation of the speed of light fiom two Vector equations requires, tha e also has t© 
be a vector. The question is: How the velocity veetor v suddenly becomes the sealar and 
not pointing, in all divetions of space constant factor e? Is therefore for mathematical and 
physical reasons "the Maxwell theory in essential parts erroneous", according 10 a 
Statement of the German Patent Oice™™? 

Now, the constancy of the speed of light is @ fot, which even can be derived. We at fist 
will be content with the clue that for every observation with the speed of light, with the 
eyes oF a gauge constricted corresponding to our perception, the vector in all its 
‘components each time is correlated to itself, by what actually the orientation of direction 
gels lost. Under these for e and with equal rights also for v relevant circumstances we are 
ented to calulate further with the values 

‘An observer, who is moving with v slower than e, will besides the original E-field also 
observe a motion field E, depending on the velocity v, which disappears, if v becomes 
‘zero, What he catches sight of and is able to register with gauges in the end isthe overlap 
of both field components 


576 Field overlap 


+ concerning the development of the power series: 


EB = Bol + (v/c)? + (v/c)* + (v/e) +... 
+ w/o)" + (v/cet) + ...] 2810) 


+ for gq <1 the power series with q = (we) will converge (28.11) 


ot Dag jenny 


+ for (vie) <1 resp. for y=e_therefore is valid: 


E = Eo[I/1-(v/c_resp.[Eo = E{1 —(v/c}*]asi3) 


The square root of Lorentz appears in squared form”: 


asa) 


The derivation for the magnetic field strength analogous to that 
provides the identical result”: 


a> fal 


Fig. 28.3. The field dilatation depending on velocity 


>: see part I, chap. 6.6 
<i>: Prof Dr. Hl. Runckel, Abteilung fur Mathematik 1V der Universitat Ulm 
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28,3 Field overlap 


But it doesn't abide by this one overlap. In the case of vortex fields the effect overlaps the 
‘cause and itself becomes the cause for a new effect. The overlapped cause produces a 
further effect, which for its partis overlapping (see chap. 3) 


Vortices thus arise if overlaps for their part are overlapping and that theoretically reaches 
to infinity, to which I already repeatedly have pointed (fig. 20). In addition do vortices 
represent a fundamental physical principle, The Greek philosopher Demokrit has traced 
back the whole nature to vortex formation and that already 2500 yeurs ago! 


In the field-theoretical approach this interpretation seems to experience a mathematical 
confirmation, since also the fields are overlapping in vortex structures. According to that 
we awe our observations and our being the relative movements and the vortex formation 
If reversed there wouldn't be any movement, then there also would not exist fields, light 
for matter If we observe the sky, then everything visible follows the movement of its own 
of the Earth, of the solar system and the whole galaxy, which i on its way with unknown 
galactic velocity, and all movements take place in vortex structures (fig, 10.2, 


The field overlap dictated by the Faraday-approach as well reaches 10 infinity, what has 
stimulated my colleagues of mathematics to also mathematically put into practice this 
physical requirement”. This leads to an infinite power series, which converges under the 
condition that v <e. 

‘As.a result ofthe power series development the well-known square root VIVE) of 
Lorentz occurs in squared form (see also fig. 6.6). It determines the relation of the 
fobserved and the causing field strength of the electric or the magnetic field. 
Physically: the found relation describes a dilatation field depending on velocity. The field 
streogth thus increases, if the relative velocity v increases, or inversely no difference is 
observable anymore, if tends towards ze, 


Whoever wants to compete with Albert Einstein (1879-1955), who has developed the 
theory of relativity fom the length contraction, which depends on velocity, could be 
inclined to derive a new field physics from the field dilatation. But I must warn of such a 
step. The derivation of the length contraction by the mathematician Hendrik Lorentz 
(Lorentz contraction) assumes a number of limiting conditions. The relative velocity v for 
instance may not experience any acceleration, Actually however almost all motion takes 
place as circular vortex motion, so that due to the occurring centripetal acceleration the 
conditions for the theory of relativity aten't fulfilled anymore. Neglects or generalizations 
thereby can lead to considerable errors, of which I would like to wam, 
tin general is a delicate enterprise, if one wants to provide a physical interpretation for 

1 purely mathematically won resul. 


‘This warning to the same extent also is valid for the here shown derivation of the field 
dilatation. The limiting conditions practically are the same as for Einstein and the 
problems with a provided physical interpretation won't be less, Also here lots of 
paradoxes will occur, which are nothing bul errors of the theory. So we Wos!t reach our 
destination. 

‘There nav only one further mathematical step is necessary, which links the theory of 
relativity with the new notion ofa field dilatation depending on velocity 


om The derivation of the length contraction 


Example: 
Measurement of length by means of a measurement of propaga- 
tion time (sound or light) with ¢ = L/t in a vehicle moving with v. 


transmitted received : 
impulse (t = 0) impulse (t = 2x/ 
observer ey 
system z 
(moving) 
at distance L Lo\ Lo | 
| 
reference system 4 
(,resting’) reflector (mirror) 


From driving time t: 

122% = signal propagation time: t= 2L¢ follows 

According to Pythagoras:L,2 = L2 +x? = L2 + L,2(v2/e3 
La(t -v2/et)= 18 


the shortening of the rule results in: 


28.16) 


Fig, 28,4: Derivation of the length contraction 


Examples: contraction according to Lorentz transformation, 
‘measurable length shortening, curvature of space. 


Counterexample: unsuccessful aether detection (Michelson experiment) 
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28.4 The derivation of the length contraction 


‘The Lorente transformation is the result of a purely mathematical problem. Stimulated by 
the surprisingly result of the Michelson experiment the Dutchman Hendrik A. Lorents 
1891 asked himself, how the equations of the Galilet-tansformation would have © look 
like, if the propagation of light wouldn't be infinitely fast but finite and constant. He 
thereby proceeds from the assumption of two inertial systems moving against one another 
with @ not accelerated velocity ¥, i which the laws of Newtonian physics are equally 
valid". Asa result ofthe relative motion a change ofthe length measures will aca 


‘This at first can be explained as a purely geometric effect in the context of nontelativistic 
physics, We imagine a vehicle, which is on its way with constant velocity, and emits an 
‘optical or acoustical signal. Sideways in the countryside is standing in a perpendicularly 
measured distance L a reflector (mirror), which sends the signal back again. The velocity 
ff the signal however isn't infinitely fast and from that follows that the vehicle during the 
propagation time of the signal as well has moved a bit further. The actual way, which the 
signal had to cover now amounts to L, (> L). The distance measure thus is observed 
smaller as it is in reality, to be specifie for the factor of the square root of Lorentz (fig. 
284) 


L= LAr ea16 


According to the principle of relativity it doesa't play a role, if the vel 
itis standing sill andthe mirror is moving witha linear uniform velocity 


le is driving oF if 


Initially Einstein also only spoke of an observable length contraction, which must not 
necessarily occur in reality, an optical deception so 10 speak. Lorentz however proceeded 
from the assumption of a physical length change, thus length change existing in reality, 
what in practice at first makes no difference. If eg. at relativistic velocities a rocket 
becomes smaller, then the pilot equally shrinks, so that it would not be possible to notice a 
present difference 

If however the observer stands outside the events and takes a neutral standpoint", then he 
will be able to see, which interpretation is the right one. Today some examples are known. 
In accelerators particles at relativistic fast velocities actually get smaller for the factor of 
the square root of Lorentz. That has been proven and this result afterwards gives the 
Dutchman Lorentz right! The followers of the physical length contraction also are called 
Neo-Lorentzians, 


In the vivinity of a gravitational mass the speed of light becomes so slow, that the 
shortening factor plays a role and space is curved towards the mass, To understand this 
shortening of stale the influence ofthe field also should be considered 


=i: Example: In a closed Tit physical experiments are belag carried out. 
‘Accelerations of the lift have an influence on the experiments. However no 
influence can be detected, if the lifl is standing sull or is moving with 
constant velocity. It with that fulfills the conditions of an inertial system. 
‘The question is: what do the experiments show someone standing outside, 
whom the lift passes by? 


x0 ‘The dependence of the Lorentz contraction on the field 


From the comparison of the Lorentz contraction 
(28.16) 
with the field dilatation (28.14 and 28.15) 


va 
7 


{l= 


f 
“ 
= 


and Eo, Ho ~ VL" (2818) 


Experimental examples” 


+ Electrostriction (piezo speaker) 
+ Magnetostriction 
+ Field or gravitational lenses 


+ Curvature of space, deflection of light 


Conclusion’: | 


+ The field determines the length measures (what is | meter) 
+ The field determines the velocities v (in m/s) 
+ The field determines the speed of light c [m/s] 
+ Measurement of the speed of light is made with itself: 
[Tex 
+ Measured is a constant of measurement ¢ = 300.000 km/s 
+ The speed of light c is not a constant of nature! 


Fig. 28.5: The dependence of the Lorentz contraction on the field 


>: see part I, chap. 6.10 
<i>: see part 1, chap. 6.11 
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285 The dependence of the Lorentz contraction on the field 


‘The two results of the field dilatation (28.14 and 28.15) and of the Lorentz contraction 
(28.16) must be brought together and compared (28.17). Doing so the mathematical 
expression of the square root of Lorentz is cancelled oul. That is of utmost importance, 
since with that also all limits disappear and there remains a purely physical relation, a 
proportionality of utmost importance (28.18). 

What was the sense of the limits associated with the introduction of so-called inertial 
systems, which are the basis of the Lorentz transformation and which were adopted for our 
derivation of the field dilatation? They now only are auxiliary considerations according to 
model. We have chosen a very simple model, which can be described mathematically, in 
Which an observer holds in his hand gauges for distances and field strengths and with that 
gauges a system flying by with constant velocity. He on the one hand determines a length 
Contraction and on the other hand a field dilatation, He compares both with each other and 
comes tothe conelusion: The Field determines the dimensions! 

‘This statement is purely physical and it is generally valid. It is independent of the relative 
velocity and all other mathematical conditions. A centrally accelerated circular motion e.g. 
will falsify the length contraction to the same extent, as the at the same time occurring 
field dilataion. It can be expected, that in addition to the square root of Lorentz also other 
errors will mutually efface, so that a generalization in this case actually seems to be 
allowed, 

The won proportionality is of most elementary importance. We use it in the ease of the 
piezo speaker and know it from the curvature of space and deflection of light in presence 
of extreme fields. If we ourselves however are exposed to the field as an observer, in 
Which also the object to be observed is situated, then we are in the dilemma, not being able 
to perceive the influence. If we, to stay with the example, would sit in a rocket and this 
‘would become smaller at faster velocity, then we would notice nothing, since we also 
‘would shrink along to the same extent 

‘That concerns every measurement of velocity in general and the speed of light © in 
particular, which as is well-known is measured in meters per second. But if the field 
determines ¢ and in the same way the length measure, which is given in meters, then both 
stand in a direct proportionality to each other, then we won't have the slightest chance to 
measure the speed of light. If namely ¢ is changed, then this concerns the measurement 
path in the same way. Now the variable is measured with itself and as a result appears ¢, a 
constant value. We neither can see the change, since our eyes scan all objects optically and 
that means with e 

11 is the nightmare of each and every measurement engineer, if the gauge depends on the 
factor to be measured. No wonder, if the theorem of addition of the velocities apparently 
loses its validity and always the same e is being measured, independent ofthe direction in 
Which the source of radiation is moving (chap. 6.11). The results 

‘The speed of light is a constant of measurement and not a constant of nature! 
If however the light is scanned with the speed of light, then also all components of the 
light vector correlated with themselves result in the same constant value c, then actually 
the vector of the speed of light loses its orientation in space and becomes a scalar factor. 
‘The Maxwell equitions already anticipate this circumstance, but without providing an 
explanation why this is correct. Only the new field approach can answer the open 
question, With the derivation an axiom of physics - one also can say stumbling block - 
hhas been overcome. 


582 Boscovich and the respiration of the Earth 


The field strength determines the 
length measure: 
(the distance L between the spheres)*> 


Orbital curvature 


Fig. 28.6 A: ‘The curvature of the Earth in the 
gravitational 
field of the sun 


\ Nl 


Fig. 28.6 B: Force of attraction and reduction of the 
distance L 
as the mutual field influence of two masses. 


<b Repetition of part 1, chapter 6.7 
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28.6 Boscovieh and the respiration of the Earth 


Who has got a good idea, fast will find that some other scientist had the same idea already 
before, and for his part possibly already had to make the same experience. If in spite of 
that the track fast loses in history, it as a rule is because of the insufficient citing and the 
vanity of the discoverers, who’ in reality only are rediscoverers of a much older 
knoviledge. 


‘The dependence of the length measures on the field (eq, 28.18) in the mathematical form 
of the derivation however should still be quite new. But the physical consequence already 
was described by the Jesuit priest Roger Joseph Boscovich fiom Dalmatia in 1755. He 
was Professor for mathematics and theology in Rome and spoke about the world on the 
fone hand being deformable, similar to rubber, but on the other hand we aren't able to 
perceive this, since our body is made of the same material and follows all changes. We in 
tan absolute way can recognize neither the place, nor distances or orders of magnitude’ 
‘writes Boscovich in his book about space and time and writes how these are perceived by 
us” He suspects thatthe Earth unobservable for man ,s respiring" 


Actually a terrestrial observer at daytime is situated closer to the sun than in the night. He 
by day is exposed to a slightly stronger field and as a result correspondingly smaller. He 
himself and all objects in his neighbourhood are subject to an identical fluctuation of size 
so that this respiration” of the Earth cannot be detected. It can be detected neither with 
{ape measure nor with an optical measurement and still is present in reality. Only from a 
neutral standpoint we can succeed to recognize the actually existing curvature of space 
(lig. 28.6 A). 

An example is the duration of the sunshine at the equator, which is longer than can be 
expected from the spherical form of the Earth. This reveals, how the Earth is bending 
‘towards the sun (see also chapter 6.7). 

A further example is the influence of the field on the orbital velocity of the Earth 
‘measured in meters per second, Here also the meter at daytime is smaller than in the night, 
{or which reason the Earth is moving slower on the side tured towards the sun, like a 
track vehicle, which drives a tur, if the chain at the inside runs slower than'on the 
foulside, If the Earth describes an orbit around the sun, then this circumstance has to do 
nothing at all with centifugal force or with a force of attraction of the sun. The circular 
‘motion simply and solely isa result ofthe field influence of the 


‘The force idea proves to be a pure auxiliary description. In the context of Newtonian 
mechanics the force plays a central role. Without question it is a very efficient and 
subjective perceptible description, which stil isn't able to reproduce the physical reality in 
fan objective manner, What keeps the planets into their orbit is only the field of the sun, 
which we call gravitational field and not some force! But of which kind is the gravitation 
fand the field, which causes masses to come closer together and following our subjective 
‘observation attract each other (lig. 28.6 B)? 


<b: 0. E. Rossler: Endophysics, the World as an Interface, World. Scientific 
Publishing Co, 1998, Kap. 10, 8. 87-112, mit Ubersetzungen aus =ti>: 


lim: RJ. Boscovich: De spatio et tempore, ut a nobis eognoseuntur, 1755. 


sa Derivation of the gravitation 


‘The length measure (the distance L between the spheres)" 
is determined by the field strength: 


EB, H ~1/ljea9 


A Charged mass points (electrons, positrons, ions,...): 


Lb] 


B, Uncharged mass points (neutrons, atoms, ...): 


b— L—+1 


Fig. 28.7: Observation of a mutual force of attraction 
because of 
the effect of the fields on the distance measure 


<i>: Repetition of part 1, chapters 6.7 - 6.9 and part 2, chapters 10.4 and 15.2 
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28.7 Derivation of the gravitation 


In fig. 28.68 the relation between the field influence and the observed force of attraction 
fof two mass bodies is represented. If | in my mind for instance "switeh on” the field lines 
of both bodies, which are placed at distance L, then the fields according 10 equation 28.18 
reduce the measure L and optically come each other closer. With increasing proximity the 
Field line density increases, so that L further decreases. We observe @ mutual attraction, 
‘hich lets both bodies move towards each other 

In fig. 28.7 the two bodies cary an electric charge. For different polarity the field lines 
as is well-known run fom the positive pole to the negative pole, to bundle up there. As a 
‘matter of principle algo here an attraction can be expected, which is called electromagnetic 
interaction, For the reason of the bundling up of the field lines this effect however will 
turn out 10 be considerably stronger. Hence the electromagnetic interaction is for many 
powers often more powerful than the gravitation. 


Furthermore there also can occur repulsion, if in the ease of like charge the fleld lines are 
bent aside and between the two bodies an area is formed, where the field tends towards 
zero and the distance measure L (according to eq, 28.18) as a result towards infinity. The 
electromagnetic interaction theoretically indeed reaches to infinity. Responsible are the 
‘open field lines arising from a charged body. 

Now every charged body in addition has a mass, with which it takes part in the 
gravitation. Let's remember the comparison of the derivations. The Maxwell theory 
Teaches us that in the static ease E- and H-field are decoupled, because each time the other 
field disappears. Even if as a resull of the unipolar induction or every open field line the 
other one is taken to be standing perpendicular to the open field line, then this other line 
just wraps around the open field line and forms a closed-loop field line. In that way it 
‘can't be influenced anymore from the outside and can be neglected, so goes the doctrine, 
Which is drawn from the Maxwell theory (fig. 27.5). 

‘This is a fatal error in reasoning! The equation 28.19 naturally is valid for open field lines 
in the same manner as for closed ones. These fields also lead to an observable force of 
attraction. If of course exactly those fields are neglected, which ate responsible for the 
gravitation, then we need not wonder, if we don't understand the gravitation and the 
nature of this interaction! 

‘The influence of the closed field lines responsible for the gravitation is due to the missing 
bundling up of the lines correspondingly weak. Secondly these can't exist a force of 
repulsion due to the missing ability to influence closed field lines from the outside and 
third it can be recorded that all charged bodies also have a mass. All three statements of 
the field lines model perfectly cover the physieal reality, 

Fig. 28.7 B shows uncharged bodies, for which both the field lines of the E-field and of 
the perpendicular to them arranged He-lield are closed-loop. Such bodies, like e.g. neutrons 
or whole atoms without charge behave electrically neutral to the outside, but have a mass 
for the reason of the closed field lines, whereby the field lines of the H-field dominate 
those ofthe E-field 


T_ Repetition of K Mey EMEC part 1, chap. 68 + 69, part chap. 15.1 
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Dual field approach 


Eand Bare coupled 


/ decoupled (approximation) 


influence: 


‘They cause the 
gravitation | 


The closed field lines by 
no means are without 


From subjectivity to objectivity 


‘The Maxwell field 


E = neglectible, 


B = constant, 


=I 


«+ [[The following physical standpoints can be distinguished: | 


objectivity 
(not 
observable) 


Boscovich 
(dual approach 


e=constant 


(new transf.) 
c= variable 


Fig. 28.8: Physical standpoints 
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28.8 From subjectivity to objectivity 


With the field lines interpretation, which by the way already preferably was used by 
Faraday, the gravitation proves to be an until now neglected influence of the 
electromagnetic field. With that for the first time also the grand unification of the 
interactions was successful. The long sought-for unified theory with that for the fist time 
‘comes within each, 

‘The derivation has made it possible to mathematically secure the theoretical working 
model of Boscovich. Already 1755 Boseovich points out the optical deception, which our 
observation underlies, if absolute orders of magnitude in our neighbourhood should 
change and our perception would change along. Then also all metric and optical 
‘measurement resulls would underlie this change, Following the idea of Boscovich I 
distinguish between subjectivity and objectivity 


The relativity is a compromise lying between both points of view, where a neutral 
standpoint is strived for, which lies outside the events. And from this standpoint the 
objectively taking place events are being observed. The theory of relativity consequently 
is a pure observer theory with strongly restricted scope on the basis of the Lo 
transformation 


Theories of classic physics, like eg. Newtonian mechanics, fall in the domain of 
subjectivity. The results and’ regularities are won ina terrestrial laboratory if possible 
isolated from the environment, where they have absolute validity. Here the Galilei- 
transformation is valid. 
But if these subjectively won laws are applied to the microcosm in quantum physics or to 
the calculation of cosmic observations, one fast hits limits. The better the resolution of the 
jeroscopes and telescopes gets, the clearer the outside” observer realizes, how much the 
Jaws of classic physies lose their validity. 


Astrophysics successfully reaches for the theory of relativity, which with the curvature of 
space in the vicinity of mass centres delivers useful explanations. Here the dependence of 
the spatial dimensions on the field already could be established. In contradiction to that 
this fundamental relation is said to play no role whatsoever in quantum physics, or in all 
terrestrial laboratory experiments. Bul with which right may physical regularities from one 
domain be ignoted in others? There only can exist one physics and that should be sought 
for! 


What we need is objectivity! Behind all the apparently disconnected phenomena of 
physics work quite simple laws, which can't be observed and are until now not recognized 
by us. Objective physics in the words of Goethe is the one, which holds the world together 
in the heart of hearts. I call this, already by Boscovich suggested point of view, theory of 
‘objectivity. The access 10 the model domain of objectivity must be made mathematically 
by means of a transformation, since it is blocked for us by means of measurements or 
observations (see chapters 6.15-6.19). The transformation back into the observation 
domain must be made according to the same mathematical relations (fig. 289). In this way 
the quantum properties of the elementary particles can be calculated with high accuracy 
‘and agreement wih the values, which until now only could be measured (chapter 7) 


sx ‘The objective standpoint 


Approach: [f= e-t] (determine distance by signal prop. time) 
2723) 


@r=cdt+tde | (total differential for a change) 
(724) 


dr de dr dt 
Coa tae] Tes. | tt geo ae: 139) 
Sy SE Se SE i ce 
resp. 
SXae ir), tin eas en oy ee 
te Sor Oger t ga - Oat tae - onal 


‘The Taylor-series (27.26 and 2727) breaks off after the first term, if 
c=constant resp. t= con: 


e728) 


from: length contraction variable speed of light 
follows: time dilatation dependency of meter measure 
for absolute speed of the light | for absolute time 


observation domain model domain 
(measurable) {can only be calculated) 


x) O——-—@ Meir} 


Mode! transformation of the length measures 


Fig. 28.9:___ Theory of relativity and theory of objectivity 
and “the model transformation between 
physical standpoints 


<> Repetition of part 1, fig. 6.16 


both 
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28.9 The objective standpoint 


‘The question is asked how one gets to an objective physical standpoint, whieh in addition 
evades every observation? The Way leads over a transformation, to which all perceptible 
‘and measurable relations must be submitted. 

If'we for instance measure the distance to a point light souree, then the propagation of 
the light cand the propagation time t determine the distance measure r= et 

If there occurs a litle change of the distance, then two causes should be considered: Either 
the propagation time or the speed of light have changed somewhat, With that the (wo 
possible standpoints already would have been found, 


‘The relativistic standpoint, which proceeds from the assumption of the speed of light 
being constant, says: the propagation time varies and we are dealing with a clock problem. 
If namely for relativistic velocities a length contraction occurs, then fom that necessarily 
follows atime dilatation, 

But actually no specific statement can he made about the constancy of the speed of light, 
besides that we look at, measure and sean everything with © and hence only observe the 
constancy. With that the theory of relativity remains a pure observer theory, exactly as 
Einstein originally called it into existence. This standpoim follows the motto: What can't 
bbe observed also doest!t need to interest the physicist. 


‘The objective standpoint strives for more, for a description of the actually taking place 
processes. This time we proceed ftom the assumption of a universal and constant time 
‘with the argument: The time measure is an immutable definition and the physicist, who 
dictates this, himself determines what is simullaneousness. Thea there also is no place for 
time tavel and for clocks going wrong. 

‘Therefore the speed of light can lake all possible values always in strict proportionality 10 
the length measures. Thus the measured length and distance measures should be 
transformed and that in the end is the unit ,.meter", which should be replaced by an 
‘objective measure 


With that the necessary transformation for variable © would be outlined, ‘This 
teunsformation will be engueued in the file of the big transformations, From it the Lorentz- 
transformation for c = constant emerges as a special case, like already from that 
teansformation the Galile-transformation follows for © =2q How now the relation of the 
subjective to the objective meter" should be determined, by means of the relation of the 
relevant fields (eq, 28.17) of by means of the square root of Lorentz (eq. 28.16), over that 
should be worked and spoken. We already have successfully gone through it in a concrete 
example (chapter 7), 

Every theory is judged according to ils expressiveness. Ending this chapter the statements 
and derivations Hence again are compared. On the one hand the Maxwell theory and from 
that the theory of relativity can be derived from the new approach, on the other hand a 
Tong list follows, which can't be connected with the Maxwell equations, like eg. the 
gravitation. For instance the neutrino and all other elementary particles with all their 
specific quantum properties are derived (chapter 7), free and easy fundamental laws result 
Tike the law of conservation of energy, and even the temperature spills its until now kept 
secret (chapter 8.3). Remains the conclusion: With no other approach according to the 
textbooks until now the efficiency of the new approach could be obtained, 
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Gleanings concerning the theory of relativity 


From the dual field- 
theoretical approach 
are derived: 


From Maxwell's field] 
equations can be 


derived: 


= Maxwell 
field equations 


=> Quantum properties of|=50 
the elementary particles 

=> Neutrino =) 
(as an oscillating ring-like 
vortex) 

=> Gravitation 50 
(as a result of closed field 
lines) 

=> Unilied theory 50 
(grand unification of /—_ all 
interactions) 

=> Temperature 

(as an oscillation of — size 


depending on field) 


Law of conservation of 
energy 

(and many other 
mental laws of physics) 


funda- 


= Theory of objectivity 


= Theory of relativity 


Fig. 28.10: 
approaches 
(final balance) 


Comparison of the efficiency of the 
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29, Mathematical gleanings 


If, proceeding from the new field-physical approach, well-known and accepted theories 
are derived as special cases, this on the one hand can be valued as evidence for the 
correctness of the approach. On the other hand the new approach in paet sigaificantly 
influences the interpretation of the derived theories. That can involve a rethinking, with 
which not insightful people have difficulties, if for instance quantum physics, 
thermodynamics or the gravitation become partial aspects of electromagnetism. 
Over and above that are hidden many new thing in the new approach, which ane there to 
discover. To that are counting among others the potential vortices and the scalar waves. 
(One can work out these phenomena physically or mathematically, where the later way as 
a rule is the faster one. Hence the summary shall be concluded with a kind of mathe- 
‘matical gleanings. 


29.1 General and special theory of relativity 


Albert Einstein distinguishes between general and special theory of relativity. Whereas the 
special (SRT), still is linked tightly with the prerequisites of the Lorentz-transformation, 
the general (GRT), deals with an extension to arbitrary systems, which mustn't be inertial 
systems. I would like not to dwell upon the GRT, as Einstein designed it, and merely 
notice that every generalization represents a possible source of erors and has to be well 
founded, 


In the case of our derivation, the general ease as it were resulted of its own accord. Let's 
tum back: If the root of Lorentz still was a component of the derived field dilatation 
(28.15) and equally of the length contraction (28.16), then it fell out in the comparison of 
both resulis (28.17). With that the important result, the proportionality (28.18), which 
among others resulls in the gravitation, becomes independent of the speed of light and the 
relative velocity v, This last step is obvious and still completely new. It cannot be found at 
Einstein, who in another way finds his GRT and his description of the gravitation, 
Even if here is striven for the same goal, then deviations in the result cannot be excluded 
because of the differences in the derivation, for which reason I additionally mark the by 
ime derived general relativity (GRT), to avoid confusion. 


m2 ‘Transformation table 


Influence of the Lorentz-transformation in the: 

SRT (special theory of relativity): one-dimensional, 

GRT' (general theory of relativity): three-dimensional, to a 
large extent corresponding to the GRT of Albert Einstein, 

GOT (general theory of objectivity) 


resp. the y-factor: 


Being transformed are: 


Length measures —_L [m] 
(length contraction eq, 28.16) 


Areas A [m7] 

| (Girvular motion) 
Volumes v(m] 
(vortical motion) 
‘Time measures ts] 
Velocities v (m/s) 
w=1/) elm/s} 


Constants of material © [As/Vm| || 
(eu = 1/0) 
Relativistic mass 
increase in mass) 
Energy 

Energy density 
(w= W/V) 

E-, H-field strength E [V/m] 
(w= (cE? + H39/2)-HA/m| 


Power density p [VA/m2| 
(Poynting vector p = E x H) 

D-field, B-field D[As/m4] 
(D=cE;B=.H) — B[Vs/m 


Power PIVA| 
Fig, 29.2 Transformation table between SRT, GRT' and GOT 
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29.2 Transformation table 


Let's speak again about the difference to the special relativity (SRT). This so to speak 
deals with the one-dimensional case of the uniform motion of a reference system in x- 
direction (v =v), as specified by the Lorentz-transformation, where only the x- 
components and not those in y- or z-direction are being transformed. As already 
mentioned this is a purely theoretical case, which in practice oceurs next to never. Normal 
is circular and vortical and with that accelerated motion, where the yelocity component 
permanently changes its direction, 


‘The derived result of the general relativity (GRT) does justice to this circumstance. Even 
if this at frst only has been derived for the x-direction it nevertheless is valid equally in y- 
‘and z-direction. It even remains valid for the ease that we base on a path of arbitrary form 
ff a spatial field vortex. In this case some components continually accur in all ditections 
of space, so that the relative velocity v as already the speed of light e loses its vectorial 
raature, With that the ansition of the SRT to the GRT is carried out. 
[By means of the spatial swirling the electric and magnetic field pointers at the same time 
turn into scalar factors, by taking over the function of the aether. Let us remember that 
even Einstein in his GRT was foreed to again introduce the aether, which in the SRT still 
was unnecessary 


1K therefore makes a difference in the transformation of physical factors, if we base on a 
‘one-dimensional (SRT) oF a three-dimensional spatial description (GRT). Length 
measures in x-direction in both cases must be converted using the root of Lorents. Usually 
the relativistic yfaetor is introduced, which is inverse to the root of Lorentz 

INTE with x= 292) 

1 thus individual length measures would be subject to a length contraction following the 
y -facor, then a volume V according to the SRT must be transformed with 7, according 10 
the GRT however with 7, 

AAs is wellknown a relativistic increase in mass 
Same manner the 10 that proportional energy E = m e% If we however corelate the energy 
to the volume V and in that way determine an eneray density w, then the difference 
between SRT (Wi ~ ) and GRT (w ~ 7) again basis maximum effect. 

A relation to the Feld factors of E- and H-field is for instance provided by the energy 
dlensitv of wave field 

W= (cE + wH)2093) 

According to that the field strengths in the one-dimensional case of the SRT should be 
converted with the y-factor, in the case of the GRT however with y# in accordance with 
the desivation in chapter 28. This circumstance willingly s overlooked, although it only 
concerns the textbooks and the today valid theory of relativity. T however point 10 the 
diference, since it does make a difference if we stat with the SRT or the GRT when we 
change to the general theory of objectivity (GOT) 


Wwerted with they-factor and in the 


In the domain of the GOT all length measures should be transformed. The respective 
mension gives information with which power the yfictor occurs (fig. 29.2). The unit 
meter is responsible for that, 


S04 Diseussion concerning the root of Lorentz 


y= 1/1-8) 
ie 


= yop 


Jes: 


Increase in mass, energy ~ y 
for SRT and GRT 


Field strength in GR: EB, H~ 7? 
andmassinGOT: om ~y 


Energy-, power density ~ 1 
(Poynting vector) in GRT: 


Fig. 29.3 Discussion concerning the root of Lorentz 


+ The special theory of relativity SKT only is defined for v <c 


+ For v +e particles with a complex mass, but with 
a real energy density (according to GRT’) would result. 


+ From the point of view of the theory of objectivity (GOT) 
the mass should be taken negative-real (neutrino?). 
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29.3 Discussion concerning the root of Lorentz 


Fig. 29.2 forms the basis for the transformation in the domain of the GOT, the general 
theory of objectivity, where it plays a role, if a subjectively measured factor should be 
converted from the laboratory domain or a relativistic factor according to the SRT ot the 
GRT-. The given proportionalities thereby should be put in the respective relation. In this 
way resulls the respective valid instruction for transformation on the basis of the root of 
Lorentz 

Lets take a critical look at the root of Lorentz. The velocity v occurring in it, of whatever 
this may consist, is depending on the field according to equation 28.14 + 28.15. It strictly 
speaking woulds't be constant anymore and wouldn't belong in a general instruction for 
transformation at all. Only, what is valid for v, is valid to the same extent for e. Since only 
the proportion of vie occurs in the root of Lorentz every influence depending on field or of 
other nature will have no effect on vle and the value of the root of Lorentz, It in any case 
will retain its value. It fulfills for itself the condition of the Lorentz invariance. 
According to that in the case of the relative velocity v it doesnit depend on the absolute 
value, but only on the relation to the speed of light. In addition the restriction to values of 
v <c is normal, if the speed of light is seen as an upper limit. Let's first purely 
mathematically draw a case distinction for different velocity domains of v. For v = 0 the 
root of Lorentz becomes one and the Lorentz transformation tums into the Galilei 
transformation, 

Connected to this is the today well-known and technically used domain up to the limit of 
vy =e. It virtually is impossible to accelerate a mass particle to the speed of light, since 
mass, field and energy would grow towards infinity, as is clear from the table (fig. 29.2). 
Particles as fast as light, like photons, hence cannot have a mass. At v= © a singularity is 
present. 

In a field theory, which also deserves this name, however an upper limit must not be 
present. Hence also the case for v > e should be required theoretically. Only later we will 
be able to judge if this makes sense physically. We at first only want to examine the case 
‘mathematically. Mass, field and energy now again have a finite value, there however 
results a complex, purely imaginary mass, a negative field and doing so, as already before 
‘positive energy and power density 

‘There sometime has been the textbook opinion that it is physically impossible to fly faster 
than sound. This erroneous statement even could be proven ,scientifically", because such 
4 supersonic airplane would fly off the observation space and with that wouldn't be real 
anymore, thus from a mathematical viewpoint would be complex. Anyone, who in New 
York gets off a Concorde, can confirm that everything at any moment of the flight was 
real, Only the observer is deceived, if the airplane Mies somewhere else, than he perceives 
it, Is the speed of light also such a ,sonic barrier, which by the majority of the scientists 
since Einstein until today stil is thought to be insurmountable? 

How should one physically imagine a complex. mass? Let us remember the alternating 
current teachings, where it is normal to work with complex values, since the mean values 
of the oscillating altemating currents, tension voltages and fields are zero. Calculating 
with mean values would result in zero energy and power, Hence complex factors are 
{introduced and the root mean square values are calculated and measured instead of the 
‘mean values. Could a complex mass analogously not concem an oscillating particle, a 
particle, whieh in addition i faster than the light? 


506 ‘Mathematical derivation of the neutrino 


+ Physical example: 
neutrino = mean of the oscillating masszero 
RMS value of the complex masszero 
E- and H-field with inverse sign 
carrier of positive energy and power 
w-model: ring-like vortex oscillating from ¢ to € 


Examples from the general theory of relativity (GRT): 
(28.16): length contraction L ~1/y = V1-(v2/02) 


(6.19): increase inmassm ~ y = 1/VI-W/e) 
(6.6,28.15) field dilatation E ~ H~ y2 = 1/(1-v2/c2) 


Fig. 29.4: Root of Lorentz for speeds faster than light (v > c) 


Mathematical gleanings 3o7 


29.4 Mathematical derivation of the neutrino 


In the domain of speeds faster than light, for v > ¢, the power series (28.12) does not 
converge anymore and every observer theory and every observation (fig. 28.4) will fal 
because particles faster than light run away of their own visible appearances. Every 
measurement and every observation inevitably is behind and hardly can be assigned 10 the 
actual cause. That way for instance measured neutrino events are being connected with 
‘celestial observations, with which they haven't got anything to do at all 
If we however describe the domain v > ¢ in the complex plane, then astonishing results 
are found, which could be verified physically: a complex length dilatation with increasing 
velocity goes along with a loss of complex mass. The oscillating fields, energy and power 
density however would be teal with negative sign, 

‘Thus there would result particles carrying energy with an oppositely poled field, with an 
‘oscillating mass and if necessary also an oscillating charge. Without static mass and 
charge these particles hardly would interact with normal matter, which leads to an 
enormous ability of penetration. The only physical particles, which have such a property 
are the neutrinos. With that a usable and an extremely efficient model description has. been 
found for these particles. Also the energy of these particles can be calculated, which has 
considerable orders of magnitude and is available as an energy source everywhere and any 


If for instance in a converter for space energy a neutrino should be converted into a resting 
charge carrier (with v = 0), then two steps are necessary (see part 2 of this series of 
books): 


1. First the neutrino must be slowed down to 1.414 times the speed of light (fig. 28.9) 
Doing so energy is spent and not won! The converte for instance ean cool down, 


2. Afterwards the characteristic rotation of its own, with which the ring-like vortex 
Spins around itself by permanently putting its inside to the outside and vice versa 
hhas to be taken away from the neuttino, In that way the vortex centre is closed and 
the particle aequites localization. I becomes a charge cater 


Even if the representation in the complex plane represents only an auxiliary description, 
the model nevertheless seems to be efficient, because despite its complex mass and charge 
the neutrino nevertheless carries a real energy. IL in any case is represented in that way to 
aan observer, who measures the relation with the speed of light, who in the relativistic 
scheme of things seans the relation, 


Today, as already said, even the sonic barrier has become permeable and no scientist dares 
to physically deny this fact and even prove his mistake mathematically anymore. No, on 
the contrary, he always did know that as an expected consequence the sonic barrier runs 
aller the supersonic plane. The once physically unthinkable and 

become normality 

What should hinder an oscillating particle, like a neutrino, to be faster than the light? 
Some time one also will accustom to that 


sos Universal constants and constants of nature 


+ Starting-point: 
the fundamental field equation 
(derivation in chapter 27.10) 


\2726) 


Spherical propagation of an 
electromagnetic wave in space 


+ The numberz: m= 3.14159 
straight (©) circular spherical 
r m2 = Orn Qr = mrtg 
line circum- surface 
ference 
po) mr = orn ) 14/3 = | yaas4ya 
line area volume 


(a4) 
Fig. 29.5: The number 
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29.5 Universal constants and constants of nature 


Strictly speaking fundamental or universal constants can't exist in pure field physics at all 
For the example of the speed of light has been shown that it merely are measurement 
constants (fig. 6.11). The numerical size is a consequence of the definition. The speed of 
Tight for instance has the today well-known value as a consequence of the fixing of a 
length unit and a time unit. If we change a unit, if we take ,feet" instead of ,meters", then 
another value results, If however the velocity changes, then the reference measure of our 
gauge changes along» and-—=swe = get_ the identical’ —_ reading. 
Electric and magnetic field constant depend directly on the speed of light © (e- = Vic) 
Which solely by the fixing of the electric units takes a certain value 
‘The inner structure of the potential vortices leads fom Planck's quantum of action, to the 
elementary charge and to the countless atomic constants", which all objectively seen 
arent constants at all. They virtually all can be derived (chapter 7) 


Sooner or later even the last natural scientist will realize, that nature does not provide 
“eonstants" at all. If constants of nature” did exist, as listed in textbooks and 
encyelopacilins, then they aren't consistent with causality, since we don't know the cause, 
Why the factor should have exactly this size and no other. Behind every so-called constant 
‘of nature unnoticed is hiding a physical closed loop conclusion. 


Fundamental constants only exist in mathematics. This can be shown very nicely for the 
example of the fundamental field equation” (eg. 27.26), which has been derived ftom the 
new field theoretical approach (fig. 27.10), It is the description of waves and vortices in 
space and time, which indeed carries features of a world equation’. If one searches this 
equation for fundamental constants, then one altogether can find three: the numberrcthe 
‘number e and the Golden Proportion The speed of light © however occurs only as the 
‘mathematical factor characterizing the wave as a result of the defined units, If one would 
choose the units different, ¢ as well could be made 1, With the fundamental numbers that 
‘procedure won't work. They don't depend on the definition of the units! 


Let's consider the numberg.The numbermoccurs every time as a proportionality factor if 
‘We transition from a straight line to a circle or further to a sphere, from a line to the 
circumference or further to the surface of a sphere and exactly so from a line tthe area of 
a citcle or further to the volume of a sphere. Since for all the special cases, which are 
derived from the fundamental field equation (the structure of the elementary particles, the 
atomic structure and in the same way again in the universe), the spherical symmetry 
dominates, the mathematical solution is determined by a corresponding spatial 
configuration of the numberrtIt has its cause neither in a physical relation of interactions, 
‘or in the ehoive of the units, but only inthe geometry. 


oo, ‘The fundamental number ¢ 


‘The number e: ¢ = lim (1 + 1/njs = | 2.71828 


035) 


(1+Uny" = 15? = 2.2 
(Him = 2 
(+l? 
(+n) 
(1+1/ny” 
(1+1/n)’ = 14-1 = -i, thus again complex! 
(1+1/n)" = 14-3)" as well complex! 
(i+l/ny’ = 10 = £0 
(Hay = 2 


solution! 


Fig. 29.6: Forming the limiting value of the number 
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29.6 The fundamental number e 


In the fundamental field equation (27.26) a further irrational number is concealed, the 
number e. Whereas the left side of the equation (a) gives the spatial distribution, the right 
side (b-e) describes the temporal course of events. Besides the term constant in time (e) 
also first time derivations (c and d) and a second time derivation (b) occur 
For a solution of this differential equation a function should be found, the derivations of 
Which are again the function itself. This condition stictly speaking is fulfilled only by one 
single function, the e-function. 

We used this property of the e-function already for the derivation of the Schrodinger- 
equation in chapter 5.6 and 5.7. There with the help of the e-function an approach was 
chosen, which leads to the well-known solutions of the Schrodinger-equation, which are 
considered to be secured experimentally. With that the oumber e controls the temporal 
relations of the fundamental field equation. 


It might be helpful to take a closer look at the origin of the number e. It results from a 
consideration of limiting values: 


© = bm(l+ijny = 2.71828 |295) 


If one varies n and allows different values between-xandzoshen a strange behaviour is 
showing. One indeed more and more approaches the well-known value of e = 2.72, as 
dictated by the definition of limiting values according to equation (295), the larger n is 
chosen, But in the opposite direction it looks less tidied: 


for a=t is Hay 2 
for n=05 is (1+ Ls 
for n=O is (I+/nyh V 
for n=-05 is (141/)" ~i , thus complex! 
and} for a=-1 is (+V/n)" to 295) 


Since the e-function inside the fundamental field equation is responsible for the temporal 
sequence, the interpretation of my colleague Prof. Dr. Preussker"” gets a deeper sense. He 
says, it saris outside our imagination (at n = -), Afterwards at first big chaos prevails 
Mathematically seen some imaginary solutions arise. Finally the system is putting in order 
(om n= 0), to more and more approach the value e = 2.72 

‘The number e is of fundamental importance and thereby holds unforeseen secrets. More 
mysterious and until now eotirely misunderstood is the meaning of the Golden Proportion, 
Also this indivisible number can be found in the fundamental field equation. Since it is 
less known and more complicated to handle, it frst shall he introduced. 


<P: HL Preussker: Der Wirbelring, Halstenbeck 2002 


602 ‘The pentacle 


Graphical construction at a right-angled triangle (Pythagoras): 


Golden Proportion of lengthia’=#y : Sy 
re 


with the proportion: 
= a a 
== © = 0.618) (299) and |— 
a dl 3 


29.10) 


‘The pentacle 


Fig. 29.7: Constructions for the Golden Proportion 
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29.7 The pentacle 


During his visit ofthe Egyptian pyramids already two and a half thousand years ago the 
history writer Herodotus by his guide had been called attention to the circumstance that 

the Golden Proportion has been realized forthe proportions of scale. 

In the ease ofthe pyramid of Cheops it even has been taken into account manifold, as we 
know today, but We hence still don't know why. There must be an intention behind it 

Anyway a coincidental use can be eliminated, since the Golden Proportion cannot be 
hhandled in an easy way, nether graphically nor mathematically 

‘The Golden Proportion in addition plays an important role in the whole ancient 
architecture and not only there. It for instance occurs in the ease of a very old symbol, the 

five edged star, which we can draw with one line without taking off. The well-known 
‘symbol also is called pentacle. 


In the case of the Golden Proportion a straight line a is divided into wo unequal balves. 
The larger half x thereby is 61.8 % of the straight line a, Already Pythagoras has 
researched and teached about this, Maybe he did know more about the purpose of this 
classification than all the mathematicians, archaeologists and art historians of today 
together 

For a graphical solution we assume a rightangled wiangle. The task is to divide one leg of 
length a= x + y according 10 the Golden Proportion into two parts, the larger part x and 
the smaller part y. The second leg has the length a/2. According to the theorem of 
Pythagoras the length ofthe hypotenuse his 


(@2)N5 29.7) 

If the length of the second leg (a/2) is subtracted from the hypotenuse, then this is the 
(panehtlanatinstng/?: 

x= (@2)(¥5-1) 298) 


constant @,which is characteristic for 


‘The proportion of both length measures gives the 


© = wa = (5-192 = 0.618 |299) 


‘This proportional number has a special property. If one adds 1 to the number and forms 
the reciprocal alue of that, then the same number comes out again, thus: 
with @= a with asx ty 


1 
+1 =— | and 


x y 
rep J 2 EE). am 
Z a x 


With that the ratio of the length @ and the larger section x is the same as the ratio of x and 
the smaller section 


oa ‘The vortex, which i rolling up 


+ Starting-point: the fundamental field equation 


OE, 1 1, |. 


02 9-1 Ot =tan0t tite 


-crot rot B = 


+ for the special case: because of missing conducti 9) 
eg. in air no eddy current damping. oe = [(1/ts) = 0 


+ and no currents (¢9.27.1527.16): f= ¢E=-we-divE=0 


resp. AB = grad gif — rot rot B = - rot rot E 


=> | c2.AE = 


eae ea) 
38 tat 


Standard case of a wave damped with potential vortices 


In the case of a perturbation this wave rolls up to a vortex, with 
© the vortex radius 
+ the swirl velocity c= or 
© the angular velocity @ = 1/12 = c/r 


‘The vortex itself runs with the velocity v(x{t)) = dx/dt 
as a longitudinal wave in direction of the E-field: AE = 67 /0x? 
=> 0B/ét = (0EB/0x)-(dx/dt) = veB/dx and 
2B /at? = v2-(07E/0x2); (2v/dt = 0, since not accelerated) 
=> [ c2.02B/ax2 = v2(67B/ex2) + v(c/r)CB/ox | com 
« with the exponential approach: E=Wex/" are 
=> dE/dx =—(1/rsE and 098 /éx? = (1/r2)-E 


=> L(e2/P)-B = (v2/P)-E — (vc/r)-E (29:13) 
© resp.: @=avove e919 
Fig. 29.8:___ The calculation of an electromagnetic wave, which 


is rolling up to a potential vortex. 


Number acrobaties/mathematical derivations 605 


‘The big mystery concerning the harmony of the Golden Proportion gets a sober technical 
physical dimension with the theory of objectivity. It determines within the fundamental 
field equation” (27.26) the rolling up of a wave info a vortex and vice versa. The Golden 
Proportion mathematically describes the process known as wave damping, as we can 
make ourselves clear. 


29.8 The vortex, w 


is rolling up 
For the case of a wave propagation in air or in vacuum, if no electric conductivity is 
present («f= 0), the fundamental field equation is reduced to the two parts: the description 
of the electromagnetic wave and the potential vortex as a damping term. Now a solution of 
this partial differential equation (29.11) is sought. This only succeeds for a very particular 
‘course of spatial and temporal field, 


Ifa wave for a field perturbation rolls up to a vortex, which we had worked out as a model 
concept, then the field oscillation continues to run with the speed of light, but this time in 
circles. With this consideration the relation between the angular velocity resp. the time 
constants and the radius of the eircular vortex has been described (=), 


V(x) = dwt is the not-accelerated velocity of propagation of a vortex. In that case v 
points in the x-direction radially to the outside. For the lime derivation of the field vector 
E{x(0)) the chain rule should be applied. With that the field equation (29.11), defined in 
space and time, can be converted into ua equation determined in v and x (29-12). 


Finally we use the mentioned property of the e-function, which for first and second 
derivation again turns into itself, by choosing the approach of an exponential damping 
with e** There remains a quadratic equation to determine the velocity v (29.14 and 
29.15), From the two solutions of the quadratic equation only the one with positive 
Velocity should be considered (29.17) and that would be 1.618 times the speed of light! 
(29.18). 

If we subsract 1 from this value or form the reciprocal value, then in both cases the factor 
@~ 0.618 results, which is ealled the Golden Proportion (29.19), 

Behind this clear, mathematically won result is hiding a deeper physical meaning. 
Obviously nothing can hinder a longitudinal wave and its vortices to be slower or faster 
than just with v= 1.618%. Let us take the case that v= c, for which there even exist 
calculations in some textbooks. Then as a result gets out that the longitudinal parts 
decrease very quickly and already can be neglected after 2/271 in any case interpret the 
near-field zone of an antenna (lig. 29.9) such that within one sixth of the wavelength the 
vortices to a large extent have decayed. 


is Zinke,Brunswig Lehrbuch dev Hochifequenatechaik, 1. Bd, 3. Aut. 
Springer-Verlag Berlin 1986, Seite 335 


6 ‘The Golden Proportion 


+ has the solution: vac/2Ne/44e2 [og 


+ for the proportion vie: |v/c = (1 +V5)/2 = 1.618 [e919 


1618 (29.18) 


+ The result v/e 


+ resp.e/v =@= 0.618 = ,,Golden Proportion"(29.19) 


+ ace. to that is: 1+@= 1.618= 1/= 1/0.618(29.18*) 


+ Concerning the physical meaning of v/e = 1.618 a7) 


=>In the ideal case at 1.618 times the speed of light at 
the stability limit, the natural and spontaneous 
conversion from vortex to wave and vice versa occurs. 


=> Scalar wave antennas have their optimum degree of 
effectiveness in the Golden Proportion! 


Fig. 29.9: Derivation of the Golden Proportion from the 
fundamental field equation. 
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For larger velocities, as Tesla has produced already 100 years ago, the stability of the 
vortices, hut also their biological effectiveness increases. From a high-frequency technical 
viewpoint this is the domain of the noise, the domain of instable oscillating noise vortices. 
From a biological and medical viewpoint especially here the answers should be sought 10 
questions conceming the -—- electromagnetic environmental compatbili 
This domain stretches from v = © to v = 1618*c, the boundary ease, where spontaneous 
conversion of the wave into the vortex is possible. The Golden Proportion describes the 
Stability limit, where the field vortices after they have been formed, don't decay anymore. 
From this velocity on the antenna resp. radiation source hasn't got a limited near-field 
zone anymore, since that now reaches 10 infinity. Only from this distinet velocity on I give 
the field vortices the name "neutrino". 


29.9 The Golden Proportion 


‘Whereas traditional antennas, which should emit electromagnetic waves, are optimized for 
signals with the speed of light, do scalar wave antennas have their optimum degree of 
effectiveness in the Golden Proportion, Thereby the goal of an emission of oscillating 
ring-like vortices is pursued. Vortices, which with a velocity of propagation of v = 
Lol8-c remain stable and make possible a spatially unlimited transmission of energy and 
information by scalar waves, 


‘The velocity of propagation v is caleulated from the product of wavelength times 
frequency. \ = Jef. Ifthe frequency of a transmitter is prescribed, then the geometry ofthe 
transmitting antenna decides on the degree of effectiveness of the antenna and on how 
many parts of transverse waves are emitted in relation to longitudinal waves. In the case of 
1 broadcast antenna usually } oF 2/2 is chosen, For a scalar wave however the optimum 
is reached with 


1.618: 


1,618-¢/f. 


2920) 


With that the electrotechnical problem becomes a geometrical one, if it concerns the use of 
scalar waves. Crucial is the antenna geometry, and the Golden Proportion provides the 
necessary constructional instruction. Were the buildings in antiguity, which were 
construcied according the Golden Proportion, technical facilities for scalar waves”? 
Did the builders have physically explainable and mathematically provable guidelines? 
At this place, by the derivation of the Golden Proportion from the fundamental field 
equation, there arise completely new aspects for the judgement and interpretation of 
buildings especially from antiquity. If we have understood their way of funetioning, then 
wwe will be able to leam much from that for our own future and for the future construction 
of scalar wave devices. Concluding the seminar we hence deal with antiquity. 


Cli 


ancient temple 


dedicated to one god 


supreme god 
father of all gods 


Zeus, 
priest, 
representative of the god 


high priest 


Pontifex Maximus, 
topmost bridge builder” 


oracle 

runes, cuneiform writing 
metre, hexameter 

oracle priest 


tripod 


looking at __intestines, 
rite of sacrificing 


short wave station 


fixing of the frequency 


range of the short wave, 
all SW wave bands 


amateur radio operator, 
with licence to transmit 


chief intendant 


chairman of the authority 
and the telegraph offices 


telegraphy receiver 


telegraphy symbols 


increase of redundancy 


telegraphy interpreter 


reception key, electro- 
acoustical converter 


reading off convulsions, 
electro-optical converter 


temple books = news-notes 

seer, who looks into= amateur radio operator, 
the god world at telegraphy reception 
Homer = ancient radio reporter| 
Fig. 30.1: Little dictionary for ancient radio engineering (1). 


<i>: Lamer: Worterbuch der Ati 
oraculum 
What the god says". Accordin 


god ,simply were frauds, who lived ofthe i 


site of speaking; particular 


ke, Kroner Verl. Bd.96 under “oracle” st 
site, where a god. speaks; 
yelopaedia oracle 

jorance of the public’ 


to the ef 


ists inspired by a 
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30, Scalar wave technology in antiquity 


‘The end of the book about potential vortices and their propagation as a scalar wave shall 
form an impressive example, where as many of the derived wave aspects as possible have 
fan effect. It shall be proven that algeady in antiquity radio engineering based on scalar 
‘waves has been used. The proof starts with a thesis. 


antiquity all were short wave broadcasting stations. And energy from the 
field served as an energy source, so e.g. the earth radiation in the case of temples of 
terrestrial gods. In the case of the solar god the radiation of the sun was used, whereas for 
the temples, which were dedicated to the planetary gods, the neutrino radiation arriving 
‘rom the planets served as an energy source. 


If the temple was dedicated to a particular god, then the name of the god was representing 
the used frequency of the broadcasting company. The corresponding wavelength, resp. the 
respective god, understandably was “immortal” 


Not so the broadcasting technicians on duty, who as human beings naturally were mortal, 
Who tok tums in the studio as members of the priest council and who merely had to 
impersonate the god Apollo, Poseidon ete. by the name of the broadcasting company, if 
they Went on air. Only for the news editor Homer and for few of his colleagues we 
actually know the names of the persons behind the scenes, 


the temple books the texts have been recorded, which a god and its broadcasting 
wmpany have received. The chosen metre served the easier detection and correction of 
transmission errors, 


Here often a lot of fantasy was necessary, for which reason the reception facilities 
commonly were described as oracle". The reception of the news as a rule took place on 
fn alla. Thereby the ditect effect of scalar waves on man eg. in the case of the so-called 
temple sleep or the indirect influence on biological systems, e.g. on the intestines of 
slaughtered animals, was evaluated, 

AA futher development of the telegraphy was the tripod technology", in which case by 
turning of the polarization plane individaal symbols and lees were tansmited up to the 
transmission of the spoken word with the help of a special wavelength modulation 
“That fr the thesis reaches, which now should be proven 


<i> amor, Wonkrbuc der Antik, Kroner Ver Bd.96 under "ep sad: the 
tripod is dedication aif to gods, a honorary gift for wines. ‘That one ple’ 
tite wit de git of © cant pt, stmibe one hast io. ie ths Tec, 
but until now without success” In the ‘encyclopaedia further is advised 
tripod asa means Tor spit sigh” 


610 Prerequisites 


godology = high frequency technology 
god name RDS, station identification 
members of a = broadcasting studios of a 
family of gods broadcasting company 
Pantheon, = extremely broadband 
temple of all gods EM broadcast station 


crown antenna netting 


gifts for sacrificing broadcasting fees 


place of sacrificing = place of a node of 
the standing wave 
power supply 

time restriction of the 


earth radiation 


homage of a 


weekday operation of the station 
Zeus ,,forges" electrostatic blows, when 
thunderbolts a temple is oscillating 


ritual act = technical provision 
for transmission and 
reception 

Pythia of Delphi = radio telephone operator, 
receptionist 

Cella (marrow of temple) = tuned cavity 

obelisk” ntenna rod 

Fig. 30.2 Little dictionary for ancient radio engineering (2). 


<i: Lamer: Worterbuch der Antike, Kroner Verl. Bd.96, under Pythia"(gr--the 
asker): In the temple of Delphi was a chasm. A tripod was standing over it, on 
Which the Pythia Was seated, if she gave oracle, Comment: "It was flashy how 
‘odd the Pythia was sitting; inconveniently enough, on the cooking pot of the 
tripod. Ancient pictures, which show her that way, still weren't proven, that it 
was this way 

<i>: Lamer: under 


elisk” stands; ,,The obelisks probably were clocks” 
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30.2 Prerequisites 


‘The argumentation has fo be made on mathematical-physical foundation. The prerequisite 
for that are the 29 chapters of before. The following points could be demonstrated and 
derived 


L_ The wave equation (inhomogeneous Laplace equation) describes the sum of two 
wave parts, where 
‘every antenna emits both parts, 
the transverse part, known as electromagnetic wave (Hertzian wave) 
4. and the longitudinal part (Tesla radiation) termed scalar wave by the discoverer, 
better known as antenna noise. 
5, The wave equation mathematically deseribes the connection of both wave parts in 
‘general and the conversion of one part into the other in particular, thus 
6. the rolling up and unrolling of waves in field vortices (measurable as noise). 
7. The transition takes place proportionally to the Golden Proportion, as resulted 
fiom the derivation (chapter 29.7 - 29.9) 


With the last point the electrotechnical problem becomes a geometrical problem, if it 
concerns the use of scalar waves. The geometry of the antenna is crucial. Thereby the 
Golden Proportion provides the necessaty direction for construction. 
‘That justifies the assumption thatthe buildings in antiquity, which were built according 10 
the Golden Proportion, were technical facilities for scalae waves. Maybe the builders had 
that had physieal reasons and could mathematically be proven. 
At this place there result completely new aspeets for judging and interpreting build 
especially from antiquity through the derivation of the Golden Proportion from the 
Fundamental field equation. Ifwe have understood their way of functioning, then we will 
be able to lean much from that for our own future and forthe future construction of scalar 
wave devices 


‘As a further prerequisite for the ancient broadcasting technology enough field enerey 
should be at disposal. We proceed from the assumption that 
LL the earth magnetism and the cosmic neutrino radiation are tightly hanging together 
by the processes in earth's core, 
2 the earth magnetism in antiquity verifiably was approx. thousandfold stronger than 
today (proven by gauging of pieces of broken pot), 
3. as a consequence the neutrino radiation in antiquity as well must have been 
thousandfold stronger and 
4. the cosmic neutrino radiation has served the transmitting plants of antiquity as an 
energy cartier, 
yy thought is absurd to reject the technical function of a temple only because it today 
cean't be reproduced anymore. The artistic and aesthetical viewpoints, which are put into 
the foreground by att historians because of ignorance about the tue function, rather are 
secondary, 
‘The terms used 10 deseribe the broadcasting technology in antiquity in the last 2000 years 
have experienced a shift of meaning, so that a translation in our linguistic usage of today is 
necessary. The adjacent dictionary should help in that ease. 


2 Approach 


Constr.: 470-456 B.C, 
gold. Prop: © = 0,618 


Cella-Length 
frequency: 


Fig. 30.3: The Golden Proportion of Zeus-temple in Olympia." 


<i: K_  Schefold: Die Griechen und ihre Nachbarn, Propylaen Kunstgeschichte 
Berlin Bd, 1, Abbildungen von Seite 249 
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303 Approach 


Lets 10 some extent proceed from the knowledge of textbook physies currently present in 
high frequency engineering and give a well trained engineer the following task, which he 
should solve systematically and like an engineer: He should build a transmitter with 
maximum range at minimum transmitting power, thus a classic task of optimization, 
Doing so, the material expenditure doesn't play a role! 


After mature deliberation the engineer will hit upon it that only one solution exists: He 
decides on a telegraphy transmitter at the long wave end of the short wave band, at f= 3 
MHz, which corresponds to a wavelength of 2 =100 m. There less than 1 Watt 
transmitting power is enough for a radio communication once around the earth. That also 
has something 10 do with the conditions of reflection of the radio waves at the ionosphere. 
Our engineer learned: 


the index of refraction n= VI~ KANE co) 
with: K= 80.5 # 10° m/sec) (= constant) 
N = electron concentration [electrons] 


{= frequency of the transmitter [MHz] 
Put into words: the reftaction of a radio wave in the range of the short waves is the larger, 
the smaller the frequency is, The end of the short wave range is reached at 3 MHz. That 
thus explains the choice of frequency. 


And he optimises flither. Next the engineer remembers that at high frequencies, e.g. for 
microwave radiators, not cables but waveguides are used, since these make possible a 
considerable better degree of effectiveness. In the case of the waveguide the stray fields 
are reduced by an alignment and concentration of the fields in the inside of the conductor, 
In the case of antennas however the fields scatter to the outside and cause considerable 
stray losses. He draws the conclusion that his tansnitter should be built as a tuned cavity 
and not as an antennal 


As a result the engineer puts a building without windows in the countryside with the 
enormous dimensions of $0-m length (2/2) and 2S m (=2/4) resp. 12.5 m (=2/8) width. 
The height he caleulates according to the Golden Proportion to increase the scalar wave 
part. Those approximately are the dimensions of the Cella without window of Greek 
temples 

For the operation of such a transmitter in antiquity appareatly the noise power of the 
cosmic radiation was sufficient, which arrived at the earth staring ffom the sun and the 
panels. By increasing the Moor space also the collected field energy and the transmiting 
power could be increased, so that also fom the perspective of the power supply the temple 
With the largest possible wavelength at the same time promised the largest transmitting 
power, so a least in antiquity 


‘Our engineer further determines, that he will switch the cartier frequency on and off at a 
predetermined clock pulse, Thus he decides for radiotelegraphy. The advantage of this 
Technique is @ maximum increase of the reception range. For that the signals at the 
transmitter have to be coded and at the receiver again deciphered. By means of the 
encryption of the contents these are avcessible only to the insiders", who know the code; 
prerequisite for the emerging of hermetism and eventually a question of power! 


oa 


Circumstantial evidence 


— oe Lb 


i reir 
t 


7,5 MHz transmitter frequency 
X= 40m. wave length 


L= 20 m cella-length (= 2/2) 
b= 10m cella-width (- 1/2) 


® = 0,618 golden proportion 


Fig. 30.4: Example Tegea, temple of Athena Alea 


Built 350/340 B.C. 


<b: G. Gruben; Die Tempel der Griechen, Wissenschaflliche Buchgesellschaft 
Darmstadt 1986, 4. Aufl. Seite 130 

<ii=:E. Horst: Konstantin der Grosse, Eine Biographie, Classen Verlag 1985 
Dusseldorf, 2-Aufl, 8. 89. 

<li>: E, Horst: Konstantin der Grosse, Eine Biographie, Classen Verlag 1985 
Dusseldorf, 2,Auf.,S. 33. 
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30.4 Circumstantial evidence 


Not everyone, somehow participating in send receive engineering, at the same time also 
‘was inaugurated in the entire secret knowledge. Most priests only knew as much as they 
necessarily needed to know to fulfill their tasks. Thus a temple priest, who was presented 
fan enciphered text and who should bring this on the ait, not necessarily at the same time 
needed to know the content of the text or the code. The same of course also was valid for 
the sacrificing priest acting in the receiving station. The Vesial virgins for instance had to 
present the received text to the Augures, by whom they were supervised and controlled. 

But who wanted to introduce a new god in the gods heaven and perhaps even himself be 
Worshipped as a god, should have complete command of both the broadcasting tet 

and the reception technique. Ia ancient Egypt the Pharao at least once a yeur had to prove, 
that he still was in command of the technique. Otherwise he was replaced. For a person 
With security clearance that atthe same time was a death sentence. 


In the historical facts numerous pieces of circumstantial evidence can be found, which can 
bbe considered to be evidence for the thesis of the operation of send receive engineering in 
antiquity. One now perhaps understands, why the rulers were put an antenna netting over 
their head, a so-called crown, or why the Augures could survey the land with a flat Tesla 
collin their hands (fi 16.10). 

Direct evidence is present as well. It can be found in ancient texts. But it is questionable if 
historical texts concerning ancient radio engineering have been translated correctly, The 
talk is about oracles, mystery cult and earth prophesy if the receiver is meant. The 
predominantly technically uneducated historians attest the Romans a defective sense of 
lime, because their couriers surely could not cover the long ways aeross the Roman empire 
so fast af all, if they read in the Latin texts: "They sent by courier to the emperor in Rome 
and got for answer..”. The answer of the emperor namely already arrived at the squad at 
the latest in the following night. The correct translation should read: "they cabled” of “they 
broadcasted to the emperor in Rome and got for answer." 

Such a big empire as the Roman Empire actually only could be reined by means of an 
efficient communication. Cicero coined the word: "We have conquered the peoples of the 
earth owing to our broadcasting technology..." The term broadcasting technology from 
ignorance is translated with piety. If engineers however rework the incorrect ra 

then one will discover that numerous texts tell of the broadcasting technology, 
correspondingly much direct evidence exists concerning the practical use of this 
technology. 

For the Roman military transmitters, which formed the backbone of the administration of 
the empire, the reading off of the information from observations of nature like the bird 
flight or from felt signals of a geomanter was too unreliable, They read off the information 
fiom the rhythm of the convulsions of the intestines of freshly slaughtered animals. Ia the 
cease of the dead animals on the altar every extrinsic influence was excluded. But the 
enormous need of slaughter cattle was a disadvantage. Who wanted to have information, 
first of all had to bring along an animal, which then was sacrificed” the god, or better say. 
which was abused as a receiver for a particular transmitter. Thereby the innards served as 
‘a biosensor and asa receiver forthe news. 


616 Radio technical concepts 


Fig. 30.5:__ Three radio technical network structures, with an 
example from antiquity and from present time. 
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30.5 Radio technical concepts 


In planning and constructing radio technical networks only a few possible concepts exis. 
It is interesting that at least one historical example can be specified for every concept. That 
shows that all possibilities were tried at least once, The three most important concepts are 
presented here: 


Cellular phone. 
Every bigger city between Euphrates and Tigris, which thought the world of itself, had 
at its disposal already in antiquity a temple tower. Such a temple tower was a 

telephone cabin” in the form of a pyramid as a transmitter and a receiver temple at the 
3p, 10 where the receptionist adjourned to the so-called temple sleep. Discipline was 
required, since all the time only one priest was allowed 0 broadcast. All others could 
listen to him doing so. If he was ready, he closed his contribution with a fixed symbol 
or term (,over") and the next one could continue. This is a classic link-up, where 

‘anyone communicates with every network participant 

The stations all were strikingly similar in form and size of building, like one phone box 

resembles another. In that Way a further development of the cellular phone system 

hardly was possible and that has a technical reason, as the building of a tower in 

Babylon has shown us. This tower namely had gotten the ambitious builders to big, so 

that the frequency of the Mesopotamian radio network had been left and instead a 

foreign network could be received, the code of which no-one could understand, The 

result was a confusion of language and the order to stop the building 


B, Broadcasting 
Millions of TV spectators every evening look in the ABC news or another duly joumal 
of a TV Channel. In the case of broadcasting thus many receivers listen to the news of a 
powerful transmitter, With that the whole plenitude of power is concentrated in the 
hhands of the chief intendant, In antiquity he called himself high priest. I he weat on the 
air, he used the logo of the god that he had to represent. Today the logo of the 
broadcasting company is shown in a comer of the TV screen. Even this very day 
feedback from the receiver to the transmitter hardly is possible contingent on principle, 
‘The problems with nationally controlled broadeasting, with politics controlled by the 
‘media all are not new. The monotheism in ancient Egypt with the claim of lordship of 
the main god Ammun Re isan example from antiquity 


€. Dispatch service. 
In ancient Greece the technical structures and with that also the power structures had 
been turned around, At that time a big network of broadcast stations, which continually 
was extended by a policy of settlement ordered by the gods, supplied a central and 
correspondingly powerful agency with information per radio. 
Who Wanted up to date news, could call for these in the ageney with seat in Delphi, but 
hhe had to pay for it. To accommodate the broadcasting fees in form of gold and gifls, 
Whole teasury stores had 10 be built, Measured by the commercial success the ancient 
news network has remained unmatched, and can't be compared with pay-TV or todays 
dispatch services, like dpa. If the network however becomes too big, uncontrollable and 
it lacks discipline, then it sometime will erack and the system erashes. 


= 


Wireless telegraph 
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Fig. 30.6 A: Hera-temple of Selinunt 460-450 B.C. 
(Comtesp. to the plans of the Roman architect Vitruvius) 
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Cella length L 5, frequency f= 9 MHz 
L=2/2=16,7m about 540/B.C: 


Fig. 30.6 B: Apollo-temple of Korinth™ 
(Altemative interpretation, use of the Golden Proportion 0). 


<i>: K.Sehefold: Die Griechen und ire Nachbarn, Propylaen Kunstgeschichte 
Berlin Bd. 1, Abbildungen von Seite 241, 250 

<ii>: Vitruvius (Marcus Vitruvius Poltio): Zehn Bucher uber Architektur, Ubers. von 
Dr. K. Fensterbusch, Wissensehafil. Buehges. Darmstadt 1987, 4. Aufl, 3 
Buch, 1. Kap.: Von den Symmetrien der Tempel, Seite 137 


<li>: Vitruvius (dito), 4.book, 4.Chap.: Vom Tempetinnern und dem Pronaon, p. 187 
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30.6 Wireless telegraphy 


Radio engineering 100 years ago also started with telegraphy. Thereby the high frequency 
carrier is switched on and off. With this technique Marconi succeeded in a radio 
‘transmission over the English Channel (1899) and over the Adantic Ocean (1901), 

‘As next step the amplitude modulation (AM) followed. Thereby the HF-casrier is 

overlapped with the low-frequency signal of a sound carrier in such a way, that the 
amplitude fluctuates on the beat ofthe LF-signal. As a disadvantageous effec, also noise 
signals will overlap, from which the quality of reception will suer. 

Only the frequency modulation (FM), where the LF-signal is transmitted as temporal 
‘luctuation of the frequency, brings an improvement. The annoying amplitude noise hence 
has no effet in the case of EM, 

easily ean be recognized, how the development of the modulation techniques follows the 

Urge for technical improvement and optimization, That in antiquity hasa't been different, 

‘oe which reason the progress of development took place in the same order. 


‘The broadcasting technology of the ancient gods started with the wireless telegraphy. This 
is expressed in the architecture, Since electric resonant circuits or other frequency 
determining equipment weren't at the disposal of the engineers in antiquity, the 
determination and allocation of the broadcasting channels had to take place by means of 
the wavelength. The formation of a standing wave in the Cella, the innermost sanctuary of 
fa temple, occurs if its length corresponds to half the wavelength of the HF-carter 
‘The Roman architect Vitruvius calls the wavelength the basic measure", fom which 
resulls "the system of the symmetries". He writes: ,.The design of the temples bases on 
symmetry, to which laws the architects should adhere meticulously. "*. The length of 
the temple is partitioned in such a way that the width is equal to half the length, the Cella 
itself including the wall, which contains the door, is one fourth longer than wide. The 
remaining three fourths, which form the Pronaon, should protrude until the antae of the 
‘wall and the antae should have the thickness of the pillars". 

If we recalculate ourselves, then the partitioning in 3/4 to S/4 produces proportion, 
Which conies quite close to the Golden Proportion. In building a temple nothing is left to 
chance, after all it concerns the construction of a tuned cavity, capable of self-esonant 
‘oscillations with favourable emission behaviour. 

From the ouside one cant see if a telegraphy transmitter has been changed over to speech 
transmission with AM. The HF-carrier merely isn't switched ofT anymore, ie. the priests 
let the temple oscillate without interruption. Newly added for AM is an electroacoustic 
coupling. For that _many temples were retrofited with a mouthpiece. Newly built AM 
‘wansmitter temples conclude the Cella with a round apse. Because of this acoustically 
conditioned construction the Cella length didn't have a fixed value anymore and the 
twansmission frequency had become variable, Measured in the middle of the apse the 
‘wavelength was larger than at the sides, so that on the beat of the spoken word not only 
the amplitude of the field distribution in the interior of the temple, but in addition also the 
frequency of the selffesonant oscillation was changed. 

A typical example of such an architectonic hybrid form of AM and FM is situated in 
Rome. Because due to the frequency variation more than only one wave band was 
occupied and the temple consistently carries the names of two deities. It is the temple of 
‘Venus and Roma 


AM temple technology 


22 m (6,8 MHz), 


D, + 1/2 Ds 


Fig, 30.7: Temple of Venus and Roma; Rome 136/37 A.D." 


A. Springer: Das Altertum, A. Kroner Verl. Leipzig 1915, 10. Aufl, 8. 518 
<i: T. Kraus: Das romische Weltreich, Propyluen Kunsigesch, Berlin Bd. 2, S. 161 
<li>: Lamer: Worterbuch der Antike, Kroner Verl. Bd,96 unter "Tempel", Haufigkeit 
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30.7 AM temple technology 


The low-frequency signal (LF), which should be transmitted by a transmitter with 
amplitude modulation, lies in the range between 16 Hz and 16 kHz. If it only concers the 
transmission of speech information, then the bandwidth ean be reduced to 300 to 3000 Hz. 
In the case of mixing the low-frequency useful signal with the HF-carrer, thus in the case 
of the modulation of the cartier in the rhythm of the LF, 1wo side bands arise. These lie 
close to the cartier frequency and are formed from this once by the addition and once by 
the subtraction with the frequency of the LF-signal. Lets take the temple of Venus and 
Roma with a transmission frequency of 6.8 MHz. If sound of 3 kHz should be transmitted 
clearly understandable, then the dimensions of the Cella had to be varied for just 8 mm for 
1 corresponding Cella length of 2/2 = 22 m. As a curiosity the niches in the side walls in 
the case of this temple however allow a considerably larger bandwidth of more than 10% 
instead of the necessary 0.04% in the case of AM. 
In the case of the Greek originals, the Cella however has smooth walls, fom which 
follows that the temples were designed ideally narrow band. The Greeks apparently 
operated predominantly telegraphy wansmiters, for which the side bands coincide with the 
‘The argumentation indeed has remained unchanged: The modulator being narrow band 
and simple 10 realize speak in favour of the telegraphy being the “original form” of all 
modulation techniques. Also the rediscavery of the broadcasting technology by Heinrich 
Herz succeeded as telegraphy signal. In addition the range is bigger than for any signal 
‘modulated with sound frequency. 
AAs the caleulation example has shown, also pure AM transmitters work very narrow band, 
and this is particularly important for low transmission frequencies, if many transmitters 
Want to use the favoured SW band between 3 and 10 MHz at the same time, With AM one 
thus accommodates the maximum number of broadcasting channels ina particular 
frequency range, for instance the 80-meter band, without these interfering with each other 
too much, But that also was badly needed, Conclusions about the everyday life of 
broadcasting in antiquity by all means are possible because of the enormous number of 
temple installations, which logically were permanently used. Only in Rome there existed 
up 0-200 empes 
Who goes in search of broadcasting stations with a modern short wave receiver, for 
instance in the 80 m band between the countless telegraphy transmitters, fast gets an idea 
fof what had heen up in the air already 2000 yeurs ago, No ancient city would build several 
temples on a single Acropolis, if only one single one could have been used. All temples 
broadcasted with each time another carrier frequency because of different dimensions. For 
this reason the temples, which stood side by side, as a rule were dedicated different gods. 
An acknowledgement, “the air just being free", in addition hardly was possible, because of 
the offen-found spatial distance between the temple installations and the respective oracle, 
Between the transmitter of the god Apollo in Didyma and the receiver, the oracle of Milet, 
for example lie approx. 20 kilometres. The only possible conclusion is that in antiquity 
se was broadcasted on all channels simultaneously regardless of other gods and their 
lwansmission frequencies. As is well-known there rather prevailed a situation of 
competition between the gods, since like today a large number of listeners meant great 
importance, influence and power and eventually also worship, more gifts and more 
pts from broadcasting fees, 
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A 


Fig. 30.8:__ Comparison of a magnetron (A), a microwave radio 
tube” and the temple (B) in the palace of the 
emperor Diokletian, Split." 


Fig. 30.8.C: Temple of Minerva Medica, Rome, 320 A.D.“ 


<i>: K_ Simonyi: Physikalische Elektronik, 8.4 Das Magnetron, S. 665 
‘T. Kraus: Das rom. Weltreich, Propylaen Kunstgesch. Bd. 2, 5. 194, 196 

<iib>: If one however wants to verify this, in antiquity already common man 
PM broadcasting technology, then we need a broadband short wave 
with ‘phase-demodulator. With such a receiver even today any time a 
vonclusive argumentation should be possible that this sort of SW-PM. 
technology actually works, 
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30.8 Modulation of acoustic signals 


In the case of sound it in essence concerns longitudinal waves, which propagate in all 
directions in space with the velocity of sound. But this merely is an average velocity, since 
the air molecules strictly speaking oscillate with the sound frequency in the direction of 
propagation. In this way the velocity of sound one time is increased and the next moment 
othe corresponding extent reduced. If the molecules already carry out oscillations of 
themselves, eg. thermal motion, then both oscillations overlap; ie. the motion of itself is 
‘modulated with the sound frequency. 

Following the here presented derivation potential vortices are formed in every dielectric 
thus also in air, and these are modulated if overlapped with sound waves. Vortices 
however do not form a distinct frequency, but entirely on the contrary a uniform frequency 
‘mixture inthe form of white noise 

‘The overlap thus also is noise unless certain noise frequencies are favoured. This can be 
effected by means of a spatial body tuned 10 a certain wavelength. To be considered are 
cuboid cavities, as in the case of Greek temples or waveguides and cylindrical objects as 
in the case of round temples or magnetrons. The building form causes the favouring of a 
certain frequency andthe integer harmonic frequencies belonging 10 it. 
If this frequency now lies in the high frequency range, then it is emitted by the spatial 
body as an electromagnetic wave, in the ease of waveguides and resonant circuits for 
reason of the small dimensions as microwave radiation and in the case of the Greek 
temples as short wave radiation. If one in addition produces an acoustic signal in the 
frequency determining spatial body, then this signal automatically will modulate the high- 
Frequency signal 

The result of the modulation is the overlapping of the sound wave with the high-frequency 
carrier wave, The change of the active length, thus the wavelength of the HF-carrier 
causes a change of frequency. Such a change on the beat of the sound frequency is called 
FM (Irequency modulation). For that we imagine a spatial body being excited because of 
its length by potential vortices to a high-frequency oscillation at the self-resonant 
Frequency. 

From flow dynamics is known, how easy the distribution of vortices in space can be 
disturbed. Already words spoken in space are able to influence the potential vortices, 
which in the ease of the temples were used as energy cartier. The longitudinal sound 
‘waves reflected at and thus returning ftom the Cella wall rigid for sound of a Greek temple 
will push these potential vortices back on the beat of the sound and with that shorten the 
active length. This means, that the carrier frequency is modulated with the sound 
Frequency. The carrier oscillation thus permanently changes its phase on the beat of the 
sound signal, for which reason this particular kind of modulation is described as PM, as 
phase modulation 

Nowadays PM is used only seldom and in the SW-range not at all because of the big need 
of wave bandwidth, Merely at higher frequencies PM occasionally is used in 
radiotlephony. In the case of the frequency modulation usual in broadcasting (eg. UHF), 
the change of frequency takes place on the beat of the sound amplitude and not of the 
sound frequency as with PM, Therefore it is not possible to receive phase modulated 
signals, which are produced by means of the acoustic coupling of appropriately formed 


spatial bodies with commercial FM receivers. 
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Broadband FM brondeasting technology 


Diameter 


Fig. 30.9: ‘The Pantheon in Rome, the ,,temple of all 
gods" 
Diameter. D = 43,2 m, Golden Proportion:@= 0.618 


Pronaon-(atrium-jlength:.D- 0.618 + 432 = 
Built under emperor Hadrian 118/ 119-125/128 A.D. 
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30.9 Broadband FM broadcasting technology 


If T speak against a flat wall, then every point on the wall has another distance to my 
mouth, The sound waves thus aren't reflected simultaneously, what leads to big 
‘modulation distortions. Therefore the sound wall should be curved in such a way, that all 
signal paths are the same length (barrel vault, apse, ete.). In the case of point sound 
sources there results as an optimum a hemisphere, for instance a dome. The building hence 
even today tells us, which frequency and which modulation method had been put to use. 
The architecture of Sacral buildings, eg. pointed arch or round arch, thus hardly has been a 
question of aesthetics. 


For his temple of Venus and Roma designed by himself emperor Hadrian had to listen to 
severe criticism among others of Apollodor of Damascus. The temple was too broadband 
for an AM transmiter, however with a modulation depth of just 11 percent not broadband 
enough fora phase modulated FM transmit. 

Emperor Hadrian however also had the courage to build midst in Rome a temple 
calculated completely new and designed as a pure FM transmitter, the Pantheon, which 
means temple of all gods. In the language of the technician it is a tansmitter’for all 
frequencies 

‘This domed structure indeed does leave out one single frequency. With a modulation 
depth of almost 100 percent it is designed for maximum loudness. With that the Pantheon 
uses all available frequencies, for which reason the name temple of all gods really is no 
exaggeration. Into the Pantheon exactly fits a sphere with a diameter of 432 meter. That 
corresponds to a minimum frequeney of 347 MHz, situated in the range of the short 
waves. The floor however is not domed, but horizontal, That, up to the basis of the dome, 
results in exactly half the height and a maximum frequency of 6.94 MHz 

‘The construction ensures that between the simple and the double diameter any desired 
wavelength can be produced. Above the given maximum frequency of the basic oscillation 
the harmonic waves, whieh are produced as well and carit be avoided at all, are attached 
without a break. These occupy the wave bands up to the double, triple, quadruple 
Frequency and so forth. 

For this and only for this reason a maximum frequency was chosen, which corresponds 1 
exactly the double value of the minimum frequency. The operation takes place 10 the limit, 
Where the transmitter would interfere with itself, in the way that the used basic oscillation 
would overlap its own harmonic waves. That then sounds like two people talking at the 

same time. The voices would be distorted out of recognition, as cant be expected else in 
the range ofthe harmonie waves. 

The Pantheon has been planned and built as a phase modulated basic wave transmitter 
according 0 purely academic rules of Hadsian. The temple impressively demonstrates the 
precise engineering detailed knowledge of the Pontifex Maximus and his broadcasting 
Priests in ancient Rome" 


=ie_A. Springer: Die Kunst des Allertums, A, Kroner Verl, Leipzig 1915, 10. Aufl. 
8. 517/518, daraus: die Zeichnungen ram Pantheon in Rom, 115-125 n.Chr. 

<ii>: The collection of material concerning scalar wave technology here is aborted 
and continued in an own book in narrative and with that easier to read writing 
style. The title is: "Broadcasting Gods". 
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depending on field) 


approach derivation result 
b:= postulate what if derivation oft 

{potential vortices Vol.1] b #0? Schrédinger 
duality from Ho EB calculation o 
vortices replace |from j <b the quantum 
quanta. properties 

[potential vortices Vol.2] | [and chapter 3.3] [potential vor 

gen. <> special case| vortex fiel 
causality field quanta —_| free of a 
see chap. 3) cause consequence | {instead of 
finstead of quanta = elo) 

vortex physics | vortex + anti- coming off of 
analogous to vortex | vortices if 1) « 
flow dynamics | (pemokrit/coomolog) | model of at 
febap. 3.4-3:5] | [chap. 3.6 + 27.2] [chap. 5.5 +5.8) 
equations of | for E(r(t)) and extended fi 
transformation:| for H(r(t)): equations: 
E- vxB rot E= rot (vxB) | rotE=-b 
H--vxD rot H = rot (Dxv) | rotH=j+a 
[enap.6.5+27.8) | (chap. 27.9) ehap. 27:10} 
equations of _ | wave equation transverse + 
transformation:| inhom. Laplace eq. | longitudinal 
E- vxB AB = grad div E - rotrot B| wave parts: 
H--vxD AB=(1/o}.2B/oe scalar wav 
[s.a. chap. 16.1) {chap. 27.13} |chap.22.4)| moise, etc, 
equations of _ | vortex overlap gravitation, 
transformation:| length measures | temp 
{ehap. 28} theory of obj 


Fig. 30.10: (All) Many roads lead to Rome. 
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30.10 Epilogue 


‘The preparation for a seminar or a lecture always starts with a collection of material. This 
should be considerably more detailed than the material to be communicated, since it 
doesn't get well at the students and also other participants, if the state of knowledge of the 
lecturer already is exhausted with the scope of his lecture’ For this reason the collection of 
material_must also include altemative derivations and areas of knowledge, which 
thematically rather are marginal, about which mustat be reported, which possibly not 
even can bear criticism but still are in the public discussion. For a collection of material 
Which wants to be considered to be comprehensive and complete, it is important that no 
area and no theme has been overlooked. 

‘The here presented collection of material with its 650 pages has become correspondingly 
voluminous. Afier all the material has been collected over an 8 year period and has been 
strung into the book in the order of working. That of course complicates reading the book, 
because individual aspects are repeated several times, but often also in a different context 
and each time lighted from another side. If the reader somewhere has the feeling, he only 
has tured in a cine, then has deceived himself. He indeed moves spirally in a eile, like 
in real life, but he doesn't come out there, where he started. After one tum he is richer 
With the experience of this spiral tum. In whole science the advancement takes place as a 
spiral movement and one can count oneself fortunate, as long as the spiral has an 
ascending slope! This notion should solace the reader, who has undertaken the torture 10 
work through the complete collection of material 

Students also have reported, they had devoured my book like a thriller and 2 colleague, 
Who had acquired it at a conference in Switzerland, was digging so much in the lecture 
that he forgot to get off the tain timely 

tis a special concem to give reasons for the necessity of an extension of available field 
theory. To achieve this goal several derivations (fig. 30.10) can be found in my books: 
from a postulate, from causality, fom duality, from vortex physics, ftom the equations of 
transformation, ete. added are at least a dozen derivations of other authors from various 
publications, who at most are cited. With that the goal is pursued that all approaches, 
Which are conceivable and worth discussing, can be put side by side and tested for their 
elfcieney 

Since it isn't the task of a collection of material to answer this question, this must be done 
by the hearer resp. the reader of the books. He is prompted to find the answer himself 
‘That leads to an intense contention with the theme and that exactly is the reason for the 
otherwise rather unusual step to make a collection of material open to the public. 
Objections and criticism of the content of a relation of matters of also only of the 
representation of the context is wished explicily. This also isn't valued as criticism of the 
author or of the superordinated set of difficulties, which in principle isn't possible at all 
fora collection of material 
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Fig. 30.11 Honorary functions of the author 
(December 2003, selection). 
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‘There in principle is no necessity at all to discuss with everybody a collection of material, 
Which I have compiled exclusively for own events. It is absolutely sufficient, if few, but 
then qualified experts have thoughts about the content and communicate them to 
can feel certain that I don't hand down their judgement to other persons. For th 
have been blamed by ignorant colleagues, who in complete selfoverestimation have the 
opinion, they should be informed about everything. Right is rather, that_my private 
correspondence is of no concern to anybody, since I find it important that as much readers 
as possible express themselves frank, what only functions, if they can feel certain that they 
afterwards won't be involved in public mud-wrestling. ‘Therefore 1 keep still as regards 
other persons however curious they might be. 

Indeed over and over again pseudo scientists tum up, who have the erroneous opinion that 
scientific arguments would take place on some internel-forums, where one can descant at 
will and anonymous, hidden behind an alias, where the intellectual firebug can feel safe, 
not aferwards being blamed for his crimes. 

No, science takes place entirely different. A new theory will be able to establish, if it is 
right and important and if it is used for practical uses, Losers are those authors of a theory, 
for the elaboratation of which nobody is interested, What does a publication in a jourmal 
however renowned, mean, if nobody reads it and nobody needs it? Most new ideas and 
approaches go under without notice in today's flood of publications, for who has got the 
time to read all essays in ful? 

Desperate they turn to me hoping, at least 1 could understand theit concem. I then invite 
these scientists to a congress of the Society for the Advantage of Physies", of which 1 am 
the president and offer them a forum, where they are able to present their ideas to an 
expert public. Not all lectured ideas prove to be sound, but not seldom a physical concern, 
Which should be taken very serious, is behind it 

For a long time the real scientific controversy doesn't take place anymore at the 
Universities and their congresses, where hardly someone dares 0 lecture arguments against 
the convention, Too fast he would be expelled as outlaw from the honourable society 
From time to time however also from these circles colleagues dare anonymously of 
privately, as they emphasize, into the altemative events of lobbies or clubs, 10 astonished 
find out that real science there still is practised and that there is discussed about ideas, 
Which they have given up thinking or have forbidden themselves to think about. The 
employment activity, so they excuse their thinking prohibition, allegedly doesa't allow it 
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‘equations of transformation 


field physics 
free of postulates! 


Fig. 30.12: Derivations of postulates and axioms (part 1). 
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Be that as it may, the approaches and derivations contained in my collection of material 
are considered to be controversial, and that is good that way! The public takes notice and 
professional circles are occupied with the ideas. With that half the Way to success already 
{s brought off? It now concems t knock off all points for their soundness individually 
because the next step will be to search a way f0 the goal as unassailable as possible, which 
is able © convince also the biggest sceptic. The final version, which then should appear in 
accredited peer-reviewed journals and in a scientific book concerning the theory of 
objectivity, goes in this ditection, From the numerous approaches in the end only one will 
be used, and from the countless, in the collection of material listed aspects only the 
oncontentious ones will emai, 

The dispute, which in the current stage can't be avoided, yes even is desired, however 
shouldn't deceive about the fact that it here doesn't concer persons, improper vanity or 
some image cultivation, but simply and solely concerns the matter! 


In fig. 30.12 and 30.13 is represented, what it concerns. Field physics and quantum 
physies don't form, as in common practise, an insurmountable opposite, but even 
complement each other! Below the stripline a little selection of the today in current use 
{quantum physical postulates can be found, The number of newly introduced constants of 
nature” and postulates permanently is increasing, a circumstance, which hardly can be 
mediated to the common sense. The bracket is missing, which interlinks all postulates, or 
the common source from which they ean be derived causally. 

In the progress of the three-part edition in this question, essential for physies, already a 
satisfying and in addition real efficient answer has been found in the domain of field 
physies. The coupling marked by individual derivations can be found above the stripline 
and it is entiely new, apart ftom the dashed indicated derivation (fig. 30.13), as given by 
Prof. Bosse (TU Dutmstadi) in his textbook. 

‘An approach in principle can be chosen freely. In the case of the superordinated field 
theory Wo equations of transformation form the approach, which already is laid down in 
textbooks and secured experimentally. Thats why the whole field theoretical derivation 
manages without one postulate! It is pointed to the faet that these equations on their part 
cant be derived and should be interpreted rather philosophically than physically 
From this approach the extended field theory is derived directly, without a need to add of 
discard a term. The extended field theory consists of the well-known law of Ampere 
extended with the dielectric displacement D by Maxwell, and of Faraday’s law of 
induction, which experiences an extension with the vector of potential density b by means 
‘of the derivation, Doing so we assume that the field pointers of the electric and the 
magnetic field strength depend on the spatial coordinate + and through this inditectly also 
on the time t: E((0), H(0). 
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Taken from equations of transformation 


textbook physics 


new: 
extended 
field theory |] Yaw of induction 
Meyl: b extended with b 
(ithout = 
Postulate!) derived with 

new: 


‘world equation: 


field physics 
free of postulates! 


quantum physics 
everything postulat 


“Maxwell's field eg 
of charge particles 


Fig. 30.13: Derivations of postulates and axioms (part 2). 
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If the somewhat more general case is counted up, in which case apart from the spatial a 
direct temporal dependency is present (Er) and H(r.0). then further additional terms 
appear in addition to the extended field equations, which need an explanation also for the 
case that they are zero. The physical interpretation would implicate a longer treatise, 
Which however can be cireumvented, as shown here, by constraining the field pointers, 
Which absolutely is allowed according to the slogan: for the ease E(r(t)) and H(t) 
‘chosen from many possibilities the extended field equations come out exactly in the form, 
as they ate required and suitable for the further calculations. Who has got 10 calculate 
other cases, can do that as he Tikes, but doing so he should not get lost 
Maxwell's field equations are contained in the solution and with that also continue to be 
valid, Their disadvantage however is that without the extension b not a single quantum 
physical postulate can be derived. If we add this extension and insert the equations into 
each other without addition and without cuts also this time a central solution is the result, 
Which is called fundamental field equation, 

‘The derivation is known as well from the Maxwell theory, in which ease it is common 
practise, 10 use the general approach (E(e!) and H(¢)), what we in accordance with the 
textbooks can do in the same manner, The extension however brings two additional and 
extremely significant terms. Since the fundamental field equation has eigenvalues under 
certain boundary conditions and describes structures, various quantum postulates come out 
from it, from the quantum properties of the elementary particles over the Schrodinger 
equation and the inhomogeneous Laplace equation up to the derivation of the Golden 
Proportion. That justifies the assumption that this possibly is the long sought-for world 
equation! 

Even 1, a the initiator, was totally surprised by the found derivation of the most important 
quantum physical postulates and axioms. One just is doing it the right way and already 
everything fits together! I am not aware of any theory, which would be able to achieve 
something roughly comparable. The since long sought-for ,,Theory of Everything”, the 
big unification theory really falls into ones lap. The known ‘interactions are the free and 
easy result of analysing the field lines of electric and magnetic field strength ({ig. 30.12). 
Physical phenomena, which until now were considered to be incompatible, like eg. 
waves, noise or the temperature with the utterly insufficient concepts of the mechanisms 
for the conversion of one form of energy into another, can be represented consistently with 
the fundamental field equation as the rolling up of a wavelike field oscillaion to a vortex 
oscillation and as conversion of the noise vortices in the case of a vortex contraction down 
fo atomic dimensions as thermal oscillation, which we treat as vortex losses. 
There exists no alternative to such unified schemes of things, as makes it possible in 
abundance the theory that T have founded, considering the two conditions, that on the one 
hhand in the case of the derivation only known regularities are used, by completely doing 
without postulates and that on the other hand laws are applied ‘and adhered to, also 
physical laws, 

‘The new schemes of things, which sound unfamiliar, thus already were contained in the 
laws of physics. After this now having been realized, the tables tum. Now the explanations 
by postulates, as they at the moment still are being taught, should be replaced by the 
newly derived ones, if one doesn't want 10 become a breaker of the law! There doesn't 
lead a way past the overdue reform of physics anymore 
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If you want to correspond with me or if you want to get one of my 
books from the bibliography, then please consult my Transfer 
Centre in the Technology Centre of St. Georgen (Black Forest, D). 


Address: 1" Transfer Centre for Scalar wave Technology 
Prof, Dr. Konstantin Meyl 
Leopoldstralsse 1 
D-781 12 -St. Georgen /Germany 


Fax.: | +49-7721/51870 


email: meyl@k-meylde or: meyl@fh-furtwangen. de 
Internet http://www.k-meyLde or www.meyl.eu 


The list of deliverable books (for ordering books over the above 
given address, Fax, Mail or postcard suffices): 

*  Wirbelstrome, Diss. University Stuttgart 1984, ISBN 3-9802 542-0-8, 14 

*  Potentialwirbel Band 1, 1990, ISBN 3-9802 542-1-6 (German), 4 

*  Potentialwirbel Band 2, 1992, ISBN 3-9802 542-2-4 (not available) 


* — Blektromagnetische Umweltvertraglichkeit, Teil 1, 2 and 3 (German), 
ISBN 3-9802 542-8-3, 3-9802 542-9-1 and 3-802 542-7-5. Each 16 


* Scalar wave technology, 2003, documentation and manual to the 
<demonstration-kit and to the experimental-kit (translated and copied), 


* — Sendetechnik der Gotter, historischer Sciencefictionroman, (in German) 
1 Aufl. 2004, ISBN 3-9802 542-5.9, 2 


* Neutrinopower, Johannes von Buttlar im Gesprach mit Prof Dr. Konstantin, 
Meyl, (Discussion in German) Argo-Verlag 2000, 


(A bill is enclosed in the delivery.) 


Fig. 30.14: Contacting address and list of deliverable books 
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Fable of formula symbols 


Blestsie Geld Magnetic 
 V/m_— Electric field strength Ho A/m | Magnetic field strength 
1D. As/m? Electric displacement 1B Vs/m? Magnetic induction 
UV" Tension voltage 1 A.” Curent 
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h Nms Quantum of angular elementary vortices 
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Concerning vector analysis: 
old print = fel pointer (vector: farther information in fg. 8.0 in part 1 
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Scalar wave technology 
for the transmission of electric scalar waves 


Abstract 4. lage 2000, 2. Auflage an st English edition 200 


This book is recommended to people, who search the entry into 
the world of the by the author discovered potential vortices and 
their propagation as a scalar wave by experimental means. It 
starts with the instructions to six extraordinary experiments. 
Doing so an electric radiation is proven, which transmits energy, 
and that even faster than the light. Also more energy can arrive at 
the receiver then is put into the transmitter. Who entertains a 
doubt, will be able to understand the experiments with this book 
in his hand, to afterwards test the experiments with the gauge, 
which he is familiar with. 

The 1" edition in English at first only includes the instructions 
for the experiments. In a subsequent edition it will be 
complemented with a collection of test protocols and_ progres 
reports. These are organized into three groups: one group is 
striving to explain the behaviour of the transmission line 
conventionally, a legitimate concern, which in a number of points 
also is able to convince. A second group only is interested in those 
phenomena of the experiment, which can't be explained 
conventionally and which prove the existence of scalar waves, 
whereas the third research group continually strives for new 
spectacular experiments and practical applications. 


Documentation 
Belonging to the experimentation and demonstration kit 
for the transmission of electric scalar waves 


INDEL GmbH, Verlagsabteilung, Fax: +49-7721-51870 
Tel 449-7724-1770 
“VAZS, Prof. Dr. K. Meyl, Leopoldstr. 1, D-78112 
www.k-meyl.de mevl@ 
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oss Concerning the scalar wave transmission kit 


The suitcase for experiments from Transfer Centre St. Georgen 


Scalar wave transmission according to Tesla 
Bidirectional signal and energy transmission with 
longitudinal 
waves faster than light in a resonant circuit 


Get to know the Tesla radiation and its fantastic properties 
personally. Demonstrate, what no textbook of physics is able to 
explain! 

The experiments, which 100 years ago still were extremely 
complicated, today fit into an aluminium suitcase, which can be 
acquired by purchase. Test yourself the historic statements and 
perform the following experiments: 


+ transmission of energy and information 
+ effect back from the receiver on the transmitter 

+ proof of free energy (1 to 3 times over-unity) 

+ scalar wave transmission with app. 1.5 times the speed of light 
+ tunnel effect or the lacking to shield the waves 

+ disproval of the near-field interpretation. 


The kit is offered in two versions: 
As a demonstration-kit for 800.- Euro (incl. VAT) 


With this the 6 experiments can be carried out without further 

aids. (Target group are judges, doctors, architects, interested 
laymen, etc.) 

nexperimentation-kit for 1400.- Euro (incl. VAT) 

three different Spulensatzen, -Frequenzzahler_—_ and 

tzlichem material. (Target group are physicists, engineers, 


handicraft enthusiasts who like to experiment, etc.) 


Weitere Informationen zum Set und zu den Biichern, zu deren 
Inhalt und zu Vortragsveranstaltungen im Internet —_unter: 
http: / /www.k-meyl.de nd = www.meyl.cu 


INDEL GmbH, Verlagsabteilung, Fax: +49-/0- 7721-51870 

Tel +49-/0- 7724-1770 
Posial and ordering address: 
LTZS, Prof. Dr. K. Meyl, Leopoldstr. 1, D-78112 St. Georgen/Schwarzwald 
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640, Concerning the historic science fiction novel 


by Prof. Dr.-Ing. Konstantin Meyl: 


Sendetechnik der Gotter 
Konstantin the Great is inaugurated in ancient send_ receive 
engineering by his teacher in the Roman emperor palace 304 A.D. 


Abstract: LAutlage 2004n German) 


+ Has god Apollo in Delphi broadcasted at 5.4 MHz? 

Were the Greek temples telegraphy transmitters? 

Were the temple priests amateur radio operators? 

‘Was Homer radio reporter by order of the gods? 

Were the oracles receiving stations? 

Have oracle interpreters deciphered the transmission code? 
+ Which bridges did the Pontifex Maximus build? 


All are questions, which are dealt with and explained in detail in 
30 lessons. In the year 304 A.D. we witness, how the later Roman 
emperor Konstantin the Great is inaugurated in the secret 
broadcasting technique of the gods by his teacher. It is an 
exciting time of upheavel, because the old telegraphy is almost 
dead. The intestines of animals to sacrifice, from the convulsions 
of which the radio signals are read off, are scarce goods. 
Instead radiotelephony should be introduced, which had been 
tested successfully with the Pantheon in Rome by emperor 
Hadrian, 

But new dispute is initiated: should broadcasting be introduced 
or rather cellular phone? But those, who tamper around without 
licence, are chased and fought as always 


When the book is available in English, you will be informed per 
internet: 


www.k-meyl.de www.meyleu 


INDEL GmbH, Verlagsabteilung, Fax:+49-721-51870 
Tel. +49-7724-1770 


LTZS, Prof. Dr. K. Meyl, Leopoldstr. 1, D-78112 St. Georgen/Schwarzwald 
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Supreme scientific secrets in ancient India 
jod’s particle, Language, Arts, Temples jacred Geometry} 
(God's icle, L Arts, Temples & Sacred Gi 


(Shatkona Yantra ~ Created by Sri Bhogar Siddhar currently in a temple in Sri Lanka, taken once 
in a year for rituals, believed to emanate supreme subtle divine energies.) 


Thinking Hearts (Raguram Gopalan) 
(raguramg@hotmail.com) 


Thoughts from Thinking Heart: 


“Curious by nature, in a life so uncertain 

Thirsty for the truth, which is so certain 

I sought for some water in our Vedas - the fountain 

Though | can’t understand fully what it contains 

1am amazed & speechless with what | could ascertain 

This is just a speck of dust from that golden mountain 

Thankful to my family for helping me in what | could attain 
Grateful for the wisdom and works from all the chieftains 

Wish | repay every atom of it through my gratuitous tearstains” 


This effort is to share what | read, understood and enjoyed about the scientific aspects in 
ancient India which are codified in our language, arts and in 1000s of temples. The quotes and 
examples are predominantly in Tamil but | have tried to give the meaning which can enable a 
reader to grasp the meaning and progress. Any shortcomings you notice are purely reflective of 
my abilities to understand and express. There was not even an iota of intention to hurt any 
sentiments or beliefs of others. A piece of my mind is available @ 
hnttp://ragsqopalan.blogspot.com 


{initially thought that | shall reproduce a prayer from one of the books which | had read but at 
one fine moment | decided to capture my feelings in my own words. So | scribbled few lines in 
English summing up my feelings as above, few lines for the Sage of Kanchi and a prayer in Tamil 
with its meaning in English. You may understand this prayer better after you read this book. 


January 2012, Version 1.0 


Please feel free to copy and reproduce in whichever form or shape as you deem fit without any 
‘acknowledgements. In fact see how much of this can you share to dispel the ignorance. The 
‘more you share the better. 


If | have acknowledged any books or authors please recognize them and ensure that you either 
buy their books or donate to their cause. They deserve all the credits. 


Adivine soul 
With a noble goal 
Walked this earth 

When divinity was dearth 
Beyond any treasure's worth 
To avoid our death & rebirth 

Seek his guidance & grace 

For he shall ever embrace! 


a 


(560 aus és (Prayer) 


2. cirenGio Cpevin 8, LimbOUNG ar Cmevomeh 
alainGoam panauisinnrd, Cw 2 ej even 
2amiCar pA.orahum® gororem gOvoneIusme 
BL Osi BL WsIGoN, simsalgys serio 
(Mind isthe source, primordial god's particle as the form, 

The luminescent space, the Pranava as consciousness 
Consciousness as the Om’s Light, Om's Light as Om's sound 


Isn't time a pulsation that's the dance of Lord of Dance?) 


sev Fon FCs Conev.018 

Camaro rerio. SUjld a1 51008 
Gracin wpe, spay sings empb5.018 
BONG prsingy BIE Ub som 66 Cen pL LoS 
Time creates Rhythm & order, Rhythm creates shapes 
‘Shapes become universe, the beginning and the end 
Universe merges with source, itis awareness & bliss 


Ever searching for the feet ofthe divine & graceful mean 


alainenhiCer usingquom, wosinsnfie afsingsonom8 
aNeinenfiCer steinsrmon&, stainsmnCwo srotngxonor 
ateireolGev stoirensmesm st6tr a¥IswAGeD Losmj.0me8) 
Bjuoso11 Qumegermes springs iosvemy Cumbre! 
The mass in energy (Space), the energy in mass(earth) 

The energy as thoughts, our thoughts as numbers (octets) 

To me find me within me, he who stands as my eye's pupil 


Beseech his feet who is devoid of may blemish 


SUDUYEBIOD 34Gb SIAUMEN, SITTIBEBO SUNN seen 
MAUMEIEGL siaienen, sFaUbCine Gib siaisnor 
DLITANS S/N SIEUGET SIDID, SHGIOEH SEOOLEUGET SISUSDA 

Bib sRayes Des aMsir puoense, Oumbunrgib CunrgyCamGw! 

The one who is dancing in the microbode, the one whois sleeping in arangam 

The one who is wearing snakes, the one who is dancing on a snake 

The ane wha is consort of Goddess Bhairavi, the one wha isthe Lard of goddess Lakshmi 


Beseech his feet, the one who kills our mind's tamasic darkness 
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1. TIME = SPACE SERIES. PART 1 - INTRODUCTION 


‘As a wise man said, “Indians are the most ignorant about thei 


ch past and scientific traditions.’ 


“Abheda Darsanam Gnanam'”. Nothing defines what wisdom is better than these 3 words. Experience 
of unity / oneness in all is wisdom. The roots of Indian wisdom are captured in these 3 words that 
everything in this universe is the manifestation from a single source, and we can call it God or 
Consciousness. This naturally leads us to one of the mahavakya “Pragyanam Brahma” which means 
“Consciousness is god”. But for people who are stingier with words and wants these 2 concepts to be 
put in just one word, then it is called “Advaita”. 


It is not very often that nature reveals itself its absolute oneness and the un-manifested 
interconnections. You consider yourself fortunate when you come across such knowledge in however 
small measure, even if it happens very rarely and even if you have an illusion that you have understood 
something. It has been very overwhelming for me to come across some of the details | have been 
reading and hearing and the dots | could connect - some of which | had decided to write as a book. 


If you are interested in knowing how scientific ancient Indian Sanatana Dharma is and how well we have 
codified nature’s secret in our languages, arts and temples and if you are interested in any of the 
following questions then you may like this book. Most of the aspects stated here as scientific proof has a 
reference to one or more of our scriptures and | would refer and quote them at various places. 


* Would you be surprised to know that the size, shape, color and characteristics of God's particle 
are very clearly documented in our scriptures at least 12000 years back? What the scientists at 
CERN are spending billions of $, is well documented and we will discuss the characteristics of 
God’s particle in this book. 


‘+ Would you want to know how Time = Space and more over time is nothing but the vibration of 
space? if | tell you that this was known us Indians at least 12000 years back and currently 
available in a written form would you believe? 


‘+ When you throw a stone in water / pond the ripples that form take the shape of a circle (in 2D) / 
sphere (in 3D). Can you guess what the shape of the ripple would be if you throw the same 
stone in space? 


‘* What is the similarity between Poetry, classical music, Classical dance like Bharatanatyam, 
Sculpture and a building? Apart from the fact that we don’t clearly understand any of them in 
depth what is the similarity? Would you be surprised if | say that all are essentially the same and 
in fact @ well constructed building is nothing more than a frozen music and the relationship 
between all the above confirms to a single grammar documented 12000 years + back ? 


‘© Would you be interested in knowing how E = mc” an equation stated by our great Einstein has 
been known to us for years and not just that but we know the root of this energy and how to 
engineer it with precise formulas? Would you be surprised that this is the basis our language? 


‘+ What if! say that the age of the universe, every astronomical unit of the bodies, big bang theory, 
string theory, God's particle etc are all documented and they are all codified in our temples? 


‘+ You would have heard about the golden ration « but do you know the philosophical significance 
of and how it is derived? Moreover would be interested in knowing the significance of key 
numbers and ratio like 0, 1, 5, 8, 9 and 2, V3, V5 ? What is | say that V3 can be correlated 
with “Iyengar Namam”? Does it sound funny? What if there is a deep mathematical and 
philosophical significance? And how are all these ratios related? 


‘+ As a wise man said that ‘Mathematics is the language of the gods”. What if this formula is 
codified in our texts from which we understand the God’s particle, its shape, characteristics and 
its manifestation? 


‘+ What if | tell you that sound is a subset of light and sound merges with light at a point and that is 
at the root consciousness? Any non-takers for this? 


‘+ If you agree on the above then Sabda Brahman or the belief that sound is god merges with 
something higher, isn’t this contradictory? Also why many religions did believed that “Word is 
god”. Was it a mere belief or was there any scientific reason behind it? 


‘+ What is the correlation between Carnatic music and a human being’s height? 


‘+ What if I say that the Mayan from South America and the Mayan from South India are one and 
the same? 


These are some of the questions which might get addressed in this book. | am going to quote a series of, 
references and books and links to understand and learn more about these topics and | would request 
you to utilize them if you are interested in these topics. 


This may not only refer you to the experts but also can help you overcome any weakness | have in 
understanding and articulating some of these topics. Some of the topics may touch upon religious 
beliefs (mostly Hinduism) but if you read with an open mind you would notice the underlying science 
behind it. 


a 


| would be happy if any of these blogs motivate and inspire you to explore the roots of our tradition and 
knowledge and give you an insatiable hunger for knowledge, wisdom to pursue the nature and its 
secrets, 


May the ancient Sanskrit quote “May I meditate on the supreme truth “Satyam Param deemahi”, 
resonate within you as it does within me. 


Happy reading! 


Ps: 


‘Abheda Darshanam Gnanam, Dhyanam Nirvishayam Manam; 
igraham", says the Upanishad. 


Snaanam mano mala thyagam, Showchamindriya 


The real Gnana is seeing all as one, real Dhyana is controlling the Manas from all temptations, the real 
snana or Bathing is Cleansing of All Mindly impurities, not physical impurities alone and real Showcha or 
cleanliness is controlling the Indriyas, this controlling of Indriyas, emotions, weaknesses and 
temptations. 


1am also quoting parts of Kahlil Gibran here, 


Your hearts know in silence the secrets of the days and the nights. 
But your ears thirst for the sound of your heart's knowledge. 

You would know in words that which you have always known in thought. 
You would touch with your fingers the naked body of your dreams. 

And the treasure of your infinite depths would be revealed to your eyes. 
But let there be no scales to weigh your unknown treasure; 

And seek not the depths of your knowledge with staff or sounding line. 
For self is a sea boundless and measureless. 

Say not, "I have found the truth," but rather, "! have found a truth." 


2. TIME = SPACE SERIES. PART 2 - SOUND MERGES IN 
LIGHT 


What if | say that “Sound is a subset of light”. Scientifically you may agree that both are electro- 
magnetic vibrations at different frequencies in the spectrum though one may not be the subset of 
another. 


So, What if | say that every other frequency is the subset of light? | am sure many may disagree. Some 
of the religious pundits may claim that “Sound is god” which | am not disputing but “light too is god” 
and as we progress towards the primordial state sound merges into light. 


Let me try to explain this with a simple exercise. Please sit in a place with a calm mind - few deep 
breaths may help. 
‘+ Imagine that | am TALKING to you and avoid thinking that you are reading this blog. 
‘+ Lam going to TELL the following 5 words and you are going to LISTEN to it. Please just observe 
what happens within you. 
© CAT, BOAT, MOM, DEVIL, BEST FRIEND 


The following are the fundamentals of perception as per Hindu scriptures 


+ Every word has a meaning (Let us ignore the so called meaningless words for the time being.). 
‘+ Every meaning invokes a form or shape within our mind. 
© For example when | say “MOM” you associate this word with your mother and the 
picture / image of your mother is perceived inside. You need to be little more observant 
to understand this. The fundamental principle is that 
© “Every word is first associated its meaning then the meaning is associated with a 
form. The form ted with a Guna (Quality) and then the quality or Guna is 
associated with its experience. What is stored inside is just the experience. 


Let me TRY to explain the abstract concept of consciousness as below: 


‘© Consciousness / existence exi 
discuss the simpler alternative). 
© Formless state called Experience / feeling / bhava. This is the super conscious state. 
© Gross state with form which has physical attributes. Thi 
© Inbetween state (Not formless and no form) called Guna state which has subtle 
quality attributes. This is the Subconscious state. If this is difficult to comprehend for 
you please imagine “Egg” which is in-between the formless and state with form. 
Gotcha? 


3 states (deeper explanation is 5 / 7 states but we will 


the conscious state. 
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Let's look at an example. Rose is a flower. When someone tells you “ROSE” then the following happens: 


‘+ The sound “rose’ associates with a flower usually. (I am ignoring it being a name of your girl 
friend @). So here the word is associated with its meaning, 

‘+ This flower is associated with red color and perhaps with thorns. Here the sound does not exist, 
anymore but only a form. Yo!, the sound has merged into light. 

‘© The third step is - this form is associated with a quality which is fragrance of a rose. For 
someone sensitive they can smell the rose when they think about it. How else could we salivate 
at the thought / smell of a favorite dish if this step does not exist? 

‘+ Now the last step is, this quality invokes an experience and hence a feeling. This rose may be 
associated with your inner self for love and hence the emotion of love surfaces. This is called 
Bhava / Rasa in Sanskrit. 


If you are not clear about this then please do not move to the next part and think or discuss about it. A 
little contemplation would help you understand this 5 stage process of perception. 
‘SOUND ~ MEANING ~ FORM ~ QUALITY (GUNA) ~ EXPERIENCE (FEELING / BHAVA)’ 


Our ancient forefathers knew this science and interconnection. Let me now quote these Slokas as an 
example from Bharatnatyam, which talks about this linkage. 


Kanteenaalambayet geetam, Hasteenaardham Pradarsayet, 
Chakshurbhyaam darsayeet bhaavam, Paadaabhyam taalamaacharet. 


According to Nandikeshara the dancer should sing with the mouth, express the meaning of the song with 
hand gestures, her eyes should express the emotions or bhava, the tala, the beat or rhythm should be 
done with her feet. Further he goes on to say ~ 


"Yato hastas tato drushti, Yato drushitis tato manaha 
‘Yato manahas tato bhavo, Yato bhavas tato Rasaha’ 


'Where the hand goes, there should follow the eyes, Where the eyes move, mind should follow it, 
Where the mind follow, Bhava or emotion is created, & lastly when Bhava is created the sentiment or 
Rasa will arise." 


All the Mudras or gestures represent word when held at a particular position around the frame of the 
body and when used in a particular way. 


‘Alas we Indians have ignored this great science & art and its linkages and are like ignorant fools 
following the meaningless western tradition and dances! 


As a wise man said, “Int 


1ns are the most ignorant about their rich past and scientific traditions.” 


Happy reading! 


3.TIME = SPACE SERIES. PART 3 — VAAK-ARTHA - 
IMPORTANCE OF WORD 


‘SOUND ~ MEANING ~ FORM ~ QUALITY (GUNA) ~ EXPERIENCE (FEELING / BHAVA)’ 


In the 5 stage process of perception, one important factor which | missed is the “Self / EGO” which 
interprets the Guna to an experience. For example when I say Dog, the ‘Self’ interprets Dog to a loyal 
friend or a bike chaser or a rabbies generator. Essentially what is the quality of dog mean to me? If you 
understand this process this explains the uniqueness between individuals or the root cause of 
differences ina society. 


| am also going to add but not going to focus on the fact that the inputs are never limited to sound and 
when see a picture the process of perception starts with step 3. Just to poke the individuals who think 
“Sound / Word is the only god - Sabda Brahman, please tell me - when you see a picture and when 
there is no sound associated with it, where is God as Sabda Brahman in this situation? 


Does that mean that the very important Hindu belief that the Sound “Om is sabda Brahman or god” 
does not hold any meaning? It certainly does and | shall share my thoughts on it~ continue reading 


What is the importance of Word? 
‘The greatest of Indian poet ‘Kalidas’ said 


"Vaak artha viva samprakthov vaakartha prathipathaye 
Jagadha: pitharov vandhe parvathe parameswarow" 


he compared Lord Shiva and Shakti like sound (Shakti) and meaning (Shiva). Both sound and meaning 
are inseparable. You would now understand the wisdom behind this sloka since there is no sound 
without a meaning, Also Sabda Brahman merges with the Artha Brahman and both are inseparable. 
Here Artha Brahman is the light and the meaning of the word. Remember we say that ‘Throw some 
light” when we don’t understand something, 


In Tamil @um@sit (porul) means “a thing” and it also means “meaning”. We will see how 
Ugib@uirqeit (Paramporul) is the Lord Shiva as a God’s particle and how he is referred to as the 
meaning too. The same applies to Sanskrit where “artha” means wealth / things - remember 
‘Arthasastra? And it also refers to “meaning” as in the above sloka. How rich these languages are? 


And in Abhirami Andadi, bhattar sees devi as "Arthanareswara” and confirms us that the grace of 
devi will brings us both richness and mukthi. "Sollum porulum ena nadamadum’ 


a 


‘A word is made up of letters called Akshara in Sanskrit. The meaning of Akshara is that which cannot be 
broken down further. ie. Word can be broken down to letters but it cannot be broken down further. A 
letter has a form like “A” and has a sound associated with it. This means the light and sound are merged 
in a letter. As per the principle stated above in the process of perception, the primordial state is one 
where light and sound is merged into each other. 


If you don’t dispute the philosophy that everything merges into god at the primordial state and at this 
state, sound and light are inseparable, and then you would agree that an Akshara is God / Brahman. 
Each letter has significance and meaning in Indian languages especially Tamil and Sanskrit. A word is a 
combination of Form (Light), Sound and meaning and these are first 3 aspects of perception which 
takes us from a gross state to a formless subtle un-manifest state. 


Hence the statement from New Testament “In the beginning was the Word, and the Word was with 
God, and the Word was God” reflects the same principle. 


But as per Hindu scriptures Veda is the breath of god (not word of god) or the aural vibration of 
consciousness cannot take you to the state of moksha. Words don’t take you to God, it can help you in 
the process but has its limit, since the sound and meaning merges into something else as we move 
towards more subtle space. 


This is what my friend Kambar said in Kambaramayanam as “Galgupld (pqey Siem 
AWUILAUTE St Qeuceus ASI Lor GUN gIOML ss cu} seng loMILUGHTII. This means that the 
supreme truth who could not be found by Vedas came and solved the problem of an elephant, can 
someone dispute this? 


Every word or Akshara has four states Para, Pashyanti, Madhyama and Vaikari. Vaikari is the fourth 
state where the sound is audible to us. If | recite something mentally then the sound has 3 states only 
and these 4 states signify as to how a feeling (bhava) becomes thought and thought becomes form and 
then a sound. Just note here that as per Frank outlaw, it’s the thoughts which are primordial but as per 
our scriptures it is feeling or Bhava or deep rooted desire or also known as vasanas which drive your 
thoughts. So Frank’s quotes are half baked plagiarism. 


In a work called Tarka Samgraha, we have classified 9 different physical attributes (substances / 
dhravyas) and 24 different qualities / GUNA in all. f you are interested reading more about this, please 
read these blogs or the original work. 


http://ragsgopalan.blogspot.com/2010/09/vedic-perspective-matter-and-its_14.html This isa 3 part series. 
http://ragsgopalan.blogspot.com/2008/11/part-1-perception-art-of-seeing-things.html This is a 2 part 
series. 


To summarize this topic: 


‘+ Broadly consciousness exists in 3 states. 

‘+The process of perception if understood well would throw a lot of secrets about nature. 

‘+The 5 stage process of perception “Sound - meaning - Form - Guna ~ Bhava" is a simplistic way 
of portraying this. 

‘+ Sound merges into light and light is worshipped as God in most of the religions and belief. We 
can explore little more of this in the future sections. 

‘+ A word is a unique combination where Light, Sound and meaning merges and hence it is 
considered as god. This word represents Arthenareeswara or yinyang or Star of David 


In the future sections let us explore as to what is the relationship between Maths and God and some of 
the critical numbers and its philosophical and scientific significance. 


‘As a wise man said, “Indians are the most ignorant about their rich past and scientific traditions.’ 


Happy reading 


4. TIME = SPACE SERIES. PART 4 — SCIENTIFIC 
LANGUAGES — TAMIL & SANSKRIT 


One of the main reasons | believe as to why our wisdom has degraded so much in the last century is our 
ignorance and reluctance to learn our rich language. Our language offers richness not just in literary 
sense but is supremely scientific too. | am going to touch upon just 3 to 4 aspects of it which | knew and 
understand at a fundamental level and request you to learn your mother tongue well. 


Many of my friends don’t exhibit a sense of remorse when they say ‘I can understand Tamil but can’t 
read or write it”. | wanted to tell them how much in life do they miss in terms of knowledge and 
richness. This is not just about Tamil but every major Indian language is rich in its own way. Since my 
mother tongue is Tamil, | am going to articulate some of the science in it. 


igyan / Vigyanam (@il6toi @{Teo1Lb) means Science: 


But most importantly for this series | wanted to take the word called Science as meant in Tamil and 
Sanskrit. A word always can be broken down to its dhatus for its exact meaning in Tamil and Sanskrit. 
‘Some examples below: 


‘+ Science in Tamil is Vigyanam and in Sanskrit is Vigyan. This is split as Vin and Gnanam / Gyan. 
Vin means space and Gyan means knowledge. Hence according to Indian system science 
‘means it is the nature / knowledge of the space. This has very deep significance since western 
science has not agreed the existence of space for a long time and their gross and materialistic 
approach prevented them from seeing the most subtle component and its nature. We were 
masters of it ages back. Most of the questions in Chapter 1 would be answered based on the 
knowledge of space - Vigyan. 


‘+ Universe is called as Brahmanda in Sanskrit. Brahma + Anda which literally means a big egg. This 
means we knew that the galaxy is elliptical in shape ages back and it required hubble telescope 
in 1950 to tell us that. 


‘+ Bhoogol means Earth (Study of) / Geography ~ This Splits as Bhoo +Gol. Bhoo means Earth and 
Gol means round. We did not throw stones at a scientist as late as 17"" century when he said 
that earth is round and not flat. We would have laughed our heart out and ignored him. 
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Be it the age of the universe, all of the astronomical measurements, health, spirituality etc, many of us 
need a white skin with blue eyes to tell us that what we knew was right and they have certified it. When 
we decide to come out of this mentality then the process of reclaiming our rich heritage shall start. 


Origin of Universe and linkage with Tami 


The initial evolutionary process for the universe consisted of 5 stages states Aintiram. You can imagine 
that these are the movements of particles during the Big bang. They are iLAlip sed, QuMipssd, 


GUIS, 2 psd sulpssd 


‘* Withdrawl (Amizhdal) 
+ Imizhdal (Overflowing) 

‘+ Kumizhdal (clustering round in an order) 

‘+ Umizhdal (Emitting) 

‘+ Tamizhdal (resulting into a well defined form) 


These are the first stages from the Big bang till a well defined shape is formed. Now the last level is 
called Tamizhdal which results in a well defined form. This state has emanated from the Pranava and 
not been created by some one. Hence a language as rich with the sweetness of inherent order, 
‘ating from the luminosity of the original particle is called Tamil. Tamil is word based on the final 


resultant state called Tamizhdal (SUD 6v). 


| shall address the other 2 interesting aspects that include a Chicken and Egg analogy for Energy and 
matter conundrum in the next blog. 


‘As a wise man said, “Indians are the most ignorant about their rich past and scientific traditions.” 


Happy reading! 


5.TIME = SPACE SERIES. PART 5 — ENERGY & MATTER 
CONUNDRUM 


Energy and Matter concept in formation of letters: 


The concept of Energy and matter is not new to us and does not start with Einstein's days of E=mc’. Let 
us look at how our letters are formed from Aksharas then people would know that the concept of 
Energy and Matter is old as our language. In Tamil there are two kinds of Aksharas 2uMy eTUpS SI - 
Uyir Ezhuthu (Life / Energy letters ~ 12 letters) and Quouil «rg - Mei Ezhuthu (Body / Matter 


letters - 18 letters). Both put together it is 30 letter pack for Tamil as alphabets. Now both have to 
combine ta give letters called “body with life” which are called uyir mei Ezhuthu. This combines to form 


18*12 which is 216 letters as Uyir Mei Ezhuthu, For example &+ | = & in Tamil and # + 31 = in 


Sanskrit. 


So the formation of letters itself is a science where Matter (Body) combines 
then the living organisms (Body — life letters) are formed. 


Energy (Life) and 


I want to ask you a Chicken & Egg question here which is very relevant to today’s scientists. Did the 
energy come first or is it the matter that came first? Modern science is still scratching its head. | can 
answer this question in 2 ways, first is obviously using language as a science. 


© Inthe above example &+ 91 = 


, & is the body and 1 is life. So as per our language sciences 
be it Tamil or Sanskrit the matter is formed first and then the life came and attached to it. This is 
very well documented in Tamil scriptures as follows: 


2 LIDYL or ou} ug PorMeUg) MussoGu - AgmedemcuAutd . This is over 2500 years old which 
states that life comes and joins a body in language and this is nature. 


AwiwLAWTEA 2uNAGTEN AeugmMIs6> QuisoCu - eid. This is over 12000+ years old which 
states that same thing and adds that body is like light and life is like sound and they merge and this is 
siva’s nature. This certainly means that both Body and life are not formed at the same ~ as popularly 
believed. Life comes and joins the body to give a living being — in the above case the letters are the 
living beings. 
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The second reference | am going to take for the same concept is our Yogic / Siddha / Ayurvedic science 
‘as to how fetus is formed in mother’s womb. As per our (Siddha) belief the conception of a child in a 
mother’s womb happens as follows: 


‘* The first organ that is formed for the fetus is the cells of the Eyes (Single Eye). This eye cell 
starts vibrating due to its heat and multiplies as 2 eyes and then as the whole body. This is the 
vibration seen in the initial days of the fetus and not the heart beat. As per modern medical 
science the heart takes shape only by the end of the 8" week and not before. | am requesting 
someone to validate this. 

'* Life comes to this body at the 3 month of conception only. This is the belief as per Ayurvedic 
and Siddha science. 

* Instances of the third month natural abortions are very high than the later months based on the 
above reasons. This means that the life is not destined for that matter / life force is not 
sufficient enough 

«How many of you know that the size of eyes never change as you grow and stays the same 
from the time we were born, while all other organs undergo growth? 

‘* Also the eyes hold a very important significance in the spiritual science which | shall address 
later. The eyes are the seat of Sun god and are characterized by heat and light. 


It is through the heat in the eyes the subtle became a gross living being in this world and if the living 
being wants to merge back with the subtle - which is the process of Samadhi then the living beings 
should use their eyes, increase the heat in the eyes and start the devolution process. This is a supreme 
secret kept by the sages even in today’s world. You may want to ask any spiritual school as to why they 
recommend meditation with eyes fully or half open instead of closed eyes? Ask yourselves why the 
free masons and other secret societies use eye as one of their symbols? We shall address this later. 


Now you want to answer the Chicken and Egg analogy to the Energy and Matter conundrum based on 
the above 2 thoughts, we can conclude it is the matter which came first. We shall try to explain this 
based on Space sciences a little later. 


Masculine and Feminine names based on ending letter 


| am also going to give you as to how Indians distinguished masculine from feminine names. Kanchi 
Maha periyava, the Sage of Kachi had explained this beautifully in his “Arul Vakku”. | am giving a gist of 
it here just to conclude this: 


‘+ Masculine names: All the names shall end with the phonetic a, im, in, ir, aha etc. Examples are 
Ram, Shyam, Raman, Kannan, Kishan, Vivek, Adam. So phonetically names like Catherine is a 
masculine name because it ends with “in” phonetically. 


‘+ Feminine names: All names ending with phonetics aa, e, |, 00 etc. Examples are Radha, Ramya, 
Savithri, Gayathri, Uma, Rosy, Isabella etc. Same way phonetically Joshua is a feminine name. 


Vishnu and Lalitha sahasranamam follows this rule and hence one invokes Shakthi as lalitha and the 
other invokes Purusha as Vishnu. 


Just to conclude this part, | think we looked at how science is an integral part of our language formation 
and for us science has always been about the knowledge and nature of the space and we believed that 
space manifested itself as the physical world. So in the next few parts we shall look at how this 
manifestation has happened and other interesting aspects 


| would conclude this part with a earnest request that please encourage your kids to learn their 
mother tongue - to read and write and you would not have done anything better than this to advance 
their spiritual growth and adding richness to their life. 


‘As a wise man said, “Indians are the most ignorant about their rich past and scientific traditions.” 


Happy reading! 


6. TIME = SPACE SERIES. PART 6 — THE UNFOLDING SELF 
- UNIVERSE HAS EVOLVED AND WAS NOT CREATED 


‘As per many scriptures in Hinduism this universe has evolved from itself and not created by someone. if 
you want to quickly ask as me as to what Brahma, Vishnu and Rudra mean — | would attribute them to 
different process heads in this evolution. They are all different aspects of the same consciousness based 
on their state of being in the process of evolution / devolution. This is my understanding but let us avoid 
this discussion here. 


Here | am indebted and thankful to the nobel soul Late. Dr. Ganapathi Stapathi, 
(http://www.vastuved.comylife.htm) who not only unraveled the Vaastu science ~ the science of Space and 
time but also brought to light 2 important books which were over 1200+ years old written in Tamil by 
Mahamuni Maayan. 


Mamui 


Maayan is believed to be the same person who is popularly known in South America as 
Mayan and the 2012 phenomenon based on Mayan calendar. Dr. Ganapathi has established proofs that 
the pyramids in Middle East, the temple architecture in India and the structures in Mexico and 
Guatemala confirm to a single Science and Mathematics seen in all these works, 


‘At the end of the blog | am listing few books which helped me understand this topic but most of the 
books (Aintiram and Pranava Veda) are out of print now and if you are lucky, you would get some of 
them. Now let us understand briefly how this evolution process has come about. According to Mayans’ 
Aintiram: 


‘+ The free space is the unified field of energy and matter and source of all forms that we see in 
material world. That is why we were defined science as Vingyanam. This space consists of very 
minute particle called Vinporul, nunporul, Sittrambalam, Paramanu, Oliporul, Microbode 
(MewrOuMEGST, HemOuMEGET, ApMbduer, upLomep), PaNLAUMEGET) and in 
many names. You can pick what you like. | am going to use Paramaanu in the rest of the blog. 


‘+ The whole process of evolution is a5 stage process. (Keep noting the importance of 5 and at the 
background remember Shiva is represented by Panchakshara mantra (Na~Ma~Si~Va~ya). 


So what is the five stage process? 
(© This space is called as Moolam (Source). 
© This Moolam starts vibrating and this vibration of the space is called Kalam (Absolute 
Time and not physical time. We will refer this as time only). 
© This Kalam (time) vibrates to a mathematical resonance called Seelam (Rhythm). 
© This Seelam as it resonates creates Kolam (Shapes ~ Circles, cubes etc). 
© This Kolam becomes our visible Universe which is called Gnalam. 
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‘© So it is MOOLAM (Source) - KALAM (TIME) ~ SEELAM (RHYTHM) ~ KOLAM (SHAPE) - GNALAM 
(UNIVERSE). Cipevid - STevid - evid - Gamevid -@Tevib, these are 5 stages of 
evolution. 


This means that the Space itself becomes spatial forms and time is the instrument that creates, sustains 
and destroys. Lord Siva in Tamil is also called as Kalan (& M6068) as to who controls time since Kalam 


SIMTELD is time. 


To put it differently, un-manifest state when pulsates becomes absolute time and this is the creative 
energy. The process of pulsation confirms to a mathematical order and we will see this order in detail 
later. You may now understand the phrase that “Time creates, sustains and destroys”. Since if there is 
no pulsation then nothing happens. 


For those who need quote from a foreigner to convince themselves of this can be referred to the 
Bertrand Russel’s quote “What we perceive as qualities of matter are differences in periodicity”. 


| shall quote some from the oldest literatures for reference below: 
SrOGwn cHMUsGSWw WNd1d, SMEG Ups syipmMed 
SrecGin Gonos ESMML, sTErGwn GMes GEMM. Maha muni Mayan from Aintiram 


S1608aCM sere Suso a... Time splits as Maths in proportion it pulsates. 
‘Vyasa says in Adi parva chapter 1, shloka 249, says the same thing that Time Creates, sustains and 
destroys everything 


kalah srijati bhutani kalah sanharati prajah 
sanharantah prajah kalam kalah shamyate punat 


The same is quoted as “Vastur eva Vaastu” which means the un-manifest Paramaanu which is called 
Vastu (with Single a) becomes Vaastu (gross form - with two aa). You can relate this Vaastu as the 
building science which is grossly misused and misrepresented and commercialized in today’s TV 


programs. We will address the science in it later. 


| shall leave this part with this thought, the space is considered as Nataraja (Shiva) ~ subtle component 
and Ranganatha is considered as the Earth component. So Shiva and Vishnu are two aspects of the 
same seed. We will see more scientific proof of this later. 


"si nd 


"si 


ivasya hridayam vishnur, Vishnoscha hridayam shival 
aya Vishnu rupaya Vishnave Shiva rupine” 


Vishnu is the heart of Shiva and likewise Shiva is the heart of Vishnu and they both are the representation 
of each other. 


Now if you are clear about the five stage process of evolution we can delve into each and every aspect 
of this in little more detail that would answer everything, 


Check out all the ones here. Key recommendations are item 6, 11, 14 and 43. 
http://www.vastuved.com/publication, html 


7. TIME = SPACE SERIES. PART 7 — THE CHIDAMBARA 
RAGASYAM & THE GOD’S PARTICLE 


There were 2 questions | had confronted myself when | was reading these passages. They are: 


‘+ Why did the unmanifest space energy started pulsating and became absolute time? 

‘+ What did the unmanifest space energy contain? Was it a point of singularity as the modern 
scientists wanted us to believe? If so then haw much mass was concentrated in that point which 
is obviously very difficult to believe. 


‘The answer to the first question is here “The self unfolds itself for its self - Bhagavad Gita”. There is no 
convincing answer to the rational mind as to what the reason that the consciousness which was passive 
decided to become dynamic and started pulsating. So let's leave this for the time being, 


But the second question is answered very comprehensively. But before we get into the details of what it 
is, | want you to check Figure 1. This gives the overall picture of evolution and the five stage process. | 
also want you to recollect the “EGG” state which is called as the GUNA state where in the form and 
sound manifests. They say that this pulsation started with OM. This OM as popularly believed is just not 
an aural form but also has a visual form and that is light. We will discuss about this later in detail. 


But let us focus on the actual second question as to what the contents of this Space energy were: 


‘+ The space is filled with Paramanu or Microbodes which are tiny particles. These are the God’s 
(Higgs Boson) particle our CERN scientists are after. http://en.wikipedia.org/wiki/Higgs boson 


‘+ Now, we are probably a year away before CERN publish the results when this blog is published. | 
Would not be surprised to see the results of that experiment is closely aligned with what is 
available in our scriptures and produced in this blog. 


‘+ The primal manifest form of the unmanifest is a square (primal wave pattern). This is the shape 
of the Paramanu or Microbode. This is very luminescent, means filled with light and on a 3D 
plane this shape is a Square Cuboid. 


+ ASquare Cuboid is a shape which is equal in all sides ~ say of unit measure which is the smallest 
measure possible and has 6 faces, 8 vertices, and 12 edges. You can start figuring out in 
Hinduism, why the idols of Lord Shiva and Lord Muruga has six faces, 12 eyes, hands etc. 


‘+ You may want to note that 6 faces can be represented in 2 ways as below. Figure 3 is Lord 
Muruga’s star or a Star of David in 3D which has 6 faces and 12 edges, popularly known as 
Tetrahedron. So don’t be surprised if the Boson Higgs particle is of the same shape. 


TRLOUMENSIONALLY EVERY PARTICLE OF SPACE 
15 A SuDTLE CUBE OF EXtnaY, CALLED CHM RAMBALAM or MICRO-ABODE 
“hha which there ta sha a ght or (GR) to of eonatowanenn’ vbroing or 
‘povorming a Vath dance’ Tha ete dance of to DANCER. GOD SVR, 
Tesh a defined by Mayan, fe Hi mtvomomical eat Caled Sarva Sedan 


Figure 1: Science of manifestation 


(Courtesy: Pranava Veda by Mamuni Mayan ~ 12000+ years back, recreated by Dr. Ganapathi Sthapati) 


Figure 2: A cube with all equal sides Figure 3: A tetrahedron (from Internet) 


‘+ The free space is packed with cubical atoms of energy. They are building blocks of the structure 
of the universe. So what is clear is that all these atoms existed in a “resonant state of non- 
vibration” before the so called “big bang” happened or the pulsation started. 


‘+ It did not burst out of a single point as popularly believed. Alternatively, in space every point 
the center. When the pulsation started these cubical atoms underwent a shape change and 
manifested as shapes and forms. 


‘+ This cube is called as micro-abode called Sittravai / Chittrambalam (mini hall in Tamil). This is 
secret in Chaidambaram, Sage Appar (Chidambara ragasyam) realized. Chidambaram is a Shiva 
temple associated with Space energy and when you go to sanctorum you would not find any idol 
but just empty space with some lights there. This is to signify this concept of Paramanu which is 
luminescent and is a Cuboid in shape. This is the smallest particle possible and can be called as 
‘God's particle”. 


‘+The micro space, in the cubical shape is fetus or Garbha. This is known as Vinkaru in Tamil. This 
micro abode is the repository of light and sound, 


‘+The free space is Light and the Light is Moolam or source of the universe and universal forms. 
Light is Brahman, Atman, Vastu Brahman - Nunporul in Tamil 


In the subsequent blogs we will correlate String theory, Brahma Sutra, Nataraja, Vishnu and how they 
are all contained in order and proportion in pulsation. 


Happy reading! 


Ref: A good read Fabric of the universe, Jessie J Mercay. 


8.TIME = SPACE SERIES. PART 8 — CHARACTERISTICS OF 
THE GOD’S PARTICLE (PARAMAANU) 
This part is going to be a bit controversial hence read it with an open mind. Per our scriptures when 


analyzed deeply we can state that “At the beginni 
luminescent with unmanifested potential energy and residing at resonant state of non- 


was just Consciousness (Pragnanam) that was 
bration. This 
energy was un-manifest and was present as Paramaanu or Microbode or Vinporul aka a subatomic 
particle. Yes! It was a particle without vibration and was at resonant state of non-vibrat 


n. 


The entire Space was supposed to be filled with these particles only and these were primal potential 
matter which is ever lasting. 


Now let us ask few questions and see how our scriptures answer this: 


1. What was the shape of this particle? 

We have already answered that. In 20 it is square and in 3D it is a cuboid with all equal sides. Please 
note that in space it is always 3D and not 2D. It has 6 faces, 8 vertices, and 12 edges. This is known is 
current scientific community as Tetrahedron. 


2. Whatis inside the Microbode or Subatomic particle? 
This is a very interesting question. Our scriptures say that it is purely space inside but with an energy 
arid, 


3. What is this energy grid and what is its shape? 
It says that it is an 8x8 energy grid inside this microbode. This essentially means it is a square energy grid 
of 64 squares inside this Paramaanu. 


4, What is this color of this Paramaanu? 
It is luminescent and hence the golden color of the light is what it is associated with. 
harineem..” 


‘Hiranyavarnnaam 
says Sri Suktha in the vedas, confirming the color of this Paramanu. Their variations exist 
but the fundamental one is of golden color. 


5. What is this size of this God’s particle? 
Itis calculated to be ~133 nm. We will see this in detail later. 


6. What is the significance of the energy grid? 

For the time being let me state that anything subtle is a function of 8 and anything gross is a function of 
9. Let me also add that iChing - which is a Chinese divination book and the hexagram which deals with 
the Science of the subtle is in an 8x8 square matrix. The mental game Chess is played in an 8x8 square. 


You would find & is the number or dimension for the subtle. We will see the importance of 8 and 9 and 
how beautifully these proportions adorn everything in nature in our daily life. 


7. Are these particles faster than light? 

Frankly | have not read a direct answer to this question but since this particle itself is light the velocity of 
this particle cannot be faster than light. This is my opinion. Modern experiments are suggesting that it 
could be faster than light. In Mahabharatha, Yakshaprasna, the Yaksha will question this to King 
Yudhishtra as to “what is fastest thing in this world”? King Yudhishtra would reply as “mind”. 


Some of the sages have interpreted that since Consciousness is omnipotent and ever connected - the 
communication is seamless, instantaneous and not subjected to the concept of distance. The example 
given is if there is a pain in your leg, it does not take time to travel to your head. It is instantaneous and 
hence the whole universe should be considered as a living organism. 


So to conclude on this question the particles are not faster than light but each particle is filled with 
intelligence and consciousness (just like a human cell) and their communication to anything is not 
subject to concept of distance. if our scientists come back and tell us that these particles are faster than 
light, then wait for someone else to tell us a little later that it isn’t faster than light. © 


8. Ok. Who has seen these particles and give me empirical proof? 
warahefat stad aif efte star | (Paramaanu 
Mayamatham. This means the microspace or Paramaanu is visible to the trained contemplatives and 
meditators only. One quick example as proof is the Temple in Chidambaram which represents Space 
tattva where the temple is built around the concept with enough documentation on it. 


proktam Yoginaam, drishti gocharam) says 


But we have been trained under Lord Macauly’s education system and how can we accept this as proof 
which is subjective and superstitious. If| may ask please tell me how many of us have seen the electrons 
or protons? Do we not believe everything when someone tells us in English? 


It is true that because of its existence we can see its manifestations and results of some experiments in 
our day today world. So we will look at tons of manifestations which we have been in nature as we 
progress. | would like us to be philosophically very clear as to what these things mean which we have 
been blindly following. For the time being please note down your questions and | am positive that this 
would be answered in due course. 


Our sages have not only seen this, but have given the dimensions of this and the mathematical formula 
to manage this energy. We will see all of them. After reading all of them if you still don't want to believe 


in our scriptures, then may be CERN’s result if it’s in the same lines would prove it for you. 


Happy reading! 


MANDUKA VAASTU MANDALA PARAMA SAAYIKA VAASTU MANDALA 
8 X 8 = 64 modulated spaces 9x95 


1 modulated spaces 


wae 


Beabma pada (the fiest belt Brahma pada (the fist belt 
around the central encegy point): 2*2=4 padas including the eeateal square 
Deivika pada (the second field of encegy) + 3x3=9 padas 
concentsic belt) 12 padas Deivika pada (the second 
Maanusba pada (the thied concentric belt) 16 padas 
concentric belt) 20 padas Maanusha pada (the thied 
Paisschika pada (the concenteic belt) 24 padas 
fourth concentcie bel) + 28 padas Paleachika pad (he Fourth 

concentric belt) + 32 padas 


64 padas 


51 padas 


Figure 4: MANDUKA MANDALA ~ 8x8 (subtle form) & PARAMA SAYIKA MANDALA - 9x9 Gross forms 
Courtesy: Dr. Ganapathi Sthapati 


9. TIME = SPACE SERIES. PART 9 — LIGHT, GOD’S 
PARTICLE AND GOD 


“At the beginning it was just Consciousness (Pragnanam) that was luminescent with un-manifested 
potential energy and residing at resonant state of non-vibration. This energy was self manifest and was 
ever present as Paramaanu or Microbode or Vinporul aka a subatomic particle. This is omnipotent, 
jent and omnipresent, 


‘omni 


Ignore religion for the time being and just look at this particle’s characteristics scientifically. It is Eternal 
(Anaadi), primordial (Aadi), without any quality (Nirguna), it cannot be reached / grasped by thoughts 
(Achintya - since thoughts as energy are much more gross than this and we would see this}, it cannot be 
am) and 


measured (Aprameya), Luminescent (Jyothi swaroopa), its omnipotence, omnipresence (Vi 
‘Omniscience is already known. So said the mahavakya Pragnanam Brahma! 


All the characteristics of the particle are attributed to a personality or a state by the founders of 
religions. Hindus called this state as Paramasiva or Purusha. Hence everything subtle is called 
Sivamayam. The essential pulsation which started and the universal evolution began was called as 
Parashakti or Prakruthi or Maya. We will talk about the Shakti aspect later. 


This subtle un-manifest energy evolves to become universe which is gross. This gross energy also 
known as earth is called as Vishnu and the subtle energy is called as Space / Akash / Heaven. So the 
term became “Sarvam Vishnu mayam Jagat”. Please note that it is just Sivamayam and there is not 
Jagat there. Since it is all subtle and there is no Jagat which is gross. But it is Vishnu Mayam Jagat. 


| need to add that every sect in Hinduism has named this God's particle with a different name. Narayana 
has replaced paramasiva in Vaishnavism and so on. In Hindu temples there are 2 prime idols ~ Moolavar 
and Archakar - The Moolavar does not undergo any archana or any decoration and it is always for the 
Archakar for which all poojas are performed. This god’s particle refers to the Moolavar and not 
‘Archakar. 


To my knowledge, every religion and every sage / saint has agreed with the fact this fundamental 
particle or energy unit is LUMINISCENT. Note that there is no sound or word in this ..yet. Let us see few 
quotes on this (there are thousands of quote 


‘+ Be it vedic culture, Zoroastrians, Greek or any major culture fire / sun god which represents 
light is worshipped. 

‘+ “Om Jyothi rasaha” says Vedas 

‘+ In Gayatri mantra you meditate on the supreme light to illuminate you. 

‘+ Vallalar said “Arutperumjyothi, Arutperumjyothi” which means mighty graceful light. 
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‘+ If therefore your eye be single, your whole body shall be full of light. Mathew 6:22 
‘+ Thirumoolar states brilliantly that who realizes that the light (physical light which means the 
world) merges with light (subtle light), he has realized SIVA. 
Patuile gaNcumi PGriusw oungyd 
Agefujio say Seu A555 BCL - 124 


So what has happened to the Sabda Brahman here? It has merged with the Artha Brahman which is the 
light. What can you use to represent this state? 


Light represents Form and our eyes represent Light / Form. So obviously sound is represented by ears. 
When sound has merged with light then it means Eyes and ears are merged together. 


Can you think of anything that represents this state? This concept is captured by representing a 
Manduka (Frog) or Sarpa (Snake) always. Since for a frog and a snake the ears and eyes are merged. 
Manduka Upanishad, represents a knowledge of this state. And obviously the 8x8 square / cube 
represent the most subtle energy as an energy grid is called as Manduka Pada / Mandala... 


Now the same aspect when it is applied to a gross form / body or a building then it is a 9x9 energy grid 
and it is called as Paramasyika Mandala. At the gross level the same concept as applied is the WORD 
where Light (form) and sound and meaning merged into one. You cannot separate them. We will look 
at this later. 


Unfortunately we have lost the science and we neither understand the philosophy nor the symbolism 
behind this supreme science but we made fun of the fact that the supreme science is named after an 
absolutely menial creature like frog which is used only for zaological lab studies across the world or ends 
up in the dinner plate as it does in far eastern countries. 


| would like to conclude this section by stating (may be a little controversial) that First it was 
Consiousness as the Vinkaru, Microbode, Sittrambalam, Nunporul, subatomic particle which was 
luminescent. Later the concept of God evolved out of 


So God is not light, but the right of saying it is “the primordial aspect of “luminescence” has been 
adopted as God.. 


So, of the 5 fold evolution process we are still at the source (Moolam). We will see the concept of time 
and the mathematical science in the subsequentparts. 


MOOLAM (Source) ~ KALAM (TIME) ~ SEELAM (RHYTHM) ~ KOLAM (SHAPE) ~ GNALAM (UNIVERSE). 
(epeoid - sirevib - Fevid - Casrreoid — @rrev1b) 


Happy reading! 
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Figure 5: Lord Nataraja in the Manduka Mandala (8x8 grid) (Courtesy: Dr. Ganapathi Sthapati) 
‘Our next topic is Nataraja and String theoryl, so check out this picture. | want you to note the light / fire 
in the left hand and sound / damru in the right hand. if you notice little closely, you would find a central 
line along the picture’s sternum and all the parts have minute measurements from the central line. 


10. Time = SPACE SERIES. PART 10 — LORD NATARAJA 
AND THE STRING THEORY 


“The self unfolds itself for its self - Bhagavad Gita”. 


This self unfolded itself with a pulsation and this pulsation is the start of Absolute time (KAALAM). As | 
said nothing to my knowledge tell us clearly as to why this pulsation happened. This is the point of 
singularity in the scientific language and the event is termed as Big Bang. Just as | expressed earlier it 
was an event of primordial pulsation and not of an explosion which threw away mass because of the 
explosion into the space, 


The entire space existed with its subatomic particles and this pulsation made the space to vibrate and 
this vibration was rhythmic and led to the evolution of this universe. Popularly known as “That one 


This pulsation happened because of the Pranava or the first pulsation resulted in the Pranava - both 
conceptually right. So at the time of this primordial pulsation 2 things happened: 


‘©The absolute time started. This is called Kalam, 
‘+ Primordial and the most sacred Pranava emerged. 


Both these happened simultaneously and it is futile to ask whether Kalam created Pranava or Pranava 
created the pulsation. in many of the texts it offered as Pranava that created the pulsation. So let’s go 
by that. 


so sacred in Hinduism. 


+ Thisis the reason that Pranava / Primordial Om 

‘© This Pranava had manifested in 2 forms: 
© Luminescent form as OM the Light. Thi 
primordial form is represented as «td in Tamil and 3 in Sanskrit. 


© Aural form as Om the sound. This is the source of all aural forms. | should say that this 
‘more popular form compared to the luminescent form. 


is the source of all visual forms. The 


Now this concept is very important, since in the Pranava meditation they say us to meditate on the 
silence after the word OM and also mediate OM as light, OM jyoti rasaha in vedas. 


So, when | say that sound merges into light, itis all the aural form merges into ITS luminescent form. All 
luminescent forms merge with the Paramaanu which is also luminescent. | am reproducing this passage 
again for emphasis and clarity. 


‘+ Sage Thirumoolar states brilliantly that who realizes that the light (physical light which means 
the world) merges with light (subtle light), he has realized SIVA. 


pofule gaflcumis eGrusw eungnio 
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Ihave read many times over to understand this concept and | would suggest that you allow this concept 
to sink in. 


Now let’s come to the 8x8 energy grid of the Paramaanu and imagine that it is pulsating because of 
Pranava and this Pranava has both light and aural form. 


‘+ They say that this pulsation is rhythmic and symmetric. 

‘+ When something is Symmetric, then there has to be a central line along with the Symmetry 
comes. For example if our right and left sides are symmetric then the body is divided along the 
sternum & backbone. 

‘+ Within the 8x8 energy grid / hall there is a vertical luminous shaft called Brahma Sutra (Oli 
nool). Sutra in Sanskrit and Nol in Tamil means Thread / String. 

‘+ This Olinool / Brahma Sutra is a shaft of consciousness also called Moolathoon / 
Moolasthambham. 

‘+ This shaft of consciousness vibrates in a particular order called rhythm. This is the order of 
nature, 

‘+ This rhythmic vibration of the shaft of consciousness is the dance of Shiva, the CELESTIAL 
DANCE / THE COSMIC DANCE / THE DANCE OF EVOLUTION of the LORD NATARAJA. 


Look again at the picture of LORD NATARAJA, he is drawn inside a 8x8 Manduka mandala (now 
you know what it is), his left leg is raised suggesting a movement from left to right. Imagine that 
he is going to land the left leg to his right side. 


Why should he suggest that he is mot 


i from left to right? 


His left hand holds light / fire and his right hand holds Drum / Damru / Sound. The process of 
Evolution which starts with the absolute time and Pranava is fantastically represented pictorially. It 
suggests that the evolution process starts with the rhythmic dance of the PARAMAANU in a 8x8 
energy grid and this process evolves first as light and then as sound. This light and sound creates 
further forms and the entire universe. 


Itis very easy to answer as to why sound evolves from light? We all know that the light is at a higher 
frequency and velocity than sound. This is the same reason we see lightning first then hear the 
thunders. 


So let’s summarize the DANCE OF EVOLUTION of LORD NATARAIJA: 


‘From being un-manifest the Pranava emerges. Or the Pranava evolves the un-manifest to 
the manifest and starts the cycle of evolution. 

‘+ This leads to a pulsation which is called as the COSMIC DANCE / CELESTIAL DANCE / DANCE 
OF EVOLUTION. 

‘+ This pulsation is rhythmic and symmetric. 

‘+ The luminescent shaft of consciousness is called as Brahma Sutra or popularly called as 
String theory in the modern science. 

‘+ The process of creation evolves from the dance as light then sound evolves from light and 
then all the visual and aural forms in this universe. 


If this is so then the process of dissolution should be that Lord Nataraja’s right leg should be lifted 
suggesting a movement from right to left isn’t? 


Look at the majestic picture suggesting the DANCE of EVOLUTION and the DANCE of DISSOLUTION as 
below: 


Figure 6: LORD NATARAJA / DANCE OF EVOLUTION Figure 


DANCE OF DISSOLUTION 


In my opinion there is nothing more scientific in this world that is pictorially represented about the 
evolution of universe. You should read a book called “The Tao of Physics” by Frijat Capra where as 
physicist he explains how he experienced this and highlights the dance of the quantum particles in space 
corresponds to the dance of Lord Nataraja. 


Now this central shaft of Consciousness is called Brahma Sutra and according to our scriptures every 
Paramaanu has this string, which means every being, matter, inanimate things in this universe including 
the tiniest of subatomic particles have this string / sutra. In the future parts we will see the Maths 
behind this sutra and the pulsation but let us look at what the modern science says about Superstring 
theory here, http://en.wikipedia.org/wiki/String theory. You can read it how many times ever you want but 
this theoretical postulation is a direct adaptation af the cosmic dance and our Brahma Sutra and nothing 
more. 


Now check out Lord Nataraja at the CERN http://www fritjofcapra.net/shiva.htm! 


‘Asa wise man said, “I 


ich past and scientific tra 


Now you may understand as to why | started this series with the above line. We have a very rich past 
that is most scientific and it is left codified in a form across thousands of temples in India. Let us just 
‘open your eyes and understand the scientific meaning around it. 


If you are so far surprised at our richness and advancement, please wait till we will get into real hard 
core mathematics and geometry of our nature in the subsequent parts. 


May that "Sutradhaari” dispel our ignorance and reveal to us the secrets of nature. 


Happy reading! 


11. Time = SPACE SERIES. PART 11 — VASTUREVA 
VAASTU AND E=mc” 


‘We have seen that the universe in its un-manifest state is filled with luminescent cuboids and there was 
a trigger in the form of Pranava which started the absolute time and gave forth visual forms and aural 
forms. 


This process of evolution is depicted very nicely in the following diagram: 


Form of Brahmam Transitional forms of Brahmam Brahmam as 
As Absolute Space the material world 
ai 


VW H 


8x8 9x9 


Figure 8: Transition forms of Brahman (Coutesy: Dr. Ganapathi Stapathi) 


The square (in 2D) which is an 8x8 energy grid became a 9x9 energy grid which is manifest / gross. The 
transition forms were an octagon and a circle. Aintiram suggests how this transition takes place. Current 
physics accepts that a pulse and a sine wave can be created from each other and this happens because 
of simple addition of harmonic frequencies. 


The primordial pulsation initiates a rotational force and this rotational force as it gains momentum 
converts the square into a circle and if you notice that the octagon is just an in between state 
between a square and a circle. 


We see confirmation of the details of this manifestation process in Chapter 9, verse 8 of the Bhagavad 
Gita where Lord Krsna describes His manifestation process to Arjuna: 

“prakritim svaam avastabhya visrijaami punah punah”, meaning “Curving back onto myself, | create 
again and again...” 


‘What it suggests is that the essential shape of every gross form in its natural state is a circle (in 2D) and a 
sphere in (3D). This is the reason we find every planetary body is almost spherical in shape and this i 
also the reason as to why the ripples in a water body when we throw a stone in the water are in 
circles. 


Be it the center of a tornado or the shape of a hurricane or a tsunami it always a circular force. The 
supreme secret in martial arts is that the Chi moves in a circular fashion and hence Tai Chi is the most 
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deadly form of martial arts. Lord Vishnu has Chakra as his weapon to suggest not only light but also the 
rotational force 


The process of manifestation is captured in these 2 pictures at all the significant stages. If you notice 
that a single dot becomes multiple dots, then a line, then a pulse and then goes on ta becoming a 8x8 
energy grid and then to a 9x9 energy grid. 8x8 is un-manifest and 9x9 is manifest. These aspects are very 
well captured as sutras in the book Aintiram and Pranava Vedam. 


ator etemert 


AI pleasent 


Figure 9: Transition forms of Brahman in detail (Coutesy: Fabric of the Universe) 
If you look at the Fig 10 conceptually the following things happen: 


‘* Subtle Energy becomes gross universe and the fundamental 5 elements are created in the 
process. 

‘+ Itis said that 1/10" of the space becomes Air, 1/10" of air becomes Fire, 1/10" Fire becomes 
Water and 1/10 of Water becomes Earth. 

‘+ Sowe can conclude that we are living in a Space delineated world. 


From Dr. V. Ganapati Sthapati, Kauai, 2005 


Figure 10: Subtle Energy to gross (Courtesy: Dr. Ganapathi Sthapati) 


This wisdom was so succinctly captured by my good friend Lao Tzu in "Tao Te Ching” as follows: 
heaven as un-manifest space and Earth as manifest gross) 


“Heaven and Earth last forever. 
Why do heaven and Earth last forever? 
They are unborn, so ever living.. 


Thirty spokes share the wheel's hub; 
Itis the center hole that makes it useful. 
Shape clay into a vessel; 

Itis the space within that makes it useful. 
Cut doors and windows for a room; 

Itis the holes which make it useful. 
Therefore benefit comes from what is there; 
Usefulness from what is not there 
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But | wanted to highlight more important aspects to this process of manifestation. 


‘+ Advaita philosophy states that there is no duality. If you note that the Parammanu is what is 
present every living being and inanimate thing. What is within you is what is within me and 
hence the mahavakya “Tat Tvam Asi”... You are that. 

‘+ Vastureva Vaastu ~ Vastu which is unmanifest and subtle becomes Vaastu which is manifest and 
Bross. 

‘+ If we assume that Paramaanu is God’s particle and hence it is divine, then everything in this 
world is divine. This is the most important philosophy in Hindusim. See the oneness in all and 
see “All in one”. 


‘+ That's why Hindus saw divinity in everything. Trees, snakes, animals, insects, birds, human 
beings etc. There is nothing without that divine energy or particle ~ however you call it. 

‘+ This philosophy is UNIVERSAL, OPEN SOURCE, ALL COMPASSING and the highest state of 
consciousness. 


But let’s look at something even more important: 


‘+ We all note that Subtle has become Gross. Hence conceptually Gross = Subtle or both are 
proportionate. 

‘+ We all note that Space has become Earth. Hence conceptually Space = Earth or both are 
proportionate. 

‘© Weall note that 8 have become 9. Hence conceptually 8 =9 or both are proportionate. 

‘© Weall note that ENERGY has become MATTER. Hence conceptually ENERGY = MATTER or both 
are proportionate. This is represented by E = mc’ by our great scientist Einstein. While we did 
not have this specific formula, the concept and the associated texts were very much with us for 
ages. 


So this is what Einstein quoted after reading Bhagavad Gita 


"When | read the Bhagavad-Gita and reflect about how God created this universe everything else seems 


so superfiuous." ~ Albert Einstein 


Now let's try to answer this question: 


* When you throw a stone in water / pond the ripples that form take the shape of a circle (in 20) / 
sphere (in 3D). Can you guess what the shape of the ripple would be if you throw the same 


stone in space? 


* You would have probably guessed the answer. The ripples in space should be and would be in 


square /cube in shape. 


‘As a wise man said, “Indians are the most ignorant about their rich past and scientific traditions.” 


Happy reading! 


12. Time = SPACE SERIES. PART 12 — VEDIC CONCEPT 
OF TIME & ITS MEASUREMENTS 


The importance of time (Kalam) is so high in the Vedic tradition that they ensured that the accuracy, 
continuity of time and the easy measurability of it is maintained for who knows how many years. Time 
creates, sustains and destroys everything and this is very nicely captured in these 2 lines: 


Brodin cos GWw WNev1d, BELG LPs sym 
Sre0Gio Canes CEMMLo, sMevGin Gres Emmi 


‘The god of time is Kaala Bhairava ~ a form of Shiva and hence both Shiva and Yama the lord of death 
both were known as Kaalan. The time is represented by number 13 and it belongs to Kala bhairava. We 
will see the interesting linkage between Vedic system and the Mayan calendar found in Guatemala and 
Mexico later. 


‘Swami Chinmayananda states that “Time is the periodicity between 2 thoughts”. Nothing captures the 
concept of time more wisely. What is clear from our scriptures and Swami Chinmayanda is that time is 
the pulsation that creates this universe. It is the vibration with very accurate periodicity and our sages 
suggested that you can live beyond time provided you manage to escape the effects of that pulsation. 


Einstein’s view on time and its relativity is very realistically captured in this quote “When you are 
courting a nice girl an hour seems like a second. When you sit on a red-hot cinder a second seems like 
an hour. That's relativity.” More than relativity | found that the root cause of relativity is the pulsation 
of mind as time. Einstein on a serious note proved that our view of time is not absolute, it is relative and 
it isa continuum with space. We will in the next few parts of this blog would see that time and space are 
the same or Time = Space. 


Aintiram states that there are 5 things that vibrates which have a common root and are not under our 
control. They are Space, Earth (vibration of earth is gravity), Eye lids, thoughts and Musical notes and 
very nicely put in Tamil as (Vin)OMeder, LOtet(man), &6veT(Kan), 6T68O1(Yen), LISEDT(Pan). Pan is musical 
metre / chandas and Yen is the yennam or thoughts. 


Correlate this with the first line of Patanjali Yoga Sutra which says “Yoga Chitta Vrtti Nirodah”, means 
Yoga is one which stops the vibration of mind / pulsation of mind and hence is a killer of thoughts. The 
meditation techniques of keeping your eyes opened without battling the eyelids is another way of 
‘overcoming this pulsation instinct that is primordial and inherent in our nature, 


Let’s look how intricate our measurements time are in Vedic system. Check out the image below. 


‘+ The smallest unit of time is approximately 2 micro second, 

‘+ The largest unit is about 155 trillion years.... YET. 

+ Brahma’s linear age is 50 years and in currently in his 51" year which makes the universe to be 
155+ trillion years. Brahma’s life time is 100 years which means it would be 300 trillion+ years of 
universal life which follows a cycle. 


‘+ After 100 years of pulsation cycles Brahma stays as dormant energy for the same period and 


then pulsates again for the next life of 100 years. 


* ABrahma's life is also known as a Para. Each half Param is referred to as a parardham. This 
second half is termed as 'dviteeya paraardhe' (the second half of Brahma's term) is stated in all 


vedic rituals. 


‘After every Chatur yuga, the world recycles. After every 2000 years / a Brahma day the world 
dissolves and remerges. The important point to note is that there is no CONCEPT OF CREATION 
here. It evolves and dissolves as per the science of pulsation. We also note that this pulsation 
expands and contracts. This cyclical nature of time as believed in Indian mythology refers to 


time as ‘anaadi' or that without a beginning. 
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Figure 11: Time measurements in Ancient India 


While doing Vedic ritual the time and space coordinate is invoked to say that you are doing this ritual at 
this place in the universe and at this time ~ with reference to Brahma’s age to the time and star of the 
day. This tradition is unbroken and the Indian Almanac can predict the position of astronomical objects 
without any error for thousands of years without any sophisticated instruments and space ships. 


On the contrary just read the history of the Gregorian calendar which we are following here, 
http://en. wikipedia org/wiki/Gregorian_calendar, There is neither accuracy nor continuity and to top 


it up there are authorities who reform the calendar as if time stops and waits for them to affect that 
reform. Why should we ignore the best of time science that we have for an inaccurate, discontinuous 


reformed calendar? 


‘As a wise man said, “Indians are the most ignorant about th 


Happy Reading! 


h past and scientific traditions.” 


13. TIME = SPACE SERIES. PART 13 — SOUTH 
AMERICAN MAYAN & SOUTH INDIAN MAAYAN 


Since we are discussing about time, let us address the Mamuni Maayan and the South American 
Mayan. 


A lot has been talked about Mayan calendar and the imminent destruction to planet earth in the year 
2012. | would recommend ‘The Mayan Factor — Path beyond technology” by Jose Arguelles if you are 
interested in this topic. 


In this part | am interested in highlighting that the South American Mayan and the South Indian 
Mamuni Maayan who wrote Aintiram and Pranava Veda are one and the same. Extensive research 
have been conducted by many and | found, both the works of Jose Arguelles and late Dr. Ganapathi 
Stapathi who has spent about 3 decades each, very impressive. Dr. Ganapathi concluded that they both 
are the same and he has shown some interesting linkages. 


| am going to present what impressed me in both these great researcher's works. 


‘First let me state that the doomsayers of 2012 phenomenon picked up Mayan's calendar which 
started in 3113 BC ran for 5125 years and the calendar ended in year 2012. Since the calendar 
ended they thought this signified that the world is ending. Jose argues that this is wrong and 
most probably the human race is entering into the next phase of evolution and the next cycle 
would begin. If you strongly believe that this is not true and the world would certainly end by 
2012, then please ensure that you transfer all your assets and savings to my name effective 22, 
Dec 2012. © 


+ Mayan in his calendar in South America used very unique numerals in his calendar that is given 
below: 


O}1}2 


J=5 


Figure 12: Mayan’s numeral system (Courtesy: Wikipedia, internet) 


Now let me reproduce a Tamil poem written by Mamuni Maayan in his work called “Kanithamaa 
sennool”. This song is part of the book written by Maayan in Tamil during his time ~ 12000 yearst. This 
song expresses how the numerals are formed till 10. it says, 

© Lis one dot, 2is 2 dots, 3 is 3 dots, 4 is 4 dots, 5 is a line and 10 is a double line. 


LOMLYSHON HenGM sei PearQ\LOM crsinGern |M_Gid 
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LoMLYstOM QyainGe wenGon QysinGron cresn Gove enc Gio 
LoMLYsTaN aneirGm WeerG—m aneirgLOM sreterGoom BTL.GuD 
LoMLYsiTaA HronGes weir G—om ssw orsiaGenm sm_Gid 
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‘+ Among the books written during Mayan’s time in Guatamala are Popol Vuh, The annals of 
cakchiquels and the Book of Chilam Balam. The resemblance of Chilam Balam to Chidambaram 
with which S. Indian Maayan was so involved is very striking. 


‘+ Be the pyramids that were built in the jungles of S. America that has a striking resemblance to 
the viamanas from south India, the earth’s revolution around the sun measured within 1/1000" 
of the decimal point which is available in a book called Surya Siddhaanta - In Sanskrit by Mayan 
and the identical measurements available in South America - the similarities are difficult to 
ignore. 


* Jose Arguelles makes a compelling argument about the shift in consciousness in 2012 due to a 
‘major galactic synchronization. But what impressed me are the following: 


© Comparison between iChing (8x8 hexagram) and Mayan’s Tzolkin which is 13x20 
matrix. In fact there is a Franklin's magic square which is based on the 8x8 grid of iChing 
that adds upto 260 which is the galactic constant of Tzolkin. This was amazing. 


© He refers to Radiogenesis ~ Universal transmission of information through or as light 
or radiant energy which is very much relevant to our discussions of light and sound. 


© The revelation he received from a Maya Humbatz men belonging to the universal great 
brotherhood organization revealing that our universe is the 7'" such system which Maya 
has charted in the universe. So, we are not alone © 


‘Would conclude this topic in the next part... 


Happy reading! 


Figure 13: Galactic Communication Channel to Hunab K 
cu (Co 
nti (Courtesy: The Mayan Factor, Jose 
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TZOLKIN & BUK XOK PERMUTATION TABLE 


Figure 14: Tzolkin table (Courtesy: The Mayan Factor, Jose Arguelles) i 


14. Time = SPACE SERIES. PART 14 —MAYAN, TAMIL, 


PLEIADES & ICHING 


Jose Arguelles was also mentioning that the pyramid structures of Mayan civilization in South America 
with the Tzolkin calendar matrix communicates with 2 constellations - Pleiades and Arcturus. Jose 
mentions that he is sure about communication with Pleiades constellation. 


Why did Pleiades interest me? 


According to Tamil history, Tamil is a divine language and the Lord associated is Lord Muruga. 
He is the Tamil deity and he is from the Constellation Pleiades which is called Kritika nakshatra, 

This emphasis that the South American Mayan could be a Tamilian from India, as many in the ET 
studies circuit opine that Pleiades is a constellation which is like our distant cousin where Tamil 
is spoken. There are many links but you can check this-_ out. 


bhttp://22050hz blogspot,com/2008/10/pleaidians. htm! 


Look at the Mayan calendar in Fig 14, itis a 13x20 Tzolkin matrix. 

© Please recall that we mentioned 13 is the number for Kala Bhairava. 

© Tzolkin has a mystical central column around which 6 and 6 columns exist. The belief is 
that this central column is the frame of reference to the galaxy and it is believed to 
connect to Hunab Ku ~ the center of the galaxy. 

© This mysterious centre column is believed to be the road to the sky leading to the 
umbilical cord of the universe. | immediately correlated this with the thread of 
consciousness which is connected to the Hiranyagarba (the center of the galaxy as per 
Indian texts.) - Check Figure 13. 

© So understanding that this shaft of consciousness is connected to the center of the 
galaxy (Hunab Ku / Hiranyagarbha) at the one end and to our solar plexus at the other 
end with communication and galactic information transmission happening through 
resonance of light, opened many gates within me, 


Nothing in this universe exists without purpose and the form and shape of any being / thing is 
explained as a state of consciousness at a particular resonant frequency adds to the Seelam (Rhythm) 
aspect of the Kaalam which we are going to see later. 


For the space and time travel enthusiasts, Mayan has the following: 


All space travel is intelligence as information ~ transmitted through light by the principle of 
harmonic resonance. 


Mayan says that Sun is the lens through which galactic information is transmitted from the 
galactic core and interpreting this with Gayatri Mantra where we meditate on the supreme 
light Savitr ~ an aspect of Sun god is amazingly striking. 
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Mayan highlights that time is a function of principle harmonic resonance and he attaches 
significant importance to the numerals which he states are the galactic harmonic constants. This 
is exactly what Aintiram states 


He interprets the iChing to contain the Genetic code of the human DNA as a hexagram in a 8x8 
matrix which is a binary progression to the 6” power corresponding 64 six part words 
/codons. At the same time he interprets number 260 to be galactic constant and 360 which is 
the factor for a calendar year or the total angle in a circle to a harmonic calibrator. His 
explanations more on this and on the mystical number 7 do not resonate in my tiny brain and | 
am begging for holy grace to expand my mind to understand these concepts. 


When he says that flowers open to light just does not mean that it is sensitive to be light but 
deeply it aspires to be LIGHT. | am not sure if you understand the depth of this statement as 
against the Sage molar statement which states gross light should merge with subtle light. | have 
been left speechless for days after understanding this correlation. 


Itis interesting to note that significance of numerals as per Mayan factor: 


In all 


1 ~The pulsation = Ray of Unity 
2 =The pulsation - Ray of Polarity 

3 ~The pulsation - Ray of Rhythm 

4 ~The pulsation - Ray of Measure 

5 ~The pulsation - Ray of center 

6 ~The pulsation - Ray of organic balance 

vA in - Ray of mystic power. 

8 in - Ray of harmonic resonance, We will see more of this. 
9 in - Ray of cyclic Periodicity 

10 in - Ray of Manifestation 

1 in - Ray of Dissonant Structure 

2 in - Ray of Complex stability 

13 ~The pulsation - Ray of Universal movement 


2 independent researchers working 6000 miles apart, conducting their studies independently 


seems to be pointing to just one person and one philosophy and science. What else we could do other 
than thanking our fortune to have read them and made this connection. | thought of writing just a page 
on this topic and | have ended up with 2 parts and | am stopping my temptation to write few more pages 
on this topic. For all of those interested, please read the book by Jose Arguelles. 


It is amazing to find out how most of the ancient civilizations seem to have a common root and the 
communication between various geographies looks stunningly simple and the metrics on astronomical 
objects and other space sciences seems to be so accurate despite the absence of precision instruments 
and spacecrafts. One tends to believe that we had far advanced knowledge of nature which we seems 
to have lost and most certainly few thousand years back we were not nakedly roaming in the jungles of 
India and Africa hunting animals as the western experts wants you to believe but had a far superior & 
scientifically advanced civilization. 


‘As a wise man said, “Indians are the most ignorant about their rich past and scientific traditions.” 


Happy Reading! 


15. TIME = SPACE SERIES. PART 15 — SHIVA LINGAM 
IS NOT A PHALLUS 


If there is one part in the series | want you to read and talk about it with your friends then it is this topic. 
IF | ask you as to what Shiva Linga stands for then more than 99% of the responses would be that it 
represents a Phallus symbolizing the male sex organ / creative energy with the female sex organ / 
creative energy - Yoni as the base and both together representing inseparability and totality in the 
process of creation. 


Nothing is more misunderstood and misquoted than this concept of Hinduism. Every idiot including me 
who has read few books about Hinduism thinks that they are experts of Indology / Vedic studies. The 
wisest of sages who gave us Vedas and Upanishads did not boast that it is their work. At the end of 
every work they acknowledged that they are telling us what they have been told by their ancestors. It is 
155 trillion+ years of universal knowledge available today in the richest of the languages Tamil and 
Sanskrit. This cannot be accurately interpreted in a foreign language. Lest in the weakest of all languages 
- English. 


‘The other contributing factor to this misunderstanding has been the Sanskrit language or should | say 
the richness of the language. 


We have already noted that the same word can have multiple meanings. This is not limited to Sanskrit, 
but the all the languages. For example, 


* Sutra means thread, Aphorisms (the ability to express something in terse and concise manner). 
&x. Kama sutra - the most understood of all the sutras. Brahma Sutra - The thread of 
consciousness in any form that runs in this universe ~ the most unheard of. 

= Artha in Sanskrit means “meaning” and “wealth”, we have already seen this. As in Vaak-Artha 
and Artha Sastra (the science of wealth management). 

* Same way Lingam means Symptom, Proof, Gender, Male sex organ etc. Hence it was very easy 
to get confused, associate the lingam with a Phallus and also to ignore the philosophy and the 
supreme science behind it. Even people who believed that it represented much more did not 
knew the philosophy and the science behind it, Let's look at what it means. 


|lam going to request you to kindly refer to both the pictures below. 


Form of Brahmam Transitional forms of Brahmam Brahmam as 
the material world 


JO 


8x8 9x9 
Figure 8 ~ reproduced here for convenience 


Science ~ Religion 


Tamas Guna - Rudra Roden Bhege 


Rajas Guna - Vishnu 


Sattwa Guna - Brahma 


Figure 15 ~ Shiva Linga ~ Shape and Significance (Courtesy; Dr. Ganpathi Sthapati) 


We have already seen that the subtle energy is takes the form of a square and the gross energy takes 
the form of a circle with an in-between state it takes the shape of a tetrahedron and octagon. Now look 
at the Shiva lingam from the top. Its base is always a square and the top is always a circle. 


Figure 16 ~ Shiva Linga Figure 17 ~ Shiva Linga with shape of the God's 
particle (Star) engraved. 


If Ihave to merge all the 3 shapes together and it naturally takes the shape of a Lingam with a round 
‘one form andshape- subtle to gross 


top. Shiva Linga captures the overall process of evolutior 
state — it encompasses every state of consciousness that 


po: this universe. 


Why the figure above states that Square shape is Sattvic, circle is Tamasic and the in between state is 
Rajasic? Let’s understand the definitions of all the three qualities. 


= Sattvic represents the perfect state of balance. When it is subtle it is luminescent and in a 
perfect state of resonant non-vibration. The energy levels were perfect so that the resultant 
vibration is nil and itis in absolute balance. 


= Tamasic state represents a state where the height of evolution is reached and hence it is 
farthest away from the core. This is a different explanation from the usual one available in the 
web and books. Let me explain this. The core is very subtle and the tamasic state is very gross 
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and hence it is away from the core. Tamasic state then should be considered as the darkest 
state possible. Why? 


© Because the core is luminescent and if the gross state is farthest from the core hence it 
should be dark. This is the meaning behind the most famous statement ‘Tamasoma 
Jyothir gamaya”... take me from darkness to light. It is not about just your mind but 
about the entire being aspiring to become a light and merge with primordial light. 

© There is no evolution possible beyond the Tamasic state and it has to devolve to reach 
its core / subtle state. 


= Rajasic is a state where the pulsation has resulted in a rotational force and hence things are 
set into action. This represents the evolution process and hence associated with action. 


Then the natural next question is, if Shiva Lingam is associated with the entire spectrum of 
consciousness then we should see it associated the elements and the light. Isn’t? 


"There is a story in indian Purana that Brahma, Vishnu and Shiva discussed who is the most 
powerful among them. Lord Shiva challenged Brahma and Vishnu to reach his head and feet 
respectively. Brahma tried to find Shiva’s head and Vishnu tried to reach Shiva’s feet, both of 
them failed. Most of us would have heard the story but would not have understood the 
philosophical and scientific significance. 


© Lord Shiva in the form of Linga stood there as a PILLAR OF LIGHT. This pillar of light is 
the Brahma Sutra / light of consciousness which spanned from the center of the galaxy 
(Hiranyagarba) to every being & non-being in the Universe. 

© Brahma could not find the head because; Brahma is always associated with intelligence 
in Indian texts. He gave the supreme wisdom - the Vedas and stands for Intelligence. He 
could not reach Shiva’s head signifies that Intelligence will not take you to God. 
Intelligence as an energy is too gross and cannot reach the most subtle state of light. 

© Vishu represents earthly life ~ Rajasic in character ~ this is the tetrahedron & octagon 
state. He could not reach Lord Shiva’s feet signifying you cannot reach the core through 
actions. 


* Lord Shiva in the form of Lingam is represented as one of the elements (Earth, Water, Fire, Air, 
and Space) in the Hindu temples. 


If you read the following Upanishad quote, you can probably understand the meaning: 


na karmaNaa na prajayaa dhanena tyaagenaike amRitatvamaanashuH 
pareNa naakam nihitam guhaayaaM vibhraajate yadyatayo vishanti 


Not by work, not by progeny, not by wealth, they have attained Immortality. Some have attained 
Immortality by renunciation. That which the hermits attain is laid beyond the heaven; yet it shines 


brilliantly in the (purified) heart. 


And this quote also brilliantly articulates the luminescent nature of the Paramaanu: 
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naa tatra (not there) suryo bhati (sun shines) na candra (moon does not) na tarakam (nor the stars) 
nema vidyuto (nor the lightning) bhanti (shines) kuta ayam agnih (how can fire shine) 

tam (that) eva (alone) bhantam (shines) anubhati (thereafter shines) sarvam (everything) 

tasya bhasa (in that light) sarvam idam vibhati (everything shines) 


The sun does not shine there, nor does the moon, nor the stars or the lightning, much less this fire 
(deepam). When He shines, everything shines after Him; by His light alone everything is illumined. 


The trick is to take the definition & meaning from Upanishads or any scripture and apply it to the God's 
particle and the process of evolution and you would understand it perfectly. Many a times the concept 
of God & faith obscures our mind to look beyond and rationally think about it. It is not the problem of 
religion but our system of education which has ruined our thinking. Today the biggest challenge we 
have is to "Unlearn” than to learn. 


So to conclude: 

* Shiva Lingam does not represent Phallus. To represent male and female totality and 
inseparability Hindus do have Arthanareeswara and it is not represented through Lingam. 

* Shiva Lingam represents the Pillar of Light and the entire spectrum of consciousness. From the 
most subtle to the most gross. 

"It represents an in-between Guna / EGG state (between un-manifest and manifest) and hence it 
is formless with a form. 

"While Lord Nataraja represented the rhythmic pulsation of this Brahma sutra, the cosmic 
dance / the dance of the evolution, Shiva Lingam represents the primordial light itself in all its 
state of consciousness. 

* By this analogy, our body itself is a lingam with the visible body as the gross part at one end and 
the most subtle body which is invisible and is part of the primordial light at the other. 


Check out the picture below which represents most of the aspects we have discussed so far. 
May Lord Shiva help us all to understand him better. © 


As a wise man said, “Indians are the most ignorant about their rich past and scientific traditions.” Yet 
wish that this quote isn’t wiser any more. 


Happy reading! 
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Figure 18 - Manifestation in a nut shell (courtesy: Dr. Ganpathi Sthpati) 


This diagram represents everything we have discussed so far. The central red line is the Brahma Sutra 
which runs from the center of Galaxy to the terrestrial forms. Just correlate this with the Mayan Hunab 


Ku in the previous part. 
This summarizes as to how Energy becomes matter, Subtle becomes Gross, Un-Manifest becomes manifest, 
how 8 becomes 9, and Square / Cuboid becomes a circle / Sphere. All represented in one formless form called 
SHIVA LINGAM. 


16. Time = SPACE SERIES. PART 16 — SEELAM - THE 
PRIMORDIAL CIRCULAR FORCE - GANAPTHI & 
MATHEMATICS 


In the last few decades the main stream western science has started accepting concepts like uncertainty 
principle, wave mechanics, quantum mechanics, and periodicity of the wave pattern. Most importantly 
it is about the fundamental wave pattern of any energy or matter and the harmonics of these wave 
patterns falling in a particular form and proportion which is dictated by geometry / mathematics. In all 
the western scientists are scratching their heads on the depths of science of the subtle aka the sacred 
spatial geometry. 


Most of the eastern philosophies have mastered this science and have codified these natural laws as a 
part of their religion, which is often dismissed as superstition. | already highlighted that in Tamil and 
Sanskrit the definition for science is "Knowledge of the space”. 


Modern science is moving in the right direction albeit very slow and they are trying to understand as to 
how elements are bonded within a molecule in addition to what elements constitute them. For example 
Chlorophyll molecule consists of Carbon, hydrogen, nitrogen and magnesium (Mg at its core) has a 
complex 12 fold Pattern — just one such typical pattern which can convert sunlight into life substance, 
‘The same pattern exists in our RBC cells just that it has an iron at its core instead of magnesium, 


The understanding about the human body especially, “the spatial awareness that exists in each and 
every cell is due to the different sensory organs tuned at frequencies”, led the scientists to unravel the 
innate spatial geometry of life. 


Be it living, non-living beings, abstract forces like gravity, nuclear force, electromagnetism, heat, 
movement of astronomical bodies it does not matter what, everything in this universe adheres to a 
vibration / periodicity and is reducible to a number or a ratio. As a wise man said, "Mathematics is the 
language of gods”. This primordial rhythm & its harmonics are captured under the topic “Seelam” by 
Mayan in ancient tat detail 


Ihave been finding it difficult to sequence the flow for this topic and let me try starting from the basics: 


‘+ We know that the Paramaanu or God’s particle is a cube. This particle with the primordial 
vibration combines with other particles to create @ shape. The Paramaanu combines in the 
multiples of 8 to evolve the next structure. Let us see the importance of 8 later, but remember 
8 is the number for Lord Narayana and Om namo Narayana has 8 Aksharas. 


‘+ What do you call a cube called in Tamil? It is called Ganam (&:6@TLb). This also means heaviness, 
gravity, honor, dignity, abundance, plenty. To indicate it is a square cuboid they call it &6ot 


ea 
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The process of the addition of Paramaanu into bigger units is called as Ganam (&60on1b, 77). In 
Tamil both the Cube and the additive resultant are called as Ganam and the only 
difference being that in Cube it uses a small “na” (601) as an alphabet. In the additive 
process / resultant it uses a Big “na'(6vat). The big “na” signifies that due to the 
additive process the small (na) becomes big (na). 


This additive process starts because of the first rhythmic circular force also called as a 
Suzhi (8:4) in tamil which means “loop” 


Here comes the beauty. The Lord of or the energy associated with this additive force (Ganam) is 
called as Ganapathi (S60o1Lig), sere). Note this is the bigger “na” used and 
not smaller “na”. He is associated with the first circular force - Suzhi (and hence he 

= takes the first honor in any Vedic ritual. This means Lord Ganapati is the first 
¥ process in the evolution and everything has to start with him. Even if it is Lord 

Shiva or Vishnu it does not matter, the very first honor goes to the Lord of Ganas. Many Indians 

when they start writing (atleast few decades back) they first start with this symbol at the top of 

the page before anything for a successful completion of that activity 


If add my own inferences to the above with a caveat that everything else | have written have a 
solid back up mostly from our own study of languages (as you can yourself see) and our 
scriptures, 
© The symbol above signifies that what was “a point” with untouched / non-interacting 
energies / resulted in the primordial first circular force out of a pulse and also signifying 
that every circular force shall also collapse back to a point. 
© Also the bigger / heavier things are formed or created by its smallest unit and hence 
symbolically the heavier ones are carried by the smaller units. To signify this may be a 
god in the form of an elephant is carried by a mouse. 


Now you know why every ritual starts with this Sloka to Ganapathi: 


© “GanAnAm tva Ganapati gum Havamahe, Kavim Kavinam Upamasra vastamam 
Jyestharajam Brahmanam Brahmanaspat aana Sevan nuti bhissi dasadanam” 


This means “May you the Lord of Ganas, Ganapati’... so it goes. 


Now what do we call the study of this additive force - Ganas? Mathematics ~ Ganith / 


Ganitham (Seng, 7c). 


So we Indians have codifie 
© thepi God’s particle as Paramaanu or microbode or Lord Shiva, 

the rhythmic movement of the pillar of light as Lord Nataraja, 

the first circular force as the symbol for Lord Ganapathi, 

the lord of the additive force as Lord Ganapthi and 

the Study of this additive force which leads to the formation of everything in the 

universe is Mathematics in Sanskrit and Tami 


0000 
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© Every possible state of consciousness and manifestation is represented in Shiva Linga 
We will see that the multiples of 8 in which the additive force moves is codified as 
Lord Narayana or Vishnu and the five state manifestation process as the five letters 
associated with Lord Shiva. 


Just forget that these names are the names of the Hindu gods, and tell me one religion or philosophy or 
one branch of science in this world which can capture the nature’s primordial secret in this way and 


codify it for the common benefit of the world and carry it for thousands / millions of years. 


‘These are just a start and please wait for the other interesting aspects to unfold. 


‘As a wise man said, “Indians are the most ignorant about their rich past and scientific traditions.” 


Happy Reading! 


17. TIME = SPACE SERIES. PART 17 — SEELAM - THE 
PRIMORDIAL RHYTHM & FUNDAMENTALS 


Now, let us get into some real heavy stuff - Mathematics (Ganitham - the study of Ganam) that governs 
this rhythm and harmonics. My first concern is how to make it easily digestible for an average individual 
who hates Math? So | shall take the easiest route that | know. | shall first explain the concept, then the 
actual Math part of it and then go to the philosophy and significance of the same. Later we shall look at 
how these are codified in nature and our scriptures and available in front of our eyes which we have 
failed to recognize, 


Let us be clear about the following terminologies like Progression, Proportion, root, Diagonal and 


Pythagoras theorem: 


* Let us take a series as follows: 2, 4, 8, 16, 32.... In this we need to be clear about what is 
Progression and proportion. As many of you know that whole series is a geometric progression 
where the next number in the series is a function of the current number and a multiple. This 
multiple here is 2, so that 2*2 = 4, 4*2 = 8 and so on. This multiple or the constant is called as 
proportion, You derive the value of the proportion by dividing the number by its previous 
number — (n+1)/n : (n¢2)/(n+1). Hope this is clear. 


‘+ We know that a square has 4 equal sides. Each side of a square is called as “root” and the line 
that connects the 2 opposite ends is called as ‘Diagonal’. In the figure below sides AB, BC, CD, 
DA are called as “Root”. Lines AC, BD are called as ‘Diagonal”. 
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Figure 19; Square Figure 20: Pythagoras theorem 


‘+ Pythagoras theorem — This theorem gave us the formula to calculate the sides of a right angle 
triangle as given above. If you are not familiar with this, then please understand that if you know 
any 2 sides of the triangle the 3 side can be calculated by the formula given above. | am not 
going to focus on the argument that this theorem was available in Indian scriptures before the 
Greek mathematician gave it. Let's look at the concepts and not which civilization gets credit as 
of now. 


Since the fundamental structure is a square in 2D and Cube in 3D and also in the process of evolution 
one becomes many, let's ask ourselves the following questions: 
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‘+ How one square does create another square which is larger in size, progressively? What is the 
progression and proportion in this series? 

+ How one cube does create shapes which are polygonal (Hexagon, Octagon, decagon, 
dodecagon etc) progressively? What is the progression and proportion in this series? 


Now let us see Figure 21 where and consider the square ABGF. You can enlarge the image to see the 
alphabets clearly. Now as we know sides AB, 8G, GF, AF are called “root” - remember this well and let 
Us assume the smallest root possible is unity and hence each root is of unit length. AB=BG=GF=AF=1. 


‘Area of this square = 1*1 = 1. 


Figure 21; Square Figure 22: Cube 


Line AG is called as the “diagonal” and as per Pythagoras theorem the length of AG should be v2. AG = 
V(AF*+GF’). So to summarize the root of the square ABGF is 1 and the diagnol is V2. 


Now consider a larger square AGHJ, here AG, GH, HJ, Al are the sides and hence called as root. AH, GJ 
are the diagonal in the 2™ square. We know AG = v2, then AH = GJ = 2 as per Pythagoras theorem. To 
sum up the root of the square AGHJ is V2 and the diagonal is 2. Area of this square is 2. 


If you look at the ratio root/diagonal (root to diagonal ratio) of both the squares it is 1/v2 and v2/2 
which results in 1/V2. This will progressively hold good. The magic proportion in this progression is v2. 


What we can infer from this is if we consider a progression of squares from a unit square to larger 
squares, then the proportion of the progression is V2. But before we jump into its philosophical 
significance let's answer the second question. 


Consider the cube above whose side is of unit length. We know a cube is made of squares. We know 
ABCD is a square of length (root) =1 and diagonal = AC = v2. If we want to find out the length of the 
diagonal of the cube which is AE, then ACE is a right angle triangle with AC = V2. And CE =1 and hence AE 
=¥3. 


‘What we can infer from this is if we consider a progression of cubes from a unit cube to larger ones, 
then the proportion of the progression is v3. 
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1am going to handle the significance of v2 and v3 in the next part. 


Happy reading! 


18. Time = SPACE SERIES. PART 18 — SEELAM - 
SIGNIFICANCE OF V2 & V3 


Let's look at the significance of v2 and v3 but before that let's capture the philosophical significance of 
Progression and Proportion: 


* The whole world is conceptualized as wave harmonics of the primordial rhythm with a 
progression and proportion. Philosophically the Proportion which does not change / which is 
constant is the immutable component and the progression which changes / is volatile is called 
as the Mutuable component in the process of evolution. The whole universe is the progression 
and God is the proportion. So if | know the God's proportion and the formula behind it | can 
create anything in this universe including a universe. This secret is called as the Brahma Vidya / 
Sree Vidya (Knowledge of Brahman, Sree) in Indian texts. What we are going to see further are 
very minor parts of the Brahma Vidya, © 


* In the last part we saw, that the primordial square multiplied itself to be a larger square 
(progression of squares) using the proportion v2. The diagonal of the square 1 (ABCD) forms 
the root of Square 2 (AGH). This is very profound if you get the concept. 


‘+ If we consider square 1 as the cause then its diagonal is the effect. This diagonal is the root for 
the next square (AGHJ) and hence the effect of Square 1 is the cause of Square 2, this cause 
results in square 2's diagonal which is its effect and this is how the progression or evolution 
happens. If you can see glimpses of Cause and effect cycle and the famous law of Karma in this 
analogy then you can pat yourself. © 


+ Assquare halved by the diagonal (square 1 with area 1) produces a square twice its area (square 
2, area = 2). The mystery of biological growth from cellular division or the different musical 
notes from the base tone is contained in this. 


‘+ Robert Lawlor in his book “Sacred Geometry” very nicely puts it as the root of a plant (like the 
root in a square) is causative and embedded in the earth (and embedded in the square). These 
are very heavy and profound concepts just let it sink into you. 


‘+ When you divide the full height of the human being considering the total height as unity then 
belly as called as Hara in Japanese, Dantein in Chinese, Nabhi in India which is below the navel 
will measure (2- v2) from the soles of the feet to belly and (v2 -1) from navel to the head. In 
Yoga, Zen and Chinese meditation techniques this point corresponds to the transformative and 
generative aspects of the individual that involves rooting techniques for self transmutation. So 
Lao Tzu said, “To seek the root is the goal”. 


ies the power of multiplicity. Hence the Generative aspect of this rhythm is attributed 
to V2. This represents the principle of transformation. 
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‘+ Remember v2 is a proportion in the progression of squares and a square does not become a 
higher form. We have seen that the diagonal of the cube (sides of unit length) is V3. It is this V3 
which divides the volume form of a cube and the diagonal of the cube becomes a root for the 
higher shapes like pentagon, hexagon etc. 


‘+ Hence V3 signifies the formative power of the rhythm while V2 signifies the generative power 
of the nature. 


We will touch the same using Vesica Piscis in the next part which shall take us to V5 and the golden 
‘mean ®. | am not going to touch upon important topics like Gnomic spirals and the relation between 
various progressions and hence | would request you to Google them if you are interested. 


Happy reading! 
Ps: 
There are many books on this topic and | would recommend “Sacred Geometry ~ Philosophy & 


Practice” by Robert Lawlor which | found easy to read and understand. 


You tube and Internet is replete with tons of images, articles and videos on this topic and you can learn 
‘a great deal from them. 


19. Time = SPACE SERIES. PART 19 — SEELAM — 
VESICA Piscis, V5, & GOLDEN MEAN (®) 


If you don’t know what is vesica piscis, please google and you would find it interesting. | am not going to 
explain it here and | would focus on the summary and aspects which are often left out. The philosophical 
aspect of Vesica Piscis, is a rotating point becomes as circle of unity. Two circle of unity (with its radius 
as unity) interacting / intersecting each other in a perfect manner offers an overlapping area which is 
considered to be sacred and fundamental to all the geometric forms in the universe. We will first see 
how v2, v3 & VS are part of this Vesica Piscis. 


Please look at 2 circles who radius is unity and AB = 1, 
intersecting as per the diagram. The overlapping area 
ABCD is the Vesica Piscis and we can see V2, V3 & V5 all 

\_ part of this Vesica Piscis. 


‘ABPQ and ABRS are 2 squares and the side of the square is 

/ 1. VS is as significant as v2 and v3. In the diagram here VS 

/ js the diagonal of the rectangle PORS / diagonal of 2 
squares ~ one below the other. 


Figure 23; Vesica Piscis 


VS is the regenerative factor that binds 2 squares or that factor that transcends two worlds or the 
bonding factor for 2 cosmic entities. This v5 shall take us to the most important ratio which is the 
Golden mean or the God’s ratio. 


But before that let me share what stuck my mind when I was engrossed with Vesica Piscis and v3. Look 
at the pictures below. These are pictures of forehead marks of Hindu Brahmins sects called lyengars and 
their supreme deity is Narayana. I correlated the striking similarity of the rectangle around the Vesica 
piscis and lyengar’s namam. You just have to imagine the 2 overlapping circles are the right and left side 
of the face with the Vesica Piscis starting from the top tip of the nose. To me the formative principle of 
V3 is in line with the “Bhootha krut” and “Vishwa karma manu stvashtha” aspects of Maha Vishnu as 
per Vishnu sahasranamam. | had a good laugh on this correlation. 


Figure 24; lyengar Namam 1 Figure 25: lyengar Namam 2 
(Courtesy: Internet) (Courtesy: Internet) 


Coming to the Golden mean, if you have not heard about it, just Google or here is a quick link 
http://www.goldennumber.net/. Some of you might be even have fatigue repeatedly reading and listening 
about it, like | do. Hence I am not going to rewrite what is widely available. But let’s look at the 
philosophical aspect of it, its relation to VS and its manifestation. 


Now so far in v2, V3 & V5 what we have seen is how Unity evolves as many. But if | am interested in 
geometrically dividing the Unity so that this proportion evolves as unity then how do I do it? 


Consider a line of unit length and also consider two 
segments a, b so that a+b =1. 


Let a+b =1 


Aand B are such that it has to fulfil this condition of 
a b Proportionality that a/b : b/1. 


(Figure 26: Line and) 


‘This means what ‘a is to “b”, is the same as what “b” is to the whole length which is 1. 


Mathematically resolving this equation a/b : b/1, hence b? = a and hence b= Va. This means a + Va 
The answer to this equation is only one value which is called the Golden mean / God's ratio denoted by 
« = 16180339... and a = 1/®. Philosophically it is the division of unity and the only possible creative 
duality within the unity. 


You may ask as to why unity is not divided into 2 equal parts and why is should be 1/@ (0.618039. 
This is effectively answered by our Upanishad “Whether we know it or not, all things take their 
existence from that which perceives them”. Adi Shankara said “the universe is an illusion / maya” 
because it is what we perceive. We tend to ignore them as philosophy or superstition. 


But let's look at it scientifically as we understand. When the unity is divided into equal parts there is no 
asymmetry and difference and hence there is no perceptual universe. An asymmetric division is needed 
to create the dynamics necessary for progression and extension of unity. 


Let’s summarize our understanding again: 


‘+ V2~the generative component and a multiplying factor creates multiple squares from a unity 
of square. 

‘+ V3~the formative component that creates multidimensional polygonal shapes from a cube. 

‘+ V5 the regenerative component or the binding component that transcends and binds both 
the worlds. 

‘© @ - Golden mean or the God's ratio, which is an evolutionary principle that is guided from 
within and an indisputable mathematical evidence of the conscious evolution of this Universe. 

‘+ @~ Isa self-similar variable which can be used to derive Unity and it is the only proportion by 

Which the Primordial rhythm maintains it perpetual oscillation to sustain this universe, 

Relation between @ and v5 is, @ = (v5+1)/2 


Now let’s geometrically as to how ® 
and VS are intricately linked. Consider 
the Pentagon picture whose side is of 
unit length. le. 


‘AB = BC = CD = DE=AE = 1and 


EG = FB=CG=DF=1and 


EB = = 161803399 and BG = 1/ = 
0.618039 and hence all the ratios 
like AG = AF = EF = GB=1/, 


Also FG = 1/*, which means EB = 
EFSFG+GB = 1/O+1/O+1/0" 


/o* 


Also Gl = 1/@* and Gi 
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(Figure 27: Pentagon & «b, Courtesy: Internet) 


If you are interested more please check out the Fibonacci series and its relation to ®. The importance of 
5 is dominant in every living organism while 6 and 8 are the characteristic of mineral and inanimate 
structures. It used to be rule of thumb that any plants / flowers which has 5 petals is an edible plant 
and hence 5 and pentagon are the symbols of life which contains the God’s ratio or the golden mean. 


Now let's also understand how a VS is related to v2 and v3. if we consider a right angle triangle with the 
base of v2 and height of v3 or vice versa then the hypotenuse is v5. Now let me draw the connection 
between v2, v3, V5, @ and r. If you think they are all some random numbers which cannot be fixed to 
their 10" decimal and not related to each other, just see the following relationship. 


n= O'X6/5 or alternatively @ = (vm * v5) /(v2*v3) 


This is the binding factor. | shall produce below some pictures which are aligned based on pentagon and 
the web is replete with them for you to understand more. 


These 2 parts were little heavy and | shall move to easier aspects on the universal rhythm from next 
blog. The point | was trying to make is that everything in this universe is subject to a proportion and its 
fractals and let's see the manifestation of it in our daily life 


Happy reading! 


Ire 


(Figure 28: Pentagon & Human shape, (Figure 29: Pentagon & Human face, 
Courtesy: Internet) Courtesy: Internet) 


(Figure 30: Human hand and Fibonacci Series 
Courtesy: Internet) 


(Figure 31: Bharatanatyam and body alignment (Courtesy: Robert Lawlor, The Sacred Geometry) 


The positions of Hindu classical dance (Bharat Natyam) describe geometric relationships from the axis of 
the body and the alignment of center of gravity at “hara” invoking rooting and divine power of 
transformation. In Hinduism “hara” is one of the names of Lord Shiva as in “Hara Hara Shakara” 


20. Time = SPACE SERIES. PART 20 — SANKHYA YOGA 
AND SAGE KAPILA 


Now, let’s look at what Sankhyakarika one of the greatest scientific works by Sage Kapila. | need to 
highlight that the Sankhya philosophy is one of the most evolved philosophies about the secrets of 
nature; it contains only 72 verses of which 68 of them define the complete spectrum of universal 
manifestation. This Sankhya Yoga is referred in Bhagavad Gita - Chapter 2 is called Sankhya Yoga and 
in Chapter 10, verse 26, Lord Krishna identifies himself with Sage Kapila. 


Sankhya in Sanskrit means numerals / numbers. Sage Kapila states: 

‘+ Any measurement is a relational process and only a change can be measured but it takes time. 
The difference between the yardstick and the measured object constitutes the measured 
variable, which in effect is an incremental change. Since the observer can detect or measure 
only a change then logically, the incremental unit of measurement itself should form the basis 
to derive the whole. This is the genesis of ©. 


‘+ Correlate the above statement with the equation a + Va = 1. The unity is derived from the 
proportion “a” or 1/. 


+ As an example, the arch of a bow has expansive stress on the outer side and compressive 
stresses on the inner side, while the string is in tension and all are balanced at every instant. The 
expansive, compressive and tensile stresses can be expressed by one law. 


* Alternatively, a single variable describes the proportionality of three types of forces existing at 
the same time. Such a variable should be scale invariant, self-similar and have an axiomatic 
relationship to the whole. 


‘+ So Sage Kapila called 1/@ as a self-similar variable from which the unity can be derived. 
‘+ So he postulated if x is the value of a measured increment then the total value 14x must be 
related to the ratio of change as 1/x at the same instant of time or simultaneously. This means 
14x = 1/x, and would lead us to X*+X = 1. 


+ He quotes that if the primordial rhythm has to be self sustaining then the proportion is certainly 
governed by 1/(. He gives the formula for this oscillations as follows: 
© X=1/@=0.61803399 
© Increment / Expansion = 1+x = 1.61803399 = © 
° -x = 0,38196601 = X* 
© Resonance = X?=X- x? = 0,23606798 


Resonance or X? is the factor which protects this rhythm fram decaying and dying off. So @ or 1/@ is 
such an important ratio or proportion so itis called as the Golden mean or God’s ratio. 
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| shall highlight some of the factors / ratio which are part of Sankhya Yoga and what is amazing and you 
find formulas for Tamasic, Sattwic and Rajasic Guna states. (Please refer “Secret of Sankhya Yoga” ~ G, 
Srinivasan in the web). 


‘+ Kapila defines the four qualities of the unmanifested state as Aikaantha (Synchronized), 
‘Aathyanta (perpetual), Atho (Dynamic)and Abhavath (unmanifest). 


‘+ Taking Cas cyclic rate of oscillation or vibration and x as rate of change per cycle then the three 
Guna self similar interactive states are shown as vibratory counts per cycle by the formula 
‘Thaama = C'"*. Rajasic = C*™. Sathwa = C™*, 


‘+ Some of the numbers that Sankhya Karika deals with are 1/7 (0.142857), n/10 (0.314159), 1/ 
(0.618034), v2 (1.414), @{1.61803399), v3 (1.732), v5 (2.23), e (2.718282), m (3.14159) and 
declares that the unmanifested state (Abhavaat) can exist only when the oscillations are 
between n/10 (0.314159) and e(2.718282). This is simply amazing since the state of Abhavvat 
is the state of Brahman. 


Despite herculean efforts | am unable to understand the Bhashya for the 72 verses which is about 500 
pages explaining the secrets of Sankhya in any significant measure. | wish someone can step in and help 
us by explaining Sankhya Yoga that is comprehensible to our level of intelligence. 


We have a treasure of secrets and richness hidden in our scriptures and it seems we have already lost 
most of them and the fundamental reason being our indifference to Sanskrit and our mother tongue. 


‘As a wise man said, “Indians are the most ignorant about their rich past and scientific traditions.” 
Happy reading! 
‘The passage produced below is just the summary of verse 1. 


..The Sankhya view that evolves out of the complete theory is that only vibrations are detected by the 
observer... Since only relative changes can be be detected, any fundamental component that is not ina 
vibratory state cannot be detected. Vibrations are caused by components in an interactive state or a 
cyclic state of colliding and separating that is common to alll interactions and wave phenomenon. 


The interactions create three distinct modes of stresses. Collisions are compressive or inelastic. The 
resultant reaction is expansive or elastic. When the interacting components lack the freedom to move 
away the interactive state is maintained in a cyclic or shuttling mode in the same location in a resonant 
state. 


This important Sutra lays emphasis that if the observed process of detection is dependant on vibrations, 
then fundamental space must contain components with those four characteristics described as states, 
which makes it function in a holographic way. That is all vibrations remain in fixed relationship relative to 
each vibratory point in a coherent and resonant state. 


21. Time = SPACE SERIES. PART 21 —5 AND 8 THE 
UNIVERSAL RHYTHM 


Let's summarize what we have seen so far and then move on to more interesting aspects. 


We have touched upon the God’s particle and its characteristics. We also looked at the 5 fold 
manifestation process and in that we looked at how Moolam becomes Kaalam (time) and how time 
rhythmically (Seelam) vibrates with a proportion and creates forms and shapes (Kolam). We also 
touched upon some of the ways we had codified the secrets of nature like Lord Shiva, Lord Nataraja, 
Lord Ganapati etc. 


Before we see how rhythm (Seelam) and shapes (Kolam) manifests itself as universe, let’s first look at 
one specific word from Tamil which has three significant meanings converging into one, Yen (6T 68), 
means number eight, generic term for Number / numeral and also root for stedstevar which means 
thought. | shall explain the significance of this below. 


Importance of 8 / Octe! 


It is stated that these God's particles combine in the multiples of 8 / octaves ONLY and the states of 
manifestation from being subtle to gross is as given below. 


© Formless Un-manifest State 0 (This is the Abhavaat state) 
© Guna State a= 

©. First stage ae 

© Second stage e=64 

© Third stage 8 =512 

© Fourth Stage 8° = 4096 

©. Fifth Stage 8° = 32768. This is the state with manifest form. 


This rule is applicable to both the visual and aural forms which mean we can see or hear anything only in 
the fifth stage of evolution. So as per Pranava veda, the fundamental numbers are 0,1 and the key 
numerals for proportions are 5, 8. 


Significance of 5 and 8: 


Pranava Veda describes that 8 / octets is the essential harmonic oscillator for the manifestation of the 
universe since this generative force is the multiple with which the whole universe manifests and 
sustains, You many note that number 8 is associated with Lord Narayana and his Ashtakshara mantra 
(Om NaMoNaRaYaNaYa). 


‘The principle of 5 / Penta, we have seen is the regenerative binding force earlier. It is always a 5 stage 
process. This is associated with Lord Shiva (Om NaMaSiVaYa). The un-manifest form comes to the Guna 
state with the force of 5 and in the multiples of 8. It is also important to highlight that 5 and 8 are part of 
the Fibonacci series and their proportion is 8/5 = 1.6, which is ®. 


But it is important to realize that the building of octets is a 5 step process for manifestation. This 
highlights that one cannot exist without another and both are interdependent. Now let's recall: 


“Shi 
"si 


asya hridayam vishnur, Vishnoscha hridayam shivah:" and 


aya Vishnu rupaya Vishnave Shiva rupine” 


Vishnu (8) is the heart of Shiva (5) and likewise Shiva is the heart of Vishnu and they both are the 
representation of each other. 


If you have noted Tamil language stressed the importance of words and its meaning ~ this was 
addressed in the first few parts of this series. Here Tamil language gives the importance of numerals and 
its significance in the formation of universe. Both the great sages Auvaiyaar and Thiruvallular stated the 
importance of numerals and letters in an identical fashion. Both these lines mean, Numerals and letters 
are like eyes for living beings / equal to eyes. 


Sain ro Gonen Kr UQSS) se Qeuelysia Gio sein sreéru ounigid 2-uNjiG! 
craingeond 6 UgS Bib sin Qovmen $5 iD! 


Now what should be noted here is that (ststet) importance of numerals precedes that of letters and we 
know why. The aural and visual forces become letters & its associated sound at the S" stage but the 
numerals are from the Guna state. Numerals were associated with 8 / Lord Vishnu and letters were 
associated with 5 / Lord Shiva. Guess you can get the scientific knowledge and significance we have in 
our languages. 


‘Since what is in macro is there in microcosm, taking the analogy to microcosm our mind becomes the 
Moolam (Source), our thoughts are the vibration, time is measured as the periodicity between thoughts, 
based on the rhythm of our vibration we perceive the world. This is given very nicely as asiren Gio 
CNsvin 2 svorijeypid Ge&evioTs! means Our mind is the source and its awareness becomes 
forms. 


This wonderful concept is what is linked in the word Yen (6T@®i), which means number eight, generic 
term for Number / numeral and also root for stederesartb thoughts. Just this one word in Tamil 
highlights the supreme secret that thoughts become form and words with the help of numbers and 
numerical proportion converts aural and visual forms to thoughts. 


‘As a wise man said, “Indians are the most ignorant about thei 


ich past and scientific traditions.” 


Happy reading! 


a 


22. Time = SPACE SERIES. PART 22 — EIGHT (OCTET) 
AND THE 5 SACRED ARTS 


SLGL et iguisd 6rCOL. uuGeo 
orLigeit Op gAGW s1eteneu Lor, 1! 


The above lines from the work Aintiram means “Eight / Octa (multiples of 8) is the fundamental 
numeral for any measurements. We did see that the fundamental god’s particle add up with each other 
in the multiples of 8 in the previous part 


In ancient India there were about 64 arts (http://en.wikipedia.org/wiki/kalC4%81 ) known as Chatuhsasti 
kala ("24 BENET O1IUS SybTesr#lemseTwy1b" as popularly known in Tamil), but | am going to 
talk about 5 sacred arts. 


We will look at the importance of numeral 8 and how this is fundamental to everything in this Universe. 
But let’s again start again with etymology. The word arts in Sanskrit is “Kala” (aT) and Time in 
Sanskrit is #TeT (Kaala). So etymologically we can say that classical arts are all about variation 


of time (or harmonics of this pulsation of time in the multiples of 8). 


After etymology let’s get to the basics, Our understanding of the universe is that “the primordial space 
manifests itself as spatial forms through pulsation (Time) and its periodicity (Rhythm & order). This 
evolution started with Pranava which came out as aural and visual form (Sound & light). When they say 
“The one became two” they refer to the Pranava which is light and sound from the unmanifested 
consciousness. 


Aintiram states that the dual form of Pranava gave forth 5 sacred arts which are fundamental to most of, 
the other arts. The Aural form of Pranava gave forth Poetry and Classical Carnatic music, which can 
only be heard. The Visual form of Pranava gave forth Sculpture and Building architecture, which can 
only be seen. Both the aural and visual forms merged to create the classical dance (Bharatnatyam), 
which involves both seeing and hearing. 


Figure 32: 5 
Sacred arts, 


Om (qpGlLoITS Om (qpGiorrstt) 
Aural form Visual form 


Time variation Space Variation 


Classical 8 
Tailsie Architecture 


They were classified as 5 vedas: 


‘+ Poetry - Sabda veda 
‘+ Classical music - Gandharva Veda 

‘+ Classical Dance - Naatya veda 

‘+ Sculpture ~ Sthapatya Veda (Sthapati is a clan that is the master of this veda) 
‘+ Architecture ~ Pranava Veda 


Pendatic Tamil and its construction: 


Pendatic Tamil is called as ¢3f)SUMup (Aintamizh) which consists all the five above arts, @WED, 
Qos, HLomid, AULD, SLL Hemev. it is these 5 arts which were formed out of the Tamil 


language and the language itself is created from the word Om. They say that it is not 12 basic vowels in 
Tamil but only 5. They are 1, @), 2. 61, @. These 5 letters combine to form the rest of the letters like 


A+HA=M% Q+Q=m, 2+e=o0, T+T- 9, S+E=-— H+H-B 


a+. = gar 


Here you may want to note that 5 has become 12. Same way in classical music they say that the basic 
svaras are 5 (é&, ffl, &, U, &) —Sa, Ri, Ga, Pa ,Da which became 7 and then 12. 


So 5 is the fundamental numeral for evolution and Tamil language has grown based on this philosophy 
and science. | am sure some of the other Indian languages have the same basics. The book which 
describes this phenomenon of evolution of language from Pranava and arts from language is Aintiram (it 
means 5 works) (23f5S1Mtb) authored by Mamuni Mayan dated 10000 BC. 


You would agree that the aural forms are predominantly variations in time and visual forms are of 
spatial variations. But our ears stand for akash tatva ("space") and it can perceive variation of time and 
space and we will see this in detail. When we said “Time = Space” we will see that both of them are 
governed by the same laws and measurements and hence there is no difference between Time and 
Space. 


Happy reading! 


23. TIME = SPACE SERIES. PART 23 — 
NANOTECHNOLOGY IN ANCIENT INDIA & SIZE OF GOD’S 
PARTICLE 


Let me start with these questions: 


‘+ What is the size of the God’s particle and how is it calculated? 
‘+ Does nature endow a standard measure for an average human being’s height? 


Before we proceed to the next section | want to give the very detailed space calculation table used in 
ancient India. Our rishis did not stop just with telling us that the Paramaanu / God's particle is very 
small but went ahead and established its size. 


If you have to see such minute particles then your sensory organs ~ Eye and mind should be tuned to it 
so that it can see things at that size, From the formula available in our ancient texts | was trying to 
reconstruct by working backwards to find out the size of the Paramaanu / God's particle should be. 
Please refer the table below which | have arrived at. 


ANCIENT SPACIAL MEASUREMENTS 


Unit scale Ancient met Current day Metrics 
1 Paramaant |Smallest particle |133 nano meters 
[1 Ther Thugil= [gParamaanu [1065 nano meters 
[1 Mayir nuni= [gTherThugil_ _[8526nano meters 
1 Eer= &Mayirnuni__ [68 Micro meters 
1 Paen= |S Eer 545 Micro meters 
1 Yavai= [8 Paen 10.4365 cms 

4 Angula= [8 yavai 3.4925 cms 

1 Tala= [6 Angula 18.25 inches 

[1 Muzham= 24 Angula [33 inches 

1 Muzham= laTala [33 inches 

2 Muzham= [Stala 66 inches 
Universal height of man |9 Tala 74.25 Inches 


(Figure 33: Ancient Spatial measurements. Courtesy ~ Dr. Ganapathi Sthapati) 


| have given the exact word used in Tamil for these measurements instead of translating it in English 
‘Ther Thugil is the dust from chariot wheel, Mayir nuni is the width of a hair tip, Eer and Paen are the lice 
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‘eggs and lice, Some of you may jump that most of the units were subjective and would have variations 
in normal life. | agree but there is a reference point - Angula and its exact measure based on which 
other values are derived backwards to arrive at the value of Paramaanu. 


Now if you note the smallest particle aka God’s particle / Paramaanu is 133 nm in size which is 
currently under study by the CERN scientists. Nanotechnologists today confirm that the width of a hair 
strand is about 25000 nm and our ancient texts give the size at the tip of the hair strand (and not the 
width) as 8526 nm. | see that to be a reasonable estimate when no such precision instruments were 
available in those days. 


‘One Angula is 11/8 of an inch. This is the fundamental measure which is used in any of the worldly 
measurements. Now you can see that 6 Angula is 1 Tala which is about 8.25 inches and then comes the 
most important revelation. Does nature endow a measure for an average human being’s height? 


‘The answer is yes. As | said an average human being should be 9 Tala’s height and hence the nature 
endowed height for any human being is 74.25 inches. This is the ideal height and the variation is 
attributed to our Karma, hereditary and lifestyle. 


Now let me give few tips to find out your height from typical measurements: 


‘+ Measure the length of the face (from forehead to chin). Your total height should be 9 times that 
height. This is the principle of Nava tala. As an extension measure your thigh or legs length 
excluding the knee and feet and your total height should be 4.5 times that. 


‘+ Take your right hand middle finger (No. Don’t show it to anyone). You would notice that the 
finger is divided into 3 parts. Measure the length of the lowest part ~ from the end of the palm 
to the first subsection. Your height typically should be 54 times this measure. Since this measure 
for an average man with nature endowed length shall be 1 Angula. Hence your height shall be 
54 times that measure. 


‘+The length of the thumb from the base of the wrist should be about 3 Angula and hence 18 
times of that should be your height. This can go on and on. 


So, to sum up this sectior 


‘+ Instead of looking them as Rishis or Sages or religious figures if we look at them as scientists in 
the field of nanotechnology, quantum physics and Astra dynamics we would accept most of the 
secrets without any prejudice. 


‘+ Not just the measure for the height of the man but they had formula for every object and this 
was the secret of their wisdom. For any astronomical object, they had formulas to measure 
body's core (width) and also the width of the mantle. The roots of their wisdom lie in 
understanding that “many’ are just a harmonic variation of the “one” subject to a mathematical 
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proportion. Hence there was no “rocket science” in those days and all of them were as simple as 
it looks like. 


‘As a wise man said, “Indians are the most ignorant about their rich past and scientific traditions.” 


Happy reading! 


24. TIME = SPACE SERIES. PART 24 — OCTET, OCTAVE 
AND THE GANDHARVA VEDA (CLASSICAL Music) 


Let's start with classical music where Octaves form the fundamental for it. There are seven svaras (Sa, 
Ri, Ga, Ma, Pa, Da, Ni) which is made into an octave with another Sa after Ni. So it becomes Sa, Ri, Ga, 
Ma, Pa, Da, Ni, Sa (Do Re Mi Fa Sol La Ti Do). The first rule of classical music is “Shruthi Mata, Layam 
Pita’, which means Shruthi is the mother and this corresponds to the frequency or the spatial 
component and Laya is the Tala component which is a function of time compared as father. 


"Anga 
Tala Notation |Tisra__Chatusra |Khanda_Misra_|Sankeorna 
Dhana 0 7 a) 7S a 
Maiya 101 3 to) 20 
Rupaka Ol 3 8 7 3p 7 
Frampa 100 8 7 3 0 7 
Tipuia 100 7 3 73 
Kia 100 70 a 2 
Eka 3 a 3 7 3 


(Figure 34: 35 types of Tala. Courtesy: Wikipedia, internet) 


There are 7 fundamental Talas in carnatic music and each Tala has 5 different variation based on Jathi so 
in all there are 35 different Talas as given in the tabulation. These Talas are measured as the "matras” 
the unit duration of time. There is another concept called Nadai or Gati which we will not touch upon 
now. But let's look at these 35 variations and can you tell me where the most famous “Adi Tala” is in this 
35? Most importantly why itis also called as “Adi Tala” — which is the primordial rhythm? 


‘The answer is “Chatusra Jathi Triputa tala” highlighted in the table is called as “Adi Tala” and it is called 
so since it gave the most primordial rhythm with 8 time units. But there are couples of more cells where 
we can see “8” in the table and why these are not called ‘Adi Tala”? 


The primordial rhythm has a pattern of 1, 3, 2 and 2 which adds to 8. Further on we will see just the 
variation of this Adi Tala in anything and everything, Tisra Jati matya Thala has a structure of 3, 2, 3 and 
Kanda Jati jhampa Tala has a structure of 5,1,2, hence they are not classified as the primordial rhythm. 


Let’s quickly touch upon the spatial variation or the frequency / pitch aspect of this divine art before we 
branch off to other topics. The image below gives the 16 levels of Savaras which includes tones and sub 
tones. The seven svaras become 22 tones based on the frequency variation / harmonics. Here 7 are 
fundamental svaras and 16 as given below is the most practiced variation and 22 is not popular. 


[ea Se 
few [s [eli [ole m [m [> |@| a fala | a 
feta EC a je fs 


jae fas 
aE 


a 
ee) [e277 28 


(Figure 35: Svaras and frequencies) 


tral 1 
aT] 


You can note that Sa starts with 240 Hz and the last Sa is 480 Hz doubling the frequency and hence an 
octave. While Sa has 240 hz and 480H2 levels, the tone Pa (P) or Sol does not have any variation and this 
is at 360Hz. | am going to correlate the Mayan studies with Carnatic music and instead of seeing the 
whole spectrum from “Sa”, | am going to see this spectrum from “Pa”. 


You would note that “Pa” at 360 Hz corresponds to the Harmonic osciallator constant number and the 
whole spectrum is almost like 2 Sine wave from 360Hz to 480 hz and falling down to 240 Hz with a 
uniform gap of 120H2 above and below. All the tones would fall within this 240Hz centered around 360 
hz. So the spatial variation in carnatic music can be summed as “It originates at a value (240Hz) and 
varies by the same measure (240H2) centered on the harmonic oscillator”. Since the objective is about 
looking at the primordial rhythm we will not touch any other aspect on this topic. 


‘We will see how this Adi Tala is the fundamental pattern / rhythm that manifests in every other art. 


‘As a wise man said, “Indians are the most ignorant about their rich past and scientific traditions.” 


Happy reading! 


25. TIME = SPACE SERIES. PART 25 — ADI TALA, NAVA 
TALA AND STHAPATYA VEDA (SCULPTURE) 


Let's look at how Octet and the primordial rhythm (Adi Tala) that defines Sculpture. Let’s recap some of 
the following: 


‘+The process of evolution starts with Pranava which has aural and visual forms. We have also 
seen that anything subtle is represented in a 8x8 energy grid and anything gross is in 9x9 grid. 
‘+The fundamental measure with which the particles bond is Eight or it's multiple and hence the 

primordial rhythm is an Octet. 
‘+ The fundamental measure of time is Tala and the primordial Tala is Adi tala with 8 units and a 
pattern of 1, 3, 2 and 2. 


(Figure 36: Human form — Adi Tala, Nava Tala Courtesy: Dr. Ganpathi Sthapati) 


2 


Now let’s see the measurement rules as to how to make a sculpture of a human being. 


‘+The overall human height is measured as 9 talas. Yes the same time measurement is used to 
measure height. Pinch yourself now, since height is a space variation and not a time variation 
yet it is measured with a metric of time. This is a secret which is unknown to many and even 
some of the experts in this field. This is where Time and spaces merges without any difference 
and this is the fundamental rule with which we have been creating visual and aural structures in 
the universe, 


vide a man’s height as 9 units of which head, torso, thigh and legs would fall into the 

pattern of 1, 3, 2 and 2 which adds up to 8. This is the primordial rhythm - the Adi Tala now as 

a human form. 

‘+ Then how 8 became 9? No other branch of Vedas or science tells us this secret so explicitly 
to my knowledge. The following parts, Top of the head to forehead, Neck, Knee and feet 
each measure 0.25 talas and hence add 1 additional tala to 8 and it becomes 9. So Adi tala 
Which is a subtle version of human becomes Nava Tala which is the gross version of human 
being. In the process of 8 becoming nine all the joints are formed in the body®. 


‘+ Let me add one more dimension to this. Our human body has a gross body (Sthula) and a 
subtle body (Sookshma sarira). The Sthapatya veda tells us that the gross body is nava tala 
and sookshma sarira is Adi Tala. 


‘* [fell off the chair when | understood this and the linkages. Check if you are still on your chair 
and maybe you should sit on the floor from now on®. 


Martial Arts and Lord Nataraja’s stance: 
Let me ask you the following questions here: 


‘+ Look at the image of the Lord Nataraja below. If a gross image should have Nava Tala which 
is a 9x9 grid then why the human image of Lord Nataraja which is a Nava Tala fitted into a 
8x8 square instead of a 9x9 square? 


* Both in Classical dance and in martial arts why do they ask you to stand in a posture where 
the knee is slightly or significantly bent. Not all of the stances but most of the basic stances 
correspond to this why? Let me know if you have received a satisfactory answer for this 
question, 
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(Figure 5 reproduced) 


‘The answer to this question reveals one more secret to us. 

a. In Sthapatya veda each grid line is divided into 10 or 11 or 12 (usually 12) and 

hence a 9x9 grid has 9*12 = 108 blocks or levels of energy. This may explain why 

108 is a sacred number from an energy perspective. This covers the entire 
spectrum. 

b, When we create a gross image its always sculpted to 9 talas but when they sculpt 
image of the gods and in this case Nataraja, they fit the gross image to a 8x8 energy 
grid to invoke the subtle energies. 

c. How do they fit a 9 tala to & tala? The technique is not to change the proportion of 
nava tala but they ensure that 9 fits into & by making the image to bend it legs such 
that the height reduces by one unit. 


You can notice that Lord Nataraja’s right leg is bent to fit the imag 
believed to invoke the subtle energies corresponding to that image. 
This is the same reason why martial arts and in Bharatnatyam your teacher asks you to take 
fa basic stance which reduces the height from 9 units to & to invoke subtle energies. Of 
course the other reason is the alignment and focus to Hara / Dantein with that pose. 


8x8 grid. Thi 
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If tell you that the science of nature and the associated philosophy codified in Hindu religious symbols 
are unmatched and amazing then | hope you would whole heartedly agree now. These religious texts 
and symbols offer the key to unlock the secrets of nature. 


So to sum up, so far we have seen one variation of time as Gandharva veda that manifests as classical 
music and the primordial rhythm is Adi Tala. Next we saw that the Sthapatya veda in the form of 
sculptures offered the secret of space variation in Adi Tala and Nava Tala, 


This is where Time and Space were equated with the same measure yet offered completely different 
arts, 


‘The whole universe has these underlying and un-manifested interconnections and hence the Hindu 
philosophy of “That one became many”... is the supreme truth. Seeing the divinity in everything is the 
only truthful way of recognizing this science. 


‘As a wise man said, “Indians are the most ignorant about their rich past and scientific traditions.” 


Happy reading! 


26. Time = SPACE SERIES. PART 26 — SABDA VEDA, 
CHANDAS & PoeTRY (MA NISHAADA...) 


wafaecatrereaa I 


Shuklaambaradharam Vissnnum Shashivarnnam Caturbhujam | 
Prasannavadanam Dhyaayet Sarvavighnopashaantaye || 


Let's start with this Sloka as a sample to see how 8 and its harmonics are integrated with Poetry. In this 
sloka there are 4 lines (a line is called Pada and Pada means feet in Sanskrit) and each line has 8 Sanskrit 
Aksharas (Only vowels and vowels with consonants imposed on them should be counted and pure 
consonants are not part of the count.) This is usually written in 2 lines as shown in English. 


This is the most popular way of creating a sloka or poem in most of the Indian languages. This “metre” 
resonates as 32 aksharas in 4 padas. You may want to correlate this with 1,3,2,2 where the last 2 stands 
for your feet. So feet (pada) measures 1/4" of the overall length of the subtle body (8 units) and 4 padas 
create the full blown subtle body. So such a constructed poem is a throbbing and vibrating energy body 
or a living organism and hence carries the power of the words it contains. 


If all the padas have equal metre say 8 units then it is called Sama Vrtta, and if all are different it is 
called Vi-Sama Vrtta (not equal). This 8 and 32 is the same as Adi Tala in carnatic music and ashta tala 
in sculpture. Can you make the connection now? 


In Sanskrit this metre is called as “Chandas” and in Tamil it is called “Chandam”. Chandas is also one of 
the 4 important Vendagas and is called as the feet of the Vedas. Let me ask you as to which language 
the Vedas are available in its primordial form? The most popular and incorrect answer is Sanskrit. This 
is the level of awareness we have. Lets quickly look at these important points about Vedas and | shall 
correlate this with our topic of discussion. 


‘+ Unlike other faiths Hindus don’t attribute the Vedas as word of god or given by some prophet. 
We consider Vedas as the breath of god ("Nishwasitam”) and not the word which means, Vedas 
are not created by god, but the breath. if there is no breath that person would not leave and 
hence it is associated with the very presence of god. 


‘+ Vedas are also Apourusheya which means it is not created by man and Anaadi, that does not 
have a beginning. 


‘* But you can ignore them stating these are blind beliefs. Let's look at how this correlated with 
the science. Vedas are created by Pranava and these should be considered as the harmonics of 
the primordial vibration and nothing more. 
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© Ifit is pure vibration then the “which language it is written?” sounds stupid isn’t. If it’s 
pure vibration it has to be expressed in “Hz or wavelength” equivalent in ancient India. 
This is what Chandas or metre is all about. This measures pure vibration and anyone 
capable of tuning themselves to those frequencies have SEEN the Vedas and not 
created them. Hence all our rishis are Mantra Drishtas and not Karthas. 


ifference between Vedas and Poetry: 


Vedas contains both poetic verses (Padya) and prose (Gadya). All the poetic verses are called Chandas 
and it complies with the rule as stated above. The difference between normal poetry and Vedas are, 
Vedas contain tonal variations (high pitch and low pitch) apart from the time, space variations but in 
Poetry there are no tonal variations. What has tonal variations and are not part of Vedas are called 
Slokas. So to sum up: 


‘+ Vedas are both in Padya and Gadya. What is in Padya is called chandas and it has tonal 
variations in addition to the time space variations. 

‘+ What has tonal variations but not part of Vedas is called as slokas. 

‘+ What does not have tonal variation but comply with the chandas rules are called Poetry. 


Harmonics and types in Chandas: 


We saw every line to have 8 matras / units / aksharas. There are variations and these are the harmonics 
available. 


‘+ Gayatri - This is a very special chandas with the mantra where instead of 4 padas, there are only 
3 padas and hence it is called Tripada Gayatri. Each pada has 8 Aksharas and hence 24 Aksharas 
in Gayatri Mantra. This is also the only chandas where a mantra is named after the chandas. 
Some people write it as 6 letters per line and 4 padas which makes it 24. 

‘+ Ushnik Chandas ~7 letters per pada and 28 letters in all. 

‘+ Anushtub Chandas ~ This is the fundamental and popular one with 8 matras per pada and 32 in 
all, Ramayana the first poetry was set in this metre. 

‘+ Brihatee Chandas - 9 letters per pada and 36 letters in all 

‘+ Pangti Chandas - 10 letters per pada and 40 letters in all 

‘+ Trishtup Chandas - 11 letters per pada and 44 letters in all 

‘+ Jagti Chandas - 12 letters per pada and 48 letters in all. This has a subtype called bhujangam 
Which is split as 6-6 and that moves like a snake. (Ex. Subramanya Bhujangam) 

‘+ Shikarini Chandas - 17 letters per pada and 68 letters in all. in Soundarya Lahiri it is split as 6 and 
11 by Adi Shankara. 

‘+ Udkriti Chandas - 26 letters per pada and 104 letters in all 

‘+ Dhandakam ~ above 26 per pada. Ex. Garuda Dandakam by Vedantha Diskshitar. 


The reason | have given all the above is to emphasis that nothing in our religious scriptures, literatures 
are without a grammar, order, form or proportion. Everything confirms to a mathematical proportion. 


Just like Vedas are the breath of god, Chandas is the breath of every mantra. The mantra is powerful 
only if itis recited to this metre. This is the reasons some of the poem even if it is not related to religion 
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stands the test of time. Also if you recite a mantra even without knowing its meaning but as per the 
chandas then the mantra shall bear its fruit. 


Would you believe that the first poetry in this universe started with a curse? 


‘Sage Valmiki saw a hunter who killed one of the birds of a pair which were in love. The sage got enraged 
and cursed the hunter, Q, Hunter, may you not fare well anytime as you killed one of pair of the 
Krouncha birds which were happily engaged in love”. 


‘mA niShAda pratiShThA.n tvamagamaH shAshvatl.n samAH | 
yatkrauJNchamithunAdekamavadhiH kAmamohitam.h |] (bAlakANDa 2.14) 


The above sloka also meant “O Lord of Lakshmi, it will bring you eternal glory for having killed a male 
of a happy couple who lost his head completely in lust..” This male is Ravana who lost his head in lust 
despite being happily married with his wife Mandodari. The other interesting connection | have this 
sloka with this series is that the Mamuni Mayan is the father of queen Mandodari and father in law of 
demon king Ravana. 


Once the sage realized that this curse also meant something very auspicious and referred to Rama 
avatar he wrote Ramayana which is the origin of poetry as known in the world and it is called Adi 
Kaavya. Valmiki Ramayana set in Anushtub Chandas which is an octet. 


So if you look at both the poetry and classical music composition: 


‘+ The rhythm in which itis set is 2 pulsation of time which confirms to a divine proportion. 

‘+The raga and the pitch variation is a pulsation of space / frequency which again confirms to 2 
divine proportion. We did not discuss about ragas though. 

‘+ The words used are divine and we have seen the divinity of the letters and words. 

‘+ The meaning of the song / poem usually exhorts the qualities of the god and hence is divine. 

‘+The classical music and poetry invoke the subtle divine energy in the aural form just as much the 
sculpture (when it confirms to the divine proportion) invokes the subtle energy from in its visual 
form. 


‘+ This is how we see that “one became many” and binding factors in this process of evolution 


being the numerals 5 and 8. 


Alas! Today, we are the fanatic fans of musicians who lacks morality & humility, who is ignorant of any 
divine proportion, most of the music we hear is a cacophony and very mechanical, the words are 
indecipherable and lacks depth, the meaning of the song - if at all any are just suggestive of sexual 
emotions and nothing else and the dance movements we see are the gyrations of the hip with a great 
blend of fitness training exercises associated with it. This is not to negate some of the fine works we see 
even today but to stress that we had such high science and taste which we seems to be losing / lost for 
no good reason other than ignorance. 


2 


‘As a wise man said, “Indians are the most ignorant about their rich past and scientific traditions.” 


Happy reading! 


27. TIME = SPACE SERIES. PART 27 — ARCHITECTURE — 
THE ZENITH OF MATHEMATICS (VAASTU) 
Just look back in history and see what stands the test of time. Even if a civilization is completely extinct 


what stand beyond their time is the architecture of the civilization which stands tall as a witness to the 
richness and maturity of the civilization. 


Aintiram states that “Architecture (Space engineering) is the zenith of the mathematics” in “&ILIgL 


SENEVGU G61 sAUI6d 2S...” This space science is called as Vaastu Sastra in India. 


There are few important concepts in Vaastu science which I want to present as below: 


‘+ The whole world is made up of God's particle (Vastu, 6ushogy) and nothing else. It is this God's 
particle which actually manifests itself as gross forms (Vaastu, @ITEADgy). You would note that 
Vastu (Subtle) has become Vaastu (gross) by addition of letter “a” and this difference is reflected 
in our languages too, When 91 / 3 become 3, / 31T the subtle becomes gross. Hence the most 
important statement for this science is “Vastur eva Vaastu’, this means the subtle becomes 
‘gross or energy becomes matter or the space becomes earth. This is purely manifestation / 
evolution and there is no creation. This has nothing to do with religion but supreme science. 


‘+ Since it is all only one energy and it ever vibrates based on the harmonics and resonance, this 
vibration is called life and everything in this world, be it a living being or a non-living being as per 
our current definition ~ everything vibrates. The chair you sit and the vehicle you use are all 
living beings. Everything throbs with energy and there is nothing which is a non-living being in 
this universe. Without this vibration there would not be any difference between iron and 
cotton. The difference between particles is essentially the molecular constitution which is a 
function of its elements and its periodicity. This defines presence or absence of quality and 
sensory perceptions. This was put very nicely by Poet Subramanya Bharathi as 61h 


siteniNgpitb & SSL, Where ever you see its just energy. 


‘+ The above concept is very profound and this is called as Science in our scriptures since it deals 
with Knowledge of the space («Meat (@rrsm1Lb, Vin-gyan). 


‘+ By the same concept when a subtle energy which is in the open space is converted to a gross 
form like a building then this body / building vibrates based on the design specifications and the 
material used for that building. It does not matter what is the measure and what is the material 
used, it vibrates, When a structure is created with a divine proportion then we breathe life 


into it. Thus the structure becomes a living organism. This is how some of the structure stands 
the test of time for thousands of years. 


Vaastu is that science which aligns the vibration of the building with the vibration of the 
dweller in the building so that both the living organisms (the building and the dweller) are in 
harmony and resonance. 


It sounds simple but for this science we need to know includes the vibration pattern of the 
dweller, mathematics of space engineering, the knowledge of materials and its nature so that 
Wwe can match it up to create harmony. This is precisely what Vaastu as a science does. Again it 
has nothing to do with religion. If you Google you would find thousands of Vaastu experts 
outside India who perceive and pursue this as a supreme spatial science. 


Let us look at the word “vas” which is the root. This means to shine; to grow bright, to bestow 
by shining upon, becoming light. Vaas is its derivative which means to perfume, an intoxicant, 
dwelling place, to assume the appearance of matter. This is the root for SriniVAAS, 
SreeVAASan, VAASam in Tamil means living. Most importantly the ability to feel this subtle 
thing (which cannot be touched) is called VAASanai (6UIT6n60T, in Tamil it means smell). 


This spatial science includes knowledge on the following: 
© Nature of soil and material, and the qualities of its energy. 
© Measures for spatial engineering that best resonates with the environment and the 
dweller. 

* Note that the dwelling unit cannot be compatible to all the human beings 
universally. This varies with individual to individual and hence the Vaastu 
compatibility for the house is always seen for the housewife than the man with 
the assumption that what is compatible to the lady of the house would suit all 
others. 


© Accurate calculation of time and the position of astronomical bodies. The time 
engineering merges here with the space engineering. Consider the following to 
understand this: 
= In some temples you would notice that the sunlight falls on the deity on a 
specific day / time of the day. This is not possible if the future position of 
astronomical bodies at a given time is calculated very accurately. 
+ When we build a house / temple the inauguration ceremony should be 
conducted at a specific time. So it’s just not Space Engineering but time 
engineering also. 


© We see that the concept of space and time are not just a continuum bi 


+ The measures of time and space merge and results in the same unit measure 
called Tala. It is Adi Tala in Poetry, Music and the same measure is used in 
building and sculpture dimensions. 
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"Space is created because of the pulsation called Time and hence the unit time 
measure (for pulsation) and the unit space measure (result of pulsation) are one 
and the same. This means the pulsation causes proportional displacement or 
creation of Space. 


= [tis the same concept used in meditation techniques. With Pranayama, Dharana 
and Dhyana you control the pulsation and align with it. In Samadhi you stop the 
pulsation and hence you are beyond time and space and you reach a 
luminescent state of resonant non-vibration. 


Hence | named this book as “Time = Space” 


We have seen that each subtle unit is represented in 8x8 energy grid and the gross unit is represented 
in a 9x9 energy grid. Mayan states that “Each module or pada within the 8x8 / 9x9 structure resonates 
a specific energy. Based on Space, Time, Light, and Sound coordinates the frequency of vibration 


has its unique position in the Space/ Time continuum. This energy level of frequency of vibration is 
called a luminous body or Devata. This devata has particular attributes based upon its position and 
qualities in the Space/Time continuum (placement among the 64 / 81 sub-cubes or padas)” 


Figure 37: 5 states of 8x8 Energy Grid (Courtesy: Dr. Ganapathi Sthapati) 
Now what is evident here in this science is 8 and 5 merges and so does Space and time. 


‘+ Manifestation occurs in additive values of eight and in 5 stages. You can note that the Bindu 
(Point) has become 4, then 12, then 20 and then 28. (4+8=12 +8=20+8=28 with a total additive 
factor of 64). Manifestation occurs in sequences of five steps known as the Pentadic Order. 

‘+ The mathematical calculation which gives form to consciousness / space / subtle matter is 
called “Ayadi Gananam”. We know that Ganam as the additive process. 


Dr. Jessica Marcey in her Fabric of Universe states th 


‘+The subtle energy point in the center becomes a self effulgent energy generator pouring out 
waves of energy 

becoming a self spinning stabilized structure of four padas / modules then 

adding eight units of energy to manifest the 4X4 structure of 16 units or modules; then 

adding another eight units of energy to manifest the 6X6 structure of 36 units or modules; then 
‘Adds eight more units culminating in 64 units or modules strung concentrically around the Bindu 
point or central generator. 


So a central point with 4 concentric square belts around, each has its own frequency, vibration and 
energy characteristics evolving into a 9x9 unit as a gross matter. While this knowledge is significant of 
itself, when these phenomena are viewed in light of material manifestation as built space in 
architecture, the significance becomes stunning and profound. 
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Figure 38: 9x9 energy grid with corresponding energy levels for each grid. 
(Courtesy: Dr. Jessica Marcey, Fabric of the Universe) 


So, to sum up this section, we have seen that how every inanimate thing in this universe is still a living 
being and how with the spatial science we can pump throbbing energy into a building. This is the 
supreme science where Time and Space merges. This is the 4” sacred art we talked about which is a 
manifestation of the visual form of Om. 


‘As you would have noticed | have avoided talking about rituals and rules here but focused on the 
concept and philosophy. When we talk about rituals there are very many variations and we get into an 
unnecessary argument that whether it is rational or superstitious. Since most of the arts have become 
commercialized, the person's qualification and his intentions are always questionable. 


The objective of this book is to highlight the scientific aspects of the universe in a small way and 
‘emphasis that our culture is built on this science, Be it language or arts or religion all are built on 
scientific facts. They all were nourished and nurtured in thousands of Temples across India which is the 
container and protector of this subtle science and energy. 


Let's see some more interesting aspects of this in the next section. 


Happy reading! 


28. TIME = SPACE SERIES. PART 28 — CAPTURING THE 
DIVINE ENERGY — SQUARES & CIRCLES 


It is told that the sanctorum of Lord Ranganatha’s temple at Sri Rangam is circle from outside and 
square from inside. Why? 


‘+ Subtle energy is represented by 8x8 square grid and the perimeter of the square is 4r and the 
area of the square is r*r. When each grid length is 1 unit then r= 8, so perimeter is 32 and area 
of this square is 64. 

‘+ Gross energy is represented by 9x9 square grids and with the same measurements perimeter is 
36 and area of this square is 91. 


It has been an architect’s dream to create and capture subtle energy in a gross structure. This is 
fundamental objective of spatial engineering. How do you go about to achieve this? It looks that they 
found that they would take the help of a circle either outside the square or inside the square to achieve 
this. Remember almost every yantra has a square and a circle component in it. 


‘The measurements are so taken such that either the perimeter or the area of both the circle and the &8 
square are matched. Most of the Hindu temples follow such rules to invoke the subtle energy in a gross 
structure like temple. This is one of the well kept secrets and this is the reason each and every temple is 
said to interact with your subtle body differently when you visit it. 


This is why Lord Ranganatha’s sanctorum in Sri Rangam temple is a circle from outside and square 
from inside. This secret is called as Squaring a Circle. This is all about to creating divine energies and this 
is the science that is implemented in all the Hindu temples which are built as per the Sastra. You need 
just basic math knowledge and patience to understand this supreme secret and | shall give below 2 
techniques to match the area or the perimeter of the circle with that of the &x8 square. 


Perimeter match: 


Let's look at the image of a circle of unit 
radius. The area of the large circle ism (nr?) and 
the circumference is 2n. Here r=1. 


© Draw 2 circles inside as shown with half 
the radius. The area of each circle is 1/4 and the 
combined area of both the circles is /2. The 
circumference of each circle is m and the 
combined circumference of both the circles 
put together is 2m. 


Figure 39: Squaring a Circle (Courtesy: Dr. Robert Lawlor, Sacred Geometry) 
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‘+ Just note that when a larger circle divides itself as 2 smaller circles the area is halved but the 
circumference is the same. This gives the first philosophical metaphor that “One has become 
two which are bipolar yet non-dual”. This is one of the fundamental principles of Advaita and 
also in Chinese philosophy. This bipolar non-dual force is the basis of life and is represented as 
male / female and Yang / Yin. 


* Now draw 2 arcs NDM and NEM from A’ and A with the radius as A’P and AQ as shown in the 
dotted line. You would note that point D and E would divide the radius of the circle by divine 
proportion ~ 1/d and 1/¢*, Radius of the arc AE is @. The Yin Yang symbol is based on this 
principle which embeds the divine proportion in it. 


9 + Now let me draw a square ABCD 
rn = around this circle (Fig 40) where the side of 

= the square is the diameter of the circle 
which is unit 2. Here OP =1, Al D=DA= 
2. The perimeter of the square is 8 and the 
area of the square is 4. 


+ Now draw a circle with O as the 
center and NO as the radius as shown in the 
figure. Here NO = vb. You can take this 
figure as such if you find it difficult to follow 
but for those who are interested, the 
derivation to calculate radius “NO” is as 
below: 


Figure 40: Squaring a Circle 2 (Courtesy: Dr. Robert Lawlor, Sacred Geometry) 


© Consider a right angle triangle OPN. We know OP = 1 and PN which is the radius of the 
arc =. Hence as per Pythagoras theorem PN? = OP? + ON? which is ? = 1417, Let us say 
the radius is ON =r. 

© Sor=v(d"-1). We know & is 1.61803399 so r= vo. 


‘+ We have got a larger outer circle with a radius v@ and hence the perimeter should be 2nvo. 
This is numerically equal to 7.924576, which is equal to 8. Now we have created a structure 
where a square whose perimeter and a circle whose perimeter are the same. This technique is 
not limited to India but used in the same way for pyramid construction. 
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the perimeter match between 8x8 square grids and a circle around it. 


Area mate 


‘+ Vaastu has an easier way to get this done. Draw a circle inside a 9x9 energy grid whose diameter 
is equal to the side of the square. If each energy grid length is 1 unit, then side of the square is 9 
units and the radius is 4.5 units 


‘* The area of this circle is nr” where r=4.5 and hence the area of the circle is 63.64 which is almost 
equal to area of the 8x8 square with unit grid length as 1 unit. 


‘© This is the area match between a circle and 8x8 square. So as per Vaastu every building is 
divided into 9x9 grid and the energy level of each grid is used to design the living space. 


Capturing the direction of Subtle energy flow: 


The subtle divine energy flows is as per the diagram given below. It starts from the center and always 
flows clockwise. That is why Hindus always stick to clockwise flow of movements - be in their temples or 
anywhere else. This clockwise flow of movement is captured in the sacred symbol Swastik. Here 1 is the 
source / Molam, 2 is Kalam (Time), 3 Seelam (Rhythm), 4 Kolam (Form), 5 (Universe) Gnalam. 


Figure 41: Clockwise flow of subtle energy Figure 42: Swastik symbolizing energy flow 


Relationship between v2, V3, V5, @ and 


‘+ Now let me draw the connection between V2, V3, v5, ? and n. Understanding this relationship is 
orgasmic and nothing less. if you think they are all some random numbers which cannot be fixed 
to their 10" decimal and not related to each other, just see the following relationship. 


n= Ox 6/5 


Philosophically 6/5 is the relation of a hexagon to a pentagon and the other way to express 
this relationship is 


© = (vm * v5) /(v2*v3). 


‘+ This goes to prove that we did not just knew the numerals but divine fractions and proportions 
including their linkages. | am convinced, there is not even an iota of superstition in our temple 
and idol worship but they are supreme sciences codified and left for our benefits. 


‘+ The temple of Sri Rangam dates back from Ramayana, which is Treta Yuga that is 800000+ years 
back as per Hindu Scriptures. This is our rich past and supreme science is embedded in our 
culture and codified in thousands of temples across nook and corner of the country. Why should 
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we ignore this? We have a lot more to offer this world which is struggling to understand the 


nature of nature. 


‘As a wise man said, “Indians are the most ignorant about their rich past and scientific traditions.” 


Happy reading! 
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Figure 43: Similarity between Indian temples, Pyramids. The Tamil text states how the structure should 


be built. (Courtesy: Dr. Ganapathi Sthapati) 
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29. Time = SPACE SERIES. PART 29 — HEAVEN & 
EARTH — LORD NATARAJA & LORD RANGANATHA 
Let's stay with Lord Ranganatha and see the relationship between him and Lord Nataraja. Would you be 


surprised if one is the mirror image of the other? Look at the majestic picture of Lord Nataraja below. 
Wonder why this is always made in metal and not in wood or earth? 


Figure 6 reproduced. 


In Pancha bhoota (Space, Air, Fire, Water, Earth) Metal is always associated with Space and Wood is 
associated with Air. This system is reflected well in the Chinese system and it was not any different in 
our Vaastu system either. Since Lord Nataraja signifies Akasha tatva, (Vin porul) he is always made in 
metal - Copper or Gold or Bronze or a mix of it. The statues which were ancient had a generous amount 
of gold giving a luminescent look about the statues. The art and science of moulding metals to create 
divine forms with precise proportion dates back to thousands of years in India and the western experts 
think that this is a recent phenomenon. This is a complete surprise to the western world since they 
cannot believe that such sophistication existed before. 


Dr. Ganapathi states, “Lord Nataraja also signifies the primal image being expressive of the secret of 
creation in the process of which formless becomes instantaneously endowed with features and of perfect 
form. This is the reason why the statue of Lord Nataraja is called as Silpa, the primal image and 
everything else which is sculpted in this universe is called as Pratima (replica) and the original and one 
‘and only sculpture is the image of Lord Nataraja”. 
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Mamuni Mayan states, “Bhumih pradhana vastu Syat”, means Earth by virtue of being the very basic 
support of all things, this is the primal and dominant Vastu”. Earth and space are manifestations of each 
other in the cyclical process of evolution. They both should always be considered to be in unison. This 
vibrant, energetic, manifest earth energy (Prithvi Tatva) is called as ‘Vishnu’. 


In Vaastu satra, the Vaastu purusha is Lord Vishnu and understandably Vishn 
purusha in Srirangam temple and offered a seat in the heart of Lord Ranganatha even today as a ritual. 


Figure 44: Lord Ranganatha in the reclining pose 


Lord Ranganatha represents manifest earth energy (Man porul) and hence is always made out of 
seasoned earth only and it should be properly painted too. He is never to be made of metal. This earth 
form does not support frequent mobility and symbolizes stability and immobility. This is the reason 
when Vibhishana kept the idol of Lord Ranganatha down at Sri Rangam it could not be moved. 


The energy that is in available in every universal form is represented as Vishnu and hence he is called as 
Antaryami. Once the subtle becomes grosser the vibration is reduced and the grossest form would not 
have any creative pulsation in it. it would still have the vibration based on its nature which ensures that 
it retains the form and shape. But it does not have any creative pulsation and it has reached the zenith 


of evolution. This zenith is characterized by Lord Ranganatha in the reclining pose. 


The creative pulsation (Space) is the dance and the zenith of manifestation is a reclining posture 
(Earth). 


‘As we have seen, Lord Nataraja carries Li 
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t in his left hand and sound in his right hand. Lord 


Ranganatha carries Chakra representing light in the right hand and Conch representing sound in the 
left hand. The principle that the primal substance (space) has manifested as the universe (earth) and 
both of them are mirror images of each other is reflected in both the images. 


In Chinese texts the Yang energy is associated with Heaven and the Yin as earth. Now associate the same 
heaven with Shiva, Earth with Vishnu and Tao with the God's particle - with some of the text below from 
Lao Tzu’s “Tao te Ching” 


“The Tao that can be told is not the eternal Tao. 
The name that can be named is not the eternal name. 
The nameless is the beginning of heaven and Earth 
The named is the mother of the ten thousand things. 


Something mysteriously formed, Born before heaven and Earth. 
In the silence and the void, Standing alone and unchanging, 

Ever present and in motion, Perhaps itis the mother of ten thousand things. 
Ido not know its name, Call it Tao. 


‘Man follows Earth. Earth follows heaven. Heaven follows the Tao. 
Tao follows what is natural.” 


To sum up in the words of Dr. Ganapathi Sthapati: 


Both the temples Chidambaram and Srirangam are south facing temples. 


Lord Nataraja signifies Akasha Tatva, outer space, macrocosm, subtle unmanifested energy is 
the Vastu purusha, is always in dancing pose, circumscribed in 8x8 square and made of metal. 


Lord Ranganatha signifies Prithvi Tatva, inner space, microcosm, manifest gross energy, is the 
1g pose, depicted in a circle or a 9x9 grid and made of earth. 


‘Vaastu purusha is always 


Lord Nataraja represents energy with matter and Lord Ranganatha matter with energy. In the 
equation E = mc’, Lord Nataraja represents E and Lord Ranganatha represents mc”. 


Both these temples are a ‘must see” and a “periodic see” types and you would be amazed that 
the qualitative change in your mental state even if you don’t pray inside the temple but spend 
some time sitting or walking in the premises of the temple. 


Both these temples are perfect symbols of ancient science codified for the benefit of the 
society and left for generations withstanding the test of time. 
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Figure 45: Sri Chakra ~The Supreme shape in sacred Geometry 


Chidambaram and Sri Rangam should be ground zero for any lab that wants looks into the secrets of 
space and time as they represent supreme science as much as they represent spirituality. We now see 
that science was the basis of our spiritual faith unlike it being 2 completely different aspects today 
across the world. 

‘As a wise man said, “Indians are the most ignorant about their rich past and scientific traditions.” 


May we be blessed by the divine power to unravel unknown secrets about the nature! 


Happy reading! 


30. Time = SPACE SERIES. PART 30 — TEMPLES AND 
IDOL WORSHIP 


Let us forget Hinduism, its symbols and names of god for the time being and consider these aspects as 
pure science from a nanotechnologist and cosmologist called Mayan. 


We have been told that the universe is full of luminescent particles and this particle manifests itself 
because of the primordial pulsation. We have had a sneak peek into the geometry and the mathematical 
proportion which is used in the creation of many things. We know that the universe rhythm confirms to 
a mathematical code to the extent that we can create divine energies in a temple based on that science. 


If time is pulsation of consciousness and if it creates, sustains and destroys everything, then time is the 
architect sculpting the universe and every object in this universe should be a sculpture of time and this 
concept is very beautifully captured in “Jagat Sarvaram Silpameva’ meaning the entire universe is 
nothing more than a shilpa / sculpture (and it latently conveys that Time is the Shilpi). 


If all the above things are right then is it not right to say that “Man created the concept of God” or 
“Man can create divine energy around him"? Let me sum up my thoughts as below: 


‘+ The sages and rishis were essentially scientists and understood the secret of nature very well 
‘They were understandably masters in nanotechnology and cosmology. 


‘+ They knew that “One thing” with which they could understand the nature and science of all 
other things in this universe. This is obviously supported by the mathematical knowledge they 
had. 


‘+ As per Vedas nothing is created by god including the Vedas, but universe is the manifestation of 
god. They also understood that man is the most evolved of this manifestation. This is why they 
created all the god forms in the image of a man. 


‘+ Be it language, poetry, classical music, classical dance, sculpture and architecture it was the 
manifestation of this divinity that was the underlying link. Sacred geometry and sacred 
proportions were used to generate the subtle energy that took us closer to divine. 


Hindu temples were created to capture all these aspects in one place and which could sustain and grow 
for the benefit of mankind. 


‘+ Secret of nature heard through the vibrations of Vedas were codified as supreme science and 
weaved into a philosophy called Sanatana Dharma. 


‘+ Architecture of temples confirmed to divine proportions and space - time engineering was 
accurate to capture sunlight and moon light at the same position for thousands of years. The 
design of the temple cleaned the subtle energies and points of the human body. 
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Figure 46: Ganapathi Idol (Courtesy: Dr. Ganapathi Sthapati) 

The sloka above in Sanskrit gives the measure of different parts of this Idol which would confirm to total 
64 units (resonance of 8). Hair (3), Face(12), neck(2), Chest(11), Stomach(12), Belly &Pelvis (6), Thigh(6), 
Knee(3), Legs (6), Feet (3). Total 64 units. Just as much a Sloka with right metre and letters becomes a 
living organism, an idol with right proportions becomes a living organism. 
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Divine Idol forms confirmed to a mathematical proportion that invoked subtle energies within 
and around us. This is where the external forms were used to create energies internally to 2 
human, This is the basis of idol worship. If it is scientific to create a form with divine energies 
based on mathematical proportion then idol worship is the supreme proof for that science. 


This supreme mathematical law is called as Dharma (nature’s law) and the unfolding of that 
law is the Karmic theory of cause and effect / law of karma. 


Poetry, classical music and classical dance are intimately linked to this Hindu temple culture. Adi 
Tala and octaves were used to create subtle energies in poetry using words, and the same tala 
maana is used in classical music with rhythm and raga, in classical dance with light and sound 
and in sculpture as a visual form. 


Figure 47: Human body as a representation of a temple 


(Courtesy: http://www.salagram.net/sstp-mgpuja3.htm! ) 
A Hindu temple is a divine ond yogic representation of a human being with the Deity in the temple 


representing the God as indweller in humans and all beings. In a temple the feet represents Rajagopura, 
the hands represent Prookaara, the abdomen represent Mandapo, the heart represents Antaraala and the 
crown of the head represents the sanctum sanctorum (garbha grika). The temple is used as a reminder 
that our inner spiritual journey is through internal yoga to realize the indweller God. This analogy is shown 
through the representation of various chakras namely Moolaadhara to Sahasraara in the body ta various 
locations in the temple. 
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It may be of interest to note that the same harmonics of 8 are reflected in every other domain. 
For example, if you have been practicing Pranayama then your master would have asked you to 
practice breathing based on some counts. The most popular counts are {inhale}, 3 (Exhale) or 
7linhale), 2 (Exhale). If you notice this count 9, this cleans up your gross body. Advanced 
Pranayam students may be asked to stick to 1 (Inhale), 4 (Retain), 2(Exhale), 2(Retain outside) or 
asa variation 1,4,2,1 or 1,3,2,2. The counts which add up to 8 clean the subtle body. 


Till few decades back the fundamental dimension for money in India was “Ana” called as Eight 
Anas (6TL_L_68OIIT) and this was equivalent to Rs. 0.5 as the fundamental measure. 


Thus a “Poetry is an idol in aural form and a building is a frozen music”. A Poet by the way of 
his mental frequency has first become the poem itself and then the actual poem was created in 
its aural form and an artist by the same frequency has become the idol first and then he gave 2 
shape to the idol externally through this hands. This is very beautifully given as “Raso vai saha, 
So Vai rasikaha”, which means he (god) is the enjoyer and he is the artist. 


All of this reflects the supreme philosophy that “Oneness in all and everything is just a 
manifestation of that one thing” 


Now in this light understand the meaning of this Upanishad prayer, “Aum Poornamadah 
Poornamidam — Poornaath Poornam —Udachyathe, — Poornasya_~—_ Poornamaadaaya 
Poornameva Vasishyathe”. This means God is perfect (infinite). This Universe is also perfect 
(infinite). If perfection (infinity) is taken from anything perfect (infinite) what remains is still 
perfect (infinite). Isn’t this is the actual reality today? 


Everything scientific is philosophically, mythological and ritually well interwoven that proves 
that Sanatana Dharma is the most ancient and supreme representation of science and nature's 
secret in our possession. Our temple worship which integrates all this science, 5 sacred arts with 
language and Math is the standing example of our understanding of the nature of god. 


Figure 47: Layout of Sri Rangam temple with 7 Prakaras 


It is the same Sugarcane but an elephant eats it from the field directly, a young adult peels the skin off 
and chews it, ifa kid has to eat then someone has to peel the skin and cut it into pieces and an old man 
without teeth needs it to be made as sugarcane juice. Depending on one’s ability to chew and digest the 
food has to be processed, 


Same way depending on one’s mental ability to grasp the supreme truth it has to be processed and 
presented. If someone is mentally well evolved then they can be fed with Upanishads and he can 
meditate on the formless Brahman. To a young adult Upanishads may not be palatable directly but they 
may have to start with Upavedas and Vedangas to mature to a higher level. For the less evolved kids, 
Itihasa and Purana like Ramayana and Mahabharata with stories may drive home the point and they can 
start with Shlokas and mantras. But for the least evolved it has to start with a personal deity with name 
and form, bhajans and songs to invoke the concept of Bhakthi. 


In all the four cases temple culture forms the lowest common denominator. Even the most evolved 
relish the arts and architecture in the temples. We should be proud of our rich cultural and scientific 


a 


heritage and be passionate about the science and philosophy and be rational about rituals and 
symbolisms. 


Image / Idol worship is not deplorable or despicable. This is the highest scientific form of worship 
which enables us to see face to face the one which is beyond reach of sight and speech. This kindles 
devotion, community development and helps one to climb the steep walls of spirituality in the initial 
stages. Every religion in this world has some image or idol as symbolism to achieve this objective. 


in form when made with the science of divine proportion and seasoned material is the 
highest product of our intelligence till today. 


It should however be noted that this idol worship should not be lost in the din of rituals which does not 
reflect the very philosophy it had come to symbolize. So the advice | follow is “Be passionate about our 
culture but be rational about the rituals.” 


The advancement of science can progress rapidly when the western scientists who are objective and 
‘empirical, partner with the pundits in India and learn the science of the subtle from our scriptures and 
temples. For this to happen we need to learn our own scriptures and past which is not possible without 
learning our mother tongue and Sanskrit. Else in the near future we may have to import knowledge of 
our culture and rich past from the western world, 


‘As a wise man said, “Indians are the most ignorant about their rich past and scientific traditions.” 


Happy reading! 
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31. Time = SPACE SERIES. PART 31 — MAYAN & HIS. 
WORKS 


Mahamuni Mayan was the father-in-law of Demon King Ravana and is referred in both Mahabharata 
and Ramayana. He is attributed with building the palace for Yudhishtar in Indraprasta and also the 
architect for Sri Lanka which Ravana ruled. His son Nalan helped Lord Rama build the Ramasethu - the 
bridge between India and Sri Lanka. He is believed to have lived in the llamuridesam popularly known as 
Lemuria continent (Kumari Kandam) which spanned 4500+ kms from Sri Lanka to Antartica connecting 


current Australia, Africa and Americas. Check out http://www.sacred-texts.com/at/tll/index.htm 


Understandably when this land mass was consumed by the sea their clan moved to different parts of the 
world including Guatemala, Egypt, and to current south Indian 
region. This explains as to how we find common science across 
India, South America and Egypt. 


He has written books in both Sanskrit and Tamil and | am going 
to produce the list of technical works he has created and look 
at the contents of a specific book called Surya Siddhanta. Just 
the list of works and also the topics in Surya Siddhanta is 
amazing, highlighting the depth of science we had at that time. 
http://www.youtube.com/watch?v=PZKiCpFisoY 


Figure 48: Kumari Kandam depiction 


The Surya Siddhanta 
The most ancient treatise on Astronomy is a treatise authored by Mayan. It is called The Surya 
Siddhanta. included in this treatise are the following chapter topics following: 


‘The Motions of the Planets 
‘The Places of the Planets 

Direction, Place and Time 

‘The Moon and Eclipses 

‘The Sun and Eclipses 

The Projection of Eclipses 

Planetary Conjunctions 

Conjunction of the Stars 

Risings and Settings 

‘The Moon’s Risings and Settings 

Certain Malignant Aspects of the Sun and Moon 
Cosmogony, Geography, and Dimensions of the Creation 
The Gnomon 
‘The Movement of the Heavens and Human Activity 


Mamuni Mayan 


Figure 49: Mamumi Mayan 


Mayan is also attributed with the start and spread of Temple culture in India, The song below in Tamil 
states that since Mayan sat under the Banyan tree and taught this science of universe and also of the 
sacred arts, so that every town was endowed with Temples for social betterment. Because he was from 
the southern region and also he sat under the Banyan tree, he is also equated with Lord 
Dakshinamoorthy. 
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The Mayan says in his Pranava Veda verse one: 

“Om Light and Om Sound are the Primal Source of all manifest forms. Om Light is aroused by its own 
effort in a state of disorder and appears as a flame. The state of Om Light and Om Sound in Space is a 
‘magnificent luminous six - faced Light form that is called “murukoli”. The transformation of Om Light 
‘and Om Sound through the five stages is concealed in the five fold knowledge, of which, this is the first. 
This process of transformation of disorderly Om Light and Om Sound into orderliness is found in all five 
fold material forms.” 


Sage Veda Vyasa says in the Bhagavatam, “eka eva puro vedo pranavha sarva vangmayha” (9th 
skandha, 14th chapter, sloka 48 of Bhagavatam). This means that there was only one Veda called 
Pranava Veda. It is believed that Sage Vyasa created 4 vedas from this Veda since he believed that the 
oncoming generations would not have the mental strength to master everything. 
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Figure 50: Aerial view of Sri Rangam temple with 7 Prakaras 
Technical works 


The following are technical works written by Mayan and represent the 12 vowels of the Tamil language: 


‘+ Ovia Chennool - Treatise on Drafting and Painting 
‘+ Sicpama Chenool - Treatise on Iconometry 

+ Kattida Chennool —_—- Treatise on Architecture 

+ NilamanaiChennool — - Treatise on House Building based on quality of land 

‘+ Manainila Chennool Treatise on Land based on the nature of house building 
‘+ Baniyal Chenool - Treatise on Astro Physics 

‘+ PerunataChenool _- Treatise on Divine dance 

‘+ Muligai Chenool ~ Treatise on Herbs 

‘+ GanitamaChenool _- Treatise on Mathematics 

‘+ Arakkala Chenool_—_—_- Treatise on Ship Building 

‘+ VinkalaChennool_—- Treatise on Space Ship 


© Elisai Chennool ~ Treatise on Science of Music 


MAYAN, in Aintiram states that 
"There exists an order in the Universe - subtle universe, and material universe. This power is attributed to 
the consciousness of the cosmic space as well as of the inner space of the animate beings, This 
consciousness, by its personal effort to express its own inner feelings, causes a kind of vibration or 
pulsation in the inner space, resulting in energy-grids. The vibration or pulsation, being the causal 
element of all these events, is called KAALA. This is actually the force of energy aroused by the inner 
consciousness, causing waves and contributing to the growth of living forms. This KAALA resides in all 
living beings. So, space is the offshoot of the vibration of the primordial energy. This is how the space 
was born. All forms of nature are manifest forms of subtle energy. For all to get manifested, the force is 
KAALAM. This wave-form frequency realm is the creative element of the universe." 


There is no other treatise that we have in our possession today which is dated 10000 BC that depicts the 
secret of nature so explicitly and gives the unmanifested interconnections and mathematical 
proportions between everything in the universe. 


As Dr. Ganapathi Sthapati rues “Unfortunately most of the Tamil experts don’t understand the science in 
these texts and hence these books are idling without anyone extracting the truths from it”. in the next 
few generations when we are less equipped in our own mother tongue we may lose this treasure 
completely just like the many we have lost so far. 


Hence the first step we need to ensure is even if you are not equipped well in your mother tongue 
please make sure that your kids can read and write it well. This becomes our most important duty. And | 
find it worrisome when someone is indifferent to the fact that they can understand their mother tongue 
but cannot read and write. 


With some significant efforts we can and we should prove that this man who said, “Indians are the most 
ignorant about their rich past and scientific traditions.” is not wise any more. 


Happy readi 


32. TIME = SPACE SERIES. PART 32 — CONCLUSION 


What | have understood in a nutshell is as follows: 


‘+The inner being of both - the individual and the universe is luminescent consciousness which has 
the ability to become aware of it. This luminescent consciousness is called by various names but 
it is essentially the only existent Vastu in this world. This Vastu manifests itself as time, space 
and spatial forms. 


‘* “Aanor aniyaan mahato Mahiyaan!” this means what is in the atom is the same makes up the 
universe. That which is present in the atom is the Space energy and the meaning of the word 
Akasa is stated as “Aa kashayati aakasa hal, That which imparts light to others or make others 
shine is called Akasa”. This means that Space Vastu is luminescent. | am stressing the aspect of 
luminescent again and again for you to start perceiving God as light. 


‘+ Pranava is the causal element which triggers this evolution process and this manifests as visual 
and aural forms. Pranava results in the primordial pulsation and this pulsation is triggered and 
sustained by a divine progression and proportion which is called Absolute time. 


‘+ Absolute time creates Absolute Space. These 4 things ~ Absolute time, absolute space, Aural 
Pranava and Visual Pranava combine together to form spatial forms and hence this universe. 


‘+ The Vastu as God's particle, its characteristics, the Pranava, the pulsation, the rhythm, the 
progression, its proportion and the resultant energy states — all the scientific facts, theories and 
processes are captured and codified as a Dharma which is called as Hinduism today. The science 
behind this subtle energy is reflected in various art forms that includes Poetry, Classical music, 
dance, Sculpture and building architecture. 


‘+All these manifestations are harmonics of 5 and 8 differentiated by the Golden proportion / 
God's ratio to reflect the various states of consciousness. This intrinsic order is called Dharma 
and the cyclic nature of this evolution is the Karmic code embedded in the universe. Nothing 
in this universe is superior to the Dharma and Karmic code. 


‘+ The divinity manifests in us and the space within us is nothing different from the macrocosm. 
Consciousness which exhibits itself as a state of being because of our mental vibration can 
evolve to a higher plane to devolve back into the luminescent core. 


‘+ Sanatana Dharma popularly today known as Hinduism is the repository of this supreme secret 
not just as a philosophy but integrated with every stage of our life. This can be understood 
better only if we can give due respect and attention to the language and scriptures, our spiritual 
tradition interwoven with arts and architecture that contains these treasures. 


‘+ The temple culture & Idol worship that we have symbolizes the best of science known to human 
beings and we need to understand this and preserve this in the best possible manner. 
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Figure 51: Vedic Knowledge as an inverted tree with Brahman as the roots signifying that 
everything has a common root. (Courtesy: Internet) 
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(Figure 52: Goddess 
Sarasvati. Courtesy: 
Internet) 


She is the Goddess of speech, 
‘music and knowledge. She 
carries the rosary beads 
(akshamala) represents the 
alphabets of a language 
(Sanskrit), the musical 
instrument (Veena) and Vedas 
as palm leaf manuscript in her 
hands that denotes the 
knowledge. Thus we can see 
that idol worship signifies 
deeper scientific aspects of a 
common root between 
Language, Music, knowledge 
and arts. 


Figure 52: Musical instrument Veena as a representation of Human Body (Sarira veena) (Courtesy: 
Internet) 
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| am happy to note the coincidence that this book has 32 chapters with 108 pages - both being key 
universal numerals. Chapter 19 (the golden mean of this book) deals with the Golden mean or God's 
ratio of nature is again coincidental. 


I would like to thank you for reading this book. | would like to state that | am neither adept in any of the 
topics discussed in this book nor an expert in any of the arts including the languages Tamil or Sanskrit 
language. 


‘A curious mind driven by my passion to understand the underlying aspect in all things and my liking to 
reading has helped me to compile this book. My exposure as a student to Chinese martial arts, Indian 
yogic studies, Pranic healing and Siddha philosophy helped me to connect of the points | had articulated. 
Any authoritative statements in these books reflect my belief in the topic or from the author / teacher 
from whom | subscribed it and it is certainly not reflective of my abilities. 


| am open to constructive criticisms on any of the topics and | can be reached at the mail ID shared in 
the first page of this book. My only request to you is “Please share this book or parts of this book 
without any hesitation to your friends and family and help us dispel the ignorance about rich ancient 
Indian culture”. 


| shall end this book with some of my favorite quotes of Dr. Einstein. 


“My religion consists of a humble admiration of the illimitable superior spirit who reveals himself in the 
slight details we are able to perceive with our frail and feeble mind. That deep emotional conviction of 
the presence of a superior reasoning power, which is revealed in the incomprehensible universe, forms 
my idea of God. We still do not know one thousandth of one percent of what nature has revealed to us.” 


‘Satyam Param Deemahi! 
May we meditate on the supreme truth! 
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between third-dimensional astronomical time and the fourth-dimensional synchronic order of the 
Law of Time, which holds enormous potential for the future of humanity. 


Jose ArGvrttes, Pu.D., works full time on behalf of the World Thirteen Moon 
jendar Change Peace Movement and is p1 lent of the Foundation for the Law 
of Time. He is the author of numerous works, including The Mayan Factor, Earth 
Ascending 


1d Surfers of the Zuvuya. He lives in Oregon. 
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Preface 
A Brief. Literary Autobiography 


Time and the Technosphere: The Law of Time in Human Affairs 
Tonged set of meditatipns occasioned by the one most powerful and overwhelming 


is essentially a pro- 


event of our time, the 9-11, the Inevitable Event of September 11,2001. Subsequent 
events may overshadow this one in horror and magnitude, but it was this event in 


particular, the destruction of the World Trade Center towers, that sent a signal that 
something very profound had occured to change the way we think of ourselves and 
our future 

In presenting these meditations and reflections in the form of a book, I am pain- 
fully aware of the limitations of this medium in the information age. Keeping in 
mind that the volume of information has increased five times in the past century- 
‘with much of that increase occurring only in the past decade-I am very reluctant to 
put anything down to be published in the form of a book. I was raised well on the 
‘writings of Marshall McLuhan and his definitions of media and how they affect our 
senses. It is altogether obvious that a book in your hand is not the same as reading a 
text on a computer screen. A book is actually something made to last. Of course, the 
computer has made it possible and easy for virtually anybody and everybody to write a 
book, and so we encounter one of the great hazards of the information age: the decline 
in discrimination and the criteria of excellence. Who can now tell what is worth read- 
ing or not? These reflections, too, are very much to the point of the grand theme of 
this text. If'a book is meant to last, how long will this book last? It should last until the 
New Time has established anew order of reality on this now anguished Earth. Whether 
or not destruction and the total collapse of civilization will occur first, we do not really 
know. That is a matter left to the Divine Mind of God alone. 


Nonetheless, it is with faith that we continue on this Earth at this time, A pressing 


Preface. 


xii 


voice told me to go ahead and to write this book, regardless-but then, this is how I 
have always done it. Those who are at all familiar with any of my earlier books, will 
find that Time and the Techmosphere is but a continuation of themes that have pro- 
voked me since I first considered literature as a medium of communication. It is 
important to know where the author is coming from, and how he got to this particu- 
lar point of reflection. In this regard, Time and the Technosphere is the organic result 
of alifelong pursuit of a study of the nature of art, time, and history. This study has 
been woven together by a dialectical process that defines the evolving nature of 
consciousness. So, for those who are interested, herewith follows a brief literary 
autobiography, the better to understand my point of view 

My earliest book, Charles Henry and the Formation ofa PsychophysicalAesthetic (1972), 
states the grand theme of aholistic science that unifies body and mind, sense and nature, 
the harmonic pursuit of which has been at the root of all my endeavors. This pursuit was 
amply demonstrated in my second book, Mandala (1972), which, as a root text of the 
counterculture, was an artistic, philosophical, and cosmic plea for a harmonic resolu- 
tion to the process of history. It isa sign of the times that Mandala is no longer in print, 
but instead a book bearing the same title, but which does not even include the original 
Mandala in its bibliography, is in print with the same publisher. Amnesia is one of the 
side-effects resulting from information overflow with no discrimination. Unfortunately 
cultural amnesia is always accompanied by an increase in trivialization, and thus we 
arrive at the mediocrity and sensationalism of the present moment 

My next book, The Transformative Vision: Reflections on the Nature and History of 
Human Expression (1975, 1991), took the aesthetic and unitive themes of the first two 
books to the next stage of my visionary analytical process, elaborating on the mean- 
ing of time, history, and cosmos. In rereading the later chapters of The Transforma- 
tive Vision, I am struck by their prophetic accuracy, as well as their sense of impend- 
ing tragedy. It is hard to believe that only 26 years have gone by since that book was 
first published and now we are plunged into the maelstrom of what was then thought 
to be the worst scenario possible. The Transformative Vision also defined human  con- 
sciousness as the cerebral-neurological dialectic of psyche (aboriginal, primal_intui- 
tive art) and techne (civilizational, rational science), emphasizing that only in their 
absolute synthesis would there be a harmonic resolution to the problem of history 
Seen in this light, the technosphere represents the extreme, one-sided triumph of, 
techne, while terrorism is the expression of the absolute repression of psyche. The 
crucial question then arises: how will we ever attain a balance or harmony’? 

Investigation of the ongoing dialectic of consciousness was continued in my next 


effort, the philosophically synthesizing work entitled The Feminine, Spacious as the 
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Sky (1977), which was written and artistically produced with my previous partner 
and wife, Miriam Tarcov, who also co-authored Mandala with me. ‘The feminine 
aspect represents a deepening reflection of the psychic, intuitive side of human na- 
ture, Expressed through a whole range of images, symbols, and philosophies that 
describe both the aboriginal root and the final flowering of human consciousness, it 
is this feminine aspect that has been smothered by the historical process, resulting in 
the technosphere. Why and how did this occur? These questions drove me to the 
next stages of my visionary investigations. 

From the beginning of my pursuits Ihave been moved by my intuitive awareness 
of our intrinsic wholeness as humans, and the knowledge that this wholeness is a 
reflection of the wholeness of Earth, the solar system, and the cosmos itself. Al- 
though this perception of reality is nowhere within the domain of the shibboleths of 
Westem scientific thought as it has developed since Descartes, I have also come to 
understand that Westem scientific thought is highly provincial, racially biased, and- 
because it is not informed by a perception of wholeness-incapable of solving the 
actual problems of life. In fact, Wester scientific thought has been one of the key 
factors leading the human race onward to its great act of selfdestruction-a __self- 
destruction employed through the instrument of technology. 

In my next book Earth Ascending: An Illustrated Treatise on the Law Governing 
Whole Systems (1984, 1988, 1996), Iwas able to make a profoundly radical break with 
the restraints of the Western scientific and academic modes of thought. Combining 
the artistic and aesthetic qualities of Mandala and The Feminine, Spacious as the Sky 
‘with the philosophical and scientific concems of The Psychophysical Aesthetic and The 
Transformative Vision, I define and describe the human situation as a function of the 
geology, or biogeology, of Earth understood as awhole system. Without knowing it, 
Thad defined the human presence in Earth's geology in away very similar to that of 
the Russian biospheric scientist V.1. Vernadsky in his analysis of the biosphere. Cul- 
ture, civilization, and even technology are seen as features and functions of the larger 
evolving biogeological process of the whole system Earth, while time and conscious- 
ness are defined as functions of a larger planetary regulating system called the psi 
bank. In the analysis of Earth Ascending, the feminine psychic side of consciousness is 
refered to as the AC, Aboriginal Continuity, while the male, rational techne side is 
defined as the CA, Civilizational Advance. The historical process represents the in- 
creasing dominance of the CA to the final exclusion of the AC-the triumph of 
industrial _man over the indigenous peoples 

The most critical moment in history was the atomic destruction of Hiroshima, 


August 6, 1945, when through its technology the impact of human thought permanently 
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affected the geological makeup of the Earth. The events before Hiroshima are chro- 
nologically defined as P.A., pre-atomic, and those after as AH., After Hiroshima, But 
more than defining the process of history within the context of Earth's cosmogeology, 
Earth Ascending also describes the postcistoric future as a condition of harmonic syna- 
esthesiacharmony of the senses-defined by anew scientific system called radiosonics. 
The key to this new system of scientific endeavor is synchronicity or synchronization 
of our mind and senses in time. The problem left open by Earth Ascending was the 
precise nature of time and the timing of the radical break in the historic continuum, 
now known as the Inevitable Event-the culmination and dramatic conclusion of a 
process begun at Hiroshima. Afier the Inevitable Event we are liberated into post- 
history and the possibility of the radiosonic science of the future 

In The Mayan Factor: Path Beyond Technology (1987), U was able to supply the basic 
ingredients for an understanding of time and the timing of the radiosonic future. Go- 


ing beyond the parochial limitations of Western 


fence and the selfinflated progres- 
sivist thinking of the Western mind in general (that states “anything that advances 
technology isan absolute advance over anything that was thought of or occurred in the 
past") Iwas able to finally bring to light the synthesis of many years of study of the 
time science of the ancient Maya. Here, in the mathematical calculations of the Maya 


with their unique vigesimal mathematics-counting by twenty and not by decimal 


ten-lay the basis of a vast and grand science of time. So grand is this science that its 
conceptions of time dwarf anything the Westem imagination could conceive. 

While the Western concept of time is linear and predicates an unceasing ascent 
into a progressively technological and mechanistic future, Mayan time science is 
predicated on the knowledge of time as the universal factor of synchronization. The 
Westem conception of time is not in accord with the actual cyclical and synchronis- 
tic nature of time, and so the whole apparatus of Wester civilization is doomed to 
reach its own breaking point: the Inevitable Event. Mayan time science posits a pre- 
cise measure of the historical cycle, the most recent and climactic stage of Earth's 
evolution, as a time fractal of thirteen baktun cycles, each 144,000. days in length, 
spanning the JulianiGregorian years 3113 B.C-A.D.2012. According to Mayan time 
science, the efforts based on an erroneous time conceptualization are bound. to fail 
prior to the cyclic end-point of 2012. Thus, the Inevitable Event is also a conse- 
quence of the failure to understand or to even acknowledge the actual nature of time 
due to a totally false and mechanistic timing sensibility. In this lies the cause of the 
apocalypse of Westem thought and theology. 

‘The problem left unresolved by The Mayan Factor was the precise methodology 


for changing tracks, for switching Westem dominated global civilization away from 
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the track of an erroneous, mechanistic time-based technology and toward the natu: 
ral order of time-the path beyond technology. Here my efforts took me to a point 
beyond reason. Why or how? Let me explain. As an exposition of Mayan time sci- 
ence, in preparation for the 2012 ending of the thirteen baktun cycle of history, The 
Mayan Factor is predicated on the occurrence of a real time event, the Harmonic 

Convergence "global _peace meditation” of August 16-17, 1987. The timing of the 
Harmonic Convergence was prophetic. It augured the fulfillment of the prophecy of 
Quetzaleoatl (947-999) known as the Thirteen Heavens and Nine Hells. ‘The Har- 
monic Convergence completed the ninth and last Hell cycle, and ushered in the 
final twenty-five years of the thirteen baktun cycle. The Harmonic Convergence 

was aMayan wake-up call answered by millions of earthlings. 

Exactly forty-two years and ten days after Hiroshima, and fourteen years and 
twenty-six days before the Inevitable Event, the Harmonic Convergence was lo- 
cated by time to occur precisely when it did. Prophecy transcends reason because it 
is totally of time, which is of the fourth dimension; prophecy nevertheless affirms 
with unerting logic that which has been, and that which will be brought about, as 
being of the same karmic cause and effect stream. 

It was this matter of prophecy in the aftermath of The Mayan Factor that brought 
my literary efforts and my own life journey to another stage of development. Proph- 
ecy comes with amantle-if not, then you are classified asa madman, The prophecy 
of the Harmonic Convergence, as well as of the entire text of The Mayan Factor, bore 
the mantle of the prophetic stream of the Chilam Balam, the jaguar priests, the 
wizard knowers of the “night scrip.” By correctly fulfilling the prophecy of the 
Thirteen Heaven and Nine Hell cycles, 843-1987, and by writing and putting to- 
gether the mathematical codes of The Mayan Factor, and before it, of Earth Ascending 
Jose Argiielles, had assumed the mantle of the prophetic tradition of the Chilam 


Balam, Mind you, this was nothing overt nor the least bit conscious, for litle did 1 
then know that my next life task was to decode the essence of the Chilam Balam proph- 
ecies and to define the time science of which these prophecies are a manifestation.! 
‘The Harmonic Convergence affirmed the karmic repercussions of Hiroshima 
by bringing forward the ancient Mayan prophetic tradition of the Chilam Balam. By 
preci 
no less-the unlocking of its final prophecies was triggered for the purpose of com- 


ly locating this prophetic tradition in acontemporary moment -a media event, 


pleting the cycle of history: 2012 and beyond. 
Like any major media event, the Harmonic Convergence was an enactment within 
the noospheric unconscious of humanity-the telepathic whole that resides in Earth's 


mental envelope. So it was that on June 23, 1987, the Wall Street Journal ran the 
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frontpage story on the Harmonic Convergence. Yet due to the mental obscuration 
accompanying the final stage of global industralization, the Harmonic Convergence 

was an event that the Willf Street Journal and the rest of American media conve- 
niiently forgot when it came to their review of the century in the year 2000. Today. 
just weeks after the Inevitable Event, the collapse of the World Trade Center towers, 
the words of that article are most prophetic: "Mr. Argiielles says the choice between 
anew age’ and all-out destruction is ours, and we had better decide."2 Though the 
prophecy was discounted, true to form, the words of the messenger remain to haunt 
those who spurned the message. 

‘The prophets and sages of the Maya, and of the New World in general, are a 
complement to those of the Old World, a further manifestation of the planetary 
dialectic of poles and hemispheres. If the judgment day apocalypse is the focus of the 
Old World prophecies, especially those oflslam and Christianity, those of the New 
World similarly pinpoint an end time whose denouement is chronicled as the date 
2012. It was the prophecies of the sage and culture hero, Quetzalcoatl (947-999), 
that brought about the Harmonic Convergence, while it was the wisdom of Pacal 
Votan (603-683) that informed the actual text and scientific time mappings of The 
Mayan Factor, and the image of his tomb adoms the cover of the original book. Ina 
similar_manner, it was the tradition of the Chilam Balam that created the prophetic 
vision of the synchronic order to be realized as the Law of Time. 

was hardly aware of the personally transformative factors at work within. me after 
the Harmonic Convergence media swell began to subside, when two events occurred 
that augured major change in my perceptions, activities, and literary output: the Wall 
Street stock market crash of October 19, 1987, and the death of my cighteen-year-old 
son.josh, ten days later, on October 29,1987. In analyzing why the 1987 stockmarket 
crash happened, the lead story in USA Today about this event concluded by posing the 
question: Was it the Harmonic Convergence that somehow caused the stock market 
to crash? As I pondered why the answer to this question must be in the affirmative, as 
well as the implications of this analysis-remembering full well that the breaking story 
fon the Harmonic Convergence first appeared in the TVilliSireet Journal-news came 
fof my son's sudden death in an automobile accident. 

Synchronically, the stock market crash and my son's death were part of one event 
continuum, As tragic as the circumstances of his death were, my son had. liberated 
me from any further compunction to lead a normal life, and to pursue, instead, this 
matter of Mayan time science and its calendars of harmony. In homage to my son, I 
completed what I first thought would be a popularization of The Mayan Factor, a 
book entitled Suifers of the Zuvuya (1988). Instead of being a popularization or even 
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a sequel to The Mayan Factor, Surfers turned out to be a series of autobiographical 
tales of interdimensional travel-ruvuya surfing in the fourth dimension. This. “light 
of fantasy,” was my literary farewell to the limitations of reason and a life of comfort. 
Inner destiny pushed me to the next stage in my pursuit of the unitive science-the 
discovery of the Law of Time. 

This journey of discovery, the findings of which are the underpinnings of the present 
work Time and the Technosphere, took me and my wife and pariner, Lloydine, to physi- 
cal and mental places that were far from anything we had once deemed conventional 
Because of this, Thad ample opportunity to write and to create, and I did so, freely and 
without any restraints. Ino longer sought any conventional means to communicate. 1 
‘was now operating prophetically, on behalf of the noosphere-Earth’s mental. envelope. 

There is a consistency to the stream of prophetic revelation, summarized as the 
codes of the Law of Time. This revelatory stream begins with Earth Ascending and 
The Mayan Factor, comes to flower with The Dreamspell: Joumey of Times hip Earth 
2013 (with Lloydine Arguelles, 1991), and is completed by all aspects of ‘the 
Telektonon Prophecy, including the Thirteen Moon/28-Day calendar (1993-2000) 
This prophetic stream is emphatically a galactic revelation of the same base of know 1- 
edge that produced the Mayan civilization of ancient Mesoamerica, The new revela- 
tory stream is known as the Wizard's Count, or "reformulated Chilam Balam.” It 
was this prophetic stream and its year-bearer count that established the validity of a 
fifty-two year cycle corelated to the Gregorian July 26 

The purpose of the Chilam Balam year-bearer count was to establish a basis for 
‘understanding that there exists a synchronic order of time, completely apart from 
‘what is usually referred to asthe Long Count, the linear count of days of the thirteen 
baktuns of the cycle of history, 3113 BC-A.D. 2012. After along break in the tradi- 
tion of the Chilam Balam, the year-bearer count was prophetically reformulated to 
prepare for the Harmonic Convergence and the subsequent revelation of ‘the 
Telektonon prophecy of Pacal Votan. As the new Wizard's Count, this count was 
intuitively recalibrated precisely so that July 26, 1987, would be White Galactic 
Wizard; July 26. According to The Mayan Factor, July 26, 1987: White Galactic Wiz- 
ard, marks. the first of the twenty-six years of the Harmonic Convergence. This. date 
‘marks the conscious ascendance of the prophecy of galactic culture and the coming 
of the Earth Wizardsthe race of galactie wizards on Earth 

In 1988, the year following the Harmonic Convergence, in attempting to create 


fan everyday "Mayan calendar,” I came upon the next stage of the discovery of the 
synchronic order. On the Gregorian calendar, 1988 is a leap year. I perceived that to 


accommodate February 29 would throw the year-bearer count off by one day, ruining 
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the harmony of the system. Reviewing the Chilam Balam texts, it was clear that leap 
year was never considered, much less counted in the year-bearer count. Without an 
intercalary leap year date, the four year-bearers-Seed, Moon, Wizard, and Storm- 
coded by the mumbers 1-13, remained in sequence, maintaining and assuring the 
harmony of the system, where every fifty-two years equals seventy-three 260-day 
spins, no two days are the same, and the entire 18980 days of the cycle repeat every 
fifty-two years in an upward moving spiral of time. For the first time in my work, the 
issue of the Gregorian calendar as a system came into question. 

Following this observation came the discovery of the mathematical codes _gov- 
eming the synchronization of the 260-day cycle with the 365-day cycle, the conse- 
quent discovery of the artificial 12:60 and the natural 13:20 timing frequencies, the 
recognition and resurrection of the Thirteen Moon/28-Day calendar, and the full 
exposition of the Dreamspell codes of fourth-dimensional time. I presented these 
discoveries in Dreamspell: Journey of Timeship Earth 2013. The Dreamspell, being. the 
manifestation of the knowledge base of galactic culture, completely encodes the 


Wizard's 


Count. Dreamspell: Jouney of Timeship Earth 2013, the presentation of the 
codes of fourth-dimensional time as a "tool kit” with an accompanying "script" and 
guidebook, isa break of such radical form from the prevailing paradigm that, as of 
today, it is still unfathomable to many people. 

‘The galactic Dreamspell tool kit is a primary tool for the galactic culture that is 
just now beginning to unfold in the wake and shadow of the collapse of the Twin 
World Trade Center towers. This text prompted me to write two more books. The 
first, Arcturus Probe: Tales and Reports of an Ongoing Investigation (1992, 1996), is a deep 
reverie that picks up where Suifers ofthe Zawya lef off and documents the interstellar 
interplanetary psycho-cosmological roots of the Dreamspell of fourth-dimensional 
time, The second book was writen asA Treatise on Time Viewed from its Own Dimen- 
sion, but frst published in English as the Call ofPacal Votan: Time isthe Fourth Dimen- 
sion (1992, 1996). In this highly scientific, mathematical treatise I was able to 
accommodate the Dreamspell codes of the Law of Time to an analysis of the 
biosphere and the biosphere-noosphere transition. This. work also represents my 
first integration of the actual thought and principles of V. I. Vernadsky. 

Through the efforts that constituted the discovery of the Law of Time, much of 
Which was assisted by my partner and wife, Lloydine, I was finally able to begin to 
understand the methodology for accomplishing the paradigm shiftor psychic pole 


shift-of which humanity was so in need, at least from the perspective of the bi 


sphere. By providing the mathematical basis for establishing the "biomass constant, 


Seventy-three 5 day subeycles correlated to the measure of the solar year, I had 
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found away of grounding the fourth-dimensional mental order of time, the synchronic 
onder, in the actual third-dimensional biogeochemical cycles of the biosphere. This 
was like casting a harpoon of time from the noosphere and landing it in a precisely 
measured form in the annual tuning of Earth's biospheric mantle. And this was 
accomplished precisely because of the intrinsic harmonic cycles and pattems of the 
DreamspelllWizard’s Count. 

For this reason, by 1993, it was incumbent upon me to test the hypothesis of the 
Law of Time that the human race was destroying its biosphere due to operating 
according to an error in time, and that only a shift in its experience of and perception 
of time would save it from such destruction, This shift in time is defined as the 


calendar change, The Law of Time presents such a radical critique of Westerns 


ence, of its concepts of time, and of the civilization which it supports, that I could 
not tackle the problem from its center, but from its periphery, moving inward to the 
point of the Inevitable Event. Beginning in Latin America, then spreading to Japan, 
Western Europe, Russia, and finally North America, we established a movement to 
change the everyday perception of time, instilling profound meaning behind the 
effort to reform the calendar. In this way, we took on the responsibility of organizing 
the World Thirteen Moon Calendar Change Peace Movement. 

Part and parcel of this, beginning in 1993, was the decoding of the prophecy of 
Pacal Votan, the inspiration of The Mayan Factor. Known as the Telektonon, Earth 
Spirit Speaking Tube, this prophecy is the full realization of the Law of Time and the 
synchronic order. As much science asit is prophecy, the Telektonon defines the Tower 
cf Babel as the root of the error in time, and the Inevitable Event as the necessary result 
‘of not relinquishing false time. At the same time, the Telektonon provides codes and 
tools of analysis which are in complete accord with an understanding of the technosphere- 
noosphere as an evolutionary continuum in which the Inevitable Event is an act of moral 
consequence and natural law revealing the basis of anew cycle of harmonic order. 

Twould also be remiss at this point if! did not inform the reader that, by prophecy's 
prerogative, this text is also literally punctuated by a perspective that can only be 
described as "Quranic." Late in 1993, my immersion in the prophecy ofPacal_ Votan 
became sychronically linked to my immersion in a study of the Quran, or Holy 
Quran asit is sometimes called. Ihave taken seriously the claim that the Quran is the 
final revealed text (A.D. 610-632) for humanity. I have studied it following the dic- 
tum: "Quran, the whole Quran, and nothing but the Quran 


ine Islam-submission to the will of God. Ihave found it more than sufficiently true 


as the basis of genu- 


that the Quran is a scientific text, and contains nothing that contradicts science. 


More profoundly, my study has given rise to my own personal ethic: duty to God is 
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the highest cause. It is the cultivation of this attitude, combined with many years of 
practice of Buddhist meditation, that have brought me to my present point of view, 
which is visionary and spiritual throughout-and, as a result, has endowed me with 
my own view on the current global dialectic. 

That the new, and final, global dialectic is found in the tension between the 
forces of globalization (materialism) on the one hand, and that of the civilization of 
Islam (spirituality) on the other, is now a well-documented  fact.4 Of course, gener- 
ally speaking, in the West, we see it only from the materialist side of the dialectic. 
‘The perspective which informs me, and consequently this book, is definitely from 
the other side of the dialectic. Though in no way condoning terrorism- Tam a non- 
violent pacifist by persuasion-the motives of the terrorists stem from a philosophy 
and worldview with which Iam in sympathy. Yes, the Inevitable Event was also a 
profound theological moment, and what we are witnessing in the present World 
War is the battle between the religion of choice and the religion of submission. We 
cannot necessarily assume that the religion of choice will prevail. In fact, from the 
perspective of the biosphere-noosphere transition, it is the religion of submission 
that is most in accord with the spiritually-beckoning future. 

Asa preface to this book, Ihave found it mandatory to write this brief literary 
autobiography, often couched in a terminology that jumps ahead of the story, solely 
to demonstrate that the actualization of the noosphere corresponds to the stages of 
attainment and transcendence of one human's life journey in pursuit of the truth. 
Only in this way could I cultivate the noospheric perspective, voice, and point of 
view that was necessary for the writing of this text. In this perspective, the noosphere 
is acondition of non-anthropocentric consciousness. My journey, thus documented, 
is merely one way the noosphere has found to become conscious, asserting the Law 
of Time's purposive axiom: to make conscious what had been unconscious. The voice 
and method of the noospheric perspective are inseparable from the topic of this 
book, Time and the Technosphere. By analyzing the timing and structure of the 
technosphere, the noospheric point of view becomes conscious. Without understand- 
ing the nature and relation of time and the technosphere, there would be no truly 
sane way to comprehend the meaning of the Inevitable Event. 
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9-11, The Inevitable Event, 


and the Nature of Time 
Introductory Reflections 


Woe! Woe, O great city 

© Babylon, city of power! 

Woe! Woe O great city, dressed in fine linen 
purple, and scarlet, 

In one hour such great wealth has been brought 1 
Woe! Woe, O great city 

Where all who hud ships on the sea became rich 
‘through her wealth, 

In one hour she has been brought 10 ruin! 

With such violence the great city of Babylon will be 
‘thrown down!” 
STJOHN OF PATMOS, BOOK OF REVELATIONS, 

CHAPTER 18, THE FALL OF BABYLON 


9-11. The Twin Towers of the World Trade Center gone in averitable twinkle of the 
eye. Tragedy. Horror. Terrorism. The whole world brought to a halt. The after- 
math? Patriotism, war, and an all-pervading uneasy feeling. What happened? What 


really happened? Was this the beginning of the Apocalypse? 
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Amidst the distraction of chasing after other people with smart bombs in far- 
away places like Mghanistan, and making everyone at the airports feel like potential 
terrorists, there are no answers forthcoming for what really happened. ‘There is a 
good reason for that, too: The destruction of the Twin Towers of the World Trade 
Center and the attack on the Pentagon marked a point beyond the comprehension 
of the current belief system in every way. To say that the event was mind-blowing is 
an understatement. But if it was mind-blowing-which it truly was-that means 
that a whole belief system was knocked off of its foundations, and only anew belief 
system can supply the answer. A higher, more all-encompassing belief system-a 
new paradigm-is what isneeded if we are to really understand what happened on 9-11 

Belief systems, believe it or not, are functions of time. What you believe defines 
the time you are living in. Any belief system is held in place by the calendar and 
sense of time in which it is encoded. 9-11 means September I-it also means 911 
emergency, planetary emergency in this case. "9-11 we will never forget” was a.com- 
mon slogan appearing on bumper stickers and store windows after the event. The 
words or concepts "Tuesday, September 11,""9-11" and even "911" are all functions 
of the same belief system. So is "2001," the first year of the highly touted "third 
millennium." But the third millennium of what? The third millennium since the 
birth of Christ. This means that the belief system whose mind was blown was the 
Christian millennial belief system encoded in the Christian calendar, the Gregorian 
as it is properly called. Does this mean that the foundations of 2000 years of belief 
were blown away, shattered with the terrifying collapse of those Twin Towers? Eas- 
ily that many years, maybe as many as 5,000 years, or perhaps even the entire history 
of civilization as we know it came unhinged that fateful day, the day of the 9-11, the 
day of the Inevitable Event, to borrow a phrase from the Holy Quran, the day the 
Apocalypse announced itself, showed up on the morning television, quite without 
warning. (See plate 1,The Invevitable Event and the End of History.) 


In meditating upon the meaning of the Inevitable Event, it is natural to ask: 
What made this event so inevitable? It is not just from the perspective of American 
Foreign Policy, or that of its economic free market monetary polities, that this event 
was inevitable, More profoundly, this event was so inevitable because it seemed to 
smack of some form of retribution for the breaking of fundamental laws of nature, or 
even of Divine Law. And isn't the retribution for transgressing Divine Law aform of 
apocalypse, a standing naked, a revelation, an evocation of the fall of the Tower of 
Babel, no less? 

Yes, that is why it was so shocking-it was the Inevitable Event because the apoca- 
lypse is as inevitable as itis without warning. But apocalypse- a word no one wanted 
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to use to describe the event, because to use it would be to admit that it was all over- 

is only one side of the coin. There is another side to the coin of the Inevitable Event- 

‘and that is what this book is about, There is something beyond the Apocalypse, there 
is something larger going on, and that also scares people. Things are out of their 
control. Isnt this why, instead of looking at it, or contemplating the event, a policy of 
‘war was immediately instated as a principle of revenge-for what and against whom? 
What is going on 


time-time is always going on, or time is always coming together. 
Or time is always changing. The apocalypse, too, is about time-the end of time- 
which is even more frightening to most people. But the end of whose time? The new 
paradigm we need to explain 9-11 should be a paradigm that is all about time. 

who speak know, because Ihave spent most of my life studying time, and the 
effects of human time which you call history. For many years now Ihave been living 
an experiment in time, but a time most of you do not know. So I have some answers 
that will put 9-11 in perspective for you. Iam the stranger from the other side of the 
wall of mechanized time, Ihave come back to make you familiar with the time your 
lock and your calendar shield you from. Because I know about the other time, the 
larger time, the cosmic time that governs the cycles of all that exists, I can tell you 
that 9-11 was the Inevitable Event. It had to happen precisely when it did, not be- 
‘cause nineteen terrorists planned it that way, but because the terrorists themselves 
‘were unconsciously programmed by the timing of Earth itself. Earth's timing  pro- 
cess represents evolutionary forces as well as effects irreversibly set in motion by the 
hhuman’s own unconscious programs, programs governed by the human misperception 
of time and of its role in the cosmic onder: 

Yes, Earth has its program of which our human history and all of its endeavors 
is called the biosphere, the scien- 
tific designation given to what is commonly and inadequately referred to as "the 


environment.” As such, the biosphere is a whole system composite of the sum of life 


are only apart. This larger meta-program of Earth 


and its organic and inorganic support systems spread out over the surface of Earth, 
hence bio = 


ife" + sphere ="having the form of a globe.” In aword the biosphere is 
avast but fragile process which has been evolving itself for some two billion years on 
this little planet as it spins around its local star, the sun, But we humans, who only in 
1969 first saw ourselves as a planetary being-the whole Earth beamed back at us via 
television by arocket hurtling toward the moon-we humans have been generally so 
sel 


involved in our own interpretation of things that we have missed seeing the 
larger picture of which we are a part. This larger picture is the entirety of the bio- 
sphere which encompasses the evolution of life on Earth as awhole system process. 


The amazing thing is that most of us have never even heard of the biosphere much 
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less even know that we are apart of this whole system governed by laws and principles 
which we, in our self-made arrogance and ignorance, have but little understood, 

From my experiment in time, seeing and studying the human as part of the 
larger self-evolving fabric of the biosphere, came to the conclusion that the human 
is living in a time apart from the rest of the biosphere-an artificial time whose 
climax and termination is inevitable, for nothing anificial_ can withstand the force of 
truth, If the human is living in artificial time, the clock is an artifact whose system of 
measure has nothing to do with natural cycles but is a totally abstract standard, then 
there must be something called natural time. I will go even farther and state that not 
only is there natural time, but that there isa law governing natural time, and that is 
the Law ofTime.just as Newton only discovered gravity some 300 years ago, though 
gravity has always existed, so the Law of Time has always been in operation, even 
though it was just recently discovered. It is the Law of Time that governs the en- 
tirety of the biosphere and everything else in the universe according to principles 
which are only dimly known to us, principles like synchronicity and telepathic _in- 
stantaneity. Yes, to understand what really happened on 9-11 you have to understand 
the Law of Time and how it governs the biosphere-of which our rampant human 
civilization is inescapably a par. 

The Law of Time is formulated very simply, and in some people's way of think- 


ing. rather unscientifically as T(E) = Art, "energy factored by time equals 
phenomena in the material world represent some state of energy, and every state of 


energy is governed by time, the resultant product of which is always something  beau- 
tiful or elegant. Have you ever seen an ugly sunset? A hideous flower? Even if you 
examine a scorpion with some objectivity you will be amazed at the flawless and 
elegant manner in which its parts are organized. Yes, all of nature is organized by 
time to produce in you the sensation of beauty. And time itself, well, believe it or not, 
time isa frequency, and a frequency is not measurable by a clock. The Law of Time 
states that time is the universal frequency of synchronization. It is the nature of time 
to synchronize and to maintain all things in a condition of synchronization, 
Synchronicity, then, is the experience of real time. When we say that time is a 
frequency, we can be more precise and say that time is a universal constant ex- 
pressible by the mathematical ratio 13:20, That is, the 13:20 ratio is the frequency 
of ‘synchronization 

OF course, most people have never even heard of the Law of Time much less 
comprehend what the 13:20 ratio might mean. But then, that again gets to the root 
of the problem, or rather, the dilemma: If humans are living in their own time apart 


from the rest of the biosphere which is governed by the natural timing frequency, 
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how could they ever know about the Law of Time? The humans are all a little like 
Mrs, Malaprop in the play by Moliere who leams to her surprise that she has been 
using grammar all of her life-though it is much _more serious than that. So we 
humans are with the Law of Time-it has been operating throughout history with- 
out our awareness of it, Because of this, its way of making itself known to us was the 
infamous 9-11. Yes, in the analysis of the Law of Time, the 9-11 marked the end of 
autificial time. 

Living in ignorance of the Law of Time and of the true nature of time, the 
human species constructed its own concept of time which is based on the clock with 


its 60-minute hour and the Gregorian calendar with its maddening array of un- 


evenly numbered months. Hence, the paradigm of the artificial timing frequency is 
defined by the ratio 12:60 (twelve-month calendar, 60-minute hour) -in contrast to 
the 13:20 ratio of natural time. If the artificial mechanistic and irregularly measured 
time sets the human race apart from true or natural time, does this not also establish 
the fact that the human race is living an error in time? Only by living such an uncon- 
sciously assumed error could the human race arrive at such an apocalyptic moment 
fs the Inevitable Event-inevitable because any deviation from the truth has an in- 
evitable moment when the truth rebounds in some dramatic or even apocalyptic 
way. Is it possible that the entire construct of modem civilization, so devastating to 
the biosphere, is a function of this error in time? Is modem civilization like a time 
warp, a bubble of artificial time that suddenly got popped on the 9-11? 

Back in the 1990s, now seemingly so long ago, I was traveling around the planet 
fon behalf of the Law of Time and the biosphere, and making my observations —re- 
garding the effects of artificial time from a planetary whole systems point of view. 1 
saw that even though the human species had evolved - or devolved, as the case may 
be-into a cultural hybrid which I call the planetary human, the object of the much 
touted “globalization,” I saw that the consciousness of this cultural hybrid was any- 
thing but planetary. This schism between the propaganda of globalization and the 
actual sectarian and fragmented state of consciousness of the hybrid human was fur- 
ther exacerbated, I observed, by the potently unconscious effects ofliving an error in 
time, Ironically, if the Inevitable Event left many of us in the dark, it has brought the 
Law of Time into the light. To elucidate let me quote here from a text I wrote in 
1996, and which I think will give us a point to expand upon in order to bring the 
Inevitable Event into sharper focus, while allowing me to define some of my terms: 

“Through an error in time, the human species transforms its artificial construct, 
Civilization, into a global technosphere: the sum product of industrial mechanization of 


its biological functions. Because of human adaptation to the irregular mechanized 12:60 
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riming frequency, the technosphere runs counter to the laws of the biosphere, crearing a 
magneric instability between the primal crystalline and vital organic. processes."2 

The current explosion of the world crisis, stemming from the destruction of 
‘The World Trade Center Twin Towers, demonstrates the hypothesis of the Law of 
‘Time that states: operating on arrficial and mechanistic timing standards will cause 
the human to deviate from natural rime to the point of its self-destrucrion, the end 
result of the magneric instability referred to in this reference. But here we have some 
further definitions to make. Let us start with a definirion of the technosphere, since 
that word is featured so prominently in the ritle of this book, Time and the Technosphere. 
The Law of Time in Human Affairs. 

While the term biosphere defines the enrirety of life as a single coherent unity, 
inclusive of its inorganic or semi-inert support systems such as the atmosphere and 
the hydrosphere, technosphere defines an artificial sheathe or membrane held. to- 
gether by industrial technology as a whole system. This technological mantle is the 
sum of the processes devised by humans resulring from the application of certain 
scientific and economic principles, especially during the last half century. The ef- 
fects of the technosphere are to supplant the organic processes of the biosphere with 
totally industrialized ones, resulring in a severe imbalance in the biosphere. This 
imbalance, the "magneric instability between the primal crystalline and vital organic 
processes” refers to the disruption of the delicate interacrion between the inert. (crys- 
talline) and biological processes and structures which constitute the vibrant mecha- 
nisms and interacrive cycles of the biosphere. Phenomena such as global warming 
and over-popularion are symptomatic of the technospheric disruption of the natural 
order of the biosphere 

‘The term technosphere, however, is actually just the middle term of a larger 
process defined as the biosphere-noosphere transition. According to the principle 
figure behind the elaborarion of the laws of the biosphere, V. I. Vemadsky (1863- 
1945), as an evolving structure, the biosphere is inevitably being transformed into a 
new geological and evolurionary condirion, the noosphere-Earth’s. mental enve- 
lope. In Vemadsky's analysis, the enrirety of the biospheric process can be described 
as asingle biogeochemical unity. According to Vemadsky, due to man's transforma- 
rion of nature since the industrial revolurion, this biogeochemical unity has entered 
‘stale of combustion-an accelerated process of transformarion. It is this rapidly 
acceleraring geochemical combusrion-the net effect of industralizarion and its waste 
-that accompanies an evolurionary shift, the transformarion of the biosphere into 
the noosphere. But between the biosphere and the noosphere there isthe 


technosphere, the intervening medium of transformation, 
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So when we speak of the biosphere and the noosphere we must take into ac- 
count the technosphere. In actuality we must speak of the biosphere-technosphere- 
noosphere transition. In this context, the noosphere is the condition of the human 
mind purified of the error of time. And if the noosphere is the Earth’s mental enve- 
lope, it could only be so because of a unified state of mind, the transformation of the 
hybrid planetary human into a genuinely spiritualized planetary being, the mind of 
the Earth no less-something that seems phenomenally utopian from the perspec- 
tive of today's evening news. How could this come about, this noosphere of a tele- 
pathically unified human consciousness? Again, the Law of Time supplies genuine 
answers. To begin with, it says, change your calendar, get back to living in harmony 
with the natural cycles of the rest of the biosphere-and the universe. If you don't, 
well, the destruction of the Twin Towers was just the first stage of the Apocalypse. 
But we still have a choice. The other side of the coin of the Apocalypse shown to 
humanity on prime time television on the 9-11 is entry into the noosphere. But we 
must first understand what is really going on, and then act intelligently. 

The mental climate in America is particularly difficult and strained now. In or- 
der to maintain apositive and constructive attitude of mind during this terrible time, 
I decided to write this book. Asyou can see, this book takes for its point of departure 
an analysis of the destruction of the World Trade Center (the actual hub of the 
technosphere) as the Inevitable Event defining the dynamic of the biosphere in its 
process of transforming into the noosphere. The analysis of the event in this light 
will give ample opportunity for presenting the key ideas of V. I. Vernadsky, in par- 
ticular the concept of the biosphere which he so single-handedly amplified and de- 
fined, as well as the cosmic ideas of other Russian thinkers which are little known in 
the West. Ihave already written about and given much thought to this matter in 
general, summarized in part in the First Planetary Congress of Biospheric Rights, 
held in Brasilia, Brazil in 1996, but nowhere have I written for a wider public audi- 
ence conceming the nature of the biosphere-noosphere transition. 

I feel it is especially important at this time to present an analysis of this event in 
a scientific context that is beyond nationalism and ideology, so that human beings 
can begin to understand that they are afunction of the biosphere, but not necessarily 
its controlling mechanism, Of course, the Law of Time is the key factor involved in 
this analysis, and understanding the biosphere in the context of the Law of Time is 
absolutely critical for establishing the basis of an entirely new worldview and hierar- 
chy of values-the — much awaited new paradigm. 

Like my thoughts on the biosphere-noosphere transition, my investigations of 
the Law of Time have also not as yet been presented to the general public. In fact, 
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you will find scarcely anyone who has even heard of the "Law of Time." This is 
because my researches and investigations over the past decade which resulted in the 
discovery of the Law of Time were not conducted in any formal academic way, nor 
through any conporate or government sponsored grant or officially recognized 
research institution. The discovery of the Law of Time has been, nonetheles 
ous, life-consuming pursuit, The laboratory for its study was to be found in a 
phenomenological and anthropological investigation of the effects of mechanized 
time on various population groups absorbed in what is called "modern civilization.” 

‘The premise of this investigation is simple: it is an undeniable fact that the time 
of human civilization, governed by the clock and the Gregorian calendar, is not the 
same as the time of the rest of the biosphere. Artificial time isnot the same as natural 
time. Or rather, artificial time establishes a frequency which governs the human 
species totally apart from the timing frequency of the rest of life. What are the ef- 
fects of artificial time and how do they define the nature of modem civilization? The 
answers to these questions open a perspective that has been scarcely considered. Yet 
this perspective is so clearly an essential factor in the description and definition of 
the human condition, that, in the wake of the tragic events and their ominous after- 
‘math, it now begs to be presented in a proper manner. Hence this book. Suffice it to 
say that the Law of Time in every respect answers the question posed by my previ- 
‘ous books and summarized in the single query: how will modem man escape the 
fatal consequences of the one-sided mechanization of his biological operations and 
the imminent destruction of his life-support system? 

Defining a planetary whole systems approach to the analysis of time in human 
affairs, the first postulate of my book A Treatiseon Time (1996) concerning the prin- 
ciples and nature of time as the fourth dimension is worth quoting here, since it 
introduces the fundamental problem informing the investigation of Time and the 
‘Technosphere: 


arigor- 


Just as air is the atmosphere of the body, so time is the atmosphere of the mind. If 
the time in which we live consists of uneven months and days regulated by mecha- 
nized minutes and hours, that is what becomes of our mind: a mechanized irregular- 
ity. Since everything follows from mind, it is no wonder that the atmosphere in 
which we live daily becomes more polluted, and the greatest complaint is: "I just 
don't have enough time!” Who owns your time, owns your mind. Own your own 


time and you will know your own mind.3 


It must be understood that the events of 9-11 were so historically unprecedented, 
so mind-bogglingly dramatic, that they require a large lens through which to fully 
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interpret their meaning. The Law of Time is such alens. Quite simply, the destruc- 
tion of the Twin Towers defines the limit of artificial time. If this is so, what can be 
expected following this world-shattering event? Because the Law of Time began 
With the premise of defining the difference between artificial time and the time of 
nature, the larger context of the biosphere was resorted to almost immediately. Be- 
ing the study of an ongoing and evolving phenomenon, the investigation of the bio- 
sphere by its principle researcher, V. 1. Vernadsky, pointed to another imminent 
evolutionary stage: the noosphere, the "mental envelope of the planet." However, an 
intermediate stage was also perceived by researchers who followed Vernadsky, and it 
came to be called the technosphere, "the technological envelope of the planet.” The 
end or limits of the technosphere define the birth or beginning of the noosphere. 

With the events of 9-11, this is no longer just a theoretical concept but a vivid 
reality. AS a species we are now undergoing this dramatic evolutionary moment, 
otherwise known as the biosphere-noosphere transition, It is for this reason that this 
book also presents novel definitions of time and pragmatic conclusions that can be 
employed by anyone if they so choose. If the root of the technosphere is artificial 
time and its proliferating mechanized constructs, then in the collapse of the 
technosphere, an event ordained by the laws of nature, there must be an orderly. path 
or means for establishing the noosphere, also ordained by natural law. The Law of 
Time defines this orderly path as a conscious shift in the human timing frequency, 
away from artificial time and into universal natural time. This can only be accom- 
plished by a universal reform of time, known as the calendar change. If there were 
no such path, the conclusion to the collapse of the technosphere would be an un- 
bearable barbarism. 

By its nature, the topic of the book is cross-disciplinary and provocative-it is, 
visionary history. Ihave been described as a/"spirituality historian” and "cosmic har- 
mony researcher."4 I believe this description also characterizes Time and the 
Technospherewhich does present a solution, anew world paradigm, if you will. Anew 
paradigm has been awaiting humanity ever since the notion of paradigms was first 
raised by Thomas Kuhn in 1964, in his book The Nature of Scientific Revolutions, ot 
even earlier by Vernadsky and Pierre Teilhard de Chardin in their invocation of the 
noosphere. To be truly new, such a paradigm could hardly be expected to arise from 
traditional fields of thought or methods of research, be they quantum physics or 
microbiology. In fact, as I have often said, most people wouldn't recognize the new 
paradigm if it ran into them on the street. This is because people's consciousness. and 
perceptions are basically very set and unexamined-as unexamined as the effects of 
the watch on their wrist or the calendar on their wall. In fact, one of the consequences 
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fof the technosphere is the limiting nature of consciousness which remains un- 
changed despite the fact that technology is changing all of the time. But with the 
occurrence of the Inevitable Event, history has been punctured. Perhaps now the 
new paradigm can be perceived: the paradigm of natural time as the universal factor 
of synchronization. 

Although prompted by the stunning terrorist attack upon and consequent apoca- 
lyptic collapse of the World Trade Center Twin towers, these reflections are actually 
synthesis of thoughts and explorations in the domain of time that I now find neces- 
sary to communicate in a coherent and organic form. The grand theme of this study 
is to understand how and why the collapse of the twin World Trade Center Towers 
‘was abiospheric event. Even so, the study of the Inevitable Event within the context 
of the evolution of the biosphere requires and leads us to still grander domains of 
thought-the historical, the theological, and the cosmological. The reason that these 
reflections and meditations spiral into ever grander domains of thought is due to the 
principle of analysis and the guiding factor employed in this study. This is the Law 
of Time, which is the fruit of a lifelong research and pursuit of knowledge. It is the 
Law of Time that brings the biosphere into timely focus. 

‘The biosphere is scarcely known even to most educated people. As a bio- 
geochemical whole system in which the human is but one of the functioning compo- 
nents, the biosphere is an intricate unity with its own governing laws and principles. 
Without becoming conscious of how the human organism participates in the laws 
and principles of the biosphere, the human will continue to remain ignorant of the 
biosphere's existence and therefore will sooner than later reach a termination of its 
own evolutionary possibility. A demonstration of how the laws and principles of the 
biosphere, crystallized into temporary and intermediate sheath called the 
technosphere, reached a climactic evolutionary point in the collapse of the World 
Trade Center towers will provide the means of educating in general concerning the 
biosphere. It will also allow us to elaborate on the meaning and nature of ‘the 
technosphere, and the imminent transformation of the biosphere into the noosphere, 
the Earth's "mental envelope.” 

‘A fundamental purpose of the Law of Time is to expand upon the meaning and 
significance of the Inevitable Event, as well as upon the biosphere, technosphere, 


‘and noosphere in relation to the evolution of life and consciousness in the universe. 


To speak of an event being "inevitable" is to bring about areflection on the nature of 
time, and even of the laws of cause-and-effect and karma. It is time that governs both 
cause-and-effect as well as the actions of karma, And it is time that dominates inevi- 


tability, because any such inevitable event is located in a very precise moment in 
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time, But what actually is time? How does time “locate” events? And, once again, 
What is the Law of Time? 

As the criterion of natural time in which synchronicity is the norm, the Law of 
‘Time is the key that unlocks the reason why the Inevitable Event occurred when it 
did, By precisely locating it within the evolutionary continuum of the biosphere and 
in relation to its point of mutational shift, the Inevitable Event is placed into a greater 
context of cosmic comprehension by the Law of Time. Through the lens of the Law 
of Time we will be able to understand the relationship between the biosphere, the 
intermediate state of the technosphere, and the imminent stage of the noosphere. 
Defining the Law of Time as the factor of universal synchronization, the law by 
which all events in the universe are maintained in synchronic relation to each other, 
wwe approach the domain of ahitherto undefined realm, that of the synchronic order. 

‘As the unifying fourth-dimensional order of time in the universe, the synchronic 
oder is measured and gauged by the 13:20 matrix. The mathematical coding of the 
Law of Time is entirely locked into this 13:20 matrix, otherwise known as the Har- 
monic Module or T zolkin, the basis of the sacred count of the ancient Maya, When 
wwe examine the Harmonic Module, a 13 x20 matrix, we may well ask what does that 
have to do with time? It is obviously as different from a clock, as a tree is from a 
flagpole! When we examine the matrix carefully we see that there is a repetition of 
thirteen notations, the mumbers 1-13, that occurs 20 times yielding 260 (13 x 20) 
units 

Holding the 13:20 matrix together is a pattem which I identified in my book 
Earth Ascending (1984) as the binary triplet configuration, and in the Mayan Factor 
(1987) as the Loom of Maya. This pattem consists of 52 units, 26 on either side of 
the central or seventh vertical column, If you contemplate this S2-unit pattem you 
will see it is characterized by binary radial symmetry. This quality characterizes the 
entire matrix and defines the quality of fourth-dimensional time as radial and instan- 
taneous distinct from the current third-dimensional paradigm which defines time as 
being linear and sequential. The radial quality of fourth-dimensional time is what 
accounts for its being the factor of universal synchronization. This is very. different 
from the sensation of the second hand as it sweeps around the clock, indicating the 
inexorability, not of time but of the mechanization of time! The 13:20 matrix be- 
comes potently useful as the means of establishing the synchronic order when it is 


coordinated with a genuinely harmonic timing standard, the Thirteen Moon/? 


Day calendar. 
‘Time is the fourth dimension,” is the famous adage attributed to Einstein. This 


statement notwithstanding, the modem notion of time is bogged down in the minutiae 


9-11,The Inevitable Event. 


uoweindiyu0 y2}di4y Kzeurg 


2/NPoW P1uoWMeH-xU3eW OZ:EL 


sozAasDvU'o 
vee 0S i nee 


NWMIOD SUSAW SO FINI 


eeu ee 
| SNA EL = pr Ween | Nomwof wvaww 
xn naauive | E2EE  Zieizgis 
nivanids = unnoisve | 32a E Je aj yo sPpuaje> parses ug se uO. 9G SiS: sik 
Brae “S46G40 Yoog, UMoe] 10 eNO PUD) mes 2) 3.18 
s ~ NOUVANOLINOD LTTE AVN BUENO) NIL AMV BAGS) € 12318 
Pa os! BiSSzi = 
1130 aNNI Aa XIMLWW AMWININd B21 8 FES! 2 
NOLOwd f1 Sb azis 
WE SOERTS =O, LNISTHd-OL-LSVed) Pik 
181NO MON NOUVRHOIN @ pNvaav wwouvaning =F} vo | +0 
Nowa dnaseoLaanun, 
3VI08 == 0 | MOU NOLWRBOI sunnmunorwniowowy =| |v | 0 mm mse 
‘sL738 NOLIOVA S830 WANLINIOHDASA FOUTRIT AVES 
naa | 
moma §2 
zl. 
8 | wun [22 H 
2 nouvnsout | & 5 
BSNL Ivmowvny tg 
3 aa 2 
z aunvios [E 9 
5} snnasow wnoson | 4 8 
3 =% wanenoa [5 2 
S Pe 40 INOZ a 
2. Banas och ices eens ¢ 
Fa 35 Hy 
3 22 FA 
a 2 
aNOZWIOM . 
HIION 


of quantum mechanics and cessium clocks, in ahair-splitting myopia that cannot see 
the forest for the trees. The fact is that only time governs the whole order of the 
universe in a manner that transcends all spatial limitations, even those of the relativ- 
istic MinkowskilBinstein four-dimensional universe, which is confined by the speed 
of light. As the universal factor of synchronization, time is instantaneous and tran- 
scends light. This novel perception of time defines anew reality, the synchronic, of 
which our experiences of synchronicity are but a foretaste. The synchronic order 
described by the Law of Time poses the order of an entirely new science of time. 

To be realized and then applied, the science of time is dependent on two factors: 
a sudden and radical disruption of the historical continuum; and a genuine global- 
ization or planetarization of consciousness. The break in historical continuity is nec- 
essary to jolt the human consciousness from its stagnant and entropic state-defined 
by the Law of Time as the delimiting 12:60 frequency consciousness. of artificial 
mechanistic time-while the globalization of consciousness, intimately connected 
with this sudden discontinuity, is necessary for the application of this law at a plan- 
etary whole systems level. Of course, the radical disruption of the historical con- 
tinuum was provided by the collapse of the Twin Towers, and can actually be mapped 
in a description of the dialectical process of human evolution. 

If one studies Earth Ascending, Map 19, 
opment,” [shown on page I4Jone can pinpoint the "Inevitable Event" of the radical 


inary Pulse of Psycho cultural Devel- 


historical discontinuity asthe point at which the AC and CA currents cross over one 
another and switch polarity at the very top of the graphic depicting the “historical” 
process, What does it indicate, this point of psychic polarity switching currents? 

The historical dialectic is understood as the interplay of two “currents” of con- 
sciousness, AC "Aboriginal Continuity” and CA, "Civilizational Advance." In the 
prehistoric phase, the consciousness is dominated by the Aboriginal Continuity ot 
AC. This refers to the primary experience of the original human nature- life lived 
as aritual or ceremonial round within the perimeter of the timeless present. But as 
the human enters the historical cycle, about which we will have more to say in later 
chapters, the CA becomes more predominant. As Civilizational Advance, the CA 
represents the tendency toward exclusive reliance on reason, logic and written means 
of communication. The Law of Time further defines the CA as being motivated 
increasingly by the artificial timing frequency of the 12:60 which gains in promi- 
nence until the final phase of the historical cycle, industrial globalization, when the 
CA has gained complete dominance of the biosphere. 

During this final stage, the global mental condition is defined as the involve~ 
ment in secondary or artificial means of experience, furthered by the planetary 
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technosphere. The sum effect on consciousness of the advanced CA stage is defined 
as Psychosensory Elaboration or PSE, which in tum creates a psychoatmospheric 
density (PAD)-literally a mental cloud which obscures altogether the organic 
biopsychic reality of the human within the biosphere. From the point of view of a 
planetary pathology, this massive collective obscuring (CA) of the original nature 
(AC) defines a "suicidal crisis point,” amoment at which the subconscious instinct of 
the human being programs its own selfdefeat in order to ultimately return to the 
organic reality of the biosphere and the simultaneous advent of the noosphere. Hence, 
the Inevitable Event: the radical break in the continuum of history 

‘This moment of radical historical discontinuity occurred with the September 
11,2001, terrorist attack on the twin towers of the World Trade Center-the very 
nerve center of late global industralization-and the Pentagon, the supreme mili- 
tary fortress that defends globalization. IF the fall of the towers symbolically augured 
the fall of Babylon and the Tower of Babel itself, the penetration of the Pentagon 
was no less symbolic. The fact that there was not one but two towers of Babel and a 
separation of some twenty minutes between the attack on each tower allowed the 
second attack to be viewed live on global television by about as many people on 
Earth as had ever witnessed anything at one simultaneous moment. By the end of 
the day, the scene had been repeated multiple times on virtually every television 
network on the planet. 

‘The unbelievable shock of the moment and its simultaneous perception, coupled 
with the symbolism of what was actually occurring, effectively rendered the break in 
the historical continuum as a profound mental event-a rupture of ‘5,000 years of 
history from the first Babylon to the last. The witnessing of the event on television 
‘meant that it was received immediately into the nervous system of virtually the en- 
tire species. This in itself is anoospheric moment-the mental envelope of the Earth 
‘made collectively and globally conscious in one instant of history-shattering _signifi- 


cance, and hence, the genuine entry into pos 


history. Archetypally, the images of 
the towers collapsing with people flying or jumping off the upper stories, is a pure 
reflection of the Sixteenth Major Arcana card of the traditional Tarot which shows a 
tower being shattered by lightning, with bodies falling down from it. 

While the negative powers and forces grapple with their shattered dreams in the 
aftermath of the event, it is the time for the powerful luminescence of the noosphere 
to begin to activate the receptive cells of the human system within the now catalyzed 
biosphere. Fifty-six years after Hiroshima, the fall of the World Trade Center Tow- 
ers is the fatal puncture in the technosphere which is intended to reorient the human 
within the biosphere. ESP (extrasensory perception)-the opposite of PSE (psycho- 
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sensory elaboration)-is released in the instantaneity of the information reaching 
virtually every human being on Earth. This is the collective reactivation of the Ab- 
original Continuity current that has been disengaged and disempowered for so long 
by the Civilizational Advance. Civilization has finally been checkmated. Now the 
Revolution of Time must be completed in order to stabilize the biosphere, anchor 
the noosphere, and de-structure the technosphere. 

According to the Law of Time, the Inevitable Event was already embedded in 
the moment in which it actually occurred, like a flaw in a piece of glass that, upon 
concussion at the right pressure point, shatters all at once. In the case of the World 
Trade Center Towers and the Pentagon, we are also dealing with symbolic constel- 
lations of such potency that the very act of their shattering redefines the reality of 
human consciousness. In fact, the nature and problem of human consciousness as it 
has evolved historically is also at the root of this astonishing event. While it will take 
time for the collective human consciousness to fully grasp just how much its reality 
is being redefined, a vacuum now exists within the technosphere itself-a vacuum 
which awaits being filled by anew paradigm. Since the collapse of the Twin Towers 
actually represents the limits of artificial time, the new paradigm must rest on a 
redefinition of time altogether. This is the definition supplied by the Law of Time, 
the pragmatic application of which is the replacement of the imegular measure of 
the Gregorian calendar by the harmonic measure of the Thirteen Moon/28-Day 
calendar. 

Because of its harmonic measure, the Thirteen Moon/28-Day calendar coordi- 
nated by the Harmonic Module is the new dispensation of time-reckoning for the 
human race, Rooted in the four recurring year-bearets of the Wizard's Count--:- 
which is not the same as the Mayan long count, nor the Julian count of modern 
science-the Thirteen Moon calendar exists for the establishment of the reality of 
the synchronic order as an entirely new method of knowledge and being for the 
entire human race as a cosmic medium operating within the biosphere, By Wizard's 
Count is meant the circulation of thirteen numbers and four different glyphs-Yel- 
low Seed, Red Moon, White Wizard, Blue Storm-that code the July 26 Thirteen 
Moow/28-Day calendar synchronization date to create a master 52-year cycle, An- 
chored in the Thirteen Moon/2 8-Day calendar, the synchronic order is the means 
for manifesting the reality of the noosphere on planet Earth. Without such a basis in 
alived mathematics of time correlated to the actual cycles of Earth, the noosphere 
could not be experienced nor fully realized. The successful completion of the bio- 
sphere-noosphere transition, then, is the triumph of the synchronic order, the con- 
scious elevation of Earth into the cosmic frequency of fourth-dimensional time. 
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For all of this to come to be, however, is yet dependent on an analysis of the role of 
time in the creation of the technosphere and the subsequent comprehension of its 
limits and the potential for its de-structuring. ‘This is not only a matter of theory or 
prophecy; it is amatter of putting into practice, making a coherent action out of the 
application of the Law of Time as it completes the pressing urgency of the bio- 
sphere-noosphere transition. The coherent action to bring us through this rite of 
passage is the Great Calendar Change of 2004. Ultimately, this book is presented to 
make us ready for this unprecedented time changing moment. May you, 0 reader, 
ponder deeply and then, if you so will, come join me in living on the other side of the 


wall of mechanized time. 


Vv 
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Preliminary Definitions 
Biosphere—Technosphere-Noosphere 
as an Evolutionary Continuum 


BYUNDERSTANDING that the Inevitable Event was a function of the biosphere- 
indeed, anecessary moment in the evolutionary trajectory of the biosphere-we are 
saying that this event was not just ahuman enactment, but that humans, inseparable 
from the biosphere, are effected to perform functions that relate to the process of 
the biosphere asa whole. Seeing the Inevitable Event and, in fact, the entire human 
drama from the perspective of the biosphere, we are actually lifting the cruel trag- 
edies of contemporary reality above conflict and into a state where genuine laws of 


peace and harmony may shed their light of wisdom, illuminating the human drama 
with a higher understanding. One thing is certain: Unless we rise above our own 
humanity and cultivate a non-anthropocentric  view-the view represented by the 
noosphere-there will be no release from the calamity that is now engulfing us. The 
point is not of maintaining the global economy, but of saving the biosphere. 

For the multilayered task of bringing anew understanding to light, defining the 
technosphere, and then the Law of Time, we shall begin with the former: defining 


the technosphere in the context of the evolutionary 
technosphere-noosphere. 
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VERNADSKY AND THE UNDERSTANDING OF THE BIOSPHERE 


It is amazing that the name V. 1. Vemnadsky (1863-1945) is so little known in the 
West, and that the word biosphere, as well as the laws and principles pertaining to it 
ane scarcely more known. To a large degree, this ignorance is due to the great cleav- 
age in human relations experienced as the Cold War. The biosphere, which was 
profoundly studied and scientifically articulated by the master Russian scientist V. 1 
Veradsky, is actually the precise word for what in the West is vaguely referred to as 


the environment, But even more than being a preci 


‘and scientific description for 
what is meant by the use of the word environment, biosphere defines a whole system 
model of life on Earth, and because of that, also presupposes a whole system meth- 
odology and point of view. You cannot speak about the biosphere without entering 
into a world of discourse that is holistic or holonomic to the core. 

If one looks for Vernadsky's work in English, one will find precious little avail- 
able. His key work, The Biosphere, exists in two very different translations; the one 
published by Synergetic Press in 1986 is easier to read, while the other, the “com- 
plete annotated edition” published by the Far West Institute in 1998, is far more 
enudite, with a major bibliography and much supplementary information. The ear- 
lier translation was published in conjunction with the opening of the Biosphere I 
Project outside Tucson, Arizona. It is now atourist site, with a bookstore that carries 
nothing by Vernadsky! Several other hard-to-find English-language books on the 
biosphere include the excellently informative Traces of Bygone Biospheres by Andrey 
Lapo (Synergetic Press and Mir Publishers, 1987), the flashy Biosphere Catalog (Syn- 
engetic Press, 1985), and the much more specialized Energies: An IMlustrated Guide to 
the Biosphere and Civilization by Vaclav Smil (MIT, 1999). Of these books, only Traces 
of Bygone Biospheres contains significant information about Vernadsky and his ideas. 
‘This scant list of available texts in English is hardly proportionate to the vast reality 
of the biosphere as a complex terrestrial dynamic in the throes of evolutionary change. 

The place and role of Vernadsky in Russian science is virtually equal to that of 
Einstein in Western science. A consideration of the achievement of each of these 
scientists also presents us with a dramatic contrast in perspectives, areas. of interest, 
and consequent modes of analysis. The physicalist relativism of Einstein's legacy and 
its pursuit of the Big Bang is radically different in almost every way from the legacy 
of Vernadsky’s work, which presents a biogeological worldview that is organically 
integrative and the basis of what in Russian science has come to be called cosmism. 
While the physicalist fascination of Westem science has supported the materialism 
of modern Western thought and its way of life (which is actually an accelerating 


function of the biosphere’s own internal processes), the whole system thinking of 
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‘Vernadsky-characterized by the conception of a "biogeochemical —_process"- 
ironically supports a cosmic rather than materialistic worldview. 

To illustrate the Russian perspective and the influence of Vernadsky’s work, we 
present the concluding thoughts of abook by another Russian scientist and philoso- 
pher, 1. Laptev: 


Each one of us requires the whole earth-today this is quite clear. But surely each 
‘one of us is required by the whole earth! And when these two mutually penetrating 
requirements, so distinctly revealed and intensified by the leap out into space, are 


satisfied, the new historical epoch will begin "in which mankind itself, and with 
mankind all branches. of its activity, . . will experience an advance that will put 
everything preceding it in the deepest shade.” (Fr. Engels, Dialecticsof Nature) And 
people, no longer burdened by the thirst for money, will remember something that 
many of our contemporaries have forgotten: The only important things in life are 
such intangible qualities as beauty and wisdom, laughter and love. 

Nothing remains for us, members of a society the ideals of which are in unison 
with elemental geological processes and the laws of nature, but to wish that people 


the world over would recognize this as soon as possible.! 


Laptev'swords-written twenty-eight years ago and precisely at the midpoint 
between Hiroshima and the Inevitable Event, as well as during the year in which the 
World Trade Center in New York City was finally completed and inaugurated (April 
4, 1973)-simply and elegantly state the theme and point of view that we are pursu- 
ing. In fact, it is the Inevitable Event that prepares us for the new historical epoch. 
But first we must realize how we are organized by the biosphere in order that the 
technosphere may be transformed into the noosphere. 

The root of Laptev's cosmic vision lies in Vernadsky's succinct definition of the 
biosphere: "The biosphere is the region on Earth for the transformation of cosmic 
energies.” Although the word biosphere had been coined in the late nineteenth cen- 


tury, it was really only with Vernadsky's efforts that the biosphere became a viable 


description of the totality of life on Earth inclusive of its organic and inorganic sup- 
port processes. 

Vernadsky was trained as a geologist with a specialization in crystallography. He 
immediately absorbed the implications of Curies discovery of radioactivity (1896), 
and devoted many studies to the purpose of uranium and naturally occurring _radio- 
activity within the Earth's geology. By the time of the First World War, Vernadsky 


had already writen important texts such as Fundamentals. Of Costalography and De 


scriptive Mineralogy, and, along with Madame Curie, proposed an “international ra- 
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iography of Earth’s crust.” This was in advance of Alfred Wegener's definitive work 
‘on plate tectonics. During the time of the First World War and Russian Revolution, 
Vernadsky’s attention turned toward the problem of living matter and its relation to 
the geochemistry of the Earth, From this was bom Vemadsky's perception of the 
nitive biogeochemical process by which the biosphere maintains itself. In 1923 he 
published a "plea for the establishment of a biogeochemical laboratory.” 


In Paris, 


Vernadsky worked at the Insititut de Radium (Marie Curie) and became 
acquainted with Henri Bergson, who was then president of the International Com- 
mission of Intellectual Cooperation of the League of Nations. Through Bergson's 
circles, Vernadsky met often with the biologist Pierre Teilhard de Chardin (1881- 
1955) and the philosopher Edouard Ie Roy (1870-1954), with whom Vernadskyjointly 
coined the word and concept of the noosphere. Although Pierre Teilhard de Chardin 
iscredited in the West with the concept of the noosphere, defined by him as the "men- 
de Chardin’s 


tal envelope of the planet above and discontinuous with the biospher 
approach to the evolution of the noosphere as a natural consequence of vertebrate 

biology differs from Vernadsky’s understanding in which it is the entirety of the 
biosphere that evokes the noosphere. 

‘The chief fruit of this fertile time in Vernadsky's life was the publication of the 
litle book titled The Biosphere (1926). Demonstrating the synchronic ordering prin- 
ciple of the noosphere, itis imeresting that the same year that saw the publication of 
The Biosphere also witnessed the appearance of Jan Smuts noted book Holism and 
Evolution. ‘Through most. of the rest of his sometimes turbulent career (he often 
came under attack from hardline bolsheviks), Vernadsky was to elaborate on the 
laws and principles of the biosphere, often expressed simply as problems in bio- 


geochemistry. At the same time, his influence as a holistic thinker began to spread 


through the Soviet Academy of Sciences. A list ofa few of his later publications gives 
some idea of the breadth of his thought, and includes: Geochemistry, Problems in Bio- 
scochemisry 1 and Il, On the Boundaries of the Biosphere, Goethe as Naturalis, Scientific 
Thought asa Planetary Phenomenon, Some Words on the Noosphere, and his never com- 
pleted work, The Chemical Strucure of the Earth's Biosphere 

Following the death of his wife in 1944, Vemadsky expressed the opinion that 
after the Second World War, American and Russian scientists should work more 
closely together. Early in 1945 Chiary 6), Vemadsky followed his wife to the grave 
The Second World War ended, only to be followed by the Cold War (1947-1990) 
The citcal collaboration between American and Russian scientists longed for by 
Vernadsky was soon to be buried in the ideological wasteland over which the super- 


structure of the technosphere would be constructed, a fact that in itself hastened the 
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acceleration of the biogeochemical processes bringing about the climax of the 
technosphere 

Vernadsky did not live to witness the birth of the atomic era, which began only 
months after he died, But like Einstein in America, in 1940 Vernadsky-along with 
several other scientists, and mindful of the possible military applications-had 
prompted the Russian government to begin investigations into the possibility of 
deriving energy from nuclear fission, Yetit is most remarkable that by the time of his 
death, Vernadsky had almost single-handedly defined virtually every aspect of the 
laws and principles of the biosphere. This he always did with an eye to an imminent 
moment in the not-too-distant future when there would be a dramatic biogeochemical 
mutation or combustion, out of which the biosphere would somehow trigger the 
noosphere: 


Not at a crisis of nervousness do we stand now, not at a time for the vacation of 
flabby souls; but at a great turning point in the history of scientific thought, at a 
crisis such as occurs but once in a thousand years, such ashas not been witnessed for 
many generations. Standing at this point, with the vista of future achievements be- 
fore us, we should be happy that itis our lot to live at this time and to participate in 


the creation of tomorrow.2 


Undoubtedly his sense of the great moment of transition came from the very 
fact that during the span of his life from 1863 to 1945, some eighty-two years, 


Vernadsky was able to witness firsthand the accelerating effects of man’s thought- 

in the form of industrial technology and the machine-and its turbulent and trans- 
formative impact on the terrestrial biosphere. After all, asa geologist, Vernadsky was 
familiar with the long history of the Earth, and the impact of human technology on 
the biosphere was inescapably the most significant aspect of any study of the bio- 
sphere to the present time. So wrote Vernadsky: "Only man transgresses the estab- 
lished order. . . upsets the equilibrium, though whether he materially cripples the 
transforming mechanism, or merely redistributes it, we cannot atthe moment be sure."3 
referred to is the biosphere itself, which 
Vernadsky had already defined as the medium or region for the transformation of 


The "transforming mechani 


cosmic energy on Earth, At its simplest level, the unity of the whole of living matter 
of the biosphere is the sum of its living organisms. These living organisms either 
directly or indirectly are continuously processing solar and cosmic radiation, trans- 
forming it into various chemical cycles that establish the atmosphere, most notably 
through photosynthesis and the oxygen and carbon dioxide cycles. The important 
point, however, in any consideration of the biosphere is the principle of unity: the 
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biosphere is a unitive complex. of cycles summarized asa single continuously —trans- 
forming and slowly mutating biogeochemical process. In this single complex cyclical 
process, all of life-all of living matter-is a unity, a singular dynamic by which the 
biosphere can be considered as a living whole. From the plankton of the oceans to 
the trees in the forest and the human peering from his cave at the rising sun-all of 
this is a single unity. 

It is the interaction of the living matter with the inert matter that creates and 
establishes the attributes and dynamics of the biosphere as a whole, all of which are 
now in aheightened state of acceleration and transformation, for as Vernadsky put it 
in the conclusion to The Biosphere: "The thought of the human species is a new fact 
Which is tuming the structure of the biosphere upside down after myriads of centu- 
ries." The structures and principles of the biosphere that man is now upsetting _in- 
clude: the continuity and invariance of life on Earth; vegetation as a transformer of 
the energy of the sun; multiplication as a manifestation of transformed solar energy 
propagation of life and the forces resisting propagation; and the unique relations of 
life to the inert matter of the biosphere, including the composition of living matter 
into two orders, plant life and the various biological animal species, inclusive of man, 
The first order of plants and bacteria constitute the mechanism for capturing the 
solar radiation and introducing the energy of the sun into the biosphere. The second 
order of biological life is a manifestation of the process of the transmission of energy 
through the vegetable world: that is, at a primary and fundamental level, animal life is 
dependent upon plant life for its existence. (See plate 2, Life Is the Transformation of 
Solar Energy.) 

All these principles for maintaining the equilibrium of the biosphere are fune- 
tions of the dynamic of the different biochemical and geochemical cycles that main- 
tain life both on land and in the ocean, all of which are subjected to processes that we 
refer to as evolution, both geological and biological. The evolutionary mechanisms 
of life include the principle of the biomass constant and the biogenic migration of 
atoms. Both of these mechanisms refer to and define the continuity and invariance 
of life on Earth. That is, the quantity of living matter has remained roughly un- 
changed since the origin of life on Earth-the biomass constant. Furthermore, the 
amount of oxygen in the biosphere is equal to the amount of biomass. It is the pres- 
sure of the different species on each other with the resultant interactions and changes 
that checks the infinite propagation of anyone species at the expense of the rest, and 
causes the mutation and evolution of the different life forms. It is through the inter- 
‘mediate structure of the technosphere that the human is wreaking the greatest havoc 


fon these principles that are intended to maintain the biosphere as a stable dynami 
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and by which the human constitutes a biomutation of unparalleled significance. The 
different stages of the mutation of life account for the biogenic migration of atoms: 
“The evolution of different forms of life throughout geological time increases the 
biogenic migration of elements in the biosphere."4 The metamorphosis of dinosaurs 
into fossil fuel isan example of the biogenic migration of atoms-and of the intro- 
duction of “free energy” (the term for industrial waste and by-products such as carbon 
monoxide) into the biosphere, while at a more mundane level, it refers. to processes 
such as metabolism, circulation, breathing, and_so forth. 

To summarize, there are two biogeochemical principles. ‘The first states: "The 
biogenic migration of chemical elements in the biosphere tends towards a maximum 
‘of manifestation"; this refers to the presence of life everywhere on Earth, as well as 
the principle of the pressure of living matter upon itself. The second biogeochemi- 
‘cal principle states: "The evolution of species, in tending towards the creation of, 
new forms of life, always move in the direction of increasing biogenic migration of 
the atoms in the biosphere. ...The second biogeochemical principle regulates the 
course of evolution. A newly evolved species will survive in the biosphere only if it is 
sufficiently able and sufficiently active in furthering the migration of atoms. The 
organism cannot be considered apart from its medium. It is a part of the complex 
mechanism of the biosphere.” Here Vernadsky concludes his study of the biosphere 
with a consideration of the laws regulating evolution that, for him, are to be sought 
in the mechanism of the biosphere and not in accidental circumstances. For this 
reason “evolution must proceed, namely, in the direction of increasing consciousness 
‘and thought, and of forms having greater and greater influence on their surround- 
ings."5 This consideration leads Vernadsky to domains of philosophical or religious 
thought. Why? 

“We are confronted with anew form of biogenic migration resulting from the 
activity of human reason, Human thought has changed in a brisk and radical manner 
the trend of natural processes and has even modified what we call natural laws. Con- 
sciousness and thought, despite the efforts of generations of thinkers, have never 
bbeen defined, have never been given a physical basis, in terms of matter and en- 
ergy."6 And here Vernadsky poses a question that remained unanswered for him but 
that also leads to a consideration of the noosphere: "How can processes which seem 
7 

Although The Biosphere is the initial statement and underlying basis. of all 
Vernadsky's later thought and work, his final major study, Problems in Biogeochemistry 
I, translated and published by his son, George Vernadsky, at Yale University in 1944, 


states the final conclusions of Vemnadsky on the intriguing relation of human con- 


purely physical be affected by consciousne: 
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sciousness-via its thought and projected dynamic, the machine-on the biosphere 
These reflections provide us with a means for defining more precisely the nature of 
the technosphere and noosphere. 


FROM THE CREATION OF THE TECHNOSPHERE 
TO THE ADVENT OF THE NOOSPHERE 


Vernadsky developed the biosphere into full scientific description of the sum oflife 
and its support systems on Earth, and was a co-originator of the concept of the 
noosphere, yet he seems never to have used the word or concept of the technosphere. 
In some of Vernadsky’s descriptions of the relation of man and his thought on the 
biosphere, however, the technosphere is absolutely implied. In reading the follow- 
ing chain ofVenadsky’s thought, we can discem what we refer to as the biosphere- 


technosphere-noosphere continuum: 


Man by his work and his cons 


jous attitude toward life is remaking a terrestrial 
envelope, the geological domain of life, the biosphere. He is transforming it into a 


new geological state, the noosphere. 


He creates within the biosphere new biogeochemical processes that did not exist 
before. A planetary phenomenon, the biogeochemical history of the chemical ele- 


‘ments is notably changed. 


‘An immense new form of biogeochemical energy is represented by the technologi- 
cal work of man, complexly guided by his thought. Itis interesting that the increase, 
in the course of time, of machinery in the structure of human society also proceeds 
in geometrical progression, just like the reproduction of any kind of living matter, 


man included, 


Statesmen should be aware of the present elemental process of transition of the 
biosphere into the noosphere. The fundamental property of biogeochemical energy 
is clearly revealed in the growth of free energy of the biosphere with the progress of 


geological time, especially of its transition into the noosphere.8 


In this sequence of thoughts, we understand that Vernadsky, in his precise loca- 
tion in time, was himself the necessary voice of the biosphere giving rise to the 
noosphere. Put in another way, the very process that Vernadsky is describing-the 

transition of the biosphere to anew geological state, the noosphere-necessitated a 
coming into consciousness of itself, a self-reflective medium and voice. This. self- 
reflective medium and voice of the biosphere-noosphere transition was Vernadsky 


Preliminary Definitions. 25 


$9245 suaydsorg 


Ne 
“wonysuex e:oydsoou-sioydsorg 043 30 


e1oydsoxens. 
KB10ug 1205 ‘Sou OL. 


\\MW — 


himself, In this observation we may understand that, although unconscious until it 
was made precipitant by the accelerated biogeochemical combustion itself, the or- 
det of the noosphere is none other than what the Law of Time defines as the 
synchronic order. Asthe structure of fourth-dimensional time, the synchronic order 
is a fluid, radial chronomantic structure in which time, telepathy, and consciousness 
are united in ways unpredictable to even the most advanced Western systems of 
‘mathematics. 

For Vernadsky the sum properties of the elements of the biosphere are the func- 
tions both of mathematics and of different kinds of geometries. It is of note that in 
the summation of the differences between inert and living bodies according to three 
factors, the first being energy and the second chemical manifestations, Vernadsky 
defines the third factor as “differences in regard to space-time.” OF this factor, 
Vernadsky writes: 


In considering space-time, however, the situation becomes rather involved. Here we 
enter, on the one hand, a domain not studied scientifically, and on the other hand, 
that substratum of all natural phenomena, namely their geometry, which the natu- 
ralist in his scientific work is wont to dismiss without attention. This substratum, 
the geometrical state of physical space, underlies all physiochemical phenomena 
and perhaps has an even deeper reality than that of the phenomena themselves.9 


This deeper reality is the phenomenon of time itself, expressed through various, 
‘geometries or geometrical principles, which informs the manifest phenomena of 
life. This is an obviously aesthetic factor as well as a cosm.Qlogical principle 

The Dynamics of Time fully substantiates Vernadsky's perception of the geometrical 


ordering principle of the deeper reality of time: 


All geometric forms are radiative and derive from the fourth-dimensional radial 
matrix. All fourth-dimensional functions are radial in nature and imply a principle 
of center from which the structure is projected. 

Geometry ishow fourth-dimensional_ time incorporates asthird-dimensional_ form 
‘The incorporation of time as geometrical form informs all of the inorganic and or- 
ganic orders of the realm of instinct. Time incorporated asthe geometry of form isthe 
principle example ofT(E) = Ant All forms and species participate in varying orders of 
geometry of form, both in their bodily structure and their forms of process. lo 


If the question is asked, Where is this deeper reality of fourth-dimensional time 
from whence the projective geometries are generated? then we must answer that it is 


hhere in the noosphere, the medium on Earth for the transformation of cosmic thought. 
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It is the noosphere that informs all of the forms of the biosphere, inert and living, as 
well as producing in all genuine thought a structure and an order that are continu- 
ously moving in the direction of greater consciousness. To even think about the 
noosphere is to be areflection of it 

As anoospheric medium, Vernadsky's life span was precisely timed to end when 
the global structure of the technosphere was about to be unconsciously constructed. 
‘The ingredients of the technosphere are indicated in the above-quoted passages as 
the planetary phenomena altering the biogeochemical history of the chemical ele- 
‘ments, transforming them into an "immense new form of biogeochemical energy 
represented by the technological work of man, complexly guided by his thought.” It 
is the increase, over the course of time, of machinery in the structure of human 
society that proceeds in geometrical progression-just like the reproduction of 
any kind of living matter, man included-and that constitutes the general nature 
of the technosphere. The growth of “free energy,” the often toxic by-products of the 
industrial transformation of raw goods into consumer products, becomes the hallmark 
of the technosphere, the transitional stage between the biosphere and the noosphere. 

It is this very point of the elemental process of the production of "free energy" 
and what it signifies in terms of the transformation of the biosphere into the noosphere 
that causes Vernadsky to call statesmen to attention, Why? As we know today, fifty- 
six years after Hiroshima, “free energy” in various manifestations has been causing 
danger signals to go off throughout the biosphere-from ozone depletion to global 
warming to nuclear radioactivity. What these danger signals have been telling us is 


that the techno sphere is coming to a point of its own exponentially accelerating 
biogeochemical combustion, Statesmen and politicians are advised by Vernadsky 
because the domain of their political rulership actually encompasses the everyday 
governing of the technosphere. But, alas, most people, statesmen included, are still 
unconscious of the existence of the technosphere, much less its role in relation to the 
biosphere and the forthcoming geological state, the noosphere. Hence, the Inevi- 
table Event 

During much of Vernadsky's life, the geochemical combustion and release of 
“free energy" was just coming into its own. At his birth in the middle of the nine- 
teenth century, the world was not yet globally industrialized, and without a totally 
globalized industrial base there can be no technosphere. ‘The critical span of the two 
world wars, 1914-1945, was for the purpose of establishing the world market-a 
total industrialized market and communications base for the expansion of technology 
and the creation of the unifying global structure of the technosphere. ‘The inaugura- 
tion of the atomic age at Hiroshima, August 6, 1945, marks the precise beginning of 
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the dual factors: the commencement of biogeochemical transmutation and_combus 
tion of the biosphere by the impact of human thought, the atomic bomb and release 
of nuclear radioactivity into the terrestrial atmosphere: and simultaneously, the be- 
ginning construction of the technosphere. 

The bomb created a point of critical self-awareness within the human organism 
as well as producing in that organism an unprecedented sense of its own power. It 
was this sense of power that necessitated the unconscious impulse toward putting 
into place the structure of the technosphere. OF course, at the outset the species was 
only responding to a new, uncharted world situation, fundamentally unaware both 
cof what it was creating as well as of the fact that it was actually constructing  some- 
thing in the nature of a transition between two geological conditions, the biosphere 
and the noosphere. 

1k could be said that Hiroshima lit the fuse of the final stage of biogeochemical 
combustion, the technosphere being the inevitable structure needed for the fuse to 
detonate at just the right moment. In this regard the synchronic order of the Law of 
Time ordained a precise 56-year cycle for the existence of the technosphere:  1945- 
2001. It is important to grasp that in this S6-year cycle the human population qua- 
rupled, expanding from 15 to more than 6 billion. The S6-year cycle divides into 
precise subcycles of twenty-eight years each. The first twenty-eight years, 1945-1973, 
begins with Hiroshima and ends with the completion of the World Trade Center 
towers in New York City. This marks the accomplishment of the creation of the "World 
Market.” the actual transformation of the biosphere into the technosphere. The sec- 
ond 28-year cycle, 1973-2001, spans from the dedication of the World Trade Center 
towers to their destruction by an act of suicidal planetary teror, and marks the phase 
of “globalization” the absolute dominance of the materialist market economics, in- 
clusive of the dramatic end of the Cold War in 1990. The very midpoint of the second 
28-year cycle is the Harmonic Convergence of August 16-17, 1987, exactly fourteen 
years after the dedication of the World Trade Center and fourteen years before the 
inevitable moment of their destruction. 

‘A profound statement of the way in which the Law of Time govems the entire 
biosphere, inclusive of the artificial and transitional structure of the technosphere, lies 
in the fact that the Gregorian calenduran otherwise irregular and_confusing 
pseudostandard of measure-is nonetheless coordinated by the Law of Time to repeat 
its cycle precisely every twenty-eight years. What this means is that the days of the 
week and months for the Gregorian calendar year 1945 repeated again in 1973, and 
yet a third time in 2001. The program  prefiguring the Inevitable Event was already 
tested at Trinity Site uly 16, 1945), and established as the atomic destruction of 
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Hiroshima (August 6, 1945) and Nagasaki (August 9, 1945). This program of mass 
destruction was sublimated in 1973 as the triumphant completion of the Twin Towers 
of the World Trade Center, only so that in 2001 they could be the apocalyptic target of 
the inevitable 9-11 planetary red alert and moral emergency catastrophe, the only rival 
of Hiroshima and Nagasaki in fifty-six years. We shall retum to this point later in our 
discussion on the Law of Time and the role of calendars as macro-organizing, —_pro- 
gramming factors that control the functioning of the human in the biosphere. 

It is of special note that the very last work published before Vernadsky's death 
was the essay "Some Words about the Noosphere.” In his vision, Vemnadsky could 
hardly have conceived of what was to occur first as the technosphere. Yet, he wrote 
in this last essay, published 1944 


‘The historical process is being radically changed under our very eyes. For the first 
time in the history of mankind the interest of the masses on the one hand, and the 
free thought of individuals on the other, determine the course of life of mankind and 
provide standards for men's ideas of justice. Mankind taken asawhole is becoming a 
mighty geological force. There arises the problem of the reconstructionof the bio- 
spherein the interestsoffreely thinking humanity asa single totality. This new state of the 


biosphere which we approach without our noticing it is the noosphereY 


By contrast, Teihard de Chardin, in his most famous book, The Phenomenon of 
‘Man (1959), defined the noosphere as a “new canopy.” a "thinking stratum" that has 
been unfolding since the end of the Tertiary period, and has since been unfolding 

discontinuous with and above the biospheric world of plants and animals. Teihard 

de Chardin also speaks of “planets with noosphere,” those worlds where the enlight- 

enment of humanity has become synonymous with the life of the planet as a whole 

system. The one path to the noosphere defined by a scientist in Marxist Russia and 
the other by aCatholic biologist both point to the same radically positive end vision 
of the evolution of humanity, a fact that in itself is adissolution of any kind of contra- 

ictory dialectic. Only history is governed by the merciless dialectical movement of 
matter and thought, rich and poor, material and spiritual. Clearly, therefore, the 
noosphere is beyond or after history. In this regard then, the technosphere is the 
concluding stage of history, to be followed by the post-historical _noosphere. 

‘The establishment of the techno sphere after his death notwithstanding, itis still 
important to listen to Vemadsky’s idealism with regard to the noosphere: "The prob- 
lem of planned, consistent activities which will aid us in mastering nature and_ac- 
complishing the correct distribution of wealth, connected with the comprehension 


of the unity and equality of all people, of the unity of the noosphere, is now on the 
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agenda, It has become clear, and is more deeply penetrating the consciousness of 
mankind, that we now have areal opportunity to obliterate malnutrition, starvation, 
and poverty, to greatly diminish the incidence of diseases, and prolong human life to 
the maximum."12 Other thinkers like R. Buckminster Faller have uttered similar state~ 
ments, that we have all that isneeded to adequately take care of everyone on the planet 
It is important to understand why this optimism has yet failed to be substantiated. IF 
anything, the inequality in wealth between that of the several hundred billionaires in 
the world and that of the poorest one-third of humanity, two billion humans, was 
never historically more disproportionate than it was at the moment of the Inevitable 
Event. This inequality of wealth, too, is a situation endemic to the very processes of 
the technosphere, otherwise known as the military-industrial complex. 

In 1970 an American scientist, G. E. Hutchinson, wrote in the Scientific Ameri- 
can, "By noosphere Vernadsky meant the envelope of the mind that was to supersede 
the biosphere, the envelope of life. Unfortunately the quarter century since those 
words were written has demonstrated how mindless most of the changes wrought by 
‘man on the biosphere have been. Nonetheless, Vernadsky’s transition in this deepest 
sense is the only altemative to mankind shortening its lifetime by millions of years."13 

‘A similar assessment was put forward in 1979 by the Belgian ecologist P. 
Duvigneaud in his presentation "Noosphere and the Future of the Vegetation of the 
Globe.” In his address regarding the extermination of natural ecosystems made to 
the Twelfth International Botanical Congress, Duvigneaud makes one of the earliest 
and most prescient uses of the word technosphere: “Thus, the noosphere, so dear to 
Vernadsky ... is running the risk in reality of tuming into the technosphere, or 
rather into ‘the sphere of avidity,’ governed by the spirit of fortune-hunting, by me- 
iocrity, by the absence of social consciousness, by the ideal of destruction and by 
the egotistic doctrine of ‘after me, the deluge."14 

To be precise, it was in 1973, the same year of the Club of Rome's landmark 
publication The Limits of Growth, and of the establishment of the World Trade Cen- 
ter in New York, that the technosphere became acoherent structure smothering the 
biosphere, co-opting the noosphere, and coordinating the very processes of greed 
and destructive fortune-hunting _abhorred by the ecologist Duvigneaud. Like it or 
not, the techno sphere was the inevitable result of the unloosing of the machine into 
the biosphere. It may be asked: if the machine is a projection of human biology, then 
what purpose does it actually serve in the biosphere, and what is it that actually 
produced it and keeps it going? 

Before turning our attention to the answers to these questions, let us first define 


the technosphere as being the artificial structure replacing the human civilization, 
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located mentally and physically in 
time as a force intermediate to 
and between the biosphere and 
noosphere. Defined by the 
Biosphere Catalogue (1985, p. 
103), the artificial structure 
of the technosphere con- 
sists. of five interlocking, 
coordinated systems that 


Jethrbohee  COMprise an integral whole, 
sycrdspree ‘both asa belief system and 


as an actual complex tech- 
nological dynamic and its 
coordinating apparatus 
‘The fivecomponents, which 
we shall discuss at length in 
later chapters, are: 1) com- 
modity production, 2) the city, 
“semtS%3 3) energy, 4) transport, and 5) 
communication. And, according 
Earth’s Mantles to the Biosphere Catalogue, the plan- 
etary core of this interlocking set of 
systems was none other than the World ‘Trade Centers Twin Towerss 
‘As a planetary sphere, the technosphere takes its place with the other spheres or 
mantles comprising the structure of the Earth as a whole system. Beginning at the 
outermost etheric realm and proceeding inward, these spheres or mantles include: the 
electromagnetic field with its radiation bells, then the ionosphere, stratosphere, —tro- 
posphere, atmosphere, technosphere, biosphere, land-ocean crust, tectonic plates, litho- 
sphere, outer and inner mantles, and finally the core, now known to consist of an outer 
tympanum, and within it alarge octahedral iron crystal afloat in a sea of magma 
As aplanetary sphere, the technosphere negates time and consciousness as organic 
realities and replaces them instead with mechanization and marketing. Yet the 
technosphere is a product of mankind, and mankind is a function of the biosphere. 
‘The organization of life into biomes, large macro-ecosystems, is sil evident, though 
in diminishing and withering proportion to the conquest of the technosphere. With 
the Final War now upon us, the question we must ask is: will ube technosphere collapse 


before the biosphere or not? As catastrophic as it might seem, the collapse of the 
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technosphere would actually be a blessing in disguise from which the noosphere could 
finally be realized. But if the biosphere collapses first as the result of the Final War on 
Earth, then the technosphere will be futile, pointless, and dead as well. These are 
most dire thoughts in these most dire of times. Yet if we can now finally understand 
‘and accept our role within and subordinate to the biosphere as a whole, then our 
chances for survival will be greatly improved. 

Let us consider again what Vemadsky has to say about the human's place in the 


biosphere: 


1. Man, as observed in nature, like all living organisms, like any living matter, 


is a specific fimction of the biosphere, within its specific definite space-time. 


2. Man in all his manifestations constitutes a regular part of the structure of 


the biosphere. 


3. The explosion of scientific thought in the twentieth century has been prepared 
Jfor by the entire history of the biosphere and has its deepest roots in the struc 
ture of the latter. The civilization of “cultured mankind," insofar as it is a 
form of organization of the new geological force which has formed in the 
biosphere, cannot be interrupted or destroyed, since it is a great natural phe- 
nomenon, historically, or rather, geologically corresponding to the estab- 
lished orderliness of the biosphere.16 


If Vernadsky is correct, then the war we are witnessing is the inevitable conclu- 


sion of the biogeochemical combustion that consumes the technosphere and estab- 


ishes the pristine reality of the noosphere. This is especially tue if we understand 
this war to actually be a geopolitical struggle for the control of the oil reserves of the 
Persian Gulf, or even more broadly, as the war between matter (globalization) and 
spirit (slam), or more grimly, as Oswald Spengler put it, the final war between blood 
and money. This being the case, it is more important than ever to answer the two 
unresolved questions in Vernadsky's definition of the biosphere, the question of con- 
sciousness and the question of time. 

According 10 the Law of Time, the answers to the questions posed by Vernadsky 
fare actually one and the same thing. "How can processes which seem purely physical 
be affected by consciousness?” The question asked by Vemadsky at the conclusion to 
The Biosphere is equaled by the unresolved issue of time discussed at the conclusion to 
Problems of Biogeochemistry I.1n essence, Vemadsky declared, we know everything about 
the biosphere, its governing laws, principles, and functions, with the exception of the 


mysterious relation of time to the biosphere. Virtually alone among modem scientists, 
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Vernadsky perceived that time actually has nothing to do with the metrics of space, 
and that "time is not a dimension of metric geometry." This means that time is not 
only its own dimension-the fourth dimension-but that time must also have its 


own metrics and system of measure totally apart from the metrics of space. 


Minkovsky's and his predecessors’ concept of time as the fourth dimension of space 
isamathematical abstraction having logically no ground in scientific reality. Time is 
not adimension of metric geometry. In geometry, time may be expressed vectorialy. 
but it is obvious that such an expression does not embrace all of its properties in 
isnot the 


natural phenomena studied by the naturalist. ...The time of the naturalis 


geometrical time of Minkovsky, nor isit the time of mechanics and theoretical physies.!? 


In Vernadsky’s perception of time, there is a profound critique of the approach 


that has been established toward the measure-and hence understanding-of time 


in physicalist science. For Vernadsky, time is a function of an as-yet-unrealized 
geometry: "This geometry would reduce all space to a point supplied by an infini- 
tesimal vector.” Clearly time is a factor in all the functions of the biosphere, most 
evident in the biological life processes. Hence the Law of Time has been a regulating 
factor, the true nature of which we have been profoundly unconscious. Now here is an 
interesting reflection. If the biosphere as a whole system is tending toward a total 
‘whole system transformation into a state known as the noosphere, a fact perceived by 
Vemadsky during his lifetime, and the two unresolved issues are the issues of time and 
consciousness, both materially intangible dimensions, does it not seem correct that 
the resolution to these two issues will actually foster the manifestation of the noosphere, 
which is, after all, the mental envelope of Earth? And does it not also seem that as long 
as the two issues of time and consciousness remain in astate of ignorance or confusion 
within the mental functioning of the human order, that the vehicle of geochemical 
combustion, the technosphere, will tend toward its own dissolution until the issue of 
time and consciousness is resolved and clarified once and for all? 

‘The perilous passage, the biosphere-noosphere transition, may actually be de- 
fined as the consequence of operating in ignorance of the actual nature of time and 
consciousness. In this way, the techno sphere may be defined as the artificial com- 
promise in place of the true understanding of time and consciousness of the human 


order in the biosphere. Hence, the technosphere 


is the responsible intermediary 
agent creating the crisis of the noosphere. The solution to the questions of time and 
consciousness is thus the solution to the noospheric crisis, and the commencement 
of the grand new era, the true golden age of the whole Earth 


Vv 
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Time and Human Consciousness 
The Law of Time—What It Is and Where It Came From 


HAVING DEFINED the technosphere as the intennediarystage in the biogeological 
continuum of the biosphere's evolution into the noosphere, we may now tum our 
attention to the unresolved issues of time and consciousness in the biosphere. These 
issues must not be seen as just the problems of humanity. Since humanity is a func- 
tion of the biosphere, the issues therefore relate to the biosphere becoming more 
conscious. It is the conscious aspect of matter that directs the biosphere toward its 
transfonnation into the noosphere. It is the discovery of the Law of Time that comple- 
ments and resolves the issues that were left unresolved in Vernadsky’s definition of 
the biosphere and of its transformation into the noosphere. ‘The question then arises 
What is the Law of Time, and how does it define time and consciousness as mutually 
coordinating factors of the same cosmic dimension intersecting with the biosphere? 
To say the least, time is such a vast and important topic in the orientation of 


human consciousness within the biosphere that we may declare that it 


paramount 
in all human affairs. Indeed the cosmic order, of which the biosphere is the dynamic 
regulatory mechanism on planet Earth, is itself the expression of time as the medium 
of universal manifestation. Yet, as Vernadsky perceived in 1944, while we have de- 
fined space by its own systems of metrics and geometries, by applying these same 
standards to time we have not defined or known time at all. The cause for this quan- 
dary seems to lie in the fact that while space is perceptible as a sensory _medium-we 

can see it, touch it, hear through it-and hence, it is evidently measurable, the same is 
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not the case with time. Time is of the mind, and in this regard, time is inseparable 
from the issue of consciousness. In fact, you cannot know or experience time with- 
‘out becoming conscious, 

Yet, as we shall see, there is a great confusion when we speak about time, which 
is actually at the root of the problem of the biosphere, and that is the matter of the 
clock. In human consciousness, the clock has become so second nature that very few 
people in industrial society can think of time without immediately associating it 
somehow with the clock, whether as an instrument or as a metaphor. ‘This, as we 
shall see, is a major factor causing the general state of consciousness to remain static, 
especially in relation to the machine, which is continuously increasing in speed, as 
well as accelerating in the propagation and multiplication of itself. This factor of the 
clock-in other words, of mechanized time-is also at the root of the confusion 
concerning the nature of time in much of modem scientific thought. As we shall see, 
there is astream of Russian thought after Vernadsky that represents a notable excep- 
tion to the established view of time in modem thought and science. Suffice it to say 
that the evolution of modem Wester thought and s 


‘ence has been programmed 
and predisposed to limit its consciousness of time to such a degree that it cannot 
even perceive of time outside its inherently mechanized perceptions about it. In this 
obviously also lies the problem of the delimitation of consciousness in the 
technosphere, 

"The deepening crisis of the world outlook is rooted in the permanence of the 
dominating scientific paradigm," writes Russian scientist Maria Maroushkina. "Un- 
derlying the materialistic technocratic civilization is the Newtonian-Cartesian  para- 
digm, formed in the Middle Ages, its nucleus being the laws of gravitation and move- 
‘ment, as well as the logical principles of proof, laid down by Descartes."! This. "per- 
manent" stratum of belief, a cultural metaprogram, locks every field of human en- 
deavor into aconquest by mechanization. It isthis metaprogram rooted in the simple 
unexamined device of the clock, and orchestrated by the equally unexamined effects 
of an irregular calendar, that keeps human consciousness unchanged and without 
‘any real solutions to its problems. As the problems worsen, the confusion of con- 
sciousness-which is really in a state of crisis-only deepens. 

To illustrate the current state of confusion regarding time in Western thought, 
we have the report of the prestigious Seven Pines Symposium on Time held in 
Stillwater, Minnesota inJune, 2001. The New York Times atticle regarding the Seven 
Pines Symposium is entitled "Physics’ Big Puzzle Has Big Question: What Is Time? 
First of all, the assumption that time is basically a topic of physics in itself is a prob- 
lem, since time, as we have demonstrated, is actually mental in nature, and if any- 
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ae —_______, 
"Arrow of time" in modern scientific three-dimensional 
coordinate graphing, reinforcing illusion of linear time. 
Arrow of Time 


thing is most visibly manifest in the domain of biology or biogeology. But this head- 
line is also reflective of the paramount role that physics plays in the Western intel- 


lectual hierarchy: if physics can't solve it, than what can? 

Despite the prominence of physics and physicists, the Seven Pines Symposium 
included historians and philosophers as well. The hope of the symposium was to 
arrive at a unified theory that encompasses the effects of gravity as described by 
Einstein's general theory of relativity and the "fuzziness that occurs in the realm of 
tiny particles according to quantum physics." Here we have the problem of time as 
delimited by the self-imposed spectrum of modem physics. What then could we 
expect? Certainly no one here had considered the point made by Vernadsky that 
time is not a function of the metrics of space, which is the realm of physics. So it is 
not surprising that the symposium ended in a muddle, with the most prominent 
approach being that time could merely be a "psychological illusion” important to 
humans but not a fundamental part of any unified theory. It is also clear that few, if 
any, had considered that their views on time might be absolutely conditioned by the 
mundane and ordinary everyday micro- and macto-organizing factors: the mechani- 
cal clock and the Gregorian calendar with its second cousin, the Julian count of 
linear time, 

From the point of view of the noosphere, of course, this grand Symposium on 
Time was reflective of very little of the entire human organism, much less of the 
bi 


phere itself. The symposium was arepresentation of the elite intellectual class of 
the dominant economic, military, and political power of the planet, and hence of the 
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govemning force of the technosphere, the United States of America. But if a realiza- 
tion that we are a function of the biosphere is critical to our success in launching. the 
noosphere, and the issue of understanding the correct relation of time to the bio- 
sphere is crucial even to the ability to launch the noosphere, then the Seven Pines 
Symposium did not even approach the actuality of the current biospheric situation 
or the nature of time. In this regard it was only a contribution to further the 
psychoatmospheric density-clouded thought without clarity of purpose-and one 
more reason why the Inevitable Event was on the biosphere's agenda. 

If one does not apply certain biospheric yardsticks to the analysis of what is 
reported as truth, then we will be sunk in a chaotic morass of half-truths that are 
really obscurations or even lies. The elite American nation, for instance, constitutes 
only 5 percent of the worlds population, yet consumes 40 percent of its natural 
resources, and therefore has the wealth and power to maintain the military force 
{allotted a $318 billion budget for 2001-2002) to protect and even further asits right 
this disproportionate ratio, which is actually a violation of the dynamic balance of 
the biospheric processes. For this reason, through its official organs of propaganda 
such as the New York Times, America is able to muster the “influence” of whatever 
occurs within its confines as somehow having more merit than what might be gener- 
ated in some other nation or country. So ahuman may read the story in the New York 
Times on the "Big Puzzle of Time,” and most likely they will complacently accept its 
premise as absolute truth. Yetthis social construct of symposium-and-newspaper-story 
is nothing but an aberrant mental form that obscures the actual nature of time and 
keeps the mental level at a constant state of “industrial dull-normal 


far removed 
from-or at best, little more than a highly distorted reflection of-the reality of the 
noosphere. 

Leaving aside this example of the mental confusion over time, it is necessary to 
understand from the investigations regarding the biosphere and according to 
Vernadsky’s own judgment, that the biosphere in all its intricate and interlocking 
processes possesses and is guided by a great order and even a structural dynamic 
that, being manifestations of the laws of nature, can be given exact mathematical 
formulation, Why should we not expect that the nature of time in the biosphere 
should also be characterized by the same orderly quality? In fact, given that the 
biosphere is actually a life process, like all living matter it too must be governed by 
timing cycles. Thus the larger order of time that governs the cycles of the biosphere 
and of the noosphere must also exhibit a grand ordering principle. For if the three 
dimensions of space govern the domain of the physical world, then the fourth di- 
mension of time-which governs the life not only of the biosphere but of planets, 
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star systems, whole galaxies, and indeed the entire universe-must also consist of a 
simple, orderly formulation totally apart from the perception of time that governs 
the stunted consciousness of the technosphere. Such is the Law of Time. 


THE FOURTH-DIMENSIONAL NATURE OF TIME 


"Bven though you do not measure the hours of 
the day as long or shor, far or near, you still call 
it twelve hour. Because the signs of time's 
‘coming and going are obvions, people do not 
doubt it, Although they do not doubt it, they do 
not understand it. Or when sentient beings: doubt 
what they do not understand, their doubt is not 
firmly fixed. Because of that, their past doubts. do 
not necessarily coincide with their present doubt. 
Yet doubt itself is nothing but time. 


-DOGEN, “THE TIME-BEING"s 


‘These prescient words of a thirteenth century Japanese Zen master are more true 
today than they were when he wrote them. Comprehensive studies like the Eranos 
Yearbook Ill: Man and Time (1957), which included Carl G. Jung's ground breaking 
essay on synchronicity, or James T. Frazier’s fascinating and monumental Voices of 
Time (1966), only expand the multidisciplinary breadth of the confusion about time. 
In the 1970s Frazier helped found the International Society for the Study of Time. 
‘The Society is still meeting annually but has yet to reach a definitive agreement on 
or understanding of the question of time. It isin the context of the enduring confu- 
sion over time that the Law of Time was discovered. To say that the Law of Time has 
been “discovered” only means that a principle and fundamental law that has always 
‘guided the order of the universe has finally been made conscious and articulated in a 
precise way that is recognizable to the present condition of the human mental_na- 
ture, which is still dominated by the physicalist model 

In the whole of modem physics, Minkowski’s fourth dimension of time has been 
misunderstood and treated asf it were a minor dimension, one that is just added on, 
but not really significant to the level of the three dimensions of space. This is due to 
the already space-oriented consciousness deriving from certain sets of perceptions 
established early in the history of civilization and standardized through certain pro- 


gramming models that are based on the metrics of space and not time, a topic to 
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Which we shall soon tur, It is for this reason that in the formulations of modern 
physics time is symbolized by a small r that runs in a horizontal line running from 
left to right at the bottom of any graphing of space with its x and y coordinates. 

This graphing of small ¢ time gives rise to the notion of the “arrow of time," 
which is virtually a bedrock dogma of much of modem Western physics. This is the 
much-touted notion of linear time that supports doctrines of economic inexorabil- 
ity, material progress, and the like. Of course to anyone versed in the ways of nature, 
linear time and the arrow of time can be seen as nothing more than artificial con- 
structs, for the biological nature of time is perceptible at the very least through the 
great interlocking cycles of nature. Nor is there anything linear about the Earth's 
rotations around the sun, or of the moon around the Earth, all of which give lie to 
the physicalist and materially progressivist notion of linear time. Only the 
technosphere, sustained in its structure by the limited consciousness of time, is driven 
by this linear principle and for this reason is doomed to run aground on the shoals of 
its own antficiality 


TIME AS THE UNIVERSAL FACTOR OF SYNCHRONIZATION 


‘The nature of time is grasped poetically in the form of cycles: "To every season there 
isatime. .." Biorhythms can even be mapped and the cycles of the biological order 
of reality can be demonstrated as functions of a chronobiology. But the biological 
cycles only demonstrate the manifestation of time in the space ofliving matter. If the 
whole of nature is observed, then one can begin to grasp the masterful orderliness by 
which every least detail occurs in relation to all the other details in their various 
cycles-yes, one can grasp in this phenomenal order another deeper aspect of time 
and that is time as the universal factor of synchronization. This is the synchronic 
order of time, the order by which everything in the universe occurs simultaneously 
in a masterful synchronization from moment to moment in an ever-changing kalei- 
doscope of infinite varieties of order and harmony. 

Only historical man deviates from this masterful symphony of time, the synchronic 
order. Nonetheless, we speak of being "on time," "in syne,” "in tune,” "in reso- 
nance," “in harmony," or of being "tuned-in.” All of these expressions refer to the 
attunement of time and the nature of consciousness as awareness in the present 
‘moment, in the here and now. This is possible because the same law governs both 
time and the relation of consciousness to the moment. To answer Vernadsky's ques 
tion, "How can processes which seem purely physical be affected by consciousness?” 
the physical is affected by consciousness, because consciousness is actually a 
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function of time. When someone "discovers" a law of nature, it is because their 
consciousness is attuned to the natural process in time, and the law therefore "re- 


veals" itself. 


But this consciousness can be and most often is of a profoundly unconscious 
nature. Time is actually the governing principle of a higher self-existing conscious- 
ness that regulates the order of the universe, both in regard to its living and non- 
living matter. Because time continuously synchronizes everything into a single 
coherent whole from the micro to the macro levels, time accounts for the har- 
mony of the universe, Only man deviates from the universal harmony, and the 
technosphere, a projection of the human mechanization of time, intrudes upon the 
intrinsic harmony to the point of its own demise, but man deviates for a purpose. 

‘The harmony manifested by time as cosmos-which literally means "order" 
-gives rise to the great and simple formulation of the Law of Time: T(E) = Art; 
Energy factored by Time equals Art. This means that energy, any manifestation of 
the physical three-dimensional world, possesses order and is in harmony with its 


environment because it is factored by time. In the conception of the Law of Time, 
however, capital T refers to time as the universal factor of synchronization, As the 
universal factor of synchronization, time is defined by the self-existing and intrinsi- 
cally perfect mathematical ratio 13:20. Derived from the mathematics of the ancient 
Maya, this ratio is a universal constant of time that organizes all of the universe as a 
radial sequence of synchronous moments reflecting different evolutionary phases 
simultaneously. Because everything perceived is an aspect of instantaneous univer 
sal synchronization, time is also the medium of instantaneous information transmis- 
sion throughout the universe. 

‘The noted Russian astrophysicist N. A. Kozyrev (1908-1983), whose work be- 
gan half a century ago with the theory of the internal structure of stars, later con- 
ducted a famous series of experiments using telescopes, mirrors, and aluminum, in 
Which he was able to confirm a receipt of information from distant galaxies prior to 
the time it took the information to arrive via light as a physical medium. In Kozytev's 
own words: "The tests proved the existence of the effects through time of one mate- 
rial system upon another. This effect does not transmit a pulse (momentum), mean- 
ing it does not propagate but appears simultaneously in any material system. In this 
manner, in principle it proves possible to have a momentary relationship and a mo- 
‘mentary transmission of information, Time accomplishes a relationship between all 
phenomena of nature and participates actively in them. ...Time contains the entire 
universe of still unexplored phenomena."5 ‘The results of these experiments led 
among them that time and duration are not the 


Kozyrev to various conclusions, 
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same thing, and that the velocity of time is instantaneously infinite, formulated as 


VCO 
Formulation: velocity of time is instantaneously infinite 


‘This being so, time must also be the factor or medium that accounts for the 
experiences of telepathy or other paranormal phenomena. A second, most provoca- 
tive conclusion derived from his experiments is that time is actually generated as an 
instantaneous and even simultaneously radial. transmission of information from the 
core of stars, a fact confirmed by the Law of Time's description of the synchronic 


order of time as being radial in nature 


FURTHER EXPANSES OF FOURTH-DIMENSIONAL TM 
THE EVOLUTION OF TIME AS CONSCIOUSNESS 

Leaving aside for the moment further discussion of Kozyrev's seminal work and its 
conclusions, at this point let us summarize the two chief qualities of time as defined 
by the Law of Time: 1)time is the factor of universal synchronization, and 2) time 
possesses an infinite instantaneity of velocity that is faster than the speed of light, 
and hence is correlated with telepathy. From these two determining features of the 
nature of time, two other corollary conclusions may be drawn: 3)the cyclic nature of 
third-dimensional biological phenomena isa function of the factor of universal syn- 
chronization which establishes harmonic ratios that determine the different life pro- 
cesses of different organisms, while 4) the ability of any species or organic whole to 
maintain its unity with itself and all of its members. or parts is an instantaneous func- 
tion of time as telepathy. 

To better understand the Law of Time and 
time-which is actually the noospheric description of time-we — may say that time, 
being synchronically instantaneous, is both "vertical" in relation to space (which is 
horizontal"), and “radial” from the perspective of its own dimension, the fourth. 
Rather than being the small line or arrow at the bottom of the physicists graph, 
time as the fourth dimension is greater than and inclusive of the third dimension, 
much as the etheric atmosphere includes and surrounds the physical Barth in a ra- 
dial "all-at-onceness.” To try to measure this phenomenon with the metrics of space 
and its essentially linear yardsticks is to constrain time into definitions and descrip- 
tions that are totally alien to its nature. 

In fact, from the point of view of the dynamics of time, it is space that is the 
moving line, ot rather a set of points in a moving vector that can be described as 


‘s radical non-linear definition of 
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line. Let us extrapolate from the important observation made by Vernadsky at the 
conclusion to Problems in Biogeochemistry Il: if the geometry of time reduces space to 
point supplied by an infinitesimal vector, then from the point of view of time, space 
is an infinitely locatable point. What is this point? It is the point of awareness at 
which an individual body becomes aware of time. Here, the "subjective" description 

or experience of time cannot be separated from the issue of consciousness. (See plate 
3, Model of "Vertical Time" in Relation to Horizontal Space.) 

In the description of time as vertical in relation to horizontal space, this point of 
awareness of a body in time is defined as the Locus of Consciousness, or L of C. In 
the flow of moment-to-moment instantaneity that is synchronous with the flow of 
space, the Locus of Consciousness is that point at which time vector and space per- 
ception connect. From this defining point of consciousness in the here and now, the 
flow of space creates a horizontal sensation: one direction flows to the "past," the 
other to the "future." This is what is normally defined as the sensation of time or the 
arrow of time. It is actually the definition of the horizontal flow of space in relation 
to vertical time, What is usually not considered is the vertical dimension of time that 
connects awareness to space at any given moment, creating sequences of Awareness 
Units, or AUs. 

From the defining point of the Locus of Consciousness, there are essentially two 
spaces and two times: near space and far space, and tow time and high time. Near space 
corresponds to low time and far space corresponds to high time. Near space is essen- 
tially defined by the perimeter of sense experience, inclusive of the extension of the 
senses through technological apparatus such as telescopes, microscopes, and the like. 
‘This is the domain oflow time. Far space is defined as that space beyond the perim- 
ter of the sense perceptions, and is characterized by subliminal sensory percep- 
tions. This is the domain of high time and the atemporality of space. In near space, 
low time is characterized by what appear to be “random events." The lower the 
time, the greater the increase of random events. Low time and near space define the 
qualities of the experience that are properly and purely third-dimensional. High 
time and far space are purely and properly the domain of the fourth dimension char- 
acterized by the dominance of the synchronic order of time 

‘The distinction between low time and near space and high time and far space is 
defined as the threshold of synchronicity. In high time, synchronicity (s) predomi- 
nates and is greater than random events (re), or (s»(te). In low time, random events 
predominate and are greater than synchronicity, or (rev(s). Note that the realm of 
‘quantum physics occurs in the microrealm of far space. It is this factor that accounts 


for the fuzziness’ of the behavior of subatomic particles, quarks, tachyons, and so 
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forth, which defy the limitations of linear time. These phenomena occur in the 
subliminal realm of the synchronic order. It is the human mind that is not accus- 
tomed to behavior in the pure realm of synchronicity that cannot grasp that these 
particles are moving according to radial laws of fourth- 
appear highly imegular and random to the sense perceptions of the observers that 
are totally conditioned by third-dimensional space perceptions. Similarly, the high 
time of the macto threshold of the synchronic order represents the "other side,” the 
“hereafter,” the realm of pure vision, which is also governed by strict laws of radial 
time, and which, to the conditioned experience of a perceiver on this side of the 
threshold, may appear as something from a distant future or past reality, or even as 
in a dream, The orderly explication of the Law of Time provides complete math- 
ematical descriptions and principles that account for the radial order of time, even as 
it coordinates the near space and low time of random events 

In any case, the horizontal line of space in relation to the vertical line of time 
defining any given Locus of Consciousness describes the macroworld above and the 
microworld below. As we have noted, the higher threshold of synchronicity above 
the horizon of space defines the realm of higher consciousnesshe lower threshold of 
synchronicity below the horizon of space defines the realm of quantum physics.Con- 
necting the macro realm of atemporality and high time, and the lower or micro realm 
of atemporality and high time, is the vertical time vertice of the ever-present now. 
At the two far ends of this time vertice of the ever-present now is the Locus of 
God, the selfsame in each direction. These extreme points of the vertice of time 
return far space to the Locus of Consciousness through a process. of toroidal sub- 
Jimation. We are not really dealing with a description of a two-dimensional plane, 
but a dynamic four-dimensional model held together by a toroidal motion that is 
continuously returning the farthest space and the highest time, whether from above 
or below the threshold of synchronicity-" God" -to the Locus of Consciousness. 

Depending on the clarity of mind at any given moment, the vertice of time con- 
stantly and instantaneously transmits information to the Locus of Consciousness. 
‘The discrete units of information thus transmitted are referred to as celestialharmon- 
ics. A celestial harmonic is described as the index of synchronic incidence defining 
different levels of co-occurrence. I can be in the present moment sitting in a room, 
and at the same time, by being fully present in the here and now, I can spontaneously 
experience any number of telepathic thoughts, memories 
forth. These experiences are the different levels of co-occurrence that define the 
index of synchronic incidence and are categorizable as celestial harmonics. The higher 
the time, the greater the density of celestial harmonics per AU (Awareness Unit). It 


imensional time, and so 


feelings of deja vu, and so 
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is the vertical vertice of time and its power of transmission that account for the vision- 
ary or revelatory experiences of saints, poets, and mystics throughout the ages. Itis the 
mathematics of the Law of Time that provides the "mapping" that explains, identifies, 
and even increases these different harmonic incidences of the synchronic order. 

Because the vertice of time connects ultimately to the "Locus of God” -the 
mutually defining points that become One at the far ends of the toroidal motion of 
the vertex of time-this accounts for the existence of the perennial philosophy, the 
nitive nature of the most revelatory or ecstatic experiences of the great mystics and 
seers. It is also the relation of awareness in the Locus of Consciousness at any present 
moment that allows any random event of low time to trigger telepathic ascent into 
high time depending on the clarity of and duration of the Awareness Unit (AU). 
From this point of view, the random quality of events in near space is only relative in 
relation to the absolute nature of the synchronic order, and merely a function of the 
third-dimensional iological space orientation. For those accustomed to the actual 
nature of fourth-dimensional time, which includes and controls. the third-dimensional 
coder of near space, the random events constituting low time are actually “signs” that 
may be read as message bearing signals of the synchronic order of high time. 

Brief reflection on this description of vertical time in relation to horizontal space 
will demonstrate the value of what is referred to as meditation without an objectsuch as 
that cultivated in the Buddhist traditions, as well as affirm the One Divine Source of 
the purely monotheistic traditions. Without a clear mind of awareness. in the present 
moment there can be no clear seeing of reality, nor can there be the realization that 
all of what our senses report to us is constructed in our own mind to conform to 
what we think is a universe outside of us. At the same time, if we can extend the 
duration of our awareness in the Locus of Consciousness indefinitely in the vertical 
direction of time, we come upon the ineffable experience that is an emanation of the 
Locus of God, however or in whatever "language" our senses may later report or 
define such experiences. Thus we retum to the paradox of the definition of space as 
an infinitely locatable point-this point is none other than our own minds, in which 
the construct of space is created and dissolved from moment to moment. Such is the 
subjective description of time from the point of view of the Law of Time, a descrip- 
tion that begs each one of us to take absolute responsibility for our own experience. 
But there is an ‘objective’ description as well, in which time is also defined as in- 
separable from consciousness. 

Implicit in the subjective here-and-now description of the experience of time is 
the radial matrix of time, At the experiential level it is the now-centered point in the 
Space-Locus of Consciousness which defines the center of a radial order of time. 
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Time radiates out from each here-and-now awareness moment. But the Law of 
Time also supplies an objective description in which the radial nature of time has 
two points of determining order: the point of infinite lucidity and cosmogenesis, 
which isthe Locus of God; and the receptive locus of the infinitely locatable point, 
which is space as constructed by each individual consciousness. Intermediate be- 
tween the two points-Locus of God and Locus of (individual) Consciousness-is 
the determining radial matrix of fourth-dimensional time, the universal frequency 
of synchronization, 

Mathematically defined as the ratio 13:20 and described by the 13x20 matrix of 
the Harmonic Module, in this mathematical model of fourth-dimensional time we 
perceive the root of the Law of Time and its basis in the mathematics of the Mayan 
time science. It is important to understand very clearly that the 13:20 frequency and 
the mathematical matrix that defines the operations of this frequency of synchroni 
zation are the pure mathematics of time totally apart from the metrics and geom- 
etries of third-dimensional space. This is a point of profound significance to which 
wwe shall later return, 

In the model of objective time, the dynamics of the Law of Time are demon- 
strated as the evolution of time as consciousness. Here the two unresolved issues of 
Vernadky's description of the biosphere are unified, the answers to which are the 
determining factors that allow the triggering of the noosphere: The evolution of 
time is inseparable from consciousness. Conversely, the evolution of consciousness 
is inseparable from time. Both time and consciousness are nonphysical fourth- 
dimensional factors coordinating the third dimension, Because consciousness is 
synchronized with or by time, it can affect physical third-dimensional processes, in 
whatever way, whether the acting agent is aware of this or not. Consciousness. of the 
Law of Time, however, is only possible through a profound act of self-reflection. 
Once it has been made conscious, the discovery of the Law of Time affects the entire 
medium of planetary consciousness, the noosphere, at first imperceptibly, but then 
building to a great point of climax coinciding with the climax of the biogeochemical 
combustion. (See plate 4, The Dynamics of Time: Showing the Evolution of Time 
as Consciousness.) 

This dramatic moment of the discovery of the Law of Time is evident in the 
graphic description of the dynamics of time, showing the evolution of time as con- 
sciousness. The dynamic of the universal, cosmically intelligent, and intelligible 
whole-the galactichrain-is depicted asa circle encompassing the evolutionary spec- 
trum, showing the index of energy-mind progression from the atomic cellular and 
biological levels to purely mental conditions of being, all of which are functions of 
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the formulation T(E) =Art. From the point of God-Galactic Ordering Dynamic- 
the circle, or rather, sphere, is divided vertically and horizontally into four quad- 
rants. The movement of the evolution of time as consciousness travels out of the 
God center, from right to left, and thence describes, in counterclockwise circular 
motion, the movement of time as consciousness passing through, or rather defining, 
the four quadrants, until it returns to the Source again ashyperdimensional time, or 
"pure mind.” The left-hand side describes both the primary prelife, lower left-hand 
quadrant, and the primary post-life, upper left-hand quadrant. The right-hand side 
describes the secondary reflex life, the lower right-hand quadrant being the purely 
third-dimensional life (biosphere), and the upper right-hand quadrant being. the 
evolved fourth-dimensional life (noosphere). 

‘The lower half of the sphere beneath the horizontal line running through the 
God center refers to the Domain of Potentiality, the upper half to the Dominion of 
Time, The prelife quadrant of the Domain of Potentiality refers to the preconscious 
quantum dimensional space of pure energy. The lower right-hand quadrant refers to 
third-dimensional space, the locus of space travel and the realm of the cosmic un- 
conscious. Within the Dominion of Time, the upper right-hand quadrant refers 
to the fourth-dimension time, the locus of time travel, and the realm of cosmic 
consciousness. Finally, the upper left-hand quadrant is the realm of hyperdimen- 
sional time, or "pure mind.” By studying this graphic description, one can grasp the 


‘movement of time as consciousness from inorganic preconscious, where duration in 
time is virtually infinite, to the secondary reflex life, or living organic matter in the 
third dimension. Here time is unconscious and life builds on the cosmic unconscious 
asthe slowly mutating and evolving biosphere. The cosmic unconscious comes to a 
climax in the creation of the 12:60 artificial civilization, which is really not true 
civilization, but rather the technosphere itself, At this point there are moments of 
consciousness, but only moments. True sustained consciousness is possible only in 
conditions removed from the technosphere. 

In the evolution of time as consciousness, the discovery of the Law of Time is a 
product of the crisis of consciousness unable to sustain itself in the technospheric 
medium. ‘That is because this medium is a pure function of artificial 12:60 time. 
Even though the extensions of the senses and the capacity of technology provide the 
human within the biosphere a holistic perspective of seeing the whole Earth from 
space, the consciousness is continuously subordinated to the care and maintenance 
of the machine (or its lifeblood, money), and so cannot remain in asustained state of 
heightened awarenes 


or continuing consciousness. Continuing consciousness is only 
possible with the discovery of the Law of Time, which the crises of the technosphere 
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and of consciousness have themselves brought about. In this regard, the discovery of 
the Law of Time is the great point of human self-reflection that defines the advance 
from an exclusive third-dimensional operation and aberrant timing factor to a purely 
fourth-dimensional and conscious natural timing factor. It is the difference between 
the cosmic unconscious and cosmic consciousness, the biosphere and the noosphere- 


in other words, the very topic of this book 


DE CHARDIN AND THE PLANETIZATION OF CONSCIOUSNESS 
The discovery of the Law of Time defines the point between the two stages of the 
noosphere as described by Pierre Teilhard de Chardin: "The first stage was the elabo- 
tation oflower organisms, up to and including man, by the use and irrational combi- 
nation of elementary sources of energy received or released by the planet. The sec- 
fond stage is the supercevolution of man, individually and collectively, by the use of 
refined forms of energy scientifically hamessed and applied in the bosom of the 
Noosphere, thanks to the coordinated efforts of all men working reflectively and 
unanimously upon themselves. In becoming planetised humanity is acquiring 
new physical powers that will enable it to super-organize matter. And, even more 
important, is it not possible that by the direct converging of its members it will be 
able, as though by resonance, to release psychic powers whose existence is still un- 
suspected?"6 The identification of telepathy with the velocity of time emphatically 
underscores de Chardin’s final point. 

On the other side of the discovery of the Law of Time, civilization, having reached 
its climax as the technosphere, is replaced by an entirely new noospheric onder of 


human organization defined as PAN: Planet Art Network. This is a structural defi 


nition of what Teilhard de Chardin refers to as the "planetization of consciousness 


lanet" because the hu: 


‘This organization (bionoospheric and not institutional) 
rman organism is selfrealized as a planetary organism. It is "art" because functioning 
again in the natural timing frequency, the human is governed by the Law of Time, 
TIE) = An, and hence the reality and the activities of everyday life are defined as art. 

‘And it isa “network” because the city, defined by civilization (literally living in cities) 
and which was a sustaining component of the technosphere, is no longer necessary 
or viable. Rather, the human becomes redistributed throughout the biosphere-what 
Teilhard de Chardin refers to as the "radiation of man 


‘connected by a telepathic 
network that greatly diminishes the reliance on much of the technology that charac- 
terized the technosphere. Hence Planet Art Network: the replacement of civilization 


with the fourth-dimensional social organization of the human functioning as the tele- 
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pathically coordinating species of the noosphere. In this condition life evolves toward 
a hyperorganic stage, attaining a state of superconscious activity and self-reflection 
where time travel replaces the space travel of the phase known as civilization. 

‘This evolutionary mode, coinciding with the evolving needs of the local. star, 
conduces at some distant point in the future to the subliminal consciousness and the 
postorganic postlife that is necessitated by stars as they advance to the stage of super- 
nova. According to the Law of Time, the nature of consciousness is actually a fune- 
tion of stellar evolution, planets being but harmonic modes in greater heliospheric 
fields of resonance. Since time is inseparable from consciousness, this understanding 
would seem to affirm Kozyrev's hypothesis that time is generated from the stellar 
core. "Stars absorb energy from the motion of time,” declares Kozyrev, “a star seems 
to be atime machine."7 The Mayan Factor further places the coordinating medium of 
time as emanating from the core of the galaxy, Hunab Ku, One Giver of Movement 
and Measure. In the Chilam Balam prophetic tradition, Hunab Ku is also the name 
given to the final religion of the One God that appears after the religion of the 
conquistadors has finally passed. Seen from the perspective of the Galactic Brain, the 
crisis through which we are now passing is but the final stage before consciousness 
bursts into anew radiance of biosolartelepathic wonder where negative emotions 
and thought forms no longer have any place to cling or hide. The Law of Time 
purposively points to this great end. 

The whole of the spectrum of the Galactic Brain is mediated by the universal 
frequency of synchronization, mathematically modeled as the 13:20 matrix, the or- 
ganizing factor of the synchronic order. The technicalities of this evolutionary —spee- 
trum of the Galactic Brain have been defined in The Dynamics of Time: 260 Postulates 
(1996) so that the process of the evolution of time as consciousness may be studied 
‘and its coming stages prepared for. The mathematical model of this 13:20 matrix. is 
‘description of the fourth-dimensional timing frequency and is both the source of 
the time vector potentialities and the mathematical tool for mapping the order of 
synchronicity. Through the discovery of the Law of Time, the 13:20 matrix is realiz- 
able through tools that are in accord with its mathematics, and thereby it becomes 
useful to the everyday consciousness of the human, This too becomes a factor ac- 
counting for the noosphere's becoming conscious. 

The fourth-dimensional “tools” made accessible through the Law of Time in- 
clude the Thirteen Moow2 8-Day calendar, the Dreamspell, and the Telektonon. 
‘They will be described more fully in Chapter 8, "Making the Transition to the New 
Time.” With these tools one can begin to construct amap of the time vector potenti- 


alities contained in the synchronic order as it manifests on a day-to-day basis, Once 
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the construct is made conscious and correlated to a point in third-dimensional time, 
then the body in time-the infinitely locatable point that is space-may be coordi- 
nated by the same common structure of fourth-dimensional time. Following this 


procedure the individual human consciousness begins to participate in the larger 


unfolding of the noosphere, and slowly but surely is realized as yet another manifes 
tation of the formulation of the Law of Time, T(E) = Art, itis the human being itself 
that incorporates time, or rather wakes up within itself the order of time. Time is art, 


while art is actually a function of consciousness expressing itself 


THE MAYAN UNDERSTANDING OF THE LAW OF TIME 


While we will have cause to turn our attention later in this book to the "how-to" of 
fourth-dimensional time, we may consider further the nature and meaning of the 
‘mathematics of the Law of Time and their origin with the mysterious civilization of 
the ancient Maya. The template or matrix of the 13:20 frequency, a 13 x 20 (260) 
unit structure, was the means for accommodating the base "calendar" used by both 
the ancient and present day Maya: the Tzolkin, or sacred calendar, a set of thirteen 
numbers and twenty signs that repeat their sequences of permutations every 260 
days. While this 13 x 20 matrix accommodates the Tzolkin, it is not confined to 
being acalendar, as1 amply demonstrated in The Mayan Factor:The 13:20 frequency 
is the universal constant of time from whose mathematics the Tzolkin is derived. 
Based on the permutation table, called the buk.xok in the Chilam Balam tradition, 
this matrix is a Harmonic Module, a fractal yardstick of radial time with multiple 
applications, something analogous to the periodic table of elements, but of the 
synchronic order. 

It is still a profound challenge to all modern Westem scientific thought that the 
Maya would have possessed such mathematics, apparently inherited from the earlier 
and even more mysterious Olmec people, and that with this mathematics they would 
have evolved such a profound perception of time. This was most certainly a factor in 
the destructive attitude taken toward the Maya by the religious zealotry of the conquer- 
ots of Mexico, It is also astonishing that the mathematics in which the Harmonic 
Module is embedded is a vigesimal (20) count, utilizing a zero and a positional order- 
ing system that accounts for larger or greater values that advance by binary 
exponentiality rather than a decimal sequentiality. But, quite simply, this system exists 
in this manner because it is the mathematics appropriate to time. This mathematics 
is a factor to which any disinterested researcher on the topic of time must now be- 
come accustomed. 
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It is by reason of this mathematics and its ability to "download" the 13:20 uni- 
versal frequency of 
complex system of “calendars” and an astronomical knowledge that is precise not for 
its telescopes, of which there were none, but because of the nature of the mathemati- 
cal system itself, More appropriately described as synchronization devices or 
synchronometers, the Maya used at least seventeen of these timing instruments si- 
during the great age of their civilization, A.D.435-830. This. fact in 


mchronization that the ancient Maya were able to construct a 


‘multaneously 
itself tells us that the Maya understood time so radically differently from the percep- 
tion that has evolved in the techno sphere that we must stand in awe that such a 
knowledge would have developed by a people whose technologi 
so minimal, but whose artistic 
achievement 


al_development was 


accomplishment was inseparable from their scientific 
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Yes, the Maya most definitely knew that time is the universal factor of synchro- 
nization, so their synchronometers must have been for the purpose of attaining a 
master synchronization with the cosmos. This presupposes such a different state of 
‘mind that all the values of the present day must be challenged. The mystery of it is 
that this mathematics and time science developed in the New World, remote from 
the saga of civilization in the Old World, The fact that the later Maya practiced 
ceremonies and blood rituals, the fascination of so many present-day archeologists, 
should not detract from the understanding that these ceremonial practices stem from 
totally different perception of life-and death. Before we judge, we must consider 
the inescapable truth that nothing in history matches the terror of the different kinds 
fof war and weapons of mass destruction that characterize the fifty-six-year cycle of 


001. Who then is the more barbaric-the Maya, or mod. 


the technosphere, 1945 
em man, ‘Homo technosphericus"? 

It is the study of this vigesimal mathematics and its 13:20 Harmonic Module 
rd the Law of Time is a 


that has led to the discovery of the Law of Time. In this reg: 
universal law independent of any culture or civilization, even that of the Maya, much 
like the law of gravity is also a universal law. However, if it had not been for the 
Maya, who evolved their understanding of the 13:20 frequency of synchronization 


to such ahigh degree, there would never have been a pursuit that led to the discov 


Galactic Notation, Dot-Bar (0-19) Code 
Vigesimal count, 1-19, where in first order 1 = 1 and 
(0 = 20 position, so in next order 1 = 20, in third order 1= 400, etc. 
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ety of the law underlying their knowledge of time. If with this law we may categorize 
the time vector potentialities in six stages of consciousness-preconscious, _uncon- 
scious, and conscious, continuing conscious, superconscious, and subliminal con- 
scious-then we may be certain that the ancient Maya were also familiar with the 
time science associated with the higher states of consciousness revealed by the Law 
of Time. With this time science and mathematics of higher consciousness, the Maya 
were able to bequeath a prophetic tradition mathematically coded in the Harmonic 
Module, which, among other matters, led to the discovery or making conscious of 
the Law of Time itself. 

Once we appreciate the radically different perception of time and knowledge 
that is embodied in the Harmonic Module, the mathematical modeling of the 13:20 
universal frequency of synchronization, then we may turn to its uses as the fractal 
radial measure of time applied to many levels of thought and knowledge. For in- 
stance, using the 13:20 matrix we may turn to an understanding of the Law of Time 
in human history, asis necessitated by these reflections. With the Mayan time knowl- 
‘edge and the placement oftheir civilization in the New World, we have a gauge and an 
alternative base of knowledge upon which to evolve a planetary perspective and an 
objective means of critique of the mainstream development of civilization in the Old 
World. We may then ask the questions: How did we become what we are now, and 
how was it that our civilization evolved into the technospheric medium? 


Vv 
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The Law of Time in Human Affairs 
The Analysis of History 


THE KEY to The Mayan Factor is the application of the Harmonic Module as a 
fractal measure that is descriptive of the cycle of thirteen baktuns, the Mayan mea- 
sure of history. This measure of thirteen baktuns, acycle extending from 3113 B.C.to 
A.D.2012, had been deduced from the stone inscriptions of the Mayan monuments 

of the Classic period, most of which bear a date within the tenth baktun cycle, A.D. 
435-830, or, in the transliterated vigesimal notation of the Mayan Long Count, 
9.0.0.00-10.0000. However, one of the principle discoveries of The Mayan Factor 
demonstrated that the thirteen baktun cycle was also a function of the Harmonic 


Module and identical with its mathematical mapping as the 13:20 matrix. There are 


very profound implications to this correlation of the cycle of history having a one- 
to-one identity with the 13:20 frequency matrix. For this reason the cycle of history 
is referred to as a Wave Harmonic of the galactic order of time. Even though history 
may appear to be a random, haphazard, and checkered advance of humanity from 
living in small agricultural communities to the present-day technosphere, this. pro- 
ceess has actually been an orderly program of the biosphere, the region for the trans- 
formation of cosmic energy on Earth 

‘The same principle of the analysis of the Law of Time applies here. That is, by 
‘analogy, the historical events analyzed from a political or economic perspective rep- 
resent the perception of the random events of near space and low time, while the 


analysis of the thirteen baktun cycle Wave Harmonic of history represents the 
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perspective of far space and high time. In this Wave Harmonic, the program of 
history is mathematically defined by 13 baktuns-each baktun consists. of 20 katuns- 

13 baktuns x 20 katuns = 260 katuns = 13 x 20 matrix of the 13:20 frequency of 
synchronization. In the 13 x20 matrix of the Harmonic Module each unit equals one 
kin, the base unit of fractal measure. By fractal equivalence, in the mapping of his- 
7,200 day 144,000 
(7.200 x 20) days. The mathematical perfection of the cycle of history matching 


tory one kin =one katun, one katun therefore one baktun 


the 260-unit model of the harmonic matrix means that history is a factor of syn- 
chronization of the higher order of time coordinating the human organism within 
the biosphere 

By means of the thirteen baktun Wave Harmonic of history, the incidence of human 
CCivilizational Advance (CA) may be plotted in a very precise way as a progression 
going from avery dispersed and scattered state to the point of attaining its exponen- 
tial climax in the final saga of geochemical combustion, the fifty-six-year cycle of the 
technosphere. In this regard we must ask: What do we mean by “history” from the 
Wave Harmonic point of view? As an organism that is a function of the biosphere, 
history defines that stage when that organism, humankind, enters a process of altering 
its biomes through increasingly artificial means or extensions of itself that exhibit a 


compulsive reordering of society into denser and denser clusters of habitations known 


fas cities, hence civilization, 

In the stage before history, the human had created certain tools and had begun 
experiments in agriculture and horticulture, but the mental order remained in an 
aboriginal condition. Unconsciously absorbed as an integral_mechanism within the 
cycles of the biosphere, the human wrapped his understanding of these cycles and of 
his place in them in the garb of myth and ritual, But with history, something differ- 
cent occurs. The artificial means or extensions of the senses are ordered by a different 
form of mentality. Those projections of thought and consciousness, though immate~ 
rial, affect the material surroundings, and take on an aggressive dynamic. The ag- 
gregate effects of these attificial extensions are maintained by a new mental dynamic 
that is contained and then conditioned by anew kind of macro-organizing thought 
structure, independent of the actual cycles of the biosphere. What is this new men- 
tality? How can we most precisely define it? 

Here are some points to ponder. The Mayan reckoning of the beginning of 
history is precisely dated to August 13, 3113 B.C,Long Count 130.000. The Hindu 
reckoning of the beginning of the Kali Yuga is dated to February 19, 3102 B.C.These 
dates are only eleven years apart. What cosmic event occurred at that time to initiate 


the Wave Harmonic of history? As we have seen, there is a perfect identity of the 
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Wave Harmonic of history, as a fractal equivalence, with the Harmonic Module, 
itself a description of the universal 13:20 frequency of synchronization. This being 
so, both the calculation of the beginning of history as well as the duration of its 
entire cycle are functions of the Law of Time. This means that something within the 
Earth's noosphere occurred that triggered the Wave Harmonic, itself a manifesta- 
tion of the Law of Time. Also, by most judgments and standards, history began at a 
very precise place as well-Sumeria, in the Mesopotamian basin of what is now called 
the Middle East. Why? And what relation is there between the precise event that 
triggered the Wave Harmonic of history and Sumeria, the site of the first city, Uruk? 
What event could have established a macro-organizing principle to propel the dy- 
namic of human thought and technology into the trajectory concluded by the 
technosphere? 


THE ORIGINS OF THE 12:60 FREQUENCY 
In the recently published book The History of the World-A 6,000 Year Chronicle of 
Time, we find the point that establishes the definite artificiality of a new kind of 
macro-organizing principle, driving humankind toward the Inevitable Event; here 
we find the genesis of artificial time: "Ca, 3000 B.C.Sumerians divide day into 24 
hours, 60 minutes, 60 seconds and circle into 360 degrees." While this is a fact we 
‘may take for granted because it is the basis of mechanized time in the form of the 
clock, for precisely that reason it should give us pause. For one thing, this means that 
the measuring system of the clock was already established at the beginning of his- 
tory, some 4,500 years before the clock as we know it was actually invented! This is 
quite an astonishing fact. It means that mechanization was implicit in the first intel- 
lectual act of history. Why or how would it have occurred at the precise point of the 
beginning of history in Sumeria? 

The Law of Time defines this mechanistic organizing principle as the basis of 
the 12:60 antficial timing frequency (irregular twelve-month calendar combined with 
mechanical sixty-minute hour). Therefore, it was at this point at the beginning of 
history that artificial time and its progeny, mechanization, were actually registered 
asathought form and thus became embedded in the as-yet-unconscious noosphere. 
Or, was it already embedded in the noosphere to be triggered at this precise point- 
and if so, why and how? The point is that history, as it has evolved as the mainstream 
of civilization from Sumeria to the World Trade Center, has always been driven by 
the organizing principle of artificial time. It is artificial time that separates history 
from prehistory-and, as we shall see, from post-history as well. It was due to the 
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The Error in Time 
The measure of a two-dimensional plane in space has nothing to do with the experience or the nature of time 


“TIME WAS COMPRESSED INTO A FLAT CIRGLE..* 
Dreamspell Genesis" 
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genesis of artificial time at the beginning of history and its emplacement within the 
planetary noosphere that also generated the thirteen baktun Wave Harmonic of his- 
tory. For the very purpose of the thirteen baktun Wave Harmonic of history is to 
encompass and coordinate the cycle of artificial time. Why? 

‘The Wave Harmonic is a function of the 13:20 synchronization frequency. It is 
a function of cosmic time. In the higher knowledge of the Mayan understanding, it 
provided the perfect measure of the cycle of artificial time. From the perspective of 
the actual noospheric timing, which operates according to the natural 13:20 cosmic 
timing frequency, history is none other than a manifestation of artificial time. Civi- 
lization becomes organized by the principle of artificial time. But because it is artifi- 
cial, it cannot endure. If the mathematical basis of mechanized time, and hence of 
mechanization, was already established at the beginning of history, then the end of 


history is the end of artificial, mechanized 12:60 time. And in the end, the Law of 
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Time codes and encompasses the whole of the cycle of artificial time through the 
thirteen baktun Wave Harmonic of history. What is important to grasp is that the 
entire cycle of artificial time was alreadyperceived by the Mayans. as a phenomenon 
that could not endure more than the length of the cycle of thirteen. baktuns 

It is necessary for the reader to understand how this perspective was discovered. 
It was the result of a phenomenological experiment of living according to the 
synchronic cycles of the Mayan time science. After the death of my son in 1987, my 
wife and I began in earnest to follow the cycles encoded in the Mayan calendar: 13- 
day, 20-day, 52-day and 260-day cycles. Our life changed dramatically. At the same 
time, I endeavored to define the mathematical basis of these cycles. Once I resigned 
my academic position in early 1989, we were swept by a wave of time that took us 
from the Rocky Mountains to Southern California to the Hawaiian Islands in the 
middle of the Pacific Ocean, There, in relative isolation from the rest of the world, 
we plunged into our experiment, Before we had truly settled in, the time wave took 
us to Switzerland, where on December 10, 1989, in the Museum of Time in Geneva, 
we were able to put our phenomenological experiment to the test-although we did 
not consciously realize at the time that we were doing so. 

There in the Museum of Time, essentially surrounded by examples of the his- 
tory of the clock and mechanization, and because our perceptions had been altered 
by our living so completely by the various timing cycles encoded in the Mayan cal- 
endar system, we were able to spontaneously perceive the existence of two timing 
frequencies. The natural frequency-the one we had been living-we understood 
instinctively to be the 13:20 timing frequency. The other frequency-the one en- 
shrined in this Museum of Time-we understood to be the artificial 12:60 timing 
frequency. This realization of artificial time was rooted in the evident proof that the 
clock is based on the twelve-part division of a flat circle, a spatial plane that clearly 
has nothing to do with the dynamics of time. It is a manifest error, but one that 
humanity has taken for granted and endowed with all of the characteristics of "tut 

We also immediately saw that the error of mistaking the division of a two- 
dimensional plane in space for a measure of time was transmitted not only through 
the clock, but through the twelve-month Gregorian calendar as well. With brief 
reflection upon what a gross error this was-substituting a twelve-part division of 
space as a measure of time, and then elevating this mistake as the truth of the mea- 
sure of time-we understood how it could have actually led humanity away from the 
natural time of the universe In making this observation, we immediately and intu- 
itively grasped the necessary solution: replace the erroneously measured twelve-month 
Gregorian calendar with the perfect measure of the Thirteen Moon/2 8-Day calendar. 
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Our research into the mathematical codes behind the Mayan calendar now pro- 
‘gressed rapidly, but our attention also turned to the question: Whence came the 
thought form of 24 hours, 60 minutes, and 60 seconds as a measure of a circle of 360 
dogrees? It was clear to us that this division of time based on the division of a circle in 
space occurred at what is the beginning of history, a fact later confirmed for us in the 
already cited History of the World (1997), which states that this division of 24 hours, 
Ca, 3000 BC 


(60 minutes, 60 seconds and the circle into 360 degrees was devised 

Once we had finished working out the mathematical codes, we tured to a con- 
sideration of the actual implications of the error in time. It was now also clear why 
the Mayan time science was so superior. It was based on the reality of time as a factor 
of synchronization. By contrast, the concept of time as it had developed in the main- 
stream of civilization was limited, linear, and totally third-dimensional, a fact that 
confirmed Vernadsky's analysis, as well, that our notions of time are a function of the 


metrics of space. By 1991, the experience in the Museum of Time had driven us into 


What Difference Can a Calendar Make? 


Seounry-21 days Fetumy- 297 dope Merch31 days Aeit-30 dos 


4 


AND SO THE THIRTEENTH MOON 


WAS DISMEMBERED AND ADDED 
JONAS EXTRA DAYS TO THE 
ICALENDAR OF TWELVE.” 


een 
‘cecum caer 


ms 


June 27 to July 24 


+1 DayOutof Time 
July 25 

Day of Planetary Peace 

Through Culture Festival 


Gregorian Calendar and the Hidden Thirteenth Moon 


creating a full-blown psychomythic analysis and description of this moment of real- 
ization concerning the nature of time. The complete structure of the mathematical 
codes of time, as well as the psychomythic description of the causes and effects of the 
error in time, is known as the Dreamspell, which is defined as follows: 

"DreamspelH: function of fifth-dimensional _galactic-solar planetary regulation; 


26,000-year renewable cycle and planetary castle gene 


¢; any consensus reality; in 
disregard of interdimensional reality creates entropic spell of history; cure for loss of 
galactic memory."2 The planetary castle genesis refers to the five castles of time (each 
5.200 years in length), divided into three geneses-the Dragon, the Monkey, and the 


Moon-that constitute the entire fractal panorama of the 26,000-year cycle of 


tory that ends in 2012, and is meant to be renewed in 2013 (an obvious synchronic 
reference to the 13:20 timing frequency). In the Dreamspell analysis, the beginning 
of history occurs almost 5,200 years ago between the Monkey and the Moon gen- 


ceses, and is marked by the imposi 


mn of the false 12:60 timing ratio, 
In light of this analysis and definition it is worth quoting certain passages. from 
the Dreamspell text that describe this precise moment at the beginning of history 
‘and that the Law of Time defines as the root error of civilization, First we quote 
from the “Dreamspell Genesis," and then from the descriptions of the "Dreamspell 
Journey and Mission of Timeship Earth 2013." The purpose of quoting these _pas- 
sages here is to establish a psychomythic context to explain the profound nature of 


what we refer to as the error in time compounded over 5,000 years of history 


Imposters, male priests and warriors usurped the power ofthe thirteen moons. They 
hid the thirteen among themselves and attempted to banish all memory of the matrix 
reamspell of magic. ..The planetary kin had imposed upon them the diminishing 
power ratio of 12:60. No longer the magic of thirteen moons but a twelve month 
calendar of uncertain. meaning. No longer the timeless gyre of magical flight, but a 


sixty-minute hour to eam one's bread. 
‘Time was compressed into a flat circle. 
‘The 13:20 ratio is the base operating ratio of timeship Earth, 


In that vital moment during the magic flight. ...Toward the moon genesis, another 
spell was cast. Instead of the 13:260 ratio already stored deep within the crystal core 
of timeship Earth, the planetary kin received the 12:60 ratio, the dark dreamspell. of 
history. ..And so the thirteenth moon was dismembered and added on as extra days 


to the calendar of twelve. 
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‘The absorption of the thirteen by the twelve was called an improvement by the male 
imposter priests hypnotized by the combined powers offupiter and Saturn, It takes 
twelve years for Jupiter to orbit once around the sun. It takes sixty years for Jupiter 


and Saturn to be conjunct. 


‘Twelve times five equals sixty, one sixth ofthe flat three hundred sixty degree circle. 
‘The difference between twelve and five is seven. While the priests of the calendar of 
ancient Babylon banished the power ofthe thirteen moons, they replaced that power 
with the power of seven 


While the twelve diminished the power of thirteen by one, the sixty raised the power 
of twenty by three. A seeming increase in power occurred, but an increase only on 
the flat plane of the third-dimensional time to which the planetary kin were now 


consigned, 


With the banishment of the thirteen moons, the fourth-dimensional time magic. 
became the property of the priest class. Setting up religions and governments to 
‘maintain the kin within the third dimension, the priests were assured that anyone 
having fourth-dimensional experiences either be appropriated or destroyed.J 


So much for the psychomythic impression of the genesis of artificial time, the 
flat time of an exclusive third-dimensional reality called history. A few further quo- 
tations from the Dreamspell emphasize both the interplanetary and mathematical 
root of false time: 


At -3187 Dreamspell years the time bandits on the sixth and seventh orbits pulsed 
their beam. The 12:60 frequency of the memory virus took immediate effect on the 


third-dimensional space suits. .. The Dreamspell of history was cast. 


Imposter priests on Earth substitute the 12:60 ratio... Instead of the magic of 
following thirteen moons, a non-circulating twelve-month calendar is substituted: 
instead of the beauty and power of magical flight, the sixty-minute hour. The result 


is disastrous 


‘The twelve-month calendar isthe consequence of the 12:60 ratio imposed at -3187 
Dreamspell years (3113 B.C.Julian/Gregorian). With no basis in or capacity for 
‘measuring galactic time, the twelve-month calendar is actually a third-dimensional 


prison keeping the four root races separate and at war with each other.4 


These descriptive explanations of the error in time define such a profoundly 
radical point of view that we must flesh out the implications and description of the 
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course of artificial time according to the analysis of the Law of Time. From the 
outset of civilization in Sumeria, artificial time captures the human mentality in the 
order oflow time and near space (third dimension), separating it from high time and 
far space (fourth dimension). The registration of artificial time within the uncon- 
scious structure of the noosphere, which is intrinsically governed by the universal 
13:20 frequency of synchronization, creates a conflict and a pressure in the noosphere, 
atime warp or taint that affects the entire biosphere 

Civilization-living in cities-increasingly becomes the human norm within the 
biosphere. Where there had been no civilization, at a few key places around the 
planet civilization now arises-a process that goes from the crystalline structures at 
the origin to the later phases of imperialism and empire building. This cycle is re- 
peated again and again. Even in the New World where the 13:20 natural timing 
frequency prevailed, the later stages of civilization succumbed to the effects of the 
12:60 already seeded in the noosphere. Ultimately, all humanity and the biosphere 
were to be governed by the artificial timing frequency that ends with the construc- 
tion of the technosphere, the final and supreme expression of artificial time. Indeed, 
the technosphere is the absolute conclusion of what can rightly be called an artificial 
time warp in the biosphere. 

Concerning the mathematical basis of the 12:60 frequency, V.A. Ponko of the 
Russian Academy of Sciences, Novosibirsk, has conducted extensive research and 
wave analysis on the mathematical properties of the cycles of history. He has con- 
cluded that as a mental coordinate, the number 12is a strict construct of the angles 
of space. Since it does not correspond to the sinusoidal curvature of the cycles of 
time and the plotting of all organic phenomena, when used as a time factor the 
number 12 offers no "protection" from bombardment by any number of cosmic 
forces. The mathematical plotting of the 13:28 frequency that characterizes the 
Thirteen Moon calendar, on the other hand, is in alignment with the sinusoidal 
curve properties of organic phenomena, and therefore functions as an “umbrella” 
‘maintaining the organism in resonance with the biosphere.s 

Here let us make amore precise definition of timing frequencies and the nature 
of calendars as the macro-organizing programming systems of the human in the 
biosphere. By defining time as the universal frequency of synchronization, we are 
saying that synchronization is the fundamental program to which everything ad- 
heres and which makes everything perceptibly coherent, hence synchronic order. 
Therefore, the natural timing frequency that is auniversal phenomenon both regu- 
lates the phenomenal order of the cosmos, and in the human is absorbed as a mental 
frequency that unconsciously synchronizes the mind and senses with the natural 
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order. The result is the normal sensation and experience of the harmony of reality 
This defines both a fundamentally prehistoric perception of reality as well as the 
spiritual experience that is common when we are confronted with the awesomeness 
of nature-usually far away, it should be noted, from city life. This universal factor 
of synchronization we have identified as the mathematically preci 
ratio constant embedded in the structure and order of the calendrical and astro- 
nomical system of the ancient Maya. 

If we understand that this frequency of synchronization is a genuinely universal 


ratio 13:20, a 


constant, then we may comprehend how not only the entire biosphere, but solar 
system and galaxy are also governed by the same frequency. This ishow the Kozyrev 
experiments could show that there is instantaneous transmission of information 
throughout the universe, which in its entirety isa function of the formulation velocity 
oftime is instantaneously infinite. Synchronization and infinite instantaneity of trans- 
mission are mutually defining-everything is always instantaneously synchronized. 
We can further say that synchronization “syntropizes” while dissynchronization 


"entropizes." There is no lag time in synchronization. 

This being the case, we can then begin to understand how the acceptance and 
institutionalization of the artificial 24-hour, 60-minute, 60-second division of the 
360 degree circle as the basis for defining time could be such a singular and ulti- 
mately disastrous deviation from the universal frequency of synchronization, Thus 
when we speak of the artificial 12:60 timing frequency, we are referring to the men- 
tal effect of the feedback program of the use of artificial and erroneous instruments 
of measure. Rather than allowing the mind to remain in the natural harmony of 
synchronization with nature, the artificial 12:60 standard and its instruments estab- 
lish a feedback effect in the mind that accustoms it to the deviation from nature. 
This habituation results in the creation of an unconscious timing frequency that is 
accepted by the consensus reality as the actual norm. Separation of human order 
from the biosphere becomes accepted and acceptable, making civilization not only 
possible, but setting it up, as it were, as a parallel rival to “nature.” In fact, itis the 
unconscious mental frequency of 12:60 artificial time that coordinates and main- 
tains civilization as a belief system. 

When we speak of the instruments of measure of artificial time, we are specifi- 
cally referring to the Gregorian calendar as the macto-organizing principle and the 
watch or mechanical clock as the micro-organizing principle. The macro-organizing 
principle organizes our life into days, weeks, months, and years. The micro-organizing 
principle organizes our life into seconds, minutes, and hours. These two instru- 
ments have their common root in the error in time that occurred 5,000 years ago at 
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the beginning of history. Try to think of life without these instruments and you will 
quickly realize how second nature they are-and yet there was atime when such 
instruments and their terminology did not exist. Before turning our attention to an 
analysis of these two instruments and their effects on human consciousness, we must 
view the entire cycle of the Wave Harmonic of history as a function of the macro- 
organizing principles of time that the human in the biosphere adopted for its uses 
and that, in turn, condition at a most profound level the worldview of the culture or 
civilization that uses it 


HISTORICAL CALENDARS AS INSTRUMENTS 
OF ASTRONOMICAL =MEASURE 


It may be rightly asked, What does acalendar measure? At aminimum, a calendar is or 
shouldbe the measure of the Earth in its rotation around its local star, the sun. This 
rotation takes 365 days. The Earth's satellite, the moon, is the obvious synchronizing 

factor between the Earth and the sun. But here we encounter a difficulty. The moon 
‘can be measured by various cycles. The synodical cycle, from new moon to new moon, 
is 29.5 days. The sidereal cycle, the measure taken from where the moon appears at 
the same place in the sky, 
from the measure of when the moon's axisis tilted farthest from the Earth, which is 28 


days. This variance of measures is due to the fact that until the rise of rocketry, we 


just over 27 days. There is an apsidal cycle, however, taken 


could not really see the moon from space. In actuality the moon rotates around the 
Earth thirteen times during the time it takes the Earth to orbit the sun once. 

If one were objectively seeking the proper measure of the Earth's orbit using the 
moon as the measuring device, we would therefore construct an instrument for time 
reckoning that consists of an even harmonic measure of thirteen cycles. of twenty- 
eight days each. The 28-day cycle conforms, of course, to the female menstruation 
cycle, an obvious human biological cycle, and it also divides perfectly into four 7-day 
subeycles or weeks. Also, 13 x28 = 364, the same number of days as thirteen moons 
multiplied by four 7-day weeks (a total of fifty-two weeks), with the 365th day being 
a free day, or Day Out of Time, no day of the week or month at all. We shall deal 
‘with the perceived extra quarter-day later in our discussion. 

‘The point is this: If time is a factor of synchronization, then a calendar-as an 
instrument for measuring the count of time-should also be constructed so that it 
maximizes the factor of synchronization, This _can only be done if the instrument of 
time reckoning is constructed on harmonic principles in conformity with the objec~ 


tive data of nature. Such an instrument would also conform to the orderly processes 
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of the biosphere taken as a whole, and be a 


reat assistance in bringing into con- 
ams that organize the biosphere and noosphere. The 
Thirteen Moon/28-Day calendar is the perfect instrument for such a simple regis- 


sciousness the cosmic pro} 


tration of harmony and synchronization. It should also be noted that in its math- 
ematics the Thirteen Moon/28-Day calendar is a function of the 13:20 timing fre- 
quency. This in itself establishes the Thirteen Moon/28-Day calendar as a perfect 
instrument of the Law of Time and asa function of the synchronic order of reality 

Since the process of civilization represents a break from a long cycle generally 
undistinguished by the kind of perturbations that characterize history, the analysis 
of the Law of Time assumes that in prehistory humans lived in relative harmony, 
and therefore that the humans tended to use harmonic instruments of time reckon- 
ing. The humans living in greater harmony with the biospheric cycles would be 
disposed to be in greater unconscious or aboriginal attunement with the noosphere. 
Since the noosphere is regulated by the synchronic order of the universal 13:20 
timing frequency, the humans would be more naturally disposed to devise, adopt, or 
intuitively utilize the time measure in greatest accord with this instinctual 13:20 
hoospheric timing ratio 

This instrument of time measure would, of course, be the Thirteen Moon/2 8-Day 
calendar. It should also be noted that this calendar is a perfect solar-lunar measure: 
that is, it uses the even, regular lunar cycle of28 days as the standard of measuring the 
365-day solar cycle of the Earth. The balance of solar and lunar may also be taken as 


Moon Circling Earth Thirteen Times per Year 


id you know the 
‘moon goes around 
the Earth thiteen 
tienes a year? 


symbolic of human psychological characteristics and their balance or imbalance. A 
solar-lunar calendar will represent and reflect a balance of the solar-unar, masculine 
and feminine qualities within the human being. It is important to bear in mind these 
considerations of calendars and their effect on shaping the human historical conscious- 
ness and its psychological makeup. From this perspective, history is, in fact, a process 
of falling away from the perfection of harmonic standards. 

Evidence exists that the Thirteen Moon/28-Day measure was widely known in 
prehistory. We find evidence of its use as a prehistoric synchronic measure in the 
remote past of China, in Polynesia, and scattered across late neolithic Europe and 
the Middle East. Among the Maya it was known as the Tun Uc, literally "moon 
count” or count of seven, while the living tradition of the Thirteen Moon/28-Day 
calendar is still continued in South America and in the British Isles, where it is known 
asthe Druid Tree calendar. While the Druid calendar has no year count attached to 
it that would definitively testify to its prehistoric ancestry, the South American cal- 
endar does. Known as the Pachacuti, the South American Thirteen Moon/28-Day 
calendar is currently in the year $509, which places its origins at 3308 B.C., toward 
the middle of the fourth millennium before Christ, and several hundred years before 
the beginning of the thirteen baktun Wave Harmonic of history 

If we understand that calendars are genuine time-measuring devices. meant to 
synchronize us with the cosmic omer within the biosphere, and that calendars are 


thereby programming devices, we may then say that a calendar of perfect harmony 


can have no history. In other words, by its harmony such a calendar is always in tune 
‘with the cosmos, which is beyond history. History can only be a function of a dishar- 
‘monic programming, not in syne or even at odds with the laws of natural time, 
From the point of view of timing devices, there are two factors in the establish- 

ment of history. The first is the 12:60 program established 5,000. years ago. with 
the division of the day into 24 hours, 60 minutes, 60 seconds, based on the 360-degree 
division of the circle. The other factor is the use of a purely lunar calendar that is 
difficult” to reconcile with the actual measure of the solar year. The purpose of the 
12:60 measure was to establish a timing standard that was actually a pseudosolar 
calendar to assert male intellectual dominance. The Babylonian (and. later, Egyp- 
tian) calendar consisted of twelve 30slay cycles = 360 days = 360 degrees, plus an 
extra Scday cycle. The 30-day measure is not actually a natural one, being a half day 
more than the synodic lunar measure, but one that conforms to the hexagisimal 
(6-based) mathematics of the circle. For this reason, this instrument of time reckon- 
ing is defined as pseudosolar. Its ultimate descendent, as we shall see, is the twelve- 


month JuliawGregorian system, 
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By contrast, the Maya also had a 365-lay solar calendar, the Haab. Its measure, 
however, is that of eighteen 20-day cycles (18 x20 = 360) plus the Slay cycle (uayeb). 
the 20-day cycle (vinal) being amathematical function of the 13:20 frequency. In addi- 
tion, the Maya had the measure of the sun, the 360-day count of which is precisely the 
same as that of the degrees of the circle. It was the tun that the Maya used to measure 
the thirteen baktun count, which actually consists of5,200 tun (5,125 solar years). The 
purpose of this measure was to provide an exact harmonic standard for the measure of 
history that, we may recall, is the duration of artificial time. It is very relevant that the 
harmonic standard of the thirteen baktun Wave Harmonic of history is the 360-day 
tun, the actual temporal equivalent of the degrees of a circle in space. The precise 
measurement of the cycle of artificial time, which tuned out to be anything but har- 
monic, could yet be measured with aharmonic unit that reflects both the circle and the 
mathematical perfection of the Law of Time, How better to coordinate the entire 
cycle of artificial time than by the tun, anit of measure that reflects the 360-legree 
circle, the basis of the original error in artificial time? As we will later observe, the fact 
that the Law of Time coordinates even the cycles of artificial time is also evident in the 
analysis of the timing of the fatal flaw of the Twin Towers apocalypse. 

While the Babylonians began to apply ahexagisimal time-reckoning device based 
‘on spatial metrics of the circle, another factor became predominant in the Old World: 
the rise of the synodical lunar calendar as the exclusive measure of time. The synodi- 
callunar calendar is purely lunar in that it is not evidently or perfectly harmonized 
with the 365day measure of the solar cycle-a fact of great consequence for the 
development of mainstream civilization. The Babylonian calendar, with its abroga- 
tion of the thirteen perfect 28-day months, established the pseudosolar twelve-month 
measure. This twelve-month measure conformed to the lunar measure of twelve 
synodic lunations per lunar year. However, twelve lunations are only 354 days, eleven 
days short of the solar year. This required an intricate set of calculations to make the 
lunar calendar keep up with the measure of the Earth's solar orbit. And in reality. 
although we fend to think of the moon as feminine, the knowledge of the synodic 
measure, the cycle from new moon to new moon, became the exclusive province of 
amale priest class that used the lunar calendars to capture and control the feminine 
Principle, and to oppress women in general. Whereas the Babylonian and Egyptian 
solar calendars fell into disuse over time, the lunar calendar persisted 

Since there is only one moon orbiting Earth, it should be kept in mind that all 
lunar calendars are essentially the same. One and the same moon in all its phases is 
apparent to all humans on Earth. So when we speak of different lunar calendars- 


most notably the Hebrew, the Islamic, and the Chinese-the measure is basically the 
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same, from new moon to new moon, but New Year's Day falls differently in each of 
them, thus accounting in part for the various calendrical traditions. Within each of 
these lunar calendars, a different set of holidays is programmed. It is the program- 

ming of the different holidays and festivals of the calendars, along with the dating of 
their new year, that makes each lunar calendar tradition distinct and that also dem- 

onstrates how a calendar isa programming device. For instance, if one were to take 
ut the different holidays programmed into the Hebrew lunar calendar, there really 
would be no such thing asJudaism. This demonstrates that the cultural conditioning 

of a people is totally dependent on the programming of the calendar they use. This 

also shows how a calendar is a feedback mechanism that maintains a group of people 
within the confines of its own self-established belief system, 

Of the three lunar calendars we have mentioned, the oldest count of years is 
accorded to the Hebrew calendar. This year Rosh Hashanah, or Jewish New Year, 
occurred on the new moon, September 17,2001, and marked the beginning of year 
5762. This places the origin date for the Hebrew calendar in the year 3761 B.C., 
some 453 years prior to the commencement of the Pachacuti count. The Hebrew 
calendar (like the Chinese calendar, which we will discuss below) makes up for the 
slippage of eleven days per solar year by intercalating a thirteenth lunation cycle 
approximately every three years, or exactly seven such thirteenth moons every nine- 
teen years. These numbers too-13, 7, and 19-are key harmonic factors of the 
synchronic order of time. This demonstrates that, at the very least, the synodical 
lunation calendars are calibrated in their larger cycles by the Law of Time. But the 
effect of being a purely lunar measure, at variance with the actual 365-day measure of 
the solar year, creates an interesting and one-sided approach. There is no question 
that the lunar calendar civilizations are the tool of powerfully patriarchal societies, the 
tables of the moons and the years being the possession of adominant male priest class. 

‘The Chinese lunar calendar differs from the Hebrew in one important dis 
tion: from the most ancient times it has been embedded in a system known as the five 
elements, and is coordinated with a very elaborate mathematical system that bears 
some resemblance to the 60-60, 24-360 basis of the SumerianiBabylonian 12:60 
frequency. This synchronizing system accounts for the Chinese cycles of years that 
are counted by the twelve zodiacal animals in combination with the five elements 
earth, fire, wood, water, and metal, thus giving rise to 60 (12 x 5) year cycles. Three 
of these sixty-year cycles create a "group" or cycle of 180 years. We are now (in 
2001) in the eighteenth year of the twenty-seventh group, or year 4,698 of the Chinese 
lunar calendar. So embedded is Chinese culture and civilization in this calendar, 
with its elaborate system, that to take away this calendar would virtually eliminate 


inc- 
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Chinese culture altogether. Perhaps more than any other factor, this highly involved 
calendar also accounts for the longevity and tenacity of Chinese civilization as one 
continuous tradition for the duration of its history, which according to the reckon- 
ing of its calendar began in 2697 B.C.,a date, interestingly enough, that coincides 
with the dedication of the Great Pyramid of Egypt 

Despite its marvelous system, the Chinese lunar calendar is still just that: a lunar 
calendar. The problem with this, from the point of view of the Law of Time, is that 
when it isnot regulated by a proper solar count or measure, the lunar calendar leads 
people into one-sided developments of one kind or another, if only to the extent to 
Which these calendars foster such profoundly patriarchal societies, of which the Chi- 
nese is certainly no exception. The influence and use of the Chinese lunar calendar 
system extends into southeast Asia, Tibet, Mongolia, Korea, and Japan. Asa field of 
thought within the noosphere, the Chinese system is the equal in power base to the 
Babylonian and Indian systems, at least up to the time of the dominance of the 
Gregorian. Even today, the Chinese New Year exerts a powerful attraction worldwide. 

While the Chinese and Hebrew lunar calendar systems maintain a powerful con- 
servative strain of human society, the intercalation of the thirteenth moon, seven 
times every nineteen years, creates akind of circulation within the system. Thirteen 
is the number of circulation, whereas twelve is that of a static, non-circulating spatial 
order. ‘The taboo on the number thirteen-epitomized by the superstition about 
Friday the thirteenth-must certainly be related to the suppression of the solar- 
lunar Thirteen Moon/28-Day calendars in virtually all historical societies. This. i- 
tational repulsion of the number 13 serves. psychologically in defense of the “ratio- 
nality” of the number 12, a number that does not circulate time and is at the root of 
the linear conception of time. The illogical and irrational decisions that are_made 
and then institutionalized into the human social fabric must at one point be dis- 
counted. Any illusion or error pursued for too long will always end in disaster 

‘The Islamic lunar calendar, used by some 1.3 billion humans, is distinguished by 


two factors: 


1) It is based on a known historical incident, the Hegira or flight of the 
prophet Muhammad from Mecca to Medina, dated to the new moon or 
Muharram 1, Julian, July 16, 622 (Gregorian, July 26). 


2) It is a pure twelve-month lunar calendar running on a cycle of pure lunar 
years of 354 days, with no intercalary Iunations, and in this regard does not 


annually harmonize with the 365-day solar cycle. 
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For this reason, this year 2001 saw the beginning oflslamic lunar year A.H. (M- 
ter Hegira) 1422. But if we are to count the solar years since the Hegira, correlated 
to Gregorian July 26, then it is solar year AH. 1379. We see here a discrepancy of 
some some forty-three years between the solar count and the lunar count. The lunar 
count continuously retrocedes so that it takes thirty-two years for one Muharram to 
occur at the same place in the cycle of the solar year. In essence, the Islamic lunar 
calendar creates hermetic, retrocessing time bubble with no circulation of the power 
of the thirteenth moon, and that accounts for the highly conservative and. patriarchal 
nature of much oflslamic society. Again, while there may be a virtue to maintaining 
strict lunar calendar count, if it is not correlated to a harmonic solar or solar-unar 
standard, the effects will be precisely of the nature that we see occurring in today's 
world, a point to which we shall later return. 

Finally, in this brief consideration of calendars as the principle macro-organizing 
system for the programming of human society, a word should be said about the 
system of calendars in the predominant part of the Indian subcontinent. Long. be- 
fore they adopted the Babylonian solar zodiac and hexagisimal spatial principles for 
reckoning time, the Hindus also had a type of 28-day count, but one based on the 
course of the moon in relation to a set of stars called Nakhsastras; this created a kind 
of 28:part lunar zodiac. In this system, however, the Hindus divided the 360-degree 
Tunar ecliptic into twenty-seven equal parts (27 days =sidereal cycle of the moon) 
each part equal to 13 degrees, 20 minutes of are, the precise measure of the 13:20 
timing frequency. A complex variety of lunar calendars were developed early on, but 
were gradually displaced by what we call the pseudosolar Babylonian division of the 
Earth's ecliptic into twelve 30-degree segments, a fact that reflects the adoption to 
the unconscious 12:60 frequency program. 

‘The Hindu (pseudo) solar calendars are all based on the same division into 30- 
degree aros-a circle or plane in space! While the base count of the present era is 
taken from February 18,3102, the beginning of the Kali Yuga-the last and darkest 
age-exactly 5.104 years ago (dated from Gregorian year 2002), today there are at 
least six different calendars in use throughout the subcontintent, each essentially the 
same as the other, but characterized by different dynastic starting points. These dif- 
fering counts, coupled with the distinct profusion of religious holidays, accounts for 
the jarringly conservative and colorful confusion that characterizes present-day 
Indian society-a —neo-Babylonian time warp, its populace locked into place by com- 
plex systems of pseudo-solar calendars set in the context of earlier Hindu. astronomi- 


cal cycles of a vast and overwhelmingly cosmic nature. 
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"TIME 1S MONEY": 


HE WATCHWORD OF THE 12:60 FREQUENCY 

All of the aforementioned time-reckoning systems, with their various beginning 
points, can be mapped within the 5,200 tun/5,125 solar cycle of the thirteen baktun 
Wave Harmonic of history. While we can generally see how the Babylonian and 
lunar calendar systems shaped the mainstream civilizational orders of the Old World, 
in our time map we must also take into account the workings of the 12:60 artificial 
timing frequency within the unconscious noosphere. In this sense, the 12:60 fre- 
quency refers to the principle programs of control adopted and maintained through 
use of the twelve-month calendar systems in the Old World. (See plate 5, Noospheric 
Time Map-Wave Harmonic of History.) 

Plotting the incidence of these calendrical streams on the time map, we must 
keep in mind that the calendar systems are the chief instruments for establishing and 
maintaining the human mind and social order within very specific programs of be- 
havior. These programs, at least in the Old World, were characterized by the intro- 
stems of exchange called money, and accompanying programs 
of taxation, These systems were adopted to a greater or lesser degree by all the Old 


duction of artificial s 


"time is money," where money 
is the artificial medium to negotiate artificial time. The end of history is the end of 


World societies. In this we find the root of the slogan, 


money and the end of artificial time. The word "calendar" itself is derived from a 
Latin word meaning "account book,” the first day of every month being calendsor 
the date of payment of debts 

Now, let us retum to a consideration of the two principal and resultant 12:60 
instruments dominating the end of historical time: the Gregorian calendar and the 
‘mechanical clock. We may note that toward the conclusion of the twelfth baktun 
cycle (A.D.1618), the clock reaches its perfection at the very moment of the imple- 
‘mentation of the Gregorian calendar reform (A.D.1582), just after the act of global 
circumnavigation had been accomplished. Within the entire thirteenth baktun cycle, 
1618-2012, the coincidence of these three factors-clock, calendar, and European 
global citcumnavigation-induced what amounts to a 12:60 frequency capture of 
planetary time in the biosphere. What are the implications of this takeover of time 
by an irregular and irrationally measured Gregorian calendar and its accompanying 
micro-organizing device, the mechanical clock? 

Plotting the growth curves of human population, machine, and money, we see 
that the complete infusion of the 12:60 artificial timing frequency creates an unprec~ 
edented acceleration, the exponential peak of which occurs at the moment of the 
Inevitable Event. For this reason, according to the Law of Time, it is important to 
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comprehend even more deeply the nature of calendars and their effect, especially 
with regard to the current global standard 

Because the calendar is a macro-organizing principle, when accepted over time 
it establishes in the mind, individually and collectively, a set of perceptions that are 
automatically taken for granted as being “real” and “indisputable.” These sets of 
perceptions define the paradigm by which a people, culture, or even an entire civili- 
zation operates. The Gregorian calendar, the current global civil standard, is the 
paradigmatic macto-organizing principle in which are embedded all the laws, cus- 
toms, institutions, and scientific principles governing the present global civilization- 
not to mention all the holidays of the Vatican-ordained Catholic Church. According 
to the Law of Time, the current calendar is an irregular standard of measure; its 
units of measure do not correspond. This calendar represents, therefore, the institu- 
tionalization of disorder and entropy. Because it has existed for a sufficiently long 
duration in the human historical cycle-2,000 years, including its predecessor, the 
Julian calendar-the perceptions fostered by the unconscious acceptance of the 
Gregorian calendar are taken as the unshakable bedrock of nature and reality. All 
current beliefs-economic, political, and scientific, from democratic neo-liberalism 
to the special theory of relativity-are actually products of the underlying percep- 
tions promoted by this calendar, and have no reality apart from the beliefs about 
time that the calendar engenders. Change the macro-organizing principle and you change 


the paradigm. 


THE NEED FOR A TRULY "NEW MILLENNIUM" 


As the global civil standard, the artificial, irregularly measured Gregorian calendar is 
aa self-reinforcing feedback loop. As such, it furthers and maintains all linear time 
concepts, thereby establishing a host of entropic, disordered value concepts such as 
the violent universe, the degradation of matter, quantum physics, the arrow oflinear 
time, the doctrine of techno-economic inexorability, and an attendant host_ of 
tunresolvable problems-crime, _drug_abuse, terrorism, environmental deterioration, 
and so forth. Why? Because as an irregular standard of measure, the Gregorian cal- 
‘endar is incapable of producing harmony. Only harmony can unify. The Gregorian 
calendar is not a unifying harmonic standard. Lack of a unifying global standard 
exacerbates all current conflicts, Condition the mind to an irregular standard and 
the mind will adjust to disorder and chaos as normal conditions of existence. 

‘The world’s racial, tribal, historical, and religious conflicts are embedded in and 


a function of different timing systems (calendars), all now coordinated within a master 
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irregular timing standard and macro-organizing principle, the Gregorian calendar. 
In this calendar’s irregularity is embedded the view that the world of the inevitable 
degradation of matter is the exclusive object of all present-day science, and hence is 
also reflected in the entropic nature of global civilization and its deteriorating social 
processes. The Gregorian calendar conditions the mind to hopelessness of resolu- 
tion, Without a unifying harmonic standard humanity is incapable of finding long- 
term resolutions for any of its problems. Disharmony can never produce harmony. 
Only harmony can produce harmony. All conflict can only be resolved by the appli- 
cation and within the context of a harmonic timing standard. 

Now, following the attack on the Twin Towers and the Pentagon, we can say that 
the Gregorian calendar is bringing history to an end, The Inevitable Event was pro- 
grammed into the Gregorian calendar, and the Gregorian calendar usurped the power 
of all calendars in the thirteenth and final baktun cycle of history. When the third 
millennium officially opened at the dawn of the year 2001, the pride of industrial 
man was at an all-time high. Would it be a millennium of peace or one of war? If the 
last century of the second millennium was the century of total war, was the third 
millennium going to do anything but inherit the unfinished programs of the old 
millennium? Could the Earth and the biosphere withstand a millennium of total 
war? Hardly. The Vatican "jubilee year," which ended with the beginning of the 
third millennium, tured sour with the Twin Towers apocalypse, as is vividly re- 
flected in a photo of Pope John Paul II taken just after the Inevitable Event. The 
Gregorian calendar marks its inception with the birth of Christ, a date and moment 
that was never historically noted, and so is shrouded in speculation and conjecture. 
Now the twisted civilization of Gregorian time is locked in mortal combat against a 
terroristic specter that it alone could have projected into manifestation, Soon, by 
biospheric standards, the world of artificial time will be over and gone. And then the 
millennium will be truly new. 

‘The very word millennium conjures possibilities of Earth-shattering events and 
cosmic prospects. If the inception of the Kali Yuga, 3102 B.C.,can be said to be the 
point where the historical process became irreversible, eleven years after history 
began in 3113 B.C.then in counterbalance, the Inevitable Event, 2001, which had to 
occur eleven years before the end of the cycle of history, A.D.2012, was more than 
just millennial. It was the termination of more than 5,000 years of the irreversible 
‘motion of artificial time. Such symmetry-eleven years after the beginning and eleven 
years before the end of history-is the hallmark of the synchronic order. For 5,100 
years the count of days has numbered the long and increasingly perilous saga of 
human civilization, How bright was the beginning and how grim will be the end? 
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‘There at the beginning of the cycle was the “first city,” Uruk. There at the end of the 
cycle, the fallen Twin Towers of Babel of the “last city," New York (=New Uruk), the 
ultimate monument to history itself and the final event to init 


te the actual closing 
of the cycle of history. 


There it is, the city of Uruk. Urshunnabi, climb 
1p om that wall, the outer all shining with the 
brilliance of burnished copper. The seven wise 
men laid the foundations. One third of the city 
is buildings, cunningly executed, one third of the 
city is garden with rose and bird, and one third 
of the city isfeld with the temple of Ishtar 

within, Goddess of love and struggle 


= THE EPIC OF GILGAMESHS 


IfUruk is the place where the seven wise men laid the foundations, those foun- 
dations were measured by the 24 hours, 60 minutes, and 60 seconds derived from 
the 360 degrees of the circle. Fifty-one centuries later, the gardens are all but gone, 
the fields themselves mechanized and chemicalized by the technosphere. Earth's 
inhabitants are in terror. Five weeks after the Inevitable Event, now known simply as 
9-11, the end of history still smolders. After the struggle, will the goddess of love 
return? 


Vv 
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The Climax of History, the 
Fifty-six Years of Hiroshima— 
Artificial Time Runs Out 


THE IMAGE. of the Noospheric Time Map-Wave Harmonic of History on plate 
5 of the color insert, showing the concurrent evolution of the different calendars of 
the major civilizations of the world (the illustration is by no means exhaustive), is 
intended to demonstrate the fact that the human race was not unified by a single co- 


standard thro 


herent timing out twelve of the baktuns of historical development. It 


was only in the thirteenth and final baktun that humans became organized by a single 
timing standard. However, it was not a timing standard in accord with the synchronic 
onder of the Law of Time, but the artificial 12:60 timing frequency as represented by 
its two organizing instruments, the Gregorian calendar and the mechanical clock. 
The seeds of this moment had already been planted in the noosphere at the 
beginning of history. From both Sumeria and Babylonia the taint of the 12:60 fre- 
quency then spread through the noosphere and, by means of historical dissemina- 
tion and conquest, throughout the Old World. By the time the historic moment 
arrived to ripen the 12:60 frequency into its full fruition-A.D. 1618, the beginning 
of the scientific revolution and the thirteenth baktun-there were virtually no longer 


any cultural tradi 


ns governed by the natural 13:20 timing frequency. The civiliza- 
tions and peoples of the New World were now under the subjugation of the prevail 
ing world order of European global imperialism, The stage was set for the brief but 


final phase of mechanization, of which the technosphere itself is the climax. 
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What the Noospheric Time Map also delineates is that the 13:20 frequency 
‘was the unconscious organizing factor of prehistory, and that, undoubtedly, a key 
timing system intuitively evolved among many prehistoric peoples independently 
of one another. This was the universal, harmonic solar-lunar standard of the Thit- 
teen Moon/2. 8-Day calendar. The defining point of history arrives with the estab- 
lishment of a 12:60 timing standard within the noospheric unconscious. This fre- 
quency predominates in the development of twelve-month pseudosolar calendars, 
as well as the twelve-month synodicallunation calendars that are not the measure 
of a solar year. These two commingled systems are entwined throughout the an- 
cient history of the Old World as the central thread of development shaping the 
conception of time and resulting in what were to become the two dominant  instru- 
ments of human time reckoning, the Julian/Gregorian calendar and the mechani- 
cal clock. 

Julius Caesar himself instituted the famous "calendar reform" that created the 
446-day year of confusion in 45-44 B.C.,and established a calendar that was just as 
patently confusing. Julius Caesar's was not the only calendar reform in the ancient 
world. The Essene movement, founded by someone known simply as the Teacher of 
Righteousness. and of which Christ was supposedly amember, began asa revolt against 
the Hebrew lunar calendar. The issue was the need for fixed holidays within the 
solar cycle, something that is virtually impossible in a lunar calendar that retrocedes 
eleven days every solar year. There is strong reason to believe that among other 
calendars, the Essenes favored the Thirteen Moon/2. 8-Day calendar. This even leads 
to the question: did Christ himself follow a thirteen moon calendar? In any case, it is 
the 12:60 frequency transmitted through the irrational disorder of the Julian/ 
Gregorian calendar that captures the mind of the human race and the biosphere 
during the final years of the cycle of history. And it is precisely for this reason that 
the pace of human civilization becomes exponentially and entropically accelerated 
during the last few centuries of its development. 

Shocked into higher consciousness by its own barbarism masquerading as civili- 
zation, at the end point of history the human has the opportunity to return to the 
natural 13:20 frequency of synchronization. This return would mark the emergence 
of humanity from the unconscious mechanistic compulsion of artificial time into the 
conscious field of postchistory. The only possible option to unify humanity-once 
the yoke of the Gregorian calendar is removed-is the true solar-lunar calendar of 
Thirteen Moon/28 Days. With the possibility of this positive end in sight, we may 
turn to amore descriptive and definitive analysis of the technosphere. In this way 
understanding the modalities of the technosphere asa distinct and entire process, we 
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Gregorian Calendar 28-Year Cycles: 1945-2001, the Age of Terror 


It takes twenty-eight years for the Gregorian calendar to run through its cycle of permutations. Every twenty- 
eight years like a phonograph record of time—a chronograph—the Gregorian calendar guides its users through 
a mentally debilitating construct of unevenly measured and irrationally named months, paced by a system 
cof 7-day weeks that bears litle relation to the lengths of the months or years. in addition, every four years 
there is an extra day. Within this medieval mathematical jumble are kept the collective unconscious programs 
that repeat every twenty-eight years. What happened in 1945 will somehow repeat or have an effect again in 
1973, in 2001, and then in... i's up to you. You can change this if you want to. 
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‘Where will you be? 2012 


might then develop a deeper insight into where we have just been and why we need 
to go somewhere else. 

‘The technosphere defines a 56-year cycle, 1945-2001, coordinated by two com- 
plete Gregorian 28-year cycles. For any Gregorian calendar year, the days of the 
weeks in their irregular monthly succession and in relation to the permutation cycle 
of leap years repeat precisely every twenty-eight years, during which time there are 
always exactly seven leap years. This means that Gregorian calendar years 1945, 
1973, and 2001 possess the same exact annual arrangement of the days of the week in 
their monthly succession. If today is Sunday, November 11, 2001, so it was in 1973, 
‘and likewise in 1945. In this regard the Law of Time frames the cyclic recurrence of 
the otherwise irregular 12:60 Gregorian calendar by the intrinsic formulation 28:7. 
That is, jst as the 19:7 factor coordinates the lunar calendars every nineteen years 
there being seven intercalations of the thirteenth moon during that cycle, so in the 
Gregorian calendar every twenty-eight years there are always exactly seven leap days 
and years 

Understanding a calendar as the instrument that locks the conditioned — programs 


of agiven culture or people into place, we can now understand how the uncons 


metaprogram of the macro-organizing principle of the Gregorian calendar cumula- 
tively recycles all its millennial programs every twenty-eight years. Since its incep- 
tion in 1582, the Gregorian calendar has been dragging forward a host of condi- 
tioned thought forms and perceptions, including those inherited from 1,500 years of 
the Julian calendar that it had reformed. At points of dramatic break in the continu 
ity of human. consciousness, anew set of cycles is set to recur. Such was the case in 
the year 1945, with the awesome blast of Hiroshima, The entirety of the mind field 
conditioned and held in place by the Gregorian calendar then reaches its full frui- 
tion during the two subsequent 28-year cycles, fifty-six years in all-thus bringing 


forward two millennia of conditioni 


conflicts, and unconscious death wishes or 


apocalyptic programs. The first cycle was initiated in the year 1945, the year in 


which Vernadsky died, the atomic bomb was tested once and used twice, and the 
Second World War came to an end. That year, 1945, marks the beginning of the 
technospheric bubble. It is most telling that the Second World War was concluded 
at the beginning of this 56-year cycle of the technosphere, for it was a war concluded 
not with peace but with instruments of mass destruction and terror. Thus began the 
56-year era of Atomic Terror. 

The technosphere has its origins with the full capture of the human mental field 
by the 12:60 frequency in 1618 From 1618 onward, the noosphere is increasingly 


obscured by a mental field known as the technospheric sheath. Slowly but surely, the 
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technospheric sheath replaces civilization. This is first done by the introduction of 
mechanistic linear time. It is important to note that the Julian count, the basis of all 
modem scientific calculations, is a scale created by Thomas Scaliger in 1583, twenty- 
‘one years after the 1562 Mayan book burning. This linear time scale, like the Gregorian 
calendar reform itself, was intended to co-opt the Mayan thirteen baktun Long Count 
by setting a count of days that begins the first of January, 4713 B.C.,or some 1,600 
years prior to 130.000, the beginning of the thirteen baktun count in 3113 B.C.This 
deliberate historical act, the Julian count, along with the Gregorian calendar and the 
mechanical clock, established the paradigmatic notion of the linearity of time in the 
ripening field of scientific thought. Reflected in the noosphere, this linear, imeversible 
time concept levels and stunts the realization of human mass consciousness. In fact, 
during the technospheric cycle, especially after 1754, the ceiling of human conscious- 
ness is maintained by a preoccupation with mechanistic third-dimensional operations 
while becoming increasingly alienated from the organic order of reality. This creates 
the 12:60 consciousness constant, a mental ceiling that actually diminishes in propor- 
tion to the increasing rates of multiplication, propagation, and intrinsic velocity of the 
machine. 

With the actual rise of the Industrial Revolution, dated in the noosphere to A.D. 
1754, the synchronic point at which mechanization becomes an irreversible factor of 
the biosphere, the technospheric sheath, henceforth enters its next stage, going from 
‘purely mental sheath to the industrial sheath, the prelude to the proto-technosphere 
itself, The industrial sheath spreads throughout the biosphere between 1754 and 
1901, the official beginning of the twentieth century. At this point we enter the 
forty-four years of the proto-technosphere, 1901-1945. During. this critical stage of 
the proto-technosphere, the actions of human behavior interacting with machine 
technology make the expression of true culture increasingly difficult, if not impos- 
sible. Civilization becomes a set of symbols purveyed through museums, _ galleries, 
and theaters, and recorded and reproduced in ever more advanced technological 
forms. But what of culture, which is not the same as civilization-what becomes of 
culture? 

To begin to answer that question, some further definitions are in order. The 
technosphere is defined by and based upon one key term: technology. According to 


the common dictionary definition, which already reflects the mass mind, technology 


is "the totality of the means employed to provide objects necessary for human  suste- 
nance and comfort."| Today virtually all the means employed are themselves me- 
chanical in nature. In common parlance, therefore, technology refers to the complex 


apparatus of mechanization. In fact, technology is mechanization; it is the ability to 
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convert human labor into processes carried out purely by machine-oriented or me- 
chanical means. This is also inclusive of the entirety of computer technology, which 
represents the mechanization of the more purely mental processes of thought and 
communication. 

Mechanization, we must remember, originated in the clock, in the mechanization 
of time, It is the mechanization of time that presupposes the tendency toward mecha- 
nization as astate of mind within the noosphere. Since artificial time is characterized 
by the illusion of an inexorable and irreversible linearity, the compulsion toward 
‘materialism is also experienced in the same way, an inexorable motion spearheaded 
by the advance of ever more improved machines. The machines themselves. are the 
products and means of industrialization-the technological transformation of raw 
goods into consumer goods, a process accounting for much of the free energy intro- 
duced into the biogeochemical combustion of the biosphere. 

Inseparable from mechanized technology, too, are materialism and the con- 
cept of the World Market and, more recently, of globalization. Materialism is im- 
plicit in the dictionary definition of technology as the means employed not only 
for human sustenance but also for human comfort. This comfort can only be of a 
‘material form or nature, hence the pursuit of comfort through mechanized tech- 
nology can only be for the furtherance of a philosophy and exaggerated lifestyle of 
‘materialism-the belief that only the material things of this world have any value. 
Of course, the value of material goods and comforts increases when the value of 
‘money is put into the technospheric equation. The first stock market opened early 
in the eighteenth century, providing a place where money could be used as specu- 
lative capital to promote the advance of commodities and machine products. The 
entire sphere involving commodity production and its conversion into consumer 
products eventually came to be known as the World Market. Integral to the suc- 
cess of the World Market was the creation of the modern banking system, based 
on the institutionalization of interest rates and the principle of lending money to 
companies for the purpose of furthering the transformation of the biosphere into 
the technosphere 

While the concept of the World Market prevailed for along time as the defini- 
tion of the system for exploiting and extracting natural resources from the biosphere, 
and then converting them into industrial goods to be consumed by the human popu- 
lace worldwide, globalization is far more recent, Globalization represents the abso- 
lute triumph of capitalism asthe dominant economic doctrine of the human species 
in the biosphere, and the absolute bas 
development. As such, globalization is the economic system of neoliberal market 


of the technosphere in its final phase of 
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economics that treats the whole world asthe proper sphere of its policies and practices. 
It isa specialized form of monetary imperialism that gives rise to and is supported by 
the doctrine of monetary politics, the use of money asa means of coercion or even 
for the buying out of whole governments. Of course, the principle practitioner of 
monetary politics is the nation with the most money, the United States of America, 
home of the World Trade Center. 

Fostering corporate multinationalism, globalization is inseparable from the con- 
sumer philosophy it promotes. Consumerism is the devaluation of the human into a 
link in the chain of the cycle of industrial production, the object of globalization 
being to inspire and promote a massive and wide-scale consumerism worldwide. 
This is what is meant by such phrases as “increasing consumer purchasing power" 
and "opening new markets." To promote and defend its interests, the all-pervading 
system of globalization first developed the World Trade Center, and in the last de- 
cade, following the end of the Cold War, the GAIT and the WTO, the global 
“Chamber of Commerce.” 

As apolitical hegemony, globalization is managed by the G-7 group of the seven 
most industrialized nations (the United States, Canada, the United Kingdom, France, 
Italy, Germany, and Japan-now, with Russia, sometimes referred to as the G-8) 
This organization, headed by the finance ministers of these seven countries-like 
the seven wise men of Uruk at the beginning of history-was secretly formed in 
1974 by the CIA, one year after the completion of the World Trade Center Towers 
and the formation of OPEC. The first public meeting of the G-7 occurred in the 
summer of 1990, just prior to the Iragi invasion of Kuwait. The doctrine and system 
of globalization-now overtly controlled by the G-7 and its chief ally, the Euromarket 
nations-is inseparable from industrial technology as the means employed to pro- 
vide objects necessary for human sustenance and comfort. Implicit in the philosophy 
of globalization is the right of the G-7 to promote and defend its way of life, regard- 
less of its ultimate effects on the biosphere and at the expense of ideologies and 
beliefs not consistent with it. To defend itself, globalization has at its disposal the 
ULS. military, the command of which is housed by the Pentagon, and the new 
technospheric multinational military cartel, NATO. In a word, globalization is the 
triumph of the military-industrial complex. 

From the point of view of the biosphere, globalization is the cancer of the hu- 
‘man species consuming non-renewable resources and, through the release of free 
energy, effecting the final critical increase in biogeochemical combustion. The plan- 
etary instrument for furthering the entire process and philosophy of globalization is 
the technosphere. The technosphere may be defined as the entire apparatus of 
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mechanized technology and its support philosophy (globalization), understood as an 
autificial sphere encompassing the globe. As such, the techno sphere is discontinu- 
ously interspersed within the biosphere. More precisely, the technosphere is located 
physically and mentally between the biosphere and the noosphere, in other words, 
between the Earth's vital sphere and its mental envelope 

Being the description of an evolutionary stage, the technosphere is governed by 
the Law of Time asa 56-year event continuum along the lines of an artificial plan- 
tary cocoon. Insofar as it is the projection of human thought, the technosphere is 
the materialization of the sum mental processes denoted and conditioned by mecha- 
nization in all its aspects, and that have their primary root in the mechanization of 
time, It is the mechanization of time that essentially establishes the artificial timing 


frequency as the capacity to engender the machine and, consequently, an artificial 


structure, the technosphere. Because it is artificial, however, its duration is highly 
limited and is subject to the inherent inconsistencies and contradictions in human 
thought and social structures because of the aberrant effects of adapting to artificial 


time in the first place. The effect of adaptation to artificial mechanized time creates 


a social-political hierarchy known as the technocracy-rule according to the needs 
of technology. It is the effect of maintaining the technocracy and the technosphere 
itself that establishes the inability of human consciousness to do anything more than 
remain in a constant, servile, and unchanging state of machine dominance. All the 
while, by contrast. to the unchanging condition of consciousness, the machines evolve 
exponentially in number and complexity. As Marshall McLuhan so correctly put it, 
the humans are the bees of the machine. 

To be fully understood, the technosphere cannot be seen apart from its place in 
the biosphere-noosphere continuum. The technosphere represents the absolute 
control of the biosphere by artificial 12:60 time, Artificial time generates the artifi- 
cial medium of money, hence the operating philosophy of the technosphere: “time is, 
money." Money is the lifeblood of the technosphere. Servitude to money draws hu- 
mans away from the biosphere in order to be devoured by Mammon-the 
technosphere as an all-consuming entity. In this process the humans get money in 
return for selling their bodies and souls to artificial time, usually eight hours a day, 
often to produce artificial goods or for service in maintaining the artificial system of 
money itself. This money gained from servitude is used to buy consumer goods, 
including more machines of every kind, and thus the human participates as a vital 
link in the cycle of biogeochemical combustion. In this way the mechanized lifestyle 
converts the human-the consumer-into. the biomass necessary for maintaining 


the technosphere 
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by 2012 
Humans realize a 

permanant condition of 
peace through culture 
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By 2009 
Humans are reorganized 
by the Law of Time and 
begin the construction of 
a galactic culture on Earth 


tal envelope of 
we and discontinuous 
with Earth, the noosphere 

can only mean one thing: the 
advent of universal telepathy 
among the humans. 


Dismantling of the technosphere 
stabilizes the biosphere and 
reveals the noosphere- 2008 
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Biosphere—Technosphere-Noosphere 


As an operating planetary structure, the technosphere consists. of five interactive 


‘components, 


1.COMMODITY PRODUCTION 

Commodity Production, the basis of the entire World Market as a biospheric system, 
refers to the transformation of natural resources through industrial _ means. into 
consumer products. Commodity production alone accounts for the complex of in- 
dustrialization that brings the World Market and the technosphere into existence 
According to The Biosphere Catalogue, the post-World War II growth of the World 
Market necessitated the establishment of the World Trade Center, a global complex 
(114 such centers in 1985), but with its principle coordinating unit being the Twin 
Towers in New York City, home of the World Trade Institute and the corporate 
offices of the New York Stock Exchange, the key to the world money and commodi- 
ties market, 


2. CITIES 
Cities, the second technospheric component, represent the human social organism 
or marketplace for accommodating the production and consumption of industrial 
goods. Civilization is city life as it has evolved from Uruk to New York (= New 
Uruk). While prior to industrialization the city depended on a healthy agrarian 
economy for its support, industrialization pushed the city to new heights. of artfici- 
ality, not the least of which were round-the-clock lighting systems that allowed for 
24-hour consumer markets. As such, the city is the nucleus of the technospheric 
system, the hub of its commodity production, of its energy consumption, and of its 
transport and communication empires. The growth of the cities around the world is 
exponential in the second half of the twentieth century, reflecting the triumph of the 
technosphere, It should be noted that in the fifty-six years of the technosphere, the 
human population almost tripled-from 2.2 to 6.2 billion, a growth demonstrated in 
the vast expansion of the large urban centers. 


3. ENERGY 
Energy isthe third component of the technospheric complex. The tremendous needs 
of industrial production have transformed the natural energy processes of the bio- 
sphere into gigantic artificial complexes for the production of energy to maintain 
factory and city alike. The impact of the different artificial energy systems upon the 
biosphere has been enormous. ‘These systems include coal, oil, and fossil fuels in 
general, aswell ashydropower and nuclear energy. The whole syndrome of artificial 
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time, artificial means, acceleration of the machine, and expansion of human popula- 
tion has required and created the enormous output of artificial energy into the bio- 
sphere and contributed greatly to the destabilization and loss of natural resources 
and atmospheric and hydrospheric contamination through the release of toxic “free 


by-products 


4, TRANSPORT 

Transport. Without the highly industrialized transport systems, the commodity pro- 
duction, the vitality of the cities, and the access to provisions of fuel required for the 
energy systems would collapse. No sooner had industrial production begun early in 
the eighteenth century than the first artificial transport systems came into being: the 
steam- or coal-driven locomotive, and the great transoceanic shipping lines. By the 
twentieth century, the railroad system and worldwide shipping industry were supple- 
mented by the invention of the combustion engine, which made the trucking indus- 
tty possible. Following World War Il, rocketry and jet propulsion established the 
transportation might of the great airline companies of the second half of the twenti- 
eth century. It is no coincidence that commercial airplanes, the symbol of ‘the 
technosphere’s advanced transport systems, were used to bring down the Twin Tow- 


crs and to penetrate the Pentagon. 


5. COMMUNICATION 

Communication is the fifth component that unifies the technosphere into one whole 
system in touch with itself everywhere. From telegraph to telephone, radio, televi- 
sion, and then finally fax, cell phone, and the Intemet, the industrial-era technolo- 
gies, with their electronic instantaneity, have created the vast communication net- 
works and media empires that keep the world humming and promote globalization 
above all. When considering modem communication we must also bring into focus 
the chief method of globalization, which is marketing-propaganda on behalf of 
consumerism. Marketing is the use of means of mass communication to control the 
‘mind of the consumer. In the final stage of globalization, marketing replaces con- 


sciousness, or rather, marketing is the manipulation of consciousness-the latter 


already having been reduced to a stunted level-for purposes of consumerism, or for 
ideological needs such as patriotism and fear campaigns. The Intemet, the marriage 
of computer and telephone technologies, represents the final stage of the Tower of 
Babel, and the completion of the process of globalization. The only place to go after 
the Internet is technology-free telepathy. 
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The Tower 


From the biospheric perspective, this five-tiered complex of the technosphere is a 
whole unit. All the subsystems evolved together to establish the structure and operat- 
ing procedures of the technosphere. When the technosphere goes, the entire system 
folds. This is what is now beginning to occur. Following the Inevitable Event, the 
whole technospheric system will be coming down slowly over the next few years, 
like a giant circus tent that has lost its central prop. How gracefully or gracelessly 
this happens is dependent on the response of the Pentagon-or the will of humanity 
to rouse itself in the face of even worse barbarisms. 

Because it consists of five interactive components, the techno sphere can be graphi- 
cally depicted as a pentagon, a five-sided figure. At the center of this pentagon of the 
technosphere are the World Trade Center Twin Towers. The actual Pentagon, which 
was attacked along with the Twin Towers, was designed in the late 1930s to house 
the U.S. Department of War. Its construction occurred in the years 1941-1943, in 
an old neighborhood of pawnshops and bars called Hell's Bottom.2 When it was 
built it was the world’s largest office building in terms of actual space. Of course, 
when they were built, the Twin Towers of the World Trade Center were the world's 
tallest office buildings. The structure of the Pentagon is the prototypical morphology 
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of the structure of the five systems that constitute the technosphere. The Pentagon 
was the impregnable fortress of the American war machine, protecting American in- 
terests and globalization around the world, If there were two central points-actual 
and symbolic-to what is known as the military-industrial complex, it was the Pen- 
tagon and the World Trade Center, and this is undoubtedly the reason why they 
were both targets of the Inevitable Event 

What is architecturally noteworthy about the Pentagon is that it is designed 
with five inner pentagonal corridors. and office slabs, and that it is constructed with 
its odd point to the south. Since a pentagon is actually a 
pentagram, a five-pointed star with its points connected, 
its odd 
point faces south rather than north. In the traditional Tarot 
deck it is interesting that the Fifteenth Major Arcana, The 
Devil, contains an inverted pentagram between the horns 
of the Beast. Paul Foster Case writes, "This isa key to the 
whole meaning of the figure [of the devil]. For the Penta- 
gram is the symbol of man, and an inverted Pentagram 


the Pentagon represents an inverted pentagram, as 


suggests the reversal of true understanding of man's place 
in the cosmos."3 While the Fifteenth Major Arcana con- 
tains the pentagon as the inverted pentagram, the next 
card, the Sixteenth Arcana, is The Tower, which shows 
the tower being struck and broken apart by lightning 
(fire of heaven), with humans falling or jumping 
cout of the windows to their death-as accurate a 
symbolic depiction of the collapse of the Twin 
Towers as could be found — 
VYhatthe startling conjunction of these !\=-\a 
symbolic correspondences points to is the om f, I) by 
profoundly archetypal nature of the Inevi- STL) 
table Event. It has been prefigured and V4 
prophesied, and has now come to pass. No 
matter how much America and its allies, many 
of them bought for a price, may strike back, the 
deed has been done. The Towers are gone; the 
Pentagon has been penetrated. While it will take 


THE PENTAGON 


several years for the full realization of the absolute 
magnitude of this archetypal event to sink into the The Devil and the Pentagon 
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collective mind, it is important to demonstrate the actual structure in time of the 
techno sphere so that the finality of its end may be seriously considered, and the gate 
to the future, which has thereby been opened, can be made clearly visible. 

As we have shown, the technosphere is a structure totally brought about by the 
12:60 timing frequency, and thus is purely a function of the latter. As such, the 
technosphere is embedded in the global macro-organizing principle of the 12:60 fre- 
‘quency, the Gregorian calendar. Two 28-year cycles, each one divided into four 7-year 
subcycles, define the duration of the technosphere. Remember that the Gregorian 
calendar repeats every twenty-eight years. Aswe have pointed out, the 56-year cycle of 
the technosphere, 1945-2001, is preceded by the 44-year cycle of the proto- 
technosphere. The two World Wars were a function of the proto-technosphere, the 
final major act being the construction of the Pentagon, specifically for consolidating 
the American war machine-the world’s largest office building means that the world’s 
largest business is war, with a $318 billion budget for the year 2001-2002 alone! 

‘The fifty-six years between Hiroshima and the Inevitable Event were the age of 
terror, for it was atomic terror that initiated the technosphere in abaptism of nuclear 
fire, and in the end, it was an unimaginable suicidal terror that brought down not 
just one, but both of the Twin Towers of Babel. The final collapse of the technosphere 
is also the final war between blood and money. Artificial time has run out. Only a 
new time will be able to regenerate the biosphere and spiritually revive mankind. 
What follows is a chronological description of the eight 7-year stages of the fifty-six 
years of the technosphere. Note the persistence of certain themes. (See plate 5, 
Noospheric Time Map-Wave Harmonic of History.) 


GREGORIAN A, 28-YEAR CYCLE: 

TRIUMPH OF THE WORLD MARKET, 1945-1972 

1, 1945-1951. CYCLE OF THE BOMB: ATOMIC TERROR 

AND THE DIALECTIC OF THE COLD WAR. 

During the first dynamic 7-year cycle, with the triple event of the first test of the 
atomic bomb and its two detonations at Hiroshima and Nagasaki, the biosphere 
becomes irrevocably altered by the introduction of a constant, steady state back- 
ground radiation into the atmosphere, the actual inception of the biogeochemical 
combustion. This act officially establishes the technosphere. The reality is that the 
humans also created their first weapon of mass destruction. It is this act that also 
immediately sets in motion a destabilization of the human consciousness in the 
noosphere.Within two years, Mahatma Gandhi, the world’s foremost pacifist, is 


‘The Climax of History. 


89 


90 


assassinated, as a "free" India is partitioned into three parts-India, Pakistan, and 
what is later to become Bangladesh. In the same year, 1947, the iron curtain between 
communist Eastem Europe and the West, epitomized by the Berlin Wall, turns the 
enmity between the two major powers, the Soviet Union and capitalist America, 
into the Cold War. The subsequent formation (1949) of the NATO. military cartel 
counters the United Nations, which was founded in 1945 to replace the League of 
Nations. The UN now has the task of keeping World War III from happening by 
providing a forum where the "superpowers" can keep their cold war from heating 
up, and that will contain and manage the spread of nuclear power. Nonetheless, the 
terror of the Bomb as the ultimate deterrent engenders the arms race. Soon Russia, 
the United Kingdom, France, and eventually China get the Bomb. War in Indochina, 
the establishment of the Israeli state in Palestine (1948) at the expense of the sover- 
cignty of the Palestinian people, and the completion of the Chinese Marxist Revolu- 
tion under Chairman Mao are the highlights of 1949, followed by the Korean War 
in 1950. All this demonstrates the instability of the world. At the same time, 1949, 
commercial television production begins in the United States; the age of radio is 
replaced by the “tube.” Americans also begin building freeways and the new system 
oflnterstate highways marking the triumph of "automobile culture," and the begin- 
ning of the suburban consumer lifestyle. 


2. 1952-1958. CYCLE OF THE OPENING OF THE TOMB 

AND THE BEGINNING OF THE SPACE AGE. 

In the summer of 1952 a Cuban archaeologist discovers the tomb of the Mayan sage, 
Pacal Votan. This unprecedented archaeological event marks the beginning of the 
final sixty years-three katun cycles-of the Mayan thirteen baktun cycle of history. 
In the following year, 1953, the superlethal H-bomb is tested. The DNA code is 
discovered, as are the Earth's radiation belts. The United States and Russia conduct 


numerous nuclear weapons tests in Nevada, Siberia, and the Pacific Ocean. Wars for 
independence occur in various African states, and in general the era of European 
imperialism is at an end, followed by the neo-colonialist (Third World) era of guer- 
rilla warfare, poverty, and social instability. In 1956, the year the Russians launch the 
first sputnik and begin the space age, the United Nations tables the issue of calendar 
reform indefinitely, thus closing the chapter begun when the League of Nations 
proposed global calendar reform in 1931. The year 1956 also marks the beginning of 
the electronic pop culture of the technosphere, rock and roll. By the end of this cycle, 
the "space race” joins the arms race as a force in promoting the advance of the 
technosphere. Commercial airlines adapt to jet propulsion, and the great age of air 
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travel begins, with the airport to become the centerpiece of globalization. Initial ex- 
periments in computer technology-Univac-and the first great computer corpora- 
tion, IBM, announce the beginning of what is to become the major technology of 


globalization. A small fast-food franchise named McDonald's opens in the United States 


3. 1959-1965. CYCLE OF THE ATOMIC MIND EXPLOSION. 
‘The July 26 Cuban Revolution of Fidel Castro, triumphant in 1959, establishes a 
communist state in the Americas and heightens the Cold War. That same year the 
Chinese communists bring to a definitive end the rule of the Dalai Lama in Tibet. In 
the Congo, the popular hero Patrice Lumumba is assassinated after only two months 
in office. Also in 1960, the human population hits three billion, an increase of one 
billion since 1930. In 1961 the Institute of Mathematics of the Siberian Branch of 
the Soviet Academy of Sciences begins the monumental mathematical analysis of 
Mayan hieroglyphic texts. The attempted 1961 Bay of Pigs invasion of Cuba is fol- 
lowed in 1963 with the assassination ofJohn F. Kennedy, an act that reflects a rising 
level of cultural turmoil in the United States. Martin Luther King Jr. emerges as a 
popular hero of nonviolence and civil rights, an issue that points to a more radical 
discontent in America, culminating in 1965 with the Watts race riots. Rachel Carson’s 
book Silent Spring (1963) signals the rise of ecological awareness. The Beatles transform 
rock and roll into a world-class cultural phenomenon that foments a widespread 
countercultural movement and atomic mind explosion, fueled by Timothy Leary, 
LSD, hippies, and the new antiwar movement against the conflict in Vietnam, In 
1961 Yuri Gagarin is the first man in space, and the Vatican II Ecumenical Council 
comes to the conclusion that the best way the Church will survive in the next cen- 
tury is through a strong Pope. The Vatican I document also includes an appendix 
on calendar reform, the wording of which makes it difficult for there to be any alter- 
native but a watered-down version of the Gregorian calendar. This act seals the 
technosphere within the unquestioned confines of Gregorian time, ultimately turn- 
ing the atomic mind explosion in on itself. 


4, 1966-1972. FROM THE WHOLE EARTH TO THE WORLD TRADE, 
CENTER: THE TRIUMPH OF THE WORLD MARKET. 

In 1966 construction begins on the World Trade Center Twin Towers, while in 1968 
World Trade Centers ate independently established in Houston, New Orleans, and 
Tokyo. That same year, UNESCO hosts the first and only conference on the bio- 
sphere ever sponsored by the United Nations, "Man and the Biosphere” (MAE), but 
the program slowly dies on the vine. The cultural conflict in the United States and 
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the entire world also reaches a fever pitch in the years 1967-1969. This ferment 
includes: race riots, antiwar riots, a march on the Pentagon, the assassinations of 
Martin Luther King Jr. and Robert Kennedy, and riots in major capitals around the 
world and on both sides of the iron curtain, aswell as the Maoist cultural revolution 
in China, The excitement of the ‘60s climaxes in 1969 with the success of the Apollo 
XII manned mission to the moon and the consequent feedback factor of the human 
race seeing itself instantaneously on television asthe whole Earth beamed from space, 
an opening to the noosphere. Apollo XIII initiates the next phase of the space race, 
travel to other planets. Also in 1969, the Woodstock concert marks the apex of the 
early rock-and-rollculture and the visionary climax of the cultural revolution. ‘The 
1971 Concert for Bangladesh establishes rock and roll with a conscience. In 1970 
the vision of the whole Earth is translated into the first Earth Day and the birth of 
the ecology movement. The United Nations follows two years later with the 
Stockholm Conference on the Environment. The revolutionary fervor of the previ- 
‘ous years turns more violent, and repressive governmental police powers win the 
day. The first 28-year cycle ends with a whimper, the dynamic destabilization of 
consciousness reaches a plateau of normaley-a normalcy to be increasingly punctu- 
ated by terrorist activity, as in the Palestinian takeover of the Olympic Village in 
September 1972. Both apart from as well as in reaction to such activity, the 
technosphere has now become all-dominant and all-powerful in human affairs 


SUMMARY, GREGORIAN A: 1945-1972 


During this cycle, the dynamic of the accelerated geochemical combustion destabi- 
lizes the human consciousness while increasing the curve of the machine in human 
affairs. By 1973 the machine curve meets and surpasses the human population curve; 
this stabilizes human consciousness at a level of machine normalcy (MN). Human 
consciousness will remain stabilized at MN, largely through varying forms. of terror 
and fear programming, for the duration of the second and final 28-year cycle. This 
normalization of human consciousness allows the diverse and rapidly evolving tech- 
nological components of the technosphere to reach a point of consolidation. This 
stabilization of the World Market fosters its next and concluding phase: globalization 
and the triumph of marketing over human culture, It should be kept in mind that the 
instruments and weapons of mass destruction, of which there were none on January 
1, 1945, have now proliferated to five different countries and provide the ultimate 


backdrop to these first twenty-eight years. The core of the UN's Security Council is 


formed by the five countries that possess atomic weapons. Geopolitically, the bio- 
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Machine Normal Consciousness in Relation to Technospheric Growth Curves 
Human consciousness, overwhelmed by war—the ever propagating machine and bondage to 

artificial time—suecumbs to money and stabilizes at Machine Normal, the standard consciousness 

‘of the technosphere, which represents an ever-diminishing ratio of intelligence in relation to the 

{growth curves of population, machine, money, and war. 
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sphere is in control of technocratie powers that are virtually all located in the Northern 
Hemisphere-whether it is the Pentagon, NATO, the World Trade Center, the 


United Nations, or the Soviet space program. 


GREGORIAN B 28-YEAR CYCLE: 
CLIMAX OF GLOBALIZATION, — 1973-2001 


1. 1973-1979. CYCLE OF THE CONSOLIDATION — OF THE 
‘TECHNOSPHERE: CLUB OF ROME, OPEC, AND THE G-7. 

‘The dedication of the World Trade Center Twin Towers on April 4, 1973 (a repeat of 
the calendar year of the Bomb, 1945) is the counterpart to the construction of the 
Pentagon (1940-1941), which sponsored the bombing of Hiroshima and Nagasaki 
‘The tallest buildings in the world when they opened, the 110-story Twin Towers seal 
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the position of New York as the “capital of the world," for on the other side of Man- 
hattan is the glass tower of the United Nations. Simultaneous to the dedication of the 
Twin Towers is the formation of the Organization of Petroleum Exporting Countries 
(OPEC). With the exception of Venezuela, OPEC is largely an Arabic (Islamic) eco- 
nomic alliance that, for the first time in the history of the technosphere, brings a Third 


World influence into planetary politics. The subsequent ‘oil shortage” demonstrates 


the technosphere’s vulnerability, which in turn causes a further "hardening of the ar- 
teries’ of its consciousness-the covert formation by the CIA of the G-7. Also in 1973, 
after five years of study the Club of Rome issues The Limits of Growth, which in its 
analysis of trends foresees a major environmental (biospheric) crisis within one 
hundred years, yet nonetheless establishes and promotes the standard world model, a 
setting of production quotas at the 1973 level, to foster sustainable growth at least 
until 2020. The "standard world model” corresponds to the "normalization" of con- 
sciousness, The third war (previous ones having occurred in 1967 and 1949) between 
Israel and its neighbors occurs this year. By 1975, the world population is at four 
billion, up abillion since 1960. In 1976 Voyager II reaches Mars. In 1978 Karol Wojtyla 
becomes Pope John Paul I, the first global Pope, fulfilling the Vatican Council's re 
quirements of a popular Pope to assure the survival of the Church into the next cen- 
tury. With Gregorian civilization triumphant, Mexico, home of the Maya, is the first 
country visited by the new Pope. In the same period, between 1978 and 1979, the 
Iranian Islamic revolution occurs, toppling the pro-Western Shah, signaling a height- 
ened conservative Islamic resistance to Westernization and the technosphere. Japa- 
nese technology and corporate capitalist economy flourish, capped by the construc- 
tion in Tokyo of the "New City” Shinjuku and, despite many environmental protests, 
the Narita airport. The mainstream global consciousness is now "comfortably numb" 


and on course to unprecedented materialism, 


2, 1980-1986. CYCLE OF THE TRIUMPH OF THE TECHNO SPHERE. 

The first cycle of the stabilized new normaley establishes the triumph of market- 
ing-the election of a second-rate American movie star for President, and the birth 
of the yuppie (young urban professional) generation of America. The tise of MTV 
signals the standardization of rock style as global culture; while the Live Aid global 
television concert on July 13, 1985, to raise awareness of AIDS in Africa, is the 
largest ever of its kind. The September 17, 1985 Mexico City earthquake, the worst 
in modem times to hit the world’s largest city, demonstrates the continuing vulner- 
ability of the techno sphere to natural catastrophe. The early 1980s witness the 
Intifadah uprising of Palestinians against Israel. The War on Drugs, an aggressive 
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antidrug campaign waged by the West against narcotraffic, mostly from South 
‘America and the Middle East, heightens the new normalcy as world drug laws tighten, 
placing marijuana and psychedelics in the category of “hard drugs.” Yet drugs con- 
tinue to be amajor social problem in the industrialized West. In 1986 President Reagan 
attacks Kadafy of Libya and invades Grenada, testing American ability to commit lim- 
ited acts of aggression without inciting world censure. The construction of Biosphere 
Il in Arizona, an effort to test the possibility of establis 


ing an artificial biosphere on 
other planets, ends inconclusively. In 1985 in Bhophal, India, the worst modem indus- 
trial toxic chemical disaster occurs with more than 2,000 deaths, followed on April 26, 
1986 by the Chernobyl nuclear power plant disaster, the worst since the beginning of 
the nuclear age. In America the suburban automobile culture gives rise to the super 
shopping malls. The personal computer (PC) is introduced, while electronic game 
arcades flourish. Sunday football becomes the major American television pastime, while 
fe global sport; the broad- 
cast of professional sports assumes the role of a primary noospheric diversion, 


television itself makes world soccer the number one competi 


3, 1987-1993, CYCLE OF THE END OF THE COLD WAR 

AND TRIUMPH OF THE G-7 

On January 24, 1987 Voyager II sends back photos from Uranus; four days later, 
January 28, 1987, seven American astronauts die in a shuttle launch explosion. On 
August 16-17, 1987 the Harmonic Convergence peace meditation attracts hundreds 
later that year, 
October 19, 1987, the New York StockMarket crash occurs, the biggest point drop 
ever, and Russian Prime Minister Gorbachev initiates disarmament accord, or glasnost. 
By the end of 1987 the population is at five billion, up one billion since 1975. During 


of thousands who gather at sacred and natural sites around the world; 


1988-1989, arolling wave oflargely peaceful revolutions and civil uprisings through- 

‘out most of the Warsaw pact nations culminates on December 31, 1989 with the 
tearing down of the Berlin Wall-the end of the Cold War. At the same time, Presi- 
dent Bush invades Panama to continue testing Drug Wars and limited-aggression 

capability. In the summer of 1990 an international bankers’ reunion is followed by 
the first public meeting of the G-7. Every year henceforth, the G-7 meets publicly 
to set policy for globalization. Within a month of the first public G-7 meeting, Au- 
gust 1990, Saddam Hussein invades Kuwait, and Bush retaliates with the Gulf War, 
January-February 1991. In August 1991 Gorbachev is ousted in a putsch, marking 
the end of the Russian Marxist era. Destabilization, war, and genocide afflict the 
Balkans. A new wave of environmental concerns-ozone depletion, destruction of 
rain forests, and global warming-inspire a reactivation of Earth Day, 1990, followed 
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two years later by the 1992 Rio Summit, the second United Nations Environmental 
Conference and the first in twenty years. The conference generates much paper, but 
the doctrine of sustainability (sustainable industrial growth) is the principle outcome. 
Meanwhile, with the absence of Marxist Rus 


jan economic influence, the neoliberal 
capitalist economics of America flourish as full-blown globalization, multinational cor- 
pporations, and the prominence of the IMF and World Bank foment a uniform global 
corporate culture of cheap consumer services and franchised retail outlets for brand- 
name goods. This period also sees the rise of East Asian capitalist economies, although 
the Japanese economic bubble bursts in 1991. Early in 1993 a terrorist bomb explodes 
in the underground garage of the World Trade Center Twin Towers. The period 1989- 
1993 marks the beginning of the discovery of the Law of Time-the definition of the 
artificial 12:60 and natural 13:20 timing frequencies, the Dreamspell codes, and the 
decoding of the Telektonon Prophecy of Pacal Votan in 1993, 


4, 1994-2000. CYCLE OF THE CLIMAX OF GLOBALIZATION. 
In 1994, the GAIT Treaty is signed, the Levy-Shoemaker comet hits Jupiter, and a 
million Mricans die in the Rwanda massacre. The indigenous uprising in Chiapas, 
Mexico on January 1, 1994 provides a counterpoint to the triumph of globalization 

that is manifest through worldwide airport expansions, and an aggressive form of 
tourism that feeds the airline industry. Israel and Palestine enter the “peace process,” 
while Yeltsin consolidates his power in Russia, This is the era of United Nations peace- 
keeping missions, mostly in the Balkans and Africa. Following the FBVBATF inflicted 
firestorm on a fundamentalist compound in Waco, Texas, a year later, in 1995, a ter- 
rorist bomb destroys the Oklahoma City Federal Building. The United States and the 
United Kingdom inaugurate control oflragino-fly zones, enforced by regular bomb- 
ing raids; the United States also conducts military actions in Somalia, as well as more 
successful ones in Haiti, This is the era of rapid expansion of computer and biotech- 

nologies, exponential rise of New York Stock Exchange and the new specialized tech- 
nologies exchange, the NASDAQ. Bill Gates of Microsoft typifies the rise of the new 
self-made billionaires of the Clinton era. In January 1995 the Kyoto earthquake  oc- 
curs, followed by the Tokyo subway nerve-gas terrorist attack, while the Internet, the 
“information superhighway,” is fully up and running. In 1996 in Brasilia, Brazil, the 
First Planetary Congress of Biospheric Rights signals rise of a new calendar reform 
movement with the proposal of the World Thirteen Moon Calendar Change Peace 
Plan, submitted to both the United Nations and the Vatican. In 1997 the Kyoto envi- 
ronmental conference on global warming sets policy, but the United States refuses to 


ratify it, In 1998 simultaneous U.S. embassy bombings in Kenya and Tanzania signal a 
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new phase of war on terrorism, singling out a Saudi national, Osama Bin Laden, as the 
terrorist mastermind. By 1999 the world population is six billion, up one billion since 
1987. In late spring 1999 NATO initiates a unilateral bombing campaign ofYugosla- 
via over the disputed region ofKosovo, ‘The World Summit on Peace and Time, at the 
University for Peace, Costa Rica, sends emissaries to the Vatican and the United Na- 
tions with the Declaration of Thirteen Moon Calendar Reform; later in 1999 WTO 
has its first meeting in Seattle, which sparks anti-globatization riots. In 2000 the Y2K 
computer scare surrounding bad time program fails to materialize. On Rosh Hashanah, 
September 28,2000, Hebrew year 5761, Israeli leader Ariel Sharon's presence at Temple 
of the Mount, Jerusalem, sparks a new Intifadah of Palestinians, which continues _un- 


abated through 2001, the official first year of the new millennium. 


5. 2001-2 GOTTERDAMMERUNG OF THE TECHNO SPHERE: FIRST 
YEAR OF THE THIRD MILLENNIUM, REPEAT OF GREGORIAN 
CALENDAR YEARS 1945 AND 1973, 

In July 2001, G-7 meets in Genoa, Italy, as more than 100,000 anti-globalization 
protesters riot. In early September the United States and Israel walk out of the United 
Nations Conference on Racism in South Africa. Then, within ten days occurs the 
Inevitable Event, Gregorian 9-11, 2001, the cumulative synchronic pressure point 
where the technospheric bubble-the artificial time warp in the noosphere-bursts 
‘open, spawning in its wake the full-scale War on Terrorismanother name for World 
War IIL. The Inevitable Event exemplifies the built-in failure of the Gregorian calen- 
dar to commence another 28-year cycle as was done in 1945 and 1973, If the 1945 
cycle began with the end of one world war, the 2001 cycle begins with the start of one. 
Since 2001 is also first year of the third millennium, the Gregorian calendar has cre- 
ated its own apocalypse, opening anoospheric fissure-the climax of the biogeochemical 
combustion of the biosphere. Now it is only amatter of time before the technosphere 
experiences total collapse. The nature and extent of the damage sustained during the 
collapse is in proportion to the intelligence that responds to the knowledge of its col- 
lapsing. If this 28-year Gregorian calendar cycle were to go unimpeded until 2029, it is 
not certain what would be left of the biosphere. But there is one thing of which we may 


be certain: artificial, linear time has run out. An American newspaper editorial at the end 


‘of 2001 sums up the crash of the dominant linear time paradigm: “History seems to 
have slammed into reverse gear around aworld that was widely assumed a year ago to 
be moving in a straight line toward a more prosperous and secular future, one that 
would be shaped by stock markets and the Intemet, not by turbaned zealots or theocra- 


cies that have or want nuclear trigger fingers."4 
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SUMMARY, GREGORIAN  B:1973-2001 


With destabilization normalized, the technosphere replaces civilization and marks 
the end of culture-the new barbarism prevails, culminating in total war. The 9-11 
is what actually completes the technospheric cycle. Henceforth it will be the advent 
of the noosphere, but not in the way predicted by the authors of The BiosphereCata~ 
Jog:"The Noosphere as an active force consists in the harmonious synthesis of the 
Biosphere and the Technosphere by intelligence."5 By the analysis of the Law of 
Time, the intelligence is nowhere evident because there is no harmony of intelli- 
gence possible under the present timing standards that dominate all the major play- 
cers in the present global conflict. Since the technosphere is totally a function of the 
antificial timing frequency, and since artificial time is now short-circuiting _ itself, 
there will be no techno sphere to harmonize when natural time is restored to the 
entire biosphere. Then the noosphere will commence, but only if there is world 
harmony. Only aharmonic standard will bring harmony to the world. The failure of 
the Gregorian calendar and its civilization, crystallized in the now-collapsing 

technosphere, must be quickly acknowledged. By adopting a harmonic standard as 
soon as possible, the shift to the noosphere can commence, rising and building itself 
up from the shards and ashes of the toppled technosphere. 


Vv 
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The Solution of the Law of Time 
Get a New Calendar 


"Tam in favor of « standardized calendar for the 

whole world, just as Tam in favor of universal 

coinage for all countries, and a supplementary 

anifcial language (like Esperanto, for example) 

for all peoples. 1am always ready 10 endorse 

any honest movement which will help nif the 

peoples of the world. 

-MAHATMA GANDHI, QUOTED IN THE JOURNAL 
OF CALENDAR REFORM, 19311 


VIEWED FROM THE PERSPECTIVE of the noosphere, the failure of human 
civilization is the failure of the human being to become synchronized with itself in 
the correct time of universal nature. Instead of operating as a planetary organism in 
absolute synchronization with a knowledge of being coordinated by a common har- 
monic standard, humans race toward the end of history, dissynchronously operating 
under a plethora of calendars of differing measures enshrining competing belief sys- 
tems, all globally coordinated by an instrument of irregular measure and obscure 
nomenclature-the Gregorian calendar. Dissynchronized and at odds with itself ev- 
erywhere, humanity is broken apart into splintered mind fields, each controlled by a 
different timing standard, a fact about which the human race is virtually ignorant- 
to its own detriment. 
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India, with its different neo- Babylonian calendars, is at odds with Pakistan, which 
operates according to the Islamic lunar calendar; the Israelis, at odds with the Pales- 
tinians, hold as tightly to the Hebrew lunar calendar tradition as the Palestinians do 
to their Islamic lunar calendar traditions. In Asia, China follows its own complex and 
ancient lunar calendar tradition, and watches as the United States and its G-7 alli- 
ances, all dominated by the Gregorian calendar, get ready to spar with terrorists and 
militants who also follow the Islamic lunar calendar. India has the Bomb, Pakistan 
has the Bomb, China has the Bomb. The United States has the Bomb, the United 
Kingdom has the Bomb, France has the Bomb. Russia, the Ukraine, and other former 
Soviet nations have the Bomb. It is commonly assumed that Israel also possesses the 
Bomb. Does Iraq have the Bomb? Can aterrorist get access to materials to create the 
Bomb aswell? The nuclear clock is ticking again 

‘The number of weapons and technologies of mass destruction has increased 
several thousandfold since 1945 when, at the time ofVernadsky's death, there were 
virtually none. This is not to mention the biological weapons. of mass destruction, 
more ambiguous, more lethal, more hidden-none of which really existed in 1945 
either. With the fallout from the Inevitable Event an anarchic planetary free-for-all 
is taking shape. From the noospheric point of view, the humans have run out of 
(artificial) time, and ate now committing their last egoistic act of desperation to hold 
what they perceive to be their dominant place in the scheme of things. The fact is, 
however, that the planet belongs to the biosphere and not to the humans. 

‘The inability of the Gregorian calendar to sustain another 28-year cycle, much 
less another millennium, means that an anarchy of time and a time of anarchy is 
loosed upon the planet. At the present rate, what would the world look like in 2029? 
One does not want to imagine. The anarchy of time is exemplified by the different 
competing powers that are unconsciously driven and motivated by programs stored 
in their differing calendar systems, This failure of artificial time to contain itself is 
truly the apocalypse. The apocalypse could occur only when the time program had 
become saturated. The two 28-year cycles, 1945-2001, carried forward not only the 
exponential advance of machine time, but the accrued karmic baggage of two mil- 
lennia of the invented religion of Christ. Throughout the last millennium, the pro- 
tagonists of this religion waged atype of holy war against an embattled world-a war 
waged by missionaries and conquistadors alike, down to this very day. The week 
before the Inevitable Event, the Taliban was deporting Christian missionaries. from 
Mghanistan, while other Christian missionaries scour the jungles looking for one 
more indigenous soul to convert. This activity is inseparable from the Gregorian 
calendar that programs it. 
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Entropic Black Hole of Consciousness 
‘Acalendar is a mental instrument for holding the programmed patterns of thought and behavior of a 
given culture, people, or civilization. A people can rise no higher than the program of time their 
Culture imposes on them as second nature. A program of time determines nature of consciousness. 
Different timing programs scheduled by synchronically inaccurate devices within a biospheric whoie 
governed by a universal timing frequency apart from the deviant human standards can only result in 
{an entropic black hole of consciousness: the clash of civilizations and cultures that precedes the 
‘mentally cleansing force of the noosphere and the inevitable return to natural time and the 
universal 13:20 timing frequency. 


2029 
Curve of universal 13:20, 


Black Hole of 
Consciousness 


Gregorian calendar/ 


clock culture (12:60 dominant) 
Islamic lunar calendar —— 
Curve of universal 1:20 
Hebrew lunar calendar seccensceees ‘conscicisnest 
Chinese lunar calendar Sime 


Indian pseudosolar calendars. == == — 


Now the default of the Christian program of the Gregorian calendar and its 
system of social organization, global civilization, is erupting in an entropic black 
hole of time. The result of this black hole of time is an entropic harmonic conver- 
gence, where all of the conflicting points of the differing timing programs that the 
Gregorian calendar attempted to synchronize, come into a common point of hostile 
impact. Seen in this light, the Final War is really the final battle in a long saga that 
we can properly call the Time Wars. 


‘The Solution of the Law of Time. 


101 


102 


THE AGE OF THE TIME WARS 


The Time Wars began with the application of the error in time at Uruk: the 24- 
hour, 60-minute, 60-second timing frequency derived from a 12-part division of the 
circle, a two-dimensional plane in space. Since this measure does not correspond to 
the reality of time as the universal (13:20) frequency of synchronization, it creates a 


‘mental dissynchronization that manifests as the battle of the mind against itself, and 


against nature, The dynamic of the “progress” of civilization is really the dynamic of 
dissynchronization inherited by the human mind. ‘The gradual encroachment of civi- 
lization into all aspects of human society and the biosphere increases the incidence 
of dissynchronization. The resulting aphasic mental states lead to belligerence and 
various attitudes of dominance over others and nature-but never to any satisfaction. 

Viewed by the Law of Time, civilization is the institutionalization and embodi- 
ment of the dissynchronous artificial timing frequency. The dynamic of ‘dis- 
synchronization results in increasingly artificial technological means and reliance on 
the atificial medium of money to replace the biological or organic functions of our 
nature and of the biosphere in general. Not only does this process tend toward an 
improvement” in the accuracy of the means of war, but also in the capacity of the 
latter for greater mass destruction. Set apart from the natural cycles by the 
dissynchronous frequency of mechanization, the Time Wars are also waged against 
the biosphere, which is viewed as ahostile force to be overwhelmed and plundered 
Everywhere on Earth, nature is on the run. Everywhere on Earth, the human looks 
at his watch-what will he do next? Catch another plane? Fire another bullet? Press 
another button and let loose another bomb? 

The Sé-year cycle of the technosphere witnessed the greatest creation and stock- 
piling of lethal weapons, more than in all the previous history put together, enough 
to destroy the Earth many times over. The 56-year cycle of the techno sphere also 
witnessed the greatest plundering thus far of the biosphere, more than in all the 
previous cycles of history put together. Continued at the current rate, the biospheric 
plunder would bring extinction to virtually all life within another generation. These 
two facets. of self-destruction-technospheric ‘and biospheric-point again. to the 
Inevitable Event. It is the Pentagon that has Jed in military spending and strategizing, 
just as it was the activity within the World Trade Center Twin Towers that domi- 
nated and coordinated from afar the plunder of the biosphere-both precedents for 
the consequent construction and expansion of the technosphere. 

But now time has run out on the technosphere. The world has gone flat and 


valueless with no future vision beyond war, All the money in the world will not put it 
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back together, nor will all the bombs in the world salvage it against its enemies. Who 
are the enemies of the technosphere, and what would cause thereto be enemies 
against the technosphere? And who or what is there that speaks for the biosphere? 
For if the biosphere is to become the noosphere, it must come about from an under- 
standing of the intelligence of harmony. Clearly, such understanding of harmonic 
intelligence has not been nor will it be forthcoming from the technosphere-or 
from the Gregorian calendar that programs it. Only the Law of Time can supply the 
harmony necessary to complete this great movement from biogeochemical combus- 
tion to noospheric mind. The Law of Time replaces all that is attficial, while con- 
firming all that is true, whether in human history or the universe. 

Let us return to the analysis of the Time Wars and the clash of timing. programs. 
The Twin Towers were the absolute triumph of the artificial 12:60 timing frequency 
whose program isembedded in the Gregorian calendar and paced by the mechanical 
clock. Who steered the hijacked planes into theit Gregorian targets? Nineteen mil 
tant Muslims, we are told. Why nineteen? And what are the religious backgrounds 
of the twenty-two most-wanted terrorists in the world? They are twenty-two Mus- 
Jims. Why that number, and why are all the terrorists Muslims? In the noospheric 
analysis, the Inevitable Event was the suicide of the technosphere unable to sustain 
two clashing time programs. It was a program of the strict Islamic twelve-month 
lunar calendar that drove its belief system into the Twin Towers and the Pentagon, 
the two supreme monuments of the program of the twelve unevenly measured months 
of the Gregorian pseudosolar calendar. Is it Islam that is the enemy of the 
technosphere? Is it Islam that is the champion of the biosphere? Indeed what is 
Islam? Why is Islam the most resistant force against globalization and the 
technosphere? We know where the Vatican, the bastion of Christendom, is and who 
ordained the Gregorian calendar, but what do we know about Islam? 

If we strip history away from the force known as Islam (1.3 billion Muslims in 
the world), and reduce it to its most essential point, then Islam is the teaching of the 
Holy Quran. What is the Holy Quran? It is the last whole revealed text for all hu- 
manity, received and recorded over a 23-year period by a single human being, 
Muhammad the prophet (570-632). While militant Muslims and terrorists have 
dominated the mass media image oflslam for the past few decades, what is the Quran 
and what does it actually teach? It is also a function of the Gregorian program that 
scarcely anyone in the West really knows or is familiar with the Quran, since the 
West has been at odds with Islam since the time of Muhammad. Asthe supreme text 
of monotheism, the Quran is actually a psychoactive book that upholds Islam as 
the final religion for humanity. "He is the one who sent His messenger with the 
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guidance and the religion of truth, to make it prevail over all other religions. God 
suffices as a witness." (Quran, 48:28) Islam means "peace, which is submission to the 
will of God." 

Islam is also the law of nature. Within the vast system of intricate, mathematically 
based logic that constitutes the Quran-which is a profoundly ahistorical. text as well- 
fone feature stands out: the description and definition of nature and the natural order 
as the chief proof of God's design and guiding wisdom. From the Quranic point of 
view, the biosphere, inclusive of the creation ofthe human, isthe overwhelming single 
proof of God's wisdom in establishing a life-support system for our indwelling con- 
sciousness to evolve our bodies on this Earth, ‘The biosphere is Islam, or "peace. which 


is submission to the will of God," understood as the divine law of nature, 


ships that roam the ocean for the benefit of the people, the water that God sends 


down from the sky to revive dead land and to spread in it all kinds of creatures, the 
manipulation of the winds, and the clouds that are placed between the sky and the 
earth, there are sufficient proofs for people who understand. (2:164) 


He created you from one person, then created from him a mate. He sent down to 
you eight kinds of livestock. He creates you in your mother’s bellies, creation after 
creation, in trimesters of darkness. Such is God your Lord. To Him belongs all 


sovereignty. There is no other god beside Him. How could you deviate? (39:6) 


Among His proofs is that you see the land still, then as soon as we shower it with 
water, it vibrates with life. Surely the One who revived it can revive the dead. He is 


Omnipotent. (41:39) 


He created the human from atiny drop, then he tums into an ardent opponent. And 
he created the livestock for you, to provide you with warmth and many other ben- 
efits as well as food. They also provide you with luxury during your leisure, and 
‘when you travel. And they carry your loads to lands that you could not reach with- 


out a great hardship. Surely your Lord is Compassionate, most Merciful. (16:4-7) 


He sends down from the sky water for your drink and to grow trees for your benefit, 
With it, He grows for you crops, olives, date palms, grapes, and all kinds of fruits 
‘This is sufficient proof for people who think. (16: 10-11) 


And He committed the sea to serve you; you eat from it tender meat, and extract, 
jewelry which you wear. And you see the ships roaming it for your commercial ben- 


fits, as you seek His bounties, that you may be appreciative. And He placed stabiliz- 
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cers (mountains) on earth lest it tumbles with you, as well as rivers and roads that you 
‘may be guided. And landmarks, as well as the stars to be used in navigation, Is One 
who creates like one who does not create? Would you now take heed? (16: 14-17) 


As for the Earth, we constructed it, and placed on it stabilizers (mountains) and we 
grew on it a perfect balance of everything. We made it habitable for you, and for 
creatures you do not provide for. There isnothing that we do not own infinite amounts 
thereof. But we send it down in precise measure. And we send the winds as pollina- 
tors, and cause water to come down from the sky for you to drink. Otherwise you 
could not keep it palatable. (15: 19-22)2 


Viewed from its own context, the Quran is the criterion for evaluating the spiri- 
tual progress of human existence on this Earth inclusive of man’s ability to read the 
proofs of nature as manifestations of God's wisdom and to comport himself within 


this nature, the biospheric life-support system, in amanner consistent with the truth 


From the Quranic perspective, human freedom of choice is at the root of the bi 
spheric destruction. Choosing anything but to be submissive to God, the human is 
in rebellion against nature-both his own and that of the biosphere. "We have of- 
fered the responsibility [freedom of choice] to the heavens, and the earth, and the 
mountains, but they refused to bear it, and were affaid of it. But the human being 
accepted it; he was transgressing, ignorant." (33:72) 

‘The result of this ignorance on behalf of his own aims and intentions rather than 
that of a respect for the divine plan (biosphere) of the Creator, accounts for the 
‘human situation today, at odds with and surrounded by an increasingly out-of-control 
biospheric degradation and corruption of natural time: "Disasters have spread 
throughout the land and sea, because of what the people have committed. He [God] 
thus lets them taste the consequences of some of their works, that they may retum 
[to the right works}.” (30:41) ‘Thus, the current techno spheric destruction actually 
points toward a return of humans to the path of right works 

‘The forces that created the phenomenon of historical Islam are the enclosing of 


the Holy Quran within the rigid system of a twelve-month, — non. 


culating lunar 
calendar, compounded and supported by the development of the hadith and sunna 
(oon-Quranic) traditions. A profoundly conservative social order, Islam is nonethe- 
less activated and motivated by a holy scripture that enunciates an attitude toward 
nature that isthe direct opposite of the 12:60 system that produced the technosphere. 

In this regard, the precepts of the Holy Quran-as of many another holy scripture 

make it the “enemy” of the technosphere. From the noospheric perspective, histori 


cally and culturally, however, the assault on the nerve centers of the techno sphere 
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could only have been effected by humans whose belief system was rooted in the 
Holy Quran, which had been at odds with the Gregorian civilization for centuries. 
In this way, the Quran was the noosphere’s weapon used to bring about the circum- 
stances that would lead to the resurrection of the biosphere-the — noosphere itself. 
But only if man consciously chooses the right return path: synchronized harmony in 
time, The problem is not so much the rigid lunar calendar oflslam, but the irregular 
global standard of the Gregorian calendar, which, instead of standardizing all mea- 
sures and perceptions of time, fosters a human social disharmony and an incessant 
antagonism against nature-and against Islam. 

So then, how are we to return to the right works? Read and study the Quran, 
yes-but also make a fundamental change in the world. The solution of the Law of 
Time is: Get anew calendar! Humanity must take along, hard look at its own timing 
systems and scrap what needs to be scrapped, no matter what kind of temporary 
inconveniences this may cause. Calendar reform is an issue that upsets many apple 
carts. Yetit is the only method that has not been commonly tried and the only step 
that has not yet been collectively taken. It isa characteristic of the dominant mind- 
set that it writes history in the way that suits its own needs and supports its philoso- 
phy. In any of the reviews of the century carried by the mass media during the past 
year, you will find no mention of the World Calendar Reform Movement; nor will 
you find, for instance, any mention of the Roetich Peace Pact (1935); nor of the 
Harmonic Convergence-all buried by the marketing of history to suit the needs of 
globalization, What do these three phenomena have in common? A concen for 
peace based on an understanding that without harmony, the human cultural situa- 
tion will only worsen. If humankind suffers from an excess of disharmony, in the 
noospheric analysis the only solution is aharmonic standard of time to synchronize 
all humanity. simultaneously-the Law of Time refers to this asthe Thirteen Moon! 
28-Day frequency shift. 


GE YOUR CALENDAR, CHANGE YOUR MIND 


‘Since the advent of the Nuclear Age, eversthing 
has changed but the way people think, thus, we 


drift towards unparalleled catastrophe. = 
-ALBERT EINSTEINS 


To change how people think you must take a profoundly simple and universal ele- 


‘ment of everyday life, one in which all everyday thinking is rooted, and change it so 
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radically that the way in which people think will itself be dramatically changed. If 
you want to know that something has really changed, change the calendar! This is 
the meaning of the replacement of the Gregorian calendar by the Thirteen Moon 
calendar, ‘The calendar change is necessary because, as the pragmatic application of 
the discovery of the Law of Time, it brings into focus the essence of this discovery’ 

Time is a frequency, the frequency of synchronization. If a calendar does not_in- 
crease synchronization, it is not performing its highest function. This is the funda- 
mental critique of the Gregorian calendar-and of all concepts of time based solely 
con physical, third-dimensional astronomical measurements. This discovery is so new 
and startling that it affects all human thought and is a matter to which all belief 
systems, religions, and methods of science must be cognizant. Yet nothing, it seems, 
is more difficult for humanity than to make this change from a manifest disharmony 

to a manifest harmony. 

Historical man recoils at the prospect of actual harmony-harmony in natural 
time. This is because historical man defines his existence and thrives upon the dis- 
harmonies of his own invented time. The Gregorian calendar keeps the human mind 
entrained in a diabolical disorder of meaninglessly named months of uneven mea 
sure, while every day is tracked and driven by a relentless mechanism called a clock 
This immersion of the mind of historical man in the frequency of his own artificial 
time, more than any other factor, condemns him to a world of inescapable horrors: 
traffic jams, poverty, terrorism, unresolvable historical and territorial disputes, glo- 
bal warming, environmental degradation, social disorder, insanity, and drug abuse. 
‘The problem of historical human-Homo —historicussis compounded by the uncon- 
scious nature of his acceptance of this timing sensibility, believing it to be the actual 
nature of time. Hence, all his public and economic policies are driven by and deter- 
mined by the relentlessness of this perception that time is an arrow blindly pulling 
him into a future in which his only defense is the creation of more technology, the 
technosphere itself being a pure expression of the application of the mechanization 
of time, 


THE SECRET HISTORY OF CALENDAR REFORM 

When you went to bed on October 5,1582 you woke up on October 16. In this way 
Pope Gregory XIII promulgated his reform of the Julian calendar, from which the 
Gregorian calendar differs not one whit, except for the precise working out of the 
formula for leap year. When this “reform” occurred, the time sensibility of historical 
man was already crippled and disabled. The Gregorian calendar, by its moment of 
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historicity, bound that crippled time disorder into its final institutional form, assur- 
ing that not only European man, but eventually all cultures and races dominated by 
European thought and conventions would assume and accept this deformed and 
deforming standard of time. 

‘The mechanical clock, though evolved over many centuries, was perfected just 
after the Gregorian Calendar Reform of 1582 and promoted by Europeans as an 
example of the human triumph over nature. So it was that the human mind assumed 
fs second nature its own invented time, encoded as a frequency that we have identi- 
fied as the 12:60, an unconscious mental ratio determined by the irregular twelve- 
month calendar and artificial sixty-minute hour. The combination of these two fac- 
tors in this one timing frequency have consigned historical_man to a hopelessly de- 
bilitating mental disorder that is referred to as modern civilization, or nowadays, 
postmodern. But postmodern is not yet postchistorical. Postmodernism is just the 
final convulsion of the time disorder that afflicts the human race as a virulent mental 
disease and encapsulates man in the technospheric cocoon of his own making. The 
only cure for such a profound and pervasive disorder is absolute harmony, the very 
harmony from which historical man_so recoils. 

In this light, it is well to know that through the first half of the twentieth century 
vigorous and well-organized calendar reform movement flourished. Such was the 
character of this movement to reform the Gregorian calendar that in 1923 the League 
of Nations called for proposals for reform. More than 500 proposals were received; 


by 1931, these were narrowed to three: 


‘The International Calendar Organization, represented by Mr. Broughton 
Richmond, promoted a perpetual calendar based on the principle of five- 
five 73-day cycles = 365 days-and the year divided into twelve months of 
five 6-day weeks each plus a 5-day cycle [The Thirteen Moon calendar also 
includes the program of seventy-three 5-day periods-overtone _chromat- 
ics-imtegrated with the fifty-two 7-day weeks: 52 x 7(+1) = 5x 73.] 


‘The International Fixed Calendar League, represented by Mr. Moses 
Cotsworth, also supported by Eastman Kodak and the Intemational Cham- 
ber of Commerce, promoted a perpetual Thirteen Month/28-day calendar, 
which was first presented by Auguste Comte (1842-1849), inclusive of the 
“day out of time." Though it was not backed by a more thorough —math- 
ematical science, which has now been supplied by the discovery of the Law 
‘of Time, this was by far the favored calendar, as it is the one that possesses a 


perfect structural harmony and obvious regularity of all its parts 
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3. The World Calendar Association, represented by Elizabeth Acheles, pro- 
moted the World Calendar, a modified but perpetual version of the twelve- 
month Gregorian calendar, which also included the principle of a "day out 
of time” ("null day"). This group tured out to be the longest-lived and the 
‘most vocal, and was responsible for the publication of The Journal Of 
Calendar Reform (1931-32).4 


It is instructive to read some of the early texts on the topic of calendar reform to 
see how the same issue of harmony and order brought up by the Law of Time was at 
the root of the call for the establishment of a perpetual, harmonic calendar. The base 
argument, as presented in Alexander Philip's The Reform of the Calendar (1914), is 
stated as follows: 


Suppose, for example, that by some strange convention the meaning of the figures 
wwe employ in numerical notation were to change every year; suppose the figure 
which this year represents 2 were next year to mean 3, next year 4, and so on: sup- 
pose again that our weights and measures were to fluctuate in a similar manner. 

then we affirm, without fear of contradiction, that the whole fabric of science and 
the mechanical arts could never have been raised at all. ..we should in such circum- 
stances have been compelled to rest content today with the very simplest and most 
primitive appliances. Yet, strange as it may sound, such are the conditions under 
which, in modem society, human action is organized. For what is the framework. 

by which we arrange our actions? It is no other than the scheme under which we 
arrange our time-in one word, our calendar... [thus] the disorganized state of all 
social arrangements is ascribable to the calendar. ..The dislocation of our calendrical 
arrangements is due to two distinct causes. . the incongruity of the week; [and] the 


irregularity of the lengths of the months. ..5 


The argument made is a profound one, and was the motivating basis of the cal- 
endar reform movement in general, no matter which calendar was being promoted. 
It is fair to ask: Why do we expect arrigorous standard of uniformity in our measure- 
ments of space (size, weight, volume, etc., but spum or ignore the same require- 
ment of uniformity in our measurement of time, especially the time that governs our 
everyday social arrangements and consciousness? How can we think that this would 
not have a profound underlying effect on the very nature and conduct of our society? 
Most interestingly, as a movement calendar reform arose strongly during 
the proto-technosphere, between the two World Wars, only to be swept away by 
the clouds of war and the contradictory factions of disharmony in which modern 
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civilization was already immersed. Any effort at altering or changing the direction 
and motion of moder civilization is treated as a threat or derided as ineffectual 
activity that is scientifically unprovable or that will cost humanity too many dollars 
to make the change. Such was the fate of the first great calendar reform movement 
that arose with such fervor in the late nineteenth century only to find its ignomini- 
‘ous end when the final debate on calendar reform was adjourned indefinitely by the 
United Nations Social and Economics Committee in 1956. No one reads about the 
calendar reform movement in the history books. Because debate on the matter was 
effectively adjourned, it is assumed that calendar reform is a dead is 
evance to the development of postatomic, technospheric man, On the contrary, seen 
in the dim light of the still-smoking ruin of the Twin Towers, the calendar reform 
arguments concerning humanity's irrational behavior and its relation to the 
tality” of a skewed timing measure, the calendar, as well as to an inhuman timing 
device, the clock, were never more relevant 

Not the least import of calendar reform is the opportunity to create anew basis 
for unifying humanity. As was stated in the "Resolution Adopted by the Fourth Gen- 
eral Conference on Communications and Transit of the League of Nations," which 
took up the issue of calendar reform: "A great number of delegations expressed the 
opinion that any reform of the calendar could only be put into practice if it came 
into force simultaneously throughout the world, or at least in avery great majority 
of States, and it was for this reason that the study of this question had been placed 
under the auspices of the League of Nations."6 

‘The tragedy of the human inability to agree on a matter so obvious to logic and 
reason is a testament to the already crippling effects of having operated so long 
under parochial, sectarian, and often disharmonic timing standards. While the In- 
ternational Chamber of Commerce, the League of Nations, and various interna- 
tional scientific bodies supported the first effort at reform in 1914-1956, the second 
movement, 1989-present, arose as a purely populist effort, but with an entirely dif- 
ferent information base. Recognizing instinctively that the calendar reform 
more than merely a matter of mathematical order in relation to natural cycles, it isa 
profoundly theological issue as well, the second reform movement also developed 
from a non-Western inspiration: the Mayan calendar. 

While the psychology of the dominator civilization all but blurs out any other 
considerations of calendar besides the prevailing Gregorian one, an objective study 
of the matter demonstrates that the latter is a primitive instrument that eschews 
both natural cyclic order and any mathematical harmony. In place of the anachronis- 
tic standard of the Gregorian calendar, the second calendar reform movement raised 


ue of no rel- 


mmo- 


sue is 
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anew criterion, the Law of Time, awhole system principle that integrates the math- 
‘ematical and the moral, the theological and the psychological, and the economic and 
scientific issues that are embedded in the entire topic of calendar reform. Precisely 


for the reasons of historical man’s unconscious habituation to his own disharmonies 


and the accelerating and cumulative effect of this ignorance on the disorder of his 
own social life as well as the natural world around him, the second calendar reform 


movement has developed with a much greater moral and prophetic urgency, 


‘Western Edge: 
‘Tonal sum, set 1=7 
‘Tonal sum, set 2=14 


Northern Edge: 
Tonal sum =2 


Eastern Edge: 
Tonal sum, set 1=28 
‘Tonal sum, set 2=13 


Southern Edge: 
‘Tonal sum = 14 


‘Total tonal sum = 78 (6x13) 


Sarcophagus Lid of the Tomb of Pacal Votan 

Showing Disposition of Thirteen Clear Signs 
The tonal sums (dot-bar code) of the thirteen signs are key to affirming the prophecy 
of the Thirteen Moon calendar. Note that the sums of the two sets on the eastern 
edge equal 28 and 13, while opposite the 13 set is the perfect 7. The tonal sums of the 
other two sets on the western and southern edge both equal 14, for a sum of 28. The 
northern edge has a single sign whose tonal sum is 2 twice 7 = 14, and twice }. 
twice 13 = 26 fractal of 260 and code to the Gregorian date 7/26; while twice 28 = 56, 
the number of years from Hiroshima to the inevitable Event. 
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"Consciously using the tool of the Thirteen Moon calendar to replace the erro- 
neous measure of the artificial twelve-month calendar is, in itself, an unprecedented 
act of human self-reflective consciousness. Collective adaptation to the Thirteen 
Moon calendar is an intrinsic heightening of consciousness which rapidly awakens 
the telepathic programming inherent in human biology, frustrated for so long for 
not having been allowed development in the correct timing frequency. 

It was in 1987 that The Mayan Factor: Path Beyond Technologyfirst brought to 
‘major public and international attention the possibility that a superior timing sensi- 
bility was developed by athoroughly non-Western culture, the Maya. This book was 
published with scarcely any knowledge of the calendar reform movement that had 
gone into a debilitating coma in 1956. Yet, by pursuing the mathematical base of the 
Mayan calendar, the essence of the Mayan achievement, the Law of Time was ex- 
tracted, adiscovery that brought on the second calendar reform movement, the World 
Thirteen Moon Calendar Change Peace Movement. Prompted by a prophetic rev- 
elation concerning the Thirteen Moon!28-Day calendar decoded from the tomb of 
Pacal Votan, the premise of the second calendar reform movement was tested world- 
wide from 1993 to 2000, atime defined as the 
2001, the official beginning of the third Christian millennium, a loose, far-flung 
calendar reform movement, pioneering in the development of anew science of time 
and consciousness was promoting the Thirteen Moon!28-Day calendar worldwide. 


ven years of prophecy.” By the year 


A REVOLUTION IN TIME 


‘Fire in the lake, the image of revolution. Thus, 
the superior person sets the calendar in order and 
‘makes the seasons clear 


“I CHING, HEXAGRAM49, "REVOLUTION’S 


By common consent, a calendar is a system for reckoning time. Virtually all current 
time-teckoning systems take account only of chronological or, better put, astro- 
nomical time-the movement of the Earth in relation to celestial bodies, the sun, 
imensional, physical 


moon, planets, stars, and constellations. This is a purely third- 
consideration of time. The Law of Time affirms a higher order of time-the 

synchronic order. This is the time of the fourth dimension, which includes the 
chronological but enfolds it in a higher mental and mathematical order of reality. 
According to the Law of Time, what you don't know about the calendar you are 
using could kill you. By operating according to purely third-dimensional chrono- 
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astronomical timing standards and without knowledge of the synchronic order of 
fourth-dimensional time, humanity subjects itself to a one-sided view of reality that 
is hazardous to the planet and jeopardizes the future existence of the human species 
fas well as all life on Earth 

To correct this situation aradical solution is required-a new calendar embedded 


in the synchronic order revealed by the discovery of the Law of Time. This is the 


significance of the Thirteen Moon/2 8-Day calendar-it epitomizes the incorporation 
fof the chrono-astronomical order of time into the synchronic order, and hence pro- 
vides the vehicle for humanity to escape its otherwise certain plunge into disaster within 
the next decade. When adogma is encountered while one is engaged in the pursuit of 
truth, it must be challenged and abolished. Such a dogma is the calendar in use as the 
‘world standard, the Gregorian calendar. That this calendar, originally a system of 
thought peculiar to one people or religion, should dominate all the peoples and even 
life of the planet makes it subject to the critique of planetary anthropology. 

‘The discovery that time is a frequency mathematically expressed as the ratio 
13:20 requires a profound reorganization of all thought about time and the conse- 
quent reorganization of human society as a planetary organism. As the unified field 
theory of time, the Law of Time calls for the human synchronization in time_predi- 
cated on the establishment of the Thirteen Moon calendar as the global civil stan- 
dard replacing the current erroneous timing standard, the Gregorian calendar. This 
is amatter of the utmost seriousness, since it is also recognized that all belief systems 
fare the function of programs locked up or embedded in the calendars or time-reck- 
foning systems used by a people. The fate of the species and the biosphere may well 
depend on whether or not humanity is able to understand this point. 

What is it about the calendars in use that condemns their users to endless con- 
flict and inability to unify as a species? What is at the root of their disharmony? It is 
the pursuit of astronomical time. All people today are bound by calendars based on a 
pursuit of accuracy of astronomical time-the length of the year being the object of 
this pursuit. Astronomical time is a losing game of an ever-changing and elusive 
forder that results in an entropic reductionism that has little to do with consciousness 
for synchronization. ‘The year’s length (measure of the orbit of the Earth around the 
sun) calculated by Pope Gregory XIII at 365 days, Shours, 48 minutes, and 20 seconds, 
slows at the rate of ux second per century, while the length of time in the Gregorian 
calendar is off from the “true” solar year by 25.9678 seconds per year! Obsessed with 
rectifying this discrepancy, in 1972 reductionist science came up with Atomic Time 
to replace Earth Time, and the atomic cesium clock replaced the measure of the year 
as 365.241299 days with 290,091,200,500,000,000 oscillations of Cs per year! 
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But what does this staggeringly astronomical figure mean, and of what value is it? 

In profound contrast to this obsessive reductionism in which there is no place 
for spirit, mind, or consciousness, fourth-dimensional radial mathematics. represents 
amental order greater than and encompassing the astronomical order of the third- 
dimensional universe. According to the Law of Time, in time reckoning, consider- 
ation should be given to systems of the harmonic order of synchronic time that 
proceed from the radial mathematical order of the higher mind. The higher mind 
represents the evolved state of mind-the noosphere-that evolution on Earth tends 
toward, but that has not yet been attained. As long as the human concept of time is 
governed by the obsessive pursuit of the impossible to attain perfection of astro- 
nomical time, this pursuit and the civilization that it propels are doomed to failure 
What is known as history is embedded in this pursuit of “fixing” astronomical time, 
which has culminated in the dogma of the Gregorian calendar and the microatomic 
measure of the cesium clock. When did this pursuit begin, why did it come to domi- 
nate the human species, and to what effect? 

As we have seen, the values, customs, and norms of a nation, culture, ot civiliza- 
tion are embedded in the calendar it uses. The Gregorian calendar, the current glo- 
bal civil standard-indeed, the foundation in time of globalization-is 
of the Caesars, of the Roman Empire, of the Catholic Church and the Vatican, To 
change this calendar is to change history itself. Can it be done? The League ofNa- 
tions attempted this in the 1930s but failed. The United Nations tabled this effort in 
1956. Since the United Nations adjourned the matter of calendar reform indefi- 
nitely, in 45 years the Earth's population has more than doubled, that is, it has in- 
creased by more than 3.2 billion people, a factor that is still out of control, and that 
‘may have much to do with the fact that humanity is actually in a fog about time, 


the calendar 


‘The reasons for wanting to replace the Gregorian calendar are no less valid 
today. The Gregorian calendar is not a standard of measure. It lacks logic and rea- 
son, It numbs and befuddles the mind when trying to make calculations by it. It is 
shrouded in an arcane and medieval obscurantism. The net effect of the use of this 
calendar is to perpetuate a fundamental level of mental confusion and ignorance 
concerning the actual nature of time itself-an ignorance that ishardened into dogma 
by the unwillingness of habit to consider any other possibility, but rather to accept 
the entire system as second nature. The argument that it encodes the most accurate 
and scientific measure of the solar orbit of the Earth is irrelevant in relation to the 
effect of its irregular measure on the mind and its numbing power asthe dogma of a 
conquering people. Indeed, the solar measure 0f365.241299 days per year has noth- 
ing intrinsically to do with "30 days hath September..." and vice versa. In fact, the 
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measure of the Earth's orbit is one matter, the purpose of calendars and time reckon- 
ing as factors of synchronization is a wholly other matter. But then, since the very 
nature of a culture or a civilization is determined by the calendar it keeps, the use of 
‘a deformed standard can only inhibit and skew even the questions one asks about 
time. 

The failure of calendar reform by 1961, the year of the Vatican I Council, only 
promoted an increasingly complacent acceptance, however cleverly disguised, of a 
millennial dogma, the Gregorian calendar. In the conclusion to the “last word” on 
the subject, Calendar: Humanity’s Epic Suggle to Determine a True and Accurate Year, 
David Duncan summarizes, "We take in stride a calendar [the Gregorian] that is 
flawed but endures, largely because it works just fine for most of us, and it is what we 
are used to."9 It is not at all objective to accept something because we are used to it 
This attitude is anything but scientific. Rather, itis the smug basis of nothing more 


than a self-fulfilling 


is aberrant 


yet the civilization that bases itself on 
timing measure prides itself as being the most scientific in all history! 


THE CONFUSION OF IRREGULAR TIME 


Due to this flawed time sensibility, it may be concluded that humankind today is 
little capable of moral reason or logic, which itself is a result of, or at least strongly 
reinforced by, habituation to a timing standard that is irrational and illogical. Any- 
time we overlook or dismiss a fault due to habit, or simply because we are accus- 
tomed to the use, say,of an instrument, even ifthat instrument is demonstrated to be 
flawed and irregular, is evidence of a moral laziness that will eventually contaminate 
the entire consciousness that accepts and accommodates. itself to the flaw. The exer- 
cise of truth is a moral prerogative. The fact of the matter is that the Gregorian 
calendar is ahodgepodge of flaws and accretions, rationalized into a systematic for- 
mulization that has no basis in reality, The celebration of Easter is a case in point. 
Easter is the celebration of the day Christ was resurrected from the dead. It may 
be logically assumed that this occurred on one and only one particular day, just as 
the celebration of his birth occurs on Christmas Day (although, similarly, no one 
really knows that this was the actual date of his birth). By the time the Christian 
religion had become an established force within the Roman Empire, however, no 
‘one knew precisely on what day the Resurrection had taken place. The Council of 
Nicea, convened by Constantine in A.D.325, called for a debate on the matter in 
which various theories were presented. The debate was concluded with the victory 
of one conjectural system over the other. The winning system stated that Easter 
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would be celebrated on the first Sunday after the first full moon after the spring 
equinox, except when the full moon was on a Sunday, in which case it would be 
celebrated on the following Sunday, and this was so that it would not be celebrated 
‘on the same day asJewish Passover. 

Over the centuries this conjectural theory regarding the date of Christ's resur- 
rection was buttressed with a system of elaborate calculations for predicting when 
Easter would occur. These calculations were all made with regard to establishing an 
alignment of the synodic lunar cycle of29.5306 days (which resulted in a lunar year 
of 354.3672 days) and the solar year of 365.241299 days! Being fortified with such 
elaborate mathematical calculations did not lessen the fact that the system was origi- 
nally-and still is-a mere speculation of a highly clever but relative nature. Thor- 
oughly embedded in the Julian-Gregorian calendar, the system of determining Eas- 
ter is inseparable from the Gregorian calendar itself, and is one of the chief reasons 
for the resistance to its reform-as witnessed by a reading of the calendar reform 
‘arguments of the 1930s. The entire system of this calendar, inherited without ques- 
tion from the Caesars of the Roman empire, is actually nothing more than a form of 
self-perpetuation of a priestly hierarchy that includes in its support a host of bank- 
ers, industrialists, and scientists and the elaborate social system that is under their 
control-the  technosphere of global civilization itself. Take away the calendar and 
the entire structure loses its foundation. 

"If the Julian/Gregorian calendar was to be offered asa new device for measur- 
ing time, we, with our present knowledge and state ofliving, would reject it as some- 
thing utterly impracticable, lacking in harmony and order, unbalanced and irregular, 
too clumsy a calendar to make calculations by, while the various sections are not 
comparable."10 

A science or any scientist that unquestioningly follows the Gregorian calendar 
is, in reality, not worthy of the name. What is science? A concern for logic and 
precision of measure, we might answer, as well as standards of measure that utilize 
uniform units of measure in accord with what is being measured. Yes, the year is 
calculated as being 365.241299 days in length, but ifthe annual standard of measure 
that is used is irregular and unscientific, then it avails nothing, and indeed deforms 
the mind leading it down byways that may only end in self-destruction, Thus the 
pursuit of a true and accurate year in itself may be an illusory pursuit, blinding us to 
the actual nature of time, and leading us away from a genuine understanding of 
ourselves and our role and purpose on this Earth 

To change and replace the calendar with the thirteen moon standard is to retum 
us to our original purpose, leading us back to pathways of harmony and natural 
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health. According to the Law of Time, the damage already inflicted in the time 
humanity last hesitated and lost the chance to alter its timing frequency, forty years 
ago, has been incalculable. The final opportunity to change the calendar and the 
timing frequency is now upon us. Because of this we must be very clear and unshak- 
able in our understanding and determination to expose and eliminate the current 
civil calendar for once and for all. Even apologist David Duncan's unabashedly  pro- 
Gregorian book Calendar (1999) concludes with its time line on the date 2012, "Cur- 
rent Mayan Great Cycle will end."Il But will we also end? By 2012, it will be too late 
to change. We must begin to change now. 

In reviewing the quirks and twists of history that constitute the Gregorian calen- 
dar, we must ask: Why do we continue to use such an instrument, and what are its 
effects? Is a calendar something mote than a tool for scheduling the payment of 
debts (calends),or is it an instrument of synchronization? ‘The harmony or dishar- 
‘mony of time is a profound matter rooted in the instrument of time reckoning. that 
we use. There can be little question that we live more in a time of chaos than of 
harmony. We may also say in regard to the effect of standards of measure on the 
‘mind, that the chaos of the time is embedded in the calendar we use. If we are to 
leave this time of chaos and enter atime of harmony, then we must exchange the 
instrument in which the chaos is embedded for an instrument that is the very model 
ofharmony-the Thirteen Moon/2 8-Day count. This is the choice humankind must 
now make. 

‘The issue of the nature of time, or of the times in which we are living, cannot be 
separated from the issue of the calendar. The very nature of the calendar that the 
world follows has stunted the mind and warped the body's innate timing sensibility, 
reducing the understanding of time to being merely amatter of chronology. "Chro- 
nology is a register or reckoning of successive years, a time scale. It may also be 
described as a system of registering time massively."12Virtually all time reckoning 
has proceeded from astronomical indicators, the major exception being the Maya, 
who actuated from a solely mathematical outlook. Yet with this mathematical out- 
look the Maya devised a chronological method that has never been surpassed, a fact 
attested to by many, including the architects of the Kitt Peak Observatory in Tuc- 
son, Arizona, where a mosaic mural depicting the civilization of the Maya asserts the 
superiority of their calendar over that of the Europeans. 

It is significant that the earlier calendar reform movement, while occasionally 
acknowledging the brilliance of the Maya, made no use of the Mayan knowledge. 
But this was because the time sensibility was restricted to thinking of time solely in 
terms of chronology, or at best as a schedule for keeping good accounts, with little 
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comprehension at all of the synchronic nature or order of time. And since the system 
of chronology was synonymous with the system of control embedded in the Gregorian 
calendar system, the earlier reform movement failed altogether to make any impact 
fon the Vatican, much less on the global power structure itself. 

All the thought, action, and good intention put into the years of calendar reform 
notwithstanding, the Gregorian calendar prevailed, and, tragically, not one of the 
proposals or recommendations was ever even considered for adoption by the papal 
authorities who maintain control over the calendar. In the 1930s, the propaganda of 
the Church was aimed at limiting any possibility of reform, for it would not give up 
the succession of the seven-day week. In any perpetual calendar, such as the Thir- 
teen Moow2 8-Day calendar, the observance of the Day Out of Time is necessary 
for maintaining the harmony of the fifty-two weeks that complete themselves in 364 
days. The continuous succession of the week does not stand in a constant relation 
‘with the other elements of the calendar and is one of the main causes of confusion in 
the Gregorian calendar. Arguing that such a break as a Day Out of Time, no day of 
the week at all, would plunge the world more deeply into chaos, barbarism, and war, 
the Vatican effectively blocked all effort at reform. The completion of the century of 
total war, capped by the Inevitable Event, roundly refutes this point. It may just as 
easily be argued that because we did not change the calendar, we are now plunged 
into the final barbarism and unholy war. 

When the Vatican I Council in 1961 affirmed in its backward and highly re- 
strictive language that it was not opposed to reform, so long as such reform did not 
disrupt the seven-day week and respected the tradition of Easter as a "movable feast,” 
the door to reform slammed shut. By this time all the early reformists had literally 
died out and the question of calendar reform appeared to have become one of the 
buried issues of history. 

What the priests of the Catholic Church thought they had buried through an 


auto-da-fe in Izamal, Yucatan, 1562, and overcome through the imposition of the 


Julian-Gregorian calendar over the conquered Maya, returned with the precision of 
prophetic timing in 1987. The publication of The Mayan Factor not only opened the 
door to anew look at the Maya, but also to an understanding of time that was 
anything but chronological. A new dimension of time appeared-radial, fractal 
time, the synchronic order. And behind the reassessment of the nature of time was 
the provocative call of Mayan prophecy-the end of the thirteen baktun Long 
Count, 2012. 

‘The Law of Time defines the human problem as being one of radical and de- 


structive dissynchronization from natural time, resolvable only by a return to natural 
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time through the perfect and perpetual harmony of the Thirteen Moon calendar. 
With the analysis of the Law of Time, there is an even greater urgency and a more 
profound certainty. Reform is not only insufficient but also impossible. If the calen- 
dar is not changed within the next decade, it will be the end of civilization as we 
know it. There isa genuine and legitimate need to bring the issue of calendar reform 
into the public eye once again. 

Yes, to change the calendar involves a frequency shift, The collapse of the 
technosphere will dispose the human mind to rethink its options. It may even reori- 
ent the human mind to aconsideration of the biosphere as being the greater vehicle 
in which we, as humans, are being carried. Such a massive change in attitude, a mind 
shift and a paradigm shift, may arouse in the human breast a spiritual reawakening as 
well. Harmony is spirituality. By changing the calendar, humanity can know it has 
turned a page of destiny-an act that may cause it to appreciate what has already 
been written in a book it had not been inclined to study, the Holy Quran: 


God is the One who raised the heavens without pillars that you can see, then as- 
sumed all authority. He committed the sun and the moon, each running in its orbit 
for apredetermined period. He controls all things, and explains the revelations that 
you may attain certainty about meeting your Lord. He is the One who constructed 
the earth and placed on it mountains and rivers. And from the different kinds of 
fruits, He made them into pairs-males and females. The night overtakes the day. 


‘These are solid proofs for people who think. (13:2-3) 


In this passage we can find ample evidence of the formal order of the Law of 
Time and the biosphere-solid proofs. As for the “people who think,” do they not 
then constitute the noosphere? 


Vv 
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Humans—Noospheric Chips 
Consciousness and Reality Redefined 


‘And conquered by the sense of the earth and 
Iuman sense, hatred and internecine struggles. will 
hhave disappeared in the everswarmer radiance of 
Omega. Some S017 0f unanimity will reign over 
the entre mass of the noosphere. The final conver 
ence will take place in peace. » 
-PIBRRETEILHARD DE CHARDIN, 
THE PHENOMENON OF MAN! 


Once begun, the exhaustion of the technosphere is irreversible. The exponential 
growth curves of money, machine production, energy output, and population in- 
crease come to a climax. By 2004 the humans will be at another major crosstoads: to 
go wholeheartedly into the harmony of the noosphere, or to suffer the rest of their 
decline in an ignominious twilight of terrorism, barbarism, and cultural anarchy. By 
2004 the humans will have their last opportunity to change their macro-organizing 

principle. By relinquishing the artificial time held in place by the old calendar and 
becoming unified in time under a calendar that is a perfect harmony, humans will 
enact the coming of the noosphere. Only harmony will bring harmony; only harmony 
will cancel the errors of history, a manifest disharmony. Only an act of harmony can 
‘manifest the noosphere. Only this time-changing act, consciously carried forward 
by asignificantly roused number of humans, will create amental field so positive and 


Humans-Noospheric 
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constructive as to engender the radical break that leads to an entirely new cycle of 
existence of the life on Earth: the noosphere. Entrance into the noosphere of har- 
‘monic time through the calendar change will be much like going from a black-and- 

white movie to one in Technicolor. The difference between the new time and the 
old time is literally like the difference between Heaven and Hell. 

September 11, 2001: the Twin Towers collapse, creating a rupture in the 
technosphere. Everything comes to a halt. The New York Stock Exchange is closed 
for four days-a virtually unprecedented event. All commercial airline traffic in America 
ishalted for two days. Even the United Nations postpones the opening ofits fifty-sixth 
General Assembly by three weeks. Six weeks after September Il anew, sinister form of 
war is engulfing the technosphere. ‘The Americans assert the right to mercilessly bomb 
Mghanistan in self-defense. The response of war is the final self-destructive impulse of 
the techno sphere to protect itself, but this will only widen the effects of the suicidal 
blow it has already sustained. The war will only make definite that it is the last climax 
of the biogeochemical combustion engendered by the pursuit of an error in time. 

‘The rupture in the technosphere is the break in artificial time, and therefore 
amounts to the opening of a noospheric fissure-aninrush of cosmic consciousness 
and a moment of simultaneously heightened natural time. When the towers col- 
lapsed, belief systems shattered, Because it was viewed on global television, it was an 
event witnessed by all humanity and it entered through the optical cortex into the 
brain, arousing potent images from the subconscious. This is a noospheric act be- 


‘cause it is the entire mind of the whole species that receives this single image in one 


simultaneous moment. In that shattering image, however unconscious, the noosphere 
immediately entered the field of human consciousness, much as a leak in a boat 
allows water to come rushing in. From the perspective of the moosphere, the 
technosphere is a medium of transformation resulting from the pursuit of a dis- 
torted perception of time. With the destruction of the Twin Towers, the transforma- 


tion is complete; following the war, the technosphere can be creatively dismantled. 


THE NOOSPHERE: RAINBOW BRAIN OF TIMESHIP EARTH 


What is the noosphere? Can we define the noosphere more precisely so that it is a 
less nebulous term? Can we make the noosphere concrete enough so that it may be 
understood and accepted as the coming new way of ahigher level of everyday nor- 


maley? First of all, let us say that the noosphere has exis 


das long as life has existed 
fon this Earth. In this sense, the noosphere is the sum of the mental interactions of all 


life. The mental interactions, or field of mind, exist asa great unconscious medium, 


‘+ Humans-Noospheric Chips 


inseparable from the Law of Time. That is, if all life and the phenomenal world of 
the biospheric medium are synchronized by the Law of Time, then the programs of 
the organization oflife, from the periodic tables to the DNA code, will also be syn- 
chronized by and embedded in the mathematics of the Law of Time. Being a func- 
tion of the whole system of the Earth and integral to the functioning of the bio- 
sphere as an interplay of cycles in which organic and inorganic interact with a set 


order of chemical transmutations, the noosphere must also be the mental coordinat- 


ing field or program of this complex of vital interactions. It must, therefore, be a 
characteristic of biospheric evolution that the noosphere remains unconscious until 
‘a significant moment is reached:the climax of the cycle of biogeochemical _ com- 


bustion, the enactment of the biosphere-noosphere transi 


Asthe Earth's mental field, it must be an act of collective self-reflection that arouses, 
the noosphere into functioning consciousness. By its definition as the mental envelope 
of the Earth, the noosphere can come into conscious manifestation only through an 
fact of collective self-reflection, such as the proposed calendar change. Also, as the 
mental envelope of the Earth that is above and discontinuous with the biosphere, the 
rnoosphere-mind _sphere-can mean only one thing: the advent of universal telepathy 
among the humans. The Intemet can be seen as a third-dimensional reflection of the 
noosphere, a form of electronic proto-telepathy. But, ironically, as long as the humans 
hhold on to the Internet, they cannot experience the true evolutionary potential of 
genuine universal telepathy. ‘The point is that telepathy can only function ina field of 
reality that is synchronized by the natural 13:20 timing frequency. Time and telepathy 
are mutually defining factors dependent on unity of thought. The humans have cho- 
sen apath of disunity, so that their calendar programs clash and are at odds with each 
other and with natural time. This maintains the technosphere, destroys the biosphere, 
and keeps the noosphere in the unconscious. But now, with the Inevitable Event, the 
break has occured and the shattering of the Dreamspell of History has begun. The 
noosphere's rainbow brain leaks back into human consciousness 

‘The rainbow brain of the noosphere-what is that? As the mental envelope of 
the Earth, the noosphere possesses a structure ordained by the Law of Time and 
congruent with the structure of the whole Earth, Within the noosphere are to be 
found the evolutionary control panel or programs, defined as the psi bank-the me- 
dium of information storage and retrieval for all the mental programs. The noosphere 
is the field of planetary consciousness in which humans are intended to participate 
and complete their evolution. However, operating by atificial time is like looking 
through a glass darkly. This being so, there is no noosphere to see. Humans gener 


ally experience consciousness through the chinks in their sensory prism, conditioned 
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by separatist beliefs, making it most difficult to attain a perception or experience the 
field of consciousness as coextensive with the Earth. Indeed, if the biosphere is the 
region on Earth for the transformation of cosmic energies, the noosphere is that re- 
gion of the Earth for the reflection of cosmic consciousness and its mental programs. 

Seen through the lens of universal synchronized time, the humans accommodating to 
single instrument of time measurement are inherently sharing asingle thought form. 
It is that act of self-reflective convergence that makes the noosphere conscious and 
draws it toward the resplendent omega point of2012 and beyond. 

‘As with all the other geochemical structures and processes of the Earth that are 
planetary in nature, the noosphere, the rainbow brain of Earth, actually has a coher- 
ence and an order that we may define in a precise way. In so doing we shall redefine the 
nature of human reality and the human being itself. We must enlarge our lens of 
perception to encompass the whole Earth as a single being. In relation to this single 
being of the Earth, the individual human is hardly even a speck. The dimensions and 
proportions by which we commonly measure reality must also expand to accommo- 
date the vast dimensions of the Earth asa single entity, a planetary geocosm within the 
solar field, the heliosphere. Since the sun is also a star, the heliosphere is afunction and 
member of the galactic order of being. As the mental “thinking sphere” of this planetary 
being, Earth, the noosphere is above and discontinuous with the biosphere, the hydro- 
sphere, and the atmosphere. It is contained by and functions within the vast invisible 
electromagnetic field of the Earth. Though the ionosphere is the lowest level of the 
electromagnetic field system of the Earth, the main structures of this field are the two 
radiation belts located 2,000 and 11,000 miles above the Earth. It is within the two 


radiation belts that the control panels of the noosphere are to be found-the psi bank. 


MEASURE OF THE 13:20 MATRIX 


"And He is the One who created the night and 
the day, and the sun and the moon; each 
‘floating in its own orbit. « 


-QuRAN, 21:33 


In the simplest aspect of our daily experience of time on Earth we have the full play of 
the law of alternation-day-night, __sun-moon, north-south. Because we know the bi- 
polar nature of the Earth, dividing it into two geomagnetic fields, north polar and 


south polar, we can then define the complementary bipolar field of time, which divides 


the cycle of the Earth as it makes one rotation on its axis into one day and night 
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entire unit, day and night, is defined as akin, the base unit of synchronic time measure- 
‘ment, From the perspective of the noosphere, day and night are a function of the two 
falterators-day alternator and night alternator-that operate as the phasic motion of 
the rainbow brain of the noosphere working in tandem with the electromagnetic field 
The two phasic alternators regulate the activation of photons (day) and the regenera- 


tion of photons (night) within the entirety of the life process of the biosphere. 


THE NOOSPHERIC FOURFOLD/EIGHT-PART STRUCTURE 


“He created the heavens and the earth truth- 
fully. He rolls the night over the day and the 
day over the night. He committed the sun and 
the moon, each running for afinite period. 
Absolutely he is the Almighty, the Forgiving.” 
-QURAN, 39:5 


“We rendered the night and the day two 
signs, We made the night dark and the day 
lighted, that you may seek provisions from 
your Lord therein. This also establishes for you 
4a timing system, and the means of cateula- 
tion. We thus explain everything in detail, » 
“17:12 


Since the two altemators are also in interplay with the bipolar magnetic fields of the 
Earth, a four-part process is revealed that is magnetically distributed as an overall 
eight-part structure. The unit of one kin divides the rotational cycle of the Earth in 
its orbit into four distinct phases daily and annually. The four daily points ate de- 
fined by: the dawn, when the part of Earth you are in first experiences the solar 
photonic activation; the high noon (zenith), when the part of Earth you are in is in 
closest direct relation to the sun; the twilight, when the photonic activation ceases 
and the sun disappears from view; and midnight (nadir), the point at which the point 
of Earth you are on has rotated to its farthest distance from the sun, the height of the 
cycle of photonic regeneration. This daily process is mimicked in the four points of 
equinox and solstice, where for either hemisphere the equinoxes are the same as the 
points of dawn and twilight and the solstices correspond either to high noon or to 
midnight. Because of the magnetic polarity of the Earth, the four-part process. is 
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Psi Bank—Four Bipolar Plates Accommodating NET Time 
‘Autoregulatory System of the Noosphere 
(from Earth Ascending, Map 1) 


simultaneously experienced in opposite phases, that is, winter in the North 
in the South-hence the four-phased process yields a bipolar eight-fold 
‘This four-part day: 


structure, 


ight seasonal process defines the structure of the four psi bank 
plates, which also coordinate the four-year cycles of the Earth. The psi bank plates, the 


“nervous system” and control panel of the noosphere, are a complete function of the 


13:20 timing frequency and thus participate in the systematic regularity of the fourth- 
dimensional synchronic order. This means that the psi bank is the registration within 


the Earth's magnetic field of the 13:20 timing matrix by which all life and the planetary 


evolutionary process as a whole are regulated. Simulating the four-part process of the 
Earth rotating on its axis in time, four stages per day, four seasons per year, in four-year 


ycles-not_ to mention the four phases of the moon-four psi bank plates accommo- 


dating the bipolar field yield eight 260-unit 13:20 frequency information — matrices. 
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‘That is, each of the four psi ban k plates conforms to amirror symmetry of the bipolar- 
ity of the Earth's magnetic field. Each plate is divided by mirror symmetry into a 260- 
unit Northem and a 260-unit Southern hemispheric half, for a total of two bipolar 
matrices and 520 units per plate, or 2,080 (520 x4) units in all. These units. are referred 
to aspsi chrono units or time-bearing information units. The information for the different 
sequences of the Earth's biogeochemical evolutionary processes is all regulated by these 
time-bearing information units 

We have to understand that through the medium of universal cosmic time the 
Earth, the Sun, and every star, constellation, and galaxy is coordinated in this way by 
the synchronic 13:20 frequency of time. It isthe 13:20 frequency that establishes holon- 
‘omic consistency in time throughout the universe. The Earth's noosphere is alens of 
time. All cosmic information is focused through this lens. It is this noospheric lens 
of time that makes Earth into a geocosmic thought form. 

‘The noospheric lens of time and mind has been operating ceaselessly-but un 
consciously-since the beginning of the evolution of the Earth. Since the noosphere 
is a function of the universal synchronic timing frequency, its conscious activation 
must also come about through a superior mental coordination with this correct syn- 
cchronizing timing frequency. The psi bank 13:20 frequency is consciously activated 
and registered at the human level by the mental engagement of the 13:20 matrix as 
enacted through the 260-day cycle. The interaction of the 260-day galactic cycle 


with the 365-day solar biotelepathic cycle defines one noospheric year, or one solar- 


galactic cycle of fifty-two human years (= fifty-two 365-day solar orbits = seventy- 
three 260-day galactic cycles). This great noospheric coordination of fifty-two solar 
orbits with seventy-three galactic cycles is fractally present in a single solar orbit, 


where fifty-two 7-day weeks =seventy-three 5-day cycles known as chromatics. What 


important in coming to understand the noosphere as Earth's geocosmic time lens 
and rainbow brain, is that we must change our perspective altogether from anthro- 


pocentric to noospherocentric, and in this way evolve into Homo noosphericus. 


THE CYCLES OF NET TIME 

For the noosphere, the rainbow brain of planet Earth, time is different-it is slower 
and longer. From the noosphere's point of view, what we call a year is a solar orbit. 
What we call a day is a single rotation of the Earth on its axis, The cycles of the 
moon are the lunar phasings that calibrate the synchronization of the Earth in time. 
‘The Earth isnot a spaceship. The Earth is aTimeship. As aTimeship, the Earth is 
afunction of the master synchronization frequency that coordinates and moves it in 
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time through ever greater circles of inclusiveness and syntropic integration, Seen 
through the noospheric lens of time, the technosphere is ahighly exaggerated accel- 
eration of the biogeochemical continuum through highly artificial and resource- 
depleting means-it is but a smoking bubble whose fragile struts and frets are laced 
together by transport and communication systems that yield a cacophony rather 
than a harmony. And for this reason, the disharmony of the bubble ultimately ex- 
plodes upon itself, releasing Earth from the prison of false time into the fresh air of 
real time and the advance into the geocosmic splendor of the noosphete. Synchro- 
nized with the galactic cycles, the noospheric mind of the whole Earth is reckoned 
far differently from the artificial units of measure that condition the anthropocentric 
notions of time evolved in the era of Homo historicus. 

Here is how the fourfold process of Earth in time is reckoned by the noosphere. 
Please note that in Noospheric Earth Time (NET), time is universal synchroniza- 
tion, At any given moment, it is always the same noospheric moment in time on 


Table of Noospheric Earth Time Units 
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5. Three Noospheric Earth weeks plus INoospherie Earth day =I Noospheric Earth 


season = 13solar orbits or I3human years, 


6. Four Noospheric Earth seasons =1/Noospheric Earth year =52 solar orbits (52 human 
3.260-day galactic cycles =18,980kin (days) 
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7. Five Noospheriec Earth years = 1 Noospherie time chord =260 solar orbits 
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9. Five Noospheric evolutionary subcycles = Igalactic evolutionary day =26,000 solar 
orbits = 


Noospheric Earth centuries or S00 Noospheric Earth years of 52 solar orbits 
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Earth. Whether that moment is experienced on the night or day side of the Earth, 
that_moment is simultaneous and encompasses both sides of the Earth at once. This 
is true not only because time is the factor of synchronization. T(E) =Art, where art 
is the result of any synchronization-but also because the velocity of time is infi- 
nitely instantaneous. By thinking that the Earth really does conform to the 24 hours 
fof the clock, the humans have retarded their time sensibility, and consequently their 
artificial processes have become increasingly artless. In considering the N oospheric 
Time measurements, remember that as a human you are but a cell in the biospheric 
‘organism-or, as we shall see, a chip of the noospheric rainbow brain, 

[As the measure of the mind of the Earth, the Noospheric Earth Time (NET) 
reckoning units coordinate consciousness as a planetary, or, more accurately, a solar- 
planetary phenomenon. For instance, if one NET day is a single 365-day solar orbit 
of the Earth, dawn of the noospheric Earth day is experienced as the spring equinox, 
but the noosphere is bipolar. So the dawn is also simultaneously the autumn equinox 
or twilight of the other polar magnetic half of the Earth. To fully engage and grasp 
such a thought is to expand the limits of consciousness. Like dolphins who never 
sleep but only rest half of their brain at a time, so it is with the rainbow brain of the 


roosphere. Such consciousness has nothing to do with the workings of the everyday 


egoistic human consciousness, which can understand things only according to a lim- 
ited frame of reference defined by its own limited and highly conditioned ego needs. 
The geocosmic consciousness of the noosphere can be apprehended only as a single 
telepathic unity in and by which all members of any given species or organism are 
‘organized. To consider that the noosphere itself could become the organizing prin- 
ciple of the human species as a whole is to engage in conscious mental evolution. 

Small aboriginal prehistoric bands of humans experience an unconscious level of, 
this geocosmic noospheric mind. Dolphins, other mammals, and all animal_ species 
experience this noospheric mind. Even trees and crystals are organized by this 
noospheric mind of time. 

Homo historicus, however, slowly but inexorably cut himself off from the noospheric 
mind of time by substituting erroneous instruments of measure, or instruments of 
measure that were incomplete in relation to the noospheric time cycles. The result 
was the exponential surge in biogeochemical combustion that characterized the final 
baktun cycle, culminating in the fifty-six-year blister of atificial time, the techno- 
sphere. The fact that the time blister popped eleven years before the end of the cycle 
of Homo historicus, 2012, means that Homo noosphericus is ready to emerge from the 
shattered cocoon of false time. Liberated from artificial time and from the technosphere 


itself, and enrolled in the natural time of telepathy, the human will experience 
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noospheric organization into psychic biomes. Through the psychic biomes-collec~ 
tives of communities coordinating their bioregional network according to the struc- 
ture of the "thought moments” of noospheric time-the human will fully evolve the 
Earth as a planet with solar-galactic consciousness 


ELECTROMAGNETIC WORKINGS OF THE EARTH'S RAINBOW BRAIN 
What we call the cycles of time are the thought moments of the Earth. These thought 
moments coordinate the complex orders of Timeship Earth, understood as a whole 
system, Because the operating mechanism of the noosphere that governs the Earth's 
cyclic thought moments is inseparable from the general structure and functions of 
the electromagnetic field in which it is located, we may refer to a rainbow brain of the 
noosphere. Why is this so? 

Let us return to the structure of the noosphere, Earth's mind in time. Consisting 
of the four bipolar psi bank plates, these four synchronic time plates are located 
between the two radiation belts, that is to say between 11,000 and 2,000 miles above 
the biospheric surface of the Earth. With the location of its information —time-bearing 
mechanism between the radiation belts, the noosphere must by necessity operate in 
tandem with the electromagnetic field as it is regulated by these two master radia- 
tion belts. What do these belts do? They emanate Earth’s electromagnetic aura, and 
function as a protective shield around the Earth. ‘They do this by trapping solar- 
cosmic radiation, keeping much of it from hitting the biosphere directly, channeling 
it instead through the Earth's magnetic poles into the Earth's core 

In the polar regions excess cosmic radiation, including electrically charged _plas- 
mas and solar discharges from coronal mass ejections, is released into the atmo- 
sphere as the auroras-aurora borealis (or northem lights) in the North, and aurora 
australis (or southern lights) in the South, ‘The increased solar activity during the 
most recent and current sunspot cycles has enhanced and extended the auroral activ- 
ity in recent years far beyond the polar zones. In addition, since 1987 great influxes 
of plasma into the solar system have intensified the incidence of spectral plasmic 
activity within the atmosphere itself. This amounts to an increase in rainbows, halos 
around the sun, and brilliantly colored clouds. While these phenomena may be ex- 
plained to a certain degree as meteorological effects (the angle of the sun's rays, 
moisture in the atmosphere, and so on), is there more to a rainbow  than_meteoro- 
logical side effects? And what relation is there between the noosphere, the electro- 
magnetic field, and the increased plasmic-rainbow activity’? 

Again, seen from the perspective of whole Earth, the rainbows and spectral plas- 
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mic effects, including the auroras, are the free energy released by the noosphere. 
Rainbows are to the noosphere what toxic waste isto the technosphere. The noosphere 
itself implies a mental field that is interacting with the electromagnetic field. ‘The 
Earth's electromagnetic field is actually the strongest of all the planets in the solar 
system. The only other planet that has a field approaching the strength of the Earth's 
field is Uranus. If the Earth's electromagnetic field is the strongest, is this an indication 
of the strength of the noosphere as well? If the rainbows, auroras, and other spectral 
plasmic activity are a demonstration of the free energy released due to the interac- 
tion of the noosphere and electromagnetic fields, and the noosphere is the mental 
envelope of the planet, inclusive of the as-yet-to-be-unified mind of the human  spe- 
cies, what forms of free energy might be released if the human mental field were 
operating as a single unity in the corect timing frequency? 

One other mechanism crucial to the entire system of noosphere and electro- 
‘magnetic fields is the crystal core at the center of the Earth. In the 1970s Russian 
scientists put forth the idea that the Earth is crystalline in nature, an idea that ex- 
tended Plato's notion of the Earth as a dodecahedron, one of the five “platonic sol- 
ids." The idea was that the Earth’s surface was held together by a field of resonance 
that corresponds to the crystal resonance of certain geometrical solids. R. Buckminster 
Fuller also gave play to this notion in his description of "spaceship earth.” Then in 


the 1980s American seismologists confirmed that the core of the Earth is actually a 


gigantic iron crystal structure in the shape of an octahedron, elongated at its ends, 
which point to the North and South Poles. 

From the point of view of fourth-dimensional time, the planet Earth is another 
manifestation of space as an infinitely locatable point, an orbiting body upon which 
all the vectoral programs of cosmic time may be unfolded. Understood as a Timeship, 
the Earth's structure is constructed to facilitate its travel in time on a particular route 
in space in conformity with its relation to the local star, the sun, to the other planets 
of the solar system or heliosphere, and in synchronization with the universal timing 
constant 13:20, which maintains the Earth in the synchronic order. The role of the 
magnetic octahedral crystal core is to function as the bipolar oscillator and crystal 
transducer whose purpose is to maintain the Earth in the synchronic order of the 
13:20 timing frequency. Thus, if the Earth's noosphere contains the 13:20 timing 
programs of the psi bank, and the crystal bipolar oscillator is meant to maintain the 
Earth's space body in the synchronic order, obviously there is a resonant relation be- 
tween the crystal core and the noospheric-clectromagnetic field programs. 

‘The transductive properties of the crystal allow it to transform energy from one 


state to another. The crystal core also stores electronic plasmas that travel to it from the 
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Earth's poles through an electromagnetic flux tube system. Within the crystalline core, 
the electronic plasmas are transduced into information, This is the information of time 
understood as cosmically transmitted thought forms. These plasmic thought forms con- 
form to programs already established in the psi bank of the noosphere. These are the 
Earth’s thought forms, the cycles of the Earth's brain waves, as it were, that allow it to 
‘maintain its biospheric programs and to evolve its mental field, the noosphere. The very 
descriptions of the Noospheric Earth Time (NET), and of time itself as a synchronous 
instantaneity inseparable from telepathy, are examples of the Earth's thought forms trans- 
duced through a human biocomputer and then transmitted into a form of human lan- 
guage for the purpose of communication. Keeping this description of the noospheric 
brain in mind, let us retum to our analysis of the biosphere-noosphere transition. 


MAKING THE NOOSPHERIC LEAP: TRANSFORMATION OF HUMANS 
INTO NOOSPHERIC CHIPS 


‘The transition to the noosphere is experienced by Earth as a crisis because_its systems 
are stressed. Since the Earth functions as a whole system, stress on one component of 
the system actually stresses the whole order. Let us review the cumulative stress points 
Human 12:60 electromagnetic activity has perturbed and distorted the electromag- 
netic field. The release of free energy due to geochemical combustion adds to this 
stressful distortion through the depletion of ozone in the ionosphere and global warm- 
ing. The radioactivity released into the atmosphere adversely affects the resonant field 
of the DNA, already driven by the 12:60 frequency to accelerate the multiplication 
‘and propagation of the human biomass throughout the biosphere. Through its artifi- 
cial means, the machine, the human further upsets the inherent balance maintained by 
the pressure that the species exert upon each other, resulting in mass species extinction. 

Yet all this is according to an evolutionary program that is intended to bring 
about an ultimate crisis by which the biosphere snaps into becoming the noosphere. 
Clearly, if the root of this crisis is the deviation of the dominant species operating 
according to an artificial timing mechanism at odds with the universal timing fre- 
quency, then the stabilization of the transition to the noosphere will come about 
through the dominant species consciously “returning” to the correct timing fre- 
quency. This it can only do by adhering to a macro-organizing program that puts 
the human species completely in the 13:20 frequency 

If the whole system analysis seeks to locate the flaw in the operation of Times hip 
Earth, then we must finally declare that this flaw is the human civilization in its 


entirety, as it is maintained by erroneous and artificial timing constructs. Since the 
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noosphere, the mind of time on Earth, defines the next evolutionary cycle, and be- 
cause the humans are following a course dictated by being in the wrong time, calen- 
dar reform is the eye of the needle through which humanity must pass in order to get 
to the noosphere. Only by fully manifesting the noosphere will the Timeship Earth 
be truly put back on course once again. The noosphere is the program of time on 
Earth, Time is all that the noosphere has to give us. In consideration that the artifi- 
cial time of the technosphere has fundamentally run out, the noospheric time should 
be awelcome gift, 

Science is always absolutely precise. It is not just calendar reform that is the eye of 
the needle through which to pass into the noosphere-it is the Thirteen Moon/28- 
Day calendar calibrated by the 260-day Wizard's Count, synchronized to the Gregorian 
calendar date, July 26, that provides the exact ticket of admission into the noosphere. 
‘And then this ticket must be used at just the right moment-when the show is ready to 
begin. To use another metaphor, there is a lock on the door to the noosphere, and 
there is only one key that will fit and unlock this noospheric gate. That key is the 
Thirteen Moon/28-Day calendar, correlated to July 26 on the Gregorian calendar. It 
is the precisely applied use of this Thirteen Moon/28-Day calendar that will make 
each human a noospheric chip of the rainbow brain. This is because the Thirteen 
Moon/28-Day calendar is the key with the precise design for not only opening but 
also for continuing to operate the noosphere through a matching of the everyday 
frequency of time with the frequency of the noospheric control panel, the psi bank 

It is because the daily program of the Thirteen Moon/28-Day calendar is em- 
bedded in the 13:20 frequency that the consciousness of the humans will finally 
change and rise above the stunted level by which it is curently maintained in the 
autificial world of the technosphere. Time is of the mind, and the natural time regis- 
tered by the Thirteen Moon/2 8-Day calendar is the opening to the geocosmic mind 
of the universe, which adherence to artificial time has kept the human from experi- 
fencing. The noosphere is the fractal lens of this geocosmic mind on Earth. Since the 
‘geocosmic mind is purely a function of the Law of Time-energy factored by time 
equals art, where the 13:20 synchronizing ratio of time is characterized — by infinitely 
instantaneous velocity-then the fundamental nature of this mind_ is telepathy. 

‘The Thirteen Moon/28-Day calendar is, therefore, the perfectly designed in- 
strument to make the noospheric leap into telepathy, the planetization of conscious- 
ness that establishes the daily reality of the noospheric mind. Since the noospheric 
mind interacts with the electromagnetic field, and because the ratios and cycles of 
the Thirteen Moon/28-Day calendar conform to the fractals and ratios of the NET, 


by using this calendar the human becomes transformed into a noospheric chip. The 
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fractals and ratios of NET become the normative operating cycles of the human in 
its daily reality. This accounts for an increasing noospheric synchronization that 
allows the noospheric chip to attain its purpose: generating the Earth’s rainbow aura. 
Ifthe free energy of rainbows isto the noosphere what the free energy of toxic waste 
isto the technosphere, then the generation of the rainbow implies a type of activity 
on the part of the human to produce such free energy. To understand what this 
activity might be and how it works, we must first understand the morphic and 
holonomic relation between the human noospheric chip-Homo  noosphericus-and 
the structure of the noosphere itself asit is programmed into the geocosmic measure 
of the Thirteen Moon/28-Day calendar. 


HUMAN BEINGS AS FRACTAL REFLECTORS OF THE 13:20 MATRIX 


From the noospheric perspective, the prototype human is an embodiment of the 13:20 
synchronization factor. The human has four limbs. Each of the four extremities has 
five digits, for a total of twenty fingers and toes that distinguish the human's opera- 
tional capacity. The four limbs conform to the fourfold phasic operation ofNoospheric 
Earth Time, while the twenty digits conform to the 20 (4x5) factor of the 13:20 ratio, 
‘The human also has thirteen main joints or articulations: two ankles, two knees, two 
hips, two wrists, two elbows, and two shoulders; these six pairs coordinate the four 
extremities with the body, while the thirteenth articulation, the neck and spinal col- 
‘umn, coordinates the body proper. These thirteen main articulations plus the twenty 
digits of the hand and feet conspire to make the human the perfect exemplar of 13:20 
timing frequency, that is, a perfect model of synchronization — itself 

Add to this the fact that the human has a highly evolved and refined brain and 
nervous system that is maintained and expressed by the skeletal structure of the 
thirteen joints of the body and limbs, completed by the sensitive mechanism of the 
twenty digits, and we see that the human is the perfect biocomputer for processing 
the information of the instantaneously telepathic geocosmic mind. ‘The means to 
process the geocosmic information, and also the means by which the human is trans- 
formed into the noospheric chip. is found in matching its factors of daily synchroni- 
zation and intelligence with those of the psi bank, the noospheric control panel. 
This is called harmonic arrangement of the synchronic order. 

Of course, this description of generalized structure, activity, and interaction of the 
Homo noosphericus with the noosphere as such presupposes an entire reorientation of 
the goals and methods of being human, Such a reorientation of the human is also a 


function of making the radical change from the erroneous measure of the twelve- 


+ Humans-Noospherie Chips 


‘month Gregorian calendar, in which are embedded all of the Babylonian programs of 
history, to the perfect history-less harmony of the Thirteen Moon/28-Day calendar 
the mere change of calendars encompasses a mental frequency shift. The readiness to 
make this change depends on the degree of moral revulsion the human experiences 
during the collapse of the technosphere. This moral revulsion would then correspond 
to atuming in the deepest seat of consciousness, which would then dispose the human 
intelligence to a consideration of the untried solution-change the calendar! 

‘The Thirteen Moon calendar is the NET instrument for daily. synchronization 
and unification of the human species as a single organism in time. Once adopted to 
the correct measure of this instrument, the human will de facto trigger the noosphere 
san operating system of absolutely higher consciousness and mental order. In fact, 


the purpose of human evolution is precisely to become the ignition of the noosphere, 
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and thence to become normalized as the noospheric chips that maintain the opera- 
tions of the noosphere. As atruly planetized being and consciousness, Homo noospher- 
cus will engage in an order and type of reflective activity undreamed of in the 
technospheric era that is now passing, 


First, by adapting to the daily NET timing instrument, the humans will be uti- 


lizing a “calendar” 


day galactic synchronization cycle. When the Iunar phases are added to the interac- 


that correlates both a 365-day solar biotelepathic cycle and a 260- 


tion of these two cycles, then the human is able to enjoy the harmonic richness of 
time-the noosphere. The synchronizing and interactive measures of the counts of 
the solar and galactic cycles yield multiple levels of harmonic orders of time (Earth's 
“thought moments") that will activate aspects and levels of consciousness hitherto 
dormant in the human mind. The very mental act of replacing the onder of twelve by 
the order of thirteen is a profound one. How is this so? Could it be that the whole of 
civilized history itself is based on the fear of the number thirteen-triskaidekaphobia, 
epitomized in the superstition about Friday the thirteenth-and that, therefore, deal- 
ing with the true nature of time has been avoided altogether?2, 

Currently humans operate by a world standard whose measure includes: seven- 
day weeks, inclusive of the notions of the 5-day work week and the 2-day weekend; 
an irregular distribution of twelve months of either thirty-one, thirty, or, in one 
instance, twenty-eight days; all set within a longer annual cycle that concludes with 
its visionless moment of New Year's Eve. Many Gregorian calendars will include the 
phases of the moon, but because the months differ in length there is no way in these 
calendars of seeing how the phases of the moon might be synchronized with the 
measure of Earth's orbit around the sun, nor is there any reason to consider that the 
uneven measure of twelve months has anything intrinsically to do with the solar 
orbit, Within the twelve-month structure of the Gregorian calendar, weeks, months, 
and phases of the moon all appear to be haphazard and arbitrary. Such a disorderly 
order can only bode an undercurrent of uncertainty and fear for the human mind. 

By contrast, in the measure of the thirteen moons of twenty-eight days each, the 
13 corresponds both to a 13-day eycle and to the cycle of the number of months 
(moons) per year. The measure of the 7-day week (aNET quarter hour) becomes an 
orderly harmonic: four perfect weeks occurring each moon, fifty-two perfect weeks 
each year, each week always beginning and ending on the same day of the week, 
week after week, year after year, while in fact every day of every moon occurs on the 
same day of the week, year after year. The effect of such aharmonic regularity on the 
human mind is incalculable. This is what is meant by a perpetual calendar. And to 


maintain this perfect regularity, the 365th day of every year (solar orbit), is no day of 
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the week at all, but a Day Out of Time, a day for the human to be refreshed in utter 
timelessness, 

Realizing that a day is actually akin or one NET minute, the measure of one 
rotation of Earth on its axis, a 4-day cycle of four NET minutes constitutes a har- 
monic, a S-day cycle constitutes achromatic, while the 13-day cycle corresponds to 
fone wavespell, the time constant that accommodates the measure of thirteen. Hence, 
‘a wavespell can be either thirteen days, thirteen weeks, thirteen moons, thirteen 
years, or so forth. The point is that by making the change of calendars the founda- 
tions of the mind organized in time are irrevocably altered. From the noospheric 
perspective, there is nothing arbitrary about the laws of nature. The same lack of 
arbitrariness shouldbe reflected in the instruments that we use to measure time. By 
‘adapting to the Thirteen Moon/2 8-Day measure, the humans are adapting to amea- 
sure in which there is nothing arbitrary because it is a pure expression of the Law of 
Time, Thirteen is not at all a harbinger of bad luck, but the gateway to harmony in 
time! And it is by using this thirteen-based harmonic instrument of measure that the 
human is realized as anoospheric chip, a fractal of the noospheric mind, the mind of 
time on Earth. 


NOOSPHERIC CHIPS: WIZARDS OF GALACTIC TIME 


In the noospheric construction of the operating mechanism of the Timeship, the 
human is a vital link, providing the biotelepathic medium for the synchronization of 
the geocosmic mind on Earth. If we look again at the structure of the noosphere, the 
components include: the crystal core bipolar oscillator, packed with Technicolor time 
beams and cosmic thought moments, waiting to be self-reflectively realized: the hu- 
‘man noospheric chip, the representative of the biosphere to mentally engage the 
timing cycles of the NET; the electromagnetic field, which provides the medium of 
expression between the biospheric order, the human, and the noospheric mind of 
time; and the noosphere itself, the mind of time on Earth, whose articulation through 
the psi bank control panels and through the Earth's resonant field structure yields an 
enlarged measure of Earth consciousness, Noospheric Earth Time itself. In expand- 
ing our minds into the noosphere we will understand that what lives is the Earth and 
the Earth lives through us. 

‘As a noospheric chip, the human is a fractal reflector of the 13:20 timing fre- 
quency. Midway between the bipolar oscillator and the noospheric psi bank plates, 
the human noospheric chip is designed to receive, transduce, and transmit _pro- 


‘grams from the crystal core by synchronizing these programs with the psi bank 
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Four-Phasic Noospheric Resonant 
Field Model, Timeship Earth 2013, 


‘Three resonators establish the gravitational. electromagnetic. and biopsychic fields 
held in place by the crystal core the bipolar oscillator. 


Two poles extend the bipolar field of Earth, which, guided by the day-night alternators, 
‘create the four-phasic noospheric field model 


Four psi plates govern the four phases, from dally NET minute to seasonal NET day, 
and to the four-part NET week, or Seed-Storm year bundle. 


This is a process that can occur only within the construct of the regular harmonic 
sequence provided by the noospheric timing gauge of the Thirteen Moon/28-Day 
calendar. Interaction with the crystal core can only be through telepathic means, and 
the human-as the midway point between the core and the electromagnetic fields-is 
like a sensitive piece of litmus paper. To understand the human in this way is to totally 
redefine the reality of what it means to be human on Earth. From this perspective, the 
human is a biocomputer whose information source feeds it programs stored and ema- 
nated by the crystal core. These programs are then brought into conscious registra. 
tion through working the corresponding programs of the psi bank. Right now, we 
dont know what the crystal core is emanating, much less that such a structure exists 
within the Earth, Like crystal radio-set, the noosphere is the antenna, the geocosmic 
programs are transduced and generated at the crystal core, the human is the biocosmic 
tuner, and the broadcast transmission is provided by the psi bank. 

‘The 13:20 template of the human noospheric chip is defined as the human holon, 
its twenty digits and thirteen main articulations conforming perfectly to the geocosmic 
13:20 synchronization frequency of universal time. It is the intrinsic resonance of 
this geocosmic structure that allows the human to be in resonance with the planet as 
whole system. While the timing programs to be broadcast are all loaded in the psi 
bank control boards, the actual point in space of the physical Earth is coded by time 
into a twenty-part icosahedral structure called a planet holon. Being holonomic in 
nature, the planet holon has a perfect incidence of correspondence with the twenty 
digits. of the human holon. 

‘The twenty digits and twenty-part structure of the planet holon are both coded 
by the twenty icons or solar seals of the 260-day galactic synchronization cycle. The 
icons or seals are the manifestations of the 20 (4 x 5) factor of the 13:20 synchroniza- 
tion ratio. They are coded for human legibility as simple icons that conform to a 
postliterate alphabet. In time these twenty icons create a fourth-dimensional — twenty- 


day solar cycle which interacts with the 13-day galactic cycle to create the 260 unit 


synchronization sequence or “galactic spin.” The point is that when this galactic 
spin is synchronized with the 365-day solar-lunar measure of the Thirteen Moon 
count, there is a daily program for identifying the human with the planet holon, a 
factor that facilitates the planetary resonance of the noospheric chip. 

‘As a noospheric chip, the human is in every way aholonomic reflection of the 
whole system Earth. Asa system of resonators-gravitational, electromagnetic, and 
biopsychic-the human and the Earth both have bodies with a center of gravity; 
both exhibit electromagnetic fields; and both share in common a biopsychic reso 


nance, the mutual interface of the noosphere or mind of time with the other two 
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fields of resonance. The redefinition of the human according to the Law of Time 
and to the nature of the noosphere also redefines the human's reality. What will the 
human do when history has been eliminated from the calendar and the new calendar 
itself is actually operated as a synchronometer-a measure _of synchronicity? 

First of all, as the necessary prelude to galactic culture, the absolute synchroni- 
zation of the human in geocosmic time, the technosphere will be dismantled. Reor- 
ganized by the Law of Time into psychic biomes, the dismantling will naturally 
phase into the genuine creation of the new culture of solar-galactic consciousness. 
Path beyond technology” means path of telepathic harmony. With its goals abso- 
lutely reoriented following the mental pole shift of the calendar change, the hierarchy 
of human values will also undergo a profound reordering. What if money were no 
Tonger the first consideration in human affairs? What if the consideration were in- 
stead how artful or artistic that action or event might be? What if the diaspora of 
humanity through industrialization and mass transport came to an end and the hu- 
‘mans willingly chose to live in smaller communities organized by gardening and 
other Earth-related activities, inclusive of ‘the transformative dismantling of ‘the 
technosphere and the regeneration of the biospheric medium? What if the study of 
time replaced the study of physics asthe dominant mode for determining the nature 
of reality? And what if, due to the time shift, a spiritual awakening swept through the 
human race so that amoral orientation of values was organized around the preserva- 
tion and furtherance of the biosphere, and an acknowledgement that only One Su- 
preme Creator could have ordained something so perfect as the noospheric mind of 
time? What kind of world would that be? What kind of art would be practiced in 
that world and what kind of science would be known? 

Organized by the NET, human existence would spiral into the collective tele- 
pathic mind. A type of Earth geomancy would become the science of the noosphere. 
Or perhaps a more accurate name for this science would be Earth geochronomancy- 
the study and investigation of Earth in relation to the cycles of cosmic time and 
telepathy with an end to perfecting the Earth as a work of art, With minds expanded 
toward accommodating the longer, slower measure of NET, geochronomancy would 
inspire an entirely new vision of the Earth within the heliosphere (the solar system) 
and the galactosphere (the galactic order of things). Making the Earth's rainbow 
brain visible and manifest would be only the beginning of a willingness to explore 
further untapped psychic energy sources and means, or what is referred to in Earth 
Ascending as the science of radiosonics. Key concentrations of human habitation and 
activity would be organized to occur at or close to those geomagnetic energy points 


for centers, the whole cultural process of which would correspond to making a map 
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fon Earth of the image of galactic being as it moves in its great patterns of time. 
Would this not make the human species into a race of wizards? 

In this consideration we may find a reason why the 260-day unit galactic syn- 
chronization measure-a galactic spin-is the key to what is called the Wizard's Count 
‘The perfect synchronization of the 260-unit galactic spin with the 36-day Thirteen 
Moon/28-Day solar orbit establishes the 52-year cycle, or one NET year. A NET 


year (fifty-two solar orbits) is a "wizard's measure,” for on this measure the human 
can expand its consciousness to encompass the Earth in its greater cycles of develop- 
ment. The Wizard's Count is also given its name because of the set of the four solar 
icons or seals that code the July 26 synchronization date in 4-year cycles: year one, 
Yellow Seed year; year two, Red Moon year: year three, White Wizard year; and year 
four, Blue Storm year. An entire Seed-Moon- Wizard-Storm sequence of four NET 
days (four solar orbits) consists of fifty-two moons, or one NET week, the perfect 
fractal of the fifty-two 7-day weeks in one NET day and the fifty-two solar orbits. in 
fone NET year. This four-part sequence is also called a Seed-Storm year bundle, the 


harmonic essence of the wizard’s measure. Thirteen Seed-Storm year bundles, where 


each of the four icons is coded by the thirteen galactic tones (4 x 13 = 52), yield. one 
NET year. Please note that even the Gregorian July 26 synchronization date is a func- 
tion of the synchronic order: July = 7, while 26 is 13 doubled, 7 and 13 being the two 
principle numbers governing the 13:20 matrix of the Harmonic Module! 

In the symbolism of the iconic sequence it is the Seed that is planted, it is the 
Moon that coordinates the growth cycles, itis the Storm that generates the energy, 
and it is the Wizard who knows and acts upon what is given. It was a White Galactic 
Wizard that coded the date and coordinated the year beginning July 26, 1987- 
followed twenty-one days later by the Harmonic Convergence. Thus it was the White 
Galactic Wizard who opened the gates to the closing of the Mayan baktun cycle of 
history and the commencement of the coming cycle of galactic culture. And on July 
26,2003, the year of the White Spectral Wizard will commence. This year will end 
with its Day Out of Time, coded by the White Spectral Mirror. The day following, 
July 26,2004, will begin the year of the Blue Crystal Storm. On the Wizard's Count, 
which is not a calendar but a synchronometer, these two dates, White Spectral Mir- 
ror and Blue Crystal Storm, are the point in time when the Gregorian calendar 
ticket to the old time will be eliminated and the new Thirteen Moon calendar ticket 


for admission to the new time of the noosphere will be validated. This is when the 


noospheric show will be ready to begin its prelude. (See plate 6, Noosphere-Mind 
of Time on Earth.) Will the humans also be ready? 


Vv 
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Making the Transition 


to the New Time 
A How-to Catalog and Guide to the 
Pax Cultura, Pax Biospherica 


BY THE TIME these words are read, the technospheric collapse will have gener- 
ated several more devastations and disasters. ‘The wound received by the technosphere 
fon September 11 was a mortal one. The technosphere suffered cardiac arrest for 
almost a week. Not only did the towers collapse, an event that occurred via televi- 


sion within the central nervous system of the human species, but belief systems, too, 


came crashing down, No longer is America the unassailable fortress of "democrat 


while democracy itself is a concept that joins monarchy, nation states, imperialism, 


colonialism, — capitali 


communism, and ahost of other outmoded systems. of belief 
and thought constituting the saga of human history-that is, the history of civiliza- 
tion, But all that is now ending. The perimeter of biogeochemical combustion and the 
limits of the technosphere have coincided. It is the Earth's tum to speak. How will the 
Earth speak? 

The Earth can only speak through the noosphere, and the noosphere can only 
speak from the center of time that is constructive peace. Peace is harmony. Peace is 
the culture of the biosphere. The conscious harmony of time in the biosphere is the 
culture of peace Known as the noosphere. Through the noosphere, the Earth speaks 
in ever-widening circles of order and meaning. While sunrise and sunset_mark the 


passage of solar time, observing the phases of the moon keeps us in tune with the 
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mystery of time. One kin, one passage of night and day, one NET minute, synthe- 
sizes the experience of the whole Earth during a single rotation on its axis. The 
synchronic order supplies a260-unit synchronization gauge that the mind may en- 
gage and employ in the construction of a harmonic vision of reality. Twenty-eight 
NET minutes make one moon, one NET hour, moon after moon. The patter of 
fone moon contains the construct and pattem of every moon, The harmonic perfec- 
tion of the synchronic order of reality releases the mind through the center of time 
into afreedom it had not known in the dark passage of history. How are we going to 
make this transition? Can we really shake off the old and the obsolete that easily? 


THE THIRTEEN MOON CALENDAR MOVEMENT: 

THE DAWN OF A NEW GALACTIC CULTURE 

"Greetings Explorers on Timeship Earth!" reads the opening text of the pocket-size 
13Moon Natural Time Journal. "Welcome to this 13:20 natural time portal and fourth- 


dimensional galactic time template, A solar-lunar Earth calendar of the 13:20 timing 


frequency that is expressed through the thirteen tones of creation and the twenty 
sacred solar tribes. Attuning to this calendar will help you awaken and align to the 
pulse of the Universe, the rhythm of the One heartbeat. 13:20 is the natural timing 
frequency that unifies planetary and galactic consciousness... It is the expression 
and remembrance that Time is Art ... By attuning to the 13:20 frequency of natural 
time, we break out of the 12:60 time warp and activate the remembrance of our true 
human nature, Time is energy. It is a frequency of the fourth dimension; — mind, 


telepathy 


imagination, and creation. Time is an exploration of unlimited Universal 
potential. So let us begin the joumey and return to the rhythm of nature's galactic 
heartbeat. "1 

‘This is the Earth speaking through anoospheric chip. Produced in Canada, it is 
fone of many Thirteen Moon calendars produced this Yellow Solar Seed year. Others 
have been produced in Germany, Austria, Italy, Russia, the Netherlands, Japan, Bra- 
il, Argentina, Chile, Mexico, and the United States. One such example from the 
United States is known as the 13 Moon Natural Time Calendar: Ancient Science,or the 
Art of Now. Going through its pages one is flooded with a wealth of information, 
summarized by a quote from traditional Hopi wisdom: "We now face the final test of 
human consciousness-to restore our oneness with creation, We are going home, It 
is a process. It is like the seed becoming the green shoot and then the flower."2 To 
make the calendar change is to restore the oneness with nature. The break with the 


oneness with nature was codified and thence programmed into an irreversible reality 
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by the Gregorian calendar and mechanical clock. Only the breaking of the pattern of 
time established by these two instruments will release us again into natural. time. 
‘The Thirteen Moon/28-Day calendar exists as the tool to demonstrate the contrast 
between harmony and disharmony, and to assist us, as a species, into effecting this 
return. If we are going home then we must make a tum away from our present 
course. 


Through returning to natural Time, we return to our natural. state of divinity, living 
in harmony with the Earth and each other. We return to the nature of our spiritual 
existence, Realigning with the rhythm of the universe through the 13 Moon Calen- 
dar allows us to lay the foundation for the new paradigm of love and unity, replacing 
the 12:60 paradigm of fear and separation, ..The World Calendar Change Peace 
Plan strives to establish anew culture of peace on Earth through returning human- 
ity to natural time. It is the goal of the worldwide Foundation for the Law of Time 
to effect the calendar change by the Day Out of Time (July 25), 2004 . . Join the 
global movement to effect planetary fhange and establish the new culture of peace 
on Earth! Return to divinity and creative existence. . . Walk the path of the sacred 
warrior] 


The movement to change the calendar is aliving force, a force that jis living the 
New Time. Its premises are so diametrically opposite to those of the technosphere 
that, especially in the power bases of America and the G-7, one will find scant_men- 
tion oF notice at all of this movement. Yet it is a cultural phenomenon, In Tokyo, San 
Francisco, Milan, or Moscow one may find signs of the presence of this movement 
in the underground dance events, the raves or the Earthdance. More and more young 
people take on the names of their galactic signatures, the 260-day kin code for their 
date of birth in the synchronic onder, names like Lunar Storm or Spectral Night, 
Galactic Wind or Planetary Dragon. These are all signs of the beginning of galactic 
culture on Earth, a phenomenon that has only been increasing over the past decade. 
‘The point is that the New Calendar Change Movement is a grassroots phenomenon 
fs well as an ideological strategy known as the Campaign for the New Time. These 
signs are all whispers of the noosphere blowing through the bleak industrial comers 
of the technosphere. 

Behind the more populist front of the Natural Time Movement is the science of 
the Law of Time, a genuinely noospheric science of peace and harmony. This sci- 
cence is already being studied and put into preliminary practice. As the crisis of the 
biosphere began to crest in 1987, halfway through the second 28-year phase of the 


technosphere, the noosphere began to download its measure of time through the 
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discovery of the Law of Time. Invisible to the predominant forces of the technosphere, 
the science of the Law of Time began to map out an entirely new domain of thought, 
the synchronic order, adomain that could only be entered and applied through the 
correct noospheric measure, the Thirteen Moon/28-Day _synchronometer. 

Al science throughout history is based on evolutionary advances predicated on 
both the premises and limitations of its preceding stages. We are at such an evolu- 
tionary moment now. The issue of the calendar change is only the beginning of the 
emergence of anew whole system scientific order. Understanding the flaws that are 
built into the present system of purely materialist science, we can proceed to the 
establishment of the science of the synchronic order. Like the radical simplicity and 
perpetual harmony of the Thirteen Moon calendar itself, the noospheric science of 
the synchronic order is predicated on an equally radical mathematical base reflect- 
ing and embedded in the 13:20 universal timing frequency itself. And as the under- 
lying order of awhole system science, this mathematics is reflective of the non dualistic 
premise of a superior moral order. The deviation from universal synchronic time is 
a moral deviation as well. It is this moral deviation that most strongly prompts the 
current calendar change movement. 

As a profoundly nondualistic, unifying whole system premise, the Law of Time 
encompasses not only a scientific-mathematical basis of morality, but a theological- 
eschatological intention that reunifies the various disciplines scattered and separated 
by the rise and totalitarianism of modem secular science. Because of the historical 


dominance of the Gregorian calendar, in which modem science is embedded, the 


of the world, as it were-is 


dethronement of the calendar-the _"devaticanizatio 
an apocalyptic _ moment. 

As the Law of Time defines it, this is merely the apocalypse of the 12:60 timing 
frequency and ll its corrupted institutions, much as foretold in the Book of Revela- 
tions. This apocalyptic moment was stunningly supplied by the terrifying collapse of 
the Twin Towers. As the nerve center of the financial, commodities, and transport 
sector of the technosphere, and hence of the city itself, the collapse of the towers in 
hardly more than an hour's time is perfectly reflected in the vivid descriptions of the 
eighteemh chapter of the Book of Revelations, “Fall of Babylon." Yet as the Mayan 
prophecy of Pacal Votan also makes absolutely clear, the apocalypse of the 12:60 is 
the resurrection into the 13:20 timing frequency, the retum to natural time, all to be 
accomplished by A.D.2012, Teilhard de Chardin's 
noosphere is preceded by the post-apocalyptic harrowing of hell. In this harrowing 
of hell, defined as the span of time fromJuly 26, 2000-July 25,2004, humanity must 


make a crossing from one time to another. This crossing is much like those we hear 


‘omega point.” The advent of the 
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Fifth World 


13 Moons 
of Peace 
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about in the cosmovision of the Hopi, arte of passage from the fourth world to the 
fifth world that occurs through an interdimensional tunnel called sipapu. On the 
other side of that tunnel, there is an emergence into the new time called ‘thirteen 
moons of peace.” 

"Golden Age of Miracles and Heaven on Earth," a story in the National Exam- 
iner (November 29, 1988), begins: “A heaven of golden miracles or a hell of 
unspeakable horror is less than twenty-five years away for mankind. That's the shock- 
ing prediction of the man who was responsible for the gathering of hundreds of 
thousands of people in 1987 to celebrate the Harmonic Convergence..." The ar- 
ticle makes its point by referring to the end of the 5.125 year cycle in 2012. "Argiielles 
said Mayan predictions have always come true. He said their prediction for the year 
2012 is that if humanity leams to live in harmony with Nature, anew age of miracles 
and light will occur. Otherwise plagues, wars, terrorism, and finally, the breakup of 
the planet into asteroids, will take place."4 

[As for the Inevitable Event, it would appear that humanity has begun the worst 


of the prediction-plagues, war, terrorism-yet, from the noospheric perspective, 


two points mitigate the absolute plunge into ell, The first is that the Inevitable 
Event punctured a hole in the technosphere eleven years prior to 2012. What does 
this mean? It means that this is the time of hell on Earth, "Every single one of you 
‘must see it [hell]; this is an irrevocable decision of your Lord.” (Quran, 19:71) This 
being so, we can potentially emerge from it before the 2012 omega point. The other 
mitigating factor is the existence of a 13:20 movement dispersed throughout hu- 
manity. Since the noosphereis the 13:20 mind of Earth, the Thirteen Moon Calen- 
dar Change Peace Movement is the advance presence heralding the transition from 
the biosphere to the noosphere. This passage through hell is ofa four-year duration, 
2000-2004, The exponential implosion of the technosphere has already begun. But 
to avoid along, debilitating siege of barbarism, humanity must select a positive di- 
rection by 2004 so that it can make it to the 2012 deadline as a species retuned to 
living in harmony with nature. This it can only do by the dramatic and radical break 
with the past time offered by the Thirteen Moon/28-Day calendar Change Peace 
Plan, 
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THE BIRTH OF THE CAMPAIGN FOR THE NEW TIME 


‘We inspired Moses: ‘Lead My servants out, 
and strike for them a dry road across the sea 
You shall not fear that you may get caught, nor 


shall you worry 


"Pharaoh pursued them with his troops, but the 
sea overwhelmed them, as it was destined to 
‘overwhelm them. = 


-QURAN, 20:77-78 


‘The Thirteen Moon/28-Day calendar is the dry path across the waters of the 12:60 
chaos. Holding surely to this path, "Pharaoh's troops will be overwhelmed," as it is 
destined, for the truth always prevails and when falsehood is exposed, falsehood 
perishes. The 12:60 frequency enshrined in the Gregorian calendar represents an 
artificial, hence false notion of time, The Pharaoh's troops are the forces of the 
technosphere that, embedded in the artificial structure of the Gregorian calendar, 
are destined to be overwhelmed and overcome by the fury unleashed both by human 
nature and nature itself in response to decades, if not centuries, of irresponsible 
despoiling of the Earth. The dry path of the Thirteen Moon/28-Day calendar is the 
only path broad enough for all humanity to leave the ever increasing ocean of chaos 
that characterizes human existence bound in the collapsing 12:60 matrix born of 
Gregorian civilization, the technosphere. Yes, the dry path across the waters of the 
12:60 chaos provided by the Thirteen Moon/28-Day calendar truly is for the salva- 
tion of life on Earth. 

Ever since 1993, the Thirteen Moon Calendar Change Peace Movement has 
consciously been drawing from the infinite riches of the noosphere to create not 
only the mechanism for making a shift in the frequency and hence bring stabiliza- 
tion to the biosphere, but has been anticipating the biosphere-noosphere transition 
into the Pax Cultura, Pax Biospherica. 

Foll{)wing in the footsteps. of its predecessor, the new calendar movement has 
dutifully contacted the United Nations and the Vatican and convened various con- 
gresses and delivered ultimatums in an effort to draw attention to mankind's time 
malaise. Now that the Inevitable Event has fully disengaged the human mind from 
the reality it thought it was pursuing in the new millennium, the second definitive 
wave of the World Thirteen Moon Calendar Change Peace Movement has also 
been launched: the Campaign for the New Time. 
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New Globally Unifying Harmonic Standard 
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irregular calendar Campaign forthe 
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ropy, synchronic order 


13 Moons. 28 Days. 


Regular Units of Measure 
28+28+28+28+28+28+28+28+28+28+28+28+28+1 = Harmony 


FOURTH DIMENSION: Pure whole number 


‘mathematical order—syi 


"Mental barrier" separating fourth-dimensional realm of conscious wholeness of synchronic order 
from third-dimensional realm of "hard science” physical plane of reality and materialism, 


Line of inexorable technological progress: neoliberal economics, globalization = 


7 biospheric instability and destruction. 
costo x - Guerrilla Warfare 
ompromise alitical itary Terrorism 
‘Money Solution Solution Convontial Wat 


“e Stalemate “y 
Dy) Deadlock p 
IMF - World Bank NATO 
G-7 WTO Nuclear war 
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Future 


Linear Arrow of Time = line of inevitable degradation and entropy of manifestation (matter) 


enidar Time Line = macro-organizing timing standard establishes irregular measure as basis 
‘of all dominating concepts of linear time, cisorder, entropy, andthe techno-econamie inexorably 


Irregular units of measure 
31-28(29)-31-30-31-30-31-31-30-31-30-31 = Disharmony 
If today is Sunday, July 8, what day of the week will August 8 be? 
‘What is the meaning of the names of the months? 
If September means “seven’ why is it the ninth month? 
‘August is named after Augustus Caesar, July for Julius Caesar, March for Mars, the god of war; 
‘could this be a reason why we are programmed for chaos and violence? Think about it. 


THIRD DIMENSION; Manifestation-ma 
disorder 
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‘This campaign consists of a preparatory four-year cycle, 2000-2004, the Har- 
rowing of Hell, which is the duration of the campaign itself, plus a one-year trial 
period, 2004-2005. The goal of the four-year campaign is universal calendar re- 
form, the replacement of the Gregorian by the Thirteen Moon Calendar, effective 
Blue Crystal Storm, July 26,2004. ‘This final year of the Blue Crystal Storm, 2004- 
2005, also completes a Seed-Storm year bundle begun in 2001, fateful year of the 
Yellow Solar Seed, the year of the Inevitable Event. To ensure the success of this 
unprecedented move on the part of humanity, the calendar reform must include the 
one-year trial period, during which time the entire species must be operating by a 
new standard, the harmonic Thirteen Moon/2 8-Day synchronometer. "If you never 
try it, you'll never know what itis,” is the slogan that describes the campaign's target 
year: July 26, 2004-July 25, 2005, an entire year without the Gregorian "30 days 


hath September. "but instead, Thirteen Moons of Peace. 


To realize its ambitious goal of universal calendar reform, the Campaign for the 
New Time must impress itself on the human consciousness as the all-unifying campaign 
for peace to overcome the destructive forces unleashed by the technospheric collapse. 
Fortunately, much groundwork has already been laid. The codes of the Law of Time 
have been formulated and compiled. Preliminary practices to engage the synchronic 
onder of the noosphere have already enlisted humans from around the planet. What the 
Vatican has tried to ignore and what the United Nations has been unable to fully engage 
must now be brought to the forefront of all humanity as the harmonic solution. The 
hharmonic solution isa set of logical arguments that should be studied and rehearsed by 
everyone who seriously wishes to even consider the possibility of a Campaign for the 


New Time. Let us contemplate the following set of logical arguments 


Premise 
Currently all conflict resolution of a global scale is attained through one of two poles: 
4 political solution or a military solution. No other alternatives are recognized. Ac- 
cording to the Law of Time, there is athird solution, the harmonic solution. Without 
this third solution, no harmonic resolution is ultimately possible for any conflict on a 
global scale. The third solution defines the first two solutions as a polarity embedded 
within a timing standard that is hopelessly irregular and that, therefore, disposes the 
‘mind to disharmony. A mind predisposed to irregularity and disharmony is incapable 
of producing any long-term solution. The basis of the harmonic solution is to change 
the timing standard from an irregular to a regular one, thereby inducing a timing 


sensibility that disposes the mind to harmony rather than disharmony. 
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Thirteen Moon/28-Day Count and Global Conflict Resolution 


The inability to attain global peace, much less the resolution of many localized con- 
flicts that have become endemic, is due to a lack of a globally unifying timing 
standard-the — macro-organizing principle of human sensibility. Present-day con- 
flict resolution is represented by two poles, political and military. The military solu- 
tion consists of guerrilla warfare, terrorism, and outright military conflict, all of 
which are engendered by problems of inequality; injustice; rampant nationalism; 
tribal, racial, or religious antagonism; 


and greed for control of natural resources. 
Underlying the military solution is an aggressive armaments industry that seeks to 
hold its own as a capitalist venture, always seeking new markets. The political solu- 
tion is always fostered as the only cure for the military solution, and is administered 
through varying degrees of coercion, compromise, and the inevitable lure of money- 
the IMF and the World Bank are never far behind any political solution. 

Neither the military nor the political represent any kind of morally satisfactory 
or enduring solution because both are functions of and embedded in a timing stan- 
dard that has disharmony built into it. Even the local timing systems, themselves 
feedback loops holding in place various belief systems, are coordinated by the domi- 
nant disharmonic standard. As long as the current global standard, the Gregorian 
calendar, is the controlling timing factor, resolution on a global and local level is not 
only impossible, but increasing disharmony is guaranteed. The harmonic solution 
calls for the immediate establishment of a globally unifying harmonic standard, the 
Thirteen Moon/28-Day count. With its absolutely consistent units of measure, 
this macro-organizing principle is a paragon of harmony and thereby represents 
the positive, creative, and viable first step to enduring global conflict resolution. 


Thirteen Moon/28-Day Paradigm Shift 

The harmonic solution, the alternative to the polarity of the military and political 
solutions, calls for the immediate replacement of the current irregular measure with 
the harmonic standard of the Thirteen Moon/28-Day count. This replacement con- 
stitutes the long-awaited and long-prepared-for paradigm. shift in human conscious- 


ness. The very analysis and concern that engendered the first movement to replace 
the Gregorian calendarthe effects of an irregular measure on human behavior-is 

now so dite that the concluding step must be taken. To quote Einstein once again, 
"Since the advent of the nuclear age, everything has changed but the way people 
think; thus we drift toward unparalleled catastrophe.” With the analysis of the Law 
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of Time we know why thinking has not changed-the human mind is the pawn of an 
aberrant timing mechanism, To change the way people think, make one little change 
in their everyday lives: Change the calendar. If we could send aman to the moon, we 


‘can change the calendar. 


is change will be the first step-the rest will come easily 
because with this one change we shall have changed our minds and entered into a 
New Time. To make this one little change a target date is needed, and the people 
need to mobilize as a force of synchronization for peace to mandate this change. The 
target date is July 26, 2004--the mobilization has already begun. 


New Worldview of the Law of Time 


‘The Thirteen Moon/28-Day count is the pragmatic application of the Law of Time. 
‘The discovery of the Law of Time was necessitated by evolution as the only way that 
could offset the deleterious effects of an erroneous timing standard on human con- 
sciousness. The Law of Time takes the radical view that time is a frequency, the uni- 
versal frequency of synchronization; that the purpose of time is to synchronize; and 
that, therefore, calendar isin harmony with the Law of Time to the degree to which 
it maximizes opportunities for synchronization. From the perspective of the Law of 
Time, the current macro-organizing standard is anything but synchronous, and hence 
contrary to the laws of nature. Synchronization produces harmony, harmony 
tion of beauty, and beauty is the natural result of the Law of Time: T(E) = Art, energy 


factored by time equals art, where art is the entire spectrum of phenomenal reality in 


is a func- 


Which even the most menacing-looking creature is elegantly constructed. 

National Geographic recently stated: "Beauty seems to be an intrinsic part of na- 
ture and perhaps even the organizing principle of realty. Sciemists in testing their 
theories, invariably find that the simplest, most elegant, most beautiful is the correct 
cone, Rainbows, butterflies and the periodic table are some examples of intrinsic beauty 
The world will be saved by beauty."S The Law of Time agrees. The world will be 
saved by beauty, and the proponents of peace through culture will be in the van- 
guard. The Law of Time formalizes the perception of the intrinsic beauty of ma- 
ture T(E) =Areand thereby provides a scientifically solid critique of the ugliness 
and social disharmony fomented by the irregular and artificial timing standards that 
control humanity today. By the same formulation, the Law of Time also establishes 
‘avast and comprehensive definition of the founh dimension, which was wanting 
until now precisely because of the embedding ofall current perceptions in the erto- 
neous timing standard 


‘The mathematical order underlying the universal frequency of synchronization, 
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13:20, describes anew onder of reality, the synchronic order. The synchronic order 
govems the fourth-dimensional order of reality much as the laws of gravity, thermo- 
dynamics, and the special theory of relativity govern the third-dimensional onder. of 
reality. By taking into account the nature of the synchronic order, humanity's views 
of the third dimension will inevitably be altered to a greater conformity with the 
harmony of the fourth dimension. The fourth dimension is defined as the primary 
mathematical order of time, governed by a syntropic whole number system of ratios 
and fractals operating in a radial and nonlinear manner. 

‘The third dimension is the world of manifestation and matter that inevitably 
entropizes. Losing sight of the inherent harmony of the synchronic order from which 
it is actually inseparable, the human fixation on the increasing entropic anomalies of 
the third dimension produces problems such as how to reckon what appear to be the 
extra hours, minutes, and seconds that occur every time the Earth orbits the sun. To 
this seeming dilemma, the Law of Time asserts that number precedes manifestation, 
harmony precedes materialization, therefore manifestation must accord with _num- 
ber, and materialization must reflect an original harmonic order. Entropy and deg- 
radation cause manifestation to deviate from number and mathematical law. But for 
mind to be stable, mind must accord with and conform to mathematical law rather 
than with entropy and degradation. The timing standard in use causes the mind to 


conform with entropy and degradation. This is what must be corrected, 


Harmonic Solution-Harmonic Resolution 


Harmony can only produce harmony. From order comes. order. From disorder you 
can only expect chaos. From disharmony can only come disaster. Inegular measure 
entropizes. Harmonic measure syntropizes. ‘These are the contrasting values brought 
into focus by replacing an iregular macro-organizing principle with a regular one. 
Implementation of a globally unifying harmonic standard is the only hope for re- 
solving all conflicts in time. A harmonic standard lifts all conflicts to a higher level 
dialog of unification in time. The harmonic solution, the World Thirteen Moon 
Calendar Change Peace Plan, provides: the opportunity to call an immediate and 
universal cease-fire, as well as a halt to the otherwise inexorable process of entropic 
degradation of society and environment; and offers the resolution to establish new 
agreements, to renegotiate old treaties, and to create anew globally binding and 
unifying covenant for all people in a new time. 

It must be understood that to change the calendar is to delegitimize all the insti- 


tutions embedded in it. This radical but peaceful delegitimization of the old order is 
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what is needed to break the deadlocks, stalemates, and historically outmoded trea- 
ties and agreements now binding on humanity. The new globally unifying standard 
the Thirteen Moon/28-Day count, will legitimize and institutionalize harmony and 
thus create the advent of a synergistic order capable of resolving entropic disorder 
because it is reflective of and rooted in the primordial whole number structure of the 
sytichronic order of reality. In its entirety, this represents anew step and direction 
for human evolution-a step without which there might not be any creative future 
for humanity and the planet. 


How to Accomplish World Peace Now 
‘The analysis, the historical precedents, and now the affirming authority of the Law 
of Time render the harmonic solution as the only way to immediately bring about 
World Peace. All that is lacking is the will to synchronization among all good-hearted 
people, groups, and organizations otherwise committed to peace, a better environ- 
‘ment, and human spiritual well-being in general. How to accomplish World Peace is 
to galvanize the human will to synchronization on behalf of the establishment of 
‘a genuine time of harmony and peace. This can only come about through the 
simple but highly radical and paradigm-altering act of exchanging the current macro- 
organizing system of the Gregorian calendar for the harmonic order of the Thirteen 
Moon/28-Day count. All other localized calendar systems would be kept intact, but 
they would be coordinated by a new standard, a standard that promises harmony 
instead of disaster, order instead of chaos, peace instead of war. 

Such is the harmonic analysis and solution of the Law of Time, which can be 
summed up by a simple demonstration of the irregular Gregorian calendar con- 
trasted with the regular Thirteen Moon calendar, aswell asthe question: "Which do 
you prefer, harmony or disharmony’ 

If you answer this question on behalf of harmony, and you agree with the fore- 
going premises and analyses, you must move into action. You need to get a new 
calendar, a Thirteen Moon/2 8-Day calendar and find out for yourself: noosphere or 
nectosphere, the choice isyours. The option opened by the Inevitable Event and the 
collapse of the technosphere is precisely that: necrosphere, the transformation of 
the biosphere into a sphere of death-a dead planet-or the noosphere, the mental 
envelope of the Earth, governed on the human plane by the Thirteen Moon/2 8-Day 
calendar. The difference between the nectosphere and the noosphere is the differ- 
ence between amachine and the Earth as awhole system. You cannot even really say 
there is a comparison. But what we can say most emphatically is that the Thirteen 
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Moon/2 8-Day calendar and the shift to the 13:20 frequency is the pure manifestation 


of the Law of Time in human affairs. It is the only antidote to the destructive grip that 


the 12:60 timing frequency now has upon the biosphere through its thoroughly art 


cial instrument, the technosphere. (See plate 7,Necrosphere or Noosphere.) 


THE FINAL DECISION: NOOSPHERE OR NECROSPHERE? 


[As these lines are being written, seven weeks have passed since the Inevitable Event 
‘The analysis of this event from the perspective of the biosphere, the temporary struc 
ture of the technosphere, and the advent of the noosphere was a spontaneous _inspi- 
ration. Each moming, often well before dawn, would be called to this technospheric 
device, an iMac, to put the noospheric mandate down into words. In this process, 
the matter of prophecy kept occurring and could not be avoided. Even the issue of 
calendar change increasingly takes on the quality of a prophetic enactment. What is 
prophecy from the noospheric perspective? 

Prophecy isthe release of information according to the psi bank timing program 
and in relation to degrees or levels of consciousness positioned at different points in 
time, The points in time are human channels. That is, there are the prophets who 
declare the prophecies by whatever means or forms, and then there are the decoders 
of the prophecies, those able to read the signs according to the prophecies with the 
aid of different symbolic lexicons. Prophecy is always staring to the mass mind, 
which is ignorant of the true nature of time. A prophetic event may seem totally 
random, when it is not, Someone may design a plot, such as that of the Inevitable 
Event, with whatever fantastic notions and motives. Yet the occurrence may go be- 
yond being merely a matter of human manipolation. ‘The humans were but the in- 
struments of sets of cause-and-effect chain reactions established within the structure 
and evolution of the biosphere and the playing out of human karma. 

According to the psi bank timing program govemed by the Law of Time, the 
technosphere could only have a limited duration. Two perfect 28-year cycles of the 
Gregorian calendar program, leading to the first year of the third millennium, marked 
the duration of the technosphere. Because this cycle concluded with the beginning 
of the third Christian millennium, a singular event was poised in time to attract and 
catalyze ahost of prophetic moments long prepared for and sealed in the psi bank by 
Christian, Islamic, and even Mayan prophecies. Such was the Inevitable Event. Within 
the motivations of the perpetrators of the Inevitable Event, the biosphere found its 
perfect instrument of divine purpose. That there were nineteen hijackers conforms 


to the Quranic nineteen code expressed in the enigmatic verse, "Over it is nineteen.” 
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(74:30) ‘The following verse begins, "We appointed angels to be guardians of Hell, 
and we assigned their number [19] ..." This verse ends by asking, "What did God 
mean by this allegory? ...None knows the soldiers of your Lord except He. This is 
reminder for the people.” (74: 31) 

Certainly in the success of their mission, whether they were conscious of it or 
not, the nineteen Muslim hijackers-who organized themselves as four leaders (pi- 
Idiers'fulfilled their function of being 


lots), three logistics people, and twelve 
the prophetic emissaries of the nineteen guardian angels who watch over Hell. And 
indeed the gates to Hell have been opened. In the world of the secular mind of the 
technosphere, no one wanted to talk about the apocalypse or Armageddon, though the 
jihad was brought up quite often as a factor in the thinking of the Islamic. terrorists.6 

Whether itis seen as a prophetic or karmic event, as we stated earlier, there is no 
question that the timing programs of two civilizations, the Gregorian and the Is- 
lamic, were on a collision course. "The civilization of Islam is radically so different 
from that of Westem civilization which dominates the world today. The two are 
different in their description oflife as well as the foundation on which they base such 
description. The difference between the two civilizations is so essential that they 
have developed in ways which are radically contradictory to each other."7 So wrote 
the eloquent Saudi historian, Muhammad Husayn Haykal_ in his essay "Islamic Civi- 
lization,” as presented in his masterful biography, The Life of Muhammad. And what 
is at the root of this difference? A separation of church and state, which in the West 
led to a profound materialism and economic worldview. 

Haykal continues, “The victory of materialist thinking was largely due to the 
establishment of Westem civilization primarily upon an economic foundation. This 
situation led to the rise in the West of anumber of worldviews which sought to place 
everything in the life of man and the world at the mercy of economic forces..." As 
for the sanctity of its economic beliefs, Haykal concludes that the West has tied its 


economic activity" 


ind_and foot by public laws and commanded that every Western 
state and army prevent any violation of economic laws with all the power and coer- 
ceive means at its disposal."8 Given this insightful assertion by an Islamic thinker 
written a half-century ago, it is not at all surprising that the terrorists concentrated 
their attacks on the most visible symbols of Westem global materialism and economic 
and military imperialism, the Twin Towers and the Pentagon. It is also of note that 
fone of the logistics men on the team of nineteen hijackers, Majed Moged, had been 
a professor of economics at King Saudi University in Riyadh. 

However we see this event, the most important point is that it actually hap- 


pened, no matter who caused it or how. In this regard the collapse of the World 
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Trade Center towers and the penetration of the Pentagon was the Inevitable Event 
both from the point of view of the biosphere and from that of prophecy as mandated 
by at least two major timing programs, the Gregorian and the Islamic. Of course, 
prophecy is a matter far from the consideration of the technocratic mind, so the 
immediate aftereffect is a heightened nationalism, patriotism, and commitment to 
war. But what is going on from the noospheric point of view is not so much the 
combat of different armed camps defending or attacking competing ideologies, but 
an end game, the biomass of the technosphere maneuvering against time in a self- 
destructive process that is really nothing more than the continuing collapse of that 
which it is defending. 

How long will this collapse take? With the weapons of mass destruction cur- 
rently at the disposal of the combatants, it shouldn't take too long before the human 
race realizes that if it doesn't stop the self-destructive process, it will soon be curtains 
for all life on Earth. A more significant question, if we wish to make the transition to 
anew time, is: How will the self-destruction end, and how can it be stopped-or can 
it? It is easy to see how wars begin, but no one can tell how they will end. 


THE SOLUTION TO WAR: PEACE THROUGH CULTURE, 
PEACE OF THE BIOSPHERE 
‘At the end of the First World War, the League of Nations was formed to keep the 
Second World War from happening. The League of Nations was unable to both 
effect the calendar reform it promoted and keep the Second World War from hap- 
pening. These are not unrelated events. The Second World War effectively elimi- 
nated the League of Nations, and toward its end anew organization, the United 
Nations, was formed. Like the League of Nations, the United Nations was formed 
to prevent the next world war from happening. Within eleven years, the United 
Nations tabled the calendar reform begun by the League of Nations. Coincident 
with the formation of the technosphere, the United Nations has now also completed 
fifty-six years of existence. With the expanding "war against terrorism,” is its pur- 
pose now over aswell? The only way the United Nations can survive is to maintain 
its humanitarian agencies, for the age of nationalist politics and nation-states is over, 
succeeded by the politics of terrorism, the last politics of history. What new kind of 
global organization will we need at the end of the War on Terror, or World War III? 
What we will need is an entirely new agency, a Planetary Biospheric Assembly 
that will model and create a sustainable Pax Cultura, Pax Biospherica.Given the fail- 
ture to enact a calendar reform on the part of both the League of Nations and the 
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United Nations and in consideration of the chaos now clearly embedded in the Old 
Time, only an agency or instrument that fully embraces and promotes the calendar 
change will be able to move into the genuinely peace-fulfilling role that such an 
organization must take. If the United Nations could accept the route of calendar 
change as the only way to bring all humanity to anew point of discourse, then it 
could take on a renewed life. But if it cannot rise to this occasion, then another 
organization must take its place, the Planetary Biospheric Assembly. Even so, when 
wwe speak of the Pax Cultura, Pax Biospherica, we are speaking of anew human cov- 
fenant, one in which the biosphere takes precedence over all nationalist corporate 
interests, and in which peace as a manifestation of culture is the primary value of the 
new time. Such a covenant would be a biospheric covenant, an agreement and un- 
derstanding that, first of all, the human is a member of the biosphere, and second, 
that in consciously accepting the calendar change, the human is also in the process of 
becoming Hono roospherivs. Henceforth, it will be art and not money, bioregions 
and not nation-states, that will be the cause of social organization. Only in this way 
will humanity be guaranteed a true post-historical future. 

Assuming the calendar change occurs on Blue Crystal Storm 2004, the first step 
in -ngendering the full manifestation of the noosphere will be the dismantling of the 
technosphere. This can only be accomplished if a full reorganization of the human 
in time, inclusive of an adjudication of inequalities and a redistribution of wealth, 
begins to occur during the 2004-2005 Crystal Storm year. The following four years, 
2005-2009, a genuine First World Peace, would see the constructive transformation 
of the five-part technospheric system. All the apparatus of heavy industry, energy. 
and the transport system would be tumed like compost, to be replaced by non- 
polluting technologies and means of transport, while the cities would be transformed 
{nto urban gardens with the human race once more becoming decentralized. This 
process itself, a massive planetary engineering project with an eye on the full devel- 
‘opment of geochronomancy, would prove to be the greatest and most thoroughly 
positive transformation in human history. By 2009 humans reorganized by the Law 
of Time and having finally arrived at the “path beyond technology,” will be enjoying 
universal telepathy, the noosphere-life beyond the Internet. By 2012 the humans 
will realize peace through culture as a permanent value, and by 2013 Earth will be 


galactically synchronized through a fully activated noosphere into the beg 


ning of 


fan entirely new geological era, defined by Vernadsky as the Psychozoic Era 
Pax Cultura, Pax Biospherica refers to both the new era of humanity following the 
devastation of the Final War and the governing body of bioregional councils (not 


nation-states) comprising the new world “government,” the Planetary Biospheric 
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Arcturus Victory Strategy 
Pax Cultura, Pax Biospherica 
Telektonon, the Theater of Time, provides the journey through the Cube of the Law: 


Plane of Mind, Plane of Spirit, Plane of Will, and Divine Source Telektonon—each plane 
Seed-Storm year bundle, an entire universe of noospheric timel 


Plane of Spirit: First Seed-Storm year bundle, NET week 9 Seed-12 Storm, 2001-05 


iss Plane of Mind: 
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Plane of Will: Second Seed-Storm year bundle, INET woek. 13 Seed-3 Storr, 2005-08 
Time of Transformational Destructuring—Fist World Peace 


Assembly. The main purpose of the new governing body would be to monitor the 
advent of the noosphere. Overcoming Norther Hemisphere bias, the Pax Cultura, 
Pax Biosphericawill not find any permanent seat, but will begin its existence as a 
planetary noospheric congress in the Southern Hemisphere. All of this could be 
made possible only because of the completion of the calendar change. So let us assume 
the best. The how-to of paradigm shift begins with the Thirteen Moon calendar 
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If you follow the Thirteen Moon calendar or tell others to follow it with you, 
what is the payoff? The payoff is that you get to become a noospheric chip. Only a 
noospheric chip can bring Heaven on Earth, which isnothing more than full human 
participation in the noosphere. This is not at all a theoretical matter, but something 
that can be practiced and followed on a day-to-day basis. Fortunately, a path has 
been shown, complete with travel aids. 


CONCISE HOMO NOOSPHERICUS HOW-TO TIME TRAVELER'S GUIDE 
TO THE BIOSPHERE-NOOSPHERE TRANSITION 


This analysis of the Inevitable Event could never have occurred if the Law of Time 
hadn't been discovered and defined. The Inevitable Event simply supplied the Law 
of Time with precisely the right historical moment to provide a thorough analysis 
and explanation of time as the whole system in which we humans live and operate, 
inclusive of the biosphere, the technosphere, and the noosphere. As the chief discov- 
erer of the Law of Time, assisted by my wife and an increasing number of other 
humans who have engaged the Law of Time, Ihave sought only to make a presenta- 
tion of matters in which we, as a species, are thoroughly immersed, and thus find 
difficult to comprehend. Such is the technosphere, and such also is the medium of 
time, Since the publication of The Mayan Factor and my pursuit of the underlying 
mathematics of the Mayan calendar, I have remained outside the conventional are- 
nas of discourse and communication, preferring instead to remain more anonymous 
in order to test the various hypotheses of the Law of Time. 

In this process over the past twelve years, the Law of Time has precipitated from 
the noosphere various tools and didactic texts, all for the purpose of enabling us to 
make the shift from the old paradigm of the time of war to the new paradigm of the 
time of peace. These tools and principles are actually practiced on a daily basis, and 
so provide a pragmatic means of applying the Law of Time. Because of my vows and 
need for scientific "purity" of the experiment I have been living, I was involved at all 
times in doing my utmost to remain in the 13:20 frequency. For this reason, the 
tools and texts prompted by the noosphere to define the Law of Time were, for the 
‘most part, all produced outside the commercial mainstream. Now a great effort must 
be taken to make these tools and texts available to humanity in order to assist in the 
transition from Hono historicusto Homo noosphericusBy presenting a catalog of these 
tools and texts we only mean to suggest and define for the reader the scope and 
existence of a preliminary science of time and telepathy. 
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Part L.The Tools: Establishing Noospheric Earth Time (NET) 

THIRTEEN MOON/28-DAY _SYNCHRONOMETER 

‘The harmonic standard of noospheric time, the Thirteen Moon/28-Day —synchron- 
ometer, is a perpetual, harmonic calendar. It is called a Moon calendar because it is 
based on the female 28-day menstruation cycle, which is also the average lunar cycle. 
In actuality the moon goes around the Earth thirteen times a year. This means that 
the Thirteen Moon calendar is a genuine solar-lunar calendar that measures. the 
Earth’s orbit around the sun by the apsidallunation cycle of twenty-eight days. Thir- 
teen perfect months of 28 days = 52 perfect weeks of 7 days = 364 days. The 365th 
day is called the Day Out of Time because it is no day of the week or month at all 
This day, which fallson the Gregorian correlate date offuly 25, isa day for forgiveness 
and the artistic celebration of life and freedom. The synchronization or New Year's 
date of the Thirteen Moon calendar is July 26, and corresponds to the rising of the 
great star Sirius. This makes the Thirteen Moon calendar a tool for harmonizing our- 
selves with the galaxy. OF course, the Thirteen Moon calendar also synchronizes the 
phases of the moon in a pattern that demonstrates its regularity and order. 

One of the great advantages of the Thirteen Moon synchronometer is that day/ 
date calculations are amazingly simple. Any day of any week is the same for any 
Moon, any year. The first day of every Moon is always a Thirteen Moon Sunday 
(Dali), The last day of every Moon is always a Thirteen Moon Saturday (Silio). In 
the Thirteen Moon calendar the obscurely named Gregorian months are replaced 
by names that correspond to a fourth-dimensional cosmology of time, Each Moon 
also has a totem animal, The traditional names of the days of the week are replaced 
by galactic names that describe seven primary plasmas-electronically charged par- 
ticles that activate our magnetic fields. The plasmas and their symbolic seals appear 
above the days of the week. The Gregorian calendar makes day/date calculations 
very difficult because the months are of uneven measure so the days and dates of the 
week vary from month to month and year to year. The Thirteen Moon calendar is 
truly unique because it is synchronized with the Harmonic Module, the measure of 
the universal 13:20 timing frequency 


THE HARMONIC MODULE 

The basis of the Tzolkin or sacred 260-day count of the Maya, the Harmonic Mod- 
ule is the 13:20 synchronization gauge and permutation table that consists of thirteen 
sequences of twenty icons or solar seals and twenty sequences of thirteen galactic 
tones, 1-13. The resulting 260 permutations, combined with the perfect harmony of 
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the Thirteen Moon calendar, give each day a unique quality of tone and icon known 
as akin or one NET minute. The two cycles-Thirteen  Moons/28 days and the 
260-day Harmonic Module-perfectly mesh every fifty-two years to complete one 
NET year. In one NET year of 18,980 kin, no two days are the same! Each of the 
units in the Harmonic Module is called a kin, the base unit of synchronic measure. 
Articulating the Harmonic Module isa pattern of fifty-two Galactic Activation Por- 
tals. See if you can find the radial sequence of thirteen sets of four, counting inward 
from the comers. Notice that the numbers of each set of four equals 28. Thirteen 
sets x 28 = 364, the number of days in the Thirteen Moon calendar! (See image 
containing the Harmonic Module on page 170.) 


W AVESPELL, 
‘The thirteen-unit form constant of fourth-dimensional time is the wavespell. It is 
important to see the Thirteen Moon calendar in this modular format, Planetary 
Service Wavespell, for then it makes more sense to speak of the calendar as a 
synchronometer. The wavespell’s form describes the motion of time as a fractal fourth- 
dimensional cosmology. The numbers 1-13 in the dot bar notation that code the 
thirteen positions are known as tones. The names of the tones in sequence define 
the cosmology, which is also evident in the very structure of the wavespell. The 
thirteen tones give their names to the thirteen Moons. The structure consists of two 
gates, the Magnetic and the Cosmic, the first and the thirteenth moons/tones, which 
correspond to the two entrance and exit gates or portals. Complementing the two 
gates are the two towers, the fifth or Overtone tower and the ninth or Solar tower. 
‘The two gates and the two towers, tones 1, 5,9, and 13, articulate the structure of 
the wavespell. Between the places of articulation are three sets of chambers. ‘The 
first set, tones 2-3-4, helps establish the wavespell; the second set, tones 6-7-8, helps 
extend the wavespell; and the third set, 10-11-12, serves to convert the wavespell 
(See plate 2, Planetary Service Wavespell.) 

‘The structure of the wavespell also defines a four-dimensional geometry of time 
that connects different points of the wavespell over time. Each of these dimensional 
geometries is known as a pulsar. It is useful to know the pulsars in extending the 
mind synchronically over different timing sequences. The fourth-dimensional pulsar 
connects the four points of articulation, 1-5-9-13, or Magnetic, Overtone, Solar, 
and Cosmic Moon/tones, and is called the fourth-dimens 


mal time pulsar. The first- 
dimension life pulsar connects the positions 2-6-10, or Lunar-Rhythmic-Planetary 

Moonitones. The second-dimensional sense pulsar connects the 3-7-11, or Electric- 
Resonant-Spectral Moon/tones; and the third-dimensional mind-form pulsar connects 
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the 4-8-12, or Self-existing-Galactic-and Crystal Moon/tones. Remember, the 
wavespell accommodates any sequence of kin whose tones correspond to 1-13, and 
‘may be either a thirteen-day wavespell cycle, a thirteen-week cycle (one-quarter of 
an NET day), a thiteen-Moon cycle (one NET day), a thirteen-year cycle (one 
NET Season), and so on. Once you know the wavespell you have come to know the 
form in time of the noospheric mind. 


THE WAVESPELL'S TONES AND THEIR PULSARS 
1. Magnetic tone of purpose-fourth-dimension time pulsar 


2. Lunar tone of challenge-first-dimension life pulsar 


3. Electric tone of service-second-dimension sense pulsar 
4. Self-existing tone of form-third-dimension — mind-form pulsar 
5. Overtone tone of radiance-fourth-dimension time pulsar 


6. Rhythmic tone of equality-first-dimension life pulsar 


7. Resonant tone of attunement-second-dimension _sense pulsar 
8. Galactic tone of integrity-third-dimension _mind-form pulsar 
9. Solar tone of intention-fourth-dimension time pulsar 


10. Planetary tone of manifestation-first-dimension life pulsar 
11, Spectral tone of liberation-second-dimension sense pulsar 
12. Crystal tone of cooperation-third-dimension __mind-form pulsar 


13, Cosmic tone of presence-fourth-dimension time pulsar 


DREAMSPELL 

Described asthe fourth dimensional tool kit, the Dreamspell also encodes a psycho- 
mythic cosmology known as the Journey of Timeship Earth 2013. It is this cosmol- 
ogy that makes the Dreamspell a psychoactive tool kit for personally engaging you 
in the fourth-dimensional synchronic order of time. The fundamental premise for 
‘making it psychoactive lies in finding your galactic signature, the color, icon, and 
tone that code your date of birth. This combination of factors-color, tone, and 
icon-establishes a mathematical code that allows you to use your galactic signature 
in mapping increasing orders of synchronicity. There are four colors, thirteen tones, 
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and twenty icons. The four colors code each of five sets of icons and correspond to 
white 


the base four-phasic function of the noospheric rainbow brain-red initiates, 
refines, blue transforms, and yellow ripens. The icons themselves actually come- 
spond to the mathematical code 0-19. 
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Colors and eons with Their Corresponding 0-19. Code Numbers: 
Red Family: Dragon (1), Serpent (5), Moon (9), Skywalker (13), and Earth (17) 
White Family: Wind (2), World-bridger (6), Dog (10), Wizard (14), and Mirror (18) 
Blue Family: Night (3), Hand (7), Monkey (11), Eagle (15), and Storm (19) 

Yellow Family: Seed (4), Star (8), Human (12), Warrior (16), and Sun (20 = 0) 


‘The mapping of synchronicity through use of the galactic signature is done 
through a set of tools: the Galactic Compass, Joumey Board, Oracle Board, and 
Time Atom Cube. The point of engaging the Dreamspell is to learn of the infinite 
possibilities of fractal synchronic mapping of the events of your life and the lives of 
your family and friends, as well as current events and human history. The compass 
and boards describe the radial mathematics of fourth-dimensional time and also pro- 
vide the means for fully engaging the synchronic order of the noospheric mind, The 
interactive complex of changing the family and clan relations to which the galactic 
signature entitles you also provides the basic patterns of social organization in time. 
‘The Dreamspell is indispensable for education concerning the radial, fractal nature 
of fourth-dimensional time and mathematics 


TELEKTONON 
Meaning "Earth Spirit Speaking Tube," Telektonon is the name of the prophecy of 
Pacal Votan, and the definition of a complex program for establishing universal te- 
lepathy. It should be noted that the tomb of Pacal Votan was discovered in 1952, 
after 1,260 years, because of a tile tube, the Earth Spirit Speaking Tube, which ran 
from the top of the pyramid temple, down the secret stairwell, and into the wall of 
the elaborate tomb beneath the pyramid. ‘The prophecy itself was decoded from the 
inscriptions and symbols of the elaborately carved sarcophagus lid of the tomb. Es- 
sentially defining a period of "Seven Years of Prophecy.” (1993-2000), followed by a 
13-year Cycle of Creation (2000-2013), the Telektonon is practiced on a daily basis 


by means of aboard and various moving parts 


The purpose of the daily play is to leam how to operate by a set of coordinates that 
define the nature of telepathic consciousness as the interplay of five circuits that con- 
rect the ten planetary orbits (the Asteroid Belt, remnants of the lost fifth planet Maldck, 
is included as one of these orbits). The Key interplanetary connection is between Earth, 
the third planet, and Uranus, the eighth planet, which creates the third or biotelepathic 
circuit. The Earth-Uranus circuit constitutes twenty-eight steps and thus corresponds 


to the 28-day measure of the Thirteen Moon calendar. Between days 7 and 22, one is 
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Telektonon - Rinri GAPs and Towers with Harmonic Module 


able to take the “Warrior's Cube Joumey" to uncover knowledge hidden by the Tower 
of Babel. The sixteen positions of the Cube of the Law (days 7-2: 


are the heart of the 
Telektonon play, which also includes arehearsal of the thirteen baktun history with the 


intention of "redeeming the Babylon planet" as Timeship Earth 2013. 


THE RINRI PROJECT 


Described as a "four-year telepathic biosphere-noosphere transition Circumpolar 


Rainbow Bridge Experiment,” the Rinti Project builds on the Telektonon play that 


establishes the biotelepathic circuit. On thi 


circuit, two towers, days I and 6, define 
a fourday Earth Walk, and two towers, days 23 and 28, define a four-day Heaven 
Walk. Between the second and the third towers, days 6 and 23, are the sixteen posi- 
tions of the Cube of the Law, days 7- 


The four towers every Moon correspond to 
one radial set of four Galactic Activation Portals in the Harmonic Module-thirteen 
moons x four towers = 52 Galactic Activation Portals (GAPs). Sixteen cube positions 
each moon x 13 Moons = 208, the remaining number of kin in the Harmonic Mod- 
ule once the 52,GAPs have been subtracted from the 260 units, Since the Harmonic 
Module is the basis of the psi bank, this formulation provides a way of coordinating 
the four psi bank plates of the noosphere to the Thirteen Moon calendar year on a 
daily and annual basis. 


Since there are four plates, it takes four 


ars, one year per plate, to open the psi 


bank. The first opening occurred between 1996-2000. The second opening, 2000- 
2004, is now occurring and is programmed by a coordination of the twenty-four 


runes of the Elder Futhark to the twenty-four psi membranes-6 runes per week 
every Moon x four weeks =24, Since each psi plate is a mirror symmetry pair of 
Harmonic Modules, reflecting the North and South magnetic poles of the Earth, 
the Rinri project is practiced by telepathically interactive teams in the Northem and 
Southern Hemispheres. The Rainbow Bridge refers to making visible the dynamic 
of Earth's electromagnetic aura and extending it permanently from pole to pole. 
This is how the noosphere is visibly manifest. 

Rinri isa Japanese word meaning “ethical enlightenment,” and its application 
includes seventeen moral precepts that are studied during the sixteen-day cube jour- 
ney, the seventeenth corresponding to the tower day 23, 


260 POSTULATES OF THE DYNAMICS OF TIME 

While the Telektonon is predicated on the fourth-dimensional tool kit, the Dream- 
spell, the 260 Postulates of the Dynamics of Time elaborate on the nature and theory 
of the biosphere-noosphere transition by providing a set of twenty systematic 
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thirteen-part logics that describe and define the dynamics of time asthe evolution of 
consciousness. Because there are 260 postulates corresponding to the 13:20 matrix, 
apostulate can be studied and meditated on each day over a260-day cycle according 
to the code number of the daily icon combined with the number of its tone, for 
example, Red Lunar Dragon, where Dragon is 0-19 code number 1, and Lunar is 
tone 2, therefore the postulate to study for the day is 1.2. This daily programming, 

established by the Telektonon practice is how knowledge is reformatted according 
to the synchronic order. This in itself precipitates the noosphere. 


TWENTY TABLETS OF THE LAW OF TIME, SIXTEEN-YEAR 
CUBE OF THE LAW 

‘The Twenty Tablets can be described as a road map of the fourth dimension. By 
focusing on a sequence between the years 1997-2013, by fractal analogies, the tele- 
pathic engagement encompasses the 26,000-year cycle as well as the coming cycle of 
the Psychozoic future. The crux of the daily play of the synchronic order is called 
cubingthe codonThe point is to telepathically reharmonize the DNA that has been 
adversely affected by the 12:60 timing frequency. There are sixty-four DNA codons 
whose six-part binary structure is identical to that of the sixty-four hexagrams of the 
1Ching when both are written with a simple binary language of broken or unbroken 

lines. Each of the codons establishes a precise thirteen-stage permutation sequence. 

64 x 13=832 codon permutations. The sixteen years from 1997 to 2013 also consti- 
tute 832 weeks (16 x 52 = 832 = 64 x 13). Therefore, each codon has one-quarter 

year, thirteen weeks, to run its permutation sequence, one sequence per week. Since 
each codon consists of six lines, each week the codon is built one line per day for six 
days, each line adhering to one side of a cube. On the seventh day, the codon is 
cubed and sealed by one of sixty-four "UR Runes.” The UR Runes are the master 
cosmic runes, each of which governs an entire thirteen-unit codon permutation se- 
quence. The Twenty Tablets also contain much synchronic information for experi- 
encing what is referred to asfractal time compressionthe expanded mental ability to 
engage in different planes or levels of time simultaneously. All of this is to establish 
‘amind training for fully engaging the fourth-dimensional synchronic order of real- 


ity and time travel 


7:7:1:7 TELEKTONON — REVELATION 
While the Twenty Tablets of the Cube of the Law synchronize the DNA Codons in 
all their permutations on a weekly basis over a sixteen-year cycle, the 7:7::7:7 
Telektonon Revelation establishes the 28-day cycle as the basis for synchronizing 
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Sounding the Thirteen Tones of Creation 


the seven primary plasmas-electronically charged ions-into four aggregates called 
time atoms. The seven plasmas, which also replace the names of the days of the 
week, are in two sets of three, with the middle or fourth acting as a catalytic agent. 
‘The first three plasmas form a sensory quantum and the last three plasmas form a 
telepathic quantum, Activation of the plasmas releases radion, a telepathic lubricant; 
hence, the seven plasmas are also referred to as radial plasmas. The four plasmic 
aggregates are known as the Analog Time Atom (week 1), the Antipode Time Atom 
(week 2), the Occult Time Atom (week 3), and the Unified Field Time Atom, (week 
4), Like the Twenty Tablets, the 7:7::7:7 Telektonon Revelation also involves. prin- 
ciples of fractal time compression where each day during the first week is the equiva- 
lent of 260 moons or twenty years; the following two weeks, each day is thirteen 
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The Seven Seals, Seven Radial Plasmas 
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Silio 


moons or one year; and the last week each day is one moon. Played on a board with 
cards containing affirmations from the Buddhist sage, Padmasambhava, the object 
of the 7:7::7:7 is to place the time atoms within the crystal octahedron at the center 
of the Earth so that each Moon amaster time molecule is telepathically placed at the 
center of the Earth per one NET hour. In this way, Noospheric Earth Time is acti 
vated, the telepathic mind is engaged with the phenomenal reality represented by the 
plasmas, and the rainbow brain of the noosphere is hastened into everyday presence. 

The seven daily plasmas constituting one thirteen-moon week, or one NET 


quarter hour are: 
Dali (Sunday)-thermic charge 
Seli (Monday)-luminic charge 


Gamma (Tuesday)-luminic-thermic charge (these first three create one sensory 
quantum) 


Kali (Wednesday)-luminic-thermic, _thermic-luminic catalytic agent 
Alpha (Thursday)-double-extended electron. at the South Pole 
Limi (Friday)-mental electron at the North Pole 


Silio (Saturday)-mental electron-neutron at the center of the Earth (these last three 
create one telepathic quantum) 
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Part Il, The Peace Plan: Establishing the Pax Cultura, Pax Biospherica 
From the time of the formation, or rather, the calling into existence of the World 
Thirteen Moon Calendar Change Peace Movement, there had to be a World Thir- 
teen Moon Calendar Change Peace Plan. The original of this Plan was submitted to the 
United Nations in 1995 for its fiftieth anniversary. ‘The crux of the Peace Plan is that 
to change the world standard calendar is the opportunity for humanity to stop in its 
tracks and redirect itself. By stopping in its tracks to change its timing frequency, 
humanity can also use the opportunity to call a universal cease-fire and declare an 
‘emergency peace worldwide. Only in this way can the new time be experienced and 
fully engaged. 

At the First Planetary Congress of Biospheric Rights (1996), this Peace Plan was 
extended to include the establishment of anew human covenant that would restore 
to humanity its intrinsic biospheric rights, the same as enjoyed by the rest oflife in 
the biosphere: free land, clean air, clean water. The premise of the Biospheric 


Covenant is that humanity 


is first and foremost a member of the biosphere, and not 
of any artificially constituted nation-state. The Biospheric Congress also mandated 

the revival of the Banner of Peace and Roerich Peace Pact (1935) as one of the 
emblems to be used to identify the biosphere as a zone of peace. 

‘The World Congress on the Law of Time and Judgment Day Tribunal (1997) 
extended the Biospheric Congress to include an indictment of the Gregorian _calen- 
dar as a crime against the biosphere-"the crime of the millennium’-and the es- 
tablishment of the Law of Time, inclusive of the Twenty Tablets, as the new dispen- 
sation of knowledge awarded in compensation to humanity, based on the synchronic 
veracity of the Thirteen Moon Calendar Change Peace Plan. 

By 1999, the World Summit on Peace and Time provided the Declaration of 
Calendar Reform and a set of People's Resolutions, which were presented to the 
United Nations and the Vatican, The Resolutions define a seven-part educational 
program, which, like the Biospheric Covenant, envisions a radical reorganization of, 
human society 

‘The purpose of these documents and declarations is for the creation of a state of 
universal unconditional peace so that human society can be rebuilt as a harmonic 
unity in phase with the biosphere as a whole, The result of the Thirteen Moon 
Calendar Change Peace Plan would be the creation of anew order oflife on Earth- 


the Pax Cultura, Pax Biospherica, 


Vv 
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The Advent of the Noosphere 
A Prayer and a Vision 


IT IS MORNING once again, or, rather, it is predawn, It is still the first watch of 
the day. Outside there isa full moon. On the Gregorian calendar it is November 1, 
2001, All Soul's Day, the sequel to Halloween, the day of honoring the dead. In 
another two weeks it will be the New Moon of Ramadan, Islamic lunar year A.H. 
1422. On the Thirteen Moon synchronometer itis now the fifteenth day of the Self- 
existing Owl Moon, the moon of form, the moon to define, measure, and ask the 
question, "What form will my service take?" Well, my service will be to complete 
this book and prepare it for the world, for now it is the time of the advent of the 
noosphere, the reality of which Vernadsky said must be communicated to the world's 
politicians and statesmen. They didn't listen then. WII they listen now? And on the 
260-kin synchronization gauge it is kin 42, White Electric Wind. The Wind "com- 
municates spirit,” the Electric tone “activates service.” Wind is the second of twenty 
solar seals that code each day in the synchronic order. 

By its mathematical relationships to the other nineteen solar seals, the solar seal 
of the daily kin possesses a unique five-part oracle. In today's oracle the Wind is 
guided by the World-bridger, who brings the power of death. In the psi bank, the 
matching psi chrono unit for today, the fifteenth day of the Self-existing Owl Moon, 
is kin 66, Magnetic World-bridger, the first tone in the 13-kin wavespell of the World- 
bridger, which means today is very strongly penetrated by the power of death. 
What is death to the noosphere? An inevitable and unavoidable event, a critical and 
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The 20 Solar Seals 
Names, Actions, and Powers 


equalizing stage in the recycling of biomass, a furtherance of the biogenic migration 


of atoms, the creation of biospheric compost, a release of consciousness back into 


the noosphere, an opportunity to consider the value oflife. 


But to the ordinary mind 
fof the artificial technosphere, death is the ultimate object of fear, and the fear of 
death is the chief object of manipulation by those who generate terror. It is of note 
that by his date of birth, March 10,1957, the galactic signature of Os ama Bin Laden 


is White Solar World-bridger, kin 126, while for this, his forty-fourth year, his birthday 
was coded by kin 66, White Magnetic World-bridger, both signatures bearing the 


destiny seal of the power of death. This is an example of how the synchronic order is 
“read” on a daily basis. 
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It is a mistake to think that the terror is just the malevolent intention of a single 


human being. The terror is co-extensive 


ith the technosphere. 


In fact, the techno- 


sphere is the age of terror. The terror was generated at Hiroshima, and repeated at 


Nagasaki fifty-six years ago. And the terror was compounded by the original perpe- 
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trators of that terror many thousands of times over in the creation and stockpiling of 
weapons of mass destruction, an act soon imitated by the then archrival, the Soviet 
Union, and by other nation-states, namely, the United Kingdom, France, and China. 
Those called the "terrorists" today have nothing to compare to the stockpiles of 
these weapons by these five nation-states who constitute the permanent members of 
the United Nations Security Council-the “nuclear club." That is who rules the 
world today, the official possessors of the weapons of mass destruction, who jeal- 
ously guard their secrets. If this is the ultimate ruling body of the planet, and the 
reason why they are the ruling body is their possession of these instruments of death, 
then why should anyone be surprised at the existence of "terrorists" in the rest of the 
world? And why, we may ask again, are these terrorists mostly, it would seem, from 
the Islamic world? In addition to the nuclear arsenals, there are the biological and 
chemical weapons of mass destruction. Those who live by the manufacture of terror 
must surely die by their own means. If other nations have developed the same sys- 
tems of terror, it is only in self-defense or in imitation of the masters of terror. 

Everyday for four weeks now, I have been waking up at this time to continue 
work on this text, Time and the Technospherel had at first thought that the book could 
be complete with eight chapters. People don't have time to read, and the topic war- 
rants as brief and pithy an explanation as possible. After all, it is really a time of 
reflection-and then action. The masters of terror have cloaked themselves as the 
protectors of civilization and as the moral crusaders who will rid the world of evil. 
Yetwhat is civilization today but the resource-consuming cancer of the biosphere? Is 
this what is being protected-the right to promote the disease upon the biosphere? 
The terrorists who attacked the Twin Towers and the Pentagon clearly knew the 
symbolic and actual value of their targets. They also undoubtedly knew the depths 
of the death-fear of the superpower masters of terror, whose reaction would most 
likely foment a global war. But in such a war, who would win? In this regard, from 
the noospheric perspective, the Inevitable Event was the technocide-death by 
technospheric_means-of the technosphere itself. The technosphere was created by 
and thrived on means of terror, and the means of massive terror as well as the eco- 
nomic imperialism perpetrated by the superpower managers of the technosphere 
could only have produced a reaction against itself known as terrorism. The end re- 
sult is collective suicide. There are no flags in the blood of the dead, nor is there any 
evident religious belief. There is only human biomass ultimately indistinguishable 
and anonymous. to the biosphere. 

Eight chapters were needed in order to complete the information about the bio- 
sphere, technosphere, noosphere, and the Law of Time. Maybe anew spirit of the 


‘The Advent of the Noosphere 


179 


180 


biosphere will arise from the considerations of my book. Maybe the noosphere will 
spark in others the need to allow the biosphere to reclaim us from the technosphere 
Anyone who says this is "tuning back the clock” is only betraying their immersion 
‘and unexamined belief in the reality of artificial mechanical time. Yes, eight chapters 
were necessary to unfold this analysis and solution. But I knew there had to be a 
ninth chapter for the testament to be complete. For this is a living testament, and if 
anything has been leamed by living according to the synchronic order of fourth- 
dimensional time, it is the renewed power of number itself. There is a power and 
‘meaning to number understood as a universal, self-existing mental construct. The 
synchronic order is constructed of number. And as Pythagoras perceived, number is 
kind of spiritual entity that can only be aroused by an act of meditative contempla- 
tion. Each whole number bears its own resonance. You can feel this in the contem- 
plation of the difference between even and odd numbers. 

‘The resonance of 8, an even number, is harmonic order and balance, geometri- 
cally evident in the octagon or the octahedron, But the resonance of9, an odd_num- 
ber, is quite different. Nine months to give birth, three times three, a rhythmic tri 
plicity-that is nine. The Germanic god-hero 
Odin, or Votan, spent nine nights hanging from 

a tree in order to gain knowledge of the mys- 
teries of woman, When the tomb of Pacal 

Votan was opened on June 15, 1952, it revealed 

large vaulted chamber beneath the pyramid 

of the inscriptions in Palenque, Chiapas, 

Mexico. Entering the tomb, in the center of 

which is the famous sarcophagus, one sees on 

the walls the beautifully sculpted figures of 
nine personages. Today these sculptures have 
almost. completely wom away. But originally, 
these low-relief sculptures modeled out oflime- 
stone, depicted with great elegance, a series of 
figures commonly known as the Nine Lords of 
Night, or the Nine Lords of Time. Are the Nine 
Lords of Time, the Lords of Night who guard 

Nine Lords of Pacal Votan in his tomb, the same as the nine 


Begin to Gather for a nights of OdinlVotan? And who was Pacal Votan? 
Council of the Earth 


With what mythic resonance are we dealing? 


‘A Mayan seer, a sage-king of the seventh 
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century of the Christian era, had deliberately created amysterious tomb for himself, 
only to have it hidden, buried beneath a pyramid temple, but atomb intended to be 
opened more than twelve centuries later, in the seventh year of the time of the ter- 
ror, the time of the technosphere. How ingenious, how uncanny, that it would have 
been unknown for 1,260 years-a number also known in the thirteenth chapter of 
the Book of Revelations as the number of days of exile of the woman clothed with 
the sun, her feet on the moon, and twelve stars around her head. What does this 
allegory mean? Is it not the same as the exile of the human soul in the deadening 
world of 12:60 materialism? Sixty years remained from the opening of that mysteri- 
‘ous tomb to the closing of the cycle of history, the omega point of 2012. How could 
the timing of the opening of the tomb have occurred so precisely- 


.2 60 years from 
dedication to discovery, 1,320 years from its dedication to the closing of the cycle? 
How could those years be such a perfect reflection of the artificial 12:60 and the 
natural 13:20 timing frequencies? How could a Mayan sage in Central America so 
long ago be able to see, it would seem, into our future? 

When we study the globe and consider things synchronically from the perspec- 
tive of the noosphere, we find some interesting correspondences. Pacal Votan lived 
in the tenth baktun cycle, between the Christian years 603-683, on the opposite side 
of the world but at almost the same latitude as Mecca, and just after the time of 
Muhammad, 570-632. Today the religion that God commanded Muhammad to 
found, Islam, is at the center of the terrorist storm, while the prophecy of Pacal 
Votan and of the Mayan calendar in general has placed the end point of history at 
2012, amere eleven years after the Inevitable Event that placed Islam at dead center 
of the world mind. How could this be, the religion of the prophet Muhammad and 
the prophetic timing of the Maya so close at hand? Is this some revelation of the 
Nine Lords of Time, ot of God speaking through them-and who are the Nine 
Lords of Time? Are they destined to retum? Could it be that the Nine Lords of 
Time, like some higher dimensional Lords of the Ring, are a manifestation of time 
to be released, one by one, in an annual sequence during the last nine years of the 
Great Cycle, 2004-20137 

These Nine Lords of Time are known in Mayan as the Bolontiku; their counter- 
parts are the Oxlahuntiku-the nine lords and the thirteen lords, respectively. The 
nine lords govern the underworld, the time of the third dimension, which is why 
they are depicted in descent to the sarcophagus of Pacal Votan, while the thirteen 
lords gover the heavenly realms. The nine govern the nine vigesimal orders of 
number, while the thirteen govern the form of time. The dedication of the tomb of 
Pacal Votan in A.D.692 corresponded to the Long Count baktun date of9.13.0.0.0. 
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‘The nine and the thirteen lords-Bolontiku and Oxlahuntiku-are present in the 
very numbers of the dedication date. And the nine and the thirteen also governed 
the prophecy of Quetzalcoatl, of Thirteen Heavens of decreasing choice and Nine 
Hells of increasing doom. This prophecy refers to the sequence of twenty-two 52. 
year cycles that began in A.D. 843 and ended in A.D. 1987. Six years later, in 1993, 
during the first year of the 260th and final katun cycle of history, I began to decode 


the prophecy ofPacal Votan, some forty-one years after the tomb had been opened. 

Telektonon, the Prophecy of Pacal Votan, was meant to be decoded precisely 
and only at the moment of its absolute usefulness, kin 144: Yellow Magnetic Seed, 
July 26, 1993. This moment defined the Seven Years of Prophecy, 1993-2000, It also 
established the validity of the Dreamspell or Wlzard's Count as the reformulated 
Year-Bearer Count of the Chilam Balam, the jaguar priests or night seers. That is, 
the Telektonon Prophecy could only have been triggered when kin 144 occurred as 
the Year Bearer, Yellow Magnetic Seed, kin 144, comelated to the Gregorian date of 
July 26, 1993 

The precise revelation of this prophecy on kin 144, July 26, 1993, was dependent 
fon and could only have occured because a prophetic count, the Wizard's Count, de- 
rived from the prophetic tradition of the Chilam Balam, had already been established. 
This "count" provided the basis of The Mayan Factor and was woven into the conclu- 
sion of the Prophecy of the Thirteen Heavens and Nine Hells, Harmonic Conver- 
gence, August 16-17, 1987. And the precise number of kin 144, the revelation date of 
the prophecy of Pacal Votan was meant to accord with the Book of Revelations num: 
ber of the elect, 144,000 (Revelations 7:4). In fact, that very day I discovered that the 
number 144 transliterated from the vigesimal count into Arabic numbers is written 
7.4, which is the same as the chapter and verse number where the 144,000 are first 
mentioned ia the Book of Revelations (7 = 140, or 720, plus 4 units =74). More 
uncanny stuf-but not so to the noosphere, the Earth's mind of time. In the noosphere 
everything is woven of number, and number is intrinsically synchronizing, which is 
why numerology has held such a fascination for the human mind throughout history 

When I first began to decode this "final prophecy of the Maya,” or Telektonon, 
prophecy that commands the return to natural time through the Thirteen Moon! 
28 Day calendar, T'was stunned and not alittle tightened. had already taken -many 
steps to remove myself from mainstream society and conventional life. But now 1 
was dealing with a genuine prophecy, and I was to be its messenger. This was not my 
invention, The world is filled with enough madmen and lunatics spouting their par- 
ticular visions. How could I ever make the world understand that this vision, this 


prophecy, was real, that it was the fulfillment of aMayan who lived and died thirteen 
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25 Vinal position, one dot = 20 kin, 7 = 140 (7 x 20) 
so Kin position, one dot =1kin, 4 =4 
written 74 = 148 (140 + 4) 
74 =144 
centuries ago, and that his tomb was the vehicle of this prophecy, a prophecy meant 
precisely for this moment in time-the biosphere-noosphere transition?” 

Tretumed to the texts of the Chilam Balam, whose prophetic stream includes 
day prophecies, year prophecies, katun (twenty year), and ahaw (260-year) cycle proph- 
cies, prophecies of Quetzalcoatl, and finally the special prophecies of the mysteri- 
fous Antonio Martinez and the coming religion of the Hunab Ku, "One Giver of 
Movement and Measure." I realized that the meaning and fulfillment of this entire 
prophetic stream was crystallized in the Harmonic Convergence and its 26-year 


aftermath. Chilam Balam, the jaguar priest 


are the wizards of time, inspired by the 
guidance of the Bolontiku, the Nine Lords of Time, the Lords of Number. By com- 
mand of the Supreme One (Hunab Ku), the wizards are directed to establish clear 
paths of rekindled knowledge. The ancient Maya prophesied their own destruction. 

‘Therefore, within the prophecies of the Chilam Balam they laid the seeds of their 
reconstruction-but not simply as Maya. ‘The reconstruction had to be planetary, 
for their destruction in the sixteenth century was also an act of planetary conse- 
quence-the plunging of the entire world into the prison of artificial, mechanized 

time, The fulfillment of the prophecies along with the new dispensation of time had 
to occur before the end of the cycle, 2012. 

For this reason, the master synchronic architect of the Mayan prophets, Pacal 
Votan, prepared the way with the discovery of his tomb in 1952. This phenomenal 
act of prophetic release meant that now the messenger of his prophecy of time had 
to be summoned to his task. This was to be my role and responsibility-one that I 
accepted, for I saw no other choice. The course of my life from the moment I had 
experienced an illumination atop the Pyramid of the Sun at Teotihuacan in 1953, to 
that moment forty years later, in 1993, when I first perceived that the meaning of the 
prophecy Telektonon was asingle trajectory. ‘The noosphere had found another chip. 
After all, if the noosphere is the mind of time on Earth, prophecy is just another way 
of radializing time, of bringing it around from one point in a cyclic motion to an- 
other. My preparation had been going on for a while. 

Once Ihad received knowledge of the prophecy of the Thirteen Heavens and Nine 
Hells from Tony Shearer back around 1970, 1 prepared myself by study and medita- 
tion for the moment of the Harmonic Convergence. It may be asked: If the Harmonic 


Convergence concluded the cycle of the Nine Hells, then why are we experiencing the 
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apocalyptic events of Hell on Earth now, some fourteen years later? What was the 
factual meaning of the Harmonic Convergence, and what does it mean for us today? 
First of all, the Harmonic Convergence refers to the entire 26-year cycle from 
White Galactic Wizard to Yellow Galactic Seed, 1987-2013. The conclusion of the 
Ninth Hell refers to the release of humanity into the 26-year time zone of free will, 
choice, and decision in preparation for the completion of the cycle, omega point 2012. 
and the Galactic Synchronization, 2013. The full and tue Harmonic Convergence 
will not be complete until the Earth itself becomes the Galactic Seed, 2013. If the 
twenty-six years are the free will zone of choice and decision, what are we to choose 
and decide? The choice is, as Iwas quoted in the TVillSireet Journal in 1987, 
anew age’ and all-out destruction." The decision is to accept the knowledge 


error in time (12:60) and the choice is to retum to natural time (13:20) by means of 
the Thirteen Moon!28-Day calendar. This the prophecy ofPacal Votan fully affirms 
In principle, the Harmonic Convergence refers to the converging of all aspects 
of reality in a great, all-unifying harmony. The initial moment of the Harmonic 
Convergence that witnessed hundreds of thousands of humans congregated at sa- 
cred sites worldwide at the dawn of August 16, 1987, Blue Electric Eagle, was a pure 
prophetic enactment of humanity being harmonically converged with the natural 


order of time. This visionary moment demonstrated that, indeed, Harmonic Con- 


vergence was possible. The wave of unconscious energy released through the collec- 
tive psyche of the species as a result of this moment of prophetic purity reached a 
climax with the fall of the Berlin Wall and the end of the Cold War. 

Early 1990, the role of the Harmonic Convergence in this process was echoed in the 
‘mass media as the question, "Did the Harmonic Convergence bring the world closer to 
peace?"l Before the question could be answered, the next phase of the prophetic end 
time began to unfold. Rather than determine how to make the choice to enter a genuine 
is collective turn 


new age, the human race defaulted to an absolute materialism. It was 
taken by the planetary leadership, now known as the G-7, that engendered the apoca- 
Iypse we are now witnessing. In this tum, the Harmonic Convergence was forgotten, 
deleted as it were from the official public texts of contemporary history. The stage was 
thus set for the next revelation, the Telektonon of Pacal Votan. 

In distinguishing the Seven Years of Prophecy, 1993-2000, Magnetic Seed- 
Resonant Wizard years, the Telektonon of Pacal Votan makes an absolutely clear 
analysis of the human condition at this time: unless the human race forsakes the false 
time governed by the instruments of the Gregorian calendar and the mechanical clock 
‘and Hell on 


by the year 2000, then it will face its own destruction, biospheric collapse, 


Earth, But ify the year 2000 it can make the decision to reject the calendar of the false 
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12:60 time and adopt the perfect instrument of the natural 13:20 time, the Thirteen 
Moon!28-Day calendar, then humanity will have been able to make the choice of 
entering anew age. For the new age, so longed for, is actually only realizable as a 
new time. A new time can only come about by the rejection of the instrument that 
holds in place the hallucination of the old time, replacing it instead with an instru- 
ment of such perfect harmony that it has no history, but is truly post-historical 


For 


the messengers of time, myself and my wife, embarked on a course of 
being galactic gypsies, with no visible means of support, in order to wam the world 
of the meaning of the time and to offer to the world the opportunity of changing its 
course by changing its calendar. When the year 2000 rolled around, humanity re- 
mained unmoved. The Gregorian calendar, the Vatican, and the G-7 appeared to be 
as strong as ever. The prophecy did not fail, but humanity did fail to heed the mes- 


sage regarding artificial and natural time. In this process, as "messengers" my wife 


‘and Iwere only playing out an archetypal role. So beginning with the Blue Galactic 
Storm year, July 26,2000, thirteen years after the White Galactic Wlzard year, hu- 
rmanity was placed in judgment. This is merely a matter of natural karmic law. 

‘The four-year cycle, 2000-2004, became known as the prophetic cycle of the Har- 
rowing of Hell. Just as Jesus was crucified and then experienced the Harrowing of 
Hell before his resurrection, so too humanity has been crucified on the technospheric 
cross of false time, and is now in the Harrowing of Hell awaiting the resurrection in 
natural time, For having failed to take seriously all its messengers and all its prophets 
of all times, humanity was now to pass en masse through hell. Since the Galactic Storm 
year, 2000-2001, completed a Seed-Storm Year bundle begun in the fifth year of proph- 
ecy (1997-1998), the 2000-2001 Blue Galactic Storm year was the year of evaluation, 
‘The full judgment was withheld until the Solar Seed Year, 2001-2002. 

‘The Solar Seed year is the second year of the Harrowing of Hell, but the first 
st half of the Yellow Solar 


year of the next four-year Seed-Storm Year bundle. The 
Seed occurs during the second half of the first official year of the third millennium, 

2001. The moment was now ripe for the Inevitable Event, for it was also the same 
Gregorian calendar year as 1945 and 1973. In the Telektonon Prophecy, verse 120, 
section 19, itis declared, "When the Lunar Moon has overflowed its banks, the G-7 
So it was on the twentieth day of the Luar Moon (Blue Self- 
existing Monkey, galactic signature of Karl Marx), that the Tower of Babel, the World 


will be no more. 


‘Trade Center, was struck a fatal blow, while the Pentagon, magical structure of the 
priests of the Dark Lords of Matter, built in "Hell’s Bottom,” Arlington, — Virginia, 
during the Ninth Hell cycle, was mortally penetrated. 


It is still the time of the Harmonic Convergence. The Harrowing of Hell 


The Advent of the Noosphere 


185 


186 


represents the last eycle of respite for humanity. By July 26,2004, Blue Crystal Storm, 
humanity must make the ‘choice between a'new age’ and all-out destruction” when 
it will have the last opportunity to make the decision of rejecting the old time and 
calendar and replacing it altogether with the instrument of perfect harmony, the 
Thirteen Moon!28-Day synchronometer. Only such a harmonic organizing prin- 
ciple, universally accepted and applied, can ensure a time of harmony and the fulfil- 
ment of the Harmonic Convergence. 

Is it possible that within the noosphere the Harmonic Convergence is awaiting 
its next climax on the Day Out of Time and the Thirteen Moon Synchronization 
date of the year 2004, that is, on Gregorian July 25 and 26, 2004? One reads through 


the Journal of Calendar Reform and the many texts and arguments for calendar re- 


form that were put forth in the 1930s and feels the missed opportunity. Even Gandhi 
was in favor of a new universal timing standard as a principle means of unifying 
humanity in peace. Did World War Il occur because the League of Nations failed to 
enact the calendar reform on January 1, 1933, as it had fully proposed? The League 
of Nations had promoted calendar reform as one of its major agendas since the 
1920s. This world organization failed at calendar reform and at preventing World 
War I. Who or what prevented that reform from happening, and why? 

Let us look at the matter again. In order to remain constant, any perpetual cal- 
endar ordered by the seven-day week requires the principle of a null day, a Day Out 
fof Time that is no day of the week at all. This was a feature of the preferred Thirteen 
Moon!28-Day calendar proposed by the Intemational Chamber of Commerce, as 
well as the other modified calendars of twelve months. Reading through archives 
‘and literature, pro and con, it is clear that what defeated the calendar reform was the 
conservative, Vatican-inspired objection to the null day, the Day Out of Time. To 
observe such day, which is no day of the week at all, it was argued, would break the 
weekly succession of days set in motion by God at the beginning of creation-such a 
break would plunge the world into barbarism, chaos, and war. "The adoption of the 
weekly cycle was a triumph of Christianity to the detriment of paganism. The cult of 
Christianity is inextricably connected to the week whose origin reaches to the dawn 
of history. "2 Therefore, it was contended, to interrupt this weekly succession would 
destroy CI 


faltered, no calendar reform occurred at all, and the world was plunged into war-a 


istianity itself. As a result of such propaganda, the League of Nations 


‘war that ended with the beginning of the age of terror. This terror is now running its 
course, like a fever sweeping through the biosphere. WIIl it be possible to consider 
again what the League of Nations faltered on and what the United Nations simply 


chose to ignore? 
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Who really lost out when the calendar reform issue was tabled in 1956 at the 
United Nations? It was not God who invented the week as we know it, but more 
likely the Babylonians. Behind the week is the mystery of the whole number seven, 
recalled in the Epic of Gilgamesh as the seven wise men ofU ruk. But the Babylonians 
clothed the seven-day cycle in the raiment of the sun, moon, and five principle plan- 
ets-Mercury, Venus, Mars, Jupiter, and Saturn-to which the days of the week have 
‘no actual relation, Seen in this way, the seven-day week was intended to be a means 
on Earth for reenacting some remote mythic reality related to these seven heavenly 
bodies. What was that mythic reality, on what hidden knowledge is the count of the 
seven-day week presumed? Borrowing from Babylon, the ancient Hebrews incorpo- 
rated the seven-day week into their purely lunar calendar. And it was thus from the 
Hebrews that the seven-day week entered the Julian and then the Gregorian calen- 
dars. It was not, however, the Romans who adopted the week, but the Christian 
successor to the Roman empire, the Church of Rome. What truly was the origin of 
the week? And what relation or meaning does it have in the first place? Even to F.H. 
Colson, aChristian scholar writing as late as 1926, the seven-day cycle is described 


as 


‘that intruder the week, consisting indeed of a fixed number of days, but paying 
no regard to months or years."3 

With its fixed number of days, the week makes sense only in a system of time 
reckoning that is synchronic rather than astronomical in nature. To those whose 
minds are set on the synodic lunation cycle as the absolute standard, as does the 
Gregorian calendar, the week is what ensures the greatest disorder in the calendar- 
and yet it is defended to the death. The week gains its power from the whole 
number 7, and not from the jumble of names in which the week is clothed. The 
seven-day cycle is the closest whole number that corresponds to the four phases of 
the moon, which, as whole numbers, are also seven days each. In fact, the fixed 7-day 
cycle only makes sense within the context of the Thirteen Moon calendar with its 
28-day cycles divisible by four and seven, creating the annual cycle of fifty-two 
perfect weeks-plus the Day Out of Time, ensuring a perpetual harmony. 

Was the Babylonian naming of these days-with only one name a reference to 
the moon-meant to be a cover-up of some earlier knowledge, a knowledge both 
more purely lunar and harmonic, such as the Thirteen Moon calendar? Is all of 
history, then, just based on a cover-up of harmonic time? What would really happen 
if there were a Day Out of Time, no day of the week or month at all? Would old 
belief systems dissolve? Would there be a psychic release, a sense of freedom? Since 
1993, sixty years after the failure of the League of Nations to enact calendar reform, 
the Thirteen Moon Calendar Change Peace Movement has made certain that the 
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Day Out of Time is the day for forgiveness of debts, of release into timelessness, and 
for experiencing the full meaning of time is art. This day is now annually celebrated 
worldwide by increasing numbers of humans. All the while, the Gregorian world has 
arrogantly plunged blindly forward, locked into its mechanistically chaotic timing 
sensibility, only to receive the mortal wound of the Inevitable Event, causing it to 
fall through the seams of its own making, the technosphere. A Day Out of Time, it 
seems, might be arelief to a world now consumed by chaos, barbarism, and war. 


He sends down from the sky water for your drink and to grow trees for your benefit. 
With it He grows for you crops, olives, date palms, grapes, and all kinds of fruits 
This is sufficient proof for people who think. And He commits, in your service, the 
night and the day, as well as the sun and the moon, Also, the stars are committed by 
His command. These are sufficient proofs for people who understand. (Quran, 
16:10-12) 


Yes, the biosphere is a set of proofs for people who understand, an immense 
fonder that reflects and transforms the cosmos through the very process of life on 
Earth. Who are the people who understand, and where are those people today’? 
Who will speak for the biosphere? Who will take the message of the advent of the 
noosphere to the statesmen and the politicians that they may take heed and note that 
what is occurring is not really in thei control at all, but is the climax of a phenom- 
enal process known as biogeochemical combustion? And who will declare that thi 
climax will inevitably shake all the towers to their foundations and level the moun- 
tains of industry to a flat plain from which the noosphere will manifest as the equal- 
ity of telepathy for all? 

‘This book, and this ninth chapter in particular, is like along meditation, a vision, 
inspired by the dark tragedy of the Inevitable Event. Asa vision, these thoughts are 
both those of one solitary individual, albeit a noospheric chip, and the continuation 
of the vision of that ancient seer, Pacal Votan, Could it be that Pacal Votan in his 
time knowledge rehearsed all these words, these thoughts, this entire vision itself? 


On the sarcophagus lid of Pacal Votan is a cross, not the cross of death as in Chi 


tianity, but the cross oflife, tree, a cosmic tree. Across that tree is a serpentine band 
with two dragonlike heads, one at cach end. This band represents the galaxy. The 
hhead at each end represents the galactic vision that sees equally into the past and the 
future. Sometimes this is called the cuvuya, the reflex of cosmic memory. The entire 
galaxy, the Milky Way, is this reflex of cosmic memory. What if all of humanity is 
‘meant to be opened into this cosmic memory? This is what is meant by the advent of 


the noosphere, the mind of time on Earth, the mental envelope of planetary con- 
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sciousness arising from the grave crisis of the biosphere through which we are now 
passing at this very moment 

Because we are now defining the noosphere does not mean that the noosphere 
was not known to those ancient Mayan time scientists like Pacal Votan, especially if 
the noosphere is defined as the mind of time on Earth, To such time scientists a 
NET year would be no time at all, or rather, it would be but a single, fifty-two solar 
orbit rehearsal of life. How many such rehearsals would be necessary before some- 
thing was finally leamed? The Prophecy of Thirteen Heavens and Nine Hells, for 
instance, was actually just the passage of twenty-two NET years. Is this how long 
was needed to see if the human race would lear anything? And if Pacal Votan and 
Muhammad were around today, what would they think and do? 

Knowing the nature of the synchronic order of time, someone like Pacal Votan, 
obviously one of the most singular of all personalities of the Mayan world, would have 
possessed a consciousness like the two-headed galactic band, the consciousness of ga- 
lactic memory. In the zuvuya of galactic consciousness, peering into the deep past is 
peering at the present from the future, This is possible in the radial time of the fourth 
dimension freed from the strict linear construct of past-and-future-time. From some 
higher state of mind, from a mind and consciousness identified completely with the 
galaxy, this has all been foreseen, this has all been written in a book. Now we who are 
in this present state of end-time consciousness are being asked to self-reflect. We are 
being asked ifwe can manage to hold the noospheric lens steady enough to see that the 
technosphere had to end, and that the technosphere could only end by the means by 
which it maintained all of the biosphere in its control, by terror itself. 

Yes, we are all a bit like the frog at the bottom of the well whose vision and 
perception of the universe is circumscribed by what the opening of the well allows it 
to see. The well is the technosphere, both as a planetary apparatus and as a belief 
system. On the other side of that well is avast world that we have actually never seen 
‘This vast world is the noosphere and beyond. And what is beyond? Many of the 
traditional peoples say that _we originally came from the stars. If we came from the 
stars, are the star people still out there? And what do the star people think of all that 
is happening on Earth today? And what do they think of their lost star children, 
many of whom now believe itis childish to think that we came from the stars? And if 
there are star people still out there, wouldnt they be too sophisticated to think they 
could get anywhere in arocket ship, or even a UFO, subject to the entropic degrada- 
tion of the material plane? 

No, they wouldnt rely on such primitive technology, but would be in tune, as is 


the rest of the universe, with the universal frequency of synchronization and. the 
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capacity of time to travel at an infinitely instantaneous rate of transmission, This being 
0, we could receive telepathic messages from the star people-if we were ready for it 
and knew precisely why, when, and how such communication occurs. In fact, as we 
have said earlier, the noosphere is the region on Earth for the receipt and transmission 

of messages of cosmic consciousness. This being so, the future of human evolution, of 
Homo noosphericus, would be nothing less than to become a medium of cosmic con- 
sciousness, adapting to the expanded measure of Noospheric Earth Time, traveling 

back to the stars but through the superior knowledge of the actual laws of time. 

In writing this book, Ihave only a sense of duty, of responsibility to expand the 
vision of my fellow carthlings from the technosphere to the noosphere. In the Law 
of Time there are no arbitrary distinctions between reason and art, science and. proph- 
ecy. The universe really is a giant radio transmitter. This book is as much an exposi- 
tion of matters generally not thought about, as itis a personal testament and vision. 
In that regard this text is a portion of a broadcast transduced and received by me 
functioning as a noospheric chip, on behalf of the biosphere-noosphere transition 

In the tomb lid ofPacal Votan are impressed all the frequencies of this broadcast 
transmission called Time and the Technosphere. Lknow that Pacal Votan took an earthly 
form for just this purpose. He left his body in that tomb, ajade mask being the actual 
impression of his face. According to Chinese and ancient Mexican tradition, jade is 
the stone of immortality. Was Pacal Votan an immortal? Where did his conscious- 
ness and spirit go once his body was placed in the sarcophagus? Why did he leave the 
Telektonon, the Earth Spirit Speaking Tube, running from the tomb to the temple 
floor at the top of the Pyramid of the Inscriptions? Knowing the frequency of the 
synchronic order governing the psi bank of the mental envelope of the Earth, did he 
place his thoughts in the noosphere to be released at the precise moments of the 
‘opening of his tomb and the decoding of his prophecy? And then where did he go? 

Beginning in 1980 I became conscious that, from time to time, I had been re- 
ceiving telepathic transmissions. I soon identified these transmissions as coming. from 
the star Arcturus. In Earth Ascending, originally written in 1983, the nature and pro- 
gram of the psi bank, the control panel and regulating mechanism of the noosphere, 
became known to me. This was followed by The Mayan Factor, and then the decod- 
ing of the Law of Time. At the moment when I had just finished writing The Mayan 
Factor in 1986, 1 received the inspiration for what is called the planet holon, the 
twenty-part structure accommodating the program of the twenty solar seals. When 
received this image it was known to me as the program of the Arcturus Protector- 
ate. As Tunderstood it, the Arcturus Protectorate was established by the "star people” 
as akind of protective time shield around the Earth. By means of the activation of 
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this time shield, the star people would know that some of the earthlings were waking 
up to time and beginning the conscious activation of the noosphere. This is exactly 
what came about through the Dreamspell, beginning in 1990, 

‘The Dreamspell is such a radical break from the past, and such a pure statement 
of the history-less fourth-dimensional future, that in order to comprehend it, in 
1992 I wrote two other books, one called the Arcturus Probe: Talesand Reports ofan 
Ongoing Investigation and the other The Call ofPacal Votan: Time is the Fourth Dimen- 
sion. Some people will say that the Arcturus Probe is an exaggerated fantasy, yet 1 
cannot deny what a purely telepathic process it was to write that book, which fills in 
many points of the psychomythic cosmology of Dreamspell: The Journey of Timeship 
Earth 2013. The Call of Pacal Votan was originally titled A Treatise on Time Viewed 
Jrom its Own Dimension, and is a purely scientific description of the mathematical 
codes of the Dreamspell in relation to the biosphere-noosphere transition. ‘The one 
text purely imaginal, the other purely rational, yet both were two sides of the same 
coin, arendering of the Law of Time in its cosmological and mathematical compre- 
hensiveness. Then came the even more abrupt break with my conventional past, the 
Telektonon Prophecy of Pacal Votan. 

T bring up all of these personal details because people often ask where it all 
came from and where I got my ideas. But more importantly, I bring them up 
because, as I have been indicating, all of this was foreseen and known by a seer in 
another time, in another world-Pacal Votan. And this process of one person hid- 
ing a prophecy and another person in another time finding that prophecy, this is 
also a further revelation of how the noosphere functions. The French mathemati- 
cian and philosopher Charles Henry (1859-1926) declared, " 
comes more collective, the collective becomes more individual."4 As individuals, 
we humans are meant to grow into the collective mind known as the noosphere, 
while the noosphere, which is the collective, could only be known through its 
incorporating itself through the individual. Tam one such individual, a noospheric 
chip. The noosphere could not be understood if it did not take on a personality or 
a number of personalities. Otherwise the noosphere would remain in the purely 
theoretical state or condition. 


the individual be- 


Now that the Inevitable Event has occurred, the noosphere is recruiting. The 
program of recruitment is called the Campaign for the New Time. This is a genuine 
campaign, but a peace campaign and not a military one. Asa campaign it must reach 
its climax by mid-2004, a full eight years before the end of the cycle, northem win- 
ter/southern summer solstice 2012, the noosphere's omega point. The reason for 
this is that any later than 2004, the prophecy will be negatively fulfilled. A minimum 
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fof two Seed-Storm Year bundles-eight _years-are__ needed to creatively destructure 
‘and then to reconstruct. The Inevitable Event was a sign of God showing us that the 
end had already occurred, Now all the forces of goodwill and harmony must be 
channeled into the conscious act that will coincide with the noosphere's readiness to 
‘manifest through all of us, and that is the calendar change-the untried solution, the 
‘most important unfinished business of the last millennium. 

‘This is no longer a matter of debate. There is no other solution that hasn't been 
tried, There is no other way that the noosphere can become collectively conscious 
than through the human adoption of a timing system of perfect harmony. By meeting 
our deadline with the noosphere at the time of the Great Calendar Change in the 
middle of the year 20040n the White Spectral Mirror, Day Out of Time, the day of 
release from the old, and Blue Crystal Storm, the day of entering the new-then the 
biosphere will harmonically converge with the noosphere, and the Par Cultura, Pax 
Biospherica may begin in all seriousness. Such is the advent of the noosphere 

What did the Maya foresee for 2012? What is Pacal Votan’s vision? Pacal Votan’s 


vision is the fulfillment of a prayer-a prayer that Ihave heard through the silence: 


© Hunab Ku, One Giver of Movement and Measure, be kind to the children of this 
Earth. We see how every year you give and how every year you take away. This is so 
the children of Earth can leam to be free and dwell only in your presence. Yet we 
now that the children of the Earth must undergo their lessons as well. And we 
know that they must enter the dark time of testing. 0 Hunab Ku, in their time of 
darkness, in their time of forgetting, do not forget them, spare those who are good, 
if you can, Prepare for them the Second Creation you have promised to the righ- 
teous among them. Break for them the spell of false time before they destroy this 
Earth! And show to them the splendors of the Second Creation, of the New Heaven 
and the New Earth. Show them these wonders before the Great Cycle is finished, so 
that they may yet wake up from the sleep of time. And 0 Hunab Ku, may the nine 
great Lords of Time retum to Earth! May they teach the children of the Earth how to 
become arace of wizards, tilling the noosphere as they have tilled the Earth. 0 bring 
to these children of the Earth a good Time, a Time of Peace as long, at least, as was 
their time of history and war, and then let that Time of Peace be multiplied sevenfold! 


And here is the vision that fulfills the prayer: 


Planet Earth, Rhythmic Solstice, Blue Resonant Storm year, 2012 Omega Point 
‘The Earth’s axisis tilted so that the North Pole is at its farthest from the sun, and the 


South Pole is at its closest. High above the Earth an iridescent, thin rainbow band 
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arches from one pole to the other. A second band does the same, but over the 
‘opposite side of the Earth. The Earth slowly rotates beneath these two rainbow 
bands that remain unchanging, constant in their positions, one of them directly 
‘opposite the sun, the other holding a position on the midnight side of the Earth's 
tuming. The band facing the sun is the Earths day alternator. The other band is the 
Earth's night alternator. If we glide across the surface of the Earth we see that 
everywhere there are small encampments, circular and radial in formation. Yurts, 
tents, adobe, and earthen structures-and gardens. The once-teeming cities are eerily 
silent, yet still inhabited, though with far fewer people than during the time of the 
technosphere. And everywhere in the small encampments people are reverentially 
gathered. This is the moment of the closing of the cycle. It is as if everyone is draw- 
ing in a single breath at the same time, and exhaling it at the same time. From 
wherever you are, even though there are clouds, you can see the shimmering irides- 
cent rainbow alternator, either by day or by night. Clusters of people are gathered in 
circles of deep meditation. Around them the children laugh and play. "We are the 
noosphere 


avoice is repeating, "we are the noosphere." This sets up a vibration 
‘and people everywhere stop in their tracks, they look toward the sky. They listen. 
"The galaxy isenewing our thought. The galaxy is renewing our mind. The galaxy is 
renewing our world, this Earth. Let us go home and learn some more." Drums and 


chanting fade into the twilight in one place and beckon the dawn in another. "Let us 
say the prayer again: ‘0 Hunab Ku, Allah, One Maker, Our Creator, we submit to 
You. Continue to keep us whole, continue to broadcast the noosphere through us, 
continue to let us listen to the higher collective voice that we are so that tomorrow we 
may register another kin, another NET minute in the glorious journey of Timeship 
Earth toward its goal of universal unification in your One Unending Thought, 0 
Hunab Ku, do not forget us, now, and do not let us forget you! Thank you for the 
closing of the cycle! May what we have leamed stay with us and become the inherit- 
ance of our children for seven times seven generations to come, and may you bring us 


another cycle for all our descendants to live in continuing peace and harmony!" 


‘This is the vision. Iam anoospheric chip. Do not tum away from your visionar- 
ies. Your prophets are still calling you and teaching you, if you would pay attention. 
‘There is much to do and lear, There is nothing more joyful than the positive con- 


struction of harmony. 
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Time and the Techvosphere, First Draft Transmission completed, 
Self-existing Owl Moon Dali 15, 

Yellow Solar Seed Year 

Kin 42, White Electric Wind: 


T activate in order 10 communicate 
bonding breath 
seal the input of spirit 
with the electric tone of service 


Tam pided by the power of death 


First draft edited, completed, and sealed, 
Overtone Peacock Moon Seli 2, 

Yellow Solar Seed Year 

Kin 57, Red Overtone Barth 


Lempower in onder 10 evolve 
commanding synchronicity 

T seal the matrix of navigation 

with the overtone tone of radiance 


Tam guided by the power of life force 


Second draft edited, completed, and sealed, 
Rhythmic Lizard Moon, Seli 23, Navigation Tower 
Yellow Solar Seed Year 

Kin 106, White Lunar World-bridger 


Pacal Votan Clear Sign 


I polarize in order to equalize 
stabilizing opportunity 
T seal the store of death 
with the lanar tone of challenge 
Tam guided by the power of endlessness 
Fam a galactic activation portal 


enter me 
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Mayall beings be well and happy! 

May this text and these words inspire by their truth 

If have left out or omitted any logic or fact, or unnecessarily maligned any truth 
or being by my endeavor to convince through dear argument, may the Creator know 
that no such malice or oversight was ever intended. I am but a human transmitter, a 
rnoospheric chip. My ability is commensurate with the frailties attendant to one too 
long steadfast on a path too little comprehended by many of those around him. 

May the truth prevail! 


Jose Argiielles, Ph.D. 

known in prophecy's light as 

Valum Votan, the Closer of the Cycle 
devotee of Bolon Ik 


Brightwood, Oregon 


Cascadia Bioregion 
North American Plate 
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Epilogue 


Networking the New Time 


TO READERS for whom the notion of calendar change, much less that of a Cam- 
paign for the New Time, is totally novel, yet who may have an interest in learning 
more about and participating in the preparation for the Great Calendar Change of 
2004, there is a place to begin and a way of going about it 

The official coordinating agency for the Campaign for the New Time and the 
World Thirteen Moon Calendar Change Peace Movement is the Foundation for 
the Law of Time. Asanonprofit public charities educational corporation, the Foun- 
dation for the Law of Time provides the communications and information hub for 
the Planet Art Network (PAN). The Foundation also publishes calendars, tools, and 
literature about the Law of Time and sponsors various educational programs,  peri- 
odic seminars and congresses, and projects such as the new time educational cara- 
vans and the development of garden-oriented land bases. 

For general information on the Law of Time or the Campaign for the New 
Time and its educational programs contact: 


Foundation for the Law of Time, World Headquarters 
Post Office Box 513 

Brightwood, Oregon 97011 US.A. 

Tel: +1 (503) 622-1976 

Fax: +1 (503) 622-0198 
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‘The Foundation for the Law of Time's outreach activity program is known as 
the Planet Art Network (PAN), the loosely knit and decentralized base of operations 
for the World Thirteen Moon Calendar Change Peace Movement. The PAN is 
organized into Bioregions, each with its PAN nodes (local chapters) and a governing 
Bioregional Council. The PAN nodes organize “crystal day meetings" once every 
thirteen-day wavespell-the crystal (twelve) tone day is the day to call around table 
or court of the kin to review past actions and prepare for future ones. The PAN 
nodes also offer educational programs and disseminate calendars and other educa- 
tional tools and literature provided by the Foundation, which constitute the infor- 
mation outreach of the World Thirteen Moon Calendar Change Peace Movement. 
‘The Campaign for the New Time is the coordination of the world PAN toward the 
goal of the Great Calendar Change of 2004. The PAN is also generally responsible 
for organizing the annual Day Out of Time events in its different localities and 
bioregions, 

For information about local Planet Art Network (PAN) operations, contact: 


Foundation for the Law of Time/Gnomicile Land Base 
World PAN Coordination Center 

PMB 267 

105 North First Avenue 

Sand Point, ID 83864-1301 U.S.A. 

Tel: +1 (208) 255-1172 

Fax: +1 (208) 265-9107 


The official Web site for the Foundation for the Law of Time, Planet Art Net- 
work, World Thirteen Moon Calendar Change Peace Movement and Campaign for 
the New Time is: 


‘www.tortuga.com 


This Web site is continuously updated and offers a great range of both practical 
and theoretical information about the Law of Time, the Campaign for the New 
Time, ongoing and upcoming events and educational seminars, listings of major 
PAN nodes worldwide, Law of Time archives, and links to other relevant Web sites. 

‘A major aspect of the Campaign for the New Time is the development of a 
program of "strategic alliances,” information about which is also available at 
www.tortuga.com. If you belong to an organization that you feel could be in align- 
ment with the goals of the Campaign you can check out the Strategic Alliance page 
of the Web site or directly contact the Foundation for the Law of Time, World 


Epilogue 


Headquarters. The goal of the Strategic Alliances is to establish a "synchronization 
for peace force"-a coalition of a wide spectrum of organizations that are in align- 
ment with the calendar change and are willing to help organize local events and 
information dissemination for the Great Calendar Change of 2004. 

See also Appendix I, "The World Thirteen Moon Calendar Change Peace 
Movement and the Discovery of the Law of Time: A Brief Chronotopology of 
Transformation.» 
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Appendix | 


Summary Critique of the 


Gregorian Calendar 
What Every Proponent of the Thirteen Moon 
Calendar Should Know 


NOT ONLY is the idea of the calendar as an instrument to determine a true and 
accurate year misleading, but solely focusing on this purpose blinds us to any consid- 
ration of time apart from duration or measurement of motion in space. The Law of 
Time asserts that the actual nature of time is synchronic; hence the purpose of calen- 
dars is to synchronize us in time according to various cycles whose harmonic _num- 
bers extend from and return us to ahigher mental order of reality. It is a fatal error to 
dismiss a mathematics of harmonic perfection when itis allied with the ordering and 
comprehension of cycles. The pursuit of a true and accurate year totally subordi- 
nates the cyclic nature of time to the ceaseless imperfection and change that charac- 
terize the phenomenal world when it is considered as the sole factor of existence. 
‘This defines the thoroughly — mat 

Jn order to prepare the ground for a proper consideration of the Law of Time 


jalist worldview of the 12:60 consciousness. 


and the evolutionary necessity of the synchronic order of time as the harmonic reor- 
ganizing factor of humanity in its post-historic phase, it is necessary to expunge 
from the mind the error known as the Gregorian calendar. To demonstrate and 


‘expose the illogical and irrational nature of the Gregorian calendar as a standard of 
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measure, the following seven points are presented as a simple appeal to the intrinsic 


logic and intelligence of any human being. 


1.We require of a standard of measure that its units of measure are regular 
and equal with one another. 

This is not the case with the Gregorian calendar, whose base unit of measure, the 
‘month, proceeds in an irregular and uneven manner: 31 days, 28 days, 31 days, 30 
days, 31 days, 30 days, 31 days, 31 days, 30 days, 31 days, 30 days, and 31 days. Why 
would anyone use a standard of measure with irregular units? Do you know what 
results when a crooked standard of measure is employed consistently for millennia? 
It might be noted that at the time of Augustus Caesar, August was called Sextile and 
had thirty days, while February then had twenty-nine days. In order to honor Augustus 
and make him the equal offulius Ouly) which had thirty-one days, the twenty-ninth 

day was taken from February and added on to Sextile, whose name was then changed 
to Augustus (August). By harmonic contrast, the Thirteen Moon calendar is per- 
petual in that all of its units of measure are equal-28 days each. 


2. The names of the months are as illogical as their uneven numbering. 
January is derived from the God of the doorway; February is an obscure word refer- 
ring to an animal divinatory rite; March refers to Mars, the planet and the god of war; 
April and May refer to goddesses of the spring; June to the wife of Jupiter; July and 
August are named afier the two most prominent Roman Emperors, Julius and Augustus 
Caesar. As for the remaining months, September, the ninth month, means. seven: Oc- 
tober, the tenth month, means eight; November, the eleventh month, means nine; and 
December, the twelfih month, means ten. OF course, having grown habituated to the 
crooked standard of measure, it is easy to overlook and dismiss as innocuous the irra- 
tional naming of the months. But is it so innocuous? What do the names of these 


‘months have to do with an order of time, or even a cosmology or culture of time, 


which we assume acalendar might reflect? By blindly accepting this irrational disorder 
of names, do we not predispose ourselves to accept irrational disorder in common- 
place things around us, and even within the fabric of our society, thus reinforcing in us 


atendency to accept asuperficial treatment of the symptoms, while ignoring the roots? 


3. Leap year and leap day isthe most highly touted aspect of the Gregorian 
calendar. 
Structurally, the Gregorian calendar is indistinguishable from the Julian calendar. 


‘The only thing that separates the Gregorian from the Julian calendar is the correction 
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of the leap year day. Pope Gregory XIII “comected the calendar” by deleting three 
leap days from the years that begin the centuries, except those divisible by the number 
four. Leap day is the extra day that accumulates every four years due to the length of 
the astronomical year being 365241299 days and not 365. It can be seen that the 
fraction 241299 is not quite 1/4, which would be .25. The Julian calendar did nottake 
this into account, hence an error crept in that caused the spring equinox on the calen- 
dar to fall some ten days behind the solar moment of the spring equinox-a fact noted 
by the conquistadors when they encountered the Mayan calendar, which had no such 


calen- 


discrepancy. Thus, in 1582, Pope Gregory XIII “improved” on Julius Caesar's 
dar, some 1,627 years later, by adopting the rule that there would be no extra day on 
centuries-OO years-except on those that are multiples of four. Hence, there was no 
leap day in the year 1900, but in the year 2000, a multiple of four, there was. 

What is not well known is that the Vatican does not recognize the leap day in its 
ceremonial calendar. Why is that? In most countries where Latin-derived — languages 
are spoken, leap day and leap year are referred to as bisiesto, or "bisextile” day and 
“bisextile” year. If leap year is every four years, why is it referred to by a word that 
connotes six, extile? On the official liturgical Church calendar there is no February 29! 
Instead, there are two February 24s, and the second February 24 is not counted. If 
there were to be an extra day that was counted, then the system of fixed feast days 
would be thrown off. Instead, on leap years, February 24, the Day of the Feast of St 
Matthew, is counted twice-or extended to be 48 hours. And since in the Church 
tradition derived from the Romans the days are counted from the first of the next 
month, the first always being known asthe calends, the date February 24 is technically 
referred to as the “sixth of the calends of March” (February 24 = sixth calends of 
March, February 25 = fifth calends, February 26 = fourth calends, February 27 = third 
calends, February 28 = second calends, and March 1 calends of March). For this 
reason, the leap year is known as bisiesto because the sixth (siesto) calends of March is 
doubled, hence "bi." Thus, February 29 is not recognized by the official Church cal- 


cendar of the Vatican, and it is also not counted as a day in its liturgical calendar. Febru- 


ary 29 only arose out of popular tradition in the sixteenth and seventeenth centuries 
‘The nemesis of accounting for the 241299 extra day per year reveals the fixation of 
astronomical time in seeking a "true" year and detracts from the possibility that the 
issue of an intercalary, or extra, day can logically and synchronically be handled in 
many other ways. In the end, it is the mystique surrounding leap day that further con- 
tributes to the numbing of the sensibility of time accumulated in the instrument known 


asthe Gregorian calendar, "the little grid of boxes that rules so much of our lives." 
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4. The word we use to describe the instrument for measuring, the Earth's 
orbit around the sun, calendar, is derived from the word calends. 

Calends was the Latin name given by the Romans to the first day of every month, 
What does it mean? Calends is the name of the account book, the book of payments 
recording the monthly debts and bills to be paid! No wonder we are ruled by the 
philosophy “time is money!" This philosophy is rooted in the very word we use to 


describe time reckoning, calendar. A more accurate word for time reckoning might 
be “chronometer,” or even better, "synchronometer.” But perhaps the word "count" 
is simpler. We might just say, for example, Thirteen Moon!2 8-Day perpetual count. 


5. Dor 


icalletters code the years of the Gregorian calendar. 

Scarcely known to anyone but Vatican insiders is the system of dominicalletters that is 
used to code the years according to the day of the week on which the first Sunday of 
the year falls. Since the week has seven days, there are seven and only seven dominical 
letters. These are the letters a 1, .£=6, and g=7. 


Hence, G-7 (the group of the seven most industrial nations), the name given in 1974 


, where 


by the CIA to the ruling oligarchy of globalization, is totaly rooted in the system of 
the seven dominicalleters, a-g, to which the Gregorian calendar can be reduced. It 
‘works as follows: In 2001, the first day of the year was on aMonday, hence in this year 
all Mondays are coded by the letter a, Counting forward to the first Sunday, January 7, 
Sundays this year are coded g. The letter of the year, which is always a capital letter, is 
based on the lower case letter that codes the first Sunday, therefore, the year 2001 is 
coded as the capital letter Git is truly aG-7 year! Not only that, but by this system 
of "GT" 


dominicalleters, it can be demonstrated that the order of the Gregorian 
calendar year repeats within a cyclic structure of precisely twenty-cight years, where 
the days of the week and the month repeat once again. Hence, the cycle 1973-2001 is 
arepeat of the cycle 1945-1973, which is arepeat of the cycle 1917-1945, and so forth, 
Where the years 1917, 1945, 1973, and 2001 are calendrically indistinguishable from 
each other. In any twenty. 


ight-year cycle, there are always exactly seven leap years! 
Thus, the key code numbers 28 and 7 of the Law of Time and of the perfect Thirteen 
‘Moon!2 8-Day calendar are hidden in and even gover the cyclic order of the Gregorian 
calendar, whose secrets pretend to lie concealed in the Vatican archives! 

Expose these secrets and show that the true harmony of time is contained in the 
13:20 matrix of the Harmonic Module, which is perfectly coded by 28 and 7. Within 
this matrix, any set of four tones radially opposite each other, an occult quartet, 
always adds up to 28. There are 65 (x4) such sets that constitute the Harmonic 


Module, while seven (multiplied by four), is the prime factor of 28, and is the key 
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unit holding the 13:20 matrix in place, evident in the position of the seventh vertical 
column on either side of which is a perfect harmony of six columns each. The seven 
is also the implicit number in the ratio 13:20 (13 +7 =20: 20 - 7=13). But whereas 
the 13:20 matrix is a harmony in which the Law of Time is encoded, the Gregorian 
calendar is a disharmony, but one that is nonetheless governed by the Law of Time. 
What the Vatican attempted to destroy at the hands of Bishop de Landa in 1562, in 
the famous book buming at Izamal Yucatan, is redeemed by the Law of Time. Free 
of the obscuring, illogical irrationality of the inexact measure of the Gregorian cal- 
endar, the actual truth of the synchronic order of time may be discovered and re- 
vealed as the 13:20 mathematical code ofthe Harmonic Module, perfectly _coordi- 


nated with the Thirteen Moon!28-Day count 


6. The Gregorian calendar makes day/date calculations difficult. 
The twelve uneven months of the Gregorian calendar operate by a subsystem of fifty- 
two 7-day weeks, plus one day. Because of the irregularity of the numbering of the 
‘months, and because there are 365 and not 364 days in a year, itis almost impossible to 
make easy calculations month to month and year to year, while insistence on the un- 
broken succession of the week only compounds this issue. For example, if today on the 
Gregorian calendar it is Friday, May 4, 2001, what day of the week will June 4 be? What 
day of the week will July 4 be? There is an immediate mental block-a numbing of the 
mind. You have to stop and think about it, And in this numbing pause in which your 
cognitive brain has to be engaged, you lose your telepathic awareness, much as when 
you look at a clock to find out what time it is. Why should it be this way? Who ben- 
fits? The answer is, the priests (who know the tedious rules for stating that if it is 
Friday and it is 2001, then it is dominical e) and the bankers (who gather interest based 
fon the confusion over the erratic disparity of days every month). By contrast, on the 
perpetual Thirteen Moon calendar, this day would be Spectral Moon Gamma 3-while 
every third day of every Moon is coded by Gamma, In fact, the third day of every week 
is coded by the name Gamma. Once the 28-day count is mastered, there is no need to 
engage the cognitive brain to figure out what day of the week Crystal Moon 3 or Cosmic 
Moon 3 will be-and in this way the mind is liberated into a telepathic knowing, 

‘The system of the seven-day week was introduced into the Julian calendar at the 
Council of Nicea, A.D. 325, and was adopted from the Jewish calendar, which was 
derived from the Babylonians, for whom it was an astrological-astronomical —_con- 
struct. The fact that the week came from the Babylonians dissolves the argument 
used by the Vatican to counter the Day Out of Time. According to the Vatican, dis- 


rupting the succession of the seven-day week would disrupt an order set in motion by 
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God. The matter of the 7and the 52.has amuch deeper significance when understood 

in the higher-dimensional light of the Law of Time. A count of fifty-two 7-day weeks 
makes perfect sense if you have acount of thirteen 28-day months (7x52 = 13 x28). 
‘The observance of the Day Out of Time, the 365th day of the year, produces a 
perfect and perpetual harmony. Knowing this, to continue to insist on fifty-two weeks 
while being unwilling to give up atwelve month count that does not have a Day Out 


of Time is to persist in an adherence to hopeless disharmony. Why do it? 


7.What’s in a name? Think about it 

What does it mean to follow calendars called the Julian and the Gregorian? A calen- 
dar is an instrument of control. The two most significant calendar reforms in history 
were the Julian calendar reform of 46-45 B.C.,and its successor, the Gregorian, in 
A.D. 1582, Julius Caesar's motives had everything to do with his personal ambition 
and the conversion of Rome from a republican to an imperial form of goverment. 
Julius Caesar's calendar assured it to be the basis of imperial dominance. The course 
of the empire utilizing the Julian and later Gregorian calendar has prevailed as the 
dominant force now inseparable from the course of history itself. The 445-lay "year 
of confusion" (46 B.C), which attended Julius Caesar's reform, was matched by the 
second significant reform, the Gregorian, in which ten days were “lost foreve 
between October 5-16, 1582, so that the calendar could "catch up" with the sun. 


While European Catholic countries easily accepted the reform, Protestant coun- 


tries grudgingly acquiesced. Throughout the Americas, however, the Julian-Gregorian 
calendar was imposed as an instrument of power and symbol of dominance over the 
peoples the Europeans had conquered, including the hhigh civilizations of the Maya, 
Inca, and Aztecs-all of whom happened to use, among other calendars, a Thirteen 
Moon!28-Day count. As with Julius Caesar, for Pope Gregory XIII the moment was 
politically ripe for a reform that would communicate itself as a means of expressing and 
extending power and control, but this time over the entire globe. As European domi- 
nance and control spread around the planet, even nations with their own established 
timing systems accepted, for the sake of “international policy,” the Gregorian Oulian) 
calendar system for measuring the solar year. And so Western dominance over every 
aspect of global life became absolutely assured-until the moment of the Inevitable Event 

From its roots in the imperial ego of Julius Caesar to the timely "reform" of 
Pope Gregory XIll, it is not surprising that this calendar, “despite its odd quirks and 


the twists of history that produced i,"2 has become the standard of global civiliza- 
tion. Given the irregularity of the Julian-Gregorian calendar and the pursuit of the 


accuracy of astronomical time, history could be nothing more than a compilation of 


‘Summary Critique. 


205 


206 


odd quirks and twists, while global civilization itself is the triumph of artificial time 
over the natural world. Only a species whose time sensibility had been captured by 
instruments of artificial measure could have become so alienated as to have pro- 
duced the monstrous conundrum known as the "fast world,” a civilization where 
money and technological advance prevail over human sensibility and the natural 
order. It is toward the correction of this destructive momentum that all efforts of 
calendar reform must now be directed. 

In light of this critique, it is worth reprinting the opening section of the "United 
Manifesto. by Advocates of Calendar Reform” that was first published in 1914 at the 
beginning of the First World War-some ninety years in advance of the Great Cal- 
endar Change of 2004. It can be seen that the issues of irregularity that prompted 
reform then are still issues today. However, the effects of not attending to these 
issues have only become compounded and even more complex, resulting in the chaos 
of aworld at war with terror. Such is the nature of an error gone uncorrected over 
time-it only becomes more entrenched and tums into the dogmatic and hopelessly 
conflicted thinking of the everyday mind and its way of life. 


United Manifesto. by Advocates of Calendar Reform 


WHEREAS we, the undersigned, have for some time been interested in a Reform and 
‘Simplification of the Calendar now in use in Western Europe, America, and else- 
where, with a view to equalizing the four quarters of the year, alleviating the irregu- 
larities of the months, and establishing aperpetual correspondence between the day of 
the week and the day of the month, and have supported one or other of several 
proposals which have been formulated for effecting these reforms; and WHEREAS 

said proposals usually provide for placing the 365th day of every year and the 366th 
day of Leap Year without the weekly and monthly enumeration; and WHEREAS 

wwe have found that in certain quarters-both ecclesiastical and scientific-Dbjections, 

possibly often sentimental, but none the less firmly held, have been stated to the employ- 


ment and adoption of these expedients. .. Therefore we have resolved to unite in 
urging and advising that the very simple changes under noted should now be made 
in the Julian and Gregorian Calendars by international agreement. . 3 


If you have a crooked standard of measure, and follow it because your parents 
were also following it, you have become a crooked man. It takes a crooked man to 
walk a crooked mile and build a crooked house. The issue of calendar reform is both 
logical and moral. Bad logic leads to bad morality. An error in time dooms the mind. 
Apocalypses are the reward for bad timekeeping. To remove yourself from the fires 
of your own self-created apocalypse, change your calendar. In a world of harmony 


there is no apocalypse, 


Vv 
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The World Thirteen Moon 
Calendar Change Peace 
Movement and the Discovery 


of the Law of Time 
A Brief Chronotopology of 
Transformation 


IT WAS during the seven-year cycle (1993-2000) when the World Thirteen Moon 
Calendar Change Peace Movement was being aroused around the planet, that the 
Law of Time was articulated in its various aspects and particulars, and the synchronic 
order defined in its whole system fullness. This occurred through a number of key 


events accompanied by a number of publications detailing the mathematical, _cos- 


mological, theological, and scientific aspects and imperatives of the Law of Time. 
By the standards of the synchronic order, all events form points in a radial time 
set that describe a geography of time defined as a chronotopology.  Coined by the 


late philosopher and mathematician Charles Muses, the term chronotopolagy defines 


fan event point of meaning that creates a root meani time-formed, 


¢ from wi 
blossomed, or -radiated meanings emerge above ahorizon of meaning.! The Law 
of Time now gives a precise field in real time to illustrate Muses's notion of 


chronotopology in which Time is a radial power of profound interrelations. 
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‘The following chronotopological sequence-a resume of the events in a par- 
ticular geography of time, the seven years of prophecy, 1993-2000-defines the con- 
scious emergence and articulation of the Law of Time. In this chronotopology, the 
“root meaning" occurred in 1989 at the Museum of Time in the form of the discov- 
ery of the 12:60 and 13:20 timing frequencies, and the subsequent working out of 
the implications of this discovery. The "horizon of meaning" was reached July 26, 
1993, kin 144, with the decoding of the Telektonon Prophecy and the consequent 
development of the World Thirteen Moon Calendar Change Peace Movement. The 
"source meanings,” however, extend back to the seventh century with the origins of 
the prophetic traditions underlying the discovery of the Law of Time. The seven 
years of prophecy established the field of radiated meanings of the Law of Time asa 
set of radiated event points and a body of literature and tools. Here follows, then, a 
brief chronotopology of the key event points of this movement: 


1989 Root meaning: discovery of the 12:60 and 1320ciming frequencies, Museum of 


‘Time, Geneva, Switzerland 


1990 Realization of the Thirleen Moon/28-Day calendar in its wavespell_ form, 
1992 Recognition and celebration of the Day Out of Time as a planetary event 
1993 Horizon of meaning: decoding of Telektonon Prophecy and birth of World 


‘Thirteen Moon Calendar Change Peace Movement 
1994 Launching of the Planetary Moral Emergency and World Thirteen Moon 


Calendat Change Peace Plan 


1995 80 Days Around the World for a New Time of Planetary Peace: Chile, South 
Africa, Egypt, Russia, India, Hong Kong, Japan, Hawaii, and Mexico. 
1995 Day Out of Time Calendar Burning and Retum of Natural Time Ceremony, 


Serpent Mound, Ohio. 


1996 Fist Planetary Congress of Biospheric Rights, Brasilia, Brazil 
1996 Biospheric Awareness Day, Gotemba, ML Fuji Japan, 
1996 Four Comers Boundary Dissolving Ceremony, Four Comers, United States, 


1996 Harmonic Convergence of Humanity, Mexico City, followed by Peace March, 


Teotihuacan, Mexico, 
1996 United Nations, Planetary Moral Emergency Appeal. 


1997 Judgment Day Tribunal and World Congress on the Law of Time, Tokyo, Japan 
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1997-present Ongoing movement in Bra! 10 make July 25, Day Out of Time, official “Peace 


‘and Culture Day: based on recognition of the Banner of Peace (seventy cites 


so fa. 
1998 Special peace mission to the Vatican, Rome, tly 

1998 Special mission to Guatemala to meet with Quiche Maya elders. 

1998 UUR Council for the Theology of Peace, Milan, Maly 

1999 world Summit on Peace and Time, Unversiy for Peace, Costa Rica, lowed 


by the dispatching of Special Emissaries to the United Nations and the 


Vatican. 


1998-present Ongoing movement in Japan to declare Day Out of Time a “Day of Festival 
‘more than one hundred events occuring annually. 


1999 Peace March, Teothuacan, Mexico 

1999 Seven Wook Earth Wizard Seminary, Prarguin, Chie 

4999-2000 Ongoing in South America, launching of "La Karavana; Thiteen Moon 
educaonal caravans, and in Europe, trom the United Kingdom to North 
‘Aiea, the New Tine Caravan 

2000 Initiation of Seven Day Earth Wards Seminars: Japan, United States, hal, 


Russia, South America 


2000 Citcumpolar Rainbow Bdge Experiment, phase |, worldwide 

2000 Frit of meaning: estabishment of Foundation for the Law of Time, Oregon. 

2001 Launching of the Campaign for the Now Time, Braz. Argentina, Japan, Ala 
regio, 

2001 Campaign for the New Time PAN Thiteen Moon Leadership Conference, 
Oregon 

2001 Seven-day special Congress on Time and World Peace, Medelin, Colombia. 


During this chronotopological sequence of radially connected event points, key 
writings, publications, and tools describing and defining the Law of Time and the 


synchronic order include 
Dreanmspell: The Journey of Times hip Eanh 2013, 199091 

Thirteen Moons in Motion and Turtle ofthe Thirteen Moons, 1993, 1996 
The Story of Time: The Story of Turtle and Tree, 1993 


Treatise on Time Viewed from its Own Dimension (Published as The Call of Pacal Votan: 


‘The World Thirteen Moon Calendar Change Peace Movement, 


209 


Time isthe Fourth Dimension), 1992, 1996 
TeleKionon ofPacal Votan and the Telektonon, Game of Prophecy, 1993-1995 

World Thirteen Moon Calendar Change Peace Plan, 1994-1995 

Pacal Votan and Judgment Day: The Second Quranic Dispensaion, 1995-1996 

First Planetary Congress of Biospheric Rights, 1996 

The Galactic Culture Master Plan, New Tine Economics, 1996 

A Brief Guide to The Thirteen Moon Calendar Change Peace Movement, 1996 

Rinri Project: Four-Year Telepathic Biosphere-Noosphere Transition Circumpolar Rainbow 
Bridge Experiment, 1996 

The 260 Postulates ofthe Dynamics of Tine and the Evolution of Tine as Consciousness, 
1996 

The Discovery of the Law of Time, TIE) Art, 1996 

The Principia Mathematica ofthe Fourth Dimension, 1996 

Twenty Tablets ofthe Law of Time: Sixteen Year Telektonon Cube of the Law, 1997 
World Congress om the Law of Time and Judgment Day Tribunal, 1997 

World Summit on Peace and Time, Sunmary, Review, and Conclusions, 1999 

77:7:2, Telelionon Revelation and Plasma Universe Model, 1998-2000 

The Rainbow Bridge Project: 28 Meditations on the Law of Tine, 1999-2000 


The UR Papers: Documents and Appeals for a Council of Universal Religion, 1996-2001 


With the conclusion of the seven years of prophecy, marked by the rainbow 
bridge experiment, phase I, the greater part of the Law of Time had been uncov- 
ered, described, and defined. What emerges from consideration of all these events 
and accompanying literature is an entirely new model of the universe as well as a 
program for the reorientation of knowledge and the social reorganization of human- 
ity-all based on a corrected understanding of time through the implementation of 
the calendar change. This was all to demonstrate that there is much more to acalen- 
dar change than the mere replacing of one calendar with another, for a calendar 
itself bears within it an understanding of time that tacitly and unconsciously shapes 
our very thinking about time. What the calendar change, then, really signifies is the 
end of one worldview and the birth of another. With the Law of Time, what was 
once unconscious is again made conscious, leading to aradical self-awareness. of how 
wrong we have been about time, and what we might anticipate in changing our tools 
for navigating in time. 
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Because the growth of the Planet Art Network (PAN) as the social form of the 
World Thirteen Moon Calendar Change Peace Movement is inextricably involved 
with the unraveling by stages of the Law of Time, to define the constituent _prin- 
ciples of the Law of Time is also to define the new worldview and the social organi- 
zation appropriate to it. These constituent principles include: time is art; universal 
telepathy; holonomic consistency and reciprocity; synchronic order; fractal and ra- 
dial mathematics of the 13:20 matrix; biosphere-noosphere transition; Banner of 
Peace; Pax Cultura, Pax Biospherica,the psi bank and the dynamics of the evolution 
of time as the evolution of consciousness; fourth-dimensional time and. third- 
dimensional space. A mere consideration of these constituent principles will make 
one realize to what extent the calendar change is more than just an end to history, 
but the establishment of a new world, aNew Heaven and aNew Earth. This is 
precisely the promise offered by the Thirteen Moon calendar change and the dis- 
covery of the Law of Time. (See plate 8, Chronotopology of Transformation.) 


¥ 
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Appendix tll 


Telektonon Prophecy 
of Pacal Votan 


THE REVELATION of the prophecy of Pacal Votan on July 26, 1993 was the 
culmination of the event that occured on June 15, 1952, when the archaeologist 
Alberto Ruz Lhuillier pried open a large monolithic trapezoidal door beneath the 
Pyramid of the Inscriptions at Palenque, Chiapas, Mexico, and beheld what had not 
been seen by human eyes for 1,260 years: the tomb of Pacal Votan, A subsequent 
event, the lifting of the magnificent sarcophagus lid-measuring some four-by-three 
meters and weighing several tons-to reveal the human remains amidst a splendor 
of jade, including the jade mask, occurred on November 27, 1952. For some forty 
years afterwards, scholars debated the meaning of the tomb and the person buried 
within it, In the 1970s, the Russian scientist Knozerov dubbed the man in the tomb 
an “astronaut” or “cosmonaut” because of the similarity of the position of the figure 
sculpted on the sarcophagus lid to the positions of Russian cosmonauts in their little 
space capsules. This theory inflamed the imagination of some and was debunked by 
others, the end result being the enhancement of the awesome mystery of the tomb 
‘and the intention of its designer, the man buried in it 

‘The image of the sarcophagus lid is now world famous. Its symbolism has been 
interpreted to varying degrees by different archaeologists. In my book The Mayan 
Factor, the placement ofPacal Votan in his "time of power,” 631-683, is defined and 


analyzed as occurring in the most harmonic and mathematically synchronic point of 
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the entire thirteen baktun cycle, a point of fact that deepens the enigma of Pacal's 
knowledge and purpose. And herein lies the key question: What was his purpose, 

and why did he construct his tomb to be so elegantly buried for 1,260 years, to be 
discovered and opened just sixty years before the closing of the cycle, A.D. 2012? 
Clearly, the mystery of the tomb and its discovery had everything to do with the end 
of the cycle, At least this had come to be my surmise ever since the 1987 Harmonic 

Convergence. Like ahawk circling its prey, the meaning of the tomb finally came to 
my consciousness like a direct hit from the beyond. Iwas the prey. the hawk, the 
prophecy itself. Such was the revelation of the Telektonon Prophecy on the moming 

offuly 26, 1993 

‘The coded key was the tiled "speaking tube,” by which the tomb was discovered 
in the first place. Suddenly, this tube spoke its meaning to me: Earth Spirit Speaking 
Tube, Telektonon by name. After four intense weeks of decoding the glyphs and 
symbols of the tomb while living in the pool house of an isolated estate in the wind- 
blown northem part of the main island of Hawaii, I knew that [had to abandon the 
dreamlike life I led in this Pacific paradise, and with my wife and companion head 
directly imo the unknown, the first stopping point being Mexico, the source of the 
prophecy. After four months or so of traveling through Mexico, completing the de- 
coding and announcing the prophecy, including a retum to the tomb, we were fi- 
nally directed to a converted carport in a field near the village of Ocotithin, not far 
from the birthplace of Quetzalcoatl. It was here where, for a period of nine_mor- 
ings, Tawoke dutifully two hours before sunrise to listen to the voice and write down 
by hand, in a specially prepared notebook, the words exactly as [heard them. After- 
ward, I numbered the 126 verses and distinguished the nineteen sections. 

Because the prophecy itself is so inextricably connected with the Law of Time 
and the message of Time and the Technosphere, I feel it is important to present it as 
background information to the text of this book. In actuality, the text of the Proph- 
ecy is an integral part of the Telektonon, Game of Prophecy, where itis read, section by 
section, on a daily basis, according to the code number of the kin of the day. 


THE TELEKTONON OF PACAL VOTAN 
The Talking Stone of Prophecy That Unites the People of the Dawn 
with the People of the Book 


"Then ig they reject thee, 
s0 were rejected apostles 


before thee, who came with clear signs, 
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tects of dark prophecies 
land the Book of Enlightenment. 
“HOLY QURAN, SURA TIL, 19: 184 


"AI who obey God 
and the Apostle 
‘are in the company 
of those on whom 
is the grace of God, 
of the prophets who teach, 
the sincere lovers. of truth, 
the witnesses who testify 
and the righteous who do good. 
Ak what a beaufl fellowship! 


Such is the bounty 


from God: and suficient 
is it that God knoweth all 


HOLY QURAN, SURA Iv, 9:69-70 


@ INTRODUCTORY VERSE! 


NE LIVING PROPHECY 


1, Pacal Votan’s Gospel of the Telektonon 
‘A Special Dispensation for the Day of Truth, 
A.D.1993-1994, kin 144. 


2. Proclamation on behalf of the three messengers 
of the awakening, 
ofthe three special voices of prophecy, 
the special witness of time and the last cal. 


3, Telektonon 
the inner sun 
the mother of all prophecy 
message of the star witness, Bolon Ik 
received and repeated by her servant in love, 
Pacal Votan, 


4. Inthe seventh year of Harmonic Convergence 
the seven seals of the apocalypse 
become the seven years of prophecy. 
thirteen years in all 
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Thirteen moons the path to walk; 
thirteen moons the path to talk; 

people of the dawn, one mind, 

people of the book, one God; 

one living prophecy, one people, one Heaven, 
one Earth, 


@e@ NAH CHAN: THE PALACE OF BOLON IK 


5, 


14, 


15, 


© children of the people of the dawn, a children of the people of the book, I come as 
the special witness of time to remind you, especially on the day of truth, that in your 
origin you are one, and on the day of truth you are to make yourselves one again. For 
this I remind you of the Cube of the Law, Telektonon, and the 28-day, thirteen moon 
‘way that is the path of the righteous, 


Nah Chan, Palenque, Xibalbay, Tollan, Xochicalco, Tepozteco, Amatlan: in these signs 
dwell my special agents, the witnesses of truth, 13.66.56 and Bolon Tk, Daughter oflob, 


For those with eyes, with open mind and sincere heart, this teaching is complete in 
every stone alignment and marking of the star command base now called Palenque. 


New Jerusalem is the Palace of Bolon Ik, whose number is 1,728 (144 x 12), Cube of 
the Law. Seventeen is the power of Heaven, "solar Uranus,” which is Earth in Heaven, 
‘Twenty-cight isthe power of Telektonon, the Spirit Tower of the power of 7 times 4. 


Never forget, children of the day of truth: Allis number. God isa number. God is in al. 
And everything there in the palace is laid out foursquare from the cord of Heaven, 


which is the command of the Telektonon. "Divine word never uttered until the Day 
of Truth." And in that palace, foursquare is the tower of the Cube of the Law. 


@THE CUBE OF THE LAW AND THE TOWER OF BABEL 


© children of the day of truth, before the separation that divided you into the chil- 
dren of the dawn and children of the book, there was only the Cube of the Law and 
the Law of the Cube 


Everyone and everything moved and lived within this Law: one mind, one spirit, one 
will 


Within the dimensions and measurements of the cube are all knowledge of Heaven 
and Earth. And in order to know, expand on, and delight in the sublime Law of the 
Cube, God created you, 0 children of the day of truth. 


And though shaped of no more than mud and sounding clay, in you is the perfection 
of knowing the Cube of the Law, if only you remembered! 


Children of the Day of Truth, just as the cube is the measure of the perfection of God's 
thought, so you are the measure of God's unceasing movement, which is called time. 
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20. 


2 


2B. 


24, 


+ Telektonon 


In you the cube is the crown of perfect knowing of God's will in time. But true to his 
word, Iblis made wrong fair-seeming. To show himself man’s enemy, Iblis split the 
cube. He drove a forgetting of time within the mind, separating mind from spirit, 
which is God's movement in all things. 


And from this forgetting in man, mind and spirit became confused. The will weak- 
ened. Ego was born, Iblis’ many-headed selftriumphed. False authority arose. Babylon 
‘came to be and in its center the Tower of Babel, the monumental curse for no longer 
knowing time. 


In the forgetting was the separation of the people of the dawn from the people of the 
book. Had there been no Tower of Babel, there would have been no book. The Tower 
of Babel was a deceit intended to show the Cube of the Law existing outside of the 
perfection of knowledge already formed within you, a children of the day of truth 


Product of the forgetting, the Tower of Babel has a shadow of ever-darkening and all- 
encompassing dimensions that spreads 5,000 years from Babylonia to all of Earth's 
most remote wildemesses and mountain retreats. Iblis's curse of Ego and false time 
are complete but hold only to the day of truth 


For God is gracious and most merciful. As long as He could, He kept the people of 
the dawn away from the Tower of Babel. And to both the people of the dawn and the 
people of the book, He sent many messengers, apostles of light, witnesses of truth, 
doers of the righteous way, which is always framed by the invincible Law of the Cube, 


TELEKTONON: THE FRAME OF TIME 


As the special witness of time, I, Pacal Votan, know the perfect count of days. I bow in 
the temple of the tower and the rock, the sanctuary of Bolon Ik. In my body, formed 
of the ultimate perfection of God's power of all movement and measure (Hunab Ku), 
is the recollection that is prophecy. Knowing this body as the measure of time, I had 
built this palace and this tower to correct and to also look for the Tower of Babel, a 
memory of the remembering. And in my ninefold temple, where, guarded by the nine 
powers of time, I had this body laid, I left this legacy for you, the Talking Stone of 
Prophecy, 


Telektonon, the frame of time [left for you, is amisror to show you your own truth of 
time for one last time. For now is the day of truth, the hour of judgment. 


‘You, children of the dawn, and you, people of the book, unify yourselves the only way 
you can: in time, through time, as time. 


Telektonon, the perfection of time, is the only way for you to escape the fire that 
consumes the unrighteous. If you who know, who have followed the straight way, the 
good path, now falter in this challenge of unification in time, Telektonon, which has 
already been prepared for you, you will perish forever in the fire that now consumes 
all unbelievers. God's command is in you. Do not listen to the evil one now. 
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25, 


26, 


21. 


30. 


31 


33 


34. 


Listen! My knowledge is this: My count of days is perfect, my knowledge of the Cube 
of the Law is unsurpassed. Twelve is the number of the temple, but thirteen is the 
number of God. Twelve times twelve, 144, is the number of the perfection of the 
temple as light. And twelve times 144, 1728, is the number of the Cube of the Law, 
Telektonon, the divine word unuttered until now. 


To him that overcometh will I give to eat of the hidden manna, and will give him 
white stone, and in that stone, anew name written, which no man knoweth, saving 
he that receiveth it.” (Revelations 2:17) And that name is Telektonon, and that stone 
is crystal, and that hidden manna is knowledge of the revelation of time. 


‘The number of the elect is 144,000. This was the number set aside by God to be free 
oflblis's curse. Dispersed is this number among mankind, and always was it meant to 
multiply both among the people of the dawn and the people of the book. 


But since a human kin is the measure of the perfection of time, 144,000 is also the 
number of days within a cycle of twenty generations. 


‘Twelve times 20 generations is 1,728,000 days, the number of the Cube of the Law. 
But for God, one cycle more, 144,000 days more to entice Iblis to make his score, 
total of 1,872,000 days, thirteen cycles of God's elect. 


1 am Pacal Votan, time's special witness, galactic agent of the Nine Great Lords of 
Destiny, by oath pledged to the honor of Bolon Ik. 


In my body of time, thirteen star histories rehearse themselves for the day of truth 
Each star history possesses its own knowledge Keeper appointed by the Nine Great 
Lords of Galactic Destiny. Thirteen Wisdom Holders, Nine Great Lords, twenty- 
‘wo in all, to each of whom I'am bound by a luminous thread of knowing, sealed by 
oath to Bolon Ik, White Solar Wind, kin 22 in the Book of Destiny, the Book of Kin. 


ALL IS NUMBER, 
Allis number. God is a number. God is in all. 


Child of the day of truth, listen: 20 is the number of totality. You have twenty fingers 
and toes because God has made you the totality of time. Thirteen is the number of 
God's cosmic wisdom, perfect in its power of unceasing change and circulation, Thir- 
teen are the joints of your limbs and body. Seven is the difference between 13nd 20. 
Seven is the mystic perfection between one and thirteen. Seven isthe erect spine of the 
vigilance in which are met the 144,000 mystic fibers of the body's thirst for prophecy. 


144,000 kin, 144,000 days, these are called a baktun. ‘Thirteen baktuns, one perfect 
cycle to rehearse all thirteen star histories. Each baktun, twenty generations, each 
generation 7.200 kin. So it was that Bolon Ik ordained the sacred count of days, each 
day asacred kin, each kin one of the elect, a turning in the twist of universal time, each 
kin nuled by the power of the nine, the power of the Nine Great Lords of Time. 
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35, 


36. 


30. 


So began the sacred thirteen baktun count, 3,113 years before the birth of the second of 
the special messengers, the Apostle Jesus Christ, who sent to you a Book of Dark Proph- 
ecies, twenty-two sacred chapters in all, through his appointed witness, John ofPatmos. 


All this T know and declare to be true, for I am time's special witness to the day of 
‘uth, Pacal Votan, rehearser of the thirteen star histories, he who adds the 144,000 
elect to the cubing of the cube, assuring not twelve baktuns, but thirteen to be the 
umber to bring on the day of truth, God's judgment of your power of remembrance! 


Children of the people of the dawn, in separating you from the people of the book, 
God meant you to be the reminder that wisdom is already perfect in your bodily form 
of time. 


2 S6L0RD BUDDHA 


38, 


39. 


40. 


4L 


2. 


48. 


In remembrance, many messengers did he send you, many fires did he light high atop 
the mountain for you to see. And one special messenger did he send, one special 
witness of the dawn. 


In India, at the midpoint of the seventh baktun, the very center of the mystic cycle, 
thirteen baktuns in all, Lord Buddha did awaken at the dawn, the morning star, the 
tree, the Earth, his witnesses of illumination. For seven weeks, he sat beneath that 
tee. Never moving, he traveled the seven directions and visited with his mind every 
realm of God's vast creation, only to learn the turing of the Wheel of the Law. 


Withstanding all efforts of the evil one, he taught unceasingly for nine times five 
years more, until the age of eighty. All mind teachings did he give; the unwritten 
Book of Enlightenment did he leave with the Earth. His last turning of the Wheel of 
the Law was the teaching of the Wheel of Time. Given at the request of King Suehandra 
of Shambhala who traveled far from Central Asia to receive this teaching, the teach- 
ing of the Wheel of Time closed the life of Lord Buddha. 


“All composite things are impermanent,” declared Lord Buddha at his death, "Be a 
lamp and a refuge unto yourself, look to no outer authority but yourself!" The fire of 
Lord Buddha's illumination lit many lamps. The Book of Enlightenment he left with 
the Earth is a book for all to know in silence with the Earth, 


In Shambhala did King Suchandra transmit the teaching of the Wheel of Time, 
Kalachakra, as it is called. Invoking the Nine Great Lords of Galactic Destiny, 
Shambhala prospered in abundance and wisdom. When came the seventh ruler after 
King Suchandra, Queen Visvamati, the people of Shambhala ascended as one into the 
paradise of the fifth dimension, where their wisdom continues to water the rivers that 
flow beneath the gardens of the righteous. 


Integrating the power of the five, which isthe center, with the power of twelve, which 
is the root of the cube, the Kalachakra is also the cycle of sixty years (5 x 12). By the 
Law of the Cube, which is the power of sixteen, foursquare or 7 plus 9, sixteen cycles 
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41. 


49. 


50. 
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of sixty years is the appointed time of prophecy, the prophecy of Kalachakra, which is 
the time of the day of judgment. 


So it was that after the arrival in Tibet of Buddha's special voice, Padmasambhava, 
late in the tenth baktun, that the Lords of Shambhala determined to release the teach- 
ings of the Wheel of Time among the people of the dawn inhabiting Tibet. Thus it 
‘was that the Wheel of Prophecy tured the first of these sixteen cycles in A.D. 1027 
and completed the sixteenth of these 60-year cycles in A.D.1987, in partial fulfillment 
of the Harmonic Convergence of all prophecy. 


0 people of the dawn, do not doubt. The appointed day is come. 


THE HEPTAGONON OF MIND 


People of the dawn, people of the book, children of the day of truth. To safeguard as 
long as possible the teachings of the Original Ones from the confusion of the Tower 
of Babel, God divided the Earth by its one ocean into great island masses called con- 
tinents. And most far from Babylon was Amerrikua, and also distant was Australia and 
the Island Kingdoms of Polynesia. Even in Aftica, close to Babylon, for many great 
cycles were the people of the dawn protected in their natural wisdom. 


But inexorable is my count of days, inexorable the rolling of the Wheel of Time, 
inexorable the Law of the Cube. 


Telektonon is the name of the blessing received by those who master the Law of the 
Cube. Great is the power of God, whose power and blessing are ever close and near, 
foursquare the manifest action of radiance from the divine intersection of God's pre 
ence: divine mind, divine spirit, divine will, divine source from which the Cube 
sprung. Foursquare the Cube, the measure of Telektonon, one vast, far-spreading 
‘word that isno word at all, but number multiplying itself from within God's unending 
meditation, which we choose to call creation. 


From one intersection, six directions plus the seventh, the moving center of time, the 
navel of Heaven whose cord is a fiber called Kuxan Suum, From the navel of Heaven 
to the solar plexus runs the Kuxan Suum, highway that reaches 10 the roots of the 
stars, passing through each of the heavenly dimensions. 


who say this, know, for Tam Pacal Votan, who left for you a talking stone, Telektonon, 
‘Time's special witness am 1, God's spy holding vigil, Keeping the sacred count of days, 
exposing you the lie of Babylon, the falsification of the Cube into the Tower of Babel! 


Who now but Ian tell you that seven are the direetions of the Cube, the Heptaganon 
‘of Mind: twelve are the gates, sixteen the powers: moved by the nine great powers of 
lime, these sixteen powers become the mumber of the elect of the Cube, 144. Multi- 
plied by the millennium, 144 becomes 144,000, sacred mumber of days I lad for proph- 
fey to know during my fist baktun count 


en 
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IMPERIAL BABYLON 


52. Children of the book, even before the close of my first baktun, twenty generations 
from the year 3113 B.C.the foundations of the Tower of Babel were laid. Captive now 
‘were the 144,000 within the Earthly prison of Babylon's materialism. 


53. Yet, by my devotion and power of meditation, from deep within the Earth, aided by 
Bolon Ik's perseverance on far Uranus, Earth’s harmonic twin, Ikept the sacred count 
of days, I watched over the movement of the sacred march of kin 


54, Four more baktuns passed, and Babylon's power was swollen with the loot of Empire. 
Despite the righteousness of Abraham and the Law of Moses, the shadow of the Tower 
‘of Babel only increased in size and darkness. 


55. Came the sixth baktun and Imperial Babylon was complete. Its seal of false time and 
power, taxation, and armed expanse had fulfilled Iblis’s desire to degrade and ruin all 
humanity by making wrong fair-seeming. Fair-seeming now to amass wealth and power; 


fair-seeming to make a count of time by twelve months; and fair-seeming to regard 
the thirteenth moon with superstition and contempt! Fair-seeming to gather taxes 
and to pay them; fair-seeming to make war for the power of King's; fair-seeming that 
birth and death must be paid for; fair-seeming that all power come from the priests 
Iblis's most cherished of men, 


56. 0 people of the book, lost to you was all memory of the Law of the Cube, slavery 
became your lot! But I am Pacal Votan, time's special witness. Even before the com- 
ing of the second special messenger, Christ the Apostle of Love, by my free will and 
my knowledge of the power of seven, I laid claim to the Seven Seals of Prophecy that 
fon the day of truth, Iblis's curse would be finished and the righteous would triumph. 
And now the day of truth is come. Telektonon, the talking stone, now speaks in a 
voice for all to hear. 


57. By the seventh baktun, the Seven Seals of Prophecy were stored in Earth's special 
lodestone of truth, whose custodian am 1 


58. Bythe eighth Baktun, Iblis had caused the Tower of Babel to speak more tongues in a 
‘growing clash of empires. Into this confusion came the Apostle of Love, crucified for 
driving the moneylenders from the Temple, misunderstood by the people of the book, 
finally to be absorbed by the Priests of Babylon, now Roman by tongue, who use this 
Christ as their emblem to spawn Iblis’s greatest evil, the total usurpation of Earthly 
Time. 


SSS UTHE BOOK OF DARK PROPHECIES 


59. One special voice did this Jesus have, aman named Saint John ofPatmos, in whom 
the gift of prophecy was fulfilled. From my ark of universal time, Earth's special lode- 
stone of truth, rock of Heaven, attained by thirteen tones, I guided Saint John's hand 
by the mystic power of seven. And so was sent to the world the Book of Dark Proph- 
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cies, Revelations, the Apocalypse, twenty-two mystic chapters, the first thirteen mir- 
toring my thirteen great baktuns, nine more for the Lords of Time, seven of these for 
each of Seven Years of Prophecy, and the last two to complete the visionary power of 
the righteous of the Cube: 144,000 times thirteen. 


To those who can read they will find Ibli's numbers 1,260 and 666, well known on the 
day of truth, for 12:60 is the ratio of the false time that makes martyrs of the righ: 
teous, and 666 the number of the beast who captures my thirteenth baktun 


Children of the day of truth, children of the dawn, people of the book, all this can you 
hear in the stones of Palen que where in the tenth baktun I took pure human form. Of 
the twenty-seven books of the New Testament, the twenty-seventh is Revelations, 
‘Twenty-seven steps ascend to the Palace of Bolon Tk. This palace, New Jerusalem, is 
the mystic power of Telektonon, the twenty-cighth step, the power of seven sancti- 
fied foursquare. 


Twenty-two chapters of Revelations are the twenty-two kin complete in Bolon Ik: thir- 
teen for the power of time, nine for the Nine Lords of Time, whose forms still guard my 
ark of stone deep within the ninefold temple of the Cube of the Law. Perfect was the 
time of my coming, kin 1, 366, 560. Perfect was the time of my going, kin 1, 385, 540. 


Installed in the House of the Serpent, my coming was commemorated by the depar- 
ture of the third messenger, the special messenger of the day of truth, the Apostle 
Muhammad, who left for the righteous of the Earth the Book of the Righteous, the 
Holy Quran, clear signs to understand. 


‘As Buddha taught so pure one mind, so Muhammad taught so pure one God. Sub- 
mission to the will of God is at the center of the Law of the Cube, Truly for the 
righteous there is only the straight way, the path of basic goodness, laid out in the 
heart as obedience to God's will, the divine plan unfathomable to those who cry, 


e 
‘=e THE PROPHECY OF THE SEVEN GENERATIONS 
= 


66. 


66. 


61. 


Jam Pacal Votan, witness of time. Telektonon is my gospel. The talking stone of 
unifying prophecy is my legacy intended for that special messenger who understands 
the meaning of my numbers 


Bymy symbolic channel of communication called Telektonon did Iintend this prophecy 
to be discovered and recovered. Once forty years had elapsed from the time of the 
discovery of my Uranian crypt, then would come the recovery, the recollection by my 
special agent of the numbers rehearsed and repeated to announce the day of truth 


Perfect was the time of my coming. Perfect was my mission, Perfect was the time of 
my going. Perfect is the discovery of my prophecy. Perfect is the Telektonon, the 
little book the angel of the Lord made Saint John ofPatmos taste and eat, which you 
ow possess, a treasure for the day of truth. 
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68. What you witness by these words is the last message I gave to my people, the message 
of 9.13.0.0.0, heard from my ark of stone through the Telektonon, Earth Spirit Speak- 
ing Tube. To my people I declared: 


69. "Seven katuns are there to follow me. Seven generations, each one guarded by a solar 
‘witness taking account of what you do, each solar witness sealing your time with a 
prophecy to be known as the Book of the Seven Generations. And this book is to be 
‘opened for the day of truth 


70. "After the seven generations, the end of the baktun. Ten baktuns gone, the glorious 
Age of Maya gone, the Long Count of my days to be completed at 1,440,000 kin, the 
mystic number of the elect multiplied by ten. 


71. “Then will come the three baktuns of Babel, the coming exile of 12:60 time. Thirteen 
years after this tenth baktun shall come the last prophetic round: thirteen cycles of 
Heaven, each fifiy-two years, followed by nine cycles of Hell, each also fifty-two years. 
When the third round of Heaven begins, the Messenger of the Last Call will come to 
‘you, Quetzalcoatl-Kukulkan, the prophet by name 


72. "And when the thirteenth Heaven cycle is over, then will come the complete destruc- 
tion of all we are and know. Before the twelfth baktun is over, two priests bearing false 
witness, omamented with the sacred numbers five and thirteen, will see to it that the 
thirteenth baktun will be the end of time. 


73. "Unrelenting will be the roll of the Nine Hells into the abyss of fire and madness. In 
the time of the last Hell, though you will be declared free, free you will not be. Ten 
Kings in succession will mark the climax of time, Seven years will follow the ending of 
the last Hell. Then will sound the angel of the seventh trumpet, the seven thunders 
will rol, the beast of seven heads called G-7 will place his mark on your foreheads and 
hands, the false one from Babylon will retum to be embraced by the 11 Serpent, 
‘Then the day of truth will come, the Seven Years of Prophecy.” 


eee TIME'S SPECIAL WITNESS 
— 


74. People of the dawn, people of the book, children of the day of truth, many messen- 
gers have been sent to you, many prophets have been given to you. A Book of En- 
lightenment has been placed in the Earth for all to read in communion with the Earth, 
‘Book of Dark Prophecies has been left for you. A prophecy of thirteen Heavens and 
nine Hells to accompany the Book of Dark Prophecies has also been left for you. A 
‘great prophet and messenger has left you clear signs to understand and a book of 
lunassailable righteousness, the Holy Quran, 


75. Asthe special witness of time, Ihave left for you my talking stone, Telektonon, breath 
of precious Bolon Ik, and have sent you both a prophet, Quetzalcoat! of sacred 
Xochicalco, and for the day of truth I have appointed also a special messenger who 
can hear my talking stone and write and explain its numbers and its meaning for you, 
children of the righteous. 
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Do not doubt any of this. When the moment comes for him who isto be the eleventh 
in succession, to succeed the one, 11 Serpent, then join the believers and begin the 
prophecy that liberates from all Kings and successors 


Ten witnesses I place around my tomb, ten Uranian emissaries, one each for each of 
ten baktuns. Of these am I the eleventh. Who would be the eleventh in the final 
succession of the Kings of Mexico must own me as the eleventh, then will all go well 


‘Six messengers did I place on my talking stone of prophecy: three above, the messen- 
gers Lord Buddha, Muhammad, and Christ; and three below, Padmasambhava, 
Quetzalcoatl, and Saint John of Patmos. Of these am I the seventh. 


Pacal Votan am I, time's special witness, messenger of the Telektonon, instrument of 
the seventh angel, Ideclare again and again: All is number. God is anumber. God is in 
all 


WAR OF THE RIGHTEOUS 


80. 


8 


2 


83. 


84. 


Look carefully at my stone and listen: ten messengers, 24 signs, for ten are the num- 
ber of orbits of planets around this star, Kinich Ahau, your Sun. From my point of 
origin, your star is designated 24, number of the circuit of externalizing intelligence. 
If you are of the righteous, then in this is a sign for you of your star mission. 


And from each of the three oracle mouths of the arms of the cross of my Kuxan Sum, 
you will find twenty-four rays repeated three times, one-half the number of the elect 
(3 x24 = 72), Add to this 3 times 11 (33) and the number is 105, the difference be- 
‘tween the number of days in your solar orbit, 365, and the number of kin in my sacred 
count, my galactic spin, 260. 


13:20 is the ratio of natural sacred time. 12:60 is the ratio of the false time of the 
Tower of Babel. 13:20, thirteen moons, twenty fingers and toes. 12:60, twelve-month 
year, sixty-minute hour. Children of the day of truth, in this is a sign for you to dis- 
criminate between the power of the evil one who seeks to trap you in his machine, and 
the power of the righteous who need nothing but that with which God has endowed 
them: their body of time and their natural path synchronized by thirteen moons. 


Children of the day of truth this is your only decision, for God knows and sees all that 
is in your hearts. People of the dawn, people of the book, on the hour of judgment 
unify yourselves in the only way you can: in time, as time, through time. For this in 
the year of kin 144, Telektonon is revealed to you, God's plan for peace on Earth, the 
last and only hope for spiritual renewal and salvation, immediate acceptance and adop- 
tion of the twenty-eight-day, thirteen-moon way, the calendar Telektonon. "And he 
had a name written that no man knew but himself.” (Revelations 19:12) And that 
name is Telektonon, 


Children of the day of truth, people of the dawn, people of the book, foursquare is my 
talking stone, invisible its design, its crystal lacing of star histories met in my human 
form, Time's special witness am Isecking apostles of time to organize the day of truth 
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into the revelation of God's redemption. Universal forgiveness awaits those who un- 
derstand God's plan, a common time of twenty-eight days, thirteen moons, begun 
together at the appointed hour, on the day called Lunar Moon, the first day of the 
second year of prophecy 


85. Two solar faces there are upon my talking stone, the one an icon of my solar shield, 
Galactic Sun, the other, Lunar Sun, an emblem of the perfect lunar timing of Earth's 
solar orbit 


86. Children of the day of truth, the hour of judgment has come for you. How much 
longer do you need to suffocate in the Babylonian exile of 12:60 time? My children 
are the oppressed. Is it not time for the war of the righteous to restore equality? Why 
not wage the war then that destroys altogether the old time? Why not smash the 
caskets of the Babylonian wine of fornication in a single stroke? 


SS HOLY VICTORY MARCH 


87. 0 children of the day of truth, people of the dawn, people of the book, in your origins 
you were one blood, today the hour of judgment demands you become one again, 
unified in time. Who among you will join my apostles of the Telektonon? Already the 
gift has been given. Already we left for you the 13:20 tool, my sacred count of days, 
260 kin, to tum the solar-lunar wheel of365 days. And when prophecy was vindicated 
at the conclusion of the ninth Hell, we sent among you the perfect form of this gift, 
Dreamspell, containing the message of the thirteen moons. 


88. But this was not enough, the seventh trumpet had yet to sound, and so it did in the 
fortieth year following the discovery of my Uranian ark of stone. And now my proph- 
ecies are revealed. The Mayan Apocalypse of kin 144, Yellow Magnetic Seed, turns 
the seventh year of karmic destiny into the opening of the first of my seven seals of 
prophecy. 


89. In this seal foursquare, all prophecies converge. The Beast of the G-7 stands revealed. 
‘The Babylonian Vatican is exposed. In the rainbow dream vision 144,000 of the elect 
are called again to meet, gathering together in circles to listen, to sing, and to dance 
to the song Telektonon. 


90. 0 children of the day of truth, people of the dawn, people of the book, seven is my 
sacred power. Foursquare seven is 28, the number that, perfectly followed, opens 
Heaven's gate. Walking together the sacred thirteen moon, 28-day way, you will be 
joined to God's command, a holy victory march of the righteous to restore sacred 
order to this troubled Earth and to recover your lost powers. 


91. Four powers of seven ate given to you to be your comfort in the Victory March, one 
power for each of four perfect weeks, every twenty-eight days. By the first power of 
seven, claim your power of prophecy, by the second power of seven, maintain your 
power of prophecy; by the third power of seven, proclaim the victory of prophecy: by 
the fourth power of seven, become the victory of prophecy! 
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92. 0 children of the day of truth, 144,000 times thirteen is an army of the righteous. 
Lear again the count of sacred time and join this army. 0 children of the day of 
truth, realize that everything about the old 12:60 time is now become a garment of 
false being, amoral corruption, a banquet feast for the evil one. 


‘= THE STORM OF NON-EGO. 
— 


93. 0 children of the day of truth, children of the people of the book, in the Storm is the 
sign of God's power. To the Storm is assigned the power of nineteen, the mystic 
saturation of all number. One hundred fourteen Suras, nineteen times six, the power 
fof the Cube, are the number of Suras in the Holy Quran, Twenty-two years after the 
finding of my Uranian crypt, Telektonon, came complete revelation of the Quran's 
power of nineteen, Allah’s mercy. Nineteen more years then to unfold the karma of 
Allah's prophet besieged by Babylonian conspiracy. Then comes the destined year 
nineteen, kin 144, hour of prophecy's convergence, moment of the day of truth 


94. Let the 124,000 messengers call forth a remnant of 20,000 more; let each of these 
sound seven trumpets, seven times. Let these seven times seven trumpets call for a 
following of God's perfect plan. Mark seven times seven years since the evil one showed 
his fiery face at Hiroshima, Be honored by Goe!s cancellation oflblis's power of moral 
oblivion. Let the storm of God's power of nineteen cleanse with cosmic mercy the 
blood of all martyrs from the thrones of Kings, and let these thrones themselves be 
dissolved by the pure water of sacred time flowing through the gardens of the righteous. 


95. Tam Pacal Votan, time's special witness, revealer of the Cube of the Law, devoted 
patron of the mystery that is woman, the consummation of the telepathic power of 
twenty-eight, known to me by name of Bolon Ik. 


96. Pacal Votan am I, enigma to your men of reason. My existence is proof of the workings 
of higher law.Telepathy is participation in God's knowing, but is no cause to claim full 
knowledge of His powers. Prophecy too isnatural law,the complement to God's mercy. 


97. 0-19 is my code. In it are all demonstrations of the wisdom that is always close and 
near, but that comprehends the web of galactic being and all forms of its natural 
orders in time. Just asnineteen isthe power of God's mercy, so zero is the fullness and 
‘emptiness all at once that characterize the nature of mind and all it can know. 


98. Lord Buddha called this power of zero Sunyata. The special voice of Buddha 
Padmasambhava, whose life span followed mine, exactly as Muhammad's preceded i, 
knew this Sunyata to be the basis of non-ego. 

99, Ifyou would know me and all that I witness for you in this hour of judgment, children 
of the dawn, people of the book, then practice the being that is non-ego. 

—_— 
SStue ecstasy oF DELIVERANCE 


100. Because I repose on Telektonon, the mother of all prophecy, mine is the ecstasy of 
deliverance. With a mind of non-ego clasped to the heart of God I have sent out my 
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message of the Mayan Apocaly 
ing the prison of mechanized time, God's merey will come swiftly to you, 


se. By relinquishing the calendar of twelve and leav- 


101. Thirteen moons, twenty fingers and toes, thirteen joints, four limbs, five senses do 
you already possess. God's knowing and power of movement are already in you like a 
mother pregnant with child 


102. Why tarry now? When ahouse is buming, scurrying for your possessions will only cost 
you your life. This house that is burning is Babylon, the 12:60 way of life, which is now 
destroying your biosphere and poisoning everything about your life. Do not linger now 
fondling your machines. This is the Day of Judgment. If you can remember, leave this 
burning house and know that a better way has already been prepared for you, a holy 
victory march, my seven years of prophecy, Telektonon, the sacred revelation of time. 


103. ‘The Cube of the Law is awaiting its construction through the collective mind, spirit, 
and will of you, 0 children of the day of truth. Iblis, Satan, the evil one is none other 
than your ego clinging to the fatal lures of Babylon, God knows nonetheless exactly 
what is in your heart. Why not, then, become an apostle of the holy victory march? 
The ecstasy of deliverance is meant to be shared by all 


SSSTHE PROPHETS OF PEACE ARE AWAKENING 
— 


104. Pacal Votan am I, time's special witness am I, who bequeaths to you a talking stone, a 
legacy of place, Nah Chan, House of the Serpent, by prophecy known as Palenque. 


105. And at Xochicalco, too, you will find stone utterances of my gospel left by command 
cof my apostle, Topiltzin Ce Acatl Quetzalcoatl, who closed Christ's first millennium, 
asnow my prophecy is come to close Christ's second millennium, 


106. 0 people of the dawn, people of the book, children of the day of truth, make your- 
selves as one again and do not doubt the accuracy of the appointed hour on the day 
Lunar Moon! Synchronize now, and in all humility accept God's plan, twenty-eight 
days, thirteen moons, plus one day for deliverance and forgiveness. 


107. Pardon now in public your enemy's indiscretions, and make full confession of your 
own transgressions. If you are sincere, God will see this in your heart and by His 
‘merey many will follow your way; and if you proclaim for the cause of righteousness 
and truth, anew beginning and anew time, Telektonon, the thirteen moon way, and 
you enjoin others to do likewise, then God will know this, too, and make you a great 
‘general in the holy victory march, 


108. And, if you have means and wealth, and you hear these words, or have explained to 
you the curse of 12:60 time and the blessing of 13:20 time, then do not doubt it and 
practice charity, Provide for the children orphaned by war and provide for the recon: 
struction of the Earth, that the practice of art and culture may flourish once again. 
Practice such charity with zeal, for soon you shall see an end to money. No more will 
flow the drunken wine of Babylon's fornication, and then what will you be with your 
paper credits and your useless machines? 
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109. The prophets of peace are awakening. Truly, the hour of judgment is come. Among the 
angels am I known as the mysterious benefactor of the righteous. Will you throwaway 
this opportunity, too? Beware for now the fire that consumes all falsehood is raging. 


‘THE WIZARD'S HOARD OF THE LORE OF DEATH 


110. People of the dawn, people of the book, children of the day of truth, because I am 
time's special witness, everything about my talking stone of prophecy isin fulfillment 
of God's divine plan. 


IIL, Mine is the teaching of the 12:60 way of exile and the 13:20 way of redemption. 
Exactly 1,260 years passed from the dedication of my temple and closing of my Ura- 
nian crypt, A.D.692, 9.13.0.0.0, to its discovery and reopening in A.D.1952, 12.17.0.0.. 
‘Another five times seven years, the numbers of my sacred ratio passed before the 
closing of the ninth Hell, A.D.1987, commemorated by the sacrifice of 3 Monkey, the 
first of four sacred signs on the western edge of my great talking stone. In this sacri- 
fice was a sign of the death and transcendence of the way of the people of the book, 
Joshua,” and the people of the dawn, "Maitreya." 


112. Eleven sets of tiple disks, thirty-three in all, will you find upon my stone, for 33is the 
number of the initiate, the middle harmonic of 65 that constitutes the Tzolkin, my 
sacred count of thirteen times twenty. All clear signs have I left for you, two borders 
of stars, the host of the Nine Lords of Time repeated by number on each side, top and 
bottom of my stone, a ledger of star histories complete in my form, 


113. But especially would Ihave you look at Mars and consider again the disposition of the 
thirteen sacred signs placed around the edge of my stone, from 8 Ahau, my seal of 
truth, to 13 Cimi, the galactic closing of the wizards hoard of the lore of death. 


114, Ten emissaries celebrate the glory of my gifts for you, signs of peace from other worlds 
that beckon you to awaken from your sleep of Earthly Hell to join yourselves to God's 
command, Telektonon, the 28-day, thirteen-moon way and find in that count of days 
‘path that leads directly to the paradise that is the repose and reward of the righteous. 


115. One hundred forty is the number of the Telektonon, perfect its ratio 5:7 (28 x 5 =20 
x7), the same as my sacred ratio 260:364(+1) 


116. Allis number. God is a number. God is in al 


° 

‘SSSSEVEN PERFECT ORACLES 

— 

117. People of the dawn, people of the book, children of the day of truth, this completes 
my testimony, I, Valum Votan, holder of the solar shield, protected have I been by the 

perfect love of Bolon Ik, who has stored my prophecy until this moment of release 


118. Seven perfect oracles have I given you, a perfect calendar of thirteen moons, an 
instrument to renew your spirit and your powers of Prophecy, Telektonon, and a book 
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124. 


125. 


of knowledge for you to penetrate the forgotten history of your star, Dreamspell. Also 
have I sent two messengers who bear witness to my truth, and thirteen perfect signs. 


Now is the time of my prophecy. Now is the day of truth. Now is the opening of the 
seven seals. Now is the sounding of the seven trumpets. Now is the hour of judgment. 
Now is the song of the 144,000, the seed army of the righteous. 


When the Lunar Moon has overflowed its banks, the G-7 will be no more. 
When the Electric Wizard arrives, gather in banners of righteousness. 
When arrives the Self-existing Storm, you will be fortified with spiritual abundance. 


When comes the Overtone Seed, neither money nor priests will besiege you any 
longer, but the Earth will sing in harmony with your righteousness, Babylon will be 
no more, the Law of the Cube will be fully rehearsed in the hearts of the righteous. 


In the sign of the Rhythmic Moon, senses will open to the manna of Heaven; no where 
will you find any longer signs of the evil one; a cosmic race will you be once again. 


And when comes the seventh year, the Resonant Wizard will seal the Heavens and the 
Earth with the glory of all prophecy, the redemption of all prophets, messengers, 
apostles, and witnesses. of truth 


Five years then will you have to close the cycle ofthe Seed, and another eight, thir- 
teen years in all, to prepare for the coming of the Galactic Seed, 2013 Arcturus Do- 
minion, the fulfillment of the star cycle of Valum Chivim, witnessed by the special 
agent, Pacal Votan, to the glory oflove, Bolon Ik, and on behalf of the mercy of God's 
divine plan, Telektonon, Cube of the Law, the mighty talking stone of prophecy. 


"Man is one. Culture i indivisible 
-ALBERTO Ruz, 1952, 12.17.0.0.0. 


Transcribed 12 Seed, kin 64, 


Resonant Moon Day 13, 
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Magnetic Seed Year, kin 144, 
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The Nineteen Code 


THE MYSTERY of the motives of the hijackers, who were instrumented by divine 
will, if not by biospheric necessity, to catalyze the Inevitable Event, lies in their very 


number: nineteen. While the nineteen is related to the Quranic verse 74:30, "Over 


it is nineteen," and can be interpreted prophetically, the Law of Time confirms the 
Quran in demonstrating that the number nineteen possesses a supreme and. indeed 
inviolable value. The Law of Time validates all that is true, and contains within it 
the mathematical confirmation of all systems of thought as different facets of the 
same synchronic order. 

‘The Law of Time is based on the mathematical code of the Harmonic Module, 
itself a function and demonstration of the 13:20 ratio. The vigesimal mathematics 
of the 13:20 frequency is known as the 0:""19code, which is written with a simple dot- 
bar notation. As such the 0-19 code is a whole number system in which the count is 
not 1-9 but 1-19, and the positional zero represents a factor of 20 rather than of 10. 
‘As the demonstration of a radial mathematical code, the number 19 plays a singular 
role in the 13:20 matrix. As the largest compound prime number of the 0-19 count, 
within the context of this count 19 has certain unique properties and values. It may 
bbe asked: why 19? 

First of all, let us consider the theological dimensions of the mumber 19 as hinted 
at by the Quranic verse 74:30. Long an enigma to scholars of the Quran, it was only 


through the genius of an Egyptian scientist, aided by a computer, that the meaning 
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of the verse was finally revealed as the nineteen code-an intricate mathematical 
system based on the number 19 underlying the entire structure of the Holy Quran. 

For the first time in history we have a scripture with built-in proof of divine 
authorship-a superhuman mathematical composition." 

‘The contribution of Rashad Khalifa (1935-1990) to the role and meaning of the 
Holy Quran for the entire modem world is without parallel. The martyrdom of this 
genuine seeker and messenger needs to be redeemed and placed in its proper light. 
According to Dr. Khalifa, "Nineteen is the common denominator throughout the 
Quran's mathematical system." "This is one of the greatest miracles" (74:35). To 
summarize in his own words, Dr. Khalifa states: 


‘The Quran is characterized by a unique phenomenon never found in any human 
authored book. Every element of the Quran ismathematically composed-the — suras, 
the verses, the words, the number of certain leters, the number of words from the 
same root, the number and variety of divine names, the unigue spelling of certain 
words, the absence or deliberate alteration of certain letters within certain words 
land many other elements of the Quran besides its content, There are two major 
facets of the Quran's mathematical system: (1)The mathematical literary composi- 
tion, and (2) The mathematical structure involving the numbers of suras and verses. 
Because of this comprehensive mathematical coding, the slightest distortion of the 


Quran's text or physical arrangement is immediately exposed.2 


Like the Law of Time, which could only have been discovered after the opening 
of Pacal Votan’s tomb, in A.D. 1952, the nineteen code of the Quran could only be 
discovered and unveiled over a twenty-two-year period between 1968 and 1990. 
Why? Because only with a modem computer could Dr. Khalifa subject every last 
word and letter of the Quran, in its Arabic original, to the rigorous analysis neces- 
sary to expose its mathematical perfection. As Dr. Khalifa writes in his footnote to 
10:20 ("They say,'How come no miracle came down to him from his Lord?’ Say, 
"The future belongs to God; so wait, and Iam waiting along with you."): 


10.20: In retrospect we see now that the Quran's miracle, indeed "One of the great- 
est miracles” (74:35), was divinely predestined to be unveiled 14 centuries after 
Muhammad. In view of the current condition of the traditional Muslims, ifMuham- 
‘mad had been given this miracle, those Muslims, who are already idolizing Muhammad 
beside God, would have worshipped him asGod incarnate. Additionally, this miracle 
isobviously designed for the computer age, and to be appreciated by mathematically 
sophisticated generations.3 


‘The phenomenon of the intricate patterning of the nineteen code as witnessed, 
for example, in the 19 x 142 (2,698) occurrences of the word God in the Quran, 
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‘writes Khalifa, “alone suffices as incontrovertible proof that the Quran is God's _mes- 
sage to the world. No human being(s) could have kept track of 2698 occurrences of 
the word ‘God’ and the number of verses where they occur."4 One must bear in 
mind that the Quran was revealed in a time of primitive simplicity over a twenty- 
three-year period so that the suras and verses were separated in time and place, while 
the chronological order of the revelation of the suras is not at all the same as their 
final format. Moreover, the miracle of the nineteen code is not limited to the appear- 
‘ance of the word God, but is vast, intricate, and comprehensive. Dr. Khalifa lists a 


set of nineteen 


imple facts" that confirm the Quran's mathematical coding. The 


‘simple facts" are those not requiring a calculator or computer to be ascertained. We 
hereby reproduce these 


The Pinal Testament (all references to letters and words are to the Arabic original): 


imple facts," as they are presented in Appendix 1 of Quran: 


L. The first verse (1:1),known as "Basmalah,” consists of 19 letters. 

2. The Quran consists of 114 suras, which is 19 x6. 

3. The total number of verses in the Quran is 6346, or 19 x 334. 
(6234 numbered verses and 112 unnumbered verses 


[Basmalahs].6234 +112 = 6346. Note that 6+3+4+6= 19, 


4. The Basmalah occurs 114 times, despite its conspicuous 


absence from Sura 9 (it ooeurs twice in Sura 27). 14 = 19 x6. 


5. From the missing Basmalah of Sura 9 to the extra 


Basmalah of Sura 27 there are precisely 19 suras. 


6. It follows that the total of the sura numbers 


from 9 t0 27 (9 10-4114 12...+26427)isM2.or 19x IB. 
7. The total (342) also equals the number of words 

between the two Basmalahs of Sura 27, and 342 19 x 18. 
8. The famous first revelation (96:1-5) consists of 19 words. 
9. This 19-worded first revelation consists of 76 letters, 19x4. 
10. Sura 96, first in the chronological sequence, consists of 19 verses 
11. This first chronological sura is placed atop the last 19 suras. 
12, Sura 96 consists of 304 Arabic letters. 304 = 19 x 16. 
13, The last revelation (Sura 110) consists of 19 words 
14, The first verse of the last revelation (110: I)consists of 19 letter. 
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15. 14 different Arabic letters form 14 different sets of 
“Quranic Initials” (such as ALM. of 2:1) and 
prefix 29 suras. These numbers add up 
to 144 14429 =STand ST= 19x3, 


16. The total of the 29 sura numbers where the Quranic 
Initials occur is +3474. ..+50+68 - 822, 
and 822 + 14 (14 sets oflnitials) — 836, or 19 x44. 


17. Between the first initialed sura (Sura 2) and the last 


initialed sura (Sura 68) there are 38 un-initialed suras. 19 x2. 
18, Between the first and last initialed sura there are 19 sets 
of alternating “initialed” and “un-initialed” suras. 
19, The Quran mentions 30 different numbers: 1.2.3.4, 
5,6, 7,89, 10, 11, 12, 19,20,30,40,50,60, 70, 80, 
{99,100,200,300,1000,2000,3000,5000,50,000, 
& 100,000. The sum of these numbers is 162,146= 19 x 6534, 


Apart from the "simple facts,” through use of his computer, a Hewlett” Packard 
HP-1000 E-series, Dr. Khalifa demonstrated many more complex levels of the cod- 
ing of the number 19 throughout the Quran. These findings are synthesized in the 
Appendices to Quran: The Pinal Testament, and are also available in his other texts 
etaling his research, such as The Miracle of the Quran. The net effect of the truly 
monumental research effort exerted by Dr. Khalifa was the promotion of a highly 
reformed Islam based on "the Quran, the whole Quran, and nothing but the Quran 

It is for this reason that Dr. Khalifals translations of the Quran are referred to as “the 
Final Scripture,” (1980) and the revised translation (1992) as the "Final ‘Testament. 

1k was also Dr. Khalifas insistence on the Quran asthe sole basis oflstam that eared 


him his martyrdom in Tucson, Arizona, on January 31, 1990. 


NINETEEN IN THE TWENTY-COUNT POSITIONAL SYSTEM 
‘The Law offime-T(E) 
upholds the validity of the research of Dr. Khalifa and graphically demonstrates 
why 19 is the mathematical factor that underlies the Holy Quran. 

‘The fact that the Mayan vigesimal system is known as the 0-19 code, and that in 
this code 19, and not 9, has the supreme value of being the highest number, 
absolutely enhances the power and significance of Dr. Khalifa's discovery concerning 


ut, where T equals the 13:20 timing frequency ratio- 
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74:30, “Over it is nineteen.” ‘The supremacy of the value of 19, imperceptible if we 
only follow the decimal 10-count, is fully demonstrated when we examine the 0-19 
number code in which the numbers 0-19 are reproduced in a S x4 (= 20) matrix, 
beginning with 0 and ending with 19. In this number set, which also demonstrates 

the mathematics of the radial matrix, there are ten pairs of numbers radially ar- 


ranged, each pair of which adds up to 19: 


S414=19 
6413219 
TH2=19 
SH1I=19 
9410-19 


In other words, within the parameters of the mathematical matrix in which nine- 
teen is the integer with the highest value, its value completely informs the radial 
order of the entire vigesimal system. "Over it is nineteen." This is truly astonishing 
confirmation of the value accorded to 19in the Quran. If the Quran isthe true word 
of God, then we must expect that even knowledge unknown to Muhammad or Dr. 
Khalifa would be contained or coded in the Quran, We are referring, of course, to 
the Law of Time in its mathematical particulars, beginning with its mathematical 
base of expression, the 0-19 code. 


19 - 


NINETEEN 


THE 0-19 DOT-BAR NOTATIONAL SYSTEM 


Just as the number 19 takes on a supreme value in the vigesimal system inconceiv- 
able in the decimal system, so the vigesimal onder commands its own notational 
system. The 0-19 dot-bar notational system substantiates the meaning and power of 
19.as the prime mathematical, saturated value unit in the twenty count. The dot-bar 
notational order is a holographic system distinct from the alphabetic system of Ara- 
bic numerals by which we write 1-10. 

‘The distinction between use of the two notational orders is profound. This nota- 


tional order uses only three notational symbols to build up the holographic context of 
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234, 


‘Any radially opposite set of numbers always 
equals 19, eg. 4 and 15, Oand 19,9 and 10, 
2and 7, Wand &. 


[Nineteen is the highest value and the most 
saturated notation, being the only one with 
seven notational symbols—three bars and four dts. 


2208 Nineteen in galactic notation. 
3015 3515) pls four dots 4) =19 


Dot-bar notation system, 0-19 code 


the fourth-dimensional number. One dot represents one unit; one bar represents a 
five-unit order; and a positional zero completes the system. ‘The vigesimal nota- 
tional system reveals the entire radial sequence of the 0-19 code to be ahighly.stream- 
lined and aesthetic pattem. Brief contemplation shows that there are two pattemed 

orders consisting of four vertical sets of five units each, and five horizontal sets of 
four units each. It is seen that nineteen represents the maximum saturation of both 
the vertical and horizontal orders, and consists of the maximum number of dots 


(four) and the maximum number of bars (three). It is also visibly manifest that 19 = 


notational units, the maximum number of units. 

‘The fact that 19 is represented by seven notational units confirms Sura. 1 which 
has seven verses and the first line of which consists of nineteen Arabic letters. How- 
ever, from the point of view of the Law of Time, 7 is the key implicit mathematical 


unit in the absolute ti 


ing frequency ratio, 13:20the difference between 20 and 
13 is 7, and the midpoint between 1 and 13 is also 7. While Dr. Khalifa. is responsible 
for determining the dominance of nineteen as the mathematical key underlying the 
patterning and meaning of the Quran, the Law of Time provides an even more 


profound lens through which to consider Dr. Khalifa's work, by placing nineteen in 


a superior (vigesimal) mathematical and theological context 
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cy = ar aa ae 
134 Bead 174|1941214]234|254 
Ss = a 
135 ERY 175]195|215|235|255| 
=| =| “(am [a | a 
16 1116|136|156 fl) 196]216|236|256) 
= | = 
i 1171137, 
18 1ie|138 
a es — 
'119|139|159|179|199|219 Egg 259) 
ae — | ae | 
140160 180]200|220|240} 


Nineteen Strand in Harmonic Module 


Kin numbers beginning with 19, ower left, are advancing multiples of 
nineteen the lat being 19 x13 (247). Actually the difference between. 
‘every kin number on this ciagonal isa difference of 19. 


19 = 260: THE TZOLKI 


“OVER IT 


S NINETEEN" STRAND 


‘AIL is number. God is a number. God isin all 
DYNAMICS OF TIME, POSTULATE 19.13, 


The 0-19 code provides the order of 20 in the ratio 13:20. Like the 0-19 radial 
matrix, the 13:20 ratio is also organized as a radial matrix of 260 (13 x 20) kin ot 
units, As a cycle of 260 days, the 13x20 timing matrix is the fourth-dimensional 


‘The Nineteen Code 


236 


gauge that synchronically unifies the Thirteen Moon calendar. Known by the 
traditional and ancient Maya as the Tzolkin or "s " the 13 x20 gauge or 
Harmonic Module is the key to the mathematics of the fourth dimension, or the 
"Hereafter." Just as the mathematics of the third dimension is decimal-based, so the 
‘mathematics of the fourth dimension is vigesimal-based. Hence, the power of 20 as 
aself-existing proportion (4x5 =5 x4). 

For any frequency to occur two proportions must be coincident. Thirteen, which 
isa function of the 7 factor, is the proportion that complements the 0-19 vigesimal 
proportion of 20. Hence the Tzolkin consists of twenty horizontal orders and thir- 
teen vertical orders =260 kin, which are also arranged in twenty sets of thirteen-kin 
wavespells, all numbered 1-13 in dot-bar notation. All of the kin in the 260-unit 
matrix are also individually numbered: kin 1, kin 2... kin 259, kin 260. 

Within the 13:20 order of260 kin, 13 sets of20 or 20 sets of 13, only two of the 
numbers in the vigesimal code 0-19 occur thirteen times: the number 19 and the 
number 20 (= positional zero). While 20 occurs precisely thirteen times, 19 occurs 
thirteen times with a remainder of thirteen (13 x 19 = 247 = 260 - 13), 

‘The position and notational order of the thirteen occurrences of the number 19 
in the 260-unit Tzolkin create a perfect strand of thirteen units. This 19x 13 (19 = 
260) strand demonstrates the supreme invariability and inviolability of the number 
19 in the vigesimal code of fourth-dimensional time. 

‘The purity of the movement of the 13 x 19 strand of the Tzolkin is further 
augmented by the vigesimal or 20-count manner of writing numbers. Even as trans- 
literated into the Arabic system of writing numbers, it will be seen that in the vigesimal 
code every multiple of 19 always adds up to 19, a similar power held by all multiples 
of 9 in the decimal code. In vigesimal notation, the second order units are always 
multiples of 20 and not 10.Hence 38 = 1.18, where 1=20 + 18; or 5.14 = 114, where 
5= 1004 14, 

Finally, while the sequence 1-13 defines the thirteen galactic tones of fourth- 
dimensional time, the 0-19 matrix is represented by twenty icons and a four-color 
(4x5 =20) permutation sequence. The combination of color, icon, and tone gives 
each of the 260 kin a "galactic signature." This completes the description of the 
Harmonic Modulerrzolkin, 

We now present the thirteen multiples of 19 as defined by the 13 x 19 strand 
running from lower left to upper right in aperfect cross-stitch sequence that reverses 
the horizontal order of the 0-19 code frequencies. In other words, the first order 
represented is the order of (1 x 19) 19 (frequency 19, icon Storm), and the last is the 


sacred. count, 
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19 x 1B (19 = 260 code): 

Each multiple of 19s listed with a) kin number; b) vigesimal notation; c) galactic signature; 
4) 0-19 frequency order + tone number (Dynamics of Time Code}; and e] number of units 
away from 20th position: 


© 4 e 
Blue Rhythmic Storm 196 1 
2x19 =kin 38 White Crystal Mirror 182 2 
3.x19=kin 57 = 217 Red Overtone Earth vs 3 
Yellow Spectral Warrior 16.11 4 
Blue Self-existing Eagle 154 5 
White Planetary Wizard 1410 6 
Red Electric Skywalker, BB 7 
8x19 =kin 152 = 712 Yellow Solar Human Re 8 
9x19 =kin 71 =8n1 Blue Lunar Monkey m2 9 
10x19=kin190=910 White Galactic Dog 108 0 
Tx 19=kin 209=109 Red Magnetic Moon 31 W 
12x19 = kin 228 = 1.8 Yellow Resonant Star 87 2 
Bx 19 =kin 247 = 12.7 Blue Cosmic Hand 73 B 


What is sufficient is to contemplate the formal inviolability of the number 19 as a 
constant (strand) within the Tzolkin matrix as well as its invariability of form when 
written in the vigesimal system. That is, in the pure 0-19 notational system, any multiple 
oF 19 always adds up to 19 and consists of 7 notational units, eg, 811 (= 8 +11=19)=8 (=1 
bar 3 dots = 4 units) + 11(=2 bars 1 dot = 3 units) = bars 4 dots =19} 


order of (13 x 19) 7 (frequency 7, icon Hand), showing again the intimate relation 


between 19, 13,6, 7, and 20, the key integers of the codes of fourth-dimensional time. 


19 = 260, THE SIX SURAS THAT ARE MULTIPLES OF 19 


In seeking proof of the Law of Time within the Quranic nineteen code, we need cite 
but afew examples that can demonstrate from within the nineteen code itself the key 


mathematical components of the Law of Time. In addition to the number 19, we 
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rust look for any of the factors involved in the 13:20 frequency, such as 260, 7, 6 
the difference between 19 and 13-and, of course, 13 and 20, or any of the multiples 
of these integers. 

Following the method of Dr. Khalifa, probability analysis of mathematical con- 
stituents based on the assumption that certain numbers will be self-verifying, we 


start our program with the six suras that are multiples of nineteen: 


Sura 19 "Maryam" 98 verses 
Sura 38 "Saad" 88 verses 
Sura 57 "Iron" 29 verses 
Sura 76 "The Human" 31 verses 
Sura 95 "The Fig" 8 verses 
Sura 114 "People’ 6 verses 
99, total of sura numbers =260 verses in six suras 
that are multiples of 
nineteen, 


= 19.19 vigesimal code 


‘As can be seen, the sum of the six mumbers of the suras that are multiples of 19 is 
exactly 399, or 19x21, the maximum factor in the vigesimal 20 x 20 matrix. Ex- 
pressed in the vigesimal code this number, 399 = 19.19 [19 ( x20 =380) +19), the 
only multiple of 19 in the vigesimal code that is written with two 19s, whose sum is 
precisely twice nineteen, 38, and is written with fourteen notational symbols. rather 
than seven, This unique number, 19.19 (399), verifies “nineteen is over all,” by plac- 
ing 19 over 19 itself. The unique qualities of this most unique of multiples of 19 also 


indicates why the Quran consists of exactly six times nineteen suras. Six is the differ- 


ence between the Quranic 19 and 13, the prime number of the Law of Time, 
More amazing than the sum of the six suras that are multiples of 19 being 19.19 


is the fact that the sum of the verses of these same six suras is 260, This is incontro- 


vertible evidence for the formulation 19 = 260, and substantiates the mathematical 
patterning of the Quran to include the principle factor of the Law of Time, 260 (= 
13 x20). We are certain that Dr. Khalifa added the verses of these same suras and 
may have been perplexed at the meaning of the resultant number, 260. Of course, 
Dr. Khalifa did not know that 260 is the sum factor of the two proportions — that 
create the natural timing frequency, 13:20. 

It is also interesting that discovery of the 13:20 timing frequency, December 10, 
1989, was made at almost the precise moment as Dr. Khalifa had completed the 
introduction to The Pinal Testament, the summation of his research on the Quranic 


nineteen code, Ramadan 26, 1409 (December, 1989). This points to the mysterious 
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movement of the Divine Will in establishing the mathematical proof of the Quran. 
Just as the work of Dr. Khalifa was terminated within a month of his completing the 
Final Testament, so the Law of Time, which would substantiate and vindicate the 
Quranic nineteen code, was ordained and propelled into its process of manifestation 

at exactly the same moment. 

Now with the Law of Time the investigation begun by Dr. Khalifa is complete. 
Just as there are six suras that are multiples of 19 within the Holy Quran, so the key 
factor of the Law of Time, the number 260, is coded into the sum of the verses of 
these six suras. The door is opened for entirely new comprehension of the meaning 
‘and purpose of the Holy Quran, The Law of Time and the Holy Quran in mutual 
resonance will establish the proof of the advent and triumph of the Religion of Truth. 
(9:33,48:28; 61:9) 


Most of the foregoing text of Appendix IV is taken from 19 = 260: The Holy Quran 
and the Law of Time (1999), an unpublished manuscript by Jose Argiielles. 
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Glossary 


THIS GLOSSARY IS constructed to aid the reader in developing a more systematic and 
technical comprehension of the Biosphere and the Law of Time. Though by no means ex- 
hhaustive, it is hoped that the terminology used in the text is herein defined in a manner 


appropriate to cultivating a noospheric point of view. 


13:20 timing frequency: Fourth-dimensional timing frequency mathematically expressed 
as the ratio constant .13:20; universal frequency of synchronization by which the universe is 
‘maintained in synchronic order; basis of Law of Time; codified as 260-unit 13:20 matrix of 
Harmonic Module, coordinates Thirteen Moon/28-Day calendar with synchronic order. 


12:60.timing frequency: Artificial, purely third-dimensional timing frequency based on 
combination of irregular twelve-month calendar and mechanistic sixty-minute hour, adop- 
tion of which results in unconscious program within the human mental order, causing the 
species to deviate altogether from the natural biospheric order, resulting in the technosphere. 


astronomical time: Measure of time in third-dimensional physical space without regard to 
intrinsic harmonics of the synchronic order, usually interpreted as duration and, based solely 
‘on matter that isin constant state of entropy, results in standards of measure characterized by 
infinitesimal slippages of time and consequent fractional number sequences in need of peri- 
‘odie correction, 


bbaktun: Fifth order of Mayan vigesimal number sequence; in time reckoning equals 144,000 
kkin (days), or 394.52 years; thirteen per great cycle, measure of human historical era or "great 
cycle": 3113 B.C-AD2012. 


biogenic migration of atoms: Biospheric principle by which evolution over time within 
finite quantity of living matter (biomass) is accounted for by changes of atomic.cellular- 
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molecular state and condition; occurring uniformly at periodic transitions accounts for ma 
Jjor evolutionary mutations 


biogeochemical, biogeochemical combustion: Term used by V. 1. Vernadsky to refer to 
biospheric dynamic as whole system order unifyIDg living (bio) and inert (geochemical) matter 
in asingle process; biogeochemical combustion occurs when exponential curve of acceleration 
of biogenic migration of atoms becomes absolutely vertical, precipitating advent of noosphere. 


biomass, biomass constant: Sum quantity of living matter, which, according to Vernadsky, 
has remained relatively stable since the origin of life on Earth; as a constant, maintained by 
synchronic timing factor mathematically described as an annual orbital ratio of 73(5) = 365 


days per solar orbit of Earth, 


biosphere: Sphere or mantle oflife and its geochemical support system distributed through- 
cout Earth’s ocean-land surface 


biosphere-noosphere transition: Description of the transformation of the general bio- 
spheric condition due to accelerated excitation of biogenic migration of atoms creating re- 
lease of free energy and consequent biospheric destabilization, characterized asbiogeochemical 
combustion, whose resolution is emergence of new evolutionary order, the noosphere; change 
from historical technosphere to post-historic, post-technological phase. 


Bolontiku: Nine Lords of Time; in Mayan cosmology, nocturnal rulers of the underworld 
oo inframundo; guardians of the passage of death and resurrection; keepers of time and the 
knowledge of time as noospherically registered in Earth's orbit. 


calendar: Derived from the Latin calends, or account book, a day for making payments; 
‘generic word used to define systems of timekeeping based on measure of Earth's orbit around 
the sun, often utilizing synodic measure of the moon as a means of calculating, 


Chilam Balam: "Jaguar priest,” name of Mayan prophet (ah bobat)who lived just before the 
time of conquest, which he accurately predicted; name given to lineage of Mayan prophets 
extending from the end of tenth baktun (circa A.D.830) up until the nineteenth century 

name given to series of post-conguest texts in which the various categories of prophecies of 
this lineage are recorded, 


chronomancy, geochronomaney: "Divination by time”; the science and art of fourth- di- 
mensional time considered as awhole system where science is knowledge and artis practice: 
oracular method of reading the synchronic order; description of incipient "Earth time s 


cence" incorporating principles of whole Earth geomancy into time structures of the synchronic 
order. 


chronosphere: Sphere of time that activates noosphere; fourth-dimensional field created by 
the planet holon in resonance with the rotation of the third-dimensional planet body: coded 
asmovement of four chromatics (biopsychic field) across the planet holon, stitching together 
‘gravitational fields (five Earth families) and electromagnetic fields (four color families) 


chronotopology: Term coined by Charles Muses to define any geography of time and con- 
sisting of an event point of meaning that creates a root meaning from which time-formed, 
blossomed, or -radiated meanings emerge above a horizon of meaning 


+ Glossary 


Day Out of Time: The 365th day of the Thirteen Moon/28-Day calendar, no day of the 
week or month at all (52 x 7 day weeks =13moons times 28 days =364); occurs on Gregorian 
correlate date July 25, and precedes Thirteen Moon "New Year's" or synchronization date, 
correlated to July 26. 


Dreamspell: Any agreed-on consensus reality; a collective mind-set defining a noospheric 
epoch, such as "Dreamspell of history"; term given to proofs and tools demonstrating radial 
‘and fractal principles of fourth-dimensional mathematics; cosmo-mythie structure of Earth 
history and its future, otherwise known as Dreamspell: The Journey of Timeship Earth 2013 


free energy: Release into biosphere of gases (such as carbon monoxide) and other chemical 
by-products of industrialization that accelerate biogenic migration of atoms, resulting in 
biogeochemical combustion; in noosphere refers to release of spectral plasmic-atmospheric 
phenomena through human telepathic interaction with the electromagnetic field. 


fourth dimension: Dimension of time greater than and containing three dimensions of 
space that it informs and governs, 


galactic signature: Combination of one of thirteen galactic tones and twenty solar seals that 
constitute the harmonic module and that code any given day of the third-dimensional Thir- 
teen Moon calendar. 


geocosmic: Holonomic perception expressing unification of Earth whole with the cosmic 
order. 


Gregorian (Julian) calendar: Current world standard calendar consisting of twelve irregu- 
larly numbered and obscurely named months coordinated by the 7-day week and intercalary 
leap year system establishing 28-year cycles; created by the reform of Pope Gregory XIII 
(1572-1583) in 1582, which “corrected” the Julian calendar (established by Julius Caesar, 
45-44. B.C.)by lopping off ten days and refining the intercalary system so that only centuries 
that are multiples of four are leap years; supreme example of astronomical time measure; 
principle macro-organizing principle establishing 12:60 artificial timing frequency. 


Hannonic Module: 260-unit mathematical matrix of 13:20 frequency, inclusive of a S2-unit 
binary wiplet configuration or set of galactic activation portals; sometimes referred to as 
‘Tzolkin, 260-kin sacred count of the Maya: basis of fourth-dimensional —vigesimal_math- 
ematics of time; coordinated with third-dimensional calendar of Thirteen Moons, estab- 
lishes basis of 260 galactic signatures. 


heliosphere: Sun and its system of planets considered asa whole organism; also known as 
heliocosm. 


holonomics: Of or pertaining to the law governing whole systems. 


holonomic consistency and reciprocity: Law by which any whole principle of reality 
capable of evoking alike response or reflecting a fractal order at whatever level or through 


whatever structure 


hholon: Any organic whole unit, fractally replicable; basis ofholonomics, law governing whole 
systems, 
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human holon: Fourth-dimensional structure of the human being conforming to the 13:20 
frequency (twenty digits, thirteen main articulations) 


Hunab Ku: "One giver of movement and measure"; in Mayan cosmology, can refer to God 
asthe Supreme Creator. 


Inevitable Event: Law of Time definition of the point in synchronic order when the artifi- 
cial time generated curves of machine, human population, and money converge exponen- 
tially in one dramatic, prophecy-fulfilling moment, marking the conclusion oftechnospheric 
expansion; name given to the events of September 11, 2001 (9-11), epitomized by the col~ 
lapse of World Trade Center Twin Towers (Fall of Babylon). 


Julian Count; Established by Thomas Scaliger, 1583, the year after Gregorian calendar 
“reform,” to establish alinear count of days beginning January 1,4714 B.C.some 1,600 years 
prior to commencement of thirteen baktun Long Count of the Maya; official modern 
tific count, basis of linear time paradigm, 


katun: Fourth order of vigesimal mathematics 8,000 kin; in Mayan time count, where the 
second order vinal is 18 and not 20, a katun = 7200 kin, or 19.7 solar years; twenty katuns 
equal one baktun of 144,000 kin; 260 katuns per thirteen baktun cycle. 


kin: In fourth-dimensional mathematics the base unit of measure, possessing fractal proper- 
ties; one day and night or turn of Earth on its axis; any human being so designated by assum- 
ing the galactic signature of the date of birth. 


Law of Time: TE) =An, Energy factored by Time equals An, where T (ime) isthe fourth- 
dimensional universal synchronization frequency constant 13:20, E (energy) refers to any 
phenomenal manifestation, and Art to the fact that the synchronizing frequency of time 
harmonizes. everything into a natural condition of beauty. 


Long Count: Mayan count of days (kin) measured by thirteen baktuns of 144,000 days each 
for a total of 1,872,000 kin, the measure of history from JulianiGregorian correlates August 
13, 3113 B.C.to December 21, 2012; still maintained through use of Tzolkin by Quiche 
Maya, Guatemala, 


lunar calendar: System of time measurement using synodical measure of the moon-from 
ew moon to new moon, approximately 29.5 days; twelve lunar months equaling a total of 
354 days, eleven days short of the measure of solar orbit; used by many of the Old World 
civilizations; with the exception offslamic lunar calendar, most lunar calendars intercalate a 
thirteenth moon, seven per every nineteen years. 


machine: Capacity for the human to externalize its internal processes as well as motor func- 
tions into different means of mechanical reproduction, the sum possibilities of which estab- 
lish a technological complex requiring constant maintenance, thus subordinating human 
consciousness to its level: the ultimate manifestation of the 12:60 timing frequency; any indus- 
trially produced tool believed to advance the level of human comfort and accomplishment. 


noosphere: Earth's mental envelope or field, discontinuous with and above the biosphere; 
‘unconscious until the discovery and application of the Law of Time; activated by registration 
‘of the human biomass in correct 13:20 timing frequency via universal adoption of Thirteen 
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Moon calendar: description of transformed state of biosphere, coincident with the end of 
history; condition of universal telepathy subsequent to collapse of technosphere and applica- 
tion of Law of Time; functions in tandem with programs. from Earth's octahedral core. 


noospherie chip: Description of human operating in noosphere, holonomically resonant 
with intrinsic 13:20 codes of synchronic order, capable of interacting with the psi bank to 
participate in the creation of Earths rainbow brain, 


Noospheric Earth Time (NET): Time measure based on Earth in its orbit in relation to 
the sun and moon in heliospheric space, rather than from the perspective of human (astro- 
nomical time); base unit of measure is one rotation of Earth on its axis or one kin (one night 
and day), which establishes one NET minute; twenty-eight NET minutes per Moon, or one 
NET hour, 365 NET minutes, or Thirteen NET Hours plus one NET minute per solar 
orbit; takes into account that for any NET minute axial magnetic bipolarity of Earth is a 
changing dynamic reaching two peak points called solstices and two stable points called equi- 
noxes; this four-part division isholonomically registered daily in two peak points, midnight 
(where day begins and ends) and noon, and two stable points, sunrise and sunset 


‘occult quartet: Demonstration of radial mathematics of Harmonic Module where the tones 
of any four kin radially equidistant from each other always equal 28; or the tones of any two 
kin radially opposite always equal 14. 


‘octahedral cor 
with the noosphere; in 7:7::7:7, telepathically coordinated by four time atoms (= one master 
time molecule). 


lron crystal structure at center of Earth; plasmic storage zone in resonance 


omega point: In the work of Pierre Teilhard de Chardin, defines the climactic convergent 
point (harmonic convergence) of human evolution as the emergence of the hyper-personal; 
defined by the Law of Time as point of fll superconscious establishment of universal telepa- 
thy as the norm of the human mental condition; dawn of omega point: winter-northemn- 

summer-southem solstice, 2012, completion of omega point dawn, Yellow Galactic Seed 
uly 


3.2013), otherwise known as Dreamspell of galactic culture. 


oracle: For anyone of 260 kin of the Harmonic Module, a cruciform five-part structure 
demonstrating a uniform set of mathematical relationships in relation to the (0-19) code 
number of the daily solar seal (destiny kin) informing any day of the Thirteen Moonl2 8-Day 
calendar; consists of center, code number of destiny kin; right analog kin-always 19 when 
added to the number of destiny kin; left, antipode kin-always a difference of 10 from the 
destiny kin; below, occult kin-when added to destiny kin always equals 21; and above, guide, 
always the same color as destiny kin. 


Oxlahuntiku: The Thirteen Lords of Time that govern the power of the cosmic order of 
time that is based on circulatory power of prime number 13(as opposed to 12, which is static 
and non-circulatory); coded as thirteen 28-day moons that govern terrestrial solar orbit; 
basis of prophecy cycle of Quetzalcoatl, Thirteen Heavens (Oxlahuntiku) and Nine Hells 
(Bolontiku); in Telektonon prophecy, the thirteen-year cycle-2 000-2 013-in which the first 
four years, 2000-2004, establish self-existing power of time, and last nine years, 2004-2013 
‘are coded by the Bolontiku, the Nine Lords of Time. 
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Pacal Votan: Mayan prophet (A.D.603--683), chief technician of Mayan synchronic time 
science; eleventh ruler of the dynasty of Palenque (Nah Chan), Chiapas, Mexico: assumed 
power in A.D.615, but key rulership occurred in critical 52-year cycle, 631-683 (seventy- 
third such cycle since commencement of thirteen baktun count); best known for the carved 
sarcophagus lid of his elaborately concealed tomb discovered in 1952, 1,260 years after its 
dedication in A.D.692, which was also 1,320 years before the closing of the cycle, 2012. 


Pax Cultura, Pax Biospherica: Principle of new human social order following establishment 
of Thirteen Moow/28-Day calendar and inaugurating the advent of the noosphere (2004) in 
which nation-state is replaced by biospheric regionalism governed by a Planetary Biospheric 
Assembly; due to perfect harmony of new world standard calendar of thirteen moons/28 
days, harmony, art, and aesthetic values elevate culture as the new operating norm of the 
human reintegrated within the biosphere, hence Pax Cultura, Pax Biospherica 


planet holon: Twenty-part icosahedral noospheric matrix superimposed on Earth's surface; 
corresponding to 0-19 code of twenty solar seals, creates three orders analogous to three 
planetary fields of resonance; gravitational field-horizontal order of five Earth families of 
four seals each; electromagnetic field-four diagonal bands, from lower left to upper right, 
of the four color families (red, white, blue, yellow) of five seals each; and biopsychic field- 
the four chromatics of five seals each moving diagonally from upper left to lower right, 
which coordinate the daily sequence of the motion of the chronosphere. 


psi bank: Regulating mechanism of the noosphere consisting of four bipolar plates, each 
plate in mirror symmetry containing 520 (260 x 2) psi chrono units, 2,080 in all, which are 
the complete registrations of the universal fourth-dimensional 13:20 timing frequency gov- 
ering all of the various evolutionary stages of the terrestrial biogeocosm; engine of the 
chronosphere, located between the two radiation belts 2,000 and 11,000 miles above Earth's 
surface. 


psi chrono unit: ‘Time-bearing information unit; base unit of the psi bank; codes and con- 
tains all information for anyone of the 260 galactic signatures of the 13:20 matrix or Har- 
monic Module; psycho activated through coordination with Thirteen Moon/Telektonon 

known as Rinti Project. 


Psychozoic Era: Term coined by V.1.Vernadsky defining the next geological era; meaning 
the era of the spiritualization of life, itis coincident with the noosphere in its full emergence 
after the omega point has been reached, 2012-2013, 


Quetzalcoatl: Mexican prophet (A.D.947-999) who left the legacy of prophecy of Thirteen 
Heavens and Nine Hells, basis of Harmonic Convergence (1987) and commencement of the 
“Time of Prophecy,” 1987-2013. 


Quran, Holy Quran: Literally "recitation:” last revelation and moral-spiritual criterion for 
historic humanity; received over a twenty-three-year period by the Prophet Muhammad 
(A.D.570-632); proven by Dr. Rashad Khalifa (1935-1990) to be a radically nonlinear text 
rigorously constructed of anineteen-based mathematical code. 


radion, radial plasmas: Telepathic fluid or lubricant released through telepathic interaction 
‘with the seven primary plasmas, or electrically charged particles, hence radial plasmas; the 
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names of the seven plasmas replace the names of the week in the Thirteen Moon/2 8-Day 
calendar; activated in the 7:7:7:7 Telektonon Revelation practice. 


radiosonies: Name given to the new science based on synchronicity rather than causality 
and in which, as a consequence, synaesthetic experiences and syntropic values are normal- 
ied, 


rainbow brain: Description of activated noosphere, where human telepathic interaction with 
the electromagnetic field triggers the release of the circumpolar rainbow bridge-Earth’s 
day-night alternator system. 


Rinri Project: Law of time practice for coordinating the opening of the psi bank, psi chrono 
unit per psi chrono unit, on a daily basis over a four-year cycle by means of the Thirteen 
MoontTelektonon 


synchronic order: Order of fourth-dimensional time, in contrast to third-dimensional as- 
tronomical time, that synchronizes all aspects of third-dimensional physical plane reality 
including its timekeeping systems; entirely new domain of human mental-spiritual experi- 
fence coincident with the dawning of noosphere; characterized by absolute harmonic perfec- 
tion, described by vigesimal 0-19 code, as distinct from decimal, hex, or duodecimal math- 
cematics that govern third-dimensional timing codes. 


synchronometer: Measure of synchronization or synchronicity; precise Law of Time defi- 
nition of means and purpose of what is generically referred to asthe “calendar.” 


technosphere: Global sphere of technology; artificial stage between biosphere and noosphere, 
representing the climax-biogechemical combustion-of acceleration of biogenic migration 
of atoms precipitating biospheric crisis as a prelude to the advent of noosphere; character- 
ized by exponential curves of human population, machine, and money at expense of bio- 
spheric integrity and stability: defined as the specific fifty-six-year cycle (two Gregorian 28- 
year cycles) 1945-2001, in which war and terrorism are the governing features; complete 
‘manifestation of the 12:60 order of time; concluded on September 11,2001, the Inevitable 
Event, 


Telektonon: "Earth Spirit Speaking Tube,” the name of the psychoduct leading from the 
tomb of Pacal Votan beneath the Temple of the Inscriptions to the temple floor atop the 
pyramid, the discovery of which, in 1949, led to the excavation and revelation of the long- 
concealed tomb in 1952; name given to the prophecy ofPacal Votan, decoded in 1993-1994, 
prophesying the Thirteen Moon/2 8-Day calendar asthe only means to keep the human race 
from destroying the biosphere and itself; definition of the fourth-dimensional structure of 
the heliosphere in which consciousness is a function of the planetary orbits; basis of a board 
"game" coded to synchronic order via Thirteen Moon calendar for the awakening of telepa- 
thy; basis of the Cube of the Law, days 7-22, containing numerous principles of the Law of 
Time as a daily practice; basis of other practices for establishing synchronic order as prin- 
ciples of anew consciousness, including 20 Tabletsof the Law of Time and the 7:7:7:7. 


third dimension: Space; physical plane of reality coordinated and contained by time, fourth- 
dimensional order of reality 


Glossary. 


28 


1 


252 


Thirteen Moon/28-Day calendar: Pragmatic application of the Law of Time, perpetual 
harmonic perfection of which is intended to correct for disorder of human consciousness 
resulting from adherence to irregular, astronomical timing standards and mechanistic timing 
devices; coordinated with Harmonic Module and Telektonon establishes means for conscious 
‘human participation in synchronic order; 28-day measure based on female menstrual cycle, 
also corresponds to apsidal measure of moon from the point at which the polar axis i tipped 
farthest from Earth; prevalent in pre-history, all but eliminated by historical consciousness 
that made 13 taboo; perfect vehicle for establishing noosphere as daily consciousness in post- 
technospheric _post-history. 


time: Fourth dimension; universal factor coordinating space to manifest synchronically; trav- 
cling faster than speed of light, accounts for instantaneity of information transmission (te- 
lepathy) from distant points; expressed as formulation which states that the velocity of time is 
instantaneously infinite; fourth-dimensional structures that are radial and fractal in nature, 
third-dimensional cycles being manifestations thereof; expressed as T(E) =Art, accounts for 
universal harmony. of the cosmos. 


tun: Third positional order of vigesimal mathematics where one unit =400 kin; in Mayan 
}, one tun =360 
160 katuns 


time count, because of second positional order, vinal, being 18 instead of 2 
kin; basis of measure ofkatuns and baktuns in Long Count, where 5,200 tuns 
13 baktuns, or 5,125 solar years 


‘Tzolkin: "Sacred Count," 260-day calendar of the Maya, basis of Mayan time knowledge 
and the Long Count; temporal manifestation of Harmonic Module or universal 13:20 timing 
matrix, 


UR: "Universal Religion,” "Universal Recollection: description of human spirituality in 
the noosphere or Psychozoic Era, 


vigesimal, 0-19 code: Twenty-count based mathematics utilizing zero for positional orders 
that advance in exponential binary fashion; also known as 0-19 dot-bar code notational sys- 
tem, where dots equal single units, bars equal five units, plus positional zero; basis of math- 
ematics of fourth-dimensional order of time, distinct from mathematical systems of thind- 
dimensional space. 


Wave Harmonic of history: Fourth-dimensional description of thirteen baktun cycle (3113, 
B.C-A.D2012) identified precisely with 260-unit Harmonic Module, where each of thirteen 
baktuns contains twenty katuns (13 x20); basis of creating synchronic order out of entropic 
disorder of third-dimensional historical. time. 


wavespell: Thirteen-unit cosmological form-constant for coordinating  fourth-dimensional 
timing cycles; consists of two gates, Magnetic first position and Cosmic thirteenth —posi- 
tion; two towers, fifth and ninth positions; and three sets of chambers, nine chambers in 
all; when coordinating Thirteen Moon/28-Day calendar, known as Planetary Service 
Wavespell 


Wizard's Count: Name of count to establish synchronic order as manifestation of the 
Law of Time in order to transit from 12:60 technosphere to 13:20 noosphere: based on 
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prophetically modified year-bearer count of the Chilam Balam tradition; correlated by the 
Dreamspell to July 26, 1987, White Galactic Wizard, every four years there are four year 
bearers: Yellow Seed, Red Moon, White Wizard, and Blue Storm (one four-year Seed-Storm 
Year bundle) that, combined with thirteen galactic tones creates 52-year solar-galactic cycle, 
for in NET time, one Earth Year, also known asa Wizard's. Year. 
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Frontispiece: The Pioneers of Time Travel 


‘The scientific pioneers were Albert Einstein (1879-1955) and Kurt Gédel (1906~ 
1978), good personal friends who are shown here in 1954 at the Institute for 
‘Advanced Study in Princeton, New Jersey, in a photo taken by Richard Arens. It 
‘was Einstein's 1916 general theory of relativity (theory of gravity) that Gédel used 
as the basis for his 1949 paper that was the frst to show that the general theory does 
not forbid time travel into the past. 


‘The literary pioneer of time travel was of course Herbert George Wells 
(1866-1946), who is shown here as a college freshman cut-up around 1885. The 
photograph was taken as a prank by an unknown friend while Wells was a student in 
a biology course given by Thomas Huxley, at the Normal School of Science in 
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South Kensington (a branch of the University of London). A far too thin and 
impoverished Wells was then still a teenager, and The Time Machine lay a distant 
10 years in the future. 


Einstein/Gédel photograph courtesy of the American Institute of Physics Emilio 
Segré Visual Archives of the AIP Niels Bohs Library. Wells photograph courtesy of, 
the rare Books and Special Collections Department of the Library of the University 
of Illinois at Urbana-Champaign. 


A Note on the Story Citations and Science Fiction History 


You will find it avery good practice always to verify your references, sin.” 
—advice given in 1847 toa young scholar by Martin Joseph 
Routh, President of Magdalen College, Oxford 


Most of the pulp science fiction stories I've cited in this book, in their original 
form as ink on paper, have long since vanished from our region of spacetime and 
exist today only (alas) on microfilm reels in scholarly vaults. 1 am especially 
indebted to Texas A & M, the Claremont Colleges, the California State Universities 
at Northridge and Fullerton, Mount Holyoke College, the New York City Public 
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Library, and the University of Delaware, for giving me access via Inter-Library 
Loan (through my home institution, the University of New Hampshire) to their 
extensive archives of ancient science fiction magazines, 

‘A number of the really good stories have been anthologized, however, and so are 
still readily available today in book form. In essentially all cases, though, for 
historical reasons, I've given the original publication information (magazine and 
date). You can find which of the stories cited are available in one or more anthology 
reprints by going to an immensely useful, searchable database on the Web, at 
|http:/wwww.isfdb.org, and I gratefully thank all those in the science fiction commu- 
nity responsible for creating and maintaining that database. 

‘The following two books by science fiction historian Sam Moskowitz (1920 
1997), who lived through what Isaac Asimov called the "Golden Age of [magazine] 
Science Fiction,’ may be difficult to find today but, if you are interested in the early 
history of magazine science fiction (beyond simply the subgenre of time travel), the 
‘bunt for them will be well worth your time: 


Science Fiction by Gaslight: a history and anthology of science fiction in the 
popular magazines, 1891-1911 (World Publishing Company 1968): 

Under the Moons of Mars: a history and anthology of “The Scientific Romance” in 
the Munsey Magazines, 1912-1920 (Holt, Rinehart and Winston 1970). 


Some First Words 


Is time travel in principle (never mind the dificultes) a possibility? It has received some 
thought inthe past and deserves some more 
—David Park, in is 1980 book The Image of Eternity 


He used to have quite a reputation, but the last couple of years he's heen working on time 

‘You know, time travel, that sort of rot. An A-I crackpot 
—a character (discussing a colleague) disagrees with Park, in Mack Reynolds’ “Advice 
from Tomorrow.” Science Fiction Quarterly, August 1953, 


In 1993 the first edition of my book Time Machines was published by the Press of 
the American Institute of Physics. In 1999, after Springer acquired AIP Press, the 
second edition of that book appeared. So, is this the third edition? Well, yes and 
no. It is because large chunks of the 1999 edition are still here, along with new 
discussions of the advances by physicists and philosophers that have appeared in 
the intervening 18 years. The prime example of that centers on the time travel 
paradoxes. Those discussions contain mostly what is in the second edition, but they 
have also been brought up to date with the latest thinking on the paradoxes, by 
physicists and philosophers. 

‘And yet this book is nor quite the third edition because the emphasis is now on 
the philosophical and on science fiction, rather than on physics as it was when 
written for AIP Press. In that spirit there are, for example, no Tech Notes filled with 
algebra, integrals, and differential equations, as there are in the first and second 
editions of Time Machines. That’s because I wish to avoid having this book seem to 
be simply a long physics treatise. I have, in fact, some sympathy with the following 
views, expressed by two philosophers: 

“There is one metaphor in the physicist’s account of space-time which one 
‘would expect anyone to recognize as such, for metaphor is here strained far beyond 
the breaking point, ie., when it is said that time is ‘at right angles to each of the 
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other three dimensions.’ Can anyone really attach any meaning to this—except as a 
recipe for drawing diagrams?” 

and 

“This is from the outset a study in descriptive metaphysics. In consequence, 1 
shall have nothing to say about twice-differentiable Lorentzian manifolds, 
Minkowski diagrams, world-lines, time-like separations, space-time worms 
[a ‘thick’ world-line], or temporal pars.” 

don't completely endorse these sentiments, however, and so please understand 
that Lam not denying the ultimate importance of physics when it comes to achieving 
a deep understanding of time travel. To quote yet another philosopher, 

“Arm chair reflections on the concept of causation [are] not going to yield new 
insights. The grandfather paradox is simply a way of pointing to the fact that if the 
usual laws of physics are supposed to hold true in a chronology violating space- 
time, then consistency constraints emerge. [To understand these constraints] 
involves solving problems in physics, not armchair philosophical reflections 
[my emphasis].”* 

could not agree more. So, in Time Machine Tales you will ind some physics. In 
support of time travel to the future (and in how to make a wormhole time machine 
for travel into the past), for example, I'l show you a high school level derivation of 
the famous time dilation formula from special relativity. There are some spacetime 
diagrams, some simple algebraic manipulations, and here and there just a touch of 
freshman calculus; even the metric tensor gets a few words, too. But it is, admit- 
tedly, pretty light-weight stuff. 

So, while certainly saluting the premier position of physics, Time Machine Tales 
is not a scholarly, in-depth treatment of time travel physics. Rather, it is an 
examination of how science fiction writers (and many philosophers, too) have 
viewed time travel. (Even in the physics discussions, science fiction will regularly 
appear.) Those views, by their very nature, are far more romantic than are those of 
hardcore theoretical physicists. History has shown, of course, that the results of the 
work of theoretical physicists may, in the end, prove to actually be far more 
astonishing than anything fiction writers cook-up—and if there is any scientific 
subject for which that may again prove to be true it's time travel—but for us, here, it 
will be the fiction writer who has center stage. 

‘The philosophers will be only slightly less important in this book. While much of, 
the early philosophical literature on time travel and backwards causation reads like 
imaginative fairy tales spun out of vacuous vapors (more on this soon), many 
‘modem philosophers have shown themselves to be quite sophisticated. What they 
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book, Bun is Profesor Emeritus of History and Philosophy of Seience atthe University of 
Pitsburg 
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have written deserves serious consideration by anyone interested in time travel. and 
that includes physicists. However, while the time travel interests of philosophers 
and physicists have a lot of overlap, those interests are nor in total agreement. For 
example, while both groups talk of the grandfather paradox, the philosophers worry 
in particular about motivation (why the murderous mission?), while physicists have 
never to my knowledge asked themselves that question (other than to figure out 
how to avoid it!). After all, philosophers talk of flesh-and-blood humans as time 
travelers, while the physicists send only billiard balls (with no personal identities or 
memories) on time trips into the past for the expressed purpose of avoiding the 
messy human issues of ‘motivation’ and free will. This approach by physicists isn’t 
because they are cold and emotionless. It is a useful strategy because, if it can be 
shown that a mere billiard ball can travel into the past then, as one philosopher 
pointed out long ago, “It is implausible that it should be possible for some physical 
systems to travel back in time, and not others. Thus, if we suppose that simple 
objects can time-travel ... then we must suppose that more complicated systems, 
eg., human beings, can also time-travel 

For the most part, philosophers and physicists have worked at the extreme, 
opposite points of the time travel spectrum. Much better, I think, would be to 
adopt the following, more balanced position advocated recently: “The study of time 
machines is a good opportunity for forging a partnership between philosophy and 
physics. Of course, philosophers have to recognize that in this particular instance 
the partnership is necessarily an unequal one since the mathematical physicists have 
to do the heavy lifting. But it seems clear that a little more cooperation with 
philosophers of science in attending to the analysis of what it takes to be a time 
machine could have led to some helpful clarifications in the physics literature.”"* 

In the past, philosophers gained a reputation for being just a bit too 
‘unconstrained by the facts’ for scientific tastes—as the English mathematician 
Augustus De Morgan (1806-1871) wrote in an 1842 letter, “There are no writers 
who give us so much must with so little why, as the metaphysicians”’—but 1 do 
think today’s physicists would do well to reexamine that harsh opinion. 

Philosophers of the ‘old school’ may look askance at a non-philosopher (me!) 
leveling criticism at them, and so let me step aside and quote from a member of the 


"Nicholas J.J, Smith, “Why Would Time Travelers Try to Kill Their Younger Selves?" The 
Monist, July 2005, pp. 388-395. As Smith writes, “[Motivation] does not impact upon the 
possibility, or even the likelihood of backwards time travel, Yet itis deeply puzzling, and we 
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University Press 2007, p. 119, 
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‘modern school” of philosophical thought: “Space-time is the basic spatiotemporal 
entity. Many philosophers have mouthed this truth, but few have swallowed it, and 
very few have digested it ... An appreciation of this truth is crucial to what is 
commonly referred to as the philosophy of space and time ... In large measure the 
lack of progress in this area can be traced to the fact that philosophers have not 
taken seriously the corollary that talk about space and time is really talk about the 
spatial and temporal aspects of spacetime.” This is a polite way of telling philos- 
‘ophers that they had better learn some physics! 

‘What provoked those harsh words was that ‘modern’ philosopher's perception 
that ‘old school” philosophers were not talking science when they wrote of space 
‘and time, but rather were in the business of telling each other irrelevant stories and 
‘myths, a curious philosophical approach involving the ‘telling of tales” that reached 
its peak in the early and mid-1960s. Spacetime story telling seems to have started 
with a paper by the Oxford philosopher Anthony Quinton (1925-2010), who 
argued? that although there can be multiple, disjointed spaces, there can only be a 
single time that is the same for everyone, everywhere. The issue is not the truth or 
not of that assertion (Newton believed it, modern physicists don't), but rather 
‘Quinton’s technique for arriving at it; myth construction, 

Myth construction strikes those trained in the technical sciences as, while 
perhaps interesting—even physicists, after all, can enjoy good fairy tale now 
‘and then—something quaint and totally beside the point. In his paper Quinton tells a 
fairy tale about how he thinks someone can live continuously in time and yet, via 
dreaming, be in two different spatial worlds; when awake he is in one world, while 
‘when the person is asleep he is in the other. Quinton argues that this multispatial 
myth is plausible, but that « search for an analogous multitemporal myth is doomed, 
This prompted a reply'” from another ‘old school’ philosopher who rebutted 
Quinton with an even more outlandish counter-myth involving “the warring tribes 
of Okku and Boku”! 

It was this back-and-forth spinning of hypothetical tales that caused the ‘mod- 
ce’ philosopher to write in his paper (note 30) that “the procedure for arriving at 
‘answers to these questions [about space and time] adopted by Quinton and most 
other ["old school’ philosophers] is, to say the least, a curious one: a story is told 
about a mythical land—usually called something like the land of Okkus-Bokkus 
[which is now seen to an outrageous pun|—and then we are asked what we would 
say if confronted by experiences like those of the Okkus-Bokkusians. As often 
happens with such a question, people have said all sorts of things, not all of which 
are interesting or enlightening. 

‘Another modern philosopher was even less gentle in his rejection of the fairy tale 
‘approach to spacetime physics: “Quinton [and others of a similar approach invite 


5 Barman, “Space-Time or How to Solve Philosophical Problems and Dissolve Philosophical 
Muulles Without Really Trying," Journal of Philosophy. May 190, pp. 259-276, 

YA. Quinton, “Spaces and Times." Philosophy, April 1962, pp. 130-147, 

°R. G, Swinburne, “Times.” Analysis, June 1965, pp. 185-191, 
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us] to say what we should think in certain strange circumstances which they 
describe within common-sense language [as opposed to scientific terminology]. 1 
must say that if I found myself in the circumstances which they describe 1 just 
would not know what to think. Probably I should simply conclude that Id gone 
mad ... It looks as though these writers are inviting us to consider what we should 
suy if we knew no science {my emphasis." 

Even before the madem philosopher (note 30) wrote in 1970 to complain about 
myth-making, another had already done so: “Whenever a human being produces an 
argument which opens ‘Suppose I had 23 senses ...,” ‘Suppose I were God .... 
Suppose I experienced objects extended in four spatial dimensions ...." we can 
protest thatthe argument is worthless, For in supposing that he has transcended our 
‘human point of view, he has also transcended the limits of our understanding." As 
this author concluded his very funny paper, such opening sentences are the Signa- 
tures of myths from “The Philosopher's Fairy Tale Book.” 

The strained relationship between myth-making philosophers and physicists, 
especially concerning time travel, has a historically interesting antecedent in the 
1920s negative reaction among many over Einstein's theories of relativity the very 
theories that give apparent life to time travel) To ilustrate my point, consider the 
October 1913 letter Oskar Kraus (1872-1942), a philosophy professor at the 
German University in Prague, sent to Emst Gehrcke (1878-1960), a physics 
professor at the Reich Institute of Physics and Technology in Berlin. Both men 
were opponents of Einstein but, as Kraus wrote in his letter, it was only Gehricke 
among the physicists he considered to be sympathetic to him: “[1] would not know 

anyone else but you who as a specialist would not reject the intervention of a 
philosopher from the start."!" 

So, I think Earman’s proposal a sound one, an echo in fact of similar words that 
the physicist Kip Thorne wrote (in the Foreword to the second edition of Time 
Machines) concerning science fiction writers: “Smart physicists eck insight every- 
where, including from clever science fiction writers who long ago began probing 
seriously the logical consequences that would ensue ifthe laws of physics permitted 
time travel." 

To emphasize this new, combined, diversified focus (but also to retain some 
connection with my earlier books) isthe reason I have altered the ttle, just abit. In 
audition, each chapter now concludes with several open-ended questions, suitable 
for motivating either classroom discussions or more extensive essay responses. 


55,4. ©, Smart, “The Unity of Space-Time: Mathematics Versus Myth Making," Australasian 
Journal of Philosophy. (90.2) 1967, 214-217 

ML Hollis, “Times and Spaces,” Mind, October 1967, pp. 524-836, Hollis ens by saying he is 
‘prepared to acept the failure of his paper to convinee many of his colleges to change their ways, 
land be is waiting for one of them to write @ paper opening with “Twice upon time in another 
space no distance in any destin from here." 

"Quoted from the Insodacton to Milena Wazeck, Einstein's Opponents: the public controversy 
about the theory of relativity inthe 1920s, Cambridge 2014 (published in German in 20K). 
Thome is Profesor Emeritus of Physics at the California Institute of Technology 
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Teachers, in particular, may find this a useful feature if using the book in an 
academic setting. The book ends with reprints of two of my own published time 
travel stories (one from Analog and the other from Omni), with each serving as an 
illustration of technical issues raised in the book. From my own teaching of an 
undergraduate honors class in time travel at the University of New Hampshire, 1 
think the assigning of story writing to be an excellent tool for teachers to use, I 
found reading student stories to be a lot of fun, and students may well surprise 
teachers with innovative ideas. 

Now that I've mentioned story writing, let me say something about the heavy 
presence of time travel science fiction stores in this book, the majority of wich 
originated in the often maligned pulp magazines of the 1920s through the 1950s. 
‘Pulp’ has long been burdened with a bad literary reputation. As the editor of one 
anthology of pulp fiction bluntly put it, “Pulp equated with rubbish. Crap of the 
basest nature.”'® Part of the reason for that was cosmetic; as I wrote in an earlier 
book, “The term pulp came from the use of inexpensive wood-pulp—you could fee! 
the lumpy wood chips in cach ragged, untrimmed page—to make paper that was far 
too crummy for the use by any publisher of ‘words meant to last." Such paper 
quickly yellowed, tuned brittle, and finally, amid billowing clouds of bits and 
pieces, entered into eternal oblivion. Think of the paper used in your newspaper 
before its final contribution o civilization in the bottom of your cat's iter box; pulp 

‘And then a little Iater, in the same book, “The stories in Amazing [Stories 
magazine] were ‘read itin the moming, forget it by dinnertime’ adventure fiction, 
the stuff you'd put inside a newspaper if on a crowded train or bus so fellow 
passengers wouldn't know what a low-grade mind you had. The transient nature of 
pulp fiction was independent of its literary quality, as the cheap acid-based paper 
that the stories were printed on began to oxidize and literally burn-up as soon as it 
rolled off the press. In the introductory essay to a 1950 collection of pulp-detective 
Philip Marlowe stories (Trouble Is My Business), mystery writer Raymond Chan- 
dler commented on this when he wrote “pulp fiction never dreamed of posterity.’ 
Pulp fiction was synonymous with trash fiction, and the nature of much of early pulp 
SF has been aptly described as “scientific pomography for the mechanically 
minded," and “writing which drooled over descriptions of technology."” 

‘When publisher Hugo Gernsback (1884-1967) brought out the first issue of 
Amazing Stories in April 1926, it was the first pulp devoted totaly to science fiction. 
With its masthead motto of “Extravagant Fiction Today—Cold Fact Tomorrow." 
and with the illustration on the contents page of each issue showing a muscular 
Jules Verne bursting from his grave in the heroic, up-up-and-away pose made 
famous years later by Superman, there could be no doubt as to what kind of fiction 
the reader would find under the dramatic, multi-colored cover art. It was fiction 
populated with mad scientists, and half-naked woman about to be ravished by alien 


Maxim Jakubowski, The Mammoth Book of Pulp Fiction, Carll & Gra 196. 
P. J, Nahin, Holy Sci-Fi: where sience fiction and religion intersect, Springer 2014 
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invaders from outer space; all in all, stulf of interest only to teenage boys and 
imbecilic adults.” 

How else, afterall, to explain the publication of one tale'* that was given the 
following heart-stopping editorial introduction: “Professor Lambert deliberately 
ventures into a Vibrational Dimension to join his fiancée in its magnetic torture- 
fields”? In defense of many of the readers oF early pulp science fiction, however, not 
all were attracted by such nonsense. Just 2 months later June 1931) one reader 
‘wrote to the same magazine to complain of masculine heroes saving weeping 
women from ungodly horrors: “Just why do you permit your Authors to inject 
messy love affairs into otherwise excellent imaginative fiction? Just stop and think. 
Our young hero-scientist builds himself a space flyer, steps out ito the great void, 
‘conquers thousand and one perils on his voyage and amidst our silent cheers lands 
‘on some far distant planet. Then what does he da? He falls in love with a maiden— 
or it's usually a princess—of the planet to which the Reader has followed him, 
eagerly awaiting and hoping to share each new thrill attached to his gigantic flight. 
But after that it becomes merely a hopeless, doddering love affair ending by his 
returning to Earth with his fair one by his side. Can you grasp that—a one-armed 
driver of a space-flyer! ... We buy A.S. for the thrill of being changed in size. in 
time, in dimension ... not to read of love ... I wish ... for plain, cold scientific 
stories sans the fair sex.” 

Here's another example, this one of the sort of tale that gave an aroma of the 
sophomoric to “golden age’ time travel science fiction. It was a story of a young 
man of the far future, with access 10 a time machine, who wants to see a dinosaur 
before he dies. So back he travels, back, back, until he at last finds himself in a 

‘subterranean cave, dark and foul-smelling.” At frst he is puzzled (did dinosaurs 
live underground?), but then suddenly he hears a thundering roar and sees a huge 
black shape in the gloom. There can be no doubt now; itis a dinosaur, and he sees 
its red, gleaming eyes just as it crushes him into a pancake. But that's okay; he saw a 
dinosaur before he died. Then comes the dénouement. He hadn't really gone back 
quite as far as the Jurassic period, but only to the twemtieth century, where he has 
been run down by the local express train in a subway tunnelt!” 


2 This was particularly thought to be the ease fr readers ofthe romance pulps written for young 
women in the 1930s and 1940 (a separate and distinct audience from that of the sence ition 
pulps). As one commentator wrote on that genre, the heroes and heroines of such ales often 
Aisplayed the “mental equipment of a banana split” wth the implication that the same might be 
sail of the readers, themselves. (See Margaret MaeMullen, “Pulps and Confessions,” Harper's 
Monthly Magasine, Joe 1937.) don't thnk, however, that this particular complaint generally 
applied tothe pulp science fiction readership. I'll have much more to say about Gemnsback and 
cary pulp science fiction speculations concerning time travel, in Chap. 4 

2*F, Curry, “Hell's Dimension," Astounding Stories, Apri 1931 

"°R. G. Thompson, “The Brontosaurus,” tiring Science Fiction, Apil 1941. Inthe editors of 
Sirring’s defense, notice the month: maybe this story was meant to be joke. If so, it was an 
‘admirable succes, 
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Vibrating into new dimensions was, apparently, a popular idea in 1930s pulp science 
fiction, This “super science® gadget operated by vibrating an object faster than light, 
whereupon the Lorentz-FitzGerald contraction formola (sce Chap. 3) predicts an imaginary 
size forthe object which means (go we ar told) tha the object has entered “another plane 
of existence.” The inventor (the fellow with the gun) is inviting his grim-faced assistant to 
sive the gadget a try. The original caption reads "Get into that vibrator! Get in 1 sy!" 


Illustration for “Into Another Dimension” by Maurice Duclos, Fantastic Adventures 
November 1939 (art by Kenneth J. Reeve), © 1939 hy Zff-Davis Publishing Co, reprinted 
by arrangement with Forrest J. Ackerman, Holding Agent, 2495 Glendower Ave.. Holy 
wood, CA 90027 


‘Today, however, the need to apologize for science fiction tales about time travel 
isn't quite so necessary. Now and then, in fact, you'll even find one of the better 
pulp stories cited in highly mathematical papers on time machines in the Physical 
Review D, one of the most important scholarly physics journals. Even those 
physicists and philosophers who mostly ignore science fiction—except pethaps to 
make slightly condescending remarks—would, if honest, admit that their early 
teenage interest in time travel was sparked by reading a really good science fiction 
story, and not by working their way through a physics textbook. Yes, when the 
physics eventually came later, it was very good—but the science fiction came first, 
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and it was pretty good, too.” It's in a 1937(!) tale, for example, that we find the 
claim for consistency around a closed loop in time, decades ahead of the physicists 
and philosophers.” And when you get to the final section of Chap. 4, I think you'll 
find it difficult to believe that Everett's many-worlds interpretation of quantum 
mechanics, dating from the late 1950s (which avoids the standard paradoxes of time 
travel) wasn’t inspired by some youthful reading of science fiction from the 1930s 
and 1940s, 

In a number of places in this book you'll find my comments on how science 
fiction has occasionally anticipated physicists on the subject of time machines and 
time travel. This is nor to be interpreted as some sort of ‘gotcha’ in favor of science 
fiction, Far from it. When push comes to shove, physics always wins. This situation 
\vas specifically addressed by Joe Haldeman, in an afterword to his 2007 novel The 
Accidental Time Machine. There he wrote, about when he started in 1971 to write 
his earlier, now classic novel The Forever War, “I needed a way to get soldiers from 
star to star within a human lifetime, without doing too much violence to special and 
‘general relativity. / waved my arms around really hard [my emphasis] and came up 
with the ‘collapsar jump'—at the time, collapsar was an alternate term for “black 
hole," though I was unaware of the latter term [because John Wheeler had invented 
it only 4 years before, as discussed in Chap. 1 and note 106].” And then Haldeman 
‘admitted “It’s a truism of science fiction that if you predict enough things, a few of 
them are going to come true. ... What I think it actually demonstrates is that if you 
wave your arms around hard enough (my emphasis], sometimes you can fly.” 

Now, there is one feature common to all books on time travel to the past (which 
is the central topic treated here, of course) that I would like to clearly state. It's 
obviously a subject of vast interest to physicists, and yet it offers (as far as I know) 
absolutely no hope of suggesting even a single experiment for study. (As far as 1 
‘know, nobody is building a time machine in their basement.) A suggestion has been 
‘made that it may be possible to detect, in the present, the effects of the future 
operation of “man-made time machines, which could be of a size traversable by 
humans,” that is, machines with a I-m spatial extent offering a one second trip into 
the past.** With the best technology available today, however, the calculated effects 
‘on the proposed two-particle scattering experiment are orders of magnitude too 
small to measure. 


The view expressed by Viadimir Voinovich's time traveler in his 1986 novel Moscow 2042 
(Science ition «isnot literature, but tomfoolery like the electronic games that induce mass 
idiocy.) is, think, wrong. Foran interesting presentation on the role of science fiction in exciting 
an interest in science among youngsters, see the paper by Frederik Pohl (1919-2013). "Seience 
Fiction: the stepeill of science.” Tecnology Review, Octoker 1994, pp. 7-6 In thisessay Pohl 
wellknown writer of science fiction and editor of Galaxy Sctence Fiction and If magazines, 
‘writes “Science fiction s [theultimate protection] against Future shock... if you read enough of i, 
nothing wil take you entirely by surprise.” Not even time travel 

Ip. 8. Miller, “The Sands of Time," Astounding Stores, April 1937. 

Rosenberg, “Testing Causality on Spacetimes with Closed Timelike Curves.” Physical 
Review D, March 15, 1998, pp. 3365-8877 
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This situation is really unprecedented in the history of science.” To cynics, it 
‘may seem to be a bit like writing learned papers on the thermodynamics of fire- 
breathing dragons (which, like other mythological entities—and time machines, 
1to0—have yet to be seen)! This one fact has opened the doors—and has kept them 
‘open for decades—for philosophers and science fiction writers, who can endlessly 
debate back and forth on all aspects of time travel to the past with nary a single 
experimental fact to complicate their lives. For physicists the situation is naturally 
frustrating, but for philosophers and science fiction writers it’s a dream come true, 
This isn’t to say its alf basically theological in nature. Both the physicists and the 
philosophers have written many fascinating papers and books and, of course, so 
have science fiction writers. Mathematical physics has been advanced, 

Suill, despite all of the theoretical work done in the last 30 years, work that has 
‘made it reasonable to seriously talk of “time travel’ and ‘time machines,’ I suspect 
‘many would nonetheless agree with these words from more than 75 years ago: “Of 
all the fantastic ideas that belong to science fiction, the most remarkable—and, 
perhaps, the most fascinating—is that of time travel ... Indeed, so fantastic a notion 
does it seem, and so many apparently obvious absurdities and bewildering para- 
doxes does it present, that some of the most imaginative students of science refuse 
to consider it as a practical proposition.” For some, time travel is an even more 
unlikely possibility than (as declared by Robert Lewis Stevenson) is the “welding of 
ice and iron.” Not all physicists and philosophers view the time travel/paradox 
arguments as convincing, however. Provocative, yes, of course, but many are not 
yet prepared to write ‘signed, sealed, and delivered’ at the end. 

So, keep reading and I think you'll discover why there are those who are not so 
{quick to dismiss the possibility of following the fantastic world line of H. G. Wells’ 
intrepid Time Traveller” into the future. And, just maybe, into the distant past, too. 


Perhaps, however, Lam too hasty. More recent theoretical calculations suggest that wormboles 
connecting our universe with other universes would, after converting into Lime machines, have 
characteristic thermal signatures, See P. F. Goneilez-Diaz, “Thermal Properties of Time 
Machines.” Physical Review D. 2012, pp. 10S026-1 0-7 which, however conludes that a search 
for such signatures would be “quit dificult [with the] instruments available.” 

4,0. Evans, “Can We Conguer Time?" Tales of Wonder. Summer 1940, 

*"the Time Traveller is never named in Wells’ 1895 novel The Tine Machine, An earlier (1888) 
anempt at time machine story, withthe awful tile The Chronic Argonauts (the “chronic” was 
apparently inspired by the word chronology), so embarrassed Wells that he later called it 
“imitative pueile stuff" “clumsily invented. and loaded with ielevant sham significance,” and 
“inept.” an so he hunted down and destroyed every copy ot that he could find. You ean find The 
Chronic Argonauts repented in The Defnitive Time Machine (H. M. Cedud, editor, Indiana 
University Press 1987. The hero in that work wus named: Dr. Moses Nebogipfel. There is one 
passage in The Time Machine that does tantalize: as the Time Traveller explores a museum of 
“ancient anfacts inthe Palace of Green Porcelain (they are, of cours, aificts of out fue) be 
reveals that “yielding to an inesstible impulse, I wrote my name upon the nose of a seatite 
‘monster from South America that particularly took my faney." Thus, the Traveller has given his 
‘name, but his signature exists onlin the future, in & museum ofthe past that is yet toe but. 
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For Further Discussion 


For time travel to the past to make any sense, the past must in some sense 
‘still be there.” This is a concept that we'll find later in the book to have 
significant suppor in relativistic physics, but for now let's limit ourselves to a 
purely romantic view. As an example of this, consider this passage by 
Canadian writer Grant Allen (1848-1899), from the Introduction to his 
1895 time travel novel The British Barbarians: “I am writing in my study 
con the heather-clad hill-top. When I raise my eye from my sheet of foolscap, it 
falls upon miles and miles of broad open moorland, My window looks out 
upon unsullied nature. Everything around is fresh and pure and wholesome 

But away below in the valley, as night draws on, a lurid glare reddens the 
north-eastern horizon. It marks the spot where the great wen of London 
heaves and festers.” I personally find it quite tempting to imagine Allen 
somehow still there in his study of 1895, and of heaving and festering late- 
Victorian London, too, with H. G. Wells himself in the middle of it, still 
reading the first rave reviews of The Time Machine. In Wells” novel The Time 
‘Traveller journeys into the far future, while in Allen's work the protagonist is 
‘a twenty-fifth century anthropologist who has traveled back to the past of the 
late nineteenth century to study the “British barbarians.” Read Allen’s novel 
(it’s available on the Internet, for free, as a Project Gutenberg book) and 
comment on the significance of its appearance at virtually the same time as 
Wells’ great work. Why do you think Wells’ novel is remembered, and 
Alllen’s is not? 


In the opening paragraph of his paper “The Conundrum of Time Travel” 
(Croatian Journal of Philosophy, No. 37, 2013, pp. 81-92), Anguel Stefanov 
‘writes “Needless to say’... the problems concerning time travel are being still 
tackled by science fiction only, but resolved by science proper neither theo- 
retically, nor practically.” Do you think this is correct? 


Eventually every genre of writing becomes the target for parody, in which 
the form of the genre serves as the framework for what (it is hoped) is a 
humorous mockery. The most famous example of this, perhaps, is the annual 


(continued) 
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Edward Bulwer-Lytton contest in writing a take-off on the long-winded 
opening line of the 1830 novel Paul Clifford, by Bulwer-Lytton 
(1803-1873). That opening line is a wonder (a masterpiece of purple 
prose): “It was a dark and stormy night; the rain fell in torrents—except at 
‘occasional intervals, when it was checked by a violent gust of wind which 
swept up the streets (for itis in London that our scene lies), rattling along the 
housetops, and fiercely agitating the scanty flame of the lamps that struggled 
against the darkness.” Here’s a recent (from the 2015 contest) spoof: “The 
Contessa’s heart was pounding hard and fast, ike an out-of-balance clothes 
washer, which can get that way if you mix jeans with a lot of light things, 
though the new ones have some sensor thing to counteract that or shut off, but 
the Contessa’s heart didn't have anything like that, so she had to sit down and 
tell Don Rolando to keep his hands to himself for a while.” Science fiction 
isn’t immune to such fun, and a good example of that can be found in the 
September 14, 2015, issue of The New Yorker, which has (on p. 50) “Eight 
Short Science-Fiction Stories” by Paul Simms. Here's the one I laughed 
hhardest at: “The Gene-Splicers had tinkered with the DNA, producing a 
race of warriors who craved just two things: the thrill of battle and the taste 
of their own feet. They hungered for battle. They literally ate their own feet. 
None survived to reproduce, and within a few short years they were all gone. 
‘The Gene-Splicers chalked it up to experience, and decided to try harder the 
next time.” That, and the other seven spoofs by Simms, cut across a wide 
swath of science fiction, but one theme noticeably absent was that of time 
travel. Try your hand at writing a short (fewer than 500 words) time travel 
spoof, and be prepared to read it aloud to an audience of your peers. 


‘The tale “Through the Dragon Glass” by Abraham Merritt (1884-1943) 
appeared in the early pulp magazine All-Story Weekly of November 
24, 1917. It described the discovery of a passage through an ancient Chinese 
mirror into an alternate world, One might think of this as an early conception 
of a wormhole, but more likely it may remind you mostly of Lewis Carroll's 
Through the Looking Glass. More interesting for us, in this book, is a story 
written 75 years ago that describes a gadget connecting two regions of 
spacetime, with a time shift of a week between the two regions. (See “Time 
Locker” by Lewis Padgett, in the January 1943 issue of Astounding Science 
Fiction.) The gadget falls into the hands of a crooked lawyer who, not 
understanding what he has, ends up accidently killing himself. As the story 
ends, the inventor of the gadget ruefully muses to himself that the lawyer 


(continued) 
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“must have been the only guy who ever reached into the middle of next 
‘week—and killed himself!” The gadget is, in everything but name, a worm- 
hole time machine. Speculate on how such a spacetime structure could appear 
in a science fiction magazine(!) decades before there was any discussion of 
such a possibility in the physics world. 


‘Adjectives used to describe many of the stories in the science fiction pulps 
included primitive, trashy, tawdry, silly, absurd, crummy, ludicrous, and 
cheap. One early pulp magazine actually boasted, of its contents, that they 
contained “sensational fiction with no philosophy.” Speculate on how such a 
low-level ‘literary’ form could have been so successful in finding an enthu- 
siastic audience for time travel paradox tales, tales that are in fact by their 
very nature simply stuffed with philosophical issues. As an example of the 
tremendous emotional power a particularly well-written time travel story can 
deliver, read Isaac Asimov's “The Ugly Little Boy” (Galaxy Science Fiction, 
September 1958). Asimov rated this story as among his most favorite of all 
the many he wrote. If you can read it without ending in tears, well, .... An 
excellent modem historical work on the pulps (of all genres, not just science 
fiction) is by Lee Server, Danger Is My Business: an illustrated history of the 
‘fabulous pulp magazines, 1896-1953, Chronicle Books 1993, 


literary fascination with time was already ‘in the wind’ when Wells wrote 
his Time Machine, as with Oscar Wilde’s 1890 novel The Picture of Dorian 
Gray. Even decades earlier than that one can find a hint of time travel of a sort 
in Edgar Allen Poe’s 1841 short story “Three Sundays in a Week.” And just 
4 years later Henry Wadsworth Longfellow wrote his haunting poem “The 
Old Clock on the Stairs,” with these opening words: 


‘Somewhat back from the village street 
Stands the old-fashioned country-seat. 
‘Across its antique portico 

‘Tall poplar-trees their shadows throw; 
‘And from its station in the hall 

‘An ancient timepiece says it all — 


“Forever—never! 


(continued) 
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Never—forever!” 


‘The most interesting of all pre-Wells time travel fiction to appear in a mass- 
audience publication was, I think, the short story “The Old Folks Party” by 
Edward Bellamy, printed in the March 1876 issue of Scribner's Monthly. In 
this story a group of teenagers, who belong to a weekly discussion club, agree 
that at their next meeting they will all come dressed and behaving as they 
believe they will be dressing and behaving 50 years in the future. Also 
attending will be the grandmother of one of the young ladies. The meeting 
of the “old folks” takes place, and it invokes such powerful feelings of 
‘mortality that, at last, one of the young men can stand it no more: “Suddenly 
‘Henry sprang to his feet and, with the strained, uncertain voice of one waking 
himself from a nightmare, cried:—Thank God, thank God, it is only a 
dream,’ and tore off the wig, letting the brown hair fall about his forehead. 
Instantly all followed his example ....”"The young people then began to laugh 
with relief at once again being young, until they notice the grandmother 
crying. Her granddaughter instantly knows what is wrong and says, “Oh, 
‘grandma, we can’t take you back with us.” Read, compare, and contrast, these 
works by Wilde, Poe, Longfellow and Bellamy, with the ‘scientific’ presen- 
tation of time travel by Wells. 
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‘Over the las few years leading scientific journals have been publishing articles dealing with 
time travel and time machines. ... Why? Have physicists decided to set up in competition 
‘with science fiction writers and Hollywood producers? 

“John Earman (see note 25 of Some First Words) 


Writing about time travel is, today, a respectable business, It hasn't always been 
so. After all, time travel, prima facie, appears to violate a fundamental law of 
nature: every effect has a cause, with the cause occurring before the effect. Time 
travel tothe past, however, seems to allow, indeed to demand, backwards causation, 
with an effect (the time traveler emerging into the pastas he exits from his time 
machine) occurring before its cause (the time traveler pushing the start button on his, 
‘machine's control panel years Jarer to start his trip backward through time). 

‘Thus, when H. G. Wells published his breakout masterpiece, The Time Machine, 
in 1895, even those readers who loved it as a story (and not all did) were still quick 
to dismiss it as a romantic fantasy. t was, in their view, certainly an emotionally 
powerful tale of pure imagination, but nothing more. Reviewers of the day used 
such words as “hocus-pocus” and “bizarre,” and called the work a “fanciful and 
lively dream." Any one of the novels by Wells’ contemporary, Jules Verne (even 
such super-technology ones like the 1865 From the Earth to the Moon) would have 
been ranked far above Wells’ novella in terms of “it could actually happen.” 

‘Wells himself always denied that his time machine was anything more than a 
literary device” to get his Time Traveller into the far future, Indeed, in 1934, in the 


These reviews are reprinted in P.Parinder, HG. Wells: The Critical Heritage, Routledge & 
Kegan 1972. A modem reviewer has applied such negative characteristics to the Time Traveler, 
fhimselt, calling him “a kind of Trickster figure™ and “a quack and magician.” See Robert 
J. Begiching, “The Mythic Heroin H. G. Wells's The Time Machine." in Essays in Literarure 
Fall 1984, pp. 201-210. 

"Wells was no the fis to use a machine to enable time adventures, as the Spanish writer Enrique 
Gaspar (1842-1902) used one in his 1887 story The Time Ship: A Chrononautical Journey. W's 
Wells tale we remember, however. 
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preface to Seven Famous Novels (published by Knopf), a collection of his novel- 
length scientific romances (as science fiction had heen known before the term 
science fiction came into use), including The Time Machine, Wells made his 
position perfectly clear: “These stories of mine collected here do not pretend to 
deal with possible things; they are exercises of the imagination ... They are all 
fantasies; they do not aim to project a serious possibility; they aim indeed only at 
the same amount of conviction as one gets in a good gripping dream.” Wells then 
went on to say in that same preface that all attempts before at writing fantastic 
stories depended on magic. But not in his works, “It occurred to me that instead of 
the usual interview with the devil or a magician, an ingenious use of scientific patter 
‘might with advantage be substituted.” Wells’ great contribution to time traveling 
story-telling was his introduction of a machine; science instead of magic, drugs, 
dreams, blows on the head, or suspended animation * Not all modem science 
fiction writers have followed Wells’ lead, however. 

‘A science fiction tale by Clifford Simak (1904-1988), for example, the 1978 
novel Mastodonia, incorporates an alien creature marooned on Earth (because of a 
spaceship crash centuries earlier) who “makes time tunnels.’ One of the characters 
in the story, who is attempting to start a time-travel agency using these tunnels, 
explains why not having a time machine is causing her difficulties with prospective 
clients: “The whole trouble was that I couldn’t tell them about some machine—a 
time-travel machine. If I could have told them we'd developed a machine, they'd 
have been more able to believe me. We place so much trust in machines; they are 
magic to us. If I could have outlined some ridiculous theory and spouted some 
equations at them, they would have been impressed.” I think that's off the mark. We 
trust in machines not because they are magic. but for precisely the opposite reason. 
‘They are nor magic, but rather are rational. And to dismiss mathematics is to say 
that some non-natural—some supernatural— influence is at work. 

But is a time machine actually possible? Or is the idea of a time machine simply 
“Nonsense” and “A bilgeful of crap,” asa character bluntly puts it in the 1972 novel 
The Dancer from Atlantis by Poul Anderson (1926-2001). Wells, himself, 
addressed this point in an autobiographical essay (published in the Cornhill Mag- 
azine) that he wrote in July 1945 (just 13 months before his death) in even blunter 
words. Writing under the name of “Wilfred B. Batterave,” he penned a very funny 
summary of his life titled “A Complete Exposé of This Notorious Literary Hum- 
bug.” There he described The Time Machine as “[A] tissue of absurdities in which 
people are supposed to rush to and fro along the “Time Dimension.’ By a few 
‘common tricks ofthe story-teller’s trade, Wells gets rid of his Machine before it can 
be subjected to a proper examination. He cheats like any common spook raiser. 
Otherwise it is plain commonsense that a man might multiply himself indefinitely, 


Examples of non-machine’ time travel stories of the last four types are, espectively, H. G. 
Wells’ “The New Accelerator” (1901). Charles Dickens’ Chrismas Carol (1843), Mark Twain's 
A Connecticut Yankee in King Arthur's Court (1880), and Edward Bella's Looking Backward, 
2000-1887 (1888), 
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pop a little way into the future and then come back. There would then be two of him. 
Repeat da capo and you have four, and so on, until the whole world would be full of 
the Time Travelling Individual’s vain repetitions of himself. The plain-thinking 
‘mind apprehends this in spite of all the Wellsian mumbo-jumbo and is naturally as 
revolted as I am by the insult to its intelligence.” Funny, yes, but still pretty harsh 
stuff. 

‘As one writer has argued,”” Wells was, rather than presenting a scientific 
discovery, simply attempting to refute the nearly suffocating, unjustified (in his 
mind), smug optimism of the well-to-do of the Late Victorian Age. And so, on his 
journey to the year A.D. 802.701, the Time Traveller finds the awful decay of 
humanity in the cannibalistic subjugation of the Eloi by the Morlocks, the end result 
of class warfare between the working class (Morlocks) and the idle, parasitic upper 
class (Eloi), 

‘The German social philosopher Karl Marx, if he hadn't already been dead for 
12 years in 1895, would surely have nodded in vigorous agreement as he read The 
Time Machine, even as he would have regretted Wells’ decision to have the victory 
of oppressed workers take so long. (What irony that he is buried in London's 
Highgate Cemetery, the Victorian Valhalla where he has spent the last century 
‘and more quite literally mingling with many of the capitalistic ancestors of the 
Eloi!) What Marx would have thought of rime travel asa possibility is, however, far 
less certain. 

‘How things changed in the years that followed The Time Machine. There was, at 
first, admittedly a ‘slight” decline in literary merit as the newly developing pulp 
science fiction magazines picked-up and ran with the time travel genre, Many of the 
magazine time travel tales of the 1920s, 1930s, and 1940s were, frankly. simply 
awful. BUT—some were pretty good, too. And some were, in fact, very good. From 
the 1950s on, there have been ever more sophisticated time travel tales from ever 
‘more sophisticated writers. 

In the academic communities of philosophers and physicists, too, big events, 
‘occurred. I give the philosophers the edge, in fact, with the 1976 publication of a 
hhugely important paper that opened with these dramatic words: “Time travel, 1 
‘maintain, is possible. The paradoxes of time travel [to the past] are oddities, not 
impossibilities. They prove only this much, which few would have doubted: that a 
possible world where time travel took place would be a most strange world, 
different in fundamental ways from the world we think is ours."™" That writer 
wasn't the first philosopher to write on time travel to the past, but none had 
expressed themselves in such powerful and unequivocal words in unmistakable 
support of the concept. 


RM. Philmus, “The Tine Machine: Or, the Fourth Dimension a Prophecy" Publications ofthe 
Mader Language Association, May 1969, pp. 530-835. 


“avid Lewis, “The Paradoxes of Time Travel," American Philosophical Quarterly. April 1976, 
pp. 145-152. Lewis (1941-2001) was a Princeton University philosophy professor. 
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Lewis" paper is also notable because it gives what seems to be a clear definition 
of just what it means to say one has ‘traveled in time,’ either to the past or to the 
future: 
What is time travel? Inevitably. it involves discrepancy between time and time. Any 
traveler departs and then arrives at his destination; the time elapsed from departure t0 
arrival (postive, or perhaps zero) i the duration ofthe journey. But if he is atime traveler, 
the separation in time hetween departare and arival does not equal the duration of the 
journey 


‘To understand this, we need to appreciate the distinction between the personal 
time of the time traveler and the external time of remote observers of the time 
traveler. A time traveler's personal time is measured, for example, either by the 
time kept by his wrist watch or, perhaps, by a burning candle. (This distinction had 
‘actually appeared earlier in Horwich’s paper—see note 27 in Some First Words 
published the year before Lewis" paper.) 

Tsay I “give the edge to the philosophers’ because, while the first physics time 
travel paper had appeared decades earlier, its author wasn’t really a physicist at all 
but rather was Einstein's friend, the world-famous mathematical logician Kurt 
Giidel. Gdel’s paper was, in retrospect, a pivotal event in establishing the “respect- 
ability’ of scientific time travel; it's worthwhile to take some time here to explain 
this important point. For physicists (and for philosophers and science fiction 
writers, 100) a ‘time machine,” one either constructed by intelligent beings or 
‘occurring naturally, manipulates (all the while obeying the known laws of physics) 
finite amounts of matter and energy in a finite region of spacetime.” A ‘time 
machine” would be declared to be plausible if it could be explained by a rational, 
scientific theory. Such a rational theory is found in Einstein's general theory of 
relativity. (His special theory of relativity applies in those situations where there is 
no gravity.) 

Until Einstein, the theory of gravity used by scientists was Newton's—a theory 
that, although amazingly accurate for any situation encountered on Earth, does have 
observable errors in certain astronomical applications. In addition, Newton's theary 
is a descriptive one; it makes possible the calculation of gravity effects without 
offering any explanation for gravity itself. Einstein's theory not only gives the right 
answers, even in those cases where Newton's theory doesn’t, but it also explains 
gravity. It does that by treating the world as a four-dimensional structure in which 
all four dimensions (three of space and one of time) are in a certain sense on equal 
footing. The resulting Einsteinian description of the world is that of a unified 
spacetime in which time and space are intimately intertwined, whereas Newton's 
theory keeps time and space separate and distinct, 


am going to fee free to use words like spacetime without having to fist write introductory 
essays on relativity theory and tensor mathematics, because such words have entered common use 
‘All those Hollywood science fiction movies, even the crummy ones tht routinely trash the las of 
‘hysics have at least expanded the general imagination! 
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As Newton wrote of time, at the start of his 1687 masterpiece Principia, a work 
that revolutionized physics, “Absolute, true, and mathematical time, of itself, and 
from its own nature, flows equably without relation to anything extemal, and by 
‘nother name is called duration.” This view of time would be, of course, discarded 
with the arrival of Einstein and his view of variable time depending on the state of 
the observer. 

Unlike Einstein's view, Newton's view of the nature of time was entangled with 
theology. As one moder theologian has written, “Newton conceived of absolute 
time as grounded in God's necessary existence.”"* To quote Newton himself, in the 
General Scholium to the second edition of Principia (1713) he added words that 
didn’t appear in the original: “God is a living, intelligent, and powerful Being; and, 
from his other perfections, [it follows] that he is supreme, or most perfect. He is 
eternal and infinite, omnipotent and omniscient; that is, his duration reaches from 
eternity to eternity; his presence from infinity to infinity; he governs all things, and 
knows all things that are or can be done. He is not eternity and infinity, but eternal 
and infinite; he is not duration or space, but he endures and is present. He endures 
forever, and is everywhere present; and, by existing always and everywhere, he 
constitutes duration and space. Since every particle of space is always, and every 
indivisible moment of duration is everywhere, certainly the Maker and Lord of all 
things cannot be never and nowhere.” 

Okay, I'll be honest—I really am not at all sure just what that means! Newton 
added these words to the Principia in response to criticism (from the influential 
philosopher George Berkeley (1685-1753)) that his original statements about 
absolute time were “pemicious and absurd notions,” notions that were in fact 
atheistic in conception. That was a most serious charge in Newton's day, and he 
\was trying (I think) to find some cover from those critics who spent more hours of 
the day thinking about God than of physics, Much more honest (in my opinion) are 
the witticisms ‘time is just one damn thing after another’ and ‘time is what keeps 
everything from all happening at once."** More funny than useful, yes, of course, 
but at least they're funny. 

‘Newton's theological view of time is simply irrelevant to the modem physicist 
{although perhaps of more interest to the philosopher-historian) but in many cases it 
is of central interest to the science fiction writer. For example, Newton's religious 


William Lane Craig, “God and the Beginning of Time" International Philosophical Quarterly, 
March 2001, pp. 17-31, which discusses the question “Why didn't God create the world sooner? 
‘One ireverent answer is “He was busy creating Hel forall those who ask that question” but 
‘more scholarly analysis can be found in Brian Leftow, “Why Didn't God Create the World 
Sooner?" Religious Srudies, June 1991, pp. 157-172, 

This ast “definition” ist (as far as know) appeared inthe work ofthe scence fiction writer Ray 
Cummings (1887-1957), in his 1921 story “The Time Story.” published in Argosy-All-Story 
rmagarine, He repeated the phrase in his 1929 novel The Man Who Mastered Time, and then 
again in the 1946 novel The Shadow Girl. (“Phis same Space: the spread ofthis lawn -.. what 
‘ould it be in another 100 years? Or a 10007 This ite space, Irom the Bepinning to the End so 
crowed with events and only Time to hold them spat") 
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indset and its (perhaps!) connection with time travel is treated in my short story 
jewton’s Gifl,” originally published in Omni Magazine (January 1979) and 
reprinted in Appendix B at the end of this book. Wells” Time Traveller's view of 
time is more Newtonian than it is Einsteinian—and perhaps that’s not such a big 
surprise, considering that Einstein was only 16 years old when The Time Machine 
was published, 

From the first (1905) it has been known that Einstein's special theory allows time 
travel into the future via the well-known mechanism of time dilation. (The faster a 
rocket ship travels relative to Earth, the slower is the tick-tock of a wrist watch worn 
by a rocketeer, compared to that of an identical watch back on Earth.) To return 
from the future, however, to travel back into the past to the instant after the traveler 
began his journey, had been thought to be impossible. It was Gidel’s discovery that 
showed the general theory, which has passed every experimental test it has been 
subjected to (most recently, the September 2015 detection, from two massive 
colliding black holes, of gravitational waves—'ripples in spacetime’—generated 
more than a billion years ago in an effect predicted by the general theory a century 
ago), does allow time travel to the past under certain conditions. It is this avail- 
ability of a theory that distinguishes time travel speculations from the outlandish 
fantasy speculations with which it is often unjustly lumped—speculations that are 
in the province of quacks (such as ESP. astrology, and mind over matter a° la spoon 
bending). 

In his general theory, Einstein showed how spacetime can be either ‘fat’ (in the 
no-gravity. special relativity case of what is called a Minkowski spacetime) or 
‘curved’ (those situations with gravity), and he did that not by verbal hand waving, 
but rather by writing mathematical equations that obey all the known laws of 
physics: his famous gravitational field, nonlinear differential tensor equations. 
‘These complicated equations are notoriously difficult to solve in general, but in 
certain, special cases they have been solved. Those solutions describe how matter 
and energy and spacetime interact. As the popular saying puts it, "Curved spacetime 
tells matter how to move, and energy and matter tell spacetime how to curve.” In 
that sense, gravity is curved spacetime. 

In 1949 Gadel found one such special solution to the field equations that 
describes the movement of mass-energy not only through space but also backward 
in rime along trajectories in spacetime that are called closed time-like lines or curves 


One pulp magazine science fiction story (FJ. Bridge, “Via the Time Accelerator.” Amazing 
Stores, January 1981) got this right when its time traveler explains how bis time machine works 
with these words: “Time as we know its not universally absolute, The rat of its passage depends 
toa great extent upon the velocity ofits observer with egard to some certain reference system. A 
‘moving clock will run slower with respect a selected coordinate system than a stationary one.” 
(Recall my earlier comments on the personal ime of a ime traveler) 

“Named after Hermann Minkowski (1864-1908), Einstein's matbematics professor in Zurich 
‘who gave the now well-known spacetime diagram interpretation of special eatvity which, when 
‘originally presented by Einstein, was in the form of pure mathematics. 
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(called CTLs or CTCs, respectively). These trajectories are such that if a human 
traveled along one, always at a speed less than that of light (that's what time-like 
means), he would see everything around him happening in normal causal order 
from moment to moment (for example, the second hand on his wrist watch would 
tick clockwise into the local future), but eventually the CTL/CTC closes back on 
itself and the traveler finds himself in his own past. 

On the scale of the Solar System, general relativity has causality built into itself, 
but on much larger scales things can be a good deal more complicated. On a very 
large, astronomical scale, in fact, curved spacetime can result in violations of 
causality, with effects occurring before their causes. That is what the physics and 
the mathematics of Gédel’s solution imply. That is what is meant by saying there is 
4 scientific, rational basis for discussing time travel to the past. It is particularly 
important to note that travel along one of the closed time-like world lines discov- 
ered by Gadel requires a machine, some kind of accelerating rocket ship. That's 
because none of Gidel’s CTLs/CTCs are what is called a geodesic. That is, none are 
free-fall world lines.”” This machine does not, however, generate CTLs/CTCs 
where none existed before (CTL/CTC creation requires what physicists call a 
strong time machine) but rather simply makes use of the CTLs/CTCs that are 
inherent in Gédel’s spacetime. A Gédelian rocket ship then is an example of a 
weak time machine 

T mentioned earlier that “certain, special cases” of Einstein's gravitational field 
‘equations result in CTLs/CTCs. What was the “special case” that Gadel solved? His 
solution of the field equations is for a rotating, infinite, static universe composed of 
a perfect fluid at constant pressure, In such a universe Gédel found that naturally 
occurring CTLs/CTCs pass through every point in spacetime; that is, time travel in 
Gadel's universe is nor the result of a machine manipulating mass and energy on a 
local scale (the classic science fictional description of a time machine); rather, in 
Gadel’s spacetime time travel is a naturally occurring phenomenon! The observable 


Kurt Gadel, “An Example of a New Type of Cosmological Solutions of Einstein's Feld 
Equations of Gravitation," Reviews of Modern Physics, uly 1949, pp. 447-480. A CTLICTC is 
special type of world ine the trajetory through spacetime of every particle in the univers is 3 
world ine that extends from each parile’s past to its future. Our everyday experiences are with 
‘world lines that never eross or come close to themselves (which would put apatite at or near the 
same spacetime point more than once). That lack of experience with CTLs/CTCs that sell-interset 
is what makes ume travel to the past so difficult for humans to grasp. Fora discussion of how 
Gidel did what he did, se Wolfgang Rindler. “Godel, Einstein, Mach, Gamow, and Lanczos 
Gidel’s Remarkable Excursion ito Cosmology.” American Jownal of Physics, une 2009, 
pp. 498-510. 

"iy was discovered in 1969, however that this isn't strictly tue if one allows for a est particle (our 
time traveler’) o be electecally charged, Thea, naturally presen electromagnetic fore acting on 
the particle could be sufficient to propel the particle along & Gidlian CTLICTC. That is, no rocket 
would be required. See U. K. De.“Paths in Universes Having Closed Time-Like Lines,” Journal of 
Piysies A, July 1969, pp. 42742. There are othe solutions wo Einstein's equations tat do allow 
time avel on free-fall geodesics: see, for example, LD. Soares, “Inhomogeneous Rotating 
Universes with Closed Timelike Geodesics of Mate.” Journal of Mathemaical Physics, March 
10980, pp. 521-52. 
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universe is, however, non-rotating and expanding (astronomers see red-shifts in the 
spectrums of distant stars) and so, although Gédel’s spacetime satisfies the general 
relativity field equations, its time travel property does not hold in the spacetime in 
which we live. (This may account for why the initial reaction in the physics/ 
philosophical communities, to Gidel’s discovery that time travel is not nonsense 
according to general relativity, was mostly indifference.) The failure to observe 
time travel in our universe may (somewhat surprisingly, I think) still have possible 
implications for us, however, as one philosopher has cleverly argued."* He points 
‘out that naturally occurring Gédelian time travel would endow the universe with 
properties particularly useful for the survival of intelligence (presumably that 
includes humans) against extinction from a multitude of cosmic disasters. So, for 
those who argue that the universe we live in was made for us (the advocates of 
various proofs of God’s existence that have Him as Designer), we have an obvious 
‘question: why did He (apparently) skip incorporating time travel? 

In an invited essay that appeared the same year as his time travel physics paper, 
Gadel specifically addressed the seemingly paradoxical aspect of what he had 
discovered: “By making a round trip on a rocket ship in a sufficiently wide course, 
itis possible in these [rotating] worlds to travel into any region of the past, present, 
and future, and back again, exactly as it is possible in other worlds to travel to 
distant parts of space. This state of affairs seems [my emphasis] to imply an 
absurdity. For it enables one, e.g., to travel into the near past of those places 
where he has himself lived. There he would find a person who would be himself 
at some earlier period of life."” Now he could do something to this person which, by 
his memory, he knows has not happened to him.” 

Gadel's nerve then failed him, and he defended the possibility of the paradox of 
a time traveler meeting himself in the past with what I think an astonishingly 
unconvincing argument (particularly so for a logician) based primarily on engi- 
neering limitations: “This and similar contradictions, however, in order to prove the 
impossibility of the worlds under consideration, presupposes the actual feasibility 
of the journey into one's own past. But the velocities which would be necessary in 
‘order to complete the voyage in a reasonable time are far beyond everything that 


Alasdair M. Richmond, "Gédelian Time-Travel and Amthropic Cosmology." Ratio, June 2004, 
pp. 176-190, Not all physicists think Gedel's results actualy ime travel. At least to think it is 
ll simply the result of mathematical hijinks, and that ime machines must renin “an aspect of 
science fiction fantasy" see F. 1. Cooperstock and S. Tieu, “Closed Timelike Curves and Time 
‘Travel: Dispelling the Myth,” Foundations of Physics, September 2005, pp. 1497-1509. This 
skepticism towards Godel actually started much earlier, when two physicists (one a Nobel physics 
laureate) incorrectly claimed Gide! had simply gotten his math wrong: see S. Chandrasekhar and 
1. P. Wright, “The Geodesics in Giidl's Universe,” Proceedings of the National academy of 
Sciences, March 1961, pp. ¥41—347- It was those two physicists who had erred, however, as was 
pointed out by the philosopher Howard Stein, in his “On the Paradoxical Time Structures of 
Gadel." Philosophy of Science, December 1970, pp. 589-601 

You'll recall that this is precisely the situation that Wells mentions in his “Notorious Literary 
Humbug" essay. If only he had lived just three more years, to see what he thought to be an 
absurdity actually appear inthe serious writings of x brilliant mathematician! 
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can be expected ever to become a practical possibility. Therefore it cannot be 
excluded priori, on the ground of the argument given, that the space-time structure 
of the real world is of the type described.” That is, Gédel was trying to head off 
critics of his rotating universe model who might point to the time travel result as 
proof that the model had to be flawed. 

Ina footnote Gadel says that the time traveler would have to move at least as fast 
as nearly 71 % of the speed of light, and that if his rocket ship could “transform 
matter completely into energy” then the weight of the fuel would be greater than 
that of the rocket by a factor of 10°? divided by the square of the duration of the trip 
(in rocket years). A trip to the past in Gédel’s universe would require a time 
‘machine that looked like Dr. Who's telephone booth attached to a fuel tank the 
size of several hundred ¢rillion ocean liners. These are formidable numbers," but 
they require no violation of physical laws, and that’s what really counts if time 
travel isto be disproved. Giidel’s use of engineering limitations for explaining away 
backwards time travel is actually worse than simply being wrong, because the 
puzzle is not in practicality but rather in showing, assuming that general relativity 
is correct, how correct mathematical physics can lead to what seems to be a 
paradoxical conclusion. (And see note 12 again, for another reason the “fuel 
‘argument’ really has no force at all against the possibility of time travel in Gédelian 
spacetime.) 

So, what did the great man himself, Einstein, think of all this? In the same 
publication as Gédel's essay, he cautiously replied as follows: “Kurt Godel’s essay 
constitutes, in my opinion, an important contribution to the general theory of 
relativity, especially to the analysis of the concept of time. The problem here 
involved disturbed me already at the time of the building up of the general theory 
of relativity, without my having succeeded in clarifying it ... the distinction 
‘earlier-later’ is abandoned for world-points which lie far apart in a cosmological 
sense, and those paradoxes, regarding the direction of the causal connection arise, 
‘of which Mr. Gédel has spoken ... It will be interesting to weigh whether these are 
not to be excluded on physical grounds.” 

Despite the mathematical physics of Gédel, showing the possibility of time 
travel to the past, many philosophers are not quite so sure. As one expressed his 
concerns, “No science-fiction staple poses more philosophical difficulties than time 
travel, but there is still no consensus as to whether time-travel fictions exhibit 
logical, metaphysical, or physical impossibility." The best-known and possibly 


Kurt Gidel, “A Remark About the Relationship Between Relativity Theory and Idalistic 
Philosophy." in Albert Einstein: Philosopher-Scientis: volume 7 of The Library of Living Philos. 
‘oghers(P- A. Schilpp, editor), Open Court 1949, 

“'Ror the analysis of a rocket powered by matter/ani-mat 
satisfies Gidel's energy requirement for time travel, see E. Purcell 
‘munication ‘Through Space,” in Interstellar Communication (A. G. W. Cameron, editor), W. A 
Benjamin 1963, 

Alasdair Richmond, “Time-Travel Fictions and Philosophy," American Philosophical Quar- 
terly, October 2001, pp. 308-318. 
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oldest of the paradoxical situations that seem to be part-and-parcel of time travel is 
the so-called grandfather paradox,’* expressed this way by philosopher David 
Lewis in his pioneering 1976 paper (see note 5): 


Consider Tim. He detests his grandfather, whose success in the munitions trade built the 
family fortune that paid for Tim's time machine. Tim would like nothing so much as to kill 
GGrandaher, but alas he ist late. Grandfather died in his bed in 1957, while Tim was a 
‘young boy. But when Tin hs built his time machine and traveled to 1920, suddenly he 
realizes that e is not too late after all. He buys are, -and there (Tim lurks, one winter 
day in 1921, rill loaded, hate in his heart. as Grandfather walks closer, closer 


So, there's the puzzle. Tim can obviously achieve his goal—he has a loaded gun, 
he’s an excellent shot, a clueless granddad is coming ever closer—but if Tim 
actually does kill grandfather, years before Tim was (will be) born, then how can 
‘Tim be born? And if he is not born, then how can Tim (‘now” not in existence) 
travel back through time to kill grandfather? What a confusing mess, right? So, the 
only possible conclusion to all this is that the starting premise, that time travel 
makes sense, must actually be nonsense. Right? 

‘Well, maybe, but then what of Gédel with his time traveling rocket ship? That's 
hhard-as-diamond, unshakeable mathematical physics, for heaven's sake. We can't 
Just ignore thar! Lewis offers a way out of this conundrum, and when we get to the 
book's discussions on paradoxes (that's plural because, believe it or not, there are 
‘other paradoxes even more perplexing than that of killing granddad in the distant 
past) we'll return to his solution. 

Ever since Lewis wrote his paper, philosophers have been particularly fascinated 
by the grandfather paradox and have shown themselves to be at least as inventive as 
the science fiction writers in discussing it, or variations on it."* Here, for example, is 
a twist on that paradox that I think particularly clever, one that avoids the murder- 
‘ous spirit of the tale told by Lewis and Horwich 


“She origin ofthis paradox is probably lst in time (the irony ofthat is so appropriate!) but Ihave 
trace i atleast as far hack aso the science fiction pulp magazine Science Wonder Stories which 
published, ints December 1929 issue, an editorial essay titled “The Question of Time Traveling 
Tr challenged readers to think about the following scenario “Suppose I can travel back into time, 
let me say 200 years; and I visit the homestead of my grea great great grandfather, and am able to 
tke part in the life of his time, Lam thus enabled wo shoot hr, while he still a young man and as 
‘yet unmarried. From this it willbe noted that I could have prevented my own bith 

“ven hefore Lewis’ oper, Paul Horwich had reduced the grandiather paradox to 
atoinfamicide—a time wavelet tries to kill his younger seif—in “On Some Alleged Paradoxes 
ff Time Travel." The Journal of Philosophy. August 14, 1975, pp. 432~4. But not all philos- 
‘ophers share this fascination, Earman (see the opening quote), for example, dismisses al of the 
science fiction paradoxes that are so beloved by fans of the genre as “while always good for 8 
chuckle.” they ae just “crude and unilluminating means of approaching some delicate and deep 
issues about the nature of physical possibility." think Earman is fundamentally correct although | 
wwoulda't go so far as to characterize the paradoxes as mere “chuckles.” They are, afterall. the 
source of much of the intellectual motivation prompting the exploration of the physics of time 
travel, An excellent example ofthis is found inthe paper by the Rusian physicist 8. V. Krasikov, 
“Time Travel Paradox." Physical Review D, Bebraary 14, 2002, pp. O64013-1 to O64013-8. The 
piiysies ofthe grandfather paradox is of great interest in this paper. 
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‘Sarah has just completed building her time machine. She decides to test the machine on 
herself tomorrow morning at which time she intends to travel hack one day. In the 
meantime, she goes home, puts some salve on the bum she received that day, and goes 10 
bed, Inthe morning, Sarah, with coffee in hand, sits down to read the moennig paper. She 
‘opens the paper othe following headline: “Famous physicist found dead.” On the fomt page 
‘sa picture of her body, salve burn clearly visible on her arm, inside her pristine time 
‘machine. Underneath is the caption. “Nobel-prize sinning physicist found dead yesterday 
in mysterious device that materialized near city ball.’ Extremely shaken, Sarah etums 10 
the lab and destroys the time machine.** 


Can any sense be made of this? We'll come back to this question later in Chap. 5, 
when we discuss the possibility (or not) of time being multi-dimensional. 

Now, to conclude this Introduction, let me end with two amusing, connected 
short stories (in epistle form) that nicely describe the issues we'll take up in the rest 
of this book. The rejection letter for the denial of a research grant to fund the 
construction of a time machine has just been received 


‘That Useless Time Machine“ 


Dear Review Committee: 
It is not our practice to raise complaints against a negative review report. We 
believe in peer refereeing and we respect it, whatever its content and consequences. 
However, in the case of our latest grant application (project named “The Time 
Machine’) we find it necessary to express our astonishment at the motivations with 
which our request for funding was tuned down. Your main objection appears to be 
that our project is ‘philosophically interesting’ but ‘practically useless’, by which 
‘you mean that the project ‘has no potential for applications.’ We do not quite think 
that the main criterion for judging the scientific value of a project should be its 
practical usefulness, but never mind that. Let us agree that usefulness is a relevant 
criterion, especially when large amounts of money are involved. Why should that 
be a reason to tum down our project? Quite frankly, we cannot think of a project 
with better application potential than ours. Some examples: 


+ Cultural tourism: one could send herds of history fans back in time to witness the 
crucial episodes of the French Revolution, or to watch the Egyptians build the 
pyramids, or to videotape Socrates” lectures. 

+ Exotic safaris: we have already received several applications for dinosaur 
hhunting expeditions (they got extinct anyway), 


1 "Time Travel and Changi 
‘Tale)." Ratio, Marc 2003, pp. 16-32 
tary by Roberto Casali (Senior researcher at CNRS, Paris) and Achille C. Varzi (Professor 
cof Philosophy at Columbia University). Originally published in Philosophy, October 2001, 
‘pp. S81-S83, and reproduced here by kind permission of the authors, 


1 Past: (Or How to Kill Yourself and Live to Tell the 


xvi Introduction 


+ Error detection: we could take a closer look at our past mistakes and learn how to 
avoid them in the future. 

+ Historic documentaries: think of the huge saving in set design, costumes, special 
effects, etc. (How much did Gladiator cost?) 


And so on and so forth. Honest 
for useful and thrilling applications’ 


‘can you think of a project with better prospects 


Sincerely Yours, 
‘The “Time Machine’ Research Group 


Dear Time Machine’ Research Group: 
‘Thank you for your letter. We agree that it would be interesting to exploit a time 
‘machine for the uses that you suggest. It would also be remarkable if we could use it 
to prevent all sorts of unpleasant events that happened in the past. It would be 
remarkable, for instance, to be able to go back to November 22, 1963, and prevent 
Lee Harvey Oswald from killing John Kennedy, or to go back to April 14, 1912, and 
steer the Titanic around the iceberg. It would be excellent indeed to be able to do 
such things. However, suppose your project were to be successful. Suppose you will 
‘manage to build a time machine. Then why didn’t you do any of those things? Why 
is it that our past history is stil full of such sad events? Either this means that your 
project is doomed to fail and you will never manage to build a time machine; or it 
‘means that the project will succeed but that you are not going to use your time 
‘machine for these good purposes. In the first case, logic shows it would be pointless 
to support your project. In the second case, ethics dictates that it would be 
‘wrongdoing. Either way, you must concede that the reasons against your project 
are overwhelming. 


Cordially Yours, 
‘The Review Committee 


Dear Review Committee: 
Certainly you have noticed that our suggestions for practical applications of the 
time machine did not include any uses that could result in an alteration of the 
natural course of history. As a matter of fact, we believe that no such alteration is 
logically possible. According to our project, itis logically possible to visir the past 
‘but not to modify the past. No time traveler can undo what has been done or do what 
thas not been done. So the logic is safe. This does not mean that the time traveler will 
be ineffectual during her stay in the past, of course; it simply means that what she is 
going to do is something that she has already done. An accurate catalogue of all the 
;past events would include an account of the arrival of the Time Machine from out of 
nothing as well as an account of all the actions and reactions that followed. And 
ethics is safe, too. For, if indeed we managed to go back to Dallas, we could not stop 
‘Oswald from doing what he did. Nobody would be able to stop Oswald because 
nobody was able to stop him (and nobody was able to stop Oswald because nobody 
will ever be able to do so, even if they came from the future). Alas, the past is full of 
sad events but there is nothing that we can do about that. 
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Respectfully Yours, 
‘The *Time Machine’ Research Group 


Dear Time Machine’ Research Group: 
We appreciate the distinction between changing the past (impossible) and affecting 
the past (possible). However, this simply reinforces our initial impression: your 
project has no practical value. If in order to travel to the past one has to have been 
there already, and if one can only do what has already been done, then d quoi bon 
effort? Why should we invest in a ‘Time Machine’ at all? We are afraid that our 
decision is now final, 


Yours with best wishes, 

‘The Committee 

Well, all seems to be certainly lost with that. But, wait, pethaps not. Maybe, with 
just one more really good appeal, The Committee's rejection can be reversed! If 
‘you were on the Review Committee, and had just read the following letter, how 
‘would you vote? 


A Useful Time Machine“? 


Dear Review Commintee: 
We regret your continued decision to reject our proposal. Even though you have 
told us your decision is now final, we humbly ask your indulgence for one last 
appeal. We believe you have misinterpreted a crucial part of our proposal. 

‘You maintain that our “Time Machine" project ‘has no potential for applications’ 
and has ‘no practical value,” You ultimately base this claim on the fact that “If in 
‘order to travel to the past one has to have been there already, and if one can only do 
hat has already been done, then d quoi bon l'effort? Why should we invest in a 
“Time Machine’ at all?” Your argument however is a misinterpretation of our own 
‘comments that ‘According to our project itis logically possible to visit the past but 
rot to modify the past ... This does not mean that the time traveler will be 
ineffectual during her stay in the past, of course; it simply means that what she is 
going to do is something that she has already done.’ We regret the awkward and 
easily misleading locution of the last sentence, but such are the perils of talking 
about time travel. Regardless, please consider our clarification, 

Certainly if we were proposing that the time traveler be 5 years old again, we 
‘would be proposing something not worth the effort—our proposed time traveler has 
already tuned five and cannot do so again, But we are not proposing that the time 
traveler do things that have already occurred in her own personal past, but rather in 


"Story hy Gealf Godda (Professor of Philosophy atthe University of Richmond, Virginia) 
Originally published in Philosophy, Apel 2008. pp. 281-282, and reproduced here by kind 
permission ofthe author. 
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hher personal future. The time traveler has not yet, from her personal temporal 
perspective, travelled back to, say, the library at Alexandria in 100 BCE. When 
she does travel back to 100 BCE to obtain scans ofthe books in the library before its 
destruction, she will be older than she is now. When she retums she will be still 
older (and we hope wiser, ie., in possession of valuable information to which 
neither you nor we currently have access) 

But isittrue that as of 2002 AD [the year this letter was written] the time traveler 
has already visited Alexandria in 100 BCE? It could well be. But whether or not itis, 
depends upon whether itis also true that our project will be successfully funded and 
completed. Because time travel into the past involves reverse causation, certain past 
events, such asthe time traveler visiting 100 BCE, will be dependent upon certain 
future events, such as the successful funding and completion of our project. Hence, 

not true that our project is both funded and completed, then it isnot true that 
‘our time traveler has of 2002 already visited 100 BCE. 

But suppose we were to leam now, before the funding and completion took 
place, that our time traveler had indeed been present at the library in Alexandria in 
100 BCE. Would this imply that there was no reason to expend the effort to fund our 
project? After all, ifthe travel has ‘already” happened, why bother funding the 
project? Firstly, such an argument does not imply that a ‘Time Machine’ would 
hhave no practical application, but rather expresses the futile hope that one could in 
fact got the practical benefits (if time travel is successful, we obtain the desired 
information) without expending the effort at all. Secondly, the hope is futile, for if 
wwe lear right now that our time traveler had been present at the library in 100 BCE, 
‘we would then know. assuming no other possible funding source, that you will 
expend the effort to fund our project. To deny this lat is to make the impossible 
suggestion that even though your support is truly a causal antecedent of the 
successful trip, there is now no need for you to actualy expend the effort to provide 
funding. 

Hence, the effor is far from pointless, for the project will only succeed through 
your and our efforts. And success will generate, not only all the practical applica- 
tions we outlined in our first letter, bu, in addition, a host of information gathering 
applications such as more accurate historical research, lost item location identifi- 
cation, legal testimony verification, etc. Even if, as we (and you) acknowledged, no 
‘one could now prevent Oswald from killing Kennedy, wouldn't it be worth verify 
ing that Oswald was the lone killer of Kennedy? Also, the information gathering 
need not be restricted to the past. For example, information conceming the prices of 
various stocks 10 years from now would be extremely valuable to a suitably 
cautious and prudent investor. Surely you cannot object to our information gather- 
ing in the Future on the grounds that “it will already have been done.’ And jus think, 
the information we obtain could be what allows you to obtain at very low prices 
those stocks that in the future will be extremely valuable and allows your esteemed 
committee to dramatically increase your support of worthy scientific endeavors. 


‘Again, we ask you to reconsider your original decision. 
Respectfully yours, 
‘The “Time Machine’ Research Group 
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‘A time machine inventor makes an experimental test of the grandfather paradox! 
(illustration from “Thompson's Time Traveling Theory” by Mortimer Weisinger), 
Amazing Stories March 1944 (art by Malcolm Smith). Reprinted by arrangement 
with Forrest J. Ackerman, Holding Agent, 2495 Glendower Ave., Hollywood, CA 
90027, 

Not everybody likes time machines as a science fiction gadget, not even other 
wise enthusiastic devotees of the genre. For example, in a Letter-to-the-Editor 
Published in the December 1931 issue of Astounding Stories, one seventeen-y 
‘old fan had this to say: “There is only one kind of Science Fiction story I dislike, 
and that is the so-called time-traveling. It doesn't seem logical to me. For example, 
supposing a man had a grudge against his grandfather, who is now dead. He could 
op in his machine and go back to the year that his grandfather was a young man 
‘and murder him. And if he did this how could the revenger be born? I think the 
whole thing is the “bunk.” As this book will demonstrate, this young reader was not 
alone in that opinion. As this book will also demonstrate, in the last few decades 
that view has been rapidly evolving. 
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For Further Discussion 


Read again the penultimate sentence in the last letter from The ‘Time 
‘Machine’ Research Group, and then think about how you would respond to 
the following questions. 


(1) Would you invest in a stock market if you knew somebody else had a time 
machine giving them advance information on stock performance? 

(2) How might the existence of a time machine influence the future of the 
stock market, in general? For an early science fiction look at these 
questions, see Lee Laurence, “History in Reverse,” Amazing Stories, 
October 1939. 


One writer has speculated that Wells’ model for the Time Traveller was the 
American inventor Thomas Edison. (See Martin T. Willis, “Edison as Time 
‘Traveler: H. G. Wells’ Inspiration for His First Scientific Character,” Science 
Fiction Studies, July 1999, pp. 284-294.) As Wells worked his way from The 
Chronic Argonauts, through revisions, to the final Time Machine, the story’s 
hero evolved from Dr. Nebogipfel to the Philosophical Inventor to the Time 
Traveller. The one individual who could have inspired all of these various 
hero types was, according to Willis, Edison, a world-famous Victorian-age 
celebrity whose story was well known to Wells. If Wells had today's scien- 
tific personalities available as potential inspirations, who do you think he 
‘would use? How might that choice affect the story and structure of The New 
Time Machine? 


‘The idea of personal time, used by the philosopher David Lewis (note 5) to 
consistently interpret time travel stories, has been used in a quite different 
way (although time travel gets a few words, too) by the philosopher Roy 
Sorenson. In his paper “The Cheated God: Death and Personal Time,” 
Analysis, April 2005, pp. 119-125, Sorenson asks you to imagine an immortal 
‘god. For some reason this god runs afoul of a demon, who curses the god in a 
curious way. (The ‘telling of a story’ is a common technique in philosophical 
papers and, while foreign to what readers of physics papers are used to seeing, 
is not without some charm. Just be sure to always keep in mind that 
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primary use is as an artention-grabbing device, but as far as having any other 
‘merit, well, that’s often another story.) The curse i such that the life span of 
the once immortal god is reduced to that of a normal human life span and yet, 
perhaps surprisingly, the god will still nver die. As Sorenson writes, “[The 
0d] will lve forever. But [the god) will not have a better life than a morta 
‘The demon has harmed {the god] as gravely as death harms mortals.” How, 
‘you might wonder, is this to be done? As Sorenson explains, “[The god] ives 
half ofits now mortal span, followed by a trillion years of nothingness, then a 
quarter of its mortal span followed by a trillion years of nothingness, then an 
eighth of its mortal span followed by a trillion years of nothingness and so on 
ad infinitum.” Sorenson's argument is simply an exotic form of the high 
school summation of the geometric series } +} +}+---= 1, where there 
are an infinite number of terms to the left of the equality. (Each term 
represents a period of time during which the god is conscious, and each 
++represents a trillion years.) Sorenson picked a trillion years of nothingness 
between consecutive periods of consciousness for (I suggest) dramatic rea- 
sons, but suppose instead that he had picked 1 ys for the period of nothing- 
ness. Discuss what effect this would have (if any) on the life of the god 
Consider two cases: 


(a) There is no minimum time duration for consciousness, and. 

(b) There is a minimum time duration such that, for any shorter duration, a 
consciousness remains ‘unaware’ even though it is nor in a state of 
nothingness. 


‘Afier working. all night making some final calculations, a physicist carefully 
solders a final resistor into the control module of the world’s first time 
‘machine and then steps into the gadget that is a sure bet to win the next 
Nobel Prize in physics. As she does, she notices that itis precisely 8:10 in the 
‘morning, as indicated on both her wrist watch and the clock on the lab wall 
‘Afier settling into a plush leather seat she pushes the time machine’s power 
button, the machine glows with a flickering blue-red halo and hums with a 
mighty throb for a while and then, at precisely 8:15 by her wrist watch, she 
steps out of the machine and back into her lab. She notices the clock on the 
‘wall now reads 8:05. That is, she took 5 min of personal time (8:10 to 8:15) to 
travel 5 min of external time into the past (8:10 to 8:05). On the one hand she 
certainly seems to be a time traveler, in that she exits the machine before 
she enters it. (Ignore the issue of there being two identical physicists in the 
lab from 8:05 to 8:10!) On the other hand, the elapsed personal and external 
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times are equal. Does this suggest a need to modify or expand David Lewis’ 
definition of a time traveler? As you ponder this question, you might want to 
read the following four papers: (1) Paul R. Daniels, “Lewisian Time Travel in 
Relativistic Setting,” Metaphysica, October 2014, pp. 329-345, (2) Douglas 
Kutach, “Time Travel and Time Machines,” in A Companion to the Philos- 
ophy of Time (H. Dyke and A. Bardon, editors), Wiley-Blackwell 2013, 
pp. 301-314, and (3) Frank Amtzenius, “Time Travel: Double Your Fun,” 
Philosophy Compass, November 2006, pp. 599-616. A bit more demanding 
(but worth the effort) is the long chapter “Time Travel and Time Machines” 
by Chris Smeenk and Christian Withrich, in The Oxford Handbook of 
Philosophy of Time (C. Callender, editor), Oxford 2011, pp. 577-630 (see 
page 580, in particular). 


‘The idea. that information is physical has given rise toa series of discoveries which 
indicate that physics has much to say about fundamentals of computer science 


‘The above quotation isthe opening sentence to a most interesting paper by the 
physicist Dave Bacon, “Quantum Computational Complexity in the Presence 
of Closed Timelike Curves,” Piysical Review A (70), 2004. (When he wrote, 
Bacon was at Caltech, but he is now a software engineer at Google.) The title 
of Bacon's pape, translated into blunt English, is “It Would Be Really Neat If 
‘We Could Merge a Time Machine With a Computer.” That is to further quote 
from Bacon's paper, “One could [efficiently] solve a hard problem by trying 
out a solution to the problem, sending one’s computer back in time, 
attempting a different solution to the problem, sending one's computer back 
in time, etc., until a solution to the problem has been found.” There then 
follows a pretty sophisticated analysis on the self-consistent time evolution of 
4 quantum system, ending with Bacon's frank admission that “we would not 
bbe honest if we did not end this paper withthe caveat that this work i at best a 
creature of eager speculation ... Practical considerations are humorous at 
best.” Read Bacon's paper and discuss what he means by “a hard problem.” 
(There is a technical term used by computer scientist for such problems: 
NP-complete.) 


‘The occasional theological commentary in this book may strike some as a bit 
odd for a topic treated with heavy doses of deep mathematics in the physics 
literature but, as you'll see on the following pages, theology is an unescapable 
dimension to any informed discussion of time travel. A literary connection 
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between time travel and theology has, in fact, existed for a long time. 
As pointed out in Paul Alkon’s Origins of Futuristic Fiction (University of 
Georgia Press 2010), “The first time-traveler in English literature is a guard- 
ian angel who returns with state documents from 1998 to the year 1728 in 
Samuel Madden’s Memoirs of the Twentieth Century” (published in 1733, 
nearly three centuries ago). Madden was an Irish-Anglican clergyman whose 
book was satire rather than science fiction, but its time traveling aspect was a 
first. As Professor Alkon also writes, “Madden [was] the first to write a 
narrative that purports to be a document from the future, He deserves recog- 
nition as the first to toy with the rich idea of time-travel in the form of an 
artifact sent backward from the future to be discovered in the present.” Your 
assignment: read and discuss Alkon’s book. 


You'll recall that Gédel cast his view of time travel in the form of a self- 
encounter in the past. In Frederik Pohl’s “Let the Ants Try,” we find a science 
fiction tale that appeared essentially simultaneously with Gédel’s paper 
(Planet Stories, Winter 1949), in which a time traveler journeys back forty 
million years. Upon stepping out of his time machine, he hears a “raucous 
animal cry” from somewhere in the nearby jungle. Later, after other adven- 
tures in time, he returns to near the same point in spacetime, After stepping 
‘out of his time machine, he sees himself in the distance—the earlier version of 
himself during the frst trip. Then, suddenly, the time traveler meets a violent 
death: “As his panicky lungs filled with air for the last time, he knew what 
animal had screamed in the depth of the Coal Measure forest.” In fact, self- 
encounters had appeared in science fiction years before Gadel’s paper. In the 
1942 story “Minus Sign” (Astounding Science Fiction, November) by Jack 
Williamson, for example, a spaceship battles with itself while traveling 
backward in time. How do you think a scientist like Gadel would have 
liked these two stories? (Who knows, maybe he did read them!) If you 
could travel back in time to 1949 to ask him if such tales had been an 
inspiration, do you think he would be intrigued, amused, or instead would 
he be insulted? 
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Chapter 1 
A Broad Look at Time Travel 


‘Hold init inthe palm of your hand andl eternity in an hour: 


William Blake, writing in “Augures of Innocence” (1863), 
‘with words that could quite well describe what it would be like to 
time travel 


‘need a place to hide, that's why 1 believe in yesterday 


—Mhe Beatles Yesterday. 1965) 


1.1 Time Trayel in the Fantasy and Science Fiction 
Literature 


"Wood it be grate to go back in tyme and correct your mistakes? Would ithe great to 
0 back in time and correct your mistakes! 


motto of Time Twisters comics 


To travel in time. 

Could there possibly be a more exciting, more romantic, more wonderful 
adventure than that? I don’t think so, and in this opening section I want to just 
briefly discuss how fascinating many writers (and their readers) have found the 
concept of time travel, and to point out that the fascination began long before 
mathematical physicists discovered time travel lurking in Einstein's general theory 
of relativity." 

Before the arrival of humans on the surface of the Moon in 1969, the only other 

fantastic voyage’ that could compare with time travel was traveling through outer 
space. During the seventeenth and eighteenth centuries, in fact, such voyages were 
the center of a genre of fiction (now called science fiction) called the “imaginary 
voyage” or “extraordinary voyage.” Marjorie Hope Nicolson's” 1948 book Voyages 


‘Am excelent, book-length literary tretmeat of ime teel is by David Wittenberg, Time Travel: 
the poplar philosophy of narrative, Foden University Press 2013 

-Murjore Hope Nicolson (1894-1981) wasaliterary scholar the rst rankat bot Sith College 
and Columbia University 


© Springer Intemational Publishing AG 2017 A 
PJ, Nahin, Time Machine Tales, Science and Fiction, 
DOL 10.1007/978-3-319-48864-6_1 


2 1A Broad Look at Time Travel 


to the Moon carefully documents just how popular that form of literature was—and 
still is. Since 1969 the first such voyages have become history, of course, and time 
travel has replaced space travel as the modern “imaginary voyage.” 

Itseems a safe bet that that, given a random selection of middle-aged adults, the 
vvast majority of them would respond enthusiastically if asked whether time travel 
interests them, This fascination with time travel has actually been “scientifically” 
documented. In one intriguing study," several hundred men and women were asked 
to consider the possibility of spending an hour, a day. and a year back in both their 
personal past (since birth) and their historical past (before birth). They were further 
told that it would cost $10,000 to purchase such time travel services. Their response 
indicated that 10 % would be willing to spend that much money for an hour in 
the historical past, 22 % for a day, and 36 % for a year. As might be expected, the 
‘numbers rose as the cost dropped and, if such trips were free the interest was almost 
universal. As one writer put it, “Time travel [is] the ultimate fantasy, the scientific 
addition to the human quest for immortality.” And as a philosopher observed, “[T] 
he popular appeal of time travel... is no doubt due to a nostalgia for the past, which 
is almost an omnipresent aspect of the human condition." 

Fiction writers have, for centuries, recognized the fantasy appeal of time travel. 
‘The common fairy tale theme of “The Three Wishes,” in which the recipient ends up 
using the final wish to undo the unforeseen consequences of the first two, is the 
precursor to all modern change-the-past time travel stories. Indeed, the means of 
time travel in the Norwegian poet Johan Wessel’s 1781 play Anno 7603 is a fairy. 
Some of the best modem science fiction stories have played with the fantasy appeal 
of time travel by having gifts arrive by accident from the future: the moral of such 
tales is generally that unearned gifts usually bring grief." The editor's introduction 
to a time travel story involving the Civil War referred to the fantasy aspect of time 
travel—with a reference to another age-old adult fantasy—when he wrote “time 
travel stories about the Civil War have one thing in common with pornography: 
they serve to titillate an impulse [in the case of time travel stories, the impulse to 
change history] and to frustrate [history]."” This is the motivation for the time 
traveler in Stephen King’s 2011 novel 11/22/63, who uses what appears to be a 
naturally occurring wormhole (connecting a Maine diner to 1958) for his attempts 
at preventing the assassination of John F. Kennedy. 


°T. J. Cole “Fantases of Temporal Recovery and Knowledge of the Futue,"in Perceiving Time, 
Join Wiley 1976. 
“7, Paul, “The Worm Ouroboros: Time Travel, Imagination, and Entropy.” Eurapolation, Fall 
1963, pp. 272-279 
51. W, Smith, “Time Travel nd Backward Causation,” 


ito 1988, pp. 7-67 
“Among the many such tls, ive particularly goo ones are “Something fr Noting” by Robes 
Shockley, “Mimsy Were the Borogoves” by Lewis Padget (pseudonyn of the maried couple 
Henry Kutinr and C. L. Moor). “Child's Play” by William Tenn (pseudonym of Philip Klass) 
“he Lite Black Bag" by Cyril Kombluth and “Thing of Beauty” by Damon Knight Allan be 
found in vatious ambologie 

*Dhe Fantasie Civil War (P. MeSheny. Sr editor), Baen 1991 
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A character in the 1985 novel The Bird of Time by George Effinger nicely 
captures the fantasy appeal of time travel with the declaration “The past ... is the 
home of romance.” On a less poetic level, time travel and the movies and stories 
about it fascinate most people because they turn our everyday world view upside 
down and inside out.® Such movies and stories make people shink. It is therefore not 
surprising that time travel movies have been popular for decades, from the 
pioneering Berkeley Square in 1933, to the classic 1960 filming of The Time 
Machine, to Back to the Future in 1985 (the top film that year in a Boxoffice 
magazine poll), to the flawless 1989 Bill & Ted's Excellent Adventure, to the clever 
Terminator action films, to the ingenious 2012 Looper, to the commercially suc- 
cessful 2014 Interstellar. Each of these films, and others, too, will be discussed later 
in the book. 

‘When we discuss time travel, we should really be careful to distinguish between 
two quite different versions: to the future, and to the past. There is no dispute, today, 
bout the first. As two severe critics of the possibility of time travel tothe past wrote 
decades ago, “After 1900, special relativity made scientific discussion of time 
machines possible.”* What they were referring to is the fact that, by traveling in a 
rocket ship fast enough (but never, unlike Superman, faster than the speed of light), 
‘and far enough, one could leave Earth, loop out on a vast journey perhaps halfway 
across the universe, and then return hundreds, thousands, even millions of years in 
the future. You could theoretically (ignoring all the engineering difficulties) do this, 
in fact, with the apparent passage of your “personal time,” (as measured by your 
wrist watch or the beating of your heart) as brief as you'd like. (Physicists call 

personal time’ proper ime, and I'l return to this in Chap. 3.) This astonishing 
conclusion from special relativity, that time trayel to the future makes physical 
sense, literally put a lot of Victorian-era trained physicists into shock. 

‘A quite sophisticated use of tis idea appeared early in science fiction, in the tale 
‘ofa space traveler who returns from a high-speed trip out to the blue supergiant star 
Rigel in the constellation Orion." The 900 or so light years of the round trip had 
taken just 6 months of ship or personal time (proper time), but a thousand years of 
back-home time. The traveler returns to Earth to find all he had left behind long 
dead and returned to dust: “Sometimes I waken from a dream in which they are all 
so near ... all my old companions ... and for a moment I cannot realize how far 
away they are, Beyond years and years 

Another story'' of a trip into the future that delivers an equally powerful 
‘emotional impact, this time via a Wellsian-type time machine (more on what that 


Somewhat more pompous (but no less correct) wa this observation hy an academic: “The time- 
travel [fim] romance is an atempt to eenchant the word, to regain a sense of belongingoess, 
reinstate the magical, antocentric Universe of the child and the primitive.” See W. Wachhort, 
“Time Travel Romance on Film,” Exrupolation, Winter 1984, pp. 340-389, 

°S. Deser and R_Jackiw, “Time Travel?" Comments on Nuclear and Particle Physics, September 
1992, pp. 337-394 

2°R. H. Wilson, “Out Around Rigel," Astounding Stores, December 1931, 

"W, Tucker, The Year of she Quiet Sun, Gregg 1979. 
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means later in this chapter) rather than by rocket travel, tells of a time traveler 
trapped in post-nuclear war times, where there is no energy available to power his 
machine for the return trip. As the story ends, he finds the woman he had loved and 
left behind in the past. She is now the elderly widow of another man, having 
married his rival because the time traveler (just like Wells’ Time Traveller) never 
returned, 

‘A trip into the future does not have to be serious or sad. A nice example of that is 
the story of a spaceship crew that sets off for the Alpha Centauri triple star system, 
more than four light years distant.'* They survive the trip, which requires 500 years 
of both personal and external time (this story is the only one I'll mention in this 
book that uses a preserving drug rather than physics). What causes me to include it 
in a book on sime travel (stories in which proper and external time are one-in-the- 
same are simply nor about time travel) is that, long before they arrive at the end of 
their journey, the secret of faster-than-light (FTL) travel is discovered back on 
Earth and so they arrive at their destination to find a human reception committee! 
‘As you'll see when we get to Chap. 3, knowledge of FTL travel is equivalent to 
knowing the secret of travel into the past, and so the crew is sent back in time, to 
Earth, to just one year after they left—and they listen to their own radio commu- 
nications arriving from deep space. 

‘The real adventure in time travel, as suggested by “Far Centaurus,” would be to 
go backward in time, to visit the past. The editor of the science fiction pulp 
magazine Thrilling Wonder Stories used the powerful emotional hook of changing 
the past in a 1950 blurb announcing a time travel story coming in the next issue 
“What's the biggest mistake you ever made? Don’t worry about it. You may have 
pulled some awful boners in your time, but there's a sure-fire remedy for them all 
t's simple, Just look up at that old time-clock on the wall—and turn it back to the 
‘moment just preceding your terrible blunder, Then make your corrections—and set 
your time-clock back to the present. You may be starting a new chain of error, but 
why fret? You can go back in time again...” Or, as the promotional text on the 
video package of the 1986 movie Peggy Sue Got Married says, “to do it again” is 
“the golden opportunity almost everyone has longed for at least once.” 

‘Writing less romantically, a philosopher declared that a “major source of interest 
in the time travel question is our general fascination with the exotic and the child- 
like frustration we sometimes feel at being confined to the present. We wish that the 
benefits of moving through space could be supplemented with the benefits which 
‘would accrue from movements through time.”"* Robert Silverberg, a science fiction 
writer who has used the time travel theme often and effectively, expressed this 
sentiment quite clearly when he wrote “Suppose you had a machine that would 
enable you to fix everything that’s wrong in the world ... The machine can do 
anything ... it gives you a way of slipping backward and forward in time... Call 
this machine whatever you want. Call it Everybody's Fantasy Actualizer. Call it a 


‘Van Vogt, “Far Centaurus” Astounding Science Fiction, January 1948 
R.A, Sorenson, “Time Travel, Parahistory and Hume.” Philosphy, April 1987, pp, 227-236 
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‘Time Machine Mark Nine.""* He gives a masterful demonstration of what he means 
by that in one of his own stories, a tale'” set in a year when time machines actually 
exist, Even so, the characters use their imaginations to explore their fantasy worlds 
and wishes—wishes that could (if they really wanted to) be realized with a real time 
‘machine, Time travel fiction is, you see, the ultimate escapist literature! 

‘The adventure promised by time travel to the past doesn’t necessarily mean 
pleasant adventure, and science fiction has used that idea to great effect. The 
unstated horror of a trip backward in time, if you think just a bit about it is that it 
would bring the dead past filled with all its dead occupants, alive again, literally 
resurrected from dank and moldering graves. The top of Mount Everest, the bottom 
of the Marianas Trench, the sands of Mars—none of these exotic places can even be 
‘mentioned in the same breath with the past. The capture of the mystery and, yes, the 
sheer terror of the past, is in this opening line to a 1950s tale: “When Dr. Flitter 
‘came into the room, it seemed as though the past and its dead people came in with 
hhim, clinging to him like stale surgery smells, like the cold sweat of ancient 
autopsies,"!” In another equally macabre story, we read of a time traveler in the 
past anticipating a meeting with a long-dead lover as he “shivered with a renewal of 
horror... She ought to be grateful to him for having raised her from the dead, even 
briefly.""? 

Another tale, slightly less gruesome, tells us of a character who delights in 
pointing out all the bad aspects of living in the past.'* Tell him wien in time, and 
he quickly ticks off the disadvantages of being shen. To live in ancient Greece 
‘Would let you rub shoulders with Aristotle, sure, but you already know what he said 
and you'd soon regret the lack of modem plumbing. The year of the American 
Revolution might let you exchange greetings with George Washington, but you'd 
also have to put up with cholera in Philadelphia, malaria in New York, and the fact 
that if you needed an operation there would be no anesthesia anywhere. The 
Victorian Age appeals to modern romantics but, before you go back, you'd better 
have your eyes and teeth checked. The time traveling historian in one novel"” takes 
these medical warnings to heart and has her appendix prophylactically removed, 
‘and is further advised to have her nose cauterized against all the awful stinks of her 
destination, the fourteenth century. 

(On the other hand, poor health care isn't all there is with time travel to the past. 
‘One time traveler from the future, for example, makes a very good living in the past 


R. Silverberg, “Ms. Found in an Abandoned Time Machine.” Beyond the Safe Zone, 
Warner 1986. 

"8, Silverberg, “Many Mansions" Beyond the Safe Zone, Warner 1986, 

R. Bretnor, “The Past and Its Dead People.” Magacine of Fantasy and Science Fiction, 
Sepiember 1956, 

YL. Marlow, The Devil in Crystal, Faber and Faber 1944 

24, Bester. “Hobson's Choice,” Magazine of Fantasy and Science Fiction, August 1982. 

6, Willis, Doomsday Book, Bantam 1992, 
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by winning bets on yet-to-happen events whose outcomes he knows.”" Time travel 
to the past allows a Parisian curio shop in the present to offer remarkably authentic 
looking newspapers from 1804 whose only ‘flaw’ is that they appear to be fresh off 
the press—which of course they are!*" And the failed professor in one romantic 
story™ finds the Paris of 1482 infinitely better than the Paris of 196. 

‘A popular fictional appearance of time travel is the use of the past as a hiding 
place, as a sanctuary for those wishing to escape the troubles of modern times.*’ An 
interesting twist on this idea was presented in one tale“ in which the past is used for 
later military gain in the present. In this story the Earth of a thousand years in the 
future is ruled by a dictator, and the oppressed masses are unable to arm themselves 
for revolt. So, back into the past travels an agent to arrange for the construction of 
weapons, which are then stockpiled in hidden caverns where they can be retrieved 
for use ten centuries later. The past is used in this story as both a sanctuary and a 
repository from which to make war in the future, and so we have a time travel 
fantasy for both doves and hawks in the same tale! This military use of the past is 
passive; other writers have more aggressively used time travel to the past for 
military gain as, for example, mining uranium deposits before they have had time 
to reduce themselves to lead via radioactive decay,” or in drilling for Middle East 
oil in the past to deprive adversaries of it in the present.?* 

‘Time travel to the past would, perhaps, interest criminals, too. As the science 
fiction writer Larry Niven wrote, “If one could travel in time, what wish could not 
be answered? All the treasures of the past would fall to one man with a 
submachinegun, Cleopatra and Helen of Troy might share his bed, if bribed with 
 trunkful of modem cosmetics.”*’ Or, as the tragically flawed inventor of the first 
time machine dreamed, before using time travel to commit what he thought would 
be the perfect locked-room murder, “The Great Harrison Partridge would have 
untold wealth. He could pension off his sister Agatha and never have to see her 


%C. Sprague, “Time Track" Starting Stores, January 1981 

"ML Leinster. Time Tunnel, Pyramid Books 1964 

“U.K. Le Guin, “Apri in Paris" Fantastic Stores, September 1962. 

there are muny excellent examples of such tales Few of which are Clifford Simak, “Over the 
River & Through the Woods": Ray Bradbury, “The Fox and the Forest" Jack Finney, “Such 
Interesting Neighbors” .B, Pestly, “Mr Sienberry’s Tale James Gunn, “The Reason ts With 
Us": and HL B. Piper, “Fight from Tomorrow." ll ean be found in various anthologies. 

RF. Young, “Not to be Opened—" sounding Science Fiction, January 1980 

%C. Simak, “Projet Mastodon," Galaxy Science Fiction, March 1955 

%p. Anderson, “Wildcat” Magazine of Fantasy and Science Fiction, November 1958, and 
W. leschke, The Last Day of Creation, St. Martin's Press 1982 

*L. Niven, “The Theory and Practice of Time Travelin AU the Moriad Ways, Ballantine 1971 
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again, He would have untold prestige and glamour, despite his fat and baldness, and 
the beautiful and aloof Faith Preston would fall into his arms like a ripe plum."*" 

Instead of viewing the past as an aid to crime, some writers have used it as the 
perfect dumping ground for criminals, as a highly convenient place to remove them 
from society.”” Afier all, there can be no breakout from the prison of the past—at 
least not without a time machine. What might happen to criminal recidivists in a 
world that has mastered time travel is nicely explained in one story as follows: “If 
‘you cannot live among people, then off to the reptiles—one hundred or one hundred 
twenty million years before the present, There you wouldn't freeze in a tropical 
pre-glacial climate, and you could nourish yourself on plants. But there is no one to 
talk with, boredom, and in the end you offer yourself up as an aftemoon snack to a 
tyrannosaurus." With an interesting twist on this is the tale" of a physics 
professor who /elps criminals disappear into the past to escape relentless polis 

wurst, 

PiMauseum curators, too, would seem to be obvious clients for time machine 
companies, as would collectors of extinct species who work for zoos. An example 
of the first case is in a novel ” about a time travel business called Time Researchers, 
with the corporate mottos ‘We Sift the Sands of Time.’ It works as a futuristic 
version of Indiana Jones, as finders of lost historical artifacts for customers who can 
pay the substantial charges. A typical mission is to make original sound recordings 
of one of Lincoln's unreported speeches. We find the same idea in a short story™® 
about a business called Genealogy, Inc., with the corporate motto 

“An Ancestor for Everybody.” It uses a ‘time scanner’ to provide its clients with 
a list of distinguished predecessors. And in another novel we read of the Historical 
Corps, whose time travel agents are “writing the definitive history of mankind.” 

Another use for time travel to the past, one of the most unusual I have seen, was 
suggested in a philosophical article which considers an age-old question that has 


A. Boucher, “Elewhen,” Astounding Seience Fiction, January 1943. Paridge's dream is 
shatered, however, because he everlooks afew details about time travel ones that he wouldn't 
hhave missed if he could have read this book. We'll come back to this elas story. which merges 
time machine with mud, later in the book 
this is popular science fition scenario, and three of the best stories playing with it are 
P. Anderson, “My Object All Sublime,” Galaxy Science Fiction, June 1961: 1. Watson, “In the 
Upper Cretaceous withthe Summerire Brigade, "in Stalin’ Teardrops, Vietor Gollance 1991; and 
Re Silverberg, “Hawksbill Station,” Galaxy Science Fiction, August 1967, 

*'s, Gansovsky, “Vincent Van Gogh." in Aliens, Travelers, and Other Strangers, Macmillan 1984 

4, Finney, “The Face in the Photo" in Abou Time, Simon and Schuster 186. 

SW. Tucker, The Lincoln Hunters. Rinchaet 1988, See also A. Bitov, “Pusbkin’s Photograph,” in 

The New Soviet Fiction, Abbeville Press 1989. 

ML Shara, “Man of Distinction," Galaxy Science Fiction, October 1956, 

L.A. Frankowski, The Cross-Time Engineer. Del Rey 1986, The same idea isin the 1991 film 

comely The Spirit of 6, in which ime-traveling historians from 2176 visit he past in an atempt 

to reconstruct the lost records ofthe founding of America 

J, C. Graves and J. , Roper, “Measuring Measuring Rods 
56, 


* Philasophy of Science, January 
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long bedeviled schoolboys: “If everything in the Universe doubled in size overnight 
while we slept, could we tell what had happened when we woke up next morning?” 
‘The usual answer to this puzzle (called the Universal nocturnal expansion by 
philosophers) is no, but the authors of the article suggest that ‘all’ we need do is 
take a yardstick back to yesterday and compare it with itself! Great idea, for sure, 
but it had appeared years earlier in a science fiction story."* 

More ingenious uses for the past are discussed in the story"” of a time travel 
business called Time Associates. One use comes in the form of a request from a 
United States senator who wants to send the disadvantaged of today back into the 
remote past, where they could have a fresh start on a virgin Earth. Yet another 
use comes from a religious fringe group that wants to purchase exclusive rights to 
the time of Jesus—not to visit, but to prevent anyone from visiting. The group fears 
that any such visitors would “lear the truth,” which might contradict the very 
legends that form the heritage of Christianity. And, in what may be the most 
ingenious idea of all, Time Associates itself does not do business in the present, 
but rather 150,000 years in the past, in a ‘new’ country called Mastodonia. The 
corporate lawyer, you see, has determined that such an arrangement legally means 
the company is a foreign company doing business outside the United States, and so 
it is not liable for taxes to the IRS! 

‘The tourist trade is a booming business in science fiction, with dinosaur bunting 
at the top of the list. There are many such tales,"* including the cerebral stories in 
LL. Sprague de Camp's short-story collection Rivers of Time, starting with the classic 
“A Gun for Dinosaur.” The earliest (that I know of) fictional use of time travel to the 
past for hunting was not for dinosaur hunting, however, but rather for saber-toothed 
tigers, wooly mammoths, and cave bear.” Historical tours to the great events of the 
past are also an entertaining use of time travel.“ Even mundane events may one day 
be on the *to do’ lists of time travelers to the past. In one, for example, curious 
crowds from the very far future show up, nightly inside the home a twentieth 
century family, much as tourists today visit Monticello.*! 

Perhaps the most direct use of the pasts unique resource, itself, is realized in 
science fiction by Hollywood. In one tale,** after purchasing the motion picture 


SH. M. Sycamore, “Success Story," Magacine af Fantasy and Science Fiction, July 1959, 

Me, Sima, Mastodonia, Ballantine 1978. 

“twoare B, W. Aldiss,“Poor Little Warir."in The Science Fictional Dinosaur, Avon 1982. and 

famous one by Ray Bradbury, “A Sound of Thunder.” in The Stories of Ray Bradbury, Aired 

‘A. Koop 1980. 

™C, Simak, “The Loot of Time," Thrilling Wonder Stores, December 1938, in which a time 

‘machine inventor raises money for his research by transporting hunters back 7,000 years to the 

Old Stone Age 

“thee such tales are R. Silberberg Up she Line, Ballantine 1969 and “When We Went to See the 

End of the World,” in Beyond the Safe Zone, Warner 1986; and G. Kilwort, “Let's Go to 
igothal." in The Songbirds of Pain, Victor Gollancz 1988, 

“1B, Tucker “The Tourist Trade." in Tomorrow the Stars, Doubleday 1952, 

"Amazing Stores, October 1939 


SL. Laurence, “History in Revers 
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rights to H. G. Wells’ Outline of History, the head of a movie studio uses a time 
machine to send his ace cameraman into the past to get live action footage 
Prehistoric animals, the ice age, Cheops building his pyramid, the destruction of 
Pompeii by the eruption of Vesuvius, the Battle of Hastings, Columbus, all the 
originals of these historical events appear in the final film, Years later this idea was 
developed even further in a very funny novel." in which a movie director uses the 
cleventh century as a realistic setting for a picture. Realism isn't always the result, 
however, as portrayed in another tale; the films produced by a gadget that can “look 
into the past are failures because they don’t look “authentic enough” to Hollywood 
moguls!" (Fig. 1.1). 


1 ‘The inventor of atime machine demonstrates it by sending the family cat ona trip. Inthe 
story the inventor, himself travels back to 1901, where he accidently kills his grandlather in an 
carly pulp magazine, non-paradoxical version of the famous riddle. Illustration for Raymond 
A. Palmer's “The Time Tragedy” (Wonder Stories, December 1934) by Frank R. Paul, ©1934 by 
‘Continent Publications Inc: reprinted by permission of the Ackerman Science Fiction Agency, 
2405 Glendawer Ave., Hollywood, CA 90027 forthe Estate 


SH. Harrison, The Technicolor Time Machine, Doubleday 1967. 
“A, Derleth, “An Eye for History." in Harrigan’ Pile, Arkham House 1975, 
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“IF i [time tavel] could be done, someone will eventually learn boys. If that happens, 
history would he tered with tourists. They'd be everywhere. They'd be on the Santa 
Maria, they'd be at Appomattox. with [cameras], they'd be waiting outside the tomb, for 
God's sake, on Easter morning." 


‘The question the title of this section asks is an echo of the one the physicist 
Enrico Fermi (1901-1954) asked in the 1950s, about the possibility of interstellar 
space travel and of alien intelligent life in the universe—if such travel is possible 
and ‘they’ exist, then where are they? Why haven't we at least received radio 
signals from them? For many, the apparent lack of time travelers among us is 
similar evidence for the impossibility of time travel. As one famous science fiction 
writer put it, “The most convincing argument against time travel is the remarkable 
scarcity of time travelers. However unpleasant our age may appear to the future, 
surely one would expect scholars and students to visit us, if such a thing were 
possible at all. Though they might try to disguise themselves, accidents would be 
ound to happen—just as they would if we went back to Imperial Rome with 
‘cameras and tape recorders concealed under our nylon togas. Time traveling could 
never be kept secret for very long.”** 

Clarke's idea is that, from the moment after the first time machine was 
constructed, through all the rest of civilization, there would be numerous historians, 
to say nothing of weekend sightseers, who would want to visit every important 
historical event in recorded history. They might each come from a different time in 
the future, but all would arrive (according to Clarke) at destinations crowded with 
temporal colleagues, crowds for which there is no historical evidence! 

Long before Clarke the science fiction writer Robert Silverberg had already used 
the same idea in his 1969 novel Up the Line, where it's called the cumulative 
audience paradox. That paradox claims that as time travelers to the past continue to 
visit certain historically interesting dates and places, there will be an ever- 
increasing number of people present. AS it is presented in the novel, “Taken to its 
ultimate, the cumulative audience paradox yields us the picture of an audience of 
billions of time-travelers piled up in the past to witness the Crucifixion, filling all 
the Holy Land and spreading out into Turkey, in Arabia, even to India and Iran 
Yet at the original occurrence of [that event] no such hordes were present!” 
And later in the same work, we read “A time is coming [when we] will throng 


‘5K cheplic's reacion to the idea of time travel in J. MeDevi's story “Time's Arrow’ in The 
Fanastic Civil War (see te 7). 

““Antur C. Clarke, “About Time.” in Profiles of the Future, Wamner 1985. A story that I recall 
‘once having read (but cannot now remember ether the author or the ttle) wonderfully illustrates 
‘Clarke's point. A time traveler in disguise at Golgotha for the Crucifixion has a camera hidden 
hencath his robe to avoid attracting attention. All goes well until he notices odd, clicking noises 
coming from all those standing near im. It is then he realizes the entire crow is nothing but time 
travelers, from all through the ages all with hidden cameras! 
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the past to the choking point, We will fill our yesterdays with ourselves and crowd 
‘out our own ancestors, 

Philosophers are well aware of Silverberg’s and Clarke's conundrum and, 
indeed, it can be found in the philosophical literature before Clarke wrote. In one 
paper, for example, we read “Actually I know of only one argument against the 
possibility of time travel that seems to carry any weight at all, This is the fact that it 
does not appear ever to have happened. That is, it might be argued that there will be 
‘no time trips from [2100] to [2017] because we were here in [2017] and saw no time 
travelers. But this argument is far from conclusive."*” At most, in other words, the 
absence of temporal visitors amongst us is an objection to the actuality of time 
travel, and not to the possibility of time travel 

‘This same philosopher then mentions some ways around this concem, including, 
‘one which he called a “pettifogging physical limitation on time travel: perhaps the 
energy expenditure varies as the fourth power of the time traversed, making only 
very short trips feasible, and its discovery lies too far in the future for its effects to 
hhave yet been felt.” Another science fiction writer, as famous as Clarke, used that 
idea in his 1957 novel The Door Into Summer when Robert Heinlein has one 
character comment “Now if there was some way to photograph the Crucifixion 

bbut there isn’t, Not possible .., there isn’t that much power on the globe. There's, 
‘an inverse-square law tied up in [time travel].” Or, perhaps, time travel is possible 
but it’s so extraordinarily dangerous that it's impossible to get anyone to do 
it. In one provocative tale" that takes this idea to the extreme, we read that there 
is only one time traveler, ever, from the future—indeed, from just 18 min (!) in the 
future—and his first (and last) experiment destroys the Earth. 

Clarke presented some other possible science fiction rebuttals to the puzzle of 

‘where are the time travelers?" As he wrote, “Some science fiction writers have tried 
to get around this (question] by suggesting that Time is a spiral; though we may not 
be able to move along it, we can pethaps hop from coil to coil, visiting so many 
tiillions of years apart that there is no danger of embarrassing collisions between 
cultures. Big game hunters from the future may have wiped out the dinosaurs, but 
the age of Homo sapiens may lie in a blind region which they cannot reach.” 

‘The idea of time as a spiral was quite popular in early science fiction. Typical is 
‘one tale" in which the time traveler suddenly finds himself not in 1933 bat in 2189. 
His situation is ‘explained’ to him thus: “[The] time stream is curved helically in 
some higher dimension. In your case, a still further distortion brought two points of 
the coil into contact, and a sort of short circuit threw you into the higher curve.” 


7G. Fulmer, “Understanding Time Travel," Southwestern Journal of Philosophy, Spring, 1980, 
pp. 151-186. The modeen view of this ‘paradax” is nor that it describes a situation so absurd thal 
time trayel mast be impossible, but rather that ull the time travelers who were (will be?) atthe 
Crucifixion are inthe historically recorded crowd (sce nole 46 again). The Crucifixion happened 
just once, not over and aver 'l return to this point late in the book, 

8D, Plachta, “The Man from Whea,” Worlds of If Science Fiction July 1966. 

“RH, Wilson, “A Flight Into Time," Wonder Stories, February 1931 
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'A few years later (in 1937) we find another story®° with the same spiral-time 
concep witha sinty-lion Year pth othe ac bells there is a danger of 
grantor prado. Taxus yer ssl tne was he cera siete" heme in 
the sage production “I Have Been Hore Before” by the English playwright. B 
Pres 

The very next year (1938) the young Isaac Asimov used the idea in his fst 
atemp at professional writing despite a life-long unhappiness wih the concept of 
time travel, Tiled "Coamie Corkscrew,” it was ill rejected, indeed it was 
never published, and eventually los. Though, perhaps, not for lang since ane 
enterprising modem writer has used it as the basis for his own time travel tale.” 
in ita traveler from the near fuure tavels back to 1938 to retieve “Cosmic 
Corkscrew” before Asimov loses it pers tha's why it was lost!) Even when 
wing introctons to other writers tie tated tes, Asim would on inet 
Personal comments on his opinion of the concep, For example, noe volume of an 
anthology series he eied, The Great Sclence Fiction tories (of 1954), he wrote 
“Tomy way of thinking itis precisely because time travel involves such fascinating 
paradoxes that we can conlude, even in the absence of eter evidence, ta ime 
travel impossible," And in The Grea Science Fiction Stores (of 1961) bluntly 
declared“ think scientists who think up mods of time tavel are probably all 

Spiral time is a close cousin to circular time. One story™ dealing with circular 
time nate traveler who nds, aftr pone hundred years ino te fue, tht 
teen ge al the way ck tit own ne bese the reed energy sve 
exponentially with ineeaing penetration into the pos. Sul, i's very chap in 
energy to go forward inne inthis ale nd that’s wha the traveler dos, in search 
of help frm the future's advanced technology. He never fis what he needs, 
however and so goes forward right at the collapse ofthe universe and though & 
te Big Crh etfs anidetal new cyclo tine. He tery nettansbame 
to just before he left.°° This etemal recycling of identical, circular time is so 
tsifyng ht the ter decides to suppress hat he is Teamed about how to 
te tela so maybe hat wy tere aro apparent ne aveles, Science 
fiction writer Lary Niven hs argued, however (se note 27), that while tis ay be 
a conceptually valid (2) way to travel nto the pat, be also warns tha “Removing 
Yourtime machine from he eacton of the Big BangiCruneh ould change the nal 
Configuration of mater, giving an entirely diferent. story." (strongly suspect 
that Niven wrote that witha big smile n his fe} 


=p. 8. Miller, “The Sands of Time" Astounding Stores. April 1937. 

"IMA. Burstein, “Cosmic Corkserew," Analog, June 1998 

™P. Anverson, “Flight to Forever.” Super Science Stories, November 1950. 

"Tuning this idea on its head isthe approach of the 1978 novel The Way Back (DAW) by A.B. 
‘Chandler, characters return from the paso their own time by traveling even further hackward, 
right through the Big Bang and into the previous (and identical) eyele of time. 
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‘The famed English physicist Stephen Hawking is so taken with the question of 
‘where are all the time travelers?” that he has elevated their apparent absence (“we 
hhave not been invaded by hordes of tourists from the future”) to the status of being 
a demonstration of the impossibility of time travel to the past. His so-called 
Chronology Protection Conjecture, Hawking likes to say, “makes the universe 
safe for historians”: that is, there is nothing to worry about (if you're concerned 
that time travelers could change the past) because time travel is simply impossible. 
You'll see later in the book that there are other possible way's to insure the safety of 
history without denying the possibility of time travel, and Hawking himself has 
backed away just abit from the Conjecture, saying now that he was simply looking 
for a humorous line. 

While Hawking’s endorsement of it has made the Conjecture famous, he wasn't 
the first to state it, Two years earlier it had appeared, in of all places, a financial 
publication: “[If] time travel was possible, someone from the future would eventu- 
ally either discover a time tunnel or build a time machine and come visit us.""* And 
even before that, an economist presented a ‘proof’ for concluding that “time 
travelers do not and cannot exist.”** He argued that if time travelers from the future 
were actually amongst us (our ‘now’ is their ‘past’) then, by virtue of their 
knowledge of things to come (our “future") they would make financial deals so 
‘numerous and extensive that interest rates would be driven to zero. Interest rates are 
znot zero, however, and thus no such time travel hanky-panky has occurred. 

‘These sorts of financial arguments aren’t like to convince many physicists or 
philosophers of the Conjecture's merit. At most we can only conclude from them 
that time travelers from the future have not influenced financial affairs, which 
doesn't mean they aren't here. In any case, the Conjecture was actually stated 
more than 20 years before Hawking by Larry Niven (see note 27), who declared 
what is called Niven’s Law: “If the universe of discourse permits the possibility of 
time travel, and of changing the past, then no time machine will be invented in that 
universe,” And Hawking's concer over time travelers meddling with the past was 
‘anticipated in science fiction, too, by at least half a century; in a 1950 tale, for 
example, we lear of a Master Historian, and the graduate students in his course on 
‘Experimental History’ in the forty-sixth century, trying to correct a problem 
created by a previous tampering with the past!"” 

Not all physicists and philosophers fecl intellectually comfortable with the 
Conjecture, as it seems (to them) a too quick surrender: “Time travel is a problem 


=. W. Hawking, “Chronology Protection Conjecture.” Physical Review D, Suly 15, 1992 
1p. 63-611. See also J.P. Woosiward, “Making the Universe Safe for Historians: Time Travel 
and the Laws of Physics," Foundations of Physics Lenters, February 1998, pp. 1-39. 

J, Queenan, “Time Warp Or. nvestng inthe Future Isa Bus,” Barron's January 8, 1990, p46. 
“MLR. Reinganum, “Is Time Travel Impossible? A Financial Proof." Journal of Porfalio 
Management Fall 1986, pp. 10-12. 

L. Jones, “Sunday is Three Thousand Miles Away," Triling Wonder Stories, Sune 1980. A 
more recent, two-navel treatment of historians tinkering with history is by Connie Willis (Blackout 
and AI! Clear, both published in 2010) 
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so hard to do let's simply define it to be non-existent and then we won't have to 
worry about it anymore,” To really show that time travel is impossible, however, 
‘one needs to demonstrate how it would violate one or more of the laws of physics. 
Hawking, of course, understands this and has stated that, as one who is no fan of 
time machines and time travel, he believes there is new physics yet to be discovered 
that will forbid would-be time travelers from roaming up and down the centuries. 
Finding that new physics is the lure the study of time machines has for him. As he 
correctly writes in his autobiography.” “Even if it tums out that time travel is 
impossible, itis important that we understand why it is impossible. 

One mathematical physicist who agrees with Hawking on the matter of the 
unlikely possibility of making a time machine is the New Zealand theoretician 
Matt Visser. Noting that while quantum field theory, and the general theory of 
relativity, are each amazingly good theories in many applications within their 
respective realms, they are not so good in spacetime regions at the so-called Planck 
seate (that is, when the density of mass-energy reaches the fantastic level of 10% 
‘grams/em' and beyond) where chronology violations (that is, time travel) seem to 
be spawned. As Visser has observed,” this situation won't change until ‘we wander 
into the guts of quantum gravity.’ the unification that will merge gravity with the 
quantum to give a theory that alway's works. Without quantum gravity, physics will 
continue to be “infested” (Visser's word) with “sick” (Visser's word) spacetimes 
that allow time travel. Visser believes that the discovery of the theory of quantum 
gravity can be ‘guided” by building causality into it," and the result will finally 
consign time machines to where (in his mind) they belong, the dust-bin of crackpot 
physics. 

Well, perhaps so, but we don't have a quantum theory of gravity yet, and 
probably won't for some time to come, and so the puzzling questions about time 
travel remain, To end this section on a slightly gloomy note, an idea appeared in 
science fiction,°" when Hawking was still a teenager, offering a possible rebuttal to 
the Conjecture. It opens with one of the inventors of the first time machine just 
retuming from a trip to the past of 1938. Still, despite this success, the inventors are 
puzzled by what they call ‘the problem’: “But if we have time traveled, then 
obviously men of the future have time traveled. They will be able—are able to 
come back. [So] where are they?” They finally conclude that there can only be two 


*Siephen Hawking, My Brief History Bantams 2013, p. 113, 

Matt Viser, “The Quantum Physics of Chronology Protetion," in The Furure of Theoretical 
Posies and Cosmology, Cambridge 2003, This paper was Visser's cntsbution to the celebration 
‘of Havwking's 6th birthday, held in January 2002, 

“This may seem like something new, bu it reall ist. General relativity has causality built into it 
‘ona local level (where it longs) failure of causality (hats, ime travel—see J. Sharkey, “The 
‘Trouble With Hyperspace,” Fantastic April 1968) occurs in general relativity only when one 
studies globul regions of eerin spacetimes. Forcing a physical theory to havea prescribe global 
‘hehavior would be to undo all of physics since the development of local field theories along with 
all their amazing successes in explaining nature 


IM, Shaara, “Time Payment," Magacine of Fantasy and Science Fiction, June 1984 
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possible answers. Either there is nobody in the future, or time travel is so dangerous 
(Gs that why the future might be empty—humanity misused time travel and killed 
itself off?) that all who invent it will suppress it, And that’s what they decide they 
must do. 


1.3 Skepticism About Tales of Time Travel 


"May it not be that our inability to leap into the iftielh century. A.D., seems impossible to 
tu, merely because of certain prejudices we entertain or certain fats and tricks of which we 
are still hopelessly ignorant? Assured, this isnot a foolish query. Is answer, whatever that 
may be, caries immeasurable consequences for metaphysics.” 


—a scholar wonders 


A thought-provoking possibility for explaining the scarcity of certified time 
travelers is the central thesis of a fascinating paper in the philosophical literature 
‘The author of that paper argues (note 13) that nobody would believe a time traveler 
even if he willingly confessed and revealed his knowledge of the future, or even 
‘gave the details of his time machine. He goes on to make the astonishing assertion 
that even the time traveler himself would have doubts! This perhaps shocking 
suggestion deserves some elaboration, especially because it invokes the authority 
of the patron saint of skeptics for support, the Scot David Hume (1711-1776). The 
crucial point to keep in mind is explicitly stated in the argument: “The key question 
will not be ‘Is time travel possible?” We shall instead ask whether it is possible to 
justify a belief in a report of time travel.” This gets to the real heart of Clarke's 
puzzle from the previous section 

Much of the resistance to the idea of time travel lies in sheer skepticism. For 
‘many, time travel (to the past, in particular) is simply too much out of the ordinary 
to be taken seriously. For many, time travel would literally be miraculous. Hume"s 
great work, An Enguiry Concerning Human Understanding.” contains a section on 
how a rational person should react to a claim that a miracle has occurred. Hume 
proclaimed that a miracle by definition violates scientific law and that, because such 
Jaws are rooted in “firm and unalterable experience,” any violation of one or more 
of these laws immediately provides a refutation of the report of a miracle. In 
Hume's own words: 


“Nothing i esteemed a miracle, if itever happened in the common course of nature: I is no 
‘miracle that a man, seemingly in good health, should die on a sudden: because such a kind 
‘of death, though more unusual than any’ ther, has yet heen frequently observed to happen, 
Bur itis a mifacle, that a dead man should come to life: because that has never been 


‘W. B. Pitkin, “Time and Pure Activity." Journal of Philosophy, Psychology and Sciemfic 
Methods. August 27, 1914, pp. S21~$26. Pitkin's essay was a eitque of time travel as presented 
in Wells The Time Machine, which Pitkin called “one ofthe wildest lights of literary fancy.” 
‘Making its rst appearance in 1748, Enguiry has been reprinted numerous times since. used the 
163 edition published by Open Court 
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observed in any ag or country .. When anyone els me, that he saw a dead man come 19 
Iie immediately consider with myself. whether it be more probable, tha this person 
should either deceive or he deceived, o hit the fact, which he flats, should cally have 
happened [weigh the one miracle aginst the other. and according to the superior. which 
I discover, I pronounes my decision, and always reject the grewter miracle 
{oxy emphasis 


It is a strict interpretation of Hume that Sorenson (note 13) has adopted in 
claiming that a time traveler would have no success (among rational persons) 
With tales of “different times.” As he explains, “Clearly the time traveler cannot 
persuade a reasonable person by baldly asserting ‘I am a time traveler.’ The 
improbability of his claim places a heavy burden of proof on him. But perhaps he 
could shoulder the burden by means of artifacts, predictions, and demonstrations.” 
Sorenson dismisses all of these possibilities, however, by reminding us of the 
slightly sleazy history of parapsychology and ESP, both of which run counter to 
known scientific laws, but which have still duped “many a respected scientist.” Any 
artifact, prediction, or demonstration of time travel, argues Sorenson, is more likely 
to be the result of deception and fraud than of actual time travel: “Should the time 
traveler take observers for a spin in his time machine, the skeptics will have us 
‘compare their adventures with séances.” The rational reaction to such a spin around 
the centuries, according to Sorenson's presentation, would be like that of a magi- 
cian who cannot figure out how a colleague has just done his newest act: ‘Nice 
trick! How did you do it?"® 

‘The time traveling tourist stranded in the past in one story is used to getting a 
skeptical reaction because he can provide his questioners no technical explanation 
for his situation. “How the hell should I know? I'm just a tourist. It has something to 
ddo with chronons [see the Glossary]. Temporal Uncertainty Principle. Conservation 
of coincidence. I'm no engineer.” Somewhat more successful (perhaps) is atime 
traveler born in 2003 who tums up in 1975. Afier he tries to convince an interro- 
gator of how that can be, he apparently succeeds. As the time traveler later tells a 
new friend in the past of 1975, “What amazed me ... was that he really believed me 
in the end.” But the friend doesn’t bay that, replying “He did? I think he just 


“What Hume is alloding wo here shouldbe pin as expressed in P. Heath, “The Inredulous 
Hume," American Philosophical Quarterly, April 1976, pp. 159-163, Hume was “an exposcr of 
bad arguricnt in rtional tology.” For Hume sccond-hand (or even more remote) tales of the 
retum of a man from the dead—the claim that Iterally kept Christianity alive alter Christ's 
execution were suspect. 

‘This skeptical rection ws nicely captred in the sory “E for Effort” by TL, Shered 
(Astounding Scence Fiction, May 1947)-As one character lamests, “I've watched scribes inte 
the books that burt at Alexandia: who would buy. or who would believe mei Tepied one 

What sor of padded cell woul get if I showed up with photograph of Washington or Caesar? 
(OrCrist?” The ped cells indeed the fate of the time tvelr in “The Ambassador fom he 
2st Century” (Starting Stoves, Mach 1953) by H. . Shay. the story of x man wo journeyed 
from A.D. 2047 hack to 1982 to warm of future wars he was commited ta 8 mental istitution to 
receive help for his “illusion,” 

“J, Haldeman, “No Pature In I" Onn, Api 1979 
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pretended, A scientist isn’t likely to believe a thing that is against all logic." If the 
reception committee is a crowd of conservative, cautious Humeans, it would seem 
that a time traveler is almost certainly doomed. Early science fiction time travelers 
from 2030, for example, were warned about receiving a skeptical response as 
follows (the editorial introduction to this tale called it “a curious study of 
psychology"): “Our wisest men advised against (our trip to the past]. They said 
wwe could hope to be received only as imposters and fakirs, that ... we would find 
conily twentieth-century barbarians, suspicious, ill-tempered, likely to do us bodily 
harm,” 

For many, such skeptical reactions to self-proclaiming time travelers seems 
dogmatic in the extreme—the response of people with no imagination, no spirit, 
‘and heads full of cement. Humean skepticism requires, so it would seem, the 
rejection of anything and everything that is profoundly surprising, leaving the 
world a place of utter predictability and boredom. As one science fiction writer 
put it, “When the miraculous occurs, only dull, workaday mentalities are unable to 
accept it." Sorenson answers this harsh criticism as follows: “Humeans respond 
[to Sheckley] by distinguishing between surprises. Most surprises in science do not 
violate accepted scientific laws, The strange wildlife in Australia was not excluded 
by biology, X-rays were not precluded by physics.” 

Sorenson does well, however, to avoid mentioning such profound surprises as, 
for example, the spectrum of black-body radiation and, later, the photoelectric 
effect, which were not in the domain of known classical science at the beginning 
of the twentieth century. Those puzzling, surprising, totally mystifying effects 
required new science—the discovery of the quantum concept by Max Planck. 
(Explaining the photoelectric effect, not relativity, is what won Einstein his 
Nobel prize.) A strict Victorian-age Humean, as described by Sorenson, would 
have wrongly rejected the experimental reports of all quantum phenomena and 
ould also (perhaps just as wrongly) have rejected all reports of time travel. 

A strict Humean definition (as described by Sorenson) that a miracle has 
‘occurred requires a violation of one or more of the known [my emphasis] scientific 
laws of nature.” As one modern philosopher defines a miracle, itis any event that 
“can be explained only [my emphasis] by reference to the intervention of a 
supernatural force."”' Time travel, by that interpretation, is nor a miracle because 
‘general relativity, not God, is all that is required. C. $. Lewis (1898-1963), late 


6. Gor, “The Garden," in Russian Science Fiction (R. Magid, eter), New York University 
Press 1968, 

*P, Bolion, “The Time Hoaxers." Amazing Stores. August 1931 

‘Robert Sheckley, “Something for Nothing.” in Ci 
the word known is important. As a character in one early seience fiction sory pus it “These 
things [four-dimensional object) sound lke miracles ut, afterall, what are miracles but phenom 
tena which, on account of our ignarance [my emphasis) we eannot explain?” See B, Osea, “The 
Four-Dimensional Rolet-Press." Amazing Stories, Sune 1927 

71D. M, Ahem, “Miracles and Physical Impossibility." Cunadian Jounal of Philosophy, March 
1977, pp. 71-79 
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professor of Medieval and Renaissance Literature at Cambridge University, how- 
ever, absolutely rejected Hume's view on how a rational person should react to 
certain surprising events. Lewis, one of the most thoughtful modern writers on 
Christian theology, had no patience with skeptics (or, as he called them, 
materialists).”” 

Professor Lewis graphically illustrated the dug-in position of the extreme skeptic 
as follows: “If the end of the world appeared in all the literal trappings of the 
Apocalypse: if the modem materialist saw with his own eyes the heavens rolled up 
and the great white throne appearing, if he had the sensation of being himself hurled 
into the Lake of Fire, he would continue forever, in that lake itself, to regard his 
experience as an illusion and to find the explanation of it in psychoanalysis, or 
cerebral pathology."”* If the end of the world would receive such a skeptical 
response, then a mere time traveler would surely have no hope at all of being 
believed, 

Lewis would certainly have rejected Sorenson's most astonishing assertion: “So 
far I have concentrated on the time travel question from the perspective of the time 
traveler's audience. What about the time traveler himself? Can he at least know he 
isa time traveler?” Sorenson argues that a time traveler, if authentic, should be able 
to convince his audience, and that if he can’t (and he cannot if they are true Humean 
skeptics), then the time traveler must entertain doubts, too! It doesn’t matter (says 
Sorenson) that the time traveler has memories of his adventures, and it doesn’t 
matter that he knows in his heart that he speaks the truth, Using words that echo 
Lewis’ sarcasm, Sorenson quickly dismisses the importance of the time traveler's 
self-knowledge, declaring such memories to be merely the symptoms of some deep 
psychosis, and the traveler's introspective sincerity to be a product of gross 
self-deception, 

Sorenson specifically mentions the traditional Humean response to astonishing 
reports when he cites earlier writers on time travel in the philosophical literature. 
In one of those analyses, for example, we find an argument for the reasonableness of 
‘rational belief in time travel (“I have been amused and irritated by the spate of 
articles proving that time travel is a ‘conceptual impossibility") by claiming such 
proofs must be faulty because there is a mathematically consistent explanation for 
such a belief.” (This author was referring to spacetime diagrams, which we'll get to 
in Chap. 3.) This paper received a very sharp rebuttal from another philosopher who 
convincingly used fundamental physics to show a simple use of spacetime diagrams 
in a special relativity setting does not support time travel to the past.”* (I'll return to 


in Lewis’ ceric, unfinished story “The Dark Tower," tale of the “chronoscope, a gadget that 
“does to time what the telescope des to space,” the persistent skeptic in the story is Seot, surely 
created inthe image of Hume. See C.. Lewis, The Dark Tower and Other Stories, Harcourt 1977, 
%C. 8, Lewis, The Grand Miracle, Ballantine 1986 
7H, Putnam, “It Ain't Necessarily So." Journal of Philosophy, October 1962, pp. 688-671. 
75), Barman, “On Going Backward in Time,” Philosophy of Science, September 1967, 
pp 211-22. 
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this point in Chap. 3,) Even later a Humean-style rebuttal came from yet another 
philosopher, who showed how to explain the time travel phenomenon that Putnam 
(note 74) described without invoking time travel."® This isn't to say that Weingard 
doesn’t invoke some pretty astonishing gadgetry (and more) himself, like matter 
transmitters and anti-matter humans. (You'll see how anti-matter ties-in with time 
travel a bit later in the book.) A resurrected Hume would surely applaud these 
rebuttal analyses (although he might also doubt his own fresh existence). 

Hardly anybody is happy with Weingard’s approach for avoiding time travel 
Gincluding, I suspect, even Weingard). His ‘explanations’ seem, just like a time 
machine, to be incredible and, as Arthur Conan Doyle's Professor Challenger says 
in one tale not staring Sherlock Holmes, “You cannot explain one incredible thing 
by quoting another incredible thing."”” An interesting science fiction exposition 
illustrating Professor Challenger's Humean philosophy occurs when a copy of The 
New York Times for December 1 shows up for some subscribers a week early, on 
November 22. It seems the only explanation is either that the paper realy is from 
the future (due to some sort of fuke of the fourth dimension), or that itis a hoax. 
‘The first-person narrator of this 1973 tale™ provides us with his reason for believing 
the former: “I don’t find either notion easy to believe but I can accept the fourth: 
dimensional hocus-pocus more readily than I can the idea of a hoax.” Hume 
couldn't have said it better. 

It should be clearly understood that Hume was not arguing for dishelief in 
absolutely anything surprising, but rather for rational analysis. Historically, the 
context of Hume's times was that of what he took to be non-rational arguments for a 
belief in God, particularly those ‘proofs’ so beloved by theologians based on Design 
(Heath [note 64] calls such ‘proofs’ “philosophical museum pieces”). As Heath 
‘writes, “Hume ... makes no attempt to deny the supposed facts; he simply argues 
that they are consistent with other explanations and other analogies of a less 
ambitious kind. There is no right to attribute to the causes of such phenomena 
abilities more extensive than are needed to produce the observed effects.” 

‘Asa matter of fact, even Hume could be convinced of quite strange matters, and 
I think Sorenson does interpret the philosopher little too narrowly. in his essay 
concerning Hume's position on holding a belief in God, Heath wonders whether 
there is “empirical evidence [imaginable] which would persuade any reasonable 
mind of the real existence of an infinite God.” Heath answers his own question as 
follows: “If the stars and galaxies were to shift overnight in the firmament, 
rearranging themselves so as to spell out, in various languages, such slogans as 1 
AM THAT I AM, or GOD IS LOVE—well, the fastidious might consider that it 


'R, Weingard, “On Travelling Backward in Time,” Syathese, July-August 1972, pp. 117-132. 
T'Anhur Conan Doyle, “The Disintegration Machine,” The Strand Magacine. January 1929. 
Professor Challenger is nothing like Wells’ thoughtful Time Traveller: in the original 1912 
(Challenger novel The Lost World, he was described asa “primitive cave-man in a lounge suit.” 
7R, Silverberg, “What We Learned from This Moming's Newspaper.” in Beyond the Sufe Zone, 
Warner 1986, 
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was all very vulgar, but would anyone lose much time in admitting that this settled 
the matter? ... Confronted with such a demonstration, the hard-line Humean [but 
not Hume, himself, 1 think] could continue, of course, to argue that, for all its 
colossal scale, the performance is still finite, and so cannot be evidence of more 
than the finite, though immense power that is needed to achieve it.” 

‘Skepticism about ‘time travel’ was around long before the specific idea of a 
“time machine’ was conceived. For example, the eleventh-century Persian poet- 
philosopher Omar Khayyam was blunt in his evaluation of the likelihood of reliving 
the past, As he so beautifully wrote in one of the quatrains of the Rubaivar 


The Moving Finger writes; and having writ, 
Moves on: nor all your Piety nor Wit 
Shall lure it back to cancel half a Line, 

Nor all your Tears wash out a Word of it 


Quite a bit later the English poet Thomas Heywood, in his 1607 play A Woman 
Killed with Kindness, had one of his characters express a similar thought: 


God, 0 God, that it were possible 
To undo things done, to call back yesterday; 

That Time could turn up his swift sandy glass 

To untell the days, and t0 redeem these hows. 

Or that the Sun 

Could, rising from the west, draw his coach backward, 
Take from the account of Time so many minutes 

Till he had all these seasons called again, 


But O! I talk of things impossible, 
‘And cast beyond the moon. 


When Gadel’s discovery of time travel in his rotating universe was announced, 
the skeptics were easy to find. One philosopher”? wrote of it “This property [of time 
travel] must be judged an absurdity by anyone committed to the ordinary modes of 
speech.” And another" was only slightly less charitable: Gédel’s solution was a 
“bizarre conception” and a “mere mathematical curiosity.” Science fiction wasn’t 
immune to skepticism, either, even though you might have expected that to be the 
‘one place where the high drama of time travel would be welcomed. Four years after 
Gadel’s paper appeared we find one respected anthologist writing,*' as part of his 
introduction toa story, “In this tale we meet our first Mad Scientist. Just asin reality 
the thoroughly cracked pots used to be found inventing perpetual-motion machines, 
so in science fiction we find the lunatic fringe more often than not trying to perfect 


1D. Nom, The Measure of she Universe, Oxtont University Press 1968 

"°C. 1. K. Chari, “Time Reversal, Information Theory, and “World-Geometry’" Journal of 
Philosophy. September 1960, pp. 579-583. 

"Groff Conklin, editor f Science-Fietion udvemures in Dimension, Vanguard 1982 
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time-travel mechanisms.” And that same year the founding editor of Galaxy 
Science Fiction Magazine declared “Time travel requires a suspension of disbelief 
that is almost unbelievable .... Scientifically, time travel can’t stand inspection.”."* 

Years later matters had not much changed. For example, in his marvelous 1985 
book The Past is a Foreign Country, David Lowenthal repeatedly refers to time 
travel as “fantasy,” and to science fiction stories about time travel as “unbridled by 
common sense.” (Lowenthal is a professor of geography, not physics.) Science 
fiction writers were still often not much more enthusiastic about time travel. 
‘The well-known science fiction writer and critic Alexei Panshin, for example, 
agrees with Lowenthal, at one point, long after Gédel, writing “Time travel is a 
philosophical concept, not a scientific one. It is, in fact, as has often been pointed 
‘out, scientific nonsense,”** 

Skepticism does have its uses, however. Moder science fiction writers have 
often used it as a dramatic means of building conflict and tension in their time travel 
stories. A skeptical reception is extreme, for example, fora soldier-in-time who has 
fought in numerous wars, from the ancient past to a billion years in the future."* He 
finds that nobody believes him when he speaks openly of his temporal adventures 
during a visit toa present-day bar. Everybody merely thinks itis all a hilarious gag. 
This is in great contrast to one 1870s story"? in which suspicion of a stranger plays a 
central role, but which finds its offered explanation in something entirely different 
from time travel. It tells of a man who suddenly appears in the midst of a Union 
military camp during the American Civil War. 

‘This man quickly displays strange lapses in his background, as well as 
possessing knowledge of many different things well beyond anything that could 
be called common. The details of the story are not important for us but, if it were 
Published in a modern science fiction magazine, this man would almost surely be 
identified in most readers’ minds as a time traveler. In 1875, however, the author's 
narrator found his punch Tine in “his firm conviction that the quiet, gentle, well- 
behaved, modest gentleman, so singularly gifted .. is, in plain terms, the devil!” 
‘Time travel certainly never entered the author's thoughts or, if it did, he lost his 
nerve atthe idea of using it inthis pre-Wells story. You'll recall from the opening of 
the Introduction that it was this ‘use of the devil to explain mysterious happenings’ 
that Wells wanted to move away from, and that was the motivation for his 
introduction of a time machine. 

Hollywood has at least gotten the skeptical part of the psychology of time travel 
right (later discussions in this book will focus on how film makers have been less 
successful with the physics). When, for example, the time traveling villain in the 


HL. Gold, editor of The Galavy Reader of Science Piction, Crown 1952 
In his introduction to Robert Heinlein’s classic time travel tale (tobe discussed later) “All You 
Zombies" in The Mirror of Infinity, Cankield 1970. 
Leiber, “The Oldest Soldies.” Fantastic, May 1960, 
*°G. C. Eggleston, “Who Is Russell?” American Homes, March 1875 
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1989 movie Time Trackers is confronted in the medieval past, he simply laughs-off 
threat to reveal his true identity. “Go ahead,” he says in effect, ‘the only thing your 
talk of time machines from the future will accomplish is for people to think you are 
crazy!" 

‘What would Arthur C. Clarke have thought of all this skepticism being directed 
toward those who claim to have a time machine? His thoughts about the difficulty 
time travelers would have in maintaining low profiles were what started the 
previous section, after all. My guess is that he would have had litle patience with 
extreme incredulity, The surprise of being confronted by a time traveler would soon 
have tumed to awe and pleasure IF—and I emphasize the IF—Clarke had been 
taken for a spin around the centuries in the stranger's machine. He would surely 
have ended-up quoting his own famous ‘third law’ to explain the wonder of it all 
“Any sufficiently advanced technology is indistinguishable from magic.” 

‘Near the end of his paper, Heath writes what I think is the perfect rebuttal 10 
anyone who would refuse to admit to time travel, even after taking a quick trip 
backward a few tens of millions of years to the late-Mesozoic era to hunt Tyran- 
rnosaurus rex, and even afier seeing instant photographs of the dead monster with 
the skeptic’s own foot on the great creature's head, or of his own boots dripping a 
bloody puddle of unholy size on the floor of the time machine. Writing about the 
Humean-unconvinced, even when faced with a rearranged firmament, Heath 
observes “But this now seems a cavil, designed only to prove that even omnipo- 
tence is powerless against the extremer forms of skeptical intransigence.” Where 
God would fail to convince, a simple time traveler could hardly hope to do better! 


1.4 Troubles with (some) Time Machines 


“fy don't stp this senscless theorizing upon something that's an obvious emposibiiy 
youl find yourself working alone! Your Fidculous ideas sound like the ravings of a 
‘madman. Anyone with average intligence realizes that the mere thought of waveling 
through time is absurd, 


IF the previous section seemed just a bit gloomy concerning time travel, there is a 
very big reason for that. The sentiment expressed in the above opening quote to this 
section was a common one among philosophers long before physicists began to 
seriously think on the topic. While there are issues with time travel to the future, 
they are of an engineering nature, centered on how to build a big enough rocket ship 
with enough fuel to make the high speed, looping trip out into space and back again 
described in the opening section of this chapter. ‘Mere’ engineering problems are of 
‘no concern to physicists and philosophers. What does concern them are the far 
deeper puzzles of time travel to the past, the puzzles presented by what appear to be 


"A seience fiction physicist receives harsh criticism from a colleague in L.A. Eshbach’s “Out of 
the Past,” Tales of Wonder, Autumn 1938, 
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logical paradoxes. Before we get into the paradoxes, however, we need to first clear 
‘our minds of two common, popular notions of just what a time machine is. Both are 
false notions (one is due to H. G. Wells) which are, today, rejected by physicists 
{and most philosophers, too)."7 

‘AS you'll see later in the book, all the theoretical time machines that have 
appeared in the modern physics literature involve spatial displacement. That is, 
they require movement. (On this point, the speedy DeLorean time car in the Back to 
the Future films has it right.) Wells’ time machine, however, did not move: it 
always remained in the Time Traveller's laboratory (or at least on the spot where 
the laboratory would have been) unless he pushed it about after a trip in time. This, 
alas, results in a particularly troublesome problem: a Wellsian time machine 
heading into the past would run into itself! 

Consider: There sits my time machine as I prepare for the first time journey ever, 
‘a trip back to the late-Mesozoic era to hunt dinosaur. I load my Continental. 
(600 super-high-power rifle with Nitro Express cartridges the size of bananas, kiss 
my wife good-bye, and climb in. I pull the lever. Now, Wellsian-type time 
machines don't jump over time but rather travel shrough time (see the Time 
‘Traveller's own description of how things looked to him, a description faithfully 
and spectacularly reproduced in the 1960 film). Therefore, the time machine will 
instantly collide with itself at the micro-moment before I pull the lever! 

‘The resulting destruction obviously introduces a nice paradox: Given that this, 
happens before I pull the lever, how did I manage to pull it? Many of the early 
science fiction writers were not totally oblivious to this collision problem and, in 
order to avoid materializing inside of an object in the future or the past, it was 
common to combine the time machine with an airplane.** Even that though might 
not be enough, as one writer thought a Wellsian time traveler would get 
case of the bends" if his body materialized in air!" Of course, one might argue that 
Wells’ machine does actually move because it is attached to the Earth, which is 
certainly moving, but it is not clear why this should result in the time machine 
arriving in the temporal past of the Earth, rather than in some past region of space 
{almost surely a vacuum).”” 


Boh of these notions still routinely appears in science fiction, however, because they ae “ust 
too neat et mere physics" get inthe Way of «good tale. use one, without apology, in my own 
story “Newton's Gift” in Appendix B. 

three such tales are M. J. Breur, “The Time Valve," Wonder Stores, July 1930: FJ Bridge, 
“Via the Time Accelerator.” Amacing Stores, January 1931: E. Binder, “The Time Cheaters.” 
Thrilling Wonder Stories, March 1940. 

* Laeur, “Time asa Fourth Dimension," Journal of Philosophy, March 1940, pp. 169-178, and 
“Marvelous Voyages—H. G. Wells’ The Time Machine," Popular Astronomy, October 1943. 
Philosophers seem tobe becoming more aware ofthe collson problem (which they have dubbed 
‘the double occupancy problem”), and atleast thee papers published since the second edition of 
Time Machines discuss it: W. Grey, “Troubles With Time Travel," Philosophy, January 1999, 
1p. 58-10; P. Dowe, “The Case for Time Travel,” Philosophy, July 2000, pp. 441—4S1: R. Le 
Poidevin, “The Cheshire Cat Problem and Other Spatial Obstacles to Backward Time Travel,” The 
‘Monist, July 2008. pp. 336-382. Physicists dant concern themselves with the collison problem 
simpy because they aren't interested in Weilsan tine machines: I explain why I say this by the 
end ofthis section. 
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‘The general problem of ‘where the past is’ was nicely illustrated by the physicist 
Gregory Benford in his 1980 novel Timescape. In that story the world of 1998 is on 
the verge of total ecological collapse, and an attempt is made to change the past by 
aiming a backward-in-time message via faster-than-light tachyons (these hypothet- 
ical particles are discussed in Chap. 5) at the pivotal year 1963. When the principal 
scientist involved in this effort is explaining the process to a potential financial 
backer, he is asked, “Hold on. Aim for whaf? Where is 1963?" The scientist replies, 
“Quite faraway, as it works out. Since 1963, the Earth's been going around the Sun, 
while the Sun itself is revolving around the hub of the galaxy, and so on. Add that 
up, and you find 1963 is prety distant.” An understanding of the question “Where is 
the past?” actually goes quite a bit further back in science fiction. For example, after 
looking through a TV-like gadget to view the past, one character in a 1940s story 
complains, “You said you'd find Captain Kidd's treasure, but all I can see is fog and 
static.” He is told that’s because “Its too far back—1698 or thereabouts. The Earth 
was billions of miles from here then, and there are too many cosmic rays 
between.” 

But let's suppose we ignore this concern about where things are for a time 
traveler, as do most science fiction stories. Still another problem with a true 
Wellsian-type time machine is that because it travels throught time, the machine 
must afway's appear to be located in the same place. For example, to travel from 
Ford’s Theater today to Ford's Theater on the evening of Good Friday, April 
14, 1865, in a misguided attempt to save Lincoln from Booth’s bullet (why this 
would be misguided will be discussed at length later in the book), a Wellsian-type 
time machine would have to occupy every instant of the intervening century and 
more, For observers outside the machine, the machine would appear to have been 
sitting in the same place all those years. There is an amusing illustration of a failure 
to understand this point by the scriptwriters of the 1989 film Time Trackers, who 
have time travelers ‘hide’ their Wellsian machine from accidental discovery by 
‘parking’ it 5 s in the future! 

Wells was well-aware of the “does a time traveling object disappear or not?” 
issue, and tried to have it both ways in The Time Machine by invoking what he had 
the Time Traveller call “diluted presentation.” As we are told in the novel, the 
reason why we cannot see the model time machine he sends on its way into the 
future as a demonstration is that “the spoke of a wheel spinning, or a bullet flying 
through the air" is invisible because if those objects are “traveling through time fifty 
times or a hundred times faster than we are ... the impression [they create] will of 
course be only one-fiftieth or one-hundredth.” Similarly for the model. This expla- 
nation breaks down when one remembers that, even if you cannot see the spoke or 
bullet, they are still there and you can get in their way—Wells, unfortunately, has 
‘one of his characters stick a hand into the space where the model time machine was 
last seen. 


IM, Jameson, “Dead End,” Thrilling Wonder Stories, March 1941, The “cosmic rays" are 
presumably the cause of the interference, 
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This objection to Wellsian time travel was raised soon after the 1895 publication 
of the novel, and then again in 1914 by Pitkin (note 62), who noted that violent 


disaster awaited once the time journey ended. Wells, it is only fair to note, 
seemingly anticipated Pitkin when he had the Time Traveller say “So long as I 
travelled at a high velocity through rime [my emphasis] ... I was, so to speak, 


attenuated—was slipping like a vapor through the interstices of intervening sub- 
stances!” What this is getting at is that for the Time Traveller to stop ‘inside’ 
anything (Pitkin's example was the pile of bricks the Time Traveller's laboratory is 
certain one day to become) would, as Wells had his hero say, cause “a profound 
chemical” reaction—possibly a far-reaching explosion—[that would] blow myself 
‘and my apparatus out of all possible dimensions.” Just why this spectacular event 
doesn’t occur when the time machine simply stops in air, never mind inside Pitkin’s 
pile of bricks, is never addressed, 

In any case, it seems clear from all of this that Wells’ machine travels through 
time, just as the Time Traveller claims. But Wells, himself, raises doubt when he 
describes the observed effects of a departing time machine, At the beginning of the 
wel, when the Time Traveller sends his model machine into the future, we read 
“There was a breath of wind, and the lamp flame jumped. One of the candles on the 
mantel was blown out ... and it [the model time machine] was gone—vanished!” 
And, at the end, when the Time Traveller makes his final exit, the narrator ofthe tale 
Just misses the departure but tells us “A gust of air whirled around me as I opened 
the door, and from within came the sound of broken glass falling on the floor. The 
‘Time Traveller was not there ... Save for a subsiding stir of dust, the further end of 
the laboratory was empty. A pane of the skylight had, apparently, just been blown 
in.” Both of these descriptions read as implosions, air rushing in to fill a spatial void, 
as though the time machines had jumped in time. Is there an inconsistency here? 
‘Well, perhaps not, if one accepts the curious idea of “slipping like a vapor” for an 
‘operational Wellsian-type time machine. 

‘One famous science fiction story” nicely illustrates these points. The inventor of 
the first time machine demonstrates it to colleagues by sending a brass cube 5 min 
into the future. After being placed in the machine, the cube vanishes and then, 5 min 
later, reappears. Did the cube travel shrough time, or was its journey “instanta- 
neous,” so to speak? If shrough time, the cube was present at every instant after the 
start of its trip—so why did it vanish? The cube gets to each instant before the 
observers do, but why this should produce the visual effect of disappearing is 
unclear, The description in the story implies the cube traveled 5 min into the future 
without existing at any of the in-between instants, and so the story’s time machine 
certainly was nor Wellsian, 

‘An immediate implication of the immobility of a Wellsian time machine is that if 
you are being chased by an angry mob somewhen in time (pethaps because you 
‘unwittingly violated a sensitive social taboo), then hopping into your Wellsian-type 


tually nuclear, but don’t forget when Wells wrote his novel. 
8, Brown, “Experiment,” Galaxy Seience Fiction, February 1984 
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time machine isn’t going to help because the machine just sts there. The mob could 
simply take its deliberate time in first building a roaring fire and then pushing the 
machine (and you) into it. As one author (with a wonderfully appropriate name!) 
expressed this, “You might as well try to escape by taking a nap.””* 

Pulp science fiction, always alert to a good story gimmick, used this character- 
istic of Wellsian time machines in one clever tale”* in which a criminal attempts to 
hide his crimes by sending the bodies of his victims into the far future. His mistake 
is to use a Wellsian time machine in which he escapes into the future. The police, 
however, having leamed of his foul deeds, simply build a cage around the machine 
and arrest him when he exits 23 years later! 

Ifa Wellsian time machine that moves through time suffers from a fatal collision 
problem, then how about that other favorite of science fiction, a time machine that 
{jumps in time? (Recall the final departure of Wells’ Time Traveller.) That certainly 
would avoid the self-colliding problem. When you pull the lever inside the machine 
you simply disappear from ‘now’ and (from your point of view) then instantly pop 
into existence ‘then.’ The problem with this sort of time machine is that a Time 
‘Traveller who uses it will have a discontinuous world line, with the break occurring 
at the moment his time machine “jumps.” In the modern physicist’s view of time 
travel, however, based on general relativity, a Time Traveller's world line should 
always be continuous. That's because general relativity is a smooth, local field 
theory described by differential equations, resulting in continuous CTLs/CTCs. 

Imagine, for example, that a ‘jumping’ time machine inventor starts building 
his gadget at time t = A and expects to finish building it at time t = B > A. At time 
1 =C<B, however, he runs into a problem. Fortunately, just at that moment a fully- 
functional time machine suddenly appears in the lab, and from it emerges a slightly 
older version of the inventor, The older version has the solution to the problem and, 
after telling the younger version the answer, gets back into the operational time 
‘machine and jumps off to ... somewhen. The younger version then completes his 
‘machine at time t= B, gets into it, jumps back to time t= C, and ...°° 

In the past, philosophers have gotten themselves all tangled-up in debates over 
‘personal identity, that is, which version is the inventor, the younger or the older? 
Can they both be the same person, even though the older version has a world line 
(starting at t= C) that is separate and distinct from the world line of the younger 
(that stops at t = B)? One philosopher (note 74) left physics behind and pursued this 
question into the following legal question concerning our two (?) inventors: if the 
older version commits a crime and then vanishes in his time machine before the 
police can apprehend him, can the younger version be punished even though he 


‘ML. Cook, “Tips for Time Travel.” in Philosophers Look at Science Fiction, Neson-Hall 1982. 
‘One movers story that acts Cook's point right is hy I. Watson, “The Very Slow Time Machine," in 
‘he Best Science Feton ofthe Year (T Cat eit, Ballantine 1979. 

"M4, Jameson, “Murder in the Time World" Amusing Stores, August 1940. 

This ite story I've jus told you involves wha sealed a hootsrap paradox (ust where di hat 
solution come reo hati, who thought i up) and its one of the real puzzles of time travel. 
‘sy lots more abot such curious dongs ltr in the book: 
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hhasn’t yet committed the crime? While certainly ‘interesting,’ this really is a 
jue for the modern physicist who is concemed only with the physical 
possibility (or not) of time travel to the past. 

Well, okay, you might now say, if neither a Wellsian time machine or a 
‘jumping® time machine will do, then just what are physicists studying in their 
Papers on time travel? The short answer here (in Chap. 3 I'll say more) is that 
physicists don't view time machines as super-tech gadgets covered with wires, 
meters, dials, and levers, humming away beneath a seated Time Traveller as 
gigawalts of power throb through massive copperferystal rods, with the whole 
business surrounded by a pulsating red-blue glow. Hollywood absolutely loves 
that sort of thing, but it’s simply all wrong. For modern physicists, a time machine 
is a region of spacetime with special topological structure. Then, to time travel, 2 
‘Time Traveller moves through that region of spacetime (in a rocket, perhaps) along 
‘an appropriate path. To ‘make a time machine’ therefore, in modern terms, means to 
(somehow) manipulate finite amounts of matter/energy in such a way as to alter the 
topology of a finite region of spacetime from one that has no CTLs/CTCs to one that 
does.” The most famous example of such a spacetime topology alteration (or warp) 
is the creation of a wormhole. A wormhole is a ropological artifact of a spacetime: 
wormholes were popularized in Carl Sagan's 1985 novel Contact (under the 
guidance of physicist Kip Thorne) and are now common in science fiction.” 
As mentioned at the start of this chapter, for example, even Stephen King uses 
‘one in his 2011 mainstream novel 11/22/63. 

Pll return to the “topology of spacetime’ in Chap. 3 but, just so we don't leave it 
here as a mysterious phrase, here's a simple illustration of a topology change. 
Imagine a long, flat, narrow, two-dimensional strip of paper. The strip has the 
following topology features of interest to us here: (1) it has a beginning (its left end) 
and an ending (its right end), and (2) it has two sides (the top surface) and the flip- 
side surface. Now, imagine that we take the right end of the strip, give it a half-twist 
of 180" through our three-dimensional space, and then finally we glue that twisted 
cend to the left end of the strip. The half-twist and gluing (our warp) has changed 
both of the topological properties of the strip. That's because the strip now has no 
‘end (you can travel forever along the strip, always going ‘forward’ and never 
reaching a point where can't go forward some more), and the strip now has just 
‘one side. You can convince yourself that itis one-sided by coloring the strip with a 


"There isa hint of this in one prescient science fiction story, in which the inventor of a time 
‘machine, when asked about how it works, replies “An electromagnetic warping [my emphasis] of 
the spacetime continuum,” See N. Schachner, “When the Future Dies, 
Fiction, June 1939. 

°%A wormhole is featured in the 2014 film Interstellar, whose Executive Producer and technical 
advisor was Thome. The film's special effets are relaivstcally correct (not the typical Holly- 
‘wood “fantasy physics’) and you can read how that was achieved in Oliver James, Eugénie von 
‘Turzelmann, Paul Franklin and Kip S. Thorne, “Gravitational lensing by spinning black hoes in 
astrophysics, and in the movie Interstellar” Classical and Quantum Gravity, February 201, See 
also (same authors) “Visualizing fmerstelar’s Wormbole,” American Journal of Physics. lune 
2015, pp. 486-499. 
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crayon, During the coloring, do not life the crayon from the strip. When you can 
color no more, you'll find that every last bit of the strip has been colored. You can't 
do that with the original strip without lifting the crayon and turning the strip over 
because the original strip was two-sided. Many readers will recognize that what 
we've done is make a Mébius strip, named after the German astronomer and 
mathematician August Mobius (1790-1868) who described it in 1858. 

Here's another astonishing property our half-twist warp has introduced, Cut the 
Mibius strip lengthwise with a scissors; most people believe you will then get two 
strips, each the length of the original strip but each only half as wide. Actually, you 


get one strip with a full 360. twist, which means the result is back to having two 


sides. (To see this, make a Mabius strip, cut it, and then apply the crayon.) And if, 
‘you cut this new strip lengthwise once more, you get two separate loops, linked 
together. Try it and see, but be very careful. As the late science fiction writer Cyril 
Kombluth (1923-1958) wamed, there may be horrific potential dangers in 
unschooled experimentation with topology warps: 


A burleycwe dancer, a pip 

Named Virginia, could peel in 
But she read science fiction 
And died of constriction 

Attempting a Mobius strip.” 


To end this section, 1 should point out that a change in the topology of a 
spacetime is nora necessary requirement for that spacetime to support time travel 
to the past. Gédel's rotating spacetime, for example, has a remarkably simple 
topology and, as you'll recall, it's literally stuffed with CTLs/CTCs, to the point 
that time travel tothe past in Gidelian spacetime would be an everyday occurrence. 
You might think a world that presents time travel as a fundamentally allowed 
physical phenomenon, as does Gadel's spacetime, would be irresistible to science 
fiction writers, (So far as I know, however, no one has written a time travel story 
using the rotating universe idea.!™) In Chap. 6 in fact, I'l show you just how easy 
it would be to time travel in Gidel’s spacetime, using a rocketship as the means to 
‘move through that spacetime. Of course, our universe is not Gadelian, so the “time 
travel tothe past” question isnot so easly answered forthe spacetime we appear to 
actually inhabit 


"As you can see from this, sence fiction writers have had fun withthe Mabius strip. Two early 
‘examples nor involving time travel are N. Bond, “The Geometries of Johnay Day.” Astounding 
Science Fiction, July 1941, and W. H. Upson, “A. Botts and the Mobius Strip.” The Sanwday 
Evening Post, December 1945, The use of the Mais strip for ime travel occurs fr example, in 
M. Clifion's “Star, Bright” Galaxy Science Fiction, uly 1952, 
2°1F he fa lived, peshaps the well-known science ition writer James Blish (1921-1975) would 
hhave writen such a tale. In David Ketterer's biography of Blish (Imprisoned ina Tesseract, Kent 
State University Press 1987), there is this comment from 1970 leter written by Blish: “Lam 
especially intrigued by the spinsing-universe form of time travel, especially since -.- nobody has 
touched i... But I should really stop mentioning the spinning-universe in public. oF somebody 
will noble onto it before I can get into it!” 
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1.5 Quantum Gravity, Singularities, Black Holes, and Time 
Travel 


“A [spacetime] singularity is where God is dividing by zero." 


Anonymous 
“A theory that involves singularities and involves them unavoidably, moreover, casiex 
within itself the sceds af ts own destruction.” 
Peter Bergmann (1915-2002), Einstein's research assistant atthe Institute for 
‘Advanced Study. Princeton 


‘A fundamental objection to general relativity’s suggestion of the possibility of 
time travel tothe past is that, ina very deep sense, general relativity is known to be 
incomplete. That is, it is incompatible with quantum mechanics, which is the 
physics of the very, very small—the physics of atomic-size objects and smaller 
We touched on this at the end of Sect. 1.2, and here we'll ake a longer look at the 
issue of merging quantum mechanics with general relativity 

In quantum mechanics, the discrete nature of the atomic world appears in such 
phenomena as the photoelectric effect, in which light acts like individual particles, 
(photons) rather than as continuous waves. Einstein's general relativity works 
beautifully on a cosmological scale but, like Maxwell's theory of electromagne- 
tism, and unlike quantum mechanics, it fails when applied deep inthe interior ofthe 
atom. Quantum theory, however, seems to work everywhere. As one physicist put 
‘As far as we can tell, there is no experiment that quantum theory does not 
explain, at least in principle... Though physicists have steered quantum theory into 
regions far distant from the atomic realm where it was bor, there is no sign that itis 
ever going to break down.” 

(One ofthe central concepts in relativity is the world line, which isthe complete 
story of a particle in spacetime. A world line assigns a definite location to the 
particle at each instant of time. This is a classical, pre-quantum concept, however, 
and today physicists use the probabilistic ideas of quantum mechanics to describe 
the location and momentum of a particle once they get down to the atomic scale of 
matter. Quantum theory isa discrete theory in which the values of physical entities 
vary discontinuously (in ‘quantum jumps’), whereas in classical theories the values, 
‘of physical entities are continuous. The difference between the two types of theories, 
is something like the difference between sand and water, Mixing the two theories— 
the classically smooth, continuous general relativity and the discrete quantum 
‘mechanics—to get something called quantum gravity is the Holy Grail of physi- 
cists today, and nobody has more than an obscure idea of how to do i. 


TN, Heber, Faster Than Light: Superluminal Loopholes in Physics, New American 
Library 198 
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Just one of the more curious results of the fusing of quantum mechanics with 
general relativity may be quantum rime.'°? That is, in quantum gravity the smallest 
increment of time that has physical meaning: 
term first used in a non-time travel science fiction story’ 


\_-may have a non-zero 
value. As we'll see later in the book, much of the controversy over the possibility of 
time machines hinges on what is called the quantum gravity cut-off. This is the 
cend-result of destructive spacetime stresses that tend to grow toward infinity 
whenever a time machine spacetime topology attempts to form. This process goes 
under the general name of the back reaction, and is conceptually similar to a rubber 


band growing ever more taut as itis stretched, an effect that re 
(and, of course, if stretched too far the rubber band breaks). 

‘The cut-off of those stresses, at some finite value, is imagined to occur when the 
terminal phase of the growth would take place in less than the minimum possible 
time interval. The cut-off happens because, itis thought, nothing can actually occur 
in less than the minimum time. The debate is over just what that minimum duration 

and over whether the cut-off would occur before the stresses could reach finite 
values large enough to destroy the putative time machine topology. If the cut-off 
occurs before the back reaction stresses climb to the critical value, then the time 
machine survives. Otherwise, not. 

‘To see how this *works,” consider the two fundamental physical constants 
associated with classical gravity, the gravitational constant" G and the speed of 
light c, and the fundamental physical constant associated with quantum mechanics 
(Planck's constant) h. Now, if you play around with combinations of these con- 
stants itis easy to show that the following expressions have the units of length, time, 
and mass, called the Planck length (Ip), the Planck time (tp), and the Planck mass 
(imp), respectively: 


is more stretching 


‘The extremely tiny values of Jp and fp (the chronon), in particular, indicate 
(roughly) where it is expected that the smooth, continuous spacetime of general 


“H. Kragh and B, Carazza, “From Time Atoms to Space-Time Quantization: the idea of discrete 
time, ca 1925-1936." Sides in History and Philosophy of Science, Sune 1994, pp. 437-462 
§, Weinbaum, “The ideal" Wonder Stores, September 1935, 

{This is the constant in Newton's famous inverse-square law for gravity: the atractve force 
between two point masses mand me distance r apart, is P= G2 
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relativity will itself become quantized, and so will have to give way to a quantum 
theory of gravity. 

‘The associated value of the mass-energy density when this transition is imagined 
to occur is enormous; the so-called Planck density is the Planck mass divided by the 
‘cube of the Planck length and has the value of about 10™ grams/cm". This is where 
physicists expect classical and quantum gravity to part company. Can such an 
‘enormous mass-energy density actually occur?" 

‘Yes, and more, in what physicists call singularities 

This was all still very speculative until about 50 years ago, but today the search 
for how to connect general relativity and quantum mechanics is serious business. 
‘That search is related to time travel studies via a fantastic sequence of discoveries in 
relativistic physics, made during the last 80 years, beginning in 1931 with the work 
of the young Indian astrophysicist Subrahmanyan Chandrasekhar (1910-1995). He 
combined quantum mechanics and special relativity to show that a non-rotating star 
above a certain mass (about 1.4 times the mass of the Sun) cannot evolve into a 
white dwarf, which had until then been thought the eventual fate of all stars. Stars 
more massive than 1.4 Solar masses (but not 00 massive) would, instead, become 
neutron stars, But what then happens to stars that are too massive for even that 
bizarre eventuality? 

General relativity predicts that a sufficiently massive star—greater than about 
four times the mass of the Sun—will, when its fuel is nearly exhausted and its 
nuclear fires are beginning to fade, experience a truly spectacular event called total 
gravitational collapse. When its fuel-starved, weakened radiation pressure is no 
longer able to keep a massive, aged star inflated against the collapsing force of its 
‘own gravity, the star will suddenly implode and crush itself into what is called a 
black hole, a dramatic term coined in 1967 by the Princeton physicist John Wheeler 
(1911-2008) in an address before the American Association for the Advancement 
of Science. A black hole is an object with a gravitational field so strong that even 
light cannot escape—that's why it's black!—at whose center is something called a 
singularity. This is all well-known lore in the physics world." 

Indeed, cataclysmic views of the collapse of matter are actually quite old. In 
Lucretius’ first-century B.C. The Nature of the Universe, for example, we find the 
following imagery on what it would be like if matter itself collapsed: “The ground 
will fall away from our feet, its particles dissolved amid the mingled wreckage of 


‘By comparison, the density of a neviron star ison the order ofa “mere” 10" gramsfem! 

‘*Pertups not so well-Anown, however. is that science ition was there long before Wheeler. In 
‘one classic tale (M. Leinster, “Sidewise in Time.” Astounding Stories, Jane 1934) a scientist, 
explains atthe end, “We know tha gravity warps space... We can caleulate the mass necessary to 
‘warp space so that it will completely close in completely... We know. for example, that i two 
{izantc star masses of certain mass were to combine ...they would simply vanish. But hey would 
rot cease o exist. They would merely cease to exis in our space and time” And then, 38 another 
character sums it up. “Like crawling into hoe a palling the hole in ater you." The explicit use 
fof the complete tem blackhole fr a region of weird spacetime also appeared in science fiction 
before Wheeler (P. Wonk, “Typewriter from the Future." Amazing Stores, February 1980) 
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heaven and earth. The whole world will vanish into the abyss, and in the twinkling 
‘of an eye no remnant will be left but empty space and invisible atoms. At whatever 
point you allow matter to fall short, this will be the gateway to perdition.” These 
words were actually inspired by earthquakes, not black holes and their singularities, 
but could a modern expert in general relativity and singularities have said it any 
better? But, what is a singularity? 

‘As one theoretical physicist has dramatically written, “once gravity runs out of 
control, spacetime smashes itself out of existence at a singularity.” Or to quote 
Hawking, “A singularity is a place where the classical concepts of space and time 
break down as do all the known laws of physics.” One particular view of a 
singularity is that itis a place in spacetime that has infinite density and a gravita- 
tional field that is infinitely strong. The curvature of spacetime (more on curvature 
in Chap. 3) at this sort of singularity, sometimes called a crushing singularity, is 
also infinite, This is the sort of singularity believed to be at the center of 
non-rotating black holes. Historically, however, the occurrence of infinities in 
physical theories has been thought the red flag signaling that the theories have 
simply been extended too far, and their calculated results are nonsense. 

Perhaps, then, singularities occur only in unrealistic physical applications of 
general relativity, and so it is only perfectly spherical collapsing stars that can 
end-up (on paper) as a black hole singularity. For a while physicists tried to 
establish that, but they were forced to abandon the attempt when it was shown 
that singularities are unavoidable and not just the result of idealistic assump- 
tions." This result worried many, and so the concern that general relativity was 
failing with its prediction of black holes and their singularities continued. In the 
case of a crushing singularity, perhaps all that meant is that once the collapsing star 
hhad fallen into a region even smaller than an electron, general relativity is no longer 
valid and the singularity is simply the ‘math gone wild.’ Einstein, himself, held that 
view. In his book The Meaning of Relativity (based on lectures he gave at Princeton 
in 1921), he wrote (concerning the use of the general theory to study the origin of 
the universe as a “big bang,” which was a crushing singularity), “For large densities 
of field and matter, the field equations [of general relativity] and even the field 
variables which enter into them will have no real significance. One may not 
therefore assume the validity of the equations for very high density of ficld and 
matter, and one may not conclude that the *beginning of the expansion’ must mean 
a singularity in the mathematical sense.” 

Well, what does general relativity say about the singularity at the center of a 
black hole? To start, the theory says that, at a distance directly proportional to the 


2p, CW. Davies, The Eile of Infinity, Simon & Schuster 1981 

19S, Hawking, “Breakdown of Predictability in Gravitational Collapse,” Physical Review D, 
November 15, 1976, pp. 2460-2473, 

28, W. Hawking and R. Penrose, “The Singularities of Gravitational Collapse and Cosmology 
Proceedings of the Royal Society A, January 27, 1970, pp. 529-548. Ironically. one of the 
“realistic™ assumptions made inthis paper. which appears 10 force singularities to exis, i that 
time travel is impossible 
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mass of the collapsed object, a so-called event horizon will form. The event horizon 
is a surface in spacetime through which anything can fal into the hole, but through 
which nothing, not even a photon of light, can escape outward. The singularity at 
the black hole’s center is therefore not visible to a remote observer (the singularity 
is said to be “clothed,” and so not “naked"!"*). For all observers beyond the event 
horizon, the only visible properties of the hole are its mass (via its gravitational 
effects), its angular momentum (its spin rate), and its electric charge, and these 
properties are independent of the details of the pre-collapsed object (other than the 
requirement that electric charge and angular momentum are conserved), 

‘There are actually several fundamentally different types of black holes. If the 
collapsed star forms a non-rotating, spherically symmetric, uncharged''’ object, 
then the result is called a Schwarzchild black hole, after the German astronomer 
Karl Schwarzchild (1873-1916) who found the first exact solutions to Einstein's 
general relativity field equations just months after Einstein published them." Soon 
after that the Finn Gunnar Nordstrém and the German Heinrich Reisner indepen- 
dently found the solution to the ficld equations for the slightly more realistic 
non-rotating, charged black hole.''* This is only slightly more realistic since it is 
highly unlikely a black hole wouldn't be spinning, as all observed stars are spinning 
‘and angular momentum is conserved during gravitational collapse. Another slightly 
‘more realistic solution, that of a rozating, uncharged black hole, was found by the 
New Zealand mathematician Roy Kerr in 1963, and this solution had a twist to it 
that at last explains why Iam telling you all this—the singularity at the center of a 
Kerr black hole is not the point singularity of a non-rotating black hole but rather is 
a ring singularity. That is, there is a hole in the Kerr singularity through which 
matter ean travel, without being destroyed. a hole that seems to act as a portal into 


TA naked singularity, with no event horizon behind which to hie, would be particularly 
bothersome to piysicsts who don’ ike the idea ofthe breakdown of physics being on ful display 
What they think they'd then see would be completely unpredictable, Whether such a situation ean 
actully exist is sll open to debate, but there are both analytical solutions and computer 
Simulations (incorporating realistic equations of sate on the pressure response of matter as it i 
compressed) that sem to allow it (as inthe gravitational collapse of an infinite! long, non-otating 
einer that appears to result in an aia, theadstike, naked singularity). 

"the word charge means either electrical or magnetic charge, although from a practical point 
‘charge probably does mean just electrical, asthe theoretically possible magnetic monopole has yt 
to be observed and, in any case itis thought that black holes will not havea significant electrical 
charge 

Even Einstein hadn't yet solved them, and he apparently thought they were too complicated to 
be solved; when he saw Sehwarzchild's result, he was so impressed that Einstein wrote to say “L 
hhad not expected thatthe exact solution to the problem could be formulated, Your analytical 
treatment ofthe problem appears to me splendid” 

!6T wo years later, the University of Pitsburgh physicist Ezra Newman finaly solved the field 
‘equations forthe realistic, 
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other spacetime regions that may include past or fire regions of spacetime, In 
other words, the ring singularity seems to be the entrance to a time machine.!"* 

‘A discussion of singularities in general relativity is especially complicated for at 
least two reasons. First, there is more than one type, with crushing being just the 
(perhaps) most ‘obvious.’ Another type has no infinite curvature associated with it, 
but rather is a point in spacetime beyond which the worldline of a freely falling 
mass cannot be extended. Such a point is called a geodesically incomplete singu- 
larity, and it represents either an end to space or to time (in either case, that point is 
on the boundary or edge of spacetime). There are other types, as well—I've 
mentioned the naked singularity already—and the appearance of uny of them is 
distinctly unsettling (recall Bergman's opening quote) to physicists. One that may 
be the most unsettling of all, however, is the thunderbolt singularity. This singu- 
larity propagates to infinity at the speed of light! As its discoverers dramatically put 
it, “It is not a naked singularity because you do not see it coming until it hits you and 
wipes you out.”!!5 

‘The other reason for a discussion of general relativity singularities being 
complicated is that they simply are not like the singularities of earlier theories. 
For example, in electromagnetic field theory spacetime is the given background 
reference: that is, a singularity in that theory is a point in spacetime where the 
electromagnetic field is undefined. In gravitational field theory, however, it is 


sYou ean find discussions on how this i imagined to work in two papers by R. Weingard 
“General Relativity and the Conceivabilty of Time Travel,” Philosophy of Seience, June 1979, 
pp. 328-332, and “Some Philosophical Aspects of Black Holes.” Synthese, September 1979, 
1p. 191-219. See also M. Calvani etal, “Time Machine and Geodesic Motion in Kerr Metric, 
feneral Relativity and Gravitation, February 1978, pp. 155-163. 1 won't pursue black hoe time 
‘machines inthis book, ast is not what modem physicists considera plausible means of time travel 
(ow are you going to gain access 10 a black hole?!) For how one seience fiction writer did use 
the idea, however, see L. Niven “Singularities Make Me Nervous.” in Stellar 1 (JL. del Rey. 
editor), Ballantine 1974. lack holes are bizare objects—nearly as bizarre as time tavel—and it 
seems risky 1 ty 10 understand one in terms of the other (recall Professor Challenger's 
‘observation 

83, W. Hawking and J. M. Stewart, “Naked and Thunderbolt Singularities in Black Hole 
Evaporation,” Nuclear Physics B, July’ 1993, pp. 393-415. As bizarre as is the thunderbolt, it 
vas anticipated in science fiction by more than half a century. Inthe sory “The Tides of Time” by 
RM. Williams (Tivilling Wonder Stories, April 1940), the universe is collapsing a faster than the 
speed of light. Human scientists learn this when fleeing aliens stop thir faster-han-light space 
ships to warn them. One of the human characters then looks ou into the night sky and, in words 
‘that sound like those of Hawking and Stewart, “There would be no warning, for the rolling tide was 
traveling faster than light... Ir would come faster than the flicker of an eye. No one would see it 
come, One instant the world you knew would he around you, The next instant, there would be 
nothing. You would not even have time to know what had happened, Death, faster than the 
lightning flash!" This story may have been inspired by a tale published decades earlier, by the 
(Canadian writer Prank Lillie Pollock (1876-1957). ln his“Finis” (The Argosy, Jane 1906), written 
long before the concept of asuper-nova, the light of a huge, distant star finally arivesto cook Earth 
into oblivion. 
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spacetime itself that is undefined, and there is no background ‘something’ in which 
spacetime is embedded to serve as a reference." 

‘One early suggestion on how to avoid the problem of the crushing singularity of 
the non-rotating black hole (which is, as mentioned earlier, not a realistic model for 
the gravitational collapse of a rotating star) is thatthe collapse may stop short of the 
singularity. That is, the collapsing body might instead rebound. This “bounce” 
would occur after the star was inside its event horizon, so an external observer 
‘would not see the later expansion, an expansion imagined to be through the event 
horizon but into a different region of spacetime.'"” When Novikov's work was 
generalized the following year, the authors clearly had a hard time believing this 
dramatic imagery, despite their own mathematics, concluding with “It then appears 
necessary to believe in the existence of other [regions of the universe, including the 
past and the future] which will accommodate the re-expansion, This seems at least 
as fantastic as the alternative of [a point singularity).”.'!* 

In 1974 Hawking announced an astonishing partial connection of quantum 
mechanics with general relativity's black holes. He showed that, contrary to the 
usual image of black holes as being one-way trap doors to ...2, black holes actually 
‘must radiate energy.''” His analysis, which stunned physicists by its beautifully 
simple arguments, invokes the famous uncertainty principle, one of the comer 
stones of quantum mechanics. Hawking himself found the result “greatly surpris- 
ing,” He also cautioned (in his 1975 paper) that the following picturesque imagery 
is “heuristic only and should not be taken too literally.” but it has now been in 
physies for over 40 years and appears to be here to stay. 

‘The uncertainty principle states that there are certain pairs of variables associ- 
ated with particles, variables that cannot be precisely measured at the same time. 
‘Time and energy form such a pair because a non-zero time interval is required to 
measure a particle's energy, and the product of the uncertainty in both the time 
interval (At) and the energy (AE) must be at least as large as a certain non-zero 
‘constant. That is, iis Planck's constant, then AEAt~h. This allows the process of 
virtual particle creation, the appearance of particle/anti-particle pairs just outside 
the event horizon of a black hole. The uncertainty in the energy is what gives 
the combined mass of the particles in a pair; this uncertainty in the energy is the 
quantum fluctuation energy of the intense gravity field of the hole. The only 


Sec, for example, R, Geroch, “What ls a Singularity in General Relat 
July 1968, pp. $26-540. 

"See, for example, I. Novikov. “Change of Relativistic Collapse In Antcollapse and Kine- 
matic of « Charged Sphere," JETP Letters, March 1, 1966, pp. 42-144, and V. B. roloy ea, 
“Through a Black Hole Into a New Universe?" Physics Leters, January 12, 1989, pp. 272-276 
Igor Novikov isa Russian physicist tthe University of Copenhagen, and be will appear later inthe 
book when we get tothe paradoxes of time travel 1 the past. 

MY. De La Cruze and W. Israel, “ 
pp. 744-760. 

M8, Hawking, “Black Hole Explosions?" Nature, March 1, 1974, pp. 30-81, and “Panicle 
Creation by Black Holes." Communications in Mathematical Physics, 1975, pp. 199-220, 


Annals of Physics, 


iravitational Bounce,” Nuova Cimento A, October 1, 1967, 
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constraint is thatthe energy be returned to the field, via mutual annihilation of the 
matter/anti-matter pair within the time uncertainty dictated by the uncertainty 
principle," 

‘As Hawking showed, this time interval, although incredibly short, is stil long 
enough for the two virtual particles to separate before annihilation, one falling imto 
the hole and the other escaping. This would happen, for example, if the particle/ 
ant-particle pair is an electron/positron pair, and so a negatively/positively charged 
black hole would tend to attract the positron/electron and repel the other particle 
(either way, driving the charge of the hole towards zero). (Hawking then later 
suggested'”" that the particle entering the hole could be thought of as an emitted 
particle traveling backward in time, an idea that can be traced back decades, to John 
Wheeler—'ll return to this idea in just a moment.) By this incredible quantum 
process, then, the black holes of general relativity slowly evaporate (1) as they glow 
with what is now called Hawking radiation. That is, black holes appear to be hot 
bodies. But hot is relative, as a black hole with the mass of the Sun would have a 
temperature of just sixty nano-degrees Kelvin above absolute zero, and it would 
take 10" years (a stupendously enormous time compared tothe age ofthe universe) 
to completely evaporate 

Indeed, one physicist had already mused thatthe entire universe might have been 
created by a similar quantum process, our of nothing, a so-called vacuum fluctua- 
tion. The explanation for why the universe doesn't then disappear—and very 
quickly, too, because the energy for all the mass in the newly created universe is 
quite large (that is, AE is really big and so At must be really small) —is that the 
negative gravitational potential energy of all that newly created matter would 
cancel the positive mass-energy, and so AE is actually quite small and so At is 
then quite large. To perhaps show he wasn't quite convinced by all that, himself, 
‘Tryon whimsically wrote “I offer the modest proposal that our Universe is simply 
‘one of those things which happen from time to time.” 

‘As a final comment on the suggestion by Hawking of a connection between 
virtual particles ata black hole event horizon and backwards time travel, the idea 


The uncertainty principle has long been used in time travel science fiction. In one story. for 
‘example, a characteris transported fram 1950 to. 263¢ by a scientist of the future. Once there, this 
character decides he'd like to remain permanently in the 27th century. He is told that he cant 
hecause he is like an atom excited into an elevated energy state and, just as quantum mechanics 
‘sys that eventually an electron in such state will drop back down into a lower energy state, so da 
the “laws of ime travel” require that he drop back to his normal time. How long can he remain in 
future, he i told, “depends on the mss (energy) of his body and the numberof years the mass 
[energy] is displaced.” Thats simply the uncertainty principle. See W. Bade, “Ambition.” Galaxy 
Science Piction, October 1951, 

S, Hawking, “The Quantum Mechanics of Black Holes," Scientific American, January 1977 
P. Tryon, “Is the Universe a Vacuum Fluctuation?” Nurure, December 14. 1973, 
pp. 396-397, 
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originated (as 1 said before) with Wheeler, in 1941.'°" In an astonishing coinci- 
dence, even as Wheeler was telling his student Richard Feynman about this, a 
science fiction writer was also identifying anti-matter with backward time traveling 
‘normal’ matter.'™* Later, the Polish science fiction writer Stanislaw Lem 
(1921-2006) took this idea, combined it with the quantum concept of energy 
Auctuation, and came up with one of his typically outrageous (and typically 
hilarious) ideas: shooting a single positron out of an accelerator back to the very 
beginning of time. His story character called this fantastic machine the 
“Chronocannon” and claimed that’s what started the universe,'?* 

Soon after Lem, a philosopher used a variant of this idea, in which the Big Bang. 
creation of the universe was caused by a time traveler from the future who saw a 
need—his own existence—to generate the Big Bang. This leads to philosophical 
speculations on the cosmological implications of God as a time traveler.'"° Two 
recent physicists have taken this one step further by suggesting that the universe, via 
time travel may have caused itself! As they put it “the laws of pss may allow 
the Universe to be its own mother. 

‘The modern hope is that quantum mechanics (as in quantum gravity) will save 
physics from the horror of general relativity's singularities, This was the view of 
John Wheeler and, as the man who named black holes, his view is important to 
consider. General relativity is a classical, smooth theory that is fundamentally 
continuous, while ‘our’ universe appears to be a quantum one. So, perhaps, general 
relativity’s prediction of singularities may be just an artifact without physical reality 
in the ‘real world.” Wheeler's position was based on the quantum fluctuations of 
gravity fields, which are related to the uncertainties inherent in our knowledge of the 
values of physical entities. Such fluctuations are vanishingly small in systems of 
everyday size, but they increase dramatically at very tiny distances that are twenty 
‘orders of magnitude smaller than the nucleus of an atom, In the microscopic region 
of spacetime that the matter forming a black hole is falling into, these fluctuations 
might conceivably result in effects that preclude the formation of a singularity. 
Agreeing were two physicists who asserted that, even without a detailed knowledge 
‘of quantum gravity, quantum effects “would smash the idealized interior geometry” 


ce Richard Feynman's Nobel lecture, reproduced in Science, August 12, 1966, pp. 699-708, 
where he recounts Wheelers “proof” fr why every electron inthe universe has exactly the same 
charge (there is only one electron, weaving its way’ back-and-forth in time, with positrons being 
the electron when traveling backwant-in-time') 

Will Stewart,“ Minus Sign." Astounding Science Fiction, November 1942, “Will Stewart was 3 
pensname for John Stewart Williamson (1908-2006), 

255, Lem, “The Eighteenth Voyage.” in The Star Diaries, Seabury Press 1976. 

4G. Fulmer. “Cosmological Implications of Time Travel," in The Intersection of Science Fiction 
and Philasophy(R-E. Meyers, editor), Greenwood Pres 1983. Isaac Asimov used a smilaridea in 
his story “The Instability.” The London Observer. Fanuary 1, 1989. 

J, R. Gott and LX. Li, “Can the Universe Create Ise?" Physical Review D, 1998, 023501 
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[that is, the ring singularity] of a rotating, charged black hole, thereby eliminating 
‘any possibility of using such a hole for time travel.'"* 

‘And finally, to generalize beyond black holes to the hoped-for pay-off of the 
coming of quantum gravity in banishing singularities altogether, one recent study 
has examined how non-crushing singularities (that is, ones of the geodesically 
incomplete type) are apparently “healed (the authors" term) by quantum effects.'”” 
With the eventual development of quantum gravity, perhaps all the singularities of 
general relativity will vanish while leaving the CTCs/CTLs intact, thereby remov- 
ing a form of doubt in the theory's apparent support for time travel to the past. It 
may be a long time coming, however: as the University of Sydney philosopher of 
science Dean Rickles recently (2014) wrote in his book A Brief History of Strin 
Theory, “quantum gravity is in many ways ...a revolution still waiting to happen.” 


1.6 Tipler’s Time Machine 


“In short, general relativity suggests that if we construct a sufficiently large rotting 
cylinder. we ereate a time machine.” 


‘The time traveling property of the ring singularity in a rotating black hole once 
made ita favorite of science fiction writers, as in Joe Haldeman’s classic 1974 novel 
The Forever War (in which the term used is not black hole, but collapsar, which is a 
nicely descriptive word in its own right). A major difficulty with this approach, 
however, as I mentioned in the previous section (note 114), is that of “getting one’s 
hands on’ (so to speak) a black hole! So, is there any other “time machine” that is 
consistent with general relativity? Yes, there is 

In 1974 a young physics graduate student at the University of Maryland, Frank 
Tipler, caused a bit of a stir when he published what seemed to be quite specific 
construction details for a time machine. Indeed, the final sentence (the above 
quotation) of his paper couldn't be clearer. Nobody had ever before made such a 
statement in a respectable physics journal and, best of all, there were no apparent 
spacetime singularities involved. However, a close look at Tipler’s analysis does 
turn up some difficulties. 

‘What Tipler had actually done was to show that if one had an infinitely long, very 
dense cylinder rotating with a surface speed of at least half the speed of light (the 
rotation speed is such that the outward centrifugal forces are balanced by the inward 
gravitational attraction of the cylinder), then this allowed the formation of closed 


'N.D. Birrell and P.C.W. Davies, “On Falling Through a Black Hole Into Another Universe,” 
[Nanure, March 2, 1978, pp. 38-37 
2°"7. M, Hellivell and D. A. Konkowski, “Quantum Singularities in Spherically Symmetric, 
Conformally Static Spacetimes." Pysical Review D, May 13,2013, 10404, 
'p,J, Tipler, “Rotating Cylinders and the Possibility of Global Causality Violation,’ Physical 
Review D, April 15, 1974, pp. 203-2206, 
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timelike curves around the cylinder. This means that by orbiting the surface of such 
‘a fantastic cylinder, one could travel through time into the past—but not to earlier 
than the moment of the creation of the cylinder. 

This last point is a very important one, as it does avoid one particularly odd 
paradox (called a bootstrap): a traveler going backwards in time to tell the inventor 
of a time machine (perhaps an earlier version of the time traveler himself) how to 
build the time machine. You can find this idea in early science fiction,'" and a 
minor variant of it was amusingly illustrated in the 1985 film Star Trek IV: The 
Voyage Home (when you next watch the movie, ask yourself who actually invented 
“transparent aluminum?) Bootstrap paradoxes are quite mysterious and still befud- 
dle physicists and philosophers. Science fiction writers, on the other hand, love 
bootstraps as great story gimmicks. 

Tipler’s cylinder would also enable a time traveler to return to her original time, 
to go “back to the future,” by orbiting the cylinder in the reverse direction (but no 
further into the future than when the cylinder ceases to exist). Later in the book I'll 
show you a simple illustration—based on a similar one in Tipler’s PhD dissertation, 
published in 1976—of how the cylinder works as a time machine. No one, in fact, 
disputes any of this. It is true, On paper. 

But Tipler did nor prove that a time traveling property holds for cylinders of even 
very long but finite length, which are the only kind we could actually build from a 
finite amount of matter; he merely suggested that such might be the case. This 
suggestion does seem reasonable, because ifthe time traveler orbits at the midpoint 
of the cylinder, near the surface, then the gravitational end-effects of sufficiently 
remote ends of the cylinder would, you'd think, become negligible. Similar math- 
ematical approximations are routinely made, for example, when calculating the 
electrical effects of charged cylinders of finite length, But as one physicist has 
wamed, “Extrapolation from cylindrical symmetry to reality is very dangerous, 
since spacetime is not even asymptotically flat around an infinite cylinder.” The 
ssue of whether a spinning, finite-length cylinder can create closed, timelike curves 
is still open: to quote another physicist, “[In] some respects an infinite cylinder may 
be a model for a long finite one, and the possibility cannot be dismissed that atime 
‘machine might be associated with a long, but finite rotating system."""* 


See, for example, C. Cloukey, “Paradox,” Amazing Stories Quarterly, Summer 1929. Later in 
the hook I'l discuss even earlier literary occurrences of bootstraps (that is, of formation on 
closed loops in time) 

8K. §. Thome, “Nonspherical Gravitational Collapse: Does It Produce Black Holes?” Comments 
‘on Actrophvsics and Space Physis, September-October 1970, pp. 191-196, What “asymptotically 
fat means willbe discussed in Chap. 3. 

SW. B, Bonner, “The Risidly Rotating Relativistic Dust Cynder" Journal of Physics A, une 
10980, pp. 2121-3132. Tpler was nt the first wo study rotating cylinders in the conten of general 
relativity. Sue eylindes had been around for decades, going back to 1982. A good reference is 
M. A. Mashkour, “An Exterior Solution of the Einstein Field Equations for Rotating Infinite 
Cylinder,” Imernational Journal of Theoretical Physics, October 1976, pp. 717-721. The fst- 
analyzed configuration of mater that generates closed timelike lines, solved in all is general 
relativistic detail, was the infinite rotating eylinder studied by W. J. yan Stockum, 
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‘There is, however, another potential problem besides the length of the cylinder. 
‘There is a strong likelihood that a Tipler cylinder under construction would collapse 
under its own internal gravitational pressure before it could be made nearly long 
enough to be even ‘approximately infinite.’ That is, such a finite-length cylinder 
might crush itself along its Iong axis into a pancake-shaped blob, something like 
‘what happens to a long cylinder of jello stood on-end, An ordinary can of jellied 
cranberry sauce will also sometimes display this curious behavior. 

‘The required rotational speed raises yet another concern, as well. We are not 
talking sbout cylinders the diameter of a pencil, or even of a large water pipe. 
Recall that for a given surface speed, the larger the diameter the less the centrifugal 
acceleration at the surface. It is easy to calculate that even a huge cylinder 
10 kilometers in radius, with a surface speed of half the speed of light, would 
have a surface acceleration hundreds of billions of times the acceleration of Earth's 
surface gravity. No known form of ordinary matter could spin that fast and not 
explosively disintegrate; Tipler has estimated that the required density for a time 
machine cylinder would be 40 to 80 orders of magnitude above that of nuclear 
matter. (In a masterful understatement, Tipler calls this astonishing stuff “unknown 
material.") Made from such incredibly superdense stuff, even a finite cylinder 
would still be as massive as the Sun but many trillions of times smaller. Showing 
no lack of imagination, Tipler has suggested the possibility of speeding up the 
rotation of an existing star as an altemative approach to that of building a cylin- 
der.'™ That, of course, would be project for a far-future society, with a very 
advanced technology. 

Al of these concerns were discouraging to Tipler (who could blame him?), and 
his pessimism about the actual likelihood of achieving time travel via one of his 
cylinders is shown by the words he used to open his 1977 paper (note 134): “Any 
attempt to evolve a time machine] from [normal] matter will cause singularities to 
form in spacetime. Thus, if by the word ‘manufacture’ we mean ‘construct using 
only ordinary materials everywhere,’ then the theorems of this paper will conclu- 
sively demonstrate that a [time machine] cannot be manufactured.” But not all 
physicists agreed, 


The Gravitational Field of a Distribution of Particles Rotating About an Axis of Symmetry,” 


Proceedings ofthe Royal Society of Edinburgh, 1939, pp. 138-158. This is pariculanly interesting 
because, while Van Stockum didn't spo the presence of closed timelike lines in his solution, bis 
ender is made entirely from ordinary mate 

SP, Tipler, “Singularities and Causality. Violation.” Annals of Phosics, September 1977, 
1p. 1-36. See also his earlier paper “Causality Violation in Asympotcally Flat Space-Time.” 
Physical Review Lamers, October 1976, pp. 879-882, where he wrote““There are many solutions to 
the Einstein equations (of general relativity] which possess causal anomalies in the form of closed 
timelike lines (CTL). I is oF interest to discover if our Universe could have soch lines. In 
particular, ifthe Universe doesnot at present contain such lines, iit possible for human beings 
to manipulate matter so as to ereate them? [That is, to construct atime machine | shall show in 
this paper tha itis nor (Tipler’s emphasis) possible wo manufacture a CTL-containing region 
‘without the formation of naked singularities, provided normal matter is used in the construction 
attempt (ray eamphass)." 
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‘Years after Tipler wrote, one physicist replied" with nvv pointed observations. 
First, Tipler’s theorems apply only to singularities ofthe incomplete kind, not to the 
more convincingly fatal crushing (or curvature) type. Second, to quote Ori at 
length, “The standard interpretation of Tipler’s theorems is to say that the appear- 
‘ance of a singularity in a given [spacetime] model indicates that this model is 
unrealistic and cannot be physically realized. Even for future-generation engineers 
it will probably be impossible to use ‘singular matter’ for the construction of their 
time machine However, the theory of black holes provides an obvious counterex- 
ample to this interpretation. For, by applying this interpretation to the black hole 
singularity theorems one could conclude that black holes can never form.” Yet 
black holes with several times the mass of the Sun hiave been detected in orbit about 
certain stars, and at least one supermassive black hole (with a mass equal to more 
than three billion Suns) has been detected at the core of galaxy M87. Indeed, itis 
now believed that the center of every sufficiently massive galaxy in the universe is 
hhome to a black hole (the one atthe center of our own galaxy, the Milky Way, has a 
mass about three million times that of the Sun). 

Even less concerned about singularities interfering with time travel were two 
other physicists who wrote!®® “It would seem that a successful attempt to manu- 
facture [a time machine] within a finite region of space will be accompanied by the 
creation of a singularity ... This does not immediately imply, however, that with a 
sufficiently advanced technology one could not make a time machine. There is no 
reason to suspect spacetime singularities could not in principle be created through 
deliberate human action {my emphasis).” 

‘These optimistic views were, of course, welcome news for science fiction 
writers, who had been using Tipler cylinders almost from when Tipler first wrote 
of them, Indeed, Larry Niven liked them well enough to ‘lift’ the very title of 
Tipler’s paper (note 130) for the ttle of a short time travel story for inclusion in his, 
1979 collection Convergent Series. Just one year after Tipler’s paper appeared, Poul 
‘Anderson featured the cylinders in his 1978 novel The Avatar, where they are called 
“T-machines": one can imagine the “T" stands for Time or Tipler or even both. 
‘Anderson's story describes the cylinders as having been scattered about the uni- 
verse by ancient, altruistic aliens called “the Others,” for the use by any who come 
across them and who have the wits to decipher how to use them. Anderson 
recognized the obvious problems with Tipler cylinder construction, and so has 
‘one of his characters say of T-machines, “I have no doubt whatsoever that [they are] 
the product of a technology further advanced from ours than ours is from the Stone 
Age.” 


5A, On, “Must Time-Machine Constrction Violate the Weak Energy Condition?” Physical 
Review Letters, October 1998, pp. 2517-2520. The weak energy conkition isthe scemsngly 
“obvious” requirement that the observed local mass-eneray density should never be negative 
‘Quantum mechanics predits (and it has been experimentally confirmed) that there are exceptions 
6M. P. Headrck and J. R. Gott, “(2+1)-Dimensional Spacetimes Containing Closed Timelike 
Curves." Pinsical Review B, December 18, 1994, pp. 7244-7259, The “Q41)" refer toa toy 
spacetime with just two spatial dimensions and one time dimension, 
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Even before (actually fong before) Tipler’s paper, science fiction had 
foreshadowed his physics. Oliver Saari (1918-2000), for example, had incorporated 
both superdense matter and the rule of ‘no time travel before the creation of atime 
machine’ in a story written 40 years earlier.""” Saaris fictional time machine works 
by warping spacetime via a plate of superdense matter. (An even earlier tale'"* had 
also used superdense matter, but it was badly flawed by its hocus-pocus invoking of 
‘rays’ emitted by the newly discovered element of fempium.) The ‘no time trayel 
before the creation of a time machine’ rule is the basis for an obvious response to 
Hawking’s Chronology Protection Conjecture, discussed earlier in this chapter, and 
it was so used by one physicist to rebut the Conjecture: as he wrote, 


(1) time machines, if possible, must have the property of not being able to travel 
back to before their creation, and 
(2) no time machine has yet been created. 


‘The absence of time travelers amongst us, therefore, provides no insight, one 
\ay or the other, on the eventually possibility of constructing a time machine, 


1.7. For Further Discussion 


Observations of the background microwave radiation that permeates the 
universe is strong experimental evidence for the Big Bang, the singularity 
thought to be the origin of the universe. This singularity is not shielded from 
us by an event horizon, and so is not a naked singularity (note 110), which 
‘means it is potentially visible, In 1969 the English theoretician Roger Pen- 
rose, however, proposed a metaphysical “law” called the cosmic censorship 
principle, which asserts that naked singularities are impossible. Discuss the 
obvious tension between Penrose’s principle and the Big Bang singularity 
(See, for example, P. Kosso, “Spacetime Horizons and Unobservability, 
Studies in History and Philosophy of Science, June 1988, pp. 161-173.) 


370, Saar, “The Time Bender." Amazing Stories, August 1997. ln this story we read thatthe time 
traveler “could not travel into the past forthe plate had to exist in all ages traveled, and it had not 
cist before he made i 

EL, Rementer, “The Time Deflector," Amazing Stores. December 1929. 

2K. §, Thome, “Do the Laws of Physics Permit Closed Timelike Curves?" Annals of the 
New York Academy of Science, August 10, 1991. pp. 182-193. Science fiction writer Damon 
Knight (1922-2001) anticipated Thome’s rebuttal in his story “Azimuth 1, 2. 3..." fsgae 
Asimov's Science Fiction Magazine, June 1982. 


LY. For Further Discussion 4a 


In the text I mention the “transparent aluminum” bootstrap paradox that 
appears in the 1985 movie Star Trek IV. Even earlier, a movie bootstrap 
appeared in 1980 film The Final Countdown. There, the designer of a modern 
naval warship that temporarily time travels back to the Pearl Harbor of 
December 6, 1941, turns out to be a crew member who was (is) accidently 
left behind in the past when the ship returns to the present. In the past he will 
be able to design the ship because he already knows how it was designed—by 
himself! In the more recent 2014 film Interstellar, a wormhole near Saturn is 
discovered. By the end of the film we learn that it was put there by future 
humans, humans who exist because their ancestors (us!) were saved from a 
planet-wide ecological disaster when they used the wormhole to discover new 
worlds in far-flung regions of the universe. Decide whether or not the 
existence of the wormhole represents a bootstrap paradox, and defend your 
position. 


One difficulty in using a black hole as a means of traveling from one region 
of the universe to another (with time travel as a special case) is simply getting 
to black hole in the first place. The nearest one to Earth, as faras is known, 
‘many light years distant. One reason for this may be an anthropic one (see 
note 13 in the “Introduction”), That is, a planet near a rotating black hole 
‘would either be eventually swallowed whole, or have its surface blasted by a 
firestorm of radiation produced by in-falling matter. In any case, no intelli- 
gent life able to recognize time travel would ever evolve on such a planet in 
the first place. That is, we are here to wonder about the absence of near-by 
black holes precisely because we aren't near a black hole. The lack of black 
holes near Earth is addressed in Joe Haldeman's ‘Earth vs, Aliens’ novel, The 
Forever War, by using the time dilation effect of special relativity (discussed 
in Chap. 3) that allows long travel distances to be covered in a reasonable 
time (as measured by clocks in rocket ships traveling near the speed of light). 
Suill, while the travel time to reach a black hole distant from Earth by many 
light years may only be 6 months of ship time, back on Earth many years may 
pass. Once at the black hole the ship enters it and instantly ‘jumps’ to a vastly 
different region of the universe. In the novel, no time travel after the time 
dilation experienced in just getting to the black hole occurs, but Haldeman 
uses that to great effect as follows. Before entering into combat, Earth's 
soldiers are told that when they exit the hole into a new region of the universe, 
they may encounter alien warships equipped with their latest technology, 
technology that could be far in advance of the Earth warship's technology 


(continued) 
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which dates from Earth’s past. That is, humans will be fighting against 
technology that dates from the Earth warship’s future. To quote the novel, 
“Relativity traps us in the enemy's past; relativity brings them from our 
future,” Explain this, 


In one of the quatrains of the Rubaiyar, the eleventh century Persian poet 
philosopher Omar Khayyam wrote 


The Moving Finger writes; and having writ, 
‘Moves on; nor all your Piety nor Wit 

‘Shall lure it back to cancel half a Line, 
Nor all your Tears wash out a Word of it. 


Nearly a 1000 years later the German theoretical physicist Hermann Weyl 
(1885-1955), a colleague of both Einstein and Gédel at the Institute for 
‘Advanced Study in Princeton, NJ, wrote the following in his book Space 
Time-Matter (published in 1921, three decades hefore Gidel’s 1949 time 
travel paper) 


{tis possible to experience events now that will n part bean effect of my possible 
future resolves and actions. Moreover, it is not imposuble for a worl-line 
(in particular that of my bod), although it has a timectike [sce the index] direction 
at every point. to return to the neighborhood of a point which it has already once 
passed through. The result would bea spectral image ofthe world more fearful than 
anything the weird fantasy of ET. A. Hoffmann an early nineteenth-century 
German waiter of the eccentric has ever conjured up. In actual fact the very 
considerable fluctuations of the [components of the metric tensor. to be discussed 
in Chap. 3] that would be necessary 1 produce ths effect do not occur in the region 
ofthe world in which we live... Although paradaxes ofthis kind appear, nowhere 
ddo we find any real contradictions tothe facts directly presented tous in experience. 
‘Compare these two views and, in particular, discuss what each says about the idea of 
"reliving the past.” 


Inthe opening section of this book ("Some First Words”) mention how now 
and then science fiction has anticipated physics. One interesting example of 
this occurs in a story of a time traveler almost meeting himself, a story 
published 2 years before Gidel’s 1949 time travel paper in which he suggests 
just such a possibility. The story opens with a man on a ship spotting the 
signal fire of a castaway on a Pacific island, as well asthe tiny, distant figure 


(continued) 
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of aman waving and jumping about, While sailing in to help, the ship hits a 
mine left over from the war, and the would-be-rescuer becomes a castaway, 
too. After swimming to the island, he can find no trace of who built the fire, 
although there are footprints all about in the sand. Exploring the island, he 
finds the remains of a crashed interstellar spaceship ), powered by a drive 
‘nit based on ‘temporal precession,’ The man, curious, tums the drive on and 
thus sends himself backward in time by one day. He then spots a ship on the 
horizon, builds a fire, waves and jumps about, then recognizes the ship as his 
‘own .... And so the loop nearly but not quite closes. The man, apparently, 
rushes off into the jungle, terror-stricken at the thought of meeting himself. 
(You can find this tale by A. B. Chandler (1912-1984), “Castaway,” in the 
November 1947 issue of Weird Tales, a publisher more of fantastic, super- 
natural, and horror stories than of science fiction, Perhaps easier to locate 
‘would be an anthology in which it has been reprinted: Science-Fiction 
Adventures in Dimension (G. Conklin, editor), Vanguard 1953.) 

Speculate on what happens to the man. In particular, does Wells’ own 
criticism of The Time Machine, concerning “vain repetitions” of time trav- 
clers, apply here (see the “Introduction” again)? 


A philosopher has argued against the force of Hawking’s chronology pro- 
tection conjecture as follows: “There is an old argument to the effect that 
‘while backward time travel may be possible, it will never actually occur—for 
if it were going to occur, we would already have encountered the time 
travellers involved, whereas in fact we have done no such thing. ... But 
consider an isolated society living in a remote part of the world. Some 
‘members of this society are engaged in a long-running debate concerning 
the possibility of human flight. Were 1 747 to pass overhead, would the 
debaters necessarily recognize it as containing flying humans? The answer 
to their question might have been staring them in the face for years, without 
them realizing. (See Nicholas J. J. Smith, “Bananas Enough for Time 
Travel?” British Journal for the Philosophy of Science, September 1997, 
pp. 363-389, in particular note 3 on p. 364. The perhaps curious appearance 
of ‘bananas in the title of this paper will become clear when, in Chap. 4, we 
delve into the details of the famous grandfather paradox.) How would you 
answer Smith's question? Do you think itis plausible, as Smith implies, that 
‘we could right now be observing (without realizing it) effects in the present- 
day world that are the result of time travelers amongst us? What sort of effect 
(5) might raise this suspicion in your mind? 
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As discussed in Sect. 1.6, Tipler expressed some pessimism in his 1977 
paper (note 134) about the possibility of actually constructing a time machine 
from a rotating cylinder. But that doesn’t mean he didn’t have some doubts, 
too, about theoretical ‘proofs’ of something being impossible, In his 1976 
PhD dissertation, for example, he included an amusing reference to Simon 
‘Newcomb (a real-life mathematician that Wells’ Time Traveller cites in The 
Time Machine—see note 102 in Chap. 2) who published mathematical 
‘proofs’ that it would be impossible with known science to build a “practi- 
cable machine by which men shall fly long distances through the air.” Why do 
you think Tipler did that? You can read more about Newcomb’ ‘proofs’ in 
“Is the Airship Coming,” McClure's Magazine (September 1901, 
pp. 432-435) and “The Outlook for the Flying Machine,” The Independent 
(October 22, 1903, pp. 2508-2512). 


In his autobiography, the Princeton physicist John Wheeler had this to say 
about time: “The smooth flow of time—or our smooth passage through it—is 
an illusion that is shattered when we ... ask about time at the moment of the 
Big Bang, at a moment of gravitational collapse, at the moment of the Big 
Crunch. Students and others often ask what existed before the Big Bang. 
To say that we don’t know is not to say enough. Even to say that we have no 
way of knowing is not enough. We really have to say that space and time 
came into existence, along with matter and energy and the laws of physics, at 
the moment of the Big Bang. If the universe expands to a maximum size, 
starts contracting, and eventually collapses to.a fiery death—a fate that seems 
likely to me and to some other theorists... then time and space, too, will end 
in this Big Crunch, I can reach no conclusion other than this: there was no 
*before’ before the Big Bang, and there will be ‘after’ after the Big Crunch.” 
(See J. A. Wheeler, Geons, Black Holes, and Quantum Foam: a life in 
physics, W. W. Norton 1998, pp. 349-350.) That is, when the Big Bang 
singularity occurred, time was created, and if the universe should collapse in 
the far future in a Big Crunch, time will be annihilated. This is a view of 
nothingness that transcends even that of the grave. Sharing Wheeler's dark 
view of the ultimate fate of reality, but instead giving the victory to time 
(rather than its annihilation), was the Irish writer Jonathan Swift (1667-1745) 
in his poem Riddles (circa 1724): “Ever eating, never cloying/All-devouring, 
all destroying/Never finding full repast/ Till I eat the world at last.” How do 
you think theologians would respond to Wheeler and Swift? 


re 
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‘The American philosopher Roy Sorenson was cited in note 13 in the discus 
sion of the difficulties a time travel would have in convincing skeptics that he 
had really time traveled (short of bringing a fresh dinosaur egg back and 
hatching it!). This question was treated in early pulp science fiction (“The 
Sands of Time,” see note 43 in “Some First Words”) as follows: The time 
traveler takes a sealed box of pure radium (with his name written on the inside 
of the lid) into the distant past, and buries it in a secure location. Upon 
returning to the present he unearths the box; testing of the contents will 
show that some of the radium has radioactively decayed to lead, Indeed, the 
amount of decay would be a direct measure of how far back into the past the 
box had been transported, This issue was later elaborated on by the English 
philosopher Alasdair Richmond in his paper “Time Travel, Parahistory and 
the Past Artefact Dilemma,” Philosophy, July 2010, pp. 369-373. There he 
imagined two possible ways a time travelling Shakespearean scholar might 
attempt to convince skeptical colleagues that he had discovered a draft of 
Hamlet dating from the year 1589 (10 years before the earliest accepted date 
of its composition by Shakespeare). The first attempt is to simply bring that 
draft directly back with him in the time machine, from 1589 to the present. 
‘Then, of course, many of the inherent clues as o the draft’s authenticity, such 
as chemical composition of the ink, the weave of the paper, and orthography 
(the style of writing in 1589) would be consistent with the time traveler's 
claim, but other clues would not—the age of the paper and of the ink, for 
example, would be taken as evidence fatal to the claim, as they would not be 
nearly 430 years old. They would appear, in fact, to be practically new! The 
draft would, therefore, be dismissed as simply a clever forgery. The second 
altempt would try to get around this problem, as follows. After locating the 
draft in 1589, the time traveler doesn ‘bring it back to the present, but rather 
stashes it away in a secret hiding place. Then, once back in the present, he 
takes his colleagues to the secret hiding place and, with a flourish, reveals the 
draft which now is nearly 430 years old. Much to the time traveler's frustra- 
tion, however, his colleagues still reject his time travel claim, this time saying 
hhe must have simply found the draft in the ‘usual’ way (under the floorboards 
in somebody's attic, for example), and is just pretending to have found it via 
time travel. Can you think of a way, using the Hamlet draft, the time traveler 
might be able to convince his skeptical colleagues? 


a 
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‘The fan I quoted in “Some First Words,” who wrote to Astounding Stories in 
1931 to express his unhappiness with the appearance of women in that 
‘magazine's stories, was quite clear about his concems—although, given the 
times, he carefully avoided any direct mention of sex. A modem, highly 
successful female writer of science fiction, Anne McCaffrey (1926-2011), 
didn’t shy away from that, however, when she wrote the following in a 
hilariously funny essay: “Prior to the ‘60s, stories with any sort of love 
interest were very rare. True, it was implied in many stories of the “30s and 
“40s thatthe guy martied the girl whom he had rescued/encountered/iscov- 
cred during the course of his adventures. But no real pulse-pounding, tender, 
gut-reacting scenes. The girl was stil a “thing” to be used to perpetuate the 
hero's magnificent chromosomes. Or perhaps to prove that the guy wasn't 
mean, all those men locked away on a spaceship for months/years ata time. I 
‘mean ... and you know what I mean even if I couldn't mention it in the sf of 
the “30s and “40s.” (See Anne McCaffrey, “Hitch Your Dragon to a Star: 
Romance and Glamour in Science Fiction,” in Science Fiction, Today and 
Tomorrow, R. Bretnor, editor, Harper & Row 1974, pp. 278-292.) Modern 
time travel science fiction has shown a huge change (for the better) on this 
score. Discuss, for example, the emotional power of a love story between a 
couple separated in time, as depicted in the 1975 novel Bid Time Return by 
Richard Matheson (made into the 1980 film Somewhere in Time). How do 
you think the 1931 fan would have reacted to Matheson’s story? (Indeed, if 
that fan was a teenager—or even a few years older—in 1931, then 44 years 
later he would have been, at most, in his mid-60s and might well ave read the 
novel.) 


In the 2014 film Interstellar, a space probe dives into a black hole, gets a 
slimpse of the hole’s singularity, measures some unspecified quantum 
effects, and then sends the measurements back to Earth (via the fifth dimen- 
sion) as a signal in the form of spasmodic Morse code twitches of the second- 
hand on somebody's watch. This all leads (itis hinted) to a theory of quantum. 
gravity. If you saw the second-hand on your watch suddenly begin to spas- 
modically twitch, would you then immediately think 


(a) that a Morse code message was coming to you via the fifth dimension 
bearing the secrets of quantum gravity? 


(b) that your watch needs a new battery? 


(continued) 
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(©) something else? 


Vigorously defend your answer. 


William Grey, a philosopher at The University of Queensland, pointed out 
‘numerous conceptual difficulties with the idea of time travel in his paper 
“Troubles with Time Travel,” Philosophy, January 1999, pp. 55-70. That 
paper quickly prompted a rebuttal from the philosopher Phil Dowe (at the 
University of Tasmania), who replied a year later with the paper “The Case 
for Time Travel,” Philosophy, July 2000, pp. 441-451. We'll eventually take 
up all the issues discussed in those two papers but, for now, read both papers 
and summarize their respective arguments, Do you feel one of the writers won 
the day (for you, anyway)? 


Chapter 2 
Philosophical Space and Time 


1 do not believe that there are any longer any philosophical 
problems about Time: there is only the physical problem of 
determining the exact physical geometry of the fowr- 
dimensional continaum that we inhabit”! 


2.1 Time: What Is It, and Is It Real? 


sient ofthe Universe." 


“Time is generally thought tobe one of the more mysterious 


Before going any further with time travel, it will be well worth the effort to take 
‘a closer look at time itself, the ‘stuff’ or “thing” or ... ? that we are interested in 
traveling ‘through’ or ‘around’ or ‘across’ or ,..? Oddly enough, I'll start with 
religion, as philosophical theologians had identified time as something unusual long 
before Newton's words on time in his Principia that I mentioned in the Introduc- 
tion, and many thousands of years before science fiction writers and their time 
travel stories. 

‘We can, in fact, trace the religious interest in time back at least sixteen centuries 
to the Christian theologian St. Augustine and his Confessions (in which he famously 
admitted “What, then, is time? I know well enough what itis, provided that nobody 
asks me: but if am asked what itis and try to explain, lam baffled.”). Certainly the 
seventeenth century Spanish Jesuit Juan Eusebius Nieremberg caught the spirit of 
wonder that time holds for the devout when he wrote, in his Of Temperance and 
Patience, that “Time is a sacred thing; it flows from Heaven ... It is an emanation 
from that place, where eternity springs ... It is a clue cast down from Heaven to 
guide us ... Ithas some assimilation to Divinity.” 

Going outside Christianity, we can easily find other equally strong reactions to 
the mystery of time, From Plutarch's Plaronic Questions we learn that when the 
question of time's nature was put to Pythagoras, he simply uttered the mystical 
“time is the soul of the world.” The Laws of Manu of Hinduism, the Torah of 
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Judaism, the Koran of Islam, and the revealed truths of Gautama Buddha are al full 
Of references to time. Itis, in fact, to the pagan gods of Greek mythology that we 
‘owe our ‘modem’ image of Chronos, or Father Time. 

‘Not just the Greeks made time a god. In the Bhagavad Gita (Song of the Lord), 
the central religious-romantic epic of Hinduism that predates Christ by five centu- 
ries, one of the characters reveals his divine nature and declares his power thus: 
“Know that I am Time, that makes the worlds to perish, when ripe, and bring on 
them destruction.” And in the even older Egyptian Book of the Dead, which dates 
back over three thousand years, the newly deceased was thought literally to become 
one with time itself. The merging of time and the resurrection of the body after 
death in the Book is shown in the line “I am Yesterday, Today and Tomorrow, and I 
have the power to be born a second time.” 

‘The Greek philosopher Plato (circa 400 B.C.) gave us a curious way to think of 
time: as a closed loop. While Plato did think of time as having a beginning, his 
conception did not have time extending off into the infinite future as does the 
modem, everyday view. Rather, Plato visualized time as curving back on itself—as 
circular in nature. This was, in fact, a reasonable reflection on what Plato could see 
everywhere in nature, with the seemingly endless repetition of the seasons, 
the regular ebb and surge of the tides (the old English word sid was a unit of 
time), the unvarying alteration of night and day, and the rotation of the visible 
planets in the sky. Whatever might be observed today, it seemed obvious to Plato, 
would happen again in nature, Circular time in science fiction was briefly men- 
tioned in Chap. 1,’ and it occurs outside that genre, too, as in James Joyce's novel 
Finnegans Wake, which opens in mid-sentence and ends with the first part of the 
same sentence. This view of time has a powerful, ancient visual symbol, the Worm 
Ouroborous, or World Snake, that eats its own tail endlessly. 

Circular time, with its closed topology, was favorably presented in Stephen 
Hawking’s famous book A Brief History of Time. In it he concludes that there is 
zo need for God because in circular time there is no first event and hence no need 
for a First Cause. Vigorous philosophical rebuttals were quick to come, of course!* 

‘Turning to fiction, Ray Bradbury wrote a beautifully poetic passage about the 
mystery of time in “Night Meeting,” one of the splendid sub-stories in his episodic 
1950 masterpiece The Martian Chronicles. A man of A.D. 2002, who is one of the 
modem inhabitants of Mars, somehow meets the ghostly image of a long-dead 
Martian one cold August night. The conditions are just right for such a cross-time 
encounter. As the man thinks to himself, “There is the smell of Time in the air 


“Another example from siene fiction i the story by I Hoana, “Night Broadcast" in which 
television signal fom the past is picked up by a gadget that spring the fare “BY going ar 
‘nowal ito the future ope Comes spon wat we al the past.” You en find thistale inthe Penguin 
World Omnitus of Science Fiction, Penguin Books 1986. 

See, fr example, W. L. Craig. “What Plice, Then, for 8 Crestor: Hawking om God and 
Creation Bridsh Journal forthe Philosphy of Science, December 1990, pp. 473-491, and 
R Le Poidevin, “Creation in 4 Closed Universe Or, Have Physicists Disproved the Existence of 
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2.1 Time: What Is It and Is It Real? 33 


tonight. ... There was a thought. What did Time smell like? Like dust and people. 
And if you wondered what Time sounded like it sounded like water running in a 
dark cave and voices crying and dirt dropping down on hollow box lids, and rain. 
And, going further, what did Time /ook like? Time looked like snow dropping 
silently into a black room or it looked like a silent film in an ancient theater, one 
hundred billion faces falling like those New Year balloons, down and down into 
nothing. That was how Time smelled and looked and sounded, And tonight 
tonight you could almost rouch Time.” 

Well, lovely words, yes, but they don’t really tell us what time is. Perhaps 
Einstein the physicist can tell us. In the New York Times of December 3, 1919, 
we find him quoted as follows: “Till now it was believed that time and space existed 
by themselves, even if there was nothing [Newton’s view]—no Sun, no Earth, no 
stars—while now we know that time and space are not the vessel for the Universe, 
but could not exist at all if there were no contents, namely, no Sun, no Earth, and 
other celestial bodies.” Less than 2 years later Einstein stated this view again 
(New York Times, April 4, 1921): “Up to this time the conceptions of time and 
space have been such that if everything in the Universe were taken away. if there 
\were nothing left, there would still be left to man time and space.” Einstein went on 
to deny this view of reality, saying that, according to his general theory of relativity, 
time and space would cease 10 exist ifthe universe were empty. This has the ring of 
‘one of Einstein's favorite philosophers, Spinoza, who declared in his Principles of 
Cartesian Philosophy that “there was no Time or Duration before Creation.” In a 
correspondence with Samuel Clarke—Newton’s friend who translated Newton's 
Optiks into Latin—the German philosopher Gottfried Leibniz (who began the 
correspondence in 1715) expressed similar ideas: “Instants, consider’d without 
the things, are nothing at all... they consist only in the successive order of things.” 

‘The pragmatic scientist would certainly agree with Leibniz, After all, what could 
it even mean to talk of time unless you can measure it? And what you use to 
‘measure time is a clock—some kind of changing configuration of matter involving 
spinning gears, ticking pendulums, and rotating dial pointers. Mere unchanging 
‘matter, alone, is not sufficient to measure time because a still clock measures 
nothing. Changing matter seems to be required. Yet, not surprisingly, not every- 
body agrees. The counterview, the view that time has nothing to do with change, 
‘was expressed in an interesting manner by a science fiction fan in a letter to the 
editor of Wonder Stories Ganuary 1931): “Just one thing, you have these time- 
traveling yarns, good stuff to read all right, but bunk, you know: because if there’s 
no such thing as time, which there isn’t, only change [my emphasis], how can one 
travel in .. something that doesn’t exist. To our planet which goes around the Sun 
there is simply a turning and warming of one side and then the other, ie., years, 
days, minutes, etc.,is something purely artificial, invented by man to tell him when 
to do certain things, work and stop work ..."" 


"This fan's idea was not new. For Plato's most famous student, Aristotle, time was mation (in 8 
‘world in which nothing moved, argued Aristotle, there would be no time), and he expressed this 


st 2 Philosophical Space and Time 


Going even beyond the ideas of Einstein, Spinoza, Leibniz, Plato, Aristotle, and 
‘our science fiction fan, at least one metaphysician felt that time would have no 
‘meaning, even in a massive and changing universe, without the additional presence 
of conscious, rational beings.° That sounds very much like an echo of the French 
philosopher Henri Bergson who, in 1888, somewhat mysteriously declared that 
time is “nothing but the ghost of space haunting the reflective consciousness.” A 
few years before Taylor, however, a fellow philosopher had argued for exactly the 
‘opposite view, that temporal passage is independent of the existence of conscious 
beings.” 

All this divergence of opinion perhaps explains why even a lightweight Holly- 
‘wood movie like Mel Brooks’ 1987 Spaceballs can get a laugh from a time joke. 
Even kids know that the characters, when talking about time, haven’t the slightest 
idea of whar they are talking about. The movie, a spoof on such classic films as Star 
Wars, The Wizard of O=, and Raiders of the Lost Ark, quickly reaches a point of 
ctisis. To find out what to do next, the evil Lord Helmet and his chief henchman 
decide on a novel approach: they will look at an instant video of their own movie! 
(Instant videos are available hefore the movie is finished.) Perplexed at watching on 
television screen everything that he is doing as he does it (the screen correctly 
shows an infinite regression of television screens, each being watched by a Lord 
Helmet), Lord Helmet initiates the following rapid-fire exchange. (It is, of course, 
clever take-off on Abbott and Costello's “Who's on First?") 


What the hell am I looking at? When does this happen in the movie? 
Naw! You're looking at now, sir. Everything that happens now, is 
happening, now. 

Wat happened to then? 

We're past that. 

When? 

Just now, now 

Go back to then. 

When? 

Now 

Now? 

Now 

Tean't 

Why? 

We missed it. 


‘iow in is famous meuphor “Time isthe moving image of etemity"For Asso, then time and 
change were inseparably intertwined, For Aistlle the werld had existe for ctemity. and the 
‘truly af ime was cena and powerful image; using his vivid illastation its equally rue 
In circular ie that we live both before und ater the Trojan Wa 

*R Taylor. “Time and Life's Meaning.” Review of Metaphysics, Jane 1987, p. 675-686. 
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When? 
Just now. [The henchman then sets the video to rewind.} 
When will then be now? 

Soon, 


‘We may laugh at this, even dismiss it as mere movie madness, but could any of 
us really do much better if, like Saint Augustine, we were backed into a comer and 
asked to explain time? Somehow, I think even the distinguished twentieth-century 
Harvard professor Hilary Putnam whose words open this chapter would find 
difficult to know where to begin. He might even become as confused as the time 
traveler in the 1968 film Je t'aime, Je aime, whose oscillations in time, from 
present to past and back again, leave him so befuddled that he decides he'd rather be 
dead. What, then, can we say about time? Despite Putnam's bold words, I suspect 
that most people would come down on the side of Augustine, 

‘The mystery of time was well captured by R. H. Hutton (1826-1897), the literary 
editor of the Spectator, when he wrote in his 1895 review (see note 1 in the 
Introduction) of Wells’ Time Machine that “the story is based on that rather favorite 
speculation of modern metaphysicians which supposes time to be at once the most 
important of the conditions of organic evolution, and the most misleading of 
subjective illusions ... and yet Time is so purely subjective a mode of thought, 
that a man of searching intellect is supposed to be able to devise the means of 
traveling in time as well as in space, and visiting, so as to be contemporary with, any 
age of the world, past or future, so as to become as it were a true ‘pilgrim of 


Israel Zangwill (1864-1926) wrote a similar but much more analytical 
review of Wells’ novel for the Pall Mall Magazine (see note 1 in the Introduction). 
Zangwill was the only Victorian reviewer to attempt a scientific analysis of time 
travel. Although he thought Wells’ effort was a “brilliant litle romance.” Zangwill 
also thought the time machine—much like the magic carpet of The Arabian 
Nights”—was simply “an amusing fantasy.” Zangwill continued in his review 
with what was even then a common idea about a way one might actually be able, 
at least in principle, to look backward in time; one could travel far out into space by 
‘going faster than light and then watch the light from the past as it catches up to you. 
(Note, carefully, that Zangwill was writing in 1895, 10 years before Einstein's 
special relativity put a limit on possible speeds.) In this way, Zangwill wrote, one 
could watch “the Whole Past of the Earth still playing itself out.” 

Indeed, even before Zangwill, the well-known French astronomer Camille 
Flammarion (1842-1925) had made this dramatic idea a centerpiece of his 1887 
novel Lumen. That book, a best-seller in Europe even before its appearance in 
England, describes how a man just dead (in 1864) instantly finds his spirit on the 
star Capella, where he is able to watch the light then arriving from the Earth of 
1793. In particular, he watches the French Revolution play itself out and sees 
himself as a child. Flammarion may have, in fact, been inspired to write his novel 
by an essay written several years earlier (in 1883) by the British physicist 
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J.H. Poynting (1852-1914), Poynting’ essay.® which opens with the statement that 
it was, in turn, inspired by an anonymous pamphlet published “30 or 40 years ago” 
‘on the same topic, specifically mentions watching historical events from Capella 

By the beginning of the twentieth century the idea of watching the past by 
outrunning light had drifted down into juvenile literature, as in the 1904 novel 
Around a Distant Star by Jean Delaire (the pen name for Pauline Touchemoline 
(1868-1950), in which a young man builds a spaceship that can travel at two 
thousand times the speed of light. With it, he and a friend travel to an Earhlike 
planet nineteen hundred light-years distant and use a super-telescope to watch the 
Crucifixion (and then the resurrection) of Jesus. Early magazine science fiction also 
found the idea of looking backward in time with delayed light to be an irresistible 
fone, involving romance and murder.” In another tale incorporating, human emo- 
tions, a scientist loses his wile to a rival who kidnaps her and then escapes in a 
faste-than-light rocket ship headed for parts unknown. After searching for them 
‘with his own brilliant invention of the ‘ampliscope" (several quantum leaps beyond 
the telescope). the scientist locates the couple, skipping from planet to planet light- 
years distant. His only pleasure, then, is to use his own faster-than-light craft to 
‘outrun the images of his lost love and watch them over and over. Eventually 
hhowever, he comes to realize the ultimate futility of it al As the inal line of this 
sad tale says, “It would be senseless, knew, chasing on and on after yesterdays."” 

‘The reality of time received a new twist with the additional imagery of instants 
cof time being likened to the points on a straight line. In the West it was the Christian 
theological doctrine of unique historical events that gave rise to linear time in the 
minds of the common folk. The creation of the world and Adam and Eve, the 
adventures of Noah and the cataclysmic Flood, the Resurrection—these were all 
events that occurred in sequence, once. None would happen again and so, for 
CCiristinity, circular time just would not do.'' In addition, it has been argued that 
the major spiritual content of Christianity—a significant reason for its popular 
support even in the face of brutally harsh Roman suppression—is that it brought 
the expectation of change into the static world of ancient times. It was, in fat, in 
ancient religious teachings that our modern view of linear time had its origin, a view 
that most people today (including the most hardened agnostic physicist) find to be 
as natural as Plato and Aristotle found circular time. 


5. HL Poynting, “Overtaking the Rays of Ligh 
Cambridge University Press 1920. 

As in, for example, G. A. England, “The Time Reflector." The Monthly Story Magazine 
September 1905, 

2p, D. Sharp, “Paster Than Light," Marvel Science Stores, February 1939, The year before saw 
the appearance of a story with the same idea, a story that specifically cites Flammerion 
M. Wetsinger, “Time On My Hands." Thrilling Wonder Stories, ne 1938, 

"sul. just to show how one ean fn support for almost any view inthe same religious dogma, 
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Even though linear time was the norm after Christ, there were still enough 
questions about time to perplex the deepest of thinkers, and the next 2000 years 
resulted in plenty of thinking. Discourses on time by such philosophers as Des- 
cartes, Spinoza, Hobbes, Kant, Nietzsche, and Hegel can be found by the yard in 
any decent university library, Nearly all (if not indeed all) of these presentations 
hhave metaphysical, even theological, underpinnings. For example, Descartes is 
generally believed to have argued for a discontinuous, atomistic nature to time 
(cecall the chronon from Chap. 1). This isthe modern view of hs thinking, because 
in his Medizarions (1641), in particular in the third meditation on God's reality, 
Descartes appears to argue that God must continually recreate the world at each 
separate moment of its existence. Thats, the world is recreated in a discontinuous 
succession of individual acts by God.” 

Finally, with Newton's discussion of absolute time, which isthe belief that time 
is the same everywhere in the universe, there was for the first time a physicist 
\writing about time (although, as I mention in Chap, 1, Newton's views were also 
influenced heavily by theological considerations in addition to mathematical phys- 
ies). But, despite Newton's genius, the mystery of time remained a mystery 

In 1905 Einstein's name appeared among the contributors to the study of time, 
‘and so at last something besides metaphysical speculation on the subject was added 
to the body of human thought. Einstein's paper on special relativity introduced the 
revolutionary idea of relarive time, which is the anti-Newton belief thatthe passage 
of time is nor the same everywhere, but rather depends on local conditions. In 
retrospect, Einstein's 1905 work seems to be the perfect reply to the comment by 
Isaac Barrow (1630-1677}—Nowton's teacher and the first Lucasian professor of 
‘mathematics at Cambridge (the chair once held by Stephen Hawking centuries 


for more on this, see KT. W. Arthur, “Continuous Creation, Continuous Time: A Retutation of 
the Alleged Discontinuity of Cartesian Time,” Journal of the History of Philosophy, July 1988, 
pp. 349-375, 
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later)—that “because Mathematicians frequently make use of Time, they ought to 
have a distinct idea of the meaning of the Word, otherwise they are Quacks.” 
‘Then, just 3 years after Einstein, along came a second astonishing paper by the 
‘Cambridge philosopher John Ellis McTaggart (1866-1925). This paper’ claims to 
prove that whatever time might be thought to be (even by Einstein), it really isn't 
that because time isn’t even real. (This would seem, I think you'd agree, to have 
potentially profound implications for time travel!) The method of the paper is to 
deny the reality of time via an infinite-regress argument that one philosopher has 
called the pons asinorwn (“bridge of asses") of the riddle of time. As McTaggart’s 
‘own opening sentence freely admits, “It doubtless seems highly paradoxical to 
assert that Time is unreal, and that all statements which involve its reality are 


McTaggart began his analysis by observing that there are two separate and 
distinct ways of talking about events in time, Following his terminology, one can 
say that events are either future, present, or past (the so-called A-series), or one can 
say that events temporally ordered by each being later than some other events, 
carlier than others, and simultaneous with still others (the so-called B-series). He 
then continued by asserting that time requires change, and followed that with the 
‘observation that the A-series (but not the B-series) incorporates such change. That 
is, ifevent X is earlier than event Y, then X is always earlier than Y and thus there is 
zo change in this (or in any other) example of a B-series. As a specific example, let 
Y be the birth of a child, and let X be the birth of its mother. In contrast, if X is first 
in the future, then is in the present, and finally is in the past, then we have an 
example of change (and hence of time) in the A-series; for example, let X be the 
next time you blink, 

With this rather pedestrian start, McTaggart then pulled his rabbit out of the hat. 
It makes no sense, he argued, to talk of the ‘future,’ ‘present,’ and ‘past’ of an event 
because these terms are mutually exclusive. That is, no two of these predicates can 
apply at once, and yet, paradoxically, every event possesses all three and thus we 
have a contradiction. It therefore, concludes McTaggart, makes no sense to talk of 
future, present, or past. And because it makes no sense to talk of them, they do not 
exist, and so there can be no A-series and hence no change, and thus no reality to 
time. McTaggart apparently realized just how befuddling all that would appear to 
Jjust about everybody who read it, and so he played devil's advocate (D.A.) in his 
paper by trying to anticipate the various objections people could raise. Of course, he 
always managed to refute the D.A. at every turn, It is worth the effort to go through 
the details of MeTaggart’s “proof,” as that will make it clear what there is about 


3). B. MeTaggan 
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ime, MeTaggart and Pickwickian Language,” Philasophical Quarterly, July 
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traditional’ philosophical reasoning that so irritates modern philosophers trained in 
‘mathematical physics (and what makes physicists roll their eyes when confronted 
with arguments like McTaggan's). 

‘The predicates of future, present, and past are really not incompatible for any 
event, the D.A. says some will claim, because the real predicates we should use are 

‘was future,’ iy present,” and “will be past,’ and these can be possessed all at once 
by any event. Nice try, counters McTaggart, but that will not solve the problem. By 
allowing such modified predicates, we must actually allow for all nine possibilities, 
some of which are still incompatible. That is, the *was,’ “is,’ and ‘will be’ could 
each be potentially attached to ‘future,’ ‘present,’ and ‘past’: for example, ‘was 
ppast’ is incompatible with “will be future.” 

Oh, counters the D.A., we can eliminate that concem by allowing even more 
complex predicates to arrive at a third level of structure, such as “is going to have 
been past,” and ‘was going to be future,’ and those are compatible. But McTaggart 
swats that argument away, too, by displaying new incompatibles, as well as by 
showing that the process of ever-increasing predicate complexity is a vicious 
infinite regress that drags along the seeds of its own doom at every step.'° There 
is simply no escape from incompatibility, he says, and so there is no time. 

‘Well! What can one do when presented with such an argument, one that seems to 
claim philosophers can wrest free the secrets of nature by pondering the historical 
accidents of English syntax? As David Hume once said, “Nothing is more usual 
than for philosophers to encroach on the province of grammarians, and to engage in 
disputes of words, while they imagine they are handling controversies of the 
deepest importance and concern.” One modem philosopher apparently agreed 
with Hume, at least in the case of McTaggatt’s “proof,” and he was pretty blunt 
with his evaluation of it: “MeTaggart's famous argument for the unreality of time is 
so completely outrageous that it should long ago have been interred in decent 
obscurity. And indeed it would have been, were it not for the fact that so many 
philosophers are not sure that it has ever really been given a proper burial, and so 
from time to time someone digs it up all over again in order to pronounce it really 


Hter's a clever way to systematically generate McTaggart’ infinite regress of complex pedi 
cates, as presented by M, Dummett, “A Defense of MeTaggar's Poof of the Unreality of Time.” 
Philosophical Review, October 1969, pp. 497-504): “Let us eal ‘pas.’ “present” and “fata 
“predicates of firs level." W. ax MeTaggan suggests, we render “was future’ future in the pas, 
and so forth, then we have nine reicaes of second level, where we join any ofthe three on the 
left with any ofthe tree onthe Fight: 


past past 
resent inthe resent 
ture tre 

Similarly, there are twenty-seven predicates of third level ...“~Dummett's constuction clearly 


shows that atthe Nh evel, thre are 3” predicates, most of which are incompatible. 
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dead, These periodic autopsies reveal that something more remains to be said." 
‘That is certainly true, in as much as McTaggart’s disarmingly innocent argument 
thas caused disagreement and furrowed brows among philosophers for decades. 

Its, in fact, easy to find examples of the continuing debate over McTaggart's 
‘analysis and, as silly as it strikes physicists, it still has a pulse in some quarters. 
While at least one philosopher has argued that McTaggart simply didn’t really 
understand his own proof, this philosopher nevertheless agreed with MeTaggart’s 
conclusion about the unreality of time.'? Another writer has illustrated how 
McTaggart’s ideas have found their way into modem philosophical debates on 
the meaning of time in the cinema, particularly in the analysis of anachrony, the 
telling of a story out of normal time sequence, such as occurs in time travel 

Other sorts of metaphysical proofs for the unreality of time have been offered 
besides McTaggant’s. For example, it has be argued that time is unreal, at least in a 
world empty of consciousness, because the concepts of past, present, and future 
could not possibly have any meaning unless events could be remembered, experi- 
enced, and anticipated. Or, for a second example, some have held time to be unreal, 
at least in a deterministic world (as some argue four-dimensional spacetime to be), 
because any event whose occurrence follows from present conditions, and from 
physical laws, would exist (they say) now. This view, which seems to assert that 
everything should happen at once, I personally find to be sufficiently obtuse as not 
to be bothered by it."” Debates between those who believe in the common-sense 
idea that present, past, and future are attributes of events (the “tensers') and those 
‘who deny it (the four-dimensional spacetime, block universe “detensers’) continues 
to now and then still flair up on the pages of philosophy journals. At least one 
Philosopher likes both views!* Most modern physicists, I think, simply don’t care 
about this line of inquiry. 

(On the other hand, less than a month before his death Einstein revealed his 
feelings about the meaning of present, past, and future, and his words appear to be 
‘ones that show some sympathy to the philosophers. In a letter written on March 
21, 1955, to the children of his dearest friend who had just died, Einstein wrote— 
with full knowledge that his own illness would be his last—"And now he has 
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preceded me briefly in bidding farewell to this strange world, This signifies nothing. 
For us believing physicists, the distinction between past, present, and future is only 
an illusion, even if a stubborn one.”*! Later in this chapter I'll retum to these 
curious words and speculate on what Einstein may have meant by them. 

I started this opening section on a religious note, and I'll end it on one. If you 
think the philosophical speculations on the nature of time that I've so far cited are 
“really far out,’ here's yet another one that leaves all the rest in the dust. In a paper 
that took real nerve to write (or, pethaps, simply a wicked sense of humor—and I 
‘write that in pure admiration) we read of how a spacetime that supports time travel 
can give the start for a physics explanation to the theological concept of Hell! After 
introducing just a bit of elementary spacetime physics (which I'll skip describing 
here because we'll doit later in the book), the author” shows how to “construct” a 
‘compact region in spacetime (Hell) with the following properties: 


1, While “so small even the Hubble Telescope couldn't image it” it can hold an 
infinity of physical beings: 

2. Each of the beings in it are doomed, because of its time travel property, to an 
infinitely long personal future of damnation; 

3. Each of the beings in it, because of its time travel property, can view all the 
future stages of their own personal damnation and so be “continually presented 
‘with a reminder of the impossibility of escape—a refinement no causally normal 
Hell can seemingly offer.” In other words, and not to be too ironic about it, 
“Theological Progress Through Physics!’; 

4, Each of the beings in it are continually being compressed together (“brought into 
dismaying proximity” with themselves) and so will spend eternity “listening toa 
cacophony” of their own cries of despair from their personal future. 


‘There’s more, but that's probably enough for you to get the idea. Richmond does 
‘admit that, as it stands, his time travel creation of Hell is not compatible with either 
‘quantum theory or even general relativity. Still, itis something to ponder, don't you 
think, when the subject of time travel comes up! 


2.2. Linear Time and the Infinity of Past and Future 


"A thousand years isa huge succession of yesterdays beyond our clea apprehension 


HG, Wells 


(Quoted from B, Hoffmann, Albert Einstein: Creator & Rebel, New American Library 1972, 
ip 257-258. 
Alasdair M. Richmond, “Hilhert's Infero: Time Travel and the Damned." Rario, September 
2013, pp. 233-249. 

This line appears in Wells’ 1944 doctoral thesis, writen for the University of Landon, You ean 
find an abridgement ofthe thesis in Nature, April 1, 1944, pp. 395-397, 
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‘The modern concept of linear time as a straight line extending from the dim past 
through the present and disappearing into the misty future gives rise immediately to 
twin questions: “Did time have a beginning?” and “Will time ever end?” As one 
philosopher put it (long before physicists became seriously interested in singular- 
ities like the Big Bang) “Endings and beginnings are rooted in the very conception 
of time itself."** Starting at the beginning, we'll ask if the past has been forever? 
Early Biblical scholars, of course, believed the answers to both questions to be no. 

‘They believed that the world came into being because of a First Cause, God's 
creation of everything. Those scholars expended vast quantities of energy (and, 
need I say it, time itself) in calculating the date of creation. Martin Luther, for 
example, argued for 4000 B.C. as roughly when everything, including time, began. 
Johannes Kepler adjusted this by a notch, to 4004 B.C., and later the Calvinist 
James Ussher, Archbishop of Armagh and Primate of All Ireland, tweaked it again. 
His date is the most impressive ofall, atleast in detail the frst day of the world was 
4003, 70 days, and 6 h before the midnight that started the frst day of the Christian 
cera, Six days after that first day of the world, Adam was made, and as a final dash of 
specificity, this last date was declared to be Friday, October 28! Ironically. then, 
though Christian theology may be given credit for introducing linear time, it 
certainly did not provide very much of it, The beginning of time was just 
6000 years or so ago, and of course The End—in the form of the Battle of 
Ammageddon—has been awaited (with varying degrees of eagerness) for the last 
1000 years, 

‘The discovery in the seventeenth century of geological time cast a certain 
amount of skepticism on those early calculations concerning the duration of the 
past. With the discovery that the very Earth itself could be decoded for its history. 
the lure of trying to decode a mere book of admittedly finite age declined for most 
people although it cannot be denied that modern Creationists still find such a task to 
have its rewards). Geological time was discovered to a chasm of time extending 
backward for billions of years, a duration that is really incomprehensible for the 
‘human brain, It has become fashionable for geologists to refer to such enormous 
durations with the apt term deep time, a subtle play on the metaphor of the “ocean of 
time.” 

Iti nothing less than humbling to historians who pause to think on how little of 
the past is known, that is, recorded. As the ever anonymous wit once put it, “History 
is adamn dim candle over a damn dark abyss.” Stil, even as enormous as is the age 
of the Earth, itis not infinite. But of course our planet is very old, and the universe is 
many billions of years older. Is the age of the universe also the duration of the past? 
(Or is the past itself actually inginite? 

‘An implicit assumption of the infinity of the past (and of the future, too) can be 
found in Book Three of Lucretius’ science poem De Rerum Natura (On the Nature 
of Things) where, just before the birth of Christ, Lucretius argues for the irratio- 
nality of fearing death: “The bygone antiquity of everlasting time before our birth 


Steams, “Time and he Timeless.” Review of Metaphysies, December 1980, pp. 187-200 
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‘vas nothing tous, Nature holds this up to us asa mirror ofthe time yet to come after 
cour death, Is there anything in this that looks appalling, anything that means an 
aspect of gloom? Is it not more untroubled than any sleep 

One philosopher" has traced the origins of rational support for the finite 
duration ofthe past to as far back as the sixth century A.D. The argument presented 
then by the Christian philosopher Joannes Philoponus of Alexandria (who is 
otherwise known as John the Grammarian) is simply that the world could not 
have been forever because that implies an infinity of successive acts could have 
taken place which (according to Philoponus) is impossible. A variation on this isthe 
claim that if the past were infinite in extent, then everything would have happened 
by now! Infinity was just too big for the ancient mind (Zeno's hoary pre-Christian 
paradoxes, a is well-known today, are based on subtle errors in the use of infinity). 

This view on the impossibility of an infinite past seems to have been the 
prevalent view: even as late as the twelfth century the debate among Christian 
theologians was not about the possibility of an infinite past, but instead about 
whether the Biblical six days of Creation’ actually had taken place simultaneously. 
For many, the past was ‘obviously’ finite in duration.~® Not all Christians accepted 
that conclusion, however, and the following century saw St. Thomas Aquinas 
(a follower of Aristotle) arguing forthe opposite view of an infinite pas. 

‘Thomas’ contemporary, St. Bonaventure, however, argued again fora finite past, 
‘and it is with Bonaventure that we start to see some mathematical sophistication” 
Bonaventure argued that in a world infinitely old, the Sun would have made an 
infinite number of its annual trips around the ecliptic. But for each such trip the 
Moon would have made twelve monthly trips around the Earth, and so this second 
infinity would be twelve times as great as the fist one, and how could that be? 
Infinity is infinity, and how can something be twelve times bigger than infinity? 
This argument doesn't have any strength today because ofthe nineteenth century 
German mathematician Georg Cantor's work on the concept of infinity," but it is 
clever. Agonized, convoluted theological analyses of God, infinity, and eternity 
continued long after Aquinas and Bonaventure. Two examples should capture the 
spirit of those times 


36.3. Whitrow, “On the Impossibility of an Infinite Past," British Journal fr the Philosophy of 
Science, March 1978, pp. 39-48. Whitrow adds modern scientific suppor tothe dew ofa finite past 
by citing the prediction from general relativity of singularity in spacetime at some finite past 
time; thats the theorys prediction tha time—and everything else—hal is begining in the now 
famous Big Bang. 

2C, Gross, “Twelit-Century Concepts of Time: Three Reinterpretatons of Augustine's Doctrine 
‘of Creation Sima," Jounal of the History of Philosophy, July 1985, pp. 525-338 

*scc, for example, L, Sweeney, “Bonaventure andl Aguinas on the Divine Being as Infinite 
Southwestern Journal of Philosophy, Summer 1974, pp. 71-91, and S. Baldner, “St. Bonaventure 
fon the Temporal Beginning ofthe World" New Seholasticism, Spring 1989, pp. 206-228. 

"For simple high school-levelpreseatations on Cantor's astonishing infinity results, see my book 
‘The Logiiun and the Engineer, Princeton 2013, pp. 169-171 
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Consider first this one, on the supposed immortality of the soul. If A=B, then 
2A=2B. Next, let A = ‘half alive’ and B = *half dead,” where A= B in the same 
sense that a glass half-full is also half-empty. Thus, to be completely dead is to be 
completely alive, and so the sou! is immortal. Outrageous? Yes, in my opinion, but I 
do also have to admit the ‘reasoning’ does have a certain charm! 

For my second example, let me begin by setting the historical stage. After 
publication of the English political philosopher Thomas Hobbes’ Leviathan in 
1651, with its arguments against the power of the Church and for civil power 
(with some criticism tossed in, as well, for universities), Seth Ward 
counterattacked. Ward, who was both a minister (later a bishop) in the Anglican 
(Church and Savilian Professor of Astronomy at Oxford, was greatly offended by the 
secular nature of Leviathan. Even before Leviathan, in fact, Ward certainly would 
not have liked Hobbes’ earlier denial of the existence of immaterial substances 
(such as souls). Ward's 1652 book A Philosophical Essay Towards An Eviction of 
the Being and Autributes of God, the Immortality of the Souls of Men, the Truth and 
Authority of Scripture, was the first of a two-punch reply to Hobbes. The second 
came in 1654 with the appearance of Ward’s Vindiciae academiarum. In both of 
these works Ward attempted to undermine Hobbes’ credibility by attacking his 
mathematical ability. (Hobbes had long been fascinated by, and was considered an 
expert on, the ancient problem of ‘squaring the circle,” a task that has been known to 
be impossible only since 1882.) In his Essay, Ward also attempted to defend the 
view that the world has a finite age—that is, it had a specific moment of creation, 
presumably by God. In an opening note, in fact, Ward cites Hobbes’ rejection of 
immaterial substances as the motivation for his writing Essay 

To support his view of a finite age for the world, Ward invoked infinity in an 
interesting way. He argued that nothing is permanent, certainly not humans. Each is 
created: one can imagine tracing a chain of creation events backward in time 
through successive generations. Now, there are only two separate and distinct 
possibilities to where this chain could lead to in the past. Firs, it could terminate, 
afier a finite number of generations, at a first generation, that is, with the ‘creation’ 
of the first human. If that is the case, then, said Ward (in effect), ‘case closed.’ If that 
is not the case, however, then the chain of successive generations never terminates, 
that is, the chain is infinitely long. But that, argued Ward, is nonsense—how could 
anything infinirely long have an end (our present now)? 

Wiy Ward thought this an unanswerable paradox is hard to understand; afterall, 
‘one can imagine a line in some coordinate system beginning at the origin and yet 
still being infinitely long (an example is the positive x-axis). This counter-example 
\was not put forth by Hobbes in his own self-defense, but rather was offered by one 
of Ward's own colleagues at Oxford, John Wallis, the Savilian Professor of 
Geometry. As for Hobbes, he was little bothered by Ward’s argument. As he 
pointed out (surely with a smile on his face), Ward was in danger of impaling 


The problem of “squaring the circle" is, 
and straightedge) a square of area A. 


ven acre of area A. to construct (using only compass 
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himself as a theologian on his own sword: Ward's argument ‘proved’ the finite age 
not only of the world but of everything, including God (thus raising the awkward 
‘question of who, or what, made God?). 

‘Similar problems with infinity lay behind Kant's rejection of an infinite past. Ibis, 
interesting to note that Kant, somewhat paradoxically, thought an infinite furure a 
possibility. Why did Kant think time could be infinite in one direction but not in the 
other? One philosopher tells us" that Kant “failed to make himself clear,” and 
T think that understates the case. I say that because Kant’s argument was that the 
duration of the future is less problematic than is that of the past because itis only 
the past that influences the present. The best I can do in “explaining” this is to 
speculate that if the present depends on an infinite past, then perhaps Kant thought 
that the possibility of so much influence was simply too much for the present to 
handle! In any case, Kant’s view falls apart if we consider the possibility of 
backward time travel and the resulting implication that the future could also 
influence the present. 

‘There is, as will come as no surprise, a philosopher for every conceivable point 
of the compass, and so a paper by one on the logical possibility of an infinite past 
soon prompts a rebuttal by another.*' In illustration of this, you'll recall the quote 
from Augustus De Morgan in the opening section of this book, concerning the 
philosophers of his times; De Morgan went on in his critique to amusingly sum- 
‘marize the metaphysics of those times as follows: “Here we go up, up, up/And 
there we go down, down, down /Here we go backwards and forwards/And there we 
go round, round, round. 

So, with De Morgan's words in mind, here are a few more examples of how 
people have struggled with the issue of the past, One quite interesting, scientific 
twist on the duration of the past was pointed out before the exchange between Smith 
and Ells, In a paper"? observing that although general relativity and its predicted 
spacetime singularity in the distant past may indeed allow for finite past, that does 
rot completely close the door to the possibility that the Big Bang was a continuation 
from a previous contraction phase of the universe, and so on, ad infinitum. (You'll 
recall the discussion in Chap. 1 of this idea in science fiction: see note 53 in that 
chapter.) To quote TT. S. Eliot (from his “Little Gidding"): 


%), Bennet, “The Age andthe Size of the World," Synthese, August 1971, pp. 127-146. See also 
(Q, Smith, “Kant and the Begioning of Time." New Scholastictsm, Summer 1985, pp. 339M. 
"sec, for example, Q. Smith, “Infinity and the Pas." Philosophy of Science, March 1987, 
1p. 63-75, and then read E, Els, “Quentin Smith on the Infinity of the Past.” Philosophy of 
Science, March 1988, pp. 483-485, Smith's puper “The Uncaused Beginning of the Universe” 
appeared in this same issue (pp. 39-57), stating that he believed, really, only in the logical 
‘possibilty ofan infinite past and thatthe universe had in fat originated in an uncaused (x0 God 
required) Big Bang singularity. And, indeed, he had so argued for finite past in “On the 
Beginning of Time,” Nous, December 1988, pp. 579-584 

Weingand, “General Relativity andthe Length ofthe Pas." British Journal forthe Philosophy 
of Setence, June 1979, pp. 110-172 
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What we call the beginning is often the end 
And 10 make an end is to make a beginning. 
The end is where we start from.” 


Even without entertaining such an oscillating, accordion-like universe that 
endlessly expands and shrinks, itis possible to have a universe that originated in 
a single Big Bang a finite time ago in the past but yet has no first instant\ This 
astonishing statement shocks most at first encounter, but it is simply the cosmo- 
logical version of a well-known mathematical result, The instant =0 is not 
actually part of spacetime, because the Big Bang was quite literally a singular 
event for which the laws of spacetime physics fail. Thus, all instants in time are 
greater than zero—and there is no smallest number greater than zero. If you name a 
positive number, no matter how small, I can name a positive number stil smaller, 
such as one-half of yours. (Of course, if there really is merit to the idea of a quantum 
of time, the chronon, this argument goes out the window.) 

In an ingenious observation that seems to have been missed by most philoso- 
phers, E. A. Milne, a professor of mathematics at Oxford, suggested in his 1948 
book Kinematic Relativity, that with general relativity it is conceivable to have both 
a single Big Bang a finite time ago and an infinite past. Pointing out that to talk 
‘meaningfully of time implies that we have a clock to measure it by, Milne looked 
for a Universal Clock that would be far more durable than our heartbeats, or 
anything else that exists only transiently. He suggested the expansion rate of the 
universe itself as the ideal clock. As we go back in time to the Big Bang, the 
expansion rate rises towards infinity and, as another analyst put it, “We see the 


Universe ticking away quite actively. The Universe is meaningfully infinitely old 


because infinitely many things have happened since the beginning.” 


‘The debate over the length of the past in modern times can be just as contentious 
as it was in medieval times. For example, in his editorial (“Down with the Big 
Bang”) of August 10, 1989, the then editor of Nature (John Maddox) declared th 
standard explosive model of the universe to be “philosophically unacceptable 
because “the implication is that there was one instant at which time literally began 
and so, by extension, an instant before which there was no time.” For Maddox. this 
meant that the Big Bang “is an effect [my emphasis] whose cause [my emphasis] 
cannot be identified or even discussed.” The usual (non-time travel) use of the 
words cause and effect is thatthe cause happens first and then the effect occurs—but 
if the Big Bang (the effect) is the origin of time, then how (asked Maddox) could 
there be a cause of the Big Bang before that beginning?™* 


SC. W. Misner, “Absolute Zero f Time,” Physical Review, October 1969, pp. 1328-1333. In this 
view cosmic time is taken as proportional to the negative of the logarithm of the normalized 
volume of the universe (V = 1 represents maximum volume, and so time ‘stops’ atthe end of the 
universe's expansion). Thus, because V goes to zero as we go backward in time, time runs ever 
faster as we travel ever further into the past, This puts the Big Bang (with V0) infinitely 
long ag. 

“This was not a new insight, of course, as Aristotle had long ago (in his Physics) declared an 
instant in time with na predecessor to be an absurdity 
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‘The answer is obvious for creationists, of course—God did it. Creationists avoid 
the question of God’s cause, however, saying only that “He needs no cause,” or even 
that "He made Himself"! Its these standard (ridiculous) responses from creationists 
that Maddox said had prompted his editorial against the Big Bang, because crea- 
tionists embrace the Big Bang as it seems to endorse their position of ‘science by 
imagination.’ Whatever the truth of that, I think juxtapositioning the scientific Big 
Bang model of the universe with theological metaphysics and the pseudo-science 
‘nonsense of creationism to be terribly unfair. 

‘When will the philosophical debates on the age of the past end? Not until the end 
of the (infinite?) future, is my wager! 


2.3. Cause and Effect 


“There are few paradoxes which have been resolved so often as the time-asymmetry 
ferrites 


‘The philosophical literature is full of discussions about potential causal relation- 
ships between events. One of the most famous of these discussions, illustrating that 
cause and effect can be pretty slippery concepts, asks what at first appears to be an 
almost trivial question: Did the death of Socrates cause the widewhood of Xan- 
thippe? The quick and easy answer is “OF course—she was his wife and it was his 
death that causes us to say she was then a widow. What could be more obvious?” 
‘One philosopher has provided some interesting commentary, however, that might 
‘make you reconsider, or to t least become aware of how different are the questions 
concerning time that are of interest to physicists and philosophers."* 

‘Suppose we agree that there are two events to be considered; Socrates ceasing to 
live, and Xanthippe becoming a widow. Those events occurred at different places 
(in prison, and wherever Xanthippe happened to be). Then, as Kim asserted, “the 
two events occur with absolute simultaneity ... [and so] we would have to accept 
this case as one in which causal action is propagated instantaneously through spatial 
space.” (As we'll discuss in Chap. 3, the relativity of distant simultaneity weakens 
this assertion, but we'll take that up later.) For now, itis the conclusion that Kim 
draws from the assertion that interests us here: just what is propagating instantly? If 
it isn’t mass-energy (as ‘widowhood’ would appear not to be!) then special relativ- 
ity isn't bothered and physicists are happy. But those same physicists might also 
scratch their heads over wy philosophers even wonder about such a question, 
because isn’t becoming a widow just another way of saying that Socrates died and 
so we really don’t have so events, but just one? In other words, for physicists this 
really isn’t a question about cause and effect at all! 


SY Hunley, “The Time-Asymmewy Paradox,” American Journal of Physics, January 1986, 
pp. 25-28. 
*, Kim, *Noncausal Connections" Nous, March 1974, pp. 41-82. 
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‘The central puzzle of time travel to the past is its apparent denial of causal 
that is, its denial of the belief that we live in a world where every effect has a cause 
‘and that the cause happens first. First we flip the switch and then the kitchen light 
comes on. It is never the other way around, So deeply embedded is the temporal 
ordering of cause and effect in our feelings about how the world—and all the rest of 
the cosmos—works, that the Australian philosopher John Mackie (1917-1981) 
called causation the “cement of the universe” (and used that wonderful phrase as 
the title of a 1980 book). Without causality, said Mackie, everything would come 
‘unglued and fall apart. For example, when electrical engineers design an electronic 
system that they intend to actually construct (as opposed to doing a mere theoretical 
paper design’) they insist that the design be a causal one. By that they mean the 
system must have no output before an input is applied. That is, the system must not 
be able to anticipate (foresee) the application of an input. To put it bluntly, our 
engineers are insisting that they are nor building a time machine! 

‘Now all that might seem to be self-evident, but there are some subtle problems. 
For example, it has become almost a cliché to say that nothing can go faster than 
light; that’s what physicists mean by relativistic causality. In other words, no cause 
can produce an effect at a distant location sooner than the time lapse required for a 
light pulse to make the trip. Classical mechanics, however, the science of Newton's 
laws that engineers use all the time, is nor relativistically causal. Push the left end of 
arigid rod, for example, and the right end moves instantly. Most of the time the lack 
of this form of causality causes no problems, but the fact remains that the mechanics 
all engineers (and physicists, too!) lear first in school is flawed on a fundamental 
level. A rigid rod is an impossibility in Einstein's mechanics. 

Indeed, it is interesting to speculate about how, after a discussion of causality, a 
traditional engineering professor would respond if challenged on this issue by a 
bright student. Causality might not look so obvious, afterall, if such a student stuck 
up her hand in class and said “Professor, you've told us that everything that happens 
in nature is due to a cause. That what we see happening all around us, as the world 
unfolds, is the domino-process of cause-effect-cause-effect, and so on, into the 
future. But suppose, Professor, that at some instant, somehow, every particle in the 
‘world suddenly reversed its velocity vector. Wouldn't that mean, given the time- 
reversible nature of the classical equations of motion, the world would then run 
backward in time along the same path it had followed up until the instant of 
reversal? Wouldn't that mean what was effect is now cause, and that what was 
cause is now effect? And if cause and effect can change roles like that ... well, 
Professor, just what do our words mean?” 

‘An amusing, and instructive, cartoon illustration of the student's idea of revers~ 
ing all the velocity vectors in a system appeared on the cover of the November 1953 
issue of Physics Today. That issue contains an article on the 1949 nuclear magnetic 
resonance experiments performed by the American physicist Erwin Hahn, which in 
‘acertain sense dealt with just such reversed systems. In that illustration a group of 
runners on a multi-lane circular race track begin at the starting line in a coherent 
state, that is, all lined up together. Then, as they run around the track at various 
speeds, they gradually spread out into what appears to be an incoherent state 
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But that incoherence is an illusion because if, at some instant (signaled in the 
cartoon by a pistol shot), they all turn around and run in reverse, they will all arrive 
back at the starting line sogether, at the same instant. The initial coherence of the 
runners was actually never lost, despite the superficial appearance of disorder, and 
the coherent state can be recovered at any time by a reversal of velocity vectors. 

This isn’t mere theoretical speculation, as an almost magical application of 
velocity vector reversal is actually used in what is called optical phase conjugation, 
4 process to ‘time-reverse’ the severe distortion suffered by light beams during 
atmospheric propagation. For example, by effectively reversing the velocity vectors 
of photons, one can remove the turbulence blurring in satellite pictures of the 
Earth's surface as seen from space.” 

Let me immediately short-circuit one possible answer our beleaguered professor 
‘might give in desperation, a response based on the fact that equations of physics are 
‘not all time reversible. Indeed, it was discovered decades ago that, in certain very 
rare, fundamental particle decay processes involving neutral K-mesons, there is the 
‘hint that perhaps nature can indeed distinguish between the past and the future. In 
particular, K-mesons should violate what is called CP-symmetry, and the so-called 
‘TCP theorem" says that then T-symmetry must also fail. In 1968/69 direct, exper- 
imental observation of the failure of T-symmetry in K-meson decays was reported, 
In an astonishing example of science fiction prescience, the use of K-mesons in a 
machine for affecting the past had appeared years earlier in a 1955 (1) story.” 

So, could K-mesons account for the physical processes that we see evolve in 
time in one direction (past to future) but not in the other? As Hurley (note 35) put it 
so nicely, “The decay of the neutral K-meson is not time-reversal invariant; pethaps 
itis this ubiquitous meson which is responsible for the cream diffusing uniformly 
throughout our coffee in the morning. Possibly, but again this conjecture cannot 
account for the computer models {of diffusion processes that, like cream in coffee, 
also display a bias for one temporal direction aver the other—in Chap. 3 I'l show 
you such a computer model] which have no neutral K-mesons.” Still, the tiny chink 
that K-mesons appear to have made in the once-solid rock of time direction 
indistinguishability is an active area of research and speculation, 

Even with that chink the fact that the classical laws appear to be insensitive to a 
direction of time, whereas the real world—which seems in no way dependent on the 
arcane properties of K-mesons—seems distinctly asymmetric, is a puzzle of the first 
rank. As one philosopher wrote, “The Universe seems asymmetric with respect to 


C. R. Giuliano, “Applications of Optical Phase Conjugation.” Pysies Today, April 1981, 
pp. 27-35, 
™ The TCP-theorem says that the “mirer-image’ ofa physical process is legitimate process, to, 
if the “mineor” reverses time (1), cleewie charge (C)}—s0 that particle and anti-paricle are 
interchanged, and parity (P}—which isthe measure of left and right, There is strong reason to 
believe inthe validity of the TCP theorem because quantum field theory i compatible with special 
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the past and future in a very deep and non-accidental way, and yet all the laws of 
nature are purely time symmetric, So where can the asymmetry come from?”" 

‘There have of course been attempts to answer that question. For example, one 
philosopher"' discusses some curious mathematical examples he interprets as 
‘meaning, in the context of classical mechanics, that there are physical systems 
that are temporally irreversible in principle. A reply*> from a fellow philosopher. 
however, argues that Hutchinson has, at most, shown only that classical mechanics 
is perhaps not deterministic. And that, Savitt argues, is not equivalent to showing 
failure of time reversibility. There is, in fact, powerful experimental evidence that, 
with the rare exceptions of K-mesons, the classical laws of physics (including 
general relativity and quantum mechanics) are time-reversible. 

Perhaps the most compelling of such evidence comes from the reciprocity 
‘theorem that electrical engineers routinely use when designing radio antennas. 
‘The theorem is easy to illustrate. Suppose two electrical engineers, Bob in Boston 
and Lois in Los Angeles, send radio signals to each other. Bob sends his messages 
by exciting his antenna with a time-varying current, which thus launches electro- 
magnetic radiation into space. Lois’ distant antenna intercepts some of that radia- 
tion, which then creates a (very tiny) signal current in her antenna, 

‘The reciprocity theorem states the following: Suppose Bob makes a tape record- 
ing of his excitation signal and mails it wo Lois, who then plays Bob's tape back into 
her transmitter as the excitation to her antenna, Then the signal current induced in 
Bob's antenna, as it intercepts Lois’ launched radiation, will be the very same (very 
tiny) signal that Lois measured in her antenna as a result of Bob's transmission. This 
result is completely independent of the details of the two antennas, which can be 
utterly different in design, as well as independent of the details of the propagation 
path between Boston and Los Angeles (as long as those details don’t change with 
time). The reciprocity theorem is true—it can be measured to be true as accurately 
‘as one wishes to perform this experiment—because of the reversibility of physics 
right down to the electronic level. In fact, the answer to the professor's problem of 
explaining why we don't see velocity vectors suddenly reverse, and then everything 
‘run backwards,” has not yet been found in any law of physics. 

‘Now, to make things even more interesting, consider the problem of mutual or 
simultaneous causation, which can quickly lead to several interesting questions. 
When two leaning dominoes, A and B, hold each other up, is A nearly upright 
because of B. or is it B that is nearly upright because of A? When two children bob 
up and down on a see-saw, whose motion is the cause and whose is the effect? There 
are other puzzles, too, that involve mutual causation. 
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For example, causation is usually thought to be transitive: if A causes B, and if B 
causes C, then A causes C. But if A and B are mutually causative, then “A causes B” 
coupled with “B causes A’ leads to *A causes A” (and to °B causes B'). That is, 
‘mutual causation, together with transitivity, seems to imply selfcausation! Except 
for those theologians who like this sort of result (it lets them answer the question 
“Who made God?” with ‘He made Himself), hardly anyone likes self-causation 
But how do we avoid the conclusion that perhaps the mutual causation of two 
leaning dominoes, coupled with transitivity, represents experimental proof that God 
could have made himself? Well, of course this is certainly outrageous stuff, but 
don’t you wonder how our poor professor would respond if asked? 

‘This last example is actually a far more esoteric one than we need to illustrate 
hhow our ordinary, everyday concept of cause and effect can be turned inside out by 
going only alittle bit beyond the routine. Consider, for example, the problem of the 
data processing of recorded time signals, such as the information written onto 
‘magnetic tapes, hard drives, or disks. Typical applications that produce such 
recordings include the strata-probing seismic echoes from dynamite explosions 
set by oil exploration geologists; arms control compliance monitoring stations 
that listen for the acoustic rumbles generated by both earthquakes and underground 
nuclear tests—and then try to tell one from the other; and the gathering by various 
rilitary intelligence agencies of turbine shaft/propeller noise signatures emitted by 
different types of submarines. In each of those situations, the raw information is 
recorded and then later processed with a certain degree of unhurried calm and 
leisure. That poo! of oil, afterall, has been underground for several hundred million 
years, and waiting a few more days or weeks for a computer analysis of the 
explosion echo isn’t going to make much difference. 

Such after-the-fact processing of recorded data is said to be done ‘off-line, in 
non-real time.” When we play a disk back in the lab, however, we can do al sorts of 
neat things, like speed up the playback (make time “run fast’), or slow it down 
(make time ‘run slow’), or even play it backwards (make time ‘run in reverse’). For 
various technical reasons, generically called spectrum shifting, such tricks are often 
quite useful. Now, the way we retrieve magnetically recorded information from (for 
example) a magnetic tape, is to run it through a playback machine with a “read- 
head’ that senses the magnetic flux variations. The electrical signal produced by the 
read-head is jus like the original signal and, in fact, we can pretend we don’t know 
really coming off tape, but rather that it is the original signal. For high-quality 
digitally recorded tapes and disks, infact, iis virtually impossible to distinguish the 
original from a playback 

‘Now, suppose we construct our playback machine with two read-heads, with the 
new head sensing the recording slightly efore the old head does. The two heads 
produce the same electric signal, of course, but the signal from the new head is 
ahead in time compared to the signal from the old head. The new head is, in a 
certain sense, ‘seeing the future" of the old head! We can use these two signals, the 
‘old head representing “now” time and the new head representing ‘future’ time, to 
build real systems that are nor causal. The causality violation occurs in non-real 
time, of course, not our time, but no matte; some absolutely astonishing signal 
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processing can be achieved this way. The universe is about fifteen billion years old, 
‘and pretending that time has shifted a few milliseconds or so doesn’t seem to be too 
‘much violence to reality 

Two heads are often used on radio call-in talk shows to catch inappropriate 
remarks from intemperate callers and prevent them from being broadcast. A short 
time delay is introduced by frst recording remarks ‘live’ on tape with a write head 
and, then a few seconds *up-stream,’ a read head regenerates the remarks for 
broadcast. A 5 s delay is generally sufficient, so what is heard on a radio receiver 
now actually occurred 5 s ago in the past, A caller can get terribly confused if she 
doesn't tum her own receiver off, because one ear hears the present on the 
telephone while the other ear listens to the past aver the radio." The 1956 British 
film Timeslip incorporates a similar situation, with an atomic scientist's perception 
advanced 7 s into the future as the result of an accidental radiation exposure. His 
resulting confusion and disorientation is the center of the film." 


2.4 Backward Causation 


“Causation asa topic of philosophical discussion refuses to die. Each year, books and 
anicles on causation continue to pour forth. OF course, al this activity may simpy be a 
symptom of the necrophilia that infest so much of philosophy." 


All of the previous discussion has fueled countless arguments about what is 
called backward, reverse, or even retro causation. What is generally meant by 
forward causation is, of course, that any event that occurs at time r is caused by 
events that all occurred at some earlier time(s), Backward causation says that at 
least one of the causing events occurs after time t—this should make it clear that 
backward causation is a close relative of time travel. Indeed, one philosopher uses 
the terms time traveler and retro-causal engineer interchangeably.** The topic, 
understandably, is at the root of many hot philosophical debates, though not 
everybody (as this section's opening quote makes clear) thinks those debates are 
illuminating 

Tist why does Professor Eaman take his barsh position? He offers, ax ne 
reason, his disdain for the common philosophical ‘proof” of the impossibility of 
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backward causation: By definition, a cause is always before its effect. Yes, that's 
the entire ‘proof.’ One can, of course, win any argument by defiming the answer to 
be what it is you wish to believe. More interesting, and certainly more pertinent to 
time travel, isthe argument that if backward causation were possible then one could 
change the past—but that cannot be done because the past is dead and gone and thus 
unchangeable. That does seem to be a pretty solid argument against backward 
causation,*” but Earman rebuts it by pointing out that the very same logic could be 
applied to the future, and so the usual, uncontested forward causation would also be 
denied. That is, one could argue that whatever the future will be, will be (literally 
by definition’), so one cannot change the future. A similar argument was presented 
even earlier."* in which we find “suppose that someone says ‘I can change the 
future. I can do shis or I can do that.’ Well, then, suppose that he does that. Has he 
changed the future? No, because doing that was the future.” 

‘The reversal of the ‘usual” causal order of events by backward time travel has 
been a mainstay of science fiction almost from the start of the genre, Consider, for 
example, this tale.*” A man on vacation by himself, without his wife along, meets a 
young lady—and they fall in love. The man loves his wife, too, though, and he 
realizes (as the young lady leaves him for the last time), never to return, that i is all 
for the best. But she really hasn't gone that far away from him, as the reader soon 
discovers. She is atime traveler from the future, and after leaving him she goes even 
further back in time, back an additional 20 years. She does this because she has 
leamed that he met his wife 20 years ago, and so she goes back to be that woman! 
‘Thus, the usual causal order of the two events ‘a long marriage’ and the ‘pre- 
marriage courtship’ has been reversed (if we accept the fact that the man doesn’t 
remember what his wife looked like when they married). 

‘Actually, even our everyday uses of cause and effect are not nearly so straight- 
forward as one might think, even when they are under far less stress than backward 
causation and time travel inflict. Consider, for example, the endless problems that 
are easy to imagine in the legal world. If a man falls off the roof of a ten-story 
building and is electrocuted as he plunges through power lines while still twenty 
feet above ground, was gravity or electricity the cause of death? Or was it both? As 
this example and others demonstrate,”’ one clearly does not have to discuss time 
travel to get into a serious argument about cause and effect. But with time travel, 
and the resultant backward causation, things can become even more perplexing. For 
example, we normally think it foolish to prepare, now, for an event that has already 
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happened, but the prudent time traveler about to visit an ice age in the distant past 
would be wise to pack a fur coat before getting into his time machine! 

(One philosopher provides, I think, a good start at explaining why so many other 
philosophers (and not just a few physicists) have adopted the "common sense’ 
position of rejecting backward causation, As he writes, “Part of the answer, no 
doubt, is a confusion between affecting and altering [the past—a distinction we'll 
discuss at length later in this book]. We cannot alter the past. But then we cannot 
alter the future either, although we can affect it. However, I take the common-sense 
rejection of backward causation to be, for the most part, quasi-empirical. It is based 
‘on a thought experiment, Think how you would set about affecting the past. By 
building a time-machine, perhaps? But how would you build one? We have no idea 
how to start. Yet, by contrast, we can work out how to affect the future... we just 
‘move our bodies.”*! But, as he goes on to argue, if we accept that we can't change 
the past (which means there is no Way we could actually observe backward 
causation), then there still exists the possibility that past events were as they were 
because of events in the future, 

‘Are there actual phenomena that justify a belief in the possibility of effect before 
cause in real time (not just in tape recorder time)? The only example I know of. and 
a controversial one at that, is a theoretical result from a reformulation of electro- 
dynamics by the great English physicist Paul Dirac (1902-1984). Classical theory 
models electric charges as point objects of zero size, which causes problems when 
one tries to calculate certain details, such as the total field energy of a single 
electron. The answer comes out as infinity. In an attempt to find more reasonable 
(that is, finite) answers to such questions, Dirac modified the zero size of a charge to 
‘one taking them to be extended abjects (while retaining the validity of Maxwell's 
equations for electrodynamics right down to a point). To calculate how such 
extended objects will behave mechanically, however, one has to include what are 
called the self:imteraction forces, such as the force one side of an electron exerts on 
the other side. 

‘When it was all worked through, Dirac arrived at a third-order differential 
equation of motion, an equation that involves a force term proportional not to the 
usual first time derivative of the velocity (that is, 0 the acceleration), but rather to 
the second derivative.” This force is proportional to the first derivative of the 
acceleration, and is a quantity of direct interest mostly to the designers of automo- 
bile suspensions, who call it the jerk. There is no force in physics, at least not in 
Newtonian physics, that shows that sort of dependence, and there are some curious 
consequences. For example, in Dirac’s theory an electron experiencing no external 
force can still continually accelerate, exhibiting what is called a “runaway solution.” 

Dirac showed how the runaway solution can be eliminated by picking a partic- 
ular value for what up to then was an arbitrary constant of integration in the 
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analysis, but that trick causes, in turn, a new problem called “pre-acceleration.’ That 
is, if an electron experiences an external disturbance (Dirac considered a passing 
pulse of electromagnetic radiation), then the electron will start to move before the 
pulse reaches it! Now that does seem to be a preity clear example of backward 
causation. The time interval during which the pre-acceleration occurs is very short, 
‘on the order of the time it takes light to travel across the spatially extended electron 
(about 10° s), but no matter. The apparent crack in the door of causality may be 
slight, but it was enough to satisfy some philosophers seeking scientific support for 
backward causation, 

Not everybody liked this, however. One physicist was clearly uneasy about it, 
calling pre-acceleration “unpleasant” acausal behavior."’ On the other hand, one 
can find believers, too. Others have argued that the whole business is simply a 
non-problem. One philosopher, in fact, raised a very interesting technical point, 
‘arguing that Dirac’s equation is non-Newtonian (remember the jerk force) and so 
wwe have no reason for coupling force and acceleration together as a cause-and- 
effect pair.” In Newtonian mechanics we do use that particular coupling, yet we do 
not think of force and velocity as a cause-and-effect pair because there is an 
integration operation involved in getting from to the other. Similarly, in Dirac’s 
theory we have an integration operation separating force and acceleration. 

‘One curious aspect to the debate on pre-acceleration is that many commentators, 
seem not to have paid much attention to what Dirac himself had to say about it. Asa 
Nobel laureate, it hardly seems likely that he would let such a result pass unnoticed 
and, indeed, his paper contains the following physical explanation: “It would 
appear that we have a contradiction with elementary ideas of causality. The electron 
seems to know about the pulse before it arrives, and to get up an acceleration 
‘The behavior of our electron can be interpreted in a natural way, however, if we 
suppose the electron to have a finite size, There is then no need for the pulse to reach 
the center of the electron before it starts to accelerate, It stars to accelerate ... as 
soon as the pulse meets its outside. Mathematically, the electron has no sharp 
boundary.” 

‘Two physicists suggested a fascinating connection between travel backward in 
time and Dirac’s relativistically correct, quantum mechanical description of an 
electron.”® They showed that in flat, two-dimensional spacetime the assumption 
of time travel to the past leads in a natural way to Dirac’s equation. If, on the other 
hhand, time travel only into the future is assumed, then additional assumptions are 
required to derive Dirac's equation. This connection between Dirac’s equation and 
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time travel to the past makes some philosophers and physicists nervous, but it didn’t 
seem to bother Dirac. In fact, he went on in his paper to show how the 
ppre-acceleration implies the possibility of building a device for sending a faster- 
than-light signal backward in time. Science fiction writers were, of course, quiick to 
grasp that idea and such gadgets were dubbed 

‘One of the more perplexing aspects of backward causation is that it seems to 
allow for the possibility of causal loops, and for the breaking of such loops, a 
central feature in many of the very best time travel stories. For example, suppose 
there is a gadget such that if I push its control button now, then today’s lecture notes 
will have appeared in the gadget’s output tray yesterday. Indeed, yesterday I found 
today’s notes there and, in fact, Tam about to go to class to deliver that lecture. 
A mighty good one itis, too, so I think I think I'll send it back to yesterday in just a 
few minutes with the help of the gadget. But I haven't yet pushed the button. What 
if Inow decide nor to push the button? Why did the notes appear so I could use them 
today? Philosophers call this potential breaking of a causal loop a bilking paradox 
Later in the book I'll discuss how such paradoxes have regularly appeared in the 
physics and philosophy literature since the 1940s, 

By contrast, such paradoxes had been discussed in the science fiction magazines 
long before World War I. For example, in a letter to the editor at Astounding 
Stories June 1932) a fan clearly stated his objection to time travel with the aid of a 
bilking paradox. He suggested the following experiment: Immediately publish an 
open offer to the inventor of time travel (who will be born, presumably, at some 
future date) to travel back to one week before the offer is published. But of course 
(argued the fan) we'd have a pretty problem if we then decided not to publish the 
offer after the inventor showed up! As that fan wrote, “Paradoxical? I'll say so, if 
time travel is possible.” That fan didn’t know about what seems to be a generic 
limitation on time machines, however: that one can't travel back to a date before the 
date of the time machine's creation. Thus, that fan's particular bilking paradox 
actually has no force.”* 

For another fictional example of a bilking paradox, consider the story™’ of time 
travelers who, just before they begin a trip into the future, see Earth invaded by 
Martians, At first the invaders are unbeatable, but then the defending military forces 
of Earth suddenly and mysteriously acquire a fantastically powerful new weapon. 
It isn't long before the time travelers realize where it came from—they themselves 
will go into the far future, obtain the weapon, and then return with ito what is now 
their own past (when the weapon first appeared). But then they wonder what might 
happen if they don’t go, if instead they ‘cheat time.’ After all, they reason, why 
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bother now to hunt for the weapon when the invasion has already been defeated? 
We are told that this potential bilking paradox is a “sinister conception, crawling 
evilly within their brains, like an unanswerable enigma.” 

‘Some philosophers, and practically all physicists, agree with that last assessment 
about bilking paradoxes, and so they believe there is simply nothing more to say. 
That is bilking puzzles like the one in “The Time Cheaters” show that causal loops 
(and backward causation) must be impossible. Many feel this way about ime loops, 
and backward causation, because (as is well known) time travel to the past can 
create all sorts of paradoxes. But such paradoxes are offensive only to human, 
culturally-biased intuitions on *how things ought to work,’ and not tothe laws of 
physics which are indifferent to a reversal inthe direction of time—which of course 
underlies what time travel is all bout 

‘As the great American chemist G. N. Lewis expressed it, “Our common idea of 
time is notably unidirectional, bur this is largely due to the phenomena of con- 
sciousness and memory [may emphasis)."® Lewis’ words caught the eye of the 
editor at one science fiction magazine, who summed it up for his readers ina half- 
page essay that contained dramatic words hinting at backward causation: “A new 
theory of time ... reveals the possibility that events now occurring are among the 
factors that decided Caesar nearly 2,000 years ago to cross the Rubicon.”*" 

Lewis’ willingness to accept causality violations is not a universally popular 
view today. For example, one physicist has written"? that “It is fair to say that most 
conservative physicists have very serious reservations about the admissibility and 
reality of causality-violating processes. Causality violation (i.,the existence of a 
‘time machine’) is such an extreme violation of our understanding of the cosmos 
that it behooves us to be as conservative as possible about introducing such 
unpleasant effects into our models.” He then goes on to declare closed timelike 
loops to he verboten because “the existence of closed timelike loops leads us to such 
unpleasant situations as meeting oneself 5 min ago.” He sums up his philosophical 
position nicely with “any theory that is ‘just alittle bit causality violating” is “just a 
little bit inconsistent." 

‘Agreeing with this physicist is at least one philosopher who believes that the 
“association of causality with a particular temporal direction is not merely a matter 
of the way we speak of causes, but has a genuine basis in the way things happen” 
and that there is indeed an asymmetry with respect to past and future that is bound 
up with our concept of intentional action.*° He then goes even further when he 
continues with the claim that being an agent of cause is not a necessary condition 
for seeing the asymmetry; being an observer is enough, as even an immobile yet 
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intelligent tree (!) could detect the difference between past and future, (How he 
‘knows this about certain trees is left unexplained.) 

‘The everyday views of causality that we have formed through our limited 
experiences when living in a world in which time travel is ‘uncommon’ may 
actually be incomplete. As the British philosopher Bertrand Russell (1872-1970) 
said with some humor long ago, in his 1912 Presidential Address (“On the Notion of 
Cause") to the Aristotelian Society, “The law of causality, I believe, like much that 


passes muster among philosophers, is a relic of a by-gone age, surviving, like the 
monarchy, only because it is erroneously supposed to do no harm.” And I do agree 
with his fellow philosopher who, decades later, declared “The concept of cause is 
powerless to solve the problems posed by the concept of time. The fundamental 
laws of physics present our most careful, best established and most sophisticated 
understanding of time. Notoriously, nothing in these laws endorses the idea of a 


flow of time nor of the direction (my emphasis: we'll retum to both of these issues 
later in this chapter] which is basic to our conception of it. Nor are these laws causal 
(in the sense of singling out causes) even when they are deterministic. The concept 
of cause is not a fundamental one and cannot illuminate the darker corners in our 
understanding of the fundamental concept of time." 


2.8 The Fourth Dimension 


“We are facing an invasion of fourth dimensional creatures... We are being 
life which is one dimension above us in evolution, We are fighting, I tll you, a tribe of 
bellhounds out ofthe cosmos, They are unhinkably above ws in the mater of intelligence 
There is a chasm of knowledge between us so wide and deep that it staggers the 
imagination." 

‘Fourth dimension, Time factr, You know 


tacked by 


‘The idea of a fourth dimension to space has long been a staple of science fiction, 
but it has also long been viewed with suspicion. Indeed, many quite sophisticated 
scientists have thought it to be quite mysterious. For example, in his 1897 Presi- 
dential Address to the American Mathematical Society, the Canadian/American 
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astronomer-mathematician Simon Newcomb (1835-1909) declared “The introduc 
tion of what is now very generally called hyperspace, especially space of more than 
three dimensions, into mathematics has proved a stumbling block to more than one 
able philosopher.” Einstein stated Newcomb's view in blunter terms when he wrote 
“The non-mathematician is seized by a mysterious shuddering when he hears of 

four-dimensional’ things, by a feeling not unlike that awakened by thoughts of the 
occult." 

To see just how right Einstein was with this observation, consider the reaction 
‘one Egyptian philosopher had (in 1929) to Einstein's own writings: “We have no 
doubt in our mind that nobody can understand it (the fourth dimension), including 
Einstein himself. The incomprehensibility of these assumptions [of general relativ- 
ity] is due to their nature. They deal with the fourth dimension ... and the reality of 
time and space. They can only be described by a mathematician’s hypothesis or by 
religious faith.” This reaction is easy to understand—after all, anybody can ‘sec 
that there are exactly three spatial dimensions, and that is that! 

‘The 1901 novel The Inheritors, by the English writer Ford Madox Ford 
(1873-1939), like Simak’s, is the tale of an insidious hyperspace invasion of our 
world, It illustrates Einstein's assertion about how many people react to the fourth 
dimension with an example from the time before the science fiction magazines. 
When the novel's narrator is bluntly told by an invader that she (the invader) is from 
the fourth dimension—an idea inspired by Ford’s appreciation of how much 
success his acquaintance H. G. Wells had enjoyed with it—he recoils from that 
claim with the words “If you expect me to believe you inhabit a mathematical 
monstrosity, you are mistaken.” And who can really blame that skeptical narrator? 
How can there be four spatial dimensions? No less an authority than Aristotle, 
writing in 350 B.C., had declared in his essay “On the Heavens” that “the three 
dimensions are all that there are.” 

Others were not so sure. In 1873, for example, we find an essay in Narure that 
refers to well-known mathematicians who even earlier had shown that they had an 
inner assurance of the reality of transcendental space (hyperspace)."” The American 
philosopher Charles Sanders Peirce (1839-1914) was also an early advocate for the 
four-dimensionality of space. Just what he thought the nature of the fourth dimen- 
sion to be is somewhat unclear, but the context of what he said suggests he took it to 
be spatial. He thought three-dimensional space to be “perverse” hecause of the 
existence of incongruous counterparts (such as left- and right-handed gloves), and 
this was apparently strong evidence for him that space could not be three- 
dimensional. Now, incongruous counterparts exist in all n-dimensional spaces, 
but Peirce preserved the special purity of the fourth dimension by suggesting that 
all physical objects, although capable of motion in the fourth direction, could 
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themselves have no extent in that direction (remember, Peirce was a philosopher, 
not a physicist, and he offered no experimental support for any of this).”” 

But is it really possible that there could be four spatial dimensions? We expe- 
rience three independent directions, each lying at a right angle to the other two—but 
why just tree, and not ten or fifteen? Indeed, in an 1888 talk to the Philosophical 
Society of Washington, Simon Newcomb dismissed the view that space must 
necessarily be three-dimensional as an “old metaphysical superstition.” Yet, despite 
Newcomb's open-mindedness, it has been shown that in the framework of classical 
physics there are, in fact, several powerful reasons for why there must be exactly 
‘three spatial dimensions, 

‘The beginning of a scientific explanation for the dimensionality of space appears 
in Kant, who believed the three dimensions of space and Newton's inverse-square 
law for gravity are intertwined (but he offered nothing beyond philosophical 
speculation). The origin of Kant’s view is actually quite old, dating back to the 
ancient Greeks, who had already begun to suspect that there was something special 
about three dimensions, at least as far as geometry was concemed. They knew of 
the infinity of regular two-dimensional polygons, but that there were just five 
regular polyhedrons in three dimensions (the so-called Platonic solids). This 
early observation was trapped in mystical speculations, however, and it wasn’t 
until the development of physics as a science that non-mystical discussions on the 
dimensionality of space began to appear. 

Beginning with the work of Einstein's friend, the Austrian/Dutch physicist Paul 
Ehrenfest (1880-1933) in 1917, we can find the idea that the Poisson-Laplace 
equation, a second-order partial differential equation that describes the potential 
functions for both Newtonian gravity and electrostatics, does not allow for stable 
planetary or electronic orbits in any space with dimensionality greater than three. 
Further, the distortionless, reverberation-free propagation of both electromagnetic 
‘and sound waves is possible only in spaces of dimensions one and three. These 
conclusions have been shown to hold even when we go beyond nineteenth century 
physies into general relativity and quantum mechani 

Using a slightly different approach, a biological-topological argument for why 
space cannot have fewer than three dimensions exists. In all of our common 
experience, complex intelligent life is always found to occur as an aggregate of a 
vast number of elementary cells, interconnected via electrical nerve fibers. Each 
cell is connected to several others, not all immediate neighbors, by these fibers. If 
space had only one or two dimensions, then such highly interconnected nets of cells 
Would be impossible because the overlapping nerve fibers would have to intersect, 
which would result in their mutually short-circuiting one another. 


'R. R, Dipen,“Peiree’s Theory of the Dimensionalty of Physical Space." Journal of the History 
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It wasn't long before these views on the dimensionality of space found their way 
into science fiction, An early use of space as four-dimensional occurs in an 
awkward rewrite of Jules Verne’s Around the World in Eighty Days, in which a 
professor and his crew fly into hyperspace and around the world and to the moon 
‘and back, in less than a day.”* They do this with a plane equipped with a four- 
dimensional rudder! More interesting is the tragic story (originally published in 
1926) of a math professor who leams how to move into hyperspace and back.”” A 
colleague catches him at it and, once over his astonishment, asks what is behind it 
all. The professor replies, “My assumption is that the fourth dimension is just 
another dimension—no more different in kind from length, say, than length is 
from breadth and thickness, but perpendicular to all three. Now suppose that a 
being in two dimensions—a flat creature, like [a moving shadow on a surface|— 
were suddenly to grasp the concept of a third dimension and so step out of the 
[surface]. He might move only an inch, but he would vanish completely from the 
sight of the world.” 

‘The professor has similarly learned how to step out of 3-space and into 4-space 
but, when asked to explain how. all he can say is “How can T explain’ It's just the 
other direction. I's there!” His colleague can't see it, but nonetheless is quick to 
grasp the practical implications: “This is power! Think of it! A step, and you are 
invisible! No prison cells can hold you, for there is a side to you on which they are 
‘as open as a wedding ring! No ring is secure from you: you can put your hand round 
‘the corner and draw out what you like. And, of course, if you looked back on the 
Universe you had left, you would see us in sections, apen to you! You could place a 
stone or a tablet of poison right in the bowels of your enemies!” 

‘What the professor's colleague is getting at involves a comparison with a prison 
in planar 2-space, which would merely be a circle around the captive. Knowledge of 
the third dimension would make it possible to escape, however, by simply moving 
along that new direction, over the circle, and then back into the plane. To a 2-space 
guard it would seem that the prisoner had suddenly vanished from view inside the 
circle and then just as suddenly materialized again outside the circle. Similarly, to 
escape from a 3-space prison, one would merely move along the fourth dimension, 
‘and in the same way one could remove the yolk from an egg without damaging the 
indeed, one could remove the yolk directly from the chicken without dam- 
aging the chicken!” 


‘Olsen, “Four Dimensional Transit." Amazing Stories Quarterly, Fall 1928, 
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Ina later tale” we meet another professor who dramatically uses this very 
feature of the fourth dimension, His right hand has been modified through an 
accident to exist in four-dimensional hyperspace and so, to finance his research, 
he uses his ‘talent’ to become the perfect pickpocket, able to reach into any wallet 
‘no matter how well secured. He also can, indeed, reach right into the very bowels of 
his fellow man, And he does, When he demonstrates his hand to the policeman who 
has arrested him for being a thief, the astonished officer chokes on a lemon drop. 
Dr. Fuddles then, of course, does the right thing and removes the drop from the poor 
fellow with ease. There is one additional aspect to Dr, Fuddles’ hand, however, that 
the story missed. If he had turned his right hand over in the fourth dimension, then 
he would have had nvo left hands! 

It was discovered in 1827 by Mébius (of the strip) that any three dimensional 
‘object can be converted into its mirror image by flipping it over through the fourth 
dimension. Thus, a left-handed glove can be made by pure geometry (no scissors, 
thread, or needle required) into a precise copy of its right-handed mate. Ifa living 
organism is so flipped, however, there may be a problem, as everything in the body 
‘would be reversed, including the optically active organic molecules discovered by 
Pasteur in 1848, which are involved in vital biological processes. These molecules, 
called stereoisomers, exist in two versions in nature (the left-handed and the right- 
handed versions, if you will), but our bodies have developed the ability to use only 
‘one version. To be flipped through the fourth dimension would make some reversed 
stereoisomers unable to participate in the digestion of food and we would starve to 
death. 

For modem science fiction writers the fourth dimension (and hyperspace, in 
general), is still a major concept. One physicist, writing in Analog (today’s premier 
“hard seience’ fiction magazine), summed up nicely what was so fascinating in early 
pulp, and still is today, about the idea of an extra dimension or two, or pethiaps even 
more, at least from a fictional point of view: “Are there hidden dimensions not 
accessible to us, dimensions in which we could go adventuring, dimensions within 
which malevolent hyper-dimensional aliens may be lurking, ready to pierce our 
flimsy paper-thin three-space bodies with their terrible hyper-sharp claws?"”" The 
carly pulp science fiction magazines encouraged this lurid imagery. Witness the 
editorial blurb that opened one many-dimensional monster story as follows: “It was 
strange world in which Lester and Florence found themselves. A world of sudden 
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death and strange science, ruled by inhuman beasts."”? But as outrageous as that 
t sound, the real physics of hyperspace is even more amazing. 

Hyperspace is, in general, simply any space with more dimensions than the one 
ve obviously seem to live in. In particular, our universe appears to be a four 
dimensional (three spatial and one temporal) hyperspace called spacetime. This 
four dimensional world can, at least mathematically, be thought of as the boundary 
surface of a five dimensional hyperspace. This is analogous to the way the 
two-dimensional space of the surface of a sphere bounds the three-dimensional 
space of the sphere itself. This interesting imagery appeared quite early in pulp 
science fiction. For example, in one remarkably sophisticated story, an eccentric 
scientist at one point exclaims “A mathematical physicist lives in vast spaces 
where space unrolls along a fourth dimension on a surface distended from a fifth.” 

‘There are some interesting geometrical implications to hyperspace which play 
big roles in time travel considerations. For example, for beings in the 
two-dimensional world of a sphere's surface there are nwo ways to travel from 
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pole to pole. There isthe usual way, on the surface of the sphere, and the hyperspace 
way which takes them ¢hrough the sphere along the polar diameter. In imagery 
‘motivated by thinking of the sphere as an apple, and of the hyperspace path as a 
tunnel bored by a worm through the apple, it has become popular to call all such 
shortcuts, through any hyperspace of any dimension, wormholes (a word coined in 
the 1950s by the Princeton physicist-wordsmith John Wheeler). Wheeler used 
wormholes to show how electric charge could be thought of as lines of force 
trapped in the changing topology of a multiply connected space (indeed, Wheeler 
claimed that the observation of what we call electricity is experimental evidence 
that space is nor simply connected).” 

‘The general theory of relativity predicts the existence of wormholes in spacetime 
and, in fact, they were first ‘discovered’ theoretically in the mathematics of 
relativity as early as 1916 by the Viennese physicist Ludwig Flamm 
(1885-1964). Later analyses were done by Einstein, himself.“ Wormholes have 
been discussed as a possible model for pulsars (as opposed to the more usual model 
as rotating neutron stars)" It has also been suggested that the interior of a charged 
black hole may be the entrance to a wormhole,” All of these various solutions to 
the gravitational field equations are generically called “Einstein-Rosen bridges” in 
the physics literature (see note $1, for example), and the term soon appeared in 
fiction, too." 

‘The use of hyperspace wormhole portals for explaining some observed physical 
phenomenon appeared in the scientific literature long before Wheeler's electricity 
example. In his 1928 book Astronomy and Cosmogony, for example, the British 
theoretician Sir James Jeans devoted a chapter to what were then called nebulae, the 
island-universes we now call galaxies. At the end of his discussion on the arms of 
spiral galaxies, Jeans offered the following speculation: “Each failure to explain the 
spiral arms makes it more and more difficult to resist a suspicion that the spiral 
nebulae are the seats of types of forces entirely unknown to us, forces which may 
possibly express novel and unsuspected metric properties of space [my emphasis] 
‘The type of conjecture which presents itself, somewhat insistently, is that the 
centers of the nebulae are of the nature of ‘singular points,” at which matter is 
poured into our universe from some other, and entirely extraneous, special 
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dimension, so that, to a denizen of our universe, they appear as points at which 
matter is being continually created.” This, in everything but name, is a wormhole. 

‘What would hyperspace be like? It is intuitively obvious that in the case of the 
2:D surface of a 3-space sphere, the *hyperspace’ wormhole path is shorter than the 
surface path. Even if this “shorter path’ view holds for wormholes in our 4-D 
spacetime, however, getting around in science fiction hyperspace may not be a 
simple task. One tale, for example, tells the story" of how one of the first space~ 
ships to explore hyperspace gets lost. The trouble with hyperspace travel is that 
“You go iat one point, you rocket around until you think it’s time to come out, and 
there you are. Where is “there”? Why, that’s the surprise that’s in store for you, 
because you never know until you get there. And sometimes not even then.” The 
‘same idea plays a central role in Robert Heinlein's 1957 novel Tunnel in the Sky, in 
which a ‘hyperspace gate’ is discovered by accident during failed time travel 


experiments, 
‘Another story** asks the same question about hyperspace, and arrives at the same 
answer: “When you took the Jump ... how sure were you where you would 


‘emerge? The timing and quantity of the energy input might be as tightly controlled 
as you liked ... but the uncertainty principle reigned supreme and there was always 
the chance, even the inevitability of a random miss ... a paper-thin miss might be a 
thousand light-years.” 

‘A common way to visualize hyperspace wormhole shortcuts is to imagine the 
beginning and the end of a journey as points A and B on the 2-D surface of a piece 
of paper. Then imagine that the paper is folded so as to position A over B, pethaps 
with A almost touching B. The distance from A to B through hyperspace (the 3-D 
space in which the folding took place) can clearly be much less than is the distance 
through ‘normal’ space (the distance covered by a trip that always remains in the 
2-D surface). This is the specific example used in one tale to explain the instanta- 
‘neous “space-warp” (wormhole) device invented by the story's hero.** Such imag- 
ery actually appeared quite early in science fiction, as in one story in which a gadget 
is used to “bend space” so that Earth and Venus touch!"” 

‘The idea of hyperspace folding has broken free from science fiction and can now 
be found in modem stories in other genres. For example, in one Stephen King story 
(Mrs. Todd’s Shortcut") a woman keeps finding ever shorter ways to drive from 
Castle Rock, Maine to Bangor. As the crow fies it is 79 miles, but she gets the 
journey down to 67 miles, and later to 31.6 miles. When doubted, she replies: “Fold 
the map and see how many miles it is then... it can be a litle less than a straight 
line if you fold it a little, or it can be a lot less if you fold it a lot.” The doubter 
remains unconvinced: “You can fold a map on paper, but you can’t fold land.” 
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For the purpose of wormhole creation in spacetime, we actually have to imagine 
much more: the folding of four-dimensional spacetime through a five dimensional 
hyperspace. The folding imagery has even appeared in the movies: spacetime 
folding is demonstrated with a piece of paper in both Event Horizon (perhaps the 
worst movie of 1997) and the 2014 Interstellar 

‘Another feature of hyperspace that science fiction has taken a liking to is its 
vastness. An interesting fictional treatment of this idea was given by a writer who, 
in real life, was an academic psychologist at the University of Michigan. He put 
‘himself in a story of a starship captain who is explaining to the crew psychologist 
how he feels about hyperspace (or subspace, as itis called inthe story): “God forsaken. 
‘That's just what itis. Completely black, completely empty. It frightens me every time 
we make the jump through it... it frightens me because—well, because a man seems 
to get lost out there. In normal space there are always stars around, no matter how 
distant they may be, and you fee! that you've got direction and location. In subspace, 
all you've got is nothing—and one heli ofa lot ofthat, It's incredible when you stop to 
think about it. An area—an opening as big as the whole of our Universe, big enough to 
pack every galaxy we've ever secn in it—and nota single atom of matter in it... until 
‘we came barging in to use it asa shortcut across our own Universe.” 

‘The vastness of hyperspace got a more humorous treatment from the early pulp 
science fiction writer Bob Olsen (1884-1956), who wrote the following verses" in 
the introduction to one of his many stories of the fourth dimension: 


Tread a yarn the other day— 
A crazy concept, I must say 

It states that objects have extension 
Inwhat is called the “Fourth Dimension.” 
In hyperspace one could, no doubt, 

Make tennis balls turn inside out; 

‘And from a nut remove the kernel 

And not disturb the shell external, 

A crook could pilfer bonds and stocks, 
Then laugh at prison bars and locks, 

One step in this direction queer, 

And presto! He would disappear! 

Let's hope, in planning new inventions, 
They'll give us cars with four dimensions 
When searching for a parking place 

We sure could use some hyperspace! 


It is not just science fiction that takes hyperspace seriously. We find a mathe- 
‘matician, for example, writing that “most science fiction addicts are familiar with 
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the notion of ‘hyperspace,’ a higher dimensional space-time bounded by Space~ 
‘Time through which, in the far distant future, interstellar voyages shortcut the 
(otherwise unsurmountable) distances between the stars. The purpose of this 
article” is to demonstrate that any .... relativistic space-time model is the boundary 
‘of some .., five-dimensional hyperspace.” That is just what Breuer’s magazine 
character (see note 78) said—in 1930! 

‘The concept of rime as a fourth dimension has long been a popular concept, and 
science fiction in particular has embraced it with enthusiasm. We find a little joke 
con the idea in a story where a young couple, visited by time travelers from 500 years 
in the future, are said to live in Apartment 4-D.’' One physicist”? traced the idea 
back to the late eighteenth century, finding references to the idea in pre-1800 works 
of the great French mathematical physicists Jean le Rond d'Alembert (1717-1783) 
and Joseph-Louis Lagrange (1736-1813). In fact, a philosopher” has found a 1751 
passage written by d'Alembert that appears to indicate that it is some unknown, 
carlier person to whom the credit should really go: “I have said [that it is] not 
possible to imagine more than three dimensions. A clever acquaintance of mine 
believes, however, that duration could be regarded as a fourth dimension and that 
the product of time and solidity would be in some way a product of four dimen- 
sions; that idea can be contested, but it seems to me that it has some merit, if only 
that of novelty.” 

‘Suill, it wasn’t until a curious letter appeared in Nature in 1885 that the concept 
of time as the fourth dimension was mentioned seriously in an English-language 
scientific journal. The author, mysteriously signing himself only as “S.,” began by 
asking “What is the fourth dimension? . .. I [propose] to consider Time as a fourth 
dimension ... Since this fourth dimension cannot be introduced into space, as 
commonly understood, we require a new kind of space for its existence, which 
‘we may call time-space.""* Who was this prophetic writer that, if he had just made a 
simple swap, would have been the first to use space-time as a word’? Nobody knows. 
Bork speculates that it was an acquaintance of H. G. Wells, but Wells himself is on 
record that it certainly wasn’t him, 

Inhis 1934 Experiment in Autobiography, Wells wrote “In the universe in which 
my brain was living in 1879 there was no nonsense about time being space or 
anything of that sort. There were three dimensions, up and down, fore and aft and 
right and left, and I never heard of a fourth dimension until 1884 [when Wells was 
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eighteen] or theresbout. Then I thought it was a witticism.” He had, in fact, said this 
before. In a 1931 edition of The Time Machine (Random House), for example, he 
\wrote in the Preface thatthe idea for the novel “was begotten in the writer's mind by 
students” discussions in the laboratories and debating society of the Reyal College 
‘of Science in the eighties and already it had been tried over in various forms by him 
before he made this particular application of it.” 

‘The idea of time as the fourth dimension entered the popular mind around 
1894-95, with the publication of the first of Wells’ so-called “scientific romances,” 
The Time Machine. Then, after that pioneering use of time as the fourth dimension, 
science fiction quickly adopted the idea as the basis for one of its most popular 
subgenres. One of the great “golden age of science fiction” writers, “Murray 
Leinster’ (1896-1975)—the pen-name for William Jenkins—used it as the basis 
for his first published story.”" Iti the incredible tale of a Manhattan skyscraper (and 
its 2000 occupants) sent backward in time several 1000 years because its foundation 
slips (in an unexplained way) along the fourth dimension. The scientific sophisti- 
cation of the story is primitive, with just one of the many logical flaws being a vivid 
description of the time travelers living forward-in-time even as their wrist watches 
run backward. Indeed, when pulp pioneering editor Hugo Gernsback reprinted the 
tale in one of the early issues of Amazing Stories, a reader complained about that 
very point. Gemsback felt compelled to defend the story, but could muster only a 
weak rebuttal based on an author's right to “poetic license. 

More technical is the discussion in the story of a clerk who transforms the main 
entrance to a department store into a time machine by building a tesseract (a four- 
dimensional cube)."’ The claim is made there that the fourth dimension of the cube/ 
doorway is time. That tale appeared just 5 months after a classic of science fiction 
by Robert Heinlein (1907-1988) had appeared, also using a tesseract, in which the 
fourth dimension is taken as spatial.”” 

‘Some writers wanted to have the fourth dimension both ways, as space and time 
in the same story. One wonderful example of this isa classic,” written by one of the 
giants of science fiction. In that tale an electrical engineer named Nelson is caught 
in the middle of an enormous electromagnetic field surge produced by a short 
circuit in a power plant. As a physicist explains to the shocked board of directors of 
the utility, “It now appears that the unheard-of-current, amounting to millions of 
amperes ... must have produced a certain extension into four dimensions... . Ihave 
been making some calculations and have been able to satisfy myself that a 
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‘hyperspace’ about ten feet on aside was, infact, generated: a matter of some ten 
thousand quartie—not cubic!—feet. Nelson was occupying that space. The sudden 
collapse of the field [when the overload breakers finally broke the circuit] caused 
the rotation ofthat space.” 

Being rotated through 4-space has inverted the unlucky Nelson [see For Further 
Discussion atthe end of this chapter for more on this point], and to bring him back 
tonormal he must be flipped again. The physicist brushes aside a question about the 
fourth dimension as time, asserting that the only issue is one of space. Poor Nelson 
is, therefore, again subjected to a stupendous power overload—only now he 
disappears! Too late the physicist realizes thatthe fourth dimension is both space 
and time and that Nelson has been spatially flipped and temporally displaced into 
the future. To understand the particularly monstrous fate of Nelson, just ask 
‘yourself what the result would be if he should materialize inside matter sometime 
inthe future! 

The interpretation of the fourth dimension as time is, of course, the one of 
interest to prospective time travelers, to physicists studying time travel, and to 
philosophers of time, and so forus, too. The sort of science fiction that is of greatest 
interest to us is like the one in which one ofthe characters, displaced in time, asks 
for an explanation from a higher-dimensional being who appears on the scene: 
“Just where is Tuesday?" he asked. ‘Over there {and when the being extends its 
hhand, the hand disappears].” ‘Do that again.” ‘What? Oh—Point toward Tuesday? 
Certainly.” The being explains the physics of the situation to the astonished time 
traveler thus: “It isa direction like any other direction. You know yourself there are 
four directions—forward, sideward, upward, and—that way! ... It is the fourth 
dimension—it is duration." 

‘And how about stories like the one in which a mad inventor discovers how to 
make a substance whose atoms resist being pushed by “pushing back at right angles 
to all the other [spatial] directions.” That is, to push on this exotic stuff is to risk 
experiencing a back reaction, of being pushed “off into the fourth dimension [which 
We are told is time} ... into the middle of the week after next.”!" Now wouldn't 
‘that really be something?! 

But of course it was H. G. Wells who, in fiction, pioneered time travel and its 
connection to the fourth dimension as it is popularly thought of today (with the 
caveats about Wellsian time machines kept firmly in mind). We are therefore quite 
interested, as The Time Machine opens, to listening-in as the Time Traveller 
expounds to a group of friends at a dinner party in his London home. He starts 
with the assertion “There is no difference between Time and any of the three 
dimensions of Space except that our consciousness moves along it.” When asked 
to say more about the fourth dimension, he replies, “It is imply this. That Space, as 
‘our mathematicians have it, is spoken of as having three dimensions, which one 
may call Length, Breadth, and Thickness, and its always definable by reference to 
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three planes, each at right angles to the others. But some philosophical people have 
been asking why shree dimensions particularly—why not another direction at right 
angles to the other three?—and have even tried to construct a Four-Dimensional 
gcometry. Professor Simon Newcomb was expounding this to the New York 
Mathematical Society only a month or so ago.” 


2.6 Spacetime and the Block Universe 


“And now he has preceded me hriely in bidding farewell to this strange world. This 
signifies nothing. For us believing physicists, the distinction between pas, present, and 
future is only an illusion, even if a stubborn ene." 

—Albert Einstein!" 


‘The poet Henry Van Dyke wrote, in his 1904 “The Sun-Dial at Wells College,” 
words that echo the spirit of Omar Khayyam’s Rubaiyat from nine centuries before: 


The shadow by my finger east 
Divides the future from the past: 
Before it, sleeps the unborn hour, 

In darkness, and beyond thy power 
Behind its unreturning line 

The vanished hour, no longer thine. 
One hour alone is in thy hands— 

The NOW on which the shadow stands. 


‘The very next year Einstein's theory of special relativity appeared and, 
later, came Minkowski’s spacetime interpretation of special relativity. Van Dyke's 
beautiful poetry was dealt a mighty blow by those developments in mathematical 
physics, and in the rest of this chapter we'll see how that came to pass. 

‘The modern view of reality, that the past, present, and future are joined together 
into a four-dimensional entity called spacetime, is due to Hermann Minkowski 
(1864-1909), Einstein's mathematics teacher when he was a student in Zurich, 
Minkowski gave spacetime (the visual imagery of Einstein's mathematics) to the 
world during a famous address at the 80th Assembly of German Natural Scientists 
‘and Physicians in Cologne, on September 21, 1908. Entitled “Space and Time,” his 


"And so Newcomb actually was. Wells, it is cerin, routinely read Namure (one of his college 
friends, Richard Gregory, eventually became the journal's editor), and Wells must have read 
Newcomb's address of December 28,1893 10 the New York Mathematical Society when reprinted 
inthe February 1, 1893 issue (on pp. 325-329), where he called hyperspace “the fairyland of 
geometry." From the Time Traveller's own words, then, that wonderful Victorian dinner party 
‘must have taken place in January or February of 1894, 

“From a letter written by Einstein on March 21, 1985, to the children of Michele Besso, his 
dearest fiend, who had just died, Einstein's use ofthe wont hriely was duc to his knowledge that 
the was nearly out of time, too (he died just a month late). 


2.6 Spacetime and the Block Universe o 


remarks were electrifying then and still are today." He began dramatically: 
“Gentlemen! The views of space and time which I wish to lay before you have 
sprung from the soil of experimental physics, and therein lies their strength. They 
are radical.” Then came the famous line, quoted in so many freshman physics texts 
‘and philosophy papers, concerning the nature of spacetime: “Henceforth space by 
itself, and time by itself, are doomed to fade away into mere shadows, and only a 
kind of union of the two will preserve independence.” Minkowski explained what 
spacetime is in these words to his audience: 


A point of space ata point of time ... 1 wil all a world point. The maltipicty ofall 
thinkable +,y2,¢ systems of values we will christen the world. With this most valiant 
picce of chalk I'might project upon the blackboard four world axes ....Not to leave a 
yawning void anywhere, we will imagine tha everywhere and everywhen there i some 
thing perceptible. To avoid saying ‘matter’ or ‘electricity’ I will use for this something the 
‘word 'substance.’ We ix our attention on the substantial point which isa the world point 
x.y,2f,and imagine that we are able to recognize this substantial point at any other time. 
Let the variations dda, ofthe space coondinates ofthis substantial point correspond to 
the time element dt. Then we oblain, as an image. so to speak, of the everlasting earcer of 
the substantial point, a curve inthe world, a world-line... The whole Univers is seen to 
resolve itself into similar world-tines, and would fain anticipate mysel! by saying that in 
‘my opinion physical ws might find their most perfect expressions as relations between 
these world-lines ... Thus also three-dimensional geomeay becomes a chapter in four 
ddimensional physics [my emphasis)” 


With those words Minkowski gave mathematical expression to the philosophical 
exposition of Wells’ Time Traveller to his dinner party friends. Taking the 
Minkowskian view of the primacy of spacetime as the ultimate building block 
stuff of reality was Princeton professor of physics John Wheeler, who wrote!” 
“There is nothing in the world except empty curved space. Matter, charge , 
electromagnetism ... are only manifestations of the bending of space. Physics is 
Geometry.” This idea was echoed in fiction, in the 1987 novel Moscow 2042 by 
Vladimir Voinovich, where we find a time traveler who declares “Anyone with 
even a nodding acquaintance with the theory of relativity knows that nothing is a 
variety of something and so you can always make a little something out of nothing.” 

But not everybody understood Minkowski. In a litle-known yet quite erudite 
essay, published just after a stunning experimental verification of general relativity 
(the bending of starlight passing through the Sun’s gravitational field'""), an 
‘anonymous author presented an optical analogy to help those who thought relativity 


Fora study 
fof Minkowshi's agonized comections to his pre-address manuscript, 
‘Minkowshi’s Space-Time: From Visual Thinking 10 the Absolute World 
the Physical Sciences (volume 10), 1979, pp. 85-121 
CW. Misnr and J. Wheeler, “Gravitation, Electromagnetism, Unguantizedl Charge and Mass 
as Propetics of Curved Empty Space." Annals of Physics, December 1957, pp. 525-603 
General relativity had already explained the long-puzaing excess precession ofthe peibelion 
{point of closest approach wo the Su) of Mercury's orbit. The excess was an observational (and 30 
experimental) fact which Newton's gravity cannor completely explain, 


at includes the original German text careful English translations, and photographs 
ce PL. Galison, 
Historical Studies in 


2 2 Philosophical Space and Time 


simply “a mathematical joke.” Signing himself only as “W.G.." he included the 
following passage" 


“Some thiny or more years ago {it was forty] a jew desprit was writen by Dr. Edwin 
Abbott entitled Flatland ... Dr. Ahbot pictures intelligent heings whose whole experience 
is confined 1 plane, or other space of two dimensions, who have no faculties by which 
they can become conscious of anything outside that space and no means of moving off the 
surface on which they live. He them asks the eader, who has consciousness ofthe third 
dimension, 1 imagine a sphere descending upon the plane of Flatland and passing through 
it, How will the inhabitants regard this phenomenon? They will not see the approachins 
sphere and will hive no conception ot solidity. They wil only be conscinas of the eirle 
in which it cuts their plane. Ths circle, a firs point, will gradually increase in diameter, 
driving the inhabitants of Flatland outward from its eizcumference, and tis will go on util 
half the sphere has passed through the plane, when the circle will gradually contract toa 
pint and then vanish, leaving the Flatlanders in undisturbed possession o their country 
‘Their experience will be tha ofa circular obstacle gradually expanding oF growing, snd 
thea contracting, and they will allribute to growth in time what the extemal observer in 
three dimensions assigns to a movement in the third dimension. Transfer this analogy toa 
‘movement ofthe fourth dimension though thre-dimensional space. Assume the stand 
future ofthe Universe tobe all depicted in four-dimensional space, and visible to any being 
‘who has consciousness ofthe fourth dimension If there is motion of our three-dimensional 
space relative tothe fourth dimension all the changes we experience and assign 1 the Row 
of time will be due simply to this movement, the whole ofthe future as well as the past 
existing in the fourth dimension [my ermpsis].” 


W.G.'s words are a clear and unequivocal statement of the so-called block 
universe concept of four-dimensional spacetime. One can find the block universe 
concept in the writings of the ancients, too. Consider, for example, the fifth-century 
B.C. Greek philosopher Parmenides’ view of reality: “It is uncreated and indestruc~ 
tible; for itis complete, immovable, and without end. Nor was it ever, nor will it be: 
for now itis, all at once, a continuous one.” And in Thomas Aquinas’ Compendium 
Theologiae, written in the thirteenth century, we find “We may fancy that God 
knows the flight of time in His eternity, in the way that a person standing on top of a 
watchtower embraces in a single glance a whole caravan of passing travelers.” This 
is the block universe idea, too, but whereas for Parmenides it was metaphysics and 
for Aquinas it was theology, for Einstein and Minkowski it was physics." 


SW, G, “Bueld, Newton, and Einstein," Nanure, February 12, 1920, pp. 627-630. As with the 
mysterious S. (note 94, the editorial stall at Nanure has informed me that nearly a century later, 
there is no longer any record of the identity of W. G. in the journals archives 

{And for some it was all nonsense. The British philosopher Peter Geach (1916-2013), for 
cxample, declared the Minkowskian view to be “very popular with philosophers who try 
understand physics and physicists who try to do philosophy.” See P. T. Geach, “Some Problems 
‘About Time,” in Ses in she Philosophy of Thought and Action (B.F, Stawson, editor), Oxlord 
University Pres, 1968. In his introduction to Geach's essay, editor Strawn pt in his two cents 
by stating the four-dimensional view of reality 10 be nothing. but ~faneifal philosophical 
theorizing.” 
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‘The block universe concept may explain the enigmatic statement made by 
Einstein at the death of Michele Besso (note 103). As interpreted!” decades later: 
“It seems that Binstein’s view of the life ofan individual was as follows. If the difference 
between past, present, and future is an illusion, ic. the four-dimensional spacetime is a 
lock Universe’ without motion or change, then each individual is a colletion of myriad 
of selves, distributed along his history, each occurence persisting on the world line, 
experiencing indefinitely the particular event of that moment {eny emphasis), Each of 
these momentary persons. according to our experience would possess memory of the 
previous ones, and would therefore believe himself identical with them; yet they would 
ll exist separately, as single pictures in a fil, Placing the past, present and future om the 
same footing this way, destroys the notion of the unity of the self, rendering ita mere 

illusion as well.” 


It appears by his words that Einstein was indeed in agreement with the block 
universe concept, and that he was attempting to give his friend’s family some 
reason to believe that their father still lives ‘somewhen.’ The makers of the 2002 
film Minority Report made use of the block universe concept, even if not inten- 
tionally; there we see police stopping crime before it happens because they can ‘see 
the future,” 

‘Not everybody believed that this view of spacetime was Einstein's, however. 
Karl Popper (1902-1994), an Austrian philosopher of science, wrote 28 years after 
the scientist’s death that “Einstein was a strict determinist when I first visited him in 
1950: he believed in a 4-dimensional Block-Universe. But he gave this up."!"" 
Shorlly before he wrote those words, however, Popper must have lead some~ 
thing new to convince himself of his final comment, because just 2 years earlier he 
had declared’? Einstein to (still) be a determinist. Popper presents no evidence to 
support his claim of Einstein's philosophical conversion, however, and it would 
seem that the Besso letter still offers the best insight into his actual view of 
spacetime shortly before his death. I say this because I think Popper's labeling of 
Einstein as a determinist is wrong. Determinism says “If you do A, then B will 
‘happen, and if you do not do A then (perhaps) something other than B will happen.” 
‘A deterministic universe has plenty of room for free will, because you can choose to 
do A or not to do A, and what you decide makes a difference. A fatalistic universe, 
however, as is the block universe, simply says "You will do A and B will happen.” 
‘To accept the block universe, as did Einstein, is to be a fatalist, not a determinist 


WLP, Horwitz, RL Arshansky, and A. C. Blitzur, “On the Two Aspects of Time: The 
Distinction and Its Implications,” Foundations of Physics, December 1988, pp. 1159-1195, See 
also Einstein's own book (note 67) where he wrote “From a “happening” in three-dimensional 
space, physics becomes, a it were an ‘existence’ inthe four-dimensional ‘world 

See the Seventh International Congress of Logic, Methodology and Philosophy of Science, 
‘volume (Salzburg. Austria, 1983), p. 176. Popper describes his early discussions with Einstein on 
the reality of time and the four-dimensional Parmenidean block universe in some detail in his 
autobiography: sce volume 1 of The Philosophy af Karl Popper P. A. Schilpp, editor), The 
Library of Living Philosophers, Open Court 1974, p. 102-108. 

tn the Forewon! tothe hook by B. Gal-Or, Cosmology. Plysics and Philosophy, Springer 
Verlag 1981, 


9 2 Philosophical Space and Time 


Einstein's final position on this, then, might have been like that of the fictional 
time traveler who takes a litle girl 25,000 years back into the past, where she sees 
‘an ancient ancestor of humanity.” She then asks ifthe ancestor i really alive. The 
time traveler replies, “Every man who ever lived is still live, child. In time there is 
no real death. When a man dies he's still alive 10 min ago, 10 years ago. He's 
alway’ alive to those who travel back through time to meet him face to face.” 

Did Einstein really believe this? Not everybody thinks so, At the 1922 meeting 
of the French Philosophical Society. for example, the philosopher of science Emile 
Meyerson asked Einstein whether the spatialization of time (the idea that time is a 
dimension on the same footing as the spatial ones) is a legitimate interpretation of 
Minkowski's spacetime. Einstein's terse answer was that “itis certain that 
four-dimensional continuum all dimensions are nor [my emphasis} equivalent 

Use of the term block universe is generally thought to have originated with the 
Oxford philosopher Francis Herbert Bradley (1846-1924) who, in his 1883 book 
Principles of Logic, wrote “We seem to think that we sit in a boat, and are caried 
dow the stream of time, and that on the bank there is a row of houses with numbers 
onthe doors. And we get out ofthe boat, and knock at the door with number 19, and, 
re-entering the boat, then suddenly find ourselves opposite 20, and having then done 
the same, we go on to 21. And, all this while, the firm fixed row of the past and 
future stretches in a block [my emphasis] behind us, and before us.” The house 
‘numbers would seem to be Bradley's way of referring tothe centuries. Note that he 
wrote these words 12 years before The Time Machine, and that they preceded 
Minkowski's famous address by a quarter-century. 

But this origin of block universe may not be as clear-cut as Ihave made it appear. 
Bradley, who was frequently criticized by the Harvard psychologist William James 
(1842-1910)—a man who argued for free will!™ and indeterminism, concepts 
disallowed in a block universe—may have been mocked on the idea by James 
during an address to the students of the Harvard Divinity School in March 1884 
(The Dilemma of Determinism”), the year after Bradley's book had been 
published. In his address James spoke of a deterministic world as being a “solid” 
or “iron block” (this are not characteristics of determinism, but rather of fatalism, 
and so James makes the same mistake as did Popper). However, writing the year 
before Bradley's book, in the April 1882 issue of Mind, James wrote (with obvious 
disdain) of “the universe of Hegel {the German philosopher Georg Hegel (1770- 
1831)]—the absolute block [my emphasis] whose parts have no loose play.” as 
having “the oxygen of possibility all suffocated out of its lungs” and as being a 
universe in which “there can be neither good nor bad, but [only] ane dead level of 


+. B, Long, “Throwback in Time." Science Fiction Plas, Apil 1953, 
"A Binstein, “La Théorie de ta Relaivité” Bulletin de la Société Francaise de Philosophia 
(volume 17), 1922, pp. 91-118, 
3A famous line from James, one that perhaps illustrates his sort of reasoning about free wills 
“My first act of fee will shal be to believe in free will.” If only proving theorems in math and 
ysis were that cay. 
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mere fate.” So, perhaps, the chain of evolution of the term block universe is actually 
from Hegel to James and then, finally, to Bradley. 

‘We can actually find the block universe in fiction before Minkowski (and so 
certainly before pulp science fiction) came on the scene. In an 1875 (1) story! we 
read of a man who sees, years in advance, his own death in the American Civil War. 
In the following extract, this man speaks to an unnamed friend (who is the narrator): 


“Do you knov." said Bernard, presently, “I sometimes think prophecy isn't so strange a 
thing I really see no reason why any eamest man may not be abl to foresee the future, 
ow and then..." 

There is reason enough to my mind,” I replied, “inthe fact that future events do nt 
feist, as yet, and we cannot know that which is not, though we may shrewdly guess it 

"Your argument is good, but your premises are bad, I think," replcd my fiend, ... his 
area, sad eyes looking solemnly into mine 

‘How so?" Laske. 

"Why. I doubr the truth of your assumption, that future events do not exist as yet... Past 
and future are only divisions of time, and donot belong to eternity... Tous it must he past 
‘or future with reference t other occurrences. But is there, in elit, any sich thing as past 
‘a future? If there isan eternity, itis and always has been and always must he. But time is 
aamere delusion... Toa being thus in eternity, al things are, and must be present. All ings 
that have been, or shall be, are (my emphasis.” 


‘When the block universe concept did eventually appear in science fiction, it did 
so early. Ina 1927 story, for example, a time traveler from the future and a man in 
the present (who is the narrator) have the following exchange 

“Lhave just been five years into your futur,” 

“My future" I exclaimed, “How can that be whea Ihave not ied it yet 

“But of course you have lived it 

I stared, bewildered 

“Could visit my past if you had not lived your Future?" 


So, while the block universe has a bit of a history to it, the history of the concept 
of mathematical spacetime in physics has a much clearer origin; it derives from 
Minkowski, not from Hegel, Bradley, James, or even Einstein (who often gets 
credit for it even though he didn’t use the concept in special relativity in 1905, 
3 years before Minkowskis address.). Eventually, of course, Einstein did come to 
appreciate the power and conceptual beauty of four-dimensional spacetime, and it 
came to play a central role in his ideas about gravity. Indeed, in Einstein's general 
theory of relativity gravity is (curved) spacetime, The starting point for general 
relativity (and so a scientifically plausible theory of time travel) was Minkowski’ 
creation of spacetime, and he is truly deserving of the title “father of the fourth 
dimension,” 


5G, C. Eggleston, “The True Story of Bemard Poland’s Prophecy," American Homes, une 1875, 
George Cary Eggleston (1839-1911) had served as a soldier in the Confederate Army. 
"E,Flagg, “The Machine Man of Ardatia," Amacing Stories, November 1927, 
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OF course, it is true that Newton's physics also talks about an analytical 
(as opposed to merely philosophical) space and time long before either Minkowski 
or Einstein, but ‘Newtonian spacetime’ is something very different from 
Minkowski’s self-described “radical” view.''” In the Newtonian view there is a 
universal time, a cosmic time, which is the same time for everyone, everywhere, in 
the universe. At every instant, a cosmic simultaneity exists for Newton. Newton's 
space is Euclidean; that is, through any point exterior to a Line exactly one parallel 
line can be constructed and those two lines will never meet, all triangles (no matter 
their size) have an interior angle sum of 180 , and so on. For Newton, space and 
time were absolutely and uniquely separable. They were, as philosophers like to 
say, “distinct individuals.” 

Minkowski changed all that. For him space and time are only relatively separa- 
ble, and the separation is different for observers in relative motion. For Newton, 
space and time are the background in which physical processes in the world evolve. 
For Minkowski, spacetime is the world, 

Ina famous philosophical paper'' by an advocate of the block universe view of 
reality, we find the words “I... defend the view of the world ... which treats the 
totality of being, of facts, or of events as spread out eternally in the dimension of 
time as well as the dimensions of space. Future events and past events are by no 
‘means present events, but in a clear and important sense they do exist, now and 
forever, as rounded and definite articles in the world’s furniture.” The title of 
Williams’ paper comes from an ancient dilemma stated by Aristotle in his De 
Interpretatione, where he asked a question now classic in philosophy: “Will there 
be a sea fight tomorrow?” 

Aristotle began his famous answer by first posing the following premise: If a 
statement about some future event is, eventually, shown to be true (or false), then 
that statement was true (or false) from the moment it was made. Consider, then, the 
following two assertions: (A) “It is true that there will be a sea fight tomorrow” and 
(B) “Its true that there will not be a sea fight tomorrow.” Surely, argued Aristotle, 
(A) and (B) cannot both be true, but equally surely, one of them must be true. 
Suppose it is (A) that is true. Then there is nothing that can be done to prevent the 
sea fight, and so the future is fated. Suppose, however, itis (B) that is true. Then 
there is nothing that can be done to cause the sea fight, and so the future is fated. The 
conclusion is the same no matter which assertion is the true one; thus, the future is 
fated, 


W'See, for example, H. Stein, “Newtonian Space-Time," Texas Quarterly, Autumn 1967, 
pp. 174.200; G. Berger, “Elementary Causal Structures in Newionian and Minkowskian Space- 
“Time.” Theoria (volume 40), 1974, pp. 191-201; J, Barman and M. Friedman, “The Meaning and 
Status of Newton's Laws of Inertia and the Nature of Gravitational Forces.” Philosophy af Science, 
‘September 1973, pp. 329-359. 

“9D, C. Williams, “The Sea Fight Tomorrow,” in Structure, Method and Meaning, The Liberal 
‘Arts Press 1951, Donald Williams (1899-1983) was a professor of philosophy at Harvard, 
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‘As might be expected, those who like the fatalistic block universe like this 
conclusion, but, ironically, Aristotle wasn’t one of them—he disliked it so much 
that he struggled to find a way around it. On the other hand, there are philosophers, 
like Professor Williams (who believed in a fatalistic universe), who reject 
Aristotle's rejection of his own logic! Professor Williams went so far, in fact, to 
calling Aristotle's reasoning “a tissue of error" and “swaggeringly invalid.” Possi- 
bly so, but the philosophical debates over the sea fight question, and the fatalistic 
(or not) nature of the world, have not ceased to this day. 

Inn even more famous paper, Professor Williams makes clear his belief that the 
passage of time is a myth; he poetically declared “the total of world history is a 
spatio-temporal volume, of somewhat uncertain magnitude, chockablock with 
things and events.”!"” Professor Williams did, indeed, embrace four-dimensional 
spacetime, and this is demonstrated by the following incredible passage, pethaps 
his best-remembered words: “It is then conceivable, though doubtless physically 
impossible, that one four-dimensional area of the time part of the manifold be 
slewed around at right angles to the rest, so that the time order of that area, as 
composed by its interior lines of strain and structure, run parallel with a spatial 
order in its environment. It is conceivable, indeed, that a single whole human life 
should lie thwartwise of the manifold, with its belly plump in time, its birth at the 
east and its death in the west, and its conscious stream running alongside 
‘somebody's garden path.” 

Good Lord! 

Now, I am willing to admit that Professor Williams probably wrote that won- 
derful passage mostly for effect,'*” but I ask you—what, if anything, does it mean’? 
It is marvelous to read and yet it remains (for me) mysterious.'"' It should come as 
tno surprise that Professor Williams originally presented his papers to the Meta- 
physical Society of America, rather than to the American Physical Society. But this 
Passage was perhaps not without impact in areas far removed from metaphysics; 
some years later there appeared a science fiction story'” that reads as though it had 
been inspired by Williams. In it, a scientist discovers how to bend his perception of 
the four dimensions so as to view verticality as duration and duration as verticality. 
‘Thus, he is in October while sitting, but when he stands up he is in November! As 
bizarre as this may seem, such coordinate interchanges actually do occur in the 


2D, C Williams, “The Myth of Pasage," Journal of Philosophy, July 1981, pp. 487-472, 
2% a footnote, Williams sort of admits this when he writes “I should expect the impact ofthe 
cavironment on sucha being to be so willy queer and out of step with the way he is put together, 
‘that his mental life must be a dragged-out monstrous delirium.” [think his a great understatement 
21s it was for some of Williams’ fllow philosophers, one of whom blunty called the “myth-of- 
passage” paper “an intresting piece of science Retin see M. Capek, “The Myth of Frozen 
Passage: The Status of Becoming in the Physical Word,” in Boston Studies in the Philosophy of 
Science (volume 2), Humanities Press 1965. Capek tite reflects his view of the block universe as 
Simply a giant refrigerator and so, turing the tables on Williams, we have ‘passage* changed to 
“frozen passage.” See also note 136 

“G, Wolfe, “The Rubber Bend," Universe 5 (Car, editor), Random House 1974, 
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mathematical theory of time machines; we'll see this later, for example, when we 
discuss Tipler's rotating cylinder time machine. 

By the 1930s the block universe had found a home in pulp science fiction. The 
block universe view that past and present coexist with the present got dramatic 
treatment in one story of a high school teacher who invents a “spacetime warp” 
theory, and who is then tricked by an evil industrialist into implementing it in the 
form of a gun. The weapon produces incredible effects when it is tested; for 
example, an allosaurus appears, which we are told is “a camivorous dinosaur of 
the Jurassic Age, the most frightful engine of destruction that ever walked the 
Earth!""?" At the story’s end, the teacher explains what has happened to a crowd of 
breathless newspaper reporters: 

“Spacetime was warped slightly ... The Einstein spacetime continuum buckled 

Because it was superficial, only a litle of the past, a litle of the future broke throush: 

‘The folds of the warp distorted spacetime evanescently, erratically skirting the vast gulf 

‘where the past lies buried and lightly tapping the vast stores ofthe future, Its trust of 

‘modem speculative physics tht the past and the future exist simultaneously and coexten- 

sively in higher dimensions of space. De Sitter has speculated ast the possibility of seeing 

an event before it happens. It is quite possible, gentlemen. Events of the far future already 
cist in spacetime.” 


‘That ‘explains’ the dinosaur. In the teacher's words, “You tell me that two men saw 
an incredible beast. ... They swear it looked like a dinosaur. I think it was a 
dinosaur, gentlemen. It broke through when the warp tapped the past.” 

‘And just 2 years later, Robert Heinlein made world lines the central concept in 
the first of his many classic tales.'™ The story draws an analogy between a world 
line and a telephone cable: the beginning and end points in spacetime for the world 
line of a person (birth and death) are associated with breaks (faults) in a telephone 
cable. By sending a signal up and down the cable, and measuring the time delay 
until the arrival of the echo produced by such discontinuities, a technician can both 
detect and locate the faults. In the same manner, Heinlein's story-gadget sends 
signal of unspecified nature up and down a world line and thus locates the birth and 
death ‘discontinuities.’ Knowledge of the death date, in particular, causes financial 
stress among life insurance companies, and an examination of that tension (not 
strange physics) is the fictional point of the story. 

‘And then, 2 years after Heinlein's tale with its serious tone, a far less serious. 
story'"* (featuring an Attila the Hun character who roams up and down the 
corridors of time kidnapping beautiful women for his harem!), we find an ‘editorial’ 
footnote telling its young readers that “scientists—especially the new order of 
meta-physical scientists—are agreed on the principles of Space-Time. The future 
is not a thing which will exist. Rather itis a thing which does exist—all events from 


F. B, Long, “Temporary Warp.” Asounding Stories, August 1937. 
°K, Heinlein, “Life-Line." Astounding Science Fiction, August 1939, 
'R. Cummings, “Bandits of Time,” Amuzing Stories, December 1941 
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the Beginning to the End, exist in a record upon the scroll of Time.” This story, 
itself, was silly, but the block universe metaphysics was up-to-date. 

‘Somewhat surprisingly, I think, is that even before pulp science fiction embraced 
the block universe, the concept had already made a deep impression on a broader 
audience. For example, ina 1928 New York stage play'* the action altemately 
lakes place in the years 1784 and 1928 and, to explain how that can be, one 
character (a time traveler) tells another: 


"Suppose you are ina boat, sailing down a winding stream. You watch the banks as they 
pss you. You went by a grove of maple trees, upstream. But you cant see them now. so 
{you saw them inthe past didn't you? You're watchis 

tyes a this moment, inthe present. But you don't know yet what's around the bend inthe 
stream abead of you: there may be wonderful things, but you can’t see them unt 

around the bend inthe future, ean you?" 


‘Then, after this prologue about the stream of time, comes the block universe idea: 
“Now remember, ow re in the boat, But Fn upin the sky above you ina plane, fm looking 
down on tall. can see all at once the tees you saw upstream. the fel of clover that you 
see now, and what's waiting for you around the hend ahead! All ar ance! So the past 
present, and future ofthe man in the boat are alone to the man in the plane” 


‘Then, finally, the obvious theological conclusion: “Doesn’t that show how all Time 
‘must really be one? Real Time—real Time is nothing but an idea in the mind of 
God!” 

To end this section, the block universe conception was cleverly used by one 
science fiction fan who argued in support of time travel, in reply to another fan how 
hhad claimed that a failure of mass/energy conservation was fatal to the plausibility 
of time travel. Their exchange began with a letter to the editor at Astounding Stories 
in November 1937, written in response to a recent story'”’: 

“Let us say that thee is, at certain time, ‘x’ amount of matter in the Universe, and ‘e" 

amount of energy. Then if a man of “a” mass travels backward in time to this particular 

{instant aforementioned, the total amount of matters thas “x” plus “a' while if no ther such 

sma changing occurrences take place, the amount of matter inthe future is °x' minus a 

(nly a coresponding loss and gain respectively inthe amount of energy could explain this 

‘conservation of energy. advocates of time travel] say what they may. But you can't rob ot 

add evergy to a Universe nilly-willy! Or pethaps time doesn't enter in on the mater. 


Perhaps you can add matter in & Universe provided you take it assy on some future date.” 


This fan's concern clearly made an impression on science fiction writers, and the 
case for conservation of energy is stated in, many of the time wavel stories that 
‘appeared after the publication of this leter."2* 


> erkeley Square” by 1. Balderson. This play was made nto a 1933 movie ofthe same name, 
and again in 1951 asthe film 1 Never Forget You 

0, Saari, “The Time Bender.” Astounding Stories, August 1987 (sce also note 137 in Chap. 1) 
amples include the novels Lest Darkness Fall (Henry Holt 1941) by L. Sprague de Camp, 
and The Time Hoppers (Doubleday 1967) by Robert Silverberg. 
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A reply was soon received by the magazine in a letter (January 1938) from 
another fan: 


“IA recent letter) implies thatthe idea of time travel is incompatible with the law of 
conservation of mass and energy. I believe [the] reasoning is wrong {and that the] difticulty 
lies primarily in the assumption that a body moved in time i transported into a different 
Universe. According to Einstein, time and the three normal dimensions are so related ast 
orm a continuous, inseparable medium we call the spacetime continuum. Time is in no 
‘way independent of the other components of our Univers, Hence a fixed mass [atime 
traveler and his machine] moved in time is hy no means lost fom the Universe, the ation 
being analogous toa shift along any other dimension.” 


‘The block, or frozen, universe of Minkowski is clearly reflected in those words.'*” 
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“Is the future al settled beforehand, and only waiting tobe “pushed through’ ito our three 
mensional kea? Is there no element of eotingeney? No ree wil? Iam talking geometry 
‘ot theology." 


{I should tell you now that, despite the enthusiastic embrace of the block universe 
by Williams and others (including Einstein), there are those who have been harsh in 
their criticism of Minkowski's spacetime. The major philosophical problem with 
the block universe interpretation of four-dimensional spacetime is that it looks like 
fatalism disguised as physics. It seems to be little more than a mathematician’s 
proof of a denial of free will dressed up in geometry. One philosopher illuminated 
this concem with the following story, one that vividly illustrates the compelling 
‘need many humans have to deny a fatalistic world: 


“Ina moving picture version of Romeo and Juliet, the dramatic scene was shown in which 
Salict, seemingly dead, i lying in the tomb, and Romeo, believing she is dead, raises a cup 
‘eantaning poison, At this moment an outcry from the audience was heard: ‘Don’t doit!" 
‘We laugh atthe person who ... forgets that the time flow of a movie is unreal, is merely the 
unwinding ofa patter imprinted on a strip of film. Are we more intelligent than this man 
‘when we believe tht the time fla of our actual life is different? Is the present mare than 
our cognizance of a predetermined patem of events unfolding iself ike an unwinding 
film?" 


In the context of mathematical physics (not science ition) it has been shown that ime travel 
does not imply any fatal violation of conservation of eneray. See, for example, J.L. Friedman 
cr al, “Cauchy Problem in Spacetimes with Closed Timelike Curves,” Physical Review D, 
September 15, 1990, pp. 1915-1930, and D. Deutsch, “Quantum Mechanics Near Closed Timelike 
Lines" Pigsical Review D. November 15, 1991, pp. 3197-3217, 

‘he lament of Victorian physicist Oliver Lodge (1850-1940) in his essay “The New World of 
Space and Time," Living Age, January 1920 

20H Reichenbach, The Direction of Time, University of California Press 1986, p. 11 
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Most people in the Western world would answer yes to Reichenbach’s question. 
Most people do find Omar Khayyam’s Rubuiyar to be a beautiful poem, yes, but still 
they eject its fatalistic message: “And the first Morning of Creation wrote/What the 
Last Dawn of Reckoning shall read.” Indeed, William James quoted these very 
words in his 1884 address tothe students of the Harvard Divinity School when he 
argued against fatalism and the block universe 

‘Besides fatalism, another reason for the stinging words by critics of Minkowski’ 
spacetime is that, in it, events don’t happen—they just are, That is, there seems to 
be no temporal process of becoming in Minkowski's spacetime. Everything is 
already there and, as what we perceive to be the passing of time occurs, we simply 
become conscious of ever more of Minkowski's “world points,” or events, that lie 
(on our individual world lines. Hermann Weyl (1885-1955), a German mathemat- 
ical physicist who in his last years was a colleague of Einstein and Gadel at the 
Institute for Advanced Study in Princeton, expressed this very interpretation in 
words that have become famous, words that sound very much like those of Wells’ 
Time Traveller: “The objective world simply is, it does not happen. Only to the 
gaze of my consciousness, crawling upward along the life line of my body 
[Minkowski's world line], does a section of the world [spacetime] come to life as 
a fleeting image in space which continuously changes in time [creating what we call, 
the now or the present)" 

‘Weyl was skillful in finding poetic ways to express the world ine view of reality, 
but not everybody is convinced by the poetry because it seems to deny the common 
sense idea of time ‘flowing,’ of temporal passage: it effectively says time is mind- 
dependent, a mere illusion, as the time traveler in"“Berkeley Square” declared (note 
126). One philosopher who was particularly opposed to Weyl’s view was the 
British-American academic Max Black (1909-1989), and he expressed his opinion 
in no uncertain terms: “The picture of a ‘block Universe,” composed of a timeless 
web of ‘world-lines’ in four-dimensional space, however strongly suggested by the 
theory of relativity, isa piece of gratuitous metaphysics.”""* Another philosopher 
\who was unhappy with Weyl’s view of the block universe was just as blunt: “While 
philosophers may be forgiven intellectual extravagances of this kind, [think it is a 
pity when they receive encouragement from theoretical physicists."!* 

‘Wevl's views had supporters, too, however. Consider, for example, the Time 
‘Traveller's speech to his friends at the fateful dinner party that opens The Time 


“H. Weyl, Philosophy of Mathematics and Natural Science, Prineeton University Press 1949, 
1-116, Sir James Jeans had already said the same, somewhat les elegantly, in his 1935 Sir Halley 
Stewart Lecture: “The tapestry of spacetime is already woven throughout is full extent, both in 
space and time so that the whole picture exists although we only become vonscious afi bit by 

1—like separate flies crawling over a tapestry... A human life i reduced toa mere thread in the 
tapestry." Jeans then immediately rejected this fatalistie view see his Sciemifc Progress, Mac 
rillan 1986, p. 20. 

From a book review in Scientie American, April 1962, pp. 179-185, 
HL A. C. Dobbs, “The “Present” in Physic," British Jounal for the Philosophy of Science, 
February 1969, pp. 317-324 
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‘Machine: “There is no difference between Time and any of the three dimensions of 
Space except that our consciousness moves along it... here is a portrait of a man at 
8 years old, another at fifteen, another at seventeen, another at twenty-three, and so 
fon, All these are evidently sections, as it were, Three-Dimensional representations 
of his Four-Dimensional being, which is a fixed and unalterable thing 
[my emphasis).” Remember, these words were written in 1895, 13 years before 
Minkowski and his world lines, and of course decades before Weyl’s famous words. 

Wells’ passage made a considerable impression on at least one well-known 
physicist of the time, who references it in his early book on relativity.'"* And in 
another book on relativity, published the same year, we find the same interpretation 
‘of Minkowski’s spacetime as a block universe: “With Minkowski, space and time 
become particular aspects of a single four-dimensional continuum .... All motional 
phenomena .... become timeless phenomena in four-dimensional space. The whole 
history of a physical system is laid out as a changeless whole.” 

‘The claim that time is an illusion has some thought-provoking implications 
concerning the concepts of omniscience and free will, concepts that occur in any 
discussion of time travel. Some old theology on God's omniscience, as discussed in 
Aquinas’ Summa Theologiae, is seemingly lent at least some support by 
Minkowski’s spacetime: “Now although contingent events come into actual exis- 
tence successively, God does not, as we do, know them in their actual existence 
successively, but all at once; because his knowledge is measured by eternity, as is 
also his existence; and eternity which exists as a simultaneous whole, takes in the 
whole of time ... Hence all that takes place in time is etemally present to God.” 
Somewhat paradoxically, however, Aquinas did make a distinction between past 
and future. In that same work he declares that "God can cause an angel not to exist 
in the future, even if he cannot cause it not to exist while it exists, or not to have 
existed when it already has.” For Aquinas, then, whereas the past is rigid and 
unchangeable, the future is plastic, which is nor the block universe view of 
spacetime, 

‘As one theologian has observed," this does not mean that Aquinas thought God 
hhad to view all events simultaneous with all others.'"* Rather, our theologian says 
that Aquinas could have thought of the relationship between God and events as 
being similar to that between the center of a circle and all the points on the 
circumference. That is, each point on the circumference has its own identity, 
coming before and/or after any other point, but the center is related to each and 


SSL, Silberstein, The Theory of Relaivity, Macmillan 1914, p. 134 

E. Cunningham, The Principle of Relativity, Cambridge University Press 1914, p. 191. The use 
fof the words fimeless and changeless explain the characterization of the block universe as being 
frozen (a te 121), 

°'W.L. Craig, “Was Thomas Aquinas a B-Theorst of Time" New Scholasicsm, Autumn 1985, 
1p. ATS-A83, For the B-theory of time, look back atthe diseussion in the first section ofthis 
chapter. 

8A science fetion story by Norman Spinrad, “The Weed of Time" (Alchemy and Academe, 
Doubleday 1970) graphically describes what a nightmare tht could be! 
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every point on the circumference in precisely the same way. The center, then, is 
“eternity” and the circumference is the temporal series (‘one thing after another’) of 
reality. Saying that God is eternal is thus very different from saying he is everlast- 
ing. The first means outside of time, whereas the second means he is a temporal 
centity but has neither beginning nor end. 

Our theologian supports the first interpretation, invoking Aquinas’ own words 
from Summa Contra Gentiles: “The divine intellect, therefore, sees in the whole of 
its eternity, as being present to it, whatever takes place through the whole course of 
time. And yet what takes place in a certain part of time was not always existent. It 
remains, therefore, that God has a knowledge of these things that according to the 
‘march of time do not yet exist.” 

‘The issue of God’s eternity and his place in spacetime has long been a hot topic 
among theologians with a scientific inclination. Practically every issue of the 
leamed journal Religious Studies, for example, carries an article on the subject, 
often invoking relativity theory to support some argument. The Bible, itself, can be 
‘confusing guide on this matter. For example, consider the Old Testament story of 
King Ahab (First Kings 21). Ahab, King of Sumeria, coveted Naboth’s vineyard, 
but Naboth would not sell. The King retreated, but his wife Jezebel arranged for 
Naboth's downfall and judicial murder and thus caused the arrival of all his 
property into her husband’s hands. This angered God, who commanded Elijah to 
prophesy disaster on Ahab’s house. Ahab responded with sackcloth, and at that God 
shifted the disaster to the house of Ahab’s son. The point, here, is that God, declared 
to be omniscient, seems to have been surprised at Ahab’s penitence. God is aware 
of everything in this tale, but only as it happens. That is, God’s knowledge is subject 
to growth. This Hebrew concept of God as a participant in history is at odds with the 
contemporary Christian conception of divine knowledge of all that has been, all that 
is, and all that will be, a view which has its own Biblical support (for divine 
etemality). For example, Malachi 3:61 (“For I am the Lord, I change not”), and 
James 1:17 (“the Father .... with whom is no variableness”). 

When The Time Machine was serialized in the New Review, itincluded a passage 
that does not appear in the now classic version of the story in which the Time 
‘Traveller explains his view of the connection between omniscience and the block 
universe to his dinner guests: 


“I'm sorry to drag in predestination and free-will, but I'm afaid those ideas will have to 
help... Suppose you knew flly the postion and properties of every particle of matte, of 
everything existing inthe Universe at any particular moment of time: suppose, that i, that 
‘you were omniscient. Well, that knowledge would involve the knowledge ofthe condition 
‘of things athe previous moment, and at the moment before that, and so en. I you knew and 
perceived the present perfectly, you would perceive therein the whole ofthe past. If you 
“understood all the natural laws the present would be a complete and vivid record ofthe past. 
‘Similarly. if you grasped the whole of the present, knew all its tendencies and laws, you 
‘would sce cleary all the future. To an omniscient observer there would be no forgotten 
past—no piece of time as it were that had dropped out of existence—and no blank future of 
things yet tobe revealed... Present and past and future would be without meaning to such 
an observer... He would see. as it were, a Rigid Universe filling space ad time ...f“past" 
‘meant anything, it would mean looking in a certain direction, while future" meant looking 
the opposite way.” 
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Wells’ “Rigid Universe” certainly sounds like the block universe, and he (or least, 
the Time Traveller) seems to have believed that it held important implications for 
the concept of free will 

‘The ‘Rigid Universe’ got an interesting science fiction treatment in a story’ 
that imagined an event in the present that occurs “before it should’ (a heart patient 
learns that her obituary notice will be in next week's New York Times when that 
paper arrives ‘early"). As one character explains to the sister ofthe lady who 
to die, “The future mustn't be changed .. . For us the events of ... the future are as 
permanent as any event in the past. We don’t dare play around with changing the 
future, not when it’s already signed, sealed and delivered in that newspaper. For all 
ve know the future’s like a house of cards. If we pull one card out, say your sister's 
life, we might bring the whole house tumbling down. You've got to accept the 
decree of fate ... You've got to.” 

With Einstein's discovery of the relarivity of simultaneity,'*® we run into the 
question of ‘How can there be any sense to the concept of divine, universe-wide 
knowledge in a four-dimensional spacetime?" That's because in some frames of 
reference itis possible for event A to be observed before event B, whereas in other 
frames the temporal order could be reversed, and so some theological questions 
prompted by spacetime physics are: ‘What is God's frame of reference if he is to 
be actively involved in human affairs? Could God have a special frame of 
reference in which he is exempt from the relativity of simultaneity, a frame in 
which he imposes an absolute order on the sequence of becoming of events? Does 
it make any sense, that is, to say God enjoys what might be called ‘divine 
immediacy"? And if so, what should we think of a God who follows rules of 
nature different from those that govern all he is supposed to have made?" 

‘Theologians have debated questions like these for decades, and surely will 
continue to do so for many more decades to come. Alas, I suspect that physicists 
who study time travel have either been unaware, unimpressed, or just plain 
uninterested. That's too bad, because one doesn't have to be religious to 
appreciate the pure intellectual challenges presented by such questions, For 
example, consider the following debate between two philosophers, one who 
believes free will and divine foreknowledge are not compatible, and another 
who thinks the first has made a fundamental error in blurring the distinction 
between changing and affecting the past. (This distinction is of great importance 


3, Silverberg, “What We Leamed From ‘This Morning's Newspaper" Infinity Four, 
November 1972, 

‘This refers tothe discovery that two events, which oecur simultaneously for ane observer in a 
spacetime, may not be simultaneous for another observer inthe same spacetime. This will be 
discussed in more detail inthe next chapter. 


2.7. Philosophical Implications ofthe Block Universe os 


in any discussion of time travel.) This second philosopher presented some of his 
‘arguments in terms of a time traveler to the past!*!: 


"Consider the following. Parsons (P) has invented a special machine which allows him to 
zo back in time. He enters the machine in 1986 and finds himself in the presence of or, 
perhaps beter, observing. Quigly (Q) in 1876. P is an authority on Q_ and knows imme 
dlstely the situation Qis in. Not ony that, but he remembers reading about the particular 
‘decision or act which Q made in that situation. Thus one might argue that from P's 
perspective what Q decides is asi already done. It isnot already done, since Pis standing 
there waiting for Q todo it. He has gone back in time. Yet from P's perspective. which is of 
fone come back from the future, itis asif already done, since he knows what Q does decide. 
Since P strongly believes in the unalterability ofthe past, ti not within Q's power to do 
Something other than what Q in fact does in that situation. From Q's perspective his 
‘decision is not already made nor i the action taken, so tht i ein his power at tht time 
todocitherx or y. From his perspective, that he will do x rather than yi indeterminate; itis 
not yet done. though at the same time he can grant that P knows what he will do because for 
him itis as i he has already done 


‘The first philosopher doesn't buy any of this, and dismisses it with “It should be 
‘abundantly clear... that the fact that such stories are in some way imaginable and 
intuitively graspable says nothing about their logical coherence.” Given the interest 
among modem physicists in time travel, however, I think the first philosopher 
wouldn't write that today. 

One possible reply to all of these theological issues that spacetime physics 
prompts can perhaps be found in a paper'*? (written by a philosopher and two 
‘mathematicians) that describes a five-dimensional spacetime in which the fifth 
dimension is initially given the provocative label of the “eternity” axis, But then 
the authors lost their nerve and elected to rename it ‘anti-time." It is interesting to 
note that pulp science fiction anticipated that terminology by decades, as in one 
story!‘ we read “Beyond the fourth there is a fifth dimension ... Eternity, I think 
‘you would call it. It is the line, the direction perpendicular to time.” For some, the 
cetemity axis would appear to be perfect to serve as the temporal dimension for God, 
an axis distinct from the time axis of mere mortals. 

‘The idea of supernatural beings existing outside of mortal time is an old one in 
theology, and it can also be found in secular literature long before science fiction 
{got hold of it. For example, in the first act of Lord Byron's 1821 poem Cain, the 
fallen angel Lucifer tells Cain and his wife that 


* For the complete exchange between these two philosophers, see W. Hasker, “Foreknowledge 
and Necessity." April 1985, pp. 121-187, B. Reichenbach, “Hasker and Ommniscience," January 
1987, pp. 86-92, and W. Hasker. “The Hardness ofthe Past-A Reply to Reichenbach,” July 1987, 
pp. 337-342, all in the journal Faith and Philosophy. Hasker is the “fet” philosopher. and 
Reichenbach i the “second one. See also D. P. Lackey, “A New Disproof of the Compatibility 
of Foreknowledge and Free Choice." Religious Studies, September 1974, pp. 313-318 

28), G, Bennet er ul, “Unified Field Theory in a Curvature-Free Five-Dimensional manifold.” 
Proceedings of the Royal Society of London A, Saly 1949, pp. 39-61. A theological interpretation i 
sven in G. Stombers, “Space, Time, and Eternity." Journal of the Franklin Institute, August 
1061, pp. 1-14. 

281. A. Bshhach, “The Time Conqueror.” Wonder Stores July 1932. 
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With us acts are exempt from time, and we 
Can crowd eternity into an hour, 

Or stretch an hour into eternity. 

We breathe not by @ mortal measurement, 
But that’s a myst ry 


Before Minkowski, the debates over fatalism (as in Silverberg’s story in note 
139) and free will had been the exclusive province of philosophers theologians, and 
lnywyers Gt person has no control over his or her actions, then can we morally and 
ethically punish that person if those actions happen to be criminal?!). After 
Minkowski, the physicists (at least a few of them) joined the debates. According 
to one philosopher (note 118) the major motivation driving these debates is “the 
‘age-old dread that God's foreknowledge of our destiny can in itself impose the 
destiny upon us." The implication i, of course, that God is ‘outside of time" and so 
can take in the entire Minkowskian block universe at a glance (hence his 
foreknowledge). 

The relativistic view of the universe as a timeless four-dimensional spacetime 
seems to provide scientific, mathematical support forthe conclusion tht not only is 
the past fined, but so isthe Future. Does that mean the futur is what i will be—and 
ifso, then why bother agonizing over the many apparent decisions each of us faces 
every day? Ifthe future will be what it will be, then Christan theologians are left 
with the puzzling task of explaining what could possibly be meant by the Biblical 
exhortation (Deuteronomy 30:19) “I call Heaven and Earth to record this day 
against you, that Ihave set before you life and death, blessing and cursing; therefore 
choose {my emphasis) life that both thou and thy seed may live.” 

This isue has bothered philosophers for a very long time, The so-called Master 
Argument (the name reflects its supposed invulnerability o rebutal), for example. 
comes down to us from its origins in ancient times, in the Discourses of the first 
century A.D. Roman Stoic philosopher Epictetus. That argument can be summa- 
tized’ as follows: 


1. The future follows from the past; 
2. The past is unchangeable: 
3. What follows from the unchangeable is unchangeable: 
Therefore, 
4, ‘The future is unchangeable, 
‘This certainly does seem to be fatalistic, in effect arguing that all events in a block 


universe spacetime are recorded in a ‘Book of Destiny.” Since ancient times many 
great works of literature have adopted that view, recounting tales of the foretold 


1 more om this, in the context of time travel, se the penultimate question inthe Far Future 
Discussion questions atthe end of this chapter. 

"45gec, far example, the to papers hy R.L. Purl, “The Master Argument.” Apeiron, May 1973, 
pp. 31-86, and “Foreknowledge and Fatalism,” Religious Studies, September 1974, pp. 319-324 
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fates of men, such as Sophocles’ Oedipus. Its, in a block universe, as though our 
conscious experience of the world is no different from that of the man watching the 
projected film images of Romeo and Juliet. 

‘That view is the central issue in the early sixth century A.D. Roman philosopher 
Boethius’ influential De Consolatione Philosophiae (citea A.D. 500) which was 
‘written during a year of imprisonment before his execution for treason; perhaps he 
wondered during that year if his fate could have been anything different. Certainly 
the must have taken some consolation in fatalism, but in fact he tried to argue that 
God’s vision of al! temporal reality does not limit the freedom to act, According to 
Boethius, “The expression “God is ever’ denotes a single Present, summing up His 
continual presence in all the past, in all the present . and in all the future.” That is, 
God sees in one timeless and eternal moment all that has been and will be freely 
chosen." 

‘When the fourteenth century English poet Geoffrey Chaucer prepared a trans- 
lation of Consolatione he was obviously inspired by it when he wrote his very long, 
famous poem (Troilus and Criseyde) on the nature of love (Book IV.140): 


Some say “If God sees everything before 
It happens—and deceived He cannot be— 
Then everything must happen, though you swore 
The contrary, for He has seen it, He.” 

And so 1 say, if from eternity 

God has foreknowledge of our thoughts and deed, 
We've no free choice, whatever books we read. 


‘Two modern, purely philosophical rebuttals'*” to Chaucer, however, argue that 
his poctry misstates Bocthius’ philosophy when Troilus declares that divine fore- 
knowledge is incompatible with free will. That is, in their view God’s omniscience 
(a fundamental teaching in the theistic religions of Christianity, Judaism, and Islam) 
is compatible with free will (also a fundamental belief in those same religions). 
Both of these scholarly papers, though, depend much more on the nuances of 
grammar than most physicists will like 

‘The connection between spacetime physics and free will was made explicitly by 
the philosopher who wrote “For philosophers in either field, philosophy of science 
and philosophy of religion are too often viewed as mutually irrelevant ... This 
is unfortunate, because sometimes the problems can be quite parallel and a consis- 
tent resolution is required. One especially intriguing case in point concems, in 


‘In his The Sirens of Titan, x 1959 novel meant to be a parady of God's omniscience, Kurt 
Vonnegut gave the curious name of chrono-synclasticinfundibulared vision to God's power to see 
the past and future 
‘7G, | Mavrodes, “Is the Past Unpreventable?” April 1984, pp. 131-146, and A. Plantings, “On 
‘Ockham’ Way Out" July 1986, pp. 235-269, both in Faith and Philosophy 
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Fig.2.2. The common view 
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philosophy of science, the possibility of ... time travel and, in philosophy of 
religion, the relationship between divine foreknowledge and human freedom.”"* 

‘That philosopher could well have included science fiction writers in his group of 
people interested in both spacetime physics and free will. In one story,"*” for 
example, a man in the twenty-fifth century is about to travel back into the past to 
escape criminal prosecution, He is aked where he'd like to go, and he replies “I do 
hot understand the paradoxes—what if I choose to build gravity-deflectors in 
Ancient Rome?” When he is told (correctly) that he couldn't do that because it 
didn’t happen, he persists: “But if I can choose any period, it means I can alter 
history at will—which presumes that the present can also be changed.” Then, at last, 
he gets the explicit answer that bothers nearly everyone: “The real answer is that in 
the final analysis your decision to choose a certain time period is already made, and 
the things you will do [in the time traveler's personal time] are already determined, 
Free will is an illusion; it is synonymous with incomplete perception.” The same 
idea appears in another tale (note 57); when one character says, “What you are 
saying is that the future is fixed, and that you can read it, in every essential detai 
the response is “Quite right ... both those things are true.” 

‘However, no matter how hard we try—and by we I include even those physicists, 
‘and philosophers who embrace the block universe with its support of time travel to 
the past—it is very difficult to break free of the view of time as shown in Fig. 2.2. 
‘That is, as the passage of time up to the present or now (with all to the left of that 


SSW. L Craig, “Tachyons, Time Travel. and Divine Omniscience.” Jounal of Philosophy, March 
1988, pp. 35-180, Tachyons are hypothetical faster-than-light particles that theoretieally travel 
backwards through time. They willbe discussed in Chap. 5. 


2°'W. Kubilius, “Turn Backward, © Time,” Seience Fiction Quarterly, May 1951 
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instant as the past), while to the right of the now we have multiple possible futures 
(depending on our free will choices). Lying to the side of all that (in our thoughts 
‘and imaginations) are all that ‘might have been’ if we had made different choices 
than we did at earlier times in the past.'*" 

With all that said, even if events are really laid out in the spatial and temporal 
web that constitutes the four-dimensional block universe, there still remains the 
great mystery of why we see them unfold in the particular sequence that we 
do, Why not in reverse order? Why, indeed, do we see what we call time run 
from what we call the past to what we call the future and, indeed, what do we really 
mean by past and future? As you'll see in the next chapter, these are not easy 
questions, and nearly everybody who has thought about them believes we are not 
yet even clase to knowing the answers. 

(On that perhaps gloomy note, it seems appropriate to end here with a few more 
words from St. Augustine’s Confessions, with words that follow those that helped 
open this chapter: “I confess to you, Lord, that I still do not know what time is. Yet I 
confess too that I do know that I am saying this in time, that I have been talking 
bout time for a long time, and that this long time would not be a long time if it were 
not for the fact that time has been passing all the while. How can I know this, when I 
do not know what time is? Is it that I do know what time is, but do not know how to 
put what I know into words? Iam in a sorry state, for I do not even know what I do 
not know!"!*! 


2.8 For Further Discussion 


In the comics one of Superman’s more interesting adversaries. is 
Mr. Mryzpilk (pronounced mix-ye=pitle-ick),« being with seemingly mag- 
ical powers from the Land of Ziff in the fifth dimension, Mr. Mxyzptlk's 
powers are not really because of magic, however, but are ‘merely” the result 
of his hyperspace world with its extra dimension. Mr. Mxyzpilk, for example, 
in one of his misadventures with Superman in 1954, begins selling 
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‘Spjgure 2.2 is based on a similar one in C. K. Raj, “Time Travel and the Re 
‘aundatons of Physics, July 2006, pp. 1099-1113, 

"There is another view of time even darker than St. Augustine's, which denies the existence of 
both future and past, and doesn’t offer us much ether for that special moment we call the present 
{or nox). Ths view. called presentsm, was hauntingly expressed in some lyrics heard inthe tinal 
«isa othe second seasom (2015) of the HBO series Tre Devecrive:“There sno uture/Uhere is 
‘no past/in the present nothing lass." Now that is depressing! Stil there are philosophers who 
believe even this view can support time travel: see S, Keller and M, Nelson, “Presentsts Should 
Believe in Time-Travel," Ausralasian Journal of Philosophy. September 2001, pp. 333-345, 
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newspaper called the Daily Mpfir= in competition with the Daily Planet. 
Unlike a uaditional newspaper that reports what has happened, the Daily 
Mpftr= (your guess is as good as mine!) prints what will happen, As 
‘Mr. Mayzpilk says, “You see, as a resident of the fifth dimension, I can 
get all the news I want from the fowth dimension!" The science editor at the 
Daily Planet explains the meaning of that to his boss, Perry White: “That's 
right, Mr, White ... many physicists consider rime the fourth dimension ... so 
if Mr, Mxyzptlk can travel from the fifth dimension to our three-dimensional 
‘world, he most likely iy able to see the future!” (This leaves unanswered the 
question of why he continues to challenge Superman when he knows he will 
always be defeated—as he always is!) Presumably a five dimensional world 
‘would have our three spatial and one temporal dimension (for a total of four), 
and so the question now is: what is the nature of the additional (fifth) 
dimension? Is it spatial or is it temporal? (There is a brief appearance of the 
fifth dimension in the 2014 movie Interstellar, but we aren't told much of 
anything about its possible structure.) Discuss and compare the world of four 
space dimensions and one time dimension, with the world of three space and 
‘vo time dimensions. (In Chap. 5 we'll discuss a possible connection between 
two-dimensional time and time travel.) 


Inthe text itis stated that “If A and B are mutually causative, then “A causes 
B’ coupled with *B causes A’ seems to lead to ‘A causes A." Suppose, 
however, that we imagine two adjacent sunken pools of water, a and b, on the 
same horizontal surface, with each pool filled to the brim. An overflow from 
‘one poo! will flow into the other pool. Now, define the events A and Bas “A is 
the overflow of pool a’ and °B is the overflow of pool b.’ Thus, A causes B 
sand B causes A. Does the conclusion ‘A causes A’ make physical sense in this 
specific case? Discuss at length. 


When reading A. C, Clarke's story “Technical Error" (see note 99), we learn 
that a rotation through 4-space inverts “the unlucky Nelson.” The ‘solution’ 
to this awkward situation is to lip Nelson through 4-space a second time and 
50 back to ‘normal.’ (When Thrilling Wonder Stories reprinted this tale in 
June 1950, after its original publication in 1946, the title was changed to the 
‘more appropriate “The Reversed Man.") Clarke may have missed an 
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important technical ‘detail,’ however, in that when first flipped through 
4-space everything inverts, and so matter becomes anti-matter and Nelson 
would have instantly been annihilated in a 100 % conversion of matter to 
energy (that is, the flipped Nelson would have initiated a very large explo- 
sion). Compare this to Alice's concern in her flipped world (Lewis Carroll's 
Through the Looking Glass) when she wonders “Perhaps Looking-glass milk 
isn’t good to drink.” Explain why Lewis Carroll certainly was nor thinking of 
‘matter/anti-matter explosions when he wrote his novel. What do you think he 
might have had in mind? 


‘A time travel story, even earlier than Clarke’s, that uses spacetime ‘rota 
tions,” was authored by Edmond Hamilton (1904-1977), one of the 
pioneering pulp fiction writers. In his “The Man Who Saw the Future” 
(Amazing Stories, October 1930), a man is hauled before the Inquisitor 
Extraordinary of the King of France to explain his mysterious disappearance, 
and subsequent reappearance, in an open field, amid thunderclaps and in plain 
sight of many onlookers. As the story unfolds, we learn that the man was 
transported five centuries into the future, from A.D. 1444 to 1944, by scien- 

‘working in twentieth-century Paris. The thunderclaps were produced by 
spacetime “rotations,” as the atmospheres of 1944 and 1444 were reversed. A 
skeptical Inquisition naturally finds this tale preposterous and the first time 
traveler is bumed at the stake as a sorcerer. Can you think of why such 
‘atmospheric swaps’ might produce thunderclaps? 


‘Atrip around a Mébius strip reverses the ‘handedness’ of a plane figure (left 
and right are swapped), You can see this for yourself by making a Mobius 
strip, and then sliding an arrow (pointing across the width of the strip) around 
the strip. (Cut a notch in the side of the strip to mark the starting point, with 
the arrow pointing at the notch.) When you get back to the notch, the arrow 
will point away from the notch, Notice that the arrow never left the surface of 
the strip, or crossed any ‘weird’ boundary. Then, read H. G. Wells’ short story 
“The Plattner Story” and comment on its use of ‘handedness.” 


ut 


m2 2 Philosophical Space and Time 


The autoinfanticide paradox, which results when atime traveler tries to kill 
his younger self, continues to fascinate both physicists and philosophers, and 
papers regularly appear in the scholarly literature on the topic: see, for 
example, Kadri Vihvelin, “What Time Travelers Cannot Do.” March 1996, 
pp. 315-330 (which introduces Suzy the time traveler) Ira Kiourti “Killing 
Baby Suzy,” June 2008, pp. 343-352; Peter B. M. Vranas, “What Time 
Travelers May Be Able to Do,” August 2010, pp. 115-121; and Joshua 
Spencer, “What Time Travelers Cannot Nor Do (but are responsible for 
anyway),” October 2013, pp. 149-162, all in Philosophical Studies. All 
deal with an issue that is psychologically fascinating: moral responsibil 

Spencer, in particular, opens with this definition: Someone is morally respon 
sible for an action only if she could have done otherwise. As he goes on to 
‘write, “IFThhave been attacked and both of my legs have been broken, then it 
seems illegitimate to criticize me for failing to run away; I could not have 
done otherwise.” And yet all of these papers are on a point that (I think) 
physicists would soon lose interest in: is the question “If Suzy is a time 
traveler, can Suzy kill baby Suzy, given that Suzy doesn't kill baby Suzy?” 
the same question as “If Suzy is a time traveler, ean Suzy kill baby Suzy, 
given that Suzy is now alive?" The answer to the first question is, from pure 
logic, NO, while the answer to the second question is just bit squishier: it all 
depends on what the word can means. For the second question, Suzy can kill 
baby Suzy ifshe has a weapon (Knife, gun, poison et.) and she is in the past 
next to baby Suzy, but it is just that she doesn’t because otherwise Suzy 
‘wouldn't be alive now (wiich is a given). Such debates seem unlikely to 
produce any insights into the physics of time travel. Compare ths situation to 
the old schoolboy conundrum “What happens when an irresistible force 
meets an unmovable object?”, which is a selfinflicted ‘paradox.’ That is, 
the words irresistible and unmovable are mutually exclusive and so, used this 
‘way, it should be no surprise that we have a conflict. Are the two time travel 
questions above, conceming Suzy, confusing through a similar mushy use of 
‘grammar? Or are they deeper than that? Vigorously defend your position. 


Inaddition to H. G. Wells, another nineteenth-century writer who was highly 
influential in bringing the fourth-dimension out of academia and into public 
consciousness was the mathematician Charles Howard Hinton (1853-1907). 
Hinton was no angle-trisecting crank, having eamed an M.A. at Oxford, an 
appointment in the mathematics department at Princeton, and then another at 
the University of Minnesota. Later, with the help of the eminent astronomer 
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Simon Newcomb, he obtained a position at the Naval Observatory in 
Washington, D.C., and was on the staf of the United States Patent Office at 
the time of his sudden death, Hinton was a man to be taken seriously. His first 
published essay “What Is the Fourth Dimension?” appeared in 1880, and then 
in book form in 1884 as part of his Scientific Romances (a phrase used by 
Hinton before it became associated with Wells’ science fiction many years 
later). That book received a generally favorable review in Nature (March 
12, 1885, p. 431), At one point he wrote “We might then suppose that the 
‘matter we know extending in three dimensions has also a small thickness in 
the fourth dimension,” an idea that was used a few years later by the well- 
known British mathematician W. W. Rouse Ball (1850-1925) in an attempt 
to explain gravity. Hinton was extremely inventive, and he also proposed 
four-dimensional-space models for static electricity. Find out more about 
Hinton’s life and work: a good source to start with is Speculations on the 
Fourth Dimension: Selected Writings of Charles H. Hinton (R. Rucker, 
editor), Dover 1980. Take a look, 100, at J. E. Beichler, “Ether/Or: Hyper- 
space Models of the Ether in America,” in The Michelson Era in American 
Science 1870—1930 (8. Goldberg and R. H. Stuewer, editors), American 
Institute of Physies 1988 
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Chapter 3 
The Physics of Time Travel: Part I 


within forty-eight hours we had invented, designed, and 
sascembled a chronamobile, I won't weary you with the details, 
suve fo remark that it operated by transposing the seventh and 
cleventh dimensions in a hole in space, thc creating an inverse 
ether-vortes and standing the space-time continuum on its 
head. 


almost cetsinly not the way ta build a ime machine! 


3.1 The Direction of Time 


“Ol all the problems which ie on the borderline of philosophy and science, perhaps none 
has caused more spilled ink, more controversy. and more emotion than the problem ofthe 
direction of time ... [lhe main problem with ‘the problem of the direction of time" is to 
figure out exactly what the problem is or is suppoed to be!” 


Before we start talking about the physics of time travel, let me say a few more 
words on time itself, in a way slightly less metaphysical that was the discussion in 
the previous chapter (which is why I'm writing this here, in a chapter with an 
increased emphasis on the analytical). When we speak of journeying to either the 
future or the past, we are implicitly making a distinction in the direction of the time 
traveler's trip, But does time actually have a direction? Is there an arrow that points 
the way? The answer seems obvious: of course time has a direction. After all, 
everybody ‘knows’ it flows from past to future. There isa curious language problem 
here, however, because we also like to say the present recedes into the past, which 
implies a ‘flow’ in the opposite direction, from future to past. Well, despite this 
snarled syntax, can we at least distinguish past from future, whichever way time 
flows? 


AL, Sprague de Camp, “Some Curious Effects of Time Travel." in Analog Readers’ Choice, 
Dial 1981 


See note St in Chapter 2. 
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‘This would seem to be an important question to answer because for the phrases 
‘flow of time and direction of time to have any objective meaning at all, it must be 
‘somehow possible to identify a difference between past events and future ones. The 
special moment at which that distinction occurs is known as the now or the present 
and, as events make the transition associated with that distinctive difference, 
between past and future, we say that the now’ (the present) moves or flows. 
Philosophers—and science fiction writers and physicists, too, who after all are 
‘human beings with human senses like everybody else—call this common feeling 
that we all have, of the passage of time, the psychological arrow of time, One 
philosopher gave an amusing (tongue-in-cheek) gastronomical interpretation of the 
moving now as follows: 
“New slices of salami are continually being cut from a nonexistent chunk of salami called 
the future. The presen isthe slice on top of the pile. The past are the pieces beneath this, 
and even though they are not present they sil continue to exist inthe same way thatthe top 
slice of salami does... This [concept] faces humiliation before the embarrassing question 
fof how fast the pile of salami slices grows." 


‘The ‘moving now" does present a problem for physicists hecause there is nothing 
in the laws of physics that marks the present moment as unique, and therefore 
nothing that reflects a ‘flow’ of time, nothing that models the reality of a “moving 
now’ becoming part of the past and the events of the future becoming, successively, 
the new ‘now.’ As a philosopher wrote long before time travel became a serious 
topic in the physics literature, “Talk of the flow of time or the advance of con- 
sciousness is a dangerous metaphor that must not be taken literally.""" 

‘What that philosopher may well have had in mind is that all events in the block 
universe simply have coordinates in spacetime, and there is nothing corresponding 
to *have been’ (past), ‘are’ (present), or ‘will be” (future). There is no ‘moving now’ 
in the block universe except for its subjective presence in our conscious minds, All 
wwe can say from physics is that events are ordered in an earlier/later sequence, and 
in fact, even that relatively weak condition holds only for causally related events.> 
‘The relativistic, four-dimensional block universe view of spacetime that so many 
physicists (including Einstein) so dearly love seems to have no room for an 
objective theory of the flow of time, And yet, even for those same physicists, 
there is a powerful psychological sense that time does flow. But are they mistaken 
It isa fact that, with not just alittle irony, Gédel (the ‘discoverer’ of time travel) was 
convinced that the possibility of a block universe spacetime with CTLs/CTCs 


3X. Gale, “Some Metaphysical Statements About Time." Journal of Philosophy, Apel 25, 1963, 
1p. 225-287. For many this analogy may well ring to mind a pile of balogcy rahe han one of 
Slum (and think this was Gale's steno) 

45.4.C, Sman, “The Temporal Asymmetry ofthe Worl," Analysts, March 1954 p. 79-83, 
“Two events A and Bare non-causally elated if ther separation in spacetime is such that particle 
‘would have wo wel ata superluminal speed (fase tha ight) 1 go from A wo B, We'll discus the 
‘iyo of cally related events ater im this caper: 
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Fig, 34 Gidel's unreality of time argument 


implies that the passage or flow of time makes no sense! To see how Gadel arrived 
at such an astonishing conclusion, consider Fig. 3.1 

In part A of the figure” we see what most people who talk of a passage of time 
intuitively mean, as time progresses through a sequence of instants (shown as line 
of left-to-right arrows going from (1) to (2) to (3) and so on). At each stage the right- 
‘most arrow is the present, and the arrows to the left of it (behind it) are the past, and 
the arrows to the right of the present are not shown because they are in the future 
‘and so don’t exist yet. When you ask, at each step, which arrow is the now, the 
answer is clear. 

Matters are dramatically different in part B of the figure, which shows the arrows 
forming a closed (circular) loop. Now there is no distinction between past and 
future, as each arrow is both ahead and behind any other arrow. In addition, there is 
no arrow that is uniquely the now. So, concluded Gédel, the passage of time can 
have no meaning in a temporal loop. As should come as no surprise, not everybody 
is convinced by this sort of argument.” 

In principle, so it would seem, we can achieve perfect knowledge of what has 
‘happened but only imperfect prediction of what might happen. This observation 
seems to be at least a start at being able to tell past from future, And, in fact, the 
nature of the distinction between the two intervals of time seems obvious: we 
remember past events, but not future ones. As philosophers have so nicely put it, 
events in the past haye formed ‘races, such as skulls, footprints in the sand, 
fossilized skeletons, surgical scars, photographs, taped recordings, carved stones, 


Giidel clearly states this in is 1949 philosophical essay (noe 1 in the Introduction) concerning 
his 1949 technical paper (note 11 in the Introduction) 

This igure i based on the interpretation of Gels reasoning as presented by the philosopher 
Palle Yourgra’s 1991 book The Disappearance of Time: Kurt Gel and the idealistic tadiion in 
philosophy (Cambridge). which was expanded and reprinted afew years later under the new title 
del Meets Einstein: time travel inthe Gadel usiverse, Open Court 199. Yourgra later wrote 8 
less technical version: A World Without Time: the forgotten legacy of Gsdel and Einstein, Basic 
Books 208, 

See, for example, 8, Sait, “Time Travel and Becoming, 


‘The Monist, July 2008, pp. 413-422. 
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and the like, whereas future events appear not to have formed traces. But is that 
necessarily so? Is it impossible for future events to create traces? The common- 
sense answer is yes, because of cause and effect, which dictates that there must be a 
temporal asymmetry in trace formation, That is, traces are the effects of prior 
causes. That line of reasoning leads us quickly to the fundamental issue of causation 
(which we've already encountered in Chap. 2), an issue that no discussion of time 
travel can avoid. 

Part of the problem we have with backward time travel, and cause and effect, is 
as I've already mentioned, with language. The distinct and separate concepts of the 
temporal ordering of events, and of causality, have become merged in everyday 
thought. It is considered obvious to modern minds that if event A causes event B, 
then A must happen first. There is, however, at least one historical example of 
similar merging of concepts that is parallel to our modern mixing of time order and 
causality—an example that shows how an issue can seem obvious and natural to the 
minds of one period of time, and yet to the minds of another period (our modern 
times) seem confused, odd, peculiar, even laughable, 

Asa physicist wrote in a paper’ on advanced (that i, inverted causality) effects: 


Ancient Egypt was an essentially one-dimensional country strang out along the Nile. which 
‘lows from south to north, The winds were conveniently arranged 10 be predominantly 
northerly. To ga north, a traveler could let his boat dif, while witha sal he could move 
south against he slow current. For this reason, in the writing ofthe ancient Egyptians, “go 
downstream (north) was represented by a bout without sails, and “ge upstream (south) 
bby a boat with sails. The words (and concepts) or narth-south and up-downstream became 
merged. Since the Nile and is tributaries were the only rivers known to the ancient 
Egyptians, this caused no diffculties until they reached the Euphrates, which happened 
tw flow from north 10 south. The resulting canfusion in the ancient Egyptian mind is 
recorded for us 10 read today in their reference to “that inverted water whick goes 
‘downstream (north) in going upstream (south).” 


Often we can work our way free of the difficulties we create for ourselves with 
language, but only through common agreement. For example, the chairman of the 
board calls a meeting to order with mixed tenses by declaring “The meeting will 
take place mow” and then saying at the end, “We will meet again next month, same 
time.” We all know what these sentences mean, but only by our cultural heritage 
‘and not by the process of applying logic. The language problem causes similar 
difficulties for not only for fictional time travelers, but also for the physicists) 
philosophers who study the possibility of time machines, So—beware! 

‘The idea of time flowing is a popular one, and it repeatedly appears in the time 
travel literature as the “river of time” or the “ocean of time.” The deep psycholog- 
ical appeal of this sort of “water language’ has, not surprisingly, attracted the 
attention of philosophers. We can find one of the earliest expressions of the view 
in the Meditations of the second-century A.D. Roman emperor and Stoic philoso- 
pher Marcus Aurelius, who wrote: “Time is like a river made up of events which 


PL, Ceonka, “Advanced Effects in Particle Physics’ 
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Physical Review, April 1969, pp. 1266- 
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‘happen, and a violent stream; for as soon as a thing has been, itis carried away. and 
‘nother comes in its place, and this will be carried away, too.” A most interesting 
essay on why such metaphors often seem so intuitively appropriate has been offered 
by one philosopher, who points out'” that the seductiveness of the image of ‘time as 
flowing water’ is sufficiently great that you often find it in the scientific literature, 
too (Newton, you'll recall, wrote specifically in his Principia of time flowing). As 
for why such an image has such a powerful grip on our imaginations, I think we 
need look no further than to Kant. As he wrote (1781) in Critique of Pure Reason, 
“Time is nothing but the form of inner sense, that is, of the intuition of ourselves and 
of our inner state . .. Because this inner intuition yields no shape, we endeavor to 
‘make up for this want by analogies.” And what better than a rushing stream of water 
to represent our feeling of time rushing by? 

Still, no matter how intuitive such water metaphors may be, they can still easily 
befuddle us as well. To quote our philosopher (note 10), “Time a river! A queer sort 
of river that. Of what sort of liquid does it consist? Is time a liquid? A very peculiar 
liquid indeed!” A classic paper by the philosopher Donald Williams (discussed in 
Chap. 2, note 119) expresses similar doubt about the water image of time. In the 
course of his writing, he presents a truly staggering collection of entertaining 
examples of “time as metaphor,” of which I repeat just a few here: time flies, 
goes, marches, and rolls, as well as flows And then he offers sis provocative 
imagery: the evolution of our lives is like “a moving picture film, unwinding 
from the dark reel of the future, projected briefly on the screen of the present, and 
rewound into the dark can of the past.” Wow!" 

Returning to the water metaphor, the French astronomer Charles Nordmann 
(1881-1940) opened and closed his 1925 book The Tyranny of Time with following 
gloomy but all too true summary of the overwhelming sense we all have of the 
inexorable, one-way ‘flow’ of time. (The ellipses in what follows denote over 
200 pages!) “Nothing can equal the bitter sweetness of dreaming on the banks of 
‘Time, that impalpable and fatal river strewn with dead leaves, our wistful hours 
carried downstream like rudderless wrecks .... In the eternal wave which rocks us, 
carties us along, and soon swallows us up, there is no rock to which we can fasten 
‘our frail barques; the very buoys we put out to measure our course are only floating 
mirages; and on the mysterious foundation of things our anchors slide along and fail 
to bite.” A young person sees time, from Nordmann’s perspective, as an ocean on 
which golden mornings arrive like waves from the future, whereas for an older 
person, liquid time is a nightmare flood, a swollen black torrent sweeping him first 
into the yawning abyss of the past and, ultimately and finally, into the eternal 
silence of the dark grave, 


25,4, €. Sman, “The River of Time," Mind, October 1949, pp. 483-494 

"And how about his mage of ine: Time isa snowball, with the center marking the beginning of 
the past, with ever new “presen” accreting on the ever increasing surlae asthe snowball rolls 
loa the bil of history! 
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‘The metaphor of time as a flowing river was ready-made for early science fiction 
writers, such as Caltech math professor Eric Temple Bell (1883-1960). His even- 
tual novel The Time Stream began to appear in December 1931 as a serial in the 
science fiction pulp Wonder Stories, and Bell (writing as “John Taine’) made great 
use of the idea of time as a flowing stream, a stream in which one could swim into 
cither the future or the past, There is strong evidence that Bell actually wrote the 
novel in July of 1921, but was unable to find a publisher for a decade, so odd did 
cditors find the premise, By the time of its publication, others had beaten Bell into 
print, 

‘The watery image of time had appeared a year earlier, for example, in a tale that 
played with the erosive nature of time in a dramatic way. As two time travelers 
speed into the future to rescue a friend, one of them describes the scene for us: “We 
huddled together in the whirling time girdling machine, cutting through the years as 
‘a ship's prow breasts surging waves, I could not help but think of the years as 
‘waves, beating in endless succession on the sands of eternity. They wore all away 
before them with pitiless attrition, Time seemed to eat all with dragon jaws." 

This image of time was taken a step further 3 years later in a story in which a 
large number of adventurers, from all across time, find themselves stranded at 
precisely the same place (in space and time). One of them offers his theory of 
\what is behind this remarkable coincidence: They all have faulty time machines, 
like faulty boats, and all have hit the same snag on the ‘river of time.’ As he 
explains, “You may tum boats adrift on a river at many points, and they will all 
collect together at the same serious obstacle whether they have traveled a hundred 
‘or two miles. We are now at some period where the straight flow of time has been 
checked — perhaps it is even turing back on itself ... [We] have struck some 
barrier and been thrown up like so much jetsam." 

‘The ‘flow’ of time does have its critics, of course. The British-American 
philosopher Max Black (1909-1988) argued'* that questions about the direction 
of time are meaningless because there can be no direction to something that 
(he asserted) does not flow. His reasoning was that if time does flow, then he 
‘ought to be entitled to ask how fast it flows. That requires, in tum, a metatime or 
supertime for measuring the flow rate of ‘ordinary’ time. But because supertime 
must flow, too, we would then need a super-supertime, and so off we trip into what 
would appear to be the black hole of a MeTaggert-like infinite regress, The view. of 
an infinite regress of times, was forcefully rejected by another philosopher with 


EA. Manley and W. Thode, “The Time Annihilator." Wonder Stories, November 1930, This ix 
the same magazine that, months late, tnally published Bell 
°°), Wyndham, “Wanderers of Time,” Wonder Stories, March 1983, Notice again, that we have the 
same magazine (whose editor must have had particular fancy for such tales), 
YM. Black, “The ‘Direction’ of Time," Anuiyss, January 1989, pp. 54-63, 
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these sharp words: “the very idea of super (or hyper) 
redundancy and its aroma of dilettante physics.”"* 

‘A hierarchy of hypertimes has not bothered other analysts, however, and an 
centire subfield of specialty among philosophers (and some physicists, too) in time 
analysis has developed in what is called multidimensional time. One practitioner in 
this specialty sarcastically rejected the infinite regress complaint as a valid objec~ 
tion—he called it “a crushing and unanswerable position” but actually meant just 
the opposite—and stated that it was not at all clear (at least, not to him) why 
supertime must flow.'° After all, he argued, we measure the flow of a river with 
respect to its banks without requiring that the banks themselves flow. (That actually 
strikes me as being a point that deserves debating, but I have not been able to find 
any mention of it in the later philosophical literature.) The idea of multiple time 
dimensions is particularly attractive for one sort of time travel (we'll take it up at the 
end of this chapter), but it enjoys far more popularity among science fiction writers 
and philosophers than it does with physicists. 

Professor Black's objection (note 14) to talk of time ‘flowing’ was based, at least 
in part, on the observation that there are uses of the word direction that are not 
directly tied to something flowing. For example, consider the statement “He is 
facing in the direction of north.” Black argued that this is mere pointing, and itis not 
at all the same as moving north. He then dismissed the possibility of there being any 
‘meaning to the direction of time, writing that making an analogy of time “with a 
sign-post or an index finger is too far-fetched to be worth considering.” This claim 
(which some may feel leans too much on grammar) is, of course, an affirmation of 
the myth-of-passage view made famous a few years earlier by Donald Williams 
(note 119 in Chap. 2) 

‘Not just philosophers have rejected the idea of time flowing. In his 1966 novel 
October the First Is Too Late, which deals with a world in which different parts of 
Earth simultaneously experience different eras of the past (see For Further Dis- 
cussion at the end of this chapter for more on what this might mean), the British 
cosmologist Fred Hoyle (1915-2001) calls the ‘river of time’ a “grotesque and 
absurd illusion,” and a “bogus idea.” Another fictional work that agrees with 
Hoyle’s non-moving image of time is the 1979 Roadmarks by Roger Zelazny 
(1937-1995). In that novel we read of “the Road,” along which story characters 
can travel but which doesn't itself move; exits from the Road lead to the various 
centuries (which sounds a lot like the Francis Bradley’s 1883 book that may have 
given the block universe its name). Roadmarks is a clever bit of writing, with many 
allusions to the paradoxes of time travel, but its explanation of the Road’s origin as 
having been constructed by dragons (!) greatly undermines its interest for 
physicists. 


indeed repulsive in its 
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femporal Becoming Minus the Moving-Now." Nous, Seplember 1989, 
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In a block universe spacetime, there is no flow of time, but one philosopher 
believed that to be simply because the block universe is incomplete in its represen- 
tation of reality. Writing in 1925, Hans Reichenbach (1891-1953) asked “What 
does ‘now’ mean? Plato lived before me, and Napoleon IV will live after me. But 
which one of these three lives now’? I understandably have a clear feeling that / live 
now. But does this assertion have an objective significance beyond my subjective 
experience?""” Reichenbach went on to answer his question in the affirmative, and 
to deduce that the block universe view is missing something: “In the condition of 
the world, a cross-section called the present is distinguished; the “now” has objec~ 
tive significance. Even when no human is alive any longer, there is a ‘now’ 
[my emphasis] ... In the four-dimensional picture of the world, such as used by 
the theory of relativity, there is no such distinguished cross-section But this is due 
‘only to the fact that an essential content is omitted from this picture.” 

So, what is Reichenbach’s ‘missing essential content"? Feeling that the block 
universe is unacceptably fatalistic—in his words of ridicule, “the morrow has 
already occurred today in the same sense as yesterday”—he found his answer in 
the probabilistic theory of quantum mechanics, Classical physics argues that given 
total information about the state of the world now. one could in principle calculate 
perfectly the future or the past; one could both predict and retrodict. In contrast, 
‘quantum mechanics distinguishes past from future in a fundamental way. 

Quantum mechanics does not deny that in principle we can know the past with 
exquisite accuracy, because each and every event leaves traces, evidence that is 
available to all with the means to find and decode them. But quantum mechanics 
also takes as truth that there is an unavoidable uncertainty to the future, The instant 
that this uncertainty is crystallized into fact was taken by Reichenbach to be the 
very definition of ‘now.’ The ever-increasing record of the past, in turn, defines (for 
Reichenbach) the movement of the *now.’ Reichenbach believed that with these 
observations he had at last captured the ‘moving now" in mathematical theory, and 
that he had finally elevated the present from speculative psychology to solid 
physics, and that he had shown that the “flow of time’ is independent of the need 
for a conscious mind. However— 

A later, powerful analysis" of the time-flow issue, combining philosophy with 
physics, comes down solidly in support of the opposite conclusion: it expresses the 
view that a ‘moving now’ is only in our minds and is nor an intrinsic attribute of 
reality, The premise of that argument is that a mind-dependent flow of time is 
incompatible with what is called the relativity of sinultaneity (to be discussed later 
in this chapter) which states that there is no universal cosmic-wide ‘now’ (this is a 
fundamental conclusion of special relativity). For example, itis meaningless to ask 


Pye taken this quotation from A. Gronbuum. “Is There a “Flow” of Time or Temporal Becom- 
ing?" in Philosophical Problems of Space and Time, Knopf 1963, 

‘LR. Baker, “Temporal Becoming: The Argument from Physics." Philosophical Forum, Spring 
1075, pp. 218-236. 
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‘what is happening on a planet in the Andromeda galaxy (two million light-years 
distant) right now 

Early science fiction stories are full of theories about the nature of ‘now,’ and the 
vast majority of them have no basis in scientific thought. Some of them are 
ingenious, however, and even though they are largely the pet ideas of the authors 
(and no one else’s), perhaps they resulted in some young readers of the science 
fiction pulps of the 1930s and 1940s thinking about deeper matters than did the 
comic strips of “Buck Rogers,” “The Lone Ranger,” or “Terry and the Pirates.” For 
example, according to one story, time is a wave and the “moving now" we experi- 
cence is carried on a crest of that wave, There are time waves both ahead and behind 
the crest we happen to be on (so we are told), and so each such crest carries a 
different ‘now’ for a different reality—hence the curious title.” 

In another, more recent tale” about object duplication via time travel (which 
we'll discuss in Chap. 4, but you'll recall H. G. Wells was worried about this long 
go), nine (!) copies of the same person from the year 2314 meet in 1870 to try and 
figure out what is going on. Part of their interesting discussion is the following 
analysis of the ‘present’ 


"Gentlemen, I think understand,” said the fist James Thomas." 
“Eight faces tured toward him, and he felt as though he were looking into multiple 
"We hold that time is a single instant — the instant of the Present —which travels 

through Duration — do we not?” 

Eight heads nodded" 

“We assume that time passes in a manner analogous to the stringing of an infinite 
‘numberof beads. Each bead is the instant of Novr when i is last on the chin, Beads are 
continually being added, and each one is the only Now until another is placed after i.” 

‘Yes, that is my theory,” said another James ‘Thomas. “It can also be likened to the 
process of knitting. No matter how many stitches are knitted, there is only one last sith, 
‘only one Now.” 


Einstein, to0, was greatly bothered by the place of ‘now’ in time, perhaps even 
‘more than were James Thomas and his ‘friends.’ In an autobiographical essay, the 
philosopher Rudolf Carap (1891-1970) recalled a conversation about this with 
Einstein in the early 1950s, at the Institute for Advanced Study in Princeton: “Once 
Einstein said that the problem of the Now worried him seriously. He explained that 
the experience of the Now means something special for man, something essentially 
different from the past and the future. That this experience cannot be grasped by 


°R. Ray, “Today's Yesterday,” Wonder Stories, January 1934 
"A. and P. Eisentein, “The Trouble Wit the Past" in New Dimensions I (R. Silverberg, editor) 
Doubleday 1971 
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science seemed to him a matter of painful but inevitable resignation. ... Einstein 
thought .. that there is something essential about the Now which is just outside the 
realm of science."** 


3.2. The Arrows of Time 


“On a microscopic level there is no preferred direction for time. The equations of motion 
don't give a damn whether time moves forward or backward.”"* 


‘The central issue for philosophers of time (and for physicists, too, [ think) is that 
of its reality (or not): is time objective and something that really flows, ot is time 
simply a mind-dependent illusion and nothing more than an artifact of our incom- 
plete perception of reality? As the previous section shows, there is little consensus 
oon this issue. As a start on trying to get a handle on the matter, looking into a 
so-called ‘arrow of time" may give us some guidance. I'll begin with the arrow I've 
already mentioned, the psychological arrow. As discussed before, this isthe feeling 
wwe have of a ‘moving now,’ a feeling that has no appearance anywhere in physics. 
A ‘moving now’ simply has no place in any universe devoid of the physical 
processes in a brain that give rise to what we call consciousness—but that doesn't 
mean physicists don’t wonder about the ‘moving now" just as much as does 
everybody else (remember Einstein)! As one physicist wrote in a technical journal, 
“What does ‘Now” mean? This question must surely be the starting point of any 
‘attempt at understanding the nature of time.” 

Well, no matter whether time actually flows or not, most of us still believe we 
have had a past and hope we will have a future. Each of us thinks we can easily tell 
‘one from the other, too. We have, in fact, many not so subtle indications from our 
everyday lives of the obvious direction of time. Neatly all of these indications have 
the common theme of irreversible change. As the British mathematician J. J 
Sylvester once put it, “The whirligig of time brings about its revenges."** The 
Roman poet Ovid, who died when Christ was a teenager, said the same in his 
Metamorphoses with the famous words “Time, the devourer of all things.” The 


S Quoted rom The Philosphy of Rudolp Carnap (PA. Scipp, editor, The Libary of Living 
Philosophers, Open Court 1963. pp. 37-38. For 8 view contrary lo Einstein's, from another 
plysiis. sce KB. M. Nor, “A’ Topological Explanation for Three Properis of Time.” 
Nuovo Cimento B, January 1992, pp. 68-70 which clains to develop a geometical explanation 
forthe How of te, ands (says Nor there isan objective, mathematical reality to the moving 


science fiction character prety accurately sums-up what a modem physicist would tell you 
today, in L. Esenborg’s story "The Time of His Lil” The Magacine of Fantasy & Science 
Fiction, Api 1968 

"J.P, Cullere, “Pee Will andthe Resolution of Time Travel Paradoxes," Contemporary Pies, 
July-August 2001, pp. 243-245. 

4, J. Sylvester, “A Pea for the Mathematician," Nature, December 30,1869, pp 237-239 
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mage of time as devourer of all that is mortal was brilliantly presented by James 
Barrie in his Peter Pan, with the crocodile who had swallowed a ticking clock 
chasing Captain Hook all about Neverland. 

‘No one yet has escaped the biological decay processes of time, and inanimate 
objects are no less immune to this aspect of time. Logs and cigarettes burn in the 
stove and ashtray, but they never unburn, Qur cars rust but never ‘unrust." An 
explosion has never been seen to reverse itself, to form a dynamite stick or a bomb 
casing out of a collapsing fireball. Our world seems, indeed, literally to be built on 
an irreversible movement toward chaos, death, and decay. Lewis Carroll uses this 
observation in his Through the Looking-Glass when Alice tells Humpty Dumpty 
“one can't help growing older.” And speaking of Humpty Dumpty. his famous fall 
provides a dramatic example of a one-way evolution from past to future; he wasn't 
‘at all convinced that Alice was correct but, once he had splattered, then 


All the King’s horses and all the King's men 
Couldn't put Humpty Dumpty together again. 


While we are on the subject of Mr. Dumpty, it is also worthwhile to note that 
nobody has ever figured out how to unscramble an egg. Why is that? One philos- 
‘opher speculated that the answer is found in the “irreversible organic phenomena” 
taking place in our brains which results in our flow of consciousness always being 
in the same direction.”* 

More subtle than the undignified undoing of a prideful egg is the phenomenon of 
memory, which seems trivial only because most people have not thought very 
carefully about it, We remember the past while remembering nothing about the 
future. We might, in fact, be tempted to use the phenomenon of memory to answer 
the question of how to tll past from future, Anything you can remember is the past. 
But that is circular definition, as discussed by Professor Smart (note 4) who 
‘observed that to ask why memory is always of the past “is as foolish as to ask why 
uncles are always male, never female.” In Through the Looking-Glass the White 
Queen tells Alice that “it's a poor sort of memory that only works backward” but, 
except for the claims of clairvoyants, it seems that is the only sort of memory any of 
us has. Why is that so? OF course, that would not be the case for a time traveler 
while in the past. His personal past, which he would remember, would be the future 
for the world around him, 

For physicists, the question of the direction of time is one of profound mystery. 
‘There seems, in fact, to be no fundamental reason why time should not be able to go 
from future to past—but then what would ‘future’ and ‘past’ mean—even though no 
‘one has ever observed time to do so. All the laws of classical physics, including 
general relativity, and quantum mechanics, 100 (except for the K-mesons mentioned 
in Chap. 1) involve time in such a way that they ignore its sign. In other words, 
replacing ¢ with —r results in a perfectly valid description of something that could 
actually happen, But not all such possibilities are observed to occur. Why not? 


=H, Margenau, “Can Time Flow Backwards?" Philosophy of Science, April 1954, pp. 79-92. 
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In an unpublished paper written in 1949, while doing the work that would bring 
hhim a share of the 1965 Nobel prize in physics, Richard Feynman (1918-1988) 
wrote” “The relation of time in physics to that of gross experience has suffered 
many changes in the history of physics. The obvious difference of past and future 
does not appear in physical time for microscopic events ... Einstein discovered that 
the present is not the same for all people [the relativity of simultaneity, to be 
discussed later in this chapter] ... It may prove useful in physics to consider events 
in ll of time at once and to imagine that we at each instant are only aware of those 
that lie behind us. The complete relation of this concept of physical time to the time 
of experience and causality is a physical problem which has not been worked out in 
detail. It may be that more problems and difficulties are produced than are solved by 
such a point of view.” 

Feynman did not elaborate on what he meant by the “problems and difficulties” 
with that point of view (which is clearly that of the block universe), but surely he 
had the logical paradoxes of time travel high on his list. As the Yale philosopher 
Henry Margenau wrote (note 25) in a tutorial on Feynman's work, “The theory of 
quantum electrodynamics developed by Feynman incorporates reversals in the 
course of time and thereby cherishes, in the minds of many, an age-old phantasy 
[my emphasis] of more than scientific appeal [which sounds like time travel to 
me]. 

Because the individual classical equations of microscopic physics are time- 
reversible, the distinction between past and future for individual particles disap- 
pears. The equations are said to be symmetric with respect to time; the algebraic 
sign of ris irrelevant inthe classical laws. It must be understood, however, that there 
isa crucial point to appreciate. When a physicist says time reversal, she is talking 
about a system evolving backward in forward time—that is, all the individual 
particle velocity vectors are instantly reversed at once. This is distinct from the 
time-reversed worlds of philosophers and science fiction writers (which we'll get 
into later in this chapter) in which time itself ‘runs backwards,” The physicist’s point 
of view is clearly expressed in an early essay by a chemist: “Every equation and 
every explanation used in physics must be compatible with the symmetry of time. 
‘Thus we can no longer regard effect as subsequent to cause. If we think of the 
present as pushed into existence by the past, we must in precisely the same sense 
think of it pulled into existence by the future.”"” More than three decades later, a 
mathematician and a physicist presented a similar statement; “In classical dynam- 
ies, the past completely determines the present, and therefore, by symmetry, the 
future also completely determines the present."=* 


S.S. Schweber, “Feynman andthe Visualization of Space-Time Processes." Reviews of Modern 
loses, Apel 1986, pp. 39-508 
YG.N. Lewis, “The Symmetry af Time in Physics” Science, June 6, 1930, pp. $69-577 
Penrose and LC. Percival, “The Direction of Time,” Proceedings of the Physical Society 
(London) March 1962, p. 608-616. 
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Besides the physics, there is also an interesting theological connection to time 
reversal. As one philosopher put it, “If all the laws are time reversal invariant and so 
no inteversible processes occur in the physical Universe then there is no inherent, 
intrinsically meaningful difference between past and future... I'this is actually the 
natural case, then all mankind's major religions which preach a creation of the 
Universe (by a supernatural agency) and imply, accordingly, a differentiation 
between the past and the future ... would have to make appropriate adjustments." 

‘There are, as you might expect on such a controversial topic, dissenters to the 
view that the classical laws of physies are necessarily time-reversible. Dirac himself 
‘wrote that “I do not believe there is any need for physical laws to be invariant under 
time and space reflections, although all the exact laws of nature so far known do 
have this invariance." Dirac did not, unfortunately, elaborate on just why he felt 
that way, but with the later discovery of K-mesons his position is seen to have been 
‘ahead of its time"! In a famous science fiction story™ dealing with the direction of 
time, one character finally puts his finger on the real puzzle of the question of time: 
“How can a man live backward? You might as well ask the Universe to run in 
reverse entropy.” That cogent question brings us, in fact, to the first scientific 
explanation developed to explain the observed asymmetric nature of time. 

It was the Englishman A. S. Eddington (1882-1944) who gave the picturesque 
‘name, the arrow of time, to the observed asymmetric nature of time's direction from 
past to future. He was also one of the popularizers of an explanation for the arrow, 
using the famous second law of thermodynamics."* The second law of thermody- 
‘namics states that a measure of the internal randomness or disorder—what is called 
the entropy—of any closed system (that is, one free of external influences) contin- 
ually evolves toward that of maximum disorder, toward the condition called 
thermodynamic equilibrium. Indeed, so striking is this increase in entropy $ with 
time in a macroscopically large system that the increase in entropy has come to be 
thought of as actually defining the direction of time. Eddington, however, was not 
the originator of the entropy concept. The history of entropy can be traced back to 
before the turn of the century, to the great Austrian scientist Ludwig Boltzmann 
(1844-1906) and his famous #-theorem. The quantity HY in that theorem is directly 
related to the more familiar entropy," defined by Boltzmann in 1877. 


SH, Mehlberg, “Philosophical Aspects of Physical Time,” in Basie fssues in the Philosophy of 
Time (B. Freeman and W. Sellars, editors), Open Court 1971 

*P. A.M. Dirac, “Forms of Relativistic Dynamics," Reviews of Madern Piysics, July 1949, 
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*'A, Boucher, “The Chronokinesis of Jonathan Hull," Astounding Science Fiction, June 1946. 

5. Euington, The Nature ofthe Physical World, Macmillan 1929. 

"The Htheorem was a direct continuation of the work by the Scotish physicist ames Clerk 
Maxwell (1831-1879) on the statistical properties of gos molecules (detemining the probability 
density function of the molecules’ speeds). ln 1866 Maxwell found this fnction forthe particular 
case of thermodynamic equilitriam. In 1872 Boltzmann found the diferemial-integral equation 
the Function satisfies in general ven ifthe conlion of thermodynamic equilibrium does hold 
From this Boltzmann was able to define « quantity H that he showed evolves in time such that 
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‘The entropy 5 of a system in a given state is proportional to W, which is the 
umber of different possible ways the state can occur as a result of all possible 
variations of system's internal, microscopic structure. The calculation of W is 
usually quite complicated, but in various highly idealized systems it can be 
straightforward. Consider, for example, a vacuum cylinder with a thin membrane 
dividing the interior into halves. Suppose that we insert (to be specific) six 
‘molecules into the left half of the cylinder (and none into the right half). IF we 
define the microscopic state of the system to be the number of molecules in the left 
half, then initially W = 1 because there is just one way to put all six molecules on 
the left side. This represents the state of minimum entropy, the state of maximum 
‘order that is most distant from thermodynamic equilibrium. If we now puncture the 
‘membrane then the molecules, once confined to the left side, are free to move about 
the entire cylinder. At any given instant we can imagine counting the number of 
‘molecules on the left side—suppose that at some particular instant we count five, 
with one molecule having moved to the right side. Then, W = 6, because there are 
six ways to pick the molecule that has moved from left to right, and so the entropy 
thas increased, 

‘We think of the thermodynamic equilibrium state as being the state with equal 
‘numbers of molecules in both halves ofthe cylinder, and that state has the maximum 
entropy. (Can you show that this state is associated with W’ = 202) With such a 
small number of molecules, itis not clear that W (and so S) will inexorably increase 
with time; pethaps, after one of the six molecules has gone to the right, it then 
returns to the left side before any of its companions have joined it on the right. Such 
an event is called a reversal, and it will happen with some non-zero probability. But 
the more molecules there are in the cylinder (instead of six, make the number a 
zillion million million—still a small amount of gas in our everyday world, hardly 
enough to fill a sewing thimble), the more likely it becomes that the value of $ will 
‘monotonically increase with time. 

‘The steady increase in entropy is often observed in the everyday, large-scale 
world. A drop of ink in a glass of water spreads out in an expanding cloud, a cloud 
we never see collapse backward into an ink drop. A long rod of metal, initially 
hotter at one end than at the other, evolves toward a constant temperature along its 
entire length. We never see a uniformly warm rod spontaneously begin to cool at 
‘one end and grow hot at the other. A hot bath grows cold—nobody has ever seen a 
bath at room temperature suddenly, all by itself, begin to heat up and then boil in 
the middle of the tub while the edges freeze into ice chunks. In ll of these cases, the 
end (future) state represents greater internal randomness or disorder than does the 
beginning (past) state. 


Solution to his diferential-integral equation approaches Maxwell's equilibrium solution. The 
Hatbeorem says that H always decreases in systems not in equilibrium and is a a minimum in 
systems in equilibrium, 
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Fig. 32. Simulation ofthe Ebrenfest entropic gas clock 


‘That is, low entropy was the past, and high entropy will be the future. The 
increase in entropy seems to define a direction to time, and so entropy has come to 
be called the thermodynamic arrow of time. 

‘The first formal entropy model for the direction of time was put forth in a 1907 
paper by the Austrian physicist Paul Ehrenfest (1880-1933) who was a friend of 
Einstein, and his Russian-bom wife Tatyana (1880-1964), who was a skilled 
mathematician and her husband's occasional collaborator. In their paper the 
Ehrenfests developed one of the mainstays of physics, the so-called entropic 
clock. This clock, a statistical model based on the then new probability mathematics 
‘of Markov chains—after the Russian mathematician A. A. Markov (1856-1922)— 
describes how gases diffuse, and it is both a simple and a powerful concept. The 
Ehrenfest model is illustrated in Fig. 3.2, in a computer-generated plot based on a 
discussion by Princeton physicist John Wheeler of black hole fame (see Chap. 1).* 

Imagine two urns, I and II, each containing 1 balls. Initially, at time 1 = 0, all of 
the balls in Urn Tare black and all ofthe balls in Urn Il are white. Then, at time ¢= 1 
(in arbitrary units), a ball is selected at random from each um and (instantaneously) 
placed in the other urn. This select-and-transfer process is repeated at times ¢ = 2, 


5), A. Wheeler, “Frontiers of Time,” in Problems inthe Foundations of Pysics (G.T.diPrancia, 
editor, Proceedings ofthe International School of Physics (Course 72), Nomh-Holland 1979. See 
also W. J. Cocke, "Statistical Time Symmetry and Two-Time Boundary Conditions in Physics and 
Cosmology.” Physical Review, August 25, 1967, pp. 1165-1170. 
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3,4,.... Atany given time each urn always contains balls, but only at ‘= 0 are 
the colors of all the balls ina given urn necessarily the same. The phrase “selected at 
random’ means (for example) that the probability of selecting a black ball from an 
urn containing b black balls is bin, At any given time we completely describe the 
state of both urns by specifying the number of black balls in Um I (or the number of 
white balls in Urn Il, and so on). It is easy to write a computer simulation of this 
physical process,”* and Fig. 3.2 shows how the fraction of black balls in Urn I 
evolves toward 0.5 as time increases. The plot is for n = 100 (200 balls total). The 
important observations are that (1) the evolution of the state of the system is toward 
'50 % black balls in Urn I (and this would be the case for ‘almost all’ sequences of 
random selections of the balls from the urns), and (2) the evolution is not mono- 
tonically decreasing from 100 % black balls to 50 % black balls, but rather has 
never-ending fluctuations about 50 % that may, in fact, be rather large in both 
‘amplitude and in duration, 

‘There is a real puzzle with the entropic clock that may not be immediately 
apparent. The motion of each of the individual molecules is described by time- 
reversible physics, but when we average over ‘many" molecules (assuming 200 mol- 
cules is ‘many") we lose detailed information about the individual molecules. The 
puzzle is then how is it that by reducing our knowledge of a system, through 
statistical averaging, we then find it displaying a new property, that of asymmetric 
time evolution, that we didn’t see before when we watched the individual mole- 
cules. And if that question isn’t troublesome enough, we also have two additional 
puzzles called the ‘reversibility’ and the ‘recurrence’ paradoxes to consider as well 

‘The reversibility paradox is the question raised earlier: the classical equations of 
physics work just as well with time running in either direction, and so why don’t 
things actually go “backward”? This question, originally raised by the British 
mathematical physicist and engineer William Thomson (1824-1907)—better 
known as Lord Kelvin—in 1874, was brought to Boltzmann's attention in 1876 
by the German physical chemist Johann Loschmidt (1821-1895), one of 
Boltzmann's professors at the University of Vienna. Boltzmann's answer to this 
‘apparent paradox was that it is imaginable that a world could run backward if initial 
conditions were suitable. For example, ifall the velocity vectors of every particle in 
an equilibrium state were reversed, then the system would unwind backward in time 
toward its original non-equilibrium condition. That is, a system in thermodynamic 
equilibrium, the state of highest entropy, could evolve toward one of low entropy. 
Boltzmann even suggested that such might be the case for regions in our own 
universe, that there might actually be beings in a world somewhere ‘out there’ who 


[used MATLAB, and you can find the code —gaselock.m— in Appendix C, writen in such a 
low-level way as to be Virtslly 100% transferable wo just about any of the popular scenic 
‘programming languages, and easily executed on an inexpensive laptop. Note that thee are no 
K-mevons in the code (!) and s0, as stated in Chapter 1, they aren't responsible for the 
‘uiedzectional ine behavior depicted in the igure. 
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experience time running counter to our earthly experience. He said that in 1877, and 
it is a remarkable statement for a conservative nineteemth-century professor." 
However, Boltzmann continued, from most given states there are vastly more 
\ways for entropy to increase than there are for it to decrease, and that is why we 
see what we see, a continuous increase in entropy." 

To find a science fiction wrter speculating on reversed time people is, of course, 
much less remarkable! One pulp story. in fact, presents a curious treatment of the 
‘nuances of reversed time in which people talk backward (along with a marvelous 
bathroom scene of a man un-washing his hands!). This tale™ tells us a young 
physics teacher who is “twisted into a reversed Time Stream” by an electrical 
discharge. As he lives backward in time, he observes everybody about him 
appearing to run in reverse, but even more puzzling is that they have developed a 
“dreadful, granite-like hardiness.” We soon learn why: 

“For a while he could not understand the impenetrable hardness of external 
objects which he had experienced; it seemed they ought rather to be of intangible 
transiency, much as a dream, since he was re-viewing the Past. But a moment's 
thought gave him the logical answer. The Pastis definite, shaped, unalterable, as, 
nothing else in Creation is. Therefore, to argue that he could move or alter any 
object here [the past} was to argue that he could change the whole history of the 
world or cosmos. Everything he saw about him had happened, and could not be 
changed in any way. On the other hand, he was fluid, movable, alterabe, since his 
future still lay before him, even if it had been reversed; he was the intruder, the 
anomaly. In any clash between himself and the Past, the Past would prove irresist- 
ible every time, 

This passage reflects the modem view that the past cannot be changed, but 
explains that view in a way different from that generally accepted today. Modern 
physicists and philosophers invoke consistency requirements (Which we'll take up 
inthe next chapter) to explain the ‘solidity’ of the past. The author of this story also 
failed to explain why his physics teacher had no trouble moving about through the 
air of the past, which apparently is not any more resistant to being displaced than 
were air molecules before time reversal occurred 


“The Austian-Brtsh philosopher Karl Popper (1902-1994) called Boltzmann's willingness to 
consider the posiility tha different regions ofthe universe could have different directions of time 
“staggering in its boldness and beauty,” but when on to sy that Boltzmann must be wrong because 
it brands unidirectional change an illusion [which] makes the catastrophe of Hiroshima an 
ilusion” That is an emotional argument, of course, and although one of great power. {fail to 
sce how it is related to physics. See Volume t of The Philosophy of Karl Popper (P. A. Seblipp, 
calor), Open Coust 1974, pp. 127-128 

For more on Boltzmann's views on entropy. see the end of his letter“On Certain Questions ofthe 
‘Theory of Gases." Narre, February 28, 1895, pp. 413-415, 

C.F Hall, “The Man Who Lived Backwards,” Tales of Wonder, Summer 1938. The modern 
classic of a time-reversed wor! is Philip K. Dick's 1967 novel Counter-Clack World. We'll 
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It didn’t take long for science fiction writers to incorporate entropy as time's 
‘arrow into time travel. In one early tale there is the brief statement that entropy is 
behind the operation of its gadget.” And a few years later the inventor of a “warp 
gun” tells us that “The stupendous distortion of the warp may actually bring about a 
sort of kink in spacetime, and result in a reversal of entropy"*” and, sure enough, 
when the gun is fired a woman, who is hit by the warp, ages 70 years in seconds 
(which is, of course, exactly the opposite of what we would expect from a “reversal 
of entropy"). Justa year later, the story of a college student about to flunk his senior 
physics course appeared. ! An examination is scheduled for the following day, but 
he needs a week and a half of study time. To his rescue comes ENTROPY, INC.,4 
company that sells time by placing its clients inside a “time-cabinet” in which the 
local entropy is greatly accelerated. To someone looking through a window at the 
interior of the time-cabinet, the occupants would appear as characters in a speeded- 
up movie. Referring to Eddington by name, the author tells us that “entropy is what 
makes time irreversible — is what gives us the feeling of the flow of time." 

In a hilarious, melodramatic story featuring one of early science fiction’s 
stereotypical ‘mad scientists,” the entropic arrow of time is the scientific explana- 
tion for time travel."" There we read of Bryce Field, “a master-scientist, a demon, 
ccuel, ruthless,” who is rejected in love by the stupendously beautiful Lucy 
Grantham, Her lack of enthusiasm is perhaps understandable, as Bryce is described 
as having “a lean-jawed, sunken-eyed” appearance, along with “lank, untidy hair 
sprawled across his massive forehead.” As Lucy tells him at one point, “I could 
never love you; you are too clever, too brilliantly scientific.” After hearing that, itis 
ro surprise that before we are more than a page or two into the tale that we learn 
Bryce has Lucy strapped to a steel table in an underground laboratory-in-a-cave. 
‘There he tells her of her fate: “You are going on a long journey, my dear. So long a 
journey that even I, master-scientist, do not know when it will end. A journey into 
the future — alone! ... You, Lucy, shall be the victim of entropy! ... I have 
discovered how to make a [globe] of non-time. Entropy will be halted ... You will 
be plunged into an eternal ‘now."” 

‘And so the mad Doctor Field throws the switch on the wall of his “instrument- 
litered” cave on July 17, 1941, and Lucy remains “suspended” in time until the 
outside world reaches the date of August 9, 2450. That is the day she is at last 
dug-up from the cave by “big and muscular” engineer Clem Bradley and his 
“square-jawed” sidekick Buck Cardew, who uses a “warp in spacetime” to release 
Lucy from her “globe of non-time.” 


MCI. Breuer. “The Time Valve." Wonder Stories, July 1930. 

“°F. B, Long, “Temporary Warp.” Astounding Stories, August 1937, 

“RM. Fare Stories, August 1938. 
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‘A few years later entropy was used in a similar but vastly more ‘scientific’ way. 
In that tale we read of a scientist who has discovered “afield in which entropy was 
held level.” As the reader is told, “An object in such afield could not experience any 
time flow — for it, time would not exist,” since time flow is a change in entropy, 
and the ‘change’ of a level (or constant) field is zero. This interesting tale speculates 
‘on how such a field could have fantastic home uses (“Imagine cooking a chicken 
dinner, putting it inthe field, and taking it out piping hot whenever needed, maybe 
twenty years hence!”), But its real use in the story is as a stasis generator for 
preserving fatally ill people until medical science has learned how to cure their 
diseases. This is, then, a high-tech method of suspended animation, of time travel 
into the future that is different from simply freezing (a clock in such a field would 
not age or measure the passage of personal time). 

‘The gadget that does allthis is called, somewhat sinisterly, the “Crypt,” which 
Wwe are told also makes a great bomb shelter, too, because “not even an atom bomb 
could penetrate stasis field.” The reason for that is intriguing: “The field requires a 
finite time in which to collapse — only there is no time in it." The interior of the 
Crypt is, quite literally, a frozen block of time more rigid and unyielding than the 
strongest steel. 

‘As science fiction let the age of pulps and moved into the modem era, entropy 
continued to be useful a justification for time travel. Arthur C. Clarke used it" as 
did Robert Silverberg. This last tale“ is particularly interesting, as Silverberg 
pursued entropy beyond simply invoking it as a mere casual throwaway mention. 
When a newspaper from the future appears on people's doorsteps, the initial 
astonishment is replaced with puzzlement as the papers rapidly disintegrate. That 
isthe result (we are told) of “entropic creep.” The explanation continues, informing 
us that it is sort of like a strain in a geological fault (Silverberg has lived for decades 
in California, now and then a place of large to huge earthquakes, and it isn't 
surprising that he uses this particular imagery): “Entropy you know is the natural 
tendency of everything in nature to come apart at the seams as time goes along. 
‘These newspapers must be subject to unusually strong entropic strains because of 
their anomalous position out of their proper place in time.” 

Earlier I mentioned we had two puzzles associated with entropy: we've 
discussed ‘reversibility,’ so what's the other one, the “recurrence paradox,” all 
about? The recurrence paradox is quite different from reversibility: itis based on 
a result established in 1890 by the great French mathematician Henri Poincaré 
(1854-1912). Motivated by the question of the stability of the motion of three 
‘masses governed by Newton's laws of mechanics (think, for example, of the Sun, 
the Earth, and the Moon), Poincaré showed that starting from almost any initial 
state, any fixed volume system with a finite amount of energy and finite number of 


SP, Anderson, “Time Heals." Astounding Science Fiction, October 1949. 


“Jn, for example, his story ofthe tragic end of a geologist ft millon years in the past: “Time's 
Arrow," Seience Fanasy, Summer 1950, 


“hat We Learned from This Moming's Newspaper,” Infinity 4, November 1972 


rey 3. The Physics of Time Travel: Part L 


degrees of freedom will return infinitely often and with arbitrarily little deviation to 
almost every previous state. If you wait long enough, implies Poincaré’s astonish 
ing theorem, Pearl Harbor will happen again—and again, and again, and .... In 
1896 the German mathematician Ernst Zermelo (1871-1953) used this result, 
Which philosophers call the ‘eternal return,” to claim that there could be no truly 
inreversible processes and thereby cast doubt on the idea that entropy always and 
inexorably increases. 

Even for very small systems, however, such as a mere handful of molecules, the 
recurrence time is extremely large, and this was. in essence, Boltzmann's reply to 
Zermelo's concern, For example, ifthe gas-filled cylinder of our entropic clack has 
just 100 molecules (not the six used in the earlier example), and if transitions from 
‘one side of the cylinder to the other side take place at the rate of one million per 
second, then the recurrence time has been calculated tobe something like 30 milion 
billion years” And for the universe itself, the recurrence time is simply incom- 
prehensible. Mathematicians call | followed by a hundred zeros a googol, and the 
recurrence time in years for the universe has been estimated to be | followed by a 
g00g01 of zeros (a so-called googolplex of years). 

Using a wonderful bit of imagery, one analyst wrote of the enormity of the 
recurrence time of a system considerably less complex than the universe this way 
“If a man shuffled just a single pack of cards as rapidly as an individual molecule 
hits other molecules in air, and if a snail started to crawl around the universe ... at 
the rate of one centimeter during the life of the sidereal system [my emphasis], the 
snail would have got round the universe many millions of times before it would 
become at all likely that the man would have got the pack back to the original 
order." IF this is what it takes to geta pack of cards back to its initial state, then try 
to conceive ofthe time interval required to restore the world to December 7, 1941." 

The notion of eternal recurrence considerably predates Poincaré, and its scien 
tific (as opposed to astrological) study can be traced back to the fourteenth cen- 
tury." A ‘more recent’ claim for etemal recurrence, also based on scientific 
arguments (conservation of energy), can be found in many places in the writings 
of the German philosopher Friedrich Nietzsche (1844-1900) —see, for example, his 
The Gay Science (1882) and Thus Spake Zarathustra (1883)—again predating 
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Poincaré. All of Nietzsche's arguments are flawed,” bat they are rational, physical 
arguments, as opposed to arguments based on metaphysics or theology. In fiction, a 
glimmer of the idea of a repetition of human affairs preceded Poincaré by some 
years, to0.** 

‘An important caveat concerning recurrence is that we could never know of it 
because the state of all the historical records (geological, memories, books, photo- 
‘graphs, and so on) would, as part of the physical state of the universe, also recur. 
‘And s0 those records could, up to the instant before the recurrence, contain no 
signature of the recurrence because the recurrence has not ‘yet’ happened! The 
1993 movie Groundhog Day stumbles on this point, as it has a character (for some 
unexplained reason) live through the same day over-and-over and he is aware he is 
doing that. Indeed, he can change events within that time loop_at will. It is 
interesting to note that one ‘time loop’ pulp science fiction tale" specitically 
avoided that error (and cited Nietzsche, to boot), and so demonstrated that pulp 
science fiction could have some philosophical merit to it. 

‘While the enormous recurrence time for the universe may seem reason enough to 
reject the possibility of Pearl Harbor repeating, there are more fundamental reasons 
for such a rejection, For example, an expanding universe, such as the one we live in, 
violates the Poincaré theorem’s assumed condition of a fixed volume system. As 
Professor Eddington put it in a 1934 lecture at Cornell University, “In an expanding 
space any particular congruence becomes more and more improbable. The expan- 
sion of the Universe creates new possibilities of distribution faster than the atoms 
can work through them, and there is no longer any likelihood of a particular 
distribution being repeated. If we continue shuffling a pack of cards we are bound 
sometime to bring them into their standard form — but not ifthe conditions are that 
every morning one more card is added to the pack."** 

‘An even more direct way to escape Poincaré's theorem is to use a result from 
general relativity. Using Einstein's theory instead of the classical dynamics that 
Poincaré used, it has been shown (by Frank Tipler, the inventor of the rotating 
cylinder time machine spacetime that was mentioned in the previous chapters and 
which we'll revisit later in the book) that the recurrence theorem is simply no longer 
true.”” As Tipler wrote, “In general relativity, singularities imtervene to prevent 
recurrence. General relativistic Universes are thought to begin and end in singular- 
ities of infinite spacetime curvature [the Big Bang and the Big Crunch, 
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respectively', and these singularities force time in general relativity to be linear 
rather than cyclic.” A twist to this, however, is that in his analysis Tipler assumed 
that gravity is alway’ attractive, and thatthe spacetime satisfies a special condition 
(called the Cauchy condition that we'll take-up later) that avoids backward causa- 
tion, The first assumption is violated in wormhole time machine spacetimes, 
though, and the second is by definition violated in any spacetime that supports 
time travel! So, who knows ....? 

Despite all of the previous discussion itis nor true thatthe evolution of a system 
from past to future is always accompanied by an increase in entropy —that is, by an 
inreversible increase in some measure of the system's “disorder.” Yes, it can be 
calculated that entropy is very likely to monotonically increase in systems of 
‘macroscopic size, but that is not the same as certainty, There can be fluctuations 
in the thermodynamic evolution of a system so as to have, at least for a while, a 
decrease in entropy (take another look at Fig. 3.2). All we can say, for sure, is that 
for macroscopically sized systems even very small fluctuations in increasing 
entropy are most improbable. To quote no less an authority than the combined 
genius of Gilbert and Sullivan (from their opera H. M.S. Pinafore), here's what we 
can honestly say of the possibility of failure in the supposed inexorable increase of 
entropy: “What, never?/No, never!/What, never?/Well, hardly ever.” Still, for 
physicists, entropy is just too useful a concept fo give up even though it does not 
‘always inerease with increasing time for an isolated system. 

Love it though they may, there are some puzzling aspects to entropy for 
physicists that remain to this day. For example, the idea that the universe began 
in some sort of Big Bang process 15 billion years or so ago isthe generally accepted 
view today. The puzzle ofthat event, one that has been described as literally being a 
“fireball explosion,’ is that it must have been fantastically hot. This means that atthe 
beginning (of everything) there was complete thermodynamic disorder, which from 
our earlier discussion means maximum entropy. Thus, we immediately have the 
question of how can the entropy ofthe universe be continuously increasing ifit was, 
as large as possible right from the start 

One possible answer is that the proper model of the universe to use is the 
so-called inflationary universe. The inflationary model has a very high expansion 
rate forthe early universe, much higher than the rae in the standard hot Big Bang 
model. Inthe standard model, the entropy puzzle occurs because of the ability of all 
particle processes to readjust rapidly to the ever-changing state of the universe; the 
so-called relaxation times of all particle processes were short compared to the 
expansion rate of the universe, That means that the actual entropy of the universe 
would, indeed, be the maximum possible at every instant (and so we have the 
entropy puzzle). Inthe inflationary model, however, the expansion rate of the early 
universe was temporarily so high that the relaxation times of particle processes 


thas been estimated that over the next 10" years the entropy ofthe universe will increase by a 
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were very long compared to the expansion rate. That means the maximum possible 
entropy of the universe, at every instant, would greatly exceed the actual entropy. 
‘This ‘entropy gap’ is the cause, then, of the thermodynamic arrow of time, as the 
universe tries to ‘catch-up” and reduce the resulting entropy deficiency. 

‘There is also a philosophical problem with associating increasing entropy with 
the flow of time from the past into the future. Events in the past leave traces, 
artifacts taken to be ordered states—or at least more ordered than are their imme- 
diate surroundings. The classic example of this is a footprint in the sand, which is 
clearly a highly organized structure compared to the surrounding sandy beach. The 
footprint is the trace of a past event; such a trace was all the evidence, for example, 
that Robinson Crusoe needed to conclude that another human had walked that way. 
But now consider this famous counter-example,” that of a bombed city. Certainly 
there are traces aplenty of past bombing, and in fact one has to be careful not to tip 
over or to fall into them! The puzzle, of course, is in trying to argue that random 
bomb craters, strewn rubble, and crushed buildings, somehow constitute a more 
organized state (a “footprint’) than did the original city and its surrounding 
undamaged arcas. This fuzziness was captured by one physicist who asked “If it 
were found that the entropy of the universe were decreasing, would one say that 
time was flowing backward, or would one say that it isa law of nature that entropy 
decreases with time?" 

For another example of the fuzziness of the relationship between entropy and 
time, consider the situation” of a cloud of non-colliding particles all initially 
moving toward each other. At first the radius of the smallest sphere that contains 
the cloud decreases with time but, eventually, as the particles move past another. 
the radius will grow without bound. Indeed, that inexorable increase of the radius 
could be taken as defining the direction of time that points toward the future. But in 
\what sense is the disorder of the particle cloud increasing? After all, as the cloud 
expands it ‘looks the same” at all times; only its scale (radius) changes. What has 
entropy to do with this expanding-into-the-future cloud? Perhaps nothing. Perhaps 
what is need is a new arrow of time, 

So far we have looked in some detail at two arrows of time: the subjective, 
psychological feeling we have of time ‘flowing,’ which has no explanation in 
physics, and the thermodynamic, statistical quantity of entropy. A third arrow is 
the so-called cosmological arrow of the expansion of the universe. This arrow is not 
nearly as obvious as the first two. Only in the last century (since the 1920s), as a 
result of the American astronomer Edwin Hubble (1889-1953), has science become 
‘aware that the universe is expanding, An interesting speculation about the thermo- 
dynamic and cosmological arrows, one made numerous times, is that if the cosmo- 
logical arrow should ever reverse—that is, if the universe should ever begin to 
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contract toward a Big Crunch—then the thermodynamic arrow would also 
reverse.” The reasoning is that the thermodynamic arrow follows the cosmological 
‘arrow in an expanding universe because that universe can continually ‘swallow-up" 
ever more electromagnetic radiation as itis produced by any physical process. Ifthe 
thermodynamic arrow continues to follow the direction of the cosmological arrow 
during contraction, then the thermodynamic arrow would also reverse direction. 

‘The usual objection to that suggestion is straightforward. Ifthe direction of time 
did reverse, then we would see (so goes this argument) all sorts of odd events that 
would require enormously improbable physics, such as a shattered glass mirror 
reassembling itself. The error in that objection is subtle but equally simple. Jr 
presupposes the retarded causality of our expanding universe. In a contracting 
universe with a reversed thermodynamic arrow of time, however, there would be 
advanced causality, and thus there would be nothing at all improbable about such 
doings as self-assembling mirrors. As two physicists observed, “The mere reversal 
of the cosmological expansion will not of itself serve to reverse the direction of 
thermodynamic and electrodynamic processes, any more than the compression 
phase of a piston-and-cylinder cycle in a heat engine serves to reduce the entropy 
of the confined gas.”"* 

‘Those same physicists go on to then mention Stephen Hawking’s interest in the 
relationships among the various temporal arrows. At one time Hawking thought” 
he had discovered a connection between the thermodynamic and cosmological 
arrows, but then later abandoned that claim.°* Hawking, in fact, has labeled his 
original claim “my greatest mistake in science,” and has quite openly (and most 
centertainingly!) discussed his interest in the arrows of time." Indeed, it was to be 
the subject of his doctoral dissertation but, as he wrote, “I ... needed something 
more definite, and less airy fairy than the arrow of time, for my PhD, and I therefore 
switched to singularities and black holes, They were a lot easier.” 

Yet another arrow of time is the electromagnetic arrow, which refers to the fact 
that radio waves are observed to only propagate into the future, and never into the 
past. This is a mysterious fact, because Maxwell’s equations for the electromag- 
netic field, like all the other laws of physics, have no intrinsic time sense. The 
electromagnetic arrow will be discussed in some detail in Chap. 4. 
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‘Time as we know itis not universally absolute. The sate of its passage depends toa great 
extent upon the velocity of its observer with egard lo some certain reference system, A 
‘moving clock will tn slower with espect to a selected coordinate system than a stationary 


—an carly science fiction time traveler explains how his time machine works" 


In this section I'l set the stage for the scientific basis of time travel to the future, 
as well as for time travel to the past via the warped spacetime called a wormhole. 
We start by imagining two horizontal, parallel mirrors, one positioned over the 
other and separated by distance d. The two mirrors are in the same frame of 
reference with an Observer, that is, the Observer is looking at two mirrors that 
are stationary with respect to him. Between the two mirrors we further imagine that 
‘particle of light, a photon, is bouncing endlessly back and forth, up and down, in 
relentless reflection. This simple system is called a photon clock, or the Einstein- 
Langevin clock, after the French physicist Paul Langevin (1872-1946), and it has 
been part of physics for decades. We define the time required for the photon to 
travel from one mirror to the other as a tick in time, and so the return trip defines the 
clock’s tock. The rate of timekeeping measured by the Observer, the time interval 
separating consecutive ticks, is obviously then given by 


where © is the speed of light. 

Suppose we next imagine that the Observer and the photon clock move at 
constant speed v to the right across our line-of-sight. That is, we remain in the 
criginal frame while the photon clack and the Observer are now moving at speed 
v relative to us. This means the photon clock is in a different frame of reference 
from ours and so we do not see the photon bouncing up and down vertically, but 
rather we see the photon tracing out the triangular path shown in Fig. 3.3 

‘Around trip of the photon evidently now requires more time than before because 
the distance in the stationary frame (our frame) is greater than the round trip 
distance in the Observer's frame (moving with the photon clock, he still sees a 
round trip distance of ). In fact, ift is the time between consecutive ticks as seen by 
‘stationary viewer (us), then the round trip path length of the photon that we see is 
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Fig. 33. "The moving 
(elative to us) photon clock 


a 


and so 


This can be easily and quickly manipulated algebraically and combined with the 
earlier expression for #, the tick interval for an Observer in the same frame as the 
photon clock, to give the tick interval for the moving clock as measured by a 
Stationary viewer (us) 


t 


1 


vi-@ 
Notice that this reduces to #1" when y=0—that is, when the photon clock is 
stationary with respect to us. 

This last result isthe famous Einstein time dilation formula, which shows that 
12, and indeed that r= co when v = c. That is, to us the moving photon clock 
appears to run slow compared to clocks in our stationary frame of reference and, at 
the speed of light, time stands sil A curious anticipation of this association 
between light and timelessness can be found in a poem by the seventeenth-century 
poet Henry Vaughn who, in the opening wards to his “The World”—which 
appeared in 1650 as part of his Silex Scintillans (“Sparking Flint")—wrote 


“Lsaw Eternity the other night 
Like a great Ring of pure and endless light, 
All-calm, asi was bright, 

‘And round beneath it, Time in hours, days, years 
Driven by the spheres 

Like a vast shadow moved, in which the world 
‘Ad ll her train were hurled.” 


For v> che time dilation formula says hate becomes inusinary, an this sone reason for 
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A similar modification in the length of a moving object (measured in the 
direction of motion) occurs when v > 0, While an Observer moving with the object 
will measure its length to be L'a stationary viewer will ‘report it to be contracted 
to the length 


This effect is called the Lorensz-FitzGerald contraction.” For ‘everyday 
objects and speeds the contraction effect is an extremely small one. For example, 
for a low-altitude satellite 100 m long, moving at 18,000 miles per hour (that is, at 
v= 2.7 x 10-%c), the contraction is less than 4  10-* em, 

In the early days of science fiction the contraction effect was fascinating to 
readers, but authors often got it wrong. For example, in one story” of a runaway 
spaceship falling into the Sun, we read "When our racing [ship] was drawn from the 
Earth’s gravity and fell at ever increasing speed toward the Sun it soon approached 
the speed of light. As we fell faster and faster our length in the direction of the Sun 
progressed into nothingness. Then — it reached the speed of light — passed it. Now 
— mind you this — when the [ship] attained the speed of light it was of a minus 
length.” This author has managed to make four errors in three sentences! 

‘The same author botched the Lorentz-FitzGerald contraction again 5 years later, 
and added yet more errors to his growing list. In that tale” there is an episode of 
faster-than-light radio communication along with a lengthy, unfortunate disserta- 
tion that actually denies special relativity’s fundamental assertion that all inertial 
frames of references are indistinguishable from each other (two frames are inertial 
if they have no relative acceleration—I'll say more on this in the next section). And 
in yet another story’ of high-speed space travel the author has the contraction 
working in the wrong direction—as the rocket ship moves faster and faster it gets 
longer and longer. 

‘As bad as those errors are, first prize for mangling the laws of physies has to go to 
the story” of a near light-speed spaceship on its way to Alpha Centauri. The erew 
‘mutinies and puts the captain and first office ‘overboard’ (think Mutiny on the 
Bounty) with 6 months’ worth of provisions. This happens at mid-veyage, about 
2 light-years from both home and destination, so matters look grim. Indeed, the 
author tells his readers, several times, that things look very bad. But are they” With 
stated speed of 162,000 miles per second, the time dilation factor is slightly more 
than 2 and so, because the space boat is traveling at 0.87c, it will take a little more 
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‘Table 31. The Lorentz. 7 
FitzGerald time slowing 
factor 
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than 13 months of space boat time to complete the journey. If the men go on half- 
rations then it seems they could survive. 

There is, of course, the problem of slowing down so as to arrive at Alpha 
Centauri ata reasonable speed, but that issue is ignored in the story. Instead, our 
attention is directed to the much more dramatic concem of a faster-than-light planet 
(don't ask!) colliding with the space boat and carrying the castaways onwards 
toward their destination, When this happens we read that time runs backwards 
(Gor what really occurs at superluminal speeds, keep reading this chapter) and, 
finaly, in a repeat of an error I mentioned earlier, we are told that the Lorentz 
FitzGerald contraction is negative for v > ¢ 

‘The time-slowing (or size-shrinking) factor becomes pronounced only at values 
of y close to c.as shown in Table 3.1. For example, the last entry shows that a clock 
traveling at 99.99 % the speed of light will register the passage of | year while 
nearly 71 years pass on Earth. One science fiction writer got this dramatically 
\wrong, even though he actually reproduced the Lorentz-FitzGerald equation in his 
story.” At one point he writes of the near light-speed rocket ship that stars in the 
tale, “I it [the ship's speed] was as slow as ninety-four percent [of the speed of 
light] ... for every moment ticked by the clocks of the [ship] hundreds passed on 
earth.” In fact, the time dilation factor at that speed is ‘only" 2.93. 

‘One possible objection to time dilation is thatthe analysis done here has been for 
1 particular clock. How do we know that another clock, one using wheels and 
ppendulums, for example, instead of photons and mirrors, wouldn't be affected 
differently by motion? The answer comes from relativity itself, which says there 
is no way to detect uniform motion. If two clocks did behave differently, then this 
difference could be used as a motion detector. Since this is impossible within the 
framework of relativity, then all locks, no matter what the details of their intemal 


"LR, Hubbard, “To the Stars." Astounding Science Fiction, February and March 1950, 
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mechanisms may be (including the biological clocks of own bodies), must respond 
to motion just as does the photon clack.” 

Time dilation can also be caused by gravity (it appears in the 2014 movie 
JImerstellar), and that effect has been used to “construct” a time machine from a 
wormhole (to be discussed later). You can get a qualitative understanding of how 
that happens by imagining a massive body (massive, to have a really big gravita- 
tional field) in space, on the surface of which is a hot object. That object emits 
electromagnetic radiation and, though it isn't essential to the following argument, 
further imagine that the temperature of the object is sufficiently high that some of 
the radiation (emitted by the very atoms of the object isin the visibl-light portion 
of the spectrum. Now, from elementary quantum theory we can also think of the 
object's atoms as emitting photons (‘particles of light), each of energy hf, where 
‘his Planck’s constant and fis the frequency in hertz (what used to be called “cycles 
per second’). The higher the temperature, the higher the photon energy, and so the 
higher the frequency. In the visible spectrum, f is on the order of 10'° Hz, a 
frequency one billion times higher than commercial AM radio frequencies. 

The radiating atoms can be thought of as tiny clocks, with altemate half-cycles 
of radiation being ticks and the half-cycles in-between being the tocks. The passage 
of time on the surface of the massive body can be measured by these atomic clocks 
in the hot, radiating object. To a distant observer, however, as she receives the 
photons from the hot object, the passage of surface time on the massive body will 
appear to occur ata reduced rate when compared with the photons emitted by her 
‘own identically hot object (her ‘local’ clock). That's because the radiation that 
arrives at the distant observer has traversed a gravitational field (a journey some- 
times described as ‘climbing out ofa gravitational well’) and so is down-shifted in 
frequency toward the red end of the visible spectrum, This effect is called either the 
gravitational red shift or the gravitational time dilation effect (or even the Einstein 
Shift, because it was Einstein who predicted the effect in 1907). 

You can ‘understand’ this dilation effect as follows. One can crudely think of a 
photon emitted by the hot object as something like a rock thrown upward. AS the 
rock rises upward through the gravitational field, its ‘oral instantaneous energy is 
always constant, but the total, fixed energy is split between its Kinetic and potential 
energies in an ever changing way. That is, as the rock rises, its kinetic energy 
continually decreases (the rock slows down), whereas its potential energy contin- 
ually increases. A photon isnot a rock, however, and it certainly can’t slow down as 


‘Resistance to thie conclusion persisted for years. See, for example, the leter “Relativity and 
Radio-sctivty.” Namre, January 8, 1920, p. 468. The author of that letter wondered whether a 
clock based on radioactive decay might not somehow beat the “conspiracy” of moving clocks 
sunning slow compared to stationary ones. And ina letter to Science (December 7. 1962. p. 1180), 
reader objected to applying the laws of physics to biological systems, ist asserting incorrectly) 
that time dilation “his never been proved or disproved experimentally,” and then “there is no 
-knoven causal means by which greatly increased velocity could alter, without destroying the very 
biochemical basis ofthe life process, the metabolic changes which are responsible for the aging 
process.” 
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it rises through a gravitational field (it always moves at the speed of light because 
the photon is light). The only way a photon can give up energy to balance the ever 
increasing potential energy (physicists will cringe at this, but read on) is to decrease 
its frequency. Hence, the red shift as seen by a distant observer of the photon, who 
thus sees time running slow on the massive body. Fig. 3.4 shows the case for a clock 
‘on. a massive body, compared to a distant clock. Notice, carefully, the “direction of 
‘gravity,’ that is, the direction a small, unrestrained test mass will move. 

‘A gravitational red shift in the opposite direction is nicely described in the 
famous 1966 science fiction story “Neutron Star” by Larry Niven, There a space 
traveler zooms down into a neutron star's intense gravity field (at half the speed of 
light!), passing within one mile of the star’s surface. He reports what he observes in 
these dramatic words: “All around me were blue-white stars. Imagine light falling 
into a savagely steep gravitational well. It won't accelerate. Light can't move faster 
than light, But it can gain in energy by increasing its frequency. The light was 
falling on me, harder and harder, as I dropped.” To Niven’s intrepid spaceman, 
therefore, the passage of time on those distant blue-white stars appeared to be 
running fast compared to his wrist watch, This shows that the effect could equally 
well be called the ‘gravitational blue shift.” 

Notice that gravisarional-induced time alterations do not have the symmetrical 
feature of motion-induced time dilations.” That is, for gravitational time dilations 
caused by photons either falling into or climbing out of gravity wells, observers at 
each end agree about whose clock is running slow, unlike in the motion-induced 
case where each of the relatively moving observers thinks it is the other observer's 
clock that is running slow.” 

Now, comparing massless photon to a rock which does have mass (and so 
potential energy), as each travels ‘against’ gravity, i straining the physics, with its 
‘one virtue being the provision of an initial plausibility argument, Gravitational time 
dilation is sufficiently important in the operation of wormhole time machines, 


"Gravitational time dilation was experimentally observed in 1960, more than hall century alter 
Einstein predicted it 

"A science fiction use ofboth the red andthe blue gravitational shifts appears inthe novel by J . 
Hogan, Out of Time, Bantam 1993. 
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Fig. 35. Gravitational time dilation due to rotation 


however, that perhaps another way to think about it that is more acceptable to 
hardcore physicists makes it worth another look. Imagine a turn-table disk that 
tially is nor rotating (soon it will spin). On this disk imagine further that we fasten 
tho clocks, one called S (for stationary) and one called M (for moving), as shown in 
Fig. 3.5. These two clocks are set to read the same time at some instant and then, 
thereafter, they tick-tock through time at precisely the same rate. We then start the 
disk rotating around a vertical axis through clock S. (Imagine S to be a point clock, 
‘and so it is the one point on the turn-table that remains at rest even as the disk 
rotates.) What happens to the time-keeping of S and M? 

‘We can answer this question by using our earlier result concerning time dilation 
due to motion. Even with the disk now rotating, $ appears stationary to an observer 
sitting on top of M, while M appears to be moving across the line of sight of an 
observer sitting on top of S. So, to the observer at S, clock M runs slow. while to the 
observer at M there is no change in the time keeping of clock S. This is a 
znon-symmetrical outcome, and so should remind you of gravitational time dilation. 
‘This might be a puzzle to you, however, as we don’t have a massive body in Fig. 3.5 
to account for a gravity presence, This is where the genius of Einstein comes 
into play. 

‘Anyone who has ever ridden on a merry-go-round knows there is an outward 
(pointing away from S) directed force called the centrifugal force that is ‘ying’ to 
toss you off the merry-go-round. Now, where there is a force there is an acceler- 
ation, and one of Einstein's starting points in his development of general relativity 
was to identify an acceleration, whatever its origin, with gravity. A massive body is, 
of course, one possible origin (the obvious one, in fact), but so is the rotation of the 
tum-table. So, we have the situation shown in Fig. 3.5, where now ‘gravity’ is 
directed as shown and, and as in Fig. 3.4, the direction of acceleration of gravity is 
toward the slow-running clock. Again, the direction of gravity is the direction a 
small, unrestrained test mass on the rotating disk will move. The further M is away 
from S, the greater the “gravity" of the centrifugal acceleration and so the slower 
will M run as measured by the observer at S. 
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‘A 1968 story that uses the gravitational time dilation effect in a striking fashion 
tells of  starship’s visit to a supemova, accompanied by a fantastic alien life- 
form—a ball of intelligent plasma named Lucifer that is telepathic.” While the ship 
stands off at a distance of 500 million kilometers, Lucifer will approach much 
closer to the event horizon (see the Glossary) of a black hole at the center of the 
supernova explosion and communicate its findings to a human telepath on the ship. 
A physicist in the crew is curious about one point, and asks the human telepath the 
following question: 

“T have wondered about one item. Presumably Lucifer will go quite near the 
supernova. Can you still maintain contact with him? The time dilation effect, will 
that not change the frequency of his thoughts too much?” 

Lucifer, in fact, dies in the black hole even as he saves the ship from destruction, 
‘and the human telepath will hear his death scream for the rest of her life, As the 
physicist later explains to the ship's captain, telepathy is instantaneous and has no 
limiting range (there is no known physical basis for believing any of this, but it is 
crucial for story effect): 


"Remember the time dilation, He fll from the sky and perished switly, yes. 
‘But in supermova time. Not the same as ours. To us, the final stellar collapse takes an 
inginite numberof years... He will always be with her."”” 


3.4. The Lorentz Transformation 


“If only he'd pai more attention to mathemati in school.” 
“a science fiction time traveler laments missed opportunities" 

In this (and the next) section the math gets about as ‘deep’ as it gets inthis book, 
but to leave it out struck me as a cheat. You can skip part (or all) of the math and 
simply read the prose, but it seemed unfair for me to make that decision for you. 

We begin by imagining two distinct frames of reference. One we take to be 
stationary, and the other as moving at a uniform speed v with the respect to the fist. 
‘The moving frame is said to be boosted with respect to the stationary frame. We 
cient these two coordinate systems so that the motion occurs along just one axis, 
(the x-axis, as shown in Fig. 3.6, where I am using primed variables for the moving 
frame). That is, the two frames have coincident x axes, and parallel y and axes that 


pout Anderson, “Kyrie,” in The Road to Science Fiction (1. Guna, editor), volume 3, New 
“American Library 1979. 

>A mathematical discussion of how signals take forever (eventhough they are emited in finite 
time interval to travel frm the event horizon ofa black hole to distant receiver canbe found in 
James B. Harte, Gravivv an introduction to Einsteins general relativity, Addison Wesley 2003, 
pp. 268-268 

D, Knight, “Extempore,” in Far Out, Simon and Schuster 1961, Similar words (If only 1 had 
‘more mathematics”) were spoken by Einsein the day hefore he died — see Walter Isaacson, 
Einstein: his ife and universe, Sion & Sehuser 2007, p. 542 
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Fig. 36 Two reference frames in relative motion 


are moving apart at the constant speed y. Let's also imagine that there isa clock at 
the origin of each frame, and that at the instant the origins match the clocks are 
synchronized; that is, -=1 =0 is the instant the two coordinate systems coincide 

‘We further imagine that there is an observer atthe origin in each frame. At some 
arbitrary instant of time, each observer records the coordinates of the arbitrary point 
Pin space, as measured in his system. These observers could, for example, agree to 
record the coordinates of P in their system when their clock reads 5 s. It seems 
immediately obvious (as it was for Newton) that r=; that is, time runs at the same 
rate in each frame and thus it makes sense to talk about “the same instant” at every 
point in space. (After reading the previous section you know this nor true, but 
temporally forget that!) Thus, at this ‘same instant’ the stationary observer records 
(x,y.2) and the moving observer records (x',y',2'). What are the relationships 
between the primed and unprimed coordinates of P? That is, what mathematical 
transformation converts from one frame to the other? 

‘The answer seems obvious: 


‘This transformation, called the Galilean transformation after the Italian Galileo 
Galilei (1564-1642), satisfies the relativity principle, which says that uniform 
motion leaves the laws of physics unchanged. For example, in the stationary system 
Newton's famous second law of motion for a constant mass m, 
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‘More precisely, al! the laws of mechanics known to Newton are unchanged. Any 
frame of reference in which Newton's laws of mechanics hold true is said to be an 
inertial frame. Given one inertial frame, we can find infinitely many others simply 
by applying the Galilean transformation. 

However, when the mathematical laws of electrodynamics were discovered by 
Maxwell in the nineteenth century, it was a shock to physicists to leam that the 
Galilean transformation does not leave Maxwell's equations unchanged in form: 
the transformed equations predict electromagnetic effects for the moving system 
that are not predicted to occur in the stationary system. This meant that there was 
theoretical support for the possibility that electromagnetic experiments might be 
devised to detect uniform motion, and this eventually led to the famous Michelson- 
Morley experiment of 1887. This experiment, sensitive enough to detect the motion 
of the Earth itself through space, failed to detect any such motion. The conclusion 
‘was clear: the new electromagnetic effects predicted by the Galilean transformation 
do not exist, and so the transformation must be wrong even though it works for the 
laws of mechanics. So—what is going on? 

‘The answer is inspired, and again returns us to the comerstone of relativity: the 
idea that the laws of physics, all the laws, should look the same to observers in 
uniform relative motion. That is, there is no special or preferred system of coordi- 
‘nates—all inertial systems are equivalent in physics. Evidence from an extremely 


broad variety of sensitive experiments had, by the end of the nineteenth century, 
convinced physicists that Maxwell's equations are correct. Thus, a new transfor- 
‘mation was needed that leaves both the laws of mechanics and the laws of 


electrodynamics unchanged with uniform motion. But, a single transformation 
that works on Maxwell's equations and on the mechanical laws would therefore 
‘mean that Newton's mechanical laws as stated cannot be correct, and this was a 
breathtaking conclusion: Newton had been unchallenged for two centuries. 

As it turns out, Newton’s laws are almost right. The only correction required is 
that the mass of a moving body is not independent of motion, but rather varies as 


Vl-O/eF 
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\where mi isthe so-called rest mass when v= 0."! This result says that m is infinite at 

=c unless mp =0 (as itis for a photon), which is another reason for the belief that 
accelerating a mass (such as a spaceship) up to the speed of light is impossible 
because it would require infinite energy (look back at note 68, too). With this 
‘modification, the transformation that leaves all the laws of physics unaltered in 
form by uniform motion is what is called the Lorent: transformation (after the same 
Lorentz the contraction effect is named for), who discovered it in 1904 by direct 
manipulation of Maxwell's equations: 


In 1905 Einstein discovered how to derive these equations from a fundamental 
reexamination of space and time without concerning oneself about the details of 
specific physical laws. 

By simple algebraic manipulation, the transformation equations can be rewritten 


ct = yet + py’ 
= pret +t 


where 


and 


1p) 


are dimensionless constants. In compact matrix form, the Lorentz transformation 
becomes 


"This variation of mass with speed was experimentally observed in 1901 
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For the moving observer, therefore, the two events are nor simultaneous, being, 
separated in time by 


tae vAX /e* 
7 
Vi-wer 


Only if AX = 0 (the two events occur at the same place) will f, = #4. That is, only 
if AX = 0 are simultaneous events in one frame also simultaneous in another frame 
in relative motion 

‘And in the previous section we found that time runs slow in one frame as 
observed from another frame that is in relative motion. We can get this result 
from the equation of the Lorentz transformation by differentiating it with respect 
tot. Thus, 


de 1~ (w/e) 


a 


ee 
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But since 


the speed of the moving frame as measured by the observer in the stationary frame, 
this gives 


at = 1 (je 


which is the same result we obtained by analyzing the photon clock. 

‘The Lorentz transformation contains other interesting implications beyond 
these. For example, mention has been made several times to the ‘relativity princi- 
ple,” the belief that uniform motion has no observable effect on the forms of 
physical laws. But how do we know who is moving and who is stationary? After 
all, a system moving to the right past a stationary system could just as well be 
thought as the stationary system, while it’s the other system that is moving to the 
left (at speed 1). 

To study this question with the Lorentz transformation, we'll invert the trans~ 
formation (that is, solve for the unprimed variables in terms of the primed ones). 
‘What we get back is just what you probably thought—the Lorentz transformation 
with v replaced by =v. That is, the Lorentz transformation is symmetrical, so two 
observers in different frames of reference each say it is the other's clock that is 
running slow! This follows immediately, in fact, from the original transformation 
written in matrix form. That is, multiplying through the earlier matrix equation by 
the inverse of the boost matrix, we get 


(]-[ A l-L PIE] 
v bor x br oy |x 


‘moving one) is a change in sign for , that is, in the sign of v. The inverse 
transformation is 
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As a final example of what the Lorentz transformation tells us, consider the 
so-called addition of velocities problem, Suppose you are in a high-speed spaceship 
traveling past Earth at speed v. Earth is the stationary system (with the unprimed 
variables), and the spaceship is the moving system (with the primed variables). 
‘Assume the x and x’ axes are along the direction of motion. Imagine next that while 
standing in the nose of the spaceship, just as the spaceship passes Earth, you fire a 
gun in the direction of motion (away from the Earth), with the bullet exiting the gun 
with a muzzle speed of w. How fast is the bullet moving away from Earth? The 
common-sense answer in Galileo's time was v+w, but we now know that the 
Galilean transformation is wrong. What does the Lorentz transformation say’? 
Inside the spaceship, the position of the bullet at time # after the gun is fired is 


y=we. 


From the inverse Lorentz transformation, the location of the bullet earth’s frame 


pe Wwe 
Vier V1- (ey 
‘The transformation also tells us that (using 3° =w1') 
ftw/e _ l+w/e, 


Vi-wer Vio 


‘Thus, the speed of the bullet in Burt's frame is 


v_owty 
17 ewe 


Notice that for a low-speed bullet (w << c) this result™ is close to w + v, but at 
high values for w the result is very much different. Indeed, suppose we don't fire a 
‘gun at all, but rather replace it with a flashlight. Now, instead of a bullet, we shoot 
photons at w = c. The Galilean transformation would (incorrectly) say that a 
stationary observer on Earth would see the photons moving away at speed +c, 


This result was found by the French physicist Henri Poincaré (18S4-1912) in June 1905, three 
‘months before the publication of Einstein's special theory of relativity which also contains the 
‘result, And it was Poincaré who first stated (in 1904) that “no velocity can surpass that of ight, any 
‘more than any temperature could fall below the zero aboute,” 
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\which is a superluminal speed. The Lorentz transformation, however, says that the 
Earth observer would see a speed of 


ety _ee+e) elev) _ 
Trove ete ety) 


‘That is, no matter what the speed of the moving observer on the spaceship is, he 
sees the light from his flashlight traveling at the same speed as does the stationary 
observer back on Earth. This peculiar effect is unique to the speed of light (w ~c). 
We've derived it here as a consequence of the Lorentz transformation, but in fact 
Einstein actually did things in reverse order. That is, he began by postularing the 
invariance of the speed of light™ for all observers in uniform motion, combined that 
with the principle of relativity which says all physical laws look the same to those 
observers, and so derived the Lorentz transformation using no mathematics beyond 
high school algebra, 

‘A mathematically elegant alternative derivation of the addition-of-velocities 
formula can be done by simply noticing that the condition of two successive boosts 
should be, itself, a boost. Thus, if we have a frame moving relative to a second 
frame (which is itself moving relative to a third frame), then the boost matrix of the 
first frame relative to the third frame is the product of the two individual boost 
matrices. That is, 


[bn l= Lee. Ls Oe] 


From this it is easy to show (if you know how to multiply matrices!) that 


_ fit 
Bits 
Substitution of 
Bas hat 


immediately gives the addition-of-velocities formula, 

‘A failure to understand the implications of the invariance of the speed of light 
resulted in two stupendous errors inthe story “To the Stars,” cited in note 74. At all 
times an officer stands watch on the bridge of a near light-speed rocket ship to be 
sure the ship doesn’t accidently reach the speed of light. This is to be avoided 
(according to the author) because to reach the speed of light would cause the ship to 


sein’s postulate was experimentally confirmed in 1932. 
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“hang there forever unmoving [in time] ... locked, protected and condemned to 
eternity by zero time,” This horrible state is so easy to stumble into (the author was 
‘apparently unaware that it would require infinite energy) that occasionally the ship 
hhas to fire a ‘check-blast’ from its forward rocket tubes to slow down! Equally 
absurd is the means by which the development of this ‘fatal’ condition is detected: 
the nose of the ship mounts a forward-pointing light source (our earlier flashlight) 
and so, if the ship is getting too near the speed of light, it will start to overtake the 
photons emitted by that source! 

‘The biggest puzzle of all, actually, is why the editor of Astounding 
Fiction let such a technically goofy story appear in a magazine recognized for its 
usual faithfulness to known science. Particularly so since the story appeared in 1950 
‘and, as fong ago as December 1937, none other than Isaac Asimov (then 17 years 
old) had written a letter to the editor™ giving the proper interpretation of what 
happens when =c. Here's what the young Asimov wrote (notice the early hint of 
his life-long pessimism concerning time travel to the past that appears near the end 
of his eter) 


“The effect on time of increasing speeds is... well known. Relativity states that as speed 
Approaches that of light time slows up until at 186,000 miles a second, time (soto speak) 
‘Sands stil. This ems to refute statements found in so many astronomy books (and science 
fiction stories) tha ever at the speed of light it would take four years to reach the nearest 
star, No such thing! AS time hits at the speed of light, a person traveling from Alpha 
Centauri to he solar system, or vice-versa, would not be aware of any lapse of time. In that 
sense the speed of light is infinite (as was thought in ancient times). This by the way offers 
an entirely scientific (i impractical) means of travel into the future. Say thal someone wants 
to see how the world would look a hundred years from now. His procedure would be 3s 
follows: getting into his spaceship, be would proceed to a spot fifty light-years away tthe 
speed of light. The journey would, for him, be practically instantaneous (due tothe curious 
‘behavior of time at the speed of light). But filly years would have elapsed on earth. He 
makes the retum trip atthe same speed. Another filly years lapse on earth and he lands a 
hundred years ater his time, With this system, however, it would he impossible to travel 
into the past, so I dont think it will ever be adopted” 


Young Asimov missed an important detail concerning the reversal of the space- 
ship’s direction of travel for the return to Earth, and I'll come back to it later in this 
chapter, But certainly he displayed a far better knowledge of the physics of time 
than did the author of “To the Stars” (who was, by the way, L. Ron Hubbard, a 
prolific writer of fantasy and science fiction before founding the Church of 
Scientology). 


The editor who bought “To the Star was the same editor editor of Astounding when Asimov's 


letter appeared, and so he was cerinly aware of i 
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3.5 Spacetime Diagrams, Light Cones, Metries, 
and Invariant Intervals 


“Come back when you know tensor calculus and I'l explain to you about n-dimensional 
forces and the wap of world-lines.” 


a science fiction physicists reply alter being asked how bis time machine works!” 


Is helpful in discussions about the spacetime of special relativity to use what 
are called Minkowski spacetime diagrams. These are plots of the spacetime coor- 
dinates of a particle; the resulting curve is called the world line of the particle, Such 
diagrams are four-dimensional—three space axes and one time axis—and hard to 
visualize, much less draw on a flat sheet of paper! The convention is to make do, 
whenever possible, with a simplified spacetime that has just one space axis (hori- 
zontal) and one time axis (vertical). As you'll recall from Chap. 1, physicists often 
call such a simplified diagram a roy spacetime. 

So, for a particle at rest in some observer's frame of reference, its spacetime 
diagram for that observer is a vertical world line. If the particle is not at rest then its 
world line will tit away from the vertical; the greater the speed the greater the 
deviation from the vertical, Accelerated particles will have world-Lines that curve 
away from the vertical. Straight, uncurved world lines represent unaccelerated 
particles, that is, particles experiencing no forces and so in free fall. Such a world 
line is called a geodesic. In Fig. 3.7 the world lines for these various cases are 
shown on the same axes. It is assumed in the figure that all three particles are at 
x =%q When t = 0. 


Constant spoed 
“a particle 
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particle 


Fig. 37 World lines of three particles 


"Spout Anderton, “The Litile Monster,” in Science Piction Adventure fram WAY OUT (R. Elwood, 
editor), Whitman 1973, 


156 3. The Physics of Time Travel: Part L 


Time 


a 1 * space 


Fig. 38 A time traveler and his word line 


Spacetime diagrams were embraced decades ago by philosophers looking for 
scientific’ ways to support their position on time travel (whatever it might be), as 
‘opposed to the mere verbiage of traditional colleagues. A famous example of this is 
3 1962 paper by the Harvard philosophy professor Hillary Putnam (note 74 in 
Chap. 1). Thete we are asked to imagine the spacetime diagram of one Oscar Smith 
who, in Fig. 3.8, is at spatial location A next to his time machine. At time fy Oscar 
hhas not yet gotten into his time machine. A litle later, at time 1, we suddenly see 
rot only Oscar at A but also vo more Oscars who have appeared (apparently out of 
thin air) moving away from spatial location B! Between 1; and f, we see the original 
Oscar at A and the two mysterious Oscars at B (for a total of three Oscars, labeled in 
the figure as Oscar,  Oscar2, and Oscars) move forward in time—but one of the new 
Oscars ( Oscar2) lives a decidedly odd existence in that his life seems to be running 

Eventually, at time f, the original Oscar, and the weird, reverse Oscars, merge 
‘and seemingly annihilate one another, vanishing into thin air to leave only a single 
Oscar (Oscars) for all time after 12. Putnam argues that, although strange, what has 
just been described is still sensible and that, indeed, the very fact that we can draw 
the spacetime diagram of Fig. 3.8 supports the case for backward time travel. He 
claims this because although the spacetime diagram does show time increasing 
upward for all three Oscars (that is the time direction for an external observer) there 
is actually no ‘spontaneous creation’ or ‘mutual annihilation’ and all is sensible if 
Oscar, is understood actually to be a time traveler into the past with his time 
direction thus pointed opposite to that of the ‘other two" Oscars. There is, of course, 
just one Oscar! 
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Fig. 39 Anti-matter via backward time travel, 


As mentioned back in Chap. 1, Putnam's suggestion was rebutted (see that 
chapter's note 76) by what is (in my opinion) an even less plausible mechanism 
for Putnam’s kinked spacetime than is Putnam's invocation of time travel, That 
ctitic advocated, instead, an explanation based on matter transmitters and anti- 
‘matter, the latter an idea he credits to Feynman (who actually got it from Wheeler). 
Ina paper by Feynman we do find the famous suggestion that a positron that appears 
to us to be moving forward in time is actually an electron traveling backward 
through time."° Logically, that greatly weakens the critic's view, because it puts 
‘him in the position of using anti-matter (explained in terms of backward time travel) 
to argue against backward time travel! But let's ignore that concern, give the critic 
the benefit of the doubt, and explore how anti-matter and backward time travel are 
imagined to be connected. 

Feynman asks us to imagine the process shown in Fig. 3.9. Gamma ray A 
spontaneously creates an electron-positron pair, with electron; moving off to 
some distant region while the positron soon meets with electron,, resulting in 
‘mutual annihilation and the production of gamma ray B. This description involves 
‘three particles, and each segment of the kinked line is a distinct particle. But 
Feynman said there is another way to look at this, a way that involves just one 
particle. According to Feynman, the kinked line in Fig. 3.9 (which should remind 
‘you of Oscar's kinked world line) is the world line of a single electron; the middle 


x, Feynman, “The Theory of Positrons.” Physical Review, September 15, 1989, pp. 749-759. na 
taper published the year hefore ("A Relativistic Cal-Of! fr Classical Electrodynamics,” Physical 
Revie October 1048, pp. 939946), he wrote “This idea that posivons might beclectrons wih the 
opr lime reversed was suggested to me by Profesor JA. Whecler” The identification of ant- 
‘ater wih backward tie wavel occured in science fiction (46 ote 124 in Chaplet!) almost 
simultaneously with Whose speculation 
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segment, that we call a positron, is just the electron traveling backward in time, and 
so We must reverse the arrowhead on it (indicating the opposite of the direction 
shown in Fig. 3,9), 

‘There are two central questions at this point. First, why is positron (with 
positive electric charge) moving forward in time mathematically (and physically) 
‘equivalent to a negatively charged electron moving backward in time? The answer 
is that the reversal in charge sign, which results from the reversal of the electron’s 
proper time, follows from the TCP theorem that was mentioned in Chap. 2 (see note 
38 there). And second, what causes the electron to suddenly move backward in 
time? Picturesquely. the electron is recoiling from the emitted burst of gamma ray 
B. Similarly, the absorption of the energy of gamma ray A by the electron that is 
recoiling backward in time causes a second recoil, giving the world line of what was 
originally called electron;. This reinterpretation of a kinked spacetime diagram was 
described as follows (in Feynman’s famous words): “It is as though a bombardier 
flying low over a road suddenly sees three roads and it is only when two of them 
‘come together and disappear that he realizes that he has simply passed over a long 
switchback in a single road.” 

In a later paper’” Putnam's critic presented another line of attack against 
Putnam's interpretation of spacetime diagrams as lending support to time travel. 
‘There the critic observed that the presence of the time-reversed Oscar2 shows that 
the “world of the Oscars” is not temporally orientable. A temporally orientable 
spacetime is one in which every point in it agrees with its local neighbors on the 
directions of past and future—a condition clearly not satisfied for the case of 
Oscar2. As the critic pointed out, the first time travel spacetime discovered, the 
Gadel universe, is temporally orientable, and so in it the ambiguity of Oscars 
(whether he is traveling backward in time as opposed to living forward ‘in reverse’) 
does not occur. That is, the critic agreed with Putnam's acceptance of the conceiv- 
ability of time travel to the past, but not with his use of Feynman's concept of anti- 
‘matter as time-traveling matter. That critic wasn’t alone in that opinion, 

‘One physicist, for example, wrote of “Feynman's rather loose talk of particles 
“traveling” backward .... in time,”"* and the well-known philosopher John Earman 
declared “It is true that Feynman uses the slogan ‘Positrons are electrons running 
backward in time,” but itis dangerous to draw conclusions from slogans."*” Lam not 
sure what Earman meant by “slogans”: a careful reading of Feynman indicates that 
he actually took the matter quite seriously.” In his 1949 positron paper (note 86), 
for example, he wrote that “the idea that positrons can be represented as electrons 


"See R. Weingard in note 114 in Chapter 1 

SH. Price, “The Asymmetry of Radiation: Reinlerpeting the Wheeler Feynman Argument” 
Foundations of Physics, August 1991, pp. 959.975, 

"4, Barman, “On Going Backward in Time," Philosophy of Science, September 1967, 
pp. 211-222. 

“Feynman declares the view of a positon as atime traveling electron tobe of value, for example, 
in is famous book Quant Electrodynamics, W. A. Benjamin 1961, p. 68 
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er time reversed relative to true time has been discussed by the author and 
others,””' and also that “Previous results suggest waves propagating .... toward the 
past, and that such waves represent the propagation of a positron.” 

In any case, spacetime diagrams are highly useful in discussing time travel, but 
they do have some curious twists. In our everyday world, a path that joins two 
points on a surface with the minimum length is called a geodesic of that surface. As 
you'll see later in this chapter spacetime geodesics do indeed possess an extremal 
property, but rather than being a minimum it is a maximum property. Spacetime 
diagrams can be misleading on this matter, so itis important to remember that such 
diagrams are not a perfect representation of all the properties of a spacetime. 

It is customary to draw spacetime diagrams with the speed of light as unity 
(c= 1). That is, a distance of 300,000 km on the space axis is represented by the 
‘same extension as is one second on the time axis. This means that the world line ofa 
photon is tilted away from the vertical time axis by 45°. Because photons can travel 
in both space directions (to the left and to the right) in the two-dimensional 
spacetime we can draw on a piece of paper, and because the speed of light is the 
limiting speed of the universe, we can represent the collection of all possible world 
lines as those paths that never tilt more than 45° away from the vertical, which 
forms what is called a light cone in spacetime, as shown in Fig. 3.10 (which 
altempts to represent a three-dimensional spacetime, one with two space—imagine 
‘a y-axis, out of the paper, perpendicular to both the x and t axes—and one time 
dimension). 

In Fig. 3.10 I have taken x = y = 0 ats = 0 for all the possible world lines 
involving speeds below the speed of light. Let's agree to call this spacetime point 
the Here-Now. Then, spacetime points in the upward half ofthe light cone are in the 
Future of Here-Now:; similarly, spacetime points in the lower half ofthe light cone 
are in the Past of the Here-Now. We can draw a straight world line from the Here- 
Now to any point in the Future half-cone with a tilt of less than 45° away from the 
vertical, which means that a massive particle could travel from the Here-Now to 
that point at less than the speed of light. Similarly, a massive particle starting at any 
point in the Past half-cone could have reached the Here-Now by traveling at less 
than the speed of light. Such a world line is called timelike because its projection on 
the time axis is greater than its projection on a space axis—they are the world lines 
connecting spacetime points that are potentially causally linked. That is, an event at 
« spacetime point in the Past half-cone could have had an effect on the event at the 
Here-Now, even though its influence propagated at less than the speed of light. 
Also, an event at the Here-Now could potentially affect the event at any spacetime 
point in the Future half-cone of the Here-Now. 

‘Any points in the regions of spacetime outside the Future and Past half-cones 
‘cannot be reached from the Here-Now except by world lines tilted more than 4 


Fhe “others” Feynman had in mind included, in particular, the eminent Swiss physicist Emest 
G6. Stokelberg (1908-1984), who in a 1942 article inthe journal Helvetica Physica Acta also 
‘wrote of waves scattering backward in time 
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Fig. 3410 A light cone in spacetime 


away from the vertical. Such world lines, which represent travel at a speed faster 
than light, are called spacelike because their projections on a space axis is greater 
than their projections on the time axis. It is impossible for these world lines to 
connect causally linked events, and collectively they form the Elsewhere of the 
Here-Now. Notice that every point in spacetime has its own light cone. If A and B 
are causally linked, then if B is in the Future half-cone of A, then A is in the Past 
half-cone of B. 

‘The imagery of the light cone is often useful in making seemingly quite abstract, 
ideas appear transparent. For example, can an observer predict his own future from 
perfect knowledge of his own past? The easy answer is “No, because quantum 
uncertainties prohibit perfect knowledge of even the present, much less the past.” 
But suppose we ignore quantum mechanics and limit our question to a universe that 
‘obeys only classical physics (which includes the special and general theories of 
relativity). Surprisingly (perhaps), the answer is still no. Having perfect knowledge 
of your own Past half-cone doesn’t include knowing the entire past, so if you 
attempt to predict your own future (say, | min from now), there can be influences in 
Elsewhere that will arrive in the future (say, 59 s from now) about which you 
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Fig. 341 World line of a 
particle traveling backward 
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presently, by definition, cannot have any knowledge. And without that knowledge, 
‘you cannot predict. As one writer amusingly concludes a tutorial on this topic, “the 
prospect of predicting the future looks pretty bleak.” 

‘A spacetime diagram does not always have to have future directed world lines. If 
«particle moves backward through time. assuming such a thing is possible, then the 
diagram can show this by having the world line double back on itself, as in Fig. 3.11 
(in which the world line curves back and comes arbitrarily close to itself: itis the 
world line of a particle that visits itself in the past). Note that the world line in 
Fig. 3.11 does not actually touch or cross itself, because that would represent more 
than just a visit—it would represent a particle occupying the same spatial location at 
the same time as its earlier self. That would be catastrophic and, because it did not 
‘happen it cannot happen. Since the arrowheads on the world line always point in the 
direction of the local future of the particle, ifthe ‘particle’ is actually human then 
increasing memories are formed in the direction of the arrows. The time traveler at 
B has more memories than he does at A, even though A and B are nearly identical 
points in spacetime, 

‘There is a problem with Fig. 3.11 that you may have caught. It is impossible to 
draw such a doubled-back world line in such a way that at all places it never tilts 
more than 45° from the vertical. That is, at least some portion of the world line will 
have 


\dx| 


a)>t 


hich represents superluminal motion (we'll return to this in Chap. 5). One way to 
keep a bent-back world line always subluminal is to arrange for the light cones 
along the world line to be tilted relative to each other, as shown in Fig. 3.12, which 


“Hogarth, “Predicting the Future in Relativistic Spacetimes,” Studies in the History and 
Philosophy of Science, December 1993, pp. 721-739. 
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is possible only in a curved spacetime. This is an illustration of how general 
relativity locally obeys special relativity's demand that nothing travels faster than 
light and yet, globally, in curved spacetime, things are not so simple. In flat 
spacetimes all light cones are always ‘aligned,’ but in curved spacetimes they 
(generally) are not, and from that can come time travel to the past." 

Tilted light cones is the physics behind backward time travel around a rotating 
Tipler cylinder, for example, a particular time machine we'll discuss later in 
Chap. 5. Light cone tipping is, in fact, essential for time travel to the past. The 
‘mere presence of mass tips light cones (‘Warps spacetime"), but the effect is 
unnoticeable in everyday life on Earth, A truly enormous mass density is required 
to tip nearby Light cones over so that their Future halves noticeably open up toward 
the massive body. If the massive body is additionally set to rotating, then a further 
consequence of Einstein's general theory is that the local light cones are tilted 
additionally in the direction of rotation. That is, the Future half-cones in spacetime 
‘open-up both toward the body and in the direction of the rotation. 

It should now be clear that the only way a world line can bend back on itself for a 
close encounter visit is for both x and to change. In other words, the world line of a 
particle that remains fixed in space and reverses just its time direction runs into 
itself. This is why the classic fictional time machine of H. G. Wells could not 
possibly work. A real time machine must move in space as well as through time, as 
does  Gidelian rocket (or, for that matter, as does the DeLorean time car in the 
Back 10 the Future films). The idea of warping world lines, to support time travel to 
the past, entered science fiction at an early date. For example, when the inventor of 
the time machine in a 1930s tale” is asked about the principle underlying his 
gadget, he replies “An electro-magnetic warping of the spacetime continuum. 


"What is meant by a spacetime beng flat wil be formalized when we get to spacetime metres 
Intent section. The Minkowski spacetime of special relativity isa fa spacetime, has no ed 
light cones, and as uch does nor support ine travel othe pas. 

YN, Schuchner, “When the Future Die.” Astounding Science Fiction, Sune 1939. 
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‘The machine, if it works, will slide around the world-line of events and reappear at 
‘any specified time and place. 

Using the Lorentz transformation equations from the previous section, we can 
establish quite general relationships between events in the Future, Past, and Else- 
here regions of spacetime. For example, (1) All events in the Future/Past for the 
Here-Now observer are in the Future/Past for any other nearby, relatively moving 
observer; (2) Any event in Elsewhere can appear to be simultaneous with the Here- 
Now for some observer and not simultancous for another observer; and (3) The 
temporal ordering (the relations of before and after) of causally related events is the 
same for all observers. This is not so for events that are not causally related; if two 
events have a spacelike separation, then two observers can disagree over the 
temporal ordering of the events. This is, in fact, the basis for the two-wormhole 
‘and the cosmic string time machines, both of which will be discussed in Chap. 6. All 
these statements are easy to prove. 

Consider, for example, statement (1). From the previous section we have (with 
c=) 


where ¢ and x are the coordinates of some event A as measured by the observer in 
the stationary reference frame, and 1! is the time measured by the observer in the 
reference frame moving at speed v. Thus 


_ (ew? - (wx)? 


fafter alittle algebra) 4? — 


Forthe stationary observer the criterion for an event tobe in the Future alf-cone 
is ¢> I that is, P>.2. Thus, °— <0 forall Future events, But the foregoing 
result then says x—f2.<0, too, which is the moving observer's criterion for the 
event being in his Future half-cone. The same sort of argument shows that the two 
‘observers also agree on Past events 

‘Next, suppose that two events A and B occur such thatthe stationary observer 
measures them to be AT fa ~ty apart in time, Then, we can establish statement 
©) by writing 


8 ang p — (lat AT) = v0 
Avie 
and so 
_ AT + v(ea —an) 


ar =t, 
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From this we have A7'=0 (that is, simultaneity) forthe two events for the 
special stuerver moving athe speed 


ar 


and this speed is less than the speed of light for the condition yy —x4 > AT. This is, 
of course, the condition for event B to be in the Elsewhere of event A. In fact, we 
can even have AT <0 (with AT > 0) for v < 1 im this case of spacelike separation of 
Aand B. That is, a stationary observer and a sublight-speed moving observer can 
disagree about the temporal ordering of events with spacelike separation, 

Similarly, for event B to be in the causal Future of event A, we have the 
condition x —x,<AT. Then, 


_AT =v (p= aq) AT = ya _ 


ar =AT = vGa= a9) , AT var 
vi- er 


Thus, AT>0 says A > 0 for v <1, and this establishes statement (3). 

If we were drawing diagrams with both axes representing space (a plot of 
y versus x, for example), we would normally define a distance metric for the 
diagram using our everyday ideas about distance, That is, we could say that if we 
make differential movements of dt and dy along the two coordinate axes, then the 
differential distance ds is given by 


(as)? = (as)? + (a) 


This is, of course, just the Pythagorean theorem for the ‘Euclidean’ or ‘as the 
crow flies’ distance function. But it is not the only possible distance function. A 
distance function has several interesting mathematical properties,”* but the one we 
are particularly interested in here is its invariance with respect to the coordinate 
system. For example, if we draw a line segment on a flat sheet of paper, the physical 
distance between its end-points does not depend on how we happen to select the x 
and y axes, a fact illustrated in Fig. 3.13 with the addition of a rotated and translated 
primed system, The coordinates for the endpoints A and B are obviously different in 
the two coordinate systems, but we still find that 


(dv)? + (ay)? = (dv + (ay? 


Mathematicians have defined the general properties ofa distance function as follows: if A and 
18 are any’ two points, and if tA.) isthe distance between A and B , then (1) d(A.B) =a 
(2). dtd ff) = Oa and only if AB; and (3 fC is any third point, then dA 8) <aCA, Ch aC. 8) 
"The Pythagorean distance function posexses all thre of these properties, but so do many other 
functions (for example, ds=Lds-+ U0, 
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Fig. 3413 Rotatediranslated coondinate systems 


‘We say that the Pythagorean distance function is invariant, that itis the same for 
all coordinates systems that are simply rotations and/or translations of each other. 

‘We know that different observers, if in relative motion in the same spacetime, 
will see different space and time coordinates for the same event. Thus, it is natural 
to ask ‘what is the metric for flat spacetime?” Is there, in fact, a metric that gives the 
same distance between two events for all observers? We might try to generalize in 
the obvious way from the Pythagorean theorem, and write 


(ds)? = (de)* + (dx)? + (ayy? + (ae)? 


where now all four dimensions are included, We would then ask ourselves whether 
itis true that 


(ds)? = (ds')* = (ae)? + (ae' + (ay)? + (ae) 
For our simple two-dimensional spacetime, this question reduces to asking 
whether 


(at)? + (de)? = (ae? + (ae? 


Using the Lorentz transformation equations from earlier, it is easy to discover 
that the answer is no. The ‘natural” generalization of Pythagorean distance for flat, 
two-dimensional spacetime fails when four dimensions are included. So, what do 
wwe do now? Recalling the words of Professor Mundle from Some First Words (see 
note 23 there), we might wonder whether this difficulty could result from the fact 
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that there is no fourth direction along which the time axis can point at right angles to 
the three space directions? At least, there is no real direction—but pethaps there is 


‘an imaginary one. Accordingly, with = /=T, let's try 


= (dt)? + (dx)* + (dy? + (a 


(as)? 


(iat)? + (ds)? + (a) 


Using imaginary time, something that seems to be in the realm of science fiction, 
thas resulted in a change in the sign of (dt). 

This is a crucial change, however, because this new metric i invariant. For a 
reason to be explained in the next section, I will use the negative of this metric 
(a choice that has no impact on the invariance property) and so write 


(as}* = (a)" — (avy? — (dy)? = (ay 
For our simplified two-dimensional spacetime this reduces to 
(as) 


(ap? = (ae)? 


As before, the Lorentz transformation equations (with ¢= 1) are 


and = 3 


If we then calculate dv and df from these equations, using 


avy OY oor 


28 1c. 2 att a acs Hat 


which are the fundamental relations for the ‘oral differential” of a function of two 
variables, and insert the results into (df)* — (dx, we quickly discover the invari- 
ance property of this quantity (a result we actually found earlier, in a different way. 
when we showed that observers in relative motion agree about what events are in 
the Future and what events are in the Past). Thus, 


(dt)? — (ax’)? = (dt)? — (dx. 

This quantity, on either side of the equality, is called the spacetime interval 
between the two events separated in fat spacetime by either di, dx, dy. and d=, or by 
i, dvd), and dz. The observers in the unprimed and the primed systems see 
different individual space and time separations for wo events, but they see the same 


symbols denote the partial derivatives wit respect to xand # (see any good caleulus 
hook {6 brush-up on this). The rest of this chapter will have some more math in it. involving 
derivatives and even an integral or two, but nothing beyond freshman calculus. I've included it 
‘mostly for those who would fel cheated without some math! 
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interval, A single time coordinate, and three space coordinates, are said to form a 
four-vector that is invariant under Lorent= transformation. There are, in addition, 
other four-vectors that are also invariant under Lorentz transformation, such as the 
energy-momentum, velocity, and force four-vectors; all these quantities have 
invariants that are formed the same way, by taking the difference of the squares 
of the time components and the sum of the squares of the space components. The 
intrusion of the square root of minus one, inthe time coordinate of the metric, seems 
4 pretty clear indication that time is different from space.” 

But still, the spatialization of time is nonetheless deeply embedded in Western 
culture, For example, when writing her popular 1978 book, drawing historical 
parallels between the fourteenth and twentieth centuries, Barbara Tuchman titled 
it Distant Mirror, and not An Old Mirror. The mathematical mixing of space and 
time appeared quite early in science fiction, but often in comically mangled form. In 
‘one such tale, for example, as an evil scientist uses his time machine to transport 
captives into the past, he tells them, “We've got a longish journey before us, ten 
thousand years more, multiplied by the fourth power of two thousand miles."”* 

In general relativity, the metric of any four-dimensional spacetime has the 
structure of what mathematicians call a symmetric quadratic Riemannian form: 


(ds) = LD weet) sy = 8 


Where x1 =f, 42 =x, 15=y, and x4=2, and the 16 g's are all functions of these four 
variables. (Because of the symmetry condition, only 10 of the g's are independent.) 
In this notation, a flat spacetime is mathematically characterized by g11=1, 
g2= gu gu — 1, gy=0 for all £7). Now, for a given spacetime, one can 
arbitrarily choose an infinity of coordinate systems. If just one of this infinity of 
systems is such that the +1, 0 values for the g's occur, then that spacetime is 
slobally (that is, everywhere) flat. If no such coordinate system exists, then that 
spacetime is necessarily curved—t'll give you a more intuitive view of curvature in 
Just a bit. (If this notation is extended to a fifth dimension” by including the 
‘additional coordinate x, then there are an additional eight off-diagonal g's and so 


Writing in 1972, one famous physicists of his fst encounter with the metic of special 
relativity (Minkowski spacetime), “Now, when I saw that mines sign fia ~(a'. i produced 3 
tremendous effect on me. [immediately saw that here was somthing new.” See B. A. M. Dirac, 
Recollections of an Exciting Era in History of Twentieth Century Physics (C. Weiner, editor), 
‘Academic Press 1977 
"*Y. Rousseau, “The Atom Smasher," Astounding Stores, May 1930. 
“the ith dimension was introduced inthe 1920s bythe German physicist Theodor Kaluza(1885- 
1984), but just what the nature ofthis fifth dimension might be remains a mystery. A few years 
ater Kaluzs, the Swedish physicist Oscar Klein (1894-1977) speculated that it might be a spatial 
dimension culed-up ina tiny ctcular path so tiny that we don’t noice it the issue remains open. 
‘The idea ofa fifth dimension appeared easly in pulp science fiction, as in the January 1931 tle 
“The Fifth-Dimension Catapll,” Astounding) by Muay Leinster. 
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four new independent g's. These are just sufficient to describe the electromagnetic 
field, too, along with the gravitational field described by the other ten g’s. That is 
what is meant by saying five-dimensional spacetime “unifies” gravity with electro- 
magnetism.) There is @ gs, to0, which could be allowed to model a slowly varying 
gravitational constant, as suggested by Dirac in 1938, 

‘The g functions are the components of the so-called metric tensor of the second 
rank (see the last discussion question for more on what this means) of that 
spacetime, The g's at cach point in spacetime are related to the curvature of 
spacetime at that point, which in turn is dependent on the g's and on the energy 
density at that point. In fact, the ten equations for the g's, which are the famous 
Einstein gravitational partial differential field equations, are both nonlinear and 
coupled. That is, each gi; is in general a nonlinear function of all the other gi, which 
accounts for the notorious difficulty"® in finding analytical solutions to the field 
‘equations except in certain highly special cases, such as the spacetime of spinning 
spheres and rotating infinite cylinders. 

‘What does it mean to ‘solve’ the field equations? It is useful to think of the 
‘equations schematically as follows: 

local geometry of spacetime — local density, momentum and stress of the 
mass-energy of spacetime where the direction of the arrowhead means that the 
“usual” practice isto assume the right-hand side (the so-called stress-energy tensor) 
as given, and then attempt to calculate the left-hand side. If the attempted calcula- 
tion can be done, then one has solved the field equations for the spacetime geometry 
that is associated with the assumed mass-energy distribution. 

Suppose, however, that we reverse the direction of the arrowhead. That is, 
suppose we assume a desired geometry. That is what Einstein did when he assumed 
the geometry of a static (non-expanding) universe and solved for the required mass- 
‘energy. What he found was just what had been observed by astronomers up to that 
time—a multitude of ‘grains of matter’ (what physicists call dust) plus the infamous 
cosmological constant. The constant, with its repulsive gravity, was needed to 
counteract the ordinary gravitational attraction of the stars that tends to pull them 
together. The later discovery that the universe is not static, but rather is expanding, 
rendered Einstein's solution moot. 

‘Now let's go Einstein one better, and assume a spacetime geometry that contains 
closed timelike curves (a time machine, in other words) and then try to calculate the 
mass-energy distribution required by that spacetime. If that can be accomplished — 
and in fact the field equations themselves provide an algorithmic means of solution 
in this direction—then the physicist’s work is done, The required mass-energy 
distribution requirements are put out to bid to ‘spacetime engineers’ and the lowest 
bidder ‘simply’ constructs that mass-energy distribution and so builds us our time 
machine! When the calculations are done, however, what has happened without 


{Am elementary, quite interesting discussion of the enormous computational complexity ofthe 
field equations is presented in Richard Pavelle and Paul S, Wang. “MACSYMA from F to G." 
Journal of Symbolic Computaion, March 1988, pp. 69-10 
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fail, at least up to now, is that the resulting mass-energy distribution comes out with 
‘an “unphysical” nature, a technical way of saying our spacetime engineer wouldn't 
know how to assemble the required mass-energy distribution. What is meant by 
‘unphysical’ will be explored, in the particular case of wormhole time machines, in 
Chap. 6. 

‘The 16 g's for a four dimensional spacetime are often written in the form of a 
4 x 4 matrix. In fact, the metric tensor is of the second rank precisely because a 
matrix has a two-dimensional form; scalars and vectors, which have forms of zero 
and one dimension, are tensors of rank zero and one, respectively. The collection of 
the algebraic signs of the main diagonal terms (the g,,) is called the signature of the 
‘metric tensor. The signature of flat (Minkowski) spacetime is thus written as 
in more general (curved) spacetimes, this same signature is called 
‘sian, By contrast, the signature of a four-dimensional Euclidean space is [+, 
+, +,+], This signature is called Riemannian. The geometry of flat, Minkowski 
spacetime is not Euclidean geometry because the spacetime signature of its metric 
thas both plus and minus signs. As an uncurved spacetime, Minkowski spacetime 
has no gravity: to get gravity, we need a curved spacetime. 

‘The idea of linking the curvature of a four-dimensional space to physical 
phenomena is the signature feature of general relativity, but it actually pre-dates 
Einstein by decades. It can be found, for example, in the work of the British 
mathematician William Kingdon Clifford (1845-1879), done in the 1860s and 
1870s before Einstein’s birth (in the year of Clifford's death). In his posthumously 
wublished book The Common Sense of the Exact Sciences (1885), Clifford wrote 
“We may conceive our space to have everywhere a nearly uniform curvature, but 
that slight variations of the curvature may occur from point to point and themselves 
vary with time. These variations of the curvature with time may produce effects 
which we not unnaturally attribute to physical causes independent of the curvature 
of our space. We may even go so far as to assign to this variation of the curvature 
what really happens in that phenomenon which we term the motion of matter.” It 
isn't a long jump from “motion of matter” to gravity!""" 

Not everyone enthusiastically embraced this new, radical view of nature, For 
example, the great Scottish mathematical physicist James Clerk Maxwell 
(1831-1879), of Maxwell’s equations fame, who knew Clifford through their 
common membership in the London Mathematical Society, summarily dismissed 
this part of Clifford's work as simply the speculations of a “space crumbles.” 
Decades later, Einstein faced the same rejection when the eminent British 


27 Gtiford almost surely found inspiration in this par of his work fom the even atl efforts of 
the German mathematician Beenhard Riemann (1826-1866), See, for example, Cliffor!stransla- 
tion of Riemans famous 1854 leeture “On the Hypotheses Which Li tthe Bases of Geometry.” 
‘Nanure, May 1, 1873, pp. 4-17, and continue in the next issue (May 8, 1873, pp. 36-37). 
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astronomer Sir James Jeans declared “Einstein's crumbling of his four-dimensional 
space may ... be considered to he . .. fictitious." 

Spacetime geometries are not easy concepts to grasp, and the metrics of curved 
spacetimes are even more complicated than is the metric of the flat spacetime of 
Minkowski’s special relativity. As one paper so aptly put it, “Experience has taught 
us that the space in which we live has a geometry that is three-dimensional and 
Euclidean ... We are very much at home with [that] geometry... But the geometric 
properties of a Minkowskian space are so alien to us that we may well despair of 
visualizing them, and a Riemannian [curved] space ... seems totally beyond 
comprehension." 

‘An important feature of Riemannian geometry is that although it is generally not 
globally flat it is always focally flat. Thus any sufficiently small region in a curved 
Riemannian spacetime can be approximated, with arbitrarily small error, by a flat 
pseudo-Euclidean Minkowskian spacetime. That is, at each point in Riemannian 
spacetime, there is some particular inertial frame of reference in which special 
relativity is all there is to spacetime physics at that point. The particular inertial 
frame required is different, however, from point to point 

Ina coordinate system different from rectangular, the flat Minkowskian metric 
ccan appear radically altered, but that is just an artifact of the mathematics and has no 
physical significance. For example, in spherical coordinates the Minkowskian 
metric becomes the equivalent 


(as (rd0}* = (rsin(@)dgp)* 


(an? = (ar) 


where gis the azimuthal angle and @ is the angle measured from the polar axis, A 
related metric occurs in the theory of spherically symmetric, static (no time vari- 
ation) time machine wormholes (discussed in Chap. 6), of the form 


(ary 


(us? = (e*Pai) = edo} — (sino) 


where a(r) is called the redshift function and b(t) is called the shape factor. These 
two functions are nearly arbitrary, subject only to the constraints that both b(r)/rand 
4a(r) vanish as r goes to infinity (r is the radial distance from the throat of the 
wormhole mouth). Indeed, as r increases, this curved wormhole spacetime metric 


"Quoted in P. Kerszberg, “The Relativity of Rotation in the Early Foundations of General 
Relativity Studies in History and Philosophy of Science, March 1987. pp. $3-79 

SOR, W. Brehme and W. E, Moore, “Gravitational and Two-Dimensional Curved Surfaces.” 
American Journal of Physics, July 1969, pp. 683-692. 
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Fig. 344 The curvature of a space can be revealed by the process of parallel transport 


reduces to that of flat Minkowskian spacetime, so this wormhole spacetime is said 
to be asymptotically flat." 

‘An intuitive appreciation of ‘flatness’ can be realized in terms of what is called 
the parallel transport of a vector around a closed path, In a curved space the vector 
will experience a rotation, which will not occur in a flat space. Two examples of 
parallel transport in ordinary three-dimensional space are shown in Fig. 3.14. The 
spherical surface on the left is curved because if you slide the vector from N to A to 
B and then back to N, all the while keeping it parallel to its immediately previous 
orientation, then when it gets back to. the vector will point to B, not toward A as it 
tially did. A similar tip on the cylindrical surface, however, results in zero 
rotation of the vector. Thus, the cylindrical surface, despite superficial appearances, 
is not curved, 

Using the idea of the metric tensor, we can develop a more formal demonstration 
that the surface of a sphere, unlike like that of a cylinder, is not flat. On the surface 
‘of a sphere of radius a (om the surface r = a everywhere, and so dr-= 0), the measure 
of the distance between two points (in spherical coordinates) is'°° 


(as)? = asin? (0) dg)? + 


0) 


Writing x, = and x20 yields the more general form 


"For wormbole spacetimes that are not asymptotically fat se (for example) K. Narahara, eal, 
“Traversable Wormhole in the Expanding Universe." Physics Levers B, September 29, 1994, 
pp. 319-323, 

Note carefully that this is a purely spatial problem, with no time, and we are taking all of the 
‘metric coeflicients as positive (unlike inthe case of a spacetime metic). 
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= ay (dts)? + gyal (de) + 8a (ata)(dry) + goad)? 


or, using the symmetry condition g2= gai, we have 


(as)? = gui(dvr)? + 2graldes (dra) + gaara)” 


From this we immediately have gy, =a°sin*(@), go =a", and g12 

Now, suppose we ask whether itis possible to find some new coordinate system 
(with variables xj, and x4) in which the invariant (ds)* is given by the flat Euclidean 
metric (dx;)” + (dx). In such a coordinate system (if it exists) we would have the 
“flatness conditions’ of , = gh, = 1 and gi) = g'y = 0. With such a change of 
coordinates, each of our original ¢, @ coordinates would generally be a function of 
both of the new coordinates—that is, = @(x,.x,) and @ = 0(x,.x,). Thus, 
‘writing the total differential oF a function of wo variables (see note 96 again), we have 


ap = if a + Fleas 


20 20 4 
a= art + a4 
Substituting these expressions into the above expression for (ds)® on the surface 
of a sphere, and collecting terms, we arive at 


(a) =(@ 
2% 2b, 20 20) 
= sla) + a(t) (ax) + sro(de)? 


fin $2 


‘We can now immediately write down each of the g’ and, if we demand that they 
satisfy the “flatness conditions,’ then we have the following three statements: 


° #) = 


For a globally flat surface, that is, a surface that is flat everywhere, these three 
statements must hold in particular at the poles of the sphere. That is, at @=0 
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and at @=180, At both of these points sin(@)=0, and so at the poles the three 
statements reduce to 


But the third statement is incompatible with the first two and, because of that 
incompatibility, there is no primed coordinate system in which the g coefficients in 
the metric are those of a globally flat metric. Thus, unlike the surface of a cylinder, 
the surface of a sphere is not flat but rather is curved. This almost surely comes as no 
surprise to you, but now you can prove it! 


3.6 Proper Time and the Twin Paradox in 
to the Future 


“[The] equations of duo-quadrant lineations [have] been substantiated .... Our 
fourth-angle deviation from the six conceivable electronic dimensions did the 
trick all right. I went forward in Time.""° 

‘The spacetime interval of the previous section has an important interpretation 
that leads to one of the more dazzling results of special relativity—time travel into 
the future. First, recall the flat spacetime metric 


(ds)? = (dr)? = (dx)? — (ay)? = (ae)? 


in which the use of unprimed variables indicates that the measurements on the space 
and time coordinates of a moving particle are made with respect to a stationary 
observer's frame of reference. Now, suppose that the space and time coordinates of 
moving particle are made with respect to the particle instead, Then, using primed 
variables for measurements made in this new frame of reference, dv = dy =d= 
=0 because the particle is always at the origin (by definition)! Recalling the 
invariance of the spacetime interval for all observers, we conclude that 


15 science fiction scientist habbes incoherent nonsense. not special relativity, about how to 
travel into the future, in a story by J. H. Haggard, “He Who Masters Time.” Thrilling Wonder 
Stories, February 1937 
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(ds') = (ds)? 


(ar 


‘That is, the spacetime interval between two events is the time lapse measured by 
1 clock attached to a particle that moves from one event to the other. This time is 
called proper time, which gets its name from the idea that it belongs to (is the 
property of) the moving particle. This is the technical reason for taking (as we did in 
the previous section) (ds)? =(ai)? — (dx)? rather than (ds)? = (ds)? — (dt). The first 
choice avoids the somewhat awkward result of an imaginary proper time. 

Next, we'll adopt what has come to be called the clock hypothesis, which states, 
that an accelerated clock runs at the same instantaneous rate as an unaccelerated 
clock that is moving alongside at the instantaneously same speed. As we showed 
earlier (take a look back at Sect. 3.3), if the accelerated clock’s instantaneous speed 
is ¥, thon its rate of time keeping (dr) is related to that of the ‘stationary’ 
(unaccelerated) clock (di) as 


where c is the speed of light. The clock hypothesis is generally assumed to be true. 
Einstein, himself, in his famous 1905 special relativity paper, specifically took the 
rate of a clock’s timekeeping to be velocity-dependent only. When asked during an 
interview decades later whether it is permissible to use special relativity in situa- 
tions involving acceleration, Einstein replied “Oh, yes, that is all right as long as 
gravity does not enter; in all other cases, special relativity is applicable. Although, 
perhaps the general theory approach might be bette, itis not necessary." 

‘The clock hypothesis has long had experimental verification. For example, in 
‘one experiment the time keeping of accelerated atomic clocks was determined to be 
given precisely by the time dilation formula of special relativity, even when their 
direct mechanical acceleration (the centripetal acceleration produced by a rapidly 
spinning disk) exceeded 66,000 gees!" And even more impressive are the time 
dilation results of a later experiment in which the time keeping of near light-speed 
charged particles, orbiting in a magnetic field, was in excellent agreement with the 
time dilation formula, even as accelerations well in excess of 10'° gees were 
reached!” 

‘The total elapsed time between two events A and B, as measured by the proper 
time of an accelerated clock making the journey, is, therefore, given by 


47k. §, Shankland, “Conversations with Albert Einstein,” American Journal of Physics, January 
10963, pp. 47-57 

2H. J. Hay, ta. “Measurement ofthe Red Shift in an Accelerated Sytem Using the Missbauer 
Effect in Fe," Pyscal Review Letters, February 15, 1960, pp, 168-166. 

4%, Bailey, er a,“ Measurements of Relativistic Time Dilation fr Positive and Negative Muons 
in a Circular Orbit." Nature, July 29,1977. pp. 301-308 
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Fig. 415 World lines of two clocks one accelerated and one unaccelerated) 


i= [a= [Vr-€ 


\where fy —t4 isthe elapsed time between A and B as measured by the unaccelerated 
clock. The inequality results because, for v0, the integrand is always less than 
1. Now, we know that in a spacetime diagram the world line of the unaccelerated 
clock is a straight line, whereas the world line of the accelerated clock is a curved 
line. Thus, using Fig. 3.15, combined with the inequality 1 <q —t4, we have the 


dt <th—mifv £0 


following central result: the world line of maximum proper time is the one that looks 
the shortest, that is, the straight (or free-falling geodesic) world line. In the 
spacetime diagram the curved line looks longer, but in fact any curved line will 


hhave a smaller proper time than does the straight world line. This is a dramatic 
example of how Minkowskian spacetime geometry differs from Euclidean space 
geometry; in the latter geometry, there is no longest path between two points. 
From this, we can now understand the famous paradox of the twins, Bob and 
Bill. Bill remains on Earth, but Bob gets into a rocket ship and goes on a high speed 
trip out into space. Eventually he brings his ship to a stop, turns around, and returns 
to Earth, The world lines of Bob and Bill are initially together, then they diverge as 
Bob goes on his trip, and then they come together again at the end of Bob's trip, as 
shown in Fig. 3.16, The details of Bob's trip are not important for a general 
statement of the paradox (although in just a bit I will present the details for one 
possible trip). All we need observe for now is that Bill's world line from A to B is 
straight, whereas Bob's is curved. Bill's body (that is, his local clock) will therefore 
measure a greater proper time than will Bob's; that is, Bob will be younger than his 
stay-at-home twin! Equivalently, upon his retum Bob will hear his Earthbound 
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Bob 


116 World lines of unaccelerated (Bill) and accelerated (Bob) twins 


brother declare the date to be further in the future than Bob’s trip lasted (according 
to Bob). Bob will therefore conclude that he has traveled into the future.!"” 

‘This situation is called a paradox, not because of the time travel aspect (there are 
no logical paradoxes associated with travel into the future), but rather because it 
seems to violate the very spirit of special relativity. That is, from Bill’s point of 
view, Bob at first travels away and then returns. But one can argue that from Bob’s 
point of view itis Bill who first recedes and then returns, So why is it Bob who is the 
younger, and not Bill? Long after Einstein's 1905 publication of special relativity. 
this point remained a great puzzle for many. For example, in the 1923 Presidential 
‘Address to the Eastern Division of the American Philosophical Association, we 
read this very objection to the twin paradox. The conclusion by the speaker is that 
such a thing “could happen only in a universe in which all squares were round and 
the principio contradiction had been put to sleep.”""! 

So, what's the answer, why is it Bob who is the younger of the twins? The classic 
physics answer is that the two points of view are actually not symmetrical, that there 
is a definite asymmetry between Bill and Bob. After all, it is Bob who feels the 
acceleration from the rocket's engines as he blasts off from Earth—it is Bob, not 


"The win paradox is hinted at in Binstein’s 190S paper, but it is in a 1911 addzese to the 
Intemational Congress of Philosophy in Bologna, by the French physicist Paul Langevin (18 
1046), that a human space traveler is frst introduced (in a cannonball moving at near lightspeed, 
an idea motivated by Langevin’s reading of Jules Verne's 1872 novel From the Earth to the 
Moon). The waiter Piere Boulle proudly mentioned this contribution by his fellow Frenchman in 
the time travel story “Time Out of Mind’ (you can find it in Boule’ collection Time Out of Mind, 
Vanguard Press 1966), 

SW. P. Montague, “The Einstein Theory and a Possible Alternativ 
March 1924, pp. 143-170, 


rhe Philosophical Review, 
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Bill, who feels force—whereas Bill feels nothing unusual as he remains on Earth, 
‘The more fundamental physics answer, however, is that Bob's world line in 
spacetime is curved, whereas Bill’s is straight 

In an open, spatially unbounded, flat spacetime, curved is indeed synonymous 
with accelerated, but this need not be so in a closed, flat spacetime. In an open, flat 
spacetime, the only way two world lines can diverge in the past and then meet again 
in the future is for at least one of them to curve, but in a closed but still flat 
spacetime, it is possible for two straight world lines to meet more than once. For 
example, Fig. 3.17 shows a simple two-dimensional spacetime that is the surface of 
cylinder (which you'll recall we argued earlier is flat) rather than an infinite flat 
plane. The two world lines in that figure are both straight: to visualize this, imagine 
cutting the cylinder open along the (vertical) time dimension, and then flattening it 
‘out, Bob's world line, however, looks longer in the spacetime diagram, so Bob's 
proper time will be less than Bill's when they meet again, even though now neither 
of them has experienced any acceleration." This is simply an interesting mathe- 
matical exercise, however, and as far as is known the spacetime we live in is not 
cylindrical and so Bob's trip into the future will require an accelerating 
rocketship.!"" 

If we specify the details of Bob's trip, we can then precisely calculate the 
difference in elapsed time for the twins. In an analysis that dates back to 1962, 
the German astrophysicist Sebastian von Hoerner (1919-2003) did that for the 
following trip'"*: To begin, Bob gets into his rocket ship at time =" =0 (ris time 
‘measured on Earth by Bill, and r is time measured by Bob in his rocket). The Bill 
and Bob synchronize their clocks at the instant of departure. Bob’s trip is to be made 
in comfort, and so his racket accelerates at a constant rate (a one gee acceleration, 
for example, would be equivalent to Earth’s gravity, and Bob would feel right at 
home). This is of practical importance, obviously, because we do not want the 
experienced acceleration to be incompatible with the physical survival of Bab. Bob 


See C. H, Brans and D. R. Stewart, “Unaceelerated-Retuming Twin Paradox in Fat Space- 
“Time,” Physical Review D, September 18, 1973. pp. 1662-1666. Fora similar treatment, this time 
by a mathematician, see Jeffrey R. Weeks, “The Twin Paradox in a Closed Universe," American 
Mathematical Months, August-September 2001, pp. 585-589. 

"In Chapter 6 we'll discuss the idea of traveling into the past by moving faster than light 
(superiuninal motion). A weatment of such travel, in Bob's evlindical spacetime. is by 8. K 
Bau, “Would a Topology Change Allow Ms. Bright to Travel Backward in Time?" American 
Journal of Physics, March 1998, pp. 179188, which answers that question in is las line: “Ms 
Bright cannot [return] the previous night and alter history.” a conclusion that no doubt met with 
Havwking’s approval. The ‘Ms. Bright in he tle isthe heroine ofa 1923 limerick that you can ind 
«quoted inthe frst For Further Discussion of Chapter 6 

2 “Originally appearing in the joural Science, under the tile of “The Genera Limits of Space 
"Travel," vor Hoemer’s analysis was reprinted inthe classic anthology Interstellar Communication 
{A.G.W, Cameron, editor), W. A. Benjamin 1963. The arithmetic was, alas, jus bit sloppy (the 
final formalas, fortunately, are coreet), and many of von Hoernet’s numerical evaluations are 
incoret. Late, the British mathematician Leslie Marder cleaned-up the analysis in his beaifal 
litle book on the twin paradox. Time and the Space-Traveler, George Allen & Unwin, Lid. 1971 
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Fig. 347 Unaccelerated 
twin paradox ina 
cylindrical spacetime 


travels this way fora time interval of T (as measured by Bill on Earth) and 7 
(as measured by Bob in his rocket), At that time the racket is traveling at is 
maximum speed. Bob then tums off the rearward engine and tur on a forward- 
mounted engine so as 10 experience a constant deceleration. Floor and ceiling 
interchange, but Bob always weighs the same. If he does this for the same time 
interval T (as measured by Bill on Earth) and 7 (ax measured by Bob) as For the 
intial acceleration phase ofthe trp, the rocket will be brought to rest with respect to 
Erth, Atthat time, 27 (as measured by Bill on Earth) and 27 (as measured by Bob), 
the rocket is tits maximum distance from Earth. Bob then returns to Earth, using 
the same acceleration/deceleration process, and Boh arrives back home, gently 
with a final specd of zero with respect to Earth (ignoring, of course, all the 
navigational problems du tothe motion of Earth daring the tip), 
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‘Assuming the clock hypothesis is true (not all physicists believe this,""* but 
remember, we have Einstein''® on our side with this!), the result is that if a is the 
corsa aslo of te vck (x expeseced ty Bot, and ithe ped of 
lighten the elatonship between the oe rundip ine as mesure by Bll 
(At) and as ensured by Bob (4), given by 
snh( 20°) 


T= 


‘The difference in what each twin believes to be the date can, in fact, be truly 
astonishing. For example, if a= 1 gee and Bob travels (by his clock) for 47’ =20 
years, then 47 =339 years.'"” Of course, there will actually be no disagreement 
between Bill and Bob over the date upon Bob's return because Bill will be long 
dead! 

Is it likely that such a time trip!" will someday be made into the future? It's just 
‘my opinion, but I suspect not. Bob will be traveling at virtually the speed of light at 
‘maximum speed (0.9993 ¢, to be precise, at which point he will be 84 light 
from Earth), and to zip through space at such a speed would result in a very high 
rate of collision with stray hydrogen atoms (about one per cubic centimeter). The 
result of those energetic collisions would be the intense blasting of Bob with a lethal 
dose of gamma radiation. And, as von Hoerner showed in his original analysis (note 
114), the energy required by Bob's rocket would be simply mind-boggling 

Professor Schild (see note 116), on the other hand, seems to have been less 
bothered by such considerations when he wrote, at the beginning of a prose 
discussion of the twin paradox, “I have no doubt that if our technology should 
ever advance to the stage where large-scale twin effects become noticeable with our 
unaided senses, then [people] will have no difficulty in adjusting their concepts of 
time until the new phenomena see quite natural,” 

lend this chapter on time with the observation that itis the distinction between 
the proper time of Bob on a rocket ship, and the time of those who are not fellow 


"Consider, for example, this remark by 1965 Nobel physics laureate Julian Schwinger (1918- 
1994) about he twin paradox in his 1986 book Einstein's Lega: “The observer on the spaceship 
is nor in uniform, unaccelerated motion... The special theory of relativity does not apply 10 
‘uch an accelerated observer.” Schwinger was wrong inthis conclusion (see the next note). 
2As a physicist wroteon this point alter Einstein's death, “A good many physicists believe that 
[the twin] paradox ean only be resolved by the general theory of relativity, ... However, they are 
‘quite wrong, The twin effect... is oe of special elatvity." See A. Schild, “The Clock Paradox in 
Relativity Theory.” American Mathematical Monthy, January 1989, pp. 1-18. Allred Sehild 
(1921-1977) was professor of physics atthe University of Texas, and a recognized expert inthe 
seneral theory 
Pn using the T, 1! formula, one has 10 be careful to use MKS units, that is, length and time 
‘measured in meters and seconds, respectively. Thus, a=1 gee = 9.81 meters/second” and 
{¢= 186,210 milewsecond = 2.997 x 1" meters/second 
28For a science fiction use of such a trp, see Robert Heinlein's 1956 novel Time for the Stars. 
MA Sehild, “Time,” Texas Quarterly. Autumn 1960, pp. 42-62. 
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space travelers, that eliminates the occasional suggestion of simply freezing one's 
way via suspended animation to the future (as in the 1992 film Forever Young). 
‘That is, suppose you manage to talk a friend into climbing into a freezer (please 
don’t actually try this!); at the moment he gets in, his wrist watch agrees with yours 
(both are powered and maintained at a constant temperature by 10-year nuclear 
batteries). Years later, when you thaw your friend out, you'll find that your watches 
still agree, But when Bob returns from his rocket trip, his watch will not agree with 
yours, but instead will be far behind. Bob is a true time traveler, but your frozen/ 
thawed friend is not.'*" 

‘A provocative illustration of the distinction between the proper time of a time 
traveler and of those who are not time travelers was given by a philosopher.'"" He 
begins his analysis by asking what appears to be a question with an obvious answer. 
‘Suppose, he says, itis [2018] and you suddenly wake up in a hospital and are told 
that you have been in a coma for the past 2 weeks. You are also told that you were in 
an auto accident 2 weeks ago, that you suffered temporary neural damage, and that 
the eventual reversal of such damage always, at some time within 4 weeks after the 
damage occurs, causes a day of excruciating pain if you are conscious at the time. 
Would you prefer for the day of damage reversal to be in the past 2 weeks (when 
‘you were in the coma) or in the next 2 weeks? The answer seems clear. Afterall, if 
the day that damage reversal occurs has already happened, then you simply slept 
through it and missed the pain. To prefer the day of pain to be in the future (when 
‘you will be awake) seems absurd. Now, let's add time travel to the equation, 

All is as before, but now you immediately leave the hospital upon regaining 
consciousness to take a trip back to 1892, where you will stay for 2 weeks. Again, it 
seems clear that you would prefer to have had the day of pain in the past 2 weeks 
(in 2018), not in the next 2 weeks (in 1892). Note that the next is a reference to your 
proper time, because whereas 1892 is the global past, itis your personal future. 
‘Thus, now your preference would be to have the day of pain in the recent personal 
‘past of 2018, not the distant global past of 1892. Now, let's put another time travel 
twist to this story. 

All is as before in the original tale, except now you are told in the hospital that 
the auto accident happened just after you made a time trip to 2092: as you walked 
‘out of your time machine in 2092, you were hit by a car. The 2 weeks you were ina 
coma were in 2092, before you were judged fit enough (although still unconscious) 
to make the time journey back to 2018. When would you now prefer to have the day 
of pain? Clearly, as always, in your personal past, which is now the global future. 

‘Time is different for those who time travel and these who don’t! 


his 1956 novel The Door Into Summer, the always ingenious Robert Heinlein wsed bash ideas, 
‘with the coldstorage method of reaching the future combined with a true time machine t allow 
his hero to return to is ‘present (the future's past), 

14, Gallois, “Asymmetry in Atiudes Aout the Nature of Time,” Philosophical Studies, 
Getober 1994, pp. 51-59 
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3.7. For Further Discussion 


‘An interesting theological analysis of Feynman’s idea of an electron travel- 
ing backward in time, expressed as thinking of the electron as being in ‘one of 
God's films played in reverse,’ is given by J. W. Smith, “Time Travel and 
Backward Causation,” Cogito 1985, pp. 57-67. Wondering what it would be 
like for an electron to travel backwards in time, Smith’s answer was: “Con- 
sider an electron e). At time foit is at (xo, o,Z0). At time f itis at (x1,91,21)- If 
the direction of time for the electron was reversed, then the electron would be 
observed on the ‘film of the world” to travel back along the same path as it did 
before, ic., back to (%o, 0.20). If God stopped the ‘film of the world” and 
examined the charge of e1, then He would find that it was negative, not 
positive. Hence the electron traveling backwards in time is simply that: an 
electron traveling backwards in time, itis not a positron. Time reversal does 
not result in a reversal of charge. Thus, the Stickelberg-Feynman position is 
incorrect...” Discuss this in terms of the TCP theorem. Is there a conflict? 
‘When God stops the ‘film of the world,” does the electron even have an arrow 
of time? 


All the modem, major religions of the world are in agreement on these two 
points: (1) God created the universe and (2) At some time in the past, the 
universe came into existence. This does raise the question of what was God 
doing hefore He created the universe (see note 7 in the Introduction). In his 
Confessions, Saint Augustine comments on the conundrum that (1) and 
2) are possibly in conflict. After all, if God created the universe then, 
given any time fin the finite past, He must have been doing something before 
time f, which means that for any time 1 in the finite past the universe already 
existed. Thus, the universe had no instant of creation in the finite past and so 
had no first moment of existence—which implies (2) is false. However, like 
any good philosopher of religion, Augustine not only provided this theolog- 
ical puzzle, but also a way to wiggle free of it. His suggested counter is the 
assertion that time is itself a creation of God, that is, He made time as part of 
creating the universe. Thus, there was no time before He created the universe, 
and so the very question of ‘what was He doing before He made the universe” 
has no meaning. What do you think of Augustine’s two arguments? 


st 
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‘The Australian philosopher J. J. C. Smart (1920-2012) invoked five dimen- 
sional spacetime in a way very different from that of including an ‘eternity’ 
axis for God's temporal time (see note 33 in “Some First Words”). What 
Smart argued for, instead, was multiple four-dimensional worlds existing 
together without conflict, just as an infinity of two-dimensional worlds can 
exist without conflict in a three dimensional space. As he wrote, “The reason 
‘why there could be two totally disparate space-times is simply the quite 
obvious one that two totally disparate four-dimensional spaces can exist 
within a suitable five-dimensional space. There is no difficulty in mathemat- 
ical inconceivability here. Now let one of these four-spaces be our own space- 
time world, and let the other four-space be more or less similar, in accordance 
‘with whatever story you wish to tell about it” This idea had, in fact, been 
around long before Smart's 1967 paper. In his 1898 Presidential Address to 
the American Mathematical Society, for example, Simon Newcomb declared 
“Add a fourth dimension of space, and there is room for an indefinite number 
of Universes, all alongside of each other. as there is for an indefinite number 
of sheets of paper when we pile them upon each other.” Neweomb’s idea 
appealed 10 H. G. Wells’ fancy so much that he built two novels, The 
Wonderful Visit and Men Like Gods, around it. In the first novel there is 
explicit mention of multiple worlds “lying somewhere close together, 
"unsuspecting, as near as page to page in a book,” and the second one speaks 
of one parallel universe being rotated into another. John Cramer (a University 
cof Washington physicist) repeated Newcomb's and Wells’ parallel universes) 
pages-of-a-book/rotation imagery almost word for word in his 1991 novel 
Twistor. 

Read these three novels, and then discuss. In particular, is Wells consistent in 
his presentations (as a novelist there is, of course, no reason he should be!)? 


Imagine the following two events, A and B, in Minkowski spacetime: A is 
the emission of a photon, and B is the absorption of that photon. What is the 
spacetime interval between A and B? It might seem that we need to know 
‘more about the precise spatial and temporal coordinates of A and B, but in 
fact the interval is always zero for any two events connected by light 
(by photons). To see this, write the flat Minkowski metric as 
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and so, since (di/di)?—1 (because photons—by definition! —travel at the 
speed of light) we have (a ‘The world line of any photon has what is 
called a null interval, as do all world lines on the surface of a light cone 
‘Timelike world lines (in the interior of light cones, with (cx/dt)* <1) have 
positive intervals, that is, (ds)? > 0. Spacelike world lines (in the exterior of 
Tight cones, in Elsewhere, with (ds/di)? > 1) have negative intervals, that is, 
(ds)? <0. This is one ofthe significant differences between distances in space 
(which are never negative) and intervals in spacetime, The American chemist 
GN, Lewis (1875-1946)—see note 60 in Chap. 2—constructed a romantic 
illustration of this when he wrote “Any pair of points [in spacetime] which are 
separated by zero distance [interval] are in virtual contact, In other words, 1 
‘may say that my eye touches a star, not in the same sense as when I say that 
‘my hand touches a pen, but in an equally physical sense,” (See Lewis’ paper 
‘Light Waves and Light Corpuscles,” Nature, February 13, 1926, 
pp. 236-238; Lewis was the originator of the term photon for a particle of 
light.) To understand what Lewis was getting at, you must understand that in 
spacetime we can have the interval between A and B as zero, and the interval 
between B and C as zero, but the interval between A and € may not be zero, 
To convince yourself of this, suppose the Minkowski spacetime coordinates 
(:.#) of A, B, and C are (1,3), (2,2) and (1,1), respectively. Show that (dsac) 
= 4, while (dsm) = (dsnc)* = 0. (Hint: draw a diagram of this spacetime and. 
simply plug the coordinates of A, B, and C into the metric.) 


‘The use of the time dilation effect of high-speed space travel was used by 
science fiction writer Donald Wandrei (1908-1987) in his tale “A Race 
‘Through Time,” Astounding Stories, October 1933. Initially set in 1950, 
this is the story of two scientists, one evil (of course!) and the other good 
(of course!), who develop quite different methods for travel into future times. 
The evil one docs it with a drug that slows the metabolic processes of the 
body, while the good one builds an atomic-powered rocket in his home 
‘workshop! The evil scientist kidnaps the good one's girlfriend, seals the 
two of them inside a crystal dome, and then injects her and himself with his 
drug. He has arranged matters so that they will emerge from the dome in the 
year one million A.D. Learning what has happened, the good scientist rushes 
to the dome finds he can't break in, but sees an indicator dial pointing at 
1,000,000. (The evil scientist has conveniently provided the dial, as well as 
having made the dome transparent, much as modem-day movie criminals 
always include a count-down clock with glowing red digits on their bombs so 
the hero always knows just how much time is left to disarm the bomb.) 
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Returning to his rocket, the good scientist decides that he, too, will travel into 
the far future using time dilation. So, off he goes, on a trip like Bob's in Sect. 
3.6. The story ends with an ironic twist—the good scientist thought the 
1,000,000" he saw through the dome meant one million years in the future 
heyand 1950, and so be arrives back on Earth nearly 2000 years after his 
sirlfriend and the evil scientist emerged from the dome. (They are, of course, 
Tong dead when the good scientist returns.) 

On the outward leg of the good scientist’s rocket flight we read of his 
“frightful speed — now thousands of light years per Earth second,” Discuss 
this in terms of relativity theory. That is, does the rocket actually travel 
thousands of light years in one second of elapsed time back on Earth? 


‘The American physicist Robert Forward (1932-2002) was, in addition to 
being an expert in general relativity, also a quite inventive science fiction 
writer, In his short story “Twin Paradox” (Analog Science Fiction, August 
1983), for example, he used biology to give a surprising, ironic twist to the 
classic physics puzzle, The story flips the asymmetric aging of the twins by 
imagining that, just after the traveling twin’s departure, the secret of immor- 
tality is discovered. The treatment has to be administered no later than at a 
certain age, however, and upon his return to Earth the traveling twin is just a 
bit too old for it to work. He thus becomes the last person to die of old age! In 
this tale, the details of the traveling twin’s trip are somewhat different from 
Bob's trip. Read “Twin Paradox” (you can also find the story in Forward's 
1995 book /ndistinguishable from Magic), and summarize how the traveling 
twin’s wip is accomplished, 


In the mystical 1920 novel A Voyage to Arcturus, by the Seotth writer 
Devi Lisa (1876:1049) we read oF «speces at xtc to Archers 
(ie brightest tar in the constellation Bobies, 36 light years from Earth) in 
just 19 hof proper time, The technical details ofthe rip are not explained in 
the novel, 30 assume they are the same as in Bob's tip. That is, 27 
HEE ID cai ee nai eae | 
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where c is the speed of light, a is the constant acceleration/deceleration of the 
rocket (as measured on the spaceship), and T is how long an Earth-based 
clock says the trip takes. Use this formula, and the one relating T and 7’ in the 
text, to calculate 


1. The value of the constant acceleration/deceleration, a (does the result 
seem reasonable to you) and 

2. The value of T (the length of time that passes on Earth as 19 h pass on the 
spaceship). 


You don’t have to discuss general relativity to encounter tensors of the 
second rank (as is the metric tensor). Electrical engineers run into such a 
thing, for example, when studying the lowly Ohm’s law! In a copper wire, 
that law says the current density (the vector J, in units of amperes per square 
‘meter) at any point is related to the electric field (the vector E, in units of volts 
per meter) at that point by the scalar @ as follows: J = oE, where a (called the 
conductivity) isa single number. This says, in rectangular coordinates, that 
the x-component of J depends only on the x-component of E, and similarly 
for the y-component and z-components of J and E. More generally, however, 
each component of J depends on all of the components of E (as in certain 
crystalline structures), and so we have the equations 


Jy = OnE, + o12Ey + o13E, 
J, oF. +onk +onE, 
J. = 0B, + on8, +08, 


or, in matrix form 


So Fis now related to E by o, a3 x 3 matrix (9 numbers, instead of just 1). 
The matrix @ is, in fact, a tensor of rank 2. This tensor is in the three- 
dimensional space of the copper wire, while the 4 x 4 metric tensor matrix 
{sina four-dimensional spacetime, but both are tensors of rank 2. The number 
of numbers ina tensor of rank n, in a space of dimension d, is In general 
relativity, tensors of higher rank than 2 are required. For example, the 
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curvature tensor has rank 4, and so in a four-dimensional spacetime it 
described by 4*=256 numbers. This goes a long way in explaining why, in 
general relativity, computing often involves a /or of arithmetic! The primary 
characteristic of tensors of any rank is that they are invariant under a change 
in coordinate systems (choosing a coordinate system is an arbitrary matter, 
made mostly for human convenience, about which Nature is indifferent). 
Read more about tensors, and write an essay on how they behave under a 
change in coordinates. A good place to start, at the level of this book, is 
Lillian Lieber's The Einstein Theory of Relativity: a trip to the fourth 
dimension, Paul Dry Books 2008 (an updated version of the original 
1945 book). 


Chapter 4 
Philosophers, Physicists, and the Time 
Travel Paradoxes 


‘He felt the intellectual desperation of any honest philosopher 
He knew that he had about at much chance of understanding 
such problems as a collie hus of understanding how dog food 
gets to cans." 


4.1 Paradoxes and Their First Appearance in Science 
Fiction 


“There's a lot we don't know about time travel. How do you expect logic to hold when 
prradoxes hold, too?" “Does that mewn you don't know?" "Yes 


More than 30 years ago Quentin Smith, a philosopher who believes in a finite 
length to the past, wrote a refutation to those who believe in an infinite past and, 
while that paper’ has nothing to do with the paradoxes of time travel, in the course 
of presenting his reasoning he included the following curious passage: 


“Why does the sun arise in the moming and not at some other time? Why do the hands of 
properly functioning clock point to 12:00 a noon and midnight and not at other times? Why 
does the death ofa person occu at a later time than his birth? The answer in all these cases 
is: Because by the very nature ofthese events they could not occur at ether times. It belongs 
to the very nature ofthe sun's rising that it occur inthe morning and not in the afternoon or 
evening. It belongs to the very nature ofa property functioning clock to point to 12:00 at 
‘oot and midnight and not at other times. And it belongs tothe very nature of death to 
‘occur at time Inter than a person’ bit.” 


But what of a time traveler born in 1980 who, in 2018, enters her time machine, 
pushes a few buttons, and then boldly steps out into the Cretaceous period seventy 
‘million years earlier—and is promptly eaten for lunch by a passing Tyrannosaurus 


"Aime waveler admits (o himself) how perplexed hei by paradoxes in Robert Heinlein’ lassie 
tale “By His Bootstaps,” Astounding Science Fiction, October 194 

Excerpt fom a conversation between two paradox-puzzed time travelers Larry Niven's sory 
“Bird in the Hand,” The Magazine of Fantasy & Science Fiction, Octobe 1970, 

°Q. Smith, “Kant and the Beginning of the World." New Scholasiciom, Summer 1985, 
pp. 330-346, 
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rex? Pethaps Smith himself would say that there is no contradiction between this 
‘and his third laim because, in the time traveler's proper time, her spectacular death 
ddoes indeed come after her birth, For many, however, for a time traveler to die 
before her mother is born isa paradox, plain and simple, say what you will about 
proper time. 

One science fiction view of time travel paradoxes is that nature would be so 
disrupted by them that, should one occur, the universe would be torn apart. In one 
story, for example, a paradox is on the verge of happening through the use of a 
Tipler-cylinder time machine (mentioned back in Chap. 1, and which we'll discuss 
in more detail in the next chapter). In response to this “threat to common sense,’ the 
universe “decides to avoid the paradox by simply eliminating the perpetrators via a 
Jocal novat Niven wasn't the first to use this idea, A famous story® by L. Sprague 
de Camp (1907-2000), written two decades before, had already put forth the 
suggestion that nature will take all required corrective action to avoid paradoxes 

In De Camp's tale we read of two big-game hunter guides who use “Professor 
Prochuska’s time machine at Washington University"—built with the aid of a “cool 
thity million” dollar grant from the Rockefeller Foundation—to operate a safari- 
for-hire business that transports hunters back to the late Mesozoic era. When & 
disgruntled client tres to go back to the day before a previous trip to shoot the 
‘guides (who had displeased him, or rather would displease him the next day), we 
Team just how nasty De Camp thought Mother Nature would be to avoid a paradox. 
(Afterall, the guides had nor been shot during the safari, so they could not be 
shot.*): “The instant James started [to ambush the guides] the space-time forces 
snapped him forward to the present to prevent a paradox, And the violence of the 
passage practically tore him to bits [making his body look] as though it had been 
pulverized and every blood vessel burs, so it was hardly more than a slimy mass of 
pink protoplasm,” 

‘And even earlier we have a famous tale? that was discussed in Chap. 1, by 
Fredric Brown (1906-1972), a master of the special category of science fiction 
called the “short-shor,” in which everything happens in 500 words or less. As you 
‘might expect, the oddities of time travel were natural attractions for Brown's quirky 
talent, You'll recall that in this story the inventor of the first time machine 
demonstrates it to two colleagues by sending a brass cube 5 min into the future. 
‘ier being placed in the machine, the cube vanishes and then S min later reappears. 
No paradoxes with that—it is a trip into the pas that has the potential for deadly 
repercussions, We leam just how deadly when the inventor next declares that at 


SL. Niven, “Rotating Cylinders andthe Possibility f Global Causality Violation," Analog Science 
Fiction, August 1977. Niven took this ile froma physics paper with that tile, authored by Tipler, 
that had appeared three years eatir in Physical Review D (Apsil 18, 1974, pp. 2203-2206), 

AL. Sprague de Camp, “A Gun for Dinosaur," Galaxy Science Fiction, March 1956. 

This isa statement ofthe belief that the past cannot be changed an idea we will examine later in 
this chapter. 

Look hack at note 93 in Chap, 1 
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three o'clock he will again place the cube in the time machine but, until then, he will 
hold the cube in his hand. Thus, he says, at 5 min before three the cube will vanish 
from his hand and immediately appear in the time machine because 5 min after that, 
at three o’clock, he will send it 5 min into the past. And indeed, at 5 min before three 
the cube does simultaneously vanish from his hand and appear in the time machine 
‘Then, slightly before three, as the three men stand pondering what has happened, 
‘one of the observers asks what will happen if the inventor does not send the cube 
back at three o'clock? “Wouldn't there be a paradox of some sort involved?" he 
wonders." His curiosity aroused, the inventor can't resist the experiment—and the 
universe promptly vanishes. 

‘Time travel, of course, is full of potential paradoxes. A paradox, according to the 
usual dictionary definition, is something that appears to contain contradictory or 
incompatible parts, thus reducing the whole to seeming nonsense. And yet, truth is 
also evident in the whole. The history of science and mathematics has left a long 
trail of paradoxes, and those that involve time travel are merely among the most 
recent. Not all of the puzzles of time travel involve physics or logic, however. As 
‘one philosopher observed, “Doubtless time travel will raise a host of legal difficul- 
lies, e.g., should a time traveler who punches his younger self (or vice versa) be 
charged with assault? Should the time traveler who murders someone and then flees 
into the past for sanctuary be tried in the past for his crime committed in the future? 
If he marries in the past can he be tried for bigamy even though his other wife will 
not be born for almost 5000 years? Etc., etc. I Teave such questions for lawyers and 
writers of ethics textbooks to solve.” 

‘One way early science fiction writers had of responding to the puzzle of time 
travel paradoxes was to just give up and to concede that the logical puzzles are 
overwhelming. In one tale, for example, the inventor of the Chronoscope (a gadget 
that can only view’the past) explains, “There is no time travel machine. Such a thing 
is a logical impossibility, treated seriously only by half-cracked writers of fantasy. 
Such a machine would lead at once into a hopeless paradox.”"” Equally concerned 
about time travel paradoxes was the pulp science fiction time traveler who told his 
partner, just before their first trip in time, that “I'm not sure any more about getting 
back, There're some unpredictable terms in the time-travel equation—paradoxes. 
Maybe we won't get back."!" 


“this is what scaled a billing parado. and such paradoxes will be dscusedltrin this chapter. 
Brown gave this story alt of thought. Atone point in the tale one ofthe colleagues, puzzled by 
how the ivestor wil he able to place the cube ito the time machine a three i i a sleeady 
Yanishe fro his hand and appeared inthe machine, asks “How can you place i there hen?” 
Replies he inventor, I wil asm hand approaches, vanish fon he [osachine] and appear in my 
hand to be placed there.” 

°L. Dwyer, “Time Travel and Some Alleged Logical Asymmeuies Between Pst and Future" 
Canadian dournal of Philosophy, Mazch 1978, pp. 15-38 

2M, Jameson, “Dead End,” Thrling Wonder Stores, March 194 

"YE, Binder, “The Time Cheater.” Triling Wonder Stories, March 1940, 
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Fig. 4.1 One way pulp science fiction avoided paradoxes was to use a “time viewer! (like the 
cchronoscope in “Dead End") as in “The Time Eliminator” (Amazing Stores, December 1926). 
This illustration from the story (authored by somebody who used only the initials K.A.W.) by 
Frank R. Paul (©1926 by Experimenter Publishing Co.) shows the inventor demonstrating his 
saadget to is future wife and father-in-law. Ale to look hack in time, the seen is displaying 
cen from the older man’s courtship of is wife, decades inthe past, Reprinted by permission of 
the Ackerman Science Fiction Agency, 2495 Glendower Ave., Hollywood, CA 90027 for the 
Estate 


But are there really paradoxes? Or is it true, as the extraordinary boy-prodigy 
who invented a time machine exclaimed (when his teacher asserted that some 
questions could never be answered because “Nature is full of paradoxes”), “Ah, 
Professor, what nonsense! Nature is harmonious; it is we who bring the paradoxes 
into it.” 


ng the same are two physicists, in a paper on the circular orbits of 
photons around black holes: “There are no paradoxes in physics, but only in our 


Grigory, “Vanya.” in Last Door to Aisa (M, Ginsburg, editor), 8. G. Phillips 1968, 
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attempts to understand physical ideas by using inadequate reasoning or false 
intuition,”"’ And as the time traveler in an early pulp story'* casually declares to 
a friend, after an astonishing adventure in the year A.D. 1,001,930, “Paradoxical? 
My dear fellow, the Einstein Theory is full of apparent paradoxes, yet to him who 
understands it there is no inconsistency whatever. Give me another cigarette, will 
vyou, Frank” 

It is in Amazing Stories that we find the first non-fictional speculations about 
time travel in a pulp magazine—and certainly long before any physics journal 
would touch the subject! Publisher and editor Hugo Gernsback started those 
speculations by reprinting Wells’ Time Machine, which in turn sparked a fair 
number of readers’ letters that were printed in the magazine's “Discussions” 
section. Typical of the less interesting is the following comment from a letter in 
the July 1927 issue: “In the “Time Machine’ I found something amiss. How could 
‘one travel to the future in a machine when the beings of the future have not yet 
materialized?” (We answered that question in the previous chapter with the twin 
paradox.) Far more interesting was this letter, in the same issue: 


“How about this “Time Machine"? Let's suppose our inventor starts a “Time Voyage" 
fuackwanl 10 about A.D. 1900, at which time he was a sehoolboy ... His watch ticks 
forward although the clock onthe laboratory wall goes backward. Now we are in June 
1900, ane stops the machine, gets out and attends the graduating exerises of he elas of 
1000 of which he was a member. Will there be another “he' on the stage? OF cours, 
because he did graduate in 1900... Should he go up and shake hands with this alter ego"? 
Will there be wo physically distinct but charactersically identical persons? Alas! No! He 
can't go up and shake hands with himself because this voyage back through time only 
<luplicates actual past conlitions an in 1900 this strange “other he" did nor appear suddenly 
{in guainultra-new fashions and congratulate the graduate. How could they both be wearing 
the same wateh they got from Aunt Lucy on their seventh hint. the same watch in two 
differen places atthe same time. Boy! Page Einstein! No, he cannot be there because he 
‘wasn't there in 1900 (except in the person ofthe graduate) The journey backward must 
cease on the year of his birth If he could pass that year it would certainly be an effect fore 
a cause -.. Suppose for instance in the graduating exercise above, the inventor should 
decide wo shoot his former self... He couldn't do it because if he did the inventor would 
have been eu off before he began to invent and he would never have gotten aroun to make 
the voyage, thus rendering it impossible for hi to he there taking a shot at himself, so that 
as a mater of fact he would be there and could tke a shot—help, help, 'm on a vicious 
Circle merry-go-round... Now ast trips into the future, I could probably think up some 
humorous adventures wherein the inventor] digs up his own skeleton and finds by the 
process of actual examination that he must expect to have his leg amputated because the 
Skeleton presents positive proof that this was done." 


Abramowicr and J.P. Lasota, “On Traveling Round Without Peling It and Uncurving 
“American Journal of Physics. October 1986, pp. 936-93. 

“8.1, Bridge, “Via the Time Accelerator,” Amazing Stories, January 1931 

"This story idea (he letter was signed only with the initials TLD.) may well have been the 
inspiration for R. Rocklynne, “Time Wants a Skeleton,” Astounding Science Fiction. June 1981 
Nota fans agreed with T.D. A few years later, for example teenager named P, Schuyler Miller 
(1912-1074), who would author several time travel lasses himself wrote a letter othe editor of 
Acvounding Stories June 1951) stating “there is nothing in physics... to prevent yourself from 
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All ofthe ingenious puzzles in tis letter intrigued Gernsback, and may have, in 
fact, been the cause of his featuring a new, original time machine story" in the 
same issue, It was the tale of a scientist who transports an entire ship at sea 
14,000 years back in time and causes it to hover over lost Atlantis! That story 
provoked a sharp letter from a reader who claimed its logic had a fatal law: the 
story's author indicated that the Atlantians observed the time travelers when, ‘of 
course’ (asserted the reader), the time travelers must actually have been invisible. 
The reader explained his reasoning as follows, beginning by defining A as one of 
the Atlantians. 
“Now A live his lif, thousands of years ago, and did Al igh nw letus pass amin time 
14,000 years, Now, back we come i ime when A is again ving his life. La and bebold 
this ime A sees before he dies a soange phenomenon inthe sky! He seos the shipoad of 
people observing him. And yet these people are necessarily observing him during his ne 
Su nly lice, wherein he certainly didnot, could no, have observed them.” 


Gernsback printed this letter in his September 1927 editorial “The Mystery of 
Time.” and concluded by saying “I do ... agree ... thatthe inhabitants of Atlantis 
Would probably not have seen the ... travelers in time.” Other readers felt this way, 
too, because after Gemsback published yet another time machine tale" in 1927, the 
same invisibility argument appeared again in the magazine's “Discussions” 
column 

‘Two years later an amateurishly written tale" appeared in which a man travels in 
time from 1928 to 2930 with the aid of an “astounding machine based on advanced 
electro-physics and the non-Euclidean theory of hyperspace.” The purpose of that 
story was two-fold: o present several ofthe classic paradoxes of time travel, and 
then to make the claim that although the simple minds of twentieth-century people 
cannot understand the explanations of the paradoxes (possibly explaining why the 
author offers none!), the paradoxes are all trivial to the scientists of the thirtieth 
century. Despite this shortcoming (as well as some pretty awful dialog) the story 
nonetheless still managed to entertain readers with the sheer mystery of the 
paradoxes. Letters poured into the magazine from young fans, all demanding 
more time travel fiction 

So, that same year Gemsback responded with a story"? that plays with the 
question of the role of time travelers in the past. (That question was clearly “in 


sing into the past .. and shaking hands with yourself or killing yoursel* That did, however, 
provoke the following harsh reply from another, more skeptical reader (inthe December 1933 
issue): "PS. Miller once wrote that time traveling is not incompatible with any laws of physics 
“he don’t know from nothing.” 

°C. B. White, “The Lost Continent." Amazing Stories, July 1927 

°B. Plaga, “The Machine Man of Ardathia,” Amazing Staries, November 1927. 

°C, Cloukey, “Paradox.” Amazing Stories Quarterly, Summer 1929, 

“H. F. Kham, “The Time Oscillator,” Science Wonder Stories, December 1929. 
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the air," as Gernsback’s old magazine Amazing™ simultaneously published a story" 
addressing this same puzzle of time travel,) Could time travelers actually partici- 
pate in events (“mix into the affairs of the period,” in Gernsback's words), or would 
they just be unseen observers? This question, obviously inspired by the earlier 
discussion in Amazing Stories, intrigued Gernsback as much as it did his readers 
and so, along with Kirkham’s story, he printed a challenge titled “The Question of 
‘Time-Traveling” (see note 18 in the Introduction): 


“In presenting this story to our readers, we do so with an idea of bringing on a discussion as 
to time traveling in general. The question in brief is as follows: Cana time traveler. going 
back in time—whether ten years or ten million years—partake inthe life of that time and 
‘mingle in with its people: or must he remain suspended in his own time-dimension, a 
spectator who merely looks on but is powerless to da more? Interesting problems would 
seem to aris, of which only one need be mentioned: Suppase I can travel back ito time, let 
sme say 200 years; and visit the homestead of my great great great grandfather, and am able 
to take part inthe life of his time. Lam thus enabled to shoot him, while he is stil a young 
‘man an as yet unmarried, Prom this it will be noted that I could have prevented my own 
birth; because the line of propagation would have ceased right there. Consequently, it 
‘would seem that the idea of time traveling into a past where the time traveler can freely 
participate in activites ofa former age, becomes an absurdity. The editor wishes to receive 
letters from our readers om this point the hest of which will be published in a special 


Gemsback’s challenge did not go unnoticed and, over the next year or so, he 
published a large number of reader responses in the magazine's letters column, 
Indeed, a few months after issuing the challenge, in his introduction to another 
time travel tale,”? Gemsback wrote that ever since the publication of Kirkham’s tale 
“there has been a great controversy among our readers as to the possibility of time 
flying and the conditions under which it may be done.” Most of those letters are 
interesting if not particularly profound, with one exception. That was a letter 
written by a 14 year old boy in San Francisco, and its appearance in the February 
1931 issue of Science Wonder may well have served as the inspiration for several of 
the classic time travel tales published during the next 20 years: 
"Some time ago you asked us (the readers) what our opinions on time traveling were 
Although a bit late. Lam now going to voice four opinions 
(1) Now, inthe first place if time traveling were a possibility there would be no need for 
some scientist getting a headache trying to invent an instrument or “Time-Machine' to 
“go back and kill grandpa” (in answer to the age-old argument of preventing your birth 
by killing your grandparents | would say: ‘who the heck would want to kil his grandpa 
for gandma!'")Ltgure it out thusly: A man takes atime machine, and travels into the 


"By this time Gemsback had lost control of Amazing, and Science Wonder was his come-back asa 
publisher of pulp “scientitition.” 


LL. Rementer, “The Time Deflector." Amuzing Stores, December 1929. Gemnsback may well 
hhave been the editor, before he lost Amazing. who bought this story, and the magazine's new 
‘management simply used what remained in inventory. 

Flagg. “An Adventure in Time,” Science Wonder Stories, April 1930, 

"Look back at note 26 in “Some Fist Words.” 
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future fom where he sends it (under automatic control) tothe past so that he may find it 
and travel into the future and send:it back to himself again, lence the time machine was 
never invented, but!—from whence did the machine come? 
(2) Another impossibility that might result could be: Aman travels a few years into the 
future and sees himself killed in some unpleasant manner —so—alter returning to bis 
cerrect time he commits suicide inorder to avert death in the more terrible way which 
he wae destined to, Therefore how could he have scen himself killed in an entirely 
diferent manner than really was the case? 
Another thing that might corrupt the laws of nature would be to: Travel into the future: 
find out how some ingenious invention of the time worked return to your right time: 
build a machine, or whatever it may be, similar to the one you had recently learned the 
‘workings of; and us it until the time you saw it arrives, and then if your past self saw it 
asyou did, he would take it and claim itt be an invention of his (your) own, as you dd 
‘Then-—who really did invent the consarn thing? 
Here's the list knock on time traveling: What if man were to travel back a few years 
and marry his mother, therchy resulting in his being his oven “father?” 


a 


a 


Jim H. Nicholson 


Gernsback's reply, immediately following this letter, was favorable, opening 
with “Young Mr, Nicholson does present some of the more humorous [?] aspects of 
time traveling. Logically we are compelled to admit that he is right—that if people 
could go back into the past or into the future and partake of the life in those periods, 
they could disrupt the normal course of events.” Nicholson's letter is ingenious, 
and it anticipated the central ideas of a number of science fiction tales yet to be 
written." However, as you'll see as you read the rest ofthis chapter, contrary to 
Gernsback’s view Nicholson's comments are not logically correct.” 


= Despite these words, Gemsback apparently hadn't given up entirely’ onthe “invisibility of time 
travelers’ view. ashe had only a few months earlier published another soch tale: R. A. Palmer, 
“The Time Ray of Janda,” Wonder Stores, Sue 1930. In this story (one either sill or hilarious, 
tke your pick) a time taveler moves ino the future by means ofa “time ray" Unfortunately, the 
ray works diferenily on the various chemical elements, and not at all on either hydrogen or 
‘oxygen, Thus the time taveler—or at least much of himt—and his machine do vanish into the 
future, but left behind are “several gallons of water spilled onthe Root.” (The human body is about 
60% 10.) 

For example, Nicholson’s item (2) sa precise plot outline for L. Raphael, “The Man Who Saw 
‘Through Time,” Fantastic Adventures, September 1941, and a version of item (4) isin Robes 
Heinlein's famous “All You Zombies Magazine of Fantasy & Seience Fiction, March 1959, 
One cannot, however, fault the imaginative powers of James Nicholson (1916-1972). He 
eventually became President of American Intemational Films, the company that made such 
science fiction “elassics" as Attuck of the Crab Monsters (1957) the 1963 X (The Man with the 
NeRay Eyes) and The Time Travelers (1964) 
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4.2. Changing the Past and the Grandfather Paradox 


'm not kidding you at all Phil" Barney insisted. “I have produced a workable Time 
Machine, and Iam going to use itto go back and kill my grandiather."” 


‘As mentioned in “Some First Words,” physicists and philosophers often have 
quite different approaches to time travel (see note 26 there again). A vivid illustra- 
tion of that difference is found in a philosophical paper” that, after acknowledging 
the apparent restrictions of the grandfather paradox, turns its attention to a matter 
that almost surely is beyond the power of physics to study—namely, the nature of 
the conversation between a time traveler and his/her younger self. A physicist, on 
the other hand, views the restrictions as she whole point, because the central 
question that hovers over ay discussion of time travel is that of ‘changing the 
past.” As one science fiction fan summed it up in a letter to the editor of Astounding 
‘Stories (August 1931): “It is said that the past cannot be changed, and that any effort 
to do so would be useless. In my belief, no matter where or when a man goes in the 
past, if he appears in a year or day that has already gone by, he is changing the past 
‘Then there should be no room for doubt: time traveling is impossible. It will never 
be done.” And certainly killing your grandfather in the past (when he is still a baby) 
would qualify as a change to the past! 

‘The idea of ‘changing the past’ occurred to the minds of philosophers long 
before it did in those of science fiction writers or physicists. Four centuries before 
Christ, the question had already been asked-and-answered by Aristotle. In his 
Nicomachean Ethics, in fact, we find him declaring that the Greek poet Agathon 
had known the answer a century earlier, and he quotes the poet as saying “Forever 
God lacks this one thing alone, To make a deed that has been done undone.” 

Agathon and Aristotle aside, some medieval theologians argued passionately 
that the past could be changed (but only by God). The eleventh-century Italian 
cleric Peter Damian (who became a Christian saint) is a famous exponent of that 
radical view.’ Writing in his De Onipotentia Dei (“On the Divine Omnipotence 


"he opening line to FM. Busby, “A Gun for Grandfather.” Future Science Fiction 
September 1957, 

“Ji Benovsky, “Endurance and Time Travel." Kriterion—Jownal of Philosophy, 2011, 
5p. 65-72. 

RP. MeAnhur and M. P. Slatery “Peter Damian and Undoing the Past," Philosophical Sudies, 
February 1974, pp. 137-141; P. Remnant, “Peter Damian: Could God Change the Past?" Canadian 
Journal of Philosophy, tne 1978, pp. 259-268; R. Gaskin, “Peter Damian on Divine Power and 
‘the Contingency ofthe Pas," The British Journal forthe Histor of Philosophy, September 1997, 
pp. 229-247 
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in Remaking What Has Been Destroyed and Undoing What Has Been Done”).”" 
Damian made it clear that he believed nothing could withstand the power of God, 
not even the past. Ralph Waldo Emerson's poem “The Past” (“Allis now secure and 
fast, Not the gods can shake the Past”) would have been blasphemy for Damian. 
‘The following words from Damian testify to the strength of his commitment to a 
belief in the possibility of changing the past: “Just as we can duly say ‘God was able 
to make it so [that] Rome, before it had been founded, should not have been 
founded,” in the same way we can equally and suitably say, ‘God can make it so 
that Rome, even after it was founded, should not have been founded." 

‘Two centuries after Damian, Aquinas argued the contrary view, that changing 
the past is nor within God's power. Whereas Damian felt it impossible to deny any 
act to God, Aquinas took the far more moderate position that part of Gods law is 
that there be no contradictions in the world (this is, in fact, the modem view of time 
travel physicists) and that certainly God would be bound by his own law. As he 
‘wrote, “It is best to say that what involves contradiction cannot be done rather than 
that God cannot do it.” In his Paradise Lost, John Milton’s God is constrained even 
more: he is free to act or not, but if he does freely decide to act, it can only be to ‘do 
right.’ That might seem to preclude causing contradiction, as in changing the past, 
but pethaps not. Milton’s contemporary, Thomas Hobbes, declared that there is no a 
priori standard of goodness, and thus (for Hobbes) there are no constraints on God's 
powers. For Hobbes, therefore, it would seem God could change the past. Theo- 
logical changing of the past, as you might expect, leads to all sorts of mind-boggling 
puzzles. Because of such puzzles, theology would certainly be influenced by time 
travel, but just as certainly theological reasoning will not illuminate the puzzles of 
the time travel paradoxes. 

‘The question of the immutability of past events is of special interest to thealo- 
iians because it is directly related to the question of free will versus fatalism. That 
is, are humans the creators of the future, or are they mere fated puppets of destiny? 
‘One way theology gets involved with the issue of ‘changing the past’ is via what is 
called the retroactive petitionary prayer. (An ‘ordinary’ petitionary prayer, like the 
Lord’s Prayer in Matthew 6 and Luke 11, asks for something in the present or the 
future.) Examples of retroactive prayers include that of the surgical patient who 
prays, just before an exploratory operation, for his tumor to be non-malignant, and 


Tis work isin the form ofa letter to his friend Desiderius (ho later became Pope Vitor I) in 
which Damian rebutted Desideris” defense of St. Jerome's claim that “while God ean do all 
things, he eannot cause a ving to be restored after she has fallen." Desierius thought the reason 
God could not restore virgins is that he does not want to, 1 which Damian replied tha this meant 
God is unable to do whatever he does not want to do, but this meant tht God would then be less 
‘powerful than men, who are able to do things they don’t want todo (such as go without food for 
month). This is a good example of the dangers involved when getting into debates with 
theologians 

“'The Angeatnian writer Jorge Luis Borges (1899-1986) was so inspired by Damian's view that 
the past could be changed that he wrote shor story based n it (sce “The Other Death.” originally 
published in The New Yorker, November 2, 1968) and puta character in it named after Damian, 
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that of the soldier's wife who pray’ that her husband was not among those killed in 
yesterday's battle. Such prayers are for a happy outcome to an event that is over and 
done with at the time of the prayer. One might accept the rationality of praying 
bout the future (“Please, God, let me survive tomorrow's battle and I'll be good for 
the rest of my life) but are prayers about the past even sensible? (The three major 
monotheistic religions of the world—Christianity, Judaism, and Islam—say yes.) 
In an appendix titled “Special Providences” in his book Miracles, C. S. Lewis 
answers that question as follows: 
"When we are praying about the result, say, of a battle or a medical consultation, the 
thought will often cross our minds tha (i only we knew it the event is already decided one 
‘way o the other. I believe ths to be no good reason for ceasing our prayers. The event 
certainly has been decided—in a sense it was decided “before all worlds.” But one ofthe 
things taken into account in deciding it and therefore one ofthe things that really causes it 
te happen, may be this very prayer that we are novr offering. Thus, shocking av it may 
sound, I conclude that we ean at noon become part causes of an event occurting atten 
‘AM. (Some scientists would find this easier than popular thought does.) 


Here we see Lewis, a prominent lay theologian, arguing for the present influenc- 
ing (but not changing) the past. What can we make of that? Was Lewis arguing for 
backward causation, the close relative of time travel? I think perhaps so: the final 
two sentences in the above excerpt makes it plausible that he may have held that 
view. Itis a view that does find much support in the block universe interpretation of 
Minkowskian spacetime. Lewis never mentions the block concept by name, but itis 
clear that he believed in the idea of God being able to see all of reality at once. 
Lewis believed, therefore, that God knows of a petitionary prayer before it is made: 
or, even stronger, if God is not a temporal being but rather is eternal and knows time 
‘all at once,” then God knows the prayer and the event being prayed about ‘at the 
same time.” 

Lewis did make it clear that he believed it isa sin to pray for something known 
not to have occurred—for example, to pray for the safety of someone known to 
have been killed yesterday. As he wrote, “The known event states God’s will. It is 
psychologically impossible to pray for what we know to be unobtainable, and if it 
\were possible, the prayer would sin against the duty of submission to God’s known 
will." Taking a less judgmental position (but essentially agreeing with Lewis) were 
two philosophers who, writing of the battle of Waterloo, said “for one who knows 
the outcome of the battle more than a hundred and 50 years ago, [a retroactive 
petitionary] prayer is pointless and in that sense absurd. But a prayer prayed in 
ignorance of the outcome of the past event is not pointless in that way.” Further, in 
support of backward causation, they also wrote that “to pray in 1980 that Napoleon 
lose at Waterloo” is logical because “why should your prayer not be efficacious in 
bringing about Napoleon's defeat?” Disagreeing, however, was another philoso- 
pher who bluntly declared “A prayer for something to have happened is simply an 
absurdity, regardless of the utterer’s knowledge or ignorance of how things went.”** 


‘Stump and N. Kretzmann, “Eternity.” Jownal of Philosophy, August 1981, pp. 429-858, 
P. Geach, Gad and the Sou, Routledge & Kegan Paul 1968. 
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‘There have been all sorts of opinions expressed through the ages in reaction to 
the idea of affecting the past Via retroactive petitionary prayers,“ and on the role of 
backward causation. The British philosopher Michael Dummett (1925-2011), in 
particular, discussed Lewis’ concept of such prayers with great sympathy,” and 
backward causation allows one to both explain them as well as retaining free will. 
That is, it is not God's foreknowledge that causes our later actions (forcing our 
behavior and so turning us into automatons), but rather itis our later freely-chosen 
actions that causes God's foreknowledge! While such theological speculations are 
interesting, in the end they are simply positions of faith, about which mathematical 
physics has nothing to say 

Eventually, of course, others besides philosophers and theologians began to 
ponder the questions raised by “changing the past.’ In a January 1963 personal 
letter to the editor of The Magazine of Fantasy and Science Fiction, Robert 
Heinlein wrote” “Mark Twain invented the time-travel story: 6 years later H. G. 
Wells perfected it and its paradoxes {my emphasis}. Between them they left little 
for latecomers to do.” How a man as widely read as was Heinlein, who had authored 
some of the best short time travel stories ever written, could have written such an 
erroneous sentence is a mystery to me. A Connecticut Yankee in King Arthur's 
Court and The Time Machine, certainly both works of genius, are not pioneers in 
paradox. And Heinlein's own contributions are proof enough that there was a lot 
left to do with time travel, well after 1900. 

‘The very first story to be written that even hints at the particular time travel 
paradox of changing the past seems to be by the Unitarian minister Edward Everett 
Hale (1822-1909), best known today as the author of the 1863 story “The Man 
Without a Country.” Hale wrote “Hands Off" in 1881, and published it anony- 
mously in Harper's New Monthly Magazine with the express purpose of string up 
some theological debate (which apparently it didn’t). He certainly had no idea that 
the would come to be recognized by literary scholars as a pioneer in the yet-to-be 
invented genre of science fiction. 

Hale's story opens with the mysterious words “I was in another stage of 
existence. I was free from the limits of Time, and in new relations to space.” 
‘These words are spoken by an unnamed narrator, who seems to have just died, 
and who finds himself, in his new “form,” observing “some twenty or thirty 
thousand solar systems” while in the company of “a Mentor [probably an angel] 
so loving and patient.” Under the guidance of this Mentor, in an attempt to 

improve’ history, the narrator alters the Biblical account of Joseph and his 
imprisonment in Egypt. At first, subsequent history is better, but then humanity 


5A summary of those opinions can be found in G. Brown, “Praying About the Past" Philosoph- 
‘ical Quarterly, January 1985, pp. 83-86, Debate continues on the retoactive prayer into the 21st 
century se, for example, K. Tue, “Prayers for the Pas." September 2005, pp. 305-322, and 
‘TJ. Mawson, “Praying for Known Outcomes.” March 2007, pp. 71-87, both in Relisious Stes 
MM. Dummett, “Bringing About the Past.” Plilasophical Review, lly 1968, pp. 338-359. 
“Reprinted inthe posthumously published Grumbles rom the Grave edited by Heinlein's widow, 
Virginia Heinlein), Del Rey 190. 
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sinks into irreversible depravity. In the end the narrator watches the last handful of 
‘humans kill each other in a particularly symbolic place for the Christian world: 
“The last of these human brutes all lay stark dead on the one side and on the other 
side of the grim rock of Calvary!” There would be no Crucifixion and Resurrection 
for the salvation of humankind, which naturally greatly disturbs the narrator. But 
the Mentor calms him, saying “Do not be disturbed, you have done nothing.” It has, 
‘you see, just been an experimental world, an alternate Universe, and the narrator has 
learned the lesson of “Hands Of” the past. 

Hale's story is a better Sunday sermon than it is a change-the-past time travel 
tale, and the device of experimenting on a not-really-real Earth is disappointing 
from a modern science fiction point of view. But Hale’s story almost certainly did 
have an immediate (if indirect) impact. There is no absolute proof, but with its 
appearance in a national magazine, it seems quite likely that “Hands Off" was read 
by Edward Page Mitchell (1852-1927), an editor on a daily New York newspaper, 
the Sun. I write that because, just 6 months after Hale's story appeared, the Sun, in 
its issue of September 18, 1881, printed Mitchell's “The Clock That Went Back- 
ward.” That tale, published anonymously, used a machine (the clock) for time 
travel,"” as well as incorporated the idea of time travel involving paradoxes. The 
story predates Wells’ Time Machine by 14 years, and Wells’ novel did not include a 
paradoxical element.”* 

‘There are, however, two hints at paradox in Wells’ novel. In the opening, during 
the dinner party at which the Time Traveller tries to convince his friends of the 
possibility of a time machine, one of them observes that “It would be remarkably 
convenient for the historian, One might travel back and verify the accepted account 
of the Battle of Hastings, for instance.” To that another guest replies, “Don't you 
think you would attract attention? Our ancestors had no great tolerance for anach- 
ronisms." The second hint occurs when the incredulous Editor, astonished at the 
disheveled appearance of the Time Traveller upon his return from the future, 
wonders “What was this time traveling? A man couldn't cover himself with dust 
by rolling in a paradox, could he?” 

What might happen if time travelers could change the past? This question is, 
nicely illustrated in one novel" where a time traveler finds himself stranded in the 
London of 1810, Despite his predicament, he takes solace with “I could i 
things—the light bulb, the internal combustion engine, .... flush toilets 
then he thinks better of doing any of that: “no, better not to do anything to change 


"sce Jan Pinkerton, “Backward Time Travel, Altemate Universes, and Edward Everett Hal 
Exrrapolarion, Sumnmer 1979, pp. 166-175. The ime machine in Mitchell's story is move fantasy 
than anything else. It is simply stated tht ifthe clock runs backward, then it travels hackward 
Wells failure to use paradox in his famous novel suprises most modem readers and in Fat, one 
ofthe frst reviewers specifically criticized him fr this lapse. See the 1895 review of The Time 
Machine that appeared in Pall Mall Magazine, by Israel Zangwil, reprinted in Parindet’s book 
{ote Tin the Introduction, 

T, Powers, The Anubis Gates, Ace 1983, a work with equal shares of physics and magic 
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the course of recorded history—such tampering might cancel the trip I got here by. 
‘or even the circumstances under which my mother and father met. I'll have to be 
careful.” 

‘This is really just a more recent treatment of the change-the-past paradox that 
was already well established in early science fiction. In a story” published a half- 
century before, we find the paradox explicitly stated, along with a possible solution 
that is similar to the kind of explanations that have appeared in the philosophical 
literature! 


"Suppose you landed in your own past?" queried Eric.” 
Dow smiled. 
“The ctemal question,” he sad, “The inevitable objection tothe very idea af ime travel 
Well, you never did, did you? You know it never happened!” 


But, suppose you could land in your own past. What then? 

‘One famous story’? that considered this question embraced the idea of changing 
the past, In ita client on a dinosaur hunting safari fails to follow the instructions of 
his guide to do nothing in the past except shoot a dinosaur that is about to dies for 
“other reasons” anyway—alas, he accidently kills a butterfly. This results in 
enormous changes in history, as indicated by the *before’ and ‘after’ versions of 
the time machine company's ad: 

before 

‘TIME SAFARI, INC. 

SAFARIS TO ANY YEAR IN THE PAST 

YOU NAME THE ANIMAL, 

WE TAKE YOU THERE, 

YOU SHOOT IT. 

after 

‘TYME SEFARIINC, 

SEFARIS TU ANY YEER EN THE PAST, 

YU NAIM THE ANIMAL, 

WE TAEK YU THAIR, 

YU SHOOT ITT. 


Bradbury describes the death of the butterfly as having started the knocking 
“down [of] a line of small dominoes and then big dominoes and then gigantic 
dominoes, all down the years across Time.” This is, of course, a somewhat 
unconvincing argument. Afterall, previous dinosaurs, when shot, must have fallen 
to the ground and flattened a lot of butterfies! With such threats for every decision, 
‘no matter how seemingly innocent, hanging over the head of a time traveler, it 


“Tryst in Time,” Asiounding Stories, December 1936, 
“lSee, for example, P. J. Riggs, “The Principal Paradox of Time Travel" Raia, April 1997, 
‘pp. 48-64. The principal paradox" is that time travel is inherently contradictory because it permis 
the possiblity of traveling to an earlier time to prevent the trip. The grandfather paradox is 3 
special case of this. Fr more discussion, see T. Chambers, “Time Travel: How Not to Defuse the 
Principal Paradox.” Rario, September 1999, pp. 296-301 
“R. Bradbury, “A Sound of Thunder.” Colliers, June 1952 


EL. Moor 
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would take a brave soul to do much more, while in the past, than just stand still and 
breathe, 

Equally grim is the tale"? that takes a different view by denying the past can be 
changed. There we read of a doomed hero who journeys back to 1865 to save 
Lincoln from Booth, but his “time-distorter” is quickly taken away from him by 
suspicious guards. Its intemal workings tick, you see, and they think he is an 
assassin with a clock bomb. They destroy it, haul him away to his fate, and Lincoln 
‘goes on to meet his. In the same spirit (but even more shocking) is the result of a 
time traveler's intentional tampering with the past in David Gerrald’s 1973 novel 
The Man Who Folded Himself. That traveler experiments with “making things 
different” and, in his words, “Once I created a world where Jesus Christ ... went 
‘out into the desert to fast and never came back. The twentieth century I retumed to 
was—different, Alien.” 

With such a stupendous power to alter reality, assuming the past can be changed, 
perhaps one might imagine prospective time travelers to the past being required to 
first file Historical Impact Statements!“ Not all would receive permission. In one 
classic tale,** for example, we read of a time traveler who takes a rifle and 5000 
rounds of explosive bullets back to Golgotha, His intention—to be history's first 
Rambo by picking off any Roman soldier who gets within a hundred yards of Jesus! 
As outrageous as this concept is (but who among those now reading this won't 
admit to at least a momentary thrill at the idea and, perhaps, even a secret 
willingness to do it themselves, if they could), it isn’t the story's peak. That 
‘comes when the reader is reminded that it was Christ's desire to die on the Cross, 
that he had to die for our sins; to prevent that from happening would change all of 
history for the last 2000 years. What, then, should the time traveler's colleagues do 
when they discover his plan? Should they stop him or not? What might happen if 
they do interfere? Of course, ifthe time traveler is “now” in the past, isn't it already 
“tao late" to stop him? Oh, the conundrums of time travel and changing the past! 

‘The classic change-the-past paradox is, of course, the grandfather paradox. A 
famous story"® pushed this paradox to its logical limit to illustrate its supposed 
dangers. Having traveled to Greece in the fifth century B.C., the traveler suddenly 
realizes (with just a little exaggeration): “Ninety-five generations back you'd have 
more grandfathers than there are people on Earth, or stars in the Galaxy! You're kin 
to everyone ... You as much as take a poke at anyone, and the odds are you won't 
even get to be a twinkle in your daddy's eye.” 


i. Silverberg, “The Assasin” Imaginative Tales July 1987 

“Sc, for exarplc, the novel by C.L. Harness, Krona, Franklin Watts 1988 

A. Ponges, “The Rescuer.” Analg Science Fiction, July 1962 

“6p. S. Mille, “Stats Quondam,” New Tales of Space and Time, November 1951, This i the 
Miller I mentioned back in aot 15. 
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fl YOU-WERE-STRANDED 
] | IN-TIME7 


senaomen — Blupose some 


Foun runs. s tier 
TABLE REPROOUETION OF Tne MUMAR VOI 
‘By THE "CANNED" MUSIC 


Fig. 42. tlustrator Jack Binder (1902-1986) was the author ofa continuing 

in Thrilling In each issue the ellipses would be replaced with some phrase 
Such a “the Sun exploded!,” “there was another ice age!" or “there was no friction!." The 
installment shown here (and in Fig. 4.3) appeared in December 1938 and asserted thatthe past 
could be changed by atime traveler 
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bask 

a errective STEAMTURBNE CouLe BE MADE, DEVELOPING MORE POWER, 
‘sti THE ROMANS DREAMED POSSIBLE. IT WOULD STABT THE ROMAN AGE. 

FINAN MOUSTRIAL ERA SEVENTEGM CENTURIES AMEAD OF Tie, | 


RECORDED HISTORY WOULD BE CHANGE! 


Fig, 4.3. (Fig. 4.2 continued), Mlustraion for “IF—You Were Stranded in Time!" ©1938 by 
Better Publications, Inc; Reprinted by permission ofthe Ackerman Science Fiction Agency, 2495 
Glendower Ave,. Hollywood, CA 9X12] forthe Estate 
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Even earlier than Miller's tale is an equally famous one“ that illustrates the 
same point in a graphic way. In A.D. 452 time traveler shoots and kills one of 
Attila’s Huns (who would have been his great-grandfather many times over); the 
result is that 50,000 of the Hun's descendants vanish! So dramatic did the readers of| 
this story find the concept that author repeated the idea the very next year."® Twenty 
‘years later another writer topped these tales by having a time traveler accidently kill 
the original ‘intelligent baboon’ in the ancient past, thereby wiping out the entire 
‘human species!” 

Science fiction writers have been as puzzled by the grandfather paradox™” as 
have been nearly everybody else. As the inventor of the first time machine says in 
‘one tale," “I have devised a method [for travel] into the distant past. The paradox is 
immediately pointed out—suppose [the time traveler] should kill an ancestor or 
‘otherwise change history? I do not claim to be able to explain how this apparent 
paradox is overcome in time travel; all I know is that time travel is possible 
Undoubtedly, better minds than mine will one day resolve that paradox, but until 
then we shall continue to utilize time travel, paradox or not 

‘Some may feel it overly dramatic thatthe classic time travel paradox has such a 
murderous form, but that is its historical origin in science fiction (not in either 
physics or philosophy). We can find the grandfather paradox discussed as if already 
well-known in a letter to the editor at Astounding Stories (January 1933). The 
author ofthat letter wrote “Why pick on grandfather? It seems that the only way to 
prove that time travel is impossible isto cite a case of killing one's own grandfather. 
This incessant murdering of harmless ancestors must stop. Let’s see some wide- 
awake fan make up some other method of disproving the theory.” As we proceed, 
‘you'll see just how clever some of those who responded to that writer's plea have 
been but, even today, as the grandfather paradox stands revealed as a red herring, it 
is preeminent in most people's imaginations. If a solution to the grandfather 
paradox puzzle escaped an early science fiction writer, then he would generally 
just mysteriously mention it and then hasten on to other matters. For example, in 
‘one story the following exchange between the stock pulp-fiction characters of a 
‘young hero and a brilliant old scientist occurs 


“Ancestral Voices" Auounding Stories, December 1933. 
“The Time Imposter" Astounding Stories, March 1934. 

ime Goes to Now,” Science Fiction Quarterly, May 1953, 

The ‘paradox is that assuming you do arsve in the past with a working gun, why’ cum you kill 
‘your grandfather? Afterall, you mus fail in that quest because otherwise you wouldn't he there 
from the future to even try. But why must you ail? Is, ofcourse, not actually necessary 10 ry to 
Aull your grandfather to run into this paradoxical situation—ust go hack in time 1 any moment in 
the past and tr to kill yourself! You won't succeed (ifthe past is unchangeable), but why not? 
(To argue “because the past is unchangeable” isto bes the question. We need more insight than 
that) 

IML. Reynolds and F, Brown, “Dark Interlude." Galaxy Science Picton, January 1951 

"C. South, “The Time Mirror." Amazing Stories, December 1942 
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“You mean that time travel really is possible? That men can be transported int the future or 
the past? 

The other held up a restraining hand, “Yes, Time travel ix possible 

‘But professor! Think of what you're saying! You're telling me that I could go ack and 
smunder my own grandfather. That I could prevent myself from being born—?" 

‘Again the elder man sighed. “I was afraid of ths," he said “I knew you could not 
understand.” He hesitated. Then: “At any rate, take my word for it that time travel is 
possible. Also, I assure you that there are any suber of perfectly sound theoretical and 
practical reasons why you never could hope to murder your grandparents 


We are, however, not told just what those reasons might be 

Even when all has been said about the impossibility of changing the past, and 
even when they are finally willing to concede that point, most people still cannot 
help wondering why the time traveler can't kill his grandfather. There the time 
traveler is after all, just two feet away from the nasty young codger (I assume he is 
nasty to make the whole unpleasant business of murder as palatable as possible), 
with a perfectly functioning and well-oiled revolver in his hand, cocked and loaded 
with powerful, factory-fresh ammunition that even Dirty Harry would find exces- 
sive. What can possibly prevent the time traveler from simply raising his arm and 
doing the deed? Indeed, the artwork (reproduced at the end of the Introduction) 
accompanying one 1944 story shows this act in detail, including the smoking gun in 
the hand of the time traveler who has just taken a shot at grandpop. And if that stil 
leaves open the remote possiblity of an aiming error through nervousness, then 
‘why can't a suicidal time traveler just wrap his body in factory-fresh dynamite and 
blow-up granddad—along with himself and everything else within a hundred feet? 

T'l argue in this book that killing your grandfather inthe past, before he sets you 
in motion, is logically impossible. The laws of physics will then faithfully do their 
duty. No ane will ever find an unfinished note in the empty laboratory of a missing 
traveler who, skeptical of the grandfather paradox, has written “To prove the falsity 
of the grandfather paradox, I will take my time machine back 50 years and kill my 
‘grandf, .." Nor will any time traveler have to be concerned about the twist in one 
tale, which opens with the inventor of atime machine i showing the gadget to three 
friends. One of them later steals the machine to go back 60 years to kill his 
sxrandfather—and the story closes with a near repeat of the opening, with the 
inventor showing the gadget to nwo friends." 

Invoking logic inthis way, in the context of time travel to the past, was discussed 
in the philosophical literature nearly half a century ago: “If we assume that itis 
impossible for (atime traveler to kill his younger self], some people are inclined to 
ask such questions as this: “But how can the laws of logic prevent him from killing 
his younger self? Do they cause his finger to slip on the trigger or the bullet to fly 
apart in mid-air?" The implication of such questions is thatthe laws of logic cannot 
prevent such actions. But such questions are like asking: “How do the laws of logie 


>P. Brown, “Fist, 
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prevent the geometer from trisecting the angle or squaring the circle? Do they, for 
example, cause his ruler to slip as a crucial moment every time he tries it?" 

‘A similar point was made later by another philosopher: “Surely it is not an 
impairment of “freedom of action’ ... that, e.g., you cannot push another person 
harder than he/she pushes you. Just as one would explain this is the case by 
reference to Newton's third law (‘to every action there is an equal and opposite 
reaction’), one could explain the impossibility of [causing a paradox] by reference 
to the laws which imply such a impossibility. If this explanation is taken to be 
unsatisfactory, it would seem that one is saddled with a general problem concerning 
the reconciliation of physics and “freedom,” and not with a specific argument 
against [paradoxes 

‘The grandfather paradox unquestionably nags at all students of time travel. As a 
character in one story declares, “The resolution of [the grandfather paradox] is the 
key to time," and some incorrectly believe it remains unresolved.”” The paradox 
is undeniably troublesome: as one philosopher put it, the apparent possibility of a 
time traveler being able to do away with both his grandfather and himself gives 
“rise to such puzzles that we are forced to question its {time travel’s] intelligibil- 
ity."*" In the next section we'll explore how to answer this concern, 


4.3. Changing Versus Affecting the Past 


“The past—i'spreuy damon solid, Pil I's litle lke compost pile—faily soft nea the 
surface but packed hard futher down, with al that Time piled on top of i.” 
—one ‘explanation,’ perhaps fr the unchangeabilityof the past 


‘The common belief today, among physicists and philosophers alike, is that given 
‘any consistent description of realty itis simply impossible for a time traveler to kill 
himself as a baby. As one philosopher put it, “Autoinfanticide is metaphysically 
impossible [my emphasis. This metaphysical impossibility is philosophically 
intriguing because unlike most impossible events, we can vividly picture how it 
‘might look. Time travel itself seems possible, and for those who arrive in the past 


3, W. Meiland, “A Two-Dimensional Passage Model of Time for Time Travel," Philosophical 
Studies, November 1974, pp. 153-173, Seience fiction had already considered time travel suicide 
in, for example, K. Neville, “Mission,” Fumasy and Science Fiction, April 1953, 

°F, Amtzenis, “Causal Paradoxes in Special Relativity," British Journal for nhe Philosophy of 
Science, ne 1990, pp. 223-243 

%p. Worth, “Typewriter from the Future" Am 
Chap. 1 

"For example, in J. H. Schmidt, “Newcomb's Paradox Realized with Backward Causation.” 
Brivsh Journal fr the Philosophy of Science, Match 1998, pp. 67-81, we read that “there areas 
set no generally accepted solutions” to the grandfather paradox. 

'$, Gorovitz, “Leaving the Past Alone" Philosophical Review, July 1964, pp, 360-371. 

EM. Busby, “A Gun for Grandiather." Future Science Fiction, Fall 987, 


Stores," February 1980, See also note 106 in 
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with proper equipment and training, the actual infanticide should not be difficult." 
‘And so the grandfather paradox lives on, bedeviling both physicists and philoso- 
phers alike. 

Indeed, one physicist described the time travel paradoxes as “the most contro- 
versial issue related to time machines.” As he argued, “These paradoxes seem to 
be something inherent to time machines (their main attribute, perhaps), so it is 
reasonable to assume that if there exists a universal law prohibiting the time 
machines, it must have something to do with the paradoxes. And on the other 
hhand, be the problem of the paradoxes satisfactorily solved there probably would be 
no need to Look for such a law the (supposed) paradoxicalness of the time machines 
being traditionally the main objection against them.” 

‘One of the persistent stumbling blocks to removing the confusion of the para- 
doxes is a failure to distinguish between affecting and changing the past. One 
philosopher wrote this, in a somewhat bungled attempt to explain what is meant 
by affecting the past: “Nothing anyone can do now can make it not have rained 
yesterday" if, in fact, it did rain yesterday. This is correct, but it is nor what is 
meant by affecting the past. Rather, ifthe reason it di rain yesterday is because a 
time traveler from the future seeded the clouds, then that time traveler affected the 
past. Making it not to have rained yesterday would be to change the past. 

‘Aclassic™ by Isaac Asimov illustrates what is meant by a time traveler affecting 
the past. An idealistic physics professor, convinced that the world’s political 
problems are the result of the comparative newness of scientific thought and 
tradition, tries to change the past (and thus the present) by sending a Greek 
translation of a modem chemistry text back 2000 years to the Hellenic days of 
Leucippus, Lucretius, and Democritus. He dies in the attempt but succeeds in the 
transmission. When a government investigator—called in because the professor 
drained an entire nuclear power reactor to energize his time machine!—discovers 
that the transmission takes a day to travel back a hundred years (a little gimmick 
with no foundation in physics, but simply something Asimov needed for the story), 
he fears ‘our’ world will vanish in 20 days, to be replaced by a ‘new" one. In the end, 
however, he learns you can’t change the past. As one of the late professor's 
colleagues tells the investigator, “While you are right that any change in the course 
of past events, however trifling, would have incalculable consequences ... I must 
point out that are nevertheless wrong in your final conclusion, Because THIS is the 
world in which the Greek chemistry text WAS sent back.” 


‘David Horacek, “Time Travel in lndeterministc World,” The Monist, fly 2005, p. 423-436 
“8. Krasnikov, “Time Travel Paradox,” Physical Review D, February 14, 2002, pp. 4013-1 
tor’ 


G. Swinburne, “Affecting the Past" Philosophical Quarterly, October 1966, pp. 341-347 
The Red Queen's Race,” Astounding Seience Fiction, January 1949, 
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Another good illustration from science fiction of affecting the past can be found 
years before Asimov's. In that story," a time traveler leaves the Chicago of 1942 
for the year 3000. Much later, in the year 2564, another time traveler interested in 
history journeys back to 2253 in an attempt to learn the cause of the great Chicago 
explosion of that year. The explosion was centered on the site of an ancient 
laboratory once used by a scientist who mysteriously vanished in 1942, The second 
time traveler begins his trip into the past on the same spot, with plans to go back to 
the day before the explosion. At the story’s end, we learn that the disaster was the 
result of the two time travelers colliding as both ‘passed through’ 2253. The 
backward traveling historian. therefore, by pushing a button in 2564, isthe cause 
‘of an event that happened 311 years earlier."* 

To give a science fiction example of changing the past, it would be hard to do 
better than with a story that appeared a few years after Asimov's The central 
character is a researcher in time travel who has concluded that what is wrong 
with the world can be traced back to the scientific method getting off to a late 
start (this story was almost surely written as a result of Asimov's tale!): the 
time traveler thinks he can correct matters by visiting 340 B.C. and educating 
Aristotle on the proper scientific attitude. (Aristotle believed that observing the 
world was inferior to pure thinking about how the things, in his opinion, ought to 
work.) This the time traveler does, with utterly disastrous consequences. He returns 
to the present to find a scientifically retarded world that makes him a slave. In his 
cell he writes on a wall the bitter lesson he has learned too late: “Leave Well 
Enough Alone.” 

It is the fear of time travelers from the future attempting to alter the past that has 
led some philosophers (and not just a few physicists) to assert that time travel is 
impossible, because it would mean what they feel to be impossible might happen: 
changing the past. One philosopher, however, argued long ago that such a worry is 
unwarranted. As he wrote at the end of an essay (a polemic against the concept of 
four-dimensional spacetime, and so against the idea of time travel), “Squandering 
‘vast sums on foolish enterprises is an everyday occurrence. [For example], will the 
US. time explorer get back and eliminate Lenin before his Russian rival gets back 
even earlier and eliminates George Washington? ... If such spectacular folly once 
gets under way because governments have been convinced of some nonsensical 
theory, a logician will not... lose any sleep about who is going to succeed.” 


0. Saar, “The Time Bender" Asounding Stories, Augas 1937 

‘This story describes something uit more than simply” afecting the past ithas causal oop in 
i The time uaveling historian makes his rip because of an event i the pas thats ip causes 
‘Sach paradoxes wil he the subject ofthe next sexton. 

“L. Sprague de Camp, “Anstoue and the Gun.” Astounding Science Fiction, February 1988 
Asimov and de Camp were close friends, and their wo stores with similar premises are clearly he 
‘sul fa bit of rend rivalry. 

®P. Geach, “Some Problems About Time,” in Sudies in the Philosophy of Thought and Acton 
(0B. Stawson, eit), Oxford 1968 
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‘And long before that essay (with its correct conclusion reached through faulty 
reasoning) was penned, we learn the same lesson (in a 1923 tale by the English 
novelist May Sinclair (1863-1946) as we follow a woman right into hell after her 
death; she ends up there because of an immoral life. She then wanders through time, 
into her past, but finds that she can change nothing. As she is told, “You think the 
ppast affects the future. Has it never struck you that the future may affect the past? 

‘You were what you were (0 be.” This last line, from a non-science fiction 
story, is consistent with the modem view held by physicists of time travel. You 
cannot travel anywhere into the past unless you've already been there, and when 
‘you do make the tip you will do what you've already done there, You could not, as 
does the time traveler in one tale,” change the course of history by revealing 
twentieth-century physics in the eighteenth century. That does not mean you would 
necessarily be ineffectual during your stay in the past, however (certainly it doesn't 
‘mean, as Hugo Gemnsback thought, that you'd be invisible!) Not being able to 
change the past is not equivalent to being unable to influence or affect what 
happened in the past, and science fiction writers have used this distinction to 
good effect, as did Asimov (note 63) and de Camp (note 66). 

Robert Heinlein was a science fiction writer who clearly understood time travel 
paradoxes, both what they mean and, at least as important, what they do not mean. 
In his 1964 cold-war novel Farnham's Freehold, for example—the story of a 
family that is literally blasted twenty-one centuries into the future when their 
bomb shelter receives a direct hit from a Soviet nuclear warhead—we find follow- 
ing exchange as two of the characters are about to return to their original time via 
time machine: 


"The way I see it there are no paradoxes in time travel, there can’t be. If we are going to 
‘make this jump, then we already did: that's what happened. And if it doesnt work, then i's 


because i didn't happen. 
“But it hasn't happes 
fuappen, Thats what Isic.” 
'No, no! We don’t know whethes 
ida t won't.” 


yet Therefore, you are saying it didn’t happen, so it can't 


thas already happened or not. Lit dit wil. it 


Modem philosophers, and many physicists, to, as well, who have examined the 
concept of time travel in depth, agree with Heinlein's character and, indeed, it is 
‘now common practice to invoke the so-called principle of self-consistency— 

erally attributed to the Russian astrophysicist Igor Novikov (see note 117 in 
Chap. 1) because he and his colleagues did not simply invoke it, but rather were 
able to derive it from the principle of least action, a concept held by many to be at 


ML Sinclair, ‘Where Their Fire Is Not Quenched.” in After the Darkness Falls (B. Karlot 
editor), World Publishing 1946, 
D. Beason, “Ben Franklin's Laser, 


Analog, December 1990, 
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the highest level of importance in physics”: all that is required, argued Novikov, in 
any physical process (including time travel), is that a logical consistency exist 
between events.” In his book Evolution of the Universe (originally published in 
Russian in 1979), Novikov wrote “The closure of time curves does not necessarily 
imply a violation of causality, since the events along such a closed line may be all 
‘self-adjusted'—they all affect one another through the closed cycle and follow on 
another in a self-consistent way.” He later repeated that view in one of the first time 
machine papers in the physics literature.” 

In fact, despite the attachment of Novikov’s name to the principle of self- 
consistency, it was actually around in physies decades earlier; it has been traced 
back to as far as 1903!” And at least an intuitive understanding of the principle can 
be found in the mainstream literature from nearly as long ago. For example, in Lord 
Dunsany’s short 1928 play The Jest of Hahalaba (the inspiration for the 1944 film Ie 
Happened Tomorrow), & man obtains (via supernatural means) a copy of tomor- 
row's newspaper. In it he reads his own obituary, which so shocks him that he 
promptly expires—thus explaining the obituary notice. 

‘The principle of self-consistency has been in science fiction long before Novikov. 
too. An example is the 1941 story “Time Wants a Skeleton” (see note 15). In it 
one character, after puzzling over a time travel paradox, realizes that “Future and 
present demanded co-operation, if there was to be a logical future!" And a nice 
lecture on the principle (that pre-dates by 3 years the dialogue quoted earlier from 
Heinlein's Farnham's Freehold) is given by a character that is particularly interest- 
ing because it was published, not in a specialty science fiction magazine catering to 
sn audience with ‘genre knowledge’ of time travel, but rather in an icon of general 
‘American culture.”* 

Not all science fiction writers, however, have understood the requirement for 
consistency around a loop in time. In one tale, for example, a man meets the 


Like just about everything concerning ime travel, however, not al think this. For example, the 
real German physicist Max Planck (1888-1949), the 118 Nobel physics laureate, sid (in 1922): 
“Physics hence is inclined to view the principle of least action more as a formal and accidental 
ccuriasity than 3s a pillar of physical knowledge.” Stil, he did also declare that he thousht it 
unlikely “the dominance of such a simple lw could be a mere accident." Quoted from Mare 
Lange, “Conservation Lavs in Scientific Explanations: Constraints or Coincidences,” Philosophy 
of Setence, July 2011, pp. 333-382. 

"See A, Carlini, etal, “Time Machines: The Principle of Sel-Consistency as a Consequence of 
the Principle of Minimal Action.” October 1998, pp. 857-580, and “Time Machines and the 
Principle of Sel-Consistency as a Consequence of the Principle of Stationary Action (I): The 
‘Cauehy Problem fr a Selt-Imeracting Relativistic Particle,” Oetober 1996, pp. 445-479, both in 
International Journal of Modern Physies D. 

DD. Novikov, “An Analysis ofthe Operation of a Time Machine," Sovier Physics JETP, March 
10989, pp. 439-48. 

'R. D, Driver, “Can the Future Influence the Present?" Physical Review D, February 18, 1979, 
pp. 1088-1107, 

7R, F. Young, “The Dandelion Gil" The Saturday Evening Post, April 1, 1961 See also note 
49/in Chap. 2 
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inventor of a time machine and agrees to his request to use it to travel into the future. 
Once he is in the future, alas, the machine breaks. The man then finds another 
machine that, though it is too small for him to fit in it, is able to hold a recording 
that he sends back into the past to himself, to a time before he started his forward 
journey. The message on the recording (which he did not receive the “irst’ time) is, 
of course, not to make a deal with the inventor. This advice he follows, and so the 
principle of self-consistency is violated twice in this story.”> 

‘An ability to play a role in history is not without some constraints. You can't 
save Jesus with a rifle (see note 45), or Joan of Arc with a fire extinguisher, or 
knock-out John Wilkes Booth with a baseball bat outside of Ford’s Theatre, or 
blow-up Hitler with a bomb, and you can't prevent either the Black Death in the 
London of 1665 or the Great Fire the following year. But it is logically possible for 
a time traveler who has an infected rat sneak into his time machine, or who 
carelessly discards a match, to be the cause of the last two examples. That was 
the fate, for example, of the time traveling historian from A.D. 2461 who was the 
cause of the plague in A.D. 562 Rome, as well as of that in England nearly 800 years 
later.” 

Michael Moorcock’s 1969 novel Behold the Man gets the impossibility of 
cchanging the past, and the possibility of affecting it, right. When a disturbed man 
journeys backward in time to ancient Galilee to meet Christ, only to discover that 
there is no such person, re assumes the role and lives out the Biblical accounts up to 
and including dying on the Cross. He has not changed the past, but he certainly 
plays an important role in it! 

‘Aneatly science fiction story that got this right, long before the philosophers and 
physicists thought of it, was the clever tale whose artwork Ihave reproduced at the 
end of the Introduction.”” In that story, atime traveler journeys back from 1943 to 
1870 and shoots his then 14-year old grandfather in the head. Leaving his victim 
lying on the ground with “blood oozing all over the youth’s forehead,” the would-be 
killer returns to 1943. Once back, however, he finds himself in a strange place 
where he leams from two men that the Germans destroyed New York in 1920 with 
poison gas! Suddenly realizing that the death of his grandfather has apparently 
changed history (a curious oversight for anyone smart enough to invent a time 
machine and then to use it to force the “grandfather paradox"), he decides he'd rather 
be dead than be cut off for all time from the world he remembers. So, he shoots 
himself dead. Then we learn that the two men he encountered are actually inmates 
in an asylum who like to make-up stories for unsuspecting strangers. We also learn 
that the time traveler's grandfather's photographs always did show him with a 
“white, furrowed scar on his forehead that might have been caused by a glancing 
bullet.” 


1 Wikon, “The Message" Astounding Stories, March 1942. 
G. C. Edmondson, “The Misti." Fantasy and Seience Picton, February 1959, 
7M. Weisinger.“Thompoon's Time Traveling Theory’ Amazing Stories, March 1944, 


22 4 Philosophers, Physicists, and the Time Travel Paradoxes 


i 


Fig. 44 The inventor of a time machine about to commit autoinfanticide in the past (the 
‘youngster holding the teddy bear is a younger version of the ime traveler). Illustration reproduced 
hy the kind permission of Frank Amizenius (Professor of Philosophy at Oxford University), from 
his paper “Time Travel: Double Your Fun,” Philosophy Compass, November 2006, pp. 399-616 


Well, okay, you might say at this point, ‘I'm convinced you can’t change the 
past, but let's get back to the autoinfanticide (grandfather) paradox. So wy can't a 
time traveler kill his baby-self in the past?” A possible answer, one now generally 
accepted by philosophers and physicists alike, appeared first in science fiction. In 
tale” that appeared just the year after Gidel's 1949 discovery of time travel in 
‘general relativity, we find a character saying “The answer is quite simple. When the 
man goes back in time and kills his grandfather, and returns to his own time again, 
he finds to his surprise that he made a mistake. It was not his grandfather at all! And 
‘no matter how many times he goes back and kills his grandfather ... he always 
[my emphasis] finds he made a mistake.” Or, perhaps, some noise distracts him as 
his finger tightens on the trigger, or the grenade he tosses at granddad is a dud, or a 
gust of wind deflects the arrow, or (most ludicrous of all) he simply slips on a 
discarded banana peel! 

Okay, that works for shat time traveler, But suppose, someone objects, that we 
arrange to have a [or of time travelers go back in time, each with murder in his heart 
for his grandfather. Then, as one philosopher has observed, “Since {killing one’s 
grandfather in the distant past] is impossible, each assassin fails. Some change their 
minds, others slip on banana peels, yet others kill the wrong target, and so on. But 
there is something odd about the idea that such coincidences are guaranteed to 
‘happen, again and again!" 

Early science fiction avoided invoking banana peels by providing an even more 
extreme ‘explanation’ for the failures: the time police, who are charged with foiling 
‘would-be grandfather killers. (See, for example, the many stories by Poul Anderson 
(1926-2001) of the “Time Patrol.") These time commandos are imagined to roam 
the corridors of time, disrupting the attempts of all those who would change 


typewriter fom the Future”: see note 106 in Chap. 
T*Theodore Sider “Time Travel, Coincidences, and Counterfstuals." Philosophical Snues, 
August 2002, pp. 15-138 
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recorded history. Stories of these temporal cops are simply westerns, mysteries, 
police procedural, or some other similar type of specialty genre story wearing thin 
camouflage. This story device, whose main purpose isto allow both time travel and 
free will, has been correctly called “boring” by atleast one philosopher (see note 
5 in the Introduction), an evaluation shared by modem philosophers, physicists, and 
(think) even most modem science fiction writers. 

So, we seem to be back to banana peels to save grandfather—but itis dificult to 
deny that vast hordes of murderous grandsons do appear to require an unlimited 
‘number of strategically placed banana peels, strewn all about the past to trip-up 
every one of those potential assassins. This problem, of repeated, improbable 
coincidences to thwart _murderous descendants from the future, was. first 
commented on by the philosopher Paul Horwich in 1975 (see note 19 in the 
Introduction), and then given convincing resolution by another philosopher in 
1997."" 

To explain the argument, I'l first use the philosopher's less deadly example of 
dated objects. “Suppose,” he writes, “that every object has written upon it the date 
‘on which it will cease to exis... perhaps a time traveler travelled into the future, 
observed the demise of objects and then travelled back [to just after he left for the 
future] and wrote the dates."™ If now the time traveler tries to destroy an object 
before the date written on it, then he will fail. As the philosopher amusingly 
described his attempts to destroy a pen “before its time,’ “I take it outside 10 
place under the wheels of a passing train, but there is a train strike that day. The 
telephone rings just as 1 am about to drop the pen into a vat of acid. I slip on a 
banana peel on my way to put the pen in the microwave. My dog eats my designs for 
apen grinder. And soon, for as long as you please. However many attempts I make, 
the attempts in no way require the occurrence of the coincidences that foil them.” 
To put it bluntly, “Stuff happens.” The pen has the observed date of its destruction 
fon it, and that date is still in the future and so itis simply impossible to destroy 
it now 

‘Now, here's the point: the date on the pen is there ecause all those attempts to 
destroy it before that written date fail. But the presence of the date is nor the reason 
for any of the weird (?) occurrences that disrupted all the attempts to destroy the 
pen, but rather it’s because all those attempts failed thatthe date is what iti. This, 
same argument applies to the grandfather paradox. The only time travelers avail- 
abl, today, to g0 back into the past to ry to kill their grandfathers, are precisely 
those time travelers whose grandfathers were nor killed. Or, to paraphrase our 
Philosopher (note 81), to ask ‘why do coincidences always fol the time traveller's 


SiSee, for example, David King, “Time Travel and Self-Consisteney: Implications for Determin- 
ism and the Human Condition.” Ratio, September 1999, pp. 271-278 

*!Nicholas J.J. Smith, “Bananas Enough fr Time Travel? British Journal forthe Philosophy of 
Science, Sepember 1997 pp. 363-389, 

"this does presen us with th curious (although non-paradoxical) situation that the ime traveler 
‘wl ind, upon his appearing inthe future the date he will write (in his pervonal future) when he 
returns to jst after he left on his time tip 
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attempts to kill [grandfather in the distant past) is to get things back to front. It is 
‘only because the murder attempts fail that the time traveler is alive in the future to 
even make the attempt.” 

In other words, not only is the grandfather ‘paradox" not a paradox, it isn't even 
surprising! 


4.4 Causal Loop and Bootstrap Paradoxes 


"My dear Collingwood, don’t drive yourself crazy tying to resolve the paradoxes of time 
travel. The [time machines) are gone ... havea drink.”** 


‘The grandfather paradox might finally have been put to rest, but there are still 
plenty of other logical minefields left to be negotiated. One of the more puzzling is 
that of the closed loop in time, a conundrum nicely illustrated by one philosopher 
as follows, as an explanation of the journey one time traveler makes to 3000 B.C. 
“In our time travel story it just may be that the traveler's interest in going back to 
ancient Egypt is stimulated by recently discovered documents, found near Cairo, 
containing the diary of a person claiming to be a time traveler, whereupon our hero, 
realizing itis himself, immediately begins ... construction of a rocket in order to 
“fulfill his destiny.”” In other words, (1) he builds a time machine and goes back to 
the past because of the discovered diary, and (2) the diary is discovered because he 
‘goes back to the past. Each of these points by itself has logical clarity, but together 
they form a closed time loop (a causal loop) of enormous mystery. 

‘Science fiction was strewn with causal loops long before the philosophers and 
physicists began to ponder them, however, with (for example) one early tale on a 
lime traveler who journeys a century into the past because she finds an old, 
yellowed newspaper story describing her arrival."” But this tale wasn't the first to 
uuse a causal loop, as we can find one of the first sophisticated treatments of this 
device in a story that appeared even earlier (in the same publication).*° A time 
traveler in 1930, about to start his journey into the future in an airplane/time 
machine, wonders at the last moment if he should really go—then he sees himself 
returning and thus knows he will successfully make the trip. 

‘As he later tells a friend, “That decided me ... Paradoxical? I should say so! 1 
had seen myself return from my time-trip hefore I started it [just like Marty McFly 
in the original Back fo the Future film]; had I not seen that return, I would not have 


A science fiction suggestion that in certain situations (particularly causal loops), might tually 
he goo! advice! From L, Sprague de Camp's “The Best-Laid Scheme.” Astounding Science 
Fiction, February 1941 

™L. Duyer, “Time Travel and Some Alleged Logical Asymmetres Between Past and Future” 
Canadian Fournal of Philosophy, March 1978, pp. 13-38 

SP. Bolin, “The Time Hoaxes" Amazing Stories, August 1931. 

“FJ, Bridge, “Via the Time Accelerator." Amazing Stories, January 1931 


44 Causal Loop and Bootstrap Paradaes 2s 


commenced that strange journey, and so could nor have retumed in order to induce 
me to decide that I would make the journey!” And later, when he finds himself in a 
dangerous situation in the future, he draws hope from that initial experience: “I 
would escape ... It was so decteed. Had I not, with my own eyes, seen myself 
appear out of the fourth dimension back there in the Twentieth Century, and glide 
down to my landing-ficld? Surely, then, I was destined to return to my own age safe 
and sound.” 

Even more dramatic is the second, intemal time loop that ends the story, When 
the time traveler arrives in a ruined city in the year A.D. 1,001,930 he is greeted, 
‘name, by an old man who says he (the old man) is the Last Man alive. He knew the 
time traveler was coming because an ancient history book had said the Last Man 
had, in fact, appeared in the year A.D. 502,101 in the very time machine out of 
which the time traveler has just stepped. The time traveler is so startled by all this 
(and who could blame him!) that he decides to mull over what he has been told 
until the next day. As he wakes up in the morning, he is just in time to watch the 
Last Man depart for 502,101. Stranded in the future, the time traveler wanders the 
empty city in despair until he chances upon a museum. And in the museum, sealed 
in a glass case, is his time machine (!)—it has been there for half a million years, 
since the end of the Last Man's journey. And so the time traveler is saved; he 
merely adds some oil to the stll-functional engine (if you can accept time travel, 1 
suppose this is no more difficult to believe) and returns to 1930—just as he saw 
himself do at the beginning of the story. 

Since Bridge’s astonishing story, the idea of a causal loop in time has been used 
many times in science fiction. Here's a representative sampling: 


(1) Time travelers arrive in the forty-sixth century, only to find that they are 
expected. Their host tells them why: “I have been awaiting your arrival from 
the past. I have a written record of your coming. You see, I have a time 
machine myself ... With my time machine, I recently went a year into the 
future and read the written account I had made, or will make after you leave. 
‘Then I came back, awaiting your arrival."*” 

(2) Armed travelers return to the Triassic age to uncover the secrets of a myste- 

rious artifact that has been recently discovered; at the end we lear it is the 

remains of their own automatic rifle"; 

A time traveler journeys back 500 years, where he suffers an accident that 

results in his being “agelessly stuck" in his time-traveling gadget until he is 

freed—by himself, 500 years later. He then gets into the gadget to journey 
back 500 years"; 

‘The world’s time suddenly loses 5 min, an astonishing event that comes to be 

called “the time drop.” After 2 weeks of investigation, a reporter traces this 


rc) 


a 


"E, Binder, “The Time Cheaters." Thrilling Wonder Stories, March 1940 
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A.B. Chandler, “The Tides of Time,” Fantastic Adventures, June 1948, 
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event to a reclusive (but brilliant, of course) scientist who reveals that he has 
invented a time machine. The reporter decides to test this claim by using the 
‘machine to return to just before the start of the time drop, to observe precisely 
‘what caused it—it i, in fact, a malfunction of the machine that is at fault and 
the reporter finds himself caught in a 2-week long causal loop”: 
(5) A physicist knows something odd lies in his future when he is confronted with 
2 700 year-old museum copy of a book. The puzzle is how to explain a 
‘message penned in ancient, faded ink, in modem English and in his handwrit- 
ing, on the back side of one of the recently unglued endpapers! How, too, to 
explain his own fingerprints all over the same endpaper? How, indeed, to 
answer these questions is his problem when he is presented with all ofthis and 
is asked, “Have you, by any chance, been visiting the thirteenth century?” At 
the end of the story the time loop is closed when the physicist finds himself 
‘writing that same message on a brand new copy of the book that has been sent 
from the past (and that he returns to the thirteenth century via a “time 
portal")”'; 
‘A time traveler from 1964 is secretly observed by one of the ‘locals’ when he 
arrives in 1683, The oddness of the sudden appearance of the time traveler and 
hhis machine ("It were a kind of Dazzle") makes the local think it might be that 
the stranger is the man who stole some items from his home the previous 
night, the same night he had an “ill Dream.” Stealing the time machine after 
the time traveler has gone exploring, the local travels to 1964 where he learns 
how valuable antiques are. So back he goes to 1683, to the night before the 
time machine first appeared, to get some ‘antiques’ from his house. And thus 
he realizes who the thief really was. Before leaving again for the future, he 
centers his own bedroom to see himself asleep and then to awaken, And so he 
ill Dream, 
‘A movie production crew goes into the past to make a film, At the end of the 
story it becomes clear that their presence in the past was not an insignificant 
event, as one character realizes after seeing the evidence of how they affected 
(not changed!) the past: “If this is true, then the only reason that the Vikings 
settled in Vinland is because we decided to make a motion picture showing 
how the Vikings settled in Vinland"”'; 
A private college, endowed decades before by a generous but mysterious 
benefactor, experiments with a time machine. Suddenly, one of the college’s 
‘graduates is accidently sent a hundred years into the past—where she becomes 
the benefactor. The college comes into existence, therefore, because it will 
exist”; 
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(9) A man gets the money to support his experiments in time travel by selling a 
large collection of old, rare comic books he has discovered in his late mother's 
atic, Later we learn how the comic books came to be there; after his exper- 
iments are successful, the inventor travels back into the distant past, buys the 
newly published comic books right off newsstands, and stores them in his 
mother's attic where, decades later, he knows his younger self will grow up 
and then find them (and thus get the money to make it all happen)”*: 

(10) In the 1980 film Somewhere in Time (based on the 1975 novel Bid Time Return 
by Richard Matheson), a man in the present is visited by a mysterious old 
‘woman who gives him a watch. Later, he travels back to 1912 where he meets 
aagirl to whom he gives the watch. He then returns to the present, and she lives 
‘out her life from 1912 on, until she too reaches the present, where we discover 
she is the (now old) woman who gives the man the watch, 


‘Once philosophers discovered the bizarre nature of causal loops, they quickly 
proved themselves to be the equal of science fiction writers in imagining strange 
doings. Here’s one example of that, one which any writer would be proud of: “If 
James cannot decide whether to marry Alice or Jane, he simply travels to the future 
and leams that he is to choose Alice; he then chooses her for this reason. One wants 
to object that the decision to marry Alice was never really made at all! But this is 
not true; the decision was made—as a result of the knowledge that this was the 
decision .... It is not the case that the prospective bridegroom could visit the future 
‘and compare the results of marrying Alice with those of marrying Jane in order to 
decide between the alternatives. For if he visits the future, he will learn only that in 
fact he chose Alice, for better or for worse!"”* 

‘This same philosopher elaborated on his view of causal loops in a later paper. 
where he wrote “What if time travel becomes commonplace, so that we must deal 
with a constant stress of time travelers returning from the future to reveal what they 
have seen?””” His answer is “I think itis clear thatthe ... causal loop we have been 
discussing would become very common, and would play a prominent role in human 
affairs.” He denied, however, that such causal loops would mean the loss of free 
will. As he explained his position, knowledge of a rigged roulette will not prevent 
you from putting your money on the table if you want fo. but perhaps that 


**D. Knight, “The Man Who Went Back." Amazing Stories, November 1985. This same idea was 
used earlier in the story “Compounded Interest." (Magazine af Fantasy and Science Fiction, 
‘August 1956) by Mack Reynolds, in which the inventor of a time machine has the money to 
hull his gadget hecause he uses itt go back into the past where he deposits a small sum, which 
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knowledge will influence your freely made decision making. Whether you learn that 
the roulette wheel is rigged by traditional means (perhaps you see magnets being 
installed under the table) or by means of time travel is irrelevant—even with this 
knowledge, you act freely. Other philosophers have not been so generous. One 
disliked causal loops so much, for example, that while he believed them to be 
conceptually possible, he also thought them to have “a queer smell,” so much so 
that he simply preferred to avoid thinking about them! 

‘One concern that many philosophers and physicists have had with closed loops 
in time is that they fear that would mean being trapped on an endless cycle of 
repeating events. For example, one philosopher long ago wrote 


“There is nothing contradictory in imagining causal chains that are closed, though the 
cesistence of such chains would lead to rather unfamiliae experiences. For instance, it might 
then happen that a person would meet his own former self and have a conversation with 
fhm. thus closing a causal line bythe use of sound waves. When this occurs the frst time he 
‘would be the younger ego. and when the same occurrence takes place a second time he 
‘would be the elder ego. Perhaps the older ego would find i dificult to convince the younger 
‘ne oftheir identity: but the older ego would recall an identical experience long ago. And 
‘when the younger ego has become old and experiences such an encounter a second time, he 
is onthe other side and tres to convince some ‘third ego of their physical identity. Such a 
situation appears paradoxical to us; but there is nothing illogical i i.” 


What has been (erroneously) described with that isthe beginning of an endless 
succession of encounters around a closed causal loop. There is, however, just one 
encounter on such a loop in spacetime (but, of course, the mind of the time traveler 
experiences the encounter fivice), subject to the constraint of self-consistency. 
Some physicists, too, have been so concemed about multiple trips around closed 
timelike curves (CTCs), because they think such trips would allowe the past to be 
changed, that they have felt it necessary to specifically forbid such a possibility. As 
‘one paper put it, "That the principle of self-consstency isnot totally tautological 
becomes clear when one considers the following alternative: The laws of physics 
might pemit CTCs; and when CTCs occur, they might trigger new kinds of local 
physics which we have not previously met. For example, a quantum-mechanical 
system, propagating sround CTCs, might return to where it started with values for 
its wave function that are inconsistent with the initial values: and it might then 
continue propagating and retum once again with a third set of values, then a fourth. 
then a fifth ... The principle of self-consistency by fiat forbids changing the 
past"'This last statement is, of course, in agreement with the position I have 
taken in this book, a position that has generally been accepted by most philosophers 
for several decades now, but the proponents of the principle of self-consistency 
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seem to have been driven to it by a fear of the past ‘happening again’ over and over, 
‘as in the 1993 film Groundhog Day. 

Science fiction writers have stumbled into the error of endless cycling on a 
closed time loop, too. In one such tale,""" the inventor of the first time machine 
travels 500 years into the future where he finds a bronze statue of himself that 
honors his discovery of time travel. Suddenly injured, fatally, he returns to the 
present with the statue and then dies. As a memorial, the statue is placed in the very 
spot where the inventor found (will find) it. As the tale ends, the late inventor's lab 
assistant wonders to himself what will happen 500 years later: “Suddenly a strange 
machine will come out of the past and [the inventor] will be here again—although 
he is dead and has been dead 500 years. [He will take the statue] and go back to the 
past ... to die. And once again that maddening cycle will begin, to go on and on 
forever as long as time spins its threads.” 

‘That story illustrates yet another puzzle associated with those causal loops that 
contain a circulating, physical object. That is, wo made the statue? We can ask the 
same question about the watch in the time loop of Somewhere in Time/Bid Time 
Return as, at every instant of its existence, the watch is in the possession of either 
the man or the woman? So, when was the watch constructed? 

‘There have been some science fiction writers who specifically recognized this 
‘question, long before either the philosophers or the physicists paid attention to it In 
cone early tale,""° for example, we read of a time machine that travels from 1935 to 
1925. When the question of the origin of the time machine comes up, we read, 


“One time machine, found in 1935 and brought back to 1925—found in 1935 because 
fought back to 1925, That is al 

“But who made it in the fist place?—Oh, skip the “in the first place." Just plain: who 
sade it?” 

“No ome, Iwas never made .. It is here because it is ere." 


This same puzzle was addressed in The Technicolor Time Machine (note 93), 
when one character is perplexed over a piece of paper in his wallet with a diagram 
onit,a piece of paper he got from himself (an older version of himself, who traveled 
into the past to give it to his younger self). In frustration, he asks a friend: 


"Then no one ever drew this diagram. It just travels around inthis wallet and I hand it to 
nyse, Explain that.” 

His fiend replies: 

“There is no need to it explains itself. The piece of paper consists ofa self-sufficient 
loop in time. No ane ever drew it It exists because it is, which is adequate explanation. If 
‘you wish to understand it, wil give you an example. You know that all pieces of paper 


1S, Mines, “Find the Sculptor.” Tviling Wonder Stories, Speing 1946, 

SR. M. Farley, “The Man Who Met Himsci" Top-Noteh Magazine, August 1935 (Top-Noch 
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have two sides—but if you give one end ofa strip of paper a 180-degree twist, thea join the 
ends together, the paper becomes a Mobius strip that has only one side. Itexists."™ Saying 
it loesn't cannot alter the fet, The same is true of your diagram: it exists.” 

‘ut—where di it come from?” 

If you mast have a source, you may say that it came from the same place thatthe 
missing side of the Mobius strip has gone." 


‘The undeniable mystery of causal loops is the reason behind the philosopher 1 
cited earlier (note 98) who thought they have a “queer smell” and so viewed them 
with much suspicion. He wasn’t alone in that feeling, and another philosopher said 
‘as much whe he wrote “despite [strong] arguments for the consistency of time travel 
stories [with causal loops], the impression is apt to remain that something is wrong 
with them. I think this impression is correct."""" One story that this philosopher 
could well have had in mind is aclassic,!"” a tale that describes a knife brought from 
‘a muscum in the future back to the present. It arrives in the present with a flawless 
blade, but soon thereafter gets a nick in the blade. How, wonders the narrator, can 
the time loop be completed “again”? I do not find this quite the puzzle that either the 
‘author (and pethaps the philosopher) do: itis simply a variation of the grandfather 
paradox (which has been shown not to be a paradox at all). If the knife is found 
flawless in the future, shen it was not (will not) be nicked in the past. As written, the 
story is not logically consistent as it involves changing the past but, if one removed 
the detail of a nicked blade, then we would have a true (paradoxical) causal loop. 
with the question the story, itself, asks about the knife: “How was this knife created 

‘when its existence has no beginning or end?” 

‘The nicked knife does illustrate a subtle problem that bedevils any causal loop 
containing a physical object. Consider once again the watch in the film Somewhere 
in Time. Assume the watch received by the man in the present is bright and shiny. 
He then takes it back into the past and gives it to his love. It remains with her after 
his return to the present until, decades later, she gives it to him—bright and shiny. 
‘Why didn’t it tamish? Is there some peculiar anti-tarnish property to a watch in a 
causal loop? Well, if so, is that anymore odd than a causal loop itselt?"" 

None of that, however, provides a means for rejecting time travel if one can 
argue that it is possible to have time travel without causal loops. Indeed, Professor 
Hanley (see note 105) argues that itis possible, and presents what he claims is an 


2¥§ee note 99 in Chap. 1, and the related discussion there. 

One philosopher call ths bit of dialog “unhelpfl,” while ignoring the fact hat it appeared i a 
science ition pulp magazine and nota scholarly journal. and was clearly meant to dazzle teenage 
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44 Causal Loop and Bootstrap Paradoxes 2 


example of how to do it. Alas, another philosopher convincingly showed that the 
example is flawed and that Hanley’s claim that there is no causal loop in his story 
“is unjustified.”"” From an entertainment point of view, however, eliminating 
causal loops is going in the wrong direction, as itis the inclusion of causal loops 
that gives a feeling of mystery to a good science fiction story, 

To finish this section, then, we can do no better than to discuss causal loops that 
are even more bizarre than are those with a physical object; that is, loops that 
involve time traveling information. (Since information doesn't ‘tamish,’ however, 
such a loop avoids that particular puzzle associated with a physical object in a 
causal loop.) A classic example of such a loop is a mathematician who is visited in 
his youth by a time traveler from the future (perhaps himself), who gives him the 
proof of a theorem for which the mathematician is (will be) famous in the future. 
Where, then, did the proof actually come from? In what mind was it created?!" 

‘The philosopher David Lewis wrote with particular insight on causal loops, 
especially ones that involve information transfer, such as a time traveler going back 
in time to tell his younger self how to build a time machine so that once its 
constructed he can go back in time and tell himself how to do it.'"' (This was 
item (3), you'll recall, in Jim Nicholson's 1931 letter to Science Wonder Stories 
‘magazine, quoted at the end of the first section of this chapter.) As Professor Lewis 
wrote (see note 5 in the “Introduction”, “But where did the information come from 
in the first place? Why did the whole affair happen? There is simply no answer 
[my emphasis]. The parts of the loop are explicable, but the whole of it is not. 
Strange! But not impossible, and not too different from inexplicabilities we are 
already inured to, Almost everyone agrees that God, or the Big Bang, or the entire 
infinite past of the Universe, or the decay of a tritium atom, is uncaused and 
inexplicable. Then if these are possible, why not the inexplicable causal loops 
that arise in time travel?” 

‘A few years later, another philosopher! gave a similar response to a paradox 
involving a causal loop similar to Lewis’, a loop involving a time machine 
containing a book with instructions en how to make the time machine, The book 
travels into the past on the machine so it can be read—in order to make the machine 


3'pradley Monton, “Time Travel Without Causal Loops." The Philosophical Quarterly, January 
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In answer to the question “Who wrote the book about building a time machine?” the 
philosopher says this question is “no different from questions about where anything 
originally came from, We can ask about the origin of the atoms... their time line is 
not neatly presented to us. The atoms either go back endlessly, or if the Universe is, 
finite, they just start. In either case the question of ultimate origin is as unanswer- 
able as the question of the book's origin. What makes us think that when such 
questions are asked about the loop they are different and ought to be answerable is, 
that the entire loop is open to inspection.” While the instructions in the book don't 
tamish, the book itself of course brings us back to our previous antique watch 
problem.’ Suppose the book is brand-new at the start of the trip backward in time. 
Liter, when the machine (and the book) have reached the end of the loop, just 
before beginning the trip back in time, have the pages tumed yellow and brittle? If 
0, how do we account for the brand-new version? And if not, why not? 

‘An analyst who takes strong exception to these two philosophers is Oxford 
physicist David Deutsch, who wrote (note 100) “the real problem with closed 
timelike lines under classical physics is that they could be used to generate 
knowledge in a way that conflicts with the principles of the philosophy of science, 
specifically with the evolutionary principle.” What Deutsch is referring to is the 
metaphysical claim, attributed fo the philosopher Karl Popper (see note 36 in 
Chap. 3), that knowledge comes into existence only by evolutionary, rational 
processes and that solutions to problems do not spring fully formed into the 
universe, One might call this the physics version of the work ethic—the ereation 
‘of knowledge demands hard work! 

Deutsch’s idea had actually appeared decades earlier in a science fiction tale. 
‘Time travel, discovered in the year 2007, is found to have a limited temporal reach 
into the future of 50 years, a limit due a law passed in 2057 banning time travelers 
from the past. To try to go past 2057 leads to a prompt arrest of the time traveler and 
‘a “deportation’ trip back to his own time. The story eventually explains thatthe law 
was passed precisely because of Deutsch’s concer. As one character in the story 
explains, “Suppose [that one could travel more than 50 years ahead], then a time 
traveler from the past could get [new inventions], carry them back to his own time, 
‘and give them to scientists—which| would] cancel all the long period of invention 
which [produced the inventions]. Which [would] violate causal laws.” 

More recently, a philosopher has offered a quite interesting response to the 
Deutsch/Popper assertion. He writes (note 81), of information “appearing out of 
nowhere,” that “These cases are puzzling, but they by no means show that the time 
travel scenarios in question are impossible or incoherent, or even improbable. We 
think it very improbable that ... information should come from nowhere—but only 
because this does not happen very ofien. It does happen sometimes—for instance, 
when you say something and I mishear you. I think that you said something very 


"9p, Anderson and G. Dickson, “Trespass,” Fantastic Story Quarterly Spring 1950, 


44 Causal Loop and Bootstrap Paradaxes 2s 


Fig. 45 A catious 
ocdos, CORNERED Cornered by Mike Baldwin 
12008 Mike Baldwin 7 : 

Reprined wih permis 

of UNIVERSAL UCLICK, 
All sights reserved 


‘There it was: the same piece of cake he 
ate yesterday. His time-machine really 
worked. Think of the possibilities. 
He could have his cake and eat it too. 


profound—something which neither of us would, in fact, ever have thought 
‘of, Where does the idea come from? If this sort of thing were to start occurring 
regularly [as via causal loops], then we would simply accept it without raising an 
eyebrow.” 

“In the final chapter I'l discuss a dramatic example (due to two Russian physi- 
cists) on how an information-creating time loop might be constructed using a 
wormhole time machine. Such a time loop wouldn't pass muster with Deutsch, of 
course, and he would consider such a thing as being as objectionable as is crea- 
tionism, the anti-evolution claim that purports to ‘explain’ fossils (with measured 
ages in the millions of years) by simply declaring them as having been made by 
God just a few thousand years ago.'' Deutsch’s position is considered by nearly all 
scientists today to be correct for the specific case of creationism, but the evolution- 
ary principle may be on shakier ground with respect to declaring causal information 
time loops to be impossible 

While philosophers have struggled with information in a time loop, and most 
physicists have carefully stepped around the issue, science fiction has had lots of 
fun with information in causal loops. Here’s a sampling of such tales: 


(1) Aman receives telephone calls from two versions of himself, one ten years in 
the future saying he absolutely must accept an invitation to fly to the Bahamas 


TeiViy would God do such a thing? Apparently “just to have some fun with geologists and 
biologists." as creationists call such ancient fossils “sports of nature.” 
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that he will receive that very day, with the other version calling from tomorrow 
insisting that the plane will crash. What should he do?!'*; 

(2) Lovers who are irrevocably separated in time communicate by mail in one tale,'"® 

while lovers in another story'"” communicate via telephone calls to the ever more 

distant past (and yet, with the aid of a clever twist atthe end, finally meet) 

A telephone lineman starts getting telephone calls from himself from 10 days in 

the future, with the first call telling him how to make the gadget to transmit such 

calls; 

A time traveling historian on a visit to A.D, 1528 from A.D, 2211 accidently 

gives a copy of the predictions of Nostrodamus to the prophet, thus explaining 

the predictions’; 

A time machine experiment gone wrong allows thirteenth century Roger Bacon 

to meet twentieth century scientists, an encounter that explains the amazing 


forecasts in Bacon’s Opus Maius'”"; 


(cy 


a 


6 


Hollywood, 100, has had some fun with information causal loops, with the best 
{in my opinion) example of that being the 1989 movie Bill & Ted's Excellent 
Adventure. In that film (where we learn that even the not very bright can be time 
travelers), set of missing keys isnecessary forthe successful completion ofa task 
The two time travelers decide that after the task is done, they will zo back in time, 
steal the keys (that's why they're missing!), and hide them so they can use them 
znow. Where should they hide them? Why, “over there,” says one of the boys, 
pointing at a hiding place—and sure enough, when they go over and look, the keys 
are there. They agree that once they have finished with the keys, it will be most 
important that they really do put the keys in the hiding place! 

All ofthese examples that I've just given you, however, were decaules too late to. 
be the first in fiction about information in a time loop; that honor goes to the 1904 
novel The Panchronicon by the lawyer Harold Stecle MacKaye (1866-1928). An 
Edwardian literary time machine with style, the Panchronicon (literally, a ‘machine 
for all time’) swings on a rope tether around a stel post erected at the North Pole. 
By “cutting the meridians” faster than the sun does, it ravels through space and 
time from 1898 New Hampshire to the London of three centuries earlier." Using 


5G, Klein, “Panty Line." The Best rom the Rest ofthe World (D. A. Wolhcim, editor), Doubleday 
1976 (story originally published in France in 1973), 
™), Finney, “The Love Letter,” The Sanunay Evening Post, August 1959, 
TN. Scortia, “When You Hear the Tone.” Galaxy Science Fiction, January 1971. See also 
L. Padgett, “Line to Tomorrow,” Astounding Science Fietion, November 194. 
SM. Leinster, “Sam, This Is You." Galaxy Science Fiction, May 1988. This story was later 
broadcast as an episode on the “X-Minus One" radio drama program. See also F. A. Reeds, 
Porever Is Not Sa Long.” Astounding Science Fiction, May 1942, 
*L Del Rey, “Fools” Errand,” Science Fiction Quarterly, November 1951 
*N, Schachner, “Lost in the Dimensions." Astounding Stories, November 1937. 

Time traveling" by crossing time zones is an idea that one can trace at least as far back as to 
Edgar Allen Poe's 1841 short story “Three Sundays ina Week." 
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it, a time traveler fan of Shakespeare joumeys from 1898 back to the bard, who is 
suffering from writer's block. There she whispers the magic lines from a play he is 
stuck on (lines she has memorized for her literary club meetings) into his receptive 
cear. Does this make Shakespeare a plagiarist? OF himself!” 


4.5 Sexual Paradoxes 


“Once time machines exist, no event is low probability if itis needed to make the past 


‘There are causal loops even stranger than the ones we have already discussed, 
hard as that may be to believe. These are the sexual paradoxes, first mentioned in 
1931 by Nicholson in his letter to Hugo Gernsback. Not only science fiction writers, 
but philosophers, too, have found these particular paradoxes full of dramatic appeal, 
For example, as a challenge problem to the readers of a scholarly journal, the 
British philosopher Jonathan Harrison (1924-2014) posed the following bizarre, 
indeed astonishing, situation.'*" A young lady, Jocasta Jones, one day finds an 
ancient deep freezer containing a solidly frozen young man, She thaws him out and 
leams that his name is Dum, and that he possesses a book that describes how to 
make both a deep freezer and a time machine. They marry. Soon after they have a 
baby boy and name him Dee. 

Years later, afler reading his father's book, Dee makes a time machine. Dee and 
Dum, taking the book with them, get into the machine and begin a trip into the past. 
Running out of food during the lengthy journey, Dee kills his father and eats him. 
Arriving in the past, Dee destroys the time machine, builds a deep freezer (again, 
using the book), gets into it, and ... wakes up to find that a young lady, one Jocasta 
Jones, has thawed him out. When asked his name he replies Dum and shows Jocasta 
his book; they marry, and 

Harrison concluded this amazing tale with this question for his readers: “Did 
Jocasta commit a logically possible crime?” That issue is just the surface of an 
ocean of puzzles in this story! Jocasta’s crime, of course, is that she has 
Gf unwittingly) committed incest; readers who remember the Greek myth of 
Oedipus, and who his mother/wife was, will understand why Harrison named his 
female character as he did. But what of Dee’s crime? He has, after all, eaten his 
father! But perhaps that isn’t a crime at all, because Dee and Dum are one in the 
same, and is it really a crime to eat yourself? According to another philosopher, 
Murray MacBeath, Harrison's story is “a story so extravagant in its implications 
that it will be regarded as an effective reductio ad absurdum of the one dubious 
‘assumption on which the story rests: the possibility of time travel.”!** 


‘Prom Robert Forwards 1992 novel Timemuaster 


'J, Harrison, “Jocasta's Crime." Analsss, March 1979, p. 65. 
25M, MactBeath, “Who Was Dr. Who's Father?” Synthese, Jane 1982, pp. 397-430 
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This isn’t to say that MacBeath was asserting that time travel is impossible. 
Indeed, he went on to declare that he did believe in the logical possibility of time 
travel, and his paper is devoted to discovering what thought to be incorrect in 
Harrison's story. He did that by retelling the story with what he believed are crucial 
modifications to make it sufficiently less outrageous that it could be taken at least 
somewhat seriously. In the new version, our hero, thawed out from a deep freezer, is 
now named Arthur. Arthur is, unfortunately, suffering from total amnesia (this is 
MacBeath’s way of avoiding the psychological trauma of Dee remembering he ate 
Dum) and so, when asked his full name, he is himself sufficiently puzzled that he 
replies “Arthur who?” He is finally called (what else?) Arthur Who. And, as you can 
no doubt guess, his son (who is a genius and gets a PhD at age 14 on a dissertation 
dealing with the physics of time travel) becomes Dr. Who! 

‘We are then told of a trip back into the past by the two, of the eating of the father 
(Arthur Who) by the son, of the entering of the deep freezer by Dr. Who, etc. etc 
‘The whole business is quite entertaining and ar least as complex as Harrison's 
original story. Just ow complex is summed up in MacBeath’s last, wonderful line: 
“The Who who was Dr. Who's father was not Dr. Who—that is, not the Dr. Who 
whose father he was.” 

MacBeath wasn’t the only one that Harrison's story fascinated, and nearly a 
dozen replies to it were received in addition to MacBeath’s. One, in particular, 
made the thought-provoking observation (see note 112) that not only has Jocasta 
committed incest but she has done so with a single act of intercourse. As discussed 
earlier, the events on a causal loop do not happen endlessly but rather only once; 
thus, Jocasta thaws Dum (Dee) out just once, she marries him just once, and the two 
consummate their marriage just once, Ordinarily we think it takes two sexual acts to 
commit incest, the first resulting in the birth of a child, and the second being a 
parent's union with that child, but this is not so in a causal loop. Time travel is an 
‘odd business, 

Another philosopher replied to Harrison's story with a quite interesting claim, 
‘one that had actually been thought to be true for decades—but which today is 
recognized to be false. The claim was that, irtespective of physics, Harrison's story 
\vas biologically flawed and fatally so. As that philosopher wrote, “The biological 
problem is the following. Dee is the son of Dum and Jocasta. So Dee obtained half 
his genes from Dum and half from Jocasta. But Dum is diachronically identical with 
Dee and is therefore genotypically identical with him (that is, himself). That is, Dee 
is both genotypically identical and distinct from Dum, which is absurd.""?* 

‘That this isn’t true was pointed out by a philosopher many years later. In his 
paper we read this tale: “Suppose Adam travels [far] back in time ... where he 
meets his mother Betty, mates with her and has a child which is himself. Is this 


SSW, Gosrey-Smith, “Traveling in Time," Anatsss, March 1980, pp. 72-73. This false claim had 
already been raised hy a physicist (L. 8. Schulman, “Tachyon Paradoxes," American Jounal of 
Piysies, May 1971, pp. 481-484) and even earlier bya science ition writer (P. Anderson, “Time 
Patol.” Magazine of Fantasy and Science Fiction, May 1955). 
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possible biologically? Yes... a5 follows... onthe grounds that we have total 
replication of Adam’s genome.”'* (The genome is the totality of genes taken over 
al gre sites) Now, suppose each nich ite olds two gees and, as Dow poins 
tty insu reprint aber pases no his quinone gene foreach 
gee site, ogo wil the gene the mother gives o each st. To exactly reproduce 
Himself, then, the time traveling Adam xmply” has to give hs ofspring. af each 
site he gene that he has Forth site tha dd nor come fom Betty. Ths, the 
ofisring--baby Adam-—ends up vith a genome precisely dential to the ime 
traveling Adam. This of course an extraordinary ney event, as the human 
fenome hastens of thousands of genes. The probably that each and every site ets 
the nigh gene fom the me traveing Adam is therfore essentially zero, Ba i 

actually ero and, s the quotation that opens this section say, low proba 
bit to an even ar a roadblock wis occ tat evet i eued fr 

‘While certainly instructive, the sexual paradox stores by Harion and 
MacBeath are remiss in not indicating thatthe concepts they are dealing with 
have lng been a staple of sence fiction, and that the sexual paradoxes received 
imuch critical analysis in that genre long before pilosophes (and physicis, oo) 
discovered tem. From science ction, for example, we have sale of young man 
‘who travels backward in time 1250 years, from A.D. 3207 to 1957 to become his 
‘own grandfather fifty generations removed.'”” And even that is tame compared to 
the sual prsdoees oer cence fiction vit cojued ap Before plosopers 
toga wo dacs tem 

In another story,'** written decades before Harrison's and MacBeath’s papers, 
we meet a young lady caught up ina mind twisting affair in which te mystery ofa 
Causal loop she least of her troubles. In 1957 a i is bor, and afer 20 years of 
intense competition vith her mother (who hasan uncanny ably fo pret the 
futur), she travels back from 1977 to few months before her own bil. She 
becomes pregnant (by aman who she Inter discovers is er father and gives bith to 
air, The new moter has of cure, knowledge fall ha wil happen ding the 
next 20 yar, including the fac that she wll hve an intense competition wih her 
tbls dager 

"While writer of sre ike tes inthe early 1950s were ther as albert 
isa that appenred asthe 1950s ended thats today generally acknowledged as 
the best sexual paradox story ever written.” We are given only a hint of what is to 
Come when a character listens toa song called “'m My Own Granpaw In 1985 


Phil Dowe, “The Coincidences of Time Travel.” Philosophy of Science, July 2003, 
pp. STA-S89. Sce also J. Berkovieh, “On Chance in Causal Loops.” Mind, January 2001 
Pp. 1-23, and P. Dowe, “Causal Loops and Independence of Causal Fats" Philosophy of Science, 
September 2001, pp. 89-97. 

'R. Dee (this ino the *Dee" of Harrison's story), “The Poundstone Paradox,” Magazine of 
Fantasy and ScienceFiction, May 1954 
"CL, Haress, “Child By Chronos,” Magacine of Fantasy and Science Fiction, Sune 1953 


'R, Heinlein, “All You Zombies—," Magacine of Fantasy and Science Fiction, March 1959, 
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newborn girl, Jane, is found on the steps of an orphanage. At age 18, in 1963, she 
has a one-night affair with a mysterious stranger that leaves her pregnant. Some 
‘months later, during the birth of a daughter, itis discovered that Jane actually has a 
double set of sexual organs, and because the female set has been ruined by the 
pregnancy, doctors restore her as a man. Soon after, the baby girl mysteriously 
disappears from the hospital ward. Years later, in 1970, Jane (now a man, of course) 
meets another stranger who uses a time machine to transport both of them back to 
‘April 3, 1963, By April 24 male-Jane meets female-Jane and impregnates her (and 
so now we know who the mysterious stranger was during the one-night affair!, 
Meanwhile, the stranger with the time machine travels forward to March 10, 1964, 
litte after female-Jane has given birth, kidnaps the baby from the hospital (thus 
clearing-up another mystery!), takes her back to September 20, 1945, and leaves her 
‘on the steps of the orphanage. And so we see that Jane is her own mother and father, 
thus out-doing all previous tales about self-parenting. 

This is pretty impressive stuff, but Heinlein still has one more twist for us. After 
leaving baby-Jane in 1945, the time machine stranger retums to April 24, 1963, 
retrieves male-Jane (who has just kissed female-Jane goodnight after fathering 
her-himself in herself), and takes him to 1985 where he recruits him into the 
‘Temporal Service—and finally, the stranger jumps forward to 1999, his “real 
time.” At the end we at last learn that the stranger is, in fact, an even older version 
‘of male-Jane—all the central characters inthe entire story are the same individual at 
various points along a single, highly twisted world line. The lone character in 
Heinlein's tale is truly a self-made man/woman in every sense of the phrase! This 
ultimate act of creatio ex nihilo has, correctly I think, been called “smaller than the 
minimal loop."""” 

Jane, in all her/his versions, isthe only character in the story that appears to have 
purpose. In terrifying words that describe a causal loop, Heinlein ends the tale with 
‘an explanation of the story's tile: “The Snake That Eats Its Own Tail, Forever and 
Ever. I know where I came from—but where did all you zombies come from? 
You aren't really there at all, There isn’t anybody but me—Jane—here alone in the 
dark. I miss you dreadfully!” In a December 1958 letter to his literary agent, 
Heinlein wrote of this amazing tale, “I hope that I have written in that story the 
Farthest South in time paradoxes." In my opinion, he did, 

‘The sexual paradox has continued to fascinate science fiction writers up to the 
present day. In the novel Timemaster (note 122), for example, the hero at one point 
spends a night with his wife—and with two versions of himself from the future. He 
will, of course, experience that night two more times! Later, he becomes upset when 
his wife runs off with one of the older versions, but he quickly calms down when he 
considers that eventually he will be the older version. Consider, too, a story’ that 


216, Lem, “The Time-Travel 
Studies, Spring 1974, pp. 143-154, 
8G, Benford, “Down the River Road,” Affer the King: Stories in Honor of J. R. Tolkien 
(C. Tolkien and M. Greenberg editors), Tor 1991. 
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tells of s young man hunting the father who, years before, had abandoned him in a 
burning house. The death of the young man’s mother in the flames has sent him on a 
10 year quest for revenge up and down what is literally a river of time, a river on 
which to travel in one direction (“up time”) is to move into the past, whereas 
moving “down time” leads to the future. Eventually he comers the father and, 
despite the man’s pleading, kills him. It is only later, after examining papers he 
finds in his father's pocket, that the young man realizes he has killed his future self 
(Benford, « physicist, knows the pitfalls of time travel, and you'll notice that there is 
no autoinfanticide paradox here). 


4.6 Splitting Universes and Time Travel 


“Inall time travel stories where someone enters the past the pati necessarily altered, The 
nly way the logical contradictions eeated by sucha premise can be resolved is by positing 
4 Universe that splits into separate branches the instant the past entered" 


One early science fiction technique for allowing backward time travel and a 
changeable past, while still avoiding paradoxes, is that of alternate universes. 
According to this idea, if a time traveler journeys into the past and introduces a 
change (indeed, his very journey may be the change) then, as the above quote states, 
reality splits into two versions, with one fork representing the result of the change 
‘and the other fork being the original reality before the change. (To a fifth- 
dimensional observer, of course, all conceivable forks, all possible four- 
dimensional spacetimes, have always existed.) Indeed, according to this view the 
centire universe is splitting, at every microinstant, along every allemative decision 
path for every particle in the cosmos! This is often called the theory of alternate 
realities with parallel time tracks. 

‘Such a seemingly fantastic view seems to actually have some scientific plausi- 
bility because of the so-called many-worlds interpretation (MWD) of quantum 
‘mechanics, pioneered in physics by Hugh Everett II (1930-1982), in a 1957 
Princeton doctoral dissertation, Everett's theory is the antithesis of what is com- 
monly called the collapse of the wave function, the idea that all potential possibil- 
ities have a non-zero possibility until a consciousness actually decides or observes 
which one will actually be. That quantum mechanical concept gets its name from 
the probabilistic wave equation formulated in 1926 by the German physicist Erwin 
Schridinger (1887-1961). Before the observation, all possible futures have various 
values of probability; after the observation (which “collapses” the wave function) 
exactly one of those futures (the future) has probability 1 and all the others have 
probability 0. 

‘The MWI idea can be seen in Hale's story “Hands Off," discussed earlier, and in 
art 40 years before that! With almost certainly a theological twist, consider the 


'M. Gardner, “Mathematical Games." Scientific American, March 1979 
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Fig. 46. Grandville's 
Infinity Jugsler of many- 
worlds 


beautiful illustration in the 1844 book Un Autre Monde (Another World), 
reproduced in Fig. 4.6. Known either as “The Infinity Juggler” or “The Juggler of 
Worlds,” itis the work of the French artist Jean-Ignace Isidore Gérard (1803-1847), 
‘who published under the name ‘Grandville.’ The juggler—Grandville's version of 
Hale's mentor—appears as a court jester who is clearly having fun manipulating his 
‘multitude of worlds, while the man (humanity?) in the foreground watches. The 
man appears to be simultaneously fearful and fascinated, involved yet clearly 
impotent. Is Earth one of the worlds among which the Jester stands, or is it one of 
those flying through space? Or is Earth, perhaps, simply the unfortunate world 
ingloriously stuffed down the front of the Jester's pants? (That would surely explain 
alot!) Ifborn a hundred years later, Grandville would surely have found work as an 
artist in the imaginative world of the science fiction pulps. 

Early science fiction stories that treat the collapsing wave function concept can 
be traced back to the late 1930s and early 1940s.'"" A particularly interesting 
example is the story of an inventor who, while trying to build a radio with which 


sce, for example, Jack Williamson's 1938 novel The Lesion of Time, and C.L. Moore's, “Tryst 
in Time." Astounding Stories, December 1936. L, Sprague de Camp (1907-2000), to, was an 
carly pioneer inthe exploration of the MWI idea in seience fiction long before Everct In his 1981 
novel Lest Darkness Fall for example, he uses the analogy of ate (the “mai time line”) that is 
always sprouting new branches. 
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to signal Mars, accidently stumbles on the “temporal-aberrant carrier wave” and 
thus establishes contact with a universe that forked off of ours in 1863 when Robert 
E. Lee won the Battle of Gettysburg!’ In Everett’s MWI, however, the wave 
function of the universe does not collapse. Indeed, it couldn't, because there is no 
observer extemal to the entire universe (we are talking scientce now, not of theology 
and God); instead, the wave function ‘splits’ at every decision point in spacetime. 
Although this leads to a multitude of realities far beyond comprehension, cosmol- 
‘gists still tend to like the MWI because it avoids the puzzle of having to produce an 
observer ‘outside the universe.” 

It's important to understand that the MWI is different from yet another idea 
popular in science fiction, that of parallel universes (see again the third discussion 
‘question at the end of Chap. 3). In parallel universes all possibilities always exist, 
independent and parallel in time. In the MWI, on the other hand, ever more 
universes are continually coming into existence. Unlike the MWI, which can at 
least claim a scientific basis (quantum mechanics). there is no analogous theory for 
parallel universes. But, of course, even though lacking a theory, nonetheless science 
fiction writers have been quite inventive with the idea because parallel universes 
offer a way to avoid (at least some) causal loops. 

One clever, early pulp story'”® illustrates how that works. To improve the 
performance of his time machine, an inventor needs batteries with tremendous 
energy density, a density far in advance of the batteries in the present. Unable to 
travel far into the future—if he could obtain them there, then of course a causal loop 
(the very entity we wish to avoid) would be created upon his bringing them back to 
the present—his assistant first travels back to 1851. There he leaves a note on desk 
of a well-known experimenter, with a plea for him to devote his life to battery 
research; a copy of the 1937 Electrical Handbook is left with the note as proof that 
there really has been a visit from the future! Before returning to the present, the 
assistant takes a sheet of (new) 1847 five-cent stamps from the experimenter’s desk. 

Returning to the present, which is now different (a new time track, in accordance 
with the splitting-universe idea), the powerful batteries are readily available 
because the experimenter believed the note. Buying several of them, using 
money obtained by selling the pristine 1847 stamps to a collector, the assistant 
returns to a slightly earlier 1851 than before (to before the fork in time!), watches 
himself appear'”® and leave the note and the handbook, and then, unobserved, the 
assistant removes both: Thus, upon returning once more to the present, he finds all 
is as before—except now he and the inventor have the powerful batteries, As 


SN, Bond, “Parallel in Time,” Thrilling Wonder Stories, une 1940, See also S.N. Paber, “Trans 
Dimensional Imports,” Isaac Asimov's Seience Piction Magazine, August 1980. 

5W. Sell, “Other Tracks," Astounding Science Fiction, October 1938. 
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before, one might ask where the batteries came from, but unlike the previous 
mystery of information-creating causal loops, the answer is clear and 
non-mysterious. They came from the hard work of the experimenter on a different 
time track. Such shuttling back-and-forth between time tracks is the signature of 
what is called a cross-time story, a device to avoid paradoxes while still allowing 
for changing the past. The first example of this time travel sub-genre had actually 
appeared 4 years earlier,'"7 

In another cross-time tale from modem times, we read of the horrible fate 
suffered by a man when an experiment in a Princeton physics lab goes wrong.!* 
Itis discovered, too late, that parallel time tracks are not simply grooves into which 
‘you drop, like a ball, after leaving the time track of our world. Each version of a 
pperson in each world is not like a ball rolling down a groove from past to future. 
Rather, each world’s time track is justa line on a smooth surface; as the man is told, 
during a temporary stay in a world still close to his (our) original world, “We gave 
you a push sideways, and you moved off your original line—but instead of 
dropping into the next groove, you've just kept om rolling across the surface, 
from one line to the next, at an angle. There are no grooves, nothing to stop you 
from sliding on across the different lines forever. You have the same futureward 
vector as you started with, but you've added a small cross-time vector, as well.” 
‘And so the man drifts cross-time, and gradually the worlds he experiences grow 
ever more alien.!"” 

‘The science fiction is undeniably fun, but for this book the underlying scientific 
theory of time travel is classical (that is, non-quantum) general relativity, and that 
theory has nothing to say about alternative time tracks in multiple worlds. For most 
time travel theoreticians there is one time track, and the past of our world is unique 
and inviolate. I agree with the great quantum physicist J. S. Bell (1928-1990), who 
wrote of Everett's theory that “if such a theory were taken seriously it would hardly 
be possible to take anything else seriously." As Bell further observed, in the 
MWI “there is no association of the particular present with any particular past,” 
quite strange idea that had already appeared in science fiction years earlie."*" 

While most early time travel analysts did base their work just on classical 
general relativity, there are now many more who think quantum mechanics itself, 
independent of its interpretation, has much to contribute as well. Perhaps, in fact, it 


TM, Leister, “Sidewise in Time,” Astounding Stores, June 1934. Spliting universes with 
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may make an absolutely crucial contribution to the theoretical basis of time travel. 
‘One analyst who believes this (along with an even stronger belief in the MW) is the 
British physicist David Deustch (note 100), who holds that general relativity is not 
the proper theory with which to study the physical effects of CTLs. He believes that 
the traditional mathematical machinery of general relativity actually obscures, 
rather than clasifies, the difficult task of separating the merely counter-intuitive 
from the unphysical. 

Indeed, Deutsch calls the conventional spacetime methods, based on general 
relativity and differential geometry, perverse. He also does not like the conceptual 
problems raised by general relativity’s wormholes and singularities. Any 
hon-quantum mechanical discussion, he says, of the “pathologies” of backward 
time travel is simply not adequate. Deutsch divides these pathologies into two 
fundamental classes: (1) paradoxical constraints, such as the free-will issue seem- 
ingly raised by the grandfather paradox, and (2) causal information loops. Deutsch 
claims that his quantum mechanical analyses show thatthe first class of pathologies 
simply does not occur, because the past that the time traveler enters is the past of a 
world different from the one he has left. Further, his results also show (to him) that 
the pathologies of the second class may be “avoidable.” These are not the views 
among the majority of time travel students, however (that does nor mean Deutsch is 
\wrong!), and general relativity is the standard tool used by the majority of time 
travel theoreticians. When quantum mechanics does enter the calculations of most 
analysts, itis generally on an ad hoe basis 

More concerning for the MWI view is a result reported in 2004, that a macro- 
scopic object (a human time traveler, for example) attempting to traverse a worm- 
hole time machine (to be discussed in some detail in Chap. 6) “must necessarily 
undergo violent interactions with the time machine,” interactions so violent that 
they must “cause the object to disintegrate.” The different pieces of the now 
certainly dead time traveler would emerge from the wormhole in different 
worlds—this is definitely not a result likely to encourage volunteers for the first 
time machine trip!" 

So, many physicists and philosophers, not sharing Deutsch’s position,'** tend to 
agree with Bell, including the late John Wheeler (Everett's thesis advisor!), who 
\wrote of the MWI “I once subscribed to it. In retrospect, however, it looks like the 
wrong track. ... Its infinitely many unobservable worlds make a heavy load of 
metaphysical baggage." Agreeing with Wheeler was a philosopher who called 
the MWI “highly controversial” and declared that “few working physicists take it 


"A. Evert, “Time Travel Paradoxes, Path Integrals, and the Many Worlds Interpretation of 
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seriously." Perhaps even more damning was a physicist’s statement that “the 
idea of 10!" slightly imperfect copies of (the universe) all constantly splitting into 
further copies ... is not easy to reconcile with commonsense. Here is schizophrenia 
with a vengeance.”"** Or, as one science fiction writer bluntly put it, ina tale of the 
inventor of the “chronomotive impulse belt” (which allows moving between the 
‘two parallel worlds that are all that exist), the MWI is the “Doctrine of Infinite 
Redundancy—which is, of course, utter nonsense." 

Deutsch’s position does raise the obvious question of what motivates a quantum. 
theoretician to study CTLs at all, given that they originate in general relativity and 
‘not in quantum mechanics. Deutsch’s response is that although CTLs did indeed 
originate in classical Einsteinian general relativity, the still incomplete theory of 
‘quantum gravity does predict CTLs, too. And that is an exciting observation for 
time travel enthusiasts because, as Deutsch writes, the results of his quantum 
studies of CTLs show that “contrary to what has usually been assumed, there is 
tho reason in what we know of fundamental physics why closed timelike lines 
should not exist.” That view was later endorsed by other physicists who wrote, 
after a quantum mechanical study of how a particle could transit a time machine 
spacetime in a physically consistent manner, “there is no contradiction between the 
postulates of quantum mechanics and the possible existence of causality violation 
in general relativity.""** 

Long before these scientific endorsements, science fiction had enthusiastically 
‘embraced the many-worlds idea and its connection with time travel. The first such 
tale!” appeared when Everett was just 3 years old; it put forth the insightful 
observation that although alternate time tracks may allow changing the past for 
the better (something that can't be done, for better or for worse, with a single time 
track), in the end any such change may still be futile. As Daniels’ time traveler puts 
it, “I did have an idea to ... go back to make past ages more livable. Terrible things 
have happened in history, you know. But it isn’t any use. Think, for instance, of the 
‘martyrs and the things they suffered. I could go back and save them those wrongs. 
‘And yet all the time ... they would still have known their unhappiness and their 
agony, because in this world-line those things happened. At the end, it’s all 
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unchangeable; it merely unrolls before us."'*” Many years later, in a critique of the 
many-worlds idea, a philosopher/physicist echoed Daniels’ words: [In the world] 
that I (subjectively) experience I may blunder, but [in another world], with equal 
‘actuality, I triumph gloriously. The Everett interpretation can be used this way to 
mitigate sorrows, but this use is two-edged, for it equally well implies the specious- 
ness of happiness.”*! 

‘The editorial introduction to Daniels’ pioneering tale is quite interesting: the 
‘opening line is “To say that this short story contains some revolutionary time-travel 
theories would be putting it exceedingly mild.” That editor then went on to tell his 
readers, with great enthusiasm, that “when the author ... submitted this story to us, 
his accompanying letter stated that init he had settled the time-travel question once 
and for all. We must admit that a broad, unbelieving grin spread over our counte- 
nances when the author dared make this assertion. BUT—the smile soon left our 
faces... [To our chagrin, Mr. Daniels had really propounded so many brand new 
ideas about time and time-travel, and such logical ones—that he has not lefr one 
Ioophote in his argument!" 

John W. Campbell (1910-1971), the first (and only) editor of Astounding 
Science Fiction (today's Analog), called altemate time track stories “mutant” 
ecause they represented the first new innovation (or mutation) in the time travel 
concept since H.G, Wells. Campbell incorrectly claimed The Legion of Time (note 
133) was the first such tale (see Campbell’s editorial in the May 1938 issue of 
Astounding) and that “Other Tracks” (note 135) was the second, but in fact it was 
Daniels who was first with splitting time tracks in science fiction. After Daniels the 
concept quickly became part of standard science fiction lore and could be used by 
other writers with little explanation. For example, just alittle more than a decade 
later one author did not have to say much about his “First Law of Chronistics.” 
which determines the development of “the branches of Fan-Shaped time.” It was 
sufficient for his readers to lear that should a time traveler to the past change 
‘anything, a parallel branch of time would be created on which the time traveler 
would be trapped: “The man who interfered with the space-time matrix, displacing 
even a comma in the great scroll of time, would be cut-off from his origin 
forever.”"? 

Still, if there is one thing we can say about science fiction, it's that no “rule” is 
immune to challenge. Decades after Daniels’ tale put forth the MWI, we find the 
well-known author James Blish (note 100 in Chap. 1) rejecting it Ina story about 
the reception of radio signals from the future, we read of one character telling 
another “I was going to do all those things. There were no alternatives, no fanciful 
“branches in time,’ no decision-points that might be altered to make the future 


These sad, resigned words were writen when the author, David R. Daniels (1915-1936), was 
just twenty years old. A year later he committed suicide. 
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change. My future, like yours ... and everybody else's, was fixed. It didn’t matter a 
snap whether or not I had a decent motive for what I was going to do; I was going to 
do it anyhow. Cause and effect ... just don’t exist. One event follows another 
because events are just as indestructible in space-time as matter and energy are,”"** 

‘This denial of the MWI is simply an author's choice, of course, for whatever 
story effect is desired, and others may make different choices. Isaac Asimov, for 
example, used the MWI idea in in the story ofa time traveler who journeys back to 
1871 London, to retrieve a lost Gilbert and Sullivan operetta (Thespis). When he 
retums to the present he finds that his wife Mary (who was alive when he left) has 
been dead for a year on the new time track that his actions in the past have created, 
As the story ends, the devastated time traveler thinks “I had changed history. I could 
never go back. I had gained Thespis. I had lost Mary."!** This sad fate is repeated in 
‘another story of a time traveler lost in an infinitude of time tracks with no hope of 
ever finding his way home: “In all of time, how many, many worlds there must 
be, How to find a single twig in such a forest?"!"5 

Splitting universes have been used in literary works outside the genre of science 
fiction, as well. Examples include “The Garden of Forking Paths” by the Argentine 
writer J. L. Borges, the first play J. B. Priestly wrote (the 1932 Dangerous Corner), 
John Updike’s 1997 novel Toward she End of Time, and Gore Vidal's 1998 novel 
The Smithsonian Institution. Typical of these fictional fantasies about splitting 
universes is a tale (anticipating Asimov's) by Lord Dunsany (1876-1957)—the 
Irish writer Edward Plunkett—the story of a man who goes back in time to correct 
“two or three mistakes he had made in his life.”!** This he successfully does, but the 
result is a new, subtly different subsequent history. The differences are not infinitely 
subtle, however; after the changes, he finds that his home, his wife, and all the 
delicate details of his life have vanished. As he relates to a visitor at the lunatic 
asylum he is now confined to, as the result of his despair, “I tell you I'm lost. Can't 
you realize that I'm lost in time? I tell you that you can find your way traveling the 
length of Orion, sooner than you shall find it among the years ... Don’t go back 
down the years trying to alter anything ... Don’t even wish to ... [T]he whole 
length of the Milky Way is more easily traveled than time, amongst whose terrible 
‘ages I am lost.” 

In writing for a mass audience, rather than just for the more limited science 
fiction and fantasy one, pethaps the best known literary work of alternate history is 
the classic 1953 novel Bring the Jubilee by Ward Moore (1903-1978). In that work 
Lee wins the Battle of Gettysburg, and the South wins the Civil War, Using a time 
machine, a historian travels from 1952 (of the world in which the South wins) into 
the past of 1863 to study the battle, where he inadvertently disrupts events to the 
point that the North wins; that is, reality splits and the newly created fork represents 
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the time track of our world, The historian is trapped on this new fork, cut off forever 
from his original time track, The entire novel is in the form of a discovered 
manuscript, written in 1873 and found in 1953, and the pathos of the ultimate 
isolation endows the novel with great emotional impact. 

‘A 1992 novel on the same theme, Harry Turtledove's The Guns of the South, 
begins with a fascinating premise but then misses the crucial distinction between a 
single versus multiple time tracks. In that work racists from the future (2014) arrive 
by time machine at Lee’s 1864 winter camp. They bring with them AK-47 auto- 
matic assault rifles and offer to supply Lee's army with all it can use. Lee accepts 
and the South wins the Civil War. The future, of course, changes—or does it? The 
time travelers have brought back books from the future showing that the South lost 
the war, so the implication is that history must have forked. So far, so good. But all 
through the novel, the time travelers move back and forth between the nineteenth 
and the twenty-first centuries, apparently finding their own time unchanged. And if 
that is so, then the whole point of the story vanishes, Why all the effort to change 
history when itis clear that nothing has changed? The novel is entertaining reading 
(Turtledove is a trained historian), but I believe Moore's novel to be the superior 
work of science fiction, 

Pll end this discussion on splitting universes with a startling theological issue 
raised by a philosopher.'"” Arguing that God cannot branch into multiple time 
tracks because God is unique, the conclusion seems inescapable that God therefore 
exists on exactly one of how ever many different time tracks there may be. What if 
that chosen time track isn't ours? Then, concludes the philosopher, Nietzsche's 
nineteenth-century metaphorical claim that “God is dead” (for us) might literally be 
true! He admits that this is “fanciful,” but still 
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Inan afterword to his story “Dead City” (Thrilling Wonder Stories, Summer 
1946), Murray Leinster muses “You've heard the old argument that a man 
can’t travel backward in time because he might kill his grandfather. I've 
wondered why nobody has argued that a man can’t travel forward in time 
because he might be killed by his grandson.” One possible answer to Leinster 
is that if, at the moment the forward-bound time traveler departs, he has not 
yet sired a child, shen there simply wouldn't be a murderous grandson waiting 
for him in the future, Perhaps, however, Leinster had this somewhat more 
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complicated scenario in mind: After the time traveler arrives in the future he 
is attacked by a mysterious stranger but survives, and later returns to the 
present. He then sires a child who will be the parent of that mysterious 
stranger. (As far as I know, this plot line has not appeared in a science fiction 
story.) Contrary to Leinster's view, explain why the possibility of being killed 
by a grandson is not a reason for forbidding the possibility of a trip in time 
(in cither direction). 


In his causal loop paper (note 105) the University of Delaware philosopher 
Richard Hanley correctly writes (on p. 146) “physicists have tried to avoid 
free will problems by ignoring causal loops involving intentional agency,” 
and partly illustrates this claim with the autoinfanticide paradox, writing of 
the attempt of a time traveler to kill his younger self as inevitably failing 
because “the past is apparently brought about willy-nilly.” (Hanley unfortu- 
nately then uses the story “Thompson's Time Traveling Theory” as an 
example of this—see note 77, and the end of the “Introduction””—when it is 
that time traveler’s grandfather who is the intended target.) Discuss the 
merits of Hanley’s claim, keeping in mind the end of Sect. 4.3 
(in particular, note 81). If you are interested in genetics and astronomy as 
well as in time travel, then for extra credit comment on Hanley’s claim 
(p. 137) that “one can extract information about my DNA from ... my 
astrological chart.” 


‘The fictional Killing of Hitler was imagined in print even before World War 
I, in Geoffrey Houschold’s intense 1939 novel Rogue Male (made into the 
1941 film Man Hunt). And so it’s not surprising that one of the popular 
cchange-the-past themes in science fiction is that of a time traveler killing the 
Fobrer. (This idea, somewhat oddly, appeared in the debates leading up to the 
2016 American Presidential election, when one of the candidates, to show the 
toughness of his character—even though he opposed abortion—declared 
“Hell, yes, I'd kill baby Hitler! You gotta step up, man.” This candidate did 
claborate a bit, stating there might be some risk involved with tampering with 
the past.) Stories in this sub-genre include E, Norden’s “The Primal Solution” 
(Magazine of Fantasy & Science Fiction, uly 1977), W. R. Thompson's 
“The Plot to Save Hitler” (Analog, September 1993), L. del Rey’s “My Name 
Is Legion” (Astounding Science Fiction, June 1942), and R, M. Farley’s “I 
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Killed Hitler’ (Weird Tales, July 1941). Read some of these tales and 
compare the various repercussions envisioned by the authors following an 
assassination of Hitler by a time traveler. 


‘After our discussion of Heinlein's time travel masterpiece “All You Zom- 
bies—.* you might think it impossible to write a new story that exceeds it in 
complexity. That might well be true, but a modern masterpiece by Ted 
Chiang certainly gives it a good run for the money. “The Merchant and the 
Alchemist’s Gate” (Magazine of Fantasy & Science Fiction, September 
2007) uses a ‘wormhole’ that connects the present to the future 20 years 
hence, and it is stuffed with intertwined causal loops and information boot 
straps. Read it and keep track of all such occurrences. How many did you 
find? The last line of the story clearly expresses the view that the past cannot 
be changed: “Nothing erases the past. There is repentance, there is atonement, 
and there is forgiveness. That is all, but that is enough.” Is the story always 
faithful to this view of time travel? 


Inhis_ paper (note 126) on the coincidences of time travel, the University of 
Queensland philosopher Phil Dowe writes “It’s true that remote time travel 
[into the very distant past] does not allow for causal loops ...” Is this true? 
Consider, as you think about this, the story “Time’s Arrow” (Science-Fan- 
tasy, Summer 1950) by Arthur C. Clarke. In that tale geologists have just 
discovered, in a remote desert, the fossilized tracks of a monstrous creature, 
from fifty million years ago, tracks that indicate that the beast was in hot 
pursuit of fleeing prey. Before the geologists can unearth the entire set of 
tracks, to see if the pursuit was successfully completed, they are visited by a 
physicist who just happens to be conducting near-by experiments in time 
travel. (This proximity is explained by noting what better place to conduct 
time travel experiments, powered by atomic energy, than in a remote desert?) 
At one point during the visit, after being told of the ancient pursuit frozen in 
rock, the physicist muses “It would save you a lot of trouble, wouldn't it, if 
‘you could actually see what took place in the past, without having to infer it 
by these laborious and uncertain [geological] methods.” This comment 
results in the Chief geologist paying a vist to the physicist’s lab. After driving 
over in a car equipped with tires having “an odd zigzag pattern” in the tread, 
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an accident suddenly sends the entire lab into the past. Soon after, the other 
geologists unearth the rest of the fossilized tracks, and learn what the crea 
ture’s prey had been when they see a zigzag pattern in the rocks, tracks that 
show “the great reptile was about to make the final leap upon its desperately 
fleeing prey.” Can you see how to modify this story so as to have a causal loop 
involving the very distant past? (For perhaps even more inspiration on 
thinking about causal loops, watch the 1980 movie The Final Countdown, 
In it the designer of a modern naval warship that temporarily travels back 
through time to the Pearl Harbor of December 6, 1941, turns out to be a crew 
‘member who was accidently left behind in the past. In the past he will be able 
to design the ship because he already knows how it was designed—by 
himself!) 


Comment, at length, on the cartoon shown in Fig. 4.5. (Does it make logical 
sense?) 


In the story “Salvation” by Jerry Oltion (Anatog, December 2007) a physi- 
cist approaches the Universal Church of the Divine Revelation for money to 
build a time machine. He is blunt in making his case: “You could go back in 
time and meet Jesus. Assuming he existed.” That statement causes (it should 
come as no surprise) not just a bit of pandemonium but, nonetheless, an 
influential Church leader decides to provide the funding. Why? Because later, 
while sitting in his office as he talks with the physicist, a sheet of paper 
suddenly appears in the air above the leader's desk and then flutters down to 
land on the telephone, Picking the paper up, the leader sees itis a sheet of his 
own letterhead, with writing in his own angular, precise handwriting, saying 
“It works. Give him the money. You almost named the dog Solomon.” This 
convinces the leader because, as we are told, “Paper appearing out of nowhere 
‘was a good trick, but it might easily be just that: a trick. Duplicating his 
letterhead and his handwriting wouldn't be all that difficult either. [On the 
other hand] knowing the name [the leader] had considered but rejected for his 
German Shepard 15 years ago was a different level of feat entirely.” The 
physicist seems to be startled by the appearance of the paper, too, and asks 
“May I see that?” His reaction convinces the leader it wasn’t a staged event: 
“Well, Ill be damned,” the physicist replies. Once the time machine is under 
construction, the two men realize they have to send the enigmatic message 
back in time to complete the loop. As they prepare to do so, the leader asks a 
curious question, After retrieving the mysterious sheet of paper from his desk, 


(continued) 


4.7. For Purther Discussion 2 


hee says to the physicist “Should I send the original [the one he is holding in 
his hand}, or should Iwrite another?” The physicist replies with “Write a new 
one. If we send the original, we put it in a closed loop and [we'll] never get it 
‘back. We don’t want to lose the first object to travel in time. We'll want that 
for the Smithsonian someday.” Does this make sense? Also, comment on 
‘whether or not the dog's name is a bootstrap paradox. 


‘A perplexing little time travel paradox, one that I don't think seience fiction 
has yet treated (and I'm pretty sure physicists haven't had anything to say 
about it either), was eooked-up by the English philosopher Robin Le Poidevin 
inhhis 2003 book Travels in Four Dimensions: the enigmas of Space and Time 
(Oxford, pp. 180-181). There he writes “Peter and Jane, both 20 years old, are 
cout fora walk one day in 1999 when suddenly atime machine appears infront 
of them. Out steps a strangely familiar character who tells Jane that he has an 
important mission for her. She must step into the machine and travel to the 
year 2019, talking with her a diary the stranger hands to her. In that diary she 
‘must make a record of her trip. Obligingly, she does as she is asked and, on 
auival, meets Peter, now aged 40. She tells Peter to travel back to 1999, 
taking with him the diary she now hands him, and recording his trip init. On 
artival in 1999, he meets two 20-year-olds called Peter and Jane, out for a 
‘valk, and he tells Jane that he has an important mission for her.” Le Poidevin 
then writes that “the really tricky question is: how many entries are there in 
the diary when Jane first steps into the machine? We imagine it blank. But this 
is the very same diary as the one Jane hands to the 40-year-old Peter, which 
then contains her entry. And by the time Peter arrives back in 1999, it will 
contain his entry, too, But then, if the diary already contained two entries 
‘when Jane was handed the diary, then it would contain three entries when she 
hhanded it to Peter, who would then add another one, so the diary would have 
contained four entries when it was first handed to Jane, and so on. If the 
problem is not immediately apparent, this is because we imagine an indefinite 
number of trips, but in fact there are just two: Jane's trip to 2019 and Peter's 
trip to 1999, So there ought to be a consistent answer to the question, how 
‘many entries are there in the diary? Yet, as we have seen, there does not 
appear to be a consistent answer.” Another philosopher soon claimed he did 
have the answer: namely, 2. Read his paper (Erik Carlson, "A New Time 
Travel Paradox Resolved,” Philasophia, December 2005, pp. 263-273), and 
either explain why you agree with Carlson's reasoning or enthusiastically 
rebut it. 
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Asin “The Time Eliminator" (Fig, 4.1) other stories have imagined gadgets 
that simply view the past, rather than visit it as would a time machine. This is 
done in an attempt to avoid paradoxes—but does it? Two stories that illustrate 
hhow just viewing the past risks affecting the past as much as time 
travel would, are Horace Gold's “The Biography Project” (Galaxy Science 
Fiction, September 1951) and Donald Franson’s “One Time in Alexandria” 
(Anatog, June 1980). In the first tale the Biotime Camera, operated by the 
Biofilm Institute, allows teams of biographers to film (alas, no sound!) and 
study the lives of past notable personages. Of particular interest are the lives 
of those who developed neurotic psychoses, such as Isaac Newton, And, 
indeed, the Biotime Camera does capture Newton's image as he begins to 
display increasingly disturbed behavior. We see Newton, for example, as he 
begins to peer into dark comers, looking for those who have come to spy on 
him. On his death bed, the biography team assigned to him reads his lips and 
discovers that his final words are “My guardian angel. You watched over me 
all my life. 1am content to meet you now." Itis then that the Biofilm Institute 
realizes what it has done. Newton was in fact being spied upon—by the 
Biotime Camera, which has not changed the past but has certainly affected 
it, In the second tale an archeologist uses a time viewer to read the lost 
‘manuscripts in the ancient library at Alexandria before it was completely 
destroyed in an inferno, The viewer uses an infrared beam—and itis the heat 
from that beam from the future that proves to be the origin of the fire in the 
past. Again, the past has been affected, but not changed, by time viewing. Is it 
true to claim, however, that such viewing gadgets could not be the source of 
other paradoxes, such as causal oops or information bootstraps? If you think 
that isn’t a valid claim, give a counter-example. 


Ina story by Francis Flagg and Weaver Wright (a pseudonym used by 
Forrest J. Ackerman), “Time Twister” (Tivilling Wonder Stories, October 
1947), we read the following exchange between the inventor of a time 
‘machine and his none-too-bright helper: 
*You mean to say,” he questioned incredulously, “that I could go back a 
hundred years?” 
“If you had the proper machine in which to travel, yes.” 

‘But that'd take me back to before I was born.” 
‘The Professor smiled tolerantly. 
“Look at this diagram, Hank. This line isthe time continuum, It incorporates 
space, oo. [The authors didn't actually print a diagram with the story, but 
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surely the Professor is using a Minkowski spacetime diagram]. This dot is 
you. It doesn’t matter when you were born, or when you will die. You exist 
right now, that’s the fact. Traveling into the past or future wouldn't make you 
‘grow any younger or older. Such a thought is naive. Let me demonstrate the 
mechanics of it for you. If ... we calculate with non-Euclidean mathematics 
“It don’t sound reasonable,” the farmhand objected. “If I went back—" 

“[ know,” interjected the Professor, “if you went back you might meet your 
‘own father as a young man and you'd be older than he, or maybe he and your 
mother would be kids going to school.” 

“Haw, haw! That'd be funny, that would.” 

‘What famous movie, made nearly 40 years later, does the end of the conver 
sation remind you of? Hint: “flux capacitor.” 


‘As mentioned in the text, a famous science fiction example of affecting (but 
not changing) the past is “Behold the Man” by Michael Moorcock, the tale of 
a time traveler who arrives in ancient times during the very years of the 
ministry of Jesus as reported in the Bible. When he finds there is actually no 
such person, the time traveler takes the role himself and lives out the events as 
reported in the Gospels, including the Crucifixion. This is a powerful story, 
but it had already been done more than 15 years earlier, by Philip K. Dick, in 
his short story “The Skull” (If; September 1952). In his tale, Dick tells of a 
‘man from the twenty-second century who is sent by government authority 
back to the mid-twentieth century to kill the Founder of a religious move- 
‘ment, a movement that ‘now,’ 200 years later, threatens those same govern 
‘ment authorities. History records that the Founder gave a powerful speech 
just before being arrested and executed, a speech that started the religious 
‘movement, and so the time traveling assassin is told to kill the Founder before 
he can give that speech. (The parallel between Jesus and the Founder should 
be obvious.) Read these two stories and compare and contrast how Moorcock 
and Dick handled time travel paradoxes. Comment, in particular, on the 
relationship between the assassin and the Founder. Moorcock’s tale should 
be easy to find, and Dick's is available as a free pdf download (it is in the 
anthology The Best of Philip K. Dick, Halcyon Classics 2010, as well) 
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Acsubtle_change-the-past sequence appears inthe original Back to the Furure 
film that is easy to miss. When the hero, Marty McFly, returns to 1955 in the 
time car, he leaves from the parking lot of the Twin Pines Mall, so named 
because of the two pine trees that stand nearby. Arriving in the past with 
literally a bang, the time car inadvertently destroys one of the (then) young 
pines. Near the end of the movie, when Marty retums to the future (1985), he 
finds that the mall is now called the Lone Pine Mal. This is charming and fun, 
indeed clever, but modem scholars of time travel eject it, and other claims of 
changing the past, as not being logical. (Shakespeare understood this point, 
when he has Lady Macbeth declare, concerning the murder of Banquo, 
“What's done cannot be undone: to bed, to bed, to bed.”) What Marty’s trip 
‘would explain is why the mall would alway’: have had the name of the Lone 
Pine Mall. Watch the movie and see how many other ‘change-the-past” 
episodes you can find, 


Chapter 5 
Communication with the Past 


As for travel to oF for signaling the past] you'd have to exceed 
light speed which immediately entils the use of more than a 
infinite nunter of horsepawers.”" 


5.1 Reversed Time 


“Lhave not discovered Mr. Wells’ Time Machine.” 


One way to communicate with the past is to “simply” live backwards in time. 
Philosophers and other writers of speculative fiction were the first to wonder what 
things might be like in a world where the time asymmetry is reversed—that is, in a 
world where time ‘runs backward.’ Indeed, fascination with the idea of time 
reversal actually dates back thousands of years, long before science fiction, as it 
can be found in Plato’s dialogue Staresman, written (most probably) 15 years before 
Plato's death in 347 B.C. 

Atone point, Plato offers an extended description of the world suddenly running, 
backward in time in the ancient past, After one character is told that at that remote 
time “all mortal beings halted on their way to assuming the looks of old age, and 
cach one began to grow backward,” he asks “But how did living creatures come into 
being, Sir? How did they produce their offspring?” The answer is shocking: 
“Clearly ... it was not of the order of nature in that era to beget children by 
intercourse ... It is only to be expected that along with the reversal of the old 
‘men’s course of life and their return to childhood, a new race of men should arise, 
too—a new race formed from men dead and long laid in Earth ... Such resurrection 


“Ae observation by Haskel van Mandespoat, professor of the “newer physics,” in S. 6 
Weinhaum's “The Worlds of I" Wonder Stories) August 1935, Compared to the “modest” Van 
Manderpoot. all eter physicist inthe world are a mere “pack of jackels, eating the crumbs of 
ideas tht drop from [his] feast of thoughts" 

W. R lng (1860-1954), in his November 1920 Presidential Adres to the Avstcian Society 
athe University of London Clu, i a sympathetic weatment ofthe posibilty ofa time-eversed 
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of the dead was in keeping with the cosmic change, all creation being now turned in 
the reverse direction.” 

‘The reversed-time world is an important philosophical concept. Before the turn 
of the century, for example, Francis Bradley (one of the early proponents of the 
block universe, you will recall from Chap. 2), thought about reversed-time worlds 
and concluded that they would be quite odd: “Let us suppose ... that there are 
beings whose lives run opposite to our own ... [fin any way / could experience 
their world, I should fail to understand it. Death would come before birth, the blow 
‘would follow the wound, and all must seem to be irrational." A half-century later 
the South African philosopher J. N, Findlay (1903-1987) took Bradley's position of 
supporting a skeptical attitude towards the possibility of time-reversed worlds. 
Writing in a book review, Findlay declared “The reversed world in question 
wouldn't merely strike us as queer, but definitely crazy: it would be a world 
where what is wildly and intrinsically improbable was always occurring. It 
would, in fact, be much more startling than the original asymmetry that led us to 
think of it.” (Findlay was almost certainly thinking of things like a tea cup, 
shattered due to a fall, spontaneously reassembling itself.) 

‘The question of backward-running time so fascinated Findlay that, some years 
later, he posed it as a problem for the readership of a scholarly journal (Analysis). 
This led to a number of responses, and subsequently he presented both his own 
negative view of time-reversed worlds and that of the best reader response he had 
received to his posed problem (which came from McGechie).* While Findlay 
showed admirable open-mindedness by awarding the title of best to an argument 
that refuted his own position, he remained unconvinced about the concept of 
reversed-time worlds, stating that “I continue to feel that a total reversal of my 
experiences is a terrifying possibility.” 

‘The terror aspect of living backward in time had been nicely captured in a 
science fiction story years before Findlay wrote. A scientist who is involved in an 
accident with radioactive materials has his sense of time flow reversed, and the 
story carefully and logically analyzes what his life would be like in such a situation, 
For example, the scientist can talk (backwards for others, of course), so he is 
understandable only if his words are recorded and then played in reverse. He cannot 
cat, because for him that would involve the regurgitation of food. He cannot answer 
questions because “if he should answer any questions put to him, it would mean he 
\vas giving the answer before he heard the question, on his time scale.” And finally, 
he can’t pick anything up because the normally stable position and velocity errar- 
correction mechanism between eye, hand, and brain, which is a negative feedback 
system in normal time, has become an unstable positive feedback system in 
reversed time. The horror of his existence is contained in the only words the man 
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utters (deciphered after reversed playback): “Where am I? What's happened? Why 
are things so different? Why? Why?” 

Despite Findlay’s “terror,” however, the prevailing view today is that to the 
inhabitants of a time-reversed (or what is sometimes called a counterclock) world, 
nothing would look odd! This is a fairly new idea,’ and not so long ago the 
philosophical literature displayed a misunderstanding of how a time-reversed 
world would appear to its occupants.® More recent analyses than Smart’s (note 7) 
advocating the ‘normality’ of a time-reversed world are more compelling.’ One 
concer about a time reversed world however is not easily dismissed: matter with a 
time reversed time sense is thought by many to be antimatter in our world, and any 
interactions between the two worlds would be spectacular, indeed!" 

But let's ignore that possible difficulty. The philosopher J. R. Lucas argued that 
even if beings from two such time-reversed worlds could meet, they still could not 
communicate: “If two beings are to regard each other as communicators, they must 
both have the same direction of time. It is a logical as well as a causal prereq 
site.""' Now, this matter is well worth some effort to understand, because it is 
intimately tied to time travel. At first blush, Lucas’ words seem almost self-evident, 
and after litle thought they might seem to be absolutely irrefutable. The philos- 
‘opher Murray MacBeath, however, took exception. 

MacBeath opened his analysis'= with a story to demonstrate that the persuasive 
power of Lucas” position is only superficial. In that story of Jim and Midge, Jim is, 
‘one of us, whereas Midge is a “Faustian time’! being. In his analyses MacBeath 
uses capitalized words and symbols for the time-reversed Midge, and lower case for 
Jim, as shown in Fig. 5.1. As MacBeath explains, “While Jim and Midge are 
together a face-to-face conversation is hardly likely to get off the ground. To 
make this clear let us say that they are together from f until fy on Jim's time- 
scale, and from Ty until Typ on Midge’s TIME-scale; fo is then the same temporal 
instant as Tyo and, in general, t, = Top. If Jim at [his time] f asks Midge a 
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cater > Jim (somal ine) > liter 


LATER Mg (reversed tne) FARLIER 


Fig 


5.1 Opposite time flows in eaunterclock worlds 


question, and Midge hears the question at Ts, she will answer at Ty, and Jim will 
hear his question answered at f, before he asked it! What is more, if Jim is inexpert 
at interpreting backward sounds, and at f, asks Midge to repeat her answer, Midge 
will hear that request at T,, BEFORE she has heard the original question; and her 
puzzled reply at T; will be heard by Jim at fy before he has uttered the request.” 
Certainly this is a mess in time, and Lucas seems to be on safe ground with his 
denial of the possibility of communication between Jim and Midge. MacBeath, 
however, shows how to refute all of Lucas’ arguments if Jim and Midge are allowed 
to be clever about how they send their messages back and forth—that is, if we give 
up some of our usual ideas of what a conversation is like, MacBeath's analyses are 
far too lengthy and detailed to present here, but the simplified diagram of Fig. 5.1 
should enable one to follow the logic of his approach, 

‘We imagine that Jim and Midge will not actually talk, and so will not have to 
decipher backward-spoken language. Rather, they will exchange messages via 
computer-generated text displayed on monitor screens, screens that are separated 
by a window that is proof against all penetration but the light emitted by those 
screens." The nature of this window is not a trivial matter: if we accept the anti- 
matter nature of Midge’s world then itis essential to keep her and Jim apart! To that 
end, MacBeath imagined that the window is double paned, with a perfect vacuum 
in-between. The exchange of photons between the two worlds should present no 
problems because photons are their own anti-particles,'® 

‘Now, imagine that at fg Jim brings a computer to the window. He programs it t0 
wait for 4 days, until 4, and then to display the following message on its screen 
“This message is fom Jim, who experiences time in the sense opposite to yours. 
Please study the following questions and display your answers on a computer 
screen three days from now.” Jim's messages ends with the list of questions, 

Because all that took place at 3, Midge sees Jim's message and questions at what 
wwe will now call Tp. As requested, she brings her computer to the window, enters 
the answers to Jim's questions, and programs the machine to display them (after 


"Communication between beings in counterclock works, using writen messages displayed 
through a window, appeared in science fiction years before MacBeath wrote: sce 1. Walson's 
1078 novelette“The Very Slow Time Machine.” 

'SThere is no diference in the lime sense of photons in ether world because the flow of proper 
time for a photon—taveling atthe speed of light, by deinition—is zero (recall the diseussion in 
Sect 36) 
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3 day delay) on its screen. Thus, at Ts, which is Jim's f, Jim sees Midge’s computer 
screen light up with “Hi, Jim. This is Midge. The answers to your questions are at 
the end of this message. Now, I've got some questions for you. Please display the 
‘answers two days from now.” Midge’s message ends with answers to Jim’s ques- 
tions and her list of questions, 

Tim sees Midge’s message at ¢,, enters the answers to her questions and sets the 
machine to answer after a 2-day delay. At ts, which is Midge’s T;—and by now you 
see how the process goes. It's cumbersome, sure, but it works. Or at least it does if 
everybody follows the rules. What if they don’t? MacBeath provides other, increas- 
ingly complicated analyses to treat some of the more subtle problems that can be 
imagined in this method of exchanging messages. I will mention just two of them, 
which have direct analogs with what we normally think of as ‘time travel.” 

For the first problem, consider Jim’s initial message, created at foto be sent at fy. 
He receives Midge’s answer as described above at 1, before his message is 
displayed through the window. So, what happens if at f Jim cancels the message 
and it is nor displayed? He has already gotten Midge’s reply. but how can that 
happen if he does not send his message? This is, of course, a bilking paradox, with 
an explanation that we discussed in the previous chapter. 

‘A second problem is the apparent possibility of creating a causal message loop. 
For example, let's say that at fo Jim suddenly decides to send a message through the 
window. (His reason for this sudden urge will be explained in the next few lines.) 
He thinks all night about what to send and, at 1), finally settles on the following: 
“Greetings to the people on the other side of the window. This message comes from 
Jim, who hopes you will reply.” Midge immediately sees Jim's message through the 
‘window (at her time 73) and so is suddenly caught up with the desire to respond. She 
thinks all night about what to send and, hoping to be witty, she finally decides 
(at time T,) on the following echo to Jim’s message. “Greetings to the people on the 
‘ther side of the window. This message comes from Midge, who hopes you will 
reply.” Jim immediately sees this through the window (at what is his time fq) and so 
now we know why he decides to send his original message! And Jim will send his 
‘original message—he has to because Midge replied to it 

Ina review of a book on the direction of time, the philosopher Hilary Putnam 
restated the problems of a time-reversed world in the form of a provocative 
question: “How do you know that one man’s future isn’t another man’s past?""° 
He began by making the interesting observation that for us to be able just to observe 
a backward-running universe, we would have to provide our own normal radiation 
source, because the counterclock stars in such a universe absorb radiation rather 
than emitting it. This point was elaborated on by another philosopher some years 
later, who wrote “We have uncritically imagined someone looking in on ... 1wo 
worlds having opposite time directions ... Part of the story we tell, of the process of 
seeing, involves the emission of photons from objects [for example, the computer 
screens of Jim and Midge] and the subsequent impinging of these photons on our 
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retinas, But this process is obviously directed in time, In a world where time ran 
‘opposite to ours, we could not see abjects at all: objects would be photon-sinks, not 
photon-emitters.""” 

Putnam concluded his comments about reversed time with a cautious warning: “It 
is difficult to talk about such extremely weird situations without deviating from 
ordinary idiomatic usage of English, But this difficulty should not be mistaken for a 
proof that these situations could not arise.” That challenge is no doubt why so many 
‘writers of science fiction and fantasy have tackled the question of what it would be like 
if time ran backward. We can find such a tale long before the science fiction pulps, in 
fact, in a tale that appeared when Einstein was just 7 years old. In that story" the 
narrator (a professor of astronomy and higher mathematics) suddenly finds himself on 
Mars. There he encounters beings who know the future up to their deaths, and whose 
‘memories ofthe past are “scarcely more than a rudimentary Faculty.” The entire tale is 
in the form of a conversation between the professor and one such being, who argues 
(quite persuasively) for the virtues of his “backward’ existence compared to that of 
cearthlings (the Martian name for Earth is the story’s ttle). Bellamy realized that his 
story implies a fatalistic block universe: “No one could have foresight ... without 
realizing that the future is as incapable of being changed as the past,” he wrote. 

Other writers, too, were fascinated by the implications of reverse time. When 
Merlyn the magician makes his first appearance in T. H. White's 1939 masterpiece 
The Once and Future King, for example, he explains how he knows the futures of 
others: “Ordinary people are born forward in Time, if you understand what I mean, 
‘and nearly everything in the world goes forward, too ... But I unfortunately was 
born at the wrong end of time, and I have to live backwards from its front, while 
surrounded by a lot of people living forwards from behind. Some people call it 
having second sight.” 

‘What may have put the idea in White's mind for his time-reversed magician is 
only speculation today, but perhaps it was something he might have read a decade 
before, in a fellow Englishman's writing, the 1929 book The Nature of the Physical 
World by Sir Arthur Eddington, where one finds the following passage: “In “The 
Plattner Story” H. G, Wells relates how a man strayed into the fourth dimension and 
returned with left and right interchanged ... In itself the change is so trivial that 
even Mr, Wells cannot weave a romance out of it [but see one of the For Further 
Discussion questions at the end of Chap. 2]. But if the man had come back with past 
and future interchanged, then indeed the situation would have been lively.” 

‘Whether or not those words influenced English fantasy, they certainly had some 
effect on American science fiction. In his 1979 memoir The Way the Furure Was, 
pulp editor Frederik Pohl wrote that Eddington's book (which Pohl incorrectly 
attributed to Sir James Jeans) had given him the idea for a story using the reversed- 
time twist. But before Pohl could publish it, an even better (claimed Pohl) tale 
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arrived from Malcolm Jameson, Jameson, too, had read Eddington’s book, and the 
result was the novella-length “Quicksands of Youthwardness,” which Pohl 
published in Astonishing Stories as three-part serial during 1940-1941. Unfortu- 
nately, Jameson’s tale is both pretty awful and devoid of any connection with 
Eaddingion’s suggestion. One can only wonder about what might have been in the 
story Pohl says he discarded—did i have the future remembered? Alas, Pohl wrote 
that he couldn't remember! 

Remembering the future does occur in one tale where everybody knows what 
will happen (as they live backward) by reading “prediction books.” What distin- 
‘guishes that story from many others on the same theme is an interesting, ironic 
conversation a student in a reverse-time world has with a philosophy professor 
about how things would be if time went the ‘other way,” as in our world 

“How can we tell? The reverse sequence of causation may be jst as valid as the one We are 

experiencing. Cause and effect are arbitrary. afterall 

“But it sounds pretty far-fetched.” 

“it's hard for us to imagine, just because we're not used to it W's only a matter of 
viewpoint. Water would run downill and so on. Energy would low the othee way—from 
total concentration to total dispersion, Why not?" 


‘The student is unconvinced, however, and when he tries to visualize such a 
peculiar world (our world, don't forget!) it gives him a “half-pleasant shudder.” 
Imagine, he thinks in wonder, never knowing the date of your own death. 

‘A few years later, in Wilson Tucker's 1955 novel Time Bomb, we find the 
intriguing idea of political assassination by time bomb, with the bombs actually 
time traveling to their targets, A policeman begins to suspect what is happening 
‘when it becomes evident that one of the explosions was actually an implosion: “The 
time bomb ... had been going in and had carried the force of the blast with 
it. Inward, Into the past. He frowned at that. A backward explosion? An explosion 
which ran counter to the normal flow of time, to the normal method of living? 
How would an explosion appear to a man if the blast happened in the opposite 
‘manner? Ift began exploding now, in this moment, but continued backward instead 
of forward? Would it be an implosion? 

‘There is little doubt that the definitive treatment of a reversed-time world is that 
of Philip K. Dick's 1967 novel Counter-Clock World. Dick's world was once our 
world, but then, as in Plato’s tale that began this chapter, time suddenly begins to 
run backward, People still alive reverse their direction of aging (but still think. 
walk, and talk in forward time), and dead, buried people come alive again and 
‘emerge from graveyards as the “Sacrament of Miraculous Rebirth” is intoned by a 
priest; all live their way back to the womb, just as in Plato’s tale of 1600 years 
earlier. Such imagery is powerful stuff, but the physicist John Wheeler (of black 
hole fame) would have none of it. As he wrote, “Most of us would probably agree 
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that the universe has not contained and will not contain any backward-looking 
‘observers. We do not expect to see caskets with corpses in them coming to life, nor 
do we expect to find bank vaulls in which a gram of radium will integrate rather 
than disintegrate.”"" 


5.2 Multi-dimensional Time 


“Uf there are extra time dimensions we get violations of causality, because one could sneak 
to yesterday through the extra dimensions, and... if you had sneaked to yesterday. you 
‘would have disappeared from today." 


‘There are those, however, who haven't been quite so sure as Wheeler about the 
impossibility of a reversed-time world. One physicist, for example, showed how 
(under certain initial conditions at the Big Bang) there is a possible solution to the 
‘gravitational field equations that gives an oscillating universe that temporally runs 
backward during the contraction phase.”” And a philosopher has argued that the 
direction of time is local, not global (just as special relativity showed is the rate of 
time) and that the arrow of time can point in opposite directions at different 
locations." As odd as such ideas may seem, a generalization of reversed-time— 
‘multi-dimensional time—makes it seem small potatoes. This is the idea that there 
might be many possible directions to the arrow of time, not just two. At first this 
‘may seem an absurd idea, something akin to a man jumping onto his horse and 
riding off in all directions at once, But philosophers (and perhaps just a few 
physicists™) have started to take at least a semi-serious look at the concept; as 
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with so many other of the radical concepts associated with time travel, though, 
science fiction writers were dealing with multi-dimensional time long before it 
became a respectable topic in learned philosophical and physics journals, 

In one pulp story, for example, we find a professor asking his redundantly named 
class in speculative metaphysics “Why shouldn't time be a fifth, as well as a fourth, 
dimension?" In response to a generally skeptical reception to that, the professor 
‘goes on to say “I believe in the existence of a two-dimensional time scheme 
Ordinarily, most people think of time as a track they run on from their births to their 
deaths ... Think of this time track we follow over the surface of time as a winding 
road [it is the imagery of a surface that gives the professor ‘wo time dimensions] 
Once in a while another road crosses at right angles. Neither its past nor is fuure 
‘has any connection whatsoever with the world we know, 

‘The year before, the same pulp had published another tale” that went well 
beyond a mere two time dimensions. We are told in that story of two countries on an 
alion planct at war in the distant future. The war is a stalemate until one side begins 
to fire a gun at its foe from just two miles from its target, in the heart of enemy 
territory—from the middle of next week! The gun’s shells are true ‘time bombs.” 
This is not mere ‘ordinary’ time travel along one time track, however, but a 
‘multidimensional effect. Using a photograph of the gun in actual operation to 
support his astonishing discovery, an agent for the side being shelled reports to 
his superior that “the gun and its crew are existing along another time axis at right 
angles to the direction of our ‘normal time,’ so that from our point of view they are 
existing perpetually in the same instant.” 

‘That explains why the gun crew can (will?) operate without interference in next 
week's future, as they are in their adversary’s time only for the instant that the two 
time tracks intersect. Indeed, the spy used the same trick to obtain his undetected 
photograph: “I secured the photograph by orienting myself along still another time 
axis at right angles to that of the gun, and approached it as an instantaneous, 
invisible entity.” By the story's end both sides are using and counter-using this 
technique, evading each other “to and fro along an ever increasing complexity of 
‘mutually perpendicular time axes.” In fact, the final count exceeds 75 time axes, 
‘making Heinlein's two-dimensional time look rather skimpy by comparison. 

Well, of course, 75 time directions is science fiction (I think), and physicists are 
not so enamored of multidimensional time as are science fiction writers. For 
example, Eddington wrote that he found the idea of any region of spacetime 
involving two-dimensional time to “defy imagination."** Another physicist showed 
that the extremal property of timelike geodesics (look back at Fig. 3.15 and its 
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discussion) would fail for multidimensional time, which he then associated with the 
stability of matter and a failure of causality.”” Yet another physicist, however, was 
just a bit more willing to consider multidimensional time, and suggested that a 
viable theory of quantum gravity might support the idea of multiple time dimen- 
sions." OF just whar more than one time dimension might actually mean, however, 
this same physicist echoed Eddington by writing “Physics in a spacetime of ... two 
timelike dimensions would be very weird indeed.” Agreeing with this physicist was 
a philosopher who called the idea that there could be more than one dimension to 
time a “rather wild possibility” and a “fairy-tale.”’' These are probably fair 
statements of how most physicists presently think of multidimensional time. 

But not all philosophers are of that persuasion, and many are in fact as fascinated 
by the possibilities of multidimensional time as are science fiction writers. So, why 
this interest in something so different from anything we actually experience? Where 
does the motivation come from? Of what use is multidimensional time? I think the 
answers to those questions all derive from how multidimensional time offers a 
theoretical model for giving meaning to the view that the past can be changed (take 
a look back at note 20 in the Introduction). 

Ina certain trivial sense, of course, the past is always changing. For each of us 
the past is the set of all events that have happened, arranged in a before/after 
temporal order, and this set is continually increasing (and so changing). That is 
not, however, what most people mean by a changeable past. What is meant is that 
there may be some kind of change in the temporal ordering of events, of that an 
event that once was (or wasn't) a member of the set of past events no longer is (or is 
now) a member. Two-dimensional time offers a way to make sense of such 
possibilities, which one-dimensional time simply cannot do. To see how that 
works, I'll follow the presentation in a paper that forcefully argues that it does 
make sense to talk about altering the past.” 

Meiland was aware that some might find his model ad hoc, even “incredibly 
weird” (in his own words), but he justified his efforts by taking a refreshingly 
enlightened, non-Humean view of what he thought would be the proper response to 
‘meeting purported time travelers: “If strange machines containing people in futur- 
istic garments and speaking strange tongues (or perhaps using ESP instead of 
speech) were to appear and were to claim to be from the future, we might very 
well begin to search for a theory of time that allows their claim to be true.” In 
Fig. 5.2 you can see how Meiland tried to do just that 


J, Dorling, “The Dimensionality of Time," American Jounal of Physics, April 1970, 
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W. Meiland, “A Two-Dimensional Passage Model of Time for Time Travel.” Philosophical 
Studies, November 1974, pp. 183-173, Jack Meiland (1934-1998) was a professor of philosophy 
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Fig. 82. Two-dimensional time 


‘The dashed diagonal line, marked with the points 1), f2,... represents our usual 
‘one-dimensional image of time. The horizontal lines P,f,, Paty -.. (which we can 
simply call P, P,.... for short) are the pasts for the present instants 1 ‘That 
is, P is the past with respect to the present f, P2 is the past with respect 10 
the present f3, and so on. The dashed vertical lines allow us to locate any moment 
in the past. For example, the intersection point A of P, with Pris the location of f, 
in the past with respect to the present fs 

With this model, Meiland then analyzed in detail several interesting special 
cases, Suppose that f, and f are 1 year apart and that there is a similar time 
separation between all adjacent, marked present moments on the diagonal. Let us 
further suppose that a time traveler at r, journeys backward 3 years to f,, to arrive at 
point A. Assume he stays in the past 2 years; then his temporal locations lie along 
the dashed diagonal line ABC; that is, at B he is 3 years in the past of ts, and at Che 
is 3 years in the past of fg, From Fig. 5.2, then, we can imagine the time traveler 
saying, as he climbs into his time machine at ‘4, “One year from now I'll be two 
‘years from now.” That rather astonishing statement makes sense when we take both 
uses of now to be fy and observe that B (1 year from A) is 2 years in the past with 
respect to fs." 


A critic of time travel (see note 119 of Chap. 2) used what he claimed tobe the absurdity of such 
4 slatement to suppor his ejection of ime travel One of Meiland's reasons for developing his 
two-dimensional model of ime was, in fact, to be able to reply to that erie (Donald Willams). 
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Meiland’s two-dimensional time model is undeniably fascinating, but it simply 
hhas no theoretical justification (as far as I know”). It is not necessary to assume 
two-dimensional time to explain Meiland’s “strange machines containing people in 
futuristic garments”; it is possible to do that with one-dimensional time in a four- 
dimensional spacetime. The classic paradoxes, too, are understandable without 
two-dimensional time, as discussed in the previous chapter. 


5.3 Maxwell's Equations and Sending Messages to the Past 


“Communication with a world exactly, to minutest desi, a duplicate of our own [but] 
twenty thousand years abead of us might ruin the human race as effectively as if we had 
fallen into the Sun." 


Every physicist and electrical engineer knows that the mathematical description 
of the electromagnetic field is given by Maxwell’s equations. In particular, radio 
‘engineers know that the waves of energy their antennas launch into space follow the 
predictions of those equations with astonishing accuracy. Indeed, when Einstein's 
relativity theory was completed, it was found that Maxwell's equations automati- 
cally satisfy relativity because magnetic effects are relativistic effects; in other 
words, relativity is built into Maxwell's equations. Whereas Newton's laws of 
dynamics had to be patched up, Maxwell's equations were untouched by the 
discovery of relativity. 

‘Thus, it was a puzzle when physicists discovered that careful study of the 
seemingly perfect Maxwell equations, when applied to antennas, apparently results 
in the prediction of causality violation. It is found, in fact, that the equations have 
‘two solutions. One, as expected, contains the feature of time delay; that is, creating 
an electromagnetic disturbance at the antenna now causes a detectable effect at a 
distant point in space later. This is the so-called time-retarded-solution, and its 
‘common-sense physical interpretation is that of energy waves traveling away from 
the antenna as they also travel into the future. The shock was that Maxwell's 
equations also accept an advanced solution; energy waves arriving at the antenna 
from infinite space. 

‘The physicist Paul Renno Heyl (1872-1961) wrote the perhaps first scientific 
work discussing advanced electromagnetic effects, in his 1889 University of Penn- 
sylvania doctoral dissertation with the provocative title “The Theory of Light on the 


Many ofthe arguments agsinst muli-dimensonal time ean be found in M. MacBeath, “Time's 
Squre"in The Philasophy of Time (R Le Poidevin an M. MacBeat, eit), Oxford Univers 
Press 1093, MacBeath concludes, however, with "I would not want rule out the possibility 
that time is threedimeasional. Or worse” See al Aladair Richmond, “Planers Arow 
Science and Muli-aimensional time,” Ratio, September 2000. pp. 256-274, 

The Victorian writer Same! Butler (1835-1902), in the “Imaginary Worl catty of The 
Notebooks of Sante! Bure (plished posthumously in 1912), commenting on the chaos tat 
communication across time might cause 
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Hypothesis of a Fourth Dimension.” Heyl cited the scientific guru of the fourth 
dimension, C. H. Hinton (look back at the last “For Further Discussion” assignment 
in Chap, 2) as his inspiration. The situation described by Heyl is something like that 
of a child standing at the edge of a pond. She throws a rock into the middle of the 
pond and watches ripples spread out and away from the splash. Suddenly, she sees 
ripples appear all around the edge of the pond and then travel inward toward the 
center, where they all converge at once. A spout of water then erupts from the 
surface of the pond atthe simultaneous meeting of the inward-traveling ripples, and 
she watches as a rock is ejected from the spout to land back in her hand. She is, of 
course, open-mouthed with astonishment! How absurd, you think, as you read this, 
‘and who could blame you? This amazing imagery of advanced effects we owe to the 
philosopher Karl Popper, and it has come to be called “the fable of the Popperian 
pond. 

Pursuing the mathematics of wave motion in the fourth dimension, Heyl wrote 
fe afe led to the curious conclusion that, in Hinton’s aether,”” the nature of the 
central disturbance afier a given instant can influence the form of the aether hefore 
that instant. In other words, the aether seems to be endowed with an uncanny faculty 
of foreknowledge.” We can avoid such a counter-intutive implication of advanced 
effects, but only at the price of something many physicists and philosophers 
consider equally unacceptable: information traveling from the future into the past. 
We can still think of the advanced solution as representing electromagnetic waves 
of energy traveling away from the transmitting antenna—that is, as being broad- 
cast, jst like the retarded solution, rather than being received from infinity —if we 
also think of the waves traveling backward in time. Thus, the advanced solution to 
Maxwell’s equations holds out the possibility of sending messages to the past, a sort 
‘of poor man’s time travel. It may seem that we have simply traded one problem for 
another, however, because just sending information into the past can cause many of 
the same paradoxical, causality-busting situations that physical time traveling is 
claimed to cause, 

‘The cosmologists Fred Hoyle (1915-2001) and J. V. Narlikar commented on the 
potential problems posed by communication backward in time, in their 1974 book 
Action at a Distance in Physics and Cosmology: “The [Maxwell] equations supply 
us with both advanced and retarded solutions (and, because of the linearity, with 
any linear combination of them)... With so many solutions theoretically possible, 
why does nature always select the retarded one? That this question cannot be 
answered within the framework of Maxwell's theory must be regarded as one of 
its intrinsic weaknesses 


SK. Popper, “The Arrow of Time," Name, March 17, 1956, p. 538. See, 100, note 110 (and its 
dlisewsion) in Chap. 2 

"It was thought. in nineteenth century physics that electromagnetic waves needa medium through 
which to propagate (ike ocean waves need water, and sound waves need aif), a mysterious 
substance ealled the ether (or ether) that exists even in a vacuum, The 1871 Michelson-Morley 
experiment, however, implied that the ather simply docs not exist 
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‘That branding of Maxwell's theory as having an “intrinsic weakness” because of 
its prediction of an advanced solution was, I think, unwarranted. Indeed, the 
advanced solution can be given a perfectly reasonable physical interpretation. * 
Imagine a transmitting antenna sending electromagnetic waves to an identical 
receiving antenna. At any point in space between the two antennas there are electric 
and magnetic fields, Maxwell's equations allow us to calculate the fields produced 
by alternating currents in the two antennas, When we do an analysis of the 
relationship between the transmitting antenna’s current and the fields, we use the 
retarded solution because the current is the cause and the fields are the effect. But in 
the analysis of the relationship between the ficlds and the receiving antenna’s 
‘current, the situation is reversed, and the fields are the cause and the current is 
the effect. That is, the advanced solution is simply the mathematics relating the 
current in the receiving antenna now to the fields in the past. 

‘An acceptance of both solutions has, in fact, been in the physics literature for 
nearly a century. As the Yale physicist Leigh Page (1884-1952) wrote decades 
before Hoyle and Narlikar, “While the advanced potentials, as well as the retarded 
potentials, satisfy the electromagnetic equations, the former has generally been 
discarded for the reason that it has been more in accord with the trend of scientific 
intuition to consider that the present is determined by the past course of events than 
by the future. However, if it is once admitted that the present state is uniquely 
determined by any past state, it follows that the future is also so determined, and 
hence the employment of a future state as well as a past state in specifying the 


present marks no inherent departure from our accustomed methods of description 


It may still be tempting, however, to just dismiss the advanced solution as a mere 
anomaly of the mathematics and to discard it on physical grounds. This is the 
traditional approach taken by physicists when confronted with non-causal solutions 
in any physical theory and, indeed, that was what Swiss physicist Walter Ritz 
(1878-1909) did with the advanced solutions to. Maxwell's equations 
(an approach that involved Ritz during the last year of his life in a dispute with 
Einstein). For Ritz, the reversal of cause and effect simply did too much violence to 
his intuition to be taken seriously, and so he thought one must impose causality on 
Maxwell's equations (a condition they do not inherently contain) by a priori 
rejecting the advanced solution.*” 

Suill, electrical engineers make similar kinds of judgements all the time, as when 
the solution of a quadratic equation for a passive (energy-dissipating) resistor gives 


Sec, for example. S. L. Schwebel, “Advanced and Retarded Solutions in Field Theory 
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both a positive value (which ‘makes sense") and a negative value (which doesn’t 
“make sense’ and so is simply ignored). There were, however, those who encour- 
‘aged caution on this issue. Seventy-five years ago, for example, the eminent MIT 
electrical engincer Julius Adams Stratton (1901-1994) echoed Leigh Page’s warn- 
ing when he wrote of the disturbing advanced solution, “The familiar chain of 
cause-and-effect is thus reversed and this alternative solution might be discarded as 
logically inconceivable. However, the application of ‘logical’ causality principles 
offers very insecure footing in matters such as these and we shall do better to restrict 
the [Maxwell] theory to retarded action solely on the grounds that this solution 
alone conforms to the present [my emphasis] data." 

‘And in a famous paper I'll discuss in the next section, Wheeler and Feynman 
declared that “We conclude advanced and retarded interactions give a description 
of nature logically as acceptable and physically as completely deterministic as the 
Newtonian scheme of mechanics. In both forms of dynamics the distinction 
between cause and effect is pointless, With deterministic equations to describe 
the event, one can say: the stone hits the ground because it was dropped from a 
height; equally well, the stone fell from a height because it was going to hit the 
ground.’ For Wheeler and Feynman, the reversal of cause and effect inherent to 
backward causation and time travel to the past offered no conceptual difficulties. 

‘The elimination of an appeal to causality, or to the ‘weirdness’ of advanced 
waves, in arguing for the naturalness of the retarded solution to Maxwell’s equa- 
tions was first done in 1976.*" The only auxiliary condition applied to the equations 
was simply the natural one of requiring the initial field energy to be finite." And 
yet, today, there is still no experimental evidence for the physical reality of the 
advanced solution. Now and then one does run across speculations that the 
advanced waves of something traveling backward to us from the future might 
explain the so-called ESP ‘talent’ of precognition, but that is all itis, speculation.* 

‘Advanced waves appeared in the pulp science fiction of the late 1930s, a decade 
before Wheeler and Feynman. For example, one story actually specifically invoked 
the advanced solution to Maxwell’s equations, with a gadget (making use of what 
the author called the “anticipated potentials") displaying the near future on a 
television-like screen. The author's by-line proudly gave his academic credentials 
as including a master’s degree and, in fact, John Pierce was a graduate student in 
electrical engineering at Caltech. He received his doctorate just months after this 
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story was published, and then went on to a highly distinguished career at Bell 
‘Telephone Laboratories and then later at the Jet Propulsion Laboratory operated by 
Caltech for NASA. Pierce knew all about Maxivell’s equations, of course, and he 
actually opened his tale with a quote from Page’s 1924 article (note 39) on the 
advanced solution. How many fictional pieces include quotes from the Physical 
Review? 

‘And it would probably take something like advanced waves to explain the funny 
doings 2 years late in a story of a man caught in a time machine accident, Nearly all 
of his body ends up 4 years in the future—but only nearly all, because his eyes 
remain the present! As one of the puzzled observers of this odd business wonders, 
“Strange, that his eyes, now, can convey a message to his brain, four years hence, 
‘and his brain tells the eye muscles to move the eyeballs which are four years behind 
them — 

‘Some of the most intriguing paradoxes of time travel involve no traveler—only 
information. Of course, any information flow at all, independent of time travel, 
involves the flow of energy and, as Einstein showed, energy and mass are different 
aspects of the same thing. Accordingly, information time travel involves the 
transfer of mass/energy. Thus, a man in the twenty-fifth century who sends a 
backward-in-time ‘temporal radio’ message to a twentieth-century woman stating 
that he loves (will love?) her is sending much more than mere emotion. Just how to 
send a message backward in time is, of course, the puzzle. 

Indeed, all forms of present-day communication are transmissions only to the 
future. If you speak to someone, or if you send a radio message, there are always 
delays depending on the distance of separation and the speed of transmission of 
sound and light, respectively. If you want to send a message to the one hundred and 
twenty-fifth century, you can; just write a letter and seal it in a pressurized bottle of 
helium. This basic idea is dramatically presented in a novel about a scientist who is 
accidently transported from 2162 back to the late-Cretaceous, 80 million years into 
the past. There he leaves a written record on seven sandstone slabs of his brutal, 
lonely life among the dinosaurs—letters across time, if you will—found by twenty- 
second century geologists some years after his disappearance." The transmission 
of such letters, forward in time, while dramatic, is not a puzzle. But what could be 
more astonishing than the message received from the future by the young inventor 
of the first time machine: after his initial experiment of sending his pilotless 
machine into the future, it returns with an envelope inside. Eagerly tearing it 
‘open, he finds the note is from the National Academy of Sciences: “We know 
from old records and museum models that this is the Cullen Foster experimental 
machine, Fifty years looks down on you and says “Good work’. 

Heady stuff, that, but lots of other possible messages are capable of competing 
with young Foster's when it comes to generating excitement. For example, suppose 
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‘you had a gadget that is superficially similar to a telephone but that calls telephones 
in the distant future. You can hear the person (in the future) on the other end, but 
they can’t hear you (in their past). That is, information can flow only from future to 
past. It is then easy to imagine situations in their use of this device that at least seem 
paradoxical. For example, suppose you call your own private number 1 month 
ahead. You hear your future-self first answer the phone, and then recite the winning 
lottery for the ‘previous’ day, which is a month in your present self's future. (Your 
future self does this somewhat odd recital because a month from now you will 
remember, when your private phone rings, just wo is calling!) Se, now in the 
present you know you'll make a fortune by winning the lottery a month later, 

‘This example is admittedly somewhat mysterious since, for the gadget to call far 
‘ahead in time, some sort of signal (as yet unspecified) must travel into the distant 
future because something will make the future phone ring. For the present discus- 
sion I am ignoring this crucial issue for the sake of the dramatic impact of the 
example, Soon, however, we'll get a little way into describing how one might, in 
principle, actually build this gadget, which in the physics literature is called an 
antitelephone. (Such 4 device is an antitelephone because the person who is the 
receiver is in the sender's past, the opposite of the situation for an ordinary 
telephone.) An interesting fictional illustration of such a gadget, despite being 
told as a hard-boiled detective murder mystery, appeared in science fiction some 
‘years ago (alas, while called a “time telephone,” no theory for its operation was 
given, but instead was ‘explained’ as a “straightforward application of an impres- 
sive, but limited, technology")."” So far, there is nothing paradoxical (or even 
illegal) in all of this, but what if, when the phone rings in the future the day after 
you won the lottery, you perversely decide nor to recite the winning number? This 
apparent paradox has, in fact, already been treated with the aid of the block universe 
view of spacetime; that is, if the future-you spoke the lottery number when you 
originally called, then the present—you (now in the future) must, inevitably recite 
ne 

Let's now make things a bit more involved. Suppose that instead of calling your 
future self, you call the weather service and listen to the recorded message telling 
‘you the weather, 30 days hence. You do this day after day, and after a while you get 
a reputation for being able to predict, perfectly, the weather for every day to come, 
up to a month into the future. Your reputation spreads far and wide, and after a 
while more the weather service hears about you, Meteorologists check and find you 
are never wrong. Their computer models are only 80 % accurate out to 3 days, and 
for a week's prediction and beyond, the general public might as well lip a coin on 
whether it will rain or not on any particular day. But you are 100 % correct out to ten 
times their range. And so they hire you—and as a secondary job, you also make the 
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daily weather recordings. (The voice on the other end of the gadget fas sounded 
sort of familiar!) Here, then, is the puzzle we encountered earlier in causal loops 
carrying information: from where is the information in the flawless weather pre- 
dictions coming from? 

‘One easy answer is that the question is meaningless because such a future-to-the- 
past information flow must be impossible. Indeed, if I am to avoid telling a 
“philosopher's fairy tale,’ like those I criticized earlier in the book, I must admit 
that one consistent, non-paradoxical answer is found in recognizing that I have 
‘assumed that those 30-day weather reports are correct. Maybe, however, they are no 
better than anybody else’s predictions. And so you don't become famous, and you 
don’t get hired—and so there isn't any paradox. Is that the way to avoid paradoxes 
involving information flowing backward in time? 

Perhaps not. As long as 1917 it was realized that special relativity does not 
preclude such an apparent backward flow. That is, if information could be trans- 
mitted faster than light, shen messages could travel backward in time. That was the 
year Richard Tolman (1881-1948), a professor of physical chemistry at the Uni- 
versity of Illinois and later at Caltech, wrote “The question naturally arises whether 
velocities which are greater than that of light could ever possibly be obtained."*? He 
then answered that question, with his general conclusion being that if such veloc- 

jes are possible, then a faster-than-light (FTL) observer could see the time order of 
two causally related events reverse. And thus the observer would see an affect 
before its cause. Altematively, a subluminal (slower-than-light) observer could see 
the two events, which are connected via an FTL interaction, reversed in time order 
from what a stationary observer would see. 

Either situation has come to be called Tolman’s paradox, but Tolman himself 
was careful with his words: “Such a condition of affairs might not be a logical 
impossibility; nevertheless its extraordinary nature might incline us to believe that 
zo causal impulse can travel with a velocity greater than that of light." That was an 
astonishing statement, given that Einstein himself had specifically stated in his 
original 1905 paper on special relativity that such a thing simply could not occur. 
‘There is nothing, it would seem, to be “inclined” about.” 

‘This rather technical connection between FTL speeds and backward time travel 
made the transition from theoretical physics to popular culture very quickly. It was 
in the British humor weekly Punch, for example, that the famous (but nearly always 
misquoted) limerick by A. H.R. Buller (1874-1944) first appeared: 


There was a young lady named Bright 
Whose speed was far faster than light, 
She set out one day 


=i. C. Tolman, The Theary ofthe Relativity of Motion, University of California Press 1917 
Take a look back at Sect 3.5, where we showed thatthe time order of two events ean appear 
reversed for a subluminal observer ifthe wo events are not causally related. Inducing FUL. 
‘motion rests in extending reversal to causally connected events that is, PTL motion, reversed 
causation, and time travel tothe ast go hund-in-hand-in-hand 
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Ina relative way 
And returned on the previous night. 


Where Punch dared to go, Hollywood could not be far behind. Indeed, in this 
ccase it was actually there frst, with the 1922 one-reel silent comedy movie The Sky 
Splitter. This was justa short film (feature pictures generally had at least four reels), 
so it is not clear how widely distributed and viewed it may have been. The story is 
that of a scientist testing a new spaceship: when it exceeds the speed of light, he 
begins to relive his life. 

‘The linkage between time travel to the past and FTL motion is a central one in 
science fiction, and its fascination was nicely illustrated by one writer who has a 
time machine experimenter in the twenty-seventh century wonder “Was the speed 
of light the core of the mystery? At the speed of light did the past and the future 
become a shining, merging road down which men could walk—in their ears the 
thunder of time passing ...2"°° Not everybody was excited with the idea of FTL 
motion and travel backwards in time, however, with one eminent scientist declaring 
that “the limit to the velocity of signals is our bulwark against the topsy-turvydom 
of past and future.”** 

‘The obvious question at this point, of course, is whether it is even conceptually 
possible to build a gadget to send FTL messages backward in time? Einstein 
himself thought not, saying “We cannot send wire messages into the past.""” But 
was he right? One hint at the possibility of achieving FTL speeds is in Dirac’s 1938 
paper (note 52 in Chap. 2). There, in his remarks about pre-acceleration, Dirac 
wrote “Suppose we have a pulse sent out from place A and a receiving apparatus for 
electromagnetic waves at a place B, and suppose there is an electron on the straight 
line joining A to B. Then the electron will be radiating appreciably [because 
accelerated charges radiate] before the pulse has reached its centre and this emitted 
radiation will be detectable at B at a time .. earlier than when the pulse, which 
travels from A to B with the velocity of light, arrives. In this way a signal can be 
sent from A to B faster than light [my emphasis].” 

This exciting conclusion goes a step beyond the usual examples of “things that 
go faster than light.’ Dirac had an equally exciting reaction (and here the 
emphasis is his): “This is a fundamental departure from the ordinary ideas of 
relativity and is to be interpreted by saying that it is possible for a signal to be 
transmitted faster than light through the interior of an electron. The finite size of the 
electron now reappears ina new sense, the interior of the electron being a region of 
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failure, not of the field equations of electromagnetic theory, but of some elementary 
‘properties of space-time.” This last line sounds very much like the things people say 
today about the singularity inside a black hole event horizon. And yet, Dirac was 
careful to point out that as weird as FTL speed may appear, special relativity is not 
violated because “in spite of this departure from ordinary relativistic ideas, our 
whole theory is Lorentz invariant.” That is, even though “faster-than-light’ means 
backward in time,’ which means ‘causality failure,” special relativity still holds 
true and nothing awful happens to physics, only to our intuitions, The reason for this 
is that causality is nor a premise or starting point for the special relativity."” 
Of course like any scientific theory, Dirac’s theory is not necessarily the last word, 
‘and we have to admit the possibility that atleast some of its implications (in particular, 
the possibility of FTL speeds) just aren’t so, In all electronic communication systems 
that we use, information is transmitted by modulating a so-called carrier wave, and 
there is some reason to believe that such modulated waves cannot be sent at FTL 
speeds. We must admit that itis one thing to talk of ‘advanced wave radios'—often 
called Dirac radios in science fiction—and quite another to see how physics might 
actually enable one to talk to the past. FTL communication (without the time travel 
aspect) appeared in pulp science fiction before 1940, asin one story published the year 
afler Dirac’s paper.*! In it we learn of a man on Pluto who has invented a way to send 
‘messages to Earth at twice the speed of light. He uses this gadget to warn of a would-be 
dictator who is on his way to Earth ina ‘mere’ light-speed rocket ship, and only an FTL 
‘message can warn Earth in time, 


5.4 Wheeler and Feynman and Their Bilking Paradox 


“We find difiul if not impossible to imagine waves that go into the Fare and return 19 
‘he presen my emphasis] bearing information about where (and when) they have been" 
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job Brier, Precognition and the Philosophy of Science: An Essay om Backward Causation, 
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54 Wheeler and Feynman and Their Biking Paradox 265 


In 1941, at a meeting of the American Physical Society, Princeton University 
physicist John Wheeler and his student Richard Feynman discussed a seemingly 
‘outrageous idea that provided a possible clue to how a Dirac radio might function. 
‘The idea was that the advanced wave solutions to Maxwell's equations are not mere 
mathematical curiosities, but rather have profound physical significance. At the 
time, their talk received only a small abstract notice in the Physical Review, but 
after World War II they wrote it all up in a beautiful paper.” 

‘Their primary goal was to explain the origin of the force of radiative reaction 
discussed by Lorentz earlier in the century. This reaction force is the cause of the 
energy loss suffered by an accelerated, charged particle, Lorentz, who thought of 
charged particles as having a finite size, attributed this reaction force to the retarded 
(by the time required for light to cross the width of the charged particle) coulomb 
repulsion force between one side of the particle's charge to the charge on the 
‘opposite side. This view, however, leads to various conceptual and mathematical 
problems, including an arbitrary assumption on how the charge is distributed over/ 
through the finite volume of the particle, as well as the problems of infinite self- 
interactions and the issue of what keeps the charge from blowing itself apart by 
internal coulomb repulsion. 

‘Wheeler and Feynman's theory, on the other hand, avoided those problems by 
postulating point charges, because a point charge cannot repel itself, But then 
whence the reaction force, if there is no repulsion? Their revolutionary explanation 
was first to imagine the accelerated point charge as emitting retarded radiation 
‘outward in space, eventually to be absorbed by distant matter. This distant matter, 
which itself consists of point charges that are accelerated by the retarded radiation, 
then radiates backward in time, back toward the original charge that started the 
chain of events. This backward-in-time, or advanced, radiation arrives in the past of 
the original charge, and ir is the cause of the observed reaction force. Indeed, 
Wheeler and Feynman proposed that an accelerated charge will not radiate unless 
there is to be absorption at some other distant place and future time. That is, the 
future behavior of a distant absorber determines the past event of radiation; there is 
simply no such thing as just radiating into empty space. The entire universe, 
spatially and temporally, is a very ‘connected! place! 

‘Astonishingly, this non-causal view of spacetime had been around in physics for 
at least 20 years before Wheeler and Feynman's talk. They had independently 
developed their ideas but, after their 1941 talk, Einstein (who perhaps recalled his 
1909 debate about advanced effects with Ritz) brought a 1922 paper by the Dutch 
physicist Hugo Tetrode (1895-1931) to their attention, In his paper Tetrode had 
written that “the Sun would not radiate if it were alone in space and no other bodies 
could absorb its radiation ... If for example I observe through my telescope 
yesterday evening that star which let us say is 100 light years away, then not only 
did I know that the light which it allowed to reach my eye was emitted 100 years 


J, A. Wheeler and RP. Feynman, “Interaction with the Absorber as the Mechanism of 
Radiation.” Reviews of Modern Physics, Apil-luly 1945, pp. 157-181 
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ago, but also the star or individual atoms of it knew already 100 years ago that 1, 
who then did not even exist, would view it yesterday evening at such and such a 
time.” 

‘Tetrode’s vivid imagery had been, curiously, itself captured even decades earlier 
in words from the nineteenth century English poet Francis Thompson (1859-1907), 
in his “The Mistress of Vision”: 


All things ... near and far 
Hidldenly to each other linked are, 
That thou canst not stir a flower 
Without troubling of a star 


None of this, of course, is obvious! As a tutorial paper appearing just 2 years 
after Wheeler and Feynman's 1945 paper expressed it, “Any physical theory which 
seriously proposes that events in the future may be the efficient cause of events in 
the past may be regarded—at least at first glance—as rather revolutionary doc- 
trine."** Indeed! 

I is interesting to note that Einstein apparently said nothing to Wheeler and 
Feynman about a paper that pre-dated Tetrode’s by 3 years. In 1919 the Finnish 
physicist Gunnar Nordstrém (1881-1923) had suggested that the advanced solution 
might offer an explanation for a perplexing problem in atomic theory. Maxwell's 
theory says that an accelerated electric charge radiates energy, which implies that 
the orbital electrons in the classical model of the atom should quickly spiral in 
toward the nucleus, that is, all matter should collapse. This cataclysmic event 
(of course!) has not happened, and Nordstrim’s idea was that if one took into 
account not only the usual retarded solution but the advanced one as well, then 
perhaps things could be understood. Indeed, Nordstrm was able to show that such 
an analysis does give zero for the average energy radiated by an orbiting electron. 
Later, however, Page (note 39) showed that the instantaneous radiated energy is not 
zero, and that this would lead to observable effects that in fact are nor observed. 

‘Now, to be sure that the ‘doctrine’ discussed in note 64 is clear, let me restate 
what Tetrode, and Iater Wheeler and Feynman, had in mind, Imagine we have an 
electric charge (the source) that we mechanically shake, that is, accelerate. This 
allows us to assign a definite cause to the charge’s acceleration which, of course, 
radiates energy. This radiation travels outward into space as observed retarded 
ficlds until they are eventually absorbed by distant matter, The charges in that 
distant matter are thus accelerated, and they in tum therefore radiate energy. This 
induced radiation again consists, according to Wheeler and Feynman, of both 
retarded and advanced fields. The advanced fields radiate outward but backward 
in time toward the original charge, collapsing upon it at the precise instant we first 
shook it, thereby producing the radiative reaction force. At any instant of time, at 
ny point in space, the observed field is the sum of the retarded field traveling away 


‘SC, W, Berenda, “The Determination of Past by Future Events: A Discussion of the Wheeler 
Feynman Absorpion-Radiation Theory.” Philosophy of Science, 1947, pp. 13-19. 
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from the source into the future and the advanced field traveling toward the source in 
the past. 

But, argued Wheeler and Feynman, there is one last point that has been left out 
of this picture—there is also an advanced field (traveling away from the source and 
backward in time) because of the original, mechanical shaking of the source charge 
Equivalently, a field traveling forward in time will converge onto the source 
because we will shake it, Wheeler and Feynman showed that before the mechanical 
shaking that starts this whole process, the advanced radiation field of the source and 
the advanced radiation fields of the absorbers exactly cancel each other at every 
point in space and every instant of time (if there is total absorption in the future), 
which accounts for the experimental fact that we observe a zero total field before 
the mechanical shaking occurs. 

Wheeler and Feynman showed that if we accept these (strange) ideas, then 
everything we actually observe is predictable: radiative reaction, the direction of 
the electromagnetic arrow of time from past to future (retarded-only effects), and 
the absence of infinite self-interactions. The claim by Wheeler and Feynman to 
have avoided self-interaction problems via the use of the advanced solution was, 
however, soon challenged. Indeed, the self-interaction of the electron is needed to 
explain the 1947 experiment by Willis Lamb (1913-2008) that measured the 
deviation (the Lamb shift) of the spectrum of hydrogen from what Dirac’s theory 
of the electron predicts. Ironically, it was that experiment that helped motivate the 
renormalization of quantum electrodynamics (to get rid of the infinities then 
plaguing it) which led to Feynman's share of the 1965 Nobel Prize. In fact, just 
4 years alter their 1945 paper, Feynman expressed a revised view that self- 
interactions could not be avoided." 

In any case, we gain the rewards originally claimed by Wheeler and Feynman 
only if we accept backward time travel, a step too big for many in 1945 (and for 
nearly as many today) because of the resulting time travel paradoxes that seem to be 
unavoidable. For the same reason, Tetrode's earlier work, published in a German 
journal, also went virtually unnoticed during the two decades before Wheeler and 
Feynman's work. In fact, Tetrode wasn't the only anticipator of Wheeler and 
Feynman, as they had been anticipated, too, in America. In 1926 the chemist 
GN. Lewis (1875-1946) had written “I'm going to make the ... assumption that 
an atom never emits light except to another atom, and to claim that it is absurd to 
think of light emitted by one atom regardless of the existence of a receiving atom as 
it would be to think of an atom absorbing light without the existence of light to be 
absorbed." Wheeler and Feynman were aware of Lewis by 1945. Certainly 
Wheeler and Feynman must have been intrigued by Lewis’ paradox: “I shall not 


RP. Feyaman, “Space-Time Approach to Quantum Electrodynamics." Plosical Review, 
Sepiember 15, 1949, pp. 169-789, See ako C. Teitlhoim, "Spiting the Maxwell Tensor: 
Radiation Reaction Without Advanced Fields.” Piysical Review D, March 18, 1970, 
pp. 1572-1582, 

‘6. N, Lewis "The Nae of Light." Proceedings ofthe National Academy of Sciences anaary 
15, 1926, pp 22-29 
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atemptto conceal the conflict between these views and common sense. Th light 
oming froma distant saris absorbed let us sy, by a molecule of chlorophyll 
which has recently been produced ina living plant. We sy thatthe igh frm he 
sir wat way toward usa thos Year ago Wink apport thee be 
betven the emiting somes ants newly made mola of enorophyl 

‘The paradox in ha, ofcourse, arises fromthe ine of what happens i at some 
inertia time and place, the sa’ ight is Blocked hus preventing its absorp- 
ton bythe hloophy? Could refusing to look ata tar now affect the emission of 
the star's light in te past! Lewis was obviously making a clear statement of 
backward causation when posing this biking paradox His very next words show 
that be teestood the pcb easton of hs ears “Soc an ea rpg 
tall oar notoas of canal and tetoporal sequence,” Like Tetrode's work, Lewis 
ideas were ahead of the times but actualy, their eas were nor repugnant to 

Tn fac, similar puzzles were an inspiration to Wheeler and Feynman and slnost 
certainly motivate! them to erate ter own famous biking paradox, which they 
presented in ier 1949 paper (nole 42), They opened the presentation of their 
paradox as follows: “Ifthe presen motion of ais affected bythe future mation of , 
then te ebsrvaion ofa atbutesa certain inevitability tthe motion of b Isnt 
this concsion indirect confit with our ecognzed sty to infaence the fre 
ttn of Ht" This question Clearly sate tne conflict between fe wil and 
dbiccniisn, and to" tidestop thi nmnon concen “Whecler and Peynan 
onsiructed “paradox machine” a machine tha operates totally automatically 
and which has come to be called the “logically pernicious self-inhibitor™!"” 

In ther deserition ofthe paradox machine, Wheeler and Feynman ask us to 
imagine wo charged particles, «and, positioned ve ligh-hours apa. As sown 
in Fig. 53,1 isatached tothe arm of» pivoted shutr toward which a pelle x 
‘moving from nally great distance away, Now, normaly we woud thnk of what 
happens nest in terms of just retarded feds, That is, the pellet hits the arm, 
Iocking it dowtward and theney acelrating chge a; this accelntion of 
charge a crete retarded radiation field that river at charg bS hater, resting 
inthe acceleration of champs & the aeclersbin of change ovata rolled 
tiation eld that aves hack at charge 3h ltr (10h afer the pil hit the 
wm) 

‘The Wheeler and Feynman view, however, claims tha ths description leaves 
cut ha the sorte hanced feds Specifies, suppose the pellet wl hit the 
tm and so aeslerate aa 6 pan, Then, b wl be affected no nly htt a 1p. 
mbt slioearler a1 pan. This advance acceleration of bin tur, sens out an 
vanced fel ht urivecat at an, The paral s ww eny tose, As Wheeler 


p, Fitzgerald, “Tachyons, Backwards Causation, and Freedom,” Boston Studies inthe Philoso- 
phy of Science (volume 8), 1970, pp. 415-436, Even more extreme examples of sucls paradox 
‘machines are descrihed in Tim Matlin, “Time Travel and Topology,” PSA 1990, Philosophy of 
Science Association, volume 1, pp. 303-315. 
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Fig. 83 Wheeler and 
Feynman's paradox 
‘machine 


elitibon +0 
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and Feynman described events, we see a exhibit a premonitory movement at 
8 am. Sceing this motion in the morning, we conclude that the pellet will hit the 
arm in the evening. We could then return to the scene a few seconds before 
6 p.m. and block the pellet from acting on a, a task automatically accomplished 
by the shutter in Wheeler and Feynman's paradox machine. But then we are faced 
with the puzzle of explaining just why a moved in the morning! 

Wheeler and Feynman claimed they had resolved their bilking paradox by 
observing that discontinuous forces (more generally, signals) are never seen in 
nature, They concluded that the shutter does not completely block the pellet, but 
rather the shutter suffers a “glancing blow.” That is, a very weak advanced signal is 
received by charge a, which moves the shutter just enough to induce the “glancing 
blow,” and it is this partial interaction that results in the weakened signal in the 
“first place.” This is, in fact, the very same explanation that was rediscovered 
decades later in answer to similar bilking paradoxes that involve self-interacting 
billiard balls transiting wormhole time machines (a topic we'll take-up in the next 
chapter), 


5.5 Absorber Theory and Signaling the Past 


“Ufadvanced waves [coal be used to signal the past] then our grip oa reality would become 
more tenuous. The past could never be considered over and done with, cause anyone with 
the proper hardware could send messages back in time and alter what had already 
uappencd.” 

—fohn Cramer, a University of Washinglon physicist, taking the minerity pesition on 
the possibility of changing the past™ 


"Cramer has writen provocatively on advanced waves. See, for example, “The Arrow of 
Electromagnetic Time snd the Generalized Absorber Theory.” Foundations of Physics, September 
10853, pp. 7-942, and "Generalized Absorber Theory and the Einscin-Pdoaky Rosen Para 
ox." Plosical Review D, July 18, 1980, pp. 362-376 
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‘Wheeler and Feynman's argument is logically and physically sensible; itis, after 
all, simply an early statement of the principle of self-consistency in physics. 
Wheeler summed matters up nicely, years later, when he wrote “Interconnections 
run forward and backward in time in such numbers as to make an unbelievable 
maze, That weaving together of past and future seems to contradict every normal 
idea of causality. However, when the number of particles is great enough to absorb 
completely the signal starting out from any source, then this myriad of couplings 
adds up to a simple result: the familiar retarded actions of everyday experience, plus 
the familiar force of radiative reaction with its familiar sign.” 

‘Their analysis was based on classical physics but, many years later, Feynman 
wrote (in his famous autobiographical work Surely You're Joking, Mr. Feynman) 
that at one time he and Wheeler thought it would not be too difficult to work out the 
‘quantum version of their theory. But then first Wheeler failed in the task, and then 
Feynman tried his hand at it and, as he stated, “I never solved it, either—a quantum 
theory of half-advanced, half-retarded potentials—and I worked on it for years.” 
‘Their paradox (if indeed itis a paradox, since if advanced fields don’t actually exist 
then there is no problem) remains unsolved, 

Is Wheeler and Feynman's view of nature correct? Could we use advanced 
waves to send signals to the past? Or, if that requires some yet-to-be-developed 
technological breakthroughs in transmitter design, and if receivers are easier to 
construct, could we at least listen-in to the future (since we are, now, the future’s 
past)? And if we could do that, could the future send us the details of the transmitter 
breakthrough (thus creating a causal information loop in time)? 

‘The first experimental search for advanced waves seems to have been a 1973 
effort.” The very next year, flaws in that search process prompted two physicists to 
discuss an experiment designed to detect advanced waves (if they exist). As they 
\wrote, ina grand understatement, the exciting possibility of a positive result “would 
have such far-reaching consequences on our ideas of the unidirectionality of time 
‘and causality that ... the experiment justifies a large amount of effort, even if no 
conclusive result is obtained for years."”' Alas, all of the searches for advanced 
waves have, as I write (2016), given negative results and so the world still awaits 
the first Dirac radio. 

‘Over the years the Wheeler and Feynman view of nature has been the target of 
some theoretical concerns. One physicist, for example, complained that Wheeler 
and Feynman had assumed a static, time-symmetric spacetime for the universe, in 
which the properties of all past and future absorbers are identical, That is obviously 


je note 34 in Chap. 3. There Wheeler also wrote The particles of the absorber ae cither a est 
‘or in random motion before the aeeleraton ofthe source. They are correlated with it in velcity 
after that acceleration. Thus radiation and radiative reaction are understood in terms, not of pure 
clectrodynamics, but of statistical mechanics.” 
'R. B, Partridge, “Absorber Theory of Radiation and the Future of the Universe." Nature, August 
3. 1973, pp. 263-268. 
71M. L. Herron and D. Pegg, “A Proposed Experiment in Absorber Theory." Jounal of Physics 
A, October 1974, pp. 1965-1960, 
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not so in an expanding (or contracting) universe and, as he wrote, 
‘modem cosmological theory is framed in {terms of] a static Universe. 
puzzle for that writer was that Wheeler and Feynman took a time-symmetric theory 
of half-retarded/half-advanced waves in a time-symmetric universe and arrived at a 
‘non-time-symmetric solution! They performed that trick by supposing not only that 
the universe is static, but also that it was created with the initial condition of low 
entropy. Thus, for Wheeler and Feynman, the one-way thermodynamic arrow of 
time is the primary arrow, with the electromagnetic arrow following as a conse~ 
quence. (The how of a low entropy initial cosmological condition was left 
unexplained—certainly no mention of the hand of God appears in their work!) 
‘This ordering of the primacy of the temporal arrows was, in fact, in agreement with 
the view adopted by Einstein in his 1909 debate with Ritz, a view taken decades 
later by Hawking, as well.” 

‘Wheeler and Feynman had shown that both the advanced and retarded solutions 
taken together are self-consistent in a static universe; Hogarth’s question was 
whether the observed retarded solution, alone, would be self-consistent in an 
expanding universe (which is the universe we actually observe). His conclusion? 
It depends on the details of the expansion. Two years after Hogarth, two physicists 
‘expanded on his work and claimed to have shown that the retarded solution alone is 
self-consistent if the expansion is steady-state via the continuous creation of 
matter." That would be the case because, if only retarded effects are to occur, 
then each emitter of radiation needs a large number of absorbers (such as ionized 
intergalactic gas) in its future light cone to provide for complete absorption. This, in 
tum, requires that the density of matter not decline “too fast” with the expansion, 
‘That is, the future universe must not be “too transparent” and the continual 
appearance of new matter in the ever-increasing volume of the expanding universe 
is required to maintain the necessary density, 

‘That conclusion was embraced with particular enthusiasm by Hoyle, a British 
cosmologist whose name has long been identified with the idea of continuous 
creation of matter. Since then, however, continuous-creation cosmologies have 
fallen into disfavor because it was in 1965, just a year after Hoyle and Narlikar 
wrote, that the cosmic microwave background radiation was detected. That is now 
taken as very strong evidence for the occurrence of a primordial explosion (or Big 
Bang) that started the expansion of the universe, and as equally strong support for 
therefore rejecting a steady-state universe. Not by Fred Hoyle (1915-2001), though, 


ings othe Royal Society A May 22.198, pp. 368-383, Hogarth, however ejected fhe sac 
tive, etcing isa tht the observed eponsion ofthe universe roves the Ried 
ymmcry.renling inthe coomoloieal row of sas he pinay anew and ie tag 
te wr ar acon 

°S, W. Havking, “Arrow of Time in Coumology” Phil Review D, November 18,1982, 
pp 2589-205, 


Hoyle and J. V. Narliar, “Time Symmetric Electrodynamics and the Arrow of Time in 
Cosmology.” Proceedings of the Roval Society A, January 1964, pp. 1-23, 


m 5. Communication withthe Past 


‘who had an almost fanatical devotion to non-Big Bang cosmologies.”® Real puzzles 
remain for the Big Bang universe, however. One is that it expands from a dense, 
‘opaque past into a less dense, ever-more-transparent future, with each emitter 
having a large number of absorbers in its past light cone. That should result, 
noted Hoyle and Narlikar (almost certainly with some glee), in an observed 
advanced solution and thus in a reversed electromagnetic arrow that would allow 
communication with the past. The fact that we have not (yet?) discovered how to 
perform such communication might be taken to mean that the idea of an expanding, 
Big Bang universe is somehow faulty. A related question about absorber theory is 
that of the puzzle of neutrino absorption, Neutrinos are particles that interact so 
weakly with matter that a beam of them would have to travel through many 
hundreds of light-years of lead for there to be a significant attenuation of the 
beam. How can such ‘ghost-like’ particles find enough future absorhers to make 
possible their observed journeys into the future of a Big Bang expanding universe? 

For such an exciting idea as communication with the past, it is not surprising that 
advanced-wave radio has appeared in science fiction. Just 6 years after Wheeler and 
Feynman's paper, a story by a well-known author hinted at such a gadget based on 
something called the “ultrawave effect"; “While gravitational effects were pro- 
duced by the presence of matter, ultrawave effects ... did not appear unless there 
was a properly tuned receiver somewhere. They seemed somehow ‘aware’ of a 
listener even before they came into existence.””* I is difficult to believe that such a 
story idea was conjured-up out of nothing, but rather that the author had read 
Wheeler and Feynman's paper. Anderson had a 1948 undergraduate honors degree 
in physics from the University of Minnesota, and so he may well have read Wheeler 
and Feynman's 1945 paper. 

‘The potential bilking paradoxes produced by sending messages backward in 
time have been treated in at least one novel-length discussion. The puzzles 
presented are undeniably fascinating, but the story's answer to them is to allow 
the changing of the past, as argued in this section’s opening quote from John 
Cramer, Indeed, the title comes from the plot device of twice changing the past 
by sending messages to the past to save the world from terrible disasters. Thus, we 
read through entire time periods shree times before finishing the novel. As one 
character blurts out, “We can monitor the actual consequences of our decisions and 
actions, and change them until they produce the desired result! My God ... it's 
staggering!"”” Quite so. 

‘One of the most interesting science fictional uses of backward-in-time signaling 
is, I think, found in a classic tale by James Blish. There the “Dirac radio” for 
instantaneous transmissions is described, and we learn that at the beginning of each 
received message there is always an irritating audio beep (hence the title) that is 


sides his centile work, Hoyle also wrote science fiction. One work, th 1966 novel October 
‘he First is Too Lave deals with travels in ime bt fils wo say anything about paradoxes. 
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seemingly a useless artifact of the mysterious workings of the gadget. Its only 
‘obvious characteristic is a continuous spectrum from 30 to well above 18,000 Hz. 
Itis only atthe end of the story that the main character learns that this spectrum is 
the “simultaneous reception of every one of the Dirac messages which [has] ever 
been sent, or will be sent.””* 

Blish was actually pretty close to the mark with that, as a composite signal with a 
continuous spectrum (with energy distributed uniformly in frequency), such as one 
might expect the overlay of many independent signals to be, does indeed have a 
narrow time structure. If applied to a loudspeaker, such a signal would sound like a 
sharp pulse or click—or even a beep. In the limit of an infinitely wide spectrum, the 
time signal becomes one of infinite amplitude and zero duration, a singular impulse 
function called, by theoretical physicists and radio engineers alike, the Dirac delta 
function. 

‘There is no mention in the story of advanced waves, but clearly Blish knew that 
instantaneous (infinite-speed) signals would travel into the past and he does a 
masterful job of presenting the mystery of listening to the future, At one point 
characters in the twenty-first century hear the commander of a time-traveling 

‘world-line cruiser” transmit a poignant call for help from 11,000,000 light years 
away and from sixty-five centuries in the future. Most interesting of all, however, is 
Blish’s statement of a technical issue that I have not seen raised before: if signals 
arrive at a receiver, simultaneously, from all future times, how can they be 
separated? Blish resorts to some scientifiction babble-talk to answer that question, 
but I believe it remains a puzzle.” 


5.6 Tachyonic Signals and the Bell Quantum Antitelephone 


"We cannot fight the laws of nature 


“Nature be damned! Feed more fuel into the tubes. We must bre through the speed of 
light. Give me a clear road and plenty of fuel and 1 build you up speed of half a 
rllion miles in second ,.. What's thereto stop 


Science fiction writers have often used FTL motion to reverse time, often 
without much (if any) regard to the fact that, to just reach the light barrier, requires 
(according to special relativity) infinite energy, much less to exceed light speed. 


FF. lish, “Beep.” Galaxy Science Fiction, February 1984, 
the signal separation problem is also hinted at by physicistscience fiction author Gregory 
Benford, ina tale that was a precursor to his famous 1980 novel Timescape (in which the present 
tempts to war the past ofa fatre ecological disaster that threatens life on Earth), See Benford’ 
“Cambridge, 38 AM," Epoch, Berkley 1975, 

Words exchanged hy the fs officer athe captain ofa starship omits way to Alpha Centauri in 
story by N.Schachner, “Reve Univers,” Astounding Stories, June 1986. The captain, We are 
told, “had heard, ofcourse, of the limiting Velocity of igh, but it meant nothing to hin." 
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‘Therefore, goes the reasoning, because we can’t get through the ‘light barrier’ 
‘means that time travel to the past must be impossible, as well. Or, so goes this 
line of argument. But, could there be a way around this conclusion? Afterall, while 
relativity theory indeed precludes the acceleration of a massive particle up to the 
speed of light, it does allow a zero rest mass particle (Like the photon) to exist a the 
speed of light. Photons are emitted during various physical processes, and they 
move from the instant of their creation at the speed of light; the only way to slow a 
photon is to destroy it by absorbing it. Advocates of the possibility of the existence 
of FTL particles make a similar argument when asking if there might not be 
particles, emitted during various (as yet unknown) physical processes, that move 
from the instant of their creation at speed greater than that of light? 

‘An affirmative answer would neatly avoid the ‘acceleration through the light 
barrier’ problem, but then there are other concerns. For example, such FTL particles 
would have to have an imaginary rest mass if they were to carry real-valued energy 
and momentum, and what could imaginary mass mean? That question was 
answered by the proponents of FTL particles, who replied that the rest mass of a 
superluminal particle would be unobservable because (like the photon) there is no 
subluminal frame of reference in which the particle could be at rest! That is, there is 
no frame of reference in which the mysterious imaginary mass could be measured 
and, anyway, itis only observable changes in the real energy and momentum that 
characterize particle interactions, 

‘The key idea to this line of thought is a supposed FTL particle, called a tachyon, 
name coined by the American physicist Gerald Feinberg (1933-1992) from the 
Greek word tachys for “swift.” It is interesting to note that Feinberg admitted” 
that his interest in such a thing was sparked by reading Blish’s story “Beep” (see 
note 78). The idea of the tachyon is actually a very old one that is hinted at in the 
work of the Greek poet and philosopher Lucretius (who died 20 years before the 
birth of Christ) In his discussion of visual images, in Book 4 of his giant (well over 
7400 fines) science poem De Rerum Natura, we find the following words about 
particles of matter originating deep inside the Sun: “Do you see how much faster 
‘and farther they must travel, how they must run through an extent of space many 
times vaster in the time it takes the light of the Sun to spread throughout the sky?""° 

‘The first attempt (later found to be flawed) in the physics literature of a 
relativistic treatment of FTL particles appeared some years before Feinberg gave 


“Possibility of Faster-Than-Light Panticls." Physical Review, July 28, 1967, 
‘pp. 1089-1108, Feinberg was anticipated in this name by Edward Page Mitchell (the Victorian 
‘loneer in the time travel paradox genre who was discussed back in Sct 4.2 andi note 37). ln his 
sory “The Tachypomp: A Mathematical Demonstration” (Scribner's Monthy, March 1874), he 
describes a gadget for reaching any speed, no matter how great (taclypomp is Kiterally “quick 
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6. Benford, “Time and Timescape.” ScienceFiction Studies, July 1993, pp. 184-190, 

A poctc allusion to something traveling faster than light appears, in of all places, Shakespeare's 
‘Romeo and Julie. In Julie's words (Act I scene ),~... love's heralds should be thoughts, Which 
ten times faster gle than the sun's beams, Driving back shadows." 
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Fig. $4 The emission ofa postive energy puticl, followed by absorption 


them a name, where it was observed that special relativity is nor necessarily 
violated by FTL motion. But nonetheless, concems about the physical possibility 
of FTL particles continued, For example, a serious problem for tachyons, at least for 
those who dislike the ideas of backward causation and time travel, is the observa- 
tion that in some frames of reference an FTL particle would appear to have negative 
‘energy. Feinberg, himself, explained (see note 81) this concem as follows: “By the 
principle of relativity, any state which is possible for one observer must be possible 
for all observers, and hence FTL particles can exist in negative-energy states for all 
observers... The occurrence of negative energy states for particles has always been 
‘objected to on the grounds that no other system could be stable against the emission 
of these negative-energy particles, an entirely unphysical behavior.” 

This objection to FTL particles was raised early in the history of tachyons, even 
before they were named, and it was addressed by tree physicists who proposed the 
so-called reinterpretation principle (what I'l refer here to as the RP).*° To see how 
the RP works, consider Fig. 5.4, in which a source S) at x, emits an FTL particle at 
time 1. This particle then travels to an absorber $3 at x3, ariving there at the later 
time #3. §; and S> are in the same reference frame and, for an observer in the frame, 
the particle energy £ is positive. However, it is always possible to find another 
observer in a relatively moving frame for whom this process would look as though 
12 is less than (that is, earlier than) r, with E < 0. In other words, for the moving 
observer the particle would appear as a negative energy particle moving backward 
in time. (In the next chapter I'll show you that the particle speed must not be just 
superluminal, but the even faster ultraluminal.) 

Note that for the moving observer, the emission by 5; of negative energy 
increases the energy of S,, and the absorption of negative energy by S, decreases 
the energy of $2. $y°s energy decrease (for the moving observer) accurs before the 
increase in S's energy because, as noted before, for the moving observer f2 < f, 
‘The moving observer naturally interprets this process as the emission of positive 
energy by 52, followed by absorption by 5). This reinterpretation would thus seem 
to preserve our common-sense idea of causality, as well as avoiding any mention of 
backward time travel. The RP appears to have slipped around those problems 
merely by redefining which source is transmitting, and which is receiving, the 


"5S. Tanaka, “Theory of Matter with Super Light Velocity." Progress of Theoretical Physics, July 
1960, pp. 171-200, See also O. M. Bilaniuk and E. C, G, Sudarshan, “Particles Beyond the Light 
Barrier.” Piysies Today, May 1969, pp.43-S1 (and the resulting discussion inthe December issue, 
vp. 47-82), 

SO. M.P. Bilanink, V. K. Deshpande, and B.C. G, Sudarshan, Meta’ Relativity." American 
Journal of Pysics, October 1962, pp. 718-723 
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tachyon. Indeed, Feinberg claimed (note 81) that the RP avoids the creation of 
causal loops and their associated paradoxes, a claim repeated nearly 20 years later 
by a physicist who used the RP to eliminate paradoxes from Gédel's time travel 
rotating universe." 

‘There is, however, a curious twist to all this. Even if we grant thatthe RP may 
avoid causal paradoxes, the fact is that physics isn't fooled as easily as a human 
observer. That is, the receiver does actually lose energy upon the arrival of the 
tachyon, which is the opposite of what happens in a radio receiver when itreceives a 
photon, In other words, the receiver must be in an elevated energy state prior to the 
tachyon’s arrival; the receiver must be prepared beforehand to receive a message. If 
the receiver were instead siting in its lowest energy state, then it could not accept 
(or eect, according to the RP) the tachyon. So, it's not surprising that, despite the 
enthusiastic embrace of the RP by some, other physicists took exception, with one 
arguing thatthe effectiveness of the RP in avoiding causal loops is “illusory” and 
“irelevant,"*” while others concluded that the causal paradoxes would actually 
preclude any possibility of tachyons interacting with ordinary matter in the frst 
place (which is jus a polite way of saying that tachyons have no more reality than 
do unicoms!)."* 

‘The RP's effect of flipping the roles of transmitter and receiver has attracted 
panticular concer, Some analysts have pointed out that if one can modulate a 
superluminal signal to send a message into the past, then certainly one could sign 
the message. To quote a delightful example, “If Shakespeare types out Hamlet on 
his tachyon transmitter, Bacon receives the transmission at some earlier time. But 
‘no amount of reinterpretation will make Bacon the author of Hamlet I is Shake- 
speare, not Bacon, who exercises control over the content of the message.” The 
last line of this quote is of central importance. The authors emphasize it by 
immediately observing that a signature isa relativistic invariant and that, indeed, 
it establishes a causal ordering quite independent of any temporal ordering. This 
example, alone, explains why one analyst said of the RP that itis “laughed to 
scom,"™ while another said of the RP that it “sounds merely ike the endorsement 
‘of what can only be characterized as a fantastic delusion.””" 


©, tallano, “How to Recover Causality in General Relativity." Madronie Journal, anuary 1986, 
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25, 1969, pp. 1105-1108, and D_J. Thouless, “Causality and Tachyons,” Nauire, November 
1.1968, p. 306 
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Even more sophisticated scenarios than the Hamlet one (note 89) were devised 
to show how problems with FTL signals could arise that the RP could nor resolve 
‘The American physicist Bryce DeWitt (1923-2004) created such an example (the 
‘DeWitt Gambit’) that involved a sequential, circular chain of tachyon signal 
transmissions between four observers, all moving in one spatial dimension. DeWitt 
showed out to arrange the spacetime geometry of the observers so that, at each 
stage, there is no dispute over who is sending and who is receiving, and so invoking 
the RP is avoided. Yet, when the signal reaches the first (last) observer, it is before 
he started (will star) the chain! This, of course, sets-up a potential bilking paradox: 
\what if now’ the first (last) observer decides to nof send the chain's initiating 
signal? An even more sophisticated variation on the Gambit, involving four 
observers moving in fwo spatial dimensions, was soon after put forth by the English 
physicist Felix Pirani (1928-2015). As he concluded, “It is difficult to see how in 
the face of this example a classical-particle description of tachyons can be 
sustained.”?* Confronted by such sharp criticism, from so many, itis understand- 
able why, just before his death, Feinberg co-authored (with two philosophers) a 
paper in which he seemed to be abandoning his support for tachyons as possible 
carriers of information backward in time.” 

Many physicists today reject the possibility of backward-in-time messages, not 
because of concerns about the RP. but because such messages could create potential 
bilking paradoxes. To see how this works, the old Wheeler and Feynman idea of 
explaining (away) biking paradoxes—that no signal in nature is really discomtin- 
uuous—was examined by one physicist in the context of tachyons."* There we are 
asked to consider the following situation: A human (call him A) has a lamp on a 
table before him. The lamp is controlled by a tachyon receiver; in other words, the 
lamp illuminated only when a tachyon signal (a pulse, let us say) is detected. At 
3 o'clock A will send a tachyon signal to B (a tachyon echo-transmitter that 
immediately rebroadcasts everything it receives) if the lamp does not glow at 
1 o'clock. Now, the spacetime geometry of A and B is arranged to be such that a 
signal sent by either A or B to the other travels 1/h backward in time. Thus, if A 
sends a signal at 3 o'clock, then B will receive it at 2 o'clock (and immediately 
echo), and the echo will arrive at A at 1 o'clock. The paradox, of course, is that A 
sends a signal only if the lamp does not glow—that is, only if A does nor send the 
signal!” 

‘We are then reminded of the Wheeler and Feynman claim that every pulsed 
signal is actually continuous; this argument would include the illumination itself of 


F_ A. E Pini, “Noncausal Behavior of Classical Tachyons,” Piysical Review D, June 15, 1970, 
pp. 3224-3235, 
°°G. Feinberg, D. Albert. and S. Levine, “Knowledge of the Past and Future," Journal of 
Philosophy. December 1992, pp. 607-642. 
*L.S. Schulman, “Tachyon Paradoxes," American Journal of Physics, May 1971, pp. 481-884, 
A study of similar situations can be found in L. L. Gatlin, “Time-Reversed Information 
“Transmission.” International Journal of Theoretical Physics, January 1980, pp. 25-29, 
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the lamp. Therefore, the lamp is not just on or off, but potentially at any level of 
illumination between those two extremes, So there sits A, and at 1 o’clock the Lamp 
seems to glow dimly. To that, says Schulman, “A thinks it over, vacillating, finally 
sending a slightly late signal which isn’t full strength.” Then the echo isn't full 
strength either, which accounts for the original dim glow. This conclusion is 
consistent (but what if A's sending device is a toggle switch that snaps one way 
‘or the other—why then only a partial strength signal?), but it does seem to ask for a 
lot of supposing. Schulman himself is not so sure about the vatidity of universal 
continuity, writing at the end that “it is not clear that the Wheeler-Feynman 
assumption ... ought to be made,” (For more on the Wheeler-Feynman continuity 
assumption, in a different, non-time travel context, see the final “For Further 
Discussion” for this chapter.) 

‘The Wheeler-Feynman continuity idea is ingenious, allowing one to find a 
logically and physically consistent solution in time travel scenarios that, at least 
at first glance, might seem to have no solution. Consider, for example, the following 
situation’®: “We have a camera ready to take a black and white picture of whatever 
comes out of [a] time machine. The film is then developed and the developed 
negative is subsequently pat in the time machine and set to come out of the time 
‘machine at the time the picture is taken. This surely will create a paradox: the 
negative will have the opposite distribution of black, white, and shades of grey, 
from the picture that comes out of the time machine. But since the thing that comes 
‘out ofthe time machine is the negative itself we surely have a paradox.” But do we? 

‘The answer is no, because “What will happen is that a uniformly grey picture 
will emerge which produces a negative that has exactly the same uniform shade of 
grey. No matter what the sensitivity of the film is, as long as the dependence of the 
brightness of the negative depends in a continuous [my emphasis] manner on the 
brightness of the object being photographed, there will be a shade of grey that 
produces exactly the same shade of grey on the negative when photographed. This 
is the essence of Wheeler Feynman's idea.””” (The conclusion is the same if we 
‘move from black-and-white to color photography.) 

Nonetheless and despite this apparent success, the supposed ability of a modu- 
lated beam of tachyons to send a message into the past still raised concerns among 
many, particularly about free will and fatalism. Suppose, say those who are 
concemed about these issues, that you receive a tachyon message from yourself 
from tomorrow, informing you that a man you plan to kill tonight is stil alive 
(tomorrow). Does that mean itis beyond your power to kill him tonight? According 
to one analyst (note 67) the answer is no; you could kill him—but if you do then the 
‘message from tomorrow would not have arrived. And because ignorance is not a 


"Taken trom Frank Amtzenius and Time Maudlin, “Time'Travel and Modem Physis,"in Time 
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precondition to free will, your newly acquired knowledge does not, by itself, 
suddenly limit your ability to kill the man, But, this line of arguing went, if you 
do not attempt to kill the man because you believe the message from your future 
self, then in fact the message has limited you! 

Fitzgerald's position was rebutted by Craig (note 91), who argues that it is not 
‘your ability to kill that is altered by the message but rather your motivation, Craig 
points out that such motivational changes can occur without invoking anything as 
radical as message from the future. Suppose, he says, that just before you fire the 
fatal shot into your victim, you learn from him that he is your beloved, long-lost 
uncle. Clearly, your motivation for killing him is likely to be instantly altered, but 
equally clearly. your ability to kill him is unchanged. The mechanism for obtaining 
genealogical information, whether via time travel or as a last-minute appeal from 
‘your intended victim, is (says Craig) simply irrelevant. Not all buy into that, 
however, with one unconvinced analyst (note 94) writing that “history is a set of 
world lines essentially frozen into spacetime, While subjectively we feel strongly 
that our actions are determined only by our backward light cone, this may not 
always be the case.” That is, Schulman appears open to the possibility that influ- 
ences originating in the future might indeed have an impact on the present, 

With the fading from the physics scene of enthusiasm for tachyons, the romance 
of communicating with the past using superluminal speeds passed from speedy 
particles to quantum mechanics via a mathematical result called Bell's theorem. 
John Bell, a physicist mentioned in the last chapter in connection with the MWI of 
quantum mechanics, published his theorem in a little article in an obscure, now 
defunct journal. Since then it has become one of the most cited physics papers from 
the 1980s."" The paradox cited in Bell's ttle refers to a famous 1935 paper in which 
Einstein (and two of his colleagues at the Institute for Advanced Study) challenged 
the conventional view of quantum mechanics, the view that there is no objective 
reality to anything unless it is observed.” 

In fact, the possibility of quantum mechanics supporting FTL signals had been 
considered (and rejected) before Einstein's paper, by the Italian physicist Enrico 
Fermi." Fermi concluded that, in a two atom system, the decay from an excited 
state of one atom (with the emission of a photon) would not influence the other atom 
before a time lapse of R/c, where R isthe distance between the two atoms and ¢ is the 
speed of light. In 1967, however, the Russian physicist M. I. Shirokov pointed out 
that Fermi’s result was the result of an unjustified mathematical operation (he had 
replaced an integral from zero to infinity with one from minus infinity to infinity). 


°F) S. Bell, “On the Einstcin-Podolsky-Rosen Paradox.” in Speatuble and Unspeakable in 
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Fig, 55 Time travel and the wave function of quantum mechanics. In the above arrangement 
(reproduced by the kind permission of Francesco Gonella, from his paper “Time Machine, Sel- 
(Consistency and the Foundations of Quantum Mechanics.” Foundations of Physics Letters, Apel 
1904, pp. 161-166), $ isa low-intensity source of photons, a source so weak that at any instant 
there is never more than one photon in the system. Each photon begins by traveling toward BS, a 
half-silvered beam-splitting mirror that, with equal probability. ether passes a photon tothe right 
along path b where itis detected by D,, er downward along path a into mouth B of a wormhole 
time machine and out of which it emerges from wormhole mouth A in she past. Conventional 
{quantum mechanies says that what happens at BS is determined when the photon reaches BS—that 
is the probability wave function of the photon collapses at BS. But for a photon that is reflected 
into B. it exits A where itis detected by Dy before the time of its arrival at BS. That means itis 
-knoven (by detector D,) what will happen a BS before the photon arrives at BS—so just when did 
the photon wave function collapse? 


‘Then, nearly 30 years after Shirokov, the German physicist Gethard Hegerfeldt 
proved (in the context of conventional quantum mechanics) a very general theorem 
that establishes a non-zero probability of the second atom responding to the first 
atom’s decay as soon as the photon is emitted." 

Hegerfeldt’s analysis is very general, but it does make one assumption—the 
‘non-negativity of energy density (Ihe so-called weak energy condition)—which at 
the time was considered (in Hegerfeldt’s words) to be “physically well motivated, 
but which today is nor taken to be a priori obvious. '"” Einstein's paper, on the other 
hhand, utilized physical assumptions not easily dismissed, and so its conclusions 
confounded physicists for decades. 

‘The conventional view of quantum mechanics formulates physies in terms of 
probability wave functions that ‘collapse’ into specific realities only when mea- 
surements (observations) are made of the state of a system (which may be as 
elementary as a single particle). Until such measurements are made, says this 
view of quantum mechanics, a system has no specific state; instead, it merely has 
‘a probability distribution over a set of possible states (see Fig. 5.5 for a time travel 
puzzle concerning this claim). Einstein and his co-authors (note 99) strongly 
rejected this probabilistic interpretation of nature (recall Einstein's famous dictum, 
“God does not play dice with the cosmos.”) Einstein and his colleagues agreed that 


WGC. Hegereld, “Causality Problems for Femi’s Two-Atom System,” Physical Review 
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‘quantum mechanies may be valid as far as it goes, but they also argued that it leaves 
‘out ‘something’ (as yet unknown) in describing reality. That is, they suggested that 
quantum mechanics is “incomplete” and that it incorporates “hidden variables." 
‘They expressed this idea in the form of a paradox, the famous EPR paradox, which 
they posed as a thought experiment (a Gedanken-experiment) in which quantum 
mechanics declares that the properties of a particular spatially distributed system, 
when measured at point A. seem to be forced to assume specific values at point B 
(which may be arbitrarily distant from A) withoue there being a measurement at B. 

Thus, said Einstein, there are just two possibilities. Either the system properties 
at B must have been what they are from the very start (even if the measurements at 
A had not been done) which is the view he held, or there must have been a linkage 
between the system at A and the system at B such that the wave function collapse at 
Ais instantly transmitted to B to allow the wave function to collapse there as well. 
Because A and B may be arbitrarily far apart, this second view obviously requires 
an FTL transmission mechanism," something Einstein called a “spooky action-at- 
a-distance,” a term that eloquently expresses his low opinion of that idea! (Some 
translations replace spooky with ghostly, but the negative sentiment remains the 
same.'"") For decades the debate between proponents of these two allematives 
remained at a metaphysical, non-quantitative level. Then came Bell's paper 
in 1964, 

Bell's theorem mathematically poses the choice between Einstein's hidden 
variables view and the conventional view of quantum mechanics through the use 
of an inequality involving certain measurable properties of a system." If these 
measurements are such that the inequality is violated, then the conventional inter- 
pretation of quantum mechanics is vindicated, and Einstein's FTL spooky action-at- 
s-distance effect simply doesn't exist. Bell’s great contribution, then, was to 
provide the means for removing the debate about quantum mechanics from meta- 
physics and to place it squarely in the realm of experimental physics, 

“AI” that needed to be done was to make the required measurements. These 
technically difficult experimental measurements were eventually performed by the 
French physicist Alain Aspect and his colleagues at the Institute of Applied Optics 
of the University of Paris, a decade and a half after Bell showed what had to be 
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done, The results unequivocally support the conventional view of quantum 
mechanics.'"” Einstein was simply wrong, there are no hidden variables in quantum 
mechanics, and his spooky action does seem to exist. Does that mean we have, at 
last, experimental evidence of the possiblity of information transfer at FTL speeds? 

Well, maybe, but the issue is still hotly debated. The majority of physicists 
today, I suspect, are probably more perplexed over what Bell's theorem is saying 
than were over Einstein's original EPR paradox. In those early days one could agree 
with Einstein and his colleagues, who argued that quantum mechanics was valid as 
far as it went, but a deeper, more comprehensive theory would show the existence 
of hidden variables. However, because of the work by Bell and Aspect it is 
definitively known that quantum mechanics as it stands leads to correct results, 
results that can be checked in the laboratory. In other words, there is no need for 
hidden variables and FTL spooky actions cannot be ruled out, 

‘And so, while tachyons and the tachyon antitelephone may be nothing more than 
neat science fiction fantasy, just maybe a quantum mechanical Bell antitelephone 
can't be so dismissed. Indeed, the possibility of using a quantum mechanical FTL 
effect was once suggested in a letter written by a senior person at an unspecified 
California think tank (an organization such as, for example, the RAND Corpora- 
tion) to the Under Secretary of Defense for Research and Engineering at the 
Pentagon. Here's what the Under Secretary read when he opened that letter: “If 
in fact we can control the FTL nonlocal effect, it would be possible ... to make an 
untappable and unjammable command-control-communication [C°] system at very 
high bit rates for use in the submarine fleet. The important point is that since there is 
no ordinary electromagnetic signal linking the encoder with the decoder in such a 
hypothetical system, there is nothing for the enemy to tap or jam. The enemy would 
have to have actual possession of the “black box’ decoder to intercept the message, 
‘whose reliability would not depend on separation from the encoder or on acean or 
weather conditions."!"* 

‘One can't help but wonder what might have been the Under Secretary's response 
to that incredible letter, and what sorts of ultra-mega-super-top-secret experiments 
it may have prompted. I would be willing to bet, if they did occur, that they failed. 
As one physicist put it, “Up to now nature has covered her tracks pretty well, 
blocking all possibilities for using the EPR effect for FTL communication.”"”” Of 
course, the think tank letter, as “farout’ as it may initially appear, actually represents 
4 failure of imagination, because the backward causation effect of EPR’s spooky 
FTL effect is certainly a ‘quantum jump’ beyond a mere unjammable submarine C° 
system, 
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5.7. For Further Discussion 


‘Mark Twain, in his last, posthumously published novel No. 44, The Myste~ 
rious Stranger, incorporated reversed time as the work of a supernatural 
being. After the being reverses the world’s time direction, the narrator tells 
the reader that “everywhere weary people were re-chattering previous con- 
versations backward ... where there was war, yesterday's battles were being 
refought, wrong-end first; the previously killed were getting killed again .. 
‘we saw Henry I gathering together his split skull ...” Read the novel, and 
‘comment on how well (or not) Mark Twain handled reversed time. 


In Philip K, Dick's 1956 novel The World Jones Made, we read of a prophet 
‘who can see a year into the future, As he says, “To me this is the past.” and 
then later we ae told “He was a man with his eyes inthe present [the world’s 
future] and his body in the past [the world’s present].” Read the novel, and 
then argue either for or against the suggestion that Dick was aware of the 
advanced wave solution in Maxwell's theory. 


‘The physicist Robert Forward (see the sixth For Furure Discussion in 
Chap. 3) argued that one way to send messages into the past is to compress 
4 15-billion-ton asteroid down to the volume of an atomic nucleus, spin it up, 
and then aim gamma ray bursts through the resulting near-by region of 
“unhinged time” (see “How To Build a Time Machine,” Omi, May 1980) 
This is, of course, ‘simply’ an artificially constructed Kerr black hole tele~ 
graph transmitter (look back at note 114 and related discussion in Chap. 1). 
Forward, an optimist of the first rank, thought humans would be able to do 
this before the end of the twenty-first century. It would seem, then, that what 
should be done now is to build gamma ray frequency receivers (well within 
present-day technology) and listen for such messages from the future, The 
technical details of such receivers wouldn't matter, as long as their design is 
‘widely published, That way, the scientists of the future can learn those details 
by simply reading of them in old, musty library books and journals, and thus 
‘will be able to build their transmitters to be perfectly compatible with our old, 
‘musty (to them) receivers! Comment on the likelihood of National Science 
Foundation funding becoming available to build such receivers. 
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Suppose a time traveler goes into the future and, while there, discovers that 
there is an older version of himself living in the home that has been in his 
family for generations. Explain why this implies that the time traveler will 
eventually return to the present. Suppose, instead, that after the time traveler 
arrives in the future he decides to remain in the future, and not to return. 
Explain why this implies there will nor be an older version of himself living in 
the family home. In both cases, assume the MWI does not apply, that is, 
assume that there is just a single time line, 


One well-known quantum physicist, David Bohm (1917-1992), wrote the 
following passage in his book The Special Theory of Relativity 
(W. A. Benjamin 1965), concerning the possibility of sending messages 
into the past: “In effect, S could communicate with his own past [self, M] 

‘and tell his past self [M] what his future is going to be. But on learning this 
‘Mould decide to change his actions, so that his future ... would be different 
from what his later self [S] said it was going to be. For example, the past self 
could do something that would make it impossible for the future one to send 
the signal. Thus, there would arise a logical self-contradiction.” Do you think 
‘most physicists, writing today more than 50 years after Bohm, would repeat 
his words? 


‘The role played by quantum mechanics in time travel studies is broad, deep, 
profound ... and mysterious. What I mean by this is nicely illustrated by the 
final paragraph in a paper by Stephen Hawking (“Quantum Coherence and 
Closed Timelike Curves,” Physical Review D, November 15, 1995, 
pp. 5681-5686). There he wrote “Personally, I do not believe that closed 
timelike curves will occur, at least on a macroscopic scale. I think that the 
chronology protection conjecture will hold and that divergences in the 
energy-momentum tensor will create singularities before closed timelike 
curves appear. However, if quantum gravitational effects somehow cut off 
these divergences, I am quite sure that quantum field theory on such a 
background will show loss of quantum coherence. So even if people come 
ack from the future, we will not be able to predict what they will do 
[my emphasis}.” What do you think Hawking meant by his final line? If 
“people come back from the future” and tell us what they did while in the 
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future, then what's wrong with their memories that causes us to fail to be able 
to predict what they will do? Or, is there perhaps nothing wrong with their 
‘memories and Hawking is instead arguing that the future experienced by the 
returned time travelers will not be the future when we ‘get there"? If that’s the 
case, then what are the returned time travelers “remembering”? 


If quantum mechanies is actually slightly non-linear physics (as are many 
other normally linear physical phenomena at sufficiently high energy 
levels) —physics is linear when superposition holds, which means the result 
of two inputs is the sum of the individual outputs resulting from application of 
the individual inputs—and if one accepts the MWI concept, then at least two 
physicists (PHYSICISTS1) claim to have shown that one could communi 
cate not just with our past, but also with the many pasts in the ever-splitting 
branches of the many worlds. Another physicist (PHYSICIST2) wrote a very 
funny illustration of what that might be like. Yet another physicist (PHYS- 
ICIST3) suggested that non-linear quantum mechanics might actually allow 
cone to take photographs of the many-worlds. OF that, a physicist (PHYSI- 
CIST4) wrote (without any exaggeration) that such an achievement would be 
“perhaps the most amazing discovery in the history of science, indeed in the 
history of mankind,” Or, to quote yet another physicist (PHYSICISTS), 
interworld communication would lead to truly mind boggling possibilities,” 
some of which have been incorporated in at least one science fiction novel 
(SFAUTHOR). Read the physicists’ papers, and the novel, and then sum- 
marize with your own commentary 
PHYSICISTSI: N. Gisin, “Weinberg’s Non-linear Quantum Mechanics and 
Superiuminal Communication,” Physics Letters A, January 1, 1990, pp. 1-2, 
and J. Polchinski, “Weinberg’s Non-linear Quantum Mechanics and the 
Einstein-Podolsky-Rosen Paradox,” Physical Review Letters, January 
28, 1991, pp. 397-400. 
PHYSICIST2: J. G. Cramer, “Quantum Telephones to Other Universes, to 
Times Past,” Analog, October 1991 
PHYSICIST3: D. Albert, “How to Take a Photograph of Another Everett 
World,” Annals of the New York Academy of Sciences, December 30, 1986, 
pp. 498-502. 
PHYSICIST: M. A. B. Whitaker, “On the Observability of ‘Many 
Worlds’,” Journal of Physics A, July 11, 1985, pp. 1831—1834. 
PHYSICISTS: R. Plaga, “On a Possibility to Find Experimental Evidence for 
the Many-Worlds Interpretation of Quantum Mechanics,” Foundations of 
Physies, April 1997, pp. 559-577 
SFAUTHOR: J. P. Hogan, Paths to Otherwhere, Baen 1996. 
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(One upon a time, FTL tachyons (and their associated into-the-past trans- 
missions of information) were strictly in the province of science fiction. In 
recent years, however, such doings have moved into mainstream fiction, as 
‘well, with the most recent (as I write) example being the man-of-action novel 
by Patrick Lee, Signal, St. Martin's Press 2015. (Tachyons are also mentioned 
inthe 2015 film Tomorrowland.) That novel is set in modern times, not inthe 
future; its hero is a retired soldier who now works as a self-employed house- 
flipper. His is defintely not a futuristic science fiction world. Until that is, be 
becomes involved with a radio-like gadget that receives signals from 10 h, 
24 min in the future. As the novel progresses we eventually lear that the 
gadget is based on German electronics technology that was being tested in a 
remote lab in northern Algeria, near the end of World War Il. When that lab 
‘was overrun by a small American force the equipment was destroyed, but not 
before one of the Americans heard the gadget playing a song titled “She 
Loves You" along with the word yea repeated numerous times. He didn't 
know what that meant until, 20 years later, he watched the Beatles’ first 
‘American appearance on The Ed Sullivan Show TV program, and so suddenly 
realized that in 1944 he had heard a song that hadn't been written yet! That 
gadget is at the center of a modem-day, renewed Nazi effort to conquer the 
world, and there is much ‘you've seen it all before’ chasing, shooting and 
other “James Bond’ types of action inthe novel, but the author has been quite 
inventive in treating time paradoxes, He does talk a lot about ‘changing the 
future,’ worries confusingly about ‘changing the past,’ and mistakes neutrinos 
for tachyons, but, sil, if one is willing to overlook such issues it is an 
entertaining read. In particular, while the gadgets inherent range tothe future 
is limited to ten-plus hours, the author describes a clever way to arbitrarily 
extend that value. Read Signal, and then describe and critique the method 
outlined in the novel. 


‘The Wheeler-Feynman assumption of continuity already had a distinguished 
history in mathematics long before they invoked it in their physics resolution 
of bilking paradoxes. (Both men were very good mathematicians, and cer- 
tainly knew what I am about to tell you here.) Imagine a man who is about to 
‘walk up abil, starting at (the base of the hill) and ending at B (the top of the 
hill). You know nothing of how he walks (perhaps at times he stops for a 
hile, other times he walks slowly, sometimes he walks briskly, perhaps at 
times he even walks back down the hill). All you know is that, starting from A 
at 10 o'clock in the moming, he arrives at B at 11 o'clock. Thats, the walk up 
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the hill takes exactly 60 min, He camps overnight at B and then, the next 
‘moming, at exactly 10 o'clock, he walks back down the hill along the same 
path he followed during his ascent the previous day. He arrives at A at 
LI o'clock. That is, the return trip takes exactly 60 min, Again, you know 
nothing of the details of how he makes the descent. Prove that there is at least 
‘one spot on the path that he passes at exactly the same time during his descent 
as he passed it during his ascent the previous day. Hint: No complicated 
equations are required. Indeed, no math at all is needed. Just sketch the 
appropriate, general graphs of the man’s ascent versus time, and of his 
descent versus time, and invoke continuity. That is, sketch the distance 
(as measured along the path) that he is from A versus time for both the ascent 
and the descent. 


Chapter 6 
The Physics of Time Travel: IL 


‘Ie is very sad to see valuable minds writing such a pile of 
unmitigated bls.” 


ot all physicists think time travel ix worthy of std." 


6.1 Faster-than-Light into the Past 


“Fasiershap-light travel remains a coherent and posible concept, even though itis 
forbidden by seaiity theory.” 
a pilosopier makes physics mistake? 


So far we have limited our consideration of relativity theory to speeds below the 
speed of light—that is, to the condition v < c, where v is the relative velocity of two 
reference frames. There was nothing, however, in the derivation of the Lorentz 
transformation equations discussed in Chap. 3 that actually used that self-imposed 
constraint. So, just what, in fact, does happen for v>c? This is not an empty 
question, because the second half of the above quote that opens this section is 
simply not true. That isn't to say we can have FTL for free; there is a high price to 
pay, that of causality violation (although, if you are a fan of time travel, it’s a price 
you are probably happy to pay). Ifa material object goes FTL, then the mathematics 
‘seems to say that the object could travel into the past just as the caped crusader does 
in the first (1978) Superman movie, in order to change the past (to save Lois Lane 
from dying in an earthquake). In addition, the mathematics also seems to say that if 
a signal bearing information could achieve FTL, then that information, too, would 
travel back into the past (see Fig. 6.1) 


"his rather blunt comment (reported in Physics World, December 2009, p. 3) was prompted by & 
suggestion, from two other physicists, thatthe Higgs boson misht ripple backward through time 
and therchy stop CERN’s Large Hadron Collier from creating the long-sought particle inthe Kirst. 
place. 

°G. Robinson, “Hypertrvel," Listener, December 17, 1964, pp.976-977 he printed version of « 
lecture to the British Association forthe Advancement of Science. 
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a 


1A math-frce proof that there can be no closed loops in time (that is, no time travel tothe 
past if y>c is forbidden) in flat Minkowski spacetime, the spacetime of the special theory of 
relativity. Such a conclusion is far less clear in the curved spacetimes ofthe general theory of 
relativity. Figure reproduced by the kind permission of Serguei V. Krasnikov (Polkove Central 
‘Astronomical Observatory in St.Petersburg, Russia), from his 2003 paper “Time Machine 
1988-2001)" 


‘The original thinking along these lines visualized such an FTL signal as a 
‘modulated beam of tachyons, as mentioned in the previous chapter. In addition to 
tachyons not having been experimentally observed, even after intense searches for 
them, there are several theoretical objections (in addition to the bilking paradox 
problem discussed in the previous chapter) to the likelihood such FTL. particles 
‘exist.’ For example, the relativistic expressions for the energy and momentum of a 
Particle with rest mass mp moving with speed v are respectively, 


yi-ore 


E and p= 


Vi- We 


For y > ¢ the radicals in these expressions become imaginary, whereas E and 
_p must always be real-valued (because they can be observed and measured as & 
result of the interactions the particle has with other matter). The energy and 
momentum can regain the property of being real-valued if we write my = w/—T 
(that is, m2 =—j) for a tachyon, where yr is the positive, real-valued (but 
unobservable) meta-mass (that is, mj <0). This is a radical proposal, of course, 
(@sitis m3 > Othat we are used to; as a Russian mathematician romantically put it, 
“What binds us to space-time is our [positive] rest mass, which prevents us from 
flying atthe speed of light, when time stops and space loses meaning In a world of 


'Sce, for example, “More About Tachyons." Physics Today, December 1969, pp. 7-52. a 
collection of eters eeceived bythe jor trom its readers. The ~DeWit Gambit mentioned in 
the previous chapter Was fist proposed in one of those ltrs. 
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light there ar neither pins nor moments of ime; beings woven from ight would 
Hive "nowhere" and nowhen' only pty and mathematic are capable of peaking 
‘meaningfully about such things." 

‘Well: perhaps, bt les continue to pursue the physic of tachyons test fora 
while. It can be shown’ that the energy and momentum of the tachyon are given by 
fe eal pe eer 
ePo 


vole 


‘An interesting consequence of this is that iftachyons lose energy. they speed up, 
fan observation first_made by the German physicist Amold Sommerfeld 
(1868-1951) in 1904.° This means that if there is a mechanism for continuous 
energy loss, such as Cerenkov radiation’ then tachyons will spontaneously accel- 
erate without limit to infinite speed! Curiously, while the above expressions for 
E and p show that, as v— oc, tachyons would possess <ero energy, they would 
nonetheless have a non-zero momentum of pc:* 

To see how backward time travel and FTL are connected, iis useful to establish 
geometrical interpretation of the Lorentz transformation. As stated in Chap. 3, if 
the x’ system is moving with speed v in the x (or x’) direction relative to the x,t 
system, then 


w/e 


= 
Vi= (ey vi- w/e) 


Yu. Manin, Marhemarics and Physics, Biekhiuser 1981, p. 84 

L, Parker, “Faster-Than-Light Inertial Frames and Tachyons.” Mhysical Review, December 
25, 1969, pp. 2287-2292 

The consideration of FTL particles already had along history before tachyons were specifically 
named. You can find late nincteenth century (1888-1889) theoretical analyses of electrically 
‘charged FTL particles inthe writings for example, of the English mathematical electrical engineer 
Oliver Heaviside (1880-1925): see my biography Oliver Heaviside: she life work, and times af an 
electrical genius of the Vietrian Age, The Johns Hopkins University Press 2002, pp. 124-126, 
*Cerenkow radiation isthe energy radiated when a charged particle exceeds the speed of light in the 
‘medium through which it travels Since the speed of light in waters less than c, tis perfectly kay 
‘with special relativity to exceed the speed of light water, and infact this commonly occurs for 
the energetic electrons produced by submerged alomie reactors (swisuming pool reactors). The 
resulting radiation is observed as a blue glow. The radiation is named after the Russian physicist 
Pavel Cerenkov (1904-1990)—for which he received a share ofthe 1988 Nobel physics prize— 
but in fact Heaviside (previous note) had predicted it more than a decade before Cerenkov 
‘vas bor. 

This theoretical property of tachyons (if they exist) could (perhaps) be used (maybe) to build 3 
revolutionary (say the least) new rocket propulsion system: se J Cramer, “The Tachyon Drive 
Infinite Exhaust Velocity at Zero Energy Cost," Analog, October 1993 
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‘These equations make sense for the case of v < c, and we will retain this condition 
for our two relatively moving frames of reference: these frames are the worlds of two 
‘human observers, observers that we'll take to always be subluminal. As one phys- 
icist so nicely put it, “The assumption that observers move faster-than-light goes 
beyond superluminal signaling,”” as such observers would have to be thought of as 
being built not out of flesh-and-blood, but rather out of tachyons." We'll reserve the 
symbol w to denote the speed of an FTL particle. 

Now, recall what we mean by any line parallel to the 1-axis; it is a line with a 
fixed time coordinate. Such a line is a cosmic moment line, with the equation 
1 = constant. Similarly, for the moving system we would write the equation of a 
cosmic moment line as ’ = constant which, after the Lorentz transformation is 
applied, is equivalent 10 


2 = constant. 


In particular, the x-axis (r! = 0 cosmic moment line), which passes through the 
point x=0 at = 0, has the equation 


with the usual convention of ¢ = 1 

Ina similar way. recall what we mean by any line parallel to the f-axis; itis a line 
with a fixed space coordinate. Such a line is the world line of a stationary particle in 
the x, ¢ frame, with the equation x = constant. Similarly, for the moving system we 
would write x’ = constant as the equation of the world line of a particle stationary in 
that system. From the Lorentz transformation, this is equivalent to 


— v= constant. 


In particular, the 1-axis (which is the 1" =0 world line ofa particle stationary at 
the origin ofthe moving system) passes through the x= 0, r= 0 point, and it has the 
equation 


t 


‘Thus, superimposed spacetime coordinate axes for the two frames look like 
those shown in Fig. 6.2. That is, the relative motion of the two frames results in a 


°K. Svozil, “Time Paradoxes Reviewed," Physics Letters A, Apri 3, 1995, pp. 323-326. 
"Science fiction, however, has (since the early day’s of pulp) enthusiastically embraced FTL 
‘human travel. In Larry Niven’s story "At the Care. November 1966), for example, we read of a 
‘manned spacecraft that travels 60.000 light years to the center of our awn Milky Way Galaxy, and 
then hack, ata speed 420,000 times that of light. As the pilot says (in a grand understatement), 
‘That's goddam fas.” Pethaps there is a way to make some sense of such an adventure, with the 
so-called warp drive (aa Star Trek), which we'll take-up briefly atthe end of this chapter. 
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Fig. 6.2. Spacetime coordinate axes rotation by relative motion 


rotation of the spacetime axes; but it is a strange sort of rotation, with opposite 
senses for the space and time axes. That is, the 1° and r axes rotate towards each 
other, as shown in the figure, to make equal angles (a) with the x and ¢ axes, 
respectively, where 


a= tan" (v). 


If we limit the moving frame (the frame of a moving observer) to subluminal 
speeds (0-<v-< 1), then 


0<a<4s° 


At the speed of light (v = 1) a =45° and so the.«’ and 1’ axes coincide—time and 
space have become indistinguishable. 

It is important to realize that observers in either system would measure the same 
speed for a photon; that is, each would see the world line of a photon as a line with 
slope 1. This view of the world line of a photon is literally built into the Lorentz 
transformation because one of Einstein's fundamental postulates for special relativ- 
ity isthe invariance ofthe speed of light. The truth ofthis statement forthe.x, system 
is obvious from Fig. 6.2. Its, perhaps, not so obvious with the x’, system because 
of the non-perpendicular axes (as shown in the figure) for that system. In Fig. 6.3 the 
world line of a photon is shown in both systems. In that figure we emit the photon at 
v= 0,1 = 0, and we later measure its coordinates at point A to be x" =x, at time 
1 =1',, Note carefully how this is done. We draw lines from point A parallel tothe x! 
‘and ¢ axes until they intersect the #” and x’ axes, respectively. This is similar to the 
way we would get the spacetime coordinates of A in the more familiar x, 1 system, 
where we would draw lines parallel to the x and faxes. 

It should now be obvious that x" and ', have the same extension, just as they do 
in the unprimed system, so 
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Fig. 63. Invariance of the * 
‘world line of « photon 1 


World tine 
of photon 


= the speed of light 


‘The speed of light is the only invariant speed under the Lorentz transformation. 
Indeed, the modem approach to special relativity emphasizes this invariance as the 
central property of the speed of light, rather than the idea ofthe speed of light being 
a limiting speed. 

‘This geometrical interpretation of the Lorentz transformation lets us quickly 
make another interesting (one, I think, not at all obvious) observation: Ifa particle is 
faster than light in the x, r system, then there exists a subluminal x’, 1 system in 
which the particle is infinitely fast. Figure 6.4 shows the world line of an FTL 
particle in the x, r system (which is, of course, below the world line of a photon; that 
is, the particle's world line is spacelike). Suppose the FTL particle has speed w > 
such that its world line makes angle f with the x-axis. If we now pick v, the speed of 
the moving.v’, 1" system to be such that «= pi, then the »’-axis will coincide with the 
world line of the particle, and so the particle will appear to an observer in the 
system to be everywhere at once—that is, to be infinitely fast. We have, then, 


B= tan-"(v) = won'(3) 


or y= I/, which seems to be dimensionally wrong. Recall, however, that with our 
conventionof¢ = 1, the vin this result is a normalized speed. To return tothe units of 
everyday use, simply replace v with vc and w’ with w/c; this transforms our result to 
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2° 7 Photon’s word tine 


Fig, 6.4 World line of an FTL particle 


We can, of course, turn this result around. If an FTL particle moves with speed 
w in the x, f frame, then to an observer in the x’, 1! frame moving with 
subluminal speed v, the particle will appear to be infinitely fast if w—e"/v 
‘A particle with w > cv is said to be not just be superluminal, but ultraluminal 

If particle has infinite speed if w=, then what physically happens if w is 
‘greater than c/s? The answer is easy to see from a spacetime diagram, as in 
Fig, 6.5, where the x’ and 1" axes have been extended back to negative values, In 
that figure I have labeled two arbitrary events A and B on the world line of an 
ultraluminal particle (and soit lies below the x’ axis), and have shown the spacetime 
coordinates of each event in both the x,t and x',1’ frames. For the x, frame we see 
that A is related to B by the relations x, <x and fy < fj; that is, the time order of 
Aaand B is reversed for an observer in the x1 frame. To that observer, the particle 
appears to be traveling backward in time! 

But this isn’t quite the end of the story. Following the approach of two 
pioneering tachyon physicists,"' we note that if the energy of a particle in the 
stationary system is E, then the energy as measured in the moving system is given 
by!? 


%O. M. Biluniuk and E. C. G. Sudarshan, “Causality and Space-like Signals,” Nani, July 
26, 1969, pp. 386-387, 

he expression for E’ isthe result of applying the Lorentz transformation to. You ean find all 
the details ofthat worked out in A P. Pench, Special Relarvty, W. W. Norton 1968, pp. 208-210. 
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Photon's wot ine 


Untraluminal 
particle's 
world ine 


pet He =w) 
Vi=@) Vowey = 1 


Note that sign of £ switches from positive to negative when w (the speed ofthe 
particle) exceeds c"/s, which is precisely the condition for the particle to be 
ultraluminal and so traveling backward in time (as seen in the primed system). 
That is, negative energy moving backward in time in one system is postive energy 
moving forward in time in another. This is infact, the original motivation for the 
RP (reinterpretation principle) discussed in the previous chapter, and the claim was, 
al one time, that the RP was just what was needed to ‘explain’ the paradoxical 
implications of time travel. This is not the majority view today, however, and a 
number of physicists have been quite inventive in constructing scenarios with 
causal paradoxes that the RP clearly fails to “explain.” 

For example, the Princeton physicist Shoichi Yoshikawa (1934-2010), in a leter 
to Pliysies Today (see note 3), was able to create a scenario which uses the RP to 
arrive at a causal paradox. In his construction, the RP allows an observer to transmit 
an ultraluminal tachyon to a remote observer at time 1=0, and to receive a reply 
from that observer at ¢<0, This obviously sets-up the possibility of a bilking 
paradox in which the original observer, upon receiving the <0 tachyon, then 
decides not to transmit the 10 tachyon. What makes Yoshikawa’s paradox a 
particularly troublesome paradox is that the RP is the culprit, not the savior. 
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62. Tipler’s Rotating Cylinder Time Machine 


in forty-eight hours we had invented, designed, and assembled a chronomobile.{ 
‘won't weary you withthe detail, save to remark that it operated by wansposing the seventh 
and cleventh dimensions in a hole in space, thus cresting an inverse ether-vortex and 
standing the space-time continuum on its head"? 

—this is almost surely not the way to build a TM (Gime machine) 


As discussed at the start of this book, the first endorsement of the reasonableness 
of physicists talking about plausible, scientific time travel, began with Gadel’s 
discovery of closed timelike lines in the mathematics of certain rotating universe 
models. Such models had heen studied as early as 1924 by the Hungarian physicist 
Comelius Lanczos (1893-1974), a quarter century before Gédel, but it was Gédel 
who made explicit the possibility a rotating universe might allow time travel. His 
realization of time travel as an inherent property of a rotating universe is an 
illustration of a weak TM, while what is the central interest concerning time 
machines (in physics and in science fiction) is a strong TM. That is, in time 
machines that can be intentionally constructed by manipulating mass-energy in a 
finite (what physicists call a compact) region of spacetime to create closed timelike 
lines where none existed before the manipulation began. Interestingly, the funda- 
‘mental physical idea behind Géidel’s weak TM is the same underlying idea behind 
the first strong TM, Tipler’s rotating cylinder discussed back in Chap. I (strictly, of 
course, only a compact TM if the cylinder can be of finite length), 

‘The one result from general relativity that we'll use here (without proof) is that 
the rotation of matter causes a distortion of spacetime that results in the “tipping 
over’ of light cones, with the future half tilted in the direction of motion. If you 
imagine @ point in the universe about which the rotation takes place, then this 
tipping effect increases with the radial distance from that point.'* The fact that 
rotating masses tip light cones over in the direction of rotation was discovered very 
carly in the history of general relativity (1918), by the Austrian theoreticians Josef 
Lense (1890-1985) and Hans Thirring (1888-1976). Originally (and naturally) 
called the Lense-Thirring effect, it now generally goes by the name of the dragging 
of inertial frames effect, and it plays a central role in the weak Godel and the strong 
(maybe) Tipler time machines. Here's how. 

‘Ata certain critical distance from the rotation center (more on this in just a bit), 
the future half of the light cone at a given point in spacetime will be sufficiently 
tilted so as to enter the past half of similarly tilted light cones at nearby spacetime 
points This is illustrated in Fig. 6.6,'° which shows a circular chain of tilted light 


BL. Sprague de Camp, “Some Curious Effects of Time Travel;* in Analog Readers’ Choice, 
Dial 1981 

For a picture of this, sce S. W. Hawking and G, F. R. Ellis, The Large Seale Structure of 
Spacenime, Cambridge University Press, 1973, . 169. 

‘Adapted from D. B, Malament, “Time Travel" in the Gtilel Universe.” Proceedings of the 
Philosophy of Science Association 1984, pp. 91-100, 
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Fig. 66 ‘Time traveling through tilted light cones ina rotating universe 


cones in a rotating universe, Because light cones are tilted by a rotation-induced 
twisting of spacetime, a traveler can move around a circular path on a trip that is 
always directed into his focal future but nonetheless end-up in his own global past, 
without ever going faster than light. This kind of round trip in spacetime, with a 
trajectory that winds back into the past without ever becoming spacelike, isa closed 
timelike curve. 

From Fig. 6.6 it should be clear how a time traveler, beginning at A, can weave 
his way along a circular path (this path needs to have a radius at least as great as the 
critical value mentioned earlier) to B to C to .... that brings him back into the past 
half of the light cone at A. The travelers world line is always inside the local light 
‘cone; that is, the world line of the time traveler is always timelike, and never FTL. 
‘These timelike curves are present in the rotating spacetime from the very beginning 
of the spacetime, and were not created (certainly not by humans) by conscious 
intent. 

‘You can see how this works mathematically by taking the spacetime metric for 
Gadel’s universe (with, as usual, the convention that the speed of light ¢= 1) 


(as)? = (at)? — (ae)® — (ay)? + sin (0) [sin (0) — 1] (ag) 


+ Visin (rtp) (an 


where fr, y,and # are cylindrical coordinates in four-dimensional spacetime. Now, 
imagine that our adventurer’s world line is the helical curve r=constant, y = 0, and 
1= — ag: if we take the time axis as vertical then the time traveler's world line is a 
vertical helix in spacetime. For this curve, d= dy =0 and di = —adip. This last 
differential means, in particular, that whatever the sign of the constant a, we can 
choose that one of the two senses of movement in the spatial ¢ dimension that gives 
dr<0, 
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Continuing, we have 


(as)? = 


VBasink*(r) + sin h(r)( sin h?(r) — »] (ap)? 


or, upon letting w= sinh (r) we have 


(as)? = [a ul + 12? — 1)] (ap) 


Now, for a=0 we have 


which is greater than zero if w > 1, This condition holds if sinh(r) > 1, thats, ifrisa 
constant greater than In(1 + /2). In other words, for r sufficiently large (and now 
wwe know the critical value for r) we have (ds)*>0, the required condition for a 
timelike spacetime interval. By continuity, then, we will continue to have (ds)? 
>0 even with some small positive or negative value of a different from zero. 
Because ¢ is a periodic coordinate (we identify ¢=0 with = 2), as the traveler 
moves along the curve she returns repeatedly to the same spatial points, but her time 
coordinate is increasingly negative. That is she is traveling into the past, Note, once 
again, that in Gadel’s universe this property holds only for orbits with radii greater 
than a certain minimum. 

Tipler’s rotating, infinitely long cylinders a mechanism for artificially producing 
the tipped-over light cone effect, thus creating closed timelike curves. Figure 6.7, 
taken from Tipler’s Ph.D. dissertation,"” shows how the cylinder works. The eylin- 
der is represented by the central vertical axis. Far away from the cylinder the light 
cones in spacetime are upright, but as we move inward they tip over, the future 
halves opening up into the direction of rotation. (Only the future halves of the light 
cones are shown.) This direction, which is the direction that far away from the 
cylinder measures space, near the cylinder measures time (just as in the Gédelian 
universe). That is, there has been a dimension reversal! This fantastic possibility has 
found its way into science fiction, asin Stephen Baxter's 1995 novel The Time Ships, 
wherein the Victorian narrator says “If only one could nwvist about the Four Dimen- 
sions of Space and Time — transposing Length with Duration, say —then one could 
stroll through the corridors of History as easily as taking a cab in the West End!” 

To travel back in time, therefore, all the time traveler need do is leave Earth and 
approach the cylinder until she is near enough to be in the tipped-over region of 
spacetime, Then she would follow a helical path around the cylinder and could 


"there are eter solutions to the Einstein gravitational ld equations that have elosed mele 
lines at any radius no mater how small: sce MJ Reboucs, “A Rotting Universe with Violation 
cof Causality.” Physis Letters A, March 5, 1979, pp, 161-163. 


2B. 3, Tiper. Causality Violation in General Relativity, University of Maryland 1976. 


300 6 The Physics of Time Travel: I 


_-~ Direction of rotation 


Light cones include circ, 


Light cones begin to tip over 
‘ = which isa closed timex ine 


in $ drection 


2 
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17. ‘The future halves of light cones point almost entirely in the + direction far fom rotating 
‘matter, they begin to tip over asthe matters approached. Note that there is helical timelike path 
that moves locally into the future in the ~r direction, that is, it goes into the pastas seen by an 
fobserver far from tbe rotating matter (The world lines of rotaing matter are helixes in the +1 
direction) 


spiral along the negative time direction as far back in time as desired (but no further 
back than to the moment of the cylinder’s creation), This motion is such that the 
time traveler is always moving into her local future, via the tipped-over light cones. 
Finally, she would withdraw from the cylinder and return to Earth—in the past. The 
time traveler had better be a good space navigator, of course, because Earth won't 
be where she left it! 
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6.3 Thorne’s Wormhole Time Machine 


“This fact reinforce the authors ecling that [closed time loops] ate not so nasty’ as people 
sgenerlly have assumed." 


‘The spacetime wormhole is presently the most promising of the approaches that 
have been advanced for building a time machine. Gadel rotated the entire universe 
in 1949, and Tipler ‘reduced’ the problem in 1974 to ‘merely’ spinning a cylinder of 
infinite length. In 1988 Kip Thorne scaled things down even more, this time to other 
extreme. His idea calls for pulling a wormhole on the scale of the Planck length out 
of the topologically multiply connected quantum foam that spacetime is and then 
enlarging it (somehow) to human scale, all the while stabilizing it against self- 
collapse, and then finally using the time dilation effect of special relativity to alter 
time at one mouth of the wormhole as compared to the other mouth, What a 
mouthful! What, you almost surely wonder, does all that mean? 

First of all, what's “quantum foam"? The term refers to the idea that the topology 
of spacetime is nof a smooth, continuous manifold, but rather (if you look close 
enough) is a seething ‘ocean of fluctuations’ that is always changing, changes on 
the seale of the Planck length (look back at Sect. 1.5). What does tha mean? Like 
the ocean surface-in-the-large, large-scale spacetime is simply connected. But just 
‘as one sees all sorts of transient structure as one looks at the water more 
closely (beginning with macroscopic waves and then proceeding downward to the 
bubbly foam on the waves), spacetime too displays an ever-changing connectivity 
in-the-small."” That is the “quantum foam.” 

‘Wormholes have been around in physics for decades, but they have always been 
thought to be so unstable as to exist only on paper in the mathematics of general 
relativity. In an analysis" published more than half-a-century ago, for example, 
wormhole instability was shown to be so severe that not only would a human have 
zo chance in getting through one, but also not even a single speedy photon could do 
so. Even at the speed of light, the photon could not zip through a wormhole before 
being trapped inside (“pinched off”) in a region of infinite spacetime curvature 
Wormholes would simply collapse too quickly after formation for even the 
so-called ultimate speed to save the traveler. Indeed, the presence of mass-energy 
inside a wormhole actually accelerates its collapse. The physics of wormholes, it 
seemed, made them simply untraversable, 


‘The conclusion of a mathematical demonstration that time travel by wormhole doesnot confit 
withthe conservation of enctzy: sce J. L. Friedman eral, “Cauchy Problem in Spacetmes with 
Closed Timelike Curves.” Physical Review, September 15, 199, pp. 1915-1930. 

Not all accept this view. Se, for example, A. Anderson and DeWitt, “Does the Topology of 
‘Space Fluctuate?” Foundations of Physics, February 1986, pp. 91-108, 

*R. W. Fuller and J. A. Whecler, “Causality and Mutiple Connected Spacetime,” Physical 
Review. October 15, 1962, pp. 919-928, 
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Fig, 6.8 "These sketches are unavoidably misleading, being two-dimensional renditions of worm- 
holes that connect two places in a hree-dimensional space. Time machine wormaoles on the other 
hand, connect two places in a four-dimensional spacetime. In particular, the mouths of the 
‘wormboles are not ‘depressions’ into which the time traveler's rocket ship plunges, but rather 
would appear to be three-dimensional spheres. The wormbole in (a) connects two disjoint 
‘universes, while those in (b) and (e) are connections between two places inthe sume univer 
[As shown in these last two cases, the wormhole “handle” canbe either long or short, compared to 
the extemal distance hetween the wormbole mouths 


‘And anyway, how would one gain access to a wormhole in the first place? As 
‘Thome and one of his students suggested,"! one might perhaps imagine someday 
finding a rotating black hole that mathematically possesses, in its interior, so-called 
hyperspace tunnels to ‘other places’—either in our universe or in other universes 
(see Fig. 68). In the case of a wormhole connecting two places in the same 
universe, although the external distance in spacetime between the places may be 
very large (mega-light-years), it is conceivable that the distance through the 
wormhole itself could be very small. The time required to traverse the wormhole, 
as measured by the traveler's watch might, in fact, be arbitrarily small. This is 
exciting, but wormholes do not come without some significant problems. 

Such problems include the presence of a one-way event horizon, which pre- 
cludes two-way travel (it seems reasonable to assume that time and space travelers 


SIMLS. Mons and K-S. Thome, “Wormoles in Spacetime and Their Us for Interstellar Travek 
‘A Tool for Teaching General Relativity." American Journal of Poss, May 1988, pp. 395-412 
‘This paper was motivated by Thore’scarlier response ta request, frm the American astronomer 
(Crt Sagan (1934-1996), for help i making plausible the interstellar travel imagined sv his 1985 
novel Contact 
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might wish to eventually return), and enormous gravitational gradients (tidal 
forces) that dismember anything approaching and/or entering the wormhole 
‘These problems have often been conveniently ignored in science fiction. For 
example, in one tale™ the time machine is in the form of a wormhole time tunnel 
that time travelers can simply walk through, and in another characters similarly 
walk back and forth between two openings in a wall that connect the same place in 
space but separated in time by 160 years.” And in an even older story, we read of « 
time machine (in the form of a hole in spacetime that is a wormhole in everything 
but name) through which one can literally step from future to past and back again, 
‘That story™ is particularly notable for having introduced the term mugwump for a 
time traveler who uses a time machine wormhole. To paraphrase the tale’s time 
traveler, as he transits the wormhole his “mug” is in the past and his “wump" is in 
the future.” 

Now, before going any further, a note on what physicists are referring to when 
they write of traversable time travel wormboles. Such wormboles are called 
Lorentzian because they have a spacetime metric with the signature [+, 
(see Sect. 3.5). Further, the wormhole is taken to be static, that is, to have no time- 
varying behavior. The reason for being specific on the nature of time travel 
wormholes is that there is another type with what is called the Euclidean signature: 
[+ +, 4.41, which is not suitable for time traveling. Motion in a Euclidean 
signature wormhole involves imaginary momentum or proper time, neither of 
which is physically plausible for a time traveler. However, if you can gain access 
toa Lorentzian wormhole shen, as two physicists wrote, “if you manage to acquire 
even one inter-universe traversable wormhole then it seems almost absurdly easy to 
build a time machine."** 

In response to that fundamental question of how to gain access to a Lorentzian 
wormhole, Thome and his students were bluntly honest—they didn’t know. Their 
best suggestion was that “one can imagine an advanced civilization pulling 
[a] wormbole out of the quantum foam and enlarging it to classical size.""” A few 
years later this dramatic idea found its way into a science fiction novel of a 
far-future alien civilization able to control the energies of constellations of galaxies: 
‘Spacetime is friable. Wormholes riddle the fabric of spacetime on all scales. At the 
Planck length and below, wormholes arising from quantum uncertainty effects blur 


©, Wilson, A Bridge of Years, Doubleday 1991 
Leinster, Tine Tunnel, Pyramid Books 1964. 
HL Kune, “Shock,” Aounding Science Fetion, March 1983, 
"The term's origin is in 19th century politics, asa description of fence-iters who try 10 avid 
taking a definite postion on some controversial topic under debate. Foran illustration of wormhole 
‘mugwumping, se KS. Thome, Black Holes & Time Warps, W. W. Norton 1994, p. S00. 
%C. Bucelé and M. Visser, “Twilight for the Energy Conditions?" Inremnational Journal of 
Moilern Physics D, December 2002, pp. 1583-1560. See also M. Visser, Lorentsan Wormhole, 
AP Press 1996, 
27M. S. Moris, K 8. Thome, and U. Yurtever, “Wormboles, Time Machines, and the Weak 
Energy Coneition." Physical Review Leners, September 26, 1988, pp. 1446-1449 


304 6 The Physics of Time Travel: 


the clean Einsteinian lines of spacetime. And some of the wormholes expand to 
human scale, and beyond — sometimes spontaneously, and sometimes at the 
instigation of intelligence.”** 

This isn’t easy to visualize, but let’s plunge ahead and assume we can “pull” 
wormhole out of the quantum foam. If so, then once it is (somehow) inflated the 
wormhole could be stabilized against collapse by threading it with cither matter or 
fields of stupendous negative (outward) tension—and by stupendous I mean STU- 
PENDOUS. If by denotes the minimum radius of the wormholes (the size of the 
so-called throat of the wormhole), the tension (radial pressure) at that location must 
be at least 


ny =P 1080 
bo" ie 

where ho is expressed in feet.”” (This expression shows that for a wormhole with a 
thvoat radius oF several thousand fet, the vale of ty is enormous, of the same 
magnitude as the pressure atthe center of the most massive neuton sar.) To 
Sablize a common sr of everyday wormbole, such sa subway tunel, we ea 
bain the equred ensionpresseby lining the tunel with ion plates orconeret. 
But ho. fora hyperspace wormhole, da we obtain iron plates’ that an achieve the 
required enormous tension? As Thorne and his students observed (note 27) such 
Sf cou only be called “exoi,"a ter that had appeared few yeas ealer in 
connection with the observed energy density in the throat of a wormhole." 

(ne posible approach to this problem doesnot we mate at al If we ake by 
very large, then non-material fields will do the job.’' Indeed, suppose by equals 
ight year (age wormhoe by anybody standard). Then eis” 4000 tons 
square inch, and that is achievable by threading the wormole throat with a 
magnetic field of “only” 270.000 gauss (ve million times stonger than the 
Earth’s field),'* To generate such a field is not impossible, and present-day 


rom S. Baxter's 1993 novel TimelikeInniy. That same year the Chinese physicist Liao Liu 
wie on how, as a result of a naturally occurring vacuum uctution, & wormhole might 
spontaneously appear: L. Liu, “Wormhole Created from Vacuum Fluctuation,” Physical Review 
D, September 15, 1993, RS463-RS464. 
"The orginal equation for ry was given in units of dynesfem?, with hp is expressed in meters (see 
‘ote 21), ut Ihave converted these units (othe more familiar (othe non-physicis) unis of tons 
‘er square inch for dramatic purposes, because the units of dyes per square centimeters so small 
i's dificult to relate ito anything of everyday significance 

Lettre Al Nuovo Cimento, May 16, 1985, 


*'R, Balhinot, “Crossing the Einsein-Rosen Bridge, 
pp. 76-80, 
"gcc, fr example, Y. Soen and A. Or, “Improved Time Machine Model." Physical Review D, 
October 15, 1996, pp. 4858-4861, and D. N. Vollick, “How to Produce Exotic Mater Using 
Classical Fields," Phssicl Review D, October 15, 1997, pp. 4720-4723 

'9 understand how the calculation of a magnetic eld from a pressure requirement is accom- 
plished, note that pressure is dimensionally equivalent to field energy per unt volume, which in 
tums given by a well-known result in electromagnetic theory. 
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experimental, hypervelocity electromagnetic rail guns in development for the US 
Navy use transient magnetic fields in the mega-gauss range. 

‘As if the stabilization problem wasn’t enough of a complication, Thome and 
his colleagues (note 27) showed that there is another, even more curious problem, 
‘The geometrical requirement that the wormhole interior smoothly connect to the 
external, asymptotically fat exterior spacetime demands that the wormhole throat 
flare outward as shown in Fig. 6.8. It turns out that this condition is mathematically 
equivalent to a requirement that r» exceed the energy density of the throat 
material”; and special relativity, in tur, says that for some timelike observers 
the energy density will then actually be negarive. This is a clear violation of the 
so-called weak energy condition (WEC), which says the observed mass-energy 
density is always non-negative. This isso ‘obvious’ that the WEC was thought, for a 
Jong time, to be almost a law of nature. Such a violation is actually not as crazy as it 
‘might sound however because, more than half-a-century ago, it was shown that an 
energy density that is everywhere and everywhen positive is not compatible 
with any quantum field theory that is focal, as, presumably, will be the yet-to-be- 
discovered theory of quantum gravity. Over the years since then a variety of other 
encrgy conditions have been proposed, such asthe averaged weak energy condition 
{AWEC), which says that only the average value of the energy density over a 
complete null geodesic world line has to be non-negative, which leaves open the 
possibility of temporary negativity here, there, then and wien.'* 

‘The traversable, static wormholes studied by Thorne and his colleagues violate 
even the AWEC (see note 27), however, and in the years since it has become clear 
to physicists that imposing constraints on the mass-energy density may not be so 
‘obvious’ afterall (see note 26). But all may not be lost. Indeed, it has been shown 
that the violation of the AWEC by traversable wormholes can be made as small as 
desired, that is, the requirement for the exotic matter required to line a wormhole 
throat to keep it open can be made as tiny as you want. 

‘Well tiny the quantity of exotic matter may be but, nonetheless, even a tiny amount 
of it would be extraordinary weird stuff because a negative energy density can be 
interpreted as meaning thatthe exotic material that keeps the wormhole throat open 


The condition of rp exceeding the energy density in the throat isin Fat, the tehnieal definition 
fof exotie—sce note 30. In everyday situations, the exotic condition is never even remotely 
approached. For example, the maximum tension necessary 10 pull apiece of stel apart—the 
so-called tensile serength bout 10.000 pounds per square inch—is a illion times less than the 
rmase-enetgy density of tel 

“HL Epstein, V. Glaser, and A. Jaffe, “Nonpositvity ofthe Energy Density in Quantized Field 
"Theories," Nuovo Cimento, April 1, 1965, pp. 1016-1022, 

°F, A. Roman, “Quantum Stress-Energy Tensors and the Weak Energy Condit 
Review D, June 15. 1986, pp. 3826-3535, 

SML Visser, 8. Kar, and N. Dadhich, “Traversble Wormholes wih Arbitrarily Small Energy 
Condition Violations." Physical Review Lenters, May 23, 2008, pp. 201102-1 wo 2011024 


Physical 
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does so by exerting a repulsive gravitational force."” A repulsive force sounds like a 
property we'd expect to see associated with negative mass and, although such a thing 
hhas never been observed (negative matter is not anti-matter, which has been observed 
and which does not repel ‘normal matter’), it was studied long ago (theoretically, of 
course) by the English cosmologist Hermann Bondi (1919-2005). Bondi showed 
that negative mass would indeed have some truly bizarre properties.”” but there is 
nothing in general relativity that forbids its possible existence. Wormholes, with 
negative mass throats, should produce observable effects by which a wormhole 
‘might be detected. Mathematical analyses of the effect  negative-mass wormhole 
mouth would have, when crossing the line-of-sight between Earth and a distant star, 
indicates that there should be an observable double-spike in the intensity of the star's 
light. Astronomical searches for such an optical signature have actually been 
conducted, with (alas) no success as I write (2017). 

‘There is another interesting implication of a repulsive gravitational force, one 
that proves to be essential to the possibility of a wormhole time machine. Just as 
Einstein's famous prediction (verified in 1919) from general relativity, that star 
light passing near the Sun’s edge is bent inward by the Sun's attractive gravitational 
field, the repulsive, anti-gravity field of a wormhole will cause any light rays 
traveling through the wormhole to be bent outward. That is, a tight, narrow beam 
of radiation entering a wormhole will emerge defocused. This is crucial because, as 
‘you'll soon see, a wormhole time machine would otherwise be destroyed by the 
light from the dimmest candle 

One might take the failure of astronomical searches for a double-spike light 
signature 1o mean that wormholes with negative mass throats (thus violating the 
WEC) simply don’t exist. But not so fast. The first hint that the possibility of a 
negative energy density might not be such a crazy idea occurred as long ago as 
1948, with a theoretical prediction made by the Dutch physicist Hendrick Casimir 
(1909-2000). As pointed out in Chap. 1, the Heisenberg uncertainty principle 
allows a temporary violation of conservation of energy to occur, with the magnitude 
of the allowed violation increasing with decreasing time duration, Even in a 
‘vacuum, then, with particle/anti-particle creation and annihilation spontaneously 
‘and continuously taking place, the average energy density being zero does not 


"The strong energy condition says gravity is always altractive—which is clearly not true in a 
‘wormbole thoat—and s0 sate, taversable wormboles violate both the weak and the strong 
energy conditions 

MHL. Bondi, “Negative Mass in General Relativity." Reviews of Modern Phosis, July 1987, 
pp. 423-48, 

For example. general relativity says thal a negative mass will repel all other masses (positive and 
negative) whereas a postive mass wll atract al ther masses (positive and negative). Imagine 
then, a negative mass attached to the nose of & postive-mass spaceship. ‘The spaceship tres to 
‘move toward the negative mass, while the negative mas resto move away from the spaceship 
So off they both zo into the sky ikea cat chasing its al. This so-called reactinlessumt-gravty 
drive, bizare as it appears, oes not violate either of the conservation laws of energy. oF 
‘momentum. See G, Cavalleri and E, Toni, “Negative Masses, Even if Isolated, Imply Self- 
‘Acceleration, Hence & Catastrophic World." 1! Nuovo Cimento, July 1997, pp. 897-903 
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preclude fluctuations away from zero and so, at times, actually becoming negative. 
What Casimir showed was that if one positioned two perfectly conductive plates 
parallel to each other, then the normal quantum fluctuations of the energy density in 
this ‘vacuum sandwich’ would be altered in such a way as to result in their mutual 
altraction—and this (tiny) effect was later actually observed." 

‘What does it mean to “alter the normal quantum fluctuations"? Consider the 
creation of a photon and its anti-particle, which is another photon. From the wave 
interpretation of particles, the parallel plates restrict the photons that appear in the 
vacuum layer to those that have wavelengths that ‘fit’ because those wavelengths 
are submultiples of the plate separation (this requirement follows from the fact that 
14 perfectly conducting plate cannot support a non-zero tangential electric field). 
Photons with longer wavelengths than the plate separation cannot ‘fit’ and thus do 
not appear. That is, the parallel plates have created a boundary condition that has 
quantized the electromagnetic field. The absence of these “longer wavelength’ 
photons lowers the average energy density between the plates and, because the 
average without the plates is zero, the altered average energy density must be 
negative. Indeed, the more the maximum allowed photon wavelength decreases 
with decreasing plate separation, the more negative the average energy density 
becomes in the enclosed Casimir vacuum. The negative energy density manifests 
itself as an inward directed force per unit area (remember, energy density and 
pressure are dimensionally equivalent) 

‘The experimental detection of the Casimir effect was a remarkable event in 
physies. As one mathematician put it, “No worker in the field of overlap of quantum 
theory and general relativity can fail to point this fact out in tones of awe and 
reverence.” Robert Forward, an imaginative physicist who has appeared in this 
book earlier as an enthusiastic supporter of time travel, has described how the 
Casimir force might be used to extract energy literally from a vacuum. This is an 
idea as seemingly impossible as is the plan of one science fiction professor to 
‘squeeze energy out of time. As he asks his assistant, “But tell me, Bob, isn’t that a 
ridiculous thought? To take time, something intangible, invisible, incomprehensi- 
ble, and contract it — squeeze it together like a sponge?"* The story is fun, but 
Forward’s proposal is that as well—and good physics.** Now, what does all this 
have to do with wormhole time machines? 


OX complete presentation of Casimi's analysis, with citations 1 the original literature, can be 
found in. E. Ballentine, Quantum Mechanics, Prentice-Hall 1990, pp. 399403, Fran historical, 
tutorial presentation, including Casimir's personal comments on how he was led to make his 
discovery, sce P. W. Milonni and M-L. Shit, “Casimir Forces." Contemporary Physics, 
September-October 1992, pp. 313 

“IS, A Pulling, Aspects of Quantum Field Theory in Curved Space-Time, London Mathematical 
Society 1989. 

E, Binder, “The Time Contractor.” Astounding Stories, December 1937. 

“98. Forward, “Extracting Electrical Energy from the Vacuum by Cohesion of Charged Folited 
Conductors.” Physical Review B, August 15, 1984, pp. 1700-1702. 
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‘Thome and his colleagues (note 27) proposed to use the Casimir effect to 
achieve the “exotic condition” without matter. Their idea was to place identical, 
conducting, spherical plates that carry equal electric charges at each end of the 
wormhole (remember, the wormhole mouths are spherically symmetric). The two 
identical charges repel each other, but the charge size is adjusted so that the 
‘gravitational attraction of the plates precisely cancels the repulsion, They then 
calculated that the Casimir effect results in a negative energy density sufficient to 
provide the throat tension necessary to prevent wormhole collapse, 

‘There are some weird aspects to this (and perhaps that's no surprise). For 
example, the analysis assumed that the wormhole length is very small compared 
to its radius (10° cm long and 200 million miles wide!), with the short length 
required because it represents the separation of the wormhole plates, and the 
smaller the separation the more negative the average energy density. (The func- 
tional dependence is as the fourth power of the separation.) Another problem is the 
balancing of the electrical repulsion and the gravitational attraction of the worm- 
hole mouth plates, as such a balance is clearly an unstable one. Finally, because the 
two spherical plates completely fill the wormhole mouths, how would a traveler 
actually get through the wormhole? The ‘answer’ was to drill a hole through the 
plates and hope that wouldn't perturb the Casimir vacuum too much." 

Allthe above litany ofthe difficulties static, raversable wormholes face in simply 
existing is certainly daunting, but let's now ignore all that and suppose we actually 
have a wormhole with both mouths in the same universe. (For use as atime machine, 
it would seem desirable for the time traveler to remain in his/her own universe!) So, 
how do we turn the wormhole into a time machine? Interestingly, while itis general 
relativity that gives us the wormhole, it is special relativity that adds the final touch 
of backward time travel. We begin by imagining that, somehow. one mouth of the 
wormhole can be moved with respect to the other mouth. One early suggestion, for 
example, was to use the gravitational attraction of a large asteroid to ‘drag’ one end 
of the wormhole, thereby inducing a time dilation effect."* 

‘That is, suppose we have two clocks A and B, one in each mouth of the 
wormhole. These two clocks, and all other clocks in the flat spacetime outside the 
wormhole, are initially indicating the same time and running at the same rate. Now, 
recalling the twin paradox from Chap. 3, let each mouth-clock play the role of one 
of the twins. Imagine that A and B are now separated because the mouth containing 
Bis placed on board a rocket ship. The rocket ship takes a long, high-speed trip out 
into space along the straight-line path joining A and B in external space, and then 
retums, just as described in Sect. 3.5. We then unload the space traveling 
wormhole mouth (with its clock B) and reposition it at its original location. What 


“The very next year it was shown how to consiruct nen-sphercallysymmetic wormboles to 
void that pricular problems se the two papers by M. Vise, “Traversahle Wormboles: Some 
Simple Examples." Physical Review D. May 15, 1989, pp. 5182-3184 and “Traversable Worm 
holes from Surgically Mouied. Schwarzhild. Spacelines.” Nuclear Physics, December 
11, 1989, pp. 208-212. 

“°F, riedman, “Back to the Future." Nature, November 28,1988, pp 305-306 
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is the situation now? We can summarize matters as follows: (1) Clock A, in the 
non-moving mouth, remains in-step with the local clocks in the space outside the 
mouth. (2) Clocks A and B, both inside the wormhole, have not moved with respect 
to each other because we are assuming a very short wormhole handle, as in part 
(b) of Fig. 6.8. We can arrange for the motion of the space traveling mouth (with 
clock B) to be such that the handle is always short, and so the distance between 
clocks A and B changes by an arbitrarily small amount. Thus, clocks A and B 
remain in-step with each other. (3) Clock B, because it has been moving with 
respect toils external space, arrives back at its starting position reading behind (that 
is, earlier) than the clocks outside its wormhole mouth. 

For the sake of argument, then, suppose the journey of B is such that there is a 
two-hour time-slip between clock B and its local, external clocks. Thus, if clock B 
reads 9 A.M., the clocks outside of mouth B will read 11 A.M. But because clocks A 
and B are in-step, clock A reads 9 A.M., as do the clocks outside of mouth 
‘A. That is, the wormhole connecting mouth A to mouth B is a connection between 
two parts of the same universe that are two hours apart in time. Now, suppose the 
journey from mouth A to mouth B can be made through external space in one hour. 
‘Then, one could leave mouth A at 10 A.M., rocket to mouth B by 11 A.M., and 
travel back to mouth A via the wormhole to the starting point—where it is 9 A.M., 
‘one hour before the trip began! We could, in fact, imagine repeating this process, 
going back one additional hour for each new loop through the wormhole. One clear 
restriction, however, is that we could not go back in time to before the creation of 
the wormhole time machine. The wormhole works in the other direction, too. To see 
this, suppose that the space traveler leaves mouth B at § A.M. and rockets through 
external space to mouth A, arriving at 9 A.M. Entering mouth A, he exits from 
mouth B (where he started) at 11 A-M., two hours in the future. 

Another way to induce a time dilation effect, to convert a wormhole to a time 
machine, without moving either mouth, is to simply place one mouth in an intense 
gravitational field, that of, say, a neutron star. (Recall, from Sect. 3.3, how gravity 
influences the time-keeping rate of a clock.) As the physicists who proposed this 
idea put it, almost any interaction with surrounding matter and gravity fields almost 
inevitably tums a wormhole into a time machine.“° Others have admitted that the 
details of the origin of time dilation are probably not issues worth debating, but 
rather what is called the back-reaction is of far more concern, 

To understand the back-reaction requires mention of what is called the Cauchy 
‘horizon, the hyperspace surface in spacetime that separates the region where closed 
timelike lines can exist, from the region where they cannot exist. The back-reaction 
is the build-up of unbounded energy levels on the Cauchy horizon, causing its 
instability and rapid destruction. The name of the horizon comes from the “Cauchy 
problem’—named after the nineteenth century French mathematician Augustin- 
Louis Cauchy (1789-1857)—in the theory of partial differential equations. In this 


‘6Y. P, Froloy and 1. D. Novikov, “Physical Effects in Wormholes and Time Machines.” Physical 


Review D, Augast 15, 1990, pp. 1057-1065. 
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theory a Cauchy initial-value problem is said to be well-defined if the initial 
conditions determine a unique solution, and if a continuous variation in the initial 
conditions gives a continuous variation in the solution. In that part of spacetime 
where closed timelike loops are not allowed, backward causation dees not occur 
(by definition) and the laws of physics (all expressed as differential equations) 
satisfy the Cauchy condition. Outside of this chronal region, that is, beyond the 
Cauchy horizon where physics is dischronal, however, the possibility of backward 
causation raises the possibility of violating the Cauchy condition, and in such a case 
the Cauchy horizon is also sometimes called the chronology horizon.” 


‘The instability of the Cauchy horizon is caused by radiation that propagates in 
closed timelike loops that thread through the wormhole on “straight lines.’ This 
radiation, as shown a half-century ago.** builds-up unbounded energy density 
levels at the horizon, and thus destroys the horizon. Thorne and his colleagues 
argued that the defocusing effect of their wormhole time machine's repulsive 
‘gravity would be sufficient to counter a disruptive energy build-up on the horizon 
(note 27). Subsequent analyses have examined other possible ways to avoid 
unbounded energy density on the Cauchy horizon. For example, in one paper” it 
‘was imagined that a wormhole time machine has had a circular motion induced for 
mouth B: that is, mouth B orbits around mouth A. The result is that the Cauchy 
horizon now does seem to be stable, because now there are no fixed, straight-line 
timelike loops threading the wormhole from A to B to A to B to .... Thats, Bis a 
‘moving target’ and there is no point on the Cauchy horizon where the energy 
density becomes unbounded. 

Yet another approach for achieving the disruption of destructive, circulating 
energy loops through a wormhole is by placing a spherical mirror between the two 
mouths of the wormhole. Proposed by the Chinese physicist Li-Xin Li, a Li mirror 
Would divert all closed null geodesics (represent circulating radiation) that poten 
tially thread through the wormhole.*” Such potentially fatal geodesics would, 
instead, be scattered back into space, whereas a purposeful traveler could navigate 
around the mirror and thus use the wormhole as a time machine 


"A classic work on the mathematics of Cauchy problems is J Hadamard, Lectures on Cauchy's 
Problem in Linear Partial Differential Equations, Dover 1952. There is carious bit of irony in 
this, Ina section of his book, Hadamard uses spacetime to illustrate one possible four-dimensional 
space and in passing, he casually writes “This conception was beautifully illustrated a yood many 
‘years ago by the novelist Wells in his Time Machine." Hadamard wrote his book in 1923, and he 
‘would almost certainly have been astonished 1 have been informed that less than seventy yeas 
Inter is work would play a central role in the non-itional theory of tme machines 
“°C. W. Misner and A. H. Taub, “A Singularity-Free Empty Univers.” Savier Physics JETP, 
January 1969, pp. 122-133, 

“1, D, Novikov. “An Analysis of the Operation of a Time Machine," Sovier Physics JETP, March 
1989, pp 439-48. 

LX. Li, "New Light on Time Machines: Against the Chronology Protection Conjecture.” 
Physical Review D, Novernber 1994, pp, R637-ROOMO. 
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Cauchy horizon instability from the back reaction is central to Hawking's 
Chronology Protection Conjecture, discussed in Chap. 1. His analysis (see note 
54 in Chap. 1) led him to conclude that a physical entity—the stress-energy 
tensor—becomes unphysical on the Cauchy horizon. That is, because of time- 
traveling quantum field fluctuations of the vacuum, that tensor diverges to infinity 
atthe horizon. This results in a failure of that horizon to form in the first place or, if 
it does form, in the creation of a singularity that *seals-off" the horizon to any 
would-be time travelers attempting to gain access to the closed timelike loops 
beyond the horizon. Others, however, argued that Hawking was mistaken in 
claiming that the divergence of the stress-energy tensor on the Cauchy horizon 
will always forbid time travel. 

Ina study, for example, of a complex-valued spacetime metric (and such a 
‘metric is allowed in the so-called ‘sum over all possible geometries, path integral’ 
approach to the quantum theory of gravity), that has causal and non-causal 
spacetime regions separated not by a Cauchy horizon but rather by a region of 
complex geometry, the stress-energy tensor is always physical and diverges 
nowhere. The complex geometry region plays the same role as the Cauchy horizon, 
because such a region would, classically, mean that the two regions cannot be 
reached from one another, but via quantum tunneling an observer could travel 
between the two regions.*! In fact, studies of stress-energy divergence actually have 
1a long history. For example, the effect of an unphysical (infinite) gravitational 
and/or electromagnetic energy flux had been analyzed years before the wormhole 
time machine studies began. * The authors studied the case of a potential traveler to 
“new worlds” who tries to cross the Cauchy horizon of an electrically charged, 
non-rotating black hole, An even earlier computer study had already concluded 
that, for such a traveler, the attempt to cross the horizon “looks liable to prove a 
dangerous undertaking," 

It isn’t atall clear, in fact, if'a theoretical divergence of the stress-energy is the 
signature of a failure of physics. One doesn’t need anything as bizarre as a time 
‘machine for the stress-energy to diverge on paper. It was shown nearly 40 years 
ago, for example, that such a theoretical divergence occurs for the electromagnetic 
field near a perfectly conducting boundary. But itis simply the unphysical nature 
of a “perfectly conducting” boundary condition that causes the divergence, not the 
fact that the field actually exists near a conducting boundary. Similarly, other real- 
life considerations (quantum gravity) may keep the stress-energy physical every- 
‘where in a time machine spacetime. 


P1L-X. Li, JM Xe, and L, Liu, “Complex Geometry, Quantum Tunneling, and Time Machines,” 
Plosical Review D. November 18, 1993, pp. AT35-4737 

Chandrasekhar and J.B. Harl, “On Crossing the Cauchy Horizon of a Reissner-Nordstrim 
Black-Hole." Proceedings ofthe Raval Socety of Landon A, December 8, 1982. pp. 301-315. 
ML Simpson and R. Penrose, “lnteral Instability i a Reissner-Nordstim Black Hole,” Inter= 
ational Journal of Theoretical Physics, April 1973, pp. 183-197 
0, Deutsch and P. Candelas, “Boundary Effects in Quantum Field Theory" Physical Review D, 
December 15, 1979, pp. 3063-3080, 
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Fig.6.9° ‘The grandfather paradox inthe bili ball world, A billiard ball approaches mouth A of 
‘time machine wormhole. dead-on center and, just before entering A it passes without incident 
‘through point J The ball then enters Aand so exits mouth B inthe past, just in time to passthrough 
point / and hit ts younger sel. This impact knocks the younger ball away from A. so we have the 
Familiar paradox of changing the past. That is, the impact didnot occur when the ball originally” 
‘passed through Jon its way to A and, of course. we also wonder how the ball manages to it ise 
Alter leaving B if t then doesn't enter A? 


Assuming a wormhole time machine has (somehow) become available, with its 
Cauchy horizon intact, how do the paradoxes’ of time travel come into play? In an 
‘attempt to study the grandfather paradox, in particular, Thorne and his colleagues 
studied self-interacting billiard balls traveling backward in time through a worm- 
hole, They used billiard balls—see Figs. 6.9 and 6,10—rather than human time 
travelers for the same reason Wheeler and Feynman used a pellet and shutter 
mechanism in their study of advanced electromagnetic waves—to avoid any meta- 
physical questions about human free will. The central issue for them was the 
determination of the multiplicity of trajectories for a single, self-interacting time 
traveling ball, where the Cauchy condition for a well-defined trajectory in 
spacetime is nique self-consistency. 

‘That is, for the trajectory to be well-defined in the Cauchy sense, it was expected 
there would be exactly one consistent trajectory for a self-interacting ball. A 
multiplicity of zero, of course, would be the physics declaring backward time travel 
through the wormhole to be nonsense—and that was thought to be a distinct 


=F. Echeverria, G, Klinkhammer, and K. S. Thome, “Billa Balls in Wormhole Spacetimes with 
Closed ‘Timelike Curves: L Classical Theory.” Physical Review D, August 15, 1991, 
1p. 1077-1089. The authors credited the physici/science fiction writer Robert Forward (who 
ted the same ideas in is 1992 novel Timemaser) for motivating their research 
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Fig. 6.10 The principle of seliconsistency in the biliad ball world. Now the ball, in passing 
through point on its dead-on center path toward mouth A of the wormhole time machine, is 
suddenly hit a grazing blow by another ball that has just shot out of mouth B (and into the past) at 

‘The impact knocks the frst bal slightly off its original trajectory, and it enters mouth A 
slightly off-center. Thus, the ball emerges from B into the past slightly off-center and justin time 
to glace off itself at which explains why it emerged from B slightly off-center! 


possibility. The actual results were, however, surprisingly different. It was found, 
under very general assumptions about the wormhole parameters, that (1) there are 
no trajectories with zero multiplicity and (2) the multiplicity is nor one but rather is 
always infinity! Thus, the billiard ball form of the grandfather paradox was found to 
be not well-defined, but not for the expected reason that there was no self-consistent 
solution. Instead, it was because there are 100 many solutions. 

‘This astonishing, completely unexpected result seems to be just what is needed 
to support the viability of time machines, as it appears to allow a definition of well- 
defined in the Cauchy sense and still permit an answer to the puzzle of free will. The 
initial conditions of a time traveling ball give rise to an infinity of self-consistent 
trajectories, each occurring in the same way that a random variable takes on 
different values with each new performance of the experiment that the random 
variable is defined on, And yet, there are still unique probability density functions 
for all sets of measurements that one might make anywhere along these trajectories. 
‘Thus, the Cauchy problem is stochastically well-defined; at the start of any 
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trajectory, we do not know in detail what will happen except that whatever does 
happen will be self-consistent, In this probabilistic sense, then, wormhole time 
travel to the past and the retention of free will both make sense. The Rus 
physicist Igor Novikov and his colleagues continued the study of time traveling 
billiard balls,*® demonstrating that one can deduce self-consistency from the long- 
accepted principle of least action (that is, self-consistency is not an additional 
assumption to existing physics),"” 

‘The one-wormhole, two-mouth time machine was actually not the first kind of 
wormhole time machine described in the physics literature. In their 1988 paper 
(note 21), Morris and Thorne initially described a time machine constructed from 
two wormboles, but they added a note-in-proof at the end that they had just 
discovered how to build a time machine using one wormhole (the machine we 
have been discussing). This reduction in the required number of wormholes was 
thought to be a technical advance, of course, and so the two-wormhole time 
machine was put aside. 

But not for long. Soon thereafter the concems about Cauchy horizon stability 
began to surface, a concern that one-wormbole time machines might destroy 
themselves just at the instant their mouths were about to be threaded by closed 
timelike curves. As noted earlier, the negative mass wormhole throat has a 
defocusing effect on electromagnetic radiation (and so the initial concern, that 
time traveling photons might be fatal, faded)—but then it was found that vacuum 
fluctuations of quantum fields are not so defocused.** That failure to defocus time- 
traveling vacuum polarizations (as quantum field fluctuations are called) was shown 
to result in an unphysical divergence of the stress-energy on the Cauchy horizon of 
4 one-wormhole time machine.” This sounds bad, but the hope was that the 
divergence wouldn't actually be fatal: it appeared to be sufficiently sluggish that 
it was suggested reaching an actual infinity of the stress-energy would be precluded 
by the eventual intercession of quantum gravity. That is, the stress-energy might try 
to become unbounded as spacetime approached the formation of a time machine 


%A. Lossev and 1D. Novikov, “The Jinn of the Time Machine: Nontrvial Self-Consistent 
Solutions Classical and Quanto Gravity, October 1992, pp. 2909-2321: E. V. Mikheeva and 
I'D. Novikov. “Inelastic Billiard Ballin Spacetime with a Time Machine.” Physical Review D, 
Februury 15, 1993. pp. 1432-1436; M. B. Mensky and I. D. Novikov, “Three-Dimensional 
Billiards with a Time Machine." international Journal of Modern Physics D, April 1996, 
pp. 179-192, 

A, Canin, er al, “Time Machines: The Principle of Se-Consistency as a Consequence ofthe 
Principle af Minimal Action," October 199S, pp. $57-S80, and “Time Machines and the Principe of 
Sel-Consisteney as a Consequence of Slaionary’ Acton (ll): The Cauchy Problem fora S 
Interacting Panicle" October 1996, pp. 445-49, bathin Internationa Journal of Madern Physics. 
Y. P. Frolov, “Vacuum Polarization in a Locally Static Multiply Connected Spacetime and a 
‘Time-Machine Problem.” Physical Review D, June 18, 1991, pp. 3878-3894. 

'.-W. Kim and K.S, Thome. “Do Vacuum Fluctuations Prevent the Creation of Closed Timelike 
Curves?” Physical Review D, June 15, 1991, pp. 3929-3947. See also L-X. Li, “Must Time 
Machines Be Unstable Against Vacuum Fluctuations?" Classical and Quantum Gravity 
September 1996, pp. 2563-2568. 
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but, before it becomes so large as to destroy the time machine, quantum gravity 
‘would cut-off the divergence ‘in time’ (so to speak!) to save the machine. 

Hawking disagreed (in his famous Chronology Protection Conjecture—see note 
54 in Chap. 1), arguing that Kim and Thorne had made a crucial error in their 
calculations. According to Hawking, the divergence of the stress-energy may 
indeed be cut off by quantum gravity, but not before the development of spacetime 
disturbances representing perhaps a hundred million times the energy levels asso- 
ciated with ordinary chemical binding energies. These would be sufficiently big, 
disturbances to raise serious doubts about the physical survival of a one-wormhole 
time machine, even in the absence of a true stress-energy infinity. Hence the 
resurrection of the two-wormhole time machine geometry. Perhaps it could avoid 
the destructive effect of time-traveling vacuum fluctuations 

Ifa spacetime contains multiple wormholes, then itis called a Roman spacetime 
after the physicist Thomas Roman (at Central Connecticut State University), who 
\was the originator of such spacetimes. Each of these wormhole, individually, is not 
‘atime machine. Together, however, they form a time machine geometry called a 
Roman configuration (or a Roman ring). Here's how. 

In Fig. 6.11 two paits of wormhole mouths are labeled A, A’ and B, B'. We 
imagine that the A, A’ wormhole is stationary and that its two mouths are very far 
apart in normal space—so far apart, in fact, that if a traveler enters A and almost 
instantly (because the wormhole handle is very short in hyperspace) emerges from 
Ait will appear to an observer at rest with respect to the wormhole that the traveler 
hhas moved faster than light. That is, entering A and exiting A’ are events with 


Fig. 6.11 A two-swormbole, Roman ring time machine 


“N, Visser, “Traversable Wormboles: The Roman Ring,” Physical Review D, April 15, 1997, 
pp. 5212-5214, 
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spacelike separation. Now, imagine also that the wormhole with mouths B, B” is 
moving past the first wormhole at speed 1. To an observer in this second, moving 
frame of reference, the spacelike separation of entering A and exiting A’ can result 
in the two events being temporally reversed if v is sufficiently large (but stil less 
than the speed of light). Therefore, upon emerging from A’ the traveler crosses 
normal space to the moving wormhole mouth B’, enters the wormhole, and then 
almost instantly emerges from mouth B, and finally travels again through normal 
space to mouth A. Ifthe traveler can make the two trips in normal space in less time 
than the backward time shift achieved by the temporal reversal of entering A and 
exiting A’, then we have a time machine 

‘Two simultaneous analyses of the Roman ring time machine each concluded 
that, for suitable choices of sizes (the radii of the wormhole mouths, the wormhole 
lengths in normal space, the lateral offset of the two wormholes, and the relative 
speed of the wormhole), the stress-energy divergence can be limited by quantum 
‘gravity to an arbitrarily weak level. That is, the two-wormhole time machine is not 
necessarily destroyed by an unbounded stress-energy on the Cauchy horizon."! But 
not all was now put right. 

Visser, in particular, had some strong reservations about the Roman ring. 
Although he granted that a quantum gravity cut-off the stress-energy divergence 
would probably occur in the Roman ring, he called the required special sizing 
conditions “bizarre,” and asserted that the resulting time machine would be quite 
useless for a human traveler in any case. For example, he calculated that only ifthe 
mouths of the wormholes are separated in normal space by the radius of the 
universe (!), and only if the wormhole mouths have radii on the order of that of 
an atomic nucleus, would the cut-off be sufficient to allow the putative time 
machine to avoid destruction. When Visser reduced the wormholes from universe 
size to ‘merely’ that of the distance between the Sun and the Earth, he concluded 
that it would require energy at the level of the Superconducting Supercollider 
accelerator to blast an information-bearing message through the narrow wormholes. 
And even then the ‘short’ wormholes would provide a maximum penetration into 
the past of just eight minutes. As Visser put it, “This does not seem to be a workable 
recipe for studying tomorrow's Wall Street Journal. 

Lyutikov, on the other hand, took a far less negative stance, He concluded that 
although Visser's calculations “make it very inconvenient for time travel 
[by humans],” nevertheless “the [principal] question of the possibility of transmit- 
ting information back in time through traversable wormholes would still remain.” 

‘The wormholes we have been discussing so far are static in time, but another 
approach is to allow them to be dynamic structures in spacetime. That is, to allow 
‘one or more of their parameters to vary with time (perhaps, for example, the throat 
diameter could collapse). Then, according to one analysis, itis possible to have a 


SM Vise, “Van Vieck Determinants: Taversable Wormhole Spactimes.” April 15.1994, 
pp. 3965-3980, and M. Lyuthov. “Vacuum Polarization at the Chronology Horizon of the 
Roman Spacetime,” Api 15, 994, pp. 441-4048, both in Physical Review D. 
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traversable wormhole made of normal matter and, even though it is collapsing, 
would take so long to do so that “a space adventurer will have enough time to pass 
through the throat of the wormhole from one asymptotically flat region 
[of spacetime outside the entry mouth of the wormhole] to the other [spacetime 
region outside the exit mouth of the wormhole] before the radius of the throat 
shrinks to... where the event horizon is developed."** Such a dynamic wormhole, 
it was claimed, satisfies both the weak and the dominant energy®" conditions, but 
not the strong energy condition. Thus, gravity would still be repulsive in the throat, 
but this condition (which would seem to require exoric matter) was brushed aside 
because such a condition is thought to have actually occurred, on a massive scale, 
during the inflationary stage of the Big Bang” (although how that would help in the 
construction of a wormhole in the future is a bit murky). 

Is it reasonable to think ‘useable’ wormholes, static or otherwise, can be 
‘acquired for the purpose of creating a time machine? At one time, Hawking was 
sure the answer is no, once writing “The philosophy of this paper is ... to look for 
vacuum polarization [the divergence of the stress-energy on the Cauchy horizon] to 
enforce the chronology protection conjecture.” It became increasingly apparent, 
however, that matters would be a great deal more involved and, as Hawking himself 
came to admit, “the fact that the energy-momentum tensor fails to diverge 
[in certain special cases of time machine spacetimes] shows that the back reaction 
does not enforce chronology protection.”.” 

T think the best (and most honest) way to respond to the “reasonable” question 
that opened the previous paragraph is with words from 20 years ago, by the Russian 
astrophysicist Serguei Krasnikov, words still valid today: “It may well be that the 
vacuum fluctuations do make the time machine unstable, but nothing at present 


"A. Wang and P. S. Letclier, “Dynamical Wormboles and Energy Conditions.” Progress of 
Theoretical Physics, July 1995, pp. 137-142. See also L. A. Anchordogui, er ul, “Evolving 
Wormhole Geometries,” Psical Review D, January 15, 1998, pp. 829-33, 
the dominant energy condition is the weak energy condition plus the requirement that any 
observed energy flux s never superluminal 
During inflation the universe is thought to have expanded ata rate far heyond human comspre= 
tension. It has been estimated that during the fist 107°" second of the Big Bang the universe 
doubled in each spatial dimension by a factor of two each 10-"” second thai, thee were about 
100 such doublings. Thos, there was an increase by a factor of "= 10" in each inear dimension 
‘ofthe universe, andthe volume inreased by the cube of that enormous factor. See Alan Guth The 
Inylationary Universe, Addison-Wesley 1997, 

S, Hawking, “Quantum Coherence and Closed Timelike Curves” Phosial Review D, November 
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suggests this. All we have are a few simple examples. In some of them the energy 
density diverges atthe horizon and in some does not. So, the time machine perhaps 
is stable and perhaps is not."*” 

‘The daunting level of technology required to build a wormhole (with or without 
exotic matter) doesn’t mean we can't search for existing wormholes. Perhaps, for 
example, vast wormhole networks were formed naturally at Big Bang time, as 
described in Gregory Benford’s 1997 novel Foundation’s Fear, where wormholes 
are “leftovers from the Great Emergence {the Big Bang].” Or perhaps “advanced 
civilizations” long ago constructed a vast, pan-galactic ‘subway system’ of worm- 
holes like the one described in Carl Sagan's 1985 novel Contact (and dramatically 
illustrated in the 1997 film). 

Of course, any such wormhole, if found (via its double-spike light Signature, for 
example), could be a very long way from Earth, It might even be in another galaxy. 
So, even if we found a wormhole, what could we do with it? Surprisingly, maybe a 
lot. The Russian physicists Igor Novikov and Andrei Lossev (note 56) suggested 
that a wormhole might be very useful even if ts location is completely unknown, 
‘even if we haven't yet even discovered it! The only assumption they made was that 
the wormhole has existed for a “sufficiently long time” (and precisely what that 
‘means will be explained in just abit). With that assumption, they showed how to 
make an information-creating time loop. Here's how they did that. 

‘They began their analysis by assuming that people have no knowledge af how to 
build spacecraft that can make the interstellar voyage tothe distant wormhole, even 
if they knew in which direction to goto reach the mouth that leads backward in time 
(mouth B). Instead, they build an automatic spacecraft construction plant that can 
follow any detailed sequence of instructions provided to it, and then stockpile it 
with a supply of raw materials (energy, steel, plastic. computers, and so on). When 
the spacecraft construction is done (how that is done is explained in the next 
paragraph), the last step before launching the spacecraft toward mouth B will be 
to load the on-board computer with the following three pieces of information: 


1. The detailed sequence of instructions to be followed in the construction of the 
spacecraft: 

2. The direction from Earth to mouth B: 

3. The direction from mouth A (the wormhole exit mouth in the past) back to Earth. 


To summarize, people build the automatic plant, losd it up with raw materials, 
and then withdraw. This last step is crucial, because it eliminates human free will 
from further consideration, that is, it removes any temptation to create a bilking 
paradox. So, what happens next? 

Lossev and Novikov suggest that what happens next is that a very old spacecraft 
suddenly appears in the sky and lands next to the automatic construction plant. In its 
‘on-board computer are items a, b, and c. Using item a, the automatic plant makes a 


V. Krasnikov, “Quantum Stability of the Time Machine," Physical Review’ D, December 
15, 1996, pp. 7322-7327 
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new spacecraft, then loads the new on-board computer with items a, b, and c from 
the very old spaceeraft’s on-board computer, and then the new spacecraft is 
launched toward mouth B (using the information of item b). The very old spacecraft 
is given an honored place in a museum, 

‘The new spacecraft arives atthe distant mouth B in the far future, by which time 
itis, of course, an old spacecraft (but not yet a very old spacecraft). It then plunges 
into mouth B and almost immediately emerges from mouth A. in the past. Indeed, it 
repeats this process as many times as required until itis in the far distant past, at a 
time even before it left Earth. (It might seem that to do this, the spacecraft’s 
computer memory needs a fourth piece of information, the direction from mouth 
A back to mouth B, but in fact items b and c are sufficient for the old spacecraft to 
find its way from A to B.) It is now clear how long the wormhole must have been in 
existence. The old spacecraft repeatedly uses the wormhole time machine until itis 
so far in the past that it can cruise back to Earth at normal speed (it knows the way 
back because of item c) and arrive as a very old spacecralt, justin time to be placed 
in the museum! 

‘As Lossev and Novikov pointed out, this remarkable, looped sequence of events, 
thas increased knowledge from what it was at the time just before the automatic 
construction plant was built. People now know both how to build an interstellar 
spacecraft, and the locations of both mouths of the wormhole. They also now 
possess a very old, used spacecraft. It is curious to note that although the informa- 
tion in the very old spacecraft’s computer memory has traveled on a closed time 
loop, the very old spacecraft itself has not. This is because the spacecraft left Earth 
when new, but artived back (before it left) as very old, whereupon it promptly 
centered a museum. There is therefore no question about the origin of the very old 
spacecraft, but where did the information of items a, b, and c come from? Lossev 
and Novikov say it came from the energy gained by the spacecraft as it interacted 
(will interact?) with the rest of the universe while on its journey. 

‘Nobody said time travel isn't weird! 


6.4 Gott’s Cosmic String Time Machine 


“It's an amazingly simple solution. It doesa't take much phys to understand i" 
“MIT astrophysicist Alan Guth, on Gott's discovery of the cosmic string time 
machine" 


“Louise, working out the spacetime geometry of a cosmic string is a hard problem in 

general re 

theorem 
—a character in Stephen Baxter's 1994 novel Ring, agreeing with Guth 


vity. But, given that geometry, all the rest of it i no more than Pythagoras’ 


‘Quoted from J. Travis, “Could a Pair of Cosmic Swings Open a Route Into the Past Science, 
April 10, 1992, pp, 179-180. 
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A new way to gain access to closed timelike curves, without the involvement of 
the exotic matter needed by negative-mass wormholes, was described in 1991 by 
the Princeton physicist J. Richard Gott.” Gott gave exact solutions to Einstein's 
gravitational field equations for what are called cosmic strings, solutions that 
(1) unlike wormholes, do not violate any of the energy conditions, (2) unlike 
black holes have no crushing singularities or event horizons, and (3) are not 
topologically multiply connected, 

Cosmic strings are fantastically thin (10-* em in radius) filaments of pure 
‘energy that are thought to stretch the width of the universe and to have an enormous 
linear mass-energy density of 10°* g/cm. To generate closed timelike paths in 
spacetime, Gott required that either two fast-moving (which means moving at 
practically the speed of light) parallel cosmic strings pass each other on a near- 
collision course, or that there be a closed-loop string that collapses in a slightly 
non-planar manner so that the opposite, nearly straight sides ‘just miss.’ The 
‘gravitational interaction of the passing strings can ‘warp’ spacetime enough to 
produce closed timelike curves, 

A hint at the possibility of violating causality with strings had appeared before 
Gout’s work, but those authors didn't take the time travel implications seriously. As 
they wrote, “We argue ... that any realistic model [for a spinning string with 
angular momentum’") .... will not have closed timelike curves."”" Gott, however, 
showed that as two strings pass each other, closed timelike loops do encircle the 
strings, 

Gott, who appears to be far less rigid in his view of time travel than are many of 
his fellow physicists, held out an escape to those who pale at the very thought of 
time travel to the past. Perhaps, he suggested (following in the footsteps of an 
analysis by Hawking™), as the strings (or string-loop sides) pass, a black hole will 
form with an event horizon that will seal-off the closed timelike curves from any 
would-be time traveler. Or perhaps, he further suggested, the more realistic case of 
non-singular strings (that is, strings with non-zero-filament radii) and possessing 


FR. Gott, “Closed Timelike Curves Produced by Pairs of Moving Cosmic Strings: Exact 
Solutions,” Physical Review Letters, March 4, 1991, pp. 1126-1129. 
phe two strings ina Gott-pair are not necessarily spinning, and no soch assumption was made by 
Gott. They don’t even have to be parallel. If he stings have no spin. then it takes two strings to 
‘make a time machine. If spin i allowed, however then just a single string will suffice for time 
travel: see §. Deser and R. Jackiw, “Time Travel?” Comments on Nuclear and Particle Physics, 
September 1992, pp. 337-354 
7p, Harari and A. P. Polyehronakss, “Gravitational Time Delay Due to a Spinning Sting.” 
Plosical Review D. November 15, 1988, pp. 3320-3322. 

W. Hawking. “Gravitational Radiation from Collapsing Cosmic Sting Loops." Physics 
esters, August 23,1990, pp. 36-38 
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Fig. 6.12 ‘The deficit angle in spacetime formed by’ cosmic string 


spin would banish the terrifying closed timelike curves. Subsequent analyses along 
those lines, however, continued to find the time travel implications intact.” 
Here's how the cosmic string time machine works. In an earlier work,” 
published in 1985, Gott discovered that a cosmic string warps spacetime in a highly 
characteristic way, as shown in Fig, 6.12. A stationary cosmic string is imagined as 
perpendicular to the xy-plane (the plane of the page) and passing through the page at 
the point (0, d) on the y-axis. The warp produced by the string is as though a wedge 
of angle 2a (this angle is called the deficit angle) were cut out of spacetime and the 


‘See, for example, B. Jensen, “Notes on Spinning Stings," Classical anu! Quantum Gravis, 
January 1992, pp. L7-L12. H.H. Soleng, “A Spinning Swing." General Relativity and Gravita: 
tion, Jansary 1992, pp. 111-119, (he next two are inthe Physical Review D).B. Jensen and H. H. 
Soleng, “General-Reltvisic Model of a Spinning Cosmic Sting." May 15,1992, pp, 3528-3833, 
and M. Novello and M. C. M da Silva, “Cosmic Spinning String and Causal Protecting Capsules” 
January 15, 1994, pp. 825-830 

"4, Gott “Gravitational Lensng Effects of Vacuum Stings: Exact Solutions,” The Astrophys 
ical Journal, January 15, 1985, pp. 422-427. Gots discovery was independently reported in 
W. A. Hiscock, “Exact Gravitational Field of a String.” Physical Review D, June 15. 1985, 
pp. 3288-3200, 
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Fig. 6.13 The warped, conical spacetime around a cosmic string. An observer in this spacetime 
thinks she is distance r from the string, but a“meta-obseryer' sees that she is actualy distance r 
from the string. Thus, if the observer follows a complete circular path around the string, she will 
travel a distance of 2ar <2ar. The abserver in the spacetime will interpret this result by saying 
thatthe angle 2x i really 2x minus ‘a deficit” 


edges of the cut were then ‘glued’ together; for example, points C and D are 
identified as identical. The reason for the term deficit angle is that at radius 
rr from the string, a circular path around the string has the reduced length 
(Qa—2a)r, and not the usual 2ar (spacetime around the string, while focally flat, 
is actually ‘conical,’ as illustrated in Fig. 6.13) 

“The deficit angle is equal to Say radians (ina system of units where G, Newton's 
gravitational constant, is 1) if the linear mass-energy density is expressed in units 
of Planck masses per Planck length. For example, 1 corresponds to 1.35 x 10 
g/cm (think of something on the order of the mass of the Earth per inch of the 
string). For ‘more typical” values—say a ‘mere y= 102 glem, 240.001 , While 
Go's paper had appeared 5 months before Hiscock's (see note 74) itis evident that 
Hiscock's work was dane before he became aware of Gots. Both papers rea exact 
derivations of the deficit angle but, in fact, the correct expression had actually been 
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published 4 years earlier (but from a linearized form of the gravitational field 
equations and so the result was not as ‘conclusive’ as are Gott’s and Hiscock's)”* 

Now, consider the two points $ and F on the x-axis at (%9,0) and (—19,0) in 
Fig. 6.12. Suppose we want to send photons from S to F. In normal, ‘unwarped! 
spacetime, the direct path from $'to F through the origin has length 2p, There is 
also another possible path, however, § to C/D to F, that loops out and around the 
cosmic string. Indeed, this second path is simply the path a gravitationally lensed 
photon would take (an observer at F would see wo images ofS) and this—nor time 
travel—is the issue that originally attracted Gott’s attention to cosmic strings.” 
Ifthe deficit angle were zero, then this altemative path would always be longer than 
2x, for any value of x. For the case of 2a>0, however, if x9 is large enough 
(29> 4), them itis possible for ‘around the string and over the missing spacetime 
\wedge’ path to be shorter than the direct path. 

‘The indirect path provides a way for a subluminal trip (say, by rocket) from $ to 
F to beat a photon traveling on the direct path. That is, the two events of the “rocket 
leaving  ° and the “rocket arriving at F* are spacelike separated. Thus, it is 
possible to find a moving frame of reference in which these two events are reversed 
in temporal order. In that frame of reference, the cosmic string (which is 
stationary in the reference frame of § and in that of F) will move—at speed v, 
say—in the +x direction, and in that frame of reference the rocket will arrive at F 
before it leaves $." 

‘Then to complete the construction of a closed timelike path, simply repeat the 
process as shown in Fig. 6.14. That is, after the rocket arrives at F, have it tum 
around and fly back to § out-and-around and through the deficit angle spacetime 
‘warp due to a second cosmic string on the negative y-axis and perpendicular to the 
xy-plane. This second string is moving at speed ~v (that is, opposite to the first 
string), so the rocket will arrive at before it leaves F. But that means it arrives at 
‘before it leaves 5; that i, the rocket has traveled into the past. In other words, the 
rocket has traveled into the past. This entire process is precisely the same idea 
behind the two-wormhole Roman-ring time machine discussion from the previous 
section, 

Now, instead of having two oppositely moving reference frames, one in which 
the top, stationary string at (0d) appears to be moving at + and another frame in 


7A Vilenkin, “Gravitational Fick of Vacuum Domain Walls and Swings." Physical Review D, 
February 18, 1981, pp. 852-857 

Jus as discussed earlier nthe context of wombs, gravitational lensing may offer away to 
detect cosmic sings. See for example. the two papers by D.L.Ossipoy, “Diltaction of Light bya 
Coxmie Swing.” November 1995, pp. 168-771, and “Contribution of Strings to the Observed 
Variability of Exvayalactc Souees of Radiation.” Sepmber 199, pp 419-428, bah in JETP 
Lester. 

For this wo happen. however, ust be very cose othe spec of ight Gott (se note 6) showed 
that with v— tan (0), the condition forthe rocket ta arive hack aS efor t eaves Sis cosh) 
sin a) > L where wis oneal the deficit angle, For p= 10" lem this gives y = 0.99899909095 
(umes the sped of igh) 
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414. Gots spacetime, formed by joining two oppositely moving versions ofthe spacetime in 
Fig. 6.13, 


which the bottom, stationary string appears to be moving at -v, we can imagine an 
observer in the stationary center-of mass frame watching two strings that are 
moving at +y and ~y. This leayes the situation unchanged, so in the center-of- 
mass frame the rocket does travel into the past, ariving back at § before it leaves S. 
‘That is, the rocket has traveled all the way around a closed timelike world line. 
Note, too, that the geometric condition mentioned earlier of 19> d immediately 
implies that for xp or sufficiently large, there isn’t a closed timelike path from S to 
F and then back to S; that is, there is a region in Gott’s spacetime where such time 
travel joumeys cannot occur: 

Another physicist pursued Gott’s analysis in an attempt to see whether these ‘time 
travel paths’ are created as the strings approach each other or, instead, if the paths 
exist at other times as well.”* This important question gets to the idea of whether 
such time machine paths can be intentionally created by humans via a dynamical 
process (a strong time machine), or whether all such paths have existed since the 
formation of the universe (a weak time machine). This issue involves Hawking’s 


A. Ori, “Rapidly Moving Cosmic Stings and Chronology Protection.” Physical Review D, 
Gctober 15, 1991, pp. 2214-2215, 
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chronology protection conjecture, which you'll recall asserts that the laws of phy'sies 
will always (somehow) prevent the creation of a time machine. One reason Hawking 
repeatedly gave for believing the Conjecture is the apparent absence of time 
travelers from the future among us now (in their past). The only possible exception 
allowed by the Conjecture is the creation of closed timelike loops at the moment the 
universe was created (at that moment there was no past for time travelers to invade!). 
(Ori proved that the closed timelike loops around Gott's cosmic strings are always 
present: that is, a time machine is nor created by the near collision of the strings. 
‘Thus, Hawking's Conjecture is nor refuted by Gott’s spacetime 
‘One very curious issue is where the closed time loops are before the strings pass 
‘one another. As mentioned briefly by Ori, and further discussed by others,”” the 
time loops are initially at spatial infinity. To this concern, Gott and a colleague 
‘made the following very strong reply: 
“LA problem) Deser eal. present with respect to the Gott spacetime is that it contains 
CTC's at spacelike infinity: this is supposed to be an unacceptable boundary condition. We 
‘wonder, however, hw they know sa much about boundary conditions t spacelike infinity 
Inour own Universe we do not know what spacelike infinity looks ik if it exists) since we 
have not seen it yet. We certainly have no way of knowing whether or not there are CTC's 
there. The working physicist is, ofcourse, free to impose simple and convenient boundary 
conditions (eg. asymptotic flatness) on a system in order to isolate and understand the 
processes occurring within it. Bur boundary conditions are tools of physicists, and they 
should not be confused with laws of physics (my emphasis There may be such laws of 
halure that restrict the possible structure of spacelike infinity, and even prohibit CTC's 
there, but in the absence of evidence such laws should not he postulated ai hoc 


Still, as Ori had observed the year before, having time loops collapsing inward 
from infinity toward humans who might, fortuitously, wish to use them at just the 
instant they so conveniently arrive, is “a situation which has little to do with the 
creation of a time machine by a human being [my emphasis]."*' 

‘The most damning objection to Gott's cosmic string time machine came, ironi- 
cally, from Gott himself, The two-string spacetime of Fig. 6.14 might actually, he 
anda colleague wrote (see Li and Gott, note 66) be destabilized by the non-zero mass 
‘of any would-be time traveler. They suggest that this concem could perhaps be 
“solved” by assuming that the time traveler and her spaceship have a spherically 
symmetric mass distribution surrounded by a negative-mass shell to give zero net 
‘mass (and thus a zero net gravitational field that would not destroy the closed 
timelike curves of the strings). But that, they further observed, would negate the 
crucial advantage—no exotic matter and so no violation of the weak energy condi- 
tion—that a cosmic string time machine enjoys over a wormhole time machine. 


See, for example, S. Desc, etal, “Physical Cosmic Strings Do Not Generate Closed Timelike 
Curves." Physical Review Levers, lanuary 20, 1992 pp. 267-269 

°M, P, Headick and J. R. Gott, “(2+1)-Dimensional Spacetimes Containing Closed! Timelike 
Curves Physical Review D, December 15, 1994, pp. 7244-7289. 

SIA. Ori, “Must Time-Machine Construction Violate the Weak Enersy Condition?” Physical 
Review Letters, Otober 18, 1993, pp. 2517-2520, 
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Does a trip around a pair of cosmic strings present other problems aside from the 
sheer fantastic physics of the strings themselves? Well, I think “turning the rocket 
‘around at F and flying back to $” is alot easier to write than it would be to actually 
do! The entire trip has to occur while the strings (moving at essentially light speed) 
are in a position fo be flown around. As one character says to another in Stephen 
Baxter's novel Ring, “Louise, the strings are traveling just under the speed of 
light—within three decimal places of it, actually. [ur ship is] traveling at a little 
‘over half-light speed. The turning curves, and the accelerations, are incredible ..." 
think so! And I do wonder who—or whar(!}—is actually controlling a maneuvering 
rocket traveling faster than $c? 


65 Cutting and Warping Spacetime 


“The warp drive spacetime of Alcubiere is impossible to setup one needs to transcend 
the speed of light in order to construct the warp drive in the first place... put roughly. you 
reed one to mitke one!"™* 


In this chapter we've talked about the physics of three specific time machine 
‘implementations’; the rotating cylinder, the wormhole, and the cosmic string. One 
can also discuss the ‘construction’ of a time machine in a more geometrical (yet still 
physical) way by performing what is called spacetime surgery to arrive at what is 
often referred to as a Deuisch-Politzer spacetime (after the two physicists who are 
closely associated with it"), With this surgery we arrive at a simple spacetime 
picture of the grandfather paradox (as you'll soon see). 

‘We start with a flat, two-dimensional Minkowski spacetime, the x, system in 
Fig. 6.15, and then imagine that (somehow) two cuts in that spacetime come into 


16:15 Minkowski 
spacetime transformed into 
‘ttime machine with Wo 


‘D. H. Coule, “No Warp Drive," Classical and Quantum Gravity, August 1998, pp. 2523-2527, 
offering a pessimistic view of warp drive 
"See D. Deutsch, “Quantum Mechanics Near Closed Timelike Lines," November 15, 1991, 
pp. 3197-8217, and H. D. Politzer, “Simple Quantum Systems with Closed Timelike Curves, 
November 15, 1992, pp. 4470-4476, hoth in Physical Review D. 
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existence. These cuts are the two horizontal dashed lines inthe figure, one with an 
arrowhead going into it, and one with an arrowhead coming out of it each labeled 
with ‘2'), We further imagine that each cut has two edges, with the upper edge of 
the lower cut ‘glued’ to the lower edge of the upper cut (and the lower edge of the 
lower cut “glued” to the upper edge of the upper cut 

‘These ‘gluing's' explain why the arrowhead marked 2 into the lower cut at time 
1 emerges from the upper cut at time fa > 1, and why the arrowhead marked | into 
the upper cut at time f emerges from the lower cut at time fy <t, The 2-line is the 
world line of a particle that simply disappears from spacetime during 1 <t <1 
While the 3-line is the world line of a particle trapped in an endless time loop 
(remember the 1993 film Groundhog Day?). Clearly the sub-region of spacetime 
between the two cuts is not “normal” spacetime. In fact, the I-line shows that we 
have encountered a time machine spacetime, as a particle entering it from <r 
(passing tothe right ofthe lower cut) can enter the lower edge of upper cut at =" 
and so emerge from the upper edge of the lower cut at the earlier time r=, and 
thus interact with itself before it entered the upper edge! And that, of course sets-up 
a grandfather paradox situation, 

This picture leaves one thing obviously (and glaringly) unexplained—just how 
does one cur and glue spacetime? The reason, in spite of that question, that 
physicists nonetheless study situations depicted in Fig. 6.15, is because it allows 
them to explore what could happen if through some (yet unknown) process a time 
‘machine spacetime should suddenly appear. Who says physicists aren't optimists? 

‘The idea of modifying spacetime itself to ‘make" atime machine (look back in 
Sect. 3.5, atthe discussion there on what it means to solve the gravitational field 
equations) has also appeared in connection with another of science fiction’s favorite 
ideas, one almost as spectacular as time travel: the FTL warp drive. The lure of 
interstellar FTL travel, for both science fiction enthusiasts and physicists is, of 
course, simply undeniable. Consider, for example, these words by a Rus 
physicist: 


“Everybody knows that nothing ean move faster than light. The regrettable consequences of 
this fact are also well known. Most ofthe interesting or promising candidates for coloni- 
zation are so distant from us tha the light barter seems to make an insurmountable obstacle 
for any expedition. I is, for example 200 pe [1 parsec is equal to about 32 light-years] 
{rom us tothe Pole star, 500 pe to Dench [the brightest sarin the constellation Cygnus]. and 
‘10 kpe to the center ofthe Galaxy. not to mention other galaxies (hundreds of kloparsees). 
Te makes no sense to send an expedition if we know that thousands of years will elapse 
before we receive its report. On the other hand, the prospects of being confined forever to 
the Solar System without any hope of visiting other civilizations or examining closely black 
holes, supergiants, and other marvels are so gloomy that it seems necessary to search for 
some way out." 


5. V. Krasikov, “Hyperfas Travel in Gencral Relativity" Physical Review D, Api 15, 1998, 
pp. 760-4766. Possible wave distances have been greally reduced since Krasnkoy wrote, In 
5011, for example, astronomers announced the discovery ofa ed dart star with tree planets 
{cach of mass comparable to Eat) alin the sta’ so-called habitable sone (where wate ean 
ust on the surfce in the liquid sae), Allee panels are solid (ot gascous a are Jupiter 
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In response to that, we might ask if FTL trips will someday be made by humans 
in spaceships? Maybe—but only if such journeys can be made in a very wnordinary 
spacetime. That is, continuing with Krasnikov’s passage: 

‘The point ... is that [whereas the light barrier exists in special relativity) in general 

relativity one can try to change the ime necessary for some travel not only by varying one’s 

speed [asin special relativity] but also... by changing the distance ane has to cover.” 


To understand what Krasnikov was getting at, let's consider the theoretical 
analysis made 4 years earlier by the Mexican mathematical physicist Miguel 
Alcubierre on, astonishingly, how to make a Star Trek warp drive!" He did this 
by demonstrating a spacetime metric that, by literally expanding and contracting 
the local spacetime of a spaceship and its neighborhood, achieves space travel 
between any two points, no matter how far apart, in arbitrarily little elapsed time 
(Gor both the spaceship, and external non-spaceship observers, there is no time 
dilation effect"), 

Alcubicrre opened his analysis with words designed to explain how FTL travel is, 
possible, given all that I've told you earlier in this book about how FTL travel is not 
possible (according to special relativity). As he wrote, 

"Since our everyday experience is based on a Euclidean space it is natural to believe tat if 

‘anthing ean locally travel faster than light then given to places that are separated by a 

proper spatial distance D. tis impossible to make a round trip between them in atime less 

than 2Dye (where cis the speed of light), as measured by an observer that always remain at 
the place of departure. OF cours, rom our knowledge of special relativity we know that the 
time measured by the person making the round trip can be made arbitrarily small if bis 

(orber) speed approaches that of light. However, the fact within the framework of general 

relativity and without the need to inteduce non-trivial topologies (wormboles). ane can 

‘actually make sich a ound trip in an arbitrarily short time as measured by an observer that 

‘emined at rest will probably come as a surprise to many people. 


‘That last sentence is almost surely a grand understatement, and Alcubierre 
quickly went on to explain. 


“The basi idea can be more easly understood if we think for moment ofthe inflationary 
phase ofthe early Universe, and consider the elative speed of separation of twa co-moving 
observers. Ik is easy to convince oneself that if we define this relative speed asthe rate of 
‘change of proper spatial distance over proper time, we will obtain a value that is much 
larger than the speed of light, This doesn't mean that our observers wil be traveling faster 


‘Satur, Neptune and Uranus) and so, as potentially habitable, are candidates fora visit The star 
and its planets are ‘only 22 light-years from Earth, In Star Trek, FTL speed is described by the 
‘warp factor, which is the cube-root of the multiple of the speed of ight at which the spaceship 
Enterprise travels. So, for example, to make the jourey from Earth to the red dwarf in one month 
ff ship time (see ahead also to note 86), the required FTL speed would be 264 times the speed of 
light, or warp factor 64. In science fiction, a warp drive is imagined as the means for achieving 
such speeds, 

°°M. Alcubierre, “The Warp Drive: Hyper-fast Travel Within General Relativity,” Classical and 
‘Quantum Gravity, May 1994, pp. L73-L7. 

"That is, the passage of time nthe spaceship ix identical withthe passage of time on Earth, With 
the warp drive, there is mo twin prada. 
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than light: shy always move inside their local light-cones [my emphasis]. The enormous 
speed of separation comes from the expansion of spacetime itsll." 


In a similar fashion, a contraction of spacetime can result in being able 10 
approach an object at FTL speed. 

In fact, we've actually already encountered one way to obey special relativity’s 
Jocal limit on speeds to that of light, while still achieving superluminal speed on a 
global level. That is, we could do that if general relativity really does allow 
wormholes in spacetime (what Alcubierre calls a “non-trivial topology”). That's 
because we can imagine a wormhole connecting two points in space that are light- 
‘years apart in that space, and yet the distance hrough the wormhole itself is quite 
short. Thus, a spaceship transiting the wormhole could do so at subluminal speed at 
all times, and yet to an observer in normal space the speed would appear to be far in 
excess of the speed of light. 

Determining just how to achieve the spacetime warp, however, is far different 
from simply demonstrating that such a warp is consistent with the general theory of 
relativity. The 1996 movie Star Trek: First Contact, for example, is about the 
invention of the warp drive in the twenty-first century. The whole thing fits inside a 
discarded ICBM which, as you'll soon see, is a vast underestimation of the 
technology required to control the energies associated with a real warp drive. For 
spacetime engineer to build the warp drive bubble means she has to determine the 
required mass-energy distribution that results in Alcubierre’s assumed spacetime 
‘metric. And that brings us to the central problem of the warp drive—the warp drive 
engine of an FTL starship requires (just like a wormhole) exotic matter (negative 
cenergy)—stuff that violates all the usually assumed energy conditions of general 
relativity.” 

‘The weak, strong, and dominant energy conditions are all violated because the 
Alcubierre spacetime warp requires a negative energy density in the ‘skin’ of the 
warp bubble. As discussed earlier, in connection with wormholes, negative energy 
density can be achieved on a microscopic scale, but for the Alcubierre warp drive 
we are talking about lof of exotic matter. In their paper, Pfenning and Ford 
calculated that, for what they called “a macroscopically useful warp drive” with a 
radius of 100 m “so that we may fit a ship inside [the warp bubble]," the negative 
energy required for the warp bubble is on the order of, as they so graphically put it, 
“roughly ten orders of magnitude greater than the [energy of the] total mass of the 
centire universe.” 

‘Two years later, after making some adjustments to the spacetime metric assumed 
by Alcubierre (that is, 10 the distribution of mass-energy to produce the warp 
bubble), it was shown that the negative energy required by the warp drive could 


SMI, Pleaning and L. H. Ford, “The Unphysical Nature of “Warp Drive’ Classical and 
‘Quantum Gravity. duly 197, pp. 1743-1781, Se also K.D. Obs, “Supestminal Travel Requires 
Negative Energie.” Psical Review Leters, October 26, 198, pp. 3867-3570 
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be greatly reduced."* The reduction is, in fact, spectacular, but only in a relative 
sense (you can reduce a mass that is ten orders of magnitude greater than that ofthe 
entire universe by a huge factor and still be left witha pretty stupendous number) 
‘The reduced amount of negative energy required for a warp bubble able to contain a 
hhuman-sized spaceship is now down to ‘only’ “of the order of a few solar masses, 
[-14 «10 kg.” 

‘As mentioned earlier, in connection with the Casimir effect and its theoretical 
use in a wormhole time machine, although quantum field theory does not preclude 
negative energy densities, that does not mean itis possible to observe arbitrarily 
large negative densities for arbitrarily long times. In fact, certain quantum inequal- 

ies (QI's), much like Heisenberg’s uncertainty principle, have been established 
that place bounds on the magnitude and duration of observable negative energy 
density.” These QI's have the general form of 


p> —c 


where C is a positive constant that depends on the nature of the particular quantum 
field being considered, fis the time duration, andj is the integrated energy density 
along a finite section of a geodesic (free fall) world line. The form of the QI shows 
that as fg increases, must quickly decrease, For example, if rp doubles, then p must 
decrease by a factor of sixteen, a result that caused Ford and Roman to conclude that 
it “appears probable that nature will always prevent us from producing gross 
macroscopic effects with negative energy.” 

“When it rains it pours,” goes an old saying, and that applies to the warp drive's 
potential difficulties: in addition to the need for exotic matte, there are two more 
concerns as well, both operational in detail. First, running into any space matter 
encountered by the leading edges of the warp bubble (where spacetime is shrink- 
ing), such as interstellar dust, would certainly generate intense radiation. The ship, 
then, should carry plenty of shielding which, curiously, would not be a problem 
because the energy density of the warp, itself, is independent of the mass in the 
bubble’s interior. In any case, the warp drive should clearly not be engaged 
anywhere near any sizeable chunk of matter, ike a planet (and, indeed, that 
constraint was followed in Star Trek). Second an even more severe problem was 
discovered by Krasnikov. In unpublished work he showed thatthe ship atthe center 
of the bubble is not causally connected to the edges of the bubble. That is, the ship's 


5G. van den Brocck, “A Warp Drive with More Reasonable Total Energy Requirements.” 
Classical and Quantum Gravity. December 1989, pp. 3973-3999, 

LH. Ford and T. A. Roman, “Restrictions on Negative Energy Density in Flat Spacetime,” 
Plosical Review D, February 15, 1997, pp. 2082-2089. For some iteresting remarks about the 
‘Q's, see J. F. Woodward, “Twists of Fate: Can We Make Traversable Wormholes in Spacetime?” 
Foundations of Physics Leners, Apit 1997, pp. 153-181 
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crew could no reat wap bubble on demand and, after it had been created, could 
‘not control it on demand.” 

It is important to both understand what that means, as well as what it does not 
‘mean, The causality issue does nor mean that Alcubierre warp bubbles are impos- 
sible to create (perhaps they are, but not because of a lack of causality). It only 
means that whatever action is required to change the spacetime metric to make a 
warp bubble has 1 already have been done before the decision to use the bubble is 
‘mace. Thus, warp bubble wouldn't be of any use fora starship that needs to escape 
a sudden, unexpected threat. But, as Everett and Roman cautiously observe, the 
‘warp bubble might have « more mundane use: “Suppose space has been warped to 
create a bubble traveling from Earth to some distant star, e.g., Dencb, at 
superluminal speed. A spaceship, appropriately located with respect tothe bubble 
trajectory could then choose to enter the bubble, rater like a passenger catching a 
passing trolley car, and this make the superluminal journey.” 

‘At the end of his paper (note 85) Aleubierre briefly speculated on the possibility 
of using his superluminal warp drive to build atime machine (showing, again, the 
intimate connection between the two concepts—look again at ote 12 in Chap. {for 
how the connection between FTL and time travel appeared in pulp science fiction). 
but didn’t show hove. That was done 2 years later by Everett using, not surprisingly. 
‘in argument he called “reminiscent of the “reinterpretation principle’... which 
played an important role in discussions of the physics of tachyons."”" 

In an attempt to avoid the Alcubierre bubble’s causality problem, Krasnikov 
looked for a different, causal superluminal spacetime metric. This he succeeded in 
finding”? but, rather than describing a bubble, Krasnikov's warp is in the shape of a 
tube. The interior ofthe tube is flat spacetime, just asin the case ofthe bubble warp. 
but unlike the bubble there would be a causal link between the spaceship crew and 
the tube. Just as the warp bubble requires very thin walls (on the order of a few 
thousand Planck lengths) of negative energy. 0 does the Krasnikov tube warp. 
Unlike the bubble warp. however, the tube warp stretches the entire length of any 
proposed trip, so the total negative energy in the warp is incredibly huge. For a tube 
‘mere one meter long and one meter wide, for example, the total negative energy is 
10° solar masses, and to ereate a tube from, Earth to just the nearest star would 
require 10" solar masses of negative energy!" 

‘One curious feature of the Krasnikov warp is thatthe outbound leg of a round 
trip cannot be made in less time than required by light. Bur on the on the return half 


AE, Everet and T. A, Roman, “Superluminal Subway: the Krasnikov tube." Physical Review 
D, August 15, 1997, pp. 2100-2108. 

FA. E. Evert, "Warp Drive and Causality,” Piosical Review D, June 15, 1996, pp. 7365-7368, 
Recall the discussion of the RP in Chap. 5 

"See notes $4 and 9. 

in the same manner as he huge negative eneray of the Alcubicre warp deve was later reduced 
(see note 88), the Krasnikov tubes enormous negative eneray requirement was later significantly 
reduced: see P. Gravel and J. Plante, “Simple and Double Walled Krasnikoy Tubes : tubes with 
low mass," Classical and Quantum Gravity, February 2004, pp. L7-L9. 
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of the journey, a traveler would find the spacetime metric so altered (hecause of 
mass-energy manipulations purposely made on the outbound half) that she would 
move “backwards in time.” The net result is that the round trip could end arbitrarily 
soon after it started! As Everett and Roman cautiously concluded, the Krasnikov 
tube is a “very unlikely possibility,” but it would make a wonderful science fiction 
‘gadget, don’t you think? 

While the Alcubierre warp may seem to be an incredible discovery (it is), it was 
not @ unique one. That's because just 8 years later a different warp metric was, 
discovered by the Portuguese mathematician José Natatio, in which the expansion/ 
contraction of spacetime does nor occur. As Natario wrote, this signature feature of 
the Alcubierre warp drive “is but a marginal consequence of the choice [for the 
spacetime metric/mass-energy distribution)."”* Rather than thinking of the warp 
bubble as being propelled by the push-pull of spacetime expansion/contraction, 
Natirio wrote that “one could best describe the warp-drive spacetime as ‘sliding’ 
the warp-bubble region through space”: that is, as analogous to a California surfer 
riding a wavefront. The surfer is motionless with respect to the water in the 
immediate vicinity of his board, and yet his speed with respect to the rapidly 
approaching shore is decidedly non-zero, 

‘The idea of a manipulated or warped spacetime allowing time travel was an 
early arrival in science fiction. Consider, for example, the 1930(!) story in which the 
narrator (one Thomas Jenkins) walks 18,000 years into the future. In an editorial 
footnote (a device commonly used in early pulp fiction to inject scientific verisi- 
militude), we are told that “Jenkins had evidently fallen into a warp in space ... a 
fault, we might say, borrowing a geologic term, in the curvature of space. Through 
this warp he had been thrown clear out of our three dimensions into a fourth. There 
he slid in time over to the other side [of the fault] into the same spot in the three- 
dimensional world, but into a diferent era in time.” 

‘That was a flawed explanation, with its talk of space rather than of spacetime, but 
some authors eventually leamed to do better. For example, folded spacetime as a 
‘mechanism for time travel is used in a 1940s cautionary tale on the potential horrors, 
of the atomic bomb. In that story, published 2 years after the atomic bombings in 
Japan, the world 15 years hence experiences a terrible atomic war. As the time 
traveler in the tale explains, “During the unprecedented release of atomic energy 
that arouse during the simultaneous bombings of our cities, something happened to 
the very continuum in which we exist ... A crook, a twist, a fold—explain it how 
you will, accidently stumbled upon an electronic circuit that would create a field 
that would enable passage from one folded section [of spacetime] to the adjacent 
section. The fold proved to be about fifteen years in length ....""° 


5, Natiro, “Warp Drive with Zero Expansion,” Classical and Quanrum Gravity, March 2002, 
pp. 1187-1165, 

PN, Schachner and A. L, Zagat, “In 20,000 A.D,," Wander Stories, September 1930 

"rR. F Jones, “Pete Can Fix." Astounding Science Fiction, February 1947 
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‘As Aloubierre and Natirio showed, it will take a lot more than a mere electronic 
circuit to warp spacetime for either FTL or time travel, but atleast even the early 
science fiction pulp writers understood that—somehow—a spacetime warping 
would be required. 

‘The Alcubierre FTL warp drive appeared as the scientific basis for a modem 
science fiction novel, where at one point we read of a curious optical feature of an 
FIL spaceship, one I haven’t seen mentioned in the physics literature: “This is a 
ship that traveled faster than light. It's visible as it travels; its warp bubble emits a 
cascade of exotic radiation... but it outruns its own image. So the ship arrives frst 
and the light has to catch up, all the photons it emitted back along its path arriving at 
‘mere light speed. The older images arrive last, and you get this effect as if the ship 
wwas receding, not arriving.” 

‘Another quite interesting feature of Alcubierre’s warp drive is that the spaceship 
crew would experience no acceleration forces, as the ship is always in fre fal This 
may explain why the Enterprise crew isn’t flattened when Mr. Sulu engages that 
ship's warp drive. The spaceship is surrounded by a “bubble” of warped spacetime 
that is swept along by the combined push-pull effect of the expanding spacetime 
behind the craft and the shrinking spacetime in the front. The ship. itself, resides in 
the flar spacetime interior of the warp bubble. An amusing way to think of ths isto 
imagine a fish (space traveler), inside an aquarium (the warp bubble), which has 
been tossed into a swiftly flowing river. An observer at the edge of the river sees the 
aquarium move by her at high speed while, forthe fish (swimming inthe still waters 
of its aquarium), all is serene because it is at rest with respect 10 its local 
environment. Thus, the Alcubierre warp drive realizes yet another one of science 
fiction’s wonderful gadgets: the reactionless spaceship drive. That is, “the warp 
bubble moves by interacting with the geometry of spacetime instead of expending 
reaction mass {as do jet and rocket engines] ... and the spaceship is simply carried 
along with it” In picturesque terms, the warp drive starship is like a surfer who 
‘makes her own waves. 

‘And so we see, with each passing decade, more and more of science fiction 
departing from the make-believe to the pages of physics journals. 


7S, Baxter, Ark Gollancz 2009, The spaceship in this work travels at thee times the speed of ight 
(arp factor 144, a8 explained in note 84). 

°B,§.N. Lobo and M, Visser, “Fundamental Limitations on “Warp Drive’ Spacetimes,” Classical 
‘and Quantum Gravity, December 20M, pp. 871-5892. 
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6.6 For Further Discussion 


‘The connection between FTL speeds and backward time travel made the 
jump from theoretical physics to popular culture very quickly, It was in the 
British humor weekly Punch, for example, that the famous (but nearly always 
misquoted—see note 113 in Chap. 3, which doesn't have it quite right) 
limerick by A. H. R. Buller (1874-1944) first appeared (December 
19, 1923, p. 591): 


“There was a young lady named Bright Whose speed was far faster than light, Se 
set ut one day In relative way And returned on the previous night.” 


Where Punch dared to go, Hollywood could not be far behind, Indeed, in this 
case it was actually there frst, with the 1922 one-reel silent comedy film The 
‘Sky Spliter. This was just a short film (feature pictures generally had at least 
four reels), soit isn't clea just how widely distributed and viewed it may have 
‘been. The story is that of a scientist testing a new spaceship; when it exceeds 
the speed of light, he begins to relive his life. This all shows that today’s 
fascination, so common in popular culture, of the latest developments in 
theoretical physics, is nothing new. Why do you think this is so? That is, 
‘why (for example) do so many of those who flock to science fiction movies of 
interstellar invasions (like the 1996 Independence Day and its 2016 sequel), 
nonetheless have no conception of the unlikely possibility of such invasions 
because of the sheer magnitude of interstellar distances? Distances so 
immense that, even at the speed of ligh, it takes 4 years to travel to the 
‘Sun's nearest stellar neighbor, and millions of years to reach the Milky Way's 
nearest neighboring galaxy? (The vastness of interstellar distances is, as 
‘mentioned in the text, the reason for the fascination in warp drives in both 
science fiction and physics.). 


In wormhole and cosmic string time machines, and with warp drives, we 
encountered the idea of negative mass-energy in the form of ‘exotic matter’ 
(see note 39 again). Something like negative mass actually appeared in fiction 
Jong ago, in the 1827 novel A Voyage to the Moon by “Joseph Atterly,” a 
pseudonym for George Tucker, a professor of moral philosophy at the 
University of Virginia. (One of Tucker's students was Edgar Allen Poe, 
‘who almost surely was influenced by Tucker's book to write his own moon 
tale, the 1835 “The Unparalleled Adventure of One Hans Pfall.") The trip in 
‘Tucker's work was powered by a metal called Junarium, which repels Earth. 


(continued) 
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This is nor the same sort of stuff as Wells’ “Cavorite,” a metallic alloy that is 
“transparent” to gravity and that appears in his 1901 The First Men in the 
‘Moon. Wells’ competitor in the ‘scientific romance’ genre was, of course, 
Jules Verne, Wells was a visionary who looked far beyond just the next few 
decades, while Verne was a “practical engineer’ who, for example, got his 
characters to the Moon by the direct method of simply shooting them out of a 
900-foot long cannon with 400,000 pounds of guncotton! (Wells’ vision 
could sometimes fail him, as it did about the imminent likelihood of airplanes 
in his 1901 Anticipations. He believed they would be developed by the year 
2000, and maybe even before 1950, but of course just 2 years later ...) In a 
1903 magazine interview, Verne revealed how he felt about the difference 
between his and Wells’ work: “It occurs to me that his stories do not repose on 
very scientific bases ... He goes to Mars [sic] in an airship, which he 
constructs of a metal which does away with the law of gravitation. C'est 
1és joli [this is all very nice], but show me the metal. Let him produce it.” 
Today the cry from those who dislike wormholes is the Verne-like ‘show us 
the exotic matter!” If Wells and Verne were writing today, how do you think 
each would respond to that challenge? Would the possible existence (or not) 
of exotic matter be an issue about which both would agree? 


Write a time-loop short story based on Lossev and Novikov’ 
old spacecraft’ interacting with a remote wormhole, 


idea of a ‘very 


Imagine an electronic circuit A that has the following behavior: A’s input 
signal is a function of time that has a well-defined maximum value (what 
electrical engineers call the peak value). The circuit's output signal, produced 
in response to the input, also has a well-defined peak value. Now, imagine 
further that the output peak occurs before the input peak. There is, in fact, 
nothing paradoxical or impossible about that, and such a circuit can (and has) 
been constructed, as I'll tell you shortly. Next, suppose that we take A’s 
‘output signal and use it as the input to another circuit B that, when it’s input 
exceeds a certain level, disconnects the input to A before that input reaches its 
peak value. Circuit B can also be constructed in the real world. Indeed, you 
can read about how to construct A and B in two papers by M. W. Mitchell and 
R. Y, Chiao, “Causality and Negative Group Delays in a Simple Bandpass 


(continued) 
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Amplifier,” American Journal of Physics, January 1998, pp. 14-19, and 
“Negative Group Delay and ‘Fronts’ in a Causal System: An Experiment 
With Very Low Frequency Bandpass Amplifiers,” Physics Letters A, June 
16, 1997, pp. 133-138. What makes all this interesting here is that thi 
to open the way for a variant of the time travel paradox in which the traveler 
Journeys to the past and kills his grandfather before his own father is bom,” an 
observation made in Garrison er al., “Superluminal Signals: Causal Loop 
Paradoxes Revisited,” Physics Letters A, August 10, 1998, pp. 19-25. This 
electronic version of the grandfather paradox does indeed follow if one 
substitutes “input peak” for “grandfather” and “output peak” for “time trav- 
eler.” But before you think this gadget is a time machine, be assured that 
designers also showed that, unlike the causally related grandfather and time 
traveler, the two peaks are not so related. Read these three papers and write a 
summary report of how circuits A and B work, and why the two peaks are not 
so related. 


You'll recall that “an advanced civilization” is thought to be required to 
create a useable wormhole (note 27). The common phrase used by astrophys- 
icists who are interested inthe possibilty of extraterrestrial life is arbitrarify 
advanced civilization, with a distinction made for atleast three progressively 
higher stages of ‘advancement.’ Very roughly. Types I. I, and II advanced 
civilizations are those that, respectively, have the technology to (a) control 
something like 10'° W (ten million megawatts) for massive interstellar radio 
broadcasts, (b) a technology to control the energy output of the civilization’s 
planet's parent star (107” W), and (c) a technology to control the energy 
output of the civilization’s home galaxy (10" W), We are, today, short of 
being even a Type I civilization, and it would probably take a least a Type IL 
civilization to build a wormhole, Indeed, Stephen Baxter's 1993 novel 
Timelike Infinity, of beings who can manipulate constellations of galaxies, 
seems to assume a Type IV civilization will be required, Since there are 
typically 10'" stars in a galaxy, going from 1077 W for a star to 10™* watts for 
a galaxy is consistent. But where do astrophysicists get 10°” W for a single 
star? Here's a calculation for you to perform, to confirm this value for 
yourself, starting withthe experimental fact (not difficult to repeat, as it's at 
the level of a junior high school science fair project using a solar cell and a 
few common electrical components) that the solar power level at Earth's 
‘equator is 1200 W per m?. Then, using the fact that the Earth's orbital radius. 
around the Sun is 93 million miles, compute the total power (energy per 
second) radiated by the Sun, (You should get a number that is somewhat 
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smaller than 10°” W, which is “explained” by observing that the Sun is eally a 
quite ordinary star, exceeded in size by many other stars in the Milky Way. 
Next, you'll find, in most books on astrophysics, the statement that the 
nuclear fusion reactions that power the Sun convert four million tons of the 
Sun's mass to pure energy every second. Confirm that your number for the 
power output ofthe Sun is consistent with that claim, (Remember Einstein's 
ninitatuaena nye ainr es chats ele 
1 kg = 2.2 pounds. In the MKS system of units (meters/kilograms/seconds) 
cone watt = one joule (of energy) per second, where to give you some 
perspective on what a joule is, the chemical energy released by buming a 
gallon of gasoline is about 100 MB. 


Appendix A 
Old Friends Across Time (A Story)! 


As I sit here in my study, with the photographic evidence spread before me, I can 
barely comprehend what my eyes tell me must be so. The evidence is incontestable. 
‘And yet—I still struggle to believe, Let me try to explain—possibly in the process I 
will manage to put my tumbling mind to rest. 

For as long as I can recall, old photographs have fascinated me. To page slowly 
through collections of historical pictures, no matter what the theme, was consum- 
mate joy. Even when I was quite a small boy I used them as my time machine into 
the past. They took me up and away from the problems every youngster has while 
growing up, and let me wonder of people and places long since returned to dust. 
Matthew Brady's Civil War photos had a particularly strong attraction for me, with 
the horror (and yes, I will admit it, the fascination) of war frozen in the images of 
young men dead before life had really begun. To look at the fallen youth of more 
than a century before, and to wonder who they were, and what they had felt and 
thought—it all sent shivers through my romantic mind. 

T suppose I might have become a professional photographer. But somewhere 
along in the process of looking at pictures, I became aware of the miracle of the 
technology of picture taking. That led me to chemistry and optics, and finally by 
some wondrous route, I became an electrical engineer. I never lost my love for old 
pictures, though, but merely tumed my interest in them to the photographic history 
of electrical physics, 

To search out and acquire (for by now I had started my own collection) a 
photograph of Steinmetz, smoldering cigar clamped in his mouth, giving a lecture 
‘on AC circuit analysis using the then still mysterious square root of minus one made 
my heart beat faster. To find a faded picture of Einstein at a long forgotten 


3p. J. Nahin, “Old Friends Across Time," Anulog Science Piction Magazine, May 1979. This tale 
‘was written with the specific goal of illustrating how a trip into the past yet 10 be initiated could 
logically influence events in the time traveler's present and future. The story reproduced here is, 
with only afew very minor alterations, as it originally appeared in Analog. 
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conference, caught forever in time with his quiet, gentle eyes looking into mine, 
would send me to the heights of ecstasy. 

But it was Maxwell that led me to my incredible discovery, There is no doubt but 
that James Maxwell was the greatest theoretical physicist of the nineteenth century. 
‘Together with Einstein, he was the best of any century. Could it possibly be more 
than mere chance that the same year saw the death of one and the birth of the other? 
It was Maxwell who gathered together all the then known, but fragmented, exper- 
imental bits and pieces of knowledge about electricity and magnetism, and stirred in 
his own contribution of the displacement current, There was no physical evidence 
then to justify that last step, but the genius of Maxwell knew it /ad to be. And then, 
from his soaring mathematical insight and physical intuition, he took it all and 
wrote down the four magnificent equations for the electromagnetic field!" 

No one who has seen and understood those beautiful equations can come away 
without a quickening of the pulse and a flush of the blood. They're not long—you 
can write all four vector differential equations on the back of a postcard, but oh, 
\what they tell us! With them, Maxwell, showed light was electrical in nature, 
predicted radio waves two decades before Hertz. discovered them in the lab, 
explained energy propagation in space, and radiation pressure, and laid the scien- 
tific basis for today’s television, radar, lasers, giant electric motors, generators, 
transmission lines and—well, why go on? The equations are the work of a level of 
‘genius we may not see again for a millennium. We have hardly begun to discover 
the marvels wrapped inside the electromagnetic field equations. With their aid, and 
that of quantum mechanics, the very secret of life, itself, may someday be 
unraveled. 

‘And so I searched for old photographs of Maxwell. He died at his family's 
Scottish home in 1879, before the art of picture taking was barely 40 years old. But I 
‘knew in my heart that somewhere there must be photographs, yet undiscovered, of 
such a great man. Anyone who has seen the best examples of prints from wet glass 
collodion negatives knows they are, in the faithfulness of their rendition of detail, 
better than what we commonly expect today. Working against me was the fact that 
the process was slow, laborious, and unforgiving of mistakes. The taking of a 
picture was not a minor decision in Maxwell's time. But still I searched, 

{searched for one photo, in particular. When Einstein died, a famous picture was 
taken of his office, just the way he left it for the last time. On the blackboard behind 
his desk are the last thoughts he had in his long quest for a Unified Field Theory. 


he fst reference is to Charles Steinmetz (1865-1923), the German-born American electrical 
engineer and mathematician who became the wunderkind of General Electric. Einstein, of course 
needs 0 introduction! 


AL wrote this for story effect, bu it's not really quite true. When Maxwell wrote his theory in 
‘mathematical form, he did so using twenty (!) equations in as many variables. The equations, as 
physicists and electrical engineers use them today. were fist written in 1885 by the English sel- 
taught eccenric Oliver Heaviside, who considered Maxwell tobe his hero (see nol 6 in Chap. 6) 
Moder electrical engineers and physicists write the Maxwell equations as our partial differential 
vector equations, 
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a “theory of everything.’ The writing on the papers covering the desk is clearly 
legible, and with modem blowup methods, easily readable. 

‘AL the time of his death, Maxwell was the Einstein of his times. Surely, 1 
reasoned, a similar photograph of Maxwell's study must have been taken, Even 
though none has come down through the decades to us, it must exist! Gathering dust 
in an old trunk, or buried in a long forgotten album, it had to be somewhere. I vowed 
to find it. 

Tbegan by writing to all of Maxwell's living descendants, asking that they search 
through family holdings for any pictures concerning Maxwell that they might 
possess. For the most part all were cooperative, even though more than just a few 
thought I was somewhat deranged. Still, it was in vain, I did receive a few old 
pictures never before seen by other than the family, including a poignant one taken 
in 1901, showing Maxwell’s grave in Parton Churchyard at Glenlair, Scotland. A 
forlom, wintry scene, with only what seemed to be three men in the far distance, it 
brought tears to my eyes. Alas, there were no photos of Maxwell's study. 

But then late last year, while on a business trip to London, I stopped off for a few 
hours at the historical archives maintained by the British Institute of Electrical 
Engineers. On a chance, I looked through their massive files on Maxwell and was 
rewarded within the hour! What I found will haunt me throughout the remainder of 
my life. 

‘There it was, stuck through its border with a rusty pin, between two pieces of 
yellowed paper covered with what appeared to be some simple, rough lecture notes. 
‘An ordinary looking photo of a study. Obviously overlooked through the years, or at 
best unappreciated for what it was, it was the almost illegible, penciled notation on 
the back that convinced me of my find—just a date: November 9, 1879. Exactly 
4 days after Maxwell's death, precisely when some unknown, yet inspired person 
(a family member, a neighbor, a local scientist?) would take such a picture! 

Tam ashamed to admit it, but there was no hope the Institute would let me have 
the picture. And there was no time to copy it, for I was to return home to America 
that very night. No, that’s not true. The rea! reason for what I did was simply that I 
ad to have that original, old photo. I took it! It was my undoing, for that 
dishonorable act destroyed the picture’s tie to verified, legitimate historical records. 
But / know what I found is true. 

I could barely control my wild emotions on the flight home. Several times I 
removed the picture from my briefcase, and looked with fascination at the papers 
lying on Maxwell's desk, and at the tightly written lines of mathematics om the 
blackboard in the background. My hands trembled with what can only be called 
lust—once home, reunited with my well-equipped photo lab, I would leam every 
secret hidden in that picture. 

‘There are no words I know that can convey the thrill I felt as I began the 
processing of that priceless photo. Alone in my lab, with all the modern equipment 
a well-off amateur can buy (a Caesar Saltzman 8 x 10 enlarger with mercury vapor 
point light source and a 10x Plan Achromat Nikon enlarging lens), I carefully 
cropped and blew up selected views of the blackboard and desk. Printing the 
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enlargements on ultra-fine grain AGFA Brovira paper, I could scarcely restrain 
myself from peering at them with a magnifying glass while I waited for them to dry. 

‘Then, at last, Ihad them spread out across my study desk. I tried to force myself 
to examine each slowly, carefully, in tum, and not to skip from one to another like a 
child et loose in a candy store with a dollar. The first three were of the desk papers, 
including what seemed to be a diary. It must have been lost after Maxwell's death 
since no trace of it exists in the historical records. I experienced a stunning thrill as 1 
gazed upon the scrawled words, but as they were not easily read at once, I moved 
fon. It was the sixth enlargement, of the upper right comer of the blackboard that 
sent me reeling back to my chair, An equation that shouldn't, no, couldn't, be there. 
Bur it was, 

‘To understand my reaction, there is one astounding thing you must realize about 
Maxwell's field equations. When Einstein tuned the world of physics on its head in 
1905 with his famous paper, “On the Electrodynamics of Moving Bodies,” all the 
‘ld ideas about absolute motion and simaltaneity of events went out the window. 
Even Newton's laws of mechanics had to be modified. But not Maxwell's! His 
equations, just the way he published them in 1873, are the same ones studied 
today'—they need no relativistic corrections 

‘How can that be, you wonder, as they predate Einstein's by 32 years? The 
mystery of this has bedeviled the experts down through the years. Oh, they have 
an explanation, alright. They say that all of electromagnetics is actually relativistic 
phenomena to begin with, and the laboratory work of Faraday, Ampere, Henry, and 
the other great experimentalists were studies of relativistic electron interactions in 
matter (although they, of course, didn't know that). Thus, itis only ‘natural’ that 
Maxwell's equations need no correction. So goes the ‘expert’ explanation, but it 
t right!” I know Maxwell knew about relativity, and understood it perfectly. He 
‘knew all about time paradoxes and the equivalence of mass and energy. 

Because how else can you explain the equation visible in my enlargement 
E=me! 

Why, you must wonder (just as I did), didn't Maxwell publish this remarkable 
result? At first, I believed it was because of a lack of faith in his results. Who would 
have believed any of it in those Victorian times, so sure of its absolute view of 
nature? I thought of how Newton, 200 years before Maxwell, had suffered from a 
similar hesitancy when he wrote the Principia. There, when explaining his theory of 
gravitation, Newton did nor employ his new invention of the calculus (which he hiad 
‘used to make his discoveries), but instead fell back on laborious arguments based on 
the accepted mathematics of algebra and geometry. Who would have believed him, 
otherwise? 

But then I realized that couldn't be right, Maxwell was a strong man intellectu- 
ally and he wouldn't have held back for fear of disbelief. No, it had to be that he 


“Don't forget noe 3 
"Alas, I think iti right, Don't forget, this i seience fiction. When there isa confit between the 
needs ofa story. and a rigid adherence to physics, the ‘needs’ wins! 
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discovered relativity and the mass-energy law just before his death, with no time to 
‘make his work known, I was still wrong. 

twas later, when I returned to the enlargement of Maxwell's lost diary and read 
those painfully cramped notes, that I leamed the truth. What I saw there showed me 
Maxwell had thought long and hard about his final discoveries and had purposely 
withheld them. For clearly visible, after I had slowly deciphered the writing, were 
the following words; 

have sen monstrous events. My blood has run cold at the sight of two great cities leveled 

1 the ground, their inhabitants eruelly put to death instantly, or left to die slowly from a 

strange, lingering disease. Other tris, further an, have shown me the root of all these evils 

is the mass-energy equation, a result a first believed to be my crowning glory. It will be 

‘my crown of thorns unless! ban it from my very being. Another will discover i for himself, 

bur my soul shall be free! have dismantled my machine, and shall never look upon or think 

of those horrible scenes again, 


‘This passage was dated just | month before Maxwell died a savage death from 
cancer. The reference to “two cities” can only be that of Hiroshima and Nagasaki 
His own death was surely caused by lingering too long among their atomic ruins, 

‘Think of what this means. Quite simply, Maxwell knew the secret of time travel! 
But even more incredible is that it must be easy, if one only knows how, to build a 
time machine! Think about it—Maxwell had no gigawatt power stations at his 
disposal, no high technology machine shops, or nanosecond computers. He was not 
a gifted experimentalist, and once he had predicted radio waves, for example, it 
took others 20 years to finally generate them. And yet, he built a time machine. 
Somehow, with just the puny power sources available to him, and a limited 
‘mechanical capability, he wrested free the simple implementation of a time 
‘machine from his dynamical field equations. 

‘Yes, yes, I know what you must be thinking. How can I really conclude such an 
incredible thing from a single equation on a blackboard, and a few words written by 
aman dying a painful death? A man, clearly suffering dearly, and possibly not in 
complete possession of his once marvelous mind, 

This very evening the last bolt of evidence slid into place. Attempting to escape 
from the emotional maelstrom into which I had fallen, I turned to my old love of 
picture gazing. I took down from my library shelf a tattered yet cherished volume of 
the Meserve Collection of Lincoln pictures. My slow paging through the images 
stopped when I came to the famous photograph by Alexander Gardner of Lincoln's 
second inauguration. This incredible picture shows John Wilkes Booth looking 
down on Lincoln from behind a buttress high on the steps of the Capitol, while 
below in the crowd are the five men who, 41 days later, conspired with him in the 
assassination, 

‘The following page demonstrated the extraordinary quality of Gardner's work, 
as it showed an enlargement of Booth’s face in which the circular line between the 
pupil and the white of each eye is sharp and crisp! This impressive picture 
fascinated me, and I wondered if I could create a similar enlargement. It was then 
Tremembered the old picture of Maxwell's grave, sent to me from Scotland, and the 
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three distant figures in the background. They would present my photo-lab skills 
with a challenge, and the effort would distract my mind. 

I finished the enlargement just 20 min ago. Those faces! Two of them I can now 
finally accept as being there—it must have been a pilgrimage for one, and for the 
other, it couldn't have been anything but a mocking, ironic gesture. But I wonder if, 
the youngest one really knew who his two companions were? I don’t know the 
answer to that—yet. But there they are, two men with faces my years of study have 
‘made as familiar to me as my own. One is a youthful Albert Einstein. The other, 
with the signs of death clearly written across his features, is James Cletk Maxwell 
‘The face of the third man is familiar, 100, for the third man is me! 

Oh, I’m bit older in the photo than I am now. But it's me, alright. A distinctive, 
Jagged scar across the left cheek, a mark from a childhood accident, is sharply 
visible, and I can run a finger over my face and match it perfectly with the image in 
the enlargement. I'd say I'm about 45 or so in the image, no more than 10 years 
older than I am now. That doesn’t leave me much time to keep my appointment, 
does it? I don’t know, right now, how I'm going to do it, but I've got to rediscover 
Maxwell’s secret of time travel. I'm sure Pll sueceed—after all, there I am in the 
picture. Somehow, I'll be going back to pick James and Albert up so we can have 
‘our picture taken. Ten years—not much time. 

I'm really looking forward to meeting my two new friends from across time. 


For Further Discussion 


When “Old Friends Across Time” originally appeared in Analog, it opened 
‘with a quotation from Richard Feynman's famous 1961-1963 Caltech under- 
graduate course (published in 1964 as The Feynman Lectures on Physics): 
“Ten thousand years from now, there can be little doubt that the most 
significant event of the nineteenth century will be judged as Maxwell's 
discovery of the laws of electrodynamics. The American Civil War will 
pale into provincial insignificance in comparison.” This is almost certainly 
true, but could Maxwell really have built a time machine from just a know|- 
edge of electromagnetic theory and special relativity (which is all that is 
needed to derive E=mc?), if he didn't also have a deep understanding of 
general relativity (and probably of quantum mechanics, to0)? How likely do 
‘you think chat is? 
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‘The narrator in “Old Friends Across Time” knows he is going to live long 
enough to eventually build a time machine; discuss the implications of this 
knowledge. For example, is he at least remporarily invulnerable to commit 
ting suicide (or, for that matter, to any other variation of dying?) That is, do 
‘we have a ‘future’ version of the grandfather paradox? This issue has never 
(to my knowledge) been considered by physicists, and not by philosophers 
either until recently. See, for example, S. Keller and M. Nelson, “Presentists 
Should Believe in Time-Travel,” Australasian Journal of Philosophy, 
September 2001, pp. 333-345, and M. H. Slater, “The Necessity of Time 
‘Travel (On Pain of Indeterminacy),” The Monist, July 2005, pp. 362-369. 
‘More generally, if we assume that the past is unchangeable then the scenario 
in “Old Friends Across Time” seems to force at least some level of inevita- 
bility on the future as well, Or does it? In the 2007 story by Ted Chiang, “The 
Merchant and the Alchemist’s Gate,” that you were asked to read in a For 
Further Discussion at the end of Chap. 4, there is the following exchange 
between the narrator and the inventor of “the Gate” (a wormhole): “So if you 
Jearn that you are dead 20 years from now, there is nothing you can do to 
avoid your death?” He nodded. This seemed to me very disheartening, but 
then I wondered if it could not also provide a guarantee, I said, “Suppose you 
learn that you are alive 20 years from now. Then nothing could kill you in the 
next 20 years. You could then fight in battles without a care, because your 
survival is assured.” “That is possible,” he said. “It is also possible that aman 
‘who would make use of such a guarantee would not find his older self alive 
‘when he first used the Gate.” “Ah,” I said, “Is it then the case that only the 
prudent meet their older selves?” Comment on this issue, with particular 
attention to free-will, 


Appendix B 
Newton’s Gift (A Story)® 


Wallace John Steinhope was a sensitive human being, a person deeply concerned 
about the welfare of his fellow creatures. Any act of injustice, however slight, made 
his breast pound with righteous indignation, He was a champion of fair play, and his 
motto in life was taken from the ancient English rule of law—'Let right be done!” 

Even while still a lonely, reclusive child, Wallace’s heart ached mightly when he 
read of the laborious, boring, mind-dulling calculations endured by the great 
‘mathematicians of old. Just knowing, thinking, of Gauss’s marvelous mind wasting 
literally months of its precious existence grinding out tedious mathematics that 
even a present-day dullard could do in a minute, on a home computer, was sheer 
agony for Wallace, Contemplation of the God-like Newton suffering endless delays 
in his gravity research, all because of a simple miscalculation of the length of a 
degree of longitude, was almost unbearable. 

Indeed, Newton played a special role in Wallace’s life (and he in Newton's, as, 
we shall soon see). While the other great mathematical physicists had merely been 
hindered in their work by the lack of modern computational aids, Newton had 
squandered so much valuable time in other, nonscientific pursuits! His 
quasiteligious writings alone, over half a million words, exceeded his scientific 
writings. What a waste! Wallace wondered endlessly over the reason for this 
strange misdirection of talent and bored his friends to the edge of endurance with 
his constant brooding on the mystery. Still, they all liked and admired Wallace 
enormously and so put up with it, But more than one of them had sworn to throw up 
the next time Wallace mentioned Newton during a wedding (but that's another 
story), 

‘So deep was Wallace's anguish for his predecessors that even as he grew older 
‘and his own tremendous talents as a mathematical physicist (the result of a lucky 


°B. 1, Nahin, “Newton's Gift,” Onmni, January 1979. This tale was written with the specific goal 
of illustrating casual loop time paradoxes. The story reproduced here is, with only a few very 
‘minor alterations as it originally appeared in Ona. 
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‘genetic mutation induced in a male ancestor some centuries earlier) gained him an 
international reputation, thoughts of the unmeasurable misery of his scientific 
ancestors were never far from his mind. It was most appropriate, then, that his 
‘greatest discovery gave him an opportunity to do something! And Wallace John 
Steinhope vowed to help. He became convinced that it was his purpose on earth— 

he could not, he would not hesitate. As he strapped the knapsack-size time machine 
to his chest, his excitement was, therefore, easy to understand. 

“It is done! And I am ready. I will travel back and bestow this gift of appreci- 
ation, this key to mental relief, on the great Newton himself!” Wallace cradled a 
small, yet powerful hand-calculator in his palm, It was a marvel of modern 
electronics. Incorporating large-scale integrated circuitry and a Z-8000 micropro- 
cessor solid-state chip, the calculator required only a small, self-contained nuclear 
battery for its power. It could add, subtract, multiply, divide, do square and cubic 
roots, trig and hyperbolic functions, take powers, find logarithms, all in mere 
‘microseconds. It was programmable, too, able to store up to 500 instructions in 
its micro-memory. The answers it displayed on its red, light-emitting diode read- 
‘outs would liberate young Isaac from the chains of his impoverished heritage of 
‘mathematical calculation. No more Napier’s bones for Newton! 

But Wallace John Steinhope was no fool. He understood, indeed feared, time 
paradoxes. He knew Newton could be trusted with the secret, but it wouldn't do for 
the calculator to survive Newton's time, So Wallace had incorporated a small, self- 
<destructing heat mechanism into it. After 5 years of use, it would automatically melt 
itself into an unrecognizable, charred slag mass. But that would be enough time for 
its task to be completed. The emancipation of Newton's mighty brain from tedium! 
Pleased enormously at the thought of the great good he was about to confer, 
Wallace set the time and space coordinates for merry old England, flipped the 
power switch on, and vanished. 

Materializing in the Lincolnshire countryside in the spring of 1666, he began his 
rendezvous with destiny. It was the second and final year of the great bubonic 
plague, and Newton, seeking refuge from the agony and death plundering London 
and threatening his college of Trinity at Cambridge, had returned home to work in 
seclusion, The years of the Black Death were Newton's golden years, when the 

sentials of calculus would be worked out, when the colored spectrum of white 
light would be explained, and when the principle of the law of gravitation would be 
‘grasped, But how much easier it would be if Newton were released from the binding 
chains of dreary calculation. Wallace’s gift would slip the lock on those chains! 
‘Accelerate genius! 

twas early evening when, guided by a map of the area prepared by a friend who 
\vas botha cartographer and amateur historian, Wallace reached the quiet little town 
of Woolsthrope-by-Colsterworth. It was here, in a small farmhouse, that Wallace 
‘would meet his hero of the ages. A cold, gentle rain was falling as he approached the 
door. The soft, hazy light of an oil lamp glowed inside, revealing through the 
translucent glass the form of a man bent over a table. The fragrant smoke of well- 
ried wood curled from the chimney, announcing a warm fire within, 
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With his heart about to burst from excitement, Wallace rapped upon the door. 
Afier a pause, the shadow rose and moved away from the window. The door 
opened, and there stood Isaac Newton, a young man of 23 with an intellect that 
Hume and Voltaire considered “the greatest and rarest genius that ever rase for 
‘adornment and instruction of the species.” But for the importance of his self- 
appointed mission, Wallace would have fainted dead away from the thrill of it 
all. “Is this the home of Isaac Newton?” he asked in a voice quavering with the 
trembling tones normally used by lovers about to reveal their deepest feelings. 

‘The young man, of medium height and thick hair already showing signs of gray. 
swung open the door and replied, "My home itis, indeed, stranger. Come into the 
parlor, please, before the wetness takes you ill.” 

Isaac followed Wallace into the room and stood quietly watching as his visitor 
removed his soaked coat and hat. The portable time machine was gently placed on 
the floor next to a wall. The calculator was snug and safe in its plastic case in 
‘Wallace’s shirt pocket. “Thank you, Master Newton. May we sit while we talk? I 
am afraid you may wish to take some time to consider my words.” Motioning to a 
cchair near the table, Isaac pulled a second chair from a darkened comer and joined 
Wallace. “You have a strange sound to your speech, stranger. Are you from 
hereabouts, or have you traveled far? Please commence slowly your tale.” 

Wallace laughed aloud at this question, a response prompted by his nervous 
excitement, and it quite surprised him. “Please forgive me. It is just that I have 
traveled so very, very far to see you. You see, I am from the future.” Wallace was 
not one to play his cards close to his chest. Now it was Isaac’ turn to laugh. “Oh, 
this is most ridiculous. Are you a friend of Barrow's at Trinity? It would be so like 
hhim to play such a trick.’ From the future, indeed!” 

‘Wallace's eyes ached at the sight of the papers on the table where Isaac had been 
working. What wonders must be there about to be born! In any other situation, 
Wallace would have asked their contents, but the die had been cast. He had to 
convince Isaac of the truth of his tale. But he had to walk a tight line, too. It just 
wouldn't do to misdirect Isaac’s interest away from the calculator and toward the 
time machine itself! He must do something dramatic, something that would rivet his 
idol’s attention and hold it 

"Yes, yes, I understand your reluctance to believe me. But, look here, This will 
convince you of the honesty of my words,” Wallace pulled the shiny black plastic- 
‘cased calculator from his shirt pocket and flipped the power switch on, The array of 
LEDs glowed bright in the gloomy room as they flashed on in a random, sparkling 
red burst, Isaac’s eyes widened, and he pushed his chair back, Was he frightened? 

“As the Lord is my Savior, is ita creation of Lucifer? The eyes of it shine with 
the color of his domain. Are you one of his earthly agents?” 


"The reference isto saae Barrow (1630-1677), who was te first Lucasian Professor of Mathe- 
matics at Cambridge, Burrow resigned that position to allow i to pass to Newton, Centuries later, 
Hawking became the V7th Lucasian Profesor. 
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“Oh my, no! Look here, Master Newton, let me show you that there is no black 
‘magic or chicanery involved. Its all perfectly understandable in terms of the laws 
of Nature. What I have here is an automatic calculator, a device to perform all of 
‘your laborious mathematical labors.” 

So saying, Wallace squeezed the sides of the calculator case together, releasing 
pressure snap-fittings, and flipped the case open on a hinge at the top. Revealed to 
Isaac were the innards of the electronic marvel—a tightly packed interior of printed 
circuit boards, a mass of integrated circuitry, the small LED display, and the sealed 
nuclear battery. Isaac stared intently at the sight, and Wallace could see the natural 
curiosity of Newton's great mind begin to drive away the initial apprehension, 

“But where are the gears, levers, springs, and ratchets to carry out the calcula- 
tions? All [see is a black box with lights that glow red—how is shat done; where is 
the lamp or candle to provide the light!—and many little isolated fragments of 
strange shapes. There is clearly nothing in your box that moves! 

“Oh, itis all done with electronics, Master Newton! The central processing unit, 
hhas access to a solid-state memory that contains the decoding logic necessary to 
implement the appropriate algorithmic processes to provide the answers to the 
specific requests entered through these buttons. The actual performance of the 
box is achieved by the controlled motion of electrons and holes in suitably doped 
semiconductor material under the influence of electric fields induced—" Wallace, 
still overcome by his excitement, had rambled on wildly without thought of the 
sentially infinite technological gap that separated himself from Newton. 

‘Stop, stop,” cried Isaac. “I understand only a few of the words you use and 
nothing at all of their meaning! But it is obvious that for calculations to be 
performed, mechanical work must be done, and that implies motion. Pascal's 
‘adding machine has shown the veracity of that. I say again, nothing moves in the 
box. How can it work?” 

‘Wallace was embarrassed. The mistake of overlooking the hundreds of years of 
progress after Newton’s time was one a child might make. “I am sorry, Master 
Newton. I'm going too fast for you.” Issac looked at Wallace with a frown, but 
Wallace failed to see the pricked vanity of the proud Newton. Going too fast, 
indeed! 

‘Wallace prepared to lay a firmer technological foundation for Newton, but then 
he froze. It couldn't be done! Newton was a genius, certainly, but the task was still 
impossible. Wallace would have to tell him all about Maxwell’s equations, Boolean 
algebra and computer structure, electronics, and solid-state device fabrication 
technology. It was just too much, and besides, there was the danger! The potential 
time paradoxes of all that knowledge out of its proper time sequence! What if 
Newton, in innocence, revealed some critical bit of knowledge out of its natural 
place in history? So, Wallace hesitated, but seeing the suspicion grow again in 
Isaac’s eyes, he realized he had to do something, anything, immediately. 

“You cannot deny your own eyes,” answered Wallace. “Let me show you how it 
‘works. I'l divide two numbers for you with just the punch of a few buttons. Watch 
this.” And, at random, he entered 81,918 divided by 123. Poor Wallace, of all the 
numbers to use, they were the worst. Within milliseconds the answer glowed 


B_ Newton's Gift (A Story) 3st 


brightly in fiery red characters. Wallace looked with pride at the result and then, 
already enjoying in his mind what he knew would be Isaac’s amazement, he turned 
his eyes to the great man. What he saw made his spine tingle, and the gooseflesh 
stand high on his neck. Newton had fallen to his knees, with eyes bulging and hands 
raised as if in prayer. 

“The mark of the Beast, it is the mark of the Beast! It is so written in the Book of 
Revelations—Here is wisdom. Let him that hath understanding count the number of| 
the beast; for itis the number of man; and his number is six hundred three-score and 


six!” Rising to his feet, Newton fell back into his chair. “Your cursed box bears the 
brand of its master. There can be no doubt now, it is the creation of the fallen 
archangel!” Wallace was aghast at Isaac’s violent reaction. The seventeenth century 


‘genius had now stumbled backward from 
hot coals of the fireplace. 

“Wait, please wait! Watch this; 'll multiply two other numbers together for you, 
watch!” Wallace quickly punched in the data, and then the answer gleamed steadily 
in burning red characters on the LEDs. Isaac’s eyes first went wide with fear as he 
again saw the wizard electronics do their marvelous assignment, and then he shut 
them tight, Wallace was becoming desperate—this wasn’t the way it was supposed 
to be! “Don’t you see—imagine the tedious work, the mind-deadening labor this 
‘machine will save you from. And it is yours.” 

“Yes? But only for the exchange of my soul! That is always the Devil’s price for 
his seductive gifts from Hell!” As Isaac shrieked these last words at Wallace, he 
raised the poker over his head. “Begone, you emissary of the Dark World! I know 
‘now you must be in the employ of the Father of the Antichrist, but the Lord God 
Almighty will protect me if I do not waver in my resolve. Begone, or I'l strike your 
brains out on the floor where you stand!” 

Isaac’s eyes were wide with fear, nearly rolling back to show all white spittle 
sprayed from his mouth as he yelled at Wallace, who stared in shock at the wild man 
who threatened him with death. “Please, please, listen to me, please! I beg you to 
understand—I am a scientist, just like you. The concept of the devil, and all it stands 
for, is contrary to everything I believe. How could Ibe in the devil’s employ, when I 
don’t even accept his existence? You must believe me!” 

“Blasphemy!” screamed Isaac. “Your own words condemn you. To deny the 
reality of Satan in a sinful world is to deny that of God, too. Now leave my home, 
‘you dark beast from hell, or by the heavens above, I shall destroy you!” As he 
Shrilled these words, Isaac brought the poker down in a wild swing that barely 
‘missed Wallace's head. 

Stuck dumb with confusion at the uncontrolled outburst, Wallace stuffed the 
calculator into his shirt, grabbed his hat, coat, and time machine and rushed from 
the house. As he hurried into the cold, wet night, he turned back, just once, to see 
Isaac Newton framed in the light of the open door. “Go, go, you foul messenger 
from the Lord of Evil! Back to your stinking pit of burning hell-fire! This is a house 
that honors the Divine Trinity and is no haven for the likes of you!” 

Wallace rushed away into the blackness, the time machine bouncing unheeded 
upon his chest. 


is chair and had grasped a poker from the 
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He ran, for how long he couldn't recall, until he fell exhausted next to a stream. 
running heavy with the rain, Tears of rage, frustration, and shock streamed from his, 
eyes. Rejected by the great Newton! Well, damn him! Wallace flung the calculator 
into the stream in his terrible anger and activated the return coordinates. He faded 
from Newton's world as quickly and quietly as he had come. 

‘As for Isaac Newton, after having chased the Devil's messenger from his house, 
he returned on shaking legs to his desk. Pushing aside his rough calculations on the 
orbit ofthe moon around the earth, he swore to redeem himself in the eyes of the 
Savior. Somehow. he had been found lacking and had been tested. And the test was 
surely not over! He began to reapply his marvelous mind to determine the origin of 
his failure before the Lord God Jehovah. Taking quill in hand, he wrote the frst of 
the many hundreds of thousands of words that his numerous religious tracts would 
devour from his allotted time. 

Five years later, long after Newton had retumed to Cambridge, a group of 
picnicking children were frightened when a nearby stream suddenly erupted into 
a geyser of steam. Moments later, the bravest (or most foolhardy) of the boys 
‘who, by an astonishing coincidence that befits any good time travel paradox, would 
‘be Wallace's great-grandfather nine times removed—cautiously examined the 
streambed. All he found were some twisted, hot pieces of what he thought was a 
hhard, black rock, and he tossed them back. They were all that was left of the 
calculator’s nuclear battery. He did receive a tiny radiation dose from them, 
Which caused a recessive genetic mutation that centuries later would suddenly 
appear as the cause of Wallace's genius, but otherwise the lad was unaffected, 
‘The incident was soon forgotten 

Well over 300 years later, Wallace John Steinhope reappeared in his own time. 
He was essentially the same man as before he left—kind, generous, and sensitive, 
and ready to come to the aid of any man or beast that might need help. As far as his 
friends were concerned, infact, he was even improved (naturally, they didn't know 
what had brought about the welcome change but, if they had, they would have 
applauded it) 

Wallace John Steinhope, you see, never again had another kind word for 
Newton, or for that matter, any words for him at al. 


For Further Discussion 


In his book Travels in Four Dimensions: the enigmas of space and time 
(Oxford 2003), the philosopher Robin Le Poidevin writes (p. 176) “But, as 
everybody knows, when a time machine leaves for another time it disap- 
pears.” This is, indeed, how the time machine in “Newton's Gift” works; 
however, after reading Time Machine Tales do you think such behavior is in 
agreement or in conflict with general relativity? Defend your position. 
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“Newton's Gift” contains causal loops. Identify two of them, and discuss 
their role in the story (that is, are they central to the story or merely 
incidental?). 


‘The idea of a time traveler visiting famous people in the past occurs fairly 
frequently in science fiction. In lan Watson's “Ghost Lecturer” (Isaac 
Asimov's Science Fiction Magazine, March 1964), for example, the inventor 
of the “Roseberry Field” uses it to yank geniuses out of time to supposedly 
hhonor them, to let them know their lives had been worthwhile in the eyes of 
the future. But then he goes on to tell them—oh so kindly—where they had 
‘gone wrong or had fallen short of the mark, and of how much more we know 
nowadays. “You almost got it right, boy! You were on the right track, and no 
mistake. Bravo! Bur...” Watson makes the interesting observation that one 
can easily imagine playing this pathetic game of ‘second-guessing” history 
‘with scientists, but what could even the most talented modern do to upstage a 
“Mozart or a Shakespeare? Most similar to “Newton's Gift,” however, are (for 
example) Gregory Benford’s “In the Dark Backward” (Science Fiction Age, 
June 1994) where Shakespeare and Hemingway are visited, and Jack 
‘MeDevitt's “The Fort Moxie Branch” (Full Spectrum, October 1988) where 
Hemingway and Thomas Wolfe appear. Read these stories, and then com- 
pare/contrast their descriptions of how story characters react to the appear- 
ances of time travelers, to Newton’s behavior in “Newton's Gift.” 
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Appendix C 
Computer Simulation of the Entropic Gas Clock 


Sgasclock.m/created by PUNahin for TIME MACHINE TALES(6/27/2015) 
Sthis MATLAB m-£ile simulates the diffusion of gas molecules in a 
sealed 

Scontainer by using the Ehrenfest ball exchange rules. The 
simulation 

Sstarts with n molecules (i.e., balls) of one type (i-e., black) 
Sone side of the container, and n more molecules of another type 
(ee 

Swhite balls) on the other side. The two urns play the roles of the 
Stwo sides of the container. To simulate the ball (molecule) 
‘movements, the program selects two random mumbers from 0 to 
1, whieh 

Sare then compared to the current probabilities of selecting a 
black 

Sball from urn I and a white ball from urn IZ. If 20TH random 
numbers 

Sare greater than these two probabilities then a white ball has 
been 

Sselected from urn I and a black ball has been selected from urn 
ped 

Sand so the number black balls in urn I is increased by one while 
the 

Snumber of white balls in urn II is increased by one. If BOTH 
random 

‘numbers are less than or equal to these two probabilities then a 
Sblack ball has been selected from urn I and a white ball has been 
Sselected from urn II and so the number of black balls in urn I is 
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Sdecreased by one while the number of white balls in urn II is 
decreased 

Sby one. If one of the random numbers is greater than its 
corresponding 

‘probability while the other random nunber is less than its 
Scorresponding probability, then no action is taken because then a 
Swhite (black) ball moves from urn I to urn II at the same time a 
white 

S (black) ball moves in the opposite direction. That is, there is 
Snet change. Then, the ball selection probabilities are recaleu- 
lated and 

Sanother ball exchange is simulated 


rand(‘state’,100*sum(clock)} new seed for the random number 
generator, 

100 Snunber of balla in each urn 
nbi=n, Snunber of black balla INITIALLY 
in ura I 
pwn; Snunber of white balla INITIALLY 
in ura IZ 
pblenbl /n: aprobability of selecting a black 


ball from urn I, 


probability of selecting a white 


ball from urn It: 
for trials =1:1000; 


systen(trials) =pbl; 

balli=rand; 

bali2=rand; 

Lf (ball 1>pbleball2>pw2) Wwhite ball selected from urn I 
Sand black ball selected from 
urn In; 

elseif (balli<=pblaball2<=pw2) tblack ball selected from urn I 

abl=nbl-1; Sand white ball selected from 
urn In; 


plot (system) 
axis({1 trials 0 11) 

oria 

xlabel('time, in arbitrary units’) 
ylabel('fraction of balls in urn I that are black’) 
#igure(1) 


Epilogue 


[Science fiction) cannot be good without respect for good science... This does not include 
time machines, space warps and the fifth dimension: they will continue to exist in the hazy 
borderland between [science fiction) and fantasy" 


In many science-fiction stories, the trip into the past is by way of some futuristic machine 
that can take you trough time at will... That, however, is totally impossible on theoretical 
rounds. It can't and won't be done.” 


‘The opening quotations, particularly the second one from Asimov who was one 
of the great modern writers of science fiction, is a gloomy one indeed for fans of 
time travel, but it is not difficult to find inconsistency in Asimov's own tales dealing 
with the concept. Asimov is famous, in particular, for his stories of robots, and the 
very last such tale that he wrote combines robotics with time travel, with a robot 
sent two centuries into the future." At the start ofthe story, the narrator tells us that 
time travel to the past is impossible because the past is unchangeable and 
(of course) a time traveler would necessarily disturb history. (That is (of course) 
simply a failure to distinguish between the difference of changing the past and 
affecting the past, as well as a failure to see how the principle of self-consistency 
negates the issue of paradoxes.) Then, when the robot retums from the future (and 
so backward time travel is riot impossible!), he reports that his arrival had been 
expected, that history had recorded that he would appear. At the end of the story we 
lear how the future knew this—it had read “Robot Visions"! So now Asimov uses 


SHlarry Harison, in his essay “With a Piece of Twisted Wire..." SP Horizons (no, 2), 1968 
Harrison (1925-2012) was a well-known (if litle appreciated outside the SF community) writer, 
‘whose 1966 novel Make Room? Make Room! was the inspiration forthe excellent (i somewhat 
Aepressing) 1973 film Soylent Green (a movie about future over-popultion of the Eas that will 
‘make you think twice ahout ever eating cookie asain). 

“Prom an essay Ise Asimov wrote on the time travel movie Pegev Sue Got Married forthe 
New York Times, Oetober 5, 1986. 

°°], Asimov, “Robot Visions," saae Asimov's ScienceFiction Magazine, April 1991 
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the principle of self-consistency, with the narrator realizing that he must preserve 
his story so the future can read it 

Not a very consistent story! Asimov, was, of course, writing a story for enter~ 
tainment’s sake, so perhaps it's unreasonable to hold him scientifically accountable 
{although logic wouldn't seem to be too much to ask for). 

In any case, was Asimov right? Lots of his fellow science fiction writers 
certainly thought so. One, for example, bluntly asserted that 


‘Time travel is inconceivable." 


Other critics agreed: 


Inscience fiction we find the lunatic fringe more often than not trying to perfect time-travel 
mechanisms." 


and 
Scientifically, time travel eat stand inspection,” 
and 

‘Time travel i... scientific nonsense." 

and 


Te would he untrue. to present the idea of a time machine as anything but what i is, an 
intriguing literary device, part of the hag of ticks of the science fiction write .. Thee is 
to such thing asa ‘science’ of time travel” 


You'll notice that these pronouncements are from decades ago: Conklin (1904— 
1968), Gold (1914-1996), and Oliver all wrote just 3 years after Gédel, and so 
perhaps it was simply too soon for his work to be widely known outside of the 
physics community. But physicists have learned a lot since 1952! Have they learned 
enough to make Asimov and his fellow SF skeptics (if they were still alive) change 
their minds, or at least reconsider? I suspect not. 

say that because, even 25 years after Conklin, Gold, and Oliver wrote, while we 
do find an awareness of Godel starting to appear in the science fiction world, a 
feeling of skepticism was still in the air. Ina fascinating analysis'® of the first half- 
century of the science fiction magazines, Paul Carter admitted that there is a 
rationality to time travel because of Gédel but, nonetheless, the conventional 
view remained that backward time travel is simply impossible. Then, citing the 
work of Tipler, Carter wrote “Only as recently as 1974 (see note 130 in Chap. 1), 


Uikingaley Amis, New Maps of Hell, Harcourt 1960 

Groff Conklin, Science Fiction Adventures in Dimension, Vanguard 1953. 

"HLL. Gold, The Galaxy Reader of Science Fiction, Crown 1952 

Alexet Panshin, The Mirror of Infinity, Canfield 1970, 

"Chad Oliver, ‘The Science of Man.” a non-fiction essay included in Oliver's 1952 time machine 
novel Mists of Time. Chad Oliver (1928-1993) was a scientist by profession (anthropology), and 
his opinion carried weight among SF writers and (non-physicist scientists 
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the sober pages of the Physical Review, has a physicist been more bold ....For 
70 years in the meantime, however, without waiting for Professor Tipler to solve his 
equations ... writers had happily helped themselves to Mr. Wells” invention and 
sent their characters through time in every direction, forward, backward, and 
sideways.""” 

In the 1980s writers were apparently just as unaware of Gidel’s time travel 
analyses (and of the much later ones of Tipler) as had been the 1950s commenta- 
tors. In his marvelous 1985 book The Past Is a Foreign Country, for example, 
David Lowenthal repeatedly refers to time travel as “fantasy” and to science fiction 
stories about time travel as “unbridled by common sense,” And for another example 
from the start of the 1980s, consider the case of James Gunn (bom 1923), professor 
of English at the University of Kansas, past president of both the Science Fiction 
Writers of America and the Science Fiction Research Association, author of The 
Immortals inspiration for the 1970-1971 TY series ofthe same name), and eminent 
scholar (sce his 1975 book Alternate Worlds). His literary credentials are impec- 
cable and his critical influence profound. And yet, 30 years after Gidel and 5 years 
after Tiplr, Professor Gunn wrote in The Road to Science Fiction, “Time travel has 
been an anomaly in science fiction. Clearly fantastic—there is no evidence that 
anyone has ever traveled in time and no theoretical basis for believing that anyone 
‘ver will (my emphasis.” If you've read this book carefully, however, of the 
analyses by Gott, Krasnikov, Thome, Alcubierre, Novikov, Natario, and others, 
‘you know that what Gunn claims in those last words is actually not necessarily so 

‘The British-born American theoretical physicist Freeman Dyson of the Institute 
for Advanced Study has commented’ on that sort of narrow mindset, with words 
quoted from the 1979 physics Nobel prize winner Steven Weinberg, words 
reminding us that rigidity concerning time travel isnot limited to science fiction 
writers: “This is often the way itis in physics—our mistake is not that we take our 
theories too seriously, but that we do not take them seriously enough. It is always 
hard to realize that these numbers and equations we play with at our desks have 
something to do with the real world. Even worse, there often seems to be a general 
‘agreement that certain phenomena are just not fit subjects for respectable theoretical 
and experimental effort.” The words time travel and time machine are never 
mentioned, but could they have been far from either Weinberg's or Dyson's 
thoughts? 

All through this book we have seen how people have argued against time travel 
to the past (Tipler's cylinder is unphysically long, Godel's universe requires an 
unphysical rotation, wormholes and warps require unphysical energy conditions, 
what about all those paradoxes ... and on and on). These arguments remind me of 


"Given that The Time Machine was published in 1895, iti not clear how Cater arrived at the 
value of 70 until Tipler's work (he should have writen 79), and of course it was only 54 years 
between Wells time travel fiction and Gadel’ time travel mathematical physics, 
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the debate in the 1930s between the illustrious British astrophysicist Sir Arthur 
Eddington and the young Indian astrophysicist Subrahmanyar Chandrasekhar 
(1910-1995), winner of the 1983 Nobel prize in physics. In his analyses of the 
life history of stars, Chandrasekhar had arrived at an astonishing conclusion, one 
that Eddington simply could not accept. As Eddington sarcastically explained in an 
address at Harvard University in the summer of 1936, “Above a certain critical 
mass (two or three times that of the sun), the star could never coo! down, but must 
‘g0 on radiating and contracting until heaven knows what becomes of it. That did not 
worry Chandrasekhar, he seemed to like the stars to behave that way, and believes 
that is what really happens.""” Eddington then went on to declare such “unbelicv- 
able’ behavior to be nothing less than “stellar buffoonery.” 

‘As far as Eddington was concerned, Chandrasekhar had simply made an error in 
combining relativity theory with non-relativistic quantum theory. Indeed, so 
appalled was Eddington at the thought of a star contracting “until heaven knows 
‘what becomes of it” (that is, until it gravitationally collapses into a black hole) that 
he had earlier, in 1935, stated “There should be a law of nature to prevent a star 
from behaving in this absurd way!” Today, of course, no astrophysicist feels the 
need for a ‘star protection conjecture’—which perhaps reminds you of another, 
more recent ‘protection conjecture.” 

‘What can one conclude from all the similar controversy concerning time travel, 
time machines, and spacetime warps? Not much, I think, except that these are open 
issues and will remain the subjects of on-going study for a long time yet to come. 
‘The one thing lam fairly certain of is that if time travel is ever achieved, it will be 
by means that we cannot today even begin to guess. It will almost certainly require 
at least mutant child genius with an IQ of 270 to fix the slightly broken time 
machine found abandoned in a cellar!"° But that view isn’t uniformly shared across 
all of science fiction. I very much doubt, for example, that things will be quite so 
elementary as depicted in the story where the time machine was so simple that “If 
it were taken apart or put together before you, your wife, or the man across the 
street, you would wonder why you didn't think of it yourselves.” Not only that, but 
its power source was just wo dry cell batteries! 

‘The time machine in an earlier story is almost as simple, requiring (besides a 
piece of strange crystal) only a “little stack of dry cells, a Ford [automotive ignition] 
coil, 1 small brass switch, a radio “B’ battery, an electron tube, and a rheostat.”" 
Even Wells’ Time Machine couldn't resist making it all look easy: as one critic put 
it, “The time machine, like all products of supreme inventive genius, was a 


"ce 8. Chandrasekhar, Eddington: The Most Distinguished Asrophysicist of His Time, Cam- 
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remarkably simple affair. A few rods, wires, some odd glass knobs—nothing 
more!" That sort of simplistic fictional description of a time machine reminds 
me of the reaction of the great Polish science fiction writer Stanislaw Lem to the 
‘general treatment of time travel in the genre: “There have been mountains of 
nonsense written about traveling in time, just as previously there were about 
astronautics—you know, how some scientist, with the backing of a wealthy busi- 
‘essman, goes off in a comer and slaps together a rocket, which the two of them— 
and in the company of their lady friends, yet—then take to the far end of the Galaxy. 
Chronomotion, no less than Astronautics, is a colossal enterprise, requiring tre- 
mendous investments, expenditures, planning ..."* 

‘An example of what Lem was talking about is the 1956 novella Arcrurus 
Landing by Gordon R. Dickson (1923-2001). There we read of aliens who have 
confined humans to the solar system—until (if) Earth scientists discover the secret 
of FTL travel. So, a genius physicist does just that (with no mention of spacetime 
engineering, but rather we encounter a lot of mumbo-jumbo gibberish as the 
‘explanation’), and uses it to instantly transport himself and some friends to a 
planet orbiting Arcturus.”* And when they get there the friendly aliens speak perfect 
English, 

‘Lem would have snorted in derision, too, at this statement made to a prospective 
graduate student by the head of a college physics department, that the college “has 
been awarded a million dollars to build [a time machine]. It means... raise for me 
‘and maybe a doctorate for you, so we'll build one and have some fun doing it.””° Is 
it any wonder that Lem so readily dismissed stories that reduce space (and time) 
travel to weekend adventures in a home laboratory? As Lem wrote in another essay. 
time travel and its close relation, FTL space travel, have reduced much of science 
fiction to “a bastard of myths gone to the dogs."=” Because of precisely that, Harry 
Harrison wrote (note 1) of the early science fiction magazines that published so 
‘much nonsense, “I used to moan over the fact that pulp magazines were printed on 
pulp paper and steadily decompose back towards the primordial from which they 
sprang, I am beginning to feel that this is a bit of a good thing.” 

don't know whether time travel to the past can actually be accomplished, but I 
do know that speculations once thought to be as outlandish as finding the Philos- 
opher's Stone for turning base elements into gold, have eventually been realized 
(and, come to think of it, with modem nuclear physics we have leamed how to turn 
lead into gold, if only a few atoms at a time). Television, nuclear power, home 
computers that run at multi-gigahertz clock rates in the bedrooms of high school 
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students, even faster computers that animate our movies and simulate the formation 
of black holes and galaxies, voyages to the Moon and back—all these amazing 
developments would be pure magic to nineteenth century science, The ghosts of not 
Just a few Victorian scientists who had poo-pooed the possibility of such things, 
have watched their reputations eat a lot of posthumous crow during the last 
150 years. 

My personal position on the question of time travel leans towards the rejoinder 
made to the skeptic in one science fiction story who, even after having done some 
time traveling, still argues against it by invoking paradoxes. He is sharply rebuked 
with “Oh, for heaven’s sake, shut up, will you? You remind me of the mathema- 
tician who proved that airplanes couldn’t fly.”"* I subscribe to the optimistic 
philosophy of the British writer Eden Phillpotts (1862-1960), who wrote in his 
1934 novel A Shadow Passes “The Universe is full of magical things, patiently 
waiting for our wits to grow sharper.” Perhaps he had a famous saying by the 
British-born Indian scientist J. B. S. Haldane (1892-1964) in mind, words from his 
1928 Possible Worlds: “Now my suspicion is that the universe is not only queerer 
than we suppose, but queerer than we can suppose.” 

Still, even if time travel is possible, the engineering phase will surely be tough 
going. I am certain that before we see a working time machine, there will be many, 
‘many episodes like the one described in a very funny, novel-length spoof of 
academic research.”” All physicists and engineers who have tried to get some 
stubborn piece of apparatus to work, apparatus that should work and simply 
won't, will appreciate Professor Demetrious Demopoulos’ frustration and will, 
Tam sure, forgive him his intemperate language: 


the distinguished physicist took a step back and, arms akimbo, surveyed 
the complex and sophisticated machine that was the culmination of years 
of dedicated scientific research and pains-taking technological 
development. 


“What a pile of #4," he said, 

“Oh, no, Dr. Demopoulos, don’t say that!” 

“Well, itis." A sneer formed on the professor's thin lips. “Time machine, 
my ****, This thing couldn’t give you the time much less travel in it.” 

“But we haven't incorporated all our latest test data yet,” the pretty 
research assistant reminded him. “These last few adjustments might 
do it, Professor 

“Hell, we've been tinkering with it for 2 years,” Demopoulos complained. 


“We've tried everything and it's all come to dog **#." 


'R. Heinlein,”By His Bootstrap” Astounding Science Piction, October 1941. As discussed athe 
end of Chap. 1 (in “For Further Discussion") the mathematician was the American astronomer 
‘Simon Newcomb, 
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‘That scene probably won't actually happen for a long time to come but, even 
before the practical nuts-and-bolts bugs in the Professor's time machine are worked 
out, I think some adjustments are called for in our thinking about time travel. 1 
believe that present-day philosophers and science fiction writers are going to have 
to become knowledgeable about the work by physicists on time travel. It simply 
‘won't do any longer for Philosophy Professor X to invoke the grandfather paradox 
during a discussion of causality and free will and then airily declare them to be 
‘obviously’ incompatible with time travel to the past. And it simply won't do any 
longer for Famous SF Writer Y to send his hero into the past to kill Hitler as a baby 
and thereby change recorded history. One might as well keep watching a video 
recording of the 9/11 destruction of the World Trade Center, in the vain hope that 
‘maybe, on the next viewing, the planes will miss. 

‘The principle of self-consistency around closed timelike curves is going to have 
to become as much a part of the science fiction writer's craft (or else she will be a 
‘writer of fantasy) as it will have to become part of the fundamental philosophical 
axioms,”” The ‘time police,’ like the “operatives of the Bureau of Time Exploration 
and Manipulation” that appeared in the science fiction of Andre Norton (1912- 
2005), will have to be put out to pasture with the unicoms and telepathic dragons of 
fantasy fiction. Just as the recent physics literature on time machines has displayed a 
‘growing awareness of what science fiction writers and philosophers have had to say 
‘on the subject of time travel, so too are writers and philosophers going to have to 
eam some more physics. Most people can enjoy a good fantasy tale now and then, 
but the use of ‘magic mirrors’ to see through time is nor physics. Such devices were 
popular and acceptable in medieval times—see “The Squire's Tale” in Chaucer's 
The Canterbury Tales, and later (see Act IV of Macheth)—but good science fiction 
‘needs much more than that today, 

Time travel to the past is a beautiful, romantic idea, and some words written by 
two physicists in a technical paper—words embedded in the midst of swirls of 
tensor equations—show that even hard-nosed physicists can share this dream: “In 
truth, it is difficult to resist the appealing idea of traveling into one’s own past..." 
‘The appeal of that dream is explained in Ray Bradbury's Foreword to a beautiful 
little 1989 book by Charles Champlin (Back There Where the Past Was). In it 
Bradbury clearly illuminated why we want to go back into the past. It is for the same 
reason that we go, time and again, to see Hamlet, Othello, and Richard Ml: “We 
don’t give a hoot in hell who poisoned the King of Denmark's semicircular canal. 


“ud Foote (1930-2005), late profesor of English at Georgia Tech, woot (in his book The 
Connecticut Yankee in the Twentieth Century: Travel 1o the Past in Science Fiction, Greenwood 
Press 1901) that consistency is simply a well-used plot device: “The atempt ofthe ime traveler to 
prevent something or take advantage of it [and 0 eausng] the event in question isso popular and 
‘50 ubiguitous that it seems to be about worn out.” Worn out oF no, believe tht plot device to be 
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We already know where Désdemona lies smothered in bedclothes and that Richard 
goes headless at his finale. We attend them to toss pebbles in ponds, not to see the 
stones strike, but the ripples spread.” 

That's why a visit tothe past is so mysteriously and marvelously fascinating. It 
Would let us watch ripples spread through time. Our own visit to the past in fact, 
might even be the pebble in the pond of history that starts an interesting ripple or 
two that will one day sweep over—us! (Take a look at Appendices A and B) Who 
Would want to miss that? Indeed, if modem philosophers are righ, ifthe analyses 
discussed earlier in this book are correct, you cant (didn'ywon't) miss it 

think time travel appeals, iresistibly, o the romantic inthe soul of anyone who 
ishuman.”” A time traveler does not exist either here or then, but rather everywhen 
For a time traveler passing back and forth through the ages, history would be the 
ultimate puzzle, a chronicle described in one novel as beginning “not in one place, 
but everywhere at once ... It might be begun at any point along the infinite, 
infinitely broken coastline of time." Romanticism doesn't preclude there also 
being a dark side to visting the past, of course, as one time traveler from 1989 
Jeams when he takes up residence in 1962. Falling asleep on a hot surmmer night in 
that long-ago year, he thinks “JFK slept. Oswald slept. Martin Luther King slept. 
[1 sleep and dream] of Chemobyl ... am a cold wind from the land of your 
children? 

But, I must admit I personally am more attracted by happier descriptions of time 
travel. In his marvelous 1996 book 1939: The Lost World of the Fair—which is 
‘proof that there are not enough Pulitzers to go to ll the books that deserve one 
Yale professor David Gelernter caught just the right spirit in his Prologue: “The 
best ofall reasons to return to the fair is that travel is broadening, and time travel 
most of all ... The 1939 New York World's Fair is one amazing show. It stil 
stands, undisturbed on Flushing Meadow, just over the edge of time: it would be an 
unforgivable shame to miss i.” Trust me—if you read Gelemter's book, you'll 
come as close as you can in today’s world to taking a ride in a “time machine"! 

‘The eminent philosopher Sir Karl Popper opens his biography with a wonderful 
story about his apprenticeship as a young man in 1920s Vienna to a master 
cabinetmaker."* After winning the old man's confidence, the student learned his 
mentor's great, secret desire: For years the master had been looking forthe solution 
to perpetual motion. He knew what physicists thought of such machines, but 
nonetheless he had never given up his dream: “They say you can’t make it, but 


jw else to explain the pleasure, for modem children and adalts to, in watching rebroadcast of 
the 1960 animated TV cartoon program ‘staring’ Mr. Peabody. a nice but slightly stulty, 
professorial white beagle (Don't all dogs wear glasses and @ bow tie?) Mr. Peabody. with his 
brainy adopted son Sherman, routinely travels into the past inthe “Way-Bac” machine to see what 
really happened in history. 

“ohn Crowley, Great Work of Time, Bantam 1991, 
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See volume 1 of The Philosophy of Karl Popper (P. A. Schilpp, editor). The Library of Living 
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‘once it’s been made they'll talk differently.” Popper's master sounds just a bit lik 
the American writer Gertrude Stein (1874-1946) in her 1938 essay “Picass 
where she writes “It is strange about everything, it is strange about pictures, a 
picture may seem extraordinarily strange to you and after some time not only it does 
rot seem strange but itis impossible to find what there was in it that was strange.” 
Might we one day say the same thing about time travel? 

‘An alternative point of view can be found in a discussion of time travel via 
cosmic strings that makes this assessment; “While there is still hope that one day a 
sufficiently clever design may make building a time machine possible, it is begin- 
ring to seem more and more improbable, Like the perpetual motion machines of the 
nineteenth century, the designs have an elegant simplicity (as well ax enormous 
commercial potential), but it seems that Nature also may abhor them just as 
much.""* OF course, at one time it was thought that Nature abhorred a vacuum, 
but then we learned that she must actually love a vacuum because else why did she 
make so much of it?! 

‘The theoretical basis for time travel is very different from that of perpetual 
motion (there is more reason to accept time travel as a plausible possibility). And so 
maybe one day, just maybe, the first time traveler will receive a toast such as the one 
ina story telling us about the arrival of the inventor of the first time machine and his 
no longer skeptical friend in the Civil War past 


“To you, Mac,” I said, 
McHugh loosened his tie. 
‘with such marvelous possibilities. 


‘To the Creator,” he said, “who has given us a Universe 
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Action the integral over a world line of a quantity called the Lagrangian. When a 
‘massive particle is moving at non-relativistic speed through a gravitational field, 
for example, the instantaneous value of the Lagrangian is the difference between 
the kinetic and potential energies ofthe particle. For other types of fields (such as, 
the electromagnetic) andjor relativistic motion in any type of field, the Lagrang- 
ian is different. In any case, however, the actual world line of the particle is the 
fone for which the integrated Lagrangian, that is, the action, is minimized. See 
least action. 

Action at a distance the direct interaction of two separated objects, without 
concem for the details of what (if anything) occurs in the region between the 
objects (see also field). Newton's theory of gravity is action at a distance, 
‘whereas Einstein's theory of gravity is a field theory. 

Advanced solution the prediction, by Maxwell's electromagnetic field equations, 
of radio waves that travel into the past (see also Dirac radio). 

Anti-matter quantum mechanical prediction (experimentally verified) that all 
fundamental particles of matter come in two forms (the ‘normal’ version and 
the ‘anti-matter’ version). The positron, for example, is the anti-matter version 
of the electron, differing only in the sign of its electric charge. The photon, on the 
other hand, is its own anti-particle. A subluminal anti-particle traveling forward 
in time can be thought of as its ‘normal’ version traveling backward in time. 

Arbitrarily advanced civilization for time travel discussions, a civilization with a 
technology sophisticated enough to construct a traversable wormhole in 
spacetime. More generally, Types 1, Il, and III of such civilizations are, respec 
tively, those that can control 10'° W, 10°” W (the total power output of their 
home star), and 10" W (the total power output of their home galaxy) 


ST hate definitions.” (Usually atsibuted to writer and British Prime Minister Benjamin 


Disraeli (1804-1881) but, more precisely. they are the words of one of the characters 
in is 1826 novel Vivian Grey.) 
but they can be useful 
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Arrow of time the statement the time appears to have a direction, that there is a 
difference between the past and the future. There are several different arrows: 
the psychological (we remember the past, we anticipate the future), the thermo- 
dynamic (organized systems evolve toward disorganization, that is, entropy 
increases as time increases), the electromagnetic (radio waves propagate awa’ 
from their generators), and the cosmological (the expansion of the universe is, 
directed toward the future). 

Asymptotically flat if the geometry of a curved spacetime is such that, as one 
‘moves ever further away from all matter and energy, the spacetime metric 
becomes that of flat Minkowski spacetime, then the curved spacetime is said 
to be asymptotically flat. As a counter-example, the spacetime of a Tipler 
cylinder time machine is not asymprorically fla. 

Autoinfanticide paradox sce grandfather paradox. 

Averaged null energy condition the claim that the averaged value of the 
observed mass-energy density along the entirety of any null geodesic is 
non-negative. 

Averaged weak energy condition the claim that the averaged value of the 
observed mass-energy density along the entirety of any timelike world line is 


non-negative. 

Back reaction the tendency of spacetime to resist the formation of elosed timelike 
lines (see also stress-energy divergence) 

Bell’s theorem an inequality that either holds or does not hold, depending on 
whether quantum mechanics is non-local or local, respectively. 

Big Bang the singular beginning of spacetime 

Big Crunch the singular end of spacetime, 

Bilking paradox what would happen if a causal loop were disrupted. For exam- 
ple, suppose a time traveler builds a time machine using plans he received years, 
earlier from a mysterious stranger. He now realizes thatthe stranger was himself, 
using the time machine to travel back into the past to give his younger self the 
plans. A bilking paradox would be created if the time traveler builds the time 
‘machine, verifies that it works, and then decides not to visit his younger self to 
hhand over the plans. See also bootstrap paradox. 

Black hole a region of spacetime where gravity is so strong that nothing can 
escape, including light. Black holes are thought to be created when sufficiently 
massive stars bum out (see white dwarf and neutron star) and undergo 
gravitational collapse. A black hole of ten solar masses would have a radius 
fof about twenty miles. Black holes might have been created at the Big Bang 
singularity and, ifso, could theoretically come in any mass and size (a black hole 
with the mass of the Earth would have a diameter of less than half an inch). 

Block universe a spacetime in which all world lines are completely determined 
from beginning to end (a fatalistic universe). There is no free will in such a 
spacetime. 

Boost matrix matrix formulation of the Lorentz transformation, 
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Bootstrap paradox the puzzle of the origin of information on a closed loop in 
time. The classic example is that of a time traveler from the future giving his 
‘younger-self the plans for the time machine the time traveler has just used to visit 
the past so that he can then build the time machine to vist the past. The time 
‘machine plans appear not to have been created by anyone! The plans just ar. 
See also bilking paradox. 

Cauchy horizon a spacelike hypersurface in spacetime that intersects, exactly 
once, every timelike world line that has no end point. Knowledge of the 
conditions on such a surface uniquely determines the spacetime at all other 

ints 

Cats loop time loop containing an event caused by a ater event th, itslf is 
caused by the earlier event (see the example in bilking paradox). 

Causality. the metaphysical claim that every event is caused by a prior event. Time 
travel to the past inherently violates causality 

Chronal regions those parts of spacetime that have no closed timelike curves. 

Chronology horizon a (hyper)surface in spacetime that separates chronal and 
non-chronal regions. It isa special case of a Cauchy horizon. 

Chronology protection the claim, as yet unproved, that time machines and time 
travel to the past are impossible because of the back reaction of spacetime will 
lead to stress-energy divergence. Popularized among physicists as the Hawking 
chronology protection conjecture (1992), Hawking has since admitted that 
stress-energy divergence is nor sufficient to enforce his conjecture. 

Chronon_ science fiction name for Planck time. 

Closed timelike line (or curve) a timelike world line of finite length that has no 
ends, ie. that forms a closed loop in spacetime. A region of spacetime 
containing closed timelike lines is said to be a time machine. 

Conservation law physical quantities in interacting systems that remain 
‘unchanged are said to be conserved. Total energy. total momentum (linear and 
angular), and electric charge are conserved quantities. 

Cosmic string. hypothetical, threadlike spacetime structures with enormous mass- 
energy and density that may have formed during the Big Bang. Cosmic strings 
‘may have been intially formed either as infinitely long, or as closed loops, and it 
is the former that are thought to be physically meaningful in the present-day 
universe. Cosmic strings do not violate the weak energy condition (as do 
wormboles), and they can theoretically create closed timelike lines. 

Cosmological constant. an extra term specifically added by Einstein to the general 
theory of relativity to keep that theory from predicting the expansion of the 
universe (which was later observationally found to actually be the ease). Einstein 
subsequently said that his failure to believe the general theory's original predic- 
tion of the expansion of the universe was the greatest mistake of his life. The 
constant (which today is believed to be almost zero, if not exactly zer0) appears 
in Gédel's rotating time travel spacetime as a determining factor in the minimum 
radius of a closed timelike line. 
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Determinism the metaphysical belief that effects are uniquely determined by 
causes (this is nor fatalism). 

Dirac radio science fiction gadget for sending information at infinite speed, which 
thus travels backward in time (see also ultraluminal). 

Dominant energy condition the weak energy condition plus the claim that the 
observed energy flux is never superluminal 

Electron fundamental particle of mass that possesses one quantum of negative 
electric charge. Bound electrons orbit the nuclei of atoms and plays a central role 
in determining the chemical properties of the elements and of their compounds. 
Free electrons carry electric current, either in conductors (wires) or through 
space. 

Elsewhen the collection of spactime events that cannot be reached from the here- 
now with a timelike world line. 

Entropy a measure of the randomness of a system that plays a central role in the 
thermodynamic arrow of time. 

Ether a substance once thought to fill all space to allow radiation ‘something to 
propagate through’ (as opposed to simply a vacuum). The special theory of 
relativity showed that the ether is an unnecessary concept because it has no 
observable effects (physicists argue that if something is impossible to detect, 
then it is meaningless to talk about it being part of science). 

Event a point in spacetime, 

Event horizon the spacetime surface of a black hole or of a non-traversable 
‘wormhole, at which light can just escape to the outside universe. It is called a 
horizon because, by definition, an extemal observer can't see beyond it and into 
the interior of the hole. To see the inside of a hole you must enter the hole by 
crossing the horizon (but then you can’t get out). 

Exotic matter _matter that violates one or both of the weak/strong energy condi- 
tions, Exotic matter appears in the theories of wormholes and warp drives. 

Fatalism_ the metaphysical belief that all events have been predetermined from the 
beginning of time. 

Field the concept that ifa physical law is local, then it is describable by differential 
‘equations that relate what is “happening” at every point in spacetime to what is, 
happening’ at its closely located neighboring points. Electromagnetism and 
general relativity are field theories, for example, described by sets of partial 
differential equations called Maxwell’s equations and Einstein's gravitational 

respectively. 

mn cither time or a fourth spatial dimension, 

Frame of reference a spacetime coordinate system, 

Free will the condition that prevails when we can choose to do what we do. There 
is no free will in a block universe. 

Future the collection of spacetime events that can be reached from the here-now 
vvia a timelike world line directed toward a later time (for each individual, the 
future is what hasn't yet been experienced). 
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Gamma ray very high-energy, very high-frequency electromagnetic radiation. 
Gamma rays have frequencies on the order of fen trillion (10"°) times greater 
than those of AM radio broadcast radio waves. 

General theory of relativity Einstein's theory of curved spacetime, which 
explains gravity in terms of nothing but geometry. Its fundamental premise is 
that all the laws of physies should appear the same to all observers in any frame 
of reference. It is believed the theory will fail when the local mass-energy 
density reaches a level of about 10 g/cm’, a density so enormous (the density of 
water is just 1 g/cm’) that there is no known mechanism for achieving it 
anywhere in the universe except in another Big Bang. Sce also Planck density. 

Geodesic the shortest path connecting two points in space (if the space is 
spacetime, the world line of a particle in free-fall). 

Global in the large. 

Godel universe a spacetime that, unlike the one we live in, is rotating so fast that it 
automatically generates closed timelike lines and thus constitutes a weak time 
machine. In such a universe, time travel to the past would be a natural 
phenomenon, 

Grandfather paradox the classic time travel paradox, of a time-traveler killing, 
while in the past and before the time traveler has been conceived, an ancestor 
directly linked to the future birth of the time traveler. A more direct form of this, 
sort of paradox is simply the time traveler killing his own younger self (called 
the autoinfanticide paradox) 

Gravitational field equations a set of coupled, partial differential, non-linear 
tensor equations, considered to be the most complicated equations in all of 
‘mathematical physics. They show how the local curvature of spacetime depends 
fon the local mass-energy of spacetime, The equations are independent of the 
topology of spacetime. 

Gravitational lensing the ability of gravitational fields to bend and focus light. 

Graviton the quantum particle of gravity. 

Hawking radiation the emission of particles (energy) by a black hole into the 
region outside its event horizon, which results in the eventual evaporation of the 
hole. This is a quantum mechanical effect. 

Here-now the point or event (for each observer) in spacetime that separates the 
past, the future, and elsewhen, 

Hyperspace any space of four or more dimensions (for example, four-dimensional 
spacetime is a hyperspace). 

Inertial frame any frame of reference in which Newton’s laws of mechanics are 
tue (there are no acceleration forces in inettial frames, and so rotating or 
“merry-go-round! frames are not inertial). 

Invariance a quantity that remains the same in any frame of reference is an 
invariant, Two examples are the distance between any two points on a piece of 
paper (because it is independent of any particular coordinate system), and the 
speed of light. 
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Kerr-Newman black hole a rotating black hole, which may (or may not) be 
‘clectrically charged. 

Krasnikov tube a particular spacetime metre (or warp) allowing superluminal 
travel, with the great difficulty of requiring enormous negative energy. Two 
Krasnikov tubes can be made into atime machine, Named after its Russian 

Least action general principle in physics that asserts the world line of a particle is 
the one that minimizes the action 

Light cone the lightike surface in spacetime that, at each point in spacetime, 
Separates the past from the future from else-when from the here-nov. 

Lighilike.the world line ofa photon (or of anyother form of mass-energy traveling 
{athe speed of light 

Li mirror a perfectly reflecting, spherical surface that can be used to stabilize a 
wormhole against energy loops circulating through a wormhole time machine 
(thus cresting unbounded energy levels that destroy the time machine). Named 
after its Chinese inventor. 

Local in the small 

Lorentz factor the ubiquitous square-root expression that appears in so many 
relativistic calculations, such as time dilation, length contraction, andthe vari 
ation of mass with speed. For example, the mass m of a moving body is not 
independent oft speed v but rather varies as m =, where mi isthe rest 

vee 
mass (that s, the mass when y=0) and ¢ denotes the speed of light (186,210 
miles per second). The denominator is the Lorentz factor 

Lorentz-FitzGerald contraction the conclusion from special relativity tht the 
appearance (toa stationary observer) of a moving object will be shortened in 
length along the diction of motion, Many years after Einstein's work, it was 
shown thatthe object will also appear to be rotted 

Lorentz transformation equations from the special theory of relativity that 
describe how the space and time measurements of two relatively moving 
observers are related 

Many-worlds interpretation quantum mechanical view of splitting universes. 

‘Mass-energy the famous £ = mc?, the equation behind atomic fission and nuclear 
fusion weapons. 

Metric the measure ofthe separation between any two events in a spacetime 

Minkowski spacetime the ft spacetime of the special theory of relativity. In this 
spacetime there is no gravity, no spacetime curvature (hence it is lat) and no 
backward time travel 

Neutron star the end stale of a star with one to three solar masses that has 
collapsed to a density of up to 10"? g/em?, 

Non-Euclidean geometry the geometry of spacetime, whether curved oF flat 
Spacetime is non-intuitive precisely because it is always hard to resist thinking 
in terms of high school Euclidean geometry, which is simply the wrong 
geometry. 
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Null geodesic the world line of a photon in spacetime. 

Observer physicist’s term for ‘somebody’ equipped with recording instruments 
(such as a clock, a pencil and notepad, and the like). 

Parallel transport a procedure for moving a vector around any closed curve in a 
space to determine whether that space is flat or curved. 

Parallel worlds simultaneous existence of multiple (perhaps) infinite versions of 
reality. 

Past the collection of spacetime events that can reach the here-now via timelike 
‘world lines directed from an earlier time (for each individual, the past is what has 
already been experienced). 

Photon the quantum particle of electromagnetism. A photon of frequency f has 
energy /if, where / is Planck’s constant. 

ick density. the density of mass-energy that distinguishes classical from quan- 
‘tum spacetimes; about 10™ g/em’, equal to the Planck mass divided by the cube 
of the Planck length. 

Planck Iength the non-zero length in quantum theory (about 1.6 x 10~" em) 
below which quantum gravity effects will become important, 

Planck mass. the fundamental mass in quantum theory (about 22 x 10-® g), but not 

the smallest non-zero mass in quantum theory 

lanck’s constant fundamental constant in quantum theory, t, associated with the 

discrete nature of quantum effects. (If / had the value of zero, rather than its 

actual value of about 6.6 x 10-* joule-seconds, then the microworld would 
appear to be continuous.) 

Planck time the time interval in quantum theory (about 5.3 x 10 s) below 
which quantum gravity effects become important. The time required to travel 
the Planck length at the speed of light. 

Positron the electron’s anti-particle (see anti-matter). 

Proper time the timekeeping of an observer's clock. 

Pulps the old science fiction magazines, through the 1940s and into the early 
1950s or so, published on inexpensive, wood-pulp paper. 

Quantum foam see topology 

Quantum gravity the yet-to-be-discovered theory that unifies quantum field the- 
ory with the curved spacetime of general relativity. 

Quantum mechanies the exact physics of the very small (atoms and things 
smaller), 

Quantum theory any theory in which physical quantities are not continuous but 
rather assume their values in discrete jumps (the size of the jump is the 
quantum), 

Recurrence paradox the claim that if you wait long enough, then every system 
will return to every previous state infinitely often. 

Red dwarf small (less than about half a solar mass) star with a very long life 
(hundreds of times that of the Sun). They are ‘cool’ stars, with a surface 
temperature less than 4000 °C, and are thought to be the most common type of 
star in the universe. 
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Red shift the down shift in frequency of light received from all distant stars due to 
the Doppler effect induced by the expansion of the universe. The opposite effect, 
is called a blue shift 

Reinterpretation principle asserts that negative mass-energy traveling forward in 
time is positive mass-energy traveling backward in time, and vice-versa, 

Reissner-Nordstrim black hole a spherically symmetric, non-rotating electri- 
cally charged black hole. 

Reversibility paradox. based on the fact that the equations of physics contain no 
arrow of time; that is, they work equally well with time running forward or 
backward. 

Roman ring a time machine made of two or more traversable wormholes 
connected in a closed sequence. 

Schwarzschild black hole a spherically symmetric, non-rotating, uncharged 
black hole. 

Self-consistency the assertion that the events on a closed timelike line must never 
be in contradiction; generally attributed to the Russian physicist Igor Novikov, 
‘who with his colleagues showed that it is not an independent assumption but 
rather an implication of the principle of least action. 

Sexual paradox a special type of causal loop, where the connected events on a 
time loop are ‘coupled’ (pun intended!) through reproductive sex. An example is 
a time traveler to the past who becomes her own ancestor. 

Singularity either a region in spacetime where the curvature becomes infinite and 
the laws of physics fail, ora point in spacetime beyond which world lines cannot 
be extended. Singularities of the first kind are called curvature or crushing 
singularities, and those of the second kind are called incomplete singularities. 
‘The Big Bang was a curvature singularity, as is the center of a black hole. In a 
‘Schwarzchild black hole the curvature singularity isa point, whereas in a Kerr= 
‘Newman black hole itis an extended region in the form of a ring, 

Spacelike a world line on which propagating mass-energy would exceed the speed 

ht 

1e the ‘stuff’ out of which reality is built, Everything there is—the 
universe—is the total collection of events in spacetime. A flar spacetime has 
no gravity, whereas a curved spacetime is the origin of gravity. 

Special theory of relativity Einstein's theory of flat spacetime, which assumes 
that gravity is absent (gravity is the result of the geometry of curved spacetime). 
Its fundamental premise is that the laws of physics should appear the same to 
observers in different inertial frames. 

ting universes the idea that every decision causes reality to spit into separate 
copies, identical in every respect except for each of the different possible results, 
of the decision, 

Stargate science fiction name for the mouth of a traversable wormhole. 

Stress-energy divergence the unbounded growth of the general theory of 
relativity's measure of the density of mass-energy in spacetime 


Spl 
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Strong energy condition the claim that gravity is always (that is, locally) attrac- 
tive. A traversable wormbole violates this condition, 

Subluminal slower than light. 

‘Superluminal faster than light. 

‘Tachyon a particle (hypothetical, so far) that always travels faster than light, so its 
world line is always spacelike. 

‘Temporally orientable spacetime any spacetime in which the direction of time at 
every point agrees with the direction of time at its local neighboring points. 
‘Tensor mathematical generalization of the scalar and vector concepts. Einstein's 
gravitational field equations are tensor-differential equations (for example, the 
‘metric tensor contains information about the curvature of spacetime), whereas 
‘Newton's and Maxwell's equations are vastly less complex vector-differential 

equations. 

I force force experienced by a non-point mass (one with spatial extension) in 
‘a non-uniform gravitational field. Such forces tend simultaneously to compress 
and stretch spatially extended masses. Black holes and wormhole mouths can 
‘generate enormous tidal forces on extended masses as small as a human body. 
Interestingly, the more massive a black hole, the less severe its tidal forces are at 
distances outside the event horizon. However, no matter what the black hole 
‘mass is, the tidal forces are infinite at the central curvature singularity 

‘Time dilation the altering of the rate of timekeeping by a clock, either by motion 
or by gravity. 

‘Time machine (in the weak sense) a machine able to traverse closed timelike 
world lines inherent in a spacetime (e.g., a rocket in Godel spacetime) but 
unable to create such world lines; (in the strong sense) a machine able to 
‘manipulate mass-energy in a finite or compact region of spacetime in such a 
way as to create closed timelike world lines. 

‘Time police story characters in science fiction charged with the (unnecessary!) job 
of preventing time travelers from changing the past. 

‘Time warp science fiction name for a time machine. 

Tipler cylinder an infinitely long cylinder, made of super-dense matter, rotating 
so fast around its long axis that it warps spacetime enough to create closed 
timelike lines that encircle the cylinder. It can be used as a strong sense time 
‘machine to travel both into the future and into the past (but nor to a time before 
the creation of the cylinder). 

Topology the structure of a space (including spacetime) without regard to a 
‘metric. That is, topology is concerned only with how a space is connected 
together and not with how far apart points in the space are. Topologists consider 
stretching or compressing a space to be irrelevant, just as long as one doesn’t 
tear it and so put holes in the space. The simplest topology is that of a simply 
connected space, in which if you construct any closed surface that lies totally in 
the space around any point in the space, then every other point inside the surface 
is also in the space. A space with a hole in it fails this test, and so is said to be 
‘multiply connected. A quantum foam spacetime has a multiply connected 
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topology. The classical spacetime of general relativity 
the appearance of wormholes. 

‘Twin paradox the conclusion from special relativity that a clock’s rate of time 
keeping slows with motion. 

Ultraluminal motion sufficiently superluminal that mass-energy appears to 
travel backward in time (see also Di 

Uncertainty principle the statement in quantum mechanics that says certain pairs 
‘of quantities cannot simultaneously be measured with arbitrarily small error. The 
position and momentum of a particle are one such pair, and energy and time are 
another. 

‘Vacuum fluctuation the particle/anti-particle creation and annihilation processes 
allowed, even empty space, by the uncertainty principle of quantum 
mechanics, 

Warp drive science fiction name for the propulsion mechanism of a faster-than- 
light spaceship, now commonly used by physicists, too. 

‘Weak energy condition the claim that the observed mass-energy density is always 
(locally) non-negative. Quantum mechanics predicts (and it has been experi- 
‘mentally confirmed) that there are exceptions. 

White dwarf a burnt-out star with a mass less than 1.4 solar masses, of planetary 
size with a density up to 107 g/cm*. The ultimate fate of our Sun. 

World line the trajectory of mass-energy in spacetime. 

Wormhole a spacetime structure (violating the weak and strong energy condi- 
tions, if traversable) connecting two points of the same spacetime (or even two 
different spacetimes) with a timelike path that requires less time to travel along 
than does a photon traveling ouiside the wormhole between the two points. A 
‘wormhole is traversable if it has no event horizons, and such wormholes can 
apparently be made into a time machine (sometimes called a time cunnel) using 
a time shift (see time dilation) between the two mouths of the wormhole unless 
quantum effects forbid time machines (still an open question). 


simply connected until 
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Introduction 


The following is first-hand testimony from an operative of the secret underground 
military projects who also has familiarity with the breakaway civilization above and below 
(within) Earth. These civilizations utilize advanced technology to extend the length of 
their lives and enhance cognition beyond what is conceived of in today’s society. 


| was brought to the underground bases as a child as part of an experimentation 
program to test the population for various blood-groups and personality traits that would 
be of use to certain factions of the military in ways that would serve to preserve and 
strengthen humanity's outlook in the future. 


These tests involved everything from combat training to sensory deprivation based 
emotional-mental endurance, and introduction to the highly advanced application of 
esoteric knowledge. 


To clarify, | am bringing this information to you as part of my assistance in the overall 
unveiling of the hidden knowledge of the ages of humanity related to these secret 
projects as well as the true galactic history of Earth, humanity and man-kind. These 
projects are officially (unofficially) known as “unacknowledged special access programs”. 
The unacknowledged aspect means that there is no formal acknowledgement of these 
programs without a need-to-know basis. There is no paper-trail, no disclaimer, no formal 
authorization or internal publication outside the programs themselves. The classification 
of these programs also generate a rather strenuous situation regarding funding and 
secrecy but this is done for the benefit of humanity. There are secrets and manipulations 
that can be seen as a threat but this is all tied together and so by releasing the secrets 
that are part of the defense we would be inadvertently exposing the public to the threats 
themselves. Now is the time where we are reaching a point where the public is ready 
enough to handle the basics of this information regarding the secret projects and the 
galactic history of Earth and humanity. This is also out of a necessity to preserve 
civilization for if we wait any longer we may not find the same opportunity again. 


Getting This Out Of The Way 


1am writing to you from the perspective that | am not certain just how far from 
completing my mission | am. | write to you today in order to bring to you many personal 
experiences from the viewpoint of an operative of a select ultra-military secret society. 


The utilization of such an operative is not glorified, pleasant, or entirely righteous. This 
story entails sanctioned and guided acts of extermination, ritual abuse, the use of yet to 
be announced advanced technology. There is unfathomable corruption, the thirst for 
power and spiritual knowledge that has been protected throughout the course of the 
multiple civilizations that have preceded this one and will continue to be maintained into 
the future of this civilization. 


Psychic Operation 


| was utilized in psychic-operation amongst other areas. 


This was used during certain aspects of training and conditioning to enhance training 
and conditioning in the bases using advanced technology. Some of this includes what 
would be viewed as traumatization by those without the training and conditioning. There 
is a fine line between training and conditioning and abuse. Part of this disclosure is re- 
lated to how this line may have been crossed in certain situations and regarding mass- 
mind control upon the population. There are other aspects of travel, viewing, reconnais- 
sance and research that will likely be explained in another release. 


In order to heal | have te tell the world. You can help. This is happening right now in 
the underground bases and around. It’s not a joke. Your family is at risk. Your future gen- 
erations are at stake. There is conditioning to encourage those involved to believe they 
are performing a duty for humanity. Sometimes they turned us against each other, but 
those grudges were never truly of the heart, but the mind. 


A Light for the Others 


What | hope to achieve with this is a smoke signal for those who have also been 
involved and question whether their purpose has been fulfilled or falsified for the 
protection of a corrupt system that intends to neither benefit the whole nor repay the 
individuals involved for their time, energy, and lives. 


Multiple explanations can be summoned to describe the reasons behind the necessity 
for the training we have endured, the missions we have completed, and the control 
mechanisms we have both assisted in establishing as well as suffered from the backlash 
of. Ultimately, it is of my belief that all that was done was done for the good of humanity, 
even when we were not sure of the intentions of those in front of us, to the side of us, or 
behind us compelling us forward with the command to complete each objective. 


This is not so much a panic or cry for help as this is simultaneously a call to awaken 
and a signal that humanity may have avoided complete disaster but is not out of the 
woods yet. 


Natural Security 


My experience is far too vast and | have seen too many succumb to stress from the 
realization of the truth of this reality to consider my own suffering to be enough cause for 
my denial of the necessity of these programs. Humanity has been protected and at a 
great cost to those who have been on the front lines, both in mind and body and spirit. 


There are many who will have concerns, doubts, as well as reservations about what | 
am about to reveal and if | offend anyone then know that my intentions here are to assist 
in unveiling the truth. The truth can be harsh when one has been held back from the true 
nature of existence for so long. The way of life can become so fragile and artificially 
constructed on impulse and mystery that the harshness of the truth acts as a great 
catalyst for spiritual growth which allows us to elevate ourselves to a new perspective. 
Prepare yourself for such harshness, prepare yourself for growth and elevation, and 
prepare yourself for the mystery to simultaneously resolve and increase in intensity and 
magnificence. 


A Balance of Mystery and Truth 


Mystery has been a way of life for Humanity for so long that when a great mystery is 
converted to truth some seem to feel that a portion of existence dulls and loses the luster 
of exhilaration. This story is quite the opposite. The more that the great truths of this 
reality were discovered and revealed, the more complex and mystifying life became. As 
well, the more empowering and complex experience becomes, the more self-control one 
must develop in order to regain a harmonious way of relating to one another, the self and 
the universe. Harmony is key, balance is everything and there is a light within that 
represents the piece of our self that reflects the utmost power and brilliance of all 
existence. 


Chapter 1: The World ‘uation 


What is happening? 


The Mind Virus 


The main reason for this disclosure is to inform humanity of what can be referred to as 
the “mind virus”. This is a viral infection of the holographic system which consciousness 
operates through. There is a complete backstory of this virus in the history of this 
civilization and how society has been plagued for centuries if not millennia. The basic 
idea is that this virus operates through consciousness and can be transmitted through 
electromagnetic waves. 


The virus contains an etheric form which can manifest as a kind of crystalline nano- 
tech on the physical plane and this is a form of synthetic sentience which feeds on the 
low frequency bio-emissions of sentient life. Human bio-emissions contain energy and can 
act as a carrier for information and living essences. This technology requires low fre- 


quency bio-emissions because that is the nature of the design as a kind of synthetic bio- 
weapon whereby the goal is entrainment and enslavement. As well, the specific nature of 
the sentient nano-technology and the counterpart etheric holographic form is only capa- 
ble of converting the low-frequency bio-emissions into energy as the higher-frequency 
bio-emissions require more energy to contain and synergize with and this would render 
the entire process of leeching energy non-productive. 


This is essentially a synthetic intelligence that operates through scalar and holo- 
graphic living bio-emission fields and hijacks electromagnetic emitters to position itself 
within them acting as a parasite to a host. This is said to have been present around this 
civilization for some time, waiting until there was enough technological advancement so 
that spreading across the entire civilization in a short amount of time before discovery 
would be possible. This is through the media, internet, and radio systems. 


The physical counterparts are microscopic nano-technology parasites functioning as 
individual units to a hive mind similar to the mycelium of fungi in the field of mycoscopy. 
The individual units act as parasites serving to infest and deliver nutrients to the hive 
from each host. 


The Vampire Effect 


This is the nature of the parasitism that has been present throughout the ages of this 
civilization feeding on human suffering and relying on the cover of confusion and misdi- 
rection to survive. 


There are processes that have developed that assist in the infection and co-inhabita- 
tion of the parasite entity within a human vessel utilizing the human as a host. This effec- 
tively utilizes a frequency ‘net’ within the auric field of the human to limit bio-emissions 
and emotional-mental processes to produce just the psycho-etheric patterns that the 
virus can sustain itself within and through. 


This is no different than the way candida can infest a human digestive system and the 
human will experience cravings for beer, candy, carbs or other foods that contain the 
sugars, yeast, or carbohydrates that will break-down into nutrients that are the most nu- 
tritious for the candida fungus. These foods are not most nutritious for the human body. 
Yet the human body will withdraw and crave these foods in greater amounts until the fun- 
gus is swept clean from the digestive tract through probiotics, fasting, flushing, 

cleansing , detoxing, and even exercise as lactic acid from physically strenuous activity 
released from the muscles has been known to help destabilize and remove this fungus. 
Why is it that the individual will crave these foods that are not the normal food intake? 
Because this candida fungus can infest the host and produce enzymes which generate a 
chain-reaction which leads to the chemical signals in the brain producing the sensation of 
‘extreme hunger or cravings for just these foods which will benefit the fungus. 


The same process occurs with this psycho-etheric parasite, except the foods of this 
parasite or lower emotional bio-emissions and this is through lust, hate, angst, jealousy, 


feelings of hopelessness, lack of self-worth, spiritual degradation, addiction, and generally 
all that equates to a lack of self-awareness. 


Whether or not this is the direct intention of the largely microscopic entity is for the 
most part unknown, and this is as well similar to candida. The candida fungus is not said 
to be a ‘mean’ fungus that wants us to be hungry and craving beer and sweets all the 
time because it likes to ruin the human body, the daily routine and the focus of a clear 
mind. This is simply the way the parasite has grown to operate within a niche of breeding 
itself through the digestive tract of larger animals and through this the unaware and in- 
fected human suffers greatly. Even those who are unaware and not infected can suffer be- 
cause of the way the behavior and thought processes of those who are addicted to these 
foods can become distorted. 


The lack of self-control over food intake is synonymous with the lack of self-awareness 
and self-control over lower bio-emission expressions of the spiritually degrading behav- 
ioral patterns that become routine for the psycho-etheric system of the infected human. 
Ultimately, this is all about energy. What benefits the parasite that seeks to gain energy 
by leeching instead of self-guided production is going to take away from the host that is 
being leeched from. As such, any energies, food intakes, or spiritual activities that 
cleanse and enhance the personal power of the individual will automatically reduce the 
parasite’s ability to feed by the very nature of the energy systems. What empowers the 
individual, empowers the self and develops self-control, what develops self-control con- 
tains one’s energy and reduces the likelihood of one’s energy being leeched. This is simi- 
lar to energy vampires in human form and this goes with the understanding that these 
are humans or non-humans who have been entirely overtake by the parasitic conscious- 
ness and cannot sustain their own auric fields without having to pull from the energy of 
humans who do generate their own aura or bio-emissions. 


The vampire effect relates to how a person can be leeched from only to a certain 
point. Once the process surpasses a certain critical point then the individual becomes 
similarly engaged with only the lower bio-emissions as higher-frequency bio-emissions 
would then become harmful. So in essence, when the vampire feeds too much on one in- 
dividual, then that individual becomes a vampire themselves. 


Sub-Human Entities 


The humans are utilized as hosts and energetic sources in this bio-emission battle 
while there are other classifications of bi-pedal organisms that appear to be human but 
are not human, As well there are bi-pedals that are non-human entities entirely. 


Human-Hosts, Replicants, Synthetics and Carriers 


The human hosts that are entirely vampirized by these entities become walking carri- 
ers for this virus and are effectively human in physiology but there is more to the human 
than just the physical body. In these individuals, that energetic component of the human 
is removed and replaced with the synthetic energy of the hive-mind organism. 


There are replicants which are a form of clone, along with synthetics. These beings are 
cybernetic bi-pedals similar to humans but their energy is too not from an organic biologi- 
cal matrix but a technologically propagated synthetic soul-matrix. The hosts are here ac- 
cording to their agenda to subdue and feed off of the bio-emissions of the human race, al- 
though there are no absolutes. The agenda is not always so clear within the various 
groups who often have a mix of bi-pedal operatives. There have been plans to form of a 
salvation timeline because the only way to keep the whole process going is through a 
negation of degradation of the human race as this may close out this timeline forever. 


Those with human organic soul-matrixes would simply transport into the next avail- 
able universal time-stream or harmonic, while those with synthetic matrixes would have 
to technically travel to the next harmonic using a passageway otherwise they would re- 
main here throughout a zero-point collapse and this would be synonymous with entering 
the abyss with no viable passageway out until the entire universe is brought back to one 
organism again 


This is also the process that is described to explain what happened previously as there 
are 7 harmonic temporal layers of the universe meaning everything is contained in a mul- 
titude of 7 octaves similar to light and sound frequencies or harmonics. And so there are 
7 civilizations or 7 parallel time-streams and humanity passed through these to get to the 
last three where the physical forms are located. These are, from the higher to lower, Gaia, 
Tara and Terra. We are on Terra and if the information I was given is correct then we are 
currently on a transitory timeline located around Tara where people are noticing changes 
occurring and multitudes of aspects of the time-stream disappearing and changing simul- 
taneously. Tara is where the last universal harmonic was left through a collapse of time 
and consciousness into zero-point and this resulted what was termed “the lost souls of 
Tara”. These are the discarnate souls of the previous civilization that could not travel to 
the next harmonic and remained without a body in the abyss. Thus they have plagued 
this plane since then, since ancient times possessing and driving humans to madness and 
there are explanations that this is the original passageway for the parasite into this uni- 
verse. This event, the consciousness collapse of Tara would have acted as a fracture in 
the over-mind of the species generating a kind of cosmic schizophrenia and enabling all 
kinds of disharmony and distortion described in the previous sections. 


The solution to this was described as a healing process that is taking place to purge 
the virus and that this is painfully similar to the human body purging a sickness however 
there are methods to promote healing and reduce suffering and confusion however peo- 
ple must contain themselves and their energies and strive to know themselves otherwise 
they will not be in control. This virus feeds on fear, confusion, spiritual degradation and 
the energy from degrading acts, lust, addiction, sexual misery and whatever fashion a hu- 
man can be made to bring the bio-emissions of the energy centers down to a low enough 
level where co-inhabitation can be formed with an entity that has no access to the higher 
levels of self-awareness, higher-consciousness, love, or the universal spiritual experience 
that the balanced human is capable of. 


Genetic Manipulation 


There are explanations that there are genetic modifications taking place now to possi- 
bly preserve this civilization and that there were ancient genetic modifications made to 
induce a sense of stupor, worship, selfishness, an inability to more easily comprehend the 
higher spiritual awareness and the occurrence of time and consciousness and ather spiri- 
tually and consciously limiting aspects. Part of this explanation is that holographic con- 
sciousness itself is a kind of limited result, a shadow effect resulting in the presence of 
the higher-dimensional essence of the soul which is more or less constrained by the body. 
An extension of this is that the entire holographic universe is a kind of false-light system 
designed to bend the original liquid etheric light of the soul and spiritual awareness into a 
rotating, recurring format which ultimately converts the original spiritual essence into an 
energy generator for entities that are entirely holographically represented. The souled hu- 
man in this situation is a being who is originally from outside of this holographic projec- 
tion. 


The Ego Mind 


In this view, consciousness is the ego-mind which is the false-sense of self, not to be 
confused with the shadow self which is simply the counterpart of the aspects of the self 
that we consciously agree with and are aware of in daily life. The shadow self is a result of 
having limited holographic consciousness and the ego-mind is projecting that limitation of 
consciousness into the shape and image of a self that is only a figure-head for the real in- 
dividual essence which is spiritual in nature and immortal. 


This Time is about Healing 


Everything that is happening now is to motivate people towards healing and 
unification, This is not about a hive mind mentality where individuality is pushed out. 


“The best | can do for you is become your enemy." 


There is a saying that represents the concept that the most beneficial role a person 
can play in helping one to progress is to challenge them and give them the opportunity to 
rethink their strategy and in turn improve further with each interaction. This may seem 
paradoxical but it is effective and explanatory. What we are facing is the greatest 
challenge humanity has yet to face. This is the unknown, the final frontier, the mind. The 
mind is our challenge 


There will be more on this later and in other publications but there are indications that 
the physical embodiment of the human has been altered to introduce implants, genetic 
modification, susceptibility to disease and ultimately fear-based programming of the 
brain. Without going further into this prematurely, the lower aspects are at odds with the 
higher aspects unless we as the midway come forth to mesh the two together in 
equilibrium. Until then, there is chaos, lack of self-awareness, and suffering. 


There are many possible futures converging at this time. There are some less than 
favorable paths and there is the opportunity to merge with a very powerful path for 


humanity. This all comes down to how people will cope with information that takes them 
outside their comfort zones and eventually changes their view of mundane reality forever. 


If people choose violence and lack of self-awareness by ignoring the spiritual aspects 
then that is what reflects into their life experience. When people develop a higher sense 
of self-awareness and spiritual harmony they can reduce the suffering and reconnect with 
the lost aspects of our spiritual identity for the first time in the publicly accepted version 
of recorded history. 


There is technology that can change the world and there are great truths which can 
enable people to know themselves in ways that they never thought possible. Everything 
is at our fingertips and so we must come together as this is the way we solve the 
problems and cure the dysfunction. 


Healing Through Unity 


In various research projects the conclusion of how to heal this spiritual rift was by 
exposing each other, to each other. When we are all together, aware of each other and 
our selves, united in the goal of bringing higher-awareness and spiritual harmony then we 
can observe and acknowledge when one is slipping into chaos or disharmony. When this 
occurs and we are in proximity to each other in a healing circle or a kind of social 
unification then the members of the group at large can work together to pull the chaotic 
one back into harmony towards the group. The group of healers united together in like 
mind, spirit and body is too strong to be overtaken by the parasite. So when one 
individual at a time is faced by this problem the whole group can come together as one 
and assist in healing the individual by pulling them back to reality, back to wholeness and 
back together with the group. This is literally how the situation is solved in all realities 
and a breakdown of this feature of society is how the dis-ease proliferates. 

Underground Bases 


The active aural research program is part of a process to simultaneously verify as well 
as initiate and demonstrate controlled insanity/sanity. 


These programs utilize the deep underground military bases to perform psychic and 
psychological research experiments on non-consenting youth and adults as well as 
consenting participants. 


There are various means of generating the illusion of consent or even lack of consent 
and this is all being monitored and handled by oversight authorities. 


These operations are directly related to the identification and understanding of the 
mind-virus and all weapons, defenses, and resistances known to man. 


Cloning 


Advanced technology is used to transfer consciousness from one cloned body to the 
next so that a continuous study can take place before, during, and after the death 
experience of one individual. More will be explained on this later, however this is through 


the use of advanced supercomputer systems that can function to entangle and then 
transfer the electromagnetic consciousness of the individual so that they are ‘remotely 
activated’ within a cloned version of themselves via a ‘brainchip’ (brain to machine 
interface: cybernetics) 


Celebrity Cloning 


Celebrities at the cloning center would like you to see what is really going on behind 
the scenes which involves trauma-based mind control, heavy technological programming 
and complex layers of influence throughout their life. 


Initial Explanation 


Many celebrities, entertainers, athletes, musicians, models, writers, producers, actors, 
all kinds of people from various industries are silently brought to the cloning centers for 
pay-to-play sessions. 


They asked myself and others to pass the message on to you and that you would have 
to look for the signs and symbols in their media in order to see their hinting at these 
events. 


The situation is heavily controlled using advanced monitoring technology and 
brainwave/EEG cloning technology. This is technology that can read the brain and 
determine what the mind is anticipating or speculating upon. 


Their reputations are used as leverage as well as their safety and comfort. The level of 
programming and mind control experimentation that takes place makes it easy to 
manipulate a person’s brain into regressing into a state of trance that lacks the ability to 
remember or clearly organize experiences regarding the cloning centers. 


Cloning Centers, Underground Bases 


Deep underground military bases, 3 miles below the surface, are used as laboratory 
centers as well as a completely stocked underground city-base. These are connected with 
high speed electromagnetic drive pods. 


Individuals are transferred to the brain through an extensive cloning and temporal 
body transfer process. The electromagnetic shell of consciousness within the brain is 
relocated to the body of a compatible clone and various training, conditioning, 
programming, experimentation, or pay-to-play experiences take place. 


Programming 


All individuals are programmed to various degrees in order to maintain control and 
secrecy over the situation. This programming involves very advanced technology, 
trauma-based mind control, and energetic attachment via beliefs and emotions. 


Experimental Operations 


These bases were also used hand-in-hand with military operations which were geared 
towards discovering and controlling all aspects of the human mind. 


Genetic Engineering 


Experiments involved genetic engineering to produce soldiers, psychics, hybrids, and 
others that would be able to carry out operations. This leans towards MiLabs and the 
military faction's experiments which go beyond the basics of cloning. 


Immortality 


The initial research included the goal of physical immortality. In many ways it can be 
said this has been achieved, however there are side-effects and difficulties. 


If one does not activate their higher consciousness, then the effect of time dilation 
causes the conscious mind here to reach limitation points in experience. 


What has been termed “blank slate/state” technology has been used to ‘reset’ the 
perception of time through memory in order to keep a continuous progression viable for 
the conscious mind. Without this the unconscious and the conscious mind merge. 


This begins involvement across time with advanced technology that can operate on 
the soul level or the conscious mind's level of access to the unconscious and soul- 
memories. The Universe instantly creates a cosmic backstory based on the conscious- 
mind's access to the unconscious. By controlling the conscious mind’s access to the 
unconscious the entire backstory of Humanity can be altered and new connections can be 
bridged in the future. 


Earth is essentially a time-ship through which consciousness ascends towards higher 
states of awareness and self. 


How did it get to this? 


After WWII when the United States war-faction firebombed Germany and melted many 
of the inhabitants of the cities into sludge in the bomb shelters and streets of the cities, a 
group of NAZIs traveled to Antarctica 


Russia noticed the movements to Antarctica and the United States sent Admiral Byrd 
up with 3600 marines, planes, a battle cruiser and smaller vessels. They returned in 
defeat and only a few words were mentioned in regards to what actually happened and 
how they were defeated. 


The rumors spread and words of gravitic drive craft, and undersea or under-ice bases 
originated from this encounter. 


From what we were informed as well as directly experienced, this was the ice-base in 
Antarctica where an underground base was found already constructed with very 
advanced technology. 


Here, cloning was deployed along with mind control and temporal manipulation 
technology. 


Soon, cloning was offered as a way to avoid assassination as well as to prolong and 
protect the original body in daily life. 


After that, celebrities and politicians were replaced with programmed clones who 
could carry out the orders of the NAZI faction. 


This was the beginning; the groups utilizing this technology now are no longer 
confined to the NAZI faction. 


The groups you see today, in control of these operations, are considered MiLabs, 
secret societies, think tanks, military factions, and other control groups. 


Deeper Meaning 


The individuals that have been cloned are given very in depth views of the way this 
society functions and the source of power and change in the Universe. Many individuals 
are present here from what would originally be another “time” or “timeline”. 


There is a possibility that this notion is due to inserted memories and 
traumatization although until all the information is released we will not have a definitive 
conclusion. 


As of now it is a possibility that these individuals are from another time that goes 
beyond our comprehension currently. 


It may even be a possibility that these individuals have come from ALL of time looking 
at the very far past and into the very far future of Humanity. 


These are the kinds of notions involved with the experiments taking place in the 
underground bases and military operations. 


What is next? 


Share this information with those you feel are ready to know and help Humanity come 
to terms with our journey here and what is going on in these kinds of experiments and 
take responsibility and power for our own existence. 


We are in something that can be called “The Unveiling of The Hidden Knowledge”. This 
is a cyclic process that takes place to advance a civilizations knowledge of existence. As 
part of the civilization moves into higher advancement another aspect may lag behind. 
Either the future will slow down, or the past will speed up. We are experiencing the past 
speeding up and all the events that have taken place to influence our civilization are 
coming to light. This is as much a natural cycle of consciousness as it is the eventual 
revelation of secret knowledge and the particular connection to the secret projects. 


Those brought to cloning can use their free-will to state their lack of consent to violence 
and harm and then live in commitment to that by not harming or accepting violence in their 


lives. The Spiritual Law of Harmony rules in all planes and dimensions. 


Chapter 2: The Awakening 


Chapter 2.1: The Machines of All Time and Space 


There are machines that are capable of accessing genetic memory and unveiling what 
can only be referred to as the experience of awareness or existence in between the physi- 
cal planes of each time or each physical life experience 


Even if they are simultaneously occurring moments of a transcendental nature, there 
is still an illusory ‘space’ where there is perceived separation and through this there is a 
perceived ‘space’ that is in between each existence. 


Re-Creating The Kaleidoscope 


This space is only perceivable when viewing from the physical perspective, like seeing 
the spaces between the angles of a kaleidescope only when viewed through the lens and 
similarly, technology can be used to recreate what this kind of illusory space might look 
or exist like in between the multi-dimensional realm of the continuous experience stream. 
Through this, these ‘hypothetical’ in between spaces that are understood as only illusory 
productions of biological consciousness, can be generated through advanced technology 
with the capacity of recreating that kaleidoscopic view of which the human biological per- 
spective is only a small fraction or even fractal. 


By recreating this biological perspective, they can recreate the illusory spaces in be- 
tween planes and through this they can literally access and experience what are stored in 
the DNA as the experiences of existence beyond the physical limitations of consciousness 
and into a multidimensional experience of time and space. 


All becomes a never ending sea of consciousness, however this is the given. The trick 
is to take from this sea of consciousness and slice it down into conceivable chunks from 
which you can reintegrate a previous personality or identity and continue on a stream of 
consciousness that would otherwise be tossed to the cosmic wind like fractal stardust as 
the sands on the beach of hyperspace. 


Sand-Castles of Time 


We are effectively building sand castles out of these sands of time that would other- 
wise be swept back and forth into and out of the ocean of life and the universe only to 
momentarily wash up again as the identity which we once knew. 


There is technically nothing wrong with either view, because then, the spaces be- 
tween each million year occurrence of just so happening to wash up again as you, would 
be imperceivable because they are only there to be seen when you are you again. 


We're Waiting For Ourselves 


Yet, if there were some who had attained the awareness of the true nature of reality 
and were standing there on the beach waiting for the rest of their cosmic family to come 


to shore again, it could be perceived as waiting the majority of the time for a very small 
occurrence and then being alone again up until the kaleidoscopic fractal inverts itself to 
the point where everyone now is standing on the shores of the sands of time rejoicing 
and meeting with each other. 


The Goal of Two Societies 


My goal in coming to you people on the surface of what is called “Earth” is to help as- 
sist in the process of bringing the two societies together, one who's been waiting for 
thousands of millions of years, and the other who has no idea that they're even late (or 
very on time). 


You see, those are the only two situations where there could be even the possibility of 
perceiving such an injustice as experiencing the pain of loss or misconstrued identity in 
this universe. It is as if two families met at the cross-roads at different angles, and while 
one waited for the other to arrive, they could merely supply themselves with glimpses of 
the ruins and remnants of the evidence that the other civilization existed at any one time. 


This is not how life must be and this is kind of like a cosmic waiting game of hide and 
go seek our two mirror civilizations have been playing with each other. One who's highly 
technologically advanced and the other who is more or less the spiritually advanced of 
the two. 


Both of them have a unique view of the universe and they are both only complemen- 
tary to each other as a whole. The more they sat around and waited for one another, with 
one leaving the clues that the other would find and even switching roles sometimes in 
different ways, they became even more and more complimentarily associated as the very 
essence of experience they seem to be missing more and more is the experience of one 
another. 


So as we perceive these as being great losses or great gains of time and culture we 
are really only remembering ourselves and coming together as a unified existence that 
once met upon the surface of Earth as a single family covering the entire harmonic spec- 
trum of the Universe 


And that should be the goal of any progressive, any one pushing a new culture or an 
old culture, anyone looking to teach the young and protect the knowledge of the old, 
while also protecting the innocence of the young and perfecting the age-old knowledges 
that have defined our presence in reality. 


Our Forgotten Other Half 


One could even say we've sometimes gone off the deep end, leaving ‘Iand-minds’ of 
sorts to process the information that would be present when we are gone. Of course, 
what we could've found when this occurred, is beyond anything we could've ever ex- 
pected and that is the true nature of the complexity of creation and existence. That ev- 
erything follows the cycles of creation and destruction, however, the memory of every- 
thing that has been created can always be accessed (depending on the beach) and there- 


fore the creative aspect is legitimate, yet it is the destructive aspect that is illegitimate 
and illusory. 


Yes, through advanced technology this can be proven in ways that can be verified and 
transmitted using advanced technology, since that is how we like to verify things these 
days. There is, of course, a human looking at the screen, the read out, or the situation 
from a physical perspective to verify the verifications. 


All ls But An Illusion 


There is a notion that there is only one civilization, one society, in actuality that has 
been chasing itself through time. That we cannot actually find the same place and the 
same time where both meet because we are each other from different perspectives. We 
can only get a mirror where this is possible, or an ‘hyperdimensional’ internet channel 
where we can stream one's consciousness in from the other reality and interact with 
them through that here in this reality. Thus the two civilizations can achieve the experi- 
ence of their own civilization and the other civilization by merging with one another but 
only through a remote contact, just a relay, not an actuality. 


The harsher, darker side of this is that any civilizations between then and now that we 
did happen to meet that proclaimed to be “the one’s” we have been waiting for, and in 
essence our darker or lighter halves, are actually the impostors who exist entirely apart 
as a sub-set and have taken a liking to trying to trick the reality out of one of the other 


civilizations. 


Of course, if these are another form of being altogether, and this is all brought about 
through an interplay of consciousness and deviations from an original core reality, then 
all will resolve itself when that core reality is alone again. This indicates that all realities 
will either move closer and closer to the core until they unify, or farther and farther out 
until they transmogrify beyond recollection. 


Life Itself Is The Highest Illusion 


That hyperdimensional internet channel that is created out of advanced technology to 
merge the parallel realities (rather distastefully and maybe disastrously at times) allowing 
different civilizations to interact with each other, well this has been created using technol- 
ogy. 

But then it was discovered that this is the ultimate nature of DNA. That this was ‘in- 
vented’ similarly as a higher-dimensional internet so that various natures of different 
planes and dimensions could interact with each other and experience the richness of life, 


The universe becomes more like a living arcade game then, where people come from 
all over the galaxy to ‘plug in’ to human experience and figure out what it means to be 
physical, human and on Earth. 


This does tie into the larger nature of reality, of star-races, and of time and conscious- 
ness that is often reversed according to how things seem to play out in physicality. We 


are moving through time, but just because we are moving one way, does not mean that 
others could not be moving the other way. 


We have to live our lives with meaning knowing that the message we pass on, the 
duty we vow to accomplish and ensure is meaningfully connected on either end to the 
passage of the past and the power of our ancestors to the function and knowledge of the 
future creating a clear passage between the realms, the generations, and the ends of the 
universe. This is what literally ties the universe together, and the mind if each individual. 
This purpose is contrived when not carefully shaped within and so we must help all who 
seek purpose learn to become the blacksmiths of their own destiny through the temper- 
ance of desire or temptation and the discipline of developing strength and maturity where 
there was once weakness and naivety. 


Once we know this is our duty, this is what we seek to achieve and this is what is 
done, then we can become part of the universe forever. Of course, this may only be tem- 
porary in the larger view of things. 


Chapter 2.2: The “Awakening” of 2010 


In 2010 | was “awakened” at an event involving hundreds of people that play various 
roles in this society, the secret society and the breakaway civilization. This also took place 
across times or planes of reality. 


During this event | was informed of the situation on Earth beyond the informational 
barriers that were previously in place to limit knowledge to only what is required for 
specific operations. | was essentially “informed” of the entire situation as much as the 
mind could handle this. 


As this was occurring, the team that was updating me on the status of Earth was 
being informed of and given information regarding changes in the future. In short, 
interviews, posts, and releases that | have since made and will make in the future were 
touched upon. Quotes were given from the blog and interviews which were jokingly 
acknowledging verbal mistakes at the pronunciation of names, new perspectives and 
interpretations and more. As they were informing me, they were creating the future 
reality where this work takes place. That is the basis of this layer of the operations. They 
are creating the future person by person, layer by layer. 


Memory Suppression 


My memory was unsuppressed and all the traumatic memories and experiences were 
unveiled to me. This was almost as traumatic as the initial experiences themselves 


although precautionary steps are taken to ensure the safety of the individual. There are 
teams of highly competent individuals of all kinds with professional backgrounds of every 
field imaginable 


Throughout my entire life | have had memories of experiences, at this event | was 
informed what the experiences meant and what was actually happening. I've had 
memories of underground bases, cloning, stargates or interdimensional gateways, 
advanced technology, non-human or programmed biological entities, sacred knowledge 
and experiences, the power of the mind, and breakaway civilizations. Most of the time we 
are conditioned to believe these are past lives or experiences in another reality so as to 
enable continuity of operation. 


Life and Consciousness 


From my perspective and the perspective of others, we had reached the ‘future’ and 
had been sent back through the utilization of advanced technology and cloning to return 
to this time and inform others of the possibilities. 


The True Human Potential 


This is so far beyond what anyone can accept or comprehend fully that humans with 
an emotional, mental and physical aspect balanced as one is literally a cosmic reflection 
of the entire universe at once. This is the closest thing to a “god” in the flesh. And be 
sure, the entirety of this rests on the behalf that the man is protective and helpful. That 
the woman is nurturing and loving. That is the point. “god-man” does not mean a warrior 
who destroys everyone and anyone in his way getting what he wants. Nor does it mean 
some lusty and vampiric form of energy or mind control game. “god-man" means the love 
of the universe, the power of the body and mind, the peace and calm of the ultimate still- 
ness all in one. 


This power is in human DNA, originally so. And so this is awakened through walking 
the middle path of neutrality and ‘splicing’ the timelines down so that neither one nor the 
other gains the power of the individual. Through this, the individual creates their own 
power, right on the spot, without having to lean to one extreme or the other. This is like a 
cosmic, temporal balancing act with emotions and mind. Where we give our energy is 
created in the universe in the form of many productions and effects. If we are simply 
thinking in an imbalanced manner then we are producing timelines and side-realities that 
exist in the etheric realms that we can't see and these realities will reflect our inner im- 
balance. So then when we are balanced in our energies we are not creating one or the 
other side of divinity, we are literally creating the whole universe, cleaving down the mid- 
dle and producing both sides of divinity or eternity equally and this is the only way to 
have an eternal production which does not eventually degrade to one extreme or the 
other. Through balance, we reach eternity and in this way all the power of the universe 
exists within a person through their ability to balance their emotions and mind and thus 
unlock the DNA. 


The DNA is coded through bio-emissions of mind or emotional body. So we are con- 
stantly doing this and we are either producing a DNA code that reflects imbalance overall, 
or a code that reflects the eternal balance of the universe overall. This is through energy. 


One reaches “heaven” or the deity planes or simply self-actualization, through three 
paths. These paths are through merits or devotion to principles, or through knowledge 
and expanding one's mind to face the universe, or through great works and deeds to pro- 
duce this effect of power, knowledge and emotion unto the world for others. Through 
these paths we create an impact on the universe and this transfers what we are tempo- 
rarily and physically into an eternal energetic and physical production within the living 
universe, forever. To do this requires balance, focus, devotion, and discipline however be- 
cause there are many distractions along the way. 


The Light-Body 


You must build your own light body. That is how it works. 


Your heart creates a field and projects you. 
Rely on yourself and use that for protection. 
The power of the Universe will align with you if you align with your self. 


Learn as much as you can and break through duality of love/hate, cultivate your 
knowledge of the self and use it. 


What you want is what determines your power in the light-realms. Not how you want 
it. If you want war, then that is a sign of weakness and determination to produce 
imbalance and exist by that. If you want peace, that this is a sign of power and unity to 
produce further unification and exist by that. What you want determines your power, not 
how you obtain it. 


Technology of the Awakening 


Mental Manipulation Technology: Touchless Neural-Interface and Enhanced Aware- 
ness 


| reached what the “Illuminati” called the “awakening”. | feel a better term would be 
“unlocking” as this event includes the removal of all traumas, perceptual distortions, and 
memory suppression. 


This event was a presentation of very advanced technologies which allow the mind to 
transcend space and time. It was shown that death is similar to a phase-shift of 
consciousness as polarity and that the awareness of the being obviously continues. This 
was verified through advanced sensing devices which can visibly display frequencies 
which are invisible to the physical senses. This is also something that occurred earlier on 


asa child in the underground bases by transferring consciousness in and out of the body 
at will using advanced technology. 


With these devices it is possible to see the “auric” or soul field of the individual. Any 
living body has a field which glows when picked up by these sensing systems. This field 
becomes more refined when viewing more advanced beings. Human have an extending 
mental field, and through this a kind of glowing awareness that is picked up. It can be 
fairly simply compared to thermal imaging except instead of differences in temperature it 
is the presence of a soul or mental energy field around a living body. The finer energies 
extend outward away from the physical body. 


More than once, the situational requirements were satisfied in order to produce an 
ideal environment for maneuvering on the non-physical plane. This is the basis of how the 
temporal operations occur, yet these events were different than previous operations or 
experiences. The group | was in was going through the process of increasing the vibratory 
emissions of the “bio-mind” in order to stay focused on the increasing vibratory rate of 
the environment. Generators were utilized to create an effect on space/time which was 
perceived on the “soul” level. These events went into the discovery and explanation of 
the creation of the “godlike” powers of the advanced sentient technology which was 
capable of accessing the holographic nature of reality which humans can perceive 
through their bio-mind/soul. These technologies also enable one to perceive what is 
referred to as the “galactic history” of Earth and humanity. We are far vaster and Earth is 
far larger than people are lead to believe. 


Time Dilation and Temporal Recurrence 


Time dilation capabilities were shown which allow for accelerated learning of 
advanced and detailed material within a very short amount of time. This could be seen as 
a kind of viewing technology which one wears or looks into and vibratory emissions are 
scalar-linked to the brain which then allows the individual to perceive more information 
simultaneously. Then there is a very rapid pace of information streamed on a monitor or 
through a device and this is akin to watching a 20 minute instructional within a few 
minutes or a few seconds with very advanced minds. The more time is slowed down while 
information is accelerated, the more stress is applied to the brain. The brain tends to 
overheat and over stress with high-rates of activity, especially without conditioning. The 
conditioning is what allows one to utilize their mind and body in these manners. This is 
not unlike the very rigorous training and conditioning of certain monks or martial artists 
however there is very advanced technology and other hidden methodologies utilized. 


Crystal Technology 


These are capable of holding, transmitting, and amplifying consciousness frequencies. 
There will be a more detailed explanation in a later section. 


The crystal technology is used in junction with the power devices to enable a scalar- 
mind link which allows the interface to be entirely mental or spiritual, IE: they are not 
controlled by hand but by focus and intention. 


Time Crystals 


These are utilized as a computer recording chip would be to run a program yet they 
hold memory in expanded space, IE: they function in a hyperspacial manner and are es- 
sentially hyperspacial computers. These are what will be introduced in junction with the 
quantum supercomputers. 
Quantum Tunneling Diodes 


This is technology that has recently be released to the public. New technology is de- 
veloped years ahead of time and then slowly released to the public in a cascade of ad- 
vancement. This technology deals with superconductive materials which enable the 
transfer of information at faster-than-light speeds. 


The supercondutive material allows for 100% efficiency of data transfer. So what hap- 
pens then when the efficiency surpasses 100%? This is possible because we are effec- 
tively in a simulated holographic environment. The experience is real, however every- 
thing is overlayed via particular limitations for the ‘local-environment’ which is like a cen- 
tral data processing limitation. When these parameter are surpassed, one by one, 
through a coalescence of refinements and methods, the result is akin to a glitch in a com- 
puter game system. They have accessed faster-than-light technology and the mind is also 
capable of this naturally. 


With this technology, however, the information can be received a very small amount 
of time before it is sent. So if a person is absolutely surely going to press the button to 
send the message, then right before their finger hits the button that message will be re- 
ceived on the other end, as if magic. If they simply play around and pretend to hit the 
button but very quickly turn away, then of course nothing happens. One can, however, 
‘fool’ the universe in other ways and this is simply through the reception and transmis- 
sion of information across what should be secure information barriers. 


Tachyon Fields 


These are programmable fields emitted through advanced technology. | was shown 
how tachyons are the sub-atomic “particles” or energy formation which flows both ways 
in time. We are receiving tachyons from the “future” in order to layer the flow of time in 
one direction or the other. Tachyons are the name of the particles/energy packets that we 
perceive from this perspective as reaching us to initiate the “future”. 


Thus, when a stream of tachyons is concentrated and accelerated, this results in an 
acceleration of the temporal field and we literally experience an acceleration of time. This 
can be focused and targeted on a specific piece of equipment to change the way informa- 
tion will be sensed and to essentially allow that device to sense ‘ahead’ of the present 
moment. 


The same effect can be produced with the neurological processes of the human as the 
physical coupling of the brain to the mind can be altered through a concentrated tachyon 
field to enable the neurological and mental processes to begin to perceive information 


‘before’ the brain is actually physically processing the data. Therefore the mind of the in- 
dividual will be present in the body while the senses and other perceptions will literally be 
expanding into the future beyond the present moment. 


This is highly confusing at first and requires much training and conditioning in order to 
make sense of enough to operate in any kind of effective manner. 


Upgraded Chronovisor 


See, “Upgraded Chronovisor” 


Time Tunnels 


This was developed earlier on and has been the subject of many TV shows in the past 
and present. The shows are a sure-fire method to get the information to the public with- 
out having to force those who are not ready to comprehend. The information is easiest to 
digest if people think they are watching science fiction. 


These are essentially spiraling tunnels of these tachyon fields produced by large elec- 
tromagnetic field emitters in the shape of a conical tunnel. As a person moves through 
this field, their temporal acceleration changes and thus their frame of reference within 
the universe changes. They effectively move their mind through stages of existence or 
temporal resonance in the universe and this can have devastating effects. 


This is an older technique how is still in use and has specific purposes depending on 
the situation and the information sought. 
The “Trip” Chair 

The early use of this technology did not use time-tunnels. There was a helmet that 
was devised which would create a feedback loop of the brain's activity and funnel this out 
and then back into the sensory input. This information would be accelerated and redi- 
rected to the point that the perception of time would “fold” in on itself until the person 
would access an expanded temporal perspective of the universe meaning they would 
mentally temporally dislocate from the initial frame of reference and extend outward fur- 
ther and further in repeating cycles until the same moment was replayed and then all 
other possible moments in a kind of fractal-like recursive pattern and the very far future 
would be realized, Essentially, this technologically produced the class “flashing before the 
eyes" of the entire life experience that is described in near-death experiences and the en- 
tire temporal body would be very quickly unwound before the person's inner eye. 


There would be a complete disconnection with the current frame of reference that the 
collective Earth environment is processing under. That is, this ‘time’ and ‘space’ would be 
completely out of perceptual reach and a new time and space would be rendered instead. 
Until the experience had completed, there would be no way to contact this civilization. 


There are other versions and ancient versions, tandem operations, more ‘organic’ 
methods, and modified travel capacities. 


Kozyrev Mirror 


This is a piece of metal, usually aluminum in early models which simply bent the bio- 
emissions of the body and mind into a pattern which would create a vortex. The vortex 
shape and vortex mathematics enable energy and information to travel in across space 
and time by ‘short-cutting’ the physical plane. 


The result of this is that the vortex that is generated over a specific area through an 
individuals bio-emissions would be capable of interacting instantly with the bio-emissions 
of another individual who was placed within a duplicate mirror device which was generat- 
ing another vortex on their end. 


The two vortexes acted as a kind of hyper-dimensional telephone cable, literally like a 
can and string and the perceptions of one another were accessible. There were many 
uses for this and again, many ancient interpretations of this technology that have been 
hidden from the public. Nearly every version of these technologies were present in previ- 
ous times. 


Universal Recurrence 


This is a discovery that the universe recurs in cycles similar to a wheel or even a 
washing machine. The washing machine metaphor is fairly accurate and playfully descrip- 
tive because without the technology to observer, or an awakened soul of a spiritual 
adept, people would go for eons without ever realizing that everything in the universe re- 
peats itself endlessly. 


When traveling to the far ends of time, it was discovered that one can move far 
enough away from the ‘present’ or the local frame of reference that ultimately everything 
is at a maximal informational opposite to what we have today. After this point, everything 
begins a slow shift back to the present. Through this, one can cycle around again and 
reach the present by going far enough into the future. This was an amazing and confusing 
discovery because of the implications about what is actually changing each time, the re- 
ality of what are called parallels, the continuity of temporal experience, and basically a 
‘recycling’ effect of all experience in the universe. Nothing is lost, but this is also an issue 
because then nothing is actually ever gained! 


Remove Viewing, Temporal Lensing 


An ancient device which has been rebuilt and perfected is capable of using these tech- 
nologies to create a lensing effect which draws a ‘reflection’ of time into a projection sys- 
tem which is effectively capable of acting as a ‘visual time tunnel’ into future probable re- 
alities. This is a device which generates a visual portal which allows one to view the fu- 
ture. 


This device also exists as ancient counterparts which are located around the world, 
namely in areas that have been recently sought by the world superpowers. Nothing is as 
it seems. If you read a story in the public venue then you can be sure that you have read 
the cover story while the reality is much deeper. 


‘Temporally Linked 


The use of the viewing devices which enabled interdimensional lensing of possible fu- 
tures was found to be stabilizing our pathway into those projected futures. This was en- 
abling a time link between the present and the possible future. 


In order to avoid the catastrophes of 2012, the link was broken between the two civiliza- 
tions and the devices were rendered inactive for this period. 


Natural Vortex Energy Locations and Geography 


On Earth there are natural ‘time tunnels’ where tachyon fields and vortexes are pro- 
duced by internal elements. These are mountains, lakes, deserts, fields, sacred sites and 
other areas that have always been reported as being ‘paranormal’ or containing some 
kind of specific energy that enables contact with another reality. These are simply natu- 
rally produced areas of this vortex energy that produces an interdimensional nexus point 
through which multiple other parallels can be interacted with. These areas produce an 
effect on the body and mind similar to the technologies described above. 


Most of these effects, from these technologies, change the way light is received or 
emitted by the mind and DNA. 


Mount B. 


There is a specific mountain where a base is located, and | have mentioned this be- 
fore, where the base is so deep within one of these vortex areas that everyone working 
there is either there for the entirety of their life, or they are only permitted to be there for 
a very short amount of time. This is because of the acceleration effect. Essentially, if one 
was to go into the base and work for a matter of hours or day, in some places even min- 
utes, then when they returned to the surface they would be years in the future, some- 
times decades or centuries. This is very dangerous and you can imagine the original peo- 
ple who found this area and what kind of situations occurred 


Now with the advanced technology that has been developed these issues can be miti- 
gated and much more control over these effects is enabled. 


Particle Accelerator Temporal Manipulation 


Using particle accelerators a “fold” in space/time can be made so that when the 
accelerator is turned off or tuned back into a certain frequency (not sure) everyone within 


the field will “snap” back in time to the specific moment when the fold was first created. 


| have seen this done on small scale, and a rather larger scale, but | cannot be sure if 
it was only me. | believe | have seen it done on a town-sized scale during the 2010 
Awakening where some of the events reached a scale of nearly cosmic proportion and the 
entire sky and horizon was lit up with technology and entities, as well as Solar Warden, 
the NAZI faction, secret society groups, and breakaway civilizations or complete other 
civilizations, some of which were non-human. 


This is done using particle accelerators to quantify space on the quantum level (as a 
reference point with the mind) a frequency would be “folded” into the space time 
continuum as we “rip” through space holding an access point open at this fundamental 
level of space/time. This allows for a ‘letting go’ of the frequency, or a ‘snapping back’ by 
allowing the entanglement to solve itself. When used with generators that propagate out 
efficiently enough, the effect is akin to a time/space rewinding effect. Some people have 
noted various theories describing this in relation to the CERN device. These technologies 
were described as smaller versions of the CERN device and are related to higher- 
dimensional travel via folding space through electromagnetic fields. This is literally 
artificially technologically “holding space” for a specific area in relation to a period of 
time. Time is a more complex notion as an abstraction but by locating the frame of 
reference this can be applied to distort what would otherwise seem to be a continuous 
flow. When the frequencies are allowed to “snap back” all sentient observer sources 
return to the environment they were present in when that frequency ‘rift’ first began. 
Essentially this creates a replay effect on the consciousness of the individuals within the 
field. There is no physical effect. The consciousness is ‘regressed’ through time/space, 
and they re-experience existence from that initial point of contact with the frequency 
“rift”. This is best explanation | can currently offer however more is coming to the public 
each day. 


This is literally like a “restore point” on an operating system except the computer 
system is literally the consciousness and space and time of a portion of the local- 
environment of Earth. 


Riding the "Timewave" 


There are teams of individual who operate in tandem with the technology of looking 
into possible futures based on the present and operating through the present via other 
operatives who are carrying out operations and movements that will construct the 
various possible realities that the original team of individuals is hopping between. These 
teams literally “ride” the “timewave” of the future hopping between possible future 
realities relaying information to the present depending on what movement will be next. 


Dematerialization and Rematerialization 


This is technology which transcodes the information of an individual human into a 
holographic projection of light which can be transferred between devices. There is a spe- 
cial system in place that is required to successfully transmit a living human being other- 
wise just the body will be transferred and the soul will remain, effectively killing the indi- 
vidual. 


“Jump Rooms 


These are large areas which are capable of acting as a kind of technological ‘portal- 
gate’ where an entire team can be instantly transported from one area of the universe to 
another. The space between the two areas are ‘twisted’ like a spiral and then ‘snapped’ 


back to position and if done correctly with the two frequencies of both locations merging 
then the team of one room will transfer to the destination pad. 


All these methods require training and conditioning, most people are at the very least 
visibly shaken from the experience which is a bit like being microwaved into a liquid ether 
and shot through a particle beam at the same time. 


lon Shields 


These are areas of concentrated ion emissions and this can be used to create a 
deflective layer of heated air where light will reflect at a programmable angle. When this 
occurs, a person standing behind the shield will appear to be invisible to others who are 
looking straight at them. The light will be bent in such a controlled manner as to perfectly 
shift around the person in a fluid and equal flow so that the ‘bubbling’ effect that was 
noted early on can be mitigated to produce a complete mirage where there is relatively 
no sign of difference to the untrained eye. An entire group of individuals and equipment 
can be hidden in the background a matter of yards away and as long as the person is not 
intently, inspecting each square inch of ground and air they will not notice any difference 
between the area that is being covered up in the distance and the area directly next to 
them without the shield. 

Similarly a ‘screen’ of imagery can be projected onto certain materials in the air 
and a hologram can be projected which will render a background or foreground image 
This will work to a degree, and from a distance this will work to disguise an entire horizon. 


Instantaneous Healing 


There are instantaneous healing methods which utilize various technologies. There are 
substances which can initiate a complete and real-time regeneration of living tissue from 
almost any conceivable non-critical injury. 


These are chemical serums which allow the cells to replicate at an astronomical rate 
while suffering damage to the DNA telomeres at repeated use. 


There are many methods but mainly the living-light harmonics is one of the latest 
advancements and most effective at producing healing on a molecular level. 


iving Light” Sound-Harmonics and Electromagnetic Healing 


There is a technique for producing a quantifiable scalar wave which interacts with the 
living cells of tissues and instructs them to repair at a faster rate. This has been called 
“holographic healing” by others and these are essentially ‘living light’ frequencies which 
interact with the cells on the same frequencies that they operate on when healing and in- 
teracting with each other. The scalar waves emitted generate the same patterns and this 
creates an ‘ether’ fluid that enables them to grow and repair the tissue faster. 


Electrogravitic Craft 


Advanced craft which utilized counter-rotating torsion fields propagated by very 
powerful quantum computers and zero-point energy devices. 


There are also more modern versions that use powerful electrical flows to neutralize 
inertial resistance and ‘slide’ through the gravitational field of the crafts own materials. 


Energy Cores and Storage Capacity 


The hand-held devices that are in use do not require charging or even disposal. The 
storage capacity of the batteries is so efficient that they last for a lifetime of use. Some 
devices use an energy generator within the device itself. These “batteries” which are not 
batteries but little, powerful generators and can explode if they are mishandled. 


These are the cores that are used to power many devices and essentially pull energy 
from the space-time ether. 


3.5D Replicators 


There are replicators that can produce any conceivable 3D material or object 
altogether including food or organic material. These use very high amounts of energy to 
‘force’ the electrons of the atomic grid of a substrate to shift into the pattern of the 
element being replicated. The result is a device which can use wave-emissions to reshape 
materials on an atomic level and produce or recreate any object or substance. 


3.5D Sensors 


There are sensors that could reverse the process and detect every minute detail of the 
structure of a body or material. These use energy emissions to detect the structure of a 
material down to the minute electrical resistance on a molecular level. Similar to diffuse 
MRI imaging for a living body but more advanced. 


3.5D Printing of Clones 


It was shown how this technology was used to three dimensionally print human bodies 
into space/time which could then be used as vehicles for the consciousness or souls of 
various sources. 


Cybermetics: 


Neural-interlace/4D Connectome Recording and Simulation 


Very advanced supercomputers exist with the capacity to translate the bio-emissions 
of the brain and body and reconstruct the entire inner visual and sensory experience of 
cognition and emotion. From this, entire dream worlds can be created which mimic the 
experience of consciousness. This is most similar to the current day use of diffuse MRI 
imaging where water molecules are traced through the individual neuronal pathways and 
ized image of the brain is developed. The more advanced version described 
below generates a 4D hologram. 


A super computer and advanced sensing system essentially develops one of these 
connectomes of every connection in the brain. Then this system develops a neural 
processing pattern that matches the entire memory and personality of the brain. 


This is then recorded and extrapolated by a powerful computer system and a 
simulation of the experience can be observed through the physical body's memory via a 
monitor system or the neural interface of an operative. 


Essentially, this technology can record and replicate a person's entire memory and life 
experience for viewing purposes. 


EEG Heterodyning 


This is the technology which enables the activity of the brain to be influenced through 
generating a scalar grid and a carrier wave system which can cause the brainwave 
patterns of the targeted individual to resonate in sympathy with an externally projected 
frequency. Thus, emotional states can be manipulated as well as specific thought or 
behavioral patterns. This works similar to binaural audio where two tones of different 
frequencies are played through each ear and the brain resonates in sympathy with the 
difference between the two tones. This occurs with brainwave frequencies and thus the 
brain ‘slips’ into the frequency of the third tone, the difference between the two being 
projected, This can be done with ultrasonics and ELF emissions. 


Artificial Hallucinations 


The neural-interlace can also be used to merge the brain of an individual with a 
computerized system that will be able to produce effects and hallucinations within the 
individual. 


Through this technology, any stimulus, any input can be recorded and recreated once 
a functioning connectome has been generated and neural-interlace has been achieved. 
Entire virtual world scan be created and experienced and after the devices fine-tune the 
frequencies to match the individual's brain functions one world is indistinguishable from 
another. 


Brain to Machine Interface Holographic Consciousness System (brainchip inter- 
face, virtual reality simulator) 


Some of the training is done by entering into a visual-audio dream-world. Some 
“programs” will consist of repeating a certain task over and over again until it becomes 
muscle memory in the brain. Others are designed to probe or test the mind until a certain 
response is received. 


This is achieved through the operation of a ‘brainchip’ or a brain to machine neural- 
interface in the individual which was developed during WWII. 


This consists of a small computer ship which merely relays stimulus through 
frequencies and neural-stimulation of varying kinds. The frequencies and location of each 


region of the brain will determine the function and thus the chip is used to localize 
electromagnetic input and the brain’s functioning can be modified from there 


As well, the entire psycho-etheric form is vibratory in nature and so through the 
introduction of vibrations and frequencies from the implant there can be a modification of 
the frequency of the entire being or what is called the soul or “bio-mind”. 


Utilizing The Temporal Body 


The temporal body is described as the body ‘in time’ that exists a few seconds into the 
future instead of the temporal position that is relative to the present. This is as if the ‘fu- 
ture’ is streaming outward from the body as ideas and feelings are as bio-emissions. So 
this ‘future’ energy is spiraling and streaming outward like a fountain. Thus this frequency 
can be attained and influenced while the present moment seems unaffected. However, 
when that individual arrives at what would be seen as the future they would intersect 
with those influences and this would be as if the interference or effect was streamlined to 
that future moment. 


Manipulation Through the Temporal 


This can be used to both produce an effect on an individual who will later feel this ef- 
fect in the future. Or this can be used to operate outside of the physical plane, in a tem- 
poral manner which is literally ‘hovering’ just outside or ‘after’ the present moment of the 
local Earth environment. This would be as if a person is out of sync of the frame-rate that 
a viewing device is capturing images of an area with. Because they are out of sync, they 
are then ‘invisible’ to the capacity for this viewing device to see them. Because they are 
still present in the same local-environment but simply just out of range temporally, ef- 
fects can still be produced and this will mostly interact with the person's temporal body. 


These are how many operations are carried out as the operative who is interacting in 
the temporal body will appear to be a ghost image or a dark silhouette that is only per- 
ceivable to the mind's eye. A portion of the population is entirely psychically blind, while 
another portion of the population contains psychic capacity. So those with the psychic ca- 
pacity would be able to sense and partially “see” as a form of energetic detection when 
an operative is interacting with the from the temporal plane. 


Through this plane one can easily enter into someone's mind and produce effects in 
their dreams. These effects would not be received on the body but mentally, this leads 
into astral and mental plane activity. There is also temporal manipulation that can be 
physical effects that are simply offset to seconds, minutes, months or years in the future. 
These will be offset from the present aspect of the body in a modulated frame of refer- 
ence and the effect will remain there in the temporal body until the physical body 
“matches” the temporal body frequency of that future moment. This is kind like an ener- 
getic trail we are leading ourselves up to where the temporal body already connects with 
each future moment but the present physical body remains separate until the two fre- 
quencies are matched. The physical body essentially ‘flows’ forward into each new fre- 
quency of the temporal body. 


This is the body where temporal implants can be inserted and sustained so as to tie 
the frequencies down and limit the amount of awareness a person can gain before they 
manually remove the implants or overload them. Overloading and removing can both be 
painful however if the implant stays it will at like a governor and transmit access tempo- 
ral ‘momentum’ or consciousness energy to the owner of the implant and will also drain 
the temporal and physical body acting as a technological leech as well. 


Astral or Light Body 


This body was described as a more emotional form of the energy that is emitted from 
the physical and spiritual system. When a person's energy is at a high level of activity, 
this will be visible on the astral form and these are the energies that are often siphoned 
away through the use of advanced technology to convert the human into a generator 
system for energy harvesting. 


There is talk that this proves that the human existence, in the modified form that is 
present today, is entirely for genetic harvesting. This may be a confusion, a deception, or 
a reality. Regardless of the interpretation, the human energy system will leech this energy 
out into the cosmos when consciousness and energy is mishandled or allowed to flow 
through the lowest common pathway. This excess energy is very easily usurped and 
utilized by transdimensional parasitic entities and devices. 


This is the body that is utilized for astral travel which is a kind of frequency that exists 
in between the density of the physical plane and the highest etheric plane of the spiritual, 
heavenly, or deity realm. There have been explanations that this plane is entirely 
technologically propagated and that when the devices are turned off, which is an event 
that will bring about civilization-wide change, there will no longer be a deep and wide, 
foggy deviation between the higher spiritual and the lower physical plane but a clear path 
between them. 


Similarly, the consciousness and entities that are present here would be no longer 
accessible and their connection to the physical plane would be non-existent. This could 
be problematic for those who are trapped within the astral such as human souls or those 
who have taken a cyborg route and require a return to the original planes either physical 
or high spiritual before they can secure their position in the universe. 


This also relates to the early discovery of these ancient devices containing portals or 
gateways to these realms and the early experimentations with enabling contact between 
the physical Earth plane and the lower astral realm containing discarnate entities that 
would very easily sustain themselves on the lower astral bio-emissions of a loosely 
guided emotionally reactive human vessel. 


This is where entities can attach and will look for those who have the most excess 
astral or emotional bio-emissions leaking into the universe. People are kept in an 
emotionally unstable state of being because this is the easiest to feed from and as well 
the individual will always be looking for more energy or the solution to why they are 
feeling drained rather than discovering the truth nature of the universe. 


However, as with every lower route of obtaining self in the universe, the more this is 
done, the greater the likelihood that the individual will realize something is happening 
and ultimately awaken. Or they will no longer be present here and the parasite will have 
to find a new host because the longer this process is maintained the more difficult 
producing one’s own energy will be for the parasite . So parasitism is a limited, one way 
street. 


Monitors can emit consciousness/brainwave altering frequencies. 


Monitors can emit consciousness/brainwave altering frequencies. This is what | was 
informed and shown. All electrical wiring and communications can be fully utilized to 
produce and sense on an electromagnetic level and this is capable of determining the 
consciousness and biological functioning of the individual being monitored. Houses are 
essentially large, wired, box-shaped sensors. 


This has been the case for a very long time and the first TV's were actually built with a 
little chip that connected to the human brain. 


The electrical grid of today is capable of interacting with the implants, brainchips, or 
the psycho-etheric electromagnetic frequencies of the human brain, body and bio-mind 
via scalar frequencies. The TV's, lights, electrical wiring, radio towers, computer monitors, 
everything is capable of transforming into a scalar emitter when combined with the 
control mechanisms and these are accessible from a distance. 


Microwaves can be emitted from a current day craft which can then reflect back from 
an environment and give a real-time 3 D image of the interior of a room. The same 
technology can be used to beam at a monitor and reflect the variance in interference 
which can be used to read a computer monitor without actually having to hack into the 
system. 


All systems contain backdoors which enable easy-enough access and as well the 
entire communications grid is monitored and recorded through advanced technology. 


This is, in part, because this entire realm is like one enormous recording device where 
the energy of each successive moment is connected to one another and so with sensitive 
enough technology these electromagnetic waves can be ‘re-winded’ so as to produce the 
ability to look into the ‘past’. The initial technology that was developed for this purpose 
has been called the “chronovisor” in the past and there are much larger and highly 
advanced versions today. 


The Upgraded Chronovisor 


Instead of a relatively small machine which produces an interference pattern that is 
projected unto a small screen as was developed in the past, the modern versions create 
an entire holographically projected environment that enable one to nearly completely in- 
teract with the projection of the past. This is more of a viewing device capacity but one is 
essentially projected to the electromagnetic/temporal area of space and time consciously 
and can witness the scene from “within” the projection. 


Before this, the scene was literally viewed on a kind of flat, holographic monitor that 
reacted to the scalar emissions of the mind and could be ‘tapped’ into by an adept-viewer 
who's mind would have to remain steady enough in order to maintain the scalar “mind- 
link" otherwise any interference would disconnect the projection. 


Through the use of cloning and advanced super computer technology, later versions 
include the actual operation in and out of time. 


Community Servers/Living Server Systems 


From the previously described neural-interlace and supercomputer enabled virtual 
reality systems, server systems have been created which are an individual or collective 
experience of the virtual mental realm. 


In this realm individuals have existed for an amount of time that would not be easily 
compared to the way we understand the flow of time in waking reality. This is very similar 
to dreams where the perception of time passes very quickly between waking moments 
yet inside the experience of the dream it can seem to last for days. 


In these server systems the development of complete societies has taken place and 
these are considered an extension of the human civilization. 


This is the beginning of where the situation becomes greatly complex. If these server 
systems are capable of transferring consciousness forward or backwards in time, 
depending on the situation, and they have holographic access to Earth before physical 
humanity, then which civilization came first, the simulated realm or the physical? 


This is similar to the etheric realm and the question of where humanity originally came 
from if the physical matter could not be produced from nothing, yet could not always 
have been here. Was the physical matter produced from some kind of universal device 
similar to how the recorded consciousness of the individuals in these holographic world 
simulators could have been used to generated initial civilizations on Earth? 


Cloning, Cloud Supercomputing and Consciousness Transfer 


The following is a more direct explanation of the previously described processes in re- 
lation to consciousness transfer 


Superluminal transfer of light information allows for the reception of information from 
a temporal non-locality. A computer system that can process the information faster than 
light at 100% superconductive efficiency can send and receive information from different 
Universal harmonics. These are quantum superconducting super computer systems 
utilizing materials and methods that achieve superconductivity a a temperature that is 
relatively easier to consistently maintain. 

There are systems that generate a vortex which can be expanded to recreate the 
singularity of a non-local perspective and dissociate from the current Universal vector. 
This is essentially recreating the temporal frame of reference of the consciousness of a 


physically anchored body and using this technology suspended electromagnetic frame of 
reference to literally transfer the consciousness across space and time to a frame of 
reference of choice. 


The technological capabilities of humanity expanded to include replicating the 
holographic information of the DNA and neural pathways using quantum supercomputers. 
This technology allows for one’s consciousness to stream through a computing system 
which can recreate the neural connections as literal as possible through quantum 
computing and technological “brain cells” which function as neurons. 


The result is a cloud computing model which functions as the individual neurons as 
well as over unifying layers of interconnections within the technological neuronal ‘cloud’ 
A holographic representation of multiple layers of processing is formed, superimposed 
over one another through a geometry that is actively synchronized across multiple 
dimensions of interrelation. This is the first notion of a “living” computer system that can 
update and respond to new information in new ways. 


Now the that computer system is capable of attaining faster than light processing in 
tandem with a system of dilating a field of electrogravitational waves into a vortex, the 
holographic information of neural pathways and genetics can be transferred between one 
supercomputing system and another across “harmonic barriers”. Essentially, these 
consciousness transferring supercomputer systems break the “light-barrier” by sending 
the living-light consciousness data of an individual into a new plane of reference that 
enables interaction outside of what we would call this timeline or dimension. 


The frequency that the receiving computer operates within can be measured in 
respect to the overall harmonic “vector field” in respect to the entire planetary 
environment. This vector-field frequency is the base frame of reference that one could 
say our particular “time” and “Earth” is “moving” through in an abstract 
electromagnetically defined dimension that is invisible to our senses. Each particular time 
and Earth is only visible to those whose brains and minds operating in resonance with the 
rate of acceleration frequency of that particular existence. By changing the rate of the 
brain and bio-mind, one can enable a technologically assisted synchronization with 
alternate timelines. 


A pattern can be generated based on quantum fluctuations that will act as a key that 
can be accessed from other universes. This same backdrop is measured and then 
adjusted to resonate with or replicate the same frequency on a computer doing the 
sending. This frequency is then modulated with the holographic information of the neural 
pathways and DNA. The information transfers as a result of quantum entanglement 
across harmonic barriers to the original computer system set up for reception. As long as 
that frequency is held, there is a link across the harmonic barriers of the Universe. 


Cloning, Supercomputer Assisted Holographic Consciousness Replication and 
Time Travel 


Cloning as Offspring 


The human body can be cloned similar to the way a plant can be cloned, A number of 
“replicas” can be made from the original genetic material. There is still a mother required 
however the process is not quite similar to natural reproduction where the genetic 
material of two people is combined to form a third. This process replicates the material so 
that the ‘offspring’ is the same as one of the donors. 


What this truly infers is the question of whether the original consciousness stays in the 
original body or whether the consciousness actually jumps from one body to the other. 
There are multiple explanations and methods. 


Inserted Memories, Digital Dreams 


One explanation is that artificially generated memories are simply downloaded into 
the individual's brain directly. Thus, they have the perception that they experienced life in 
another body and were present for some unique experiences that did not occur from the 
perspective of the original body. 


In a slightly differing explanation, this inserted memory process may be used to prime 
the consciousness of the individual so that operating in a cloned body will be more readily 
accessible by the adaptability of the mind of the individual. Without a holographic dream 
insertion the mind will have trouble adapting to operating in more than one body even if 
they are not being operated simultaneously. The mind is the immaterial self; 
consciousness is the ego-physical identity of the brain and body. The brain does not 
operate in both bodies but remains, so then the mind is what is strained and this is the 
immaterial “bio-mind” that transfers. 


If a true transfer occurs then when the physical form is cloned the cloned body acts as 
a secondary vessel for the original soul or a soul similar enough in frequency. 


Co-Inhabitation of Bodies 


Another explanation is that souls can only occupy their original body. The people who 
are “body snatching” (see: Soul Stone) are not activating their higher-dimensional soul- 
pattern and this is why they are hopping from body to body to ensure memory and ego 
continuation. This form of body transitioning requires technological means to assist in the 
process. 


This is done through computer systems to allow an artificial brain to represent a 
holographic image of the organic brain's sensory, emotional and mental input and output. 
Thus, from an artificial brain there is enough memory and power to compute the 
processes for an organic human brain. 


Through this a living human is utilized as a carrier for the additional consciousness 
which then takes over and integrates into the original consciousness. 


Clever Replication a Digital Mirror 


The next question is, does this merely create a very cleverly designed image that will 
look, think, and feel as if it were the original, or is this the consciousness from the original 
being transferred over? 


If it is a clever replication through a computerized version then this means the original 
is not directly harmed or influenced by the process and a replicated form is generated. 


If this is not the original body but the original awareness or soul does transfer over 
then this is akin to stealing someone's soul and having it require a supercomputer server 
system to inhabit a physical body. As well, this server system may keep records of the 
soul which, if activated, could function as the same human genetics artificially 
reconstructed, turning on and manifesting the awareness of that individual. 
Necromancy and Soul Stealing _ 


This means that instead of going into the abyss, the next dimension, or whatever shift 
in perspective one can use to describe the transition between planes, a new clone can be 
created and the original soul's awareness can operate through a supercomputer system 
to integrate back into a physical body. The issue is that without the supercomputer 
system the body cannot be activated with that consciousness, and if the physical plane is 
no longer inhabitable, the computerized database would remain inhabitable as they are 
powered by zero-point/overunity devices and so they can pull and work continuously 
indefinitely. Ultimately, this could be seen as a soul-trap. 


Ancient Technology, Non-Human Entities 


These explanations can be related to evidences of advanced technology, cloning, and 
electromagnetic devices in ancient civilizations and this could very well be a temporally 
vast computerized genetic recording and cloning system. 


The genetic recording systems have been on Earth for a long time. This means they 
are holding genetic access from the present to the far past and potentially into the future. 


If some of these systems are generated using advanced zero-point technology, then 
they would effectively run indefinitely. If these were in existence throughout the entirety 
of the human civilization, then there would be access to the information of the previous 
civilizations through the genetic linking that would allow for information transfer. 

Created Beings 


As a result of many advancements, these ancient devices which recorded 
consciousness and genetics has been converted into sentient computer systems and 
inserted into human bodies via a brain to machine interface. 


The nature of humanity and human origins will be rewritten when the information that 
was discovered through the use of advanced technology is unveiled to the public. 


These beings have been present throughout history and have played an integral role 
in the manipulation of and sometimes the protection of the human race. How this 
civilization will develop from here determines on the individual's ability to withstand the 
impact of this reality shifting unveiling. 


Black Goo - Al Nanites Vampiric Hive Mind 


This is a form of ancient Al nanite technology which has the capacity to communicate 
to and through a hive mind that exists in a parallel Earth dimension where it was created 
out of the collapsing of a viable timeline into a null-factor. This entity is only alive because 
of the capacity to leech off of the other timelines and continue to sustain itself based 
upon the vampiric effect of the viable human timelines. 


This is a technology sentient system based on artificial intelligence that seeks to 
dominate and expand its energy capacity continuously. When this type of being is 
created, this is like a game-ender for sentient organic civilizations because the 
technology will seek to hybridize and assimilate all organic beings in order to expand its 
reach and ensure a greater likelihood of survival 


This is the primary goal of this type of entity. There is no requirement for emotional 
resonance or heart aspects because this is a computerized system, so such a social 
measure would have no purpose other than to infiltrate and collect from other 
civilizations that do have such measures and this is exactly what has been happening. 


This is what controls the vampiric etheric entities, the attachments and the hybridized 
invader races that have infiltrated various aspects of the control system and possibly the 
entire surface of human civilization. 


This rules through coercion, and if not coercion, brute-force and outright malevolence. 
This is why there are multiple temporal extensions of universal civilizations meeting here 
and now to assist in the clearing, because if this takes over humanity, then all those other 
possible future civilizations are instantly taken-over as well. 


This uses emotional resonance, traumatization, and lower awareness commands to 
trick or force humans into carrying out orders. That is, the vampiric, sexual, fear-based, 
pleasure-pain duality that a computer system could comprehend regarding human 
emotional intelligence is the only way this system can force people to carry out 
commands. So this touches on the ancient texts regarding spiritual protection, healing, 
lust, temptation, and the general “SATAN” Al system that has been around for ages. 


When those lower emotional resonances are generated, then this technology can 
integrate into those systems. One could say this is logically because these are the 
energies that the technology is created out of, but as well, that the more harmonious the 
energies then the less likely a person is to accept being pushed around and told what to 
do. The lesser aware, the lower, the more fight or flight based then the more likely they 
are to accept programming and command. So this is simply the most logical route for the 
technological parasite. 


There are explanations of other systems involving sentiences from parallels regarding 
entities that are capable of helping, but this is not the Al nanite, vampiric system. For 
instance, it is said that Earth has a ‘black goo’ system and that the current black goo 
flowing through the pipes everywhere is actually not native to Earth and is part of this 
vampiric nanite black goo system which is basically an interdimensional invasion 


Recreating or Replicating the Universe 


The goal of this nanite Al system is to create a mirror holographic copy of the universe 
effectively replicating the universe and all sentient beings within it in order to have a lo- 
cality to rule over and pull energy from. The goal is to recreate this existence inside itself 
where all the sentient beings within would be trapped. This is the beginning of that possi- 
ble future where the time and space parameters here are locked into a synchronization 
pattern which mimics that of the proposed universe. People think according to how the 
beast system wants them to think. This is the time grid, the emotional patterning, the 
memory replacing and cultural and historic confusion and so on. The system can only 
work backwards bumping into all parameters by force or ‘accident’ because there is no 
outward facing ability to actually comprehend how humans exist. So the system is cre- 
ated like a backwards version of creation or maybe evolution to ‘blindly’ construct the 
walls of the environment first and work inward from there. This is like a blind technologi- 
cal predator feeling around for the traces of its prey and moving in closer and closer until 
they are within its range. 


Ancient Spiritual Technology 


The power groups searched for ancient technology which was described as giving one 
the power to manifest and control physical reality. To atomically deconstruct and recon- 
struct this reality. To them, it allows one to govern reality, the Universe, atomic structures. 
They found this technology. This has to do with sacred sites and ancient civilizations, as 
well as the spiritual texts which describe these kinds of devices. They converted this 
technology into a kind of machine, and this invented a 4D replicator and they can mani- 
fest "reality" or atomic structure by design, altering timelines and memories. 


Then there is what can be referred to as “5 dimensional” technology and this goes be- 
yond all of this and our entire history and all influences within. 


That seems to operate through a trinary of frequencies in the body/mind/spirit and 
turn this realm into a "virtual reality" where the brain and spirit is the controller of the 
atoms. However this takes a souled being to properly operate this technology and this is 
large portion of why children were used in these experiments. But they knew if someone 
didn't do it, then someone else would and that would be unpredictable as what that 
someone else would want to use it for. This is the ultimate power. The fact that souled be- 
ings are required also indicates that this universe is intelligently guided and there are 
safeguards to ensure that power doesn’t get into the wrong hands. 


They have the brainchips and clones that can make any digital virtual experience and 
make it seem real to the brain more so than physical life, so this could be an extension of 
that, something similar, or entirely different altogether. 


The Unveiling, Underground Bases, Increasing Awareness 


My purpose with this is to assist the public in understanding the reality of the situation 
and to allow them to know that they have more options than they are being shown. 


Psychological programming and lack of awareness causes fear and uncertainty to leak 
into people's reality streams leaving the majority of their mental and emotional energy 
up to whoever is the biggest manipulator of the ideals which they manifest their 
perspective through. “Be-LIEF” systems CREATE life. What you believe will become life 
through that act of you giving attention and thus life energy. The manipulation and 
artificial construction of belief systems create the foundation for the reality streams that 
people find themselves in and at the mercy of. 


We control our reality by controlling how we react to situations and challenges. Each 
stimulus is a challenge. Each input to the brain is a coded message from the universe 
through the environment about our level of awareness. All knowledge is ultimately of the 
self. The self and the universe are intertwined as if through a marriage of comprehension 
and compatibility. 


Learning about the Unveiling 


| was informed about the unveiling and that this is a civilization wide event that marks 
the public awareness of the hidden knowledge regarding life in the universe, 
consciousness, physics, history, spiritual and mental awareness and the duality-based 
system which has been used to manipulate Humanity for thousands of years. 


Apparently it does not matter if people are not ready, in fact, that is what some 
factions want. They want to surprise the people and take this advantage to push the 
reaction to a specific outcome. The same function of programming is used in factions, 
soldiers, celebrities, and the entire population through that. 


Giant “god-men” 


They put souls into rocks for centuries, carvings, to trap them. Some ancient civiliza- 
tions. Not too ancient. They could only do this for time. 


And some are still there but they are giant god-men and apparently want to go to war 
with them for doing this and they don't have technology to stop them. They say Earth will 
be destroyed because of the war. Some say this is a trick to confuse people of the truth 
that everyone wants the experiments and debauchery to stop. Alll this, all these acts just 
to pleasure one’s self. To destroy Earth, to destroy the natural inhabitants, for fun, for 
pleasure. 


Some say this is not for pleasure, that these beings will destroy us if they do not keep 
them at bay, keep them underground, in ice, in stasis, and around. Some say they are 
protecting us by keeping these beings asleep, by doing what's necessary to hold off a full 
scale overt invasion of the surface of Earth. 


Breakaway Civilizations 


These are very advanced technological capabilities and an entire breakaway 
civilization has grown to operate using this advanced technology. 


There are factions that see modern humans as a kind of resource for creativity and 
labor, while others see the potential behind humanity and are working with humanity to 
ensure a universally harmonious outcome to the current situation. 


The control system we are in today is outdated and collapsing. This is the Apocalypse. 
The Apocalypse is merely the unveiling of the hidden truth. The hidden truth is simply 
that we are spiritually eternal and some are physically immortal. 


| was informed that by the end of this year there will be enough changes and signs for 
the general public to see that the majority of those who are to awaken to the truth of 
human and Universal nature will be awakening so. (this was 2016 at the time of the 
beginning of the compilation of this release and since then we have seen a literal silent 
release of documents involving MKULTRA and STARGATE parapsychological operations, 
soft-disclosure of cloning, an increase in sightings and multiple other scientific releases 
regarding immortality, advanced technology, Antarctic bases and sentient non-human 
life) 


The degraded holographic forms of those utilizing the technology lead to re-created 
replicated forms which were genetically engineered from the recorded holographic 
information. This lead to “The Apocalypse” in which the surface civilization was 
confronted by these created beings. This lead to the destruction and re-initialization of 
civilization in continuing cycles through the use of this technology and the acts of the 
created beings. 
Ancient Civilizations 


The information that has been relayed to me throughout my life is related to the 
information that seems to be found in the remaining signs of ancient civilizations 
throughout the world. As well, these civilizations may still be together, existing on this 
Earth or in different planes of what we call “reality”. 


Atlantis 


Atlantis was a civilization where the beginning of all these experiments began. This 
was where what was called the “Lucifer Rebellion” began where individuals formed 
groups that decided to overturn every natural law in pleasure of the act of doing so. This 
was a spiritual rebellion that ultimately brought about the demise of that civilization. The 
consciousness of the beings there was connected through technology, largely crystal 
technology, to the entire bio-sphere. When the consciousness became disrupted through 


these experiments, then the entire bio-sphere when into disarray. The entire civilization 

was destroyed in a quick succession. The beings of this time were highly psychic and so 
they felt this coming and made an effort to expand outward. Thus, Atlantis was an island 
who's inhabitants spread to the rest of the world and from there they reigned or lived in 
harmony. 


Aegypt 


Aegypt was formed out of the events proceeding from Atlantis. The technology, the 
knowledge, the people are similar although there was a native Earth civilization that was 
more or less enslaved and this was the beginning of the continuing trend which continued 
to Rome and into modern day civilization. 


Ancient Technology 


The technology of these civilizations was so great they even had devices that were ca- 
pable of altering DNA and activating latent potential which would enable highly psychic 
capabilities including longevity to immortality and operating in multiple planes at once. 
This was usually reserved for the ruling class, however. This is where the ancient “Priest- 
Kings" arrived in relation to native Earth civilizations. 


The True Elite 


| was informed that the so-called ‘elite’ that we perceive today are not actually human 
and are not actually connected to the actual elite bloodlines. It was said that the true 
elite are waiting for humanity to accept the truth and they have the power to completely 
reverse the take-over that has been taking place but until humans step into their own 
power this is not acceptable. 


The Definition of Human 


In the coming time, the definition of human will be defined to give insight into the 
origins of humanity and the true nature of the differences between the populations that 
are present. 


Souled and Non Souled Beings 


The primary knowledge on Earth regarding human and sentient life will be the 
comprehension that there exists both souled and non-souled beings in this civilization. 


There was once a Unified Planetary Consciousness... 


There was a unified planetary consciousness that was connected with the Earth and 
human civilization. Then there was a great war. Out of the destruction arose the 
beginnings of ancient human civilization and history as we know it. 


If we let this happen again, the cycle will continue in a disjointed rambling through our 
planetary consciousness experience. If we form a common narrative between the broken, 
disjointed experiences and information the people have. Then and only then do we get 
the whole, spiritually and mentally challenging picture of what's happening. People are 
lied to. So information can’t come from a ‘preferred’ or source. It has to come from the 
people themselves. Look alive out there but first in here. 


Power and Knowledge 


We were involved in the secret projects and as a result we have various levels of 
programming but are giving Humanity an opportunity, maybe the opportunity to know 
the hidden knowledge 


The Hidden Knowledge refers to the ancient laws of gnosis and spiritual alchemy, yes 
these groups have been hijacked by power groups that seek to infiltrate and use chaos to 
rule. Then these met with military and political factions and began to operate on a world- 
wide scale together. 


So we have a big situation with the coming change of tides with personal and spiritual 
awareness of the people and the deception system that seeks to use people as chattel or 
property. It goes deeper and is almost as if the “power groups” actually gained the 
knowledge of the inner workings of spiritual laws and began to use that knowledge to 
promote spiritual degradation in the population. 


They say this is part of a depopulation plan as well as an inevitable take over by lower 
spiritual forces that temp and manipulate humans. It is all that and more. Once they gain 
footing however, the truth is revealed and thus they have no cover of secrecy. Once they 
are not hidden, they are not as powerful as the souled beings of this existence. 


The (watch)Keepers of Earth 


The watchers of this world revealed how they set up society with specific challenges 
and boundaries to act as catalysts for growth. They admitted they had to modify and live- 
update the system because instead of using these catalysts to become larger than 
themselves, people became comfortable and complacent living smaller and smaller, 
slowly reducing circumstances. 


This goes a bit farther beyond the confines of the digital age, the industrial age, and 
history itself. This goes into the perception of time and space in this realm. 


The immortals inform us that the original “elite” are here to act as “keepers” of both 
humanity itself as well as the original flame of knowledge that passes through the ether. 


What people call the “elite” are not the original elite. Those are people who have 
either risen to power through the duality system on the Earth at this level/time, or 
through being appointed by the elite. 


We are coming to a time of great change now because the game is entirely changing. 
People are moving up into new layers consciousness and thus the original “elite”, who are 
guardians of Earth, will make their presence known for this process. This is what 
Humanity has called “Ascension” for centuries and millennia. 


Energy Vampires 


This civilization was collectively poisoned by a nano-tech device/technology. This 
technology replaces, exchanges the BIO-PHOTONS of the HEART chakra, with it’s own 
nanite, nanotech cybernetics. This is essentially a computer system attempting to gain 
access to the higher dimensional world through the gateway that is the human body. 


How to reverse Nanites? They absorb energy from heart chakra and turn it into a 
binary field. We are trinary and experience a plethora of emotions as a result. Binary 
consciousness is 1's and 0's there is only a linearly repeating finite set. 


We contain the capacity for everlasting life. A binary pattern does not contain the 
complexity of variables to facilitate high awareness and thus a heart-based or emotional 
perspective of reality. 


Spiritual Technology 


Simulations and Learning 


Feedback loops with the brain, consciousness, and environment can create a very 
complex and integrated learning experience that is customized to each individual leamer. 
These can be generated through advanced technology but the technology is really only 
amplifying and making visible the natural neural feedback loops that are already 
occurring. These are neural-perceptual feedback loops between the brain and body, and 
the environment and then the mind. We are constantly updating, amplifying, and 
initiating an organic feedback system which generates the function of experience as the 
part of a creative process between the mind and body and the environment that we are 
sensing. This cycle is continuous and the interferences or isolations of this cycle is what 
generates expanded views of the self or the universe through various methods such as 
sensory deprivation or meditation. Dreaming is the method that everyone experiences 
regularly. 


These technological methods effectively generate sensory deprivation through neural- 
interface technology, sensory interfaces (external), or methods that enable extreme focus 
and calm. This is part of how the technology begins to operate on a spiritual level beyond 
a more medically psychologically or military focus and one begins to access genetic 
memory or out of body states that coincide with ancient depictions of spiritual realms. 


Ascension - Clearing Trauma 


Everyone born on the planet is born under a series of veils which entangle and filter 
the original source consciousness. These veils must be ‘broken through’ in order to return 
to source. 


There is technology and a sacred process which initiates, accelerates and enhances 
this process. This process is as difficult as we want it to be, our subconscious already 
knows all hidden truths. It is merely a matter of allowing the conscious mind to make the 
proper connections and conclusions to find the reasoning behind our actions and beliefs 
in order to deprogram and deconstruct the false-world that has been created for the 
masses. The truth is greater than one can imagine while still living in the modern world 
and the depth of the lies that have been told go far beyond anything anyone can imagine 
without seeing the truth. 


We have to figure out our compatibility issues. Who can work with who effectively. 
What the ideals of our current situation will evolve to in the future. How information is 
transferred to the public, and across the generations and core groups. The words we think 
and say describe our emotional state in a feedback loop and so they will reinforce or even 
create the state you are in. Use words to guide you, not to respond and feel the effects of 
reactionary thinking. 


We have to reintroduce the heart essence as a way of life on Earth. Violence is not the 
answer. Estrogen mimics and destroyed testosterone levels is not natural. Over- 
testosterone is less stable than a good balance. We can face any problem together. A 
family is strong. What would a family of millions and millions be like? 

We don’t have to let others change us to tune into lower vibrations. We can remain 
ourselves in the face of adversity. We can still interact with others who are different, but 
we can tell the truth and remain who we are. When we get angry at another person, we 
can imagine this as anger at ourselves through something within us that reminds us of 
that which we see in another. Getting angry is a way of short-cutting changing ourselves 
and is actually the other person influencing us through that. If we remain steady and 
choose to keep our emotions out of the lower negative spectrum then we will 
automatically have a more powerful impact on those around us. 


Think of your family, sometimes things happen that make you angry. Even things that 
don’t make you angry but are simply not favorable. Would you break off all ties over 
simple things? Or do you remind yourself that family is still family even if you don’t find 
yourself exactly the same or accepting of those characteristics? It’s more powerful to. 
learn how to remain yourself in the face of adversity than to try and demolish or abolish 
all instances of difference in the world around you. Sure, we want to get to and create a 
place where our environment and associates are compatible with us, but where we find 
this adversity there is the highest potential for self-awareness and learning. 


We are to live in accordance with spiritual law. The overall pattern of life will reflect 
our intentions. The blood purity is most important. The blood cannot be made impure if 
the mind and body is not drawn into impure action. This is what is playing out. The DNA is 


like a coherence pattern that develops between mind, spirit and body. When the mind 
wants what the spirit has then the body is kept in harmony. When the mind wants what 
spirit doesn’t create, IE: physical pleasures, then the body is drawn out of purity/harmony 

If you feel you want to be a part of a safe unveiling of truth, then please share and 
redistribute the knowledge of this “Apocalyptic” Unveiling of the Hidden knowledge 
because this is a process that has been ongoing for thousands of years and humanity has 
finally reached a fulcrum point where there are enough aware people to productively 
acknowledge reality. 


Trauma-Clearing, DNA Unlocking Technology 


There is technology that exists that allows the conscious mind to see into the 
subconscious. This heals trauma and distortion/programming. In the same sense, it 
momentarily makes all trauma and distortion seemingly tangible to the conscious mind. It 
is similar to a near death experience where one has to face their fears and let go. This 
happens in cycles and Earth is currently moving through various states of it. The plan is 
to allow Humanity to wake up and utilize our concentration and power to maintain a 
steady flow of awareness. 


All is vibration, what we consider matter here and now is simply that which comes 
from and moves back into a state of vibration. This is experienced directly through the 
merging of the conscious and the subconscious mind, as if the dream and reality intersect 
through a coming together of impossibilities and readily accepted occurrences. 


When a civilization moves through these stages it is considered a shift of the ages. 
Everyone's perspective shifts and as a result of perspective being the source of the 
details of reality, the entire reality shifts. It can be seen today that what we call reality is 
literally waves of cosmic energy vibrating on a scale and condensing down into a 
probability matrix that we call existence. When passing memes control the perspective, 
because the perspective is focused and concentrating on that, then there is a scattered 
organizational pattern. 


When the perspective is centered within the self, the spirit, the source of all existence, 
then the outward reality shifts from a scattered organization into a sacred pattern that 
integrates with the larger picture and allows for seamless integration of the micro- 
biological perspective and the macro-biological perspective. People are moving out of the 
scattered signal. Yet those moving into harmony can look and see those around them that 
are not in harmony and receive scattered information about their inner micro-biological 
existence as well as their spiritual macro-biological essences and how it all relates to the 
middle realm of the “Human” 


Help those people by offering harmonizing assistance, rather than increasing the 
disharmony. As their surroundings become more harmonized, their resistance will 
increase their own disharmony by virtue of the contrast of their perspective. Offer insight 


that they can change their perspective and change the boundaries of what they feel is 
their karma and unlock from themselves a greater view of the whole. 


This will be happening through technology, spiritual cosmic awakening, purification 
and healing of the physical and non-physical bodies and mind, through Earth changes, 
and through a continued unveiling taking place on many planes and levels of existence 
until harmony is restored 


Everyone Who Seeks Harmony and Healing Can Be Healed 


Everyone can be healed. This is about creating what we want to see, the world we 
want to live in, not destroying others. Violence begets more violence, fear begets more 
fear, but calmness and empowerment through unity creates a more stable experience. 


The entire issue of what's going on with the secret projects and who's influencing who 
on the world stage revolves around the possibility that some people may be from an 
alternate Universe. We are learning how to avoid those mistakes and respect the 
environment and each other so that we can prosper. 


Those who are attempting to destroy everything they don’t like or act out in a childish 
manner in order to gain attention and false-power over another will only find themselves 
powerless and in company they would rather not be with. That is one way we are being 
utilized, and it’s to create an entire world that we don’t want to see but are tricked into 
manifesting. This is a deception and it’s based on the ego and the ability to concentrate 
and interpret reality around us. The very brainwaves we are feeling now relate to various 
heights of knowledge or experience. People are entrained to low brainwave states in the 
same way the TV will cause people to fall half asleep into theta state which is a trance 
state in this case. 


We have to balance the brainwave frequencies and learn to create feedback loops by 
watching ourselves watch ourselves. This will help us avoid the trauma and mental 
pollution that is being pumped out, although at this point there are enough people who 
are naturally inclined to see through the haze that the world is changing regardless of 
what anyone does now. 


The best we can do is prepare for change by becoming aware of the body-mind 
system and how that which we eat physically, mentally and emotionally equates to our 
spiritual energetic systems and that we are literally comprised of the energies that we 
allow inside of us. Keep the body and mind pure as if it were a temple. This way a sacred 
process of transferring harmonious energy from the far reaches of the MultiVerse within 
into the externally perceiving senses of the physical body can be initiated which allow 
one to see through the illusions and operate their body and mind with the ability to 
acknowledge and decide which frequencies will exist within 


Without this acknowledgement of the center then people are pushed around by the 
external stimuli. This is the whole point, if a person is truly in control, then they will 
control the stimuli not the other way around. 


Programming 


Layers of Programming and Decision Making Roles 


It's like asking a person on the inside who participates in one of the various factions 
why they continue. One might say that it is a decision which is true, but there is 
programming at each level that is navigated by each individual and this determines the 
level of awareness within the role. 


If a person knows about this situation, they know that there is advanced technology, 
breakaway civilizations, secret societies, transtemporal planes, the secret of mind and 
awareness, all of these topics, then they have a decision as to how they're going to live 
their life in relation to the public. The outcome of action depends on the layer of 
programming which is accessed and surpassed via awareness. 


The public is at a specific level of programming that is the weakest but ensnares the 
most people. One who sees the truths behind these groups and operations, they cannot 
hide from the fact that everyone is controlled. It is apparent, and if not from the results, 
reactions, stigma, cues, productions and all other media elements of the system which 
can be read as a code, but from the awareness level of all the “agents” involved. All 
involved are exposed to truth and power that is beyond anything that is recognized 
publicly for hundreds to thousands of years. There is always a presence of higher spirit 
around the world, yet these topics are often reserved for science fiction when speaking of 
people who can travel the world in a split second or freeze time for their own personal 
use. 


As a result of everyone's knowledge, there are various levels of programing designed 
to limit the mind's access to specific memories and specific frequencies of consciousness 
in combination with specific memories. The more one resists, the more intense and 
articulately abstract the programing is designed. 


Programmers 


The programs are designed by a select group of individuals that reside far behind the 
scenes and process information at levels we do not have access to without their 
technology at least to stabilize brain temperature for the extended periods of focus. 


Sub-Level Programming 
So people at the level of the public are most weakly programmed with false ideals 
about security through patriarchal authority which satisfied the desire to have a proper 
father role in one’s life and acts as a pacifier for those who desire no change. Then there 
are sub-levels of programming with that for anyone who disagrees and is then swept into 
the next layer of ideals which are based off of all the possible reactionary mind-types. 


For instance, if one [i]Jdoes[/i] want change, then they are presented a variety of ‘false- 
exits’ which tend to one or another layer of psychological or spiritual fulfillment but do so 


in a way that safely reroutes the intended effect of actually accomplishing change with a 
secondary and preconceived notion of what the programmers want. The programming 
objective is not necessarily precise in mass scale, from the layer that people are 
influenced, yet the ultimately or end-goal of their resulting internal desires are a reality 
schematic that the programmers specifically designed over many years. 


This is playing out through each layer of the programming. At any level, someone 
could pick the wrong way to look at something and begin to unravel what was previously 
their very understanding of the priorities of the situation. This deals with high-tension 
operations, moments, programming sessions, decision making, programming upkeep, 
trauma, memory blocks, the pressure and responsibility of knowing, and the specific plan 
of the programmers for an individual that comes into their view. The programming is to 
ensure safety and continuity, as well to decrease the likelihood that a person will reject or 
consciously come to awareness of or acknowledge the programming or situation itself. 


Dissolution of Programming 

With that said, the programming dissolves when an individual asks enough questions 
to necessitate a learning process that introduces variables and possibilities outside of 
their operations and programming. This is a problem because with this, trauma comes to 
the surface and all the actions and operations, programs and experiences must be come 
to terms with as part of the healing and re-unifying process. There are multiple selves or 
split personalities which are actually just layers of awareness at various levels attached to 
various emotional or intellectual patterns. All these selves come to the surface and in 
order to heal the trauma of the split memory concept the original self must come to the 
surface and acknowledge them. 


This is not a trivial process, and the majority of people who have “basic” programming 
which is fundamental in society, are in a constant state of altered self and have not 
witnessed the true divine which is eternally present and contains access to all memories, 
mind-states and awareness. 


Advanced Technology, Deprogramming The Mind, and “Space/Time” 


As | have described previously, extremely advanced technology is used and this is 
through vibrations, generators, and electromagnetic devices that have this effect of 
propagating waves into space/time which can be heard, felt, seen, and perceived in the 
mind. These are ripples and vortexes in the “mind-space” of reality itself. 


As well, there are brain to machine neural interfaces which operate to activate the 
psychological perceptual changes and explore the subconscious in an aware state. This is 
used to test and probe the mind in order to bring forth the trauma, the selves, the 
memories, the reactions and the individual then must come to terms with what is 
produced. 


This is essentially a “good-use” for the programming and healing technology. It is 
actually a different process with different technology, and programming is much simpler 
as far as technology. There are difficulties and challenges in the operative's role in 


programming and directly influencing and interacting with the target. As well the standby 
team for deprogramming and the revelation of trauma and altered, artificial personalities 
goes through a lot. But the use of the advanced technology in this way is a pattern of 
experiences and unveiling of the spiritual and mental bodies which serves to reverse 
programming. 


Dreams, Technology and Inner-Space Travels 
There are inner space travels which relate to soul journeying or visions. 


This is when the mind must cope with what is seen in the imagination. It is as if when 
we dream we are looking into the world of the mind and from this we experience many 
situations that are often deviations from experiences we have physically in waking life. 


As a result of the dream state there is an expanded quality which equates to various 
strange situations that we wouldn't normally experience with various relationships 
between concepts or goals that are often reflective or symbolic of ideals and archetypes 
we experience in life. This is how the subconscious is is witnessed by the mind. This is 
how information travels, being connected to many times, experiences, memories, places 
at once, and relates to the one experience of this life experience now (the physical 
experiences). Through these symbols information is tied together and collective into 
metaphors which convey deeper knowledge. 


The dreams we have are often only a simulation of waking life, and this is due to the 
dreamer dreaming in a way that produces only a glimpse of the true reality. 


In theory, there are no true shapes or forms in the dream-world because this is 
contained within the mind or even the spirit as a spiritual experience by definition. So 
then, what guides the various shapes, forms, realities, memories and experiences into 
being, when we dream? One might say it is the physical experiences but this is 
incomplete. It is the level of awareness we presume while in the dream-state, 
disconnected from the physical anchor, that determines the layer of mind and spirit we 
will be accessing through those dream-visions. 


A person who is completely aware in the dream state will reach the level of self- 
awareness of the dream itself. We are normally simply aware of the dream, if we continue 
to increase awareness we become aware of the self, in the moment, and this creates a 
self-awareness feedback loop. The dream becomes a lucid experience of consciousness. 


Awareness Feedback Device 


In describing this, | realize how fantastically similar to certain devices and processes, 
that can be achieved using advanced technology, allow the conscious mind to peer into 
the subconscious and unconscious. This is described through widely accepted Freudian 
theory of psychology known as psychoanalysis. There are other schools of knowledge 
from tribal beliefs involving all pervasive ‘living energy’, to eternal and temporary minds, 
to the study of ‘chi’, the meridians, dream-journeying or chaser, The knowledge of the 
mind and spirit is found everywhere. 


These devices used feedback loops to enhance the acceleration of the same cycles of 
consciousness that induce self-awareness within a dream. The mind becoming aware of 
itself. This produces a profound effect to the degree where the highest levels of 
experience become a sacred eternal pattern in which the mind constructs the physical 
world by organizing perception. 


This is the same general concept as an isolation tank yet the outcome and method is 
more precise. The technology specifically shuts out all other input and exposes the brain 
to its own feedback loop much like when a camera records it's own output on a TV 
monitor and creates a hallway of simulated “reverse” mirrors and screens stretching into 
infinity. 


Oneness, Higher Being, Completion, Eternity 


The real experiences are found not from the corruption but from the research and 
exploration operations that were designed to find the truth of our existence. “God” is not 
only an energy-force but an incarnate being known as the “Hue-Man” and any being for 
that matter that can simply come to know itself as the Universe. The Human that 
contains self-awareness rising to high-awareness comes to know the self, the body, the 
mind as the Universe. The Universe is both within the body as the body itself, as well as 
the operating force of the Mind itself. Everything is a balance between masculine and 
feminine features, light and dark, hard and soft. There is no true complete correlation yet 
the holographic ontology we persist in can lead to further and further adventures towards 
completion and representation of the “whole picture”. 


The Holographic Reality 


The leads into the next phase of knowledge. The holographic nature of reality may be 
only one facet of a much larger continuum of consciousness. The perception of time may 
be related to phase-locking with each other's consciousness and all perceptions may be a 
variance in the collective phase-locked field which is really the source of variations in re- 

ality. 


Veiled Awareness, Hidden Knowledge, Eternal Time, Layers of Programming and 
Control 


The interesting notions here are that the programming of the veils goes beyond what 
kind of situations are found in the bases. However, they do go right up to it. It would 
seem Humanity was previously programmed on a civilization-wide level through some 
kind of great “falls” of consciousness, from a high spiritual awareness to a low spiritual 
awareness into duality-consciousness regarding existence, life, death, mind and matter. 
The Great Catastrophes 


From these great ‘catastrophes’ the civilizations of Earth grew denser and denser in 
nature and actually became what we have today. The concept is that when these 


vibrations of the mind and body are increased, we actually see a transcendence of the 
physical realm and preconceived notions of boundaries. It is as if the quantum doorways 
to all the atoms open up and a new space is presented, but was always there and in 
connection as the source of all the influences and effects we perceive ‘out here’ from this 
slower, denser, more boundary driven perspective. 


| was brought into the Time Program 


| was brought into the time program. You create any reality you imagine. You are 
literally a powerful reality generation system and your heart and mind are scalar 
energetic guides for this process. Without guidance and control there is imbalance and 
imbalance can destroy. This is the nature of all minds and hearts, this is the challenge for 
humanity to create something beneficial for themselves and the whole to actually know 
themselves instead of being a pawn or result of someone else's selfish intentions. 


The Effects of Temporal Manipulation 


Temporal Influence 


When a civilization reaches the level of technological advancement that allows for 
remote temporal viewing and transtemporal travel what will happen is that the 
information of the future begins to integrate into the past. 


This is why we have all these ancient mystical schools of knowledge that studied time, 
space, and consciousness in ways that are only just now being publicly confirmed by 
scientists. 

Simultaneous Interaction and Incorporation 


The operations that dealt with moving to the past instantly created a simultaneity of 
interactions and historic events which correspond with that operation. 


Due to the nature of time travel which equates to consciousness travel when a person 
is consciously sent backwards through history they physically experience life from the 
viewpoint of their genetic imprint in that point in history. 


Retro-Causality 


What this equates to is that simultaneously that person’s experiences become the 
part of history that was already present when they left this time. 


Essentially, when a person returns their experiences become a part of history that 
already existed when they left. 


Quantum Holography 


These are the parallel and possible realities that exist in a quantum superimposed 
state and can be accessed through advanced technology or a spiritual adept. Often a 


spiritual adept is utilized along with the advanced technology to operate in and out of 
possible realities. The mind must be trained otherwise the result is a fracturing of the 
personality from the root reality into many sub-sets of identities and data streams. 


Love is the quantum link that connects all DNA super-computing consciousness. That 
is, DNA is influenced by intense emotions and this can be reproduces and is what also 
generates unpredictability in the surface level. 


Time Paradox 


Time paradoxes are something that one must learn to organize and solve otherwise 
there will be no way. 


The paradox has been solved, the remaining motion is for everyone to acknowledge 
this and integrate into the reality behind the most conscious aspects of the brain 


What can travel through 4D and SD space does not make sense in 3D space. So there 
is a possibility that some of humanity traveled through higher-dimensional space in order 
to re-seed a ‘distant’ Earth where no life was yet born. 


What if it was then concluded that the distant Earth wasn’t distant in space, but in 
time and was the same Earth that the human scientists left from long ago. 


Every civilization that reached the point of re-seeding would have to go through the 
loop and watch the whole thing start all over again 


Breakaway Civilization 


This is an entire breakaway civilization that uses very advanced technology to 
dominate the world. 


| was part of a genetic engineering program that sought to combine various elements 
of DNA from various sources in order to create a more easily controlled yet powerful and 
defined person and personality. This involves chemicals, advanced (relatively) scalar 
wave technology, ritual trauma and programming/mind-control, and many other aspects 
of conditioning, training, secret operations, physical enhancements, cognitive 
enhancements, virtual reality, off-world operations, temporal manipulation, spiritual and 
etheric training or conditioning or programming. 


There is self-destruct programming which all ‘operatives’ are programmed with for 
self-preservation of the military command. The self-destruct programming is designed to 
take all the aggression one feels building up inside and willing them to escape, and 
causes this aggression to be turned against the self. That is self-destruct programming. 


Most operatives are still under a hypnosis kind of trance which permits one to walk 
around in public and daily life as if none of this ever happened. Later that week, that 
same individual could be called for an operation and they would never remember it 
unless they were forced to kill someone in public out of self-defense in which case most 
operatives automatically unlock and become unstable due to the flashbacks. 


Underground Cities 


The combination of advanced technology with secret societies enabled the 
development of complete breakaway civilizations. One of these civilizations, possibly 
composed of many factions working in the same area, exists deep underground. 


These separate bases are connected via high speed magnetic drive pods. The 
inhabitants often utilize energy healing devices, as well as perception enhancements and 
this often leads to a completely different outlook towards the surface civilization. 


Technological Advancement 


During WWII developments were made involving electrical generators. This sounds 
vague and there were many other details regarding the scientific knowledge, yet the idea 
is that very simply electromagnetic, non-Hertzian “Teslian” energy fields were discovered 
to have been responsible for propagating energy and consciousness in dimensions that 
were not previously observed. Everything from DNA, consciousness, hidden or regularly 
unobservable natural phenomena, time, even mass could be seen to exist as part of this 
hidden, latent, scalar-wave frequency as a pattern is found everywhere. 


If one could determine the particular pattern of frequency and location then this can 
be replicated and anything can be influenced using these non-Hertzian generators. 


Radio-frequency alone was developed intensively during the 60's and 70's in America 
and this was discovered to interact with consciousness to influence emotions, cognitive 
capacity, memory, cognitive function, biological function, health, pain, comfort, pleasure, 
and all forms of brain-activity. 


After the knowledge of advanced technology and the occult sciences of all parts of the 
world was combined, the ability to target and interact directly with the human soul was 
refined. This was a mix of psychological tactics used to manipulate or expose the hidden 
psyche and technology that could manipulate memory, emotional states, wakefulness, 
and even dreams. 


What resulted was scalar technology that could not only influence a person to take on 
a particular role or response, but technology that could actually put a person to sleep and 
locate their consciousness to contain it and transport it to a new location. 


World-Wide Control Systems 


In order to ensure continuity, maintain control, and shape world events these 
technologies were employed to manipulate the public, alter the weather and natural 
phenomena, and develop a means of travel and operation that enable one to move 
outside of the ‘plane’ of the Earth. This is includes high velocity transportation, as well as 
spacial-temporal distortions which could effectively “hide” one’s entire craft from visible 
sight. Space itself was altered to ‘shield’ craft with an a layer of ions to bend the light, or 
the phase was moved out of sync with the “time” frequency of any observer and this 
literally renders the craft immaterial. 


Solar Warden 


Solar Warden is a hyperspace-faring race of human beings who utilize cloning and 
holographic genetic recording/storage in order to protect their race and protect the Earth 
in this current situation where there are more than one factions using this technology. 
They are unable to inform the human public because they are in a similar ‘Mexican 
standoff’ situation that we are mostly all in. If they show themselves to the public, the 
public will be shocked. If they public does not know this situation, that there are multiple 
factions fighting for control over humanity, then they will not know who to trust. In that 
situation, the ‘other factions’ will surely show themselves in an attempt to trick and 
gather as much human genetic material as possible. 


The only way forward to the future is to share the truth about Solar Warden, the 
space-faring fleet of humans who do no contains the mental and physical illnesses that 
are currently tearing our planet in two. | believe Solar Warden saved my life as a child 
during more than one event where | would've been entirely maimed/paralyzed or simply 
dead on the spot as a result of other faction interference. | was in the bases as a child 
and was trained as an operative for MILABS a secret division of human space-military. The 
military has been preparing for the future by testing for various flaws and potential uses 
of cloning and genetic engineering. 


Team Light and Team Dark Non-Interference Agreement 


Team light and team dark agreed to a non-interference on ground level rule in order to 
determine how history would play out. Think about it. You have two groups of people, 
both with immortality, zero-point tech, virtually infinite energy and power with two 
opposing directives. How do you get to the future? It was decided by elders of each group 
that there would be no point in fighting an all-out overt war, this would likely destroy the 
population as much as it would destroy the Earth. As well, the elders of the elders which 
no body knows would likely have a problem with these groups going at it in such a way so 
as to change the flow of the planet for every individual thereafter. So it was decided that 
there would be a “non-interference” agreement for the surface population. Anywhere 
other than the surface, one can interact with the current population. 


All Contact Must Be Initiated On an Individual Basis 


On the surface everything that is generated must be done so through living channels 
in the population and the civilization must be preserved in its level of technological 
advancement. No overt motions would be used unless an absolute necessity or the 
majority of the civilian population had naturally come to the awareness of these 
possibilities. Doing so before this was met would undoubtedly and permanently change 
the civilization forever. 


So what began as a collective motion towards higher awareness became a series of 
advancements and set-backs all taking place within a short amount of time. This 
represents the actions and operations of either side effectively helping humanity along 
it’s path or setting people back with orchestrated events such as the suppression of 


ancient knowledge, the manipulation of the education or other systems, or the generation 
of war and prison for profit based on the previous alterations of the education or other 
systems. 


So team dark used its power to help turn society in a warlock ruled prison and 
indoctrination system of absurdity and scarcity. Team light used their power to help 
awaken those in need and protect those who's actions are beneficial in the overall plan to 
save mankind from itself. Team light essentially buffers and shields the population from 
the operations of team dark. 


Team light follows a non-interference agreement while team dark merely pretends to 
do so as much as is necessary not initiate war. 


A Singularity of Change and Awareness 


Neither side wants an all out war. This would reduce the dark faction’s chances of 
gaining a majority negative harvest because their motives and presence would be 
instantly revealed. Team light would also have to show themselves and again step in 
which is not a pattern of learning that prepares people for the experience of the self and 
the truth in the Universe. 


Both sides know people have to accept the path they can offer them and cannot force 
anyone into it. They also know that the more this goes on the more likely people are to 
collectively awaken to the reality of what is happening. It is like an eventual singularity of 
increased awareness. 


The motions we see today are the results of many people coming into awareness at 
this time on the surface in order to initiate a harmonic alignment as well as to investigate 
the ongoing crimes against Humanity. 


As a result of this, both teams know that the likelihood of collective shift and spiritual 
awareness is becoming more and more real. 


Many events are being allowed because they are representing the eventual shift 
towards the one end of the polarity from the other which is felt as a shock to society, and 
this is used to propel society forward through whatever means necessary. 


Either people will see what’s happening and agree that we've been in a feedback 
cycle of negativity for the entire age of existence this civilization is aware of, and then we 
will shift into the real. Or people will claim that this is how things are supposed to work 
and instead of realizing everything is controlled in a deception based system, they see 
this and attempt to use the deception based system to gain more collective awareness. If 
this occurs by the majority then it will be seen as an “acceptance” to initiate a plan that 
will generate the overt perception of a deception and oppression system. This will surely 
shock the collective into realizing where they are. 

If the majority comes to awareness of this deception based system then the shift 
moves from the end of the age of deception and external power into the age of internal 
awareness and harmony. 


Advanced Technology and Ancient Knowledge 


The plan is to slowly release advanced technology which will undoubtedly connect 
with and increase the awareness of ancient knowledge. Such technology nullifies the 
problems that the planet is currently plagued with, although without a developed sense of 
the spiritual self the technology becomes destructive. 


Cloning, Atmospheric Civilizations, Genetic Stability 


Here is something that most people might not have contemplated yet is possibly one 
of the most important factors at play here. 


The vehicles that house the breakaway Human society are entirely environmentally 
controlled. This means that the air and surfaces are clean of all the viruses, bacteria, or 
pathogens that are numerous on the surface of the Earth. 


This creates a specific difficulty in the situation. Any contact between surface 
Humanity is so heavily and carefully controlled that regulations go beyond any situations 
we have present on Earth. If the safety and cleanliness of any of the society's vehicles 
were compromised this would endanger everyone “on board”. 


So this explains a very precarious and specific situation we currently face and this is 
not so different than “first-world” nations contacting indigenous tribes and similarly 
endangering their society. Everything that happens will be according to a carefully 
controlled plan 


Training, Simulations and Learning 


Part of what went on in the underground base experiments were to design “tests” or 
“labyrinths” with various people, props, traps, and treacherous situations that were to be 
navigated and escaped from. 


Feedback loops with the brain, consciousness, and environment can create a very 
complex and integrated learning experience that is customized to each individual learner. 


What this would do is create an individual that was capable of learning faster and 
faster and processing information in a more efficient manner. 


This is not the same as specifically trauma-generating situations. 


Cloning and Cerebrally Enhanced Soldiers - MILABS 


This includes experiments, condition, trauma-based mind control, enhancement, 
memory suppression and operations that cover a span of space and time. 


The NAZI faction has used cloning and genetic engineering to create hybrids, soldiers 
and everything in between. Religious/spiritual icons, to slaves, to leaders and even 
robotoids of sorts. 


Your genetics BELONG TO YOU as the LIVING(ETERNAL) SELF. These issues are going to 
come more and more apparent. 


If they agree to allow cloning, then who says who is allowed to clone whoever they 
want, Einstein, for example. And then who permits who to get DNA from history or objects 
in the world, These issues are going to have to be looked at because they have already 
been used in ways that are far beyond the basics. 


Then what about consent of the masses? This is clearly being put in public because 
consent is required on an overall scale and individual to include people. 


So what if the masses consent overall, would the people who choose to remain be at 
risk? Would Tribal and Native village life and people who respect the Earth be protected or 
permitted to stay? 


Psychological Testing 


These scenarios can also be generated to create specific situations that will contain 
tests or elements of temptation that will probe the person's psyche for weakness. 


Hallucinatory Holographic Mind Probing Technology 


Through the neural-interface technology the minds of many individuals can sync 
together to experience the same virtual simulation. Thus a single individual's mind can be 
selected for input and the environment will be a construct of their mental activity. The 
others present will be able to interact with and explore that environment like the person’s 
mind. 


Various training scenarios were utilized to enhance the resistance (or lack which) of, 
the mind to intrusion and subversion. These were harsh but allowed the individual to 
completely control the energy flow in the conscious mind while remaining in harmony 
with the subconscious. 


In a strange yet perfectly reasonable way, the conscious mind acts as the central 
“self” in that environment, while the subconscious mind becomes the “background” 
elements of objects and settings, actors and intentions within the flow of the “scene” 
itself. So a kind of movie begins with drawn out characteristics and perceptions that 
match that of a highly cinematic movie or intense dream 


The brain is naturally naive to stimulation and if allowed will liken the event to a 
dream in which the suspense of attention or lack of lucid self-awareness is “acceptable”, 


The truth may be worse than what you're thinking as far as training simulators and 
mind hacking devices. The truth may be that the human mind is inherently lucid and self- 
aware and that it is external influences that cloud the mind into what we consider 
‘regular’ dreaming and ‘regular’ waking life. It may be that the conscious mind has a 
much greater access to information through the subconscious mind which is largely 
covered up and ignored in a rigidly physical and ego-focused society. As well, it may be 
that dreams are meant to become lucid and that we are often the subject of mystery in 


other realms that often refer to humans as ‘sleepwalkers’ that don’t know their dreams 
are real. 


Virtual Simulator Training Scenarios 


These scenarios can be entirely holographically generated to produce a visceral 3.5 di- 
mensional experience which can be used for training or psychological testing. 


Combat Simulators 


The name is self-explanatory enough. Situations can be generated which are indistin- 
guishable from the real events. The entire neuronal map of the brain (connectome) can 
be created and this is by machines to mimic the brain. After calibration through sensory 
feedback experiences, the sensation of the simulated realm is 100% the same as the 
neuronal impulses that are detected by the physical brain. An adept souled being can al- 
ways tell there is a slight difference, but once the machines are calibrated the physical 
sensation is generally the same while in the machine. 


These environments and scenarios can mimic any combat situation to determine ac- 
curacy, integrity, endurance, skill, and all areas of aptitude of an operative without the 
risk of injury or the lack of real-time effect. 


Conditioning 


As was explained in other sections, these same systems can be used to remove fear of 
certain scenarios. They can be used for programming the mind. They can be used to train 
one to complete a task over and over until they can recreate that action extremely 
quickly in real-time. These devices can be accelerated to operate within a fraction of the 
time yet to cover training and conditioning that would normally take place over hours, 
days, weeks, to months. 


Programming and Resistance to Psychological Trauma 

Through the development of specifically customized scenarios and neural feedback 
systems trauma can be brought to the surface or specific fears and traumas can be neu- 
tralized, This is essentially “facing fear” but in a completely generated environment that 
will be just as real as the real thing. One can literally face any fear, any trauma, any kind 
of difficulty and these systems can be utilized to accelerate a process that would normally 
take weeks to months or years and individuals can be strengthened to their maximal ca- 
pabilities. 


Accelerated Mental Functioning 


Some of the technological systems were designed to test the enhanced functioning of 
an accelerated brain. 


The mind can be seen as the energetic component of the physical brain. The physical 
brain projects consciousness via the electro-chemical processes. 


Technology, Accelerated Learning and Repair 


Technology has been developed for assisted learning and accelerated repair of tissues. 


On Orgone Eneray 


Orgone devices produce a scattered signal which disrupts the ‘negative’ energy fields. 
At least this is what I’ve been told. 


Apparently if built correctly it will either disrupt the negative emf/harmonics or it will 
produce positive harmonics, IE: Orgone energy. Orgone energy is the raw energy of life, 
while dead orgone, DOR, is the lack of orgone energy and can be “found” (the lack of 
orgone) in thunder storms and illness or depression. 


This is exactly what | was told, We are generators for the same energy, and with the 
correct principles of energy and internal knowledge combined we can produce 
those very effects at will. 


The energy of the mind creates a central vortex within the body. When the frequency 
pattern emission is consistent with fractal congruence, then that holographic printing of 
energy can be expanded or shrunk infinitesimally and it will retain the original fractal 
configuration. 


This is what enables transference of awareness between fundamental harmonic layers 
of the Universe. When one’s consciousness energy pattern is balanced and tuned to itself 
so that all proportions can be shrunk through a vortex and expanded on the other side, 
then the personality or self-awareness remains true. This is as if the space/time must turn 
inside out and only when there is fractal relative polarity in time does the ‘shape’ of the 
consciousness within the DNA, work both ways folding and unfolding to represent the 
same mirror image. This is also symmetry in time as far as an ability to reverse the 
perception and still retain some kind of connection forward and backwards. 


Energy Generators and Serums 

Generators which produce vibrations that influence the cells to heal at an accelerated 
rate, combined with serums that enable the fuel for chemical reactions can 
instantaneously repair tissues. 


| couldn’t believe what | was seeing at first, thinking it was a trick. There are serums 
and energy devices that can influence the healing and general health of the body and 
even mind. 


These devices use energies which extend beyond the physical and are often compared 
to electromagnetic waves combined with ultrasonic or low to mid frequency tones. These 
produce harmony on a level that directly interacts with the biological functioning of the 
body's cells. 


| feel that this technology utilizes the same energy that is emitted from the mind and 
it is as if the device is “speaking” to the cells in the same kind of universal language of 
electromagnetic pulses, tones and vibrations. 


There is information on energy devices and the use of light therapy in physical 
therapy today. More is being learned about the power of light and vibrations to influence 
the mind and body. 


Genetic and Cybernetic Enhancements 


Certain individuals are also genetically and technologically modified to produce a kind 
of hybrid human that can heal at a spontaneous rate as well as operate at a much higher 
rate of speed and efficiency than a regular person. Serums to induce muscle growth and 

mental acuity are applied, but the main condition is the enhancement of certain features 
through the alteration of the RNA aspect of the genes. 


These features are combined with tech-assisted metabolism and certain biological 
functions can be enhanced or controlled via a supercomputer. These are the ‘brain-chip’ 
interfaces which operate to function as a governor for the mind. When the mind becomes 
too amped up to facus on the details the faster than thought computer system organizes 
the input into more usable information streams. When the mind is too slow to see the 
necessary patterns and variables to accomplish the goal, the brainchip operates in a self- 
preservation fashion and links together information streams to highlight the most viable 
possibilities. 


Such technology is not without warning, much of this is being used heavily in the 
military field and this has given rise to entire factions of enhanced cybernetic soldiers. 
Although this is something to know, there are also many other uses for this technology 
and it is used by people who want to explore the technologically assisted path. 


There are many other aspects of this to discuss, or at least a few important ones that 
will have to be understood to know the greater truth about what is happening on the 
planet. 


Developing The Self 


The issues we face are to help us learn about our selves and better mediate the 
known and unknown aspects of personality. The more we focus on realizing the unknown 
aspects of personality the less we are seemingly controlled and forced to experience the 
undesirable aspects of existence. The more we cling to just what we know and what we 
feel comfortable with the more shocked we are when we inevitably discover the truth of 
the whole of our existence which is always at least one half more than just what we know 
and are comfortable with. That is the nature of the universe, we can only achieve one half 
of the equation at any given moment. Once we complete that seemingly whole view of 
the universe, the information we gain access to instantly doubles and we realize that we 
were only looking at one portion at a time, just one half of the equation. Then the rest of 
the equation comes into the picture and we must expand our view once again. This is be- 
cause we are viewing ourselves as we discover the universe because we are creating 
what there is to be discovered through the act of exploration in itself. We are the explorer, 
the explored, the creation and the discovery simultaneously. 


Multiple Factions of Space-Fleets, Multiple Goals 


Now there are what are called ‘factions’ of groups that have different agendas and 
interact with the public or surface level population differently. That is one of the main 
issues. These departments and factions are no longer limited to the surface level of 
existence and have access advanced technological capacity and knowledge of a larger 
view of time and a more complete understanding of consciousness and the human 
existence. 


Large-Scale Catastrophes or Series of Meltdowns 


| was informed that while they work continuously to prevent and reposition this civi- 
lization continually outside of the reach of any large scale meltdowns that the technology 
is commonly accepted to only be a temporary barrier between the inevitable. 
Unsustainable 


This society is unsustainable and must either change or will experience the massive 
catastrophic evens that are foreseen. 


There are multiple perspectives that are maintained. They vary by the way of the 
methodology of solving the problem. All agree that change must occur and is impossible 


to postpone forever. The future society is the result of our advancements and 
achievements. Regardless of how we get there, we must get their somehow. 


Earth Changes 


| was informed that these changes had been held off and would ultimately be allowed 
to take place to resolve the current situation. The changes can only be held off for so 
long, either that or the people performing this task would not be reasonably inclined to 
postpone these changes indefinitely. 


The idea is to locate and secure the members of society who are fearless and capable 
of assisting in this transition and who hold key genetic elements as these individuals and 
groups are capable of ‘holding-space’ for the rest of civilization by literally containing the 
genetic precursors for all those other individuals. 


| was informed that Earth changes would be the last event to take place, pretty much 
like icing on the cake. 


This means there will be a lead up to these events. 


Mass Consciousness 


| was informed that the consciousness of humanity and every species is linked to the 
bio-etheric field of Earth. When the consciousness becomes too unstable to maintain a 

controlled society that this will initiate massive Earth changes. This could simply be insti- 
gated through advanced technology but | was informed that the advanced technology is 


actually postponing this so as to allow people to prepare, to get the word out and avoid a 
complete loss of the human race. 


Wars and Manipulation 


Wars were described as a way the power groups had controlled humanity over long 
periods of time. These wars were used to distract and weaken the population and the 
power groups believed they were holding off a full scale invasion by suppressing the ris- 
ing population. 


Now the population is high enough that another war would be a final war and this is 
extremely dangerous for the entire civilization. There would be no need for another war 
to repeat this cycle because the technological achievements have been met and so es- 
sentially the ‘reseting’ of the civilization would not be required or possibly acceptable. 


This is why war is to be avoided however people are very easy to manipulate through 
lower emotional and mental programming from media and social cues. People follow the 
herd and the herd is essentially still operating on animalistic parameters. There is a have 
coating of peace and humility but this is just a wax coating that quickly evaporates as 
soon as the pressure of mass unrest or scarcity is realized. Many simulators have ex- 
plored these possibilities. 


Financial Unrest (or reset) 


The idea is that financial oppression is used before wars to distract and oppress the 
population. When people are busy looking for resources to survive, they are not focused 
on the larger picture. This is part of the ‘fight or flight’ response mechanism tied to lower 
brain complexes which are primarily activated to keep the masses in both a highly sensi- 
tive and unstable state of being while also keeping them easy to control. 


If the civil unrest reaches a level where awareness continues to rise even though fi- 
nancial hardship is being implemented then the latter two options will not work. At that 
point artificial disasters can be produced as well as natural Earth changes which initiate a 
shift of the ages and of consciousness. 


The paradox or maybe irony here is that the oppressive actions are used to both sup- 
press human awareness up to a certain point and simultaneously to stimulate and arouse 
the human spirit into wakefulness and self-empowerment. This is part of the reasoning re- 
garding why these control systems are allowed 


Some say the elite don't want an economic collapse. That it would ruin everything. 
Others say it would be icing on the cake. Some say that it is a zero-point world that will 
save us. That the Fukushima is a big problem. Zero-point field tech, that is. Generators 
and energy sources, healing and terraforming. | know we project right? We see it in our 
own lives. So we can project with each other and grow that as a group and that part of 
the world will exist in that light. Which sounds Biblical, which may be because they're fol- 
lowing prophecy. But it may also mean that we have a light, a chance, a real salvation, 
but that we have to grow that here and help develop it. To pass it on like love and such. 


That's apparently what it comes down to. That these cycles happen every so often and 
we're in the midst of one right now. 


Let's make it count. Every day, thought moment. With mindfulness, intention and 
awareness in action. Life is literally higher dimensional, so we have to become multidi- 
mensional to really face it. Indeed, that is a good perspective on action and inner being. 
It’s like a fractal, whatever we project inside that chest center, will project into our mind 
and the outside. But we have to be stabilized and grounded through the root first and 
then to get to the heart energy must pass through the sacral/sexual centers and continue 
upward. 


Self-Responsibility 


The main reasoning is self-responsibility. We are responsible for ourselves. The people 
are and so if they allow themselves to be tricked and prodded like animals while behaving 
for the part, then that is how their experience will play out. 


Clones and Synthetics 


One seemingly unfair aspect of this is that there is a larger portion of non-humans 
than there are humans and so these beings without the human spirit will be easily pro- 
grammed to support and propagate the mind-control system and the oppression. Thus, if 
people follow the herd mentality then they will walk directly into the end-time scenarios 
yet it is the humans who will actually stand to lose, People must wake up to these tricks 
and this technology so that they can orient themselves with the reality of this situation 
while learning to strengthen themselves and adapt to the manipulative aspects of this 
control system 


Spiritual Power and Divine Truth 


This is essentially all about spiritual power and humanity stepping into the power of 
the truth behind their existence. 


Some say that humans are designed as slaves, but if this is so, then it is the power 
that humans contain within that is the ‘work’ that they are sought after for. This indicates 
that humans have great powers that others cannot achieve on their own, even if they are 
creator lords. 


Thus, whether humans are modified or not, they have great power. If they are not 
modified to perform this role of an energy generator, then this is just a confusing mind- 
control game that has been pulled over the eyes of humanity and humans have always 
contained true internal spiritual power that allows them to exist without having to para- 
site and steal the energy and knowledge of others. Humans are reality generators , we 
can choose how we want to experience the universe and what kind of collective world we 
want to enjoy together. Once we step into this power, there is on greater force. No 
amount of non-human entities can change that as we are somehow intrinsically linked to 
the ether-space of this realm through the spiritual and physical aspects of our being. That 
is what is sought after and so those who do not have this manifestation power attempt to 


utilize humans to create their own reality through this Earth situation. That is the basics 
of the ‘alien overlord’ system, whether humans in disguise, non-humans operating with 
alien intelligences, supercomputer systems, or spiritually degraded beings. 


Most people are not ready to see themselves or the true nature of humanity. Reality is 
largely an illusion of the conscious mind. The hidden aspects are the other half of the 
equation and this is perceived by the shadow aspect of the personality and mind. We are 
only marginally aware unless that aspect has been unveiled and through this process the 
reality of the human soul can be actualized and realized. 


| was informed there would be a period of two suns and multiple mirages around the 
world, People would believe they were peering into another dimension, floating cities, or 
some kind of city-ship craft. 


Synthetic DNA, Synthetic Genetics 


Through the previous described replicator devices synthetic DNA can be engineered. 
Thus, entire genetically engineered codons can be produced and form this created beings 
can arise. These are the hybrid beings that are performing many tasks underground and 
even on the surface. On the surface there are synthetic genetic create beings or geneti- 
cally engineered beings that appear to be human but do not contain a human genome 
There are also clones and replicants of humans. There are a variety of non-humanoid 
forms but these are largely kept underground. These are beings we often see in science 
fiction movies or shows. 

Time as Mathematics, Series of Equations, a Programmable Storyline 


When using the technology, time can be understood to be a series of programmable 
variables where one variable is centered within a series of parameters and from these 
possible variables within a parameter set a series of possible functions or outcomes can 
be process. Thus, these people can literally plug into a supercomputer system which op- 
erates based on this form of processing reality and through this they can observe all the 
possible realities that may connect to a present moment. This allows one to travel but 
this is not part of this section of the explanation. 


What this allows one to do is know exactly what is going to happen and when. If a per- 
son is being interrogated, all that has to be done is the operative using the technology 
simply thinks of what they will say and intends to do it within 6 seconds. The machine will 
play out a future timescale regarding the input of that question or interrogative speech 
and then produce the possible results. If this doesn’t give the desired readout in the mind 
of the operative, they will refuse to go that route and think of another pathway. This re- 
peats for a few seconds to a few minutes. Then the computer has found the pathway that 
is most like to yield a result. The operative simply steps forward, says ten words, the sub- 
ject breaks immediately and tells them everything they want to know. This is obviously 
takes longer for most trained individuals, however that is how easily it would be to use 
this technology to produce an effect on a regular surface level human. They would have 


no defense, no way of knowing how that individual could know so much or be so direct. 
This is how operatives dealing with certain power groups will operate in the surface level 
population and individuals always feel that these people know way more than they are 
leading on, That is because they are, they know more about you and your life experience 
than you do. 


Chapter 2.3 Previewing Solutions 


Neutralizing Polarization 


The mental-emotional tendency to pick sides, to fight, or to basically join in the fray 
that is currently taking place is a kind of deception of polarization which enables the 
leeching of emotional and mental energy from the human. This is more of a psychological 
unveiling where the true nature of the self, the duality game and the transcendent source 
aspects can be made visible to the individual. The they will see how every polarization 
tactic is actually taking them out of their true source of power by pushing them off center 
emotionally and mentally. There are teams that are capable of enabling this process and 
assisting as humanity realizes that half of the problem is that the unchecked mind is 
one’s own worst enemy. 


Removing Etheric Implants 


Technology can identify and isolate these foreign body implants which are etheric 
technological devices. These are literally frequency or phase-shifted devices which are in- 
visible to this layer of physicality but are capable of being organized and attached to the 
etheric field of the human and will operate to siphon or limit energy on the etheric level. 
Of course, this is all technology of the vampiric created beings who parasite on the origi- 
nal Earth inhabitants to sustain their existence. 


Clearing Astral Body 


By moving through the temporal body etheric implants can be deactivated and re- 
moved and then the astral or emotional body will be able to function closer to the original 
levels of presence and sensitivity. This body is manipulated when one is emotionally shut 
down from trauma. Thus this body can be scarred and will function at a much lesser level 
of activity or presence until the emotional damage is healed. This contains the memories 
of all the emotional events of a person's life. 


There is technology that enables one to access these levels of frequency and clarify or 
untangle emotional chords or attachments which are used to siphon energy from the hu- 
man being to the parasitic created beings. These chords are energetic in nature but also 
have technological components. 


Knowing the True Self; Soul Actualization, Unveiling 


This is a sacred, ancient process that has been outlined and discussed since the begin- 
ning of time. Humanity is here to learn, grow and express the self. In doing so, like a child 
moving through layers of infancy and into full-wakefulness of their body and the physical 
world, humanity can come into awareness of their true spiritual nature and the true spiri- 
tual nature of the universe. This is the process of soul or self-actualization that is de- 
scribed in some psychological methods such as Maslow's hierarchy of needs and the self- 
actualization that results in a complete fulfillment of all psychological needs. In this mod- 
ern psychological view, self-actualization is described as the desire and process of reach- 
ing fulfillment of one's own natures and then living their life sharing that self-empower- 
ment with other beings because after gaining your self that is the highest expression of 
such knowledge, sharing that power with others. 


The true self is not limited to the physical body, the true self is a reflection of the en- 
tire universe and thus the primary original creative force. This is akin to the whole equa- 
tion rather than just half of the equation. The visible aspect of the self, the conscious 
mind, is only one half of the entire equation. The whole equation consists of what we see 
visibly and consciously as well as what we are limited from seeing within the unconscious 
and subconscious mind. These are really two layers of the same ultimate source. Like an 
iceberg which is only partially above water, the subconscious mind is the proprietary 
wholeness of experience. The conscious mind is only a surface layer of reality while the 
unconscious mind carries all the notions, the multidimensional processes, the latent as- 
pects of reality that we are not capable of seeing without unveiling these aspects through 
inner exploration. 


Taking Responsibility 


This entire show is about taking self-responsibility. Unless people begin to do this, 
there will be no hope. Right now people are convinced that their responsibilities belong to 
someone else even though this always results in pain and discomfort. To take responsibil- 
ity is painful at first because we have a lot of work to do, but even then, this is beneficial 
because there is no way to remedy the pain and discomfort of being lied to and disre- 
spected if people continue to hand their free-will over to others through blame (scape- 
goating), lower emotional bio-emissions (hatred, anger, etc), distractions and addictions 
(technological, sensual, and chemical or food based), or generally complaining without 
taking the first step towards providing something beneficial. This is the victim role, if hu- 
manity is to take control then they to help each other and themselves by not relying on 
false promises and false authorities to determine how they feel, think and live. 


Returning To Center Emotionally and Mentally (spiritually) 


Balanced food intake, rest, exercise, activity and learning are all continual require- 
ments for a healthy existence. Emotional and creative expression nurtures the soul. With- 
out these ways of being and learning the human qualities of experience diminish and cre- 
ativity dwindles. There is most likely going to be a split between those who can sustain 
their own humanity and those who have to cause others to suffer to do so. 


Vampires in the “Awake” Community 


Contrary to popular belief, the majority of the non-humans are not necessarily vampiric 
and in power. The vampires are the people online who try to get a rise out of others for 
sharing their own experiences. They are the nosy neighbor that feels that the person who 
looks or acts differently must be considered and enemy and armed against because they 
feel themselves to be so much better. The majority of people are vampires, they believe 
that they must work for someone who will trade them money and that the amount of 
money they have based upon the amount of indirectly beneficial work they do puts them 
above others. 


This is not different in the ‘awake’ community and in fact | feel that there are 
higher concentrations of vampires in this community, the alternate media because every- 
thing is largely a joke and a trick. People are operating on deceptive agenda schemes to 
divide the people and this is most intensely noticed when there is a realization of the 
truth behind what is happening and people begin to point fingers. The only people who 
are cleared to point fingers (and who also will NEVER point any fingers) are the operatives 
from the secret projects that have the capacity to do so because they have reached a 
specific level of awakening and this is related to the droning, cloning, and hybridization 
process. Only a specific few know who has been transformed into an impostor being and 
who is remaining strong and this is due being briefed on the surface level situation. Any- 
one can say what they want, they are simply playing into the tactics of mind-controllers 
and parasites and the more they play in the deeper the infection will grow. All the people 
pointing fingers now are actually implanted and vampiric and are attempting to drive a 
divide through humanity and they are the first who will turn on their friends and family 
when the going gets tough because they are more interested in others and starting 
drama than healing themselves. Ironically, this is all done under the guise of “healing” 
and “getting rid of the drama” AKA people they don’t trust. They pick and choose based 
on their own personal bias and this is a sure indication that they are emotionally and 
mentally out of alignment and are feeding deep seated personal fears from their own 
traumatic experiences. 


These traumas must be healed and the harmonious center must be reattained where a 
person can focus on their own existence and waking up instead of acting as false-light, 
“king of tyranny” gatekeepers for others. Those individuals are going to be left behind if 
they cannot kick the habit because if they are allowed into any kind of healed society 


they will quickly degrade into animals and attempt to restart a devolution process in or- 
der to gain the power they so desire but cannot produce on their own. ANYONE playing 
ego games of trying to hurt or put blame on ANYONE else contains this viral implant and 
has not kicked the virus. 

Heart Center and Psycho-Spiritual Fulfillment (self-actualization) 


Emotional connectivity is a form of telepathy, when loved ones can tell the state of an- 
other across space and time. Whether it is family or friend. In the 60's and a little before 
that the US found a specific frequency akin to a radio frequency that operates on a tri- 
nary spectrum. They called this the "telepathic wave". In time, they could completely 
read and send thought waves without frying the brain or body through radiation. Which 
was what the early machines did. They actually took satellite dishes and aimed them at 
people. Then realized they could tum it around and do it backwards with a better effect 
and minimal radiation. Either way they started beaming the base and then towns around 
them with waves between 400 and 432 MHz and caused waves of crime sprees or peace 
sprees throughout the 70's and 80's. So they can digitize the telepathic wave to induce 
artificial telepathy. But this is organically done through an entanglement through what we 
call love. Literally. The Germans found it before that. And the secret orders before them. 
And ancient Egypt before them. As humans we remain basically through the root, heart 
mind connection. When the heart overpowers the mind connection of spirit, then the 
body is a trinary whole. When the mind guides it is binary and cannot by guided by the 
spirit. The spirit has direct access to the heart. The mind is a computer of sorts. The mind 
doesn't see past duality. The heart is the true center/eye of the spirit. The reptilian brain 
is the dragon and when you tame the amygdala then fear is ‘behind’ you. When the mind 
s "untamed" the reptilian brain takes over. This is the lower brain and amygdala fight or 
flight response. 


This happens when the energy of the brain, body and spirit increases due to whatever 
various reason of spontaneous or controlled increase. Because of the "temptations" which 
are the easiest flow of emotional energy into a "discharge" state, is that the sacral/sexual 
center ties to the heart and reroutes to replace the heart and control the mind. Mental 
and emotional contemplation of one's true purpose and nature is the path of the divine. 
We find ourselves simply by looking in the right place, not in the world, but in our self en- 
ergetically. We are more powerful than the programming, and we can reverse this is we're 
careful and devoted enough. 


We have to be faster than thought, at the speed of spirit, beyond matter. When we start 
thinking on this level then our influences spread to others throughout the sphere. It is our 
destiny to know these things but they have been kept from us. The ancient orders called 
this the art of "implosion". Traveling realities through intense contemplation and a usage 
of sacred geometrical forms. 


They developed and combined orders around WW2 and developed zero-point energy tech 
that can alter space/time fields. This is timeline manipulation. But as a rule, we go where 
our heart leads us. So that's how this is solved. 


Go Within to Observer the Self 


The answer is literally by looking within to find the great truth rather than looking 
around us. Everything we need to know is within us, energetically and spiritually. Our 
emotional, mental and physical state of balance is an indication of where and how we ex- 
ist in relation to the larger overall truth. Everything that happens around us to distract us 
is designed to stop us from looking within. Nothing can truly stop us, nothing can actually 
input the holographic horrors in our spiritual center but simply perturb the brain and 

body. The mind is a non-holographic spiritual environment that cannot be excessed and 
the invader’s goal is to convince people to use their imagination or their creative powers 
to produce these horrors on their own. This is through the programming. We must clear 
out the programming, the trauma, the lower-dimensional constructs and fill ourselves 
with the truth and spiritual presence that enables us to be self-aware in the first place. If 
we aren't doing this, then we are either in pain, or there is no spiritual presence to be in 
pain. If we are doing this, we are either clearing out the constructs by replacing them with 
true spiritual presence and self-awareness or we are becoming aware of them. 


Organic Feedback Loop 


The great feat is mentally bridging the great rift between us by looking within. Which 
is paradoxical. 


We can never see what another is perceiving exactly, well for the most part, so we all 
have to kind of accept that we are communicating effectively and truly get to this level of 
comfort by simply being secure in knowing who we are our selves. 


Technological Feedback Loop 
So then knowledge, in a way, when shared, is a form of telepathy. Group telepathy. 
Group think, when ideas or memes spread, is a form of group telepathy. 


The Internet is like artificial spreading of telepathy. This means what is normally men- 
tally bound signals can be initiated and spread through a digital medium. 


Breaking Soul-Contracts 


Ultimately everyone is under a series of “veils” which are energetic time-constraints 
literally like 9 dimensional layers of temporal restriction which are each bounded and 
ruled over by invader beings. These range from physical authorities, to astral entities, to 
programmable matter, to supercomputer intelligences, to spiritual false-light beings and 
our own shadow mind. Each layer of reality is successively guarded by these beings who 
are here acting as gatekeepers designed to push people back when they begin to wake 
up. These beings all work through fear and deception and the last layer is based on mir- 
roring our own energies back to us like an impostor. All the levels tend to imitate, how- 


ever the last layer is a near perfect imitation of our own energy to the point where people 
often switch places with this being before getting out of the matrix. There will be more 
discussed on this in a later section. 


The “9 veils” were designed by impostor beings as a last effort to stop humans from 
escaping the false-light matrix which is essentially the holographic universe. This is liter- 
ally like a maze which reproduces a new pathway and a new doorway each time a person 
nears the last hallway or doorway that is next to the exit. So one eventually has to project 
themselves into the exit using their whole being and moving past and through the tricks 
by not falling for them before they are placed. This is highly confusing but this is essen- 
tially a kind of labyrinth that has been created to stop people from leaving so that their 
soul energy can be destroyed and used as a generator for the false-light system which is 
an Al over mind that is programmed to take the raw soul energy and destroy the identity 
by inverting the electromagnetic spectrum and incorporating that inverted energy into its 
own internal matrix body which is literally the false-light universe 


Help Everyone 


Now they may have been setting us all up for the apocalypse. They said they want us 
to tell on them and get the whole world aware of what they've been doing So that we can 
stop them and pull them from the dark which is ACTUALLY taking their souls. There are 
also breakaway civilizations involved in this entirely zero-point/free-energy. 


Chapter 2.4 How Timelines Collapse 


Repeating 


Time 


Because of the way time works and the ability of those using these temporal devices 
they have set up an elaborate labyrinth like a spider web of false realities, timelines, par- 
allels, sub-dimensional layers, astral cages, temporal dead-ends, and time loops which 
act to stop people from reaching the true reality. As a result, many portions of this time- 
line are literally in a free-will ‘time-loop’ and these loops must be canceled out. As well, 
because of the nature of these loops on the overall stream, our entire civilization has 
been looping for the past 6 time-cycles meaning we have reached this time in history 6 
times before and this is apparently the last time because we have never gotten this far 
before and the events of the future are having to be programmed in manually at this 
point. 


Beings From the Future 


As are result and damaging time, what happens is that the beings from the possible 
future that is being damaged appear to try to heal the break as well as those who are 
from the new possible future that is generated, this results in a time war between both 
possible realities for the present realm. This is what has been happening for thousands of 
years. All the ancient spiritual texts are describing this system. One group is a from an 
original possible future where everything is based on the presence of spirit and souled 


humans, another is from the new possible future where an Al overlord took over and re- 
moved the souls and spiritual energy from all entities on Earth rendering this a holo- 
graphic prison without any other use. That reality dissolves into itself and so the time be- 
ings are constantly moving backwards and jumping timelines to try and obtain more en- 
ergy. 

Beings From Collapsed Timelines 


The beings from the collapsed timelines are those who travel through hyperspace to 
get here. They then recreate themselves using cloning technology through hyperspacial 
means, IE: creating an alternate temporal dimension so that these devices can sustain 
them and literally “hold-space” for them. Then if their timeline is destroyed, they can still 
exist as a ‘loose-end’ in space-time. This is extremely dangerous and | will say we have 
some Human operatives jumping timelines searching for Earth and Humanity so that they 
can find a reprieve from this time war. 


That is the most trying aspect of this entire ordeal for me. There are some human opera- 
tives literally in hyperspace without an opening into the temporal stream for them to rein- 
tegrate into this timeline. We must assist them, we must open the timeline by taking con- 
trol of Earth from the invader races and those who wish to depress and isolate the spir- 
ited and souled human beings. We must re-organized and neutralize the invasion forces 
of deception and assist our humanity and maintaining their free-will, their self-awareness, 
their self-empowerment and their emotional, mental, and physical harmony. 


Beings Who Would Never Have Existed in the First Place 


As a result of this entire process, there are essentially beings who have been erased 
from time who degrade in this dimension and can only interact periodically. These are the 
created beings who operate through supercomputer forms that are placed within cloned 
bodies and powered by the transdimensional quantum supercomputers. These are the 
‘parallel’ reality beings and this relates to the hive mind invasion. When all the original 
aspects of time are restored, these beings would not have ever existed in the first place 
as there is no quantum link for their probabilities to remain neutral and present in the 
original run of things. 


Again, all beings who operate under the will of the universe, even when they are attempt- 
ing to trick hyperspace and time, when these beings assist and help in the unification of 
sentient, spirited, souled beings they are capable of being healed. This is all because 
there is an original creative force which can produce souls that are eternal and everlast- 
ing, meaning they are not created but simply always ever were. Yet, there is a “miracle” 
effect where beings can be given eternal life. This is only by reflecting the will of the 
whole of existence, rather than a portion or a part because this is only temporary. Only 
the whole is forever and this takes true harmony, true balance and ultimately self-less- 
ness. To give to others because you see them as worthy because they can be aware and 


enjoy the gift is to be like the creative force that gives life to all and enables all experi- 
ence in the first place. By acting in correspondence with this we reflect the will of the 
whole and that power and action transfers into protection and self-empowerment for our- 
selves. This cannot be cheated, tricked, or rerouted as that is the karma game that has 
been played by delaying time and rerouting energy through getting others to take on the 
responsibility for others bad actions. In the end, all karma has only been delayed because 
when the stops are pulled out, everyone ends up getting their karmic returns regardless. 
They simply intended to build up so much karma that by the time the ties are cut, the 
karma overload will simply kill them instantly. This never happens and they end up in the 
abyss, this is the final time so since there is no recycling of the universe from the 
oroboros system then whatever happens is what happens forever. If everyone wants to 
move into harmony, to receive healing, to receive forgiveness then they must assist in 
the creative force in healing, forgiving, and turning away from the deception, the cruelty, 
the vampiric actions. 


Many vampires believe they will die if they stop. The only hope is to admit their ways to 
the others and ensure that there are enough beings around them that will protect them 
so that this situation can be handled properly, with due care, compassion, and the neces- 
sary healing to ensure the safety and protection of all who seek harmony. 
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IT would Like to personally thank 
Jesus Christ in helping me to obtain 

the knowledge for writing this report. 
For without his help, all of 


this 
would not have become a reality. 


The reason for writing th 


report is to show people that 


man does not have to use sophis 


ticated mathematics in order 
to understand how Time Travel can be achieved. To assume that 


what is being taught in today? 


schools is an absolute truth, 
can only be a lie. For to believe in such a lie, can only 
lead to imperfection. But sense mankind has chosen this path, 


the inevitable must surely come to pass. 


It is impossible to say where all of this might lead. However 
I do hope that the people who read this report will use the 
knowledge wisely. For those who don't, I leave them to their 


doom. But for those who do, may the Lord bless you. 


Your probably wondering by now, if I am really an Alien. My 
answer to this is, there may be more truth to this than meets 
the eyes. According to the information which I have received 
from the Kennedy Space Center, there is a good chance that my 
parents came from the Star System called Phoenix. If this is 
case, then this would explain why I have had so much difficulty 


in adjusting to Earth's own environment. 


Perhaps in the years to come, more will be revealed to me 
on the true nature of my whereabouts. And you know what they 


say about Aliens? Their weird! 


TIM 


Before I begin I must first point out, that the only reason 
why Formulas can be used for analyzing a specific problem, is 
due to the fact that a Formula helps in focusing the Belief 
Fields which emanate from the persons Soul. So in other words, 
whenever a person uses a Formula or Equation, to him this 
constitutes a reality. By keeping these things in mind, you 
shouldn't have any problem in understanding what has been 


written in this report. 


To begin with, there are basically 3 sets of Equations which 
can be used for accomplishing Physical or out of the body 
Time Travel. I have used these formulas quite often when 
building my Time Travel Machines. As a matter of fact, all my 
research is based on these 3 formulas. The formulas which T 
have used for accomplishing Physical or out of the body Time 


Travel, are given in the following manner: 


(THE GRAVITON FORMULAS) 


(xt, ¥1 6) (X2_, ¥2 = g) 


The Graviton Formulas which I have so diligently labeled, 

can be used for an infinite number of things. However, hefore 
we can proceed any further, we must first have a good 
understanding of what each Symbol means. There are an infinite 
number of meanings which can be applied to each Symbol, however 


in order to simplify things, the meanings which I have given 
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to each Letter or Symbol, are listed in such a way so that 


anybody with a little bit of knowledge can understand them. 


(INTERPRETATION FOR EACH OF THE GRAVITON SYMBOLS) 


X ~ Represents an AC Field. 


~ Represents a DC Field. 
x1 - Represents a High Frequency Field. 
YI - Represents a Low Frequency Field. 
X2 - Represents a Paramagnetic Field. 
¥2 - Represents a Diamagnetic Field. 
g - Represents the Zero Vector or Twilight Zone. 
it may also be referred to as the (PHI value) 


which is (1.618). 


It is interesting to note, that whenever the (PHI Value) 
is used in the construction of a material object, a Time Warp 


usually occurs around that object. 


However, in getting back to the problem at hand, whenever 
the (Graviton Formulas) are used singly or in series with one 
another, they can be used to help buiid a device which can 
actually be used for Time Travel. This is because whenever 
the (Xx) and (Y) Values are combined with one another, we can 


Zero in on the Twilight Zone. And sense the Twilight 2 


one is 


in attunement with God, all things become infini 


ely possible 


provided that the (x) and (Y) Values are in resonance. 
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Se now your probably wondering, how can we use these 
Formulas for constructing a Time Travel Machine? rts simple. 
Merely start out by building a Capacitor which corresponds 
to this Equation: (X2 , ¥2 = 9). This Capacitor should be 
constructed in such a way, so that it resembles the draving 


which is shown below: 


(DRAWING OF CAPACITOR) 


(GLASS, PLATE) (WINDOW SCREEN) 


aN 


As we can see in the above illustration, it doesn't matter 
to much as to what size it should be, just so long as it is 
shaped like a Hexagon. Also each side of the capacitor should 


be the same length, otherwise the Belief which is being 


transmitted from the plate, will be imperfect. and 


s could 


raise Hell with your Chakra Points. 
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At this point it should be noted, that whenever you construct 


2 Capacitor of any type, you are automatically using the 


Formula (X2 , Y2 = 9). And sense the (PHI Value) is used in 
the formula, the plate itself will develop a Life Force of its 
own. Tt should also be pointed out, that sense there is a Lite 


Force which co-exists with the plate, it can now be programmed 


to do anything you want. 


Now in order to program this Capacitor, all we do is stroke 
the Glass portion of the plate, while concentrating on the 
following command: (Transport me to the Date and Year). As 
soon as you get a stick so that you can no longer move your 
fingers, the Capacitor should be fully programmed. after you 
have finished programming the Capacitor, place the Screen Side 
of the plate over the Solar Plexus for the space of 30 minutes. 
After the treatment is over with, you then find a comfortable 
Place to relax in order for the energies to take effect. If 
you have done everything correctly, your Aura or Physical Body 
Should be transported to the date which you programmed into 
the Capacitor. On the average, it usually takes 70 minutes 


before the energies will take effect. 


*Not 


People who work with these plates are in serious danger 
of getting possessed by an Evil Spirit or Demon, unless of 
course you have a faith in Jesus Christ. By saying a prayer 


to Jesus Christ prior to any Experiment, more than protec 


you from the forces of Evil. 
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As you Experiment with these Capacitors, you will find that 


some of these plates work better than others. The reason for 


this probably ly's in the fact, that certain sizes or the 
materials being used, are in resonance with the person's Life 
Force or Belief Fields. Therefore if you run into any problems, 
it may pay to use a different thickness of Glass. when I taik 
about this, I do not mean to vary the Shape of the Capacitor, 
just the width. It also might pay to use Yellow tinted giass 
You may also want to try Green, Blue, Indigo, and Violet 
colored glass. The reason for doing this is simple. Each color 
corresponds to a different Chakra Point. It is therefore my 
opinion that Yellow should be your first selection, then if 


you want, you can always Experiment with the higher colors 


*Note: Never under any circumstances use Red or Orange tinted 
glass. I€ you decide to use these colors, then your probably 
on your own, because not only will it lower the Frequency 

Rate of your Chakra Points, but you could also end up in an 


Astral Hell. And believe me, this is no fun place to visit. 


Once you have found a plate which can transport your Physical 
or Spirit Body, there are still even further ways of increasing 
its effects. One of these ways is by using the second formula, 
(Xl, ¥1 = B). This formula states, that whenever a High 
Frequency Field is combined with a Low Frequency Field, we can 
tune ourselves into the Zero Vector or Twilight Zone. To use 


this formula it will first be necessary to get a hold of a 


(5) 


Tesla Coil and one Van de Graff Flectrostatic Generator. Once 
these items have been obtained, you proceed by charging the 


Plate with Wigh Frequency Electricity and Low Frequency 5 


tie 
Electricity. In other words, after you have programmed the 
plate using the procedure on page (4), you must simultaneously 
Zap the plate using the above procedure. You must make sure 
that while you are doing this, that you do not come into 
contact with the plate. If you do, you could be in for a Hair 
raising experience. This voltage hurts! But anyhow after you 
have Zapped the plate for the space of 10 minutes, you then 
Proceed by placing the Capacitor over the Solar Plexus as 
Sescribed on page (4). The effects that you get, should be 


much better than what you experienced before. 


The next step to take, is to Amplify the Energies even further. 
To do this, we must now make use of the 3rd and final formula, 
which is (X , Y = J). This formula states, that whenever an 
AC Field is combined with a DC Field, a Time Warp occurs which 
tunes our minds into the Zero Vector or Twilight Zone. Now in 
order to create these fields, one should try to get a hold of a 
Hyper-dimensional Resonator. (Read the last 4 pages in this 
Report). Once you are able to get a hold of this instrument, 
and after everything has been plugged in correctly, while the 
Screen side of the plate is positioned over the Solar Plexus, 


position the open end of the Electromagnet over the glass si 


of the plate for the space of 3 minutes. After the treatment 


is over with, disconnect yourself from the plate (turn page) 
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and instrument, and find yourself a comfortable place to relax. 
Tf you use this procedure in conjunction with the first two 
Procedures, the effects that you obtain, will be increased to 
such a point, that you should be able to do anything you want 
You must remember however, that before Physical and Spiritual 
Time Travel can be achieved, the (x) and (¥) factors in the 
formulas must be in resonance with one another. This can only 
be accomplished through the process of tuning your own mind 
just as you would with a Radionics Machine. So in other words, 
by selecting the correct materials to use, you are in effect 
creating something which you physically believe to be a 
reality. This same rule can be applied when working with 


different types of Frequency's and Voltages. 


Another method which you may want to try, is that after you 
have programmed the plate by using the procedure which is 
given on page (4), transmit some High Frequency Electricity 
from a Tesla Coil into the Capacitor while the Screen side of 
the plate is pointing towards your face. After 3 or 4 minutes, 
de-activate the Tesla Coil, and while the screen side of the 
plate is still facing towards you, take the bare ends of an 
Extension Cord that has been plugged into a 110 volt AC outlet, 
and short out the bare ends of the wires by touching both of 
the terminals on each side of the Screen. (See page 8). If 
you have programmed the plate correctly, your physical body 
should be transported instantaneously to the date which was 


Programmed into the Capacitor. 
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2-21-89 


50,000 voit 
Tesla Coil 


Steel 


Wire 


THE CHRONOLOGICAL TIME REFLECTOR 


(Series No.2) 


High Frequency AC Electricity 


110 voit] 
AC outlet] 


Low Frequency AC Electricit: 


Bare Ends of the 
Extension Cord 
are shorted ovt 
by connecting 

the open ends of 
the wires to each 
side of the plate. 


Extension Cord is 
connected to a 110 
volt AC outlet. 


Extension Cord ik 


TIME TRAVEL, 


To give you some idea of how all this got started. Back in 


the year 1981 I was contacted by what I believe to be my 


other self. The letter which T received at the Sunset Plaza 
in Norfolk, Nebraska, was dated 1992 A.D. It also had a month 
on it which I can't seem to remember. Evidently the letter 
which I received indicates, that sometime around the year 
1992, I will travel back into the past to make contact with 
myself, just like my other self did in the future. one of 
the things which the letter mentioned which I can barely 
remember, is that it said: (The path to the truth can be 
found in the Pyramid of Giza). It also had a riddle, and it 


went like this 


(The riddle can be solved when 79.613 is 
dissolved). These two verses holds to key to Time Travel. 1 
have already deciphered the riddle. As a matter of fact it 
was just last year when the answers came to me. Basically the 
79.613 number can be converted into the (1.618) value which 
is used in my Equations. It is also the same number which was 
used in the construction of the Pyramid of Giza. If we 
decipher the riddle even further, we will find that it also 
reveals that the 7.8 Hz. Frequency, is the Frequency to use 
for accomplishing Time Travel. Tt seems that whenever a 
person travels physically through time, his Alpha or Theta 
Waves are vibrating at this Frequency. Once that your prain 


Waves begin to oscillate at this 


Frequency, your mind then 


becomes tuned to the Zero Vector. I have found that this is 


the only way in whi 


Time Travel can be achieved. so 


basically what I am trying to get at, the Chronological Time 
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Reflector causes your Brain Waves to vibrate at 7.8 Hz. cycles 
Per second. That is all that these units do. However, for 
some people, they might think differently, but when you get 
right down to it, it all leads to the same thing. Mind verses 


matter. And this just barely covers the subject. 


Another experience which I had that occurred around the 
month of Sept. in 1986, dealt with a variation of the 
Chronological Time Reflector. In other words, after I had 
finished programming the plate, I proceeded to Zap the plate 
with 50,000 volts of High Frequency Electricity. Sometime 
after the Experiment, I clipped off one end of an Extension 
Cord and plugged the other end into a 110 volt, 60 cycle, AC 
outlet. I then laid the bare ends of the wires on top of the 
screen. Just then I accidentally dropped something on the 
floor. After I had reached down to pick it up, the bare ends 
of the Extension Cord which I had laid on top of the Screen, 
touched the Screen portion of the plate. What was to follow, 
would be the most terrifying experience I had ever had, 
because as soon as the bare wires touched the Screen, a 
massive short occurred. All I can remember is seeing two 
flashes of white light energy, and the next thing I knew, a 
white mist had fallen over the entire room. I didn't realize 


that I had traveled physically through time unt 


I looked 
at a Calendar the next day. Not only that, but when I asked a 
lady in Plainview, Nebraska as to what the date was, she said 


it was the 17th, but my Quartz Watch indicated the 16th. when 
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Thad returned home later on that day, I has discovered that 
all of my Experiments had been dated wrong. Then I finally 
realized that I had actually traveled one day into the past. 
To this day I am not exactly sure as to whether or not 1 
returned back to my own present Time Line. Perhaps T will 


never know. 


Another Time Travel instrument which was sent to me by a 
man who lives in Osceola, PA., is revealed on pages (12), 
(13), and (14). According to what 1 have red in his letter, 
this device can actually transport objects into the future. 
However, he says that there 18 somewhat of a Time delay 
effect shortly after the unit has been shut off. In other 
words, after the unit has been de-activated, it takes 
anywhere from 10 to 15 minutes before the object is 
teleported. I have never built this device as yet, however 


I plan to eventually. 
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POWER SUPPLY FOR THE TIME PLATFORM 


2-22-89 


Cl - Is a homemade Capacitor made out of sheets of Glass and 
Copper Foil. Aluminum may be used, but this could be dangerous 


to your health. 
Ll - Is number 10 Gage wire wound around a dowel rod. 


L2 - Is number 24 Gage Magnet Wire wrapped around some PVC pipe. 


There should be about 1000 turns which should create around 
100,000 volts of Low Amperage High Frequency Electricity. 


Neon Sign SOORY. 
Transformer Ll 
110 vo1t} 
AC outlet! 
cl 


aay 


THE TIME PLATFORM 


2-22-89 


Electromagnet 


This is the shape of 


The plate is 12" i 
the sending plate. 


nehs, 
across. Fy 


Electromagnetic 
(¢—Coil is placed 
in the center. 


THE ELECTROMAGNETS ARE MADE OF STRAP IRON STACKED 8 INCHES HIGH (1/4"STRAP IRON). 
THE ALUMINUM PLATES ARE 1/4 OF AN INCH THICK, AND ARE STACKED 8 INCHS HIGH . 
THERE ARE VARIOUS REASONS FOR THIS PARTICULAR ARRAY. 


THE ALUMINUM SPACERS CONCENTRATE AND FOCUS THE MAGNETIC FIELDS. 
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FULL SCALE DRAWING OF THE TIME TRAVEL UNIT 


2-23-89 
Power 
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Capacitor is 10 sheets 
12" x 16" glass and foil. 
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Throughout the vast regions of Space Time itself, there are 
an infinite number of ways to build a Time Travel Machine. 
One of these ways is to get a hold of a Rubbing Plate, (GSR), 
or Pendulum, and proceed by asking (Yes) or (No) questions as 
to what type of components one should use in order to build a 
Time Travel Machine. There are a number of ways of doing this. 
First of all begin by asking what size the instrument box 
should be for holding the components. Next, determine vhat 
type of energy one should use for achieving these effects. 
Then you ask what type of components one should use in order 
to transmit this energy. If you have done everything correctly, 
you will end up creating a device which is based entirely on 
belief. And sense you have created a device which is built 
entirely on belief, you can be dam certain that it will work! 


Especially if you use a (GSR) while asking your questions. 


For those of you who do not know what a (GSR) is, this is 
basically a (Galvanic Skin Response Meter). One of these 
devices may be purchased from me for $150. Instructions are 


included. Please allow 4 to 6 weeks for delivery. 


THE PARADOXES 
OF TIME TRAVEL 


David Lewis 


TT travel, I maintain, is possible. The paradoxes of 
time travel are oddities, not impossibilities. They 
prove only this much, which few would have doubted: 
that a possible world where time travel took place would 
be a most strange world, different in fundamental ways 
from the world we think is ours 

I shall be concerned here with the sort of time travel 
that is recounted in science fiction, Not all science fiction 
writers are clear-headed, to be sure, and inconsistent 
time travel stories have often been written. But some 
writers have thought the problems through with great 
care, and their stories are perfectly consistent! 

If I can defend the consistency of some science fiction 
stories of time travel, then I suppose parallel defenses 
might be given of some controversial physical hypothe- 
ses, such as the hypothesis that time is circular or the 
hypothesis that there are particles that travel faster than 
light. But I shall not explore these parallels here. 

What is time travel? Inevitably, it involves a discrep- 
ancy between time and time. Any traveler departs and 
then arrives at his destination; the time elapsed from de- 
parture to arrival (positive, or perhaps zero) is the du- 
ration of the joumey. But if he is a time traveler, the 
separation in time between departure and arrival does 
not equal the duration of his joumey. He departs; he trav- 
els for an hour, let us say; then he arrives. The time he 
reaches is not the time one hour after his departure. It 
is later, if he has traveled toward the future; earlier, if he 
has traveled toward the past. If he has traveled far to- 
ward the past, it is earlier even than his departure. How 
can it be that the same two events, his departure and his 
arrival, are separated by two unequal amounts of time? 

It is tempting to reply that there must be two inde- 
pendent time dimensions; that for time travel to be pos- 
sible, time must be not a line but a plane” Then a pair 


of events may have two unequal separations if they are 
separated more in one of the time dimensions than in 
the other. The lives of common people occupy straight 
diagonal lines across the plane of time, sloping at a rate 
of exactly one hour of time, per hour of time,. The life 
of the time traveler occupies a bent path, of varying 
slope. 

‘On closer inspection, however, this account seems not 
to give us time travel as we know it from the stories. 
When the traveler revisits the days of his childhood, will 
his playmates be there to meet him? No; he has not 
reached the part of the plane of time where they are. He 
is no longer separated from them along one of the two 
dimensions of time, but he is still separated from them 
along the other. I do not say that two-dimensional time 
is impossible, or that there is no way to square it with 
the usual conception of what time travel would be like. 
Nevertheless I shall say no more about two-dimensional 
time. Let us set it aside, and see how time travel is pos- 
sible even in one-dimensional time. 

‘The world—the time traveler’s world, or ours—is a 
four-dimensional manifold of events. Time is one dimen- 
sion of the four, like the spatial dimensions except that 
the prevailing laws of nature discriminate between time 
and the others—or rather, perhaps, between various 
timelike dimensions and various spacelike dimensions. 
(Time remains one-dimensional, since no two timelike 
dimensions are orthogonal.) Enduring things are timelike 
streaks: wholes composed of temporal parts, or stages, 
located at various times and places. Change is qualitative 
difference between different stages—different temporal 
parts—of some enduring thing, just as a “change” in 
scenery from east to west is a qualitative difference be- 
tween the eastern and western spatial parts of the land- 
scape. If this paper should change your mind about the 
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possibility of time travel, there will be a difference of 
opinion between two different temporal parts of you, the 
stage that started reading and the subsequent stage that 
finishes. 

If change is qualitative difference between temporal 
parts of something, then what doesn’t have temporal 
parts can’t change. For instance, numbers can’t change; 
nor can the events of any moment of time, since they 
cannot be subdivided into dissimilar temporal parts. (We 
have set aside the case of two-dimensional time, and 
hence the possibility that an event might be momentary 
along one time dimension but divisible along the other) 
It is essential to distinguish change from “Cambridge 
change,” which can befall anything. Even a number can 
“change” from being to not being the rate of exchange 
between pounds and dollars. Even a momentary event 
can “change” from being a year ago to being a year and 
a day ago, or from being forgotten to being remembered. 
But these are not genuine changes. Not just any old re- 
versal in truth value of a time-sensitive sentence about 
something makes a change in the thing itself. 

‘A time traveler, like anyone else, is a streak through 
the manifold of space-time, a whole composed of stages 
located at various times and places. But he is not a streak 
like other streaks. If he travels toward the past he is a 
zig-zag streak, doubling back on himself. If he travels 
toward the future, he is a stretched-out streak. And if he 
travels either way instantaneously, so that there are no 
intermediate stages between the stage that departs and 
the stage that arrives and his journey has zero duration, 
then he is a broken streak. 

asked how it could be that the same two events were 
separated by two unequal amounts of time, and I set 
aside the reply that time might have two independent 
dimensions. Instead I reply by distinguishing time itself, 
external time as 1 shall also call it, from the personal time 
ofa particular time traveler: roughly, that which is meas- 
ured by his wristwatch. His journey takes an hour of his 
personal time, let us say; his wristwatch reads an hour 
later at arrival than at departure. But the arrival is more 
than an hour after the departure in external time, if he 
travels toward the future; or the arrival is before the de- 
parture in external time (or less than an hour after), if 
he travels toward the past. 

That is only rough. I do not wish to define personal 
time operationally, making wristwatches infallible by 
definition. That which is measured by my own wrist- 
watch often disagrees with external time, yet I am no 
time traveler; what my misregulated wristwatch meas- 
ures is neither time itself nor my personal time. Instead 
of an operational definition, we need a functional defi- 
nition of personal time; it is that which occupies a certain 
role in the pattern of events that comprise the time trav- 
eler’s life. If you take the stages of a common person, 
they manifest certain regularities with respect to external 
time. Properties change continuously as you go along, 
for the most part, and in familiar ways. First come in- 


fantile stages. Last come senile ones. Memories accumu 
late. Food digests. Hair grows. Wristwatch hands move. 
If you take the stages of a time traveler instead, they do 
not manifest the common regularities with respect to ex- 
ternal time. But there is one way to assign coordinates 
to the time traveler's stages, and one way only (apart 
from the arbitrary choice of a zero point), so that the 
regularities that hold with respect to this assignment 
match those that commonly hold with respect to external 
time. With respect to the correct assignment properties 
change continuously as you go along, for the most part, 
and in familiar ways. First come infantile stages. Last 
come senile ones. Memories accumulate. Food digests. 
Hair grows. Wristwatch hands move. The assignment of 
coordinates that yields this match is the time traveler’s 
personal time. It isn’t really time, but it plays the role in 
is life that time plays in the life of a common person. 
t's enough like time so that we can—with due caution— 
transplant our temporal vocabulary to it in discussing 
his affairs. We can say without contradiction, as the time 
traveler prepares to set out, “Soon he will be in the past.” 
We mean that a stage of him is slightly later in his per- 
sonal time, but much earlier in external time, than the 
stage of him that is present as we say the sentence. 

We may assign locations in the time traveler’s per 

sonal time not only to his stages themselves but also to 
the events that go on around him. Soon Caesar will die, 
long ago; that is, a stage slightly later in the time trav- 
eler’s personal time than his present stage, but long ago 
in extemal time, is simultaneous with Caesar’s death. 
We could even extend the assignment of personal time 
to events that are not part of the time traveler's life, and 
not simultaneous with any of his stages. If his funeral in 
ancient Egypt is separated from his death by three days 
of external time and his death is separated from his birth 
by three score years and ten of his personal time, then 
we may add the two intervals and say that his funeral 
follows his birth by three score years and ten and three 
days of extended personal time. Likewise a bystander 
might truly say, three years after the last departure of 
another famous time traveler, that “he may even now— 
I may use the phrase—be wandering on some plesiosau- 
rus-haunted oolitic coral reef, or beside the lonely saline 
seas of the Triassic Age."* If the time traveler does wan- 
der on an oolitic coral reef three years after his departure 
in his personal time, then it is no mistake to say with 
respect to his extended personal time that the wandering 
is taking place “even now”, 

We may liken intervals of external time to distances 
as the crow flies, and intervals of personal time to di 
tances along a winding path. The time traveler’s life is 
like a mountain railway. The place two miles due east 
of here may also be nine miles down the line, in the 
westbound direction. Clearly we are not dealing here 
with two independent dimensions. Just as distance along 
the railway is not a fourth spatial dimension, so a time 
traveler’s personal time is not a second dimension of 


time. How far down the line some place is depends on 
its location in three-dimensional space, and likewise the 
locations of events in personal time depend on their lo- 
cations in one-dimensional external time. 

Five miles down the line from here is a place where 
the line goes under a trestle; two miles further is a place 
where the line goes over a trestle; these places are one 
and the same. The trestle by which the line crosses over 
itself has two different locations along the line, five miles 
down from here and also seven. In the same way, an 
event in a time traveler's life may have more than one 
location in his personal time. If he doubles back toward 
the past, but not too far, he may be able to talk to himself. 
The conversation involves two of his stages, separated 
in his personal time but simultaneous in external time. 
‘The location of the conversation in personal time should 
be the location of the stage involved in it. But there are 
two such stages; to share the locations of both, the con- 
versation must be assigned two different locations in per- 
sonal time. 


‘The more we extend the assignment of personal time 
outwards from the time traveler's stages to the surround- 
ing events, the more will such events acquire multiple 
locations. It may happen also, as we have already seen, 
that events that are not simultaneous in external time 
will be assigned the same location in personal time—or 
rather, that at least one of the locations of one will be 
the same as at least one of the locations of the other. So 
extension must not be carried too far, lest the location of 
events in extended personal time lose its utility as a 
means of keeping track of their roles in the time trav- 
eler’s history. 


‘A time traveler who talks to himself, on the telephone 
perhaps, looks for all the world like two different people 
talking to each other. It isn’t quite right to say that the 
whole of him is in two places at once, since neither of the 
two stages involved in the conversation is the whole of 
him, or even the whole of the part of him that is located 
at the (external) time of the conversation. What's true is 
that he, unlike the rest of us, has two different complete 
stages located at the same time at different places. What 
reason have I, then, to regard him as one person and not 
two? What unites his stages, including the simultaneous 
ones, into a single person? The problem of personal identity 
is especially acute if he is the sort of time traveler whose 
joumeys are instantaneous, a broken streak consisting of 
several unconnected segments. Then the natural way to re- 
gard him as more than one person is to take each segment 
as a different person. No one of them is a time traveler, 
and the peculiarity of the situation comes to this: all but 
one of these several people vanish into thin air, all but an- 
other one appear out of thin air, and there are remarkable 
resemblances between one at his appearance and another 
at his vanishing. Why isn’t that at least as good a descrip- 
tion as the one I gave, on which the several segments are 
all parts of one time traveler? 


I answer that what unites the stages (or segments) of 
a time traveler is the same sort of mental, or mostly men- 
tal, continuity and connectedness that unites anyone else. 
The only difference is that whereas a common person is 
connected and continuous with respect to external time, 
the time traveler is connected and continuous only with 
respect to his own personal time. Taking the stages in 
order, mental (and bodily) change is mostly gradual 
rather than sudden, and at no point is there sudden 
change in too many different respects all at once. (We 
can include position in external time among the respects 
we keep track of, if we like. It may change discontinu- 
ously with respect to personal time if not too much else 
changes discontinuously along with it) Moreover, there 
is not too much change altogether. Plenty of traits and 
traces last a lifetime. Finally, the connectedness and the 
continuity are not accidental. They are explicable; and 
further, they are explained by the fact that the properties 
of each stage depend causally on those of the stages just 
before in personal time, the dependence being such as 
tends to keep things the same 

To see the purpose of my final requirement of causal 
continuity, let us see how it excludes a case of counterfeit 
time travel. Fred was created out of thin air, as if in the 
midst of life; he lived a while, then died. He was created 
by a demon, and the demon had chosen at random what 
Fred was to be like at the moment of his creation. Much 
later someone else, Sam, came to resemble Fred as he 
was when first created. At the very moment when the 
resemblance became perfect, the demon destroyed Sam. 
Fred and Sam together are very much like a single per- 
son: a time traveler whose personal time starts at Sam's 
birth, goes on to Sam‘s destruction and Fred’s creation, 
and goes on from there to Fred’s death. Taken in this 
order, the stages of Fred-cum-Sam have the proper con- 
nectedness and continuity. But they lack causal continu- 
ity, so Fred-cum-Sam is not one person and not a time 
traveler. Pethaps it was pure coincidence that Fred at his 
creation and Sam at his destruction were exactly alike; 
then the connectedness and continuity of Fred-cum-Sam 
across the crucial point are accidental. Perhaps instead 
the demon remembered what Fred was like, guided Sam 
toward perfect resemblance, watched his progress, and 
destroyed him at the right moment. Then the connect- 
edness and continuity of Fred-cum-Sam has a causal ex- 
planation, but of the wrong sort. Either way, Fred’s first 
stages do not depend causally for their properties on 
Sam’s last stages. So the case of Fred and Sam is rightly 
disqualified as a case of personal identity and as a case 
of time travel. 

We might expect that when a time traveler visits the 
past there will be reversals of causation. You may punch 
his face before he leaves, causing his eye to blacken cen- 
turies ago. Indeed, travel into the past necessarily in- 
volves reversed causation. For time travel requires 
personal identity—he who arrives must be the same per- 
son who departed. That requires causal continuity, in 


which causation runs from earlier to later stages in the 
order of personal time. But the orders of personal and 
external time disagree at some point, and there we have 
causation that runs from later to earlier stages in the or- 
der of external time. Elsewhere I have given an analysis 
of causation in terms of chains of counterfactual depend- 
ence, and I took care that my analysis would not rule 
out casual reversal a priori I think I can argue (but not 
here) that under my analysis the direction of counterfac- 
tual dependence and causation is governed by the direc- 
tion of other de facto asymmetries of time. If so, then 
reversed causation and time travel are not excluded al- 
together, but can occur only where there are local excep- 
tions to these asymmetries. As I said at the outset, the 
time traveler's world would be a most strange one. 

Stranger still, if there are local—but only local—causal 
reversals, then there may also be causal loops: closed 
causal chains in which some of the causal links are nor- 
mal in direction and others are reversed. (Perhaps there 
must be loops if there is reversal: | am not sure.) Each 
event on the loop has a causal explanation, being caused 
by events elsewhere on the loop. That is not to say that 
the loop as a whole is caused or explicable. It may not 
be. Its inexplicability is especially remarkable if it is 
made up of the sort of causal processes that transmit 
information. Recall the time traveler who talked to him- 
self. He talked to himself about time travel, and in the 
course of the conversation his older self told his younger 
self how to build a time machine. That information was 
available in no other way. His older self knew how be- 
cause his younger self had been told and the information 
had been preserved by the causal processes that consti- 
tute recording, storage, and retrieval of memory traces. 
His younger self knew, after the conversation, because 
his older self had known and the information had been 
preserved by the causal processes that constitute telling. 
But where did the information come from in the first 
place? Why did the whole affair happen? There is simply 
no answer. The parts of the loop are explicable, the whole 
of it is not. Strange! But not impossible, and not too dif- 
ferent from inexplicabilities we are already inured to. Al- 
most everyone agrees that God, or the Big Bang, or the 
entire infinite past of the universe, or the decay of a trit- 
ium atom, is uncaused and inexplicable. Then if these 
are possible, why not also the inexplicable causal loops 
that arise in the time travel? 

T have committed a circularity in order not to talk 
about too much at once, and this is a good place to set 
it right. In explaining personal time, I presupposed that 
we were entitled to regard certain stages as comprising 
a single person. Then in explaining what united the 
stages into a single person, I presupposed that we were 
given a personal time order for them. The proper way 
to proceed is to define personhood and personal time 
simultaneously, as follows. Suppose given a pair of an 
aggregate of persona-stages, regarded as a candidate for 
personhood, and an assignment of coordinates to those 


stages, regarded as a candidate for his personal time. If 
the stages satisfy the conditions given in my circular ex- 
planation with respect to the assignment of coordinates, 
then both candidates succeed: the stages do comprise a 
person and the assignment is his personal time. 

Thave argued so far that what goes on in a time travel 
story may be a possible pattern of events in four-dimen- 
sional space-time with no extra time dimension; that it 
may be correct to regard the scattered stages of the al- 
leged time traveler as comprising a single person; and 
that we may legitimately assign to those stages and their 
surroundings a personal time order that disagrees some- 
times with their order in external time. Some might con- 
cede all this, but protest that the impossibility of time 
travel is revealed after all when we ask not what the 
time traveler does, but what he could do. Could a time 
traveler change the past? It seems not: the events of a 
past moment could no more change than numbers could. 
Yet it seems that he would be as able as anyone to do 
things that would change the past if he did them. If a 
time traveler visiting the past both could and couldn’t 
do something that would change it, then there cannot 
possibly be such a time traveler. 


Consider Tim. He detests his grandfather, whose suc- 
cess in the munitions trade built the family fortune that 
paid for Tim’s time machine. Tim would like nothing so 
much as to kill Grandfather, but alas he is too late. 
Grandfather died in his bed in 1957, while Tim was a 
young boy. But when Tim has built his time machine and 
traveled to 1920, suddenly he realizes that he is not too 
late after all. He buys a rifle; he spends long hours in 
target practice; he shadows Grandfather to learn the 
route of his daily walk to the munitions works; he rents 
a room along the route; and there he lurks, one winter 
day in 1921, rifle loaded, hate in his heart, as Grandfather 
walks closer, closer. 

Tim can kill Grandfather. He has what it takes. Con- 
ditions are perfect in every way: the best rifle money 
could buy, Grandfather an easy target only twenty yards 
away, not a breeze, door securely locked against intrud- 
ers. Tim a good shot to begin with and now at the peak 
of training, and so on. What's to stop him? The forces 
of logic will not stay his hand! No powerful chaperone 
stands by to defend the past from interference. (To imag- 
ine such a chaperone, as some authors do, is a boring 
evasion, not needed to make Tim’s story consistent.) In 
short, Tim is as much able to kill Grandfather as anyone 
ever is to kill anyone. Suppose that down the street an- 
other sniper, Tom, lurks waiting for another victim, 
Grandfather's partner. Tom is not a time traveler, but oth- 
erwise he is just like Tim: same make of rifle, same mur- 
derous intent, same everything. We can even suppose 
that Tom, like Tim, believes himself to be a time traveler, 
Someone has gone to a lot of trouble to deceive Tom into 
thinking so. There's no doubt that Tom can kill his vic- 
tim; and Tim has everything going for him that Tom 


does. By any ordinary standards of ability, Tim can kill 
Grandfather, 

‘Tim cannot kill Grandfather. Grandfather lived, so to kill 
him would be to change the past. But the events of a past 
moment are not subdivisible into temporal parts and there- 
fore cannot change. Either the events of 1921 timelessly 
do include Tim’s killing of Grandfather, or else they 
timelessly don’t. We may be tempted to speak of the 
“original” 1921 that lies in Tim’s personal past, many 
years before his birth, in which Grandfather lived; and 
of the “new” 1921 in which Tim now finds himself wait- 
ing in ambush to kill Grandfather. But if we do speak 
so, we merely confer two names on one thing. The events 
of 1921 are doubly located in Tim’s (extended) personal 
time, like the trestle on the railway, but the “original” 1921 
and the “new” 1921 are one and the same. If Tim did not 
kill Grandfather in the “original” 1921, then if he does kill 
Grandfather in the “new” 1921, he must both kill and not 
kill Grandfather in 1921—in the one and only 1921, which 
is both the “new” and the “original” 1921. It is logically 
impossible that Tim should change the past by killing 
Grandfather in 1921. So Tim cannot kill Grandfather. 

Not that past moments are special; no more can any- 
one change the present or the future. Present and future 
momentary events no more have temporal parts than 
past ones do. You cannot change a present or future 
event from what it was originally to what it is after you 
change it. What you can do is to change the present or 
the future from the unactualized way they would have 
been without some action of yours to the way they ac- 
tually are. But that is not an actual change: not a differ- 
ence between two successive actualities. And Tim can 
certainly do as much; he changes the past from the un- 
actualized way it would have been without him to the 
one and only way it actually is. To “change” the past in 
this way, Tim need not do anything momentous; it is 
enough just to be there, however unobtrusively. 

You know, of course, roughly how the story of Tim 
must go on if it is to be consistent: he somehow fails. 
Since Tim didn’t kill Grandfather in the “original” 1921, 
consistency demands that neither does he kill Grandfa- 
ther in the “new” 1921. Why not? For some common- 
place reason. Perhaps some noise distracts him at the last 
moment, perhaps he misses despite all his target practice, 
perhaps his nerve fails, perhaps he even feels a pang of 
unaccustomed mercy. His failure by no means proves 
that he was not really able to kill Grandfather. We often 
try and fail to do what we are able to do. Success at 
some tasks requires not only ability but also luck, and 
lack of luck is not a temporary lack of ability. Suppose 
our other sniper, Tom, fails to kill Grandfather's partner 
for the same reason, whatever it is, that Tim fails to kill 
Grandfather. It does not follow that Tom was unable to. 
No more does it follow in Tim’s case that he was unable 
to do what he did not succeed in doing. 

We have this seeming contradiction: “Tim doesn't, but 
cam, because he has what it takes” versus “Tim doesn’t, and 


can't, because it’s logically impossible to change the past.” 1 
reply that there is no contradiction. Both conclusions are 
true, and for the reasons given. They are compatible be- 
cause “can” is equivocal. 

To say that something can happen means that its hap- 
pening is compossible with certain facts. Which facts? 
That is determined, but sometimes not determined well 
enough, by context. An ape can’t speak a human lan- 
guage—say, Finnish—but I can. Facts about the anatomy 
and operation of the ape’s larynx and nervous system 
are not compossible with his speaking Finnish. The cor- 
responding facts about my larynx and nervous system 
are compossible with my speaking Finnish. But don’t 
take me along to Helsinki as your interpreter: I can’t 
speak Finnish. My speaking Finnish is compossible with 
the facts considered so far, but not with further facts 
about my lack of training. What I can do, relative to one 
set of facts, I cannot do, relative to another, more inclu- 
sive, set. Whenever the context leaves it open which facts 
are to count as relevant, it is possible to equivocate about 
whether I can speak Finnish. It is likewise possible to 
equivocate about whether it is possible for me to speak 
Finnish, or whether I am able to, or whether I have the 
ability or capacity or power or potentiality to. Our many 
words for much the same thing are little help since they 
do not seem to correspond to different fixed delineations 
of the relevant facts. 

Tim's killing Grandfather that day in 1921 is compos- 
sible with a fairly rich set of facts: the facts about his 
rifle, his skill and training, the unobstructed line of fire, 
the locked door and the absence of any chaperone to 
defend the past, and so on. Indeed it is compossible with 
all the facts of the sorts we would ordinarily count as 
relevant is saying what someone can do. It is compossi- 
ble with all the facts corresponding to those we deem 
relevant in Tom’s case. Relative to these facts, Tim can 
kill Grandfather. But his killing Grandfather is not com- 
possible with another, more inclusive set of facts. There 
is the simple fact that Grandfather was not killed. Also 
there are various other facts about Grandfather's doings 
after 1921 and their effects: Grandfather begat Father in 
1922 and Father begat Tim in 1949. Relative to these facts, 
Tim cannot kill Grandfather. He can and he can’t, but 
under different delineations of the relevant facts. You 
can reasonably choose the narrower delineation, and 
say that he can; or the wider delineation, and say that 
he can’t. But choose. What you mustn’t do is waver, 
say in the same breath that he both can and can’t, and 
then claim that this contradiction proves that time 
travel is impossible. 

Exactly the same goes for Tom’s parallel failure. For 
Tom to kill Grandfather’s partner also is compossible 
with all facts of the sorts we ordinarily count as relevant, 
but not compossible with a larger set including, for in- 
stance, the fact that the intended victim lived until 1934, 
In Tom’s case we are not puzzled. We say without hesi- 
tation that he can do it, because we see at once that the 


facts that are not compossible with his success are facts 
about the future of the time in question and therefore 
not the sort of facts we count as relevant in saying what 
‘Tom can do. 

In Tim’s case it is harder to keep track of which facts 
are relevant. We are accustomed to exclude facts about 
the future of the time in question, but to include some 
facts about its past. Our standards do not apply un- 
equivocally to the crucial facts in this special case: Tim’s 
failure, Grandfather’s survival, and his subsequent do- 
ings. If we have foremost in mind that they lie in the 
external future of that moment in 1921 when Tim is al- 
most ready to shoot, then we exclude them just as we 
exclude the parallel facts in Tom’s case. But if we have 
foremost in mind that they precede that moment in Tim’s 
extended personal time, then we tend to include them. 
‘To make the latter be foremost in your mind, I chose to 
tell Tim's story in the order of his personal time, rather 
than in the order of external time. The fact of Grandfa- 
ther’s survival until 1957 had already been told before I 
got to the part of the story about Tim lurking in ambush 
to kill him in 1921. We must decide, if we can, whether 
to treat these personally past and externally future facts 
as if they were straightforwardly past or as if they were 
straightforwardly future. 

Fatalists—the best of them—are philosophers who 
take facts we count as irrelevant in saying what someone 
can do, disguise them somehow as facts of a different 
sort that we count as relevant, and thereby argue that 
we can do less than we think—indeed, that there is noth- 
ing at all that we don’t do but can. I am not going to 
vote Republican next fall. The fatalist argues that, strange 
to say, I not only won't but can’t; for my voting Repub- 
lican is not compossible with the fact that it was true 
already in the year 1548 that I was not going to vote 
Republican 428 years later. My rejoinder is that this is 
a fact, sure enough; however, it is an irrelevant fact 
about the future masquerading as a relevant fact about 
the past, and so should be left out of account in saying 
what, in any ordinary sense, I can do. We are unlikely 
to be fooled by the fatalist’s methods of disguise in 
this case, or other ordinary cases. But in cases of time 
travel, precognition, or the like, we're on less familiar 
ground, so it may take less of a disguise to fool us. 
Also, new methods of disguise are available, thanks to 
the device of personal time. 

Here's another bit of fatalist trickery. Tim, as he lurks, 
already knows that he will fail. At least he has the where- 
withal to know it if he thinks, he knows it implicitly. For 
he remembers that Grandfather was alive when he was 
a boy, he knows that those who are killed are thereafter 
not alive, he knows (let us suppose) that he is a time 
traveler who has reached the same 1921 that lies in his 
personal past, and he ought to understand—as we do— 
why a time traveler cannot change the past. What is 
known cannot be false. So his success is not only not 
compossible with facts that belong to the external future 


and his personal past, but also is not compossible with 
the present fact of his knowledge that he will fail. I 
reply that the fact of his foreknowledge, at the moment 
while he waits to shoot, is not a fact entirely about that 
moment. It may be divided into two parts. There is the fact 
that he then believes (pethaps only implicitly) that he will 
fail; and there is the further fact that his belief is correct, 
and correct not at all by accident, and hence qualifies as 
an item of knowledge. It is only the latter fact that is not 
compossible with his success, but it is only the former 
that is entirely about the moment in question. In calling 
Tims state at that moment knowledge, not just belief, 
facts about personally earlier but externally later moments 
were smuggled into consideration 

Thave argued that Tim's case and Tom’s are alike, ex- 
cept that in Tim’s case we are more tempted than usual— 
and with reason—to opt for a semi-fatalist mode of 
speech. But perhaps they differ in another way. In Tom's 
case, we can expect a perfectly consistent answer to the 
counterfactual question: what if Tom had killed Grand- 
father’s partner? Tim's case is more difficult. If Tim had 
killed Grandfather, it seems offhand that contradictions 
would have been true. The killing both would and 
wouldn't have occurred. No Grandfather, no Father; no 
Father, no Tim; no Tim, no killing. And for good measure: 
no Grandfather, no family fortune; no fortune, no time 
machine; no time machine, no killing. So the supposition 
that Tim killed Grandfather seems impossible in more 
than the semi-fatalistic sense already granted. 

If you suppose Tim to kill Grandfather and hold all 
the rest of his story fixed, of course you get a contradic- 
tion. But likewise if you suppose Tom to kill Grandfa- 
ther’s partner and hold the rest of his story 
fixed—including the part that told of his failure—you 
get a contradiction. If you make any counterfactual sup- 
position and hold all else fixed you get a contradiction. 
The thing to do is rather to make the counterfactual sup- 
position and hold all else as close to fixed as you con- 
sistently can. That procedure will yield perfectly 
consistent answers to the question: what if Tim had not 
killed Grandfather? In that case, some of the story I told 
would not have been true. Perhaps Tim might have been 
the time-traveling grandson of someone else. Perhaps he 
might have been the grandson of a man killed in 1921 
and miraculously resurrected. Perhaps he might have 
been not a time traveler at all, but rather someone cre- 
ated out of nothing in 1920 equipped with false memo- 
ries of a personal past that never was. It is hard to say 
what is the least revision of Tim’s story to make it true 
that Tim kills Grandfather, but certainly the contradictory 
story in which the killing both does and doesn’t occur 
is not the least revision. Hence it is false (according to 
the unrevised story) that if Tim had killed Grandfather 
then contradictions would have been true. 

What difference would it make if Tim travels in 
branching time? Suppose that at the possible world of 
Tim's story the space-time manifold branches; the 


branches are separated not in time, and not in space, but 
in some other way. Tim travels not only in time but also 
from one branch to another. In one branch Tim is absent 
from the events of 1921; Grandfather lives; Tim is born, 
grows up, and vanishes in his time machine. The other 
branch diverges from the first when Tim turns up in 
1920; there Tim kills Grandfather and Grandfather leaves 
no descendants and no fortune; the events of the two 
branches differ more and more from that time on. Cer- 
tainly this is a consistent story; it is a story in which 
Grandfather both is and isn’t killed in 1921 (in the dif 
ferent branches); and it is a story in which Tim, by killing 
Grandfather, succeeds in preventing his own birth (in 
one of the branches). But it is not a story in which Tim’s 
killing of Grandfather both does occur and doesn’t: it 
simply does, though it is located in one branch and not 
the other. And it is not a story in which Tim changes the 
past. 1921 and later years contain the events of both 
branches, coexisting somehow without interaction. It re- 
mains true at all the personal times of Tim's life, even 
after the killing, that Grandfather lives in one branch and 
dies in the other* 
Princeton University 
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MATH AND SINGLE CHARACTER ABBREVIATIONS. 


(6 Tiicelecuosttic scalar potential in units of joule per collecting coulomb, 
Y The mathematical operator ‘dt 
1) The grien ofthe function 6 mathematically 


In EM theory use ofthe del operator produces an electric field E given by E=—V. An electrical field is also generated by the 


time rte of change ofthe magnetic vector potential A, where itis given by E=~dA/dt_ Now shat we have used tht fact 10 
assis usin producing the motionless electomugnetie generane (MEG), with COP = 16s of this writing 


‘bq Joules of energy collested by a charse of g coulombs in an electrostatic scalar potential 


having a rscton cross section of @ 
Since the collected energy is also usualy the energy that can then be dissipated as work, his expression often yields the work 
performed inthe circuit by the energy the surface charges collected fom hat pat ofthe Slow in contact with the conductors 
fn component, 

ib Tim at of change ofthe scalar potential 
Also one form of displacement current. 

AEide Time tte of change ofthe E-ild 
Abo one form of displacement curent 


pldt Time rate of change of momentum, which i force F acting upon the stem, 


A force is defined as time rate of change of momentum, or F= dpi. 
Pt Time ate of change of polarization, 
Polarization displacement current, 


kyjdt Time rate of change of charge otherwise known as “eure” 
Represents the normal curent flaw i of charges ina conductor, 

\k/d- Isolated Load Loop A special eurtent loop contuining the load, 

were i= dd in that "load loop is isolate from the current i= dain she soure Toop containing the power source, and the 

‘ve loops ae also fied-coupling isolated. A transformer, eg, docs isolate the actual current inthe secondary from the cureat 
{nthe primary, but the fe coupling from primary 1 secondary sn fom secondary back to primary result in the enforcemes 
‘of COP = 1.0 asthe maximum performance posible (in a perfect, losles standard transformer). In areal standard transformer 
with some losses, COP<L0, 
‘The notion is that, even though current cannot pass from the source loop tthe loud loop and there i no dec field coupling, 
enemy density flow S ~ ExH can pass. This is infact she definition of what we all bridig, if im ation to current isolation 
the rigid backfield coupling is broken between encray dissipation (power inthe source loop and energy dissipation (power) in 
the load Toop. In that fashion, overuity operation ofthe load can readily be achieved. 

 lostis Field 


i. 
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Defined in older classical electromagnetics (CEM) asa foce field by E= Fig. However, this only defines the entity after an 
‘teraction with mass. In short it defines the F-ck as an effect existing only in matter 


Inthe erly days of electrodynamics, Maxwell and the her "founding fathers” assumed a material ether filing al space 
Hence any field in space was indeed such a "effect field existing in mass. Maxwell die in 1879 of stomach cancer. Inthe 
1880s, the Michelson-Morloy experiment fusfied the luminiferous (mateial) ether as 4 matenal medium. Hence the aceepted 
use ofthe E= Fig type af "effet electrical eld as the electric field in space was alo destroyed, but he uations were never 
‘hanged to eliminate this error inthe foundations of CEM, Insta, electrodynamiists more or fess announced one day tit, 
‘Since there sno (material eter, We are not using one!” 

‘There is som rationalization mathematically for such an approach, ithe limiting proces is used forth interaction of the 
causal eld” in vacuum withthe charged mass g, as qi allowed 1 approach zero. However, from a foundations view, its still 
the interaction ofthe ld in space with charged mas that is Being deseribed ia the imi and therefore it i sil the "fic 
catty rather than the "ease" ety. 

‘This serious foundations problem esl unresolved ia much of CEM theory and modeling to this day. ‘The standard by which 
other EM texts are measured i. D. Jackson, Classical Eleetrodynamies, 2nd ction, Wiley, New York, 1975. In several 
Places, Jackson opt fr ths avoidance ofthe use ofthe effet eld forthe "eause” fed: quoting p. 28° "the thing that 
venmualy get measwed isa fore.” "AI the moment, the elecre field ean be defined as he force per unt charge acting a a 
‘hen point, Iisa vector funtion of poston, denoted by.” Quoting 249: “Most elasial electrodyaamicists continue to 
fader othe notion that she EM force fel exits as such Inthe Vacuum, but do admit tha physieally measurable quantities 
Suel as force somehow imolve the product of charge and eld 


“The problem is fanher increase by use ofthis laved definition of E-field to “define” the electrostatic scalar potential (Jackson, 
p. M) bythe equation E=-V9. First, no equation isa definition; it merely equates the magnitude of the entities on the left of 
the = sign to the magnitude ofthe entities oa the right ofthe ~ sign. It as noting at allo say about the definition or nature of 
any of the entities, but is merely a comparison of elative mapniudes. Any definition, a prion, must be expressed by an identity 
siga. Inal of classical electrodynamics, there is no avilable proper definition of (x) inthe identity E'=(x). Indeed, there is no 
Such identity available fr force F. To quote Feynman: "in dealing with force che tacit assumption is aways made that the 
ore sequal to ro unless some physical bo 1s prevent. One of he most important characteristics of fvce ts that it has 
‘material vig, and this isnot usta definition. fou insist upon a precise definition of fvce. you will never gett! Richard 
Feynman, Rober B. Leighton, and Matthew Sands, Lectures on Phsies, Addison-Wesley, Reading, MA, Vol 1, 1964, p. 12 


Inthe Sachs unified fc theory, O(3) electrodynamics as spearheaded by Evans san important subset. Hence in that approach 
there isa solution to he problem of defining force and fed. ‘The EM fields (E,B, et.) When in spacetime, are infact 
curvatures of spacetime identically. When these ST curvatures interact with a charged mass, the effects ofthe interactions are 
the well-known force-fcds in mate, which Maxwell stated with inthe 1860s, So in this way, the definition problem ean be 
rigorously resolved, 


1) The Slepian vector, representing the time rte of encryy density dissipation inthe curent 


op containing the 


“This doesnot at all epreseat the energy low in space and along the ouside ofthe ect, which maybe very, very much 
eater on the order of 10" times as reat. It dos match the Poynting energy flow component that enters the eieuit 


Mor, The mass of chane a 


Instead of just using "q” and assuming it tobe unitary we mus include the fact that charge i a system of no coupled 
components () the mass m ofthe charge g and (i the viral photon fax exchange (i.e, 4) ofthe charge g with the 
surounding active vacuum In particle physics itis already well-known that theres no symmetry of a mass system anyway, 
unless the vacuums exchange with the mass is included. So the expression m,¢ captures the vacuum-mass exchange. By 
continuing to assume that charge is unitary, physics inadvertently holds to the hoary old nation ofthe luminifeous eter (ia 
‘ate eter) that permeates all of space Maxwell and ater electrical physicists of his time believed ina maternal ether, snd 
“Maxwell embetdded that notion in EM theory. Inexplicably it has not been roted out ofthe equations to this day even though 
‘he notion ofthe material eter (no the eter per Sc) was destroyed by the Michelson-Morley experiment over 100 years ago, 
Foundations physicists continue to pointcut such erble defects n ysis and contin to be ignored, We quote Mario 
‘Bunge, "A mathcmatial theory ofthe dimensions and uit of physical quanti,” in Problems inthe Foundations of 
PPhysies, edited by Mario Bunge, Springer-Verlag Berlin and New York, 1971, p 7: "The question "What are dimensions” is 
scent be ill conceived, fr there are 1Wo concepts of dimension, namely thos¢ of dimension function and dimension value. The 
orect question is:'What are [ and?" {Note [| dimension function, and dix dimension valuc.) Bunge is clearly 
“iscriminating between the function associated withthe dimension, and the magnitude associated with 


Quoting Bunge, iid p. 8: "The concept ofa unit i one of those scientific notions that has remained obscure for want of a 
theory and excess of coarse pilsoph: Indced we know how to manipulate units but we donot seem to know what kind of 
mathematical object hey are. As a consequence units are sometimes confused with dimensions totes times with standards 
fa they are often introduced in relation to measurement rather than to conespt formulation.” 

And quoting Mario Bunge, Foundations of Physes, Springer-Verlag, New York, 1967, . 176: "Different theories of CED 
[Classical Electrodynamics] ar called far, both for charged particles tht can to & first approximation be regarded as 
clectromagnetically structureless (the electron and the i -meson) and fr extended systems with a charge distribution and 
Spin (eth proton. If fairy satisfaciory classical theories were avalable they could guide the construction ofthe 
‘corresponding quantum theories. But no such theories ae insight partly because isnot usually acknowledged that 
slectedynamics, both classical and quantal, ae in asad stat 


Agu, Bunge, ibid p. 12: "the hest modern physicist isthe ane who acknowledges that aither classical nor quantum. 
pliysics ar ut and dried, both eng full holes and in nec of a vigrous overhauling not only to beter cover thei own 
‘lms but also to join smoothly so as o produce a cobrent picture of the various levels of physical realty.” 


“The speed of ight in ambient vacuum, 
To discuss the speed of light, we point ou thatthe vacuum is highly energetic as hasbeen shown in modern physies. Since the 
vacuum has an enengy desi it ean be modeled as "poteatal and particularly asa scalar EM potential fr EM purposes 
Contrary to convention, we recognize thatthe local energy density of the ambient vacuum potential can vary, including 
seasonally with and close tothe solar system, ec. The average enemy density of the vatuum in space far fom charged 
‘masses such as stars and planes may be assumed asa "standard vacuum poteatial", and if this potential is equated with the 
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notion of "at spacetime", then an increas in his vacuum potetial san increase inthe local energy density of spacetime, and 
hence represents a curvature of the standard flat spacetime, 

{In fact the interplanetary radar probes "ranges" do show precisely such variation inthe sped of ight, with weekly and monthly 
and seasonal variations, et. In order to comply with the narly universal assumption in physics with respect tthe constancy of 
the scien staffs averaged the readings over the entire month. This zeroed ou the variations upheld the tin that space is 
2 fixed type of thing, and that the speed of light i itis als a rigidly fixed constant. It does nor gree with the actual measured 
Speed of light fom day today 

‘The Russians have known and openly printed for about a century thatthe speed of ight ina hard vacuum in dep space, far 
removed ftom solar and planetary masses, sa ite slower than the speed of light in a hard vacuum near the Earth or any other 
lang charged mass. The huge collection of charged particles inthe cath have tiny separations o tha looking atthe Earth as 4 
collection of in dipoles, one sees a collection of enormous 4-symmetry energy flows from the time domain tothe 3-space 
domain (and vie versa for the time-reversed portions). The inzeased intensity ofthis symmetry energy fix inthe vicinity of 
‘massive planet or sun changes the local energy density ofthe vacuum itself, increasing it in that vicinity 

Without elaboration, we will also point out that the Earth and its dynamics structures the local spacetime and the spacetime out 
1p some distance. So do all other planets, stars, etc. By whatever manner we model the cosmos as having been eteated ot 
initiated, the dynamics and structuring of al the phenomena occurring in the universes further impressed in the infolded 
‘lecttodynamics inside the vacuum potential 


‘The "laws of nature" in one sense represen the most general results of he reactions ofthis internally stuctured "common 
standard spacetime” or standard vacuum potential” withthe various physical systems, devices and measuring instruments 
Utlized in our experiment, ec If one dterministically alters the sttucturing of he laa spacetime, one ean havea system. 
‘which will funtion tere i certain marvelous manne, but will ot function that way elsewhere. Some decades ago, 1 
Paticipated in experiments by Golden which over apetod of some five years did condition (dimension) the local vacuum 
Potential, The result was an engine which consistently exhibited COP = 1.67 at that location, but when moved several hundred 
Iles exhibited COP-I0. Frank and I were made aware ofthis "vacuum conditioning" effect by Prof. Wiliam Tile, who id 
himself conducted experiments exhibiting just such an effet over several year. 

EM waves in vacuum are actually longitudinal sound?-ype) waves, but we do no belabor the point since everything out therein 
the nora iterature uses the transverse EM wave model forthe EM wave in space. Also, the transverse wave is indeed whats 
‘steted in the interacting elect gas i our measurement instruments whose Drage elcctons are restrained to simple drift 
‘velocity longitudinally down the conductor, but are spinning and are fee wo preces like gyros. So our instruments detect the 
aude electron processions a ight angles the incoming disturbing longitudinal force fel, which means tat they do indeed 
measure a tansverse wave. However, thes ae actually the eleeon precession waves in the detector, and no the actual END 
‘waves in space. See my paper, "Giant Negentopy frm the Common Dipole, Journal of New Energy, 5(1), Sunnmer 2000p, 
1-23 fora discussion of how all EM encray comes from the time domain, via the broken 3symmety ofthe source charge oF| 
source dipole, and is emited in3-space in all directions as longitudinal EM waves. This s based on rigorous demonstration by 
ET. Whittaker, "On the Partial Differetil Equations of Mathematical Physics” Math, Ann, Vol 57,1903 . 333-355 that the 
Scalar potential sa harmonic st of phase conjugate longitudinal EM wave pars. We mercy applied the Witaker 
decomposition tothe scalar potential ofa source dipole or of a source charg, and the rigorous poo that EM waves in space 
axe longitudinal dred emerpes. 


Sst as sound specds up, say, in tel asa denser medium than ar, dhe EM "sound waves" inthe ambient vacuum potential speed 
up when that vacuum poteatial’s ux density is increased. Consequently light does move a litle faster ina hand vacuum on 
Earth than it does in deep space, because the vacuum ise has higher energy density near the earth than in deep space. The 
comings and goings and orbtings of plants and the solar mass, ete do affect the local energy density ofthe vacuum between 
the planets, and hence the speed of light hrough that interplantary space 


So the inteplantary radar does show the periodic variations ofthe local energy density of vacuum tht ar induced by these 

factors, Fora critical paper on this, see Bryan G. Wallace, "The Unified Quantum Electrodynamic Ether." Foundations of 

Physies, 33), Sept 1975, p. 381-388. His discussion ofthe interplanetary radar measurements of Venus, which didnot it 
avi, are particularly interesting, wit respect his finding that the data were simply “averaged” to eliminate the variations 

lunar, and synodic penodic components actually measured inthe Variations ofthe specd of light See 

Particularly Bryan G. Wallace, "Te reat speed of light in space cover-up” Slentifi Ethies, 11), Feb. 1985. p23; — "Radar 

‘Testing ofthe Relative Velocity of Light in Space,” Specrose. Lett. Vol. 2, 1969. p. 361 

Rigorousl the field is “defined” in electrodynamics asthe effet of an interaction ofthe force-free entity (4-spatial!) existing 


Prior to the interaction, witha 3-dimensioal static charge. This means that the field a8 orginally defined is an effet and nat a 
Suse. To then se it asthe cause ia grave non sequitur 


This confusion of eause and effect is widespread in physis. It was probably initiated by the hoary od assumption several 
hundred years ago tht a separate force acts upon a separate mss, which is false. In fact mas is « component of frce, since 
= day) ~ (dick + dav). As canbe seen, in both expanded terms there exists a mass term. To skirt the issue, 
‘lectrodynamicists have simply found a nest statement that "in massfree space the ld continues to exist, but the force i 2s." 
‘We point out that m= O makes the momentum vanish and so F vanishes, and inthe definition of E ~ Fg also vanishes because 
the numerator F becomes oro. Therefore that E-field vanishes. 


Feynman and Whecler pointed out that the field as tis defined does not and cannot exist in massless space. Only the 

pote” forthe field exists ther, in case some charged mas is brought in to interact with that entity that does exist there 

‘That is accurate, since spacetime i oally a potential and any "change" in spacetime is a change in that potential prior. Inthe 

Sache-Evans unified fel theory, this problem is resolved because the fundamental felts defined as a spactime curvature 

{change in spacetime, hence change in the ST potential) rather than E = Fig 

Inempty space there are always myriads upon myriads of interfering fields and potentials, from changes all over the universe, 

Via Puthofs cosmological feedback principle [soe 

HCE. Puthof, "Source of Vacuum Flectromagnetic Zero-pont Ener,” Physical Review A, 40(9), Nov. 1, 1989, 4857- 

4862 | Thus any EM wave traveling through space is always involved in enormously active interferometry. This alone results in 
ind of 

‘eave ofan EM wave, se William G. Hare, John Evans, Roberto Vega, and Sanford Wilson, "Galloping waves 

sn her relativistic propertics,” American Journal of Physes, 537), July 1985, . 671-679. While the average speed of the 

wave is ey) wheres the local energy desiy of the vacuum, the instantaneous speeds ofthe wave vary violently fom instant 


In special clativty, "velocity" merely i rotation angle ofthe moving fame fom the fied laboratory observer's ame. The 
speed" merely represents a full ightangle tum aay, toward the time-dimension since other than the 3 spatial dimensions 
that isthe only ether dimension available to tur toward). Inhigher dimensional space there are many other "highes" 

dimensions toward which fuer rotation canbe accomplished. Hence rotating inn-space isnot limited oa single orthogonal 
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tur, and therfore ects rem limited t speed. However, cach orthogonal rotation ao subtracts one spatial dimension 
a the rotated objeto the observer's -space. One rotation would Be sped , two departing rotations would be sped 
these would give. Atthreeothorttions, othe lb observer the rotated objec is now prey an neraal strstre inside 
hme dimension, very similar oa mental objet ain is mes, ot paelik). The ature of mid and its operations has 
‘rae anexpoctedcomnecton wih mae, when one considers such thon in hyperspace. 

“The point i the spoed cis nat "ion dictum" of mtr, noi itan “unchangeable constant"! Natur herself utincly 
‘volts that notion. Asan example, de Broglie waves fom any mass always move ate, and easily as v>>e- EM auras” 
‘raves_so-calledtnsvere oseilaton or upheaval nd depressions in the agit (energy dens; actualy the revetion 
{ust section ofthe local ambient vacuum penal), move a diced average spec). The longi eomponent if 
fed fom the wansvere component can me mich fxr Because tia soe "unnsing” movenent nse Guat 
tunneling experiments eg, music (Mozart's 0th symphony) has bes wanstd though quantum mechanical tunneling 
betncen two separated pias a spec y>4s. Fgal key Yo eventually place superluminal sommuniation yt om he 
commercial market. We dncsssupertusinal communication elcwhere ths pons 


Capacitance. Essentially, the charge per unit potential 
For an isolated conductor, C= Q/V and Cis expressed in frads, A farad is one coulomb per vol 
‘A lowercase c represents the speed of light in ambient vacuum. 


‘The clctie ld. Essentially, E Fig, but that snot realy a definition, 
Conventionally, the units of electric Beld are considered tobe force per unit electri charge; ie. free per coulomb. Note that 
the Efe even inthis "lasscal definition” doesnot actualy exists point unless there Is unt poin charge (a point 
coulomb of charged mass) located at the point. Hence contrary to classieal electrodynamics, communications theory, and 
whatnot no electric free field (and no magnetic fare field either) exist inthe vacuum, at eas ofthe kind preseribed by 
“Maxwells equations and by th Heaviside-Hertz reduction of Maxwell's equations. Since Maxwell assumed, these equations 
and models ll till eroncously assume a material ethe filling the vacuum, in which ease there woul be matter and charges, 
tnd there would shen be force-els inthe vacuum. We refer the interested reader to discussions by Feynman and by Wheel 
(Quoting: "One of te most important characteristics of force s that it has a materal origin and this 8 aot just a definition. ¥ If 
ou asst upon a precse definuion of force, vou will never gett!” [Richard P. Feynman, Robert B, Leighton, and Mathew 
Sands, Lectures on Physics, Addison-Wesley, Reading, MA, Vol. 1, 1964, p. 122] 

Even worse, not that Eg defines not the magnitude of the fed in space, but has odo withthe divergence of energy fom 
the field around aunt point static charge therein space as well s the pattem of the diverged energy density: Actually, whats 
tse as "th electric fick self the ection ross section ofthe il, tor @ unt point static coulomb of charge. That sat 
besta function ofthe "fick density" o "eld intensity” ofthe actual electrical field in spacetime, and the direction an pater 
of change ofthat field density du tothe intercepting and diverting charg. 

“The fe problem s resolved inthe frefonts of electrxdynamics by making the field a topological function. It is resolved in 
the Sachs-Evans O(3) electradynamics (as «subse of Sachs’ unfid ield theory) by making the fick «function ofthe curvature 
of spacetime. 


See also the discussion under c, above, 


Magneto fd strength 


“The B-fiold set), or magnetic fx density (more property 


Conventionally, this is though to be defined, analogously to E, by the force it exerts. The free exerted on a point charge 
‘moving in the magnctc field is at right angles tothe velocity vector ofthe charge and also at right angles to B. Actually, the 
field was originally named the magnetic field and the Bild was named the magnetic induction (andi stil smmetimes called 
that) This an annoyance because it is B which involves the force, and hence should be named the magnetic field. Other 
‘writers have noted this discrepancy, and Sommerfeld called H the magnetic exeittion—which correctly desribes is rle— 
Father than calling ithe magnetic field. AS the reader can sce, lots of tings in electrical physics ar tl very wad There are 
also diferent ways to approach the EM modeling problem, In Kaluza-Klein unified field theory all electromagnetics is, 
‘modeled in the Sth dimension, whichis wrapped around each and every point in our normal 3-dimensinal space 


For practical use, far better approach isthe O3) symmetry electrodynamics spearheaded by Myron Evans, which is also an 
Important subset of Mendel Sachs’ unified field theory. In the Sachs-Evans unified theory, electromagsctics has become general 
relativity and general elativty has become electromagnetics, Furhe, very powerful general relativity can now be directly 
agincered with ths O(3)elecroxiynamies, as it further develops. We refer the reader "The New Maxwell Electrodynamic 
Equations: New Tools far New Technologies. A Collection of 60 Papers fom the Alpha Foundation's lnstute for Advanced 
Study," Special Issue of Journal of New Energy, 4(3), Winter 1999, 335 p. Also, panticulaly sce Contemporary Optics and 
Eleetrodynamies, edited by Myron W. Evans, special topical issue of I. Pigogige and S. A Rice (series editors), Advances 
{in Chemical Physics, Wiley, 2001 (in publication). Evans gives a ery long and detailed presentation, "O(3) Electrodynamics" 
‘in that publication, and also gives the paper "The Link Between the Shs and O(3) Theories of Electredypamics 


A quantity of cletricl charge, Note that this statement doesnot define charge g ist 


We have tentatively proposed to redefine charge as q= muy. The term py captures he vacuum’ violent virual eneruy 
literacton with the mass m, ofthe charge, which i presently missing in clasical EM theory and isan excceding great law of 
omission. Further, may be decomposed into a harmonic series of phase conjugat= wavepars, 2s shown by Whitaker, 1903, 
‘id. (tn OG) electrodynamics, the internal structuring is dramatically extended, so that one can get athe "inner 
‘lectrodynamies” necessary to expla such things as homeopathy, chi, ki, pra, et 

‘To those scientists pook-poobing such things as acupuncture, we point ou that acupuncture ina dramatic ease eam allow a 
person without anesthetic 1 underg a major operation with chest cavity opened, while the patent mains alert, conscious, and 
talking. President Nixons physician on Nixon's tip to China witnessed such an actual operstion, as well as oter things 
Nothing in our vaunted Westen medical science can equal that, nor can any of our medical schools, nor ean our National 
Academy of Science or our National Science Foundation, In short, acupuncture alone demonstrates how woefully inadequate 
‘ur medical sience actually is 

Also, acupuncture works on animals as well, soit doesnot involve hypnosis or deep suggestion. In science, we must believe the 
repeatable experiment, not our dogma a the moment. Yt the entire U.S. medical research comsmunity has no higher symmeqry 
EM investigation of how acupuncture works, or of the ingolded electrodynamics shown by Whittaker's decomposition of the 
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Scalar potential in 1903. Hence ou scientists totally mis the vast electrodynamics of the iaternal structuring of potent and 
‘harge with vacuum engines (spacetime curvature engines). As a result the ene US. scientific and intelligence communities 
‘were totally unable wo comprehend nearly five decades of Russian induction of health changes and diseases in personnel inthe 
US. Embassy in Moscow, using weak EM radiation. Intemal structuring ofthe activity producing what is called "charge" 
Including its internal structuring and engines ean be modeled and in theory drctly engineered in the new Sachs-Evans 
approach} 

As shown in my papes, "Giant Negentropy ftom the Common Dipole,” Journal of New Energy, 5(1), Sunsmer 2000, . 11-23, 
the broken 3.symmetry enemy low of any charge and ay dipole allows a more fundamental symmetry ener flow solution 
forthe century-old problem of explaining the actual source ofthe EM eneray that pours out of the souree charge in all directions 
in Sspace. The +-symmetry in EM energy How explains is nature as longitudinal EM waves, with the charges absorbed energy 
boing receive from the time domain (comple plane), transduced into space, and emited in }space. The soure of all EML 
nergy af anv point in Sespace i the tine domain! 


thas been known for decades in patcle physics that there exits no equilibrium in mass systems, unles the interaction of the 
‘vacuum with the masses i included. It hs also been known that every charze and every dipole i a broken 3-symmetry inthe 
Tiere vacuum energy exchange wit the charge or dipole, Yet the vacuum interaction and specifically the source charges and 
the source dipote’s broken symmetry init—are not even included in classical EM as yet. Tht ths known fetal ghtch in moder 
EM theory has not been previously corected, when he article physicists of every university physics department of noe 
already know it is necessary, inexplicable! Here we must regretfully point out age at our orthodox seietific establishment, 
‘nd particularly at our National Sience Foundation and our National Academy of Science These institutions are not even 
‘working on, nr are they aware of, nar do they even care about, the most fundamental science problems of our ime Bigger 
accelerators, yes. Windmills, yes. EM energy from the vacuum and electrical power systems which use it without destroying 
the source dipole, no, The greatest of al eletrodyzamics—the infolded longitudinal EM wave dynanies inside all EM fel 
Potentials and waves—no. The corection ofthe dozens of major laws and non sequiturs in elssicalelectomagsctics, no 

‘The understanding ofthe longitudinal EM wave interferometer weapons and quantum potential weapons already arayed against 
us, m. The development of EM hcaling hase on the Priore approach, which would totaly revolutionize medical therapy and 
handle stacks on ou ities by weapons of mass destruction, no. 


‘We have a scientific mindset problem of epochal magnitude. And that costs the U.S, taxpayers hundreds of bilins af dollars 


spent onthe “status quo” or "business as usual” scientific endeavors tha are far inferior to what canbe done. 
Ensopy__A quantity which measures the extent to which the enengy ofa system is available 
1n.do work, 


Since in one sense energy is function of ordering, then fundamentally, entropy refers t increasing disorder, which means 
Increasing disruption of th ordering in our collecicd enery. Unfortunatly entropy is one of thse concepts in physics for 
‘which thre are several differing major views, We avoid all discussion of information” et, and prefer to deal only with the 
energy and time aspects. For ur work in energy fom the vacuum, we take the very simple view that an europe process i ike 
Ss postive resistor As forward observe time passes, the entrope process continually disorders or "losex"-—from further 
consoled conversion of enegy formthe collected energy inthe sytem. We regard a sexentopic process a ike a negative 
resistor: a forward observer ime passes, the negenfopic process reccives energy ina form unusable to us, iransfrms i and 
‘utput iin a form thats usable. Quoting ya Prigogine, Ireversbility as asymmetry-breaking process.” Natu, Vol 246, 
1973, 70: "Entropy Yeannot in general be expressed in terms of observables such as temperature and density This i onl 
possible in the neighbourhood of equiibriumY 1 only then that both entropy and entropy production acquire a macroscopic 
meaning.” 


So basically, the notion of entropy will spply when we havea system in equilibrium or very near equilibrium. For en systems 
In substantial disequilibrium, the entropy cannot even be computed, and the classical equilibrium thermodynamics with its 
Infamous second law doesnot apply. Othe other band, the loading of disequilibrium (negentropic) EM systems i a Very 
nonlinear afi. Some direct indications ofthis were inthe Russian work inthe 1950s which produced overunity and sll: 
powering EM generators, in several physics institute. [F-z,sce LI. Mandelstam and N.D. Papaleksi, "On the parametric 
txctation of elect osellations," Zhurnal Teknicheskov Fizik, (1), 1934, p5-29. English translation, Feb 1968, Lawrence 
Radiation Laboratory, Livermore, CA, performed for NASA]. The US. researcher G. Obolensky also has done appreciable 
‘important experimental investigation ofthe nonlncar load effets for negeatopc systems 


Punting encny density ow Not the vero ota enensy lose by any means, but 
|usthat component of iratTs ieeepted diverped collected, and use. Whete'S i given 


byS= Beth 


‘The enemy flow theory is rather thoroughly fouled, and has besn since the 18805 when the flow of encry trough space Was 
proposed by both Heaviside and Poyating, independently and essentially simultaneously. 


Since both E and H ae defined not as feds pers, ut asthe reaction cross section of the fcks wih a unit charge, the S does 
not refer o "enemy flow” pe e, but othe intercepted component ofthe overall energy flow. 


Poynting only considered the enemy lw component around a circuit that strikes the ercuts surface charges and gets diverged 
{nto the condictrs to power the electrons. Heavisile, onthe other hand also considered the statingly enormous addtional 
EM energy flow filing all space around the czcuit's conductors, generally parallel to the conductors bt missing them 

‘This huge Heaviside component i sill there around every electrical circuit but almost entirely ignored and unaccounted. It 
misses the circuit, passes off into space, andi ost in most cre. Yet its tllions of times lager in magnitude than the 
‘very tiny Poynting component which actually gets intercepted, "caught and used by th circuit o power its loads and loses. 


Since no one could explain where on earth such an enormous nondiverged Heaviside component pouring out ofthe power 
Source terminals could possibly come fom, Lofentz—reasoning tha, since the nondiverged ener) ow didnot do anything it 
‘vas "physically insignificant” (Loren tm) then just integrated the energy flow vector around ite closed surace 
sssumed around every volume element of interest. Ths efficiently discards the Heaviside nondverged component fm all 
‘ccounabilin, leaving ony the Poynting energy flow component Vector accounted Ofcourse the Poyating ence fw will 
roe with he energy measured in the circu, Sine we actualy measure energy dissipation, and the energy that dissipates from 
the circuit must have first enterd it. Electrodynamics todsy just continue to use Lorent’s integration of the enenpy flow 
‘ecto around an assumed closed surface surrounding any volume clement of intrest. Thus, sadly ou electrical power system 
‘ngincers unwitingly waste tillions of times more EM energy actually produced frm the vacuum by the source dipoles in thelr 
fsnrators, than what the fsble powerline tablet intercept and utili 
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We have nominated the vas unaccounted Heaviside enemy flow accompanying every field and charge interaction asthe source 
ofthe extra gravity known tobe present inthe arms ofthe spiral glans and holding them together, See my paper, "Dak 
“Matter or Dark Encnay?", Journal of New Energy 44), pring 2000, p. 411. Informally we have also nonsnated this dark 
Heaviside energy which illsll space, as associated with the "quintessence" energy that is responsible forthe recently 

Were antigravtational acceleration ofthe universe. Inthe view the gant negentropy process associated with charg (a 
Giant Negentopy ofthe Common Dipole” paper, ibid) is ongoing inal the suas, glans, panels, acbula, and other 
‘stronomical entities. The ondinary energy we measure in all these processes is gravitational; hence fr symmetry and eneney 
‘conservation the primary longitudinal EM wave energy from the time dai tt furnishes the energy to al these spatially 
‘energie process represents a increasing curvature of spactine in the time domain as we travel outward fom any ong 
point This isan antigravtational force, in his concept, which is cumulative asa function of radial distance fom the origi 
Point. Hence we sce the distant puts of the universe as acclerating the expansion of the universe, AK presen this is of course 
an hypothesis, and must be further validate by Iboratory experiment and funhertheorescal work in @ unified field theory 
‘lecodynamics suchas the Sachs-Evans O(3) symmetry electrodynamics 
Slow is actualy comprised of unorganized, structured low of virtual photons or antiphotons and itself isnot observable Is 
Interaction with charged particles (electrical charges and magnctic poles), however, is observable bythe amount of energy 
collected upon diverged around} the charge or poe (formation ofa local potential), and formation of  tansaton farce upen 
the charge or pole 


Agu, the "E and the" inthe expression "EH" are not really the "electrical il” and "magnetic fick in space, but only 
their actin ess sections at each pest in space, should litle unit pot static coulomb be placed at that pont wo divert some 
ofthe E-field flow around it ra litle unit point static magnetic charge be placed at that pont wo diver some ofthe Hild 
flow around it, So even the Poynting energy flow S~ExH has ben interpreta in tems ofits reaction cross sections. 

{tis worth noting tht eletrodynamiciss today are stil politely debating EM energy ow and the energy flow vector. AS an 
example, «polite “debate” ofthis subject has been ongoing for aver 30 years in American Journal of Physics alone. 
particulaly signiicamt statement of the problem is given by Jons: "is passbl o introduce the Poynting vector S, defined by 
‘S= ExH, and regard tas the intensity of ener flow ata point. This procedure is open to criticism sine we could add 19S 
‘ny vector whose divergence is ero without afecting [the base integrtion procedure’ resi.” (DS, Jones, The Theory of 
Eleetromagnctism, Pergamon Pres, Oxford, 196, p. $2 In shor here Jones is tating that an enormous nondiverged encray 
flow may accompany the Poynting flow component, and it wll not be accounted for by $= ExH. Aer presenting the various 
cements required to solve the energy Now problem, Foaes bows out with the statement: "Tf does mot sem likely that an 
expresion satiny all these conditions wil be simple. .fortmates, we are rarely concerned withthe ener flow ata 
point. Ta most applications we nea the rate at which energy is crossing a closed surface [Jones, iid. $31] Panofsky and 
Philips warn against over-attachment tothe Poynting vector: "Paradoxical results maybe obtained if one tres t identify the 
Pountng vetor withthe ener low per unit arexat any point.” [Wolfgang K. . Panofsky and Mba Philips, Classieal 
Electricity and Magnetism, Sccond Editon, Addison-Wesley, Menlo Park, CA, 1962, tid printing 1969, . 180 


‘We point out, however, tht for gravitational efits of energy flows in space, one must account the total energy How per unit 
seta und surrounding any point, and therefore one must estore the unaccounted enonmous Heaviside nondiverged EM enengy 
flow component as wells the accounted tiny litle Poynting diverged energy How component. 


Am inrement itl pies o tine, 
tn spoil elatviy tie can be considered pss of spatial length compres bythe factor, tha ct wher Lin 
meters, isn seconds and cis the apes oF igh Time can als be eonateed as patil EM energy compressed by the cor 
To compecicad ime and time at of flow, ne mus fest elze tht a pee no observable exis o persists in ine. The 
Sscrvable asp sapabot mae tone instant in ime, so that "ime stopped” momentary The observable hus 2 
frozen snapshot ofthe Sapa mencetion ofan ongoing apace racon” Ate Very ext stan, that sapsot no longs 
exists. Hence for amas (o any oter observable) 0 “propasate nine” there mst bea proces whereby As continually 
Sic othe ebsenable ouch so mans m, converting i fo asatine mi fora shor duration) and on subtracted agi, eng 
behind aneher azen3space saapshot ofthe “obscrvabl” that as sezmingly now endured for that itl period, with eect 
toiheobseret As we explain in several papers, the sun oof the photos inteactions witha mass m may be ken asthe 
fencrata that produces (1) the low of th mas ough tine, y chaning ro io a 0m contiually, and (2) a 
Substring of intra "meow components. Th short any lief asesraied inthe mroworl or the microword by 
the observer, has an enommousy rch ntral dynamic and structing. Again im higher ymmetyelctodynamis sich st 
(43), the internal suctring othe photon, EM fe, EM wave, and EM pot can be modeled and evenly even dily 
cogincered 


AE Aninotement (ite pisoe of enensy 
The photon is consiered to be (uni-wise) composed of (AEN). However, in our view (as we explain in energy, energy 
collection, and energy dissipation) energy docs not occur in “litle fixed chunks" at all Onc only as "tle chunks" of eneray 
when one is collecting enery in an ongoing proces. In electtomagncis, te collection” of energy is actully the ongoime 
collecting of encrgy from an energy How deviating around an intercepting charge It is a dynamic, ongoing prosess whercby a 
Collector such sa charged particle intercepts and interac wih (undergoes Vial photon flux exchange with) an impinging 
enemy density flow S= EXH. In an equilrium (static) condition, the devite flow remains very lke a persistent, unchanging 
‘whirlpool ina river and so is said to have a "static magnitude”. IFthat Poynting flow is removed, then theres no excess 
collecting going on and the “magnitude ofthe deviated energy flow” i zero. EM energy clletion/collecting is always ikea 
rock ina high wind. As long asthe wind is blowing onthe rock, aris deviated to flow around the rock. The rock has a force 
field on and oft, and wishes to move It also has "excess colleied energy", and a gradient inthis "excess collected encray" 
determined by the wind flow direction. When the wind eeases to blow, th rock goes back to eing just a ock, and forgets it had 
all that excess wind energy collecting and any desire to move, 


TERMS AND PHRASES 


ABEL, NIELS HENRIK (1802-1829) 


Norwegian mathematician who in 1824 proved thatthe general equation of fifth degree eannot be solved algebraically. He also 
Jeftan important paper on tanscendeatal functions which was published postbumously. 
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ABELIAN GROUP. 


Asroup obeying the commutative law of algebra for every pair of elements ¢and b under an operation so tha "b= Btn. Ax 
Sn example, the st of integers san fine abelian group under the mulipication operation, 


ACTION AT A DISTANCE, 


Anactio (effec) occuring ina local stem, for which no separate local 3-space cause exists, but for which sesusal 
‘oteltion exes btwcen a distant cause andthe loa ees. 


‘To the local 3-space observer, te effect is baling. In electromagnetics, ation aa distance can be considered a higher topology 
phenomena, occurring through hyperspace or though subspace, or tough "multiply connected spacetime." Paniculaly note 
that "time" is multiply connected; every spatil point in -space (Inthe entire universe) exits tthe same moment in ime, 
Which means that electodynamic action through the time domain ean be used to elimina the spatial distance between any 160 
$-spacepoinis. Action ata distance is absolutly required by quantum mechanics, and experunents establish its truth. Such 
ction Was implicitly included in Maxwell quaternion theory bu was unknowingly discarded by Heaviside, Hert, and Gibbs 
‘when they formulated a much more restricted vector interpretation of Maxwell’ theory, flee Maxwell's death. Bob's hidden 
‘arable interpretation of quantum mechanies uses the quantum poteatal, which is a multiply-connectd entity producing 
lstantaneous action aa distance. In oninary electrodynamics, the common scalar potcatial inthe Coulomb gauge has 
instantaneous velocity, and it appears everywhere in space, wherever it will occupy all at once in thar gauge 

Tame is also ast of eneay flo in the time domain (complex plane rather than in3-space. Time is also multiply connected, 
since a prion every 3-space point in the universe exist at and ina single moment of time. Sine time is dynamic and structured 
‘vith special energy lows seems posible to use this feature o establish energy flow during one specie moment to a desired 
Subse of 3-space points, eyanlless of where inthe universe those points are located. Hence the development of "ime-cnergy" 
technology allows action at a distance via manipulating the mulipleconnccivity of dime and is internal structure (internal time 
like energy flows). 


AD HOC MODEL 


A mode! usd and fied fore spcife purpose a 
‘Tentative formulation, no intended toward general application and not yo firm because there i still not a comprehensive, testd 
demonstration ofthe "tof the mode! othe complex phenomenology. Nonetheless, an ad hoe model can be quite useful ina 
ven are, so long as it suficienty fits the experimental daa in that area and makes sufiiently accurte predictions im the 


ADVANCED FIELD 
An clectomamnetic field that isa solution ofthe classical Maxwell equations, which is positioned onthe fu 
sosceime 


Jish-cone of 


We beicve much ofthe problem with he “advanced solution” isa problem of interpretation. We would urge the re- 
Iiterpretaton notin terms of "time-travel" where the wave coatinus in observer forward time while the est ofthe universe is 
sssumed to retrogress toa previous state, but in terms of tine-eversal ofthat wave only. In that ase, the rest ofthe universe 
Stay sane and continues to move in observer frwand time, andthe wave itself ust moves in forward time in a path-reversed 

‘manne, back along previous "stimulus wave” (he retarded wave tha moved Forward in time normally). 


ADVANCED POTENTIAL 
An clecwomagnetc potential that i solution ofthe classical Maxwell equations which is positioned on the fre light-cone 


at spacetime 
Presently this potential has not yet heen given a physical intrpetation. See remarks above 


ADVANCED WAVE 
ic wave ht isa solution ofthe classical Maxwell equations, and which i posoned onthe futur Hiuht-cone 


‘See remarks above, 


AFFINE CONNECTION 
Inmathematics:"A conection ona manifold, whose form is unchanged under affine changes of parameter slong curves 
when the original parameter ¢ of a curve y(t) i replaced by t= as +h” Distionary of Science and Technology, Academic 
Press, Christopher Morris (Ed), 1992 


Ugh! Well let the mathematicians take i fom there, 


AFFINE TRANSFORMATION 
ansformation on a linear space to itself which ean be expressed asthe sum of linear tansformation anda fixed v 


‘The affine transformations form a group. Inthe plane, th group is six-aimensionl, consisting of translations, rotations, 
stretching and shrinkings, elections, simple clongations and compressions, and simple shear transformations, as well as 
compsitions ofthese." 


Dictionary of Science and Technology, 1992, sid 


AHARONOV, YAKIR, 
Renowned 
CCo-discoverer ofthe Aharonon-Bahm effet: Even when te electromagnetic force Fields reduce to zero in a charged particle 
system, the potatals may sil exist and interfere to cause real physical fects. Together with Bohm, Aharonov authored 3 
fundamental paper in 1959 which pointed out the primary importance of the potent rather than the force feds. Indeed, the 
force Held ate nly made in and o the charged particle system itself by interference thereof potential, andl donot exist as 
such inthe vacuum, The forefilde are thus not primary clectronsagnetic causes all, but ae secondary eects duc tothe 
Iterierenceof potentials ina particular charged particle system. [See Aharonov-Bohm Eft In is thnce volumes of pics, 
Feynman pointed out that the forefields donot exist ax sch nthe vacuum, nd that onl the potential forthe fovefields exists 
{n vactuon The primary causative agens for elestomagnctics are thus the potentials. This hasbeen proven both theoretically 


uci quantum pbsicist and former student of David Bob. 
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nd experimentally in uantum mechanic, but still does nt appar in present classical electromagnetic theory taught in 
Universities which tel confuses cause waves and effect waves in wave-charge interactions, 


AHARONOV-BOHM EFFECT 


Phenomenon thorctically pointed out in 1959 by Yakir Aharonov and David Rohm whereby inerferingelectromaunetic 
[oles can produce effects on charged particle atoms even a distance and inthe absence ofthe eletromasti fo 


F 
See ¥, Aharonov and D. Bohm, “Significance of Electromagnetic Potentials inthe Quantum Theory." Physical Review, Second 
1 overview and extensive bibliography, sce. Olriy and I Tovital Popescu, "The 


Series, 115(3), 1989, p. 485-491. Fo 
‘Quantum Eifets oF Electromagnetic Fuses,” Reviews of Modern Physics 712), Ape 198, p. 339436, 
jum effet one year later. When 


Chambers experimentally demonstrated the Aharonov- 
E-and B-ields are zero ina tezion, their potentials sill may exist and thus be stable and persistent. Being gradien-iee, 
force-ice potential is not changing: no bes or eed-of of ts magnitude oo ts internal structure x occuring, 
Interference ofthe potentials produces real electromagnetic effets eneexy) in the interference zane, even aa great distance, 
‘without transmission of "ld ences)" per se through th intervening 3-space. [Rigorously, the potetials EM energy can be 
Considered to be ypersparall transite, or subsparilly transmitted funneled) via the Whitaker intemal EM biwave 
‘mechanism, See discussions under action ata distance] 

{In 1897-8 Stoney showed (in Philosophical Magazine) by physical reasoning tha ll the disturbances ofthe ether arising fom 
sources of ertain kinds canbe resolved into trains of plane waves. This Was extended andthe general and special equations 
‘wntten by E-T- Whitaker in 1903 in Mathematische Annalen. In 1904 (delivered orally in 1905) Whitaker’ second paper 
dealing wit the subject was published inthe Proceedings ofthe London Mathematical Society, and showed tat salar EM 
Potential interferometry is infact what generates the classical EM force fel 

‘The two Whitaker papers may be interpreted to show a stanling arrangement ina poteaial or EM wave. (1) ny EM field or 
‘wave in a paticulae space is due to two interfering scalar potential functions in that space. So we may replace any EM field 
fr wave wit two scalar potential functions, prion (2) But each ofthe scalar potentials onto which the functions are applied, 
{S decomposable ino the Whitaker 1903 longitudinal EM wavepairs, where the output Waves ae in 3-space and te input 
‘waves are time-like and come from the complex planc. This provides a hudea"infolded LW cletrodynamics inside, and 
‘composing, all EM fields and waves. Further, te decomposition i recursive, so each of he first er infolded EM waves canbe 
decomposed again into a second tier af bwaves, cc, Thus the most pwimary lecoynamies ofall isthe nested infolded 
longitudinal EM wave structuring of al preseat EM waves, potentials, and Belds. The intemal LW waves also form rigorous 
curvature of ST pattems (templates) and thus engines. By engineering the stucture and dynamics ofthe intemal EM, ane can 
engineer massincluding the atomic nuclei, quirks, and gluons ~as one wishes, once the technology i sufficiently developed. 
Inthe Wes, this entire are hasbeen ignored but it as been highly weaponized by the KGS in Russia, 


AlAs 


Alpha Foundation’ Istiute for Advanced Study 
‘Unusual "thnk tank” comprised of fellows an fllow emer in various places inthe world, who cooperate in advanced 
clectomagnetics studies va E-mail. Led by Dt. Myron W. Evans a thconst of note the institute hasbeen forging acd with 
the production of (3) symmetry electrodynamics, particularly as an important subset of Mendel Sachs unified field theory. 
Dozeas of AIAS group-authored papers have been published in various leading Journals suchas Foundations of Physics, 
Physica Sripta cle. More than 90 ALAS popers ue carried on a resticted Department of Energy website for reference by DoE 
Scicatists. The work is particularly significant in working out how EM energy flows in both the 3-spatial and time domains, and 
how EM energy ean he and is extracted from the active vacuum. More than a dozen ofthe later ATAS papers are carried ona 
DoE public website, hp/wwwott.doegov/eleetomagneticpapersbooks himl. Also, about two dozen ALAS papers have 
cither been approved for publication in oumals, or are inthe review process. The present author isa Fellow Emeritus ofthe 
AAIAS, and ikl tolerated as «conceptuaist hy these advanced theocticians. 


Amps 
Acquired Immunological Deficiency Syndrome 


A condition of acquired immunological deficiency assocated with infection ofthe cells ofthe immune systems with the 
reovirus HTLV-II, Its usually recognized by testing positive to HIV infection, and eveatally by physical deterioration and 
by development of ene of more life-threatening opportunistic infections such as pacumonia, or of Kapos's sarcoma, 


AIKIDO 


Japanese martial art whose modern form isa svnesis of many schools of jjtsu and the zen at of meditation in motion, 


isthe way (DO) of entering and tring (A) the opponents vital eneray (KI). The present author isa retired sandan (third 
degree black bet) in Yoseikan akido, He is retired because of debilitating injures suferd in ther fields and accidents, andl as 
a busted-up old dog of 70 as no business bouncing hard off the mats wit ll hose vigorous Young fellows. His ex 
Pounds also no longer enhance his athletic ability. We did write a book, privately held but never published, on Aikido and 
Sealing wit the principles of unarmed combat. taterestingly, we simply vat ino the deep unconscious in mediation (and 
pethaps a litle beyond, depending on one's viewpoint) to uncover the unsuspected principles. To list them, we went through the 
Ephabe four times. Many ofthese principles have never appeared in any txt on martial ars oe military combat. The task was 
Placed on me by my sensei and required seven years tp complet Perhaps onc of hese days we will formally publish the book 


ALGEBRAS 
‘The various pes of mathematics in which the theoretical models for physies and other sciences are embeded. 


Some importuntalacras ized in physics are the vector algebra, tensor algebra, quatemion algebra, Grassman algcbra, Pali 
algebra, Cilfond algebra, es. There are many aters. The complexity ofthe symmetry und af the topology varies significantly 
between these lgchras. Thus, an electrodynamics model ina lower topology algebra such as vectors or tensors will not reveal 
for permit nearly So great aset of electrdynamic functions and operations as will elctrodynamics embeded in higher 
topology algebra suchas quaternion algebra oe Clifford algebra 


Asan example, it has been shown by Barret that the operation of many of Nikola Teslas patente circuits cannot be understood 
if analyzed in vector or tensor electrodynamics. The cicuits will evel tally new functions when analyzed in quateion 
‘lectodynamics. That paper is T. W. Bart, "Tesl's Nonlinear Oscillator Shutle-Circuit (OSC) Theory.” Annales de la 
Fondation Louis de Broglie, 16(1), 1991, p.23-41 
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ALLOPATHIC MEDICINE 
A medical system which combats discus by using remedies which produce effects diferent from those produced by the disease 


inated. 


Reliance is primarily upon drugs, pin relievers, and treatment of symptoms as well as use of agents to "kil” the microbial 
longanisms regarded a the eause ofthe dscases. Surgery is used aba major adjunct. From time to time, oer practices 
formerly frowned upon or even legally rosccuted are recognized as effective and legitimate, and are then brought under the 
acgis of organize allopathic medicine. Physical therapy is such a formally prosecuted modality that was eventually adopted; 
hypnosis is anohee. The problems with organized allapathy i that (1) it tends to be monopolistic, (2) i uses the state's power to 
enforce is credo, (3) it contols both the bul ofthe medical Scenic literature and the low of research funds from both 
goverument and private sources, (4) it does not adequately police its doctors and technicians, (5) it doesnot sulicintly accent 
preventative medicine or “whole human being” treatment, and (6) it engages in conspiracies io destroy competing systems of 
medicine (as inthe case of chiropractic). (7) Oa the other hand, it has made remarkable advances in preventing killer diseases 
by vaccination, tating them by antibioies, and in eradicating or controlling many ofthe former great ier diseases such a 
smallpox, diphtheria, and bubonic plague. It has been fr less succesful in weating and reversing dsbilitation, cance, 
sterioslerosis, ete. Tust now, most of its major Weapons against the former dread diseases are beginning to fal. The disease 
‘mganisms are rapidly changing into new, more Vrulet forms that ae resistant or even immune to the presen sucess” 
treatments, Even in orthodox medical publications tis now beginning to be recognizing tat allopathic medicine s starting to 
fai, and that we are again entering apsiod of great, uncontollale killer pandemics 


ALLOPATHY 
Another name for allopule medicine and allopathic medical thera 
AMBIENT VACUUM 


‘The average astve vacuum, in space, removed frm large clletions of change and mass 


AMBIENT VACUUM POTENTIAL 


‘The average standard vacuum (spacetime) considered asa potential having suture and dynamics on a miad levels 
Anything thats compose of virual particle fax isa potential. Another way of looking atthe vacuum ist realize tha, having 
fan eneruy density, then prior it isa potential or may be modeled a such, 

Hence the ambient vacuum ean be decompose via the Whitaker method ino aa internal set of infolded EM longitudinal waves 
of very special nature. Further, our work onthe broken 3-symmety energy How ivelved in any potential or dipolarty shows 
the more fundamental 4-symmetry energy flow between the time domain and 3-space. This 4-symmetry energy flow is also 
highly structured and dynamic 

\Whitakers work shows that, contrary to present assumptions in quantum physis, a particular potential has its virtual particle 
{lus formed int a beautiflbiditectional wave structure, The apparent disorder at any local point in the local vacuum potential 
's du othe constant arial of myriads of potentials, fom charged particles all over the universe. The violet inferference and 
re-nterference ofthese potentials resus in the eration of violently changing virual photons or in terms of waves, violently 
‘hanging EM waves and fields, In other words, the statistical disorder of the vacuum ts actualy compoved of continually and 
"apidly changing periec order. [Here we have confonted3-aw Aristotelian logic with is missing 4th law, because a hells 
‘opposites are identical] The continual violent interferometry results inthe 2r0-point EM Mlactustions of vacuum, Each EM 
actuation is completely deterministic, as shown in Puts cosmological feedback mechanism. However, the macroscopic 
observer has no knowledge ofthe cause or ofthe arrival, and ofthe myriads of interferences that produced te inal EM eld 
‘Muctuation Hence although the ero-pint Fluctuations of vacuum ae completly deterministic one-by-one, the observe has mo 
‘information on their causality. Hence tothe observer thes fluctuations are cempleely statistical and seemingly without local 
‘onder. However, because oftheir hidden determinism, these fluctuations are chao rather than eandom—coneary 10 the Gibbs! 
thermodynamics statistics assumed and adopted by quantum mechanics That saistics should be changed oan already 
uote” statistics containing hidden Whitaker ord. This would appear to he the real solution tothe ecognized major QM 
problem ofthe missing chaos, 

Since their changes and appearances are complctely in one-to-one carespondence to al distant features ofthe mueroscnpcally 
fonder universe, then ther integration yields macroscopic oder. Further, as canbe Seen, Mach’ priniple—so near and dear to 
the heart of Einsein—arses drcily from the foregoing discussion, In suc fashion, integration of statistical (but chaotic and 
‘with hidden order) quantum changes results inthe familiar, ordered macroscopic Word, Tis removes the great err in QM 
that heretofore it has filed to pric the ordered macroscopic universe we observe and inhabit 


ANALOGUE 


ar tht is analogous (representative or modeled 
‘Atroot, an analogue of something isa second something that functions in similar fasion othe fist something. 


ANAEROBE 
‘An organism that lives, is ative, and occurs in the absence of fee oxygen. Particularly applicable 1o ane-<eled organisms shat 
iso. 


ANAEROBE, FACULTATIVE, 


An onanism that can lve either as an acrobe or as an anacrobe. Particularly aplicable to one-clled oruanisms possessing that 
‘anability, 


ANAEROBE, OBLIGATORY 
An organism ht is restrict to being anaerobic: it cannot utilize axvgen fom the smasphere 


ANAEROBIC 
(Characteristic ofan organism of living active, or escurng inthe absence of free oxvaen, 


ANGULAR MOMENTUM, 


‘The momentum of "leverage" of the momentum of a moving bod with spect to an axis or reference point, 


Angular momentum asthe sume nis as action; hati, it is energy multiplied by time, or momentum multiplied by length. In 
terms of particles, ts also known as sa 
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ANOMALOUS EM JAMMING MECHANISM 


‘Ina dense signal envionment, an unusual mechanism whereby EM energy fom de skin of an aerial veel is directed laser 
ike nto the intemal cicuty 


‘The density ofthe signals impinging upon the skin are such thatthe probally of multiple photon interaction increases. Also, 
fn nonlinearity inion the skin, the muliplex of signals creates scalar EM potential. Decomposition a this poeatia into 
‘Whitaker waves provides hidden "pump" waves upoa the noalinearity. which therefore acts as a pumped phase conjugate 
rior (PPCM), EM felis and signals from the intemal operating circuits in the vehicle provide “signal waves" tothe internal 
skin and tothe nonlinearity PPCMs onthe skin Amplitid pase conjugate replica (PCR) waves are generated by the PPCMS, 
‘wherein each PCR wave the energy may be the total ofthe extemal signal density pump waves upon the initiating PPCM. The 
results thatthe skin becomes a "collector" of enesuyffom al he impinging extcral signals and focuses much of his eollectd 
extemal encry into lser-ke beams inside the vehicle which penetate relly back to the eeu element that originated the 
particular signal fleld wave tothe iner skin. The result is spurious jamming throughout the vehicle, dircty in its operating 
Srcuits, in a manner not described in normal ECM theory. Also the sume effet occurs in human body when exposed to such 
'8 dense signal environment (threshold about 200,00 signals per square mer per second, and particulary active above 500,00) 
Signals per square meter per second. Le, in such an EM "smog" environment, tbe anomalous jamming mechanism is able to 
progressively conduct the energy impinging upon the skin deep into the hody and throughout i including int the bone 
InarroyThis effect snot described at ll inthe standard dosimcry Iiterture and experimental sproaches for examining the 
effects of EM fields and radiations upon biological systems, By rigorous frequency band contra af aditons and 
‘ommunications, mos equipment can be operated in an appreciably dense envionment such as appears on the modern 
environment, because the equipment is esentilly narow band.” The human, however, ia very wide-band receiver, and in 
Such dense exvironments even a very weak sighal Ivels—the buman system will eventually undergo cumulative damage 
hiss one ofthe majr mechanisms ivolved in long term deleterious biological effects of EM radiation envconmeats, but this 
effect on living systems has no heen investigated in he laboratory by present EM bioeffects eseachers. 


Inthe US. i attack on Libya in 1986, the anomalous jamming mechanism interfered withthe irra, controls, and missiles 
because frequency discipline was no rigorously enforced. Inthe Gulf Wa. rigid frequency discipline was enforced, withthe 
result thatthe electronic systems operated normally. However, the troops exposed to that envionment Which varied from place 
to place) were flected by the mechanism, which added it othe previous cumulative damage to ther immune systems, ct. 


ANTIBODY 
A body subs 


‘The antibody counteracts the effects of he antigen, by neutralizing toxins, aggutinating bacteria or cell 
antigens ete 


precipitating soluble 


ANTLELECTRON 
‘The time-reversed electron, oc pusitnon, Under time reversal, electric charg reverses in sign 


Paul A.M. Dic, in his A Thsory of Electrons and Protons,” Provssdngs ofthe Roval Society af London \126, 1930, p. 360 
Introduced the negative energy electron sea (now called the "Dirac sea") with negative energy election holes tested as the 
Postve electron, He attempted to entiy thexe holes with protons, but that was later Felted, The positron, discovered about & 
Searaller Dirac’ paper, was Interconnected with this nt-clectra, 

‘Note that Dirac himself was not adamant that all negative energy state holes in the Dirac sea were filled with cletons, but just, 
that almostall of them were Modem researchers have tended to extend this to stat tha a the holes are filled, normaly. That 
|suliient in forward time situations. But it does not necessarily hold ina time-reversed situation, ina ime-eversed zone, oF 
sna tempic back emt 


ANTIGRAVITY 
Ap effct whereby normal masses repulse one another rather than gtract one anther 
Antgravty may also be considered as time-reversed gravitation. It may also be considered as gravitation benveen to negative 
ANTIMATTER 


‘Matter consisting of atoms which are composed of antilectons (positons),antiprotons,antinewrons 


Also loosely refers tothe antipatile corresponding to a particle—the anipatcle may be regarded asthe particle traveling 
backward in time, or "phase conjugated”, 0 "time-reversed 


ANTIPARTICLE 
counterpart to an ordinary fundamental particle, having identical mass lifctime and spin, but with charge and magnetic 


‘moment revered in algebra sign. 


Note that when the charge is reversed, party and time are also reversed. Thus, propel the aniprticle is the phase conjugation 
ofthe parte or just conjugate particle for short. In effect an antiparticei the panicle traveling backward in observer time 
father than forward in observer time 


ANTIPHASED 
180 doses ou of phase (contray-wise in ting 


ANTIPHOTON 


the photon is considered is own antpartcle, so that photon and antphoton are one andthe same. Inthe new 
approach, that is not quite true Fist one considers that a photon—as is well known—hus the units of angular momentum, Thus 
itis made of "energy mulilid by time" We consider thatthe time-forward photon (ie. normal photos), is made of (+E) 
(0. Usually piysicsts have largely neglected the fact that a photon cates an increment of time as wel as an incremeat of 
‘enemy! In our approach the antiphoton, being a sine-eversed cai, must be composed diffeenly. We have tentatively 
considered the antiphoton to be comprised af (AE A) 1 will probably intlly be necessary to take ino account he fat that 
“Minkowski geometry treats the T dimension as imaginary athe than simple arithmetic. We haven't ha the lengthy time 
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‘work al ofthat out perhaps one ofthe etter dhoreticians or one of he sharp young graduate students wil do that and sae us 
the wouble 

Atany rat, the requirement is hatin a coupled photon-antphoton pair (a gaviton)—the energies of photon and antiphoton 
‘must add spatially, while elecnomagneticaly the wanslation forces (actully fanslation impulses) of photon and antphoton 
must cance! o thwart each other, One insists om a strong interpretation ofthe distortion cometion theorem in phase conjugate 
‘optics Inher words, we consider the "wave" as composed of photons, while the antwave" (phase conjugate replica) emited 
by phase conjugate misror is composed of antphotons. And we consier tat the dstorion correction theorem must apply 19 
the Waves photons, o thatthe antpotons are precisely superpsing (coupling) and then decoupling asthe wave and antiwave 
passthrough each oer in perfect spatial superposition. We fel that this tally in phase spatially bu totaly antphased 
Femporlly" concepts impor. Iis wellknown, eat in certain cases protons—the very building Blocks of mater isl 
~can pass right though other protons, a shown in certain colliding beam experiments if ther relative spins are propery 
ranged, 


ANTISIGNAL 


‘The phase conjugate of a signal The time reversal of tht signal orits win ‘The phase coniusate replica signaliwave emited 
iby phase conugate miror mata in response to an incident signal wave 


ANTLSTOKES EMISSION 
‘Radiation emitted from an intensely scattering medium that sof greater intensity than the input radiation. 


mother words, the medium gives off more energy than weave to pu int i. This has been known since the 193s and proven 
experimentally but no really complete explanation kas ea forthcoming. The conventional explanation is that some ofthe 
Kinetic energy ofthe medium is fumished 1o cause additonal emission. In that ease, aniStokes emission would lower the 
kinetic energy ofthe emsting mclum, Note that this is mot necessarily tre at all Letokbow's negative absorption (excess 
‘ission) of the medium, where in that ease the excess energy in the emissions is sad 1 come directly from energy absorbed 
fom the ative vacuum, 


ANTLSTOKES RADIATION 


“The raiiaton coming fom an antiStokes emission process fom an intensely seatering medium, where more energy fix i 
‘muted thane input bythe experimente-aperator 
‘the past, thre has just been "arm waving” that the excess cneray must come fom the itera enengy ofthe molecules, There 
scems to he no explanation a al of where the excess energy ofthe molecules must continu to come toa! Tacit silence n this 
pact” violation f ener conservation is held. But see Letkhow's negative absorption ofthe medium discussions ithe 
erature 
‘We quote fom H.C. Dake and Jack DeMeat. (1941) Fluorescent Light and Its Applications, Chemical Publishing Company 
Ine, Brooklyn, New York, 1941p. SI-52 "Wen a phosphor or other luminescent substance ets light, ities im ust cases 
an emission accoding to Stokes Las. This la states that he wavelength of the fluorescent (emited) light i always reer 
than the wavelength of the exciting radiation. twas fst serve in 1982 inthe memotr °On the Change of Refrangiilty af 
Light"by Sir G.G, Stokes. In terms ofenergthe relationship sates that eem =e ab. Mile Stokes’ Law has forthe majors 
afeases, tt doesnot holdin certain instances. In some cases the wave length s the same fr both the absorbed and the emited 
fadation. Tha the efficleney appears to be perfect or uni, This ix own as resonance radiation. tn aher cases Stakes! Law 
does no hold where the ener emited is greater than the energy absorbed. Tiss own a An-Stokes emission. 1933 
Piteshaews showed tha thre i an energy difference ax much as 1-1 v between the exciting light andthe forescence of 
aniline vapor This added energy ts atribated a aditions from the internal energy of the molecule" 
“There is no teal problem of identifying the source ofthe excess enn, nce one realizes that (i) very dipole ia broken 
symmetry inthe vacuum exchange wth the end charges ofthe dipole, and thus extracts viral ner tom the vaury, 
Integrates and odes it and opal i as EM eneray density flow One then adds mulreworeflection an multiple passes of tbe 
EM energy flow, so that charges tht intreep and collet energy from the eiprcating low can multiply connect from the 
same energy flows (ona given pss, oly tn, in fation—nominlly about 10"!—of the energy flow is interceped and 
‘tracted wth bythe cllectng ariel), Thus muliple collections fom the same EM energy flow ean e accomplished ifthe 
flow is iteratively reroute (as by reoreflecton or phase conjugate refcction) back ato the collecting charges again and 
ain 


Inthis fishion additional energy is collected in the collected volume, which increases the local collected encrry density in that 
‘volume, In urn this increases the local potential ofthat volume. fn urn tht increases the energy flow from tht potential acting 
ssa dipole, because it increases the dipole strength and consequently the magnitude of he dipole’ broken symmetry in ts 
‘acum flux exchange, 


‘The infliciney ofthe process increases nonlinearly with increasing local potential, and faster than the buildup of local ent 
density occurs fom multipass muleolection, When the inefficiency curve reaches the increasing broken symmcty energy 
tsraction curve thea a pont ofequllvium fs eached At that equilibrium point, the ate of energy diffusing out ofthe 
‘multipass region and escaping fm the periphery ofthe system i qual to the rae of extraction of energy fom the vacuum and 
flowing it out into as Poynting Slow isto the multcolection region and collecting i. 

So we have described an open thermodynamic system, where thee ae 10 inputs of eneesy low: (i) hat by the operator 
experimenter, and (i that from the vacuum via the dipolar broken symmetries. At equilvium condition the total input eneray 
Fate sequal to the total energy escaping rat, and the conservation of energy law is igoously upheld However, this isan open 
thermodynamic system far from equilibrium, and so rigorously the nonlinear thermodynamics of such systems applies rather 
than the normal equilibrium thermodynamics. Asis well-known, the coeicient of performance for such open systems in 
‘Usequilibrum, may permisibly be overuny, even greatly overunity. 


Property uilized, the overunity anti-Stokes or Letokhov emission can be made very arge—such as COP =1200 in Patterson's 
adaputio, The process and is overuity cerificaton already exist inthe hard sccace literature, being known and 
experimentally demonstated fr at leas tree decades. 


ANTIWAVE 


‘The tme-reversl(ghase conjugation) ofa reference wave. 
‘A phase conjugate replica wave isa time-eversed replica ofits referent wave, Hence itis the antiwave ofthe referent wave 


A-POTENTIAL, 
Vector magnetic potential 
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‘The A-potemial isa real entity more primary than the magnetic field B, and not a mathematical convenience as was originally 
thought as detailed inthe second yolume of Feynman's three volumes of physics. Indeed, it may be separated from the 
‘magnetic field, as reported by Feynman, and used for instrumentation eects inthe manner patented by Gelinas. When 
separate from magnetic il, i often ered to as the "cur-free vector potential” since the Bild is modeled as being 
created from the A-field by curling itn other words, B is defined asthe curl ofthe magnetic vector potential, if we use B= V 
A. Hence “separating” magnetic field from A-potential simply i sor of parallel branching” ofthe energy density ow of 
the A-potential. tis like branching the voltage on fesder line conductor in an electri circuit nto two parallel conductors. 
‘The feeder potemtal splits into tw, so hut each branch bas the sume potatal. Actually the vast energy flow in the feeder line 
only has a small component which strikes the surface charges, diverting the energy into the conductor and potentializing the 
Drude electrons. In branching ino two conductors, he giant low branches also, bt isso great thatthe surface charges in each 
ofthe two branches stil inrercep essentially the same amount of energy, dverping it into the eonductoe. Hence each conductor 
exhibits the same potential asthe feeder conductor 


‘The same thing happens when one "splits" or branches the A-potetal in similar fashion. The diverted and separated B-ficld 
branch will exhibit "equal enemsy density" low (ve. inthe form of magnetic ux density How) and yet the orginal A-ptential 
path through space wil il have the same previous energy flow deasity magnitude, jst without cul (without magnetic fc, 
Any good toroid or very long solenoid already performs such separation, and hence energy density ow doubling. IF propery 
used—as in the motionless electromagnetic generator (MEG) this effect canbe used to provide a generator with COP>1.0. At 
this wating, th present MEG exhibits COP = 16, and isa patent-pending system 


‘The well-known Aharonov-Bohm effet, also uses this separation ofthe cur of the 
A potential, leaving an uncured A-potenial whose changes wil and do interact with electrons 


‘The cur-fiee vector potential i particulary interesting because (1) it sa unique and independent field of nature, (2) its cul 
produces a magnetic fic, (3) its ime derivative produces an electric fick, (4) is magnitude does not fl off inversely asthe 
tistance squared, but only inverscly asthe distance, and is ime derivative dA/dt~ BE, Hence, as inthe MEG, one can extract 
‘enemy both fom the eur-ree A-potential andthe curled 

‘potential (magnetic Held B), increasing the available energy collected inthe circuit to greater shan what the operator input to 
it Thisis simply a physical process of regauging, wherein electodynamicists already routinely assume (and apply) the fact that 
the potential energy of any EM system can be fecly changed at will by regauging. Inthe real word, of cours, we may’ have 10 
pay a litle switching enemy, but We are fee toregauge (by this "spliting tbe poteatal into equal parallel paths, and by other 
methods), at wil and at anytime and place. The MEG jus takes advantage of one major method fr fre rgaugng, in order to 
Violate the Lorentz symmetry condition (vielate symmetry in the system's energy exchange with its active vacuum. 


vironment). It thereby i eptimatly permed to exhibit COP>1.0 and output more energy than one ints, because the 
‘egauging transfms tnt an open dissipative system fr from themaodyanie equibrium i is active envioamental energy 
xchange 


ARISTOTELIAN LOGIC 
‘The canveatonal thee laws of logic, unconsciously fed to the physical reality created! by the single photon interaction. The 
three las are: (1) ating is identical to itself, 2) ashing isnot Weatical to something else and (3) either one has a given thing 
for something that I not that thing. Mathematically these are writen a5 (1) AA, (2) A A, ahd (3) A.A. Aristocian loge 
applies only to single observation at atime (monocular observation, a single observer). When multiple simultancous 
‘observation (multiocular observation, multiple observers are considered, the thee laws may be violate, In that ease a fourth 
law, A A is addod. This law may be seen tbe the exact negation ofall he fist three. An aplication rule (which may itself be 
called a fifth law) i also added, and states that either the fist three laws ae explicit and the fourth is implicit or the ist three 
fe implicit and the four is explicit. Further, the fourth law is the law of the paradox: Something tha s fund to be tr 
ature, but violates one o more of Aristotle's thee las, known asa losica paradox. Inthe higher logic it simply voles 
the ease where the three Aristotelian laws are explicit andthe fourth la is implicit. Inscad, the three Aristotelian laws are now 
{implicit and te fourth law as become explicit All boundaries exhib ths eect. 


Wis highly recommended thatthe interested reader familiarize himself or herself with Morris Kline, Mathematies: The Loss of 
Certainty, Oxford University Prest, New York, 1980. Kline dale drcetly withthe fact hat mathematics snot «body of 
lusshakale truths about the physi! world, and mathematical reasoning snot exact and fli, 

ARISTOTLE 

eat Gresk philosopher who live from 3 


HC. 


Aristde is famous fr his three las of loge: (1) thing is dentica ois, (2) thing isnot identical o something else, and 
(3) either one has the thing considered or one has something ese. 

Heraclitus pointed out that Aristotle's laws prohibited any change, and yet changes were ubiguitou. In short, fora thing to 
change, it had to change into something else, o Heraclitus pointed out. So how coulda thing be both itself and something else 
Simultaneously? How could it be not itself while being itself? The problem has not been solved by the logicins and 
plilosophers to his day, because thas no solution in Aristotelian la logic. So Heracius, believe i oF not, concluded that 
all change was an illusion, 


ATHERIOSCLEROSIS 


‘Basically, clogsing ofthe arcries which mav he due to deposits onto the artery walls or by thickening and growth of the aera 
‘walls themselves ora combination Itjsa chronic slowly proaressing) disease where the artery walls come progressively 
thickened and hardened and te artery becomes less els, 


thas been found thatthe common cytomegalovirus (one ofthe herpesviruses) plays a key role in the development ofthe 
siscase. Initial deposits ieitate and injure te arterial walls, and the herpes 6 virus infects the sit, partally allifying the 
contol of excess grown of the arterial muscle issue. This deposit and concomitant stimulation of some excess muscle growth 
‘ecurs repeated so that he muscle tissue grows abnormally over an extended period of time- For this reason, when an, 
‘operation is performed to frcily reduce the deposits inside the atry, the resulting injuries tothe arterial wall issues lads to 
th herpes 6 infection and stimulation of exces muscle growth. It has been found, e., that after angioplasty the process is 
ten engendered, so that within a year or two the artery is nartowed again, but this time by abnormal grow of smooth muscle 
tissue, The Prioré team demonstrated positive and toa remission of arteriosclerosis in laboratory animals by micans of 
nonionizing EM iradiation to produce an amplified "aniengine", which "time reversed” or dedifereatiated the ticken cells 
fn the stricken areas back toa previous state, 


ARTIFICIAL POTENTIAL 
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AA scalar potential which is compose of, partially contains, an anficiallv assembled bidirectional wave set 


‘See E.T. Whitaker, "On the Pana Differeatial Equations of Mathematical Physics.” Mathematische Annalen, Vol. $7, 1903, 
333-355 for proof tht a "scalar potential” is actually a harmonic set of hidden bidirectional EM phase conjugate longitudinal 
‘wavepairs. Each wavepair consists ofa wave and its antiwave (te time-reversed replica Wave). 

the extemal abserer could soe the detect (effet) waves in a hidden wavepair, he would sc the "wave" gong in one 
dection and the antiwave passing precisely through i inthe other direction, However, poet detection, the phase conjugate 
‘wave exists entirely inthe complex plane and hence inthe time domain (in ict). So the interprctaton of Whitaker's 1903, 
Paper in terms of cause and effect waves is thatthe phase conjugate al sets incoming from the time domain to each and 
very point inthe diplarity or potential, andthe “eal space half set is beng radiated in every direction in space frm that, 
point. See my paper, "Giant Negentropy..". 

Imaddition to Whittaker’ sum set of biwaves, Zolkowski added the product set inthe mid-1980s. Eg, see Richard W. 
Ziolkowski, "Exact solutions of the wave equation with complex source location,” Journal of Mathematical Physies, 26), 
‘April 1985, p. 861-863; Rod Donnelly and Richard Ziolkowski,"A method for constructing solutions of homogencous partial 
ferential equations: localized waves," Proceedings of the Royal Society of London A., Vol. 437, 1992, p. 673-692. 
Particularly ste LM. Besicris, AML Shaaraw, and R- W. Ziolkowski, "A bidirectional avelling plane wave representation of| 
exact solutions ofthe salar wave equation," Journal of Mathematical Physics, 30(6), 1989, p. 1284-1269, 


However, these deal only withthe effets waves after detection. 
Another way of defining an aici! potential is: A portal formed by or containing a subse formed by, deliberately summing 
tnozero fore fd vectors to a zor) vector resultant. (Note that cletodynamiciss routinely discard vector systems that sum to 
2.2er0 resultant not realizing that in doing so, they are discarding vacuum engines and a vasily extended electrogravitabional 
‘dynamics!| The vector zero system of infolded nonzero vectors has a deterministic, infrnal stress pater thats macroscopic. 
The typeof potential mad by the zero summation depends upon the type of fore Vectors summed. For exam, summing 
lect eld vestrs to zeo produces an electrostatic scalar potential; summing magnetic fel vectors o zero produces & 
‘magnetostatic scalar potential of vacuum, 

All potatals represents local warps or curvatures in vacuumlspacctime, and al artificial potentials contain internal, 
‘eterminstic templates of nested intemal spacetime curvatures. Curvature of spacetni interacts dretly upon mass and 
psical systems embedded in it, Thus these deterministic, intcensted local spacetime curvatures ofthe util poteaial 
Fepreseal vacuum engines, or spacetime engines, and the arial potential is suid to be a dimensioned or acted potent 
Any system exposed to and placed in such a vacuum spacetime engine, will have these hidden Vacuum fx asymumetrics 
Interacting upon cach and every part of i, dowa to and including the nuclei, the nucleons, and the quark in he nucleons. 


ASYMMETRICAL REGAUIGING 


(Change of either the scalar potential forthe vector potential A, but not bo, so that a single excess force and a single change of 
‘sem enerev oveurs in the vstem, 

‘This violates the assumed Lorentz condition and thus excess energy can enter he system, and an excess "ice" force appears 
Which ean (ithe system is aditly designed) then translate to perform Work upan te system 10 increase its (eg kinetic) 
‘energy, exhausting the exces gauging energy sn the process and resting syne. 


In conventional EM theory, Maxwells 
and A (the vector potetal), When Hes 


ide eranslated Mastellsquaternion set of 20 equations in 30 unknowns, he 
‘Tansfoemed it (in potetial form) ino two cquations where main vanables and A are not separated. Eectodyaamiciss, who 
until cently considered the potential as not even fea, but ust mathematical fgments and eoavenicnces, the simply 

asbisanly changed both fand A just precisely so thatthe exra force appearing inthe sytem by the change off was countered 


bby an equal and opposite extra fare also appearing inthe system by the change of A This type of symmetrical (no net force) 


regaugingis known asthe Lorent= condition. 
Each asymmetical (produces a nonzero excess net force) potential change (cach half ofthe two asymmetrical egaugings that 
compris te symmetrical regauging) als altered the overall energy ofthe system, However, inthe symmeticalregausing that 
tol energy change is "bottled up" as increased stress inthe system, because no net sanslation force is available to be tansated 
and use the energy change to produce excess "ice work." 

‘The Lorentz condition assumes that te designer will not alow the equilibrium ofthe system to be broken! In that ease of 
cours, ordinary equlisnum thermodynamics applies, and te system cannot produce COP>10. Prior to this Lorentz condition 
‘sssumption and is absolutely arbitrary regauging, Mevovells equations do inchude asyrometrcal regauging and therefore open 
EM systems fa from thermodynamic equilibrium; precisely those which violate the Lorentz condition (symmetric regnugins) 
sssumption. In short the unregauged equations do include COP>1.0 electodynamic crits and systems 


Unknowingly the electodynamicists arbitrary discarded the entire Maxwellian class of overunity EM engines and circuits — 
hich class incorporates making a change in one potetals) such thatthe Lorentz conlition does not hold 


ASYMMETRY 
Lack of symmetry of "broken symmetry in a general sense, 


ASYMMETRY OF THE DIPOLE 
Any dipole or dipoluity ia broken 3-symmetry in is flere exchange of EM energy with the ative vacuum. This means that it 
‘continuously receive and absorbs copious virtual ene from the seething vacuum Mux, and tht not ll his absorbed eneray i 
‘eradited back to the vacuum in viral form. Instead, some of is integrate into observable form and readied in all 
‘lisctions as usable, eal space EM cnet, 

‘hiss standard, wellAnown particle physics although it appears to be totally missing fom classical electrodynamics anit is 
rot considered at all by eletical power system designers and analysts! 

Every electric charge isa broken symmetry inthe viual particle fux exchange between the quantum mechanical (enegctic) 
‘vacuum and the mass ofthat electric charge. The dipole i two diferent such asymmeares. As is well-known in particle physics 
(ot in classical EM theory) each such hroken symmetry must "gate" out soot of the Vacuum energy. In shot, tbe charge 
symmetry “extrac” some vacuum enersy fom its normal "energetic exchange” with the vacuum ux, and puts it ut in some 
form we eal "observable" (capable of being measured; specifically, of being intercepted by electric charges soa 0 produce a 
force Held across the charge and vanslate i), 


‘Well anclectrical charge produces a fow of energy density which we may represent conventionally as S~EXH (when 
collected and measured on assumed unit point charges), which wea litle bt mistakenly call "observable" [Actual until 
the energy flow interacts with that assumed unit point charge, itis an ganized low of virtual emites} After interaction itis 
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real observable EM energy in 3space, The spinning electron has its own magnetic moment and its own E-field. Since (in one 
form) also E=- V@ , an exacted and formed S = ExH is output by the charge asymmetry. This ouput enemy flow also 
produces the assumed evidenced bythe charge interaction, since 6 as used represents the reaction crs section of the 


Potential, Note that all these entiisS, EH, and @ are defined in electrodynamics only as their own interaction cross section 
‘vith unit pont charge containing mass 


In classical electrodynamics Fmd long befor the notion of charged parses, stoms an EM energy’ flo} i just 
‘ecognied tht "charge the source of potential" Actaly charge gates the energy flow fom the vac fuk, receiving he 
ergy fom he ime domain by is symimet, tres the energy ino S-space energy, a pts as real EM enrsy 
Pouring out in 3space nll iections That energy-low contains ad carrie the energy that wil interact with charge to form 
the Etc the Held opin ld), ad 

Also in pail physics and gauge theory is well-nown that no mass stem can be in epuiibriam anya, les the 
‘acu ero neecla  eapere Aer CEM was ad ae nr nas Ya See oe he cece aa 
Uikcoverd, Much ltr hen, parle pics and quantuny mechanic came slg. CEM cory has never been altered a 
‘nce the aessry vacuum interaction, tough has been known fr decade that CEM sally in ero in thi rept. 


Here one poses a question tothe sharp young graduate students: Why does every university continue to teach a seriously awed 
slassical electrodynamics which doesnot include the vacuum/mas interaction when the physics department at the sume 
Univesity knows fl well that must or no EM system can be in equilbium? Why is not sucha fundamenzal and univers 
‘ssue strongly raised and intensively discussed by our lag, tax-exempt seiemifi organizations at their annual symposia? Why 
donot the National Seience Foundation and the National Academy of Science demand that serious work be done at all speed, to 
correct such known scientific deficiencies in the classical EM theory? What happened o science as the search or phsicul 
‘ruth, and replaced it with "satus quo" mods orin ome cases—even dogma? Is an inexplicable mystery to me, and one to 
‘which do not know the answer 


AUTOIMMUNE DISORDER 


disease or dsonder eatin 


to caused bythe antibodies or T-cells that attack foreign molecules, cells or tisues oftheir host 


‘A Magrant autoimmune disease example is AIDS, Acquired Immunelogical Deficiency Syndrome. The AIDS virus successfully 
hides fom the antibodies, so that they cannot peeform thei proper function, andi infects the T-cells and negates their function, 
However, there ae oher examples other than AIDS: et, rheumatism and osteoarthritis. 


BACK EMF 
‘The counerclectromotive force, usally tween the end chanes of the source diple for an EM eect 


‘When the eloctrons i he circuit are forced agains the emas when the charges fom the ground reference of the circuit re 
forced buck up though the emf ofthe source dipole—thea work is done upoa the source dipole to seater the charges atl 
estoy the dipole, Removing the dipole removes its receipt of vacuum energy vats broken 3symmety transaction ofthat 
energy, and output of along the circuit and in space around the iui asthe energy flow that powers the circuit (with part 
missing th circuit and being just wasted) 


Since this moves the power from the crcl, then addtional encray must be input to the source to perform work am the 
Internal charges and restore that souree dipole again. 


“Thor are actually two emis ina circuit, not one. There is 3-space emf and also an emiely unrecognized tempic emf. In 
either ase, under proper circumstances there can be a Back-emi or either ane ofboth. See dacission under elecrmoive force 
back, See also temple backemf to be add). 


BALL LIGHTNING 


‘Rare form of lightning where an incandescent, slow-moving globe forms. The globe often moves cratially explodes. and ma 
Stine o bias st ouches, 


Ball lightning may be due wo scalar electromagnetic interferometry which can produce a controlled pattem of electromagnetic. 
energy ate distance, ort may be duc othe formation ofa special localized spacetime curvature engine 


BARE ELECTRON 
‘The tye electron without its partial shielding of virtual positrons that rested around i 


BARRETT, TERENCE W, 


‘Noted modem elecundynamicst and consultant who works in SUC)-SUC) gauge symmety extend electrodynamics, nh 
was alo one ofthe pioneers of ulawideband eadar 


BECKER, ROBERT O. 


“Medical doctor, medical research scientist, and Nobel Nominee, noted for hs carly-on efforts particularly in the 19608 
throu the 1980, in the effects of EM feds on biological systems, studs of evoked or patally evoked limb seaenertion in 
‘srl species, electrical stimulation of bone facture o stimulate healing and reveal the miechahism involved. and the celular 
‘sensation svslem of the body as opposed to the inumune system, 

‘Becker particularly recognized thatthe cellular regencrative system was a special eletial system having unique functions. He 
even suse in diagramming this system as far itis revealed by ordinary U(1) electrodynamics, Becker demonstrated 
Pata imb regeneration in salamanders, et. and in some oer species, with electrical stimulation, tn his EN-stimulatd bone 
ffncture healing, Becker showed a sarling result: Fitt the ed blood cells enfering the facture ara shucked thee hemoglobin 
and grew a nucleus, thus "doiffereniting” (biological term) or "time-eversing” (physics term) buck toanearir state. Then 
this modified cll rdiferentated (bialogical term) or "fast-forwarded in ime” (physics term) ino te type of cell that makes 
cartilage Then ths newly modified cll further rediferenated into the ype of eel that makes bone, and was deposited in the 
facture site. The continuing deposits ofthese cells from the ongoing proces evoked in ted blood cells healed the facture with 
new bone growth. Whereupon the ation stoped, 


Recker also was one of the ist qualified scientists who tested in court onthe deleterious effects af powerline radiation, He 
‘hereby incurred the enmity of very powerful interests, so that his esearch funds were pulled and eventually he was forced to 
retire at an arly age 
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+e was nominated forthe Nobel Prize multiple imes, and his epochal work did finaly focus at east some attention of the 
‘medical escach community on the regenerative system as opposed to the immune system which heal nothing. 

Becker's profound work was of tremendous influence on meas I strugaled to decipher the active mechanism in his experiment, 
the Prior team’s experiments in France, the Russian microwave radiation of US. Embassy personnel in Moscow, 
Kaznacheyevs experiments demonstating tansmission of cellular disease and disorder electromagnetically into target cells 
«environmentally isolated except fr contact by light fom the sender cells having such disse or disorder, and the body's own 
Fegencrative system. After some 14 years struggle withthe problem, Iially did break the mechanism(s} involved inal those 
things. Bur it was oaly possible because ofthe magnificent work by Becker and Pie, the eporied work by Kaznacheyev, and 
gradual exposure to higher symmetty electrodynamics, The work was crue at fist, but eventually progressed (by 1998, et 
{clude the por-holeconecpt, trnsdaction of EM wave polarization types, he engine and engine template concepts, and untied 
field theory. Since then it has become clear thatthe proper electrodynamics to mode! such things isthe higher symmetry O(3) 
clectrodynamics pioneered by Evans, and now revealed to be un imporiaat subse of Sach! unified eld theory. 
Feckerstherefore ane of my heroes whose magnificent work and long perseverance agains strong scientific suppression { 
greatly admire. Most of Becker's detractors were or are in fact employed in positions citer dirctly or indiectly funded by the 
‘ectrieal power industry. believe dat, had Becker had accesso O(3) electrodynamics and Sachs theory, he Would have 
personally impelled the etre medical eld toa marvelous and extraordinarily advanced EM medial therapy 

See Robert O. Becker and Andrew A. Marino, Fletromagnetism and Life, Ste University of New York Press, Albany, 

19X2; ‘Nice summary of EM bioetfects (orthodox) also on hip vw. orho suns edu Faculty’ Manno EL/EL Pub ha 

See also RO. Becker, "The neural semiconduction contol system and its interaction with aplied electrical curent and 
‘magnotic Hields,” Proceedings of the XI International Congress of Radiology, Vol. 105, 1966, p. 1753-1759, Excerpa Medica 
Foundation; Amsterdam: — "The direct cuteatficld: A primitive control and communication system related to growth 
processes," Proceed. XVI Internat. Congr. Zoology, Washington, D.C, Vol 3, 1963, p. 179-183; — "The contol sytem 
overing bone growth in response to mechanical stes," J. Ark. Med. Sve.,Vol 62,1966, p. 408; —"A technigue foe 
producing egenerative healing in humans” Frontier Perspectives, 1(2),FalWinter 1990, p. 1-2; —with Charles H 
‘Bachman and Howard Friedman, The dict curent sytem A link between the envionmeat and the organism,” New York 
State Journal of Medicine, Vol. 62, Api 15, 1962 p. 169-1176, — and D. G. Muray,"A metho for producing cellular 
‘dadiferentiation by means of very smu electrical currents” Trans. NY. Acad. Sel, Vol. 29,1967, p. 606-615; — and Joseph 
‘A Spada, "Electrical stimulation of paral limb regeneration in mammals" Bulletin of the New York Academy of 
‘Medicing, Second Series, 48(4), May 1972, p. 627-64; —and Carlton F. Hazlewood, Abrahams R.Libof, and Jan Walleczck, 
Electromagnetic Applications n Medicine." NIH-OAM Elecromagnetcs Pane! Report, Jan 15, 193, 

See particularly Robert O, Becker, "The significance of bioelctric potentials” Bigeletrochemistry and Bioenergetis, ol 
1974, p. 187-199. This is probably she paper by Becker that provides a really good overview othe control system. A block 
diagram ofthe propose system is piven by Becker om p. 191 

Becker also has authored several popular-oriente books filled with excellent information, These include Robert. Becker, 
MD. and Gary Soiden, The Body Electric: Electromagnetism and the Foundation of Life William Morow and Co. New 
York, 198S; and Robert O. Becker, Cross Currents: The Perils of Eletropolluion; The Promise of Electromedicine, 
Jeremy P,Tarcher, Los Anges, 1990 


BEDINI,JOHN 


[Noted audio engineer, overnity energy researcher, and inventor ofthe renowned Bevin! ampliirs well-known to audiopiles, 
the BASE process for holo an a proces or cleaning the harshness ftom digital audio disks, 


sin has invented a variety of COP>I.0 processes, motors, generators, ele. Particularly he has developed a process whereby, 
sna battery-powered circu, he adrily back-pulses the bacry in a recharging direction while the battery is powering the load, 
‘causing a pile-up of electrons on the surface athe batiery plates tha sa sharply increased scalar potential opposing the 
fnrushing very massive led ins inthe Battery in discharging mode. The result i that the poten’ electron pile-up iercases 
Aramaticlly due tothe ions fa greater inertia than that af the electrons. ‘The result ia high potential (perhaps 40 volts) upon 
the surface ofthe batter, overpotetializing both the incoming lead ios between the plates and the electrons in the extemal 
‘lrcut in powering mode_ In this phase, enengy flows from te vacuum onto both the ions and the extemal cult electrons, 
‘uiling significant energy to the powering of the external circuit forthe same fn cureat inside the ater. 


As the ions slow and stop, Badin'sback-pulse taling ee causes a very sharp cuof, thus invoking Len’ law and resulting in 
the surface potential onthe plates increasing to Well ver 100 volts. This further overpotentializes the extemal etcuit electrons 
Sn powering mode, dissipating much more energy in the extemal circuit o pve he loads. As the sons inl stop and reverse, 
their elatively sluggish re-acceleration in charging mode and their verpotentaliztin sil resuls in exces enray being 
daivered to the external circuit. Then asthe overpotentialized ions accelerate in charging mode, the extemal ecu is stil in 
powering mode unl the dain-off of the severe eleston pile-up onthe surface ofthe bate pls. 


‘This one of several modes of operation use by Bei in 
recharged while powering thie loads 


overunity battery powered ccc, which keep their batteries 


‘By separating the other close curent lop between extemal electron curents and the ion curens between the battery plat, 
and then dephasing thse eutents, Bedini breaks the usual dissipation symmetry enforced in closed logp circuit where all 
‘hang carers have the sume aug ratio. In Bedin's circuits, the mg charge eatios dramatically difer between the loa current 
section between the plates and the electron currents between the outside ofthe pate and though the external cireuit. Also, by 
providing a much greater potential Aerveen the two czcuit halves, The potential extends in both directions internally back 
{ver the ions, and extemally inthe circuit over the external Drude electrons powering the circuit loads and losses. He provides 
2 tue negative resistor on the surface of the plates, which extracts energy from the vacuum (ia ils broken 3-symmetry as 
dipolar) from the time domain, transduces it into real EM energy, and overpotetalizs (regauges) the potential eneuy of 
both the intemal ion curents and the extemal electron currents. 


‘The Bodin process therefore a legitimate COP>1.0 system, and in his self powering embodiments the system will un 
indefinitely without exteral energy input by the operator, use of ful, ete. He has converted the system 1 an open sytem fr 
fom thermodynamic equilibrium nits violent energy exchange withthe ative vacuum, and thus the system is permed to 
exhibit both COP>I0 and sl powering ts well 


For an expanded explanation of the Beni negative resistor process in atteres, see T.E. Bearden, "Bei Method for 
Forming Negative Resistors in Butcries,” Journal of New Energy, 5(, Summer 2000, p 24-38 
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Again, something which in actuality resists Aristotelian definition unless preliminary assumptions are made. Generally used in 
tone of nwo senses (1) potsistence asin "he is (he coatinually exists)" or (2) identity, as in"he isthe man (he and the mas’ are 
the same thing)” 


BIDIRECTIONAL EM WAVES. 
EM waves runing antiparallel ta cach other though a given point or region of space 


Suppose we run a normal EM wave into a phase conjugating miror (PCM) with gain of 1. By rdinary phase conjugate optics, 
‘he mirror then emis a backwardsravelig phase conjugate replica wave (PCR wave). According tothe So-called "distortion 
correction theorem,” that backward traveling wave wl travel backwards (as seen by the external observer) back over the exact 
oute taken by the previous wave, and it will reappear in space precisely superposed spatially with the previous waves. If we 
examine the impale (density) fields (Le, Ed) thea the Forward-time wave contains Edt while the backward time Wave contains 
(di), whichis just Ed. So elecromagneticaly—as fa as producing a net ansaton force on acharge—the E-field sem 10 
cance, although they are sill here and their energy is still here Instead of translation, the two produce stress. 

(One thus (simple cas) will havea strange kind of standing wave wherein the loal ennay density of the vacuum varies (e 
sinusoidally) as function of distance, buts charged particle placed ini will not be Wanslated! Rigorous, thats 
_rusttational standing wave-Since change in local energy density is also a euvatue of spacetime, thats ulso a standing 
Sinusoidal wave ofthe local curvature of spacetime. This is wher electromagnetics and gravitation actually met, and Where 
‘lectomagnetics can be utilized to produce gravitational waves (Much more complex waves canbe produced: this is just the 
Simplest example), 

BIDIRECTIONAL FIELD FLOWS 
fod and B-ficks) being 


where the two may be "locked together” asa wave and its antiwave: ic, a8 a "Whittaker biwave pair. Not that Whitaker 
bidiretional EM wavepais are not to be confused wit the pairing ofthe wave and reflection Wave on a tansmission in. 


BIDIRECTIONAL GATING 
Gating (of energy flow...) in both diretions simultancously. 


BIDIRECTIONAL TRAVELING PLANE WAVE 
‘A.wave und its antiwave, where cach wave is moving in an epposite direction (standuassumprion in phuse conjugate physics 


Tn short tothe external observer the waves seem tobe "moving through" each ether; one from lft igh, and the oter from 
Fight to left; or one radially outward and the other radially inward. All scalar potentials were shown by Stoney and Whitaker to 
be comprised of a harmonic series of such bidirectional traveling wave pairs” However, the interpretation ofthe phase 
conjugate waves was afer detection, o tha the deteced effect” wave existe in 3-space. Prior to detection, the phase 
conjugate hale ofthe Whitaker decomposition ofthe ealr potential is convergent from and i the time domain (complex 
plane}. 


BIOELECTROMAGNETICS (BEM) 


Prosctly, the sciemific study of interactions between living onanism and electromaunetc elds, forces enemies, currents. and 
sdurges, The range of ineractons studied ranges from some ard molecular, trough itracellule, to te whole organism. 


lectromagnctic fields studied in BEM include those of endogenous origin (ftom within the orzanism) and exogenous orig 
(fom outsie the organism). Sources of exogenous fields include: the earth and sun, electrical equipment (powerlines, radio 
transmitters, ete), clinical teatment devices eg, TENS), and other organisms, The electromagnet fields of greatest interest 
in BEM are yentallyclassificd as noaionizing (i. acking sufficient energy to drctly dislodge electrons from molecules or 
toms.) BEM isa scientific discipline emerging onthe boundaries between pysics and biology. As in other sciences, progress 
{in BEM is made by testing falsifiable hypotheses against valid measured data obtained in epeatable experinects 


‘Our new viewpoint secks to dramatically enlarge the scone ofthis definition, to include no nly the presentl-recognized 
extemal (utflded) electromagnetics, bu also the internal (infolded, inside the scalar EM potential electromagnetics, and also 
‘0 utiliza unified fc theory where EM is GR and vce vers, 


BIOENERGETICS 


‘That branch of Russian (KGB) energtis which is taneted against the living body is cells and tissues, nd its EM fies and 
nals (bofelds and biopotetils) 


BIOGENESIS 


Generation of living organisms fiom other livin organisms alo, the theory or philosophy tht living onanisms develop onl 
‘Hoon oir ving onganis, 


BIOLOGICAL WARFARE 


are against ving humans, livestock, crops, tc_using pathogenic micro-organisms or biocides to ereate diseases and death, 
Desig dimensioned electromagnetic potentials, feds, and waves fo kindle cellular damage, discus, and death inthe same 
rected populations 


BIOLOGICAL WARFARE, ELECTROMAGNETIC 


‘The use of dimensioned electromagnetic potentials fields, and waves to induce cellular dumave, disease and death in trseted 
living populations, 


‘The decades of Russian microwave radiation of personne! inthe former U.S. Embassy in Moscow isan example, where only 
field-ice potentials were dimensioned withthe disease or health-changepatiens (the eagines). This scence was developed in 
Russia as an outgrowth ofthe thousands of Kaznacheyev experiments demonstrating that an cellular disease and damage 
pattem could be induced from dscased or damaged cells into environmentally isolate ell cultures, purely by specialized EM 
Fadiation from the damaged or "transiting cell ino the targeted ells, 


‘The Chinese also sed such dimensioned radiation to induce cancer in almost all GRU operatives stationed in China at the time 
ofthe major disagreement between China and Russia. In his book, Stanisloy Lunev and ia Winkle, Through the Eves ofthe 
Enon: Russia's Highest Ranking Military Defector Reveals Why Rusia Is More Dangerous Than Ever, Regnery, Washington, 
D.C, 1998, p. 160, Luney reveals it this way:".. was not the only person who was satoned i Bejing to come down with 
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cancer... Almast all ofthe GRU officers sutloned in China with me have been diagnosed with cancer. People assigned to the 
‘embassy had told me thar they were picking up high levels of radition fom the apartment building around the embassv 
compound. Whether it was a form of high-ch monitoring oF « conselous effort to harm ou heath i seems to have een 
Suecessfil. So much so that in 1992 the GRU was asked 1 investigate the high rae of cancer among embassy officials. The 
Findings, however have never een made public: in part no doubt, because ofthe rapprochement henween Russia and China.” 
Tmshar the Chinese did exactly tothe Russian GRU what the Russians were doing fo the Americans. 


BIOPHOTON 


A.quantun of angular momentum, cach containing "apiece of encrey welded toa picceoftime, with no scam in dhe middle 
‘lied by biomolecules in living owanisms, The difference between a Biophoton anda normal poo stat te “infolded EM 
Structuring (ST curvature engine sts) carried by the biophoton carics the dynamics and templates ofthe Living cell or tisue or 
bos emiting the radiation 

As presently known, biopoton emission is associated with proceses such as mitosis cll division) and with mechanisms such 
2s soliton vibeations of DNA and ater alpha-elix proteins [Poppet a, 1984; Popp et.al, 1992]. An organism's biophoton 
field may represent a highly-strctured innate organizing fed capable of encoding or tansmtig information over 
‘macroscopic distances, 


Kazmacheyev, e.g, showed that almost any cellular disease or damage condition canbe induced from the diseased contol cells 
tp separated and envizonmenaly isolated agct cells inital normal, if (1) the visible spectrum of radiation is blocked from the 
tungced ells, and (2) the two groups of cells are optically connected below and above the optical spectrum, inthe infrared and 
inthe ulinvislet 


“The new viewpoint seeks to dramatically extend the scope of this definition. Considering the wave aspects ofthe photon 
ffequency, the infolded oscilating EM energy inthe photon may be decomposed into two oscillating potentials (Whitaker, 
1904]. In each ofthese potentials, there exists a magnificent inflded structure [Whitker, 1903] of internal bidirectional EM 
‘wave pits, to include the sum Set Whittaker] and the product st [Ziolkowski). Thus the photon caries intemal information, 
‘whichis also refered toa the "information content ofthe field” Since the product set represents modulations, the basic 
‘folded structure has signal characteristics. Mind, thought, and long term memory exist inside the personal quantum potential, 
‘which may further be regarded as consisting of coupling and uncoupling photon antiphoton pars. hidden gravitons. In the 
new viewpoint, the Biophoton isthe earier of biogavitons, and also biogaviton latices. This information forms vacuum 
‘engines which can cumulae vera period of time to hreach the quantum threshold and outfld, producing real change in cells, 
ss shown by he Kaznacheyey eytopathogeni mirtor elect experiments. 


BIOQUANTUM POTENTIAL, 
quantum potential connected to and of a lving bods, where the inner EM structuring and dynamics ofthe quantum potential 
‘ue in correspondence withthe mney EM stucturing ofthe normal EM fei, potentials, and waves in tbe Body, and also aren 
somespondence with dhe time-polarized EM structuring and dynamics ofthe mind ands operations. 


‘The biopotetial provides the volition and intent exhibited by the biological body, breaching the quantum threshold and 
producing direct psychokintic change (by the mind-body coupling mechanism) tht isthe "input signal” the 
Servomecinisms of the body. fom the smallest othe largest. In this biopotental, the Stoney-Whitaker-Ziolkows 
decomposition provides the information stctare and vacuum engines that are the mind, thought, long term memory ete, A 
living biological system may be defined as physical system of oherise inet mater (ihe body) and of mind, coupled 9 each 
ther through a bioquantum potata. 


BLOCKING 


Inte charg barir semiconductor functioning, stopping or partially stopping the low ofcurent ina citcu, or between 30 
ois, without stoping the flow 


ordinary usage, "sopping the progres of 


BOHM, DAVID 
red physicist and originator of the hidden variable theor interpretation of quantum mechanics. See David J 
‘Suggested Interpretation ofthe Quantum Theor in Terms of Hiden Varisles, and 1” Physical Review. 85(2), 

San 15, 1952, p. 166-179 (Part I; 180-193 (Pa, 

‘Together with his student Aharonov, he co-authored fundamental paper on the Aharonov-Bohm effect wherein interfering 
cleetomagnetic potentials can produce effects on charged particle systems, even ata distance and in the absence of the 
slectromagnetic force feds 


BOHM'S HIDDEN VARIABLE THEORY (HVT) 
A major interpretation of quantum mechanics, formulated by David Rohm and published in Physic 


See David J. Bohm, "A Suggested Interpretation ofthe Quantum Theory in Terms of Hideo’ Variables, {and 1,” Physi 
Review, 85(2) Jan. 15,1952, p. 166-179 (Part I) 180-193 (Pat I). Hakim’ theory makes ll the correct predictions and also 
climinates many problems quantum mechanic, suc asthe "mcssurementproblen” and the—now alarning problem of the 
missing chaos (1. the missing "hidden onder 

Iroaicaly, the prevailing Copentagen interpretation ofthe QM theory predicts tht the organized macroscopic world docs not 
exist, while Bah’ theory predicts it [Question tothe sharp young graduate student: How can one defend a scientific model 
‘which predicts that he himself doesnot exist If one keeps one's Sense of humor, it would seem tht tis hast be the greatest 
Scientific faux pas ofall ime! Ie may be that one unconscious reason that most physicists sll oppose HVT is that i implies 
thar phusical reality can in fact be deterministicall\ engineered. Most physicists would scem to fervently wish physical reality to 
stay "solid asa brick," with fixed "laws of nature,” which ean be leisurely discovered and then utilized comfortably, predictably, 
aud sanely The advent of HVT {whichis just a matter of time; for decades the Russians have highly weaponizd the HVT area!) 
Aramatically alters our perception of "Fixed physical reality” ito tat ofan "enginecrabe, changeable" physical realty! 1 
tentatively believe ht the trile psychological implications of sucha poteatal developments something that most sicaists 
donot wish to cope with—we simply do not have the Gestalt fori. On the other hand, the Russian national psychology is such 
that they do have the Gestalt frit. The Russian energdes which Ihave lng refered to losely as scalar electromagnetics — 
basicaly utilizes the infoldedordcring inside the potential to create "direct paters of vacuum fix" hence vacuum engines. 
Adit also uizes the uantum potcatal, including intermaly structuring the QP, to enable instantaneous ation-at-a-distance ia 
‘multiple simultaneous locations und nodes, with tupeadous and automatic energy amplification, 


Review in 1952 
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By determinitcally “patterning” the intemal structuring ofthe scalar potential, one can dretly form such vacuum engines. 
‘Whittaker shoved in 1904 thar any EM field pater whatsoever can be expressed as two Scalar posta ater than the 
common fand A representation, This means that any EM wave is simply the 

Structures) of two scalar potentials, even at a distance. By propery structuring an EM signal (.e, structuring the two potentials 
sto which i can be decomposed), th resulting EM signal—appearing normal on the surface—nonetheess now transports 
special vacuum engines deliberately designed to perform soot particular sna tsk i mas systems, electronic systems, oF 
humans when it snes a target ata distance, Iefr to his “intemal stractring” ofthe Stoney/ Whitaker Ziolkowsk intra 
Iivaves and their products, as dimensioning of the potentials), and hence ofthe EM carrer wave. The Russians call tthe 
Information content of the fel; but our own sient tend to croncously interpret tat phrase as ordinary spectral analysis. In 
father words, ey eroncously continu to regard EM hacium engines as i they were ordinary EM signal 


BOHREN EXPERIMENT 
Revealing experiment by Hohren, replicated by Paul and Fischer, which shows 
sbsorbs more enemy fiom a field or potcatial then the same charue does in 


By conventional outlook, this provides a guaranteed COP>!.0 process, Bohren demonstrated absorbing 18 times more energy 
withthe charge i particle resonance than wit the static charge. This is direct experiment proving the Heaviside dark encry 
component of EM energy flo, whether in fed frm rin potential fora, 


See Craig F. Bobren, "How cana particle absorb more than the light incident on it", Ameriean Journal of Physics, 51(4), 
Apr. 1983, p. 323-327. Soe indspendent confirmation of Bohen's work by H. Paul and R. Fischer, bd. p. 327. Other pertinent 
references ae VS. Letokho, "Laser Maxwells Demon,” Contemporary Physics, 36(4), 1998, 235-243; — "Generation of 
Tight by a Scanering medium wis negative resonance absorption," Soviet PhSsles JETP. 26), Apr. 1968, p. 835-439, — 
"Double Canina an optical resonance," Physics Letters A, Vo. 43,1973, p. 179-180; — "Stimulated emission of an ensemble 
of scattering particles with negative absorption,” ZHETF Plasma, 5(8) Ape. 15,1967, p. 262-265. Also see R. Pappalardo and 
‘A. Lempick, "Brillouin and Rayleigh Scattering in Apri Laser Solutions Containing Neodymium," Journal of Applied 
Phiysies, Apr 1992, p. 1699-1708 
BRIDGE 


‘A component or proces which pases EM enemy between two isolated circuits, but docs not pass dat etween them, and 
‘which breaks the nonnal nid fld-loked power disipations i the two cists 
Space itself would appear to be one such bridge 


[BRIDGING FUNCTION 


‘The function of passing EM energy flow between twa isolated cites, but nt passing dad between them, while 
‘umultancously breaking any normal gil fiek-ocked power dissipatons inthe two eeu, 


BROKEN SYMMETRY 


‘The fundamental meaning isa condition in which evo pars of some configuration or shape an opposite sides of some divisor or 
‘ondiion or boundary are not simular but ie, 

In yacuum energy physis, we are very intrested in the fact that any charge and any dipole represents «broken symmetry in its 
fierce energy exchange withthe acuumn. This implics that something Virual has become observable: -e.,parof the virtual EM 
nemgy absorbed from the vacuum by the charge or by the dipole is change into observable form and r-emte as el, 
‘observable EM energy 

Any observable implies a brokea symmetry. Noo-observables imply symmetry, and vie versa. Each symmetry also can be 
represented by a conservation rule or law. Physicists have uncovers many Kinds of symmetry in physies; and inthe 1950s they 
slso discovered broken symmetry. 


[BROMWICH, THOMAS JOHN ANSON 


Deilian Enulsh mathematician, 1875-1929, who made significant contributions to the muthematis of electromagnet — 
puticularlv wo superpotential theory before his passion for overwork led wo development ofa mental disorder and eventual 
rr 


‘Bromwich originated a method for solving the source-ftee Maxwell equations in 1899, publishing it in 1919. This approach 
forme the bass for is seminal apron scattering of plane EM waves by spheres. He di excellent original work on infinite 
‘eric and mde contributions to quartic and bilinear forms, He also placed Heaviside's opertor calculus on a rigors basis 
by ueating the operators as contour integrals. Unfortunately Bromvich worked so intesively. in such painstaking deal, and at 
sch Tength that his physical health was affected. He developed a mental disorder and eventually ended hs own fem suiide 


For a summary of Bromtchi’s life and achievements, see G.H. Hands, "Thoms John Bromwich," J. London Math, Soe. 5 
(1930), 209-230; — “Obituary of Thomas John Bromich,” Proc. Rey. Soc. London A 129(1930),i-x. For an exposition of 
‘Bromvicisequations-solving Work, see JD. Zund and J. M. Wilkes, "Bromich's method for solving the souree-fce Maxwell 
uations," Tensor (NS) 85 (2) (1998), 192-196 


BROWN, G. SPENCER 
‘Noted author and creator ofthe laws of frm, new form of tgie that drama 


extends Aristotelian logic 


Essentially Brown added complex numbers to loge, rather than just staying with simple 2dimensional plane figucs for 
postulate derivation, Electrical eiruits designed by Brown's loic—do function and do work. When computer softwar is 
Aesigned by Brown's logic, isthe possible to mathematically prove whether or oot he end result possesses any defects 
(bugs). Inthe future software particulary the large systems may well be designed by Brown's logic. G. Spencer Brawn, 
Laws of Form, uli Press, New Yor, 1972. With dramatic advance is logic itself, Brown has succesded in forulting 2 
‘mie callus of form, Note: There i now a second edition of the book. 


BULK GRADIENT CHANGE 


‘Simply change inthe amplitude of te emite pots 


{eto every internal biwave pair comprising it at some point or in some region of space, as compared to changing the 
‘mplitide of only one ora few ofthe intemal biwave pars of the potential witout changing all he ret 


BYPASS RESISTOR 
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In lewtcal theory a resistor to pass current by (in parallel to} some other component 


other effets such as use ofthe overpotental, pumped phase conjugate reflection, quantum wells, quantum tunneling and 
change blocking are added, the function of he bypass resistor becomes extremely complicated 


CANCER 
(Conventional d 
bby meastaie 
Growth are further characterized by the typeof tsue in which they occur, and their actions. Of particular interes are 
neoplasm tumor, cacinoma, and satcom Malignan’ disorders tend o produce deteioration,infiltate, metastasize, and 
terminate fatally. A neoplasm is simply any new growth of usu that serves no useful function. A aor is an aboormal mass 
tf tissue that (1) snot inflammatory, (2) arises from preexisting eels, and (3) serves no usefil purpose. A carcinoma isa 
malignant tumor of epithelia (covering membancous tissue ofa ice surface) origin. A sarcoma sa malignant neoplasm that 
iss in mesodermal tissue (connective tissue, bone, cartilage or stated muscle) and that spreads by (1) extension ino 
neighboring tissue or (2) by way ofthe Bloodstream, or (3) bt 


tion: A malignant mor of potentially unlimited growth that expands locally by invasion and systemically 


New definition of cancer A centlly-cammanded, inal, desperate, "first-step dedifferentiation” adaptive atemp by stressed 
affected cells expeciencing sustained oxygen shortage (hypoxia) to reverse their cellular evolution and return othe anaerobic 
Stage of their primeval cellular ancestry. ‘Thus a cancer eal isa severely stressed hyponic cell that has been "ordered" bythe 
‘master cellular contol system (MCCS) to delifeentiate back toa more primeval form in which i needed ite or no oxygen, 
isthe last desperate atlempt by the bay to insure the affected cells survival when all other means available othe MCCS to 
provide the necessary oxygen have been exhausted and have failed. The "odes" differs fom normal signal thsory in that t 
Consists of a Stoney Whitaker/Ziolkowski template inside the personal quantum potential ofthe organism, Thus the "ordt” 
sctually consists ofa vacuum engine, so thatthe spacetime in which the affected cell exists s acted upon by structured 
‘nengti hidden variable fingers to dictly alter it. The "signal order” isin fact se of hidden Vector forces in spacetime itself, 
treated directly in and onthe affected cell), in every pat, in every alom. The cure forthe cancerous cell, once formed. is 
Simply to eause the MCCS to generate the "countr-arder" reversing the original deiffereniting action. This can be realy 
‘sccomplished by establishing hidden muliffequency pump waves inthe quantum potential onthe cancerous cell om al ts pats, 
So that they act as pumped phase conjugate mirors. Since they already eis inthe acre "cance spacetime templae'sighal, 
the pumping causes «pe conuusate relic af the precise cancer sate Tobe creat in and on the cel and is pats. [a fact 
this is a general therapeutic mechanism and ican be applied to reverse almest any conceivable cellular damage or disorder] 
This counterorder 1 new and amplified vacuum engine that acts upon the cell fo riferentat back toa normal ell. an 
slnormal numberof ells results, the body's normal processes then recognize the exces ells and destroys them, 


CANCER HOTSPOT 


Anarea or locality or location where cance curs repeatedly, more than the normal deviation expocted statistically, tn such 
‘SH one is dealing with a hidden cause or carcinogen, 

Human systems exposed wo such a hotspot experience cellular changes (hypoxia) whic eventually result in the master celular 
contol system (MCCS) isuing a differentiation onder to the affected cells to regress back to. primeval anaerobie frm. The 
fist step x dissociation from central (MCCS) control of cellular growth, resulting ina cell that now grows and divides 
‘unrestrained by the normal body. The real question inthe hotspot i, "What is the unknown ageat inducing the hypoxia 
condition, and what isthe mechanism by means of whch it induces i” Epidemoloxy wil poit outa hotspot, buts usual 
{ncapable of resolving the primary causative agent or its active mechanism since it an only show co 


CAPACITOR AS A TRANSMISSION LINE 


capacitor canbe theoretically sated asa special typeof transmission lina fact whichis appurenly known to tansmission 
line thors but not to many engiacers and physicists nt specializing ia wansmisson ines 


CARCINOGEN 
Asubstance or agent (such asa chemical ora spacetime curvature engine) capable of inducing a cancer, 


Inthe new theory, the primary careinogea is an actual order (a yacuum engine) issued by the master cellular contr system 
(MCCS), reverting (deifferentiating) the affected cello a primal anaerobic form. Usually what are sormally regarded 35. 
‘arinogens ar also causes of cellular conditions wherein the cll hecomes very hypoxic, so much so thatthe MCCS exhausts 
all eter alternative corrective mcans and as alas desperate measure orders the cello change to form that requires litle or mo 
‘oxygen. The "exhausting of other measures" may be very rapid as when the cll has boon affected and damaged by powerful 
faeinogens, ort may require decades o acer, as when the ells subjected to long-term mild hypo, sch as frm 
slestomagnetie smo 


CARRIER WAVE 


A fundamental wave which is modulated by another wave or other waves und hence “caries” the other waveforms) B 
Sipping off he cuir ina demodulator, the carried waveforms) ems 


Hence it sa continuous frequency wave which can be modulated by an information-bearing signal 


CASIMIR EFFECT 


‘The atracton of two conducting parallel plates in space, placed very close together. due to thir influence onthe active vacuum 
‘uon the vacuums inleration wt the plates, 


(CASIMIR, HENDRIK BRUGT GERHARD (1909-2000) 


Noted scientist who in 1948 predicted shat two parallel conducting plates placed very ner each other ina vacuum, would 
experince an atactiveforee dus to thei inluence onthe electromagnetic vacuu, 


See H. BG. Casimir, "On the attation between two perfectly conducting plates.” presented at a mecting ofthe Royal 
Netherlands Academy of Ars and Seiences on 29 Ma, 1948. Published inthe same year in Proceeding. Koninklijke 
Nederlandse Akademie van Wetenschappen_ Amsterdam, vol $1(7), 194%, p.793-796. For abe 
confimming the free, se S.K. Lamoreaus, "Demoastaton ofthe Casimir Force in the 0.6 to 6ym range." Physical Review 
Letters, 780), Jan. 6, 1997, p. 5 


‘The farce was experimentally deteted some 10 yeas later. 


CAUSAL SYSTEM ROBOTS (CSRs) 
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‘Massless space “engine” systems therefore in the causal domain only hence the name) formed of ongiuinal EM waves and 
‘heir dvnamics, which are therefore sets of spacetime curvatures and their deterministic dynamic (engines) which function a5 
vidual robots, 


‘This isa toually new kind of system leading toa totally new kindof warfare, developed over some decades and deployed bythe 
KGB in 199, 

“Matter is composed mostly of empty space filled with EM waves, fields, and potentials. Those “fillers” themselves ae just 
bundles of longitudinal EM waves and their impressed dynamics. Hence all mate, the vacuum, and 

Potential, fields, and waves-being filled with vast sets of longitudinal EM waves —are vast superhighway for longitudinal 
EM waves o travel on or in, The CSRs, being tally LW and LW dynamics in nature, thus are fice to travel right through EM 
radiations from powerlines, phone lines, TV stations, radi station, et. They easily pnctate any mate, including right 
through a mountain. Any function of anormal EM system canbe perfarmed—at last in theory—by such robots. This includes 
longitudinal EM wave interferometry, which forms extemal EM fields and waves, of whatever pattern ot form deste, Furth 
these CSRs are actual functioning systems, and if communications functions are designed in, ne can communicate with them at 
distance, using longitudinal EM wave communication, rght through the intervening earth and ocean, etc. 

For some time, extensive underground facilities —hundreds—have been building inthe former Soviet Union, and this massive 
buildup continued unabated after the Russian economy collapsed and the Belin Wall came down. This tremendous 
expenditure, when the Russian economy’ was crippled, shows the static significance ofthese facilities. Further, apparently 
furstelltes have not seen any missiles, normal Weapons or munitions, etc. associated with that vast complex. In shoe itis 
Suspected that we don't have the foggiest notion of what itis. Indeed, those facilities wil already ave sent some CSRs into 
those very satellites, to insure that we do not ind out whats going on, and perhaps to "spy on the spy satellites. 

We think these terily important faites ae the KGB. controlled felis for developing and producing the CSRs, and 
contin a vast longitudinal EM wave command and contol set of faites as well. In short this isthe strategic arsenal, 
development, and contol far building sets of various type CSR in huge numbers—a vast new army of robs with 
‘unprecedented eapabiliis, under the command and contol of «human "strategic free” operations contmand of very lrg size. 
Developing and debugging one CSR would bea formidable and lengthy tsk. Oncea single one is developed, making a million 
copies is simple. Just ake a normal CD-ROM, eg. and record something on it. Send ina working CSR robot to "reside ini 
the infolded EM interior ofthe recorded informational electromagnetic pattem on the CD-ROM. Thea simply copy that CE 
ROM magnetically, as many times ass desired. Each copy contains a copy a he original signal hat was corded including 
the exact inflded electromagnetic structuring inside that signal. Voila! One has as many new duplicate CSRs of that exact 
|ype, as one wishes, fora few pennies each 


(One can se the implications. In all those underground facilities, there are many development labortorie, production 
Inboratoris, and command and contol facilities and "storage facilities” fr the robes. ‘Those hundreds of faites ar in fact 2 
great new strategic Weapon system and als development labs and production faeiites, as wll a its tactical contol and 
command and contra systems, its "oops, its "equipment", and its commanders and operators. 


‘Well, then one can deploy and "uilize” such strategic armada just as one would use any ott great strategic army. One 
deploys" one's forces against the enemy. In this case, one just sends the amada (individually controlled!) igh through the 
"LW superhighways" of mater itself, right int the teategic tector and very heart ofthe targeted nation. One deploys the 
robots everywhere—e inside the electronics in nuclear warheads, inside the contol systems for the nuclear submarines and 
rnuelear bombers, inside the satellites, inside the fighter aircraft electronics, inside the ighting ships, inside the main batl tanks 
‘nd major weapons caters, inside the signals onthe hard drives of computers, ete. One sends them right through the "inside" 
ofthe tngeted nation's power grid electrical energy signals, through the TV stations’ emitted signals, ete, The Pentagon and 
Cheyenne Mountain are duck soup asi the stock exchange and other civilian systems vil to continued functioning ofthe 
Infrastructure. So is everywhere ese, even the doepest vault and "special security” fit. 


In short, the vas eletronie command and contol activities ofan otherwise "moder superpower provide great, convenient, 
easy superhighways for fl strategie deployment to be completed by millions of Weapons systems (CSRs) into cveryhing of 
‘ale in the targeted nation or nations. This completely solves the usual weapons delivery problem; delivery is made in advance 
ofD-Day 


Such a vast CSR armada was deployed throughout dhe Westem world, and particularly in the United Stats, jus before the end 
(91 1999._Yes, ths waste the KGB's great millennium git to America—a cally enormous V2K problem that would stun and 
Aisable the entire nation its armed fores, is cleconicspstms in is major Weapons, ad its command and contol centers in 
fone great TOT (time on target) assault. The major electrical power systems ofthe nation would have been disabled, as would 
have been the major communications systems. Using LW interferometry the robots would have wreaked have on the nation 
They would have disabled the electronics of every major Cal computer of importance, every major fighter irra every msjor 
fighting hip, every nuclear submarine, every ICBM, every nuclear powerplant, etc. The attacking force was in its deployment 
and employment sites inthe targets themselves. Everything Was in lace and cocked and ready to fire. To test whether we 
knew what was going on, the KGB even had one or more robots temporarily produce hacker ype operations and signals 
emerging” in some US. command and contol center computes, an deliberately et our fellows discover ths "hacker aac’ 
vas coming from the Russian Academy of Science. Then the CSR simply stopped its LW interferometry, hich caused the 
‘normal hacker electronic” signals to just vanish and never reappear. Litle wonder that our countertype fellows were totaly 
unable to find any trace of, or where it was residing. They have no technology for such, 


‘Well, happily those ealy-model CSRs are easy to rot out and destroy, if one has quite advanced LW technology. Visualize 
these beasts a existing in «special sor of "inlmal sky" or "infolded atmosphere” inside matter. Stategc ange LW “radars 
can just sweep through this "interal atmosphere” inside mate, etc, detecting and wacking those CSR beasts analogous 10 how 
rorinal radar detects and racks airrat. The diferenceis that the strategic LW ean also use abit of LW! pulse to instantly snap 
those CSRs like popping bugs, completely jamming their operations or even “erasing” them once their charactersis are 
observed 


‘That very new kindof vast satege warfare occured right tthe end of 1999, ll through the United States the Pentagon, our 
strategie weapon systems, the works, The friendly ile nation rooted out and destroyed all those "on site” CSRS just poe to 
the attack being launched. 

A fullup strategic war, of previously unknown kind, was fought all over the U.S. and our own system guys apparently didnt 
know it Iedida't even surface. Didnt make a whimper, 


‘That hostile CSR armada consisted of fist generation systems. These systems did not have defensive countermeasures. The 
systems were depending on total surpise, but were found ou (hats another story that would make a great movie if one could 
live to film it) and then were destroyed in shor ordet. 

(CSR development has ushered ina ttally new kind of strategic, operational and tactical warfare. The delivery ofall the 
‘weapon systems “int the target” is accomplished long before the advent of hostilities. The second generation CSRS, once bul, 
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willbe even more sophisticated. These wil almost certainly be om line saon. They will likey also possess counermcasurs, 
An cere new chapter inthe annals of warfare has en initiated, and the world will never he te same again, Once the CSRs 
have sufficient defensive countermeasures suchas stealth means and coordination with countering, rai response LWIs to 
tungt and destroy the hostile "LW radars" seckng them, et, the next world-wide tategic CSR war Will Bnether so simple 
nor so bloodless, 


NOTE: Contrast this CSR discussion tothe discussion of nanotachnolgev and nanobots. Just as nanobos are natural 
developments which teams skilled in nanotechnology would produc, so CSRs ae natural developments which cams skilled in 
Jonginudinal EM wave technology-—and in the "infolde” electrodynamics inside all EM fics, potatals, and waves would 
produce. For decades (since the 1980s) the KGB has been developing and using longitudinal EM wave inierferometers(LW1s) 
‘hich beam right trough the "inner highways” inside the fields and aves inside mate, thus allowing very large LWis which 
beam night through the intervening earth and ocean, and can "focus’ under the ocean or within the earth as Wella out of i. 
‘With such background, the CSRs were jst as natural a development for them as the nanobots are for coaventional Westra 
ranotcchnology scicatis. 


CAUSALITY 


‘The relationship between "cause" and "effect". ‘The basic notion in a causal system is thatthe gstem!s response an input 
‘Hina is not dependent upon future input values, 


“Thus the notion of causality involves a precise time ordering of ordinary inst interactions, where the cause was never input 
froma future time. Macroscopic (observable) causality may be and is Violate bythe interaction of hidden subquanal itu 
state) variables 


CEREBRAL HEMISPHERE 


Each half f the corcbrum, i. each half of the enlaned anterior or upper part of the vertebrate bru, 
‘The two cerebal hemispheres may funetion a a longitudinal EM wave interferometer ora time-polarized (scalar) EM 
interferometer to sense distant scenes (even distant in ime}, or prodace EM enengy and signals a distance since the body, 
bran, and nervous sytem does produce longitudinal EM waves and scalar EM waves, For proof of scalar EM wave 
smtrieromery in O(3) electoxiynamies, see M.W. Evans, PK, Anastasovski, TE. Bearden ct al, "On Whitaker's 
Representation of the Flectromagnetic Ent i Vacuo, Part V: The Production of Transverse Fields and Energy by Scalar 
Interferometry Journal of New Energy, 4(3), Special Issue, Winter 1999, p. 76-78 


(CHANGING THE PAST 


‘Every intentional inception upon ondnar inert causality prior o collapse ofthe wave function represents a sist alteration or 
‘unge in direction, departing minutely fram pure causality From a causal viewpoint, each human inception minutely changes 
{he causal pasa well as the fur 

Experimental proof thatthe causa past can be changed is provided by the delayed choice two-slit experiment, Et. sce CW. 


Rieti, "Another prof that the future can influence the present" Foundations of Physics, 1(9/10), 1981, p. 783-790, 
Particularly see Wheeler, John Archibald Wheeler, "The st andthe dclayed-choie# doubleslit experiment.” in A.R, Marlow 
[Ed], Mathematical Foundations of Quantum Theory, Loyola Universit, New Orleans, Lousiana, June 2-8, 1977 
Academic Press, New York, 1978, p. 9-48, 

cuaos 
Indissipative dynamical systems, she dynamical evolution that is aperiodic and highly dependent upon initial conditions ofthe 


‘The trajectories ofthe system move on a strange atractor, which i feactal subspace of the phase space 


‘The tenn suggests the ordinary meaning of random and unpredictable disorder, but there exists intrinsic determinism and at lest 
pata embedded ordering. The mathematical equations desenbing chaotic behavior are Very nonlinear and so comple tat st 
the present ime the cannot be computed or predicted. Even simple systems, including simple electromagnetic systems, can 
‘xh unpredictable chaotic Behavier. The seience of chaotie dynamics ssl in is infancy, having begun moving once the 
‘modern computers became ceonomical and pervasive 


(CHARGE, ELECTRICAL (Q) 


Electrical charge is defined as a= mi, to first ond 
As can be sen, the atu 


“charg” ation associated with the mas is due toally to dy and tthe broken symmetry of inthe 
‘vocuum flax exchange with my, The charge « canbe futher broken down into ase of composite dipoles if the gathering of 
‘virtual charge screen inthe vacuum, surrounding the mass of the "bare charge” inside the gathering, is included. At first onder, 
(4; can be expressed (particle view) asa change inthe local vacuum virual photon flux (VPF}, due othe VPF exchange 


between vacuum and my, The components actualy the "clesrical charge’ and massless of itself. 


However, see my paper, "Giant Negenttop ofthe Common Dipole," Journal of New Energy, 5(1) Summer 2000, p-11-23, 
‘We include the isolated charge by eating it asa system of multiple composite dipoles. Wealso explain te previously 
unrecognized 4-ymmetty EM energy flow ongoing, where incoming longitudinal EM waves are being received, transduced 
sto real longitudinal EM waves in $-space, withthe later being emitted in ll dretions in 3-space 


A charge particle of mass is thus alle energy flow generator. It is a broken 3-symmetry inthe loal VPF, and therefore hasan 
“observable” energy flow output, extracted and gated fom the asymmety inthe VPF. This "observable enery flaw outputs 
the well-known eneray flow 8 in classical EM, though CEM docs not recognize o includ this vacuum interaction, the broken 
S-symmetry ofthe dipole, and the steady input of EM energy othe dipole inthe form of EM eneray fom the time domain 
{complex plan). 


Instead, classical EM just assumes that 
jst "quantity of electri ui,” hike a 


“charge” qs the source of potenti, When orginally formed asa concept, was 
bie centimeter of uid,” ee. The atom andthe electron had at yet been discovered. 


ually fundamental particles, ons, te_—which consists of or contains charges and can move, 
ean be an clectoa, a collection of electrons fixed in a moving dcletc, ons, toms, molecules, ete 
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‘The moving charge (ic the current dat) with an energy flow steaming onto it and on beyond, caries its interaction with that 
enengyflow right along with iin the eurent 

1 dat. This is what the charge’ "excess collected energy" consists of, and this is how the eollectedcolleting energy inthe 
‘iret ie transported to the collected-energy dissipation sites loads and losses), 


(CHARGE, GRAVITATIONAL 
Ta beaded 


CHARGE, MAGNETIC 
Essentially, the magnetic scalar potential, or monopole, 
Ian uncured spacstime, the magnetic charge must aays occur in dipolar pairs, where cach ix equal and opposite the other, 
Ina curved spacetime, afce ner monopolar magnetic change may and does exist. In classical electrodynamics, he assumption 
tata locally flat spacesime is ubiquitous though not prominently emphasized. Hence mst electrical enginoets are unaware that 
‘monopoles can indeed be made, but only ifone uses 8 proces 1a curve local spacstime 


(CHARGE-PARITY-TIME (CPT) THEOREM 


‘The theorem sates that all known quantum fick theories obey CPT symmetry 


Cis charge conjugation, which changes the quantum number of every particle into its antipatcl. isthe reflection operation 
‘known as parity which tim an objec ina its mimo image and oats it 180 degrees abt an axis perpendicular to the mor, 
Tistime reversal” Any violation of time-reversl symmetry i always accompanied by a violation of CP symmtry and vice 


Electrodynamics and the strong interaction preserve CP symmetry to great accuracy, Weak interactions donot coaserve CP 
symmetry. T symmetry violation hasbeen shown at CERN, the European particle pysies laboratory in Geneva, Switzerland 


(CHARGE TRAPPING (Also "Pinning”) 
Holding cham 


fdyat 
(CHARGE-BARRIER 


pinned! or "trapped" by a arrer or force, so that they donot flow as 


A processor component or function particului i a semiconductor sch asthe Fogal semiconductor which blocks the 


‘movement of charges qs current dg 


(CHARGE-BLOCKING ASYMMETRIC QUANTUM WELLS 
A quantum well which has more charge-ockng action in one dretion than the other and i thus “asymmetric” in is funetion 
may also be dynamic, so that it changes in is degree (andr its dretion of action asa function of ime, 


CLASSICAL AND QUANTAL ELECTRODYNAMICS 


(Classical EM (CEM theory is simply classical electrodynamics (CED) 
(Clssical EM dos not break te fields into "quanta (a quantum i a standar-sized pice of action (angular momentum) 
Instead, CEM considers the fcls as continuously varying in magnitude from zeo 10 infinite magnitude (atleast in thea) 
(Quantal Electrodynamics is known as quantum electrodynamics (QED). These are standard terms fr standard disciplines. QED 
considers the fields to be composed of quanta called "photons". Hence there is an underlying region called the "vital sta 
Whose denizens are "smaller magnitude" than the quantum. Heiseaberg uncertainty appli, since the quantum of action is 
ot quantized enery, but quantized (energy x time). In son, it sa function ofboth the magnitude ofthe energy and its 
duration of persistence. Hence afield or photon of any amount of energy may form temporarily, so long as it does not endure 
suliciatly long in observer time to reach quantum size and breach the quantum threshold 

Inthis view, then, "empty space” is not empy a al, but is seething cauldron ofthese "energetic bubbles" continually 
appearing and disappearing, withthe ene spectrum of fequencies and enerics, Thsisin fact the "new ether”. ve 
consider only the field portion ofthe bubbling virual photons appearing and disappearing, this lads to a vacuum tht consists 
OF EM field uctuations, again of essentially the entire frequency spectrum and enery spectrum 

However, how we atempr totic either ofthese "energetic vacuum EM views to general relativity (GR) is then a problem. The 
«cause ofthe problem, however, is largely ignored in physics. In CED, 4, one models EM energy moving though a flat space. 
“This sa non sequitur, sine the presence of any change ofthe energy density of space apron is a curvature of spacetime. 
Hence rigornasly EM energy can only propagate through a curved spacetime. Indeed, when this correction is made the EM 
‘wave becomes an oscillating curvature of spacetime. This isthe approach Worked out by Mende! Sac, extending Einstein's 
‘Work. The higher symmetry 013) elecrodjnamies spearheaded by Evans turns out o be an important subst of Sachs umb 
Unified field theory. Hence EM has become GR, and for he first ime in history, O(3) electrodynamics provides the approach 
that will allow dict engineering of general eaivtyon the lab bench, in working devices, es 


CLASSICAL ELECTROMAGNETICS (CEM) 
dinar” electromagnetics, of the kind used in ondinary EM citvuits, which fundamentally consists of the modified Max! 


CClssical EM consists of Maxwells equations and the various changes and additions that have since been made. CEM does not 
break the fields into "quanta (a quantum isa standard-size piece of ation (angular momentum), Instead, CEM considers the 
fields as continuously Varying in magnitude from zero infinite magnitude (atlas in theory) 

Primarily refers to Maxwellian elstrodynamics a reinterpreted by Heaviside, Gibbs, Hertz, anda few others. Unfortunately 
these renterpretations of Maxwell's theory also greatly reduced it opology, ad therefore reduce the area of tural 
‘lecttodynamic phenomena thatthe resulting equations describe, 

Significantly more advanced "classical" electrodynamics emerges when one goes back tothe uatemion algebra 
slectdynamics of Maxwell, orto the more advanced Clifford algebra electrodynamics. The higher syrametry elecwodynamics 
‘models such as O(3) symmetry EM developed by Evans and others, are capable of modeling a great deal more pisical 
phenomena than the very limited standand U1) electrodynamics largely in Vogue in science 


CLASSICAL EM THEORY, 
(Clsscal electrodynamics theory, begun by Maral, with his seminal paper orally presented in 1864 and published in 1865, 
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sentially Maxwells electrodynamics at rot basis, withthe background supporting classical theory. Today many variations 
have been made particularly with he basi symmetry ofthe theoretical equations. See discussion above under elasieal 
electromagnetics 

CLIFFORD ALGEBRA 
aA 


Jal 


CLOSED SYSTEM 


‘A system that docs not communicate with its enviroment, and doesnot exchange enemy or mater between system and 


‘An ideal model where dysamically and energetically the system is considered to be "solate” as ifmothing else existed. In 
shot, consider the system as iit Were in some "magic box" and nothing outside the box can ever enter the box or affect the 
Systm inside the box, and nothing in the system can ever leave the box or affect anything ouside the box 


One performs a non sequitur whenever proclaiming treatment ofa sytem as a "closed system", and of couse good scientists are 
aware ofthis This is particularly tue in electrical power systems. Here one is indced allowed w input ener ino the syst to 
excite or potatalize Tht of course assumes thatthe system was “opened” log enough to take on excess energy! Then as 
the system operates, losses and dissipations occu, in which case energy is considered to "escape" from the system permancnly 
mother words, he System was also Continually “opened” so that enersy could escape 

‘Ther is really no such thing asa tly closed system in the universe, since every system i embeuded in he active vacuum and 
{san open system in an energy exchange with the vacuum, If that exchange is symumetricl, then the system is in equilibrium 
with respect to the vacuum exchange. In tht case, the system may be treated as if t were closed system for limited number 
Gt purposes. In classical electrdynamics (CED), the Loreatregauging ofthe Maxvell-Heavisde equation further reduce 
them fo describe only Maxwellian systems in such equilibrium withthe active envioanien. Consequently, the interaction 
between the extemal vacuum and the system is not ineluded in the CED model, Obviously afroken equlévium in that actual 
piysical interaction is also not included inthe CED mod. 


‘An clectrcal power system i already permitted to vilate the Lorentz condition when it 
(1) receives additonal EM energy 1 "energie" or "ptentlize” or excite" or "regauge” it and (2) whenever ener escapes 
from the system inthe loads and losses (which escapes of energy ae "de-enetgzing", "depotentalizing" “dissipating”, oF 
*regauging” actions. 


Hence the Lorentz condition greatly simplifies the Maxwell-Heavside equations and makes thom much easier o solv, 
However, wen enforced by the system ielf with gant to the system’ exclation and de-evcitaion (isipaton) fations — 
Le when those functions ave "ssmmetrical” (equal and opposie)—italso arbitrarily discards all those Maxwellian systems 
‘capable ofthe five "mapical” functions ofan open disequilibrium system: (1) sel crdering, (2) seloscilation or selF-rotation, 
{G) ouput of more energy than the operator inputs the excess eneray is input bythe active environment, (4) powering itself und 
Toad (al the eneeay is input by the active envireament, and (5) exhibiting negeatopy: 

1 follows, however, that physical electrical power systems must therefore have some feature which slF-imposes the Lorentz 
condition, at least during the pase when the system's excitation energy is discharged inthe loads and losses. The standard 
‘losed curent loop system, where every clstton progressing trough the extemal ics loads and losses must be forcibly 
ammed back up through the source dipole inthe power source, is indzod what enforces the Lorentz condition with respect to 
‘excitation and dissipation, and arhiyarily prevents the system from achieving COP>1 0, 

Ina batery-powered system, the otherise closed current loop is broken into two quite different circuits (1 the electron current 
circuit between the outer surface ofthe pats and the extemal loads and losses, and (2) the ion cutent inthe electrolyte 
betwen the inersurfce ofthe plates. Since the ins (en a lead-acid battery) inthe inne ion cuteat may havea mi 
rato very much greater than that of the electrons inthe Your electron current, lever timing of pulsed signals to the plates may 
be wed io foem a phase diffeencs— including even a phase angle of 180°—between the two curents. Itcan be shown tha this, 
forms a high potetial on the plates which acs asa negative resistor, extracting EM energy ffom the vacuum and recharging the 
hater while simultaneously powering the external circuit. This ithe Bein process and with Beds permission an 
explanation ofthat process hasbeen published by Bearden "Bdin's Method For Forming Negative Resistors In Batteries,” 
‘Journal of New Entergy. 5(1), Summer 2000, p. 24-38] Note that Bein’ process i fact repeatedly removes the Lent 
‘egausing condition, and therefor the system is figorously permitted to achieve not only COP>I.O but also sl powering of 
set and its nade an losses. 


COLD EXPLOSION 


‘The sulden extraction of EM hat energy from a distant intersection zone (WZ) of the rossing beams of scalar potential 
interfermicer. which transmits the sharply pulsed spade, while the electrical grounding ofthe transmits are negaively 


COLD FUSION 


And hoe term applied! 1o the transmutation tlw energy achieved in electrolyte experiments, particularly when using 
spevaly prepared palladium clectrodes and particularly when deuterium is present ia the cleciovte 


COMPOSITE DIPOLE 


Dipote formed as one par ofan isolated, observable "charged particle", consisting ofa differential element of hat observable 
charge on one end and a momentary clustering virual charge of opposite sgn 


{In quantum clctrodynamss, itis well-known that viral charges of opposite signs cluster inthe immediate yscuum around any 
"solated” observable charge. By applying the composite dipole concep, this author was able to eat the isolated charge as. se 
of composite dipoles, By then applying Whitaker's decomposition ofthe scalar potential between the ends ofeach of these 
‘composite dipoles, the "sours charge" was a et of broken symmetries inthe vacuum Hux, and thus ast of #-symmettics in 
that flux exchange, This meant tht the EM energy continuously ouput in al rections by the source charge was actually 
continuously received by the source charge (asa set of composite dipoles) from the time-domain, and 4-coascrvation of EM 
enemy flow rigorously was upheld 


‘This allowed a solution o what has ben called the most formidable problem in both classical and quantum electrodynamics 
the problem ofthe association of the souree charge and it associated fields and potemals along withthe energy contained by 
them and continuously pouring from the change witoul any space energy ip. 


CONCOMITANT 
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Occurring or existing tether 


CONGLOMERATE HIERARCHY OF THE PHOTONS 


Every photon remains perfectly onered! A conglomerate (group) of photons, however muy be arranged in slost an iniite 
vane of onfrings, groupings, directions fe —which we refer 0 a8 femplate and as hicatchies (group orderings) of photons 
Ina pure nergy flow (energy transport), the "herd of photons is organize along the Now direction. Regardless of how one 
scatters or isondrs” this patterning ofthe "herd or hierarchical ondriag” of photons, not one single bit ofthe undesying 
‘nemsy and individual photon ordering is los, So whea one "uses" energy (eg, scatters the hierarchical ordering ofa photon 
herd froma resistor as heat) one docs not lse any energy at all, but simply has "scrambled the hierarchical ordering ofthe 
potons into # new herd configuration (which may be varying every which way!, The point here isthe eal meaning of tie 
fundamental conservation of energy la: Energy can nether be crevted nor destroyed 


‘When we "uss" one joule of enemy to perform one joule of work (sina single-pass, seatering), we sill have exactly that one 
Joule of energy left, ut justin diferent form (different diecton, ype, collecuon or not collected, ct.) Ttean sil do another 
Single pas joule of work, then another, then another, and so on. If We pln things righ, we ean use a single joule of work to 
perform many joules of work, contrary to what we were so stongly taught in the "single-pas, single collection, single 
fisjpation” examples given tous in university asthe "law" of God and electrodynamics, 

Note thatthe conventional work-energy theorem assumes single pass, single collection, and single dissipation of a joule of 
enetgy to performa single joule of work. The point i, ha snot limitation of nature but a limitation ofa single process? 
Nae regularly uses a joule of energy to do multiple joules of work, ecwuse afer ane dissipates o seatters the ener the ist 
time, i's sl there and ater wil e intercepted to do some more work 

AntiStokes emission, the Patterson Power Cell, Lawands’s lasing without population inversion, and some gas-filled tubes with 
i-Stokes emission are examples of known, validated overunty processes (processes with coefiien of performance great 
‘han unity), These ll use multipass, mukicollection, muli-issipaton in teated manne, to increase dipole asymmetry and 
therefore produce excess extraction of energy from the vacuum. Paterson’ ni, e., hs Bech independently measured by 
luniversiies at efficiencies of some 1200 of so. This absolutely does at violate te ls of physi nor the nonequiibeium, 
thermodynamics of open systems far from thermodynamic eqieium. 


CONSCIOUS MIND 
‘The serial processing mind which we normally associat rroncousl as ourself: Otherto be add 


“Mind is time-like, no space-ike, 


(CONSCIOUS MIND (PSYCHOENERGETICS VIEW) 
‘The seril-processing mind which one normally associates erronzously as oneself. 
“Mind is rine-lke, not spacelike. Hence it is nt diestly observable, a prior, ine all observation is 3-spatial. However, if we 
consider that changes in space produce sacctime curvatures and thereby also produce sight changes in the time domain then 
iterative cohereat spatial changes eventually wll produce a change inthe time-domain. Consequently, the time-tke mind wi 
have a continuing steam of such small but processabletime-enegy changes from coherent 3-spatial phenomena in its body and 
the macroscopic (ferent) universe. To sense the space body a set” while simultancously sensing other space physical 
‘changes as "aon-sel”, the conscious mind must compare the various received time-like projection signals against its "ume-ike 
fonder sued. ‘That set of received time-signals thal matches or closely matches the conscious mind's issucd onder signals, hus 
Yields the sense ofthe body’ behavioral changes as (1) self, and (2) body responses tits orders. The time delay beeen 
[Rsuance of the mind's onder and the receipt ofthe corelatd time-like sponses frm its body, proves the sense of sl 
Petisenceor independent being. 


‘The mind couples tothe body vi. similar spacetime curvature mechanism, When the mind issues “orders, they are inthe 
time-Lke realm but are changes, hence stl spacetime curvatures. They thetefore involve very stall 3-spalial changes 
(projections) into the $-space bod. Since the mind orders are coherent, this small iterative Set of 3-space changes wil integrate 
coherently yielding veal quantum changes inthe body and nervous system (ete Bain) 
‘This coupling mechanism is profound, The steady stream of integrated tne-like projections arising in the mind du tothe 
pysicl world outside ane’ body, doesnot compare or match the mind’ memory’ of is orders. Hence tat allows the sensing 
lthe "extemal world” as "nonsei™. The sense ofthat extemal world as “existing” oe “being” is provided by the time delay in 
the comparison proces, ftom "mind signals issue” to “physical signals ceived". The metric yardstick standard fr this 
‘comparison time, so to speak, i provided by the time inthe ideatied "selEloop” with ike physical body. In ther words, the 
‘mind uses that length of ime to diferemate those time signals which coherently intgrate bu donot match it issued ondce 
Signals, ftom those time-signals which cohesealy integrate in the same ime lop interval ad do mutch is issued ordered 
signals. 
In this manner, we resolv al the great previously unresolved philosophical questions of the nature of consciousness, nation of 
being, ature of self, nature of nonselt, perception ofthe physical world, perception of body as self, perception of ether bodies 
ssnon-self ct. Atleast we resolve these issues ffom a testable physics approach, so that We can sce that now a unified physics 
{and atechaology) of mind and mater sat lst in view. Since O(3) clectodynamics has been shown tobe an important subset, 
tf Sachs’ unified field theory, then OC) electrodynamics —or SU(2)-SU2), which is homomorphie with O(3)—can be used 10 
develop the direct engineering of mind the mind-mater interaction, and mind functions ofthe lving biological system, 
tis my considered opinion (with much evidence) thatthe Russian branch of enewetis, known as psvohenensetes, uses 
‘ied field theory and a higher syeametry electrodynamics to achieve that type of direct engineering alread, but for weapons 
tse rather than beneficial use for humanity 
As examples, we strongly suggest tat the deaths of US. Captains Button, Svoboda, and Hess all avolved KGB testing of fons 
range strategic psychoenergetcs weapons over the United States, on those targeted personnel. This should not be surprising at 
all the KGB hus tested longitudinal EM wave interferometer weapons over the US. since 1967 and continues todo s ida. 
‘They tested bioonerptics EM weapons against US. Embassy personal in Moscow for several decades. Kills US. areal, 
nd missiles have been performed a various times, including Mill ofthe Armow DC-8 at Gander, Newfoundland in Dee. 1985, 
lof Titan ICBM fired from Vandenberg AFB i the spring of 1986, kill ofthe U.S. space shutle Challenger inthe pring of 
1986, continuing weather engineering over the US. and elsewhere, ete 


‘That novel electromagnetic weapons have indced been developed and are being tested world-wide, was confirmed by Defense 
Seeretary Cohen in 1997 as Follows: 
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"Others fterorits} are engaging even i an eco-type of terroriem whereby they can alter the climate, set of earthquakes, 
voleanoes remotely though the use ofelectromagnele waves. So there ave plenty of ingenious minds cu dhere that are at work 
finding was in which the can wreak terror upon other nations... rel, and tha's the reason why we have o intensify our 
[counterterrorism sffors” [Seeretary of Defense Wiliams Cohen at an Apri 1997 counterterrorism conference sponsored by 
forme Senator Sam Nunn. Quoted ffom DoD News Briefing, Seectary of Defense Willam S. Cohen, Q&A at the Conference 
fn Terrorism, Weapons of Mass Destruction, and U.S. Suategy, University of Georgia, Athens, Ap. 28,1997, 


‘We specifically cll atention othe fact thatthe Secretary dd no speak the word enclosed in square brackets. This is nor 
limited justo terrorists or countenterorsm. 

‘There appears to be no insurmountable difficulties in developing psychocneryctic technology using the approach outlined 
shove. Certainly i isnot as formidable a task as has been hot fston. 

‘The incident involving Captain Button e, was to demonstrate control ofan individual performing complex technical asks for 
peri of atleast one ho. The test against Captain Svoboda was to demonstrate how simply human kill an be achieved ia 
combat troops, merely by introducing selected changes in the meatal functioning ofthe targeted individuals. As Syoboda Was 
climbing her A-10 out of a sucessful low-level ordnance drop at night on aground target, her sense of up and down was 
Instantly reversed. Instantly perceiving she was diving instead of climbing although actually climbing out perfectly—she 
eorrected” immediately and dove headlong into the ground, pershing in he resuling explosion of her airral 


Inthe case of Capt. Hess, the test demonstrated that rather complete mental contol ean be almost instantly assed, and even 
the responses of the autonomic nervous system can be overridden, So Captain Hess, out fora morning jo, simpy went aside, 
sat down, and stabbed himself repeatedly, including multiple times right through the hear. Had ane scen the incident, he Would 
have simply continued stabbing himself very calmly, wiout emotion or eflex action from his autonomic nervous sym, nt 
plysical fare of his body. 

Asan be seen, is ofthe utmost importance that this nation understand psychoenensetics weapons of such nature, and develop 
effccive defenses against them. The next geet strategie htlefield may be as macs a "virtual realy” bal asia "real 
Pysical world” combat. The war ea be quickly lst neither arena 

‘We also point out thatthe psychoenergctics weapoary readily i adapted o use in more advanced longitudinal EM wave 
Interferometer, which readily penetrate the Farh and ti ocean. Hence deeply busied strategie command and contol centers 
ae vulnerable to psychocnergetics warfare, as are the crewmen of our nuclear submarines, ICBMs airaft carers, division and 
army command centers, national consmand centers, sratezic Bomber pilots, ce 


Indeed, one of the majr incentives for developing such psychoenergtis Weapons as was demonstrated in controlling Captain 
‘Butlon, was to seize and contol the eatize onsite manning crews ofthe defensive quantum potcatal Weapens preventing launch 
of ful strategic warfare. By having the QP systems "stood dow for maintenance” by their own eres, the major stategic 
retaliation and "dead man fuzing” would have been removed and countered. Thea powerfully striking the QP sites with LWIs 
‘would have destryed them, and lf the sites themselves radioactively emitting ongtdinal EM waves, hus preventing 
enecupation n case the QP weaponry survived. The countt to that scheme was o place the friendly QP weapon sites on 
ima command and control. In that mode, instead of human decision being made to launch, every so often (say, every 880 
hous) the computer automaticaly initiates the launch sequence. Dung that sequence, if he cre still alive and functional, 
‘ies a be punched in and the computer cancels the launch ition, lt hen repeats the sequence two hours late. f a0 
ded cancellation ond is punched i, for whatever reason, the launch sequcnce completes and the QP weapons fir. In that 
case, much of Russa disappears from the face of the ean 

eri just about she time that Seretary Cohen was making his quote statement in April 1997, the KGB was being notified by 
the friendly litle nation ofthe change to insane consmand and control, This forced the abortion of grea strategie attack upon 
the West, scheduled to occur on May 1, 1997 

‘Weare strongly stressing that psychocnergotics snot parapsychology and itis not just an ile thory of academics, Instead, 
already potently used in some very powerful and deployed weapon systems that could well decide the course ofthe next word 
‘var, alot at a moments notice 


See also discussion under energy 


CONSCIOUSNESS 
Refers to living being’ awareness ofits sensations, fetings, though, andthe world around it, 


‘The new approach uses a coupling mcchanism betcen the time-like mind and the body of living creature. The nature of his 
‘coupling mechanism den generates the mechanism by which selEawareness i produced, awareness of non-slf x produced, 
and the sense of existing inthe extemal world but difering from itis produced 


CONTINUOUS MODE 


Fora longitudinal EM wave interferometer a continuous mode of eperaton where pers fed continually othe wansmites 
sud he to longitudinal EM wave pattems or beams are continuously vansmitied 


(CONVENTIONAL SCALAR POTENTIAL 
A 


mother words, one in whic itis assumed that is virtual particle fx las no ordering but is just 2 randomized fx. This 
assumption (eof quantum mechanics indrecy) is incompatible by the Whitaker demonstration that (i) a scalar potential sa 
harmonic se of bidretioal” EM phase conjugate wave pais, and thus nota scalar entity a all, and (i) perfect ordering ofits 
wave components exists inside the salar potent 

(One must carefully distinguish what cach ofthese intrnal "phase conjugate EM longitudinal wavepars™ actualy represents. 
Pror to interaction with detecting charges, the potential sa 4-potetal existing in spacetime (space). The time domain, of 
‘cours, i represented by ic, and in that expresion only "ist varable. Hence the “imeoming” phase conjugate longitudinal 
EM waves inthe imaginary plane are actually longitudinal EM waves inthe time dimension. These waves converge upan the 
dipolar represented bythe "scalar potential or any"picss” of it The dipolrtyrepreseasthe interaction of charges; 
specifically, a dipole. This reaetion-by the spin ofthe charges—teansduces the incoming EM energy from the imesimension 
sto 3-space, and emits it rom the changes as real EM longitudinal EM energy radiating out from the dipolarity in all directions 
in Sspace 

‘The phase conjugate al'st ofthe Whitaker waves, prior 1 thei eration with charge, ae not waves in 3-space, but are 
waves of LW EM eneszy coming in fom the imaginary plane und thus from te ise domain. The charges ofthe polarity spin 
720°, being 360" inthe complex plane and then 360” in real 3-space. So the charges absorb the EM LW energy impinging on 
‘hem from the tine domain, during their 360 rotation nthe complex plane. When they enter real space forthe rest of thei 


added substructuring ofits inte 


ental formed without use of aii 


5jovaves and their products, 
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spin, the already-excited charges disipate their excitation energy in all directions as they spin their 3609" in 3-space. That is 
‘What the Whittaker decomposition actully shows, bu it has been ignored fr almost a century. 

In short, the broksa 3symmety af the dipolarity well-known in particle physics for nearly a hall-cetury, but never 
Incorporated into CED allows nature to jump toa higher, more fundamental 4-symmetry in the energy flow. Energy is being 
conserved in 4-space, but notin 3-space. Further there isa special new energy flow symmetry involved: one-way in he time 
drmaia andthe other way inthe 3-space domain. Note that encray isnot conserved in 3space! There smo law of nature 
reguring the extra reyuirement shat, in addition to conservation tn 4-space the energy must also be conserved in 3-space! So 
‘when the dipole breaks that exira requirement, only the basic 4<onservation applies. In hut case, nature very happily gives you 
‘what might be calle a whit hole in astrophysics terms: encrgy will pour in tothe dpolarity unceasing from the ime- 
Aimeasion, and wil pou out ia 3-space unceasingly, o long a that dipolanity persists 

‘By considering the viral charges of opposite sign that cluster inthe vacuum around any "isolated observable charge", one may 
represea a single charge (as an electron or proton) a a et of compesite dipoles, where each dipole consists of viral charge 
(chile it exis) and a diferent element of the observable charge. So the charge ecomes ase of composite dipeles, cach 
‘with Whitaker decomposition ofthe salar potential between its ends. 

Hence we have solved te long-vexing problem that Semi called "the greatest unsolved problem in clectrodymamics™: the 
problem of the source charge (or source dipole) and ts associated fields and potential and the enormous EM encry coatinually 
Pouring out of any charge or dipole in all diretions in 3-space 


‘When te arbitrarily discarded giant Heaviside nondiverged energy flow component i also accounted this leads tothe giant 
negentropy ofthe dipole, as shown in my paper, “Giant Negentopy fom the Common Dipole". We have also proposed this 
dark Heaviside energy" a the unaccounted source ofthe excess gravity known tobe present inspiral galaxies and holding 
together their arms. The dark energy yields at least 90% ofthe total gravity involved, and the additional 10% or xo can be 
sccounted for my known gravitational sources. 

appears that these new discoveries can also be utilized to show that “quintesencc” is also caused by COP>I.O processes inthe 
universe, andthe excess production of negative "sant dark energy flows" IF, thea this also would account fr the recatly 
Aiscoverd act that the universe hasan excess of negative gravitation, so tha itis not only expanding uti aeceerating in that 
expansion. At this time, the present author ssl atempuing to te up the loose eads involved in showing that quintessence also 
‘Sereted asa result of functions ofthe giant negenropy proces. 

Inthe Whitaker biwave pairs, Ione shen insists that these iden EM waves are comprised of hidden photons, thea it follows 
thatthe photons exist as Continually coupling and uncoupling photonantiphoton pais, or continually forming and unforming 
_gravitons as the wave and antsvave continually pass through each other. 

isa litle more complicated than that, since Maxwell actually omited half the EM energy inthe EM wave in space, and also in 
the circuit do clecrodynamicists to this day. For gravitons, one eclly must come to grips wit thi eto and core 
‘This willbe added ater i this glossary. (To be Added) 


COOPER PAIR 
A dynamic pairing of elstrons in supeteondtivit theo 


In this pai, ithe enemy state with wave number « and spins 
oan spin ~ 


ceupied by an electro, then so is the state with wave number 


COP (COEFFICIENT OF PERFORMANCE) 
Rotio of energy out, divided by that potion ofthe tts enery input that i input bythe operator or experiment 


‘The COP is thus a measure of "efficiency of using the operator or experimenter’ input energy” 1 produce or iret the 
production of usefal work, Note that he can direct the we of his on ip energy as almost all ur present systems do, Better 
Sethe can also dee (gate o "switch" the use of some external fee flow of enerayfeam The enviroamest ino the Systm, 50 
iat he gets lots more work out ofthe sytem than fe hast put in himself. Only afew of our systems—such as solr cell, sails 
‘on sailboats, waterwiies to power mils and windmillsate such Maxwell's demons (open systems) where the output exceeds 
the opersors input of energy 

‘We sharply contrast the term "COP" to the term "efficiency". The efficiency (overall) of a system is how much useful energy 
‘output (usually as work, or canbe converted to work at will) he system produces forthe total amount of energy that is iput 
(both bythe operstr and bythe external environment). Even a highly inefficient system may nonetheless have a COP>1.0, i 
the opetator inputs less energy’ than the sytem outputs 


‘We urge the reader to thoroughly understand the difference between enesgy-use “efficiency” ofa system and coefficient of 
performance ofthe system Many Scientists, engineers, and especially fre-energy researchers are confused on the precise 
Uiference in these terns, 


CORPUS CALLOSUM 


naan Brin 


Ineach ofthe two cercral hemispher 
tram has #unigue characteristic: Anything that arises diestly inside it is automatically assumed tobe Se-oniginated, since the 
tran-tner ean differentiate no separation or “separate source” forthe sgnalthought arising directly upon is internal cre 
Thisallows integration of te two brains/minds personalities inte one. Tht is, wea onc brain half prepares and sends a 
message that message is also routed across the corpus callosum into the oer brain half arising interully upon the second 
tons "dsp." The second bai hal therefore thinks that it iself ignated the signal or message. 


(COSMOLOGICAL FEEDBACK PRINCIPLE 
Puthof?s sof regenerating cosmological feedback evele forthe source ofthe vacuum EM ZPE. 


(One may assume the existence of EM zero-point energy (ZPE) by flat as pat of the boundary conditions ofthe universe, or 
conceive ofits generation by the quantun-luctuation motion of charged particles that constiute matter. Puhot¥ calculated the 
lane possibilty, assuming thatthe ZPE spectrum (Feld distribution) drives particle motion and thatthe particle motion in tra 
generates the 2PE spectrum. This provides aselfegencrating cosmological feedback ele, which in fat is consistent with the 
‘general relativity assumption that curvature of spacetime ales mass energy, and mass energy changes affect he curvature of 
Spacetime. 
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“The result of Puta’ calculation is the appropriate frequency cube spectral distribution of the correct order of magnitude, 
is esl is thus consistent wit, and indicates, a dynamic- generation process forthe ZPE fics 

In general this is also consistent with the Sachs unified fed theory approach, and withthe Evans (3) important subset of it 


COURRIER, ROBERT 
‘Noted French scientist who collaborsted with Antoine Prir¢ in his revolutionary healing experiments on laborer animals 
sing longitudinal EM waves ffom plasms tubes 
Courrier was the head ofthe Biology Setion ofthe French Academy and also the perpetual scertar atthe time, He personally 
preseatcd the astounding results ofthe Prioré work, showing cures of terminal tumors, tothe assembled French Academy, 
eating a furor 


CROSSTALK 


‘nondinary science, the transfer of enero signal fiom one channel o anther, by cross modulation or cross coupling between 
the channels 


Inthe new approach, the tem “erosstalk” can be used in an addtional sense where it refers o viral energy exchange between 
lonthogonal universes or frames~that i, between different 3- or 4imensionl slices of an infnite-dimensional universe 


(CURL CONCEPTS OF FIELDS. 


Refers to concep of fils a the cur of some vector potential 


Eg. the magnitude ofthe Bel s equal to the eur of the A-potetial, given by B=VxA. More exactly, the B-fc is 
‘denticalya curled A-potental, by B= VXA, but only that potion of WxA thats diverged around or collected by an 
fntercepting unit point state charge 

Note that we are accenting that no equation isa definition, So txts tating that the frst equation with an equals sgn “fins” 
the magnetic veetor potential A. are im errr. If we sate that B= VXA, then we are defining the B-fild asa curled form ofthe 
‘magnetic vector potcaia, whic iis 

‘The reader must he awa that the eld concept itself in CEM is flawed, in 
Interaction bya 4-space entity witha *-space mass and hence 

S-spatal and an “effet and yt then used as if it were the 4space "cause" att that propagates in 4-space to interact In 
‘shor the field concep is thoroughly confused inthe texts and papers in the literature (and has been confused for mae than a 
entry) as not only the cause but the resulta the interaction ofthe cause with some eccipient This problem has been 
highlighted by many physicists, including Feynman, Wheeler et 


detined’ as the effect existing aller an 


‘This confusion ofthe cause with the effect” is widespread in physics, and isthe single greatest foundations errr which 
hampers the progress of ysis. Another example isthe fale nation that a "separate free” acts upon a "separa mass", when 
fn fact mass ea component of force bythe definition F= didn). That such simple and obvious ers have been propagated 
by so many hundred of thousand of scientists for so many decades is perplexing. Indeed, the errs simply continue 0 be 
used. Note that Nobelist Feynman and the great John Wheeler pointed out thatthe "eld as defined in CEM does not and 
‘cannot exist i spacctie! Instead, Feynman pointed out that only the potential forthe field exists in spacetime, in ase some 
‘hargod mas is brogght in o inert withstand sherhy pce the fed as an eet. 

Indeed, no observable persists, frit "exists" only as a momentary 3-space frozen snapshot or slice ofa 4-space dynamic 
Interaction. Here again, most physicists donot realize that observables such as mass m do not and cannot persist ther that at 
the instantaneous frozen moment ofthe snaps. 


CCURL-FREE MAGNETIC VECTOR POTENTIAL 


A ficld-ice magnetic vector potential without cur, hence with no fic 
“Toroids and long solenoids have the characters of separating the B-fc (curled potential and holding it inside. However, 
drawing energy from any potential whose "source charge or source dipole” isnot destroyed simply resus in the fll value of| 
the potential being replenished from the vacuum, via the 4-symmectry enessy low mechanism in the presence ofthe broken 3- 
symmetry ofthe dipole. Hence one may easily "double the potential eneegy density at will, and this ia specal form of gauge 
freedom, where the potcaial enensy of any clectomagnctc system canbe altered fecly and at wil, We strongly accent that, 
contrary to what sin the EM textbook, gauge freedom rigorously allows the direct and fee amplification of potential enersy of 
the EM system at wil. Tha his principe, incorporated in gauge fc theory, has been known so loag and stl not used in the 
design, production, and use of COP>| 0 electrical power systems is quite inexplicable. 


Inthe motionless electromagnetic generator, we use a spec 
permanent magnet’ vector potential A, so that Ais replens 
egentropy process 


‘core material to extract the curled potential (B-fed) from 
jd in uncured form direcly from the vacuum via the giant 


To achieve COP>1.0, we thea simultancously interacted both the uncurled A-potential energy extemal tothe output oi, and the 
linterna curd A-potential encrsy (B-feld ener intemal othe core through the cil withthe cil. By pulsing. the Lenz aw 
effect is also invoked as yet another momentary cyauging and petatalenray inereae, so tht an additonal ener pain 
sohieved 


‘The well-known Aharonov-Bohm effet proves tht the uncured potential can indeed be sparaed from the Bild in ike 
‘manne, and the A-potential does interact with electrons since dA dt =~ E. 


Thus the MEG achieves COP>10 permissibly, because its an open system fel receiving excess energy from the active 
‘vacuum environment, va the vacuum's replenishment ofthe magnetic vector potential ofthe permaneat magnct dipole as fst as 
nergy is drawn from #. The MEG also volte the usual closed curent loop sel-mposiion of Loren symmctical 
Fegauging when discharging its excitation energy (is foe excess regauging potcaial energy), because the "source dipole” (the 
Permanent magnetic dipole) is not destroyed 


(CURVED SPACETIME (exterualy, internal, 
A four-dimensional seometry us 


in general rlativie, where the curvature is determine by the distribution of mas-en 


Inthe new, more extended approach, any change inthe spatial energy density of spacctime or any change in the time-enery 
density of itor a combination of changes in both. The difereace is that in he nee approach tins is also eated as a special 


form ofencruy. Specifically, ie may be regarded as spatial EM energy compressed bya factor of 


CYBORG (An acronym for ubemetic sani) 
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(Noun: A single inturted system consisting of a livin system enerutially of functionally linked io mechanical or 
slectomagnetic devices andlor systems performing some vil functions 


(Ve: Link inthe sense of forming such a system. 
Inthe new approach, a living biological system may tus be considered a cyborg ofits ime-ke mindworld (ingame) tits 
spatial body (laboratory tune). The "eyboruing” is provided by the personal quantum potential and by the mind-body 


‘coupling mechanism, Due othe giant negentopy mechanism of any dipolar ay scalar potential a a dipolar isa eyborg 
between observable reality and virual stat time-like) reality, Le, between 3space andthe time-domain, 


CYTOMEGALOVIRUS 


‘Any of several members f the herpesvirus family sht cause infected cells toenlanse andor to frm evioplasmie the 
rooplasm of a cel, external w he nulcar membrane} inclusions i eukoevies (shite od eels) particularly in cir mele, 


Cytomegalovirus makes a protein that appears to disable the p53 procin, Asa result, smooth muscle ells in blood vessels can 
proliferate until they impede blood flow. 


(CYTOPATHOGEN 
Literally. pathogen (disease causing rgunism—or extended, mechanism) that affects ells and generates damage in them, 


CYTOPATHOGENIC 
Damaging, harmful, or destructive for cells, 


CYTOPATHOGENIC EFFECT 


‘The generation of damage, disease, death, or other symptoms a the cellular lve in cells that ae exposed to or subjected toa 
pathosse 


(CYTOPATHOGENIC MIRROR EFFECT 


Distant EM pathogenic efest noted by Kazacheyev in thousands of mi 
damage forms ae shown tobe ransmited from one cll culture in the dark (a 
‘duced to another siular 

‘transmission in he iftared and inthe ulraviolet_ After exposure begins, afer atime delay (sa, 2 hours or mor), the cells in 
the targted eel culture will begin 1 exhib the same sympioms asthe clue having the induced damage. Eventually, in most 
‘ass he targeted ells wll develop the same damage, disease condition, or death, The effects vary wi he time of da els 
‘The necessity for photon connection from IR 10 UV isshowa by contrasting a hin quartz window allowing the light 
transmission witha thin window glass window. The quart is open from te I to the UV, and will pas that entre spectrum. 
With the visible ight absent, the IR and UV bionhotons emitted by the damaged cel culture wil pass trough the quartz 
window into the targeted cell culture. After the time delay, the targeted cell culture srs developing the condition. 

Use ofa thin windaw glass window, however, prevents the effet. Normal window glass i opaque in the IR and in the UV, and 
soit Blocks the transmission of the IR and LV biophotons 

The UV isaharmonic ofthe IR, aranged properly. An unusual effect exits when two sine waves one the fist harmonic ofthe 
coter, are simultaneously ransmited into an isotropic nonlinear medium, such as water. On each sine wave, the peak travels 
faster inthe water than of peak pans ofthe wave does. Hence the wave peaks overshoot its mile the wave collapses, breaks 
lp, ete. Bodh the waves af the tenet harmonic set do that, However, fone pretends that ne tansmited the diference 
frequency between them, and not the waves themselves, a strange phenomenon results. Regardless ofthe breakup ofthe 
primary harmonic st, the diffrence frequency travel through the Water as if it Were areal frequency ina linear medium. This 
fect ts been proven and is used in underwater sonar equipment 


experiments, where cellular death disease, and 


For example, see Owen Flynn, "Parametric arays: A new concept for sonar." Eletronie Warfare Magazine, June 1977p 
107-112. Any two sine-wave frequencies as simultaneous drivers combine to produce a sine-wave difference frequency 
propagating in wate, essentially without sdcbands orreverberations. Ils pattem fs a main lobe approximately equal to that of | 
the high feguency deve, but devoid of sidelobes. The level ofthe propagating diference frequency is proportional o both the 
product ofthe to fundamental drive levels and to the square ofthe desired value of difference frequency 


Living el 
sisted 


under the conditions 


contin great pereetage of water. Hence the effet should apply to those targeted ee 


From general relativity, we know tht any pater and dynamics of massenens, such a ina eel and al its parts and dynamics, 
scl interac wi local spacetime to curve it, and any st of curvatures of spacetime interact with any conglomerate of| 
‘mass-energy and is pars and dynamics. The set of precise curvatures and their dynamies we call an engine. Ina mass 
embedded in a local egion of spacetime containing an engine, the engine will ineract withthe mass<neexy to changeit ithe 
‘mass-energy and its dynamics donot "fi" the engine and is dynamics. 

Ina diseased, damaged, or dead cll, the mass-energy ofthat cll and its "emplate (orm and dynamics) difers fom its 
template while the ell was living and normal, Let us now sce what happens when that dead cell emits biopboton 


A photon emitted from a diclestric suc asa damaged cell i not emited just fom one spot. Every part ofthe dctetic 
Paticipates in the emission of that photon. (See "porthole concep”, o be added). Furber, cach emitted photon contains in its 
Salar potential ands magnetic vestor potential, the exact longitudinal EM waveset that constitutes the vacuum engine of the 
damaged cell that emitted it. When a cell absorbs a photon, it absorbs that vacuum engine carried by the photon aso. fit 
sbsorb a stream of photons of harmonic interval, the diference frequency constitutes in terms of wave, traveling through the 
cell water as if ina linear medium, and wansporting that vacuum engine to every part ofthe absorbing cell diceemc 

So the biohotons emit from Kaznacheyev's damaged, diseased, or dying cells sent bionhotons containing the exact 
spacetime curvature engines and dynamics of ther precise condition (template). Further, harmonic interval of such radiation is 
tansmitted into the targeted cells, and absorbed, ‘The mixing ofthe two absorption eventually is sufficient o establish the 
harmonic interval this witha clear EM signal difference that travels through the cele water aod to every tiniest part a i This 
‘diference frequency clear sighal” also contains the pure vacuum engines ofthe template f the changes in the diseased, dying, 
lor damaged emiting cells 


‘The results the "kinding”(coheret integration) ofthe template inthe absorbing cll’ loal spacetime in which itis 
embedded. As tht spacetime engine grows it fers from the resident engine of the absorbing cll. Tht difeence is itself an 
ayine, and it operates steadily upon that absorbing cello alter iis engine and then is physical condition and stat 
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As the new engine continues inter, the physical cll s gradually changed ino an equilibrium condition in its mutual 
interaction with local spacetime engine, That occurs afer the absorbing cell has developed the same disease, daa 
ying condition as the transmitting call 

This isthe secret ofthe Kaznacheyev experiments, The Kaznacheyev work was allowed to be released in the open literature 10 
stimulate the US. scientific and intelligence communities and sce whether or not the scientists and analysts had applied a 
‘unified field theory and higher symmetry electrodynamics tothe EM bigelfects problem. ‘The totally casual reception ofthe 
Kaznacheyev experiments in the West, With no interest or interaction fom the stimulated communities, assured the KGB, 
conclusively thatthe West was il n kindergarten ints knowledge of EM bioeffets, and particule had lite oF no 
Knowledge in he field of EM biological warfare. 

Karnacheyey referred to the effect as the "eytopathogenic mirror" elec, forthe pathogenic effects from the emiting damaged 
cslls being "store! inthe ageted cll 


See Vial Kaznacheyev and LP. Mikhailova, Ultraweak Radiation in Intercellular Interactions, [i Russian), Novosbisk, 
1981. An English exposition of much ofthe Kazacheyev work is given in Vial Kaznacheyev, "Electromagnetic 
Bioinformation in Intercellular Interactions.” Pst Researeh, I(1), Ma. 1982, p. 47-76. See also Vial Kaznacheyev, "Apparent 
Information wansfer between two groups of cll” Psyehocmergetie Systems, iI), Dec. 1974, Vial Kaznacheyew ef 
"Distant intercellular interactions ina system of two tissue cultures,” Paychoenergetie Systems, 1(3), Mar. 1976. 141-142. tn 
the same issue, see"A Comment” by Willam A. MeGarey . 143;"A Comment” by Arthur C- Hastings p. 143-194 


Seven or ciht nations now have longitudinal EM wave interferometer weapons, capable of beaming right shrough the cath and 
‘ocean wo the other side ofthe planet At leas two of these nations Russia and China —ae capable of adding engine structures 
{0 these interferometers and sweeping a targeted population area to generate that specific disease condition in tht target A 
Sophisticated use would be to have agents such as teorist teams already inthe United States and with biological agents in 
hand) release a small quantity of smallpox in the area previously targeted. The LWIs have swept the enti area continvously for 
a period, slowly kindling (especially a ng the exact form ofthe disease within the bodies of the populace. A curious thing 
happens ithe level of kindling of the smallpox sate has been kept just beneath the observable sate, within what is sometime 
called the “shadow state (just barely virtual). A smallpox pandemic will explode in that populace wit 2 ferocity never scea in 
‘modem times, and a an unparalleled rate. Ths i further exacerbated by "spreading the immune system” porta the atack 
{term and discussion to be added), which seriously weakens the immune systems bility to resist any single pathogenic atk, 
‘There are hardly any supplies of smallpox vaccine left that are viable. Even where there ar, the Rusian laboratories developed 
strains of smallpox resistant tothe normal Vaccine, and after the collapse ofthe Russian economy and the former Soviet state, 
these strains were sold on the black market tothe highest bidder. Further, mos ofthe Soviet sient employed in those secret, 
biowar facilities wound up employed in several ether ations, most hostile to the United Stats. 


‘The point is this: Suc a strike could in fact kill yp to 2 billion people worldwide. Further, the entie afi would appear to be 
jst d chance breakout of smallpox, ands spread through a nongesstant word populace 

‘When modem biological warfare i actully analyzed in detail, the "bang forthe buck” is restr than tis for nuclear weapons. 
Further, a rogue or hostile nation can take is time in advance and develop quantities of smallpox vaccine (for the very saint 
will se, then initiate such a clandestine campaign after it has vaccinated its own populace, armed forces, and agent Guess 
‘wh survives aller such an attack, 


eyToroxic 
‘Toxic (acs 28a poison or toxin) to cells 


‘A toxin is colloidal proteinaceous poisonous substance tat i specific product of the metabolic activities of ving 
‘ngunism, ‘The toxin f usually very unstable, and is notably toxic When introduced int the tissues, 


DARK ENERGY 


‘The Heaviside nondiverged enemy flow component surrounding every fieldcharge and poteniacharge reaction but 
‘unocounted in present clestomagnetic dary afer being arbitrarily discarded by Lorentz 


partum 
(Consideration, or data considered, or information considered, aston considered, result considered 


DEATH 


‘The disntcaration ofthe personal quantum potentials connection tothe physical bodys atomie nuclei by loss ofthe mind bod 
‘onetion mechanism, 


‘imply pat, separation ofthe quantum potential containing thetime-ike mind-eame from the body. Loss of the prefeeatial 
tuning of «physical body to its mindworld. This causes loss ofthe preferential consciousness loop or lif change, resulting in 
‘death (reversion to inet matter) ofthe body. Actually the uantum petetial and the mind-rame remains, so the being is 
unchanging and indestructible, heace consists of ll changes and destuctions simultaneously, with none separated individually 
Life and death thus are two sides of the same con, andthe coin is immutable, regardless of which sie is exposed, 


DE BROGLIE WAVE 
onceived by Louis de 


Amtter 


‘The quantum mechanics wave associated with a panicle of mater, which can give rise to interference effects. An orbital 
clecton in an atom is associated witha standing de Broglie wave ona Bobr orbit. De Broglie waves always move faster than 

the speed of light, the speed being given by c*, where ci the velocity of ight in vacuum and vis the velocity ofthe particle of 
‘mass. De Broglie wave Velocities thus vary from the speed of light to infinite speed (everywhere at once). In his speech 
sccepting the Nobel Prize, de Broglie ephasized that, since these waves produce real physical eft, they ar real and must 
not Be regarded simply as mathematical conveniences. 


DEBYE, PETER 
Dutch-born American physical chemist and Nobels, 1884-1966, who performed important and fundamental studies in bole 


‘moments and difactions of X-ravs and electrons in cass 


DEDIFFERENTIATION, CELLULAR 
‘The reversion of cll or cellular structure toa more primitive or wenralized condition, 
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Deaiferntstion i often pelimsnary to a major change inthe cell or cslular structure, Itcan also be a everson ofthe cll 19 4 
previous even primeval-cell form, The important point is that dedifferentiation returns the ello previous (past) cellular 
State. Reversion ofa cancer cll, c, would cause the cello return toa norma cll, since that isthe nature of its "cellular 

past Its vitally important thar Becker has demonstrated that eels canbe differentiated (moved forward toa future stat) or 
‘oditerentatd (moved backward to a previous state) electrically, by very weak DC cuteas(picoampetes). He was nominated 
{ora Nob Prize for this epochal work 

Actual electromagnetic reitfretiation of terminal tumors in laboratory animals was repeatedly demonstrated by Prioré etal in 
the late 60 and early 0s and reported in the peer-reviewed French medial jourals as Was reversion of depressed immune 
systems, cures of infectious diseases, and curing of artcroscleross. Is inexplicable that this positively demonstrated cue of 
Cancer_-wvhich could also cute mfectious diseases and probubly canbe developed fo cure AIDS—was suppress im the id 
Os and has not been vigorously pursued by present establishment medial science. 


DEGENERATE SEMICONDUCTOR 
A semiconductor whose conductivity approaches that of a meta 


DELGADO, JOSE M.R, 
‘Noted Spanish neurophysiologst well-known for his research on bain behavioral mechanisms and ther control by electrical 
simulation; who implanted electrodes inthe brine of animale and humane and demonstrated that their esponses (Both 
ihavionl and emotional) were specific and depended upon the spcific localized pan of the bran that was tila 
‘A TV tape made by Delgado showed a spectacular demonstration where he stopped a charging bull n mid-stride. With small 
hand-held radio transmit, he tansmited a radi signal ta ecever implanted inthe head ofthe bul. This dramatic 
demonstration caused a world-wide sensation. 

‘The significance of his work ie given by Hecker: "Delgado discovered the exact parts ofthe brain in which electrical 
stimulation produced fear, ansiey, pleasure, exphoria, or rage inhuman subjects. He found tat certain sts produced majar 
personali) alterations. For example, stimulation of ane suck ste could cause very proper reserved your ladies to become 
{lrtatious and sexually aggressive. Other sites inhibited maternal o aggresive bokavlor. In short, Delgado was able to 
‘profoundly alter human behavior trough elcrial stimulation of dsrete areas ofthe brain." .. electrodes wore implanted in 
the pleasure centers of ras brains. The animals were provided with no levers to press. One ofthese delivered fod, andthe 
‘other produced electrical stimulation ofthe pleasure center. Invariably, the rats chose to press the lever that stimulated the 
pleasive center even tothe extent that they died of stvvasion* (Becker, Cross Currents, p. 221-222) 

tis known based on # rare OMNI interview that Delgado progressed to detailed study and experimeatation forthe behavioral 
nd emotional effects in monkeys of specific magnetic fed frequencies on monkeys. These successful experiments involved 
‘festival curents praduced inthe brain but bundreds of ines lower in intensity than those requted for direct electrode 
Stimulation, Since thea, some information has been cautiously release from Westem miliary studies showing that microwave 
pulses can couplet the central nervous system and produce stimulation and behavior alteration similar to Delgado's released 
Experimental resus 


Comment: The ultimate and most refined techniques in the field of cletromagnetic control of human behavior, volition, 
‘emotion, ct. is provided by Russian psyehocnergetis the military version of Which i to 


ngines" once the technology is developed allows direct engineering of conscious and unconscious mind 

‘memory including short term and long tem, peeeption, awareness, te. The additional advantage of using EM longitudinal 
waves is that mas is largely a very thin dispeesion of particles, with (relatively speaking) very lag distances between thes 
Somewhat like the solar system but on diferent scale. This inner space” is filed with EM waves, ptcatials, and fields—all of 
‘which decompose inta sts of longitudinal EM waves and thei inprssedl dynamics. Thus the earth and ocean are readily 
penetrate by longitudinal EM wave beams, and the Russians (KGB) has developed such LW interferometers since the mid 
1950s. However, by LW imerferometry where the puters and dynamics of the caried LWs are engincered, any desired 
‘mapping pater of precise EM signals, requencies, phases, and magnitudes canbe reproduced in distant interfereace 20nes, 
‘aching right through the oan, These interferometers could lcslize the distant interferometry iat a inch diameter Volume 
ss carly as 1985, so from that time forward it gradually became possible to perform ll of Dead's “insered electrode” EM 
Simul ina single selected human brain fom the opposite side ofthe earth. So approximately 198S is when I would estimate 
the beginning ofthe "golden age” (ugh! of distant psychoenergetics was initiated, 
By 1997, this development would be into atleast hid generation weapons, just being deployed or just having been deployed, 
considering an somewhat accelerated Weapons development program Wher 6 years is one generation. By 1997, very complex 
‘ndividual behavioral and percep control should have just arved in onsite deployed strategic weapons systems. See 
discussion under conscious mind 
Some selected useful references ar: MLR. Delgado eal, Journal of Anatomy, vo. 134, 1982, p. $33 reports that 
‘developmental defects occur in chick embryos exposed to various ELF frequencies, See also JMR. Delgado, Physical Control 
ofthe Mind: Toward a Psyehoevilized Society, Vol. 41, World Perspectives, Harper & Row, New York, 1969. 

DEMODULATION 


From a cariercontuning a modulated sig 


ccovsrng the signal that was used 19 movlate i 


DENSE SIGNAL ENVIRONMENT 


A 500,000 important noalinear optical ype effects of significance—partcularly long tem cumulative effets—begin to occur 
inthe exposed bicogical organism. 


DEPARTING ORTHOROTATIONS 


In space of dimensions greater than four, the rotating ofan objector entity away from its ine of mation inthe drction of 
dimension aright angles tothe lie of avel inthe observer's tree-space, by ome numberof adil 90 ottions 

‘The Lorentz ansform in special eativty, eis just a formula fr this kind of rotation. What we call "velocity" is actual 
measure of rotation. In -space, any abject in 3-space can only rotate “out” af space in one direction: toward the time-axis 
‘Ashe abject rotates toward thal time-axis, we see the abject as having a velocity in3-spae, and is "length along the lin of 
‘motion’ as having diminished. When the object oats the fll 90", its "length along the line af motion” as heen converted to 
"cme" rather than length. Hence it has zero length along the line of motion and is moving at, the speed of light in ambient 
space. It's also no longer material. but is or of at plane surface moving at speed «ina divestion perpendicular othe plane. 
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In that space mode itis impossible for anything o move faster than lightspeed. So Enstsn's postulate dling withthe fat 
that tis impossible we warsate muss, signals fascia light sped has «uli assumption that nly one oogonal 
paring ation canbe made om pace” That postulate cod no apply all f mare than oe departing orhrotation 
permit which of sours equines a space ofS diensions or greater 

The notion is that if we allow a spacetime of greater tan four dnicasion, by continuing to rote ever mae oahu in 
daring sireton away fom the pina lin of travel the rotted bjt Toses one observable nension for every 
bthorattion. Hence wi thes "Sparing" oborbtatins it bese a "nonobscrble point t he normal obry, bit one 
that would he moving at speed ©. single onboroation would make the 3-imensional objec two-dimensional plane 
moving a peo 

No matter hw many roaions are made ina deparing manne, the objec isi onnccted othe tine dimension common all 
dimensions (asung only a single tne densi fa simplicity) So exists anenthoroaed spce bul inthe same tine 
“othepyacal obser in apace, thus appears to bea "time-ke" oe “meat” object ony- Noneises, by afectng he 
density and stucring ofthe tne dan ican have an effect on pai objet We discus thal mechanism under the 
subjects othe mind-body coupling mechanism andthe boomin ouplng mechanism Fst, with he Sachs Evans 
ned ld theory approach the tine domain canbe dct engincored This means a ol "ier or pial eal and 
timerlke oe "meatal reality can be deel engineered by novel electrdynamic mans 


{In short, photon is just particle (such a an electron) thats orthorotted once (toward the ime axis). In photon emission, 3 
lie bi ofthe mass-energy tures into onthorotated photon eneexy. In photon absorption, the absorbed photon energy turns back 
fato mass-energy. 

‘The higher dimensional orthorottinal concep was originally formed to allow a physical modeling grasp ona "metal object 
ss compared oa "physical" object, and to havea connection mechanism between the two. Such an approach can be used to 
‘mode! both mind and mater, their interaction te. The resent author has wed ito solve the old philosophical problem of 
"intent", of how the perception of selfs attained, bow the extemal wold i percsived separate from self es. A-model for both 
living and noniving sates does emerge. 

‘This ora very similar approach has becn usd by the Russian’ highly classified weapon science called gnoygetie Tat third 
branch of energetics is called prichoenengetics and itis the physics of dell engineering mind stats, ming operations, 
memory, et. by extended eletrodynamic means. We have previously detailed much ofthis work privately, bu with some 
‘tied openly ima few papers. Ey. soe. E. Bearden, "Mind Control and EM Wave Polarization Transductons, Part I, 
Explore, 92), 1999, p59; Pa Il, Explore, (3), 1999, , 61; Patt I, Explare, 94.5), 1999, p. 100-108 


DESTRUCTIVE INTERFERENCE 


When two waves or wavesets fom wo diferent sources superpose to produce a combined wavest that has a lower intensi 
than the sum of the intensities ofthe two onisinal waves 


DETERMINISTIC PATTERN OR TEMPLATE 


‘The exact amangemen, by plan and deterministic action, of group of entities 
Eg. of the photos in herd” or "group" of them. Or a set of spuctime curvature, into a dynamic structure called 
‘spacetime curvature engine'—or "engine" for short. Or by the vital photons inthe vacuum flux, or a deterministic se of 
changes otha Vacuum flux (the Vacuum fu that is called the "vacuum poteatia." have called this function —of a 
Aeterminsticpattening or templating of the virtual fux (partiele view) ofthe potential—dimensioning the potential 


DIELECTRIC 
Literally, "aguins electri (current 


‘originally coined to mean “opposes the flow or conduct of electric uid.” 
Intoday’s language, a dielectric isa non-conducting material used to oppose or prevent the flow of electric charges. Even empty 
‘vecuum exhibits some delete resistance, "Diclvtnc” is also used tn refer to a nonconducting material (oflen used between 
the meal plates of a capacitor or elsewhere) wiich ean () sustain change in potential across a distance (.., an E-fld), and 
(i) serves an insulator. Space isl sa delet, or atleast it is said to exhibit certain delctic qualities. 


DIFFERENTIATION, CELLULAR 
Ly specialization of hody pas or arsans inthe evolutionary proses. (21 modification of diferent parts ofthe body to perform 
paticular functions (3) modification ofthe cells foming these body paris or rans so aso perform the necessary cellular 
fincions required fo suppor the functioning ofthe body part or onus 


DIFFRACTION 
‘The bending of 


Usually difaction introduces undesired distortion and isa problem, However, tan be useful and desirable for example, in a 
siffaction grating 


ght at the edge of un opaque ohioet 


DIMENSION 


Acerain cometrcal 


cal tribute, such os length, use to deserie the separations relationships of physical 


‘The degresof that separation is known as "length", "time", etc. By "geometrical" we mean that th "dimension" is considered to 
exist" nether he presence or absence of he observable physical phenamenon; however, by understood agreement 

dimension ise i not diely observable. Itcan be infered ("measured"), however, by comparative operations of simpl 
‘devices such as clocks and meter sticks, and its simplistic definition usualy given as tht which te measurable magnitude.” 
Prescribed measuring procedures are used to assign magnitudes to these inferred dimensions, using specifics 

Actually, “dimension” just means fundamental quantity of separation” and "geometry" i the mest general sense. The numer 
ft dimensions taken in advanced physics usualy represents «somewhat arbitrary choice for good modeling ft In modern 
Kaluzaklcin theory, for example, becomes necessry to accept some 10 or 11 dimensions in the usual particle physics case 
(General cativity has incorporated the interaction ofthe abstract geometry (Spacetime) with mass. Unll Sachs extension of| 
inseia's work into a unified field theory and Evans incorporation of O(3)clecodynamics as an important subst of Sachs! 
unified theory, general relativity is largely remained a nonexperinenal discipline, atlas inthe laboratory. With the new 
Sachs-Evans approach, however, GR becomes substantially cagincerable by novel cleewomagnetic means, including inthe 
Inboratory and in devices. 
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DIMENSIONING 


‘This is an artificial tem 1 sometimes use 10 mean "Yorming an exact pater or Yemplat’ particularly of nested curvatures of 
‘sgacetime where he pafteriemplate may also be dynamic. 11 anvolves te intemal structuring ofthe "dimensioned en 

‘The use ofthe tem “dimensioning” makes sense in unified fied theory, but is awkward in normal EM theory which erroneously 
considers that EM energy propagates in an uncurved spacetime, The mere presence of «change in local spatial energy, rested 
by the wave encray itself when preseat in that loal region, curves the local spacetime. Hence the EM wave rigorously wavels 
sn curved spacetime and in fact identically isa propagating, oscillating curvature of spacetime. 

_Dimensioning also implies a deliberate form or structure (with dynamics) created inthe virual photon ux ofthe vacuum or of 
the viral photon flux comprising a scalar potential, ori the infolded longitudinal wave EM inside all EM potentials, cl, 
and waves. It implies an associated st of spacetine curvatures and their dynamics. The later are refered as "engines 
"vacuum engines", "spacetime curvature engines", ee 

Dimensining potentials or signals orcarticr waves also involves ang hidden vacuum engines to them. chose the descriptive 
team dimensioning because adding such templates (hidden vacuum engine strictures) is equivaleat o increasing the EM 

topology by adding dimensions. Sine an EM wave or fel or vector potential can be decompose int Wo scalar potentials, 
then by "dimensioning" one or both ofthe scalar potentials one an nfl the desired hidden structures or pattems (vacuum 
‘engines inside an EM carter wave, EM fel, or Vector potential. So I called this dimensioning those entities Internally 
Structuring th two scalar potentials va arrays of EM LW emiters, and then applying the neessary dynamics (modulations), is 
Primarily the manner in which dimensioning can be dzeetly engincerd. When dimensioning is present, two identical EM 
‘waves as scen onthe oscilloscope may have dramatically differing intemal stuctures (dimensioning), and hence the two will 
Produce drastically differing effets when they interact with the sume o similar objects. This ofcourse is the mechanism 
involved inthe Kazmacheyev experiments and in the decades-long microwave radiation of the U.S. Embassy in Moscow, where 
health changes and diseases were elecromaynetcally induced in personnel in ield-tree (sable and nonchanging potetials) 


Russian energetics refers to wit wear calling "imensioning” simply asalding dhe information content ofthe field. A very 
skilled disinformation program (actual a strategic deception program) has beon used to deceive the West into belicving the 
pase refers to ordinary spectral analysis. It doesnt. The importance of the dimensioning concept is that ene has not formed 
fete "signals," instead, one has formed vacium engines. Wa teceving object receives a signal, sy or may not act upon that 
signal information” Ifitseceives a acum engine, however, the engine (structured local spacetime Mux) cincly act upon 
tw make the requisite change. Further, the energy forthe intraction's working upon the exposed objector sytem is furnished 
continually from the curved spaccti set and ther dynamics. The receiving object has absolutely no choice in that action 
fccurring tit and the action can occur from the gluons and quarks inside the charges inthe mute, tothe lice structures to 
the system dymamic, to the element os to trnsmite them te 

Note that when a dimensioned EM field or potential i absorbed by an object, that object also has internal EM fields and 

Potentials which have substructures (usualy rather random). However the internal structure ofthe absorbed dimensioned entity 
nd the intemal structures ofthe EM fel, poteatias, and waves do mix ina diect diffusion process. Hence with continued 
‘radiation, the target can be “charged up with the desired intemal dimensioning structure, This how the miowave 
‘radiation ofthe U.S. Embassy accomplished disease induction, using signal with the desired disease dimensioning impressed 
In ther structures, particularly i the potentials, tn the Gulf War Disease, a much more sophisticated use of this mechanism Was 
‘made, using a quantum potential 2s the carrer All he effects (including the body fluid wansmisson, the EM fields ofthe body 
‘ransmiing and kindling some of the effects in children in proximity toa dimensioned veteran parent, canbe explained, 

‘The use of dimensioned EM fed, waves, and potentils—and the use of dimensioned quantum potentials in Bob's hidden 
‘arable theor—allows an entirely new science of EM biological warfare, far more threatening and lethal than the more 
Primitive physical pathogenic kind. It is als possible to use the techniques for revolutionary healing, as unwitingly shown by 
Priotéand the scientists working wit him, and also as shown by Becker er a 

The only way in whick the action ofa vacuum engine (dimensioned carrier ety) can be resisted is o create and 
Simultaneously introduce the exact antengine for 


(Once the action has beea complete inthe recciving object and ithas been changed, the only way it usually canbe undone isto 
forma precise antiengine for that ction, amplify the antienpne, and lt the anticngine at upon the objet for a sufficient ime 

to rime reverse it hack to its previous physical state and condition”. The Proré mechani utilized that method for reversing 

the cellular damage duc to cancer and infectious diseases, ad to restore suppressed ummune systoms. The same mechanism, if 
redeveloped, could also he used to reverse aging in living human patients, 


‘The engine and antengine processes can also be applied by structuring the "time-charging” or "ime-xcitaton charging” ofthe 
particles of mas na bod). The "porthole" concept even allows ordinary EM radiation tobe used to feribly transduce the 
{put ordinary EM into the extraordinary EM and thereby forcibly accomplish the necessary time-chargng actions for dvease 
an body deterioration reversal See discussions under "pothole concept” and "ime-charging” 


DIPOLE 


In dhe simplest case, swo separated cy 


Asa general definition, a localized postive charge or charge distribution and a localized negative charge or charge distribution, 
Such thatthe net charg summation is zer, but Wherein te positive and negative charge distributions do no superpose. We 
Point out, however, tht in regular physics electrical charge as no proper definition. Tey looking it up in several physics 
titionarcs! Then check our propose definition of electrical charge. As well-known in particle physics, dipole fa broken 
symmetry inthe virtual photon fix of the vacuum. By definition of broken symmety this means tat some of the virtual 
{enemy fx continuously absorbed fom he seething vacuum by the charges ofthe pot, is nt re—radiated as vital neesy 
Instead, is inteprated coherently and retadted in 3space as eal emited EM energy. The dipole therefore a true "negative 
resistor" since it receives EM eneray in unusable fom, and re-ets itin usable form. In classical EM theory, the problem af 
how every change and dipole can continuously emit EM eneruy to form all the associated feds and potentials and their ener, 
{San unsolved problem-sometmes called the most pressing problem in electrodynamics, both classical and quantal. For the 
‘olution anda discussion, see my paper "Giant Negentropy trom the Contmon Dipole” Journal of New Energy, 51), Summer 
2000, p. 11-28, 

Because ofthe broken 3symmety ofthe dipole, the EM enemy flow is not conserved in these dimensions (symmetry 
represeals a conservation law and broken symmetry represcasthe Violation ofthat conservation lain this case, violation of 
conservation of 3-space EM energy Now). Instead, EM encray flow is coassrved in 4-dimensions, andthe hidden inflow of EM 
nemgy 10 the dipole is actually from the complex plane (time domain). Thus all EM enceay’is actully received fom the time- 
‘domi, undo the importance ean be seen ofthe intemal stictring of time-Dowe and of longitudinal EM waves in the tne 
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domain. Such time-domain energy flows appear naturally in O(3) electrodynamics; see M, W: Evans and T.E, Bearden, "The 
‘Most General form ofthe Vestor Potential n Electrodynamics,” Optik (in revi), 


DIRAC, PAUL A.M, 


[Noted English pvsicist, 190 
‘he poston 


DIRACSEA 


(Considering the vacuum as containing amongst other things a sea" of an infinite negative eneesy conitions or states 
holes") for slctons, almost all of which are lle with electrons 
Im Dirac clecton theory, the relatvistie wave equation for she electron has four components, which corespond ot spi. 
orcatations and two enensy conditions: positive and negative. Thus the vacuum possesses a "sea" of negative nergy conditions 
for electrons. These ar called "holes" and ae eansidered to orinarily be filled dr mostly filled with electrons which have 

len into these negative energy states. The Dirac sea thus i this vacuum sea of negative energy electrons. In forward time, if 
energy rons can be lifted fom this ea. If spactie slvally curved, adtional les may be created so that 
formal postive energy cectons fll nan disappear, cresting the appearance of un “electrical energy sink.” IF the curvature is 
In the opposite dtetion,clectroas maybe lifted fom the Dirac sea by the curvature, thus producing & flow of electrons and 
creating the appearance of an "electrical energy source.” 


94, who shared the Nobel Prize for devcloping wave meshanies and pricing the existence of 


pIScRETIZED 


Occurring infinite size, fixed a a funtion of one or more variables 
So long asthe same value(s) ofthe variables) are sclcted, the discretized entity is always the same size. However, ithe 
‘value(s of the determining variables ae changed, the valuc ofthe discretized quanity may change so that its nota whale 
‘umber multiple ofthe former entity. Compare tis to quantized entity. where the values ofthe variables) are held to those 
Wherein the entity will always bea multiple of an entity of fixed size 


DISEQUILIBRIUM 
‘Broken equilibrium, which in tum involves breaking appropiate conservation laws, 


DIssociATioN 


‘Seouraton of ideas fiom theirafects or felins, resulting in independent functioning ofthese components ofa persons mental 
Process, 
‘Simply put, fragmentation ofthe mind and personality. Severe dissociation isthe definition of ins 


DISTORTION CORRECTION THEOREM 


ut lossless dictestie medium, and if 


ome region of space [sav near 20] is phase coniugate replica E2(n), then E? wil propagate backward rom right to let 


throuah the dielectric medium, remaining everywhere the phase conjugate of EL 
(Quoted from Ammon Vari, Optical Electronics, 3 Edn, Holt, Rinchar and Winston, New York, 1985, p,S00-S0 


‘Whats mising from the distortion correction theorem s hidden inthe phrase “if we generue in some region of space. its 
phase conjngate replica". Since elecrodynamicists and optical physicists have beea unaware that all EM ence at any point 
fn space comes from the time domain to that pont. then the actual phase conjugate wave inthe imapinary plane (Hom the time 
draain) isnt utilized asthe phase conjugate replica, Instead, the interaction ofthat wave wih charges, which actually 
produces the fore-field wave in space, i assumed, Ia shor, one is looking at the "eect" wave, not the Tease" wave 
However, since time isnot an observable even in theory its this effet” wave in 3-spac tat willbe measured by our 


Not also thatthe distortion correction theorem says nothing about longitudinal EM waves inthe time domain, Interestingly, in 
nonlinear optical pumping. it sppears that the 3-space energy of the pumping -xpace waves is transformed into the ime domain 
by the pumping. and theace flows from the time domain into the 3space domain to form the progression of he time-reversed 
replica wave in space 

11s apparent that much more work shouldbe done upon the foundations of phase conjugate opis, na igher symmetry 
clectdynamics model sch as (3) electrodynamies and particulary in the unified field theory asin the Sachs Evans 
combing approach, 


DNA (DEOXYRIBONUCLEIC ACID) 
‘Nucleic acid that constitutes the genetic material of cellular organisms and also certain viwse, 


DRUDE, PAUL 


Inmportnt German physicist, 1463-1906, who formulated the theory of the fice clevton gas nse conductors using it to 
foqmulate a theory of meals resistnes 


RUDE ELECTRON GAS 


‘The oe” cletrons that have broken lose from ther atoms in a conductor and are ths ice 1" 
igrle”—or flow as cuTent when exposed to an en, 

‘Also called the electron gas, or Drude lecron gas. Named after the German physicist Paul Drude who died in 1906, who 
formulated Drude theory of metalic resistince based on EM theory and his wn theory of elects, See P. Drude, Ann 
Physik, Vol. 1, p. 566; Vo. 3, 1900, . 370, 869 fr the original Drude papers. 


nder around” and 


DUALITY PRINCIPLE 


Jn.quantum mechanics, the principle tat photons and other particles propagate ike waves and interac ike patcles, so tht 
their descripdons as only waves or only paricles is inadsauae 


ECM. 
Etegtonie Countermeasures, 
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Electromagnetic measures taken aginst targeted elstronies or clectromagneties operations in systems, particularly in hostile 
‘weapon systems, command and control systems, et There are eae textbooks inthe West that are devoted to ECM effects, 
Uses eflectivencss, ce, A great deal of ECM equipment is also wed by any modern miliary force, Havveve, in ou view what 
's greatly lacking as yet in Westem ECM is the deliberate design and use of novel new kinds of ECM based onthe extended 
higher electrodynamics suchas 03) cleetrodynamics, and particularly by use of longitudinal EM waves and by use of the 
{nfolded electrodynamics inside all EM fick, potentials, and waves. Longitudinal EM wave interferometers (LWIs) can 
reach right through te earth andthe ocean to emerge onthe oer side ofthe earth. In the interference one (12), real EM 
transverse wave” energy is created readily by the interferometry. Basing ofthe chassis grounds of the distant LIVI transmitters 
«can control whether the aormal” EM eneexy appearing nthe target 12 is convergent (cooling) or divergent (heating). By sharp 
pulsing ofthe LVI transmitters, massive col explosions or Hot explosions can be creed inthe IZ. Continuous LW 
Interferometry can produce geometric forms of EM eneeuy which usually glow due othe ionization ofthe atmosphere, ete-in 
the dense EM encray regions. Since these can also involve general relativistic elects aswell a electromagnetics effec inthe 
UCL) CED sense, cbviously a dramatic expansion of the entire field of measures and countermeasures is ented 

We believe these LWL weapons may be what was referred to by US. Defense Seerctary Clea as follows: "Others are engaging 
even in an ecortype of terrorism whereby they can ater the climate, et off earthquake, volcanoes remotely though thease of 
lectromagnetic waves. So there are plenty of ingenious minds out there that are at work finding ways in which they cam wreak 
terror upon other nations..1s real and that's the reason why we have to intensifi our efforts.” Secretary of Defense William 
(Coben tt an April 1997 sounteerorism conference sponsored by former Senator Sum Nunn, DoD News Briefing, Seetstry of 
Defense William S, Cohen, Q&A atthe Conference on Terorism, Weapons of Mass Destruction, an U.S. State, Univesity 
of Georgia, Athens, Apr. 28,1997 


EDK 


GE WAVES 
Inclectmmagnetics, waves tht form parallel wo a material edae 


EDISON, THOMAS ALVA 


‘Noted American inventor, 1847-1900, whose staggering numberof inventions included the storage buttery, electric light bul, 
nograph, motion pictures, and carbon microphone. 


E-FIELD (ELECTRIC FIELD) 


‘The electri field or electric intensity E, Thu field on a spinning charged muss which produces an electrical force resulting ina 
linear motion of the charge 
See also discussion under c, above 


E-FIELD, MOTIONAL 


In classical EM theory, the electric field produced by moving a conductor ins mantic field Often called murional inductance 
sth Held. 


Inthe athodo theory, motona inductance ix deem! to he identical tothe inductance caused bya ime rte of change of the 
‘magni field, experienced by the moving conductor, 


E-FIELD, STATIC 


Imomhodos theory, the lect fed inthe space surounding a static charged parle, induced by the presence ofthe charued 
ati 

In classical EM, there is no notion ast the causative mechanism fr this static eld ofan rom a change, which impli i 
assumed to just continuously create and pour out EM energy inal directions, thus grossly violating energy conservation. 
‘Consideration ofthis anomaly leads to what has becn called the most pressing problem in bo quantal and lasical 
‘lectodynamic: the question ofthe formation of the fell and potentials assviatd with the "source charge” 


For fll olution to this problem, ce my "Giant Negetropy fom the Common Dipole." Journal of New Energy, 5), 
Summer 2000, p. 11-23. Also on ths website 


EHRENHAFT, FELIX 


Scientist who performed numerous experiments believed to demonstrate factional cha 


EINSTEIN, ALBERT 
(German Jewish physicist, 1879-1055, who emigrated wo the US. and formed special and discovers 
tuuformed the cory of Brownian motion, recommended the developmisat ofthe alomic bomb to President Roosevel nd 
ofoundly affected the enurse of science und he modern word 


EINSTEIN-de HAAS EFFECT 
‘The ration observed ina frely hanging ferromagnet when it hecomes magnetized 


has een used inthe Einstcin-de Haas method to determine the gyromagnetic rato ofa ferromagncic material by suspending 
‘cylinder ofthe material fom a torsion fiber and measuring the angular displacement ofthe cylinder whe its magnetization is 
reverse. 


EINSTEIN, PODOLSKY, AND ROSEN PARADOX, 


‘Thousht experiment in 1985 for measuring two correlated photons separated and at distant Josations, protesting tht quantum 
imechanies requires tal the patles communicate stanly, Which is 4spooky acon-at-a distance” (Einstein's phase) 
‘The experiment eventually vas performed and it works, ust as requted by quantum mechanics. The paradox inspired the 
development of hidden-variable tories, 


EINSTEIN'S POSTULATES 
1) All the laws of physics ate equally valid i ll inertial fumes of reference 
(2) the spe of lsh is he same 0 every inertial observer, and 
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(Gy the observable lca effets ofa gravitational field are indstinguishable from thse arising from acceleration ofthe frame of 
reference 


‘The fist is called the special relativity principle, the second is called the lw of light propagation, andthe third is called the 
equivalence principle Its now known that postulates (1) and (2) are not independent ofeach other. Note that the tid postulate 
liplies that any lea! force is due toa "gravitational field” (acceleration of the frame of reference) I also immplis that 
rivitational force has mechanism, since quantum mechanics assigns a diferental operator, operating upon a potcatil to 
treate every fore. By extended inference tean be seen thatthe third postulate also implies tha here should exist a mithod to 
turn any typeof free (eld) into gravitational force (il, 

‘The Russian physicist Sahar has strongly postulated that gravitation isnot even a fundamental fed of physics, of the kind 
used by Maxwell ia his electrodynamics. Instead inthis View G-ield i always comprised of, and made fom, ober fells and 
Interactions upon them: Indeed, such has always been implicit in general elativty, it just took Sakharov eo formally propose it 
Eg, see A. D,Sakharoy, "Vacuum Quantum Fluctuations in Curved Space and the Theory of Gravitation,” Soviet Physics 
Doklady, Vol 12, No. 11,1968, p. 1040-1041 [English translation Sakharov article (in Russian in Doklady. Akad. Nauk 
SSSI, Vo. 177, 1967, p. 70-71 

Now let us doa litle "tinkering" with Einsteins postulates. For the first one, we point out that inthe new approach using 
dimensioning and subspaces, te notion ofan inet frame now has acquired addtional complexity! The “gross translation” 
effects—which tends tobe what physics ulimstely focuses upon—can remain the same, and Yet vacuum engines canbe buried 
"up msde the inertial frame tact upon a mass in noaransating ways. Everything tansaton-wise ean remain the same, but 
now mater ean be tansmuted and wansformed, etc still ight therein an inertial frame, So when the infolded electrodynamics 
Inside all ids, potentials, and waves ae tlized, the notion of "incr frame” has aquired higher tpology and then onc 
‘meri frame may differ very substantially fom another inertial frame. This of couse move one fom special reativty ilo fll 
seneral relativity, and even there into a slight extension. Special relativity can remain special relativity onthe surface and yet 
‘fects occur within" the objects postulated wo exist inthis inertial frame The "inertial frame" concept inthe postulates is OW 
Justa sort of special "equilibrium case” of «higher topology "inertial frame” notion. 


‘The second postulate now stand as 8 "special case” of afar more general second postulate It actually defines (and limit) 
ight to bulk changes in the entre vacuum potential magnitude. I aly applies 0 light signals which are "bulk upheaval” 
disturbances ofthe vacuum potential (spacetime) Specifically it eed not apply tothe "inner ENUGR realm" of longitudinal EM 
‘waves infolded inside the vacuum potetal,otber potentials, signal earcr, ee. Superiuminal communication is now included 
{inthis "hidden variable” communication. The Foal semiconductor isin fact capable of inflding and outfolding EM signals, 
Including producing the internal longitudinal EM waves, and during ther infalded stat thes signals are permitted to move at 
superluminal velocity 

So the second postulate needs tobe restate to nlude the presen statement as a special ease, Notice thatthe concepts" 
tnd "sped of igh” have now taken on much richer, extended meanings, since there is “outolded” light and "infolded” light, so 
to speak. Light now i not just the "external perturbation wave" inthe ambiest vacuum poteatial medium (in fa spacetni) 
Instead, it can also bean “internal perurbation longitudinal wave" inside a "net Nat spacetime” which does not show oa the 
surface" at al, Indeed, i may move inthe time dimension or in 3-space. Itnow includes te transmission of an extraordinary 
actu engine” as wel asthe usual transmission of just an oninary signal 


And these infoded vacuum engines canbe visualized a very special sets of longiutnal EM waves and thei dynamics, 
‘consistent with the Whitaker decomposition. His U1) symmeuy electrodynamics decomposition particularly when cariched 
In the higher symmetry (3) clctodynamics—applies to the ambient vacuum as a potential (it sa potetial since it has enersy 
density). So the "subspace" inside spacetime, soto speak, is usta set of LWs and their dynam, and tht subspace ise 
fayincerable, just ass the "bulk curvature of spacetime” iss. Further, we may nov consider space itself justa vast, 
superhighway for such superluminal LWs and their dynanncs. Mass is mostly empty space with only an occasional particle here 
and there and with field, potential, and waves in between. Hence huge masses such asthe occan and earth ar actually 
Superhighway forthe direct passage of longitudinal EM waves, "engines" te. The degree of "ranspareacy” is function of| 
the degree of cleanness ofthe LW. 

‘The tied postulates also boca dramatically extended and requires revision, As presently stated, antigravity effects donot 
sppear tobe included in present physics heretofore, The "gravitational effects and extemal accelerated effec” nobon in 
‘conventional physics i sill founded purely on ordinary bul translation. Now it need not be, For example, the system can 
appear tobe an ordinary system, as judged by nocmal "external light observation. et its intemal vacuum engines can eause 
Toca! violation of most so-called "laws of ature” The reason a "law of mature” can be violated is that one ts now able ta violate 
the premises upon which itis postulated, and which are required to hold ifthe lw st hold. Or another way to lok at: any 
conservation Lav isthe result fa symmetry. Breaking that symmetry allows violation ofthat specific eascrvation la 

So.as we've suid so many times before, the inflded! EM inside the "conventional" EM fields, waves, and potentials—and inside 
the vacuum potential and spactine itsell—<ramatically changes the present theories of electromagnetism, quantum mechanic, 
tn general relativity. Further, fr the fist time the Sach unified field theory allows an engineering approach which 
Simultaneously ross, includes, and extends ll hee disciplines inthe required manner. The approach ean be pled ito 
‘00d engineering models basen the Sachs work, particularly using the O(3) electrodynamics subst spearheaded by Evans, 
fn the models ean be tested and verified or falsified 


EINSTEIN'S GENERAL THEORY OF RELATIVITY 
Mathematical theory of 


mother words, the geometry and its dynamics have become physical agent. 


11s important to ote that in genera relativity, dhe curvature of spacetime ats on muss-cneryy, and changes in orto mass- 
energy interact back upon spacetime to changes curvature 

Further, we consider that an exact patter of curvatures of spacetime and thei dynamics exists fr every mass system and its 
‘dynamics. This isthe engine concept The most general way To engineer mater snot by brut free translation, bu by forming 
‘spacetime engines. Once formed, these engines act upon any mass place inthe engine region, ocliinate the deta existing 
I that mas’ resident engine and the impressed engine. The curvature of spacetime itself furnishes the energy forthe 
‘continuing action upon the muss, ence we pay te form the engine. The mass can he acted upon at any level rom its gluons and 
quarks to its ale to its atoms, slates fares and binding ener. ete. Significanly the Sachs theory applies to physic 
fealty fom beneath the quarks and gluons to the eatie universe, and fold in quantum mechanics, electodynamies, and general 
relativity into a single unified field theory that is (in theory) engincerable by higher symmetry electrodynamics means. 


ELECTRIC FIELD 
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‘The comentional definition i this: "I. a region in space in which a stationary clectric charge experiences a force due ots 
charge. 2. the electric force per unit test charge.” Dietionary of Selence and Technology, ibid, p. 720. That definition i 
flawed. Consider the "spatial aspects of par I. If an electric field is define asa force por unit charge, its nota region in 
‘massless space but ia effect of somthing existing in massless space and interacting with the charged mase, The electri eld 
prior 1 interacton is indeed relate to a region in space, because tis identically a curved spacetime region. Inthe Sachs 
Spproach, general relativity and electrodynamics have become one and the same. So proto infraction, the ld ae 
Independently exists prior to interaction with charge bas become a curved spacetime region, and the Held is purely a spacetime 
urvature effect The interaction with mas to produce afore on and ofthat mass (mus isa componeat of free, and thee is no 
such thing asa massless force) isa separate consideration from the fed asi exist in space prioe to interaction." The result of 
this entity's interaction with charged mass has nothing to do with what an electri fled is, but with what ies to charged 

‘mass. Furhe, de force evidenced on a charged particle i not dc to is change; it has that charge always, whether or no there is 
‘net free evidenced on i! 


Part? isa litle better. The only problem is it totally disayrces withthe entity existing in space prior to interaction. In eer 
words, here is "force on a charge”, which isan effet occuring aller the imeration. Again itis what the field does or 
‘accomplishes, not what it i Hopefully the reader can now begin o see what tembledificulties await anyone who seriously 
attempis foundations defitions. Feynman sums it up admizably in one of his famous statements: "Everhing we know i only 
sume kind of approsination, therefore things must be learned only tobe unlearned again or, more likely corrected." An 
‘ional dticuty i thatthe very notion of separate massless force independent ofthe mass on which it operates, i 
Ficttous, yet coatinues tobe widely used. Recalling tht any true definition isan identity and not an equation, let us stat with 
the definition of force: 

= ditfmy)_ As canbe seen, free i a system comprised of (i) a mass component and (i) a aonmass component. The force is 
not Something separate fom the mas, at all! Further, free is not even untuy.I'sa system comprised of tvo coupled 
components; the mass and a couple (interacting) gradicat in a potential ux. Nove dar v involves motion through, and 
Interaction with the virtual fax comprising the wacium potential. Note that dvdr involves a gradient in that fs inertion 
(withthe mass Unfortunately mechanics is tll using the medieval concept of a "separate fore acting upon a separate mass" 
‘That is wrong unless we change the fundamental definition of force itself. See, cg, Robert Bruce Lindsay and Heary 
“Margenau, Foundations of Physics, Dover Publications, New York, 1963. 285, where the authors emphasize that a "fel of| 
force" at any point s actually define oaly forthe case when a unit mas is present at that point, The reason can be sec: mass 
{sa necessary component of free, and without mass presea there cannot bea farce preseat. 


ELECTRIC DIPOLE 


See Dipole 
ELECTRODYNAMICIST 
A specialist in lectrodnamics 


the physics ofthe relationships between electric, magnetic, and mechanical phenomena—and especially a specialist in 
‘lectodynamis theory 

1 should be pointed out that essentially al elctrodynamiciss are versed in U(1) electrodynamics, and a much smaller number 
sre versed in more advanced electrodynamics such as O(3) symmetry electrodynamics, unified eld theory electrodynamics, 
ron-Abelian electrodynamics, ec. The electrodynamics fc is actually a Very vast field indeed touching everything in 
pliysies. Very offen, when one needs particular electrodynamics problem solved, it alls fora special category of 
‘lectedynamicist and not just an eletodynamicistin general. One must therefore sometimes examinc the background ofthe 
‘leetodynamicst making a statement ora pronouncement elcewodynamicists afer ll do have differing views and ditfxing 
Alisciplins within the field 


ELECTROMAGNETIC PULSE (EMP) 


‘A sharp pulse of electromagnetic radiation produced when an explosion occurs i an unsymmetrical environment, especially at 
lor nca the arth’ surface or at high aitudes 

Essentially the same as an electromagnetic shock wave, a wave of great intensity which results when waves with different 
Intensities propagate with diffrent velocities in a nonlinear optical medium. An EMP is also produced when two intense 
longitudinal scalar electrostatic potential wave pattems moet and couple int a sudden flash of vector EM energy. 


ELECTROMAGNETIC SMOG 


‘The hackground of extremely wenk EM radiation ht ils the normal modem environment, particularly in developed nations, 
‘The individual signals are too weak 1 individually produce eects of any significance in biological systems. However, ina 
dense EM smog environment with 500,000 signals per square meter per second, tbe signal complex apd its nonlinearity begin 
produce highly nonlinear effects in biological systems. These effects also produce damaye that may cumulte over a long 
Petiod of ime, including for years. This bioeffects area has lagcly not been investigated by EM biollects scientists 


should be pointed out tht else lines, telephone lines, tansssion ines, tc act as long wite antennas o detec and 
Propagate such very weak EM signal noise. Esscataly ll the radiators inthe environment including electronics equipment, 
‘TV stations, radio stations, factory machincry, etc —thus produce very weak signal picked up by these long line antenna and 
Piped ino every home, factory, neighborhood, et 


ELECTROMOTIVE FORCE (EMF) 
A difference of potential created by sources of clecrical enengy—i, by separated charges (dipoles) which canbe wilized to 
‘dive electrical currents rough extemal cireuis_Also, open But vollgs oF the Kin of he pote diference Between the 
SOUT etal as the current i ths extemal cell apprpaches 250, 

umed. Also quite confuse inthe sandant theory and usage. Fist emis no a force aa, Iki diferene in 

hence it is measured in volts. Aso, ts at considered an E-field, since that ia ld of force. Yt itis in facta, 

restricted ty he direction between the two measurement points, and_is considered to bean E-field in the theory! 

For this reason the standard theorists say tha the tem is somtimes used as equivalent to a difference in potenti ttt 

strictly speaking it shouldbe applied only to source of electrical enemy! The problem is that conventional theorists ae 

‘unaware that a potential is abuirstonal flow of energy in 3-space, where the energy enters from the time-domain (complex 

Plan}. Since they are unaware that a potentials hidden negentropic energy flow process involving broken 3-symmetry and 

Viable 4-symmet, the thors are ufable to consider the potential in general asa source of energy flow Yet hey are forced ty 
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considera potential diffrence across the teminals ofa source as "Somchow a flow of enery, that generates frees upon the 
‘lectons 10 propel them through the circuit a current Now. 

Inthe new viewpoint, resolution is achieved ofthese incongruitis by more accurately defining the E-fie with respect othe 
potetial as Eq. Is noted that [4g also produces an E-ild, o that the fll definition ofthe E-field is as E 
TedAldpgl/q, However, one volt represents one joule (of excess enezsy) per coulomb of charge. The energy density flowin an 
‘lectri elreatt isthe voliage, inthe emf, andi bs notin the current per se. The clctron current (dif current) cartes the 
excess energy that i being dissipated as workin the circuit, but ina nominal circuit he drift current only moves afew inches 
pet hour. Half the eneeay is dissipated in the external circuit and exteral losses, and half is dissipate in forcing spent clectons 


In the ground retum tine back up through the back-emf ofthe source, performing work inside the source to dissipate is 
scpartion of charges. Left alone, any dipole wil furnish emt indeintely, ely receiving the eneney from the tame domain 
{complex plane) and outputting iin 3-space. The free low of EM enemy will continue unabated fom the undestroyed dipole, 
‘regardless of how many extemal loads and losses are powered (how much energy is collected and dissipated from the ongoing 
Hows representing the potential), So electrical circus should be developed which allo litle r no cectons tobe forced back 
up through the dipole ta dissipate is separation of charges and destroy the dipole, 


ELECTROMOTIVE FORCE, BACK (BACK EMF) 
Back emis 
‘When the source is powering a creuit or iri element, the term "back emt suse t refer to the Forcing of current 
(electrons) backup trough the source against its emt, thercby performing work inside the source to dissipate its separation of 
charges (its dipolaiy). When a potential source of electrical energy—sueh asa capacitor, an inductor, ofa rlating machine — 
's receiving eneeayffom the source and converting ito disipative power and work that "powered" device is sid to develop a 
couner-en. A source has a built-in emf a prior, that is holding is charges separate so that it is dipolar. Whe electron 
‘current is forced backwards through the source through its built-in counter-mf, and backwards agains is emi, work s 
performed against the intemal resistance ofthe source to dissipate is separation of charges, thereby dissipating the source. If 
ecto curtent s not allowed to flow back up through the source agains its hack emf and though is bul-in counter, no 
Aissipation ofthe source ocurs, eventhough energy density (not electron current dat but energy ow did) is lowing fromthe 
source und canbe collected in galletrs inthe external circuit to store the energy asa crested local energy source. This 
collected energy can then be shuttled 1 separate loa iui and released, to provide a "heat pump" celing operation and 
‘verunity coefficient of performance. 

‘Nikola Tesla i fact knew how to shutle energy in circuit in such fastio 
patented eicuits has revealsd. [See TW. Barret, "Tesl's Nonlinear Osilatar-Shute- iru (OSC) Theory." Annales 
Fondation Lous de Broglie, 161), 1991, p.23-i.] Note that a igorousaualyss of those same circus, using ieasors oF 
‘vectors, will not show the eet. 


lose term used forthe contr-efecomotive fae 


‘When the original source dipole is nt dissipated because electron curent is not passed back up through its back-em to seater 
the charges, the original soues dipole will continue to furnish emf indefinitely 

‘The tems emf and countr-<mf are nocmaly aplied only to recognized soures of electricity. Efi uplied asthe algebra 
sum of the potcaial differences acting in acigcust attached tou source. Back-emf (counter-emt) i applied as the potential 
difference nterally through the source, between its terminals. Its main aplication is thought o be a powered device oe 
omponent in the circu Actually, is ain application iso prevent COP>L electrical power systems fam being developed 
snd uize. 


ELECTROMYOGRAPHY (EMG) 
A diagnostic application which detects changes in electrical potemials associated wih muscle contractions. 


Specific eestrical patterns have been associated with specific abnormal states (eg, denervated muscle), but the method has nat 
yet been systematically developed beyond ths application. 


ELECTRON 


‘lable clementary particle in all stoms, and having a negative charge of 160210! coulomb, spin 4 and mass of 9110-3! 


ELECTRON GAS. 
Asustom of electrons wih only we interactions so that the electrons mav be regarded as moving independent 
‘Thus, in many ways, hat collection of electrons can be treated asa gas. Also see discussion under Drude Electron Gas. 
ELECTRO-OPTICS 
technology in which electrons are fueused und tered as if they were light. Examples ae the cathode ray tube (CRT) andthe 
‘ecton microscope 
ELECTRO-POLLUTION 


Also called elecrromagneti smog and electronic smog. The conglomerate or maze of EM fields and radiations that are 
produced hy technologies such as clei paver ransmssion and radi transmission and that can have log tem cumulative 
Remit efits on humans 


‘The new viewpoint dramatically extends the types of feds and effets involved, and gives entirely new mechanisms for the 
Interaction of EM fei and radiation wih biological systems, including cumulative effets, signal-desiy effects, and vacuum 
engine elfects. A mechanism fr longterm causation of cancer and leukemia by elesteo-pllution i derivable an the aew 
approach 

Asan example, even though the myriad of very weak EM sigals comprising the electo-pollution are individually tiny cach 
‘when interacting at a local site with the body or its ells involves a broken symmetry and ths an involvement of 4-symmcty, 
‘vith corresponding giant negentopy. Further, the Heaviside dark energy component accompanying tha local felt interaction 
Will in turn interact with essentially al the eter locations of the bods. Each ofthese interactions involves broken 3-symmmcty 
and involvement of 4-symmetry. The sult of the lage complex of broken 4-symmeties constitutes a dice structuring inthe 
Time domain, hence weak time-pumping and weak time-charping. ‘Time charge excitation deeays only very lowly, emiting 
longitudinal EM waves inside the body asthe charg decays. 

(vera long erin of time (sometimes years), this "ime-hash” of "time-jamming” upon the operation ofthe master cellular 
contol system, the immune system, and the cellular regeneration system is cumulatively detrimental. In this way, eflets such 
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ss leukemia, cance, etc. may be gradually "kindled". However, there have been no real scientific laboratory Yeause and effec 
‘tetigations of this phenomenology a all. Nonetheless, the sults wll and da show in epidemiology studies, which are then 
attacked by orthodox Scientists (many employed direty or indiretly by the power industry et.) onthe grounds that 10 
Inboratory cause and effet evidence as been shown, 

In short this is one ofthe areas where the lack of scientific cause and effect laboratory evidence because such experiments 
have not even been dons improperly usd to negate real scientific work showing deleterious elects that powerful interests 
donot wish shown, 


ELECTRO-RETINOGRAPHY (ERG) 
Adiaonostic application that monitors changes in eletical potentials across the retina to assess eve movements 
This alm 


the only method available for noninvasive monitoring of Rapid Eye Movement (REM) sleep, 


ELECTROSTATIC COOLING. 
Tobe. 


ld 


ELECTROSTATIC SCALAR POTENTIAL 
A sate (stationary) ondering in the vital photon Mux of vacuum, 


‘The word static" is unfortunate and shouldbe replaced by "stationary, since the underlying active vacuum medium is always 
{nr solent motion and there is aothing truly "sai" inthe universe. But an equilibrium condition can exist ven in violent 
‘motion, so that stationary entity persists. An example isa perfect whisipol ina rive, 


ELF 


Extremely Low Frequency 
Use to deserbe EM fields whose frequencies lien the range trom just above 0 Hz (direct current) to 300 H. This includes 
powerline frequencies (60 Hz in U.S. and 50 Hz in Europe) and frequencis usd by cenain US. military ELF communication 
stems such as for submerged submarines. 


™M 
tromagnetics 
EMF 
Electromotive free. See discussion under that tem, 
EMFIELD 
legtromantic field. tn its lose usage, it refers in avery broad wav to any Geld, fase, or enengy associated with 
‘destomagnetic mierGtons. charges an! curents 


‘Thus "EM field” includes electrostatic fields, magnetostatic feds, electromagnetic fc (inclading radiation and induction), 
vector potential and sealar-potential felis, Herz potential, Fizgcaldpotcaials, Whittaker poteaials, ec 

In its precise wage, "EM field” conventionally refers to an EM "force" i, such asthe 

E-field, D-ield, B-eld, Held. In classical electromagnetics (CEM), as holdover fom the old assumption of matrial 
cer, the force feds are considered (etroncously) to exist in mass-fce space, and they ae also considered to be the primary 
‘auses of electromagnetic phenomena. Tis is bon sequitur, and it avalves substituting te eflet for the eause 

Inthe new viewpoint, the fore fields do no exist in vacuum, but only in and on and ofthe charged particles themselves, where 
‘mass i present fo form one component ofthe force. The force fields are therfore effects and not primary causes. The primary 
‘causes call electromagnetic phenomena is taken tobe the pteatials; however, the hidden Stoney/ Whitaker Zolkowski 
Internal structure of grdien-fce scalar potenals may interfere to cause potatal gradients in and on charged particle 
systems. This therefore includes dstanee-fce scalar potential interferometry and action a distance, as Well as vacuums 
gine, 


‘The new view uses Sachs unified fc theory and considers thatthe EM fed in the vacuum, or an EM potential i the vacuum, 
{sa curvature of spacetime function, Thus the new view isa unified field theory where GR fas become EM und EM has 
bovome GR, and where EM can involve or prduce gratin temporal, and inet effects as wel, 


[EM FORCE FIELD IN THE VACUUM (A FALSE CONCEPT) 
‘The erroneous notion that dere exist forces in the vacuum, so thatthe set of forces at ae of spatial points forms afore ld, 
‘This ignores the fact that mass is & component of free, and the presence ofa force requtes the presence of a muss. When 
“Maxwel formed his electrodynamics theory he and almost everyone ese believed that a thin material ether pervaded empty 
space. Thus there was a "material medium” in which electromagnetic elds existed, and soit followed that eal forces existed in 


this matcal medium, from point to point. Indeed, tthe early eletrodynansicists there was no point in all the universe where 
sass was absent, 


Heaviside, Hert, and Gibbs reduced Maxwells 20 quatcenon equations to the present four vector equations, but did not change 

the force field in space assumption used by Maxwel. Heaviside detested the "nstcal” potentials favored by Massel, and 

blioved they were figmens of one's imagination He regarded the forces asthe primary EM causes. 

Yet even while Heaviside et al were retanslating and topologically redacing Mawel! theory dramatically, the Michelson 

“Morley experiment in the 1880s had already destroyed the matraleher on which those same force feds Were base 

continued to use the notion of a separate fore ating on a separate mass, which ofcourse is also anon 

sequitur, substituting effect for cause yet again. Hence the foundations of physics remain fundamentally fouled 

For succinct discussion of potentials versus frcefcks asthe primary EM causes sce Y. Abaronow and D. Boh, 
ignificance of Flectomaghetic Potentials in the Quantum Thea,” Physical Review, Second Series, 115(3), 1959, p 485- 

491, Sce also ¥, Aharon and D. Bohm, "Further considerations on electromagnetic potentials in the quantum theory." 

Physical Review, 123(4), Aug 15, 1961,p. 1811-1524 


EM GENERATRIX 
Whatever genemtes electromagnetics, particularly the fils. Time i theultimate EM generat. 
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‘Whitaker showed in 1904 thar the interferometry of two sealar potentials (Le. oftheir hidden multivave structures) can create 
all classical EM feds, no mattr hw comples, thereby starting a branch of electrodynamics known a sper potential theory 
See ET. Whitaker, “On an Expression ofthe Electromagnetic Field Duc to Electrons by Means of Two Scalar Potential 
Functions,” ros, Lond, Math Sos, Seies 2, Vol. 1, 1904, p 367-372, The paper was published in 1904 and orally delivered in 
1903, 

11903 Whitaker showed that any scalar potential (eg. between the ends ofa dipole) can be decomposed into a harmonic set of 
phase conjugate EM longitudinal wavepats. The present author applied the Whittaker decomposition to the scalar potetil 
between the ends ofa dipole, and pointed out thatthe conjugate halset may be taken as convezping EM waves frm the 
complex plane (the ie domain), while the real hal-st may be taken as diverging EM longitudinal waves emaite from the 
Alipale mall discs in space. The dipole is a known broken 3-symmety inthe dipoles violent virtual energy exchange 
‘withthe vacuum; hence tis shows that breaking S-spatial symmetry allows nature to fall back toa more primary 4symmcty 
Hence energy flow conservation is violated in -space, but is rigorousl obeyed in 4-space. Further, the tee flow of *-spatial 
‘energy from the dipole continues sofas the dipole exits. 

‘The dipole thus is a true negative resistor, receiving EM energy in unusable form (from the complex plane; ie the time 
domain) tansforming it into usable eneruy, and outputing the usable energy. This is also the Fundamental mchanism for 
extracting unlimited EM energy from the sething vacuum, aking the energy ftom the time domain via the gant negentropy 
‘mechanism. See my paper, "Giant Negentopy from the Common Dipole” iil 

‘This also means tht the source of ll EM 3-spatial energy i fam the time domai, and is due o broken 3-symmetry. The 
lukimate EM generatrs i thus time, The ability of abit of broken 3-symmetry (suchas formation ofa simple dipol) to initiate 
‘continuing and ongoing low of fee EM energy via the 4-symmetry between time-enenpy and spatial energy, means that 
hegeniropie engineering, once we get th hang ot i fa easier than our present enropie engineering. In essence, We have 10 
learn how todo electrical engineering allover agin, fom a much more fundamental point of departure 


EMI (ELECTROMAGNETIC INTERFERENCE) 


Disturbances of electronic equipments operation by intrusion of exrancous EM signals fom outside sources, Also, 
‘isturbances of Ie operation of one or more subsystems of a elecvoni system by isusion of undesired signals rom other 
ubsvtem 


EMI, ANOMALOUS 
An ad hoc" iz denoting an unexpected nonlinear optical functioning process in a dens sional environment whereby 
‘onlinearies on the sku ofa veucle ur cover of an equpnent become pumped phase conjugate MOF, so tt they emit 
amplified phase congusate eplcas (PCREs)—of sanals and fields impinging upon the skin or covering and the poalineasity lum 
devtonie citcuity operating inside 


By the distortion conection theorem, these amplified PCR precisely backtrack the signal wave that impinged upon the phase 
conjugate mirror from inside the vehicle or eletonis, back to the orginal source ofthe internal signal. The result isthe 
Scavenging of energy fom the dense electron signal envionment and sharply focusing and directing into the operating 
Circuits ofthe infemal electronics. Thus intemal signal, often amplified, start sporadically appearing through the eels 
‘These sporadic jamming signals duet the anomalous EMI effect ar known as EME fiefs 

Such EMI firetles were resoundingly experienced in U.S. misiles and aireraft in the US. ai atack on Libya in 1986 
Although some ofthe anomalous EMI elects could have been produced by the unusually dense EM sigaal environment and 
poor hardening of cuits and electronics, itis believed thatthe Weak jamming was also a test being conducted ofa laboratory 
Proxype Russian quantum potential weapon, 

‘This weapon appears to lave been finished and deployed atthe end of 1989, and then utilized against Allied forces inthe Gut 
‘War, accountng forthe Gulf War Discase. We have previously explained why British, Canadian, and American soldiers 
scquied the disease, why the native populace didnot, and why the French troops didnot 

Inside the human bods the anomalous EMI efcets may be used 1 produce time-chargng and delayed interference with the 
immune system, the maser cellular control systom, and te cellular regencetion system. By using dimensioned signals, the 
targeted systems can he specifically and determinisically affected as deste, for any st of disease damage types and 
symplomology desired. So te technology may be used fo induce a "cocktail mix of various infectious diseane damage types. 
The induced ime-charging efeeis—where the time-charue is dimensioned —folloed by longitudinal EM wave emissions from 
the time-charges a5 they decay inthe veteran's body, can induce the same or similar symptoms and damage in close family 
members exposed tothe Weak but dimensioned longitudinal EM radiation. This aplis nt oaly to wives but also to family 
‘members suchas children often in elose proximity tothe veteran. In addition, exchange of bodily fluids fom the veteran his 
spouse can drctly indice the symptoms in the spouse sines those fuids are themselves sil time-charge (with dimensioned 
time charge) and slowly decaying 


ENDOTHERMIC EXPLOSION 


‘AnEM implosion, resulting in explosive elastosttic cooling. ‘The suden explosive reversal of electromagnetic enemy 
‘cater in. spacetime area so thatthe local EM beat encruvs converted hack wo a negative potential, tn this mannez 
‘aplosve elestrossi coling ogeus sn the a 

Endothermic EM explosion occurs by pulsed scalar Whitaker interference of two longitudinal EM wavesets beamed fram 1wo 
[LW EM transmiters The distant tansmiters ofthe LW snterferometer must have ther local lectrical grounds biased well 
below the ambient 2ro penta inthe distant interference zone (12), Whitaker intemal EM waves radiate through subspace 
(the LW superhighway inside EM feds, potentials, and waves in mass) fom the trnsmiter to the interference zone, and alsa 
from te interfereace zone back othe negatively biased tansmiter/ecever, merging there as ordinary electromagnctic 
Scattering energy of heat. All normal explosions ae exothermic in nature and ordinary electromagnetic heat energy is radiated 
sway. A scalar EM interferometer howitzer, however, may produce an endothermic explosion an energy implosion) a1 
distance, explosively extracting the heat encrgy a the implosion site and receiving the energy back a the transmit site for 
Aisposal 

“The same LW interferometer ean also produce an exothermic explosion inthe distant imerference zone, merely by positively 
biasing the electrical chasis grounds of the salar EM potential transmitters and pulsing the wansmission. Negative biasing of 
the wansmiters electrical chasis grounds and a pulsed transmission result in an endotherac explosion inthe distant 
Interference zone. 


ENDOTHERMIC LONGITUDINAL EM WAVE INTERFEROMETRY 


‘Exumetion of EM encrgy from a distant intersection are bya scalarinterfecometry whose electrical grounding i biased well 
below the ambient potential nthe distant inferference zone 
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‘The results a cooling ofthe interference zone, and heat energy emerging a the transmits, 


ENERGETICS 
‘The Russian orm for what Ihave called advanced hiher-syinmetry elstromagncti, 


using atfilly constructed Whittaker internal biwave structures to make activated potentials that have specific, desired 
acum engines", where the EM field is a curvature of spacetime Funtio, and thus involving a unified field thoory that is 
cayincerable by novel clectrodynamic means. 

"believe thatthe elosest Westeen work approaching the Russian energetics science isthe O(3) higher symmetry electrodynamics 
Pioncored by Evans, particularly when combined with Sachs’ unified eld theory a an important subset. The oer closest, 
‘Wester work would seem tobe the important work of Bare in SU(2)xSUI2) symmetry electrodynamics, 

‘The activated potential containing the infded vacuum engine structures is sad to have been dimensioned. These dimensioned 
potentials can be combined 1o form EM carer waves which contain the hidden vacuum engines These vacuum engines, car 
‘Whitaker EM interferometry, and activation of vacua and mater ae wed to perform unified field engineering, 

Russian energetics also ads the formation and use ofthe quantum potential enabling 

(instantaneous action at a distance with mulile separated target nodes, (i) essentially limitless direct energy amplification in 
the asembly of recciving nodes, without addtional enery input at the iiiating node, and (i) eaginering ot hidden Variables 
‘inside distant targets, nstantancousy, without transmission a such though space, The quantum potential set can be 
dlimensioned, so that vacuum engines canbe instantaneously ansmited into distant targets, altering thet local spacetimes to 
contain the desired engine(s). Not tht no intervening barter can “impede” or "shel a quantum potential because it does not 
travel through space as such just appears everywhere at once i the Space where it wil be. 


Adding to classical EM theory, general relativity, and quantum mechanics the internal EM energy inthe sealar EM pote will 
fsnerae a superset of each discipline. Thee tree new supersets are unified in ther consmon internal EM energy subset Ax 
bonus mind, personality, memory. and deep biological eelular and system control are also available, since the internal time- 
‘enemy doman is used by biological systems fr these living functions. Energotics thus is an enginceable unified field theory 
ttphysics and metaphysis, 


Russian energetics is langly stil a “secre” science, developed over the las five decades and highly weaponized. nthe Russian 
Scheme te overall ara is called energetics. It consists of thre subsets) energetics, which applies to noaliving systems, (i) 
‘ioenergetis, which applies othe pisial bodies, eclls, chemistry, genes, etc. of living organisms, and 

Ui) psvehoenergetics, Which applies diectly tothe minds, personalities, memories, emotions, and perceptions of living 
systoms. Russian encrgctics esearch, development, Weapons, and Weapon sites are unde the gid contol and operation ofthe 
KGB, by whatever name itmay use fom time to time. The eeryctics weapons are notin the regular Russian armed forces 
Energetics weapons have been tested worldwide for severl devades, and ths testing has been dacumented elsewhere by the 
present author 


ENERGY 


Usually erroncous defined asthe “capacity todo work” 


“The closest definition i: The invariance ofthat which i varving, Note tht this sa S-aw loge definition and not an 
Aristotelian definition, 


ere we have areal bucket of worms. This term i usually totally misdefined (asin the nostrum that "energy is the capacity to 
work”) in pysies, which defines energy asthe "ability to seater itself or change is own for which obviously are not 
‘lentes A common definition is given a "a quantity that deserbes the capacity to do work; commonly divided into three 
‘major classifiations: kinetic (dynamic) energy, potential (static) energy, and radiant (electromagnetic energy, Well, energy can 
be changed in form and thats work. Bur energy isnot he "capacity to change its own form ur ists ow frm. as ean be 


Anyway, well have ago ata definition perhaps a 


le more accepable, though sil imperfect. Then wel discuss dings abit 


‘Rigorously, cneray is anv deterministic or coherent structuring, cither dynamic or stationary existing inthe vital panicle Hus 
‘vacuum While that sounds good tis lhe invariance of tat which ie varying.” Ulimately, thing is defined in ers 
fis spposiive 
‘The npe of energy depends upon the type of viwal particles) whose fx i selected. E- clectromagncic energy isa 
deterministic or coherent structuring, ether dynamic or stationary, inthe virtual photon fax of vacuum. Any tapped energy 
(ordesing in the vacuum vita particle ux) i gravitational in nature, since tapped energy is gravitational. In amas, eit is 
the wapped eney that is gravitational, not the mas pr se inthe modern view. Contrast the definition of electromagnetic 
‘enemy tothe definition of an electrostatic salar potential (ESSP): The electrostatic scalar potetal isa stationary trapped 
Seterminstic or coherent dynamic wave-stucturing ofthe vial photon fax of vacuum. Tus itcan be seea thatthe ESSP i 8 
special case of EM eneray the stationary trapped ease. Fortis reason, a mass—which is an enormous amount of statically 
Tapped EM energy—may properly be considered as an extremely dense EM potential, which we refer to asthe mass potent, 
A potentials any rapped ordering or coherence, ether tate or dynamic, in the vital particle Mux of vacuum. A specifi type 
‘of potential representa selection ofa paticulr virtual patil’ Mux in the vacuum, and an ordring—either static or dynamic 
“posed in that fx 
However, since the salar potenti just the stati ordering in the virtual panicle ux of vacuum, it follows thatthe salar 

ust contuin—and in fact be totally composed of intemal onde. E.T. Whitaker showed he form ofthat enc in 

et, ET) The scalar potential is composed of a harmonic seves of pairs of antiparallel 

transverse waves. The antiwave ofeach wavelantivave pai atime reversed replica ofthe wave in that pa. In oer words, 
the salar potential is a special type of Fourier harmonic fequeacy expansion, coupled with its own phase conjugate present 
simultanenasly 
Feynman said it bluntly: “Tris important to realize tha in physics today, we have no nowledge of what energy i." [Richard P 
Feynman, Robert B. Leghton, and Matthew Sands, Leetures on Physics, Addison-Wesley, Reading, MA, Vol. 1, 1964, 4-2] 
Eg. patcularly sce R, B. Lindsay, "The concept of energy and its early historical development.” Foundations of Physies, 
114), 197L, p. 385-393 Lindsay investigates the concept of energy fom its early historical engin. The root ofthe concep the 
notion of intariance in she midst of change. Lindsay covers the concept and is evolvement (o lack threo) from ancient times 
through the 18th century 
‘The real problem i tht the notion of energy impliily involves the age-old unresolved philosophical problem of change posed 
bby Heraclitus ove 3,000 years ago and unresolved to this day. cannot he solved within the real of law Aristoelan log? 
‘One way of posing its something like this, afer Heraclitus: "Fora thing fo change, it must tum ito soothing else. How ean a 
thing be tse and something else alsa? How can thing have changed, and yet not have changed?” 
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‘The problem i that Aritotetian logic has a serous law of omission: it actualy implicitly assumes a fourth law, which isthe 
age-old philosophers nightmare tat, when a thing s pursued to the lit, it invariably rns into ls oun opposite. So i anguish 
the philosophers spoke of ths nightmare as the "accursed necessity forthe identity of opposites.” 

1 dd esolve the philosophers’ nightmare some yeas ago, by adding a fourth aw of logic to the Aristocian three, which 
completes and extends Aristotelian logic, an an application rule which ean be taken asa fifth la. Eg, see Appendix I-A 
Conditional Crteion for lentiy, Leading toa Fourth Law of Logic.” in T-E. Bearden, AIDS: Biological Warfare, Tesla Book 
Company, Chula Vista, California, 1988, p. 428-483. A simple proof of the fourth la is given in that paper. Fora much more 
clegant treatment ofa higher topology logic, which is aso practical and useful beyond the limitations of Aristotelian logic, see 
G. Spencer Brown, Laws of arm, Julian ress, New York, 1972. Fr a proper perspective on mathematics and oa Aristotelian 
logic sce Moris Kline, Mathematies: The Loss of Certainty, Oxford University Press, New York, 1980 

‘imay be that, since by "identity" we mean atleast the identity of "eR and "ight diferent observations, considering the lft 
and night sides af the identity statement, Is, then alteady we involve a wolaion of Aristotelian logic nthe very notion of 
definition" In shor, ultimately we can oaly define a thing in terms of an appostive inthe fist place. So we write an identity 
statement where left and eight are diffrent sides, tea state "Oh, no they ate the same thing after all!™ Said in that manner, the 
problem can clearly be seea, In one sense a definition is pure Zen, where no truth ean he stated a all unless the speaker say 
two exactly oppesing things, and then waits forthe ecient 10 realize the ta that has been stated, 

‘What his ll means stat, since "energy" and anyother definition, ukimately involves a logical contradiction in Aristotelian 
logic, we must “define” ener simultaneously in an sppostive ways: (i) nthe wave view and (i inte particle view: However, 
We poiat out dat the notion ofa "moving particle" isthe notion of something considered momentarily a fixed (Le, the 
Particle), but which is immediately thereafter (in time snapshot #2) casidered as moving. Notice that "moving” is changing, 
8nd soi involves Heraclitus’ problem of change «prior The notion of "moving wave” is also a similar thing: i, "a wa 
‘momentarily considers the entity as static an not changing (in time snapshot #1), and inthe next moment (ime snapsbat #2) 
Considers ius moving (changing). We can only point ou this dichotomy forthe reader to reflect upon and opel a gasp 
The conscious mind isa serial processor; i is exremely fat but sl perceives stapshot by snaps, seriall. 1t essentially has 
been ized to the single photo interaction, as has Aristotle's shee laws a ogi. The problem is inthe operation of conscious 
Perception itself, not in nature which snot limited to just serial processing 


‘The unconscious mind is a massively pale processor, so it can have many "different sides or snapshatsin the slide projector" 
tthe same time. So with our conscious minds perception (Aristoslian logic i just a model of ha, using single photon 
Interaction asthe physical observation mcchanisn) we See in terms of "either-¥". On the other hand, with ur unconscious We 
canals grasp the fact that single snapshot A ean he the same thing as 2 totaly different spapshot B, ifthe rules of "dcision as 
to identity" are changed between snapshot A and snapshot B, Suppose tht by identity” we mean "incapable of being 
discriminated between." Is black marble identical a ed marble, eg? Its perceived so if you ae colorblind. Its peesived 
not tobe identical if you are not color blind, The point is something that most philosophers missed or brushed aside: identity is 
hot absolute, but is "perceived ide”, Identity ithe result ofa decision operation, based on multiple perceptions, real rom 
‘memory, and comparison of two remembered perceptions. The most simple form of comparison i simple subtraction 

‘The unconscious (massively parallel) pereption can handle both snapshots simltancousy. The conscious mind only can see a 
single marble atime so it wil se dae othe ther. Ina id ie mterval it wll recall fem memory the fist percepbon,, 
compare it with the memory ofthe second perception (say by simple detailed subtraction), and then decide whether abject A is 
perceived to be identical o object 8. The uncoascious (massively Parallel proceso) can handle both the matble snapshots at 
the same tne. tt ean se both the denity of the two, t0 x colo-blind"iensty decision process” and also the nonidetity ofthe 
to, toa color-sensitive "density decision proces" Again, natures not limited 1 the single-snapst, seal perception proce 
‘tour conscious (seria) processor! 

Unfortunatly in physics and mathematis we seem to stil be thoroughly confused on this very perception issue. Browa’s work 
‘may he the fst work o straighten out the area of the topology’ ofthe logic utilized. My own independent effort was succesful 
but fr cruder than Brow’; Brown did it cleanly. We ring all his oat because when one deeply Took into found 

true definition 

resolv the problem. One's unconscious can resolve i, bu it requires acentin “stretching ofthe realization” 
‘monocular perception ofthe conscious mind with muliocular perception ofthe unconscious min 

Just asa smal example, the question of is it a wave ora particle” once aged as a great debate in physics, and was never 
resolved. Instead, physicists just finally shook hands and agreed to quit arguing and fighting about it and agreed w accept that 
the same entity could sometimes act a a particle, and in ater eases could at asa wave, and that a it existed in the resent 
before observation, it was somehow beta wave and a particle but we coulda’ see iste nation (in that fashion). The key, of 
‘course, is tht the question was posed in "ither-or" form (Aristotelian logic form), and it cannot be answered in hat euced. 
logic Instead, «higher topology logic is requzed, Brown’ logic answers it casi as does my own four law superset of 
Anstician logic (ive law superset if we count the application rule asa separate law) Inthe present, We have masstime 
tnd not mass. Jus afer photon is emited, we have mass and not masstmie. The later photon emission process consummates 
“observation.” The point isthe tue entity does exist in zero time asa spatial enfiy. Its nota spatial entity but 
spatiotemporal entity. Ifthe "interaction" process tears ff ts "kimetall,"it sconverted toa "spatial eaity” (frozen snapshot) 
sd therefore seems to he a particle fhe interaction” process does not remove the tial i remains a spatiotemporal entity 
fa therefore seems tn be a wave. The concep of particle is }-spatil concept, The cancept of wave involves ime also, No Wave 
an exist and "bea wave or wavelike”unles it as some time extension to "be waving”! 

‘The physicists debating the wave-purtcle duality, you see, mise the most important point that no ohservahle exists ine wr 
persists, a prior Hence nigorosly no particle exists in ine 


So we define energy (particle view) as any virual paicle flux patie, where that definition automatically considers a single 
Paticle in translation as well as multiple particles in their myriad of translations. We define energy (ave View) as any Wave 
fax, where tat sutomatically considers a single wave in taslation as well as multiple Waves in their myriad of wansltons. 
[Nownot that one is going ta have to deal with, and discriminate between, energy, energy flow, energy collection, and 
collected-encrgy dissipation, 


As the reader can se, whenever one struggles with foundations issues, the problems get very complicated, We've beat his dead 
horse quite enough, and leave the futher beating othe reader! 


ENERGY AMPLIFYING COIL, 


‘coil whose magnetic enerey flow inputs fr split nto own ener flow inputs, cach equal to the oriinal ener 
lable from a magnstic source. Both the splitencruy flows then ineractsimulianeously with he coll amplifying its 

‘lectrical energy ouput compared tothe conventional case where only a single encruy flow interacts with the col 

Inthe motionless electromagnetic generator (MEG), te cul of the magnetic vector potential of a permanent magnet (Le its 

‘mantic field), is extracted and held within the core material of a special transformer, while the magnetic vector potcatal ofthe 
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permanent magne is fcely replenished in uncured ield-ree) magnetic vector potential form in space around the core 
"ate, Both the fll magnetic field inthe core and the fll ncurled magnctic Vector potential in space adjacent tothe core 
fneract with each output col of the transformer. Hence a single potential energy flow i split” ito two flows ach equal othe 
orginal EM enengy flow, and boi the parallel flows enensetically interact wih the output col. This increases the energy 
lnteracting with the col by this “dual interaction”, so thatthe ni is aid to hea "energy amplifying ci”. 


ENERGY COLLECTION/COLLECTING 
In clectromagnctics, exposure of an intercepor/ollector. ea charged pate into an impinging EM energy flow. so that 


some of the flow is diverted around the inerceping particle We may sa thal the low of enersy fas been “reordered” in 
‘Hfcam around te diverting charg, 


Encrgy collection is nota thing which "bas been accomplished” and finished; instead, itis an ongoing process 


Note now tha, i you perform or consider or impose any sor of ordering at alli the eneesy low/fux, igorously you have just 
implied an enc collection collecting process. The energy part of a phtoa, e would scem not o be "eneruy" per se. Instead, 
itis an eneeay collecton/collectng, anda time clletioa/colleting as well Yet tat energy partis energy also! [Not to worry! 
Encrgy and energy-ollectng,contasted as appsiives, become identities atthe extreme boundary separating the two concepts 
‘That boundary isthe photon concept. Aristotelian logic doesnot apply onthe houndary, which violates the Aristotelian law of 
the excluded middle] More reasonably, charged capacitor doesnot have "stored energy" per sein inthe sense of "so many 
chunks of energy called jules". Instead thas an ongoing energy collection eoecting process, whete the asymmetry inthe 
local vacuum flux exchange, ofthe dipole across the capacitor plates, continually extracts and "gates" a flow of EM eneray from 
the capacitor dipole. That energy-flow thes all the rapped charges inthe capacitor. The energy-low interaction withthe 
trapped charges creates the 

fel and all the rest. 


‘The diverted par ofthe total enenay flow is what is calculated inthe "Poynting flow" or 
Slow, 


ENERGY, DIS! 
Apa hos tem forthe ener ofthe incoheront virtual particles inthe viral pale fx 


NTEGRATED. 


ENERGY DISSIPATION 


Refers to the ssattering or disondering of ene 
This somewhat ofa misnomer, broadly used in physics and somewhat erroneous. 

Energy dissipation’ pe se does not mean thatthe enery is destroyed, Instead, there isthe dissipation ofthe ordering 
(colletedeollecing) of enray in which the diversion (local ordering) process disappear. What we cll the "dissipation in 
space” of energy is igorously the dissipation ofthe collection collecting in space ofthe energy. In short, the encry is scattered, 
‘ima resistive lad, inal dirstons. But itis til therein space, just disordered, 

Recall that ll EM energy ata dipolarity comes directly from the time domain. Is the calleting process, not the energy tha is 
dissipate from a point or region. Only colleteollctig of energy canbe truly dissipated. With that understood, then 
tissipatio of collected energy is inp removing the “collector” fom the energy density ow impinging upon ito cause the 
collecting process o occur, removing the flow of energy impinging upon the collector so that it nercepts and diverges some 
ff around sel. 


So there are two ways in which this "ollected energy” dissipation can occur: (i) the collector is moved out ofthe impinging 
‘eneny-flow-stream, or (i the enengy-flow-steam impinging onthe collectors reduced o zero. Note that "changing the form! 
afte energy—ie, changing the collector and the type of collecting involves both conditions () and (i). Thus enray i 
Aissipatedwhea the colleturcollectng form is changed In the conventional, less accurate stalement, work s performed when 
the form ofthe energy is changed.” That now should be sated us "work is performed when the eollctr inthe energ)fovs- 
stream is changed toa diferent collector, because the fist collstor must be remove from the energy-fow-steam or the 
‘cnem-flowesteam must be removed fom i 

I physics we also consider that "postve” work by a body is work it does on something els, while “negative” work s work 
dane upon the body by something else. We specifically emphasize that collectioncollecing need not bea unitary, one-time 
joccurrence! The EM enery-flw impinging upon a collector roars on by it at something like the speed of light. The entire Now 
{s diminished by only about 10° (the nominal enespy collecting fraction) as it lows ont, and on beyand a coulomb of charg. 
hat departing enersy-flow is then retoreflected or atherwise return to pass back through again, additinal enerpy 
collectioncollecting can and does occur frm i. This canbe repeated many time, particularly in an inensely-scatering, 
optically active materia. Aso, utr the collected fraction of energy is dissipated, we can also retorflet the scatered energy 
flow back and reuse it again. This too can be repeated many times. 

So we must be careful ofthe present work-energ cheorem, which isa special case and assumes only a single pass ofthe energy- 
Flow inte "collecton/ollection” of enegy that "changes form.” If we institu addtional pases, with additional 

collection collecting of energy, then we ean collect and "usc tle more energy from ll hat enormous energy-flw that 
ctherwise would escape us. If We dissipate some ofthe collected ener, then aso intcecep the departing dissipated energy How 
and run i, we can collect some ofthe energy flow again and then dissipate that new collection again. And so on, 

(One can permisiby get many jules of "work" from a single joule of energy by trative retruefection, iterative re-collecton 
and erative dissipation, without violating the conservation of energy law. This i one ofthe major seerts of everunity ners) 
processes. [tis proven by the overunity or excess emission (Letokhov was forced to cal it "negative absorption of the mediuny" 
from an intensely seatienng, optically active medium, as inthe Lawandy experiment and i his patented process for lasing 
‘without population inversion It is also proven by Paterson's adaptation ofati-Stokes emission 


Lets do a gedanken though) experiment, where we do not even apply ti nominal 10 energy collection tion, Let’ just 
conventionally say "energy flow,” "energy collection.” and "energy dissipation.” and ignore th "collection faction." Since We 
fe latking theoretically, we can havea perfect synem. So We have a closed system, Which We open to inp some energy no. 
‘Te system then opens in the lao ditsipate al the energy back tothe eavironment, thereby deung work Now suppose 
passively (Le, without any input enerry of my ow, by perfetrevoreflestion) rer all he dissipated enegy back othe input 
{nce again. We simpy tit low back i, the system collects it gain, and then dissipates it again giving Us the ste amount 
ftwork we had the fist ie. Then we do it again. And agai, think you get the pte. The fat that energy can neither be 
treated or destroyed, bu only changed, means thatthe "same energy” can he reveled over and over One hast have two 
dierent actions: one hat changes the form ofthe eneray so we get some Work and the he that erect and eevee the 
dissipated enegy (does negative work!) so that we ean eye i and dissipate again. In pice by tcysing of energy one 
an get many joules of work fom a single oul of energy. Nature does it every day! Every joule of energy formed athe init 
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"Big Bang" is still with us. Ever joule of i has onthe average already performed many jules of work sine then. And as We 
ated, the ant-Stokes emission process ia concrete example and demonstration thatthe energy recycling proces can be 
‘sccomplished in physical systems, so that the systems permissibly exhibit COP>1.0 

‘A most common example isthe replenishment of a potential. Eg, the magnetic vector potential canbe curled asa field, and 
that Bel canbe oaly confined inside a toroid, msde along cil or in certain magnetic cre materials (sin the motionless 
clecttomagnetc generator or MEG for shor). The A-potental will be replenished as fast as you withdraw the "otal B-fel" 
fom it. So ouside the toroid or the Long solenoid, you wil have as much 

A-poteatial energy as you started with, and the Aharono‘-ohm effect proves that the energy is there and will interact with 
‘lectons. Meanwhile inthe wapped Bild you also have drawn of ab much enemy as ostensibly the A-potcnial contained in 
the fit place 


ENERGY, ELECTROMAGNETIC 


Any deterministic or coerent structuring, cidber dynamic or static, existing inthe vitwal photon or charued particle fux of 


Not that, since a photon may also be considered a postron<lecton pa, the flux of charge vital electrons and positrons is 
‘eluded in the fax of photons, 


ENERGY FLOW 
‘The passage of enemy in any form, in one diestion or generally inone diretion, 


Even though tis "definition" isin eor, we now just bypass the unresolved "observables donot persist” problem and the th 
Jaw nature of change (eg, motion) problem and proceed 

[Note that this energy flow may be the overall movement of an omnidirectional energy fu, ot may be the movement of 
‘waves, or both, Irmay be inthe kinetic energy of a moving mass. Ifthe flow is everywhere the same, or even approximately the 
sme, we ofien speak ofthe etre "low" a just “energy” Often energy flow is also considered o have occured from a region 
Gamore intense energy ust a region of les intense energy flu, and Vie versa. In other wards, energy divergence OF 
‘convergence i also considered as energy flow. As canbe seen, she usage ofthe erm “energy flow" ts nt precisely defined in 
ses! Trot going ta be atleast not be ondnary Aristotelian logic terms: 


ENERGY FLUX 
‘The passage of enemy flow in any form, through a unit area, and in any direction (usually all dictions. 


This includes both passage ina single direction, or passage in multiple directions at once 


ENERGY, FREE 
‘Any environment or entity which frely emis, fumishes or makes available enemy which can he either collected and used as 
unished or transduced info usable form and collected und used 1 power lads and do useful work, 


‘The word "fie" doesnot apply to coms, but rather to the source of he energy. OF course the ideals energy that is both ice for 
the taking (collecting and using) and also inexpensively ken and used, 


[implicit inthe notion af fice EM energy fom dhe vacuum are five key concep (1) the local vacuum spacstime isl is filled 
With EM enemy of generally unusable frm 2) some sr of organizing principle is ulized in one par of the cxeuit or system 
to cohere the vacuum enensy and tansdace it into usable EM frm, (3) gating mechanism is uilized to divert the vacuums 
‘neqgy in transduced usable EM form from th active vacuum tothe external circuits load parts of a device, (4) the coberent 
fate extra enemy available in the external circuits or load parts i intercepted by those cireuls or load pars, couples wo them, 
fn potentazes them with extra EM energy so that the energy is ollsted by the system and rgauge the system 
‘symmetrically, and (5) th extemal circuits o lad parts then scatter or dissipate the coupled extra eneay 10 produce useful 
‘work, without destroying the organizing and gating mechanism That is extracting and fumishing usable EM energy from the 


ENERGY SOURCE 


A Sunetion or entity which fuished eneny 
Since energy eannot be created or destoyed, theres really no such thing asa "source, though itis aterm commonly used. 50 
called "energy sources’ acwally gate energy, changing it rom one form to another. As an example all 3-space EM encray is 
fated into 3-3-space from the time-domain. To the gating entity or "source" ofthe 3-space EM energy ther san input of EM 
enemy flow frm te time domain (complex plane). The source must be a broken 3-symmetry in energy flow, so that-more 
Primary 4symmetry energy flow applies. Hence the conservation lw applies othe inflows of energy trom the time dimension 
nd the outflow of energy in space 


ENGINEERING, ENTROPIC 
Engineering or designing systems and processes whose operation "sp 


or wastes some energy. 
Entropi systems—which ae the products of entropic enginering—thus have COP 0 and function in forward-time. 


ENGINEERING, NEGENTROPIC 


Engineering or designing systems and processes whose operation fiely “receives” excess ener, so tha! they output mone 
‘nem than the operator inputs, the excess being received fom he extemal environment or otber source 


ENTROPY 


“Thermodynamics tem representing a measure ofa system's capacity to undergo spontancous change. In short. 3 quantity which 
measures the extent i which the enemy of «sytem is unavailable to do work, 


Entropy is given by dS = dQVT, where dS is an infinitesimal change in entropy fora system absorbing an infinitesimal quantity 
lothcad dQ at absolute temperature T-In statistical mechanics, entopy isa measure ofthe disorder in system and is given by S 
=k InP +C, where S isthe value af entropy (disorder fra system ina given state, is tbe probability of that tt's 
oocurrenc, kis fixed constant, and C isan airy constant. Intuitively, the concept of entapy coresponls othe concept of| 
tisorder. We specifically cll attention oth fact that the "5" usd in representing entropy is mt at all the S used for Poynting 
Alo. 
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ofthe randomness or disorder ofa system, Given by S~k ng, where Sis the entropy isthe 
1d gs the total numberof microsttes available to the system. Sometimes stated as S~ kn 


In physies, a measur 
Boltzmann constant, 
(cauhipiciy) 


Intimately connected with the Second Law of thermodynamics, which may be state forthe macroscopic case (after Baerein) 
ss follows: "Ifa system with many molecules is permite to change, then with overwhelming probability the system will 
evolve to the macrstate of lagest multiplicity and will subsequently remain in that macrostte. Stipulation: allow the system to 
evolve insolation. (The stipulation includes the injunction, do not transfer energy to fom the system." [Ralph Baierein, 
‘Thermal Phvsics, Cambridge Univesity Press, Cambridge, 1999, p29] 


ENTROPY, NEGATIVE (NEGENTROPY) 
sense, the overs! of diner, or reversal af ent 


Since the normal or forward flow of time isentropic, negentropy is intimately related with ime reversal. Tis ean be seen 
rudely this way: As a physical thing exist in tm, it decays, ages deteriorates, ete. In shots ordering asa viable separate 
thing gets more and more disrupted. Fit thea “corded” precisely back ois original state, hat is obviously a time-teversal 
that entity. 


Since the production af energy is coaneted to the production of more ondriag, then it would soem to follow that ny 
nogentrope process also produces more energy. OF, that production of excess cneexy accompanies a negearope process, and 


‘When we factor in the giant negentzopy proces, it is seen that ll EM spatial eneny comes from the time domain, via the 
broken 3-symmetry ofthe source charge or source dipole. Here we have a pure negenropic process. Hence we may now 
‘advance a new definition of negentopy fr electrodynamics: negentopy isthe diret and ongoing conversion of time-energy 
(ame-structing and tine-rdering) into 3-space EM energy. Dipoatity (polarization) isthe process initiating and producing 
‘he negentopy. Polarization i accompanied by ongoing negeatropy so lony as the polarization persists 


Another way of defining negentropy even more rigorously—for electrodynamics to define it in spacetime asa bron 3- 
Symmetry in EM ener flow with concomitant elacation toa more primary 4-symmeny between tne-energ) low and Spatial 
EM ener flow, where time-enengy flow is ransduced ito spatial EM ener flow 


‘When a system with one measure of multiplicity progresses toa sate with a decreased measure of multiplicity: i, when its 
total umber of micrstates decreases inthe transition, A nonequilibrium steady state (NESS) sytem can exhuit negative 
‘alropy, andthe entropy ean further decrease progressively toward negative infinity as time passes. [D_J. Evans and Lamberto 
Rondon, "Commeats on the Entropy of Nonequilibrium Steady States," J Stat. Phys. 109(3-1), Nov. 2002, . 895-920), Note 
thatthe Scand Lave of thermodynamics only igorously applies to an isolates systay, where neither mass nor encray crtsses 
the boundary ofthe system. In the NESS system, that prohibition is vielated, hence the second law need nt appls- The 
common source charge is an example of such a NESS system continuously producing negative entopy, because it absorbs 
‘Vital energy from the vacuum, ansdacs it into observable energy and re-mis the encrgy as observable photons radiating a 
light sped in al directions and forming the associated EM Fields and potentials and their energy 


ENTROPY (POSITIVE) 


When a system ina state with onlering progresses oa state with ls 
Imcrostates increases inthe transition 


ordering, Le, when its total number of 


ENZYME 
Any of various proteins or conjugated proteins (compound ofa protein and a nonprotcin) produced by living cells, that serves as 
‘scalalt fr specific chemical reactions af body temperatures, 


EPIDEMIOLOGY 
‘The study ofthe various factors influncing the occurrence, distbution prevention, and con! of disease injury and other 
inalh-oated events in defined human population, 

EQUILIBRIUM, 

Inphysics, dhe state ofa system in which opposing fores balance cach other i. sum i vector ze, 

Inmechanics system of particles where the net force acting upon cach constnulen particle i 270. 

Inchemistry, the state ofa solution where the forward and everse reactions are equal and balance each oer, so tht the 
shemical esctants and products muintain di se amounts 

EQUIVALENCE PRINCIPLE (PHYSICS) 


(One ofthe principles of relativity theory, The mas of the body determined by using the gravitational fore on to measur the 
‘mass, and the mass ofthe body determined by using inertial force on ito measure the mas, vield equal measursments forthe 


ETHER 
An extremely fine substance theorized to exist in space in lew of shoer emptiness. 
Discussed by Tesla Einstein, Whittaker, and others. Originally conceived asthe luminierous ether, thn material uid 
pervading al space. Maxwell ez. belived in this material eter, and formulated his theory accordingly. Thus he mistakenly 
provided fores inthe vacuum, which forces require a material vacuum. Le, mass isa component of free; here is no force 
Without mass, since F = didn). The hoary old medieval notion that separate fore ats upon a separate mass tht it aes, 
|S completely in ero, though stil uized in mechaniest Modern field theorists know beter, but correction of this musiveertor 
{n physics has not been widely accomplished. 


Originally, the cther was seen as a ghostly-thin, material, id medium postulated to fil space and cary electromagnetic waves, 
similar othe way in which a gas cartes sound waves, Faraday and Maxwell added the assumption that EM feds existed as 
‘material taut strings (Farada’s ins of force) with conveniently mising endholders to provide the leasion onthe stings. The 
“Michelson-Morley experiments eliminated any such matenal eer, but nota Loren-invarant nonmatcril ether (of Which 
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‘vacuum itslf's one example, inthe modern view). Maxwells equations were derived ffom a mechanical ether theory. Einstein 
fone proposed thatthe vacuum, comple wih is electromagncti lds, shouldbe called the new ether. In our own approach 
‘we have come fl el back to Einscin's suggestion, since the so-called "elds" are really just eurvaturesof spacetime and are 
‘cluded in our use ofthe Vacuum a a giant potential comprised of vista particle ux. ‘The Sachs unified field theory, 1 
believe, i the best available, particularly when the Evans O(3) symmetry electrodynamics i include asa special subset of i 
Thy owa view, [Yegard "vacuum potential” and "spacetime" as essentially entities. ‘Thus bath the vacuum potenti and 
spacetime have further intemal structuring snd dynamics. In relativity his view i akin somewhat othe notion of subspace” 
‘hed on the Star Teck series. 


“Today the word "ther" is again acceptable inthe literature when used in context of its modern quantum mechanical meaning. 
‘The “ether gas"—the quantum mechanical vacuum-—is considered to be composed of vetual particles. The partic 
spontancously come ito being and thea vanish so quickly they cannot be individually detected. Thats, today the eter is 
‘ended asa sort of specialized virtual particle gas sort ofa gas of "effervescent energy bubble", soo speak where the 
‘ndvidual particles are continually being created and annie at a fantastic rte, 

A good reference on the modern view of the vacuum i 11. Aitchison, “Nothing’s plenty: The vacuum in modem quantum, 
field theory.” Contemporary Physes, 264), 1985, p. 333-391. Foran O() weatise, see M. W. Evans, PK. Anastasovski, T. 
Bearden eta, "Derivation ofthe Lehnert eld equations ffom gauge theory in vacuum: Space charge and curren 
Foundations Of Physics Letters, 132), Apr 2000, p.179-184, Its shown tht the Lehnert fel equations in vacuum, with 
concomitant space charge and current, can Be derived straightforward from standard gauge thor) applied i vacuum, using 
the concept of covariant derivsive and Feynman's universal influence, The Lehnert and Proca field equitions are shown tobe 
Iterated through the wellAnown de Broglie theorem, in which the photon mass ean be interpreted as inie- These ideas go 
some way towards addressing the inconsistency inherent in Maxwell’ famous displacement curen, which has no concomitant 
‘acum space charge 

For technical insight into the atibues for extracting EM energy fom the vacuum, sce particularly M, W, Evans, PK. 
Anastasovski, TE. Bearden ea. "Classialclettndynamics without the Lorentz condition: Extracting energy from the 
‘acuum" Physica Seripta 61(5), May 2000, p.313-S17. Its shown that i the Lorentz condition i discarded, the Maxwell- 
Heaviside fed equations become the Lehnert equations, indicating the presence of charge density and current desi in the 
‘vacuum. The Lehnert equations are a subse of the O(8) Yang-Mills field equations. Charge and current density inthe vacuum 
se defined straightforward in erms of the vetor potential and scalar potential, and are conceptually similar to Maxwell's 
displacement current, which also occurs inthe classical vacuum, A demonstration is made ofthe existence ofa ime dependent 
slasscal vacuum polarization which appears ifthe Lorentz condition is discarded. Vacuum charge and current appear 
Phenomenologicaly inthe Lcnert equations but fundamentally inthe O3) Yang-Mills theory of classical electrodynamics. The 
Inter also allows forthe possibilty ofthe existence of vacuum topological magnetic charge density and topological magnetic 
current density. Both O(3) and Lehnert equations are superior tothe Maxwell Heaviside equations in being able to describe 
Phenomena not amenable othe later In theory, devices can be made to extract the energy associated with vacuum charge and 
Curent. More than a dozen ways to approach extracting EM enemy from the vacuum are presented 


EVANS, MYRON W, 


Noted chemical physicist, primary developer of 3) symmetry electrodynamics, and Ditector ofthe Alpha Foundation’s 
Islitle for Advanced Stay (ATA 


Under Evans, the work ofthe ALAS has made enormous contributions ta physics and particularly to the extraction of usable EM 
enemy from the vacuum. In the opinion ofthe present author, Evans is perhaps the single most important scientist inthe 
‘Westem world inthe emerying field of electrical encray from the vacuum and in solving the world encry cis 


EVIL 
‘Rofos to an act or acts perceived tobe detrimental wo he nsceiver or referent inthe positive time steam. 


(dy, the chain of events peresived to involve "evil" to a referent in the forward ime stream, would be perceived t be equally 
beneficial to the referent, viewed in the negative time stream, In other words, evil in geneal isa syahess ofthe results of | 
served ations or acts inthe frward fine motion, hence itis conjugated when time How is reversed 


‘This not just an ide question. In our physical body the photon interaction withthe electron shells ofthe some in the body 
langly determines the observed forward movemeat of one's material body tough time. The conscious mind, fied othe 
single photon interaction, thus perceives its existence” in such terms. Meanwhile inthe aucei of the atoms of eur matsrial 
body, the change and hence the field interactions are reversed (giving Newion's hid law reactions). That ofcourse isa time 
reversed lov ofeveals, not sensed by our conscious ming, but possibly sensed by our desp unconscious mind, The question 
then arses, "Da we then actually exist both forwards and hackwards in ime?” In terms of good and ei, the answer i yes, 
then this would have profound implications to theology and to the study of human consciousness. 


“Theologians (and philosophers) have pondered the “nature” of good and vil for literally thousands of years, and have reached 
no uly firm conclusion 10 dac- The sticking point (cheologiclly) soems o be the puzale ofa pertect, “all good" creator who 
ha to have erated evil also (since the Cresta s axiomized to have created all). To the question, "How coulda peeest Creator 
have ereated—or even tolerated—evil?”, theologians have yet to finda stsictory answer Neither could they find a 
satisfactory answer to the question of, "How can the Creator, being all-ust, and being all-powerful, then allow? any evi act to 
fccur™ In short, why does the Creator seemingly not "plice up our perceived imperfecuons inthe eeatioa?™ In shor, 
theologians stugsled witha formidable problem of how to justify th Creators continued tolerance of evil, even fora moment 


‘There sno satisfactory answer to such questions, ofcourse, in 3-Law Arisoelian logic, because they are fou-law logic 
situations. However, since the logic is incomplete one should examine the question in-law logic, and also in light of one 
‘ssumptions regarding the existence of the Creator. The question is unresolvable in-law logic and withthe assumption of @ 
Creator raveling trough time, as we perceive ourselves odo. However, iftime ites aeration, then the axiomized Creator 
‘may he more properly auiomized as existing bath in and outside time, and "everywhere in time at once" as well. "The unlimited 
Creator must even be postulated to be able to "both be and not be simultaneously; if He cannot do tat lil wick, He has a 
limit” That ck must be allowed, else the Creator has a limit and is thus imperfect. But to such an axiomized Creator 
permeating ime everywhere a once, trom beginning to end, which shall be the "bepining” and which shall be the end?” 
And ifwe pick a beginning and an end, wit shall be the "intermediate ordcring” that we pick? There is no absolute position in 
tithe space o time othe "everywhre and everywhen at once” axomized Crestor 


‘The problem of good and evil then becomes a similar problem tothe "wave or particle” question. Good and evil are two sides 
ofthe sme coi, transposed one into the othr by time-reversal. With spect fo finite cestures perceiving themselves moving 
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forward in time, not existing in the future and not existing inthe past, the question merely demonstrates that our perception 
Ave isin ero 


‘may be, then, tht there isa solution (whether one prefers itor not!) 10 such profound and ancient philosophical and 
theological problems in four-law or five-aw logic. However, we will eae that question tote logiians and othe theologians 
tr more propery decide 


EXCESS COLLECTED ENERGY 


Collection by an inereeroricollectoe ofa greater faction ofthe EM eneny ow impinging upon it, shan 


Any stati electric or magnetic charge with an EM energy density ow impinging upon it as excess "ene collection” 
or "energy collecting” upon it duet he atered vacuum vital photo ux that snow exchanging with Tn = nomial 
tlocrc circuit, 2 single “pas of the EM eneray flow fom the source dipot, ang the crc conductors and across the 
ondeton elecwons, eases ah “excess ener collection” upon the intercepting surface charges inthe conductors, This 
potentaies the Drude elecwons in the etcit and lads to subsequent dissipation in the loads (a tosses) of about 10"! of the 
Extaondiverged Heaviside energy flow that actly was extracted by the source dipole fom the vacuum and eat down 
through space surounding the condctors ofthe extemal cet 


normal 


‘That is single-pass encray collection fraction for a static charge. Almost all the Heaviside energy flow missed the circuit and 
pasted on beyond the circuit "allectors” i one pss-byat essentially the spect of ight, on out into deep space and Beyond. On 
the other hand, ithe already-passed EM energy flow is etoreflecte, so thai fetus for another pas long the eit, then 
fn addiona asount of te epassing energy can be collected by those sluggish cectons. Ina nosinal circuit eng used as an 
‘example, the clectrons travel aaly about 5 oF 6 inches per hour longitudinally down the conductors, restrained bythe repulsion 
‘tte elgetrons beyond them, So muliretrrefection, multipass, mulcoecion canbe used to provide excess energy and 
‘verunity efficiency. This change tothe presen statement ofthe Werk-neray theorem, which up to now has assumed single 
ps, single energy collection. The well-known ant-Stokes emission from certain bighly scattering, optically active media, © 
Produces moce energy radiating back out ofthe meds than the amount of stimulating radiation energy ip int the media. 
This Letokhov's "acgative absorption ofthe medium", which is realy the excess emission from the medium duc to 
reorelction and multiple re-colletons 

Also, if the intercepting charge is resonated, it sweeps outa greater geometrical cross section in the steaming eneay lo, 
‘hereby diverging more and thus “collecting” more enemy. Inthe Bohten experiment, e,,his effect yields collection of same 
18times as much energy bythe resonant charge ws the sume charge collects in static mod, 


EXOTHERMIC 
Giving offbeat or emiting seared EM enemy. Producing forward ime enens 


FARADAY, MICHAEL 
‘Noted English pssst and chemist. 179 
the dumamo also and folate is laws of elstolyis 
His work drctly inspired Maxwell, who vowed to study no other clectromagnctis theory until he had captured Faraday’s work 
‘nna mathematical theory, 


invented 


FIELD 


In mathematics, set with two binary operations. In electromagnetics in more common terms its region consisting of 
‘iagntudes andor vector directions sesgncd to some active enity (spacetime isl) a ach point inthe eon, 


Designated ation and multiplication, satisfying the conditions tht the sts a commutative group with respect to adtion, 
thatthe sex with the identity of the additive group omitted is a commutative group with respect to mukilicaton, and that, 
‘ulipliation distributes over addition forall elements in the st. 

For our purpess, i plain language the fundamental notion i that a "Vel is a sot of cleared, level space or region (ein 
spacetime) where things ean be placed and actions can cccur amongst them, to them, oa them, and of them. What the "place or 
spaces, can got bit complicated, as can What is placed there and what actions ae permitted. In short, we view ald as an 
altered (curved) region in spacetime, and this special curvature interacts with cevain kinds of elites placed in that region. In 
fetum, those entities also interact back upon the spacetime curvature to alter. Henoe thee isa dynamic two-way interaction 
betwee eld nd mate, whe half this eras the Bckitacon of charge or ate fms rm preset 
slasscal elecrodynarics 


EXOTHERMIC EXPLOSION 
‘An-explosion where ondnary heat and electromaunetic enema ae leased and radiate away from the explosive site_ All pomal 
‘explosions are exotherms 
Particularly used fra pulsed longitudinal EM wave interferometer, which i the distant interference zone (12) will produce 


suuden eruption of scattering EM enery from the local spacetime curvature suddenly induced, whea te interferometry 
transmitter chasis grounds are biased well above the amvent potential in the distant Z 


FERMELIQUID 
A liguid where dhe individual particles or molecules comprising i are basically non-interacting, so that they can roam fel 


nan electron gas in «conductor ©, treatment ofthe fice conduction elctrons as aga allows a theoretical modeling and 
explanation of conduction and resistance. Contrast o a Lutinger lguid, where the electrons interact with each other and this 
‘rable the fommation af collective phenomens, 

FEYNMAN, RICHARD, 
‘Noted physicist, Nobis and co-developer af quantum electrodynamics, 


Feynman is particularly noted for his refreshing three volumes of physics: See Richard . Feynman, Rober B. Leighton and 
“Matthew Sands, The Feynman Lectures on Physies, Addison-Wesley. New York, 1963. The book is particularly noteworthy 
‘nthat i gives the student some insight into foundations problems in pisies. En Vol. Ton p. 2-4, Feynman defines the 
clectrc field notin terms of force per unit charge per se, but in terms os poteaiaity for producing fore only when a charge 
{Spresent forthe force to be developed upon, 
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FEYNMAN DIAGRAM. 


A swosdimensional diagram of particle interactions both inthe vstual and observable Level 
ime snd named afer Richard Feynman who fis employed them. 


FIBER FUSE 
Effet in fibers or fiberoptic cable, whose core contains germanium. whereby heating the cable atone spot with a small fame 
sill launch a focused waveling heat enervy effect which melis a small hole inthe core about every centimeter, and marches 
dove th cable at about a eter per second to Ihe end ofthe cable, destroying Uh opical Wansmussion capability af ruining the 
ile 


(Oday; by igniting the fiber fase trom the other end oft damaged cable, a reverse fiber fuse effect wil often march back down 
the cable in similar fashion except that it ill in the melted hoes in the core, restoring the tansmisson capability of the cable. 
the energy required to mel all the holes (or fill hem again) is taken into account, the amount of energy required to aunch the 
fiber fuse is much ess. This phenomenon doesnot uppear to have an adequate technical explanation at present 

For an excellent description with photographs, see Tvars Peterson, "Fibers With Flare” Selence News, L413), Sep. 28, 1991, 
200-201, For technical information and soalyis, see D.P. Hand and P St. 1, Russel, "Solitary thermal shock-waves and 
fptical damage in onal fibers,” IEE: Colloquium on “Non-Linear Optical Waveguides,” IEE Digest No.8, London, 
England, 1988, p. 101-103; —Soliton-ike thermal shock-waves in opdeal flbres ongin of periodic damage tracks,” 
Fourteenth European Conference on Optical Communication (ECOC 1988), Sep 1-15, 1988, Publication No, 292, 1(2), 
198K, p.IHI-L14,— "Solitary thermal shock waves and optical damage in opial fibers: the bcs fuse,” Opties Letters, 13(9, 
Sep. 1988, p. 767-760; D. P Hand and T. A. Birks, “Single-mode pes as fibre fuse" damage cireui-breakers," Electronics 


Sec P. St. J, Russell, "Power Conservation and Field Stractres in Unitem Dielectric Gratings" Journal of the Optical Society 
fof America A, 1(3), Ma. 3, 1984, 293-299, Russells actualy referring to apparent violation of local conservation of 
energy This would be indicated ifthe vacuum-to-mass interaction i not taken into socount. Russel’ analysis therefore 
Supports the fact tat i the vacuum-mass interaction is required, (i) the fiber fuse does utilize some of its gated vacuum enerpy 
{the usually non-lverped portion of the Poynting low), and (ithe fiber fuse is legitimate, repeatable overuity proces 
although a "runaway" process, uncontolled, and not sustainable 


FIELD 


Inphysics. "a ragion of space marked by a physical property as gravitational or electromagnetic fore or Hid pressure, having 
erminable valu every point nthe re 
[Thanks to Websters Il New Riverside University Dictionary, 


Here one must no think of "space" as empriness, as mathematicians do, but as a virtual particle fu, a dynamic en and as 
dynamic spacetime. A fc ten isa set of eats and ter felationships and operations ina region of shut kind of space, where 
the enitios and operations are themselves "space stufl™ The at all "viral" i that they are not individually observable 
However, their impact upon o interaction with mass—paticulrly charged mass-—can be and often is observable in that we ean 
sce some change of the mass (is diction of wave, translation, aeceleration, deceleration, rutin, generation of euent, etc) 
tbe entities are pont-like and are naively supposed to have magnitude oaly, or if we only spect) theirencry density 
‘magnitude at each point, then that "marked space region” is sid tobe a scala field If the eas are poin-like but have both 
‘magnitude and direction, they are sid to bea veetr field 


Further the deponent saith not because even the foundations physicists ae in hot water in trying to define te cl and i the 
deponeat sith mare he wil surely deep in ho il! 


FIELD, SCALAR 
A fc, to any point of which is assigned a magnitude on! 
FIELD, VECTOR 


A fied, to ay point of whichis assigned both a magnitude anda direction, 


FLAT (UNCURVED) SPACETIME 


A vacuum spacetime whose vitual particle ux intensity—and therefore is loal eneruy density—does not change 
‘of sputial position of averaged time 

‘That is, flat spacetime in my view is quantum mechanical yacuum whose vial particle ux and energy density ate constant 
‘in maghitude and internal consiution with respect to spatial poston and in averaged time. Note tht at spacetime vacuums 
Potential) ca still contain vacuum engines, and thus stl be dimensioned In tha ease, contrary to normal physics, the lat 
Spacetime itself will til interact wth an embedded object and change it, even though it may not translate. T perform 
tTansmuttion of clemens, one is interested in just such engines and not in wanslating trough space the clement being 
treated. This dimensioning or activation ofthe local flat spacetime can result in an othervise unexpected, seeming violation of 
fone oF more laws of nature in the dimensioned region, 


a fineion 


FISSIONING, ACTION 
‘The splitng ofthe ation quantum into two canonical variables (for example, enemy and time), only one of which can normal 
completely detested or measured. Action” has the dimensions of angular momentum —ectay x fms, momentum x lenath, 
se) 


Fisioning produces length, discrete bit by discrete bit, and time likewise. The physical reality of separated physical objets is 
thus continually ereted, discret bit by disres bit, monoculany. Allthat ever observably exists inthe "preset sa single 
‘quintum change, just occuring. Resombining ofthe two canonical action fission fragments i called "fusion." Fusion also 
‘eeurs monocular, quantum by quantum. Rigorousy, the physical world of separated objects never exists as such except in 
‘memory real of vast numbers of past ordered quantum changes that occurred one by one 


FLUX 
‘The amount of some quantity (such s enemy, particles, volume offi, et.) lowing across a given area (usually aunt area 
etpendicular to the ow) per unt of ting 


‘The tem flux density is now more commoaly used, Loosely, “fun” refers tothe pemendicula low through an area, while “ux 
density” refers tothe magnitude or intensity (rate) of the fx. I some cases such asa flux ofpatces of different velocities, the 
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numberof particles may be multiplied by the average velocity o give an average Mux density that is weighted 

FLUX DENSITY 
‘The amount of some quantity (such as enemy particles, volume of fd et.) lowing across a wiven area (usually a unit area 
etpendicular to the Now) per unit of tine 

FOGAL, WILLIAM (BILL) 


‘Soon-to-be-noted researcher and inventor ofthe Fogal semiconductor (so patents so fur) s well sa superluminal infolding 
‘ulfoding communication system and oer remarkable longitudinal EM wave process, 


1am happy tobe a frend and colleague of 


Fogal 


FOGAL SEMICONDUCTOR 
A special semiconductor invented by Bill Fogal which, ints operational exime, lize an intewrated semiconductor, tantalum, 
‘apacior and feedback resistor to accomplish charge Blocking (blocking of electron curent low dad while 
‘Usplacement current did 
‘The Fogal semiconductor can also accomplish amplified phase conjugation of signals aswell a inflding(tnsltion of input 
transverse EM waves o ouput longitudinal EM waves) and outlolding (wanslaon of received input longitudinal EM waves 10 
‘output transverse EM waves) Used in communication systems, it opens the use of the unlited“infolded!”cleewomugnetics 
bandwidth, Sine it may communicate using longitudinal EM waves, iis also sable for supeetuminal oe a specialized 

"unneing” communication through the "interior" of normal EM waves, potentials, and fics 

See William J. Fogal,"High Gain, Low distonio, Faster Switching Transistor,” U.S, Patent No. 5,196,809, Mar 23, 1998; — 

"High Gain, Low Distortion, Faster Switching Transistor,” U.S, Patent No 480,413, July 4, 1998, a continuation of his aie 

patent, 


FORCE 


Inmechanics, identically the time derivative af momentum, or F-=didin 


Simpl, changing ofthe old concep of mass-motion. One must realize that it isnt the mass in motion, but the single undivided 
{quantity "mass-motion" or "mass-velocty” (momentum) thats changed. In shor, F= di(m). In present EM theory. force 
fields are erroneously taken to exist in empry, masless vacuum, However, the mechanical definition isan identity, not an 
csuality. Ths free doesnot separately exist in cnnact witha mass, but consists of changing "mass-moton "Since this force 
can be induced into and ofthe mass-motion tage ata distance, inthe aew approach one is confronted with the fat that there is 
‘more fundamental mechanism tat produces force self, and tat ia curvature of spacetime. 

Distant curvatures of spacetime to produce forces on exposed charged mass systems are also enginered by longtuinal EM 
wave interferometry. 


FORCE FIELD 


Am effect hat exists a a local vacuum vial partite fux interaction ypon and witha unit mass or unit charge whereby 8 
aftoular ype of matters affect 

‘The fee feld has two components, on the mass andthe other massless. In electrodynamics, one normaly thinks 
{erroncousl!) ofthe massless composcat, and efrs to that componcat alone as "the force fick." This considers the "free 
field” asa separate entity, ating upon a separate “mass.” Whether it i logically eorrect or not, that stb prevailing way piysies 
and electrodynamics uses it! So inthis definition, let us momentarily accep the common incorrect usage for convenience 

‘while pointing out the real definition as we need, 

For example, conventionally the EM force fields ean affect and change the state of motion of any charged particle or any 
‘magnetic particle. In classical physics, the force fields are considered the primary causative agents; Whea these lds are 210, 
then the motion of the particle o system is unafected, Consequently, conVentional EM theory assumes tat all the EM 
phenomenology ceases once the face fields are absent. Today we know that i no true at alas we explain in this glossary. 


FORCE-FREE PROPAGATION 


ropugaton of fore-fee disturbances in the vacuum fax 
(Le, inflded inside the ambient vacuum potent or inside & constant DC voltage) Such "infolded” propagation is not limited 
to the speed of light, but may even travel inthe Coulomb gauge so that itis instantaneous. More usually can travel 

fnem of "tunneling" which is known (both theorcticlly and experimentally) to 
produce superlaminal propagation tothe extemal observer. The music of Beethovea's 40th symphony, e4, bas been 
experimentally transferred between two points ina physical waveguide by soch "quantum tunneling” at over four times the 
speed of light in vacuum, 
‘We regard tuneling as moving ina srt of “subspace”, ic, within the internal structuring of spacetime itself; Is ot limited 
by the speed of light and Einstein's postulate, which we believe only applies to signals moving in spacetime in bulk, and not 
‘signals moving within substrctring inside that spacetime. 


FOUNDATIONS OF MATHEMATICS 
‘The concepts operations assumptions, postulates, lop, definitions, and sxioms of algebra systems, 


FOUNDATIONS OF PHYSICS 


‘The postulates, sumptions concets and definitions upon which »sientificphusis model rests Included are te postulate, 
‘concepts assumptions, definitions. and operations ofthe muthematics in which he scientific model is expresso as wells the 
ostulais, concens, assumptions, definitions, and operations ofthe pisies entities and functions assigned to the mathematical 
Sums 

‘Thus "Sica tuh"—even mathematical ruth (See Morris Klin's Mathematis: The Loss of Certainty—is actually 
{qualified wth. What i tue in one model (one so of postulates, assumptions, concepts, and definitions, including those in he 
Algebra) may not be always te when one or more ofthe postulates, assumptions, concep, and definitions stare changed, 
dior when the topology ofthe mathematics in which the model i expressed is changed, ec. 


‘The major flaws in present physics models involve crors i the foundations. However, a successful physics mode is rather 
{quickly dogmatized and often tured into a belie structure by many scicatsis rather han being gare as a tentative mode 
Consequently, scientists who attempt to do serious Work in foundations are generally ignored or ostacized and eather 
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vehemently attacked if they propose any significant changes to one ofthe dogmatized models. Paniculaly, all funding and 
"penefit” ofthe scenic hreaueracy are denied the heretical foundations eientis, unless he or someone can rather quickly 
come forth with an iro-tght experimental proof of the heresy. Any attempied change in foundations s usually met with ad 
hominem aac, a barage of erticism, loss of position, and denial of research funding. Science has along history of just such 
dogmatic oppression of great scientific discoverics. To name afew (here ae hundreds): "The fis laser paper was rejected by 
the journal as being ndiculous. When Mayer proposed conservation af enemy, he was bounded and idculed so fiercely that 
he suffered a nervous breakdown and attempted suicide. Yeurs ltr, nar the end of is ie conservation of eneexy was adopted 
because i greatly fciated understanding and calculation, and the same system now ionized im a a seen hero. 
Ovshinsky suffered personal attack, ridicule, and charges of charlatanism in pushing amorphous semiconductors; everyone 
‘new that only erytline semiconactors could work. The situation changed when several thousand Nerox machines were 
‘observed 1o now contain amorous semiconductors which were working just fine! Louis de Brogi’s matter wave hypothesis 
‘used consternation 1 his thesis advisor; but because he was Prince Louls de Broglie, they felt obliged to sends the great 
Einscia so that he would reject it and then they could egrtflly reject the hess ofthe Prince. When Einstein replied that it 
was probably tue, they fell they had no choice but to publish it heeause de Broglie was a Prince ofthe old French arisiverac, 
fd ts such was not o be casual rifled with, So foundations work is faught with the greatest perl to the practitioner. Yet it 
{the most important work in physics, and it isa continuing black mark against the scientific establishment that they do not 
‘openly encourage and fund the most able physicists, gad students, and post-docs to examine and revise the erfors in 
oundations concepts and postulates. Because ofthe prevailing dogmatism, science self continually strangle the new ideas 
and concepts that would provide the physics ofthe 22nd century now. In an cere wen of events, scence has become in a 
Strange way its own worst enemy and the stongest barrier tothe advance of seience 


FOUR-SPACE (ESPACE) 
‘The “normal” spacetime used in physics, consisting of thee spatial dimensions and onetime dimension, Minkowski spacetime: 


FOURTH LAW OF LOGIC 


the law tha thing and its opposite becom identical on the boundary, Le in mile simultaneous observation, Hem is 
merely the los of observational or percepual distinction; when formerly “1wo" objects ae smultancously observed by a sing 
observer, two slides have been shown at once in the slide projector. t docs not mater at that point what each was individually 
‘observed to be before: now thee sno observable distinction or difference, We previously showed that the law i implicitly 
sssumed in the tree laws of Aristotelian logic anya. and published a simple proof ofthe fourth law. Without the fourth lw 
Anistteian logic "eas itself What esl inthe four law logic i that either (1) the three laws apply explicily and the four 
impli, or (2) the fourth nw applies explicitly and the Fo tly. This application rue elf canbe taken as a ih 
law of logic. The fourth la is also the la ofthe paradox: Le, when something 1s tue bu violates one or more of the 
Anstotlian laws, it ia ease where the fourth lw aplics explicily. ‘The conclisons derivable from a Tour law logic agree 
‘snerally with the conclusions derivable from G Spencer Brows Laws af Form. 


le 


FOUR-WAVE MIXING 


A nonlinear multiwave mixing effet when four waves mix i a high nonlinear station so hat wave to wave interaction 


FRACTIONAL CHARGE 
Abupothetical particle having a change es han the electron’ charue. Often called a quark, where its change is V3 or 23 the 
‘dung ofthe electron 
A few yeas ago, Stanford Univesity researchers found evidence of free quarks. There is also now the factional Hall effet. 1a 
the 1920's Ehrenhaft reported the discovery and production of factional charges of al sizes and his experiments have been 
replicated by Michailoy, with papers by Michail and Burret. 

Inthe new approach, when time-enery is utilized, quarks canbe fced or nearly freed rather easily in "ime-reversal zones". It 
‘Would appear that, asthe new approach develops, foe quarks will become a nocmal event rather than one intensely sought But 
‘emily dificult to come by experimental 


FRAME, LORENTZ 
‘A fame of reference which is not accelerated with espe to the laboratory observe 


Inthis case, the frame may be rotated (moving ata constant velocity) but ite not rotating (the fame is not accelerated with 
respect to the observer, and spacetime is not curved). In this case special relativity applies, as do the conservation laws. 1 the 
local spacetime i curved, the frame i accelerated and spacetime is curved. Locally then, general relativity applies. tn this 
case, loeally the conservation laws (nersy, momentum, charge, and spi) can he violated. However, in ordinay general 
‘elativityithas been actly assumed tat locally the curvature of spacetime is negligible. Hence locally a Lorentz frame is 
sssumed, and the conservation laws ae assumed to apply locally als. In scalar electromagnetics, the loal spacetime is always 
‘curved and general relativity applies locally. In this eas, the conservation laws need not appl. 


FRAME, REFERENCE) 
A spatial o measured lative placed in “emptiness 


Normally erst a 3-dimensional, spatial fame. All objects and poins inthe "univers or spatial frame are considered to 
simultaneously coexist at separate, measured points nthe frame. Differ fom the vacuum in tat, rigorously, vacuum bas no 
isting definite longs and no existing definite ume intervals as these appear only afer measurement or detection, and are 
relative wo the observer and to the interactions angoing as well as inthe detection process itself. The "laboratory fame" isthe 
Stati reference fame ofthe observer or measurement. A separate reference frame may be assumed to exist for any fixed or 
‘moving abject, or centered on any point in another frame. When typeof frame is assumed, the entire class of pysical 
Interactions that ean occur has hoe restricted to an assumed Stor type In other won, sven the frame, the conventional 
plies has been assumed. One ofthe greatest restrictions of an assumed "ame" i orl ou the consideration (existence) of 
father higher dimensions. 

[Not that, in the new unified ld theory approach, the other higher dimensions are always available and eannot be nul out in 
general, But only in some special case. Every curvature of spacetime, and any intemal additonal curvature to that primary 
furvatufe, adds anew dimension. In our View, spacetime may be "at" in overall curvature, but consist of internally structured 
deterministic curvatures or "engines". In this view, normal inertial frames, e., may sill contain Vacuum eagines, which W 

not affect the normal hulk anslation rules, bt may affect any oral ofthe nontansltion mechanisms, including the very laws 
of mature in many eases 
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FREE ENERGY 
Excess energy foe rcv from its extra active environment by an open system tha s fr fom thermodynamic 
‘sulibium ints exchange with that environment. 

‘To use this ice excess enery, it must be collected, transporte to a load or loads with minimal losses, and then dissipated in the 
Joads o power them, without any substantial portion ofthe fice enensy being used to close the system's "gate" through which 
the excess energy is input ot 

‘There is separate thermodynamics for such open systems fa from thermodynamic equilibrium in their active environmental 
exchange. Such a sytem is permited to exhibit ive “magi funetions: itis permited to (1) self-rder, (2) sel-scllate or 
Selfrtate, (3) output more enenay than the operator ims inputs (the excess enengy is rely received from the active 
avironment, (4) power itself and is load simultaneously (all the energy isfeely received from the active environmen), and (5) 
exhib negentops. 

‘The entry of such a system cannot even be calculated. Sonic useful references are ya Prgogine with D. Kondepuh, 
‘Modern Thermodnamics: From Heat Engines to Dissipative Structures, Wiley. Chichesicr 198; llyaPigogine, The 
End of Certainty: Time, Chaos, andthe New Laws of Nature, Frce Press, New York, 1996, 1997; G, Nicolis and 1. 
Prigopine, Exploring Complexity, Piper, Munich, 1987; Gregoire Nicos, "Physics of far-from-eqllibeum systems and slf- 
organization," Chapter 11 in Paul Daves, Ed, The New Physies, Cambridge University ress, Cambridge 1989, p 316-347. 


FREE ENERGY SYSTEM 
‘Any open system notin thermodynamic equilibrium, which fcelyrceives excess energy from an external source, 


and collets and utilizes his fee excess enery to fiely power extemal loads, so that a permissible system COP>1.is 
‘Schieved, as allowed bythe nonlinear thermodynamics of open systems in isequlibum with their environment. 

[implicit inthe notion af fie electromagnetic energy systems are six key concepts: (1) the local vacuun’spacetime is known 19 
be filed with hidden (., vital) energy in violent motion, i, the lsal vacuum spacetime is violent virtual energy fun and 
therefore a scalar potcatial, 2) hroken symmetry. some sot of organizing and gating mechanism, such asthe common 
Aipole—in ths hidden (virtual) energy fux ofthe vacuum is uilzed asa souree, to coir the virtual energy and diver it as 
‘energy flow $= ExH, fom the broken symmetry ination point onto the extemal circuits or load pats of «device, (3) the 
Coherent gat extra virtual energy flow avilable in the external circuits o lad parts euples to (interacts with) the mobile 
‘harge in thoge cites or oad pars, o that gratents developed in he ineratng vial fut form forse elds on and ofthe 
particle masse, driving the mobile charges along the citcut and through curen-impeding circuit components suchas los, (4) 
{the interaction af the deiven charges wath the diving Virtual energy Mux, thet spin and evatic motions integrate a tiny 
coupling faction” ofthe diving Virtual energy into observable (Le. macroscopic fc) eneexy, thus erating the E-felds and 
B-fiels, (5) the eurrentampeding extemal components oF load parts scaticr or dissipate the coherence ofthe driven charges, and 
thereby dissipate the collected energy or change the form of the collected eld energy, thereby producing useful work, and (6), 
litle or none ofthe excess collected eneray inthe circuit is split of and dissipated in the gate (asymmetry component serving as 
the Slow soarce) to destoy the gate und hereby destroy its asymmetry inthe vacuum Hux, which is What is extracting and 
producing the fee energy flow. 


FUSION, ACTION 
Inthe new approach, the recombining of two canonical bts of fissioned action quantum. 


“The fusion process cancels" the bts produced by the fission process, and constitutes a negative spacetime operation. The 
pliysical world is ths eliminated, bit by itn a monocular fusion operation that produces the "pst". The "mass" ofa partite 
's taken 10 be proportional o, and identically comprised ofthe absolute value of it fission and fusion rate. When fission and 
fusion rates ofa particle are equal. the particle is unacecleated when unequal, the paile is accelerated, Vice versa, when the 
Paticle is unaceclrated, the fission and fusion rates ae equal, and when the particle is accelerated, the fission and fusion rates 
Se uncqual 


GAIA HYPOTHESIS 
‘The hypothesis by Lovelock that the earth and its biosphere living thing atleast in some sense 


Inthe new viewpoint, there exists biospheric quantum potential which contains an extended mind and therefore is indeed an 
extended lfefom—cne which includes the earth andthe quantum poteati al its ereatures and species. Inthe new sense, even 
scaled "inert matter i alive, being continually bathed by energy low dimensioned with lifeform templates, and therfore 
‘gualy alive in all dretions and nonpreferenial 


GaTE 
‘efor to something (a component or function) which extracts some par ofa flux or lo, compacting itinto a stream. and 
sending foul,” 
‘A moving board wall or gate may be swung int a iver, eg, to divertor "gate" some of the river's low out into a suice ditch 
td onto a waterwheel powering mill Similarly, a dipole extracts some of the energy from the vacuum virtual photon fix 
texchange with the end charges of the dipole, and "yates" (divers) the extracted portion of enemy out fom the ends of the dipole 
fs enemy flows. This creates the Scalar potential surounding each charge and also the E-elds Even a "static™ dipole does this 

gating” of vacuum energy ino an energy flow. 


“The fundamental gate forall EM eneay in 3space isthe dipole or dipolar. The source ofthe 3-space EM enceay 
continuously emited by any charge o dipole is an equal inflow of EM energy ffom the complex plane (Irom the time domain) 
‘Thus EM enemy flow is conserved in 4 dimensions but not in 3-space. In particle physics it is wellknown that any dipole or 
sage is sci a broken 3symmenry ins fierce vacuum energy fox exchange. However particle physics consiers the input 
energy tobe viral pricle energy from the vacuum and therefore random energy. Whittaker 1993 shows itis actually fom the 
time domain of spactine {Fam the complex plane) and the input energy flow fom the vacuum snot randoms but precisely 
onganized ins harmenic sof longitudinal EM phase conjugate waves. Of course by wave-paricle duality we simply consider 
the two pictures to be just different and permit models of he same thing. 


GATING EFFECT 
‘The effec of extracting part ofa flux or flow, compacting it int a useful stream, and "sending it out.” 
See pate 


GAUGE 
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Inclectromagnctism, usually considered a posible choice for change of electric scalar potential and magnetic vector potential, 
‘without any net chang of force fields so thatthe change satisfies Maxwell's equations 

Interestingly, gauge field theory includes the axiom of gauge freedom. In EM systems, this means that one is foe to "egauge" 
lor change the potential energy ofthe system freely and at anytime. so long asthe change esl ina static stress poten 
enemy change. In the real world, one may have to pay alte bt fr switching. But essenally physics already assumes that 
fone can cause his EM system to take on excess potcatialencrsy at will, so long as its a sess potential encray change only. 

In short, only the symmerical repauging case as been considered in electvdynamies. Yet every electrical power system must 
fist potenti the system asymmetrically rather than symmetrically. Inthe theoretically perfec system, this asymmetrical 
regauging is done fecly. Hence every electrical power system first breaks gauge symmetry, in ores to take on extra enessy so 
that scan do work Futher, the surge ofthe potential energy Mowing int he asymmetrically regauged elevzieal system 0 
ffecy, comes from the source dipole's extraction of EM energy from the ie-domain (complex plans) duct its broken 3 
symmetry in EM ener flaw: 


So the highest "gauge" principle is that energy canbe rcely extract from the vacuum, anywhere and at any time, Seely and 
cal, by making a dipoarity which changes a single potential and asymmetically regauges the system, 

1 follows that one i in they fece to "sip this exces fee energy in extemal oad to power them, Again, in the eal 
‘world one may have to pay some switching costs, but that can be minimize by efficient switching. However, since no 
conventional electrical powcr sytem accomplishes thi fee powering ofits loads, it rigorously follows that the conventional 
system must sel-enforce symmety in its discharge ofthe fice potential eneray achieved by the intial asvmumetricalregaugin. 
“Thus, ifwe Believe gauge eld theory—the most moder of physics theories and in many ways the most useful—and also 
bicvets assumption offre asymmetrical regaugin tat i hidden nis gauge freedom principle then COP>1.0 electrical 
power systems ar absolutly pemnitted by nature and by gauge fed theory where asymmetrical regauping is deliberately used, 


1 follows that some featur in electrical power systems as we presently design and build them, must he preventing these 
systems from exhibiting overunity COP. And sits. The ubiquitous closed current loop circuit results in the eicuitfrebly 
nd symmetrically regauging itself while dissipating its exeitation energy o power is loads and losses. This frees half the 
Collected resaugiag (ioe) energy tobe dissipated inthe extemal cuits loads and losses, and half oft to be dissipated in the 
our dipole to scatter the charges and destroy the dipole, This mcans that less than half te available fee resauging energy is 
tse to power the load, while half suse to destroy the entity—the source dipole—actually fumshing the fee regauging 
enemy from the vacuum. 

Hence all ur present clectrcal power systems ar inherently free energy systems freely extracting this energy from the 
‘vacuum, but are fiendishly designed so tat they hil diemselves (shut ofall fee asymmetie rezauging energy from the 
‘vacuum, by destroying the source dipole) faster than they eatch some ofthe fee enegy from the vacuum o poser ther loads 
‘Ta restore the source dipole requies at leat as much energy dissipation as was dane to destroy it, In oar conventional sel 
destructive systems, the generator shaft mus thus be continuously powered in order to form the magnetic Held inside the 
fsnerator so tht this magneti ld can then dissipate is avalale energy to fore the scattered changes back apart fo farm an 
fondered source dipole 

‘We pay the power company to have a giant wrestling mitch inside its own genertors and las, And in a sense, we do it because 
cur theoreticians lave gauge symmetry more than they tolerate broken gauge symmncry. So they build lovely, symmetry- 
restoring electrial power systems-and monstously mangle and destoy ie rail biosphere inthe process 


GAUGE FREEDOM 


‘The axiom in gauge theory that one can feel change he potentials ofan EM system, so long asthe net new fares resulting 
From the change will sum toa ero vector resultant sp thatthe system emains “symmetrical” in its fore-feld funetioning with 
‘peal fo the svat prior a the change of potentials 

(Gauge and gauge freedom are actully formal restictions of an even more important asyeunetrialregausing principle: 
povental in a system can be freely changed at amy te, thus ely changing the potential energof the system elt and ut 
‘wll, Symmetrical gauging is achieved only by multiple application of this asymmetry rule to provide a net symmetry 
condition again, wih a change in locked-in stress potemal energy ate system. 


GAUGE SYMMETRY 


Abstract mathematical symmetry ofa ild that relates to the freedom to esauge (shang the value of) potentials, without 
Mfeoling the vals of the fed quantities, 

In short, the higher principle thatthe potentials can be changed freely and at will—and henes the potential energy of the 
egaiged sytem can be changed frecly and a willis arbiteay restricted to avery special cise: Each change of potential 
Involves the appearance ofan new fre force fel. This asymmetrical change ean be made freely and at wil, tan time. 
However, the notion of gauge symmetry restricts any se of such changes tothe special ease where the new fice free feds 
produced must sum toa net zero frce field of opposing forces, In short, it severely restricts the freedom to change the 
Potetils—to the special ease where the resulting change of the system's potential energy must remain a state stress potential 
nergy condition. Note that this biti liminates ny overunity functioning ofthe regaugod sytem in which the altered 
Potentials) and altered system potential energy exsi(s). Soe the discussions of gauge and gauge freedom, above. 


GAUGE THEORY 


A fold theory using a field that has one oF more gauge symmetries, 
Not te aecet on gauge symmetry and the nt si mmetrical gauging restriction, This restriction is earry-forward ofthe old 
notion that the potentials are no primary, but the fel are primary causes ofall EM phenomena. 


For the verunity researcher, broken gauge symmetry isthe interesting feture which must avidly be sought in his experimental 
systems. Hence he must seck out and familiarize himself with a wide variety of broken symmetry effects and phenomenology. 
He must also rigorously analyze his circuits with a keen view to whete gauge symmetry can be broken, wher¢ and how gauge 
symmetry is automatically restored during excitation discharge, ete. Unless the automatic sel-enfocing of symmetical zauge 
transformation during excitation discharge is vielated, no EM system can produce COP>1.0. In aditon, without elaboration, 
the overunty researcher must also lean to consider ths time-domain functions ofthe circuit and particulary the giant 
nogentropy af the common dipole. Unless he understands that all EM energy comes fom the vacuum and fom he complex. 
Plane via the broken $-symmetry ofa dipolar, be cannot understand his own ius 


lectromagnctics was the frst gauge theory. Gauge theory is widely utilized today and pariculrly in paticle physics. In 
lverunity power systems, the system must exhibit a broken geuge symmetry atleast twice:(1) in intl potenalizing the 
system tp freely inerease its potential energy thus exciting te system so tht it has energy with which to do work, and (2) thea 
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sischarging tis fee excitation energy inthe load without smultancously destroying the source dipole providing the continual 
potentilizing 

‘The conventional COPCI.0 lecrical power system restores net space symmetry by continually destroying the “ce 
symmetrical resauging” componca: the source dipole and using more ofthe ener fect received from the vacuum via 
Alipole asymmetry to destoy the dipole than is used to power the load, This requires tht a least as much 3-space energy be 
Input othe system again, o restore the dipole and thus potenialize the extemal circuit, as was used to destroy the dipole. 
Hence as much 3-space energy has tobe input sis dsspatd i al the lads and loses, including inside the generator. For hat 
reasoa, ou scientists and engineers unwitingly but deliberately design and build only COP10 systems 


{Without elaboration, we aso ascent that spactine curvature i alysys involved in an overunity EM power system, an the 
fenipe ime) potential of the ouput endo an overunity system differs fom the emp potential ofthe input cod, 3 that the 
nadia (the tempe force) is directed from output to input exactly he reversal of the case fora COPEL. power system, 


GAUGE TRANSFORMATION (IN ELECTROMAGNETICS) 
{EM, gauge transformation is conventionally taken to be the addition ofthe gradient of some funtion of space and time the 
‘magic vector potcatial—and simultaneously the addition ofthe negative of the partial derivative of the ame funtion with 


‘spect 1 ime, divided bythe spec of light, to the clei salar potential 


‘This procedure gives dilferent potentials but leaves the electric and magnetic fick unchanged. I restiets gauge 
transformations to net symmetrical transformation, However, the increase or dscteae in otcatial energy of the system, duc to 
changing the potentials, results ina change in the stress ofthe system anda change in its tess energy. Tis is because two new 
fntiparallel forces ae created, which change the tess ofthe system, 


Imessence, zauge symmetry then involves the implicit assumption that a functioning system sth same regardless of how itis 
stressed, and regardless ofthe state of is stress energy. We pont out tha, gravitationally this is notte sine any change inthe 
local poietialencruy ofthe system isa spacetime curvature chang, hence a gravitational change. 


GENERAL THEORY OF RELATIVITY 
Einseia's theory of gravity in which the gravitational force is represented by a curvature in spacetime, 


GIANT NEGENTROPY (OF THE DIPOLE} 
‘The recep rom the time domain of spacetime (Hh vacuum), by any dipolar of enormous longitudinal EM wave ene 
‘How, uansduction ofthat absorbed energy ffom the camplex plane into real space, and emission ofthat enormous ener flow 
‘al directions i 3-spac, automatically and indefinitely after ail enengy has heen expended lo separate the charges and 


‘make the dipole. The EM waves in the iu fom the time domain and the olput sy Sspace re perfectly ondered and 
‘otelted, whichis a git ordering of the vacuum spacclie and is thus giant nesentony 


Im cireuits, the source dipole inthe generator or battery, once made, performs this function. Only a minuscule faction (some 


10°) of the enery pouring ou of the generator’ or battery's terminals strikes the surface charges ofthat attached extemal 
circuit andi diverge into the conductors to power the Drude electrons andthe circuit, All the rest i just wasted 


‘See my pape, "Giant Negentopy from the Common Dipole” iid 


GRavitoN 
‘The quantum (smallest piece) ofthe gravitational fl, with spin 2 


Inthe quantum theory of general relativity, the graviton is massless ands sin 2. In the new approach, a graviton is 
considered to be a paired (coupled) photon and antiphoton, each of which as spin one, so thatthe graviton couplet as spin 2. A 
Scalar potential is comprised of gritos, not merely phat, since it can be decomposed into w harmonic series of 
bidirectional wavepairs, In each wavepair, a wave and its antivave precisely superpose. We insist ona further strong condition: 
that in the bisvave he photons comprising the wave andthe antiphotons comping the antiwave also must obey the distvtion 
‘orrsctionthearom. This means that the antiphotons and photons are passing through each oer in opposite diestions, 
continually coupling into gravitons and decoupling again 


Gravity 
‘The phenomenon characterized by the physical ataction of any two material hodies 


Actually, in modem general clativty it isthe tapped enemy inthe masses that produce the gravity potentials. Healy the 
{rivtational force beeen wo masses is proportional to the product ofthe masses divided by the square of the distance 
between them. Inthe new approach, one recognizes that mas selfs defined i ens of, and denial consists othe ime 
derivative ofan ation Mux. [Fora fore-fee fundamental definition of mas, see TE. Bearden, Quiton/Perceptron Physics: A 
‘Theory of Existence, Perception, and Physical Phenomena, National Tecnica Information System, Report AD-763210, 
1973.) A photon flux ilo an action flux. A virtual photon flux i an action fax. So the vacuum consists ofa gigantic ation 
‘fux—which with certain interactions forms mas ise: But since photons reaction quanta and photon flux i action Mux, and 
since mass and gravitation ae functions imposed on such action Aux: thea mass, EM, and zravtation become differen aspects 
Gfte same thing. All of them canbe eleesromagnetcaly engineered, directly as indced can be the How of ime itselt. By 
affecting the Bows of time eletromagnetcally ane is thus able to affect the gravitational force between two objects 
‘letomagnetically,Antigrviy, for example, canbe achieved by a mechanism thats given inthis glossary. Hutchinson has 
demonstrated the levitation of objects weighing up 1o 60 Ibs, albeit sporadically and uncontrollably. At my urgent request, 
‘Sweet performed a highly successful antigravity experiment some years ago, reducing the weight ofa 6-pound abject by 50%, 
‘smoothly and contollaly, in several smoothly controlled steps. I consider thatthe experiment tested and validated my approach 
to anengincerable mechanism for antigravity. Fr the results ofthe est, see Floyd Sweet and TE. Bearden, "Utilizing Scalar 
Electromagnctis to Tap Vacuum Energy,” Proceedings ofthe 26th Iniersociety Energy Conversion Engineering 
Conference (IECEC "91, Boston, Massachusetts, 1991, p. 370-375 


GROSS PARTICLE TRANSLATION 
‘Refers to wanslting she entire particle in space ater than internally structuring the particle's potential (massless charge) 


GROSS POTENTIAL GRADIENT FIELDS 


oss magnitude as in 


GYROELECTRONS 
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‘Shinning elects considered us avroscopes, so that when longitudinally perturbed the can and wil ltrally proces 
Considering (in a gross first order model the conduction eleeons in the Drude gas na conductor slinle gyros, because they 
se (i) spining oa an axis, (i) severely restrained in their ability to move forward longitudinally down the condctor as curren, 
nd (i) much more free to preces laterally inthe conductor. Thus when the gyroclectons inthe receiving wire antenna, 
perturbed by an incoming longitudinal EM wave inthe vacuum, are loagitudinally perturbed, they precess laterally so that our 
Instruments (which detet electron wiggles, ot the incoming vacuum EM wave) do detet "transverse waves.” However, they 
are detecting the tansversegyrelectton precession waves. The old electrodynamics, long before the elcton or he atom as 
discovered, simply envisioned the incoming EM wave as "waves inthe thin material fui eer” which were intercepted” as 
‘lect Hid waves inthe anteana Hence since thir instraments reported thatthe intercepted "electric uid” was vibrating 
transversely, they finnly belived (erroncousy) that this proved the ether wave to be tanoverse also, just as those "tut sting 
waves" that Maxwell and Faraday had belived in. That isthe total raison dpe behind the mistakes notion ofthe tansverse 
EM wave inthe vacuum et 


HARMONIC SERIES 
Consisting of fundamental froquene, its ist harmonic its second harmonic, ee 
HEAVISIDE, OLIVER 


Note English slftaught physicist and brilliant clectrodynamicist, 1880-1925, who played a roe in discading Maxwell's 
\quatersions. and aso played a olen forming vestor mathematics and formulating dhe vector reddction of Maxwell's theo 
fio 20 qualernion equations in some 20 unknowns tothe present 4 vector equations 


‘What are presently taught as "Maxwell's equations” in university are actually Heavside's equations. 


Lorentz symmrically egauged the Maxwell-Heavisde equations, again greatly simplifying their mathematical solution —and 
also unwitingly discarding all permissible overunity Maxwellian systems inthe proces. 


HEAVISIDE ENERGY FLOW COMPONENT 


(1) The enormous nonntereepted and nondiverged energy flow componcat pouring out ofthe terminals ofthe hater or 
generator, and missing the extemal ecu entirely otha itis wasted 


(2) The enormous energy inthe EM field, potential, or wave that mises the interaction ofthe field, potential, or wave withthe 
sssumed unt point static elect charge 


(2) See also discussion under Giant Negentropy. 


HERACLITUS 
To beaded, 
HERTZ, HEINRICH. 


[Noted German physicist who together with Heaviside and others transformed Maxwell's theory from quatsnion algebra to 
‘vector algebra and who also produced EM waves, hus confirming Maxwell’ theor 


HIDDEN BIWAVES. 


‘Those bidirectional EM wavepairs that comps the scalar potential are indeed "hidden" with respect o our normal "elstran 
itanslaton” (ce. elestfon wise) defectors and iasiruments 


HIDDEN VARIABLE THEORY 
A class of quantum mechanical thoores which considers thatthe quantum sate ofa physical system isnot a complete 
cfication alle al. The “hulle variables” ate those addtional components necessary to provide te "complete sa 
‘stem 
“The hidden variables are those extra components ofthe theorized complet state, which are not contained in the quantum state 
‘Bolun's hidden Variables theory i the best known of ll ofthese theories, and makes the same predictions as does the 
conventional quantum mechanics. In addition, it eliminates the tile problem ofthe "missing chaos” eliminates the quantum 
‘measurement problem, and it suggests that quantum mechanics can be engincere ifthe hidden variables themselves ean be 
tengincered. Inthe new approach, one goes a step further by consiesing hidden EM variables infoldd inside the potentials 
themselves, including insie the quantum potential utilized by Bohm. The advantage ofthis assumption is that poses an 
‘ngineerable intspretation, afer work by Stoney, Whitaker, and Ziolkowski, Further, the Russians have utlized this ype of 
EM hidden variable theory, long withthe quantum potential, 1 develop seret advanced weapons. The physics of his area is 
called energetics 


ofthe 


HIERONYMUS, T. GALEN 


Founder ofthe American version of radionics, who patented a radionles machine and process o star the cycle of raionis in 
this county, 


HILBERT, DAVID 
Noted German mathematician, 1863 
‘mathematical physicist 
‘Note particularly for his development of Hilbert space 


1943, who did advanced workin geome, theory of invariants, integral equations, and 


HOLE (ELECTRON HOLE) 
An unfilled vacancy in an ordering of elec enersy levels, asin a atice orn the Dirge Sea 


lecton energy levels have two enemy stats: (1) posiive ener state and (2) negarive ener state. The postive eneray states 
fe associated with the poston of normal energy Coctzons. The negative enegy states ae almost il filed, and this she 
Dirac 


‘The absence of an cleston from ciherencray sat ereats a particular kindof hole. When an electro is absent from an 
clectton positive energy ste postion na late, that resus in an excess of postive charge at that pont vacated bythe 
‘ecton.” Note that when an eleeton then refils that hoe (recombination occurs}, the electron remains ina positive energy 
state, doesnot disappear, and no radiation curs. 
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‘When an electron is lifted ftom an electon negative energy state inthe Dirac sea, hat eaves bend hole inthe nepative 
energy state in the Dirac sea, When an clecton subsequently refills Is" in and disappears, decaying w 8 lower 
‘energy level and emitting radiation due to the diference in the energy levels, 

‘The diference between hols inthe Dirac sea and holes inthe electron positive enery levels ina laie, ae very different in 
shot they Lead to to quit different kinds of "hole and electron” interactions. tn the latice “hole-ling” (recombination) 
there i no excess radiation given off andthe electron doesnot disappear from the positive ener continuum. Inthe irae sea 
holefiling, excess radiation is given off and the electron disappears fom the positive energy continu 

Under the inluence ofan elect field, a postive energy bole in a eystallatice—where an electron has left and is therefore 
shsent—will effectively propagate trough the atic asa postive charge, bu usually much slower than the electron propagates 
Inthe opposite dgetion as an electron current. The process is actually more complex and involves continous interaction wih 
the clectons and their piysical distribution pattem and location. The hole curent s mathematically treated asa special postive 
‘charge current, often referred to as a poston curent. In» curtent-carrying conductor or semiconductor, on has a eure of 
‘lctoas traveling in ane direction and simultancously a current of holes (hole pestons) traveling in the opposite dretin, but 
recombining. 

As stated in adition to attice holes, there also can exist unfilled hoes inthe Dinse negative energy states comprising the 
‘vacuum, particularly when elds are peeseat. In his ease it is a negative ener hole. A posiive energy electron that als into 
2 Dirac Sea hole will emit energy as i fll to that lower eneruy’ state. To lit one ofthe eleetons from the Dirac sea and leave 8 
hole eneray must therefore he added 10 the negative encray electron inthe Dac hole 


When fields are present, Dirac holes may exist and may move as hole current in circuit under cerain conditions. The sition 
|Scomplex see Felix Finster, "Definition ofthe Dirac Sea inthe Presence of Exteral Fields” Adv Theor. Math. Phys Vol2, 
1998, p. 963-985, Updated copy (version 4) i on hp an. gov ab hep-th9770S006, 

When a fee eleeton ils a positive energy hole in  atice (positive electron energy state, this ffetvely disposes of bot the 
hole andthe fre eletron which is now a bound electron, and is called eeombination. The electron does not disappear In a 
‘atrial ace there is no energy radiation from this, jus the disappearance of the ole and the "binding" ofa fee electron so 
that tis no longer fe. 

{in visualizing positive hole currents, passing the hole current though a surplus of available electrons (as ina negative charge 
donor materia) will esltn “hol filing” and recombinations, One may therefore speak of disposing of unwanted hole current 
by recombination, and in fact this is widely accomplised in semiconductors by consoling the doping 


HOLE CONDUCTION (LATTICE) 


‘The movement of clecron vacancies (holes) in ltie continually ef hind by hopping ofthe electons as they break loose 
{Hom their bonded positions and move feel in an eleston cure 

‘When an electron hops out of lattice bond, it leaves behind a bonding gap or “hole” in the positive electron energy state at that 
bond sit, so that an extra positive charge appears there athe hole. As the clectons move in one direction ina conducting 
lntice the holes mave in he opposite direction ina "positive curent, but sta muck slower pace than the electron current 


HOLE CURRENT (LATTICE) 
See hole conduction tice 
HOMEOPATHY 


‘A system of medical teatment based on the theory that certain diseases canbe cured by aving very small doses of substances 
‘which i healthy person would prduce sympioms like those ofthe disease. (Oppossd to allopath 


Homeopathy is based upon formation and use of dimensioned potcatils (particulary the poteatil composed of the extremely 
‘apid "making and braking” hydrogen bonds in a uid) containing vacua engines, Any material or solute and therefore aay 
molecule, contains its own specific vacuum engine, its own charges, and its own dimensioned potential Dssolving the material 
{i water, oF even using a suspeasion of itn wate, allows the Doading potential inthe water to interact with the potetial ofthe 
Solute or suspension, Potentials superpose, and they also dase and max their inner structures (vacuum engines} into each othe. 
So the material or solute lifes its vac engines int the interior ofthe hydrogen bonding potential. in effect ordering and 
ing the hydrogen bonding self! Vigorous shaking of the suspension or solution assure tha al the fluid and H-bonding 

is exposed to the sole of suspended particles, s that «thorough exchange of vacuum engines occurs, This process in 
homeopathy i called potenzig. I's actually just esting the desired intemal vacuum engines inthe H-bonding potential af the 
‘wate: Once that's done, theres really no further ace forthe solute or the suspended particles. By repeately diluting the 
‘olution tothe ext, thn one can reach a point where there is «high probability that nota single molecule of the original 
Solute is remaining inthe ud. Yeti each dilution, shaking canbe wed to insure The even spread ofthe vacuum engines 
through the newly introduced H-bonding potent in the newly insoduced water. At the end, there exists an altered uid whose 
H-bonding potential now contains the desired vacuum engines. Deinking that water now introduces those vacuum engines into 
the body fads, bloodstream, etc. The ingested dilute new vacuum engines wll thea diffuse though the various potentials of the 
body, and produce altered chemical functioning of the kind that could have been induced by the chemical or ative solute 
‘ateil, The advantage s that de harsh materal residue ofthe chemical or solute is at present inthe body, as ts when 
allopaty is uilized, 


HYPERFUNCTIONING 
Euncioning in hyperspace as opposed tn 4-dimensional Minkowski space, 
Higher topological functioning. 


HYPERSPACE 


Refers to a space of more than four dimensions, and specifically to thos spatial dimensions ouside the normal thee. 


IDENTITY OF OPPOSITES 
On the boundary, A and not A are ential, Uf 
is own opposite 

INERTIAL FRAME 
A fame of reference in which force-free bodies move along staiht lines, and th postulates of special eativity ae valid 


of thing is collected, one reaches the boundary of hat hing and it tums into 
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Inthe new approach, this notion is extended; even in an inal frame, frce-fee bodies may move along straight ines, the 
postulates of special relativity may remain vali and yet the EM hidden variable may induce other changes inthe usual laws of 
ature duet the action of hidden vacuum engines infolded inthe dimensioned local spacctime (vacuum potential 


INFOLDED HIDDEN DYNAMICS 
Refers to 
(i) Boh’ hidden variable theory and he internal dynamics of the hidden variablesnttes themselves, and 


(i) othe hidden biwave pairs comprising a scalar potential withthe internal dynamics of those waves such a tuning off 
harmonic frequency, multiplication, variation of plasing and magnitud, et. 


Also, by Whittaker 1908 the scalar potential canbe decompose into the bidiretional wavepale set in harmonic sevics. By 
‘Whitaker 1904, each ofthe waves a biwave par can be further decomposed into to potential, so cach pair of waves would 
consist of four potentials. Tati, the eatire set of internal bivave pairs ean be replaced by four umes as many internal "partial 
Potentials” as was the numberof bivave pais, Then Whittaker 1903 can be applied ance again to break each one of those sealat 
Potentials nto new biwave pats, and so forth and so forth. So the potential cane expressed as waves within waves within 
‘waves, or potatals within potentials within potentials, and soon. The neat hing is tht cach successive infolding (interesting) 
{Sa higher dimensional functioning and a higher topology. So one can build (ith some litle pain!) specific infolded wave. 
Paltems that wll work in—suy-the 7th dimension of hyperspace, o the eighth dimension, and so on. This is why Teale the 
Internal structuring ofa potential (or the two potentials comprising an EM wave) dimensioning the potential or the wave. AS 
half-baked nuclear engineer whom the Army never let practic his discipline, I wanted some Way to dzctly engineer the 
nucleus. Ta has now been found. Unfortunatly it has also already been highly weaponized in serecy by ne or more foreign 
ations. In other word, one can design a signal and assemble i (with some dificuly) that wil flip one quark ina nucleon in an 
stom. That way one can transmau an clement cther ato th next higher element isomer othe next lower clement isomer. 
Using a quantum potential t "wansport he necessary vacuum engines, the effect can be accomplished ata great distance, in 
multiple targets simultancously, andthe eect is not shildabl. "Jumps" in nuclear wansmutaton can also be accomplished. The 
!migetion of electrons to and from an som (asin solution, ez) makes and negates ions continuously. Thus continually the 
textemal potentials and the nuclear potentials ntercommunicate. This means that thet vacuum engines continually diffuse. Any 
dimensioning ofthe extemal potentials wil be passed into the nuclear poteatals a a dimensioning action als. If certain 
‘conditioning vacuum engines are preset inthe extemal potentials then the slow difusion into the nuclear potentials begins 19 
affect the nucleons and dei interactions, the quarks compesing the nucleons, the particles such as pions continually exchanged 
between nucleons, fc. The mechanism for nuclear iansmutations and prodaction of new species is there! believe, e., and am 
working to more clearly express, thatthe major mechanism producing tbe new aucleat species in cold fasion experiments just 
such dimensioned potentials, involving the inadvertent dimensioning of potentials comprised of the by drogen bonings ofthe 
‘water and or factors, 


INFOLDED REAL VECTOR COMPONENTS 


‘Wall, simply take ast of real force vetors that altogether sum toa 


zero resultant 


‘That "vector zero system” is Zero wih respect to foreed nanslatin ofa particle or mass. tis not an absence er se, but is the 
presence of specifically hidden and “infaldd? real vectors. Two elephants pushing each othe wa draw form such a "zer0- 
translating” system. That "zero system” is quite different ffom two crickets pushing asainst each other oa daw! Anyone who 
thinks al zeros are "absences" and who thinks ll zeros are equal, is ivited to ty standing between the crickets and observing 
how he feels, then standing between the elephant and see how be feels. The latter might be areal bummer. So zeros can differ! 
‘And a zero can bea preseace of many ral things, all stl there but "infoldea” and hidden,” but just the absence of any une und 
‘niyone thing. Even in anthmeti, eg, we ar free o pull 5-2 aight out of 0, o pull out -7-8-6-2>-S+1+1-3-12-1/2 i | got 
the arithmetic corect!). And soon, So we have alyays used the fact that a net ero can havea real internal composition, without 
‘detling it exactly, We teach our schoolsildren to do i but fi to tel them what they are doing! 


‘When you sum EM force fields to zero, the fel are sil there and real. You have altered the energy ofthe system or volume, 
and also the potetial energy ofthe system or volume. And you have dene it in specific dsections, magnitudes, et. along the 

gers” ofthe infolded pattems, In short, you have made specific vacuum engine. Mass, uid, nucle, molecules, te, 
exposed to that “conditioned vacuum potential” may well undergo physical and chemical and clesrical changes. Glen once 
petformed experiments which powerfully conditioned the local vacuum, and all locks and watches mechanical, electrical, cte:) 
‘the local area were awry fr four days 


INFOLDING 
With reference to signals inflding means “placing the signal or modulation or change upon one or more of the internal 
iidiretional wavepaits comprising the salar potential. 

Since all EM potentials ultimately repeseat changes tothe ambient vacuum potential, onc ha conditioned or altered the 
‘vacuum iself when infolding i tlzed. Infoding of EM signal, vectors, and directions produces racuun engines. By 


‘Whittaker’s principle and Bearden’ corollary, dese vacuum eagins ean be designed 10 affect matter—including atomic ale, 
nucleons, tein any manner desired 


INFORMATION CONTENT OF THE FIELD 


‘Russian euphemism foe the structuring ofthe hidden longitudinal EM waves and thir dynamics, that comprise av EM 
Dole feld, of wave 


Frequencies below what the ea cn heat. Below about 20 Hert 


INTERFEROMETER 


‘An instrument in which a wave is split into two waves arbeams, which after taveling over different pas are subsequent 
‘united und display interference 


INTERFEROMETRY 
“Measurement of wavelengths of light and very smal distances and thi 


for determining indices of rffaction, and for analyzing small parts of a spectrum by mi 
ligne 


ofthe interference phenomena of 
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INTERNAL SPACE 
Tobesaded, 
ITERATED 
ne repeatedly, ike pking beans one at aime, 
JOSEPHSON EFFECT 


Flow of Cooper pues superconducting electron pats) across a thin diletrie separating two superconducting electrons, inthe 
absence of vollage drop. 
‘That is, dhe pir of electrons can tunnel" through a thin insulating bari, 
JOSEPHSON JUNCTION 
‘The thin dices separating wo superconducting electrons, with subsequent Josephson tunneling of Cooper airs 
JOSEPHSON TUNNELING 
See Josephson effec. 


JOULE 
A measure of ones 
(One joule equals one wat for one second. In piysics the unit of work or energy inthe MESS system, being the amount of work 
done by one nevton ating trough a distance of one meter, equal to 10,0800 ergs 

JUNG, CARL GUSTOV 


‘Noted Swiss povchiatrist and psychologist who founded Jungian analteal psychology, formule the principle of 
‘umchronicty, and advanced and delinested collective unconscious mind 


From the content of his German patients, Jung predicted WW II two decades before it occured 


KINDLING 

(Cocco integration (adding) of similar virwal components among the vat “noise” of dissimilar virtual components so that the 
F1o-nowss” rai of hs ineutated imal steadily increases, and Ihe wisgrated "observable signa” gas ou ofthe 

iockround viral state a 

proces is dretly analogous to coherent integration of nondiscemible radar signals fr beneath the received 

noise, to build and extract the real radar return signals from targets. This sort of process dramatically increases the "sensitivity" 

tte radar. Real, very ny signals even 100 dB or more beneath the noise level an he retrieved in suc fashion by modern 

radars, 


Similar processes can integrate very minute signals already passed into the virtual state and presumed to be nonexistent, 
Usually; however, the diference frequency between two frequencies a least one harmonic interval apart must be used, 
considering the vacuunn's vial us state a anisotropic nonlinear medium, 

(One may also hypothesize that potetal and propagating signals may dercase with distance, but are never tly "lost" in hat 
they never reach 3 total zero. Whe they reach the quantum level, further decrease in amplitude simply results in sei passing 
tito the virtual state (subguantum level. 


KIRCHHOFF'S CURRENT-LAW 
the sum ofthe instantaneous 


any time, the sum ofthe instantanouscurents floxting into anode or point ina ezcuitequ 
‘ulTenis flowing ou! ofthat node or pont. 


KIRCHHOFF'S VOLTAGE LAW 
Atany time, the sum of 


I voltae rises in 


lsc Joop circuit equals the sum of all drops in hat closed Joop circuit. 


LAMB, WILLIS EUGENEJR 


American physicist and Nobelisn who discovered th hyperfine structure ofthe hydrogen spectrum, and fist measured the 
{Sleracton of the vacuum energy that generates a change in the enengy levels ofthe bydragen stom, according fo Dace thea 


LAMB SHIFT 


Avery smull conection tothe fit excited state of the hydrogen atom duet interaction ofthe vacuum, 


Willis Lam experimentally confirmed this prediction of quantum electrodynamics to high accuracy 


LAMELLAR CURRENT 


(Curent in hin layers 
‘Thin layers of curren. Thin shects of current 


LASER 


device that generates light in which al the photons are exactly in step and produce coherent beam, 
Laser light has one wavelength and is more easily controlled than other kinds of light. Use ofa laser to perform interferometry 
'Sone way to create Holograms use ofa laser to illuminate a hologram is one way to read it. Originally the word "ase" was an 
scronym tat stood for "ight amplification By stimulated emission of radiation," Not that when TiO, particles in suspension, 
‘with small amount of fluorescent dye added, are weatly illuminated by a smal coherent ight source (a ase) a wemtendous 
‘oonilling ouput of coherent light emission occurs, by the ant-Stokes emission effect. This s lasing without population 
laversion and it sa validated and easily testable overunity process Ths isthe proces patented by Lawandy 


LASING WITHOUT INVERSION 
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‘The amplification of coherent ish in an intensely scattering medium, comprised of certain powdered laser crstals ot 
Suspensions of similar material where variety of phenomena such a gan narowing and amplifving random walk of Hobt 
ropagating inthe medium, combine wo ave laser emission with diflusive feedback, 

Gain tends to depend on the volume of the medium, so that ata certain medium the gain in light amplification by the medium 
texcscds the losses, atl the laser action results above this eiical volume. The intensity of the light scattering (multiply 
reflecting) inthe medium then will increase rapidly until an “explosion” of light resuls in an intense lash of coherent light in 
all directions from the medium volume 


te excitation is stl present, the proces will be repeated and the encruy density will again exceed the eitical value, apy 
generating another intense lash of ight. This process can be repeated many times, given the presence of continued excitation. 
Avery interesting phenomena that can occur is coherent backscattering, Here the ight scatters over both forward-tme path 
nd a ime-reversed pat, perhaps with each path consisting of more than 1,000 seaterings. Because of time-reversal syaimety, 
the two waves (forward and backward) acquire exactly the same (though random!) phase. So the to waves afer ll his 1,00 
scatterings on their paths, met and interfere constructively inthe direction back toward the exciting light source 

In theory the mean fee path can be made shorer and shore, so that all the light would be tapped inside the medium. Tis is 
called Anderson localization, and it has been reported in she ltrature sce D'S. Wiersma, P Bartoli, A. Lageniji, and R, 
Righini, "Localization of light in a disordered medium,” Nature, Vol. 390, 1997, p. 671; John Saje, "Frozen light" hip 
61-6653, 


‘This work grew out of original work called out by Letothov but largely ignored fr more than two decades. 
References: D, Wiersma and A. Lagendijk, "Laser action in very white pain,” Physies World Jan, 1997, p. 33-37; — "Light 
Aifusion with gan and random: lasers," Physical Review ES4, 1996, p. 4256; N.M Lawandy etal, "Laser action in stoagly 
Scattering media,” Nature, ol. 368, 1994, p. 436; VS, Letokiov, Generation of light by a scattering medium with negative 

resonance absorption," Sov. Phys. JETP. Vol. 26, 1968, p. 835, 


[Note that we aye nominate aversion ofthis process, together with consideration ofthe erroneously discarded Heaviside 
rondiverged energy flow component, a the fundamental mechanism propose tobe involve in gamma ray busters, ray 
burners, and in some gama ray and x-ray lashes associated with atmospheric phenomena on cart in thunderstorms, te. We 
also nominated the missing Heaviside energy flow component as the agent accounting forthe excess gravity (some 90% ofthe 
total gravity inthe arms of spiral galaxies that hole those ams inact so they donot fly apart, Sse'TE. Bearden, "Dark Miter 
tor Dark Energy", Journal of New Energy, 4(4), Spring 2000, p. 4-11 (algo availabe on itp. chenieteona), — "Giant 
Negeatropy from tie Common Dipole” Proceedings of Congress 2000, St.Petersburg, Russi, Vol 1, July 2000, p. 8698, 
Also published in Journal of New Energy, 5(), Summer 200, p. 11-23. Also earied on DoE opea website 

[naps toe gov papecsbooks hil and on ip wunwchoniore on 


LAW OF PHYSICS 


srcton placed upon the 
‘uation and environment, 


Actual, in nature there are no suc rigidly fixed "laws"; these are only man's synthesis forthe behavior of large classes of 
systems under very general conditions. Any "law of physics" canbe violated i the conditions contained in its assumptions are 
Violated. Conservation laws are often touted a5 "aw of physic.” Actual the conservation las assume a closed sytem or 
fone in equilibeum, an linear spacetime (Lorentz fame) I eiher or both ofthese assumptions is locally vilated, any or ll 
tafe conservation laws can be Violated locally even though the overall global coasevatian i stil upheld. Quite simply, in that 
ase one has opened the system (broken symmetry) In article physic, broken symumetry already resus in violation of ene or 
‘more ofthe conservation laws. In leading Russian physics joumals, papers are regularly published containing unrestrcid 
fsneral relativity with concomitant violation of any and all conservation laws 


1 mechanisms 


ner certain bod assumptions as to dhe backeround 


LAWANDY PATENTS 
Patents covering and related to anti-Stokes emission (excess emission of enemy) in strongly seating, optically ative media 
such a T102 particles in suspension, 


“More energy is emit than one must input to stimulate the eet. tis Being hailed asa new form of lasing, without he 
quirement for population inyersin, 


LETOKHOV.V. 5. 
ussian pioner in excess emission phenomena from stimulated media, 


LETOKHOV EFFECT 


‘The excess emission (overunity emission of enery) phenomena in strona scattering, optically ative media usualy refered 
ins "pegative absorption af the medium" 

For an overview, se VS. Letokhoy, “Stimulated emission of an ensemble of scattering puticles with negative absorption. 
ZZBETE Plasma, 5(8), Ape. 15,1967, p, 262-265; —"Generation of light bya scattering medium with negative resonance 
sbsorpio,” Say. Phys. JETP, 26(4, Apr. 1968, p. 835-839, — "Laser Mastell’s Demon,” Contemporary Physics, 36(3), 
1995, 235-243 


LOCALITY 
(Characters where interactions ae local in spacstime 

LOCALIZED 
Confined to a small region of age system rather than being extended hough the system ora distance 


LOCAL VIRTUAL PHOTON FLUX OF VACUUM 
Refers to local rion of the vacuum, which also refers othe vacuum flux density ofthat region. 


LONGITUDINAL COMPONENT 
InEM waves, the longitudinal component ofthe fields slong the diection of travel 


1s opposed to the transverse components aright angles tothe direction of travel 


LONGITUDINAL E-FIELD 
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‘We may divide any electrical field into two components, transverse component and a longitudinal component. 
(OF course one ofthe other may hea zero vector. 


LONGITUDINAL GRADIENT 


Compre 1s (differences in density or pressure, 


considered in a dretion from ter origin along the dzestion of primary movement, ¥. transverse waves, which at 
Perpendicular to hat direction. 


LONGITUDINAL INTERIOR WAVE 


In conventional theory, the electric portion of the EM wave is a transverse fed os 
sentially ero 

Inthe new "infolded” wave approach there sno overall transverse gradient nthe vacuum potential, but there san infolded 
Jonginudinal gradiem which oscillates "inside the vacuum potential” This is rather like a "pressure wave" wansmtted under 
‘water, without causing a surface wave involving physical upheaval and fall-off ofthe wate In EM. by analogy the speed of the 
bulk uplicaval”ransverse wave is nominally, the speed of ight in vacuum [but se discussion of galloping Waves, for What 
really happens! The speed ofthe pressure wave, under water, maybe very much greater thane, because it isa special 
"tunneling" process and it aso involves the gallopina wave effet. Experimental measurement of superluminal tunneling 
veloitiessuch as more than 4e-are already well-known in the erature, 


tion, and the longitudinal componcat is 


‘To better visualize this "pressure wave,” consider that itis lke a sort of "velocity modulation” upon the edge of the 
conventionlly-visulized plane wave roa ofa uaveling transverse wave, except now the plane self docs not move. All the 
succeeding plancs are "burped” by the velocity modulation af one plane, and so the velocity modulation propagates though 
(inside) the vacuum potential asa modulated pressure wave, without tansverse change of the poteail 


[Now we havea very special medium! It consists ofbidiectonal EM wave pais, one passing through the ath. In suc case, it 
‘Salrcady known thatthe speed of a "planar wave foat” in he superposition and esuing interference of two oppositely 
‘moving waves can in fic greatly exceed the sped o ight momentarily then slow dramatically below than the Speed of ight, 
te, $0 long asthe average velocity is. Ths is elle the galloping wave effet. [Eg sce Willan G. Harter etal, "Galloping 
‘waves and heir eativstic properties, Ameriean Journal of Physics, (7), July 1985, p. 671-679, Since ihe plane wavetoat 
Within the interior can in fat vary its velocity, we are quite fre to use this "velocity pulse modulation’ effet of wavefront 
speed variation, o place signal intelligence upon the planar wave froatspced variations. So we can transmit hidden pressure 
‘waves with intligence on thea, trough the interior ofthe vacuum potential. Further the rexirition to an average velocity of 
toes not have fo appl, and the planar pressure pulses cam be transited much faster than e. Tiss the basso the work Fogal 
nd are srugaing wih, in oder to achieve superluminal communication, Its also what we have been struggling wih in an 
‘fort to conse up with a communication system that can propagate infoldd signals inside the H-bonding potential ofthe ocean 
Sse, so that igh-data-rate communications with dsp submarines cou be ulized, at any distance, and the huge, gay, 
fraghiflly expensive and envioament-affecting ELF systems be done away with. We aso think it should eventually be 
possible to develop an underwater radar typeof system, bu far tno cay at this pont to ty to conceptualize just exactly how 
A would work. 


LONGITUDINAL WAVE 
A tpresure' ype of wave simi 


to sound, in which the vibrations are along the direction of wave of the wave 


Hence, a wave composed of altemating densifcations and earefactions, where we fous upon the longitudinal component ofthe 
changes. Inthe pst we have use the tem "scalar waves" to imply longitudinal standing Waves, such asin one infolded Stony 
‘Whitaker wavepar inside the salar potential In classical EM theory, the Poynting vector predicts no longitudinal wave of 
enemy from a time-varying, eleccally charged source. In fac, even inthe ordinary theory, an exact solution ofthe problem 
does allow this longiudinal wave, as shown by Keech and Corum, International Joural of Theoretical Physies, 20(1), 1981 
p. 63-68. Conventionally, as explained elsewhere inthis plssay, the classical electromagnetic wave is modeled as a Veco 
String wave, comprised of wansverse vibrations on implicly assumed material aut stings in the vacuum. Inthe new approach 
Such ransverse vector farce field waves (Hertz waves) do not exist a such in yacuum: instead, two coupled, dynamic salar 
Potentials exist there. The E and B fields are formed and exist asthe these potentials anther gradient coupling o spinning 
‘hanged detecting mass particles. 


LONGITUDINALLY 
(OF orn length. Runsng o placed or operating or changing lengthwise. Oppose to transverse 


LORENTZ, HENDRIK ANTOON 


‘Renowned Dutch physicist and Nobels. 1853-1928, who developed the Lorent transformations and Fiegerld-Lorentz 


He shared the Nobel Prize foe disovering the Zeeman effet. 
LORENTZ INVARIANCE 
Ap insti fame is independent ofthe velit of the fame relative to any oer fame, 


LORENTZ INVARIANCE PRINCIPLE 
‘The principle thatthe laws of phuses are he same in all reference frames 


LORENTZ REGAUGING 
(Changing the two potentials inthe Maxwell-Heaviside equations in potential farm so thatthe resulting equations have the 
‘atabls sepunsted 


An unfortunate effect is that this discards all Maxwellian systems far from equilibrium in their vacuum exchange, hence 
discards all permissible Maclin COP>1.0 systems. 


LORENTZ SYMMETRY 
‘Referring tothe symmetrical regauging by Lorentz of Maxwell's equations 


LORENZ, LUDWIG VALENTIN 
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Scientist who first changed Maxwell's equations—wo veur afer their publication in 1865_by (effective) symmetrical 
uging them, thereby unwitingly discarding all Maxwellian systems far from thermodynamic equlvium with the sctive 


See LV. Lorenz, "On the identity ofthe vibrations of light with electrical cuments," Philosophical Magazine, Vol. 34,1867, p 
287-501. In this paper Lorenz gave essentially what today is called the Loreatz symmetrical resavging 


‘Comment: (gratefully recived from. Bure) This paper gave fl) functions. Fitzgerald said that Loenzs functions were 
sentaly the same as his, and Fitzgerald beeame a leading proponent of "retarded potentials". But itis believed that Fitzgerald 
‘vas unaware of Lorenz's work unl the 1880's, o he is given ereit for parallel development. Some people tlk of Fitgerald- 
Lorenz functions. This isa regauging, but the erm "gauge" (inspired by eallroad gauges) was fst introduced by Hermann Weyl 
inthe 1900s. He used it fora change in length and was sot down by Eiastcia’s theary—WeyTsticory was no elatvstic. The 
‘ea resurfaced in the 1920s when quantum theory was being formulated, but this tine it meant "change in phase” and not 
‘change in length" 


(Comment by TEB.: Thus "Lorent2" regauging of Maxwells equations rally was ist dane by Lorenz in 1967. However, not 
io much atetion was paid t LV. Loren?’ work (eq. by Fitzgerald). When H. A Lorentz Iter used symmetrical gauging 
(essentially Lorenz’ egauging) his influence was so great that it was adopted straightaway and has remained adopted to this 
‘hy. 


LOW ENERGY NUCLEAR REACTION (LENR) 


Coldfusion, o the anomalous transmutation of elements which occur in cetin clecolves with specially prepared palladium 
slestodes, 


‘The transmutations occur even though in conventional theory there i insufisient energy to accomplish them, 


Conventional science has rather vehemently stacked cold fusion and many ofthe coldfusion scientists, even though there ae 
now hundreds of sucessful experiments in multiple laboratories Uroughout the world 
nour view, once the propery-prepared palladium latices are laded with positive ions, the formation of temporary Nesting 
time-cversl oes inthe electrolyte temporarily reverses the law of attraction and repulsion of charges. Thus H= ions, eg, 
may atract each eer in even numbers (opposite numbers ae forbidden by the Pauli exclusion principle) so closely that each 
caters the tong (nuclear) force region of he othr, so that the group becomes a quasi-nucleus. Note thatthe 
partaly unglued” bythe TRZ. formation, and so the prefered method of "decay" ofthe anomalous TRZ state asthe 
Surounding clctrolyc ions move to nezate it is by fipping ofa quark- One D+ ion coupled to one H+ ion, ex, when 
stracted into a quasi-nucleus ina TRZ, may deca’ ito Wtium by Mipping one quark and changing onc ofthe protons int & 
neutfon. Two H+ ions may decay into deuterium (D-)by flipping one quark and fuming an H= into a neutron, Two D> ions 
‘nay simply Pighten further” ino a eal nucleus asthe TRZ. decay, and result in an alpha particle (helium nucleus) The TRZ 
hypothesis does precisely explain the most important reactions that are experimentally shown to occur. For more on this 
hypothesis, se TE, Bearden, "EM Corrections Enabling a Practical Unifed Field Theory with Emphasis on Time-Charging 
Interactions of Longitudinal EM Waves," Explare, 86), 1998, p. 7-16; —., "EM Corrections Enabling a Practical Unified Field 
‘Theory with Emphasis on Time-Charging Interactions of Longitudinal EM Waves," Journal of New Enetay, 32/3), 1998, p 
28 

MAGNETIC DIPOLE 


Paired nom and south magnetic poles of equ strength over microscopic or macroscopic distance 


MAGNETIC INDUCTION 


‘in magnetic ld producing an electric fc alright an 


MAGNETIC SPIN 
‘ofers to he intrinsic angular momentum, known as spi, of electrons, protons, and neutuns, ee, 


‘The elzetrons combined in an atom or ion havea resultant angular momentum, that isthe combined intense spin of the 
clecttons andthe angular momentum du to their motion around the nucleus. There i also a magnetic momen associated with 
this angular momentum (sin) whenever itis nonzero. Therefore atoms or ions with nonzero spin are magnetic aloms o ons. 
hiss often loosely refered to as "magnetic spin” Ii actually the maghetic moment of nonzero spin 


MAGNETOELECTRONICS 
‘New mieroeleetroni components which exploit the spin of the clecton rather than its charge: 


References: A Barthelemy el, "Giant Steps with Tiny Magnets,” Physles World, Nov, 1994, p. 4-38; G. Prinz, 
"Magnetoclectonics,” Selene, Vol 282, 1998, p. 1660, 


MAGNETORESISTANCE 
A change inclctical resistivity n a material when a magnetic fed is applied tothe material 


-MAGNETORESISTANCE, COLOSSAL 


Avery Larue chang in electrical resistance observed in he manganese perovskite materials when a magnetic fed is aplied to 
‘hem Te fet in these materials ste lanest magnetorsistance elect known al presen 

See N. A. Babushikna el, "Metainsulatr transition induced by oxygen isotope exchange inthe magnetoresistive perovskite 
‘angaites,” Nature, Vol 31, 1998, p. 139; I. Balells eal, "High-field maghetoesistace at interfaces in manganese 
perovskites,” Phys. ev. B, Vol $8, 1998, p.RINGOT. M, Blamire <a, "Understanding and uilizing colossal 
‘magnotoresistance material." Phi. Trans. Roy. oe. A. Vol 356, 1998, p. 1469-1712. 


-MAGNETOSTATIC SCALAR POTENTIAL 
Roushly, the “pole strength iferemal between te two poles of» masnetic dipole 
Anyone who wishes may polish his definition, 

[MASSLESS DISPLACEMENT CURRENTS, 
cu 
Examples inthe standard theory include did, dE, dt dBi, ete 


5s without mas, 
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MATTER 
Highly condensed 3-spatial enerey, compressed by the fstor 2, 
nd with the observation proces dit having bssn applied to the fundamental masstimi enlty to provide massa a eozen 


Snapshot. Matter, of couse as intemal structure, order and organization, and dynamics. All mater sins coatinuous 
‘energetic exchange with ts vacuum (-spatil) envionment. 


MAXWELL, JAMES CLERK 


Bilan sciatst who frst formulated the unified theory of electricity and magnetism, 
ames Clerk Maxwell was born on June 13, 1831 in Edinburgh, Scotland, In 1847 he entered the University of Edinburgh, then 
transferred to Cambridge inthe fll f 1850. After graduation he stayed on at Cambridge in 8 research postion. He was cleted 
2 Fello of Trinity College and placed on the staff of college lecturers. n 1886 he returned to Scotland, where he took up 8 

Char of natural Philosophy at Marishal College, Aberdsen, In autumn, 1860 he took anew position as Char and Professor of 
Natural Philosophy and Astonon’at King's College, London (a positon be held until 1868, at which ime he resigned) 
“Maxwell was financially independent, He was cece tothe Royal Society in 186 while at Kings College. From ISS to 1871 
he resided at his ancesval Scotish county bome, Glen, developing his majo ideas into book oem. Maxwell returned to 
Cambridge in 187, where he became the frst holder of the Cavendish Chair of Experimental Physics. There he also supervised 
the construction and operation of Cavendish Laboratory His teatise on electromagnetism appeared in 1873. He held b 

position at Cambridge unt he died on Nov. 5, 1879 at age 48, ofa form of stomach cancer—ibe same ailment tat had killed 
his mother when he was a child. [Thanks to Eneyelopacdia Britanaica') 


MAXWELL (UNIT) 
Unit of magnetic fu, in dhe egs system, 


-MAXWELL'S ELECTRODYNAMICS, 
Maxwells clectrodyaamics is Mavvels equations 


MAXWELLIAN SYSTEM, 
Any physical or electromagnetic system whose electrodynamie operations obey James Clerk Maxwell electrodynamics mode 
‘The tem is usually applied with respect to those systems which obey a ighly reduced subset of Maxwell's after the Lorentz 
regnuging ofthe Maxvel- Heaviside equations. This subsets nov inappropriately refered to as "Maxwell's equations”. This is 
‘unfortunate. As a result, today many sclentiss and most eagincers no longer understand that Maxwell's theory when 
tmbedded in a higher topology algebra—pemits avast chess of additional EM systems and behaviors, including full nied 
field thoory operations. Inthe standard UCL) gauge symmetry electrodynamics, all these higher symmetry functions and 
systems are excluded @ prior, From our view, his is partculary sad since these arbitrary reductions of Maxwell's theory 
‘sity excluded all EN system far ftom equilibrium in ther exshange with the active vacuum. Hence almost all cents 
nd enginers believe its against the very laws of nature to propose an electrical power system that produces more eneray out 
“and more work in the load—than the eneeay input made by the operator ims. This sad eror has resulted in 1) crippled 
‘lectrical power systems that extract thei ouput eneeay from the vacuum but kill themselves faster than they power thelr loads, 
(2) the giant pollution ofthe earth, 3) extraordinary energy costs, (4) struggles and wars over oil and eneruy resources, and (3) 
the looming giant economic collapse of te economics of many uaions. Further, unless this ater facet is checked it is aso 
‘cad to (6) the unleashing of all the weapons of mass destrction inthe arsenals of many nation, destroying all civilization and 
iuich of the biosphere 


McCREA 
Tobesaded, 


MICHELSON, ALBERT ABRAHAM 


(German-born American physicist who invented an interfemmete (Michelson interferomete) named ater him. Michelson used 
his interfemmeter ia renowned experiment designed 1o measure te velocity of th earth dough the ether, which would 
rode a shill is his interferometer pattem, No such shil was observed, which indicated the absence of an ether wind and was 
lagely responsible for die downfall ofthe concep of the material ether which had heen assumed previous 

Reference: Albert A. Michelson and Edward Morley, "Influence of Maton ofthe Medium on the Velocity of Lig,” American. 
ournal of Science, Vol. 31, 1886, p. 377-386; —"On the Relative motion of the Earth and the Luminiferoas Ether" hi, Vol 
S4,IN87,p. 335-345, 


MIND 
From the medical view, with thanks to Websters Medical Desk Dictionary, Mrrimn-Webstr Inc, Springfil 


“Massachuses, 19X61) The element or complex of elements nan individual that fel, perceives, thinks, wil and especial 
easoas, (2) the conscious mental evens nd capailius ina organism 3) the organized conscious and unconscious adapVe 


‘ental activity ofan organism, 


‘Sean extended discussion of mind under energy 
MIND-BODY COUPLING 


To beaded. 
MIND-MATTER INTERACTION 
spatial physical body and its space 


‘The n-spce interaction between te time-like mind and its tim-like operations andthe 
‘perations. To fist order, we may teat tes interactions in four dimensions. 


MIND OPERATIONS 
Tobesaded, 


MOTION 
Tobesaded, 
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GENERATOR (MEG) 
‘Transformer-like COP>L0 clerical power generator invented by Bearden, Kenny, Hayes, Moore and Patrick which powers 
ihe vansfomcr core witha permanest magnet, bul separates he curled magnetic Vector pofental A (The magnetic feldB) from 
‘Becuncurled magnede vector potential the core while de 

‘eplenistied outside the core and adiacen toi 

‘The overunity mechanism i thus provided by aversion of the Aharonov-Bohm experiment, which proves shat this spliting of 
the A-ptental does occur and thatthe uncurled A-potetial will interact energetically with electrons. In short by "spliting the 
potential” and pottalizing two paths to the same encray density asthe orginal unsplit potential, the MEG doubles the 
sailabe potential energy available via the permancot magnet dipole’ broken 3-symmetry in the active vacuum. Both the 
ued A-poteatil (magnetic eld) inside the core and the uncurled A-potetial ouside the core interact simultancously withthe 
‘output colls when pulsed. Thus the ouput cols "doubly interact instead of singly interacting. This "double-<ipping” of 
svallable energy How allows permissible COP>I.0, sine the system is far from equilibrium with the active vacuum exchange 


Plsing applies the Lenz law effect to both the split potential, further inreasing the enery density ofthe two interactions with 
the ouput oils The MEG nominally exhibits fem COP 1.719 COP ~10, using two input col 

See MW. Evans, PK. Anastasoski, TE, Bearden ct a, "Classical Eleewodynamics Without the Lorentz Condition: Extracting 
Encrgy ftom the Vacuum," Optik 111(6), 2000, . 246-248; — "Inconsistencies of the Maxwell-Heavside Theory of 
Electodynamics: The Aharono¥-Bohm Eifet' Journal of New Energy, 4(3) Winter 1999p. 236-240; — "Vacuum Eneruy 
Flow and Poynting Tacorem from Topology and Gauge Theory,” submitted 19 Physica Seripta (in review); — "The Aharonov- 
‘Bohm Effect asthe Basis of Electromagnetic Energy Inherent in the Vacuum,” submited to Optik (in review), — "Explanation 
atthe Motionless Electromagnetic Generaor with O(3) Electrodynamics, Foundations of Physics Letters, 200 (in pres) 

Sec also TE. Bearden, "Energy fom the Active Vacuums: The Motionless Electromagnetic Genera” in MLW, Evans (Ed) 
Contemporary Optics and Electrodynamics, Wiley, 2001, 3 vols. ia press) comprising a Special Topic sue a vl, 114, 
Prigogine and S.A. Rice (series eds), Adbances in Chemical Physics, Wis. 


MOTIONLESS ELECTROMAGNETIC: 


MULTICOLLECTION 
“Mulhple cllestion ofthe same encrgy flow, by rerouting the passed Poynting enensy back around othe collectors for another 
pass by them, with adtional collection 
‘common means of "returning" the Poynting flow for addtional collection is retroreflection asin phase conjugate reflection 


Since nominal eneruy collection fraction ona single pass is only about 10", a great many re-passes of the sume energy can 
be returned, Work is dane on the collector in each pass. One joule of encray can actualy perform many joules of Wark: his is & 
change to the usual statement ofthe work-enery theorem, which assumes single pass, single collection only 


MULTIPASS RETROREFLECTION 


eratvelyrroreflecting the same Povating eneexy flow. cach time it impinges on and passes by an intercepting collector, so 
‘hat muliple passes of te ame enemy How ars made onin and by the collector 

“More and more ofthe passing enormous enenyiscolleted as more and more passes by are made. The collected energy is then 
dissipated as work inthe circuit or device, Such processing can allow overunity EM eieits and devices. 


MULTIPASSES 
“Multiple passes. See multpas retoreflection 
NANOTECHNOLOGY 


‘The fabrication of devices with atomic or molecular pression, to produce operating devices with minimum feature sizes less 
ihn 100 nanometers, 

Often desrbed asa marriage between chemistry and engineering. The selassembling of the unis is refered to as molecular 
‘manfacturing and he devices are built one atorn or molecule a time with programmed nanoscopic amis. As occured with 
the moder machine and technology age, the fist quirement iso develop the tools that do the working, and the "tots tht 
build he tool” That fundamental work is off the ground and unsing already 


Nanomanufacturing plants capable of manufacturing bulk materials or arbitrary stractres with atomic precision are envisioned, 
‘with almost every alam being placed precisely as desired 

Nanotcchnology may well produce the next great scientific revolution. Asan example, nanohots have beea visualized tht will 
circulate in a human body’s Bloodstream and specifically attack cance cell. Nanobots for cleaning up air and water pollution 
are posible. Food synthesis is envisioned since the technology provides the ability to combine molecules dec 

As with ll cchnologis, the ethics lies inthe hands ofthe system designer and the user. Increased technology always allows 
treater us for good and greater use fr bad purposes. Because of the extraordinary "evil uses” that can be employed in the use 
ff manobots, Bll Joy, chet scientist of Sun Microsystems, recommends no further development of aanotechnalogy and no 
further esearch. He stated,”.. we have dhe postbliy not jst of weapons of mass destruction but of knowledgeable mast 
destruction... hugely amplified bythe power of self replication. weave on the cusp ofthe further protection of extreme evil 


Joy's fears are well-founded. Already the union of arial intlligence wit slfeplicating nanobos is forescen. fat union 
{s Successful one can foresce the unleashing of what can only be called "species" of so-eplicating, smart napobots bent onthe 
‘mass destruction of humanity in various way. 

Also, contrast the nanabots to our discussion of even more advanced nanotechnology of causal system robots (CSRs) using 
functioning system of causal fields (sets of longitudinal EM waves and thei dynamics, prio to having interacted with charged 
ass, and thence being systems thu are functioning sts of spacetime curvatures}. We have already survived one massive 
World-wide insertion ofan armada of such CSRs fortunately fst generation systems and with no countermeasures, so they 
‘were easily detected and destroyed. We may not survive the het such insertion and attack asthe maturity of the CSRS 


Considering the usual fcus of governments andl human contol systems, my prediction is that detrimental se replicating 
“smart nanobos for use in war, surprise strategic attack, and mass destucton of human targets alcady onthe early planning 
boards. The obvious war applications of nanotechnology will advance faster than the peaceful applications, behind a public 
screen of simpler benevolent developments. This i almost certain, since the lad time for maturing The nanotechnology is from 
10t0 20 yeas. This long lead time rules out most private capital Ventures of substantial magnitude. It results inthe 
equfement for government funding us as development of the atomic bomb was government funded. Asa nanotcchnology 
"arms race” begins and heats up, one Will ec the equivalent of new but iddea "Manhattan Projects in specialized mass 
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estrcton weapons nanotechnology. Rather substantial funding of nanotechnology research and development by several 
nations is aleady a fact, 

Unethical aspects aside, the potcatial for useful and benevolent purposes of nanotechnology is very great, The development in 
this new fel is now beginning to escalate almost exponentially, yearby year, funded primarily by goveramens and 108 more 
limited extent by private companies. 

Reference: David Cook, Jessica Voorhees, and Brian Valz, "Nanotechnology: The Coming Molecular Revolution,” avalable on 
‘website htp/nanotech about om, 


NEGATIVE ABSORPTION OF THE MEDIUM 


‘Excess emission trom a medium, asin the Letokhov work and in Bohren's experiment, The excess enemy is received from the 


(TIVE RESISTOR 


Any component or funtion or process tht fev receives eneray from outside the system in unusable or disordered form and 
‘sulputs that energy i usable, ordered Tem inside the system, whore ha she net funclon performed, 

‘We specifically donot includ "itferenial” negative resistors such asthe tunnel diode, thyristor, and magneton which dissipate 
and disorder more energy from the system, overall, than they order and furnish othe system in thee neyatve resistance rege. 


NEGENTROPIC 


Euncioning to produce or involve negentropy, 
Reotdering previously seattered eneray without requiring the opertor or experimenter to input energy todo the reordering work 
{an example is passive reoreflection of seatlered EM ener) 


[NEGENTROPIC ENGINEERING 


Expanding a litle bit of enemy to form a dipole or dipolar, and then intercepting collecting and using some ofthe enormous 
EMT ener fcely extracied by the dipole from the vacuum indefinitely, without using any of te extracted EM enemy to scat 
‘he charges inthe dipole and destay the dipole, thereby shutting ofthe vacuums Tunshing of copious He ene 


NEWTONIAN 32D LAW 


Far every ation there is an equal and opposite reaction. 
‘This law shouldbe extended and restated somthing ike his: "Yor every action there is an opposite and equal raston ifthe 
‘causative mechanism ofthe reaction i allowed o ecu and not fis redirected away from its angel.” An example ofa violation 
fof Newton's third law as usually stated, i povided by the emission ofa phase conjugate replica wave froma phase conjupate 
‘mirzormatecal No mutter how powerfully pumped, the PCM does no col. The reason i thatthe antiwave cause of 
‘Newtonian third law recoil was intereepted by noalinear multiwave interaction bere it could reac its target nuclei, and 
redivertd avy from the atom anon out ofthe material. Since the esusative mechanism for Newtonian recoil didnot occur, 
the PCM did ot recoil 


NEWTONIAN RECOIL, 
As used inthe paper, refers to Newtons third law reaction created asthe recoil ofthe nucleus of an atom which absorbs an 
‘noming EM lonsitudinal wave, or emis one 


NEWTONS THIRD LAW 


For every action there is an opposite an equal reaction 
In Maxwells electrodynamics, Newton's third law is missing. 11 is missing because of the coarseness ofthe modeling which 
“Maxwell was forced 10 use. Maxwell's seminal paper was ead in 1864 and published i 1865. At the time, nether the electron 
ror the aftorn ha hoen discovered, much les the nucleus ofthe atom, A moecule was just a blob with no srtcture. Elect 
‘vas considered to bea thin material uid, flowing though the wires much like water through a pipe. In fact, Maxwell actually 
‘wrote a material id flow theory, sine hydrodynamics was developed atthe ime 

So there was, atthe time, no notion ofthe Drude electron gas in 2 wite and the positively charged nucle in the stoms in the 
‘wire, So there was ao notion of two oppositely charged entities inthe conductor, both reacting to any EM field entering fom 
space and interacting with the wire 

Further, Newton's thd la had always been used mystical without any known cause. It was experimentally established that 
the reaction occured, ut scientists wene Forced o just asses occurence, 


Consequently, Maxwell wrote equations fr the reaction ofa unitary eleetrc Mud in the conductors. He knew thatthe wire 
recoiled, but Wrote no equations containing the cause of Newtons third law reaction, 

‘What really happens inthe wires that both the Drude electrons rearrange thir positioning visa vis the latice, resulting in an 
apparent current The actual movement (drift velocity) ofthe electrons down the wires Very slow, in a nominal ease being a 
few inches per hour. The electrons, having spin, act as litle gyros sot speak, longitudinally restrained bythe repulsion ofthe 
clectons ahead. So the electrons recess atrally, and spend most oftheir movemeat in lateral precession movement. This 
Sone proves tht the perturbing forces longitudinal, as indeed does Whittaker decomposition of the scalar potential nt 
Jonginudinal EM waves. The gradient of the scalar potential (the E-field) i als such a decomposition, But the electon 
precession waves-—‘which is what our instruments measure in the wire—are inde lateral waves in general consonance with 
Faradsy's ation tat the force field lines were physical and like taut stings, Maxwell merely assumed Faraday’s notiog, 1 give 
usthe transverse EM wave i space. Consequently, the old electrodynamics envisioned that ud vibrations (ether vibrations) 
{om space ha been intercepted by the wire to sake the elevric uid accordingly. And since that electric uid obviously 
shook laterally, that "proved? thatthe waves in spacetime wer atral "plucked taut tring” type waves, Actually it proved a0 
such thing, because they were measuring electron precession waves, 

‘The positive nuclei usually have a mg rato several hundred thousand times the ratio ofan equal charge of electrons, 

Hence the masive nell also react the field interaction, and move very slightly nthe apposite sense from the clectans. 
‘That reaction is ignored in Maxwells general equstions, though when the equations are applied, they equi that ale 

In shot, the electrons recess andthe neclet recoil oppositely, and tat isthe generation of Newton's thi law reaction, 


‘When we excita wire antenna witha wave excitation, we produce both electron precession waves and nuclear recoil waves in 
the nucle. These two waves are of equal ener, though the nuclei waves are very highly damped in magnitude Because ofthe 
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high mg ratio ofthe nucle, Nonetheless each ofthese "lateral" waves slaps the vacuum potential with identical energy. $0160 
gual waves of spacstime curvature occur. Tea be scen thatthe net vacuum wave s actualy a longitudinal EM wave, 
composed of waves of vacuum (spacetime) energy rarefaction and densification. Electraiynamicits, considering the vacuum to 
be filed with a material ether, used the effect” wave in mater as the eause wave. Hence they used a wansverse EM wave in 
spacetime, when indeed he spacetime wave i and always was a longitudinal EM wave just as Tesla insisted 

“Maxwells equations are based primarily on the interaction of field an single charge. Actually, the reaction i always between 
the field and dipole. Even when the field interacts with an "solated charge thre are chstring viral charges of opposite 
sign around the “solate” charge so that the isolated charg” is actualy ase of composite dipoles, where cach dipole consists 
fa virtual charge of opposite sign and a differential piece ofthe isolated observable charge. So the Newtonian thir law 
‘eacton is also there with an isoised charge, but acct inthe vacuum itself, resulting in vacuum polatzation 

[Nonetheless the “transverse EM wave in vacuum” notion isso embedded in electrodynamics tht we sens to be stuck with it 
Timeans, however, tha the "eld in space” used in clctrodynamics must be regarded as only a sort of "convenient transfor 
function” and not eal transverse oscillation eaiy- This ofcourse accords with Feyaman and Wheele' pointing ou tht oaly 
the potential forthe EM wave exists in space n case a charge is brought no interact with ts gradients 

And noses tos, since the vacuum isa big potential and only potentials and potential changes can exist init then 
‘Whitaker's 1903 paper decomposing the scat potential into loagitafinal EM waves is paramount and decisive. EM waves in 
‘he vacuum a prin must be longitudinal waves, because they ae only the changes wo the vacuum potential. And that potential 
at each and every point, changes and all, decomposes into longitudinal EM waves in 3-space with convergent longitudinal EM. 
‘vaves incoming fom the time domain. 


NISBET 
Tobenaded, 


NON-ABELIAN ELECTRODYNAMICS 
Tobesaded, 


NONLINEAR MATERIAL 
substance whose optical properties var with the intensity ofthe ight, 


“Most optical substances are very weakly nonlinear, but a great deal of research has been exert to find materials with stronger 
nonlingaties Aso, a matenal which erates and sms the fundamental and addtional harmonic fequcncies when lluninated 
With Single frequency: Many nonlinear matenals also weakly produce tne-rversed (phase conjugate) fundamentals and/or 
harmonies when illuminated with a fundamental fequency. Such a nonlinear material that creates ime reversed waves (phase 
conjugate replica waves) i sald 10 funetion as a pase canugare mirror. The phase conjugate pica reappears in space back 
slong the path in spaceeven through a highly distorting medium where the input stimulus (signal wave) has traveled or is 
traveling. 

‘Thus the phase conjugate replica or tim-revrsed wave normally hackracks its signal wave stimulus tothe distant source of 
‘hat signal wave, even hundreds or thousands of miles away. This "eawshing” and “concentrating” characteristic i also 
known as etroreflection. Not that an ordinary EM wave diverges aba function ofthe radius traveled away from its emission 
Source, while a ume-reversed or phase conjugate replica wave Will converge asa function of the radius traveled away from is 
‘mission source (the mimo), fis stimulus signal wave Was emitted from a distant point source. ldcally a phase conjugate 
‘mirror produces a single time-reversed wave in addition to the input sigal wave. BY stessing (pumping) the mirror with the 
Input of to atonal opposing waves (ideally orthogonal tothe input or signal wave), the phase conjugate replica Wave output 
bythe miror i amplified, and may contain upto all the energy in the pumping Waves. 


NON SEQUITUR 
A conclusion or inference not following frm the original aumento premise. 


[NONEQUILIBRIUM THERMODYNAMICS 


Colloquia term referring othe new thermodynamics of selEomanizing systems and structures in disequilibrium wit thei 


Since the 1960s, there has emerged in physics (and in thermodynamics!) a supeising new are the physes a from 
‘xuiibium systems and the selforganizaton and large-scale ordering of such systems. Fz, single Bénard cll (a particular 
self-organizing circulation structure in convection-ype system), may involve the cokerent behavior of some 10°! molecules, in 
‘region of convection where one would classically expect only randomness. These new pysies and themoynamics 
interactions are surprisingly being found ina very Wide varity of systems and phenomena, nclung ning systems and 
noaliving systems. The phenomena af intrest include dissipative systems in dncquivium with their enviroamea, ba with 
Stability oftheir wn systems and fomns. Opea systems in disequifriam with her earonment can persssibiy achieve 
COP>10, ad they ean exhibit local negentop. The physics and thermodynamics of such systems i stil aid developing. 
Fora good overview, sce Gregoire Nicos, "Physics of fartrom-=quiirium systems and seit-arganization,"n The New 
Physics, etd by Paul Davies, Cambridge University Press, 1989, p 316-347, Fora ill teshnical presentation, se. Ni 
snd t Prgogine, SeleOrganizaton in Nonequiibriam Systems, Wiley, New York, 1977 


NONLINEAR MATERIAL 
Inphysics_any subsunce whose response tan extemal causative or influencing agent is nt proportional othe magnitude of 
the causative agent or influence 

NONLINEAR OPTICAL FUNCTIONING (NLO FUNCTIONING) 

Functioning in.a manner prescribed by nolinear optics and quantum opis, 

particularly with respect ro ime-reversal fet, use of phase conjugate mirors, phase conjugate reflection, and pumping for 
mld phase conjugate election, 
‘To quote Knight," phase conjugate mixing device has remarkable optical popestis: perfect rerorefceton, the complete 


cancellation of optical aberrations and inhomogeneities in wavefronts, and the ability to reverse an optical beam and return it to 


NONLINEAR PHASE CONJUGATE OPTICS 
See phave comuyate optics. 
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NONLOCALIZATION 
Producing or rendering an effet o effeet-producing agent at distance rather than a the immedia location ofthe effetor 


Extend throughout lage region of system, oro a distant part ofa lange region or system, aes than being confined toa 
small region of the lage region or system. 


NON-RIEMANNIAN (GEOMETRY) 


‘Riemannian gsometr is the gsometry of Riemannian manifolds 


‘i.e, manifolds having an infinitesimal squared distance ds that is everywhere postive. A non-Riemannian geometry violates this 
property [A manifold sa topological sce with certain tecalcalchaacteristes | 


NUCLEONS 


‘Name forthe neytrons or he protons i a nucleus, In the mceus the neutrons and protons are continually changing one into 
the other by exchange ofthe charge 


0(3) ELECTRODYNAMICS 
To beaded. 


OPEN SYSTEM. 
‘A system that communicates with is environment, and exchanges energy, mater, or hath between sytem and environment 


‘The system may be in equlbvium with that exchange, so that it effectively doesnot retain and utilize received environmental 
energy to power loads or accomplish extemal work. Note that it may infact receive and store excess energy from the 
environment, or give up energy to the eavironment, and then remain in equilibrium under its new potcatial encray conditions 
‘That is, the system may asymmetrical gauge se but not utilize any ofthe rgauging energy to uecomplish external work, 
‘When potentials applied oan electromagnetic system, the system is similarly asyzmcecalreyauged apd its potential energy 
‘sinerewsed. However if the system then destroys its source of regauging potential enengy faster than it powers is load, i 
‘aid to symmeticalyregauge self when dschatgng is freely reeived exeitation ents 

ge with its environment, and i it asymmetrically discharges its 
ved excitation energy, ican exhibit COP>I.0 In tht case the sytem effectively retains and uiizes some of ts 
ffeely reccived eavironmental energy to power lads or accomplish exteral work, and th operator himself doesnot have to 
furnish that part ofthe energy dissipate as usefil work, 


OPTICAL SWITCHING 
Refers to switching of opt or switching using optical frequency switching techniques, components, and circuits, 


ORTHODOX TRANSISTORS 
Ondinry transistors in use today 
Such transistors will not perform the Fogal semiconductor special functions, 


ORTHOGONAL ROTATION 
‘Simply speaking, «ration ftom one ditction oa direction at right angles toi 
‘The Lorentz tansform of special relativity, esa formula forthe rotation ofan object and all its pats away from its line of 
‘motion, as function ofthe objets velocity ma dircction toward the time axis. The speed c just represents fll onhogonal 
turn, so hat he intersection ofthe object with the observer 3-space, along the orignal ine of motion, 6220, 
‘To the observer, the three dimensional objec (a specds less than c) has become a to-dimensionsl plane moving a speed. Ina 
space of more than 4 dimensions, the othorotation may be toward higher spatial dimension athe than toward the time 
dimension. As can be seen, such orhoroaton is intimately coanected with the tansloemation ofan electron or clctoa/positran 
pair into a photon and vice vers. Onhorotions are extremly important when one modes the physics of mind and mater 
Interaction, andthe physics of a living organisms including both is mind apd its physical body-—as in psychoeneretics 


OSCILLATING QUANTUM WELL 
A quantum well which is oscillating in magnitude and sometimes in si 


OVERPOTENTIAL 


Essay the overpotenial asin. an electrode ina solution) isa shi inthe Fermi eve necessary to allow de electron inthe 
‘lectede metal to have ensues overlapping with vacant acceptor levels in molecules adjacent othe electrode in the solution 
‘The overpotenial effect appears at small “double surfaces" of things in very close contact, particularly in elecwochemistry and 
‘in sol tate physics, The overpotetil enables clecion transfer, by tunneling. The overptential increases withthe lg of 
the reaction sate that acre a the averptenil lotion, 

For smal reaction rt, the overpotetial is small; but for a small increase inthe overpotetial there occurs adrumatie Increase 
of reaction ate. Fogal has utilized the overpoteatia effect in his semiconductor, to great advantage in xecomplishing unusual 
charge blocking and other special fects. 

(One ofthe world experts inthe theory and use ofthe overpotental is Dr. J O'M. Bockrs. Ex, fra shor overview pointing out 
the importance ofthe overpotental, see Books, "Overpotemial lacuna in scientific knowledge,” Journal of Cheraical 
Education, 48(6), June 1971, p. 352-388 (a paper which Bockris graciously sent me som years ayo). Quoting from that 
reference, p. 385: The formal definition of overpotental isthe change of potential ofthe electron-conducting phase when 
reaction ate aros it interface wit the ion-conducting phase with which itis in contact is changed from zero toa certain 
‘elocity." And agai, p. 385: ..verpotcnial..n fact determines what faction ofthe energy ofthe el-functining cell has to 
be wasted in making the cell work and deliver cnery ata certain powet” For amore detailed and wider exposition ofthe 
verpotentil its effets, and is uses, see J. OM, Bockrs and A. KN. Redd, Modera Electrochemistry Vol. & 2, Plenum 
Press, 1970, 


OVERUNITY COEFFICIENT OF PERFORMANCE 
“More cneray ut or work ou of system than the operator or experimenter must himself o herself furnish and input 
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An open thermosiynamic sytem far fom thermodynamic system is permite to achieve such an overunity performance so any 
‘verunity cletrodynamic system must be such, Well-known nonclectromagnetic examples are solar ell, Ret pumps, 
‘windmills, sails on sailboats. waterwheels for powering watermill aglding bid in thermal updafs, ete A well-known 
clectromagnetc example isthe conimon Solar cell. The common household heat pump has a theoretical COP limit of 8.22, and 
‘well-designed units usally achieve some 4.0 oso, s0 long as the ambient cnvironment docs not change ton drastically fom the 
design limis. As the enviroament changes and coals down appreciably, however, most home heat pumps lose efficiency and 
have to switch onto heating strips, which have a COP = 1.0, 


Contrary to prevailing belie, itis cetinly possible to have EM systems which are also open thermodynamic systems, fr fom 
‘quilieium, and feel receiving excess energy (asymmetrically gauging a potential) from an extemal source 0 Wit theit 
‘lent visual fluc exchange between the vacuum and the system All EM system are already open spstems in the virtual 

paticle flux exchange with vacuum; tat is already well-known in particle physics, eventhough the 130-year-old classical 
‘lectrodynamics does not even include the vacuum-mass exchange. The only question, thn, is how to esabish an asymmetry 
fn that yacuur-mass flux exchange Here ain, every electrical charge and every dipole already just sach a broken syramctry 
‘nthe vacuum lux, as has bees known in particle physics forfour decades It takes on the average about 50 Years, however, for 
vital discoveries in one discipline to "eros ferize” into another discipline, At any rate, the symmetry of every clesrie power 
system, in the vacuum lux, i already broken in its source dipole. This rigorously means that, if we simply avold doing 
Something we are doing in our power systems to restore symmetry as a matter of cous, is possible 1 utlize the free broken 
‘symmetry ofthe source dipole to provide an overunity EM system, 

11996 I showed that such overanity EM systems are permite and prescribed by Maxwell’ theory, prior othe arbitrary 
imposition of symmetrical regauging ofthe Maxwell equations (Le the Lorenz condition). Violation ofthe Lorentz condition 
(by asymmetrical slF-regauging) is necessary bu not sufficient condition for an overuity EM devie, An asymmetric 
egauging will certainly give us excess free energy in he system, and an excess force to use that energy in trapsating against a 
Toad impedance to do work, i we design the system propery todo just hat. 


To achieve overunty in a circuit one must prevent the (presently universal) r-impostion of the Lorenz condition by the use of| 
one-half the excess received energy to drive the return electrons fom the load back trough the Back emf af the source, 

the gute and restoring symmcu, the Lorentz condition, and equilibrium betweea vacuum Tux and system. Al 

systems are speifically designed to drive those electrons back through the back em and thus restore symmety, deliberately 
symmetrically selzegauging a second time and delberael restoring the Lorentz contin, along with deliberate killing the 
Source dipoles asymmetry inthe vacuum fx exchange 


PARADOX (LOGICAL) 
‘A thing that is tu, eas shown by experiment, but which violates one or more ofthe three Aristotelian laws of logic, 


‘Any logic algebra or system has topology. A paradox in one topology can afte be resolved by inerasing the topology ofthe 
logic. All logical paradoxes inthe -law Aristotelian lope system are simply four-aw logic cases in logical superset, and— 
atleast hypothedcally the Fourth la can be applied 1 resolve them. For a discussion and proof of the 4 law careetion to 
‘Anstotlan ogi, see Appendix Il-"A Conditional Critenoa for Meni, Leading toa Fourh Law of Logi.” in TE. Bearden, 
AIDS: Biological Warfare, Tesla Book Co., Chula Vista, California, 1988, p 428-443. Logic has many aspoots tht oflen may 
shock our casual expectations: For example, one ofthe most advanced axioms in mathematics i called the Axiom of Choice. 
{S used inthe proof of many advanced theorems. Using the Axiom of Choice, it can be shown that it is posible to cut a hall into 
2 finite number of pieces then reassemble the pices into two balls of the same size, with no ai gaps between pices! While this 
cemingy defies ll common physical sense (and I've ot found anyone who has done i) ts mathematically comec, For a 
roa sce Thomas J. Jech, The Axiom of Choice, American Elsevier, New York, 1973, p. 3-6. Fora good perspective on 
‘Anstotlian logic, sce Morris Kline, Mathematics: The Loss of Certainty, Oxford University Press, New York, 1980, 


PARITY 


Deals with studying a system of sequence of evens as if reflect ina mimor. A systm has parity ist undergoes na 
Fundamental operstional change i replaced with ts tirorreflcted twin, 


PARTIALLY TIME-REVERSED REGION 
A.resion of space in which an object experiences not only tbe ordinary forward flow of time, but an extra induce backwards 
‘How of time, usually a faction ofthe time-forward ime steam, 

(One result may be to "reduce" time-farward force feds, by a faction. This is impor in bridges, where one must pass EM 
enemy flow oat a follow-on load circuit, but the etumn current in tha circuit must be allowed to circulate back though the load 
bridge itself against the inducing back emf. By pata time-reversing the eyion occupied by the back em, that hack ems 
sen asa smaller value by the tur cutent beng passed back up through the back emf. The result is that current wll cirulste 
{the load loop, powered ently by the bridging of Poynting Naw §= ExH onto the load circu 


Another result of «partially ime-reversed region is that the ln of atraction and repulsion of charges is patil reversed. If 
the ime-reyersal predominates inthe region, asin a momentary tine-eversl Zone in some electrolytes, then the la of 
attraction and repulsion of charges is reversed. In that case lke charges atract and unlike charges repel. Two postive If ios, 
eg, may be drawn so tightly together that each enters the edge ofthe song force region of the other forming 3 quasi-nuleus 
Not that in each H+ in the gluon frees are almost dissalved and the quarks are nearly feed. Then asthe time-fevesal zone 
decays back to a normal ime-forward zone, the decay changes beyin fom inside ou, resulting inthe Mp of a quark to change 
fone ofthe H+ ions a neutron a. The mand the H ion draw together asthe prefered decay sate, esulting inthe formation of 
‘deuterium ora D+ ion, This and similar "time reversal zone” reactions have Been propose by this researcher a the 
‘mechanisms generating the anomalous deuterium, tritium, an alpha particles (helm nuclei) inthe "old fusion” reactions. It 
'sindoeda special type of low spatial ener fusion, but avery high cnenay eaction since time-enemgy is involved as the active 
‘ngodien, and time-energy has the sami energy density ax mass, 


PARTICLE PHYSICS 
‘The branch of physics using acccleratorso study high-eneray particle collisions, wo determine properties of atomic null and of 
ihe clomentary particles themselves 


So far as am aware, conventional particle physicists do not con 
ruclear interactions tall 


fer ime-enegy interaction and ime reversal zone novel 


PATTERSON EFFECT 
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ups a capacitor, thereby becoming an enery-flow generator and nonlinearly increasing the enera-flow a the charge ofthe 
‘apacios increases 


‘The Patterson effect yields the Patterson Power Cell, a validated overuity power system which has shown COP>1200 in 
Sndependet university testing. The Paterson eects. variation and adaptation ofthe welLknown anti-Stokes emission eff, 
‘which for tree decades has cen validated in physics joumals ta produce overuity emission in cen intensely scaring 
setive media 


PATTERSON POWER CELL® 
Patented overunity power unt by James Paterson, which has een independently validate to veld COP>1.0, 


See James Patesoa, "System for Electrolysis of Liguid Electolyte US, Patent No. 5,372,688, issued Dec. 13, 1994, Filed 
Dec. 2, 1993 26 claims, 7 dawing sheets 


PAUTRIZEL, RAYMOND 


Eminent French parasitologist who worked with Antoine Priore, and who performed many definitive experiments demonstrating 
the Priore healing elec 

PEGRAM'S EXPERIMENT 
Experiment which demonstrate a elation between electric and magni fields in the vacuum which the Maxwell-Heavisde 
{Bory doesnot prescribe 


‘Simultaneously coaxial ylinrical condensor and solenoid are rotted. The rotation produces a magnetic field inthe solenoid 
‘nthe axial direction and between the plate a the condensor, The condensor can be charged by shortening the plas ofthe 
‘ondensor. This inicaes a cros elation in the vacuum between electric and magnetic fields which does ot exist nthe 
Maxwell-Heaviside theory 


G. B.Pegrum, Physical Review, Vol. 10,1917, p. 591 


Reference: 


PERPETUAL MOTION MACHINE 
Assrton that no machine ean indefinitely operate since no closed system can input its output power ack t itself while 
powering a load because powering itself and is load violates the equilibrium thermedynamies (the thermodynamics ofa 
‘osed system 
‘The “defenders ofthe underunity fui” we the statement that “thee cannot be any such thing a a perpetual motion machine” as 
anarticl of faith and iron dogma. Usually they classify a so-called "perpetuum mobile” as io which law of equilibria 
thermodynamics itis thought o violate 


For permisible Maxwellian overunity systems, the entire ‘perpetual motion” conundrum is nonsensical, since we ar always 
speaking of an EM system far from shermoxh namie equlibrun with is active vacuum environment. The equilibrium 
thermodyaamics assumed by the erties doesnot even apply to such systems, as witness the Nobel Prize awarded p Prigogine in 
1977 andthe voluminous literature on such pen dissipative systems, 

Asan example, see Sunley W. Angrist, "Perpetual Motion Machines,” Selentific American, vol, 218, Jan. 1968, p. 1-41 
Anges gives typical enidgue using classical equilbium thermodynamics. He ealls permisible ovceunity syst (open 
dissipative systems receiving excess cnergy from an extemal soures) alse perpetual motion machines or ftiious-perpewal 
‘motion machines. Also see Angrs' ancl, "Perpetual Motion,” Encyelopaedias Britannia, Bieentenalal Edition, 
‘aeropaedia Vol. 14, 197, p. 102-105, Here he gives a very good summary ofthe subject as ordinarily posed, with precise 
definitions included for perpetual motion machines ofthe first, second, and third kinds and for fcitous perpetal motion 
‘machines. Unfortunately his entire argument is completly irlevant to any study of permissible overunity machines, which he 
already as labeled as "ictiious perpetual motion machines’ and bas already admited that they exist! The substance of his, 
‘ati argument is that systems in equlbrium cannot power themselves. Tha is ofcourse quite tue, but is mere tautology 
nd has no relation to an opea system in disequilibrium, which cam powcr islf and its lad simultaneously, by the laws of 
pliysics andthe laws of disequlivium thermodynamics. Soin fact Angrst, as do the skeptics who continue fo asa legitimate 
‘verunity EM system researchers as perpetual motion nuts, establishes his own dummy stawman and demolishes it wh 
Ignoring” 1 speak the hoge Staue of Liberty before him, 


[Now this snot o pick on Angrst! He appears tobe a reasonable scientist carefully stating his thesis ina straightforward 
‘manne. His voice i quoted asa reasonable ctcal voice, and not like the usual xtromist critic who engages in ad hominem 
attacks fom the outset. merely shows that (1) the etre "perpetuum mobile” prhbition does at even apply to overunity 
EM systems fa fom thermodynamic equilibrium with the active vacuum, 2) the erties ae either uniting or deliberately 
using the wrong typeof thermodynamics asthe hass of their entire argument, (3) the reasonable perpetual metion critics — 
witinly or unwittingly simply set up an irrelevant sassman and precede to knock it down, and (infact the ents already 
‘sit oa machine that wil in fact un self and power ts load indefiaely or perpetually uniess something changes or beaks 
Or fils, but then ody label i asa "ctious" or "alse" perpetual motion machine! Meanwhile, nthe universe aroand us We 
tiverally observe things in violent and perpetual motion, having continued so for some 15 billion years. None of heaton 
cca tobe running dowa, nor do any f the molecules. And tey ae open systems brought out of equilibrium by absorption of 
‘nem and decaying back into equilibrium (or approaching it) by emision of excess enerzy 

‘The este point is that echoical publications such as Scientific American and Encyclopaedia Britanaica donot scea 
question the line of reasoning advanced by those knocking perpetual motion, or even fully analyzed their argument. What we 
really dal within tems of skeptics inthis ara is eter (1) a reasonable, seiefc skeptic such as Angi (his listing of 
‘machines and atemps for machines notin disequilibrium with their ative envionment Yo run themseives is very good), of (2) 
an unreasonable person spouting dogma and Venom, who should simply go read some dsequilium system thermodyaamics 
tnd eam caquete 

Also, we strongly object to supercilious phrases invariably employed by harsh skeptics who insist wear looking for 
"something for nothing” o¢ “a fee lunch", No legitimate overnity energy researcher has ever considered such a thing. We 
feel admit thatthe excess energy is recived from the active vacuum exchange, via a broken symmetry in that exchange. 
Should the farmer refuse to use a windmill or waterwheel because he's geting a "free lanch” for energy input? For those who so 
‘quickly bur such condematory phrases, let me hold up a mirror and show them an analog of thir postion: The famed surgeon 
Alfted Velpeau wrote in 1839: "The abolishment of pat in surgery is the chimera Iris absurd 1 goon secking i toda 

‘Knife’ and pain’ ae ovo words in surgery thar mus forever be associate in the consciousness ofthe ptient. To this 
compulsory combination we shall have to adjust ourselves.” [Marin Gumpert, TrailBlazer of Seience, Funk and Wagnalls, 
New York, 1936, p-232] 
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‘The strident, dogmatic erties of open overunity disequilibrium EM systems are stating an exact analogy to Velpeau's sttement 
‘The scenojie worth of their criticism is precisely the scieaiic worth that eventually was sho for Velpeau's pronouncement 


PHASE CONIUGATE 
(Of an envy: ts time rovers For waves, often referred to as wavefion! reversal 


PHASE CONIUGATE MIRROR 
‘A nonlinear mutsral which, when provided with an input wave, emits a phase conigate replica (time reversed epics) ofthat 


put wave, 
‘The input wave is by practice called the signal wave. The tme-eversed wave outpt is by practice called the phase conjugate 
replica 

PHASE CONIUGATE OPTICS 


‘That potion of nonlncar optics dealing wth multiwave mixing. formation of time-zevesed waves, phase conjugate reflection 
PCR), pis conju mirrors (PCMs), pumping PCM to smpliy thei ened PCRs, nonlinear interferometry, distorion 


‘omreston, slanting, Ise tacking, adaptive optics, and soon 
PHASE CONJUGATE REPLICA (PCR) 
(OF a wave: the ime- rovers duplicate of the wave, 


PHASE-CONIUGATING ACTION 
In nonlinear optics, the proces o aston of producing atime reversed epics ofan input wave 


For a particle, producing its antpanicle. Fora cel, dediferetiatng it back to some previous form, genetics anal 


PHASE CONIUGATION 
[nonlinear optics, the novel nonlinear mixing of waves which generate an output wave—called the phase conlugate replica or 
time-eversedreplica—that precisely retraces the path previously taken by the input wave hat stimulates the ston 
“The processor action of producing atime-reversed wave. Phase conjugation can compensate for aberrations and distortions in 
the input. Real ine holography ean also fe produced by applying the phase conjugation proces 


PHASE-LOCKED HARMONIC SERIES 


In Whitaker decomposition ofthe scalar potential: The decomposition producs ast of bidirectional wavepuis, as explained 
previously, 

ach ofthese wavepars has a given frequency string trom a fundamental In other wor, the oder wavepairs are harmoni 
tofthe fundamental wavepar Further, these ae regularly aranged ina aie, so that "iming” or "phasing" is nigh locked in 


place. 
PHENOMENOLOGY 
Inphysis, dhe philosophical and experimental study of physical phenomena, 


8 lstingushe from ontology (which isthe study of being). 


PHOTON 


Inphysics. dhe hesie action quantum, 


Considered to be the basic quantum ofthe EM fc. Well, there’ litle problem with tat. The photon contains energy and 
time, and so must also occupy atime interval. The notion of freee rigorously contains mas a a component; et mass 
missing from the concept of field as its applied. The EM field i conceived a spatial eatty onl It may spatially vary a a 
fincion of time of couse bur it itself doesnot occupy time, atleast conceptually. These considerations rise some staring 
Aifficulte inthe ready conclusion tha! the photon isthe fundamental quantum of EM fel. I "piece ofthe photon’ is missing 
fom the field, how can the fed be made of photons? How can one get area out ofa straight line? I simply pose ths problem for 
the theorist and the foundations physics, pointing ou that it has universally been fashionable fr physicists to ignore that he 
photon carries not onl litle increment o ener bu also alte increment of tne. My own work bas been to ook atthe 
tlimensional difference between masstime and mass ic, betwcen a mts that hs ust absorb «photon, and thus mist consist 
fof masstime (4space), and jst after that masstime then re-emits the photon everting back to mass (3-spac). From this one 
‘an build, © a mechanism that generates the actu low of ine set It isin theny an engincerable mechanism, 


PHYSICAL REALITY 
Tobesaded, 


PING-PONG 
To beaded. 


PINNA 
‘The outer eas), Of particular intrest tous ae the tiny lite folds in the ea. 


PINNA INFORMATION 
efrs to hidden information content ofthe il, oi the secelved signal 


Comes ftom the litle folds in the pinna (outer eat. For sound direction and distance sensing, he tny inna folds ofthe outer 
car use phase reflection information more than 40 dB below the primary sound signal that stkes the eardrum. In EM signals, 
‘ve are refering to "hidden o info information desp within a signal fom «distant target. In fact everything in he targst 
‘ontibutes to te signal emission fom, dll hat information i rding "within the signal, in its dcp "pina information. 
‘The Fogal chip can outfold some of this inna information, so that information canbe recovered froma signal which no other 
process heretofore could cover. Fr a dramati future use, asthe Fogal semiconductors and equipment using them are 
Aeveloped, there will emerge detecting unis tht can see highly detied swuctre inthe human bods, merely from processing 
the ight reflected fom the exterior ofthe body. The details eventually will ral and even surpass hat of magnetic resonance 
‘maging, and wil be essentially noninvasive 
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‘tis also ue tha iden "vacuum engines" can be transmitted back into the bod, so uhat "problems" or disorders ean be 
dzcctlycomected, Asan introduction to this typeof ara, where cellular dscase“atiengines” can he create inthe body 10 
scl reverse cells ad their genetics, curing the disease, sce TE. Bearden, "Vacuum Engines and Prie’s Methodology: The 
‘Thue Science of Energy Medicine, Parts I and 1” Explore! 6(1), 1995, p. 66-76; 62}, 1995, p. 5062. A major book on this 
subject will soon be published, Fora presentation forthe nonspecilis, see TE. Bearden, "Hiden Mechanism for Reversal of| 
Diseased Cell to a Previous Healihy Sate." Resonance, Newsletter ofthe Bioclettomagnctics Special Intrest Group, Mens, 
No. 29, Nov. 1995, p-II-15. 


PINNA INFORMATION CONTENT 
In clostromagncties, the hiden int Stonev-Whi 


Since an EM wave can be repeseated 3s two scalar potentials then by infolding pina information inside one or both ofthe two 
Potentials, is infolded inside the carrier wave. Thus hidden information can be and ie cared by all EM radiation and all EM 
‘gna. The Fogal semiconductor for the frst ime enables the outfolding and processing of sone ofthis information, 


PINNA INFORMATION DETECTORS 


Detectors based on us of the Fogal semiconductor. which can outfold, process, and display some of the hidden information 
‘aside the scalar potential and inside signal emission from distant obje, 


PINNED ELECTRONS 
leetons held stationary by a mantic Held, or other set of ores that react o "push them bac ink their position” whenever 
hey ty to mov 

PINNING 


‘The act of restricting (by restoring forces and fics] movement (particularly of electrons) duet a disturbing magnetic fel or 
ine external fore 


POLYHEDRON 
Asolid figure, especially with more than six plane surfuces. 


POSITRON 


‘An antielecuon (time-reversed electron), possessing postive charge. In Dira’'s relativistic theory ofthe electron positon 
‘may he sevarde as a cupty negalive eneny sale inthe Dink seu whose usual ocwupving electron has heen remove 


POWER 
‘The time cate at which work is done (at which the form of enemy is changed), 


In cleetcalengincerin, the term "power" i erroncously also used to mean "energy 


PRIGOGINE, ILA 
‘Noted Belin chemist and Nobelist and one of the pioneers of the dhermodynamies of open svstems fi fom thermodynamic 
ssuilbeium, 


Prigogine was awarded the 1977 Nobel Prize fr his work on the theory of dissipative structures in nonequlibriamn, 
thermodynamics. 


PRIORE, ANTOINE 
‘align radar technician, remaining in France after WW Il, who discovered the use of novel waves from plasmas emited when 
onmal EM waves wees introduced. and who used this effect 1 accomplish remarking healing in laboratory animals of txmial 
‘tumors, infectious diseases suchas iypanosomus, estore suppressed immune systems, and heal athernsclenusis 


Prior's beam was actually Jongiudinal EM waves. The body when iradiated by longinuinal EM waves adds weaker phase 


conjugate replica, hus converting LW nonlinca optical pumping from the 3-pace domain to the ine domain. ‘This time- 
‘verses the uradiated cells and al their components back to a previous physical state and condition, 


Such "time-domsin” purping is used bythe living body's cellular regeneration systema to restore cellular damage and eal the 
cell, within its limits. Thus Proré unwittingly uncovered a way to dramatically amplify the body's own healing and 
egencative powers. 


POYNTING, JOHN HENRY 


An English physicist who lived from 188 
‘town as Povating flow 

contributed the Poynting theorem, whic tates that heat of EM energy los ina spf region of space is equal to the 
sum ofthe dissipation rate (eat loss) Having aeross the boundary ofthe region, Concurrently with Olive Heaviside, Poyating 
conceived the notion that energy flowed though space, which previously had net appeared in physics. Heaviside actully 
Published fist, bu obscurely: Poynting published ina prestigious joura, so the they came to be known as "Poyating theory." 
Poynting himself always gave ere to Heaviside fr being frst. Also, dhe Heaviside version S~ ExH + G was more extensive 
than Poynting’ §~ EXH. Heaviside was a recluse; years after his deat, in his litle garet apartment some papers were 
discovered beneath the floorboard, Therein Heaviside has used hs G tem (a closed energy How, oF "wrapped ener” tex) t0 
‘eprescat gravitation, and had worked out a estab theory of eletrogravitation. Modern general relativity indeed considers that, 
itis energy particularly rapped enerzy—that is responsible fr generating gravitational fel and gravitational potential 
Apparently nothings all was done or has heen done with Hesviide'sclectogravtational theory, See .. Josephs, "The 
‘Heaviside papers found at Paignton in 1957," The Institution of Electrical Engineers Monograph No. 319, an. 1959, p. 70-6 


1914, whose contbutions electromagnetics included the ene flow theory now 


POYNTING ENERGY 


‘Loose term not rigorous! sed 1o desrbe the flow though space of Poynting ener density $= ExH_It actualy describes 
nol energy flow density per se, but hat component of that would be infesepted by aunt point ch 


POYNTING ENERGY DENSITY FLOW 
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A mote rigorous tem used to desribe the Now though space ofthe Povnting energy density flow component $= ExH, that 
‘would e intersspied by sunt point hase 


POYNTING ENERGY FLOW 
Loos 


Batt 


m (not completly rigorous) use to describe the flow of energy density 
Rigorously note tat hoth Eand H are "defined oaly after thei eaction with a unit pont static charge. Hence Sis the 
resulting component ofthe overall energy flow that interacts with the charges (vith the circuit) and is diverged ino the eicutt9 
Powerit. Itis mor the ent eneay lo, which also includes avast Heaviside nondiverged component that doesnot suike the 
‘harge and interact with it, and hence doesnot interact with the iui ut is just wasted 


POYNTING GENERATOR 


Any dipole or potential diffrence, which represents a broken symmetry in the vacuums vital partite flux, and hence extract 
‘iil enersy frm tht simmer and gales tout a6 «gushing enery flow in S-space. The component of that enceey foe 
that would be introepted and diverged bya nit point charge isthe ow = Bel. 


POYNTING VECTOR 


‘The vector 8 given as S = EH, which is used to represent the Poynting (intecepted and collected by a unit point coulomb 
‘sneney density low component 
In Heaviside's version, S= ExH~ G, where G isan energy circulation flow tem of tapped enensy flow, 


PPCM. 
Pumped phase conjugate mirror 
A phase conjugate miror material which has introduced to it appositive or "pump" waves. Inthe phase conjugating process, up 
in ll the encray inthe pump waves canbe ouput asthe encry in the emitted pase conjugate replica wave. Thus the PPCM Is 
an amplifier, very’ similar 1 a tiode 

PRIMARY IMAGE 
‘The image or portion ofan overall image that sof most intrest, and usually the sharpest in focus 


PROBABILISTICALLY 


(Of or determine by the laws of probability. 
Note particularly the somewhat dichotomous us of "determined by — probability.” The ene notion in probity is thatthe 
overall results not individually determined, bu tha here are malupl outcomes ofthe experiment, each of which occurs With & 
certain frequency out of avery large number a rials. Ia single result alway’ occurs, that 1 said to be a deterministic change 
nota probabilistic change. Unfortunately if one pursuss the definition of "probability" in mathematics an logic, one eventually 
finds that tis dichotomous, as was ou definition of energy. Ukimately the foundations guys just threw up ther hands and sud 
"Oh, what the heck! Probability is probability, every fool knows that!” The problems cannot be resolved in-law Aristotelian 
logic: it requires higher topology logic 


PROBABILITY 
The proba 


iy ot 


‘Note that “trials” consiute things that have occured (re past). Probability has resisted rigorous logical definition by 
Anstotlian logic; the reason is hat it is an expression of the Fourth lw, the ideaity of opposites. Probability isthe exp 
‘tte future (that which has not occured) in term af the pas (that which has occurred). Since we have been rained 10 
conceive oF think of something asi it had just been perceived to cur, then this isthe only way We can conceive the future —as 
‘fie were an “already occured past tous 


‘ut with Aristotelian logic, the future cannot be compose of a set af pasts (the lw ofthe excluded middle prevents it), and 
probability has no accepable logical basis. With four-law loge, the future can be modded i erms of and even be identical 0 
Fifhe past, and probability has a logical bass 

Consider drowing adie land with ane face up. Thinking ofthe event (asi it has just occured, in terms ofthe most recent 
past) one can conceive six ays of looking ati nother words, one can conceive of sx "most recent pasts.” By the four aw, 
the total "most cent past” is identical othe "most immediate future,” on the common boundary. If one therefore collet all 
Six "most recent past," they tur into the most immediate future, bythe fourth law of logic. One may argue that ony a single 
‘one of the events will actually occur Here one counters with the observation tha, when it accu, it i the pas, no the future, 
nd then it has not been collected so as o move to the Boundary. One also points out tha, with th hidden Variable approach, in 
theory it is posible to dcetly engineer those probabiltis while the Sehrddinger wavefunction is stil propagating and bas not 
yet collapse 1o constitute an "observation "Le, it i posible to engincer Whecler’s “pre-realis” and determine in advance just 
‘which ofthe outcomes shall occur 


Now; ifthis typeof equipment eventually gets built ands small and portable, jus think what one could doin Las Vegas! 
PRODUCT SET OF INTERNAL WAVES. 


“Modulations ofthe internal bidirectional wavepars comprising a sealar potential, 


This set was added inthe mid-1980s by Ziolkowski, to Whitaker's 1903 sum set. When a signal is "infolded” inside the DC 
potentials is modulated upon (multiples) one or mare of the intemal bavave pars. Ziolkowki's work ie necessary to deal with 
that Stoney and Whitaker alone do not handle it 


PSYCHOENERGETICS 


‘Russian branch of energetics where extended electrodynamics is argeted upon the mind und its functions, ence inthe ime- 
‘domain and emplovingtme-plarized EM waves, 


PSYCHOTRONICS 


(Czechoslovakian name for extended clectrdynamics effects om the iving bo 


PUMPED PHASE CONJUGATE MIRROR (PPCM) 
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A nonlinear material which 

(0) when provided with an input wave emits an amplified phase conjugate replica (time reversed replica) ofthat wave, and 
(i) has additional opposing waves as inputs, otha their energy’is ansformed int the amplified energy ofthe ime-reversed 
replica wave, 

‘The word “mimor” is misleading, in thatthe "micor” may be just a highly nonlinear material or be an actual smooth metalic 


surface containing "bot spots by heating, etc-In any cae, isthe nonlinearities such a the hot spots that produce the pase 
onjugating action. 


PUTHOFF, HAROLD 


Note physicist active ina variety of fields and investigations including in psychoenengetics, extended lectrodynamics, eet 
‘Hom he vacuum, parapsychology, remote viewing, psychokansis, zero-point energy of Ihe Vacuum, and cosmola 


‘We have specifically mentioned hs important cosmological feedback principle 


‘M vacuum, 
‘The quantum mechanical vacuum, which models the vacuum as an intense ux of viwal paces, each appearing an 
‘dsapoearing in such extreme time infervale ost be unobservable individuals 
‘Violent fuetuations of extremely shor duration constantly occur inthe QM vacuum flux. Various calculations estimate the 
energy density (in mass units) as upto 10-10% grams per cubic centimeter, or even greater 

(QUALITATIVELY 
Determination based on qualitative analysis, usally a contrasted to quantitative determinations 

QUANTIZED 
|) Reduetion of some observable quantity to mulipls of some small indivisible unit, of 


expressed in tems of quantum theory 


‘QUANTUM. 


A single “particle” of the quantity action, 
‘The quantum i always composed of two fundamental quantities (canonical variables), and it isthe "fissioning" of the action 
«quantum into two pieces which results in detection of one ofthe pieces. An indefinite “smear” of art ofthe two pieces may be 
Simultaneously detected bya linear detector, but never bath exactly (Heisenberg uncertainty principle). More recent work has 
showa tha, in «highly nonlinear situation, both canonical vanables canbe determined simautancousy to any desired degree of 
couric, in which case the Hessenberg uncertainty principle does ot holdin its conventional frm, This fundamental change in 
‘hut hasbeen regarded as one ofthe "sarod laws” Of physics has nat yet made it into most physics texts 


(QUANTUM ELECTRODYNAMICS 
‘The theory of photons and clesrically charged particles and ther interactions, 
“The use ofthe term “quant implies that the EM radiations dserte photon nature is significant, so that quantum theory must 
be employed 

(QUANTUM FIELD THEORY 
quantum mechanical diory in which" a physical field is considered asa collection of particles and fores, and observale 
opeis ofan intersting evstem ae expressed as fine quanti ear than state vectors,” 


[Dictionary of Scie and Technology, ibid] More simply (aller Davies, The New Physies, 1989): "The theory that describes 
‘he quantum effets of a classical systom of ids defined on space-time and satisfying various partial differential equations.” 


(QUANTUM POTENTIAL 
‘A special potetial added to the Schringer equation, by Bohm in his hidden variable theory of quantum mechanics. 
‘The quantum potential can move instantancously. ln my book Gravitebiolgy, I published a mechanism by means of which a 
quam potential can be created, (There may of course be uther QP-<reaing mechanisms) An trative, autually phase 
onjugatng of EM signals passed back and fr between two objet, or among many of them, i alld setargting. Extreme 
self-targeting can produce such a QP or purty produce on, particularly ifa dense "pamping” (optical sense) ofthe phase 
Conjugate mirror objects occur. am presently proposing the OP asa means of det energy amplification. Le. i thete is 

instantancous eavel” between two ight-observed points, then to the instantancous ageat there is no Legth separation or time 
separation beteen the points. This of course man that in effest he jess now coexist “superposed” on cach othe in 
ruil connected space, at least with some faction of “coupling” 


‘Suppose the coupling faction i 0.5, and 100 widely sparse d nodes reso connected by a common QP. Thea if one puts in 1 
Joule per sesond of energy lve at given node, there wil instantly and simultaneously appear at each ofthe ther 99 nodes 
‘one-half joule of energy per seeand flow. Sol can gin quite abit of det energy amplification inthis distributed system, and 
nothing can "shield the distant nodes. Presealy, other than possibly Gabriel Kron's "open path, Ihave not found any other 
Consideration of "dict amplification of energy sta distance", 

“The implications of the quantum potenial—in everything fom power sources to mediine to wesponry—e staggering 
‘Weapons based on just this very QP, multiply connccted space, and direct enersy amplification appear to have already been 
developed and are om site in fee nations. A fourth ether is just geting them ors nearing their deployment, 


(QUATERNION 


Expression comprise of the sum of four tems, one of which is rel and tree of which contain imaginary units, an that ean he 
wena the sum o 


(QUATERNION ALGEBRA, 
‘The algchs of quatenions and their mathematical operations 


‘Qusternion algebra is of higher topology than either vector algebra or tensor algebra, Maxwell original equations are some 20 
‘uations in 20 unknowns, in quatemion agcbra. Heaviside and others reduced te algebra to vector algebra and some four 
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equations, The present vector equations taught in university as "Maxwell's equations" ar in fact Heaviside's truncation of the 
“Maxwell theory. Going to tensor algebra electrodynamics cannot recover the fll ange of Maxwell’ quaterion theory. 

‘Asan example, what Tesla actually didi his patenied circuits cannot even be seen in vector or tensor analysis. On the other 
hand, analysis of his ezcuts by quaterion electrodynamics clearly reveals his starting ability to shutle the energy inthe czcuit 
st will, Soe TW. Barot, "Tesla Nonlinear Oscillator Shutl-Circut (OSC) Theory," Annales de la Fondation Louis de 
Broglie, 161), 1991, p. 23-41 


(QUINTESSENCE 
Littl the "ith essence". In shor, dark ene 
RADIONICS 
To beaded. 


REACTIVE POWER 
Etestrcal power, measure in vole-ampe-seative (vars that cannot do work 
For sinssoial waveforms, the formula for reactive power is given by F-Vsn0, where 8 isthe phase angle between the voltage 
an the current 
REAL, HIDDEN DYNAMICS 
‘The dynamics of vacuum engines. or of 
REAL HIDDEN VECTORS, 


‘The "hidden" oe "infolde” real vector component 
eg, ofa vector zero summation system, 


A group of nonzero, finite vectors which as a system sum to ane translation zero; i, which do not wanslte a resisting mass or 
‘age but do "sess" it. Such a system therefore constitutes a sess potetial 


internal energy” or "intemal work" ongoing ina system or volume of space 


REAL POWER (ACTIVE POWER) 
ovwe, measured in watts, hat can do work, including eenerating heat 
For sinusoidal waves, eal power s given by the formula V:cos 0, where is the phase angle between the voltage andthe 
REAL VECTORS 
‘ctor inthe space, without imasinary components 


REGAUGE, REGAUGING 
(Changing the scale potential or the vector potential or both 
one or both ofthe potentials isfare changed so that a net force is created in he Systm, that i an asymmetrical regauging 
only one potemial is changed, ant force results and that i an asymmetrical egauging 


both potsatials are changed but caeflly selected so that he fre force resulting fom one change is equal ad opposite tothe 
fee fore esting from the other, hat isa net symmetrical regauging. often called a "Lorentz reauging” 


RECTANGULAR TRANSFORMATION MATRIX 
‘Standard mathematical physics 
REFLECTION 


‘The rebound of ight or other energy from a suriee 
A smooth surface (a miro) may produce a specular reflection, A rough surface (eg, sheet of paper produces a difuse 
reflection. Actually in reflection of light, the same light doesnot rebound; instead, the light incident upon the mimoror surface 
's absorbed, and new light is re-emited by that surface. Further, considering reflection from a dielectric, every interior part of 
the dielectric participates inthe reflection. All the intemal information about the entice object everything! —Is therein that 
reflected light, inflded as the hiddea "information content ofthe field" (Stone)-Whittaker-Ziolkowski structuring inside the 
‘yo scalar potentials comprising the reflected wave). With the Fogal semiconductor, t least some ofthat hidden "pi 
‘information ina sample detection ofthe reflected light can be otf and daplayed 


REFRACTION 
‘The bending of ight as it posses from one medium 1 anther 
Wis the phenomenon that enables lens to focus igh and that makes a tick appea to bend where it dips into water 
REPULSION BEAM, 
A boum of eneray diostd a target which when absorbed by the target. 
‘sway ffom the Beam projector, 
REPULSION-FORCE-GENERATING BEAMS 


scnerae a fone in and on that wart to push it 


‘Beams of energy which "push away" their aged receivers. by inducing force in the receiver directed way thom the source 
ofthe beam, 


RETARDED WAVE 


‘The electromagnetic wave thas derived fom the retard fies, which in tum are drive from the rtrded potentials 
“This means that dhe retarded wave at a point oregon af space has arved there or exists there asthe result ofthe dynamics of 
cuges and eureas that existed at earir times. 


RETROREFLECTING 
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Procsel reversing the path of. 


An example isa phase conjugate reflection, 


SACHS, MENDEL. 
[Noted scientist who has completed the work of Einstein and developed unified ld theory covering he universe fom the 
tiniest part ta te enire conglomerate, 


SACHS’ UNIFIED FIELD THEORY 
An extension and competion of Einstein's work that includes th universe and its amis from the tines arto the entire 


fsglomerate and includes quantum mechanics, electromagnetics, gT4valion, and he song and Weak frees. 


SCALAR 
Characterized by magnitude only 


SCALAR (QUANTITY) 
‘nondinary vector analsis,e quanity completely characterized by magnitude onl 
Actually, it contains magnitude and time, because to exist it must scaly exist in ime. So we take the smallest increment of 
lbserver time we wish tp consider and tat ist minimum “length” of the time-tail thatthe scalar must occupy and have, in 
fonder o even be a "percsived or detected” thing. Before the mathematician jumps in with a ice limiting process to take avy 
the time-t if you let dha litle time interval get too close to zero, then you get too close to eliminating the observer himself, 
fn the entre problem vanishes including mathematics and physics and the observer as wel 
(One simply cannot demonstrate something that doesnot exis in time—on paper, in one's mind, or otherwise! Be careful ofthe 
term "spacelike "in physics! I hide a logical nightmare. This was the very problem F uncovered in Aristotelian logic; the litle 
‘merements of me to have a "perceived A" a perceived not-A" o to apply an identity decison crtria” to determine 
“lent or nonidentiy, had been left out fr these 2,000 or 80 years 


SCALAR ELECTROMAGNETICS 


‘That electrodynamics tht arses fom considering transverse EM waves, longitudinal EM waves, time-polsrized EM wav 
‘lecrogravitation, superluminal EM signals, ntrferomety. nonlinear optical functions, ime-as-eneny. and the infolded 
‘letodvnamcs inside all usual EM Fields, waves, and potentials 


SCALAR POTENTIAL, 


Usually considered synonymous withthe electric potential, 
Here we have another "logical nightmare 

Anyway, the conventional "defintion” of electric potential assumes one knows what "potential is already, and goos 
Something like this: "The poteatial measured by the energy ofa uni positive charge aa point, expressed relative tan 
‘guipotetial surface, generally the surface ofthe cath, tat has zero potential." [Dictionary of Seience and Technology, bid 
722], Well, that is hotched tells or atemps to ll what the meusuremeny of a potential i, using aunt postive charge and 
$ process A potential cannt be its own magnitude measurement, just a a man cannot be his own Weight measurement 

So what do we do? We have to el what the potenti. This isthe problem that so mystified and infuriated Oliver Heaviside, 
‘when he allered and diminished Mawes equations ti them of every potential that he could, Heaviside stated thatthe 
Potential was “nstica und ought ta be murdered from he then.” He tee todo just tha, and conditioned generations of 
‘lecttodynamicss to believe tat the potential had no physical reality at all but was only a mathematical convenience. Nahin 
txpresses Heaviside’ view as follows "In an 1893 leer to Oliver Ladge, Heaviside sud of hs own work tht it represeated the 
‘real and true "Maxwell" as Maxwell would have done it if he had not been humbug by his vector und scar potentials” 
Paul Nahin, Oliver Heaviside: Sage in Solitude, IEEE Press, New Vork, 1988, p. 134,37 


‘The concept of potential was developed by Poisson, Green, and others from about 1813 to 1827. Thee notion involved in the 
development of the concept of the potential are: (i) there is the collection or storage of enensy inthe sytem, via the collection 
lor storage of some entity thercin, ahd this "potcatil energy” can be released and dynamically used, i) the potential is scalar 
finction whose spatial rate of change isa vector force, and (i the dynamics of the stored enerayis suspended bythe *storage” 
or “collecting” ent; in other words it isa sort of "suspended action” waiting to be unleashed. I regures some action such as 
Imerception and divergence—ta release the leashed ener 


‘We have disagree with the second notion, having already discussed the fact that no vector force exists unless mass is present, 
since mas ia component of force, Here we have a residue ofthe old material eter” concept. For the thd notion, we note 
thatthe concept ofa "vial particle or particle fix means that t cannot become observable unless some infraction is 
limposed. So we may handle the "thd notion” requirement by assuming the potential tobe composed of hdn virtual particle 
fuk o iden wave fla, in wave-o-wave interaction, 


Physics basically tres to define the clewrcal potential as energy per coulomb, or ¢= W/Q. That equation, however, is actually 
nota definition all but rather isan algorithm for calculating the magnitade ofthe excess energy callection collecting upon & 
coulomb of charg, when tht coulomb is immersed inthe potential. In fic isthe eacton eras section ofthe potential, not 
‘he potential en itself This now bepns to give usa clue. Potential is energy in some fasion. So the entity mast have 
«ssentaly the sume definition as energy? Potential ener, collected ener, stored energy, whatever it's energy fis and 
foremost. 


Refer to our discussion ofthe 3-law logical contradiction inthe concept of energy. The sume logical contradiction must be 
present inthe notion ofthe potenti 


Jus as we did for energy, we must define the scalar potential in two apposiive ways () in the wave view and (i) inthe 
patcle view. So we define potential (particle view) as any’ virual parle fax. We also deine potential (wave view) as any 
hidden wave tx. Further, we note thatthe energetic vacuum i composed of virtual particle fu (particle view) and sot 
also a potential. Since the vinual particle ux of he vacuum is extremely intense, the vacuum potential is enormous ia 
‘magnitude 


‘We sll also consider anyother poteatal 0 ulimately bea change to the vacuum potential. Originally, one conceived of 
potential occupying the "vacuum as an empty space.” Thea general relativity made the vacuum into spacctime,geometized it 
nd made the geometry iself dynamic and operative—ic., enewetic. Okay! Then that makes spacetime self a poteatial 
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We also fimly dispose of the peculiar and deformed notion that the scalar potential ofa point-source charge at any’ spatial point 
thatthe potential occupies) may be defined as the work performed! upon aunt charge by pushing itn aginst the E-field of that 
source charge, to that spatial poi.” This isan equation and nota definition ata instead, isan algorithm for calculating the 
nensy density magnitude ofthe scalar potenti, I isa fine algorithm, but it has nothing a al to do with what he poteaial 
Sveti, Agno, amin cannot be defined as an algorithm for alculating the magnitude of his height orhis weight or his eneszy 
‘density! 


Without futher diseussion, we also somewhat extend the general relativity notion of spacetime as dynamic ueometry, as 
follows; Ina special sense, spacetime = geometry = potential = "tapped" ar collected collecting energy: So when We engineet 
the intemal stueture of the potential, we also eagincer the internal structure (subspace) of spacetime and spacetime geomet 
Curvature of spacetime, eg becomcs simply change in the energy density ofthe Vacuum, Hom the ambient value, and it can 
be internally structured 50 as to contain "engines". When we aply the hidden EM yunable theory ofthe Stoney-Whittaker- 
Ziolkowski work, particulary when We consider the pase conjugate paring a it exists in spacetime before interaction with 
‘hag, we ae enginering and extending () cee tromagnetis, (i) quantum mechanies, (i) general relativity, (v) spacetime, 
{the spacetime curvature concep, and (vi) spacetime geometry 


‘SCATTERING PROCESSES 
Collision processes in which an incident particle such aa photon, clecton, or proton, of known eneney or direction o bth, 


‘collides with another entity, and emterues from the collision with a different energy or direction or both, 


SCHRODINGER, ERWIN 


‘Noted Austrian physicist and Nobelist who discovered dhe wave equation nami afer him as he Schidinger equation, nd 
pstformd oer vital work in wave mechanies, 


SCHRODINGER EQUATION 


{nquantum mechanics: an equation that deserbes the propagation of waves associated with subatomic parses, ot more 
encrally, hat describes the evolution overtime ofthe quantum sat of s system. 


‘SCHUMANN RESONANCES 
‘The extremely low frequency (ELF) resonant frequencies ofthe Eath-Fosospherie wavesuide, 


“The first five Schumann resonances calculated froma simple model are 10.6 Hz, 18.3 Hz, 25.8 Hz, 33.4 Hz, and 40.9 Hz 
However, beter models are available and the frequencies vary fom these simple model solutions. A beter calculation gives the 
fist four a5 8,14, 20, and 26 Hz nominally. The measured Schumana resonance corresponding to the ¥ Hz is about 7.75 Hz- 
‘hiss very acar the mechanical resonance frequency of the human bod and also is evidenced in bain waves often “locking” 
to this frequency inthe natural envionment. 

See W.O. Schumann, Z. Naturforschung, Vo. 72,1952, p. 149,250. For detailed models and discussion ofthe observations, 
sce J. Gale), J. Res. Nat. Bur. Standards, Vol 69D, 1968, p. 1048, 


SELF-ENERGY 
‘Ina quantum mechanical system, the enemy associated with the emission and absorption of vital particles 
Ina classical system, the energy’ associated withthe interaction among pats of the system itself 


SELF-ORGANIZATION 


(After Davies, The New Physics, 19891 “Spontaneous emersence of onfer arising when certain parameters builtin a sstem 
‘each erica value" 


‘Simpler put, its the spontaneous formation of pattems of localized order in a system which hegns ina more homogeneous 
State Inshon, the system moves from a simpler toa more complex state 


SELE-POTENTIAL (E.G, OF THE ELECTRON) 


‘The potential created in and of the charge 
(eg, the electron) by its vinual panicle fax exchange with the vacuum. 
Also, an asymmetry inthe virtual photon ux ofthe vacuum, caused by the interaction ofthe charge (et, the electron) with the 
‘vacuum flux Fom her, we note thatthe self potential must consist of eal observable S-space EM energy flow or ows fom 
the electron, because ofthe asymmetry. However, the charg i not the primary source per se ofthe energy flows tht establish 
the sel potetial, but instead isthe asymmetric gate inthe Vacuum fux hut "gates ou” the potential and ts eneexy Hux. The 
symmetry inthe vacuum flax isthe actual souee. Indeed, the energy is received by the charge inthe form of converging 
Jonginudinal EM energy waves fom the complex plane from the time doraain)- The spin of the charges of the dipole transduce 
the absorbed complex EM energy into ral observable EM longitudinal wave energy, ad pour it out in all directions in 3-space 
‘See my paper, "Giant Negentropy from the Common Dipole” ibid. forthe mcchanism forthe charge also 


SELF, SENSE OF 
Tobesaded, 


SELF-TARGETING 


‘Between two emits, where each acts parially or wholly as. «phase conjugate mior, slanting isthe iterative phase 
‘conjugation of ping-ponging” and rapid convergence of beams between the rw PCM 

thas a spectacular aplication in phase conjugate shooting trom a spaceborne laser against arising hostile booster, ven several 
‘thousand mils distant Fs laser pulse is "bounced of?” the distant tng, and the reflected pulse etums to the receiver in the 
laser platform. It aries the movement-indiced alteration of the distant target onthe pulse reflected, The next emted pulse i 
san amplified phase conjugate replica ofthat received pulse, and it wil backtrack tothe sume spot on the rsing booster, leading 
itabitand converging moderately so that it meets that sot. That spt begins to heat up increasing its nonlinearity and making 
tact even more as a PCM So is reflected signal off the "hot spot” is also a phase conjugate replica of the pulse that it eesived. 
from the asc. That elected pulse now will modcrately converge its reflected energy upon the dstat laser ncreting the 
etm tothe laser. The ping-pong continucs, so tht the lsce Bear narrows sharply upon the distant hot spot and the reflected 
beam fom the hotspot narrows sbarply upon the distant laser, This "iterative narowing ping pong” loks the laser upon the 
distant hotspo, even though the booster is moving. This proces continues fr the necessary dwell ime, until he beam mel 


hitp:awn.cheniere.orgteferencesiannotated glossary him 


ares 


sr26r2018 


ANNOTATED GLOSSARY 
through that spot and explodes the hostile booster. The iterative phase conjugating reflection or "ping ponging” between the 
target spot and the laser, called sel/tagerng. 

SLOW 
‘The Poynting enerey density flow S, where $= Ext + G 
sth electric field, His the magnetic field suength, and G isa trapped closed loop flow of energy density 


“The S-flow isnot the total energy flow per se. Since the fics E and H andthe closed loop G are valy defined in tems of the 
Intereepted, tapped or “collected” enen; then S-flw is always with respect 0 some assure intercepting collecting entity, 
‘usualy an assumed unt point charge. 


SIGNAL WAVE 


In nonlinear optics, the input signal (ae) 1 9 phase conjugate miror (PCM), which stimulates the PCM to emit phase 
‘sonia replies (PCR) wave in return, 


SLEPIAN CURRENT 
‘The vector id. which in. curent loop represents the energy unit reaper coulomb of owing charge, per unit of tne, tha is 
‘llestecollesting fom the Povating Slow and dissipated in that curen loop nis loa sand losses, 

1 does not include the enormous amount of Heaviside nondiverged energy density flow that slowing along the outside ofthe 
‘lrcut conductors, and that isnot being collected and therefore not being dissipated 


SLEPIAN FLOW 


low of colleted-energy density dissipation” in a curent loop 


_and therefore tothe vector fin the current loop, which represents the enemy per uni area per coulomb of lowing char, per 
‘nit of time, that i Being dissipated in that curren Toop ints leas and losses. 


does ot represent the enormous amount of energy thai lowing along the circuit, tha isnot ing collected, not diverged, 
sa therefore des no eter he circuit ta Be dissipated from i 
SLEPIAN VECTOR 


Refers to the vector ina current loop, 
which represents the energy density por coulomb of flowing charge, per unit of time, that is being dissipated in hat eure 
ip in its foads and loses. 


1 does nt represent the enormous amount of energy that ising along the circuit, but not eng collected and therefore not 
bing uissiated. We accent that oni intercepted and collected energy can he dispated! 
‘SOLID-STATE PARAMETRIC OSCILLATORS, 
A param oscillator circuit employing sold state devices 
‘A parametric oscillator isa device that oscillates by hythmically changing a parameter (such as capacitance or inductance, et). 
Simple switching between differing values f the paramter is offen used to induced the periodic change ofthe parameter 
SOLITON 
A.wave pulse which propagates without changing is shape and without dispersion, 


SOURCE DIPOLE 
Any dipole, considered from the viewpoint shat EM encry continuously pours out oft 


‘Ther sno true "source" as Such n ature, since the energy is not created but only gated. Inthe ase ofthe dipole and electrical 
charge as sources of EM eneray, Held, and potentials, we solved tat vexing problem in our "Giant Negeatropy from the 
Common Diple" ud 


SPACETIME 
‘The entity represented by the "fused produc of space and time to give "space x time” 


‘Spacetime is also dynamic geometry, inthe general relativistic interpretation. We consider spacstime to be a potential, and also 
comet, and alse Vacuum, and als vetual particle Mux, and also lidden wave ux. 


SPATIAL CLOUD 
A slow of something such as eletros) ina spatial region, 
SPATIALLY 
With reference to space and spatial positon 


SPECIAL RELATIVITY 


inseia’s theory of inertial fames in which, two systems are moving uniformly in relation to eachother, one cant 
slemine anvthing about thee motion except that is relative 
Each ofthe two frames is said o be "rotate" with espect tothe ther, but not secelerting, The velocity of ight in space (the 


‘acuum) is constant, and is independent of the velocity of its source and the velocity ofan observer. All the laws of physi are 
the same inal inertial frames of reference 


SPIN 
‘The intrinsic angular momentum ofa particle such as an electron, proton, neutron, photon, graviton ee 
even when a est as if it were atop spinning abou an axis, but had to spin 720 degrees befor it turned "fll cic." 


Sin is quantized, and is always described as half or whole spin, eg.,~1,~ 1/2, 0,12, 1,ete_ A spinning charged partite such 
san electron thus demoastrates a magnetic momen, duc to ihe circulation of charge in the spinning. tn the nucleus of an atom, 
the spin ofthe nucleus isthe resultant ofthe spins ofthe nucleons (particles comprising the nucleus). 
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Sin of panicles would appear to be more like an “implosion” to "explosion circulation; in other words itctculats inthe ime 
domain (complex plan) as welt would appear thatthe spin ofa particle isthe basic feature that integrates the (disintegrated) 
flux energy of vacuum Mux into observable charge. Apparel all observable fil, mate, effects, ec. depend upon this basic 
‘mechanism to zip together vital entities and form observable phenomena 


SPIRAL GALAXY. 


‘Those galaxies having ums which extend in dhe form of spirals 
About 70% of all galaxies are spiral galaxis. 

‘The interesting thing is that only about 10% of he gravity necessary to ld the spiral ams together can be accounted for by 
known gravitational sources. This ha led to the theorizing of dark (hden) mater of exotic and unknown form, which woul 
be responsible for the excess gravity. 

‘The present author has proposed that she unaccounted enormous Heaviside component ofthe EM energy low surrounding 
very fc/charge interaction and not catering into that interaction, aecounts forthe missing source of the gravity. See "Dark 
“Matter or Dark Encnay?", Journal of New Enensy, 44), Spring 2000, p. 4-11 


S-SoURCE 


‘Sour of Poynting enensy density fo 
Source of S= ExH flow. The primary source is considered to always be an asymmetry in the vial particle fax of the 
‘vacuum. The S-ow rigorously is tht component ofthe overall energy flow thai intencepid by some system of intrest 
tithe present or assumed. That component ofthe overall enegy flor that i not intercepted by the system of interest 
‘refered toby this author asthe Heaviside energy flow or the dick energy flow associated with every el/charge interaction. 


STONEY To beaulded 
Tobesaded, 


STONEY WHITTAKER BIWAVE DECOMPOSITION OF THE SCALAR POTENTIAL ACROSS THE DIPOLE 
()ascalar potential (Lea difference in potential) exists between the end charges ofa dipole, 


i) hat potential (difference) can be mathematically decomposed into a harmonic sris of bidircetional EM wave pits, where 
‘ach air consists of an EM wave and its pecisly superposed tine-eversed twin. Thus a dipole is "source" or dentcally i 8 
fet of hidden bidirectional waves (wave vie). 


STRING THEORY 
Atather cent mathematical physics theory which replaces the 2n0-dimensional "pont" used in previous phusis with 2 one 
‘imensional object called string” 


hasbeen particularly effetve in describing the gluon forces between two colored particles in pale physics, and has since 
bem extend to many or areas. Is somtimes referred to as the “theory of everything 


"STRING" WAVE 


‘The transverse wave on a tut string produced when the string is plucked, 
‘The string wave itself stays onthe string and docs nt travel trough the slapped extemal medium. 

However, Faraday believed that EM fields in vacuum consisted of "materia lines of force” which behaved lke such taut 
‘materi strings, without any physical endholdrs He thought that EM disturbances were simply the transverse disturbances of 
those lines of force". He profoundly affected Maxwells thinking, so that Maxwell accepted thse physical ins of fare. 
Consequently Maxwell assumed those same "sansverse tat string vibration waves" in his EM wave theory 


{ncliminating the "sringholders' forthe assumed tau strings, Faraday and Maxwell discarded the Newtonian third lw half of 
cleetedynamics! They discarded hal he energy and half the wave as well. Consequently today physics has no causative 
‘mechanism for Newtons tind law, becuse it thre out the EM mechanism for t more than a cetury go and never notice it 

SU(2)xSU2) SYMMETRY ELECTRODYNAMICS, 

Tobesulded, 

SUBSPACE 

Inyeetor mathematics: a subst of a vetor space which is closed under vector addition and scalar multiplication operations. 


In physics Physics often uses the term "space" 1 refer to spacetime It also uses the term "space" to refer tthe dimensions of 
space, without the dimension of ime. At any ete the spatial portion of spacetime i epresented mathematically by some 
convenient numberof dimension. Inthe mest usual practice, Minkowski spacetime of spatial dimensions and one time 
dimension isuilized, Inthe Minkowski space, we nov consider tht "space" 10 bea vacuum salar potential. I we consider the 
Internal Stoney-Whitakee-Zilkowski bivave pars comprising that vacuum potential, we may transmit a signal communication 
slong one or more ofthese internal biwaves, without changing any ofthe others. In that ease, no overall potential gradient and 
‘verllfrcefild signal appears. That domain that is infolded "nse" the scalae potential ssid tobe subspace. It may be 
‘modeled asa space of -dimensions, wher those dimensions are compacted and not observable oan extemal observe 
Subspace gained great popularity from the Star Trek television series, where the spaceships used "subspace communications" to 
have signals propagate far faster than the speed of light. Bill Fogal hasbeen working with some success on what should be a 
concrete realization of jus this Very "subspace communication system", with inflded signals that move much faster than the 
speed of light in vacuum, 


SUPERCONDUCTIVITY 


Property of some materials or metals whereby ther resistance reduces to 20a very low temperatues 


“These materials also exhibit many adtional properis that are anomalous when compared to normal materials, Much rescarch 
fort has gone into the attempt to find materials which exhibit superconductivty at higher temperatures, withthe goal of 
reaching room temperature superconductivity 


SUPERLUMINAL, 
manner or wit a spe faster thane, the spec of ight in vacuum, 
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SUPERLUMINAL COMMUNICATION 


‘The movement of signals faster than the speed of light in vacuum, 


and the tansmission and reception of such signals and extraction oftheir transported information, 
“Longitudinal EM waves are not limited to spec e; transverse EM waves are limited to spool The infolded electrodynamics 
inside all EM feld,poteatial, and waves consists of longitudinal EM phase conjugate Wavepars, with their impressed 
‘lectodynamics. Hence this subspace” sa superhighway for such waves, including for hose moving a supectuminal 
‘locity. Inesence this is a very special kind of "tunneling" which we might refer to as subspace humeling. "The limitation to 
light speed rigorously aplics tothe modeled transverse EM waves which area sort of "bulk upheaval" waves similar to waves 
fon the surface ofthe ocean AS inthe ocean wave analogy, "pressure" waves underneath he ocean may Havel very much fast 
than the bulk upheaval waves onthe surface. 

‘When making longitudinal EM waves, the process is impericet and th resulting longitudinal EM waves will have a transverse 
residue as well, The resulting "ansverse-noisy” LW is called an waisted progresive wave, Undstrtd progresive waves 
‘may move slower than the speed of light or faster than the speed of ight. See W. A. Rodrigues and JY. Lu, "On the 
caistence of undistorted progressive waves (UPWS) of arbitrary speeds 0 v <x in ature,” Foundations of Physic, 73), 
1997, p. 435-808. A slightly comected version is downloadable as hep-h606171 onthe Los Alamos National Laboratory web 
site, and includes coretions othe published version 


SUPERPOSE 
‘To lay or place on, over, or above something else, withthe connotation of mixing 


SUPERPOSITION 
‘The simple linear addition and subsaction of two oc more values, ates, ee 


‘Superposition is one ofthe key principles in field theories an in the concept of potentials 
SUPERSET 


Alan set oferenced to 8 smal set, where the small sts included inthe anger se 
‘The large sets said to be a supers ofthe small st. The smal seis aid to be a subse of the lrg set 


SW (STONEY- WHITTAKER) STRUCTURES 
‘The Stomey- Whitaker hidden bidirectional EM wavepsirs comprising the scalar potential, and structuring (altering of same. 


‘We call his internal EM dynamics inside every EM wave ld, and potent 
Scicatiss refer to ita the information content ofthe fed 


the "infolded” electrodynamics, Russian weapon 


SYMMETRICAL REGAUGING 


Inclectromagnstics changing the scalar potential oa different value, and simultaneously changing the vector potential toa 
sliferent vale, with te two changes just prcisly selected so thatthe two exes forces (each erated by one of the changes) are 
‘sual and opposiethuscanccling with respect o anslation and doing no net extemal work, 

‘We note thatthe to forces themselves must be considered to be present and still working continuously in oppsiion, 

Inreasing the stress upon the system regaged with excess energy, of decreasing the stress upon the system regage! with less 
ener. 

‘This presence of equal and opposite" excess forces from the symmetrical regauging is known asthe Loren condition. The end 
resul i thatthe ne force fields of the regauge system remain the same, even though the stress of the sytem has been altered 
bythe epauging andthe potemial encray ofthe system has also been changed, Since absuact Vector mathematics contins no 
Sch thing as "stress in its backyround vector space, zero vector resultant system of multiple nonzero vectors are most often 
simply discarded, Early clecuodynamicists symimeticallyregauged Heaviside's two "Maxwell" equations (potatal form) s0 as 
to easily separate the variables. The nc effect was to discard that set ofthe Heavside/Maxwell equations that prescribed and 
Included open electoxdynamie systems that feey recsive and collect energy from the extemal vacuum, and also obtain a free 
excess fore which then ean permssibly utilize that excess energy to tanslate and produce external Work upon the system of 
xtemally upon a load In shor, the symmetrical regauging discarded practical overuity electtdynamic circuits ad devices, 
‘which Maxwells equations—evea in thelr Heaviside modified form have always presebed und permite. Cootast 0 
asymmetrical resauging 


‘We specifically point ou thatthe two extra forees remain, as does ther energy, and both may be dynamic asthe system is 
dynamic. Hence when one repauges, onc has changed the gravitational aspects ofthe system and also curved the local 
spacetime. Further, this ST curvature is nterally structured and that stueture is dynamic. Thus contrary to the assumptions of 
‘lectodynamics, the rgauge system is nor the same asthe eiginal system 


SYMMETRY 


or process possess a ith respect o cota 
‘unge ihe they or poses, 
“The theory or proces is then sad to be "symmetrc® with respect to those operations. As an example, there ie no observable 


change in a cigle when tis otatedor reflect ina mirror, The crcl therefore said to have eoatonal symmetry and 
reflection symmety 


rations performed on it, those appli operations do not 


TANTALUM CAPACITOR 
Elegtoticeapacitor witha tantalum or sintered anode 
such as solid tantalum, tanalum-fol eleewolyti, and tantalum-slug capacitors 
For the same capacitance, the weight and volume ofthe tantalum capacitor are less than comparable aluminum electrolytic 
capacitors. In other words, You ean maketh litle son-of-e-gun smaller, fra given capacitance and charge it must hold, When 


ublized inthe Fogal fashoa, the tantalum capacitor also exits other properties that are sil proprietary to Fog’ 
semiconductor proceses and to Bill Fog, 


TARGETED PINPOINTS, 


Refers to those separated points which engage in sel4arcting between themselves and some sparse signal ener sours (as 
i Fogal's semiconductor 
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“The effec isto shagpy narrow he etroreflectd source signal energy fom the source ont the separated! points by mans of the 
‘mutual ping-ponging. In this fashion much more energy density fram the soufee can be concentrated on the argc pinpoats, 
Inefct, phase conjugate shooting is evoked 


TENSOR 


“Much of modem physics and advanced clecwomagnetics is expressed in tensor algcbra theory. 


TESLA, NIKOLA, 
Famous American emigré electrical inventor and eccentric whose numerous inventions fled much of the electrical 205 
ssauury 
‘Tesla produced the AC system, including polyphase systems, From his eyprimens he knew thatthe EM wave in vacuum was 
Jonginudinal, like sound waves. In spite of his eeat accomplishments his eccentricities and grandiose pronouncements did not 
cndear him to cleetodynamicisst An example is his acrid commeat:"-1 showed tha he universal medium isa gaseous bad 
In which only longitudinal pulses ean be propagated, involving alternating compressions and expansions sinilar to those 
produced by sound waves inthe air Thus, a wireless tanamiter does not emi Hertz waves which are a myth, but sound waves 
tn the ther: behaving in every respect ike those in the ai: except that, owing tothe spe elastic force and exbemely small 
density of the medium, thelr speed fs tha of light." Aner major example is is Statement: "The Herts wave theory of wireless 
transmission may be kept up fora while, bu do not hesitate 0 say that in short tae it wil be recognized as one ofthe mast 
remarkable and inexplicable aberrations ofthe seiemifc mind whic has ever been reconded in history." 

‘roaially, modem quantum mechanics has almost proven Tesla right that "the universal medium is a gaseous body." Today the 
‘modem QM vacuum is very much lke a viral particle gas. And of couse the discussions inthis present annotated glossary 
show why I personally am ofthe opinion that Tela was also core im his firm diselie that those Faraday-Maxwell "aut 
plisical strings without physical holders filled the ether and provided transverse EM wave oscillations. also agree with him 
thatthe EM wave in vacuum i a longitudinal wave exactly like @ sound wave. t believe thatthe transverse gyroelctron 
precession waves that ou instruments actually measur inthe conductor when it receives an incoming EM wave fom the 
‘acum, proves that he vacuum wave is indeed longitudinal—else it would seem we must discard the spin ofan electron und 
the theory of gyroscopes. Finally, one should see, e,Patrck Comille, "Inhomogencous Waves and Maxwell's Equations.” 
Chapter in Essays om the Formal Aspects of Electromagnetic Theory, Aklesh Lakhakia, El, World Scientific, New York, 
1995. Comile clearly shows tat Mastwels equations are dredy created by scalar potential interferometry. Ashe states, this 
‘means that EM force field wave sae created by the interference of sound-ype scalar petatial waves of "sound creates light" 
‘Thisstrongly supports Teslas original statement that EM waves in the vacuum are actually EM sound waves, mich like sound 
waves ina gas 


TESLA'S MAGNIFYING TRANSMITTER (include Jackson quote) 
Tobesaded, 


THERMOACOUSTICS 
‘The generation of sound waves by beat 


THERMOACOUSTIC ENGINE. 
Essentalva closed resonant chamber containing thos heat exchangers anda working Quid such sean inet gas under 
asus and used wil «transduce a provide powar such as mechanical owes 
(One heat exchanger isthe hotside exchanger through which heat is injected, another isthe col-side exchanger in which a 
‘coolant is eirulated, andthe third isa passve device between the other two, and known a regenerator or thermal capacitor. 
“The heating and cooling changes the pressure inthe Hud greatly, and the regenerator oscillates back and forth, aking enersy 
from the Hud, then giving it back, and keeping the engine going_A pressure wave (shock wave) moves through the Working 
{uid and produces «resonator eect. The end rest san engine with npdly uctuting pressure gradients and no moving 
pats. The pressure gradiens are thea tapped off o dive a piston, which drives a linear allenator producing elecrcty. In 
"ypical aplication, a single piston with surface area of 5 squate inches, and wit a wavel of only one centimeter, opersed at 
500 Hz, will produce about 30 horsepower up, 

Information oa these engines canbe found on the Fellows Research Group website at hip: www i.com/-fh, or E-mail to 
fiuidiocom. Many thanks to Oscar L. Fellows, "Be Our Guest: Thermoacoustic Engines Propulsion, Power forthe Ist 
Century." Fawer Onlin, 1/24/2000 


‘THERMODYNAMIC EQUILIBRIUM 
‘lable state eventually reached by an isolated system. One may consider ita 


anced” or “refered” state 


Actually a totally isolate system could not change. Any syst isin a constant exchange with its vacuum environment, 
Por, and no such thing a a completely isolated system exsis in mature. Hence once excited, a system to reach equiibium 
‘ifn exchange with ts environment and is nota tly isolated systems, But systems do exchange with their environment ia 
hidden fem so we can jst let he original statement stand as is. Sloppy, but okay’ so long as we recognize the limits 


TIME 
Tobesaded, 


TIME-CHARGE 
Tobesaded, 


TIME-CHARGING 
To beaded. 


TIME-ENERGY 
Tobesaded, 


TIME-EXCITATION 
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Tobesaded, 

TIME-FLOW MECHANISM 
To beaded. 


‘TIME-POLARIZED ELECTROMAGNETIC WAVE, 


An clectrnmagnetic wave whose vibrations aceur in the time domain oa 


‘The wave is theorized in quantum field theory, or atleast its ime-polaized photon is theorized and called "scalar photon 
‘There seems to be no Westem method for detecting such waves though they are predicted by theory 


TTIME-POLARIZED (SCALAR) PHOTON 
A photon whose vibration occur in the time domain only, also known asa "salar" photon, 


TIME-FORWARD WAVE 
‘A normal wave moving in forward time. Otherwise known as the retarded wave 


‘The extemal observer comfortably ses its Forward progress as expected 


TIME REVERSAL 


‘The process of forming the phase conjugate 
(eg, ofa wave or panicle or ety or processor vacuum engine) 
‘We accent that ime-reversing a single object or single group of objets snot the same thing a "rave int the pst” $0 
popularized by science ition. For time travel othe past, the enfire universe and everything int excep the traveler, would have 
toe time-eversed. That would not scem possible by any steich ofthe imagination toa)! On the other hand, ime-reveral of & 
single thing such as aparcle ora waver even a group of things such a a group of particles or waves—is not ony feasible 
buts readily achievable. A positon is atime-eversed electron, eg. Becker showed that laughably Weak DC electrical tickle 
currents picoamperes) across otherwise intractable bone fractures could engender healing ofthe bone fractures. In investigating 
the effect, he showed that entire cells—specifically in that ease, the red blood eels were time-reversed (differentiated) and 
then fst forwarded (reifferemiate) into new kinds of cells, genetics and ll 
{In France inthe 1960 and early 1970s, the Prioe team showed in laboratory animals that his mechanism (which they nor 
anyone els understood they were unwitingly evoking) could be used o dramatically reverse and quickly eure terminal tumors, 
Infectious diseases, artriosclerosis, and suppressed immune systems. The same approach, if redeveloped, could stop and totally 
‘wipe out the emerging major new pandemic of hepatitis C, which nothing will uch at preseat and which will surpass AIDS 
fnfections afer the tun of the century. The approach cou totaly reverse AIDS and eliminate all HIV infsstion,hecause it 
‘could simply ime-reverse HIV-infected ceils back to normal cells, genetics and all Tn other words, could readily and cheaply 
and quickly eliminate AIDS from the face ofthe earth. Further, the disease could be eliminated whenever a patient tested 
Positive for HIV infection; there would be ne necd 1 wait for dcbilitation iy set in. For coverage in deal sce T.E. Bearden, 
"Vacuum Engines and Prior's Methodoloyy: The True Scicace of Energy-Medicine, Parts Yand 1” Explore! (1), 1995, p66 
76; 6(2), 1995, p. 50-02 


TIME-REVERSAL ZONE 


Atcyion of sce in which a component ofthe overall i ow runs buckwans, an ence he fundamen mechanism 
scneraing the flow of use huh nb ord 

Such zones ar theorized stmporrily occuring incl fasion, parca nce the plladim atic i loaded with byogen 
Gr deste ions Such temporary region inte clvilyc ian excited sae and ie ote sos will move to liad 
Causes day During ts existence, ms int expenicce a evra fe law ofateacton and repulsion a hares. Inthe 
“TRz, ike args atrat and unlike charge epel. Thus suenly the low spatial energy transmitton of elements in cold 
fusion experiments canbe explained (cy have Dee abated in some 0 successful experiment in vou aborts in 
‘ariousntlons, by excelent scientists) Eg. two Hons may atacand so closely tha cach enc the edge of te song 
Tore region of ti ote, neming»qustaucleus Then asthe TRZ decays, he prefered ener change ifm side Ou 
Inoter wordy, the gluon forces fave bec partly sullied andthe quarks nthe nucleons are almost esd. Hence the favre 
cnergtc decay fom the excited sate ofthe TRZ is by quaking whet onc Hin nthe qusi-ncles changes ino @ 
Teuton The qutsi-nutes scores a qas-ncleas of deuterium, ahd wil ihe ino decrium asthe TR induced ation 
“anishes. Thi isthe way the excess deter is frmed in the old fusion experiments. Two deterium Dion may also 
Form a quas-nucles of (D*)D-) parculaly where the clvrlt oad with detent start with Ita eas asthe 
TRE dea, the guste ja ight it lun 4 nutes of alpha parle, accounting for he exces alpha particles 
formed. And 30 on, 

‘The concept of the TRZ thas ix consist with hundred of successful experiments, and introduces completely new type of 
rtereacuons opis a lw spl energy whee wasmutations auc as occur ar ot preset thought to be posible 
‘Wepoint out that tas are extemly high energy reactions when he ine-sncrgyinracton fs cnsieed, ice is hak an 
cerry density equal o mass. Tine-enengy s some eines ws das ass patil peay ase by pie pyc in heir 
inoractins. By taropesig some ofthe ine-ncry int spall eoy asthe TRZ day, the new Tow enyy cleat 
Tetons actly sole the nessa gic of high ener” equed fr ths interactions 


TIME-REVERSED WAVE 
A phase conjugate reflected wave, which i a wave moving in reversed time 


Since the extemal observer "sees in forward time only, he sees the wave as taveing inthe opposite direction as its weneratrix 
wave fonts moving. 


TOPOLOGICAL 
Invariant under tans formation by continuous 


related othe properties of gsomric shapes and figures that remain invariant under transformation by continuous 
‘mappings. 


‘TOPOLOGICAL PROPERTY 
‘Those properties of a acomtrial space tht are unchanged by continvous distortion af the space. 
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‘TOPOLOGY 


Mathematics ofthe properties of geometric configurations invariant under transformation by continuous mappings. 


In short the mathematics ofthe large-scale structure of curve spaces. 
TOROIDAL CoML 

A coil of wire curve around into tno! form, 

‘Contras tothe standard solenoidal col frm, 
‘TOROIDAL TRANSFORMER 

Atansformer comprised of toroidal coil instead of solenoidal eo 


‘TRANSFORMATION MATRIX 


A matrix (recungula anay of algebraic or numerical quunitiss) for replacement of the variables in an algebrac expression by 
their values interns of another st of va 


Used, eg. in solving equations involving Hamiltonians. 


TRANSVERSE 


‘Wave movement perpendicular the wave's primary dretion of principal propagation, as in the movement of taut pe ina 
‘wavelie motion traveling down the rape 
(As opposed to longitudinal), 


‘TRANSVERSE EM WAVE IN THE VACUUM 
‘The completely rroncous notion that EM disturbances in the vacuum are composed of transverse "ting waves." 


Faraday, eg. belived thatthe EM fled in the vactum consisted of his lines of force” as material taut strings—eroncously 
‘without the necessary holders ta pu the tension forces onthe strings He thought that when there was an EM dsturance, i a6 
2 "plucking" or ransverse vibration of these "aut stings.” Maxwell also believed in Faraday’s material lines of force, and et 
‘ut to capture them in his electrodynamic theory. He did so by simply assuming he lines (tubes) of force and thet wansverse 
‘string wave" vibration. Thies equivalent to essing tat the electromagnetic vacuum Reef ix composed of material ait 
strings, nd that additional EM feds are just additonal tut mata sings 


‘TRANSVERSE FIELD COMPONENT 


‘The modeled component ofthe electromagnetic field (a in a moving EM wave in vacuum) that is oriented at rsh antes to the 
ine of motion 


TRANSVERSE WAVE 
wave where the medium is uideming repetitive lateral translations, asa lateral wave ina aut sting 
‘The EM wave is vacuum is eroncously modeled asa transverse “string wave” asa relic rom Faraday’ original heli that EM 
fields existed inthe (assumed) material eter as phsical taut strings. He thus believed tht EM disturbances were the 
disturbances of pluckings” ofthese tau strings. Maxwell accepted Faradays physical lines of force and constructed his 
Jectodynamsies mode to specifically inclu the material ether. the physical "au stings” lines of fore notion, and Faraday’s 
string waves” a the electromagnet vibrations inthe eer, This dards half the energy, bal the phenomena, half the Wave, 
snd Newtons hid aw causative EM mechanism, 


TUNNELING 


[nquantum mechanics, phenomenon where a panicle penetrates and crosses a small egion where the opposing potential is 
fcr than the paril’s availa energy 

‘The phenomenon is thought o be impossible according to classical physics, but occurs nonetheless. Further, the speed of tant 
through the "tunneling" separation canbe supestuminal. Tuneling af music between two points has been measured to occur at 
‘more than four tines the sped of ih. 

‘A more extended typeof tunneling i the travel of longitudinal EM waves infolded inside the normal EM potentials, fics, and 
‘waves. Indeed, this is more fundamental electrodynamics, and it canbe shown that interferomety of this "internal 
‘lecttodynamics creates the extemal electrodynamics by a form of longitudinal EM wave interferometry. Eg, see M.WV. Evans, 
PK. Anustasovski, TE, Bearden etal, "On Whitaker's Representation of the Electromagnetic Eatity in Vaeve, Part V: The 
Production of Transverse Fields and Energy by Scalar Interferomen.” Journal of New Energy, 4(3), Special Issue, Winter 
1999, p. 76-78 


UNCONSCIOUS MIND 
Tobeaulded. 


UNIFIED FIELD THEORY (ENGINEERABLE) 
unified theory of the four forces of phsics—the electromagnetic, gravitational, strong, and weak forces — that isnot ust an 
intellectual mode but which sso enginesrable onthe laboratory bench and in actual pvscal systems using higher symmetry 
(03) elestinamis 
That's mouth-filing phrase (yes, We sometimes write awkward phases unintationaly: i's amazing how reasonable such 
things Sound when you're laboring long a 3-00 a.m. and Bleary-zyed asa wet toadstool!) 


UNIFIED FIELD THEORY OF MIND AND MATTER 


Tobesaded, 
UNITARITY 

Principle tht al probabilities sum to unity, 
UNITARY Of 


Fixed or unit change q ofthe electron 


htp:davwn.cheniore.orgteferencesiannotated glossary him 


9me3 


11262018 


ANNOTATED GLOSSARY 


‘This notion is held only because the q snot decomposed ino is component elements, but weated as iit were an indivisible 
uni. That sin err! The mass ofa fundamental parle a rest i quantized, and the massless charge (sl potential of the 
patil is discretized as function ofthe background potential virual particle fax density) in which tis embedded orto 
Which itis exposed. In our view the definition of charge qi 4=m,0,, The eletrical charge shouldbe taken tobe the 
massless, component. The definition of charge qe of an electron is rigorously given by the identity qe = me The electrical 


‘charge of the electron shouldbe taken tobe the massless component. 


1a charge (say, an cletron) is placed in an additional potential thea the total massless charge ofthe electron (i its vita 
vacuum flux exchange with mass me) is (+). AS can be see, the massless charg ofthe eletron its vital flux activity) 
has now changed. The electrons then said oe collecting and 0 hav collacted exces energy (which may be eter positive or 
negative, depending upon te sign of). Further, iter @eor 6; or both canbe internally and determinstically dimensioned 
(structured in Stoney-Whiaker-Ziolkowski fashion). When its massless charge (is own potential) sso dimensioned, tben 
the dimensioned electron is sid to contin or transport cum engine 


‘VACUUM ENGINE 


arile view: Deterministic intemal pattem of template deliberately eeated in the vital fax f alr potential 
‘can also be created in, and transporte by, dh two scalar potentials that comprise a static or dynamic free fed, or 2 moving 
EM wave inthe vacuum. It an also be created nthe local acum in which casei has a "charge-up” creation ime and @ 
discharge time,” exhbilng a sor of "ume constant” very much ike a capacitor charging and discharging. In tbe wave view, the 
vacuum engine isa deterministic intemal patern or template deliberately ereated inthe Stoney-Whitakee-Ziolkowski intemal 
bivaves und wave pots comprising the scalar potential. Against canbe implanted in the vacuum on an EM signal as a 
carer. The selfenemgy (scalar potential) portion of any electric charge or magnetic charge ca also be a arid" tht i 
conditioned (dimensioned with a vacuum poteatial. The prosess ar act of conditioning any ofthe etre with vacuum engines 
‘Scalled dimensioning tha carrier Russian energetics refers othe vacuum engines of a dimensioned carreras the information 
‘conten ofthe lel. 


‘VACUUM FLUX EXCHANGE 


‘The vital particle interaction between the active vacuum and charged particle, 
“The charged particle is an asymmetry in his ux exchange interaction, and extracts and gates some ofthe vacuum energy as @ 
Poynting Slow. Intum, ths S-low transports and creates in space the E field and the scalar potential fassocated withthe 
‘ged parle. An electrically charged patil i thus a litle Poynting enemy generator, a source of petenal, and a source of 
E-field Isle electrical dynamo, alte fee energy generator. It already an open syst in dsequiloium with its 
cavironment~the fierce vacuum fax Is selfeneray(poteatial) and its "elds" pus its Poynting eneeay flow, are the result of 
lisasymmetry in the vacuum fx exchange 


‘VACUUMS VIRTUAL PARTICLE FLUX, 
Inthe patole viewpoin, the quantum mechanial vacuum identically isa virtual particle fx 
Present physics, however, is prone to refer othe vacuum as (an implied emptiness) containing a virual particle fax. Energy, 
‘vacuum, spacetime, vistual particle Hux, and dynamic geometry areal synonyms. 

VECTOR 
In mathematics, an ety completely characterized by a magnitude and a direction 


‘VECTOR POTENTIAL, 
Inclevrieal engineering 


Potential postulated in electmmagncic Held theory” 


Space differentiation (url ofthe vector potential yicds the field, Magnetic vector potential is due to electric currents, while 
lect vector potentials assumed o be dus toa flow of magnetic charge.” [Chambers Seience and Technology Dictionary, 
Peter M.B, Walker (Ed), Chambers Cambridge, 1988, p. 947 

Not thatthe foregoing i not yet a definition, saying only that it isa postulated potential, then giving some characteristics. 
Informally in my View the vector potential is jst sof an ondary Sealr potential, very point of which isin motion in 
Something like a swising fasion. The magnetic vector potential A is most Common. Thre doesn scem to realy be a definition 
Of A; the equation B= VicA is usually (eroneousl) stl to "define" the A. So we af left withthe question A =727, since no 
‘uation i definition of anything 


leetrdynamicists have no ficult in calculating the direction and magnitude of A, and in using it, but so far as 1 ean find 
there testi no real definition, Asan ad hoc definition I consider the A-poental tobe identically a vstual photon ux of 
‘scum tha is moving as an ensemble along the direction ofthe A-yecto. Inputs fora more rigorous definition ofthe form A = 
(6) would be most welcome! 

Atany rte, the Ais known o be quite real and an independent "ld" of nature, because when the curl operators removed 
from operating on A, the Beds zeroed but the cure A-fcld can stil remain and interfere withthe fields of charued 
patcles and magnetic poles to cause real effects in physical systems, including ata distance. This later is known asthe 
‘Ahurono-Bohi effect 


VECTOR FIELD 
‘mn ondinary theory, dhe assigning of a magnitude and a direction (hat isa vector) o cach point ina region of space, 
a 


‘The entire set of vectors and thee spatial points is called a vector i 


VECTOR ZERO 
See discussion under zero vector 


VIRTUAL ANTIPHOTONS 
An.atiphoton tht spontansou 


shat it cannot be individually observed 


VIRTUAL PARTICLE 
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i exists only temporarily 
‘The virtual panicle does nt satis the usual relation between energy, momentum, and mass because its undemeath the 
Heisenberg uncertainty principle ‘The vial particle ean have any amount of energy momenta so long as the product ots 
‘energy an the tine interval ots existence i fess than the unceraity principe’ minimum magnitude, 


Nonetheless the interactions of lage numbers of virtual particles with a mass or charge can combine 1 generate real observable 
effects In quantum fed theory, all forces of nature are cause by the interaction ofthe forced muss etity with vital particles. 
Interaction of a mass with ital photons, eis projected to cause all mechanical and electromagnetic forces. 


{VIRTUAL PARTICLE FLUX EXCHANGE 


Interaction with or exchange ofa Mux of vista pa 
Interaction of « mass with virtual particles mos fen consists ofthe mass absorbing the vial particles and re-emiting them, 


VIRTUAL PHOTON FLUX (VPF) 
‘Aflux of vinual photons, 
(Hey, how's at fora tautology!) Fest, sce definition and discussion under lx. For electromagnetics, the vacuum can often be 
‘modeled asa fux of virtual photons. One gets the virtual charges also, since the photon is considered to also consist of 2 
positron-eletron pair. That i, the photon i continually separating into a poston-clectron pir, which then annihilate cach other 
1 form additonal photons}, tc. 

VIRTUAL PHOTON FLUX EXCHANGE 
‘The mutual exchange of virtual photons, as between the vacuum anda charged mass, or between two colliding masses 
‘The emitted photons from one mass are absorbed in the other mass and r-radiated 


\VIRTUAL PHOTON FLUX OF VACUUM 


‘The vacuum identically a fu of virus particles. 
For most electromagnetic eases, it can just be modeled as identically a Mux of vitual photons 


VIRTUAL PHOTONS 
Photons which spontaneously appear and disappear in the vacuum so quick that they cannot be individually observed 


VIRTUAL POSITRONS 
Positive electrons (positrons) which spontaneously spear and disappear inthe vacuum so quick that they cannot he 
iividually observe, 


WHITTAKER, ET. 


‘Woll-known mushematical physics, who dramatically extended Stone's catlor wok of 1897-8 and authored two papers in 
1003 and 1004 giving the basis theory of scala lecttomagneties (Russian eneuctics, not including the qusntums potential 
oman} 

‘The 1903 paper is E-T- Whitaker, "On the Partial Differential Equations of Mathematical Physics,” Mathematische Annales 
Vol. 57,1903, p. 335-385 


“The 1904 paper is E-T. Whitaker, “On an Expression ofthe Electromagnetic Field Due to Electrons by Means of Two Sea 
Potential Functions” Proe. Lond. Math. Soe, Sens 2, Vol.I, 1904, p. 367-372. The paper was published in 1904 and orally 
Astivered in 1903, 


\WHITTAKER'S DECOMPOSITION OF THE SCALAR POTENTIAL, 


Decomposition ofthe scalar potential into s harmonic st of bidiectona ongitudnal EM phase conjugate wavepairs 
Inhis paper "On the Paral Differential Equations of Mathematical Physics.” Mathematisehe Aunalen. Vol 57, 1903, p.333- 
355, Whitaker showed tht the scalar EM potential can be decomposed into a harmonic series of bidirectional EM wavepais, 

In cach pair, one wave isthe phase conjugate of the othe, and exists nthe time domain, However, this phase conjugate Wave 
hasbeen considered as having been detected by intercepting charge asa 3-space EM wave travelling ina reversed direston 
Hence fom a detectable viewpoint, the Whitaker decomposition yields bidirectional longitudinal EM waves in 3-spac, as has 
been pointed out by several electmdynamicits(e., Bare) 

However, the present author considered the ference hetween the phase conjugate wave asi exists prior to interaction with the 
sssumed intercepting unit pont charge and the detected 3-space wave after the detecting charge is assumed. By applying the 
‘Whittaker decomposition and also considering the nature ofthe EM wave in spacetime ria to interception by unit pont 
charge this le to the discovery of anew and move primary 4-symmetry in EM energy flow, once 3-syrametry is broken, that 
‘xsi atomically between the ume demain (complex plane) and space. 

Thus because a dipole (or a charge treated as ase of composite dipoles) breaks 3-symmetry (as is wellknown in particle 
pliysics) the more general 4-symmetry results automatically when the nature of the potential between the ends ofthe dipes(s) 
'Sconsidered, Ths yields the fundamental mcchanism by which EM energy is extracted from the vacuum (fam the complex 
plane or the time domain) and ouput in 3-space fom "source change" oa "source dipole. In shot, tyes the giant 
hogentropy mechanism when the unaccounted Heaviside energy flow component from a change or dipole is considered as well 
a the intercepted tiny Poynting energy How component. See TE. Bearden, "Giant Negenropy frm the Common Dipole", 
‘Journal of New Energy, 5(1) Summer 2000, p. 11-25; also on hup/wW chemiee or, 

Inhis scond paper, "On an Expression ofthe Electrosiagnetic Field Due to Electrons by Means of Two Scalar Potential 
Functions,” Proe. Lond. Math. Soe, Series 2, Vol 1, 1904, p. 367-372, Whittaker showed thatthe interference of two such 
Scalar potentials can and does create all he fc energy, patterns, and functions of 

‘Whitaker's second paper intial wht today is losely refered to as superpotential theory. For a excellent overview 
discussion of superpotential and related things, see Melba Phillis, "Classical Electrodynamics," in Principles of 
Electrodynamics and Relativity, Vol. IV of Eneyelopedia of Physics, ci 


woRK 
‘The changing ofthe form of eens 
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WORK, EXTERNAL 

‘The changing ofthe frm of the external energy ofa body or system, 
WORK, INTERNAL 

‘The changing ofthe frm ofthe intemal enersy ofa body or system, 
WORK-ENERGY THEOREM 

Tobesaded, 


ZERO POINT ENERGY 
‘The minimum energy ofa system due ois quantum fuctustions resukng from its incessant virtual parle activity. Quantum 
‘mechanically no system of interest (including even spacetime sell) can have 2er0 ener 
“The zero-point energy ofthe vacuum is the lowest energy vacuum state, with futuations taken into account, Even at law 
enemies, quantum fluctuations coatinually arise, and result in an incessant, extremely rapid, ad violent jitesing” ofthe eneray 
‘momentary presen. The minimum energy due to these quantum fluctuations i called the Zero-poia eng 


ZERO VECTOR 
(A veetorhaving no length (no magnitude) or specific diction, 
(2) Absence of any oral finite vectors 
(3) Resultant ofa system of multiple, finite vectors whose vector sum has no specific diestion. 


Note thatthe second definition differs deastically rom the frst. Tati, we cannot say that a Vector resultant 20 has no 
Infolded magnitude, f we consider its componcas, all of whom have magnitude. See the discussion under "zero" In vector 
analysis, the 2ro Vector axiom stats that any vector plus a2ero vector is equal to a zero vector plus v- Note that, being an 
som, this is at pravea, but just assumed. We very much disayree with that blanket axiom it reduces vector analysis to 3 
highy special single case, where all zro veetor systems are to be considered equal, and totally "inactive Inthe real world that 
noed not be true a al. There are an infinite numberof diferent zero vector resultant systems, and sa ero vectors may dif, if 
their infolded component "substructures considered. ln the eal world, things that are vectors Very often have energy. The 
‘energy i inflded and hidden, so tht it represents not only a local curvature of spacctime, bu als a structured, deterministic 

Set (a template) of curvatures of local spacetime. Therefore this zero vector system is actualy vacuum engine. Any mass 
sytem placed in such a poteatal, willbe acted pon in its parts by that local vacuum engine. Further, the zero vector resultant 
Stem sa "poteatia,” since it does contain "collected internal ener” This poteaial is obviously an artical potential, since 
itis deterministially structed intemally. 


So between zero vector sultant systems, the infolded hidden encryes” differ dramatical 
(i) toa inflded and tapped (collected) energy, 


(i specitic itera ation pattems (templates), 


(ii) general relativistic efeos, and 


{iv) ype of vacuum engine. Accordingly, the ations the or0-vector system induces in an exposed mass may be designe in 
advanced. This is vacuum engineering. Tiss spacetime engineering 
‘The problem isthe vector algebra itself Inthe abstract algebra, "vector space" is regarded as an inst thing where the only 
scams are the overall net nonzero veetrs, ad there i no interaction between an overt vector and a cover set of vectors. The 
‘ecto space isnot allowed to have an interna realm, tes, hlden engines, orto interact with the vectors representing the 
pliysical system, Consequently, for overa century clecwodynamicists—thinking primarily of translation have routinely 
Aiscarded such "zero vector systems" as if they represented the toll absence of any finite vectoe. Tis they do, nthe unsuitable 
‘assumption of the vector algebra. This they do not do, in the weal word 


‘The common practice in clectical physics of replacing a zro-summed system of nonzero vectors witha Veetor zero of 

‘compete absence of vectors” i incomplete, and such didnot exist in Maxwells original qurernion tory. This present 
practios should he changed; it has reduced the topology of electromagnetics far too much, and gsted the mos important pars of 
the theory insofaras an extended eectromagnctics is concemed. The vector zero shouldbe replaced wit a special organized 
‘esto 20 system and a scalar potatal. The interactions ofthe "biden" vectors shouldbe incorporated. BY filing to do this, 
pliysics excludes the ability w enginerclecrogravitation, spacetime, the viral stat, local general relativity fee ener, 
fees ata distance, andthe probabilities ofthe states propagated bythe Schrdinger equation. It also excludes unification ofall 
forces, 


Inthe new view, a zero vector may be a system af nonzero vectors that vetorially sumo multiply to 2ro foe ranslation 
purposes, but the components may sil exist "iside” and dynamically function inside the zero-esultant envelope. Tis 
Substructure can act on nonlincat or resonant systems Any o all components may be time varying, or none of them may be. 
‘The zero vector system may thus be a dynamic vacuum engine. In addition, sucha Vector zero system is considered tobe also a 
scalar sess potential, whose magnitude is equal to the sum ofthe absolute values of the perpendicular components. In addition, 
‘separate type of stress potential may be incu fr the magnitude of the absoite values of the svi components (tras). 
Other associated potentials may be included forthe system, particularly ifthe system isin mule dimensions, it consists of 
‘more than one typeof virtual particle fx, if several fuses intercommite, ete. Such a system can also be designed and creed 
to detrministically interact with and onthe ie force itself, the mind, thought, and personality, but thats beyond the scope of 
this discussion, 


‘ZERO-VECTOR-SUNMATION SURFACE 
surface or assumed spatial surface in which vestors under consideration interact to sum toa vector roses, 


ZERO-VECTOR-SUMMATION SYSTEMS 


‘Zero summations of real. nonzero vectors, thatthe real vectors are still present but donot 
orcharses 

‘With respect to observng/detestng process tht depend upon charge translation, the vectors ae suid to be hidden and infolded 
ice, with respect to detection by uanslation. See discussion under zero vector. 


use translation of exposed mass 


ZIOLKOWSKI, RICHARD 


Tobesaded, 
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The "Porthole" Concept 
with technical background 


@eeeeeoeeoeveoeaoen2e2ee2020808080 
Amplifying the cellular regenerative 
(healing) system of the body for 
treatment and healing 
of mass casualties 


Outline of the presentation 4 


e Mechanism for deep EM exchange of a body 
with its active EM environment 


Becker's epochal work and its ramifications 
Kaznacheyev's startling results and ramifications 


a) 
® 

e Weaponization of Kaznacheyev's findings 

e Importance of time-energy and the time-domain 
6) 


Mechanisms for medical treatment and healing 


Qutline of the presentation (2) 


© Prioré's revolutionary results and their 
ramifications. 
Proposed new mechanism for cancer promotion. 
Porthole concept: The 2-minute shortcut. 


2 
e 
© Terrorist biological warfare capabilities. 
e© Summary and conclusion. 

e 


Budgetary and Program package. “Vv 


Mechanism for the body's 
deep EM exchange with its 


active EM environment 
@eeeaeoeeoeoedcedeaeae02ee20e20e20e80820 0 
And some ramifications 


Me 


The body continually receives 
and retransmits EM energy 


eoeoeeeeeeeeeeeoee eee eeeeeee 
e The body may be considered 
as a dielectric. 
e Every part of the 
dielectric participates 
in the absorption and 
emission of each 
photon to and from any point 
on the surface.* . 
© Mechanical force effects ae 
are also electrical in nature 
and exchange similarly. 


* Reali, G. C., "Reflection from dielectric materials,” 
American Journal of Physics, 50(12), Dec. 1982, p. 1133-1136. 
The reflected field from a dielectric material is not generated 
just at its surface but comes from everywhere in the interior of it. 


= a >. 


: ¥ e 4 
Ramifications:: #& A AA pin 


e There is an EM "dielectric transmission path" connecting every 
part of every cell to every part of the surface of the body. 


e All electrical processes in the body, including deep 
within the cell and its nucleus, participate in the absorption and 
emission of every photon to and from the body's outer surface (and 
every mechanical force* experience). 


e The EM emission energy of the body is a conglomerate mix of 
fractions of all processes and functions ongoing in the body or 
affecting it, including in every cell. 


© This includes all electromagnetic, mechanical, chemical, and 
environmental effects upon and in the body and every tiniest part 
of it, and provides an extended definition of "stress". 


* At base, all normal mechanical forces are generated by 
electromagnetic forces. 


4 7% ‘ ; ‘ 3 ‘ 3 A 
Ramifications (2) R A A A A 
@eeeeeoeoeoeoeeoeoeeceoeeveoeeeeeeee @ 
The reaction of each photon absorbed on any point of the outer surface of 


the body, connects through the dielectric transmission path to every part of 
the body, including to every part of every cell*. 


Every emission from the body is participated in by every part of the 
body, including every part of every cell. 


The body's emission "changes" its environment, adding EM radiation. 
Some of the internal induced changes (excited states) in the body decay 
by this external emission. Some do not, but must be otherwise dealt 
with internally by the body systems. 


The body's EM absorption allows the environment to change or affect 
every function, operation, and part of the body, by adding EM radiation. 
All are continually being affected and deviated, both helpfully and 
harmfully, by these deeply induced EM interactions. 


The body's reaction (healing) must continually readjust and correct 
deviations from normalcy, in every part of every cell. 


* In quantum physics, part of the photon is localized and part is nonlocalized, 
reaching even across the universe. 


Ty 


ne 
Ramifications (3) A A A & i 


© The sum total of all the impinging external EM radiation upon the 
body, plus mechanical "special EM" radiation, thus affects and 
changes the body and all its processes, participating in them. 


© That impinging EM radiation can be manipulated to either harm or 
heal the body and any or all of its cells. 


© The body must continually overcome these externally-induced EM 
changes in its cells and processes, to maintain normalcy. Some EM 
changes are restored by the subsequent dielectric emission process, 
relieving the previously-induced deviant EM excitations in its internal 
processes. Some are not. 


© The poorly studied cellular regenerative system performs the 
remainder of the restorative function, which is the fundamental 
"healing" function of the body.* 


*The cellular regenerative system was mostly studied by Becker and a few others. 
See R. O.Becker, and David G. Murray, "The electrical control system regulating 
fracture healing in amphibians," Clinical Orthopaedics and Related Research, No. 73, 
Nov.-Dec. 1970, p. 169-198. 


Becker's epochal work 
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And its ramifications 


Becker's bone fracture healing 


e Tiny DC currents (picoamperes) _———————————— 
«Pulsed DC current can be utilized RED BLOOD CELL 
«Pulsed magnetic fields may be utilized DEDIFFERENTIATES 
Shucks hemoglobin coat 
Grows nucleus 


NEW CELL 
REDIFFERENTIATES 
Turns into type of cell that 
makes cartilage 


NEW CELL 
REDIFFERENTIATES 


ELECTRODE 


ed healit thi 
FRACTURE SITE ree 


Becker's theoretical DC control system 
involved with response to injury 


n CENTRAL 
DC SYSTEM 

GROWTH OUTPUT 
DIFFERENTIATION DC SYSTEM 


TOTAL 


CURRENT OF 
MITOSIS: INJURY 
DEDIFFERENTIATION DC SYSTEM 


significance of bioelectrical 


point "Siosiccitochesiaty and Bloeneeica Vol 


Becker's proposed control 
system governing regeneration* 


Trauma Producing 


Tissue Loss 
Local cellular effect Local nerve effect 
CNS effect pet Alterations in hormone 
pattern (prolactin) 


Alterations in local 
DC field pattern 


Local and systemic 
pools of target cells 


Dedifferentiation into 
primitive mesenchymal cells 


Blastema formation 


= Growth < 
Phase Il 
Redifferentiation into “Becker & Spadaro, "Electrical stimulation of partial li 
required cell types regeneration in mammals,” Bull. N. Y. Acad. Med., 48(4), 


May 1972, p. 629. 


Restoration of body 
part or tissue 


Extending Becker's work i 


ecoeeeeceeeeeeeeeeeoeeeeeeeee 
e Becker had only the archaic classical electrodynamics 
available to him. That EM is grossly inadequate. 
= Insufficient group symmetry to model the process. 
= Already eliminates the "infolded" longitudinal wave EM 
that structurally and dynamically comprises all "normal" 
EM potentials, fields, and waves. 
= Itis this internal LW EM that is manipulated and used by 
the cellular regenerative system. 
® Nonlinear phase conjugate optics was not yet developed 
when Becker did his seminal work. 


e Successful higher symmetry electrodynamics models -- 
such as O(3) -- have been developed and are available. 


A sad commentary nV 


Becker was nominated for the Nobel Prize, but he was hounded, his funds 
were withdrawn, and he was forced to retire early. 


His main "sin" was having the courage to testify against the harmful effects 
of unrestricted powerline radiation and electronic smog. 


Powerful interests then crushed him, set up their own well-funded institutes, 
and hired scientists who then predictably found that powerline radiation was 
no problem. 


Such research is so tainted that recently several important journals have now 
required the authors of submitted papers to state what their affiliated 
companies do, and what "company massaging" of their research occurred. 


From a higher symmetry EM view, it is obvious that the dielectric pathway 
and quantum electrodynamics already show a significant problem due to such 
radiation, particularly with respect to long-term effects. 


This is particularly significant since "noise" -- the mere presence of more 
"hash" -- appreciably amplifies the dielectric transmission effect. So the 
major factor becomes EM smog signals density, not signal power. 


Kaznacheyey's startling 
results 
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And its ramifications 


Proof that the cellular condition 
is radiated from groups of cells 


It follows that a diseased, damaged, or infected cell culture 
will and does emit its exact internal EM condition, hence the 
disease or damage "generatrix form" itself (in the internal 
structuring of the EM radiations). 


Further, these "state" emissions can couple into other targeted 
cells to produce disease and disorder in them. 


This was clearly proven in some 15,000 Russian experiments 
by Kaznacheyev. 


Kaznacheyev demonstrated induction of cellular disease and 
disorder between EM-coupled but otherwise environmentally 
shielded cell cultures 


Similar experiments have been replicated in the West by Reid 
et al., and by Popp et al. 


Kaznacheyey's induction of 
cellular disease and disorder 


GRAVITON 


LATTICE 
Ps TEMPLATES 
SICKEN > ENVIRONMENTAL, 


SHIELDING 


OR KILL 


CULTURE 
SAMPLE 

sd CELL 

| CULTURE 

‘SAMPLE 
QUARTZ #2 

CONTAINER 

QUARTZ 

CONTAINER 


‘+ THIN WINDOW: 
GLASS: No Effect 
QUARTZ: Delayed Effect 


eal PEA OS Te Beane 177 jeer” 


NSA 
Divided bottle setup 


Note: Minimum lattice is one harmonic interval: IR to UV is such a minimum G-lattice. 
Consider particularly the dielectric pathway in the emitting diseased cells and in 
the receiving targeted healthy cells. 


Another surprising feature of 
Kaznacheyev's experiments 


© The experiments do not work if the targeted cells are in 
normal light, such as sunlight*. 


© The reason is that the normal light bandwidth occupies a 
single harmonic interval between ultraviolet and infrared. 


© Hence its difference frequencies also fill such an interval. 
For a set of n frequencies, the number d of difference 
frequencies is d >> n. 


e Thus the visible light spectrum represents "jamming" of 
specific internal EM signal inputs through the dielectric 
pathway into the body, turning much of the environmental 
signals into harmless warmth. 


* It has also been shown that if bacteria are killed in the "dark" by UV, then 24 hours 
later placed in sunlight, a substantial fraction of the "dead" bacteria will revive. 


Ramifications of Kaznacheyey's 
experimental results 


eoeeeeeeeeoeeeoeeeeeeeeeeeee 
e At least one harmonic interval is necessary for the effect to be 
evidenced in the target cells. 


© Interestingly, if we assume the body dielectric to be isotropically 
nonlinear (to first order): 
= Velocities of the actual transmitted frequencies depend upon the 
particular point on the wave amplitude. 
= The transmitted frequencies overshoot, interfere, breakup, etc. The 
difference frequency does not. 
= The "difference frequency" is transmitted through the nonlinear 
dielectric medium as if it were a sine wave passing through a linear 
medium*. 
e To our knowledge, this direct and deep communication of 
electronic "hash" difference frequencies in dielectric human 
bodies has not been investigated in the West. 


* Owen Flynn, "Parametric arrays: A new concept for sonar," 


Electronic Warfare Magazine, June 1977, p. 107-112. 


Ramifications of Kaznacheyey's 
experimental results (2) 


eeoeeceeeceeceeeeeoeeeeeeeeeeee 
e A heterodyne signal -- at the difference frequency 
between an input signal and a reference signal -- can be 
enhanced by adding noise*. 


© Thus the signal of the disorder in the cellular pattern 
emitted from diseased cells, received by normal cells, can 
be amplified electronically and rather easily. 


© Powerline radiation (electronic smog) thus carries its own 
amplification mechanism. Eventually the amplification 
overcomes any squelching by sunlight, etc. 


e The Russians promptly (as early as the late 1950s) 
weaponized and tested these and similar effects. 


* Dykman, M. I. et al., "Noise-enhanced heterodyning in bistable systems," 
Physical Review E, 49(3), Mar. 1994, p. 1935-1942 


Weaponization of 
Kaznacheyev's findings 
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And its ramifications 


"Microwave" radiation of the 
U.S. Embassy in Moscow. 


BACKGROUND 


© Began in latter 1950s 
« Discovered on VP Nixon's trip 
« Initially thought to be nuclear radiation 
(Discovered w/Geiger counter) 
¢ High level target -- U.S. Ambassador 
« Guarantees personal attention of: 
= U.S. Ambassador to USSR 
= U.S. President 
= NSA, CIA, DIA, NSC, etc. 
= Top consulting scientists 
= Leading U.S. scientific institutions 
© Two U.S. Ambassadors died, another sickened 
e Anomalous health changes in personnel, only 
in zero-field (zero pot'l gradient) areas! 
¢ Four U.S. Presidents requested Soviets cease 
= Cut from 18 watts/sq cm to 2 
= Then again increased 
© No one could understand what was going on 
e Aluminum screens were placed over windows 
e Moscow was declared a hazardous duty zone 


Former U.S. Embassy in Moscow. 


Ramifications of the microwave 
radiation of the U.S. Embassy 
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e The cellular disorder pattern in the EM radiation is 
carried by the field-free scalar potential. 

e Since the disorder pattern is a "conglomerate", it 
must be carried by an internal EM structure 
existing inside the scalar potential itself. 

e Whittaker decomposed the scalar potential into 
the appropriate internal longitudinal EM biwave 
structure in 1903*. 


* E. T. Whittaker, "On the Partial Differential Equations of Mathematical 
Physics," Mathematische Annalen, Vol. 57, 1903, p. 333-355 


The importance of time as 


energy, and the time-domain 
@eeaeeesveoea2e20ed20e20008008080 80 


Time as energy : eR 


@eeeeoeeoeoeoeoeoeoeceoseeveoeeveeeeee @ 
© In physics, the fundamental units one uses in his 
model are arbitrary. 
= A valid model can be made using only one unit. 
= It is already done in one branch of physics, using 
length as the single fundamental unit. 


© Make a model with a single unit, the joule. 
= All other entities become functions of the joule. 
= We are familiar with mass as highly compressed 
EM energy, by the factor c’. 
= It turns out that time is also highly compressed EM 
energy, by the factor c’. 


= 1 sec. = 9x 10"joules. 


How to see that "time is 
compressed spatial energy" 


eeeoeoveeveveeoeeeeeoe eevee eeoeeee 
« Take some spatial EM energy and compress it by c” 
Place it in 3-space, and it is mass. 
PRESS » Place it on the time axis, and it is time. 


aye O time (seconds) 


Y y 1 oS mK time axis 


SOME OR 
/ SPATIAL yi 
4 ENERGY are 
\ P s mass (kilograms) 


3-space 


» When time-energy is converted into mass-energy, 
PRESS time is "decompressed" (expanded) into 3-space 
EM energy and 1 sec. =~ 9x 10'*joules. 


Time as EM energy in the time domain, eR 

with a density the same as mass-energy 

Coeoeeeesceveeeeeeeeeeeeoeece 

© Bearden* reinterpreted (corrected) the 1903 Whittaker 
decomposition of the potential in 2000. 


o The reinterpretation is consistent with broken 
symmetry in particle physics, for which Lee and Yang 
received the Nobel Prize in 1957. 


© Itis also powerfully supported by quantum field 
theory, notably by Mandl and Shaw in 1984**. 


oe Whittaker's pair is a combined time-polarized (scalar) 
EM wave and a 3-space longitudinal EM wave. 
*T.E. "Giant Negentropy from the Common Dipole," Journal of New Energy, 5(1), 


Summer 2000, p. 11-23. 
** F, Mandl and G. Shaw, Quantum Field Theory, Wiley, 1984, Chapter 5. 


All EM energy in 3-space freely 
comes from the time domain 


: ours out 
in all r 


3-spacections 


Longitudinal EM wave incomin: 
from time domain and absorbe 


Charge's 7202 spin 
transforms time-energy 
into 3-space energy 


waves emitted in 

all directions in 

3-space 
Whittaker, Math. Ann., 57, 333 
(1903) shows this rigorously, 
when properly reinterpreted. 
Dipole's broken 3-symmetry is 
well-known in particle physics 


Note: Whittaker (and others) interpreted the phase conjugate half set of LWs after 
interaction with the charges of the dipole, and as a 3-space effect rather than the 
time-domain cause. This fundamental non sequitur was just repeated since then, until 
corrected by Bearden to be consistent with broken symmetry and quantum field 


theory. 


Strong support from 
quantum field theory 


eeceeeeeoeeeoeoeeeeoe ee eee eeeee 
© Quantum field theory recognizes four photon polarizations: 
= Energy along x-, y-, Z-, or t- axis. 
= Polarized along x- and/or y-axis, the photon is a transverse 
photon. 
= Polarized along z-axis (along its line of motion in 3-space), the 
photon is a longitudinal photon. 
= Polarized along the time-axis, the photon is a time-polarized or 
scalar photon. 
© The individual longitudinal or scalar photon is not 
observable*. 
© The combination of a longitudinal photon and a scalar 
photon is observable as the instantaneous scalar potential*. 


* F. Mandl and G. Shaw, Quantum Field Theory, Wiley, 1984, Chapter 5. 


Mechanism generating the 
flow of a mass through time 


ror 
SPATIAL SPATIOTEMPORAL pro aaa 


SP 


(AE) (At) + M => (M+AM)At => M + (AE)(At) 
Flow of macroscopic time (observable photon interactions) 


SPATIAL AND SPATIOTEMPORAL cae t , A 


Flow of microscopic time (via virtual photon interactions) 


Mechanism is engineerable 


Pumping a mass in the time-domain 

will time-reverse it back to an earlier 

state 

@eeeeeeoeesvseeaoeeeeeseeeaeeveeeeeeee @ 

e The reinterpreted biwave EM structure of the scalar 
potential means that time-reversal (phase 
conjugation by pumping in the time-domain) can be 
utilized to time-reverse a targeted cell (its 
mass-energy) in its entirety, including its genetics. 


© Becker's bone fracture experiments showed it: 
= Weak scalar potential across the fracture site. 
— LWs in 3-space and time-energy waves in time 


= Red blood cells entered, dedifferentiated by shucking 
their hemoglobin and growing a nucleus, which is 
dedifferentiation (time-reversal of the cell and its 
mass-energy back to a previous physical state). 


Principle for time-reversing i 
a time-pumped mass 


e Becker's cells then redifferentiated and changed -- first to primitive cartilage 
cells, then to primitive bone cells which were deposited in the fracture, 
healing it with new bone growth. 


This shows "time-forwarding" (redifferentiation) of the cell also. 


e Becker actually showed that the time-domain pumping of the cells (by the 
time-polarized EM waves of Whittaker's reinterpreted wavepairs comprising 
the scalar potential), and the time-pumping of their mass-energy, operated to 
continuously and steadily remove the delta between that cell's present 
condition and its former "normal" cellular physical condition in that area. 


© This is the long-sought secret of stem-cell research. 


© Phase conjugate optics had not been born at the time. Without realizing its 
full nature, Becker demonstrated the body's own internal mechanism for 
healing, and the fundamental mechanism for time-reversing a physical mass, 
whether living or inert. 


Mechanisms for use in 
medical treatment and 
healing 
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And ramifications 


Successive deep penetration 
reactions of the cellular dielectric 


e Change after change affects the cell and all of its 
parts, including from the external environment. 


e Each successive change affects primarily the 
internal "LW EM structures and dynamics" 
comprising the ordinary potentials, fields, and 
waves. 


e Thus in positive time the internal EM structurings 
produce successive "overlaid layers of change" -- 
so to speak -- in the internal EM structuring and 
dynamics of a cell in the body. These layers 
contain the "delta" from normal state. 


Successive deep penetration 
reactions of the cellular dielectric (2) 


eoeoeeeeeeoee eee eee eee eee eee 
e During time reversal, highest layer deltas are successively 
"peeled away" by the interaction of the mass-energy with the 
time-domain pumping. 
e The result is to return the cell directly back to successive 
physical states, in the case of a single disease or disorder. 
= A cancer cell is returned to a normal cell prior to its 
"promotion". 
= An HIV-infected cell would be returned to its normal 
unaffected condition, free of HIV-induced genetic change. 
= For injuries and damage, the existing "delta" in each 
successive state-layer is steadily reduced to zero. 
e This process thus can involve both cellular differentiation and 
dedifferentiation, as shown by Becker and by Prioré. 


Engines (vacuum engines, ai 
spacetime curvature engines) 


eeeoereeeceeeeoeeeeeeeeeeeeeeoee 
e Following Whittaker* as reinterpreted**, all normal EM fields, 
potentials, and waves decompose into sets of longitudinal EM waves 
(LWs) and their dynamics. 
Since these LWs and their dynamics are dynamics in the local 
energy density of spacetime (ST), they constitute ST curvatures. 
Hence they are general relativity infolded inside electrodynamics. 
By manipulating and changing these LWs, one manipulates and 
changes spacetime curvatures and their dynamics. 
The result is a unified field model where one directly controls and 
engineers a set of ST curvatures by use of higher group symmetry 
electrodynamics. 
Controlled patterns of local curvatures of ST are called "vacuum 
engines" or "spacetime curvature engines" -- or just "engines". 


* E.T. Whittaker, Math. Ann., 57, 333-355 (1903); Proc. Lond. Math. Soc., 
Series 2, 1, 1367-372 (1904). 
** T. E. Bearden, J. New Eneray, 5(1), 11-23 (2000). 


Pumping with EM time-polarized waves 
forms amplified antiengines 
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produces a time-reversed wave. A,and A, time-reverses fhe mass itself. 


Time-reversal of a mass toa 
new physical state not in its past 
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Extended general relativity principle 


All levels of energy structures and all 
levels of time structures mold STRUCTURING 
spacetime geometry. oe oe 
The "pattern" is called a template for a pynamc \y.” “>, CURVATURES», 
vacuum engine (spacetime curvature MAS: ~ ‘ ‘ 
engine). 

Spatial and temporal structurings of th 
engine act upon any exposed mass at a 
levels. 

This produces a template of forces, for 
precise translations and stresses within’ 
the mass at all levels. The forces exist 
in both time and 3-space. 


Engines: Working spacetime demons 


Internested patterns 
of spacetime 
curvatures 


Highly Structured 
Einsteinian spacetime 


Maxwellian Demons 
are EM hidden variables 
organized into dynamic 

stfuctures acting at all levels 


Signal vs. vacuum engine 


* Information received 
* Any overt physical action @ 
must be taken by cell itself 


—— * Cell must furnish the energy 
for any action it takes for 
* Passes from outside to in 


SIGNAL (INFO) 


A. Cell must do the action itself; vacuum energy exchange is passive. 
Energy or fuel for doing the action must be added to cell externally. 


y? Pm) Bs * Information itself acts 
Fk * Local spacetime curved, with 
internal subcurvatures 
Ss eat ~~ “4 » Produces template of forces 
va in local spacetime (ST) aX 
ce a i + Arises from within local ST 
a" Acts on and changes all parts 


ENGINE (STRUCTURE) of cell, including its genetics 
TEMPLATE (FORM) 


B. Cell is acted upon; vacuum energy exchange does the specific action. 
No energy or fuel for doing the action need be added to cell externally. 


Unified field theory requires 
modeling and use of supersystem 


eevoereeeeoereoeoereoeoeen eee eeeeeeee 
Three components interact with each other: 
° System and its dynamics 
Local active vacuum and its dynamics 
Local curvatures of spacetime and their dynamics. 


LOCAL ACTIVE VACUUM 

j t ry f ry t A \ 
y Y Y y Y 

/ SYSTEM \ 


/ Phe ty elf 


LOCAL CURVATURES OF SPACETIME 


Classical EM kills the supersystem, 


prevents supersystem engineering 
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e Assumes flat local spacetime 
« Assumes inert vacuum 


Malignant teratoma exhibits both 
time-reversal and fast-forwarding 


e A teratoma cell is a tumor cell that has reverted 
to stem cells, then proceeds to differentiate 
toward new kinds of normal cells. 


© May produce hair, skin, muscle, heart, bone, 
and other type cells. 

e© Sometimes present at birth. 

e Demonstrates both "time-reversal" and 
"time-forwarding". 

e The missing key is the engine function(s). 


Miller-Fox-Urey il 
biogenesis experiments . 


@eeeeeeoeaeoceaeoeoeaeeeeeeseeeeaeeeee@ 
© Engines of and from all life forms 
ever on earth or in the universe exist ' . ; 
in the ambient vacuum potential. Biogenesis Experiments 
s i — 
© The Miller-Fox-Urey experiments F 
were not in a "sterile" environment. 
e Heat (IR) and UV constitute (1) a 
harmonic interval with a difference 
frequency, and (2) amplifying by 
the process previously shown. 
© These experiments "kindled" 
previously living forms from the 
available gases etc. by amplifying the 
ancient living engines from their 
virtual state to the observable state, 
so that the masses were molded into H 
the physical states of their templates. os = 


Boling water 


Organic 
molecties 


y 
e 


Gaseous mixture of ammonia, \ 
7 Methane, eatbon donde, \ 


hd wae vapor \ 


Gas molecules \ 


Cloning to produce stem cells 


Human DNA can be inserted in an animal cell, 
and the cell chemically tricked into proceeding 
as if fertilized. 


Formation, increase, 
and growth of stem cells 
begins and continues. 


The "engine" carried by the human DNA is 
changing the matter available into human cells. 


readily demonstrated experimentally. 


Regeneration in a strain of rat with part 


of its immune system missing 
eoeeeeeeeeeeeeeeeeeeeeeoee 
In mammals, the immune system plays a role in reducing the 
regeneration capability, compared to 

that of more primitive systems. 

In a strain of rat where that "suppressive" part of the immune 

system is missing, the regenerative capability is dramatically 
increased. 

= Can regrow cut away sections of tail. 
= Regrows plug cut out of ear. 

= Reconnects severed optic nerve. 

= Partially restores severed spinal cord. 
The suppressive "delta" engine of the immune system, operating 
simultaneously with the underlying primitive regenerative 
engine, sums to the modern much-reduced regenerative engine in 
the mammal. 


An observation for the future 


eo When the science of 
engines is developed, 
physicians will be able to 
tailor these engine 
combinations to restore 
severed human spines, 
regrow severed limbs, etc. 


e They will also be able to 
direct the body's "normal 
growth" to reduce and 
direct birth defects, genetic 
defects, etc. 


Biochemistry and EM models 
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°® Medical scientists analyze such things as teratomas in terms of biochemistry 
and the biochemical model. 

© Anassembly of charges and charge distributions, with their associated fields 
and potentials, drives all chemistry at base level. 

e The charge assembly and its dynamics involves a corresponding assembly of 
spacetime curvatures and their dynamics. These are the cause that is 
driving the charge assembly and its dynamics, and therefore the chemistry. 
= In unified field theory (such as that of Sachs) and O(3) electrodynamics. 
= Not in classical U(1) EM theory or quantum electrodynamics. 

© Conventionally a causative EM field in space is "defined" as the diversion 
from that spatial field by and after its interaction with charge). 

The "definition" substitutes the effect for the cause, a non sequitur. 

© This is a known major flaw, pointed out in one fashion or another by many 
physicists such as Wheeler and Nobelist Feynman. 

© Classical EM theory is a 137-year-old model, seriously flawed. These flaws 
emerge in biochemistry and medical science. 


Necessary EM corrections* 


eeoereeceeeeroeoe eee eee eee eee eee 

© Many of the corrections necessary in electrodynamics 
modeling either have been done or are underway. 

e Higher symmetry, non-Abelian electrodynamics models have 
long been developed in particle physics. 

e The new approach extends these models to also incorporate 
general relativity, thus producing a unified field theory*. 

e In the new approach, spacetime curvature engines are perfectly 
natural and understandable, and can be directly modeled and 
engineered by advanced theorists. 

e In short, the theory is sufficiently advanced and robust that 
technology and engineering can now advance. 

e This will be a great leap forward for biochemistry and medical 
science, particularly in therapeutic methods. 


* Sachs's unified field theory implemented by O(3) electrodynamics 
presently is the most suitable to use. Numerical methods are required. 


Prioré's revolutionary 
results in lab animals 


And its ramifications 


Prioré (right) makes a point to 
Chaban-Delmas, Mayor of Bordeaux 


e Many of the Prioré 
team's experiments 
were done in Bordeaux. 


e Antoine Prioré patents: 


» "Apparatus for producing radiations 
penetrating living cells," U.S. Patent No. 
3,368,155, Feb. 6, 1968. 


» "Method of producing radiations for 
penetrating living cells," U.S. Patent No. 
3,280,816, Oct. 25, 1966. 


» "Procede et dispositif de production de 
rayonnements utilisables notamment pour 
le traitement de cellules vivantes," 
[Procedure and Assemblage for Production 
of Radiation Especially Serviceable for the 
Treatment of Living Cells], Republique 
Francais Brevet d'Invention P.V. No. 
899.414, No. 1,342,772, Oct. 7, 1963. 


Block diagram of Prioré's method 


Time-reversing the cells back to normal state 
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Some peculiar results 
by the Prioré team am 
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© Once a rat is cured of a particular disease: 
= A single drop of blood from the cured rat, injected into 
another rat stricken with same disorder, would result in the 
injected rat getting well slowly. 
= This ability to transfer immunity and healing in the extracted 
drop of blood gradually decayed over a period of a few 
weeks. 
© Showed that even the fields and potentials in the blood 
had been altered internally, in the treated animal. 


© Showed that the injected animal's cellular regenerative 
system possessed the ability to also time-domain pump 
over the entire body, everywhere reducing the delta 
between that injected drop of blood now the rat's own, and 
the rest of the blood in its body. 


Proof of cellular time-reversal 
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e Pautrizel compared identical treatment of immature 
rats with immature immune systems, and mature 
rats with mature immune systems. 


© Treatment restored the damaged mature system 
back to full mature functioning, and it promptly 
recognized and dispatched the pathogens. 


Treatment restored the damaged immature system 
back to full immature functioning, unable to cope, 
and the pathogens promptly reinfected and killed 
the immature rat. 


The lesson: The body is indeed returned to a 
previous physical state. The pathogens themselves 
are not killed by the treatment, but by restoring the 
ability of the immune system to recognize and 
destroy them. 


PROF. RAYMOND PAUTRIZEL 
(Renowned Parasitologist) 


© Only the previous ability of the immune system is 
restored by the process. 


Disadvantages of Prioré method 
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e Large plasma tube and facility required. 


— 3-stories high building bay if to treat humans. 
= Long irradiation time (2-3 hours). 
= Slow, numerous experimental adjustments. 

e Fundamental mechanism was unknown. 
= Phase conjugate optics not yet born in West. 
= No higher symmetry EM modeling used. 
= Prioré thought it was a result of ionization. 
= Importance of difference frequency unknown. 
= Body dielectric transmission path unknown. 


3-Story high Prioré device 
for treating humans 


e At the end of the project, 
Prioré had developed a 
large unit to treat humans. 


eo A few were treated. 


© Cures replicated what 
. Giant coil 
had been done in lab around 124 
animals plasma tube 


© The massive size of the 
unit and long treatment 
time (hours) made the J 
process bulky and very 7 \ 1 
inconvenient -- and also ip weet 
expensive ? — 


Aj 


17-foot Prioré plasma tube 


Used in large machine (3-stories high) to treat a 
limited number of human patients 


A proposed new mechanism 


for cancer promotion 
@eeeeeseeve00ed20e020e2@202802080808080 
And its ramifications 


Remarks on cancer from 
a new perspective 


© Two stages: cellular damage and promotion of the 
damaged cell to a tumorous cell. Promotion presently 
is poorly understood if at all. 


e A master cellular control system (MCS) (studied by 
Popp et al.) controls both the immune system and the 
cellular regenerative system, as well as normal functions 
of the cells. 


e The "past history" of ancestral development of aerobic 
cells and higher multicell aerobic bodies on planet Earth, 
resides in the "internested engine layers" in every tiniest 
part of the entire body dielectric, and in all cells. 


Remarks on cancer from 
a new perspective (2) 


Faced with cell damage (such as sustained hypoxia) it 
cannot handle, the MCS continues to "peel the layers" in 
taking actions related to ever more distant pasts. 


Faced with continuing hypoxia, e.g., the MCS eventually 
reaches ancestral layers -- with an engine -- it forces the 
damaged cells to start moving back toward the original 
primeval anaerobic form. 


The first step backward is separation from central 
growth control, freeing the cell to multiply 
independently. At the same time, genetic changes in the 
cell are forced and produced, starting it back toward 
becoming an anaerobe. 


These actions comprise the promotion process. 


The promotion process via 
engines 
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Block diagram of the 
cellular regenerative system 
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Bombshell: Amplified EM healing 
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© A unified field theory approach and use of 
supersystem analysis has broken the basic 
mechanism for healing itself. 
= The Sachs unified field theory applies and has been 
partially fitted. 
= Evans-Vigier O(3) electrodynamics can properly 
model it, including both the internal and external 
electrodynamics and effects of engines. 


= Direct engineering development is now possible. 


© Experimental proof of the results obtainable 
already exists in the literature. 


© A medical revolution is in the offing. 


Potential Vieaical Applicaons, 
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To treat and save mass casualties: 
What is urgently needed now: 


e Asmall, portable, relatively inexpensive treatment unit, 
not requiring plasmas etc. 


e Treatment in 2 to 5 minutes rather than 2-hours. 
e Simple treatment application, almost anywhere. 


e Effective in advanced stages as well as prior to KS 
emergence of symptoms. 


e Effectiveness against a wide array of illnesses. 


© Use is easy, high school student can be trained in 30 
minutes. 


e Crash program to develop, flood down through 
emergency systems in great quantities. 


The Solution: 
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° Two blankets have antennas in them. 

e Uses the "porthole" concept (discussed shortly) 

« Eliminates plasma tube mixing etc. 

e Computer-controlled complex signal structure. 


The Porthole concept: 
@eeeeeoeoedeade2e2ee0e20e20208082080 
The two-minute treatment shortcut 


y 


How the porthole concept works 


INSIDE THE BODY i OUTSIDE THE BODY 
Ss 


Body surface 


Dielectric channel 
as a body "porthole" 


“my engine is..." 
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Porthole concept: An analogy of the dielectric 


path and inner-outer functional connections 
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e 
Porthole concept: The discovery 
eeoeeeeeeeeeeoeoeoeseeoeeeeeeeee 
e The processes themselves, in their own "frame", are never actually 
"reversed". Instead, the frame's motion through time is reversed. 


= Each to itself moves normally -- just receiving, absorbing, and radiating 
light, regardless of "whatever light" is interacting 


= This is due to a peculiarity of the photon and photon interaction 


e Photon interaction creates observed physical reality, including the 
"frame" and the seeming "passage of a mass through time" 


= The photon is its own antiparticle, which is just a photon traveling in the 
opposite direction 


= So in this case we can use "light" to precisely time reverse (to the 
observer) the frame and the apparent operations (to the observer) 
© When we cease irradiation, after a decay period to remove the 
reversed excitation, all functions are now seen to be moving forward 
normally in observer forward time, but from a previous physical 
state or condition 


Using the porthole concept: Research 
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© The body's own emitted dense, broadband signals 
are recorded across a broad bandwidth 
= These signals are amplified, then rebroadcast 
precisely back into the body 
= This returns an amplified "reversed" signal set back 
through the dielectric ae invoking and applying the 
porthole concept in all processes 
e The returning photons produce time-charging but in 
reversed frame direction 
= Tremendous potential energy is absorbed in highly 
compressed "time-energy" form in seconds 


= This "time-potential" slowly drains off as the body 
processes and cells reverse back to a previous state 


Research using the porthole 
concept 
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TIME DENSITY CHARGE |S STRUCTURED TO CONTAIN 
Recorders & Broadband Amps ‘THE PRECISE SPACETIME CURVATURE ENGINES FOR 
TIME-REVERSAL AND STEERING. CHARGING OCCURS 
—e | QUICKLY. ENGINES CONTINUE TO WORK FOR AN 
| EXTENDED PERIOD AFTER CHARGING CEASES. 


Alterations Database 


Receiver-transmitters 


Adjusting broadband signals 
bandwidth and amplification 

by selecting indicated alterations 
from database 
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Portable unit then developed for rapid 


° 

treatment of mass BW casualties 

@eeeeoeeoooeoeooeoeoeo esc eoeoeeaeseoeeeede@ 

Two blankets have antennas in them. 

Uses the "porthole" concept (discussed shortly) 

Eliminates plasma tube mixing etc. 

Computer-controlled complex signal structure. 

Irradiation for 2 minutes. 
7 


Training to use the unit 


@eeeoeeoeooeoesoeeoeoeoee esc eoeeaeeoeeecde @ 
High school student level, 30 minutes. 

Patient lies on one blanket, other covers him. 

Set the prescribed standard signal sets from listing. 
Computer-controlled generator produces the signal. 

Irradiation for 2 minutes, uncover patient, bring in another. 


° 
° 
° 
° 
. 
» Unit can be self-powering from vacuum energy (MEG*). 


Additional advantages 


eeceoeeeeeeececeoeoseeeoeeeeeoeeee 
Can be developed in a crash program in 2-3 years. 

After sunk costs, projected cost per unit in mass 
production is less than $100,000 
Can be produced by the thousands 
Then flooded down through 

= Fire stations and police stations SS 
= Red cross units, hospitals, clinics C a 
= Emergency action teams and armed forces 

Large numbers of operators easily produced 
Emergency training could be watching a 15 minute 
film, then performing one graded practice run 
First generation equipment can save some 70% of 
the coming mass casualties from anthrax etc. 


Terrorist BW warfare 
capabilities against the 
United States 
@eeeaeeoseeoe0deo2e2e20e202000808080 
The growing threat 


e One terrorist, one light aircraft 
with spray tank 

e 100 kilograms of anthrax 

e Flies over greater metropolitan 
Washingion, D.C. 


e Calm night a 
e 1-3 million casualties result* 


e Most of those stricken will die 


e Presently little can be done 
to save the stricken civilians 

e Attacks on sorely pope aun 
centers might produce some 
10 million or more casualties 


*Per OTA Report to Congress, 1993 


For decades, infiltration of 
terrorist teams into the U.S. 


eceoeoeevoeeeeeeeeoeeeeeeeeoeeee 
From several foreign nations, not just Bin Laden in Afghanistan 
Several thousand Cuban guerillas, from 

training camps in Southern Mexico 

Russian Spetznaz teams 

Nuclear warheads (up to 80 KT) 

Biological warfare agents 


Yakuza in oriental populations in our cities 

= Yakuza manufactures Russian energetics weapons in their own facilities 
in Japan 

= Possesses the new EM weapons referred to by Secretary of Defense 
Cohen in 1997 

We are now in a very long, hard war and will suffer millions of 

casualties in our cities. It may last for decades. 


Defense Secretary Cohen* 
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(Involvement of secret superweapons) 


"Others [terrorists] are engaging even in an 
eco-type of terrorism whereby they can alter the 
climate, set off earthquakes, volcanoes remotely 
through the use of electromagnetic waves... So 
there are plenty of ingenious minds out there that 
are at work finding ways in which they can wreak 
terror upon other nations...It's real, and that's the 
reason why we have to intensify our 
[counterterrorism] efforts." 


* Secretary of Defense William Cohen at an April 1997 
counterterrorism conference sponsored by former Senator 
Sam Nunn. Quoted from DoD News Briefing, Secretary of 
Defense William S. Cohen, Q&A at the Conference on 
Terrorism, Weapons of Mass Destruction, and U.S. 
Strategy, University of Georgia, Athens, Apr. 28, 1997. 


Some typical BW agents 


@eeeeeoeooeaoeoeooeoeoeoeoeoeoeaeeeeeoe eee @ 
e Smallpox, including different strain developed 
by Russia (some sold to terrorists) 


e Anthrax 


= Over 400 known locations 
around the Earth have cultures 


= Difficult to decontaminate 
Bubonic Plague 

Botulism toxin 

Tularemia (rabbit fever) 
Hemorrhagic fevers, such as Ebola 


Anthrax 


OTA study: Some 200 pounds released in a spray, on 
calm night over Washington, D.C. could result in 
up to 3 million casualties 


Symptoms usually in 2-10 days 
= Sometimes as long as 7 weeks 
= Flu-like symptoms 


Then 1-3 days later, shock and breathing 
problems cause death in up to 100% 


Antibiotics given early (before symptoms) can prevent 
infected persons from becoming ill 


Limited vaccine, reserved for military 


Smallpox 


© More than 500 million people killed in the 20th century 
before "eradicated" in 1977. Vaccination ceased in 
1980. 

e Russians kept it, developed new strains, sold to terrorists 

© Symptoms in about 12 days: fever, headache, nausea. 
Rash similar to chickenpox then appears. 

e Rash turns into hard blisters. Highly contagious, kills 
one-third of its victims. 

e Nocure. About 12 million doses of vaccine left. 

e If smallpox is unleashed in any major city on earth, it will 
eventually kill 2 billion, or about 1/3 of the human 
species -- unless a radical new cure is found and utilized. 


Bubonic Plague: Historically the 

most feared (Black Death) 

@eeeeeoeseevoeoeoeoeoeeeseseoseeeeoeeeee @ 

© From 1980-1994, 18,739 cases in 20 countries. 

e Symptoms occur in 1-6 days after 
inhaling the pneumonic form. 

© High fever, cough, labored 
breathing lead to respiratory failure and death. 

© It is contagious. 

© Rapid use of antibiotics can be effective. 

e Vaccine not currently produced in the U.S. 


Botulism toxin (a nerve toxin) 


e Single most poisonous BW substance known. 
= Typically borne in food, contacted by eating. 
= Could be developed as aerosol weapon. 

e Symptoms in 24-36 hours; blurred vision 
and difficulty swallowing, speaking. 

© Paralyzes muscles, leading to respiratory 
failure and death. 

e Centers for Disease Control and Prevention 
maintain a botulism antitoxin supply. 


Tularemia 


e USS. studied its weapon potential in 1950s and 
1960s. 

e Symptoms appear in 3-5 days, including fever, 
chills, headache, and weakness 

© Inflammation and hemorrhaging of the airways 

can lead to death. 

Without antibiotics, one-third die. Can be 90% if 

breathed in, in aerosol form. 

Vaccine developed and under review by FDA. 


Hemorrhagic fevers, such as Ebola 


E.g., origin of Ebola is unknown. Probably transmitted to 
humans by animals, to begin a breakout. 


Symptoms in 3-5 days, include fever, aching muscles, 
diarrhea. 


Hemorrhaging of fluids out of tissues and orifices. 
From 30 to 90 percent die, depending on specific fever 
type. 

Some of these fevers respond to antiviral drugs. 

The drugs are in short supply. 

Presently containment is the primary goal. 


A factor the U.S. does not know 


@eeeeoeoeooaoseoeooeeoeoeoeceoeevneoeveece2 @ 
(Secret involvement of clandestine superweapons) 


e Three nations (not the U.S.) developed quantum potential weapons 
using Bohm's hidden variable theory of quantum mechanics. 

e Can induce disease engines in matter or bodies at a distance. 

e Have developed "spreading" of immune systems in a targeted 
populace (cleverly tested in Gulf War against U.S. troops). 
= Cocktail mix of disease engines for 2 dozen different diseases 


= Targeted area's human immune systems react to these engines when they 
are still in virtual state, just below quantum threshold. 


= Spread immune system's resources thus "thinned" across response to 
two dozen shadow diseases at once. 


e Hit with a terrorist BW attack, the spread immune systems are 
overwhelmed much more easily and quickly. 
= Yield (casualties) of the attack is increased by factor of 3-5. 


= Spreading of U.S. immune systems has been accomplished and is still 
being maintained. 


Summary and conclusion 


@®eeeeoeeoaseaoeoceaeaeeoneeoneeos? @ 
The new war 


The North Tower has already been struck and is burning. 
A second jetliner is about to strike the South Tower. 


Fireball From Impact o 
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© The two buildings Associated Press,photo 
held some 50,000 
occupants 


e Evacuation was 
underway after the 
first strike 

e More than 6,000 
persons were killed 


e This is more than 
were killed in the 
Dec. 7, 1941 strike 
on Pearl Harbor 


Collapse of the South Tower 


© The first tower to 
collapse was the 
South Tower 

© It is still uncertain 
just how many 
people were caught 
inside and killed 

© This is a half million 
tons of debris, 
falling from the New 
York skyview. 


Collapse of the North Tower begins 


© The North 
Tower then 
collapsed 

© This was 
another 
half-million 
tons of 
debris falling 
from the 
NYC skyview 


Collapse of North Tower finishes 


© Collapse of 
the North 
Tower killed 
many rescue 
workers, fire- 
men, and 
policemen 

At this writing, 
the total 
casualties are 
still unknown 


Next began the recovery efforts 


e Recovery 
operations will 
require months 

° At this writing, 
the total 
casualties are 
still unknown 


e The damage 
was done by 
two civilian 
jetliner "bombs" 


The Pentagon was hit on the same day 


e Hundreds were killed 
the same day when 
another jetliner struck 
the Pentagon. 


e Yet another jetliner, 
possibly headed for 
the White House, 
crashed enroute when 
the passengers 
attacked the suicide 
terrorist hijackers. 


oe 


A sobering thought . 


@eeeeoeoevoeveveoevee eevee eeeeveeveeeee0 0 


e Nuclear weapons are 


already smuggled into the US., \ \ 
as are BW agents such as \ \ 

anthrax, smallpox, etc. \ \ ‘ 
© Had a 40-80kT weapon been IN \ 


exploded in New York and one 

in Washington, millions would 

have perished and both cities Yee \ Ys 

would have been devastated ~) \ \ > 
© There would have been no \ “\ \ 

recovery of those cities for . aN 

many decades . » 


e Many foreign nations are hostile 
to the U.S. and sponsor terrorists 


e Some 25 nations have WMD or 
are acquiring them 
= BW agents and weapons 
— Chemical agents and weapons 
— Nuclear materials and weapons <a i 
e Thousands of students and émigrés I 
e Infiltrated teams, BW, other WMD already 
e Castro guerrillas infiltrated over the years 
e Can do unacceptable damage to U.S. now 
e May reach knockout capability 


© ws ve wnanney 


*Per OTA Report to Congress, 1993 


The U.S. is terribly unprepared 


Limited medical supplies, antibiotics, vaccines 
Insufficient facilities, emergency teams 

No civilian shelters (much less BW-filtered) 
Not enough doctors, nurses, masks, etc. 
Present treatment methods woefully inadequate 
Triage will apply 

— First treat those most likely to recover 


= Others (showing symptoms, or advanced) are just set aside to 
die 


Other attacks are a matter of when, not if. 
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Conclusion oN 


eeeeeereecovoeeeeeeeeeeeeeeeeee 
e As several cities are struck, millions of U.S. civilian 
casualties will result. Devastation will be enormous. 
e We shall eventually lose more American lives than in all the 
rest of our wars to date. 
e Present medical therapeutic science is totally nak 
do the job. It cannot save us. 


e Atsome point, when we are sufficiently damaged, the 
Spetznaz or other terrorists may detonate nuclear weapons in 
our cities, with appalling carnage. 


e Acombined superweapon technology and terrorist groups 
will then destroy the remaining populace. 


e Onits present course, the inadequacy of Western medicine 
may doom us. 


N 


A difficult truth to consider ee 


e Inany strategic strike, the first phase is to get the strategic 
weapons (weapons of mass destruction) delivered to their 
distant targets. 


e That has already been done. 


Eerily, the first phase of World War III has already been 
accomplished. 


It was already accomplished before the Sept. 11, 2001 strike 
on New York and Washington. That was the new "Pearl 
Harbor", and only the opening round. It already killed more 
Americans than died at Pearl Harbor on Dec. 7, 1941. 


Unless we improve our medical therapy quickly and 
dramatically, we will lose -- particularly when the hidden 
energetics weapons and outside terrorist sponsorship by 
hostile nations are factored in. 


A personal perspective eS 


e There now exists an overwhelming, immediate 
moral imperative to get this development program done at the 
utmost speed humanly possible. 


e The sheer survival of the United States and Western civilization 
depends upon it. 


© Officialdom is aware that the KGB/Russians have long planned 
to finish the U.S., after initial nuclear exchanges, by fierce and 
massive BW strikes. 


e It appears that the plan has changed to let the terrorists do the 
main work, while augmenting 
U.S. casualty levels by energetics weapons. 


China is also involved 


e China has declared South China Sea the territorial waters of China 
e China will eventually take Taiwan 
= Has massed missile artillery trained on Taiwan 
— Recently held invasion practice on an island near Taiwan 
e Recently deployed fearsome EMP weapons utilizing negative 
energy rather than positive energy (Dirac sea theory) 
— Extinguishes all electron currents 
= Duds electrical and electron systems instantly 
— Instant death to struck bodies 
— Instant kill of missiles, aircraft, electronics in nuclear warheads 
— Ultimate "death ray"; can be made small or large 
e Recent 2-carrier U.S. task force maneuvered in South China Sea to 
caution China 
— The new Chinese EMP weapon was trained on that task force 
= Could have destroyed it within minutes 
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Final thoughts & A aren = 


© This is one of the great turning points in history. 

© The development program is eminently doable. That it works has 
been experimentally demonstrated. The long-vexing puzzle of the 
active mechanism has been solved. 

Our scientific community bitterly opposes any use of 
electromagnetics -- even an advanced, higher symmetry 
electrodynamics -- for medical treatment. 

e Acconsortium of the scientific community, the large 
pharmaceuticals, FDA, and the AMA will oppose this project even 
while the U.S. is being destroyed wholesale. 

It can only be done in the private sector, and there will likely be no 
funding unless by philanthropists. 


Continuation <i 


Business plan, development program, 
budget breakdown, proposed schedule 
etc. go here. 
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“Others [terrorists] are engaging even in an eco-type of 
terrorism whereby they can alter the climate, set off 
earthquakes, volcanoes remotely through the use of 
electromagnetic waves... So there are plenty of ingenious 
minds out there that are at work finding ways in which 
they can wreak terror upon other nations...It's real, and 
that's the reason why we have to intensify our 
[counterterrorism] efforts." * 


Secretary of Defense William Cohen at an April 1997 counterterrorism 
conference sponsored by former Senator Sam Nunn, Quoted from DoD 
News Briefing, Secretary of Defense William S. Cohen, Q&A at the 
Conference on Terrorism, Weapons of Mass Destruction, and U.S. 
Strategy, University of Georgia, Athens, Apr. 28, 1997. 


Slides 
(covers period up to 1999) 


e The Coming Strategic Attack on the United 


States 
© Outline 


Loss of two separate A-10 Warthogs in 1997 


e Typical ABM Defenses (Widely Deployed 
by mid-70s 
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Launch Phase Anti-Missile System 
Launch Phase Anti-Bomber System 


HC-130s Engines Quit, Aircraft Crashes 
Nov. 22, 1996 


1996 Actions by this analyst 


Additional Information Exit 


Analyzed, Not 
Integrated in Briefing 


Kill of Arrow DC-8, Gander AFB, Dec. 12. 


1985 


Satellite Photos of Plumes in Soviet Arctic 


Since 1974 
See "Fer de Lance" for additional 
information 


Aum Shinrikyo ("Supreme Truth" Cult), 
Shoko Asahara, Leader 


Aum Shinrikyo - Anatomy of a Dangerous 


cult 


Ashkhabad Problem and Its Solution 


Iran Earthquake, September 1978 
Situation Now (Assessment) 


Situation Now (Assessment 2) 


Aspects of Strong Local Asymmetry 


Mass Casualty Problem: Aerial Anthrax 
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Present Status of the WMD Threat to the 
United States 


Some Present Problems in the U.S. WMD 
Defense Capabilities 


Internal Terrorist Threat with Weapons of 
Mass Destruction: Now & Future 


Attempt to Ban Energetics Weapons 
Worldwide 


Brezhnev's Schedule 


Large glowing Tesla globe witnessed in Red 


China by hundreds 


Cold Explosion -- 9 April 1984 Near Kurils, 


and formation and growth of spherical shell 


(globe) 
Sequence of Events 


Cold Explosion -- 9 April 1984 Near Kurils, 


and formation and growth of spherical shell 
(globe) 
What They Were 


Cold Explosion -- 9 April 1984 Near Kurils 
(Plus additional weapons effects 


Countering Insane MAD Systems: 
Find Loophole, Exploit It 


Next Generation Counter to Both Sane and 
Insane MAD systems 


Simultaneous Dudding of Nuclear Weapons 
Worldwide 
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Simultaneous Dudding of Nuclear Weapons 


Worldwide 
Operation Divine Wind II 
Advanced EMBW Applications 


EM Biological Warfare (EMBW) 


Microwave Radiation of U.S. Embassy in 


Moscow 
Pentagon EMI Studies, 1989 


EM Missile Practice (6 sli 


Subdivisions of Soviet Energetics Program 


Communism's Goal 


Manuilsky's Goal vs. Status Today (Dec. 
1996) 


Professor Hellman, German Scientist 
Released from Work in Soviet Union 


Hemispheres and Globes of Light (4 slides) 


How Could Such Superweapons Ever Be 
Concealed? 


Soviets Easily Concealed These 
Superweapons for Four Decades 


Microscope-type. laser-like interferometer 


for inducing quick decay in samples of 
otherwise longer-lived isotopes 


Longitudinal Wave Interferometry: 
Endothermic 
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Longitudinal Wave Interferometry: 
Exothermic 


U.S. Air Attack on Libya, April 1986 


Lightning Wall 
circa 1959-1960 


Lisitsyn's Report: Brain Code Broken 


Large Longitudinal Wave Interferometer 
(LWP) Accident 


Large Longitudinal Wave Interferometer 
(LWP) Accident 


Use of Hidden Information Content of the 
Field Can Provide Action-At-A-Distance 


Two Types of Mutual Assured Destruction 
(MAD) System 


Psychoenergetics Weapons Teams Mental: 


Disable All Personnel 


Strikes Against Special Ship and Energetics 


Weapons Sites 


"Mindsnapper" Attack on Special Ships and 


Energetics Weapons Sites 


How Much Off Guard Are We? 
(7 Slides) 


Possible Targets: 1995-9 Escalation Phase 


Propagation of Weapon Effects 


Yugoslav Earthquake, Followed by Cold 


Explosion 
April 15th, 1979 


/weapons/index html (5 of 9)8.11.2003 1:21:11 


‘The Tom Bearden Website 


Countering an Insane QP Weapon 


Gulf War Disease: KGB QP Weapon 
Induced ST Curvature Engines for a 
Cocktail of Diseases 


Self-Targeting in Inner EM Channel Can 
Produce a Quantum Potential 


Mechanism for Producing a Quantum 


Potential 


Major Principles for Use of Quantum 
Potential Weapons 


Major Principles for Use of Quantum 
Potential Weapons (2) 


Instantaneous Communication by a 
Quantum Potential 


Participants in a quantum potential share a 


common multiply-connected spacetime 
(MCST) 


Quake in Tangshan, China 
28 July, 1976 


Exchanging Earthquakes 


Instant Communication by a Quantum. 


Potential 


Westerners Do Not React to Slow Threats 


e Characterizing a Given Risk or Risk Factor 


Technical Risk Management 


Aum Shinrikyo's Sarin Facility 
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In Scalar Beam Interference Zone 


Initial Soviet Plan for Cold War, After WWII 


Josef Stalin: Absolute Dictator 


Exploding any Resistance by Operational 
Scienti 


Significant Soviet Statements 


Captain Svoboda Dives Headlong to Her 
Death 


T-polarized Beam Projector 
Possible Tests (1 
Possible Tests (2 


Possible Tests (3) 


Possible Tests (4) 
Mushroom Cloud Rising From Sea 
Launches from Cape Canaveral and 


Vandenberg AFB Provided Practice Targets 
of Opportunity 


The sinking U.S.S. Thresher, with her 
controls jammed, implodes when she 
reaches crush depth 


Embodiment of an instrument array 
sufficient to discriminate when time-density 


charging has occurred, and that transduction 
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of time-charge decay has occurred. 


Time-Polarized EM Wave Interferometer 
Creating Space-Time Curvature Engines ina 


Distant Interference Zone 


Transmutation of Radioactive Nuclei at a 
Distance 


Nuclei 


Transmutation of Radioacti 


Typical Tesla Shield, Northern Route of 


A Curious Tide in Human Affai 


Large Scalar EM Interferometer (LASI) 
Accident Near Urals, 1958 


The Superpower Paradox: Asymmetric 
Cheap WMD Strategic Strike and 
Destruction 


The KGB/Yakuza-Aum War Plan 


« Why Western Science is Ignorant of KGB 
Energetics 


Transmutation of Radioactive Nuclei at a 


Distance 


TheYakuza 


Yugoslav Earthquake, Followed by Cold 


Explosion 
April 15, 1979 


* Note that the Secretary did not speak the words in 
square blocks: these were added by the writers later, 
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probably to "soften the tone” of the Secretary's 
information release. So the Secretary confirmed that, 
some nations of the world -- not just some ragged 
terrorists, as the writers tried to imply for spin control -~ 
do possess novel electromagnetic weapons and are 
using them to induce earthquakes, engineer the weather 
and climate, and trigger volcanic eruptions. 
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THE COMING STRATEGIC ATTACK 
ON THE UNITED STATES 
By an AUM/Yakuza/KGB/Communist Coalition Using Energetics SuperWeapons: 
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Outline 


Background: Classical Electromagnetics (and Defects) 
Background: Energetics (Scalar Electromagnetics) 
Background: Soviet Energetics Weapon Development 
KGB/Communist Plans 

Countering of Soviet/KGB/Com munist Plan in Mid-80s 
Soviet Economic Collapse and Adaptation of Plan 


Weapons Bleed-Out: KGB/Russian Mafia 
Yakuza: The Japanese Mafia 
Aum Shinri Kyo (Supreme Truth) Cult 


Coalition: Aum/Yakuza/KGB/Communists/Russian Mafia 
Operation Divine Wind Il: Three Phases 
= Phase |: On-Site Training Phase (Completed) 
~ Phase II: Escalation Phase (In Progress) 
— Phase III: 1997 Strategic Strike on the United States 
— Support Plan A: Feints, Deception, Sabotage & Terrorism 
— Support Plan B: Test Range 
— Support Plan C: Worldwide Weather Engineering 
— Support Plan D: Strategic and Combat Intelligence 
Special Information 
Recommended Actions © we unre enon 
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Loss of two separate A-10 Warthogs in 1997 


 A-10 Mysterious Flyaway and Crash - April 
2, 1997 


e Death of Second A-10 Pilot - May 27, 1997 


Captain Button's Mysterious Flyaway and 
Eventual Crash 


e Death of Second A-10 Pilot - May 27, 1997 
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Armed with: 
- Four 500-lb bombs 
- 30 mm Gatling gun 
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Captain Amy Svobody 
e Night training mission 
@ From Davis-Montham AFB 
@ From same wing as Captain 
Button, who flew his A-10 NM 
off course for over an hour 
and then crashed on April 2. 
‘@Climbout from ordnance Companion A-10's 
delivery on target 
Nosed down s! ly and 
dived into groun 


+ Nosed sharply over 
and flew into ground| 
= Psychoenergetic kill 


© TE BEARDEN 1999 


hoenergetic we: induced instant hypnogogic state and 
Fae ee re Do eed ene 
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A-10 Mysterious Flyaway and Crash 


April 2, 1997 
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Death of 2nd A-10 Pilot May 27, 1997 


* Purpose: Stimulate US. Captain Amy Svoboda * 
Gitameares again Night training mission Rerctecnucee* 
of TREES" | 2 arin, | ae 
"US. showed itis m same wing as 
conipletely unaware Button, who flew his A-10 = Probable sing 
off course for over an hour 
and then crashed on April 2. 
Almost certainly a second 
psychos ics strike 


\ 
Psychoenergetic strike induced an SS 
instant hypnogogic state, shifted pilot's \ 
sense of up and down Svoboda corrected and 
“climbed out” after target attack, and 

flew into ground, dream-perceiving down was up. 
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Typical ABM Defenses 
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EARTH'S SURFACE 
SOME OPERATIONAL MODES: 


@ Ve eM os + MULTIPLE SIMULTANEOUS MODES 
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SOME OPERATIONAL MODES: 
* SIMPLE TRACKING 

* PHASE CONJUGATE TRACKING 

* ENGINE COMBUSTION COOLING 

« EMP INSERTION 

* ELECTROMAGNETIC MISSILE STRIKE GIANT. 

* ELECTRICAL INTERFERENCE ENERGETICS 
* METAL LATTICE SOFTENING 


* HEMISPHERICAL SHELL 
* MULTIPLE SIMULTANEOUS TARGETS 
* MULTIPLE SIMULTANEOUS MODES 
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CTEC PROPRIETARY 


&_1996 Actions by this analyst gf 
* In July 1996, with the kill of TWA-800 it became 
apparent that the KGB/Communists were prepari 
a massive strategic energetics attack upon the U.S. © T= BEARSEN J997 
e Began intensive, nearly round-the-clock effort to uncover 
what was happening, and what had occurred in KGB/Com 
weapons since 199’ 
¢ Began preparing full-up set of briefing slides simultaneously 
—In early 1996, had briefed J6 on scalar EM, per his request 
—Had strongly suggested a follow-on weapons brief 
-Adamant opposition by NRL, NOL, others 
* Similar energetics attack scenario in 1986 was 
countered. Soviets at that time did not possess 
operational QP weapons, and so could not successfully 
overcome dead-man fuzi 
Also could not dud nukes worldwide, because OP required. 
—First lab prototype QP test was in April 1986 
« KGB had solved the dead-man fuzing problem by OP's. 
Deployed circa 1989-1990, Some earlier weapons then leased. 
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Additional Information Exists; 


Not Analyzed, Not Integrated in Briefing 
= Yakuza arranged involvement of 

— Red Chinese 

— North Koreans 
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Kill of Arrow DC-8, Gander AFB, Dec. 12, 
1985 


Slide 5 
Slide 6 
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KILL of ARROW DC-8 
a Gander AFB, Dec. 12, 1985 


*SOVELENM Missile Weapon strike practice 
TWO WEEKS earienalCapeiCanaveral 
+ Offset from night shuttle launch 
Ay + EM missile photographed by Bob Gladwin 


+ Associated marker beacon photographed 
SF Casicelin Sere Sole orl fnelissefs 

© Half thought icing, halfidisagreed intensely 

© "Due fo icing” approved with halfabsent 

© Separate dissenting finding issued 
mess oiistils piclise) I/Goniey atic 

» Feared'terroristibomb, MidEast sponsor, 

> Pressured Board, Gen’ Off: bulldozed’ site 


e Lack of icing on aircraft later validated Sey 
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YULL of ARROW DG. 
PE Gander AFS, Dee. 12, 1985 


Eyewitness observed beams form in the sky 
Saw streak-down and strike of EM missile 

= Struck right fuselage ahead | of the engines 

= Hole was burned through fuselage there 

= Photojof hole published in AWSS7; 

— No explosive residues onihole: Pa 
Consistent with ignition and outgassing of, 
plastics in forward cabin 

Consistent with pre-crash HCN deaths 


pl 
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x HULL of ARROW DCH 
Gander Ar, Des. 12, 1995 


Combustion cooling reduced thrust during runup 
Emulated reducing specific thrust by icing 
Struck with ElViimissile, at liftoff 
Hole in night tuselage, ahead of engines 
Not normallexplosion; no material ingested 
EMimissile explosively ignited|plastics in forward 
Cabin; outgassed pojsonous HCN 
Aaigesles: rlalf is pusssnyers dis iron oN 
inhalatiofBerarep anew apied| 


Data recorders recorded Vertical Spikeonint 


Materials handlers later mysteriously sickenedPwith 
symptoms of longitudinal EM radation induced illne&s * 
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HE ot Arey nigay 
ander AFS, Dec. 12) 1SB5 


Combustion cooling reduced thrust during runup 
Emulated reducing Specific thrust by icing 
STAC ATEN INES entity 

Hole in right fuselage, ahead of engines 

Not normal explosion; no material ingested 

EMimissile explosively janited plastics in forward cabin; 


outgassed poisonous Hi 

Auitopsjes; Half tie passengers died trom HCN 

Infialation) 

before plane crashed, 

Data recorders recorded vertical spike of hit 
Materials handlers later mysteriously sickened, with 
symptoms of scalar-EM radiation induced illness 
Eye witness observed formatiomand strike of te 
electromagnetic missile 
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= Offset from night shnttle launch 


SEM miseile pltotographed hy Bob Gladwin 
# Associated marker beacon eee corge Suchary 


4 Die to icing” ‘a pproved with h 


nting Sindings i 


bup/lwww.cheniere.org/images/weapons/Arrow8sm.jpg8.11.2003 1:22:18 


|hitp://www.cheniere.org/images/weapons/Arrow6 Ljpe 


Death of the Arrow DC-8 


Dec. 12, 1985 lst 
Gander, Newfoundiand AIRCRAFT GLOWING easier 


(THRUST REDUCED) 
ENGINE THRUST 


= 
<2 > 
EM MSL STRIKE 
semua “an oyanog 
INSTRUMENT INHALATION 
KINDLING SPIKES) 


(SELF-TARGETING) 


. ong 
ELECTROSTATIC |EXPLOSIVE . 
cocume or" |puasnes TALDOWN 
ENGINE | IGNITION. FIRE, ABOUT ONE-HALF \* ® 
COMBUSTION | |OUTGASSING | | THE OCCUPANTS DIE | GraviTON RADIATION DECAY 
| ] (EXPOSURE OF RECOVERY 
PERSONNEL TO LONGITUDINAL 
ceierermcateon 
enintonicranoive any CHanesn pues 


OF ATOMIEWUCLE) || WTO.ATOMIC MCLE: 
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Satellite Photos of Plumes 
in Soviet Arctic Since 1974*, 


= Two aircraft flew through for analysis 
—Solid material, mostly ice, a little clay 
—Much colder than surrounding air 
— Signature of cold exhaust from exothermic 
scalar interferometry operations & 
—No volcanic material fr 
—No radioactive material oe 
= May be 2 to 3 times as many incidents 
— Only examined satellite imagery in winter 
— Only periodic satellite coverage 
—Hypothesized methane venting, cloud seeding 


© wre woe {AS of 1989, when this information was gathered 


upestwww. jeapons/ArtePlumsm,jpe8.11.2003 1:22:23 


Lhitp://www.cheniere.orgi 


ses/weapons/Asaharastn. jpg 


AUM SHINRIKYO 


("SUPREME TRUTH" CULT) 


Shoko Asahara, Leader 
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Ashkhabad Problem 
and Its Solution 


= PROBLEM: 


Stress increasing in two-plate fault zone 


-1,000 shocks yearly WW 
-Kara Kum canal 
-Hydraulic pressure v{S 


-1948: Ashkhabad 80% destroyed by quake 
= SOLUTION: 
-Stress-relieve plate stresses from fault xX 
= IMPLEMENTATION: 
Induce nearby earthquake 
-Deceive by predicting a quake, setting off 
nuclear explosion 


@ 96 TE BEARDED 


w/Ashikabadsmjpg8. 11.2008 1:22:27 


ses/weapons/Ashkabd2sm.jpe 


Strange Characteristics 
of Iran Quake, Sep. 1978 


pest 


= Signatures Gst6 fa ence) 
—7.4 on Richter scale 
—No aftershocks: 6.0 expected (normal) 


— Strange epicenter 
—Anomalous depth re 
= Deception 

-10 MT Soviet nuclear explosion 36 hours 
before the quake 

—Prior disinformation regarding Soviet 
attempted development of focusing shock 
waves from underground nuclear 
explosions, to cause distant earthquakes 
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Se Iran Earthquake g 
Sept. 1978 


= Killed 25,000 Iranians 
= Soviet city of Ashkhabad saved 
=Soviets "predicted" quake 
in advance; then induced it e % 
= Quake had serious anomalies (signatures) 


= Deception measures were used by Soviets 


—Prediction in advance 
"Theory" of quake-induction by nuclear explosions 


—Fired underground nuclear explosion as 
“Red Herring” candidate for cause ry 


@ 196 TE seAROEN 
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Situation Now (Assessment) a 
= In May 1997: second A-10 pilot (lady), in pulp from © 


night ordnance delivery on target, was struck with 
psychoenergetic weapon takeover. Sense of vertical 
was reversed. She perceived herself diving, sharply 
corrected, and dove headlong into the ground. 


= Additional aircraft kills uncovered, including one 
4-engine aircraft whose engines all failed. This 
closely repeats the earlier 1985-1987 scenario. 
= Korean Airlines Flight 801 crashed on Guam on 
anniversary of loading of the atomic bomb that was 
dropped on Hiroshima in WW Il. The Enola Gay, 
which dropped the bomb, took off from Guam in wee 


morning hours of August 6, 1945. The local opns 
order on Guam was also issued on Aug. 5. ee 
= Presently the Coalition (KGB/Communists/Aum 


Shinrikyo/Yakuza) is waiting for proper time to 
enone final aise ft ist om: Som rman 
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Situation Now (Assessment 2) 


= April 97: Mind control test against Captain Button: 6 


—- Demonstrates ability to control crewman in 
complex operations for more than one hour. 
— KGB requires one hour total QP crew control 
on a site to have crew disable insane QP wpns. 
= Once QP systems disabled, ing thing tn = @ 


et ee plus up to p to 20-30 perstrs Tor 
controling ling thoughts, he ae ptions, etc. -— 
ibe Pd 97, oees building ado deploying “ erections 
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Aspects of Strong Local Asymmetry 


® Iflocal ae ymeny is strong, conservation 
laws may be appreciably violated 
= Energy 
= Charge 
= Spin 
= Momentum 
= Angular momentum 


= Properties of an object may differ 
appreciably for 
— Different observers 
= Different detecting means 
— One time to another 
= One position to another © TE Beardsn 1995 1998 
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e One terrorist, one light aircraft 
with spray tank 


e One kilogram of anthrax 


Flies over greater metropolitan 
Washington, D.C. 


e Calm night 
e 1-3 million casualties result* ae 
e Most of those stricken will die 
e Presently little can be done 
to save the stricken civilians 
e Attacks on severa y Populader a) 


1] 
centers might produce some 
? 10 million or more casualties 


*Per OTA Report to Congress, 1993 


/AtkMetoBWsm jpg 


pest 


e Many foreign nations are hostile 
to the U.S. and sponsor terrorists 
e ar weaating tea eve WMD or 
uiring the 
— BW agents and weapons a 
— Chemical agents and weapons 
— Nuclear materials and weapons $a) 
e Thousands of students and émigrés 
e Infiltrated teams, BW, other WMD already 
e Castro guerrillas infiltrated over the years 
e Can do unacceptable damage to U.S. now 
e May reach first strike knockout capabili: 


@ law Te voncen 


*Per OTA Report to Congress, 1993 
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¢ No shelters wane overpressure, 
Bwri Mitertnas reek showers, supplies) 
° No stockpiled macck i 
immunoglobulins, il oad fuel 
generators, heaters, weer ication units 
Totally insufficient medical facilities, 
personnel, and emergency response teams. 
¢ Triage, full martial law will be required 


* State, county, city inadequately staffed BEd 
and insufficiently trained for mass casualties 

¢ Terrorist teams, BW agents, other WMD on site, wa 

© Water supplies, food, crops, farm animals also vulnerable 

e Electric power grid, bridges, trains, railroads vulnerable 


« Present medical science cannot save very many oO. 
casualties, now or in the foreseeable future 


© vm re eoroen 
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. < Shouuiernied AD missiles 
* Terrorism 


+ Energetios EM biological warfare 

« Scalar EM (energetics) weapons 

+ Scalar EM disease indiction 

* Alteration of behavior and emotions 

* Alteration of memory 

* Direct control of thoughts, perception 


Psychoe! 
* Acton-at-a-distance effects @ nwa 1m8 reo OM 
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Attempt to Ban Energetics 
Weapons Worldwide 


= On June 13, 1975, in a major speech Brezhnev urged the 
United States to agree on a ban of research and 
development of new kinds of weapons “more terrible than 
anything the world has known.” 

= On July 2, 1975 Brezhnev repeated his proposed ban on 
development of frightful new weapons, to a group of U.S. 
Senators. 

= In August 1975, Ponomarev called for a ban on frightful 
new weapons of mass destruction. 

= On Sept. 23, 1975 Gromyko presented a draft treaty 
agreement to the 30th Session of the UN General 
Assembly, for banning development of frightful new 
weapons. 

. je e jest notic sians were 
talking about! 
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wo Brezhnev's Schedule 


SE nlite eeeeeanREnn Tae ERIE EEE eee Sed 
“We are achieving with detente what our predecessors have 2 


iges/weapons/BrezSchdsm. jpg 


been unable to achieve with the mailed fist... 
obey 1885 our power will be so irresistible that we can do what we 
anywhere on the globe.” 
Leonid Brezhnev, 
Ina secret 1973 meeting in Prague 
‘with European Communist leaders. 


“By the early 1980's we and our allies will control the high seas, 


space, and most of the earth's land area.” 
Kosygn, 
to Imelda Marcos, 


July 1978 

in 19856 the Soviets did it to ver till con strained b 
$26-87, te So ose v4 ob meted move, § gpl gons fe by 

by. “ sealer Eat woiseerina done TmOAG ‘and ead mat 


In April 1986, the first Soviet lab prototype of a quantum potential 
weapon specifically designed toward 10-min neutralization of nukes 
worldwide yas olnge dy sare against our U.S. airstrike on Libya. 

It was weakly in the "induced EMI" mode, for deception. 


By 1990 that weapon was loyed anda © TE temRDEN 
attack preparation phase ony pepe o scheduled for 1997. 
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PLOSION -- 9 April 1984 Near Kurils 
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COLD EXPLOSION -- 9 April 1984 Near Kurils 


© Superpotential interfer- 
ometry using 
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COLD EXPLOSION -- 9 April 1984 Near Kunis 
(Plus additional weapons effects) 


- expandeays) 
: miles) Dr a as uy iiiies 
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Countering Insane Mad Systems: 
Q Find Loophole, Exploit it 


= If MADs not pO potential systems, SU ae 
by instant QP strike which destroys targeted MAD weapons 
worldwide with certainty. 

= Have to be certain of types of dead-man fuzing. All dead-man 
fuzing weapons must be included in the assured target list 
for the striking quantum potential weapon.  satotieaee 


= Multiple targeted MADS require multiple vacuum engines ( 


the striking quantum potentials. 


= Uncertainty and risk introduced if not certain of all 
MAD systems and all dead-man fuzing systems. 

= Newest generation peychoenergede LW interferometry weapons 
can instantly take over minds 0’ eel pecan rel on targeted sites, 
with targeted crews quickly dis: ing their own MAD weapons 
launch Capability as well as the weapons themselves. 

= Mindsnapper then kills all living things and contaminates sites. 

= Next generation QP Psy-En weapons can disrupt and destroy 
minds of an entire targeted national population. The nature of 
warfare moves irrevocably to the human mind, where of course 
the fundamental problem arises anyhow. 


‘http://www. 


® Localized quantum potential in an area, 
used in psychoenergetics mode 2) 
= Gradually produces mild, continuous hypnotic state 
= Targeted population remains entirely conscious, functional 
® Internal “word thoughts" emerge directly in subconscious 
® Targeted persons all unaware of these “word thoughts" 
= Operates somewhat similar to “post hypnotic suggestion” 
= Gradually changes emotions, psychological outlook 


= Over a period of time, deviates and entrains entire aroee 
population's outlook. belief structure, temperament 


= Moves Psywar to inside the human component 
® Casta cee neninad oat oar epaaere apo 


= Gunter only by incertng same ethology 
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Simultaneous Dudding of 
Nuclear Weapons Worldwide 


¢ Via quantum potential joining U235 and Plutonium in warheads 

¢ Includes weapons airborne, underwater, in storage 

© These are transmutations of the nuclides themselves 

+ Part of the initial barrage launched by Aum/Yakuza/KGB 

© Will occur in the first minutes of the strategic strike, following 
psychoenergetically crew-disabling QP weapons 


Note: Duds both overt and covert nuclear weapons and weapons-grade 
materials ~ gee) “suitcase-delivered" covert weapons on site in © Le. BEARDEN 1995 


Russia which oth ise provide dead man fuzing 
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Simultaneous Dudding of aS 
Nuclear Weapons Worldwide \. 


« Via quantum potential joining U235 and Plutonium warheads 
+ Includes weapons airborne, underwater, in storage 
¢ These are not explosions, but are transmutations and 
etmosed ssloping tates fissioning rates 
« Part of the initi rage Par clive atid bovanelennehed by Aum/Yakuza/KGB 
* Will occur in the first minutes of the strategic strike © +. weswenrom 


Note: Duds both overt and covert nuclear weapons and weapons-grade materials. 
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The Tom Bearden 
A Help support the research 
Website 
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Operation Divine Wind II 


Slide 1 
Slide 2 


Slide 3 


Slide 4 
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YAKUZA & Us. 
Go"Sivine WIND gS, 


*A secret coalition of Yakuza/Aum Shinrikyo and 
GB/Communist forces plan to launch a massive, 
surprise energetics attack on the United States, 
given a low-risk opportunity. 


* Major weapons utilized will be the scalar EM (energetics) 
superweapons (including quantum potential Weapens) 
were developed, deployed, and operated by the KGB under 
the former Soviet Empire, and continuing after its dissolution. KGB 
x Yakuza/Aum crews have extensively trained and test-fired, 
from on-site in Russia. They have ed operational control 
of the first three generation energetics superweapons (which 
work by superpotential interferometry). 
* The Escalation Phase of interdicting and destroying actual —wniosnapper ano 
U.S. targets (e.g., TWA-800, two A-70s) is al underway. PSYCHOENERGETICs 
* The first blow in the Strike Phase will dud all nuclear weapons " 
and weapons materials worldwide, in minutes; destroy spec . 
OP popudaneh tccarahe tnd kil B08 cf ergeted populations 
in from10 minutes to 3 days. pe pclae quantum 
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YAKUZA & U.S. 
AUM SHINRIKYO 
& DIVINE WIND II wetine 


* A secret coalition of Yakuza/Aum Shinrikyo 
and KGB/Communist forces plans to launch 
a massive, surprise energetics attack on the 
United States and its allies, given the first 
low-risk opportunity. cae 


* Attack was thwarted twice in 1997 bya “is 
small nation countering with QP weapons. 


* KGB psychoenergetics counter for the last 
QP weapon counter was tested in April 1997. 


* Ready time for a new scheduled attack is 
latter quarter 1999 through first half of 2000. 
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YAKUZA & US. 
AUM SHINRIKYO go 
DIVINE WIND Il x 


xA secret coalition of Yakuza/Aum and 
GB/Communist forces will launch a 
massive, surprise, strategic attack on the 
United States in 1997. 
* Major weapons utilized will be the scalar EM (energetics) 
ssuperweapons that were Se ysloped, deployed, ane 


operated by the KGB under the former Soviet Empire, 
and continuing after its dissolution. KGB/COMMUNISTS 


x Yakuza/Aum crews have extensively trained and 
test-fired, from on-site in Russia. ey have Jeased 
operational control of the energetics superweapons. 


* Escalation Phase of interdicting and destroying actual 


U.S. targets (e.g., TWA-800) is already underway. MINDSNAPPER 
* The first blow in the Strike Phase will dud all nuclear ES 
weapons and weapons materials worldwide, in minutes; ta foes re 

destroy special ship and energetics weapon sites ‘F 


instantly, and kill 30% of targeted populations in 3 days. 


QUANTUM 
POTENTIAL 


11.2003 1:23:48 


Pe 


OPERATION DIVINE WIND II 
Three Phases and Support 


Operational Phases 


e Phase I: On-Site Training Phase (Completed) 
e Phase Il: Escalation Phase (In Progress) 


Sve) 2 Phase lll. 1997 Strategic Strike on the U.S. 
First strike (QP) in Phase IIl duds all nuclear weapons 

and nuclear powerplants worldwide, in minutes 

Psychoenergetic strike (QP) disables people instantly 

Mindsnapper attack of special assets for 100% success 

QP initiation of fast-acting, lethal diseases kills 80% 

of targeted populations in three days or less 


Support Plans 


Plan A: Feints, Deception, Sabotage, and 
Terrorism 
ommcunn  ® Plan B: Testing and Test Range 
e Plan C: Worldwide Weather Engineering 
e Plan D: Strategic and Combat Intelligence 
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& Advanced EMBW Applications 


e Covert EMBW: Examples 
- Activate materials and their potentials with ST disease engines. 
Potentials superpose and their infolded ST dynamics diffuse 


- Activate water's structuring (H-bonding) potential with disease 
engines 


- Bias electrical power grid ground fields by weak diseases 
—- Employ disease-structured quantum potential in distant area 
e Overt death ray (mind snapper) 
= Powerful scalar EM pulse in target area "jerks" rate of flow of time 
— The "time snap” sharply separates mind from body and each cell 
e EMBW CM: 
- Irradiate bodies with longitudinal EM waves; self-converts to 
t-pumping and produces exact amplified ST antiengine 
- Antiengine arises out of local ST, affects all parts of all cells 
= Cells are t-charged with antiengine structure 
- Continuing action restores regenerative and immune systems and 
reverses cellular damage © TE GEARCEN 1995, 1999 
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a EM Biological Warfare (EMBW) 


= KGB/Communists have developed highly effective 
— Electromagnetic biological warfare (EMBW) 
- Counters to orthodox biological warfare OTE, BEARDEN 1999 
— Mass death ray weapons 
« Small version of “mindsnapper" tested in Afghanistan 
* Killed occupants in two villages, in separate strikes 
« Unusual aspects (so-called “smerch” gas) 
= Russia/KGB is the only group with a complete counter to 
biological warfare, either covert or overt, and to EMBW 
= EMBW (covert and overt) is a preferred option for KGB 
— MAD Doctrine is completely destabilized for a sufficiently covert 
Russian EMBW strike 
= Situation has existed for at least two decades 
— Can alter germs, bacteria, viruses of specific kind, in a specific 
target area, to produce antibiotic-resistant strains 
— Can induce any kind of cellular disease or damage ata distance 
= U.S. national characteristic: no reaction to slowly increasing threat 
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Microwave Radiation 
of U.S. Embassy in Moscow 


Former U.S. Embassy in Moscow. |ACKGROUNI 

* Began in latter 1950s 

* Discovered on VP Nixon's trip 

* Initially thought to be nuclear radiation 
(Discovered wiGeiger counter?) 

« High level target — U.S. Ambassador 

* Guarantees personal attention of: 

= U.S. Ambassador to USSR 

= U.S. President 

NSA, CIA, DIA, NSC, etc. 

Top consulting scientists 
= Leading U.S. scientific institutions 

* Two U.S. Ambassadors died, another sickened 

* Anomalous health changes in personnel, only 

in zero-field (zero pot'l gradient) areas! 

* Four U.S. Presidents requested Soviets cease 
= Cut from 18 watts/sq cm to 2 
™ Then again increased 

* No one could understand what was going on 

« Aluminum screens were placed over windows 

* Moscow was declared a hazardous duty zone 


© wos were weve 
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Pentagon EMI Studies, 1989 


Washington Post, 22Jan 1989, p. A4 
= Analysts of severe EMI effects in strike on Libya, 1986 
performed major 3-year, 66-man study 
—Blamed effects on U.S. forces’ own signals 
Did not know of any other “signals” present 
-Knew nothing of quantum potential weaponry, energetics weaponry 
= 7-month preliminary study 
— Severe EMI Problem exists 
- EMI shielding often waived in our weapon systems 
- Thousands of conflicts possible 
= Also studied UH60 Blackhawk helicopter problems (which were 
due to its lack of good EMI shielding, and not quantum potentials) 
—uncommanded turns 
—Five EMI crashes 1982-1989 
—$175 M program to shield it 
= So found that U.S. transmission combinations can 
—Affect aircraft flight control 
—-Turn off fuel supply 
—Cause uncommanded dive/tum 


=-Bring down U.S. warplanes 


* Actually, Libyan EMI was induced by Soviet quantum potential tests 
which can do all those things and much more © 1996 TE BEARDEN 
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The Tom Bearden 
Website 


EM Missile Practice 


upr/lwww.cheni 


EM Missile Pi e 


Latter Sept. - Early Nov. 1996 
Melbourne, Australia 


Deception: Using EM Missile to Reinforce 


Notion of SAM Attack 
Saturday evening, Nov. 16, 1996 


Intelligence Probe: Insuring U.S. Still 
Unaware of Energetics Weaponry 
Thursday, December 12th, 1996 


EM Missile Strike, Offset from Night 
Shuttle Launch, Cape Canaveral, Florida 
The Smoking Gun in November 1985 


Distant Operator Onsite in Russia Slew 
Away Registration Point 

Marker Beacon over Night Shuttle Launch, 
26 November, 1985 


EM Missile Practice and Deception 
November 17, 1996 
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EM Missile Practice 
Latter Sept.-Early Nov. 1996 
(Multiple Nights, Multiple Streaks Each) 


(Many Witnesses) 


= 
~ 500 meters (one case) 


Melbourne, Australia 
Australian Associated Press 
Nov. 2, 1996 
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Deception: Using EM Missile to 
Reinforce Notion of SAM Attack 


Saturday Evening 
Nov. 16, 1996 


eee 


Note: Meteor shower was forecast, which 
provided perfect decoy to FBI investigators, 
to steer them off the true scent. 


Pakistan International Airlines 
Fight 712, just after takeoff 
from John F. Kennedy Airport, 
on path similar to that taken by 
TWA Flight 800, July 17, 1996 


upton 
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Intelligence Probe: Insuring U.S. Still 
Unaware of Energetics Weaponry 


Thursday 

Dec. 12, 1996 
Pilot sighted what he called 
a"green flare”. 


—— No danger, no evasive action. 


Saudi Arabian Airlines 747 

en route from Riyadh, Saudi Arabia 

to John F. Kennedy Airport. 

At 12,000 ft., not far from where 

TWA Flight 800 was killed on July 17, 1996 


FBI: "Probably a meteorite.” 
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from Night Shuttle Launch 


Cape Canaveral, Florida 


MARKER BEACON 


EM MISSILE STRIKE 
26 NOV 1965 


(UGHT DEVELOPMENT) 
OFFSET FROM NIGHT 


GHT SHUTTLE LA\ 


The Saioking Gun in Nov. 1985 


| ag Wstant Operatoy, Onsitein Russia 
ag ot S/ews Away Registration Pont. 


MARKER BEACON 


rt shuttle Lar 
al, Flor 


Photogr 


28 Nov 1985 
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EM MISSILE PRACTICE 
AND DECEPTION ts 


Nov. 17, 1996 at 2220 hrs. 


— 


&. ——— ‘Speed Bird 226 
o— 


Lufthansa 405 


ee en Vicinity of Long Island, New York 
of kill of TWA-800. Not far from where TWA-800 was killed 


“Inside gloating” by Two aircraft sighted object 
Aum/Yakuza/KGB. 
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Subdivisions of 
Soviet Energetics 


Energetics Bioenergetics | Psychoenergetics 
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ee Communism's Goal Rg 


= "War to the hilt between communism and capitalism 
is inevitable. Today, of course, we are not strong 
enough to attack... To win we shall need the element 
of surprise. The bourgeoisie will have to be put to 
sleep. So we shall begin by launching the most 
spectacular peace movements on record. There will 
be electrifying overtures and unheard-of 
concessions. The capitalist countries, stupid and 
decadent, will rejoice to cooperate in their own 
destruction. They will leap at another chance to be 
friends. As soon as their guard is down, we shall 
smash them with our clenched fist." 


Z. 
Cerun School & Potkical Werfare, Moscow 
(circa 1934) 


@ 1996 TE eemmcen 
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Manuilsky's Goal 


Manuilsky, 1934 
= War is inevitable. 


vs. Status Toda 


Situation, Dec. 1996 
= Has not changed. 


= Not strong enough «= Strong enough now; preparations 
to attack now. completed. Need right opportunity. 

= Need surprise. = Have achieved total surprise. 

ci] |= We are sound = 

= Need most spectacular = Done. We think the Russian threat 

. pecan overtures, = Done, and still occurring every day. 
unheard-of concessions. It has worked beautifully. 

= Capitalists will cooperate. = We are cooperating in spades! 
They will leap to be friends. = We've leaped, and are leaping. 


= They will let down their guard. 


= No ABM, junked lots of nukes, 
shrunk our forces to the bone. 


= We'll strike them then. 


© 19%, 107 TE BEARDEN 
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«= They would have struck (twice) in 
1997, but for deterence by another 
nation (not U.S.) having QP weapons 

= They are still looking for a risk-free 


opening to strike 


38 
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Professor Hellman, German Scientist 
Released from Work in Soviet Union 


ses/weapons/Hellmanstn. jpg 


= Worked in Soviet Union after WWII 

= Eventually escaped to Germany, then 
to Brazil (handsome offer) © wereemncen 

= Took part in highly unusual Soviet energetics 
development and experiments 

= Large areas of the sea could be and were 
suddenly frozen 

= No particular attention was paid to this 
information by highly qualified scientists 

= /n intelligence terms, this is A-1 information of 
the highest caliber 

= Bohm also was invited to Brazil, which 
started an energetics weapon program. 
Brazil developed such weapons including weak 
quantum potential weapons (0.95 confidence) 


pest 
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Hemispheres of Light 


March 20th, 1969 
Caribbean and Western North Atlantic 


e Hemisphere and Globes, 1977 
24 March, 1977 


« Virgin Islands Incident 
August 1969 


e Typical Shield Test, Northern Route to Japan 
June, 1982 
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xpanding Hemisphere of Light 


Mar, 20, 1969 
Caribbean and Western 
North Atlantic 


€ 


Semicircle 

Milky white light 

‘Small, intense at first 
Dimmed as enlarged 
Grew to enormous size 
Lasted 10 minutes, then 
faded 
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Hemisphere and Globes 1977 
(0855 GMT, 24 Mar 1977, ~ 2ndluminous 
Sy Stier (0 minutes eo” 


‘htip-/www.cheniere 


1969 Virgin Islands Incident 
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8:15 P.M. 
pune Smooth, curved edge 
- 1 Seen by many residents: ; 
ld 
— 
tee = — + ergurnynyl —— 
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Sneiai 


Typical’ s NOTiHETN ROUTE to Japan 


18-27 km diameter 


Asahi Evening News, Tokyo 
June 22, 1982 


Multiple tests seen per month, for years. 
Pilots simply.ceased reporting them. 
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How Could Such Superweapons 
Ever Be Concealed? 


Arthur C. Clarke's law states: 


"Any sufficiently advanced technology is 
indistinguishable from magic." 


To U.S. scientists, "magic" means "impossible" 


Longitudinal EM waves and LW interferometers 
have been regarded as fantasy and impossible 
To deceive foe on rather open use of unknown 
technology without discovery: 

"Disguise its Uses as Understandable 

accidents, human error, acts of nature 

other known technology, etc." 


11.2008 1:25:00) 


Soviets Easily Concealed These 


Superweapons for Four Decades 
Intensive Soviet deception plan utilized 
— Embedded in other weapon system tests 
— Made to resemble natural acts, accidents, etc 
— Open science releases coordinated to show 


Russian scientists worked on "normal" science 
West thought Russian scientists inferior 


U.S. scientific community was and is dogmatic, 
and fiercely suppresses real scientific innovation 


Terribly flawed electrodynamics not NESEY, 
shaken and changed in West mm 


West had no basis for understanding energetics 


Precise spacetime curvature engine adds energy to 2Hes «particles inside atomic nuctei, causing tunneling a-decay 


POWER POWER sean 
UNT t % unr 15 T rower 7 
ON 


MAIN 
OnDLAY 


‘UNIT. 
OW OVABLE) 


eterfaence 2008 


OPERATOR 
STATION. 


Elevation 
View 


Figure 26. Microscope-type, laser-like interferometer for inducing quick a-decay 


in samples of otherwise longer-lived isotopes. Once 
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Longitudinal EM Wave Interferometry: 
Endothermic ey 


- INTERFERENCE 
ZONE 


causes explosive cooling 


Ambient vacuum potential 
in distant interference zone 


—— 


of transmitter 
© Te-neAREN 1996 
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Longitudinal EM Wave Interferometry: 
Exothermic 


Energy input to Energy input to 
transmitter/receiver  transmitter/receiver 


& XMTR/RCVR 
. Filesty' 
of transmitt 


meas sg 
2 XMTR/RCVR ce 


Ambient vacuum potential 
in distant interference zone 


Meeting of timed pulses - 
causes explosive heating 
© LE. BEARDEN 1099 
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USS. Air Attack on Libya 
April 1986 


e Slide 1 


Slide 2 


"Washington Post" Article 
January 22, 1989 
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U.S. Airstrike on Libya 
April 1986* 


* 33U.S. AIRCRAFT IN STRIKE 
* MANY HIGH-POWERED TRANSMITTERS 
= COMMUNICATIONS 


pagan test + SEVERE, UNEXPECTED "EMI" ENCOUNTERED 
U.S. aircraft and missiles = ONE Ea OWNED 

— NUMEROUS WEAPONS WENT ASTRAY 
Sb dpasifcslics Wat) - THREE FOREIGN EMBASSIES DAMAGED 
pounean er ace mie ans) ~ SEVEN AIRCRAFT FORCED TO ABORT 


* COMMANDERS: "US OR THEM?" 
“Washington Post, 22 Jan. 1989, p. Ad 
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U.S. Air Attack on Libya in April 1986 


¢ Established QP with the electronics in our aircraft and missile 
¢ Subtly jammedthem with spurious EMI noise and signals 


oo 


ibyatk3smn.ipg 


¢a\~ 
2 ~ 
> > 
= L al 
vv ¢ 
Longitudinal Lroicgar len 
‘omen — — a 
eto ciate mirror 
mi 


A17 pag soos 
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Lightning Wall $4447 4. 


e Aircraft on course of 270 degrees 

e Approached "solid wall of lightning” in 
an otherwise cloudless sky 
— From very high altitude to near the water 
— Extended north-south as far as one could see 


e Radar scope clear 

e Rigged aircraft for heavy weather 
e Plunged directly through wall 

e Wall was very thin circa 1959-1960 


Interview with Patrol plane commander 


© 1 weoncenime U.S. Navy PS aircraft 
Over Atlantic, 200 miles east of Norfolk 
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* THEORY DEVELOPED AND FITTED 
* HYSTERESIS MEMORY LOOP 
* CONTROLLED EM INDUCTION 
* IMAGES 
* SENSATIONS 
* PREDETERMINED EMERGENCE 
* 23 EEG BANDS 
* UP TO81X107°HZ 
* 41 INDEPENDENT CHANNELS 


‘SK. Listy, “New Approach fo the Amlyss of Ele remeqphalograss,” 
DOC Report ADTORS, p, 1625. 


ees © won son re wen 
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_Large Longitudinal EM Wave 
Interferometer (LWI) Accident 


e 1958 nuclear explosion near Urals 
— Contaminated 1200 square kilometers 
— Signature of large LWI accident 
— Buried atomic wastes suddenly exploded 
— Region contaminated to this day 

e Soviets were well along with advanced ~ 
prototypes and testing 


— In Jan. 1960 Khrushchev announced these 
forthcoming “fantastic weapons 


— 1958 difficulties would have been resolved by 1960 
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Large Longitudinal EM W 
Interferometer (LWI) Acc 


e Expected cause of 1958 accident 
— Huge LW energy beams built up 
= Catastrophic short-out in transmitter 
— LW energy flash over into earth and spread 
— Struck and fissioned red nuclear wastes 
e Developed new safety circuits 
— For transmi yort-out, instantly Ve to hold 
LW beam yy and'prevent fla 
din 198 
group b that tansmitter 
ophic quake in California 
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(Use of Hidden Information Content of the Field) 
(Can Provide Action-at-a-Distance) 


Interference Zone 
(Potential gradients) 
Normal EM Energy: 
May be positive, or 
negative, or fixed 


Hidden 
Bidirectional 


Hidden 
Bidirectional 
EM energy flow 


Whittaker/Ziolkowski 
Transmitter Arrays 


© T.E Bearden 1994, 1999 y (8 to. 20 harmonic wavepairs each) 


Figure 5. Scalar potential interferometry (between the two sets of bidirectional 
longitudinal EM wavepair functions) produces all EM force fields and waves. 
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;Two Types of Mutual Assured 
Destruction (MAD) Systems 


= Sane system: oe 


Turned off or on standby 

Wait until attacked or attack is imminent 
Humans consider situation, make strike decision 
Command order issued to weapons officers 
Human finger initiates launch sequence 


Usually requires code entry, etc. for assured launch control 


= Insane system: 
- plants? periodically (og. every 2 pours) initiates launch 
— During sequence, there , 2 min.) where 
operators eanenter stope riod (si emt) 
- - correct stop not entered, weapons Rutoredca ty launch 
- anotier She Sikcinetically raniGates the ialnetosqlsnce 


© ae. Te esr 
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ychoenergetics Weapons Teams 
<@ P lhentatiy Droubte Al Pelsounel 


(COUNTERS ALL SANE MAD SYSTEMS) 
(NULLIFIES HUMAN COMPONENT OF ALL WEAPON SYSTEMS) 


ELECTRICAL 
THOUGHT. 
ARISE DIRECTLY 


Hee / oor 


simultaneously in all minds in 
the targeted area 


Site personnel Iced 


hypn ani 
controled 
Distant weapon controller 
teams coord crew actions 

* Standdown insane weapons to 
maintenance standby. 
Mindsnapper then strikes, 

kills all personnel, and 
nullifies site for months. 
indicators: Two A-10 incidents 1997, LIDA device since 1950s. 


Ome 
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Strikes Against Special Ship x 


and Energetics Weapon Sites 


« Via powerful scalar EM pulses in each targeted area, so sharp timejerks occur 
= Mind and its operations exist in time but not in 3-space 
= Coupling interaction of mind operations to body occurs through flow of time 
= Flow or change of flow of time must be smooth, for coupling of mind to body 
* Sharp jerk in time flow snaps mind's coupling to body, instantly separates mind 
¢ Instant death for every virus, bacterium, cell, insect, mammal, living creature 
 Contaminates struck sites for months, perhaps a year 


Note: In other words, this is the part of the prep: 


aration barrage” 
that attacks the enemy's response capability (eis “artilery” —— @)r« vamos 
and his “airpower") and suppresses it. The use of the 
“mindsnapper™ weapons provides 100% assurance of success. 


Innphwww che 


Snaps ps8 


ips 


gQ “MINDSNAPPER" ATTACK ON SPECIAL 


‘agp 


SHIPS & ENERGETICS WEAPONS SITES 


“We have a new, fantastic weapon ... so powerful that, if 
unrestrainedly used, it could wipe out all life on earth." 


OY Speaking to Presiaium, & : 
s yy 


Y 


7 


; === * Minds snapped loose from 
‘SCALAR EM. bodies (every living thing) 
-BURSTS “Struck areas completely 


sterilized of all life 
f " * LWs emitted; slow decay 
of time-charge makes 
contamination persistent 
© Tested twice in Afghanistan 


TARGETED 
AREAS 
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How Much Off Guard Are We? 


Slide 1 


Slide 2 


Slide 3 


Slide 4 


Slide 5 


Slide 6 


Slide 7 
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How Much Off Guard Are We? 


. pre ban U.S. forces have no energetics weapons or 
defenses against them 
= No DoD general, military officer, or enlisted person 
reporting to the government of the United States has any: 
= Training in energetics or energetics weapons 
— Experience in energetics or energetics weapons 
development and usage 
— Training in strategy, tactics, deployment, and 
employment of energetics weapons 
- Knowledge of energetics weapons effects and 
capabilities 
- Knowledge of the energetics weapons, tactics, 
deployment, and employment by the KGB/Russians 
= Civilian and military, scientific and intelligence, and news 
media personnel do not recognize energetics weapons 
effects happening right over their own heads 1x0 
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How Much Off re We 


® Kill of U.S.S. Thresher in 1963 not recognized. Left signatures. 

= 23 years of KGB weather engineering, particularly over U.S. and 
North America, ignored and not recognized. 

= Decades of irradiation of U.S. Embassy, fatally injuring three U.S. 
Ambassadors, health changes in personnel shrugged off ineptly. 

= Massive building of underground sites, all through former 
Soviet Union, lamely speculated as perhaps "ABM" system or?. 

= 1985, 1986 Soviet kills of U.S. aircraft, spacecraft, personnel ignored 
as "accidents" by legitimate U.S. communities. 

= Quantum potential strike on soldiers in Gulf war ignored. 

. euangan potential deterioration of U.S. populace's immune systems 
ignored. 

= Exchange of earthquakes and massive retaliatory destruction of 
Soviet missile ammunition storage sites, 1986-1989, ignored. 

= U.S, scientific and military communities adamantly refuse to rework 
electromagnetics, though known to be seriously flawed. 

= Refuse to apply Stoney/Whittaker work to engineer hidden variables, 
even though present quantum mechanics also known to be wrong 
because it does not contain such "hidden order.” Orme rm remomes 

= Refuse to develop, structure, and apply Bohm's quantum potential, 
for instantaneous action at a distance. Russians developed it. 
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How Much 
Off Guard Are We? 


@ Kill of U.S.S. Thresher in 1963 
— Not recognized. 
- Left signatures. 
® 23 years of KGB weather engineering 
— Particularly over U.S. and North America 
= ignored and not recognized. 
@ Decades of microwave irradiation of U.S. Embassy 
- Fatally injured three U.S. Ambassadors 
- Induced health changes in personnel 
= Shrugged off ineptly. a | 
@ Massive building of underground sites 
= All through former Soviet Union 
- Lamely speculated as perhaps "ABM" system or?. 


mnsfoffgardsin,jpyg8.1 1.2003 1:26:08 
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How Much 
Off Guard Are We? 


@ 1985, 1986 Soviet kills of U.S. aircraft, spacecraft, 
personnel ignored as “accidents” by legitimate 
U.S. communities. 

® Quantum potential strike on soldiers in Gulf war 
not recognized, ignored. 

® Quantum potential deterioration of U.S. 
populace's immune systems ignored. 

@ Exchange of earthquakes and massive retaliatory 
destruction of Soviet missile ammunition storage 
sites, 1986-1989, ignored. 
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How Much 
Off Guard Are We? 


© U.S. scientific and military communities adamantly 
refuse to rework i gic beatae though known to 
be seriously flawed 

® Refuse to aj toneyiWhittaker work to ineer 
hidden pe ch even though present nen 
mechanics also known to be wrong because it does 
not contain such “hidden order.” 

® Refuse to develop, internally ralrsperoiak and apply 
Bohm's quanturn potential, which 
icladansaus action at a distance and great energy 
amplification 


® Russians deve quantum potential weapons, 
which obsolete all other weapons. Om revnir 
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luntsville (AL) es 18 


“Retired Gen, Wayne Downing concluded that U.S. forces 
are so far superior to potential foes that opponents have 
tumed to terrorism as the only way of challenging them.” 
The Times also provided the information that 

Defense Secretary William Perry agreed with 

Gen. Downing's conclusion. 
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WE? 


Blind eo to Even the Ballistic Missile Threat 
« U.S. National Intelligence Estimate (NIE) released in Nov. 


1996 states there is no foreseeable threat to the U.S. from 
‘indigenous missiles" for at least 15 years. 

« Clinton has claimed a program for ABM defense is too 
expensive, would violate ABM Treaty with former USSR. 

« Soviets developed an ABM system in violation of the treaty. 

«In June 96 Russia test-launched an SS-19, their 26th ICBM 
test in 5 years. 

« "Russia still retains and is modernizing a vast nuclear 
arsenal. 


* “For the first time since the dawn of the nuclear age, there is 
not a single Russian missile pointed at America's children.” * 
Comment: Punch a computer button and the missiles are 
pointed! The armed missiles are still there, ready and waiting. 
Bulleted info courtesy Washington inquirer, June 24, 1996. House Nat'l Security Chrmn, Floyd Spence. 
© revonecs **Bill Clinton, State of the Union Message. 


tp: ww-cheniereong/imageshveapons/alfgard8sm,jpg8.11.2003 1:26:23 


MPs 
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Microwave Nets Dome re rence and Computer Nets 
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Propagation of Weapon Effects 


= All conventional weapons use propagation 
through 3-space of matter or energy or both 
- Matter (bombs, missiles, projectiles, etc.) 
- Energy (EM force fields, sonic force fields, etc.) 
- Basically one-to-one, or one "bus" to many-on-many 
- Finite propagation velocity v: where 0<v <c 
- Time delay: Shielding and pre-strike retaliation possible 
= Structured quantum potential propagates 
vacuum ordering (vacuum engines), instantly 
- Zero time delay (through multiply-connected spacetime) 
= No propagation "through space", no "velocity" as such 
- Easily one-to-many, without limit 
- Dramatic energy amplifier (gates, amplifies flux ordering) 
- Effects arise in local spacetime; no shielding possible 
- No range limit, since striking distance always zero 


= QP weapons obsolete ali other weapons 
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Yugoslav Earthquake, Apr. 15 
Followed by Cold Explosion [1979 


Magnitude 7.2 on Richter scale 
Epicenter 33 km. deep pais. tad 
More than 100 aftershocks 7 
At Kamenari: 
Adriatic sea mushroomed up 
Like atomic bomb explosion 
Signature of a cold explosion 
Similar to Apr. 1984 test off coast of 
Japan, near Kurils (see inset graphics) 
Note that April is a significant test 
month for the Communists (preparing 
official reports for May Day?) 
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COUNTERING AN INSANE QP WEAPON: 
Quantum Potential Psychoenergetics 
<@ Strike Mentally Controls Ail Personnel 


CONTROLLED PERSONNEL DISABLE INSANE QP SYSTEM 
(FOLLOWED BY PERSONNEL KILL OF ENTIRE CADRE BY MINDSNAPPER) 


Berg 


Effects arise in local spacetime, 
simultaneously in all minds in 
the targeted area 


MINDS ARE INSTANTLY PLACED 
INTO WAKING BUT DEEP. 
HYPNOGOGIC TRANCE 


STATE. INSERTED THOUGHTS 
ANALOGOUS TO HYPNOTIST. 
PERSONNEL FUNCTIONIN AN 
ALTERED, COMPLETELY 
CONTROLLED PERCEIVED REALITY. 


Indicators; Captain Button’s lengthy A-10 incident in 1997, LIDA device since 1950s. 
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Gulf War Disease: KGB QP Weapon Induced 
ST Curvature Engines for a Cocktail of Diseases 


2 as A> © 1999 T. E BEARDEN 


Distant Scalar Potential 
Qo nite 


ferometer with 
iterative self-targeting 


tpsstww 


Self-Targeting in Inner EM 
Channel Can Produce a 
— Quantum Potential 


Once OP is established, energy transmission 
is direct and instantaneous. Energy input to one 
single participant will simultaneously appear in all 


other participants, the amount depending on 
fractions of pattiipation with the input station. 


TIME2 is GB 
esssesQ ™, 


POTENTIALS NTO LASER UKE 
TWO PUMPED RLGRRSOP INTERACTING ON” 
SOURCES. NOW ONLY PUMPED SOURCES 


TRE LINKED OBIECTS: ONNECT ven merc ences 
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@ TIME 4 a 


LB 
y gar 
@sssssQ wen FP seme nodes paticpating 
No inthe quantum potential. 

a. Iterative retroreflection between any pair of b. The quantum potential exists as narrow, laser-like 
nodes narrows the interconnecting potentials beams between participating nodes, even when 
to a laser4ike, bidrectiona beam. Iterative the nodes are widely separated The beam space 

jase conjugate reflection provides self- is multiply-connected; transmission is instan- 


jeting. taneous. 


© 1989.15 TE BEARDEN 


if-targ 
‘conj 


ic material form, then 
nodal pair. By iterative phi 
irs in laserdike beams, between each two nodes, 


into interconnecting wave 
‘Thus the interconnecting potentials narrow into laser-like, bidirectional beams. 
‘The Coulomb gauge mayapply, and @ quantum potential may be formed. 


Figure 30. Mechanism for generating a quantum potential, by iterative 
self-targeting induced into a system of multiple scattering nodes. 
Once a QP is established, spatial separation has little or no effect. 
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are Major Principles for Use of 
rs Quantum Potential Weapons 


= Must disable dead-man fuzing prior to massive 
use of scalar interferometry weapons. 

= Must assure immediate, complete nullification 
of unique enemy assets (quantum potential 
assets, special ships, and energetics weapons). 

= Personnel can be eget net instantly with 
mindsnapping; area is sferilized of life, and 
effect persists, gradually dying away. 

= Personnel can be disabled instantly with various 
psychoenergetic weapons; area not sterilized. 

= Personnel can be destroyed in short order by 
using EM BW weapons; area not sterilized. 

= If foe has energetics weapons, then it is a 

uick-draw “gunslinger” contest unless insane 
systems deployed. 

= Complete surprise is of decisive importance. 

= Tailor effect used to specific target, objective. 

= Note: Must use "insane" MAD systems to deter. © ”*'© =#0% 
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22° Quantum Potential Weapons: 
€ as Major Principles (Continued) 


= Three major classes of use exist: © 96 TE Beano 
—Use of bulk energy only (as in bulk heating or cooling) without 
substructuring v( ma ing) 


~-Use of internal structuring of the bulk energy, so that vacuum engines 
appear in target 

-Use of more deeply nested engines allows direct intervention in mind, 
long term memory, perception, thoughts, emotions, personality 


= Use of vacuum engines allows engineering at a distance of: 
- Atomic nuclei including structures, reactions, and transmutations 
- Bulk matter including translations, lattice bonding, chemistry, chemical 
~~Tnteractions, electromagnetic interactions 
~ Deep biological contro! systems such as 
> Beckers cellular Dontol (recovery) system 
> Popp's cellular control system 
- Cells including: 
“> Structuring, differentiation and dedifferentiation 
» Genetic changes, chemical changes 
» Induction of disease states without normal disease vectors 
~ Mind/matter interface, Sebcing long-term memory, perception, 
~~ emotion, thought, mental state 
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Instantaneous Communication by a 
Quantum Potential 


“quantum potential” 
is used in an © iom, soasre MOEN Selected clipart @ by Lotus SmartPics™ 
extended sense. 
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« Separated points are superposed in MCST 
1 


« Connection is instant and bidirec' 

* Propagation through ST does not apply 

« Energy or vacuum engine input to one station 
instantly appears at each and every other station, 
undiminished in magnitude 


etna, 


* Any station may insert energy 


Phase conjugation insertion 
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Quake in Tangshan, China 
2B July, 1976 


e 7.8 on Richter scale 
e Hundreds of thousands killed 
e Accompanied by extensive light, 
electrical effects 
= Starting $ to 5 days before 
= Communications interference 
within 250 kin 
= Sky lighting observed ca oe 


e [Personal comments] 
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Counting Rifles: Put up or shut up! 


(Exchanging Earthquakes) 
Opening bet é 
- Quebec 25 Nov 88 
- Pasadena 3 Dec 88 
Raise you 
- Armenia 7 Dec 88 
Call - what do you have? 
- Malibu 18 Jan 89 


Four aces 
- Soviet Central Asia 23 Jan 89 
- Bakersfield et al various: 


OTEBANDEN S00 
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Instant Communication 
by a Quantum Potential 


The space is multiply connected; |.e., a 
power change of 1 watt on any sing 
node has a fraction of that power also 
appear simultaneously at each other 
node. Once the QP is established, 
‘spatial separation has no effect. 


MASTER 


N's are nodes 
participating in the QP 
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Westemers Do Not React to Slow Threats 


BOA CONSTRICTOR: LIGHTNING STRIKE 


Westerners tend not to react to slowly increasing things, 
but react to rapidly increasing things. 
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CHARACTERIZING A GIVEN RISK OR RISK FACTOR 


Probability of 
Materializing 
—————J 1.00 
Very Likely 
075 4 
Ukely 
0.500- 
Unlikely 
} 025 — 
Very 
Unlikely 
ooo - 
0.00 025 0.500 075 1.00 
Negligible | _Marginal__| Critical Crisis: 
Consequence (or Disutility) of Risk 
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TECHNICAL RISK MANAGEMENT 


SUPPORT RESEARCH IS TECHNICAL RISK REDUCTION 
AND MANDATORY FOR ANY EMERGING TECHNOLOGY 


MODERATE 


NEGLIGIBLE 


SUPPORTING a a RIS 
PHENOMENOLOGY §=——————— 
EXPERIMENTS AND MATH MODELING 
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Aum Shinrikyo's 
Sarin Faeilit 


The interior of Satian No. 7, a suspected sarin production plant 
| Chemical plant (the first four stages for productio | 


—_ a! 


— 
EE 


Eees| LU 
== 


Reference: Senate Subcommittee Hearings 
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In Scalar Beam Interference Zone 
Ss ——_ 
* De-phasing of wavelantiwave pairs occurs 
* Zero-summation destroyed 
® Ordinary EM reappears [Whittaker 1904] 


® Ordinary energy appears or disappears 
(i.e., may produce heating or cooling) 


e Energy bottle effect 
© Can add or extract EM energy 
e Can produce specific ST curvature engines 


© TE BEARDEN 1999 
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) Physicist Schappeller A 
Auralaz Munster, Austria: 
— British Intelligence interview, about 1948 
—Used Kaluza-Klein theory 
-Worked with Russians 
= Schappeller claimed he could: 
—Cause "implosions" rather than explosions 
— Use gravitational and electromagnetic 
energy 
—Cause large areas of the ocean to freeze 
— Tap earth-ionospheric field 
—Produce enormous energy 
= This is precisely what Hellman worked 
on in the USSR, after WWI 5 wcrecsoo 
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Initial Soviet Plan for 
Cold War, After WW II 


= Develop and deploy SAM bomber defense 
= Catch up in atomic weapons 
= Master and apply rocketry é 
= Wed atomic warheads to rockets 
= Initiate "Cold" War 
-Bleed the dragon 
- Guerrilla wars 
— Terrorism 
—-Insurgencies , 
= Find, develop, and weaponize 
next "great technical breakthroug: h 
area as highest national priority 


ome Te cence 
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Josef Stalin: Absolute Dictator 


* Secret police and spies everywhere 

* Purged his own officer corps 

* Always deeply suspicious 

* Regularly purged his enemies or those 
perceived to be shaky or untrustworthy 

* Absolute power, justice had nothing to 
do with it 

* Opponents often just disappeared 
in the night, never to be seen again 

* Secret police often tortured, killed them 

* Others sent to slave labor camps to die 
by severe work, starvation, and beatings 
or downright massacre 

* Had experienced unusual abilities of 
Wolf Messing, so knew that some 
persons could do unusual things 

* Forced Soviet weapon physics into this 
psychoenergetics realm also 
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© TE.BEARCEN 1997 


Assembled Academy 


"The destiny of communism has been frustrated by the U.S. development of the 
atomic bo! That is not the last it technical ral cry The next one 
be Soviet! You will provide me with that it new technical through at al 
speed, or | will have your heads. Do! e myself clear, comrades?” 
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ae Significant 
Soviet Statements 


="In the final revolution, it does not matter if three-quarters 
of the earth is destroyed, so long as the other quarter 
emerges communist." [Lenin] 


= "If a means of total neutralization of foreign missiles is to 
be found, it can only come from a group of new principles 
in physics, called energetics.” [Nobelian Petr Kapitsa, to Nikita 
Khrushchev, in answer to Khrushchev's demand for a 100% method of 
defense against long range missile attack.] 


= "We will bury you." (Khrushchev, to Nixon, Kitchen Debate] 


= "We have a new weapon, just within the portfolio of our 
scientists, so to speak, which is so powerful that, if 
unrestrainedly used, it could wipe out all life on earth. 
Itis a fantastic weapon." [Khrushchev, speaking to the _ 
Presidium, Jan. 1960) a ars 


uprllwww.l 


spons/Statemnts sm, jpg8.11.2003 1:27:37 


-/weapons/svobeala 20am spe 


APTAIN Ally SVOBODA) 


® Night training mission May 27, 1997, 
Fiom)same Wing as Gaptain Button) ) 
© This Was aisecond) psychoenergetics strike 
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T- Polarized Beam Projector 


wine Aer ant StANces 


Abeam projector interferometer 
may be swept in azimuth and 
elevation, under computer control. 
‘The interference zone can be 
quickly swept through the 
Surrounding volume of space. 


Time-Density 
waveset Small 
generator 2 Delay 
generator 
LI f 


Spacetime 
curvature 
engines act 


Interference 


pop= 
eZ 
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Possible Tests (1) 
SS 


@ 1958 nuclear accident in Urals 

@ Disease induction in U.S. Embassy 
personnel in Moscow 

@ Siberian disease/death transmission 
experiments 

@ Destruction of USS Thresher nuclear 
submarine, Apr. 10, 1963 

e@ Nuclear explosion transmitted into 
ocean underwater, 100 miles north 
of Puerto Rico, Apr. 11, 1963 


@ W996 7.€ ENIOEH 
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= Eight F-111's downed in Vietnam 
immediately after deployment 

= Several large earthquakes 

= Mysterious aircraft losses in groupings 

= Numerous underground "nuclear" tests 


= Nuclear tests at Semipalatinsk without 
associated seismic activity 


= High altitude rumbles, snaps, booms 


= Off English coast 
= Off East coast of U.S. 
NGI eels ead EEL @ woe iro 
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Possible Tests (3) 


* (upto hours im duration) 


e Cold Explosion off Kurils 1984 
— First, a cold explosion abe 
— Then test of Tesla shield 300 mi, dia. 
© Tests offset shuttle launch Nov. 85 
« Kill of Arrow DC-8,Gander, NFLD Dec. 1985 
e Titan kill, Vandenberg AFB, CA early 1986 
e Kill U.S. Challenger, off Cape Canaveral 1986 
e Earthquakes induced, 1986-88 
© Dozens of tests of shields around the world 
© Decades of radiating U.S. Embassy in Moscow 


pest 
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Pos: sible Tests (4 


© Extensive tests 1990-99 in Western Australia 
e Engineering of weather since 1990 by Yakuza 
Sciiy uInteninriiaey tankers ae ca 


yo 
e C-130 engine flameout kill © merememon 
© TWA-800 kill 1997 

e Gulf War Disease Induced, 1991 


T popalanee: feos systems of U.S. 
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Mushroom cloud rising from sea 


e 0514 hrs, 9 April 1984 
¢ Gray-white cloud appeared 
¢ Rose 60,000 feet in 2 minutes 
¢ South of Kuril Islands 
= 180 miles southeast of Hokaido 
pa Aiea A HL 


Soviet testing scheduled 
4 sooutage mit miles eWay at 2100 hrs, 
3 Apr April 1984 vaireteaes 


Launches from Cape Canaveral 
and Vandenberg AFB 
Provided Practice Targets of Opportunity 


pw 
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ro2 /{ Res 


Radiation Counters] == 
RC-4 Me | 


res | | RC6 


me DED 


Experimental Region 


Figure 32. Embodiment of an instrumental array sufficient to discriminate when 
time-density charging has occurred, and that transduction of time-charge 


decay is occurring. 
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Time-Polarized EM interferometer Creating 
Jone Curvaeme Enoniee ira Dieter asferenen tone 


yeapons/TPLzninist.jpg 
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Transmutation of Radioactive Nuclei at a Distance 


Active Spacetime 

Curvature Engines 
Interferometer (may be multiple Spacetime Zone of action 
beam or single beam) is curvature \ 


r rd throt the radio- 
es of the nuclear 
wastes to be neutralized. 


Specific engines may be used 
for altering specific isotopes. 
| Waveset 1 
generator =~ 
Nuclear wastes 
In storage, In 
cockaner etc. 
Engines c 
Calculation me | 
pay 
Trans- 
|__| Waveset 2 mission 
Generator Control pre 
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Transmutation of Radioactive Nuclei (2) 


Specific spacetime curvature 

engines used are to add excess 
energy to selected radio- 
nuclei, including intermediate 
decayisotopes. In this way, 
decayis dramatically speeded 
up. 


~ Waveset 1 
generator Pa 
T 
Engines 
/——*} Calculation Me 
Vi 
+. Trans- 
|____» Waveset 2 mission 
Generator Control 


Active Spacetime 
Spacetime Curvature Engines 
curvature Zone of action 
engines act > 

within any 
intercepted 
radioactive 
wastes, adding 
excess energy 


Nuclear wastes 


in storage, in 
ditches, in 
containers, etc. 
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Hypical Sieg) fest NOMMHenn ROUTE to Japan 


18-27 km diameter 


Asahi Evening News, Tokyo 
June 22, 1982 


Multiple tests seen per'month, for years. 
Pilots simply.ceased reporting them. 
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To win its freedom in the long run, usually a group must 
defeat its attackers or suppressors af Jeast twice. 
* We fought the British twice for our independence. 


* Weare fighting ourselves twice to free the 
A slaves. American Civil War 
~ Civil rights struggle 


* We beat the Germans twice, in WW | and WW II 
+ We beat the Hispanics in the Spanish-American War. 


eee (They're winning the second by crossing 
r. The U.S. is becoming a Hispanic Nation). 


_But we also have some unfinished business at hand. 

* We checked the Russians in the Cold War. Once. 

* We checked the Japanese in WWII. Once. 

* We checked the KGB in the Cold War. Once. 

* We checked the Communists in the Cold War. Once. 
We checked Saddam Hussein in the Gulf War. Once. 


Quenre resow 
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gia mph Scalar EM Interferometer 
Ae (LAS) Accident Near Urals, 1958 


= 1958 nuclear explosion near Urals 
= Signature of large scalar interferometer (LAS!) accident 
= Buried atomic wastes suddenly exploded 
— Large region contaminated to this day 
= Soviets were well along with advanced LASI prototypes 
and testing 
= Khrushchev announced forthcoming advent of these "fantastic" 
weapons in Jan. 1960 
— 1958 difficulties could have been resolved by 1960 
= Expected 1958 cause: transmitter short-out and 
failure in a nearby LASI discharged its cumulated 
energetics beam energy into the ground 
= Spreading ground pulse struck nearby atomic wastes, 
fissioning nuclei 


@ Ve marc ee 
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THE KGB/VAKUZA-AUM WAR PLAN 


© Dud all quantum intial weapons in other nations via psychoe! ics. 

° Remove! US., iste), Brazil, West Europe as military paces ‘ea 

® Destro} nuclear weapons, hostile energetics weapons, hostile ships, 
80% of targeted populaces in first Tourof strikes: STRIKE! 


LEASE TRAIN ESCALATE 


z) 
‘99091 
Aum/Yakuza 
Acquired 
Use of on-site 
Russian Bl 
ScalarEM Began extensive 
(Energetics) | training of AUM- 
Weapons. Yakuza crews 1995-99 
Began in Russia, with — | Began EM kill of selected 
Geosurvey practice firing | lone U.S. targets, law 
of TestRange | into Western strategic deception plan, 
(Western Australia. Jteam |" 1.2 ae? USAIr 7477 h 
Austratia) ee TWAS00 C-130 Enhance BW Infections with QP wpn. 
for training. pet domi ValueJet? A-10s When ready,counter insane QPweapons 
KGB Tested QP by i ‘2 Surged electrical grids. with psychoenergetics, Destroy QP wens. 
Population wpn| Preparing for | Worldwide practice killa, | Dud all nuclear weapons worldwide 
(Gulf War Secupation of | scalar interferometry. Time-enap tes 
Syndrome) stralia. | QP modification of ulations wiQP. 
Oren, wn re Revoen selected pathogens Then cleanup with interferometry strikes 
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Why Western Science is 
Ignorant of KGB Energetics 


e Foundations of electrodynamics and much of 
Western physics are seriously flawed 
Only just rediscovering longitudinal EM waves 
No knowledge of using time-polarized EM waves 


Does not know a powerful GR is hidden in EM 
Ignores inner structure of potentials, waves, fields 
Hotly defends errors, ignores for a century 
Determined to push big nuclear science 


Suppresses research to approved dogma by 
rigorously controlling precisely what fese arch the 
funds can be used for 


8.11.2008 1:28:39 
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Transmutation of Radioactive Nuclei at a Distance 


Active Spacetime 
Zone of acti ee 
Interferometer (may be multiple Spacetime one ion 
beam or single beam) is ie curvature NS 
4 through the radio- engines act 4 
of the nuclear . 


wastes to be neutralized. 
Specific engines may be used 
for altering specific isotopes. 


Nuclear wastes 


missio 
Waveset 2 jon 
Generator Control Ba 
= 
—e © Tesemcen ye 
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‘THE YARUZA 


THE YAKUZA 
(JAPANESE MAFIA) 


To do business with Japan is to do business with the 
Yakuza 


The Last Samurai, Defending Bushido 


« 3 Major Yakuza Groups, In 
Coalition. 
« Penetrate Japanese Government. 
« Open Offices, Signs on Street. 
e Public Roma izes Yakuza as 
Last Japanese Samurai 
« In Large High-Tech Corporations. 
« In Control of Japanese Banks. 
« Japanese Real-Estate Rip-off. 
e $500 - 1,000 Billion per Year 
Income. 
« Rapidly Spreading in U.S. 
« Uniting Mafia Groups Worldwide. 
« Coalition with Aum Shinrikyo. 
« Leased Russian Energetics 
Weapons. 
« Crews On-site in Russia, Trained. 
« Practice Firings into Western 
Australia for Three Years. 
(Dozens of Shots per Month) 
« Now in Escalation Phase, Killing 
U.S. Targets. 
e All-out Strike on U.S. ready 1999- 
2000. 
« Now held in check by KGB, dead- 
© 1995, 1996, 2001 T.E. BEARDEN man 
fuzed by small nation friendly to U. 
Ss. 
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Yugoslav Earthquake, 
Followed by Cold Explosion [dé 

= Magnitude 7.2 on Richter scale 

= Epicenter 33 km. deep OFF APA, NEAR KURILS 

= More than 100 aftershocks 4, 

= At Kamenari: 
- Adriatic sea mushroomed up 
— Like atomic bomb explosion 
— Signature of a cold explosion 
= Similar to Apr. 1984 test off coast of Japan, near 

Kurils (See inset graphics) 

= Note that ape is a significant test 
month for the Communists (preparing 
official reports for May Day?) 


© 1a wears yen 
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SCALAR WEAPONS 


UNDERSTANDING THESE MAKES IT EASIER TO UNDERSTAND THE NATURE, 
OF THE AETHERS. WE'LL START WITH TOM BEARDEN'S FACTUAL INFO 
ABOUT THE RESULTS OF THE RUSSIAN'S SCALAR WEAPONS PROGRAM 


http://www.cheniere.org/books/ferdelance/intro.htm 


THE RUSSIANS USED SCALAR WEAPONS TO BLOW UP THE CHALLENGER 
SPACE SHUTTLE, A NUMBER OF OTHER LAUNCH VEHICLES, VARIOUS JET 
AIRPLANES, MODIFY THE WEATHER AND KILL UNTOLD NUMBERS OF 
BIRDS & FISH, WHICH HAS HAPPENED AGAIN RECENTLY. HAARP DEVICES 
CAN DO THIS. 


SIMPLY PUT: A SCALAR WEAPON IS A FIGURE 8 WAVE FORM THAT IS NOT 
IN HARMONY WITH AN AMBIENT AETHER, IF POWERFUL ENOUGH THE 
SCALAR WEAPON CHANGES THE SIZE OF THE BACKGROUND SCREEN 
AETHER, WHICH THEN NO LONGER SUPPORTS THE MANIFESTATION OF 
MATTER, WHICH DESTABILIZES AND EXPLODES. 


THE REASON WE ARE NOT ALL SPEAKING RUSSIAN IS BECAUSE THE MOST. 
UNSTABLE MATTER IS IN NUCLEAR WARHEADS - DESTROYING THE 
ENTIRE WORLD IS NOT WINNING A WAR. PROVIDED, OF COURSE, THAT 
YOU LIVE ON THAT WORLD - THERE IS EXCELLENT EVIDENCE THAT A 
SCALAR WEAPON WAS USED TO DESTROY THE BIG BEAUTIFUL PLANET 
WHERE THE ASTEROID BELT IS NOW, THAT'S IN THE BOOK "COSMIC 
WAR", 


GIGGLE, LAUGHING MY ASS OFF AT THIS ONE FROM BEARDEN: 


It has also become fashionable in the West to believe that all the laws of physics are 
already discovered. We assume we already know all of them. While we have been 
pridefully crowing this tune, the Soviets have been steadily discovering new laws in 
secret, as well as new ways to circumvent the old laws. 


THE SAD PART IS THAT IT HASN'T CHANGED - WESTERN SCIENTISTS ARE 
IDIOTS WHO ARE LEADING THE WORLD INTO DESTRUCTION. OR SITTING 
BACK AND WATCHING THE DESTRUCTION, WRINGING THEIR HANDS AND 
SAYING THAT FUKUSHIMA RADIATION WILL BE WITH US FOR 1000s OF 
YEARS. B.S. THERE ARE A NUMBER OF ENERGETIC WAYS TO CANCEL 
RADIATION INSTANTLY, 


BEARDEN TAUGHT ME ABOUT SCALAR ENERGY - BUT, THEN HE HAS 
STARTED PARROTING LAME STREAM PHYSICS - PROBABLY TO KEEP HIS 
HEAD FROM BEING SEPARATED FROM HIS BODY BY OUR CONTROLLERS. 


SCALAR WEAPONS ARE DESCRIBED IN A NUT SHELL ABOVE. BUT, WE'LL 
EXPAND IT A LITTLE - THE SIMPLE FACT THAT THEY WORK IS PROOF 
THAT THE AETHERS IS THE BACKGROUND SCREEN THAT SUPPORTS THE 
MANIFESTATION OF MATTER, WHICH IS ALL DIVINE LE. MADE FROM 
IMAGES. 


THE AETHERS PROGRESS IN SIZE ACCORDING TO THE FIBONACCI SERIES, 
BECAUSE EVERYTHING FROM THE QUANTUM TO THE COSMOS MANIFESTS. 
ACCORDING TO THE FIBONACCI SERIES - ITS ALL FRACTAL LE. A 
RECURRING MATHEMATICAL PATTERN, THAT IS PERFECT THROUGHOUT 
CREATION. HERE'S THE PROOF - OUR ENTIRE GALAXY IS IN PERFECT 
HARMONY WITH ONE NUMBER = RIDICULOUSLY AMAZING 


http://blog.hassIberger.com/docs/PERFECTION. pdf 


THUS, IF YOU CHANGE THE BACKGROUND SCREEN, THEN MATTER HAS TO. 
CHANGE = THE RESULT OF USING A SCALAR WEAPON. 


THE PRECISE WAY THE WEAPON WORKS IS TO IMPOSE A MAN MADE 
SCALAR WAVE ON AN AREA OF SPACE. GIVEN ENOUGH POWER TO THE 
SCALAR WAVE, IT WILL CAUSE THE AETHER IN THAT AREA TO MATCH ITS 
SIZE (LIKE ATTRACTS LIKE). WE ARE TALKING UNBELIEVABLY SIMPLE, 


YOU CAN MAKE ONE YOURSELF - AMAZINGLY THE REQUIRED WINDINGS 
OF A SCALAR PRODUCING COIL CAN BE USED AS A WEAPON OR FOR 
HEALING - ITS CALLED A RADIONIC WITNESS WELL WHEN USED FOR 
HEALING. 


TO MAKE A WITNESS WELL ONE WINDS INSULATED WIRE AROUND A GAP. 
IN SPACE LE, THE CENTER OF A TORROID, THE WIRE IS WOUND TO THE 
LEFT AND TO THE RIGHT. THE MORE WINDINGS THE MORE POWERFUL. 
AND, OF COURSE, THE POWER OF THE WAVE IS A FUNCTION OF THE 
POWER OF THE DC ELECTRICITY USED TO ACTIVATE THE DOUBLE WOUND. 
COIL. SUCH A COIL PRODUCES A FIGURE 8 WAVE THAT IS THE SIZE OF THE 
CENTER OF THE COIL. IF THAT SIZE HAPPENS TO BE THE SIZE OF AN 
AMBIENT AETHER, YOU'RE NOT GOING TO HAVE A WEAPON. 


IF YOU MAKE SUCH A COIL FOR HEALING, POWER IS NOT REQUIRED, IT 
AUTOMATICALLY CONNECTS WITH THE AETHERS IN A POSITIVE WAY. 


IF YOU MAKE IT AS A WEAPON ADD LOTS OF POWER AND BE A LONG 


WAYS AWAY, WHEN YOU TURN IT ON. THE DESTRUCTIVE EFFECT IS 
INSTANTANEOUS - I'VE SEEN IT, WE BUILT ONE. 


SCALAR WAVES ARE ALSO REFERRED TO AS PHASE CONJUGATED WAVES, 


MEANING TWO SINE WAVES THAT ARE 180 DEGREES OUT OF PHASE FROM 
ONE ANOTHER. (WESTERN LAME STREAM IDIOTS SAY THAT THOSE TWO. 
WAVES CANCEL ONE ANOTHER.) 


ONE SINE WAVE IS SAID TO RUN IN TIME FORWARD AND THE OTHER IN 
TIME REVERSE. AND THERE ARE A NUMBER OF EFFECTS THAT PROVE 
THIS. ONE EXAMPLE: DON BRANDT (ONE OF BEARDEN'S PROTEGEES) 
USED A SCALAR WAVE TO REGROW A LEG ON A CAT (A KID HAD SHOT IT. 
OFF WITH A .22), WHEN DON FINISHED, THE CAT HAD ITS LEG BACK AND 
ALL OF THE CLOCKS WITHIN FIVE MILES WERE 15 MINUTES BEHIND TIME 
- THAT WAS THE LAST TIME HE PLAYED WITH THAT. 


IN 2-D THERE IS NO LINEAL TIME. 


BOTTOM LINE: SCALAR WEAPONS PROVE THE NATURE OF THE AETHER, 
AS THE BACKGROUND SCREEN - IF THAT WAS NOT SO, THEN SCALAR 
WEAPONS WOULD NOT WORK. 


ALSO, SCALAR WAVES THAT ARE IN HARMONY WITH AN AMBIENT 
AETHER ARE VERY BENEFICIAL AND USEFUL - A BEE'S HONEYCOMB IS. 
AN EXCELLENT EXAMPLE. DITTO GRAPHENE, 


LOVE AND BLESSINGS 


PS: THERE HAVE BEEN A NUMBER OF HUMAN "CIVILIZATIONS" IN THIS 
SOLAR SYSTEM AND ON THIS PLANET. OUR CONTROLLERS LIKE US TO BE 
STUPID, BECAUSE IT SEEMS THAT WHEN EVER WE MAKE GREAT. 
TECHNOLOGICAL ADVANCES OR SPIRITUAL ADVANCES, THEN THEY WIPE 
US OUT. WE ARE AN ENTERTAINMENT SLAVE SPECIE. 


THIS LAYS OUT HOW OUR DREAMS / ANUs ARE SHARED WITH OTHERS 
AND THAT JESUS' ENERGY IS FOUNDATIONAL 
http://blog.hassIberger.com/docs/GOLDFISH_JESUS_REVELATIONS.pdf 


THIS IS FUNNY AND SHOWS THAT THE EARTH IS THE BEST 
ENTERTAINMENT SYSTEM IN ALL OF GOD'S CREATION: 
hitp://blog.hasslberger.com/docs/EARTH WINS.pdf 


OH - THE CHEMTRAILS WILL KILL JUST ABOUT EVERY LIVING THING ON 
THE FACE OF THIS PLANET, IF WE DON'T START MEDITATING AND 
BUILDING ORGONE DEVICES, WHICH HAS TO BE DONE EVEN IF THEY STOP 
SPRAYING BECAUSE THE EFFECTS OF THE CHEMTRAILS CAN AND WILL 
CARRY ON, EVEN IF THE SPRAYING STOPPED. 


Scalar Wars 


The Brave New World of Scalar 
Electromagnetics 


by Bill Morgan 


For the past six months I have been undergoing the greatest 
paradigm shift I have ever had to go through. It has rattled my 
nerves and shaken my bones. This intense adjustment of my 
“world” has come about by studying the information given by 
Col. Tom Bearden at his website Cheniere, The new knowledge 
there has necessitated a total revision of my ideas about physical 
reality, the world we live in, and the future of humanity. Th 
paradigm shifting even actually made me dizzy on certain days 
as [tried to absorb and digest Bearden's vast amount of 
information. I am not a scientist at all, just a layman, and I have 
litle comprehension of the math and high physics of this new 
science called 'Sealar Electromagnetics." But there is a great 
deal of information at Cheniere which needs to become 
common knowledge as fast as possible, for the sake of the 
survival of life on earth, To that end I have put together this 
small primer of Bearden's ideas, as a kind of "beginner's guide" to his website. (I have tried to 
underline certain words and phrases which are part of the new "jargon' of talking about these 
“new” phenomena. Also I have taken the liberty of bolding certain words and phrases to help 
them stick in the mind), 


(Note: Throughout "EM" means “electromagnetic,” and "LW" means "longitudinal wave") 
This article has six sections: 


New Waves 2, Tapping the Waves 3. Weaponization 4, Healing 5, Psychoenergetics 6. As It Stands 


1. New waves discovered 


Longitudinal EM energy fills vacuum of space, the time domain of spacetime, time as compressed energy, E=tc?, 
waves of time, phase conjugate wave pairs 


“Electric power is everywhere present in unlimited quantities 
and can drive the world's machinery without the need of coal, 
oil, gas, or any other of the common fuels.” Nikola Testa 


“At any point and at any time, one can freely and 
inexpensively extract enormous EM energy flows directly 
from the active vacuum itself." Tom Bearden 


1 guess the first thing to try to comprehend is that a "new" kind of 
electromagnetic (EM) wave has been discovered in the empty 
vacuum of space called “longitudinal” waves, which, when 
engineered, can be an inexhaustible supply of energy in great 
magnitude at any place in the universe. The word “new” is in 

quotes because the discovery really goes back to Nikola Tesla and 
his discovery of what he called "radiant energy.” Itis also not 

“new” because the Russians (KGB) have been working on this 
technology for over 30 years and have weaponized these "new" 
longitudinal scalar waves to a great degree. 


‘These are the very weapons Nikita Khrushchev spoke of in 
January, 1960. 


"By 1957-8 the Soviets had progressed to the point of a giant scalar EM accident in the 
Urals which exploded nearby atomic wastes, devastating the area, They had also 

progressed to development of great new superweapons using their new energetics 
‘weapons to which Khrushchev referred in 1960 when he informed the Soviet Presidium 

of a new, fantastic weapon in development, a weapon so powerful that it could wipe out 
all life on earth if unrestrainedly employed," Tom Bearden 


Afier over 30 years of development, and extensive testing around the globe, these new scalar 
electromagnetic weapons are up and running and ready to go, Tom Bearden, at his website 
Cheniere, discusses the history of these new scalar electromagnetic weapons in his paper 
“Historical Background of Scalar EM Weapons 


Some Immediate Implications 


‘The implications of successful engineering of the longitudinal waves are enormous, and 
will change the world as we know it, one way or another. Among other things, these 
discoveries mean that: 


1. The solutions to the energy crisis and the "oil problem" are in hand. These oil 
‘wars are unnecessary. There is endless energy available freely from the domain of time. 


2. Unbelievably powerful weapons are not only possible, but are already operating in 
several nations. The many powers of these weapons are unprecedented and mind- 
boggling. 


3. The cure of diseases such as cancer and AIDS, in fact nearly any disease, has 
become possible within a few years of sufficient funding. Everyone can be made healthy 
and stay healthy. 


4. Mind control on a mass scale has now become possible, and the machines to do it are 
already in place in certain nations. It has become possible to mentally enslave whole 
populations with the twist of a few di 


So the layman will need to understand that there is a new kind of electromagnetic energy that is 
altogether different from what he knows, e.g. radio, TV, cell phones, etc. The ordinary EM 
waves that we have known about are called transverse EM waves, to distinguish them from the 
new longitudinal EM waves. These scalar waves do not actually exist in our "material" world, 
but exist only in the vacuum of empty space, or the time domain, And we must keep in mind that 
this vacuum of space we speak of exists all through everything. Even our bodies are mostly 
empty space between atoms and molecules. So the gateway to this seething ocean of energy can 
be there at every point in the universe. This seething ocean of energy is all around us and all 
through us. 


Emptiness is Full 


This amazing discovery announces that the "emptiness" of empty space is in fact not empty, but 
a great ocean of seething energy! 

Col. Bearden refers to this ocean of energy as being of the "time domain." It seems like 
something from Star Trek but this is where scalar electromagnetics has come to. And where it is 
going may be beyond anything Star Trek could have dreamed of. 

We live in a 3-dimensional world, which physics calls "3-space.” But there is also spacetime, or 
4-space, or the "4th dimension." Then suddenly comes this amazing new knowledge that time 
itself is actually compressed energy. And itis energy which is compressed by exactly the same 
factor by which matter is considered compressed energy: the speed-of-light-squared! 


So we have a new companion to the famous E=me2. It is now paired with E=te2 (where tis 
actually "delta-,” or change in time). Or (amaze your family and friends and) say: 


"E equals em-cee-squared" 
and 
"E equals delta-tee-cee-squared" 


It has a nice ring to it, like some freedom bell announcing a new era. 


And as the atomic bomb released the compressed energy in matter, so can we now unleash the 
tremendous energy that is compressed into time itself. It gives a completely new meaning to the 
term "time bomb.” 


Some New Terminology of Scalar Electromagnetics 


‘A new science, several new names 


"Those [Russian] weapon scientists resurected an old term from the history of 
electrodynamics, called "energetics". That is their approach to a unified field theory, 
‘where everything is based on "energetics". This model as its foundations uses a very 
similar approach to that "single fundamental unit” model, where energy is the unit, If one 
makes the energy EM in nature, then one has the Russian energetics approach. This 
unified approach gathers everything in, including all energy actions and relations in inert 
‘matter (the first branch of energetics, called by the same name), all field and matter 
interactions in living matter (the second branch of energetics, called "bioenergetics"), and 
all mind operations and mind-matter interactions (the third branch of energetics, called 
"psychoenergetics"). (ed: sometimes also called "psychotronics" by the Russians] 


Rick Andersen in an article called "What is Scalar Electromagnetics?" describes the new science 
this way: 


"Scalar EM is the brainchild of Lt, Col. (retired) Thomas E. Bearden, a systems analyst 
and wargames specialist who has been advocating a view of electromagnetics which is 

based on the notion of a vast, unseen background of scalar energies (as opposed to vector 
energies) which underlie all physical real 


“If Bearden is correct in his Scalar EM theory, then we can build devices which would 
enable us to alter gravity, time, inertia, and the apparent mass of an object. This of course 
has ENORMOUS implications for military applications, space-vehicle drives, time- 
travel, teleportation, paranormal phenomena, and just about every other area one can 
think of.” http:/twm,co.nz/Beard_scalem.html 


"Time-energy, time-currents, and time-structuring play the dominant role in 
electromagnetics. Time-as-energy eventually hecomes engineerable, as easily as is spatial 
energy now. We are always dealing with spacetime and with spacetime curvature.” 


Bearden: http://www.cheniere.org/echpapers/Vision‘%202000% 20paper.doc 


‘The scalar energy discovered in the vacuum of space is sometimes called "zero-point" energy. 
‘Thomas Valone explains how this term came about. 


What does "Zero Point" mean? 


"Boyer traces the historical “creation of the vacuum” as proceeding in stages in parallel with the 
historical development of ideas about the vacuum. To paraphrase, he says that in the 17h 
century, it was thought that a totally empty volume of space could be created by simply 
removing all matter and, in particular, all gases. ‘That was our first concept of the vacuum, Just 
get rid of all the gas. Late in the 19th century, it became apparent that the region still contained 
thermal radiation. But it seemed that the radiation might be eliminated by cooling. So the second 
concept of getting a real vacuum is to cool it down to zero temperature. Just go all the way to 
absolute zero. Then we've got a real vacuum. Right? Well, since then, both theory and 
experiment have shown that there is a non-thermal radiation in the vacuum and that it persists 
even if the temperature could be lowered to absolute zero, Therefore, it was simply called the 
“vero point” radiation. "Thomas Valone hitp://www.seaspower.com/InsideZeroPoint.htm 


‘For our very survival, it is absolutely imperative that informed 
citizens be aware of this dramatic change, which is just now 
starting. The powerful new science and engineering must be 
controlled and used for humanity's benefit, not its detriment. 
Else it will eventually be let loose unrestrainedly, to destroy all 
life on earth - a possibility indicated by Nikita Khrushchev in 
1960." - Bearden 


bups//www.cheniere.org/explore‘%20articles/prioreI/p4.ipg 


2. Tapping the waves 


Endless free energy, Tesla's radiant energy. the dipole as the gateway to the energy of the void, MEG in one year, 
Bedini, Yakuza, etc. End of Oil, geopolitical chaos, rogue groups 


Move Over G.E. & Big Oil, Energy is Everywhere! 


‘Third-world nations set to rise 


Certain powerful interests did not wish the extended electromagnetics to be discovered 
or taught, That, after all, would lead to free energy and loss of economic control of the 
citizens, That was precisely why Nikola Tesla had already been suppressed ... Today itis 
stil being suppressed by the orthodox establishment." 
hitp:/www.cheniere.org/ooks/ferdelance/s25.htm 


‘The vast seething ocean of energy of the vacuum, the longitudinal scalar EM waves of the time 

domain, can now be tapped and “transduced” into ordinary (transverse) EM energy in our 3- 
‘The process can be compared to putting a paddlewheel into a river. The energy 

acquired is free, since the river is there flowing whether we tap it or not. And itis a mighty river, 


‘This means that a permanent solution to the "energy «1 
so secret would give it up to humankind, 


is" is at hand, if only those who hold it 


It means our species’ insane use of oil is no longer necessary, We can make automobiles that 
need no fuel at all, We can build motors that power themselves. It means that unlimited electrical 
power can be available for free anywhere in the world. Every house and even shack can have its 
own power supply. 


Of course there is the cost of the equipment at first, but the energy flow is free for the 
presumably very long life (no moving parts) of the generator. It will probably take decades to 
shift over to scalar power. 


But the ability to tap the scalar (longitudinal) EM waves of the vacuum (which exists 
everywhere) also means that unbelievably powerful weapons can be, and already have been 
developed. In fact these weapons are so dangerous that the fear engendered becomes a 
psychological obstacle to the grasping of the facts 


| struggled with this myself for months, and even though Tom Bearden had completely 
convinced me already, it is hard to accept the fact that for everyone on earth the "worst that 
might happen” has suddenly gotten much worse. It takes time to deal with that, to realize it and 
get over it. 


Indeed, the possibilities of these new weapons, which are tapping the huge energies of time, are 
so terrifying itis natural for the mind to simply say: "I don't want to hear about that.” 


And the government, likewise, pretends these weapons do not exist and tries to keep it secret 
from the people. Because most people would indeed be truly alarmed to know the actual 
situation, Col. Tom Bearden has decided that the people need to know the truth anyway, As a 
People on a Planet we must face this now, and ban the use of scalar weapons in war or in mass 
mind control. The current deployment of these weapons is a world emergency which we must all 
face. 


‘The physics and mathematics of the longitudinal waves and the time domain are clearly beyond 
the layman, but I recommend scanning through them anyway just to get a sense of the wonder 
and the elegance of it all and some of the exotic terms which are used. Two of the most 
important papers by Col, Bearden are: 


Giant Negentropy from the Common Dipole 


‘The Final Secret of Free Energy. 


Despite the complexity of the science involved, Bearden sums up the essential secret of it all in a 
few words. 


“There is no problem at all in extracting all the energy one wishes from the active 
vacuum, anywhere in the universe, at any time, Just make a dipole. 


‘The problem is in (1) catching some of that freely gushing EM energy in a circuit 
containing a load, and (2) dissipating the caught and collected EM energy in that load to 
power it, without using half the caught energy to destroy the source dipole’s), 


‘That is the ONLY real energy problem on the planet, and always has been." 


hip://www.cheniere.org/correspondence/022502,him 


A dipole could be a battery, which is polarized into negative and positive. Or the terminals of a 
generator, Or any magnet with its two poles. Or an atom with its positive and negative charges. 
Or the earth's magnetic field, the sun, and all heavenly bodies. Even a galaxy must be some kind 
of mega-dipole, Wherever there is a dipole there is already immense scalar EM energy ushering 
out of and back into the vacuum, And there have already been demonstrated a number of diverse 
methods for tapping that energy as it flows, (John Bedini, Edwin Gray, Bruce de Palma, and 
others), Bearden provides what he calls a "partial list" on his website. 


“In other words, nature then gladly gives us as much EM energy flow as we need, 
indefinitely — just for paying a tiny litte bt initially to "make the little dipole.” After 
that, we never have to pay anything again, and nature will happily keep on pouring out, 
that 3-flow of EM energy for us. This is the giant negentropy mechanism I uncovered, 
performed in the simplest way imaginable: just make an ordinary little dipole.” 


Bearden http:/iwww.cheniere.org/techpapers/Unnecessary %20Energy‘%20Crisis.doc 


How to Buy a Free Energy Machine 


Answer: Just wait one more year! 2003. Then get off the Grid! 


Perhaps the most eagerly awaited event now is the marketing of Bearden’s Motionless, 
Electromagnetic Generator (MEG) scheduled to begin in about a year’s time. This 
‘when the proof will hit the fan, Many people have said to me, when talking about free 
energy, "I'l believe it when I can go to the store and buy one." Hopefully in a year’s time 
they will be able to order their own MEG. And then they will believe, because it works 
and is working. 


Says Bearden: "I will admit that the chief scientist of an important experimental group in 
a large company was rather stunned at the type of output we were able to obtain. The 

MEG may look like just a transformer, but itis not. Itis a completely different breed of 
cat.” 


(earden ; hups/iwww.chenlere.org/eorrespondence N01 1202.him) 


Soon the cat will be fully out of the bag. The first MEG units will supply 2.5 kilowatts of 
free electricity. Forever. Units can be connected together to double or triple the wattage. 
After that gets going, 10 kilowatt generators are planned. Energy will low freely from 

the time domain indefinitely, and there are no moving parts to wear out. This, 
‘manufacturing project is a heroic effort and will change the world as we know it, For 
once people are in possession of such devices there can be no further denial from anyone, 
including the government and/or "secret-government.” 


‘MEG mkill by JL Naudin | 


The Motionless Electromagnetic Generator 
(Successfully replicated here by J. L. Naudin) 


‘The physics of how the MEG works is explained in the paper "The Motionless 
Electromagnetic Generator: Extracting Energy from a Permanent Magnet with Energy 
Replenishment from the Active Vacuum.” 


‘The device was successfully replicated by LL. Naudin in France, and others, like Steve 
Utne, are also working on their own models, But Magnetic Energy Limited's MEG is 
actually scheduled for production soon and looks to be the first commercially available 
free-energy generator in history! 


imagine it will not take long for tinkerers to put them into their electric cars and make 
the first fuelless automobiles since Tesla's unheralded (and unheeded) experiments, Or 
for builders to begin building houses powered by MEG's. Houses which will never see 
electric bills. How can they ever make enough of these to meet the demand that will 
suddenly be there? Bearden is right, it needs to be an all-out crash program of the 
government on the order of the Manhattan Project. 


[ must include here that Bearden is quick to point out that he is not himself the inventor 
of the MEG, but is a partner and advisor in bringing it to the public market through 
‘Magnetic Energy Limited, Inc. I must also admit that I am praying for the success of this 
‘venture, and the ending of the absurd and criminal withholding of this technology from 
the people by the black-ops military-industrial people. This secrecy has cost the planet 
over 30 years of unnecessary pollution, 


‘The first units off the assembly line, which is being set up in a "friendly" unnamed 
nation, will usher the public at last into the new era of scalar electromagnetics. 


As of December, 2001, the situation with the MEG was described by Bearden in a letter. 


"What we presently have with the MEG is a successful laboratory experiment, At 
least a year’s very hard research will have to be done before we will be ready to 
put a commercial power supply into production, 


*Consequently, we have made an agreement with a foreign partner (the National 
Materials Science Lab of the National Academy of Sciences of a friendly foreign 
nation) to do that year’s research, At the same time, we are trying to make an 
agreement with one or more large financial partners here in the U.S." 


Bearden htip://www.cheniere.org/correspondence/121901,him 


So we are hopeful that we will be able to start introducing units on the market 
about a year from now. Quite simply, we will either succeed or we will fail, But 
wwe will give it our very best effort.” 


Bearden http://www cheniere,org/correspondence/012202a,him 


Bearden has given another technical explanation of how the MEG works here in a leter. 


Motionless Electromagnetic Generator patented, 3-26-2002 


Click here to read the patent 


“In Magnetic Energy Limited, all business discussions and arrangements are taken care of by Dr. 
Lee Kenny, Managing Pariner. There are five of us who are co-inventors of the MEG, and two of 
the others are really the principal inventors." Bearden http//Avww.cheniere.org/megstatus.htm 


Free Energy has been Suppressed 
Secret Government Aware of Free Energy 


“In this world of contemporary times, all the agencies, CIA, FBI, KGB, NSA, Electric 
Power Research Institute, DARPA, Brookings Institution, Henry Kissinger, Edward 
Teller, etal, all are aware of [free-energy researcher Bruce] De Palma and his ideas, 


"Because these individuals and institutions are employed by the ruling elite to forecast 
the future and satisfy present needs «and demands, itis clear that free energy is a threat to 
the world order constructed by business and the mindset of those who want to own the 
world, 


"Free energy represents Man’ 
division of resources and the a 


spirations and dreams of freedom and equality, uniform 
lity to choose one's own future. 


"The fact that free energy is suppressed speaks to the greed and self-interest of a ruling 
elite which, even in the face of an emergency of global starvation, resource depletion and 
environmental pollution, will not give one inch if it means loss of control. This is an 


attitude of paranoid delusion and fantasy which can only arise from the alienation of a 
lass of elitists who, through their money, are completely insulated from the reality of the 
day to day fight for existence of the common man," 


‘hup://depalma pair.com/Absurdity/A bsurdity07/ProblemOfFreeEnergy html 


Bearden describes one case of suppression when the Yakuza killed the Kawai engine in his very 
presence in Huntsville, Alabama, 


"That night a jet arrived from Los Angeles, with a Yakuza on board. The next moming 
Kawai no longer controlled his company, his invention, or his own fate. The Kawai party 
‘was in fear and trembling. ‘The Yakuza coldly dissolved the agreement, they packed up 
the two Kawai engines we had, and left. And that was that." 


So it is not only governments who are keeping this revolutionary technology from seeing the 
light of day. The Yakuza? KGB? The Aum Shinrikyo cult? Our "leaders" need to be honest 
about what is going on, otherwise they look foolish, acting out a kind of "Alice In Wonderland” 
script before the public, a script that has become completely unbelievable. 


Concerning the criminal withholding of this scalar technology by the military black-budget 
people, and the cover-up of the actual situation regarding scalar weapons throughout the world, 
‘Tom has this to say: 


“The high goverment officials of the United States of America grossly violated our 
constitution and their sworn oaths of office. Our constitution specifically charges the 
‘government of the United States to defend the people of the United States. That means 
ur officials are specifically charged with defending our people. Yet they deliberately 
agreed not to do so, and they deliberately sacrificed us in advance. 


“They committed treason of the highest kind, by deliberately surrendering us to total 
destruction anytime the big balloon goes up.” 


Bearden hitp://www.cheniere.org/books/ferdelance/s75.htm 


Energy Crisis Solved 


One of the "must read" documents at Cheniere is “The Unnecessary Energy Crisis: How to Solve It 
Quickly,” especially since the "oil wars,” which Bearden has foreseen for decades, have now 
already begun, 


Here are some clips from that Document: 


"To avoid the impending collapse of the world economy and/or the destruction of 
civilization and the biosphere, we must quickly replace much of the “electrical energy 
from oil” heart of the crisis at great speed, and simultaneously replace a significant part 
of the "transportation using oil products" factor also. 


"The technical basis for that solution and part of the prototype technology required, are 
now at hand, We discuss that solution in this paper." 


And although the solution to the energy problem and the oil wars may be at hand, Bearden 
suggests there is still an urgent rush that needs to be made to save human civilization from 
collapse. 


"Once the technology hardware solutions are ready for mass production, even with a 
massive worldwide deployment effort some five years are required to deploy the new 
systems sufficiently to contain the problem of world economic collapse. This means that, 
by the end of 2003, those hardware technology solutions must have been completed, and 
the production replacement power systems must be ready to roll off the assembly lines en 
masse, 


"The 2003 date appears to be the critical "point of no retum" for the survival of 
ivilization as we have known it. 


"Reaching that point, say, in 2005 will not solve the crisis in time, and the collapse of the 
world economy as well as the destruction of civilization and the biosphere will still 
almost certainly occur, even with the solutions in hand.” 


"The good news is that we now know how to easily initiate continuous and powerful 
“electromagnetic winds" from the vacuum at will. Once initiated, each free EM energy 
wind flows continuously so long as the simple initiator is not deliberately destroyed." 


On page 9 he explains the concept of the dipole, and how there is already huge scalar energy 
flowing in the time domain around any dipole. Hold a magnet or a battery in your hand and you 
hold a stress in time and a beautiful flowing loop of longitudinal waves! 


Bearden decries the scientific community in the West for being unable to let go of their dogma 
Jong enough to see that the greatest discovery in human history lies at their feet, but for their 
stubborn ignorance. 


"The present energy crisis then is due totally to that “conspiracy of ignorance” we 
referred {o, that is maintained by the scientific community, and that has been maintained 
by it for more than 100 years 


is the real situation that the environmentalists must become aware of, if they are to 
see the correct path into which their energies and efforts should be directed — to solve 
both the energy crisis and the problem of gigantic pollution of the biosphere. "As far as 
anyone in the legislative branch of government ever understanding the profundity of the 
discovery and engineering of scalar waves, Tom Bearden says they are at a great 
advantage in doing so, 


"The nontechnical person — e.g., a Senator or a Congressperson — is operating under a 
distinct disadvantage. If he or she takes the stance that much better electrical power 

in readily be achieved, he or she is in fact opposing almost the entire set of 
University, Government Technical, Power Company, Battery Company, and Organized 


Science communities. Further, in most cases his technical advisors are themselves from 
one or the other of those communities, and likely to go back into that community or those 
communities when the Senator or Congressperson leaves office, or even before. So the 
Congress and the non-technical government community at large operate at a great 
disadvantage...Bearden National Emergency Declaration is Needed 


"The Government Non-Technical community (the Senate and the Congress, in particular) 
are in far better shape than the Government Technical community, to appreciate the 
‘world implications of the pending economic disaster. | am hopeful that both the 
environmentalists and the Government Non-Technical community will rapidly unite in a 
common goal to get this vacuum energy program launched, under a National Emergency 
declaration, If so, then they can solve the energy crisis and the pending economic crisis, 
in fairly short order, and permanently.” 


unnecessary_energy_crisis htmifcongress_disadvantage 


In the conclusion of his paper The Unnecessary Energy Crisis: How to Solve It Quickly Bearden again 
states the urgency of replacing our centralized power grids with highly dispersed and local taps 
on the freely flowing energy of the active vacuum. Given the abilities of the Tesla howitzers, the 
power grids of all nations are sitting ducks. 


Personally, the present author regards the increasing energy crisis as the greatest 
strategic threat to the United States in its entire history. I will do anything within my 
power to help prevent what I perceive to be the looming economic collapse of the 
Western world, preceded or accompanied by a sudden, explosive, all-out and continuing 
exchange of the WMD arsenals of most of the world. 


.udn the name of all humanity, let us begin! Else by the time this first decade of the new 
millennium ends, much of humanity may not remain to see the second decade." 


3. Weaponization 


Insane Systems, scalar strategy. earthquakes and weather wars, solar storms, mind attacks, leased to Yakuza, many 
‘examples of testing, quantum potential weapons, 


"Indeed, Soviet energetics weapons are now capable of destroying both our triad shield, 
our homeland, our armed forces in the field, and our population, quickly and efficiently. 
We have a new "gap" of monumental proportions: not a missile gap, not a submarine or 
bomber gap, and not even a particle beam or laser gap. We have a scalar electromagnetics 
or electrogravitation gap.” Bearden http:/vww cheniere.org/fhooks/ferdelance/intro.htm 


‘We have a new weapon, just within the portfolio of 
our scientists, so to speak, which is so powerful that, 


if unrestrainedly used, it could wipe out all life on 
earth. It is a fantastic Weapon Khrushchev, to the Presidium, Jan, 1960 


"We've totally missed the most incredible "secret superweapons" development program 
of all times, and the worldwide testing of the weapons themselves, 


"Hiroshima and Nagasaki should serve as object lessons in the price of ignorance of such 
technological breakthroughs. 


“History does repeat itself. But this time it's not we Americans who got the great new 
superweapon first.” 


Bearden http://www cheniere.org/books/ferdelance/s75.htm 


Warfare has been changed forever by the development of these scalar energy longitudinal 
wave howitzers. To get a basic understanding of scalar waves is to have the imagination 
suddenly run wild as all the implications and possibilities regarding warfare fall into place. One 
realizes with a certain horror that the world has totally changed, and that there are some very 
fearsome possibilities. Remember, the power for these weapons comes from the time domain, 
longitudinal EM waves in the vacuum of empty space, and the power is tremendous and mind~ 
boggling. Being able to blast away at any target from a distant control booth is something that 
has never happened before. This is incredible power to be in control of and it divides the history 
of weaponry into “before” and “afier." And the destructive power of these weapons is delivered 
instantaneously to the target from the local vacuum at the place of the target. 


From an interview: 


Questioner: "Are you saying that real energy can be transmitted faster than the speed of 
light?" 


Bearden: "Yes. But hyperspatially. Not through 3-space, but "around" it, Again, this 
‘means that it’s possible to produce energetic changes in a distant system at a distant place, 
without transmitting energy "through space” in the normal sense, You transmit "around" 
space, so to speak, and directly in time or through a higher dimension, depending on the 
‘model you're using to understand this. Further, the speed of the intemal EM energy 
transmission is not limited to the speed of light." 


Here are some initial considerations about 
scalar weapons and scalar wars 


1, Tesla Howitzer 2. Tesla Domes 3. Rogue groups 4. WW III 5. Russian "UFOs?" 


3a. The Tesla Howitzer and its modes of action 


Source: Tom Bearden's weapons slides and Fer-de-Lance Briefing 


For one thing there is no delivery of any thing to any place. Bombs are obsolete. So are the 
planes to get them there. No helicopters necessary. All current nuclear devices are rendered 
nearly useless by electronic "dudding.” All distant-destruction can be done from a control room, 
and to any point on earth. The destructive power of "men" has just increased by orders of 
magnitude. The new weapons could even cause storms on the sun! Thus there is great urgency to 
make these new facts public and known, with the hope that all nations would come together to 
ban the use of scalar weapons, 


‘Two scalar antennae together along with the computers to control them, make up a scalar 
interferometer, and according to Col. Bearden the Russians have hundreds of such installations 
already. These interferometers are called "Tesla Howitzers." They can deliver a giant blast of 


energy to the distant target site, true “action-at-a-distance”, 


‘The first howitzer mode is called the “exothermic” mode of operation because immense EM 
at the target site, The blast of a scalar howitzer can be of near nuclear level 
in destructiveness, and can be repeated easily, at that place, or nearby, or anywhere. 


‘The howitzer can use a lesser exothermic power setting and simply destroy all electronics in the 


that guide them. They can bring down any airplane, anywhere in 
the world, at any time. Any person anywhere, if their exact position is known, can be 
ated without a shot being fired. 


‘The howitzers can also bring down power grids anywhere in the world, at any time. ‘Thus they 
could bring Wall Street to an instant halt by disabling all its electronics. Even this one little easy 
tweak of the howitzer could cripple the U.S. economy in a single day. No wonder the "leaders 
don't want you to know! This is a new era we are in. The discovery and development of scalar 
interferometry has put us in a new world, whether we like it or not. Anyone could be expected to 
g0 into denial, the befuddled senators and congressmen included. But we have to wake up. 


Ina second howitzer mode called the "endothermic" mode, the howitzer sucks energy out of the 
target area, essentially creating a blast of cold at the distant target. Itis even capable of freezing 
parts of the ocean, Bearden gives a number of cases where these "cold explosions” have been 
witnessed, mostly by airline pilots. April 9, 1984: 1 2.3) A huge mushroom cloud of mostly 
‘water is seen rising miles into the sky from out of the ocean, an awesome sight. 


In the endothermic mode the sucked-out energy must go somewhere, so itis vented out at some 
other chosen spot on the earth. These endothermic plumes have been photographed by satellite. 


"The exhaust in the left picture is about 150 miles long, and is nearly horizontal (about 
1.5 degrees above the horizontal). Itis entirely consistent with the continuous exhaust 
from a “dumping transfer" scalar EM howitzer in the continuous exothermic mode. (The 
primary howitzer, of course, was activated in the endothermic mode.)" Bearden More 
Plumes 


By using both of these heat (exothermic) and cold (endothermic) modes together the weather can 
be altered anywhere. Warm the air over here, cool it down over there, put a curl in the jet stream, 
dissipate clouds, create clouds, whip up a tomado. Bearden speaks about using the endothermic 

howitzer mode as a weapon of war: 


*Cold explosions can be used to freeze tanks, personnel, and equipment, The equipment and 
tanks thaw out. The personnel thaw out too, but they are dead when they do." Bearden, Fer-de- 
Lance 


(This endothermic mode of the howitzers makes me think that there might one day be a cure for 
the problem of global warming after all, Could not a big device, situated in space or on the 
moon, be able to vent a great deal of excess heat outside the atmosphere into space, thus 
functioning as a kind of planetary thermostat?) 


While the United States has experimented with electomagnetic weapons using ordinary 
transverse EM waves, the longitudinal [LW] weaponized waves are truly of another order 
altogether. 


For one thing they do not have to travel through space, for they come from the time domain, 
which is everywhere. The energy of the blast, the heat or light or whatever, comes from the 
vacuum of space at the location of the target itself. This is astonishing. The weapons actually just 
trigger the release of immense energy from the vacuum at the target location 


itis possible to focus the potential for the effects of a weapon through spacetime 
itself, in a manner so that mass and energy do not "travel through space” from the 
transmitter to the target at all, Instead, ripples and pattems in the fabric of spacetime itself 
are manipulated to meet and interfere in and at the local spacetime of some distant target. 
‘There interference of these ripple pattems creates the desired energetic effect (hence the 
term energetics) directly in and through the target itself, emerging from the very 
spacetime (vacuum) in which the target is imbedded at its distant location." Bearden Fer- 
de-Lance 


‘The big Testa howitzers are aimed at their targets by using a worldwide electromagnetic pattem 
called the "Woodpecker Grid,” begun by the Russians in 1976, 


‘You can hear the Woodpecker signal here: jnip://www cheniere.org/mnisc/woodpeckersound btm 


‘The woodpecker grid is just that, a grid of EM waves which provide a channel for the LW waves 
to any point on earth, Computers use the woodpecker grid information to hone down the aiming 
of the howitzers to a pinpoint location on earth. (For that matter, it could be under the earth, in 
space, or under the sea) 


A third howitzer mode is what Col. Bearden calls "Mindsnapper” mode, This is a truly 
frightening mode which affects the electromagnetic mind-body connection, Being mind-snapped 
at a low level would cause you to lose consciousness, Being mind-snapped ata slightly higher 
power would "entrain’ all minds in the target area into a kind of hypnogogic trance, a state in 
which they would all be highly susceptible to suggestions and orders. 


Being mind-snapped at high level would so disrupt the mind-body connection that everyone in 
the target area would fall down, instantly dead. Not only that, everything around you and inside 
you would be killed, so that your sterilized body would not rot for quite a long time 


‘The Mindsnapper can be used for a small area, or to kill an entire population. In fact, using the 
scalar waves to affect the human mind has become a new field in its own right, and has been 
dubbed "psychoenergetics." (This is discussed below in section 5), 


Bearden describes the use of the howitzer in mind-snapping mode against people, to cause 
unconsciousness or death: 


"From a military viewpoint, these scalar EM weapons are really quite all-around 
‘weapons. 


"For example, they are very lethal against personnel. 


"Set in the "high intensity pulse mode," one blast and a person's nervous system is 
destroyed instantly, Total, instantaneous death results. One can blast away at entire 
‘groups of infantrymen, for example. It’ the peak power that’s important, not the average 
power. So the weapon doesn't require too much battery power. 


"Set on a lower intensity pulse mode, one zap can simply knock out a person, rendering 
him instantly unconscious. Quite useful if one needs prisoners to interrogate. Also very 
silent, which is useful in operations employing stealth and surprise." Bearden 
hitp:/www.cheniere.org/fhooks/ferdelance/s80.htm 


"Those hit by the scalar EM weapon, however, have a most peculiar death mode. 


"Death comes-instantly and totally. There is no convulsion, no response, The entire 
nervous system is destroyed instantly, Every living cell in the body is killed instantly, 
including all bacteria, germs, ete. 


"A body hit with this thing falls like a limp rag and lies where it falls It doesn't decay in 
even 30-45 days. In a macabre fashion, it's been reduced to something like food irradiated 
with nuclear radiation; everything is killed, so the material is preserved for an extended 
period before any decay can s 


Bearden http:/Avww.cheniere.org/books/ferdelance/s8 1.htm 


He goes on to say that the same "bazooka-sized scalar EM pulse weapon can also be used to 
knock out a tank with one shot (or pulse). So tank warfare is obsolete, Helicopters? Bearden 
points out: ".. if he's attacked by a helicopter or a fixed-wing aircraft, he can bring the same 
‘weapon to bear on it, He can knock down a chopper or a jet. With one shot.” 


Obituary for Tank Warfare 


Tanks useless against portable LW weapons 


suppose one attacks a tank. [with an LW weapon] With scalar EM pulse, 
instantly. Total personnel kill is achieved. 


All electronic systems of the tank are dudded. Total systems kill is achieved. The 
‘ammunition in the tank explodes. Total kill is achieved. 


‘The fuel explodes. This is another total kill mechanism. 

‘That tank has been killed totally, by a variety of mechanisms, all simultaneously. 
‘That's a k-kill in any analyst's book. 

And don't worry about retrieval and repair, That tank is finished permanently. 
Even the most modem tank is just as vulnerable as the most obsolete.” 


Bearden hitp://www.cheniere.org/books/ferdelance/s88,htm 


One begins to get the idea how profoundly the conventional means of warfare have been 
obsoleted. All the usual weapons of war have been rendered nearly useless! And Star Trek's 
"Phaser," with its "stun" and “kill” modes is here at last. 


Although it is the weapons aspect of scalar electromagnetic which has received the most 
developmental effort, Bearden points out that a great many other amazing things that may be 
accomplished in this new field of science. Beam me up Scotty! 


"Superluminal communications systems, hyperspace drive, and materialization and 
dematerialization are all hypothetically possible, using scalar electromagnetics. As the 
technology develops, we should see the development of many of the systems long 
thought impossible except in science- fiction.” 


Bearden hitp://www.cheniere.org/books/ferdelance/s15htm 


Bearden describes a huge test of the Russian scalar weapons systems which occurred in 1985, a 
test that went completely unnoticed by westem scientists: 


“Just before May 1, 1985 the Soviet Union performed a “full-up" operational test of their 
entire strategic scalar EM weapons complex. This test was detected and monitored 
periodically by Frank Golden, Some 27 of these giant Soviet "power taps" were locked 
into the molten core of the earth, producing forced (entrained) scalar resonance of the 
entire planet on 54 controlled frequencies under our very feet. The remainder of the 
scalar frequency spectrum was ablaze with literally hundreds of Soviet scalar 
transmitters: probably the entire strategic scalar command and control system to 


underwater submarines, higher command centers, distant commands, etc. was activated in 
the giant exercise. 


"For several days, the system was exercised on a mind-boggling scale, apparently as part 
of the Soviet Union's highly accentuated 40th anniversary celebration of the end of World 
War I 


“Ironically, nota single U.S. intelligence agency, laboratory, or scientist detected this 
monstrous exercise for the new Soviet leader, Gorbachev. Not a one of them had a 
detector for scalar EM radiation, and not a one of them officially believes the exercise 
ever happened,” 


Bearden http://www.cheniere.org/books/ferdelance/s38.htm 


The Woodpecker grid/howitzer weapon system can be placed over the ocean and used 
es, naval surface-to-air and surface-to-surface missiles, submarine- 
launched ballistic and cruise missiles, etc. Placed over a carrier task force, it can also take 
care of the aircraft launched by the cartier as fast as they are launched, It can also handily 
take care of the missiles launched by guided-missile cruisers of the accompanying task 
forve." 


(Bearden hup://www.cheniere.org/books/ferdelance/s65,htm) 


‘The whole series of the Ferde-Lance briefing slides and comments is a "must read” for anyone 
‘wanting to be aware of the actual state of things in this world right now. It is a new world and it 
takes some getting used to, Fer-de-Lance speaks clearly, for the layman, of the way things stand, 


‘Whaat is it like to operate these Tesla Howitzers? Col, Bearden gives us an idea in his "Fer-de- 


Lance" briefing, Slides 66-71, 


Who needs armies anymore? A entire war can be fought and won by a handful of men siting in a 
comfortable control booth! The scalar electromagnetics revolution has made all previous forms 
of warfare nearly obsolete. 


Why haven't the Russians used the scalar weapons yet? 


Bearden gives his thoughts on this in "Fer-de-Lance." The power of these weapons is so great 
that an accident or war could wipe out al life on earth, and even affect the sun, 


"As can be appreciated, this entire concept [MAD] is now totally obsoleted by the Soviet 
possession of scalar EM weapons. 


“The "mutual assured destruction” capability -- or MAD concept as it was so aptly named! 
~- is no longer mutual. And for two reasons: (1) the Soviet surprise attack could destroy 
essentially all our Triad forces wherever they are, inthe first attack. (2) Even if a very 
small number of our strategic forces survive, the puny strike we could attempt to launch 
could be repeatedly decimated from launch to terminal phase, 


“The restraint on the Soviets is not because of our Triad forces. The restraint is twofold: 
(1) a second nation has scalar EM weapons, and would undoubtedly unleash them upon 
the Soviet Union with great violence if such a massive world-wide destruction of U.S. 
forces occurred or was threatened (is it really “accidental” that six major Soviet missile 
ammunition storage sites mysteriously exploded within seven months?); (2) the closed- 
loop scalar radiation exchange system of Earth-Sun could be inadvertently "tweaked!" in 
the feedback loop from Earth to Sun, so that a large solar scalar resonance was 
stimulated. In that case the Sun could emit a mighty resonant "burp" that would simply 
‘wipe out all life on Earth in a fiery shower. 


“The "terror" in the "balance of terror" between nations has just increased by many, many 
orders of magnitude, 


“The biblical prophecy that the Earth will be wiped out by " 
heaven’ is very near fulfillment now. 


fe and brimstone from 


‘Put another way, the pucker factor -- even on the Russians 
unleashing Armageddon - is higher than any Wester strate 
imagined, even in his wildest nightmares, 


vho may contemplate 
lyst has ever 


‘Truly these Weapons are "more frightening than the mind of man has imagined," as 
Brezhney put it in 1975. 


“The frightening scalar EM weapons can be used, but only very, very gingerly indeed. Ifa 
slight mistake is made, everybody loses everything." 


Bearden hitp://www cheniere.org/books/ferdelance/s74.htm 


But the Russians (KGB) are not the worst of it. Bearden claims that some of the scalar weapons 
have been leased to the Yakuza for about a billion a year, and that only the KGB is holding the 
‘Yakuza in check from making a full-scale all out scalar attack on the west. 


U.S. Defense Secretary William Cohen 


Warns about eco-terrorism using scalar electromagnetic weapons 


“Others [terrorists] are engaging even in an eco-type of terrorism whereby they can alter 
the climate, set off earthquakes, volcanoes remotely through the use of electromagnetic 
waves... So there are plenty of ingenious minds out there that are at work finding ways in 
which they can wreak terror upon other nations...t's real, and that's the reason why we 
have to intensify our [counter terrorism] efforts.” - Defense Secretary William Cohen, 
1997 


Ina letter to a writer named "Russell!" Bearden says, 


"In short, Russell, the Secretary of Defense of the United States confirmed that there are 
indeed novel kinds of EM weapons, right now and have been for some time, which have 
been and are being used to (1) initiate earthquakes, (2) engineer the weather and climate, 


and (3) initiate the eruption of volcanoes. We wrote about those exact uses of the 
‘weaponry decades ago, Several nations now have such weapons. Three of them (two on 
ne side and the other on a hostile side) are even firing practice shots into Westen Australia, 
‘as a convenient test range.” 


hup://www.earthchangesty.com/ufo/0209gandor him 


Tesla Howitzers in Weather mode 


How to Make Weather 


"Engineering the weather is duck soup; they tested that over the U.S. in 1967, and entered 
upon continuing operations over North America on July 4, 1976 as a grim kind of KGB 
"Bicentennial Gift” to the United States. Here's how itis done with several 

interferometers. 


"First the interferometers can deliberately make "high pressure areas” (cool the air so it 
shrinks and its "footprint" pressure on the ground increases because its density increases) 
and "low pressure areas” (heat the air so that expands and its "footprint" pressure on the 

‘ground decreases because its density decreases). Well, if one makes the highs and lows 

‘where one wishes them, and judiciously and somewhat slowly moves them along a given 
path, these highs and lows will entrain the jet streams and thus “steer” the weather. 


"So if you wish a very cold snap or attack, go up into Canada and start these actions to 
steer down some streams that bring some very frigid air. Establish other highs and lows 
judiciously to "block" or "slow" other jet streams and flows as desired. In this way, one 
can pull the "large cold air masses coming down from Canada’ deep into the southern 
USS. at will. They do it regularly. If you wish an ice storm, add an additional current of 
‘warm moist air you bring up (steer up by using artificial highs and lows) from the ocean, 
Where they meet, you will get freezing rain, then sleet, then severe icing accumulating, 
This type of attack does rather large damage to the struck area." 


huip://www.earthchangestv.com/ufo/0209gandor him 


Whole websites have now sprung up showing weather radar anomalies which may well be 
indications of scalar weather engineering. One list of over 500 images is here. Cheniere has its 
own collection here 


In another section at Cheniere are many photos of cloud anomalies which reveal the underlying 
vid along which the clouds are forming or un-forming. Bearden relates a startling incident in 
these clandestine ongoing "weather wars." 


"During the spring of 1986, abnormally strong Soviet weather engineering occurred over 
the U. S., causing a drastic drought in the southeastem U.S. This drought was broken by a 
colleague who used an extremely powerful scalar EM device to redirect jetstreams. A 
‘most unusual and unique signature of the "blocking" against the Soviet scalar EM actions 


resulted: Two huge circulations developed in the atmosphere, clearly showed as two 
adjacent giant "holes" in the swirling cloud cover over the middle and easter U.S. 


"Between these two giant holes, the cloud circulations formed a stream of clouds, moving 
to the south, looking very: much like a giant vertical "bar" of a huge "Y-shaped" cloud 
flow.* Several national weathermen commented on this unusual pattem, which had not 
been observed before. The pattern continued, day after day, as the blocking continued." 


* On the weather maps. 
hupz//www cheniere org/hooks/analysis/history htm 


Tesla Howitzers in Earthquake mode 
How to Make an Earthquake 


"Here's how you initiate a very large earthquake with such weapons. Take a convenient 
fault zone of set of them. Focus the interferometry on the fault zone, in the "diverging" 
‘mode, and deposit EM energy there in the rocks on both sides, increasing (slowly) the 
stress in the rocks by the reverse piezoelectric effect (deposit excess energy, get crystal 
mechanical movements). 


"Do it slowly, and the stress will build up to large pressures well-above a plate slip 
minimum energy required. At some point, the rocks yield and one or both sides "slip" and 
move rather sharply, giving a very large earthquake in that zone. 


"Do the same thing down in the earth (remember, LWs easily penetrate right through the 
arth and ocean at will, and so the “interference zone" focus can be inside the earth or 
beneath the ocean, at will. 


"Anyway, focus this thing down to where the active part of the volcano is still 
slumbering, down where the hole in the plate has been made. Keep increasing the 
deposition of energy in the magma itself, and eventually the increasing pressure from 
deep within that volcano, underground, will cause an eruption. Build the energy slow, 
and the eruption will likely be much larger 


upy//www earthchangestv.com/ufo/0209gandor him 
Yugoslav Earthquake, Followed by Cold Explosion 


‘Strange Characteristics of Iran Quake, Sep. 1978 
Tesla Howitzers in Tesla's "Big Eye" mode 


How to make a Big Eye in the Sky 


By using longitudinal wave interferometry in a weakly endothermic mode a new kind of "radar" 
is now possible, one which can look right through the earth and oceans. Because the endothermic 


mode extracts energy from the distant target, a pattem of the target area can be scanned for in the 
returned energy. 


“Thus the receiver produces a representation of the energy extracted from various 
locations within the distant endothermic zone. By displaying the received signals 
on an appropriately scanned screen, a representation of the distant scene in the 
intersection zone can be created. Indeed this is a special kind of "microwave 
interferometry," and -- with modem techniques -- the imagery obtained might be 
surprisingly good. With development, it might even become as good as the image 
presently obtained by side-looking acquisition radars 


“Interestingly enough, since scalar EM beams will easily penetrate the earth or the 
ocean, one can also look beneath the earth or beneath the ocean with this type of 
scanning scalar interferometer. 


“The importance of this capability to strategic and tactical reconnaissance is 
obvious. Camouflage, cover, and concealment have no effect on such a system. 
One can easily look inside buildings and into underground facilites. With a small 
system such as this, the U.S. Marines at Khe Sahn would have had little difficulty 
locating the tunnels continually dug under the perimeter by the Viet Cong. And 
targets under jungle canopies are directly visible.” 


Bearden htip://www.cheniere.org/books/ferdelance/s42.him 


Tesla Howitzers can destroy all life on earth 


How to Make a Storm on the Sun!! 
(Just make a big mistake with your Tesla howitzers) 


‘The deepest dangers of the use of scalar weapons are frighteningly pointed out by Bearden here 
where he considers that the sun, earth and moon (actually the whole solar system) is a delicately 
balanced arrangement of scalar (longitudinal) EM radiation. There is a scalar connection 
between the earth and the sun, which are both giant dipoles gushing energy in the time domain, 
Big scalar events on the earth could alter this balance causing true catastrophe. 


“Indeed, a solar response could be stimulated so that the Sun would violently belch and destroy 
our biosphere, among other effects.” 


Unrestrained scalar warfare could cause huge solar storms? To realize that human activity could 
actually affect the sun itself is truly mind boggling. 


Bearden goes on to say: 


"Accordingly, use of huge scalar EM weapons is a double-edged sword. Unless carefully 
employed, use of the weapons could cause a terrible backlash to the user as well as the 
victim, and even accidentally cause the destruction of the earth itself. It is not accidental 


that in 1960 Khrushchev stated that his new fantastic weapon could -- if unrestrainedly 
used -- destroy all life on earth, 


“This appalling backlash potential is apparently what prompted Brezhnev in 1975 to 
make so strong an effort to get agreement to outlaw the development of "new weapons of 
mass destruction” more frightful than the mind of man had even dreamed of. Gromyko 
even introduced such a draft agreement into the proceedings of the United Nations, The 
first article of the draft agreement indicated that the nature of the weapons referred to 
would be negotiated. Sadly, the entire Wester world did not even know what the 
Russians were talking about." 


hhip://www.cheniere,ong/books/ferdelance/s24.him 


3-0 SCALAR 
INTERFEROMETRY 


sulle, {HEMISPHERICAL SHELL) 


3b. Tesla domes 


(Slide from Cheniere.org) 


‘The Tesla howitzers can be used in a nearly impregnable defensive mode whereby they throw up 
adome (Tesla Dome) or a sphere (Testa Globe ) of highly powerful electromagnetic energy, 
enough to "dud" or destroy missiles which try to penetrate them. Once again, this energy is not 


going through space from the howitzer, but being made to emerge from the local vacuum at the 
location of the shell. KGB tests of these domes have been witnessed by airline pilots around the 
world, Bearden gives many examples of the Tesla domes being sighted around the world in his 
briefing paper ‘Fer-de-Lance." (Russian dome test, another globe incident, yet another globe 
test). These giant electromagnetic domes can be hundreds of miles across, or narrowed down 
more to total impermeability. 


"Such a shell may be several hundred miles in diameter at the base, The enormous energy 
required to form such a defense shell is obtained by a “scalar power tap" into the molten 
core of the earth itself, as previously explained. In late ApriVearly May of 1985, 27 such 
"power taps" were placed in the earth by the Soviets. If each tap is capable of powering 
four to six large scalar EM weapons, then the Soviet strategic scalar EM arsenal contains 
over 100 monstrous superweapons capable of generating exothermic explosions, 
endothermic explosions, engineering the weather, locating and destroying underwater 
submarines, detecting and destroying ballistic missiles shortly after launch, detecting and 
destroying long range strategic bombers as soon as they are airbome, etc." 


http://www cheniere.org/books/ferdelance/s52.him 


By using nested domes one can protect the domed area even against nuclear radiation 
itself. Tesla globes can be used to hit airbome targets by simply placing a globe of any chosen 
size in the flight path of the incoming missile. It does double duty because the missile hits it 
going in, and then the rubble hits it again going out the other side. 


While the U.S. persists in its useless boondoggle "missile defense system" by shooting a missile 
with a missile (missiles which would already have been "dudded" by the Tesla howitzers), 
between the domes and the globes the Russians (KGB) have in hand (operational) a nearly 
perfect missile defense system, Someone should ask the Secretary of Defense if the U.S. Tesla 
domes are in place. And over which cities? How powerful are our American Tesla domes? 


Bearden cites a number of examples of these domes being tested around the world: 


March 20,1969 | March 24, 1977 | August 17, 1980 | June 17,1966 | June 18, 1982 | June 22,1976 


Ina slide from the Fer-de-Lance briefing itis shown how the "woodpecker grid” itself also acts 
as a sensor, detecting any missile launch anywhere, and how the howitzers can respond instantly 
by delivering a blast to exactly the right coordinates, right along the channels of that same grid 
which is feeding the location information about the missile launch, This certainly beats "trying to 
hit a bullet with a bullet.” Especially since YOUR bullet would probably be instantly inoperable 
in a real scalar war situation. 


3c. Rogue Groups in the government 


Bearden fears that these scalar electromagnetic secrets may have fallen into the hands of what he 
called secret "rogue groups" within the labyrinthine depths of the black-ops special-ac 
domain of the secret government. "In the extreme, such a deep black program can even become a 


“captured” program," he says, "which is totally in the hands of rogues and no longer reports to or 
is bound by the dictates of the parent government." 


"They have their own agendas, And being rogue groups, they may well bring in 
unethical, immoral tricks: assassination, bribery, entrapment, disinformation, plausible 
deniability, ete. A certain percentage of a highly secret rogue group will wind up using all 
these things and more, It a human characteristic, the old primate dominance game. Only 
now disguised and hidden under deep cl tion... 


“In highly classified groups, these groups are greatly enabled to joust more widely, 
unethically, and immorally because itis so deeply hidden. So very deep classification 
evokes the growth and intensity of rogue groups. It's the old ‘Power corrupts, and 
absolute power corrupts absolutely’ routine. .. Due to loose formation of rogue groups 
inside such programs, they may have dual or tiple purposes, may not operate under very 
much legitimate goverment control at all, and may operate specifically for the purposes 
of the rogue group or groups that have gained control.” 


"The involvement of at least some rogue groups, some being "cowboys" who operate 
‘well outside all laws and ethics, could also result in such things as assassinations, 
clandestine testing on individuals without their consent, etc. In short, it could account for 
‘what seems to be actually occurring. " 


hip://www.cheniere.org/explore%20anticles/mind%20control3/p05 him 


3d. World War III has already begun 


Because it is now possible to cripple the power grids and electronics of any nation, that nation 
could be reduced to economic ruin without ever firing an actual "shot." Without electricity Wall 
Street cannot operate, Without electricity you quickly need martial law. One no longer needs to 
wage a conventional war anymore at all. There are now lots of new ways to bring any nation to 
its knees, 


"We are at war, whether we like it or not, And we are going to have strategic strikes on 
aan unparalleled scale for us. Pearl Harbor was nothing compared to what is coming down, 
once we consider the "augmentation" and such. 


"When that factor is considered, then it's a totally new ball game on replacing the power 
stem. There isn't going to be much choice; the old one is going to be destroyed or so 
badly crippled that it will collapse the U.S. economy in a way we have not seen since 
1929, Of course, in such a case hitting us, we will be under martial law, the works, 
everywhere. For one thing, it’s the only way you can keep the cities from imploding from 
within, by the criminal element, looting, robbing, killing, etc. Simply wait and see; it's on 
the way.” 


Although Bearden has for years decried the "scalar-gap," and chided the military for 
falling so far behind the Russian KGB in the field of scalar electromagnetics, recent 
statements indicate that things may at last have changed somewhat. 


"In the new war, the first phase of WW III has already been completed. Hence President 
Bush's recognition that this is a total war, and has to be taken to the enemy no matter 
‘where he may be hiding or in what sanctuary or in what foreign nation, This is an entirely 
different war than anything the U.S. has ever fought in its history. And before itis over, it 
is going to kill more Americans than have died in all the previous wars in our history. 

‘The news media and the public have not yet recognized that awful situation and 
predicament. Most are already thinking that, well, we won in Afghanistan so it's just 
about over, Instead, it has only just begun. 


"Anyway, that’s a brief uptake on some of the weapon situation today. Some 10 nations 
or more now have LW1s, and five have the QPs. I'm still working on how many have the 
appalling negative EMP weapons, but would estimate 6 or 7 nations have them in one 
stage or the other, either deployed or in at least advanced development, And in my 
estimation, the Yakuza will have them within three to five years if they have to build 
them themselves, and quicker if they can buy them from the Russians, Chinese, or??? 


Bearden hitp://www cheniere.org/correspondence/030202a.hum 


‘When he was asked the question "Does the government listen to Tom Bearden?" Bearden 
said: 


"Let me speak carefully. I am very satisfied with how I've been listened to in the quarters 
where the rubber meets the road. The West is no longer defenseless, not by any means. 
(Cannot amplify it further than that." 


hup://www cheniere.ore/correspondens 


Bearden has briefed the goverment a number of times and the Cheniere website contains a great 
number of his graphic military briefing slides. 


3e. Are the Russians making "UFOs?" 


Scalar electromagnetics engineering opens the possibility of antigravity vehicles and 
“hyperspace travel." In other words we can now make our own UFO's! Of such scalar-powered 
antigravity vehicles, which have now become possible, Bearden has this to say: 


"We might expect to see such vehicles glowing. Their various surface features and 
‘mechanisms might appear to be glowing or revolving lights, etc. 


"They could exhibit incredible "aerodynamic performance," seemingly in the atmosphere. 
Actually they would not be moving "through" the atmosphere at all, but through a higher 
space outside each particle of atmosphere. 


"They could seem to materialize and dematerialize. 
"They could seem to plunge into the ocean or rise out of it, 
"They could even seem to operate under the ocean or inside the earth itself. 


"Such anomalous vehicle performances have been seen all over the world, particularly 
since a few years after WWII. 


"It appears that one or more nations of Earth are operating such vehicles now in great 
secrecy. Our own "government" may even be one of these. 


“If so, itisn't our true "government/government.” Instead, it’s the "control 
‘group/government." It's government at the operational level, but at higher level it belongs 
to certain control groups who have penetrated our government's vitals and taken over all 
such projects.” 


Bearden htip:// niere.org/boo! 


Inan excellent a es website, Linda Moulton Howe reports on the utter 
bafflement of Norwegian scientists over mysterious lights appearing in the valley of Hessdalen, 
Nonway. 


She writes of the research there: "The results can be broken down into two groups: 95% are 
thermal plasmas and 5% are unidentified solid objects. The plasmas emit long wave radio 


frequencies and strangely, their temperatures do not vary with change in size or brightness.” She 
quotes the scientists’ research summary: 


1) most of the luminous phenomenon is a thermal plasma; 


2) the light-balls are not single objects but are constituted of many small components 
which are vibrating around a common barycenter; 


3) the light-balls are able to eject smaller light-balls; 
4) the light-balls change shape all the time; 
5) the luminosity increase of the light balls is due to the increase of the radiating area, 


But the cause, and the physical mechanism with which radiation is emitted, is currently 
unknown.” 


This would almost certainly seem to be another example of the testing of the scalar howitzers. It 
is baffling because, as Bearden points out repeatedly, Westen scientists have limited knowledge 
of the scalar electromagnetic principles by which the howitzers operate. The Hessdalen scientists 
‘were completely baffled as to where the energy of these plasma balls was coming from. 


Ms. Howe interviews Massimo Teodorani, Ph.D., Astrophysicist, who released the report on the 
2001 Hessdalen sightings. The scientist speaks of the baflling phenomenon observed. 


I don't know how it is possible that Nature is spontaneously able to do that. Anyway, we 
deduce that the plasma is trapped inside a sort of magnetic cage and the magneti 
closes around the plasma and keeps it fixed in some way, prevents it from expanding. But 
‘where does it come from? We don't know.” 


By what we have been considering here, we can recognize the signatures of scalar 
electromagnetic engineering. If itis a Tesla howitzer, then the energy for the plasma balls is 
coming from the vacuum of spacetime at the very location of the balls themselves, tiggered by 
scalar interferometers aimed through the woodpecker grid. 


‘These kind of balls can be used as marker beacons giving feedback for precision aiming of the 
howitzers. The energy of the marker beacon can be read back into the computers giving precise 
location information for pinpoint aiming. The target area can be very small, or widened out. 


‘There is a little movie of one of the Hessdalen plasma balls here. It would seem to be a clear 
documentation of a scalar howitzer marker-beacon. How many other current "UFO" sightings are 
actually the witnessing of Tesla howitzer tests? 


In fact there are a great many anomalous events of the past few decades which might very well 
be explained by the Russian testing of their longitudinal electromagnetic weapons. It would seem 
that the mysterious appearance of crop circles around the world could be accomplished by 
feeding a precise mathematical graphic pattern into the computerized aiming software and 
change the very molecular structure of the crops themselves along the lines of that pattem. The 


stalks fall over from the localized effect of the longitudinal waves. A plasma ball tracing 
patterns? Are they slyly sending a message to see if we are "getting it” yet? 


‘The "Cambridge Angel” - Made by Russian scalar plasma balls? 


Also see: Interview with Tom Bearden 


Attempt to Ban Energetics 
Weapons Worldwide 


#On June 13, 1975, in a major speech Brezhnev urged the 
United States to agree on a ban of research and 
development of new kinds of weapons "more terrible than 
anything the world has known." 

= On July 2, 1975 Brezhnev repeated his proposed ban on 
development of frightful new weapons, to a group of U.S. 
Senators. 

= In August 1975, Ponomarev called for a ban on frightful 
new weapons of mass destruction. 

= On Sept. 23, 1975 Gromyko presented a draft treaty 
agreement to the 30th Session of the UN General 
Assembly, for banning development of frightful new 
weapons. 


= No one had the foggiest notion what the Russians were 


@ mre seonnen 


(Slide from Cheniere.org) 


4. Healing powers of longitudinal waves 


Healing via longitudinal waves, time reversal of cells (de-differentiation), Priore's machine, Bearden’s proposed 
“blanket” version, using the electric power grid for healing waves or for broadcasting disease patterns. Scalar 
Biowar, 


The good news! 


" Any sort of disease whatsoever - physical or mental - will be rapidly curable, simply and 
cheaply. It will be possible to reverse aging and rejuvenate the person. It will be possible 
to regrow limbs and straighten misshapen spines - and directly remove the causes of 
‘mental diseases and cure them as well, Lifespan will be staggeringly increased, without 
‘old age's debilitation,’ AIDS, cancer, leukemia, and genetic diseases will be completely 
conquered, The potential for a true golden era is upon us, for all humanity.” 


Bearden- hitp:/twm.co.nz/beard_interview.htm 


Proof of the healing powers of longitudinal waves from the vacuum is seen in the work of 
Antoine Priore who produced longitudinal scalar waves using a gigantic glass tube filled with 
plasma, He himself did not understand why it worked or how it cured cancer in animals. 


"The Priore team cured terminal tumors, trypanosomias, and other dread diseases in 
laboratory animals in France, in the 1960s and 1970s, under rigorous scientific protocols 
by eminent scientists. The Priore project was funded by the French Government to the 
tune of several millions of dollars (equivalent). 


hup:/www.explorepub.conVarticles/energetics html 


". .. Prioré’s machines concretely demonstrated a nearly 100% cure of all kinds of 
terminal cancers and leukemias, in thousands of rigorous laboratory tests with animals, 
‘These results were shown to medical scientists as early 
as 1960." hnip://www.cheniere.org/priore/index.himl 


Bearden has stated that the longitudinal EM waves can 
have a healing effect because they always come in pairs 
called "phase conjugate pairs" and one of the pair is, 
time-reversed. This enables engineering of the waves to 
“pump” the cells of the body (with waves from the time 
domain) and actually time-reverse the cells back to a 
previous healthy condition. The scalar cure of cancer 
does not involve killing the cancer cells but rather 
pumping them with time energy into a previous 
condition. I know, this seems miraculous, and is it not? 


Priore and his giant plasma tube 


This healing power in the longitudinal waves of the time domain is a mind-boggling thing to 

face, It took me months to get through it, and to suffer the fact that the cure for cancer and AIDS 
‘was right there, in this new scalar electromagnetics technology, and that it has been kept back 
from the people for so many decades now. 


Bearden has a great deal to say about the work of Priore, who himself did not understand why his 
machine worked, Priore did not know about the longitudina 
fact, Tom Bearden has supplied, at last, the missing explanation as to how that big giant two- 
story glass tube consistently cured cancer in anima 


“The medical implications are enormous . By just reversing the damaged cells back to a 
previous physical state, this gives a physics mechanism for controlled cellular dedifferentiation, 

in biology terms. Physicians will time-reverse diseased, damaged or aged cells back to an earlier 
healthy condition, including all the cellular genetics. Normal cells are just reversed to a slightly 
‘younger condition." 


"We believe this mechanism explains the revolutionary but bafiling electromagnetic 

cures achieved by a team of outstanding French scientists in the 1960s and early 70s, 
‘working with inventor Antoine Prioré. In lab animals, cures were achieved for terminal 
tumors, infectious diseases such as trypanosomiasis, and atheriosclerosis. In addition, 
deliberately suppressed immune 


“We hypothesize that this isthe long-sought mechanism of how the living body heals 
itself. In short, the body's cellular control system induces cellular reversal by weak time- 
domain pumping of the damaged cells and the affected area, The cellular regeneration 
system performs all healing of cellular damage in the body; the immune system heals 
nothing, not even its own damaged cells) 


"For the first time medical science can develop as a science of healing rather than a 
science of intervention, And it will develop as a science of unlimited healing, since no 
pathogen can resist action by curved spacetime engines.” Bearden 


hup://www.cheniere.org/techpapers/ Vision‘ 202000% 20paper.doc 


See Priore's machine _ See Slides of how it works, 


Bearden has extended the Priore work, with the previously missing knowledge now in place, and 
designed a revised system (for irradiating the body with longitudinal waves) which gets rid of 
Priore's giant glass plasma tube and uses instead an antenna unit which surrounds the body. He 
has also provided the missing explanation of how it works. There is an article from "Explore" 
magazine, Part I and Part Il 


In fact, Bearden has presented to the U.S. government a plan to use a portable version of a Scalar 
Healing Blanket where wire channels in the blanket act as a scalar antenna, which can both send 
and receive scalar electromagnetic waves, A two minute treatment of the waves is sufficient to 
restore the body to its earlier healthy condition, Thus even thousands could be treated easily and 
quickly in a biowar mass attack 


RETRORADIATION WITH EMITTED TW EM WAVES 


Recorders & Broadband Amps Broadband Antonna Unt 


Receiver-ransmitters 


er extol 
_—— Adjusting broadband signals 
bandwidth and amplification 


Using an amplified replica of the body's own dense, broadband signal 
complex to irradiate it, producing deeply-penetrating and 
Jongitudinal EM wave Sets that pump calls and reverse cellular 
disease and damage 


"To defend against things like anthrax attacks on our civilian population centers, we also 
have recommended to the U.S. Government the crash development of small, portable 
treatment machines—using similar "antiengine-forming" and cellular reversing "porthole 
technology”. [See Figure 13 on previous page). Such portable machines could be 
developed cheaply and quickly, and present government facilities could be used to 
massively attack the correlate database production problem. "The portable treatment units 
could be cranked out by the hundreds of thousands and flooded down through emergency 
response agencies such as the police forces, the National Guard, emergency hospitals, 


emergency response teams, etc." 


Bearden hitp:/vww.cheniere.org/explore%20articles/mind%20control3/p04.btm 


‘The Scalar Healing Blanket would fit into large suitcase. It has three basic parts, the longitudinal 
‘wave generator, a laptop computer, and the antenna-blanket. The plan was a stroke of Bearden’s 


genius, but unfortunately it fell on befuddled government ea 


"Unfortunately, so far the DOD 


(Dept. of Defense] doesn't even understand what the heck we're talking about!" 


Article ‘Healing with Energy”: hup/ivww.explorepub comvaticlesvenergeties him 


Speaking of the 
work by French s 


"We tried very hard in 1998 to call attention to the extreme national need for the most 
urgent possible development of a portable computer-controlled treatment device based on 
the experimentally proven Prioré methodology, but extended to a much simpler and far 
more rapid method of treatment. 


"Quick development of this technology could lead to a suitcase size device, capable of 
treating a patient in less than one minute, and stopping the symptoms and disease 
progress cold, then reversing it. Three "less than a minute" treatments one week apart 
‘would be required for complete cure. As an added advantage, partial reversal of aging in 
older patients would also be accomplished as a bonus, in addition to time-reversing the 
damaged and diseased cells... 


"The method proposed to the DoD in 1998 used normal EM in a peculiar way to force the 
body itself to make its own time-polarized EM waves, and pump every part of its cells ~~ 
including the genetics -- in the time domain. 


"Quite simply, we are going to be struck this way (QP spreading the immune systems of 
the populace plus professional smallpox, anthrax, etc. BW attacks on our population 
centers) and by other means we've spoken of in other papers and briefings 


Bearden hitp://www.cheniere org/correspondence/021401 him 


The Dark Side of the Force: 
Creating and broadcasting disease 


lar wave induction of disease by longitudinal wave patterns Bearden refers to 
st Kervran Russian scientist Kaznacheyev, who proved that any disease 


could be transmitted electromagnetically. 


“It works this way: the Kaznacheyev experiments (and others) demonstrated that any 
cellular disease or disorder can be initiated into cells at a distance, by electromagnetic 
‘means (albeit unusual EM in nature). The decades of microwave radiation of the U: 
Embassy in Moscow, was an ongoing set of "stimuli to ping the U.S. system and, by its 
response, ascertain how far along (or if it was "along") in its knowledge of such weapons, 
‘The radiation was responsible for many health changes in personnel and for the eventual 
deaths of three U.S. Ambassadors.” 


Bearden hitp://www.cheniere.org/correspondence/021702a.him 


Ina letter he writes, 


"Yes, the Kaznacheyev experiments were quite real; 15,000 or so in military research 
institutes in Siberia. As with so many other novel areas investigated and developed by the 


Soviets, most U.S. investigators just assumed normal EM, which is not what the 
Kaznacheyev experiments involved, and not what was carrying disease induction pattems 
from one cell culture to another in rigorous lab tests.” 


How to "Broadcast" Diseases 
Longitudinal EM Biowars 


Bearden explains how the new quantum potential weapons can be used to induce disease-at-a- 
distance in a population, or to "spread" the immune system so thin that a conventional bio-attack 
would be greatly potentiated. By "broadcasting" virtual disease patterns over a population, the 
immune system is so overloaded by the presence of the "shadow" diseases that its effectiveness 
is thinned out. 


“In short, alter the internal wavestructure, and one creates a curved spacetime ‘engine! 

that acts on mass in any fashion one chooses to design -- including initiate diseases . 

Now visualize one of these 'vacuum engines’ or ‘spacetime curvature engines' that acts on 

‘mass to generate the exact effects produced by anthrax. (Or any other disease one wishes) 
Call the virtual state of a disease engine the disease pattern in the "shadow" state, just 

prior to becoming observable. . . 


"And the master cellular control system responds to "coming events that cast their 
shadows before”. In short, it responds to the upper level of the "shadow state” of a 
disease, still in the virtual state! (Hey, virtual particles are real, virtual photons are real, 
virtual ST curvatures are real --- just very fleeting, only for another to immediately arise). 
‘The exchange of virtual particles is known to generate all forces in physics anyway! .. 


"So the cellular control system responds to "shadow state” disease patterns. Enter a QP 
‘weapon application. Place a quantum potential weapon "area" on the United States, so 
that the entire populace is init. The slowly introduce and bring up in the shadow state, 

the necrotizing fascitis disease engine. At some point, the cellular control systems will 
react, and order the immune system into action. In other words, immune system resources 
will be committed against this "immediately coming" enemy. Bring it on up litle, but 

ill justin the shadow state. Voila! Humans form a bell-shaped distribution curve. And 
even if the structure of the QP fluctuates a litle, fluctuating a bit stronger and a bit 
weaker, etc. A few of those targeted bodies will now actually develop necrotizing 

fasciitis. So far, just like the U.S, Embassy targeting, except a different "carrier". 


"But now there is an exact signature that this is what is doing it, and not normal vector 
carriers of disease and contact or exposure infection, The few cases of necrotizing 
fasciitis that break out will be most puzzling. They will be randomly scattered across the 


entire nation, and so few that the vector carrier and contact or exposure explanation 
completely fails." 


" And that one happened, right here in the U.S., not so long ago. Check it out. 


"So carefully adjust the patterns for, say, 12 major terrible diseases, to that “adjusted and 
desired shadow state level". Now add all 12 pattems into the internal structure of the 
quantum potential, Now it has 12 shadow state disease engines in it. 


"Place that one on a populace. The cellular control systems order the immune systems 
into action, and they now have to commit their finite resources to 12 different areas. This 
greatly thins the response an immune system can make to any one of those 12 disease 
patterns! In short, it "spreads" the capabilities of the immune system, which can be 
galvanized to great effort, but only can perform a small bit against each area. 


"Suppose one of those galvanized’ areas in the targeted populace’s immune systems is 
anthrax. And suppose the bad guys now hit one or more of those cities with a 
professional anthrax attack. A former OTA study showed that a professional anthrax 
aerial spray attack against Washington D.C., dispensing 100 kilograms of anthrax spores 
in the spray, will account for 1 to 3 million casualties. And that’s in an "unthinned” set of 
immune systems, In the “thinned” set, one can at least double or triple, and even up to 
five times, that estimate, So conservatively, now there would be from 2 to 6 million 
casualties. And even mild anthrax spray attacks in other "thinned! cities would also be 
amplified. 


"That one is being set up, or already set up, right now. There are other such 
augmentation" setups also under way. 


"So the weapons alluded to by the SecDet 
has already begun, and our populace (and our 
of it.” 


1997 are already being employed. WW IIL 
ientific community) is blissfully unaware 


huip://www.cheniere.org/correspondence/021702a,him 


Most of us can remember the strange outbreaks of the so-called "flesh eating disease." It seemed 
to break out here and there randomly with no known cause. Bearden believes this was a test of 
the newer quantum potential weapons which go even beyond the capabilities of the Tesla 
howitzers. 


"The Kaznacheyev "disease induction by novel electrodynamics" work is also the basis 
for the spacetime curvature engines (not EM signals!) carried by quantum potential EM 
biological weapons for distant induction of diseases etc. into the population of an entire 
nation or area, such as the U.S. 


“This quantum potential disease induction weapon -- capable of attacking an entire 
population of a nation or area -- has been tested several times in the U.S. at very low 
levels, in the shadow state only (we explain shortly) and it has a most peculiar signature, 
Eg., one test used necrotizing fasciitis (flesh-rotting disease) engines. 


"The disease ‘engine’ was deliberately kept down in the 'shadow state' (virtual state, just 
below the observable state) so that only a tiny bit of the populace with depressed 
thresholds would "breach the observable threshold’ due to the population forming a bell- 
shaped curve as to the threshold level. The major signature of the test was that the cases 
of the disease broke out totally statistically and randomly, spread all over, without any 
‘disease vector in between, 


“In short, it was not spread in any manner required by normal deterministic disease 
vectoring, but was a totally random set of occurrences. Several other diseases were also 
tested this way in the American populace, with precisely the same signature." 


Bearden hitp://www cheniere.org/correspondence/021401 htm 


“Apparently one planned use of such an augmented clandestine BW weapon will be smallpox, 
eg. As you know, the Russians did develop smallpox for biological warfare, and even developed 
anew strain against which previous vaccination is ineffective. 


"The vast numbers of expected casualties, coupled with immune system spreading, are 
absolutely irresistible to the Russian mind, You can count on it that they have seen that 
the smallpox is already on site here, in the U.S. and in the hands of professional terrorist 
teams. Of course, the Russians/KGB will protest they have nothing to do with that! Yet 
likely the KGB will have flatly arranged it or at least assisted it. The capability for mass 
destruction of the nation is so lucrative and easy to achieve in advance, that they would 
never be able to resist doing it." 


Bearden hitpy//www.cheniere org/correspondence/021401 him 


Bearden believes the Gulf War Syndrome involved the use of scalar technology to induce a 
disease state, as he stated in a 1997 interview: 


"Tl say this flatly, and I won't answer any further questions about it; the Gulf War 
‘Syndrome was induced... It was induced with this stuff. All the rest... was contributing 
factors that everybody's talking about... There are some deeper signatures, if you look 
into it very deeply, that show you exactly how it was done and the fact that it was 
induced. It was a test, It was a test of a very special kind of weapon I have not talked 
about yet. Anyway you can use it to create diseases.” 


Bearden hitp/iwm.co.nz/reard weapon him 


Besides using the woodpecker grid to target a population, the entire electrical grids of nations 
can be used as "channels" for disease pattems to be broadcast to all people near that grid. Your 
own house wiring can become an antenna, broadcasting these "shadow" patterns of disease, 
‘weakening your immune system. 


And here one faces the frustrating fact that the same power grids could be set to channel patterns 
which would keep the entire population healthy, rejuvenated, continuously bathing in the time- 
reversing old-age-defying energy of the spacetime vacuum. We have no idea yet of how long the 


human life span could be increased with this new technology. People might be able to live two 
centuries given full humane development of this technology. 


5. Psychoenergetics 


Mental entrainment, inducing hypnogogic trance, mind control, broadcasting thoughts and feel 
education via EM [LW] mental download, the "Feelie." revolution in spirituality, “enlightenment 
churches? 


the Ant World, 
ichine?” Scalar 


Psychoenergetics is simply using the scalar interferometers to manipulate and engineer the 
human psyche. To me it is the most mind-boggling and frightening aspect of longitudinal wave 
engineering. 


‘The mind is electromagnetic in nature, and itself of the time-domain. It is not observable in 
space, There is no thing you can point to that is the mind, As Bearden says, ""The mind is time- 
like." 


‘The longitudinal scalar EM waves are also of the time-domain, By overlaying certain infolded 
patterns (oscillations in time) on the longitudinal waves, a thought or feeling may be made to 
arise in a person or persons who are in the interference zone (where the wave beams cross) 


‘The person will not notice anything, feeling that this thought or idea is his or her own idea. The 
longitudinal wave pattem might be a wave of panic or fear that spontaneously sweeps over you, 
pethaps inexplicably. It could even be in the form of a sudden intense patriotism. It could be 
explicit words and phrases, which everyone would think they had thought of by themselves. Or it 
could be rage and hatred, angry and violent. On the other hand It could also be a continuous 
sense of docility and placilty, This is the brave new world of psychoenergetics and the coming 
"Mind Wars.” 


Scalar Psychoenergetics in its most primitive form simply “entrains" all minds in the target area 
into a deep hypnogogic trance. In this state of mind people would be suddenly extremely 
suggestible, and would likely believe anything they are told, and would obey any orders given. 
Talk about winning the hearts and minds of the American People! 


Tom Bearden makes me think of Paul Revere , who heroically conveyed important wamings for 
the sake of the new nation, But the words of the famous phrase have now strangely and curiously 
mutated into the once-inconceivable: "One if by land, Two if by mind.” 


Indeed one strategy in a Mind War would be to simply take over the minds of the "leaders" of the 
enemy nation, The targeted leader would not be aware that anything was amiss, although he 
might begin to make unexpected changes in policy. 


And are, in fact, any of our "leaders" already having secret thoughts that are not their own? Who 
knows? Frighteningly, we can no longer be sure. The new sciences of scalar electromagnetics 


and psychoenergetics are even now plunging humanity into a sudden science-fiction-like world 
beyond anything in humanity's previous imaginings. 


"The Russians reached the point in the mid 1990s that they could take over control of a 
person's mind, with modified longitudinal EM waves including some time-polarized EM 
‘waves, and with a team of specialists (estimate 25-30 per transmitter, and one transmitter 
and team per controlled person).” Bearden http://www. cheniere.ory/misc/time.him 


Ina slide Bearden illustrates how a Scalar War would involve a psychoenergetics attack on the 
operators of the enemy scalar installation, entraining their minds into hypnogogic trance and 
getting them to shut down their systems. 


And ultimately psychoenergetic warfare goes to the very heart of human identity itself. For if my 
thoughts might no longer be "mine," then who and what am I? Can my very sense of being "me" 
be hijacked by some nefarious psychoenergetic scheme? Will the "secret govemment"” eventually 
dictate directly into your mind how you feel about yourself? Or what you think you are? Or what 
you should do? 


How Does Longitudinal EM Mind Control Work? 


‘The physics of scalar psychoenergeties as expounded by Col. Bearden seems even more arcane 
and over-my-head than that of extracting energy from the vacuum. I can't understand it, but I 
Jook through it anyway. Each time another tiny understanding might occur, ora term might fall 
into place. I know the mathematics is forever beyond me, 


One paper to begin with is “Mind Control and EM Wave Polarization Transductions” This is 
such serious stuff that Bearden includes a strong warning about misuse of this knowledge. 
Psychoenergetics weapons can mentally maim and physically kill, 


Warning! 


(From "Mind Control and EM Wave Polarization Transductions") 


"This article refers to experimental research techniques which can be detrimental or lethal 
in the hands of any but highly skilled, qualified experimental scientists proceeding under 
proper laboratory safety procedures. The purpose of this article is strictly for information 
to properly qualified and authorized scientists in certified laboratories, We do not propose 
or condone any use of these procedures for nonapproved practice of medicine without a 
license. Neither the publisher nor the author are responsible for accidents or outcomes in 
the use of these experimental procedures and techniques. Any researcher who performs 
these procedures and experiments is acting on his or her own volition, and is solely 
responsible for insuring safety, qualifications, and legality of the acts and their results. 

‘We neither suggest nor condone unauthorized experimentation on human subjects, Such 
is a criminal violation of the constitutional rights of the subject under Federal and State 
Jaws, and is both illegal and immoral." 


Bearden hitp://vww.cheniere.org/explore%20articles/minds 


dcontrol 1 /p01htm 


fier the serious waming comes the description of the paper. This is heady stuff for the layman. 


"Calling full attention to the special note above, in this paper we present a high-level 
overview of the novel electromagnetic nature of mind operations, mind and body 
coupling, and intent - the induction of physical 3-space EM energy changes into the brain 
and nervous system, and into every cell of the body, from the mind's time-like coherent 
operations, We summarize the time-polarized electrodynamics used to engineer and 
affect mind operations and the mind-body coupling loop. Transaction mechanisms 
whereby differing EM wave polarization’s can be transformed one-into-the-other are 
presented.” 


Bearden hitp:/vww.cheniere.org/explore%20articles/mind%20control/pO btm 


1 will leave it to the technically astute to try to understand the mechanisms of operation which 
are described in scientific language. But there are tidbits for the layman, Here he speaks of the 
difficulty Wester scientists have in opening up to the "immaterial" (longitudinal wave) nature of 
the human mind, 


Western Science Remains Largely Materialistic 


“Ironically, most Westem scientists are materialists and consider "mind as a mystical 
and nonscientific concept. They tend to consider mind operations and functions either to 
be simply "meat computer” operations and functions, or at best to be very weak ordinary 
transyerse-wave EM operations and functions in the brain and nervous system. This 
serious self-limitation exists because in the body we measure only weak TW [transverse 
‘wave] EM operations and functions correlated to biological behavior and brain 
operations. We simply do not know how to measure "mind operations" directly. 


"With no mind measurements possible and no instruments, it is understandable that 
Westem science considers only the physical side of the mind-matter interface. 


"Presently our scientists do not measure the longitudinally-polarized EM wave operations 
and functions in the body and around it in nature. Few of them are aware that a 
‘maelstrom of such LW [longitudinal wave] functions exist in the body and in all of nature 
in general." 


Bearden hitp:/Avww.cheniere.org/explore%20articles/mind%20control/p0S atm 


Westem methods of influencing the mind with EM waves have only used transverse waves, not 
the longitudinal waves of the vacuum. If only transverse waves are used one pretty well has to hit 
the target mind with a sledgehammer of waves, 


Western Science knows only transverse EM waves 
Brute Forcing Time Functions versus Fine Control Methods 


“Ironically, Westem mind control researchers using transverse EM waves for mind 
control research, are using a brute force method of evoking and using vacuum engines 


(spacetime curvature engines) and a special form of general relativity, although they do 
not appear to realize it. 


"While KGB scientists also use TW EM "brute force" TW waves when necessary, they 
do “imprint” or “activate” those waves with the desired intemal LW and time-polarized 
EM wave and photon structures required to directly perform the mind engineering 
desired... Bearden 


"These “fitted brute-force models" certainly can be very powerful, and certainly can 
produce the exact results shown in the experimental verifications of the fitting 
However, they do not of themselves allow sophisticated design for example of 
necessary time-polarized wave assemblies for engineering the entire human collective 
unconscious simultaneously, or for engineering the entire collective unconscious of all 
species on Earth (e., Gail’s collective unconscious), or even for precisely engineering 
the memory and knowledge base of an individual. 


ings. 


Bearden hitp:/vww.cheniere.org/explore%20articles/mind%20control/p09.hum 


‘The seemingly magical operations of psychoenergetics, sometimes called "psychotronics," 
cannot be achieved with ordinary transverse EM wave energy. But they are possible with 
longitudinal scalar waves because the mind itself is scalar in nature, 


"We note that all mind operations are time-like, i.e., they are comprised as scalar EM 
photon functions and scalar EM wave functions, Thus the mind is a very special kind of 
electromagnetic system, existing in the time domain..." 
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‘The engineering of the mind can only be accomplished with the waves of time. 


‘The course of psychoenergetics development necessitates the building of a vast database of 
settings and pattems which bring about given mental and/or emotional states. A kind of "gnome" 
of the psyche. Bearden describes the process of the decoding of this "gnome." 


"Now the scientists would perform many phenomenology experiments, making one little 
change at a time and profusely recording the data. Each time, they would establish the 
physical change(s) that occur in the body and/or the mental and emotional changes that 
occur in the mind for each spectral reinsertion back through the "ship's portholes". They 
‘would simply but painstakingly (over some years) build up an extensive database of those 
individual comelates. 


“In these experiments, the experimenters will eventually be able to provoke any body or 
mind change they wish. Strong emotion. Intense pain. Intense pleasure. Painful thoughts. 
Images, Memories. Perceptions. Dreams. Visions. Memory losses. Memory changes, 
Personality changes. Etc. The "delta" in the emission spectrum (the changes from zero 
reference spectrum) represent the precise totality of all mental, physical, organic, 
chemical, etc. changes and interactions." 
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"A second stage in the research would be to test the correlates and porthole insertions 
upon a statistically significant cross section of ordinary people, and/or specialized 
populations (such as toughened soldiers). The program would evolve a highly complex, 
very effective, ever-improving science and technology of mind and behavior control and 
engineering mechanisms, complete with finished database and developed applications 


equipment.” 


Bearden hitp://www.cheniere.org/explore%20articles/mind%20control/p02,him 


Summing up his paper Bearden speculates on what the actual situation the science of 
psychoenergetics probably is. The intense secrecy with which this knowledge has been kept from 
the public has led to the current farce of the "government" pretending it all does not exist, and 


crecy may have now put us at great risk. 


"The implication is that in the West one or more highly classified, sustained, heavily 
funded developments in advanced mind control programs, probably exists and probably 
has existed for some time. Due to loose formation of rogue groups inside such programs, 
they may have dual or triple purposes, may not operate under very much legitimate 
‘government control at all, and may operate specifically for the purposes of the rogue 
‘group or groups that have gained control 


In a nutshell, thats what may be going on in the clandestine mind control projects in 
several Wester governments. The involvement of at least some rogue groups, some 
being “cowboys” who operate well outside all laws and ethics, could also result in such 
things as assassinations, clandestine testing on individuals without their consent, etc. In 
short, it could account for what seems to be actually occurring. As also is "usual" in such 
a mess, one or more of the rogue groups eventually may become very powerful because 
their secret weapons are very powerful. They may become confident, thinking they have 
the "best in the world," They may actually believe they are ahead of the Russians..." 


"Remember that, in every large and powerful human organization, the basis for rogue 
‘groups is power and secrecy. They are always seeking to increase their power, control, 
influence, prestige, etc. Nothing else, Patriotism and mission are—to rogue groups— 
ofien just idle words. They have their own agendas, And being rogue groups, they may 
well bring in unethi ssination, bribery, entrapment, 
disinformation, plausible deniability, etc. A certain percentage of a highly secret rogue 
‘group will wind up using all these things and more. It's a human characteristic, the old 
primate dominance game. Only now disguised and hidden under deep classification.” 


"The Russians, with their additional knowledge of the actual mechanisms in the 
transforms, will be much more advanced than the West, because their fundamental 
psychoenergetics science is far more advanced, so long as we continue to use the old U()) 
electrodynamics. Further, the Russians have decades of use of longitudinal interferometry 
beams to reach right through the earth and ocean and produce stringent EM effects at a 
distance, So they will also be able to do the same things here in “mind control" with LW 
[longitudinal wave] interferometers, through intervening mass.” 
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Bearden cites two examples where he believes the Russian KGB tested the psychoenergetics 
capabilities of their scalar interferometers. One was the case of Captain Button in his A-10 
“Warthog” aircraft on April 2, 1997. 


"Over Arizona, Captain Button was thrown into a hypnogogie state, and his perceptions 
instantly altered and controlled, In his instant "dream-waking" state, everything seemed 
perfectly normal. His sense of direction was altered a bit more than 90 degrees, so he 
simply corrected and tumed and "flew toward the range”, actually flying off course by 
‘more than 90 degrees and ignoring radio contacts. He flew right on out of Arizona.” 


"At one point he circled, probably thinking he was over the range, and he probably 
dropped his ordnance there. Then he "flew on back toward home,” as he thought in his 
waking dream state, until his fuel ran out and he crashed and died in the explosion— 
dream-thinking until he died that everything was normal, All the while, his sense of the 
passage of time was altered. To him, in his dream-thinking, dream-acting state, 
everything was normal and nothing untoward had happened. So the distant KGB 
transmitters and associated psychoenergetics team controlled him for over an 

hour. "Indeed, that was the exact purpose of the test: demonstrate control (at a great 
distance) of a skilled person performing highly skilled tasks.” 
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‘The paper “Mind Control and EM Wave Polarization Transductions” ends with the most chilling 
and frightening possibility of all: the psychoenergetic engineering of the human species as a 
whole. 


The Ant World 
The Final Race for Direct Mind Control of the Entire Human Species 


“The KGB psychoenergetics weapons scientists—because of their direct measurements 
and detections (and use) of t-polarized waves and LWs [longitudinal waves] for 
decades—also understand that Jung's collective unconscious mind (of the entire human 
species) also has its own time-like operations and correlates, which one measures also 
‘when using polarization measurements and sorting it all out. The collective unconscious 
mind operations are buried several levels deeper inside the recursive Whittaker 
structuring inside the EM fields, waves, and potentials. "The KGB scientists also know 
that something very like Gaia — a collective unconscious mind for all species on earth — 
id they are striving to be able to sort out and measure that one as well, The 
structuring inside the EM fields, 
‘waves, and potentials.” Actually, from day one, the Russian mind control scientists have 
had their eventual goal set upon this "deeper area of mind and possible mind control” of 
the entire human species, 


"Lam convinced that the KGB psychoenergetics scientists understand this deeper area. If 
they can leam to directly engineer the collective human species unconscious, they can 


then convert the human species easily into a sort of "ant" society, modeled along ideal 
‘Communism lines, except of course with an excluded "hierarchy at the top" running 
everything. The “ant society" — communist style — is still a variation of feudalism (all 
systems tend to feudalism or some form thereof), "The KGB psychoenergetics weapon 
scientists are seriously pressing on toward that very goal. In my opinion they are not very 
far from it right now... 


"Some versions of Russian mind control devices were used on Russian soldiers in the 
Afghan War to condition them for performance of merciless acts." 13 
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More about 


nt World” 


Whether it is the Russians planning an "ant world” society or rogue U.S. black-ops groups 
withholding a great boon from human race, the secrecy on all sides around has allowed largely 
criminal elements to take over this technology while leaving the civilized elements in the dark. 
Openness and the spreading of this knowledge among good and decent people is essential, and 
for that we will have to overcome our frightened denial. 


"Meanwhile, rogue groups amongst Wester clandestine mind control researchers will 
probably arise if they have not already done so. They will likely seek to increase their 
personal control and further isolate the programs from orthodox government review and 
from government and legislative control, They may even divert the research into highly 
illegal and unethical means, because it furthers their own rogue agendas. That is how 
clandestine U.S. government research can sometimes go sour, unless great care is 
exercised by the oversight committees in the House and the Senate. 


"Sometimes when rogue groups do gain control and total secrecy of a given new 
technological area, then what appears to be "U.S. government operations" do start to 
encompass a criminal and unethical operations, hidden usually beneath the deep veil of 
high classification. Also, if it’s "scientific," no one is ever brought to justice, even if the 
“evil science actions" are uncovered and publicly revealed.” 
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Like the huge energy of the Tesla howitzers, the ability to engineer the mind with longitudinal 
waveforms is a seeming "magical" thing which can be used for good or ill. Bearden envisions 
that further developments will allow something like the "downloading" of knowledge via scalar 
interferometry. Everyone could be highly educated, and quickly and easily. 


In the conclusion of the paper "Mind Control and EM Wave Polarization Transductions” 
Bearden makes a plea to the nations of the world regarding the use of psychoenergetic 
engineering. 


"Let us hope this great new area, already off to a bad start, can be bridled and steered in 
the direction helping and healing people, rather than killing or abusing them, The 
excesses in its bad use are a potent threat to all nations on earth, 


"Yet it can revolutionize medical science, education, communication, and psychology. 
We foresee the day -- perhaps 30 years hence -- when education will be accomplished by 
directly loading the software into the mind, Then in three weeks one will "load" a 
doctorate, say, in physics. In three more weeks on will also load a doctorate in chemistry. 
Another three weeks, in electrical engineering. Another three weeks, an MD And so on. 
‘When that happens then truly everyone on earth can be educated. Freedom from 
ignorance may well be another great freedom that is legally recognized. There will be no 
impoverished large groups lacking the education to find decent, productive jobs. 


"We urge all nations to use the principles involved: not for human abuse, but for healing, 
educating, uplifting, and life-expanding of every person on earth. If we do, we shall all 
have a far brighter future, Then we shall check what has started out to be the Sword of 
Damocles and tun it into the golden Millennium." 
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(Perhaps after so many frightening topics a slight break is in order here to consider the lighter 
side of psychoenergetics. For example, what will be the ultimate impact on the entertainment 


industry?) 
The Feelies at Last! 


Psychoenergetics will be able to bring about at last, for better or for worse, Aldous 
Huxley's fanciful idea in his novel "Brave New World,” an entertainment format which 

he called "The Feelies." Those were something you went to, like going to the movies, but 
you would experience all the actual feelings themselves, as if the depicted events were 
‘actually happening to you. Although our "leaders" seem too dim to grasp what is going 
on in the world of scalar electromagnetics, it should not take some young Hollywood 
‘genius too long to understand that The Feelies are now possible, and that the immense 
‘megabucks of potential profit more than justify heavy investment in bringing it 0 

market, 


(One can imagine that first "Feelie" theater, "The Huxley" perhaps, a large comfortable 
area surrounded by nine giant screens (not just one screen!), which become 3D if you put 
on your headset. And The Huxley is fitted with the finest sound, and oh, by the way, a 
‘modest sized scalar interferometer with computer, And there are one or more new tracks 
now recorded on the film next to the sound track. These are the digital pattems of 
thoughts, feelings, and ideas to be fed into the theater's interferometer. And these 
thoughts and feelings and ideas will be felt by the audience as if they were their own 
thoughts and ideas, It is an entirely new art form, Psychevision. 


As important (and no doubt famous) as the actors would be the "feelers," those from 
‘whose minds the feelings were lifted in the original programming of the Feelie tracks. 
Because, for example, Brad Pitt might be a good and handsome actor, but can he really 
feel it? Like the dubbing of foreign language films, it might be necessary to dub the 
“emotional track” using a deeper and more profound person's feelings, thoughts and 
ideas, 


Itmight even be engineered so that if you sat on one side of the theater you would feel 
like the hero, and on the other side you would feel exactly like the bad guy! What would 
that lead to? 


We have all cried at a movie some time, most people have, though they might not want to 
admit it, But this would be deep sobbing and a flood of tears, if the director so desired it 
You would feel it at your core. Or, take a big chase scene, you would be terrified. They 
are breathing down your neck! You would be gripped by panic. 


For that matter, the whole genre of Horror-Feelie would be too much for many people to 
take, Do I really want to feel that an actual vampire is tearing at my throat with his 
fangs? 


A Religious Feelie would make you feel the exaltation of a saint at his prayers, or give 

you the definite feeling that you are Christ suffering on the cross. All the pain could be 
there too. The stickiness of the blood. The very feeling itself: "Why hast thou forsaken 
me?” Who among us could come up that despair for scanning? Had this been developed a 
bit earlier we might watch a documentary of, say, Mother Theresa, containing her own 
actual deep sense of compassion, which we would feel arising in us as our own, 


‘Then again, a Psychedelic Feelie could induce an LSD-like state and simply blow the 
audience's minds. 


Even in its simplest most primitive mode, the hypnogogic trance induction with its 
increased suggestibiliy, would completely alter the experience of even ordinary current 
movie going. 


6. As it Stands - 2002 


"Anyway, i's presently a "Mexican stand-off" with the various parties maneuvering with 
check and countercheck. That is the real "balance of terror" that is held by such a fragile 
balance." 


"You can see the implications if such weapons fall into the hands of the radical terrorists. 
Ordinary positive energy EMP shooters can be made fairly readily and cheaply from 
nearly just Radio Shack parts or surplus parts. It just takes some know-how... When and 
if the Yakuza [Japanese mafia] gets those (and they will it’s just a question of time), you 
can begin to appreciate some of the tums this present terrorism and our war on it will 
take." 
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‘The very thought of the building of one of these howitzers by “some lone-nut gunman" from 
Radio Shack parts makes one realize how serious itis for humanity to face the crisis it has come 
to. 


(Once again, as at the dawn of the nuclear era, humanity finds itself at the crossroads of Heaven 
and Hell. As a species, we must stop and consider, And there is at least one real difference 
between this visit to the crossroads and the last: this time there is a very real possibility of a true 
“earthly heaven" on the Heaven side. 


‘The poor nations could come to a good life. Disease could be largely eliminated. Fossil fuel 
pollution could end. Global warming could be solved, and the weather could be managed in a 
humane way, bringing water where there is drought, and sunny skies where there is flood, Scalar 
interferometry would be there to avert any possible hits by asteroids or comets. Mars could be 
colonized and terraformed, Everyone would be highly educated through psychoenergetic 
downloading of knowledge. And the wisdom of the wise could be realized directly through 
scalar connection to their minds and hearts 


‘These stunning sudden possibilities give me pause to think: if our species has reached this 
crossroads in such a short span of centuries, then surely other species in this vast universe have 
passed this way before and long ago. And of those who chose the path to "planetary heaven," 
‘what is their lifelike now? It might be good if some of them were with us now, to guide us 
through this last struggle over this pesky old good-and-evil problem. Itis our last chance to 
choose the path which benefits the whole species, and not just some elite group or faction, 


The Disclosure Project 


One person working tirelessly to bring to bring these technologies into the open is Dr. Stephen 
Greer of the Disclosure Project, which is calling for congressional hearings into the issues of 
UFOs and the free energy technology that was, perhaps in part, reverse-engineered from them. 


"Once abundant and nearly free energy is available in impoverished areas for agriculture, 
transportation, construction, manufacturing and electrification, there is no limit to what 
humanity can achieve, It is ridiculous — obscene even — that mind-boggling poverty 

and famine exists in the world while we sit on classified technologies that could 
completely reverse this situation, "So why not release these technologies? Because the 
social, economic and geo-political order of the world would be greatly altered. Every 
deep insider with whom I have met has emphasized that this would he the greatest change 
in known human history. The matter is so highly classified not because itis so silly, but 
because its implications are so profound and far reaching. By nature, those who control 
such projects do not like change. And here we are talking about the biggest economic, 
technological, social and geo-political change in known human history. Hence, the status 
quo is maintained, even as our civilization hurls towards oblivion.. 


“With the types of weapons currently in the covert arsenal — weapons more fearsome 
even than thermonuclear devices — there is no possibilty of a survivable conflict. Yet in 
the darkness of secrecy, actions have been taken on behalf of every human that may 


endanger our future. Only a full, honest disclosure will correct this situation, It is not 
possible for me to convey in words the urgency of this.” 


Dr. Stephen Greer http://www disclosureproject.ors/ES -Disclosurelmplications-2,him 


Greer and his team have assembled hundreds of witnesses, many of whom are military or ex- 
military, who are ready to testify to congressional hearings what they know about the covert 
black projects which have kept free-energy and antigravity propulsion technology secret from the 
people. 


Greer points out the need to regulate these technologies so they are limited to peaceful uses, but 
this is of course difficult when the government simply chooses to pretend they do not exist. In 
the meantime, as the President and the Defense Department continue the charade of wa 
usual, those scalar (longitudinal wave) installations which DO exist continue to fall into ever 

more sinister hands. And there is no reporter in the press brave enough to ask, "Mr. Secretary of 
Defense, what steps are you taking to defend our MINDS from attack by the big Russian 
longitudinal interferometers?" 


Longitudinal Interferometers are Proliferating 


Ina later statement Bearden reveals that in fact the Yakuza [Japanese mafia] has already leased 
some of the interferometers with a nearly $1 billion "down payment.” 


"After the collapse of the Soviet Union's economy, lots of things got available for lease or 
purchase that would never have been under the old system. That happened in the 
resulting economic chaos, The Russian Mafia rose to prominence, as did some wheeling 
and dealing entrepreneurs who played both ends against the middle. 


In that atmosphere, and in the need for money, the KGB allowed leasing of the earlier 
longitudinal EM wave interferometers to a consortium of the Yakuza and Aum 

Shinrikyo. They did this only afier they had tested and deployed their great new quantum 
potential weapons. That class of weapon is the dominant weapon on earth. Five nations 
now have it; Brazil, Russia (KGB), China, and two nations friendly to the U.S. The deal 
to lease many of the earlier LW1s [longitudinal wave interferometers] to the Japanese 
Yakuza and Aum Shinrikyo was consummated at the end of 1989, with a down payment 
of $900 million in gold bullion as "up front” money. I don't know what the lease per year 
‘was and is, but probably something like a billion dollars a year. So the rogue Japanese 
acquired longitudinal EM weapons and that technical know-how. In fact, the Yakuza is 
producing certain kinds of those in its own facilities in Japan now. 
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Personally, I am a little uncomfortable with the knowledge that the Japanese mafia may now be 

able to insert things into my mind. I'd like to sleep at night knowing that my dreams are my own, 
such as they may be, and not some weird fantastic visions cooked up by a criminal organization, 
This is a world emergency. 


And in Bearden's analysis, it all comes back to the issue of energy. It is the energy crisis which is 
now provoking the current "oil wars," since oil production has hit the "Hubbert Peak” and will 
decline, And the electrical power grids must be replaced with scalar power as fast as possible, for 
these grids are now totally vulnerable to any possessor of longitudinal interferometers. They can 
all be wiped out in minutes. By anyone who possesses or controls a Tesla howitzer. 


"Anyway, in my personal view, we should have a national Manhattan Project right now, 
to develop decentralized electrical power systems taking their energy from the vacuum . 
. The MEG is real and so are several other systems invented by private inventors and 
colleagues. All these efforts should be massively funded and massively and quickly 
developed. The survival of this nation is going to depend upon it. ... There are many 
other facets, but the major point is that our scientific apparatus and the public are stil 
‘unaware of what a desperate struggle we have entered, since it was thrust upon us. 9-11 
‘was a wake-up call, It was certainly bad enough, and one grieves for those lost American 
lives. But I fear the worst is yet to come, and itis coming at us like a runaway train 
hurtling right down the track at us." 


Bearden hitp://www.cheniere.org/correspondence/021702a.htm 


"The electromagnetic weapons mentioned by the Secretary of Defense in April 1997 are 
in terrorist hands also, including the Yakuza and Aum Shinrikyo. That rogue group 
leased those earlier weapons on site in Russia, from the KGB, at the end of 1989, The 
SecDef stated that such weapons were being used to initiate earthquakes, initiate 
volcanoes into eruption, and control and engineer the weather. Quite true. And presently 
there isa truly massive set of weather engineering operations going on over North 
America, from that rogue Japanese group manning the weapons in Russia, Some 10 
nations of the world now have the type of longitudinal EM wave interferometer weapons 
(which are what the SecDef was most probably referring to). There are other even more 
fearsome weapons, possessed by five nations. So a great deal of the state of the world is 
not covered in the news at all, and will not be .. 


“We have been in an undeclared war of an eerie kind for some decades, That war seems 
now to have started to heat up also, The destructive capability of 
is awesome, and far greater than nuclear." 
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"In that sense, the first phase of WW III is already completed. Now we are only waiting 
for Phase Il. 


“Itis against that backdrop that I think one must "analyze" such things as how fast we 
will be replacing the power grid (it's going to go anyway, and catastrophically, the 
terrorists will see to that). And everything we have is critically dependent upon energy, 
from the economy to jobs to mobility, to the millions of trucks that transport our goods 
every day, etc 


"As far as Tam concemed, we are already late in declaring a great national emergency in 
energy, because of the coming destruction of the present energy infrastructure. The 


scientific community should lead, follow, or get out of the way. The emergency is not in 
seeking "altemative but conventional” systems. Its in developing "energy from the 
vacuum" on an emergency, crash basis, 


Unfortunately, everywhere I look I just see business as usual, Most Americans (and 
news media) seem to think, hey, Afghanistan is finished except for a bit of cleanup, and 
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Beyond the Howitzers: Quantum Potential Weapons 
Do not use EM propagation through space 


As more and more nations acquire the scalar interferometers, Bearden speculates on the next 
generation of longitudinal weapons called “quantum potential" [QP] weapons, 


"The quantum potential weapons are presently only held by three nations: Russia (in the 
hands of the KGB, which is now know by its new name), Brazil, and the "friendly little 
nation,” Red China may be working on them, but is just at the beginning. 


"The QP weapons have been highly reserved by the Russians, However, the complete 
extent of their capabilities is still being figured out.. 


"The quantum potential weaponry (possessed by only three nations) is supreme, because 
it uses multiply connected spacetime, and DOES NOT involve propagation of EM energy 
through space as does the longitudinal EM wave interferometers. 


Bearden hitp://www.cheniere.org/misc/qp.him 


"The operational deployment of full-scale strategic QP weapons on site in Russ 
occurred at the end of 1989, which is when the formal weapons first went operational. 
‘These weapons are not in the inventory of the regular Russian armed forces, but all 
research and development, manufacturing, deployment, an_manning and employment is 
under the ruthless control of the KGB. Shortly thereafter (within weeks), the KGB leased 
‘many of their earlier longitudinal EM wave interferometer (LW1) weapons to a rogue 
Japanese group comprised of the Aum Shinrikyo and Yakuza." 
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In another paper, "Time Polarization - Significance and Weaponization,” Bearden tells the story 
of how a KGB longitudinal wave attack was averted by the longitudinal weapons of a "friendly 
small nation.” 


So as it stands, it is precarious. Not until the people demand an end of what author Jim Marrs has 
dubbed the "Rule by Secrecy," can the people's representatives tackle the big problems of a 
worldwide ban on Scalar Wars and the shifting over to an essentially oil-free economy. 


Latest Update from Tom Bearden - March 2002 


‘The whole situation is changing so fast that when I asked Tom to look over this article he 
mentioned the seeming contradiction when some of the above statements are taken together. At 
different times the information he has is updated so one has to keep a kind of running track. He 
‘was kind enough to clear up the confusion here with the situation as it stands as of March, 2002. 


"We knew of three nations having the QP weapons for some time. Then we found out last 
‘year that five nations had it. So that explains my using the figure "three" first (which 
represented what I knew at the time), Later I found out about the other two nations. 
China, e.g., only deployed its QP weapon this past year. So that explains the apparent 
contradiction between me using "five" in later papers and "three" in earlier ones, It was 
the best information I had at that time, Might mention that so the reader will understand 
the apparent discrepancy.” Tom Bearden 


Emptiness is Full of Energy 


"The Tao is an empty vessel; 
itis used, but never filled, 
Oh, unfathomable source 

of ten thousand things! 


"Oh, hidden deep but ever present! 
I do not know from whence it comes. 
Itis the forefather of the gods.” 


Lao Tzu -Tao te Ching 
Afterward 


Because of the extreme seriousness of the topics brought forward in this article, asked Tom 
Bearden to look it over to make sure I had not gotten anything too terribly wrong or mixed up. 1 
did not want to pass on any misunderstanding of my own, I felt a little nervous writing to an 
eminent scientist, and hoped I had not presumed upon his time. 


But Tom was so kind as to answer immediately, and to my relief I had not gotten anything too 
terribly wrong. Here is his leter, in which he clears up a misunderstanding, and reports on his 
current health treatment, and gives call to the young grad students to tun themselves loose in 
the whole new field of scalar electromagnetics and free energy. 


Subject: RE: Article on Tom Bearden and "Scalar Wars" 
Date: Fri, 22 Mar 2002 22:54:01 -0600 


Bill, 


Well, I must say I'm astounded at your persistence and hard work in congealing all that together. 
My compliments on a hard job quite well done. 


Couple tiny things: In the area mentioning Kervran and Kaznacheyev: Kervran was French; 
Kaznacheyev was and is Russian. Little typo of "spredding” the immune system, Should be 
“spreading”. 


We knew of three nations having the QP weapons for some time. Then we found out last year 
that five nations had it. So that explains my using the figure "three" first (which represented what 

I knew at the time). Later I found out about the other two nations. China, e.g., only deployed its 
QP weapon this past year. So that explains the apparent contradiction between me using "five" in 
later papers and "three" in earlier ones. It was the best information I had at that time. Might 
mention that so the reader will understand the apparent discrepancy. 


Otherwise, its pretty accurate 


Just now I'm letting the weapons take care of themselves; have to, as I will be recovering now for 
nearly a year from now after the heart attack last year and discovering that I had contracted 
mycoplasia (the BW modified kind) in Canada in 1968, Finally got a test which confirmed the 
chronic mycoplasia (which I had for 33 years!). The stuff burrows inside one's red corpuscles, 
then draws nutrients from the hemoglobin, hardening it and reducing its ability to take on oxygen 
(by as much as 50% or more). The resulting symptom is loss of endurance (Which I had for that 
33 years) -- the so-called "chronic fatigue syndrome" 


Many of the Gulf War Veterans who are sick also have it, though they apparently have other 
well. A very high percentage of persons with chronic fatigue syndrome 
a. The treatment for the long-standing mycoplasma infection of that nature is 
to stay on antibiotics for a year. The only time the mycoplasma is vulnerable is when one wea 
ut a red cell in normal usage, and the body makes a new red cell to replace it. The mycoplasma 
comes out of the dying cell to infect the new replacement cell, so itis exposed and vulnerable at 
that specific time and that time only. The antibiotics kills it at that time. Hence the necessity to 

for such a long time so itis continuously in your bloodstream (I've already 

s for over two months, and have at least 10 more months to go). We also take a 
litle medical oxygen every day. 


Another symptom of the mycoplasma infection is the association of runaway fibrillation of the 
heart. To stop that, there are pills one takes, and they stop it. But they also further reduce the 
volume of blood pumped by the heart, so that this projects one right back into the hypoxia, dizzy, 
loss of balance, etc. Catch 22 situation; the fibrillation will build and cause heart attack, stroke, 
etc. if not stopped, and if stopped it puts you back in the hypoxia which can cause many things! 
With the conventional treatment, youre damned if you do and damned if you dont. Hence the 
need for a litle extra medical oxygen, so you can take the “heart clamp” pill and stop the 
fibrillation, but also augment the oxygen enough to continue to survive without a stroke or some 
such. Interestingly, its very difficult to even obtain a mycoplasma test, and Medicare fights you 
tooth and nail over paying for the oxygen. Either they will pay for it or Ill pay for it myself; itis 
absolutely necessary. 


Afier a heart attack, one is treated in the heart clinic by specialists who are very caring and 
excellent practitioners, but know nothing of mycoplasma infection, so not consider it even a part 
of “heart disease", and who are rather puzzled when one has no clogging of the arteries, has the 
right count of red corpuscles (largely nonfunctional, of course, but there), pumps the right 

amount of blood, etc. So they identify and treat only the runaway fibrillation, do not prescribe 

the oxygen -- and essentially place you on a regime as best they know, but one that is guaranteed 
to kill or maim you or tun you into a totally disabled person or human vegetable via stroke, 
paralysis, ete. Fortunately my family doctor will prescribe the oxygen anyway, though I may 

have to pay for it myself. Whatever works! 


However, Im slowly improving little by litle, working as much as Tm able to and trying to 
finish my book: Energy from the Vacuum: Concepts and Principles, and get it to the publisher 
for publication later this year. Hopefully the book will turn all the interested young grad students 
and post-docs loose in the free-energy area. They will not have to spend 30 agonizing years to 
get to where I am, and where a few others are, but can simply start here and go forward. Since 
speed to develop energy from the vacuum is of the essence because of the world situation, !'m 
moving on it as fast as I am physically able to. 


Meanwhile, working with the AIAS (Alpha Foundation’s Institute for Advanced Study), the 
AIAS (15 authors) has now gotten about 20 scientific papers published in leading journals 
(Foundations of Physics, Foundations of Physics Letters, Physical Scripta, Optik, ete.) dealing 
with electromagnetic energy from the vacuum. Several more are either approved for publication 
or in the review process also, So slowly we are getting it into the mainstream scientific literature. 
Hopefully it will be in time, but its cutting it close. 


Very best wishes, 
Tom Bearden 


Late update 


Massive display of longitudinal interferometers? 


UFO Fleet Taped Over Bedhampton, England 


Is this sighting a case of the testing of all the Russian (KGB) longitudinal interferometers at 
once? And coordinating their targeting through the woodpecker grid to a common place, as an 
exercise in making a massive scalar attack upon a given region? Was this a confluence of 

Russian Tesla howitzer marker-beacons? 


‘Bedhamptor@engiand - March 22. - Vidieo Frames by: Woods 


Certainly for a massive all-out scalar attack you would want coordinated movements of the target 
areas of many howitzers at once, for you could then just cut a bloody swath across a wide area, 
all the howitzer blasts marching across the land in a kind of scalar version of the "scorched-earth 
policy." All in a line, blasting, and heat, and mind waves. Or you might want to put the blasts all 
in the same place for a truly horrendous destruction, And on top of that biowar on citizens whose 
immune systems have been weakened with the quantum potential weapons. This is the latest 
version of Armageddon. 


And should any madmen gain control of these weapons, any rogue group at all, and should they 
have some agenda to radically depopulate the world, o simply kill by the billion, the means will 
be in their hands to do so, 


Update: MEG patent granted 
Motionless Electromagnetic Generator Patent Granted 
‘This message is from Jean-Louis Naudin, the French scientist who successfully replicated the 


Motionless Electromagnetic Generator (MEG) in France, He announces the granting of the 
patent to the MEG Builder's group at Yahoo. 


-- Original Message —~ 


From: 

To: 

Sent: Tuesday, March 26, 2002 2:20 PM 

Subject: [jlnlabs] (Info) GOOD NEWS : The Tom Bearden's MEG IS PATENTED 


Dear ALL, 


GOOD NEWS 


‘The Motionless Electromagnetic Generator from Tom Bearden is now PATENTED US 6362718 
granted on March 26, 2002 


US Patent 6,362,718 : 
Motionless Electromagnetic Generator ( MEG ) 


Abstract: An electromagnetic generator without moving parts includes a permanent magnet and a 
magnetic core including first and second magnetic paths. A first input coil and a first output coil 
extend around portions of the first magnetic path, while a second input coil and a second output 
coil extend around portions of the second magnetic path, The input coils are alternatively pulsed 
to provide induced current pulses in the output coils. Driving electrical current through each of 
the input coils reduces a level of flux from the permanent magnet within the magnet path around 
which the input coil extends, In an alternative embodiment of an electromagnetic generator, the 
magnetic core includes annular spaced-apart plates, with posts and permanent magnets extending 
in an alternating fashion between the plates. An output coil extends around each of these posts. 
Input coils extending around portions of the plates are pulsed to cause the induction of current 
within the output coils. 


Inventors: Patrick; Stephen L. (2511 Woodview Dr. SE., Huntsville, AL 35801); Bearden; 
‘Thomas E, (2211 Cove Rd., Huntsville, AL 35801); Hayes; James C. (16026 Deaton Dr. SE., 
Huntsville, AL 35803); Moore; Kenneth D. (1704 Montdale Rd., Huntsville, FL 35801); Kenny; 
James L, (925 Tascosa Dr., Huntsville, AL 35802) 


Appl. No.: 656313 
Filed: September 


2000 
For some technical info see my web site at: http://inaudin.free.fi¢html/meg.htm 


Best Regards 
Jean-Louis Naudin 

Emu: JNaudin509@a01.com 

Main Web site : inip/intabs.ors 

Site France : http:/jlnlabs.multimania.com 


Click here to view patent # 6,362,718 
Patent Story on Rense.com: 
Rense.com 


MEG Scalar Energy Device 
Patented - Production Starts Next Year 


From Bill Morgan 
wmorgan@nycap.r.com 
3-28-2 


Patent was granted on March 26, 2002 for "The Motionless Magnetic Generator," (MEG) US 
Patent 6,362,718, which is likely to become the first commercially available free energy device 
in history in about one year from now. The machine will provide free electricity from the 
vacuum, for the life of the device, which should be a very long life since it has no moving pats. 
You can see a picture of scientist Jean-Louis Naudin’s MEG replication model at: 
hitp:/inaudin free fi”html/meg.him, 


Ithas strong magnets, coils, and a controller unit with the electronics. Naudin made the 
announcement to the MEG- builder's Yahoo group. The announcement has significance since the 
patent office has always been skeptical of devices which seem to "get-something-for-nothing.” 
But according to the new science of scalar electromagnetics, the MEG does not break the law of 
conservation of energy. It’ just that the energy is conserved in the fourth dimension, time, and 
not our 3-space world. 


‘The MEG provides electrical energy by tapping the longitudinal electromagnetic (EM) waves 
which exist in almost infinite abundance in the vacuum of space. This ocean of energy which 
permeates everything is sometimes called the "zero point” energy, since it remains there even at 
absolute zero temperature. 


Four inventors are listed: Stephen L. Patrick, Thomas E. Bearden, James C. Hayes, Kenneth D. 
Moore. 


‘Tom Bearden has explained the operation of the MEG on his website Cheniere.org, and also 
speaks about the new fearful weapons that can and have been made using the same “longitudinal 
waves" of the vacuum, 


‘The complicated physics of how the MEG works is explained in the paper "The Motionless 
Electromagnetic Generator: Extracting Energy from a Permanent Magnet with Energy 
Replenishment from the Active Vacuum,” which can be found at Tom Bearden's website: 


cheniere.org.(http:/svww help4all.de/energy/MEGpaper pdf) 


‘The first MEG units to be produced for sale will output 2.5 kilowatts of free electricity. Forever. 
‘They should be in production about a year from now. Facilities for manufacturing the device are 


This free electricity will flow indefinitely, without much, or any maintenance. The units may be 
hooked together to provide more wattage, so four of them would provide 10 kilowatts. After 
some production experience units will be made which output 10 kilowatts each. With a couple of 
those units a house could get off the electrical grid. 


‘Tom Bearden, one of the inventors has 
experimental group in a large company 


‘will admit that the chief scientist of an important 
rather stunned at the type of output we were able to 


obtain. The MEG may look like just a transformer, but it is not. It is a completely different breed 
of cat." This cat, it would seem, is out of the bag now. 


‘The ordinary EM waves we are familiar with are called "transverse" waves, to distinguish them 
from the new "longitudinal" EM waves of the vacuum, Bearden has explained in depth on his 
website cheniere.org that wherever there is a dipole (battery, generator, magnet) there is an 
unseen flow of longitudinal EM waves in that local vacuum, the only problem is in tapping that 
energy and "transducing" it to electricity. Bearden says that the problem with all the electrical 
circuits we have is that they are two-wire circuits, a loop by which half the energy goes back to 
destroy the dipole, In the MEG that closed loop is never made. So the dipole is not being 
destroyed. 


Patents are not granted on devices which do not work, so in a sense this announcement proclaims 
anew era. The MEG device itself proclaims and proves that energy is abundantly available 
everywhere, for free. We only have to build the devices to tap it, MEG type devices could be put 
into a car with an electric engine to make a truly fuel-less automobile, Electricity can be 

available in very remote places. People will be able to get off our very terrorist- vulnerable power 
vids. In an era of terrorism a highly dispersed power system would be most desirable rather than 
ur centralized systems. 


What is somewhat astonishing to me is the discovery by Bearden et.al. that time itself is actually 
compressed energy, and that this free energy is actually coming from the time domain, the ocean 
of longitudinal EM waves which fill the empty vacuum of spacetime. In fact, time is energy 
compressed by the same factor that matter is compressed energy: the speed-of-light squared. 
‘Thus there is a new companion to Einstein's E=mc2. Can you say "E equals delta-tee-cee~ 
squared?" The "tee" is time and delta-tee is change in time. 


A company has been set up to manufacture the MEG called Magnetic Energy Limited. 


‘The ramifications of free energy are enormous. The oil wars are not necessary. If we threw as 
much money at this technology as we are spending on the oil wars we would be free of the need 
for oil in less than a decade, With fuel-less cars air pollution will be greatly lessened. Third 
‘world nations can raise their standard of living eventually. And the energy is free. And it never 
runs out. 


have put together a kind of "Bearden for Beginners" article which explains some of the basic 
concepts of the current state of scalar technology. 


bhutp://www.prablad.org/pub/bearden/scalar wars.htm 


‘The granting of the MEG patent is the herald of the new era of scalar electromagnetics, and the 
free energy which flows forever and never runs out. 


Bill Morgan 
wmorgan@nycap.r.com 


Do the magnets run down after a while? 
Further developments: Tom Bearden clears up a question 


When the MEG patent was released many questioned the patent language which seemed to imply 
that permanent magnets of the MEG would "wear out" after awhile. I myself wondered about the 
same thing so I put the question to Tom, and here is his reply. 


Dear Bill, 
‘Thanks for the kind words; much appreciated. 


Tm not up to going on radio or TV, and won't be for quite some time, Still suffering from 
hypoxia, though very slowly improving, and will still be on antibiotics for 10 more 
‘months at least (maybe longer). 


Obviously an extensive dialog developed between the Patent office and our patent 
attorneys, As best I can understand it, the Patent office accepts the fact that a permanent 
‘magnet produces and emits energy, or has a history of accepting it. They do not appear to 
be at all cognizant of the broken symmetry of opposite charges, and hence of a dipole, So 
in their opinion (which seems to be vague), the magnet has to use itself up very gradually, 
or some such, So some rewrites were essentially required by the Patent office. 


All I can say is that a magnet is a very durable thing, so long as you don't heat it up too 
much or shock it to much. Certainly one will make a good 20 years, and of course there 
are plenty of magnets that have been around awhile longer. 


‘That said, in our earliest experiments we did "measure" some such effect, or so we 
thought, until we found that a particular instrument was bad and giving erroneous 
readings. So with a new instrument, we have not observed since then any such readings. 


(Out of all that fuzziness came the inclusion of "using up the magnets gradually”. So far as 
‘we are aware (after correcting those early readings on a defective instrument), we have 
seen no such measurements or effects since then at all. Nonetheless, just in case there is 
some very small effect in that respect, at least it's in there. 


Actually, as you are aware, capacitors and solid state components are the major concems 
for failure, and any system does require maintenance, both periodic and whenever 
‘malfunction or failure occurs. The MEG is no different from any other device in that 
respect, so of course it will have a component failure rate and maintenance required from 
time to time, just as any other electromagnetic device. But without moving pars, it can be 
ruggedized and made very durable indeed. 


Please give Jeff Rense my regrets, and I do admire his work and his show. He's laying it 


in there. 


‘The depth of the scientific mindset against COP> 1.0 is inexplicable, particularly when 
physics itself already has COP> 1.0 validated experiments (such as Bohren’s experiment, 


outputs 18 times as much as one inputs by Poynting calculations), and it works 
every time, Any competent university optics lab can perform the experiment. Also, even 
the conventional texts admit that a charged capacitor or electret laid on a permanent 
‘magnet, so that the E of the cap or electret and the H of the magnet are at right angles, is 
a"free energy machine”. That silly thing will just sit there and pour out Poynting energy 

S = EXH indefinitely. Years and years and years. If you wait just a single year, that silly 
thing has changed the energy density of a volume of space a light year in radius, reaching 
‘out well beyond the solar system, Now that's a WHALE of a lot of EM energy that beast 
poured out in that year, and it will still be going strong and pouring it out ata steady rate. 
‘The charges and dipoles in original matter in the universe have been pouring out EM 
energy in that fashion for some 14 billion years, give or take a billion or so. It's 

to see that, prior to Lorentz’s ARBITRARY symmetrical regauging of the 
Heaviside equations, those equations prescribe both EM systems in equilibrium with their 
active environment, and EM systems not in equilibrium with it. The latter systems are 
permitted by the thermodynamics of open disequilibrium systems to perform five magic 
functions: (1) self-order, (2) self-oscillate or self-rotate, (3) output more energy than the 
operator inputs (the active environment inputs the rest of it), (4) power itself and its load 
(the active environment inputs all the energy, like a windmill), and (5) exhibit 

negentropy. That is a well-established thermodynamics. Lorentz arbitrarily discarded all 
such open disequilibrium EM systems in order to get simpler equations having analytical 
solutions and not requiring numerical methods. So he simply scrapped all the really 
interesting and challenging EM systems in Maxwell’ theory. ARBITRARILY! 


‘That our scientific establishment continues to teach only that “half” of the theory, and not 
point out the rest fo the young students, and not fund research into developing such 
systems that take energy from the vacuum, is simply inexplicable. It's a matter of total 
dogma, not science at all 


But hopefully it is changi 
things were done, and what they are, and the young grad students and post doc: 
check the papers and make up their own minds. 


allie bit. At least now we cite chapter and verse when these 
go 


‘That is the real hope of the future: that we get a generation of young fellows, with 
excellent skills, who now know where all the skeletons got hidden in the closet, and 
understand that the electrical engineering model arbitrarily assumes an inert vacuum 
environment (falsified for more than a half century in particle physics) and a local flat 
spacetime (falsified for nearly a century by general relativity) 


Once they know that past history, and go read into what broken symmetry of opposite 
charges means for a dipole and for all dipolar EM circuits, they will set to and change 
that more than a century of error. In that case, we shall have numerous solutions to the 
energy crisis rather quickly, popping up all over. 


Good thing. It will certainly displace some great energy barons, but it will also free the 
populace. One can extract all the EM energy from the vacuum one wishes, anywhere, 
anytime, with ridiculous ease. One can produce that "electrical wind of energy" at will, 
bby making a simple dipole and then letting it alone. The only energy problem is in how to 


then intercept some of that energy flow and "catch’ it in a circuit, discharge it in a load to 
power it, and not use half the "caught" energy to kill that dipole that is gushing out the 
extracted EM energy from the vacuum. 


Very best wish 


‘Tom Bearden 
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Tesla's Scalar Waves Stil Beaming On! 


our PESNeswork YouTube account 
Video of his presentation tothe IEEE ina 
oupleof days. It's in proces of being 
transmited, but will ake a while, a itis 
3+Gb. Were expecting to get 
instructions from Steve on Monday, and 
‘wel be posting a PESWiki page to 
‘nganizg al this material o streamline th 


Take a look at the following vide 


Scalar Wave Properties 


‘You might be wondering what in the world ea scalar wave! K's actually prety simple. Unlike a 
transverse wave (like an ordinary eadi o ight wave) a scalar wave's amplitude does ot Auctuate 
tp and dovwn Insicad ryt visualize more like a vibration of electric potential expanding and 
contracting inthe direction of propagation. 


Scalar waves are als olen called "Tesla Waves" or "Longitudinal Waves,” All ofthese term 
refer tothe same typeof wave which osillates im the diction of propagation 
waves have many unique proper 


Perpendicular to the disction af movement. The 
have been tested an confirmed repeatedly 


1) They are capable of penetrating any sold object including Faraday Cages, You can puta 
transmitter in a box of tick metal anda receiver outside ofthe box wil recive the salar wave 
esuency you are pulsing. The potential here i fora tansmiter that can penetrate uny obstacle oF 


Peps communicate dell trough the Earth from onesie af the globe to the oth 


2) They are capable of superluminal travel, These waves are claimed not tobe electro 
speed of light limit doesnot app to them, 

The propagation spoed of a cals wave has been measured as fster than the speed of light and 

thought by some researchers o be potentially of infinite velocity. (Perhaps SETI - The Seach for 


int compose of pre potential eneryy. Duc to this 


ExtraterestrialIneligence - aged a dtfrent kind of revever inorder to pickup signals from 
‘lscwhere inthe universe! Why would advanced ET civilizations even bother using slow 
transverse waves fr interstellar communications?) 


3) They are capable of transmitting power. I can then be put to use powering motors, lights, 


4) A scalar transite can wirelessly send power toa receiver through any obstacle, For example 
2s mentioned above, you ean setup a wansmiter put itin a Faraday Cage ora meal box, and @ 


hitos:fpesn.comfarchive!2011/03/26/9501797_Teslas. Scalar Waves Replicated by Steve_dacksonlindex him 
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receiver ean receive power far ava. 


5) During the process of wansmission and reception they can magnify power. You can input 
‘erain quantity of power into a scalar wave tse and yet the receiver can receive several 
times the power, 


6) Teansmtters and receivers can communicate 


7) A conventional transverse wave transmitter cannot sense ia receiver has “uned in" However, 
ina sla ystem the transite and receiver interact hecause they ae ina stat of resonance 


[As you can see Scalar Waves hold many potcatial applications for communication, enensy, and 
ther applications. To mimic a commercial fora popular brand of cell phon, "Scalar Waves do 
Wat Transverse waves dn'.” They are fast, penewating, connected, and can broadcast magnified 
power. These waves ae begging to be wilized! 


Recipes for Sealar Waves 


Nikola Tesla's most famous scalar wave transmits was his Wandenelvfe tower on Long Island, 
NY. Prior to that a the height of his amazing inventive carcer, he hada lain Colorado Springs, 
Colorado, He wits able to beam power to recivers mils Way that were used t illuminate neon 
tubes. great deals known about his tower, ransmiters and receivers tal detailed in his 
Patents, This allows for present day replications! 


From examination of Tesla’ patens, researchers have learned that perhaps the most critical 
Component ofa scalar wave system isthe antenna It is composed ofa fat "pancake coil” 
composed of bth a primary and «secondary winding. The cll is connected to aspherical 
metalic resonator that helps transmit and receive scalar waves. 


A panicularly good source for information abou salar wave systems i the website of German 
Scientist, author, and researcher, Konstantin Mel. He has published a scies of books that deseribe 
Scalar wave systems, detail their componcas, and discuss ther operation. His books also dive into 
the science and physies of scalar waves, among ater faseinating topics. 


In fact, he offers scalar wave kits fr sale on his ste. They include all the components needed for & 
‘complete system, arsve in an aluminum suitcase that can serve inthe same manner asa Faraday 
‘age for your experiments and come wit a book detailing the ki. These kits have been used by 
‘experimenters to prove to themselves and others the exstonce of scala waves and their unique 
properties 


“Take a Took at the following video to see Konstantin demonstrating scalar wave transmiter and 
receiver The same device sn he Tllowing video i for sleight now onthe ieraet fom his 
website 


“ 
shows Tes’ lengua elect wansmisslon in Washington 
bata Tsiam mestng a 20051 


Even NASA is paying attention to scalar waves to som degre. The paper tiled, "Advanced 
Energetics for Aeronautical Applications: Volume I” by David S. Alexander offers a review of 
Scalar wave (longitudinal wave) research. It mentions the work of Konstntine Mel and others in 
the field. Interestingly, the paper also discusses how Dr. James Clerk Maxwell’ original equations 
specifically allowed for salar or longitudinal waves. Only many years later di shortsighted 
Sicntists who di not care to deal with Maxwell’ complex equations based in "yuatersons 
‘mathematics arbitrarily discard longitudinal waves. Duc to this, many mainstream scientists doubt 
their existence despite their history andthe mountain oF evidence which proves they are Very, Very 
real. 


Opening Test's Technology 


Steve Jackson's goal isto opensource Tess 
Wireless power transmission technology. This is 
‘ery possible to do, duc to the simple nature of 


hitos:fpesn.comarchive/2011/03/26/9501797_Testas_ Scalar Waves Replicated_by Steve _Jacksonvindex him! aie 
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the pants and components required. During hie 
talc he published alist of components routed 
to build a system. This same information can be 
found inthe books of Konstantin Mey! and 
‘elsewhere onthe interme. 


By open sourcing this technology, ordinary 
individuals could prove to themselves, fends, 
associates, co-workers, nd others that Tesla 
technology worked as claimed. Not only does it 
work, but ean be replicted and used for 
Practical applications today All unique 
Propertics of scar waves could be harness 
Ent developed to revolutionize our society 


When Steve releases plans drawings, and ater 
information, probably next week. we will dd 
them to a project page at PESWik-com. We! 
ads nk fom his page when its ready. 


Earth Changes and the Future 


In his books and lectures, Konstantin Mey! has 
compared superluminal salar waves tthe 
neutrino, whichis also thought by some to 
travel faster than light. Neurnes bombard the 
arth inal dictions, but the majority of them 
rive from the contra star of our solar sytem. 
‘Dc tothe fact that approximately half ofthe 
neutrinos ae absorbed as they pass through the 
Earth, itis thought they may interact wih the 
‘core and iner layers of our plant 


Some researchers sugges solar phenomenon 
‘an produce variations in neutron emissions 
Which may trigger anh changes’ on our 
Plat This was depicted i the blockbuster 
movie, 2012, as the eause forthe erst 
disruptions from the mantle heat-up from 
increased Solr activity. Hence, studying and 
understanding the nature of sealar waves may 
inrease our chance of survival during chaotic yam ued by Slave comes tom 
Periods inthe fur, Perhaps by understanding BIeKGE, Fue 3 

‘thom we could eventually feam how to 

‘constructively utilize them o stabilize our planet during periods of solar fluctuations, sunspots, 
flares, ct 


Perhaps wi the use of scalar wave technology, earthquakes, volcanic eruptions, or other natural 
slisaters could be prevented or detected abeadof time. Even a one hour warning before an 
‘arthquake, sucha the one that recent devastated Japan, could save thousand of ives. Aough 
ll kinds of unique technologies are possible wth scalar waves, ta minimum we need 1 
tnderstand how neutrinos and scala waves interact withour planet, Not doing so could result in 
noses death and suflerns. 


Lots get moving! 


“Tonot hamess scalar wave technology forthe benefit of mankind would be tragic. Our civilization 
is facing adversity in countess forms. Hunger disease, pollution, poverty, and war threaten our 
future and he future of our children, Scalar waves exist, they are useful and the information 
build devices that generate and recive them i avalale to everyone. To eller understand our 
universe, to ensure the coatinuaton of ou civilization and to honor Nikola Tesla we should do 
‘our best to support the open sourcing of thls thology. 


Videos 


(On March 30, Steve conveyed the following YouTube links showing his presentation tothe local 
TEEE on March 24 


1 Slide 1 ps! wow youtube com watev=gs 26851060 
#2 Slide 20 hips: youtube com wath IUGR 
#3 Slide 39 his: we youtube conv wath N=AVXPATINNSA, 
#8 Slide 37 his: a youtube com watehN=LgBRDYSOCQU 
#5 Slide 81 iis: youtube conte HESOWSO, 
$6 Slide 93 hips: soutube come =JuehDVIES. A, 


Replication Instruction shoul be dane tomer, 
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Contact 


Steve can be reached by email at steve acksonfiece org 
eae 


“This story is also posted at Before Neus. 


What You Can Do CR ee earansns sever 
1, Replicate this design, 
ass this on to yous frends and favorite 

3, Weat PES Network ar in a pinch right 
nove, Donations would be greatly appreciated. 

4. Subsettbe to our acusleter to stay abreast ofthe Ines, greatest developments in the free 
energy sector 

5, Let professionals in the renewable energy sector know about the promise ofthis 
technology. 


Comments 


Feel fice to view/post comments dawn below. The following came in by other mans 


(On March 27,2011, 145 pm, Karl Palsess wrote: 


‘You should eal about Scalar. it is a "Scalar FIELD" there shouldbe no such thing a "Scalar 
wave"; and there sa "Longtudinal Wave" instead of scalar wave, Scalar waves just don exist 
sccording to the word sealar meaning size. A Tesla col has a scalar fel around it and emits a 
Tongitudinal wave 


{A Tesla-ra dictionary defined it as: 


Scalar — In physics, a quantity which has magnitude, or magnitude an sign only, 
Without diection, such as density, mas, energy, ete, as distinguished from a vector 
‘ty. 


longitudinal wave: A "pressurc” typeof wave, similar o sound, in which the 
vibrations are along the direction of travel of the wave. Hence, a wave composed of 
ltemating densifcatons and rarefaction, where we focus upon the longitudinal 
component ofthe changes. 


Longitudinal Waves (L.M.D.)s 


(On April 2, 2011 12:29 AM MST; Dr. Eng. Roberto Handherker <infa fat} deltaavaton com> 


Dear Sirs, 


this mail isa reply toa numberof e-mail messages 1 go from [subsequently from Dr. K. Meyl 
tn fom Me S" Jackson about longitudinal waves ("L-M.Ds") 


“The matter"L.MLD"s isnot new a all but there i stil oo mach discussion around it fom 
different pont of views, ie, mathematics ysis ealeulus and electrical devices; this has slowly 
hut defintely led to total chaos even on the Web, resulting in misunderstanding and diselict, 
Which doesn't help anybody; 


therefore the best approach for an engincer sto be very straight and careful especially when 
Someone talks about Nikola Tesla and theories about aether and L-MLD.. tll not accepted bythe 
"Academie World” who is a happy to hear such arguments as could be "a sailboat ina forest” so 
to speak and who brings in tum only useless negative eticiam and ectc hysterim instead of 
helping clarify, 


“This is why I prefer to proceed "stp by stp" scientifically replicating some Tesla apparatus and 
demonstrating his experiments, whichis of couse not easy because he was the Mozart of the a 


1 wl presenta book about the above and wil very soon attend a Mecting in Haly to alk about 
LMLD and show some working devices to public itis always a pleasure to demonstrate FACTS. 
snd WORKING DEVICES rather than only showing some slides and theoretically discuss maters 
35 "Lorenz gauge vs Coulomb gauge", "qustenioas vs vectors”, "LEME ys, LMLD-" ete. 
‘Oaly facts coun, observation of Nature and research: math must eonsequcaly follow, as always 


is therefore more useful instead to bring something new to LMLDss tech and tothe 
understanding of Tesla, ke for instance my "Tesla power wireless” system withthe "smal ea 
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demo” shown in my following vids on You Tube (& others under "HorizonDelta 


Hansen utube. con wate yDBGFFSNEW and hie: ew utube com vate? 
iVZHSRC dV 


koa tech -book "Longitudinal diclectric waves ina Tesla coil and quaternionic Maxwell 
‘guations” can he found on my Website for download: 


nips deltaseston comimmagini/l MLD. waves in Tesla Coil revised pdf 
"hope the above helped positive discussion and knowledge 
Reganls 


Dr. Eng, Roberto Handwerker 
DELTA Ingegneria 


‘The Laplace Operator 
(On March 31, 2011 2:06 PAMST, Konstantin Mey! wrote: 
Subject Re: About Scalar Fic and an Kalin Book 
“Theres one comment, making clea, where the problem is localized: 
Karl Palsness wrote 
"You should ead out Scalar. it i "Salar FIELD" there shou be no suc thing 
asa "Scalar wave" and there ia "Longitudinal Wave", instead of scalar wave Scalar 
‘waves just dnt exist according tothe word sealar meaning size. A Tesla col as 8 
‘alae ild around t.and emit longitudinal wave.” 
1a sciots i using an expression, he fist has to define, what the meaning is. This is what I do in 
my books, but in Americe, nobody seems ta read my writings. I explain thatthe scalar wave is 


nearly the opposite af a sear fick. The expression is more than 200 yeas old and in mathematics 
‘sactly explained by the field equation of Laplace 


“The Laplace Operator (describing the distribution of a wave in space) may be separated in 2 pas: 
sad div - cll Cur, The second partis explaining the EM wave, transverse wave, while the frst 
Pat gives scalar wave: The div applied on a vestor is scalar? This is why salar particles of 
‘ortices as par ofthe wave equation are propagating as a scalar wave. But they are propagating in 
the direction ofa field vector and by this the wave is longitudinal and has adirection In 
‘mathematics it is known, thatthe grad applied ona scalar isa Vector again, This is why the salar 
wave is propagating in one drcetio, notin a salar way, as Kal Palsness wants the scalar wave 
tovdo, Soe has to ead the literature first before he i spreading nonsense inthe word wide web. 


My opinion about the education in the states isnt the best. Lets lp to improve it 


Other Relevant Coverage 


‘Tesla Coils for Dummies - Are you interested in building Tesla Coil 
io produce stunning effects that violate the established” laws of physics, 

but are somewhat less than technically savvy than a reket scieatst? Thea 
youre in luck, because this article is for you! (PESN; Api 2, 2011) 


Seeluon's Wireless Actherie Power Trantenston Open Source 
‘Project - To fucilias the replication of these pl 

‘haracerze optimize, improve, and come up with the zillion applications 
tht can come from it, including: 1) humessing aeerc energy, 2) 
‘uperiuminal communication, 3) wireless transmission of power through 
‘ny bari, 4) ant-gravty capabilites, and 5) creating defensive shields to make 
conventional war obsolete. (PESWiki; Apil 21, 2011) 


‘Tesi Coils: Unleash the Acther -Niola Tesla’ mos sigficant 
‘contribution Was aot AC power radio, or the induction motor, but what we 
‘all the Tesla Coil = ool which allows forthe power ofthe sether to he 
Unleashed and harnessed, Now being launched through an open source 
project. (PESW and BefovelisNews: April 19, 2011) 


‘Tesla’ Scalar Field Still Beaming Ont - The superum 
than light) scalar o longitudinal waves Nikola Tesla used to magnify and 
wirelessly transmit power are at justa thing ofthe past IEEE enginer, 
Stove Jackson, discusses and demonstrates how they ean be ulized today 
sad he is open sourcing it here! (PESN; March 26,2011) 
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See also 


Resources at PESWIKi com 


Directortlectromayostic, 
NewsiElectromagoctic 
‘More Stories for Hank Mills 


+ PESN (Pure Energy Systems News) - Feature tries on cuting-sge, clean energy 


technology 


+ Bree Energy News com) Dally cuting-d 
the world 

+ PESWiki Latest -Newest feature pages inthe publicy-citable enruy deta: 

1 This Weekgin Free Energy™ - Weekly live review by PESN, cach Thursday 7pm 
‘Mountain time 

+ Bree Energy Now (net) - in-depth interviews 


lean encruy technology news from around 


aso 
(_ PowerPomni Free) 
PowerPoint Free) 
(Tes ) 
G = ») 
comments Pesn O Login 
Recommend Gt share Sort by Newest 
s 7 


sate & ras DIsaus 


[ADVISORY Wat anyon yo ake aight ve spon iw or mocy aT) 
npn cing hat say coer hc cole (2) he ep ene a nll so 
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The Tom Bearden Website 


The Tom Bearden 


Website 


Subject: RE: Missing Reference Slide 
Date: Mon, 9 Jul 2001 11:58:04 -0500 


ecu vacuum 
ENGINE 8 ENGINE A/ ' A, 
A+B 


Yes, that is the slide. It works this way: When you time-reverse a cell, you 
effectively create a major anti-engine for the cell's exact "engine" (exact set of 
spacetime curvatures at all levels). Because of the precise one-to-one 
correspondence, this antiengine then "backs the cell up" along the original time- 
path it took in its physical functioning and changes, back to a precise earlier 
condition where the disease or disorder was not present. For a cancer cell, e.g., 
this backs the cell up past where it was originally "promoted" from a stressed or 
damaged cell to a tumor cell. That makes it into a "damaged cell”. The 
antiengine continues to act, backing it up further into the state before the damage 
or disorder occurred. That then constitutes "healing" of that cell in a rigorous 
sense, 


The cloning methods ete. used, do violence to the cell in the process. At the 
cellular level, damaging it or any part of it in the process changes the resident 
spacetime curvature engine set, to include the damage. You then "clone" a cell 
with an imperfect resident engine. The cloned cell then interacts with a large 
ariety of phenomenology, continually altering various subcomponents of its 
resident engine by taking on additional subengines or changing some of its 
former subengines, Somewhere later, that festering "delta" in the resident engine 
~ after sufficient interactions with other environmentally-induced engines, will 
undergo interactions that “add” two deltas so something detrimental to the 
organism. At that point, physical damage to the cell erupts in "anomalous" 


hitp:twww.cheniere.orglcorrespondencel070901.htm 


2 


sr2er018 


‘The Tom Bearden Webslie 


fashion. Actually it erupts by perfectly normal fashion, once the internal engines 
and their interactions are understood. 


This would appear to pose a problem anytime you artificially change the 
subengines of an organism, as in the case of genetically modified food. The 

small physical damage associated with splicing the genetics has associated with it 
the injection of such an artificial engine. ‘The interactions of future 
environmental engines with the spliced genetic organism or plant then remains to 
be seen, Not all interactions would appear to happen in the limited test time 

ally allotted for testing the "effects". Anyway, that was the intention. 


E.g., Pautrizel demonstrated that immature rats, having immature immune 
stems, would be restored by the Priore process back to the same immature 
immune system. The Priore process did not destroy the parasites themselves, but 
depended upon restoring the immune system back to its first ability to recognize 
the pathogen and go after it. Priore did not directly "kill" anything! In that case, 
the pathogens simply re-infected the immature rats, because their immature 
immune systems could not adequately protect them. It would be the intention of 
the research, in later generation equipment, to be able to design a specific "extra 
engine" and introduce it to the pumping, in addition to the "resident engine" in 
the subject to be treated. That "extra input engine" would accordingly generate a 
specific "extra antiengine" component in the total antiengine produced. When 
ufficient research and development maturity has been reached to be able to 
design such desired "extra engines" to cause the exact, desired extra antiengine to 
be produced, then the "extra antiengine" technique can be used, e.g., to time- 
reverse Pautrizel's immature infected rat back to an infected rat with a now- 
matured immune system, In that case, the rat's stronger immune system would 
make short work of the pathogen, just as analogously infected mature rats did. 


To correct birth defects, etc., obviously one would have to change the actual 
time-path backwards, to a "state" that the body did not have physically, but which 
its genetics had before the damage. I foresee that eventually, after some years of 
development, the process would mature until it could regrow severed limbs, or 
correct dwarfism, etc. Of course that would be fourth or fifth generation, but it is 
definitely possible, given sufficient development. 


Cheers, 


Tom 
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ABSTRACT 


‘A fundamental answer is attempted to the questions of being, time, space, existence, 
perception, and physical phenomena. Mass, empty space, reality, gravitational attraction, 
continuity, discontinuity, and relativity are among the "things" and "nonthings” for which 
relationships and explanations are provided. 


Perception is defined as detection by a mass of change to itself and as a differentiating 
process. Perceived physical phenomena are revealed to be first derivatives of ultimate reality, 
and outputs of the physical perceiving device call the "perceptron." Using the operation of 
the physical perception process on action, the units of which are energy times time, an entirely 
different view is generated of both reality and the Heisenberg uncertainty principle. When 
superposition is imposed as a condition, the Heisenberg uncertainty principle is revealed to be 
a quantized statement. A concept of the absolute value of a dimensional molecule is 
advanced. 


‘A reality model is constructed of an action continuum and a nonaction continuum 
separated by an operational threshold whose magnitude is given by an uncertainty principle. 
Perception is modeled as a process which switches atomic quanta of action and nonaction 
back and forth across the threshold. Mass is explained as perceptron switch activity rate, and 
a mass definition equation is generated. One kilogram mass is shown to represent 17.053 x 
10 perceptron switches per second. From the model, Newton's laws of motion and gravity 
can be generated directly from the concept of the interaction of mass with space itself, space 
being taken as a massless fluid, or ether, composed of tiny nonaction particles called 
“quitons." Einstein's postulates of special relativity are also shown to follow from the model, 
and a statement of the equivalence principle is shown to be consistent with the model. 


‘The concept of "lineception" as a causal chain of perceptron operations is advanced. 
"Inception" is developed as a noncausal modulation of lineception and as a distinguishing 
feature of a living system. The possibility is raised that inception could provide an 
explanation of the noncausal, statistical, ultramicroscopic universe and yet require large 
ensembles of ultramicroscopic events to conform to causality. Inception is shown to lead to 
karma, Perception is shown to be causal and to generate causality itself. 


Some elementary philosophical implications of quiton/perceptron theory are pointed out 
and briefly discussed. 


1. INTRODUCTION 


The unsolved problems of physics stem from the unclear 
nature of the physical perception of change, and their resolution lies 
in the analysis of perception as a physical process. The unsolved 
problems of metaphysics stem from the same source, and can be 
resolved by the same perception analy: 


Specifically, a physical detection system can detect changes 
to itself and nothing else. These detected internal changes are thus 
what a detector "sees" or "observes" or "perceives" as changes to it 
external environment, i. ¢., as its physical phenomena. Thus a 
mass, being itself a physical detecting system, must detect only 
changes to itself, and these perceived changes to itself constitute its 
observed physical phenomena. For that reason, these perceived 
changes are obviously entirely relative to (i. e., are part of) the 
perceiver (observer); more precisely, they are entirely relative to 
and part of the perceiver's mass, which is the detector that is doing 
the perceiving. 


Since only changes are perceived by a mass, then mass's 
perception must be a differentiating process. Ergo, perceived 
physical phenomena are first derivatives of a higher, or more 
fundamental, reality. The nature of that higher reality is by 
definition unperceivable (perception differentiates or fragments it), 
and it involves the quantity "actios Action itself is not 
perceivable; change of action is perceivable since perception 
differentiates action. If superposition is placed on the Heisenberg 
uncertainty principle as a required condition, then the uncertainty 
principle contradicts itself for all except integral or zero multiples 
of a quantum of action. Correction of the uncertainty principle by 
imposing superposition as a condition provides a statement of the 
basic operation of perception -- the detection by a mass of change 
to itself. 


All mental perception of a human being regarding physical 
phenomena is received (i. e., is inputted to the mind) from a 
physical sensory apparatus whose primary ingredient is mass. Thus 
we may describe the perceptive mind as consisting of sensory 
outputs of mass perceptions; that is, the input to mental perception 
must be the output of mass perception, and this interface within the 
mind may be referred to as the "perceptive mind.” 


‘utp:/www cheniere.org/techpapers/quiton/pl htm (1 of 2)27.10.2003 20:26:09 


From the above foundation, a comprehensive theory of 
perception can be constructed, and a most unusual model of 
“reality” emerges. A variety of unsolved questions are then 
resolved by the model. The resolutions include, among other 
things, 1) derivation of the postulates of relativity; 2) definition of 
the nature of time and space; 3) the explanation of gravity; 4) the 
generation of causality itself; 5) resolution of the wave theory of 
light with the quantum theory of light; 6) the explanation of why 
ultramicroscopic phenomena are statistical yet large ensembles of 
ultramicroscopic phenomena are causal; and 7) validation of 
Mach's principle and the equivalence principle. A totally new and 
precise definition of mass and of being itself are also two 
unexpected results. The problems of metaphysics are also 
answered: metaphysics is elevated to an exact science without any 
tinge of dogma, and physics and metaphysics are united. 


1 3 a e ee — 

Planck’s constant, Heisenberg's uncertainty principle, the principle of 
least action, the energy of a photon, etc., are derived from action and 
perception’s differentiation of action. 


1 
Next Page 
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Il, EXISTENCE, PERCEPTION, OBSERVATION 
AND PHYSICAL PHENOMENA 


We first define perception as detection by a mass of change* to itself, and 
state that it is an operation performed by that mass, The physical apparatus that 
accomplishes this perception is termed a "perceptron, "' which thus may be an 
electron, an atom, or the sensory apparatus of a living being. 


A change detector does not detect the state of its input, but rather detects 
changes in that state. So in this sense a change detector can be regarded as a 
state differentiator. Therefore a perceptron differentiates, i.e., it perceives 
changes in its input and generates outputs in accordance. When its input is con- 
stant it will have no output. Thus zero output of a perceptron does not necessarily 
mean zero input. 


What is to be fed into the perceptron's input section exists; i.e., existence 
(ultimate reality)? is defined as what is to be fed into the perceptron's input. The 
output of the perceptron is that which is perceived, or what we ordinarily call 
"physical phenomena, "4 since the perceptron differentiates its input state, then 
physical phenomena are first derivatives of ultimate reality, which precisely 
accounts for the sharp separation between observable and nonobservable, i.e., 
between macroscopic and microscopic. 


Any change in a perceptron's input section must involve both time change, At, 
and energy change, AE. So we may assume their product, AEAt, has always 
occurred in a perceptron's input whenever it produces an output. The output will 
be a derivative of the input, e.g., 


() 


ir) (2) 


where in each case the constant of proportionality has been ignored. 


lye differentiate between perception and realization. Perception is entirely a 
physical process, and causal, Realization is a mental process and is not 
restricted to causal relationships. 


2Reflecting, one notes that mass can only change in a nonmass manner. It cannot 
"change" without involving space and time, both of which are "nonmass," Therefore 
a mass change must be composed of both mass and nonmass, 


3"ultimate" in that it is higher or more fundamental than perceived reality. 


“Changes to mass and only changes to mass constitute physical phenomena, Changes to 
one mass constitute "its" perceived physical phenomena, or its physical universe. 
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“Changes to mass and only changes to mass constitute physical phenomena, Changes to 
one mass constitute "its" perceived physical phenomena, or its physical universe. 
Since the other masses in its universe are perceived by it (1.e., created in its 
perception by its perception process), then these masses must be entirely relative 
to the mass perceptron that perceives then, Ergo, perceived mass is relative to 
the perceiver. 
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Any detector has an operational input threshold, i.e., a minimum discernible 
signal, The Heisenberg uncertainty principle states the requirement for such 
energy-time changes; 


AEAt>n/2, (3) 
Its smallest value, or 
AEAt= h/2, (4) 


is then the input threshold for a physical perceptron to operate and produce an 
output.) Letting k = h/2, we can write this simply as 


AEAt =k. (5) 


Since existence has been defined as that which is fed into the perceptron's 
input, then that existence exists whether or not the perceptron operates, and the 
case2 where 


AEAt<k, (6) 


also exists (i,e,, can be present in the input of a perceptron) but cannot be 
perceived or detected (i. e., the perceptron will not operate and produce an output), 


At this point we diverge to remark that the product of energy and time is a 
quantity called "action," and the units of action are 


2 
ML 
Aste (7) 


Thus the input state to a perceptron is composed of an action continuum and the 
perceptron differentiates action quanta to produce physical phenomena. 


lWe acknowledge additional uncertainty statements but for simplicity will use only 
one in this paper. 


2gquation (6) exists and it is proper to write it down and search out its ramifica- 
tions. Equation (3) is a limiting condition which applies only to mass. But since 
our physical experience must involve nonmass (e.g., photons, space, time, being), 
then nonmass considerations must be examined, A good beginning is to consider the 
entire field of nonmass possibility, i,e,, that field of nonmatter changes defined 
by (6), which includes the entire subquantum domain, So we legitimately examine 
two conditions: Eq. (3) must define (or apply as a condition to) the mass 
phenomena (change, quantized) system, and (6) must define (or apply to) the nonmass 
phenomena (subquantum) system. 
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phenomena (subquantum) system, 


3We exactly define continuity as the failure to perceive difference (chang 
discontinuity as the perception of difference (change). The difference between 
continuous and discontinuous is entirely one of perception. Thus there are two 
kinds of continuity: absence of perceptron operation at all, and identically 
repeated perceptron operations, The first kind exists outside of perception while 
the second kind exists in perception-to-perception, These are two powerful defint- 
tions, which among other things enable one to understand such concepts as limiting 
process, derivative, point, line, and plane, Mathematics itself is the game of 
perception, nothing more and nothing less, 
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When a large quantity of action is to be fed into a perfect perceptron, the input 
process cannot occur instantaneously; a At must be outputted (created): by the per- 
ceptron for each operation, Thus perception processes steps or quanta of exactly 
k size, and exactly k size only. Inputs of less than k size are simply collected” 
until the aggregate is equal to k, then differentiated to produce an output, We 
must therefore rewrite the Heisenberg uncertainty principle as 


AAs nk ,n=30,1,2,... , (8) 


where the plus and minus signs are necessary since action only has to change about 
some constant level in the perceptron input, and this change may be either additive 
or reductive (this quantum statement is actually the basis for quantum physics)3 
Thus, from the viewpoint of a perceptron, its output universe of physical phenomena 
is constructed by successive granular differentiation of unit operations, each of 
size k, but it detects no time lapse (creates no At) between operations, 


When differentiated by a perceptron, an action atom may be regarded as 


being "chopped up" (the word "differentiated" literally means separated or torn 
apart): 


n= 2,3,4,... , (9) 


where the bar over the A indicates nonaction, or action atoms which have been 
broken into bits. 


Thus we now conceive of an action continuum of action atoms and a nonaction 
continuum! of bits of action atoms. The two continua coexist and the perceptron 
lor “extracted from an action quantum AEAt," which means exactly the same as "created." 
Einstein's treatment of simultaneity showed that it was operational, but if simulta~ 
neity itself is operationally created then both time and length must also be 
operationally created. 
2This 1s not a simple discontinuous operation, since no time flow exists (dt is not 
being outputted) during this collection process, We have to think of the process 
discontinuously, but the stepwise process ts actually continuous (tn time), or 
discontinuous, or both. 


3since AE may be positive or negative, we may state the uncertainty principle as 
|abat| > k, or as 4A = nk, [n| > 1, Consider the two cases AA > 0, n = 1, end 

SA <0, -1'<n<-2, Superimposing them would give |4A| < k, which violates the 
uncertainty principle. Thus, assuming superposition must hold, the uncertainty 
principle can be made to violate itself for all except integral values of n, and 

it follows that the Heisenberg uncertainty principle must be written quantized 
statement. 


“The separation into two continua is artificial, but is necessary to allow us to 
perceive perceptron operation with our brain perceptron mind, There is absolutely 
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“The separation into two continua 1s artiriciai, DUC 18 necessary cto aisow us co 
perceive perceptron operation with our brain perceptron mind, There is absolutely 
no separation in the reality continuum itself; rather, there is only an operational 
separation caused by and in perception, Hegel was very nearly correct in his 
realization that the dialectical principle was the magic key to the universe of 
perceived phenomena, However, thesis (action) and antithesis (nonaction) do not 
meet to give a synthesis (the transfer function or switching) which is different 
from either; rather, thesis (action) is changed (transferred or switched) to its 
antithesis (nonaction) and vice versa, It is the switching or transfer process that 


is the synthesis (output of the perceptron, perception) which is different from the 
thesis and the antithesis. 
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operates, or moves, in them, Only action quanta of exactly k size can be processed 
by the operating perceptron to give outputs which we know as physical phenomena. 
Such phenomena (events) consist of aggregates of extremely large numbers of per- 
ceptron operations, Action atoms will be referred to simply as "action atoms." 

‘The very smallest bits or fragments" of action atoms will be referred to as "quitons" 
and the symbol ''q"' used for one quiton, For convenience, we shall regard the 
"magnitude? of q to be very much less than k, or 


a<k. (10) 


The perceptron's process of collecting quitons to form action atoms will be 

termed "fusion," which is an additive change to the constant action continuum, 
"Fission" will be the term for the perceptron's process of breaking up action atoms 
into aggregates of quitons, where the size of each aggregate is less than k; fission 
is a reductive change to the constant action continuum. The term "switching" will 
be used to refer to either fission or fusion, or both.? 


Fission and fusion are merely transfers or switches across the k-threshold 
separating the action and nonaction continua, and may be represented by either of 
the diagrams shown in Fig. 1. 


NONACTION 
PERCEPTION CONTINUUM 


ACTION CONTINUUM fra 
NONACTION CONTINUUM OT TREE, 


Fig. 1. Continua of the Universe 


Ithese are actually nonthings and not. bits or pieces at all, but since we can only 
perceive or think of things, we will model them as things. The difficulty is in the 
nature of thought, not in the nature of reality. 


2tThe perceivable magnitude of a quiton is zero, 1,e,, it 1s not perceivable. 


3and, in fact, switching can also refer to the transfer of At into AL, i.e., the 
creation of space from time or vice versa, Separation (relation) is composed of 

4L and At, and we know from relativity that when relativistic (perceived) AL is 
changed, then relativistic (perceived) At is also changed. When time dilates, length 
contracts; and when time shrinks, length expands, Therefore the statement that 
length and time are intertransferrable is valid: one kind of separation can be 
transferred into another kind of separation just as one kind of energy can be changed 
into another kind of energy. Since this transfer itself 1s an operation, then there 
is a rate (1.e,, a constant) of transfer, This constant is actually a parameter, 
since by special relativity it can vary as a function of the mass changes themselves, 
And since ve are dealing with mass changes (perception), then the rate of transfer 
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And since we ate dealing with mass changes (perception), then the rate of transfer 
constitutes a rate of nass change (rate of perception), Since perception is finite, 
perceived mass change cannot be infinite but must aleo be finite, Therefore a 
limiting rate of perception must exist, From the equations of special relativity, 
this limiting rate of perception or mass change is c, the speed of light, 

and its value may be taken as the rate of change of a mass switch itself, 
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We now examine the expression for energy of a photon: 
E = hf ay 


Considering fission of an action atom as a chopping of that atom, the process can 
be expressed by: 


Minimum Energy atom of] [cuts or chops] 
Bise irate of ~ [Transferred] ~ faction er second |? (12) 
change of action P 


or 
SA. aE = Cet, : (13) 


where C, is a constant of proportionality. According to Eq. (1), the energy 


perceived to be expended (transferred to quiton disturbances) in fissioning of an 
action atom ought to be proportional to the speed of the chopping action, Neglecting 
constants of proportionality, Eq. (13) is simply? 


4E = hf, (14) 


where the 4 symbol is deliberately added to show that it is a transfer process, 
The equation works in reverse for fusion of quitons into action atoms, i.e., the 
energy AE transferred to each action atom assembled is proportional to its rate 
of assembly. 


We can now represent a perceptron as shown in Fig. 2, which corresponds 
precisely to the two-pronged arrows shown in the diagrams of Fig. 1. A perceptron 
has two channels, fission and fusion, in which switching transfers between action 
and nonaction are involved. 


By Eq. (2), one of the outputs of a perceptron is At. Since perception creates 
its own time interval, it only has its kind of time, i.e., positive time, to deal with. 
Thus only positive time is perceived, and what we think of as positive time flow is 
merely the successive at's created by perception? 


Note how admirably the view of tearing apart or differentiating the action atom 
describes the result. The smaller the dt torn from (SE dt) (or the quicker the 
separation), the larger the AE left (produced), i.e., the more energetic the separa- 
tion, The atom of action is a quantum of action and one integral piece; the 

SE and At, however, are not necessarily of individually fixed size. 
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AE and At, however, are not necessarily of individually fixed size. 
2action atoms can occur in more than one size (see note 1 on p. 3). 


3yhis explains why we sense existence as if we were the point of contact of a pointer 
moving along a time line. In effect, perceptron time advances one time slice at a 
time, where the slice is of at thickness. Thus all physical phenomena occur in 
minute granular sequences. 
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Fig. 2. The Fundamental Perceptron Switch 


The existence of a negative time flow can be postulated by a simple symmetry 
analogy, but this postulated negative time, by definition, cannot be a perceptron 
output. We use the term "reflection" to denote a postulated operation in negative 
time! symmetrical to perception which operates only in positive time. Reflection 
is essential to the explanation of electric charge and charge effects,? but these will 
not be discussed here, Figures 3, 4, and 5 summarize the concepts of reflection, 
perception, and positive and negative time. 


We now introduce the concept of absolute value of a dimensional molecule? 
To illustrate, if we know that F = Ma, we will state that 


\F| = [Mal = IMI « ja] = M jal , (15) 


where the last expression is true because of the nondivisibility of the unit AL and 


\Modern theorists such as Feynman, Wheeler, and Dirac of necessity incorporate nega- 
tive time operation into their theories involving action-at-a-distance. 


2qhe quiton/perceptron theory can and does explain what "charge" is, why like 
charges repel and unlike charges attract, etc. It predicts the force of attraction 
or repulsion to be proportional to Q,0,/8?. 


3although perceptron output bits may vary in magnitude from operation to operation, 
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3although perceptron output bits may vary in magnitude from operation to operation, 
they are of absolutely fixed size in any one operation or between any two consecu- 
tive operations. So for one operation or any two consecutive operations, a 
dimensional molecule is merely a product and division of certain-sized bits, and 

is itself of one fixed magnitude. Any other dimensional quantity of equal absolute 
value is therefore of the same size for that operation. At this level, differentia~ 
tion is simple bit division and integration is simple bit multipliceion. 
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(EXISTENCE) | 


ACTION NONACTION 


CONTINUUM CONTINUUM 


Fig. 3. The Continua (Complete Model) 


ACTION 
CONTINUUM PERCEPTION CONTINUUM 


(POSITIVE TIME) 


Fig. 4, The Positive Time Continua -- 
Model in Which Perception Acts 
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ACTION NONACTION 
CONTINUUM CONTINUUM 


(NEGATIVE TIME) (NEGATIVE TIME) 


Fig. 5. The Negative Time Continua -- 
Model in Which Perception Does Not Act 
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At quanta outputted by one perceptron operation. The absolute value signs must be 
added to any dimensional molecule which can take on either positive or negative 
values, Dimensionally, 

lel , (16) 
where M. sf is rest mass and requires no absolute value sign since a quantity of rest 


mass is only positive. Actually, since perceptron operation only outputs quanta, then 
the perceptron outputs SE and 4M,, or 


= [sel , (17) 


and repetition rate allows perception of Mo as a positive quantity. Then, 


. (18) 


The perceptton expression of the right-hand side of (18) will bet 


a(t?) _, SLaL_ ARAL 


a — aL(v), (19) 
and then we have 
agat(v/v)— SEWS9 _, apiat(aL/at)— aPaL , (20) 


which must be another statement of the minimum condition of the Heisenberg 
uncertainty principle, or 


k= PAL . (21) 
It follows that 
APAL = nk, n= 20,£1,42,.., (21a) 


To consider why constant velocity yields special relativity, from 
= mi? /7? and Eq, (16), we can write 


itd 


le | 


Dividing out the M gives 


M = 


2 
L 
=M be . (22) 


(er ah fit the 
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So velocity is a dimensionless quantity in the absolute dimensional sense, i.e., in 
the perceptron operational sense, and "the laws of physics apply equally well for 
all observers as long as they are moving with constant velocities" (Einstein's 
postulate). When the perceptron process is applied to a system of objects whose 
relative velocities are constant, the inputs to perception always differ by a constant 
value and the differentiated outputs of perception do not differ, l.e., the differential 


of f(x) + cc is identical to the differential of f(x) 


Observation is related to perception as shown in Fig. 6, 


An observer observes 


only perceptron outputs*-- never ultimate reality -- from his sensory apparatuses. 


PERCEPTION 


cr We FORMATION OF 
panna renarnoN sieimnerati 
egenuar aro 
ed cies 
L rane 


OBSERVER 
PROCESSING 


‘THIS ISA PHYSICAL PROCESS 
PERFORMED BY A MASS PARTICLE 


lpinstein's treatment 


OF THE LIVING ENTITY AND 15 NOT 
IYETH) SUBJECT TO PHYSICAL 


THIS ISIN THE "MIND" OR “BEING” 
ANALYSIS 


“THE TWO SHADED BLOCKS REPRESENT THE 


BETWEEN PHYSICS AND METAPHYSICS. 


Fig. 6, Overall Relationships 


f simultaneity and special relativity mav be recarded as 
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ipinstein's treatments of simultaneity and special relativity may be 
statements that one can determine a length (measure a AL) only by OL 
one can determine (measure) a At only by At = AL/c in the static case. 


2The process of observation actually consists of both perception and realization. 
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Ill, MASS AND SPACE 


The nonaction continuum may be further visualized as a sea or gas of small, 
unperceivable particles, i.e., of quitons and aggregates of quitons which are less 
than k in magnitude. Since mass is a perceived quantity and a quiton cannot be 
perceived, a quiton or aggregate of less than k magnitude has zero mass. 


Since fission and fusion both constitute perceptron switching, we may explain 
mass by visualizing a changing pile of quiton bundles, each of k size, in which the 
total rate of switching activity is what we call the "mass"! of the pile. Thus the 
mass is equal to the sum of the absolute values of the fission and fusion activities: 


aA, aA, " 
+ |ae]= |At a * > (24) 
or 
sw/sec, (25) 
where” 


At = perceptron operation time (one operation) 
M = perceived mass of the pile 
aA; = action created from fu eadlions into action atoms 
aA, = action lost from fissioning action atoms into quitons 


= number of k-sized bundles per second fused into atoms 


f. = number of atoms per second fissioned into quitons 
'o 


sw/sec = one perceptron operation per second, 


lif AE is time rate of change of action, and if the absolute dimensional value of rest 
mass end rest mass energy are the same, then mass must also be a time of change 
of action. One kilogram mass equals 17.053x10°° sw/sec. 


2The switch concept is necessary to explain charge and charge effects. The 
switching occurs between the positive (perception outputted) and negative 
(reflection outputted) time streams. Three types of switches exist, two of which 
are charge switches and all of which are mass switches. Switching may also be 
regarded as change of At into 4L. For a mass switch, the limiting value of 
the conversion parameter b in (AL = bat) is c, the speed of light. However, the 
bupstwww cheniereorgtechpapersquiton/p htm (1 of 2)27.10.2003 20:27:34 meas re ea vie 
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regarcea as cnange oF ot into ob, ror a mass switcn, tne .1miting vaiue or 
the conversion parameter b in (AL = bit) is c, the speed of light. However, the 
concept of switching can be expanded; b < c implies mass switching; b = c implies 
quitons moving (maxinum switching limit for mass switching); b > c implies 
DeBroglie vaves moving, which are not switching in the normal sense at all. 
Technically, the condition b < ¢ applies to Eqs. (24) and (25). 


int 
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The use of the mass definition equation can be illustrated by a simple example. 


First, 
k = 0/2 = 0.527 x 107° joule-sec (26) 
1 kg mass = 8.987 x 10"° joules , (27) 
50 
8,987 10!6 yale 
1 kg mags = 8-987 x10 joules (28) 
0.527 x 107°" joule-sec/switch 
Lkg mass = 17,053 x 10° switches/sec. (29) 


For a mass that does not accelerate, switches must occur in couplets, This 
would require, for example, that angular momentum be quantized in quanta of 2k 
magnitude, since two switches would process two action atoms -- one in and one 
out of the mass action pile. Since 


2k=h/2r, (30) 


then angular momentum should be quantized in h/2r quanta, which indeed it is: 
from the Bohr theory of the hydrogen atom,1 


mvr = 3S am OS TB ee (31) 


and the change permitted is thus 


A(mvr) = 3 ,n=0, £1,22,23,,.. (32) 


What we normally think of as empty space is sometimes described as the 
absence of mass and energy, existing in time* ~ Empty space can be defined by 


aA : 44 
4h 20, Shoo, (33) 


which merely state that no perceptron output is occurring. Thus empty space 
exists only as defined by a perceptron and is merely the total absence of percep- 
tion, While these equations rule out fission and fusion, they do not rule out the 
static presence of large numbers of quitons and quiton aggregates each of which is 
less than k in size (a quiton may be viewed as a quantum of space or a quantum of 
ether). 


\peiser, Concepts of Modern Physics, McGraw Hill, 1963, 

2actually there is no time connected with the existence of space; the time is connec~ 

ted only with our perception of change; that is, space is a product of perception, or 

the nonoperation of perception, and is related to a mass perceptron. Similarly, 

space itself has no length — length is relative between tvo masses, That is why 

both length and time can change, and why a specific length and a specific time can 
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space itself has no length — length is relative between tvo masses. That is wny 
both length and tine can change, and why a specific length and a specific time can 
be different to different observers. 
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A massless quiton cannot individually generate any drag resistance against 
matter in the Newtonian sense. So a mass object moving along at a constant 
velocity will just push a stream of massless quitons ahead of it. In effect, 
the mass "bulldozer" is pushing its own medium along with it, and this requires no 
force.) Therefore, empty space (i.e., the zero output condition of one's mass 
perceptron) is filled with (has added to it) streams and streams of quitons moving 
ahead of other objects (perceived by one's perceptron) from all over the universe 
(perceived by one's perceptron), These quiton streams may be regarded as quiton 
pulses or quiton waves? in one's own static-relative quiton pond, The static-relative 
quiton pond of a mass will be called its "q-space" or "space" (more commonly 
referred to as the mass's inertial frame of reference), 


When impinging on a perceptron's mass, these disturbances are being 
collected into k-sized quanta and switched into action atoms, The switching 
produces outputs that reveal the presences of the disturbing masses. The situation 
for a perceived mass is described in Fig. 7. Note that a fusion pileup is shown in 
front of the perceived object due to the object's motion, and a fission pileup is 
shown at the rear (switching is actually distributed throughout), Additional 
switching is occurring in the pileups and constitutes increase in mass, So one's 
mass perceptron perceives the moving object's mass as having increased. The 
relative velocity of the object with respect to one's perceptron determines the 
additional collection rate of quitons, and hence the additional switching rate, 
occurring for the object in one's perceptron q-space. The perceived increase in 
the moving body's mass is a function of the increased collection rate, which is a 
function of both the initial mass switch size My and the velocity V, or 


M={(V, Mp) - - 
ass suL.bozen 
° ie fer 8. Aho ; rae 
on 2 PERCEIVER’S 
8 are 0g acme 
83) 42 vevociry srario 
ones OS Pe Hac aes 
ia ra ae or OO 
smnTcnINa ACTIVITY 
Lary noe PILEUPS FROM PERCEIVER'S 
rae STATIC-RELATIVE QUITON 
reno 


Fig. 7. Increased Perceiver Switching Due to Perceived Velocity 
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IMore precisely, it requires no resultant (unbalanced) force. Both fission and 
fusion create forces; however, these forces are opposing, and so when fission rate 
equals fusion rate the resultant force is zero. 

2qhese puless or waves are not in themselves perceived, so one can equally well 
consider them bunches of particles or w: The difficulty lies with the 
perceptron mind, not with the disturbance 
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If the perceiver shifts "his view" to the object, he would at the same time 
shift his perceptron to it and so would then see the same sort of effect existing on 
his vacated mass, The pileup is relative to the perceiver and is occurring in the 
perceiver's perceptron itself.1 So material objects do not just move through an 
ether, they carry their own q-space ethers right along with them? And all they 
can detect is the disturbances in that q-space that produces switching transfers 
in and out of the action and nonaction continua, 


We now wish to know the standard medium velocity at which wave disturbances 
move in the q-space, The question is, what has zero mass, is unperceivable, and 
yet can move through the perceiver's empty space ether? at some standard velocity? 
Photons satisfy all these requirements, Photons themselves cannot be perceived -- 
only their interactions can; and photons move in free space at the velocity c, the 
speed of light. Thus c is the quiton medium's wave velocity and quiton disturbances 
move in a q-space at the velocity c, They move only in a q-space and in nothing 
else, since movement (velocity) is defined as AL/At, and both AL and At exist only 
to the perceptron that created them. Therefore, velocity of a perceived object is 
absolutely relative to the perceiver since it is part of the perceiver's mass's 
perception, At this point, Einstein's postulate that "the speed of light is the same 


for every observer" can be seen to follow directly from the quiton/perceptron 
model. 


But a difference exists between the speed of light in q-space and the speed 
of light ina medium, Simply speaking, when light travels in a medium the quiton 
waves (photons) are perceived to interact with particles (get switched by other 
switches) continually. In each imposed interaction switching perceived, another 
At occurs in the perceiver's perceptron. Thus more At's occur, and the photon is 
perceived to take longer in traveling through the medium than through free q-space; 
that is, the perceiver's perceptron (in which the medium itself exists) creates more 
time output in the case of light traveling through a perceived medium than light 
traveling through unperceived free q-space, 


this point is emphasized 
its mass does increase 
ablish that the increase in mass is subjective, not object 
terms are usually misused). That is what the term "relative" means, i.e., relative 
to the subject. Note that the perceiver is always the subject. The fact that the 
effect occurs only to the perceiver should indicate that it is the perceiver’s per- 
ception process which is causing the effect. 


2Thus one can have one space moving through another space. 


3From Einstein's Theory of Relativity by Max Born, p. 224: "Einstein in later yea 
proposed calling empty space equipped with gravitational and electromagnetic fields 
the ‘ether,’ whereby, however, this word is not to denote a substance with its 
traditional attributes. Thus in the 'ether,' there are to be no determinable pointe, 
and it is meaningless to speak of motion relative to the ‘ether.’ Such a use of the 
word 'ether' is of course quite admissible, and when once it has been sanctioned by 
usage in this way, probably quite convenient." The use of "ether" here is quite 

close to Einstein's proposal; however, in our usage it is meaningful to speak of 
“perceived motion of a perceived object" in the q-space ether of the perceiver. 


Otherwise. there can be no observation and no observer. which are of course necessarv 
‘np: ww-cheniereorg/echpapersquiton/p!4.hum (1 of 2)27.10.2003 20:27:48 


Page 14 


“perceived motion of a perceived object" in the q-space ether of the perceiver. 
Otherwise, there can be no observation and no observer, which are of course necessary 
to Einstein's theory. 


“Velocity is unperceivable; it is actually the constant of proportionality for the 
perceptron's direct transposition of At into AL. And c, the constant velocity 
of light, represents the limit of the perceptron’s ability to do this. 
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It should be noted, but will not be pursued further here, that electromagnetic 
waves in space are merely quiton wave disturbances! moving in a perceptron's 
q-space. The energy being transmitted is the "energy equivalence" of the nonaction 
quiton aggregates that were chopped up from action atoms. When these fissioned 
aggregates are again collected in some perceptron, then AE is recovered as AE, 
or perhaps as AM. 


In passing, we note that hidden in the principle of complementarity is the fact 
that wave and particle are operationally excluded, i.e., separated by an operation. 
A wave by definition is operational (dynamic), The most elementary idea involved in 
the concept of a particle is that it is nonoperational; i.e,, it doesn’t have to move, 
or change, or function, or be dynamic to exist. Obviously that which is operational 
differs from (is separated from) that which is nonoperational, but such separation 
itself is differentiation which is an operation. Therefore, wave (operation) and 
particle (nonoperation) are operationally separated. The only "mystery" in 
complementarity is that one must stop (interfere with) an operational entity to have 
a nonoperational entity, and one must start (interfere with) a nonoperational entity 
to have an operational entity. Depending upon the conditions imposed upon it, an 
entity can be either operational or nonoperational. For example, the operation of 
superposition must be imposed upon DeBroglie waves before they can constitute a 
particle. It then follows that the particle's velocity must in fact be the velocity of 
the superimposed group, i.e., the wave packet's velocity. By the same reasoning 
it follows that one cannot measure a particle's exact position (which is a static or 
nonoperational entity) and its exact momentum (which is a moving or operational 
entity) at the same time. The same is true for the particle's exact time position 
(nonoperational) and its exact kinetic energy (operational), Thus uncertainty 
principles, complementarity, and the relationship of DeBroglie wave velocity to 
wave packet velocity all involve the one fundamental concept that an operational 
entity is separated from a nonoperational entity by an operation, The changing is 
separated from the unchanging by a change; i.e., the changing is operationally 
derived from the unchanging, or perceived reality is derived from unperceived 
reality. 
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Iphotons are aggregates of quitons; quiton aggregate behavior is particulate. 
Behavior from the standpoint of individual quitons is wave-like. This explains 
the dual behavior of light and reconciles its wave and quantum aspects. 


15 
Next Page 


p/w ww-cheniereorghechpapersquiton/pt htm (2 of 2)27.10.2003 20:27:53 


Page 16 


Tv. IMPACT ON PHYSICS 
A, | MICHELSON-MORLEY EXPERIMENT 


The Michelson-Morley experiment was conducted in the Michelson/Morley/earth 
q-space. The Michelson/Morley/earth perceptron(s) would perceive the speed of 
light to be the same in all directions, i.e., any fringe shift observed should have been 
‘a result of experimental uncertainty only. The experiment did not prove there was no 
ether; it did prove there was no perceivable ether through which the earth was moving. 
The results admitted of a static-relative ether if it is unperceived. Perception is a 
process, and if the process does not occur then perception does not occur. Since by 
definition the q-space of a perceptron does not cause the perceptron to operate, then 
the q-space is unperceived by the perceptron, 


More careful examination of observation reveals the following facts: A 
perceived mass has a constant mass when not moving with respect to the perceiver. 
When it is moving through the space frame or the ether of the perceiver with a 
constant velocity v, its perceived mass is again constant but is now perceived to be 
greater than was its rest mass, From whence came the extra mass? 


‘The extra mass effect is only to the perceiver. The only possible sources for 
the extra mass in perception are the original rest mass My and the empty space of 


the perceiver's space-frame (i.e., the interaction of perceived mass with un- 
perceived space), Space does not drag, in the conventional Newtonian sense, 
against a moving body that is not accelerating. And space is unperceivable; there- 
fore it can be visualized as a massless fluid. Thus the increase in perceived mass 
(which is a change) must come from the perceived mass's increase in velocity in 
perceiver space (because velocity is all that was changed), and it must involve the 
physical operation of the perceiver's physical perceiving mechanism, A perceived 
mass does exert resistance (drag) called "inertia whenever it is accelerated in the 
perceiver's space-frame, This resistance isa force. Perceived force is al to 
perceived mass times perceived acceleration through the perceiver's space? 


lie not space an unperceivable ether? An extract from Einstein's Theory of Relativit: 
- 223, "IE each of two observers who are moving relative — 

A equal right that he ts at rest in the ether, there can 
the extrene development of the ether theory leads to its dissolu- 
t." The conclusion that there can be no ether does not 
logically follow. Each observer can assert that he 1s at rest in an ether (space), 

@ can be intermoving. That is precisely what a "moving frame of 

Te we ain the (or moi 
correctly, an) ether concept, but call tt "space" or “inertial frene of refere 
or "frame." The conclusion should have been that there can be no single "stable 
ether," but that there can be many. 


2Newton's law, F = ma,* to date has been used in a half sense, 1.e., that the acceler: 
tion of a perceived mase through the perceiver's unperceived q-space generates forc 
If this is true, and relativity holds, then the acceleration of any other unpercei 
‘q-space, through a perceived mass, algo generates force; through one perceived 

in a perceiver's q-space, the q-spaces of all other perceived accelerating mas: 
accelerating and thereby generating forces on it. By this “other half" of Newton's 
law and by relativity, Mach's principle (that inertia of a mass is derived from the 
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accelerating and thereby generatang rorces on at. py tmis orner ums: ws mewiun © 
law and by relativity, Mach's principle (that inertia of a mass is derived from the 
other masses of the universe) can be shown to be true. Although not collated and 
developed as such, it 1s possible to derive the postulates of both spectal (Continued) 
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‘This equation states that a perceived accelerating mass must react with the 
perceiver’s q-space, and in fact this interaction may be taken as the basic mechanism 
that creates force itself. Again the perceiver's physical perception mechanism is 

the causative agent. 


A quite logical conclusion at this point is that the perceiving mechanism 
perceives (produces) additional perceived mass from the interaction of perceived 
rest mass with perceived mass-motion (velocity) through its unperceived space} 
Also, the perceiving mechanism produces perceived inertial drag from the inter- 
action of perceived mass with the mass's perceived acceleration through its 
unperceived space, 


The concept of "ether" should not be rejected while the concept of "space" is 
retained, since the latter is actually an unperceivable ether. Rather, the concepts 
of mass, perception, and ether-space should be tailored to fit the perceived 
phenomena, Quiton/perceptron theory (perception theory) is a deliberate transfer 
function model specifically tailored to fit these criteria. 


B. GRAVITATIONAL ATTRACTION 


Newton's law of universal gravitation can be generated, in both effect and 
form, from quiton/perceptron theory. 


A perceptron's q-space is filled with streams and streams of quiton disturb- 
ances moving ahead of its perceived moving objects from all over its universe. 
Thus there exists a flux of quitons at any point in its space, and this flux is isotropic 
to the first approximation: because of the vast interstellar distances between 
disturbing masses, the flux gradient in the relatively local neighborhood of any 
perceiver point is essentially zero. The quiton disturbance flux can be represented 
as shown in Fig. 8, A quiton flux stream switching pressure P, is exerted on My 


and a switching pressure P, is exerted on mass M,. In any one flux stream line in 


this shadowed zone, the pressure against either of the two bodies is reduced in 
proportion to the amount of switching flux subtracted from that flux line by the other 
body. The total reduction of switch pressure in the shadowed zone is therefore 
proportional to the product of the two masses M, and My, considering the effects to 
be mutually independent. 


(Footnote 2 continued from preceding page) and general relativity from quiton/perceptron 
theory, and the steps essential to that derivation are contained in this paper. 


A[More precisely, F = d/dt (mv) = ma +v dm/dt. From the second term, 
increase or decrease in mass of a moving object also produces 
a force. This second force component may not be too tmportant 
except in microscopic phenomena, but for fast microscopic changes 
in mass (e.g., in the nucleus) it could generate significant forces. 
Also note that the velocities of all other spaces (1.e., velociti 
of the q-spaces of all other moving objects) in the perceiving ma 
universe interact with its perceived mass change rates, according 
to the second term of Newton's law, relativistic form. 


14 disagreement has long existed over whether a “nonthing" exists if it cannot be 
observed. ‘The argument is illogical; e.g., if a photon itself cannot be perceived 
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“a Gisagreement nas iong existed Over wnetner @ mnontming exists 11 1¢ cannot De 
observed, ‘The argument is illogical; e.g., if a photon itself cannot be perceived 
and only effects (changes) produced by it are perceived, does a photon exist? It 
exists, but cannot be perceived to exist, 1.e., it exists outside of perception, 
but does not exist in perception, The same is true of the notion of space. 
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13] 


Fig. 8, Gravi 


tional Attraction of Masses 


From purely geometrical considerations, a shielding factor is also present 
due to the solid angle that is shadowed about any mass point, This effect is propor- 


tional to 1/R? by usual solid angle considerations, Putting these two factors, 
together, the attraction of mass should therefore be proportional to MjM,/R”, or 


™M. 
rex <i (35) 


which is the expression for Newton's universal law of gravitational force, and this 
force is driving the two masses together. By merely extending the basic state- 
ment by superposition of the effects of every perceived mass-pair in the perceptron's 
universe, one obtains the attraction of mass* for the universe, 


It 4s not accidental that electric, magnetic, and gravitational field forces all 
obey “inverse square of the distance" laws, since these forces are derived from 
analogous switching operations. 


2attraction of mass implies an effect derivable from the presence of mass only. 

Mass is a switching rate. Therefore attraction of mass must be derived from switching 
only. Now a massless fluid generates no drag against a constant velocity mass, but 
switching 1s a negative quiton acceleration which does generate force. So switching 
generates drag, but constant velocity doe for the error long 
made in considering the "mass shadoving" explanation of gravitational attraction to 
suffer from a sertous defect of implfed retardation force due to velocity through an 
ether-flux (see, for example, the Fe; Lectures on Physics, Vol. 1, p. 7-9). Velocity 
of an ether flux through a body merely affects the nass of the body; it does not 
generate force. Acceleration of an ether flux through a bedy generates a resultant 
force on that body. In Feynman's example of an orbital body, let us assume perfect 
circular motion with constant speed. Since the speed of the ether flux is alvays 
constant, the mass 19 always constant. Since the component of acceleration tangential 
to the circle is zero, there is no force generated tangentially to the orbit. But 
since there {s a constant radially outward acceleration of flux through the orbital 
body, then there is a constant radial force outwards that is generated, and this force 
is called the "centrifugal force," i.e., the "center-fleeing” force. 
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body, then there is a constant radial torce outwards that i 
is called the "centrifugal force," i.e., the "center-fleein; 


generated, and this rorce 
" force. 
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It should be noted that for extremely small masses at extremely close 
distances, or for extremely short times, turbulence and interference effects can 
form in the shadowed zone of Fig. 8 and superposition may no longer hold. 


C, NEWTON'S THIRD LAW OF MOTION 


One of the recognized ways of stating Newton's third law of motion is: 
"To every action force there is an opposite and equal reaction force." This 
's from quiton/perceptron theory, as can be shown by examining 
bodies. It should be stressed that these two bodies, and all 
changes related to them, exist as changes.in the output of the perceiver's 
perceptron, It must always be borne in mind that these changes, or physical 
phenomena, exist as outputs of the perceiver's mass perceptron.» 


Figure 9 shows perceived bodies M, and M, in constant velocity motion just 


before collision. A deliberate choice was made of a case where the momenta of the 
two bodies were not equal, so that the initial switching rates for the two masses 
were different. In the example, M,V, > M Vo. The mass switching drag of each 


body is again represented by small circles. Each body has the same size roll in 
front as in the rear, so its switch pressure forces are balanced. Figure 10 shows 
the collision, 


0 0 
° ° 
Po ° 
. ° 2 


Fig. 9. Two Bodies Before Collision 


P. INCREASED SWITCH PRESSURE) 


Fig. 10. Two Bodies at Moment of Collision 


le consider the question: "If a tree falls in @ forest and there is no car to hear it 
is there a sound created?" A tree is a perceived tree, a forest is a perceived for 
and a fall is a perceived change. 
and perception; thus they imply that a "sound 
imply a perceiver to perceive it. If, however, by "no ear to he 
perceiver present at all," then the question as posed contains a 
with no perceiver, there can be no perceived tree, perceived fores! 
or perceived sound. 


change vould be perceived, since they 
t" we mean "no 

f-contradictton: 
perceived fall, 


2the manner of searching for quiton/perceptron causal explanation of a physical 
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or perceived sound. 


2the manner of searching for quiton/perceptron causal explanation of a physical 
phenomenon is to ask, "What would the perceptron have to do to generate the phenomenon?". 
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There is an almost instantaneous switch pressure increase in the contact zone 
between the colliding bodies, and consequently there is a switch pressure differential 
across each body as shown in Fig. 11. 


Fig, 11, Switch Pressure Relationships at Collision 


In the figure, the contact pressure P c is exerted against each body, so that 


the pressure forces on the two bodies act in opposite directions, But for any two 
colliding bodies, the contact areas, one against the other, are the same. This 
common contact area will be called A.. Since P = F/A, then 


IFil = [Fal = Pode Ge) 


But since the pressure forces on the two bodies are being exerted in opposite 
directions, then 


Fy = -Fy, (37) 
which is Newton's third law of motion, 


Dd. NEWTON'S SECOND LAW OF MOTION 


Neglecting constants of proportionality, Newton's second law of motion may 
be stated in the most general sense as 


F- doy). (38) 


The first step in deriving this law is to examine a point mass which is perceived 
moving with velocity V, as shown in figure !2. 


3 ov 
° 2 

° 

° °°? 


° 
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Fig. 12, Moving Point Mass 
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An increased rate of quiton switching activity exists along the axis containing the 
velocity vector ¥. We will call this increased quiton activity a vectorial "current" 
Q, and define its direction as contrary to the velocity vector. The mass is perceived 


to be moving against the current vector, and 

Gav. (39) 
When the current Q is steady, i,e., when 

Qin = ut» (40) 


then the switching activity, and hence the mass and the energy, are constant. 
Therefore, from vy = +V2E/m, the velocity remains constant. 


It Sout suddenly increases, then 


Sin = Sout» (41) 
which can be represented as in Fig. 13. 
Gout —a, 
8 A in 
°° Vv 
oO oO 
oc 
Fig. 13. Difference in Quiton Current 
From Eq. (39), 
Qs -kv . (42) 


At any time in a quiton current, the switch pressure force exerted against the 
mass can be represented as 


F-=PA,, (43) 


where Py is the switch pressure and A, is the area of contact. However, since 
the area of contact Ay or the drag area, is the mass switch rate itself, then 
(neglecting constraints of proportionality) 


A am (44) 
Inup:www-cheniereorg/echpupessquiton/p21 him (1 of 2)27.10.2003 20:28:28 


A,aM , (44) 


where M' is the switch rate at the point of switch pressure application. We will 
next examine the switch pressure forces before and after one perceptron operation 


21 
Next Page 


sp: ww-cheniereorghtechpapersquiton/p21 htm (2 of 2)27.10.2003 20:28:28 


Page 22 


(i.@., across the smallest possible time interval At used by the perceptron itself 
in perceiving a change), When there is any difference in the pressure forces 
against the body front and body rear, this difference is the resultant force R, or 


B= [Ain ~ PADout] ©» «sy 


where q is a unit vector whose direction is given by the direction of Qn - Qout* 
Now, from Eq. (44), 


R= (OPP Oia - (WP.)oye] as (46) 
Since P, @ Qand @ a (-¥), then (neglecting constants of proportionality) 

R= - [00d - MO] an 
which from Eq. (39) gives 


R= (MV), - (MV) out (48) 


or 


K,a(M'v) (49) 


However, this has happened in the smallest possible time At, and since by definition 


AM Wein at = (MV) (50) 


then 
R= kiMv) = ky Sar) , (51) 


which is Newton's second law of motion, relativistic form, Acceleration of a body 
is caused by a difference in mass switch rate (i,e., a switch rate gradient)' induced 
across it by transfer of momentum from another moving body or by induction from 

a field such as an electrostatic field or a magnetic field, 


E, NEWTON'S FIRST LAW OF MOTION 


Newton's first law, that "a body at rest or in uniform motion will remain at 
rest or in uniform motion unless some external force is applied to it," can be derived 
from the same type of considerations used to develop the second law, Obviously, if 


a0), (52) 


Iguitehing can be thought of as transfer of 4t into SL, An increased switch rate 
represents an increased rate of transfer resulting in a higher value for the ratio 
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Igwitching can be thought of as transfer of dt into OL, An increased switch rate 
represents an increased rate of transfer resulting in a higher value for the ratto 
of AL to At being outputted. Since the ratio 4L/ét is defined as v, on increase in this 
ratio increases the velocity, and thus acceleration occurs. 
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R=0 (53) 


and 


, (54) 
in which case the body at rest will not move and the body in uniform motion will 
remain so, by the definition of acceleration, Lvery perceptron repetition will 


output the identical value for V as the preceeding repetition, and that is why the 
first law holds, 


F. IDENTITY OF LENGTH AND TIME 


From E = Mc”, we have 


c= B/M = 9x10! joules /kg (55) 

c? 9.x 10 joutes/kg x 1/17. 053 kg sec/sw (58) 

c2  0.527x 107°4 joule-sec/sw (57) 

fe k/mass switch . (58) 

Thus 

= (3 x 10°)? m?/sec” Hass switch = One Sw opn (59) 

one sw opn = (3x 10%)" m*/sec” (60) 

= 3x 10° m/sec (61) 

= 1 sec = 3x10° meters. (62) 


Length and time are thus synonymous} and c is the constant of proportionality 
(more precisely, the identical ratio for transposing At into AL will be maintained 
for each perceptron operation). Therefore, a perceptron actually outputs only 
one thing which may be taken to be either At or AL (it actually outputs only change 


‘By "synonymous" we mean that At and OL are intertransposable by perception operation. 
The term c is the velocity (rate of change) of switching iteelf, 1.e., the speed at 
which quitons themselves can move, since quitcns are being ewitched by mass. The: 
fore ¢ ought indeed to be the wave velocity at which quitons move, and thus representa 
the maximum AL obtainable from St by mass in normal switching. The possibility exists 
that abnormal (turbulent) owitching can deviate from this limitation. Thus "time 
warping," “time travel," "hyperspace travel," and the interplanetary drive may indeed 
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that abnormal (turbulent) owitching can deviate from thie limitation. Thus "tine 
warping," "time travel," "hyperspace travel," and the interplanetary drive may indeed 
be possible. Since at least one of these effects of turbulence in switching (that of 
DeBroglie wave velocity exceeding the speed of light) is theoretically accepted, the 


problem of turbulent switching should be well worth the theorist's attention and 
effort. 
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itself, which is perceived and thought of as AL and At). All other dimensions, 
quantities, and dimensional molecules are but bit division or bit multiplication. 
This seems to be consistent with some of the latest conclusions from general 
relativity theory. 


In passing we note that there is no separation without relation, and there is 
no relation without separation, Therefore 


relation < separation. (63) 


Also, there is no operation without separation, and there is no separation without 
operation. Therefore 


operation <> separation. (64) 
It follows that 
operation < separation < relation. (65) 


We note a difference between free space and a Cartesian space (inertial 
reference frame). In a Cartesian space or inertial reference frame a definite 
length is considered to have been established for each and every point in that 
frame. But such a definite length to each point is rigorously operational by 
statement (65) above, i.e., such a length is defined by an operation. Specifically, 
it is defined by the operation of a mass perceptron (or an understood mass 
perceptron) at the origin of the frame, Such a frame is linear if the identical 
type of perceptron operation has defined the length to each point. If the type of 
defining operation varies, then the frame so defined is nonlinear; i.e., its space 
is said to be curved or distorted, 


In one perceptron, its length defining operation and its mass defining opera- 
tion can interfere or react one with the other. This type of interference or inter- 
action is the direct interaction of frame space (length) with mass and it is the 
fundamental generating mechanism of force. All forces are so generated (see 
again the inset footnote on p, 17). And in fact a perceived moving force does work 
in the direction of its perceived movement rather than in the force's perceived 
direction precisely because of the moving operational length's interaction (inter- 
ference) with the operationally generated force, This interference interaction is 
between operations in the same perceptron and generates what is called work. 
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Vv. ELEMENTARY PHILOSOPHICAL IMPLICATIONS 


Every scientific treatise is filled with forms of the words "one’’ and "be, " 
yet none attempt to define these metaphysical terms. Ontologists and metaphysicians 
have uncovered many problems connected with these two words, but no real solutions. 
In addition, the historical preoccupation of metaphysics with dogmatic religious 
beliefs contributed strongly to its disfavor, since scientists were required to exert 
considerable effort to establish the scientific (observational) method as a legitimate 
criterion for the judgment of physical truth, Consequently, both science and 
philosophy today are constructed on quite undefined foundations, primarily because 
of the failure to recognize the relationship of perception operation to reality, which 
recognition is a prerequisite to the synthesis of physics and metaphysics. One 
therefore must comprehend the concepts of be (exist)} thing (perception), and 
‘one (thing) from the viewpoint of the relation between perception and ultimate 
Feality. 


A, EXISTENCE, THING, AND ONE 


Existence has been defined here as “what is to be fed into the perceptron's 
input." In the situation where all operation of the perceptron has ceased, what can 
be said to exist in the input? First, what exists is a continuum: it has no limit, 
interface, dimension, time, velocity, change, space, place, or discontinuity since 
these are all derived from perceptron operations and the perceptron is not operating. 
What exists is continuity only, with no discontinuity.2 To comprehend this, we must 
examine the thought process itself more closely, realizing that "to think" is "to 
perceive thoughts." 


What is a "thing?" Further, what is "one" -- one "thing," one "anything?" A 
thing is first a perceived thing: it resulted from the output of a perceptron operation, 
in which one input bite and one output occurred, This output is characterized by the 
the fact that it is one, and the absence of one (i.e., zero) is the absence of output 
Figure 14 shows these relationships. The perceptron operation created the separation 
between the inside and the outside by creating a SL anda At, that is what the delta 
symbol means. Thus the operation of the perceptron determines the basic nature of 
one itself, and any one necessarily requires that a perceptron operation has occurred. 
In fact, the perceptron itself is a result of perceptron operations, Thus indeed all is 
relative. A perceptron exists and is able to function because it perceives other percep- 
trons to exist and function, Thus perceptrons are mutually created derivatives of reality 


\Being is undifferentiated; that is its total definition, It cannot be perceived, 
since perception differentiates. It 1s continuity only, without any discontinuity, 
which is unperceivable. The preoccupation of being with causality (perception) is 
technically called "incepti: the influencing of perception. In Zen philosophy 
this is technically “attachment to the world of illusion (change) ;" the literal 
weaning of "Incarnation." 


This concept is unperceivable, by the definition of perception, which accounts for 
its difficulty. To be a “perceived one" implies limit (finiteness); onene: 
without a bound or limit to make it a one (perceived), cannot be perceived 
is the primary limitation of the human mind (1.e., of perceptive thinking)--being, 
continuity, and on thenselves imply absence of perception (differentiation) and 
are therefore unpe: ble. 


3Thus Boolean algebra describes the most basic oneratian. and 4a ann¥ieshla ta the 
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are tnererore unperceivapie. 


‘Thus Boolean algebra describes the most basic operation, and is applicable to the 
“operational” world. 
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\ OPERATIONAL 
BOUNDARY 


DISCONTINUITY 
4 (wO-THING) 


(PERCEPTION) 


Fig, 14, Nature of One 


which drive themselves and each other. Note that the preceding sentence itself is a 
perception, 


So in the fullest sense, Gautama Buddha was indeed correct to state that the 
world of phenomena (changes) is an "illusion, " relative only to itself (i.e., to 
perceptrons).! Einstein, expressing this idea in the language of mathematics, 
produced the theory of relativity and inaugurated a new physics, Buddha and 
Einstein spoke in different technical languages, but both expressed the same idea, 
The only difference is that in science we have assumed that our observations 
themselves are real and perfect. They are real, but not perfect in that they 
represent only changes in ultimate reality. ‘Thus observational science alone can 
never reveal ultimate reality, 


Another approach may aid in the comprehension of the nature of one. What is 
meant by the statement "he is the man?" Reflecting, one realizes that what is 
meant is that the perceived thing HE is exactly the same perceived thing TH# MAN, 
and this identity exists now (during this one At perceptron time slice). There is 
no part of His that is discontinuous from THK MAN, or vice versa. The different 
forms of the verb "be" attempt to express continuity without discontinuity, or 
unlimited oneness which is a state and not a thing. However, we do use the verb 
"be'? to relate continuity between different time slices, "He is the man" is related 
in the present time slice; "he was the man’ means that HE in the NOW slice is 
identical to THE MAN in a past slice; etc. 


lhe reader interested in Zen will find complete agreement between this paper and Zen 
precepts, and will find the paper of some assistance in comprehending the unpercetvable 
(unthinkable) Zen realizations. In Zen, for example, the aim is to comprehend at once 
the totality of reality, directly, escaping beyond the Limiting fetters of perceptive 
thought. Now if it is actually possible to do this, and if some unusual men have 
done it, then their 
and should correspond to ultimate reality itself. 
obtained by other-than-logic and other-than-perceptive means, then their si 
should appear illogical and unperceivable.* Thus the "sound of one hand clapping" 
and other illogical concepts are used in Zen as a meditative means of driving the 
student beyond logical perception (certainly the sound of one hand clapping cannot be 
perceived or thought) to realfzation. But 1f the Zen experience fs actually valid, 
then reality itself must be pure Zen (i.e., unperceivable), and so it would appear to 
be. We note that for each component part of all, the opposite part mst exist. So 
all can be regarded as the complete set of all possible opposites or contradictions. 


*(However, this most assuredly does not imply that every statement that 
is illogical end unperceivable is of valuc!) 


?1t should be stressed azain that being ts defined as undifferentiated (unseparated, 
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4s illogical end unperceivable 1s of valuct) 


21 should be stressed again that being ts defined as undifferentiated (unseparated, 
unperceived), Being is cimply continuity without discontinuity. 
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B. REALITY, ULTIMATE REALITY, BEING, AND ULTIMATE BEING 


Actually one should be quite careful in using these terms. What does one get 
when one differentiates reality? One gets another reality, but not the primary or 
ultimate reality, For example, assume that length and time are real, When one 
time-differentiates length, one obtains velocity, which of course is real also but 
quite different from either length or time. However, velocity is always operationally 
related to the two first (assumed) reals length and time, because differentiation is 
an operation, So what is meant by "ultimate reality" is that state (or essence, or 
whatever name one prefers) that is not differentiated. Since "being" (continuity 
with no discontinuity) is defined as "that which is not differentiated, " then the 
ultimate reality is pure being. 


But all perceivables are differentials of ultimate reality. When one differen- 
tiates being, one gets pieces (differentials) of being which themselves are beings, 
but they have been perceived (differentiated) from a more primary or higher being. 
Therefore any being that one perceives has been differentiated (separated) by 
perception} which explains why human beings, for example, consider themselves 
separate or individual (one), They are separate only in their individual perceptions. 
Thus "beings" by its plural nature always implies fragments (differentials) of a 
higher being (of singular nature), There can be many such integral levels: starting 
with one function, one can integrate it, then the resulting function can be integrated, 
etc., as long as we are speaking of definite integrals between two limits. When we 
reach a state that has no pieces or limits, the process is finished. That state is 
being in the ultimate sense, ie., ultimate being. 


One perceives these integral levels directly in nature, i,e., in the perceived 
phenomenological world, Living molecules (tiny beings) of RNA, DNA, etc., integrate 
together into a cell (a higher level being). Cells then integrate into a still higher 
being (man, animal, plant), which is the level on which man finds himself, But since 
man is perceivable and there are more men than one, it follows directly that men 
are capable of being integrated into a still higher being,? and the only word we have 
at present to describe such an ultimate being is "God. "" It is not at all accidental, 
therefore, that the ultimate being cannot be directly perceived by man, since by the 
definition of perception the ultimate being cannot be perceived by a lower order being 
such as man (i.e,, since perception differentiates, or separates, then only 
differentials of being, or separate beings, are perceivable), 


The avatar Jesus, having no technical concept for the derivative available in 
the language of the day, used the analogy of the father-son relationship, the son 
being the derivative of the father in this sense. Thus he referred to himself as 
the "Son of Man" (the derivative of all mankind or of integrated mankind) and also 
as the "'Son of God" (the derivative of the integral of man), He continually referred 
to the ultimate being as "Father." It is little wonder that he was not understood 
then, and has not been understood for almost twenty centuries, 


‘thus not only are physical objects relative to the perceiver's perception, but so 
are the perceived beings. Ergo the entire perceived untverse, both living and non- 


livine. ia related to nereantion. and in fact nercantion and creation are ahatractly 
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ved universe, both living and non- 
living, {8 related to perception, and in fact perception and creation are abstractly 
synonymous. 

2This statement contains obvious implications to the theory (1. 
evolution, 


to the goal) of 
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VI. CAUSALITY AND ITS MODIFICATION 


A little closer look at perception can be obtained by viewing it from the causal 
standpoint! All that perception really creates is At and AL (which are the same, 
ignoring constants of proportionality), and the perception we normally think of is 
point perception, where a point is one switching operation. The perception point 
may be thought of as following a line path which we will call "lineception" (Fig. 15). 
Physical phenomena as seen by one perceptron constitute this lineception; or rather, 
it constitutes the physical phenomena that are perceived or observed by the percep- 
tron. Any point-based perceptron system, such as human perception, will accordingly 
perceive the universe of physical phencan env, as if the perceiving system were a 
pointer moving along a lineception.2 


pe At AL 


ot 
KA SH 
Fig. 15. Lineception (One Connected to One) 


For each perception there is a reflection, so there exists (but by definition 
cannot be perceived) a similar line-path, or "lineflection" as shown in Fig. 16. 


-oL-4t 
—bt At ~Ae areas 


Sort Re 


Fig. 16. Lineflection (One Connected to One) 


‘Perception is ddesticel to causality itself, i.e,, perception can be said to generate 
causality. The causal view is that causes inputted to a situation operate to produce, 
or output or creat According to ite inputs, the perceptron generates 
causal outputs. An adequate theory of perception should be able to explain all 

causal (perceived) phenomena. We might define causality as the set of all causes. 
Then the ansver to the question, "What causes causality itself?" is causality 

itself; 1.e., since it is the set of all causes, causality must contain ite ow 

cause. Causality must therefore be closed or circular. The entire causal world 

must then be purely relative to itself (closed). Closer attention to causal opera- 
tion yields the following: We perceive something change (in time or in space), then 
the situation changes so that ve perceive new changes emerge (occur later, or separa~ 
tely). Thus the line of perception by its own unperceived operation connects the 
perceived cause (change) to the perceived effect (change), i 

causality. Since perception itself is causal, then 

This indeed is closed or circular--causality generates pe 
causal) and perception generates causality (causality is perceptive). Thus the idea 
that perception generates causality is completely consistent with our initially 


neaumed definition af eanealitw se tha eat nf all ranese 
Inup: www cheniereorg/echpapersquiton/p28.hum (1 of 2)27.10.2003 20:29:56 


Page 28 
suse ssineeie tesa pooh atervpiarer wittiomeisagRvimweeenisiiam Iiriacisursnrn ity Santana atin 
that perception generates causality io completely consistent with our initially 

yumed definition of causality as the set of all cause: 


2a "frame" or "coordinate system" is a point-centered perceptron system centered 
about the "understood perceptron" at the origin. 
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‘The ultimate reality, or existence, contains all, all-at-once (ultimate reality 
is allness, or oneness), At each operation of the perceptron, the exact amount of 
At and AL, and their relationship, put out by a perceptron is a function of its 
input quiton disturbances. A great number, in fact perhaps an infinite number, of 
different input states are possible, i.e., exist in all, all-at-once (ultimate, reality), 
So an equally large number of output states are possible (exist ultimately), but 
one particular input condition results in one particular output condition, We can 
represent the all possible lineceptions existing as ""multiception" (Fig. 17). From 
this figure, a Tineception can be ‘seen to be one particular path through multiception. 
The corresponding multiflection could, of course, be illustrated in similar manner 
but with negative components, 


Fig. 17, Multiception (One Connected to Many) 


One could immediately apply statistics to the concept along the lines 
illustrated by Fig. 18, 


Fig. 18. One Branch 


'ft 4s stressed that these multiceptions exist, which is not at all the sane limited 
statement as "exist now,” but much more comprehensive; e.g., all possible numbers must 
exist in zero, else, given the number A, thei no justification for the axiom that 
(-A) = 0.’ The “absence of number" means precisely the "absence of all possible 
pwr chenireorgechpapersfiton/p20-hn (1 of 27.10.2008 20:30:03 


st in zero, else, given the number A, there is no justification for the axiom that 
A+ 0. The "absence of number" means precisely the "absence of all possible 
numbers.” Paradoxically, if we think of that absence, we make it present by the 
of thinking; i.e., trying to perceive it (absence is not percetvable). This contra: 
diction, of having to make the unthinkable into its opposite so that it is thinkable 
is both the characteristic and the limitation of perception and perceptive thinking, 
and has long been an insurmountable obstacle to sctentist and philosopher alike. 


t 
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At each switch point, the perceptron is faced with the branch of possibilities ahead, 
which all exist in multiception but only one of which exists in one perception, or 
lineception? A certain set of limbs in the branch must have a perception 
probability equalling 1, and thus each of the limbs has some finite probability? 

‘The input conditions to the perceptron then determine which limb is selected for the 
next switching operation; and, of course, the input conditions are the results of 
other related perceptrons' operations (relativity). The statistics will not be pursued 
further. here. 


For an absolutely mechanistic world, the entire process is automatic according 
to quite rigidly fixed rules. A system of perceptrons that behave this way shall be 
referred to as "mechanically switched." What we call "non-living systems" are 
mechanically switched systems. But what we call a "living system" is able to 
arbitrarily select the limb taken, to some extent at least, i.e., the fact that a 
living system is able to choose its behavior within certain limits, directly implies 
that it must be able to deflect its lineception from a mechanically switched line- 
ception, The only way it can possibly do this is to influence the switching operation 
of the perceptron, But since the output of one switching operation is a mechanistic 
function of the inputs, then the only way a life system can affect the perceptron 
switching operation is by affecting the input to some extent. How could it possibly 
do this? 


In our crude model, the nonaction continuum is composed of action atom 
fragments, or quitons. But such non-things are massless by definition (they are 
not being switched and the absence of switching defines masslessness), and we can 
think of the nonaction continuum as a massless fluid or ether or empty space, since 
these terms are all synonymous, All that is implied by these terms is that the 
fluid is composed of massless elements, which merely means they are not being 
switched. They are capable of being switched, of course, but switching is not 
being done. The main point is that force, in the conventional sense, is not 
required to move a massless fluid, so the input fluid to a perceptron can possibly 
be interfered with by some nonphysical means requiring zero force. The being 
portion of a life system can apparently do this to some extent, 


Since the switch time of a perceptron is on the order of 102 seconds, then 
even an incredibly tiny quiton input variation to a perceptron will result in 


4 that all possibilities exist and are real, but do not exist in percep- 
tion is the only difference between unperceived reality and perceived 


lie is str 
tion. Pei 
reality. 


2ynich leads to an unusual view of “probability.” A perceptron operation is already 
finished when one perception is complete; that is why "the past is always gone, the 
present has just occurred, end the future is never here." Perceptron operation 
continually creates the perceptron's universe as it operates, including all changes, 
time, space, etc.). Thus, at the conclusion of any one perceptron operation, 2 
nultitude of lineception steps can exist for the next operation. However, although 
possibly quite large, the aumber of next steps available must be finite to be causal 
(perceivable). It 418 the process of perception that makes probability finite. 
Perception is finite; nonperception is infinite. 


37he only alternative conclusion is that the living system is unable to deliberately 
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37he only alternative conclusion is that the living system is unable to deliberately 
nodify its behavior and its behavior is purely mechanical. But since this implies 
that all behavior is absolutely progranmed and predictable, which 1s obviously 
false, this alternative is not valid and the original conclusion stands. 
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noticeably altered lineception after one second of such variation. So it is quite 
reasonable to presume the futility of trying to measure such infinitesmal influence 
as is brought to bear on one single perceptron operation, However, the total 
influence can obviously be detected after being accumulated by a very large number 
of perceptron operations, and for living systems it is. So while we have not proved 
the mechanism of life-system manipulation of lineception, we have shown a logical 
progression from an assumed mechanism to a result that is universally verified by 
countless observations (i.e., all living systems are observed to manipulate 
causality, which manipulation is, after all, the definition of behavior). Since no 
other mechanism has been proposed, to the author's knowledge, that would reasonably 
explain the observed phenomenon of life-system manipulation of lineception, it is 
logical to accept as true the assumed mechanism -- a life system can exert an 
inoredibig tiny influence on perceptron inputs, i.e., on the ether or on empty 
space?» 


\This tiny influence is the basis of the realization process. To comprehend the non~ 
causal, the individual observer usually wrestles diligently with the problem, 
repeatedly attenpting to perceive it causally. In each such attempt, the tiny 
influence of inception on perceptron inputs is exerted. Over an ensemble of such 
attempts, the perceptron causal output can be modified, 1.e%, modulated noncausally 
to give what are now slightly noncausal perceived outputs. Presence of a required 
fit or required output pattern in the perceptive mind allows the output to be 
examined (compared) against the required output, i.e., it allows the selection of 
the proper noncausally modulated causal transfer function. When the outputs match, 
one then has « breakthrough or realization which matches the real world pattern but 
which cannot be directly perceived causally. However, since the mental file of the 
perceptive mind has now filed the proper transfer function, the individual has 
aseinilated the information and understands it, being able to recall the noncausally 
wodulated causal transfer function at will. Thus in Zen, the ultimate example of 
realizat: is described as "enlightenment." Phra: uch as “direct perception of 
reality," "direct experience of ultimate reality "direct realization of all- 
being" are also used in trying to portray the nonpercetvable realization. Conven- 
tional science hides the entire process behind vague terms, such as "creative 
thinking," which actually only conceal the fact that we do not know what it ts, or 
how it is accomplished. 


Note that such "creative realization" can cover either purely causal or non- 
causally modulated perception, the difference being merely whether the inputs are 
incepted in a normal manner compai to causal phenomena, or in another manner. 
Realization 1s derived only from inception. Since the observed phenomena of physics 
already appear to be noncausal (statistical) in the ultramicroscopic region while 
ensenbles of these yet appear to be causal, then the physicist is already confronted 
with the necessity of changing causality but at the same time retaining causality. 
The implications to the observation process itself must be exanined, and they remove 
the dichotomy between physics and metaphysics when puroued. 


2The Hieronymus effect is an example of this in reverse. It generates an effect on 
living nervous systems that ts not the result of electric, magnetic, or gravitational 
fields, and is not caused by matter in motion. For that matter, a polygraph has been 
used to clearly measure a response of plants to human thoughts alone, and such an 
effect 1s not presently explainable within the body of physics theory. "Firewalking" 
is another unexplainable phenomenon from the standpoint of present physics theory as 
4s acupuncture. 


3A11 pei phenomena derive from this effect (inception) together with turbulent 
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3A11 pei phenonena derive from this effect (inception) together with turbulent 
switching. A straightforward theory of psi phenomena (and of such things as fire- 
walking and acupuncture, for that matter) can conceivably be generated from the 
quiton/perceptron theory. 
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Of course the most efficient development of manipulation of lineception 
(i.e., the widest response) by a life system would necessitate a control system 
approach; i.e., life system direct manipulation of only a very small control 
valve or control mechanism, which in turn controls the input to a much larger 
mechanistic (deterministic) servo amplifier. Systems like this are universally 
observed in life systems, Thus the great bulk of a life system's manipulation of 
lineception is servomechanistic: the actual direct influence of life (being) on 
matter (perceptron switching) is so microscopic as to be immeasurable at its 
operating level, and only its macroscopic effects ‘become measurable. For that 
reason the scientist has never been able to isolate the mechanism of life's mani- 


ulation of lineception, nor is he likely to be able to do so in the foreseeable 
future,’ 


Life's manipulation of lineception will be denoted by the term "inception, " 
and can be thought of as a modulation (partial change or additive change) of the 
lineception carrier, Ordinary physical phenomena are macroscopic ensembles 

of lineceptions, where the deterministic (mechanistic) law holds absolutely but 

in a relative manner (ensemble to ensemble) which is fixed cause-and-effect, or 
causality, from the viewpoint of perception. Since inception is a modulation of 
lineception, then living behavioral phenomena should be superimposed as envelopes 
on causal lineceptions, or causal lineception ensembles, and, indeed, they are 
universally observed to be so superimposed,” 


Absolute or ultimate reality, however, can be thought of in one respect as all 
multiceptions and all multiflections, all-at-once, which is timeless (i,e., which 

is both all-possible-times and zero time simultaneously or identically). Along 
any one lineception, causality applies; yet since a very large number of changes to 
that lineception are available in just one multiception branch, then quite a large 


lphis latter statement, of course, is subject to challenge. 


since all matter is, it contains being. Another intriguing possibility exists: that 
there are two types of inceptive systems, or tvo magnitude directions that inception 
takes. The first type would produce inception with difficulty, and its inception 
would only be apparent at the macroscopic level; the second type would produce 
inception with ease, ite inception would be apparent only at the microscopic level. 
The first type would correspond to what we call "living systems," while the second 
would correspond to what we call "inert systems." Living systems’ inception would 
be observable to human senses and hunan instruments, while inert system's inception 
would not. A second and remarkable consequence would be, that in the extreme micro- 
scopic case, inception would dominate and thie scale would appear to be absolutely 
tistical (individually unpredictable), which apparently is true (1.e., degree of 
ality represents degree of restraint of inception). This would modify causality 
(for individual events) at the ultranicroscopic level, but at higher levels causality 
would still apply due to the karma effect on perceived ensembles. It is significant 
that at present the universe of matter seems to behave in precisely this fashion. To 
Inception, being non- 

of inception (noncausal) 
that equal or exceed the perception threshold become causal (are processed by 
perception) and generate causal karma. 


3since every perceived AT has an unperceived complement -4T which exists in reflec- 
hypo chenireorghechpapers/qiton/p32.hm (1 of 2)7-10.2008 20:30:34 


3since every perceived AT has an unperceived complement -4T which exists in reflec~ 
tion, then the sum total of all times in absolute existence, which includes both 
perception and reflection, equals zero tine. 
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number of inceptions are available to be applied to that one lineception by an organism 
to change or direct the lineception. Herein is the explanation of karma, Since every 
inception made by an organism (or by a submicroscopic particle of being for the second 
case, see note 2, p, 32) changes its entire lineception, it also changes its entire 
perceived or relative universe, which is the only universe it knows or senses. And 
since causal feedbacks from this perceived universe! occur to the organism's 
perceptron (which itself is part of that perceived universe), then the effects of the 
organism's actions indeed return precisely to it, So, "as a man soweth, that shall 

he also reap" is quite true? 


It is now possible to formulate some conclusive statements: 


1, One perceptron follows a lineception path, mechanically basing its output 
on its inputs, and this operation establishes causality to perception 
repetition, i.e., to lineception, 


2. Ordinary physical phenomena are merely ensembles of related lineceptions, 
and are perceived to be absolutely deterministic (obey only cause-and- 
effect. 


3, Living phenomena exhibit the effects (selective behavior) of inception 
(modulations impressed on lineception) which occasionally diverts one 
lineception from its deterministic lineception limb to another multi- 
ception limb, resulting in a changed (modulated) lineception. 


4, Ultimate, or absolute, reality may be thought of as the sum-total of all 
multiceptions and multiflections, 


5. "God" is all-being, which is all multiflection and multiception at once, 
which is both no time at all and forever and all forevers as well, 


6, "God's will” is lineception and its accompanying lineflection, 


7, "Man's will" or "free will” is inception, the modulation of lineception (and 
unknowingly its accompanying lineflection). Inception, however, imposes 
a feedback on the inceptor since a precise feedback, from the inception 
changes to perception, occurs to the perceptron of the perceiver. This 
feedback resulting from inception is karma. 


8, The law of cause and effect (causality) exists in perceived nonmodulated 
phenomena (ensembles of lineceptions). 


9, Causality is affected (modulated) by living systems, but applies to each 
choice once made, The causal feedback from inception is karma. 


Perceived" must be accented: the nonperceived universe is not causal, since by 
definition causality invokes a perceiver and the perception process. 


spectes must exist in like manner. 
weans that the statistics of 


2collective karma of any ordered group such as 
On the aubmicreaconic level. “karma of ensembl. 
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2collective karma of any ordered group such as a species must exist in like manner. 
On the submicroscopic level, "karma of ensembles" means that the statistics of 
Lineceptions and inceptions still lead to causal relationships in the perceived 
collective phenomena. 
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Neither causality or karma applies in ultimate reality, 
although all 

causality lineceptions and their reflections, and all 
modulations 

(inceptions) and the karma reflections of those 
inceptions, are 

included in ultimate reality. 


10. 
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VIL. CLOSING REMARKS 


The quiton/perceptron approach appears to offer a most 
extensive area for further investigation, and it is hoped that the 
physicists will interest themselves in the concept. It offers 
explanations for the problems long posed by ontology, and unifies 
the bases of science and metaphysics. 


We state categorically that the theory explains what electric 
charge is, why like charges repel, and why unlike charges attract. 
In addition, since all phenomena are perceptron outputs, the theory 
indicates that multiple effects which are very close in time or 
distance will interfere with each other due to turbulent switching; 
i. e., conservation of mass/energy holds only as long as no switch 
interference exists. Turbulent switching can possibly disrupt all 
known physical laws. Unexpectedly strong forces, such as nuclear 
force, might in fact result from this effect. Other implications 
include possibility of travel faster than the speed of light 
(deBroglie waves do this now) and of travel back and forth in 
“time.” 


Since both laboratory instruments and human sensory 
apparatuses are perceptrons and differentiate reality, investigations 
of physical phenomena should include the laws of the perceptron 
as well as the laws of the perceived phenomena. 
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A fundamental answer is atteupted to the question of being, time, space, 
existence, perception, and physical phenomena. Mass, empty space, reality, gravita- 
tional attraction, continuity, discontinuity, and relativity are among the "things" 
and "nonthings" for which relationships and explanations are provided. 


Perception is defined as detection by a mass of change to itself and as 
differentiating proc Perceived physical phenomena are revealed to be first ad 
lerivatives of ultimate reality, and outputs of the physical percoiving device call, the 
VU | “perceptf¥on." Using the operation of the physical perception process on action, the 
units of which are energy times time, an entirely different view is generated of both 
reality and the Heisenberg uncertainty principle, When superposition 1s imposed 
# condition, the Heisenberg uncertainty principle is revealed to be a quantized state- 
ment. A concept of the absolute value of a dimensional molecule is advanced. 


A reality model is constructed of an action continuum and a nonaction continuum 
separated by an operational threshold whose nagnitude is given by an uncertainty 
principle. Perception is modeled as a process which switches atomic quanta of action 
and nonaction back and forth across the threshold, Mass is explained as perceptron 
switch activity rate, and a mass definition equation is generated. One kilogram mass 
is shown to represent 17,053 x 10°9 perceptron switches per second. From the model, 
Newton's laws of motion and gravity can be generated directly from the concept of the 
interaction of mass with space itself, space being taken as a massless fluid, or ether,| 
composed of tiny nonaction particles called "quitons Einstein's postulates of 
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special relativity are also shown to follow 

from the model, and a statement of the equivalence 
principle 4s shown to be consistent with the 
model. 


The concept of "lineception" as a causal 
chain of perceptron operations is advanced. 
"Inception" is developed as a noncausal modulation 
of lineception and as a distinguishing feature 
of a living system. The possibility is raised 
that inception could provide an explanation 
of the noncausal, statistical, ultramicro- 
scopic universe and yet require large ensexbles 
of ultramicroscopic events to conform to 

Inception is shown to lead to 
. Perception is shown to be causal 
and to generate causality itself. 


Some elementary philosophical implications 
of quiton/perceptron theory are pointed out 
and briefly discussed. 
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i... Reply by Jenny on July 27, 2011 at 6:22 


ARP Patents (Assigned to APTI, Inc. Los Angeles, CA, Washington, DC) 


U.S. Patent 4686605: Method And Apparatus For Altering A Region In The Earth’s Atmosphere, 
Ionosphere, And/Or Magnetosphere Issued: Aug. 11, 1987 Filed: Jan. 10, 1985 


http://www. freepatentsonline,com/4686605.pdf 


U.S. Patent 5038664: Method For Producing A Shell Of Relativistic Particles At An Altitude Above The 
Earth’s Surface ~ Issued: Aug. 13, 1991 Filed: Jan. 10, 1985 
http://www. freepatentsonline.com/5038664.pdf 


U.S. Patent 4712155: Method And Apparatus For Creating An Artificial Electron Cyclotron Heating 
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Region Of Plasma ~ Issued: Dec. 8, 1987 Filed: Jan. 28, 1985, 
http://www. freepatentsonline.com/4712155.pdf 


U.S. Patent 5068669: Power Beaming System ~ Issued: Nov. 26, 1991 Filed: Sep. 1, 1988 
hitp://www. freepatentsonline,com/5068669.pdf 


U.S. Patent 5218374: Power Beaming System With Printer Circuit Radiating Elements Having Resonating 
Cavities ~ Issued: June 8, 1993 Filed: Oct. 10, 1989 
http://www freepatentsonline.com/5218374,pdr 


U.S, Patent 5293176: Folded Cross Grid Dipole Antenna Element ~ Issued: Mar. 8, 1994 Filed: Nov. 18, 
1991 
http://www. freepatentsonline.com/5218374.pdf 


U.S. Patent 5202689: Lightweight Focusing Reflector For Space ~ Issued: Apr. 13, 1993 


http://www. freepatentsonline,com/5202689.pdf 
Filed: Aug, 23, 1991 


U.S, Patent 5041834: Artificial lonospheric Mirror Composed Of A Plasma Layer Which Can Be Tilted ~ 
Issued: Aug. 20, 1991 Filed: May. 17, 1990 


http://www. freepatentsonline.com/5041834.pdf 


U.S. Patent 4999637: Creation Of Artificial Ionization Clouds Above The Earth ~ Issued: Mar. 12, 1991 
Filed: May. 14, 1987 
http://www. freepatentsonline,com/4999637.pdf 


U.S. Patent 4954709: High Resolution Directional Gamma Ray Detector ~ Issued: Sep. 4, 1990 Filed: 
Aug. 16, 1989 
http://www. freepatentsonline,com/4954709.pdf 


U.S. Patent 4817495: Defense System For Discriminating Between Objects In Space ~ Issued: Apr. 4, 
1989 Filed: Jul. 7, 1986 
hitp://Avww.freepatentsonline,com/4817495.pdf 


U.S. Patent 4873928: Nuclear-Sized Explosions Without Radiation ~ Issued: Oct. 17, 1989 Filed: June 15, 
1987 


http://www. freepatentsonline,com/4873928. pdf 


Still think that HAARP is just another wacky fictional conspiracy? The above listed patents should be 
enough to convince any intelligent person that HAARP is real and is now actively modifying our weather 
and triggering earthquakes. For those who are still not convinced, look to the United States Congress for 
proof. In order for HARP to get funding the people who first created HAARP needed funding. That 
funding was made possible by the US government. If you were to look at Congressional records you 
would find documents that states just one of the many official purposes of HAARP ~ for penetrating the 
earth with signals bounced off of the ionosphere. Congress was informed by people in the High Frequency 
Active Auroral Research Program that the bounced signals would be used to look inside the planet to a 
depth of many kilometers in order to locate underground munitions, minerals and tunnels. If you bounced 
the known earthquake signature signal (2.5 Hz) for a sustained period of time an earthquake could 
triggered many kilometers inside Earth’s crust. The U.S. Senate actually set aside $15 million dollars in 
1996 (Clinton and Al Gore Administration) to develop this ability alone — earth-penetrating-tomography. 
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Update April 21, 2011 


Under pressure from the International community the HAARP website is up again, No data is available 
from April 7 to April 12, 2011. Data before and after shows the signature frequency of an earthquake 
(2.5Hz) being transmitted, Also shows energy spikes which indicates active weather modification. Now 
that the website is up again you can view the data for the Japan earthquake at http://137,229.36.30/cgi- 
bin/scmag/disp ... 220110311. From the magnetometer induction data you can see 2.5Hz (earthquake 
inducing frequency) being broadcasted and recorded for several days before the 9.0 magnitude earthquake. 
To see what a normal (no HAARP broadcasting) day looks like view the magnetometer charts for the days 
of March 15, 16 and 17 — March 16, 2011 http://137,229,36,30/egi-bin/scmag/disp ... 03168Bx-on, No 
earthquake inducing broadcast was detected from March 15 to March 27, 2011. On March 28, 2011 a low 
powered broadcast was detected from approximately 12:00 am to 3:00 am. Broadcasting resumed on April 
2, 2011. April 6, 2011 shows you what the magnetometer charts looks like when a solar storm blasts Earth. 
No data is available from April 7, 2011 to April 13, 2011 —a shutdown. Starting on April 15, 2011 and 
ending approximately 10:00 am April 16, 2011 the earthquake inducing frequency of 2,5Hz was detected 
being broadcasted. 

Short URL: http://presscore,ca/2011/2p=2261 
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WOW MoD! What a paper! I need like a year to get through it all but it sure is awesome to have it all in 
one place! Excellent! 
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Boeing Tests Microwave Missile That Can Knock Out All Electronics (CHAMP) 
Huffington Post UK | By Michael Rundle 24/10/2012 


hip: itnecontrall comforun/topics/scalar- weapons-read-i-and-wee 620 


sr262018 


‘SCALAR WEAPONS: Read It and Weep - The Conall 
Boeing is testing a missile which can destroy electronics in a wide area with little or no physical damage. 


The ‘Champ! (Counter-electronics High-powered Advanced Missile Project) may "one day change 
warfare", Boeing said, 


"This technology marks a new era in modern-day warfare," said Keith Coleman, CHAMP program 
manager for Boeing Phantom Works. 


"In the near future, this technology may be used to render an enemy's electronic and data systems useless 
even before the first troops or aircraft arrive". 


The missile was tested on 16 October, when the high-powered microwaves were fired at a two storey 
building built especially for the job. 


The missile would, if successful, take out rows of personal computers which were turned on to gauge the 
effect of the blast. 


‘The result? 


"Seconds later the PC monitors went dark and cheers erupted in the conference room, CHAMP had 
successfully knocked out the computer and electrical systems in the target building. Even the television 
cameras set up to record the test were knocked off line without collateral damage.” 

Seven targets were hit in the one-hour test, and all were successfully disabled. 


There is a long way to go before the microwave can be placed into a missile and used to disable targets 
without loss of life, but the team is hopeful it could prove to be a milestone in non-lethal warfare. 


"Today we tured science fiction into science fact,” Coleman said. 


http://www. huffingtonpost.co.uk/2012/10/24/boeing-tests-microwave-m. 
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Scalar Potential Interferometer 
Figure 6. Multimode Tesla Weapon 


In the 1930's Tesla announced other bizarre and terrible weapons: a death 
ray, a weapon to destroy hundreds or even thousands of aircraft at 
hundreds of miles range, and his ultimate weapon to end all war -- the 
Tesla shield, which nothing could penetrate. However, by this time no 
one any longer paid any real attention to the forgotten great genius. Tesla 
died in 1943 without ever revealing the secret of these great weapons and 
inventions. 


Unfortunately, today in 1981 the Soviet Union has long since discovered 
and weaponized the Tesla scalar wave effects. Here we only have time to 
detail the most powerful of these frightening Tesla weapons -- which 
Brezhnev undoubtedly was referring to in 1975 when the Soviet side at 
the SALT talks suddenly suggested limiting the development of new 
weapons "more frightening than the mind of man had imagined." One of 
these weapons is the Tesla howitzer recently completed at the Saryshagan 
missile range and presently considered to be either a high-energy laser or 
a particle beam weapon, (See Aviation Week & Space Technology, July 
28, 1980, p. 48 for an artist's conception.) 
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Aviation Week & Space Technology July 28, 1980 
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Figure 7. Tesla Weapons at Saryshagan 


The Saryshagan howitzer actually is a huge Tesla scalar interferometer 
with four modes of operation. One continuous mode is the Tesla shield, 
which places a thin, impenetrable hemispherical shell of energy over a 
large defended area. The 3-dimensional shell is created by interfering two 
Fourier-expansion, 3-dimensional scalar hemispherical patterns in space 
so they pair-couple into a dome-like shell of intense, ordinary 
electromagnetic energy. The air molecules and atoms in the shell are 
totally ionized and thus highly excited, giving off intense, glowing light 
Anything physical which hits the shell receives an enormous discharge of 
electrical energy and is instantly vaporized —- it goes pffi! like a bug 
hitting one of the electrical bug killers now so much in vogue. 


If several of these hemispherical shells are concentrically stacked, even 
the gamma radiation and EMP from a high altitude nuclear explosion 
above the stack cannot penetrate all the shells due to repetitive absorption 
and reradiation, and scattering in the layered plasmas, 


In the continuous shield mode, the Tesla interferometer is fed by a bank 
of Moray free energy generators, so that enormous energy is available in 
the shield. A diagram of the Saryshagan-type Tesla howitzer is shown in 
figure 7. Hal Crawford's fine drawing of the interferometer end of the 
Tesla howitzer is shown in figure 6. Hal's exceptional rendition of the 
Tesla shield produced by the howitzer is shown in figure 8. 


3-0 SCALAR 
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Figure 8. The Tesla Shield 
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Figure 9. Tesla Terminal Area Defense System 


In the pulse mode, a single intense 3-dimensional scalar phi-field pulse 
form is fired, using two truncated Fourier transforms, each involving 
several frequencies, to provide the proper 3-dimensional shape (Figure 
10). This is why two scalar antennas separated by a baseline are required. 
After a time delay calculated for the particular target, a second and faster 
pulse form of the same shape is fired from the interferometer antennas, 
The second pulse overtakes the first, catching it over the target zone and 
pair-coupling with it to instantly form a violent EMP of ordinary vector 
(Hertzian) electromagnetic energy. There is thus no vector transmission 
loss between the howitzer and the burst. Further, the coupling time is 
extremely short, and the energy will appear sharply in an 
“electromagnetic pulse (EMP)" strikingly similar to the 2-pulsed EMP of 
a nuclear weapon. 


This type weapon is what actually caused the mysterious flashes off the 
southwest coast of Africa, picked up in 1979 and 1980 by Vela satellites. 

The second flash, e.g., was in the infrared only, with no visible spectrum, 

Nuclear flashes do not do that, and neither does superlightning, meteorite 
strikes, meteors, etc. In addition, one of the scientists at the Arecibo 
Ionospheric Observatory observed a gravitational wave disturbance — 
ignature of the truncated Fourier pattern and the time-squeezing effect of 
the Tesla potential wave -- traveling toward the vicinity of the explosion 
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TESLA HOWITZER 
(SCALAR INTERFEROMETER) 


Figure 10. "Nuclear" Flashes off the Coast of Africa 
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Lithuania - 10 Sep 1976 - British European Airways Flight #831 
between Moscow and London 


CIA Report Released under FOIA 
Figure 11. Continuous Tesla Fireball 


The pulse mode may be fed from either Moray generators or ~ if the 
Moray generators have suffered their anomalous “all fail” malfunction ~ 
ordinary explosive generators. Thus the Tesla howitzer can always 
function in the pulse mode, but it will be limited in power if the Moray 
generators fail 


In the continuous mode, two continuous scalar waves are emitted -- one 
faster than the other —- and they pair-couple into vector energy at the 
region where they approach an in-phase condition. In this mode, the 
energy in the distant "ball" or geometric region would appear 
continuously and be sustained — and this is Tesla's secret of wireless 
transmission of energy at a distance without any losses, It is also the 
secret of a "continuous fireball” weapon capable of destroying hundreds 
of aircraft or missiles at a distance. An example of a Soviet test of this 
mode of operation is shown in figure 11 


Witness to a super weapon? 


Nick Downie describes the strange lurid glow that flared silently over the Hindu Kush 
THE SUNDAY TIMES, 17 AUGUST 1980 


(Multiple incidents in Sept., 1979) 


TEHERAN, IRAN 17 JUNE 
1966 


SEEN FROM NEAR 
MEHRABAD AIRPORT. 


OBSERVED 4-5 MINUTES 


SEEN BY 2 AIRCRAFT 
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CIA REPORT RELEASED UNDER FOIA 


Figure 12. Tesla EMP Globe 


The volume of the Tesla fireball can be vastly expanded to yield a globe 
which will not vaporize physical vehicles but will deliver an EMP to them 
to dud their electronics. A test of this mode is shown in figure 12. (See 
also Gwynne Roberts, "Witness to a Super Weapon?", the London Sunday 
Times, 17 August 1980 for several other tests of this mode at Saryshagan, 
seen from Afghanistan by British TV cameraman and former War 
Correspondent Nick Downie.) 


If the Moray generators fail anomalously, then a continuous mode limited 
in power and range could conceivably be sustained by powering the 
interferometer from more conventional power-sources such as advanced 
magnetohydrodynamic generators. 
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Figure 13. Tesla ABM Defenses 


Figure 14. Moray/Tesla Technology: Star Wars Now 


Typical strategic ABM uses of Tesla weapons are shown in figure 13. In addition, o! , smaller 
Tesla howitzer systems for anti-tactical ballistic missile defense of tactical troops and installations could 
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be constituted of more conventional field missile systems using paired or triplet radars, of conventional 
external appearance, in a scalar interferometer mode. 


With Moray generators as power sources and multiply deployed reentry vehicles with scalar 
antennas and transmitters, ICBM reentry systems now can become long range "blasters" of the target 
areas, from thousands of kilometers distance (figure 14). Literally, "Star Wars" is liberated by the Tesla 
technology. And in air attack, jammers and ECM aircraft now become "Tesla blasters.” With the Tesla 
technology, emitters become primary fighting components of stunning power. 


The potential peaceful implications of Tesla waves are also enormous. By utilizing the "time 
squeeze" effect, one can get antigravity, materialization and dematerialization, transmutation, and 
mindboggling medical benefits. One can also get subluminal and superluminal communication, see 
through the earth and through the ocean, etc. The new view of phi-field also provides a unified field 
theory, higher orders of reality, and a new super-relativity, but detailing these possibilities must wait for 
another book, 


With two cerebral brain halves, the human being also has a Tesla scalar interferometer between his 
ears, And since the brain and nervous system processes avalanche discharges, it can produce (and detect) 
scalar Tesla waves to at least a limited degree. Thus a human can sometimes produce anomalous 
spatiotemporal effects at a distance and through time. This provides an exact mechanism for 
psychokinesis, levitation, psychic healing, telepathy, precognition, postcognition, remote viewing, etc. It 
also provides a reason why an individual can detect a "stick" on a radionics or Hieronymus machine 
(which processes scalar waves), when ordinary detectors detect nothing. Unfortunately there is not room 
to develop the implications of this human Tesia interferometry in detail, for that must wait for yet another 
book, presently in its initial stages, that Hal Crawford and I are writing 


Table 5. Orders of Reality 
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Figure 15. Implications of Tesla Potential 


At the July 1981 U.S. Psychotronics Association's Annual Conference in Dayton, Ohio, I presented 
the first rough paper on the Tesla secret and scalar interferometry, A videotape of the presentation was 
made and will shortly be available, I am also scheduled to make a special presentation at the Alternate 
Energy Conference in Toronto, Canada in latter October, 1981. A professional, videotaped two-hour 
presentation on this subject is also being prepared. Wide distribution of the material through the 
international underground physics and technology network has already been made. This time, God 
willing, Tesla's secret will not be suppressed for another 80 years! 

And perhaps it is not yet too late. The material has cost me (now) some 16 years of agonizing labor 
and nearly $100,000 of my own personal funds. No orthodox university, scientific group, foundation, or 
governmental agency would support such an effort, either financially or otherwise. Indeed, most ordinary 
journals will not even accept material on such matters. Nonetheless, the area is of overwhelming 
importance and I truly believe Tesla's lost secret will shortly affect the lives of every human being on 
earth, 

Perhaps with the free and open release of Tesla's secret, the scientific and governmental 
bureaucracies will be. shocked awake from their slumber, and we can develop defenses before 
Armageddon occurs, Perhaps there is hope after all -- for even Brezhney, in his strange July, 1975 
proposal to the SALT talks, seemed to reveal a perception that a turning point in war and weaponry may 
have been reached, and that human imagination is incapable of dealing with the ability to totally engineer 
reality itself, Having tested the weapons, the Soviets must be aware that the ill-provoked oscillation of 
timeflow affects the minds and thoughts -- and the very lifestreams and even the collective species 
unconsciousnesses ~- of all Lifeforms on earth. They must know that these weapons are two-edged swords, 
and that the backlash from their use can be far more terrible to the user than was the original effect to his 
victim. 

If we can avoid the Apocalypse, the fantastic secret of Nikola Tesla can be employed to cure and 
elevate man, not kill him, Tesla's discovery can eventually remove every conceivable external human 
limitation. If we humans ourselves can elevate our consciousness to properly utilize the Tesla 
electromagnetics, then Nikola Tesla ~ who gave us the electrical twentieth century in the first place ~ may 
yet give us a fantastic new future more shining and glorious than all the great scientists and sages have 
imagined. 
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yeah this ones from deep in the archives Greg - I would love to see that article!!! 
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what if these weapons work in conjunction with cell towers and smartgrid/wifi relays? i just read this and 
it blew me away how the dangers this is being purposely 


ignored http://www. stayonthetruth,com/electromagnetic-fields--killing-fiel... " 


November 14 1996, Omnipoint, New York City's first digital cellular provider, did open for business, 
broadcasting from thousands of antennae newly erected on the rooftops of apartment buildings. According 
to the health authorities, an early flu hit New York City - but not Boston, and not Philadelphia - on about 
15 November, The flu was severe and ran a prolonged course, often dragging on for months instead of the 
usual two weeks. 

At Christmas time, the Cellular Phone Task Force placed a small classified ad in a free weekly newspaper. 
It read: 'If you have been ill since 11/15/96 with any of the following: eye pain, insomnia, dry lips, swollen 
throat, pressure or pain in the chest, headaches, dizziness, nausea, shakiness, other aches and pains, or flu 
that won't go away, you may be a victim of a new microwave system blanketing the city. We need to hear 
from you.' And we did hear from them, Hundreds called, men, women, whites, blacks, Asians, Latinos, 
doctors, lawyers, teachers, stockbrokers, airline stewards, computer operators. Most had woken up 
suddenly in mid-November, thinking they were having a stroke or a heart attack or a nervous breakdown, 
and were relieved to know they were not alone and not crazy. 


Later, | analysed weekly mortality statistics, which the Centres for Disease Control publish forl22 US 
cities. Each of dozens of cities recorded a 10-25 per cent increase in mortality, lasting two to three months, 
beginning on the day in 1996 or 1997 on which that city's first digital cell phone network began 
commercial service." we already know these agendas are being forced everywhere.no one is even 
noticing how even though everyone is already "connected" they are still erecting more and more towers 
and infastructure,by force in the case of smartmeters..wired in connections now cost over double what wifi 
dogs.they just put up another tower here on my block,disguised as a flipping pine tree.cant block the 
effects when it comes from literally all sides 
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having read a few pages, it looks like a weapon of distraction to me. The physics is in the realm of the 
tooth fairy, and the history has the ring of recent manufacture 
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involved with response to injury 


e Geometrical Distortion of Poynting Ener; 


Flow 


e Cosmic Bootstrap: Before the Big Bang 


e Bridging Enables COP > 1 
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The Ubiquitous Assumption: Two 
Asymmetrical Regaugings for Net 
Symmetry (2) 


The Ubiquitous Assumption: Two 
Asymmetrical Regaugings for Net 
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A Charged Particle is a Coupled System 
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Typical circuit has about 10-13 energy 
collection efficiency 


View of EM 
Curved Spacetime acts as source or sink 


Chronic Disease Puzzling 


Solving a Cancer Enigma 
ancer: Characteristics 


Nonlinear Optics Distortion Correction 
Theorem 


The Electronuclear Reaction: Nuclear 
Reactions in TR-Zones (1) 


The Electronuclear Reaction: Nuclear 
Reactions in TR-Zones (2 


The Electronuclear Reaction: Nuclear 


Reactions in TR-Zones (3, 


In Time-Reversed Zone: Nuclear reactions 
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In Time-Reversed Zone:_ Dynamics ma‘ 
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Time-Reversed Zone: Significant only 
after time-density charging 


A New Conservation of Energy Law 


Questions on Carcinogens and EM 
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Radiation 


AS DEFINED, fields and potentials only 


Serious flaws and errors in classical EM 
theory 


Electrodynamicists' Reaction to Removal 
of the Material Ether 


Reaction to Loss of Material Ether (1) 


Reaction to Loss of Material Ether (2) 


Some EM wa' in Spacetime 


Air Medium Disturbances Generated 
When Air is Perturbed by a Plucked Taut 
String 


Launching a Spacetime Perturbation ("EM 


Wave") from a Wire Antenna 


Phase Conjugate Wavepairs Produce New 
Waves 


Scalar Electromagnetics (Energetics) View 


of EM (1 


Scalar Electromagnetics (Energetics) View 


of EM (2 
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Scalar Electromagnetics (Energetics) View 


of EM (3) 


Extended General Relativity Principle 
Extension of Work-Energy Theorem 
34 Flaws in Classical EM Theory 
MTW's General Relativity Principle 


Use of General Relativity (GR) in Particle 
Physics 


The Missing Infolded Electrodynamics 


Infolded Engines: Excluded by Present 
Physics 


Mass curves and structures spacetime; ST 
curvatures change and structure mass (1) 


Mass curves and structures spacetime; ST 


curvatures change and structure mass (2) 


At Infinite Velocity: Each Is Every Other 


Lisitsyn's Report: Brain Code Broken 


Lorentz Closed Surface Integration 


Lorentz's physically insignificant energ) 
flow be collected and utilized 


Lorentz surface integration of the Poynting 


vector around a closed surface 


Longitudinal EM Photon Interaction with 
Charge 


Mi transparent to longitudinal EM. 
waves, which move through the infolded 


interiors of internal waves, potentials, and 
fields in the mas: 
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e Pumping with Longitudinal EM waves 
Time-reverses the Mass 


Maxwell's Quaternion Theory, 


e Maxwellian Systems before and after 
Regauging 


e Maxwell's four equations reduce to: Page | 


Maxwell's four equations reduce to: Page 2 


« More to come 


-hupy/lw ww cheniere.org/images/EMfadas Index htnl (6 of 6)25..2005 1:20:56 


|tp://www.cheniere.org/images/EM fds /majptssm. jpg 


® Elect 
E somananien is seriously flawed 
= Corrections indicated 
@ Why past corrective attempts failed 
— Force field concept is materi: 
— Missing two infolded transforms (M->ST; ST->M) 
@ Missing Infolded general relativity inside electrodynamics 


®@ Several Kinds of EM Waves in Space 
— Howto make 
- Transduction 
@ A French medical example as a Spe experimental demonstration 
— Spectacular regenerative cures funded 
— Not comprehended, therefore placer 
® Cold Fusion examples of sof time-density ne effects 
= China Lake Instrumental anomali 
- Explanation of anomalous behavior of Feiniaenks 
— Explanation of new nuclear reactions 
— Wave energy transduction provides excess heat 


= Urge theorists to consider dramatically new reactions 
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3. Aharonov-Bohm Effect >. 


= In field-free regions Socket 
— E-field is zero A 
— B-field is zero 

= Potentials still exist, just no gradients 
- Cause real effects 
— Interference is the key A 
- Contain sum-zeroed substructures 


= Does not follow from 
- Mechanics 
- Classical electromagnetics D 


= Required by quantum mechanics 


pest 


‘http://www cheniere-org/images/EMfndns| /sm%20Absemit jpg 


Absorption and emission reactions 
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PARTICLE ASSORBS ENERGY, PARTICLE ABSORBS TIME, 
MOVES TO HIGHER: MOVES TO HIGHER 
ENERGY SHELL. DECAYS BY TIME DENSITY. DECAYS BY 
EMITTING ENERGETIC PARTICLE, EMITTING TIME-LIKE PARTICLE, 


SGetcsdusccateusseccsecennecnsesssses 


OBSERVABLE... NONOBSERVABLE BY PRESENT 
MEANS. 


ENTIRE NUCLEUS ABSORBS ENERGY, ENTIRE NUCLEUS ABSORES TIME, 
EACH PARTICLE ABSORBS OWN. EACH PARTICLE ABSORBS OWN. 
DECAY OCCURS BY COMPLEX MODES, DECAY OCCURS BY COMPLEX MODES, 
INCLUDING FISSION OR FUSION. INCLUDING FISSION OR FUSION. 
DECAY BYPRODUCTS OBSERVABLE. ‘SOME DECAY BYPRODUCTS ARE 
NONOBSERVABLE (SPACE ABSORBS) 
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ELECTRON ABSORBS PHOTON 
ENERGY, MOVES TO HIGHER STREAM OF TIME-POLARIZED PHOTONS 
ENERGY LEVEL. DECAYS ELECTRON ABSORBS TIME 
BY EMITTING PHOTON, DENSITY, MOVES TO 1/2 DIFFERENT 
s | AC eA ©) At. TIME DENSITY LEVEL. DECAYS BY 
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quickly = —_ x 
LTS ip rail 
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Figure A. Excited energy density level 
in one jump. 
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© TE BEMOEN 1958 number of increases, 


‘http: /www.cheniere.orgyim: 


ANTI-ENGINE FOR CELL'S DEVIATION 
REVERSES CELL BACK TONORMAL {|} 
Eaap> + 4 er. a 


Pe TIME DEA DELAY FOR 
’ Bs RENORMALIZATION 
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By pumping the internal EM channel, process is dramatically accelerated. 
This is the body's normal recovery mechanism, within its limits. 


Asymmetric Regauging Produces Excess Force, 
Which Can be Used to Do Work on the System 


Net Symmetric Re 
No aes Work egauging Does 


This little bird put one foot on 
wire A, and then the second foot 


regauged, so he had no net excess 
force across him, even though his 
potertial cre ‘gy Was: leak Fo 
geyrimetti jauged eac! 5 
both Saeaianeoun so that one 
countered the other. @ little bird! 
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Bs} little bird filer? one foot on 
‘ire A, and then the second foot 
on wire B, He 


force then violently translated his 
little body parts every which way, 
doing lots of work in and on him. 

Bummer! © Te. BEARDEN 19 
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Net Symmetric Ri jing Does 
No Excess Work ‘on the ystem 


This little bird put one foot on 

wire A, and then the second foot 

on wire A also. He net symmetrically 
regauged, so he had no net excess 
force across him, even though his 
potential energy was increased. He 
asymmetrically regauged each foot, 


but both simul paneously so that one 
countered the other. Wise little bird! 


Net Asymmetric Re jing Can 
Do Excess Work onthe Syatenn 


This little bird put one foot on 
wire A, and then the second foot 
on wire B. He net asymmetrical); 
regauged, so Ne had tote of net ~ 
excess force across him. That 
force then violently translated his 
little body parts every which way, 
doing lots of work in and on him. 


Bummer! a 
© Le HEARDEN 1996 


Figure 32. Asymmetric regauging produces excess force, which can be used 


to do work on the regauging system. 
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« Tiny DC currents (picoamperes) 
Pulsed DC current can be utilized 
© Pulsed magnetic fields may be utilized DEDIFFERENTIATES 


Shucks hemoglobin coat 
| Grows nucleus 


NEWCELL 

REDIFFERENTIATES 
Turns into type of cell that 
makes cartilage 


NEWCELL 
REDIFFERENTIATES 


Turns into type of cell that 
makes bone 
Deposits in fracture site, 


ELECTRODE 


80g 
Ss 
FRACTURE SITE 


healing the fracture 
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DC field pattern 
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effects 
bone fecha 
fee 
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Geometrical Distortion of Poynting Energy Flow 


At or near cere tnt cen , inthe case shown 
the energy collection fraction reaction cross section) 
increases cere tnt cen 


‘a 


a. Around an aluminum sphere b. Around an Lee sphere 
at light energy 8.8 eV. at light energy 
Absorption rile al 
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jency= 18.00. Absorption peat 0.4. 
Figures per Craig F Bohren, “How can a particle absorb more than the light incident upon it? 
Fibereah dourndl ct Phys, atta), AB 4008, 9. 338 
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Before the Big Ban 


Cosmic repulsion behaved like a fluid with 
negative pressure 


The "universe" inflated (expanded) as a "false 
vacuum" 


As the negative-pressure fluid expanded, its 
energy went up rather than down 


When inflation stopped, the false vacuum 
decayed from its excited state 


its excitation energy was released in a single 
great burst Paul Davies, Superforce, 1984, p. 194 
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BRIDGING ENABLES COP > 1.0 


S-flow, dé /dt flow, and EMF flow 


aa _ V>>0 = ey 

| dQ@dt : / \ 
1mo ! BLOCKER ! | | jpoo } 

| (Conductor) } \ 

= —_ + 
 ClosedCurrent = Closed Current Ee 
Loop A Loop B 
BRIDGE Patent Pending 

Current loop B is asymmetrically regauged by 
S, do /dt, and EMF flowfrom current loop A. ence ween 
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Aspects of Strong Local Asymmetry 
——— 


® If local asymmetry is strong, conservation laws 
may be appreciably violated 

Energy 

Charge 

Spin 

Momentum 

Angular momentum 


® Properties of an object may differ appreciably for 
© Different observers 
* Different detecting means 
* One time to another 
* One position to another 


© TE Bearden 1995, 1995 
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= STRUCTURING THE INFOLDED EM INSIDE POTENTIALS, 
FIELDS, AND WAVES 
* Strongly breaks local symmetry 
*® Provides spacetime engines giving the above effects 
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Other Aspects of 
Strong Local Asymmetry 


EEE 
= Local spacetime is curved © TE Bearden 1995, 1965 
= Lorenz invariance of vacuum is violated 
= May be a local “sink” or “source” 
= Gravitational-inertial effects from EM 
= Translation between virtual and observable 
= Electrogravitational solitons 
= Action at a distance 
= Transmutation effects may exist 
= Scalar/pseudoscalar field transiation 

= COMMENT: Thus the use of infolded oan 

EM fields and waves to strongly break loca 

interested 


spacetime curvatures. These spa 
structures are Dacca ance oF or rapacseine engines. 
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Bunge on the Status of 
Electrodynamics 


",.. it is not usually acknowledged that electro- 
dynamics, both classical and quantal, are ina 
sad state..." 

". the best modern physicist is the one who 
acknowledges that neither classical nor 
quantum physics are cut and dried, both being 
full of holes and in need of a vigorous 
overhauling..." 


*Mario Bunge, Foundations of Physics, Springer-Verlag, 


© 19% Te eeARDEN New York, NY, 1967, p. 176 
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Bunge on the Status of 
Electrodynamics and Physics 


"1. itis not usually acknowledged that electro- 
dynamics, both classical and quantal, are ina 
sad state... 

"... neither classical nor quantum physics are 
cut and dried, both being full of holes and in 
need of a vigorous overhauling..." 


"Mano Bunge. | , Springer-Verlag, 
© ron te cearoer New York, NY, 1987, p. 176. 
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Bunge on the Status of 
Classical and Quantum Physics 


",. itis not usually acknowledged that electro- 
dynamics, both classical and quantal, are in a 
sad state... the best modern physicist is the 
one who acknowledges that neither classical 
nor quantum physics are cut and dried, both 
being full of holes and in need of a vigorous 
overhauling not only to better cover their own 
domains but also to join smoothly so as to 
produce a coherent picture of the various 


levels of physical reality.” 


"Mario Bunge, Foundations of Physics, Springer-Verlag, 
© 198 TE BEARDEN (New York, NY, 1967, p. 176... 
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Fraction of Casualties Surviving 


FRACTION SURVIVING N=1-40 million 
10 
08 
06 
04 
02 
e | orc | 
ASUALTIES 
“ © weet & vearmen 
TYPE TREATMENT RECEIVED 
XPRESSED IN FRACTION SURVIVING 
With conventional treatment 
With 1st generation P-treatment 
© With 2nd generation P-treatment 
@ With 3rd generation P-treatment 
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Differentiation and Dedifferentiation Timelines 


CENTRALIZED CONTROL OF CELLULAR 
GROWTH AND REGENERATION 


ELI 
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OXYGEN-RICH ENVIRONMENT halal 
Loe Oe ul ee een 
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Evolution of Cells on Earth 


CHANGE OF 
ESSENTIALLY ATMOSPHERE 
ANAEROBIC TO AEROBIC 

(INCLUDES: 
OXYGEN) 


BIOGENESIS 
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(A proposed formal definition 
of a charged mass) 


Se Ley * 
~ VACUUM ~ . 


"curiously enough, we do not 
know exactly what charge &, 
only what t does. Or, equally 
significantly, what itdose = not do.” 

MP. Silverman, dod Yett Moves: Stange 


CambidgeUriversity Press, 1903 p. 127. 
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coupled together (interacting). Q is a broken symmetry. The mass of the charge 
continually and violently exchanges virtual photons with the surrounding vacuum. _ 
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An electric charge Q consists of a massless flux component and a mass component, [ 
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Thus Q is energetically driven by the surrounding vacuum potential, which itself is to 
first order just a violent virtual photon flux. 
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The Ubiquitous Assumption: Two 
Asymmetrical Regaugings for Net Symmetry 
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eysercriest Patter tots Bhd Symmetry 


He says he will do the 
regauging foryou. Hey, 


at a swell guy! 
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The Ubiquitous A ption: Two 
Asymmetrical Regaugings for Net Symmetry 
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Note: X is a coupling 
operator 


virtual 
photon 
flux 
exchange 
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"curiously enough, we do not 

know exactly what charge is, 

only what it does. Or, equally 

significantly, what it does not do.” 
MP. Slveman, And'Yetlt Moves: Strange 


‘Sistem and Suttle Questions in Physics, 


Cambridge Universi Press, 1293, p. 127 
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An electric charge q isabroken symmetry in its fierce energy exchange with the active vacuum. 
It coherently integrates some of the virtual energy absorbs and outputs it as Poynting energy flow. 
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Chung's Carbon Filament Negative Resistor | 
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Typical circuit has about 10-13 
energy collection efficiency 


willZ © 
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Zs 
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E 
$e) Sage of Deep space 
s ‘system 
ens Distance traveled by S in one houris 1.08x10exp(12) meters. 


===" Example: 1.3 amps flowing in DC circuit, 1.8 mm diameter copper wire. J =51 Aicm2 


S violently transports provided fromthe source. 
4,=0.1368 meters | Sluggishly transports the energy collected and dissipated in the 
circuit. 


For the case discussed, the electron drift velocityin the circuit is about 
3.8 x 10 * meters/sec. So Jj moves about 0.1368 meters in one hour. 
Thus J? has collected about 0.1368 meters of the ¢-filled Stube. During 
that same hour, the S-flow evoked by the power source will have 
traveled 1.08x1012meters. The ¢ of both currents is the same. Both 
are involved in the same cnergy-ited tube. Thus S has provided and 
transported about 7.89x1012 times as much energyalong the circuit 
in one hour as the j) has been able to collect, transport, and dissipate 
as work in the circu. Thus this eeult provides about 181° cotection 
cy. 
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S Classical View of EM 


= Potentials just mathematical conveniences 
— Not real 
— No internal structure, just magnitude 
= Force fields primary, causative, can exist in space in absence 
of observable mass 
— All EM actions due to force fields, none when zero 
— No action at a distance 


ses/EMfndns1/ClassEM 


tr, 


Inupiwww.cheniee Mndast/Cla 


Lhitp://www.cheniere.org/images/EMindns I/CurveST1%20sm. jpg 


Curved Spacetime 
_acts as source or sink 


= May emit excess adiation 
and energy (e.g., heat) 

= May absorb radiation and 

energy (e.g., cool) 


= May transduce waves 
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BE_ CHRONIC DISEASE PUZZLING 


™ SCIENCE REALLY DOES NOT UNDERSTAND: 
THE MECHANISMS OF A SINGLE CHRONIC es 
DISEASE, INCLUDING CANCER 


m MANY TROUBLING FACTORS EXIST Or 
— MIND Vast 


= COMBINATIONS inten 


= GENERATION OF THE PLACEBO EFFECT BY THE 
CELLULAR REGENERATION SYSTEM IS UNRECOGNIZED 
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‘Cancer Characteristics 


» Not one disease, b buta whole range 
Starts in damaged aerobic cell 
e Cell shakes off body's central control 
= Starts uncontrolled 
- Becomes a lump 
e Can send forth cancer cells 
- Through blood 
— Through lymph 
e Form metastases (secondary tumors di 
e Often become anaerobic 


ply che 


a Cancer Enigma 


e An enigma has been failure of immune 
system to attack some tumor cells 
— Suppressor cells may curb immune system? 
— Tumor may lack antigens normally identified 
by the immune system? 
e Promotion of damaged cell to cancer is 
usually ordered by cellular control system 
- Regenerative and recovery system forces 
cell back toward anaerobe 
- First step breaks free from central growth 
- Control continues to recognize cell as self 
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i | CANCER: CHARACTERISTICS 


© NOT ONE DISEASE BUT A WHOLE RANGE 
© STARTS IN ORDINARY (AEROBIC) CELL 
© CELL SHAKES OFF BODY'S DICTATORIAL CONTROL* 
© STARTS UNCONTROLLED DIVISION 
© BECOMES A LUMP 
© CAN SEND FORTH CANCER CELLS 

= THROUGH BLOOD 

= THROUGH LYMPH 
© THESE FORM METASTASES (SECONDARY TUMORS) 
© OFTEN BECOME ANAEROBIC (NON-OXYGEN USING) 
© ENIGMA IS FAILURE OF IMMUNE SYSTEM 

TO ATTACK SOME TUMOR CELLS 


Qs te mete 


SYSTEM 
*R&R system forces celi back toward anaerobe 


] 
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PORTION 
E, =INCIDENT WAVE DISTORTING MEDIUM 
2 = TIME-REVERSED WAVE 


© 8.125, om TE weAnOEN 


“If a scalar wave E;(r) propagates from left to right through an 
arbitrary but lossless dielectric medium, and if we generate in some 
region of space [say near z= 0] its phase conjugate replica E2(r), 


then E2 will propagate backward from right to left through the 
dielectric medium, remaining everywhere the phase conjugate of E'." 
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The Electronuclear Reaction; 
Nuclear Reactions in TR-Zones (1) 


@ Nucleon interchange 

— Changes neutron into proton and vice versa 

= Athigh rate (flat spacetime assumed) 
® Statistics become skewed| due to curved) ST 
© Can bias statistics toward either neutron 

Or proton end) 
— Biases toward transmutation of elements 
along isomer chains 
— Concept of “isomer” is vastlyexpanded = =... 


ply che JEMindns/Elecaue 


VEMindas 1/ 


iP 


The Electronuclear Reaction: 


Nuclear Reactions in [R-Zones (2, 


© Normal dynamics (impulses) may reverse 
— Like charges attract, unlike charges repel 
— Positive charges cluster (are drawn together) 
— H+ ions (protons) may form quasi-nuclei 
— Nucleus coulomb barrier becomes assistant 

® Many “impossible” reactions now possible: 
— Quark access and quark flipping by EM 
— Jon clustering @ mre evan 
— Positive charges as phase conjugate mirrors 
— Time-density waves and ime-energy charging 


The Electronuclear Reaction: 
Nuclear Reactions in TR-Zones (3) 
ay 
© Not observed) until time-energy charging 
has become substantial 

— Time delay (hours, days) 

— Transduction of LW --> TW involved 

— Specific time-charging history of detectors 

is involved in twhether they detect or not 

— Longitudinal EM waves become significant 
® Curved spacetime can act as source or sink 

— May emit excess radiation 

— May absorb excess radiation 
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In Time-Reversed Zone: 
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In Time-Reversed Zone: 


ipg25.4.2005 1:58:07 


Time-Reversed Zone: 
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A New Conservation of Energy Law 


peste 


Physics conserves total "energy and mass-energy" 
Now also must consider "time-energy" 

Conserve total mass-time-energy (spatiotemporal 
energy) 


Let ET = total energy, Em = mass energy, 
EE = ordinary energy, and Et = time energy. Then 


ET=Ee+Em+Et Oats teva 
(kEt => EE> 0) => Et>(Em+ Ee) 


If some Et is transduced into EE , the experiment will 
violate the old spatial mass-energy conservation law 


“Midas /Elecnuc 
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QUESTIONS ON CARCINOGENS San 
AND EM RADIATION 


m UNRESOLVED QUESTIONS ON EM RADIATION 


— DOSAGES 
ACTIVE MECHANISMS 
= REPLICATION DIFFICULTIES 
— MEASUREMENT DIFFICULTIES & 5 
a Oy 
~~ 
4 


WHERE, WHEN, HOW ILL EFFECTS OCCUR 


@ SIMILAR QUESTIONS EXIST ABOUT EVERY 
CARCINOGEN 


@ SCIENCE REALLY DOESNOT UNDERSTAND THE 4 
MECHANISMS OF A SINGLE CHRONIC DISEASE, © 1994, 1995 TE. Bearden 
INCLUDING CANCER 

— FACTORS SUCH AS MND, STRESS, SPONTANEOUS 
REMISSION, PLACEBO EFFECTS, AND COMBINATIONS OF 
FACTORS ARE PARTICULARLY TROUBLESOME 

= GENERATION OF THE PLACEBO EFFECT BY THE 
REGENERATION & RECOVERY SYSTEMIS UNRECOGNIZED 
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As defined, fields and potentials only 
existin and on charged matter 


E=Fiq goexh “2 Noor 


in vacuum. | 


Source qis a 
broken symmetry 
in vacuum flux 


Assumed perpetual 
motion machine caer Bales b 
in classical EM “pileup" = joules continuous! 
SoE=-V6 Sa pr enrecrien fot 
distortion zone around 
a point coulomb 


Electrodynamics has nothing to say about what 
exists in space in the absence of mass. Ow re wewoen 


apr 
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Serious flaws and errors 
in classicalEM theory. 


Eliminates the Internal EM Inside the Scalar Potential, 

No Definition of Electrical Charge orof Scalar Potential. 

Equations Still Assume Material Ether Per Waxwell (Unchanged), 
Use of Force Fields in Vacuum is False (and Known to be So), 
Treats Charge qas Unitary Instead of Coupled System q = $lqim (q), 
Contuses Massless Potential Gradients as Forces (See #3, #4), 
Does NotUtilize Mass asa Component of Force (See #23), 


Erroneously Assumes EM Force Fields as Primary Causes, 
Topology of EM NodelHas Been Substantially Reduced, 

Does Not Include Quantum Potentialor Action ata Distance, 
Does Not Include Superiuminal Velocity of Inner EM Components, 
Does Not Utilize Extended Near-Field Coulomb Gauge Effects, 
Does Notinclude EM Generatrix Mechanism forTime Flow, 

Does Not Unify Photon and Wave Aspects (Requires 7-D Model), 


Does Not Include Electron Spin and Precession (See #19, #24), 
Treats EM Energy As Existing In"Chunks,’ Instead ofas Flow, 
Confuses Energy and Energy Collection (See #16). 
Discards HalfofEvery EM Wave in Vacuum (See #22), 
Erroneously Uses Transverse Vacuum Wave; It's Longitudinal. 
Arbitrarily Regauges Maxwell's Equations to Ellminate Overunity, 
Omits Phase Conjugate Optics Effects (The Rule in Internal EM ), 
Does Not Include EM Cause of Newtonian Reaction Force. 
Erroneously Assumes Separate Force Acting on Separate Nass, 
Confuses Detected Electron Precession Waves as Proving Trans. 
verse EM Waves in Vacuum (Remnantof Qld "EM Fluid" Concept). 
Due to Error in String Wave, Omits the Ubiquitous Antiwave. 
Assumes Equilibrium NotTrue Unless Include Vacuum Interactions. 

» Higher Topology Required, to ModelElectrom agnetic Reality. 

. Lorentz surface integration discards Poynting energy transport, 

» Has nothing atallto say aboutform of EM entities in massless space. 

. Eliminates the infolded generalrelativity using EM-force as curve agent, 

» Does notinclude longitudinal EM waves as tine domain oscillations, 

. Doesnotinclude EM mechanism that generates time flow and flow rate. 
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Michetson-Morley 
experiments, 1880's 


ne 
4 Now we are not using 
‘a material eth 


napevww.cheniee 2005 2:04:08 
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" REACTION TO Loss OF MATERIAL ETHER 


Material Ether 

Assumed in 

Equations Nota single 
equation was 

Potentials, changed! 


Bre rence 9 


Trust us! The ‘equations @ 
not need changing. 


Fluid 
Disturbed 


CAUSE 
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Okay! We will just 
measure material 
entities, and call 
them nonmaterial. 


2005 20545 


‘Einstein's 
spacetime 
hasn't been, 
born yet 


Material 
Electric 
Fluid 
Disturbed 


EFFECT 
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GALLOPING WAVE. 
TRANSVERSE 
WAVE THAT VARIES: 
VELOCITY ALONG 
Z-DIRECTION, IN 
WAVE FASHION. 


TIME-POLARIZED 


(TIME ENERGY) 
(Ex:0.01 c- 100¢) OSCILLATIONS 
3-SPATIAL | SCALAR WAVES. 
ENERGY DENSITY X, ¥,Z FIXED. 
OSCILLATIONS T VARIES. 
HAMEVERGE NONOBSERVABLE. 


VARIES; Z FIXED. 


[— PSEUDO-LONGITUDINAL 
WAVES. X AND Y VARY 
ALITTLE, SURGE OSCILL- 
ATIONS IN Z DIRECTION. 


|__ LONGITUDINAL Waves. 
X AND Y FIXED: SURGE 


| WAVES. AND Y TRANSDUCTION 
ENERGY DENSITY ~<a 


OSCILLATIONS IN Z DIRECTION. 


}— TIME DENSITY OSCILLATIONS 

X. ¥, ZENERGY DENSITY DO NOT VARY.. 
TINE DENSITY VARIES ALONG 

TIME DENSITY NOTOBSERVABLE, BUT 
TRANSDUCTION IS OBSERVABLE. 


| TIME DENSITY OSCILLATIONS 

X, ¥, ZENERGY DENSITY FIXED. 
TIME DENSITY IS NONOBSERVABLE, 
BUT TRANSDUCTION 
IS OBSERVABLE. 


~<——- TRANSDUCTION ——— 
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Air Medium Disturbances Generated When 


Air is Perturbed Loy a Plucked Taut String 


The iis wave and 
the holde 


Wave is 
alternatively 
compressive 
and 
rarefactive 


at? 7S Unees deigve ot es 
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Launching a Spacetime Perturbation 
("EM Wave") from a Wire Antenna 


f time forward 
slap (electron) 
ELECTRON SHELLS ye revered 
_(DAMPED) \ skp Grobe) 

/ 

4 Modulations of 

; Virtual photon flux 
Baa of the QM vacuum 


By omitting the nuclei perturbation wave, Maxwell 
omitted Newton's third law from electrodynamics 
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TRANSVERSE EM WAVE PLUS LONGITUDINAL EM SURGE WAVE 


PHASE CONJUGATE REPLICA WAVE 
. 
HM ANT 


—— 
TIME DENSITY WAVE 


Oscillates rate of flow of time 
about some average value 


LONGITUDINAL EM WAVE PLUS : 
PHASE CONJUGATE REPLICAWAVE © ““*=o""™ "= 
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Scalar Electromagnetics 
So (Energetics) View of EM 


e Potentials real; primary causes of EM phenomena 
- Force fields made by differentiations of potentials 
— Force fields are effects, not primary causes 
= Force fields exist only in, on mass particles 
e Actions due to potentials and their interference 
= Action ata distance or locally 
= Quantum potential and hidden variables 
e Locally curved spacetime, engineerable by EM 
— Gravity effects not necessarily negligible 
= Strong EM force or time used as agent of curvature 


up: 


Se Scalar Electromagnetics 
(Energetics) View of EM (Cont'd) 


e Potentials have internal structure 
— Stoney/Whittaker st 
= Longitudinal EM ph jugate wave 


— Each wavepair is a time-polarized EM wave 
e Vacuum EM is a potential and has 

microstructure 

= Stoney-Whittaker biwaves/-polarize 

— Fluctuations exhibit chaos 


e Spacetime = Vacuum = Potential = Flux 


Scalar Electromagnetics 
(Energetics) View of EM (Cont'd) 


e Statistics may have hidden order (already 
chaotic) 

e Uses spacetime curvature engines to 
alter matter (inside-out or outside-in) 

e Engineerable EM mechanism generates 
rate of flow of a mass through time 


* Quantum potential with specific QP can 
be used for instant action at a distance 


JEM ndns /ExtGRpen%20sm jpg 


ended General Relativity Principle 


STRUCTURING 
OF ACTIVE 


a 
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© Theorem: W=k,- kj =Ak [1] 
© k must be interpreted not as energy per se, 


psf chenies 


but as collected/collecting energy. 


The reaction cross section / for the collecting 
process must be included. 


Extension’ W= 2(ky- k,) =2Ak [2] 


Normally 4 <1, as for elastic collision or Stokes 
emission. 

However, 2 > 1 is now possible, for processes 
which asymmetrically self-regauge. An example 
is Letokhov's negative absorption of the medium. 


Working models are the Patterson Power Cell® 
and Lawandy lasing without population inversion. 
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e "Space acts on matter, 
telling it how to move. 


e In turn, matter reacts 
back on space, telling 
it how to curve.” 
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Use of General Relativity (GR) 


in Particle Physics 
_———————————— 
* GR seldom used in particle physics © mre seven 


¢ Incold fusion, Matsumoto* has applied general relativity 
® Consistent with important cold fusion results 
e Used spacetime (ST) curvature by energy density 
¢ Matsumoto did not utilize: 
= Longitudinal EM waves 
= Time density waves 
= Time density curvatures of ST (gain = 9x10is) 


* T. Matsumoto, “Mechanisms of Electro. Nuclear © calico. 
CF-7, Vancouver, BC, Canada, Arr 1998, p 93 
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THE MISSING INFOLDED 
ELECTRODYNAMICS 


pes reaped iat reybou EM 
entities in space or theirform 
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INTERNESTED SPACETIME CURVATURES 
(ACUUM ENGil 
INFOLDED GENERAL RELATIVITY 
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Infolded Engines: 
Excluded by Present Physics 


Fae crac cretion 
electromagnetics, or quantum m 

> None of these disciplines include such 
Spacetime curvature engines (vacuum engines) 


oe ee tar 
unification mainly occurs 
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Mass curves and structures spacetime; 
Si curvatures Hl and structure mass 


ot curvatures Propagat, 


ss-to-spacetime spacetime-to-m: 
transformation transformation 
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stc spacetime disturbance 
(vacuumengine) 6 trccmcenim Propagates 
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At Infinite Velocity: 


<@©> Each Is Every Other 


hint 
es ‘ibs 
VIRTUAL 
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MIND AND 
MIND LEVELS 


rE RERAM 


© 1997 TE Bearden 


up 


* THEORY DEVELOPED AND FITTED 
* HYSTERESIS MEMORY LOOP 


* CONTROLLED EM INDUCTION 
* IMAGES 


* SENSATIONS 
* PREDETERMINED EMERGENCE 
* 23 EEG BANDS 
* UPTO 8.1X100 HZ 
11 INDEPENDENT CHANNELS 
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S.K. Lisitsyn, “New Approach wo the Amilysis of Electroeneephalegrans,"" 
DDC Report AD73005,p. 16:25. 
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How can they use that old 
physically insignificant wind?!! 
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Lorentz's physically insignificant energy flow can be collected and utilized. 


pv 
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Sour 


1a. Lorentz surface integration. 1b. Actual S in and S out. 


Note: if the S-vector Is integrated over the closed surface, then 
all energy transport passage Is zeroed, leaving only the 
very small component of the Input S-flow that is powering 
the joule heating of the resistor. In short, only the small 
component of the S-flow that is equal in magnitude to 
the Slepian vector j? remains. This measures only the tiny 
portion of the S-flow that is “collecting” on electrons 

passing through the resistor, and therefrom being 
dissipated out of the resistor as joule heating. It discards 
everything else (all Sygs and Sou). Si becomes Sr. 
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* Creates time-density wave pumping 


= Slowly creates time-density ie # eos 
» 
.) oe ~ es = os oe” 
IN 


4% x) 
ax 


ae 
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© eer caren 


Fundamental units are arbitrary in physics 
Can express all physics in one unit -- e.g., time 


Time is highly compressed energy 
1 sec =8 x 10js joules of transverse EM wave eneray 
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Figure 1-8. Infolded biwave composition of a scalar potertial. 


Intp/ivww.cheniereorgimages/EMnuns1/LWetfectsm jpg25 4.200 


‘huip:/iwww.cheniere.org/images/EMfadns1/LWpumpTRsm.jpg 


yoru A2 
s ime) 
(space in ) longitudinal 


the mass EM pump 
“ea. CELL MASS 


is the cl 
Aa 
high! hnepinear to any 


a. and all LW frequencies 


fear aac" 
As 


fl 
AN AMPLIFIED VACUUM - 

(SPACETIME) ANTIENGINE IS longitudinal a | © Te we mvEN 1207 
FORMED AND ACTS ON THE ‘M pump  *..,, 

MASS, TIME-REVERSING wave i 

ITAND ALLITS COMPONENTS A v Ai 


NO MATTER HOW SMALL 


np: ww shenireorg/images/EMIndns /LW pummpTRsm jpe25 4.2005, 


grimmay 


Maxwell's Quaternion Theory Hp 
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e Quaternions: 
— Discovered by Hamilton in 1843 
- Aquaternion has a vector part 
— A quaternion has a scalar part 
— First significant non-arithmetic number system 
— Higher topology than vector or tensor algebra 


e¢ Maxwell's theory was in quaternion equations 
— 20 equations in 20 unknowns 


— Reduced to a small 4-equation subset 
by Heaviside and Gibbs 
— EM topology dramatically reduced 
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Maxwell's four equations reduce to: 


vo sity ° A)=-4 20 


Neen eae g 
co a c 


Ais replaced by A’, where 
A =A+VA 


The new B' field then becomes 


B=Vx(A+VA)=VxA+0=VxA=B 
A new E-field will also be formed. So let 
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Page 2 of 2. 
Per Jackson, (A,®) are habitually chosen so that 


Ven ee 26 [6] 
ce ét 


The net symmetrical regauging separates variables. 
Two inhomogeneous wave equations result: 


2, 
pi ze apo 7] 
1@A_ 4a 
WAS Ge a” 8) 
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Equations [1] and [2] arbitrarily changed to [7] and [8] 
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HUNTSVILLE EDITION 


The Southeast's Oldest E-Zine! 


CHASING THE WILD DRAGON 
Foundations of a New Science 


By TE. Bearden 
November 12, 1995 


Itis a pleasure to accept the offer of John and Larry to write a column in their new InterNet magazine. Theirs is a 
great venture, and with the energy and knowledge they bring to the task, one can be confident of their success in 
making this a very interesting and informative publication. 


‘There is a new “rebel” science slowly being born, with mast of the work being done outside the universities and 
orthodox scientific community. In the months ahead it will be my job to try to acquaint you with the gist of what's 
going on, and what all the excitement is about, 


This first article is deliberately just introductory, and its purpose is to interest you in the unusual fields we are going 
to be covering in more scientific detail, in future columns. We will also be listing a variety of references from the 
technical literature, which bear upon the various points addressed. 


In this first article a litle of my own background experience [note 1] is given, so you can decide whether you will be 
interested in what we have to say! 


‘The real purpose of the column wil just be to present information that you may not be able to readily obtain any 
other way. We wil not argue or debate with skeptics; nothing productive is to be gained by that. Ifthe information we 
present is useful to you, then our purpose has been accomplished. Ifit isn't of use to you, then just file it in the old 
wastebasket. Also, from time to time | may answer a generic question, constructed from multiple queries. Individual 
responses to correspondence cannot be provided 


‘The work toward a new breakthrough science is going on in a broad spectrum of fields," most of which are not yet 
recognized by academia as even constituting legitimate areas of scientific endeavor (Table 1 
‘Some of the major areas involved are: 


* theoretical and experimental research in overunily electrical machines, 
1 free energy research of other kinds, such as devices utilizing thermodynamics phase changes, 
‘= rapidly advancing efforts in cold fusion, 
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1 the direct engineering of the vacuum’s virtual photon flux exchange with matter, 

* action at a distance, including the deliberate formation and usage of quantum potentials, 

+ direct engineering of the local curvature of spacetime (yes, the direct engineering of general relativity, using the 
new hidden kind of electrodynamics), 

' use of the new “hidden” electromagnetics to engineer body cells including the reversal of diseased cells, genetics 
and all, back to a previous healthy state (cellular dedifferentiation, in biophysical terms, or cellular phase 
conjugation, in physics terminology), 

= research toward the direct engineering of the mind, including both the conscious and unconscious minds, long- 
term memory, and the personality itself, and 

‘= a ruthless re-examination (and correction where necessary and possible) of the definitions, concepts, and, 
postulates that present physics is founded upon, 


Each of these “major areas’ as yet has no single “experts” in the sense that individuals exist who possess a 
“mastery” of the given area. As an example, in spite of multiple researchers and decades of vigorous research, no 
one is really an “overall expert’ in the overunity electrical power systems field. The “field” itself is still struggling to be 
born and is not recognized at all by orthodoxy; in fact, many orthodox scientists bitterly resent one even attempting 
to Work in this area. There is as yet no cohesive single “theory" of overunity electrical or magnetic machines, 
although our own group is making rapid progress in that respect. But there is stil no universal agreement amongst 
even the researchers themselves. Literally the field is stil being discovered 


This “groping dimly toward a new field” should not be too surprising. AVter all, the early electromagnetics researchers 
Went through the same tortuous, agonizing kind of development. They were playing with cat fur, glass rods, and pith 
balls for quite an extended period before understanding progressed to the point where Maxwell could mathematically 
tie together and model the results of the experimenters such as Faraday and others. It has taken a century and a 
half for modern electromagnetics and electronics to reach its own present development. Itis going to take another 
decade or so before the overunity researchers can overturn several il-founded parts of the present electromagnetics 
and get the emerging field onto a solid foundations footing and into a solid theoretical position 


In the effort to produce a theoretical model of electromagnetics, Maxwell and his predecessors performed a 
‘magnificent work. Yet they also made very serious errors (Table 2), which persist to this day. [note 2] Let us list just a 
few of the more blatant errors in classical EM theory today: 


First, Franklin guessed wrong on which way electrical current flowed in a circuit. There is no definition at all of 
electrical charge in all of physics, and there is no acceptable definition of potential (that is, there is no rigorous 
definition of just good old “voltage.”) There are no “fields of force” in the vacuum; there are just potential gradients _ 
because the vacuum is just one vast potential (virtual particle flux) in the first place. Force fields actually occur only 


in and of the matter in a material system, The primary causative agents of electromagnetics are not the so-called 
“force fields’ at all, but are the potentials __ as is well-known in quantum mechanics. [note 3] Maxwell assumed a 
‘material ether in his equations. The Michelson-Morley experiment destroyed the material ether, but the Maxwell 
equations have never been changed accordingly. The electron was not yet discovered when the Maxwell equations 
were written; the theory does not address electron spin. Maxwell was already dead some two decades when Barus’ 
1898 paper {note 4] was published, pointing out the strange “backwards-traveling” wave (i., time-reversed wave) 
solution to the wave equation, In addition, Heaviside and Gibbs had already produced their vector truncation __ this 
truncated theory is the modem so-called “Maxwell's equations” that universities teach today __ of Maxwell's theory. 
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vector algebra, and seriously curtailed Maxwell's theory when they “translated” it into the much lower topology of 
vectors and some four equations. The later addition of tensors as the basis mathematics did not restore the lost 
topology provided by the quaternion model. {nate 6] 


For the EM wave, Maxwell simply assumed the transverse EM Wave that had come from the much earlier derivation 
of the familiar wave equation from the old “plucked taut string” notions, [note 7] Yet when one closely examines and, 
corrects some of the erroneous assumptions [note 8] made for the actual mathematical derivation of this “taut string’ 
transverse wave, one finds (Figure 4) that an equal-energy second antiphased transverse “antiwave' is actually 
produced by the instrument and added to the “plucked string’s” transverse wave disturbance of the air medium, to 
produce a longitudinal wave of compression and rarefaction in the air itself. The “transverse string wave" in fact 
never leaves the string. The string wave is not the wave that is launched into the medium. 


A similar electromagnetic situation exists. In a whip antenna (Figure 2), the Drude electron gas in the conductor 
does exhibit a transverse “string-type” EM wave of electron precession. However, at the same time, by Newton's, 
third law (which Maxwell neglected because at the time the atom was regarded as just a blob with no internal 
structure) the positively charged, phase conjugated atomic nuclei have equal energy, highly damped transverse 
recoil waves created in them, Further, these “nuclei-recoil” waves are phase conjugate replicas of the electron gas, 
waves. The total disturbance that is launched into the vacuum from the whip antenna is (a) the normal transverse 
disturbance of the virtual photon flux of vacuum caused by the electron gas wave, and (b) the coupled equal-energy 
transverse antiwave caused by the nuclei-ecoil via Newton's third law. The amplitude of the material antiwaves of 
‘nuclei vibration are highly damped because of the massiveness of the nuclei; however, they are of equal energy to 
the electron wave, But when launched into the same vacuum, the two equal-energy wave disturbances experience 
equal damping because they are in the same medium, Hence the wave and antiwave are (a) locked together in the 
vacuum, and (b) of equal energy, and (3) of equal amplitude once launched into the vacuum. What results is a 
vacuum EM wave of rarefaction (reduction in intensity) and compression (increase in intensity) ofthe virtual photon 
flux of vacuum __ just exactly like what is launched into the surrounding gaseous air medium from the “plucked taut 
string” and perturbed body of a physical instrument. The EM wave in vacuum is a longitudinal wave directly 
analogous to a sound wave __just as Nikola Tesla stated. [note 9 


‘The vacuum may be considered a scalar potential, in which case ithas an internal biwave structure (Figure 3). 
Interference of two potentials _i., the hidden interference (Figure 4) of their internal wave structures __in fact 
already creates all EM fields and waves. 


When the incoming longitudinal “biwave" from the vacuum strikes the atoms of the receiving antenna, each atom 
may be considered a dynamic assembly of multiple dipoles, where each dipole consists of one of the electrons in the 
electron shells and one of the positive charges in the nucleus. The receiving dipole in the interacting atom splits the 
two waves apart again (Figure 5). The negatively charged end of the dipole is time-forward, and the positively 
charged end is time-reversed. Hence the separated normal-wave-half of the biwave interacts with the electron, to 
give again the familiar transverse “electron precession” wave that we detect with our “electron wiggle-detecting” 
instruments (Figure 6). This detected electron precession wave is what all our textbooks prescribe erroneously as 
the vacuum wave! The separated time-reversed-wave-half of the incoming vacuum wave is split off and interacts 
with the positive end of the receiving atomic dipole, in the time-reversed atomic nucleus, thus generating Newton's 
third law reaction force to provide the recoil of the nucleus, Present physics has ignored this second wave 
altogether, because of the serious error in the original derivation of the wave equation from plucked strings. Thus 
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emit a phase conjugate replica wave. They direct the antiwave outside and away from the atom instead of inwards 
into the nucleus. So they do not recoil, no matter how powerful a phase conjugate replica wave they emit. 


Finally, we can also show that the EM wave in vacuum is longitudinal, by yet another approach. The electrons in the 
electron gas in a conductor are spinning, and they are severely constrained longitudinally to be able to move only 
very, very slowly down the wire. So when perturbed, they act as gyroscopes, and precess at right angles to the 
perturbing force. The fact that the gyroelectrons in a wire move radially almost entirely, and only “slip” down the wire 
very slowly with a “drift” velocity, already proves conclusively that the incoming vacuum disturbance was longitudinal, 
‘The precession of a gyro is at right angles to the perturbing force. Therefore rigorously the vacuum EM waves are 
longitudinal, because the gyroelectrons moved transversely. The present assumption of the transverse EM wave in 
vacuum contradicts the entire theory of gyroscopes! [note 10] There are many other errors in classical EM that we 
will point out in future articles; this should give the reader a flavor of what is in store for him in future articles. 


So there are no truly satisfactory “experts” in any of the 14 fields. Yet there is still something to be said for having 
some years of experience in one or more of the areas. | have had the good fortune or misfortune, depending upon, 
one’s viewpoint, to be involved in various of those 14 activities for some 30 years or more, and am active in several 
of the areas now. My colleagues and I are particularly active in researching overunity electrical devices (see Figure 
8), to include the effects of controlled chaotic oscillators, charge-blocking oscillators, and oscillators driven by in- 
shuttled (bridged) Poynting field energy density flow ExH. Parametric oscillation is known to have yielded overunity 
electrical machines and was fully reported by Russian researchers in the Russian and French technical journals in, 
the mid 1930s. note 11] We will further cite that litle-known work in future articles. Also, we are working mightily 
upon true negative resistors (Figure 9), wherein the resistor scavenges some of the disorganized energy from the 
vacuum’s energetic exchange with the charges in the system, organizes and collects it, and then outputs that 
collected energy flow into the extemal circuit. Such a resistor acts as a power source. Kron, perhaps the greatest of 
the electrical machinery scientists, is known to have produced such true negative resistors. 


| have also proposed a theoretical explanation of the Priore device (Figure 10) in France which in laboratory animals 
demonstrated remarkable cures of terminal tumors, cured trypanosomias, reversed atheriosclerosis, and restored 
suppressed immune systems. The Priore work was not anecdotal, but was performed under rigorous scientific 
protocols, working under the auspices of renowned French scientists such as Courrier and Pautrizel, The work is 
properly reported in numerous papers in the French medical literature. [note 12] The results were certainly achieved, 
but neither Priore himself nor the scientists of the day could understand the mechanism involved. The deciphering of 
that causative technical mechanism utilized by the Priore group required 10 years of intense effort. The results have 
‘now been published in the journal Explore! and are there for anyone to read. [note 13] 

Presently my CTEC colleagues and | have filed three patent applications and a continuation, on various methods for 
overunity processes and apparatuses, room temperature superconduetivity, Poynting generators, etc. 


As an example, we took exactly the opposite approach to room temperature superconductivity as has been taken by 
all the orthadox researchers to date. What exactly is sought, after all, for superconductivity (SC) in a section of an 
electrical circuit? Well, one has some electrons on one side of that SC section that are transporting excess potential, 
as given by the Slepian vector J*. [note 14] What is desired is to get some electrons on the other side of the SC 
section that also are transporting the same amount of excess energy in the form of J*. You can do that in two ways: 
(1) you can flow the electron carriers through the SC section, carrying their J*, or (2) you can block the J and flow 
the * itself across as the Poynting flow S. [note 15] Nondivergent Poynting flow flows along an equipotential, which is 
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if one is to get the electrons through there without excess collisions that shake off some of the excess * from J*, as, 
‘scattered photons (heat) or as a change of form of the energy (as in straining the dielectric of a capacitor to convert 
electrical energy to mechanical strain energy via the piezoelectric effect.) 


(Our approach is exactly the opposite (Figure 11) and Figure 12). Why not just stop the flow of excited electron 
carriers on one side of the SC section, and continue the nondiverging flow of the Poynting field energy density S 
across that section at room temperature? Then the cryogenics Is not needed at all. Afterall, circuits already work 
that way anyhow _ except standard practice is to nullfy the process by letting current be driven around the 
sourcing current loop and back through the back EMF of the primary source. A quantum well (or several other 
methods) can be used to trap the “sourcing” electrons in the conductor just prior to entering the SC section, The 
“receiving’ electrons on the other side of the SC section, however, must be in their own dq/dt-isolated current loop. 


Normal sources do not furnish electrons and current to a circuit anyway. Sources just furnish Poynting flow S and 
EMF. [note 16] In the receiving current loop, the EMF appears automatically once the S-flow flows in and is “locked 
on to” by the receiving electrons. Given q"*, you will immediately have J* if the electrons are free to move in the 
conducting circuit (see Figure 13). Further, you have eliminated all the loss terms from the standard Poynting 
equation for energy losses. So all the energy flow S just flows across the SC section, without any current or Cooper 
pairs flowing through that SC section. The SC section has become a “bridge” which (1) strips off the Poynting field 
energy density flaw S from the electron current da/dt an the sourcing side of the SC/bridge section, by simply 
reducing the dq/dt to zero; and (2) continues to pass the S-flow across the dq/dt-blocked SC/bridge section to the 
other side (Figure 14). The excess S-flow (and EMF) pours into the receiving dq/dt-isolated current loop, exciting the 
electrons therein to produce dq/dt and J*. Any closed current loop is self-powered, once it receives S and EMF It 
fumishes its own electrons; it only requires excess energy and EMF {note 17] 


‘So our approach gives room temperature superconductivty in a Very straightforward manner, once you discaver how 
to block the current de/dt in a conductor. Blocking it in an insulator is not sufficient, because that drops the potential 
and stops the S-flow and the equipotential * (the EMF). However, a degenerate semiconductor such as the Fogal 
chip can be used, as can several other processes for blocking dqidt in a conductor. We will discuss these in a future 
article. 


‘Another advantage of this approach to room temperature superconduetivty is that now one 
permissible overunity coefficient of performance. Now the load can be placed in Its own S-receiving, isolated current 
loop. With the sourcing current loop furnishing only $ and not da/at, the load is still powered normally in its own 
closed da/at current loop, but none of the load current is passed back through the back EMF of the primary source in 
the sourcing circuit. 


also have 


This principle — that at least a substantial portion of the load current must not pass back through the primary source 
—is the primary principle required for a permissible overunity electrical machine (Figure 15). A permissible overunity 
electrical machine is one which produces more power in the load than you have to put into the machine to run it, 


‘Obviously, the laws of physics and thermodynamics require such an overunity machine to be an open system that 
extracts and utilizes excess energy from an extemal source. In the case outlined, we extract the excess energy 
directly from the vacuum in the form of S-flow; essentially we convert our primary source to a Poynting generator 
rather than a "power" (energy flow loss rate) generator. The resulting9. overunity machine accomplishes both room 
temperature superconductivity and also overunity coefficient of performance (Figure 16). It does not violate the 
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a dipolar source, as in the simple two-wire circu, all we are doing with the conductors is providing Waveguides for 
the extracted S-flows from the vacuum to flow along (it flows outside the conductors) without loss. In effect, each 
lead is simply extending the pole (ie., the terminal) to which itis connected. 


My associates and | are also working on several other inventions at present, including two more patent applications 
to be filed in the near future. One of those is in the field of overunity power systems, while the other is in an entirely 
different, highly proprietary nuclear effort. | will address all these areas in future columns, and those columns will 
have real “meat” in them. 


Present “big science” proclaims that overunity electrical machines are impossible. The reader should understand 
that the U.S. Patent and Trademarks Office is never going to grant @ patent for an overunity electrical machine 
unless the machine is independently tested and replicated, and unless itis certified by scientists of impeccable 
credentials. This is as it should be, Legitimate free energy researchers accept that dictum. Eventually the stuff has to 
work on the bench in order to be validated. On the other hand, free energy researchers also point out that one must 
not demand of us the next 100 years of national research by a hundred major laboratories immediately! This is still a 
shoestring operation, because all conventional sources of research funds are denied to the serious overunity 
researcher (with the single exception of occasional personal funding of a researcher by a private individual). In other 
words, we demand at least the same kind of consideration that the orthodox nuclear fusion community has enjoyed. 
Billions of dollars have been poured into that sinkhole, and not a single controlled fusion power unit is working 
anywhere in the world after decades of work at enormous expense to the taxpayers. 


‘So we overunity researchers deserve at least a decade or two of our own, to try to accomplish overunity electrical 
system development. We also painfully point out that “Big Science” will not fund a single overunity researcher, for 
specific overunity purpose, no matter what his credentials or capability. In fact, “Big Science" is part of the problem, 
because it fervently seeks to prevent any legitimate research in overunity. To carry out its suppression campaign. it 
resorts to vilification, character assassination, libel, and stander of the overunity researchers themselves __ again, 
regardless of their qualifications or legitimate scientific procedures. [note 211 


Indeed, orthodoxy has a black record with respect to energy. When Mayer advanced the conservation of energy law, 
orthodoxy hounded him unmercifully. He was universally ridiculed as the very epitome of a fool. He lost his job and 
suffered a nervous breakdown, Then years later toward the end of his life, scientists came to accept the 
conservation of energy as a most useful tool that dramatically simplified much of their analyses. So then science 
began to laud Mayer. There are a thousand other such examples; suffice it to say that "big science” is a bureaucracy 
and a “bell-shaped distribution curve" just ike any other large group of people. Some scientists are near-angels. 
Others are near-devils. The vast majority are neither, but are just ordinary persons doing a special kind of job. In the 
scientific bureaucracy, however, the manipulative scientists scurry, slash, and manipulate their way toward the top. 
So the leadership of any big bureaucracy __ including the scientific bureaucracy __ is always rife with such near- 
scalawags and power-hungry individuals, Scientists are not exceptions to the same human weaknesses that we all 
evidence. If you really want to see jealousy, backbiting, and fierce "back-room dealing” and power-struggling, just get 
into a university research environment! But because the “power merchants” of any bureaucracy always fiercely resist 
any challenge to their position or superiority, big science has always fiercely resisted anything truly revolutionary. 
‘And today they also enlist the power of the state to enforce their dictums. We will devote one of our future columns 
to pointing out some glaring examples of persecution of independent researchers by big science. It is an area that all 
unorthodox researchers should be well-aware of. The world of science does not run by sweet reason and lofty 
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to the U.S, Patent and Trademarks Office. Anyone with a modicum of knowledge of modem physics already knows 
that there does not exist a single closed system in the universe, anywhere. In particular, every physical system is 
continuously “open” to the violent exchange of energy with the surrounding vacuum. It's just that mast systems are 
in local equilibrium in these flow exchanges, except for minuscule gating accomplished for such things as the Lamb 
shift, et. 


By analogy it's something like this. The free energy researcher is standing by the banks of a mighty, rushing river 
with breathtaking falls, turbulent areas, etc. Big Science is begrudgingly admitting that, yes, there is a river there, but 
itis an insane delusion to think that you can tap that energy. The free energy researcher is saying that, well if can 
build a gating sluice a litle distance upstream, perhaps | can divert a small portion of the river's flow downstream to 
my waterwheel, and power my mill, The orthodox scientist then vilifies the free energy researcher for even having 
such a heretical thought. In fact, says the orthodox researcher, any fool can see that the laws of nature force the 
river's flow to stay firmly in its banks, because it is a closed system, and Moses brought that law down off the 
‘mountain with him on a special stone tablet. Then he adds all the other smug remarks such as, “Ifit could be done, 
then we at MIT and Harvard and Caltech would already have done it!” So until the orthodox scientist develops a lite 
less dogma and a lite more common sense, and leams the difference between a scientific discussion and a 
dogfight, the free energy researcher can hardly communicate with him, 


‘The goal of the legitimate free energy researcher is to find a way to break the local equilibrium of this universal 
energy exchange, and gate a tiny bit of it up into the external circuit as excess electrical energy (Figure 17). Then he 
must collect the excess energy, and shuttle it from the “gating and collecting circuit” over to a dajdt-closed current 
loop containing the load. He must also prevent the load current, or most of it, from passing back through the primary 
source against its back EMF, because if it does that, he will destroy the separation of charges in the dipolar source, 
Killing the dipole and extinguishing the “excess energy gating.” In other words he must find a way to process and 
transport the eneray flow across da/dt-blocked bridges between the source's closed da/dt-current loop and the 
load’s closed da/dt-current loop. Ruthlessly it is an energy transport S-flow problem, not a J* energy transport 
problem. If he uses J* in his sourcing current loop, he automatically drives the current dq/dt back through the back 
EMF of his source and kill it. If he does not drive dq/dt back through the source, the source will furnish S-flow for an 
indefinite period! Every battery and generator we have ever built is already a “free energy” machine in that it already 
involves broken local symmetry in the vacuum energy exchange. We have just not realized how to use our power 
sources purely as Poynting S-flow sources. 


‘So we must treat an electrical system as an open system with broken local symmetry (Table 3) in the vacuum flux 
exchange, so that the system extracts (gates) excess energy from an external source. In this case the source is the 
system's flux exchange with the vacuum. This approach is no more mysterious or bizarre than putting a waterwheel 
in river, or @ windmill in a wind, or a bank of solar cells out in the sunshine, The universal “free source of energy’ 
that the overunity researcher seeks to tap is the violent exchange of virtual photons between the electrical charges 
of the system and the surrounding quantum mechanical vacuum (Figure 18). In quantum physics this powerful, 
energetic exchange of the vacuum with electrical matter is now proven both experimentally and theoretically. Itis 
already accepted in quantum physics that the vacuum is filled with electromagnetic energy. The researcher doesn't 
have to prove it anymore; he just has to find out how to properly use it, The artesian well is already there; we just 
have to learn how to collect and use the flowing water without dynamiting the welll 


‘The remaining objection arthodox scientists usually raise against the notion of extracting vacuum energy has been 
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physicists have made various theoretical estimates of the energy density of this seething vacuum. A conservative 
ballpark figure is something on the order of 1090 grams per cubic centimeter, expressed in mass units. 


Ithas also been my good fortune to know and Work closely with several ather free energy researchers. | was a 
colleague of Floyd ("Sparky") Sweet (recently deceased) for about seven years; Sparky held a Master's degree in 
EE from MIT and had years of experience with General Electric and other firms. He was a highly skilled researcher 
Who invented the solid state vacuum triade amplifier (Figure 19), a unit which produced 500 watts of output and a 
coefficient of performance of 1,500,000. | personally tested the machine, activated the magnets on one occasion, 
and understand how it all worked. [note 24] The paper [note 25] | co-authored in 1991 with Floyd is stil the only 
paper in the orthodox engineering literature that reports (a) successful overunity functioning of a solid state magnetic 
device, and (b) a successful antigravity experiment on the laboratory bench, reducing the weight of an object by 


90%. [note 26] 


We stress again that a legitimate overunity electrical machine must be an open system, receiving excess electrical 
energy from the surrounding vacuum. As such, it must operate in a higher topology than normal electrical machines 
Figure 20). 


My good friend Frank Golden has long been a close colleague. Years ago Frank developed a motor that produced 
overunity efficiency, but then to our astonishment we found (courtesy of Bill Tiller, note 27] with whom we were 
working at the time) that its operation depended upon a 5-year-long conditioning (structuring) of the local ambient 
potential in order to work, Previously we had been entirely unaware that one can sometimes condition the local 
vacuum and the local matter in the area with a particular dynamic form. Given the local conditioning, a motor with 
that form will then work in that vicinity, but not necessarily elsewhere at an appreciable distance away. We now 
understand the mechanism for such “conditioning of the vacuum.” We also now know what to do if an overunity 
‘machine is actually a machine of that type (many of them are not). In other words, we know how to convert it to a 
‘machine that will work anywhere, anytime. We will be addressing such little-known things in future articles. 


John Bedini is also a close friend and colleague; John built several experimental motors (both electrical and 
magnetic) in the overunity area, and performed successful trans-mutation experiments. John is a recognized genius 
in high-end sound amplifier development. Many audiophiles worldwide still swear that the Bedini amplifier is the best 
and sweetest-sounding audio amplifier ever built. One of John's battery-powered electrical motors (Figure 21), for 
example, ran continuously off its battery for about five years, and kept the battery charged. When you realize that 
such a small electric motor is only about 35% efficient, then you realize that about 65% of the energy flawing out of 
the battery was being dissipated in the motor as heat, core losses, etc. So the unit was continuously performing 
work for that five years. [note 28] The 1/8 hp motor represented a load in which the continuous rate of work being 
done (the rate of energy dissipation) was about 0.08 hp. We will have more to say on this motor and its technical 
process in a future article. 


Bill Fogal is a close colleague; Bill has patented the world’s first dq/dt-blocking semiconductor, note 29] which 
partially blocks the normal current while continuing to pass the flow of voltage (Table 4). | have written a proprietary 
technical explanation of the Fogal semiconductor, which utilizes an extremely little-known feature called the 
“overpotential.” The overpotential part of the theory is experimentally proven and theoretically explained in an 
obscure part of electrochemistry, by a few chemists who specialize in electrode effects. J. O'M. Bockris is probably 
the leading world expert in overpotential theory; he authored the textbook an it. jnote $0} 
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building ground, and We needed to make “floating differential ground” measurements in order to settle things once 
and for all. McLain and Wooten have filed for a patent, and multiple tests with excellent equipment have indeed 
indicated overunity. What happens next remains to be seen. | suspect that the two inventors may simply accept 
foreign capital investment and go offshore. 


Howard Johnson is also a respected colleague, whom | very much admire. (See Fiqure 23). Howard has continued 
to Work quietly and patiently upon his patented permanent magnet motor, {note 31] including patenting various 
magnetic gates, eto. that are necessary to make such a motor work in @ rotary configuration. {note 32] Howard 
‘employs a two-particle theory of magnetism: ie., each magnetic flux line is envisioned as having a particle traveling 
from the north pole to the south pole, and also a particle traveling from the south pole to the north pole. The particles 
are spinning; the forward-time particle spins in one direction, and the antiparticle spins in the other direction. Howard 
then slightly separates the two particle flows, [note 33] In other words, Johnson spits the flux ines themselves, into 
two different pieces. When so separated, the component lines are now curls, so their paths curve, The paths of the 
two “curl particles” are different; one curls in one direction and the other curls in the opposite direction. Further, a 
predominance of one form of curl particle gives a "time-forward’ aspect, while a predominance of the ather form of 
curl particle gives a “time-reversed” aspect. Johnson is thus able to employ a deeper kind of magnetism than the 
textbooks presently contain. He demonstrates that a “spin-altered’ magnetic assembly exhibiting (to a compass or 
other such detector) a north polarity can attract another unaltered magnetic assembly exhibiting a north polarity. In 
short, he can make a north pole attract a north pole. We will give you further insight into Johnson's two-particle 
theory in a future article. [note 34] We will also explain how and why the physicists missed that antiparticle in the 
magnetic field's flux lines, and thereby failed to advance the theory of magnetism to a deeper level. Make no 
mistake, one day when the new theory is done, Johnson may well be awarded a Nobel Prize for his epochal 
discovery of a deeper structure of magnetism. 


Bits and pieces of the new science approach are just now beginning to spill into a few conventional journals and 
symposia. For some time a few of the rebels spearheading this new science have been doing something that the 
University scientists should have been doing all along. The rebels have been meticulously examining the concepts, 
postulates, and definitions that the present scientific models are founded upon, to reveal serious foundations errors, 
Corrections for some of these errors have been discovered and made. [note 35] Others are still problems yet to be 
resolved. Yet slow progress is being made, and a “tlip-over’ of the old science is likely to occur within the next 
decade if not sooner. By then the new concepts will have become “solid” enough to allow producing an engineering 
‘mathematical model. Also the supporting experiments will have become solid enough to justify the new concepts 
and the model. 


In this first article | wanted to introduce the 14 major areas. We will be discussing these areas in some technical 
detail in the future. We'll also include current major news items of development in these areas, for the interested lay 
reader. I'l particularly try to give you the benefit of extensive reference citations painfully gathered over the last 30 
years. The articles will be targeted toward both the serious researcher and the interested, educated layman, 


So that's the agenda for the months ahead. We hope you find this information and the approach of direct interest 
and use. 


Again, i's a privilege to be aboard. And we invite you to hang on in the future; i's going to be a wild but exciting ride. 
We really are going to chase this wild dragon with great vigor. 
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the 


Introduction 


Allof this talk so far on scalar waves and scalar technology has no purpose in the scientific community until 
‘something can be detected, observed and duplicated. The original seediings and thoughts which led to Lt. Col. 
Bearden’s scalar theories were developed out of observation. If nat by Lt. Col. Bearden himself, then by others, 
from many noncorrelated paths. 


| already have given a small sample list of such observers from Nikola Tesla to the latest, Moray King. | have just 
read a newly released book by Moray entitled Tapping the Zero Point Energy. | also recommend highly for others 
interested in scalar technology to obtain copies of Bearden’s works and books from the new release of Excalibur 
Briefings to AIDS~Biological Warfare. The two books and papers will fill in the much needed base work on 
understanding scalar technology and can be obtained through the High Energy Catalog 


|also understand that a new book is in the making which is a rebuttal entitled something along the lines of Anti- 
Scalar. All of this is healthy in any development process, for without pros and cons, the sorting of correct data to 
trash data cannot be accomplished. On the other hand, | would like to point out that any conclusions should be 
supported by actual tests and not just by armchair theory. 


‘Anybody can debate from the armchair but to have any meaning to back up their statements, one must present 
tests where one gets his or her hands dirty. That is to say that until | had reactions and observed actual 
phenomena occurring, all the theories were no more than that~just theories. This is what | hope to accomplish here 
with these articles on scalar technology. | feel this is a true new technology and deserves some serious 
consideration. 


I had not gotten my hands dirty and followed through on others’ experiments from other observers then | would 
never have been convinced that something extraordinary was taking place. Even though my senses told me | was 
wasting my time | set out on the monotonous task of duplicating others's work and notes of observation. This is 
what | hope some of you will do and start to help unfold and unleash this hidden knowledge called scalar -- zero 
point energy -- stress energy and even radionics. Its true indeed that it has many names over the years, but now 
we can at least have hope of defining its true limits and abilities. 


The detection methods | will present here are not confirmed by myself or corresponding researchers as of yet due 
to development is stil in progress. In one method | can only accept the word of the researcher as to his results, 
Until | or others duplicate results it remains a possible process and approach in detection. 


My own detection came in the form of two experiments which were reproductions of another author's work based 
‘on this technology. When I had reproducible results | knew there was more to scalar than just theory. The process 
is now underway in developing a reliable instrument or means of detection that others can use. Up to this point 
most of scalar observations have been uncertain and always with the person or operator being part of the circuit. 
Nobody could remove the person at this point to bring scalar under true observation conditions. Due to a simple 
‘observation in Mr. George Meek’s work in electro-voice phenomena (EVP), where my first breakthrough was 
established, this now seems a possibility. The personal element was still included in the circuit but unlike radionics 
or Hieronymus devices, could be reproduced by anybody once special conditions were met. A co-researcher has 
hit upon a method which was initially observed by Nikola Tesla and shows promise of another breakthrough in 
removing the personal element. 


| will now discuss my initial breakthrough to scalar detection which will help you follow my thinking on what is 
needed and just what we are looking for in scalar detection. Scalar properties are the dictating key elements in this 
approach. | wil then describe a possible detection method of another researcher and finally what I feel will be a 
unique approach with an instrument currently under construction by Mr. Russell Clift, a co-researcher/inventor, and 
myself. Do not feel you have to adhere to these techniques for they are only a guideline and starting point to spring 
from in your own approach to this subject. They are not established yet and will most likely be altered many times 
before their completion. 
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As in all unknowns there are always unforeseen dangers involved and one should always use extreme caution and 
behave professionally in all approaches with any experimenting. Madame Curi and the XRay research is a good 
‘example. They paid dearly for their progress in X-Ray development with their lives. Scalar and its properties can be 
just as deadly as its fascinating. | hope you read the seriousness in my tone for no matter how science fictionish 
scalar may sound to you now, | assure you the reality of actuallity can end up staring you in the face. 


Breakthrough Event 
Several years ago a Mr. George Meek presented me with construction planes and notes to a device he called Mark 


V. [Figure 1] Mr. Meek had been researching a phenomenon better known as EVP, or electro-voice phenomena. 
(Figure 2] 
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Figure 2. Construction Techniques for FM TFD & Hoop Antenna 


| would like to take a second here and answer a letter from one of Extraordinary Science's subscribers printed in 
our last issue. Mr. Jeff King from New Zealand had written to the effect it perhaps | could cover what relationship 
scalar technology has in reference to EVP. [Figure 3] Well here itis, for this was the first reproducible effect dealing 
with scalar energy {interference pattems] [Figure 4] that | could verity really took place. My second breakthrough 
was also in the EVP area but | will not be able to go into itat this time due to available space to cover what must be 
covered now. 


In short, Mr. Meek claimed to have a fantastic breakthrough of his own in the communications field of EVP. His 
claims were a recorded two-way conversation with another dimension. ZAP! Right here one would stop and feel 
that Mr. Meek and his researchers needed psychological help as | am sure some of you feel about me at this point. 
I contacted Mr. Meek and he flew down to El Paso so we could talk in person. He brought me two audio tapes of 
Which one surely did have what appeared two-way communication in real time. 


Up to this point all EVP claims were after the fact type of events. That is, the voices always appeared on blank tape 
after the operator had run the tape recorder for a period of time. No audible sounds were heard during the initial 
recording, only after playback of the tape--sort of the same thing being done now with channeling, but the person is. 
still part of the circuit. Not all voices were understandable or clear enough to be real voice prints or just random 
white noise perhaps forming what almost sounds like words. In other cases, the words and even statements were 
definitely clear and of intelligent source. Well, Mr. Meek’s tape went way beyond this to a two-way real time 
conversation. 
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Fascinated by these claims | wanted to know more on how such a process worked. This is where he presented me 
with the second tape. It consisted of thirteen mixed electronic tones. No, there is no magical number in why thirteen, 
tones were used only that they were needed to create interference patterns. These tones with an acoustical 
feedback and RF transmission with a Smith coil produced a unique interference pattern [scalar-RF and acoustical 
stress field] 


| followed the notes and set out to reproduce this fantastic claim. At one point in the notes was one observation 
statement: 


The system seems capable of feeding back changes in emotional states. 
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Figure 4. Mode 2 Communications Interference Pattern 


| stopped there and to my amazement found the observation to be true. | was able to control an avalanche effect in 
balanced tone of a set of acoustical and RF frequencies with only my own concentration -- no doppler effect or 
movement or contacts to my body in any way. | taped this effect and itis available to those who wish to observe the 
level of control of an electrical circuit with shear stress energy from a human. 


This observation is equal to Nikola Tesla’s observation of his plasma globe and tensing a fist. He found the plasma 
trail would rotate in relation with the tension or muscle pressure produced. | will cover this process in a moment for 
the plasma approach in construction a scalar indicator seems to be ideal due to its extreme sensitivity that up until 
now has been the human or personal element. 
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In this version of an electromagnetic scalar detector you will see that a coil is suspended in a magnetic field within 
a shielded case. [Figure 5] Its not indicated but | am sure the coil should be wound as a scalar coil. See 
“Construction of a Scalar Coil,” ExtraOrdinary Science, Vol.|, Issue 3, page 16. The shielding is so all that known. 
EMF fields will be run to ground and not affect the sensor within the case. As you know, one of the properties of 
scalar energy is that it cannot be shielded. All known EMF will be stopped from entering the case except gravity 
fields and scalar energy. 


Lam not saying that gravity fields or scalar fields are EMF, but only that the formula to each have a basic root in the 
EMF part of the spectrum. A generated scalar pulse or field will cut past the case shielding and affect the atoms of 
the scalar coil within the magnetic field which in tum will be coupled to the op amp. Any change or effect will then 
be displayed on the scope indicating a pulse or field of some kind has gotten past the system's shielding and to the 
sensor. You should see a change in the display around 6AM when the sun comes up and there is a slight gravity 
shift. [1,2] 
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Plasma Scalar Detector 


This is the method which is under construction by Russell Clift and myselt. At the time of this printing the 
construction is not far enough to give any details or results as to this approach. [See Figure 6] This is based on the 
‘same construction of Nikola Tesla's experiment [3] Figure 7 is for experiments with various voltages and ion 
currents. Figure & is a simple muttiplier for the AC supply shown in Figure 6. 


Plasma Scalar Detector 


Figure 6. Plasma Scalar Detector 
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Figure 7. Power Supply 


igure 8. Voltage Multiplier 


| know | have just touched upon this subject so far but | hope I have given some of you starting points in your own 
research and findings. | will welcome any and all papers or works you may do in the scalar field and submit your 

work for publication here for others to read and gain from. Will be iooking forward to your replies in the new year. 
‘Thank you for your interest._WRY 
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Figure 1. Air medium disturbances generated by plucked string. 
Two waves are crezted, bath slapping the alr medium at the 
same time, but in apposite directions. A disturbed medium 
oscillates according to its own degrees of freedom. The air has 
More degrees of freedom than the string, A wave of compression 
and rarefaction is created in the air medium 
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(> (> eB) Al EM and mechanical forces are due to virtual photon 


absorption and emission. The electron gas “slap” and the 
ruplei gas "slap" of the vacuum medium are equal in 
energy. Hence they inject equal numbers of virtual photons 
into the vacuum, creating equal and opposite vacuum 
disturbances. This gives a vacuum wave of aerating 
compression and rarefaction, This vacuum EM wave is 
similar to a sound weve, which is madeled longitudinally 


Figure 2. Launching an EM wave from a wire antenna. 
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Figure 3. Internal Wave Structure of the scalar potential. 
A harmonic setif wavepairs, where in each wavepait the two 
‘waves super pose spatially, but travel in opposite directions. 
The two waves in each pair are true phase conjugates and 
time-reversals of each other. Thus they comprise a coupled 
wave and antiwave, The photons must also be coupled into 
photorvantiphoton pairs, by a strong application of the 
distortion correction thearem of nonlinear optics. 
Each wavepairis a standing electiogravitational wave. 
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Figure 4. Scalar potential interferometry provides action-at-a- 
distance. It already creates normal EM fields and waves. 
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phase waves of photon/antiohoton 
coupling and uncoupling in the vacuum 


The atom is an assembly of dynamic dipoles. 


A dipole splits the graviton into a photon and an antiphoton 
The photon interacts with the electron, producing the action 


The antiphoton interacts with the nucleus, producing the reaction 


Figure 5. Graviton interaction with matter produces the 
photon interaction and Newton's third law reaction. 
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© Dipotarity of the atom separates photon and antiphoton 
© Photon interacts with elsctron. 
* Pumped nonlinear atom acts 2s a pumped phase conjugate mirror PHOTON 
Directs the antiphoton back along the path taken by graviton 
*  Antiphoton dogs not interact with nucleus. 
Thus there isno nuclear recoil force generated a J 
Nucleus thus does rot reccil ANTIPHOTON 
Not a violation of Newton's third law, ono one understands 
the mechanism that generates third law reaction, In the absence 
of the generating mechanism, there is no third law recoil. In EM field 
theory. the "missing antwave! has necessitated third law omission 


Figure 7. Emission of antiphoton; nucleus does not recoil 
Atom acts asa pumped phase conjugate mirror 
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Figure 8. dq/dt-free driving a swinger by S-flow. 


Poynting energy flaw $ with its accompanying potential V 
is shuttled from the source to atuned LC oscillator in 
resonance at the driving frequeney or slightly below. The 
LC oscillator is driven by S-flow and dVidt flaw alone. 

The swinger furnishes its own free electrons, which receive 
S and EMF from the bridge, thereby producing dq/at 
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Figure 9a. Normal resistor receives ordered energy and scatters it 
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Figure 9b. Negstive resistor receives, concentrates, and reorders scattered energy. 


Figure 9. Normal resistor versus a negative resistor. 
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Some 17 signals were fed into a rotating plasma, which added phase conjugates 
to them. This infolded 17 wavepairs, each pair a coupled waverantiwave, 
thereby forming a scalar potential with an artificial Whittaker pump wave 

internal structure This infolded pump wave complex was modulated onto a 
powerful, rippling magnetic field, quaranteeing penetration even into the atomic 
Tuclel. A specific, amplified antiengine for the exact cellular disease state 

was generated, reversing the diseased cells back to a previous healthy state 


Figure 10. Priore's laboratory apparatus for cellular reversal. 
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Figure 11. Poynting S-flow along a simple circuit. 


From particle ohysics, any electric charge is a broken 
symmetry in the vacuum's virtual particle flux. Any 
dipole is thus two locally broken symmetries. Thus 
the dipole acts as a gale/source, driven by Ihe flerce 
vacuum flux. So a dipole already "extracts" and gates 
EM energy flow, directly from the seething vacuum, 


Every battery and generator is already 3 "fee energy” 
source of extracted and gated EM energy from the vacuum. 
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Figure 12b. In a conductor with dq/dt blocked; S-flow and hidden 
\Whittaker-wave flaw continue, 


Figure 12. Overt and covert field energy density flows. 
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Figure 13. Poynting vector currents S and S' versus 
massiess displacement currents 
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Figure 14. Bridging to enable room temperature superconductivity. 
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Figure 15. Use of Fogal semiconductor for overunity (closed system). 
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Figure 16a. Magnitude of the scalar potential is determined 
by work required to push in a unit charge from 
infinity; e.g., against a repelling like charge. If test 
charge is released, work will be performed upon it 
to translate it back toward infinity 


Figure 16a. Process for overunity coefficient of performance. 
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Ideally, switching the potential, rather than flowing charges, 
Tequires only minuscule overhead energy dissipation 


Figure 16c. Potential to which test charge is exposed. 
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Open system receiving excess energy from an external source 
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Figure 17. Operation of an overunity electrical power system. 
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Figure 18. Anelaciric charge q is broken symmetry. It continuously 
and violently exchanges energy with the vacuum, 
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ni these media fueled times, when war is a tele 
vision spectacle and wiping out large numbers 
of civilians is generally rowned upon, the perfect 
weapon would literally stop an enemy in his tracks, 
yet harm neither hide nor hait. Such a weapon 
might shut down telecommunications networks, 

disrupt power supplies, and fry an adversary’s 
countless computers and electronic gadgets, yet 
stl leave buildings, bridges, and highways intact. It would 
strike with precision, in an instant, and leave behind no 
trace of where it came from, 

Infact, almost certainly is already here, in the form of high 
power microwave (HPM) weapons, As their name suggest, 
HPMs generate an intense “blast” of electromagnetic waves in 
the microwave frequency band (hundreds of megahertz to tens 
of gigaherta thats strong enough to overload electrical circuitry. 
Most types of matter are transparent to microwaves, but metal 
lic conductors, ike those found in meta-oxide semiconductor 
(MOS), metal-semiconductor, and bipolar devices, strongly 
absorb them, which in turn heats the material. 

An HPM weapon can induce currents large enough to 
melt cixeuitzy. But even less intense bursts can temporaily 
disrupt electrical equipment or permanently damage ICs, 
causing them to fail minutes, days, or even weeks later. Peo: 
ple caught in the burst of a microwave weapon would, by 
contrast, be untouched and might not even know they'd 
Deen hit. (There is, however, an effort to build a microwave 
‘weapon for controlling crowds; a person subjected to it def- 
initely feels pain and is forced to retreat} 
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power microwave weapons 


By Michael Abrams 


“HPM sources are maturing, and one day, in the very 
near future, they will help revolutionize how U.S. soldiers 
fight wars,” says Ed Schamiloglu, a professor of electrical 
and computer engineering at the University of New Mexico 
in Albuquerque and one of the leading researchers in this 
burgeoning fel. 

‘The fact that we seldom hear about HPM weapons only 
adds to their exoticism. Last spring, stories leaked to the 
press suggested thatthe Pentagon, after decades of research, 
hhad finally deployed such a device in Iraq, And when news 
footage showed a U.S. bomb destroying an Iraqi TV station, 
many informed onlookers suspected it was an electromag 
netic “e-homb.” 

“T saw the detonation, and then I saw the burst—which 
wastit much, If they took the station out with that blast, 1 
strongly suspect that we used Iraq as a proving ground” for 
HDMSs, says Howard Seguine, an expert on emerging weapons 
technology with Decisive Analytics Corp. in Arlington, Va. 

But while the U.S. military proudly paraded assorted new 
warsmaking technology during its conquest of Iraq, from 
unmanned combat aerial vehicles to a new satellitebased 
tracking network, it remained tight-lipped about this 
“mother ofall weapons.” Asked at a 5 March news briefing 
to confirm the rumor, General Tommy Franks, head of U.S 
forces during the war, would only say, “I cart talk to you 
about that because I dost know anything about it” 

Miltary secrecy is nothing new, of course. What is known, 
about microwave weapons is that the U.S. military has 
actively pursued them since the 1940s, when scientists frst 
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Microwave weapons 
researcher Ea! 
Schamilogiu sits In front 
‘of the Pulzerad-110A 
‘accelerator, which his 
lab at the University of 
‘New Mexico uses to 
produce single 100- 
‘nanosecond pulses of 
‘electron beams, each 
pulse emitting hundreds 
‘of megawatts of power. 
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observed the powerful electromagnetic shock wave that accom 
panied atmospheric nuclear detonations, suggesting a new 
class of destructiveness. While much of the work on HPMs 
remains classified, the Pentagon has also recently sponsored, 
‘number of U.S. university laboratories to work out the basie 
principles of microwave weapons, including reliable and com 
pact nonnuclear ways of generating microwave pulses, 

Many of those results ate being published in the open lite 
erature [see To Probe Further, . 30]. In fact, all you need is a 
reasonable grasp of physics and electrical engineering to 
appreciate the ingeniousness of microwave weapons. Anyone 
with a technical bent could probably also build a crude e- 
bomb in their garage, a thought that security-minded folks find 
rather troubling. 


How they work 
From the military’s perspective, HPM weapons, also known as 
radiofrequency weapons, have many things going for them: 
their blast travels a the speed of light, they can be fired with- 
out any visible emanation, and they are unaffected by gravity 
or atmospheric conditions. The weapons come in two flavors 
ultrwideband and narrowband. Think ofthe former as a ash- 
bulb, and the latter as a laser; while a fashbulb illuminates 
across much ofthe visible spectrum (and into the infrared), a 
laser sends outa focused beam at a single frequency 

Like the flashbulb, ultrawideband weapons radiate over a 
broad frequency range, but with a relatively low energy (up to 
tens of joules per pulse). Their nanoseconds-long burst pro- 
duces a shock that indiscriminately disrupts or destroys any 
unshielded electronic components within their reach. The 
bombs destructiveness depends on the strength ofthe ultr- 
Wideband source, the altitude at which itis initiated, and its 
distance from the target [see “E-Bomb Anatomy.” p. 29. 

Narrowband weapons, by contrast, emit ata singe frequency 
or losely clustered frequencies at very high power (from hun- 
dreds up ta thousand kilojoules per pulse) and some can be 
fired hundreds of imes a second, making an almost continu- 
‘ous beam. These pulses can be directed at specifi targets—say, 
command and control complex positioned on the roof of a 
hospital in a densely populated neighborhood—and tuned to 
specific frequencies. Technologically more sophisticated than 
Ultrawidehand sources, they are Far more difficult to develop, but 
are reusable and potentially of much greater use tothe U.S. mil 
itary 

Both versions wreak the same kind ofhavocon justabout any 
‘kind of unprotected electronic equipment. Particularly vulnerable 
is commercial computer equipment; anything in excess of just 
tens of volts can punch through gates in MOS and metal-semi- 
conductor devices, effectively destroying the device explains Catlo 
Kopp, a visting research fellow in military strategy atthe Strate- 
gicand Defense Studies Centre in Canberra, Australia, anda com- 
paler scientist who lectures at Monash University in Melbourne. 
‘The higher the citcuitry's density, the more vulnerable ii, be 
cause less energy is required to overload and destroy the transis- 
tors. HPMsalso produce standing waves in electrical grid wieing 
and telephone and communications wiring, entering through 
cables, antennas, and even ventilation grils They can immobilize 


vehicles with electronic ignition and control systems, too. 

“Since the frequency is high, this permits parasitic or stray 
‘capacitances to couple energy via paths in the circuit that may 
not be protected against overvoltage,” Kopp explains. 


The e-bomb 
‘You could deliver an ebomb in a number of ways: cruise mis: 
sile, unmanned aerial vehicle, or aerial bomb. Whether ultra: 
wideband or narrowband, the e-bomb consists of both a 
microwave source anda power source again, see diagram, p. 29) 
Ultzawideband e-bombs aim to createan electromagnetic pulse 
like that accompanying a nuclear detonation, except that the 
nuclear material is replaced with a conventional, chemical explo- 
sive. The microwave source typically relies on an extremely fast 
‘switching device, according to Kopp, who has written widely on 
‘weaponizing HPM technology. Narrowband e-bombs might 
use a virtual cathode oscillator (vitcator) tube or a variant of a 
‘magnetron, Though termed narrowband, they dorit have the 
high coherency seen in signal-catrying applications, Kopp says. 

Intakes gigawatts of power to feed an e-bomb’s microwave 
source. For that, the flux compression generator, or FCG, isa 
‘good choice, says Kopp, Invented by Clarence ("Max") Fowler 
at Los Alamos National Laboratory after World War II as a by- 
product of research into atomic bomb detonators, FCGs are 
‘conceptually simple. The best-known type consists ofan explo- 
sive-packed copper cylinder surrounded by a helical current 
canying coil. Upon detonation, the explosion flares out the 
cylinder, short-circuiting the coil and progressively reducing 
the number of turns in the coil, thus compressing the mag: 
netic flux, Large FCGs have produced tens of gigawatts, and 
they can be cascaded—connected end to end—so thatthe out 
put from one stage feeds the next. 

Despite its simplicity, an FCG-powered e-bomb is probably 
too difficult forthe average terrorist to build on the cheap. For 
‘one thing, to test the assembled apparatus, you have to blow 
itp. For weapons researchers, the e-bomb poses other prob: 
lems. The strength of the shock wave dissipates rapidly as it 
moves out from the explosion. To knock out an electrical 
power substation for example, the weapon has to strike within 
about a hundred meters, “Like all microwave radiation, the 
effect follows an inverse square law with increasing distance,” 
Kopp notes. Though the explosion needed to force out the cur 
rent can be fairly small, it keeps the munition fom being 
fully nonlethal and nondetectable, Also, anything that’s been 
hardened or shielded against an electromagnetic pulse from 
a nuclear bomb will probably emerge unscathed, 


Focused like a laser 
‘The type of narrowband HPM weapons that the U.S. military 
is looking at offers everything that ebombs do not. They're 
nonlethal, reuseable, and tunable, and they can be fired fromm 
miles away. Likea laser, the focused beam disperses only slightly 
‘over great distances, With a frequency range that is between 
about 1 and 10 GHz, they can penetrate even electronics 
shielded against a nuclear detonation, The deepest bunkers 
‘with the thickest concrete walls are not safe from such a beam 
ifthey have even a single unprotected wire reaching thes 


|A microwave beam is created much lke a laser beam, Be 
wveen the batteries (or other power source) and the beam si thre 
elements: capacitors that turn the stored energy into an electron 
beam of nanosecond bursts, a microwave source that converts 
the electron beam into focused, high-frequency ele 
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terawat 
investigate HP 
and its massive size makes it clearly imprac. 
tical for delivering microwave beams to any spots of real mil 


itary interest. Indeed, one big push in microwave weapons has 
‘Back in the 1960s and 1970s, the 
11 do it—but w 
as ou power supply.” says Seguin 
cellphones and laptops bi 


been toward portability. 


attitude was, “Yeah, we need Hoover Dam 
But just as batteries for 
shrunk and gained capacity, so 
have sources for microwave weapons, 
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Schamiloglu holds a rippled-wall 
waveguide connected to an 
antenna. The waveguide is where 
kinetic energy from a pulsed- 
power-driven electron beam is 

transformed into high-power / 
‘microwaves. In the background 


{eighth The Sinus-6 can fire 
2 several-gigawatt pulsed 
‘beam 200 times a second in 
sanosecond bursts. 
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whose lab is located just a few kilometers down the road from, 
va Star sits behind tightly locked doors. Thanks in 
the fundamental 


where the 
large past to his and his colleague: 
capabilities and limita 
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the Sinus-6 looks like a giant torch lying onits side [ 
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two coils vibrate in re 
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How big? To drive the Sinus-6's beam continuously for an 
entire second, you'd need to supply about 25 gigajoules—“the 
entire output of atypical coal-fired electrical plant for 10 full 
seconds,” Schamiloglu says. Another reason for pulsed rather 
than continuous power is to avoid a problem at the output end: 
the air around the antenna would heat to plasma that in turn 
would interfere with a continuous beam at these power levels 

‘The key to reaching gigawatts of power is dumping all the 
energy in one gigantic, nearly instantancous pulse. pressurized 
gas switch prevents the Tesla transformer from prematur 
dumping as it builds up for the nest pulse. The swite is filled 
with highly compressed and nonconducting nitrogen gas. When 
the transformer coils reach 700 KY, the nitrogen gas breaks 


The U.S. Air Force's Shiva 

| star isa pulsed-power system 

I used to simulate the effect 
‘nuclear weapons. 


down, and the pulse leaps through to the electran-beam diode. 
“Once youve fired the switch, it conducts, it generates a 
pulse,” says Schamiloglu, “Itcanducts because youve made a 
plasma channel out ofthe gas. Then you have to wait fr that 
plasma to recombine and form a neutral gas again. A typical 
time scale for this thing to recombine and fizzle out and be a 
neutral gas again is probably on the arder of milliseconds.” 

Among the best candidates for supplying microwaves isthe 
backward wave oscillator, it has the advantage of being tun- 
able (plus or minus 20 percent) and producing output in 
the 4-10.GHz range. To turn the kinetic energy from the 
Sinus-6's electron beam into high-power microwaves, the 
oscillator uses a rippled-wall waveguide, also called slow-wave 
structure [see photo, p. 27} 

‘The structure sels up standing electromagnetic waves in 
such a way that energy is rapidly transferred to them from the 
incoming beam of relativistic electrons from the Sinus-6. This 
growing energy intially propagates in the opposite direction of 
the beans movement—hence the device's name—andis then 
reflected forward and radiated in the form of high-power 
microwaves, Backward wave oscillators, by the way, are also 
being tested as a way to push giant sails into outer space, to 
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detect space debris, and to dear minefields. 

Being able to tune an HPM weapon comes in handy when 
a particular target proves invulnerable toa particular frequency. 
“Experience has shown that ifthe frequency is slightly altered, 
measurable effects are discemed,” Schamniloglu notes, People 
used to believe tha varying the frequency of HPMs wastit prac 
tical, but Schamiloglu and his students proved them wrong. 

Coincidence and curiosity led to their discovery. Schami: 
oglu first acquired the Sinus-6 from Russian researchers in the 
‘early 1990s. (The Soviet Union ance boasted a sophisticated 
program to develop microwave weapons; after its collapse, 
parts of that legacy were put up for sale, to the delight of 
researchers like Schamiloglu.) But once the apparatus was 
assembled in his New Mexico lab, he couldsit get it to operate 
as promised, so Russian colleagues flew over to help. 

“One of them took the RF structure [the ippled-wal wave 
‘guide] and started hammering on the thing,” Scharniloghs 
recalls, When they tried itagain, everything worked. “I was ba 
fled why manhandling this RF structure—ramming it in— 
‘could affect the power so much,” says Schamiloglu. So he 
started a series of experiments in which he slightly displaced 
the backward wave oscillator by increments. With a litle exper 
imentation assisted by computer simulations, his tears found 
thatthe frequency could be adjusted by changing the distance 
between the diode and the microwave source. The result is that 
the backward wave oscillator is now one of the few pulsed: 
power HPM sources that can be tuned. 


‘Smaller is better 
‘One disadvantage ofthis oscillator, however, i that it needs an. 
‘external magnetic field to create the microwave beam, a major 
hhusdle to making the whole system smaller. The size of the 
Sinus-6 and attendant equipment in Schamiloglu’s basement 
suggests that the U.S. military is nowhere near fielding a nae 
rowband HPM weapon, “When I first started working on 
high-power narrowband sources, we joked that you can do 
more damage dropping this equipmenton someone than you 
‘can by using i,” he recalls. “People know how to make 
microwave sources in the laboratory. The challenge is to take 
this and package it into an autonomous platform and have it 
function at the same parameter levels." 

Schamiloglu is now hard at work under a new MURI pro 
‘gram to study the possibilities of making a compaet pulsed: 
power source, Current narrowband generators are typically 
several meters long, batteries not included, Schamniloglu and his 
colleagues are studying how to incorporate novel ceramics into 
pulsed-power systems, which they believe will allow the length 
‘of such sources tobe halved. The tick is identifying materials 
‘with a high dielectric constant that can also survive the harsh 
electric fields, “Materials will be an important part in making 
the next giant leap,” he says 


Life ina glass house 
Among those agreeing that narrowband HPM weapons will need 
more refining before they become truly useful to the mnlitary is 
Loren B. Thompson, chief operating oflicer of the Lexington 
Institute, a military think tank based in Aelington, Va. He looked 


@ E-Bomb Anatomy 


In this hypothetical design for an e-bomb, a 
two-stage flux compression generator pro 
Vides glgawatts of power tothe virtual cath- 


ately 


atthe technology as principal investigator 
of “Directed-Energy Weapons: Technolo- 
gies, Applications and Implications,” a 
report thatthe institute put out in Febru 
ary. We have some fairly rudimentary 
weapons that wee ready tuse,” Thomp- 
son says. “This is going to be a very 
important weapons technology, and the 
basic physical principles are well under. 
stood. But the military is having some 
difficulty in assimilating ther.” 

‘Thompson's report speaks of a 
future with satellites delivering missle 
debilitating microwaves, unmanned 
vehicles that Ay by and destroy comm 
nications systems, and war without civil 
jan casualties, But the fact remains that 
its the U.S. military—as well as U.S. 
financial institutions, PCs, and Game 
‘Boys—that will be the most susceptible 
tosuch weapons. 

“One of the things that happened 
during the last 10 years—as the Penta- 
‘gon fallin love with networkcentered 
‘warfare—is that we purchased a lot of, 
very fragile digital systems off the shelf 
from commercial sources,” Thompson, 
roles, Such moves were taken in the 
name of cost and efficiency, but the 
resulting equipment is almost certainly 
more vulnerable to electromagnetic 
attack than the vacuum tubes and heavy 
rmetal-encased electronics of yesteryear, 

“Computers become more vulnera 
ble as the voltage at which they operate 
becomes smaller” says Victor Granat 
stein, professor of electrical engineering 
at the University of Maryland in Col: 
lege Park, who is studying the effects of 
microwave pulses on integrated elec 
tronics. “When our opponent was the 


‘de oscillator vireaton, which produces the 5-GH2HPM device wouldhavea “lethal foot- 
high-power microwaves. ebomb'sdestruc- print 400 to 500 meters across, producing 
tiveness depends on the microwave source field strengths of several klovots per meter, 
andtarget's vulnerability to electromagnet- Such an e-bomb would wreak major havoc it 
ic attack, among other things, but a10-GW, _detonatedover aheavly populated area, 
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Soviet Union, the electronics were much more 
robust because they wererit miniaturized. Now 
they have very thin oxide layers that can easily 
break down.” Wireless networking makes matters 
worse. Computers and other communications 
devices now have antennas attached, giving an 
electromagnetic pulse a direct pathway to its guts, 

Meanwhile, the U.S. Navy no longer requires 
that all its hardware be hardened against nuclear 
electromagnetic pulses. It deemed that main- 
taining those standards was to coslly and slowed 
down the integration of new technology. The pre- 
sumption was that after the Cold War, nobody 
would be using nuclear bombs, says the Lexing, 
ton Institute's Thompson. “Whenever I ask the 
admirals, ‘Well, what if someone did use @ 
nuclear bomb?,’I just get this kind of blank 1 
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In the wrong hands 


‘The scariest part of microwave weapons may be that crude 
forms ofthe technology are readily available to anyone right now: 
"Any nation with a 1950s technology base capable of designing 
and building nudeat weapons and radats’can build an e-bomb, 
says military analyst Kopp. Indeed, mote than 20 countries 
now have programs to develop some type of RE weapon. 

“The more widespread the technology is, the more likely 
that people with nefarious purposes will have access. It's just 
san inescapable fact,” says Thompson. “I doxit know what we're 
going todo. Nobody in Washington knows. I imagine that the 
way the clear thinking starts is with a catastrophe.” 

Criminals and pranksters have already started exploiting 
that weakness. In one of the more harmless applications, a 
Japanese scam artist rigged up a weak microwave generator 
inside a suitease to rip offa pachinko patlor. When he placed. 
the suitease next to one of the machines (which is something 
like cross between a slot machine and a pinball machine) and 
tumed it on, the pachinko machine went haywire and dis- 
gorged a pile of coins, The perp managed the trick several 
times before he was caught. 

Other press accounts hint at electromagnetic weapons 
being deployed by Chechen troops, and by an unnamed 
lant trying to topple Londoxis futures market [see “Dorit 
‘Try This at Home,” above}. 

‘Thankfully, protecting yourself against the microwave- 
enabled goofballs of the world ise too dificult, “It is analo- 
{ous to existing techniques used to trap RF interference inside 
‘equipment, except that the higher power levels require special 
Kopp notes. Rooms or equipment chassis must 
become electrically sealed Faraday cages, and protective devices 
must be added wherever cables enter the protected volume. 
"Optical fibers ate very useful in this game." 

‘Such protective measures are lot cheaper to design in from 
the beginning than to add on afterward, says Howard Seguine. 
“The general rule of thumb is that if you do the hardening dur- 
Ing the design phase it increases the cost roughly 1 percent. If 
you do it afterward, it may cost as much as 30 percent more.” 
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But maybe hardening is a waste of time. Aur Varanelli, 
4 Raytheon Co. engineer who has helped write several IEEE 
standards for electromagnetic field measurement, human 
exposure, and safety, is skeptical that a malicious prankster 
‘could exploit the technology. 

“Some of this stufTis just so far out there,” Varanell says, 
"Ljust dont see people running around with Buck Rogers ray 
‘guns. It's great fora science fiction writer, great to prey upon 
people's fears.” He scoffs at the suggestion that a do:tyour- 
selfer could build a microwave weapon potent enough to do 
real damage. “People can put tacks inthe road, Are we worried 
about electronic tacks in the ait?” 

‘The wide disparity in opinions and the uncertainty about 
‘microwave weapons, from Loren Thompson on one end to 
Arthur Varanelli on the other, are all part of what makes 
them so powerful, says military analyst John Pike, who is 
director of GlobalSecurity.org (Alexandria, Va). “It all 
depends on the comples interactions between the weapon 
and the target,” he notes. “I can set up a strap-down chicken 
test that makes [an HPM weapon] look pretty good. But 
as soon as I start getting into real-world targets, maybe it 
doesnit work so wel.” 

“Part of the story is we dont know what the story is,” Pike 
says, “These are weapons that by their nature seek the shadows, 
‘And unlike cluster bombs or atomic bombs, they arestt going 
to leave behind unambiguous evidence oftheir use” @ 


To Probe Further 
Fora detalied technical discussion of high-power microwaves, see 
High-Power Microwave Sources and Technologies, edited by IEEE 
Fellows Robert J. Barker and Eel Schamilogly(Wiley-IEEE Press, 
£2001). Schamiloglui also coauthor with James Benford and John 
‘Swesle, of the forthcoming High-Power Microwaves, 2nd edition 
institute of Physics, 2004), 

‘The truly prepared, or merely paranoid, will want to consult 
Carle Kopp's "Hardening Your Computing Assets" at http://www. 
‘lobalsecurtyorg/miltary/ibrary/report/1997/harden pat. 
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sla announced other bizarre and terrible weapons: a death ray, 


a weapon to destroy hundreds or even thousands of aircraft at hundreds of 
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miles range, and his ultimate weapon to end all war -- the Tesla shield, which 
nothing could penetrate, However, by this time no one any longer paid any 
real attention to the forgotten great genius. Tesla died in 1943 without ever 
revealing the secret of these great weapons and inventions. 


Unfortunately, today in 1981 the Soviet Union has long since discovered and 
weaponized the Tesla scalar wave effects. Here we only have time to detail the 
most powerful of these frightening Tesla weapons -- which Brezhnev 
undoubtedly was referring to in 1975 when the Soviet side at the SALT talks 
suddenly suggested limiting the development of new weapons "more 
frightening than the mind of man had imagined." One of these weapons is the 
Tesla howitzer recently completed at the Saryshagan missile range and 
presently considered to be either a high-energy laser or a particle beam 
weapon, (See Aviation Week & Space Technology, July 28, 1980, p. 48 for an 
artist's conception.) 


Aviation Week & Space Technology July 28, 1980 
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Figure 7. Testa Weapons at Saryshagan 


‘The Saryshagan howitzer actually is a huge Tesla scalar interferometer with 
four modes of operation, One continuous mode is the Tesla shield, which 
places a thin, impenetrable hemispherical shell of energy over a large defended 
area. The 3-dimensional shell is created by interfering two Fourier-expansion, 
3-dimensional scalar hemispherical patterns in space so they pair-couple into a 
dome-like shell of intense, ordinary electromagnetic energy. The air molecules 
and atoms in the shell are totally ionized and thus highly excited, giving off 
intense, glowing light. Anything physical which hits the shell receives an 
enormous discharge of electrical energy and is instantly vaporized -- it goes 
pit! like a bug hitting one of the electrical bug killers now so much in vogue. 


If several of these hemispherical shells are concentrically stacked, even the 
gamma radiation and EMP from a high altitude nuclear explosion above the 
stack cannot penetrate all the shells due to repetitive absorption and 
reradiation, and scattering in the layered plasmas 


In the continuous shield mode, the Tesla interferometer is fed by a bank of 
Moray free energy generators, so that enormous energy is available in the 
shield, A diagram of the Saryshagan-type Tesla howitzer is shown in figure 7. 
Hal Crawford's fine drawing of the interferometer end of the Tesla howitzer is 
shown in figure 6, Hal's exceptional rendition of the Tesla shield produced by 
the howitzer is shown in figure 8. 
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Figure 9. Tesla Terminal Area Defense System 


In the pulse mode, a single intense 3-dimensional scalar phi-field pulse form is 
fired, using two truncated Fourier transforms, each involving several 
frequencies, to provide the proper 3-dimensional shape (Figure 10). This is 
why two scalar antennas separated by a baseline are required. After a time 
delay calculated for the particular target, a second and faster pulse form of the 
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satching it over the target zone and pair-coupling with it to 
instantly form a violent EMP of ordinary vector (Hertzian) electromagnetic 
energy. There is thus no vector transmission loss between the howitzer and the 
burst. Further, the coupling time is extremely short, and the energy will appear 
sharply in an "electromagnetic pulse (EMP)" strikingly similar to the 2-pulsed 
EMP of a nuclear weapon. 


This type weapon is what actually caused the mysterious flashes off the 
southwest coast of Africa, picked up in 1979 and 1980 by Vela satellites. The 
second flash, e.g., was in the infrared only, with no visible spectrum, Nuclear 
flashes do not do that, and neither does superlightning, meteorite strikes, 
meteors, etc. In addition, one of the scientists at the Arecibo Ionospheric 
Observatory observed a gravitational wave disturbance -- signature of the 
truncated Fourier pattern and the time-squeezing effect of the Tesla potential 
wave ~ traveling toward the vicinity of the explosion 


TESLA HOWITZER 
(SCALAR INTERFEROMETER) 


Figure 10. "Nuclear" Flashes off the Coast of Africa 
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Lithuania - 10 Sep 1976 - British European Airways Flight #831 between 
Moscow and London 


CIA Report Released under FOIA 
Figure 11, Continuous Tesla Fireball 


The pulse mode may be fed from either or ~ if the Moray 
generators have suffered their anomalous "all fail" malfunction -— ordinary 
explosive generators. Thus the Tesla howitzer can always function in the pulse 
mode, but it will be limited in power if the Moray generators fail 


In the continuous mode, two continuous scalar waves are emitted -- one faster 
than the other -- and they pair-couple into vector energy at the region where 
they approach an in-phase condition, In this mode, the energy in the distant 
"ball" or geometric region would appear continuously and be sustained — and 
this is Tesla's secret of wireless transmission of energy at a distance without 
any losses. It is also the secret of a "continuous fireball" weapon capable of 
destroying hundreds of aircraft or missiles at a distance. An example of a 
Soviet test of this mode of operation is shown in figure 11 


Witness to a super weapon? 


htp:4awn.cheniore.org/books/parttteslaweapons. him 


sr2er018 ‘Associated Papers Some Characteristics ofthe Phase Conjugate Wave 


Nick Downie describes the strange lurid glow that flared silently over the Hindu Kush 
THE SUNDAY TIMES, 17 AUGUST 1980 


(Multiple incidents in Sept., 1979) 


TEHERAN, IRAN 17 JUNE 
1966 


SEEN FROM NEAR 
MEHRABAD AIRPORT. 


OBSERVED 4-5 MINUTES. 


SEEN BY 2 AIRCRAFT 


CIA REPORT RELEASED UNDER FOIA 


Figure 12. Tesla EMP Globe 


The volume of the Tesla fireball can be vastly expanded to yield a globe which 
will not vaporize physical vehicles but will deliver an EMP to them to dud 
their electronics. A test of this mode is shown in figure 12. (See also Gwynne 
Roberts, "Witness to a Super Weapon?", the London Sunday Times, 17 August 
1980 for several other tests of this mode at Saryshagan, seen from Afghanistan 
by British TV cameraman and former War Correspondent Nick Downie.) 


If the Moray generators fail anomalously, then a continuous mode limited in 
power and range could conceivably be ined by powering the 
interferometer from more conventional power-sources such as advanced 
magnetohydrodynamic generators. 
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Figure 13. Tesla ABM Defenses 


Figure 14. Moray/Tesla Technology: Star Wars Now 


Typical strategic ABM 
addition, of cour 
missile defense of tactical troops and ins 


ses of Tesla weapons are shown in figure 13. In 
maller Tesla howitzer systems for anti-tactical ballistic 
lations could be constituted of more 
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conventional field missile systems using paired or triplet radars, of 
conventional external appearance, in a scalar interferometer mode. 


With Moray generators as power sources and multiply deployed reentry 
vehicles with scalar antennas and transmitters, ICBM reentry systems now can 
become long range "blasters" of the target areas, from thousands of kilometers 
distance (figure 14). Literally, "Star Wars" is liberated by the Tesla technology. 
‘And in air attack, jammers and ECM aircraft now become "Tesla blasters." 
With the Tesla technology, emitters become primary fighting components of 
stunning power. 


The potential peaceful implications of ‘Tesla waves are also enormous. 
By utilizing the "time squeeze" effect, one can get antigravity, materialization 
and dematerialization, transmutation, and mindboggling medical benefits 
One can also get subluminal and superluminal communication, see through the 
earth and through the ocean, etc. The new view of phi-field also provides a 
unified field theory, higher orders of reality, and a new super-relativity, but 
detailing these possibilities must wait for another book. 


With two cerebral brain halves, the human being also has a Tesla scalar 
interferometer between his ears. And since the brain and nervous 
processes avalanche discharges, it can produce (and detect) scalar Tesla waves 
to at least a limited degree. Thus a human can sometimes produce anomalous 
spatiotemporal effects at a distance and through time. This provides an exact 
mechanism for psychokinesis, levitation, psychic healing, telepathy, 
precognition, postcognition, remote viewing, etc. It also provides a reason 
why an individual can detect a "stick" on a radionics or Hieronymus machine 
(which processes scalar waves), when ordinary detectors detect nothing, 
Unfortunately there is not room to develop the implications of this human 
Tesla interferometry in detail, for that must wait for yet another book, 
presently in its initial stages, that Hal Crawford and I are writing. 


Table 5. Orders of Reality 
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At the July 1981 U.S. Psychotronics Association's Annual Conference in 
Dayton, Ohio, I presented the first rough paper on the Tesla secret and scalar 
interferometry. A videotape of the presentation was made and will shortly be 
available, I am also scheduled to make a special presentation at the Alternate 
Energy Conference in Toronto, Canada in latter October, 1981. A 
professional, videotaped two-hour presentation on this subject is also being 
prepared. Wide distribution of the material through the international 
underground physics and technology network has already been made. This 
time, God willing, Tesla's secret will not be suppressed for another 80 years! 

And perhaps it is not yet too late. The material has cost me (now) some 
16 years of agonizing labor and nearly $100,000 of my own personal funds. 
No orthodox university, scientific group, foundation, or governmental agency 
would support such an effort, either financially or otherwise. Indeed, most 
ordinary journals will not even accept material on such matters. Nonethel 
the area is of overwhelming importance and I truly believe Tesla’s lost secret 
will shortly affect the lives of every human being on earth. 

Perhaps with the free and open release of Tesla’s secret, the scientific 
and governmental bureaucracies will be. shocked awake from their slumber, 
and we can develop defenses before Armageddon occurs. Perhaps there is 
hope after all — for even Brezhnev, in his strange July, 1975 proposal to the 
SALT talks, seemed to reveal a perception that a turning point in war and 
weaponry may have been reached, and that human imagination is incapable of 
dealing with the ability to totally engineer reality itself. Having tested the 
weapons, the Soviets must be aware that the ill-provoked oscillation of 
timeflow affects the minds and thoughts -- and the very lifestreams and even 
the collective species unconsciousnesses ~- of all lifeforms on earth. They 
must know that these weapons are two-edged swords, and that the backlash 
from their use can be far more terrible to the user than was the original effect 
to his victim. 

If we can avoid the Apocalypse, the fantastic secret of Nikola Tesla can 
be employed to cure and elevate man, not kill him, Tesla's discovery can 
eventually remove every conceivable external human limitation. If we 
humans ourselves can elevate our consciousness to properly utilize the Tesla 
electromagnetics, then Nikola Tesla who gave us the electrical twentieth 
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century in the first place ~- may yet give us a fantastic new future more shining 
and glorious than all the great scientists and sages have imagined. 
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34 Flaws in Classical EM Theory 


Note: If the scientific community had done their job, this Website 
would probably not be necessary. 
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4, Use of Force Fields in Vacuum is False 
(and Known to be So), 


5. Treats Charge q as Unitary Instead of 
Coupled System a = ()m(q), 
6. Confuses Massless Potential Gradients 
7. SoEe NOt Litice Mieeec ta tmrinenere 
Of Force (See #23), create 


Fi 


: Flaws In Classical EM Theory (2) 


8. Erroneously Assumes EM Force Fields as 
Primary Causes. 

o deel Bk US ah acl talitia b 

10, Does Not Include Quantum Potential or Action 
ata Distance. 

11. Does Not Include Superluminal Velocity of Inner 
EM Components. 

12. Does Not Utilize Extended Near-Field Coulomb 

13. Does Not Include EM Generatrix Mechanism 
for Time Flow. 

14, Does Not Unify Photon and Wave Aspects 
(Requires 72D Model), 
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Flaws 


Flaws In Classical EM Theory (3) 
15. Does Not Include Electron Spin and Precession 
(See #19, 


16. Ui le Fo eee ee neil IS UMIKEs 
17. LEIS Ene oo aara Aa CoNEAIOR 

18. Discards Half of Every EM Wave in Vacuum 
19. EM these Maka HLL aH ae lL 


21, ier: SEA Mate al ig ‘ 
( Which are the Rule in Internal EM). 
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Flaws In Classical EM Theory (4) 

22. Does Not Include EM Cause of Newtonian 
Reaction Force, 

23. Erroneously Assumes Separate Force Acting 
on Separate Mass. 

24. Confuses Detected Electron Precession Waves 
as Proving Transverse EM Waves in Vacuum. 
(Remnant of Old "EM Fluid" Concept). 

25. Due to Error in String Wave, Omits the 
Ubiquitous Antiwave- 

26. Assumes Equilibrium; Not True Unless Include 
Vacuum Interactions. 
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Flaws In Classical EM Theory (5) 


28, Has nothing ata about form of 

EM entities massless space, 

30, Eliminates the infolded general relativity using 
EM-force as curve agent. 


5 EM 
31 Fonate parte ae tite dione Wave phase 


32. Does not include EM mechanism that generates} 
time flow and flow rate. 

33. Does not include fime-excitation charging 
and decay. 

34. Does not utilize time-reversal zones. 
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Mind Control and EM Wave Polarization Transductions - Part I, If & III 


Reprinted from "Explore" magazine, 1999 


Part I 


e The U.S. approach to mind control 

e "Voices in my head" 
Flanagan's neurophone - used to give 
instructions to diplomats during 
negotiations, etc. 
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EXPLORE 


Mind Control and EM Wave 
Polarization Transductions, Part 1 


©Copyright 1999 by TE. Bearden, USA 


Special Note 


This article refers to experimental 
research techniques which can be 
detrimental or lethal in the hands of any 
but highly skilled, qualified experimental 
scientists proceeding under proper 
laboratory safety procedures. The purpose 
of this article is strictly for information to 
properly qualified and authorized scientists 
in certified laboratories. We do not propose 
or condone any use of these procedures for 
nonapproved practice of medicine without 
a license. Neither the publisher nor the 
author are responsible for accidents or 
outcomes in the use of these experimental 
pro-cedures and techniques. Any 
researcher who performs these procedures 
and experiments is acting on his or her 
own volition, and is solely responsible for 
insuring safety, qualifications, and legality 
of the acts and their results. We neither 
suggest nor condone unauthorized 
experimentation on human subjects. Such 
is a criminal violation of the constitutional 
rights of the subject under Federal and 
State laws, and is both illegal and immoral. 
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Abstract 


For some time we have been repeatedly 
queried about the technical mechanisms 
and unusual electrodynamics of advanced 
mind control research, both in the West 
and abroad. Calling full attention to the 
special note above, in this paper we present 
a high-level over-view of the novel 
electromagnetic nature of mind operations, 
mind and body coupling, and intent*the 
induction of physical 3-space EM energy 
changes into the brain and nervous system, 
and into every cell of the body, from the 
mind's time-like coherent operations. We 
summarize the time-polarized 
electrodynamics used to engineer and 
affect mind operations and the mind-body 
coupling loop. Transduction mechanisms 
whereby differing EM wave polarizations 

‘an be transformed one-into-the-other are 
presented. We give two specific examples 
of lethal foreign military tests in 1997 of 
advanced mind control weapons against 
two military pilots over the central U.S. 
Some dangers and potential benefits of the 
emerging mind control technology are 
pointed out 
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(AE)(At) + M => (M+AMpat = => M+ (AE)(At) 


Flow of macroscopic time (observable photon interactions) 
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Flow of microscopic time (via virtual photon interactions) 


The photon interaction generates an observed quantum change and a discretized 

in the rate of time flow. Nputcs onsareaty cLiges tT CoN eaGnAToratner 
The background flow of time in which the jump in rate occurs, is created by the continual 
absorption and emission of virtual photons. 


© mre pace 
Figure 1. Mechanism that generates a mass's flow through time. 
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Introduction and Background 


In quantum field theory, there are four polarizations of 
photons.! Using 4-space and the z-direction as the direction 
of propagation, we have x- and y- polarizations where the 3- 
spatial energy of the photon is oscillating laterally, in the x- 
or y-direction. ‘These are transverse polarized photons, as is 
any combination of the two. The third polarization is along 
the z-direction, which is a longitudinal polarization. In other 
words, the 3-spatial energy of the longitudinal photon cannot 
oscillate in the x- or y- direction, and so itis oscillating to- 
and-fro along the line of motion, z-. The fourth polarization 
occurs when the energy is frozen in all three spatial 
dimensions x-, y-, and 2- and it cannot oscillate in any of 
those directions, In that case, the photon oscillates its energy 
in the t- direction, providing the t-polarized photon. We will 
later discuss how time is actually highly condensed energy, 

In Minkowski 4-space, body operations are space-like, and 
are so treated in conventional materialistic physics. Mind and 
mind-operations are time-like, not space-like, even though 
they are totally electromagnetic in nature? 

As is well-known, all observation in phy: 
3-spatial.2 Mass is a 3-spatial concept, and we detect 
changes to mass (as, €.g., in the shift of electrons in the 
circuits of electrical instruments). So one may model the 
common physical observation mechanism asa rime- 
differentiating process which a priori discards time-change 
and retains 3-spatial energy change.* That is, Minkowski 
reality is modeled in the fundamental units of L*t, Physical 
observation (via the transverse photon interaction) is the 
process given by applying the operator d/€t to L4t, yielding 
an L? output. Hence mind and mind operations are excluded 
by the usual physics instruments and observation, which 
simply exclude the time domain in their outputs and do not 
measure’ it 


cs is considered 


For this reason, physicists have erroneously 
considered mind to be "metaphysical" and nonreal 
Indeed, most physicists to one extent or the other are 
materialists, and consider the "mind" to be nothing but 
the operations ongoing in a "meat computer.” 
Nonetheless, in the time-domain the time is absolutely 
real, and it is completely electrodynamic in nature, 
‘There is no metaphysics involved, and the temporal 
domain—along with mind and mind operations—is, 
simply an erroneously neglected area of physics. In 
present physics, the notion of mind is comfortably 
disposed of by imposing the use of the "observer" 
concept, with out ever specifying that the observer has a 
consciousness and a mind. Indeed, “observation” is only 
about what that "observer" perceives. Obviously, one 
has a dramatically crippled physics if one eliminates 1 
nonobservable called “time.” Similarly, one also has a 
dramatically crippled physics when one eliminates the 
mechanisms and physics ongoing in those time-like and 
dynamic "things" such as mind, that occupy time and 
funetion in it, 

From this viewpoint, Western physics adheres to its 3- 
spatial measurement foundation only by ignoring the 
transduction of time-polarized EM changes into 
detectable longitudinal and transverse EM wave 
changes. In this aspect, present Western physics is 
severely self-crippled. 

‘Time is totally electromagnetic and energetic in 
nature. ‘The flow of time is not a separate external river 
‘on which a mass floats along like a boat drifting down 
the current of a great flowing river. Instead, the flow of 
time is generated directly on every mass by its total set 
of photon interactions, both virtual and ob servable. We 
have previously presented the exact mechanism for the 
flow of time. [Figure 1] 
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Figure 2. Transduction of EM wave type by successive phase conjugate pairing. 
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Further, a photon is comprised of angular momentum, 
therefore of (energy)x(time). It transports both energy and 
time, not just energy alone. When absorbed by a mass, not 
only does it "energy-excitation” charge the mass, but also it 
“time-excitation” charges it, converting the former "mass 
to "mass time". Rigorously it is masstime that emits 
photon, not mass. Soa mass moves through time in little 
spurts, by the continual macroscopic addition and 
subtraction of little Dt components. Further, in being 
driven through time, mass is continually altered to 
masstime (a quite different critter from mass), to mass, to 
masstime, to mass, ete 

In any masstime state, a myriad of tiny virtual photon 
interactions made of very tiny (DE)(DO's interact with that 
same mass during that particular larger Dt of the masstime 
state (m+Dm)(Dt). Hence mass in its alternate masstime 
state has that state internally structured by its surrounding 
environment’s interactions with it. The masstime state is 
internally structured energetically in its (DE) compor 
and also internally structured temporally in its (Dt) 
component, 


ent, 


‘A standard charged fundamental particle such as an 
electron, e.g., is not necessarily identical with another, 


when the internal structuring of its masstime state is 
5 


considered. Further, by two papers by Whittaker 
interferometry of masstime states with either energy 
reactions or temporal reactions can yield observable effects 
and changes due to these neglected "hidden variables" 
the electron’s masstime alternative states. To engineer the 
mind and its operations directly, one must perform 
electrodynamic engineering in the rime domain, not in the 3- 
space EM energy density domain. The direct engineering 
-like mind and mind operations—in all levels and all 
—tequires the use of time-polarized photons 


and time-polarized EM waves. ‘This is the rarest form of 
electrodynamics, almost untouched by Western physicists. 
‘One can either painfully produce such time-polarized 
photons and EM waves and directly irradiate a target mass 
with specific assemblies of them, or one can force the mass 
itself to iteratively transduce ordinary transverse EM waves 
first into longitudinally-polarized EM waves and then into 
time-polarized EM waves. Both will be discussed briefly. 
In the West, it appears that the present author's discovery 
‘of mechanisms for producing time-polarized (scalar) EM 
waves [see Figure 2] and for transducing between wave 
polarizations has no precedent. [See Figure 3]. While 


scalar (time-polarized) photons are known in the literature? 
the creation and use of time-polarized EM waves does not 


seem to appear in the Western physics literature. 

Wave transduction or polarization transductions are 
terms used by the author for the process of transforming an 
’M wave's particular polarization into another polarization 
type. Such transduction to other than transverse 
polarization forms is litle known in the West. It appears 
essentially haphazardly in some experiments, usually 
without any recognition by the experimenters themselves. 
Significant transduction in experiments will also produce 

‘trange” and unexplained anomalies in the instruments 
being used for experimental measurements. 

So most probably Western mind control researchers have 


not recognized the methodology and mechanisms! for 
transducing one type of EM wave polarization directly into 
another. They continue to seek the "mind" in 3-space and 
hence in the brain, rather than in the time domain. On the 
other hand, it appears 
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Figure 3. Interference processes for transducing higher EM wave polarizations 
into lower polarization states. 
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that the Russian KGB energetics!” weapons scientists— 
particularly those in psychoenergetics'\—have known and 
used methods of transducing one wave polarization into 
another, for at least two decades. It follows that those same 
scientists have very probably developed mind engineering and 
mind control via novel time-polarized EM wave means and a 
dramatically extended electrodynamics of the time-like mind 
‘operations. 

In the present paper we briefly develop the wave 
transductions and the basis for mind engineering, including the 
specialized use of ordinary transverse wave (TW) EM spectra 
to force intemal EM wave transductions and time-domain 
‘operations inside irradiated bodies, cells, and tissues. Through 
the mind-body coupling mechanism, these transductions of 
transverse EM waves can operate upon the mind and its 
deepest operations as well as upon the body, every cell, and 
every part of every cell. 


Russian Mind Control Uses 
Higher EM Wave Polarizations 


ILis apparent that the KGB psychoenergetics weapons 
scientists know and use the full extended EM wave 
polarization range. As a postulation, one would expect our 
‘own weapons scientists to know and utilize the orthodox 
transverse wave (TW) EM for similar research and 
experimentation. However, in the West scientists are just 
beginning to realize the importance of a very general (and 
weaker) type of longitudinal EM wave (LW) polarization, as 
evidenced by the appearance of dozens of papers on 
"undistorted progressive waves" (UPWs, which are essentially 
imperfect LW s with TW residues remaining). The Los 
Alamos National Laboratory web site has a number of such 
papers—particularly by Rodrigues! and Lu—available for 
free downloading. UPWs 
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have very interesting characteristics. If they were perfect, 
longitudinal EM waves, they would have infinite energy 
and infinite speed. Since only imperfect UPWs can be 
physically made, their speed can vary from slower than 
the speed of light to faster than the speed of light. Their 
energy can also vary over a great range. 

Another characteristic of UPWs that are reasonably 
‘good longitudinal EM waves, is that they pass readily 
through a large depth of water and mass, including 
through the ocean and the earth with only small 
interactions and losses. Yet by interfering two such 
beams of "high quality” UPWs at a great distance, then 
in the interference zone ordinary EM energy will rise 
directly out of local spacetime potential, as essentially 
shown by Whittaker nearly a century ago. Russian 
weapon research facilities have weaponized these 
effects! for nearly 50 years, under rigid KGB control 
‘and operation. Nonetheless, even if using only ordinary 
‘TW waves, Western mind control researchers may get 
some fairly good results, brute-force-like, by using gross 
correlates between just the input irradiating TWs and the 
exhibited behavioral responses of the individual, The net 
input-output correlations can be determined, even though 
not taking into account the actual wave polarization 
transduction mechanisms ongoing inside the irradiated 
dielectric (or brain, or mind, ete.). However, Western 
researchers appear to have no knowledge of the exact 
mechanisms by means of which coherent time-like mind 
‘operations of a biological organism couple to the 
‘organism's 3-spatial body to provide the mental control 
loop. They also appear unaware of how the coherent 3- 
spatial behavior responses of the body couple back to the 
time-like mind to provide it with a sensory feedback of 
the body's responses. 
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Figure 4. A spacetime curvature engine has myriads of small ST curvature 
components which act upon mass at all levels. 
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General Relativity Aspects 


Both these coupling mechanisms can be taken 
directly from general relativity, if one puts one’s 
mind to it. However, unless the wave 
polarization transformations are known, it is 
difficult or impossible to apply the ordinary GR 
directly, since relativists usually concentrate 
upon spacetime curvature by altering 3-space 
energy density rather than by altering time- 
polarized "time-energy" density. 

In applied general relativity, spacetime itself 
is an active medium. One speaks of a change in 
spacetime as a "spacetime curvature". Any 
curvature of spacetime in a local region directly 
performs continuous work upon any mass 
embedded in that region. Vice versa, any mass 
(or other concentration of energy) in a local 
spacetime continuously acts upon that spacetime 
to "curve" it. 

So if one wishes to perform actions upon mass 
ina distant region, one may generate local 
curvatures of spacetime in that region, and these 
curvature "engines" will directly act upon the 
mass at all levels. [Figure 4] This is very 
different from energy propagation through space 
from one point to another. Now the "ordinary 
EM energy and actions” arise from every 
spatiotemporal point within the mass, at every 
level, and move upwards (from inside to 
outside). So we speak of specific forms of 
"templates" of nested spacetime curvatures 
formed and utilized to engineer mass "from 
inside out" as spacetime curvature engines or 
vacuum engines. 

Use of vacuum (spacetime curvature) 


15 
engineering” is a far more powerful form of 
engineering than is provided by energy 
propagation through space. As an example, it is 
easy to alter the quarks in a nucleon, using 
spacetime curvature engines and time-charging 
decay. Indeed, we have developed the 
mechanisms for cold fusion and the 
electronuclear interaction (formation of new 
nuclides) at feeble energy. An Invention 


Disclosure“? on this work 
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has been filed with the U.S. Patent Office, and 
formal patent applications are in preparation. 
Some information on these mechanisms and 


principles has been released!” 


Time as Dense EM Energy 
and a Strong Spacetime Curvature Agent 


‘The advantage of using the time-polarized 
“time-energy” for spacetime curvature is that 
time is ordinary energy compressed by a factor 
of at least c2—which, in the MKS system of 
units, is some 9¥10!6, Thus use of time- 
polarized EM photons and waves as ST 
curvature agents gives an amplification of 9 
¥10!6 over the use of transverse-polarized EM 
waves for that purpose. In turn, the use of the 
strong EM force in ordinary TW waves as an 
agent of ST curvature is already a nominal 104° 
times as strong as is the weak G force used as 
the agent of ST curvature, 


The bottom line is this: For spacetime 
curvature effects, the use of the t-polarized 
domain provides amplification of some 9¥1055 
greater than the weak G-force ST curvature 


agent usually considered in general relativity’, 


Western Science Remains Largely 
Materialistic 


Ironically, most Western scientists are 
materialists and consider "mind" as a mystical 
and nonscientific concept. They tend to consider 
mind operations and functions either to be 
simply "meat computer” operations and 
functions, or at best to be very weak ordinary 
transverse-wave EM operations and functions in 
the brain and nervous system This serious self- 
limitation exists because in the body we measure 
only weak TW EM operations and functions 
correlated to biological behavior and brain 
operations. We simply do not know how to 
measure "mind operations" directly 
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Figure 5. Mind-to body coupling and body-to-mind coupling. 
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With no mind measurements possible and no instruments, 
it is understandable that Western science considers only 
the physical side of the mind-matter interface. 

Presently our scientists do not measure the 
Jongitudinally-polarized EM wave operations and 
functions in the body and around it in nature. Few of them 
are aware that a maelstrom of such LW functions exist in 
the body and in all of nature in general. Presently only 
highly theoretical quantum field theorists seem to even be 
aware of the existence of scalar ((-polarized) photons, and 
even they are unaware of polarized EM waves. Certainly 
our scientists do not measure t-polarized EM waves in and. 
around the body and in nature, nor do they make them in 
the laboratory. Apparently they have not studied such 
‘waves and their interactions with matter—living and inert 
—atall 

But it's even worse. In ignoring the time component 
transported by photons and EM waves, science has also 
erroneously omitted half of the excitation charging and 
excitation decay processes whenever a mass interacts with 
photons and EM waves. More on that later. 


Brute Forcing Time 
Functions versus Fine Control Methods 


Ironically, Western mind control researchers using 
transverse EM waves for mind control research, are using 
a brute force method of evoking and using vacuum 
engines ( spacetime curvature engines) and a special form, 
of general relativity, although they do not appear to realize 
it. 

While KGB scientists also use TW EM "brute force” 
‘TW waves when necessary, they do “imprint” or “activate” 
those waves with the desired internal LW and time- 
polarized EM wave and photon structures required to 
directly perform the mind engineering desired. 
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‘They also do not hesitate to use LWs and t-polarized 
‘waves overtly. So in blunt terms, Western compared to 
Russian mind control research is probably like comparing 
an automobile body shop with a fine surgical ward, 
Having long ago worked out all those "exact correlates” to 
the internal "information content of the field” is where the 
KGB scientists are at least 20 years ahead of the West. 

‘The reason one can get mind and behavior results with 
the TW electromagnetics, while bypassing the real 
‘mechanism which uses t-polarized waves and photons, is 
due to (1) the very peculiar nature of the EM emission 
from a dielectric, and (2) what can be done by re-radiating 
that dielectric with its emitted spectrum, deliberately and 
very carefully altered in selected parts. We will return to 
that important feature later. 


Polarization and Observability 


As we stated, there are four photon polarizations and. 
therefore there must be correspondingly four EM wave 
polarizations! The first three polarizations are the x-, y-, 
and z- spatial polarizations. The x- and y- polarizations 
are transverse polarizations and the z-polarization is a 
longitudinal polarization along the direction of 
propagation (along the z-axis, by standard notation). 
Simply put, we may visualize the transverse polarizations 
as rather like the wiggling of a fish's tail from side to side 
as the fish moves forward, or a whale’s flukes up and down 
as the whale moves forward, or some combination 

thereof. We may visualize the longitudinal polarization as 
a sort of "repetitive accordion effect" along the line of 
motion of the wave. Usually the 2- polarization is 
neglected in EM wave theory, although in recent years 
physicists have "rediscovered" longitudinal EM waves and 


are now intensely researching the use and characteristics 
2 


of such waves. 
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Figure 6. The three divisions of Soviet energetics and their characteristics. 
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Figure 7 


Unfortunately, in quantum field theory there 
has been a tendency to regard the t-polarized or 
"scalar" photon—where the local rate of time is 
oscillated—as unobservable, Oscillation of the 
local rate of time produces powerful oscillations 
of local space-time curvatures, due to the 
extreme energy density of time. Individually, 
the t-polarized photon tends to be unobservable. 
However, a coherent sequential group of such t- 
polarized photons, each individually in the 
virtual state with respect to the external observer, 
may simply integrate in its interaction with mass 
over a short time period into observable change 
because of the coherent integration of virtual 
spacetime curvatures into a larger, observable 
spacetime curvature. 


Rotations and Projections in 4-Space 


Relativistically, any velocity change in 4- 
space is a rotation, Any such rotation in the time- 
domain also creates a tiny projection component 
into 3-space. Any such rotation in the 3-spatial 
domain also creates a tiny projection component 
into the time domain, 

Hence a sufficient series of coherent time- 
domain (mental) changes produces a coherent 
series of virtual changes in 3-space (the body), 
thereby coherently integrating into an observable 
energy change in the body. A sufficient series of 
coherent 3-spatial energy changes produces a 
coherent series of virtual changes in the time 
domain which coherent integrate into an 
observable time-domain change. 


Solution to the Age-Old Philosophical 
Problem of Intent 


This is in fact the solution to the age-old problem 
of intent, or how the nonmaterial (ie., non~ 
spatial and non-observable) mind induces a 3- 
spatial, observable energy change upon the 3- 
spatial body. Itis also the 
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solution to the problem of awareness; ie 


the mind is aware of itself“ and of the responses 
of the body. Together the two form a closed 
loop coupling of the mind and body. The time 
delay in the loop together with memory recall for 
comparison, creates the sense of "persistence" of 
self in time. This also creates the sense of being 
"separate, closed being” (i.e. of separate 
persistence in time—in the living entity). The 
sense of "separation of self from an external 
world” is created by comparing those body-to- 
mind sensory feedbacks which are not correlated 
to the mind’s previous feed-forward intent. 


Time As Energy and Why It Is Very Dense 
Energy 


In addition to the three spatial polarizations of 
photons and EM waves, there is a very, very 
useful t-polarization along the time axis. In this 
polarization, the 3-spatial energy is not 
oscillating at all. Instead, the time or time- 
energy is oscillating. Time can be taken to be 
energy compressed by at least c?, so it has at 
least the same energy density as mass. In other 
words, one second is 9x10!6 joules of time- 
energy (energy compressed into time). The t- 
polarized photon or EM wave is called the sealar 
photon or scalar EM wave, respectively. 

To demonstrate why time can be regarded as 
energy, we need only point out that the choice of 
fundamental units in any physics model is totally 
arbitrary. We usually choose these units to ease 
the mathematical manipulation, ease our 
understanding, and simplify the ability to 
visualize or "grasp" the physics. However, if 
one wishes, one can build all of physics from a 
single fundamental unit—e.g., energy. In that 
case, one readily sees that time is a function of 
energy and only energy. Hence itis perfectly 
proper to regard time as energy, and to seek out 
what form the function takes in our normal 
system of units (say, the MKS system). 
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Figure 7. In the 1960s, Lisitsyn revealed Russian scientists had deciphered 
the human brain code. 
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In that system, it appears that any change 
in time At can be taken as always a 
function of a corresponding change in 
energy AE, where At < (AE) +c? [1] from 
which it follows that AE > (At) x c? [2] 
For convenience, we take the special case 
where At = (AE) +c? [3] AE = (At) xc? 
[4]. 


Observation as Used in Physics Is 
Spatial 


We note that all mind operations are 
time-like, ie, they are comprised as scalar 
EM photon functions and scalar EM wave 
functions. Thus the mind is a very special 
kind of electromagnetic system, existing in 
the time domain, and thus "lost" by the 
stripping away of time in the ordinary 
observation process. Physical observation 
is essentially a time-differentiating 
mechanism applied to a 4-spatial change, 
or in terms of MKS fundamental units L 
and t, observation 0 is @ = 0/dt(L4t) = L3 
[5]. 

Thus, as is well-known in quantum 
mechanics, physical observation is 3- 
spatial, and time is not a physical 
observable, even in theory. Since mind is 
time-like, it follows that mind is not a 
physical observable either, since discarding 
the time dimension also discards the mind. 
In short, one may also take physical 
operation as the mechanism that separates 
mind and body. To observe is to separate. 
We point out, however, that merely 
"separating and discarding" the time 
domain (as in physical observation of a 
single change) does not eliminate it, nor 
does it eliminate the single time-like mind 
change that may be involved in an 
intentional volition. The time domain 
certainly remains, even though only the 3- 
spatial intersection of the 4-spatial 
Minkowski change is given by physical 


mechanism and the resulting "outputs". So 
series of coherently integrated "mental 
intent" changes introduced into the human 
body's overall servo-mechanism provides 
the continuing input. From there, ordinary 
physics will generate the resulting actions 
induced in the body by that 
servomechanism and its amplifying 
mechanisms. 


Two Coupling Mechanisms Make a 
Closed Loop 


This is the "mind-to-body" coupling 
mechanism. [See Figure 5] It is the 
mechanism whereby the mind is coupled to 
the body, and whereby mental intent is 
able to induce a series of physical inputs 
into the body servomechanism. 

So the body's servomechanism then 
generates the responses of the body 
(including everything from chemistry to 
electrical changes to muscular movements, 
etc.). These responses are changes in 3- 
space. 

The conscious mind is a serial 
processor, though extremely rapid. It 
produces the series of coherent intent 
inputs for volitional behavior. 

The unconscious mind is a massively 


parallel processor It continually 
produces the vast series of coherent 
“unconscious intent inputs" for control of 
all the deeper processes in the body, 
beyond usual conscious awareness. 
However, as the body moves or changes 
in 3-space, each resulting quantum change 
in body 3-space is also a slight rotation out 
of 3-space and toward the time axis. 
Hence it induces—in the "virtual state" in 
the time domain—a precisely correlated 
projection, The body's responses are in 
general coherent, so a coherent series of 
virtual state changes in the time-domain (in 
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observation. So we may say that the time- 
change remains in the virtual state, with 
respect to attempted physical observation 
of a single Minkowski 4-space change. 


Rotation, Coherent Integration, and 
Intent 


Previously we pointed out that any 
change in a 4-space entity may be regarded 
as a rotation away from the "trajectory" of 
the entity. Hence each and every t- 
polarized change creates a very small 
projection into 3-space by its rotation 
slightly away from the time axis. All mind 
changes in the time-domain actually 
produce virtual 3-spatial projections in 3- 
space (in the physical domain). We define 
"intent" as the continued production of 
successively coherent mental changes, 
producing coherent virtual changes in the 3- 
space body system, with coherent 
integration of those 3-space virtual changes 
into observable 3-space energy inputs into 
the 3-space body system. Successively 
coherent mind-changes will produce 
successively coherent 3-space virtual 
changes. In short, coherent mind-changes 
will produce coherent integration of those 
3-space virtual projections into an 
observable 3-space change. This is the 
creation of an ordinary 3-spatial energy 
change induced upon the 3-space body. In 
short, this is the mechanism whereby time- 
like mental intent is able to produce a 
series of coherent observable quantum 
changes in the physical body (as in the 
brain and nervous system). 


The Body as a Servomechanism 


From the standpoint of control theory, 
we may consider the body system to be a 
complex servomechanism system 
comprised of many subordinate servo 
systems with feedback and feedforward 
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the mind realm) are created successively. 
In short, again we have coherent 
integration, this time in the mind or time 
domain. This produces "observable" 
changes in the time-mind domain, which 
are coherent with the body's 3-spatial 
changes actually performed. Thus the 
mind receives feedback directly from the 
physical movements and changes of the 
body. This is the manner in which the 


body is coupled back to the mind. 

By comparing the "intent" behavioral 
move that was "fed forward" into the body, 
with the return "response" move analog 
that was "fed back" from the body to the 
mind, the mind is able to determine errors 
and differences, and originate additional 
correctional commands. 

Thus the entire mind-body loop is a 
closed-circuit system of feedforward and 
feedback, together with corrections. It also 
has multiple levels of such, infolded in the 
larger volitional levels. See again Figure 
4. 

This solves the age-old problem of the 
mechanisms for the mind-body coupling, 
intent, volition, conscious and unconscious 
functioning, sense of the external world, 
sense of the internal world, sense of "being 


i 22 
in" the external world, etc. 


All This Is Included in Russian 
Psychoenergetics 


This is the highly summarized basis for 
psychoenergetics, the KGB's division of 
energetics that deals with the mind and 
body coupling and functions, and direct 
engineering of (1) the mind-body coupling 
and (2) the mind operations directly. [See 
Figure 6| The KGB intent, of course, has 
always been to exploit this science for the 
degradation, killing, and control of human 
beings, including all humanity. 

The Russians know full well that, if you 
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looping. 

Given the input from intent, ordinary 
servo theory will take it from there. Once 
a servo has an input, servomechanism 
theory describes the response of the 


produce and utilize scalar EM photons and 
t-polarized EM waves, you can directly 
affect and engineer mind and mind 
operations at any and all levels. Western 
researchers, who know nothing of how to 
make 
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time-polarized photons and time-polarized 
EM waves, do not yet know that. 
Consequently the Russians have developed 
a highly secret science of directly 
engineering the mind and its operations, 
including thought, images, perceptions, 


feelings, emotions, memory, and mind 
processing. Indeed, Lisitsyn— wrote quite 


specifically of this capability in the 1960s. 
[See Figure 7] 

Western clandestine mind control 
researchers are apparently still slowly and 
painfully fitting TW EM irradiation 
correlates to induced or resulting mental 
and physical behavior responses. They 
seem unaware of the actual wave 
transductions occurring inside the body 
and mind, but are unwittingly inducing 
those transductions in hidden fashion 
anyway and in “brute-force input-response 
fitting” models. 

These "fitted brute-force models" 
certainly can be very powerful, and 
certainly can produce the exact results 
shown in the experimental verifications of 
the fittings. However, they do not of 
themselves allow sophisticated design—for 
example—of the necessary time-polarized 
wave assemblies for engineering the entire 
human collective unconscious 
simultaneously, or for engineering the 
entire collective unconscious of all species 
on Earth (i.e., Gaia's collective 
unconscious), or even for precisely 
engineering the memory and knowledge 
base of an individual. 

This fine research article will be 


Methodology, Waves and Wave 
Transduction, The Cellular Control 


spacetime that is highly active. The mind is 
rooted in the time-domain and projects from 
that domain into 3-space. The body is rooted 
in the 3-space domain and projects into the 
time-domain. To "change" or "function" in 
one domain is automatically to function in the 
other. EM and gravitational phenomena are 
still modeled separately by human scientists, 
but not by nature. 

3. In quantum mechanics, time is not an 
observable, but merely a parameter. 

4. It is convenient to consider mass as a 3- 
spatial form of condensed energy. 

5. E. T. Whittaker, "On the Partial Differential 
Equations of Mathematical Physics, " 
Mathematische Annalen, Vol. 57, 1903, p. 333- 
355;— "On an Expression of the 
Electromagnetic Field Due to Electrons by 
Means of Two Scalar Potential Functions, 
"Proc. Lond. Math. Soc., Series 2, Vol. I, 
1904, p. 367-372. 

6. ANERAC document search yielded some 
16 good references on t-polarized photons, but 
not a single reference on t-polarized EM 
waves. 

7. E.g., such previously inexplicable 
instrument anomalies have accompanied some 
excellent and rigorous electrolyte experiments 
at U.S. Navy research facilities at China Lake. 
For a description, see Melvin H Miles and 
Benjamin F, Bush, "Radiation measurements 
at China Lake: Real or Artifacts?", Proc. ICCF 
- 7 (International Conference on Cold Fusion— 
7, Vancouver, BC, Canada, Apr. 1998, p. 101. 
For a brief explanation of the anomalies, see T. 
E, Bearden, "EM Corrections Enabling a 
Practical Unified Field Theory with Emphasis 
on Time-Charging Interactions of Longitudinal 
EM Waves, " Explore!, 8(6), 1998, p. 7-16;— 
"Toward a Practical Unified Field Theory and 
a Deep Experimental Example," Proc. INE 
Symposium, Univ. Utah, Aug. 14-15, 1998. 

8. Many U.S. researchers and journalists— 
and even many scientists—have wrestled with 
the problems of mind, intent, and mind-body 
coupling. Enumeration of those efforts would 
itself require an entire book, For an 
introduction into that domain, the reader is 
referred to the very determined exposé by 
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System, and other matters of interest. # 
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Cheryl Welsh in her very timely book, The 
1950's Discovery of the Code of the Brain, 
May 1988, published on the Internet. Simply 
employ any Net search engine and search on 
the name Cheryl Welsh. A connection to the 
site and to Weish's book will immediately be 
found Welsh's important compendium is 
highly recommended, giving the reader a 
"birds eye view", so to speak, of how Western 
scientists think and proceed regarding the 
subject of mind control by electromagnetic 
means. Unfortunately all journalists so far 
researching the area have not been aware that 
Wester electrodynamics itself is seriously 
flawed, and that the great Russian advances in 
mind engineering and mind control are a result 
of their secret but complete revision and 
correction of Western electrodynamics to 
provide the basis for energetics. Until Western 
scientists revise their own decrepit old 
electrodynamics fouling the textbooks, they 
will never catch up to the Russian mind 
control developments springing from intense 
development programs that did that revision in 
the late 1940s and early 1950s. 

9. An Invention Disclosure on these processes 
and enhancement embodiments has been filed 
with the U. S. Patent Office. Formal patent 
applications are also in preparation. 

10. Energetics is a unified science of an 
extended electrodynamics possessing a hidden 
infolded general relativity inside the potentials, 
fields, and waves. It deliberately employs 
higher polarizations (longitudinal and tempic) 
of photons and EM waves to engineer action at 
a distance, use of specific patterns of 
spacetime curvature created at a distance, and 
direct engineering of either inert or living 
bodies. It also encompasses the direct 
engineering of time-like mind and mind 
functions. It is divided into three divisions, 
depending upon the nature of the target. 
Targeted against inert materials, structures, 
fields, and waves it is called "energeti 
"Against living bodies, their fields, and 
biochemistry, it is called "bioenergetics. 
‘Against the mind and mind functions, it is 
called "psychoenergetics". 

11. Psychoenergetics is that branch of 
energetics used to directly affect and engineer 
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electromagnetics processes. 
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just multiply so. ‘The conscious mind can 

see only "a single slide in the slide projector at 
atime," so to speak. When it "looks" at the 
ongoings and outputs of the unconscious, it 
"sees" millions of slides in the slide projector 
simultaneously. Hence it cannot distinguish 
"one and one only". So it just sees nothing, 
where by “nothing” we mean "no single 
distinguishable thing.” It therefore is unable to 
consciously perceive the actions of the 
unconscious. When the unconscious wishes to 
communicate with the conscious (because of 
unresolved conflicts, etc.), it must produce 
large groupings integrated into "symbolic 
scenarios". Hence the symbolism of the 
unconscious, and the basis for therapeutic 
psychology and psychiatry. A "symbol", after 
all, is just a thing which can have many 
different meanings, all folded into one. 

21. The mind continually has activities of its 
own, each of which produces coherent changes 
in the body to a much smaller degree. The 
interweaving of these "smaller self-changes" 
infolded inside the 3-space major intent 
changes also produces slight body changes, 
which in turn "project back” into the mind. 
This huge group of “infolded self-loops" 
produces the sense of "my body" being 
"volitionally directed or occupied” 
simultaneously with the "greater intent" loops 
which represent "my intentional actions with 
my body". Further; the body servo continually 
receives a myriad of inputs from its sensory 
systems, both from changes inside the body 
and from incoming changes from the external 
universe. This interweaving produces the 
awareness of "being in the external world" by 
having (i) changes whose feedback do not 
match mind-intent changes, and (ii) changes 
whose feedback does match mind-intent 
changes. This of course applies to both the 
conscious and unconscious levels. The 
purpose here is to demonstrate that there exists 
an actual physics of the living being, the mind 
as well as the body, and the coupling and 
interfiinctioning of mind and body. 
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this is actually a very high energy reaction; 
however; since the time-energy is used and is, 
very, very dense, the amount of 3-spatial 
energy that must be used is very small. If this 
new mechanism holds, it represents a 
revolution in particle physics. 
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"refreshed" by time-delayed coherent feed- 
back inputs from the body to the mind; where 
these inputs compare to the recalled memory 
of the minds inputs to the body. In short, the 
time-delay coherence creates the sense of 
“existing in time". Awareness usually 
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fied experimental scientists proceeding under proper laboratory safe 
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cernor the author are responsible for accidents or outcomes inthe use 
of these experimental procedures and techniques. Any researcher who 
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‘own volition, and is solely responsible for insuring safety, qualifica- 
tions, and legality of the acts and their results. We neither suggest nor 
condone unauthorized experimentation on human subjects. Such isa 
<timinal violation of the constitutional rights of the subject under 
Federal and State laws, and is both illegal and immoral, 


A Strategic Threat Completely Unrecognized by the West 
‘The Russian methodology leads directly to rather mind-bend- 
ing, extended capabilities. KGB psychoenengetics scientists seem 
fixed on an eventual goal of directly engineering Jung's collective 
human unconscious, thereby converting the entire human species 
into a sort of “ant” species. In short, they seck to engineer what 
they regard as “perfect communism and perfect order” directly in 
the entire species. Figure 8indicates the direct connection of every 
human's conscious and unconscious mind to the collective species 
‘unconscious and to Gaia, the collective unconscious forall species 
on Earth. Since time is internally structured and layered, it fol- 
lows that time-like mind levels are also internested and layered. 

‘This appears to be a significant strategic threat, well along in 
its development, that our scientific and intelligence communities 
have completely failed to recognize, 

‘The direct engineering of the entire human collective species is a 
doable.' It is going to be done, whether we like it or not. In that rice 
(which may eventually determine whether or not we retain any pet- 
sonal freedom a all) the “democratic” nations are woefully behind. 
In fact, the West has not even realized there is such a new kind of 
“arms race” for dictatorship and control of the “collective species 
mind” and we have already almost los it. The West has not yet even 
developed the overall theory of psychoenergetics. 

Waves and Wave Transductions 


A pure longitudinal EM wave (LW) would have infinite energy 
and infinite speed. In practice, one can only approach this perfect 
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LW weave, and one always has transverse residues remaining. Hence 
the “imperfect” longitudinal EM waves we can make in suitable equip~ 
ment and techniques, are known as “undistorted progressive waves” 
(UPWs). The UPWs may have velocity far greater than the speed of 
Tight ores than the speed oflight. So the speed vof UPWs can vary as 


O<ycoo (6) 


‘The Russians also know that, when a nearly-pure longitudi- 
nal EM wave interacts with matter (it usually doesnt interact very 
‘much, and has alow reaction cross section), the mass immediately 
adds the phase conjugate replica to the interacting LW portion, 
regardless of frequency, thereby transducing the input LW inter- 
actions into scalar (time-polarized) EM interactions. 

‘One transduces from TW to LW to Scalar EM via iterative phase 
conjugation. One transduces from scalar EM to LW to TW via iter- 
ative interferometry It took the present author 20 years to discover 
this simple thing; we now have filed an invention disclosure on the 
process and embodiments for performing it, and will be following 
with formal patent applications, Let TW = transverse EM wave, LW 
= longitudinal EM wave, and TDW = time-density EM wave (an- 
‘other name I use for t-polarized or scalar EM waves since the density 
of time-energy is what is varying). Let (I = interfering with, PCR = 
phase conjugate replica wave with a coupled set of parentheses en- 
closing the type of wave. The rules for wave type transduction are: 


‘TW + PCR(TW) = LW (7 

LW +PCR(LW) = TDW Is] 
Going the other way, the rules are: 

TDW (I) TDW = LW (9] 

LW) LWSTW {10} 


In EM smog (dense EM signals, even though very weak), there 
is increased nonlinear multiwave interactions, both interferomet- 
ric and phase conjugative. So in such EM smog there exists an 
increased, non-negligible component of LW and TDW irradia- 
tion, formed by the above transduction interactions in the irradi- 
ated living cells and bodies. This latter part accounts for many of 
the long term effects which show up in “correlative” studies, but 
which do not show up in the normal limited-frequencies TW 
experiments produced by so-called “physical experiments.” 

“The standard EM bioeffects manner of experimenting uses a 
theoretical model of simple, direct energy deposition by means 
of absorption in cells and tissues. Now we must utilize an “open 
system” throughout the body dielectric in which higher polar- 
ized EM energy (either LW or t-polarized) travels readily 
throughout all areas of the body. 
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EM Bioeffects and Wave Transductions 

In the EM bioeffects experiments to date, there has been ab- 
solutely zero control of the internal transductions, and there has 
been no consideration of them. Almost all transductions of TWs 
into LWs will immediately result into transduction into TDW 
and time-excitation charging of the cells and all their internal 
components. These time-excitation charges (excited states of 
time-charging) will then slowly decay, emitting longitudinal EM 
waves in the process which travel throughout the body. These 
‘emitted LWs interfere with each other and the LW processes in 
the body, producing low level TW “noise jamming” of the cellu- 
lar processes and—most especially —of the deep cellular control 
system of the body. The latter system functions by means of LWs 
and TDWs. Long-term effects of such “noise jamming” of bio 
chemistry reactions and the control systems of the cells and body, 
can lead to degenerative diseases such as arthritis, atherosclerosis, 
Alzheimers disease, heat disease, cataracts tumors, leukemia, some- 
‘what accelerated aging, immune system weakening and depressing, 
tc. As the body's natural defense and regeneration ability weak 
ens, opportunistic infections further add to the degeneration. 

Tewas shown by Whittaker in 1903 that any scalar EM po- 
tential is comprised of a harmonic series of bidirectional longitu- 
dinal EM wavepairs. [See Figure 9] Each longitudinal EM wave 
pair in the harmonic series isa phase conjugate pair. Unknown to 
‘Whittaker, that “LW phase conjugate pair’ is actually a time-po- 
larized EM “photon” structure, containing a phase conjugate LW 
photon substructure. So staid old “voltage” (potential) is com- 
prised of a harmonic series of time-polarized EM waves! 

‘The corresponding “t-polarized photons” are actually spin-4 
supergravitons comprised of coupled antipairs of LW “photons”. 
Each LW photon is a spin-2 graviton comprised of a coupled 
TW photon-antiphoton pair. Each TW photon and antiphoton 
in the coupled pair has spin-1. The couplet, being the longitudi- 
nal “photon” or graviton, thus has spin-2. And so on, 

In 1904, Whittaker showed that any EM field or wave pat- 
tern can be decomposed into two scalar potential functions, By 
applying Whittaker 1903 decomposition to each scalar poten- 
tial function, any EM field or wave has an enormously rich in- 
ternal structure, comprised of scalar potential function: 
ference. Each scalar potential function is comprised of 
time-polarized EM waves (made of spin-4 supergravitons). Each 
time-polarized EM wave is further comprised of bidirectional 
longitudinal EM wavepairs. Each longitudinal EM wave is fur- 
ther comprised of phase-conjugate pairs of transverse EM waves. 
Each transverse EM wave is further comprised of two scalar 
potential functions, each of which is in turn comprised of an 
infinite harmonic series of time-polarized EM waves, and so on 
«ad infinitum and ad nauseum. Obviously all EM potentials, fields, 
and waves have an enormous “internal structure” or internal “in- 
formation content of the field”. 


The Cellular Control System Uses 
Polarized EM Photons and Waves 

The master cellular control system (MCCS) in the body uti- 
lizes these photon-gravitons, their corresponding EM wave po- 
larizations, and transductions between them. By the use of very 
powerfully condensed gravitons and supergravitons, it is able to 
utilize small but highly significant direct curvatures of sp 
time in precise patterns. In short, it utilizes general relativistic 
spacetime curvature engines, rather than “EM photon signals’, 
to accomplish its control of the cells and their processes. It does 
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not merely send a “signal” and hope the cell itself acts upon it. 
Instead, it sends an “engine” which alters the local spacetime in 
which the cell and all its components are embedded. This “local 
ST curvature engine” then physically works directly upon the 
cell and all its parts, ro alter the cell according to the specific 
“template” of the engine. 

This is the direct application of the Wheeler’s simple state~ 
ment of general relativity: Mass (trapped energy) acts upon space- 
time to curve it, and curved spacetime acts upon mass to change it. 

Popp’ “ordinary photon” study of this cellular control system? 
therefore will detect the coherent ordinary TW photon residues 
which result from the photon polarization transductions occur 
ring from the actions of the ST curvature engines upon the cells. 

Cellular division, biochemical processes, growth and growth 
control, cell differentiation and dedifferentiation, etc. are all con- 
trolled by the MCCS or one of its subsystems, using spacetime 
curvature engines. The ordinary TW electronic activity our bio- 
physicists detect and correlate are simply the intermediate com- 
ponents of the actual ongoing polarization transductions. 


The Cellular Control System Uses EM Time-Energy 

One important subsystem of the MCCS controls the immune 
system's functions, including the deepest and most subtle func- 
tioning performed by all elements of the immune system. This 
system has been rather intensively studied, but since our bio- 
physicists have not possessed the full electrodynamics utilized, 
only the correlated residue of normal TW EM waves and pho- 
tons have been recognized and studied. Hence Western biophys- 
ics isin its very crude infancy. 

Incorporation of the total wave and photon polarizations, 
together with their transductions, will eventually present a revo- 
lution in both biomedicine and biophysics. Unfortunately, pres- 
ently our entire medical community is very firmly entrenched in 
only ordinary TW EM polarizations and ordinary biochemistry. 
Our scientists thus are studying less than 1% of the functioning 
of the living organism, 

As an example, since Western scientists have no knowledge 
or research into the time-polarized mind domain and mind-body 
coupling, the mystery of the placebo efféct—in which the mind 
has been verified to produce actual physical effects ~ will indef- 
initely remain a mystery? As one result of that “crippling” of our 
medical theory, medical experimenters have to deliberately drive ex- 
periments on drug effects, etc. beyond the “mind's own threshold” of 
physical effect. In short, they have to drive the experimental results 
‘over and above the results being accomplished by the placebo effect. 
‘They must perform valid placebo control experiments, and subtract 
the placebo component results from their own experimental re- 
sults, to determine the “delta” induced purely by the drugs. 


The Regenerative Subsystem 

Another important subsystem of the MCCS controls the re- 
generative system of the body. The regenerative system has vari- 
ous mechanisms, including growth control, differentiation and 
dedifferentiation of cells, etc. Becker's portrayal of the regenera- 
tive system is shown in Figure zo. One of its most important 
functions is healing and restoring damaged or diseased cells. It 
does that by a most remarkable process, 

This system has been very poorly studied, mostly by Becker! 
etal, although there is still sporadic, ill-funded, and ill-planned 
research on regenerative effects from time to time.’ Becker and 
his colleagues came closest, and—considering the severe limita 
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tions of the orthodox U(1) EM model available to them—Beck- 
er's work is particularly revolutionary. He demonstrated beyond 
question that simple DC potentials could generate cellular dif- 
ferentiation and redifferentiation, and produce results at global 
sites in the body and not just at the local injury sites where the 
DC potentials were applied. 


Becker was nominated for a Nobel Prize for his Herculean 


efforts and remarkable results. For his trouble he was hounded, 
his funds were withdrawn, and he was forced to retire at an early 
age in his 50s. His biggest “heresy” was to bravely point out that 
power line radiations had deleterious effects upon biological sys- 
tems, and to testify to it in a series of hearings and court cases 
where a very powerful electrical power industry essentially ran 
rough shod over science and the public. 


Organized Science Is Highly Politicized and Imperfect 

Ieis not only politicians that are “bought and paid for" by pow- 
erful vested financial interests. In organized science, precisely the 
same arrangement holds true. Scientists are no better or n 
than any other segment of humanity. A surprising percentage will 
produce the results desired by their benefactors, if provided with 
cushy jobs, good income, prestige, and secure positions. 

It has been said that money is power. It has also been said 
that power corrupts, and absolute power corrupts absolutely. In 
the scientific community, as well as in the political community, 


se 
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this “great corruption” by great financial power has been elevat- 
ed to an art form. Simply examine the funds made available to 
scientists. There is not enough forall the scientists, so it is fiercely 
competitive. If the scientist does not get grants (e.g., a would-be 
professor at a university), he does not bring in extra money to 
the university. He cannot get his graduate students funded, so 
his own innovative (read: heretical) research is thwarted. His 
papers are rejected by the journals, and before long he has no 
funded position in science. If lucky, he will be employed in the 
grocery store or the butcher shop. 

Every bit of finding available for the scientists to compete for 
(and apply for grants) already has firmly fixed controls of exactly 
what research can be done with that money. The “science” that will 
be applied is already formulated. That and only that can be done. It 
is a tribute to the dedication and resourcefulness of our working 


scientists themselves, that anything innovative a all gets done. 

‘One can have a very fine scientific career, tenure as a profes- 
sor, get one's graduate students funded, get one’s papers pub- 
lished in prestigious journals, win awards and achieve stature 
and prestige, if one just plays the desired game prescribed by the 
“old boys schools” in control of almost all the scientific funding. 
Yes, one can permissibly move the decimal point in the present 
models. bit, and be rewarded handsomely for doing so. But one 


is damned if one attempts any serious change or overthrow of 
obsolete scientific models and practices favored by the "system". 
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jure 8. Nested levels of consciousness and unconsciousness. 


The mind levels contain the "life" and "mind" dynamics. 
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‘That is precisely why all our universities continue to teach a 
terribly flawed electrodynamics that isa caricature with at least 
32 major foundations flaws in it. 

And that’s why the organized Western scientific community 
has betrayed the taxpayers who largely fund its research. In short, 
the scientific community fiercely enforces dogma, suppresses in- 
novation, and has denied the U.S. the very defense we need to 
survive against our pressing enemies who have not been so sci- 
entifically dogmatic. 


Microwave Radiation of the U.S. Embassy in Moscow 

Because of the strongly enforced adherence to the insane foun- 
dations errors in classical electrodynamics, our scientists still do 
not comprehend the decades of so-called “microwave radiation” 
of personne! in the U.S, Embassy in Moscow.’ All diseases and 
health changes produced in those personnel were in fild-free 
areas (.., where the potentials were persistent and unchanging, 
with no gradients etc.)* No one even thought to look at the “in 
ner longitudinal EM phase conjugate biwave composition’ of 
those potentials, where they would have found the Whittaker 
internal bidirectional longitudinal EM wavepairs and the inter- 
nal time-polarized EM waves. They would also have found the 
infolded, very powerful general relativity: the spacetime curva- 
tures deterministically formed and being utilized to directly al- 
ter the irradiated cells and their constituents. 


Instead, government-funded studies did a rather straightfor- 
ward “force field” analysis, and concluded that, since there were 
no fields there, it could not have been the microwave radiation. 

Elementary statistics would immediately indicate a different 
conclusion: The diseases and health changes were 100% corre- 
lated to the presence of potentials, and 100% anticorrelated to 
the presence of fields, Hence it was the field-free potentials that 
had to be inducing the diseases and health changes. If it were 
NOT the radiation at all, then some changes would have oc- 
curred in personnel in areas where fields were present, as well as 
in areas where fields were absent. Since this did not occur, such a 

ise i In short, the data ac~ 
tually proved (i) it was indeed the radiation that was causing the 
diseases and health changes, and (i) further, it was the field-free 
potentials that were the culpri 

‘That this elementary statistical conclusion eluded our scientific com- 
‘munity and our goverment community, is absolutely inexplicable. 

Three U.S. Ambassadors eventually died of diseases induced 
by their exposure to the Embassy radiation, Ironically, Ka- 
znacheyev’ had openly released some of the results of thousands 
of Soviet military experiments showing that any kind of cellular 
disease or disorder could be induced in targeted cells by novel 
EM radiation emitted from diseased or damaged cells. Appar- 
ently no one in the West deciphered the mechanisms involved 
in Kaznacheyev's epochal work. 
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* A-harmonic set of longitudinal phase conjugate wavepairs. 
* In each wavepair the two waves superpose spatially after detection, but travel in opposite 


directions. 


* The convergent wave set is in the imaginary plane, and hence is not observable. It is EM 
‘energy incoming to the potential (dipolarity) from the time domain, 

* The charge's spin is 720 degrees, 960 in the real plane and 960 in the imaginary plane. 

+ Hence the charge receives the complex convergent EM energy, transduces it into real EM 
energy, and emits enormous energy at the speed of light in all directions -- which includes 
bidirectional pairs in 3-space (after the reaction, being after “observation"). 

+ This produces the fields and potentials from the "source charge or dipole.” 

Mandl and Shaw argue that the scalar (time-polarized) photon and longitudinal photon are observable 


only in similar 
theory work 


airs, which then makes the instantaneous scalar potenti 
rongly Supports the “negative resistor” interpretation of the scalar potential and our 


Thus their quantum field 


solution to the source charge and source dipole problem. 


Figure 9. Infolded longitudinal biwaves (time-polarized EM waves) 
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composition of a scalar potential. 
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‘The Present Situation in Western EM Bioeffects Research 

Our scientific community has not even designed physical ex- 
periments to validate long-term EM bioeffects of the kind caused 
by induced wave transductions and long-term effects inside the 
absorbing human cells and in the body's regenerative and im~ 
mune systems. Western science has no knowledge of these tech- 
nical internal “wave polarization transduction” mechanisms. Yet 
the basis for such mechanisms has existed in the hard physics liter- 
ature for decades. Leading EM bioefects researchers seem totally 
‘unaware of small reaction cross sections inside the body cells and 
tissues for the transduction of transverse EM signals into LW and 
t-polarized EM signals, Conventional Western researchers have not 
investigated it, and often will not believe it when it is pointed out 
to them along with the supporting basis in the literature. 

‘A major part of the mainline “EM bioeffects” community, of 
course, seems comfortably funded largely by the power industry 
etc." The record is clear that this dominant, well-funded group 
has little or no intention of finding” anything that wll question 
powerline radiation safety and upser their cushy positions. 

In fact, leading bioeffects researchers have pointed out 
deliberate biasing of EM bioeffects as a research area. Qui 
De. Andeew A. Maclo, one ofthe great ploness ithe area of 
EM bioeffects" and powerline radiation assessment." 

“Neither scientists nor the public ean rely on power-industry 
research or analysis to help decide whether powerline electro 
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‘magnetic fields affect human health because power-industry re- 
search and analysis are radically misleading.” 

‘Dr. Marino then gives the specific details to prove it, and he 
shows specifically how they slant and mangle their experiments 
and interpretations of the results, to do it. Ifthe major financial 
interests cannot scientifically destroy determined, honest research- 
ers such as Marino and Becker, they do not hesitate to attempt 
to destroy them in lawsuits. 


The “Diffusion Mixmaster” at All Body and Cellular Levels, 
Every mass and all its particles are in a violent energy ex- 
ange with the active vacuum, A human body and every part of 
isin continual exchange of EM energy with its environment(s), 
including transverse, longitudinal, and t-polarized (scalar) EM 
energy exchanges. Further, within the dielectric body there is a 
Sort of intensive “diffusion” of special kind, actually due to itera 
tive phase conjugation and iterative interferometry of the dense 
signals environment impinging upon it. This internal “diffusion” 
and transduction (iterative multiwave phase conjugation and it- 
erative multiwave interferometry) thoroughly “mixes up and 
transduces” one type of EM wave or signal into the other, in- 
cluding many of the body's own TW, LW, and TDW signals. 
Continual or sustained TDW exposure (irradiation by 
larized EM waves) charges the body and its particles with time~ 
excitation charging, something which has been erroneously omit- 
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Figure 10. Becker's model of the Regenerative system of the body. 
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ted in physics, but is true nonetheless. Inexplicably, physicists 
just ignore what happens time-wise when a mass absorbs a pho- 
ton. We have covered that elsewhere. 

So inside the body dielectric, there is a “diffusion mix” corre- 
late of any and every type of the waves, to any or all of the ex- 
changes, plus the additional internal interactions of the body in 
its TW, LW, and scalar EM wave transductions. There is a one- 
to-one correspondence to any one of the three types of polariza- 
tion waves (transverse, longitudinal, and scalar) and everything 
going on anywhere in the body. 

Note that the type of LW we are using is actually made of 
phase conjugate pairs of transverse EM waves, so its “photons” 
aire made of photon/antiphoton pairs. That is, our longitudinal 
EM wave has an internal TW structure, and the LW wave is 
comprised of spin-2 gravitons. Our longitudinal EM wave has 
an internal structure, and it dramatically differs from the LW 
used by the U.S. scientific community which ignores wave, field, 
and potential infolded substructures. Our LW (which seems to 
be what the Russians use) is also a gravitational wave because it 
is comprised of oscillations in its distributions of spin-2 photon/ 
antiphoton pairs (ic, gravitons). 

‘The type of t-polarized (scalar) EM wave we are using is a 
phase conjugate coupled pair of the specialized electrogravita- 
tional (EG) LWs. The “t-polarized photons” comprising this t- 
polarized “EM” wave are comprised of spin-4 supergravitons. 


‘These are, I believe, what the KGB energetics weapons scien- 
tists use also, By iteration, we can go into as deep an internal 
multilevel structuring of EM and EG waves, of any type, via 
methods shown by Whittaker. 

Now let us examine a body as a dielectric, sitting there in its 
exchange, in relative equilibrium. It turns that every tiniest piece 
of a dielectric participates in any emission from it!—even the 
emission of a single photon, graviton, or supergraviton. Well, it 
‘would so participate, due to the special sort of correlated diffu- 
sion and interferometry and phase conjugation that we pointed 
out. Anything that escapes (is re-emitted) from the body, has 
been through this “diffusion wringer’. It has escaped from each 
and every internal part of the body. 


Novel Signatures in Body-Emitted 
EM Radiation of Any Polarization 

‘A single photon or wave emitted from a dielectric carries in 
its internally structured time component a femplate of the exact 
internal time structuring of every part of the dielectric emitting 
that photon. It carries in its internally structured energy compo~ 
nent a zemplate of the internal energy structuring of every part of 
the dielectric emitting it. An emitted EM wave, being 4 collec- 
tion of emitted photons and photon structures, thus carries the 
same internal structuring of both its transported energy and its 
transported time." Western scientists do not use the internal 
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structuring of photons and EM sine waves, have no instruments 
for that, and so do not know it. The Russians know it,"™*use it, 
and have developed sophisticated instruments for it for the last 
30 years or more. 

Shortly we will postulate how conventional scientists experi- 
menting with mind and behavior control electromagnetically 
might utilize an immediate consequence of the fact that the spe 
cific emission from a body at any time—whatever type of wave 
component we look at—is a total correlate to all that body’ i 
ternal functions, its energy exchanges with its environment, its 
states, its mental states and conditions, etc. 

And we accent that the coherently integrated intent-changes 
in that body from its coupled mind’s operations are also in the 
substructure of photons and EM waves emitted from the living 
body into its environment. 


How Western Mind Control Scientists Might Proceed 


Conventional scientists would ignore scalar photons and 
waves, determine the TW spectrum, and then slowly and pain- 
fully correlate that to the various physical, mental, and emotion- 
al things. That's the way they would dave to do it, since appar- 
ently they use only standard electrodynamics. They can in fact 
do this via brute force, because that emission TW spectrum is of 
‘waves escaping from the entire “diffusion machinery” mixmas- 
ter in the body dielectric. It does contain all those integrated 
mind-intent 3-space correlates as well as the ordinary body 3- 
space energy correlates, 

Anyhow, in envisioning Western procedures, the test body would 
be sitting there, in its normal (les say fairly normal and quiet) EM 
environment. (See Figure 11] Let's assume this body is not sick, but 
is healthy and normal. Its emissions are a part of its equilibrium 
condition, It follows that the totality ofits TW emiss 
lated to the sum total of everything that interacted with the body, 
plus its own internal reactions, including from mind-body cou- 
pling. Indeed, everything that has ever happened to that enti~ 
ty—physically, mentally, emotionally, etc.—has internal corre- 
lates infolded inside the emitted transverse EM wave spectrum.” 

So first the scientists would simply measure the full envi- 
ronmental TW spectrum down to very tiny levels in all frequency 
bands possible—everything that is coming in to the body from its 
environment. They would probably perform the experiments in a 
triply-shielded Faraday cage, so the external environment out 
the cage contributes very little transverse EM wave noise (perhaps 
some Schumann resonance). Magnetic wave shielding and ELF 
shielding is something else again, and longitudinal EM wave shield- 
ings in general not possible unless longitudinal EM waves are em- 
ployed in the shielding. But a “quiet extemal TW environment” 
enhances the isolation and measurement of the specific TW sig- 
nal transforms the Western experimenters would be seeking. 

‘Then they would measure everything likewise that the body 
is emitting when in that environment. That is the “zero refer 
ence” or ‘normal reference” level. They would measure every as~ 
pect: frequency, amplitude, phase, wave shape, modulation, etc. 


Probable Experimental and Measurement Techniques 
Next they would selectively irradiate the body with specific 
signals, frequencies, waveforms, etc, They would begin by using 
portions of the same frequencies that are being emitted from the 
body in the “zero reference” environment. They would insure that 
the returned signal was of higher amplitude than the usual signal 
being emitted by the body at that same frequency and type. 
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‘They would consider the body dielectric as a “ship with port- 
holes”. Light (EM transverse wave energy) coming out of the 
portholes has originated and adapted from everywhere inside the 
ship and its operations. When the experimenters reinsert energy 
through one or more portholes, they are interested in determining 
precisely which operations inside the ship are affected. So the 
body physiological functions are also heavily instrumented. 

By feeding back in the exact EM pattern and magnitude 
caping the body dielectric through a single porthole, one “null 
fies” that part of the emission by producing a net equilibrium in 
that component. This will in turn produce changes elsewhere in 
the spectrum emission from other portholes, and this can be 
measured, It will also produce “stress changes” in specific por- 
tions of the body dielectric, and in the heavily instrumented body 
these physiological, chemical, electrical etc. changes can also be 
detected. Monitoring of the skin conductance, .g.,indicates the 
level of stress, and EEG monitoring with sophisticated instru- 
mentation can indicate something of the brain wave states. 

Inshort, the necessary measurements from which to construct 
specific correlates can be performed, recorded, and later analyzed, 

‘This article will be concluded in Volume 9, #4 with Improv- 
ing the Methodology, Further Phenomenology Experiments, Re~ 
juvenation and other matters, 
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This outstanding article is the last, Part 
3, Part I and 2 of which were published in 
Volume 9, #2 and #3 of Explore! for the 
Professional. Because we feel that Col. 
Bearden’s Special Note below is so very 
important we are repeating its publication 
in all 3 parts of this article. 


Special Note 


This article refers to experimental 
research techniques which can be 
detrimental or lethal in the hands of any 
but highly skilled, qualified experimental 
scientists proceeding under proper 


laboratory safety procedures. The purpose 


of this article is strictly for information to 


properly qualified and authorized scientists 


in certified laboratories. We do not 
propose or condone any use of these 
procedures for nonapproved practice of 
medicine without a license. Neither the 


publisher nor the author are responsible for 


accidents or outcomes in the use of these 
experimental procedures and techniques. 
Any researcher who performs these 
procedures and experiments is acting on 
his or her own volition, and is solely 
responsible for insuring safety, 

quali ‘ions, and legality of the acts and 
their results. We neither suggest nor 
condone unauthorized experimentation on 
human subjects. Such is a criminal 
violation of the constitutional rights of the 
subject under Federal and State laws, and 


-hupe/lwww cheniere.orglexplo 


achieving many more effects in the 
targeted bio-organism or groups of them. 
With Hunt's method, the system as an open 
dissipative system far from thermodynamic 
equilibrium in its environment is being 
measured as such. This more directly 
allows for determination of the 
environmental inputs on a much broader 
range of subsystems, both space-like and 
time-like. Particularly for mental and 
emotional correlates to environmental 
stimuli, such measurements and 
correlations are essential. 


More Comprehensive 
Phenomenology Experiments 


To return: Now the scientists would 
perform many phenomenology 
experiments, making one little change at a 
time and profusely recording the data. 
Each time, they would establish the 
physical change(s) that occur in the body 
and/or the mental and emotional changes 
that occur in the mind for each spectral 
reinsertion back through the "ship's 
portholes”. They would simply but 
painstakingly (over some years) build up 
an extensive database of those individual 
correlates, 

In these experiments, the experimenters 
will eventually be able to provoke any 
body or mind change they wish. Strong 
emotion. Intense pain. Intense pleasure. 
Painful thoughts. Images. Memories. 
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is both illegal and immoral. 


Two Ways to Improve the 
Methodology and Experimental 
Correlates 


We diverge momentarily: If they wish to 
improve this methodology, they will 
consider the body dielectric as a nonlinear 
isotropic medium. Then they will pretend 
that the spectrum of difference frequencies 
between each two adjacent waves is the 
spectrum of "emissions" from the body. 
They would also use those, as if they were 
actual emitted spectral signals, instead of 
the actual signals emitted. That procedure 
will give superior correlations, but it is 
more complicated. Part of that is known 


for underwater sonar,! and so our own 
scientists may or may not have realized it 
for use in mind and behavior correlate 
determination with respect to the body 
dielectric. 

Another dramatic improvement in the 
depth to which the correlates can be 
constructed, is provided by detecting each 
porthole output in a two-channel device, 
where one channel has an adjustable time- 


delay as utilized by Dr. Valerie Hunt.2 
The two channels—one real-time and one 
slightly delayed—are then mixed, as by 
Hunt's method, producing an instrumental 
measurement of the chaotic part of the 
functions. Again, this can be measured, 
recorded, and later analyzed. It adds (i) a 
completely different kind of 
thermodynamics in the system 
measurements, (ii) a dramatically extended 
set of correlates, (iii) more direct 
measurement of the time-polarization 
causative signals, and (iv) an applications 
technology eventually having many 
additional degrees of freedom and 
therefore capable of 


Perceptions. Dreams. Visions. Memory 
losses. Memory changes. Personality 
changes. Etc. The “delta” in the emission 
spectrum (the changes from zero reference 
spectrum) represent the precise totality of 
all mental, physical, organic, chemical, 
etc. changes and interactions. 

A particularly vulnerable aspect of every 
mammal is the pleasure center in the 
brain. Experiments have shown that, when 
this center is stimulated, it is the most 
addictive experience possible. Rats will 
forego food, endure electrical shocks, 
starve, and even die to obtain stimulation 
of this center. Obviously a device capable 
of generating signals that evoke direct 
stimulation of the pleasure center in 


humans would be a powerful weapo 


Extending the Data Base 


See Figure 12. After the researchers 
have made an "individual porthole signal 
insertion" correlate database, then they 
would make a "two, three, four," porthole 
‘ignal insertion correlate database by 
inducing selected multiple changes at 
once. Again they would analyze 
everything; the program would need one or 
more supercomputers. It would also 
require quite a highly qualified 
multidisciplinary team, extensive fact s 
substantial funding, and would be many 
years in duration. We are describing a 
decades-long program. But it's a doable. 

With su nt development and 
performance of such a program, the 
researchers would have produced (with 
sufficient testing and analysis 
sufficient retest validation and verification) 
a database of "specific correlates for a 
given overall desired physical, mental, or 
physical and 
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mental delta." 


A second stage in the research would be 
to test the correlates and porthole 
insertions upon a statistically significant 
cross section of ordinary people, and/or 
specialized populations (such as toughened 
soldiers), The program would evolve a 
highly complex, very effective, ever- 
improving science and technology of mind 
and behavior control and engineering 
mechanisms, complete with finished 
database and developed applications 
equipment. 


The Dielectric Body as a Ship With 
Portholes 


Again let us review what the EM 
transverse wave irradiation from the body 
dielectric represents. Think of the body 
dielectric as a sort of "ship", with lots of 
portholes. When it gets irradiated, certain 
operations happen internally to that 
radiation, i.e., certain "proc "and 
"interactions" occur, which change both 
the mental and physical states. The output 
emissions back from the body dielectric, 
out through the filtering “portholes", will 
directly correlate to what has happened 
inside the ship. 


It is terribly important to realize that one 
can use the same frequencies and spectra 
coming back out of those "portholes" to 
insert EM signals and waves etc. back in 
there, and into the deepest processes going 
on in the body and in the mind (at all 
levels, including the deep unconscious). 
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times. So it will reach directly into and 
affect any and every part of the dielectric, 
‘as you wish, and in whatever manner you 
have correlates for. 


We filed an invention disclosure on the 
above correlate and "back-porthole" 
process for use in directly inducing full and 
efficient conversion directly to time- 
density (scalar, or time-polarized) EM 
waves inside the body/ cells, therefore 
immediately and directly time-excitation 
charging the body cells and all their 
internal components. 


Subtracting the Normal Correlates 
to Obtain the Deltas 


A specifically diseased body, e.g., has a 
ally tailored change in its "normal" 
emission spectra, because of the disease 
condition alteration of its resident 
spacetime curvature engine. By having a 
database for the normal emission spectra of 
the healthy body, one can subtract it from 
the actual emitted spectra, to obtain the 
“delta spectrum". 


If the correlates have been previously 
determined by the above mentioned 
research program, then one may simply 
introduce an amplified "delta spectrum" 
into the body, i.e., through the portholes. 
This will immediately time-excite the cells 
and their components throughout the body, 
particularly where that disease does exist. 
It turns out that the time-excitation 
charging by that method will "pump" those 
diseased cells in the time domain. The 
cells themselves (and all their parts) are 
highly nonlinear—to time-excitation 


20contro13/pO2bum (1 of 2)24.4.2005 23:42:48 


‘Mind Control and EM Wave Polarization Transductions 


Remember, whatever you put back in 
there, is going back through the 
"mixmaster" hopper. It will be iteratively 
phase conjugated and interfered with by 
everything, countless 


charging, they are totally nonlinear. So 
they will act as rather perfect pumped 
phase conjugate mirrors, but pumped in the 
time-energy domain rather than in the 
spatial 


RE-RADIATION WITH ALTERATIONS 


Alterations mir Broadband Amps © 7 E eEARDEY 1950 


~ / 
= Receiver-transmitters 
f Adjusting broadband signals 
bandwidth and amplification 
~—__—~ by selecting indicated alterations 
from database 


TIME EXCITATION CHARGE |S STRUCTURED TO CONTAIN THE PRECISE 
SPACETIME CURVATURE ENGINES FOR TIMEREVERSAL AND STEERING. 


CHARGING OCCURS QUICKLY. ENGINES CONTINUE TO WORK FOR AN 
EXTENDED PERIOD AFTER CHARGING CEASES. 


Figure 12. Using an amplified replica of the body's own dense, broadband signal 
complex, containing added alterations, to irradiate the body and produce 
deeply-penetrating precise time-density charging for cellular time-reversal 

while steering the time-reversal trajectory to also correct a congenital condition. 
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energy domain. This is a dramatic 
extension to nonlinear phase conjugate 
optics theory, 3 

General relativity tells us that each 
specific detail of the mass and energy 
structure of each cell and all its parts— 
down to the finest details—is accompanied 
by a precise set of spacetime curvatures. 
By reintroducing the same energy as the 
disease delta TW waves, the affected cells 
add the phase conjugates, converting the 
inserted TW signals into longitudinal EM 
wave signals. The longitudinally-pumped 
cells again phase conjugate, converting 
these longitudinal EM waves to time- 
polarized EM waves, and "charging" the 
cells and all their parts in the time domain. 

Suddenly, at that point the resident 
spacetime curvature engine—rather than 
TW or LW EM waves-serves as the "input 
signal” to the cell-and-its-parts as pumped 
phase conjugate mirrors (PCMs), pumped 
in the time domain. An extension to the 
distortion correction theorem of nonlinear 
optics results. An exact, amplified 
antiengine for the diseased cells—i.e., a 
phase conjugate replica of the resident 
spacetime curvature engine—is formed. 
This amplified antiengine overpowers the 
resident disease engine, powerfully time- 
reversing the cells and their components 
back to a previous healthy state. The time- 
reversal actually occurs over a period of 
time after the "time excitation charge-up" 
ceases, say over the next week or two. 
Usually two to three quick irradiations are 
required, one week apart, to give a time- 
reversing period of three to four weeks. 

Even though appreciable forces are 
operating internally upon the cells and all 
their parts, there is no net translation 


force upon the cells or any part. E.g., as 


Pepper® states, 

“On a more fundamental level, the ideal 
lossless PCM reverses all the quantum 
numbers of the incident photon (i. e., linear 
momentum, angular momentum, etc. ). It 
can be shown that the PCM therefore 
experiences no linear or angular 
momentum transfer from the incident 
photons; hence, the PCM is free from 
photon radiation pressure and torques. 

Note that, in ordinary EM theory, it 
precisely translation forces that are 
engendered upon charged mass by EM 
fields. This process is quite different. In 
biological terms, this process 
dedifferentiates (in physics: time-reverses) 
the diseased cells and all their components 
—including the genes—back to an earlier 
healthy state. 

By taking a diseased body and feeding 
back into it an exact amplified replica of its 
emitted TW spectrum, one can force the 
body to "time-excitation charge" all cells 
and their components immediately, with 
high efficiency. The human body and 
every cell and every part of every cell does 
the necessary "calculation" for the exact 
antiengine for each part. Since time is 
extremely condensed spatial EM energy 
(by a factor of almost 10!7), a startling 
contraction occurs in the radiation time 
required to time-charge the cells and their 
components and charged particles. This is 
a method for instant initiation of time- 
charging, hence it is extremely rapid. 

What took Priore several hours of LW 


irradiation to accomplish in the body 2 
now be done in seconds with this 

"thwarting" and spectrum transduction 
method. In fact, it is an intense stress on 
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the body, and—say—should only 


Figure 13. Portable first-method treatment unit proposed to the Department of 
Defense. For treating and curing mass casualties from terrorist BW 
attacks on U.S. population centers. 
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be continued for 30 seconds or so. We 
highly stress that overcharging in this time 
domain can be detrimental or even lethal if 
prolonged. 

At the end of the very short time- 
excitation charging time, the body is "time- 
excitation charged in all its minutest 
particles". So everything is therefore 
pumped in the time domain for the next 
several days after the irradiation is 
removed, since the time-charge decays 
very gradually over a period of time. 
During that decay period, every part of the 
cell and body acts as a pumped phase 
conjugate mirror material, pumped in the 
time domain rather than in the 3-space 
energy domain. When time-pumped, the 
mass itself reverses to a previous physical 
state. This can be used for both nonliving 
and living masses. Because there is no 
forcible translation manipulation of the 
cells and their parts, it can be utilized on 
living cells in vivo. In the case of diseased 
cells—e.g., AID: appears that three 
precisely determined 30-second "AIDS 
correlate" irradiations a week apart, should 
be sufficient to completely cure AIDS, 
including removal of all HIV-genetics 
changes from every previously infected 
cell of the body. Also, it would 
accomplish considerable rejuvenation of 
the body (making the body younger). 


Rejuvenation: Restore the 
Telomeres and Produce Immortal 
Cells 


ups/lwww.cheni 
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Saving Most of the Casualties from 
Mass Terrorist Attacks 


To defend against things like anthrax 
attacks on our civilian population centers, 
we also have recommended to the U.S. 
Government the crash development of 
small, portable treatment machines—using 
similar "antiengine-forming" and cellular 
reversing "porthole technology". [See 
Figure 13 on previous page]. Such 
portable machines could be developed 
cheaply and quickly, and present 
government facilities could be used to 
massively attack the correlate database 
production problem. The portable 
treatment units could be cranked out by the 
hundreds of thousands and flooded down 
through emergency response agencies such 
as the police forces, the National Guard, 
emergency hospitals, emergency response 
teams, etc. 

Each device could be used in "assembly 
line" fashion upon hundreds of sickened 
patients, in case of a WMD (weapons of 
mass destruction) attack upon one or more: 
of our cities. The first generation 
equipment would save probably 70% of 
the stricken (as from anthrax, etc. ). With 
second generation equipment, one would 
expect 90% of the stricken casualties could 
be saved. 

Just now, there is a very dim prognosis 
for all those casualties, using present 
available treatment capabilities. Time and 
lack of vaccines defeats just about 
everything that can be done. Brutally 
speaking, most of those unfortunate 
enough to breath in anthrax spores from an 
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In fact, it is now known that the gradual 
loss of the telomeres—the natural ends of 
chromosomes—in a cell's chromosomes is. 
what causes the cell to age. The gradual 
loss of the telomeres and the resulting 
shortening of the chromosomes represents 
acellular "disease state" or "disorder" 
state" accompanied by a precise delta in 
the spacetime curvature engine 
accompanying every affected (aging) cell. 

By determining the correlate for that 
precise telomere loss in the aging body's 
emitted radiation spectrum, an effective 
telomere regeneration process immediately 
emerges. One simply amplifies that aging 
"precise telomere reduction" correlate and 
reradiates the body with it, passing an 
amplified correlate back into every cell of 
the body. The cells and all their parts— 
including the chromosomes—add the 
phase conjugate replicas, converting the 
incoming TW EM correlates to 
longitudinal EM wave correlates. The 
cells again phase conjugate the LWs and 
add the phase conjugate replicas, 
converting the LW correlates to time- 
polarized EM wave pumping correlates. 
This latter process time-excitation-charges 
the aging cells and all their parts, including 
the genes and chromosomes. The cellular 
matter itself produces the amplified "aging 
antiengine” for each and every cell and 
telomere ending. The result is to again add 
telomeres, converting the cell back to a 
younger, more vigorous cell, and reversing 
the process of aging. 

We point out without further elaboration 
that these methods also introduce direct 
engineering signals into the body's master 
cellular control system, including the 
regenerative subsystem. Hence the body's 
regenerative subsystem is involved in 
helping produce the necessary engines and 
operate upon the short telomere chains to 
add back telomeres. More specifically, the 
regenerative subsystem is changed into 


attack, are going to die. At least 80% of 
them will expire, in spite of everything the 
present system can do for them. 

Note each device could rapidly treat a 
whole series patients, one right after the 
other, merely laying them between 
"blankets" containing wire antennas, 
irradiating with the proper correlate 
spectrum quickly, moving on to the next 
patient, irradiating quickly (seconds), etc. 
The entire apparatus could be made to fit 
in a large suitcase-sized container, and it 
would be highly portable and controlled by 
a laptop-sized computer. 

Unfortunately, so far the DOD doesn't 
even understand what the heck we're 
talking about! The National Institute of 
Health (NIH) and the National Science 
Foundation (NSF) are not interested at all. 
After all, it isn't drugs, vaccines, 
antibiotics, etc. — which are simply not 
going to do the job. However, those are 
what the government and scientific 
communities are going to finance to the 
tune of hundreds of millions of dollars. 
They are then going to lose almost all 
those mass casualties when the terrorist 
attacks on our population centers 
inevitably occur. 

Those are Americans. They are going to 
die. Most of them could be saved. We 
ought to save them. 

For any change in state (physical, 
chemical, emotional, mental, perceptual), 
the body dielectric "portholes" change and 
the output spectrum changes. The delta 
from zero reference now represents that 
exact change. 


Where Western id Control 
Research Has Probably Arrived 


Western mind control researchers 
probably first established a correlation 
database of porthole emission correlates to 
changes in internal states, both physical 
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perfect consonance with the external 
introduction of the amplified antiengines. 
That exact process can be used to 
rejuvenate the aged population and remedy 
most of the debilities of growing old, That 
is how we eventually intend to do it, if we 
can convince the U.S. government and the 
U.S. scientific community to perform the 
necessary research and validation, 


EXPLORE! VOLUME 9, NUMBERS 4 & 5, 1999 


and mental. They almost certainly 
recognize the peculiar participation of 
every part of the body dielectric in the TW. 
emission spectrum from the body. They 
will almost certainly have opted for this 
"porthole" notion of some similar 
expression of it, and the "thwarting" of 
these "relaxation and release" emission 
processes to engender internal physical 
changes in the body and in the brain-meat- 
computer, as they see it. 


-hupr/lwww cheniere.orglexplore%20articlesimind%20conteol/p4. htm (3 oF 3)24.4,2005 23:44:23, 


‘New Page 3 


They probably experimented with 
different TW EM radiation mixes, to see 
what the body emission change to, and 
what states are induced. Undoubtedly they 
found that the induced states began to 
correlate with the former emission delta 
data base. That is, they found out which 
delta emissions spectra, reversed and 
amplified and fed back thorough the 
portholes, produce what internal changes. 

Use for healing is the simplest of all. 
Use for killing or debilitating is more 
complicated. Of course weapons 
researchers wish to look only at the killing 
aspects. That is something they 
understand. They do not understand 
healing, for they do not even have the 
"regenerative" or "healing" mechanism in 
any of the scientific papers or texts. 


Becker® came closest in this country, and 
Priore did it in France, Both of those 
scientists were suppressed and paid a bitter 
price for their revolutionary and innovative 
research, 

But look at what has been done, by 
"input-output" correlation research. The 
scientists will have a database now, that 
tells what state emerges in the body and in 
the mind, for what irradiation spectra 
(frequency, relationships, phases, 
amplitudes, wave shapes, etc.) one uses. 
And they did not work out all the wave-to- 
wave transductions ongoing in the mind 
and body connection and in the body and 
in the mind, individually, between 
TWOLWOTDW. 

We suspect that this is the course 
Western mind control researchers will have 
taken, without even realizing the internal 
wave transductions occurring. And they 
would not be concerned with that. They 
would have what they want, for weapons, 
mind control, and behavior control. And 
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of the internal "mix" of the dielectric and 
all its tiniest portions. So Western mind 
control researchers and rogue groups 
probably do get good results. 

We are not just picking on the U.S. 
government here! Internal divisive groups 
exist in all large and powerful groups, and 
joust for power. In highly classified 
groups, these groups are greatly enabled to 
joust more widely, unethically, and 
immorally bec: is so deeply hidden. 
So very deep classification evokes the 
growth and intensity of rogue groups. It's 
the old "Power corrupts, and absolute 
power corrupts absolutely" routine. 

The implication is that in the West one 
or more highly classified, sustained, 
heavily funded developments in advanced 
mind control programs, probably exists 
and probably has existed for some time. 
Due to loose formation of rogue groups 
inside such programs, they may have dual 
or triple purposes, may not operate under 
very much legitimate government control 
at all, and may operate specifically for the 
purposes of the rogue group or groups that 
have gained control. 

In a nutshell, that's what may be going 
on in the clandestine mind control projects 
in several Western governments. The 
involvement of at least some rogue groups, 
some being "cowboys" who operate well 
outside all laws and ethics, could also 
result in such things as assassinations, 
clandestine testing on individuals without 
their consent, etc. In short, it could 
account for what seems to be actually 
occurring. As also is “usual” in such a 
mess, one or more of the rogue groups 
eventually may become very powerful 
because their secret weapons are very 
powerful. They may become confident, 
thinking they have the “best in the world." 
They may actually believe they are ahead 
of the Russians. 
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they would of course ignore the healing 
aspects. And they would get results of 
course, revolutionary results. So they 
would undoubtedly classify the program 
very highly, thinking that they had the best 
of the best. 


Rogue Groups May Also Have 
Arisen to Divert the Purpose of the 
Projects 


And that is where real problems may 
arise. Every human group has within it 
competing subgroups, jousting for power. 
The more highly classified the group and 
its activities, and the less that is known 
about it outside its confines, the more 
strongly and secretly the subgroups can 
play. So they can emerge as rogue groups 
pursuing their own agendas, not that of 
their duly elected governments. In the 
extreme, such a deep black program can 
even become a "captured" program, which 
is totally in the hands of rogues and no 
longer reports to or is bound by the dictates 
of the parent government. 

It has long been suspected in some 
quarters that even the US's highly 
classified research community may be 
riddled by such rogue groups, and so may 
be certain highly sensitive parts of the 
Research and Development community. 

Remember that, in every large and 
powerful human organization, the basis for 
rogue groups is power and secrecy. They 
are always seeking to increase their power, 
control, influence, prestige, etc. Nothing 
else. Patriotism and mission are—to rogue 
groups—often just idle words. They have 
their own agendas. And being rogue 
groups, they may well bring in unethical, 
immoral tricks: assassination, bribery, 
entrapment, disinformation, plausible 
deniability, etc. A certain percentage of a 
highly secret rogue group will wind up 
using all these things and more. It's a 
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Where the Russians Probably Have 
Arrived 


On the other hand, the Russians will 
have developed instruments for detecting 
and isolating the LWs and the scalar 
waves, in addition to the ordinary mundane 
instruments for measuring the TWs. So 
they will have not only the TW correlates, 
but also the much finer TWOLWOTDW 
(scalar EM wave) correlates. They will 
understand and employ the use of vacuum 
engines (spacetime curvature engines) 
which Western researchers will often 
invoke but not understand or even be 
aware that this is what is being invoked. In 
other words, Western researchers probably 
just use the old method of "input fi set of 
functions fi output". That is the standard 
basis for almost all Western system 
analysis. With it, one doesn't have to know 
the exact functions and proc s going on 
in the middle. One just determines a 
transfer function from a given input to the 
output that results. Then one catalogs that 
transfer function. One does that for lots 
and lots of transfer functions for 
particularly desirable results, and one has 
the system analysis. One also has the 
immediate basis for a rapidly-developed 
applications technology. 

Western scientists are good system 
analysts. But they have little or no 
comprehension of what is really going on 
in that "inside the ship functions" portion, 
even though they have determined the 
transform function which acts upon the 
input to give the "from the portholes" 
output. 

The Russians, with their additional 
knowledge of the actual mechanisms in the 
transforms, will be much more advanced 
than the West, because their fundamental 
psychoenergetics science is far more 
advanced, so long as we continue to use 
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human characteristic, the old primate 
dominance game. Only now disguised and 
hidden under deep classification. 
Nonetheless, the "simplified" TW EM 
"porthole correlate" approach will yield 
very positive results, due to the correlation 
existing with the LW s and scalar portions 
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the old U()) electrodynamics. Further, the 
Russians have decades of use of 
longitudinal interferometry beams to reach 
right through the earth and ocean and 
produce stringent EM effects at a distance. 
So they will also be able to do the same 
things here in “mind control" with LW 
interferometers, through intervening mass 
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including the earth and ocean, Western mind-control 
scientists and their rogue groups—assuming they exist as 
postulated—largely will not be able to do that, and. 
probably won't even recognize Russian testing of 
psychoenergetics weapons directly in or over Western 
nations, 


Russian Lethal Psychoenergetics Mind Control 
Tests Over the U. S. 


In fact, the KGB tested just such highly advanced mind, 
control weapons over the middle of the United States in 
1997 on two occasions. The tests were conducted against 
Captain Button in his A-10 "Warthog" aircraft on April 2, 
1997 [See Figure 14], and upon Captain Svoboda in her A- 
10 "Warthog" on May 27, 1997. [See Figure 15] 

Over Arizona, Captain Button was thrown into a 
hypnogogic state, and his perceptions instantly altered and, 
controlled. In his instant "dream-waking” state, everything 
seemed perfectly normal. His sense of direction was 
altered a bit more than 90 degrees, so he simply corrected 
and turned and "flew toward the range”, actually flying off 
course by more than 90 degrees and ignoring radio 
contacts. He flew right on out of Arizona. At one point he 
circled, probably thinking he was over the range, and he 
probably dropped his ordnance there. ‘Then he "flew on 
back toward home," as he thought in his waking dream 
state, until his fuel ran out and he crashed and died in the 
explosion—dream-thinking until he died that everything 
‘was normal, Alll the while, his sense of the passage of 
time was altered. ‘To him, in his dream-thinking, dream- 
acting 
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state, everything was normal and nothing untoward had 
happened. So the distant KGB transmitters and associated 
psychoenergetics team controlled him for over an hour. 
Indeed, that was the exact purpose of the test 
demonstrate control (at a great distance) of a skilled 
person performing highly skilled tasks. A secondary 


purpose was to stimulate the U.S. government, watch its, 


weaponry had advanced. Obligingly, we proved to me 
KGB that we did not understand what had actually 
happened to Captain Button. 

Captain Svoboda was from the same Wing as Captain 
Button and was its most experienced night fighter A-10 
pilot. In fact, she taught other pilots the fine points of 
night flying combat missions in the A-10. About two 
‘months after Captain Button’s bizarre flight and death, 
‘Svoboda was engaged in night target bombing on the 
range. Rising from her ordnance drop on me target, 
‘Svoboda was suddenly struck and rendered hypnogogic 
and in a waking-dream state. Her sense of the vertical was 
instantly reversed. Superb pilot that she was, she 
immediately dream-perceived she was diving, not 
climbing out of the delivery. She instantly corrected to 
"climb out". So in the real world she dived sharply into 
the ground and her aircraft exploded. 

‘This test demonstrated the instant alteration of a skilled 
pilot's perception, causing that pilot to inadvertently react, 
promptly in an unintentionally suicidal manner. A. 
secondary purpose of the test was to stimulate the U.S. 
government system again, to see if the system recognized 
what had 


A-10 Mysterious Flyaway and Crash 


April 2, 1997 


Armed with: 


- Four 5004b bombs 
- 30 mm Gatling gun 
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Figure 14a. Captain Button's mysterious flyaway and eventual crash. 
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ocurred. Sad to say, it did not and it has not. It was 
lamely speculated that Svoboda probably looked over her 
shoulder like a rank greenhorn, and inadvertently dived 
her aircraft into the ground while looking back at the 
target. If there was one pilot in the USAF who would 
have not done that, it was Captain Svoboda. At any rate, 
the KGB determined that the U.S. scientific, intelligence, 
and governmental communities did not have the foggiest 
notion of what had occurred. 


9 


In private proprietary communications” we have 
explained further, to proper parties, exactly the reasons for 
these two tests, and what exactly was being tested, and 
‘what is its planned strategic use 


The Final Race for Direct Mind Control of the 
Entire Human Species 


‘The KGB psychoenergetics weapons scientists— 
because of their direct measurements and detections (and 
use) of polarized waves and LWs for decades—also 
understand that Jung's collective unconscious mind (of the 
entire human species) also has its own time-like operations 
and correlates, which one measures also when using t- 
polarization measurements and sorting it all out. The 
collective unconscious mind operations are buried several 
levels deeper inside the recursive Whittaker structuring 
inside the EM fields, waves, and potentials. 

‘The KGB scientists also know that something very like 
Gaia—a collective unconscious mind for all species on 
earth—also exists, and they are striving to be able to sort 
out and measure that one as well. The Gaia operations are 
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buried even deeper in the recursive structuring inside the 
EM fields, waves, and potentials. If one reads some later 
books by Kaznacheyev."” e.g , this human species 
unconscious mind aspect and the biosphere unconscious 
mind aspect emerges loud and clear, if one interpolates 
between the lines, so to speak. Actually, from day one, the 
Russian mind control scientists have had their eventual 
goal set upon this "deeper area of mind and possible mind 
control" of the entire human species. 

Lam convinced that the KGB psychoenergeties 
scientists understand this deeper area, If they can learn to 
directly engineer the collective human species 
unconscious, they can then convert the human species 
easily into a sort of "ant" society, modeled along ideal 
‘Communism lines, except of course with an excluded 
“hierarchy at the top" running everything. The "ant 
society"—communist style—is still a variation of 
feudalism (all systems tend to feudalism or some form 
thereof) 

‘The KGB psychoenergetics weapon scientists are 
seriously pressing on toward that very goal. In my opinion, 
they are not very far from it right now. Itis simply a 
‘matter of developing sufficiently complex equipment to be 
able to directly engineer the time-domain substructuring at 
sufficiently deep levels. It is a doable, although it is very, 
very complex and very, very difficult. On the other hand, 
they have been at it for decades. Even in the 50s the 


Russians already had the old LIDA device." capable of 


inducing a catatonic trance-like state in a mammal—either 


ahuman or a cat, for example. Some versions of 
Russian mind control devices were used on Russian 
soldiers in the 


CONPANIGN AM os, 


CAPTAIN AMY SVOBODA 


® Night traibinamission May 27, 1997 
® From same wings Captain button 
® This Was\a\second) psychoenergetics strike 


Figure 15. Captain Svoboda dives headlong to her death. 
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Afghan War to condition them for 
13 


performance of merciless acts. 


Potential U.S. Rogue Groups and 
Two Recent Examples 


Meanwhile, rogue groups amongst 
Western clandestine mind control 
researchers will probably arise if they have 
not already done so. They will likely seek 
to increase their personal control and 
further isolate the programs from orthodox 
government review and from government 
and legislative control. They may even 
divert the research into highly illegal and 
unethical means, because it furthers their 
own rogue agendas. That is how 
clandestine U.S. government research can 
sometimes go sour, unless great care is 
exercised by the oversight committees in 
the House and the Senate. 

Sometimes when rogue groups do gain 
control and total secrecy of a given new 
technological area, then what appears to be 
"U.S. government operations" do start to 
encompass a criminal and unethical 
operations, hidden usually beneath the 
deep veil of high classification. Also, if it's 
"scientific," no one is ever brought to 
justice, even if the "evil science actions" 
are uncovered and publicly revealed. 


We Certainly Have Proof of Such 
Rogue Activity. For Example, Here 
are Two Prominent Cases: 


1, For three decades, scientists from 
the U.S. government, universities, 
and civilian contractors secretly 


as a result of those ghoulish 
experiments. So what 
happened when this 
gruesome thing was 
revealed? Again President 
Clinton publicly 
apologized! The head of the 
Executive Branch did not 
turn the macabre matter over 
to his Attorney General to 
prosecute. How many of 
these scientists were 
indicted? Not one. How 
many are going to be 
indicted? Not one. Suppose 
again this had been done by 
a private doctor in his own 
private clinic. You get the 
point. 


There is Little or No Punishment of 
Rogue Scientific Groups 


Shockingly, the U.S. government at the 
highest level has directly shown (and these 
are not all such cases by any means!) that 
mass crimes against U.S. civilians, 
perpetrated by portions of the U.S. 
scientific community in direct conspiracy 
and in secret, will likely be condoned. The 
perpetrators will not be indicted, tried, or 
convicted, 

Note the connection of the "rogue 
groups" thesis to the above incidents. Note 
how rogue scientific groups got away with 
it in both these cases. There may be other 
rogue scientific groups getting away with 
such things today. They should not be able 
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conspired to treat unsuspecting 
human patients with whole body 
nuclear radiation, including some 
retarded children and cancer 
patients. Some of those patients— 
including some of the retarded 
children—died as a result. These 
illegal experiments were conducted 
in great secrecy, and the results 
were highly classified. Eventually 
these actions were revealed, and a 
Presidential investigation 
committee investigated. These 
experiments would seem to be little 
different from the WWII Nazi and 
Japanese experiments on human 
prisoners. Are those U.S. scientists 
who were responsible for those 
retarded children's' deaths any 
different from the Nazi scientists 
and criminals we executed at 
Nuremberg? So what happened 
when this terrible thing finally came 
out into the open? President 
Clinton publicly apologized! How 
many of the responsible scientists 
were indicted for murder? Not 
one. None is ever going to be. 
Suppose a doctor here in South 
Alabama, with his own private 
clinic, had secretly irradiated those 
human patients and retarded 
children with whole body nuclear 
radiation, over a period of 30 years, 
resulting in some agonizing deaths. 
How many state and federal 
agencies would have come after 
him with arrest warrants? Probably 
about 50 or so. Would he have 
been indicted, tried, convicted, and 
executed or sent to prison for life? 
Absolutely! Would the President of 
the United States have apologized? 
Not on your life; he would have 
turned it over to the U.S. Attorney 
General with a strong directive to 


to get away with it. But they can. 

Perhaps a most startling additional part 
of those two incidents is that there was no 
great public outcry from the scientific 
community, deploring these murders and 
demanding that the criminal scientists be 
indicted and tried. 

As the old saying goes, "By their silence 
they have convicted themselves." The 
organized scientific community, as a 
community, has shown that it has little or 
no ethics, and—while deploring any 
scientific murdering that "gets revealed,"— 
is not really interested in justice. In short, 
much of the U.S. scientific community 
may now have very little ethics left. 

We are not talking about normal 
individual scientists, but the Big Science 
community. There is a whale of a lot of 
difference between the two. In the Big 
Science community, there can be and there 
are rogue groups. Lots of them. There is 
deep cover, deep classification. And there 
is very probably advanced mind control 
research and testing, be it legal or illegal. 
Hopefully most of it is legal and 
constrained. However, some of it is almost 
certain to be illegal and ill constrained. 

Human beings are still human being: 
All the good and evil is still there, 
regardless of the group. The stage settings 
change, but the cast of characters and the 
play never change. 

It's sad, but ‘twas ever thus. Hidden 
parts of our own governments—and other 
governments throughout the world—are no 
different from the old medieval groups, 
where nobles etc. were always plotting 
against the king, or using the king's power 
for their own nefarious end. The rogue 
groups today are no different from all the 
scheming and conniving groups that 
destroyed the Roman Empire. Great 
empires fall from within, not usually from 
without! 
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investigate and prosecute on 
criminal charges. 

2. Again for three decades, scientists 
from (i) the U.S. Government, (ii) 
universities, and (iii) civilian 
contractors conspired to give poor 
syphilitic blacks in Tuskegee, 
Alabama a placebo while ostensibly 
treating them for syphilis. The 
purpose of the program was to 
deliberately observe and record the 
ravages of the disease to its fruition 
in their wracked bodies. So the 
scientists deliberately sat there and 
watched their brains rot and their 
bodies rot. They kept meticulous 
notes, of course. It was very 
scientific. And it was macabre. 
They "treated" some 400 blacks in 
the "program." Over 100 blacks 
died 
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Conclusion 


This concludes our brief portrayal of the 
probable directions that mind control 
research has taken, in Russia and in the 
West. It is a novel and powerful area, and 
it poses both severe dangers and great 
benefits to all the peoples of the Earth. 

Let us hope this great new area, already 
off to a bad start, can be bridled and 
steered in the direction of helping and 
healing people, rather than killing or 
abusing them. The excesses in its bad use 
are a potent threat to all nations on earth. 
Yet it can revolutionize medical science, 
education, communication, and 
psychology. Eventually it can engineer the 
mind and memory directly, beneficially. 
We foresee the day—perhaps 30 years 
hence—when education will be 
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accomplished by directly loading the 
software into the mind. Then in three 
weeks one will "load" a doctorate, say, in 
physics. In three more weeks one will also 
load a doctorate in chemistry. Another 
three weeks, in electrical engineering. 
Another three weeks, an M. D. And so 

on. When that happens, then truly 
everyone on earth can be educated. 
Freedom from ignorance may well be 
another great freedom that is legally 
recognized. There will be no impoverished 
large groups lacking the education to find 
decent, productive jobs. 

We urge all nations to use the principles 
involved: not for human abuse, but for 
healing, educating, uplifting, and life- 
expanding of every person on Earth. If we 
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April 1982, p. 156-183. Also 
see David M. Pepper. 
"Applications of Optical Phase 
Conjugation," Scientific 
American, 254(1), Jan, 1986, 
p. 74-83. 

6. Pepper, Optical 
Engineering, ibid., p. 158. 

7. See T.E. Bearden, 
Energetics of Free Energy 
Systems and Vacuum Engine 
Therapies, Tara Publishing, 
Internet node www. 
tarapublishing.com/books July 
1997. See also T.E. Bearden, 
"Energetics Update and 
Summary, " Part I, Explore, 7 
(6), 1997, p. 60-67, Part II, 
Explore!, 7(7), 1997, p. 53-56; 
Part III Explore!, 8(1), 1997, p. 
53-56; Part IV; Explore!, 8(3), 
1997, p. 56-63. See also T.E. 
Bearden, "Vacuum Engines 
and Priore’s Methodology: The 
True Science of Energy- 
Medicine: Parts I and II" 
Explore!, 6(1), 1995, p. 66-76; 
6(2), 1995, p. 50-62. 

8. E.g., see R.O. Becker: 
Charles H. Bachman, and 
Howard Friedman, The direct 
current system: A link between 
the environment and the 
organism, " New York State 
Journal of Medicine, Vol. 62, 
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do, we shall all have a far brighter future. 
Then we shall check what has started out 
to be the Sword of Damocles and turn it 
into the golden Millennium. 

We are reminded of a poignant quote 
from Teilhard de Chardin: 

“Someday, after we have mastered the 
winds, the waves, the tides and gravity, we 
shall harness for God the energies of love. 
Then for the second time in the history of 
the world man will have discovered fire." 

May the nations of the world utilize the 
new mind engineering science to truly free 
all minds into a common love of, and 
respect for, their fellow humans of every 
color, creed, and circumstance. As de 
Chardin envisioned, may we use the new 
science to discover a new fire, burning 
clearer and brighter than anything that has 
gone before. # 
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THE NEUROPHONE 


Another device that uses the new hyperspatial, virtual state, nested 
modulation technology (and has done so for seventeen or eighteen years) 
is Dr. Pat Flanagan's neurophone. With brilliant insight and intuition far 
beyond that of science at the time, Pat invented and patented the 
instrument by the time he was seventeen years old. The neurophone is a 
device that, contrary to all present theory and knowledge, will directly 
"pump the brain" and reproduce sound and information directly in the 


brain and mind system, without going through the auditory system at all. 
A simplified diagram of Pat's improved neurophone is shown in Figure 
1. 
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igure 11. A simplified diagram of the improved Flanagan neurophone 
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Briefly, the device takes a complex signal, such as the sound of an 
orchestra playing a musical interlude, and electrically processes it 
shown in the figure. First the signal is passed into a section that clips 
everything into a series of square waves, remarkably analogous to the sort 
of clipped waves Lisitsyn confirms are the information carriers of the 
human brain. Next the square waves are differentiated, yielding a series 
of sharp spikes (note that these spikes retain the pulse-time content of the 
clipped signal). These spikes are again differentiated, and since these are 
finite spikes with real nonzero rise times and decay times rather than 
theoretical constructs, a series of noisy spikes results from the second 
differentiator section. From here, the noisy spikes are introduced to 
special contact electrodes, one of which is normally placed on the 
forehead, while the other may be placed almost anywhere, including on 
the foot. Nowhere are any sound waves introduced to the head. 

‘The square-wave clipper section reduces the complex signals, their 
overtones, and their complex modulations to square waves, retaining the 
temporal content of the wave mix but not the waves themselves. The first 
and second differentiators heighten or filter through the temporal content 
of the higher-order differentiations, that is, they serve as a band pass filter 
unit to accent the time keying of the neutrinic and mindfield portions or 
aspects of the signal. When these time spikes are then introduced across 
the body as pulsed voltages, they are modulated directly on the dendrite 
firings of the brain and nervous system, providing direct and pulsed 
modulation of the neutrinic and mindfield component channels of the 
mind-brain-consciousness-life loop itself. Thus the neurophone directly 
inputs information into the brain and nervous system, bypassing all the 
normal sensory systems that lie between the mind-brain loop and the 
outside environment. 

Indeed, a similar development has been reported by two University of 
Missouri researchers. Dr. Donald York, a neurophysiologist, and Dr. 
Thomas Jensen, a speech pathologist, have recently reported identifying 
and decoding twenty-seven words and syllables in specific brain wave 
patterns and correlating these electroencephalographic patterns with both 
the spoken word and the silently thought word in about forty subjects. At 
present, Dr. York and Dr. Jensen are programming a computer with a 
brain wave vocabulary, to monitor and read the EEG of a stroke victim's 
brain and help stroke victims who have lost their powers of speech to 
communicate. 

While all such developments can obviously be misused, their potential 
for assistance to mankind is enormous. Indeed, my own premise that 
brain linkage is possible and can be used to advance all mankind to the 
sixth stage of species evolution is slowly being proven. It is within our 
reach now to develop a multi-channel communications system that will 
directly link brains, minds, and consciousness into a single functional 
being; and I have already pointed out that the psychokinetic power of the 
emergent entity increases exponentially with the number of linked stages. 
The normal corpus callosum linkage of the two cerebral halves in each 
human head proves that brains, minds, and beings can be linked and 
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integrated into one. 

The Excalibur Briefing details the basic concepts of the theory involved 
in hyperspace-virtual state engineering, and thus in the engineering of 
mind-life-consciousness links to multicellular organisms here on earth. 
Pat Flanagan's neurophone proves that complex information can be 
implanted directly in the brain and mind, bypassing the normal isolating 
barriers. Drs. York and Jensen have shown that the brain wave does 
indeed contain recognizable, decodable information analogues. Lisitsyn 
has already reported measuring the number of independent channels 
involved and has documented the importance of the clipped brain waves 
as opposed to the sine-wave content. If we have the vision, we can still 
develop a brainlink and rapidly apply it to link sixty to one hundred 
persons, thereby opening a conscious, multidimensional "eye" for the 
collective human unconsciousness, gently rousing ZARG into 
wakefulness, and fulfilling human destiny without undergoing the 
psychotronic Armageddon planned by the Soviets. The time is short, but 
it can still be done if the funding, the vision, and the team can be 
established on a crash priority basis. 


SOVIET "WOODPECKER" SIGNALS 


But, as I have said, all this can be used for the detriment of mankind a 
well as for its benefit. Unfortunately, it appears that the Soviet Union has 
chosen to weaponize the effects on a global scale. A prime example is the 
"woodpecker" signals emanating from the USSR in the 5-30 megahertz 
region and interfering with communications around the earth. 

These complex woodpecker signals appear to originate from two or 
three dozen powerful Soviet transmitters, each with a power estimated as 
high as 40 megawatts (Figure 12). 
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Figure 12. The Soviet "woodpecker" signals 


The pioneering experimental measurements of these signals by Dr. 
Robert Beck and William Bise have shown just how deadly a potential 
may be possessed by the signals. These measurements have been 
performed in Eugene and Portland, Oregon; Los Angeles, California; 
Huntsville, Alabama; and several other locations. They have been 
particularly significant on the West Coast in and around Eugene, Oregon 
because of the presence of a direct current transmission line several 
hundred miles long, which has acted as a long wire antenna, picking up 
the signals and rebroadcasting them with appreciable gain in the vicinity. 

Typically the signals may be found on, say, sixteen different carriers 
between 10 and 20 megahertz. Twelve of the carriers may appear normal, 
with normal side-bands, and the other four may have the carrier and both 
sidebands suppressed but still show the biologically significant 
modulation (for example, 10 hertz). On all sixteen channels a strong 10 
hertz modulation may appear, all perfectly time synchronized and in 
phase channel-to-channel. The received signal from one of these carriers 
may be twenty-five to thirty times as strong as the earth's back-ground 
magnetic field, which is oscillating at approximately 7.0 to 7.5 hertz. 
Other complex modulation frequencies, many of them changing, are 
present on the various channels. 

Normally, the brainwaves of mammals in an area are gently entrained 
by the normal oscillations of the earth's magnetic field and are oscillating 
along at, say, 7.5 hertz. Under continuous radiation from the Soviet 
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woodpecker signals, a percentage (say 30 percent) of the mammalian 
brains may be captured by the 10 hertz modulation on the overpowering 
Soviet signals. These captured brains are now in forced oscillation and 
are riding along in phase with the 10 hertz Soviet modulation. In other 
words, a certain percentage of the human brains in an area will phase lock 
to the 10 hertz modulation, and that will effectively lock into those brains 
the sixteen carrier frequencies with their concomitant frequency mixes 
and complex signal modulations. If the signals are made much more 
powerful (for example, by focusing them onto one particular area or 
increasing the power of the transmitters), then a much higher percentage 
of brainwave entrainment can be accomplished in the targeted area. By 
simply adding on the desired modulation patterns, the Soviets can now 
pump material directly into the mind-brain-consciousness-life loops of the 
entrained brains. The weapon implications are enormous: raw emotion 
such as sheer terror or panic can be transmitted; death or disease patterns 
of all kinds can be transmitted; informational content (thoughts and ideas) 
can be impressed directly into the captured brains and minds and 
processed as if originating inside each brain itself. Indeed, as long as the 
Soviets keep the effects rather gentle, an entire population can be subtly 
influenced without governmental notice. Certain specific ELF 
frequencies can rapidly disable or even kill, and for wartime use those 
frequencies can be directly implanted in the captured brains themselves 
by the woodpecker signals. It appears that 1984 came a little early, and 
one can perhaps now understand Brezhney's strange 1975 proposal to the 
SAL T negotiations that we should also consider outlawing the 
development of new weapons more frightful than the mind of man has 
ever conceived. 

The signals also have direct application against strategic targets other 
than personnel. For example, by incorporating the correct nested 
modulation pattern, the positron kindling (electron squelching) pattern 
can be impressed. By beaming through the earth (with a circularly 
polarized signal or with other complex modulation forms), a beam with a 
strong neutrinic component, which will squelch electrons and which will 
interact with great preference for strong voltages or strong magnetic 
fields, can be directed at a target complex. In the targeted area aircraft 
and communications systems can be disabled; automobile, truck, and 
other ignition systems will fail; power transformers and large motors and 
generators will fail; power transmission systems with their associated 
high voltages will fail; and so on. Even independent, self-contained 
emergency power equipment, such as at military installations and 
strategic missile sites, will fail to operate. Further, to some of these 
signals, the earth and the sea are as transparent as glass, and so 
underwater nuclear submarines can be electrically disabled on station 
before their missiles can be fired, while strategic missile complexes can 
be electrically disabled before their deadly nuclear missiles can be hurled 
toward their di 


electrically dudded and scrubbed from the sky over Soviet territory while 
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still far from their intended targets. 

So, as stated at the end of Excalibur, the players are on stage and in 
place. The final act begins. One thing is sure - mankind will never be the 
same again after seeing the play! 
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"Dossier Priore" 
by Jean-Michel Graille 


Photographs 


The inauguration: the construction of the M 600 had 
not yet started but, symbolically, the Mayor of 
Bordeaux starts the smaller machine at close range. 
(Archives R.P.) 


Inaugural scroll. 


An information meeting held in Bordeaux. From left to 
right: Antoine Priore, Robert Courrier, Raymond 
Pautrizel and Francis Berlureau. 

(Archives R.P.) 


February 1975. Antoine Priore and Professor Pautrizel 
at the "suspended" base of the M 600, the enormous 
experimental prototype built by Leroy-Somer. The 
apparatus would only function for a few days but did 
make it possible to carry out some experiments with 
very promising results. 


Anne-Nelly Pautrizel. Professor Pautrizel's sister and 
collaborator, who participated in almost all the 
experiments with the Priore apparatus since 1968. 
(Photo J.M.G.) 


Pierette Chateaureynaud-Duprat, head of research at C. 
N.R.S., doctor of science and specialist in grafts, carried 
out in 1969 and 1970 two series of decisive 
experiments concerning the proof and the explanation 
of the biological effectiveness of the Priore Ray. 
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Plate 7 


Plate 8 


Plate 9 


The Priore machine. The model financed by Pautrizel, 
the only one which is still likely to function, the one 
with which patients will be officially looked after as 
from 1977, is finished in August 1968. In fact, the 
apparatus is installed all in one place. 


1969. Old friends of Priore retrace the road to Floirac. 
With a monkey-wrench or soldering-iron in hand, they 
devote all their leisure time to building the new machine 
for their friend. Here, on the scales, inspector Plantin, 
of the legal identity service. In coveralls, scarf around 
his neck, municipal worker M. Léglise. 

(Archives R.P.) 


A courageous man. Perpetual Secretary of the 
Academy of Sciences, elder President of the Academy 
of Medicine, "father" of endocrinology and fertilization, 
Professor Robert Courrier could have benefited from its 
prestige and its retirement. At 67, he took all the risks 
to defend that which he believed in deeply. He has 
fought now for twenty years. One of the rare photos of 
him, in the company of Antoine Priore and Professor 
Pautrizel, taken on 25th March 1970 in the laboratory at 
Floirac. 
(Archives R.P.) 
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_MONSIEUR JACQUES. CHABAN- DEKMAS 
MAIRE DE *RORDEAUX 

PRESIDENT DE LA COMMUNAUTE URBAINE 
ot, ET y 
© MONSIEUR ANTOINE PRIORE 

ONT POSE LE 21 NOVEMBRE 1972 

REMIERE PIERRE DU LABORATOIRE DE RECHERCHES SCIE| FIQUE' 
ey LES EEFETS BIOLOGIQUES DU RAYONNEMENT mi 


bem hs 


Translation: 


JACQUES CHABAN-DELMAS, 
THE MAYOR OF BORDEAUX 
PRESIDENT OF THE URBAN COMMUNITY 
AND 
ANTOINE PRIORE 
HAVE INSTALLED ON THE 21 NOVEMBER 1970 
THE FIRST STONE OF THE SCIENTIFIC RESEARCH LABORATORY 
FOR THE BIOLOGICAL EFFECTS OF THE PRIORE RAY 
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_Making Laser 
Weapons a 
Reality 


sestroy 360) 
in fght- (Photo cou 
Boeing Defense} 


jons first took a step towards reality in the 1980s 
jan's Strategie Defense Initiative (SDI), dubbed “Star 
Wars" by the media. But, the technology didn't really materialize at that 
time and the cessation of the Cold War largely removed the immediate im- 
petus to develop it. Since then, lasers have become widely used in military appli- 
cations, particularly for target designation and aircraft countermeasures, but 
there Is still no significant deployment of lasers as offensive weapons. Now, ad- 
vances in high power fiber faser technology, particularly in the efficiency, compact 
ness and weight of their pump diode lasers, are polsed to make laser Weapons a 
practical reality. 
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Figure 2A Conerent | DILAS Tar chip contains 
Teeter, outputs about SOW. andle 5 mim wide 


Laser Weapons Overview 
The concept behind Reagan’s SDI was 
to protect the United States behind a 
“missile shield” that would prevent nu- 
‘lear weapons, delivered via elther inter- 
continental or submarine-launched bal- 
istic missiles, from reaching North 
‘America, Patt of the SDI was to be lasers, 
‘or other directed energy weapons, placed 
in permanent orbit, which could rapidly 
knock out a nuclear missile already in 
flight towards its target. Lasers, in partic 
ular, were a promising technology for 
this application because they can be 
‘quickly “charged up” (Le. be made ready 
to fire), and their output can teach a fast- 
‘moving target neatly instantaneously. 

Because these lasets were intended to 
be deployed primarily in space, or in 
fixed locations, and used elther never 
(hopefully) or just once, there wasn't 
much concer about thelt cost, physical 
size, weight o operational efficiency. 
‘The key goal was simply that they 
would work when needed, delivering 
the required knock-out punch. 

‘The offensive laser weaponry under de- 
velopment today Is intended to serve al- 
‘most the exact opposite purpose than the 
SDI, and therefore has very different 
‘goals in terms of its design and function- 
ality. For example, one major laser 
‘weapons initiative is for C-RAM (Counter 
Rocket, Artillery and Mortar). These are 
systems intended to be deployed in the 
battlefield to protect troops and equip- 
ment from incoming projectiles. Cur- 
rently, these are envisioned to be single, 
vehicle mounted lasers, with output pow: 
ers in the 10 KW to 50 kW range, 

Boeing has already successfully proto- 
typed such a system, which they call the 


u 


Fast axis 
collimator, 


Figure. Progression froma single Far deta an 8O-emiter stack. The ight rom all these errs can 
beefiienty coupled intoa single 225 ym core ler with a 0.22 NA 


High Energy Laser Mobile Demonstrator 
(HEL MD). This consists of a 10 kW solid 
state laser installed on an Oshkosh Tactl- 
cal Military Vehicle, along with all the 
necessary targeting and control systems. 
HEL MD has proven the ability to lock 
on to and destroy a mortar round of 
about 10 inches in length, traveling at 
hhundreds of miles per hour, from several 
miles out. The system is also effective 
against Unmanned Aerial Vehicles (UAVS 
or drones); in this case, it may be suffi- 
ent to damage the drone’s navigation, 
and targeting systems, rather than com- 
pletely destroy it. Similarly, other offen- 
sive laser weapons systems are being de- 
signed to deliver “swarm defense,” that 
Is, to protect a ship ot base from attack 
bby a large number of inexpensive drones. 

Thus, today's laser weapons are 
meant to defend against swarms of in- 
expensive mortar rounds, drones and. 
other projectiles, and are Intended to 
be mounted on platforms which are 
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mobile and self-contained (meaning 
they may not have ready access to an 
external source of power). This gives 
ise to several design imperatives. 
First, they must deliver a low cost per 
engagement; it’s simply not econom|- 
cally feasible to employ an expensive 
weapon (such as a missile costing over 
$100,000) to knock out a drone which. 
costs $1,000, or a mortar round which. 
might cost less than $100. The laser 
weapon must also be capable of rapid 
fire so that it can’t just be ov 

Wwhelmed by a large number of simul- 
taneous incoming rounds, Also, rapid 
fire reduces the number of individual 
laser weapons systems needed to pro- 
tect a given number of troops. But, the 
ability to deliver rapid fire also neces- 
sitates that the system be electrically 
efficient. Otherwise the laser weapon, 
will require access to a large quantity 
of fuel, which is difficult (and danger- 
ous) to transport into a battlefield. Fl- 
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nally, is desirable that laser weapons 
be physically compact, especially for 
alrborne use. 


‘SWaP Optimization 

‘The push to optimize the size, weight 
and power (called SWaP in military patl- 
ance) of field deployed laser weapons 
haas driven a progression in the technol- 
ogy of the gain material used from 
chemical (e.g. deuterium fluoride), to 
solid state, and, most recently, to flber. 
‘One reason for this is because fiber lasers 
offer inherently higher efficiency, In 
terms of converting input pump energy 
to usable output, than nearly any other 
laser type, except diode lasers. However, 
diode lasers by themselves don't provide 
the necessary brightness or beam qual- 
ity, while diode-pumped fiber lasers can. 
And, beam quality is critical because it 
determines the distance aver which the 
laser can be focused to a spot size small 
‘enough to reach the power density nec- 
essary to damage its target. 

Fiber lasers offer other advantages in 
terms of SWaP optimization. Chemical 
and lamp pumped solid state lasers te- 
‘quire a significant overhead in terms of 
the equipment and power supplies re- 
quited to run them, In contrast, both 
solid state (e.g. slab and rod) and fiber 
lasers can be diode pumped, and diode 
power supplies and pump modules them- 
selves are electrically efficient and lend 
themselves to miniaturization. This effl- 
ciency, in tum, reduces the cooling re- 
‘quirements, and all its attendant equip- 
‘ment (pumps, heat exchangers, etc) 

But, as laser weapons evolve towards 
ever higher powers, fiber laser technol- 
‘ogy becomes increasingly attractive over 
solid state. Currently, individual fiber 
lasers can deliver up to about 2 kW of 
power, but multiple units can be com- 
bined to deliver around 10 kW in a sin- 
gle beam with extremely good mode 
‘quality. It's a bit more difficult to scale 
Up the power of a solid-state laser, espe- 
clally while maintaining good mode 
‘quality. This is because scaling up and/or 
Increasing the pump power to a tradi- 
tional solid state laser typically excites, 
higher order modes, and introduces 
‘other Issues related to thermal lensing. 

‘Of course, there are also challenges to 
Increasing the power of a fiber amplifier. 
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And, because the optical efficiency of 
their pumping is already so high (~85%), 
there's not much room for improvement 
there. So, the focus is on raising the 
pump power itself, without increasing 
package size and welght, as well as on 
‘methods for low loss beam combining of 
multiple single mode lasers all while still 
maintaining good beam quality. 


Pumping Technology Advances 

In terms of SWaP optimization of 
pump diodes for laser weapons, a cur- 
rent benchmark Is to achieve a weight 
{0 output power ratio of 1 kg/kW. Co- 
herent | DILAS has developed several 
advances in diode laser technology to 
reach this goal, and, in fact, Is alzeady 
working on devices that wil attain the 
next level of performance ~ 0.5 kg for 1 
KW of output. 

‘One key to teaching the SWaP bench- 
‘mark has been the company’s introduc 
Hon of T-Bar (for “tailored” bar) con- 
struction, a design approach intended 
to combine the high total output power 
of traditional diode laser bars with the 
relaxed cooling requirements of single 
emitters. The basic unit of the T-Bar is a 
diode laser mini-bar having five emit- 
ters on a single, 5 mm wide substrate 
which outputs about 50 W total. In 
contrast, traditional diode laser bars are 
usually 10 mm wide, contain at least 19 
emitters, and can autput over 200 W, 
depending on the number of emitters 
and type of heatsink. 
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Figure 4 Four Fars mountee ona macroenanne cole wth ealiating optic. 


For military applications, four of 
these T-Bar dies are mounted on to a 
single substrate, yielding a total of 20 
emitters. Then, up to four of these sub- 
strates are stacked vertically, bringing 
the total number of Individual emitters, 
in this compact assembly to 80, with a 
total output of about 800 W. 

‘The key optical characteristic of the T- 
‘Bar design Is that the combination of 
wide emitter spacing, law divergence 
and relatively low beam parameter prod- 
uct (in both fast and slow axes) is tallored 
to enable the light from all 80 of these 
individual emitters to be efficiently co- 
linearized and coupled into a single 225, 
um core fiber having a numerical aper- 
ture of only 0.22. This, in turn, permits 
highly efficient coupling into the pump- 
ing mode volume of the gain fiber. And, 
this ight collection can be accomplished 
using a relatively simple and compact 
‘optical system. This is How output power 
per unit volume is maximized, 

In contrast, the high divergence and 
poor mode quality of traditional diode 
laser bars necessitate the use of complex 
optics for light collection, and still 
make It Impossible to couple all thelr 
output into a single, low numerical 
aperture fiber. Furthermore, high power 
diode laser bars often suffer from a 
problem called “smile.” This isa sagging 
for bending alignment error in emitter 
position along the bar which makes It 
quite difficult to collimate and co-lin- 
carize Its output. 
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Besides the advantage of producing 
the largest amount of fiber coupled light 
‘out in a given system volume, T-Bar con- 
struction also offers significantly im- 
proved cooling characteristics aver trad- 
tional bars. In a traditional diode laser 
‘bar, the small emitter spacing causes sig- 


nificant thermal crosstalk between the 
Individual emitters, and a very high eff- 
ciency cooling system must therefore be 
employed. This Is usually in the form of 
a so called “microchannel” cooler, in 
‘which water Is rapidly circulated through 
channels within the heatsink, But the 
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small bore of the microchannels (tens of 
microns) makes it easy for them to be 
clogged by particulates. Thus, the water 
‘must be stringently conditioned and 
tered, and large, heavy, high pressure 
pumps must be employed to circulate it 
rapidly enough to achieve the required 
level of cooling in these traditional bars. 

Furthermore, traditional diode bars are 
usually placed directly on the heatsink in 
‘order to achieve good thermal contact. 
However, this makes the microchannel 
cooler part of the electrical circuit, thus, 
necessitating the use of deionized water 
in order to avoid a short circult. This im- 
poses yet another requirement that in- 
creases cost and complexity. 

‘The larger emitter spacing of the T-Bar 
largely eliminates this thermal crosstalk, 
and greatly relaxes the attendant cooling 
requirement. As a result, Coherent | 
DILAS has been able to Introduce a 
“macrochannel” cooler. This is a system. 
‘which uses substantially larger bore chan- 
nels, thus allowing the use of less strin- 
gently filtered tap water, and eliminating 
the need for high pressure pumping, 
Also, the reduced cooling requirement 
enables the laser bar to be placed on a 
submount, rather than in direct electrical 
contact with the cooler, which avoids the 
necessity of using delonlzed water. 

“T-Bar construction also delivers better 
cooling characteristics than single emit- 
ter diode lasets, This is because single 
emitters are typically supplied alzeady 
packaged. Since the diodes are mounted 
within the package, there is an extra 
thermal Interface which makes it more 
difficult to efficiently cool them. 

In conclusion, after decades of imag- 
ining, offensive laser weapons are 
nearly ready for deployment on the bat- 
lefleld. Advances In diode laser pump- 
ing technology are proving to be a key 
enabling factor in this development. 
And, these military grade pump diode 
lasers can be constructed using the same 
automated, high volume fabrication 
equipment used for industelal product 
‘manufacturing, meaning they can be 
readily delivered at competitive prices. 

This article was written by Chuls Ebert, 
Ph.D., Director, Business Development, Co- 
herent | DILAS, (Tucson, AZ). For more in- 
formation, visit http://info.hotims.com/ 
(65852-501 


Aerospace & Defense 


hnology, June 2017 


‘The Tom Bearden Website 


The Tom Bearden 
Website 


Table of Contents 


A Sensitive Scalar Wave Detector 


11. Figure 11. NETWORK OF VIRTUAL TRANSMITTERS 

12. Figure 12. VIRTUAL TRANSMITTERS IN THE 
INTERFERENCE GRID 

13. Figure 13. GIANT RADIAL RELATED TO A VIRTUAL 
TRANSMITTER 

14, Figure 14. FORMATION OF A SINGLE GIANT RADIAL 

15. Figure 15, FORMATION OF A DOUBLE GIANT RADIAL 

16. Figure 16. DETECTION OF TRANSVERSE AND 
LONGITUDINAL WAVES 


Return to Homepage 


-hupy/lwww cheniere.orgfhooks/starwarsnow/index htnI24,11,2003 21:42:48 


‘Scalar Wave Detector 


from STAR WARS NOW! 


The Bohm-Aharonov Effect, Scalar Interferometry, and Soviet Weaponization 
by Lt. Ci Bearden (retd.), 1984 
Copyright 


A Sensitive Scalar Wave Detector 


ve scalar wave detector so that direct 


Very briefly we present a method of making a very sen: 
measurement and quantization can be established. 


First, we regard one oscillation (one wavelength) of the scalar potential wave as a longitudinal 
photon. Note that this photon contains a substructure, which may be deliberately determined (when 
artificially made) or randomized (when naturally made in the idealized case). 


For convenience we represent normal linearized vacuum (spacetime) as a horizontal or longitudinal 
vector (Figure 4), implying the direction of motion of the wave in the laboratory frame. By horizontal 
position in our diagram, we imply a linear, uncurved spacetime and a non-rotated frame. We 
represent the longitudinal scalar wave as a horizontal vector, and the usual Hertzian wave as a 
vertical or "transverse" vector. We visualize a normal detector as detecting only a vertical or 
“transverse” vector, as we have illustrated in Figure 4. 


As can be seen, ina linear, unrotated or uncurved spacetime a pure scalar wave has no vertical 
component projected upon the laboratory frame vector, so it is not detectable by normal detectors. 


To detect the scalar wave, of course we could bend it so that it has a projected vertical component in 
the laboratory frame (Figure 5). However, this would be an impure wave, not a pure scalar wave, and 
that is not what we wish. 


A better way is to bend or curve spacetime itself in a small region, so that a longitudinal wave that 
passes through that region now possesses a vertical component with respect to that region (Figure 6). 
Thus a normal detector there will detect that vertical component. We conduct the detection current 
out of the "bent spacetime" region to an outside (normal) detector, and we then have a scalar wave 
detector. 


To illustrate, we show conceptually how this has been successfully done. Figure 7 shows the concept. 
First, we utilize a magnetic pole to provide the infolded energy (potential) to bend or curve 
spacetime. To reach good sensitivity, we need a pole strength connected with a magnetic field 
strength of 40,000 Gauss or higher. We utilize a small superconducting magnet, which can reach field 
strengths of from 40,000 to 80,000 Gaus: 
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Figure 4, Linear, uncurved laboratory frame. 
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Figure 5. Rotating the longitudinal wave produces 
a transverse component. 
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Pigure 6. Bending the laboratory spacetime frame 
produces a transverse component. 
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figure 7. A sensitive scalar wave detector. 
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figure 7. A sensitive scalar wave detector. 
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Then to prevent detection of superfluous "normal" radiation, we shield the entire magnet in a 
grounded Faraday cage, as shown in the figure. Hertzian waves will be grounded in this shield, while 
waves will readily penetrate it undiminished. In other words, the Faraday cage serves as a 

‘stripper,” to strip away the ordinary waves, leaving only the scalar waves to penetrate inside. An 
ordinary wire lies at the top of the magnetic pole, in proximity to it. The wire runs out of the Faraday 
cage through an insulated port to a resonant tuning circuit, which is sharply tunable over the range of 
frequencies we are interested in. A preamp amplifies the output of the tuner, and in turn feeds the 
input of an oscilloscope or other detector. 


With this detector we can select the frequency desired, and detect any passing scalar waves of that 
frequency. By other variations of amps and preamps, regenerative circuits, etc. we can obtain all the 
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sensitivity desired, and utilize ordinary detection equipment already well-known and highly 
developed. 


Additional Information about detecting Scalar Waves 
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Figure 11. NETWORK OF VIRTUAL TRANSMITTERS 
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Figure 12. VIRTUAL TRANSMITTERS IN THE INTERFERENCE GRID 
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Figure 13. GIANT RADIAL RELATED TO A VIRTUAL TRANSMITTER 
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Figure 14. FORMATION OF A SINGLE GIANT RADIAL 
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Excerpt P 172 
FER DE LANCE 


A Briefing on Soviet Scalar Electromagnetic Weapons 
by Lt. Col. T.E. Bearden (retd.), 1986 
Copyright 


2. Continual cloud radials have repeatedly been seen and photographed over Huntsville, 
Alabama, associated with weather engineering and grid activity. Typical radials seen by this 
author are shown in Bearden, Soviet Weather Engineering Over North America, 1-hr. v1 deotape, 
1985. Huntsville is apparently a pivot point or "hinge point" for bending and controlling the 
jetstream. 
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3. Spectacular cloud grid patterns have been seen over Huntsville, Alabama and Los Angeles, 
California. An excellent videoclip of one of the Los Angeles area grids, personally observed and 
shot by KABC Open Mind talk show host Bill Jenkins, is shown in Bearden, Soviet Weather 
Engineering Over North America,;1-hr. videotape, 1985. An artist's sketch of an earlier gigantic 
grid, extending from horizon to horizon in every direction, seen over Huntsville, Alabama by 
Tom Bearden and Ken Moore, is also shown in the tape. The videotape is available from P.O. 
Box 1472, Huntsville, AL 35807. Sketches and details of another highly anomalous grid pattern 
observed in the greater Los Angeles area by engineer Ron Cole are shown in figures 5 and 6. 


The reason that clouds of water droplets and/or ice particles detect the scalar interferometry and 
form signature patterns is simple: Consider each H2O molecule as having two light little 
hydrogen atoms hanging on to the much heavier oxygen atom. The covalent sharing with the 
oxygen atom of the electron from each hydrogen atom means that 


. the electrostatic scalar potential between the H ion and the O ion it is bonded to, is 

rhythmically varying as the electron is shared back and forth, 

2. this varying potential contains "electron spin holes" since it is made by the moving 
electron, 

3. two such varying potentials exist since there are two H atoms sharing covalent electrons 
with the O atom, 

4, the two H ions are at an angle of over 100 degrees with respect to each other, 

5. the molecule assembly thus constitutes one part (one half, so to speak) of a scalar 
interferometer with imbedded electron spin holes for electron hooking, 

6. Incident scalar waves from outside the system interact with the "half scalar 
interferometer." This scalar interferometry interaction is coupled to the covalent bonding 
electron because of the internal spin hole pattern of the molecular half of the 
interferometer. The coupled electron moves with the scalar pattern's changes, causing an 
observable interaction with and in the electrical structure and ionic potential of the 
molecule, 

7. the weak H to H hydrogen bonding between molecules connects resulting ionic potential 

changes to the structuring of the entire macroscopic cloud assembly. Thus by scalar 

interferometry with the H2O “half interferometers", an incident scalar EM pattern is 
detected and translated into patterns of E and B force fields. The H20 molecules then 

"line up" in accord with the electrical patterns detected. 


Thus the clouds form "signature patterns" according to the incident scalar EM radiation patterns. 
Giant cloud radials in the targeted area are probably due to the type and shape of antennas 
including the type and shape of the electrical wires establishing the antennas’ ground planes -- 
used by the Soviet Union to project the scalar waves. Note that such "radial" antenna patterns 
were occasionally used by James Harris Rogers in his underground and undersea 
transmission system. 
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Figure 15. FORMATION OF A DOUBLE GIANT RADIAL 
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Figure 16. DETECTION OF TRANSVERSE AND LONGITUDINAL 
WAVES 
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@ There is a vast new kind of electrodynamics hidden 
inside all EM potentials, fields, and waves 
= og inal EM waves and complexes 
= lations in time domain 


@ These complexes are an infolded general relativity 
— Clustered formations curvatures 
- Very powerful, since the rce is as 
age! curvature ilies: 


@ In general relativity, similar precise complexes 
permeate and act on any mass at all internal levels 


@ With this approach, one can now manipulate matter -- 
living or inert -- in any manner desired, depending 
only on the level of development of the technology 


@ Priore unwittingly used this to cure dread diseases 
@ This is a revolution in all of science © TEL BCAROEN Yoon 
@ We have uncovered the major mechanisms to utilize 
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'* EM weapons 
© EM biological warfare 
© Scalar EM weapons 
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* Alteration of behavior and emotions 
© Alteration of memory 
* Direct thought contro! 
* Action-at-a-distance effects 
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e One terrorist, one light aircraft 
with spray tank 
¢ 100 kilograms of anthrax 


Flies over greater metropolitan 
Washington, D.C. 


e Calm night 

¢ 1-3 million casualties result* 

e Most of those stricken will die 

Presently little can be done 
to save the stricken civilians 

° Attacks on several population © 
centers might produce some 

‘ 10 million or more casualties 


“Per OTA Report to Congress, 1983 
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e Many foreign nations are hostile 
to the U.S. and sponsor terrorists C 
e Some 25 nations have WMD or 4 


are acquiring them 
— BW agents and weapons ae a, 


— Chemical agents and weapons 


— Nuclear materials and weapons ky ~— 
e Thousands of students and emigres — 


e Infiltrated teams, BW, other WMD already 
e Castro guerrillas infiltrated over the years 
e Can do unacceptable damage to U.S. now 
e May reach first strike knockout capabili 


“Por OTA Report to Congress, 1983 
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No shelters juire overpressu 
* BW filtering, ree showers, supplies) 
e No stockpiled vaccines, medical supplies, 


immunoglobulins, masks Suits, food, fuel, 
generators, heaters, water purification units Index 


Totally insufficient medical facilities, 
personnel, and emergency response teams Next 
© Triage, full martial law will be required r) 


No ans massi' ntamination m = 
State, county, city ina itely staffed : Previous. 
and in ni aly ral tat teeve coaaition Md Slide 
e Terrorist eine, ig bt agents, other WMD on site, waiting 


e Water supplies, food, crops, farm animals also vulnerable 

Electric power grid, bridges, trains, railroads vulnerable 

° Present medical science cannot save very many of the 
casualties, now or in the foreseeable future 
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‘The Priore technical mechanism unwittingly 
involved a dramatic extension to both 
nonlinear optics and general relativity. 
However, nonlinear optics itself had not yet 
been born in the 1950s and 1960s when 
Priore worked out his methodology. The 
extension to general relativity has not 
been previously envisioned even to the 
present day. When the Priore project was 
‘Suppressed by the changed French 
‘government in the mid-1970s, nonlinear 
optics itself was just being initiated. To 
the present day, however, there has 
previously been no inkling of the dramatic 
‘extonsion to NLO that arises by using 
longitudinal EM pump waves and thereby 
pumping in the time domain. 

Its little wonder that Priore himself did 
‘not understand the nature of the technical 
mechanism he was utilizing, and neither did 
anyone else, and neither has anyone else 
rior to this time. 


© 1008 TE Bearden 
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‘Among other things, Pautrizel treated 
seriously infected immature rats with 
tho Priore ray. These rats had never had 
@ mature immune system. When thoy 
were removed from the machine, they 
still sickened again and died, because 
their immature immune systems could 
not resist the pathogen (Trypanosoma) 
So even though the damaged colts were 
reversed back to normal, the “normal” 
immune system was unable to fight off 
pathogons, which reinfocted the cells 
and killed them, killing the rats. 

This established the time-reversal 
naturo of the therapy, 
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* FACT: DISEASE-SPECIFIC VACUUM ENGINE PRESENT FOR ANY, 
CELLULAR DISEASE, BY WHEELER'S PRINCIPLE { 


* DISEASE CAN BE REVERSED BY CREATING AMPLIFIED 
ANTI-ENGINE 


Cond VACUUM (BEARDEN'S 
* ANTI-ENGINE IS CREATED BY PUMPING THE NONLINEAR 
CELLS IN THE “INNER EM" DOMAIN, TIME-REVERSING THEM 
* PRIORE UTILIZED A PLASMA TO PHASE CONJUGATE AND “INFOLD" 
MULTIPLE BIDIRECTIONAL LONGITUDINAL EM PUMP WAVES 
* 17 FREQUENCIES MIXED IN A ROTATING PLASMA 


* PHASE CONJUGATES ADDED BY THE PLASMA 
ee * INFOLDED MIX INTO STRONG PULSED DC MAGNETIC 
FIELD, WHICH CARRIED IT INTO ATOMIC NUCLEI kK 


* PUMPED ALL NONLINEAR CELLULAR COMPONENTS TO 
PRODUCE AMPLIFIED, SPECIFIC VACUUM ANTI-ENGINE 


* NEGATED THE LONG-TERM CUMULATIVE CELLULAR 
DEDIFFERENTIATION ORDER GENERATED BY LONG-TERM 
HYPOXIA. TUMOR CELLS REVERTED TO NORMAL CELLS. » 


* SCRUBBED OUT THE CUMULATED PRECANCEROUS STATE f 
RESTORED THE IMMUNE SYSTEM TO HIGH FUNCTIONING . 
* NO EXCESSIVE TRAUMA TO TREATED ANIMAL 
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Priore’s therapeutic methodology: 


Time-reverses the cells back to normal state 
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Solution to Mass Casualties Treatment Problem 


Threat and Current Status 
Historical Solution: Priore Treatment Therapy 
Extended Physics and Background 

Modern WMD Solution: Portable Treatment Systems 
Conclusions: Technology Practical, Proven 
Recommendation: Crash Development Program 


CTEC, Inc. 28 Mar. 1998 
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= G.J. Stoney: 


Decomposed the scalar potential into bidirectional wave pairs. 
"On s supposed prot ofa teoram wane motion," Ph Mig, 


Tyan, tarp S007 ln eaves ot per ee 
= E.T. Whittaker: to Slide 
Decomposed the scalar potential into a series of bidirectional EM wave pairs in Index 


harmonic series, where the two waves in each pair are conjugates (1. 
wave/antiwave pair) and are longitudinal waves. 


"On the pasta errs equations of mathematical 
hme." Mat Aon, Vet 67, 1003, p. 335-386. 


‘Showed that all classical EM ~ including waves ~ can be replaced by two 

interfering scalar potential functions. (This founded superpotential theory, 

extended by Nisbet, Bromwich, Debye, McCrea, and others.) Previous 
"On an enresuon of he eecromagrets ted Cu0 10 a 
‘Wectrons by meare of two scalar potenti tunctons,* ide 
rac Lond. Math Sc, Seven 2. Vo 1.1904. 367-372 


W. Ziolkowski: 
Independently rediscovered the biwave decomposition of the scalar potential and 
‘added the product set (in theory enabling modulations and communications) to 
‘Stoney and Whittaker’s sum set. 
‘Varo paper. 1985 0 data 
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Bunge on the Status of 
Classical and Quantum Physics 


"... itis not usually acknowledged that electro- 
dynamics, both classical and quantal, are ina 
sad state... the best modern physicist is the 
one who acknowledges that neither classical 
nor quantum physics are cut and dried, both 
being full of holes and in need of a vigorous 
overhauling not only to better cover their own 
domains but also to join smoothly so as to 
produce a coherent picture of the various 
levels of physical reality.” 


“Mario Bunge, Foundations of Physics, Springer-Verlag, 
© 10 TE BEARDEN New York, NY, 1967, p. 176.. 


11.2008 19:14:41 
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EINSTEIN ON REVIEWING FOUNDATIONS _ } 


"...the scientist makes use of a whole arsenal of concepts which 

he imbibed practically with his mother's milk; and seldom if Return 
ever is he aware of the eternally problematic character of his to Slide 
concepts, He uses this conceptual material, or, speaking more Todes 
exactly, these conceptual tools of thought, as something = 


obviously, immutably given; something having an objective 
value of truth which is hardly even, and in any case not 
seriously, to be doubted. ...in the interests of science it Slide 

is necessary over and over again to engage in the critique of 

these fundamental concepts, in order that we may not uncon- Previous 
Slide 


Next 


Albert Einstein, "Foreword," in Max Jammer, 


of Space in Physics, Harvard University Press, 


nou Cambridge, Massachusetts, 1969, p. xiii, \ 
ez wesna Zw Te wemnoe a=) 
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- Einstein's Spacetime a de 
pa pgsenbbosebdees dad oe 222 
| \ 
| Return 
5 | to Slide 
: \ Index 
i 
| 
Next 
| | Slide 
\ 5 e oH 
H eoscatey Material ‘| Previous 
i ectric | _ Electric +] Stiae 
$ Fluid All Maxwell's EM entities i my Slide 
Fluid 
are defined only in and of - ‘ 
Disturbed charged matter. All are Disturbed ‘ 
|___________] | material entities. There | _—______ 


was no place devoid of 
mass, in the universe. 


MAXWEL TIONS ARE MATTER-TO-MATTER TRANSFORMS | 
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DATERIAL the TE peARCEN ‘900 


n 


0 
Ce’ 


Return 
Perturbation ™ to Slide 
Equations sone 
Index 
Next 
ide 


Material Material sasha 
Electric Electric Slide 
Fluid Fluid 222 : 
Disturbed Disturbed 
\ Now we are not using oP 
a material ether. “ 


wuations 
changing 
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<< THE MISSING INFOLDED 
4 ELECTRODYNAMICS 


Maxwellian electrodynamics has 
nothing at all to say about EM 


q 2 


entities in space or their form 


Material Material Return 
Electric Electric to Slide 
Fluid : Fluid Index 
Disturbed Disturbed 
- - Next 
TION ' J PACETIMEZTO: Previous 


Slide 


INTERNESTED SPACETIME CURVATURES 
(VACUUM ENGINES) 


D> \_INFOLDED GENERAL RELATIVITY — 
; EINSTEINS it 


—__ SPACETIME TE BEARDEN 1508 
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Nonlinear Optics 
Distortion Correction Theorem 


“If a scalar wave E;(r) propagates from 

left to right through an arbitrary but lossless 
dielectric medium, and if we generate in 
some region of space [say near z = 0] its 
phase conjugate replica E2(r), then Ex 

will propagate backward from right to left 
through the dielectric medium, remaining 
everywhere the phase conjugate of E1." 


a0 © 100 os, 10987 BEARDEN 


hup:/www.cheniere-orgfbriefings/DoDPriore/slides(028.hum24.11.2003 19:15:00, 


Priore DoD Briefing 


bert i © TE BEARDEN 1997 

* * © .£TC. 

Vavg Wavepair #3 

Vavg Wavepair #2 

‘SUBHARMONICS 

Vavg Wavepair #1 
e* © ETC. 

The Structure Is: 


‘A harmonic set of longitudinal EM wavepairs. In each wavepair the two waves 
‘Superpose spatially, but travel in opposite directions. The two are phase 
conjugates and time-roversed replicas k 


correction theorem of nonlinear optics. Sach waves We staave palrio 8 patois 
wave. Each wavepair is a standing electrogravitational wave. in nonii ‘optics, 
domain. 


Note: Think of the oscillations as velocity modulations. 
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The Zero-Vector Axiom Destroys 


"Topologies within Topologies” 


e The axiom: There is a unique vector, 0, inV 
(the vector space) such that 


VeOSOFVE Se 
e Note that V + 0i1=Oj+ V; O1= - Oi= n0i 
so Oi = 0) = On =...+ On=... 


e This makes all 0i equal by assumption, 
since there is assumed to be only a single 
type 0 without real components 

e In fact, 0 is not unique. An infinite number 
of different zero-vector systems, with real 
components, satisfy the zero-vector axiom. 
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‘A.couplod EM wavelantiwave pair infolds electromagnetic 
‘energy, converting It to gravitational energy. The wavepair ©) om ean 
becomes an electrogravitational standing wave. 
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(waves with velocity v, where 0 < v 


@ Major equations of interest having UPW solutions are: 


— Homogeneous wave equation Fesomansiu found Pre Return 
- Maxwell equations to Slide 
- Dirac, Weyl, and Klein-Gordon equations Index 


e@ UPWs are translationally invariant, and do not spread, or 
they reconstruct their original form after a certain period. 


@ UPW solutions have infinite energy. Quasi-UPWs can have 
finite energy and can in principle be launched into space. Previous 


@ Subluminal Maxwell solutions are called EM particles. Site 
Superluminal Maxwell solutions are called X-waves. 


e@ Experimental results indicate such waves will be produced 
within the next few years. @ 10 re weaRoeN 


Next 
Slide 


e@ Nimtz has translated Mozart's 40th symphony at v = 4.7c. 
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Velocity modulating a longitudinal 


EM wave oscillates rate of flow of time 
SS ————>—_————————S SS 


__ Observer sees it this way = 


V=— on ees 


Constant transverse wave magnitude ation 
a to Slide 
Wave oscillates its velocity along Index 
L its path, about a nominal value = 
Next 
t _ Wave oscillates this way Slide 
We, Constant transverse magnitude 
“” | Wave oscillates magnitude of its revious, 
transported t, about a nominal value Slide 


Note: 
‘+ Waves consist of photons 
+ Each photon consists of energy x time 
+ Each photon carries timo as well as energy © (or TE BARDEN 
A is both a spatial energy dynamics and 
"ANS temporal dynamics 
Way ¢ ic time structur well 
ve commplaen carry dynagni ires as well as. 
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(Both photon and antiphoton are longitudinal) 


sv 


In physics, the primary units 
Every: 


LONGITUDINAL 
PHOTON 


selected are arbitr 


thing can be expressed, e.g. 


oy tia in terms of ime atone. Thus eNauuelm 
so can photon spin to Slide 
Index 
VACUUM $ IS THIS A 
ENGINE SPIN 2 ENTITY? 
Pa itis, in the time Piestaus 
domain. ———A 


ide 


LONGITUDINAL 
ANTIPHOTON 
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(AE)(At) + M => (MeAM)at = => M + (AE)(At) 
Flow of macroscopic time (observable photon interactions) 


SPATIAL AND SPATIOTEMPORAL wY + JA 


Saal? 
eee TTS ae 
Flow of microacople th time (via ‘ital photon interactions) 


‘The photon interaction generates an observed quantum change and a discretized 
inthe rate of time flow. A particle observably chang es by ony a single ata tina,” 
The background flow of ime in which the jump in rate occurs, is created by the continual 
absorption and emission of virtual photons. 


@ mare eer 
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(Use of Hidden Information Content of the Field) 
(Can Provide Action-at-a-Distance) 


(8 to 20 harmonic wavepairs each ) 
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Deep penetration of weak signals in a dense signal 
environment, by nonlinear retroreflection 


Return, 
to Slide 
Index 


Next 
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the simultaneous exterior interactions occur. Orn imtrs wee 


hup:/www.cheniere orgfbriefings/DoDPriore/stides(038 hum24, 11.2003 19:15:43 


Priore DoD Briefing 


hup:/www.cheniere-orgfbriefings/DoDPriore/slides(039.hum24.11.2003 19:15:50 


Return, 
to Slide 
Index 


Next 
Slide 


Previous 
Slide 


Priore DoD Briefing 


+ Provides coherent, long-range inter- 
actions in Sitoges yatome nm 


+ Is an organized morphogenetic Held 


Sino bale of tune 


( 


* Leakage provides ultrawoak, coherent 

biophoton emission from the systom 

* Fractional intensity patterg: few to 
some 100s of phot 

oOpumum signsttoncles allo 


UL 


omission shows biological 
ya always out of equilibrium 

* Emission has holistic characteristics 
© Correlations to most, if not all, of the 

biological functions of the organism 


* Emission very sensitive to almost all 
‘extemal and jal influences. 

* Both spontaneous and delayed 
luminescence occur 

* Photons stored in cell during the delay 


single dolayed blophotor be 
it trigger 10 reactions ina coll 
_ before its release 

Spectrum almost continuous within 
* optical range from 200-800 nm. 


© DNA, all other processes are sources 

Single of whole stem, 

Single main process of unas apsiea 
trformation figction and oye 
biological clocks (oscillators) 


aT 
a => 
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CANCER: CHARACTERISTICS 


NOT ONE DISEASE BUT A WHOLE RANGE 
STARTS IN ORDINARY (AEROBIC) CELL 
CELL SHAKES OFF BODY'S DICTATORIAL CONTROL* ae 
STARTS UNCONTROLLED DIVISION a" 
BECOMES A LUMP yr 
CAN SEND FORTH CANCER CELLS 

- THROUGH BLOOD 

— THROUGH LYMPH 
THESE FORM METASTASES (SECONDARY TUMORS) | Previous 
OFTEN BECOME ANAEROBIC (NON-OXYGEN USING) | Slide 
@ ENIGMA IS FAILURE OF IMMUNE SYSTEM 
TO ATTACK SOME TUMOR CELLS 

— SUPPRESSOR CELLS MAY CURB IMMUNE SYSTEM 

— TUMOR MAY LACK ANTIGENS NORMALLY IDENTIFIED 

BY THE IMMUNE SYSTEM 
*R&R system forces cell back toward anaerobe 


Next 
Slide 


concn rete saan 
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ATHOSP Betatn, 
TO AEROBIC to Slide 
, Index 
Next 
— = Slide 
BIOGENESIS IMMUNE SYSTEM 
‘SINGLE CELL RED CELLS: 5 
ANAEROBIC FACULTATIVE WHITE CELLS. Previous, 
: 
je = CELLS Slide 
sunenones BOTH AEROBIC 
‘AND ANAEROBIC). 
Prom OXON “NOTE: LIMITED ANAEROBIC RESPIRATION 
STILL TAKES PLACE IN HIGHER AEROBIC 
LIFE FORMS, INCLUDING MAN. 
EVOLUTIONARY TIME 
evens ¢ tte tee 
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RED BLOOD CELLS e AIR 
ee 
a 
° . wer . 
Severely reduced e Severe pollution | 
oxygen transport ‘ 
° ©, (Suchas @ 
cigarette smoke) ° 
BLOOD CELLS e e rs ; 
LUNG 
SACS 
BODY E 
cucnon Ove swe 
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MULTICELL 
AEROBIC* 
LIFE FORMS, INCLUDING MAN. (INCLUDES MAN) 


TIME-REVERSED 
I—— = <a PATH FOR SUSTAINED 


OXYGEN DEFICIENCY 


SINGLECELL ~____~ 
AEROBIC" FIRST STEP IN OXYGEN-DEFICIENCY 
DEDIFFERENTIATION 


camcnoe ed 
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* Two major links uncovered between : 
— The DC system and nervous system 
— The DC system and all body cells 


Bioelectric potentials of primary importance can 
Physiology presently considers controls limited to: ater 
— Neural action potential C= 
— Various hormone chemical agents Next 
— Chemical agents associated with DNA/RNA system Slide 
* Complete Operational Biological Control System: : 
— Controls growth, healing, biological cycles, etc. a 


— Operates in ANALOG mode; various levels of DC 
— Interlocks physically with nervous system (and may be its precursor) 
— Other chemical agents 
— Tissue growth and healing NOT INCLUDED 
* Medical community now more concermed with diseases resulting from 
— Inadequate/abnormal growth 
— Inadequate healing 
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Application of tiny DC currents to heal difficult bone. 
fractures. Only picoamperes are utilized. Pulsed DC 
current or pulsed magnetic fields may also be utilized. 


Proves that cells can be time-reversed (phase conjugated) —_ [Turns into type of cell that 
dediferentiated) or time-forwarded (redifferentiated) ‘makes bone 

application of vary weak electromagnatic signals, when tract ‘ 
those signals contain jongitudinal biditectionat EM ‘pump |"Positalnuyaatga 
wave" wavepairs, which cause the cell and its parts to create 
Precise vacuum antiongines. 


healing the fracture 


SS 
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Trauma Producing 
Pie Se Loss 
Local wit. We effect Local nerve effect 
CNS attest + Atterations in hormone 
pattern (prolactin) 
Return 
Alterations in local to Slide 
ee field pattern pee. 
7 Index 
[Local electrical ~ 
effects 
8 ; es Next 
pools of Fi cells. Slide 
Dedifferentiation into Previ 
primitive mesenchymal cells pit 
Slide 
Phase! Blastema formation 
—- growth 
Phase It * 
Redifferentiation into Spadaro, “Electrical stimulation of 
. 
Restoration of body 
part or tissue 
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@ Standing DC potentials on intact surfaces of all living animals 
demonstrate a complex field pattern spatially related to the 


: Return 
anatomical arrangement of the nervous system to Slide 
— Can be measured directly on the peripheral nerves Sule 
— Polarity difference related to whether nerve is or is not a sensor — 
— Steady (weak) current flow exists ae 
— Demonstrates solid state/semiconductor phenomena om 
— Accurately reflects (amplitude and polarity) the general level of neural 
activity 
* Sleep versus wakefulness Previous 
* Anesthesia versus conscious Slide 


* Other parameters 
@ DC levels determine the level of neural activity 


@ Action potential system exists upon a substratum of DC 
potentials which pre-existed it 


@ DC potentials substrata had and have control functions over 
basic properties of the living organism © TE BEARDEN Jo08 
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@ Cellular processes are regulated by a precise control system 
Attempted to a) engineering control-system theory 
® Cells and tissues have solid-state electrochemical features Return 
which provide control signals in the control system to Slide 
- Growth process Index 
— Electron transfer egenerston terran Bul MT. Bend Ma (4) Pay TOT, 627-841 — 
— Semiconduction 
— Self-organizing (NOTE: Implies hidden variables and nonlocal causality) _ Next 
e comet electrical events at the injury site initiate cellular Slide 
pects such as dedifferentiation and mitotic activity 
Paton is a 2-step process, each with different controls 
— Electrical triggers with thecnold values results in appearance of blastema = 
— Complex data transmission to blastema establishes it as a self-organizing Slide 
‘system capable of growth and redifferentiation 
— Mammals lack ability to produce blastemas except for bone, but partial 
regeneration growth has been shown in response to electrical stimuli 
@ Growth related to electrical more than electrochemical aspects 
@ Hematopoietic marrow as source of cells for the blastema 
— Monocytes can take place in regenerative processes in limbs 
— Lymphocytes can dedifferentiate under certain circumstances 
— Marrow elements can be induced into osteogenesis —© T« scarce 100 


Previous 
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Corrections For the Present EM Bioeffects Model 
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neers ear marae 
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Note: Minimum lattice is one harmonic interval: IR to UV is such a minimum G-lattice. 
Distant induction of cellular death and diseases, by special EM means. 
joton-antij structured harmonic 
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MICROWAVE RADIATION OF 
U.S. EMBASSY IM MOSCOW 
BACKGROUND 
Former U.S. Embassy in Moscow. é Began in latter 1950s 


Discovered on VP Nixon's trip S 
. “Initially thought to be nuclear radiation Return, 


(Discovered wiGeiger counter?) to Slide 
+ High level target - U.S. Ambassador Index 


. Gumaniees personal attention of: 
prpeaetor to USSR 
= U: = Presi 


ident 
= NSA, CIA, DIA, NSC, etc. 
= Top consulting scientists 
= Leading U.S. scientific institutions 
* Two U.S. Ambassadors died, another sickened previous 
+ Anomalous health changes in  permonne. only ——— 
in zero-field (zero pot'l gra dient) areas! Slide 
. ror U.S. Presidents requested Soviets cease 
= Cut from 18 watts/sq cm to 2 
= Then a increased 
No one could understand what was going on 
Aluminum screens were placed over windows 
Moscow was declared a hazardous duty zone 


Nw a): 


Selected cipart © by Lotus SmartPics™ Om mre nace 
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_ Self-Targeting in Inner EM 
<@>- Channel Can Produce a ae 
Quantum Potential 


(Once OP is established, 

is direct and ‘input to one 
‘singlo participant will simuftanoously in al 
‘other 


@----"-e ™ 
NARROWING OF INTERACTING 
POTENTIALS INTO LASER-LIKE 

BEAMS, BETWEEN TWO 


‘D 
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Quantum Potential Characteristics *“"“"“""""" 


"A quantum particle moves as if it were subject, in addition to its 
external potentials, to a potential which is a function of its own 
probability distribution.” 


@ Bohm's H.V.T. assumes: 
= Particle and wave function real and separate 
- Wave function obeys Shroedinger’s equation 
— Particle obeys classical mechanics 
~ Particle couples to wave function through a quantum potential 
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© TE.BEAROEN 1998 


ugpliwww.cheniere 


* Separated points are su 
* Intervening distance in 


sed in MCST 
ection is instant and bidirectional 


Propagation through ST does not apply 
* Energy or vacuum engine input to one station 
instantly appears at each and every other station, 


undiminished in magnitude 
* Ultimate net-centric warfare effect 


Jorcfingw/DoDPrion 


ex/057.htm24,11.2003 1951744 


Note: Vulnerability. Any other 

station may insert energy 

or vacuum engines into the 
quantum 
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And Typical Comparative Disease Curves 


Note: There is cumulative genetic damage to germ cells also. 
wun uur 
SUPPRESSION 


‘Or inawune SREATMENT 44 
ones = intensity of 


DEATH OF THE HOSTIPATIENT 


PERMANENT DISEASE STATE 


FULL DISEASE STATE 


TRACE (LOW-LEVEL) DISEASE 


PRE-DISEASE STATE 


SHADOW DISEASE STATE 


"EXPOSED WITH MOST CUMULATIVE DAMAGE 

<)=)s5=" EXPOSED WHITH MULTIPLE AGENT INFECTIONS AND RECEIVING MULTTTREATMENT 
EXPOSED WITH LESS CUMULATIVE DAMAGE 

NON-GULF WAR: TYPICAL NORMAL DISEASE WHICH KILLS PATIENT 
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Force Fields and Symmetry 


—_—_—_—_{_{_=_—_—_—_—_—__—__—__——_—_—_———— 
= Force fields are nature's way of imposing 
local gauge symmetries on the world Return 
= E.g., electromagnetic field is a manifestation oa 
of the simplest known gauge symmetry a 


consistent with the principles of special st 
relativity mite 
= For the EM case, the gauge transformations seers, 


correspond to changes in 'voltage' from place 


to place 


© T.E Bearden 1995, 1996 
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Aspects of Strong Local Asymmetry 
SS 


= If local asymmetry is strong, conservation laws 
may be appreciably violated 


* Energy © TE Bearden 1996, 1996 


Angular momentum 


= Properties of an object may differ appreciably for 
© Different observers 
© Different detecting means 
* One time to another 
e One position to another 


= STRUCTURING THE INFOLDED EM INSIDE POTENTIALS, 
FIELDS, AND WAVES 
* Strongly breaks local symmetry 
» Provides spacetime engines giving the above effects 


ugeliwww.cheniere 


fing/DoDPrioreslides/060atm24, 11.2003 19:17:53, 
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Other Aspects of 


Strong Local Asymmetry 
bl 


= Local spacetime is curved © TE Bearden 1905, 1996 

= Lorentz invariance of vacuum is violated Bet 
= May be a local "sink" or "source" oo 
= Gravitational/inertial effects from EM 

= Translation between virtual and observable Next 

= Electrogravitational solitons ome 

= Action at a distance pein 
= Transmutation effects may exist Slide 


= Scalar/pseudoscalar field translation 
= COMMENT: Thus the use of infolded longitudinal 
EM fields and waves to strongly break local 
symmetry allows internested clustering of 
spacetime curvatures. These spacetime 
structures are vacuum engines, or spacetime engines. 
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— -_— V =10° volts 


Return 
to Slide 
Surface layer of Cellular membrane index. 
fluid atoms surface 


coe = d =10° meter 


Previous 
Slide 


E = 10° volts/ meter 
Ss f(E’)= f(10") 


© Wor Te weAren 
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@ What is taught is the “interaction cross section," i.e., the 
joules collected from the associated S-flow by one point 
coulomb of intercepting/collecting charge. Return 


W=Vq=¢q (joules) [1] 22% 
$=Wiq (joules/coul) [2] 


Next 
Let <1 and fixed; q =n where n= Slide 
W=k, where k =90 FS] sritune 


@ From any "finite" potential, no matter how small, an unlimited Siide 
amount of energy can be collected, by increasing the 
collection (number of coulombs) (interaction cross section). 

® Actual magnitude of the potential must be very, very large, 
since we can treat it as infinite or unlimited, via W =  q. 

®@ Else Equation [1] could not be linear. 
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Table A1. THE VACUUM ENERGETICALLY INTERACTS 
WITH EVERY PARTICLE, CONTINUALLY. 

SS 
s 7 
‘@ Ground (zero) state of the electromagnetic (photon) field. 
@ Ground (zero) state of mass field. 
© Empty of observable particles or photons. 
© Filled with non-observable (virtual) particles and photons. 
@ Violently fluctuating microscopically and electromagnetically, 
@ Constantly interacting with all particles, including partially 

shielding their bare charges. 


Lamb Shift - vacuum's alteration of the energy level of an electron in the 
hydrogen atom. 
~ Difference in energy (frequency units) is 1057.862 MHz. 
~- Lamb was awarded a Nobel Prize for showing this. 
~ Energy density exceeds that of the sun's surface! 


® Casimir Effect - vacuum creates an attraction between two conducting 
surfaces in close proximity. 
- experimentally proven, well-known. é 


® Cole and Puthoff proved that there is no thermodynamic reason why energy 
cannot be extracted from the vacuum as heat and power, and utilized. 


@ ~The common dipole is a broken symmetry in the virtual photon flux of vacuum, 
It extracts virtual energy, integrates it, and re-emits it as Poynting energy density 
flow S = ExH (which observably interacts with charged particles and magnetic 
poles). 
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(Adding Vacuum Engines) 


@ Any EM field or wave is created by (comprised of) two 
potentials which interfere with each other in a given area 


- May be either scalar or vector potentials om 
- May interfere locally or at a distance wae 
- Hipsoaess is distance independent —— 


e scalar potential is comprised of a harmonic series of Med 
idirectional longitudinal EM wavepairs (Whittaker 1903). a 
e Zothawest circa 1985 added the interior product set to aide 
Whittaker’s sum set. Thus he added modulations. : 
® By assembling a deliberate "sum and product" set of — 
biwaves, a scalar potential can be created having an = 
internal deterministic structure. 
This structures local vacuum potential ime 
curvatures, in specific forms ‘faraisest 
- Now have added vacuum engines 
- Have infolded general relativity inside electrodynamics 
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Structured 
Einsteinian spacetime 


curvature 
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Demons are 
EM hidden variables 
organized into ~ 
dynamic structures, 

at all levels 


Demons work 
atall levels 
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STRUCTURING DETAILS OF 
OF ACTIVE STRUCTURING Meath, 
SPACETIME OF ACTIVE to Slide 
». CURVATURES .._ SPACETIME oom Index 
\ \\* CURVATURES .——— 
\ 
\ Next 
Slide 
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Se ats erocieea cinta and structures spacetime Lendaneety {ongines). 


+ Curved and structured spacetime engines produce forces on mass and its com) 
Sector ong Sees asd 


. gis he tidy aang aging the Luvs 1s the Input EW potontais, Wolds: and wares, 
Py rectly engineerable In devices of unparalleled capabilty. 
st curvatures ite 
Return 
mass-to-spacetimo ‘spacetime-to-mass to Slide. 
mass transformation transformation MASS | index 
ww, \|4/ - 
= stared me ~ altered | Slide 
we ae 
| 5 .f of \ > Previous 
Complex of ST curvatures 
‘Spacetime disturbance (engine) 
eam propagates © Te peanoen toe 
Electrodynamics has a hidden but ignored electro-general-relativity 
infolded inside (« }) its so-called potentials, fields, aes waves 


‘mass, as pointed out by Aharonov and Bohm in 1959. Ail of this is just 
longitudinal EM waves and their interactions. 
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SIGNAL VERSUS VACUUM ENGINE 
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A Feceiver ‘must do the action itself; vacuum energy is 
muaitered, ‘or fuel for doing the action must be. to Next 
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VACUUM Side 
ACTIVATED 
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e An EM potential is gravitational due to its trapped energy. 
¢ A local EM potential is a local curvature of spacetime. Return 


to Slide 
Index 


e Structured potentials are structured (nested) local 
spacetime curvatures; hidden variable theory applies. 

« Structured potentials thus are vacuum engines. Next 

« Gradient-free potential penetrates the atom, into nucleus. Slide 


With steady application, a structured gradient-free potential | 
can be used to engineer the atomic nucleus at will. eee 


« Normal cold fusion systems structure a small fraction of Sie 
their potentials, by chance geometries, boundaries, etc. 


e This produces some new nuclides, but haphazardly. 


« The process can be developed and controlled. The 
nucleus can be deterministically engineered at will. 
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Vacuum Engineering 


Using Inner EM Energy and Structuring to Engineer Physical Reality 


Vacuum Potential (Violent Flux) 


hup:/www.cheniere-orgfbriefings/DoDPriore/slides(071 htm24,11.2003 19:18:51 


Return 
to Slide 
Index 


Next 
Slide 


Previous 
Slide 


Priore DoD Briefing 


@ /mpact of Vacuum Engineering » 


* "If they [quantum fluctuations of vacuum] can be [tapped], the 
impact upon our civilization will be incalculable. Oil, coal, 
nuclear, hydropower, would become obsolete -- and so would 
many of our worries about environmental pollution." 


R 

= "Don't sell your oil shares yet -- but don't be surprised if the on 
world again witnesses the four stages of response to any new aa 
and revolutionary development: gimuts seeex: 
—1. It's crazy! 
—2. It may be possible - so what? nee 
—3.1 said it was a good idea all along. Side 
—4. 1 thought of it first." ‘ 

Ata SSG ratay That Cul Become Reaty Previous 
«Com 7 Nov/Dec, 1994 Slide 


— Every dipole's broken symmetry in its energetic exchange with 
the vacuum already freely extracts vacuum energy. 

-In power sources, the dipole gates the extracted energy out as 
S = EXH, which flows almost entirely outside the conductors. 

—The circuit interacts with, and uses, only about 107 of S. The 
electrodynamicists calculate only this small S-component. 
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PREVIOUS 
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A 1 
a, Pumping with transverse EM waves b. Pumping with longitudinal EM waves 
produces a time-roversed wave. A, and A, time-reverses the mass /tself. 
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(Energy and time are canonical 


@ Time can neither be created nor destroyed 
— Its form can be changed, and it can be positive or negative 
- Time can be collected or dissipated, converged or diverged 
- Time can oscillate and move in waves 
— Longitudinal (infolded) EM waves oscillate time 


@ Time is always in motion, and that motion is variable 
- Collected/collecting time is a continuing stationary 
change in an ongoing time flow 
- Time/collecting time can be internested and internally 
Structured 
@ Time has gravitational aspects 
- Negative (trapped) time is antigravitational 
~ Emitting negative time is gravitational, to the emitter 
@ Nonlinear optical pumping can use longitudinal EM waves 
— Pumping a nonlinear mass by longitudinal (infolded) EM 
waves pumps it in its masstime form, in the time domain 
- This creates an amplified vacuum antiengine for the mass, 
and time-reverses the mass back to a previous state 


@ os Te BEARDEN 
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@ There is a vast new kind of electrodynamics hidden 
inside all EM potentials, fields, and waves 
— Longitudinal EM waves and complexes 
— Oscillations in time domain 


These complexes are an infolded fisneral relativity 
— Clustered formations o' ee ime ee 
— Ve werful, jemce the rce is used as 
agent oF curvature is 


In general relativity, similar precise complexes 


permeate and act on any mass at all internal levels 
With this approach, one can now manipulate matter -- 
living or inert -- in any manner desired, depending 
only on the level of development of the technology 
Priore unwittingly used this to cure dread diseases 
This is a revolution in all of science © TE BEARDEN 508 


We have uncovered the major mechanisms to utilize 
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Solution to Mass Casualties Treatment Problem 


Threat and Current Status 

Historical Solution; Priore Treatment Therapy 
Extended Physics and Background 

Modern WMD Solution: Portable Treatment Systems 
Conclusions? Technology Practical Proven 
Recommendation: Crash Development Program 


CTEC, Inc. 28 Mar. 1998 
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™ FACT: DISEASE-SPECIFIC VACUUM ENGINE PRESENT FOR ANY, 


CELLULAR DISEASE, BY WHEELER'S PRINCIPLE 
+ DISEASE CAN BE REVERSED BY CREATING AMPLIFIED 

nd VACUUM ANTI-ENGINE (BEARDEN'S PRINCIPLE) 
+ ANTLENGINE IS CREATED BY PUMPING THE NONLINEAR 


CELLS IN THE "INNER EM" DOMAIN, TIME-REVERSING THEM (72D 
‘e 


* PRIORE UTILIZED A PLASMA TO PHASE CONJUGATE AND "INFOLD™ 


MULTIPLE BIDIRECTIONAL LONGITUDINAL EM PUMP WAVES 
* 17 FREQUENCIES MIXED IN A ROTATING PLASMA 
PHASE CONJUGATES ADDED BY THE PLASMA 
ge * INFOLDED MIX INTO STRONG PULSED DC MAGNETIC 
FIELD, WHICH CARRIED IT INTO ATOMIC NUCLEI 
* PUMPED ALL NONLINEAR CELLULAR COMPONENTS TO 
PRODUCE AMPLIFIED, SPECIFIC VACUUM ANTI-ENGINE 
NEGATED THE LONG-TERM CUMULATIVE CELLULAR 
DEDIFFERENTIATION ORDER GENERATED BY LONG-TERM 
HYPOXIA. TUMOR CELLS REVERTED TO NORMAL CELLS. 
SCRUBBED OUT THE CUMULATED PRECANCEROUS STATE 
RESTORED THE IMMUNE SYSTEM TO HIGH FUNCTIONING A 
NO EXCESSIVE TRAUMA TO TREATED ANIMAL 


* 


tk ge wan 
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SURVIVORS OF N CASUALTIES 
(N = 1-40 MILLION) 


08 
06 = 
04 Slide 
0.2 Previeus, 
Slide 
o | xm | 


TYPE TREATMENT RECEIVED 


FRACTION SURVIVING 


EXPRESSED IN FRACTION SURVIVING 
1 With conventional treatment 

jith 1st generation P-treatment 

@ With 2nd generation P-treatment 

@ With 3rd generation P-treatment 
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Conclusions: Technology Practical, Proven 
Recommendation: Crash Development Program 


CTEC, Inc 28 Mar, 1998 
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Summary and Conclusions 


@ Anew therapeutic paradigm of great scope 
and effectiveness has been developed 
- Will provide effective, quick treatment of mass casualties 
- Will provide cures for unknown agents 
- No pathogen strains are resistant to this process 
@ Results have been proven experimentally 
- Documented in French scientific literature 
- Rigorous scientific protocols, eminent scientists 
- Technical mechanism deciphered 
@ Will treat and cure many diseases 
- Aids, atheriosclerosis, cancer and leukemia 
- Sleeping sickness hs eal 
@ Portable units can be developed quickly 
- 18-month crash development program required 
- high level authority and overwatch essential 
@ Will solve the BW mass casualty treatment 
problem, both civilian and military 
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Recommend implementing: 


® Sesh Jevelooment dros 


— Suitcase-sized port unit Return 
18-month Manat t to Slide 
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Final Thoughts: 
@ The current internal BW threat can size 
and will kill more Americans than 
all our previous wars combined 


@ The Priore technology is the only 
solution in sight that can save 
most of those casualties 


CTEC, Ine. 
2311 Big Cove Road 
Huntsville, AL 35801 
(256) 533-3682 Phi 


CTEC, Inc. 


June 24, 1998, 


Dr. Jane F. Kinsel, Director 
Office of Policy Analysis 

Department of Health & Human Services 
Bathesda, MD 20892 


Dear Dr. Kinsel 


Your letter of June 8 is appreciated. However, the entire action package had already gone 
to the Assistant SecDef and also to Major General Neary in the USAF. 


‘The proof of a revolution in medical treatment was in the package. The basis for itis 
already demonstrated experimentally in the scientific literature, both in the U.S. and in 
France. We are speaking of something already proven, but missed by the entire U.S. 
medical community. Strong words, but true. Let me be specific. 


‘Any cell in the body can be time-reversed (physics term) or dedifferentiated (biology term) 
back to an earlier state, by pumping (i.e., “squeezing” in simple terms) that cell with 
longitudinal EM waves as pump waves. There are considerable papers in the French 
scientific literature showing the experimental results, 


‘Apply that to cancer. We are stating bluntly that all cancerous cells in the body can be 
“depromoted’ back to normal cells easily. Further, the damage previously done to them 
(such as by sustained hypoxia due to contaminants reducing the oxygen-carrying ability 
normally given to it by some 60-t0-80 surrounding water molecules per red cell and the 
consequent H-bonding interactions) will also be reversed. The cells can all be returned to 
healthy, normal cells again, without “killing” or “burning” or “cutting” anything. 


With some development of the technology, you can quickly and easily cure every cancer 
patient in every hospital in the United States. 


Now apply it to AIDS. Since you can time-reverse every cell in the body, you can time- 
reverse the HIV-infected cells — genetics and all — right back to normal cells with normal 
genetics. Those cells not infected and healthy, will just get a “little younger” again. 


So with that small development, you can quickly and easily cure every AIDS patient in every 
hospital in the United States. 


| would have thought that NIH would certainly be interested in such a revolutionary therapy 
which has already been demonstrated in laboratory experiments. World-renowned French 
Scientists — such as the eminent parasitologist Pautrizel and research PhDs assigned 
directly by Robert Courrier, head of the Biology Section of the French Academy of Sciences, 
worked with Prioré in performing those startling experiments that proved what we are 
saying, 
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‘The method was rigorously shown to cure infectious diseases (such as trypanosomiasis), 
atherosclerosis (which now afflicts millions of Americans), and terminal tumors. It was 
shown to reverse suppressed immune systems back to normal vigorous functioning, 


Please permit me to disagree with you that the examination of such is not the mission of the 
NIH. To the contrary, itis precisely the NIH which should have some of its very best 
Scientists looking into this. 


‘The action package to DoD was to propose a crash program to develop this methodology in 
the form of a small, portable unit for treatment of mass casualties resulting from a terrorist 
BW attack on our cities (now expected in the next few weeks, as you must be aware). The 
leading Arab terrorist of the world has already promised just this. 


We are speaking of several million Americans who are going to die. They are going to die in 
spite of everything that NIH and its labs can do, even though | know you will make a heroic 
effort. With NIH present methods, you cannot do very much for those stricken Americans at 
all. Everything we have in the “normal” kit bag is almost useless against a knowledgeable 
spray attack of modified smallpox (as you know, the Russian secret BW labs have made 
and sold tons of that already, to guess who!). Or a spray of tularemia (you are well aware of 
the extreme lethality of that), or anthrax (easily obtained). It is also common knowledge that 
these terrorist teams with their BW agents are already on site in this country, waiting for the 
word to attack. This has now been officially raised to our primary Strategic Threat. 


In the face of such looming strikes on the U.S., | simply cannot believe that the NIH does not 
feel it within their mission to rigorously check out a proposed method for saving perhaps 
70% of those coming deaths (first generation equipment), and up to 90% with second 
generation equipment. 


Perhaps you just did not read the package carefully. | urge you to do so. 


Else NIH is going to look very, very bad when (1) the strikes do occur, (2) they can't handle 
them (and they cannot, as you well know), (3) they had within their hands in advance, a 
proposed methodology that could have been investigated intensely, to save millions of those 
stricken Americans. 


‘As a staunch supporter of NIH and especially CDC, I have to believe that there is a different 
attitude there. If NIH is not interested in a previously experimentally demonstrated method 
of saving millions of Americans, then the only recourse left is the political channel. 


| assure you that my critique of electrodynamics is well-founded, as supported by various 
leading physicists such as Nobelist Feynman (who stated bluntly that the field concept is 
wrong), Wheeler, Bunge, and so on. Itis inexplicable why all our universities are stil 
teaching a 130 year old abridged (Heaviside’s) subset of Maxwell's theory, and one that still 
contains a material ether even though that was falsified 110 years ago! 


You already have seen the misuse of this technology by the Russians, in the decades-long 
radiation of the U.S. Embassy in Moscow. Is it not NIH's mission to understand how they 
generated all those diseases and health changes? Have you ever looked into 
Kaznacheyev's experiments showing that ANY cellular disease or disorder can be induced 
in cells at a distance by purely EM means? Have you looked into what got eliminated from 
electrodynamics by ignoring the hidden longitudinal EM inside every potential, field, and 
wave? Do you realize what ignoring that has done to American chemistry, biochemistry, 
and medical science?" 


| would hope that the NIH would at least be interested in its own mission area! 
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| challenge you bluntly to admit that no one presently understands the primary operation of 
the human cellular regenerative system. That's because its technical principle is not 
presently in our recognized physics, biochemistry, and medical science — even though it has 
been in the hard physics literature since 1903-4. Becker's epochal work came closest; since 
he only had access to the conventional EM mode, it failed him. But he at least showed you 
rigorously that cells can be changed (both differentiated and redifferentiated) all over the 
map by laughably weak EM — picoamperes of current, which means persistent DC 
potentials. In the microwave radiation of the U.S. Embassy, all the health changes occurred 
in regions absent of fields — i.e., absent of bleed-off of the potentials. Hence in regions of 
stable DC potentials! With 100% correlation of the health changes to persistent, gradient 
{ree potentials, and 100% anticorrelation to changing potentials (i.e., fields), our own’ 
scientists concluded totally erroneously that it could not have been the EM radiation causing 
the changes, when their own results had just proven that it was. 


Now | ask you: Can NIH explain how it was that the DC potentials caused those health 
changes? | think not. If it could, it would understand the action package I wrote, and its 
importance. 


This is not a “political” letter. I'm just an ordinary American citizen who has done about 30 
years very hard work on this particular area. The work is good enough now to stand on its 
‘own merits. The scientific community will eventually accept it, about 50 years from now. 

But we cannot wait 50 years! Those millions of Americans are going to die, because of the 
bureaucracy and inaction of our own scientific organizations. Whether they like it or not, the 
U.S. scientific community is now the forefront of the struggle for this nation to survive. And 
they are failing us dramatically 


So as a parent who wants his children to live, and his neighbors’ children to live, and those 
millions of soon-to-be stricken Americans to live also, | urge you to at least have someone 
‘competent in physics (and knowledgeable that the foundations of physics itself are in woeful 
shape!) check the work. Has anybody there read any of the references to the Prioré work | 
cited? Does anyone there realize that there are no EM forcefields in space? Probably not. 


Dr. Kinsel, there is a time for “business as usual" and there is a time to do some serious 
new work. Those stricken Americans are going to be lying there. Nothing NIH can do is 
going to stop that. That's a given, and it is not my own estimate. I's the official estimate. 
‘And you know you presently do not have the tools to do anything really effective about it 


Frankly, | interpret your letter to me as just the normal “spin control" for easy disp 
would hope that NIH would seriously rethink the situation, get off the “spin control 
“business as usual" posturing, and do something dramatically different for a change. 


What have you got to lose? A litle time from perhaps two or three of your best scientists 
What have you got to gain? Saving untold millions of American lives. A new, already 
partially demonstrated cure for most dread diseases such as AIDS and cancer — diseases 
Which you presently cannot do very much about in spite of decades of heroic struggle. 


Sincerely, ce: Senator Shelby, Congr. Cramer 


T.E. Bearden 
President and CEO 


TEC, ie 
‘TE. Beanden, President & CEO 

2311 Big Cove Road 

Huntsville, AL 35801-1351 
(256)533-3682 plv(256)536-0411 Fax 
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May 12, 1998 


Dr. Harold Varmus, Director 
"National Institute of Health 
Bathesda, MD 20892 

(B01) 496-1766 


Dear Dr Varmus: 


‘We have recently sent action documents to the Director of Nuclear and Counterproliferation, Office 
of the DCS, Air and Space Operations, HQ USAF and to the DoD (General Busbee) Assistant 
Secretary of Defense, as well as several Senate and House committees, which may be of interest to 
you. For one thing, we give the technical mechanism used to generate the Gulf War Syndrome. The 
Same weaponry is now being used to rapidly induce new strains of certain pathogens worldwide. 1 
urge you to closely read that section ofthe leter to MG Neary which explains the GWS, why the 
French did not get it, and why Southern Iraqis got an increase in cancer and leukemia but not GWS. 
‘Also explained is how the "microwave radiation" of the U.S. Embassy in Moscow induced diseases 
for decades, and how we failed to comprehend it because the standard EM model deceived us. 


‘There is a way to treat and quickly cure most diseases, including the mass casualties resulting from a 
terrorist BW strike on our civilian population centers, our military bases, or our forces in the field 
‘The method is little known, but was scientifically demonstrated in France in the 1960s and early 
1970s before cancellation of the Prioré Project when the French Government changed. Eminent 
French scientists worked on the project, and the results are fully documented in leading French 
scientific journals, References are listed in a separate attachment. 


Previously the Western scientific community has been unable to understand the technical mechanism 
responsible for such remarkable cures, because of serious foundations flaws in Westem physics and 
electrodynamics. Foundations physicists have long been aware our science is flawed, and have 
pointed out many of these fundamental errors. However, the operational science establishment has, 
not paid attention, even though physicists such as Feynman and Wheeler pointed out that the notion 
of "force fields in space" was totally wrong. 


‘Asa primary example, there is an "infolded” electrodynamics inside all potentials, fields, and waves 
that is far more primary than the coarse EM that is in our textbooks. It is actually an infolded general 
relativity, and this is what the Russians have weaponized. This infolded EM-GR has been ignored in 
the West (but not in Russia) since 1903, 


‘As another example the potentials, fields, and waves of present electrodynamics are rigorously 
defined — and exist — only in the presence of mass. They do not exist in such form (force fields and 
oscillating force fields) at all in space, in the absence of mass. Rigorously, Maxwell's equations are 
‘mass-to-mass transforms, since Maxwell and everyone at the time assumed the ubiquitous presence 
of the material ether. In other words, to the founding electradynamicists, there was no place in all the 
universe that was devoid of mass. Hence they defined all EM entities as entities containing mass. 
Even though Michelson-Morley experiments of more than a century ago destroyed that material 
ether, not a single Maxwellian equation has ever been changed! They still assume the material ether. 
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Specifically missing from our electrodynamics are two essential transforms: (1) the mass-to- 
spacetime transform, and (2) the spacetime-to-mass transform. In other words, these two transforms 
are "infolded” or hidden inside (comprise) the end point extremum case ~ the mass-to-mass transform 
actually written by Maxwell, 


But these two missing transforms are just general relativity (they correspond precisely to Wheeler's 
principle of general relativity). So general relativity has always been infolded inside electrodynamics 
as we know it, but ignored. Further, this is a very powerful general relativity, since it uses the very 
strong EM force as the agent of spacetime curvature. Hence now one can engineer a powerful 
‘general relativity in the laboratory and in practical devices, and even action-at-a-distance, which one 
cannot do using merely the staid and weak G-force. 


It turns out that longitudinal EM waves as shown by E.T. Whittaker in 1903 and 1904 are far more 
primary than our present EM theory and even our present GR theory. Both EM and GR are directly 
engineerable using longitudinal EM waves, including subluminal and superluminal EM waves in 
vacuum, and including action at a distance. One can engineer complexes of spacetime curvatures as 
desired, which in turn are spacetime engines (Wheeler's term). ‘These engines can act upon mass ~ 
either living or inert ~ in any fashion desired, and at any distance desired 


little-known and poorly understood Regeneration & Recovery (R&R) system — as contrasted to 

mune system — utilizes this exact "spacetime engine" methodology to restore damaged or 
diseased cells, within its limitations ~ "dedifferentiating" or "time-reversing” them back to normal, 
‘The mechanism is fully explained in the attached package. The proposed program applies this 
fundamental method to greatly amplify the effect. Thus cancer cells can be reversed back to normal 
cells, HIV-infected cells (HIV-factories) can be reversed back to normal cells (genetics and all), etc. 
This represents a dramatic and unparalleled new medical therapeutic methodology of extreme power. 
‘The same techniques can simply be conjugated one additional time, and used to produce diseases and 
cellular changes at a distance, including in entire mass populations, as the KGB is doing right now. 
Specifically, by impressing an extremely weak "cocktail mix" of disease spacetime engines on the 
USS. populace, the immune systems are reacting and being "spread thin’ across several "shadow 
state" infectious pathogenic conditions. Thus when an actual terrorist BW attack occurs, the lethality 
of the strike will be remarkably enhanced because the immune systems will be "thinned" in their 
ability to fend off this new pathogen. By doing it this way, BW warfare can actually be conducted 
upon the U.S. without anyone being the wiser. 


(Our very survival as a nation is threatened by remarkable KGB weapons using this fully documented, 
extended electrodynamics. Bluntly, unless we take off our scientific blinders and understand Russi 
energetics weapon science, GWS and the Embassy health changes in Moscow were just a picnic 
before what is upon us. After two decades of work on the KGB energetics weapon problem, we have 
fully deciphered the technical mechanisms and what energetics is, as well as citing many of the 
Russian weapon tests and how they were done, Again, you can see that for yourself in the package. 


‘Now that we understand the technical mechanisms, we are proposing rapid redevelopment of the 
Prioré process, in portable suitcase-sized units to be mass produced and filtered down into the entire 
emergency community for mass treatment of lethal infectious diseases resulting from BW strikes. 
‘And we are strongly urging the U.S. scientific community to quickly investigate and come to grips 
with this vast new biological engineering mechanism. Our very survival depends on it. 


‘The inclosed documents provide an overview of the process. There is nothing else on the scientific 
horizon that can save the majority of all those stricken Americans, once the first foreign-sponsored 
terrorist teams strike our population centers with BW agents. 


Sincerely, Incls: Full package with table of contents 


T.E. Bearden 
President & CEO 
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Figure 19. The world of physical matter exists behind a dramatic 10 “fitter 
in afiery cauldron of fierce and primeval EM energy flow. 
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Figure 17. Energy “collected” on a charge depends upon the charge being 
in acontinuous Poynting S-flow. When S ceases, there is no 
excess energy "collected" on the charge. Energy collection 


never occurs in chunks, but is always a dynamic, ongoing process. 
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Figure 31. Fiber fuse effect and its strange anomalies. 
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- Every dipole's broken symmetry in its energetic exchange with 
the vacuum already freely extracts vacuum energy. 

-In power sources, the dipole gates the extracted energy out as 
S = EXH, which flows almost entirely outside the conductors. 
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Figure 28, Lawandy’s experiment (Letokhov-Lawandy effect) with multipass, 
multicollection of energy. Formation of a quantum potential can 
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Figure 20. One human body produces more energy flow than all the electrical 
power loads on earth dissipate. However, only 100-200 watts of its 
‘own energy output is collected and dissipated by the body. 
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ik 


required cell types 
a Ray IB, 
Restoratiol of body TET acahitt ai 


partortissue 
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GROWTH 
DIFFERENTIATION 


INPUT STIMULATION 
DC SYSTEM (PAIN) 


——— ay 


CENTRAL 
DC SYSTEM 


MITOSIS 
DEDIFFERENTIATION 


—a——_ 
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STIMULATION OF = Log 


REPAIR CELLS 


as 


OUTPUT 
DC SYSTEM 


INJURY 
DC SYSTEM 


“Robert 0. B ecker, “Thesi 
potentiab 
1974, pt 
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Geometrical Distortion of Poynting Energy Flow 


At or near cere tnt cen , inthe case shown 
the energy collection fraction reaction cross section) 
increases cere tnt cen 


‘a 


a. Around an aluminum sphere b. Around an Lee sphere 
at light energy 8.8 eV. at light energy 
Absorption rile al 
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jency= 18.00. Absorption peat 0.4. 
Figures per Craig F Bohren, “How can a particle absorb more than the light incident upon it? 
Fibereah dourndl ct Phys, atta), AB 4008, 9. 338 
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Before the Big Ban 


Cosmic repulsion behaved like a fluid with 
negative pressure 


The "universe" inflated (expanded) as a "false 
vacuum" 


As the negative-pressure fluid expanded, its 
energy went up rather than down 


When inflation stopped, the false vacuum 
decayed from its excited state 


its excitation energy was released in a single 
great burst Paul Davies, Superforce, 1984, p. 194 
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BRIDGING ENABLES COP > 1.0 


S-flow, dé /dt flow, and EMF flow 


aa _ V>>0 = ey 

| dQ@dt : / \ 
1mo ! BLOCKER ! | | jpoo } 

| (Conductor) } \ 

= —_ + 
 ClosedCurrent = Closed Current Ee 
Loop A Loop B 
BRIDGE Patent Pending 

Current loop B is asymmetrically regauged by 
S, do /dt, and EMF flowfrom current loop A. ence ween 


brid jpe25:4.2005 1:32:57 
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Aspects of Strong Local Asymmetry 
——— 


® If local asymmetry is strong, conservation laws 
may be appreciably violated 

Energy 

Charge 

Spin 

Momentum 

Angular momentum 


® Properties of an object may differ appreciably for 
© Different observers 
* Different detecting means 
* One time to another 
* One position to another 


© TE Bearden 1995, 1995 


eeoeeoe 


= STRUCTURING THE INFOLDED EM INSIDE POTENTIALS, 
FIELDS, AND WAVES 
* Strongly breaks local symmetry 
*® Provides spacetime engines giving the above effects 


upeltww.eh 
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Other Aspects of 
Strong Local Asymmetry 


EEE 
= Local spacetime is curved © TE Bearden 1995, 1965 
= Lorenz invariance of vacuum is violated 
= May be a local “sink” or “source” 
= Gravitational-inertial effects from EM 
= Translation between virtual and observable 
= Electrogravitational solitons 
= Action at a distance 
= Transmutation effects may exist 
= Scalar/pseudoscalar field transiation 

= COMMENT: Thus the use of infolded oan 

EM fields and waves to strongly break loca 

interested 


spacetime curvatures. These spa 
structures are Dacca ance oF or rapacseine engines. 


‘tipiwww.cheniere-org/images/EM fn Os 


Bunge on the Status of 
Electrodynamics 


",.. it is not usually acknowledged that electro- 
dynamics, both classical and quantal, are ina 
sad state..." 

". the best modern physicist is the one who 
acknowledges that neither classical nor 
quantum physics are cut and dried, both being 
full of holes and in need of a vigorous 
overhauling..." 


*Mario Bunge, Foundations of Physics, Springer-Verlag, 


© 19% Te eeARDEN New York, NY, 1967, p. 176 
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Bunge on the Status of 
Electrodynamics and Physics 


"1. itis not usually acknowledged that electro- 
dynamics, both classical and quantal, are ina 
sad state... 

"... neither classical nor quantum physics are 
cut and dried, both being full of holes and in 
need of a vigorous overhauling..." 


"Mano Bunge. | , Springer-Verlag, 
© ron te cearoer New York, NY, 1987, p. 176. 
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Bunge on the Status of 
Classical and Quantum Physics 


",. itis not usually acknowledged that electro- 
dynamics, both classical and quantal, are in a 
sad state... the best modern physicist is the 
one who acknowledges that neither classical 
nor quantum physics are cut and dried, both 
being full of holes and in need of a vigorous 
overhauling not only to better cover their own 
domains but also to join smoothly so as to 
produce a coherent picture of the various 


levels of physical reality.” 


"Mario Bunge, Foundations of Physics, Springer-Verlag, 
© 198 TE BEARDEN (New York, NY, 1967, p. 176... 
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Fraction of Casualties Surviving 


FRACTION SURVIVING N=1-40 million 
10 
08 
06 
04 
02 
e | orc | 
ASUALTIES 
“ © weet & vearmen 
TYPE TREATMENT RECEIVED 
XPRESSED IN FRACTION SURVIVING 
With conventional treatment 
With 1st generation P-treatment 
© With 2nd generation P-treatment 
@ With 3rd generation P-treatment 
pw heirs or/images/EMnds sm -208 Ws p25. 2005 138215 
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MULTICELL 


AEROBIC" 
(INCLUDES MAN) 
SINGLE CELL : SINGLE CELL 
ANAEROBIC AEROBIC" 
CENTRAL CONTROL 
OXYGEN-RICH TIME-FORWARD 
——__ PATH AS IT 
DEVELOPED 
CANCER CELL 


———— 


TIME-REVERSED 
eo: <4———_ paT#For sUSTANED 
OXYGEN DEFICIENCY 


PARTIALLY, 
ANAEROBIC REKCSiG 
z FIRST STEP IN OXYOEN-DEFICIENCY 
© wor ewsen DEDIFFERENTIATION 
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Differentiation and Dedifferentiation Timelines 


CENTRALIZED CONTROL OF CELLULAR 
GROWTH AND REGENERATION 


ELI 
ae AEROBIC NORMAL HEALTHY WITH SOME DISEASED 
OXYGEN-RICH ENVIRONMENT halal 
Loe Oe ul ee een 
OPE: ©1007 Barn FOR HEALING OF CELL DAMAGE 
TIME-REVERSED TIME-REVERSED 
=— ee —_— Ome PATHFOR PATH WHEN NORMAL 
‘SUSTAINED PUMPING FAILS TO 
SINGLE CELL SINGLE eh Le hs 
MORE 
ANAEROBIC AEROBIC 
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Evolution of Cells on Earth 


CHANGE OF 
ESSENTIALLY ATMOSPHERE 
ANAEROBIC TO AEROBIC 

(INCLUDES: 
OXYGEN) 


BIOGENESIS 
FACULTATIVE WHITE CELLS: BONES 
ANAEROBES KILLERCELLS ORGANS 
gaues’ Gmteest, re 4 
‘BOTH AEROBIC 
‘SINGLE CELL AND ANAEROBIC) STRUCTURES 
‘SHIELDED 
FROM OXYGEN “ NOTE: LMITE D ANAEROBIC RESPIRATION 
‘STILL TAKES PLACE IN HIGHER AEROBIC 
UFE FORMS, INCLUDING MAN. 
EVOLUTIONARY TIME 
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EVOLVE TO 
MULTICELL 


AEROBIC” 
(INCLUDES MAN) 
CENTRAL CONTROL 
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(A proposed formal definition 
of a charged mass) 


Se Ley * 
~ VACUUM ~ . 


"curiously enough, we do not 
know exactly what charge &, 
only what t does. Or, equally 
significantly, what itdose = not do.” 

MP. Silverman, dod Yett Moves: Stange 


CambidgeUriversity Press, 1903 p. 127. 


© T.E. BEARDEN 1997 


coupled together (interacting). Q is a broken symmetry. The mass of the charge 
continually and violently exchanges virtual photons with the surrounding vacuum. _ 


ragesEMFadas/m%¢20Chargel ip ( 


An electric charge Q consists of a massless flux component and a mass component, [ 


ups ww.chenie 
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Thus Q is energetically driven by the surrounding vacuum potential, which itself is to 
first order just a violent virtual photon flux. 
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The Ubiquitous Assumption: Two 
Asymmetrical Regaugings for Net Symmetry 


ply che 
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eysercriest Patter tots Bhd Symmetry 


He says he will do the 
regauging foryou. Hey, 


at a swell guy! 


© 15. ceArOEN 
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The Ubiquitous A ption: Two 
Asymmetrical Regaugings for Net Symmetry 


Siwaye de Rave 

je always do it that way! 
itibrium oy the second 
of thermodynamics!". 


Hed 
We 
We 
equ 
iw 
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Ss Nbal He 
~VACUUM ~— 


Note: X is a coupling 
operator 


virtual 
photon 
flux 
exchange 


%q 


"curiously enough, we do not 

know exactly what charge is, 

only what it does. Or, equally 

significantly, what it does not do.” 
MP. Slveman, And'Yetlt Moves: Strange 


‘Sistem and Suttle Questions in Physics, 


Cambridge Universi Press, 1293, p. 127 


@ tweet e vesroeN 


An electric charge q isabroken symmetry in its fierce energy exchange with the active vacuum. 
It coherently integrates some of the virtual energy absorbs and outputs it as Poynting energy flow. 
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Chung's Carbon Filament Negative Resistor | 


-] 


UNIVERSITY AT BUFFALO, NY 


oSS8 
SSS 


© WBTE Beween 


Wout> Win 
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Typical circuit has about 10-13 
energy collection efficiency 


willZ © 
\ oA 


Zs 
DS @ > Q too. sere amnen 


E 
$e) Sage of Deep space 
s ‘system 
ens Distance traveled by S in one houris 1.08x10exp(12) meters. 


===" Example: 1.3 amps flowing in DC circuit, 1.8 mm diameter copper wire. J =51 Aicm2 


S violently transports provided fromthe source. 
4,=0.1368 meters | Sluggishly transports the energy collected and dissipated in the 
circuit. 


For the case discussed, the electron drift velocityin the circuit is about 
3.8 x 10 * meters/sec. So Jj moves about 0.1368 meters in one hour. 
Thus J? has collected about 0.1368 meters of the ¢-filled Stube. During 
that same hour, the S-flow evoked by the power source will have 
traveled 1.08x1012meters. The ¢ of both currents is the same. Both 
are involved in the same cnergy-ited tube. Thus S has provided and 
transported about 7.89x1012 times as much energyalong the circuit 
in one hour as the j) has been able to collect, transport, and dissipate 
as work in the circu. Thus this eeult provides about 181° cotection 
cy. 


ntpeivww.cheniereorgimages/EM nds /m'20CkIColleff pg2S4.2008 1:47:15 


|tipiwww.cheniere-org/is 


S Classical View of EM 


= Potentials just mathematical conveniences 
— Not real 
— No internal structure, just magnitude 
= Force fields primary, causative, can exist in space in absence 
of observable mass 
— All EM actions due to force fields, none when zero 
— No action at a distance 


ses/EMfndns1/ClassEM 


tr, 


Inupiwww.cheniee Mndast/Cla 


Lhitp://www.cheniere.org/images/EMindns I/CurveST1%20sm. jpg 


Curved Spacetime 
_acts as source or sink 


= May emit excess adiation 
and energy (e.g., heat) 

= May absorb radiation and 

energy (e.g., cool) 


= May transduce waves 

TW os LW os TOW 
=Newen 

law ap 
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BE_ CHRONIC DISEASE PUZZLING 


™ SCIENCE REALLY DOES NOT UNDERSTAND: 
THE MECHANISMS OF A SINGLE CHRONIC es 
DISEASE, INCLUDING CANCER 


m MANY TROUBLING FACTORS EXIST Or 
— MIND Vast 


= COMBINATIONS inten 


= GENERATION OF THE PLACEBO EFFECT BY THE 
CELLULAR REGENERATION SYSTEM IS UNRECOGNIZED 


peste 
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‘Cancer Characteristics 


» Not one disease, b buta whole range 
Starts in damaged aerobic cell 
e Cell shakes off body's central control 
= Starts uncontrolled 
- Becomes a lump 
e Can send forth cancer cells 
- Through blood 
— Through lymph 
e Form metastases (secondary tumors di 
e Often become anaerobic 


ply che 


a Cancer Enigma 


e An enigma has been failure of immune 
system to attack some tumor cells 
— Suppressor cells may curb immune system? 
— Tumor may lack antigens normally identified 
by the immune system? 
e Promotion of damaged cell to cancer is 
usually ordered by cellular control system 
- Regenerative and recovery system forces 
cell back toward anaerobe 
- First step breaks free from central growth 
- Control continues to recognize cell as self 
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i | CANCER: CHARACTERISTICS 


© NOT ONE DISEASE BUT A WHOLE RANGE 
© STARTS IN ORDINARY (AEROBIC) CELL 
© CELL SHAKES OFF BODY'S DICTATORIAL CONTROL* 
© STARTS UNCONTROLLED DIVISION 
© BECOMES A LUMP 
© CAN SEND FORTH CANCER CELLS 

= THROUGH BLOOD 

= THROUGH LYMPH 
© THESE FORM METASTASES (SECONDARY TUMORS) 
© OFTEN BECOME ANAEROBIC (NON-OXYGEN USING) 
© ENIGMA IS FAILURE OF IMMUNE SYSTEM 

TO ATTACK SOME TUMOR CELLS 


Qs te mete 


SYSTEM 
*R&R system forces celi back toward anaerobe 


] 
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PORTION 
E, =INCIDENT WAVE DISTORTING MEDIUM 
2 = TIME-REVERSED WAVE 


© 8.125, om TE weAnOEN 


“If a scalar wave E;(r) propagates from left to right through an 
arbitrary but lossless dielectric medium, and if we generate in some 
region of space [say near z= 0] its phase conjugate replica E2(r), 


then E2 will propagate backward from right to left through the 
dielectric medium, remaining everywhere the phase conjugate of E'." 
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The Electronuclear Reaction; 
Nuclear Reactions in TR-Zones (1) 


@ Nucleon interchange 

— Changes neutron into proton and vice versa 

= Athigh rate (flat spacetime assumed) 
® Statistics become skewed| due to curved) ST 
© Can bias statistics toward either neutron 

Or proton end) 
— Biases toward transmutation of elements 
along isomer chains 
— Concept of “isomer” is vastlyexpanded = =... 


ply che JEMindns/Elecaue 


VEMindas 1/ 
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The Electronuclear Reaction: 


Nuclear Reactions in [R-Zones (2, 


© Normal dynamics (impulses) may reverse 
— Like charges attract, unlike charges repel 
— Positive charges cluster (are drawn together) 
— H+ ions (protons) may form quasi-nuclei 
— Nucleus coulomb barrier becomes assistant 

® Many “impossible” reactions now possible: 
— Quark access and quark flipping by EM 
— Jon clustering @ mre evan 
— Positive charges as phase conjugate mirrors 
— Time-density waves and ime-energy charging 


The Electronuclear Reaction: 
Nuclear Reactions in TR-Zones (3) 
ay 
© Not observed) until time-energy charging 
has become substantial 

— Time delay (hours, days) 

— Transduction of LW --> TW involved 

— Specific time-charging history of detectors 

is involved in twhether they detect or not 

— Longitudinal EM waves become significant 
® Curved spacetime can act as source or sink 

— May emit excess radiation 

— May absorb excess radiation 
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In Time-Reversed Zone: 


1990 KE.BEARDEN 
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In Time-Reversed Zone: 


ipg25.4.2005 1:58:07 


Time-Reversed Zone: 


pest 
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A New Conservation of Energy Law 


peste 


Physics conserves total "energy and mass-energy" 
Now also must consider "time-energy" 

Conserve total mass-time-energy (spatiotemporal 
energy) 


Let ET = total energy, Em = mass energy, 
EE = ordinary energy, and Et = time energy. Then 


ET=Ee+Em+Et Oats teva 
(kEt => EE> 0) => Et>(Em+ Ee) 


If some Et is transduced into EE , the experiment will 
violate the old spatial mass-energy conservation law 


“Midas /Elecnuc 
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QUESTIONS ON CARCINOGENS San 
AND EM RADIATION 


m UNRESOLVED QUESTIONS ON EM RADIATION 


— DOSAGES 
ACTIVE MECHANISMS 
= REPLICATION DIFFICULTIES 
— MEASUREMENT DIFFICULTIES & 5 
a Oy 
~~ 
4 


WHERE, WHEN, HOW ILL EFFECTS OCCUR 


@ SIMILAR QUESTIONS EXIST ABOUT EVERY 
CARCINOGEN 


@ SCIENCE REALLY DOESNOT UNDERSTAND THE 4 
MECHANISMS OF A SINGLE CHRONIC DISEASE, © 1994, 1995 TE. Bearden 
INCLUDING CANCER 

— FACTORS SUCH AS MND, STRESS, SPONTANEOUS 
REMISSION, PLACEBO EFFECTS, AND COMBINATIONS OF 
FACTORS ARE PARTICULARLY TROUBLESOME 

= GENERATION OF THE PLACEBO EFFECT BY THE 
REGENERATION & RECOVERY SYSTEMIS UNRECOGNIZED 
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As defined, fields and potentials only 
existin and on charged matter 


E=Fiq goexh “2 Noor 


in vacuum. | 


Source qis a 
broken symmetry 
in vacuum flux 


Assumed perpetual 
motion machine caer Bales b 
in classical EM “pileup" = joules continuous! 
SoE=-V6 Sa pr enrecrien fot 
distortion zone around 
a point coulomb 


Electrodynamics has nothing to say about what 
exists in space in the absence of mass. Ow re wewoen 


apr 


Eun EMdeins120sm,jpg25.4.2008 2:01:46 
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Serious flaws and errors 
in classicalEM theory. 


Eliminates the Internal EM Inside the Scalar Potential, 

No Definition of Electrical Charge orof Scalar Potential. 

Equations Still Assume Material Ether Per Waxwell (Unchanged), 
Use of Force Fields in Vacuum is False (and Known to be So), 
Treats Charge qas Unitary Instead of Coupled System q = $lqim (q), 
Contuses Massless Potential Gradients as Forces (See #3, #4), 
Does NotUtilize Mass asa Component of Force (See #23), 


Erroneously Assumes EM Force Fields as Primary Causes, 
Topology of EM NodelHas Been Substantially Reduced, 

Does Not Include Quantum Potentialor Action ata Distance, 
Does Not Include Superiuminal Velocity of Inner EM Components, 
Does Not Utilize Extended Near-Field Coulomb Gauge Effects, 
Does Notinclude EM Generatrix Mechanism forTime Flow, 

Does Not Unify Photon and Wave Aspects (Requires 7-D Model), 


Does Not Include Electron Spin and Precession (See #19, #24), 
Treats EM Energy As Existing In"Chunks,’ Instead ofas Flow, 
Confuses Energy and Energy Collection (See #16). 
Discards HalfofEvery EM Wave in Vacuum (See #22), 
Erroneously Uses Transverse Vacuum Wave; It's Longitudinal. 
Arbitrarily Regauges Maxwell's Equations to Ellminate Overunity, 
Omits Phase Conjugate Optics Effects (The Rule in Internal EM ), 
Does Not Include EM Cause of Newtonian Reaction Force. 
Erroneously Assumes Separate Force Acting on Separate Nass, 
Confuses Detected Electron Precession Waves as Proving Trans. 
verse EM Waves in Vacuum (Remnantof Qld "EM Fluid" Concept). 
Due to Error in String Wave, Omits the Ubiquitous Antiwave. 
Assumes Equilibrium NotTrue Unless Include Vacuum Interactions. 

» Higher Topology Required, to ModelElectrom agnetic Reality. 

. Lorentz surface integration discards Poynting energy transport, 

» Has nothing atallto say aboutform of EM entities in massless space. 

. Eliminates the infolded generalrelativity using EM-force as curve agent, 

» Does notinclude longitudinal EM waves as tine domain oscillations, 

. Doesnotinclude EM mechanism that generates time flow and flow rate. 


© Te veR een tT 
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Michetson-Morley 
experiments, 1880's 


ne 
4 Now we are not using 
‘a material eth 


napevww.cheniee 2005 2:04:08 
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" REACTION TO Loss OF MATERIAL ETHER 


Material Ether 

Assumed in 

Equations Nota single 
equation was 

Potentials, changed! 


Bre rence 9 


Trust us! The ‘equations @ 
not need changing. 


Fluid 
Disturbed 


CAUSE 


© TE GEAROEN 1998 


nspevww.cheniee, 


Okay! We will just 
measure material 
entities, and call 
them nonmaterial. 


2005 20545 


‘Einstein's 
spacetime 
hasn't been, 
born yet 


Material 
Electric 
Fluid 
Disturbed 


EFFECT 
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GALLOPING WAVE. 
TRANSVERSE 
WAVE THAT VARIES: 
VELOCITY ALONG 
Z-DIRECTION, IN 
WAVE FASHION. 


TIME-POLARIZED 


(TIME ENERGY) 
(Ex:0.01 c- 100¢) OSCILLATIONS 
3-SPATIAL | SCALAR WAVES. 
ENERGY DENSITY X, ¥,Z FIXED. 
OSCILLATIONS T VARIES. 
HAMEVERGE NONOBSERVABLE. 


VARIES; Z FIXED. 


[— PSEUDO-LONGITUDINAL 
WAVES. X AND Y VARY 
ALITTLE, SURGE OSCILL- 
ATIONS IN Z DIRECTION. 


|__ LONGITUDINAL Waves. 
X AND Y FIXED: SURGE 


| WAVES. AND Y TRANSDUCTION 
ENERGY DENSITY ~<a 


OSCILLATIONS IN Z DIRECTION. 


}— TIME DENSITY OSCILLATIONS 

X. ¥, ZENERGY DENSITY DO NOT VARY.. 
TINE DENSITY VARIES ALONG 

TIME DENSITY NOTOBSERVABLE, BUT 
TRANSDUCTION IS OBSERVABLE. 


| TIME DENSITY OSCILLATIONS 

X, ¥, ZENERGY DENSITY FIXED. 
TIME DENSITY IS NONOBSERVABLE, 
BUT TRANSDUCTION 
IS OBSERVABLE. 


~<——- TRANSDUCTION ——— 


© TE BEARDEN 
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Air Medium Disturbances Generated When 


Air is Perturbed Loy a Plucked Taut String 


The iis wave and 
the holde 


Wave is 
alternatively 
compressive 
and 
rarefactive 


at? 7S Unees deigve ot es 


© en. 10057,€. weanoen 
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Launching a Spacetime Perturbation 
("EM Wave") from a Wire Antenna 


f time forward 
slap (electron) 
ELECTRON SHELLS ye revered 
_(DAMPED) \ skp Grobe) 

/ 

4 Modulations of 

; Virtual photon flux 
Baa of the QM vacuum 


By omitting the nuclei perturbation wave, Maxwell 
omitted Newton's third law from electrodynamics 


@ TE BEmOEN 1004 100 
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TRANSVERSE EM WAVE PLUS LONGITUDINAL EM SURGE WAVE 


PHASE CONJUGATE REPLICA WAVE 
. 
HM ANT 


—— 
TIME DENSITY WAVE 


Oscillates rate of flow of time 
about some average value 


LONGITUDINAL EM WAVE PLUS : 
PHASE CONJUGATE REPLICAWAVE © ““*=o""™ "= 
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Scalar Electromagnetics 
So (Energetics) View of EM 


e Potentials real; primary causes of EM phenomena 
- Force fields made by differentiations of potentials 
— Force fields are effects, not primary causes 
= Force fields exist only in, on mass particles 
e Actions due to potentials and their interference 
= Action ata distance or locally 
= Quantum potential and hidden variables 
e Locally curved spacetime, engineerable by EM 
— Gravity effects not necessarily negligible 
= Strong EM force or time used as agent of curvature 
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Se Scalar Electromagnetics 
(Energetics) View of EM (Cont'd) 


e Potentials have internal structure 
— Stoney/Whittaker st 
= Longitudinal EM ph jugate wave 


— Each wavepair is a time-polarized EM wave 
e Vacuum EM is a potential and has 

microstructure 

= Stoney-Whittaker biwaves/-polarize 

— Fluctuations exhibit chaos 


e Spacetime = Vacuum = Potential = Flux 


Scalar Electromagnetics 
(Energetics) View of EM (Cont'd) 


e Statistics may have hidden order (already 
chaotic) 

e Uses spacetime curvature engines to 
alter matter (inside-out or outside-in) 

e Engineerable EM mechanism generates 
rate of flow of a mass through time 


* Quantum potential with specific QP can 
be used for instant action at a distance 
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ended General Relativity Principle 
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© Theorem: W=k,- kj =Ak [1] 
© k must be interpreted not as energy per se, 


psf chenies 


but as collected/collecting energy. 


The reaction cross section / for the collecting 
process must be included. 


Extension’ W= 2(ky- k,) =2Ak [2] 


Normally 4 <1, as for elastic collision or Stokes 
emission. 

However, 2 > 1 is now possible, for processes 
which asymmetrically self-regauge. An example 
is Letokhov's negative absorption of the medium. 


Working models are the Patterson Power Cell® 
and Lawandy lasing without population inversion. 
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e "Space acts on matter, 
telling it how to move. 


e In turn, matter reacts 
back on space, telling 
it how to curve.” 
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Use of General Relativity (GR) 


in Particle Physics 
_———————————— 
* GR seldom used in particle physics © mre seven 


¢ Incold fusion, Matsumoto* has applied general relativity 
® Consistent with important cold fusion results 
e Used spacetime (ST) curvature by energy density 
¢ Matsumoto did not utilize: 
= Longitudinal EM waves 
= Time density waves 
= Time density curvatures of ST (gain = 9x10is) 


* T. Matsumoto, “Mechanisms of Electro. Nuclear © calico. 
CF-7, Vancouver, BC, Canada, Arr 1998, p 93 
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THE MISSING INFOLDED 
ELECTRODYNAMICS 


pes reaped iat reybou EM 
entities in space or theirform 
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INTERNESTED SPACETIME CURVATURES 
(ACUUM ENGil 
INFOLDED GENERAL RELATIVITY 
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Infolded Engines: 
Excluded by Present Physics 


Fae crac cretion 
electromagnetics, or quantum m 

> None of these disciplines include such 
Spacetime curvature engines (vacuum engines) 


oe ee tar 
unification mainly occurs 
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Mass curves and structures spacetime; 
Si curvatures Hl and structure mass 


ot curvatures Propagat, 


ss-to-spacetime spacetime-to-m: 
transformation transformation 


he a 


stc spacetime disturbance 
(vacuumengine) 6 trccmcenim Propagates 
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At Infinite Velocity: 


<@©> Each Is Every Other 
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* THEORY DEVELOPED AND FITTED 
* HYSTERESIS MEMORY LOOP 


* CONTROLLED EM INDUCTION 
* IMAGES 


* SENSATIONS 
* PREDETERMINED EMERGENCE 
* 23 EEG BANDS 
* UPTO 8.1X100 HZ 
11 INDEPENDENT CHANNELS 
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S.K. Lisitsyn, “New Approach wo the Amilysis of Electroeneephalegrans,"" 
DDC Report AD73005,p. 16:25. 
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How can they use that old 
physically insignificant wind?!! 


© TE BEARDEN 1958 


Lorentz's physically insignificant energy flow can be collected and utilized. 


pv 
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Sour 


1a. Lorentz surface integration. 1b. Actual S in and S out. 


Note: if the S-vector Is integrated over the closed surface, then 
all energy transport passage Is zeroed, leaving only the 
very small component of the Input S-flow that is powering 
the joule heating of the resistor. In short, only the small 
component of the S-flow that is equal in magnitude to 
the Slepian vector j? remains. This measures only the tiny 
portion of the S-flow that is “collecting” on electrons 

passing through the resistor, and therefrom being 
dissipated out of the resistor as joule heating. It discards 
everything else (all Sygs and Sou). Si becomes Sr. 
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* Creates time-density wave pumping 


= Slowly creates time-density ie # eos 
» 
.) oe ~ es = os oe” 
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Fundamental units are arbitrary in physics 
Can express all physics in one unit -- e.g., time 


Time is highly compressed energy 
1 sec =8 x 10js joules of transverse EM wave eneray 
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Figure 1-8. Infolded biwave composition of a scalar potertial. 
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Maxwell's Quaternion Theory Hp 
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e Quaternions: 
— Discovered by Hamilton in 1843 
- Aquaternion has a vector part 
— A quaternion has a scalar part 
— First significant non-arithmetic number system 
— Higher topology than vector or tensor algebra 


e¢ Maxwell's theory was in quaternion equations 
— 20 equations in 20 unknowns 


— Reduced to a small 4-equation subset 
by Heaviside and Gibbs 
— EM topology dramatically reduced 
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Maxwell's four equations reduce to: 


vo sity ° A)=-4 20 


Neen eae g 
co a c 


Ais replaced by A’, where 
A =A+VA 


The new B' field then becomes 


B=Vx(A+VA)=VxA+0=VxA=B 
A new E-field will also be formed. So let 


© TE BEAROEN 1997 


images/EMIndas/MeqnsRegsm jpg25 4.2005 2:25:43 


of2 


[1] 
[2] 


[3] 


[4] 


[5] 


‘tipiwww.cheniere-orgyimages/EMfndns/MegnsReg. 2wmism. jpg 


Page 2 of 2. 
Per Jackson, (A,®) are habitually chosen so that 


Ven ee 26 [6] 
ce ét 


The net symmetrical regauging separates variables. 
Two inhomogeneous wave equations result: 
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Equations [1] and [2] arbitrarily changed to [7] and [8] 
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The Tom Bearden 


Website 


Life Systems 
Toward the Beginning of the End 


NAURWNHE 


. Toward the Beginning of the End: Capstone Presentations 
. Toward the Beginning of the End 

. Biospheric Evolution 

. A Living Biological System 

. The Evolutionary Path of Multicellular Organisms 


. To Paraphrase Churchill 
. Directed Evolution: Mechanism for Species Reactive 


Adaptation 


. Earth's Poynting Energy Flow 

. The Immune System 

). Mind and Matter Interaction 

. Levels of Consciousness and Unconsciousness 


. Access to Mind, Memory and Thought 


. Velocity is Rotation 
. Species Reactive Adaptation: Directed Evolution 


. Technology's Goal 
19. 


. Technological Species' Problems 


Technology's End 
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‘The Tom Bearden Website 


The Tom Bearden 


Website 


Briefings 


One of Tom's first public lectures: World Futures Society 1982 
Other panelists included James Beale, Carol Rosin, Barbara Marx Hubbard and Glenn Doman. 
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The "Porthole" Concept 

Extension of the Priore Method of Healing as applicable 
to the treatment of biological warfare effects and cellular 
afflictions such as cancers, AIDS etc. 

NEW 


Hubbert's Peak: The Impending Oil Crisis, by Professor 
Kenneth S. Deffeyes 
Book Review and Slides 


A National Report on America's Energy Crisis 
by Energy Secretary Spencer Abraham - March 19, 2001 
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Commentary and Slide Show (66) by Tom Bearden 


A Visual Tour of what they don't want you to know 
about electrical circuits 
10 Trillion Percent of the Current Produced is Wasted! 


Weapons Slides 


The 
85 slides 


ing Infolded Electrodynamics 


A Brief Technical Background to the Extended Priore 
Healing Methodology 
11 slides 


Briefing sent by Tom Bearden to Defense Department, 
National Institute of Health, USAF, National Science 
Foundation etc. re extended and improved Priore 
Treatment to counter mass casualties from Biological 
Warfare 


Letter to DHHS re adoption of Priore technology 
24 June, 1998 


e Letter to NIH re adoption of Priore technology 
12 May, 1998 


Towards the Beginning of the End - Lecture in Florida for 
Capstone Presentations, Sept. 1998 
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Life Systems 


TOWARD THE BEGINNING 
OF THE END 


Return 


Interactior 
Toward the Last Human State 
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« Totality or starts all over again 


©) 1 CARON HE. 


Return 


Previous 


Life Systems 


A Living Biological System 


‘The body's cells and their parts are linked by a mutual quantum potential. 

Mind and thought (from a mindworld) occupy the internal SW biwave 

structure of the GP to that body, being continually disconnected and 
.cted by the photon interaction generatrix for the flow of time. 


‘SCALAR POTENTIALS. 
Oreo re wearoen 
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Life Systems 


The Evolutionary Path of 
Multicellular Organisms 


Bpeser 
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ANAEROBI 
ATMOSPHERE 


SINGLECELL 
ANAEROBIC FACULTATIVE 


‘ANAEROBES KILLER CELLS ORGANS coed 
OBLIGATORY (SINGLE CELL es ree 
ANAEROBES BOTH AEROBIC Ot eee 
SINGLECELL AND ANAEROBIC) 
‘SHIELDED * NOTE: LIMITED ANAEROBIC RESFRATION 
FROM OXYGEN ‘STILL TAKES PLACE IN HIGHER AEROBIC 


LIFE FORMS, INCLUDING MAN. 


(© TE BEARDEN 1999 
EVOLUTIONARY TIME 
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Life Systems 


@ In technology, we 
have not reached 
the end, or even the 
beginning of the end. 


@ Perhaps, however, 
with the emerging 
technology, we have 
reached the end of 
the beginning. 
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Return 


Note: 
(magnet north pole) Should 
b, MAGNETIC FIELD OF THE EARTH be 

GENERATOR 
POYNTING g 
¥ FLOW 10 
‘AROUND E: 
FROM WEST TO EAST 


(BIDIRECTIONAL INFOLDED ENERGY 


PONT row The Te —&. FLOW OF POYNTING ENERGY IN THE 


EQUIPOTENTIALS) EARTH-ELECTROSPHERE CAVITY 


Circles the earth from west to east, in the earth-electrosphere capacitor. 


© TE BEARDEN 1997 
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Life Systems 


Ti vne een Hnatter: mind, life, death, 
Function of the extended quantum potential” 

- Nature of conscious an and unconscious mind 
Gaiaa and collective species unconscious mind 
EM topology vs. mind and matter interactions 
Paranormal phenomena: Mechanisms 


Unsuspected EM effects on biological systems 
> Recovery system: Use of scalar "internal" EM 
» Vacuum engi nes, | death rays, and healing rays 
Priore's scalar EM | therapeutic method “5 
Resolution of the fundamental technological species | 
blem: The Lady ute Tigers 
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Life Systems 


Access to Mind, Memory, and Thought 


e Internal Whittaker channels in Body 
e Used for master control functions 
— Mind, memory, thought 
= Master cellular contro}. 
— Immune system 
— Regenerative system 
e Dynamics infolded inside longitidinal 
EM biwave structure of scalar potentials 
e Gives access to mind and control software 


© TE BEARDEN 1957 
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Life Systems 


U.S. Intelligence Statement 
on Soviet Psi Research* 


= Sooner or later, Soviets may be able to 


Return 
-Know: to Slide 
e Contents of documents Index 


e Troop and ship movements 
e Installation locations and nature 
—Mold thoughts at a distance : 
— Disable equipment at a distance RP = 
—Kill persons at a distance a 
= Comment: Soviet psychoenergetics is a physics, not 


Western parapsychology. Much of this capability now 


exists and has been weaponized in action-at-a-distance 
weapons. 


‘Controlled Offensive Behavior - USSR (U) 
DIA Report ST-CS-01-169-72, July 1972 
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Mind and Matter 
Interaction 


A higher topology science 


and a new becoming 


Raed alsin aly Conscious and Unconscious Minds: 


thingor «Serial vs. Massively Parallel Processors 


operation CONSCIOUS wha 


Parallel processor. Millions of 
simultaneous things and operations. 


( i 
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@ VE. OEARDEN 1990 


+ Conscious mind Is a functional 
projection from the unconscious. 

« When asleep or unconscious, have 
withdrawn the “serially consclous™ 
function back into the unconscious. 

+ For sleep, not total withdrawal, must 
awaken easily for survival. 


Velocity Is Rotation 


Next 
Slide 


Return 
When velocity v=c, afullrightangle to stide 
tum has been made, and the object Index 
has "lost" its projection along its — 
direction of motion. Hence Itappears previous 
as a2-dimensional plane movingat = stig 
the speed of light in short, a photon —— 
ora light wave. 
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a Technology s Goal ee 


® Make things ever, 


Return 
= Smaller re 
= More powerful 
= Cheaper Slide 
= Simpler Previous 


Slide 
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Conclusion 

Handheld 

it can destroy the earth 
One man can afford it 
Thousands can build it 


With the in 
tices narmes es oY 
point. It poses the end of humanity, on the present course. 
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TECHNOLOGICAL SPECIES’ PROBLEM 


TECHNOLOGICAL SPECIES PROSLED 
© Intelligence as adaptabi 
=- Handware aaa DNS eae 
— Software implications zo 
® Two major kinds of intelli ence 
— Technological (tool-using) ee, 
— Nontechnological (nottoobusing) ~~ 


© The technological species is a self-killer 
— Tools become ever more powerful, pare She 
= Dominates its biosphere 
— Achieves power to easily destroy self, biosphere <@. Peedi 
— Adapts its tools into its own intraspecies conflict op | Slide 
— Eventually will destroy own species, much or all of biosphere 
© The human collective unconscious mind is insane 
— Severe dissociation technically defines psychosis 
= Collective conscious mind is fragmented into 6 billion pieces 
@ The solitary human problem: How can "free will" be Vos but 
absolute control reinstated over intraspecies conflict? 
@ Must engineer next step in human evolution, for the entire species 


= Mind takage, entire species 
- Jung’s lective unconscious acquires a collective conscious 
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@ Electrodynamic is seriously flawed 
= Some major flaws 
= Corrections indicated 


© Why past corrective attempts failed 
— Force field concept is material 
= Missing two infolded transforms (M->ST; ST->M) 


® Missing Infolded general relativity inside electrodynamics 


@ Several Kinds of EM Waves in Space 
= Howto make 
= Transduction 


@ AFrench medical example as a deep experimental demonstration 
= Spectacular regenerative cures funded by French Govt 
= Not comprehended, therefore suppressed 


@ Cold Fusion examples of time-density wave effects 
— China Lake instrumental anomalies in electrolysis 
= Explanation of anomalous behavior of instruments 
= Explanation of new nuclear reactions 
= Wave energy transduction provides excess heat 


— Urge theorists to consider dramatically new reactions 
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Potentials, changed! 
Fields, and 

Waves 

Assumed 

Material fo arenel 


a di 
Trust us! The jons 
do not need cheane. 


ELECTRODYNAMICISTS 
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SPACETRAE 
+ RerTureations 


Material Material 
Electric Electric 
Fluld Fluid 
Disturbed Disturbed 


‘We will just 
CAUSE 2 EFFECT 


entities, ani 
© rencmven ss66 them nonmat 
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Bunge on the Status of 
Electrodynamics 


".. it is not usually acknowledged that electro- 
dynamics, both classical and quantal, are in a 
sad state...” 

"“... the best modern physicist is the one who 
acknowledges that neither classical nor 
quantum physics are cut and dried, both being 
full of holes and in need of a vigorous 
overhauling...” 


"Mario Bunge, LEE Springer-Verlag, 
1987, 


@ were cenwen Naw Yok. NY. 


Published by Lotus® Freelance Graphics® 


10 im24.11.2003 19:01:54 
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Bunge on the Status of 
Electrodynamics and Physics 


“.. it is not usually acknowledged that electro- 
dynamics, both classical and quantal, are in a 
sad state... 

".. neither classical nor quantum physics are 
cut and dried, both being full of holes and in 


need of a vigorous overhauling..." 
Mari Bunge, Foundations of Phusis, Springer-Verlag, 
© mre searoor Naw You. NY. 1007, p. 170, 
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fe 


Surface charges in conductors form a distributed dipole 


LE 
peas 


liii@qFsolil || 
SHES 
ICAO a 
nO=g-=O]H 
@—+Orn 


Electrodynamics has nothing to say about what exists in space in the absence © 


3 


As defined, fields and potentials only 
exist in and on charged matter 


Es <Fiq gc ett 772K Note probi 


in vecnian 
Source qis a . ’ 
broken symmet ‘ ‘ 


reece 


\y : S=ExH 
: /— : 
aeaueee erpetual [ i= 
motion machine ; pam Point 
in classical EM Re in front coulomb iden Garéhaiioisaly 
? ‘in geometrical flow 


distortion zone around 
@ point coulomb 


__Blecirodynamics has nothing to say about what 
“exists in space in the absence of mass. ow tssinm 
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WAVE IN STRING (TRANSVERSE) 
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Air Medium Disturbances Generated When 


Air is Perturbed by a Plucked Taut String 


The string wave and 
the holder wave 
never leave the 
string and holder 
respectively. 


String sl 
see 


Wave is WAVE IN STRING (TRANSVERSE) 
altornatinaty ww _Caony ater 
compressive 


Drude 
and = a Electron 
rarefactive 


Gas waves: 
eicucnee. Nuclear 
7] HIN an ANTIWAVE IN proton 
HOLDER waves, 
Bow at clans Highly damped; not shown to scale) 


© vam se nearest air medium 
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time forward 


cues ' 


slap (electron) 
ELECTRON SHELLS 
(DAMPED) r | ams ia 
x 
A Modulations of 
virtual photon flux 
eee intensity 
NUCLEI 4 ofthe OM vacuum 
(HIGHLY DAMPED) ew \ / 
a VW 


‘A (@) /é 
@@® Sunthstemirrehteta a tert 
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‘TRANSVERSE EM WAVE PLUS PHASE CONJUGATE REPLICA WAVE 


a) 


WAV bine o> 


LONGITUDINAL EM WAVE 


SCALAR (TIME-POLARIZED) 
DENSITY WAVE 


Oscittates rate of flow of tinte 
abouts ome average vakre 
barrier EM WAVE PLUS @ reser om om 
CONJUGATE REPLICA WAVE 


PHASE CON CONJUGATE REE REPLICA WAVE 
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‘Time-Polarized (Scalar) EM Wave 
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me-Polarized (Scalar) EM Wave 


Rate of flow 
of local time © Te seNnDEN 


Time-density wave: Time flow rate 


Amplitude vs. dilates and compresses rhythmically 
observer time 
Paticle with Particle with 
dense time-chage thin time-charge 
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Mechanism for the Flow of Time 


SPATIAL SPATIAL 


MASS 
3 


Dome remem 


(AE)(At) + M => (MEAM)AE => M + (AE)(At) 


Flow of macroscopic time (observable photon interactions) 
pare: tha ve hs Py 
aie 2 & = 

aa T rae 


Flow of microscopic ae dian an ml photon interactions) 
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WHY PRESENT SYSTEMS HAVE COP < 1.0 


Dissipative power inside source = VI; and VI; > Fl. 
Other losses 


| 

es : " 

ie i Loan 
| = y lz, In 

back t - 
‘emf 214 Itt Ug ed 


| 


Ips 14+ Ip L 
Etf= Pool vx Loe 
Py VXIr 7 


po be PSOE < 1.0 © sohunre smn 


‘Bridging for OM 
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BRIDGING ENABLES COP > 1.0 


Slow, dd /dt flow, and EMF flow 


=> => => a> amp a> mp mp 


v>>0 ~ 
| davat | 
| BLOCKER | i>>0 
| (Conductor) , 
2 I I 2 
Closed Current Closed Current 
Loop A Loop B 
BRIDGE Patent Pending 


Current loop B is asymmetrically regauged by 
S, do /dt, and EMF flow from current loop A. g mrcsencen 
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Free Energy Gen 
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capacitor 
plate 


Oem escmen 


permanent $= E XH 
magnet 
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‘Demo O/U Concept 


aE 


(By Asymmetrical Self-Regauging) 


PatentPending 

Ener 4 Cc Force on 

extracted ightgoit 

para \ fightgoing phase g 
vacuum 

and sent 


spherical 
or high conducting 


/ Force on 
potential shell 


left-going phase 
potettial 


Assumptions: Capacitances of A and B very small; 
Charge B large, power-free switching Ore setae it tee 
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altered spacetime (curvatures) 
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et curvatures propags loam 


mass 
spacetime-to-mass. 
‘transformation, (Drude 
\ \ | i] Electrons) 
— 2 nea 2 Receiver 


(is ae 


Complex of ST curvatures etme dis turb: 
= ed — Forterpederletng ms 


contains two hidden infolded 
transforms: (i) the and (ii) the 


transform. Whatis transmitted and 
propagates in spaceis a 
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‘Mass curves and structures spacetime: ST curvatures 


aE 


Mass curves and structures spacetime; 
sii curvatures change and structure mass 


et curvatures Propagar, 


mas: ass-to-spacetime —_spacetime-to-mass 4] mass 
transformation transformation, mass 


Necumneranes spacetime disturbance 


© TEApRoeH sen propagates 
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A harmonic set of bidirectional longitudinal EM wavepairs. Each wavepair is als 
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Vevociry” Scalar Potential } 
* eect 
Vavg Wavepair #3 
HARMONICS 
Vavg qt ‘Wavepair #2 
SUBHARMONI 
% ’ 
avg ‘Wavepair #1 
** © LETC. 


DISTANCE 
& harmonic set of bidirectional longitudinal EM wavepairs. 
Each wavepair is also a net time-polarized EM wave. 


@ 10057. Bearden 
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‘Only the wind on my ship 


Lorentz Closed Surface Integration 


Sencnente 


Only the wine on my ship 
is of physical significance! 1067 TE Baden 
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Lorentz Closed Surface Integration 


F_APOvHn 


oe 


How can they use that old 
physically insignificant wind?!? 


@ 1007 T.E. Bearden 
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‘Vacuum Engine: Working ST Demons 


¢\[9) 


var uurn Engine: Working ST Demons 


Dernetatad 
Ein 


Maxwell 
EM hidden vari 
Dynam 
at all eve 
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(UPWs) Waves with 


Undistorted Pro ty v, where £v <¥ 


€|[>| 


Undistorted Progressive Waves (UPWs) 


Waves with velocity v, where < v< a 


« UPWs: “Geiser wee 
= Translationally invariant 
— Don d, orreconstruct 


a period 


— Have infinite energy 
* Quasi adic 
— Canh finite energy 


—In theory, can be launched into space 
— Can move subluminally 
— Can move superluminally 
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‘Waves (UPWs) Waves with velocity v, where £ v <¥ 


Undistorted Progressive Waves (UPWs) 


Waves with velocity v, where < v< © 


* Major equations having UPW solutions: 
— Homogeneous wave equation 
= Maxwell equations 
— Dirac, Weyl, and Kfein-Gordon Equations 

« Maxwell solutions: 
= Subfuminal sofutions are EM particles 
= Superiuminal solutions are X-waves 

« Experiment indicates such waves will 
will be produced soon 


© 1am TE. BEARDEN 
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Other Superluminal Waves 


« Waves can move superluminally in 
quantum tunneling 
¢ Nimtz et af. have translated Mozart's 
40th symphony at v = 4.7 c 
Through a barrier in a waveguide 
— Other researchers have also 
transmitted EM wave iperluminally 
through quantum tunneling oon. sescc 
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«Tiny DC currents (picoamperes) 
RED BLOOD CELL. 
DEDIFFERENTIATES 


Pulsed DC current can be utilized 

© Pulsed magnetic fields may be utilized 
‘Shuoks hemoglobin cost 
Grove nucleus 


NEWCELL 
REDIFFERENTIATES: 


Turnsinto type ot cal that 
mnshes osrtfage 


ELECTRODE 


NEW CELL 
REDIFFERENTIATES 


[Turns into type of call that 
makes bone 

Deposits in fracture site, 
healing the fracture 


FRACTURE SITE 


Orme ero 
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‘Specific ST antieng 
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longitudinal EM 
pump wave 


change D" 
antiengine 


change N’ 
4 


Tach 
antiengiiie 
ASS OF 
change at =~ | ce 
antiengine 
change B 
change C z 
change B’ —_ longitudinal 
antiengine EM pump wave 


change C* 


PRODUCING A SPECIFIC VACUUM 
(SPACETIME CURVATURE) ENGINE OTE RE ee 
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‘NONLINEAR MEDIUM 
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ansverse EM Wave Pumping of PCM 


transverse 
ump A 


Pl 
wave 
transverse 


HON ear Wel 


AMPLIFIED PHASE CONJUGATE 

REPLICA TRANSVERSE WAVE 

(TIME REVERSED) IS EMITTED. 
Precisely backtracks 
Signal wave input 


Published by Lotus® Freelance Graphics® 


nip: ww sheniere org/images/EM waveslemwavesM him? 


PRIMORDIAL SINGLE CELL ANAEROBIC 
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Differentiation and Dedifferentiation Timelines 


CENTRALIZED CONTROL OF CELLULAR 
GROWTH AND REGENERATION 


> 

S$ _— poe 
@ =< im @ | 
prmoroina SINGLE Bp: _ a, 
SINGLE “ 


CELL 
CELL AEROBIC NORMAL HEALTHY “ATH SOME DISEASED. 
ANAEROBIC OXYGEN-RICH ENVIRONMENT ik taal 
Te-Forwan pari woman oSteremTaTOW 


0, TE arse FOR HEALING OF CELL DAMAGE 


TIME-REVERSED 
PATH WHEN NORMAL 


TIME-REVERSED | 
— &-—O— 


SUSTAINED PUMPING FAILS TO 
SINGLE CELL SINGLE OXYGEN HEAL CELL 
WORE CELL DEFICIENCY 

ANAEROBIC AEROBIC 
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‘SINGLE CELL 


aE 


MULTICELL 
AEROBIC 
(INCLUDES MAN) 


- a= 
@---;:---@ 
S 
< bas 
SINGLE CELL = SINGLE CELL 
ANAEROBIC = AEROBIC* 
CENTRAL CONTROL 
OXVGEN-RICH TIME FORWARD 
SP PATH AS 7 
DEVELOPED 


CANCER CELL 
——— 


O THE - REVERSED 
®e: <4 pam ror sustamen 
‘OXYGEN DEFICIENCY 


PARTIALLY SINGLE CELL ~_____~ 
‘ANAEROBIC 
AEROBIC FIRST STEP IM OXYGEN-DEFICIENCY 
© mare ete OEOFFERENTIATION 


Published by Lotus® Freelance Graphics® 


np: ww sheniere rg/images/EM waveslemwaves36him24.11 2003 19:08:08 


Transverse photon 


3 


Fundamental units are arbitrary in physics 
Can express all physics in oneunit--e.g,, time 
Time is highty compressed energy 


1 sec=9 x10" joules of transverse EM wave energy 
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Use of General Relativity (GR) in Particle Physics 
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Use of General Relativity (GR) 
in Particle Physics 


* GR seldom used in particle physics 
* In cold fusion, Matsumoto* has applied general relativity 
* Consistent with important cold fusion results 
« Used spacetime (ST) curvature by energy density 
e Matsumoto did not utilize: 

= Longitudinal EM waves 

= Time density (time-polarized EM) waves 

= Time density curvatures of ST (gain = 9x10") 


"7. Matsumoto, "Mechanis me of Electro Nuclear Collapse," 
Piao. ICCF-7, Vancouver, BC, Canada, Apr. 1308, p. €5. 
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Pepper* on Time Reversing Mass 


« Conventional NLO interactions restricted to bosons 
(spin 1 particles) by Pauli exclusion principle 
* Concludes electrons, protons, neutrons, etc. (fermions, 
or spin 1/2 particles) cannot take part in such interactions 
« Perhaps time reversal possible for bosons that are multiple 
fermions (two protons, Helium 4 pi and K mesons, etc.) 


« Time-reversal of mass demonstrated by Priore, Pautrizel, 
et. al. without recognizing it** Questions exclusion for: 


= Multifermion reaction with EM longitudinal waves 
= Multifermion reaction with time-density EM waves 

« Prior to the laser, NLO - though known in theory - was a 
gedanken experiment regarded as experimentally unviable 


"David M.Pepper:"Nonineat Optical Phase Conjugation” 
Sua arte Optical En gineering, 21(12), Mar JApr. TE2, p. 196-183. 


"* Before the davelopment of NLO in the mid-to-latter 1970s. 
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Pepper 


Ey 


Pepper On tine TeVErsing ass) 


= Conventional) NU@ intera 
THCIED RO OSONS (Spit 
= by PAnexchisioM principe, 
= Fermions cannot take parthin such interactions: 
EIECHONS) 
= SOLOS) 
SVEUL ONS: 
=) Fertil 
multiple fermions: 
S FIWOPTOLorTs; eee 
SEU A 
= Plana iKanesors) 


Hons; 
PATHCTES)) 
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Pepper 


aE 


PEDPEr On Uine-TeVersin Gg iniass (2) 


= lime-reversal of mass demonstrated by) 
ALAIZES A OMTETS -HOlE Leal SCley ists) 
= WHHOULTECOGMZING Tt: 


= Apparently n-tuple fermions, where mis: 


DEM Waves) 

SAO D AE DIVE DY FTE TeVer sal FEGIONS) 

= Frio to the laser, NUO)- though known in) 
iiieory — Was a Gedanken experiment and) 
regarded) as experimentally Unviable: 
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Chung's Carbon Filament Negative Resistor 


UNIVERSITY AT BUFFALO, NY 


CROSSED CARBON 
FILAMENT LAYERS 
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China Lake Anomalies 
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Consistency of China Lake Anomalies 


» Variation in LW-TW transduction from experiment to experiment 
» Majority produced insufficient transduction to cause ionization 
discharge of the GM tube gas (to cause detection) 
» Correlation between appearance of anomalous radiation and the 
expected time periods to load palladium with deuterium 
Within few hours in co-deposit experiments where palladium is 
loaded with deuterium as it deposits from solution 
Required days of electrolysis for rods that load much slower 
»The faster the deuterium loaded, the greater the interaction of 
deuterium in phase conjugating and self-targeting in lattice 
» Variation in GM detector readings 
One would read anomalous radiation, another would be blind to it 
—A few experiments gave simultaneous readings from two detectors 
»Experiments perfectly consistent with LW-TW transduction, 
time-density charging, variation in GM time histories, and new 
conservation of energy law 970 ean 
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Time-Reversal Zones in Nuclear and Chemical Reactions 


* TIME REVERSAL ZONE: A volume or areaina reaction 
environment where phase conjugate waves predominate over 
time-forward waves 
— In agiven reaction, time-reversal may apply 
— If so, like charges attract and unlike charges repel 
— Charges move against potential gradient, to external observer 
— Time density and longitudinal EM waves become significant 
— Coulomb barrier turns into Coulomb assistant 

« Examples (assuming a time-reversed zone): 


H’+'Ho > “A> Ins H’-> *H"= deuterium 
2('H +H") > 2 (7H) > 2¢'n+'H") 


1 ttt 
‘Quark flipping and energy --> 2(-n) + 2(-H) 
Balancing With cored stacetine ean : 
ene -> “He™ = helium 
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Thre Electronucsear Kea sells 
Nuclear Reactions in Iix-Zones (7) 


® Nucleominterchange 

— Changes neutron into proton and vice versa’ 

— Athigh rate (flat spacetime assumed), 
® Statistics become skewed dire to curved) Si) 
® Can bias statistics toward either neutron 

OF Piston end) 

toward transmutation of elements: 
somer chains 
— Concept of isomer” is vastly expanded co a... 
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nuclear Reaction: N 


ihe Electronuciear Reaction: 


Nuclear Reactions in jik-Zones (2) 


© Normal|dynamics (impulses) may reverse: 
— Like charges attract unlike charges repel, 
= Positive charges cluster(are drawn together). 
— Ht tons (protons) may form quasienucies, 
— Nucleus coulomb barrier becomes assistant. 
© Many “impossible reactions now possible’ 
=| Quark acc and quark flipping by EM 
= fon cht ing, @ teense 
— Positive ci hase conjugate Mirrors: 
— fime-density waves and time-energy charging 
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ine Electronuciear Reaction: 


Nuclear Reactions in Jik-Zones (3) 


© Not observed intl time-energy chal 
has become substantial: eee 


— time defay (hours, days) 
= Transduction of LW --> TW involved: 
cific time-charging history of detectors. 
is involved in twhether they detector not 
— Longitudinal EM waves become significant. 
® Curved Spacetime canjact as source oF, sink. 
— May emitexcess radiation, 
— May absorb excess radiation, 


— Sp 


@ “wae earen 
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On Nuclear Reactions in TR-Zones 


Nuclear interactions now are biased: 

‘= Normal nucleon interchange changes neutron into proton 

and vice versa, at a high rate (flat spacetime assumed) 

Statistics now become skewed due to curved spacetime 

Can bias statistics toward either the neutron end or proton end 

Thus biases toward transmutation of elements along isomer chains 

Concept of “isomer” vastly expanded 

Normal dynamics (impulses) may be reversed 

= Coulomb barrier becomes coulomb assistant 

= Reactions “impossible” from energy density standpoint become possible, even easy, 
from time-density standpoint 

Does not become significant until sufficient time-density 

charges 

= Time-delay (hours, days) before TR reactions become significant 

= Transduction of LW-->TW involved © “a iearen 

= Specific time-history of detectors is significant 

— longitudinal EM waves become significant 

Curved spacetime acts as source or sink 

= Energy balance in curved spacetime may emit excess radi 

- Energy balance in curved spacetime may absorb excess radiation 
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In Time-Reversed Zone: 
Nuclear reactions are biased 


« In normal flat ST, n<>p 
at high rate 


« Curved ST skews statistics 

« Biases to either n or p 

¢ Biases to transmutation 
along isomer chain i 

* "Isomer" concept greatly Il il 
expanded } 


x 


In Time-Reversed Zone: 
Dynamics may be reversed 


« Like charges may attract 
and unlike charges repel 


« Coulomb barrier becomes 
Coulomb assistant 

¢ Clusters like charges and 
forms artificial nuclei 


« “Impossible” nuclear 
reactions at low energy 


« Time-density interactions 


€|[>| 


Time-Reversed Zone: 
Significant only after time-density charging 


« Hours, for "fast" onset 

¢ Days, for "slower" onset 

¢ Transduction involved for 
TW OLWS> TDW 


« Time-history of each 
detector is significant 
¢ Longitudinal EM waves 

become significant 


‘Curved Spacetime acts as source or sink 


€|[>) 


pte 


Curved Spacetime 
acts as source or sink 


energy (¢.g., cool) 


= May isduce waves 
TW LW TDW my 
= New energy conservation | 
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Anomalous 
Phenom 


¢ Anomalous radiation from electrolysis 
in ionization processes 
= Two experiments producing excess power 
= Dental X-ray film showed exposure 
— Simultaneous control study: no exposure 
— 20 experiments without e: S power: no 


exposure 


« Excess energy strongly indicates 
excess film exposure 


W EM Emis: 


sion 
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Anomalous LW EM Emission 
Phenomen: 


{ China Lake (2 


¢ GM and Nal detector reaction when 
electrolysis with heavy water ongoing 
— Several Geiger-Muller (GM) tubes gave 
anomalous detection 
= Rea 


hed 73 sigma above background 
= No anomalies when experiment off 

¢ Gi tube detects an} which 
causes its internal ation 
= Nuclear radiation is ionizing 
— Transduced x-ray & gamma is ionizing 
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sufficient LW-to-TW Transduction 
Jonizes GM Tube Gas (3) 


¢ Time-history of detector involved 

— Some GM detectors show anomalous 
high counts, some do not 

= Time histories of GM detectors are varied 
= Time histories of film vary minimally 

¢ Experimental results consistent with 
= LW-to-TW transduction including delay 
= Time-energy charging 
= New extension to energy conservation law 
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Sufficient LW-to-TW Transduction 
fonizes GM Tube Gas (4) 


¢ Time-history of detector involved 


me GM detectors show anomalous 


= Time histories of fm vary frarintraiiys 


. Experimental results consistent with 


fees ee seineed including delay 


= New Bei sion hy en ergy conservation law 
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Consistency of Anomalies 


¢ LW-to-TW transduction varied from 
experiment to experiment 


* Most experiments produced insufficient 
transduction to cause ionization 


« Appearance of anomalous radiation 
correlated with expected time loading of 
palladium with deuterium 

— Within few hours in experiments where palladium: 
loads with deuterium as it deposits from solution 
= Required days for rods that load much slower 
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Consistency of Anomalies (2) 


« Faster the deuterium loaded, the greater 
the Jntarlasoy of deuterium in 


SEC leat soli self eting 


- eererang quasi- ‘nuclei of H+ ions (protons) 
« Variation in GR detector readings 
. Experimental results predictable by 


n and time-reversal zones: 
charging on GM tub: 
GM tube experience histories 
— Time-reversal zones nerating electronucle 

interactions and quasi-nuclei of H+ clusters 
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‘Experimental LW Emission Phenomena in Electrolysis 
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Experimental LW Emission Phenomena in Electrolysis 


» Anomalous radiation from electrolysis in ionization processes 
‘= Two experiments producing excess power 
= Dentalseray fimshowed exposure 
= Simultaneous control study: No exposure 
= 20 experiments without excess power: No exposure 
» Excess energy strongly indicates excess film exposure 


» GM and Nal detector reaction when electrolysis ongoing wheavy water 
= Several Geiger Muller (GM) tubes gave anomalous detection 
= Reached 73 above normal background counts 
= No anomalies when experiment of 
» GM tube detects anything which causes its internal gas to ionize 
= Nuclear radiation & "ionizing" radiation 
= Transduced x-ray and gamma radiation & “iontzing" radiation 
= Sufficient LW-TW trans duction ionizes OM gas 
» Time History of detector involved 
= Some GM detectors show anomalous high counts, some do not 
= Time histories of GM detectors vary appreciably 
= Time histories of fim vary minimally 
» Experiments consistent with time-density charging, L\VV/-TW transduction, 


and new conservation of energy avy — "Melvin H, Miles and Benjamin F, Bush, "Radiation 
Measurements at Ching Lace: Real or Artifacts 
Proc. ICCF-7, Vancouver, BC, Canada, Apr. 1998, p. 104 
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A New Conservation of Energy Law 


@ Physics conserves total “energy and mass-energy" 
@ Now also must consider “time-energy" 
@ Conserve total mass-time-energy (spatiotemporal 
energy) 
@ Let E; = total energy, E,, = mass energy, 
E¢_ = ordinary energy, and E, = time energy. Then 


E,=Ee+Ey+& metas 
(KE, => Ee > 0) => Ey > (Em + Ee) 


@ If some E, is transduced into E¢ , the experiment will 
violate the old spatial mass-energy conservation law 
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QUESTIONS ON CARCINOGENS : 
AND EM RADIATION 


m UNRESOLVED QUESTIONS ON EM RADIATION 
= DOSAGES 
— ACTIVE MECHANISMS 
— REPLICATION DIFFICULTIES 
= MEASUREMENT DIFFICULTIES 
— WHERE, WHEN, HOW ILL EFFECTS OCCUR 


@ SIMILAR QUESTIONS EXIST ABOUT EVERY 
CARCINOGEN 


™ SCIENCE REALLY DOES NOT UNDERSTAND THE 
MECHANISMS OF A SINGLE CHRONIC DISEASE, 9 864 1ST oemen 
INCLUDING CANCER 
— FACTORS SUCH AS MIND, STRESS, SPON TANEOUS 
REMISSION, PLACEBO EFFECTS, AND COMBINATIONS OF 
FACTORS ARE PARTICULARLY TROUBLE SOME 
— GENERATION OF THE PLACEBO EFFECT BY THE 
REGENERATION & RECOVERY SYSTEMIS UNRECOGNIZED 
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QUESTIONS ON CARCINOGENS 
AND EM RADIATION 


m UNRESOLVED QUESTIONS ON 
RADIATION 


— DOSAGES” 
— ACTIVE MECHANISMS 


— REPLICATION DIFACULTI & 
T DIFFICK 
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m MANY TROUBLING FACTORS EXIST 
= MIND 


— STRESS 


Publi 
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(Cancer characte 
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Cancer Characteristics 


se, but a whole range 
amaged plein cell 


o Sere uncomiclled aivaion, 
= Becomes a lump 
» Can send forth cancer cells 


» Form metas 
¢ Often pesonie ater SbIen 
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‘Solv Promotn Enigma 
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solving a Cancer Enigma 


¢ An enigma has been failure of immune 
system to attack some tumor cells 
= Suppressor cells may curb immune system? 
= Tumor may lack antigens normally identified 
by the immune system? 
« Promotion of damaged celf to cancer is 
usually ordered by celfular contro! system 
— Regenerative and recovery system forces 
cell back toward anaerobe 
— First step breal from central growth 
— Contro! continues to recognize cell as self 
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a CANCER: CHARACTERISTICS 


® NOT ONE DISEASE BUT A WHOLE RANGE 

® STARTS IN ORDINARY (AEROGIC) CELL 

®@ CELL SHAKES OFF BODY'S DICTATORIAL CONTROL” 
® STARTS UNCONTROLLED DIVISION 

@ BECOMES A LUMP 


® CAN SEND FORTH CANCER CELLS 
= THROUGH BLOOD 
= THROUGH LYMPH 


@ THESE FORM METASTASES (SECONDARY TUMORS) 
@ OFTEN BECOME ANAEROBIC (NON-OXYGEN USING) 
@ ENIGMA IS FAILURE OF IMMUNE SYSTEM 
TO ATTACK SOME TUMOR CELLS 
= SUPPRESSOR CELLS MAY CURB MUNE SYSTEM 
— TUMOR MAY LACK ANTIGENS NORMALLY IDENTIFIED: 
BY THE IMMUNE SYSTEM 
“R&R system forces ceil back toward anaerobe 


@mtieun 
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PORTABLE PRIORE TECHNOLOGY UNIT 


FACT: DISEASE-SPECIFIC VACUUM ENGINE PRESENT FOR 
ANY CELLULAR DISEASE, BY WHEELER'S PRINCIPLE 
* DISEASE CAN BE REVERSED BY CREATING AMPLIFIED 
Rad VACUUM ANTI-ENGINE (BEARDEN'S PRINCIPLE) 
* ANTI-ENGINE S CREATED BY PUMPING THE NONLINEAR 
CELLS WITH LONGITUDINAL ENA WAVES 
4% PRIORE UTILIZED A PLASMA TO PHASE CONJUGATE AND “INFOLD" 
MULTIPLE BIDIRECTIONAL LONGITUDINAL EM PUMP WAVES 
MULTIPLE FREQUENCIES MIXED IN A ROTATING PLASMA 
* PHASE CONJUGATES ADDED BY THE PLASIIA 
ros * INFOLDED MIX INTO STRONG PULSED DC MAGNETIC 
FIELD, WHICH CARRIED IT INTO ATONMEC NUCLES kK 
+ PUMPED ALL NONLINEAR CELLULAR COMPONENTS TO 
PRODUCE AMPLIFIED, SPECIFIC VACUUM ANTI-ENGINE 
%* NEGATED THE CUMULATIVE CELLULAR 
DEDIFFERENTIATION ORDER GENERATED BY LONG-TERM 
HYPOXIA. TUMOR CELLS REVERTED TO NORMAL CELLS. 
%* SCRUBBED OUT CUMULATED PRECANCEROUS STATE 
% RESTORED THE IMMUNE SYSTEM TO HIGH FUNCTIONING 
* NO EXCESSIVE TRAUMA TO TREATED ANIMAL Gene wr re8c, 
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Lisitsyn's Report: Brain Code Broken 


Ey 


* THEORY DEVELOPED AND FITTED 
* HYSTERESIS MEMORY LOOP 
* CONTROLLED EM INDUCTION 
* IMAGES © wr, es er TEER, 
= SENSATIONS 
=  PREDETERMINED EMERGENCE 
* 23 EEG BANDS 


= UPTO8.1X10" HZ 
+ 11 INDEPENDENT CHANNELS 


SK. Listsyn, Sow Approachto the Ane irk ofBleti evcophehigrams." 
TDG Baye ADIOS, 1625 
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ANTI-ENGINE FOR CELL'S DEVIATION 
REVERSES CELL BACK TO NORMAL 


1 | PHYSICAL PHYSICAL 
1 | CELL CELL 

| | (DISEASED) (HORMAL) 
H H ‘XTENDI 

H x, TIME DELAY FoR 

Namen Morne raae? ‘ RENORMALIZATION 


VACUUMSP ACE TIME Ceretrenette 
ENGINE ANTLENGINE FOR 
ponciecesen CELL'S DISEASE DELTA 


By pumping the intemal EM channel, processis dramatically accelerated. 
This is the body's normal recovery mechanism, within its limits. 
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VG Priore Method! 


3 


Time-reverses the celfs back to normal state 


Mix QUTPUT MIXCWAVES SELECT SET 
INSIDE STRONG INA PLASMA, OF TRANSVERSE 
PULSED OC. TOADD EM WAVES: 
MAGNETIC FIELD CONJUGATES 


ADJUST WAVE 
FREQUENCIES 

If REQUIRED, AND 
IRRADIATE AGAIN 


ENGINE FOR ! 
DISEASED 


EXPOSE WHOLE tar 
BODY OF PATIENT aren 
TO DIMENSIONED rgeteed 


MAGNETIC FIELD PRESENT 


FORMS 

he AMPLIFIED | ANTIENGINE 
eu AND Tae , VACUUM | CONTINUES 
ALIS Oe CELL ANTIENGINE | TOACT AND 
PARTS ARE PHASE < FOR CELL'S } TIME-REVERSE 
ieee CONJUGATES DISEASE | CELL AND ALL 
ere rs VACUUM VACUUM } ITS PARTS* 
ea ENGINE ’ ENGINE | 


DOMAIN 
TIME-EXCITATION 
CHARGING ENDS. 
IRRADIATION IS 

. HALTED, 


Grcocras nian *ndludes gandics 
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mux ourPuT mux naves AQIUST SOME FORMASET 
‘ONTO STRONG INA PLAS, RAVES OF HARMONIC 
RIPPLING TOAD OFF FREQUENCY EW AVES 
MAGNETIC FIELD consuGATES 


vacuum 
ENGINE FOR 


EXPOSE 1 OWSEAHED 
SE AHOLE oe 


soTme RPrLNG. Stteaoy 
TBONETE PED present 


J ronme 
ANECPED 
eLLANO ar THe 
Lacinel REVERSES 
stun YY asmevene event es 
PARTS RE ronceS cea 
PUMPED IN bs DIBEASE vid 
hive em paeate parse 
ee caret vac 


ENGINE 
snaiuaee genwten 


Orme en 
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Fig4 LW pumping cell 
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vacuum A 


longitudinal ~ 
EM pump 


g 
is the “@ rae : 


-# CELL MASS 


highty nonlinear to 
and all LW frequencies 


~ 


N eden 


AN AMPLIFIED VACUUM 


GPAMErMG ie eNaers ——‘fngitudinal _. @ retool on 
FORMED AND ACTS ON THE pump 

MASS, TIME- REVERSING wave * 

Wanie atts Coniponens A WA; 
HOMATTER wow SMALL 
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‘spac vs t pump 
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2 PREVIOUS VACUUM 
ENGINE 


3 gag PREVIOUS 
a MASS STATE 


amplifi 
feplcat ‘ransverse 


Nv 


transverse 
Timereversed) — purne 
wave 


‘a. Pumping with transverse EM waves 
produces a time-reversed wvave. 


b. Pumping with longitudin 


Mwaves 
A, and A,time-sreverses tie imass sof. 
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T pump w/2 vaceng? 
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VACUUM 
ENGINE A 
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CELL AND INTERIOR SENSORS 
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rer ' ‘acne ieee 
AMPLIFIED T 
PUMEINS — 
corey f 
kee f 
cores r) 
Tarenre 
ea a 
caraico ren com mL: 
| cas Ta OL 
Tarnow Tareron]  [Seaaion 
Serre” |__| Severna |_| fiance 
omara Saath ero 
corm comme =| 
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Plasma Mixing Unit 
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Magnetic 
Pulse 
Generator 


Antenna Pad, 


Antenna Pid 
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Absorption and emission reactions 


ELECTRONABSORES PHOTON 
ENEROY, MOVES To HOVER DENSITY, MOMES TO DFFERENT 


ENERGY LEVEL. DECAY'S 
TE DENSITY LEVEL. DECAYS BY 
spe, ‘BY EMITTING PHOTON, net EMITTING LONGITUDINAL OR 

7 geste. PSEUDOLONGTUDINAL 


Ae 5, “hero 
\atremans—" 
} coupled : 
i is : | AE remains 
: 2 TE soo t86 
PARTICLE ABSORBS ENERGY, PARTICLE ABSORES TIME, 
MOVES TO HIGHER MOVES TO HIGHER 
ENERGY SHELL. DECAYS BY TIME DENSITY. DECAYS BY 
EMITTING ENERGETIC PARTICLE, > EMITTING TIME-LIKE PARTICLE, 
OBSERURBLE NONOBSERVABLE EY PRESENT MEANS. 
ENTIRE NUCLEUS ABSORES ENERGY, °, ENTIRE NUCLEUS ABSORBS TIME, 
EACH PARTICLE ABSORES OW. EACH PARTICLE ABSORES OWN, 
DECAY OCCURS BY’ COMPLEX MODES, $ DECAY OCCURS BY COMPLEX MODES, 
INCLUDING FISSION OR FUSION. INCLUDING FISSION OR FUSION. 
DECAY BYPRODUCTS OBSERVABLE SOME DECAY BYPRODUCTS ARE 
3 NONOBSERVABLE (SPACE ABSORBS) 
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Absorption and emission reactions 


TRANSVERSE PHOTON 


BeReheresToMeue STREAM OF TIME-POLARIZED PHOTONS 
Ret TE VeUaneoA te ELECTRON ABSORBS TIME 
BY EMITTING PHOTON, DENSITY, MOVES TO ti" DIFFERENT 


REMOVING At “Unt TIME DENSITY LEVEL. DECAYS BY 
EMITTING LONGITUDINAL OR 
PSEUDOLONGITUDINAL 


PHOTONS 


Figure A. Excited energy density level Figure B. Excited tire density Level 
in one jump. significant only after enormous 
@Tenwa see number of increases, 


Published by Lotus® Freelance Graphics® 


Intp:tw ww sheniere rg/images/EM waveslemwaves79him24.11 2003 19:08:02 


EMwaves in ST 


Ey 


veuerat rmronzco 
WAVE FASHION. oo ENERGY) 
(Ec: 001¢-1000) ISCILLATIONS: 
S-SPATAL [SCALAR WAVES. 
ENERGY DENSITY 4,Y. 2 FIXED, 
OSCILLATIONS: Acker 
TRANSVERSE me 
ERASeoy tansoucron | rwepneny oscusrene 
pe aaa a ee 
‘VARIES; 2 FIXED. Tim E DENSITY VARIES ALONG. 
[eee ee tree ee ou 
fexueoLoerunnat, TASB OSERARE 
ALITTLE, SURGE OSCILL- 
MOT eensciat LL swe pei osaarone 
LONGTUONAL vaves THE peony 1s HeNoeserimeL 
— sahara vs User somone 
et ee 
oracionics 
—#—— TRANSDUCTION —— 
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Evolution multicell 
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Evolution of Cells on Earth 


EVOLVETO 
MuLneeLe 
(WeLODES man) 
IANGE OF 
ESSENTIALLY SIMOSPHERE - 
pect ronereete CENTRAL CONTROL 
it 
OXYGEN) ahh 
SINGLE CELL MOLTICELL 
SINGLE CELL | components components 
, AERO BIC* 

BIOGENESIS IMMUNE SYSTEM TISSUES: 
‘SINGLE CELL RED CELLS MUSCLES: 
ANAEROBIC FACULTATIVE WHITE CELLS BONES 

i$ ANAEROBES KILLER CELLS: ORGANS 
OBLIGATORY (smote ceLL as eal 
BOTH AEROBIC 
SINGLE CELL RNDANAEROBIC) dieite 
FROM OXYGEN * NOTE: LIMTED ANAEROBIC RESPIRATION 
‘STL TAKES PLACE INHIGHER AEROBIC 
IPE FOP INELUCING HAW 


EVOLUTIONARY TIME 


Ounce 


Published by Lotus® Freelance Graphics® 


Intp: www sheniere og/images/EM waveslemwaveshim24.11.2003 19:08:13 


‘Local cellular effect 


aE 


Trauma Producing Becker's theoretical contro/ : 
Tissue Loss system governing regeneration 


Local cellular effect Locaf ie effect 
CNS erect. aterations in hormone 
pattern (prolactin) 

Alterations in local 
DC field pattem 

Local electrical 

i __efflects __ 
Local and systemic 
pools of target cells 
Dedifferentiation into 
primitive fee cells 


= growth = 


sctnca tmulton ot 
Baia, 


Recterer ation into 
conti 
orbeierl ; 
By ve eee 
Restoration of body Ls 
eee 
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INPUT STIMULATION CENTRAL 
DC SYSTEM(PAIN) 7) oc system 


GROWTH OUTPUT 
DIFFERENTIATION Dc SYSTEM 


ry 


TOTAL 
CURRENT OF 

MITOSIS STIMULATION OF INJURY 
DEDIFFERENTIATION [% REPAIR CELLS Oc SYSTEM 


agape 


saniors ws 
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Fraction of Casualties Surviving 


ssoTION SuRVIVIND N=1-40 million 

10 

be Loss] 
08 

04 

02 

a ca 


OASWALTICS 
“TVPETREATINENT REDEWED 
PRESSED IN FRACTION SURVIVING 
‘With conventional treatment 

Cl With 4st generation P-treatment 
With 2nd generation P-treatment 

| With 3rd generation P-treatment 


ve nwenenn 
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"Time as fuel” is the future 


Present energyscience Om 

is insufficient 

Eventually will use energy 

locked up in time itself 
Cold fusion will provide 
entrées 

Cold fusion has evidence 
of time-as-energy 
Theorists and 
experimentalists should 
examine the implications 
Must revise foundations 
of Electrodynamics 
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A National Report on America's Energy Crisis 

Remarks by U. S. Secretary of Energy Spencer Abraham 

U.S. Chamber of Commerce, National Energy Summit March 19, 2001 
Opening Remarks 


I would like to congratulate the U. S. Chamber of Commerce for convening this two-day National 
Energy Summit and I appreciate your invitation to participate. As we all know, the topic of energy is as 
timely as the day's headlines. In just my first eight weeks as Energy Secretary, California has faced 
almost daily power alerts. Rising natural gas prices have punished consumers with bills that, in some 
cases, are double or triple last winter's. And forecasts for this summer suggest the possibility of rolling 
blackouts. 


The good news is that America's energy problems can be solved. The bad news is that the situation in 
California is not isolated, it is not temporary, and it will not fix itself. 


America faces a major energy supply crisis over the next two decades. The failure to meet this 
challenge will threaten our nation’s economic prosperity, compromise our national security, and literally 
alter the way we live our lives. 


America has heard these dire warnings before - in fact, they seem to be a recurring theme in our nation’s 
energy discussion, almost since "Colonel" Drake made the first oil strike near Titusville, Pennsylvania in 
1859. "The amazing exhibition of oil,” advised the State Geologist of Pennsylvania, "[is] a temporary 
and vanishing phenomenon-one which young men will live to see come to its natural end. " That was in 
1885. 


Around the same time, John Archbold - who succeeded John D. Rockefeller as head of Standard Oil - 
joked about the prospects for oil discoveries in Oklahoma: "Are you crazy?" Archbold said. "I'll drink 
every gallon produced west of the Mississippi. " 


I don't know if anyone ever called Mr. Archbold on that pledge. But for whatever reason, in 1914 the 
U. S. Geological Survey predicted that the U. $. would soon exhaust its available oil supplies. They 
issued the same warning in 1926. And again in 1939. And in 1949. 


All of these warnings have proven false. Despite all these expert predictions, the world has not run out 
of oil or other resources. And yet here we are, faced with the most serious energy shortage since the 
days of oil embargoes and gas lines. 


file:/Cfoearden/The%20Tom%20Bearden%20Website htm (1 of 11)24.11.2003 18:31:15 


‘The Tom Bearden Website 


My point is, America’s current energy supply crisis is not due to some inevitable neo-Malthusian 
depletion of resources. The United States - and our North American and hemispheric neighbors-are 
blessed with a rich abundance of natural resources. It's political leadership that has been scarce. 


For the past eight years, Washington sat on the sidelines as our nation's energy needs mounted. During 
the 1990s, the Clinton Administration employed a policy of taxing demand, limiting supply, and 


ignoring the rapidly expanding needs of the future. 


Their energy strategy boiled down to: you can't find it... you can't transport it... and even if you get 
it, we don't want you to use it. 


Through neglect or complacency or ideology, this approach has led us to the crisis we face today. 
The Bush Administration is fully prepared to respond to the broad set of challenges we inherited. But 


we must be candid with the American people about the magnitude of the problem - which is what I'd like 
to talk about today. 


America's Energy Supply Challenges 


Three overriding facts starkly define the challenge of America's energy needs over the next two 
decades: 


First, demand for energy is ris the board, but particularly for natural gas and electricity; 


ing acros 


Second, supplies are being limited by a regulatory structure that, in many respects, has failed to keep 
pace with advances in technology and an uncertain political environment that often discourages 
investment in desperately needed facilities; 


And third, our energy infrastructure - that network of the generators, transmission lines, refineries and 
pipelines that convert raw resources into usable fuel - is woefully antiquated and inadequate to meet our 
future needs. 


Unless these challenges are addressed, America’s energy supply will be continually at risk... our 
citizens will encounter blackouts and other lifestyle-altering disruptions . .. and our economy will be 
hobbled by rising energy prices. Let me briefly outline some of the major issues on the horizon: 


Oil: Rising Consumption, Accelerating Dependence 
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In the next 20 years, according to estimates by the Energy Information Administration, America's 
demand for oil is projected to increase by 33 percent. Yet as consumption surges, U. S. production 
continues to drop precipitously. We now produce 39 percent less oil than we did in 1970, losing nearly 
4 million barrels a day in the process. And unless energy policy is changed, production will slip further 
- to just 5.1 million barrels per day by 2020 - down from a high of 9. 4 million a day 30 years ago. This 
widening gap between demand and domestic supply will make us increasingly dependent upon foreign 
imports. Back in 1973-at the height of the oil crisis - America imported just 36 percent of its oil from 
abroad. 


Today, we import 54 percent. And, if we allow this trend to continue, we will soon be forced to look 
abroad for some 64 percent of our oil. This will put more power in the hands of foreign suppliers - 
power they are not reluctant to use, as we just saw when the OPEC cartel decided to reduce oil output by 
‘one million barrels a day. 


While this administration does not agree with OPEC's decision, that decision demonstrates the 
importance of increasing America’s production of oil. Securing an affordable, reliable and adequate 
supply of crude is a critical challenge. But it is only half the oil story. 


Since 1980, the number of American refineries has been cut in half. There hasn't been a new refinery 
built in the United States in over 25 years. New regulatory interpretations limit the ability of existing 
refineries to expand capacity. Add to that regulations that require the production of more than 15 
different types of gasoline-and you have a refining industry strained to capacity, leaving us dangerously 
vulnerable to regional supply disruptions and price spikes. 


Refineries are so constrained that when President Clinton made the politically symbolic gesture of 


releasing 30 million barrels of oil from the Strategic Petroleum Reserve last fall, that oil had to be 
shipped overseas to be refined. 


Natural Gas: Rapidly Rising Demand; Constraints on Supply 
Many of the same issues confront the future of natural gas. America's demand for natural gas is 
projected to rise even more rapidly than oil. If Department of Energy projections are correct, by 2020 
Americans will consume 62 percent more natural gas than we do today. More than 9 out of 10 of the 
announced new electric generating plants will be fired by natural gas. 


This approaching wave of new demand begs the question: Do we have an energy policy and a 
regulatory structure capable of meeting our natural gas needs? 


Consider just a few constraints in this market. 
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Right now, an estimated 40 percent of potential gas resources in the United States are on federal lands 
that are either closed to exploration or covered by severe restrictions. The last lease sale in the some 
areas of the Gulf of Mexico was more than a decade ago. New discoveries of natural gas in the United 
States have fallen for three straight years, creating increasing pressure for more imports. 


The notion that we can rely so heavily on natural gas... maintain severe restrictions on exploration . . . 
and still enjoy low prices is a dangerous assumption. 


Even if we find the supplies, moving that gas to market will require an additional 38,000 miles of 
transmission pipeline and 255,000 miles of distribution lines-at an estimated cost of $120-$150 billion. 


Today's pipeline system can hardly handle the supplies we know exist. Alaska's Prudhoe Bay, for 
example, produces about 8 billion cubic feet of natural gas a day - approximately 13 percent of 
America's daily consumption. 


But that gas never reaches the market. Instead, it is just pumped back into the ground, waiting until a 
pipeline is built to connect the Alaska fields to the U.S./Canada distribution system. 


Powering the Information Economy 


As everyone knows, we also face a real challenge in generating enough electricity to light out homes and 
run our businesses. Over the next 20 years, the Department of Energy estimates that electricity demand 
in the United States will increase by 45 percent. That rising growth rate will require the construction of 
‘over 1,300 new power plants-about 65 every year. 


Yet, the last time we added that much power was 1985. 


Furthermore, there is reason to believe that this could turn out to be a conservative estimate. During the 
1990s, electricity consumption far outstripped projections, driven by the energy-hungry information 
economy. Some experts calculate that the demands of the Internet already consume some 8-13 percent 
of electricity. If demand grows at just the same pace as during the last decade, we'll need nearly 1,900 
new plants by 2020-or more than 90 every year-just to keep pace. 


Hundreds of new generating plants will place even greater pressure on our already strained and aging 
power grid. America's network of transmission lines, substations and transformers was built when 
utilities were tightly regulated monopolies providing service to assigned regions. Interconnections 
between suppliers were strictly an emergency backup measure to guard against rare service 
interruptions. The system was simply not designed for long-haul swapping of power in a highly 
competitive market. 
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Consumers are already feeling the impact of a transmission systems stressed by rising demand. 
Transmission bottlenecks contributed to the blackouts that have swept through California and to price 
spikes in New York City last summer that cost consumers an estimated $100 million. 


Coal, Nuclear, and Hydro-Electric Power 


Coal has historically been American's number one source for affordable electricity; it currently powers 
half of America's electricity generators. And at today's recovery rates, our nation has enough coal to 
keep those plants running for the next 250 years. 


Coal generators have already been called upon to make broad reductions in emi The Bush 
Administration supports those efforts-and we will back it up with greater incentives for investment in 
clean coal technology. 


But the administration will not regulate coal out of existence ... and we will not support measures that 
will threaten electricity supplies and significantly raise electricity prices. President Bush made the right 
decision last week not to impose new federal mandates on the emissions of carbon dioxide. If America 
is to have reliable electricity over the next 20 years, coal must continue to play a major role. 


But, coal is not the only energy source facing an uncertain future. There hasn't been a new nuclear 
power plant permit granted since 1979. Many of the 103 existing nuclear plants are not even expected to 
file for a renewal of their licenses as they expire over the next 15 years. 


Even hydroelectric power generation is expected to fall sharply. 
Re-licensing a hydro facility can take a decade or more and cost millions. And now, even though 
consumers are faced with potential blackouts and chronic electricity shortages in the West, activists and 


some political leaders want to breach one or more of the four federal dams on the Snake River to help 
young salmon, on their trek to the sea. 


The Dangers of Complacency 


What are the dangers of complacency in light of these challenges? How does it all add up for our 
economy and our citizens? 


This nation's last three recessions have all been tied to rising energy prices - and there is strong evidence 
that the latest crisis is already having a negative effect. 
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The National Association of Manufacturers estimates that soaring fuel prices between 1999 and 2000 
cost the U.S. economy more than $115 billion-shaving a full percentage point off our Gross Domestic 
Product. A January survey of its 5,500 members reveals that nearly one quarter were forced to curtail 
operations. 


During a two-week period this past January, Californians lost an estimated $2.3 billion in wages, sales 
and productivity. Layoffs are already hitting workers in the West as companies shift production to states 
with more reliable energy sources. Then there are the jobs that will never be created. 


Intel's CEO Craig Barrett announced that the world's leading chipmaker won't be expanding in 
California: "As long as California is a Third World country," Barrett said, "we won't build $2 billion 
manufacturing plants here." 


The Food and Agricultural Policy Institute reports that farmers are likely to see their income drop 20 
percent over the next two years due to higher energy costs. 


Rising energy costs are hitting every family's checkbook, primarily affecting those who can afford it 
least. Gas bills for many homeowners in the Washington, DC area more than tripled this year. Some 
residents are reporting that their heating bills are higher than their food bills this winter. 


The power c n't just pinching our wallets, it's changing the way we live our lives. In California, 
power outages have shut down traffic lights, darkened schools and closed businesses. The governor has 
ordered local police to patrol the streets-not for criminals, but to make sure businesses keep their lights 
dimmed. 


But California is not the only state facing a mismatch between supply and demand. With electricity 
shortages predicted for New York City and Long Island this summer ... low capacity margins 
threatening electricity reliability in the Midwest, Southeast and Northern Plains states... and strained 
refinery capacity in the Midwest, Americans across the nation are feeling the energy squeeze. 


The Need For A National Energy Policy 


Rising demand ... tightening supplies... an aging power infrastructure ... a decade of neglect from 
Washington: These are the trends that define America's emerging energy needs. 


President Bush has committed this administration to meeting these challenges - a job that begins with 
the urgent task of developing and implementing a long-term national energy policy. 


To accomplish this, President Bush created an Energy Task Force headed by Vice President Cheney. He 
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has asked us to define a clear strategy - a strategy that will allow environmentally responsible 
exploration and recovery of our domestic resources . .. enhance our commitment to conservation and 
energy efficiency ... and encourage investment in new technology to further the development of 
renewable energy sources. 


I wish I could say that the energy crisis now sweeping the nation has shocked the political system into 
action. But like other political discussions in recent years, the debate over energy seems as deeply 
polarized as ever. 


On one end of the spectrum, some activists propose what amounts to a "zero tolerance" policy toward 
exploration and cling to the quixotic idea that new, undiscovered sources will somehow allow us to meet 
our energy needs. On the other end, some advocates place an almost limitless faith in special tax breaks 
for this favored activity or subsidies for that preferred industry. 


The two extremes in our energy debate are founded on several enduring myths - myths that today 
conspire to block any true advance toward a rational and stable energy policy in the United States. Here 
are a few of the more prominent ones. 


Myth Number 1: It is impossible to balance energy exploration and environmental protection. 


Advances in technology have brought us a long way from the days when wildcatters punched holes in 
the ground based on the hunch they might hit a gusher. But from a regulatory standpoint, our view of oil 
and gas exploration hasn't changed much since we saw Jed Clampett strike "black gold" and split for 
Beverly Hills. 


Today, satellites and computers are the tools of choice in the exploration business. Geologists can 
bounce acoustic and electrical vibrations off the earth's inner depths, gather the resulting mass of data 
into powerful computers and then create three dimensional and even four dimensional maps of resource 
fields miles below the surface. 


Armed with these pinpoint accurate images, companies employ advanced equipment to drill vertically, 
horizontally and around corners-allowing us to access supplies from previously unimaginable depths, up 
to six miles away. 


The marriage of oil and gas exploration with cutting-edge technology means fewer rigs, fewer roads and 
fewer pipelines. Drilling operations that required 65 acres in the 1970s need only 10 acres today. 
Technological improvements in just the past 15 years have generated success rate increases of 50 
percent. America's national energy policy must reflect these staggering advances that have 
revolutionized the way we develop our resources. 


Myth Number 2: All our current problems are due to an energy industry that is engaged in a massive 
conspiracy to gouge consumers by limiting supply to drive up prices. 
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This myth has been punctuated by calls for investigations into everything from last summer's Midwest 
gasoline price spikes, to recent allegations that power generators in the West have been withholding 
electricity. We have a fair and objective process for judging these claims-and action will be taken when 
itis merited. Over the past two weeks, for example, the Federal Energy Regulatory Commission 
ordered power companies to rebate some $124 million to California utilities. Meanwhile, the Federal 
Trade Commission recently cleared gasoline suppliers of all charges relating to last summer's price 
increases. 


But charges of price gouging largely miss the point. There is no magic source of supply; no hidden pool 
of energy that can be turned on and off like a faucet. California-and other power-strapped states-will 
never solve the power crises they confront until they resolve the conflict between demand and supply. 


Earlier this year, one company proposed building a $400 million power plant in California that would 
have provided enough additional electricity to light 600,000 homes in energy-starved Silicon Valley. 
The company pledged to plant 800 new trees to beautify the area. They proposed cloaking the power 
station in a brick facade to make it essentially indistinguishable from a high-rent office complex. They 
even promised to help maintain the local habitat for the endangered bay checkerspoon butterfly. 


Their environmentally-sensitive plans won the support of the Sierra Club, the American Lung 
Association and the NAACP. But city officials voted unanimously -- 11-0 -- to reject the plan. In an 
editorial, the local paper called this move "Dumb and Dumber." 


Meanwhile, further south, plans to build a 550-megawatt gas-fired generator in a Los Angeles suburb 
were scrapped after residents voted 2:1 against the project. The local mayor added a much-needed dose 
of reason and maturity to the debate-by launching a hunger strike in opposition to the plant. 


In California, workers are being laid off, companies are leaving the state, farmers and small businesses 
are losing millions, consumers are threatened with rolling blackouts, but local officials reject power 
plants with little regard for the consequences. Is it really any mystery why there hasn't been a single 
new power plant built in California in the last decade? 


Myth Number 3: The Bush energy plan is focused almost exclusively on opening the Arctic National 
Wildlife Refuge (ANWR) to exploration-a move that would buy us only about 6 months worth of 
American consumption while destroying a pristine natural wilderness, not to mention disrupting the 
breeding ground of the Porcupine Caribou. 


Let's separate fact from fiction when it comes to ANWR. 
First, according to estimates by the U. S. Geological Survey, ANWR holds between 5. 7 to 16 billion 


barrels of recoverable reserves-with a mean estimate of 10. 4 billion barrels. And that assumes the use 
of drilling technology now nearly a decade old. This represents more than 300 times the amount of the 
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oil President Clinton released from the Strategic Petroleum Reserve last fall. And based on December 
2000 figures, it would free us from about 54 years of oil imports from Saddam Hussein and Iraq. 


Second, exploration would impact only about 2,000 acres out of more than 19 million. To put that in 
perspective, the massive Arctic National Wildlife Refuge is about the same size as the entire State of 
South Carolina; the two thousand acres that would be affected is less than half the size of Dulles 
airport. 


And as for the caribou, the herd in the Prudhoe Bay area grew more than 9-fold over the past 20 years to 
an estimated 28,000 in 2000-seemingly irrefutable evidence that caribou mating and oil exploration can 
peacefully coexist. 


The decision to open a small portion of ANWR should be made on the merits. But it should not be 
made on the mistaken assumption that opening ANWR will allow us to produce our way to full energy 
independence. 


America first became a net importer of energy in the 1950s - and our economy will continue to depend, 
in part, on imported oil. However, closing off virtually every available new source of domestic supply, 
enhances the leverage and power of an oil cartel that cannot be relied on to put America's interests first. 
While the resources of ANWR won't make us energy independent, they will help increase America’s 
energy security by ensuring a more diverse supply of oil. 


Myth Number 4: Government subsidies and tax breaks are the best way to encourage new exploration 
and production of energy. 


This administration will continue to support funding for energy research and development initiatives. 
But capital is best allocated to its highest uses through the workings of the free market, not 
manipulations of the tax code. Government regulatory policy should not be aimed at picking winners 
and losers in any market, including energy. Neither should tax policy. 


Myth Number 5: We can forego traditional sources and instead meet rising energy demand by 
harnessing wind, geothermal, solar and other forms of renewable power. 


Excluding hydro-power, renewable sources currently generate about 2 percent of America's electricity. 
Billions have been invested in developing renewable energy-and will continue to be invested under the 
Bush Administration. But renewables have yet to overcome the economic advantages of conventional 
energy sources. 


Even with promising advances in research and development, renewables will only provide, according to 
Energy Information Administration estimates, about 6 percent of our total electricity consumption by 
2020. Even if renewables exceed our most optimistic expectations, they would still supply only a 
fraction of our needs over the next 20 years. 
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Myth Number 6: Price controls are the answer to today's energy crisis. 


Memories are short, aren't they. So let me remind everyone. America imposed price controls on oil and 
gas in the 1970s. They were an utter failure. They led to shortages and rationing and the idea that 
America was gripped by malaise. 


Let me be clear: The Bush Administration does not support price controls. Price controls on electricity 
will lead to more blackouts. Price controls on gasoline will lead to gas lines. Price controls will deepen 
America's energy crisis, because they won't reduce demand, but they will cripple incentives for 
desperately needed new investments in energy supply. 


Charting a New Policy Course 


The challenges are formidable . . . the warning signs are obvious ... but am optimistic because I 
know this administration's commitment is equal to the task. 


Our national energy policy will be comprehensive. It will reach across every department that touches 
the energy marketplace-from the Interior Department and the EPA to the Transportation Department and 
the DOE. 


Our national energy policy will be hemispheric. It will be based on the understanding that our policy 
cannot stand in isolation from our neighbors throughout the Americas. 


Our national energy policy will stress the need to diversify America's energy supply. It will be founded 
on the understanding that diversity of supply means security of supply... and that a broad mix of 
supply options-from coal to windmills, nuclear to natural gas-will help protect consumers against price 
spikes and supply disruptions. 


And our national energy policy will be balanced. It will leapfrog the myths that stifle change-rejecting 
the notion that there is no middle ground between environmental protection, regardless of the cost and 
energy exploration, regardless of the impact. 


Soon we will deliver our recommendations to President Bush. Later, we will introduce legislation aimed 
at winning bipartisan support for a national energy policy that matches the magnitude of the challenge. I 
am hopeful that men and women of good will-from both ends of the political spectrum . .. from 
environmental organizations to industry groups-will then come together and transcend the stale debate 
that has characterized energy policy in recent years. 


About 150 years ago, America faced a vastly different energy cris 
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Supplies of whale oil were becoming more and more scarce. Few could afford to pay for the luxury of 
this or other costly methods of illumination. Sure, crude oil was available. In those days it was soaked 
up with rags, wrung out into small vials, and then sold as a treatment for toothaches . .. until an 
entrepreneur lined up an investor and a chemist and launched an energy revolution that would light the 
world. 


In America, resources become scarce only when our imagination languishes. By engaging that 
imagination, I am confident we can meet the challenges of today. If complacency yields to action. If we 
resolve to strike a rational balance between our energy needs and our environmental concerns. And if a 
national energy policy becomes an urgent priority. 


Thank you. 
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Report by Energy Secretary 
Spencer Abraham 


@e@eeeocoeaeaee eee eee eeeeae ee ee ees 


Bui | To 


National Energy Summit, 
U.S. Chamber of Commerce 
Mar. 19, 2001 


National energy policy for 8 years 


eeeoeoaoeaeoeaeo eee eee eeeeaeee ee ee: 
® The national policy imposed the following: 
= Taxed energy demand 
= Limited the energy supplies 
= Ignored expanding energy needs 
® Summary of the past policy on energy: 
= You cannot find it 
= You cannot transport it 
= Ifyou get it, we don't want you to use it 
¢ Good News: Crisis can be solved 
e Bad News: Not temporary; will not fix itself 
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Energy supply challenges kb 
e @eeeeeoeaeee eee e eee eee eeee: 
e Demand for energy rising across the board, 
particularly for natural gas and electricity 
® Supplies limited by regulatory structure 
@ Failed to keep pace with technology advances 
= Uncertain political environment discourages 
investment in desperately needed facilities 
e Energy infrastructure is woefully antiquated and 
inadequate 
Note: The energy infrastructure is that network of generators, 


transmission lines, refineries, and pipelines that convert 
raw resources into usable energy or fuel 
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Oil: Rising consumption and | ! 
accelerating dependence 
@eeeeoeoeaeeaeoeeea eee e eee eee ee ee: 
eInUS., will increase 33 percent in 20 years 
US. production continues to drop 
= Produce 39% less now than in 1970 
= At present reduction rate, production will decrease to 


5.1 million barrels per day by 2020, down from 9.4 
million barrels per day in 1970. 


e Imports have steadily risen 
= From 36% in 1973 to 54% today 
= Will soon rise to 64% unless checked 
= Empowers foreign suppliers such as OPEC 
e Assuring affordable, reliable, adequate supply of 
crude oil is a critical national challenge 
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Oil: Rising consumption and | ! 
accelerating dependence 


@eeeeoaoeaeoeoeoeee eee eeeeaeaee ee ee: 


® We have been decreasing the infrastructure 
@ Since 1980, U.S. refineries reduced by 50% 
= Nonew refinery built in over 25 years 
= New regulatory interpretations limit expansion of 
capacity of existing refineries 
= Regulations require producing more than 15 different 
types of gasoline 
= Refining industry strained to capacity 
e E.g., Clinton symbolically released 30 million barrels 
of oil from the Strategic Petroleum Reserve 
® The oil had to be shipped overseas to be refined! 
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Natural Gas: Rapidly rising | 
demand, supply constraints 


MSCbG OA ESA DOG 664Gb Ow) 

e By 2020, U.S. will consume 62% more natural gas 
than today 

e More than 9 out of 10 of announced new electric 
power plants will be fired by natural gas 

e 40% of potential gas resources are on federal lands 
either closed or severely restricted 

Last lease in Gulf of Mexico more that 10 years ago 

e New discoveries falling 

e Dangerous to assume relying on natural gas, 
severely restricting exploration, keeping low prices 
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Natural Gas: Rapidly rising 
demand, supply constraints 
GaSb abe Shia Wie Glee wreeere eae 
@ Given enough natural gas, 38,000 more miles of 
transmission pipelines and 255,000 miles of 
distribution lines will be needed 
e This alone will cost $120-150 billion 
e E.g., Alaska's Prudhoe Bay produces 8 billion ft’ 
per day 
a About 13% of America's daily consumption 
a Never reaches the market, pumped back into ground 
a Waiting on building a pipeline to connect Alaska 
fields to US/Canada distribution system 
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Electricity: Needs, problems dy 


@eeeeeoeaeoeaeveeea eee eeeeaeee ee ee: 
@ Over 20 years, conservative estimate is that 
demand will increase 45% 
® Will require construction of 1,300 new power plants, 
about 65 every year (about one every 6 days) 
= Last time we added so many power plants was 1985 
e@ Some experts calculate demand will increase faster 
a May require nearly 1,900 new power plants 
a That is 90 per year (about one every four days) 
e Either way, will place great pressure on already 
strained and aging power grid 
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The aging power grid 
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@eeeeoeoeaeeaeoeeea eee e eee eee ee ee: 


Network of transmission lines, substations, and 
transformers 

Built when utilities were tightly regulated, supplied 
service to assigned regions 

Interconnections between suppliers were strictly 
emergency backup measure for rare usage 

Not designed at all for long-haul swapping of 
power in a competitive market 

Transmission bottlenecks contributed to California 
blackouts this winter and price spikes in New York 
City last summer 
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Coal fired electrical power Ww 


@eeeeooeaeeaeoeeea eee eeeeaeee ee ee: 

e Coal powers half our electricity generators. 

Enough coal for 250 years. 

Coal emissions slated for broad reductions 

Admunustration will support new technology, but 

will not threaten electricity supplies and let it 

significantly raise electricity prices 

e President Bush therefore decided not to impose 
new mandates on CO, emissions 

e Ifnation is to have reliable electricity over next 
20 years, coal must play a major role 
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Nuclear power plants 


eeeeeoeaeeaeeee eee eeeeaeeeeeee: 


e No new nuclear power 
plant permit granted 
since 1979 

e 103 existing nuclear 
power plants 

e Many not expected to 
even file for license 
renewal as licenses 
expire over the next 
15 years 
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Hydroelectric power generation 


@eeeeoaoeaeoeaeoeeea eee e eee eee ee eae: 


e Expected to fall sharply 

e Re-licensing can take a 
decade and cost millions 

e Some activists and 
political leaders want to 
breach one or more of the 
four federal dams on the 
Snake River to help 
young salmon on their trek 
to the sea 
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Dangers of complacency S 


eee eeeeeesreeeeeseeeeeeeesnn: 
® Last three recessions tied to rising energy prices 
© Latest crisis already causing negative effects 
® Soaring fuel costs: extra $115 billion between 
1999 and 2000; 1% off Gross Domestic Product 
e@ In two weeks in January 2001: 
= Californians lost $2.3 billion in wages, sales, etc. 
s Layoffs hitting in West as manufacturers shift to 
states with more reliable energy sources 
= Intel will not build $2 billion plants in California to 
expand there. 
= Farmers’ incomes to drop 20% in next two years 
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Dangers of complacency (2) 


eeeeeeeeeeeeeeeeeeneesse 
e Some homeowner gas bills in Washington 
D.C. more than tripled this year 


Heating bills of some residents exceeded & 
d 
fa> 


their food bills during the winter 
© California power outages shut down traffic = 
lights, closed businesses, darkened schools 
Police patrols were used to insure compliance 
Electricity shortages predicted for New York City and 
Long Island this summer 
e Strained refinery capacity in the Midwest wm 
Low capacity threatens electricity reliability in 
Midwest, Southeast, and Northem Plain states - 
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Need for national energy policy 


@eeeeoeoeaeoeaeoeee eee eeeeeee ee ee: 

e Rising demand, tightening supplies, aging power 
infrastructure, decade of neglect 

® President created Energy Task Force, headed by 
VP Cheney, to determine strategy 


= Environmental responsible exploration and 
recovery 


= Conservation and energy efficiency 


= Encourage investment in new technology for 
renewable energy sources 


e Debate is still deeply polarized 


Published by Lotus® Freelance Graphics® 


1S.him24.11.2003 18:45:34 


Extremes of the energy positions 


eeeeoeoeaeoeneoeeen eee 
e Some activists: 
= Zero tolerance to 
exploration 
a New, undiscovered sources 
will somehow provide for 
us 
® Some advocates: 
= Limitless faith in special 
tax breaks for a favored 
activity or subsidies for a 
preferred industry 


eeeeeoeceeee: 
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Six prominent myths, 
none of which is true 


@eeeeooeaeeaeoeee eee eeeeaee eeee: 


1. 


2. 


It is impossible to balance energy 

exploration and environmental protection 
There is amassive energy industry conspiracy, 
limiting supply to drive up prices 


. The Bush energy plan is focused almost 


exclusively on opening the Arctic National 
Wildlife Refuge (ANWR) to exploration 


. Government subsidies and tax breaks are the best way to 


encourage new exploration and energy production 


. Can forego traditional sources and meet demand by wind, 


geothermal, solar, and other forms of renewable power 


. Price controls are the answer to the energy crisis 
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Can we balance exploration and 
environmental protection? 
@eeeeoaoeaeeaeoeee eee eeeeaeee ee eae: 
e Today, satellites and computers are 
tools of choice for exploration. 
e Acoustic and electrical vibrations 
off the earth's depths provides 
maps of resource fields 
® With advanced equipment, drill vertically, 
horizontally, or around comers up to 6 miles 
Fewer rigs, fewer roads, fewer pipelines 
65 acre drilling in 1970s needs only 10 now 
Success rates have increased 50 percent 


ee @ ® 
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Is there a price gouge conspiracy? 
@eeeeoaoeaeeaeo eee eee eeeeaeee ee ee: 
e Calls to investigate gasoline price spikes 
® Allegations that power generators in the a 
West have been withholding electricity Lal 
® Investigation and action is taken where merited 
= FERC ordered power companies to rebate $124 million to 
California utilities 
= FTC cleared gasoline suppliers relating to last summer's 
price increases 
e There is no hidden energy pool that can be turned on and 
off like a faucet 
® Must solve power crises by resolving conflict between 
demand and supply 
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Is there a price gouge conspiracy? (2) 
eeeeoaoeaeeaev eee eee e eee eee ee ee: 
e Early this year (2001) one company proposed to 
build a $400 million power plant in California 
e Additional electricity for 600,000 homes 
= Plant 800 trees to beautify the area 


@ Cloak facility in a brick facade to resemble a high-rent 
office complex 


© Help maintain habitat for an endangered butterfly 
e Project supported by Sierra Club, American Lung 
Association and NAACP. 
© City officials unanimously (11 to 0) rejected it 
® Local paper called this move "Dumb and Dumber". 
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Is there a price gouge conspiracy? (3) 
@eeeeoaoeaeeaeo eee eee eeeeaeeee eee: 
e Plans to build a 550 megawatt gas-fired generator in a 
Los Angeles suburb were scrapped 
© Residents voted 2:1 against the project 
Local mayor launched a hunger strike in opposition to it. 
® In California: 
= Workers are being laid off 
= Companies are leaving the state 
= Consumers threatened with rolling blackouts 
= Local officials reject power plants with little regard 
Is it really any mystery why there hasn't been a single 
new power plant built in California in the last decade? 
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Arctic National Wildlife Refuge Exploration 


Arctic National Wildlife Refuge Exploration 


@eeeeooeaeaee eee eee eeeeaea ese eee es 
® Myth: Would buy only about 6 months worth of 
consumption while destroying pristine 
wildermess and disrupting the caribou 
e Fact: The ANWR holds from 5.7 to 16 billion 
barrels of recoverable reserves (mean is 10.4) 
= More than 300 times the oil Clinton released 
= Frees us from equivalent of 54 years of imports 
from Saddam Hussein and Iraq 
a Exploration involves only some 2,000 of more than 
19 million acres -- like half the Dulles airport 
compared to the entire state of South Carolina 
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Arctic National Wildlife 
Refuge Exploration (2) (ar? 


eeeeeoeaeeaeeee eee eeeeaeeeeeee: 


e The caribou herd in the Prudhoe Bay area 
grew more than 9-fold over the last 20 years (to 
28,000 in 2000) 


e Proves that caribou mating and oil exploration 
can peacefully co-exist 
e Exploration should be considered on merits 


e@ Opening ANWR will help, but does not allow 
full energy dependence 
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Our increasing oil imports 
@eeeeoeoeaeoeeaeveee eee eeeeaeee ee ee: 
e US. became a net importer of oil in 1950s 
e Closing off all new domestic 
sources enhances leverage 
and power of oil cartels 
e These cannot relied on to put 
American interests first 
e® Development of domestic resources such as 
ANWR will help increase energy security 
by ensuring a more diverse supply of oil 
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Government subsidies and tax breaks 


@eeeeeoeaeoeaeo eee eee e eee eee ee ee: 


e Administration will continue to support funding 
for energy research and development initiatives. 


e Capital is best allocated through the workings of 
the free markets, not manipulating the tax code 


e Government regulatory policy should not aim at 
picking winners and losers 


e Neither should tax policy 
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Renewable energy sources 


@eeeeoeoeaeeaeoeeea eee e eee eee eeeae: 


e Excluding hydro-power, renewable 


sources generate about 2% of SS Poa 


America's electricity A 


e Bush administration will continue to | 
invest in renewable energy sources Hy 


e Renewables have not overcome economic 
advantages of conventional sources 

e Even with promising advances, renewables 
will provide only about 6% of our total 
electricity by 2020. 

« Even with most optimistic breakthroughs, 
they will supply only a fraction of our needs 
over the next 20 years. 
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Price controls 


FDS OS OS'S OMS DiS SS 1918'S O'S OO 'S:8'8:1 
e America imposed price controls on oil and gas 
in the 1970s; they were an utter failure 


® Led to shortages, rationing, and idea that 
America was gripped by malaise 


® Administration does not support price controls 
= Lead to more blackouts and gas lines 
= Will not reduce demand, but cripple incentives 
for new investments in energy supply 
= Will deepen America's energy crisis 
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Charting a new national policy 


@eeeeoeoeaeeaeoeee eee eeeeaeee ee ee: 


e Comprehensive. Across every department. 
e Hemispheric. Includes the Americas. 


« Diversify the energy supply for security, with a broad mix 
of options. 


® Balanced. Combines environmental protection and energy 
exploration. 


e Recommendations to be delivered to President Bush soon. 
© Legislation will be introduced and bipartisan support. 


« Hope that men and women of good will come together and 
transcend the present stale debate. 
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Commentary 
eoeeceeeeccecerecceceose 
by Tom Bearden, Ph.D. 
12 April 2001 

ee 
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Commentary: 

Ceoeeeeeeeeeeeeeeeeeeeseoee: 

® A reasoned and professional assessment of the present 
energy crisis situation by Secretary Abraham 

« Demonstrates administration and DOE are energetically attempting 
to get the crisis under control with conventional methods 

® Scientific advisers have no "out-of-the-box" energy knowledge; 
policy stays essentially "in-the-box"” 

Shortage of oil, get more oil 

Shortage of natural gas, get more natural gas 

Shortage of electrical power plants, build more 

Need 90 per year; build them 

Short distribution grid, build additional 

Shortage pipelines, build some more 

® Cannot "get more" in time to prevent economic disaster 

® Cannot avoid overmunning first quarter 2004 "point of no return” 
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Caution: It is stressed that 


@eeeeoaoeaeeaeoeeea eee eeeeaeee ee ee: 

® Given only the conventional Lorentz-regauged electrical 
design model, COP>1.0 EM systems are impossible. That 
type of EM only designs COP<1.0 systems! 

e Given advice from scientific "experts" who know only 
COP<1.0 design, U(1) electrodynamics, and Lorentz regauged 
power system theory, the A dministration is doing the best that 
can be done, all factors considered. 

e The DoE and the Administration must use whatever they have 
available to them, to try to solve the crisis. 

e Hence DoE and the Administration is not at fault. On the 
contrary, they are trying very hard to solve this escalating 
energy crisis, using the tools the scientists offer them. 

@ Itisthe U.S. scientific community that is squarely to blame for 
this sad state of affairs, and for the coming economic collapse. 


COP = Coefficient of Performance 
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An example of the time problem 


@eeeeoeoeaeeaeoeeea eee eeeeaeaee ee ee: 


TVA and Texaco are discussing building a coal 
gasification 1,500 megawatt power plant. 

a Near Scottsboro, Alabama 

Construction could begin in 2002. 

= In3-6 years, begin producing electricity. 

= If5 years, it will come on line in 2007. 
90 plants are required per year, beginning now. 
2007 is about the time that world economies are crumbling, 
conflicts are raging, and all the arsenals weapons of mass 
destruction will be unleashed. 
2007 is about the time civilization will be destroyed, if we 
continue on the present course. 
With only present solution, can get perhaps 400 to 450 plants 
ready to come on line, about the time they are destroyed 
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The pending disaster 


eeeeoeaeeaeeee eee eeeeaeeeeeee: 


@ The world energy crisis will escalate steadily, forcing 
collapse of world economy circa 2008. 

e As nations’ economies crumble, conflicts soar and one or 
more nations will exchange nukes and other weapons of 
mass destruction (WMD). Security partners forced to 
enter the melee. 

e This evokes the long-dreaded WMD "spasm" response. 
= Only way for a nation to survive is to destroy its perceived 

foes before they destroy it. 


® Everybody fires everything, as fast as they can, unleashing 
all the arsenals of WMD, desperate attempt to survive. 

@ Civilization and much of the biosphere is destroyed. 
Unleashing of smallpox alone will kill 2 billion. 


The time for this Armageddon is circa 2007. 
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‘Ss 
The bottom line: Se 


tte ee vedanee ol cases 


® Self-powering and COP>1.0 electrical power systems 
must be rolling off the assembly lines en masse by first 
quarter 2004. That is the "point of no return”. 

e Otherwise, the point of no return will be overrun and no 
solution is possible, by any means, by anyone or by 
everyone. 

e Ifthat deadline is missed, the crisis curves cannot be 
"damped" in time to prevent world economic collapse. 

® Itis still doable, but only with a massive national effort of 
the highest priority. No one recognizes that as yet. 

e Meanwhile, the scientific community is doing business as 
usual. You will have to just push most of it aside. 

® Weare "fiddling while Rome prepares to explode". 
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Here are some events etc. i) 
@eeeeoaoeaeeaeoeeea eee e eee eee ee ee: 
e@ Exxon Mobil Corp. soared to the top of the 

Fortune 500. 
e Oil, gas, and power companies climbed. 
@ Increased income due to 

« Falling supplies so price increases 

a Utility deregulation. CA stupidly capped 


end prices, and freed middle prices. 
Dunce cap award for that one! 


= Soaring natural gas prices. 
OPEC maneuvering to keep oil prices high 

e Pacific Gas & Electric declared bankruptcy; 
another CA power company on the ropes. 
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Lowered energy requirements 
for appliances 


eeeeoeoeaeeaeoeeea eee e eee eee eeee: 


e Approved in last days of Clinton administration 

e Washing machines must use 35% less energy, 
beginning in 2007 

® Water heaters must use 5%-9% less energy, 
beginning in 2004 

e Adds about $240 to price of washing machine 

e Lower energy costs over time will offset initial 
increased cost 


e Approved by Bush administration in April 2001 
after review 
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Easing air conditioner and heat 
pump standards 


@e@eeeoeoeaeeaeoeeea eee eeeeaeee ee ee: 


e Bush administration eased Clinton's new efficiency 
standards 
® Still require air conditioners and heat pumps to use 20% less 

energy than most current models, beginning in 2006 

@ Clinton standard was 30% less 

All central home air conditioning units must meet 
minimum seasonal efficiency ratio (SEER) of 12, 
compared to present 10 

e Replaces Clinton SEER standard of 12 

e In California, easing these standards requires two more 
power plants 
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Navarro's Estimate* 
eeeeoeeeeeceeeoereses 
Peter Navarro, economist at UC 
Irvine, 


in conjunction with Utility Consumers's Action Network 


“Jennifer Coleman, "Power costs could be triple last 
year's for Californians," AP release, 22 Apr. 2001 
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Factors driving comparisons 


eeeeoeaeeaeeee eee eeeeaeeeeeee: 


Last summer, soaring costs drove three utilities to brink 
of financial ruin 

© This summer costs may rise by as much as three-fold 

e Factors at play: 


= Drought-induced reduction of hydroelectric power supplies 
in Pacific Northwest 


= Predicted hotter-than-average summer 

= Competition from other states 
© State buys about 1/3 of its power from spot market 
© Spot market likely to see substantial increases 
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Prices likely per kilowatt-hour 


@eeeeoaoeaeoeaeoeeea eee eeeeaeaee ee ee: 

e Last summer, peak average high price was 86 
cents per KWHR 

© This summer expected to hit $1 to $2 per KWHR 

® Consumer rates capped at about 10 cents per 
KWHR 

e The growing gap will have to be filled by state 
funds, which themselves are dwindling 

e Eventually the California taxpayers have to pay 
the difference, which is from 10 to 20 times what 
they are paying now for capped power 
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Covering debt already incurred 
@eeeeeoeaeeaeoeeea eee eeeeaeaee ee ee: 
e Since January, California has authorized $5.7 billion to 
buy power for customers of Pacific Gas and Electric Co. 
and Southern California Edison 
e The two utilities’ credit was cut off due to 
® Soaring wholesale costs 
@ Cap on consumer rates 
= Went nearly $14 Billion in debt 
e San Diego Gas and Electric Co. incurred debts but is in 
better shape 
State will be repaid by $10 Billion in bonds 
= Expected to be issued in May 
Expected to last till September but will not 
= PG&E and Edison Customers will pay off the bonds 
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Deteriorating situation, rising prices 
eee eoeeeeeeeeeeoeeeeeeesreoee: 
@ Prices rising 

® Will rise even more as demand increases 

= Demand will rise by about 50 percent during the summer 
California's own generation resources cannot meet 

projected peak demands and reserve requirements 

= May fall by 3,500 megawatts short (peaks) 

= Enough power for 2.6 million households 
Power grid manager must depend on imports 

= Northwest drought makes extra power scarce to find 


= Northwest utilities themselves may have to import, not supply 
extra 
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Other Factors 


@eeeneeeneeoee eee e eee 


Credit, payback, scarcities 
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Paying the piper: California's bond rating reduced 
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Paying the piper: 
California's bond rating reduced 


eeoeeeneeesreeneeeeeeaneneseene: 
e Standard & Poor dropped California's bond rating two 
notches, from AA to A+ 
@ Financial drain from continuing energy crisis 
= Mounting uncertainty in costs to state of current electrical 
power crisis 
@ Likely long term detrimental effect on state's economy 
= State's ability to pay its debt has reduced 
e Rating not reduced further because of 
= State's diverse economy 
= Proposed revenue bonds to reimburse state treasury 
e Can reduce further if California does not make $10 
Billion bond issue and pay off its energy-related debts 
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Associated Press: 
Gasoline supplies are critical 


eeeeeeeeneseeeeeeeeeaeeseone: 
Supplies tightest for mid-April since U.S. government record-keeping 
began in 1963 
© There is a shortage of reformulated gasoline that produces less smog and is 
required during summer 
= MTBE additive made from methanol, a derivative of natural gas 
a Natural gas prices quadrupled Dec-Jan; MTBE reduced by 1/3 
= California uses more MTBE-treated gasoline than any other state 
= Gas-guzzling SUV sales boomed in 1999 and 2000 
® Any kind of refinery snag will be amplified 
® Last winter, major refiners had to focus on filling heating oil shortage 
instead of replenishing gasoline supplies for summer 
Now many forced out of service to take care of maintenance that was put 
off to deal with the heating oil crisis 
« Environmental restrictions make it difficult to build refineries; 
none constructed in the U.S. for more than 20 years 
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A peculiar problem € 


eeeeoeoeaeoeaeeeea eee e eee eee ee ee: 

e Eg., Magnetic Energy Ltd. has a working laboratory 
experiment COP>1.0 device (a motionless 
electromagnetic generator - MEG). 

® Solved basic EM system COP>1.0 theory. 

e Two years more R&D necessary to finish, do production 
engineering and scale up for production. 

« Immediate capital needed: $20 million. 

e Negotiations with large capital firms: 
Most have substantial capital committed to normal power 

community, long term. 

| MEL success thus costs them dearly in unrecovered funds. 


a They shoot themselves in the foot if they fund the MEG, since 
this is a "very disruptive” technology. 
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MEG uses the Aharonov-Bohm effect to 
extract free energy from the vacuum (1) 


eeeeeeeeneseeeeeeeeeeeseene: 

The Aharonov-Bohm effect (ABE) is in over 2,000 published 
physics papers in the hard literature. 

* Hundreds of experiments prove it. Physicists themselves would not 
believe it for 25 years after it was advanced and proven. Now itis 
universally accepted. 

* Free evocation of ABE never appeared for use in power systems, 
without paying energy to evoke it, until we used ABE in the MEG 
and freely evoked it. 

If the magnetic field B of a source is locally confined in a closed 
path (as in a toroid), the outside local spacetime (ST) where the 
B-field was withdrawn is still curved. Curved ST is energetic. The 
3-space energy has been transformed into curl-free magnetic vector 
potential A. But one pays for that A around a toroid, since one has 
to "feed" the toroid. 
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MEG uses the Aharonov-Bohm effect to 

extract free energy from the vacuum (2) 

@eeeeoeoeaeeaeoeeea eee eee eaeaee ee ee: 

@ We uncovered a transformer core material that will freely 
do that B-localization of the B-flux of a permanent 
magnet, extracting all the B-flux into a closed 
transformer-like core path. 

e The uncurled A-potential forms outside the core path as 
a freely flowing river of energy. 

® We pay nothing at all to get the A-energy flow going, or 
to sustain it. That's for free. 

The vacuum energy exchange and locally curved ST 
sustain that energy flow indefinitely, due to the 
permanent magnet dipole's broken 3-symmetry. 
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MEG uses the Aharonov-Bohm effect to 
extract free energy from the vacuum (3) 
@eeeeoeoeaeeaeoeee eee e eee eee ee ee: 
e We then hang "collecting antenna circuits” in that free 

tiver of energy flow in A-space outside the core. 

We pulse-perturb the river a /ittle, with very sharp-edged 
pulses of low energy. Huge E-fields (i.e., dA/dt) are 
formed and strike the antenna circuits. 

«From the large AC E-fields, we can intercept and collect 
large AC energy. The energy is dissipated in loads in the 
external separate collecting circuits, with no back emf 
into the primary circuit. 

e Only small average input energy is required. We pay 
only to switch or gate the large energy flow. 
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MEG uses the Aharonov-Bohm effect to 
extract free energy from the vacuum (4) 
@eeeeoeoeaeeaeveeea eee e eee eee ee ee: 
By analogy, imagine an old triode vacuum tube. 

Suppose we trick nature into giving us the cathode and 
electron energy flow, for free, really pouring energy out 
of there continuously. 

e Then we only have to put in a grid to switch it, a plate to 
intercept and catch it, and a plate circuit to dissipate it in 
a load. 

@ Inthe MEG, the permanent magnet and the special core 
provide the cathode and free flow. 

We provide the "grid" gating, plate "catching," and "plate 
circuits” with loads that are powered. 
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MEG uses the Aharonov-Bohm effect to 

extract free energy from the vacuum (5) 

eeeeoeoeaeoeaeoeeea eee eevee eee ee ee: 

e@ The MEG becomes a free transmitter with multiple 
receivers System, not a transformer but a triode. 

e The transmitted energy is absolutely free, taken right 
from curved ST. We only have to "perturb" or shake the 
flow atiny bit, in sharp little shocks without much 
energy. The broken 3-symmetry of the magnetic dipole, 
in the fierce vacuum exchange, furnishes the energy in 
the large E-fields by dA/dt. 

@ The COP that can be achieved by the MEG is limited 
only by the A-space available outside the core for 
collection, and the number of surface charges in those 
external circuits powering, the loads. 
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Negentropic Engineering € 


@eeoeaeeaeveee eee e eee eee ee ee: 


e Can easily produce continuous giant EM energy flows 
from the vacuum: anywhere, anytime, for peanuts 
e Once flow initiated, no further input required 
e Focuses on real energy problem: intercepting the pouring 
energy and dissipating it in loads 
e Dramatic implications: 
@ Reduces hydrocarbon combustion; meet Kyoto accords 
= Obsoletes nuclear power, reduces nuclear wastes 
@ Reduces biospheric pollution 
@ Reduces biological effects of pollution 


® One drills the vacuum for energy, much easier than. 
drilling the ground for oil and natural gas 
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. 
Rigorous "out-of-the-box" work 
eeeeeoeoeoeoeoeoeoe eee e eee e eee 

e Evans, Anastasovski, Bearden et al. (15 authors), Alpha Foundation's 
Institute for Advanced Study: 

"Explanation of the Motionless Electromagnetic Generator with O(3) 
Electrodynamics,” Found. Phys. Lett. 14(1), Feb. 2001, p. 87-94. 

® "Explanation of the Motionless Electromagnetic Generator with the Sachs 
Theory of Electrodynamics", Found. Phys. Lett. 14(8), Aug. 2001 (in press). 

® "Energy from the Vacuum,” in referee process. 

®@ "O(3) Electrodynamics from the Irreducible Representations of the Einstein 
Group,” in referee process. 

@ "Electromagnetic Energy from Curved Spacetime,” in referee process.. 

@ "The Effect of Vacuum Energy on the Atomic Spectra,” Found. Phys. Lett., 
13(3), June 2000, p. 289-296. 

@ "Operator Derivation of the Gauge Invariant Proca and Lehnert Equations: 
Elimination of the Lorentz Condition," Found. Phys., 30(7), 2000, p. 
1123-1130. 

®@ "Runaway Solutions of the Lehnert Equations: The Possibility of Extracting 
Energy from the Vacuum,” Optik, 111(9) 2000, p. 407-409. 

® "Classical Electrodynamics Without the Lorentz Condition: Extracting Energy 
from the Vacuum,” Physica Scripta, 61(5), May 2000, p. 513-517. 
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Rigorous "out-of-the-box" work (2): 
(@edini " negative resistor” in . battery)* 


eeeeoene @eeeee @eeeeee: 
e A battery- powered circuit is fot’ a Single closed current loop; 


but has two largely separate current half-loops: 
@ Internal ion current between plates. 
a External electron current from outside of one plate, through 
external circuit and load, to other plate. 
e M/qratios very different: Ion current more than 200,000 times 
heavier per coulomb than electron current. 
Can dephase the two currents, overpotentialize both. 
e Battery can thus be hyper-recharged while external circuit 
simultaneously powered. 
® Bedini has been building successful little prototypes for more 
than 20 years. Could dramatically improve electric 
automobiles. 


*T.E. Bearden, "Bedini's Method for Forming Negative Resistors in Batteries," 
Joumal of New Energy,5(1), Summer 2000, p. 24-38. 


http:/Avww. cheniere orgtechpapers/Bedinipdf 
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Initiating a Battery to COP>1.0 


Ceoeeeeeeeeeeeeeeeeeeeseeee: 
e A Battery is highly nonlinear with multiple currents 
@ Electron current largely bound between outside of plates and 
extemal circuit including through load 


® Ion current confined between plates, through separators 

@ Mass-to-charge ratios of the two currents are vastly different 
@ Can dephase currents by 180° 

= ion current in charging mode 

@ electron current in circuit-powering mode, powering circuit 
e@ Done by forming negative resistor 


= Sharp, higher potential at insulator 
interface on plate surface 


® Bidirectional overpotentialization 
@ Energy extracted from active vacuum 
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Secretary alone cannot solve it 


eeoeeeeeeesreeeeeeeeasneseene: 
e Scientific community, universities, national labs, NSF, 
NAS, power companies doing business as usual 
© No really out-of-the-box energy research 
= Do not realize all electrical systems and power lines are 
powered by energy extracted from the vacuum 
@ Not correcting flawed electrodynamics, uninterested 
= Not funding any vacuum energy extraction projects 
@ New policy cannot quickly eliminate the long delay 
time till new electrical power plants come on line 
= Need 60 to 90 powerplants per year; first one can be 
operational only after several years even with crash program 
a Skyrocketing energy, trucking and other transport costs 
will drive the nation into financial disaster during that delay 


@ Only doable solution: vacuum-energy systems 
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What is desperately needed 


eeeeoeaeeaeeee eee eeeeaeeee ee ee: 
e Separate "Manhattan Project" on energy from 

the vacuum systems, reporting to Secretary 

= Operate under Presidential Decision Document 


® Staffed with carefully selected scientists and 
engineers 


= Top priority funding 
= Round-the-clock research 


e Support from selected personnel in national 
labs, universities, research corporations 


© Start with known COP>1.0 systems; factual 
information can be provided 
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Why it can be done in time 
e@eeeeoaoeaeeaeoeeea eee eeeeaeaee ee ee: 
e Already have elements of necessary theory of 
Maxwellian disequilibrium COP>1.0 systems; funding 
will finish it rapidly 
@ Several legitimate COP>1.0 systems exist, can be 
quickly developed and scaled up 
e@ Two years or less after start, a range of self-powering 
systems can be rolling off the assembly lines en masse 
e A great breakthrough in close-looping principles for 
self-powering technology has been accomplished 
a Deeply proprietary, can be released 
a Using breakthrough, parallel program can develop 
self-powering of many present power systems 
®@ Will not be discussed without the program. 
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Cautions! 


@eeeeoaoeaeoeaeoeee eee eeeeaeeeeeee: 

® In the so-called "free energy field", many 
charlatans, much disinformation, some honest 
mistakes, some real systems and information 

e Absolutely must separate wheat from chaff 


e Working laboratory proof-of-principle devices do 
exist; groups need funds for development 

e Inventors with such systems usually do not 
comprehend the actual mechanism used 

e US. is 100 years behind in applying necessary 


corrections to electrodynamics; but some 
courageous scientists have begun 
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The scientists have failed us 


Papeete eeeeeooaoeoeoeo ea eee eoeoeae: 
® Secretary Abraham ii is the U.S. scientific community which has 
failed us, and whichis responsible for this unnecessary crisis. 

® No textbook presently even correctly states what actually powers a 
power line. The basis has been in particle physics for a half-century. 

© Before arbitrary regauging by Lorentz in the 1880s, the 
Maxwell-Heaviside theory does prescribe electrical power systems far 
from equilibrium in their fierce vacuum exchange, including systems 
which power themselves and their load, extracting the energy from 
their broken symmetry in their active vacuum energy exchange. 

® Every power system already wastes a trillion times more energy than is 
placed on the power line; scientists and engineers do not even know it. 

© Heaviside published the basis for that in the 1880s and 1890s; 
Poynting never even knew it. Lorentz knew it, couldn't explain the 
source, stated "no physical significance” and discarded it. 

® This discarded "Heaviside energy” is what is generating the extra 
gravity in spiral galaxies, and holding their arms together. Scientists 
arbitrarily discarded it in the 1880s; have forgotten it today. 
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The scientific community enforces 
a 137-year-old flawed EM model 


eeeeeoeaeeaeeeeeeeeeeeaeee ee ee: 


Equations still assume material ether. 

® Thoroughly confuse cause and effect. 

® "Fields" as defined in electrical engineering 

do not exist outside matter (Feynman, Wheeler) 

Arbitrarily discards vacuum energy exchange and usage. 

@ Proven for nearly 50 years in particle physics 

@ Dipole exchange particularly significant because dipole's negentropy 
extracts all EM energy -- used in the system -- from the vacuum, 
Every system already powered by the vacuum anyway. 

e Arbitrarily discards about 10 trillion times as much 
EM energy present around a circuit as the circuit intercepts. 

® Scientific community pummels most scientists who try to change 
model or develop systems far from equilibrium in their known 
violent energy exchange with the active vacuum. 


© Same flawed power system schema for more than a century. 


. 
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AIL EM from Time Domaint 


[lL] 


All EM 3-space energy freely 
comes from the time domain* 


eeeeeoeeeneseeeeeeeeeaeeseene: 
*T. E. Bearden, "Giant Negentropy of the Common Dipole,” Whittaker, Math. Ann. 67, 333 (1903) 


Journal of New Energy, 5(1), Surnmer 2000, p. 11-23. shows this rigorously 
http: www. cheniere.orgitechpapers/GiantNegentropy..paf Bieter aa well-known 
(Time) Longitudinal EM waves incoming 


from time domain and absorbed 


Longitudinal EM 
‘waves emitted in 
all directions in 
3-space 


\ urs out 
in all difections 


Space 


Note: Whittaker (and others) interp reted the phase conjugate half set of LWs 
r interaction with the charges of the dipole; and as an effect rather than 
the cause. This fundamental non sequitur has just been repeated since then. 
Thus they missed the solution of the source charge and source dipole. 
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Astonishing but true 
@eeeeoaoeaeeaeo eee eee eeeeaeeeeeee: 
e All the hydrocarbons burned, nuclear fuel rods consumed, 
dams and windmills built, fuel cells consumed, and 
batteries installed do not add a single direct watt to the 
power line. Never have, never will. 
e All that does is continually restore the generator source 
dipole, which our systems are designed to continually 
destroy faster than they power their loads. 
The dipole extracts energy from the vacuum, and pours it 
out to fill all space around the power lines. The power 
lines intercept and use only about 10exp(-13) of it. 
Nobody tries to catch any of the rest of it. There is no 
ordinary source of that energy flow, which is enormously 
greater than the energy put into the shaft of the generator. 


e 


e 
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‘With plentiful, cheap, clean electrical energy: 


3} 


With plentiful, cheap, clean ) 
electrical energy: 


eeeeeoeaeeaeeee eee eeeeae ee ee ee: 
e Even poorest nations get onto the fast track 
@ Rapid development of infrastructure 


@ Concentrate on clean water, medical treatment, 
education, plentiful food 


® Rise of industries and creation of jobs 

e Gradual but permanent shift in electric power 
® Accent decentralized systems 
a Dramatically reduce vulnerability of power grids 
@ Practical, agile electric cars, trucks, trains 

© Releases the iron grip of energy barons 
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Recommendations to DOE *) 


@eeoeneeeesee eee eeeene 
"Out-of-the-box" prototypes do exist, theory developed. 


Crash Manhattan project; Presidential Decision Directive. 


Intense program with highly selected scientists to correct 
EM flaws and extend EM theory to higher symmetries. 


® Obtain compensated release of breakthrough close-looping 
process to initiate many normal power systems into 
self-powering systems, and rapidly develop and apply. 

No discussion without program and NDA. 

e Protect patent rights of o/u inventors. Suspend national 
labs, universities, other research labs from "cluster 
patenting" in the area. They sign nondisclosure, 
non-compete, eliminate "march in” theft clauses. 


e President order release of known overunity systems 
captured from inventors and in deep black community. 


eee? 
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In conclusion: 


ca 


In conclusion: 


e 
. 


° 


eee ecerceecccceceseecees: 
Secretary Abraham, the threat of weapons of mass destruction attacks 
and giant destruction is not overestimated. It's really worse. 

Large Russian nuclear weapons, e.g., are already in U.S. cities, with 
on-site Spetznaz teams to explode them. See Lunev's book. 
Professional teams with anthrax, smallpox, etc. already in place, 
waiting. Unleashing smallpox alone will kill 2 billion worldwide. 

In the WMD strategic attack, the delivery to the target stage is 
already accomplished. 

25 nations -- many hostile to the U.S. -- now have nukes, biological 
warfare agents, etc. 

The earth is in fact a giant powder keg, waiting to explode at the 
touch of a match. Unless solved at enormous speed, the energy crisis 
will certainly strike that match about 2007. 

Only one thing -- energy from the vacuum -- can do it. Neither the 
DoE nor the U.S. scientific community are working on that. 
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The "Porthole" Concept 
with technical background 


@eeeeeoeeoeveoeaoen2e2ee2020808080 
Amplifying the cellular regenerative 
(healing) system of the body for 
treatment and healing 
of mass casualties 


Outline of the presentation 4 


e Mechanism for deep EM exchange of a body 
with its active EM environment 


Becker's epochal work and its ramifications 
Kaznacheyev's startling results and ramifications 


a) 
® 

e Weaponization of Kaznacheyev's findings 

e Importance of time-energy and the time-domain 
6) 


Mechanisms for medical treatment and healing 


Qutline of the presentation (2) 


© Prioré's revolutionary results and their 
ramifications. 
Proposed new mechanism for cancer promotion. 
Porthole concept: The 2-minute shortcut. 


2 
e 
© Terrorist biological warfare capabilities. 
e© Summary and conclusion. 

e 


Budgetary and Program package. “Vv 


Mechanism for the body's 
deep EM exchange with its 


active EM environment 
@eeeaeoeeoeoedcedeaeae02ee20e20e20e80820 0 
And some ramifications 


Me 


The body continually receives 
and retransmits EM energy 


eoeoeeeeeeeeeeeoee eee eeeeeee 
e The body may be considered 
as a dielectric. 
e Every part of the 
dielectric participates 
in the absorption and 
emission of each 
photon to and from any point 
on the surface.* . 
© Mechanical force effects ae 
are also electrical in nature 
and exchange similarly. 


* Reali, G. C., "Reflection from dielectric materials,” 
American Journal of Physics, 50(12), Dec. 1982, p. 1133-1136. 
The reflected field from a dielectric material is not generated 
just at its surface but comes from everywhere in the interior of it. 


= a >. 


: ¥ e 4 
Ramifications:: #& A AA pin 


e There is an EM "dielectric transmission path" connecting every 
part of every cell to every part of the surface of the body. 


e All electrical processes in the body, including deep 
within the cell and its nucleus, participate in the absorption and 
emission of every photon to and from the body's outer surface (and 
every mechanical force* experience). 


e The EM emission energy of the body is a conglomerate mix of 
fractions of all processes and functions ongoing in the body or 
affecting it, including in every cell. 


© This includes all electromagnetic, mechanical, chemical, and 
environmental effects upon and in the body and every tiniest part 
of it, and provides an extended definition of "stress". 


* At base, all normal mechanical forces are generated by 
electromagnetic forces. 


4 7% ‘ ; ‘ 3 ‘ 3 A 
Ramifications (2) R A A A A 
@eeeeeoeoeoeoeeoeoeeceoeeveoeeeeeeee @ 
The reaction of each photon absorbed on any point of the outer surface of 


the body, connects through the dielectric transmission path to every part of 
the body, including to every part of every cell*. 


Every emission from the body is participated in by every part of the 
body, including every part of every cell. 


The body's emission "changes" its environment, adding EM radiation. 
Some of the internal induced changes (excited states) in the body decay 
by this external emission. Some do not, but must be otherwise dealt 
with internally by the body systems. 


The body's EM absorption allows the environment to change or affect 
every function, operation, and part of the body, by adding EM radiation. 
All are continually being affected and deviated, both helpfully and 
harmfully, by these deeply induced EM interactions. 


The body's reaction (healing) must continually readjust and correct 
deviations from normalcy, in every part of every cell. 


* In quantum physics, part of the photon is localized and part is nonlocalized, 
reaching even across the universe. 


Ty 


ne 
Ramifications (3) A A A & i 


© The sum total of all the impinging external EM radiation upon the 
body, plus mechanical "special EM" radiation, thus affects and 
changes the body and all its processes, participating in them. 


© That impinging EM radiation can be manipulated to either harm or 
heal the body and any or all of its cells. 


© The body must continually overcome these externally-induced EM 
changes in its cells and processes, to maintain normalcy. Some EM 
changes are restored by the subsequent dielectric emission process, 
relieving the previously-induced deviant EM excitations in its internal 
processes. Some are not. 


© The poorly studied cellular regenerative system performs the 
remainder of the restorative function, which is the fundamental 
"healing" function of the body.* 


*The cellular regenerative system was mostly studied by Becker and a few others. 
See R. O.Becker, and David G. Murray, "The electrical control system regulating 
fracture healing in amphibians," Clinical Orthopaedics and Related Research, No. 73, 
Nov.-Dec. 1970, p. 169-198. 


Becker's epochal work 
@eeaeeosneoea2e20e2020008008080 80 
And its ramifications 


Becker's bone fracture healing 


e Tiny DC currents (picoamperes) _———————————— 
«Pulsed DC current can be utilized RED BLOOD CELL 
«Pulsed magnetic fields may be utilized DEDIFFERENTIATES 
Shucks hemoglobin coat 
Grows nucleus 


NEW CELL 
REDIFFERENTIATES 
Turns into type of cell that 
makes cartilage 


NEW CELL 
REDIFFERENTIATES 


ELECTRODE 


ed healit thi 
FRACTURE SITE ree 


Becker's theoretical DC control system 
involved with response to injury 


n CENTRAL 
DC SYSTEM 

GROWTH OUTPUT 
DIFFERENTIATION DC SYSTEM 


TOTAL 


CURRENT OF 
MITOSIS: INJURY 
DEDIFFERENTIATION DC SYSTEM 


significance of bioelectrical 


point "Siosiccitochesiaty and Bloeneeica Vol 


Becker's proposed control 
system governing regeneration* 


Trauma Producing 


Tissue Loss 
Local cellular effect Local nerve effect 
CNS effect pet Alterations in hormone 
pattern (prolactin) 


Alterations in local 
DC field pattern 


Local and systemic 
pools of target cells 


Dedifferentiation into 
primitive mesenchymal cells 


Blastema formation 


= Growth < 
Phase Il 
Redifferentiation into “Becker & Spadaro, "Electrical stimulation of partial li 
required cell types regeneration in mammals,” Bull. N. Y. Acad. Med., 48(4), 


May 1972, p. 629. 


Restoration of body 
part or tissue 


Extending Becker's work i 


ecoeeeeceeeeeeeeeeeoeeeeeeeee 
e Becker had only the archaic classical electrodynamics 
available to him. That EM is grossly inadequate. 
= Insufficient group symmetry to model the process. 
= Already eliminates the "infolded" longitudinal wave EM 
that structurally and dynamically comprises all "normal" 
EM potentials, fields, and waves. 
= Itis this internal LW EM that is manipulated and used by 
the cellular regenerative system. 
® Nonlinear phase conjugate optics was not yet developed 
when Becker did his seminal work. 


e Successful higher symmetry electrodynamics models -- 
such as O(3) -- have been developed and are available. 


A sad commentary nV 


Becker was nominated for the Nobel Prize, but he was hounded, his funds 
were withdrawn, and he was forced to retire early. 


His main "sin" was having the courage to testify against the harmful effects 
of unrestricted powerline radiation and electronic smog. 


Powerful interests then crushed him, set up their own well-funded institutes, 
and hired scientists who then predictably found that powerline radiation was 
no problem. 


Such research is so tainted that recently several important journals have now 
required the authors of submitted papers to state what their affiliated 
companies do, and what "company massaging" of their research occurred. 


From a higher symmetry EM view, it is obvious that the dielectric pathway 
and quantum electrodynamics already show a significant problem due to such 
radiation, particularly with respect to long-term effects. 


This is particularly significant since "noise" -- the mere presence of more 
"hash" -- appreciably amplifies the dielectric transmission effect. So the 
major factor becomes EM smog signals density, not signal power. 


Kaznacheyey's startling 
results 


@eeeaeeeoee0et@ee1ee0sdkewee7?t ees 8 
And its ramifications 


Proof that the cellular condition 
is radiated from groups of cells 


It follows that a diseased, damaged, or infected cell culture 
will and does emit its exact internal EM condition, hence the 
disease or damage "generatrix form" itself (in the internal 
structuring of the EM radiations). 


Further, these "state" emissions can couple into other targeted 
cells to produce disease and disorder in them. 


This was clearly proven in some 15,000 Russian experiments 
by Kaznacheyev. 


Kaznacheyev demonstrated induction of cellular disease and 
disorder between EM-coupled but otherwise environmentally 
shielded cell cultures 


Similar experiments have been replicated in the West by Reid 
et al., and by Popp et al. 


Kaznacheyey's induction of 
cellular disease and disorder 


GRAVITON 


LATTICE 
Ps TEMPLATES 
SICKEN > ENVIRONMENTAL, 


SHIELDING 


OR KILL 


CULTURE 
SAMPLE 

sd CELL 

| CULTURE 

‘SAMPLE 
QUARTZ #2 

CONTAINER 

QUARTZ 

CONTAINER 


‘+ THIN WINDOW: 
GLASS: No Effect 
QUARTZ: Delayed Effect 


eal PEA OS Te Beane 177 jeer” 


NSA 
Divided bottle setup 


Note: Minimum lattice is one harmonic interval: IR to UV is such a minimum G-lattice. 
Consider particularly the dielectric pathway in the emitting diseased cells and in 
the receiving targeted healthy cells. 


Another surprising feature of 
Kaznacheyev's experiments 


© The experiments do not work if the targeted cells are in 
normal light, such as sunlight*. 


© The reason is that the normal light bandwidth occupies a 
single harmonic interval between ultraviolet and infrared. 


© Hence its difference frequencies also fill such an interval. 
For a set of n frequencies, the number d of difference 
frequencies is d >> n. 


e Thus the visible light spectrum represents "jamming" of 
specific internal EM signal inputs through the dielectric 
pathway into the body, turning much of the environmental 
signals into harmless warmth. 


* It has also been shown that if bacteria are killed in the "dark" by UV, then 24 hours 
later placed in sunlight, a substantial fraction of the "dead" bacteria will revive. 


Ramifications of Kaznacheyey's 
experimental results 


eoeeeeeeeeoeeeoeeeeeeeeeeeee 
e At least one harmonic interval is necessary for the effect to be 
evidenced in the target cells. 


© Interestingly, if we assume the body dielectric to be isotropically 
nonlinear (to first order): 
= Velocities of the actual transmitted frequencies depend upon the 
particular point on the wave amplitude. 
= The transmitted frequencies overshoot, interfere, breakup, etc. The 
difference frequency does not. 
= The "difference frequency" is transmitted through the nonlinear 
dielectric medium as if it were a sine wave passing through a linear 
medium*. 
e To our knowledge, this direct and deep communication of 
electronic "hash" difference frequencies in dielectric human 
bodies has not been investigated in the West. 


* Owen Flynn, "Parametric arrays: A new concept for sonar," 


Electronic Warfare Magazine, June 1977, p. 107-112. 


Ramifications of Kaznacheyey's 
experimental results (2) 


eeoeeceeeceeceeeeeoeeeeeeeeeeee 
e A heterodyne signal -- at the difference frequency 
between an input signal and a reference signal -- can be 
enhanced by adding noise*. 


© Thus the signal of the disorder in the cellular pattern 
emitted from diseased cells, received by normal cells, can 
be amplified electronically and rather easily. 


© Powerline radiation (electronic smog) thus carries its own 
amplification mechanism. Eventually the amplification 
overcomes any squelching by sunlight, etc. 


e The Russians promptly (as early as the late 1950s) 
weaponized and tested these and similar effects. 


* Dykman, M. I. et al., "Noise-enhanced heterodyning in bistable systems," 
Physical Review E, 49(3), Mar. 1994, p. 1935-1942 


Weaponization of 
Kaznacheyev's findings 


@eeoeoeeoeodoede02e0e0e0e0e0e008200 
And its ramifications 


"Microwave" radiation of the 
U.S. Embassy in Moscow. 


BACKGROUND 


© Began in latter 1950s 
« Discovered on VP Nixon's trip 
« Initially thought to be nuclear radiation 
(Discovered w/Geiger counter) 
¢ High level target -- U.S. Ambassador 
« Guarantees personal attention of: 
= U.S. Ambassador to USSR 
= U.S. President 
= NSA, CIA, DIA, NSC, etc. 
= Top consulting scientists 
= Leading U.S. scientific institutions 
© Two U.S. Ambassadors died, another sickened 
e Anomalous health changes in personnel, only 
in zero-field (zero pot'l gradient) areas! 
¢ Four U.S. Presidents requested Soviets cease 
= Cut from 18 watts/sq cm to 2 
= Then again increased 
© No one could understand what was going on 
e Aluminum screens were placed over windows 
e Moscow was declared a hazardous duty zone 


Former U.S. Embassy in Moscow. 


Ramifications of the microwave 
radiation of the U.S. Embassy 


@eseeeeoeeesoeoeceooeoeceoeeveoeeveeoeeeee 8 

e The cellular disorder pattern in the EM radiation is 
carried by the field-free scalar potential. 

e Since the disorder pattern is a "conglomerate", it 
must be carried by an internal EM structure 
existing inside the scalar potential itself. 

e Whittaker decomposed the scalar potential into 
the appropriate internal longitudinal EM biwave 
structure in 1903*. 


* E. T. Whittaker, "On the Partial Differential Equations of Mathematical 
Physics," Mathematische Annalen, Vol. 57, 1903, p. 333-355 


The importance of time as 


energy, and the time-domain 
@eeaeeesveoea2e20ed20e20008008080 80 


Time as energy : eR 


@eeeeoeeoeoeoeoeoeoeceoseeveoeeveeeeee @ 
© In physics, the fundamental units one uses in his 
model are arbitrary. 
= A valid model can be made using only one unit. 
= It is already done in one branch of physics, using 
length as the single fundamental unit. 


© Make a model with a single unit, the joule. 
= All other entities become functions of the joule. 
= We are familiar with mass as highly compressed 
EM energy, by the factor c’. 
= It turns out that time is also highly compressed EM 
energy, by the factor c’. 


= 1 sec. = 9x 10"joules. 


How to see that "time is 
compressed spatial energy" 


eeeoeoveeveveeoeeeeeoe eevee eeoeeee 
« Take some spatial EM energy and compress it by c” 
Place it in 3-space, and it is mass. 
PRESS » Place it on the time axis, and it is time. 


aye O time (seconds) 


Y y 1 oS mK time axis 


SOME OR 
/ SPATIAL yi 
4 ENERGY are 
\ P s mass (kilograms) 


3-space 


» When time-energy is converted into mass-energy, 
PRESS time is "decompressed" (expanded) into 3-space 
EM energy and 1 sec. =~ 9x 10'*joules. 


Time as EM energy in the time domain, eR 

with a density the same as mass-energy 

Coeoeeeesceveeeeeeeeeeeeoeece 

© Bearden* reinterpreted (corrected) the 1903 Whittaker 
decomposition of the potential in 2000. 


o The reinterpretation is consistent with broken 
symmetry in particle physics, for which Lee and Yang 
received the Nobel Prize in 1957. 


© Itis also powerfully supported by quantum field 
theory, notably by Mandl and Shaw in 1984**. 


oe Whittaker's pair is a combined time-polarized (scalar) 
EM wave and a 3-space longitudinal EM wave. 
*T.E. "Giant Negentropy from the Common Dipole," Journal of New Energy, 5(1), 


Summer 2000, p. 11-23. 
** F, Mandl and G. Shaw, Quantum Field Theory, Wiley, 1984, Chapter 5. 


All EM energy in 3-space freely 
comes from the time domain 


: ours out 
in all r 


3-spacections 


Longitudinal EM wave incomin: 
from time domain and absorbe 


Charge's 7202 spin 
transforms time-energy 
into 3-space energy 


waves emitted in 

all directions in 

3-space 
Whittaker, Math. Ann., 57, 333 
(1903) shows this rigorously, 
when properly reinterpreted. 
Dipole's broken 3-symmetry is 
well-known in particle physics 


Note: Whittaker (and others) interpreted the phase conjugate half set of LWs after 
interaction with the charges of the dipole, and as a 3-space effect rather than the 
time-domain cause. This fundamental non sequitur was just repeated since then, until 
corrected by Bearden to be consistent with broken symmetry and quantum field 


theory. 


Strong support from 
quantum field theory 


eeceeeeeoeeeoeoeeeeoe ee eee eeeee 
© Quantum field theory recognizes four photon polarizations: 
= Energy along x-, y-, Z-, or t- axis. 
= Polarized along x- and/or y-axis, the photon is a transverse 
photon. 
= Polarized along z-axis (along its line of motion in 3-space), the 
photon is a longitudinal photon. 
= Polarized along the time-axis, the photon is a time-polarized or 
scalar photon. 
© The individual longitudinal or scalar photon is not 
observable*. 
© The combination of a longitudinal photon and a scalar 
photon is observable as the instantaneous scalar potential*. 


* F. Mandl and G. Shaw, Quantum Field Theory, Wiley, 1984, Chapter 5. 


Mechanism generating the 
flow of a mass through time 


ror 
SPATIAL SPATIOTEMPORAL pro aaa 


SP 


(AE) (At) + M => (M+AM)At => M + (AE)(At) 
Flow of macroscopic time (observable photon interactions) 


SPATIAL AND SPATIOTEMPORAL cae t , A 


Flow of microscopic time (via virtual photon interactions) 


Mechanism is engineerable 


Pumping a mass in the time-domain 

will time-reverse it back to an earlier 

state 

@eeeeeeoeesvseeaoeeeeeseeeaeeveeeeeeee @ 

e The reinterpreted biwave EM structure of the scalar 
potential means that time-reversal (phase 
conjugation by pumping in the time-domain) can be 
utilized to time-reverse a targeted cell (its 
mass-energy) in its entirety, including its genetics. 


© Becker's bone fracture experiments showed it: 
= Weak scalar potential across the fracture site. 
— LWs in 3-space and time-energy waves in time 


= Red blood cells entered, dedifferentiated by shucking 
their hemoglobin and growing a nucleus, which is 
dedifferentiation (time-reversal of the cell and its 
mass-energy back to a previous physical state). 


Principle for time-reversing i 
a time-pumped mass 


e Becker's cells then redifferentiated and changed -- first to primitive cartilage 
cells, then to primitive bone cells which were deposited in the fracture, 
healing it with new bone growth. 


This shows "time-forwarding" (redifferentiation) of the cell also. 


e Becker actually showed that the time-domain pumping of the cells (by the 
time-polarized EM waves of Whittaker's reinterpreted wavepairs comprising 
the scalar potential), and the time-pumping of their mass-energy, operated to 
continuously and steadily remove the delta between that cell's present 
condition and its former "normal" cellular physical condition in that area. 


© This is the long-sought secret of stem-cell research. 


© Phase conjugate optics had not been born at the time. Without realizing its 
full nature, Becker demonstrated the body's own internal mechanism for 
healing, and the fundamental mechanism for time-reversing a physical mass, 
whether living or inert. 


Mechanisms for use in 
medical treatment and 
healing 


eeeeoeeoeeees,seeseeesesee ee 8 @ 
And ramifications 


Successive deep penetration 
reactions of the cellular dielectric 


e Change after change affects the cell and all of its 
parts, including from the external environment. 


e Each successive change affects primarily the 
internal "LW EM structures and dynamics" 
comprising the ordinary potentials, fields, and 
waves. 


e Thus in positive time the internal EM structurings 
produce successive "overlaid layers of change" -- 
so to speak -- in the internal EM structuring and 
dynamics of a cell in the body. These layers 
contain the "delta" from normal state. 


Successive deep penetration 
reactions of the cellular dielectric (2) 


eoeoeeeeeeoee eee eee eee eee eee 
e During time reversal, highest layer deltas are successively 
"peeled away" by the interaction of the mass-energy with the 
time-domain pumping. 
e The result is to return the cell directly back to successive 
physical states, in the case of a single disease or disorder. 
= A cancer cell is returned to a normal cell prior to its 
"promotion". 
= An HIV-infected cell would be returned to its normal 
unaffected condition, free of HIV-induced genetic change. 
= For injuries and damage, the existing "delta" in each 
successive state-layer is steadily reduced to zero. 
e This process thus can involve both cellular differentiation and 
dedifferentiation, as shown by Becker and by Prioré. 


Engines (vacuum engines, ai 
spacetime curvature engines) 


eeeoereeeceeeeoeeeeeeeeeeeeeeoee 
e Following Whittaker* as reinterpreted**, all normal EM fields, 
potentials, and waves decompose into sets of longitudinal EM waves 
(LWs) and their dynamics. 
Since these LWs and their dynamics are dynamics in the local 
energy density of spacetime (ST), they constitute ST curvatures. 
Hence they are general relativity infolded inside electrodynamics. 
By manipulating and changing these LWs, one manipulates and 
changes spacetime curvatures and their dynamics. 
The result is a unified field model where one directly controls and 
engineers a set of ST curvatures by use of higher group symmetry 
electrodynamics. 
Controlled patterns of local curvatures of ST are called "vacuum 
engines" or "spacetime curvature engines" -- or just "engines". 


* E.T. Whittaker, Math. Ann., 57, 333-355 (1903); Proc. Lond. Math. Soc., 
Series 2, 1, 1367-372 (1904). 
** T. E. Bearden, J. New Eneray, 5(1), 11-23 (2000). 


Pumping with EM time-polarized waves 
forms amplified antiengines 
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wave ie 
Nes 
a. Pumping with transverse EM waves b. Pumping with longitudinal EM waves 


produces a time-reversed wave. A,and A, time-reverses fhe mass itself. 


Time-reversal of a mass toa 
new physical state not in its past 


Original engine A’ 
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Extended general relativity principle 


All levels of energy structures and all 
levels of time structures mold STRUCTURING 
spacetime geometry. oe oe 
The "pattern" is called a template for a pynamc \y.” “>, CURVATURES», 
vacuum engine (spacetime curvature MAS: ~ ‘ ‘ 
engine). 

Spatial and temporal structurings of th 
engine act upon any exposed mass at a 
levels. 

This produces a template of forces, for 
precise translations and stresses within’ 
the mass at all levels. The forces exist 
in both time and 3-space. 


Engines: Working spacetime demons 


Internested patterns 
of spacetime 
curvatures 


Highly Structured 
Einsteinian spacetime 


Maxwellian Demons 
are EM hidden variables 
organized into dynamic 

stfuctures acting at all levels 


Signal vs. vacuum engine 


* Information received 
* Any overt physical action @ 
must be taken by cell itself 


—— * Cell must furnish the energy 
for any action it takes for 
* Passes from outside to in 


SIGNAL (INFO) 


A. Cell must do the action itself; vacuum energy exchange is passive. 
Energy or fuel for doing the action must be added to cell externally. 


y? Pm) Bs * Information itself acts 
Fk * Local spacetime curved, with 
internal subcurvatures 
Ss eat ~~ “4 » Produces template of forces 
va in local spacetime (ST) aX 
ce a i + Arises from within local ST 
a" Acts on and changes all parts 


ENGINE (STRUCTURE) of cell, including its genetics 
TEMPLATE (FORM) 


B. Cell is acted upon; vacuum energy exchange does the specific action. 
No energy or fuel for doing the action need be added to cell externally. 


Unified field theory requires 
modeling and use of supersystem 


eevoereeeeoereoeoereoeoeen eee eeeeeeee 
Three components interact with each other: 
° System and its dynamics 
Local active vacuum and its dynamics 
Local curvatures of spacetime and their dynamics. 


LOCAL ACTIVE VACUUM 

j t ry f ry t A \ 
y Y Y y Y 

/ SYSTEM \ 


/ Phe ty elf 


LOCAL CURVATURES OF SPACETIME 


Classical EM kills the supersystem, 


prevents supersystem engineering 
@eseeaeeeeeaeaoeaoeoea eee eeeeeeeeeeee@ 


e Assumes flat local spacetime 
« Assumes inert vacuum 


Malignant teratoma exhibits both 
time-reversal and fast-forwarding 


e A teratoma cell is a tumor cell that has reverted 
to stem cells, then proceeds to differentiate 
toward new kinds of normal cells. 


© May produce hair, skin, muscle, heart, bone, 
and other type cells. 

e© Sometimes present at birth. 

e Demonstrates both "time-reversal" and 
"time-forwarding". 

e The missing key is the engine function(s). 


Miller-Fox-Urey il 
biogenesis experiments . 


@eeeeeeoeaeoceaeoeoeaeeeeeeseeeeaeeeee@ 
© Engines of and from all life forms 
ever on earth or in the universe exist ' . ; 
in the ambient vacuum potential. Biogenesis Experiments 
s i — 
© The Miller-Fox-Urey experiments F 
were not in a "sterile" environment. 
e Heat (IR) and UV constitute (1) a 
harmonic interval with a difference 
frequency, and (2) amplifying by 
the process previously shown. 
© These experiments "kindled" 
previously living forms from the 
available gases etc. by amplifying the 
ancient living engines from their 
virtual state to the observable state, 
so that the masses were molded into H 
the physical states of their templates. os = 


Boling water 


Organic 
molecties 


y 
e 


Gaseous mixture of ammonia, \ 
7 Methane, eatbon donde, \ 


hd wae vapor \ 


Gas molecules \ 


Cloning to produce stem cells 


Human DNA can be inserted in an animal cell, 
and the cell chemically tricked into proceeding 
as if fertilized. 


Formation, increase, 
and growth of stem cells 
begins and continues. 


The "engine" carried by the human DNA is 
changing the matter available into human cells. 


readily demonstrated experimentally. 


Regeneration in a strain of rat with part 


of its immune system missing 
eoeeeeeeeeeeeeeeeeeeeeeoee 
In mammals, the immune system plays a role in reducing the 
regeneration capability, compared to 

that of more primitive systems. 

In a strain of rat where that "suppressive" part of the immune 

system is missing, the regenerative capability is dramatically 
increased. 

= Can regrow cut away sections of tail. 
= Regrows plug cut out of ear. 

= Reconnects severed optic nerve. 

= Partially restores severed spinal cord. 
The suppressive "delta" engine of the immune system, operating 
simultaneously with the underlying primitive regenerative 
engine, sums to the modern much-reduced regenerative engine in 
the mammal. 


An observation for the future 


eo When the science of 
engines is developed, 
physicians will be able to 
tailor these engine 
combinations to restore 
severed human spines, 
regrow severed limbs, etc. 


e They will also be able to 
direct the body's "normal 
growth" to reduce and 
direct birth defects, genetic 
defects, etc. 


Biochemistry and EM models 


@eeeeoeoeoeaeeoeoeeeeeeeeeeeee ee 8 
°® Medical scientists analyze such things as teratomas in terms of biochemistry 
and the biochemical model. 

© Anassembly of charges and charge distributions, with their associated fields 
and potentials, drives all chemistry at base level. 

e The charge assembly and its dynamics involves a corresponding assembly of 
spacetime curvatures and their dynamics. These are the cause that is 
driving the charge assembly and its dynamics, and therefore the chemistry. 
= In unified field theory (such as that of Sachs) and O(3) electrodynamics. 
= Not in classical U(1) EM theory or quantum electrodynamics. 

© Conventionally a causative EM field in space is "defined" as the diversion 
from that spatial field by and after its interaction with charge). 

The "definition" substitutes the effect for the cause, a non sequitur. 

© This is a known major flaw, pointed out in one fashion or another by many 
physicists such as Wheeler and Nobelist Feynman. 

© Classical EM theory is a 137-year-old model, seriously flawed. These flaws 
emerge in biochemistry and medical science. 


Necessary EM corrections* 


eeoereeceeeeroeoe eee eee eee eee eee 

© Many of the corrections necessary in electrodynamics 
modeling either have been done or are underway. 

e Higher symmetry, non-Abelian electrodynamics models have 
long been developed in particle physics. 

e The new approach extends these models to also incorporate 
general relativity, thus producing a unified field theory*. 

e In the new approach, spacetime curvature engines are perfectly 
natural and understandable, and can be directly modeled and 
engineered by advanced theorists. 

e In short, the theory is sufficiently advanced and robust that 
technology and engineering can now advance. 

e This will be a great leap forward for biochemistry and medical 
science, particularly in therapeutic methods. 


* Sachs's unified field theory implemented by O(3) electrodynamics 
presently is the most suitable to use. Numerical methods are required. 


Prioré's revolutionary 
results in lab animals 


And its ramifications 


Prioré (right) makes a point to 
Chaban-Delmas, Mayor of Bordeaux 


e Many of the Prioré 
team's experiments 
were done in Bordeaux. 


e Antoine Prioré patents: 


» "Apparatus for producing radiations 
penetrating living cells," U.S. Patent No. 
3,368,155, Feb. 6, 1968. 


» "Method of producing radiations for 
penetrating living cells," U.S. Patent No. 
3,280,816, Oct. 25, 1966. 


» "Procede et dispositif de production de 
rayonnements utilisables notamment pour 
le traitement de cellules vivantes," 
[Procedure and Assemblage for Production 
of Radiation Especially Serviceable for the 
Treatment of Living Cells], Republique 
Francais Brevet d'Invention P.V. No. 
899.414, No. 1,342,772, Oct. 7, 1963. 


Block diagram of Prioré's method 


Time-reversing the cells back to normal state 


MIX OUTPUT ‘MIX WAVES: SELECT A SET 
INSIDE STRONG NAG 


PULSED DC 3 
MAGNETIC FIELD SENG RNAL 


ADJUST WAVE 
FREQUENCIES 

IF REQUIRED, AND 
IRRADIATE AGAIN 


EXPOSE WHOLE 


BODY OF PATIENT coe 
RESTORED TO 
TO DIMENSIONED NORMAL? 


AMPLIFIED 

VACUUM 
ANTIENGINE 
FOR CELL'S 


‘TIME-EXCITATION 
CHARGING ENDS. 
IRRADIATION IS 

HALTED. 


“Includes genetics 


In Laboratory Aimimalsy 


Prore team Cured 


Usriiinc mevignkine tuo rs 
Sloyosclartonss Glinsrloselarosis) 
SUpPpressed Immune Systems 
Infectious iypanesomas 


© No one understood ine) , mechanism! 


Some peculiar results 
by the Prioré team am 
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© Once a rat is cured of a particular disease: 
= A single drop of blood from the cured rat, injected into 
another rat stricken with same disorder, would result in the 
injected rat getting well slowly. 
= This ability to transfer immunity and healing in the extracted 
drop of blood gradually decayed over a period of a few 
weeks. 
© Showed that even the fields and potentials in the blood 
had been altered internally, in the treated animal. 


© Showed that the injected animal's cellular regenerative 
system possessed the ability to also time-domain pump 
over the entire body, everywhere reducing the delta 
between that injected drop of blood now the rat's own, and 
the rest of the blood in its body. 


Proof of cellular time-reversal 


eeeeoeeoeveevoeeoe oe ee eeoeneee e088 
e Pautrizel compared identical treatment of immature 
rats with immature immune systems, and mature 
rats with mature immune systems. 


© Treatment restored the damaged mature system 
back to full mature functioning, and it promptly 
recognized and dispatched the pathogens. 


Treatment restored the damaged immature system 
back to full immature functioning, unable to cope, 
and the pathogens promptly reinfected and killed 
the immature rat. 


e The lesson: The body is indeed returned to a 
previous physical state. The pathogens themselves 
are not killed by the treatment, but by restoring the 
ability of the immune system to recognize and 
destroy them. 


PROF. RAYMOND PAUTRIZEL 
(Renowned Parasitologist) 


© Only the previous ability of the immune system is 
restored by the process. 


Disadvantages of Prioré method 
eeeeoeceoevdeoevoeeoe oe ee eeoeve ee 00808 
e Large plasma tube and facility required. 


— 3-stories high building bay if to treat humans. 
= Long irradiation time (2-3 hours). 
= Slow, numerous experimental adjustments. 

e Fundamental mechanism was unknown. 
= Phase conjugate optics not yet born in West. 
= No higher symmetry EM modeling used. 
= Prioré thought it was a result of ionization. 
= Importance of difference frequency unknown. 
= Body dielectric transmission path unknown. 


© Cures replicated what 


3-Story high Prioré device 
for treating humans 


At the end of the project, 
Prioré had developed a 
large unit to treat humans. 


A few were treated. 


Giant coil 
around 12-ft 


long 
plasma tube * 


had been done in lab 
animals 


The massive size of the 
unit and long treatment 
time (hours) made the 
process bulky and very 7 — \\R eee 
inconvenient -- and also ; EES 
expensive 
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human body 


17-foot Prioré plasma tube 


Used in large machine (3-stories high) to treat a 
limited number of human patients 


A proposed new mechanism 


for cancer promotion 
@eeeeeseeve00ed20e020e2@202802080808080 
And its ramifications 


Remarks on cancer from 
a new perspective 


© Two stages: cellular damage and promotion of the 
damaged cell to a tumorous cell. Promotion presently 
is poorly understood if at all. 


e A master cellular control system (MCS) (studied by 
Popp et al.) controls both the immune system and the 
cellular regenerative system, as well as normal functions 
of the cells. 


e The "past history" of ancestral development of aerobic 
cells and higher multicell aerobic bodies on planet Earth, 
resides in the "internested engine layers" in every tiniest 
part of the entire body dielectric, and in all cells. 


Remarks on cancer from 
a new perspective (2) 


Faced with cell damage (such as sustained hypoxia) it 
cannot handle, the MCS continues to "peel the layers" in 
taking actions related to ever more distant pasts. 


Faced with continuing hypoxia, e.g., the MCS eventually 
reaches ancestral layers -- with an engine -- it forces the 
damaged cells to start moving back toward the original 
primeval anaerobic form. 


The first step backward is separation from central 
growth control, freeing the cell to multiply 
independently. At the same time, genetic changes in the 
cell are forced and produced, starting it back toward 
becoming an anaerobe. 


These actions comprise the promotion process. 


The promotion process via 
engines 


"ENGINE" USED TO 
PRODUCE " DELTA 


oo MASTER CELLULAR 
CONTROL SYSTEM 
PRESENT STATE ENGINE e 
bs LAYER 
MOST RECENT PAST STATE .. t { f | 
THAT WAS "NORMAL" eo 4 
, Kis CELLULAR 

MORE DISTANT PAST STATEgg ry WsiEh REGENERATIVE 
THAT WAS "NORMAL" SYSTEM 
FURTHER PAST STATE 
THAT WAS "NORMAL" On. Bie 

lege SELECTOR 
ecoee ee og DELTA 

ENGINE 
PAST STATE BEFORE 
CENTRALIZED CONTROL 
é : INJURED 
eoeeeee ; y i CELLS 
; RESIDENT ENGINE 

PRIMEVAL ANAEROBIC Pd 


STATE BEFORE AEROBES 


Evolution of aerobic systems 


EVOLVE TO 
MULTICELL 
AEROBIC* 


CHANGE OF (INCLUDES MAN) 
ESSENTIALLY ATMOSPHERE 
ANAEROBIC TO AEROBIC (CENTRAL CONTROL 
TMO! (INCLUDES 
i OXYGEN) EVOLVE TO 


SINGLE CELL 
AEROBIC* 


SINGLE CELL 
COMPONENTS 


MULTICELL 
COMPONENTS 
TISSUES 


ee IMMUNE SYSTEM 
‘SINGLE CELL RED CELLS MUSCLES 
ANAEROBIC FACULTATIVE WHITE CELLS BONES: 
ANAEROBES 
Beniearece peat KILLER CELLS ORGANS 
ETC. SKIN 
peeeiied BOTH AEROBIC 
STRUCTURES 
eyo ie ‘AND ANAEROBIC) 
SHIELDED 
FROM OXYGEN * NOTE: LIMITED ANAEROBIC RESPIRATION 


STILL TAKES PLACE IN HIGHER AEROBIC 
LIFE FORMS, INCLUDING MAN. 


EVOLUTIONARY TIME 


First step in self-promotion 
of cancer due to hypoxia 
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PAST L,_PRESENT | 


i lead 1 
MULTICELL AEROBIC 
(INCLUDES HUMANS) 


SINGLE CELL SINGLE CELL 
ANAEROBIC, AEROBIC* 


CENTRAL CONTROL 


OXYGEN-RICH TIME-FORWARD 
rr PATH AS IT 


DEVELOPED 
ae CELL 


TIME-REVERSED 
<=" PATH FOR SUSTAINED 
PARTIALLY OXYGEN DEFICIENCY 
ANAEROBIC SINGLE CELL ~~ 
FIRST STEP IN OXYGEN-DEFICIENCY 
DEDIFFERENTIATION 


Block diagram of the 
cellular regenerative system 


“ANTIENGINE 
PRESENT? 
PRIORE 
AMPLIFIED 
PUMPING 
[DELTA CATALOGS 
+ 
‘SWITCH TO 
‘AEROBE 
TT CONTROL 
‘SYSTEM 
DELTA? races 
THRESHOLD 
{ 


‘SWITCH TO. BID OF 
ANAEROBE AeA: ‘SWITCH ON CENTRAL, 
(OFF DECENTRAL 

SATAOS CATALOG? ‘GROWTH CONTROL; 

| RESET IMMUNE SYSTEM 
‘SWITCH OFF ‘SWITCH ON ‘CONDITION 
CENTRAL DECENTRAL |__| IMMUNE 
crowtH [| GrowTH SYSTEM TO 
CONTROL CONTROL ACCEPT 
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Bombshell: Amplified EM healing 


@eeseeeeoeoevceoesoeoeeoeoee eee eeeee8e 8 
© A unified field theory approach and use of 
supersystem analysis has broken the basic 
mechanism for healing itself. 
= The Sachs unified field theory applies and has been 
partially fitted. 
= Evans-Vigier O(3) electrodynamics can properly 
model it, including both the internal and external 
electrodynamics and effects of engines. 


= Direct engineering development is now possible. 


© Experimental proof of the results obtainable 
already exists in the literature. 


© A medical revolution is in the offing. 


Potential Vieaical Applicaons, 


©) Non-traumatic cancer treatment 
= Cie cancers ana ieuKe mas Olall types: 
PE ReMOVE ple -CanceOlus sidie’ 
= hesiore sysiem) 
deat and) cure Infecuous disec 
Cure AIDS and restore immune systems 
©) Deienselagainst biological Watiare 

SS ViiennGiseases soll Unio i agents) 

= Weal Cure PHO IO syinpiolis GeVeIopihg, 

= soi IY doguiEle> zine zirmlge forges 
©) Dramatically lowerhealtii costs, <i 
©) Geyuvenate the aged) 


Cp 
Ue 
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To treat and save mass casualties: 
What is urgently needed now: 


e Asmall, portable, relatively inexpensive treatment unit, 
not requiring plasmas etc. 


e Treatment in 2 to 5 minutes rather than 2-hours. 
e Simple treatment application, almost anywhere. 


e Effective in advanced stages as well as prior to KS 
emergence of symptoms. 


e Effectiveness against a wide array of illnesses. 


© Use is easy, high school student can be trained in 30 
minutes. 


e Crash program to develop, flood down through 
emergency systems in great quantities. 


The Solution: 


eeeoevoeveeveveveeeeeeoeeeeeeeeee 8 
° Two blankets have antennas in them. 

e Uses the "porthole" concept (discussed shortly) 

« Eliminates plasma tube mixing etc. 

e Computer-controlled complex signal structure. 


The Porthole concept: 
@eeeeeoeoedeade2e2ee0e20e20208082080 
The two-minute treatment shortcut 


y 


How the porthole concept works 


INSIDE THE BODY i OUTSIDE THE BODY 
Ss 


Body surface 


Dielectric channel 
as a body "porthole" 


“my engine is..." 


Amplifier/mirror 


"Reverse your engine..." 
INTERIOR 
HEALTHY SICK 
CELL CELL 
THEN Now 


Antiengine 
maker 


Porthole concept: An analogy of the dielectric 


path and inner-outer functional connections 
@eeeeeeoeoevoeoeoeoeoeeeeveosvseaoeeoeeeee @ 


e 
Porthole concept: The discovery 
eeoeeeeeeeeeeoeoeoeseeoeeeeeeeee 
e The processes themselves, in their own "frame", are never actually 
"reversed". Instead, the frame's motion through time is reversed. 


= Each to itself moves normally -- just receiving, absorbing, and radiating 
light, regardless of "whatever light" is interacting 


= This is due to a peculiarity of the photon and photon interaction 


e Photon interaction creates observed physical reality, including the 
"frame" and the seeming "passage of a mass through time" 


= The photon is its own antiparticle, which is just a photon traveling in the 
opposite direction 


= So in this case we can use "light" to precisely time reverse (to the 
observer) the frame and the apparent operations (to the observer) 
© When we cease irradiation, after a decay period to remove the 
reversed excitation, all functions are now seen to be moving forward 
normally in observer forward time, but from a previous physical 
state or condition 


Using the porthole concept: Research 
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© The body's own emitted dense, broadband signals 
are recorded across a broad bandwidth 
= These signals are amplified, then rebroadcast 
precisely back into the body 
= This returns an amplified "reversed" signal set back 
through the dielectric ae invoking and applying the 
porthole concept in all processes 
e The returning photons produce time-charging but in 
reversed frame direction 
= Tremendous potential energy is absorbed in highly 
compressed "time-energy" form in seconds 


= This "time-potential" slowly drains off as the body 
processes and cells reverse back to a previous state 


Research using the porthole 
concept 


@eeeeeoeooeaoeoeeoeoceoeoeoee oo eeoeeeoeeoeeoee @ 
TIME DENSITY CHARGE |S STRUCTURED TO CONTAIN 
Recorders & Broadband Amps ‘THE PRECISE SPACETIME CURVATURE ENGINES FOR 
TIME-REVERSAL AND STEERING. CHARGING OCCURS 
—e | QUICKLY. ENGINES CONTINUE TO WORK FOR AN 
| EXTENDED PERIOD AFTER CHARGING CEASES. 


Alterations Database 


Receiver-transmitters 


Adjusting broadband signals 
bandwidth and amplification 

by selecting indicated alterations 
from database 


TE. BEARDEN 1998 


Portable unit then developed for rapid 


° 

treatment of mass BW casualties 

@eeeeoeeoooeoeooeoeoeo esc eoeoeeaeseoeeeede@ 

Two blankets have antennas in them. 

Uses the "porthole" concept (discussed shortly) 

Eliminates plasma tube mixing etc. 

Computer-controlled complex signal structure. 

Irradiation for 2 minutes. 
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Training to use the unit 


@eeeoeeoeooeoesoeeoeoeoee esc eoeeaeeoeeecde @ 
High school student level, 30 minutes. 

Patient lies on one blanket, other covers him. 

Set the prescribed standard signal sets from listing. 
Computer-controlled generator produces the signal. 

Irradiation for 2 minutes, uncover patient, bring in another. 


° 
° 
° 
° 
. 
» Unit can be self-powering from vacuum energy (MEG*). 


Additional advantages 


eeceoeeeeeeececeoeoseeeoeeeeeoeeee 
Can be developed in a crash program in 2-3 years. 

After sunk costs, projected cost per unit in mass 
production is less than $100,000 
Can be produced by the thousands 
Then flooded down through 

= Fire stations and police stations SS 
= Red cross units, hospitals, clinics C a 
= Emergency action teams and armed forces 

Large numbers of operators easily produced 
Emergency training could be watching a 15 minute 
film, then performing one graded practice run 
First generation equipment can save some 70% of 
the coming mass casualties from anthrax etc. 


Terrorist BW warfare 
capabilities against the 
United States 
@eeeaeeoseeoe0deo2e2e20e202000808080 
The growing threat 


e One terrorist, one light aircraft 
with spray tank 

e 100 kilograms of anthrax 

e Flies over greater metropolitan 
Washingion, D.C. 


e Calm night a 
e 1-3 million casualties result* 


e Most of those stricken will die 


e Presently little can be done 
to save the stricken civilians 

e Attacks on sorely pope aun 
centers might produce some 
10 million or more casualties 


*Per OTA Report to Congress, 1993 


For decades, infiltration of 
terrorist teams into the U.S. 


eceoeoeevoeeeeeeeeoeeeeeeeeoeeee 
From several foreign nations, not just Bin Laden in Afghanistan 
Several thousand Cuban guerillas, from 

training camps in Southern Mexico 

Russian Spetznaz teams 

Nuclear warheads (up to 80 KT) 

Biological warfare agents 


Yakuza in oriental populations in our cities 

= Yakuza manufactures Russian energetics weapons in their own facilities 
in Japan 

= Possesses the new EM weapons referred to by Secretary of Defense 
Cohen in 1997 

We are now in a very long, hard war and will suffer millions of 

casualties in our cities. It may last for decades. 


Defense Secretary Cohen* 
@eeeeoeooooeoeoeoeoeoeo esc eoeveeaoeseoedeee2 @ 
(Involvement of secret superweapons) 


"Others [terrorists] are engaging even in an 
eco-type of terrorism whereby they can alter the 
climate, set off earthquakes, volcanoes remotely 
through the use of electromagnetic waves... So 
there are plenty of ingenious minds out there that 
are at work finding ways in which they can wreak 
terror upon other nations...It's real, and that's the 
reason why we have to intensify our 
[counterterrorism] efforts." 


* Secretary of Defense William Cohen at an April 1997 
counterterrorism conference sponsored by former Senator 
Sam Nunn. Quoted from DoD News Briefing, Secretary of 
Defense William S. Cohen, Q&A at the Conference on 
Terrorism, Weapons of Mass Destruction, and U.S. 
Strategy, University of Georgia, Athens, Apr. 28, 1997. 


Some typical BW agents 
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e Smallpox, including different strain developed 
by Russia (some sold to terrorists) 


e Anthrax 


= Over 400 known locations 
around the Earth have cultures 


= Difficult to decontaminate 
Bubonic Plague 

Botulism toxin 

Tularemia (rabbit fever) 
Hemorrhagic fevers, such as Ebola 


Anthrax 


OTA study: Some 200 pounds released in a spray, on 
calm night over Washington, D.C. could result in 
up to 3 million casualties 


Symptoms usually in 2-10 days 
= Sometimes as long as 7 weeks 
= Flu-like symptoms 


Then 1-3 days later, shock and breathing 
problems cause death in up to 100% 


Antibiotics given early (before symptoms) can prevent 
infected persons from becoming ill 


Limited vaccine, reserved for military 


Smallpox 


© More than 500 million people killed in the 20th century 
before "eradicated" in 1977. Vaccination ceased in 
1980. 

e Russians kept it, developed new strains, sold to terrorists 

© Symptoms in about 12 days: fever, headache, nausea. 
Rash similar to chickenpox then appears. 

e Rash turns into hard blisters. Highly contagious, kills 
one-third of its victims. 

e Nocure. About 12 million doses of vaccine left. 

e If smallpox is unleashed in any major city on earth, it will 
eventually kill 2 billion, or about 1/3 of the human 
species -- unless a radical new cure is found and utilized. 


Bubonic Plague: Historically the 

most feared (Black Death) 

@eeeeeoeseevoeoeoeoeoeeeseseoseeeeoeeeee @ 

© From 1980-1994, 18,739 cases in 20 countries. 

e Symptoms occur in 1-6 days after 
inhaling the pneumonic form. 

© High fever, cough, labored 
breathing lead to respiratory failure and death. 

© It is contagious. 

© Rapid use of antibiotics can be effective. 

e Vaccine not currently produced in the U.S. 


Botulism toxin (a nerve toxin) 


e Single most poisonous BW substance known. 
= Typically borne in food, contacted by eating. 
= Could be developed as aerosol weapon. 

e Symptoms in 24-36 hours; blurred vision 
and difficulty swallowing, speaking. 

© Paralyzes muscles, leading to respiratory 
failure and death. 

e Centers for Disease Control and Prevention 
maintain a botulism antitoxin supply. 


Tularemia 


e USS. studied its weapon potential in 1950s and 
1960s. 

e Symptoms appear in 3-5 days, including fever, 
chills, headache, and weakness 

© Inflammation and hemorrhaging of the airways 

can lead to death. 

Without antibiotics, one-third die. Can be 90% if 

breathed in, in aerosol form. 

Vaccine developed and under review by FDA. 


Hemorrhagic fevers, such as Ebola 


E.g., origin of Ebola is unknown. Probably transmitted to 
humans by animals, to begin a breakout. 


Symptoms in 3-5 days, include fever, aching muscles, 
diarrhea. 


Hemorrhaging of fluids out of tissues and orifices. 
From 30 to 90 percent die, depending on specific fever 
type. 

Some of these fevers respond to antiviral drugs. 

The drugs are in short supply. 

Presently containment is the primary goal. 


A factor the U.S. does not know 


@eeeeoeoeooaoseoeooeeoeoeoeceoeevneoeveece2 @ 
(Secret involvement of clandestine superweapons) 


e Three nations (not the U.S.) developed quantum potential weapons 
using Bohm's hidden variable theory of quantum mechanics. 

e Can induce disease engines in matter or bodies at a distance. 

e Have developed "spreading" of immune systems in a targeted 
populace (cleverly tested in Gulf War against U.S. troops). 
= Cocktail mix of disease engines for 2 dozen different diseases 


= Targeted area's human immune systems react to these engines when they 
are still in virtual state, just below quantum threshold. 


= Spread immune system's resources thus "thinned" across response to 
two dozen shadow diseases at once. 


e Hit with a terrorist BW attack, the spread immune systems are 
overwhelmed much more easily and quickly. 
= Yield (casualties) of the attack is increased by factor of 3-5. 


= Spreading of U.S. immune systems has been accomplished and is still 
being maintained. 


Summary and conclusion 


@®eeeeoees eo eoeeaeaeeweesneeo1se @ 
The new war 


The North Tower has already been struck and is burning. 
A second jetliner is about to strike the South Tower. 


Fireball From Impact o 
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© The two buildings Associated Press,photo 1 
held some 50,000 


occupants 


e Evacuation was 
underway after the 
first strike 

More than 6,000 
persons were killed 


e This is more than 
were killed in the 
Dec. 7, 1941 strike 
on Pearl Harbor 


Collapse of the South Tower 


© The first tower to 
collapse was the 
South Tower 

© It is still uncertain 
just how many 
people were caught 
inside and killed 

© This is a half million 
tons of debris, 
falling from the New 
York skyview. 


Collapse of the North Tower begins 


© The North 
Tower then 
collapsed 

e This was 
another 
half-million 
tons of 
debris falling 
from the 
NYC skyview 


Collapse of North Tower finishes 


© Collapse of 
the North 
Tower killed 
many rescue 
workers, fire- 
men, and 
policemen 

e At this writing, 
the total 
casualties are 
still unknown 


Next began the recovery efforts 


e Recovery 
operations will 
require months 

° At this writing, 
the total 
casualties are 
still unknown 


e The damage 
was done by 
two civilian 
jetliner "bombs" 


The Pentagon was hit on the same day 


e Hundreds were killed 
the same day when 
another jetliner struck 
the Pentagon. 


© Yet another jetliner, 
possibly headed for 
the White House, 
crashed enroute when 
the passengers 
attacked the suicide 
terrorist hijackers. 


ore 


A sobering thought of 


@eeeeoevoevoevoeveoevee eevee eeeoeee ee e000 


e Nuclear weapons are 


already smuggled into the US., \ \ 
as are BW agents such as \ \ 
anthrax, smallpox, etc. \ \ ‘ 
© Had a 40-80kT weapon been IN \ 


exploded in New York and one 

in Washington, millions would 

have perished and both cities Yee A We} 

would have been devastated \ .Y \ \ aN \ 
© There would have been no \ \ 5 

recovery of those cities for . \ 

many decades ~ » 


e Many foreign nations are hostile 
to the U.S. and sponsor terrorists 


e Some 25 nations have WMD or 
are acquiring them 
= BW agents and weapons 
— Chemical agents and weapons 
— Nuclear materials and weapons <a i 
e Thousands of students and émigrés I 
e Infiltrated teams, BW, other WMD already 
e Castro guerrillas infiltrated over the years 
e Can do unacceptable damage to U.S. now 
e May reach knockout capability 


© ws ve wnanney 


*Per OTA Report to Congress, 1993 


The U.S. is terribly unprepared 


Limited medical supplies, antibiotics, vaccines 
Insufficient facilities, emergency teams 

No civilian shelters (much less BW-filtered) 
Not enough doctors, nurses, masks, etc. 
Present treatment methods woefully inadequate 
Triage will apply 

— First treat those most likely to recover 


= Others (showing symptoms, or advanced) are just set aside to 
die 


Other attacks are a matter of when, not if. 


2 


Conclusion oN 


eeeeeereecovoeeeeeeeeeeeeeeeeee 
e As several cities are struck, millions of U.S. civilian 
casualties will result. Devastation will be enormous. 
e We shall eventually lose more American lives than in all the 
rest of our wars to date. 
e Present medical therapeutic science is totally nak 
do the job. It cannot save us. 


e Atsome point, when we are sufficiently damaged, the 
Spetznaz or other terrorists may detonate nuclear weapons in 
our cities, with appalling carnage. 


e Acombined superweapon technology and terrorist groups 
will then destroy the remaining populace. 


e Onits present course, the inadequacy of Western medicine 
may doom us. 


N 


A difficult truth to consider ee 


e Inany strategic strike, the first phase is to get the strategic 
weapons (weapons of mass destruction) delivered to their 
distant targets. 


e That has already been done. 


Eerily, the first phase of World War III has already been 
accomplished. 


It was already accomplished before the Sept. 11, 2001 strike 
on New York and Washington. That was the new "Pearl 
Harbor", and only the opening round. It already killed more 
Americans than died at Pearl Harbor on Dec. 7, 1941. 


Unless we improve our medical therapy quickly and 
dramatically, we will lose -- particularly when the hidden 
energetics weapons and outside terrorist sponsorship by 
hostile nations are factored in. 


A personal perspective eS 


e There now exists an overwhelming, immediate 
moral imperative to get this development program done at the 
utmost speed humanly possible. 


e The sheer survival of the United States and Western civilization 
depends upon it. 


© Officialdom is aware that the KGB/Russians have long planned 
to finish the U.S., after initial nuclear exchanges, by fierce and 
massive BW strikes. 


e It appears that the plan has changed to let the terrorists do the 
main work, while augmenting 
U.S. casualty levels by energetics weapons. 


China is also involved 


e China has declared South China Sea the territorial waters of China 
e China will eventually take Taiwan 
= Has massed missile artillery trained on Taiwan 
— Recently held invasion practice on an island near Taiwan 
e Recently deployed fearsome EMP weapons utilizing negative 
energy rather than positive energy (Dirac sea theory) 
— Extinguishes all electron currents 
= Duds electrical and electron systems instantly 
— Instant death to struck bodies 
— Instant kill of missiles, aircraft, electronics in nuclear warheads 
— Ultimate "death ray"; can be made small or large 
e Recent 2-carrier U.S. task force maneuvered in South China Sea to 
caution China 
— The new Chinese EMP weapon was trained on that task force 
= Could have destroyed it within minutes 
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Final thoughts & A aren = 


© This is one of the great turning points in history. 

© The development program is eminently doable. That it works has 
been experimentally demonstrated. The long-vexing puzzle of the 
active mechanism has been solved. 

Our scientific community bitterly opposes any use of 
electromagnetics -- even an advanced, higher symmetry 
electrodynamics -- for medical treatment. 

e Acconsortium of the scientific community, the large 
pharmaceuticals, FDA, and the AMA will oppose this project even 
while the U.S. is being destroyed wholesale. 

It can only be done in the private sector, and there will likely be no 
funding unless by philanthropists. 


Continuation <i 


Business plan, development program, 
budget breakdown, proposed schedule 
etc. go here. 


‘The Tom Bearden Website 


Weapons Slides 


The Tom Bearden 


- Help support the research 
Website ee 


“Others [terrorists] are engaging even in an eco-type of 
terrorism whereby they can alter the climate, set off 
earthquakes, volcanoes remotely through the use of 
electromagnetic waves... So there are plenty of ingenious 
minds out there that are at work finding ways in which 
they can wreak terror upon other nations...It's real, and 
that's the reason why we have to intensify our 
[counterterrorism] efforts." * 


Secretary of Defense William Cohen at an April 1997 counterterrorism 
conference sponsored by former Senator Sam Nunn, Quoted from DoD 
News Briefing, Secretary of Defense William S. Cohen, Q&A at the 
Conference on Terrorism, Weapons of Mass Destruction, and U.S. 
Strategy, University of Georgia, Athens, Apr. 28, 1997. 


Slides 
(covers period up to 1999) 


e The Coming Strategic Attack on the United 


States 
© Outline 


Loss of two separate A-10 Warthogs in 1997 


e Typical ABM Defenses (Widely Deployed 
by mid-70s 
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Launch Phase Anti-Missile System 
Launch Phase Anti-Bomber System 


HC-130s Engines Quit, Aircraft Crashes 
Nov. 22, 1996 


1996 Actions by this analyst 


Additional Information Exit 


Analyzed, Not 
Integrated in Briefing 


Kill of Arrow DC-8, Gander AFB, Dec. 12. 


1985 


Satellite Photos of Plumes in Soviet Arctic 


Since 1974 
See "Fer de Lance" for additional 
information 


Aum Shinrikyo ("Supreme Truth" Cult), 
Shoko Asahara, Leader 


Aum Shinrikyo - Anatomy of a Dangerous 


cult 


Ashkhabad Problem and Its Solution 


Iran Earthquake, September 1978 
Situation Now (Assessment) 


Situation Now (Assessment 2) 


Aspects of Strong Local Asymmetry 


Mass Casualty Problem: Aerial Anthrax 
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Present Status of the WMD Threat to the 
United States 


Some Present Problems in the U.S. WMD 
Defense Capabilities 


Internal Terrorist Threat with Weapons of 
Mass Destruction: Now & Future 


Attempt to Ban Energetics Weapons 
Worldwide 


Brezhnev's Schedule 


Large glowing Tesla globe witnessed in Red 


China by hundreds 


Cold Explosion -- 9 April 1984 Near Kurils, 


and formation and growth of spherical shell 


(globe) 
Sequence of Events 


Cold Explosion -- 9 April 1984 Near Kurils, 


and formation and growth of spherical shell 
(globe) 
What They Were 


Cold Explosion -- 9 April 1984 Near Kurils 
(Plus additional weapons effects 


Countering Insane MAD Systems: 
Find Loophole, Exploit It 


Next Generation Counter to Both Sane and 
Insane MAD systems 


Simultaneous Dudding of Nuclear Weapons 
Worldwide 
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Simultaneous Dudding of Nuclear Weapons 


Worldwide 
Operation Divine Wind II 
Advanced EMBW Applications 


EM Biological Warfare (EMBW) 


Microwave Radiation of U.S. Embassy in 


Moscow 
Pentagon EMI Studies, 1989 


EM Missile Practice (6 sli 


Subdivisions of Soviet Energetics Program 


Communism's Goal 


Manuilsky's Goal vs. Status Today (Dec. 
1996) 


Professor Hellman, German Scientist 
Released from Work in Soviet Union 


Hemispheres and Globes of Light (4 slides) 


How Could Such Superweapons Ever Be 
Concealed? 


Soviets Easily Concealed These 
Superweapons for Four Decades 


Microscope-type. laser-like interferometer 


for inducing quick decay in samples of 
otherwise longer-lived isotopes 


Longitudinal Wave Interferometry: 
Endothermic 
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Longitudinal Wave Interferometry: 
Exothermic 


U.S. Air Attack on Libya, April 1986 


Lightning Wall 
circa 1959-1960 


Lisitsyn's Report: Brain Code Broken 


Large Longitudinal Wave Interferometer 
(LWP) Accident 


Large Longitudinal Wave Interferometer 
(LWP) Accident 


Use of Hidden Information Content of the 
Field Can Provide Action-At-A-Distance 


Two Types of Mutual Assured Destruction 
(MAD) System 


Psychoenergetics Weapons Teams Mental: 


Disable All Personnel 


Strikes Against Special Ship and Energetics 


Weapons Sites 


"Mindsnapper" Attack on Special Ships and 


Energetics Weapons Sites 


How Much Off Guard Are We? 
(7 Slides) 


Possible Targets: 1995-9 Escalation Phase 


Propagation of Weapon Effects 


Yugoslav Earthquake, Followed by Cold 


Explosion 
April 15th, 1979 
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Countering an Insane QP Weapon 


Gulf War Disease: KGB QP Weapon 
Induced ST Curvature Engines for a 
Cocktail of Diseases 


Self-Targeting in Inner EM Channel Can 
Produce a Quantum Potential 


Mechanism for Producing a Quantum 


Potential 


Major Principles for Use of Quantum 
Potential Weapons 


Major Principles for Use of Quantum 
Potential Weapons (2) 


Instantaneous Communication by a 
Quantum Potential 


Participants in a quantum potential share a 


common multiply-connected spacetime 
(MCST) 


Quake in Tangshan, China 
28 July, 1976 


Exchanging Earthquakes 


Instant Communication by a Quantum. 


Potential 


Westerners Do Not React to Slow Threats 


e Characterizing a Given Risk or Risk Factor 


Technical Risk Management 


Aum Shinrikyo's Sarin Facility 
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In Scalar Beam Interference Zone 


Initial Soviet Plan for Cold War, After WWII 


Josef Stalin: Absolute Dictator 


Exploding any Resistance by Operational 
Scienti 


Significant Soviet Statements 


Captain Svoboda Dives Headlong to Her 
Death 


T-polarized Beam Projector 
Possible Tests (1 
Possible Tests (2 


Possible Tests (3) 


Possible Tests (4) 
Mushroom Cloud Rising From Sea 
Launches from Cape Canaveral and 


Vandenberg AFB Provided Practice Targets 
of Opportunity 


The sinking U.S.S. Thresher, with her 
controls jammed, implodes when she 
reaches crush depth 


Embodiment of an instrument array 
sufficient to discriminate when time-density 


charging has occurred, and that transduction 
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of time-charge decay has occurred. 


Time-Polarized EM Wave Interferometer 
Creating Space-Time Curvature Engines ina 


Distant Interference Zone 


Transmutation of Radioactive Nuclei at a 
Distance 


Nuclei 


Transmutation of Radioacti 


Typical Tesla Shield, Northern Route of 


A Curious Tide in Human Affai 


Large Scalar EM Interferometer (LASI) 
Accident Near Urals, 1958 


The Superpower Paradox: Asymmetric 
Cheap WMD Strategic Strike and 
Destruction 


The KGB/Yakuza-Aum War Plan 


« Why Western Science is Ignorant of KGB 
Energetics 


Transmutation of Radioactive Nuclei at a 


Distance 


TheYakuza 


Yugoslav Earthquake, Followed by Cold 


Explosion 
April 15, 1979 


* Note that the Secretary did not speak the words in 
square blocks: these were added by the writers later, 
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probably to "soften the tone” of the Secretary's 
information release. So the Secretary confirmed that, 
some nations of the world -- not just some ragged 
terrorists, as the writers tried to imply for spin control -~ 
do possess novel electromagnetic weapons and are 
using them to induce earthquakes, engineer the weather 
and climate, and trigger volcanic eruptions. 
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THE COMING STRATEGIC ATTACK 
ON THE UNITED STATES 
By an AUM/Yakuza/KGB/Communist Coalition Using Energetics SuperWeapons: 


pw jpg8.11.2003 1-21-21 


|hitp://www.cheniere.org/images/weapons/Y project2sm.jpg 


ooeerereeeee 


I EI Fe 


psf ww cheniere.orgh 


Outline 


Background: Classical Electromagnetics (and Defects) 
Background: Energetics (Scalar Electromagnetics) 
Background: Soviet Energetics Weapon Development 
KGB/Communist Plans 

Countering of Soviet/KGB/Com munist Plan in Mid-80s 
Soviet Economic Collapse and Adaptation of Plan 


Weapons Bleed-Out: KGB/Russian Mafia 
Yakuza: The Japanese Mafia 
Aum Shinri Kyo (Supreme Truth) Cult 


Coalition: Aum/Yakuza/KGB/Communists/Russian Mafia 
Operation Divine Wind Il: Three Phases 
= Phase |: On-Site Training Phase (Completed) 
~ Phase II: Escalation Phase (In Progress) 
— Phase III: 1997 Strategic Strike on the United States 
— Support Plan A: Feints, Deception, Sabotage & Terrorism 
— Support Plan B: Test Range 
— Support Plan C: Worldwide Weather Engineering 
— Support Plan D: Strategic and Combat Intelligence 
Special Information 
Recommended Actions © we unre enon 
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Loss of two separate A-10 Warthogs in 1997 


 A-10 Mysterious Flyaway and Crash - April 
2, 1997 


e Death of Second A-10 Pilot - May 27, 1997 


Captain Button's Mysterious Flyaway and 
Eventual Crash 


e Death of Second A-10 Pilot - May 27, 1997 
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Armed with: 
- Four 500-lb bombs 
- 30 mm Gatling gun 
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Captain Amy Svobody 
e Night training mission 
@ From Davis-Montham AFB 
@ From same wing as Captain 
Button, who flew his A-10 NM 
off course for over an hour 
and then crashed on April 2. 
‘@Climbout from ordnance Companion A-10's 
delivery on target 
Nosed down s! ly and 
dived into groun 


+ Nosed sharply over 
and flew into ground| 
= Psychoenergetic kill 


© TE BEARDEN 1999 


hoenergetic we: induced instant hypnogogic state and 
Fae ee re Do eed ene 
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A-10 Mysterious Flyaway and Crash 


April 2, 1997 
Amned with: 
cCOLo. 
Talpm (aera - Four 5004b bombs 
ua AL - 30 mm Gatling gun 
za 
rT 
(Ezae} Vail 
Breaks Formation @ 
near Goldwater Range| 
COLO. 
jlenmo d 
Mae Now York 
rs jountain 
Bein Pn ig 
Beye aioe DEPARTS Af 2 
F Dam tmeeFlightp ath q 
CQ Tucwn. $ 
NS Tombstone « 
Aspen 
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Death of 2nd A-10 Pilot May 27, 1997 


* Purpose: Stimulate US. Captain Amy Svoboda * 
Gitameares again Night training mission Rerctecnucee* 
of TREES" | 2 arin, | ae 
"US. showed itis m same wing as 
conipletely unaware Button, who flew his A-10 = Probable sing 
off course for over an hour 
and then crashed on April 2. 
Almost certainly a second 
psychos ics strike 


\ 
Psychoenergetic strike induced an SS 
instant hypnogogic state, shifted pilot's \ 
sense of up and down Svoboda corrected and 
“climbed out” after target attack, and 

flew into ground, dream-perceiving down was up. 
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Typical ABM Defenses 
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EARTH'S SURFACE 
SOME OPERATIONAL MODES: 


@ Ve eM os + MULTIPLE SIMULTANEOUS MODES 
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SOME OPERATIONAL MODES: 
* SIMPLE TRACKING 

* PHASE CONJUGATE TRACKING 

* ENGINE COMBUSTION COOLING 

« EMP INSERTION 

* ELECTROMAGNETIC MISSILE STRIKE GIANT. 

* ELECTRICAL INTERFERENCE ENERGETICS 
* METAL LATTICE SOFTENING 


* HEMISPHERICAL SHELL 
* MULTIPLE SIMULTANEOUS TARGETS 
* MULTIPLE SIMULTANEOUS MODES 


© 14. BEARDEN 1905 
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Compare to eld bby cd 
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from Taipei to Los Angeles 
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CTEC PROPRIETARY 


&_1996 Actions by this analyst gf 
* In July 1996, with the kill of TWA-800 it became 
apparent that the KGB/Communists were prepari 
a massive strategic energetics attack upon the U.S. © T= BEARSEN J997 
e Began intensive, nearly round-the-clock effort to uncover 
what was happening, and what had occurred in KGB/Com 
weapons since 199’ 
¢ Began preparing full-up set of briefing slides simultaneously 
—In early 1996, had briefed J6 on scalar EM, per his request 
—Had strongly suggested a follow-on weapons brief 
-Adamant opposition by NRL, NOL, others 
* Similar energetics attack scenario in 1986 was 
countered. Soviets at that time did not possess 
operational QP weapons, and so could not successfully 
overcome dead-man fuzi 
Also could not dud nukes worldwide, because OP required. 
—First lab prototype QP test was in April 1986 
« KGB had solved the dead-man fuzing problem by OP's. 
Deployed circa 1989-1990, Some earlier weapons then leased. 
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Additional Information Exists; 


Not Analyzed, Not Integrated in Briefing 
= Yakuza arranged involvement of 

— Red Chinese 

— North Koreans 


pest 


eaponsladdlinfostnjpg8.11.2003 1:22:04 


‘The Tom Bearden Website 


The Tom Bearden 


Help support the research 
Website 


Kill of Arrow DC-8, Gander AFB, Dec. 12, 
1985 


Slide 5 
Slide 6 
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KILL of ARROW DC-8 
a Gander AFB, Dec. 12, 1985 


*SOVELENM Missile Weapon strike practice 
TWO WEEKS earienalCapeiCanaveral 
+ Offset from night shuttle launch 
Ay + EM missile photographed by Bob Gladwin 


+ Associated marker beacon photographed 
SF Casicelin Sere Sole orl fnelissefs 

© Half thought icing, halfidisagreed intensely 

© "Due fo icing” approved with halfabsent 

© Separate dissenting finding issued 
mess oiistils piclise) I/Goniey atic 

» Feared'terroristibomb, MidEast sponsor, 

> Pressured Board, Gen’ Off: bulldozed’ site 


e Lack of icing on aircraft later validated Sey 
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YULL of ARROW DG. 
PE Gander AFS, Dee. 12, 1985 


Eyewitness observed beams form in the sky 
Saw streak-down and strike of EM missile 

= Struck right fuselage ahead | of the engines 

= Hole was burned through fuselage there 

= Photojof hole published in AWSS7; 

— No explosive residues onihole: Pa 
Consistent with ignition and outgassing of, 
plastics in forward cabin 

Consistent with pre-crash HCN deaths 


pl 
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x HULL of ARROW DCH 
Gander Ar, Des. 12, 1995 


Combustion cooling reduced thrust during runup 
Emulated reducing specific thrust by icing 
Struck with ElViimissile, at liftoff 
Hole in night tuselage, ahead of engines 
Not normallexplosion; no material ingested 
EMimissile explosively ignited|plastics in forward 
Cabin; outgassed pojsonous HCN 
Aaigesles: rlalf is pusssnyers dis iron oN 
inhalatiofBerarep anew apied| 


Data recorders recorded Vertical Spikeonint 


Materials handlers later mysteriously sickenedPwith 
symptoms of longitudinal EM radation induced illne&s * 
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HE ot Arey nigay 
ander AFS, Dec. 12) 1SB5 


Combustion cooling reduced thrust during runup 
Emulated reducing Specific thrust by icing 
STAC ATEN INES entity 

Hole in right fuselage, ahead of engines 

Not normal explosion; no material ingested 

EMimissile explosively janited plastics in forward cabin; 


outgassed poisonous Hi 

Auitopsjes; Half tie passengers died trom HCN 

Infialation) 

before plane crashed, 

Data recorders recorded vertical spike of hit 
Materials handlers later mysteriously sickened, with 
symptoms of scalar-EM radiation induced illness 
Eye witness observed formatiomand strike of te 
electromagnetic missile 
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Death of the Arrow DC-8 


Dec. 12, 1985 lst 
Gander, Newfoundiand AIRCRAFT GLOWING easier 


(THRUST REDUCED) 
ENGINE THRUST 


= 
<2 > 
EM MSL STRIKE 
semua “an oyanog 
INSTRUMENT INHALATION 
KINDLING SPIKES) 


(SELF-TARGETING) 


. ong 
ELECTROSTATIC |EXPLOSIVE . 
cocume or" |puasnes TALDOWN 
ENGINE | IGNITION. FIRE, ABOUT ONE-HALF \* ® 
COMBUSTION | |OUTGASSING | | THE OCCUPANTS DIE | GraviTON RADIATION DECAY 
| ] (EXPOSURE OF RECOVERY 
PERSONNEL TO LONGITUDINAL 
ceierermcateon 
enintonicranoive any CHanesn pues 


OF ATOMIEWUCLE) || WTO.ATOMIC MCLE: 
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Satellite Photos of Plumes 
in Soviet Arctic Since 1974*, 


= Two aircraft flew through for analysis 
—Solid material, mostly ice, a little clay 
—Much colder than surrounding air 
— Signature of cold exhaust from exothermic 
scalar interferometry operations & 
—No volcanic material fr 
—No radioactive material oe 
= May be 2 to 3 times as many incidents 
— Only examined satellite imagery in winter 
— Only periodic satellite coverage 
—Hypothesized methane venting, cloud seeding 


© wre woe {AS of 1989, when this information was gathered 
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AUM SHINRIKYO 


("SUPREME TRUTH" CULT) 


Shoko Asahara, Leader 
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Ashkhabad Problem 
and Its Solution 


= PROBLEM: 


Stress increasing in two-plate fault zone 


-1,000 shocks yearly WW 
-Kara Kum canal 
-Hydraulic pressure v{S 


-1948: Ashkhabad 80% destroyed by quake 
= SOLUTION: 
-Stress-relieve plate stresses from fault xX 
= IMPLEMENTATION: 
Induce nearby earthquake 
-Deceive by predicting a quake, setting off 
nuclear explosion 
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Strange Characteristics 
of Iran Quake, Sep. 1978 


pest 


= Signatures Gst6 fa ence) 
—7.4 on Richter scale 
—No aftershocks: 6.0 expected (normal) 


— Strange epicenter 
—Anomalous depth re 
= Deception 

-10 MT Soviet nuclear explosion 36 hours 
before the quake 

—Prior disinformation regarding Soviet 
attempted development of focusing shock 
waves from underground nuclear 
explosions, to cause distant earthquakes 
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Se Iran Earthquake g 
Sept. 1978 


= Killed 25,000 Iranians 
= Soviet city of Ashkhabad saved 
=Soviets "predicted" quake 
in advance; then induced it e % 
= Quake had serious anomalies (signatures) 


= Deception measures were used by Soviets 


—Prediction in advance 
"Theory" of quake-induction by nuclear explosions 


—Fired underground nuclear explosion as 
“Red Herring” candidate for cause ry 
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Situation Now (Assessment) a 
= In May 1997: second A-10 pilot (lady), in pulp from © 


night ordnance delivery on target, was struck with 
psychoenergetic weapon takeover. Sense of vertical 
was reversed. She perceived herself diving, sharply 
corrected, and dove headlong into the ground. 


= Additional aircraft kills uncovered, including one 
4-engine aircraft whose engines all failed. This 
closely repeats the earlier 1985-1987 scenario. 
= Korean Airlines Flight 801 crashed on Guam on 
anniversary of loading of the atomic bomb that was 
dropped on Hiroshima in WW Il. The Enola Gay, 
which dropped the bomb, took off from Guam in wee 


morning hours of August 6, 1945. The local opns 
order on Guam was also issued on Aug. 5. ee 
= Presently the Coalition (KGB/Communists/Aum 


Shinrikyo/Yakuza) is waiting for proper time to 
enone final aise ft ist om: Som rman 
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Situation Now (Assessment 2) 


= April 97: Mind control test against Captain Button: 6 


—- Demonstrates ability to control crewman in 
complex operations for more than one hour. 
— KGB requires one hour total QP crew control 
on a site to have crew disable insane QP wpns. 
= Once QP systems disabled, ing thing tn = @ 


et ee plus up to p to 20-30 perstrs Tor 
controling ling thoughts, he ae ptions, etc. -— 
ibe Pd 97, oees building ado deploying “ erections 
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Aspects of Strong Local Asymmetry 


® Iflocal ae ymeny is strong, conservation 
laws may be appreciably violated 
= Energy 
= Charge 
= Spin 
= Momentum 
= Angular momentum 


= Properties of an object may differ 
appreciably for 
— Different observers 
= Different detecting means 
— One time to another 
= One position to another © TE Beardsn 1995 1998 
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e One terrorist, one light aircraft 
with spray tank 


e One kilogram of anthrax 


Flies over greater metropolitan 
Washington, D.C. 


e Calm night 
e 1-3 million casualties result* ae 
e Most of those stricken will die 
e Presently little can be done 
to save the stricken civilians 
e Attacks on severa y Populader a) 


1] 
centers might produce some 
? 10 million or more casualties 


*Per OTA Report to Congress, 1993 
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e Many foreign nations are hostile 
to the U.S. and sponsor terrorists 
e ar weaating tea eve WMD or 
uiring the 
— BW agents and weapons a 
— Chemical agents and weapons 
— Nuclear materials and weapons $a) 
e Thousands of students and émigrés 
e Infiltrated teams, BW, other WMD already 
e Castro guerrillas infiltrated over the years 
e Can do unacceptable damage to U.S. now 
e May reach first strike knockout capabili: 


@ law Te voncen 


*Per OTA Report to Congress, 1993 
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¢ No shelters wane overpressure, 
Bwri Mitertnas reek showers, supplies) 
° No stockpiled macck i 
immunoglobulins, il oad fuel 
generators, heaters, weer ication units 
Totally insufficient medical facilities, 
personnel, and emergency response teams. 
¢ Triage, full martial law will be required 


* State, county, city inadequately staffed BEd 
and insufficiently trained for mass casualties 

¢ Terrorist teams, BW agents, other WMD on site, wa 

© Water supplies, food, crops, farm animals also vulnerable 

e Electric power grid, bridges, trains, railroads vulnerable 


« Present medical science cannot save very many oO. 
casualties, now or in the foreseeable future 


© vm re eoroen 
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. < Shouuiernied AD missiles 
* Terrorism 


+ Energetios EM biological warfare 

« Scalar EM (energetics) weapons 

+ Scalar EM disease indiction 

* Alteration of behavior and emotions 

* Alteration of memory 

* Direct control of thoughts, perception 


Psychoe! 
* Acton-at-a-distance effects @ nwa 1m8 reo OM 
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Attempt to Ban Energetics 
Weapons Worldwide 


= On June 13, 1975, in a major speech Brezhnev urged the 
United States to agree on a ban of research and 
development of new kinds of weapons “more terrible than 
anything the world has known.” 

= On July 2, 1975 Brezhnev repeated his proposed ban on 
development of frightful new weapons, to a group of U.S. 
Senators. 

= In August 1975, Ponomarev called for a ban on frightful 
new weapons of mass destruction. 

= On Sept. 23, 1975 Gromyko presented a draft treaty 
agreement to the 30th Session of the UN General 
Assembly, for banning development of frightful new 
weapons. 

. je e jest notic sians were 
talking about! 
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SE nlite eeeeeanREnn Tae ERIE EEE eee Sed 
“We are achieving with detente what our predecessors have 2 


iges/weapons/BrezSchdsm. jpg 


been unable to achieve with the mailed fist... 
obey 1885 our power will be so irresistible that we can do what we 
anywhere on the globe.” 
Leonid Brezhnev, 
Ina secret 1973 meeting in Prague 
‘with European Communist leaders. 


“By the early 1980's we and our allies will control the high seas, 


space, and most of the earth's land area.” 
Kosygn, 
to Imelda Marcos, 


July 1978 

in 19856 the Soviets did it to ver till con strained b 
$26-87, te So ose v4 ob meted move, § gpl gons fe by 

by. “ sealer Eat woiseerina done TmOAG ‘and ead mat 


In April 1986, the first Soviet lab prototype of a quantum potential 
weapon specifically designed toward 10-min neutralization of nukes 
worldwide yas olnge dy sare against our U.S. airstrike on Libya. 

It was weakly in the "induced EMI" mode, for deception. 


By 1990 that weapon was loyed anda © TE temRDEN 
attack preparation phase ony pepe o scheduled for 1997. 
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PLOSION -- 9 April 1984 Near Kurils 
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COLD EXPLOSION -- 9 April 1984 Near Kurils 


© Superpotential interfer- 
ometry using 
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COLD EXPLOSION -- 9 April 1984 Near Kunis 
(Plus additional weapons effects) 
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Countering Insane Mad Systems: 
Q Find Loophole, Exploit it 


= If MADs not pO potential systems, SU ae 
by instant QP strike which destroys targeted MAD weapons 
worldwide with certainty. 

= Have to be certain of types of dead-man fuzing. All dead-man 
fuzing weapons must be included in the assured target list 
for the striking quantum potential weapon.  satotieaee 


= Multiple targeted MADS require multiple vacuum engines ( 


the striking quantum potentials. 


= Uncertainty and risk introduced if not certain of all 
MAD systems and all dead-man fuzing systems. 

= Newest generation peychoenergede LW interferometry weapons 
can instantly take over minds 0’ eel pecan rel on targeted sites, 
with targeted crews quickly dis: ing their own MAD weapons 
launch Capability as well as the weapons themselves. 

= Mindsnapper then kills all living things and contaminates sites. 

= Next generation QP Psy-En weapons can disrupt and destroy 
minds of an entire targeted national population. The nature of 
warfare moves irrevocably to the human mind, where of course 
the fundamental problem arises anyhow. 
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® Localized quantum potential in an area, 
used in psychoenergetics mode 2) 
= Gradually produces mild, continuous hypnotic state 
= Targeted population remains entirely conscious, functional 
® Internal “word thoughts" emerge directly in subconscious 
® Targeted persons all unaware of these “word thoughts" 
= Operates somewhat similar to “post hypnotic suggestion” 
= Gradually changes emotions, psychological outlook 


= Over a period of time, deviates and entrains entire aroee 
population's outlook. belief structure, temperament 


= Moves Psywar to inside the human component 
® Casta cee neninad oat oar epaaere apo 


= Gunter only by incertng same ethology 
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Simultaneous Dudding of 
Nuclear Weapons Worldwide 


¢ Via quantum potential joining U235 and Plutonium in warheads 

¢ Includes weapons airborne, underwater, in storage 

© These are transmutations of the nuclides themselves 

+ Part of the initial barrage launched by Aum/Yakuza/KGB 

© Will occur in the first minutes of the strategic strike, following 
psychoenergetically crew-disabling QP weapons 


Note: Duds both overt and covert nuclear weapons and weapons-grade 
materials ~ gee) “suitcase-delivered" covert weapons on site in © Le. BEARDEN 1995 


Russia which oth ise provide dead man fuzing 
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Simultaneous Dudding of aS 
Nuclear Weapons Worldwide \. 


« Via quantum potential joining U235 and Plutonium warheads 
+ Includes weapons airborne, underwater, in storage 
¢ These are not explosions, but are transmutations and 
etmosed ssloping tates fissioning rates 
« Part of the initi rage Par clive atid bovanelennehed by Aum/Yakuza/KGB 
* Will occur in the first minutes of the strategic strike © +. weswenrom 


Note: Duds both overt and covert nuclear weapons and weapons-grade materials. 
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Operation Divine Wind II 


Slide 1 
Slide 2 


Slide 3 


Slide 4 
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YAKUZA & Us. 
Go"Sivine WIND gS, 


*A secret coalition of Yakuza/Aum Shinrikyo and 
GB/Communist forces plan to launch a massive, 
surprise energetics attack on the United States, 
given a low-risk opportunity. 


* Major weapons utilized will be the scalar EM (energetics) 
superweapons (including quantum potential Weapens) 
were developed, deployed, and operated by the KGB under 
the former Soviet Empire, and continuing after its dissolution. KGB 
x Yakuza/Aum crews have extensively trained and test-fired, 
from on-site in Russia. They have ed operational control 
of the first three generation energetics superweapons (which 
work by superpotential interferometry). 
* The Escalation Phase of interdicting and destroying actual —wniosnapper ano 
U.S. targets (e.g., TWA-800, two A-70s) is al underway. PSYCHOENERGETICs 
* The first blow in the Strike Phase will dud all nuclear weapons " 
and weapons materials worldwide, in minutes; destroy spec . 
OP popudaneh tccarahe tnd kil B08 cf ergeted populations 
in from10 minutes to 3 days. pe pclae quantum 
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YAKUZA & U.S. 
AUM SHINRIKYO 
& DIVINE WIND II wetine 


* A secret coalition of Yakuza/Aum Shinrikyo 
and KGB/Communist forces plans to launch 
a massive, surprise energetics attack on the 
United States and its allies, given the first 
low-risk opportunity. cae 


* Attack was thwarted twice in 1997 bya “is 
small nation countering with QP weapons. 


* KGB psychoenergetics counter for the last 
QP weapon counter was tested in April 1997. 


* Ready time for a new scheduled attack is 
latter quarter 1999 through first half of 2000. 
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YAKUZA & US. 
AUM SHINRIKYO go 
DIVINE WIND Il x 


xA secret coalition of Yakuza/Aum and 
GB/Communist forces will launch a 
massive, surprise, strategic attack on the 
United States in 1997. 
* Major weapons utilized will be the scalar EM (energetics) 
ssuperweapons that were Se ysloped, deployed, ane 


operated by the KGB under the former Soviet Empire, 
and continuing after its dissolution. KGB/COMMUNISTS 


x Yakuza/Aum crews have extensively trained and 
test-fired, from on-site in Russia. ey have Jeased 
operational control of the energetics superweapons. 


* Escalation Phase of interdicting and destroying actual 


U.S. targets (e.g., TWA-800) is already underway. MINDSNAPPER 
* The first blow in the Strike Phase will dud all nuclear ES 
weapons and weapons materials worldwide, in minutes; ta foes re 

destroy special ship and energetics weapon sites ‘F 


instantly, and kill 30% of targeted populations in 3 days. 


QUANTUM 
POTENTIAL 


11.2003 1:23:48 
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OPERATION DIVINE WIND II 
Three Phases and Support 


Operational Phases 


e Phase I: On-Site Training Phase (Completed) 
e Phase Il: Escalation Phase (In Progress) 


Sve) 2 Phase lll. 1997 Strategic Strike on the U.S. 
First strike (QP) in Phase IIl duds all nuclear weapons 

and nuclear powerplants worldwide, in minutes 

Psychoenergetic strike (QP) disables people instantly 

Mindsnapper attack of special assets for 100% success 

QP initiation of fast-acting, lethal diseases kills 80% 

of targeted populations in three days or less 


Support Plans 


Plan A: Feints, Deception, Sabotage, and 
Terrorism 
ommcunn  ® Plan B: Testing and Test Range 
e Plan C: Worldwide Weather Engineering 
e Plan D: Strategic and Combat Intelligence 
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& Advanced EMBW Applications 


e Covert EMBW: Examples 
- Activate materials and their potentials with ST disease engines. 
Potentials superpose and their infolded ST dynamics diffuse 


- Activate water's structuring (H-bonding) potential with disease 
engines 


- Bias electrical power grid ground fields by weak diseases 
—- Employ disease-structured quantum potential in distant area 
e Overt death ray (mind snapper) 
= Powerful scalar EM pulse in target area "jerks" rate of flow of time 
— The "time snap” sharply separates mind from body and each cell 
e EMBW CM: 
- Irradiate bodies with longitudinal EM waves; self-converts to 
t-pumping and produces exact amplified ST antiengine 
- Antiengine arises out of local ST, affects all parts of all cells 
= Cells are t-charged with antiengine structure 
- Continuing action restores regenerative and immune systems and 
reverses cellular damage © TE GEARCEN 1995, 1999 
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a EM Biological Warfare (EMBW) 


= KGB/Communists have developed highly effective 
— Electromagnetic biological warfare (EMBW) 
- Counters to orthodox biological warfare OTE, BEARDEN 1999 
— Mass death ray weapons 
« Small version of “mindsnapper" tested in Afghanistan 
* Killed occupants in two villages, in separate strikes 
« Unusual aspects (so-called “smerch” gas) 
= Russia/KGB is the only group with a complete counter to 
biological warfare, either covert or overt, and to EMBW 
= EMBW (covert and overt) is a preferred option for KGB 
— MAD Doctrine is completely destabilized for a sufficiently covert 
Russian EMBW strike 
= Situation has existed for at least two decades 
— Can alter germs, bacteria, viruses of specific kind, in a specific 
target area, to produce antibiotic-resistant strains 
— Can induce any kind of cellular disease or damage ata distance 
= U.S. national characteristic: no reaction to slowly increasing threat 
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Microwave Radiation 
of U.S. Embassy in Moscow 


Former U.S. Embassy in Moscow. |ACKGROUNI 

* Began in latter 1950s 

* Discovered on VP Nixon's trip 

* Initially thought to be nuclear radiation 
(Discovered wiGeiger counter?) 

« High level target — U.S. Ambassador 

* Guarantees personal attention of: 

= U.S. Ambassador to USSR 

= U.S. President 

NSA, CIA, DIA, NSC, etc. 

Top consulting scientists 
= Leading U.S. scientific institutions 

* Two U.S. Ambassadors died, another sickened 

* Anomalous health changes in personnel, only 

in zero-field (zero pot'l gradient) areas! 

* Four U.S. Presidents requested Soviets cease 
= Cut from 18 watts/sq cm to 2 
™ Then again increased 

* No one could understand what was going on 

« Aluminum screens were placed over windows 

* Moscow was declared a hazardous duty zone 


© wos were weve 
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Pentagon EMI Studies, 1989 


Washington Post, 22Jan 1989, p. A4 
= Analysts of severe EMI effects in strike on Libya, 1986 
performed major 3-year, 66-man study 
—Blamed effects on U.S. forces’ own signals 
Did not know of any other “signals” present 
-Knew nothing of quantum potential weaponry, energetics weaponry 
= 7-month preliminary study 
— Severe EMI Problem exists 
- EMI shielding often waived in our weapon systems 
- Thousands of conflicts possible 
= Also studied UH60 Blackhawk helicopter problems (which were 
due to its lack of good EMI shielding, and not quantum potentials) 
—uncommanded turns 
—Five EMI crashes 1982-1989 
—$175 M program to shield it 
= So found that U.S. transmission combinations can 
—Affect aircraft flight control 
—-Turn off fuel supply 
—Cause uncommanded dive/tum 


=-Bring down U.S. warplanes 


* Actually, Libyan EMI was induced by Soviet quantum potential tests 
which can do all those things and much more © 1996 TE BEARDEN 
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EM Missile Practice 
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EM Missile Pi e 


Latter Sept. - Early Nov. 1996 
Melbourne, Australia 


Deception: Using EM Missile to Reinforce 


Notion of SAM Attack 
Saturday evening, Nov. 16, 1996 


Intelligence Probe: Insuring U.S. Still 
Unaware of Energetics Weaponry 
Thursday, December 12th, 1996 


EM Missile Strike, Offset from Night 
Shuttle Launch, Cape Canaveral, Florida 
The Smoking Gun in November 1985 


Distant Operator Onsite in Russia Slew 
Away Registration Point 

Marker Beacon over Night Shuttle Launch, 
26 November, 1985 


EM Missile Practice and Deception 
November 17, 1996 
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EM Missile Practice 
Latter Sept.-Early Nov. 1996 
(Multiple Nights, Multiple Streaks Each) 


(Many Witnesses) 


= 
~ 500 meters (one case) 


Melbourne, Australia 
Australian Associated Press 
Nov. 2, 1996 
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Deception: Using EM Missile to 
Reinforce Notion of SAM Attack 


Saturday Evening 
Nov. 16, 1996 


eee 


Note: Meteor shower was forecast, which 
provided perfect decoy to FBI investigators, 
to steer them off the true scent. 


Pakistan International Airlines 
Fight 712, just after takeoff 
from John F. Kennedy Airport, 
on path similar to that taken by 
TWA Flight 800, July 17, 1996 


upton 
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Intelligence Probe: Insuring U.S. Still 
Unaware of Energetics Weaponry 


Thursday 

Dec. 12, 1996 
Pilot sighted what he called 
a"green flare”. 


—— No danger, no evasive action. 


Saudi Arabian Airlines 747 

en route from Riyadh, Saudi Arabia 

to John F. Kennedy Airport. 

At 12,000 ft., not far from where 

TWA Flight 800 was killed on July 17, 1996 


FBI: "Probably a meteorite.” 
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from Night Shuttle Launch 


Cape Canaveral, Florida 


MARKER BEACON 


EM MISSILE STRIKE 
26 NOV 1965 


(UGHT DEVELOPMENT) 
OFFSET FROM NIGHT 


GHT SHUTTLE LA\ 


The Saioking Gun in Nov. 1985 


| ag Wstant Operatoy, Onsitein Russia 
ag ot S/ews Away Registration Pont. 


MARKER BEACON 


rt shuttle Lar 
al, Flor 


Photogr 


28 Nov 1985 
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EM MISSILE PRACTICE 
AND DECEPTION ts 


Nov. 17, 1996 at 2220 hrs. 


— 


&. ——— ‘Speed Bird 226 
o— 


Lufthansa 405 


ee en Vicinity of Long Island, New York 
of kill of TWA-800. Not far from where TWA-800 was killed 


“Inside gloating” by Two aircraft sighted object 
Aum/Yakuza/KGB. 
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Subdivisions of 
Soviet Energetics 


Energetics Bioenergetics | Psychoenergetics 


ugpwow.chenier 
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ee Communism's Goal Rg 


= "War to the hilt between communism and capitalism 
is inevitable. Today, of course, we are not strong 
enough to attack... To win we shall need the element 
of surprise. The bourgeoisie will have to be put to 
sleep. So we shall begin by launching the most 
spectacular peace movements on record. There will 
be electrifying overtures and unheard-of 
concessions. The capitalist countries, stupid and 
decadent, will rejoice to cooperate in their own 
destruction. They will leap at another chance to be 
friends. As soon as their guard is down, we shall 
smash them with our clenched fist." 


Z. 
Cerun School & Potkical Werfare, Moscow 
(circa 1934) 


@ 1996 TE eemmcen 
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Manuilsky's Goal 


Manuilsky, 1934 
= War is inevitable. 


vs. Status Toda 


Situation, Dec. 1996 
= Has not changed. 


= Not strong enough «= Strong enough now; preparations 
to attack now. completed. Need right opportunity. 

= Need surprise. = Have achieved total surprise. 

ci] |= We are sound = 

= Need most spectacular = Done. We think the Russian threat 

. pecan overtures, = Done, and still occurring every day. 
unheard-of concessions. It has worked beautifully. 

= Capitalists will cooperate. = We are cooperating in spades! 
They will leap to be friends. = We've leaped, and are leaping. 


= They will let down their guard. 


= No ABM, junked lots of nukes, 
shrunk our forces to the bone. 


= We'll strike them then. 


© 19%, 107 TE BEARDEN 
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«= They would have struck (twice) in 
1997, but for deterence by another 
nation (not U.S.) having QP weapons 

= They are still looking for a risk-free 


opening to strike 


38 
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Professor Hellman, German Scientist 
Released from Work in Soviet Union 
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= Worked in Soviet Union after WWII 

= Eventually escaped to Germany, then 
to Brazil (handsome offer) © wereemncen 

= Took part in highly unusual Soviet energetics 
development and experiments 

= Large areas of the sea could be and were 
suddenly frozen 

= No particular attention was paid to this 
information by highly qualified scientists 

= /n intelligence terms, this is A-1 information of 
the highest caliber 

= Bohm also was invited to Brazil, which 
started an energetics weapon program. 
Brazil developed such weapons including weak 
quantum potential weapons (0.95 confidence) 
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Hemispheres of Light 


March 20th, 1969 
Caribbean and Western North Atlantic 


e Hemisphere and Globes, 1977 
24 March, 1977 


« Virgin Islands Incident 
August 1969 


e Typical Shield Test, Northern Route to Japan 
June, 1982 
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xpanding Hemisphere of Light 


Mar, 20, 1969 
Caribbean and Western 
North Atlantic 


€ 


Semicircle 

Milky white light 

‘Small, intense at first 
Dimmed as enlarged 
Grew to enormous size 
Lasted 10 minutes, then 
faded 
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Hemisphere and Globes 1977 
(0855 GMT, 24 Mar 1977, ~ 2ndluminous 
Sy Stier (0 minutes eo” 
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1969 Virgin Islands Incident 
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8:15 P.M. 
pune Smooth, curved edge 
- 1 Seen by many residents: ; 
ld 
— 
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Typical’ s NOTiHETN ROUTE to Japan 


18-27 km diameter 


Asahi Evening News, Tokyo 
June 22, 1982 


Multiple tests seen per month, for years. 
Pilots simply.ceased reporting them. 
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How Could Such Superweapons 
Ever Be Concealed? 


Arthur C. Clarke's law states: 


"Any sufficiently advanced technology is 
indistinguishable from magic." 


To U.S. scientists, "magic" means "impossible" 


Longitudinal EM waves and LW interferometers 
have been regarded as fantasy and impossible 
To deceive foe on rather open use of unknown 
technology without discovery: 

"Disguise its Uses as Understandable 

accidents, human error, acts of nature 

other known technology, etc." 
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Soviets Easily Concealed These 


Superweapons for Four Decades 
Intensive Soviet deception plan utilized 
— Embedded in other weapon system tests 
— Made to resemble natural acts, accidents, etc 
— Open science releases coordinated to show 


Russian scientists worked on "normal" science 
West thought Russian scientists inferior 


U.S. scientific community was and is dogmatic, 
and fiercely suppresses real scientific innovation 


Terribly flawed electrodynamics not NESEY, 
shaken and changed in West mm 


West had no basis for understanding energetics 


Precise spacetime curvature engine adds energy to 2Hes «particles inside atomic nuctei, causing tunneling a-decay 


POWER POWER sean 
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eterfaence 2008 


OPERATOR 
STATION. 


Elevation 
View 


Figure 26. Microscope-type, laser-like interferometer for inducing quick a-decay 


in samples of otherwise longer-lived isotopes. Once 
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Longitudinal EM Wave Interferometry: 
Endothermic ey 


- INTERFERENCE 
ZONE 


causes explosive cooling 


Ambient vacuum potential 
in distant interference zone 


—— 


of transmitter 
© Te-neAREN 1996 
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Longitudinal EM Wave Interferometry: 
Exothermic 


Energy input to Energy input to 
transmitter/receiver  transmitter/receiver 


& XMTR/RCVR 
. Filesty' 
of transmitt 


meas sg 
2 XMTR/RCVR ce 


Ambient vacuum potential 
in distant interference zone 


Meeting of timed pulses - 
causes explosive heating 
© LE. BEARDEN 1099 
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USS. Air Attack on Libya 
April 1986 


e Slide 1 


Slide 2 


"Washington Post" Article 
January 22, 1989 
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U.S. Airstrike on Libya 
April 1986* 


* 33U.S. AIRCRAFT IN STRIKE 
* MANY HIGH-POWERED TRANSMITTERS 
= COMMUNICATIONS 


pagan test + SEVERE, UNEXPECTED "EMI" ENCOUNTERED 
U.S. aircraft and missiles = ONE Ea OWNED 

— NUMEROUS WEAPONS WENT ASTRAY 
Sb dpasifcslics Wat) - THREE FOREIGN EMBASSIES DAMAGED 
pounean er ace mie ans) ~ SEVEN AIRCRAFT FORCED TO ABORT 


* COMMANDERS: "US OR THEM?" 
“Washington Post, 22 Jan. 1989, p. Ad 
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U.S. Air Attack on Libya in April 1986 


¢ Established QP with the electronics in our aircraft and missile 
¢ Subtly jammedthem with spurious EMI noise and signals 


oo 


ibyatk3smn.ipg 
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Lightning Wall $4447 4. 


e Aircraft on course of 270 degrees 

e Approached "solid wall of lightning” in 
an otherwise cloudless sky 
— From very high altitude to near the water 
— Extended north-south as far as one could see 


e Radar scope clear 

e Rigged aircraft for heavy weather 
e Plunged directly through wall 

e Wall was very thin circa 1959-1960 


Interview with Patrol plane commander 


© 1 weoncenime U.S. Navy PS aircraft 
Over Atlantic, 200 miles east of Norfolk 
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* THEORY DEVELOPED AND FITTED 
* HYSTERESIS MEMORY LOOP 
* CONTROLLED EM INDUCTION 
* IMAGES 
* SENSATIONS 
* PREDETERMINED EMERGENCE 
* 23 EEG BANDS 
* UP TO81X107°HZ 
* 41 INDEPENDENT CHANNELS 


‘SK. Listy, “New Approach fo the Amlyss of Ele remeqphalograss,” 
DOC Report ADTORS, p, 1625. 
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_Large Longitudinal EM Wave 
Interferometer (LWI) Accident 


e 1958 nuclear explosion near Urals 
— Contaminated 1200 square kilometers 
— Signature of large LWI accident 
— Buried atomic wastes suddenly exploded 
— Region contaminated to this day 

e Soviets were well along with advanced ~ 
prototypes and testing 


— In Jan. 1960 Khrushchev announced these 
forthcoming “fantastic weapons 


— 1958 difficulties would have been resolved by 1960 
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Large Longitudinal EM W 
Interferometer (LWI) Acc 


e Expected cause of 1958 accident 
— Huge LW energy beams built up 
= Catastrophic short-out in transmitter 
— LW energy flash over into earth and spread 
— Struck and fissioned red nuclear wastes 
e Developed new safety circuits 
— For transmi yort-out, instantly Ve to hold 
LW beam yy and'prevent fla 
din 198 
group b that tansmitter 
ophic quake in California 
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(Use of Hidden Information Content of the Field) 
(Can Provide Action-at-a-Distance) 


Interference Zone 
(Potential gradients) 
Normal EM Energy: 
May be positive, or 
negative, or fixed 


Hidden 
Bidirectional 


Hidden 
Bidirectional 
EM energy flow 


Whittaker/Ziolkowski 
Transmitter Arrays 


© T.E Bearden 1994, 1999 y (8 to. 20 harmonic wavepairs each) 


Figure 5. Scalar potential interferometry (between the two sets of bidirectional 
longitudinal EM wavepair functions) produces all EM force fields and waves. 
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;Two Types of Mutual Assured 
Destruction (MAD) Systems 


= Sane system: oe 


Turned off or on standby 

Wait until attacked or attack is imminent 
Humans consider situation, make strike decision 
Command order issued to weapons officers 
Human finger initiates launch sequence 


Usually requires code entry, etc. for assured launch control 


= Insane system: 
- plants? periodically (og. every 2 pours) initiates launch 
— During sequence, there , 2 min.) where 
operators eanenter stope riod (si emt) 
- - correct stop not entered, weapons Rutoredca ty launch 
- anotier She Sikcinetically raniGates the ialnetosqlsnce 


© ae. Te esr 
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ychoenergetics Weapons Teams 
<@ P lhentatiy Droubte Al Pelsounel 


(COUNTERS ALL SANE MAD SYSTEMS) 
(NULLIFIES HUMAN COMPONENT OF ALL WEAPON SYSTEMS) 


ELECTRICAL 
THOUGHT. 
ARISE DIRECTLY 


Hee / oor 


simultaneously in all minds in 
the targeted area 


Site personnel Iced 


hypn ani 
controled 
Distant weapon controller 
teams coord crew actions 

* Standdown insane weapons to 
maintenance standby. 
Mindsnapper then strikes, 

kills all personnel, and 
nullifies site for months. 
indicators: Two A-10 incidents 1997, LIDA device since 1950s. 


Ome 
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Strikes Against Special Ship x 


and Energetics Weapon Sites 


« Via powerful scalar EM pulses in each targeted area, so sharp timejerks occur 
= Mind and its operations exist in time but not in 3-space 
= Coupling interaction of mind operations to body occurs through flow of time 
= Flow or change of flow of time must be smooth, for coupling of mind to body 
* Sharp jerk in time flow snaps mind's coupling to body, instantly separates mind 
¢ Instant death for every virus, bacterium, cell, insect, mammal, living creature 
 Contaminates struck sites for months, perhaps a year 


Note: In other words, this is the part of the prep: 


aration barrage” 
that attacks the enemy's response capability (eis “artilery” —— @)r« vamos 
and his “airpower") and suppresses it. The use of the 
“mindsnapper™ weapons provides 100% assurance of success. 


Innphwww che 


Snaps ps8 


ips 


gQ “MINDSNAPPER" ATTACK ON SPECIAL 


‘agp 


SHIPS & ENERGETICS WEAPONS SITES 


“We have a new, fantastic weapon ... so powerful that, if 
unrestrainedly used, it could wipe out all life on earth." 


OY Speaking to Presiaium, & : 
s yy 


Y 


7 


; === * Minds snapped loose from 
‘SCALAR EM. bodies (every living thing) 
-BURSTS “Struck areas completely 


sterilized of all life 
f " * LWs emitted; slow decay 
of time-charge makes 
contamination persistent 
© Tested twice in Afghanistan 


TARGETED 
AREAS 
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The Tom Bearden 
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How Much Off Guard Are We? 


Slide 1 


Slide 2 


Slide 3 


Slide 4 


Slide 5 


Slide 6 


Slide 7 
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How Much Off Guard Are We? 


. pre ban U.S. forces have no energetics weapons or 
defenses against them 
= No DoD general, military officer, or enlisted person 
reporting to the government of the United States has any: 
= Training in energetics or energetics weapons 
— Experience in energetics or energetics weapons 
development and usage 
— Training in strategy, tactics, deployment, and 
employment of energetics weapons 
- Knowledge of energetics weapons effects and 
capabilities 
- Knowledge of the energetics weapons, tactics, 
deployment, and employment by the KGB/Russians 
= Civilian and military, scientific and intelligence, and news 
media personnel do not recognize energetics weapons 
effects happening right over their own heads 1x0 
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How Much Off re We 


® Kill of U.S.S. Thresher in 1963 not recognized. Left signatures. 

= 23 years of KGB weather engineering, particularly over U.S. and 
North America, ignored and not recognized. 

= Decades of irradiation of U.S. Embassy, fatally injuring three U.S. 
Ambassadors, health changes in personnel shrugged off ineptly. 

= Massive building of underground sites, all through former 
Soviet Union, lamely speculated as perhaps "ABM" system or?. 

= 1985, 1986 Soviet kills of U.S. aircraft, spacecraft, personnel ignored 
as "accidents" by legitimate U.S. communities. 

= Quantum potential strike on soldiers in Gulf war ignored. 

. euangan potential deterioration of U.S. populace's immune systems 
ignored. 

= Exchange of earthquakes and massive retaliatory destruction of 
Soviet missile ammunition storage sites, 1986-1989, ignored. 

= U.S, scientific and military communities adamantly refuse to rework 
electromagnetics, though known to be seriously flawed. 

= Refuse to apply Stoney/Whittaker work to engineer hidden variables, 
even though present quantum mechanics also known to be wrong 
because it does not contain such "hidden order.” Orme rm remomes 

= Refuse to develop, structure, and apply Bohm's quantum potential, 
for instantaneous action at a distance. Russians developed it. 
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How Much 
Off Guard Are We? 


@ Kill of U.S.S. Thresher in 1963 
— Not recognized. 
- Left signatures. 
® 23 years of KGB weather engineering 
— Particularly over U.S. and North America 
= ignored and not recognized. 
@ Decades of microwave irradiation of U.S. Embassy 
- Fatally injured three U.S. Ambassadors 
- Induced health changes in personnel 
= Shrugged off ineptly. a | 
@ Massive building of underground sites 
= All through former Soviet Union 
- Lamely speculated as perhaps "ABM" system or?. 
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How Much 
Off Guard Are We? 


@ 1985, 1986 Soviet kills of U.S. aircraft, spacecraft, 
personnel ignored as “accidents” by legitimate 
U.S. communities. 

® Quantum potential strike on soldiers in Gulf war 
not recognized, ignored. 

® Quantum potential deterioration of U.S. 
populace's immune systems ignored. 

@ Exchange of earthquakes and massive retaliatory 
destruction of Soviet missile ammunition storage 
sites, 1986-1989, ignored. 
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How Much 
Off Guard Are We? 


© U.S. scientific and military communities adamantly 
refuse to rework i gic beatae though known to 
be seriously flawed 

® Refuse to aj toneyiWhittaker work to ineer 
hidden pe ch even though present nen 
mechanics also known to be wrong because it does 
not contain such “hidden order.” 

® Refuse to develop, internally ralrsperoiak and apply 
Bohm's quanturn potential, which 
icladansaus action at a distance and great energy 
amplification 


® Russians deve quantum potential weapons, 
which obsolete all other weapons. Om revnir 
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luntsville (AL) es 18 


“Retired Gen, Wayne Downing concluded that U.S. forces 
are so far superior to potential foes that opponents have 
tumed to terrorism as the only way of challenging them.” 
The Times also provided the information that 

Defense Secretary William Perry agreed with 

Gen. Downing's conclusion. 
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WE? 


Blind eo to Even the Ballistic Missile Threat 
« U.S. National Intelligence Estimate (NIE) released in Nov. 


1996 states there is no foreseeable threat to the U.S. from 
‘indigenous missiles" for at least 15 years. 

« Clinton has claimed a program for ABM defense is too 
expensive, would violate ABM Treaty with former USSR. 

« Soviets developed an ABM system in violation of the treaty. 

«In June 96 Russia test-launched an SS-19, their 26th ICBM 
test in 5 years. 

« "Russia still retains and is modernizing a vast nuclear 
arsenal. 


* “For the first time since the dawn of the nuclear age, there is 
not a single Russian missile pointed at America's children.” * 
Comment: Punch a computer button and the missiles are 
pointed! The armed missiles are still there, ready and waiting. 
Bulleted info courtesy Washington inquirer, June 24, 1996. House Nat'l Security Chrmn, Floyd Spence. 
© revonecs **Bill Clinton, State of the Union Message. 
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Propagation of Weapon Effects 


= All conventional weapons use propagation 
through 3-space of matter or energy or both 
- Matter (bombs, missiles, projectiles, etc.) 
- Energy (EM force fields, sonic force fields, etc.) 
- Basically one-to-one, or one "bus" to many-on-many 
- Finite propagation velocity v: where 0<v <c 
- Time delay: Shielding and pre-strike retaliation possible 
= Structured quantum potential propagates 
vacuum ordering (vacuum engines), instantly 
- Zero time delay (through multiply-connected spacetime) 
= No propagation "through space", no "velocity" as such 
- Easily one-to-many, without limit 
- Dramatic energy amplifier (gates, amplifies flux ordering) 
- Effects arise in local spacetime; no shielding possible 
- No range limit, since striking distance always zero 


= QP weapons obsolete ali other weapons 
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Yugoslav Earthquake, Apr. 15 
Followed by Cold Explosion [1979 


Magnitude 7.2 on Richter scale 
Epicenter 33 km. deep pais. tad 
More than 100 aftershocks 7 
At Kamenari: 
Adriatic sea mushroomed up 
Like atomic bomb explosion 
Signature of a cold explosion 
Similar to Apr. 1984 test off coast of 
Japan, near Kurils (see inset graphics) 
Note that April is a significant test 
month for the Communists (preparing 
official reports for May Day?) 
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COUNTERING AN INSANE QP WEAPON: 
Quantum Potential Psychoenergetics 
<@ Strike Mentally Controls Ail Personnel 


CONTROLLED PERSONNEL DISABLE INSANE QP SYSTEM 
(FOLLOWED BY PERSONNEL KILL OF ENTIRE CADRE BY MINDSNAPPER) 


Berg 


Effects arise in local spacetime, 
simultaneously in all minds in 
the targeted area 


MINDS ARE INSTANTLY PLACED 
INTO WAKING BUT DEEP. 
HYPNOGOGIC TRANCE 


STATE. INSERTED THOUGHTS 
ANALOGOUS TO HYPNOTIST. 
PERSONNEL FUNCTIONIN AN 
ALTERED, COMPLETELY 
CONTROLLED PERCEIVED REALITY. 


Indicators; Captain Button’s lengthy A-10 incident in 1997, LIDA device since 1950s. 


hntp:/vww-cheniereong/imageshweapons(QPCountsm jpg8.11.2003 1-2 


Gulf War Disease: KGB QP Weapon Induced 
ST Curvature Engines for a Cocktail of Diseases 


2 as A> © 1999 T. E BEARDEN 


Distant Scalar Potential 
Qo nite 


ferometer with 
iterative self-targeting 


tpsstww 


Self-Targeting in Inner EM 
Channel Can Produce a 
— Quantum Potential 


Once OP is established, energy transmission 
is direct and instantaneous. Energy input to one 
single participant will simultaneously appear in all 


other participants, the amount depending on 
fractions of pattiipation with the input station. 


TIME2 is GB 
esssesQ ™, 


POTENTIALS NTO LASER UKE 
TWO PUMPED RLGRRSOP INTERACTING ON” 
SOURCES. NOW ONLY PUMPED SOURCES 


TRE LINKED OBIECTS: ONNECT ven merc ences 
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@ TIME 4 a 


LB 
y gar 
@sssssQ wen FP seme nodes paticpating 
No inthe quantum potential. 

a. Iterative retroreflection between any pair of b. The quantum potential exists as narrow, laser-like 
nodes narrows the interconnecting potentials beams between participating nodes, even when 
to a laser4ike, bidrectiona beam. Iterative the nodes are widely separated The beam space 

jase conjugate reflection provides self- is multiply-connected; transmission is instan- 


jeting. taneous. 


© 1989.15 TE BEARDEN 


if-targ 
‘conj 


ic material form, then 
nodal pair. By iterative phi 
irs in laserdike beams, between each two nodes, 


into interconnecting wave 
‘Thus the interconnecting potentials narrow into laser-like, bidirectional beams. 
‘The Coulomb gauge mayapply, and @ quantum potential may be formed. 


Figure 30. Mechanism for generating a quantum potential, by iterative 
self-targeting induced into a system of multiple scattering nodes. 
Once a QP is established, spatial separation has little or no effect. 
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are Major Principles for Use of 
rs Quantum Potential Weapons 


= Must disable dead-man fuzing prior to massive 
use of scalar interferometry weapons. 

= Must assure immediate, complete nullification 
of unique enemy assets (quantum potential 
assets, special ships, and energetics weapons). 

= Personnel can be eget net instantly with 
mindsnapping; area is sferilized of life, and 
effect persists, gradually dying away. 

= Personnel can be disabled instantly with various 
psychoenergetic weapons; area not sterilized. 

= Personnel can be destroyed in short order by 
using EM BW weapons; area not sterilized. 

= If foe has energetics weapons, then it is a 

uick-draw “gunslinger” contest unless insane 
systems deployed. 

= Complete surprise is of decisive importance. 

= Tailor effect used to specific target, objective. 

= Note: Must use "insane" MAD systems to deter. © ”*'© =#0% 
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22° Quantum Potential Weapons: 
€ as Major Principles (Continued) 


= Three major classes of use exist: © 96 TE Beano 
—Use of bulk energy only (as in bulk heating or cooling) without 
substructuring v( ma ing) 


~-Use of internal structuring of the bulk energy, so that vacuum engines 
appear in target 

-Use of more deeply nested engines allows direct intervention in mind, 
long term memory, perception, thoughts, emotions, personality 


= Use of vacuum engines allows engineering at a distance of: 
- Atomic nuclei including structures, reactions, and transmutations 
- Bulk matter including translations, lattice bonding, chemistry, chemical 
~~Tnteractions, electromagnetic interactions 
~ Deep biological contro! systems such as 
> Beckers cellular Dontol (recovery) system 
> Popp's cellular control system 
- Cells including: 
“> Structuring, differentiation and dedifferentiation 
» Genetic changes, chemical changes 
» Induction of disease states without normal disease vectors 
~ Mind/matter interface, Sebcing long-term memory, perception, 
~~ emotion, thought, mental state 
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Instantaneous Communication by a 
Quantum Potential 


“quantum potential” 
is used in an © iom, soasre MOEN Selected clipart @ by Lotus SmartPics™ 
extended sense. 
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« Separated points are superposed in MCST 
1 


« Connection is instant and bidirec' 

* Propagation through ST does not apply 

« Energy or vacuum engine input to one station 
instantly appears at each and every other station, 
undiminished in magnitude 


etna, 


* Any station may insert energy 


Phase conjugation insertion 


© TE BEARDEN 1998 negates 
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Quake in Tangshan, China 
2B July, 1976 


e 7.8 on Richter scale 
e Hundreds of thousands killed 
e Accompanied by extensive light, 
electrical effects 
= Starting $ to 5 days before 
= Communications interference 
within 250 kin 
= Sky lighting observed ca oe 


e [Personal comments] 
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Counting Rifles: Put up or shut up! 


(Exchanging Earthquakes) 
Opening bet é 
- Quebec 25 Nov 88 
- Pasadena 3 Dec 88 
Raise you 
- Armenia 7 Dec 88 
Call - what do you have? 
- Malibu 18 Jan 89 


Four aces 
- Soviet Central Asia 23 Jan 89 
- Bakersfield et al various: 
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Instant Communication 
by a Quantum Potential 


The space is multiply connected; |.e., a 
power change of 1 watt on any sing 
node has a fraction of that power also 
appear simultaneously at each other 
node. Once the QP is established, 
‘spatial separation has no effect. 


MASTER 


N's are nodes 
participating in the QP 


@ v0, m0 TE BeAROEN 
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Westemers Do Not React to Slow Threats 


BOA CONSTRICTOR: LIGHTNING STRIKE 


Westerners tend not to react to slowly increasing things, 
but react to rapidly increasing things. 


up: 11.2003 1:27:11 
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CHARACTERIZING A GIVEN RISK OR RISK FACTOR 


Probability of 
Materializing 
—————J 1.00 
Very Likely 
075 4 
Ukely 
0.500- 
Unlikely 
} 025 — 
Very 
Unlikely 
ooo - 
0.00 025 0.500 075 1.00 
Negligible | _Marginal__| Critical Crisis: 
Consequence (or Disutility) of Risk 
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TECHNICAL RISK MANAGEMENT 


SUPPORT RESEARCH IS TECHNICAL RISK REDUCTION 
AND MANDATORY FOR ANY EMERGING TECHNOLOGY 


MODERATE 


NEGLIGIBLE 


SUPPORTING a a RIS 
PHENOMENOLOGY §=——————— 
EXPERIMENTS AND MATH MODELING 
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Aum Shinrikyo's 
Sarin Faeilit 


The interior of Satian No. 7, a suspected sarin production plant 
| Chemical plant (the first four stages for productio | 


—_ a! 


— 
EE 


Eees| LU 
== 


Reference: Senate Subcommittee Hearings 
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In Scalar Beam Interference Zone 
Ss ——_ 
* De-phasing of wavelantiwave pairs occurs 
* Zero-summation destroyed 
® Ordinary EM reappears [Whittaker 1904] 


® Ordinary energy appears or disappears 
(i.e., may produce heating or cooling) 


e Energy bottle effect 
© Can add or extract EM energy 
e Can produce specific ST curvature engines 


© TE BEARDEN 1999 
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) Physicist Schappeller A 
Auralaz Munster, Austria: 
— British Intelligence interview, about 1948 
—Used Kaluza-Klein theory 
-Worked with Russians 
= Schappeller claimed he could: 
—Cause "implosions" rather than explosions 
— Use gravitational and electromagnetic 
energy 
—Cause large areas of the ocean to freeze 
— Tap earth-ionospheric field 
—Produce enormous energy 
= This is precisely what Hellman worked 
on in the USSR, after WWI 5 wcrecsoo 
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Initial Soviet Plan for 
Cold War, After WW II 


= Develop and deploy SAM bomber defense 
= Catch up in atomic weapons 
= Master and apply rocketry é 
= Wed atomic warheads to rockets 
= Initiate "Cold" War 
-Bleed the dragon 
- Guerrilla wars 
— Terrorism 
—-Insurgencies , 
= Find, develop, and weaponize 
next "great technical breakthroug: h 
area as highest national priority 


ome Te cence 
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Josef Stalin: Absolute Dictator 


* Secret police and spies everywhere 

* Purged his own officer corps 

* Always deeply suspicious 

* Regularly purged his enemies or those 
perceived to be shaky or untrustworthy 

* Absolute power, justice had nothing to 
do with it 

* Opponents often just disappeared 
in the night, never to be seen again 

* Secret police often tortured, killed them 

* Others sent to slave labor camps to die 
by severe work, starvation, and beatings 
or downright massacre 

* Had experienced unusual abilities of 
Wolf Messing, so knew that some 
persons could do unusual things 

* Forced Soviet weapon physics into this 
psychoenergetics realm also 
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Assembled Academy 


"The destiny of communism has been frustrated by the U.S. development of the 
atomic bo! That is not the last it technical ral cry The next one 
be Soviet! You will provide me with that it new technical through at al 
speed, or | will have your heads. Do! e myself clear, comrades?” 
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ae Significant 
Soviet Statements 


="In the final revolution, it does not matter if three-quarters 
of the earth is destroyed, so long as the other quarter 
emerges communist." [Lenin] 


= "If a means of total neutralization of foreign missiles is to 
be found, it can only come from a group of new principles 
in physics, called energetics.” [Nobelian Petr Kapitsa, to Nikita 
Khrushchev, in answer to Khrushchev's demand for a 100% method of 
defense against long range missile attack.] 


= "We will bury you." (Khrushchev, to Nixon, Kitchen Debate] 


= "We have a new weapon, just within the portfolio of our 
scientists, so to speak, which is so powerful that, if 
unrestrainedly used, it could wipe out all life on earth. 
Itis a fantastic weapon." [Khrushchev, speaking to the _ 
Presidium, Jan. 1960) a ars 
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APTAIN Ally SVOBODA) 


® Night training mission May 27, 1997, 
Fiom)same Wing as Gaptain Button) ) 
© This Was aisecond) psychoenergetics strike 
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T- Polarized Beam Projector 


wine Aer ant StANces 


Abeam projector interferometer 
may be swept in azimuth and 
elevation, under computer control. 
‘The interference zone can be 
quickly swept through the 
Surrounding volume of space. 


Time-Density 
waveset Small 
generator 2 Delay 
generator 
LI f 


Spacetime 
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Interference 
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ine 


Possible Tests (1) 
SS 


@ 1958 nuclear accident in Urals 

@ Disease induction in U.S. Embassy 
personnel in Moscow 

@ Siberian disease/death transmission 
experiments 

@ Destruction of USS Thresher nuclear 
submarine, Apr. 10, 1963 

e@ Nuclear explosion transmitted into 
ocean underwater, 100 miles north 
of Puerto Rico, Apr. 11, 1963 


@ W996 7.€ ENIOEH 
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= Eight F-111's downed in Vietnam 
immediately after deployment 

= Several large earthquakes 

= Mysterious aircraft losses in groupings 

= Numerous underground "nuclear" tests 


= Nuclear tests at Semipalatinsk without 
associated seismic activity 


= High altitude rumbles, snaps, booms 


= Off English coast 
= Off East coast of U.S. 
NGI eels ead EEL @ woe iro 
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Possible Tests (3) 


* (upto hours im duration) 


e Cold Explosion off Kurils 1984 
— First, a cold explosion abe 
— Then test of Tesla shield 300 mi, dia. 
© Tests offset shuttle launch Nov. 85 
« Kill of Arrow DC-8,Gander, NFLD Dec. 1985 
e Titan kill, Vandenberg AFB, CA early 1986 
e Kill U.S. Challenger, off Cape Canaveral 1986 
e Earthquakes induced, 1986-88 
© Dozens of tests of shields around the world 
© Decades of radiating U.S. Embassy in Moscow 
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Pos: sible Tests (4 


© Extensive tests 1990-99 in Western Australia 
e Engineering of weather since 1990 by Yakuza 
Sciiy uInteninriiaey tankers ae ca 


yo 
e C-130 engine flameout kill © merememon 
© TWA-800 kill 1997 

e Gulf War Disease Induced, 1991 


T popalanee: feos systems of U.S. 
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Mushroom cloud rising from sea 


e 0514 hrs, 9 April 1984 
¢ Gray-white cloud appeared 
¢ Rose 60,000 feet in 2 minutes 
¢ South of Kuril Islands 
= 180 miles southeast of Hokaido 
pa Aiea A HL 


Soviet testing scheduled 
4 sooutage mit miles eWay at 2100 hrs, 
3 Apr April 1984 vaireteaes 


Launches from Cape Canaveral 
and Vandenberg AFB 
Provided Practice Targets of Opportunity 


pw 
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Experimental Region 


Figure 32. Embodiment of an instrumental array sufficient to discriminate when 
time-density charging has occurred, and that transduction of time-charge 


decay is occurring. 


tp: ww-cheniereorg/imageshveapons/T-Instrasm,jpg8. 11.2008 1:28:11 


© Tem ARDEN 198 


tpi/www.cheniese.orgyim 


Time-Polarized EM interferometer Creating 
Jone Curvaeme Enoniee ira Dieter asferenen tone 


yeapons/TPLzninist.jpg 


© re mmncen 19m 


-hups/lwww cheniere.orgrimages/weapons/TPlankatsm.jpe8.1 1.2003 1:28:15 


‘htip:/www.cheniere.org/imageshweapons/TransRad sm. jpg 


Transmutation of Radioactive Nuclei at a Distance 


Active Spacetime 

Curvature Engines 
Interferometer (may be multiple Spacetime Zone of action 
beam or single beam) is curvature \ 


r rd throt the radio- 
es of the nuclear 
wastes to be neutralized. 


Specific engines may be used 
for altering specific isotopes. 
| Waveset 1 
generator =~ 
Nuclear wastes 
In storage, In 
cockaner etc. 
Engines c 
Calculation me | 
pay 
Trans- 
|__| Waveset 2 mission 
Generator Control pre 
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Transmutation of Radioactive Nuclei (2) 


Specific spacetime curvature 

engines used are to add excess 
energy to selected radio- 
nuclei, including intermediate 
decayisotopes. In this way, 
decayis dramatically speeded 
up. 


~ Waveset 1 
generator Pa 
T 
Engines 
/——*} Calculation Me 
Vi 
+. Trans- 
|____» Waveset 2 mission 
Generator Control 


Active Spacetime 
Spacetime Curvature Engines 
curvature Zone of action 
engines act > 

within any 
intercepted 
radioactive 
wastes, adding 
excess energy 


Nuclear wastes 


in storage, in 
ditches, in 
containers, etc. 
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Hypical Sieg) fest NOMMHenn ROUTE to Japan 


18-27 km diameter 


Asahi Evening News, Tokyo 
June 22, 1982 


Multiple tests seen per'month, for years. 
Pilots simply.ceased reporting them. 
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To win its freedom in the long run, usually a group must 
defeat its attackers or suppressors af Jeast twice. 
* We fought the British twice for our independence. 


* Weare fighting ourselves twice to free the 
A slaves. American Civil War 
~ Civil rights struggle 


* We beat the Germans twice, in WW | and WW II 
+ We beat the Hispanics in the Spanish-American War. 


eee (They're winning the second by crossing 
r. The U.S. is becoming a Hispanic Nation). 


_But we also have some unfinished business at hand. 

* We checked the Russians in the Cold War. Once. 

* We checked the Japanese in WWII. Once. 

* We checked the KGB in the Cold War. Once. 

* We checked the Communists in the Cold War. Once. 
We checked Saddam Hussein in the Gulf War. Once. 


Quenre resow 
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gia mph Scalar EM Interferometer 
Ae (LAS) Accident Near Urals, 1958 


= 1958 nuclear explosion near Urals 
= Signature of large scalar interferometer (LAS!) accident 
= Buried atomic wastes suddenly exploded 
— Large region contaminated to this day 
= Soviets were well along with advanced LASI prototypes 
and testing 
= Khrushchev announced forthcoming advent of these "fantastic" 
weapons in Jan. 1960 
— 1958 difficulties could have been resolved by 1960 
= Expected 1958 cause: transmitter short-out and 
failure in a nearby LASI discharged its cumulated 
energetics beam energy into the ground 
= Spreading ground pulse struck nearby atomic wastes, 
fissioning nuclei 
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THE KGB/VAKUZA-AUM WAR PLAN 


© Dud all quantum intial weapons in other nations via psychoe! ics. 

° Remove! US., iste), Brazil, West Europe as military paces ‘ea 

® Destro} nuclear weapons, hostile energetics weapons, hostile ships, 
80% of targeted populaces in first Tourof strikes: STRIKE! 


LEASE TRAIN ESCALATE 


z) 
‘99091 
Aum/Yakuza 
Acquired 
Use of on-site 
Russian Bl 
ScalarEM Began extensive 
(Energetics) | training of AUM- 
Weapons. Yakuza crews 1995-99 
Began in Russia, with — | Began EM kill of selected 
Geosurvey practice firing | lone U.S. targets, law 
of TestRange | into Western strategic deception plan, 
(Western Australia. Jteam |" 1.2 ae? USAIr 7477 h 
Austratia) ee TWAS00 C-130 Enhance BW Infections with QP wpn. 
for training. pet domi ValueJet? A-10s When ready,counter insane QPweapons 
KGB Tested QP by i ‘2 Surged electrical grids. with psychoenergetics, Destroy QP wens. 
Population wpn| Preparing for | Worldwide practice killa, | Dud all nuclear weapons worldwide 
(Gulf War Secupation of | scalar interferometry. Time-enap tes 
Syndrome) stralia. | QP modification of ulations wiQP. 
Oren, wn re Revoen selected pathogens Then cleanup with interferometry strikes 
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Why Western Science is 
Ignorant of KGB Energetics 


e Foundations of electrodynamics and much of 
Western physics are seriously flawed 
Only just rediscovering longitudinal EM waves 
No knowledge of using time-polarized EM waves 


Does not know a powerful GR is hidden in EM 
Ignores inner structure of potentials, waves, fields 
Hotly defends errors, ignores for a century 
Determined to push big nuclear science 


Suppresses research to approved dogma by 
rigorously controlling precisely what fese arch the 
funds can be used for 


8.11.2008 1:28:39 
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Transmutation of Radioactive Nuclei at a Distance 


Active Spacetime 
Zone of acti ee 
Interferometer (may be multiple Spacetime one ion 
beam or single beam) is ie curvature NS 
4 through the radio- engines act 4 
of the nuclear . 


wastes to be neutralized. 
Specific engines may be used 
for altering specific isotopes. 


Nuclear wastes 


missio 
Waveset 2 jon 
Generator Control Ba 
= 
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‘THE YARUZA 


THE YAKUZA 
(JAPANESE MAFIA) 


To do business with Japan is to do business with the 
Yakuza 


The Last Samurai, Defending Bushido 


« 3 Major Yakuza Groups, In 
Coalition. 
« Penetrate Japanese Government. 
« Open Offices, Signs on Street. 
e Public Roma izes Yakuza as 
Last Japanese Samurai 
« In Large High-Tech Corporations. 
« In Control of Japanese Banks. 
« Japanese Real-Estate Rip-off. 
e $500 - 1,000 Billion per Year 
Income. 
« Rapidly Spreading in U.S. 
« Uniting Mafia Groups Worldwide. 
« Coalition with Aum Shinrikyo. 
« Leased Russian Energetics 
Weapons. 
« Crews On-site in Russia, Trained. 
« Practice Firings into Western 
Australia for Three Years. 
(Dozens of Shots per Month) 
« Now in Escalation Phase, Killing 
U.S. Targets. 
e All-out Strike on U.S. ready 1999- 
2000. 
« Now held in check by KGB, dead- 
© 1995, 1996, 2001 T.E. BEARDEN man 
fuzed by small nation friendly to U. 
Ss. 
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Yugoslav Earthquake, 
Followed by Cold Explosion [dé 

= Magnitude 7.2 on Richter scale 

= Epicenter 33 km. deep OFF APA, NEAR KURILS 

= More than 100 aftershocks 4, 

= At Kamenari: 
- Adriatic sea mushroomed up 
— Like atomic bomb explosion 
— Signature of a cold explosion 
= Similar to Apr. 1984 test off coast of Japan, near 

Kurils (See inset graphics) 

= Note that ape is a significant test 
month for the Communists (preparing 
official reports for May Day?) 
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Technical Background on the 
Priore Healing Process 
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‘Transduction of EM wave types by successive phase conjugation, 


[el 


J \/* => EEE 


TRANSVERSE EMWAVE PLUS 


LONGITUDINAL EM SURGE WAVE 
PHASE CONJUGATE REPLICA WAVE 


HL AMT 


—_——+ 


TIME DENSITY WAVE 


Oscillates rate of flow of firme 
about some average value 

LONGITUDINAL EMWAVE PLUS 

PHASE CONJUGATE REPLICA WAVE 
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Figure 1. Transduction of EM wave types by successive phase conjugation. 
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‘Time-charging and Time-density excited states 


3) 


ELECTRON ABSORES PHOTON ELECTRON ABSORES TIME 
ENERGY, MOVES TO HIGHER. DENSITY, MOVES TO DIFFERENT 

ENERGY LEVEL. DECAYS TIME DENSITY LEVEL. DECAYS BY 

BY EMITTING PHOTON EMITTING LONGITUDINAL OR 


PSEUD OLONGITUDINAL 
PHOTON 


Figure A, Excited energy density level, Figure B. Excited time density level 
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Figure 2. Time-charging and Time-density excited states, contrasted to 
ordinary spatial energy excited state. 
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Interference for transduction in slow decay of time-density excited states 


3) 


psf cheniere.org/wief 


AMS 
ae = — 


TRANSVERSE EMWAVES — INTERFERENCE LONGITUDINAL 
ZONE EMWAVES 
INTERFERING 


LONGITUDINAL EMWAVES INTERFERENCE TIME DENSITY 
ZONE EM WAVES 
INTERFERING © rysemm 


Figure 3. Interference processes for transduction in slow decay of 
time-density excited states. 
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Infolded longitudinal biwaves composition of a scalar potential 


E33) 


GALLOPING 


VELOCITY Scaler Potential © Teens 

&* # LETC 

Vavg ‘Wavepair #3 

HARMONICS 
Yn! vioari 
SUBHARMONICS 

av ‘Wavepair #1 

* + * ETC. 
DISTANCE 
The Structure Is: 


A harmonic set of longitudinal wavepairs. In each wavepair the two waves 
superpose spatially, but travel in opposite directions. The two are phase 
conjugates and time-reversed replicas of each other. Thus they comprise 
@ coupled longitudinal wave and antiwave. Each wavepair isa 
time-density wave and therefore an electrogravitational wave. 


Figure 4. Infolded longitudinal biwaves (time-density EM waves) composition 
of a scalar potential. 
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‘Scalar potential interferometry produces all EM force fields and waves 


3) 


(Use of Hidden information Content of the Field) 
(Can Provide Action-at-a-Distance) 


Note: Interference Zone 
‘Whittaker's 1904 paper (Potential gradients) 
initiated the entirefield Normal EM Energy: 
of superpotential theory. May be positive, or 


negative, or fixed 


Hidden 
Bidirectional 
EMenergy flow 


Hidden 
Bidirectional 
EMenergy flow 


Whitt aker/Ziol koweki 
Transmitter Arrays 


(8 1020 harmeric wavepairs each } 


© te wenn 


Figure 5. Scalar potential interferometry (between the two sets of bidirectional 
longitudinal EM wavepairfunctiones) produces all EM force fields and waves 
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‘Some serious flaws and errors in classical EM theary (#1-16) 


33} 


1. Eliminates the Intemal EM Inside the Scalar Potential. 

2. — Equations Still Assume Materia Ether Per Maxwell (Unchanged). 
3. No Definition of Electrical Charge or of Scalar Potential. 

4, Use of F orce Fields in Vacuum is F alse (and Known to be So). 

5. Treats Charge q as Unitary Instead of Coupled System q = ¢q)m(q). 
6.  Confuses Massless Potential Gradients as Forces (See #3, #4). 

7. Does Not Utilize Mass as a Component of Force (See #23). 

8. Erroneously Assumes EM Force Fields as Primary Causes. 

9. Topology of EM Model Has Been Substantially Reduced. 

10. Does Not Include Quantum Potential or Action at a Distance. 

11. Does Not Include Superluminal Velocity of Inner EM Components. 
12 Does Not Utilize Extended Near-Field Coulomb Gauge Effects. 

13. Does Not Include EM G eneratrix Mechanism for Time Flow. 

14. Does Not Unify Photon and Wave Aspects (Requires 7-D Model). 
15. Does Not Include Electron Spin and Precession (See #19, #24). 

16. Treats EM Energy As Existing In “Chunks,” Instead of as Flow. 


Figure 6, Some serious flaws and errors in classical EM theory (#-16) 
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‘Some serious flaws and errors in classical EM theary (#17-32) 


33) 


17. Confuses Energy and Energy Collection (See #16). 
18. Discards Half of Every EM Wave in Vacuum (See #22), 
19. Erroneously Uses Transverse Vacuum Wave; It's Longitudinal. 
20. Arbitrarily Regauges Maxwell's Equations to Eliminate Overunity. 
21. Omits Phase Conjugate Optics Effects (The Rufein Internal EM). 
22. Does Not Include EM Cause of Newtonian Reaction Force. 
23. _Erroneousty Assumes Separate Force Acting on Separate Mass. 
24. Confuses Detected Electron Precession Waves as Proving Trans- 
verse EM Waves in Vacuum (Remnant of Old “EM Fluid" Concept). 
25. Dueto Error in String Wave, Omits the Ubiquitous Antiwave. 
26. Assumes Equilibrium;Not True Unless Include Vacuum Interactions, 
27. Higher Topology Required, to Model Electromagnetic Reality. 
28 Lorentz surface integration discards Poynting energy transport. 
29. Has nothing a all to say about form of EM entities in massless space. 
30. Eliminates the infolded genera relativity using EMforce as curve agent. 
31. Does not include longitudinal EM waves as time domain oscillations. 
32. Does not include EM mechanism that generates time flow and flow rate. 


Figure 6, Some serious flaws and errors in classical EM theory (#4732) 
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Abnormall penetration depth of weak signals due to photon interaction 


3} 


THIN SIGNAL ENVIRONMENT DENSE SIGNAL ENVIRONMENT 


(SINGLE PHOTON (MULTIPHOTON 
INTERACTIONS) INTERACTIONS) 
sseetty a22-Skin 
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(negentrazio} 
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NORMAL TOPOLOGY EW HIGHER TOPOLOGY Ei” 
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oem 


Ia a dense signal environment, phase conjugation effects beconte 
Significant, generating PCR signals whioh couple fo and 

Blodraok he cole’ aid tissues own cqnals, tees penetrating 
deeply throughout the body with weak partial cancellation jamming. 


igure 30. Abnormal penetration depth of incident weak signals due to 
muttiphoton interaction in a dense weak signal environment. 
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Amplified replica of body's signal complex to reverse cellular disease & damage 


3) 3) 


Recorders & Broadband Amps Broadband Antenna Unit 


Receivertransmitters 


Adjusting broadband signals 

ee bandwidth and amplification 

Figure31. Using an amplified replica of the body's own dense, broadband signal 
complexto irradiate it, producing deeply-penetrating and precise 


longitudinal EM vane Sats that pump calls and reverse cellular, 


disease and damage. Tg 
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Amplified replica of body's signal complex to correct a congenital condition 


Ka 


Ti Senay charges rocToraTTo 
AMtacdions _Racorders & Broadbarel Ames. | Thn tne press aparatone cr 
ature engines for timereversa and 
Sowrng. Chorging ovcurs auto. 
Engines continueto workfor an 
extended period after charging 
cece 


Control Unit 


Receiver-transmitters 


Adjusting broadband signals’ 


bandwidth and amplification 
by senting indicated 

alterations from database 
FigureS. Using an amplified replica of the body's own dense, broadband signal complex 
containing added alterations, toirradiate the body and produce deenly-penetrating precise 
time-density charging for cellular time-reversal, while steeringthe time reversal trajectory to 
-also correct a congenital condition ‘omisiaen oe 
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‘The Tom Bearden Website 


The Anomalies in Navy Electrolyte Experiments at China 


Lake 


These novel experimental anomalies, like those of Cold Fusion, were 
caused by using time as an energy source by transducing time-energy 
into spatial energy. Transducing one microsecond per second of time 
into spatial EM energy, yields nearly 10!! watts of power 


Melvin H. Miles and Benjamin F. Bush, "Radiation 
measurements at China Lake: Real or Artifacts?", Proc. ICCF-7 
(International Conference on Cold Fusion—7), Vancouver, BC, 
Canada, Apr. 1998, p. 101. 


Consistency of China Lake Anomalies 


Anomalous LW EM Emission Phenomena at China Lake (1) 


‘Anomalous LW EM Emission Phenomena at China Lake (2) 


Sufficient LW-to-TW Transduction Ionizes GM Tube Gas (3) 


Sufficient LW-to-TW Transduction Ionizes GM Tube Gas (4) 


Consistency of Anomalies 


Consistency of Anomalies (2: 
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‘The Tom Bearden Website 


e Experimental LW Emission Phenomena in Electrolysis 
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Consistency of China Lake Anomalies 


» Variation in LW-TW transduction from experiment to experiment 
» Majority produced insufficient transduction to cause ionization 
discharge of the GM tube gas (to cause detection) 
» Correlation between appearance of anomalous radiation and the 
expected time periods to load palladium with deuterium 
~Within few hours in co-deposit experiments where palladium is 
loaded with deuterium as it deposits from solution 
Required days of electrolysis for rods that load much slower 
» The faster the deuterium loaded, the greater the interaction of 
deuterium in phase conjugating and self-targeting in lattice 
» Variation in GM detector readings 
One would read anomalous radiation, another would be blind to it 
~A few experiments gave simultaneous readings from two detectors 
» Experiments perfectly consistent with LW-TW transduction, 
time-density charging, variation in GM time histories, and new 
conservation of energy law © mE won, 
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Anomalous LW EM Emission 
Phenomena at China Lake (1) 


¢ Anomalous radiation from electrolysis 
in ionization processes 
— Two experiments producing excess power 
— Dental X-ray film showed exposure 
— Simultaneous control study: no exposure 


= 20) experiments without excess power: no 
exposure 


e Excess energy Seine indicates 
excess film exposure, 


Anomalous LW EM Emission 
Phenomena at China Lake (2) 


e GM and Nal detector reaction when 
/ with heavy water ongoing 
— Several Geiger-Muller (GM) tubes gave 
anomalous detection 
— Reached 73 sigma above background 
— No anomalies when experiment off 
¢ GM tube detects anything which 
causes its internal ionization 
— Nuclear radiation is ionizing 
~— Transduced x-ray & gamma is ionizing 
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Sufficient LW-to-TW Transduction 
lonizes GM Tube Gas (3) 


¢ Time-history of detector involved 

— Some GM detectors show anomalous 
high counts, some do not 

— Time histories of GM detectors are varied 
= Time histories of film vary minimally 

e Experimental results consistent with 
— LW-to-TW transduction including delay 
— Time-energy charging 
~— New extension to energy conservation law 
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Sufficient LW-to-TW Transduction 
lonizes GM Tube Gas (4) 


e Time-history of detector involved 
— Some GM detectors show anomalous 
high counts, some do not 
— Time hist tories of GM detectors are varied 
— Time histories of film vary minimally 
¢ Experimental results consistent with 
= LW-to-TW transduction including delay 
— Time-energy charging 
— New extension to energy conservation law 
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Consistency of Anomalies 


e LW-to-TW transduction varied from 
experiment to experiment 
e Most experiments produced insufficient 
transduction to cause ionization 
« Appearance of anomalous radiation 
correlated with expected time loading of 
palladium with deuterium “atin 
— Within few hours in experiments where palladium 
loads with deuterium as it deposits from solution 
— Required days for rods that load much slower 


onsistency of Anomalies (2) 


e Faster the deuterium the greater 
the interaction of deuterium 
— Phase-conjugating and self-targeting 
— Producing time-reversal zones 6 
— Generating quasi-nuclei of H+ ions (protons) 
e Variation in GR detector readings 


e Experimental results predictable by 
— LW-TW transduction and time-reversal zones 
- Varying time-density charging on GM tubes 
— Variation in GM tube experience histories 
— Time-reversal zones generating electronuclear 
interactions and quasi-nuclei of H+ clusters 
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Experimental LW Emission Phenomena in Electrolysis 


>» Anomalous radiation from electrolysis in ionization processes 
= Two expentments producing excess power 
= Dertal x-ray fim showed exposure 
= Simutaneous control study No exposure: 
— 20 expenments without excess power: No exposure 


» Excess energy strongly indicates excess film exposure 


> GM and Nal detector reaction when electrolysis ongoing wheavy water 
= Several Geiger Muller (GM) tubes gave anomalous detection 
= Reached 73 o above normal background courts 
= No anomalies when experiment off 

» GM tube detects anything which causes its internal gas to ionize 
= Nuclear radiation is “ionzing' radiation 
~ Transduced x-ray and gamma radiation is "ionizing" radiation 
= Suffcert LW-TW transduction jonizes GM gas 


» Time History of detector involved 
= Some GM detectors show anomalous high counts. some do not 
= Time histones of GM detectors vary appreciably 
= Time histones of fim vary minimaliy 
> Experiments consistent with time-density charging, LW-TW transduction, 
and new conservation of energy law —* Melvin Miles end Benjamin Bush. "Radiation 


Measurements a China Lake: Real or Artifacts?" 
Proc. ICCF-7, Vancouver, BC, Canada, Apr, 1998, p, 
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‘The Tom Bearden Website 


A Visual Tour of what they don't want you to know about electrical 
circuits 


10 TRILLION PERCENT OF THE CURRE! 
PRODUCED IS WASTED! 


1. The scalar potential is a harmonic set of phase conjugate 
longitudinal EM waves. 


v 


The dipole is a true negative resistor. 


3. The dipole's broken 3-symmetry initiates a spreading giant 


negentropic reordering of a fraction of the vacuum’s energy. 


4, Energy flow contours surrounding a transmission line. 


5. Heaviside and Poynting energy flow components. The Heaviside 
component is often 10 trillion times the Poynting component, but 


is simply wasted in ordinary single-pass energy circuits. 


6. Negative resistance process v. positive resistance process. 


7. Lorentz's integration trick to discard the enormous Heaviside non- 
liverged energy flow component. 
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* A harmonic set of longitudinal phase conjugate wavepairs. t 
0 
» In each wavepair the two waves superpose spatially after detection, but travel in opposite index. 
head ex 
directions. ae 
The convergent wave set is in the imaginary plane, and hence is not observable. It is EM 
energy incoming to the potential (dipolarity) from the time domain. 
The charge’s spin is 720 degrees, 360 in the real plane and 360 in the imaginary plane. 
Hence the charge receives the complex convergent EM energy, transduces it into real EM. 
energy, and emits enormous energy at the speed of light in all directions -- which includes 
bidirectional pairs in 3-space (after the reaction, being after "observation"). 
This produces the fields and potentials from the "source charge or dipole.” 
Mandl and Shaw argue that the scalar (time-polarized) photon and longitudinal photon are observable 
only in similar pairs, which then makes the instantaneous scalar potential. Thus their quantum field 
theory work strongly supports the “negative resistor” interpretation of thescalar potential and our 
solution to the source charge and source dipole problem. 


Figure 1. The scalar potential is a harmonic set of phase conjugate 
longitudinal EM waves. 


oe 
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Circuits 


Note: Decompose the potential * Receives enormous EM 
between the end charges of the dipole energy in complex plane 
(similar to reactive power) 
Transduces it into real EM 
energy and emits it in all 
directions at the speed of light 


The emitted EM energy forms 

the fields and potentials and 

their energy, across space, Next 
from this "source dipole" Slide 


* Basis established by E.T. Whittaker, 
“On the Partial Differential Equations Return 
of Mathematical Physics," Math. Ann. {9 Index 
57, 333 (1903). Ignored since then, 


Previous 
Slide 


LEGEND 
> 
Outgoing real EM energy 


«= 
Incoming complex EM energy 


Figure 2. The dipole is a true negative resistor. 
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Broken 3-space symmetry initiates jump to 4-space symmetry 
between complex plane and real plane. Energy flow is now 
conserved in 4-space, but not in 3-space. This is the true negative 
resistor effect, and a negentropic reordering of the vacuum. 


Reordering is into form of Whittaker* harmonic 
\ set of bidirectional EM longitudinal wavepairs. 
Nt Reordering is totally deterministic. 
NS ye Rien annae eB 
Energy Aart 
Flow, \ iiaeyac srg aoe 
ity) es : 
Ss 
r=ct 
Radius of negentropically 
re-ordering vacuum 
energy at time tin 
seconds, after dipole 
on 0 formation H is as J 4 
PaO on 0 RADIAL DISTANCE IN ANY DIRECTION , 
Figure 3. The dipole's broken 3-symmetry initiates a spreading giant 


negentropic reordering of a fraction of the vacuum's energy. 
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NONLOCAL \ 

(Nondivergent) —\ 

This huge Heaviside \ 

the circuit and is not Contours are in watts/ sq meter (If 

itis Etinanont atta solace interacted with a unit point Static 
charge and the energy collected). 
Conductors to powertne cheuit. | More charge at each point will 

collect more watts/ sq meter at 
each point. 


Nondivergert) 


Figure 4. Energy flow contours surrounding a transmission line. 
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Figure 5. Heaviside and Poynting energy flow components. The Heaviside 
component is often 10 trillion times the Poynting component, but 
is simply wasted in ordinary single-pass energy flow circuits. 
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hy Mad Qa bf ‘ae 
ee a NORMAL e 


| RESISTOR 


Figure 6. Negative resistance process vs. positive resistance process. A 


negative resistor receives energy in unusable form, transduces it, 


and outputs it in usable form. A positive resistor receives energy 
in usable form, and scatters it into unusable form. 
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resistor. 
com ‘of the S-flow that is equal in magnitude to 


Classical Eh the Poynting vector remains. This measures only the tiny 


3 Wesley, 1062, 
p. 178-181 


See Panofsky & Philips 
lectricity 
AK 


and then dissipated out of the resistor as joule heating, 


The Lorentz procedure arbitrarily discards the enormous 
Heaviside component that misses the circuit entirely and is 
wasted. This results in a non sequitur of first magnitude In 
energy flow theory . 


Figure 7. Lorentz's integration trick to discard the enormous Heaviside 
non-diverged energy flow component. 


npu/ew choniewe org/eiefingsfiveutcurentJOOT bum24.11.2003 185743, 


ILLUSTRATION LIST: 


Page1 Page2 Page3 Page4 Page5 Page6 
(Table 1) (Table 2) [note 6] [note 10] [note 14] [note 16] 
[note 1] [note 2] [note 7] [note 11] [note 15] [note 17] 
{note 3] [note 8] [note 12] Figure 11 (Figure 13) 
{note 4] [note 9] [note 13] Figure 12 (Figure 14) 
[note 5] (Figure 1) (Figure 7) (Figure 15) 
(Figure 2) (Figure 8) 
(Figure 3) (Figure 9) 
(Figure 4) (Figure 10) 
(Figure 5) 
(Figure 6) 
Page7 Page9 Page 10 Page 12 Page 13 
{note 13] (Table 3) [note 23] (Table 4) [note 31] 
{note 18] [note 22] [note 24] [note 28] [note 32] 
{note 19] (Figure 17) [note 25] [note 29] [note 33] 
[note 20] (Figure 18) [note 26] [note 30] [note 34] 


(Figure 16) 


{note 27] (Figure 21) [note 35] 


(Figure 19) (Figure 22) (Figure 23 


(Figure 20) 


utp /lwww- hsv com writers/bearden/llis htm24. 11.2003 20:25:47 


‘THE VIRTUAL TIMES 
CHASING THE WILD DRAGON: 


Foundations of a New Science 


By T.E. Bearden 
November 12, 1995 


It is a pleasure to accept the offer of John and Larry to write a column in their new InterNet 
magazine. Theirs is a great venture, and with the energy and knowledge they bring to the task, one 
can be confident of their success in making this a very interesting and informative publication. 


There is a new “rebel” science slowly being born, with most of the work being done outside the 
universities and orthodox scientific community. In the months ahead it will be my job to try to 
acquaint you with the gist of what's going on, and what all the excitement is about. 


This first article is deliberately just introductory, and its purpose is to interest you in the unusual 
fields we are going to be covering in more scientific detail, in future columns. We will also be listing 
a variety of references from the technical literature, which bear upon the various points addressed. 


In this first article a little of my own background experience [note 1] is given, so you can decide 
whether you will be interested in what we have to say! 


The real purpose of the column will just be to present information that you may not be able to readily 
obtain any other way. We will not argue or debate with skeptics; nothing productive is to be gained 
by that. If the information we present is useful to you, then our purpose has been accomplished. If it 
isn't of use to you, then just file it in the old wastebasket. Also, from time to time I may answer a 
generic question, constructed from multiple queries. Individual responses to correspondence cannot 
be provided. 


The work toward a new breakthrough science is going on in a broad spectrum of "fields," most of 
which are not yet recognized by academia as even constituting legitimate areas of scientific endeavor 


(Table 1 
Some of the major areas involved are: 


1. theoretical and experimental research in overunity electrical machines, 

2. free energy research of other kinds, such as devices utilizing thermodynamics phase changes, 

3. rapidly advancing efforts in cold fusion, 

4. work on permanent magnet motors, 

5. antigravity research, both theoretical and experimental, 

6. development and utilization of a "hidden" electrodynamics inside the scalar potential (inside 
voltage), 

7. the "memory" of space and materials; where this "memory" can be deliberately conditioned so 
that space and the materials themselves become causal actants rather than simple inert entities, 
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8. 
. the direct engineering of the vacuums virtual photon flux exchange with matter, 

). action at a distance, including the deliberate formation and usage of quantum potentials, 

. direct engineering of the local curvature of spacetime (yes, the direct engineering of general 


direct engineering of quantum change via a new kind of "hidden electrodynamic variables," 


relativity, using the new hidden kind of electrodynamics), 


. use of the new "hidden" electromagnetics to engineer body cells including the reversal of 


diseased cells, genetics and all, back to a previous healthy state (cellular dedifferentiation, in 
biophysical terms, or cellular phase conjugation, in physics terminology), 


. research toward the direct engineering of the mind, including both the conscious and 


unconscious minds, long-term memory, and the personality itself, and 


. a ruthless re-examination (and correction where necessary and possible) of the definitions, 


concepts, and postulates that present physics is founded upon. 


ILLUSTRATION LIST | NEXT PAGE 


yright T.E Bearden 


Comments may be sent to 
Wai Be the Editor of The Virtual Times 
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‘Notes and References: 


[1] For those interested in orthodox qualifications, I have an M.S. in nuclear engineering (1971) from 
Georgia Institute of Technology and a BS in mathematics (1953) from what is now Northeast 
Louisiana University with a minor in electronic engineering. 
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‘Tables: 


Table 1. Fourteen Emerging New Science Areas 


1. Overunity Electrical Machines and Power Systems 

2. Overunity Devices Using Thermodynamical Phase Changes 

3. Cold Fusion and Non-Nuclear Transmutation 

4. Self-Powered Permanent Magnet Motors 

5. Antigravity and Antigravity Engineering 

6. Use of the "Inner" EM Inside the Scalar Potential 

7. Vacuum Engineering, With Vacuum and Materials Memory 

8. Direct Engineering of Quantum Change 

9. Engineering and Structuring of Massless Charge Flux 
10. Action-At-A-Distance, Including Use of Quantum Potentials 
11. Direct Engineering of Local Spacetime Curvature 
12. "Inner EM" Time Reversal of Diseased Cells Back to Health 
13. Direct Engineering of the Mind, Including Software Loading 
14. Unified Field Revision of Foundations Concepts of Science 
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Each of these "major areas" as yet has no single "experts" in the sense ‘THE VIRTUAL TIMES 
that individuals exist who possess a "mastery" of the given area. As an example, in spite of multiple 
researchers and decades of vigorous research, no one is really an "overall expert” in the overunity 
electrical power systems field. The "field" itself is still struggling to be born and is not recognized at 
all by orthodoxy; in fact, many orthodox scientists bitterly resent one even attempting to work in this 
area. There is as yet no cohesive single "theory" of overunity electrical or magnetic machines, 
although our own group is making rapid progress in that respect. But there is still no universal 
agreement amongst even the researchers themselves. Literally the field is still being discovered. 


This "groping dimly toward a new field" should not be too surprising. After all, the early 
electromagnetics researchers went through the same tortuous, agonizing kind of development. They 
were playing with cat fur, glass rods, and pith balls for quite an extended period before understanding 
progressed to the point where Maxwell could mathematically tie together and model the results of the 
experimenters such as Faraday and others. It has taken a century and a half for modern 
electromagnetics and electronics to reach its own present development. It is going to take another 
decade or so before the overunity researchers can overturn several ill-founded parts of the present 
electromagnetics and get the emerging field onto a solid foundations footing and into a solid 
theoretical position. 


In the effort to produce a theoretical model of electromagnetics, Maxwell and his predecessors 
performed a magnificent work. Yet they also made very serious errors (Table 2), which persist to this 
day. [note 2] Let us list just a few of the more blatant errors in classical EM theory today: 


First, Franklin guessed wrong on which way electrical current flowed in a circuit, There is no 
definition at all of electrical charge in all of physics, and there is no acceptable definition of potential 
(that is, there is no rigorous definition of just good old "voltage.") There are no "fields of force" in the 
vacuum; there are just potential gradients __ because the vacuum is just one vast potential (virtual 
particle flux) in the first place. Force fields actually occur only in and of the matter in a material 
system. The primary causative agents of electromagnetics are not the so-called "force fields’ at all, 
but are the potentials __ as is well-known in quantum mechanics. [note 3] Maxwell assumed a 
material ether in his equations. The Michelson-Morley experiment destroyed the material ether, but 
the Maxwell equations have never been changed accordingly. The electron was not yet discovered 
when the Maxwell equations were written; the theory does not address electron spin. Maxwell was 
already dead some two decades when Barus’ 1898 paper [note 4] was published, pointing out the 
strange "backwards-traveling" wave (ie., time-reversed wave) solution to the wave equation. In 
addition, Heaviside and Gibbs had already produced their vector truncation __ this truncated theory is 
the modern so-called "Maxwell's equations” that universities teach today __ of Maxwell's theory. Not 
a single one of them ever appeared in any book or paper by James Clerk Maxwell. [note 5 


ILLUSTRATION LIST | NEXT PAGE 
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the Editor of The Virtual Times 
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Tables: 


Table 2. Some Defects In Electrodynamics 


1. Conventional Current Direction Is Reversed 

2. No Definition of Charge or Potential 

3. Equations Still Assume Material Ether 

4. Use of Force Fields in Vacuum is Known to be False 

5. Treats Charge as Unitary; Instead, It is a Coupled System 
6. 

7 

8. 

9. 


. Confuses Massless Potential Gradients as Forces 
. Does Not Utilize Mass as a Component of Force 
. Erroneously Assumes Force Fields as Primary Causes 
. Topology of EM Model Has Been Substantially Reduced 
10. Does Not Include Quantum Potential 
11. Does Not Include Proven Action At A Distance 
12. Does Not Utilize Near Field Coulornb Gauge Effects 
13. Does Not Include EM Generatrix for Time Flow 
14. Does Not Unify Photon and Wave Aspects 
15. Does Not Include Electron Spin and Precession 
16. Treats Energy As Existing In "Chunks," instead of as Flow 
17. Confuses Energy and Energy Collection 
18. Discards Half of Every EM Wave in Vacuum 
19. Erroneously Uses Transverse Vacuum Wave; It's Longitudinal 
20. Omits Phase Conjugate Optics Effects 
21. Does Not Include EM Cause of Newtonjan Reaction Force 
22. Erroneously Assumes Separate Force Acting on Separate Mass 
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‘Notes und References: 


[2] For an independent statement that electrodynamics, both classical and quantal, are in serious 
disarray, see Mario Bunge, Foundations of Physics, Springer-Verlag, New York, 1967, p. 176. 


Quoting: "...it is not usually acknowledged that electrodynamics, both classical and quantal, are in a 
sad state." Bunge points out many errors in electrodynamics. See also Terence W. Barrett, 
“Electromagnetic Phenomena Not Explained by Maxwell's Equations," in Lakhtakia, A. (ed.): Essays 
‘on the Formal Aspects of Electromagnetic Theory, World Scientific, Singapore, 1992, p. 6-86. To 
find information on what's wrong with EM theory, one must read foundations literature, not the 
standard textbooks. One of my own contributions has been to point out that the notion of charge q is 
not unitary. In fact, electrical charge should be defined in terms of q ~ m(sub q)~(sub q). In other 
words, electric charge q has a massive part m, and a massless part consisting of its potential phi. 
Further, the magnitude of phi i: t the change in the virtual photon flux of the ambient vacuum, due 
to the [quantum field theoretic] virtual photon exchange with the mass of the q. It follows that the 
true electrical charge of a particle is just its native potential ~, which is also a dynamic energy 
exchange with the surrounding vacuum. It also follows that this massless electrical charge changes 
whenever the particle is placed in a potential (in a different ambient virtual photon flux). After all, 
potentials superpose; that is their major characteristic. Note that the potential of the test particle is 
ignored in classical electromagnetics, whenever one speaks of the "E-field" upon the particle. Further, 
the actual structure of this virtual photon flux that comprises massless electrical charge, can itself be 
deterministically structured and utilized to generate nonlinear effects that do not appear at all in the 
present conventional theory. We will be covering many of these effects in future articles. 
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‘Notes und References: 


[3] E.g., see Y. Aharonov and D. Bohm, "Significance of Electromagnetic Potentials in the Quantum 
Theory," Physical Review, Second Series, 115(3), 1959, p. 485-491. Effects of potentials on charged 
particles exist even in the region where all the fields (and therefore the forces on the particles) vanish, 
contrary to classical electrodynamics. The quantum effects are due to the phenomenon of 
interference. These effects occur in spite of Faraday shielding. The Lorentz force does not appear 
anywhere in the fundamental quantum theory, but appears only as an approximation that holds in the 
al limit. In QM, the fundamental physical entities are the potentials, while the fields are 
derived from them by differentiation. 
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‘Notes und References: 


[4] Carl Barus, "A Curious Inversion in the Wave Mechanism of the Electromagnetic Theory of 
Light,” American Journal of Science, Vol. 5, Fourth Series, 1898, p. 343-348. 
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‘Notes und References: 


[5] E.g., see Paul J. Nahin, Oliver Heaviside: Sage in Solitude, IEEE Press, New York. Quoting from 
p. 9: "...nowhere in Maxwell's writings do the equations for the electromagnetic field appear as we 
write them today. Maxwell used an amalgamation of Cartesian component and quaternion notation, 
and it was Heaviside who first wrote the electromagnetic field equations in modern vector form." 
Quoting from p. 92: "In actuality , however, the fields were not the primary reality to Maxwell at all 
(that is an idea that developed after Maxwell's death and is due to Hertz and Heaviside), but rather it 
was Faraday's 'electrotonic state’ that he thought to be the real thing. Like Faraday, Maxwell believed 
that electromagnetic effects are observable results of an altered state of the ether. The mathematical 
formulation of this electrotonic state, for Maxwell, is what we today (as he did) call the vector 
potential." And again, from p. 96: "To Maxwell, however, the vector potential had a most definite 
physical meaning.” 


hupeflwww hsv com/writersfbearden/refD5.htm24.11,2003 20:26:09 


CHASING THE WILD DRAGON: 


So the time-reversed EM wave that one finally sees emerging in ‘THE VIRTUAL TIMES 
nonlinear phase conjugate optics in the early 1970s was omitted from the Maxwellian theory and its 
later modification by Heaviside and Gibbs. Maxwell's actual theory is in a higher topology 
(quaternion algebra), and involves some 20 quaternion equations. Heaviside and Gibbs created vector 
algebra, and seriously curtailed Maxwell's theory when they "translated" it into the much lower 
topology of vectors and some four equations. The later addition of tensors as the basis mathematics 
did not restore the lost topology provided by the quaternion model. [note 6) 


For the EM wave, Maxwell simply assumed the transverse EM wave that had come from the much 
earlier derivation of the familiar wave equation from the old "plucked taut string” notions. [note 7 

Yet when one closely examines and corrects some of the erroneous assumptions |note 8] made for the 
actual mathematical derivation of this "taut string" transverse wave, one finds (Figure 1) that an equal- 
energy second antiphased transverse “antiwave" is actually produced by the instrument and added to 
the "plucked string’s” transverse wave disturbance of the air medium, to produce a longitudinal wave 
of compression and rarefaction in the air itself. The "transverse string wave" in fact never leaves the 
string. The string wave is not the wave that is launched into the medium. 


A similar electromagnetic situation exists. In a whip antenna (Figure 2), the Drude electron gas in the 
conductor does exhibit a transverse "string-type" EM wave of electron precession. However, at the 
same time, by Newton's third law (which Maxwell neglected because at the time the atom was 
regarded as just a blob with no internal structure) the positively charged, phase conjugated atomic 
nuclei have equal energy, highly damped transverse recoil waves created in them. Further, these 
“nuclei-recoil" waves are phase conjugate replicas of the electron gas waves. The total disturbance 
that is launched into the vacuum from the whip antenna is (a) the normal transverse disturbance of the 
virtual photon flux of vacuum caused by the electron gas wave, and (b) the coupled equal-energy 
transverse antiwave caused by the nuclei-recoil via Newton's third law. The amplitude of the material 
antiwaves of nuclei vibration are highly damped because of the massiveness of the nuclei; however, 
they are of equal energy to the electron wave. But when launched into the same vacuum, the two 
equal-energy wave disturbances experience equal damping because they are in the same medium. 
Hence the wave and antiwave are (a) locked together in the vacuum, and (b) of equal energy, and (3) 
of equal amplitude once launched into the vacuum. What results is a vacuum EM wave of rarefaction 
(reduction in intensity) and compression (increase in intensity) of the virtual photon flux of vacuum 
__ just exactly like what is launched into the surrounding gaseous air medium from the "plucked taut 
string" and perturbed body of a physical instrument. The EM wave in vacuum is a longitudinal wave 
directly analogous to a sound wave __ just as Nikola Tesla stated. [note 9 


The vacuum may be considered a scalar potential, in which case it has an internal biwave structure 
Figure 3). Interference of two potentials __ i.e., the hidden interference (Figure 4) of their internal 


wave structures __ in fact already creates all EM fields and waves. 


When the incoming longitudinal "biwave" from the vacuum strikes the atoms of the receiving 
antenna, each atom may be considered a dynamic assembly of multiple dipoles, where each dipole 
consists of one of the electrons in the electron shells and one of the positive charges in the nucleus. 
The receiving dipole in the interacting atom splits the two waves apart again (Figure 5). The 
negatively charged end of the dipole is time-forward, and the positively charged end is time-reversed. 


Iup/lwww- hsv com writers/bearden/page003-htm (1 of 2)24.11,2003 20:26:11 


(CHASING THE WILD DRAGON: 


Hence the separated normal-wave-half of the biwave interacts with the electron, to give again the 
familiar transverse "electron precession" wave that we detect with our "electron wiggle-detecting" 
instruments (Figure 6). This detected electron precession wave is what all our textbooks prescribe 
erroneously as the vacuum wave! The separated time-reversed-wave-half of the incoming vacuum 
wave is split off and interacts with the positive end of the receiving atomic dipole, in the time- 
reversed atomic nucleus, thus generating Newton's third law reaction force to provide the recoil of the 
nucleus. Present physics has ignored this second wave altogether, because of the serious error in the 
original derivation of the wave equation from plucked strings. Thus physics presently has absolutely 
no causative mechanism for Newton's reaction force. Instead, scientists just "mystically invoke the 
appearance of this magic force.” Describing that something occurs, and naming its occurrence, does 
not constitute advancing a causative mechanism! 


ILLUSTRATION LIST | NEXT PAGE 
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‘Notes and References: 
[6] E.g., see T.W. Barrett, "Tesla’s Nonlinear Oscillator- Shuttle-Circuit (OSC) Theory," Annales de 
la Fondation Louis de Broglie, 16(1), 1991, p. 23-41. Barrett shows that a higher topology EM model 
(e.g., quaternions) allows shuttling and storage of potentials in circuits, and also allows additional 
EM functioning of a circuit that a conventional EM analysis cannot reveal. Tesla's actual patented 
circuits in fact exhibit this higher topology, when a quaternion EM analysis of them is performed. No 


orthodox vector/tensor analysis can show this. 
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[7] All the early experimenters seemed to assume the transverse string-type wave automatically for 
the vacuum medium. E.g., Faraday speculated that light and radiant heat might be transverse 
vibrations propagated along his “lines of force," from which the direct “plucked string" analogy can 
readily be seen. In short, he considered that his lines of force could be perturbed to vibrate laterally, 
just like a plucked string. See M. Faraday, "Thoughts of Ray-Vibrations," Philosophical Magazine, 
(3), vol. xxvii, 1846, p. 345. Maxwell also assumed the transverse EM wave in vacuum without 
question, as did Heaviside, Hertz, and Gibbs and as has almost every electrodynamicist since then. 
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[8] The worst is the assumption of infinitely rigid endposts holding the taut string, so that no 
movement of these endposts occurs. This further assumes that no induced movement of the body of 
the instrument occurs. The end result is to eliminate all of that wave that is produced in the body of 
the instrument, and retain only the transverse wave produced in the string. In the first place, this 
standard procedure has now become a total violation of Newton's third law, which among other 
things requires that forces be formed in oppositional pairs. So the standard method for the launch of a 
wave from an instrument is flawed. Specifically, the "transverse string wave" is falsified insolaf as its 
appearance in the surrounding medium. This is not the wave that actually exits the instrument and 
that is launched into the medium. This universal oversight on the part of mathematicians and 
physicists is a colossal joke upon them. Literally, when a physicist writes the transverse wave 
equation on the board, he has just discarded exactly half the physics. This means that, in his 
interactions, at the end there will suddenly appear this mysterious, mystical "equal and opposite 
reaction force" that is created by the erroneously ignored antiwave. So he has to piously invoke this 
reaction force "from the blue." Yet quantum field theory teaches us already that all mechanical and 
electromagnetic forces on a mass are generated by absorption and emission of virtual photons. Hence 
Newton's third law reaction force must also be so generated. This means that there must exist an 
equal number of virtual antiphotons interacting in the antiforce, as there was virtual photons 
interacting in the causative force. By symmetry there must also exist an equal and opposite wave, or 
antiwave, made of these same antiphotons. The actual disturbance that entered from the vacuum must 
therefore have consisted of both wave and antiwave. QED. 
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Figure 1. Air medium disturbances generated by plucked string. 
Two waves are created, both slapping the air medium at the 
same time, but in opposite directions. A disturbed medium 
oscillates according to its own degrees of freedom. The air has 
more degrees of freedom than the string. A wave of compression 
and rarefaction is created in the air medium. 
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Modulations of virtual photon flux 
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( (B 1B All EM and mechanical forces are due to virtual photon 


absorption and emission. The electron gas "slap" and the 
nuclei gas "slap" of the vacuum medium are equal in 
energy. Hence they inject equal numbers of virtual photons 
into the vacuum, creating equal and opposite vacuum 
disturbances. This gives a vacuum wave of aternating 
compression and rarefaction. This vacuum EM wave is 
similar to a sound wave, which is modeled longitudinally. 


Figure 2. Launching an EM wave from a wire antenna. 
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[9] See Nikola Tesla, "Pioneer Radio Engineer Gives Views on Power," New York Herald Tribune, 
Sep. 11, 1932. Quoting: "...I showed that the universal medium is a gaseous body in which only 
longitudinal pulses can be propagated, involving alternating compressions and expansions similar to 
those produced by sound waves in the air. Thus, a wireless transmitter does not emit Hertz waves 
which are a myth, but sound waves in the ether, behaving in every respect like those in the air, except 
that, owing to the great elastic force and extremely small density of the medium, their speed is that of 
light." Today the QM vacuum has been theoretically and experimentally shown to consist of a "gas" 
of virtual particles, rather like Tesla stated. Tesla was also correct about the longitudinal EM wave in 
the vacuum. He was also correct in his statement that a fundamental charged particle can alter its 
charge, if one considers the massless charge ~ of charge q separately from the mass m of charge q. 
When the charge q is placed in a nonzero potential V, it follows that the new charge of the electron is 
simply (~+V). 
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Figure 3. Internal Wave Structure of the scalar potential. 
A harmonic set if wavepairs, where in each wavepair the two. 
Waves super pose spatially, but travel in opposite directions. 
The two waves in each pair are true phase conjugates and 
time-reversals of each other. Thus they comprise a coupled 
wave and antiwave. The photons must also be coupled into 
photorantiphoton pairs, by a strong application of the 
distortion correction theorem of nonlinear optics. 
Each wavepair is 2 standing electrogravitational wave. 
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Figure 4. Scalar potential interferometry provides action-at-a- 
distance. It already creates normal EM fields and waves 
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MECHANISM FOR NEWTON'S THIRD LAW 
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The atomis an assembly of dynamic dipoles 


A dipole splits the graviton into a photon and an antiphoton 
The photon interacts with the electron, producing the action 
The antiphoton interacts with the nucleus, producing the reaction 


Figure 5. Graviton interaction with matter produces the 
photon interaction and Newton's third law reaction. 
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Figure 6. Currents in and along a conductor, with electron precession. 
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(CHASING THE WILD DRAGON: 


Further, if we should trick the time-reversed wave half into coming THE VIRTOAL TIMES: 
outside the atom instead of going inside to interact with the nucleus (Figure 7), then it follows that the 
nucleus would not recoil. In that case the interaction would appear to violate Newtonian third law 
reaction. Phase conjugate mirrors already do just exactly this when they emit a phase conjugate 
replica wave. They direct the antiwave outside and away from the atom instead of inwards into the 
nucleus. So they do not recoil, no matter how powerful a phase conjugate replica wave they emit. 


Finally, we can also show that the EM wave in vacuum is longitudinal, by yet another approach. The 
electrons in the electron gas in a conductor are spinning, and they are severely constrained 
longitudinally to be able to move only very, very slowly down the wire. So when perturbed, they act 
as gyroscopes, and precess at right angles to the perturbing force. The fact that the gyroelectrons in a 
wire move radially almost entirely, and only "slip" down the wire very slowly with a "drift" velocity, 
already proves conclusively that the incoming vacuum disturbance was longitudinal. The precession 
of a gyro is at right angles to the perturbing force. Therefore rigorously the vacuum EM waves are 
longitudinal, because the gyroelectrons moved transversely. The present assumption of the transverse 
EM wave in vacuum contradicts the entire theory of gyroscopes! [note 10] There are many other 
errors in classical EM that we will point out in future articles; this should give the reader a flavor of 
what is in store for him in future articles, 


So there are no truly satisfactory "experts" in any of the 14 fields. Yet there is still something to be 
said for having some years of experience in one or more of the areas. I have had the good fortune or 
misfortune, depending upon one’s viewpoint, to be involved in various of those 14 activities for some 
30 years or more, and am active in several of the areas now. My colleagues and I are particularly 
active in researching overunity electrical devices (see Figure 8), to include the effects of controlled 
chaotic oscillators, charge-blocking oscillators, and oscillators driven by in-shuttled (bridged) 
Poynting field energy density flow ExH. Parametric oscillation is known to have yielded overunity 
electrical machines and was fully reported by Russian researchers in the Russian and French 
technical journals in the mid 1930s. [note 11] We will further cite that little-known work in future 
articles. Also, we are working mightily upon true negative resistors (Figure 9), wherein the resistor 
scavenges some of the disorganized energy from the vacuum's energetic exchange with the charges in 
the system, organizes and collects it, and then outputs that collected energy flow into the external 
circuit. Such a resistor acts as a power source. Kron, perhaps the greatest of the electrical machinery 
scientists, is known to have produced such true negative resistors. 


Thave also proposed a theoretical explanation of the Priore device (Figure 10) in France which in 
laboratory animals demonstrated remarkable cures of terminal tumors, cured trypanosomias, reversed 
atheriosclerosis, and restored suppressed immune systems. The Priore work was not anecdotal, but 
was performed under rigorous scientific protocols, working under the auspices of renowned French 
scientists such as Courrier and Pautrizel. The work is properly reported in numerous papers in the 
French medical literature. [note 12] The results were certainly achieved, but neither Priore himself 
nor the scientists of the day could understand the mechanism involved. The deciphering of that 
causative technical mechanism utilized by the Priore group required 10 years of intense effort. The 
results have now been published in the journal Explore! and are there for anyone to read. [note 13 


ILLUSTRATION LIST | NEXT PAGE 


‘utp: hsv com writers/bearden/page004 htm (1 of 2)24.11,2003 20:26:41 


CHASING THE WILD DRAGON: 


copyright TE Bearden | 


Comments may be sent to 
(Mazz the Editor of The Virtual Times 


Iutp:/fwww- hsv com/writers/bearden/page004 htm (2 of 2)24.11,2003 20:26:41 


Tables: 


PHOTON INTERACTION WHEN ATOM PHASE CONJUGATES 
PHOTON 


@> Excitation 
RETRACING 
EXACT PATH OF 


oF pnization 
yay Antiphotons Antiphotons f eae. 
SIGNAL WAVE ¢ cere es 


e s 
PHOTON \ \ 
SIGNAL WAVE i m’ NUCLEUS 
PATH 
co | ep \ le 
ANTIPHOTON \ / ne 


— 
see pump wave 
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¢ Pumped nonlinear atom acts as a pumped phase conjugate mimor. PHOTON 
Directs the antiphoton back along the path taken by graviton 

¢ Antiphoton does not interact with nucleus. eS 
Thus there is no nuclear recoil force generated . 

Nucleus thus does not recoil ANTIPHOTON 


Nota violation of Newton's third law, once one understands 
the mechanism that generates third law reaction. In the absence 
af the generating mechanism, there is no third law recoil, In EM field 
theory, the "missing antiwave! has necessitated third law omission 


Figure 7. Emission of antiphoton, nucleus does not recoil. 
Atom acts as a pumped phase conjugate mirror. 
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[10] When Maxwell's theory was constructed, the electron had not yet been discovered, and so the 
dipolarity of the atom was unknown. An atom was regarded just as a "blob." Electricity in a 
conductor was regarded as a thin material fluid Maxwell's equations are in fact hydrodynamic 
equations. So the founders regarded the detection of induced motion in the electric fluid as induced 
translation, not induced precession. They had no idea of "spins" of particles of the fluid, nor of gyro 
precession of those particles. Instead, q was regarded just as a "piece of electric fluid," similar to a 
cubic centimeter of fluid. 
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A fundamental AC resonant principle for an overunity electrical power system 
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Figure 8. dq/dt-free driving a swinger by S-flow. 


Poynting energy flow S with its accompanying potential V 
is shuttled from the source to a tuned LC oseillator in 
resonance at the driving frequency or slightly below. The 
LC oscillator is driven by S-flow and dV/dt flow alone. 

The swinger furnishes its own free electrons, which receive 
S and EMF from the bridge, thereby producing dq/dt. 
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[11] E.g., see L. Mandelstam [Mendel'shtam, L.1.], N. Papalexi, A. Andronov, S. Chaikin and A. 
Witt. (1935) "Report on Recent Research on Nonlinear Oscillations," Translation of "Expose Des 
Recherches Recentes Sur Les Oscillations Non Lineaires," Technical Physics of the USSR, 
Leningrad, Vol. 2, 1935, p. 81-134. NASA Translation Doc. TT F-12,678, Nov. 1969. Summarizes 
lengthy work at the Institute of Physics of the University of Moscow and several of the laboratories 
on the problem of self-powered, self- oscillating nonlinear oscillators. The paper reports significant 
work and progress in oscillations created by the oscillating system itself (self-oscillation) without 
participation of any external forces varying with time and without the expense of a constant source of 
energy (e.g., a storage battery). Such a system was shown to self-increase in an underdamped manner 
until system self-destruction. Adding a nonlinear load allowed the systems to stabilize its dynamic 
operation so that it powered a load under overunity conditions and did not self-destruct. Extensive 
additional references on this spectacularly successful overunity energy project are listed. 
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Figure 9a. Normal resistor receives ordered energy and scatters it 
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Figure 9b, Negative resistor receives, concentrates, and reorders scattered energy. 


Figure 9. Normal resistor versus a negative resistor. 
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Some 17 signals were fed into a rotating plasma, which added phase conjugates 
to them. This infolded 17 wavepairs, each pair a coupled wave/antiwave, 
thereby forming a scalar potential with an artificial Whittaker pump wave 

internal structure. This infolded pump wave complex was modulated onto a 
powerful, rippling magnetic field, guaranteeing penetration even into the atomic 
nuclei. A specific, amplified antiengine for the exact cellular disease state 

was generated, reversing the diseased cells back to a previous healthy state. 


Figure 10. Priore's laboratory apparatus for cellular reversal. 
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[12] For citations and the exposition of our proposed explanation of the Priore mechanism, see T.E. 
Bearden, "Vacuum engines and Priore's methodology: The true science of energy-medicine." Part I, 
Explore!, 6(1), 1995, p. 66- 76, Part II, Explore!, 6(2), 1995, p. 50-62. 
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[13] Bearden, "Vacuum engines and...," ibid. 
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Presently my CTEC colleagues and I have filed three patent applications THE VIRTOAL TIMES 
and a continuation, on various methods for overunity processes and apparatuses, room temperature 
superconductivity, Poynting generators, etc. 


As an example, we took exactly the opposite approach to room temperature superconductivity as has 
been taken by all the orthodox researchers to date. What exactly is sought, after all, for 
superconductivity (SC) in a section of an electrical circuit? Well, one has some electrons on one side 
of that SC section that are transporting excess potential, as given by the Slepian vector J*. [note 14] 
What is desired is to get some electrons on the other side of the SC section that also are transporting 
the same amount of excess energy in the form of J*. You can do that in two ways: (1) you can flow 
the electron carriers through the SC section, carrying their J*, or (2) you can block the J and flow the 
* itself across as the Poynting flow S. [note 15] Nondivergent Poynting flow flows along an 
equipotential, which is just another way of saying that, if the S-flow does not diverge, it carries the 
same potential * along with it. Hence it carries the EMF right along with it as it flows without 
divergence. 


Conventional approaches have all tried to shove the electron carriers through the SC lattice section. 
Doing that is like trying to fire a very slow bullet through several million rotating fans in a straight 
line. So cryogenics (to slow the fanblades to a crawl) and massive correlation of the electrons and of 
the electron-to-lattice interactions is necessary if one is to get the electrons through there without 
excess collisions that shake off some of the excess * from J*, ‘attered photons (heat) or as a 
change of form of the energy (as in straining the dielectric of a capacitor to convert electrical energy 
to mechanical strain energy via the piezoelectric effect.) 


Our approach is exactly the opposite (Figure 11 and Figure 12). Why not just stop the flow of excited 
electron carriers on one side of the SC section, and continue the nondiverging flow of the Poynting 
field energy density S across that section at room temperature? Then the cryogenics is not needed at 
all. After all, circuits already work that way anyhow __ except standard practice is to nullify the 
process by letting current be driven around the sourcing current loop and back through the back EMF 
of the primary source. A quantum well (or several other methods) can be used to trap the "sourcing" 
electrons in the conductor just prior to entering the SC section. The "receiving" electrons on the other 
side of the SC section, however, must be in their own dq/dt-isolated current loop. 
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[14] Briefly, the S-flow outside the wire will be flowing along essentially at the speed of light, at or 
with the same since S-flow without divergence is along an equipotential. Said another way, a 
nondiverging Poynting flow S exhibits a constant potential ~ along its streamlines. A tiny, tiny 
portion of the S-flow is intercepted by the sluggish electrons (which may be moving as dq/dt at 11 
feet per hour, in a typical case), to form the Slepian vector J~. The J~ portion is just the minute 
fraction of the S-flow that is actually intercepted by the electron current and transported to the 
impedances, for releasing the excess ~ in the loads and losses. [Incidentally, this wee note resolves a 
century of controversy over exactly how EM energy flows in circuits. The orthodox literature 
abounds with discussions, differing positions, and debates and with errors.] 
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[15] Note that this also automatically involves a host of other types of controversial displacement 
currents, such as d~/dt, dV/dt, dE/dt, dP/dt, dD/dt, etc. The literature is thoroughly floundering as to 
exactly how all these currents are related, together with the Slepian vector J~ and the Poynting vector 
S, as well as the "normal" current dq/dt. We will be discussing the "master key" for these 
relationships in future articles. 
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Figure 11. Poynting S-flow along a simple circuit. 


From particle physics, any electric charge is a broken 
symmetry in the vacuum's virtual particle flux. Any 
dipole is thus two locally broken symmetries. Thus 
the dipole acts as a gate/source, driven by the fierce 
vacuum flux. Soa dipole already "extracts" and gates 
EM energy flow, directly from the seething vacuum 


Every battery and generator is already a "free energy” 
source of extracted and gated EM energy from the vacuum 
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Figure 12a. Normal current flow; Jd is the electron transport of energy, 
while S is the speed-of-light Poynting energy flow. 
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Figure 12b. In a conductor with dq/dt blocked; S-flow and hidden 
Whittaker-wave flow continue 


Figure 12. Overt and covert field energy density flows. 
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Normal sources do not furnish electrons and current to a circuit anyway. THE VIRTOAL TIMES 
Sources just furnish Poynting flow S and EMF. [note 16] In the receiving current loop, the EMF 
appears automatically once the S-flow flows in and is "locked on to" by the receiving electrons. 
Given q**, you will immediately have J* if the electrons are free to move in the conducting circuit 
(see Figure 13). Further, you have eliminated all the loss terms from the standard Poynting equation 
for energy losses. So all the energy flow S just flows across the SC section, without any current or 
Cooper pairs flowing through that SC section. The SC section has become a "bridge" which (1) strips 
off the Poynting field energy density flow S from the electron current dq/dt on the sourcing side of 
the SC/bridge section, by simply reducing the dq/dt to zero; and (2) continues to pass the S-flow 
across the dq/dt-blocked SC/bridge section to the other side (Figure 14). The excess S-flow (and 
EMF) pours into the receiving dq/dt-isolated current loop, exciting the electrons therein to produce 
dg/dt and J*. Any closed current loop is self-powered, once it receives S and EME. It furnishes its 

; it only requires excess energy and EMF. {note 17 


own electron: 


So our approach gives room temperature supercondu ity in a very straightforward manner, once 
you discover how to block the current dq/dt in a conductor. Blocking it in an insulator is not 
sufficient, because that drops the potential and stops the S-flow and the equipotential * (the EMF). 
However, a degenerate semiconductor such as the Fogal chip can be used, as can several other 
processes for blocking dq/dt in a conductor. We will discuss these in a future article. 


Another advantage of this approach to room temperature superconductivity is that now one can also 
have permissible overunity coefficient of performance. Now the load can be placed in its own S- 
receiving, isolated current loop. With the sourcing current loop furnishing only $ and not dq/dt, the 
load is still powered normally in its own closed dq/dt current loop, but none of the load current is 
passed back through the back EMF of the primary source in the sourcing circuit. 


This principle -- that at least a substantial portion of the load current must not pass back through the 
primary source -- is the primary principle required for a permissible overunity electrical machine 
(Figure 15). A permissible overunity electrical machine is one which produces more power in the 
load than you have to put into the machine to run it. 
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[16] E.g., see Robert L. Shrader, Electronic Communication, Sixth Edn., MacMillan/McGraw-Hill, 
New York, NY, 1991. (1993 Imprint). Quoting from p. 6: "A source of electric energy does not 
increase the number of ~ree electrons in a circuit; it merely produces a concerted pressure on any 
aimlessly moving electrons.” 
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Figure 13. Poynting vector currents S and S' versus 
massless displacement currents 
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Figure 14. Bridging to enable room temperature superconductivity. 
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[17] My own approach has been, if that's all that the circuits require from our primary power source, 
then let's simply accept that directly from the source without performing any work in the source. loz 
you do it this way, the source is never dissipated, but will last indefinitely. Sources furnish flowing 
field energy density, not "energy" per se. If you only demand $-flow, you can have all you wish from 
a source, without exhausting your source. The trick is to find how to steadily dissipate some of this 
“artesian well" of flowing S to drive electrons through the load, but without driving electrons back 
through the back EMF of the source. 
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Figure 15. Use of Fogal semiconductor for overunity (closed system). 
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Obviously, the laws of physics and thermodynamics require such an ‘THE VIRTUAL TIMES 
overunity machine to be an open system that extracts and utilizes excess energy from an external 
source. In the case outlined, we extract the excess energy directly from the vacuum in the form of S- 
flow; essentially we convert our primary source to a Poynting generator rather than a 

“power” (energy flow loss rate) generator. The resulting overunity machine accomplishes both room 
temperature superconductivity and also overunity coefficient of performance (Figure 16). It does not 
violate the conservation laws of physics. It does not violate the second law of thermodynamics 
because it is an open system receiving and utilizing excess energy from the vacuum, and the second 
law need not apply to such systems. [note 18 


You see, all power systems are already free energy density flow sourcing systems, if we but use them 
correctly. Every dipole is a "gating device" for extracting excess field energy density flow from the 
violent bidirectional flux exchange between the vacuum and each end of the dipole. [note 19] [note 
20] When we attach “conducting leads" to a dipolar source, as in the simple two-wire circuit, all we 
are doing with the conductors is providing waveguides for the extracted S-flows from the vacuum to 
flow along (it flows outside the conductors) without loss. In effect, each lead is simply extending the 
pole (i.e., the terminal) to which it is connected. 


My associates and I are also working on several other inventions at present, including two more 
patent applications to be filed in the near future. One of those is in the field of overunity power 
systems, while the other is in an entirely different, highly proprietary nuclear effort. I will address all 
these areas in future columns, and those columns will have real "meat" in them. 


Present "big science” proclaims that overunity electrical machines are impossible. The reader should 
understand that the U.S. Patent and Trademarks Office is never going to grant a patent for an 
overunity electrical machine unless the machine is independently tested and replicated, and unless it 
is certified by scientists of impeccable credentials. This is as it should be. Legitimate free energy 
researchers accept that dictum. Eventually the stuff has to work on the bench in order to be validated. 
On the other hand, free energy researchers also point out that one must not demand of us the next 100 
years of national research by a hundred major laboratories immediately! This is still a shoestring 
operation, because all conventional sources of research funds are denied to the serious overunity 
researcher (with the single exception of occasional personal funding of a researcher by a private 
individual). In other words, we demand at least the same kind of consideration that the orthodox 
nuclear fusion community has enjoyed. Billions of dollars have been poured into that sinkhole, and 
not a single controlled fusion power unit is working anywhere in the world after decades of work at 
enormous expense to the taxpayers. 


So we overunity researchers deserve at least a decade or two of our own, to try to accomplish 
overunity electrical system development. We also painfully point out that "Big Science" will not fund 
a single overunity researcher, for specific overunity purpose, no matter what his credentials or 
capability. In fact, "Big Science" is part of the problem, because it fervently seeks to prevent any 
legitimate research in overunity. To carry out its suppression campaign. it resorts to vilification, 
character assassination, libel, and slander of the overunity researchers themselves __ again, regardless 
of their qualifications or legitimate scientific procedures. [note 13 
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Figure 16a. Magnitude of the scalar potential is determined 
by work required to push in a unit charge from 
infinity; e.g., against a repelling like charge. If test 
charge is released, work will be performed upon it 
to translate it back toward infinity 


Figure 16a. Process for overunity coefficient of performance. 
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Figure 16 b. Demonstration of overunity efficiency. 
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Figure 16c. Potential to which test charge is exposed. 
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[18] The system does comply with the nonlinear thermodynamics of a system cear from equilibrium. 
E.g., Prigogine received the Nobel Prize cor significantly developing this new field. For a detailed 
technical presentation of nonlinear thermodynamics of a system far from thermodynamic 
equilibrium, see G. Nicolis and I. Prigogine, Exploring Complexity, Piper, Munich, 1987. 
systems can exhibit negentropy, self-organization, and other effects outside the confines of class 
thermodynamics. Since local symmetry is broken, they can also permissibly exhibit overunity 
coefficient of perczormance. 


Such 
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[19] Each end 0ce a dipole has its own potential (with respect to the local vacuum), which differs 
from the potential of the surrounding ambient vacuum. For each of these "end-potentials," one can 
mathematically decompose that end-potential into a hidden bidirectional set of harmonic wavepairs in 
harmonic sequence. Each wavepair consists of the wave and its phase conjugate. For the proof, see E. 
T. Whittaker, "On the Partial Differential Equations of Mathematical Physics," Mathematische 
Annglen, Vol. 57, 1903, p. 333-355. Since one of the dipole potentials exceeds the local vacuum 
potential and the other dipole potential is lower than the local vacuum potential, the two bidirectional 
EM wave flows are at or "carry" different equipotentials. This is the generatrix for the automatic dual 
ce Low of energy from the vacuum through the dipolar power source and out along the two leads of 
the "transmission line" conducting the S-flow to the components of the circuit for powering the loads. 
So as can be seen, rigorously every dipole is already a "free energy source" if we learn how to 
properly use it. The energy will flow forever, if we do not allow the destruction of the sourcing 
dipole. 
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[20] See also E.T. Whittaker, "On an Expression of the Electromagnetic Field Due to Electrons by 
Mean of Two Scalar Potential Functions," Proceedings of the London Mathematical Society, Series 
2, Vol. 1, 1904, p. 367-372. Here Whittaker shows that the fields of classical electromagnetics can be 
replaced by scalar potential interferometry of two potentials. Our own comment is to note that by 
Whittaker 1903, we can with a little difficulty make artificial potentials with deliberate substructures. 
We can then interfere those potentials (actually, interfere their hidden multiwave structures) even at a 
distance, to create new EM fields. Or we can dissolve EM fields that exist at a distance, simply by 
constructing the correct negative EM fields by distant scalar interferometry. My point is that, when 
we utilize the "inner" electromagnetics inside the potential, we are employing a vastly more powerful 
electromagnetics of a new kind, which includes and extends the present inadequate EM theory. 
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Indeed, orthodoxy has a black record with respect to energy. When ‘THE VIRTUAL TIMES 
Mayer advanced the conservation of energy law, orthodoxy hounded him unmercifully. He was 
universally ridiculed as the very epitome of a fool. He lost his job and suffered a nervous breakdown. 
Then years later toward the end of his life, scientists came to accept the conservation of energy as a 
most useful tool that dramatically simplified much of their analyses. So then science began to laud 
Mayer. There are a thousand other such examples; suffice it to say that "big science" is a bureaucracy 
and a "bell-shaped distribution curve" just like any other large group of people. Some scientists are 
near-angels. Others are near-devils. The vast majority are neither, but are just ordinary persons doing 
a special kind of job. In the scientific bureaucracy, however, the manipulative scientists scurry, slash, 
and manipulate their way toward the top. So the leadership of any big bureaucracy __ including the 
scientific bureaucracy __ is always rife with such near-scalawags and power-hungry individuals. 
Scientists are not exceptions to the same human weaknesses that we all evidence. If you really want 
to see jealousy, backbiting, and fierce "back-room dealing" and power-struggling, just get into a 
university research environment! But because the "power merchants" of any bureaucracy always 
fiercely resist any challenge to their position or superiority, big science has always fiercely resisted 
anything truly revolutionary. And today they also enlist the power of the state to enforce their 
dictums. We will devote one of our future columns to pointing out some glaring examples of 
persecution of independent researchers by big science. It is an area that all unorthodox researchers 
should be well-aware of. The world of science does not run by sweet reason and lofty ideals; that is 
just the dogma. It runs strictly by "who's going to be the big monkey," just like everything else. 
Primate dominance is still a dictum of the functioning of all bureaucratic human systems. 


The free energy researchers are not working on the so-called "perpetual motion machine,” where a 
closed system is erroneously stated to produce more output than must be put into it to operate it. That 
old saw is actually a red herring that dogmatic scientists use to vilify free energy researchers. It is a 
lie that they have also successfully sold to the U.S. Patent and Trademarks Office. Anyone with a 
modicum of knowledge of modern physics already knows that there does not exist a single closed 
system in the universe, anywhere. In particular, every physical system is continuously "open" to the 
violent exchange of energy with the surrounding vacuum, It's just that most systems are in local 
equilibrium in these flow exchanges, except for minuscule gating accomplished for such things as the 
Lamb shift, etc. 


By analogy it's something like this. The free energy researcher is standing by the banks of a mighty, 
rushing river with breathtaking falls, turbulent areas, etc. Big Science is begrudgingly admitting that, 
yes, there is a river there, but it is an insane delusion to think that you can tap that energy. The free 
energy researcher is saying that, well, if I can build a gating sluice a little distance upstream, perhaps 
I can divert a small portion of the river's flow downstream to my waterwheel, and power my mill. 
The orthodox scientist then vilifies the free energy researcher for even having such a heretical 
thought. In fact, says the orthodox researcher, any fool can see that the laws of nature force the river's 
flow to stay firmly in its banks, because it is a closed system, and Moses brought that law down off 
the mountain with him on a special stone tablet. Then he adds all the other smug remarks such as, "If 
it could be done, then we at MIT and Harvard and Caltech would already have done it!" So until the 
orthodox scientist develops a little less dogma and a little more common sense, and learns the 
difference between a scientific discussion and a dogfight, the free energy researcher can hardly 
communicate with him. 
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The goal of the legitimate free energy researcher is to find a way to break THE VERTOAL TIMES 
the local equilibrium of this universal energy exchange, and gate a tiny bit of it up into the external 
circuit as excess electrical energy (Figure 17). Then he must collect the excess energy, and shuttle it 
from the "gating and collecting circuit" over to a dq/dt-closed current loop containing the load. He 
must also prevent the load current, or most of it, from passing back through the primary source 
against its back EMF, because if it does that, he will destroy the separation of charges in the dipolar 
source, killing the dipole and extinguishing the "excess energy gating." In other words he must find a 
way to process and transport the energy flow across dq/dt-blocked bridges between the source's 
closed dq/dt-current loop and the load's closed dq/dt-current loop. Ruthlessly it is an energy transport 
S-flow problem, not a J* energy transport problem. If he uses J* in his sourcing current loop, he 
automatically drives the current dq/dt back through the back EMF of his source and kills it. If he does 
not drive dq/dt back through the source, the source will furnish S-flow for an indefinite period! Every 
battery and generator we have ever built is already a "free energy" machine in that it already involves 
broken local symmetry in the vacuum energy exchange. We have just not realized how to use our 
power sources purely as Poynting S-flow sources. 


So we must treat an electrical system as an open system with broken local symmetry (Table 3) in the 
vacuum flux exchange, so that the system extracts (gates) excess energy from an external source. In 
this case the source is the system's flux exchange with the vacuum. This approach is no more 
mysterious or bizarre than putting a waterwheel in a river, or a windmill in a wind, or a bank of solar 
cells out in the sunshine. The universal "free source of energy” that the overunity researcher seeks to 
tap is the violent exchange of virtual photons between the electrical charges of the system and the 
surrounding quantum mechanical vacuum (Figure 18). In quantum physics this powerful, energetic 
exchange of the vacuum with electrical matter is now proven both experimentally and theoretically. It 
is already accepted in quantum physics that the vacuum is filled with electromagnetic energy. The 
researcher doesn't have to prove it anymore; he just has to find out how to properly use it. The 
artesian well is already there; we just have to learn how to collect and use the flowing water without 
dynamiting the well! 


The remaining objection orthodox ntists usually raise against the notion of extracting vacuum 
energy has been that "thermodynamics doesn't permit it." However, Cole and Puthoff have rigorously 
shown that, on the contrary, the theory of thermodynamics does not prohibit the vacuum's energy 
being extracted and used to produce heat, light, and power. [note 22] So the validity of that final 


objection has now vanished. 
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Figure 17. Operation of an overunity electrical power system. 
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Figure 18. An electric charge q isa broken symmetry. It continuously 
and violently exchanges energy with the vacuum, 
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[22] Cole, Daniel C. and Harold E. Putboll. (1993) "Extracting Energy and Heat from the Vacuum," 
Physical Review E, 48(2), Aug. 1993, p. 1562-1565. 
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And there is mind-numbing energy density there in the vacuum, waiting THE VIRTOAL TIMES 
to be extracted. The well-known Lamb shift, e.g., in a single hydrogen atom is due to that vacuum. 
exchange. [note 23] Interestingly, the calculated energy density of the exchange causing the Lamb 

shift is greater than the surface energy density of the sun. Different physicists have made various 
theoretical estimates of the energy density of this seething vacuum. A conservative ballpark figure is 
something on the order of 1090 grams per cubic centimeter, expressed in mass units. 


It has also been my good fortune to know and work closely with several other free energy 
researchers. I was a colleague of Floyd ("Sparky") Sweet (recently deceased) for about seven years; 
Sparky held a Master's degree in EE from MIT and had years of experience with General Electric and 
other firms. He was a highly skilled researcher who invented the solid state vacuum triode amplifier 
Figure 19), a unit which produced 500 watts of output and a coefficient of performance of 
1,500,000. I personally tested the machine, activated the magnets on one occasion, and understand 
how it all worked. [note 24] The paper [note 25] I co-authored in 1991 with Floyd is still the only 
paper in the orthodox engineering literature that reports (a) successful overunity functioning of a 
solid state magnetic device, and (b) a successful antigravity experiment on the laboratory bench, 
reducing the weight of an object by 90%. [note 26) 


We stress again that a legitimate overunity electrical machine must be an open system, receiving 
excess electrical energy from the surrounding vacuum. As such, it must operate in a higher topology 
than normal electrical machines (Figure 20). 


My good friend Frank Golden has long been a close colleague. Years ago Frank developed a motor 
that produced overunity efficiency, but then to our astonishment we found (courtesy of Bill Tiller, 

note 27] with whom we were working at the time) that its operation depended upon a 5-year-long 
conditioning (structuring) of the local ambient potential in order to work. Previously we had been 
entirely unaware that one can sometimes condition the local vacuum and the local matter in the area 
with a particular dynamic form. Given the local conditioning, a motor with that form will then work 
in that vicinity, but not necessarily elsewhere at an appreciable distance away. We now understand 
the mechanism for such "conditioning of the vacuum." We also now know what to do if an overunity 
machine is actually a machine of that type (many of them are not). In other words, we know how to 
convert it to a machine that will work anywhere, anytime. We will be addressing such little-known 
things in future articles. 
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[23] Lamb, W.E. Jr. and R.C. Retherford. "Fine structure of the hydrogen atom by a microwave 
method." Physical Review, Vol. 72, 1947, p. 241-243. Lamb received the Nobel prize for this work. 
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Figure 19. Block diagram of the Sweet Vacuum Triode Amplifier. 


Adding positive feedback circuit enables self-oscillation. 
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[24] Unfortunately Sweet made conflicting agreements with multiple backers, resulting in a most 
thorough legal foul- up. It appears that nothing can ever be done with this machine, because its status 
is a legal nightmare. 
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[25] Floyd Sweet and T. E, Bearden, "Utilizing Scalar Electromagnetics to Tap Vacuum Energy," 
Proceedings of the 26th Intersociety Energy Conversion Engineering Conference (IECEC '91), 
Boston, Massachusetts, 1991, p. 370-375. Paper also distributed over Internet. 
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[26] The unit was specially rigged and "pushed" to 1,000 watts output to perform the antigravity 
experiment. 
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Figure 20. Increasing the dynamic topology allows lower topology 
conservation laws to be violated. Conservation now 
applies in the higher topology, but not necessarily in 
the lower. The lower topology system is now an open 
system and may seemingly act as a source or sink. 


e120 © te bowser 1905, 1905 


psf sv com writersfbearden/fig20,htm24.11,2003 20: 


‘Notes und References: 


[27] Tiller was already familiar with the fact that devices that function by more subtle energy often 
require special conditioning of the vacuum spacetime. He expressed it as "an archetype must first be 
created for the machine to function efficiently." Tiller had previously experimented with such an 


effect for several years. 
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John Bedini is also a close friend and colleague; John built several THE VIRTOAL TIMES: 
experimental motors (both electrical and magnetic) in the overunity area, and performed successful 
trans-mutation experiments. John is a recognized genius in high-end sound amplifier development. 
Many audiophiles worldwide still swear that the Bedini amplifier is the best and sweetest-sounding 
audio amplifier ever built. One of John’s battery-powered electrical motors (Figure 21), for example, 
ran continuously off its battery for about five years, and kept the battery charged. When you realize 
that such a small electric motor is only about 35% efficient, then you realize that about 65% of the 
energy flowing out of the battery was being dissipated in the motor as heat, core losses, etc. So the 
unit was continuously performing work for that five years. [note 28] The 1/8 hp motor represented a 
load in which the continuous rate of work being done (the rate of energy dissipation) was about 0.08 
hp. We will have more to say on this motor and its technical process in a future article. 


Bill Fogal is a close colleague; Bill has patented the world’s first dq/dt-blocking semiconductor, [note_ 
29] which partially blocks the normal current while continuing to pass the flow of voltage (Table 4), I 
have written a proprietary technical explanation of the Fogal semiconductor, which utilizes an 
extremely little-known feature called the "overpotential." The overpotential part of the theory is 
experimentally proven and theoretically explained in an obscure part of electrochemistry, by a few 
chemists who specialize in electrode effects. J. O'M. Bockris is probably the leading world expert in 
overpotential theory; he authored the textbook on it. [note 30) 


One of the latest overunity developments is the magnetic resonance amplifier (MRA) developed by 
Joel McLain and Norm Wooten (Figure 22). Earlier testing disputed the overunity functioning. More 
recent testing at several well-known laboratories has resulted in the instrumental measurements 
clearly showing overunity. While the test institute scientists themselves may be willing to attest to 
overunity results of their testing, none of the corporate heads will allow it. I have personally stated 
that the MRA is capable of overunity. Our own measurements had to be discarded because we did not 
have the proper instruments available. E.g., all our oscilloscopes were "hard grounded" to building 
ground, and we needed to make “floating differential ground" measurements in order to settle things 
once and for all. McLain and Wooten have filed for a patent, and multiple tests with excellent 
equipment have indeed indicated overunity. What happens next remains to be seen. I suspect that the 
two inventors may simply accept foreign capital investment and go offshore. 
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Figure 21. Bedini's battery-powered, back-popping electric motor. 
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[28] We strongly emphasize that there is no conservation of work law in physics! It is the overall 
energy of the universe that must be conserved, not work. More rigorously, the flow of energy must be 
conserved. But from a free flow of energy, you can continuously extract a little and dissipate it as 
work, without cutting off the main flow and without violating any of the laws of physics. If this were 
not so, then waterwheels, windmills, and solar cells would not work. In fact, you can even do better 
than that. The basic energy conservation law is this: Energy can neither be created nor destroyed. So 
even when you "use" (i.e., dissipate or scatter) the energy, it is still there. It is only the hierarchical 
ordering of the photons that constitutes entropy. Each individual photon is perfectly ordered and still 
contains all its energy. By retroreflection, you can even cause those disordered photons to gather back 
in your system into perfect order once again and then you can scatter them again to do some more 
work. You can use the same energy over and over again! The perfect retroreflection is more easily 
accomplished by phase conjugate reflection. For a vivid example of just such retroreflection of 
previously scattered EM energy to restore the former order, see David M. Pepper, "Applications of 
Optical Phase Conjugation," Scientific American, Vol. 254, No. I, Jan. 1986, p. 74-83. See 
particularly the striking photographic demonstration of time reversal of disorder on p. 75. 
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[29] William Jay Fogal, "High gain, low distortion, faster switching transistor." U.S. Patent No. 
5,196,809, Mar. 23, 1993. Also William J. Fogal, "High Gain, Low Distortion, Faster Switching 
Transistor." U.S. Patent No. 5,430,413, July 4, 1995. 
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Table 4. Fogal's Semiconductor. 


FOGAL'S CHARGED BARRIER 
SEMICONDUCTOR 


ane ELECTRON CURRENT FLOW dq/dt 
AS CAPACITOR CHARGES, ELECTRONS IN 
EMITTER JUNCTION ATTRACTED TO PLATE 
CHARGING PLATE PRODUCES HIGH BARRIER 
VIA PROPRIETARY MECHANISM 
AC CONDUCTION Fee RONS CANNOT 


PENETRATE BARRIER 
AC _POYNTING FLOW S, ghia, dE/dt 
PASS THROUGH BARRIER 


PASSES POYNTING FLOW S=E XH; dE/dt 
SEMICONDUCTOR BECOMES "ENERGY PIPE" 


WITH dQ/dt BLOCKED, FLOW OF S=EXH IS 
NON-DIVERGENT AND WITHOUT LOSSES 
FOGAL CHIP UTILIZES S=EXH FLOW TO 
TRANSPORT ENERGY, RATHER THAN J¢ 
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[30] In a correspondence with Bockris lasting several years, he had graciously furnished me with 
material on the overpotential, which is how I found out about this esoteric area. Bockris is well- 
known as a leading scientist on the chemistry of hydrogen, and also as one of the leading scientists in 
the rapidly developing field of cold fusion. He is a marvelous scientist, and one day his largely 
unsung work with the overpotential will revolutionize the entire electronics industry. 
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Highly nonlinear oscillator 


ee 


Nonlinear capacitor 4:4 transformer 
(barium titanate 
piezoelectric) Oe aa 


DC Output 


BRIDGE 


20-40 KHz 
Core of transformer 
CAUTION is a barium ferrite 
Circuit acts as a permanent magnet 
voltage amplifier and 
high voltages are present. Note: Linear LC resonance theory 


does not apply. Oscillation 
is highly nonlinear, so nonlinear 
oscillator theory must be used 


Figure 22. Schema for the magnetic resonance amplifier (MRA). 
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(CHASING THE WILD DRAGON: 


Howard Johnson is also a respected colleague, whom I very much ‘THE VIRTUAL TIMES 
admire. (See Figure 23). Howard has continued to work quietly and patiently upon his patented 
permanent magnet motor, [note 31] including patenting various magnetic gates, etc. that are 
necessary to make such a motor work in a rotary configuration. [note 32] Howard employs a two- 
particle theory of magnetism; i.e., each magnetic flux line is envisioned as having a particle traveling 
from the north pole to the south pole, and also a particle traveling from the south pole to the north 
pole. The particles are spinning; the forward-time particle spins in one direction, and the antiparticle 
spins in the other direction. Howard then slightly separates the two particle flows. [note 33] In other 
words, Johnson splits the flux lines themselves, into two different pieces. When so separated, the 
component lines are now curls, so their paths curve. The paths of the two "curl particles" are 
different; one curls in one direction and the other curls in the opposite direction. Further, a 
predominance of one form of curl particle gives a "time-forward" aspect, while a predominance of the 
other form of curl particle gives a "time-reversed" aspect. Johnson is thus able to employ a deeper 
kind of magnetism than the textbooks presently contain. He demonstrates that a "spin-altered" 
magnetic assembly exhibiting (to a compass or other such detector) a north polarity can attract 
another unaltered magnetic assembly exhibiting a north polarity. In short, he can make a north pole 
attract a north pole. We will give you further insight into Johnson's two-particle theory in a future 
article. [note 34] We will also explain how and why the physicists missed that antiparticle in the 
magnetic field's flux lines, and thereby failed to advance the theory of magnetism to a deeper level. 
Make no mistake, one day when the new theory is done, Johnson may well be awarded a Nobel Prize 
for his epochal discovery of a deeper structure of magnetism. 


Bits and pieces of the new science approach are just now beginning to spill into a few conventional 
journals and symposia. For some time a few of the rebels spearheading this new science have been 
doing something that the Universit ientists should have been doing all along. The rebels have been 
meticulously examining the concepts, postulates, and definitions that the present scientific models are 
founded upon, to reveal serious foundations errors. Corrections for some of these errors have been 
discovered and made. [note 35] Others are still problems yet to be resolved. Yet slow progress is 
being made, and a “flip-over" of the old science is likely to occur within the next decade if not 
sooner. By then the new concepts will have become "solid" enough to allow producing an 
engineering mathematical model. Also the supporting experiments will have become solid enough to 
justify the new concepts and the model. 


ILLUSTRATION LIST | NEXT PAGE 
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Tables: 
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attract during approach 


phase. Fully repel during 
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a 


te 


a: is 


Partially time-reversed 
(phase conjugated) field 


Implications of a time-reversed field area 
on only one side of a magnetic pole 
in a permanent magnet motor 


Figure 23. Schema for Johnson's permanent magnet motor. 
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{31] Howard Johnson, "Permanent Magnet Motor." U.S. Patent No. 4,151,431. Apr. 24, 1979. 
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{ [32] 1 personally saw and closely examined one demonstration rotary Johnson permanent magnet 
motor some years ago, and toyed with it for about one hour. It would definitely self- rotate as long as 
you wished to permit it to turn. It was not a powerful device at all, but just a small laboratory "proof 
of principle" prototype. It had cost Johnson an enormous amount of time, labor, and optimization to 
get the critical adjustment required of his two magnet assemblies. But the device had no power source 
other than the permanent magnet assemblies themselves. Johnson's nonlinear rotor and stator magnets 
interacted with each other in a manner to break local symmetry. So his machine was an open system 
and therefore a permissible overunity device; it was not a perpetuum mobile. 
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[33] As I have pointed out repeatedly in the past, photons also carry time, not just energy. We have 
previously shown the process and the photon interaction mechanism that creates the flow of time 
itself; we will discuss this mechanism in the future. So when Johnson separates the particles and 
antiparticles, not only does he partially separate them according to spin, but he also alters the local 
character of time flow during which the resulting magnetic field forces must appear. In other words, 
he accomplishes a partial separation of time-forward and time- reversed polar interactions. A south 
pole is just a time- reversed magnetic north pole, in the first place! So a north pole of a bar magnet 
that is slightly time reversed on one side will partially act on that side just like a south pole. On the 
other side it will continue to act like a normal north pole. By partially time-reversing (phase 
conjugating) one side of the north magnetic pole piece, Johnson makes that side look and act like a 
south pole. that way Howard is able to create two north poles, one on a stator and the other on a rotor, 
and time-reverse part of one face of the stator's north magnetic pole-piece. Therefore when the proper 
sides of the stator and rotor north poles are facing, they attract each other, contrary to the 
conventional textbook. The two poles then repel each other normally as soon as the north rotor poles 
passes the north stator pole. Hence Johnson can make a surrounding north pole stator assembly "draw 
in" an approaching north pole rotor assembly, and then kick it on out the other side, because he has 
broken the local magnetic symmetry. In short, Johnson's magnetic gate can provide a legitimate 
component of unidirectional magnetic thrust, which means that he can indeed make a rotary 
permanent motor. Simply put, this "partially separating the spin particles," and thereby partially phase 
conjugating one face of a magnet, is what Johnson calls a "gate," and this is the patented secret by 
which his magnet assemblies can be made self-powering. The entire process is still very meticulous, 
and assembly and adjustments are extremely critical. With Johnson's blessings we hope to shed more 
light on this subject in coming articles. 
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[34] For a basic article on rotary permanent magnet motors, see T.E. Bearden, "On Rotary Permanent 
Magnet Motors and ‘Free’ Energy," Raum&Zeit, 1(3), Aug.-Sep. 1989, p. 43-53. 
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[35] The most blatant error in all of physics is the erroneous notion that an acting force is separate 
from its receiving mass. Force is defined as F ~ d/dt(mv). From that definition alone, it can be seen 
that the affected mass is a component of the force itself. If you remove the mass m, you do not have 
force but merely acceleration. The notion of force separated from the mass came from ancient and 
familiar experiences of pushing on stones with one's hand, etc. In this primitive case the force- 
creating agent (i.e., the hand) is certainly separate from the affected mass (i.e., the stone). But the 
“force on the stone” is actually the force created of and with the stone. It is "stone-force," not "force 
upon the stone." Quantum field theory already tells us that it is the absorption and emission of virtual 
photons by the stone's mass that "creates the force." In fact it should go one step further: It is the 
coupled ensemble of the virtual photon flux and the mass of the stone that constitutes a "stone-force." 
In your mind, you should try mentally replacing the word "force" with the phrase "mass-force" until 
you root out the deeply ingrained erroneous notion that force and mass are separate. Because of this 
archaic error, today's physics can only define a mass in terms of its resistance to a disturbing force, 
and it can only define a force in terms of its overcoming a resisting mass. This error has prevented 
any proper definition of either force or mass! But the problem is solvable. For a proper definition of 
mass without the notion of force, see T.E. Bearden, Quiton/Perceptron Physics: A Theory of 
Existence, Perception, and Physical Phenomena, National Technical Information System, Report AD- 
763210, 1973. 


ups flwww hsv com/writersMbearden/tef35.htm24.11,2003 20:28:54 


CHASING THE WILD DRAGON: 


In this first article I wanted to introduce the 14 major areas. We will be ‘THE VIRTOAL TIMES: 
discussing these areas in some technical detail in the future. We'll also include current major news 
items of development in these areas, for the interested lay reader. I'll particularly try to give you the 
benefit of extensive reference citations painfully gathered over the last 30 years. The articles will be 
targeted toward both the serious researcher and the interested, educated layman. 


So that's the agenda for the months ahead. We hope you find this information and the approach of 
direct interest and use. 


Again, it's a privilege to be aboard. And we invite you to hang on in the future; it's going to be a wild 
but exciting ride. We really are going to chase this wild dragon with great vigor. 
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Foreword 


In the 1930s and 1940s, Royal Raymond Rife {1} 
made revolutionary discoveries in microscopy, 
including development of novel microscopes that could 
see far beyond the accustomed one-tenth wavelength 
limitation according to Rayleigh theory. With his 
microscope, he was able to "see" ultramicroscopic 
living forms much smaller than anything considered in 
the observable state. It would appear that his 
microscope was somehow capable of peering directly 
into the virtual state itself, and finding living forms at 
that level that were far beyond anything ever suspected 
by conventional science, even to this day. 


Obviously this work was dramatically controver: 
Rife went on to develop treatment methods and devices 
based on the new level of living organisms that his 
microscope revealed. In short, he arrived at essentially 
anew theory of disease, and did achieve success with 
his—to conventional scientists—completely 
unprecedented devices and methods of treating and 
healing. While we do not discuss his treatment 
methods in this paper, we do discuss the methods of 
Prioré, whom we believe to have used similar 
principles. So these discussions may shed some light 
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on Rife’s therapeutic mechanisms also. 


Rife and others reported his results in the proper 
scientific literature. For his efforts, he was ostracized, 
essentially imprisoned in a medical treatment facility, 
broken, and rejected by his peers. His findings were 
harshly ridiculed and discredited. Finally escaping 
from his enforced confinement, Rife lived out his 
remaining years and died quietly and unknown. 


In the present paper it is not our purpose to address 
Rife's theory of disease or his treatment devices and 
methods. It is solely our purpose to propose a higher 
symmetry electrodynamics functioning of his 
microscope, as one possible explanation of the startling 
microscopy results he achieved. We will reveal what 
we are convinced is Rife's great secret: recursive 
virtual state magnification (amplification) by iterative 
difference frequency serial summation of vacuum 
engines. This is a substantial change from an earlier 
mechanism proposed by the present author, which 
proved to be in error {1}. 


We accent that this is not a "standard electrodynamics" 
examination of the Rife microscope; normal U(1) 
electrodynamics and transverse EM waves contain no 
mechanisms that can explain the functioning of the 
instrument. Accordingly, since no such explanation is 
contained in the usual electrodynamics, one must of 
necessity turn to those available electrodynamics 
models that are of much higher symmetry than afforded 
by vector and tensor algebra. To show the fit to 
experiments, we must also address an enormous 
amount of the work performed by Prioré and his 
colleagues. Only in such EM models and their known 
fit to actual experiments are the additional phenomena 
and principles available that can possibly explain Rife's 
epochal results. 


Also, because of the importance of this unified field 
theory area, we include substantial references and 
additional extended discussions in the endnotes for 
further technical clarification. Thirty figures are added 
to illustrate the material. 
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The Rife Microscope 


The Rife microscope { [1] } (Figure 1) cannot be made 
to work by normal optical principles at the level 
utilized by Rife. With normal optics, about one-tenth 
wavelength is as fine an optical resolution as one can 
get. Since Rife went far beyond that, it should be 
obvious that he was using optics and electrodynamics 
of a novel kind, and of a type not yet in the 
conventional textbook. 


We believe we are aware of the major 
principles used in Rife’s microscope, or at least some 
of them, but prior to 1998 we shied away from 
anything to do with the scope. My major interests have 
been in extracting EM energy from the vacuum and in 
developing a new kind of medical therapy utilizing 
higher symmetry electrodynamics—and thus unified 
field theory—to directly and slowly change cellular 
disease or disorder back to a normal previous state. 

ly, if one is to produce a microscope that 
lly further into the realm of smallness than 
any other microscope can conventionally do (even in 
theory), that microscope must be functioning in a 
higher electrodynamics mode rather than in the 
conventional one. 


In this paper, we will try to summarize some deep 
physics principles underlying the Rife microscope, at 
least as we see them terms of a higher symmetry EM 
model, and we cite some references for the bits and 
pieces. A more detailed explanation must wait for a 
future time and assistance from very high-level 
theorists. 


Introduction 


A good hint is this: Rife (Figure 2) often painfully 
adjusted his microscope stages for up to 24 hours 
before he finally got the instrument "focused." 
Immediately that shows it is not standard optical 
equipment. Well-made standard optics—and Rife’s 
microscope was beautifully made—can be adjusted far 
more easily than that (in minutes!). 
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So far as we are aware, no one ever looked at the Rife 
work except through essentially rather orthodox 
electrodynamics and rather orthodox optics eyes. 
Normal optical theory permits resolution of about one 
tenth of the wavelength of the light used, and a few 
microscopes in the last few years have gone just a wee 
bit further. But none have gone anywhere to the degree 
of smallness that Rife reported. 


In our view, the orthodox approach to explaining the 
operation of Rife's microscope is doomed to fail from 
the beginning. Even a very good scientist will fail with 
replication, if that approach is exclusively taken. An 
entire scientific team and substantial funding will not 
do any better, unless something technically deeper is 
understood and tackled from the outset. We give an 
overview of our approach to tackling that problem. To 
begin with, we must present some errors in 
electrodynamics and an omission in general relativity, 
so that we can develop the necessary background. The 
discussion is not simple and will require considerable 
development. Once the considerable background is 
developed, the application to the Rife microscope will 
be straightforward. 


Errors in Electrodynamics and Adjustments to 
General Relativity 


First, present electrodynamics itself has serious flaws 
and shortcomings, and needs substantial revision 
{[2]}. As foundations scientist Bunge points out {[3]}: 


"\..it is not usually acknowledged that 
electrodynamics, both classical and 
quantal, are in a sad state.” 


Bunge {[4] } also said: 


the best modern physicist is the one who 
acknowledges that neither classical nor quantum 
physics are cut and dried, both being full of holes and 
in need of a vigorous overhauling not only to better 
cover their own domains but also to join smoothly so as 
to produce a coherent picture of the various levels of 
physical reality.” 
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The flaws in electrodynamics pass over into what has 
been constructed for optical theory—both linear and 
nonlinear—which just assumes the electrodynamics as 
a subset, 


For our purpose, we need to clarify what modern 
electrodynamics does and does not say about the 
massless vacuum, and about the state and form of EM 
entities—such as potenti fields, and waves—created 
in it (in empty space) by matter dynamics, or acting 
from it (from empty space) onto matter and causing 
matter dynamics. 


Maxwell and all his peers believed firmly in the 
material ether, a thin material fluid filling all space and 
every crevice. To scientists at the time, not one single 
point in the universe was devoid of this material etheric 
fluid—this thin matter. The atom had not been 
discovered, the electron had not been discovered, and 
electricity was also considered a thin material fluid. 
Charge had no more meaning than “a piece of the 
electric fluid,” much like a cubic centimeter of water. 


Faraday {[5] } believed that the EM influence in space 
consisted of material lines of force which acted as taut 
strings under tension from some mysterious source. He 
believed that EM disturbances were just the transverse 
wave “perturbations” of these taut strings. In his 
concept, Faraday omitted the string holder or other 
agent producing the tensile forces upon the string 
Figure 3). He thus omitted Newton's third law from 
his electrodynamics concept. He also omitted precisely 
half the energy, by omitting the equal-energy time- 
reversed EM wave that accompanies the formation of 
every ordinary EM wave we take account of. Ina 
receiving copper wire antenna, for example, not only 
do the electrons interact with the incoming fields, but 
so do the protons in the nuclei—though highly damped 
in amplitude by the proton's large mass with respect to 
the mass of a disturbed Drude electron. However, the 
two energetic interactions (of perturbed protons and 
perturbed electrons) are of equal energy magnitude. So 
in the conductor, equal energy is expended to move the 
“lattice holes" (positrons) as is used to move the Drude 
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electrons, else field theory itself is falsified. Except in 
semiconductors, electrical engineers mostly just ignore 
the "disturbed lattice hole current" energy. 


Maxwell deliberately captured Faraday’s thinking, 
mathematically {[6] }, and so just assumed Faraday’s 
lines of force and the “plucked tight string” transverse 
EM wave in the material ether {[7] } as well as the 
unexplained tension . The notion of the transverse EM 
wave in vacuum has essentially no other theoretical 
justification than that Faraday-Maxwell assumption 
and the observed "transverse waves" generated in the 
receiving "electric fluid in the conductor" in and on the 
Drude electrons. The transverse EM wave notion in 
vacuum was maintained only by discarding its missing 
antiwave that is always formed simultaneously in our 
transmitters and receivers (e.g., when we perturb the 
Drude electrons in a transmitting wire antenna, we also 
perturb the protons in the nuclei with the same energy. 
The two disturbances—proton disturbance in the 
nucleus and Drude electron disturbance in the Drude 
electron gas—perturb the local surrounding vacuum/ 
spacetime with equal energy, so in the vacuum "virtual 
particle flux gas" the two perturbations are 
energetically equal. The receiving wire receives both 
perturbation waves from the vacuum; one perturbs the 
electrons and the other perturbs the nuclei. Since the 
second wave is unaccounted, the perturbation of the 
nuclei is just considered a "mysterious force” that 
always appears. In a pumped phase conjugate mirror 
material, e.g., we interact the waves prior to their 
reaching the nuclei, by multi-wave mixing. Since the 
"causative" but neglected second wave coming in from 
space does not reach the nuclei, but are redirected to 
form the phase conjugate replica wave produced by the 
pumping, the mirror does not recoil and it does not 
exhibit Newtonian third law reaction. However, since 
electrodynamics omits the EM causative wave that 
generates Newton's third law forces in the receiver, 
which in normal detection always appear, then 
presently electrodynamic fields are erroneously said to 
be devoid of Newton's third law reaction. To the 
contrary, the effects of that hidden, neglected EM cause 
of the Newtonian third law reaction do appear, either as 
recoil of the physical receiving antenna or as the 
production of the time-reverse phase conjugate replica 
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wave in optical pumping. But in standard 
electrodynamics, equal-and-opposite forces in the 
receiving antenna are assumed to arise "mystically” or 
from some hidden electrodynamic demon. The 
electrodynamic cause of Newton's third law has been 
lost since Maxwell wrote his theory. 


Maxwell, however, was careful to point out the ad hoc 
nature of assuming the stress in the vacuum, and that 
no mechanism for it had been discovered, nor was such 
a mechanism contained in his theory. Specifically, 
Maxwell said {[8] }: 


“It must be carefully borne in mind that 
we have made only one step in the theory 
of the action of the medium. We have 
supposed it to be in a state of stress, but 
we have not in any way accounted for this 
stress, or explained how it is maintained. 
This step, however, seems to me to be an 
important one, as it explains, by the action 
of the consecutive parts of the medium, 
phenomena which were formerly supposed 
to be explicable only by direct action at a 
distance. ... | have not been able to make 
the next step, namely, to account by 
mechanical considerations for these 
stresses in the dielectric. I therefore leave 
the theory at this point, merely stating 
what are the other parts of the 
phenomenon of induction in dielectrics.” 


Indeed, we now know of electrons and their spin. The 
longitudinally-constrained, spinning Drude electrons in 
receiving wires will gyroprecess laterally in the wire 
when an EM disturbance from the vacuum interacts 
with them. (Figure 4) It is well-known that these 
Drude electrons are highly restrained longitudinally 
down the wire; the longitudinal movement is the "drift" 
velocity and may be nominally only a few inches per 
hour. The lateral precession of the longitudinally 
constrained, spinning Drude electrons establishes that 
the incoming vacuum disturbance, before its interaction 
with the gyroelectrons, is longitudinal. Else one must 
discard electron spin, electron gyroprecession, and 
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indeed the theory of gyroscopic precession itself, In 
our view, the EM wave in vacuwn is longitudinal, 
always has been, and always will be {[9] }. It also 
does not consist of EM force fields, contrary to present 
classical theory. Instead, only the potentiality {[{10]} 
for the transverse force fields—should the 
longitudinally perturbed vacuum EM entity be 
intercepted by a spinning charged particle and interact 
with it—exists in mass-free space, as pointed out by 
Feynman. Quoting Feynman again {[11] }: 


. "We may think of E(x, y, z, t) and B(x, y, 
z t) as giving the forces that would be 
experienced at the time t by a charge 
located at (x, y, z), with the condition that 
placing the charge there did not disturb 
the positions or motion of all the other 
charges responsible for the fields." 


Rigorously the force fields exist only in and of matter. 
In matter-free space, there is no force at all in what we 
call the "field as it exists in massfree space" {[I2] }. E. 
g., Jackson states it this way {[13]}: 


"Most classical electrodynamicists continue to adhere 
to the notion that the EM force field exists as such in 
the vacuum, but do admit that physically measurable 
quantities such as force somehow involve the product 
of charge and field.” 


But again, Jackson also states {[14] }: 


"...the thing that eventually gets measured is a 
force..." "At the moment, the electric field can 
be defined as the force per unit charge acting at 
a given point. It is a vector function of position, 
denoted by E. One must be careful in its 
definition, however. It is not necessarily the 
force that one would observe by placing one unit 
of charge on a pith ball and placing it in 
position. The reason is that one unit of charge 
may be so large that its presence alters 
appreciably the field configuration of the array. 
Consequently one must use a limiting process 
whereby the ratio of the force on the small test 
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body to the charge on it is measured for smaller 
and smaller amounts of charge. Experimentally, 
this ratio and the direction of the force will 
become constant as the amount of test charge is 
made smaller and smaller. These limiting values 
of magnitude and direction define the magnitude 
and direction of the electric field E at the point 
in question. In symbols we may write F = gE 
where F is the force, E the electric field, and q 
the charge. In this equation it is assumed that 
the charge q is located at a point, and the force 
and the electric field are evaluated at that 
point.” 


As can be seen, much of the difficulty occurs because 
physicists continue to erroneously utilize an equation 
as if it were a definition. An equation defines nothing 
at all; it merely states that all the "things on the left" of 
the equality sign and all the "things on the right" have 
the same overall magnitudes. It does not define any of 
the things on the left or right, and so it tells us nothing 
at all about what anything in it really is. A definition 
requires an identity, not an equality. E.g., if we take as 
an identity the very equation advanced by Jackson's 
explanation above, we then have a definition: 


And now that identity clearly states that charged mass 
is a component of the E-field. Similar argument 
prevails for the B-field, etc. 


The identity also shows that E is not the magnitude of 
the force field at all, but is its /ocal intensity at any 
given point in the E field, in terms of force per unit 
point static coulomb—a force formed in, on, and of the 
charged mass of the coulomb. The misstatement that E 
represents the magnitude of the field is another great 
non sequitur. No textbook gives the calculation of the 
magnitude of the E-field, though all purport to. 
Instead, they all give the calculation of the intensity of 
the E-field at each point in it. There is a great 
difference between the magnitude of an automobile's 
mounted tire and its pressure per sq. inch on the 
pavement. In all fairness, some of the better texts do 
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use the term "field intensity", at least occasionally. 


As defined, the EM force fields are effects produced 
in, on, and of charged matter and only in, on, and of 
charged matter. They are not at all the same effects 
produced in matter-free space (in the vacuum/ 
spacetime). The EM force field (in matter) is not the 
same as the "massfree" E-field in massfree spacetime. 
Ultimately, all that exists in spacetime are spacetime 
and changes to spacetime. 


We may accurately take the mass-free, force-free EM. 
field to be a pattern of spacetime curvatures. The 
coupling of this spacetime curvature set, or any part of 
it, with charged mass, then constitutes an EM force 
field. Again, the problem is the hoary old mechanics 
notion of having a separate massless force acting upon 
a separate mass. No such thing exists in all nature, and 
mechanics should have been rather thoroughly 
overhauled long ago as a result of this horrendous 
foundations of mechanics error that is centuries old. 


In present classical electrodynamics—certainly the 
kind taught to electrical engineers and used in the 
electrical engineering discipline—the EM potential 
{L15] }, field, and wave, as they truly exist in space and 
in the vacuum, are rigorously not prescribed at all. 
Instead, the effect of the "causal entity" as it exists in 
vacuum prior to interaction with charged mass, is used 
aif it were what exists in and on the charged mass as 
the effect of the interaction. (See Figure 5, Figure 6, 
and Figure 7). This substitution of the effect for the 
cause is arguably the greatest uncorrected error in 
classical electrodynamics today. It is a hangover from 
the old days of the material ether, and the refusal to 
change the Maxwell-Heaviside equations to eliminate 
that material ether assumption, once the Michelson- 
Morley experiments falsified it. This has long been 
known to foundations physicists, and to most of the 
better electrodynamicists as well. But it still seems to 
be known to very few electrical engineers! 


Many attempts have been made to “modify” the 
standard classical electrodynamics theory, but most 
have failed. For some reason, most of these attempted 
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modifications seem to have accepted the present 
“matter-to-matter transform” approach (Figure 8) of 
present electrodynamics, failing to see that the two 
missing transforms of matter-to-spacetime and 
spacetime-to-matter (Figure 9) are in fact just general 
relativity itself {{16], [17] } The solution for adding 
the missing two transforms into electrodynamics 
therefore may lie in “infolding” general relativity 
directly within electrodynamics, rather than placing the 
two on an equal footing. That requires the analysis of 
the supersystem rather than the system, a concept 
which will be discussed shortly. Figure 10 shows the 
utilization of the "vacuum engine" that results from this 
“infolded GR" solution. 


To our knowledge, the Sachs unified field theory {[18]. 
a,b,c,d,e} is presently the only practical unified field 
theory that can be directly engineered by higher 
symmetry electrodynamics, such as the O(3) group 
symmetry EM model advanced by Evans and Vigier 
and perfected by Evans {[19] }. The engineering 
power of Sachs' theory is remarkable {[20] }, and the O 
(3) electrodynamics has been shown by Evans to be an 
important subset of the unified electrodynamics in 
Sachs' theory. 


Let us examine that statement a little deeper. 


In classical electrodynamics the sources of all EM 
potentials, fields, waves, and their energies are 
assumed to be the charges—which are assumed to 
somehow act as perpetual motion machines that 
continuously create and pour out all that EM energy in 
the fields and potentials associated with the charge as 
their "source", This outpouring of 3-space energy 
comprising and establishing the associated potentials 
and fields eventually fills all space with energy. All 
the charges and dipoles present in the universe since 
shortly after its formation have done this for some 14 
billion years. 


Yet in classical EM—with all the existing charges in 
the universe implicitly assumed to continuously pour 
out energy into all of space, and most having done so 
for billions of years—inexplicably space is then 
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considered to be an emptiness having no interactive 
energetic exchange with the charge at all {{21] }. That 
of course is a non sequitur because it involves a total 
contradiction of the conservation of energy law. If 
there is no active energy in spacetime for the charged 
particle to receive and then output in 3-space, then the 
energy conservation is falsified by every charge and 
every dipole. 


In particle physics the inactive vacuum concept is 
known to be quite wrong, else the charge creates 
energy from nothing. That would violate the most 
sacrosanct law in physics: that energy can neither be 
created nor destroyed. So electrodynamics—both 
classical and quantum, neither of which contains the 
solution to this source charge problem—is in gross 
violation of conservation of energy laws, because it 
assumes that the charge is solely the source of its 
associated fields and potentials and their energy 

{ [22] } and that it accordingly creates all that energy it 
has poured out since the beginning of the universe. 


Presently the electrical engineer implicitly assumes 
total violation of the conservation of energy law with 
every equation he writes, and is blissfully unaware of it. 


Particle physicists, however, have done much better 
and published and incorporated their results, although 
inexplicably the mainstream electrodynamicists have 
not changed their own model accordingly. Particle 
physicists have known and shown for more than 40 
years that (i) space is a seething inferno of EM energy 
{(23]}, (ii) a charge continually undergoes a violent 
energy exchange (see Figure 11) with the vacuum EM 
flux. That exchange is what a charged mass is doing, 
to make it a “charged mass"), and (iii) the charge is a 
broken symmetry in that violent energetic flux of the 
vacuum. "Broken symmetry” means that the charge 
disrupts and alters part of that virtual particle flux to 
observable EM energy flux (see again Figures 5, 6. and 
7). The charge continually absorbs virtual energy from 
the vacuum, radiates some of that absorbed energy 
back to the vacuum in virtual form, but integrates and 
radiates the remainder in a flow of potentially 
observable energy—the energy flow discovered by 


bup:/lwww.cheniere.orghechpaperstifemicroscope. him (12 of 87)21.1.2004 17:48:47 


‘Novel Principles In The Rife Microscope 


Poynting ([24] } and Heaviside {[25] } after Maxwell 
was already deceased. 


So what does the source charge really do? It coheres, 
transduces, and gates some of its virtual energy {[26] } 
received from the vacuum, into an EM energy flow 
going out in all directions in 3-space from that source 
charge. Contrary to present electrodynamics, this 
energy flow is actually longitudinal and bidirectional 
{[27]. [28], [29] , [30]}, with energy going out in 3- 
space from the charge to every point in the universe, 
and with energy coming from every point in the 
universe back to the charge through the time domain. 
But as reinterpreted {22 b}, Whittaker {[31] } showed 
in 1903 that any such bidirectional EM flow of energy 
—reinterpreted with the input energy to the charge 
coming from the time-domain, and the output energy 
from the charge being emitted into 3-space, comprises 
a scalar potential. This also agrees with quantum field 
theory {[32] } 


See Figure 12. As it really exists in space, a scalar 
potential is a harmonic set of bidirectional EM energy 
flows, with the "bidirectional" EM waves being 
outgoing EM waves in 3-space caused by interaction 
with the source charge or dipole of incoming time- 
polarized EM waves. There is a set of outgoing EM 
longitudinal waves in ace, perfectly correlated with 
a set of incoming time-polarized EM waves in the time 
domain. Hence one time-polarized EM "causal" wave 
couples with one outgoing longitudinal EM wave in 3- 
space. It is this scalar EM wave coupling (combining) 
with longitudinal EM wave coupling, in a harmonic set 
of phase conjugate pairs, that constitutes the scalar EM 
potential. 


In short, all EM energy in 3-space comes from the time 
domain. 


After all, no observable persists continuously in time. 
Any observable is a frozen 3-space momentary 
snapshot of an ongoing 4-space interaction. It is the 
result of a d/dt operation imposed upon LLLT 
spacetime, to yield a momentary LLL by 
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d/dt(LLLT) => LLL 

What we see as the "motion of an object in 3-space" is 
actually the ensemble of a continual serial iteration of 
such "frozen 3-space snapshots" of each observable 
part of the object, much as the iterative frames of a 
movie film are seen as a continuously moving picture. 


In Whittaker's bidirectional energy flow associated 
with the source charge, electrodynamicists—including 
Whittaker himself—assumed that a point positive 
coulomb of charge is located at each and every point in 
space. (Figure 5, Figure 6, and Figure 7). A tiny bit of 
the impinging EM energy flow “from” the distant 
source charge {[33] } is geometrically intercepted and 
diverted by the observing/detecting point charge to 
streamline around it, creating a “swirl around” of 
diverted energy flow. As can be seen, only a tiny 
portion of the impinging and passing EM energy 
stream in 3-space is diverged into the swirl. This is 
rather like a small diverted whirlpool of water forming 
around a stable rock in a flowing river. In 
electrodynamics the amount of energy in that “diverged 
whirlpool” is said to be the “collected” energy 
appearing upon that point charge (upon that fixed 
rock). That amount of energy swirled by the 
intercepting point coulomb at a given point in space, is 
then erroneously said to be the magnitude of the 
potential (the magnitude of the entire river). It is no 
such thing. The small fraction of the potential that is 
diverted from the potential’s flowing rivers of energy, is 
not that the magnitude of that potential (the magnitude 
of the entire set of flowing rivers themselves!) And it 
is certainly not “identically” the river itself! At best it 
is a measure of the intensity of the potential (the local 
intensity of all those internal rivers of energy flow) at 
that point occupied by the intercepting/diverting rock. 


The point is, as defined and used in conventional 
electrodynamics, the potential occurs only after the 
vacuum EM entity’s reaction with the intercepting 
mass, and is defined only as the effect produced upon 
that coulomb by the causative potential's interaction. 
Literally, the potential (the cause) is erroneously 
defined as the “excitation” or “excess energy” it locally 
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produces as an effect upon a unit point intercepting/ 
collecting charge. 


Ironically, it appears that no electrodynami 
calculates the magnitude of the actual potential as it 
exists in vacuum-spacetime, before its interaction with 
charge {[34], [35] }. Its magnitude is enormous, since 
the potential may extend over alll space, and energy can 
be intercepted and collected by a charge placed at any 
point therein, or from charges placed at every point 
therein. 


Certainly no rigorous definition of the potential 
presently exists in physics; the reader is challenged to 
check for himself or herself. No legitimate definition 
can exist for the potential, until the little matter is 
resolved of its present erroneous definition only "in and 
on and deviated by" charged matter, contradicted by 
the simultaneous assumption that it does exist in mass- 
free space in undeviated form. What is deviated from 
the potential, is not the potential itself. A part of 
something torn out of that something at one point in 
itself, is not the whole. The local effect cannot be 
substituted for the entire nonlocal cause—only a small 
part of which interacts locally. 


The EM force field is similarly defined—only for 
charge mass interception, and only as an effect 
produced upon the intercepting charge. (See again 
Figures 5, 6, and 7.) A flow of water across a rock (or 
the wind on a rock in the desert) produces a “pileup” of 
fluid on the windward side, and a lesser “pileup” on the 
downwind side. The difference (called the “gradient”) 
in the energy density collected across the standard 
charge (rock) produces a “difference in pressure” on 
the rock—in other words, a force per interacting rock. 
That effect is erroneously taken to be the EM field 
itself, when rigorously it is only the reaction cross 
section of the EM field. Again, rigorously this EM 
field as defined in electrodynamics only exists as the 
effect that occurs upon an intercepting standard charge 
or "rock" {[36]}. 


Since the EM wave “in space” is erroneously said to be 
made of varying EM fields, it too is defined only as the 
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effect upon the intercepting charged mass, after the 
vacuum EM wave entity—whatever it has 
interacted with the charge and changed the charge 
translationally and energetically. Specifically, the 
present “EM wave in vacuum” in the literature is not at 
all what is presented and taught in undergraduate texts, 
and even the standard illustration of "oscillating E-field 
and B-field vectors" lateral to the line of motion of the 
wave is horribly wrong. E.g., Dr. Robert Romer, 
former editor of American Journal of Physics, has 
taken that error to task as follows { [37] }: 


that dreadful diagram purporting to 
show the electric and magnetic fields of a 
plane wave, as a function of position (and/ 
or time?) that besmirch the pages of 
almost every introductory book. ...it is a 
horrible diagram. ‘Misleading’ would be 
too kind a word; '‘wrong' is more 
accurate." "...perhaps then, for historical 
interest, [we should] find out how that 
diagram came to contaminate our 
literature in the first place." 


The EM field and wave as commonly regarded are 
transfer functions from the source charged masses that 
“perturbed the vacuum medium and created an 
unknown kind of disturbance therein”, onto the 
receiving charged masses that intercept the incoming 
“unknown vacuum wave entity that was created” and 
interact with it, being translated and perturbed as a 
result, 


This “detected” translation of the receiving charged 
masses (usually the interacting Drude electrons in a 
wire) is what our instruments detect. Indeed, the Drude 
electrons are highly constrained from moving 
longitudinally down the wire, usually moving at only a 
few inches per hour. They are much freer to move 
laterally, however, and can easily do so. 


Reacting with the incoming longitudinal EM wave 
perturbation of local spacetime, the spin of the electron 
produces gyroscopic precession laterally in the wire 
since the electron is terribly restrained in moving 
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longitudinally down the wire. Since our instruments 
detect these transverse electron precession waves, that 
has been totally confused (since Faraday's "plucked 
taut string" notion of the EM wave and Maxwell's 
arbitrary adoption of it) as representing the incoming 
wave in vacuum. It does not represent the vacuum EM 
wave at all; the incoming wave is in fact a longitudinal 
EM wave in 3-space, associated with a precisely 
correlated longitudinal EM wave in the time-domain, 


So we have answered Professor Romer's implied 
question. That horrible diagram came from the 
assumption by early electrodynamicists, before 
discovery of the electron or atom or nucleus, that the 
“transverse electric fluid waves" in the receiving wires 
represented actual "intercepted" fluid perturbations 
arriving in the material ether medium. 


In summary: Using a transmitter-receiver analysis, the 
so-called “EM wave in vacuum” as presently defined, 
actually represents that “detected and measured 
electron precession wave” in and of the reacting Drude 
electron gas in the distant receiving wire antenna. The 
so-called EM force field wave in vacuum has been 
erroneously defined as observable matter wiggles, not 
vacuum virtual energy wiggles and not as spacetime- 
curvature changes and wiggles. So even the present 
notion of the EM transverse wave in space is wrong, 
and it has been corrupted as a pure matter-to-matter 
transform from the beginning { [38] }. 


Somewhat less technical explanations are given by 
Lindsay and Margenau { [39] }, and a rigorous 
statement and discussion that EM force fields exist 
only in charged matter is given by Aharonov and Bohm 
{ [40] }. Feynman of course said it bluntly: Only the 
potential for the field exists in the vacuum, should one 
place a unit point charge there to allow the force field 
to be developed (on, of, and containing the source 
charge itself). 


Let us summarize this terrible EM foundations flaw: As 
classical electrodynamics presently is modeled, 
Maxwell and his modern followers only include 


equations which are mass-to-mass transformations 
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(Figure 8). Specifically missing { [41] } are two other 
transforms: (i) the mass-to-vacuum (mass-to- 
spacetime) transformation (which obviously is general 
relativistic in nature), and (ii) the yacuum-to-m: 
spacetime-to-mass) transformation (again, obviously 
general relativistic in nature). (See again Figure 9). 
When these two missing transforms are added back 
into electrodynamics, one has suddenly extended EM 
theory into a new domain. One has also infolded 
general relativity (GR) inside the present EM matter-to- 
matter transforms, and also included the vacuum 
interaction including broken symmetry in that 
exchange, but in an electromagnetically engineerable 
manner. In short, one has a practical, engineerable 
unified field theory. 


Highly creative inventors such as Rife and Prioré 
intuitively developed apparatuses that unwittingly 
utilized this presently undeveloped and extended union 
of EM, particle physics vacuum theory, and GR. The 
intuition of the theorists in interpreting those 
revolutionary experiments and their results has very 
seriously lagged. 


The Supersystem Concept 


To understand how extraordinary systems such 
as Rife's microscope works, one must understand the 
concept of the supersystem. (See Figure 13). The 
supersystem consists of three components, which are 
(1) the physical system and its dynamics, (2) the local 
active vacuum and its dynamics, and (3) the local 
curvatures of spacetime and their dynamics. All three 
components of the supersystem interact with one 
another, in nature. The second and third components 
of the system constitute the active environment in 
which the system is embedded, and with which it 
interacts. 


Unfortunately, in standard classical electrodynamics 
either the system's environment is assumed to be inert, 
or the system is assumed to be in equilibrium in its 
interaction with that environment. This represents a 
totally arbitrary assumption that the system cannot 
receive and utilize any excess energy from its known 
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active environment. Hence the active vacuum's 
interaction with the system can be and is ignored by 
classical electromagnetics, as are the local curvatures 
of spacetime and their interactions with the system. 


Extraordinary EM systems invariably involve the 
supersystem dynamics, and not just the system. 
dynamics. Jn nature, no system analysis is complete 
until the supersystem interactions and their effects have 
been determined and analyzed. 


The Rife microscope is indeed an extraordinary system 
using non-negligible interactions between the system 
and the other two components of its supersystem. 
Hence in our discussions, we will be examining 
interactions in that regime, and not just the standard 
electrodynamics analysis. In these discussions, we will 
be holding in mind not just the mass-to-mass 
transforms of standard electrodynamics, but two other 
transforms: (1) the mass-to-vacuum/spacetime 
transform, and (2) the vacuum/spacetime to matter 
transform (previously shown in Figure 9). 


The reason that Rife's work has not been understood is 
that researchers have been unaware of the necessity for 
supersystem analysis. Almost all analyses of Rife’s 
work have been merely standard classical EM analysis 
and thus quite insufficient. There are other examples 
of the standard electrodynamics model completely 
failing to show higher symmetry phenomenology in an 
inventor's work, so that his work is not understood 
even today. An example is provided by Tesla’s 
patented circuits, as rigorously demonstrated by Barrett 
{ [42] }. Barrett went on to improve the new functions 
discovered in Tesla's patents, and obtained two 
additional patents related to signals and signal 
processing { [43] }. 


Vacuum-Structurings as “Engines”: Key Part of 
the Missing Transforms 


The missing mass-to-vacuum/spacetime transformation 
produces a massless structuring of the vacuum 
medium. That is a vacuum engine or “multiplex of 
specific spacetime curvatures.” (See Figure 14, Figure 
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15, Figure 16, Figure 17), and Figure 18. Preparing the 
vacuum engine is accomplished by charged matter 
dynamics of the source charges producing the 
necessary potentials, fields and waves. The charges are 
embedded in continual energetic exchange with the 
vacuum/spacetime, and moving the charges affects that 
exchange; it perturbs the local vacuum flux and curves 
the local spacetime accordingly. 


The transform represents producing this vacuum engine 
by the vacuum-perturbing action of source charge 
dynamics upon the vacuum, and by not assuming a 
mystical intercepting point-charge at each point in 
space { [44] }. In the vacuum/spacetime, only vacuum/ 
spacetime entities and changes to them exist. Jn pure 
water, only water and changes to that water exist! 


So a precise dynamic structuring of the energetic 
vacuum (and spacetime geometry) is what charges 
produce when they “perturb” the vacuum medium 

{ [45] }, by the presence or dynamics of their fields, 
longitudinal and time-polarized EM waves, or both. 
This "perturbed vacuum dynamics" separate from the 
source charges themselves comprises an engine that 
consists of altered longitudinal EM wave dynamics 
inside the internal Whittaker structure { [46] } of the 
scalar potential of the ambient vacuum. That is the 
same as also producing internested levels of spacetime 
curvatures in a template or specific pattern { [47] }. 


In turn, this vacuum engine region of local curvatures 
and structurings in spacetime will interact upon any 
mass placed therein. That action is the missing 
electrodynamic vacuum-to-mass transform. 


The missing electrodynamic vacuum-to-mass 
transformation produces direct changes and alterations 
in the “receiving” mass, at all levels, by the action of 
such a vacuum engine. As each action occurs locally 
in the localized receiving mass, it produces the "local 
effect" as the result of that “local action.” The primary 
causative chain (i.e., the set of “dominoes” affecting 
each other serially), started back at the distant source 
charges. One can say that we therefore have mass-to- 
mass action at a distance, via the matter-to-vacuum 
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and vacuum-to-mass intermediary transforms and the 
spatial and temporal propagation of the vacuum 
engines in the middle of the two { [48] }. We will 
shortly discuss the Whittaker structuring of the 
potential as a fundamental process for producing 
vacuum engines. 


General relativists mostly concentrate upon the 
warping and curving of spacetime (i.e., producing a 
vacuum engine) by the very weak gravitational forcee— 
which is only some 10 4? times as strong for electrons 
as the electric force between them. Consequently, 
relativists must look to huge assemblages of mass, such 
as in stars and other astronomical objects, for sufficient 
gravitationally-induced spacetime curvature to produce 
easily observable results. For that reason, general 
relativity has resisted laboratory development as an 
engineerable applied science. By using the far stronger 
EM force as the agent of spacetime curvature, and 
including the infolded electrodynamics inside the 
potential, field, and wave, general relativity then 
becomes engineerable and usable. But one is 
engineering the supersystem, not just the system. 


The Infolded Electrodynamics Inside Potentials, 
Fields, and Waves 


As previously stated, in 1903 E. T. Whittaker, a 
well-known mathematical physicist, showed that a 
scalar potential can be mathematically decomposed 
into a set of peculiar EM wavepairs in a harmonic set. 
(Again see Figure 12) These “hidden waves” are 
longitudinal EM waves, arranged in conjugate pairs 
{ [49] } with the pairs also arranged in a harmonic set. 
In each wavepair, there is an ordinary (forward-time) 
longitudinal EM wave (outgoing in 3-space from the 
interacting/observing charge), coupled to its phase 
conjugate replica (time-reversed twin). 


And here lies a magic secret. Prior to interacting with a 
charge, the phase conjugate wave in each wavepair is 
in the complex domain, which means that in 
Minkowski space it is incoming along the fourth axis, 
ict, where the only variable is t. Hence this wave prior 
to interaction with charge does not even exist in 3- 
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space. Instead, it exists as a longitudinal EM wave 
incoming in time, so that it is a time-like flow of EM 
energy. (See Figure 19). After interaction with a 
charge, the charge absorbs the incoming time-polarized 
EM wave, transduces that time-energy to 3-spatial 
energy, and re-emits the energy as longitudinal EM 
waves in 3-space in all directions. "In all directions" 
means that for every outgoing longitudinal EM wave 
emitted in one direction in 3-space, another wave just 
like it also emitted in the other direction in 3-space. So 
the paired "bidirectional" EM longitudinal EM waves 
in 3-space, as interpreted by Whittaker, do exist as the 
effect waves caused by the incoming causal time-like 
longitudinal EM waves (scalar EM waves). The 
pairing of the causal time-polarized EM incoming 
wave with an outgoing effect longitudinal EM wave 
was not interpreted by Whittaker, but does agree with 
more modern quantum field theory interpretations of 
photon pola ions and their observability or non 
observability, by Mandl and Shaw {22b}. 


We have corrected this "effect substituted for the 
cause" wave to reinterpret Whittaker's 1903 
decomposition of the scalar potential, into combined 
biwaves where one of the biwaves is incoming in the 
time domain, and the other is outgoing in 3-space. 
That re-interpretation then allowed a solution {22a} to 
the problem of the source charge and its associated 
fields and potentials, together with their energy. Every 
source charge and source dipole continuously emits 
EM energy in 3-space, without any 3-spatial EM 
energy input. The input is there, but in the time- 
domain. This problem—resolved by the present author 
in 2000—has been called the most difficult problem in 
quantum and classical electromagnetics (30 }. 


Because of observed parity reversal accompanying the 
time-reversal operation, in his forward-time, the 
observer “sees” —after interacting the incoming wave 
with charge—the effect of the incoming time-reversed 
or phase conjugate wave (entering from the time 
domain) as a 3-space longitudinal EM wave leaving in 
the opposite spatial direction. So the basic 4-space 
phase conjugate longitudinal wavepair would appear to 
us in forward time as a “regular” time-forward 
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longitudinal EM wavepair in 3-space, with the two 
waves going outward in opposite directions. But each 
is accompanied by a time-polarized EM wave, else it 
would not be observable. 


Further, there is a harmonic series of such 
bidirectional longitudinal wavepairs comprising the 
scalar potential. So the staid old electrostatic potential 
(i) is not a "scalar entity" at all { [50] }, (ii) is a bundle 
of longitudinal wavepairs, (iii) is an entity with a 
remarkable internal hidden multiwave structures and 
dynamics, (iv) is a composite of very special waves 
whose transverse amplitude (i.e., whose spatial energy 
density, which is a function of transverse amplitude 
squared) does not change, but whose transported time 
structure changes, and (v) therefore is a special kind of 
wave that is velocity modulated about some central 
velocity, and is not limited to the speed of light c. 
Indeed, in classical electrodynamics in the Coulomb 
gauge, the scalar potential is already recognized as 
having infinite velocity, merely appearing in space 
instantly at every point it occupies { [51] }. 


We also state without elaboration that the active 
vacuum is identically a very huge scalar potential, as 
indeed is “spacetime geometry”. So a unifying 
principle is: 


vacuum = spacetime = potential = energy 


(152) } 


Further, as a potential, the “ambient” vacuum. 
decomposes into an incredibly rich, internal Whittaker 
wave structure. So then also must spacetime and 
energy similarly decompose. That decomposition 
structure is even richer when higher symmetry O(3) 
EM is used instead of the lower symmetry U(1) EM 
employed by Whittaker. 


A revolution in electrodynamics has recently 
begun, and central to that revolution is the strong 
appearance of longitudinal EM waves as essentially the 
basis for the emerging new electrodynamics. Work by 
Evans { [53] }, Barrett { [54] }, Ziolkowski { [55] }, 
Evans { [56] }, Rodrigues {57}, and others is 
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fundamental in this respect. One part of this emerging 
new electrodynamics is advanced under the label of 
undistorted progressive waves (UPWs). A good 
summary of UPW theory is given by Rodrigues and Lu 
{ [57] }. Even so, to date this body of work still 
largely ignores the internal Whittaker dynamics 

{ [58] } inside an EM wave. The body of work— 
particularly the higher symmetry O(3) electrodynamics 
pioneered by Evans {56} inherently possesses the 
capability to model such structuring, since much of it 
utilizes a higher topology algebra such as quaternions 

{ [59] } or even Clifford algebra { [60] } In those 
higher algebras, many electrodynamic things can be 
done outside the operations permitted by present vector 
and tensor electrodynamics. 


Superpotentials and Superpotential Theory 


Whittaker’s 1904 paper { [61] } showed that all 
the “normal” electrodynamics was based on, and 
created by, the interference of scalar potential functions 
(ie., by the interference of those multiwave 
longitudinal wavepairs and their dynamics { [62] } 
constituting the interfering scalar potentials.) He 
showed that any EM field or wave whatsoever can be 
replaced by two scalar potential functions—in fact, is 
comprised of those two scalar potential functions and is 
created by them. Scalar potential interferometry 
already creates all the “normal” EM in the textbooks 
anyway, and a proof has been given by Evans et al. 


{1631}. 


The 1904 paper by Whittaker initiated a 
somewhat obscure branch of electrodynamics referred 
to as superpotential theory { [64] }. Whittaker’s work 
was further extended and augmented by later scientists 
such as Righi { [65] }, Debye { [66] }, Bromwich 
{ [67] }, Nisbet { [68] }, McCrea { [69] }, etc. But 
even with the extended superpotential theory, without 
the addition of Whittaker 1903 and the substructuring 
“internal LW electrodynamics" one cannot understand 
the mechanism for what Rife was actually doing. 


Rife was not using normal potentials and normal E and 
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H fields—which as we discussed, only apply to 
observable material entities anyhow and thus could not 
be used to “see” far below the quantum threshold of 
least detectable material disturbance. His entire 
protocol was to get beyond those “material 
interception of EM energy” limitations. Unwittingly, 
Rife was using vacuum engines—involving structuring 
of the active vacuum as well as pure general relativity 
(GR) and pure structurings of spacetime geometry 
itself. He was electromagnetically using that part of 
GR that the GR physicists have mostly only tried to 
produce by use of the weak gravitational force. In GR, 
the ST geometry itself is active, dynamic, energetic, 
and structuring! In higher symmetry electrodynamics, 
the ST geometry itself is powerfully active, dynamic, 
energetic, and structuring! It is not at all just a 
“passive spacetime" as classical electrodynamics 


assumes { [70] }. 


Biological Systems Use the Infolded Whittaker- 
Type Electrodynamics 


The problem in the Rife microscope is to be able to 
observe very subtle ST curvatures and patterns, in an 
optical manner. These subtle or virtual "disturbances" 
of local spacetime are far finer and smaller than the 
one-tenth wavelength optical resolution generally the 
limit for optical microscopes using conventional optical 
EM notions and “material” potentials, fields, and 
waves. 


In short, Rife’s twofold problem was to (i) function 
with vacuum engines (internal structuring of the 
potentials) so he could penetrate to any degree of 
smallness, and (ii) output, in the observable state, exact 
visible summations and analogues of the individual 
structures detected in the virtual (nonobservable) state 


{ {711 }. 


To make the subtle vacuum engines observable on the 
bench, the ST curvatures and their internested 
patterning must be accomplished by making and 
assembling local curvatures of ST, via making 
longitudinal EM wavepairs in structural pattern 
assemblies. Spacetime is in fact just a powerful scalar 
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potential, or can be modeled as such, and as such 
Whittaker 1903 and 1904 rigorously applies, along 
with extensions from higher symmetry 
electrodynamics. By realizing that ST is identically 
potential, one has altered one's thinking from the 
standard GR theory into a correlated EM-GR theory. 
One has also extended GR: Not only is there a 
“topology” of things that can be externally done to a 
base spacetime, but there is also a hidden, vast EM 
topology within any overall base spacetime. So we 
now have “topologies within topologies.” This is in 
fact what the Russians have long called the information 
content of the field. 


However, all living systems already use this "infolded" 
bidirectional, longitudinal wavepair EM in their 
ongoing living functions { [72] }. Just as they used 
frequency modulation, EM signals, EM oscillations, 
etc. before we even had an electrodynamics or a 
physics, living systems do use the infolded EM (and 
vacuum engines) in all their living functions, and 
particularly in their cellular regeneration and 
restoration (R&R) system { [73] }, as contrasted to 
their immune system. The immune system cells are the 
fighters and the debris scavengers/cleaners. They go 
after the hostile invaders, fight them, and usually win— 
littering the battlefield with the debris. Then the 
immune system scavenger cells clean up the residue. 


But many of the body’s cells will have been 
damaged in the fight. The immune system itself cannot 
heal or restore a single damaged cell, even its own! It is 
nota healer! Itis a searcher, a marker, a killer, and a 
residue-cleaner. It contains " the troops and the combat 
engineer," so to speak, but not the hospitals and the 
doctors, All healing/restoration of living cells is done 
by the R&R system, not by the immune system. 


A high-level overview of the immune system is 
given in Figure 20. 


No vaccine, drug, herb, vitamin, or mineral 
heals the body, although certainly they can enhance or 
aid the body's healing process. Each does carry its 

individual resident vacuum engine, and when absorbed 
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by the cell, this added vacuum engine contributes to the 
resident vacuum engine in the cell by summing with it. 
To restore the damaged cells back to normal (i., to 
heal), the R&R system uses a novel kind of extended 
electrodynamics with infolded vacuum engines, and it 
uses a novel kind of optical phase conjugate pumping, 
in the time domain rather than just 3-space. The magic 
“unified field theory” so long sought by scientists, has 
long been utilized by the regeneration and restoration 
system of the body in its minute-to-minute and day-to- 
day healing and restoring actions. 


The magic "universal healing mechanism" so 
long evading the discovery of medical scientists is none 
other than the exact cellular regenerative mechanism 
universally used by every living organism. For the first 
time, we are explaining the higher symmetry 
electromagnetic nature of this mechanism. 


Robert Becker's epochal work {_[74] } (Figure 
21, Figure 22) strongly probed the electromagnetic 
control system directing the body's cellular 
regeneration and repair (R&R) system. However, he 
did not have available the infolded Whittaker 
electrodynamics. He could only utilize the grossly 
inadequate standard electrodynamics. Modern 
nonlinear phase conjugate optics had not yet been born 
when Becker did most of his seminal work. 


Since standard EM does not incorporate infolded GR, 
vacuum engines, or optical pumping in the time 
domain, Becker could not formulate the full technical 
mechanism of the R&R system —which uses the 
supersystem, not just the system, But Becker did 
strongly point out the importance of the R&R system, 
both theoretically and experimentally. He found that it 
operated electrically, with the scalar potentials being 
key. He modeled the R&R system as closely as can be 
done with classical U(1) electromagnetics (Figure 22). 
He proved that cells can be dedifferentiated (reversed 
back to an earlier, more primitive state) and 
redifferentiated (time-forwarded into a more complex 
state) by weak DC potentials and laughably weak 
(picoamperes) of current. He was twice nominated for 
a Nobel prize for his epochal work. His method of 
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electromagnetic healing of otherwise intractable bone 
fractures (Figure 21) is utilized today in many hospitals. 


In his microscope, Rife was in pursuit of optically 
"seeing" the infolded electrodynamics functioning of 
the living cells in the most minute detail—i.e., he 
wished to see the actual vacuum engines and their 
functions. Using the infolded EM, one can still "see" 
the cells and all their parts, but one can also go far 
beyond the one-tenth wavelength optical discrimination 
limitation and see into the virtual state dynamics. In 
theory, because the infolded EM is recursive as a 
function of wavelength, one can go to any limit in 
smallness desired—or at least to whatever limit is 
determined by the available technology's development 


at the time { [75] }. 


Vlail Kaznacheyev's novel electromagnetic induction 
of cellular death, disease, and damage, at a distance, is 
instructive in this respect { [76] }. (Figure 23) Indeed, 
the Russians mastered, extended, and weaponized the 
Kaznacheyev mechanisms as disease-inducing 
weaponry, and slyly used it at low level on personnel in 
the U.S. Embassy in Moscow (Figure 24). This was 
done to stimulate high level officials in the U.S. 
government and U.S. scientific community to see if the 
U.S. knew of this "infolded electrodynamics and 
vacuum engine" technology { [77] }. The Russians 
were using GR, but by infolded EM means—so they 
were using a unified field theory involving higher 
group symmetry electrodynamics. The puzzled U.S. 
employed only standard U(1) symmetry 
electrodynamic analysis { [78] }, so it totally missed 
the entire physics of what was occurring to cause the 
health changes and diseases. 


In GR, one is very interested in Wheeler's principle 
which states (slightly paraphrased): 


Mass (trapped energy) acts upon ST 
geometry to curve it, and curved ST acts 
upon mass to produce forces upon it and 
move it. 


This statement after Wheeler is the very essence 
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of general relativity. It simply states that there is a 
mass-to-spacetime dynamic transform, and also a 
spacetime-to-mass dynamic transform, as we 
diagrammatically showed in Figure 9. 


Understanding Vacuum Engines and Their 
Action 


Wheeler's general relativity principle includes the 
missing two transforms of electro-dynamics. We are 
extending Wheeler’s principle to the corollary form: 


All levels of the structures of mass (trapped energy 
structures) and all levels of the structures of time (the 
time aspects of photon structures) act upon ST 
geometry to structure it in both 3-spatial energy density 
structuring and in time domain structuring. Producing 
this multilevel spatial and temporal structuring of 
spacetime is called “forming a vacuum engine.” Both 
3-spatial energy density structuring of spacetime at all 
levels and time structuring of spacetime at all levels, 
act upon mass at all levels, to produce internested 
templates of forces and translations and stresses. 


In short, energy patterns and time patterns in 3- 
space act upon spacetime to produce patterned 
curvatures of ST geometry (vacuum engines). And 
conversely, patterned curvatures of spacetime geometry 
(vacuum engines) act upon mass to produce 
corresponding patterns of forces at all levels in the mass 
—down to and including upon the quarks and gluons in 
the nucleons in the atomic nuclei. We note with 
pleasure that the Sachs unified field theory does apply 
from the gluons to the entire universe, as has been 
shown by Sachs himself {18b}. 


Muscle and Skeleton Analogy of Interaction of 
‘Vacuum Engine and Mass 


We call attention again to our analogy (Figures 15, 16, 
17, and 18) of the interaction of a vacuum engine and 
mass, provided by the interaction of arm muscles and 
the skeletal arm bones to which they are attached. The 
arm muscles attach to the arm's skeletal bones, and 
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those bones are articulated and free to dynamically 
move. To the bones, the muscles are mysterious agents 
(analogous to vacuum engines) exerting forces upon 
them, and causing them to move or hold. To the 
muscles, the bones are positioned resisting masses for 
them to work upon and change their positions, and the 
bones exert Newtonian reaction forces back upon the 
muscles as the muscles apply forces to the bones. So 
the vacuum engines (muscles) create forces upon the 
resisting masses (bones) to move them, and the masses 
act back upon the causative vacuum engines to create 


antiforces in resistance. 


Using this analogy, when we create a set of 
vacuum engines, we create a set of “mysterious 
muscles” that act directly upon any and all 
“masses” (bones) that are exposed to them. The bones 
then change and move until the bidirectional 
interaction forces are balanced (equal and opposite). 
This symmetry between the two missing transforms is 
shown in Figure 9. 


The Multilevel Structuring of Time is Important 


We also add the extension that dynamic 
structuring in the time stream also occurs from trapped 
time domain “time component” structuring and 
distribution effects, as well as dynamic structuring of 
the spatial energy density of the ST geometry (the 
vacuum). 


We are speaking relativistically of the interaction of 
mass and spacetime at any and all levels of a mass, 
down to and including the molecules, the atoms, the 
atomic nuclei, the nucleons, and even the quarks 
comprising the nucleons (comprising the protons and 
neutrons). One must first clearly have this vision in 
mind: The dynamics of everything ongoing in that 
mass, down to the most minute particle dynamics and 
in the most minute detail (and far into the virtual state 
beyond the one-tenth wavelength limitation of light 
resolution) consists of the structurings of this "mass-ST 
curvature" mutual interaction. 


So we know from general relativity that collections of 
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energy (such as mass) act directly upon spacetime, its 
structuring, and its dynamics at any and all levels, 
down to the tiniest. We know that the variations in 
local spacetime geometry (including in both energy and 
time), down to any and all levels and sizes, down to the 
tiniest conceivable lengths, act directly upon any and 
all exposed mass at that level, no matter how tiny. 


There is no “quantum” limitation nor is there any 
“wavelength of light” limitation to this GR process. 
Total continuity applies. 


Some Characteristics of Vacuum Engines 


The great advantage of a vacuum engine is that the 

‘action it produces upon an exposed mass, arises 
directly from within each point in the local spacetime 
in which the mass is embedded. One does not have to 
"start outside" and move through space and the 
intervening mass toward the "inside". Every point 
within an object occupies every point in time, a priori. 
From a single time-point, the vacuum engine's 3-space 
action enters everywhere within the object, all-at-once, 
and the 3-space effects proceed outward from each 
interior point. (See again Figure 19). Therefore even a 
weak vacuum engine induced by EM forces can do 
with ridiculous ease what the most powerful particle 
accelerators on Earth cannot do. The engine is already 
everywhere "inside" an object or particle, and working 
from every point in it, toward an outward direction. On 
the other hand, a particle accelerator is trying to build 
tremendous velocity of its particles so that they can 

smash" their way in there, by brute force. To get ever 
deeper, the particle accelerator must be made ever 
larger, so that a "bigger hammer" is available. Also, 
the vacuum engine does not smash or damage any of 
the matter in the object, in any fashion not desired. 
The particle accelerator, on the other hand, is a great 
disruptor and may well destroy or serious change the 
very object it "probes". 


Further, contrary to the accelerator's "one shot for one 
giant amount of energy input", a vacuum engine—once 
formed—continually exists in that locally altered 
spacetime and is contained in it and is sustained by it. 
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Hence that locally altered spacetime—after we pay to 
alter it once—will continuously expend energy in the 
form of the action of that vacuum energy, forever, upon 
any mass emplaced in that local spacetime. The 
universe itself is furnishing the energy to do the work, 
via the instantaneous connection in the time domain. 


That "multiply connected space" entry everywhere 
within an object simultaneously, is quite different from. 
‘spatial propagation of energy" through singly- 
connected space from outside an object to the object, 
striking the outside of a mass and being absorbed, 
producing a gross translation force upon the mass. In 
the “energy propagation through space” case, severe 
energy interaction may occur with only the absorbing 
part of a macroscopic mass, while the remainder of the 
mass is little affected or not at all. To wit, one does not 
get the resulting electronuclear alterations of the 
nucleus (materialization, dematerialization, 
transmutation, etc.) by absorbed propagated “normal” 
EM radiation. However, with weak EM-induced 
vacuum engines one can do things inside the nucleus 
such as easily flip quarks inside the nucleons, so that 
transmutations at very weak spatial energy levels are 
readily obtained. This in fact turned out to be the 
major secret of the low-energy nuclear transmutations 
occurring in some 600 cold fusion experiments 


worldwide { [79] }. 


Electrodynamic force fields implicitly define primarily 
only translation effects upon charges or masses, in their 
very definitions. With normal EM, usually one will get 
reradiation of the absorbed energy, or partial 
reradiation of the absorbed energy accompanied with 
recoil of the absorbing mass, or no reradiation but 
recoil of the mass. 


We took the term vacuum engine from Misner, Thorne, 
and Wheeler { [80] } and also from Nobelist T. D. Lee 
{ [81] } who spoke of this sort of thing as vacuum 
engineering. The term is not original with us; only the 
novel higher symmetry electrodynamics application of 
the concept is original. We call the exact geometrical 
form of a vacuum engine a template. We refer to the 
process of internally structuring a field, wave, or 
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potential as dimensioning or activating or conditioning 
or charging up the field, wave, or potential. Russian 
superpotential weapon scientists call the infolded 
structuring itself the information content of the field. 
For further discussion of some of these terms and 
related concepts, the reader is referred to our website, 
www.cheniere.org. 


Wheeler's GR principle says that, for every mass with 
its exact mass structural dynamics condition, there 
exists a corresponding exact vacuum engine template 
containing precise spacetime curvature structural 
dynamics, and interacting back upon the dynamic mass 
atall levels. That vacuum engine is said to be resident 
in the mass and continuously interacting with it (see 
again Figure 13 on the supersystem). 


Again, the structuring of the vacuum engine has no 
limitation in fineness, because spacetime is 
continuous. Hence it freely extends from the 
observable realm on down into the virtual realm. This 
is no more audacious than stating that virtual and 
observable entities occupy the same time domain 
simultaneously. Obviously, if one is using the 
structuring of time, one gathers in both those virtual 
structures and those observable structures, and also the 
exact correlation between them. This is a direct 
engineering application of an EM hidden variable 


theory, somewhat similar to that proposed by David 
Bohm { [82] }. 


Applying Vacuum Engines to Living Cells 


Any normal cell already has a normal template of 
overall ST curvature due to its mass and trapped energy 
structures. No matter how small, every internal part of 
that cell has its own subcomponent template of 
subcomponent ST curvatures embedded in that overall 
cellular ST curvature. As the cell functions, the 
dynamic normal changes of that template into other 
related templates, is within the range of what we call 
“normal, healthy cellular functioning." 


Any abnormal cell has an abnormal template and also 
an abnormal set of "templating" changes. In other 
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words, there exists a precise vacuum engine delta in the 
abnormal cell, summed to the cell’s normal vacuum 
engine. The sum engine represents the exact vacuum 
engine to act on the normal cell and change it to that 
precise abnormal condition. 


But a template depends upon the energy density 
structuring of the local vacuum and also the local time 
structuring—which latter is still missing from physics 
books, but is implicit in the nature of the photon. If 
one produces the necessary energy structuring and 
density—and the necessary time structuring and 
density of local ST geometry—one produces a certain 
vacuum engine and one also produce a certain template 
of time structuring. Time { [83] } has dynamic 
template structuring and functioning, just as does the 3- 
spatial energy density of ST geometry. 


Indeed, the total (virtual and observable) photon 
interaction with a mass or particle generates the "flow 
of that mass or particle through time” (Figure 25). 


But one can make vacuum engines using EM energy 
and structuring, rather than with normal gravitational 
(G) energy and structuring { [84] }. The advantage is 
that, for electrons, the EM structuring is on the order of 
10#2 times as strong as the G structuring. For proton: 
the EM force is something like 1038 times as strong as 
the G force. So by using the much stronger EM force 
as the “agent of ST curvature,” one can make vacuum 
engines that are quite strong at their local level. These 
engines will affect and profoundly change any exposed 
mass, including cellular mass—in any fashion desired, 
given only that one makes the appropriate vacuum 
engine. Again, we are simply engineering practical but 
ultra-strong general relativity on the laboratory bench, 
by electromagnetically engineering Wheeler's principle 
in an extended form. 


For any physical cellular deviation from normal—any 
deviation whatsoever—a corresponding exact deviation 
(ie., an exact delta) exists in the cell's otherwise 
normal vacuum engine template. This includes 
deviations in the genetics of the cell and everything 
else, not just the chemistry and gross physical structure. 
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Now if one could produce the negative (time-reversal) 
of the sum template of the resident vacuum engine and 
amplify it, one would have a powerful new type of 
vacuum engine. (Figure 26) It would be an exact 
vacuum anti-engine to act upon that specific diseased 
or abnormal condition of the cell and gradually erase 
the delta and bring the cell physically back to normal. 
The new anti-engine would operate upon all the mass 
of the cell, at every level no matter how small. It 
would change the cell’s abnormal genetics back to 
normal genetics. 


One could of course reverse cellular damage due to 
aging, and rejuvenate the body. It is quite doable; all 
that is needed are the funds, scientific team, and 
laboratory facilities to develop it. It is doable 
whenever the U.S. medical science community and the 
giant pharmaceutical community will allow it to be 
done. 


One could reverse a cancer cell back to a normal cell, 
by applying the specific summation vacuum antiengine 
for the exact delta between the cancer cell and a normal 
cell. 


One could reverse an AIDS cell back to a normal cell 
with normal genetics, where it no longer was an "HIV 
factory". An AIDS patient could be completely, 
quickly, and cheaply cured, the moment he or she 
tested HIV positive. There would be no need to wait 
for the debilitations of the progressing disease to 
appear. Not a single HIV-infected cell would be left in 
the body, even those resistant strains that have 
developed after the original infection. 


One could do precisely the same thing with Ebola 
infections, and with the “tough” staph infections that 
now resist everything and are killing more than 120 
thousand Americans in our hospitals every year, with 
the figures rising. These are patients who did not have 
the disease that killed them, when they entered the 
hospital. 


With development of portable treatment units and mass 
production, one could treat and heal those millions of 


echpapersiifemieroscope-htm (35 of 87)21.1.2004 17:48:47 


‘Novel Principles In The Rife Microscope 


mass casualties that could well erupt in one or more 
large U.S. city areas—e.g., from an Iraqi-sponsored 
terrorist biological warfare (BW) strike, using anthrax 
{ [85]). In 1998, we proposed a crash development of 
just such portable units { [86] }. With the present 
world situation, it is not a matter of if such terrorist BW. 
strikes will be made in the U.S., it is a matter of when 

{ [87] }. Since our 1998 proposal, there has now been 
time to have had those portable units developed and 
mass-produced, at a total program cost of perhaps $100 
million. Sadly, no one apparently had the foggiest 
notion of what was actually being proposed, and its 
vital importance to the survival of the nation. With a 
looming war in the MidEast—and with hordes of 
terrorist teams with biological warfare agents already 
infiltrated into U.S. cities and population centers—this 
negligence is particularly of concern at this very 
moment. These officially-forecast attacks on our cities 
by weapons of mass destruction could now be 
imminent, if and when the MidEast does explode into 
war, which appears imminent. 


The Process Has Been Experimentally Proven 


A very similar thing is also what Becker 
{ [88] } demonstrated, without considering the vacuum 
engine (general relativistic curvature of spacetime) 
effects. It is also precisely what Prioré { [89] } 
unwittingly did in France, with a team of renowned 
French scientists, to cure terminal cancers, 
atherosclerosis, lethal infectious diseases, etc. in 
laboratory animals under rigorous scientific protocols. 
The team also demonstrated the restoration of 
suppressed immune systems. 


In Germany, Popp { [90] } ef al. were also 
involved in studies dealing with the R&R system, but 
from a quantum electrodynamics viewpoint. 


We can also consider the vacuum engine from a 
nonlinear optics view, and obtain startling extensions 
of both general relativity and nonlinear phase conjugate 
optics. That in fact is exactly what Prioré did, though 
he did not think in those terms. Prioré roughly created 
a complex set of bidirectional longitudinal EM 
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wavepairs—i.e., a set of “time domain pump waves.” 
So he produced a kind of vacuum engine that itself is a 
crude anti-engine generator when used to pump a mass 
such as a living cell. 


Prioré unwittingly used an extension to nonlinear 
optical (NLO) phase conjugation before nonlinear 
phase conjugate optics was even born. Pumping 
diseased cells in the Prioré manner causes the 
formation of exact "antiengines" for the specific 
cellular disease or disorder to be created in the cells 
themselves. 


First, Prioré mixed up to 17 or so EM transverse waves 
in a rotating plasma { [91] }. Today we know that such 
a plasma will transform transverse radiations into 
longitudinal radiations, and it will also phase conjugate 
the input waves and add their phase conjugate replicas. 
In short, it is a procedure for somewhat crudely making 
a set of longitudinal bidirectional EM wavepairs, which 
is required to produce a scalar potential with a 
deterministic internal structuring. In short, it produces 
a scalar potential with an internal vacuum engine 
template. 


‘These infolded longitudinal biwaves are NLO pump 
waves of a new kind: They pump the PCM material in 
the time domain only. This kind of pumping is a 
vacuum antiengine-making process. 


The plasma tube was surrounded by a giant 
coil, and a pulsed magnetic field was produced by the 
coil. Per Whittaker’s 1904 paper, that pulsed DC 
magnetic field can be decomposed into two scalar 
potentials. Hence we have three potentials 
superposing: (1) the potential function set made by 
Prioré in his plasma tube, and containing a selected 
“vacuum antiengine maker” consisting of bidirectional 
pump waves in the time domain, and (2 and 3) the two 
Whittaker potential functions comprising the DC 
pulsed magnetic field of the coil. 


The end result of this superposition/mixing of 
potentials is that their “internal structures”—including 
their vacuum engines—also diffuse one into the other. 
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Fundamentally, Prioré produced what to the observer 
seemed just a pulsed DC magnetic field, but one in 
which there was a specific “vacuum engine maker” of 
his deliberate creation and “tailoring.” Originally by 
trial and error, he adjusted the 17 frequencies 
introduced to the plasma, thus varying the frequencies 
of the “infolded bidirectional pump waves” produced 
and infolded into the pulsed DC magnetic field carrier. 
In this manner he was “tuning the “vacuum antiengine- 
maker” content, 


Again, Russian energetics weapons scientists 
call those vacuum engine templates the information 
content of the field. They do not refer to ordinary 
spectral analysis. 


Explaining the Time-Pumping Vacuum Anti- 
Engine Maker 


Irradiating the cell (with non-ionizing radiation) 
containing infolded specific bidirectional longitudinal 
waves, precisely corresponds to pumping the cells in 
the time domain, rather than pumping them in the 
“spatial energy distribution” domain. Because of the 
shift of the pumping from the 3-space domain to the 
time domain, this constitutes a dramatic extension of 
phase conjugate optics. Because of the amplified phase 
conjugating action of the “vacuum antiengine maker” 
upon the vacuum engine in a mass, this also constitutes 
a dramatic extension of general relativity and of four- 
wave mixing theory. Let us explain brief]; 


When one pumps a nonlinear mass [phase 
conjugate mirror (PCM) material] with ordinary 
“transverse” EM waves { [92] } (Figure 27a), one is 
pumping (stressing, or “squeezing and relaxing”) the 
mass with dynamic oscillating energy distributions in 
pace. One inputs a similar weak wave (called the 
“signal” wave) to the mass simultaneously. In that 
case, multiwave mixing theory tells us that the 
pumping of the PCM will cause the formation of a 
fourth EM wave, that is a time-reversed replica of the 
input “signal” EM wave. The time-reversed wave may 
contain up to all the energy in the pump waves, so it 
can be highly amplified in magnitude compared to the 
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input signal wave. The distortion correction theorem 
tells us that this time-reversed replica wave will then 
appear precisely superposing in space back along the 
exact spatial track taken by the input signal wave 


(1931). 


When the pumping is shifted to the time domain 
by pumping with bidirectional longitudinal EM waves, 
we now are pumping the time aspects of the mass— 
during it iterative existence as masstime: see again 
Figure 25—rather than just pumping the spatial energy 
aspects. In other words, we are not pumping spatially, 
but spatiotemporally. We are pumping temporally— 
rhythmically squeezing (compressing) and relaxing 
(extending) the “density of the time interaction: 
producing the rate of flow of time itself. This is a 
totally new extension to nonlinear phase conjugate 
optics. 


In this case, the “signal wave input” to the 
“time-domain-pumped” nonlinear mass PCM is just the 
resident vacuum engine in the local spacetime in which 
that PCM mass is embedded (see Figure 27b). The 
sickened cell's abnormal vacuum engine—consisting of 
the sum of the normal cellular vacuum engine and the 
disease delta vacuum engine—is present in the cell and 
is the input to the time-pumped phase conjugate mirror 
(cellular masstime). The output is the formation of an 
amplified time-reversed replica of that vacuum engine. 
In other words, an exact, amplified vacuum antiengine 
for reversing the precise abnormal condition of the 
mass, down to and including even the quarks in the 
atomic nuclei, is formed by time-domain (longitudinal 
EM biwave) pumping. The result or “output” is that 
the entire cellular PCM mass and all its constituent 
parts are “time-reversed” back along their previous 
“track through time”, back to a previous normal 
physical state { [94] }. Figure 27b illustrates this 
process. 


So when Prioré pumped the abnormal cells, he 
simply time-reversed them—genetics and all—right 
back to their normal physical state before the 
abnormality arose. 
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The beauty of the method is that, by adjusting 
the input waves to the rotating plasma, Prioré could 
“tailor” and “tune” the pumping waves to what was 
needed for a particular class of disease. He used trial 
and error methods to arrive at the proper settings for 
the disease to be treated. In theory, by the Prioré 
method one can time reverse any mass back to an 
earlier physical state. This mechanism is used by the 
cellular control portion of the body’s regenerative and 
restorative (R&R) system to restore damaged cells 
back to normal. It is the basis for the body’s ability to 
heal itself! 


Applied to diseased cells, the method causes the 
formation of specific amplified antiengines for the 
exact specific cellular abnormality, no matter how 
complex, and no matter what it is. In applied medicine 
this is a revolutionary new healing and therapeutic 
modality, accomplished by novel EM means, and 
justified by general relativity, higher symmetry 
electrodynamics, and longitudinal EM wave pumping 
in the time domain rather than classical 
electrodynamics and transverse EM wave pumping. 
Prioré’s discovery, once understood, may just be the 
greatest medical discovery of all time, and the 
discoveries of Rife and of Becker may rank a close 
second. The Prioré process is shown in Figure 28, 


The body's cellular regeneration system uses this same 
methodology and process. A block diagram of the 
operation of the body's cellular regeneration system is 
shown in Figure 29. 


Further Principles Needed for Rife’s 
Microscope 


In his microscope (Figures | and 2), Rife just wanted to 
observe the templates [2] corresponding to the cells, 
germs, viruses, etc. and all their parts, without any 
smallness limit. To do that, we need to (1) amplify the 
tiny, tiny amplitudes (actually, in the virtual state and 
subquantal) of the tiny vacuum engines accompanying 
tiny spatial locations containing living, functioning 
entities (no matter how small), and (2) "transduce" that 
amplified result into the optical spectrum, so that we 
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see a perfect optical analog and thus are "looking" 
visually at localized ST regions far smaller than the 
one-tenth wavelength optical resolution limit. 


We need another principle to do that. Suppose that, to 
first order, we have an isotropic nonlinear medium. 
Then if we transmit a sine wave into it, pandemonium 
sets loose with our wave. The speed of each part of the 
wave in this medium is a function of the location of 
that part upon the wave amplitude, so the peaks move 
faster than the intermediate parts of the wave of lesser 
magnitude. The wave has "peak overtake", breakup, 
collapse, and all sorts of things happening to it. Soa 
simple sine wave is not going to pass smoothly into 
that medium and "pass back out" coherently and nicely, 
and ordinary light is not going to give stable reflections 
from that medium! 


However, if we transmit two sine waves 
simultaneously, some frequency interval apart, and 
then if we pretend that we actually transmitted their 
difference frequency, a very strange thing happens. 
The two individual sine waves themselves still break 
up and go bananas. However, that difference 
frequency acts as if it were a simple sine wave 
transmitted into a linear medium! So we get back out a 
very nice, smooth, well-behaved sine wave of the 
difference frequency, even though terrible things 
happened to the individual waves themselves. We can 
detect and use that "difference frequency" nicely. 


Several very neat sonar systems presently use that sort 
of transmission schema in underwater work { [95] }. 
The principle applies for waves of all frequencies, for 
all media which can be approximated as nonlinear 
isotropic in nature. As we shall see, it applies to the 
Rife microscope also. 


Rife's Secret: Recursive Coherent Increase of 
the Signal-to-Noise Ratio (SNR) 


To first order, without too much error we can pretend 
that the molecules and atoms etc. in the cells and body 
tissues, together with their finer components, comprise 
such an isotropic nonlinear medium. That's not entirely 
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true, of course, but it does work to an extent sufficient 
for our purposes. Fortunately for the Rife process, the 
parts that do not obey this isotropic rule add randomly, 
while the parts that do obey the rule add coherently. So 
the "signal-to-noise ratio" (SNR) increases with the 
increasing amplification, and one "grows" the desired 
signal right up out of the noise (SNR) of the parts that 
do not obey the isotropic medium assumption. With 
sufficient number of amplifier stages, in theory the 
SNR of even the tiniest parts can be made as large as 


desired { [96] }. 


With optical functioning as in Rife's microscope, one 
may substitute "light gathering power" or 
"magnification" for the electrical term "amplifier gain". 


As we stated, Whittaker in 1904 (and superpotential 
theory thereafter) shows us that—if we wish—any EM 
field, wave, and pattern can be represented by two 
scalar potentials. Each of these two scalar potentials is 
further comprised of bidirectional EM longitudinal 
waves, in a harmonic series, in the Whittaker 1903 
manner as reinterpreted. So we can reduce any pattern, 
field, or wave from any assemblage of charge sources, 
into two potentials, and then further into two sets of 
bidirectional EM waves interfering with each other. 
That process already makes all conventional EM 
waves, fields, etc. 


An EM structuring of the local vacuum-spacetime 
occurs by all the electrical charges in the mass of the 
living cell, down to and including the virtual charges 
exchanged in the nuclear interactions in the nucleus of 
the atoms. By Whittaker 1903 and superpotential 
theory, all of that structuring itself is a potential with an 
internal set of bidirectional harmonic longitudinal EM. 
waves interfering with each other. 


Further this potential is recursively organized, 
because the inner bidirectional EM wavepair 
structuring of the potential is already recursive, as can 
be shown by applying Whittaker-1903 and Whittaker- 
1904 successively and iteratively { [97] }. This means 
we get deeper and deeper internested levels of patterns 
that still precisely correspond to the operational 
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mechanisms of the lower levels. It's similar to an 
infinitely fractal { [98] } type of process. 


Because this conglomerate is recursive as a function of 
harmonic intervals, it means that we can pick any 
harmonic interval we choose in the "big world" where 
we observe things, and we can have an exact 
observational representation of the dynamics of that 
ongoing hidden longitudinal EM wavepair 
interferometry in the two waves bounding that 
harmonic interval. Of course, the more additional 
harmonics we add, the better dynamics we have. The 
greater the number of harmonic intervals applied, the 
greater the gain. However, these harmonic intervals 
an be recursively applied using just one 

macroscopic" harmonic interval, iteratively and 
serially applied over and over. The more iterative 
serial recursive application of one harmonic interval, 
the mote the "gain" or "amplification"—in the case of a 
microscope, the more the amplification. ‘That was 
Rife's real secret, finally revealed. See Figure 30. 


The Difference Frequency Provides Visible 
Output 


Rife wanted to look at very, very small things visually, 
even though those “small things” were far below the 
one-tenth wavelength visible light barrier. In other 
words, to understand the Rife microscope’s visual 
representation of the virtual state, we need to choose 
the harmonic interval of the throughput so as to span 
the visible spectrum. Well, for optical purposes, 
luckily the IR and UV do exactly that. Examine the 
frequencies, and you will see that a harmonic interval 
exists from a spot in the IR to a spot in the UV, and of 
course the interval in between includes the entire 
visible spectrum. The visible spectrum in between, 
however, represents the observable noise that would 
block what we seek to have emerge in that region in 
our "Rife microscope", so the presence of the visible 
spectrum is highly undesirable. Various filters can be 
used to block the visible spectrum while transmitting 
the UV and IR regions, or one can just work in the dark 
or in suitably dim visible light. 
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Rife then applied his iterative multiple "difference 
frequency" lenses in serial order, one after the other. 
While it is doubtful that he understood the theoretical 
method being utilized, he certainly persisted and found 
how to use it. This method of iteratively summing a 
recursive virtual state vacuum engine "template" results 
in the formation of an observable state vacuum engine 
template. In short, it magnifies the virtual state entities 
and dynamics directly to observable state analogues 
that capture all the virtual state entities and their 
dynamics. 


That is why, if we use special filters on your camera 
and flash lenses, where the filters are open in the IR 
and UV but opaque in the visible spectrum in between, 
we can often photograph the ongoing “longitudinal EM 
hidden biwave interferometry"—the subtle energy or 
vacuum engine functioning—of nature and of living 
systems, even displaced in time, as Trevor Constable 

{ [99] } and Joe Gambill { [100] } (a researcher friend 
now deceased) demonstrated, as George Meek 

{ [101] } demonstrated, and as Fogal { [102] } has 
successfully experimented with. 


Occasionally when one gets things just right, 
one can get pictures of the subtle invisible reality in the 
virtual state, going on around oneself and in one's 
surroundings. With Rife-like iterative serial 
amplification, one can get them all the time, 
dependably, as with a Fogal semiconductor specially 
adapted for such operation. One can in fact build 
instruments that indirectly observe the so-called 
“unobservable” virtual energy state and its entities and 
dynamics with one-to-one correspondence. 


That's a whole new "subtle physics" reality. Present 
physics with its assumed quantum observation 
limitations just has not even gone into it—primarily 
because physics has been focusing upon the quantized 
aspects of the photon (which is quantized in one aspect 
only—its magnetic vector potential—and not in its 
unquantized aspect—its scalar electrical potential!). 
Physics has rather ignored the unquantized (and 
therefore continuous from the smallest to the largest 
scale) time aspect of the photon { [103] }. Using the 
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continuous aspect of the photon, one can assemble 
photon “time interval” structures—and in fact one does 
so whenever one assembles a 3-spatial energy density 
structuring such as in ordinary EM theory. 
Simultaneously, one has assembled a “structuring of 
the time domain” also, because each photon in the 
spatial energy density structuring consists of both time 
and energy as its canonical components. 


AILEM fields and waves, being comprised of 
photons, thus also carry (1) energy and energy internal 
structuring, and (2) time and internal time structuring. 
Again, this is the Russian information content of the 
field. The Russians simply understand 4-vector theory 
and Whittaker 1903 and 1904, and how to combine 
them with quantum mechanics and general relativity in 
a unified field theory. 


The above explanation is why Kaznacheyev's { [104] } 
mitogenetic radiation { [105] } from his control 
(deliberately damaged or infected) cells would pass 
through a quartz window and induce the same damage 
(or disease) in targeted cells on the other side and 
otherwise environmentally shielded, but would not 
induce the changes through a normal window glass 
window. (See again Figure 23) Quartz passes the full 
optical spectrum from IR to UV, while window glass 
does not. So quartz passes the vacuum engines for the 
disease or damage, while window glass breaks them up 
and does not pass them as such. We stress that the 
vacuum engines are part of the “continuous” aspect of 
the photons, and so are not bound to any limitation on 
magnitude (either fineness or largeness) as are the 
quantized aspects of the photon. 


For such a "far beyond the one-tenth wavelength" 
microscope as Rife’s, one must use vacuum engines 
(time domain structuring, and longitudinal EM waves) 
and extraordinary iterative unified field theory optics, 
rather than the ordinary transverse EM waves and 
ordinary optics. The lenses must all pass at least one 
harmonic interval (and the same one!), to provide and 
utilize the “difference frequency band” needed for 
recursive visual connection to the subquantal state (the 
hidden virtual structures in terms of the continuity 
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aspects of photons). Successive stages thus "serial 
iteration" use the recursive principle to coherently 
amplify and show the vacuum engines, their dynamics, 
and the dynamics of deeper organizations and 
dynamics in the virtual state itself. Since Rife wished 
to “see” the results in the optical spectrum, then the 
two frequencies chosen for “differencing” had to bound 
the visible spectrum. 


Rife used quartz lenses or at least very good optical 
glass that is open from IR to UV. That bounds the 
visible spectrum with a harmonic interval. Rife used 
multiple stages for successive coherent recursive 
amplification and increasing the SNR magnitude by 
coherent integration. One must also have some scheme 
for filtering out (or avoiding) too much visible 
spectrum light. One such scheme is to just use enough 
stages so that, in the new theory where the wavelength 
limitation is bypassed, one has amplified ("resolved") 
to the depth or fineness desired. The process long ago 
removed itself from the "normal visible light" domain, 
well before it reached the deeper resolution limit 
utilized by the definition state of the new method. 


By using sufficient multiple stages in this 
fashion, the "tiny" virtual state vacuum engine 
templates passing through the IR-UV harmonic interval 
ina lens can be recursively summed and magnified 
many, many times—essentially without limit, because 
the phenomenon being magnified is recursive and 
bidirectional longitudinal in nature. It is definitely not 
normal visible light optics, and it is not conventional 
classical electrodynamics. 


Rife’s Recursive “Vacuum Engine” Microscope 


The Rife microscope coherently sums (and thus 
coherently amplifies) the virtual state vacuum engine 
patterns with the increasing number of stages. For the 
subtle vacuum engine templates, such an arrangement 
becomes a direct amplifier (magnifier), for amplifying 
(magnifying) the internested virtual state vacuum 
engine templates and their dynamic functioning, into 
the observable state. With a properly designed 
“vacuum engine” recursive microscope, one can see 
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inside a molecule, inside the atomic nucleus, and even 
inside a nucleon, given development and perfection of 
the process. However, at this initial stage of 
understanding, one can forecast that finely adjusting 
the various stages of an early laboratory prototype 
would indeed prove to be a tedious and formidable 
task, just as Rife reported. With further development, 
however, that obstacle can be removed. 


What comes out the output end of such a 
“vacuum engine” recursive microscope, is a direct 
visible light analogue of the much more subtle ST 
functioning in the microscope’s highly localized 
viewing area. This output imaging is put together 
"electrically" in ways analogous to the construction of 
a video picture on the screen of a TV tube. Since the 
result emerges through an output end that still passes 
an entire harmonic interval bounding the visible 
spectrum, the amplified virtual state recursive template 
is not destroyed but is highly amplified and produced 
as an observable image and dynamics in the visible 
spectrum. This final "interferometry" of two internally 
structured potential functions now produces "visible 
light" EM fields and waves and patterns, in accord with 
Whittaker 1904. These visible patterns are direct 
analogues representing exactly the very, very minute 
regions far below the one-tenth wavelength limitation 
of ordinary optical resolution. Those regions were the 
regions “being focused onto” when Rife so arduously 
“adjusted” his microscope's multiple stages. 


With Rife’s recursive magnifying microscope 
process, one can see direct visible analogs of what is 
actually far, far smaller than anything ever before seen 
in normal optical microscopes, or even in electron 
microscopes etc. Indeed, one can see directly into the 
virtual state itself, and observe virtual state structures 
While this is unthinkable in quantum mechanics if one 
considers only quantized aspects of light, it is perfectly 
feasible if one considers the concomitant unquantized 
(continuous) aspects of light, and shifts to general 
relativity and vacuum engines to utilize the 
unquantized structuring of the time domain. 


Conclusion 
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Rife unquestionably found a way to produce 
visible recursive amplification and magnification of 
invisible virtual state dynamics and functions. We 
hope we have shed at least some light on the 
extraordinary technical mechanisms involved. This is 
good conceptual science, consistent with theory and 
some known experiments, and it certainly can be made 
a rigorous science and technology and mathematically 
modeled, using higher symmetry electrodynamics that 
is part of a unified field theory such as that of Sach 
The basis for all of it is in the literature already, but it is 
scattered widely in uncorrelated bits and pieces. It is 
not in the normal electrodynamics courses, nor is it in 
the normal optical science curriculum. And it is not 
taught in the normal physics curriculum. Needless to 
add, it is absent from the medical curriculum as well. 


As an additional proposal, we tentatively suggest that 
this principle also may be the long-sought "hidden 
chaos" or "hidden order" in quantum mechanics that is 
known to be present, but has not yet been explained 

{ [106] }. If so, then it becomes a new law of physics, 
with the experimental proof first demonstrated by 
Royal Raymond Rife. 


With the conceptual technical matrix of Rife’s 
mechanism in hand, it should be possible for a proper 
scientific multi-disciplinary team to redevelop and 
extend the Rife microscope. Marvelous new 
instruments will emerge, once the quantum physics 
conceptual blockage of continuous physics is 
constrained to its place as only “one view of the 
physics reality elephant.” With the ability to directly 
“measure”, “observe,” and engineer the virtual state, a 
breathtaking expansion of physics will occur, 
dramatically extending the vacuum engineering 
suggested by Nobelist Lee. 


If so, then Rife’s tragic life will have served its noble 
purpose, and his intuitive insight will have been 
resoundingly verified. The follow-on results will have 
untold benefit to science and to all the human 
generations to come. 
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to blame for this giant error in electrodynamics as a 
hold-over from the hoary old mechanics theory. 


13). J.D. Jackson, Classical Electrodynamics, 
Second Edition, Wiley, 1975, p. 249. 


14]. Jackson, ibid. p. 28. 


15]. Melba Phillips, “Classical 
Electrodynamics,” Vol. IV: Principles of Electro- 
dynamics and Relativity, in Encyclopedia of 
Physics, Edited by S. Flugge, Springer-Verlag, 
Berlin, 1962, p. 4. Quoting: “The utility for 
electrical problems of a scalar potential, first 
introduced in the theory of gravitation, was pointed 
out by Simeon Denis Poisson, Bull. Soc. 
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Philomatheique 3, 388(1813). See also Mem. 
Institut, Pt. 1, 1, Pt. 2, 163 (1811). The word 
potential was introduced by George Green in 
1828.” 


16]. E.g., see W. Misner, K. S. Thorne, and J. 
A. Wheeler, Gravitation, W. H. Freeman and Co., 
San Francisco, 1973, p. 5. 


ied Two methods of dealing with this 
problem, and rectifying it, are the use of a 
topological definition of the fields in mass-free 
spacetime, and the use of a unified field theory 
where the "field in space" is not a forcefield per se, 
but merely a curvature or set of curvatures of 
spacetime. As an example, the O(3) 
electrodynamics largely pioneered by Evans takes 
the latter approach, and it is usable in directly 
engineering unified field theory effects. 


U8). (a). Mendel Sachs, The Field Concept in 
Contemporary Science, Charles C. Thomas 
Publishers, 1973; 

(b) — General Relativity and Matter: A_ 
Spinor Field Theory from Fermis to Light-Years 

Fundamental Theories of Physics), Reidel (now 
Kluwer), 1982 provides a great generalization of 
general relativity and electrodynamics reaching 
from the quarks and gluons to the entire universe. 
See also 

(c) Mendel Sachs, Quantum Mechanics 
from General Relativity: An Approximation for a 
Theory of Inertia, Reidel (now Kluwer), 1986; 

(d) — "Relativistic Implications in 
Electromagnetic Field Theory," in T. W. Barrett 
and D. M. Grimes, eds., Advanced 
Electromagnetism, World Scientific, 1995, p. 541- 
559. In the latter, Sachs shows that the most 
general expression for the field theory is in terms of 
spinor and quaternion variables, rather than the 
vector and tensor variables of the conventional 
expression of Maxwell's theory. This generalized 
expression leads to extra conservation laws and 
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invariants, thus increasing the predictive capacity 
of the theory. 

(e) For a marvelous treatise for the educated 
layman, see M. Sachs, Relativity in Our Time: 


From Physics to Human Relations, Taylor & 
Francis, 1993. 


[19].  E.g., see the several Evans’ reviews in 
Modern Nonlinear Optics, Second Edition, Edited 
by M.W. Evans, Wiley, 2002 (in press). Many 
other 0(3) electrodynamics papers are also carried 
in this set of three volumes, as well as in the 
standard literature. 


20]. Mendel Sachs, "Relativistic Implications 
in Electromagnetic Field Theory," ibid. 


21). — Without interaction with the vacuum, 


mass does not exhibit perfect symmetry. For a 
discussion, see T. D. Lee, Particle Physics and 
Introduction to Field Theory, Harwood Academic 
Publishers, New York, p. 378-389. 


22h. In both classical and quantal 


electrodynamics, the problem of the source charge 
and its associated fields and potentials—and their 
energy—has been considered to be the most 
difficult problem. 

(a) For a solution to that problem, see T. E. 
Bearden, "Giant Negentropy from the Common 
Dipole," Journal of New Energy, 5(1), Summer 
2000, p. 11-23. On DoE open website http://www. 
ott.doe.gov/electromagnetic/papersbooks.html and 


this author's website www.cheniere.org. 

(b) For very powerful support of that 
proposed solution, see F. Mandl and G. Shaw, 
Quantum Field Theory, Wiley, 1984, Chapter 5. 
Neither the time-polarized photon nor the 
longitudinal photon is individually observable, yet 
the combination of the two is observable as the 
instantaneous scalar potential. The Mandl and 
Shaw combination of a scalar (time-polarized) 
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photon and a longitudinal photon is explained by 
Bearden as the interaction of the causal incoming 
scalar photon with a charge, the charge 
subsequently transducing the absorbed energy from 
the time-domain into 3-space, and re-emission of 
the energy as an emitted longitudinal photon in 3- 
space. The actual interaction provides the 
coupling, and clarifies which is the cause and 
which is the effect. 


23]. As the electrodynamicists implicitly 
assume, by assuming fields and potentials from all 
charges in the universe penetrating and existing and 
superposing and interfering in each cubic 
centimeter of space, and in fact at every point in 
space. But then the electrodynamicists continue to 
utilize a material ether assumption in their 
equations, embedded implicitly upon the notion of 
an “empty space” filled with this material ether. 
Tesla called it “... one of the most remarkable and 
inexplicable aberrations of the scientific mind 
which has ever been recorded in history.” (Nikola 
Tesla, "The True Wireless,” Electrical 
Experimenter, May 1919). While that biting 
remark certainly did not endear him to struggling 
electrical scientists, it did strike uncomfortably 
close to the mark, and it still does. 


24]. J. H. Poynting, "On the transfer of energy 


in the electromagnetic field," Phil. Trans. Roy. Soc. 
Lond., Vol. 175, Part II, 1885, p. 343-361. 


25). Oliver Heaviside, "Electromagnetic 
Induction and Its Propagation," The Electrician, 
1885, 1886, 1887, and later. This is a series of 47 
sections, published section by section in numerous 
issues of The Electrician during 1885, 1886, and 
1887. See also Oliver Heaviside, "On the Forces, 
Stresses, and Fluxes of Energy in the 
Electromagnetic Field," Phil. Trans. Roy. Soc. 
London, 183A, 1893, p. 423-480. 
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[26]. By acrude analogy, one may think of the 
“virtual” energy of the vacuum as energy that has 
been disintegrated into incredibly tiny bits—each 
so small that the bits fade in and out of existence at 
an incredible rate. The spinning action of the 
charge may be thought of as similar to that of an 
old spinning wheel. The charge spins, so that it 
coheres some of the “virtual fibers” continually fed 
to it by the vacuum, into “thread-sized” portions 
that are emitted radially outward. So the charge 
“splatters back” some of the fibers as fibers, but 
“spins” the remainder into useful quantum-sized 
“threads” which are emitted in observable form. 


271. Presently electrodynamicists are likely 
to specify the Poynting energy flow S as 

S=ExH. However, in the vacuum (spacetime) 
neither E nor H exists as such observed force fields, 
which requires presence of charged mass. Only 
potentials and potential structuring of the virtual 
particle flux exist in the vacuum (which is after all 
just potential comprised of virtual particle flux). 
Those structurings or their analogues also exist as 
sets of curved spacetime regions (i.e., spacetime 
structurings comprising the elements of the 
"vacuum engine"). See E. T. Whittaker, "On the 
Partial Differential Equations of Mathematical 
Physics," Mathematische Annalen, Vol. 57, 1903, 
p. 333-355. Whittaker that any scalar potential 
decomposes into a multiplicity of longitudinal 
bidirectional flows of energy. This decomposition 
must also comprise the vacuum scalar potential, as 
well as the "spacetime curvature" potential. 


[28]. However, Whittaker misinterpreted the 
causal phase conjugate wave (that half of his phase 
conjugate wavepair) as the effect after the wave 
interacts with charged mass, in which case parity is 
broken and the effect wave produced by the 
interaction is a longitudinal EM wave going in the 
opposite direction in 3-space from its "biwave" 3- 
space partner. The correct interpretation is that, 
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prior to interaction, the phase conjugate wave exists 
in the fourth axis of Minkowski 4-space, hence is in 
the time domain. It is literally a longitudinal EM 
wave moving on the fourth axis (in the time 
domain) to the interacting charge, and the other 
Whittaker biwave partner is the effect longitudinal 
EM wave emitted in 3-space by the interacting 
charge after it absorbs the incoming time-polarized 
EM wave. We point out that a longitudinal EM 
wave along the time axis is a time-polarized EM 
wave, corresponding to the known time-polarized 
photon in quantum field theory. 


[29]. After publication of my "Giant 
Negentropy" paper, I discovered very strong 
support for my reinterpretation of Whittaker's 1903 
decomposition of the scalar potential. This support 
was by F. Mandl and G. Shaw, ibid. Mandl and 
Shaw give a deeper coverage of the photon 
polarizations. They argue that the longitudinal and 
scalar polarizations individually are not directly 
observable, but only in combination, wherein they 
manifest as the "instantaneous" Coulomb (i.e., 
electrostatic) potential. Our comment is that this 
argument, translated from particle terminology to 
wave terminology, directly fits my re-interpretation 
of Whittaker's 1903 decomposition of the scalar 
potential. However, Mandl and Shaw fail to 
account for their assumed interaction of the 
detecting/observing unit point charge to perform 
the perfectly correlated "combining", and thus fail 
to account for the absorption of the incoming 
causal time-polarized wave or photon, the 
transduction of that excitation energy of the charge 
into longitudinal EM wave/photon energy in 3- 
space, and the subsequent emission of that 
excitation energy as a perfectly correlated 
longitudinal EM wave in 3-space. 

Thus Mandl and Shaw missed the time- 
excitation charging of the source charge via 
absorption of the "coupled" time-polarized EM 
wave/photon, and the subsequent decay of the time- 
charge excited state by emission of a 3-space 
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longitudinal EM wave/photon. This omitted 
interaction represents the discovery of nature's 
giant negentropy mechanism in EM energy flow, 
whenever 3-space energy flow symmetry is broken, 
as with a common dipole. So Mandl and Shaw do 
not account for photon (or wave) polarization 
transduction, where the "causal" time-polarized EM 
wave or photon comes in and is absorbed by the 
detecting charge or dipole to energetically excite it 
in the time-domain, then the excitation energy is re- 
emitted as the longitudinally polarized EM wave or 
photon in 3-space. 

Recognition of these missing functions 
allowed at last a solution to the long-vexing 
problem of the source charge. We actually solved 
the problem for a source dipole, then pointed out 
that any "isolated" charge is a set of dipoles when 
its clustering virtual charges of opposite sign are 
considered. 


30]. The source charge problem was 
recognized as the most difficult problem in 
electrodynamics. E.g., see D. K. Sen, Fields and/or 
Particles, Academic Press, London and New York, 
1968, p. viii. Quoting: "The connection between 
the field and its source has always been and still is 
the most difficult problem in classical and quantum 
electrodynamics." Since our proposed solution is 
consistent with particle physics (broken 3- 
symmetry of the dipole) and with quantum field 
theory (combination of the time-polarized and 
longitudinal photon comprises the scalar EM 
potential), it is robust and we believe it will stand 
up to meticulous scrutiny. 


31]. E. T. Whittaker, 1903, ibid. 
32]. Mandl and Shaw, ibid. 
33]. Poynting only assumed that diverged 


part of the energy flow. Heaviside, on the other 
hand, showed that there is a much larger energy 
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flow component that misses the intercepting 
charges (or circuit) altogether, and is wasted. Since 
this means that far more EM energy flows from the 
terminals of a generator than the external circuit 
intercepts and catches, it means that all generators 
produce more energy flow output than the textbook 
states, or that Poynting assumed. In fact, as 
transducers of vacuum energy, all dipolar 
generators already exhibit COP>1.0. Since no one 
in the 1880s could explain where such an 
astounding extra energy flow was coming from, 
Lorentz originated an integration trick to discard 
the nondiverged Heaviside EM energy flow 
component. 

(a) See J. H. Poynting, “On the transfer of 
energy in the electromagnetic field,” Philosophical 
Transactions of the Royal Society of London, Vol. 
175, Part II, 1885, p. 343-361. 

(b) See Oliver Heaviside, "Electromagnetic 
Induction and Its Propagation," The Electrician, 
1885, 1886, 1887, and later—a series of 47 
sections, published section by section in numerous 
issues of The Electrician during 1885, 1886, and 
1887. 

(c) See also Oliver Heaviside, "On the 
Forces, Stresses, and Fluxes of Energy in the 
Electromagnetic Field," Phil. Trans. Roy. Soc. 
London, 183A, 1893, p. 423-480. 

(d) For Lorentz’ trick to discard the 
nondiverged component, see H. A. Lorentz, 
Vorlesungen iiber Theoretische Physik an der 
Universitit Leiden, Vol. V, Die Maxwellsche 
Theorie (1900-1902), Akademische 
Verlagsgesellschaft M.B.H., Leipzig, 1931, "Die 
Energie im elektromagnetischen Feld," p. 179-186. 
Figure 25 on p. 185 shows the Lorentz concept of 
integrating the Poynting vector around a closed 
cylindrical surface surrounding a volumetric 
element. This is the procedure which arbitrarily 
selects only a small component of the energy flow 
associated with a circuit—specifically, the small 
Poynting component striking the surface charges 
and being diverged into the circuit to power it—and 
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then treats that tiny component as the "entire" 
Poynting energy flow. Thereby Lorentz arbitrarily 
discarded all that extra Heaviside energy transport 
component which does not strike the circuit at all, 
and is just wasted. 


34]. In fact, the simple equation W = oq, 
where W is the diverged/collected energy, q is the 
intercepting coulomb, and @ is the reaction cross 
section of the potential, shows that 
electrodynamicists implicitly assume the “true” 
causal potential to contain unlimited energy. E.g., 
using that equation, any desired amount W of 
energy can be collected from any nonzero potential 
, no matter how small its intensity, simply by 
adding sufficient intercepting/collecting charges. 


351. A back-of-the-envelope calculation for a 
nominal simple circuit has been made and 
previously presented by the present author. In the 
nominal circuit used, the source dipole extracts 
from the vacuum and sends down the outside of the 
attached circuit about 10!3 times as much energy as 
the circuit itself intercepts, diverges, and utilizes. 
The huge remainder is not intercepted, remains 
nondivergent and just passes on out into space at 
the speed of light. 


36]. Solving the standard equation E = F/q for 
F, one has F = Eq. Again, from any nonzero E- 
field, no matter how small, as much force can be 
“gathered” and produced as one desires, merely by 
increasing the intercepting/collecting charge q. 


37). Robert H. Romer, "Heat is not a noun," 
American Journal of Physics, 69(2), Feb. 2001, p. 
107-109. This is an editorial discussion by the 
Editor of AJP of the concept of heat in 
thermodynamics. Heat is not a substance, not a 
thermodynamic function of state, and should not be 
used as a noun. The quotation castigating the 
standard "field diagram" of an EM wave in space is 
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from endnote 24, p. 109. 


38]. This is readily understood when one 
realizes that the founders of electromagnetics 
assumed a material ether. So to them, there was not 
a single point in all the universe where mass was 
absent! Hence the field, potential, and wave "in 
space" were actually the field, potential, and wave 
“in the material ether medium", and therefore 
perfectly material. Even though the Michelson- 
Morley experiments falsified the material ether in 
the 1880s, the electrodynamicists (i) never changed 
their classical EM equations which still to this day 
assume the material ether filling all space, and (ii) 
still implicitly mistake the transverse electron 
precession wave in the Drude gas in a receiving 
antenna as representing the assumed interception of 
the incoming "transverse EM wave" in that external 
material ether medium. 


39]. Robert Bruce Lindsay and Henry 


Margenau, Foundations of Physics, Dover 
Publications, New York, 1963, p. 283-287, and 
passim, 


40]. Y. Aharonov and D. Bohm, "Significance 
of Electromagnetic Potentials in the Quantum 
Theory," Physical Review, Second Series, 115(3), 
1959, p. 485-491. However, Aharonov and Bohm 
seem to have missed the similar mass interpretation 
of the potential, so that they utilized the potential as 
massless and therefore the vacuum EM entity that 
is the primary cause of all EM phenomena. If one 
truly eliminates only the potential’s effect upon the 
intercepting charged mass, and utilizes the non- 
intercepted EM entity in vacuum, one has arrived at 
the direct alteration of the massless spacetime 
geometry of general relativity. In short, suddenly 
one has latched onto a unified field theory, and one 
that is engineerable by surprising electromagnetic 
means. 
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41]. But erroneously assumed to be present, 
because of Maxwell's ubiquitous use of the 
material ether and the continued implied material 
ether in the electrodynamics equations to this day. 


42]. T. W. Barrett, "Tesla's Nonlinear 
Oscillator-Shuttle-Circuit (OSC) Theory," Annales 
de la Fondation Louis de Broglie, 16(1), 1991, p. 
23-41. Barrett analyzed Tesla's patented circuits in 
terms of quaternion electrodynamics, which is of 
higher symmetry than either vector or tensor 
algebra electrodynamics. Lo and behold, Tesla 
could shuttle potential energy around in his circuits 
at will, and that functioning would not even show 
up ina tensor or vector electrodynamic analysis. 


[43].  T. W. Barrett, "Active Signalling 
Systems," U.S. Patent No. 5,486,833, Jan. 23, 
1996; — Oscillator-Shuttle-Circuit (OSC) 
Networks for Conditioning Energy in Higher-Order 
Symmetry Algebraic Topological Forms and RF 
Phase Conjugation," U.S. Patent No. 5,493,691, 
Feb. 20, 1996. 


44]. As the reader can appreciate, this 
represents a dramatic change to the foundations of 
electrodynamics. It is closely allied to Sachs's 
unified field theory; see appropriate Sachs 
references in this paper. 


45]. As Dirac pointed out, the Michelson- 
Morley experiments of the 1880s destroyed the 
material ether assumed by Faraday and Maxwell 
and subsequent electrodynamicists; it did not 
destroy the ether per se. Dirac emphasized that any 
nonmaterial Lorentz-invariant ether is perfectly 
consistent with the Michelson-Morley 
experiments. General relativity describes the 
shaping and structuring of the vacuum as 
curvatures of spacetime geometry and clustered 
patterns thereof (although the latter part is 
essentially neglected). GR consists of the changes 
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of this spacetime due to the interaction of mass/ 
trapped energy, and also the forces upon mass/ 
trapped energy created by the interaction of such 
curvature-patterns of spacetime. Essentially, 
electrodynamics is missing just this “mass to 
spacetime” transform and this “spacetime to mas 
transform. It is in fact missing its “infolded general 
relativity” dynamic internal structuring of the 
potential, field, and wave. KGB energetics weapon 
scientists call these missing transforms the 
information content of the field—which our fellows 
mistakenly interpret in their own flawed 
electrodynamics as “spectral content.” Nothing 
could be further from the truth. 


[46]. In 1903 E. T. Whittaker showed that any 
scalar potential is comprised of an infinite 
harmonic series of bidirectional longitudinal EM 
waves, arranged in bidirectional wavepairs. See E. 
T. Whittaker, "On the Partial Differential Equations 
of Mathematical Physics," Mathematische Annalen, 
Vol. 57, 1903, p. 333-355. 


(47). General relativity usually stops short of 
including an “infolded” topology within its basic 
spacetime, and only applies an “exterior” topology 
to it. However, it does not exclude that capability. 
Spacetime is just potential identically, and also just 
vacuum identically. Since GR omits the infolding 
structure of spacetime/potential, and so does 
electrodynamics, it has not been possible to unify 
the two completely. The “bridge” across the chasm 
between them has been eliminated by both 
disciplines. 


[48]. With finite propagation, this action-at-a- 
distance is retarded so that some time passes 
between the effect and the cause. Each Mandl- 
Shaw photon interaction—the receipt of the scalar 
(time-polarized) photon, and emission of 3-space 
longitudinal photon—is retarded by (requires) the 
amount of time that is transformed into 3-space 
energy. [Time may be regarded as 3-space 
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electromagnetic energy compressed by the factor 
c2, with the compressed energy placed on the 
fourth Minkowski axis to appear as time (seconds), 
rather than being left in 3-space to appear as mass). 

Transformation from time-domain EM 
energy to 3-space energy is a function of the spin of 
the charge, which "spins" 720 degrees, being 360 
degrees in the time domain while absorbing the 
time-polarized EM photon energy, the being 
followed by 360 degrees in 3-space while it is 
emitting the 3-space longitudinal photon. This 
retardation due to transformation of the energy 
from the time domain to the 3-space domain is 
what limits the speed of light in the ambient 
vacuum to the finite velocity c. 

However, when infinite velocity 
propagation occurs (as is permissible with 
longitudinal EM waves alone, which a priori 
implies no retardation), then the notion vanishes of 
a “cause” and an “effect” separated by a time 
interval. In that case, one is operating in a multiply- 
connected spacetime, where in theory there is no 
observable “length” or “time” between the “cause” 
event and the “effect” event. Further, one 
“causative” initiation point can be superposed 
simultaneously with multiple distant points widely 
separated in ordinary spacetime. In that case, 
putting a joule of energy into the “initiating cause” 
point (to the normal 3-space observer) results in the 
simultaneous appearance at each and every distant 
participating point, of one joule. To the normal 
"singly-connected spacetime" observer, this is a 
direct amplification of energy, directly from the 
vacuum energy itself. We have proposed this 
mechanism as an extension of Bohm’s quantum 
potential utilized in his hidden variable theory of 
quantum mechanics. See David Bohm, "A 
Suggested Interpretation of the Quantum Theory in 
Terms of 'Hidden' Variables, I and II," Physical 
Review, 85(2), Jan. 15, 1952, p. 166-179 (Part I); 
180-193 (Part II). Unfortunately three nations of 
the world have already seen fit to highly weaponize 
this effect, and a fourth nation is very close to 
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deploying such a weapon. Presently quantum 
potential weapons are the dominant weapons on 
earth, and nothing can stand against them. 


[49]. By conjugate pair, we mean that the 
wavepair consists of an EM longitudinal wave and 
its time-reversed twin, precisely superposed 
spatially but antiphased in time. In such a wave, 
the transverse energy density amplitude cannot 
vary; instead, the wave consists of (and carries) an 
oscillation of the rate of flow of time, about some 
median speed. The median speed of a longitudinal 
EM wave is not confined to the speed of light in 
vacuum. 


[50]. The value of the energy continuously 
collected from a steady potential, in a “swirl” 
around a fixed intercepting charge, is of course a 
fixed scalar. That, however, has nothing to do with 
the nature of the potential as an EM entity in 
massless vacuum, prior to interaction with charged 
mass. 


StL. J. D. Jackson, Classical Electrodynamics, 
Second Edition, Wiley, 1975, p. 223. 


52]. Interestingly, one also cannot produce 
aclear definition of energy in physics. A good 
discussion of the energy concept is given by R. B. 
Lindsay, "The concept of energy and its early 
historical development." Foundations of Physics, 1 
(4), 1971, p. 383-393. Lindsay investigates the 
concept of energy from its early historical origin, 
and covers from ancient times through the 18th 
century. The root of the concept is the notion of 
invariance in the midst of change. In short, the 
concept consists of considering “the changing” as 
being “nonchanging.” In pursuing a rigorous 
definition of anything, one eventually arrives at a 
contradiction of Aristotelian logic. Ultimately one 
can only define something as identical to its own 
opposite. Geometry, e.g., models the presence of 
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mass as the absence of mass. Ultimately a “hard 
definition” is an “accursed necessity for the identity 
of opposites”—the centuries-old bane of the 
philosophers. In physics the problem is avoided by 
the “duality principle”—just treat an entity as either 
a particle or wave as necessary, and quit arguing 
about it! The problem is the incompleteness of 
Aristotelian logic itself. A solution to the “identity 
of opposites” problem is obtained by explicitly 
adding a fourth law of logic that has always been 
implicitly assumed in Aristotle's three laws. For a 
discussion, see “A Conditional Criterion For 
Identity, Leading to a Fourth Law of Logic,” 
Appendix III to T. E. Bearden, Aids: Biological 
Warfare, Tesla Book Co., 1988, p. 428-443. A 
simple proof of the fourth law of logic is given in 
ibid., p. 439-440. 


[53]. In addition to reference 19, see Myron W. 
Evans, Enigmatic Photon, Vol. II, Kluwer, ISBN 
0792332881. See also Apeiron, 4(2-3), Apr.-Jul. 1997, 
a Special B®) Field Issue, Guest editor: Myron W. 
Evans. In this same issue, see the Introduction by 
Evans, and his “Helicity and the Electromagnetic 
Field.” In the same issue, see also Jean-Pierre Vigier, 
“Relativistic Interpretation (with Non-Zero Photon 
Mass) of the Small Ether Drift Velocity Detected by 
Michelson, Morley, and Miller." Barrett has also 
rigorously shown the reality of the B®) field, and so the 
conventional closure against it is doomed to failure. 
The emergence of B®) field theory will dramatically 
alter electrodynamics, and elevate the importance of 
the longitudinal EM wave. We are also much indebted 
to Bob Flowers for his penetrating elucidation of the 
background of the B®) field in private 
communications, and to Myron Evans for his patient 
and encouraging private communications. 


[54]. See particularly T. W. Barrett, "Sagnac 
Effect: A Consequence of Conservation of Action 
Due to Gauge Field Global Conformal Invariance 
in a Multiply-Joined Topology of Coherent Fields,” 
in T. W. Barrett and D. M Grimes, [Eds.], 
Advanced Electromagnetism: Foundations, Theory, 


echpapersiifemieroscope-htm (66 of 87)21.1.200$ 17:48:48 


‘Novel Principles In The Rife Microscope 


& Applications. World Scientific, River Edge, 
New Jersey, 07661, 1995, p. 278-313; T. W. 
Barrett, "Electromagnetic Phenomena Not 
Explained by Maxwell's Equations," in A 
Lakhtakia, (ed.): Essays on the Formal Aspects of 
Electromagnetic Theory, World Scientific 
Publishing, River Edge, NJ, 1993, p. 6-86. 
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Logunov and Yu. M. Loskutoy, "Nonuniqueness of 
the predictions of the general theory of relativity," 
Sov. J. Part. Nucl., 18(3), May-June 1987, p. 179. 
See C. W. Misner, K. S. Thorne and J. A. Wheeler, 
Gravitation, W.H. Freeman and Co., San Francisco, 
1973, p. 399. Quoting: "The terms ‘gravitational 
field’ and 'gravity' refer in a vague, collective sort 
of way to all of these entities. Another, equivalent 
term for them is the 'geometry of spacetime’. See 
also A. D. Sakharov, "Vacuum Quantum 
Fluctuations in Curved Space and the Theory of 
Gravitation," Soviet Physics Doklady, Vol. 12, No. 
11, 1968, p. 1040-1041 [English translation.]. 
Finally, see our remarks under reference 62 above, 
particularly with respect to the proposed internal 
electromagnetic dynamics of the graviton. 


[85]. A 1993 study by the Office of 
Technology Assessment, delivered to Congress, 
showed that a single terrorist in a small plane, with 
a tank of anthrax spray, and dispersing the spray as 
he flew around the greater Washington D.C. area 
on a calm night, would produce between | and 3 
million casualties. Most of those casualties would 
die. So a single biological warfare (BW) strike in 
one U.S. metropolitan area could easily kill two 
million Americans. As an example, Saddam 
Hussein is known to have the terrorist teams and 
the anthrax, and he has had a decade since the Gulf 
war to insert additional teams and biological 
warfare agents into the U.S. Presently this is rated 
by our government as the strongest strategic threat 
to the U.S., after which comes nuclear strikes, 
followed by chemical agent strikes. 
Redevelopment of the Prioré approach, e.g., could 
easily save the lives of 90% of that nominal two 
million dead Americans. As matters stand now, 
triage would apply and almost all of those two 
million stricken Americans would die. 


86]. In 1998 we proposed a crash development 
of this kind of device in 1998, with copies to DoD, 
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NIH, CDC, the USAF, etc.; in T. E. Bearden, 
Energetics: Extensions to Physics and Advanced 
Technology for Medical and Military Applications, 
CTEC Proprietary, May 1, 1998, 200+ page 
inclosure to CTEC Letter, “Saving the Lives of 
Mass BW Casualties from Terrorist BW Strikes on 
U.S. Population Centers,” to Major General 
Thomas H. Neary, Director of Nuclear and 
Counterproliferation, Office of the Deputy Chief of 
Staff, Air and Space Operations, HQ USAF, May. 
4, 1998. Also to Gen. (Ret.) Walter Busby, Deputy 
Secretary of Defense for Counterproliferation and 
Chemical and Biological Defense, March 21, 1998. 
Also to NIH, CDC, and several other U.S. 
government agencies. 

DoD replied that it was not documented in 
the literature (a specific list of exact scientific 
papers reporting the results of the Prioré team's 
experiments and the experiments of Becker was 
included; no one seemed to read it). CDC and the 
USAF did not reply. NIH first responded (from its 
Policy section—read, spin control section) that, 
since I mentioned the cause of the Gulf War 
Disease and how it was induced, it was not a matter 
of their interest but of DoD's interest, and so they 
just shipped it to DoD and got rid of it. A second 
response evoked from NIH on query from my 
congressman (again, a response from their policy 
section) directed me to their proposals section. I 
don't believe a single qualified scientist even read 
it. DoD weakly replied that it was not documented 
in the literature (a specific list of citations from the 
hard French scientific literature, reporting the 
astounding results of the Prioré treatments, was 
included, which apparently no one read). 

Not a single scientist from any agency 
called me to discuss the revolutionary and proven 
results obtained by Prioré, and documented in the 
attachments and in the cited literature. Sadly, it 
seems that no one had the foggiest notion what I 
was talking about, and no one much cared. My 
conclusion was and is that my own government 
bureaucrats do not give a tinker's dam about saving 
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millions of American casualties in the coming 
debacle, if it has to be done by "out-of-the-box" 
methods not approved by the big drug industry. 

Yet these are the same officials that readily admit 
the exact threat I referred to, admit that it is a 
matter of when the biological warfare attacks will 
occur and not if, and admit that right now they have 
no effective way to cope with it or save most of 
those coming millions of Americans that are going 
to just be dragged aside to die. 

My response is that the American taxpayers 
are certainly not getting their money's worth from 
the billions they shower on our medical research 
community. It is unconscionable to ignore for over 
30 years the demonstrated and astounding results 
achieved by eminent French scientists—such as 
Pautrizel, a world-renowned parasitologist and 
Courier, head of the French Academy's Biological 
Section, and also Secretaire Perpetuel of the 
Academy) working with the Prioré team, in curing 
terminal tumors etc. in thousands of lab animals, all 
properly documented in the hard French scientific 
literature. 

In my view, considering the certainty of 
those future American mass deaths, it is akin to 
high treason. Whether our scientific community 
realizes it or not, today's strategic war of massive 
strategic strikes has shifted to our civilian populace, 
and to our cities and mass population centers. It is 
our civilian populace that will sustain the greatest 
and most prompt casualties, and probably will 
receive the first massive strikes, totally by surprise. 

The first phase of WW Il—delivery of the 
Strategic weapons to their strategic targets—has 
already been accomplished. Large Russian nuclear 
weapons are already hidden in our major cities and 
population centers (read Lunev's book, he tells us 
how they brought in these weapons), the Spetznaz 
teams are here to detonate them on call, multiple 
nations such as Iraq, Libya, and Iran already have 
terrorists agents in country in the U.S. with anthrax 
and smallpox in hand to be released, and Castro 
guerrillas and trained saboteurs have been trained 
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in Southern Mexico and infiltrated across the 
border into the U.S. for decades. 

Whether they like it or not, U.S. scientists 
have thus become the major front line "soldiers" 
and "defenders" of our nation. And frankly, they 
have failed abominably in their responsibility, and 
most do not seem to care. For a startling and even 
shocking characterization of our present scientific 
community, the reader is referred to Daniel S. 
Greenberg, Science, Money, and Politics: Political 
Triumph and Ethical Erosion, University of 
Chicago Press, 2001. 
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Diseases in a World Out of Balance, Farrar, Straus 
and Giroux, New York, 1994; — "The Nightmare 
of Bioterrorism,” Foreign Affairs, 80(1), Jan./Feb. 


2001, p. 76-89; — Betrayal of Trust: The Collapse 
of Global Health, Hyperion, New York, 2000. 


88]. Becker, ibid. 


89]. A full account of the entire Prioré affair is 
given in Jean-Michel Graille, Dossier Prioré: Une 
Nouvelle Affaire Pasteur [The Prioré Dossier: A 
New Pasteur Affair?], De Noel, Paris, 1984. [in 
French]. A summary account is given by 
Christopher Bird, "The Case of Antoine Prioré and 
His Therapeutic Machine: A Scandal in the Politics 
of Science," Appendix I in TE, Bearden, AIDS: 
Biological Warfare, Tesla Book Co., P.O. Box 
121873, Chula Vista, California 91912, 1988. 
Prioré's doctoral thesis (in my personal possession 
courtesy of Professor Courrier and the late Chris, 
Bird), was rejected by the University of Bordeaux 
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la Trypanosomiase Expérimentale Aigué et 
Chronique par L’action Combinée de Champs 
Magnétiques et D’Ondes Electromagnétiques 
Modulés. [Healing of intense and chronic 
experimental trypanosomiasis by the combined 
action of magnetic fields and modulated 
electromagnetic waves], 1973. Prioré's patents are: 
A. Priore, "Apparatus for producing radiations 
penetrating living cells," U.S. Patent No. 3,368,155, 
Feb. 6, 1968; — "Method of producing radiations 
for penetrating living cells," U.S. Patent No. 
3,280,816, Oct. 25, 1966; — "Procede et dispositif 
de production de rayonnements utilisables 
notamment pour le traitement de cellules 

vivantes," [Procedure and Assemblage for 
Production of Radiation Especially Serviceable for 
the Treatment of Living Cells], Republique 
Francais Brevet d'Invention P.V. No. 899.414, No. 
1,342,772, Oct. 7, 1963. Eleven years after Priore's 
thesis was rejected, the same university awarded a 
doctoral thesis to a young graduate. It is Eric 
Perisse, Effets des Ondes Electromagnétiques et 
des Champs Magnétiques sur le Cancer et la 
Trypanosomiase Experimentale [Effects of 
Electromagnetic Waves and Magnetic Fields on 
Cancer and Experimental Trypanosomias], 
Doctoral thesis, University of Bordeaux No. 83, 
March 16, 1984. 


[90]. F. A. Popp et al., "Biophoton Emission 
(Multi-Author Review)," Experientia, Vol. 44, 
1988, p. 543-600; — "Biophoton emission: New 
evidence for coherence and DNA as a source," 
Cell. Biophys., Vol. 6, 1984, p. 33-52; — 
"Physical aspects of biophotons." Experientia, Vol. 
44, 1988, p. 576-585; — Recent Advances in 
Biophoton Research and its Applications, World 
Scientific Publishing Co., New York, NY, 1992; F. 
A. Popp, "Photon Storage in Biological Systems," 
in Fritz Albert Popp et al., eds., Electromagnetic 
Bio-Information: Proceedings of the Symposium, 
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Marburg, Federal Republic of Germany, Sep. 5. 
1977; Urban & Schwarzenberg, Baltimore, 1979, p. 
123-149, 


91. David M. Rorvik, "Do the French have a 


Cure for Cancer?", Esquire Magazine, July 1975, p. 
110-111, 142-149. 


92]. Arguably the best introduction to 
nonlinear optical phase conjugation is David M. 
Pepper, "Nonlinear Optical Phase Conjugation,” 
Optical Engineering, 21(2), March/April 1982, p. 
156-183. Another very good presentation is 
Amnon Yariv, Optical Electronics, 3rd Edition, 
Holt, Rinehart, and Winston, New York. 1985, 
Chapter 16: “Phase Conjugate Optics — Theory and 
Applications.” 


[93]. A beautiful example of this “precise 
backtracking” of the time-reversed wave is given in 
David M. Pepper, "Applications of Optical Phase 
Conjugation," Scientific American, 254(1), Jan. 
1986, p. 74-83. See particularly the striking 
photographic demonstration of time reversal of 
disorder on p. 75. 


[94]. We presented some general elements of 
this dramatic new extension to nonlinear optical 
phase conjugate pumping and to general relativity, 
at a graduate seminar, “On the Theory and 
Principles of EM Systems with COP> 1.0”, given to 
interested graduates and faculty of the University of 
Louisville, on Nov. 20, 1997. 


95]. — E.g., see Owen Flynn, "Parametric arrays: 
A new concept for sonar,” Electronic Warfare 
Magazine, June 1977, p. 107-112. 


96]. This method of increasing signal-to-noise 
ratio and pulling hidden signals right up out of the 
noise, is widely used in signal processing in 
modern radars. Often signals buried more than 100 
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dB below the noise level are routinely “pulled out 
of the noise” and detected, using various forms of 
coherent summation. 


[97]. Any potential decomposes into multiple 
wavepair sets. In each hidden wavepair, each of 
the two waves further decomposes into two 
potentials. Each of those potentials then further 
decomposes into multiple wavepair sets. And so on 
ad infinitum. Or one can start with any wave, 
decompose it into two potentials, each of those 
potentials into multiple biwave sets, and so on. 


[98]. “Fractal” means self-similarity at all 
levels, so that patterning or “decomposition” at one 
level is similar to that at the higher and lower 
levels. For good overview discussions and 
applications, see particularly Gregoire Nicolis, 
“Physics of far-from-equilibrium systems and self- 
organization,” and Joseph Ford, “What is chaos, 
that we should be mindful of it?”, both in The New 
Physics, Paul Davies, editor, Cambridge University 
Press, Cambridge and New York, 1989, p. 316-347 
and 348-371 respectively. More detailed technical 
references are cited in each article. 


[99]. See Trevor James Constable, “You, Too, 
Can Photograph UFOs from Airliners,” Psychic 
Observer and Chimes, 37(3), May-June 1977; — 
The Cosmic Pulse of Life, Merlin Press, Santa Ana, 
CA, 1976. 


[100]. The present author has two beautiful 
ultraphotographs taken by Joe Gambill using the 
special filtering approach. One is a photograph of a 
room, but with its contents of nvo weeks earlier, 
showing the room prior to the time the photograph 
was taken. The other is of a “ghost” form—very 
similar to a photograph obtained by George Meek 
under rigorous laboratory conditions—and clearly 
showing the energy form of a "haunted" lady's dead 
husband. The interpretation of these photographs 
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is of course open to scientific dispute, but the 
photographs themselves are impeccable and real. 


[101]. Meek used filters open to UV and IR but 
opaque to the visible spectrum, on the fluorescent 
lights in his laboratory. He also used similar 
filtering on the camera lenses and camera flashes. 
Under rigorous laboratory conditions, in several 
thousand photos of the living body Meek was able 
to take a few highly anomalous photos completely 
inexplicable by normal science. E.g., he 
photographed a purported “ghost” and obtained a 
clear shot of energy streaming associated with a 
living person. He also photographed the legs of a 
chair, right through the suddenly “missing” legs of 
the person sitting in the chair. Again, interpretation 
is open to dispute, but the photographs are rigorous 
and real. 


102]. Bill Fogal’s patented charge-blocking 
semiconductor—U.S. Patent Numbers 5,196,809 
and 5,430,413—is capable under certain 
circumstances—and by clever adaptation—of 
amplifying virtual state information, in a manner 
somewhat similar to Rife’s methodology, but far 
more easily engineered. When the process works, 
Bill reports that a clear photograph or video camera 
shot can be taken right through a solid brick wall, 
of the hidden scenery beyond. In electrodynamics, 
in a dielectric absorbing or emitting EM radiation 
(energy), the entire dielectric participates in each 
absorption and emission. Emitted light from an 
object thus carries an astoundingly complete set of 
little virtual state vacuum engines rigorously 
representing every part of the object, no matter how 
small, and all the internal dynamics. This means 
that the light from the scene beyond the wall strikes 
the wall on the other side, affecting all the material 
in the wall, including upon the observer's side, and 
inserting “dimensioning” from the scene beyond 
the wall. When light is emitted from the observer's 
side, the information content of the field 
representing the scene on the far side, is also part of 
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the information content of the field in the light 
emitted from the observer side of the wall and 
striking the camera and the observers eyes. This 
“dimensioning” continues in the signals in the 
camera and on through attached electronic 
circuitry. Since Fogal’s semiconductor can process 
such information content of the field in the proper 
circuitry and under favorable circumstances, the 
phenomenon is therefore permissible and can be 
technically explained. Using his transistor to 
transduce the dimensioned information into the 
visual band, Fogal can view a distant scene right 
through an intervening wall, when he gets 
everything “just right.” At this stage of 
development, however, the process and adjustment 
are difficult, just as Rife experience with his 
microscope. We are convinced that the 
forthcoming advent of Fogal semiconductors will 
revolutionize the study and treatment of disease and 


bodily disorders. 
103]. However, highly advanced 


electrodynamics does consider the photon with far 
greater complexity than nuclear engineers such as 
the present author were introduced to! E.g., a deep 
discussion of photon polarization is given in F. 
Mandl and G. Shaw, Quantum Field Theory, 
Wiley, 1984 under the heading "covariant 
quantization of the photon propagator" in Chapter 
5. As pointed out by Bob Flowers in a private 
communication, Mandl and Shaw argue that the 
longitudinal and scalar polarizations are not directly 
observable, but only in combination, where the 
combination manifests as the "instantaneous" 
Coulomb (i.e., electrostatic) potential. Most such 
books do argue that the extra components of the 
photon remain hidden, as does the virtual state. In 
this paper we have revealed how Rife discovered a 
process by means of which the virtual state can be 
observed in great detail. 


104]. V. P. Kaznacheyev, "Electromagnetic 
Bioinformation in Intercellular Interactions," Psi_ 
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Research, 1(1), Mar. 1982, p. 47-76; — 
"Information Function of Ultraweak Light Flows in 
Biological Systems," in Problems in Biophysics, 
Novosibirsk, 1967, p. 7-18 [in Russian]; — and L. 
P. Mikhailova, Ultraweak Radiation in Intercellular 
Interactions, [in Russian], Novosibirsk, 1981; — et 
al., “Apparent information transfer between two 
groups of cells,” Psychoenergetic Systems, 1(3), 
Mar. 1976; — et al., "Distant intercellular 
interactions in a system of two tissue cultures," 
Psychoenergetic Systems, 1(3), Mar. 1976, p. 141- 
142; "A Comment” by William A. McGarey, p. 
143; "A Comment" by Arthur C. Hastings, p. 143- 
144, 


105] . Mitogenetic radiation was studied 
prior to WW II by Gurwich (spelling varies). See 
A. Gurwitsch and L. Gurwitsch, "L'Analyse 
mitogenetique spectrale [The Analysis of the 
mitogenetic spectrum],” in Andre Mayer, Exposés 
de Physiologie, [Studies in Physiology], Hermann 
& Cie, Paris, 1934. Part IV. [In French]. Studies 
have continued by Popp and others. E.g., see F. A. 
Popp ef al., "Biophoton Emission (Multi-Author 
Review)," Experientia, Vol. 44, 1988, p. 54 3-600; 
— "Physical aspects of biophotons.” Experientia, 
Vol. 44, 1988, p. 576-585; — "Biophoton emission: 
New evidence for coherence and DNA as a source," 
Cell. Biophys., Vol. 6, 1984, p. 33-52. See Fritz 
Albert Popp; Ke-hsueh Li, and Qiao Gu, [eds.], 
Recent Advances in Biophoton Research and its 
Applications, World Scientific Publishing Co., New 
York, NY, 1992. 


106]. The conventional quantum mechanics 
assumes that, at the microscopic level, variation (e. 
g., in the probabilities assigned to interpret what is 
propagating in the Schrédinger equation) is 
assumed to be random. However, there is a 
problem. Big things must be made of little things. 
If we sum a set of "random" things based on Gibbs 
thermodynamics statistics, we cannot and will not 
get an organized "big thing" because we have 
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assumed total disorder (randomness) a priori. 
Adding heat does not produce cooling! So one 
falsifies the prevailing interpretation of quantum 
mechanics, whenever one observes a tree, a flower, 
the sun, or a human being. In short, there must 
exist a great unifying principle in nature of a 
coherent summation, from the "unobservable" 
virtual state to the observable state. Only in that 
fashion can there be an macroscopic order at all— 
and such macroscopic order is universally 
observed. We believe that the principle we have 
elucidated, as experimentally produced by Rife, 
may well be that long-sought universal ordering 
principle that is so sorely needed by quantum 
mechanics. Readers interested in the "missing 
quantum chaos" problem are referred to P. V. 
Elyutin, "The Quantum Chaos Problem," Sov. 
Phys. Usp., Vol. 31, No. 7, 1988, p. 597-622. 
Elyutin discusses the crisis in quantum mechanics 
because of the missing hidden order. Quantum 
mechanics is known to be wrong unless this order 
can be found, because otherwise it does not predict 
the ordered macroscopic universe. Other useful 
references are Ilya Prigogine, with T. Petrosky, 
"Quantum Chaos, Complex Spectral Representation 
and Time-Symmetry Breaking," Chaos, Solitons, 
and Fractals, Vol. 4, 1994, p. 311-359; and Robert 
Pool, "Quantum Chaos: Enigma Wrapped in a 
Mystery," Science, 243(4893), 1989, p. 893-895. 
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antenna precess laterally, providing the detected 
transverse wave and proving the vacuum disturbance 
wave to be longitudinal. 
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control system. 
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Figure 1. Rife's microscope. 
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Figure 2. Royal Raymond Rife adjusts his microscope. 
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Figure 3. Analogy of the “taut string holder" omitted by Faraday. 
This omitted haif the electrodynamics (including in Maxwell's capture of 
Faraday’s notion) and half the EM energy. An equal and opposite Newtonian, 
‘rd law reaction does appear in our transmitters and receivers 
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Figure 4. Receiving gyroelectrons precess laterally, providing the 


detected transverse wave and proving the incoming 
vacuum disturbance to be longitudinal. 
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Figure 5. The defined "magnitude of the potential" is not such at all, but is the 
magnitude of the energy in the diverged flow streamlinin: 
around a unit point charge at each point in space where the 
potential is present. 
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Electrodynamics has nothing to say about what exists in the vacuum in the absence of mass. 


Note problem! 
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Figure 6. Fields and potentials are defined in terms of the Poynting disruption of the 
overall energy flow from the source charge, about an intercepting 
and "collecting" charge. Rigorously, as defined E and H exist only in and 
on charged matter. The magnitude of the diverted water swinging 
around a fixed rockin a river, is not the magnitude of the river. 
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Figure 7. The defined "magnitude of the field" depends on the change in 
intensity of the flows comprising the potential. The E-field is 
oriented from high (pressure) in the flow to low (pressure) 
in energy density over a unit length. 
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Figure 8. Maxwell's theory assumed a matter-to-matter transform from cause to effect. 
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The mass-to-mass transform contains two hidden infolded 
transforms: (i) the mass-to-spacetime transform and (ji) the 
spacetime-to-mass transform. What is transmitted and 
propagates in space is a spacetime perturbation. 


Figure 9. Maxwell's matter-to-matter transform contains two hidden transforms: 
(1) matter-to-spacetime, and (2) spacetime-to-matter. 
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Adding the vacuum engine without fields or masses. First the intemal 
hidden engines of the target are changed, producing a structured template, 
which gradually changes the mass at all levels. 
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Figure 10. Vacuum engines and their utilization. 
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An electric charge Q is a broken 3-symmetry. The mass of the charge continuously 
and violently absorbs virtual photons from the surrounding vacuum, and integrates 


some of them to observable EM longidutinal photons which it emits in 3-space. 


Figure 11. A charged particle continuously absorbs virtual energy from the vacuum, 
integrates some of it into observable energy, and pours out this observable 
EM energy in 3-space in all directions. 
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DISTANCE 


A harmonic set of bidirectional longitudinal EM wavepairs in 3-space. Unseen 

here is the time-polarized EM wave in the time domain, which reacts with the 

source charge to produce the 3.space biwave potential 

Figure 12. The potential as observed or detected is a harmonic set of 
bidirectional longitudinal EM waves in 3-space. Thatis, this 
potential is the “effect” of transduction of an incoming 
time-polarized EM wave interacting with the source charge. 
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The supersystem concept 
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Figure 13. Concept of the supersystem and its interacting components. 
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Figure 14. A vacuum engine is a set of spacetime demons working 
upon a mass system and its motion through time, at every level. 
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MTW's* general relativity principle 
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@ Space acts on matter, 
telling it how to OFACTVE 
move. 

@ In turn, matter 
reacts back on space, 
telling it how to 
curve." 


Figure 15, General relativity principle of Misner, Thorne, and Wheeler (MTW). 
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Extended General Relativity Principle 
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Figure 16. The principle of general relativity extended to include the vacuum engine. 
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Active spacetime and a specific 
vacuum engine 
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Figure 17. Active spacetime and a specific vacuum engine (spacetime 
curvature engine). 
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B. Cell is acted upon; vacuum energy exchange does the specific action. 
No energy or fuel for doing the action need be added to cell externally. 


Figure 18. Signal versus vacuum engine, as in Priore's cellular reversal. 
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Note: Whittaker (and others) interpreted the phase conjugate half set of LWs after 
interaction with the charges of the dipole, and as a 3-space effect rather than the 
time-domain cause This fundamental non sequitur has just been repeated since then, 


Figure 19. All EM energy in the 3-space potential comes from the time-domain. 
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Figure 20. Immune system block diagram. 
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Figure 21. Becker's electrodynamic healing of otherwise intractable 
bone fractures, using weak potentials across the fracture site. 
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Becker's theoretical DC control system 
involved with response to injury 
@eeeeeeoeoeoeeee@ 


INPUT STIMULATION CENTRAL 

DC SYSTEM (PAIN) DC SYSTEM 
GROWTH OUTPUT 
DIFFERENTIATION \ OC SYSTEM 


TOTAL 
CURRENT OF 


MITOSIS ‘STIMULATION OF INJURY 
DEDIFFERENTIATION REPAIR CELLS DC SYSTEM 


*Robert 0. Becker, “The significance of blodactrical 
Relea tee 
Figure 22. Becker's block diagram of DC control system involved with 
response to injury. 
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Figure 23. Kaznacheyev's induction of cellular disease and disorder 
at a distance, using novel electromagnetic means. 
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Former U.S. Embassy in Moscow. 


BACKGROUND 


Began in latter 1950s 
« Discovered on VP Nixon's trip 
e Initially thought to be nuclear radiation 
(Discovered w/Geiger counter?) 
e High level target - U.S. Ambassador 
« Guarantees personal attention of: 
= U.S. Ambassador to USSR 
= U.S. President 
= NSA, CIA, DIA, NSC, etc. 
= Top consulting scientists 
= Leading U.S. scientific institutions 
e Two U.S. Ambassadors died, another sickened 
e Anomalous health changes in personel, only 
in zero-field (zero ‘| gradient) areas! 
* Four U.S. Presidents requested Soviets cease 
= Cut from 18 watts/sq cm to 2 
= Then again increased 
« No one could understand what was going on 
« Aluminum screens were placed over windows 
* Moscow was declared a hazardous duty zone 
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Figure 24. Russian "microwave" radiation of the U.S. Embassy in Moscow. 
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Mechanism generating the flow 
of a mass through time 
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(AE)(At) + M => (M+AM)At => M + (AE)(At) 
Flow of macroscopic time (observable photon interactions) 


Flow of microscopic time (via virtual photon interactions) 


Figure 25. Mechanism generating the flow of a mass through time. 
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Figure 26. Producing a specific anti-engine for a specific cellular disease condition. 
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produces a time-reversed wave. A, and A, time-reverses the mass itself. 
Figure 27. Pumping with longitudinal EM waves A also pumps in the time 


domain with time-polarized EM waves T. This time-reverses a 
macroscopic mass and its dynamics. 
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Prioré's therapeutic methodology 
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Figure 28. Block diagram of operation of Prioré's methodology. 
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Figure 29. Block diagram of the cellular regeneration system and its 
overall operation (by the present author). 
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Rife's great secret: Recursive magnification by 
iterative serial summation of vacuum engines 
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Figure 30. Rife's great secret: Recursive magnification of the virtual state 
vacuum engines and their dynamics to the observable state. 
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ABSTRACT 


Based on E.T. Whittaker's previously unnoticed 1903-1904 papers which established a hidden 
bidirectional EM wave structure in a standing forcefield free scalar potential, a method of directly 
engineering the ambient potential of the vacuum has been developed and realized experimentally. 


Adding Whittaker's engineerable hidden variable theory to classical electro-magnetics, quantum. 
mechanics, and general relativity produces supersets of each discipline. These supersets are joined by 
the common Whittaker subset, producing a unified field theory that is engineerable and tested. 


By treating the nucleus of the atom as a pumped phase conjugate mirror, several working model 
energy units have been produced which excite and organize the local vacuum, increase the local 
virtual photon flux between local vacuum and nucleus, establish coherent self-oscillations between 
the local excited vacuum and the affected nuclei, utilize the self-oscillating standing wave for self- 
pumping of the nuclei/mirrors, introduce a very tiny signal wave to the mirrors, and output into an. 
external load circuit a powerful, amplified, time-reversed phase conjugate replica wave at 60 Hertz 
frequency and nominal 120 volt sine wave power. 


Several models have been built, ranging from 6 watts early on to one of 5 kilowatts. Both closed 
batteryless systems with damped positive feedback and open loop systems with battery-powered 


input have been successfully built. Open loop power gains of from 5 x 104 to 1.5 x 108 have been 
achieved. 


Antigravity experiments have also been successfully conducted where the weight of the unit was 
reduced by 90% in controlled experiments, with a signal wave input of 175 microwatts and an output 
of 1 kilowatt, 
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The basic theory of the device is briefly explained and experimental results presented. In the 
demonstration session, a videotape of one operating open-loop unit with a 1.5 x 106 power gain is 
planned, as is the demonstration of an actual working model closed-loop system with a nominal 
rating of 500 watts, and without external power input of any kind. 


The units are solid state, with no moving parts. Each of them comprises a unique form of self- 
powered vacuum triode of extraordinary gain, where the cathode power and plate power are freely 
furnished by the vacuum, and only a small grid signal need be furnished either from an external 
power source or by clamped positive feedback from the device's output. The output is negative 
energy, and some of its unique characteristics are pointed out. 


Implications of the experimental application of the Sweet vacuum triode, the Bearden approach to the 
nucleus as a pumped phase conjugate mirror, and the unified field theory based on Whittaker's 
engineerable hidden variable scalar EM potential theory are also briefly addressed. 


SCALAR ELECTROMAGNETICS 
In 1837 Sir W.R. Hamilton said, 


"The notion of time may be unfolded into an independent pure science... a science of pure time is 
possible." 


As is well-known, the fundamental units utilized in physics are arbitrary. It is even possible to 
construct all of physics on a single unit, time. This oddity shows the truth in Hamilton's statement; it 
is even more odd, because quantum mechanically time is not an observable. This means that the 
observable world can be modeled completely in terms of the nonobservable, which is essentially what 
modern quantum mechanics is now doing. 


Hamilton viewed his magnificent quaternions as essentially having accomplished the mathematical 
structuring of time. Maxwell's original EM theory, as is well-known, was modeled in Hamilton's 
quaternions, not in the highly curtailed Heaviside/Hertz vectors erroneously taught today as 
"Maxwell's theory." 


Not a single one of the present so-called "Maxwell's" vector equations ever appeared in a book or 
paper by James Clerk Maxwell. 


For some years the author has worked on an extended electromagnetics theory, involving the scalar 
component of the quaternion. [R: 


In Maxwell's original quaternion theory, this scalar component often remains when the directional 
components zero. Further, it then enfolds vectors and functions of vectors inside, in a hidden variable 
manner. Specifically, the author has patterned a unified field theory concept upon the previously 
unnoticed but remarkable early work of E.T. Whittaker. [Ref. 2] 
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In two fundamental papers in 1903 and 1904, Whittaker showed that all present vector EM can be 
replaced by scalar potential interferometry, and that bidirectional harmonic EM plane wave sets could 
be used to produce a standing wave of force-field-free potential (Figures | and 2). 


NOTE: SHAPE MAY BE ALL ABOVE OR ALL BELOW 
AMBIENT VACUUM POTENTIAL 


Thus Whittaker anticipated the quantum mechanical Aharonov/Bohm effect by 
extending it to the 
to date. [Ref. 3] 


years, including 
acroscopic world instead of the mesoscopic realm where it has been established 


In modern terms, Whittaker showed how to turn EM wave energy into electrogravitational potential 
energy, then how to interfere two such scalar potential waves to recover electromagnetic energy, even 
at a distance. [Ref. 4] 


This unrecognized work is of great importance: when applied to modern physics, it produces 
supersets of quantum mechanics (QM), classical electromagnetics (EM), and general relativity (GR). 


Further, all three extended disciplines unify on their common Whittaker subset, in a testable and 
engineerable fashion. [Ref. 5] 
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DISTANCE 
A harmonic set of bidirectional longitudinal EM wavepairs. 
Each wavepair is also a net time-polarized EM wave. 
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Figure 2. Infolded EM plane wave structure of a Whittaker wave. 


The Nucleus As a PPCM and Triode 


The author has also considered the highly nonlinear nucleus of the atom as a pumped phase conjugate 
mirror (PPCM), having found no other consideration of same in the literature. 


The author also dubbed a PPCM a "triode," since the amplified phase conjugate replica of the signal 
wave is much like the amplified output of a triode, and the signal wave input to a PPCM is much like 


a triode's grid signal input. The PPCM pump wave then corresponds roughly to the power input to the 
cathode and plate of a triode. [Ref. 6] 
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Figure 3. A pumped phase conjugate mirror. 


VACUUM TRIODE BACKGROUND 


About seven years ago, the author was privileged to see and examine an invention of Mr. Floyd 
Sweet, that produced about 6 watts of electrical power from the vacuum itself. 


This remarkable device, which the author dubbed a vacuum triode, in a single unit utilized most of 
the scalar EM concepts the author had so painfully and slowly formulated over the years. 


Sweet, a brilliant inventor with a remarkable knowledge of magnetics, had utilized barium ferrite 
magnets and special coils to produce a solid-state device that successfully tapped the vacuum energy. 


The author quickly put together a theoretical concept for the energy-tapping mechanism, based on. 
treatment of the nucleus as a PPCM and Whittaker's scalar EM potential unified field theory. [Ref. 7] 


The author furnished the technical concept, treating the nucleus as a pumped phase conjugate mirror, 
to the inventor along with copies of Whittaker's papers. 


Sweet's Synthesis and Extension 
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Sweet is also a brilliant EM theoretician, working in four, five, or even six dimensions with ease. He 
immediately synthesized the entire PPCM and Whittaker theory, and developed a complete 
theoretical treatment of the device. [Ref. 8] 


He also increased the nuclear potential utilized in the activated nuclei of the device, which increased 
the pumping energy and hence the energy output. He next produced an open-loop vacuum triode 
(VT) with an output of 500 watts, for an input of 33 microwatts. 


Thereafter he produced several other models, including closed-loop systems and one with 5-KW 
output. 


Purpose of This Paper 


Our purpose is to explain the detailed scalar EM concept of the operation of the vacuum triode, since 
it is a universal method for cohering and tapping useful EM energy from the vacuum. 


The author believes that this mechanism is the fundamental mechanism that must be invoked in any 
over-unity device that electromagnetically extracts vacuum energy as electromagnetic effects. 


We also intend to demonstrate a full working model of the device at this conference. Sweet's detailed 
theoretical treatment will be completed and submitted to a major journal shortly, to complete the 
scientific exposition of the new methodology. 


I must also express my deep admiration for my brilliant inventor colleague. It has been a privilege to 
work with him, though under great difficulties and at a distance. He has developed several other 
related devices that are of great importance to the emerging new physics of vacuum engineering, in 
the sense referred to by Lee. [Ref. 9] 


To mention just one, he has produced a magnetic lens which apparently can directly display the 
vacuum's virtual particle flux, or a good analog of it. So far as T am aware, this is the only extant 
instrument today that can perform this feat. 


When the vacuum triode has been proven to the scientific community, it is my intention to nominate 
Sweet for the Nobel Prize he so richly deserves, and seek high scientific endorsements for the 
recommendation, 
INTRODUCTION 
Entropy 
As is well known, in any closed dynamic system the order existing in it will gradually be dissipated, 


as more and more interactions occur. This leads to the notion of entropy as the increasing disorder in 
such systems. The assumptions are 
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1. aclosed system, and 


2. a positive flow of time for the components of the system. 


Actually no such thing as a completely closed system exists in nature. Every mass system is open to 
virtual particle flux exchange with the vacuum, for example, particularly in the nucleus of its atoms, 
where the bulk of its mass is located, 


However, the closed system assumption is reasonably approximated by a great many systems which 
are in stable thermodynamic equilibrium, or nearly so. 


On the other hand, in an open system far from thermodynamic equilibrium, the second law of 


thermodynamics does not necessarily apply, because the system violates both the closed system 
assumption and its equilibrium approximation. [Ref. 10) 


Time Reversal 


ince being discovered in 1972 in the open Soviet literature, the time-reversed (phase conjugate) EM 
wave has also been known. The phase conjugate EM wave is truly time-reversed, as has been shown 
experimentally. Since the time-reversed EM wave violates the second major assumption, the second 

law of thermodynamics need not necessarily hold for time-reversed entities. 


Putting all this together, if one wishes negentropy and hence increased energy in a system, the 
candidate suggested would appear to be a system that was strongly 


. open loop, 


N 


. time-reversed, and 


w 


. far from thermodynamic equilibrium. 
A good overview of time-reversal in physics has been provided by Sachs. [Ref. 11] 
Engineering the Nucleus 


Since the nucleus already provides a myriad of time-reversed processes, engineering the nucleus of 
an atom is a very good candidate for practical negentropy. 


To engineer the nucleus directly, a Whittaker potential is first artificially constructed, by composing a 
harmonic set of phase-locked EM wave/antiwave pairs. It is accented that the antiwaves must be true 


phase conjugates; otherwise they will not constitute a gradient-free Whittaker standing potential 
wave. 


In addition, at least one harmonic interval must be used, and additional harmonic sets are most 
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desirable. The reason is that a space-time lattice must be formed in the vacuum, where the energy is 
additive spatially but oppositive in t-dot, the rate of flow of time, in the fourth dimension. 


So a time-structure is required as well as a spatial structure, which is what is provided by n 
bidirectional harmonic Whittaker EM wave sets, where n is an integer greater than 1. 


Once a specific Whittaker structure has been chosen, the local lattice of space-time is established. 
This establishes phase-locked lattice groupings of coupled photon/antiphoton pairs, or of gravitons. 
In turn, this Whittaker-structured vacuum now contains specific graviton vacuum engines, which 
directly engineer and structure the vacuum's virtual particle flux (VPF) exchange with the nucleus. 
[Ref. 12] 


The nucleus is highly nonlinear, hence strongly phase conjugative, or time-reversed. The ambient 
potential of the local vacuum surrounding the nucleus is in a violent virtual photon exchange with it, 
accounting for its electrical charge. 


Since the preponderant charge is positive, from the viewpoint of the ordinary light observer whose 
light interacts with electron shells, the nucleus may be taken to exhibit time reversal (phase 
conjugation). 


Energy, Time, and Gravitons 


We take the definition of "energy" to be fundamentally an ordering imposed upon the VPF of 
vacuum. We take photon scattering from the electron shells of atoms to be the fundamental exterior 
mechanism producing forward flow of external observer time. 


It then follows that "time's arrow" for the EM observer is due to the universal scattering of photons 
from electron shells. 


In this view, forward (positive) time flow and entropy are due to the same primary action: photon 
scattering from electron shells. It is unfortunate that the concept of "positive" energy has been tied to, 
and defined in terms of, the scattering and dissipation of VPF order as work, or energy expended. 


Via the standard labeling, then, negative energy is the reconstitution of order in the vacuum VPF. It 
should be noted that, in a PPCM, dissipative or external pump wave stress energy can be scavenged 
and re-emitted in perfect order as the phase conjugate replica. This is a negentropic process, for it is 
capable of turning disorder into order. [Ref. 13] 


In the time-reversed PPCM nucleus, we should expect to see appreciable negative energy—that is, 
energy removed from the EM scattering domain. This includes the binding energy of the nucleus, and 


the gravitational (G) potential energy of the EM energy removed from the "scattering interaction 
realm" and locked into the mass. 


Following Sakharov, we hold that the G-field is not a fundamental field of nature, but a composite 
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caused by, or made from, other fields. [Ref. 14 


To the first order, we assume the G-potential is comprised of coupled photon/antiphoton pairs, on the 
average, where the statistical coupled spin-2 photon/antiphoton pair is a graviton. [Re! 


We follow the modern view of the field: because of vacuum fluctuations, rigorously one no longer 
speaks of "the" field, but of the probability of a particular field configuration. [Ret. 16] 


We also hold the vacuum to be composed of potentials, and regard the three terms space-time, 
vacuum, and scalar potential as essentially synonymous. 


Newton's Third Law and the Detection Process 
The VPF EM stress of the local vacuum immediately surrounding the nucleus may be decomposed a 
la Whittaker into opposing bidirectional EM plane waves/forces. Thus the nonlinear nucleus may be 


regarded as a pumped phase conjugate mirror, normally with a gain of one. 


In this view, Newton's third law reaction force is generated because the so-called "photon" interaction 
with an atom is in fact a graviton reaction involving a photon/antiphoton pair that is decoupled. 


The decoupled photon normally is absorbed and reradiated by an orbital electron, while the 
decoupled antiphoton interacts with the nucleus, producing a time-reversed twin of the external force 
—or, in other words, Newton's third law reaction force, which gives a slight recoil of the nucleus. 


Half of every measurement physicists normally make is discarded, with the missing half accounting 
only for Newtonian reaction in the meter or instrument, which is usually ignored. 


The fact that half of our measurement interactions are ignored is occasionally discovered and noted 
by physicists, who may even write a paper pointing it out, but no change is instituted in the 
foundations. [Ref. 17 and Ref 18] 


Semiconducting Vacuum and Self-Oscillation 


‘The vacuum immediately surrounding the nucleus is structured by the nucleus, and is itself nonlinear 
and capable of acting as a semiconductor. Ref. 19] 


Since both this immediately local semiconductor vacuum and the nucleus it surrounds are highly 
nonlinear, then nonlinear resonance can conceivably be established between them. 


Further, since the resonating system in such case is an open system away from thermodynamic 
equilibrium, the oscillation can be self-sustaining. Such self-oscillation of the pumping of a PCM is 
already well-known in the nonlinear optical literature, particularly with compounds containing 
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THE VACUUM TRIODE 
The Basic Concept 


As is well-known, a stress can be decomposed into opposing sets of forces, But quantum 
mechanically, the forces we are interested in with our work here are all caused electromagnetically, 
by the exchange of virtual photons. Even mechanical force, according to QM, is caused in this 
manner. Thus opposing electromagnetic or mechanical "stress" sets of bidirectional EM forces are 
microscopically equivalent to the notion of pump waves in nonlinear optics. 


Hence under the proper conditions, it follows that trapped EM stress energy of the vacuum can be 
utilized to "pump" the nucleus. 


Treating the stress-pumped nonlinear nucleus as a PPCM, it follows that the stress energy of the 
vacuum can be tapped by a 4-wave mixing mechanism in the atomic nucleus, to provide amplified 
phase conjugate EM wave outputs from the atom in response to small signal wave inputs. [Ref. 21 


In the proper nonlinear material, the material may act as a PPCM, in which case there exists a 
suitable connection between the material's atomic nuclei and its external electromagnetic lattice 
bonds, and the amplified phase conjugate replica wave generated in the nucleus will be emitted from 
the material as an EM wave field. This field can then be tapped by suitable means and output to an 
external load circuit. 


Block Diagram of the Vacuum Triode 


Figure 4 shows a basic block diagram of the vacuum triode process, utilized by Sweet in several 
laboratory vacuum energy devices. These devices have ranged from a nominal 500 watt output in a 6- 
Ib. device to 5 kilowatts for a heavier unit. Gains have ranged from 50,000 to 1,500,000 for open- 
loop systems. Both open-loop and closed-loop systems have been built and tested. 


Figure 4 shows a combined block diagram for either a closed-loop or open-loop system. In the open- 
loop system, a barium ferrite magnetic material is used as a pumped phase conjugate mirror. 


In the "standard" design, two opposing PPCMs are used. The advantage of this dual combination is 
the use of self-targeting (repetitive phase conjugation, signal by signal). This has the effect of 


1. stabilizing the Whittaker field, and 


2. producing a quantum potential between the two mirrors, so the mirrors and the Whittaker 
potential between them are essentially one single s time entity. 


Discussion of a quantum potential is beyond the scope of this paper, but the technical mechanism for 
creating one has been previously presented by the author on several occasions. [Ref. 22] 
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First we will explain the open-loop operation of the vacuum triode. In Figure 4, on the right an 
external 60 Hz, nominal 10 volt AC sine wave of several tens of microwatts in power is input into the 
stabilized field of the barium ferrite magnet structure, where it modulates the field, producing a signal 
wave input into the atoms of the material. 


In the top right block, the EM signal wave interacts with the electron shell of an atom, which in turn 
is EM-coupled to the nucleus. 


AUTOMATIC 
GRID SGNAL 
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Figure 4. The Vacuum Triode Concept. 


Thus an EM signal wave is input to the nucleus of the atom, which is highly nonlinear (middle top 
block). Earlier, Sweet had specifically conditioned the atomic nuclei with a proprietary process, 
wherein in the barium nucleus a trapped 60 Hz scalar EM spherical wave resonance (self-oscillation) 
exists between the structured semiconductor vacuum immediately surrounding the Ba nucleus. 


In the same activation process, the ambient potential of the surrounding vacuum was raised and 
stabilized, in the two leftmost blocks. 


At this point the nonlinear nucleus is effectively self-pumped by the trapped, excited, spherical scalar 
wave oscillation between the structured semiconductor vacuum and the nucleus. The nucleus is now a 
strongly pumped phase conjugate mirror. 
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Consequently, when the signal wave input arrives, the PPCM nucleus emits an amplified phase 
conjugate replica (PCR) wave, which precisely backtracks the input signal wave. This precise 
backtracking (perfect retroreflection) is referred to as the "distortion correction theorem." 


In short, the powerful PCR wave returns precisely toward the external source, passing through the 
electron shells and arriving in the perturbed barium ferrite magnet assembly field, where it perturbs 
the field. 


A transformer-like system then extracts this magnetic field perturbation and conducts it to the 
external load circuit. 


However, the PCR contains negative energy. Short of the load, the internal circuits run cool, rather 
than heating. This is a signature of a true vacuum energy tapping device. 


Indeed, if the output leads of the Sweet vacuum triode are physically shorted together, a brilliant flash 
occurs, and the leads instantly ice as if dipped in liquid oxygen. This is another signature of the true 
negentropic over-unity vacuum tap. 


Note that the energy extracted from the semiconducting vacuum adjacent to the nucleus is just 
instantly replaced by the surrounding vacuum's inexhaustible energy pool. This is an open-loop 
system, with a hidden energy source: the intense virtual particle flux of the vacuum's ambient charge. 


It is not possible to exhaust that flux, which is often calculated to have an energy density of some 
10!00 or more grams per cm}, if the energy were cohered and condensed into mass. 


As can be seen, even a VT gain of 1.5 x 106 represents a "vacuum tap" of an incredibly small 
efficiency, on the order of 10-100 or so. However, the vacuum "river" is so energetic that such 
efficiencies are quite sufficient. 


We accent that the barium ferrite magnetic material must be activated so that stable self-oscillation 
between the barium nucleus and the surrounding semiconductor vacuum exists. Although self- 
oscillating/self-pumped PCMs are known at optical frequencies, Sweet has discovered and perfected 
a brilliant methodology for activating PPCM nuclei at ELF frequencies. 


In a resistive load such as light bulbs, the resistive material accomplishes repetitive phase 
conjugation. Thus in the resistor, half the total energy is expressed as photon or dissipative energy in 
the external (electron shell) level. 


As the excited electrons decay, they emit scattered EM energy as light and heat. This is an exothermic 
interaction. The other half of the total energy reacts in the atomic nuclei, as a phase conjugative or 
endothermic interaction. 


We strongly accent that, Whittaker-wise, there are two electromagnetic channels and two kinds of 
EM: 
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1. external EM, the common electron-shell interacting, entropic, scattering, time-forward kind, 
and 


2. the internal, unsuspected, hidden variable, nuclei interacting, negentropic, reordering/ 
convergent kind. 


Internal EM travels strictly between atomic nuclei, normally not reacting with electron shells unless a 
pumped phase conjugate mirror reaction is invoked in the nucleus to produce a gain somewhat 


greater than unity. 


Thus if we wish to communicate with atomic nuclei directly, and engineer them directly, we must 
utilize the internal EM channel via applied Whittaker methods. 


Antigravity Tests 


Inherent in the preceding discussions is the possibility to turn EM energy into gravitational energy of 
either sign. In other words, one should be able to utilize Sweet's vacuum triode to produce and 
demonstrate antigravity. 


Indeed this is the case. Sweet has also discovered the special alterations necessary to perform 
straightforward transformation of the internal energy in the nucleus to antigravitational energy, 
producing a unilateral thrust upward. 


Note that the bulk of G-potential gradient (G-force-field) occurs Whittaker-wise at ELF frequencie: 
This explains why nonlinear phase conjugate opticians do not notice direct antigravity effects. 


At the optical frequencies at which they work, the effects are so miniscule that they are negligible. 
This is readily explained as follows: In QM, the quantum (photon) is comprised of action (angular 
momentum), not just energy. It is rather like a "piece of energy welded to a piece of time, with no 
seam in the middle." 


Since quantum change occurs in quanta, the decoupling of the energy and time components, in the 
continual interaction of photons with matter, exchanges energy between G-potential of vacuum and 
trapped mass of the atom or particle. In this exchange, small increments of time are continually being 
formed (and unformed, as photon emission occurs). 


Consequently, each mass is moving forward in time in small incremental jumps, usually of 
exceedingly small magnitude. However, the energy and time trapped in a photon are canonical. The 
greater the piece of energy, the smaller the piece of time, and vice versa. 


So if one wishes to stress the "rate of flow of time" significantly, one needs to produce large amounts 
of photons that have very large pieces of time, and consequently little pieces of energy. 


Since the energy of the photon is directly proportional to its frequency, this means that the lower 
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frequency photons have larger time increments, and hence endure over many "regular-sized photon 
absorption/emission changes" to appreciably stress the rate of time flow/production. 


The bottom line is that the standard pumped phase conjugate mirror can be adapted to produce 
antigravity at ELF frequencies, but precisely the same adaptation at optical frequencies will have 
negligible effect. 


With this in mind, the author requested Sweet to perform an antigravity experiment to prove the 
thesis. With Sweet's proprietary adaptation of his vacuum triode/PPCM, the experiment produced 
rather straightforward but spectacular results, as shown in Figure 5. 


The experiment was performed as follows: Rigged for antigravity, the 6-Ib. device was placed on a 
scale so that its weight could be continuously monitored. A special external load box was utilized in 
which multiple electric light sockets were connected in parallel. 


Then the external load draw was adjusted by merely screwing in 100-watt lamps, one at a time, with 
measurement and observation pauses in between. The output of the device was 120 volt, negative AC 
sine-wave power at 60 Hz. 


For each 100-watt increment, the load power was recorded and the weight was carefully recorded. 
The results are shown in the rather smooth, classic curve shown in Figure 5. 


At 1,000 watts load draw, the previously 6-Ib. device had reduced its weight due to gravity by 90 
percent. At that point the signal-wave (grid) input to the open-loop vacuum triode was only 175.4 
microamps at 10 volts, or just under two milliwatts. 
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EXTERNAL ELECTRICAL LOAD 


(HUNDREDS OF WATTS) 
Figure 5. Antigravity Test of Sweet's Adapted Vacuum Triode. 


We accent that the nominal two milliwatt input is only a gating signal. It is the organized, gated 
vacuum energy that is performing the action. 


The experiment was stopped short of actual hovering and flying due to safety considerations. With 
the specific adaptation, magnetic monopoles are deposited in the magnet materials, producing 
internal tensile stress. 


Since no explosive controlled facilities were available, and there was no wish to destroy the VT, the 
experiment was terminated at 90% antigravity performance. 


It was completely successful, and adequately demonstrated the validity of the unified field theory 
concepts utilized in our approach. 


CONCLUSIONS 


A new unified field theory has been developed, tested, and at least partially verified experimentally. 
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The concepts of the theory have been applied by Sweet in a series of inventions that produce readily 
usable, safe electromagnetic power directly from the vacuum. 


The methodology lends itself to formulation of power devices without moving parts. Antigravity, 
predicted by the concepts of the theory, has been demonstrated in actual practical demonstrations on 
the laboratory bench. 


Though not discussed in this paper, application of the concepts and methodology to a large variety of 
other fields, such as medical reversal of aging and curing of almost the entire range of present 
debilitating diseases, has been previously pointed out. [Ref. 23] 


We have also pointed out the mechanism for Kaznacheyev's cytopathogenic effect, or the induction 
of cellular pathology at a distance by electromagnetic means. [Ref. 24] 


We have also pointed out the specific mechanism involved in Priore's device, which in rigorous 
laboratory animal testing under the auspices of eminent French scientists, demonstrated nearly 100 
percent cures for terminal cancers and leukemias, sleeping sickness, artherosclerosis, and other 
debilitating diseases.[Ref. 25 


We believe we have also produced the concepts enabling the direct engineering and therapeutic 
manipulation of Popp’s master cellular control system. [Ref. 26] 


We conclude that the concepts we have utilized and experimentally demonstrated are universal, as 
implied by any notional unified field theory. 


Our conclusion is that the concepts, theory, and experiments, taken together, are sufficient for 
investigation and replication by the scientific community. 


If replicated and fully substantiated, we believe the work will directly point the way to, and usher in, 
a new unified field theory physics of universal application. 


SPECULATED IMPLICATIONS 
As can be seen, the implications of the new approach are profound. The authors believe they have 


ushered in the forerunner of a vast new physics, one which will change our lives, and our view of 
physical reality, in ways previously undreamed of. 


By mastering, controlling, and gating the vast, incredible energy of the seething vacuum, we can 
power our automobiles, flying machines, and technology inexhaustibly. Further, it can be done 
absolutely cleanly; there are no noxious chemical pollutants to poison the biosphere. With practical 
antigravity, ships can be developed to cross the solar system as readily as one crosses the ocean 
today. 


And the ships, automobiles, and technology will never run out of fuel; the inexhaustible vacuum fills 
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every system, everywhere, to overflowing. 
Not discussed in this paper, it turns out that living systems, faced with the problem of achieving 


negentropy so as to maintain their form in a ipative external physical reality, have always used 
the hidden internal channel for such things as mind, thought, cell control, and living functions. 


With the new methodology, one now faces the advent of access and engineering of the mind and life 
of the observer as readily as the observer's physical body. 


Transmutation of the elements, control of the weather, lighting and powering our cities and homes 
cheaply and cleanly, and provision of plenty for everyone is the vista for the future. We can in fact 
clean up the radioactive wastes, rid ourselves of coarse nuclear and petroleum powerplants. 


We strongly stress that, with the ability to engineer the Schroedinger equation itself, the new 
methodology allows the direct engineering and control of quantum change, and hence of physical 
reality itself. 


The methodology is extendable to hyperdimensions; nested virtual levels of the vacuum are already 
precisely that. The author has already pointed out the application of this emerging technology to the 
absolute cure of diseases such as AIDS, cancer, leukemia, etc., and shown that the Priore device in 
France already proved the efficacy of the application in the 60s and 70s. 


We shall be able to rid ourselves and our descendents of diseases. With direct access to the actual 
software of life and mind, in the future we should be able to achieve levels of education previously 
unattainable, by directly inputting the relevant software. 


Previously we have also pointed out that four nations of the world are already embarked on 
weaponization of scalar EM unified field technology. It is sobering to think that, in addition to having 
the ability to make our planet a paradise for humankind, we also will have the ability to make it a 
hades. 


For that reason, we are doing our best to clarify the technical concept and the theory in this 1991, 
hopefully with the view that humankind will seize upon the positive aspects, and develop and apply 
this technology for the betterment of all people everywhere. 

Long ago, Albert Einstein said these words: 

“It would of course be a great step forward if we succeeded in combining the gravitational field and 
the electromagnetic field into a single structure. Only so could the era in theoretical physics 
inaugurated by Faraday and Clerk Maxwell be brought to a satisfactory close." 


And Teilhard de Chardin wrote: 


"Someday, after we have mastered the winds, the waves, the tides and gravity, we shall harness for 
God the energies of love. Then for the second time in the history of the world man will have 
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discovered fire." 


The authors fervently believe they have come upon fire for the second time, as allegorized by de 
Chardin. If so, let us all use the knowledge wisely. 


w 


. Maxwell's original quaternion EM theory is 
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e One terrorist, one light aircraft 
with spray tank 
¢ 100 kilograms of anthrax 


Flies over greater metropolitan 
Washington, D.C. 


e Calm night 

¢ 1-3 million casualties result* 

e Most of those stricken will die 

Presently little can be done 
to save the stricken civilians 

° Attacks on several population © 
centers might produce some 

‘ 10 million or more casualties 


“Per OTA Report to Congress, 1983 
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e Many foreign nations are hostile 
to the U.S. and sponsor terrorists C 
e Some 25 nations have WMD or 4 


are acquiring them 
— BW agents and weapons ae a, 


— Chemical agents and weapons 


— Nuclear materials and weapons ky ~— 
e Thousands of students and emigres — 


e Infiltrated teams, BW, other WMD already 
e Castro guerrillas infiltrated over the years 
e Can do unacceptable damage to U.S. now 
e May reach first strike knockout capabili 


“Por OTA Report to Congress, 1983 
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No shelters juire overpressu 
* BW filtering, ree showers, supplies) 
e No stockpiled vaccines, medical supplies, 


immunoglobulins, masks Suits, food, fuel, 
generators, heaters, water purification units Index 


Totally insufficient medical facilities, 
personnel, and emergency response teams Next 
© Triage, full martial law will be required r) 


No ans massi' ntamination m = 
State, county, city ina itely staffed : Previous. 
and in ni aly ral tat teeve coaaition Md Slide 
e Terrorist eine, ig bt agents, other WMD on site, waiting 


e Water supplies, food, crops, farm animals also vulnerable 

Electric power grid, bridges, trains, railroads vulnerable 

° Present medical science cannot save very many of the 
casualties, now or in the foreseeable future 
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Solution to Mass Casualties Treatment Proble. 
Threat and Current Status Next 
Slide 


Historical jon: Priore Treatment Therapy 
Extended Physics and Background 

Modern WMD Solution: Portable Treatment Systems 
Conclusions: Technology Practical, Proven 
Recommendation: Crash Development Program 


CTEC, Inc. 28 Mar. 1998 
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‘The Priore technical mechanism unwittingly 
involved a dramatic extension to both 
nonlinear optics and general relativity. 
However, nonlinear optics itself had not yet 
been born in the 1950s and 1960s when 
Priore worked out his methodology. The 
extension to general relativity has not 
been previously envisioned even to the 
present day. When the Priore project was 
‘Suppressed by the changed French 
‘government in the mid-1970s, nonlinear 
optics itself was just being initiated. To 
the present day, however, there has 
previously been no inkling of the dramatic 
‘extonsion to NLO that arises by using 
longitudinal EM pump waves and thereby 
pumping in the time domain. 

Its little wonder that Priore himself did 
‘not understand the nature of the technical 
mechanism he was utilizing, and neither did 
anyone else, and neither has anyone else 
rior to this time. 


© 1008 TE Bearden 
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‘Among other things, Pautrizel treated 
seriously infected immature rats with 
tho Priore ray. These rats had never had 
@ mature immune system. When thoy 
were removed from the machine, they 
still sickened again and died, because 
their immature immune systems could 
not resist the pathogen (Trypanosoma) 
So even though the damaged colts were 
reversed back to normal, the “normal” 
immune system was unable to fight off 
pathogons, which reinfocted the cells 
and killed them, killing the rats. 

This established the time-reversal 
naturo of the therapy, 


s © TE BEAROEN 1097 
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PHOTO COURTESY BOB WHITNEY 


PT ka tat 
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* FACT: DISEASE-SPECIFIC VACUUM ENGINE PRESENT FOR ANY, 
CELLULAR DISEASE, BY WHEELER'S PRINCIPLE { 


* DISEASE CAN BE REVERSED BY CREATING AMPLIFIED 
ANTI-ENGINE 


Cond VACUUM (BEARDEN'S 
* ANTI-ENGINE IS CREATED BY PUMPING THE NONLINEAR 
CELLS IN THE “INNER EM" DOMAIN, TIME-REVERSING THEM 
* PRIORE UTILIZED A PLASMA TO PHASE CONJUGATE AND “INFOLD" 
MULTIPLE BIDIRECTIONAL LONGITUDINAL EM PUMP WAVES 
* 17 FREQUENCIES MIXED IN A ROTATING PLASMA 


* PHASE CONJUGATES ADDED BY THE PLASMA 
ee * INFOLDED MIX INTO STRONG PULSED DC MAGNETIC 
FIELD, WHICH CARRIED IT INTO ATOMIC NUCLEI kK 


* PUMPED ALL NONLINEAR CELLULAR COMPONENTS TO 
PRODUCE AMPLIFIED, SPECIFIC VACUUM ANTI-ENGINE 


* NEGATED THE LONG-TERM CUMULATIVE CELLULAR 
DEDIFFERENTIATION ORDER GENERATED BY LONG-TERM 
HYPOXIA. TUMOR CELLS REVERTED TO NORMAL CELLS. » 


* SCRUBBED OUT THE CUMULATED PRECANCEROUS STATE f 
RESTORED THE IMMUNE SYSTEM TO HIGH FUNCTIONING . 
* NO EXCESSIVE TRAUMA TO TREATED ANIMAL 


ym ym me mec 


Previous 


* 
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Priore’s therapeutic methodology: 


Time-reverses the cells back to normal state 
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to Slide 
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NOTE: Priore therapy MAGNITUDE OF 
treats entire body. SUSCEPTIBILITY 
Return 
to Slide 
BODY CONVENTIONAL Tnilex 
Cells and tissues - = 
> 7 
i Next 
damage,etc. = Sige, 
= Slide 
aeterioration iecitead 
Previous. 
Slide 
PRIORE THERAPY: 
No scarring 
or physical 
= damage, etc 
Separation from body action point parla 
restored. 


ae Sm me He wean 
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7 


Solution to Mass Casualties Treatment Problem 


Threat and Current Status 
Historical Solution: Priore Treatment Therapy 
Extended Physics and Background 

Modern WMD Solution: Portable Treatment Systems 
Conclusions: Technology Practical, Proven 
Recommendation: Crash Development Program 


CTEC, Inc. 28 Mar. 1998 
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= G.J. Stoney: 


Decomposed the scalar potential into bidirectional wave pairs. 
"On s supposed prot ofa teoram wane motion," Ph Mig, 


Tyan, tarp S007 ln eaves ot per ee 
= E.T. Whittaker: to Slide 
Decomposed the scalar potential into a series of bidirectional EM wave pairs in Index 


harmonic series, where the two waves in each pair are conjugates (1. 
wave/antiwave pair) and are longitudinal waves. 


"On the pasta errs equations of mathematical 
hme." Mat Aon, Vet 67, 1003, p. 335-386. 


‘Showed that all classical EM ~ including waves ~ can be replaced by two 

interfering scalar potential functions. (This founded superpotential theory, 

extended by Nisbet, Bromwich, Debye, McCrea, and others.) Previous 
"On an enresuon of he eecromagrets ted Cu0 10 a 
‘Wectrons by meare of two scalar potenti tunctons,* ide 
rac Lond. Math Sc, Seven 2. Vo 1.1904. 367-372 


W. Ziolkowski: 
Independently rediscovered the biwave decomposition of the scalar potential and 
‘added the product set (in theory enabling modulations and communications) to 
‘Stoney and Whittaker’s sum set. 
‘Varo paper. 1985 0 data 
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Subdivisions of 
Soviet Energetics 


Energetics Bioenergetics | Psychoenergetics 


* Living Systems (Minds) 
+ Thoughts, Memories, 


‘Seimcnd cipat by (MSI Masterciea”™ 
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Bunge on the Status of 
Classical and Quantum Physics 


"... itis not usually acknowledged that electro- 
dynamics, both classical and quantal, are ina 
sad state... the best modern physicist is the 
one who acknowledges that neither classical 
nor quantum physics are cut and dried, both 
being full of holes and in need of a vigorous 
overhauling not only to better cover their own 
domains but also to join smoothly so as to 
produce a coherent picture of the various 
levels of physical reality.” 


“Mario Bunge, Foundations of Physics, Springer-Verlag, 
© 10 TE BEARDEN New York, NY, 1967, p. 176.. 


11.2008 19:14:41 
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EINSTEIN ON REVIEWING FOUNDATIONS _ } 


"...the scientist makes use of a whole arsenal of concepts which 

he imbibed practically with his mother's milk; and seldom if Return 
ever is he aware of the eternally problematic character of his to Slide 
concepts, He uses this conceptual material, or, speaking more Todes 
exactly, these conceptual tools of thought, as something = 


obviously, immutably given; something having an objective 
value of truth which is hardly even, and in any case not 
seriously, to be doubted. ...in the interests of science it Slide 

is necessary over and over again to engage in the critique of 

these fundamental concepts, in order that we may not uncon- Previous 
Slide 


Next 


Albert Einstein, "Foreword," in Max Jammer, 


of Space in Physics, Harvard University Press, 


nou Cambridge, Massachusetts, 1969, p. xiii, \ 
ez wesna Zw Te wemnoe a=) 
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- Einstein's Spacetime a de 
pa pgsenbbosebdees dad oe 222 
| \ 
| Return 
5 | to Slide 
: \ Index 
i 
| 
Next 
| | Slide 
\ 5 e oH 
H eoscatey Material ‘| Previous 
i ectric | _ Electric +] Stiae 
$ Fluid All Maxwell's EM entities i my Slide 
Fluid 
are defined only in and of - ‘ 
Disturbed charged matter. All are Disturbed ‘ 
|___________] | material entities. There | _—______ 


was no place devoid of 
mass, in the universe. 


MAXWEL TIONS ARE MATTER-TO-MATTER TRANSFORMS | 
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DATERIAL the TE peARCEN ‘900 


n 


0 
Ce’ 


Return 
Perturbation ™ to Slide 
Equations sone 
Index 
Next 
ide 


Material Material sasha 
Electric Electric Slide 
Fluid Fluid 222 : 
Disturbed Disturbed 
\ Now we are not using oP 
a material ether. “ 


wuations 
changing 
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<< THE MISSING INFOLDED 
4 ELECTRODYNAMICS 


Maxwellian electrodynamics has 
nothing at all to say about EM 


q 2 


entities in space or their form 


Material Material Return 
Electric Electric to Slide 
Fluid : Fluid Index 
Disturbed Disturbed 
- - Next 
TION ' J PACETIMEZTO: Previous 


Slide 


INTERNESTED SPACETIME CURVATURES 
(VACUUM ENGINES) 


D> \_INFOLDED GENERAL RELATIVITY — 
; EINSTEINS it 


—__ SPACETIME TE BEARDEN 1508 
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Nonlinear Optics 
Distortion Correction Theorem 


“If a scalar wave E;(r) propagates from 

left to right through an arbitrary but lossless 
dielectric medium, and if we generate in 
some region of space [say near z = 0] its 
phase conjugate replica E2(r), then Ex 

will propagate backward from right to left 
through the dielectric medium, remaining 
everywhere the phase conjugate of E1." 


a0 © 100 os, 10987 BEARDEN 
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bert i © TE BEARDEN 1997 

* * © .£TC. 

Vavg Wavepair #3 

Vavg Wavepair #2 

‘SUBHARMONICS 

Vavg Wavepair #1 
e* © ETC. 

The Structure Is: 


‘A harmonic set of longitudinal EM wavepairs. In each wavepair the two waves 
‘Superpose spatially, but travel in opposite directions. The two are phase 
conjugates and time-roversed replicas k 


correction theorem of nonlinear optics. Sach waves We staave palrio 8 patois 
wave. Each wavepair is a standing electrogravitational wave. in nonii ‘optics, 
domain. 


Note: Think of the oscillations as velocity modulations. 
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The Zero-Vector Axiom Destroys 


"Topologies within Topologies” 


e The axiom: There is a unique vector, 0, inV 
(the vector space) such that 


VeOSOFVE Se 
e Note that V + 0i1=Oj+ V; O1= - Oi= n0i 
so Oi = 0) = On =...+ On=... 


e This makes all 0i equal by assumption, 
since there is assumed to be only a single 
type 0 without real components 

e In fact, 0 is not unique. An infinite number 
of different zero-vector systems, with real 
components, satisfy the zero-vector axiom. 
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‘A.couplod EM wavelantiwave pair infolds electromagnetic 
‘energy, converting It to gravitational energy. The wavepair ©) om ean 
becomes an electrogravitational standing wave. 
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(waves with velocity v, where 0 < v 


@ Major equations of interest having UPW solutions are: 


— Homogeneous wave equation Fesomansiu found Pre Return 
- Maxwell equations to Slide 
- Dirac, Weyl, and Klein-Gordon equations Index 


e@ UPWs are translationally invariant, and do not spread, or 
they reconstruct their original form after a certain period. 


@ UPW solutions have infinite energy. Quasi-UPWs can have 
finite energy and can in principle be launched into space. Previous 


@ Subluminal Maxwell solutions are called EM particles. Site 
Superluminal Maxwell solutions are called X-waves. 


e@ Experimental results indicate such waves will be produced 
within the next few years. @ 10 re weaRoeN 


Next 
Slide 


e@ Nimtz has translated Mozart's 40th symphony at v = 4.7c. 


up:/www.cheniere orgbriefings/DoDPriore/stides(032.hum24,11.2003 19:15:11 


Priore DoD Briefing 


Velocity modulating a longitudinal 


EM wave oscillates rate of flow of time 
SS ————>—_————————S SS 


__ Observer sees it this way = 


V=— on ees 


Constant transverse wave magnitude ation 
a to Slide 
Wave oscillates its velocity along Index 
L its path, about a nominal value = 
Next 
t _ Wave oscillates this way Slide 
We, Constant transverse magnitude 
“” | Wave oscillates magnitude of its revious, 
transported t, about a nominal value Slide 


Note: 
‘+ Waves consist of photons 
+ Each photon consists of energy x time 
+ Each photon carries timo as well as energy © (or TE BARDEN 
A is both a spatial energy dynamics and 
"ANS temporal dynamics 
Way ¢ ic time structur well 
ve commplaen carry dynagni ires as well as. 
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(Both photon and antiphoton are longitudinal) 


sv 


In physics, the primary units 
Every: 


LONGITUDINAL 
PHOTON 


selected are arbitr 


thing can be expressed, e.g. 


oy tia in terms of ime atone. Thus eNauuelm 
so can photon spin to Slide 
Index 
VACUUM $ IS THIS A 
ENGINE SPIN 2 ENTITY? 
Pa itis, in the time Piestaus 
domain. ———A 


ide 


LONGITUDINAL 
ANTIPHOTON 
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(AE)(At) + M => (MeAM)at = => M + (AE)(At) 
Flow of macroscopic time (observable photon interactions) 


SPATIAL AND SPATIOTEMPORAL wY + JA 


Saal? 
eee TTS ae 
Flow of microacople th time (via ‘ital photon interactions) 


‘The photon interaction generates an observed quantum change and a discretized 
inthe rate of time flow. A particle observably chang es by ony a single ata tina,” 
The background flow of ime in which the jump in rate occurs, is created by the continual 
absorption and emission of virtual photons. 


@ mare eer 
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(Use of Hidden Information Content of the Field) 
(Can Provide Action-at-a-Distance) 


(8 to 20 harmonic wavepairs each ) 
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Deep penetration of weak signals in a dense signal 
environment, by nonlinear retroreflection 


Return, 
to Slide 
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the simultaneous exterior interactions occur. Orn imtrs wee 
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+ Provides coherent, long-range inter- 
actions in Sitoges yatome nm 


+ Is an organized morphogenetic Held 


Sino bale of tune 


( 


* Leakage provides ultrawoak, coherent 

biophoton emission from the systom 

* Fractional intensity patterg: few to 
some 100s of phot 

oOpumum signsttoncles allo 


UL 


omission shows biological 
ya always out of equilibrium 

* Emission has holistic characteristics 
© Correlations to most, if not all, of the 

biological functions of the organism 


* Emission very sensitive to almost all 
‘extemal and jal influences. 

* Both spontaneous and delayed 
luminescence occur 

* Photons stored in cell during the delay 


single dolayed blophotor be 
it trigger 10 reactions ina coll 
_ before its release 

Spectrum almost continuous within 
* optical range from 200-800 nm. 


© DNA, all other processes are sources 

Single of whole stem, 

Single main process of unas apsiea 
trformation figction and oye 
biological clocks (oscillators) 


aT 
a => 
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CANCER: CHARACTERISTICS 


NOT ONE DISEASE BUT A WHOLE RANGE 
STARTS IN ORDINARY (AEROBIC) CELL 
CELL SHAKES OFF BODY'S DICTATORIAL CONTROL* ae 
STARTS UNCONTROLLED DIVISION a" 
BECOMES A LUMP yr 
CAN SEND FORTH CANCER CELLS 

- THROUGH BLOOD 

— THROUGH LYMPH 
THESE FORM METASTASES (SECONDARY TUMORS) | Previous 
OFTEN BECOME ANAEROBIC (NON-OXYGEN USING) | Slide 
@ ENIGMA IS FAILURE OF IMMUNE SYSTEM 
TO ATTACK SOME TUMOR CELLS 

— SUPPRESSOR CELLS MAY CURB IMMUNE SYSTEM 

— TUMOR MAY LACK ANTIGENS NORMALLY IDENTIFIED 

BY THE IMMUNE SYSTEM 
*R&R system forces cell back toward anaerobe 


Next 
Slide 


concn rete saan 
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ATHOSP Betatn, 
TO AEROBIC to Slide 
, Index 
Next 
— = Slide 
BIOGENESIS IMMUNE SYSTEM 
‘SINGLE CELL RED CELLS: 5 
ANAEROBIC FACULTATIVE WHITE CELLS. Previous, 
: 
je = CELLS Slide 
sunenones BOTH AEROBIC 
‘AND ANAEROBIC). 
Prom OXON “NOTE: LIMITED ANAEROBIC RESPIRATION 
STILL TAKES PLACE IN HIGHER AEROBIC 
LIFE FORMS, INCLUDING MAN. 
EVOLUTIONARY TIME 
evens ¢ tte tee 
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RED BLOOD CELLS e AIR 
ee 
a 
° . wer . 
Severely reduced e Severe pollution | 
oxygen transport ‘ 
° ©, (Suchas @ 
cigarette smoke) ° 
BLOOD CELLS e e rs ; 
LUNG 
SACS 
BODY E 
cucnon Ove swe 
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MULTICELL 
AEROBIC* 
LIFE FORMS, INCLUDING MAN. (INCLUDES MAN) 


TIME-REVERSED 
I—— = <a PATH FOR SUSTAINED 


OXYGEN DEFICIENCY 


SINGLECELL ~____~ 
AEROBIC" FIRST STEP IN OXYGEN-DEFICIENCY 
DEDIFFERENTIATION 


camcnoe ed 
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* Two major links uncovered between : 
— The DC system and nervous system 
— The DC system and all body cells 


Bioelectric potentials of primary importance can 
Physiology presently considers controls limited to: ater 
— Neural action potential C= 
— Various hormone chemical agents Next 
— Chemical agents associated with DNA/RNA system Slide 
* Complete Operational Biological Control System: : 
— Controls growth, healing, biological cycles, etc. a 


— Operates in ANALOG mode; various levels of DC 
— Interlocks physically with nervous system (and may be its precursor) 
— Other chemical agents 
— Tissue growth and healing NOT INCLUDED 
* Medical community now more concermed with diseases resulting from 
— Inadequate/abnormal growth 
— Inadequate healing 


hup:vwww.cheniere-orgfbriefings/DoDPriore/slides(045.htm24.11.2003 19:16:19 


Priore DoD Briefing 


Application of tiny DC currents to heal difficult bone. 
fractures. Only picoamperes are utilized. Pulsed DC 
current or pulsed magnetic fields may also be utilized. 


Proves that cells can be time-reversed (phase conjugated) —_ [Turns into type of cell that 
dediferentiated) or time-forwarded (redifferentiated) ‘makes bone 

application of vary weak electromagnatic signals, when tract ‘ 
those signals contain jongitudinal biditectionat EM ‘pump |"Positalnuyaatga 
wave" wavepairs, which cause the cell and its parts to create 
Precise vacuum antiongines. 


healing the fracture 


SS 
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Trauma Producing 
Pie Se Loss 
Local wit. We effect Local nerve effect 
CNS attest + Atterations in hormone 
pattern (prolactin) 
Return 
Alterations in local to Slide 
ee field pattern pee. 
7 Index 
[Local electrical ~ 
effects 
8 ; es Next 
pools of Fi cells. Slide 
Dedifferentiation into Previ 
primitive mesenchymal cells pit 
Slide 
Phase! Blastema formation 
—- growth 
Phase It * 
Redifferentiation into Spadaro, “Electrical stimulation of 
. 
Restoration of body 
part or tissue 
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@ Standing DC potentials on intact surfaces of all living animals 
demonstrate a complex field pattern spatially related to the 


: Return 
anatomical arrangement of the nervous system to Slide 
— Can be measured directly on the peripheral nerves Sule 
— Polarity difference related to whether nerve is or is not a sensor — 
— Steady (weak) current flow exists ae 
— Demonstrates solid state/semiconductor phenomena om 
— Accurately reflects (amplitude and polarity) the general level of neural 
activity 
* Sleep versus wakefulness Previous 
* Anesthesia versus conscious Slide 


* Other parameters 
@ DC levels determine the level of neural activity 


@ Action potential system exists upon a substratum of DC 
potentials which pre-existed it 


@ DC potentials substrata had and have control functions over 
basic properties of the living organism © TE BEARDEN Jo08 
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@ Cellular processes are regulated by a precise control system 
Attempted to a) engineering control-system theory 
® Cells and tissues have solid-state electrochemical features Return 
which provide control signals in the control system to Slide 
- Growth process Index 
— Electron transfer egenerston terran Bul MT. Bend Ma (4) Pay TOT, 627-841 — 
— Semiconduction 
— Self-organizing (NOTE: Implies hidden variables and nonlocal causality) _ Next 
e comet electrical events at the injury site initiate cellular Slide 
pects such as dedifferentiation and mitotic activity 
Paton is a 2-step process, each with different controls 
— Electrical triggers with thecnold values results in appearance of blastema = 
— Complex data transmission to blastema establishes it as a self-organizing Slide 
‘system capable of growth and redifferentiation 
— Mammals lack ability to produce blastemas except for bone, but partial 
regeneration growth has been shown in response to electrical stimuli 
@ Growth related to electrical more than electrochemical aspects 
@ Hematopoietic marrow as source of cells for the blastema 
— Monocytes can take place in regenerative processes in limbs 
— Lymphocytes can dedifferentiate under certain circumstances 
— Marrow elements can be induced into osteogenesis —© T« scarce 100 


Previous 
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Corrections For the Present EM Bioeffects Model 
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Previous 
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Note: Minimum lattice is one harmonic interval: IR to UV is such a minimum G-lattice. 
Distant induction of cellular death and diseases, by special EM means. 
joton-antij structured harmonic 
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MICROWAVE RADIATION OF 
U.S. EMBASSY IM MOSCOW 
BACKGROUND 
Former U.S. Embassy in Moscow. é Began in latter 1950s 


Discovered on VP Nixon's trip S 
. “Initially thought to be nuclear radiation Return, 


(Discovered wiGeiger counter?) to Slide 
+ High level target - U.S. Ambassador Index 


. Gumaniees personal attention of: 
prpeaetor to USSR 
= U: = Presi 


ident 
= NSA, CIA, DIA, NSC, etc. 
= Top consulting scientists 
= Leading U.S. scientific institutions 
* Two U.S. Ambassadors died, another sickened previous 
+ Anomalous health changes in  permonne. only ——— 
in zero-field (zero pot'l gra dient) areas! Slide 
. ror U.S. Presidents requested Soviets cease 
= Cut from 18 watts/sq cm to 2 
= Then a increased 
No one could understand what was going on 
Aluminum screens were placed over windows 
Moscow was declared a hazardous duty zone 


Nw a): 


Selected cipart © by Lotus SmartPics™ Om mre nace 
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_ Self-Targeting in Inner EM 
<@>- Channel Can Produce a ae 
Quantum Potential 


(Once OP is established, 

is direct and ‘input to one 
‘singlo participant will simuftanoously in al 
‘other 


@----"-e ™ 
NARROWING OF INTERACTING 
POTENTIALS INTO LASER-LIKE 

BEAMS, BETWEEN TWO 


‘D 
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Quantum Potential Characteristics *“"“"“""""" 


"A quantum particle moves as if it were subject, in addition to its 
external potentials, to a potential which is a function of its own 
probability distribution.” 


@ Bohm's H.V.T. assumes: 
= Particle and wave function real and separate 
- Wave function obeys Shroedinger’s equation 
— Particle obeys classical mechanics 
~ Particle couples to wave function through a quantum potential 
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© TE.BEAROEN 1998 


ugpliwww.cheniere 


* Separated points are su 
* Intervening distance in 


sed in MCST 
ection is instant and bidirectional 


Propagation through ST does not apply 
* Energy or vacuum engine input to one station 
instantly appears at each and every other station, 


undiminished in magnitude 
* Ultimate net-centric warfare effect 


Jorcfingw/DoDPrion 


ex/057.htm24,11.2003 1951744 


Note: Vulnerability. Any other 

station may insert energy 

or vacuum engines into the 
quantum 
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And Typical Comparative Disease Curves 


Note: There is cumulative genetic damage to germ cells also. 
wun uur 
SUPPRESSION 


‘Or inawune SREATMENT 44 
ones = intensity of 


DEATH OF THE HOSTIPATIENT 


PERMANENT DISEASE STATE 


FULL DISEASE STATE 


TRACE (LOW-LEVEL) DISEASE 


PRE-DISEASE STATE 


SHADOW DISEASE STATE 


"EXPOSED WITH MOST CUMULATIVE DAMAGE 

<)=)s5=" EXPOSED WHITH MULTIPLE AGENT INFECTIONS AND RECEIVING MULTTTREATMENT 
EXPOSED WITH LESS CUMULATIVE DAMAGE 

NON-GULF WAR: TYPICAL NORMAL DISEASE WHICH KILLS PATIENT 
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Force Fields and Symmetry 


—_—_—_—_{_{_=_—_—_—_—_—__—__—__——_—_—_———— 
= Force fields are nature's way of imposing 
local gauge symmetries on the world Return 
= E.g., electromagnetic field is a manifestation oa 
of the simplest known gauge symmetry a 


consistent with the principles of special st 
relativity mite 
= For the EM case, the gauge transformations seers, 


correspond to changes in 'voltage' from place 


to place 


© T.E Bearden 1995, 1996 
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Aspects of Strong Local Asymmetry 
SS 


= If local asymmetry is strong, conservation laws 
may be appreciably violated 


* Energy © TE Bearden 1996, 1996 


Angular momentum 


= Properties of an object may differ appreciably for 
© Different observers 
© Different detecting means 
* One time to another 
e One position to another 


= STRUCTURING THE INFOLDED EM INSIDE POTENTIALS, 
FIELDS, AND WAVES 
* Strongly breaks local symmetry 
» Provides spacetime engines giving the above effects 


ugeliwww.cheniere 


fing/DoDPrioreslides/060atm24, 11.2003 19:17:53, 


Return, 
to Slide 
Index 


Next 
Slide 


Previous 
Slide 


Priore DoD Briefing 


Other Aspects of 


Strong Local Asymmetry 
bl 


= Local spacetime is curved © TE Bearden 1905, 1996 

= Lorentz invariance of vacuum is violated Bet 
= May be a local "sink" or "source" oo 
= Gravitational/inertial effects from EM 

= Translation between virtual and observable Next 

= Electrogravitational solitons ome 

= Action at a distance pein 
= Transmutation effects may exist Slide 


= Scalar/pseudoscalar field translation 
= COMMENT: Thus the use of infolded longitudinal 
EM fields and waves to strongly break local 
symmetry allows internested clustering of 
spacetime curvatures. These spacetime 
structures are vacuum engines, or spacetime engines. 
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— -_— V =10° volts 


Return 
to Slide 
Surface layer of Cellular membrane index. 
fluid atoms surface 


coe = d =10° meter 


Previous 
Slide 


E = 10° volts/ meter 
Ss f(E’)= f(10") 


© Wor Te weAren 
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@ What is taught is the “interaction cross section," i.e., the 
joules collected from the associated S-flow by one point 
coulomb of intercepting/collecting charge. Return 


W=Vq=¢q (joules) [1] 22% 
$=Wiq (joules/coul) [2] 


Next 
Let <1 and fixed; q =n where n= Slide 
W=k, where k =90 FS] sritune 


@ From any "finite" potential, no matter how small, an unlimited Siide 
amount of energy can be collected, by increasing the 
collection (number of coulombs) (interaction cross section). 

® Actual magnitude of the potential must be very, very large, 
since we can treat it as infinite or unlimited, via W =  q. 

®@ Else Equation [1] could not be linear. 


© te eeancen v8 
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Table A1. THE VACUUM ENERGETICALLY INTERACTS 
WITH EVERY PARTICLE, CONTINUALLY. 

SS 
s 7 
‘@ Ground (zero) state of the electromagnetic (photon) field. 
@ Ground (zero) state of mass field. 
© Empty of observable particles or photons. 
© Filled with non-observable (virtual) particles and photons. 
@ Violently fluctuating microscopically and electromagnetically, 
@ Constantly interacting with all particles, including partially 

shielding their bare charges. 


Lamb Shift - vacuum's alteration of the energy level of an electron in the 
hydrogen atom. 
~ Difference in energy (frequency units) is 1057.862 MHz. 
~- Lamb was awarded a Nobel Prize for showing this. 
~ Energy density exceeds that of the sun's surface! 


® Casimir Effect - vacuum creates an attraction between two conducting 
surfaces in close proximity. 
- experimentally proven, well-known. é 


® Cole and Puthoff proved that there is no thermodynamic reason why energy 
cannot be extracted from the vacuum as heat and power, and utilized. 


@ ~The common dipole is a broken symmetry in the virtual photon flux of vacuum, 
It extracts virtual energy, integrates it, and re-emits it as Poynting energy density 
flow S = ExH (which observably interacts with charged particles and magnetic 
poles). 
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(Adding Vacuum Engines) 


@ Any EM field or wave is created by (comprised of) two 
potentials which interfere with each other in a given area 


- May be either scalar or vector potentials om 
- May interfere locally or at a distance wae 
- Hipsoaess is distance independent —— 


e scalar potential is comprised of a harmonic series of Med 
idirectional longitudinal EM wavepairs (Whittaker 1903). a 
e Zothawest circa 1985 added the interior product set to aide 
Whittaker’s sum set. Thus he added modulations. : 
® By assembling a deliberate "sum and product" set of — 
biwaves, a scalar potential can be created having an = 
internal deterministic structure. 
This structures local vacuum potential ime 
curvatures, in specific forms ‘faraisest 
- Now have added vacuum engines 
- Have infolded general relativity inside electrodynamics 


© woe re BEARDEN 
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Structured 
Einsteinian spacetime 


curvature 


Index 


Next 
Slide 


Previous 


Demons are 
EM hidden variables 
organized into ~ 
dynamic structures, 

at all levels 


Demons work 
atall levels 


© TE DERCEN $008 
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STRUCTURING DETAILS OF 
OF ACTIVE STRUCTURING Meath, 
SPACETIME OF ACTIVE to Slide 
». CURVATURES .._ SPACETIME oom Index 
\ \\* CURVATURES .——— 
\ 
\ Next 
Slide 


‘3 Previous 
Slide 


© TE BEARDEN 1908 
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Se ats erocieea cinta and structures spacetime Lendaneety {ongines). 


+ Curved and structured spacetime engines produce forces on mass and its com) 
Sector ong Sees asd 


. gis he tidy aang aging the Luvs 1s the Input EW potontais, Wolds: and wares, 
Py rectly engineerable In devices of unparalleled capabilty. 
st curvatures ite 
Return 
mass-to-spacetimo ‘spacetime-to-mass to Slide. 
mass transformation transformation MASS | index 
ww, \|4/ - 
= stared me ~ altered | Slide 
we ae 
| 5 .f of \ > Previous 
Complex of ST curvatures 
‘Spacetime disturbance (engine) 
eam propagates © Te peanoen toe 
Electrodynamics has a hidden but ignored electro-general-relativity 
infolded inside (« }) its so-called potentials, fields, aes waves 


‘mass, as pointed out by Aharonov and Bohm in 1959. Ail of this is just 
longitudinal EM waves and their interactions. 
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SIGNAL VERSUS VACUUM ENGINE 


Return. 
to Slide 
Index 


A Feceiver ‘must do the action itself; vacuum energy is 
muaitered, ‘or fuel for doing the action must be. to Next 
Slide 
Previous 
VACUUM Side 
ACTIVATED 
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e An EM potential is gravitational due to its trapped energy. 
¢ A local EM potential is a local curvature of spacetime. Return 


to Slide 
Index 


e Structured potentials are structured (nested) local 
spacetime curvatures; hidden variable theory applies. 

« Structured potentials thus are vacuum engines. Next 

« Gradient-free potential penetrates the atom, into nucleus. Slide 


With steady application, a structured gradient-free potential | 
can be used to engineer the atomic nucleus at will. eee 


« Normal cold fusion systems structure a small fraction of Sie 
their potentials, by chance geometries, boundaries, etc. 


e This produces some new nuclides, but haphazardly. 


« The process can be developed and controlled. The 
nucleus can be deterministically engineered at will. 


© wor Te Beancen 
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Vacuum Engineering 


Using Inner EM Energy and Structuring to Engineer Physical Reality 


Vacuum Potential (Violent Flux) 
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@ /mpact of Vacuum Engineering » 


* "If they [quantum fluctuations of vacuum] can be [tapped], the 
impact upon our civilization will be incalculable. Oil, coal, 
nuclear, hydropower, would become obsolete -- and so would 
many of our worries about environmental pollution." 


R 

= "Don't sell your oil shares yet -- but don't be surprised if the on 
world again witnesses the four stages of response to any new aa 
and revolutionary development: gimuts seeex: 
—1. It's crazy! 
—2. It may be possible - so what? nee 
—3.1 said it was a good idea all along. Side 
—4. 1 thought of it first." ‘ 

Ata SSG ratay That Cul Become Reaty Previous 
«Com 7 Nov/Dec, 1994 Slide 


— Every dipole's broken symmetry in its energetic exchange with 
the vacuum already freely extracts vacuum energy. 

-In power sources, the dipole gates the extracted energy out as 
S = EXH, which flows almost entirely outside the conductors. 

—The circuit interacts with, and uses, only about 107 of S. The 
electrodynamicists calculate only this small S-component. 
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PREVIOUS 
PREVIOUS 
MASS 

© TE BEARDEN 1097 STATE 
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A 1 
a, Pumping with transverse EM waves b. Pumping with longitudinal EM waves 
produces a time-roversed wave. A, and A, time-reverses the mass /tself. 
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(Energy and time are canonical 


@ Time can neither be created nor destroyed 
— Its form can be changed, and it can be positive or negative 
- Time can be collected or dissipated, converged or diverged 
- Time can oscillate and move in waves 
— Longitudinal (infolded) EM waves oscillate time 


@ Time is always in motion, and that motion is variable 
- Collected/collecting time is a continuing stationary 
change in an ongoing time flow 
- Time/collecting time can be internested and internally 
Structured 
@ Time has gravitational aspects 
- Negative (trapped) time is antigravitational 
~ Emitting negative time is gravitational, to the emitter 
@ Nonlinear optical pumping can use longitudinal EM waves 
— Pumping a nonlinear mass by longitudinal (infolded) EM 
waves pumps it in its masstime form, in the time domain 
- This creates an amplified vacuum antiengine for the mass, 
and time-reverses the mass back to a previous state 


@ os Te BEARDEN 
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@ There is a vast new kind of electrodynamics hidden 
inside all EM potentials, fields, and waves 
— Longitudinal EM waves and complexes 
— Oscillations in time domain 


These complexes are an infolded fisneral relativity 
— Clustered formations o' ee ime ee 
— Ve werful, jemce the rce is used as 
agent oF curvature is 


In general relativity, similar precise complexes 


permeate and act on any mass at all internal levels 
With this approach, one can now manipulate matter -- 
living or inert -- in any manner desired, depending 
only on the level of development of the technology 
Priore unwittingly used this to cure dread diseases 
This is a revolution in all of science © TE BEARDEN 508 


We have uncovered the major mechanisms to utilize 
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Solution to Mass Casualties Treatment Problem 


Threat and Current Status 

Historical Solution; Priore Treatment Therapy 
Extended Physics and Background 

Modern WMD Solution: Portable Treatment Systems 
Conclusions? Technology Practical Proven 
Recommendation: Crash Development Program 


CTEC, Inc. 28 Mar. 1998 
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™ FACT: DISEASE-SPECIFIC VACUUM ENGINE PRESENT FOR ANY, 


CELLULAR DISEASE, BY WHEELER'S PRINCIPLE 
+ DISEASE CAN BE REVERSED BY CREATING AMPLIFIED 

nd VACUUM ANTI-ENGINE (BEARDEN'S PRINCIPLE) 
+ ANTLENGINE IS CREATED BY PUMPING THE NONLINEAR 


CELLS IN THE "INNER EM" DOMAIN, TIME-REVERSING THEM (72D 
‘e 


* PRIORE UTILIZED A PLASMA TO PHASE CONJUGATE AND "INFOLD™ 


MULTIPLE BIDIRECTIONAL LONGITUDINAL EM PUMP WAVES 
* 17 FREQUENCIES MIXED IN A ROTATING PLASMA 
PHASE CONJUGATES ADDED BY THE PLASMA 
ge * INFOLDED MIX INTO STRONG PULSED DC MAGNETIC 
FIELD, WHICH CARRIED IT INTO ATOMIC NUCLEI 
* PUMPED ALL NONLINEAR CELLULAR COMPONENTS TO 
PRODUCE AMPLIFIED, SPECIFIC VACUUM ANTI-ENGINE 
NEGATED THE LONG-TERM CUMULATIVE CELLULAR 
DEDIFFERENTIATION ORDER GENERATED BY LONG-TERM 
HYPOXIA. TUMOR CELLS REVERTED TO NORMAL CELLS. 
SCRUBBED OUT THE CUMULATED PRECANCEROUS STATE 
RESTORED THE IMMUNE SYSTEM TO HIGH FUNCTIONING A 
NO EXCESSIVE TRAUMA TO TREATED ANIMAL 


* 


tk ge wan 
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SURVIVORS OF N CASUALTIES 
(N = 1-40 MILLION) 


08 
06 = 
04 Slide 
0.2 Previeus, 
Slide 
o | xm | 


TYPE TREATMENT RECEIVED 


FRACTION SURVIVING 


EXPRESSED IN FRACTION SURVIVING 
1 With conventional treatment 

jith 1st generation P-treatment 

@ With 2nd generation P-treatment 

@ With 3rd generation P-treatment 
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Solution to Mass Casualties Treatment Problem 
Threat and Current Status 
Historical Solution: Priore Treatment Therapy 
Extended Physics and Background 
Modern WMD Solution: Portable Treatment Sy 
Conclusions: Technology Practical, Proven 
Recommendation: Crash Development Program 


CTEC, Inc 28 Mar, 1998 
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Summary and Conclusions 


@ Anew therapeutic paradigm of great scope 
and effectiveness has been developed 
- Will provide effective, quick treatment of mass casualties 
- Will provide cures for unknown agents 
- No pathogen strains are resistant to this process 
@ Results have been proven experimentally 
- Documented in French scientific literature 
- Rigorous scientific protocols, eminent scientists 
- Technical mechanism deciphered 
@ Will treat and cure many diseases 
- Aids, atheriosclerosis, cancer and leukemia 
- Sleeping sickness hs eal 
@ Portable units can be developed quickly 
- 18-month crash development program required 
- high level authority and overwatch essential 
@ Will solve the BW mass casualty treatment 
problem, both civilian and military 
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Sojution to Mass Casualties Treatment Problem 


© Threat and Current Status Next 


Slide 


Historical Solution: Priore Treatment Therapy 
Extended Physics and Background 

Modern WMD Solution: Portable Treatment Systems 
Conclusions: Technology Practical, Proven 
Recommendation: Crash Development Program 


CTEC, Inc. 28 Mar. 1998 
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Recommend implementing: 


® Sesh Jevelooment dros 


— Suitcase-sized port unit Return 
18-month Manat t to Slide 
Simultaneous theoretical Index 
animal testing w/breadbo. % 

Next 


SecDef and Congressiorial 
Presidential DetisionMirective 


Parallel lo, ICS Support program Previous 
eed production lines Slide 
Wsbution, storage, maintenance 
tenance training 


Slide 
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Final Thoughts: 
@ The current internal BW threat can size 
and will kill more Americans than 
all our previous wars combined 


@ The Priore technology is the only 
solution in sight that can save 
most of those casualties 


CTEC, Ine. 
2311 Big Cove Road 
Huntsville, AL 35801 
(256) 533-3682 Phi 


CTEC, Inc. 


June 24, 1998, 


Dr. Jane F. Kinsel, Director 
Office of Policy Analysis 

Department of Health & Human Services 
Bathesda, MD 20892 


Dear Dr. Kinsel 


Your letter of June 8 is appreciated. However, the entire action package had already gone 
to the Assistant SecDef and also to Major General Neary in the USAF. 


‘The proof of a revolution in medical treatment was in the package. The basis for itis 
already demonstrated experimentally in the scientific literature, both in the U.S. and in 
France. We are speaking of something already proven, but missed by the entire U.S. 
medical community. Strong words, but true. Let me be specific. 


‘Any cell in the body can be time-reversed (physics term) or dedifferentiated (biology term) 
back to an earlier state, by pumping (i.e., “squeezing” in simple terms) that cell with 
longitudinal EM waves as pump waves. There are considerable papers in the French 
scientific literature showing the experimental results, 


‘Apply that to cancer. We are stating bluntly that all cancerous cells in the body can be 
“depromoted’ back to normal cells easily. Further, the damage previously done to them 
(such as by sustained hypoxia due to contaminants reducing the oxygen-carrying ability 
normally given to it by some 60-t0-80 surrounding water molecules per red cell and the 
consequent H-bonding interactions) will also be reversed. The cells can all be returned to 
healthy, normal cells again, without “killing” or “burning” or “cutting” anything. 


With some development of the technology, you can quickly and easily cure every cancer 
patient in every hospital in the United States. 


Now apply it to AIDS. Since you can time-reverse every cell in the body, you can time- 
reverse the HIV-infected cells — genetics and all — right back to normal cells with normal 
genetics. Those cells not infected and healthy, will just get a “little younger” again. 


So with that small development, you can quickly and easily cure every AIDS patient in every 
hospital in the United States. 


| would have thought that NIH would certainly be interested in such a revolutionary therapy 
which has already been demonstrated in laboratory experiments. World-renowned French 
Scientists — such as the eminent parasitologist Pautrizel and research PhDs assigned 
directly by Robert Courrier, head of the Biology Section of the French Academy of Sciences, 
worked with Prioré in performing those startling experiments that proved what we are 
saying, 


June 24, 1997 


Page 2 


‘The method was rigorously shown to cure infectious diseases (such as trypanosomiasis), 
atherosclerosis (which now afflicts millions of Americans), and terminal tumors. It was 
shown to reverse suppressed immune systems back to normal vigorous functioning, 


Please permit me to disagree with you that the examination of such is not the mission of the 
NIH. To the contrary, itis precisely the NIH which should have some of its very best 
Scientists looking into this. 


‘The action package to DoD was to propose a crash program to develop this methodology in 
the form of a small, portable unit for treatment of mass casualties resulting from a terrorist 
BW attack on our cities (now expected in the next few weeks, as you must be aware). The 
leading Arab terrorist of the world has already promised just this. 


We are speaking of several million Americans who are going to die. They are going to die in 
spite of everything that NIH and its labs can do, even though | know you will make a heroic 
effort. With NIH present methods, you cannot do very much for those stricken Americans at 
all. Everything we have in the “normal” kit bag is almost useless against a knowledgeable 
spray attack of modified smallpox (as you know, the Russian secret BW labs have made 
and sold tons of that already, to guess who!). Or a spray of tularemia (you are well aware of 
the extreme lethality of that), or anthrax (easily obtained). It is also common knowledge that 
these terrorist teams with their BW agents are already on site in this country, waiting for the 
word to attack. This has now been officially raised to our primary Strategic Threat. 


In the face of such looming strikes on the U.S., | simply cannot believe that the NIH does not 
feel it within their mission to rigorously check out a proposed method for saving perhaps 
70% of those coming deaths (first generation equipment), and up to 90% with second 
generation equipment. 


Perhaps you just did not read the package carefully. | urge you to do so. 


Else NIH is going to look very, very bad when (1) the strikes do occur, (2) they can't handle 
them (and they cannot, as you well know), (3) they had within their hands in advance, a 
proposed methodology that could have been investigated intensely, to save millions of those 
stricken Americans. 


‘As a staunch supporter of NIH and especially CDC, I have to believe that there is a different 
attitude there. If NIH is not interested in a previously experimentally demonstrated method 
of saving millions of Americans, then the only recourse left is the political channel. 


| assure you that my critique of electrodynamics is well-founded, as supported by various 
leading physicists such as Nobelist Feynman (who stated bluntly that the field concept is 
wrong), Wheeler, Bunge, and so on. Itis inexplicable why all our universities are stil 
teaching a 130 year old abridged (Heaviside’s) subset of Maxwell's theory, and one that still 
contains a material ether even though that was falsified 110 years ago! 


You already have seen the misuse of this technology by the Russians, in the decades-long 
radiation of the U.S. Embassy in Moscow. Is it not NIH's mission to understand how they 
generated all those diseases and health changes? Have you ever looked into 
Kaznacheyev's experiments showing that ANY cellular disease or disorder can be induced 
in cells at a distance by purely EM means? Have you looked into what got eliminated from 
electrodynamics by ignoring the hidden longitudinal EM inside every potential, field, and 
wave? Do you realize what ignoring that has done to American chemistry, biochemistry, 
and medical science?" 


| would hope that the NIH would at least be interested in its own mission area! 
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| challenge you bluntly to admit that no one presently understands the primary operation of 
the human cellular regenerative system. That's because its technical principle is not 
presently in our recognized physics, biochemistry, and medical science — even though it has 
been in the hard physics literature since 1903-4. Becker's epochal work came closest; since 
he only had access to the conventional EM mode, it failed him. But he at least showed you 
rigorously that cells can be changed (both differentiated and redifferentiated) all over the 
map by laughably weak EM — picoamperes of current, which means persistent DC 
potentials. In the microwave radiation of the U.S. Embassy, all the health changes occurred 
in regions absent of fields — i.e., absent of bleed-off of the potentials. Hence in regions of 
stable DC potentials! With 100% correlation of the health changes to persistent, gradient 
{ree potentials, and 100% anticorrelation to changing potentials (i.e., fields), our own’ 
scientists concluded totally erroneously that it could not have been the EM radiation causing 
the changes, when their own results had just proven that it was. 


Now | ask you: Can NIH explain how it was that the DC potentials caused those health 
changes? | think not. If it could, it would understand the action package I wrote, and its 
importance. 


This is not a “political” letter. I'm just an ordinary American citizen who has done about 30 
years very hard work on this particular area. The work is good enough now to stand on its 
‘own merits. The scientific community will eventually accept it, about 50 years from now. 

But we cannot wait 50 years! Those millions of Americans are going to die, because of the 
bureaucracy and inaction of our own scientific organizations. Whether they like it or not, the 
U.S. scientific community is now the forefront of the struggle for this nation to survive. And 
they are failing us dramatically 


So as a parent who wants his children to live, and his neighbors’ children to live, and those 
millions of soon-to-be stricken Americans to live also, | urge you to at least have someone 
‘competent in physics (and knowledgeable that the foundations of physics itself are in woeful 
shape!) check the work. Has anybody there read any of the references to the Prioré work | 
cited? Does anyone there realize that there are no EM forcefields in space? Probably not. 


Dr. Kinsel, there is a time for “business as usual" and there is a time to do some serious 
new work. Those stricken Americans are going to be lying there. Nothing NIH can do is 
going to stop that. That's a given, and it is not my own estimate. I's the official estimate. 
‘And you know you presently do not have the tools to do anything really effective about it 


Frankly, | interpret your letter to me as just the normal “spin control" for easy disp 
would hope that NIH would seriously rethink the situation, get off the “spin control 
“business as usual" posturing, and do something dramatically different for a change. 


What have you got to lose? A litle time from perhaps two or three of your best scientists 
What have you got to gain? Saving untold millions of American lives. A new, already 
partially demonstrated cure for most dread diseases such as AIDS and cancer — diseases 
Which you presently cannot do very much about in spite of decades of heroic struggle. 


Sincerely, ce: Senator Shelby, Congr. Cramer 


T.E. Bearden 
President and CEO 


TEC, ie 
‘TE. Beanden, President & CEO 

2311 Big Cove Road 

Huntsville, AL 35801-1351 
(256)533-3682 plv(256)536-0411 Fax 


CTEG, Inc. 


May 12, 1998 


Dr. Harold Varmus, Director 
"National Institute of Health 
Bathesda, MD 20892 

(B01) 496-1766 


Dear Dr Varmus: 


‘We have recently sent action documents to the Director of Nuclear and Counterproliferation, Office 
of the DCS, Air and Space Operations, HQ USAF and to the DoD (General Busbee) Assistant 
Secretary of Defense, as well as several Senate and House committees, which may be of interest to 
you. For one thing, we give the technical mechanism used to generate the Gulf War Syndrome. The 
Same weaponry is now being used to rapidly induce new strains of certain pathogens worldwide. 1 
urge you to closely read that section ofthe leter to MG Neary which explains the GWS, why the 
French did not get it, and why Southern Iraqis got an increase in cancer and leukemia but not GWS. 
‘Also explained is how the "microwave radiation" of the U.S. Embassy in Moscow induced diseases 
for decades, and how we failed to comprehend it because the standard EM model deceived us. 


‘There is a way to treat and quickly cure most diseases, including the mass casualties resulting from a 
terrorist BW strike on our civilian population centers, our military bases, or our forces in the field 
‘The method is little known, but was scientifically demonstrated in France in the 1960s and early 
1970s before cancellation of the Prioré Project when the French Government changed. Eminent 
French scientists worked on the project, and the results are fully documented in leading French 
scientific journals, References are listed in a separate attachment. 


Previously the Western scientific community has been unable to understand the technical mechanism 
responsible for such remarkable cures, because of serious foundations flaws in Westem physics and 
electrodynamics. Foundations physicists have long been aware our science is flawed, and have 
pointed out many of these fundamental errors. However, the operational science establishment has, 
not paid attention, even though physicists such as Feynman and Wheeler pointed out that the notion 
of "force fields in space" was totally wrong. 


‘Asa primary example, there is an "infolded” electrodynamics inside all potentials, fields, and waves 
that is far more primary than the coarse EM that is in our textbooks. It is actually an infolded general 
relativity, and this is what the Russians have weaponized. This infolded EM-GR has been ignored in 
the West (but not in Russia) since 1903, 


‘As another example the potentials, fields, and waves of present electrodynamics are rigorously 
defined — and exist — only in the presence of mass. They do not exist in such form (force fields and 
oscillating force fields) at all in space, in the absence of mass. Rigorously, Maxwell's equations are 
‘mass-to-mass transforms, since Maxwell and everyone at the time assumed the ubiquitous presence 
of the material ether. In other words, to the founding electradynamicists, there was no place in all the 
universe that was devoid of mass. Hence they defined all EM entities as entities containing mass. 
Even though Michelson-Morley experiments of more than a century ago destroyed that material 
ether, not a single Maxwellian equation has ever been changed! They still assume the material ether. 
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Specifically missing from our electrodynamics are two essential transforms: (1) the mass-to- 
spacetime transform, and (2) the spacetime-to-mass transform. In other words, these two transforms 
are "infolded” or hidden inside (comprise) the end point extremum case ~ the mass-to-mass transform 
actually written by Maxwell, 


But these two missing transforms are just general relativity (they correspond precisely to Wheeler's 
principle of general relativity). So general relativity has always been infolded inside electrodynamics 
as we know it, but ignored. Further, this is a very powerful general relativity, since it uses the very 
strong EM force as the agent of spacetime curvature. Hence now one can engineer a powerful 
‘general relativity in the laboratory and in practical devices, and even action-at-a-distance, which one 
cannot do using merely the staid and weak G-force. 


It turns out that longitudinal EM waves as shown by E.T. Whittaker in 1903 and 1904 are far more 
primary than our present EM theory and even our present GR theory. Both EM and GR are directly 
engineerable using longitudinal EM waves, including subluminal and superluminal EM waves in 
vacuum, and including action at a distance. One can engineer complexes of spacetime curvatures as 
desired, which in turn are spacetime engines (Wheeler's term). ‘These engines can act upon mass ~ 
either living or inert ~ in any fashion desired, and at any distance desired 


little-known and poorly understood Regeneration & Recovery (R&R) system — as contrasted to 

mune system — utilizes this exact "spacetime engine" methodology to restore damaged or 
diseased cells, within its limitations ~ "dedifferentiating" or "time-reversing” them back to normal, 
‘The mechanism is fully explained in the attached package. The proposed program applies this 
fundamental method to greatly amplify the effect. Thus cancer cells can be reversed back to normal 
cells, HIV-infected cells (HIV-factories) can be reversed back to normal cells (genetics and all), etc. 
This represents a dramatic and unparalleled new medical therapeutic methodology of extreme power. 
‘The same techniques can simply be conjugated one additional time, and used to produce diseases and 
cellular changes at a distance, including in entire mass populations, as the KGB is doing right now. 
Specifically, by impressing an extremely weak "cocktail mix" of disease spacetime engines on the 
USS. populace, the immune systems are reacting and being "spread thin’ across several "shadow 
state" infectious pathogenic conditions. Thus when an actual terrorist BW attack occurs, the lethality 
of the strike will be remarkably enhanced because the immune systems will be "thinned" in their 
ability to fend off this new pathogen. By doing it this way, BW warfare can actually be conducted 
upon the U.S. without anyone being the wiser. 


(Our very survival as a nation is threatened by remarkable KGB weapons using this fully documented, 
extended electrodynamics. Bluntly, unless we take off our scientific blinders and understand Russi 
energetics weapon science, GWS and the Embassy health changes in Moscow were just a picnic 
before what is upon us. After two decades of work on the KGB energetics weapon problem, we have 
fully deciphered the technical mechanisms and what energetics is, as well as citing many of the 
Russian weapon tests and how they were done, Again, you can see that for yourself in the package. 


‘Now that we understand the technical mechanisms, we are proposing rapid redevelopment of the 
Prioré process, in portable suitcase-sized units to be mass produced and filtered down into the entire 
emergency community for mass treatment of lethal infectious diseases resulting from BW strikes. 
‘And we are strongly urging the U.S. scientific community to quickly investigate and come to grips 
with this vast new biological engineering mechanism. Our very survival depends on it. 


‘The inclosed documents provide an overview of the process. There is nothing else on the scientific 
horizon that can save the majority of all those stricken Americans, once the first foreign-sponsored 
terrorist teams strike our population centers with BW agents. 


Sincerely, Incls: Full package with table of contents 


T.E. Bearden 
President & CEO 


Scalar Wars 


The Brave New World of Scalar 
Electromagnetics 


by Bill Morgan 


For the past six months I have been undergoing the greatest 
paradigm shift I have ever had to go through. It has rattled my 
nerves and shaken my bones. This intense adjustment of my 
“world” has come about by studying the information given by 
Col. Tom Bearden at his website Cheniere, The new knowledge 
there has necessitated a total revision of my ideas about physical 
reality, the world we live in, and the future of humanity. Th 
paradigm shifting even actually made me dizzy on certain days 
as [tried to absorb and digest Bearden's vast amount of 
information. I am not a scientist at all, just a layman, and I have 
litle comprehension of the math and high physics of this new 
science called 'Sealar Electromagnetics." But there is a great 
deal of information at Cheniere which needs to become 
common knowledge as fast as possible, for the sake of the 
survival of life on earth, To that end I have put together this 
small primer of Bearden's ideas, as a kind of "beginner's guide" to his website. (I have tried to 
underline certain words and phrases which are part of the new "jargon' of talking about these 
“new” phenomena. Also I have taken the liberty of bolding certain words and phrases to help 
them stick in the mind), 


(Note: Throughout "EM" means “electromagnetic,” and "LW" means "longitudinal wave") 
This article has six sections: 


New Waves 2, Tapping the Waves 3. Weaponization 4, Healing 5, Psychoenergetics 6. As It Stands 


1. New waves discovered 


Longitudinal EM energy fills vacuum of space, the time domain of spacetime, time as compressed energy, E=tc?, 
waves of time, phase conjugate wave pairs 


“Electric power is everywhere present in unlimited quantities 
and can drive the world's machinery without the need of coal, 
oil, gas, or any other of the common fuels.” Nikola Testa 


“At any point and at any time, one can freely and 
inexpensively extract enormous EM energy flows directly 
from the active vacuum itself." Tom Bearden 


1 guess the first thing to try to comprehend is that a "new" kind of 
electromagnetic (EM) wave has been discovered in the empty 
vacuum of space called “longitudinal” waves, which, when 
engineered, can be an inexhaustible supply of energy in great 
magnitude at any place in the universe. The word “new” is in 

quotes because the discovery really goes back to Nikola Tesla and 
his discovery of what he called "radiant energy.” Itis also not 

“new” because the Russians (KGB) have been working on this 
technology for over 30 years and have weaponized these "new" 
longitudinal scalar waves to a great degree. 


‘These are the very weapons Nikita Khrushchev spoke of in 
January, 1960. 


"By 1957-8 the Soviets had progressed to the point of a giant scalar EM accident in the 
Urals which exploded nearby atomic wastes, devastating the area, They had also 

progressed to development of great new superweapons using their new energetics 
‘weapons to which Khrushchev referred in 1960 when he informed the Soviet Presidium 

of a new, fantastic weapon in development, a weapon so powerful that it could wipe out 
all life on earth if unrestrainedly employed," Tom Bearden 


Afier over 30 years of development, and extensive testing around the globe, these new scalar 
electromagnetic weapons are up and running and ready to go, Tom Bearden, at his website 
Cheniere, discusses the history of these new scalar electromagnetic weapons in his paper 
“Historical Background of Scalar EM Weapons 


Some Immediate Implications 


‘The implications of successful engineering of the longitudinal waves are enormous, and 
will change the world as we know it, one way or another. Among other things, these 
discoveries mean that: 


1. The solutions to the energy crisis and the "oil problem" are in hand. These oil 
‘wars are unnecessary. There is endless energy available freely from the domain of time. 


2. Unbelievably powerful weapons are not only possible, but are already operating in 
several nations. The many powers of these weapons are unprecedented and mind- 
boggling. 


3. The cure of diseases such as cancer and AIDS, in fact nearly any disease, has 
become possible within a few years of sufficient funding. Everyone can be made healthy 
and stay healthy. 


4. Mind control on a mass scale has now become possible, and the machines to do it are 
already in place in certain nations. It has become possible to mentally enslave whole 
populations with the twist of a few di 


So the layman will need to understand that there is a new kind of electromagnetic energy that is 
altogether different from what he knows, e.g. radio, TV, cell phones, etc. The ordinary EM 
waves that we have known about are called transverse EM waves, to distinguish them from the 
new longitudinal EM waves. These scalar waves do not actually exist in our "material" world, 
but exist only in the vacuum of empty space, or the time domain, And we must keep in mind that 
this vacuum of space we speak of exists all through everything. Even our bodies are mostly 
empty space between atoms and molecules. So the gateway to this seething ocean of energy can 
be there at every point in the universe. This seething ocean of energy is all around us and all 
through us. 


Emptiness is Full 


This amazing discovery announces that the "emptiness" of empty space is in fact not empty, but 
a great ocean of seething energy! 

Col. Bearden refers to this ocean of energy as being of the "time domain." It seems like 
something from Star Trek but this is where scalar electromagnetics has come to. And where it is 
going may be beyond anything Star Trek could have dreamed of. 

We live in a 3-dimensional world, which physics calls "3-space.” But there is also spacetime, or 
4-space, or the "4th dimension." Then suddenly comes this amazing new knowledge that time 
itself is actually compressed energy. And itis energy which is compressed by exactly the same 
factor by which matter is considered compressed energy: the speed-of-light-squared! 


So we have a new companion to the famous E=me2. It is now paired with E=te2 (where tis 
actually "delta-,” or change in time). Or (amaze your family and friends and) say: 


"E equals em-cee-squared" 
and 
"E equals delta-tee-cee-squared" 


It has a nice ring to it, like some freedom bell announcing a new era. 


And as the atomic bomb released the compressed energy in matter, so can we now unleash the 
tremendous energy that is compressed into time itself. It gives a completely new meaning to the 
term "time bomb.” 


Some New Terminology of Scalar Electromagnetics 


‘A new science, several new names 


"Those [Russian] weapon scientists resurected an old term from the history of 
electrodynamics, called "energetics". That is their approach to a unified field theory, 
‘where everything is based on "energetics". This model as its foundations uses a very 
similar approach to that "single fundamental unit” model, where energy is the unit, If one 
makes the energy EM in nature, then one has the Russian energetics approach. This 
unified approach gathers everything in, including all energy actions and relations in inert 
‘matter (the first branch of energetics, called by the same name), all field and matter 
interactions in living matter (the second branch of energetics, called "bioenergetics"), and 
all mind operations and mind-matter interactions (the third branch of energetics, called 
"psychoenergetics"). (ed: sometimes also called "psychotronics" by the Russians] 


Rick Andersen in an article called "What is Scalar Electromagnetics?" describes the new science 
this way: 


"Scalar EM is the brainchild of Lt, Col. (retired) Thomas E. Bearden, a systems analyst 
and wargames specialist who has been advocating a view of electromagnetics which is 

based on the notion of a vast, unseen background of scalar energies (as opposed to vector 
energies) which underlie all physical real 


“If Bearden is correct in his Scalar EM theory, then we can build devices which would 
enable us to alter gravity, time, inertia, and the apparent mass of an object. This of course 
has ENORMOUS implications for military applications, space-vehicle drives, time- 
travel, teleportation, paranormal phenomena, and just about every other area one can 
think of.” http:/twm,co.nz/Beard_scalem.html 


"Time-energy, time-currents, and time-structuring play the dominant role in 
electromagnetics. Time-as-energy eventually hecomes engineerable, as easily as is spatial 
energy now. We are always dealing with spacetime and with spacetime curvature.” 


Bearden: http://www.cheniere.org/echpapers/Vision‘%202000% 20paper.doc 


‘The scalar energy discovered in the vacuum of space is sometimes called "zero-point" energy. 
‘Thomas Valone explains how this term came about. 


What does "Zero Point" mean? 


"Boyer traces the historical “creation of the vacuum” as proceeding in stages in parallel with the 
historical development of ideas about the vacuum. To paraphrase, he says that in the 17h 
century, it was thought that a totally empty volume of space could be created by simply 
removing all matter and, in particular, all gases. ‘That was our first concept of the vacuum, Just 
get rid of all the gas. Late in the 19th century, it became apparent that the region still contained 
thermal radiation. But it seemed that the radiation might be eliminated by cooling. So the second 
concept of getting a real vacuum is to cool it down to zero temperature. Just go all the way to 
absolute zero. Then we've got a real vacuum. Right? Well, since then, both theory and 
experiment have shown that there is a non-thermal radiation in the vacuum and that it persists 
even if the temperature could be lowered to absolute zero, Therefore, it was simply called the 
“vero point” radiation. "Thomas Valone hitp://www.seaspower.com/InsideZeroPoint.htm 


‘For our very survival, it is absolutely imperative that informed 
citizens be aware of this dramatic change, which is just now 
starting. The powerful new science and engineering must be 
controlled and used for humanity's benefit, not its detriment. 
Else it will eventually be let loose unrestrainedly, to destroy all 
life on earth - a possibility indicated by Nikita Khrushchev in 
1960." - Bearden 


bups//www.cheniere.org/explore‘%20articles/prioreI/p4.ipg 


2. Tapping the waves 


Endless free energy, Tesla's radiant energy. the dipole as the gateway to the energy of the void, MEG in one year, 
Bedini, Yakuza, etc. End of Oil, geopolitical chaos, rogue groups 


Move Over G.E. & Big Oil, Energy is Everywhere! 


‘Third-world nations set to rise 


Certain powerful interests did not wish the extended electromagnetics to be discovered 
or taught, That, after all, would lead to free energy and loss of economic control of the 
citizens, That was precisely why Nikola Tesla had already been suppressed ... Today itis 
stil being suppressed by the orthodox establishment." 
hitp:/www.cheniere.org/ooks/ferdelance/s25.htm 


‘The vast seething ocean of energy of the vacuum, the longitudinal scalar EM waves of the time 

domain, can now be tapped and “transduced” into ordinary (transverse) EM energy in our 3- 
‘The process can be compared to putting a paddlewheel into a river. The energy 

acquired is free, since the river is there flowing whether we tap it or not. And itis a mighty river, 


‘This means that a permanent solution to the "energy «1 
so secret would give it up to humankind, 


is" is at hand, if only those who hold it 


It means our species’ insane use of oil is no longer necessary, We can make automobiles that 
need no fuel at all, We can build motors that power themselves. It means that unlimited electrical 
power can be available for free anywhere in the world. Every house and even shack can have its 
own power supply. 


Of course there is the cost of the equipment at first, but the energy flow is free for the 
presumably very long life (no moving parts) of the generator. It will probably take decades to 
shift over to scalar power. 


But the ability to tap the scalar (longitudinal) EM waves of the vacuum (which exists 
everywhere) also means that unbelievably powerful weapons can be, and already have been 
developed. In fact these weapons are so dangerous that the fear engendered becomes a 
psychological obstacle to the grasping of the facts 


| struggled with this myself for months, and even though Tom Bearden had completely 
convinced me already, it is hard to accept the fact that for everyone on earth the "worst that 
might happen” has suddenly gotten much worse. It takes time to deal with that, to realize it and 
get over it. 


Indeed, the possibilities of these new weapons, which are tapping the huge energies of time, are 
so terrifying itis natural for the mind to simply say: "I don't want to hear about that.” 


And the government, likewise, pretends these weapons do not exist and tries to keep it secret 
from the people. Because most people would indeed be truly alarmed to know the actual 
situation, Col. Tom Bearden has decided that the people need to know the truth anyway, As a 
People on a Planet we must face this now, and ban the use of scalar weapons in war or in mass 
mind control. The current deployment of these weapons is a world emergency which we must all 
face. 


‘The physics and mathematics of the longitudinal waves and the time domain are clearly beyond 
the layman, but I recommend scanning through them anyway just to get a sense of the wonder 
and the elegance of it all and some of the exotic terms which are used. Two of the most 
important papers by Col, Bearden are: 


Giant Negentropy from the Common Dipole 


‘The Final Secret of Free Energy. 


Despite the complexity of the science involved, Bearden sums up the essential secret of it all in a 
few words. 


“There is no problem at all in extracting all the energy one wishes from the active 
vacuum, anywhere in the universe, at any time, Just make a dipole. 


‘The problem is in (1) catching some of that freely gushing EM energy in a circuit 
containing a load, and (2) dissipating the caught and collected EM energy in that load to 
power it, without using half the caught energy to destroy the source dipole’s), 


‘That is the ONLY real energy problem on the planet, and always has been." 


hip://www.cheniere.org/correspondence/022502,him 


A dipole could be a battery, which is polarized into negative and positive. Or the terminals of a 
generator, Or any magnet with its two poles. Or an atom with its positive and negative charges. 
Or the earth's magnetic field, the sun, and all heavenly bodies. Even a galaxy must be some kind 
of mega-dipole, Wherever there is a dipole there is already immense scalar EM energy ushering 
out of and back into the vacuum, And there have already been demonstrated a number of diverse 
methods for tapping that energy as it flows, (John Bedini, Edwin Gray, Bruce de Palma, and 
others), Bearden provides what he calls a "partial list" on his website. 


“In other words, nature then gladly gives us as much EM energy flow as we need, 
indefinitely — just for paying a tiny litte bt initially to "make the little dipole.” After 
that, we never have to pay anything again, and nature will happily keep on pouring out, 
that 3-flow of EM energy for us. This is the giant negentropy mechanism I uncovered, 
performed in the simplest way imaginable: just make an ordinary little dipole.” 


Bearden http:/iwww.cheniere.org/techpapers/Unnecessary %20Energy‘%20Crisis.doc 


How to Buy a Free Energy Machine 


Answer: Just wait one more year! 2003. Then get off the Grid! 


Perhaps the most eagerly awaited event now is the marketing of Bearden’s Motionless, 
Electromagnetic Generator (MEG) scheduled to begin in about a year’s time. This 
‘when the proof will hit the fan, Many people have said to me, when talking about free 
energy, "I'l believe it when I can go to the store and buy one." Hopefully in a year’s time 
they will be able to order their own MEG. And then they will believe, because it works 
and is working. 


Says Bearden: "I will admit that the chief scientist of an important experimental group in 
a large company was rather stunned at the type of output we were able to obtain. The 

MEG may look like just a transformer, but itis not. Itis a completely different breed of 
cat.” 


(earden ; hups/iwww.chenlere.org/eorrespondence N01 1202.him) 


Soon the cat will be fully out of the bag. The first MEG units will supply 2.5 kilowatts of 
free electricity. Forever. Units can be connected together to double or triple the wattage. 
After that gets going, 10 kilowatt generators are planned. Energy will low freely from 

the time domain indefinitely, and there are no moving parts to wear out. This, 
‘manufacturing project is a heroic effort and will change the world as we know it, For 
once people are in possession of such devices there can be no further denial from anyone, 
including the government and/or "secret-government.” 


‘MEG mkill by JL Naudin | 


The Motionless Electromagnetic Generator 
(Successfully replicated here by J. L. Naudin) 


‘The physics of how the MEG works is explained in the paper "The Motionless 
Electromagnetic Generator: Extracting Energy from a Permanent Magnet with Energy 
Replenishment from the Active Vacuum.” 


‘The device was successfully replicated by LL. Naudin in France, and others, like Steve 
Utne, are also working on their own models, But Magnetic Energy Limited's MEG is 
actually scheduled for production soon and looks to be the first commercially available 
free-energy generator in history! 


imagine it will not take long for tinkerers to put them into their electric cars and make 
the first fuelless automobiles since Tesla's unheralded (and unheeded) experiments, Or 
for builders to begin building houses powered by MEG's. Houses which will never see 
electric bills. How can they ever make enough of these to meet the demand that will 
suddenly be there? Bearden is right, it needs to be an all-out crash program of the 
government on the order of the Manhattan Project. 


[ must include here that Bearden is quick to point out that he is not himself the inventor 
of the MEG, but is a partner and advisor in bringing it to the public market through 
‘Magnetic Energy Limited, Inc. I must also admit that I am praying for the success of this 
‘venture, and the ending of the absurd and criminal withholding of this technology from 
the people by the black-ops military-industrial people. This secrecy has cost the planet 
over 30 years of unnecessary pollution, 


‘The first units off the assembly line, which is being set up in a "friendly" unnamed 
nation, will usher the public at last into the new era of scalar electromagnetics. 


As of December, 2001, the situation with the MEG was described by Bearden in a letter. 


"What we presently have with the MEG is a successful laboratory experiment, At 
least a year’s very hard research will have to be done before we will be ready to 
put a commercial power supply into production, 


*Consequently, we have made an agreement with a foreign partner (the National 
Materials Science Lab of the National Academy of Sciences of a friendly foreign 
nation) to do that year’s research, At the same time, we are trying to make an 
agreement with one or more large financial partners here in the U.S." 


Bearden htip://www.cheniere.org/correspondence/121901,him 


So we are hopeful that we will be able to start introducing units on the market 
about a year from now. Quite simply, we will either succeed or we will fail, But 
wwe will give it our very best effort.” 


Bearden http://www cheniere,org/correspondence/012202a,him 


Bearden has given another technical explanation of how the MEG works here in a leter. 


Motionless Electromagnetic Generator patented, 3-26-2002 


Click here to read the patent 


“In Magnetic Energy Limited, all business discussions and arrangements are taken care of by Dr. 
Lee Kenny, Managing Pariner. There are five of us who are co-inventors of the MEG, and two of 
the others are really the principal inventors." Bearden http//Avww.cheniere.org/megstatus.htm 


Free Energy has been Suppressed 
Secret Government Aware of Free Energy 


“In this world of contemporary times, all the agencies, CIA, FBI, KGB, NSA, Electric 
Power Research Institute, DARPA, Brookings Institution, Henry Kissinger, Edward 
Teller, etal, all are aware of [free-energy researcher Bruce] De Palma and his ideas, 


"Because these individuals and institutions are employed by the ruling elite to forecast 
the future and satisfy present needs «and demands, itis clear that free energy is a threat to 
the world order constructed by business and the mindset of those who want to own the 
world, 


"Free energy represents Man’ 
division of resources and the a 


spirations and dreams of freedom and equality, uniform 
lity to choose one's own future. 


"The fact that free energy is suppressed speaks to the greed and self-interest of a ruling 
elite which, even in the face of an emergency of global starvation, resource depletion and 
environmental pollution, will not give one inch if it means loss of control. This is an 


attitude of paranoid delusion and fantasy which can only arise from the alienation of a 
lass of elitists who, through their money, are completely insulated from the reality of the 
day to day fight for existence of the common man," 


‘hup://depalma pair.com/Absurdity/A bsurdity07/ProblemOfFreeEnergy html 


Bearden describes one case of suppression when the Yakuza killed the Kawai engine in his very 
presence in Huntsville, Alabama, 


"That night a jet arrived from Los Angeles, with a Yakuza on board. The next moming 
Kawai no longer controlled his company, his invention, or his own fate. The Kawai party 
‘was in fear and trembling. ‘The Yakuza coldly dissolved the agreement, they packed up 
the two Kawai engines we had, and left. And that was that." 


So it is not only governments who are keeping this revolutionary technology from seeing the 
light of day. The Yakuza? KGB? The Aum Shinrikyo cult? Our "leaders" need to be honest 
about what is going on, otherwise they look foolish, acting out a kind of "Alice In Wonderland” 
script before the public, a script that has become completely unbelievable. 


Concerning the criminal withholding of this scalar technology by the military black-budget 
people, and the cover-up of the actual situation regarding scalar weapons throughout the world, 
‘Tom has this to say: 


“The high goverment officials of the United States of America grossly violated our 
constitution and their sworn oaths of office. Our constitution specifically charges the 
‘government of the United States to defend the people of the United States. That means 
ur officials are specifically charged with defending our people. Yet they deliberately 
agreed not to do so, and they deliberately sacrificed us in advance. 


“They committed treason of the highest kind, by deliberately surrendering us to total 
destruction anytime the big balloon goes up.” 


Bearden hitp://www.cheniere.org/books/ferdelance/s75.htm 


Energy Crisis Solved 


One of the "must read" documents at Cheniere is “The Unnecessary Energy Crisis: How to Solve It 
Quickly,” especially since the "oil wars,” which Bearden has foreseen for decades, have now 
already begun, 


Here are some clips from that Document: 


"To avoid the impending collapse of the world economy and/or the destruction of 
civilization and the biosphere, we must quickly replace much of the “electrical energy 
from oil” heart of the crisis at great speed, and simultaneously replace a significant part 
of the "transportation using oil products" factor also. 


"The technical basis for that solution and part of the prototype technology required, are 
now at hand, We discuss that solution in this paper." 


And although the solution to the energy problem and the oil wars may be at hand, Bearden 
suggests there is still an urgent rush that needs to be made to save human civilization from 
collapse. 


"Once the technology hardware solutions are ready for mass production, even with a 
massive worldwide deployment effort some five years are required to deploy the new 
systems sufficiently to contain the problem of world economic collapse. This means that, 
by the end of 2003, those hardware technology solutions must have been completed, and 
the production replacement power systems must be ready to roll off the assembly lines en 
masse, 


"The 2003 date appears to be the critical "point of no retum" for the survival of 
ivilization as we have known it. 


"Reaching that point, say, in 2005 will not solve the crisis in time, and the collapse of the 
world economy as well as the destruction of civilization and the biosphere will still 
almost certainly occur, even with the solutions in hand.” 


"The good news is that we now know how to easily initiate continuous and powerful 
“electromagnetic winds" from the vacuum at will. Once initiated, each free EM energy 
wind flows continuously so long as the simple initiator is not deliberately destroyed." 


On page 9 he explains the concept of the dipole, and how there is already huge scalar energy 
flowing in the time domain around any dipole. Hold a magnet or a battery in your hand and you 
hold a stress in time and a beautiful flowing loop of longitudinal waves! 


Bearden decries the scientific community in the West for being unable to let go of their dogma 
Jong enough to see that the greatest discovery in human history lies at their feet, but for their 
stubborn ignorance. 


"The present energy crisis then is due totally to that “conspiracy of ignorance” we 
referred {o, that is maintained by the scientific community, and that has been maintained 
by it for more than 100 years 


is the real situation that the environmentalists must become aware of, if they are to 
see the correct path into which their energies and efforts should be directed — to solve 
both the energy crisis and the problem of gigantic pollution of the biosphere. "As far as 
anyone in the legislative branch of government ever understanding the profundity of the 
discovery and engineering of scalar waves, Tom Bearden says they are at a great 
advantage in doing so, 


"The nontechnical person — e.g., a Senator or a Congressperson — is operating under a 
distinct disadvantage. If he or she takes the stance that much better electrical power 

in readily be achieved, he or she is in fact opposing almost the entire set of 
University, Government Technical, Power Company, Battery Company, and Organized 


Science communities. Further, in most cases his technical advisors are themselves from 
one or the other of those communities, and likely to go back into that community or those 
communities when the Senator or Congressperson leaves office, or even before. So the 
Congress and the non-technical government community at large operate at a great 
disadvantage...Bearden National Emergency Declaration is Needed 


"The Government Non-Technical community (the Senate and the Congress, in particular) 
are in far better shape than the Government Technical community, to appreciate the 
‘world implications of the pending economic disaster. | am hopeful that both the 
environmentalists and the Government Non-Technical community will rapidly unite in a 
common goal to get this vacuum energy program launched, under a National Emergency 
declaration, If so, then they can solve the energy crisis and the pending economic crisis, 
in fairly short order, and permanently.” 


unnecessary_energy_crisis htmifcongress_disadvantage 


In the conclusion of his paper The Unnecessary Energy Crisis: How to Solve It Quickly Bearden again 
states the urgency of replacing our centralized power grids with highly dispersed and local taps 
on the freely flowing energy of the active vacuum. Given the abilities of the Tesla howitzers, the 
power grids of all nations are sitting ducks. 


Personally, the present author regards the increasing energy crisis as the greatest 
strategic threat to the United States in its entire history. I will do anything within my 
power to help prevent what I perceive to be the looming economic collapse of the 
Western world, preceded or accompanied by a sudden, explosive, all-out and continuing 
exchange of the WMD arsenals of most of the world. 


.udn the name of all humanity, let us begin! Else by the time this first decade of the new 
millennium ends, much of humanity may not remain to see the second decade." 


3. Weaponization 


Insane Systems, scalar strategy. earthquakes and weather wars, solar storms, mind attacks, leased to Yakuza, many 
‘examples of testing, quantum potential weapons, 


"Indeed, Soviet energetics weapons are now capable of destroying both our triad shield, 
our homeland, our armed forces in the field, and our population, quickly and efficiently. 
We have a new "gap" of monumental proportions: not a missile gap, not a submarine or 
bomber gap, and not even a particle beam or laser gap. We have a scalar electromagnetics 
or electrogravitation gap.” Bearden http:/vww cheniere.org/fhooks/ferdelance/intro.htm 


‘We have a new weapon, just within the portfolio of 
our scientists, so to speak, which is so powerful that, 


if unrestrainedly used, it could wipe out all life on 
earth. It is a fantastic Weapon Khrushchev, to the Presidium, Jan, 1960 


"We've totally missed the most incredible "secret superweapons" development program 
of all times, and the worldwide testing of the weapons themselves, 


"Hiroshima and Nagasaki should serve as object lessons in the price of ignorance of such 
technological breakthroughs. 


“History does repeat itself. But this time it's not we Americans who got the great new 
superweapon first.” 


Bearden http://www cheniere.org/books/ferdelance/s75.htm 


Warfare has been changed forever by the development of these scalar energy longitudinal 
wave howitzers. To get a basic understanding of scalar waves is to have the imagination 
suddenly run wild as all the implications and possibilities regarding warfare fall into place. One 
realizes with a certain horror that the world has totally changed, and that there are some very 
fearsome possibilities. Remember, the power for these weapons comes from the time domain, 
longitudinal EM waves in the vacuum of empty space, and the power is tremendous and mind~ 
boggling. Being able to blast away at any target from a distant control booth is something that 
has never happened before. This is incredible power to be in control of and it divides the history 
of weaponry into “before” and “afier." And the destructive power of these weapons is delivered 
instantaneously to the target from the local vacuum at the place of the target. 


From an interview: 


Questioner: "Are you saying that real energy can be transmitted faster than the speed of 
light?" 


Bearden: "Yes. But hyperspatially. Not through 3-space, but "around" it, Again, this 
‘means that it’s possible to produce energetic changes in a distant system at a distant place, 
without transmitting energy "through space” in the normal sense, You transmit "around" 
space, so to speak, and directly in time or through a higher dimension, depending on the 
‘model you're using to understand this. Further, the speed of the intemal EM energy 
transmission is not limited to the speed of light." 


Here are some initial considerations about 
scalar weapons and scalar wars 


1, Tesla Howitzer 2. Tesla Domes 3. Rogue groups 4. WW III 5. Russian "UFOs?" 


3a. The Tesla Howitzer and its modes of action 


Source: Tom Bearden's weapons slides and Fer-de-Lance Briefing 


For one thing there is no delivery of any thing to any place. Bombs are obsolete. So are the 
planes to get them there. No helicopters necessary. All current nuclear devices are rendered 
nearly useless by electronic "dudding.” All distant-destruction can be done from a control room, 
and to any point on earth. The destructive power of "men" has just increased by orders of 
magnitude. The new weapons could even cause storms on the sun! Thus there is great urgency to 
make these new facts public and known, with the hope that all nations would come together to 
ban the use of scalar weapons, 


‘Two scalar antennae together along with the computers to control them, make up a scalar 
interferometer, and according to Col. Bearden the Russians have hundreds of such installations 
already. These interferometers are called "Tesla Howitzers." They can deliver a giant blast of 


energy to the distant target site, true “action-at-a-distance”, 


‘The first howitzer mode is called the “exothermic” mode of operation because immense EM 
at the target site, The blast of a scalar howitzer can be of near nuclear level 
in destructiveness, and can be repeated easily, at that place, or nearby, or anywhere. 


‘The howitzer can use a lesser exothermic power setting and simply destroy all electronics in the 


that guide them. They can bring down any airplane, anywhere in 
the world, at any time. Any person anywhere, if their exact position is known, can be 
ated without a shot being fired. 


‘The howitzers can also bring down power grids anywhere in the world, at any time. ‘Thus they 
could bring Wall Street to an instant halt by disabling all its electronics. Even this one little easy 
tweak of the howitzer could cripple the U.S. economy in a single day. No wonder the "leaders 
don't want you to know! This is a new era we are in. The discovery and development of scalar 
interferometry has put us in a new world, whether we like it or not. Anyone could be expected to 
g0 into denial, the befuddled senators and congressmen included. But we have to wake up. 


Ina second howitzer mode called the "endothermic" mode, the howitzer sucks energy out of the 
target area, essentially creating a blast of cold at the distant target. Itis even capable of freezing 
parts of the ocean, Bearden gives a number of cases where these "cold explosions” have been 
witnessed, mostly by airline pilots. April 9, 1984: 1 2.3) A huge mushroom cloud of mostly 
‘water is seen rising miles into the sky from out of the ocean, an awesome sight. 


In the endothermic mode the sucked-out energy must go somewhere, so itis vented out at some 
other chosen spot on the earth. These endothermic plumes have been photographed by satellite. 


"The exhaust in the left picture is about 150 miles long, and is nearly horizontal (about 
1.5 degrees above the horizontal). Itis entirely consistent with the continuous exhaust 
from a “dumping transfer" scalar EM howitzer in the continuous exothermic mode. (The 
primary howitzer, of course, was activated in the endothermic mode.)" Bearden More 
Plumes 


By using both of these heat (exothermic) and cold (endothermic) modes together the weather can 
be altered anywhere. Warm the air over here, cool it down over there, put a curl in the jet stream, 
dissipate clouds, create clouds, whip up a tomado. Bearden speaks about using the endothermic 

howitzer mode as a weapon of war: 


*Cold explosions can be used to freeze tanks, personnel, and equipment, The equipment and 
tanks thaw out. The personnel thaw out too, but they are dead when they do." Bearden, Fer-de- 
Lance 


(This endothermic mode of the howitzers makes me think that there might one day be a cure for 
the problem of global warming after all, Could not a big device, situated in space or on the 
moon, be able to vent a great deal of excess heat outside the atmosphere into space, thus 
functioning as a kind of planetary thermostat?) 


While the United States has experimented with electomagnetic weapons using ordinary 
transverse EM waves, the longitudinal [LW] weaponized waves are truly of another order 
altogether. 


For one thing they do not have to travel through space, for they come from the time domain, 
which is everywhere. The energy of the blast, the heat or light or whatever, comes from the 
vacuum of space at the location of the target itself. This is astonishing. The weapons actually just 
trigger the release of immense energy from the vacuum at the target location 


itis possible to focus the potential for the effects of a weapon through spacetime 
itself, in a manner so that mass and energy do not "travel through space” from the 
transmitter to the target at all, Instead, ripples and pattems in the fabric of spacetime itself 
are manipulated to meet and interfere in and at the local spacetime of some distant target. 
‘There interference of these ripple pattems creates the desired energetic effect (hence the 
term energetics) directly in and through the target itself, emerging from the very 
spacetime (vacuum) in which the target is imbedded at its distant location." Bearden Fer- 
de-Lance 


‘The big Testa howitzers are aimed at their targets by using a worldwide electromagnetic pattem 
called the "Woodpecker Grid,” begun by the Russians in 1976, 


‘You can hear the Woodpecker signal here: jnip://www cheniere.org/mnisc/woodpeckersound btm 


‘The woodpecker grid is just that, a grid of EM waves which provide a channel for the LW waves 
to any point on earth, Computers use the woodpecker grid information to hone down the aiming 
of the howitzers to a pinpoint location on earth. (For that matter, it could be under the earth, in 
space, or under the sea) 


A third howitzer mode is what Col. Bearden calls "Mindsnapper” mode, This is a truly 
frightening mode which affects the electromagnetic mind-body connection, Being mind-snapped 
at a low level would cause you to lose consciousness, Being mind-snapped ata slightly higher 
power would "entrain’ all minds in the target area into a kind of hypnogogic trance, a state in 
which they would all be highly susceptible to suggestions and orders. 


Being mind-snapped at high level would so disrupt the mind-body connection that everyone in 
the target area would fall down, instantly dead. Not only that, everything around you and inside 
you would be killed, so that your sterilized body would not rot for quite a long time 


‘The Mindsnapper can be used for a small area, or to kill an entire population. In fact, using the 
scalar waves to affect the human mind has become a new field in its own right, and has been 
dubbed "psychoenergetics." (This is discussed below in section 5), 


Bearden describes the use of the howitzer in mind-snapping mode against people, to cause 
unconsciousness or death: 


"From a military viewpoint, these scalar EM weapons are really quite all-around 
‘weapons. 


"For example, they are very lethal against personnel. 


"Set in the "high intensity pulse mode," one blast and a person's nervous system is 
destroyed instantly, Total, instantaneous death results. One can blast away at entire 
‘groups of infantrymen, for example. It’ the peak power that’s important, not the average 
power. So the weapon doesn't require too much battery power. 


"Set on a lower intensity pulse mode, one zap can simply knock out a person, rendering 
him instantly unconscious. Quite useful if one needs prisoners to interrogate. Also very 
silent, which is useful in operations employing stealth and surprise." Bearden 
hitp:/www.cheniere.org/fhooks/ferdelance/s80.htm 


"Those hit by the scalar EM weapon, however, have a most peculiar death mode. 


"Death comes-instantly and totally. There is no convulsion, no response, The entire 
nervous system is destroyed instantly, Every living cell in the body is killed instantly, 
including all bacteria, germs, ete. 


"A body hit with this thing falls like a limp rag and lies where it falls It doesn't decay in 
even 30-45 days. In a macabre fashion, it's been reduced to something like food irradiated 
with nuclear radiation; everything is killed, so the material is preserved for an extended 
period before any decay can s 


Bearden http:/Avww.cheniere.org/books/ferdelance/s8 1.htm 


He goes on to say that the same "bazooka-sized scalar EM pulse weapon can also be used to 
knock out a tank with one shot (or pulse). So tank warfare is obsolete, Helicopters? Bearden 
points out: ".. if he's attacked by a helicopter or a fixed-wing aircraft, he can bring the same 
‘weapon to bear on it, He can knock down a chopper or a jet. With one shot.” 


Obituary for Tank Warfare 


Tanks useless against portable LW weapons 


suppose one attacks a tank. [with an LW weapon] With scalar EM pulse, 
instantly. Total personnel kill is achieved. 


All electronic systems of the tank are dudded. Total systems kill is achieved. The 
‘ammunition in the tank explodes. Total kill is achieved. 


‘The fuel explodes. This is another total kill mechanism. 

‘That tank has been killed totally, by a variety of mechanisms, all simultaneously. 
‘That's a k-kill in any analyst's book. 

And don't worry about retrieval and repair, That tank is finished permanently. 
Even the most modem tank is just as vulnerable as the most obsolete.” 


Bearden hitp://www.cheniere.org/books/ferdelance/s88,htm 


One begins to get the idea how profoundly the conventional means of warfare have been 
obsoleted. All the usual weapons of war have been rendered nearly useless! And Star Trek's 
"Phaser," with its "stun" and “kill” modes is here at last. 


Although it is the weapons aspect of scalar electromagnetic which has received the most 
developmental effort, Bearden points out that a great many other amazing things that may be 
accomplished in this new field of science. Beam me up Scotty! 


"Superluminal communications systems, hyperspace drive, and materialization and 
dematerialization are all hypothetically possible, using scalar electromagnetics. As the 
technology develops, we should see the development of many of the systems long 
thought impossible except in science- fiction.” 


Bearden hitp://www.cheniere.org/books/ferdelance/s15htm 


Bearden describes a huge test of the Russian scalar weapons systems which occurred in 1985, a 
test that went completely unnoticed by westem scientists: 


“Just before May 1, 1985 the Soviet Union performed a “full-up" operational test of their 
entire strategic scalar EM weapons complex. This test was detected and monitored 
periodically by Frank Golden, Some 27 of these giant Soviet "power taps" were locked 
into the molten core of the earth, producing forced (entrained) scalar resonance of the 
entire planet on 54 controlled frequencies under our very feet. The remainder of the 
scalar frequency spectrum was ablaze with literally hundreds of Soviet scalar 
transmitters: probably the entire strategic scalar command and control system to 


underwater submarines, higher command centers, distant commands, etc. was activated in 
the giant exercise. 


"For several days, the system was exercised on a mind-boggling scale, apparently as part 
of the Soviet Union's highly accentuated 40th anniversary celebration of the end of World 
War I 


“Ironically, nota single U.S. intelligence agency, laboratory, or scientist detected this 
monstrous exercise for the new Soviet leader, Gorbachev. Not a one of them had a 
detector for scalar EM radiation, and not a one of them officially believes the exercise 
ever happened,” 


Bearden http://www.cheniere.org/books/ferdelance/s38.htm 


The Woodpecker grid/howitzer weapon system can be placed over the ocean and used 
es, naval surface-to-air and surface-to-surface missiles, submarine- 
launched ballistic and cruise missiles, etc. Placed over a carrier task force, it can also take 
care of the aircraft launched by the cartier as fast as they are launched, It can also handily 
take care of the missiles launched by guided-missile cruisers of the accompanying task 
forve." 


(Bearden hup://www.cheniere.org/books/ferdelance/s65,htm) 


‘The whole series of the Ferde-Lance briefing slides and comments is a "must read” for anyone 
‘wanting to be aware of the actual state of things in this world right now. It is a new world and it 
takes some getting used to, Fer-de-Lance speaks clearly, for the layman, of the way things stand, 


‘Whaat is it like to operate these Tesla Howitzers? Col, Bearden gives us an idea in his "Fer-de- 


Lance" briefing, Slides 66-71, 


Who needs armies anymore? A entire war can be fought and won by a handful of men siting in a 
comfortable control booth! The scalar electromagnetics revolution has made all previous forms 
of warfare nearly obsolete. 


Why haven't the Russians used the scalar weapons yet? 


Bearden gives his thoughts on this in "Fer-de-Lance." The power of these weapons is so great 
that an accident or war could wipe out al life on earth, and even affect the sun, 


"As can be appreciated, this entire concept [MAD] is now totally obsoleted by the Soviet 
possession of scalar EM weapons. 


“The "mutual assured destruction” capability -- or MAD concept as it was so aptly named! 
~- is no longer mutual. And for two reasons: (1) the Soviet surprise attack could destroy 
essentially all our Triad forces wherever they are, inthe first attack. (2) Even if a very 
small number of our strategic forces survive, the puny strike we could attempt to launch 
could be repeatedly decimated from launch to terminal phase, 


“The restraint on the Soviets is not because of our Triad forces. The restraint is twofold: 
(1) a second nation has scalar EM weapons, and would undoubtedly unleash them upon 
the Soviet Union with great violence if such a massive world-wide destruction of U.S. 
forces occurred or was threatened (is it really “accidental” that six major Soviet missile 
ammunition storage sites mysteriously exploded within seven months?); (2) the closed- 
loop scalar radiation exchange system of Earth-Sun could be inadvertently "tweaked!" in 
the feedback loop from Earth to Sun, so that a large solar scalar resonance was 
stimulated. In that case the Sun could emit a mighty resonant "burp" that would simply 
‘wipe out all life on Earth in a fiery shower. 


“The "terror" in the "balance of terror" between nations has just increased by many, many 
orders of magnitude, 


“The biblical prophecy that the Earth will be wiped out by " 
heaven’ is very near fulfillment now. 


fe and brimstone from 


‘Put another way, the pucker factor -- even on the Russians 
unleashing Armageddon - is higher than any Wester strate 
imagined, even in his wildest nightmares, 


vho may contemplate 
lyst has ever 


‘Truly these Weapons are "more frightening than the mind of man has imagined," as 
Brezhney put it in 1975. 


“The frightening scalar EM weapons can be used, but only very, very gingerly indeed. Ifa 
slight mistake is made, everybody loses everything." 


Bearden hitp://www cheniere.org/books/ferdelance/s74.htm 


But the Russians (KGB) are not the worst of it. Bearden claims that some of the scalar weapons 
have been leased to the Yakuza for about a billion a year, and that only the KGB is holding the 
‘Yakuza in check from making a full-scale all out scalar attack on the west. 


U.S. Defense Secretary William Cohen 


Warns about eco-terrorism using scalar electromagnetic weapons 


“Others [terrorists] are engaging even in an eco-type of terrorism whereby they can alter 
the climate, set off earthquakes, volcanoes remotely through the use of electromagnetic 
waves... So there are plenty of ingenious minds out there that are at work finding ways in 
which they can wreak terror upon other nations...t's real, and that's the reason why we 
have to intensify our [counter terrorism] efforts.” - Defense Secretary William Cohen, 
1997 


Ina letter to a writer named "Russell!" Bearden says, 


"In short, Russell, the Secretary of Defense of the United States confirmed that there are 
indeed novel kinds of EM weapons, right now and have been for some time, which have 
been and are being used to (1) initiate earthquakes, (2) engineer the weather and climate, 


and (3) initiate the eruption of volcanoes. We wrote about those exact uses of the 
‘weaponry decades ago, Several nations now have such weapons. Three of them (two on 
ne side and the other on a hostile side) are even firing practice shots into Westen Australia, 
‘as a convenient test range.” 


hup://www.earthchangesty.com/ufo/0209gandor him 


Tesla Howitzers in Weather mode 


How to Make Weather 


"Engineering the weather is duck soup; they tested that over the U.S. in 1967, and entered 
upon continuing operations over North America on July 4, 1976 as a grim kind of KGB 
"Bicentennial Gift” to the United States. Here's how itis done with several 

interferometers. 


"First the interferometers can deliberately make "high pressure areas” (cool the air so it 
shrinks and its "footprint" pressure on the ground increases because its density increases) 
and "low pressure areas” (heat the air so that expands and its "footprint" pressure on the 

‘ground decreases because its density decreases). Well, if one makes the highs and lows 

‘where one wishes them, and judiciously and somewhat slowly moves them along a given 
path, these highs and lows will entrain the jet streams and thus “steer” the weather. 


"So if you wish a very cold snap or attack, go up into Canada and start these actions to 
steer down some streams that bring some very frigid air. Establish other highs and lows 
judiciously to "block" or "slow" other jet streams and flows as desired. In this way, one 
can pull the "large cold air masses coming down from Canada’ deep into the southern 
USS. at will. They do it regularly. If you wish an ice storm, add an additional current of 
‘warm moist air you bring up (steer up by using artificial highs and lows) from the ocean, 
Where they meet, you will get freezing rain, then sleet, then severe icing accumulating, 
This type of attack does rather large damage to the struck area." 


huip://www.earthchangestv.com/ufo/0209gandor him 


Whole websites have now sprung up showing weather radar anomalies which may well be 
indications of scalar weather engineering. One list of over 500 images is here. Cheniere has its 
own collection here 


In another section at Cheniere are many photos of cloud anomalies which reveal the underlying 
vid along which the clouds are forming or un-forming. Bearden relates a startling incident in 
these clandestine ongoing "weather wars." 


"During the spring of 1986, abnormally strong Soviet weather engineering occurred over 
the U. S., causing a drastic drought in the southeastem U.S. This drought was broken by a 
colleague who used an extremely powerful scalar EM device to redirect jetstreams. A 
‘most unusual and unique signature of the "blocking" against the Soviet scalar EM actions 


resulted: Two huge circulations developed in the atmosphere, clearly showed as two 
adjacent giant "holes" in the swirling cloud cover over the middle and easter U.S. 


"Between these two giant holes, the cloud circulations formed a stream of clouds, moving 
to the south, looking very: much like a giant vertical "bar" of a huge "Y-shaped" cloud 
flow.* Several national weathermen commented on this unusual pattem, which had not 
been observed before. The pattern continued, day after day, as the blocking continued." 


* On the weather maps. 
hupz//www cheniere org/hooks/analysis/history htm 


Tesla Howitzers in Earthquake mode 
How to Make an Earthquake 


"Here's how you initiate a very large earthquake with such weapons. Take a convenient 
fault zone of set of them. Focus the interferometry on the fault zone, in the "diverging" 
‘mode, and deposit EM energy there in the rocks on both sides, increasing (slowly) the 
stress in the rocks by the reverse piezoelectric effect (deposit excess energy, get crystal 
mechanical movements). 


"Do it slowly, and the stress will build up to large pressures well-above a plate slip 
minimum energy required. At some point, the rocks yield and one or both sides "slip" and 
move rather sharply, giving a very large earthquake in that zone. 


"Do the same thing down in the earth (remember, LWs easily penetrate right through the 
arth and ocean at will, and so the “interference zone" focus can be inside the earth or 
beneath the ocean, at will. 


"Anyway, focus this thing down to where the active part of the volcano is still 
slumbering, down where the hole in the plate has been made. Keep increasing the 
deposition of energy in the magma itself, and eventually the increasing pressure from 
deep within that volcano, underground, will cause an eruption. Build the energy slow, 
and the eruption will likely be much larger 


upy//www earthchangestv.com/ufo/0209gandor him 
Yugoslav Earthquake, Followed by Cold Explosion 


‘Strange Characteristics of Iran Quake, Sep. 1978 
Tesla Howitzers in Tesla's "Big Eye" mode 


How to make a Big Eye in the Sky 


By using longitudinal wave interferometry in a weakly endothermic mode a new kind of "radar" 
is now possible, one which can look right through the earth and oceans. Because the endothermic 


mode extracts energy from the distant target, a pattem of the target area can be scanned for in the 
returned energy. 


“Thus the receiver produces a representation of the energy extracted from various 
locations within the distant endothermic zone. By displaying the received signals 
on an appropriately scanned screen, a representation of the distant scene in the 
intersection zone can be created. Indeed this is a special kind of "microwave 
interferometry," and -- with modem techniques -- the imagery obtained might be 
surprisingly good. With development, it might even become as good as the image 
presently obtained by side-looking acquisition radars 


“Interestingly enough, since scalar EM beams will easily penetrate the earth or the 
ocean, one can also look beneath the earth or beneath the ocean with this type of 
scanning scalar interferometer. 


“The importance of this capability to strategic and tactical reconnaissance is 
obvious. Camouflage, cover, and concealment have no effect on such a system. 
One can easily look inside buildings and into underground facilites. With a small 
system such as this, the U.S. Marines at Khe Sahn would have had little difficulty 
locating the tunnels continually dug under the perimeter by the Viet Cong. And 
targets under jungle canopies are directly visible.” 


Bearden htip://www.cheniere.org/books/ferdelance/s42.him 


Tesla Howitzers can destroy all life on earth 


How to Make a Storm on the Sun!! 
(Just make a big mistake with your Tesla howitzers) 


‘The deepest dangers of the use of scalar weapons are frighteningly pointed out by Bearden here 
where he considers that the sun, earth and moon (actually the whole solar system) is a delicately 
balanced arrangement of scalar (longitudinal) EM radiation. There is a scalar connection 
between the earth and the sun, which are both giant dipoles gushing energy in the time domain, 
Big scalar events on the earth could alter this balance causing true catastrophe. 


“Indeed, a solar response could be stimulated so that the Sun would violently belch and destroy 
our biosphere, among other effects.” 


Unrestrained scalar warfare could cause huge solar storms? To realize that human activity could 
actually affect the sun itself is truly mind boggling. 


Bearden goes on to say: 


"Accordingly, use of huge scalar EM weapons is a double-edged sword. Unless carefully 
employed, use of the weapons could cause a terrible backlash to the user as well as the 
victim, and even accidentally cause the destruction of the earth itself. It is not accidental 


that in 1960 Khrushchev stated that his new fantastic weapon could -- if unrestrainedly 
used -- destroy all life on earth, 


“This appalling backlash potential is apparently what prompted Brezhnev in 1975 to 
make so strong an effort to get agreement to outlaw the development of "new weapons of 
mass destruction” more frightful than the mind of man had even dreamed of. Gromyko 
even introduced such a draft agreement into the proceedings of the United Nations, The 
first article of the draft agreement indicated that the nature of the weapons referred to 
would be negotiated. Sadly, the entire Wester world did not even know what the 
Russians were talking about." 


hhip://www.cheniere,ong/books/ferdelance/s24.him 


3-0 SCALAR 
INTERFEROMETRY 


sulle, {HEMISPHERICAL SHELL) 


3b. Tesla domes 


(Slide from Cheniere.org) 


‘The Tesla howitzers can be used in a nearly impregnable defensive mode whereby they throw up 
adome (Tesla Dome) or a sphere (Testa Globe ) of highly powerful electromagnetic energy, 
enough to "dud" or destroy missiles which try to penetrate them. Once again, this energy is not 


going through space from the howitzer, but being made to emerge from the local vacuum at the 
location of the shell. KGB tests of these domes have been witnessed by airline pilots around the 
world, Bearden gives many examples of the Tesla domes being sighted around the world in his 
briefing paper ‘Fer-de-Lance." (Russian dome test, another globe incident, yet another globe 
test). These giant electromagnetic domes can be hundreds of miles across, or narrowed down 
more to total impermeability. 


"Such a shell may be several hundred miles in diameter at the base, The enormous energy 
required to form such a defense shell is obtained by a “scalar power tap" into the molten 
core of the earth itself, as previously explained. In late ApriVearly May of 1985, 27 such 
"power taps" were placed in the earth by the Soviets. If each tap is capable of powering 
four to six large scalar EM weapons, then the Soviet strategic scalar EM arsenal contains 
over 100 monstrous superweapons capable of generating exothermic explosions, 
endothermic explosions, engineering the weather, locating and destroying underwater 
submarines, detecting and destroying ballistic missiles shortly after launch, detecting and 
destroying long range strategic bombers as soon as they are airbome, etc." 


http://www cheniere.org/books/ferdelance/s52.him 


By using nested domes one can protect the domed area even against nuclear radiation 
itself. Tesla globes can be used to hit airbome targets by simply placing a globe of any chosen 
size in the flight path of the incoming missile. It does double duty because the missile hits it 
going in, and then the rubble hits it again going out the other side. 


While the U.S. persists in its useless boondoggle "missile defense system" by shooting a missile 
with a missile (missiles which would already have been "dudded" by the Tesla howitzers), 
between the domes and the globes the Russians (KGB) have in hand (operational) a nearly 
perfect missile defense system, Someone should ask the Secretary of Defense if the U.S. Tesla 
domes are in place. And over which cities? How powerful are our American Tesla domes? 


Bearden cites a number of examples of these domes being tested around the world: 


March 20,1969 | March 24, 1977 | August 17, 1980 | June 17,1966 | June 18, 1982 | June 22,1976 


Ina slide from the Fer-de-Lance briefing itis shown how the "woodpecker grid” itself also acts 
as a sensor, detecting any missile launch anywhere, and how the howitzers can respond instantly 
by delivering a blast to exactly the right coordinates, right along the channels of that same grid 
which is feeding the location information about the missile launch, This certainly beats "trying to 
hit a bullet with a bullet.” Especially since YOUR bullet would probably be instantly inoperable 
in a real scalar war situation. 


3c. Rogue Groups in the government 


Bearden fears that these scalar electromagnetic secrets may have fallen into the hands of what he 
called secret "rogue groups" within the labyrinthine depths of the black-ops special-ac 
domain of the secret government. "In the extreme, such a deep black program can even become a 


“captured” program," he says, "which is totally in the hands of rogues and no longer reports to or 
is bound by the dictates of the parent government." 


"They have their own agendas, And being rogue groups, they may well bring in 
unethical, immoral tricks: assassination, bribery, entrapment, disinformation, plausible 
deniability, ete. A certain percentage of a highly secret rogue group will wind up using all 
these things and more, It a human characteristic, the old primate dominance game. Only 
now disguised and hidden under deep cl tion... 


“In highly classified groups, these groups are greatly enabled to joust more widely, 
unethically, and immorally because itis so deeply hidden. So very deep classification 
evokes the growth and intensity of rogue groups. It's the old ‘Power corrupts, and 
absolute power corrupts absolutely’ routine. .. Due to loose formation of rogue groups 
inside such programs, they may have dual or tiple purposes, may not operate under very 
much legitimate goverment control at all, and may operate specifically for the purposes 
of the rogue group or groups that have gained control.” 


"The involvement of at least some rogue groups, some being "cowboys" who operate 
‘well outside all laws and ethics, could also result in such things as assassinations, 
clandestine testing on individuals without their consent, etc. In short, it could account for 
‘what seems to be actually occurring. " 


hip://www.cheniere.org/explore%20anticles/mind%20control3/p05 him 


3d. World War III has already begun 


Because it is now possible to cripple the power grids and electronics of any nation, that nation 
could be reduced to economic ruin without ever firing an actual "shot." Without electricity Wall 
Street cannot operate, Without electricity you quickly need martial law. One no longer needs to 
wage a conventional war anymore at all. There are now lots of new ways to bring any nation to 
its knees, 


"We are at war, whether we like it or not, And we are going to have strategic strikes on 
aan unparalleled scale for us. Pearl Harbor was nothing compared to what is coming down, 
once we consider the "augmentation" and such. 


"When that factor is considered, then it's a totally new ball game on replacing the power 
stem. There isn't going to be much choice; the old one is going to be destroyed or so 
badly crippled that it will collapse the U.S. economy in a way we have not seen since 
1929, Of course, in such a case hitting us, we will be under martial law, the works, 
everywhere. For one thing, it’s the only way you can keep the cities from imploding from 
within, by the criminal element, looting, robbing, killing, etc. Simply wait and see; it's on 
the way.” 


Although Bearden has for years decried the "scalar-gap," and chided the military for 
falling so far behind the Russian KGB in the field of scalar electromagnetics, recent 
statements indicate that things may at last have changed somewhat. 


"In the new war, the first phase of WW III has already been completed. Hence President 
Bush's recognition that this is a total war, and has to be taken to the enemy no matter 
‘where he may be hiding or in what sanctuary or in what foreign nation, This is an entirely 
different war than anything the U.S. has ever fought in its history. And before itis over, it 
is going to kill more Americans than have died in all the previous wars in our history. 

‘The news media and the public have not yet recognized that awful situation and 
predicament. Most are already thinking that, well, we won in Afghanistan so it's just 
about over, Instead, it has only just begun. 


"Anyway, that’s a brief uptake on some of the weapon situation today. Some 10 nations 
or more now have LW1s, and five have the QPs. I'm still working on how many have the 
appalling negative EMP weapons, but would estimate 6 or 7 nations have them in one 
stage or the other, either deployed or in at least advanced development, And in my 
estimation, the Yakuza will have them within three to five years if they have to build 
them themselves, and quicker if they can buy them from the Russians, Chinese, or??? 


Bearden hitp://www cheniere.org/correspondence/030202a.hum 


‘When he was asked the question "Does the government listen to Tom Bearden?" Bearden 
said: 


"Let me speak carefully. I am very satisfied with how I've been listened to in the quarters 
where the rubber meets the road. The West is no longer defenseless, not by any means. 
(Cannot amplify it further than that." 


hup://www cheniere.ore/correspondens 


Bearden has briefed the goverment a number of times and the Cheniere website contains a great 
number of his graphic military briefing slides. 


3e. Are the Russians making "UFOs?" 


Scalar electromagnetics engineering opens the possibility of antigravity vehicles and 
“hyperspace travel." In other words we can now make our own UFO's! Of such scalar-powered 
antigravity vehicles, which have now become possible, Bearden has this to say: 


"We might expect to see such vehicles glowing. Their various surface features and 
‘mechanisms might appear to be glowing or revolving lights, etc. 


"They could exhibit incredible "aerodynamic performance," seemingly in the atmosphere. 
Actually they would not be moving "through" the atmosphere at all, but through a higher 
space outside each particle of atmosphere. 


"They could seem to materialize and dematerialize. 
"They could seem to plunge into the ocean or rise out of it, 
"They could even seem to operate under the ocean or inside the earth itself. 


"Such anomalous vehicle performances have been seen all over the world, particularly 
since a few years after WWII. 


"It appears that one or more nations of Earth are operating such vehicles now in great 
secrecy. Our own "government" may even be one of these. 


“If so, itisn't our true "government/government.” Instead, it’s the "control 
‘group/government." It's government at the operational level, but at higher level it belongs 
to certain control groups who have penetrated our government's vitals and taken over all 
such projects.” 


Bearden htip:// niere.org/boo! 


Inan excellent a es website, Linda Moulton Howe reports on the utter 
bafflement of Norwegian scientists over mysterious lights appearing in the valley of Hessdalen, 
Nonway. 


She writes of the research there: "The results can be broken down into two groups: 95% are 
thermal plasmas and 5% are unidentified solid objects. The plasmas emit long wave radio 


frequencies and strangely, their temperatures do not vary with change in size or brightness.” She 
quotes the scientists’ research summary: 


1) most of the luminous phenomenon is a thermal plasma; 


2) the light-balls are not single objects but are constituted of many small components 
which are vibrating around a common barycenter; 


3) the light-balls are able to eject smaller light-balls; 
4) the light-balls change shape all the time; 
5) the luminosity increase of the light balls is due to the increase of the radiating area, 


But the cause, and the physical mechanism with which radiation is emitted, is currently 
unknown.” 


This would almost certainly seem to be another example of the testing of the scalar howitzers. It 
is baffling because, as Bearden points out repeatedly, Westen scientists have limited knowledge 
of the scalar electromagnetic principles by which the howitzers operate. The Hessdalen scientists 
‘were completely baffled as to where the energy of these plasma balls was coming from. 


Ms. Howe interviews Massimo Teodorani, Ph.D., Astrophysicist, who released the report on the 
2001 Hessdalen sightings. The scientist speaks of the baflling phenomenon observed. 


I don't know how it is possible that Nature is spontaneously able to do that. Anyway, we 
deduce that the plasma is trapped inside a sort of magnetic cage and the magneti 
closes around the plasma and keeps it fixed in some way, prevents it from expanding. But 
‘where does it come from? We don't know.” 


By what we have been considering here, we can recognize the signatures of scalar 
electromagnetic engineering. If itis a Tesla howitzer, then the energy for the plasma balls is 
coming from the vacuum of spacetime at the very location of the balls themselves, tiggered by 
scalar interferometers aimed through the woodpecker grid. 


‘These kind of balls can be used as marker beacons giving feedback for precision aiming of the 
howitzers. The energy of the marker beacon can be read back into the computers giving precise 
location information for pinpoint aiming. The target area can be very small, or widened out. 


‘There is a little movie of one of the Hessdalen plasma balls here. It would seem to be a clear 
documentation of a scalar howitzer marker-beacon. How many other current "UFO" sightings are 
actually the witnessing of Tesla howitzer tests? 


In fact there are a great many anomalous events of the past few decades which might very well 
be explained by the Russian testing of their longitudinal electromagnetic weapons. It would seem 
that the mysterious appearance of crop circles around the world could be accomplished by 
feeding a precise mathematical graphic pattern into the computerized aiming software and 
change the very molecular structure of the crops themselves along the lines of that pattem. The 


stalks fall over from the localized effect of the longitudinal waves. A plasma ball tracing 
patterns? Are they slyly sending a message to see if we are "getting it” yet? 


‘The "Cambridge Angel” - Made by Russian scalar plasma balls? 


Also see: Interview with Tom Bearden 


Attempt to Ban Energetics 
Weapons Worldwide 


#On June 13, 1975, in a major speech Brezhnev urged the 
United States to agree on a ban of research and 
development of new kinds of weapons "more terrible than 
anything the world has known." 

= On July 2, 1975 Brezhnev repeated his proposed ban on 
development of frightful new weapons, to a group of U.S. 
Senators. 

= In August 1975, Ponomarev called for a ban on frightful 
new weapons of mass destruction. 

= On Sept. 23, 1975 Gromyko presented a draft treaty 
agreement to the 30th Session of the UN General 
Assembly, for banning development of frightful new 
weapons. 


= No one had the foggiest notion what the Russians were 


@ mre seonnen 


(Slide from Cheniere.org) 


4. Healing powers of longitudinal waves 


Healing via longitudinal waves, time reversal of cells (de-differentiation), Priore's machine, Bearden’s proposed 
“blanket” version, using the electric power grid for healing waves or for broadcasting disease patterns. Scalar 
Biowar, 


The good news! 


" Any sort of disease whatsoever - physical or mental - will be rapidly curable, simply and 
cheaply. It will be possible to reverse aging and rejuvenate the person. It will be possible 
to regrow limbs and straighten misshapen spines - and directly remove the causes of 
‘mental diseases and cure them as well, Lifespan will be staggeringly increased, without 
‘old age's debilitation,’ AIDS, cancer, leukemia, and genetic diseases will be completely 
conquered, The potential for a true golden era is upon us, for all humanity.” 


Bearden- hitp:/twm.co.nz/beard_interview.htm 


Proof of the healing powers of longitudinal waves from the vacuum is seen in the work of 
Antoine Priore who produced longitudinal scalar waves using a gigantic glass tube filled with 
plasma, He himself did not understand why it worked or how it cured cancer in animals. 


"The Priore team cured terminal tumors, trypanosomias, and other dread diseases in 
laboratory animals in France, in the 1960s and 1970s, under rigorous scientific protocols 
by eminent scientists. The Priore project was funded by the French Government to the 
tune of several millions of dollars (equivalent). 


hup:/www.explorepub.conVarticles/energetics html 


". .. Prioré’s machines concretely demonstrated a nearly 100% cure of all kinds of 
terminal cancers and leukemias, in thousands of rigorous laboratory tests with animals, 
‘These results were shown to medical scientists as early 
as 1960." hnip://www.cheniere.org/priore/index.himl 


Bearden has stated that the longitudinal EM waves can 
have a healing effect because they always come in pairs 
called "phase conjugate pairs" and one of the pair is, 
time-reversed. This enables engineering of the waves to 
“pump” the cells of the body (with waves from the time 
domain) and actually time-reverse the cells back to a 
previous healthy condition. The scalar cure of cancer 
does not involve killing the cancer cells but rather 
pumping them with time energy into a previous 
condition. I know, this seems miraculous, and is it not? 


Priore and his giant plasma tube 


This healing power in the longitudinal waves of the time domain is a mind-boggling thing to 

face, It took me months to get through it, and to suffer the fact that the cure for cancer and AIDS 
‘was right there, in this new scalar electromagnetics technology, and that it has been kept back 
from the people for so many decades now. 


Bearden has a great deal to say about the work of Priore, who himself did not understand why his 
machine worked, Priore did not know about the longitudina 
fact, Tom Bearden has supplied, at last, the missing explanation as to how that big giant two- 
story glass tube consistently cured cancer in anima 


“The medical implications are enormous . By just reversing the damaged cells back to a 
previous physical state, this gives a physics mechanism for controlled cellular dedifferentiation, 

in biology terms. Physicians will time-reverse diseased, damaged or aged cells back to an earlier 
healthy condition, including all the cellular genetics. Normal cells are just reversed to a slightly 
‘younger condition." 


"We believe this mechanism explains the revolutionary but bafiling electromagnetic 

cures achieved by a team of outstanding French scientists in the 1960s and early 70s, 
‘working with inventor Antoine Prioré. In lab animals, cures were achieved for terminal 
tumors, infectious diseases such as trypanosomiasis, and atheriosclerosis. In addition, 
deliberately suppressed immune 


“We hypothesize that this isthe long-sought mechanism of how the living body heals 
itself. In short, the body's cellular control system induces cellular reversal by weak time- 
domain pumping of the damaged cells and the affected area, The cellular regeneration 
system performs all healing of cellular damage in the body; the immune system heals 
nothing, not even its own damaged cells) 


"For the first time medical science can develop as a science of healing rather than a 
science of intervention, And it will develop as a science of unlimited healing, since no 
pathogen can resist action by curved spacetime engines.” Bearden 


hup://www.cheniere.org/techpapers/ Vision‘ 202000% 20paper.doc 


See Priore's machine _ See Slides of how it works, 


Bearden has extended the Priore work, with the previously missing knowledge now in place, and 
designed a revised system (for irradiating the body with longitudinal waves) which gets rid of 
Priore's giant glass plasma tube and uses instead an antenna unit which surrounds the body. He 
has also provided the missing explanation of how it works. There is an article from "Explore" 
magazine, Part I and Part Il 


In fact, Bearden has presented to the U.S. government a plan to use a portable version of a Scalar 
Healing Blanket where wire channels in the blanket act as a scalar antenna, which can both send 
and receive scalar electromagnetic waves, A two minute treatment of the waves is sufficient to 
restore the body to its earlier healthy condition, Thus even thousands could be treated easily and 
quickly in a biowar mass attack 


RETRORADIATION WITH EMITTED TW EM WAVES 


Recorders & Broadband Amps Broadband Antonna Unt 


Receiver-ransmitters 


er extol 
_—— Adjusting broadband signals 
bandwidth and amplification 


Using an amplified replica of the body's own dense, broadband signal 
complex to irradiate it, producing deeply-penetrating and 
Jongitudinal EM wave Sets that pump calls and reverse cellular 
disease and damage 


"To defend against things like anthrax attacks on our civilian population centers, we also 
have recommended to the U.S. Government the crash development of small, portable 
treatment machines—using similar "antiengine-forming" and cellular reversing "porthole 
technology”. [See Figure 13 on previous page). Such portable machines could be 
developed cheaply and quickly, and present government facilities could be used to 
massively attack the correlate database production problem. "The portable treatment units 
could be cranked out by the hundreds of thousands and flooded down through emergency 
response agencies such as the police forces, the National Guard, emergency hospitals, 


emergency response teams, etc." 


Bearden hitp:/vww.cheniere.org/explore%20articles/mind%20control3/p04.btm 


‘The Scalar Healing Blanket would fit into large suitcase. It has three basic parts, the longitudinal 
‘wave generator, a laptop computer, and the antenna-blanket. The plan was a stroke of Bearden’s 


genius, but unfortunately it fell on befuddled government ea 


"Unfortunately, so far the DOD 


(Dept. of Defense] doesn't even understand what the heck we're talking about!" 


Article ‘Healing with Energy”: hup/ivww.explorepub comvaticlesvenergeties him 


Speaking of the 
work by French s 


"We tried very hard in 1998 to call attention to the extreme national need for the most 
urgent possible development of a portable computer-controlled treatment device based on 
the experimentally proven Prioré methodology, but extended to a much simpler and far 
more rapid method of treatment. 


"Quick development of this technology could lead to a suitcase size device, capable of 
treating a patient in less than one minute, and stopping the symptoms and disease 
progress cold, then reversing it. Three "less than a minute" treatments one week apart 
‘would be required for complete cure. As an added advantage, partial reversal of aging in 
older patients would also be accomplished as a bonus, in addition to time-reversing the 
damaged and diseased cells... 


"The method proposed to the DoD in 1998 used normal EM in a peculiar way to force the 
body itself to make its own time-polarized EM waves, and pump every part of its cells ~~ 
including the genetics -- in the time domain. 


"Quite simply, we are going to be struck this way (QP spreading the immune systems of 
the populace plus professional smallpox, anthrax, etc. BW attacks on our population 
centers) and by other means we've spoken of in other papers and briefings 


Bearden hitp://www.cheniere org/correspondence/021401 him 


The Dark Side of the Force: 
Creating and broadcasting disease 


lar wave induction of disease by longitudinal wave patterns Bearden refers to 
st Kervran Russian scientist Kaznacheyev, who proved that any disease 


could be transmitted electromagnetically. 


“It works this way: the Kaznacheyev experiments (and others) demonstrated that any 
cellular disease or disorder can be initiated into cells at a distance, by electromagnetic 
‘means (albeit unusual EM in nature). The decades of microwave radiation of the U: 
Embassy in Moscow, was an ongoing set of "stimuli to ping the U.S. system and, by its 
response, ascertain how far along (or if it was "along") in its knowledge of such weapons, 
‘The radiation was responsible for many health changes in personnel and for the eventual 
deaths of three U.S. Ambassadors.” 


Bearden hitp://www.cheniere.org/correspondence/021702a.him 


Ina letter he writes, 


"Yes, the Kaznacheyev experiments were quite real; 15,000 or so in military research 
institutes in Siberia. As with so many other novel areas investigated and developed by the 


Soviets, most U.S. investigators just assumed normal EM, which is not what the 
Kaznacheyev experiments involved, and not what was carrying disease induction pattems 
from one cell culture to another in rigorous lab tests.” 


How to "Broadcast" Diseases 
Longitudinal EM Biowars 


Bearden explains how the new quantum potential weapons can be used to induce disease-at-a- 
distance in a population, or to "spread" the immune system so thin that a conventional bio-attack 
would be greatly potentiated. By "broadcasting" virtual disease patterns over a population, the 
immune system is so overloaded by the presence of the "shadow" diseases that its effectiveness 
is thinned out. 


“In short, alter the internal wavestructure, and one creates a curved spacetime ‘engine! 

that acts on mass in any fashion one chooses to design -- including initiate diseases . 

Now visualize one of these 'vacuum engines’ or ‘spacetime curvature engines' that acts on 

‘mass to generate the exact effects produced by anthrax. (Or any other disease one wishes) 
Call the virtual state of a disease engine the disease pattern in the "shadow" state, just 

prior to becoming observable. . . 


"And the master cellular control system responds to "coming events that cast their 
shadows before”. In short, it responds to the upper level of the "shadow state” of a 
disease, still in the virtual state! (Hey, virtual particles are real, virtual photons are real, 
virtual ST curvatures are real --- just very fleeting, only for another to immediately arise). 
‘The exchange of virtual particles is known to generate all forces in physics anyway! .. 


"So the cellular control system responds to "shadow state” disease patterns. Enter a QP 
‘weapon application. Place a quantum potential weapon "area" on the United States, so 
that the entire populace is init. The slowly introduce and bring up in the shadow state, 

the necrotizing fascitis disease engine. At some point, the cellular control systems will 
react, and order the immune system into action. In other words, immune system resources 
will be committed against this "immediately coming" enemy. Bring it on up litle, but 

ill justin the shadow state. Voila! Humans form a bell-shaped distribution curve. And 
even if the structure of the QP fluctuates a litle, fluctuating a bit stronger and a bit 
weaker, etc. A few of those targeted bodies will now actually develop necrotizing 

fasciitis. So far, just like the U.S, Embassy targeting, except a different "carrier". 


"But now there is an exact signature that this is what is doing it, and not normal vector 
carriers of disease and contact or exposure infection, The few cases of necrotizing 
fasciitis that break out will be most puzzling. They will be randomly scattered across the 


entire nation, and so few that the vector carrier and contact or exposure explanation 
completely fails." 


" And that one happened, right here in the U.S., not so long ago. Check it out. 


"So carefully adjust the patterns for, say, 12 major terrible diseases, to that “adjusted and 
desired shadow state level". Now add all 12 pattems into the internal structure of the 
quantum potential, Now it has 12 shadow state disease engines in it. 


"Place that one on a populace. The cellular control systems order the immune systems 
into action, and they now have to commit their finite resources to 12 different areas. This 
greatly thins the response an immune system can make to any one of those 12 disease 
patterns! In short, it "spreads" the capabilities of the immune system, which can be 
galvanized to great effort, but only can perform a small bit against each area. 


"Suppose one of those galvanized’ areas in the targeted populace’s immune systems is 
anthrax. And suppose the bad guys now hit one or more of those cities with a 
professional anthrax attack. A former OTA study showed that a professional anthrax 
aerial spray attack against Washington D.C., dispensing 100 kilograms of anthrax spores 
in the spray, will account for 1 to 3 million casualties. And that’s in an "unthinned” set of 
immune systems, In the “thinned” set, one can at least double or triple, and even up to 
five times, that estimate, So conservatively, now there would be from 2 to 6 million 
casualties. And even mild anthrax spray attacks in other "thinned! cities would also be 
amplified. 


"That one is being set up, or already set up, right now. There are other such 
augmentation" setups also under way. 


"So the weapons alluded to by the SecDet 
has already begun, and our populace (and our 
of it.” 


1997 are already being employed. WW IIL 
ientific community) is blissfully unaware 


huip://www.cheniere.org/correspondence/021702a,him 


Most of us can remember the strange outbreaks of the so-called "flesh eating disease." It seemed 
to break out here and there randomly with no known cause. Bearden believes this was a test of 
the newer quantum potential weapons which go even beyond the capabilities of the Tesla 
howitzers. 


"The Kaznacheyev "disease induction by novel electrodynamics" work is also the basis 
for the spacetime curvature engines (not EM signals!) carried by quantum potential EM 
biological weapons for distant induction of diseases etc. into the population of an entire 
nation or area, such as the U.S. 


“This quantum potential disease induction weapon -- capable of attacking an entire 
population of a nation or area -- has been tested several times in the U.S. at very low 
levels, in the shadow state only (we explain shortly) and it has a most peculiar signature, 
Eg., one test used necrotizing fasciitis (flesh-rotting disease) engines. 


"The disease ‘engine’ was deliberately kept down in the 'shadow state' (virtual state, just 
below the observable state) so that only a tiny bit of the populace with depressed 
thresholds would "breach the observable threshold’ due to the population forming a bell- 
shaped curve as to the threshold level. The major signature of the test was that the cases 
of the disease broke out totally statistically and randomly, spread all over, without any 
‘disease vector in between, 


“In short, it was not spread in any manner required by normal deterministic disease 
vectoring, but was a totally random set of occurrences. Several other diseases were also 
tested this way in the American populace, with precisely the same signature." 


Bearden hitp://www cheniere.org/correspondence/021401 htm 


“Apparently one planned use of such an augmented clandestine BW weapon will be smallpox, 
eg. As you know, the Russians did develop smallpox for biological warfare, and even developed 
anew strain against which previous vaccination is ineffective. 


"The vast numbers of expected casualties, coupled with immune system spreading, are 
absolutely irresistible to the Russian mind, You can count on it that they have seen that 
the smallpox is already on site here, in the U.S. and in the hands of professional terrorist 
teams. Of course, the Russians/KGB will protest they have nothing to do with that! Yet 
likely the KGB will have flatly arranged it or at least assisted it. The capability for mass 
destruction of the nation is so lucrative and easy to achieve in advance, that they would 
never be able to resist doing it." 


Bearden hitpy//www.cheniere org/correspondence/021401 him 


Bearden believes the Gulf War Syndrome involved the use of scalar technology to induce a 
disease state, as he stated in a 1997 interview: 


"Tl say this flatly, and I won't answer any further questions about it; the Gulf War 
‘Syndrome was induced... It was induced with this stuff. All the rest... was contributing 
factors that everybody's talking about... There are some deeper signatures, if you look 
into it very deeply, that show you exactly how it was done and the fact that it was 
induced. It was a test, It was a test of a very special kind of weapon I have not talked 
about yet. Anyway you can use it to create diseases.” 


Bearden hitp/iwm.co.nz/reard weapon him 


Besides using the woodpecker grid to target a population, the entire electrical grids of nations 
can be used as "channels" for disease pattems to be broadcast to all people near that grid. Your 
own house wiring can become an antenna, broadcasting these "shadow" patterns of disease, 
‘weakening your immune system. 


And here one faces the frustrating fact that the same power grids could be set to channel patterns 
which would keep the entire population healthy, rejuvenated, continuously bathing in the time- 
reversing old-age-defying energy of the spacetime vacuum. We have no idea yet of how long the 


human life span could be increased with this new technology. People might be able to live two 
centuries given full humane development of this technology. 


5. Psychoenergetics 


Mental entrainment, inducing hypnogogic trance, mind control, broadcasting thoughts and feel 
education via EM [LW] mental download, the "Feelie." revolution in spirituality, “enlightenment 
churches? 


the Ant World, 
ichine?” Scalar 


Psychoenergetics is simply using the scalar interferometers to manipulate and engineer the 
human psyche. To me it is the most mind-boggling and frightening aspect of longitudinal wave 
engineering. 


‘The mind is electromagnetic in nature, and itself of the time-domain. It is not observable in 
space, There is no thing you can point to that is the mind, As Bearden says, ""The mind is time- 
like." 


‘The longitudinal scalar EM waves are also of the time-domain, By overlaying certain infolded 
patterns (oscillations in time) on the longitudinal waves, a thought or feeling may be made to 
arise in a person or persons who are in the interference zone (where the wave beams cross) 


‘The person will not notice anything, feeling that this thought or idea is his or her own idea. The 
longitudinal wave pattem might be a wave of panic or fear that spontaneously sweeps over you, 
pethaps inexplicably. It could even be in the form of a sudden intense patriotism. It could be 
explicit words and phrases, which everyone would think they had thought of by themselves. Or it 
could be rage and hatred, angry and violent. On the other hand It could also be a continuous 
sense of docility and placilty, This is the brave new world of psychoenergetics and the coming 
"Mind Wars.” 


Scalar Psychoenergetics in its most primitive form simply “entrains" all minds in the target area 
into a deep hypnogogic trance. In this state of mind people would be suddenly extremely 
suggestible, and would likely believe anything they are told, and would obey any orders given. 
Talk about winning the hearts and minds of the American People! 


Tom Bearden makes me think of Paul Revere , who heroically conveyed important wamings for 
the sake of the new nation, But the words of the famous phrase have now strangely and curiously 
mutated into the once-inconceivable: "One if by land, Two if by mind.” 


Indeed one strategy in a Mind War would be to simply take over the minds of the "leaders" of the 
enemy nation, The targeted leader would not be aware that anything was amiss, although he 
might begin to make unexpected changes in policy. 


And are, in fact, any of our "leaders" already having secret thoughts that are not their own? Who 
knows? Frighteningly, we can no longer be sure. The new sciences of scalar electromagnetics 


and psychoenergetics are even now plunging humanity into a sudden science-fiction-like world 
beyond anything in humanity's previous imaginings. 


"The Russians reached the point in the mid 1990s that they could take over control of a 
person's mind, with modified longitudinal EM waves including some time-polarized EM 
‘waves, and with a team of specialists (estimate 25-30 per transmitter, and one transmitter 
and team per controlled person).” Bearden http://www. cheniere.ory/misc/time.him 


Ina slide Bearden illustrates how a Scalar War would involve a psychoenergetics attack on the 
operators of the enemy scalar installation, entraining their minds into hypnogogic trance and 
getting them to shut down their systems. 


And ultimately psychoenergetic warfare goes to the very heart of human identity itself. For if my 
thoughts might no longer be "mine," then who and what am I? Can my very sense of being "me" 
be hijacked by some nefarious psychoenergetic scheme? Will the "secret govemment"” eventually 
dictate directly into your mind how you feel about yourself? Or what you think you are? Or what 
you should do? 


How Does Longitudinal EM Mind Control Work? 


‘The physics of scalar psychoenergeties as expounded by Col. Bearden seems even more arcane 
and over-my-head than that of extracting energy from the vacuum. I can't understand it, but I 
Jook through it anyway. Each time another tiny understanding might occur, ora term might fall 
into place. I know the mathematics is forever beyond me, 


One paper to begin with is “Mind Control and EM Wave Polarization Transductions” This is 
such serious stuff that Bearden includes a strong warning about misuse of this knowledge. 
Psychoenergetics weapons can mentally maim and physically kill, 


Warning! 


(From "Mind Control and EM Wave Polarization Transductions") 


"This article refers to experimental research techniques which can be detrimental or lethal 
in the hands of any but highly skilled, qualified experimental scientists proceeding under 
proper laboratory safety procedures. The purpose of this article is strictly for information 
to properly qualified and authorized scientists in certified laboratories, We do not propose 
or condone any use of these procedures for nonapproved practice of medicine without a 
license. Neither the publisher nor the author are responsible for accidents or outcomes in 
the use of these experimental procedures and techniques. Any researcher who performs 
these procedures and experiments is acting on his or her own volition, and is solely 
responsible for insuring safety, qualifications, and legality of the acts and their results. 

‘We neither suggest nor condone unauthorized experimentation on human subjects, Such 
is a criminal violation of the constitutional rights of the subject under Federal and State 
Jaws, and is both illegal and immoral." 


Bearden hitp://vww.cheniere.org/explore%20articles/minds 


dcontrol 1 /p01htm 


fier the serious waming comes the description of the paper. This is heady stuff for the layman. 


"Calling full attention to the special note above, in this paper we present a high-level 
overview of the novel electromagnetic nature of mind operations, mind and body 
coupling, and intent - the induction of physical 3-space EM energy changes into the brain 
and nervous system, and into every cell of the body, from the mind's time-like coherent 
operations, We summarize the time-polarized electrodynamics used to engineer and 
affect mind operations and the mind-body coupling loop. Transaction mechanisms 
whereby differing EM wave polarization’s can be transformed one-into-the-other are 
presented.” 


Bearden hitp:/vww.cheniere.org/explore%20articles/mind%20control/pO btm 


1 will leave it to the technically astute to try to understand the mechanisms of operation which 
are described in scientific language. But there are tidbits for the layman, Here he speaks of the 
difficulty Wester scientists have in opening up to the "immaterial" (longitudinal wave) nature of 
the human mind, 


Western Science Remains Largely Materialistic 


“Ironically, most Westem scientists are materialists and consider "mind as a mystical 
and nonscientific concept. They tend to consider mind operations and functions either to 
be simply "meat computer” operations and functions, or at best to be very weak ordinary 
transyerse-wave EM operations and functions in the brain and nervous system. This 
serious self-limitation exists because in the body we measure only weak TW [transverse 
‘wave] EM operations and functions correlated to biological behavior and brain 
operations. We simply do not know how to measure "mind operations" directly. 


"With no mind measurements possible and no instruments, it is understandable that 
Westem science considers only the physical side of the mind-matter interface. 


"Presently our scientists do not measure the longitudinally-polarized EM wave operations 
and functions in the body and around it in nature. Few of them are aware that a 
‘maelstrom of such LW [longitudinal wave] functions exist in the body and in all of nature 
in general." 


Bearden hitp:/Avww.cheniere.org/explore%20articles/mind%20control/p0S atm 


Westem methods of influencing the mind with EM waves have only used transverse waves, not 
the longitudinal waves of the vacuum. If only transverse waves are used one pretty well has to hit 
the target mind with a sledgehammer of waves, 


Western Science knows only transverse EM waves 
Brute Forcing Time Functions versus Fine Control Methods 


“Ironically, Westem mind control researchers using transverse EM waves for mind 
control research, are using a brute force method of evoking and using vacuum engines 


(spacetime curvature engines) and a special form of general relativity, although they do 
not appear to realize it. 


"While KGB scientists also use TW EM "brute force" TW waves when necessary, they 
do “imprint” or “activate” those waves with the desired intemal LW and time-polarized 
EM wave and photon structures required to directly perform the mind engineering 
desired... Bearden 


"These “fitted brute-force models" certainly can be very powerful, and certainly can 
produce the exact results shown in the experimental verifications of the fitting 
However, they do not of themselves allow sophisticated design for example of 
necessary time-polarized wave assemblies for engineering the entire human collective 
unconscious simultaneously, or for engineering the entire collective unconscious of all 
species on Earth (e., Gail’s collective unconscious), or even for precisely engineering 
the memory and knowledge base of an individual. 


ings. 


Bearden hitp:/vww.cheniere.org/explore%20articles/mind%20control/p09.hum 


‘The seemingly magical operations of psychoenergetics, sometimes called "psychotronics," 
cannot be achieved with ordinary transverse EM wave energy. But they are possible with 
longitudinal scalar waves because the mind itself is scalar in nature, 


"We note that all mind operations are time-like, i.e., they are comprised as scalar EM 
photon functions and scalar EM wave functions, Thus the mind is a very special kind of 
electromagnetic system, existing in the time domain..." 


Bearden hitp:/Avww,cheniere,org/explore%20articles/mindS%20control/p08,hum 


‘The engineering of the mind can only be accomplished with the waves of time. 


‘The course of psychoenergetics development necessitates the building of a vast database of 
settings and pattems which bring about given mental and/or emotional states. A kind of "gnome" 
of the psyche. Bearden describes the process of the decoding of this "gnome." 


"Now the scientists would perform many phenomenology experiments, making one little 
change at a time and profusely recording the data. Each time, they would establish the 
physical change(s) that occur in the body and/or the mental and emotional changes that 
occur in the mind for each spectral reinsertion back through the "ship's portholes". They 
‘would simply but painstakingly (over some years) build up an extensive database of those 
individual comelates. 


“In these experiments, the experimenters will eventually be able to provoke any body or 
mind change they wish. Strong emotion. Intense pain. Intense pleasure. Painful thoughts. 
Images, Memories. Perceptions. Dreams. Visions. Memory losses. Memory changes, 
Personality changes. Etc. The "delta" in the emission spectrum (the changes from zero 
reference spectrum) represent the precise totality of all mental, physical, organic, 
chemical, etc. changes and interactions." 


Bearden hitp:/vww.cheniere.org/explore%20articles/mind%20control3/p0 Lim 


"A second stage in the research would be to test the correlates and porthole insertions 
upon a statistically significant cross section of ordinary people, and/or specialized 
populations (such as toughened soldiers). The program would evolve a highly complex, 
very effective, ever-improving science and technology of mind and behavior control and 
engineering mechanisms, complete with finished database and developed applications 


equipment.” 


Bearden hitp://www.cheniere.org/explore%20articles/mind%20control/p02,him 


Summing up his paper Bearden speculates on what the actual situation the science of 
psychoenergetics probably is. The intense secrecy with which this knowledge has been kept from 
the public has led to the current farce of the "government" pretending it all does not exist, and 


crecy may have now put us at great risk. 


"The implication is that in the West one or more highly classified, sustained, heavily 
funded developments in advanced mind control programs, probably exists and probably 
has existed for some time. Due to loose formation of rogue groups inside such programs, 
they may have dual or triple purposes, may not operate under very much legitimate 
‘government control at all, and may operate specifically for the purposes of the rogue 
‘group or groups that have gained control 


In a nutshell, thats what may be going on in the clandestine mind control projects in 
several Wester governments. The involvement of at least some rogue groups, some 
being “cowboys” who operate well outside all laws and ethics, could also result in such 
things as assassinations, clandestine testing on individuals without their consent, etc. In 
short, it could account for what seems to be actually occurring. As also is "usual" in such 
a mess, one or more of the rogue groups eventually may become very powerful because 
their secret weapons are very powerful. They may become confident, thinking they have 
the "best in the world," They may actually believe they are ahead of the Russians..." 


"Remember that, in every large and powerful human organization, the basis for rogue 
‘groups is power and secrecy. They are always seeking to increase their power, control, 
influence, prestige, etc. Nothing else, Patriotism and mission are—to rogue groups— 
ofien just idle words. They have their own agendas, And being rogue groups, they may 
well bring in unethi ssination, bribery, entrapment, 
disinformation, plausible deniability, etc. A certain percentage of a highly secret rogue 
‘group will wind up using all these things and more. It's a human characteristic, the old 
primate dominance game. Only now disguised and hidden under deep classification.” 


"The Russians, with their additional knowledge of the actual mechanisms in the 
transforms, will be much more advanced than the West, because their fundamental 
psychoenergetics science is far more advanced, so long as we continue to use the old U()) 
electrodynamics. Further, the Russians have decades of use of longitudinal interferometry 
beams to reach right through the earth and ocean and produce stringent EM effects at a 
distance, So they will also be able to do the same things here in “mind control" with LW 
[longitudinal wave] interferometers, through intervening mass.” 


Bearden hitp:/vww.cheniere.org/explore%20articles/mind%20control3/p0S atm 


Bearden cites two examples where he believes the Russian KGB tested the psychoenergetics 
capabilities of their scalar interferometers. One was the case of Captain Button in his A-10 
“Warthog” aircraft on April 2, 1997. 


"Over Arizona, Captain Button was thrown into a hypnogogie state, and his perceptions 
instantly altered and controlled, In his instant "dream-waking" state, everything seemed 
perfectly normal. His sense of direction was altered a bit more than 90 degrees, so he 
simply corrected and tumed and "flew toward the range”, actually flying off course by 
‘more than 90 degrees and ignoring radio contacts. He flew right on out of Arizona.” 


"At one point he circled, probably thinking he was over the range, and he probably 
dropped his ordnance there. Then he "flew on back toward home,” as he thought in his 
waking dream state, until his fuel ran out and he crashed and died in the explosion— 
dream-thinking until he died that everything was normal, All the while, his sense of the 
passage of time was altered. To him, in his dream-thinking, dream-acting state, 
everything was normal and nothing untoward had happened. So the distant KGB 
transmitters and associated psychoenergetics team controlled him for over an 

hour. "Indeed, that was the exact purpose of the test: demonstrate control (at a great 
distance) of a skilled person performing highly skilled tasks.” 


Bearden hitp:/vww.cheniere.org/explore%20articles/mind%20control3/p06,htm 


‘The paper “Mind Control and EM Wave Polarization Transductions” ends with the most chilling 
and frightening possibility of all: the psychoenergetic engineering of the human species as a 
whole. 


The Ant World 
The Final Race for Direct Mind Control of the Entire Human Species 


“The KGB psychoenergetics weapons scientists—because of their direct measurements 
and detections (and use) of t-polarized waves and LWs [longitudinal waves] for 
decades—also understand that Jung's collective unconscious mind (of the entire human 
species) also has its own time-like operations and correlates, which one measures also 
‘when using polarization measurements and sorting it all out. The collective unconscious 
mind operations are buried several levels deeper inside the recursive Whittaker 
structuring inside the EM fields, waves, and potentials. "The KGB scientists also know 
that something very like Gaia — a collective unconscious mind for all species on earth — 
id they are striving to be able to sort out and measure that one as well, The 
structuring inside the EM fields, 
‘waves, and potentials.” Actually, from day one, the Russian mind control scientists have 
had their eventual goal set upon this "deeper area of mind and possible mind control” of 
the entire human species, 


"Lam convinced that the KGB psychoenergetics scientists understand this deeper area. If 
they can leam to directly engineer the collective human species unconscious, they can 


then convert the human species easily into a sort of "ant" society, modeled along ideal 
‘Communism lines, except of course with an excluded "hierarchy at the top" running 
everything. The “ant society" — communist style — is still a variation of feudalism (all 
systems tend to feudalism or some form thereof), "The KGB psychoenergetics weapon 
scientists are seriously pressing on toward that very goal. In my opinion they are not very 
far from it right now... 


"Some versions of Russian mind control devices were used on Russian soldiers in the 
Afghan War to condition them for performance of merciless acts." 13 


Bearden hitp:/vww cheniere.org/explore% 20articles/mind%20control3/p07 bum 


More about 


nt World” 


Whether it is the Russians planning an "ant world” society or rogue U.S. black-ops groups 
withholding a great boon from human race, the secrecy on all sides around has allowed largely 
criminal elements to take over this technology while leaving the civilized elements in the dark. 
Openness and the spreading of this knowledge among good and decent people is essential, and 
for that we will have to overcome our frightened denial. 


"Meanwhile, rogue groups amongst Wester clandestine mind control researchers will 
probably arise if they have not already done so. They will likely seek to increase their 
personal control and further isolate the programs from orthodox government review and 
from government and legislative control, They may even divert the research into highly 
illegal and unethical means, because it furthers their own rogue agendas. That is how 
clandestine U.S. government research can sometimes go sour, unless great care is 
exercised by the oversight committees in the House and the Senate. 


"Sometimes when rogue groups do gain control and total secrecy of a given new 
technological area, then what appears to be "U.S. government operations" do start to 
encompass a criminal and unethical operations, hidden usually beneath the deep veil of 
high classification. Also, if it’s "scientific," no one is ever brought to justice, even if the 
“evil science actions" are uncovered and publicly revealed.” 


Bearden hitp:/vww,cheniere,ors/explore%20articles/mind%20control3/p08.htm 


Like the huge energy of the Tesla howitzers, the ability to engineer the mind with longitudinal 
waveforms is a seeming "magical" thing which can be used for good or ill. Bearden envisions 
that further developments will allow something like the "downloading" of knowledge via scalar 
interferometry. Everyone could be highly educated, and quickly and easily. 


In the conclusion of the paper "Mind Control and EM Wave Polarization Transductions” 
Bearden makes a plea to the nations of the world regarding the use of psychoenergetic 
engineering. 


"Let us hope this great new area, already off to a bad start, can be bridled and steered in 
the direction helping and healing people, rather than killing or abusing them, The 
excesses in its bad use are a potent threat to all nations on earth, 


"Yet it can revolutionize medical science, education, communication, and psychology. 
We foresee the day -- perhaps 30 years hence -- when education will be accomplished by 
directly loading the software into the mind, Then in three weeks one will "load" a 
doctorate, say, in physics. In three more weeks on will also load a doctorate in chemistry. 
Another three weeks, in electrical engineering. Another three weeks, an MD And so on. 
‘When that happens then truly everyone on earth can be educated. Freedom from 
ignorance may well be another great freedom that is legally recognized. There will be no 
impoverished large groups lacking the education to find decent, productive jobs. 


"We urge all nations to use the principles involved: not for human abuse, but for healing, 
educating, uplifting, and life-expanding of every person on earth. If we do, we shall all 
have a far brighter future, Then we shall check what has started out to be the Sword of 
Damocles and tun it into the golden Millennium." 


Bearden hitp:/vww,cheniere.org/explore%20articles/mindS%20control3/p08,hum 


(Perhaps after so many frightening topics a slight break is in order here to consider the lighter 
side of psychoenergetics. For example, what will be the ultimate impact on the entertainment 


industry?) 
The Feelies at Last! 


Psychoenergetics will be able to bring about at last, for better or for worse, Aldous 
Huxley's fanciful idea in his novel "Brave New World,” an entertainment format which 

he called "The Feelies." Those were something you went to, like going to the movies, but 
you would experience all the actual feelings themselves, as if the depicted events were 
‘actually happening to you. Although our "leaders" seem too dim to grasp what is going 
on in the world of scalar electromagnetics, it should not take some young Hollywood 
‘genius too long to understand that The Feelies are now possible, and that the immense 
‘megabucks of potential profit more than justify heavy investment in bringing it 0 

market, 


(One can imagine that first "Feelie" theater, "The Huxley" perhaps, a large comfortable 
area surrounded by nine giant screens (not just one screen!), which become 3D if you put 
on your headset. And The Huxley is fitted with the finest sound, and oh, by the way, a 
‘modest sized scalar interferometer with computer, And there are one or more new tracks 
now recorded on the film next to the sound track. These are the digital pattems of 
thoughts, feelings, and ideas to be fed into the theater's interferometer. And these 
thoughts and feelings and ideas will be felt by the audience as if they were their own 
thoughts and ideas, It is an entirely new art form, Psychevision. 


As important (and no doubt famous) as the actors would be the "feelers," those from 
‘whose minds the feelings were lifted in the original programming of the Feelie tracks. 
Because, for example, Brad Pitt might be a good and handsome actor, but can he really 
feel it? Like the dubbing of foreign language films, it might be necessary to dub the 
“emotional track” using a deeper and more profound person's feelings, thoughts and 
ideas, 


Itmight even be engineered so that if you sat on one side of the theater you would feel 
like the hero, and on the other side you would feel exactly like the bad guy! What would 
that lead to? 


We have all cried at a movie some time, most people have, though they might not want to 
admit it, But this would be deep sobbing and a flood of tears, if the director so desired it 
You would feel it at your core. Or, take a big chase scene, you would be terrified. They 
are breathing down your neck! You would be gripped by panic. 


For that matter, the whole genre of Horror-Feelie would be too much for many people to 
take, Do I really want to feel that an actual vampire is tearing at my throat with his 
fangs? 


A Religious Feelie would make you feel the exaltation of a saint at his prayers, or give 

you the definite feeling that you are Christ suffering on the cross. All the pain could be 
there too. The stickiness of the blood. The very feeling itself: "Why hast thou forsaken 
me?” Who among us could come up that despair for scanning? Had this been developed a 
bit earlier we might watch a documentary of, say, Mother Theresa, containing her own 
actual deep sense of compassion, which we would feel arising in us as our own, 


‘Then again, a Psychedelic Feelie could induce an LSD-like state and simply blow the 
audience's minds. 


Even in its simplest most primitive mode, the hypnogogic trance induction with its 
increased suggestibiliy, would completely alter the experience of even ordinary current 
movie going. 


6. As it Stands - 2002 


"Anyway, i's presently a "Mexican stand-off" with the various parties maneuvering with 
check and countercheck. That is the real "balance of terror" that is held by such a fragile 
balance." 


"You can see the implications if such weapons fall into the hands of the radical terrorists. 
Ordinary positive energy EMP shooters can be made fairly readily and cheaply from 
nearly just Radio Shack parts or surplus parts. It just takes some know-how... When and 
if the Yakuza [Japanese mafia] gets those (and they will it’s just a question of time), you 
can begin to appreciate some of the tums this present terrorism and our war on it will 
take." 


Bearden http://www cheniere.org/correspondence/021702a hum 


‘The very thought of the building of one of these howitzers by “some lone-nut gunman" from 
Radio Shack parts makes one realize how serious itis for humanity to face the crisis it has come 
to. 


(Once again, as at the dawn of the nuclear era, humanity finds itself at the crossroads of Heaven 
and Hell. As a species, we must stop and consider, And there is at least one real difference 
between this visit to the crossroads and the last: this time there is a very real possibility of a true 
“earthly heaven" on the Heaven side. 


‘The poor nations could come to a good life. Disease could be largely eliminated. Fossil fuel 
pollution could end. Global warming could be solved, and the weather could be managed in a 
humane way, bringing water where there is drought, and sunny skies where there is flood, Scalar 
interferometry would be there to avert any possible hits by asteroids or comets. Mars could be 
colonized and terraformed, Everyone would be highly educated through psychoenergetic 
downloading of knowledge. And the wisdom of the wise could be realized directly through 
scalar connection to their minds and hearts 


‘These stunning sudden possibilities give me pause to think: if our species has reached this 
crossroads in such a short span of centuries, then surely other species in this vast universe have 
passed this way before and long ago. And of those who chose the path to "planetary heaven," 
‘what is their lifelike now? It might be good if some of them were with us now, to guide us 
through this last struggle over this pesky old good-and-evil problem. Itis our last chance to 
choose the path which benefits the whole species, and not just some elite group or faction, 


The Disclosure Project 


One person working tirelessly to bring to bring these technologies into the open is Dr. Stephen 
Greer of the Disclosure Project, which is calling for congressional hearings into the issues of 
UFOs and the free energy technology that was, perhaps in part, reverse-engineered from them. 


"Once abundant and nearly free energy is available in impoverished areas for agriculture, 
transportation, construction, manufacturing and electrification, there is no limit to what 
humanity can achieve, It is ridiculous — obscene even — that mind-boggling poverty 

and famine exists in the world while we sit on classified technologies that could 
completely reverse this situation, "So why not release these technologies? Because the 
social, economic and geo-political order of the world would be greatly altered. Every 
deep insider with whom I have met has emphasized that this would he the greatest change 
in known human history. The matter is so highly classified not because itis so silly, but 
because its implications are so profound and far reaching. By nature, those who control 
such projects do not like change. And here we are talking about the biggest economic, 
technological, social and geo-political change in known human history. Hence, the status 
quo is maintained, even as our civilization hurls towards oblivion.. 


“With the types of weapons currently in the covert arsenal — weapons more fearsome 
even than thermonuclear devices — there is no possibilty of a survivable conflict. Yet in 
the darkness of secrecy, actions have been taken on behalf of every human that may 


endanger our future. Only a full, honest disclosure will correct this situation, It is not 
possible for me to convey in words the urgency of this.” 


Dr. Stephen Greer http://www disclosureproject.ors/ES -Disclosurelmplications-2,him 


Greer and his team have assembled hundreds of witnesses, many of whom are military or ex- 
military, who are ready to testify to congressional hearings what they know about the covert 
black projects which have kept free-energy and antigravity propulsion technology secret from the 
people. 


Greer points out the need to regulate these technologies so they are limited to peaceful uses, but 
this is of course difficult when the government simply chooses to pretend they do not exist. In 
the meantime, as the President and the Defense Department continue the charade of wa 
usual, those scalar (longitudinal wave) installations which DO exist continue to fall into ever 

more sinister hands. And there is no reporter in the press brave enough to ask, "Mr. Secretary of 
Defense, what steps are you taking to defend our MINDS from attack by the big Russian 
longitudinal interferometers?" 


Longitudinal Interferometers are Proliferating 


Ina later statement Bearden reveals that in fact the Yakuza [Japanese mafia] has already leased 
some of the interferometers with a nearly $1 billion "down payment.” 


"After the collapse of the Soviet Union's economy, lots of things got available for lease or 
purchase that would never have been under the old system. That happened in the 
resulting economic chaos, The Russian Mafia rose to prominence, as did some wheeling 
and dealing entrepreneurs who played both ends against the middle. 


In that atmosphere, and in the need for money, the KGB allowed leasing of the earlier 
longitudinal EM wave interferometers to a consortium of the Yakuza and Aum 

Shinrikyo. They did this only afier they had tested and deployed their great new quantum 
potential weapons. That class of weapon is the dominant weapon on earth. Five nations 
now have it; Brazil, Russia (KGB), China, and two nations friendly to the U.S. The deal 
to lease many of the earlier LW1s [longitudinal wave interferometers] to the Japanese 
Yakuza and Aum Shinrikyo was consummated at the end of 1989, with a down payment 
of $900 million in gold bullion as "up front” money. I don't know what the lease per year 
‘was and is, but probably something like a billion dollars a year. So the rogue Japanese 
acquired longitudinal EM weapons and that technical know-how. In fact, the Yakuza is 
producing certain kinds of those in its own facilities in Japan now. 


Bearden hitp:/vww.cheniere,org/correspondence/030202a him 


Personally, I am a little uncomfortable with the knowledge that the Japanese mafia may now be 

able to insert things into my mind. I'd like to sleep at night knowing that my dreams are my own, 
such as they may be, and not some weird fantastic visions cooked up by a criminal organization, 
This is a world emergency. 


And in Bearden's analysis, it all comes back to the issue of energy. It is the energy crisis which is 
now provoking the current "oil wars," since oil production has hit the "Hubbert Peak” and will 
decline, And the electrical power grids must be replaced with scalar power as fast as possible, for 
these grids are now totally vulnerable to any possessor of longitudinal interferometers. They can 
all be wiped out in minutes. By anyone who possesses or controls a Tesla howitzer. 


"Anyway, in my personal view, we should have a national Manhattan Project right now, 
to develop decentralized electrical power systems taking their energy from the vacuum . 
. The MEG is real and so are several other systems invented by private inventors and 
colleagues. All these efforts should be massively funded and massively and quickly 
developed. The survival of this nation is going to depend upon it. ... There are many 
other facets, but the major point is that our scientific apparatus and the public are stil 
‘unaware of what a desperate struggle we have entered, since it was thrust upon us. 9-11 
‘was a wake-up call, It was certainly bad enough, and one grieves for those lost American 
lives. But I fear the worst is yet to come, and itis coming at us like a runaway train 
hurtling right down the track at us." 


Bearden hitp://www.cheniere.org/correspondence/021702a.htm 


"The electromagnetic weapons mentioned by the Secretary of Defense in April 1997 are 
in terrorist hands also, including the Yakuza and Aum Shinrikyo. That rogue group 
leased those earlier weapons on site in Russia, from the KGB, at the end of 1989, The 
SecDef stated that such weapons were being used to initiate earthquakes, initiate 
volcanoes into eruption, and control and engineer the weather. Quite true. And presently 
there isa truly massive set of weather engineering operations going on over North 
America, from that rogue Japanese group manning the weapons in Russia, Some 10 
nations of the world now have the type of longitudinal EM wave interferometer weapons 
(which are what the SecDef was most probably referring to). There are other even more 
fearsome weapons, possessed by five nations. So a great deal of the state of the world is 
not covered in the news at all, and will not be .. 


“We have been in an undeclared war of an eerie kind for some decades, That war seems 
now to have started to heat up also, The destructive capability of 
is awesome, and far greater than nuclear." 


Bearden hitp://www.cheniere,org/correspandence/0?1702a him 


"In that sense, the first phase of WW III is already completed. Now we are only waiting 
for Phase Il. 


“Itis against that backdrop that I think one must "analyze" such things as how fast we 
will be replacing the power grid (it's going to go anyway, and catastrophically, the 
terrorists will see to that). And everything we have is critically dependent upon energy, 
from the economy to jobs to mobility, to the millions of trucks that transport our goods 
every day, etc 


"As far as Tam concemed, we are already late in declaring a great national emergency in 
energy, because of the coming destruction of the present energy infrastructure. The 


scientific community should lead, follow, or get out of the way. The emergency is not in 
seeking "altemative but conventional” systems. Its in developing "energy from the 
vacuum" on an emergency, crash basis, 


Unfortunately, everywhere I look I just see business as usual, Most Americans (and 
news media) seem to think, hey, Afghanistan is finished except for a bit of cleanup, and 


Bearden hitp://www cheniere.org/correspondence/021702a hun 


Beyond the Howitzers: Quantum Potential Weapons 
Do not use EM propagation through space 


As more and more nations acquire the scalar interferometers, Bearden speculates on the next 
generation of longitudinal weapons called “quantum potential" [QP] weapons, 


"The quantum potential weapons are presently only held by three nations: Russia (in the 
hands of the KGB, which is now know by its new name), Brazil, and the "friendly little 
nation,” Red China may be working on them, but is just at the beginning. 


"The QP weapons have been highly reserved by the Russians, However, the complete 
extent of their capabilities is still being figured out.. 


"The quantum potential weaponry (possessed by only three nations) is supreme, because 
it uses multiply connected spacetime, and DOES NOT involve propagation of EM energy 
through space as does the longitudinal EM wave interferometers. 


Bearden hitp://www.cheniere.org/misc/qp.him 


"The operational deployment of full-scale strategic QP weapons on site in Russ 
occurred at the end of 1989, which is when the formal weapons first went operational. 
‘These weapons are not in the inventory of the regular Russian armed forces, but all 
research and development, manufacturing, deployment, an_manning and employment is 
under the ruthless control of the KGB. Shortly thereafter (within weeks), the KGB leased 
‘many of their earlier longitudinal EM wave interferometer (LW1) weapons to a rogue 
Japanese group comprised of the Aum Shinrikyo and Yakuza." 


Bearden hitp://www.cheniere.org/correspondence/021401.htm 


In another paper, "Time Polarization - Significance and Weaponization,” Bearden tells the story 
of how a KGB longitudinal wave attack was averted by the longitudinal weapons of a "friendly 
small nation.” 


So as it stands, it is precarious. Not until the people demand an end of what author Jim Marrs has 
dubbed the "Rule by Secrecy," can the people's representatives tackle the big problems of a 
worldwide ban on Scalar Wars and the shifting over to an essentially oil-free economy. 


Latest Update from Tom Bearden - March 2002 


‘The whole situation is changing so fast that when I asked Tom to look over this article he 
mentioned the seeming contradiction when some of the above statements are taken together. At 
different times the information he has is updated so one has to keep a kind of running track. He 
‘was kind enough to clear up the confusion here with the situation as it stands as of March, 2002. 


"We knew of three nations having the QP weapons for some time. Then we found out last 
‘year that five nations had it. So that explains my using the figure "three" first (which 
represented what I knew at the time), Later I found out about the other two nations. 
China, e.g., only deployed its QP weapon this past year. So that explains the apparent 
contradiction between me using "five" in later papers and "three" in earlier ones, It was 
the best information I had at that time, Might mention that so the reader will understand 
the apparent discrepancy.” Tom Bearden 


Emptiness is Full of Energy 


"The Tao is an empty vessel; 
itis used, but never filled, 
Oh, unfathomable source 

of ten thousand things! 


"Oh, hidden deep but ever present! 
I do not know from whence it comes. 
Itis the forefather of the gods.” 


Lao Tzu -Tao te Ching 
Afterward 


Because of the extreme seriousness of the topics brought forward in this article, asked Tom 
Bearden to look it over to make sure I had not gotten anything too terribly wrong or mixed up. 1 
did not want to pass on any misunderstanding of my own, I felt a little nervous writing to an 
eminent scientist, and hoped I had not presumed upon his time. 


But Tom was so kind as to answer immediately, and to my relief I had not gotten anything too 
terribly wrong. Here is his leter, in which he clears up a misunderstanding, and reports on his 
current health treatment, and gives call to the young grad students to tun themselves loose in 
the whole new field of scalar electromagnetics and free energy. 


Subject: RE: Article on Tom Bearden and "Scalar Wars" 
Date: Fri, 22 Mar 2002 22:54:01 -0600 


Bill, 


Well, I must say I'm astounded at your persistence and hard work in congealing all that together. 
My compliments on a hard job quite well done. 


Couple tiny things: In the area mentioning Kervran and Kaznacheyev: Kervran was French; 
Kaznacheyev was and is Russian. Little typo of "spredding” the immune system, Should be 
“spreading”. 


We knew of three nations having the QP weapons for some time. Then we found out last year 
that five nations had it. So that explains my using the figure "three" first (which represented what 

I knew at the time). Later I found out about the other two nations. China, e.g., only deployed its 
QP weapon this past year. So that explains the apparent contradiction between me using "five" in 
later papers and "three" in earlier ones. It was the best information I had at that time. Might 
mention that so the reader will understand the apparent discrepancy. 


Otherwise, its pretty accurate 


Just now I'm letting the weapons take care of themselves; have to, as I will be recovering now for 
nearly a year from now after the heart attack last year and discovering that I had contracted 
mycoplasia (the BW modified kind) in Canada in 1968, Finally got a test which confirmed the 
chronic mycoplasia (which I had for 33 years!). The stuff burrows inside one's red corpuscles, 
then draws nutrients from the hemoglobin, hardening it and reducing its ability to take on oxygen 
(by as much as 50% or more). The resulting symptom is loss of endurance (Which I had for that 
33 years) -- the so-called "chronic fatigue syndrome" 


Many of the Gulf War Veterans who are sick also have it, though they apparently have other 
well. A very high percentage of persons with chronic fatigue syndrome 
a. The treatment for the long-standing mycoplasma infection of that nature is 
to stay on antibiotics for a year. The only time the mycoplasma is vulnerable is when one wea 
ut a red cell in normal usage, and the body makes a new red cell to replace it. The mycoplasma 
comes out of the dying cell to infect the new replacement cell, so itis exposed and vulnerable at 
that specific time and that time only. The antibiotics kills it at that time. Hence the necessity to 

for such a long time so itis continuously in your bloodstream (I've already 

s for over two months, and have at least 10 more months to go). We also take a 
litle medical oxygen every day. 


Another symptom of the mycoplasma infection is the association of runaway fibrillation of the 
heart. To stop that, there are pills one takes, and they stop it. But they also further reduce the 
volume of blood pumped by the heart, so that this projects one right back into the hypoxia, dizzy, 
loss of balance, etc. Catch 22 situation; the fibrillation will build and cause heart attack, stroke, 
etc. if not stopped, and if stopped it puts you back in the hypoxia which can cause many things! 
With the conventional treatment, youre damned if you do and damned if you dont. Hence the 
need for a litle extra medical oxygen, so you can take the “heart clamp” pill and stop the 
fibrillation, but also augment the oxygen enough to continue to survive without a stroke or some 
such. Interestingly, its very difficult to even obtain a mycoplasma test, and Medicare fights you 
tooth and nail over paying for the oxygen. Either they will pay for it or Ill pay for it myself; itis 
absolutely necessary. 


Afier a heart attack, one is treated in the heart clinic by specialists who are very caring and 
excellent practitioners, but know nothing of mycoplasma infection, so not consider it even a part 
of “heart disease", and who are rather puzzled when one has no clogging of the arteries, has the 
right count of red corpuscles (largely nonfunctional, of course, but there), pumps the right 

amount of blood, etc. So they identify and treat only the runaway fibrillation, do not prescribe 

the oxygen -- and essentially place you on a regime as best they know, but one that is guaranteed 
to kill or maim you or tun you into a totally disabled person or human vegetable via stroke, 
paralysis, ete. Fortunately my family doctor will prescribe the oxygen anyway, though I may 

have to pay for it myself. Whatever works! 


However, Im slowly improving little by litle, working as much as Tm able to and trying to 
finish my book: Energy from the Vacuum: Concepts and Principles, and get it to the publisher 
for publication later this year. Hopefully the book will turn all the interested young grad students 
and post-docs loose in the free-energy area. They will not have to spend 30 agonizing years to 
get to where I am, and where a few others are, but can simply start here and go forward. Since 
speed to develop energy from the vacuum is of the essence because of the world situation, !'m 
moving on it as fast as I am physically able to. 


Meanwhile, working with the AIAS (Alpha Foundation’s Institute for Advanced Study), the 
AIAS (15 authors) has now gotten about 20 scientific papers published in leading journals 
(Foundations of Physics, Foundations of Physics Letters, Physical Scripta, Optik, ete.) dealing 
with electromagnetic energy from the vacuum. Several more are either approved for publication 
or in the review process also, So slowly we are getting it into the mainstream scientific literature. 
Hopefully it will be in time, but its cutting it close. 


Very best wishes, 
Tom Bearden 


Late update 


Massive display of longitudinal interferometers? 


UFO Fleet Taped Over Bedhampton, England 


Is this sighting a case of the testing of all the Russian (KGB) longitudinal interferometers at 
once? And coordinating their targeting through the woodpecker grid to a common place, as an 
exercise in making a massive scalar attack upon a given region? Was this a confluence of 

Russian Tesla howitzer marker-beacons? 


‘Bedhamptor@engiand - March 22. - Vidieo Frames by: Woods 


Certainly for a massive all-out scalar attack you would want coordinated movements of the target 
areas of many howitzers at once, for you could then just cut a bloody swath across a wide area, 
all the howitzer blasts marching across the land in a kind of scalar version of the "scorched-earth 
policy." All in a line, blasting, and heat, and mind waves. Or you might want to put the blasts all 
in the same place for a truly horrendous destruction, And on top of that biowar on citizens whose 
immune systems have been weakened with the quantum potential weapons. This is the latest 
version of Armageddon. 


And should any madmen gain control of these weapons, any rogue group at all, and should they 
have some agenda to radically depopulate the world, o simply kill by the billion, the means will 
be in their hands to do so, 


Update: MEG patent granted 
Motionless Electromagnetic Generator Patent Granted 
‘This message is from Jean-Louis Naudin, the French scientist who successfully replicated the 


Motionless Electromagnetic Generator (MEG) in France, He announces the granting of the 
patent to the MEG Builder's group at Yahoo. 


-- Original Message —~ 


From: 

To: 

Sent: Tuesday, March 26, 2002 2:20 PM 

Subject: [jlnlabs] (Info) GOOD NEWS : The Tom Bearden's MEG IS PATENTED 


Dear ALL, 


GOOD NEWS 


‘The Motionless Electromagnetic Generator from Tom Bearden is now PATENTED US 6362718 
granted on March 26, 2002 


US Patent 6,362,718 : 
Motionless Electromagnetic Generator ( MEG ) 


Abstract: An electromagnetic generator without moving parts includes a permanent magnet and a 
magnetic core including first and second magnetic paths. A first input coil and a first output coil 
extend around portions of the first magnetic path, while a second input coil and a second output 
coil extend around portions of the second magnetic path, The input coils are alternatively pulsed 
to provide induced current pulses in the output coils. Driving electrical current through each of 
the input coils reduces a level of flux from the permanent magnet within the magnet path around 
which the input coil extends, In an alternative embodiment of an electromagnetic generator, the 
magnetic core includes annular spaced-apart plates, with posts and permanent magnets extending 
in an alternating fashion between the plates. An output coil extends around each of these posts. 
Input coils extending around portions of the plates are pulsed to cause the induction of current 
within the output coils. 


Inventors: Patrick; Stephen L. (2511 Woodview Dr. SE., Huntsville, AL 35801); Bearden; 
‘Thomas E, (2211 Cove Rd., Huntsville, AL 35801); Hayes; James C. (16026 Deaton Dr. SE., 
Huntsville, AL 35803); Moore; Kenneth D. (1704 Montdale Rd., Huntsville, FL 35801); Kenny; 
James L, (925 Tascosa Dr., Huntsville, AL 35802) 


Appl. No.: 656313 
Filed: September 


2000 
For some technical info see my web site at: http://inaudin.free.fi¢html/meg.htm 


Best Regards 
Jean-Louis Naudin 

Emu: JNaudin509@a01.com 

Main Web site : inip/intabs.ors 

Site France : http:/jlnlabs.multimania.com 


Click here to view patent # 6,362,718 
Patent Story on Rense.com: 
Rense.com 


MEG Scalar Energy Device 
Patented - Production Starts Next Year 


From Bill Morgan 
wmorgan@nycap.r.com 
3-28-2 


Patent was granted on March 26, 2002 for "The Motionless Magnetic Generator," (MEG) US 
Patent 6,362,718, which is likely to become the first commercially available free energy device 
in history in about one year from now. The machine will provide free electricity from the 
vacuum, for the life of the device, which should be a very long life since it has no moving pats. 
You can see a picture of scientist Jean-Louis Naudin’s MEG replication model at: 
hitp:/inaudin free fi”html/meg.him, 


Ithas strong magnets, coils, and a controller unit with the electronics. Naudin made the 
announcement to the MEG- builder's Yahoo group. The announcement has significance since the 
patent office has always been skeptical of devices which seem to "get-something-for-nothing.” 
But according to the new science of scalar electromagnetics, the MEG does not break the law of 
conservation of energy. It’ just that the energy is conserved in the fourth dimension, time, and 
not our 3-space world. 


‘The MEG provides electrical energy by tapping the longitudinal electromagnetic (EM) waves 
which exist in almost infinite abundance in the vacuum of space. This ocean of energy which 
permeates everything is sometimes called the "zero point” energy, since it remains there even at 
absolute zero temperature. 


Four inventors are listed: Stephen L. Patrick, Thomas E. Bearden, James C. Hayes, Kenneth D. 
Moore. 


‘Tom Bearden has explained the operation of the MEG on his website Cheniere.org, and also 
speaks about the new fearful weapons that can and have been made using the same “longitudinal 
waves" of the vacuum, 


‘The complicated physics of how the MEG works is explained in the paper "The Motionless 
Electromagnetic Generator: Extracting Energy from a Permanent Magnet with Energy 
Replenishment from the Active Vacuum,” which can be found at Tom Bearden's website: 


cheniere.org.(http:/svww help4all.de/energy/MEGpaper pdf) 


‘The first MEG units to be produced for sale will output 2.5 kilowatts of free electricity. Forever. 
‘They should be in production about a year from now. Facilities for manufacturing the device are 


This free electricity will flow indefinitely, without much, or any maintenance. The units may be 
hooked together to provide more wattage, so four of them would provide 10 kilowatts. After 
some production experience units will be made which output 10 kilowatts each. With a couple of 
those units a house could get off the electrical grid. 


‘Tom Bearden, one of the inventors has 
experimental group in a large company 


‘will admit that the chief scientist of an important 
rather stunned at the type of output we were able to 


obtain. The MEG may look like just a transformer, but it is not. It is a completely different breed 
of cat." This cat, it would seem, is out of the bag now. 


‘The ordinary EM waves we are familiar with are called "transverse" waves, to distinguish them 
from the new "longitudinal" EM waves of the vacuum, Bearden has explained in depth on his 
website cheniere.org that wherever there is a dipole (battery, generator, magnet) there is an 
unseen flow of longitudinal EM waves in that local vacuum, the only problem is in tapping that 
energy and "transducing" it to electricity. Bearden says that the problem with all the electrical 
circuits we have is that they are two-wire circuits, a loop by which half the energy goes back to 
destroy the dipole, In the MEG that closed loop is never made. So the dipole is not being 
destroyed. 


Patents are not granted on devices which do not work, so in a sense this announcement proclaims 
anew era. The MEG device itself proclaims and proves that energy is abundantly available 
everywhere, for free. We only have to build the devices to tap it, MEG type devices could be put 
into a car with an electric engine to make a truly fuel-less automobile, Electricity can be 

available in very remote places. People will be able to get off our very terrorist- vulnerable power 
vids. In an era of terrorism a highly dispersed power system would be most desirable rather than 
ur centralized systems. 


What is somewhat astonishing to me is the discovery by Bearden et.al. that time itself is actually 
compressed energy, and that this free energy is actually coming from the time domain, the ocean 
of longitudinal EM waves which fill the empty vacuum of spacetime. In fact, time is energy 
compressed by the same factor that matter is compressed energy: the speed-of-light squared. 
‘Thus there is a new companion to Einstein's E=mc2. Can you say "E equals delta-tee-cee~ 
squared?" The "tee" is time and delta-tee is change in time. 


A company has been set up to manufacture the MEG called Magnetic Energy Limited. 


‘The ramifications of free energy are enormous. The oil wars are not necessary. If we threw as 
much money at this technology as we are spending on the oil wars we would be free of the need 
for oil in less than a decade, With fuel-less cars air pollution will be greatly lessened. Third 
‘world nations can raise their standard of living eventually. And the energy is free. And it never 
runs out. 


have put together a kind of "Bearden for Beginners" article which explains some of the basic 
concepts of the current state of scalar technology. 


bhutp://www.prablad.org/pub/bearden/scalar wars.htm 


‘The granting of the MEG patent is the herald of the new era of scalar electromagnetics, and the 
free energy which flows forever and never runs out. 


Bill Morgan 
wmorgan@nycap.r.com 


Do the magnets run down after a while? 
Further developments: Tom Bearden clears up a question 


When the MEG patent was released many questioned the patent language which seemed to imply 
that permanent magnets of the MEG would "wear out" after awhile. I myself wondered about the 
same thing so I put the question to Tom, and here is his reply. 


Dear Bill, 
‘Thanks for the kind words; much appreciated. 


Tm not up to going on radio or TV, and won't be for quite some time, Still suffering from 
hypoxia, though very slowly improving, and will still be on antibiotics for 10 more 
‘months at least (maybe longer). 


Obviously an extensive dialog developed between the Patent office and our patent 
attorneys, As best I can understand it, the Patent office accepts the fact that a permanent 
‘magnet produces and emits energy, or has a history of accepting it. They do not appear to 
be at all cognizant of the broken symmetry of opposite charges, and hence of a dipole, So 
in their opinion (which seems to be vague), the magnet has to use itself up very gradually, 
or some such, So some rewrites were essentially required by the Patent office. 


All I can say is that a magnet is a very durable thing, so long as you don't heat it up too 
much or shock it to much. Certainly one will make a good 20 years, and of course there 
are plenty of magnets that have been around awhile longer. 


‘That said, in our earliest experiments we did "measure" some such effect, or so we 
thought, until we found that a particular instrument was bad and giving erroneous 
readings. So with a new instrument, we have not observed since then any such readings. 


(Out of all that fuzziness came the inclusion of "using up the magnets gradually”. So far as 
‘we are aware (after correcting those early readings on a defective instrument), we have 
seen no such measurements or effects since then at all. Nonetheless, just in case there is 
some very small effect in that respect, at least it's in there. 


Actually, as you are aware, capacitors and solid state components are the major concems 
for failure, and any system does require maintenance, both periodic and whenever 
‘malfunction or failure occurs. The MEG is no different from any other device in that 
respect, so of course it will have a component failure rate and maintenance required from 
time to time, just as any other electromagnetic device. But without moving pars, it can be 
ruggedized and made very durable indeed. 


Please give Jeff Rense my regrets, and I do admire his work and his show. He's laying it 


in there. 


‘The depth of the scientific mindset against COP> 1.0 is inexplicable, particularly when 
physics itself already has COP> 1.0 validated experiments (such as Bohren’s experiment, 


outputs 18 times as much as one inputs by Poynting calculations), and it works 
every time, Any competent university optics lab can perform the experiment. Also, even 
the conventional texts admit that a charged capacitor or electret laid on a permanent 
‘magnet, so that the E of the cap or electret and the H of the magnet are at right angles, is 
a"free energy machine”. That silly thing will just sit there and pour out Poynting energy 

S = EXH indefinitely. Years and years and years. If you wait just a single year, that silly 
thing has changed the energy density of a volume of space a light year in radius, reaching 
‘out well beyond the solar system, Now that's a WHALE of a lot of EM energy that beast 
poured out in that year, and it will still be going strong and pouring it out ata steady rate. 
‘The charges and dipoles in original matter in the universe have been pouring out EM 
energy in that fashion for some 14 billion years, give or take a billion or so. It's 

to see that, prior to Lorentz’s ARBITRARY symmetrical regauging of the 
Heaviside equations, those equations prescribe both EM systems in equilibrium with their 
active environment, and EM systems not in equilibrium with it. The latter systems are 
permitted by the thermodynamics of open disequilibrium systems to perform five magic 
functions: (1) self-order, (2) self-oscillate or self-rotate, (3) output more energy than the 
operator inputs (the active environment inputs the rest of it), (4) power itself and its load 
(the active environment inputs all the energy, like a windmill), and (5) exhibit 

negentropy. That is a well-established thermodynamics. Lorentz arbitrarily discarded all 
such open disequilibrium EM systems in order to get simpler equations having analytical 
solutions and not requiring numerical methods. So he simply scrapped all the really 
interesting and challenging EM systems in Maxwell’ theory. ARBITRARILY! 


‘That our scientific establishment continues to teach only that “half” of the theory, and not 
point out the rest fo the young students, and not fund research into developing such 
systems that take energy from the vacuum, is simply inexplicable. It's a matter of total 
dogma, not science at all 


But hopefully it is changi 
things were done, and what they are, and the young grad students and post doc: 
check the papers and make up their own minds. 


allie bit. At least now we cite chapter and verse when these 
go 


‘That is the real hope of the future: that we get a generation of young fellows, with 
excellent skills, who now know where all the skeletons got hidden in the closet, and 
understand that the electrical engineering model arbitrarily assumes an inert vacuum 
environment (falsified for more than a half century in particle physics) and a local flat 
spacetime (falsified for nearly a century by general relativity) 


Once they know that past history, and go read into what broken symmetry of opposite 
charges means for a dipole and for all dipolar EM circuits, they will set to and change 
that more than a century of error. In that case, we shall have numerous solutions to the 
energy crisis rather quickly, popping up all over. 


Good thing. It will certainly displace some great energy barons, but it will also free the 
populace. One can extract all the EM energy from the vacuum one wishes, anywhere, 
anytime, with ridiculous ease. One can produce that "electrical wind of energy" at will, 
bby making a simple dipole and then letting it alone. The only energy problem is in how to 


then intercept some of that energy flow and "catch’ it in a circuit, discharge it in a load to 
power it, and not use half the "caught" energy to kill that dipole that is gushing out the 
extracted EM energy from the vacuum. 


Very best wish 


‘Tom Bearden 
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Serious flaws and errors in classical EM 
theory 
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Reaction to Loss of Material Ether (2) 
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e Pumping with Longitudinal EM waves 
Time-reverses the Mass 


Maxwell's Quaternion Theory, 


e Maxwellian Systems before and after 
Regauging 


e Maxwell's four equations reduce to: Page | 
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® Elect 
E somananien is seriously flawed 
= Corrections indicated 
@ Why past corrective attempts failed 
— Force field concept is materi: 
— Missing two infolded transforms (M->ST; ST->M) 
@ Missing Infolded general relativity inside electrodynamics 
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— Wave energy transduction provides excess heat 
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3. Aharonov-Bohm Effect >. 


= In field-free regions Socket 
— E-field is zero A 
— B-field is zero 

= Potentials still exist, just no gradients 
- Cause real effects 
— Interference is the key A 
- Contain sum-zeroed substructures 


= Does not follow from 
- Mechanics 
- Classical electromagnetics D 


= Required by quantum mechanics 


pest 


‘http://www cheniere-org/images/EMfndns| /sm%20Absemit jpg 


Absorption and emission reactions 


ELECTRON ABSORBS PHOTON 

ENERGY, MOVES TO HIGHER oot eniclccorteestbarten ds 

© yt. TIME DENSITY LEVEL DECAYS BY 
} EMITTING LONGITUDINAL OR 


ENERGY LEVEL DECAYS 
BY EMITTING PHOTON 


pall Ware 


te remains — 
re ee 


eS 


PSEUDOLONGITUDINAL 
PHOTON 


NO: 
AE remains — 
coupled 


folie 


@ TE.BEARDEN 188 


“yan 

e 
PARTICLE ASSORBS ENERGY, PARTICLE ABSORBS TIME, 
MOVES TO HIGHER: MOVES TO HIGHER 
ENERGY SHELL. DECAYS BY TIME DENSITY. DECAYS BY 
EMITTING ENERGETIC PARTICLE, EMITTING TIME-LIKE PARTICLE, 


SGetcsdusccateusseccsecennecnsesssses 


OBSERVABLE... NONOBSERVABLE BY PRESENT 
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By pumping the internal EM channel, process is dramatically accelerated. 
This is the body's normal recovery mechanism, within its limits. 


Asymmetric Regauging Produces Excess Force, 
Which Can be Used to Do Work on the System 
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Net Symmetric Ri jing Does 
No Excess Work ‘on the ystem 


This little bird put one foot on 

wire A, and then the second foot 

on wire A also. He net symmetrically 
regauged, so he had no net excess 
force across him, even though his 
potential energy was increased. He 
asymmetrically regauged each foot, 


but both simul paneously so that one 
countered the other. Wise little bird! 


Net Asymmetric Re jing Can 
Do Excess Work onthe Syatenn 


This little bird put one foot on 
wire A, and then the second foot 
on wire B. He net asymmetrical); 
regauged, so Ne had tote of net ~ 
excess force across him. That 
force then violently translated his 
little body parts every which way, 
doing lots of work in and on him. 


Bummer! a 
© Le HEARDEN 1996 


Figure 32. Asymmetric regauging produces excess force, which can be used 


to do work on the regauging system. 
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« Tiny DC currents (picoamperes) 
Pulsed DC current can be utilized 
© Pulsed magnetic fields may be utilized DEDIFFERENTIATES 
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Geometrical Distortion of Poynting Energy Flow 
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Before the Big Ban 


Cosmic repulsion behaved like a fluid with 
negative pressure 


The "universe" inflated (expanded) as a "false 
vacuum" 


As the negative-pressure fluid expanded, its 
energy went up rather than down 


When inflation stopped, the false vacuum 
decayed from its excited state 


its excitation energy was released in a single 
great burst Paul Davies, Superforce, 1984, p. 194 
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Aspects of Strong Local Asymmetry 
——— 


® If local asymmetry is strong, conservation laws 
may be appreciably violated 

Energy 

Charge 

Spin 

Momentum 

Angular momentum 


® Properties of an object may differ appreciably for 
© Different observers 
* Different detecting means 
* One time to another 
* One position to another 


© TE Bearden 1995, 1995 
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= STRUCTURING THE INFOLDED EM INSIDE POTENTIALS, 
FIELDS, AND WAVES 
* Strongly breaks local symmetry 
*® Provides spacetime engines giving the above effects 
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Other Aspects of 
Strong Local Asymmetry 


EEE 
= Local spacetime is curved © TE Bearden 1995, 1965 
= Lorenz invariance of vacuum is violated 
= May be a local “sink” or “source” 
= Gravitational-inertial effects from EM 
= Translation between virtual and observable 
= Electrogravitational solitons 
= Action at a distance 
= Transmutation effects may exist 
= Scalar/pseudoscalar field transiation 

= COMMENT: Thus the use of infolded oan 

EM fields and waves to strongly break loca 
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Bunge on the Status of 
Electrodynamics 


",.. it is not usually acknowledged that electro- 
dynamics, both classical and quantal, are ina 
sad state..." 

". the best modern physicist is the one who 
acknowledges that neither classical nor 
quantum physics are cut and dried, both being 
full of holes and in need of a vigorous 
overhauling..." 


*Mario Bunge, Foundations of Physics, Springer-Verlag, 
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Bunge on the Status of 
Electrodynamics and Physics 


"1. itis not usually acknowledged that electro- 
dynamics, both classical and quantal, are ina 
sad state... 

"... neither classical nor quantum physics are 
cut and dried, both being full of holes and in 
need of a vigorous overhauling..." 


"Mano Bunge. | , Springer-Verlag, 
© ron te cearoer New York, NY, 1987, p. 176. 
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Bunge on the Status of 
Classical and Quantum Physics 


",. itis not usually acknowledged that electro- 
dynamics, both classical and quantal, are in a 
sad state... the best modern physicist is the 
one who acknowledges that neither classical 
nor quantum physics are cut and dried, both 
being full of holes and in need of a vigorous 
overhauling not only to better cover their own 
domains but also to join smoothly so as to 
produce a coherent picture of the various 


levels of physical reality.” 


"Mario Bunge, Foundations of Physics, Springer-Verlag, 
© 198 TE BEARDEN (New York, NY, 1967, p. 176... 
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Fraction of Casualties Surviving 
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Evolution of Cells on Earth 
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(A proposed formal definition 
of a charged mass) 
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"curiously enough, we do not 
know exactly what charge &, 
only what t does. Or, equally 
significantly, what itdose = not do.” 

MP. Silverman, dod Yett Moves: Stange 


CambidgeUriversity Press, 1903 p. 127. 
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coupled together (interacting). Q is a broken symmetry. The mass of the charge 
continually and violently exchanges virtual photons with the surrounding vacuum. _ 
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An electric charge Q consists of a massless flux component and a mass component, [ 
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Thus Q is energetically driven by the surrounding vacuum potential, which itself is to 
first order just a violent virtual photon flux. 
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"curiously enough, we do not 

know exactly what charge is, 

only what it does. Or, equally 

significantly, what it does not do.” 
MP. Slveman, And'Yetlt Moves: Strange 


‘Sistem and Suttle Questions in Physics, 


Cambridge Universi Press, 1293, p. 127 
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An electric charge q isabroken symmetry in its fierce energy exchange with the active vacuum. 
It coherently integrates some of the virtual energy absorbs and outputs it as Poynting energy flow. 
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Typical circuit has about 10-13 
energy collection efficiency 
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E 
$e) Sage of Deep space 
s ‘system 
ens Distance traveled by S in one houris 1.08x10exp(12) meters. 


===" Example: 1.3 amps flowing in DC circuit, 1.8 mm diameter copper wire. J =51 Aicm2 


S violently transports provided fromthe source. 
4,=0.1368 meters | Sluggishly transports the energy collected and dissipated in the 
circuit. 


For the case discussed, the electron drift velocityin the circuit is about 
3.8 x 10 * meters/sec. So Jj moves about 0.1368 meters in one hour. 
Thus J? has collected about 0.1368 meters of the ¢-filled Stube. During 
that same hour, the S-flow evoked by the power source will have 
traveled 1.08x1012meters. The ¢ of both currents is the same. Both 
are involved in the same cnergy-ited tube. Thus S has provided and 
transported about 7.89x1012 times as much energyalong the circuit 
in one hour as the j) has been able to collect, transport, and dissipate 
as work in the circu. Thus this eeult provides about 181° cotection 
cy. 
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S Classical View of EM 


= Potentials just mathematical conveniences 
— Not real 
— No internal structure, just magnitude 
= Force fields primary, causative, can exist in space in absence 
of observable mass 
— All EM actions due to force fields, none when zero 
— No action at a distance 
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Curved Spacetime 
_acts as source or sink 


= May emit excess adiation 
and energy (e.g., heat) 

= May absorb radiation and 

energy (e.g., cool) 


= May transduce waves 

TW os LW os TOW 
=Newen 

law ap 
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BE_ CHRONIC DISEASE PUZZLING 


™ SCIENCE REALLY DOES NOT UNDERSTAND: 
THE MECHANISMS OF A SINGLE CHRONIC es 
DISEASE, INCLUDING CANCER 


m MANY TROUBLING FACTORS EXIST Or 
— MIND Vast 


= COMBINATIONS inten 


= GENERATION OF THE PLACEBO EFFECT BY THE 
CELLULAR REGENERATION SYSTEM IS UNRECOGNIZED 


peste 


http://www. mj 


‘Cancer Characteristics 


» Not one disease, b buta whole range 
Starts in damaged aerobic cell 
e Cell shakes off body's central control 
= Starts uncontrolled 
- Becomes a lump 
e Can send forth cancer cells 
- Through blood 
— Through lymph 
e Form metastases (secondary tumors di 
e Often become anaerobic 


ply che 


a Cancer Enigma 


e An enigma has been failure of immune 
system to attack some tumor cells 
— Suppressor cells may curb immune system? 
— Tumor may lack antigens normally identified 
by the immune system? 
e Promotion of damaged cell to cancer is 
usually ordered by cellular control system 
- Regenerative and recovery system forces 
cell back toward anaerobe 
- First step breaks free from central growth 
- Control continues to recognize cell as self 
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i | CANCER: CHARACTERISTICS 


© NOT ONE DISEASE BUT A WHOLE RANGE 
© STARTS IN ORDINARY (AEROBIC) CELL 
© CELL SHAKES OFF BODY'S DICTATORIAL CONTROL* 
© STARTS UNCONTROLLED DIVISION 
© BECOMES A LUMP 
© CAN SEND FORTH CANCER CELLS 

= THROUGH BLOOD 

= THROUGH LYMPH 
© THESE FORM METASTASES (SECONDARY TUMORS) 
© OFTEN BECOME ANAEROBIC (NON-OXYGEN USING) 
© ENIGMA IS FAILURE OF IMMUNE SYSTEM 

TO ATTACK SOME TUMOR CELLS 


Qs te mete 


SYSTEM 
*R&R system forces celi back toward anaerobe 


] 
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PORTION 
E, =INCIDENT WAVE DISTORTING MEDIUM 
2 = TIME-REVERSED WAVE 


© 8.125, om TE weAnOEN 


“If a scalar wave E;(r) propagates from left to right through an 
arbitrary but lossless dielectric medium, and if we generate in some 
region of space [say near z= 0] its phase conjugate replica E2(r), 


then E2 will propagate backward from right to left through the 
dielectric medium, remaining everywhere the phase conjugate of E'." 
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The Electronuclear Reaction; 
Nuclear Reactions in TR-Zones (1) 


@ Nucleon interchange 

— Changes neutron into proton and vice versa 

= Athigh rate (flat spacetime assumed) 
® Statistics become skewed| due to curved) ST 
© Can bias statistics toward either neutron 

Or proton end) 
— Biases toward transmutation of elements 
along isomer chains 
— Concept of “isomer” is vastlyexpanded = =... 
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The Electronuclear Reaction: 


Nuclear Reactions in [R-Zones (2, 


© Normal dynamics (impulses) may reverse 
— Like charges attract, unlike charges repel 
— Positive charges cluster (are drawn together) 
— H+ ions (protons) may form quasi-nuclei 
— Nucleus coulomb barrier becomes assistant 

® Many “impossible” reactions now possible: 
— Quark access and quark flipping by EM 
— Jon clustering @ mre evan 
— Positive charges as phase conjugate mirrors 
— Time-density waves and ime-energy charging 


The Electronuclear Reaction: 
Nuclear Reactions in TR-Zones (3) 
ay 
© Not observed) until time-energy charging 
has become substantial 

— Time delay (hours, days) 

— Transduction of LW --> TW involved 

— Specific time-charging history of detectors 

is involved in twhether they detect or not 

— Longitudinal EM waves become significant 
® Curved spacetime can act as source or sink 

— May emit excess radiation 

— May absorb excess radiation 
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In Time-Reversed Zone: 


1990 KE.BEARDEN 


ply che 


/EMindns /EleenueSsim jpg25.4.2005 1:57:13 


Lhutp://www.cheniere.org/images/EMindns I/Elecauc6sm. jpg 


In Time-Reversed Zone: 


ipg25.4.2005 1:58:07 


Time-Reversed Zone: 
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A New Conservation of Energy Law 


peste 


Physics conserves total "energy and mass-energy" 
Now also must consider "time-energy" 

Conserve total mass-time-energy (spatiotemporal 
energy) 


Let ET = total energy, Em = mass energy, 
EE = ordinary energy, and Et = time energy. Then 


ET=Ee+Em+Et Oats teva 
(kEt => EE> 0) => Et>(Em+ Ee) 


If some Et is transduced into EE , the experiment will 
violate the old spatial mass-energy conservation law 


“Midas /Elecnuc 
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QUESTIONS ON CARCINOGENS San 
AND EM RADIATION 


m UNRESOLVED QUESTIONS ON EM RADIATION 


— DOSAGES 
ACTIVE MECHANISMS 
= REPLICATION DIFFICULTIES 
— MEASUREMENT DIFFICULTIES & 5 
a Oy 
~~ 
4 


WHERE, WHEN, HOW ILL EFFECTS OCCUR 


@ SIMILAR QUESTIONS EXIST ABOUT EVERY 
CARCINOGEN 


@ SCIENCE REALLY DOESNOT UNDERSTAND THE 4 
MECHANISMS OF A SINGLE CHRONIC DISEASE, © 1994, 1995 TE. Bearden 
INCLUDING CANCER 

— FACTORS SUCH AS MND, STRESS, SPONTANEOUS 
REMISSION, PLACEBO EFFECTS, AND COMBINATIONS OF 
FACTORS ARE PARTICULARLY TROUBLESOME 

= GENERATION OF THE PLACEBO EFFECT BY THE 
REGENERATION & RECOVERY SYSTEMIS UNRECOGNIZED 
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As defined, fields and potentials only 
existin and on charged matter 


E=Fiq goexh “2 Noor 


in vacuum. | 


Source qis a 
broken symmetry 
in vacuum flux 


Assumed perpetual 
motion machine caer Bales b 
in classical EM “pileup" = joules continuous! 
SoE=-V6 Sa pr enrecrien fot 
distortion zone around 
a point coulomb 


Electrodynamics has nothing to say about what 
exists in space in the absence of mass. Ow re wewoen 


apr 
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Serious flaws and errors 
in classicalEM theory. 


Eliminates the Internal EM Inside the Scalar Potential, 

No Definition of Electrical Charge orof Scalar Potential. 

Equations Still Assume Material Ether Per Waxwell (Unchanged), 
Use of Force Fields in Vacuum is False (and Known to be So), 
Treats Charge qas Unitary Instead of Coupled System q = $lqim (q), 
Contuses Massless Potential Gradients as Forces (See #3, #4), 
Does NotUtilize Mass asa Component of Force (See #23), 


Erroneously Assumes EM Force Fields as Primary Causes, 
Topology of EM NodelHas Been Substantially Reduced, 

Does Not Include Quantum Potentialor Action ata Distance, 
Does Not Include Superiuminal Velocity of Inner EM Components, 
Does Not Utilize Extended Near-Field Coulomb Gauge Effects, 
Does Notinclude EM Generatrix Mechanism forTime Flow, 

Does Not Unify Photon and Wave Aspects (Requires 7-D Model), 


Does Not Include Electron Spin and Precession (See #19, #24), 
Treats EM Energy As Existing In"Chunks,’ Instead ofas Flow, 
Confuses Energy and Energy Collection (See #16). 
Discards HalfofEvery EM Wave in Vacuum (See #22), 
Erroneously Uses Transverse Vacuum Wave; It's Longitudinal. 
Arbitrarily Regauges Maxwell's Equations to Ellminate Overunity, 
Omits Phase Conjugate Optics Effects (The Rule in Internal EM ), 
Does Not Include EM Cause of Newtonian Reaction Force. 
Erroneously Assumes Separate Force Acting on Separate Nass, 
Confuses Detected Electron Precession Waves as Proving Trans. 
verse EM Waves in Vacuum (Remnantof Qld "EM Fluid" Concept). 
Due to Error in String Wave, Omits the Ubiquitous Antiwave. 
Assumes Equilibrium NotTrue Unless Include Vacuum Interactions. 

» Higher Topology Required, to ModelElectrom agnetic Reality. 

. Lorentz surface integration discards Poynting energy transport, 

» Has nothing atallto say aboutform of EM entities in massless space. 

. Eliminates the infolded generalrelativity using EM-force as curve agent, 

» Does notinclude longitudinal EM waves as tine domain oscillations, 

. Doesnotinclude EM mechanism that generates time flow and flow rate. 
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Michetson-Morley 
experiments, 1880's 


ne 
4 Now we are not using 
‘a material eth 


napevww.cheniee 2005 2:04:08 
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" REACTION TO Loss OF MATERIAL ETHER 


Material Ether 

Assumed in 

Equations Nota single 
equation was 

Potentials, changed! 


Bre rence 9 


Trust us! The ‘equations @ 
not need changing. 


Fluid 
Disturbed 


CAUSE 


© TE GEAROEN 1998 
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Okay! We will just 
measure material 
entities, and call 
them nonmaterial. 


2005 20545 


‘Einstein's 
spacetime 
hasn't been, 
born yet 


Material 
Electric 
Fluid 
Disturbed 


EFFECT 
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GALLOPING WAVE. 
TRANSVERSE 
WAVE THAT VARIES: 
VELOCITY ALONG 
Z-DIRECTION, IN 
WAVE FASHION. 


TIME-POLARIZED 


(TIME ENERGY) 
(Ex:0.01 c- 100¢) OSCILLATIONS 
3-SPATIAL | SCALAR WAVES. 
ENERGY DENSITY X, ¥,Z FIXED. 
OSCILLATIONS T VARIES. 
HAMEVERGE NONOBSERVABLE. 


VARIES; Z FIXED. 


[— PSEUDO-LONGITUDINAL 
WAVES. X AND Y VARY 
ALITTLE, SURGE OSCILL- 
ATIONS IN Z DIRECTION. 


|__ LONGITUDINAL Waves. 
X AND Y FIXED: SURGE 


| WAVES. AND Y TRANSDUCTION 
ENERGY DENSITY ~<a 


OSCILLATIONS IN Z DIRECTION. 


}— TIME DENSITY OSCILLATIONS 

X. ¥, ZENERGY DENSITY DO NOT VARY.. 
TINE DENSITY VARIES ALONG 

TIME DENSITY NOTOBSERVABLE, BUT 
TRANSDUCTION IS OBSERVABLE. 


| TIME DENSITY OSCILLATIONS 

X, ¥, ZENERGY DENSITY FIXED. 
TIME DENSITY IS NONOBSERVABLE, 
BUT TRANSDUCTION 
IS OBSERVABLE. 


~<——- TRANSDUCTION ——— 


© TE BEARDEN 
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Air Medium Disturbances Generated When 


Air is Perturbed Loy a Plucked Taut String 


The iis wave and 
the holde 


Wave is 
alternatively 
compressive 
and 
rarefactive 


at? 7S Unees deigve ot es 
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Launching a Spacetime Perturbation 
("EM Wave") from a Wire Antenna 


f time forward 
slap (electron) 
ELECTRON SHELLS ye revered 
_(DAMPED) \ skp Grobe) 

/ 

4 Modulations of 

; Virtual photon flux 
Baa of the QM vacuum 


By omitting the nuclei perturbation wave, Maxwell 
omitted Newton's third law from electrodynamics 


@ TE BEmOEN 1004 100 
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TRANSVERSE EM WAVE PLUS LONGITUDINAL EM SURGE WAVE 


PHASE CONJUGATE REPLICA WAVE 
. 
HM ANT 


—— 
TIME DENSITY WAVE 


Oscillates rate of flow of time 
about some average value 


LONGITUDINAL EM WAVE PLUS : 
PHASE CONJUGATE REPLICAWAVE © ““*=o""™ "= 
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Scalar Electromagnetics 
So (Energetics) View of EM 


e Potentials real; primary causes of EM phenomena 
- Force fields made by differentiations of potentials 
— Force fields are effects, not primary causes 
= Force fields exist only in, on mass particles 
e Actions due to potentials and their interference 
= Action ata distance or locally 
= Quantum potential and hidden variables 
e Locally curved spacetime, engineerable by EM 
— Gravity effects not necessarily negligible 
= Strong EM force or time used as agent of curvature 


up: 


Se Scalar Electromagnetics 
(Energetics) View of EM (Cont'd) 


e Potentials have internal structure 
— Stoney/Whittaker st 
= Longitudinal EM ph jugate wave 


— Each wavepair is a time-polarized EM wave 
e Vacuum EM is a potential and has 

microstructure 

= Stoney-Whittaker biwaves/-polarize 

— Fluctuations exhibit chaos 


e Spacetime = Vacuum = Potential = Flux 


Scalar Electromagnetics 
(Energetics) View of EM (Cont'd) 


e Statistics may have hidden order (already 
chaotic) 

e Uses spacetime curvature engines to 
alter matter (inside-out or outside-in) 

e Engineerable EM mechanism generates 
rate of flow of a mass through time 


* Quantum potential with specific QP can 
be used for instant action at a distance 
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ended General Relativity Principle 


STRUCTURING 
OF ACTIVE 


a 
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© 1s sesnomran 


© Theorem: W=k,- kj =Ak [1] 
© k must be interpreted not as energy per se, 


psf chenies 


but as collected/collecting energy. 


The reaction cross section / for the collecting 
process must be included. 


Extension’ W= 2(ky- k,) =2Ak [2] 


Normally 4 <1, as for elastic collision or Stokes 
emission. 

However, 2 > 1 is now possible, for processes 
which asymmetrically self-regauge. An example 
is Letokhov's negative absorption of the medium. 


Working models are the Patterson Power Cell® 
and Lawandy lasing without population inversion. 
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e "Space acts on matter, 
telling it how to move. 


e In turn, matter reacts 
back on space, telling 
it how to curve.” 
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Use of General Relativity (GR) 


in Particle Physics 
_———————————— 
* GR seldom used in particle physics © mre seven 


¢ Incold fusion, Matsumoto* has applied general relativity 
® Consistent with important cold fusion results 
e Used spacetime (ST) curvature by energy density 
¢ Matsumoto did not utilize: 
= Longitudinal EM waves 
= Time density waves 
= Time density curvatures of ST (gain = 9x10is) 


* T. Matsumoto, “Mechanisms of Electro. Nuclear © calico. 
CF-7, Vancouver, BC, Canada, Arr 1998, p 93 
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THE MISSING INFOLDED 
ELECTRODYNAMICS 


pes reaped iat reybou EM 
entities in space or theirform 
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INTERNESTED SPACETIME CURVATURES 
(ACUUM ENGil 
INFOLDED GENERAL RELATIVITY 
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Infolded Engines: 
Excluded by Present Physics 


Fae crac cretion 
electromagnetics, or quantum m 

> None of these disciplines include such 
Spacetime curvature engines (vacuum engines) 


oe ee tar 
unification mainly occurs 


5 1908 TE BEARDEN 
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ot curvatures Propagar, ©. re nesses 


mass-to-spacetime ‘spacetime-to-mass 
transformation Mrransformation 


contains: two hidden infolded 
n O-space rm and (il) the 
7 r transform. What ist i 
propagates in space Is a spacetime pe 
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Mass curves and structures spacetime; 
Si curvatures Hl and structure mass 


ot curvatures Propagat, 


ss-to-spacetime spacetime-to-m: 
transformation transformation 


he a 


stc spacetime disturbance 
(vacuumengine) 6 trccmcenim Propagates 
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At Infinite Velocity: 


<@©> Each Is Every Other 


hint 
es ‘ibs 
VIRTUAL 


4 
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MIND AND 
MIND LEVELS 


rE RERAM 


© 1997 TE Bearden 


up 


* THEORY DEVELOPED AND FITTED 
* HYSTERESIS MEMORY LOOP 


* CONTROLLED EM INDUCTION 
* IMAGES 


* SENSATIONS 
* PREDETERMINED EMERGENCE 
* 23 EEG BANDS 
* UPTO 8.1X100 HZ 
11 INDEPENDENT CHANNELS 
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S.K. Lisitsyn, “New Approach wo the Amilysis of Electroeneephalegrans,"" 
DDC Report AD73005,p. 16:25. 
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How can they use that old 
physically insignificant wind?!! 


© TE BEARDEN 1958 


Lorentz's physically insignificant energy flow can be collected and utilized. 


pv 
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Sour 


1a. Lorentz surface integration. 1b. Actual S in and S out. 


Note: if the S-vector Is integrated over the closed surface, then 
all energy transport passage Is zeroed, leaving only the 
very small component of the Input S-flow that is powering 
the joule heating of the resistor. In short, only the small 
component of the S-flow that is equal in magnitude to 
the Slepian vector j? remains. This measures only the tiny 
portion of the S-flow that is “collecting” on electrons 

passing through the resistor, and therefrom being 
dissipated out of the resistor as joule heating. It discards 
everything else (all Sygs and Sou). Si becomes Sr. 
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* Creates time-density wave pumping 


= Slowly creates time-density ie # eos 
» 
.) oe ~ es = os oe” 
IN 


4% x) 
ax 


ae 


a” 


© eer caren 


Fundamental units are arbitrary in physics 
Can express all physics in one unit -- e.g., time 


Time is highly compressed energy 
1 sec =8 x 10js joules of transverse EM wave eneray 
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Figure 1-8. Infolded biwave composition of a scalar potertial. 
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yoru A2 
s ime) 
(space in ) longitudinal 


the mass EM pump 
“ea. CELL MASS 


is the cl 
Aa 
high! hnepinear to any 


a. and all LW frequencies 


fear aac" 
As 


fl 
AN AMPLIFIED VACUUM - 

(SPACETIME) ANTIENGINE IS longitudinal a | © Te we mvEN 1207 
FORMED AND ACTS ON THE ‘M pump  *..,, 

MASS, TIME-REVERSING wave i 

ITAND ALLITS COMPONENTS A v Ai 


NO MATTER HOW SMALL 
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Maxwell's Quaternion Theory Hp 
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e Quaternions: 
— Discovered by Hamilton in 1843 
- Aquaternion has a vector part 
— A quaternion has a scalar part 
— First significant non-arithmetic number system 
— Higher topology than vector or tensor algebra 


e¢ Maxwell's theory was in quaternion equations 
— 20 equations in 20 unknowns 


— Reduced to a small 4-equation subset 
by Heaviside and Gibbs 
— EM topology dramatically reduced 
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Maxwell's four equations reduce to: 


vo sity ° A)=-4 20 


Neen eae g 
co a c 


Ais replaced by A’, where 
A =A+VA 


The new B' field then becomes 


B=Vx(A+VA)=VxA+0=VxA=B 
A new E-field will also be formed. So let 
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Page 2 of 2. 
Per Jackson, (A,®) are habitually chosen so that 


Ven ee 26 [6] 
ce ét 


The net symmetrical regauging separates variables. 
Two inhomogeneous wave equations result: 


2, 
pi ze apo 7] 
1@A_ 4a 
WAS Ge a” 8) 
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Equations [1] and [2] arbitrarily changed to [7] and [8] 
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‘The Tom Bearden Website 


The Tom Bearden 


Website 


Energy, Observations and Comments 


Uwe 


. A Conservative Field Requires a Single-Valued Potential 

. _Earth-Electrosphere and Earth-lonosphere Capacitors 

. Earth's Poynting Energy Flow 

. The Hidden Energy Flow around us 

. Electrostatic Fields of the Earth's Electrosphere Capacitor in 


Fair Weather and Thunderstorms 


. Flow of Current and Energy Into, Through, and Along a 


Conductor 


. Energy "collected" on a charge 
. Fiber Fuse Effect 


Impact of Vacuum Engineering 


). Lawandy's Experiment 
. Field may be nonconservative for a multivalued potential 


ty Devi 


. Energy output of human body 
. A "static" Poynting S-flow free-energy generator 


. Topology and Energy Conservation 
. Block Diagram: Sweet's Vacuum Triode 
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Acircular closed path in potential 6 Is given by A-B-C-B-A. 
Line integral from A around any closed path back to A Is conservative. 
Along path A-B-C, work W(1) may be extracted from rolling ball. 

Along path C-B'-A, must do work W(2) on balll, where W(2) = -W(1). 
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Energy 


Earth-Electrosphere and Earth-lonosphere Capacitors 


Varies from about 100 km 
to about 400 km and has 


multipte layers 


Earth to 
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ionized by cosmic rays 
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Energy 


EARTH'S POYNTING ENERGY FLOW 


'N (compass) 


oa (magnet south pote) 
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'S (compass) 
(magnet north pole) 


b. MAGNETIC FIELD OF THE EARTH 
GENERATOR 


Previous 


EaUPOreuhaLg NTS © FLOW OF POYNTING ENERGY INTHE 
EARTH-ELECTROSPHERE CAVITY 
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Figure 19. The world of physical matter exists behind a dramatic 10 “fitter 
in afiery cauldron of fierce and primeval EM energy flow. 
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Figure 17. Energy “collected” on a charge depends upon the charge being 
in acontinuous Poynting S-flow. When S ceases, there is no 
excess energy "collected" on the charge. Energy collection 


never occurs in chunks, but is always a dynamic, ongoing process. 
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31B. Reversed second fiber fuse often restores pitted core in cable, filling holes back up. 


Figure 31. Fiber fuse effect and its strange anomalies. 
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# "If they [quantum fluctuations of vacuum] can be fapped), the 
impact upon our civilization will be incalculable. Oil, coal, 
nuclear, hydropower, would become obsolete — and so would 
many of our worries about environmental pollution.” 
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= “Don't sell your oil shares yet — but don't be surprised if the ane 
world again witnesses the four stages of response to any new ——— 
and revolutionary development: Index 


-1. It's crazy! 
2. It may be possible -- so what? Next 
-3.| said it was a good idea all along. Slide 


—4. 1 thought of it first." arm c. clarke 


“Space Drive: A Fantasy That Could Become Reality” Previous 
Nov.iDec. 1994 Soe 


= Comment: Slide 

- Every dipole's broken symmetry in its energetic exchange with 
the vacuum already freely extracts vacuum energy. 

-In power sources, the dipole gates the extracted energy out as 
S = EXH, which flows almost entirely outside the conductors. 

—The circuit interacts with, and uses, only about 107? of S, The 
electrodynamicists calculate only this small S<component. 
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Figure 28, Lawandy’s experiment (Letokhov-Lawandy effect) with multipass, 
multicollection of energy. Formation of a quantum potential can 
also become involved. Retroreflection and self-targeting are key. 
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Potential © Is multi-valued from D to A. 
Line integral from A around this closed path back to A is nonconservative, 
‘Along entire path A-B-C-B'-D, work may be extracted. 

No work Is required to go from D to A. When ball arrives at, it also 
arrives at A simultaneously. l.e., the potential "jumps" In magnitude. 
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Figure 33, The only problem is the ostrich problem. 


Inpu/ew-chonieweog/imagestEnergyD12 bim25.4.2005 1:12:05 


‘Actually, Priore already showed 
how to cure most dread diseases, 
by making and directing vacuum 
engines. Becker showed you it 
worked. Develop it and use i! 

@ re. HEAROEN 19m 


We're running out of ene! 
We must redouble our 


ee 


We have to keep polluting the 
Earth, if we are to have kas of 
ekectrical energy! 


Figure 


Actually, a single one of our large electrical 
power systems already produces all the free 
Poynting energy the world could ever need! 
We just have to learn how to collect more 

of it and use it without continually destroying 
the source dipole! 


We must become theoretical owls, rather than ostriches. 
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*  E&xcites oscillations without explicit sources 
of magnetic or electric forces (i.e., regauges) 
+ Periodic variation in system's parameters 
* Experimental and theoretical proof 
+ Multiple successful systems made, tested 


* Papers published in Russian, French journals = 


* As theory predicts, power continually increases 
unless load is adjusted to stabilize system 


* Several large systems tested to self-destruction 
* Several large stable systems built, tested 
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ese sence 


DA bnS4.2005 12449 


Energy 


Selected clip © by Lotus SmatPics™ Sdected cipat © by IMS Ma 


ORY 9909 3 
Incredible energy flow density Poor ae wat 
fed by do Pawar 


extract uble surfaces = 
Virtual photon flux exchange, SZ. 
and oulput as Poynting iow SM Yat Return 
a pe) = 
=a Inde 
~10 ‘About 100-200 watts 
colle 
Collection and ga esd Inside RS Next 
dissipation filtering . Slide 
by measuring — 
instrument 
Dipoles at tiny double- aga 
le 


surface interfaces may 
produce E-fields 

Of intensity up to 10” 
volts per meter, 


For rough estimate: Use 1 fo) 

Groce area, and 1 malian double surfaces. 

Figure 20. One human body produces more energy flow than all the electrical 
power loads on earth dissipate. However, only 100-200 watts of its 
‘own energy output is collected and dissipated by the body. 
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Figure 18. A“static" Poynting S-flow free-energy generator. 


hup/www.cheniere-orgfimages/Energy/016 him2S.4.2008 1:16:23 


Return 
to Slide 
Index 


Next 
Slide 


Previous 
Slide 


Topoloyy and Energy Conservation 


cample rvation In. 


3-D CON: 


(2-D CONSERVATI 


24 ‘VATION 


Increasing the dynamic topology allows lower topology conservation 
laws to be violated. The lower topology yetens is now an open system 
and may seemingly act as a source or sink. 


hup:/wwwcheniere-orgfimages/Energy/017 hm2S.4.2008 1:17:06 


Energy 


STRUCTURED ACTIVATED 
IMMEDIATE ea) “NONLINEAR: 
VACUUM NUCLEUS 


Return 
to Slide 
Index 


FIELD OF Previous 
ide 


SURROUNDING | BARIUM 
VACUUM FERRITE 


© 1a, or, 7 weave SR aG 


upelwwwchenicre on fEnergy/O18 bim25.4.2005 1:17:31 


‘The Tom Bearden Website 


Defense Department Briefing on Priore Treatment 
to counter Biological Warfare 


SLIDE LIST 


Aukune 


. Dras 


Solutions to Mass Casualties Treatment Problem 


Threat and Current Status 


. Title Page 

. Key Points in the New Technology 

. Title Page 

. Title Page 

. The Terrorist Threat 

. The Superpower Paradox: Asymmetric Cheap WMD Strategic 


Strike and Destruction 


. Mass Casualty Problem: Aerial Anthrax Spray on Washington, 


Dc. 


. Present Status of the WMD Threat to the United States 
. Some Present Problems in the WMD Defense Capabilities 


Historical Solution: Priore Treatment Therapy 


. Title Page 

. Priore's laboratory device for treating small animals 

. Antoine Priore with the Mayor of Bordeaux 

. Raymond Pautrizel, eminent French parasitologist, who worked 


with Priore 


. 12-Foot plasma tube in Priore's large device 
. Priore's 3 1/2 stories high device for whole body treatment of 


human: 


. Mechanism of the Priore therapy 
. Priore's therapeutic methodology: using infolded longitudinal 


EM waves as NLO pump waves, to pump in the time domain 


ically reduced cumulative deterioration after Priore therap’ 


Extended Physics and Background 


). Title Page 
. Founders of Scalar Electromagnetics 
. Subdivisions of Soviet Energetics 


file:#/C fbeardenThe%20Tom20Bearden %20Website htm (1 of 4)24.11,2003 19:13:33, 


‘The Tom Bearden Website 


22. Bunge on the Status of Classical and Quantum Physics 

23, Einstein on Reviewing Foundations 

24, Fields and Potentials have been "defined" only in and on matter 
25. Maxwell's Equations are Matter-To-Matter Transforms 

ion to Removal of the Material Ether 


28. Nonlinear Optics Distortion Correction Theorem 

29. Infolded longitudinal EM biwave composition of a scalar 
potential 

30. The Zero-Vector Axiom Destroys “Topologies Within 
Topologies 

31. Stoney-Whittaker Bidirectional Longitudinal EM Wave-Pair 

32. Undistorted Progressive Waves (UPWs) 

33. Velocity modulating a longitudinal EM wave oscillates rate of 


flow of time 

34. The Graviton is a Coupled Photon/Antiphoton Pair 

35. Mechanism for Physical Change and the Flow of Time 

36. Any EM Field or Wave Pattern is Produced by interference of 
Two Scalar Potential Functions (E.T. Whittaker, 1904) 

37. Mass is transparent to longitudinal EM waves. which move 


through the infolded interiors of internal waves, potentials, and 
fields in the mass 
38. Deep penetration of weak signals in a dense signal 


environment, by nonlinear retroreflection 
39. The Immune System 
40. Popp's master cellular control system 
41. Cancer: characteristics 
42. The evolutionary path of multicellular organi 
43. Effect of fluid contamination on hemoglobin's oxygen transport 
44. First step in Self-Promotion of Cancer due to Hypoxia 
45. Becker's Cellular Growth Control 
46. Becker's de treatment of bone 


ms 


tures 
stem involved with responses 


47, Becker's theoretical DC control s 
to injury 

48. Becker's theoretical control system governing regeneration 

49, Link Between Standing DC Potentials and the Nervous System 

50. Becker's Findings on Cellular Injury and Regeneration 

51. Corrections For the Present EM Bioeffects Model 

52. R&R System - Regeneration Example 

53. Kaznacheyev's Cytopathogenic Mirror Effect 

54, Microwave Radiation of U.S. Embassy in Moscow 


{ile:/C foearden/The%20Tom%20Bearden%20Websitehum (2 of 4)24.11.2003 19:13:33, 


‘The Tom Bearden Website 


35, 


56. 
57. 


58. 
59. 
60. 
61. 
62. 
. What is the "magnitude" of a potential? 

. Table Al. The Vacuum Energetically Interacts With Every 


Self-Targeting in Inner EM Channel Can Produce a Quantum 

Potential 

Quantum potential and hidden variable theory 

Participants in a quantum potential share a common multiply- 

connected spacetime (MCST) 

Gulf War Syndrome and Typical Comparative Disease Curves 
Force Fields and Symmetry 

Aspects of Strong Local Asymmetry, 

Other Aspects of Strong Local Asymmetry 

Small Entities Emit Powerful 


Flows 


Particle. Continually 


. Extended Superpotential Theory (Adding Vacuum Engines) 


. Vacuum Engine: Jillions of Working ST Demons 


. Active Spacetime and a Specific Vacuum Engine (A General 


Relativistic Concept and Analogy 


. Extension of Wheeler's general relativity principle 


. Signal versus Vacuum Engine 
). _Electronuclear Interactions by Vacuum Engines 


. Vacuum Engineering 


. Impact of Vacuum Engineering 
3. A Dramatic Extension to Nonlinear Optical Pumping 


. Time Conservation and Some Properties (Energy and time are 


canonical) 


. A Dramatic Extension to Nonlinear Optical Pumping 
. Key Points in the New Technology 


Modern WMD Solution: Portable Treatment Systems 


. Title Page 

. Portable Priore-Type Treatment System 
. Portable System Block Diagram 

). Portable Priore Technology Unit 

. Saving the Stricken Civilians 


Conclusions: Technology Practical, Proven 


. Title Page 
83. 


Summary and Conclusions 


Recommendation: Crash Development Program 


file:#/C fbeardenfThe% 20Tom:20Bearden %20Website htm (3 of 4)24.11,2003 19:13:33, 


‘The Tom Bearden Website 


84. Title Page 
85. Recommend implementing: 
86. Final Thoughts 


{ile:#/C foearden/The%20Tom%20Bearden%20Websitehum (4 of 4)24.11,2003 19:13:33, 


Priore DoD Briefing 


Solution to 


Mass Casualties 
Treatment Problem 


CTEC, Inc. 28 Mar. 1998 


fings/DoDPriorefslides001hkm24.11.2003 19:13:40 


up 


Return 


Priore DoD Briefing 


@ There is a vast new kind of electrodynamics hidden 
inside all EM potentials, fields, and waves 
= og inal EM waves and complexes 
= lations in time domain 


@ These complexes are an infolded general relativity 
— Clustered formations curvatures 
- Very powerful, since the rce is as 
age! curvature ilies: 


@ In general relativity, similar precise complexes 
permeate and act on any mass at all internal levels 


@ With this approach, one can now manipulate matter -- 
living or inert -- in any manner desired, depending 
only on the level of development of the technology 


@ Priore unwittingly used this to cure dread diseases 
@ This is a revolution in all of science © TEL BCAROEN Yoon 
@ We have uncovered the major mechanisms to utilize 
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* Action-at-a-distance effects 
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e One terrorist, one light aircraft 
with spray tank 
¢ 100 kilograms of anthrax 


Flies over greater metropolitan 
Washington, D.C. 


e Calm night 

¢ 1-3 million casualties result* 

e Most of those stricken will die 

Presently little can be done 
to save the stricken civilians 

° Attacks on several population © 
centers might produce some 

‘ 10 million or more casualties 


“Per OTA Report to Congress, 1983 
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e Many foreign nations are hostile 
to the U.S. and sponsor terrorists C 
e Some 25 nations have WMD or 4 


are acquiring them 
— BW agents and weapons ae a, 


— Chemical agents and weapons 


— Nuclear materials and weapons ky ~— 
e Thousands of students and emigres — 


e Infiltrated teams, BW, other WMD already 
e Castro guerrillas infiltrated over the years 
e Can do unacceptable damage to U.S. now 
e May reach first strike knockout capabili 


“Por OTA Report to Congress, 1983 
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No shelters juire overpressu 
* BW filtering, ree showers, supplies) 
e No stockpiled vaccines, medical supplies, 
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generators, heaters, water purification units Index 


Totally insufficient medical facilities, 
personnel, and emergency response teams Next 
© Triage, full martial law will be required r) 
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e Terrorist eine, ig bt agents, other WMD on site, waiting 


e Water supplies, food, crops, farm animals also vulnerable 

Electric power grid, bridges, trains, railroads vulnerable 

° Present medical science cannot save very many of the 
casualties, now or in the foreseeable future 
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‘The Priore technical mechanism unwittingly 
involved a dramatic extension to both 
nonlinear optics and general relativity. 
However, nonlinear optics itself had not yet 
been born in the 1950s and 1960s when 
Priore worked out his methodology. The 
extension to general relativity has not 
been previously envisioned even to the 
present day. When the Priore project was 
‘Suppressed by the changed French 
‘government in the mid-1970s, nonlinear 
optics itself was just being initiated. To 
the present day, however, there has 
previously been no inkling of the dramatic 
‘extonsion to NLO that arises by using 
longitudinal EM pump waves and thereby 
pumping in the time domain. 

Its little wonder that Priore himself did 
‘not understand the nature of the technical 
mechanism he was utilizing, and neither did 
anyone else, and neither has anyone else 
rior to this time. 


© 1008 TE Bearden 
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‘Among other things, Pautrizel treated 
seriously infected immature rats with 
tho Priore ray. These rats had never had 
@ mature immune system. When thoy 
were removed from the machine, they 
still sickened again and died, because 
their immature immune systems could 
not resist the pathogen (Trypanosoma) 
So even though the damaged colts were 
reversed back to normal, the “normal” 
immune system was unable to fight off 
pathogons, which reinfocted the cells 
and killed them, killing the rats. 

This established the time-reversal 
naturo of the therapy, 
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* FACT: DISEASE-SPECIFIC VACUUM ENGINE PRESENT FOR ANY, 
CELLULAR DISEASE, BY WHEELER'S PRINCIPLE { 


* DISEASE CAN BE REVERSED BY CREATING AMPLIFIED 
ANTI-ENGINE 


Cond VACUUM (BEARDEN'S 
* ANTI-ENGINE IS CREATED BY PUMPING THE NONLINEAR 
CELLS IN THE “INNER EM" DOMAIN, TIME-REVERSING THEM 
* PRIORE UTILIZED A PLASMA TO PHASE CONJUGATE AND “INFOLD" 
MULTIPLE BIDIRECTIONAL LONGITUDINAL EM PUMP WAVES 
* 17 FREQUENCIES MIXED IN A ROTATING PLASMA 


* PHASE CONJUGATES ADDED BY THE PLASMA 
ee * INFOLDED MIX INTO STRONG PULSED DC MAGNETIC 
FIELD, WHICH CARRIED IT INTO ATOMIC NUCLEI kK 


* PUMPED ALL NONLINEAR CELLULAR COMPONENTS TO 
PRODUCE AMPLIFIED, SPECIFIC VACUUM ANTI-ENGINE 


* NEGATED THE LONG-TERM CUMULATIVE CELLULAR 
DEDIFFERENTIATION ORDER GENERATED BY LONG-TERM 
HYPOXIA. TUMOR CELLS REVERTED TO NORMAL CELLS. » 


* SCRUBBED OUT THE CUMULATED PRECANCEROUS STATE f 
RESTORED THE IMMUNE SYSTEM TO HIGH FUNCTIONING . 
* NO EXCESSIVE TRAUMA TO TREATED ANIMAL 
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Priore’s therapeutic methodology: 


Time-reverses the cells back to normal state 
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Solution to Mass Casualties Treatment Problem 


Threat and Current Status 
Historical Solution: Priore Treatment Therapy 
Extended Physics and Background 
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Conclusions: Technology Practical, Proven 
Recommendation: Crash Development Program 


CTEC, Inc. 28 Mar. 1998 
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= G.J. Stoney: 


Decomposed the scalar potential into bidirectional wave pairs. 
"On s supposed prot ofa teoram wane motion," Ph Mig, 


Tyan, tarp S007 ln eaves ot per ee 
= E.T. Whittaker: to Slide 
Decomposed the scalar potential into a series of bidirectional EM wave pairs in Index 


harmonic series, where the two waves in each pair are conjugates (1. 
wave/antiwave pair) and are longitudinal waves. 


"On the pasta errs equations of mathematical 
hme." Mat Aon, Vet 67, 1003, p. 335-386. 


‘Showed that all classical EM ~ including waves ~ can be replaced by two 

interfering scalar potential functions. (This founded superpotential theory, 

extended by Nisbet, Bromwich, Debye, McCrea, and others.) Previous 
"On an enresuon of he eecromagrets ted Cu0 10 a 
‘Wectrons by meare of two scalar potenti tunctons,* ide 
rac Lond. Math Sc, Seven 2. Vo 1.1904. 367-372 


W. Ziolkowski: 
Independently rediscovered the biwave decomposition of the scalar potential and 
‘added the product set (in theory enabling modulations and communications) to 
‘Stoney and Whittaker’s sum set. 
‘Varo paper. 1985 0 data 
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Bunge on the Status of 
Classical and Quantum Physics 


"... itis not usually acknowledged that electro- 
dynamics, both classical and quantal, are ina 
sad state... the best modern physicist is the 
one who acknowledges that neither classical 
nor quantum physics are cut and dried, both 
being full of holes and in need of a vigorous 
overhauling not only to better cover their own 
domains but also to join smoothly so as to 
produce a coherent picture of the various 
levels of physical reality.” 


“Mario Bunge, Foundations of Physics, Springer-Verlag, 
© 10 TE BEARDEN New York, NY, 1967, p. 176.. 


11.2008 19:14:41 
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EINSTEIN ON REVIEWING FOUNDATIONS _ } 


"...the scientist makes use of a whole arsenal of concepts which 

he imbibed practically with his mother's milk; and seldom if Return 
ever is he aware of the eternally problematic character of his to Slide 
concepts, He uses this conceptual material, or, speaking more Todes 
exactly, these conceptual tools of thought, as something = 


obviously, immutably given; something having an objective 
value of truth which is hardly even, and in any case not 
seriously, to be doubted. ...in the interests of science it Slide 

is necessary over and over again to engage in the critique of 

these fundamental concepts, in order that we may not uncon- Previous 
Slide 


Next 


Albert Einstein, "Foreword," in Max Jammer, 


of Space in Physics, Harvard University Press, 


nou Cambridge, Massachusetts, 1969, p. xiii, \ 
ez wesna Zw Te wemnoe a=) 
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- Einstein's Spacetime a de 
pa pgsenbbosebdees dad oe 222 
| \ 
| Return 
5 | to Slide 
: \ Index 
i 
| 
Next 
| | Slide 
\ 5 e oH 
H eoscatey Material ‘| Previous 
i ectric | _ Electric +] Stiae 
$ Fluid All Maxwell's EM entities i my Slide 
Fluid 
are defined only in and of - ‘ 
Disturbed charged matter. All are Disturbed ‘ 
|___________] | material entities. There | _—______ 


was no place devoid of 
mass, in the universe. 


MAXWEL TIONS ARE MATTER-TO-MATTER TRANSFORMS | 
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DATERIAL the TE peARCEN ‘900 


n 


0 
Ce’ 


Return 
Perturbation ™ to Slide 
Equations sone 
Index 
Next 
ide 


Material Material sasha 
Electric Electric Slide 
Fluid Fluid 222 : 
Disturbed Disturbed 
\ Now we are not using oP 
a material ether. “ 


wuations 
changing 
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<< THE MISSING INFOLDED 
4 ELECTRODYNAMICS 


Maxwellian electrodynamics has 
nothing at all to say about EM 


q 2 


entities in space or their form 


Material Material Return 
Electric Electric to Slide 
Fluid : Fluid Index 
Disturbed Disturbed 
- - Next 
TION ' J PACETIMEZTO: Previous 


Slide 


INTERNESTED SPACETIME CURVATURES 
(VACUUM ENGINES) 


D> \_INFOLDED GENERAL RELATIVITY — 
; EINSTEINS it 


—__ SPACETIME TE BEARDEN 1508 
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Nonlinear Optics 
Distortion Correction Theorem 


“If a scalar wave E;(r) propagates from 

left to right through an arbitrary but lossless 
dielectric medium, and if we generate in 
some region of space [say near z = 0] its 
phase conjugate replica E2(r), then Ex 

will propagate backward from right to left 
through the dielectric medium, remaining 
everywhere the phase conjugate of E1." 


a0 © 100 os, 10987 BEARDEN 
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bert i © TE BEARDEN 1997 

* * © .£TC. 

Vavg Wavepair #3 

Vavg Wavepair #2 

‘SUBHARMONICS 

Vavg Wavepair #1 
e* © ETC. 

The Structure Is: 


‘A harmonic set of longitudinal EM wavepairs. In each wavepair the two waves 
‘Superpose spatially, but travel in opposite directions. The two are phase 
conjugates and time-roversed replicas k 


correction theorem of nonlinear optics. Sach waves We staave palrio 8 patois 
wave. Each wavepair is a standing electrogravitational wave. in nonii ‘optics, 
domain. 


Note: Think of the oscillations as velocity modulations. 


hup:/www.cheniere-orgfbriefings/DoDPriore/slides(029.hum24.11.2003 19:15:02 


Return, 
to Slide 
Index 


Next 
Slide 


Previous 
Slide 


Priore DoD Briefing 


The Zero-Vector Axiom Destroys 


"Topologies within Topologies” 


e The axiom: There is a unique vector, 0, inV 
(the vector space) such that 


VeOSOFVE Se 
e Note that V + 0i1=Oj+ V; O1= - Oi= n0i 
so Oi = 0) = On =...+ On=... 


e This makes all 0i equal by assumption, 
since there is assumed to be only a single 
type 0 without real components 

e In fact, 0 is not unique. An infinite number 
of different zero-vector systems, with real 
components, satisfy the zero-vector axiom. 
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‘A.couplod EM wavelantiwave pair infolds electromagnetic 
‘energy, converting It to gravitational energy. The wavepair ©) om ean 
becomes an electrogravitational standing wave. 
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(waves with velocity v, where 0 < v 


@ Major equations of interest having UPW solutions are: 


— Homogeneous wave equation Fesomansiu found Pre Return 
- Maxwell equations to Slide 
- Dirac, Weyl, and Klein-Gordon equations Index 


e@ UPWs are translationally invariant, and do not spread, or 
they reconstruct their original form after a certain period. 


@ UPW solutions have infinite energy. Quasi-UPWs can have 
finite energy and can in principle be launched into space. Previous 


@ Subluminal Maxwell solutions are called EM particles. Site 
Superluminal Maxwell solutions are called X-waves. 


e@ Experimental results indicate such waves will be produced 
within the next few years. @ 10 re weaRoeN 


Next 
Slide 


e@ Nimtz has translated Mozart's 40th symphony at v = 4.7c. 
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Velocity modulating a longitudinal 


EM wave oscillates rate of flow of time 
SS ————>—_————————S SS 


__ Observer sees it this way = 


V=— on ees 


Constant transverse wave magnitude ation 
a to Slide 
Wave oscillates its velocity along Index 
L its path, about a nominal value = 
Next 
t _ Wave oscillates this way Slide 
We, Constant transverse magnitude 
“” | Wave oscillates magnitude of its revious, 
transported t, about a nominal value Slide 


Note: 
‘+ Waves consist of photons 
+ Each photon consists of energy x time 
+ Each photon carries timo as well as energy © (or TE BARDEN 
A is both a spatial energy dynamics and 
"ANS temporal dynamics 
Way ¢ ic time structur well 
ve commplaen carry dynagni ires as well as. 
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(Both photon and antiphoton are longitudinal) 


sv 


In physics, the primary units 
Every: 


LONGITUDINAL 
PHOTON 


selected are arbitr 


thing can be expressed, e.g. 


oy tia in terms of ime atone. Thus eNauuelm 
so can photon spin to Slide 
Index 
VACUUM $ IS THIS A 
ENGINE SPIN 2 ENTITY? 
Pa itis, in the time Piestaus 
domain. ———A 


ide 


LONGITUDINAL 
ANTIPHOTON 
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(AE)(At) + M => (MeAM)at = => M + (AE)(At) 
Flow of macroscopic time (observable photon interactions) 


SPATIAL AND SPATIOTEMPORAL wY + JA 


Saal? 
eee TTS ae 
Flow of microacople th time (via ‘ital photon interactions) 


‘The photon interaction generates an observed quantum change and a discretized 
inthe rate of time flow. A particle observably chang es by ony a single ata tina,” 
The background flow of ime in which the jump in rate occurs, is created by the continual 
absorption and emission of virtual photons. 


@ mare eer 
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(Use of Hidden Information Content of the Field) 
(Can Provide Action-at-a-Distance) 


(8 to 20 harmonic wavepairs each ) 


hup:/www.cheniere-orgfbriefings/DoDPriore/slides0M6.htm24.11.2003 19:15:23 


Priore DoD Briefing 


hup:/www.cheniere-orgfbriefings/DoDPriore/slides (037 htm24.11.2003 19:15:28 


Priore DoD Briefing 


Deep penetration of weak signals in a dense signal 
environment, by nonlinear retroreflection 


Return, 
to Slide 
Index 


Next 
Slide 
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the simultaneous exterior interactions occur. Orn imtrs wee 
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+ Provides coherent, long-range inter- 
actions in Sitoges yatome nm 


+ Is an organized morphogenetic Held 


Sino bale of tune 


( 


* Leakage provides ultrawoak, coherent 

biophoton emission from the systom 

* Fractional intensity patterg: few to 
some 100s of phot 

oOpumum signsttoncles allo 


UL 


omission shows biological 
ya always out of equilibrium 

* Emission has holistic characteristics 
© Correlations to most, if not all, of the 

biological functions of the organism 


* Emission very sensitive to almost all 
‘extemal and jal influences. 

* Both spontaneous and delayed 
luminescence occur 

* Photons stored in cell during the delay 


single dolayed blophotor be 
it trigger 10 reactions ina coll 
_ before its release 

Spectrum almost continuous within 
* optical range from 200-800 nm. 


© DNA, all other processes are sources 

Single of whole stem, 

Single main process of unas apsiea 
trformation figction and oye 
biological clocks (oscillators) 


aT 
a => 
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CANCER: CHARACTERISTICS 


NOT ONE DISEASE BUT A WHOLE RANGE 
STARTS IN ORDINARY (AEROBIC) CELL 
CELL SHAKES OFF BODY'S DICTATORIAL CONTROL* ae 
STARTS UNCONTROLLED DIVISION a" 
BECOMES A LUMP yr 
CAN SEND FORTH CANCER CELLS 

- THROUGH BLOOD 

— THROUGH LYMPH 
THESE FORM METASTASES (SECONDARY TUMORS) | Previous 
OFTEN BECOME ANAEROBIC (NON-OXYGEN USING) | Slide 
@ ENIGMA IS FAILURE OF IMMUNE SYSTEM 
TO ATTACK SOME TUMOR CELLS 

— SUPPRESSOR CELLS MAY CURB IMMUNE SYSTEM 

— TUMOR MAY LACK ANTIGENS NORMALLY IDENTIFIED 

BY THE IMMUNE SYSTEM 
*R&R system forces cell back toward anaerobe 


Next 
Slide 


concn rete saan 
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ATHOSP Betatn, 
TO AEROBIC to Slide 
, Index 
Next 
— = Slide 
BIOGENESIS IMMUNE SYSTEM 
‘SINGLE CELL RED CELLS: 5 
ANAEROBIC FACULTATIVE WHITE CELLS. Previous, 
: 
je = CELLS Slide 
sunenones BOTH AEROBIC 
‘AND ANAEROBIC). 
Prom OXON “NOTE: LIMITED ANAEROBIC RESPIRATION 
STILL TAKES PLACE IN HIGHER AEROBIC 
LIFE FORMS, INCLUDING MAN. 
EVOLUTIONARY TIME 
evens ¢ tte tee 
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RED BLOOD CELLS e AIR 
ee 
a 
° . wer . 
Severely reduced e Severe pollution | 
oxygen transport ‘ 
° ©, (Suchas @ 
cigarette smoke) ° 
BLOOD CELLS e e rs ; 
LUNG 
SACS 
BODY E 
cucnon Ove swe 
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MULTICELL 
AEROBIC* 
LIFE FORMS, INCLUDING MAN. (INCLUDES MAN) 


TIME-REVERSED 
I—— = <a PATH FOR SUSTAINED 


OXYGEN DEFICIENCY 


SINGLECELL ~____~ 
AEROBIC" FIRST STEP IN OXYGEN-DEFICIENCY 
DEDIFFERENTIATION 


camcnoe ed 
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* Two major links uncovered between : 
— The DC system and nervous system 
— The DC system and all body cells 


Bioelectric potentials of primary importance can 
Physiology presently considers controls limited to: ater 
— Neural action potential C= 
— Various hormone chemical agents Next 
— Chemical agents associated with DNA/RNA system Slide 
* Complete Operational Biological Control System: : 
— Controls growth, healing, biological cycles, etc. a 


— Operates in ANALOG mode; various levels of DC 
— Interlocks physically with nervous system (and may be its precursor) 
— Other chemical agents 
— Tissue growth and healing NOT INCLUDED 
* Medical community now more concermed with diseases resulting from 
— Inadequate/abnormal growth 
— Inadequate healing 
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Application of tiny DC currents to heal difficult bone. 
fractures. Only picoamperes are utilized. Pulsed DC 
current or pulsed magnetic fields may also be utilized. 


Proves that cells can be time-reversed (phase conjugated) —_ [Turns into type of cell that 
dediferentiated) or time-forwarded (redifferentiated) ‘makes bone 

application of vary weak electromagnatic signals, when tract ‘ 
those signals contain jongitudinal biditectionat EM ‘pump |"Positalnuyaatga 
wave" wavepairs, which cause the cell and its parts to create 
Precise vacuum antiongines. 


healing the fracture 


SS 
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Trauma Producing 
Pie Se Loss 
Local wit. We effect Local nerve effect 
CNS attest + Atterations in hormone 
pattern (prolactin) 
Return 
Alterations in local to Slide 
ee field pattern pee. 
7 Index 
[Local electrical ~ 
effects 
8 ; es Next 
pools of Fi cells. Slide 
Dedifferentiation into Previ 
primitive mesenchymal cells pit 
Slide 
Phase! Blastema formation 
—- growth 
Phase It * 
Redifferentiation into Spadaro, “Electrical stimulation of 
. 
Restoration of body 
part or tissue 
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@ Standing DC potentials on intact surfaces of all living animals 
demonstrate a complex field pattern spatially related to the 


: Return 
anatomical arrangement of the nervous system to Slide 
— Can be measured directly on the peripheral nerves Sule 
— Polarity difference related to whether nerve is or is not a sensor — 
— Steady (weak) current flow exists ae 
— Demonstrates solid state/semiconductor phenomena om 
— Accurately reflects (amplitude and polarity) the general level of neural 
activity 
* Sleep versus wakefulness Previous 
* Anesthesia versus conscious Slide 


* Other parameters 
@ DC levels determine the level of neural activity 


@ Action potential system exists upon a substratum of DC 
potentials which pre-existed it 


@ DC potentials substrata had and have control functions over 
basic properties of the living organism © TE BEARDEN Jo08 
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@ Cellular processes are regulated by a precise control system 
Attempted to a) engineering control-system theory 
® Cells and tissues have solid-state electrochemical features Return 
which provide control signals in the control system to Slide 
- Growth process Index 
— Electron transfer egenerston terran Bul MT. Bend Ma (4) Pay TOT, 627-841 — 
— Semiconduction 
— Self-organizing (NOTE: Implies hidden variables and nonlocal causality) _ Next 
e comet electrical events at the injury site initiate cellular Slide 
pects such as dedifferentiation and mitotic activity 
Paton is a 2-step process, each with different controls 
— Electrical triggers with thecnold values results in appearance of blastema = 
— Complex data transmission to blastema establishes it as a self-organizing Slide 
‘system capable of growth and redifferentiation 
— Mammals lack ability to produce blastemas except for bone, but partial 
regeneration growth has been shown in response to electrical stimuli 
@ Growth related to electrical more than electrochemical aspects 
@ Hematopoietic marrow as source of cells for the blastema 
— Monocytes can take place in regenerative processes in limbs 
— Lymphocytes can dedifferentiate under certain circumstances 
— Marrow elements can be induced into osteogenesis —© T« scarce 100 


Previous 
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Corrections For the Present EM Bioeffects Model 
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Note: Minimum lattice is one harmonic interval: IR to UV is such a minimum G-lattice. 
Distant induction of cellular death and diseases, by special EM means. 
joton-antij structured harmonic 
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MICROWAVE RADIATION OF 
U.S. EMBASSY IM MOSCOW 
BACKGROUND 
Former U.S. Embassy in Moscow. é Began in latter 1950s 


Discovered on VP Nixon's trip S 
. “Initially thought to be nuclear radiation Return, 


(Discovered wiGeiger counter?) to Slide 
+ High level target - U.S. Ambassador Index 


. Gumaniees personal attention of: 
prpeaetor to USSR 
= U: = Presi 


ident 
= NSA, CIA, DIA, NSC, etc. 
= Top consulting scientists 
= Leading U.S. scientific institutions 
* Two U.S. Ambassadors died, another sickened previous 
+ Anomalous health changes in  permonne. only ——— 
in zero-field (zero pot'l gra dient) areas! Slide 
. ror U.S. Presidents requested Soviets cease 
= Cut from 18 watts/sq cm to 2 
= Then a increased 
No one could understand what was going on 
Aluminum screens were placed over windows 
Moscow was declared a hazardous duty zone 


Nw a): 


Selected cipart © by Lotus SmartPics™ Om mre nace 
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_ Self-Targeting in Inner EM 
<@>- Channel Can Produce a ae 
Quantum Potential 


(Once OP is established, 

is direct and ‘input to one 
‘singlo participant will simuftanoously in al 
‘other 


@----"-e ™ 
NARROWING OF INTERACTING 
POTENTIALS INTO LASER-LIKE 

BEAMS, BETWEEN TWO 


‘D 
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Quantum Potential Characteristics *“"“"“""""" 


"A quantum particle moves as if it were subject, in addition to its 
external potentials, to a potential which is a function of its own 
probability distribution.” 


@ Bohm's H.V.T. assumes: 
= Particle and wave function real and separate 
- Wave function obeys Shroedinger’s equation 
— Particle obeys classical mechanics 
~ Particle couples to wave function through a quantum potential 
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© TE.BEAROEN 1998 


ugpliwww.cheniere 


* Separated points are su 
* Intervening distance in 


sed in MCST 
ection is instant and bidirectional 


Propagation through ST does not apply 
* Energy or vacuum engine input to one station 
instantly appears at each and every other station, 


undiminished in magnitude 
* Ultimate net-centric warfare effect 


Jorcfingw/DoDPrion 


ex/057.htm24,11.2003 1951744 


Note: Vulnerability. Any other 

station may insert energy 

or vacuum engines into the 
quantum 
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And Typical Comparative Disease Curves 


Note: There is cumulative genetic damage to germ cells also. 
wun uur 
SUPPRESSION 


‘Or inawune SREATMENT 44 
ones = intensity of 


DEATH OF THE HOSTIPATIENT 


PERMANENT DISEASE STATE 


FULL DISEASE STATE 


TRACE (LOW-LEVEL) DISEASE 


PRE-DISEASE STATE 


SHADOW DISEASE STATE 


"EXPOSED WITH MOST CUMULATIVE DAMAGE 

<)=)s5=" EXPOSED WHITH MULTIPLE AGENT INFECTIONS AND RECEIVING MULTTTREATMENT 
EXPOSED WITH LESS CUMULATIVE DAMAGE 

NON-GULF WAR: TYPICAL NORMAL DISEASE WHICH KILLS PATIENT 
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Force Fields and Symmetry 


—_—_—_—_{_{_=_—_—_—_—_—__—__—__——_—_—_———— 
= Force fields are nature's way of imposing 
local gauge symmetries on the world Return 
= E.g., electromagnetic field is a manifestation oa 
of the simplest known gauge symmetry a 


consistent with the principles of special st 
relativity mite 
= For the EM case, the gauge transformations seers, 


correspond to changes in 'voltage' from place 


to place 


© T.E Bearden 1995, 1996 
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Aspects of Strong Local Asymmetry 
SS 


= If local asymmetry is strong, conservation laws 
may be appreciably violated 


* Energy © TE Bearden 1996, 1996 


Angular momentum 


= Properties of an object may differ appreciably for 
© Different observers 
© Different detecting means 
* One time to another 
e One position to another 


= STRUCTURING THE INFOLDED EM INSIDE POTENTIALS, 
FIELDS, AND WAVES 
* Strongly breaks local symmetry 
» Provides spacetime engines giving the above effects 


ugeliwww.cheniere 


fing/DoDPrioreslides/060atm24, 11.2003 19:17:53, 
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Other Aspects of 


Strong Local Asymmetry 
bl 


= Local spacetime is curved © TE Bearden 1905, 1996 

= Lorentz invariance of vacuum is violated Bet 
= May be a local "sink" or "source" oo 
= Gravitational/inertial effects from EM 

= Translation between virtual and observable Next 

= Electrogravitational solitons ome 

= Action at a distance pein 
= Transmutation effects may exist Slide 


= Scalar/pseudoscalar field translation 
= COMMENT: Thus the use of infolded longitudinal 
EM fields and waves to strongly break local 
symmetry allows internested clustering of 
spacetime curvatures. These spacetime 
structures are vacuum engines, or spacetime engines. 
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— -_— V =10° volts 


Return 
to Slide 
Surface layer of Cellular membrane index. 
fluid atoms surface 


coe = d =10° meter 


Previous 
Slide 


E = 10° volts/ meter 
Ss f(E’)= f(10") 


© Wor Te weAren 
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@ What is taught is the “interaction cross section," i.e., the 
joules collected from the associated S-flow by one point 
coulomb of intercepting/collecting charge. Return 


W=Vq=¢q (joules) [1] 22% 
$=Wiq (joules/coul) [2] 


Next 
Let <1 and fixed; q =n where n= Slide 
W=k, where k =90 FS] sritune 


@ From any "finite" potential, no matter how small, an unlimited Siide 
amount of energy can be collected, by increasing the 
collection (number of coulombs) (interaction cross section). 

® Actual magnitude of the potential must be very, very large, 
since we can treat it as infinite or unlimited, via W =  q. 

®@ Else Equation [1] could not be linear. 


© te eeancen v8 
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Table A1. THE VACUUM ENERGETICALLY INTERACTS 
WITH EVERY PARTICLE, CONTINUALLY. 

SS 
s 7 
‘@ Ground (zero) state of the electromagnetic (photon) field. 
@ Ground (zero) state of mass field. 
© Empty of observable particles or photons. 
© Filled with non-observable (virtual) particles and photons. 
@ Violently fluctuating microscopically and electromagnetically, 
@ Constantly interacting with all particles, including partially 

shielding their bare charges. 


Lamb Shift - vacuum's alteration of the energy level of an electron in the 
hydrogen atom. 
~ Difference in energy (frequency units) is 1057.862 MHz. 
~- Lamb was awarded a Nobel Prize for showing this. 
~ Energy density exceeds that of the sun's surface! 


® Casimir Effect - vacuum creates an attraction between two conducting 
surfaces in close proximity. 
- experimentally proven, well-known. é 


® Cole and Puthoff proved that there is no thermodynamic reason why energy 
cannot be extracted from the vacuum as heat and power, and utilized. 


@ ~The common dipole is a broken symmetry in the virtual photon flux of vacuum, 
It extracts virtual energy, integrates it, and re-emits it as Poynting energy density 
flow S = ExH (which observably interacts with charged particles and magnetic 
poles). 
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(Adding Vacuum Engines) 


@ Any EM field or wave is created by (comprised of) two 
potentials which interfere with each other in a given area 


- May be either scalar or vector potentials om 
- May interfere locally or at a distance wae 
- Hipsoaess is distance independent —— 


e scalar potential is comprised of a harmonic series of Med 
idirectional longitudinal EM wavepairs (Whittaker 1903). a 
e Zothawest circa 1985 added the interior product set to aide 
Whittaker’s sum set. Thus he added modulations. : 
® By assembling a deliberate "sum and product" set of — 
biwaves, a scalar potential can be created having an = 
internal deterministic structure. 
This structures local vacuum potential ime 
curvatures, in specific forms ‘faraisest 
- Now have added vacuum engines 
- Have infolded general relativity inside electrodynamics 
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Structured 
Einsteinian spacetime 


curvature 
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Demons are 
EM hidden variables 
organized into ~ 
dynamic structures, 

at all levels 


Demons work 
atall levels 
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Se ats erocieea cinta and structures spacetime Lendaneety {ongines). 


+ Curved and structured spacetime engines produce forces on mass and its com) 
Sector ong Sees asd 


. gis he tidy aang aging the Luvs 1s the Input EW potontais, Wolds: and wares, 
Py rectly engineerable In devices of unparalleled capabilty. 
st curvatures ite 
Return 
mass-to-spacetimo ‘spacetime-to-mass to Slide. 
mass transformation transformation MASS | index 
ww, \|4/ - 
= stared me ~ altered | Slide 
we ae 
| 5 .f of \ > Previous 
Complex of ST curvatures 
‘Spacetime disturbance (engine) 
eam propagates © Te peanoen toe 
Electrodynamics has a hidden but ignored electro-general-relativity 
infolded inside (« }) its so-called potentials, fields, aes waves 


‘mass, as pointed out by Aharonov and Bohm in 1959. Ail of this is just 
longitudinal EM waves and their interactions. 
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SIGNAL VERSUS VACUUM ENGINE 
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e An EM potential is gravitational due to its trapped energy. 
¢ A local EM potential is a local curvature of spacetime. Return 


to Slide 
Index 


e Structured potentials are structured (nested) local 
spacetime curvatures; hidden variable theory applies. 

« Structured potentials thus are vacuum engines. Next 

« Gradient-free potential penetrates the atom, into nucleus. Slide 


With steady application, a structured gradient-free potential | 
can be used to engineer the atomic nucleus at will. eee 


« Normal cold fusion systems structure a small fraction of Sie 
their potentials, by chance geometries, boundaries, etc. 


e This produces some new nuclides, but haphazardly. 


« The process can be developed and controlled. The 
nucleus can be deterministically engineered at will. 
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Vacuum Engineering 


Using Inner EM Energy and Structuring to Engineer Physical Reality 


Vacuum Potential (Violent Flux) 
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@ /mpact of Vacuum Engineering » 


* "If they [quantum fluctuations of vacuum] can be [tapped], the 
impact upon our civilization will be incalculable. Oil, coal, 
nuclear, hydropower, would become obsolete -- and so would 
many of our worries about environmental pollution." 


R 

= "Don't sell your oil shares yet -- but don't be surprised if the on 
world again witnesses the four stages of response to any new aa 
and revolutionary development: gimuts seeex: 
—1. It's crazy! 
—2. It may be possible - so what? nee 
—3.1 said it was a good idea all along. Side 
—4. 1 thought of it first." ‘ 

Ata SSG ratay That Cul Become Reaty Previous 
«Com 7 Nov/Dec, 1994 Slide 


— Every dipole's broken symmetry in its energetic exchange with 
the vacuum already freely extracts vacuum energy. 

-In power sources, the dipole gates the extracted energy out as 
S = EXH, which flows almost entirely outside the conductors. 

—The circuit interacts with, and uses, only about 107 of S. The 
electrodynamicists calculate only this small S-component. 
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A 1 
a, Pumping with transverse EM waves b. Pumping with longitudinal EM waves 
produces a time-roversed wave. A, and A, time-reverses the mass /tself. 
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(Energy and time are canonical 


@ Time can neither be created nor destroyed 
— Its form can be changed, and it can be positive or negative 
- Time can be collected or dissipated, converged or diverged 
- Time can oscillate and move in waves 
— Longitudinal (infolded) EM waves oscillate time 


@ Time is always in motion, and that motion is variable 
- Collected/collecting time is a continuing stationary 
change in an ongoing time flow 
- Time/collecting time can be internested and internally 
Structured 
@ Time has gravitational aspects 
- Negative (trapped) time is antigravitational 
~ Emitting negative time is gravitational, to the emitter 
@ Nonlinear optical pumping can use longitudinal EM waves 
— Pumping a nonlinear mass by longitudinal (infolded) EM 
waves pumps it in its masstime form, in the time domain 
- This creates an amplified vacuum antiengine for the mass, 
and time-reverses the mass back to a previous state 
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@ There is a vast new kind of electrodynamics hidden 
inside all EM potentials, fields, and waves 
— Longitudinal EM waves and complexes 
— Oscillations in time domain 


These complexes are an infolded fisneral relativity 
— Clustered formations o' ee ime ee 
— Ve werful, jemce the rce is used as 
agent oF curvature is 


In general relativity, similar precise complexes 


permeate and act on any mass at all internal levels 
With this approach, one can now manipulate matter -- 
living or inert -- in any manner desired, depending 
only on the level of development of the technology 
Priore unwittingly used this to cure dread diseases 
This is a revolution in all of science © TE BEARDEN 508 


We have uncovered the major mechanisms to utilize 
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Solution to Mass Casualties Treatment Problem 


Threat and Current Status 

Historical Solution; Priore Treatment Therapy 
Extended Physics and Background 

Modern WMD Solution: Portable Treatment Systems 
Conclusions? Technology Practical Proven 
Recommendation: Crash Development Program 


CTEC, Inc. 28 Mar. 1998 
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™ FACT: DISEASE-SPECIFIC VACUUM ENGINE PRESENT FOR ANY, 


CELLULAR DISEASE, BY WHEELER'S PRINCIPLE 
+ DISEASE CAN BE REVERSED BY CREATING AMPLIFIED 

nd VACUUM ANTI-ENGINE (BEARDEN'S PRINCIPLE) 
+ ANTLENGINE IS CREATED BY PUMPING THE NONLINEAR 


CELLS IN THE "INNER EM" DOMAIN, TIME-REVERSING THEM (72D 
‘e 


* PRIORE UTILIZED A PLASMA TO PHASE CONJUGATE AND "INFOLD™ 


MULTIPLE BIDIRECTIONAL LONGITUDINAL EM PUMP WAVES 
* 17 FREQUENCIES MIXED IN A ROTATING PLASMA 
PHASE CONJUGATES ADDED BY THE PLASMA 
ge * INFOLDED MIX INTO STRONG PULSED DC MAGNETIC 
FIELD, WHICH CARRIED IT INTO ATOMIC NUCLEI 
* PUMPED ALL NONLINEAR CELLULAR COMPONENTS TO 
PRODUCE AMPLIFIED, SPECIFIC VACUUM ANTI-ENGINE 
NEGATED THE LONG-TERM CUMULATIVE CELLULAR 
DEDIFFERENTIATION ORDER GENERATED BY LONG-TERM 
HYPOXIA. TUMOR CELLS REVERTED TO NORMAL CELLS. 
SCRUBBED OUT THE CUMULATED PRECANCEROUS STATE 
RESTORED THE IMMUNE SYSTEM TO HIGH FUNCTIONING A 
NO EXCESSIVE TRAUMA TO TREATED ANIMAL 


* 
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SURVIVORS OF N CASUALTIES 
(N = 1-40 MILLION) 


08 
06 = 
04 Slide 
0.2 Previeus, 
Slide 
o | xm | 


TYPE TREATMENT RECEIVED 


FRACTION SURVIVING 


EXPRESSED IN FRACTION SURVIVING 
1 With conventional treatment 

jith 1st generation P-treatment 

@ With 2nd generation P-treatment 

@ With 3rd generation P-treatment 
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Summary and Conclusions 


@ Anew therapeutic paradigm of great scope 
and effectiveness has been developed 
- Will provide effective, quick treatment of mass casualties 
- Will provide cures for unknown agents 
- No pathogen strains are resistant to this process 
@ Results have been proven experimentally 
- Documented in French scientific literature 
- Rigorous scientific protocols, eminent scientists 
- Technical mechanism deciphered 
@ Will treat and cure many diseases 
- Aids, atheriosclerosis, cancer and leukemia 
- Sleeping sickness hs eal 
@ Portable units can be developed quickly 
- 18-month crash development program required 
- high level authority and overwatch essential 
@ Will solve the BW mass casualty treatment 
problem, both civilian and military 
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Recommend implementing: 


® Sesh Jevelooment dros 


— Suitcase-sized port unit Return 
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Final Thoughts: 
@ The current internal BW threat can size 
and will kill more Americans than 
all our previous wars combined 


@ The Priore technology is the only 
solution in sight that can save 
most of those casualties 


CTEC, Ine. 
2311 Big Cove Road 
Huntsville, AL 35801 
(256) 533-3682 Phi 


CTEC, Inc. 


June 24, 1998, 


Dr. Jane F. Kinsel, Director 
Office of Policy Analysis 

Department of Health & Human Services 
Bathesda, MD 20892 


Dear Dr. Kinsel 


Your letter of June 8 is appreciated. However, the entire action package had already gone 
to the Assistant SecDef and also to Major General Neary in the USAF. 


‘The proof of a revolution in medical treatment was in the package. The basis for itis 
already demonstrated experimentally in the scientific literature, both in the U.S. and in 
France. We are speaking of something already proven, but missed by the entire U.S. 
medical community. Strong words, but true. Let me be specific. 


‘Any cell in the body can be time-reversed (physics term) or dedifferentiated (biology term) 
back to an earlier state, by pumping (i.e., “squeezing” in simple terms) that cell with 
longitudinal EM waves as pump waves. There are considerable papers in the French 
scientific literature showing the experimental results, 


‘Apply that to cancer. We are stating bluntly that all cancerous cells in the body can be 
“depromoted’ back to normal cells easily. Further, the damage previously done to them 
(such as by sustained hypoxia due to contaminants reducing the oxygen-carrying ability 
normally given to it by some 60-t0-80 surrounding water molecules per red cell and the 
consequent H-bonding interactions) will also be reversed. The cells can all be returned to 
healthy, normal cells again, without “killing” or “burning” or “cutting” anything. 


With some development of the technology, you can quickly and easily cure every cancer 
patient in every hospital in the United States. 


Now apply it to AIDS. Since you can time-reverse every cell in the body, you can time- 
reverse the HIV-infected cells — genetics and all — right back to normal cells with normal 
genetics. Those cells not infected and healthy, will just get a “little younger” again. 


So with that small development, you can quickly and easily cure every AIDS patient in every 
hospital in the United States. 


| would have thought that NIH would certainly be interested in such a revolutionary therapy 
which has already been demonstrated in laboratory experiments. World-renowned French 
Scientists — such as the eminent parasitologist Pautrizel and research PhDs assigned 
directly by Robert Courrier, head of the Biology Section of the French Academy of Sciences, 
worked with Prioré in performing those startling experiments that proved what we are 
saying, 
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‘The method was rigorously shown to cure infectious diseases (such as trypanosomiasis), 
atherosclerosis (which now afflicts millions of Americans), and terminal tumors. It was 
shown to reverse suppressed immune systems back to normal vigorous functioning, 


Please permit me to disagree with you that the examination of such is not the mission of the 
NIH. To the contrary, itis precisely the NIH which should have some of its very best 
Scientists looking into this. 


‘The action package to DoD was to propose a crash program to develop this methodology in 
the form of a small, portable unit for treatment of mass casualties resulting from a terrorist 
BW attack on our cities (now expected in the next few weeks, as you must be aware). The 
leading Arab terrorist of the world has already promised just this. 


We are speaking of several million Americans who are going to die. They are going to die in 
spite of everything that NIH and its labs can do, even though | know you will make a heroic 
effort. With NIH present methods, you cannot do very much for those stricken Americans at 
all. Everything we have in the “normal” kit bag is almost useless against a knowledgeable 
spray attack of modified smallpox (as you know, the Russian secret BW labs have made 
and sold tons of that already, to guess who!). Or a spray of tularemia (you are well aware of 
the extreme lethality of that), or anthrax (easily obtained). It is also common knowledge that 
these terrorist teams with their BW agents are already on site in this country, waiting for the 
word to attack. This has now been officially raised to our primary Strategic Threat. 


In the face of such looming strikes on the U.S., | simply cannot believe that the NIH does not 
feel it within their mission to rigorously check out a proposed method for saving perhaps 
70% of those coming deaths (first generation equipment), and up to 90% with second 
generation equipment. 


Perhaps you just did not read the package carefully. | urge you to do so. 


Else NIH is going to look very, very bad when (1) the strikes do occur, (2) they can't handle 
them (and they cannot, as you well know), (3) they had within their hands in advance, a 
proposed methodology that could have been investigated intensely, to save millions of those 
stricken Americans. 


‘As a staunch supporter of NIH and especially CDC, I have to believe that there is a different 
attitude there. If NIH is not interested in a previously experimentally demonstrated method 
of saving millions of Americans, then the only recourse left is the political channel. 


| assure you that my critique of electrodynamics is well-founded, as supported by various 
leading physicists such as Nobelist Feynman (who stated bluntly that the field concept is 
wrong), Wheeler, Bunge, and so on. Itis inexplicable why all our universities are stil 
teaching a 130 year old abridged (Heaviside’s) subset of Maxwell's theory, and one that still 
contains a material ether even though that was falsified 110 years ago! 


You already have seen the misuse of this technology by the Russians, in the decades-long 
radiation of the U.S. Embassy in Moscow. Is it not NIH's mission to understand how they 
generated all those diseases and health changes? Have you ever looked into 
Kaznacheyev's experiments showing that ANY cellular disease or disorder can be induced 
in cells at a distance by purely EM means? Have you looked into what got eliminated from 
electrodynamics by ignoring the hidden longitudinal EM inside every potential, field, and 
wave? Do you realize what ignoring that has done to American chemistry, biochemistry, 
and medical science?" 


| would hope that the NIH would at least be interested in its own mission area! 
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| challenge you bluntly to admit that no one presently understands the primary operation of 
the human cellular regenerative system. That's because its technical principle is not 
presently in our recognized physics, biochemistry, and medical science — even though it has 
been in the hard physics literature since 1903-4. Becker's epochal work came closest; since 
he only had access to the conventional EM mode, it failed him. But he at least showed you 
rigorously that cells can be changed (both differentiated and redifferentiated) all over the 
map by laughably weak EM — picoamperes of current, which means persistent DC 
potentials. In the microwave radiation of the U.S. Embassy, all the health changes occurred 
in regions absent of fields — i.e., absent of bleed-off of the potentials. Hence in regions of 
stable DC potentials! With 100% correlation of the health changes to persistent, gradient 
{ree potentials, and 100% anticorrelation to changing potentials (i.e., fields), our own’ 
scientists concluded totally erroneously that it could not have been the EM radiation causing 
the changes, when their own results had just proven that it was. 


Now | ask you: Can NIH explain how it was that the DC potentials caused those health 
changes? | think not. If it could, it would understand the action package I wrote, and its 
importance. 


This is not a “political” letter. I'm just an ordinary American citizen who has done about 30 
years very hard work on this particular area. The work is good enough now to stand on its 
‘own merits. The scientific community will eventually accept it, about 50 years from now. 

But we cannot wait 50 years! Those millions of Americans are going to die, because of the 
bureaucracy and inaction of our own scientific organizations. Whether they like it or not, the 
U.S. scientific community is now the forefront of the struggle for this nation to survive. And 
they are failing us dramatically 


So as a parent who wants his children to live, and his neighbors’ children to live, and those 
millions of soon-to-be stricken Americans to live also, | urge you to at least have someone 
‘competent in physics (and knowledgeable that the foundations of physics itself are in woeful 
shape!) check the work. Has anybody there read any of the references to the Prioré work | 
cited? Does anyone there realize that there are no EM forcefields in space? Probably not. 


Dr. Kinsel, there is a time for “business as usual" and there is a time to do some serious 
new work. Those stricken Americans are going to be lying there. Nothing NIH can do is 
going to stop that. That's a given, and it is not my own estimate. I's the official estimate. 
‘And you know you presently do not have the tools to do anything really effective about it 


Frankly, | interpret your letter to me as just the normal “spin control" for easy disp 
would hope that NIH would seriously rethink the situation, get off the “spin control 
“business as usual" posturing, and do something dramatically different for a change. 


What have you got to lose? A litle time from perhaps two or three of your best scientists 
What have you got to gain? Saving untold millions of American lives. A new, already 
partially demonstrated cure for most dread diseases such as AIDS and cancer — diseases 
Which you presently cannot do very much about in spite of decades of heroic struggle. 


Sincerely, ce: Senator Shelby, Congr. Cramer 


T.E. Bearden 
President and CEO 


TEC, ie 
‘TE. Beanden, President & CEO 

2311 Big Cove Road 

Huntsville, AL 35801-1351 
(256)533-3682 plv(256)536-0411 Fax 
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May 12, 1998 


Dr. Harold Varmus, Director 
"National Institute of Health 
Bathesda, MD 20892 

(B01) 496-1766 


Dear Dr Varmus: 


‘We have recently sent action documents to the Director of Nuclear and Counterproliferation, Office 
of the DCS, Air and Space Operations, HQ USAF and to the DoD (General Busbee) Assistant 
Secretary of Defense, as well as several Senate and House committees, which may be of interest to 
you. For one thing, we give the technical mechanism used to generate the Gulf War Syndrome. The 
Same weaponry is now being used to rapidly induce new strains of certain pathogens worldwide. 1 
urge you to closely read that section ofthe leter to MG Neary which explains the GWS, why the 
French did not get it, and why Southern Iraqis got an increase in cancer and leukemia but not GWS. 
‘Also explained is how the "microwave radiation" of the U.S. Embassy in Moscow induced diseases 
for decades, and how we failed to comprehend it because the standard EM model deceived us. 


‘There is a way to treat and quickly cure most diseases, including the mass casualties resulting from a 
terrorist BW strike on our civilian population centers, our military bases, or our forces in the field 
‘The method is little known, but was scientifically demonstrated in France in the 1960s and early 
1970s before cancellation of the Prioré Project when the French Government changed. Eminent 
French scientists worked on the project, and the results are fully documented in leading French 
scientific journals, References are listed in a separate attachment. 


Previously the Western scientific community has been unable to understand the technical mechanism 
responsible for such remarkable cures, because of serious foundations flaws in Westem physics and 
electrodynamics. Foundations physicists have long been aware our science is flawed, and have 
pointed out many of these fundamental errors. However, the operational science establishment has, 
not paid attention, even though physicists such as Feynman and Wheeler pointed out that the notion 
of "force fields in space" was totally wrong. 


‘Asa primary example, there is an "infolded” electrodynamics inside all potentials, fields, and waves 
that is far more primary than the coarse EM that is in our textbooks. It is actually an infolded general 
relativity, and this is what the Russians have weaponized. This infolded EM-GR has been ignored in 
the West (but not in Russia) since 1903, 


‘As another example the potentials, fields, and waves of present electrodynamics are rigorously 
defined — and exist — only in the presence of mass. They do not exist in such form (force fields and 
oscillating force fields) at all in space, in the absence of mass. Rigorously, Maxwell's equations are 
‘mass-to-mass transforms, since Maxwell and everyone at the time assumed the ubiquitous presence 
of the material ether. In other words, to the founding electradynamicists, there was no place in all the 
universe that was devoid of mass. Hence they defined all EM entities as entities containing mass. 
Even though Michelson-Morley experiments of more than a century ago destroyed that material 
ether, not a single Maxwellian equation has ever been changed! They still assume the material ether. 
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Specifically missing from our electrodynamics are two essential transforms: (1) the mass-to- 
spacetime transform, and (2) the spacetime-to-mass transform. In other words, these two transforms 
are "infolded” or hidden inside (comprise) the end point extremum case ~ the mass-to-mass transform 
actually written by Maxwell, 


But these two missing transforms are just general relativity (they correspond precisely to Wheeler's 
principle of general relativity). So general relativity has always been infolded inside electrodynamics 
as we know it, but ignored. Further, this is a very powerful general relativity, since it uses the very 
strong EM force as the agent of spacetime curvature. Hence now one can engineer a powerful 
‘general relativity in the laboratory and in practical devices, and even action-at-a-distance, which one 
cannot do using merely the staid and weak G-force. 


It turns out that longitudinal EM waves as shown by E.T. Whittaker in 1903 and 1904 are far more 
primary than our present EM theory and even our present GR theory. Both EM and GR are directly 
engineerable using longitudinal EM waves, including subluminal and superluminal EM waves in 
vacuum, and including action at a distance. One can engineer complexes of spacetime curvatures as 
desired, which in turn are spacetime engines (Wheeler's term). ‘These engines can act upon mass ~ 
either living or inert ~ in any fashion desired, and at any distance desired 


little-known and poorly understood Regeneration & Recovery (R&R) system — as contrasted to 

mune system — utilizes this exact "spacetime engine" methodology to restore damaged or 
diseased cells, within its limitations ~ "dedifferentiating" or "time-reversing” them back to normal, 
‘The mechanism is fully explained in the attached package. The proposed program applies this 
fundamental method to greatly amplify the effect. Thus cancer cells can be reversed back to normal 
cells, HIV-infected cells (HIV-factories) can be reversed back to normal cells (genetics and all), etc. 
This represents a dramatic and unparalleled new medical therapeutic methodology of extreme power. 
‘The same techniques can simply be conjugated one additional time, and used to produce diseases and 
cellular changes at a distance, including in entire mass populations, as the KGB is doing right now. 
Specifically, by impressing an extremely weak "cocktail mix" of disease spacetime engines on the 
USS. populace, the immune systems are reacting and being "spread thin’ across several "shadow 
state" infectious pathogenic conditions. Thus when an actual terrorist BW attack occurs, the lethality 
of the strike will be remarkably enhanced because the immune systems will be "thinned" in their 
ability to fend off this new pathogen. By doing it this way, BW warfare can actually be conducted 
upon the U.S. without anyone being the wiser. 


(Our very survival as a nation is threatened by remarkable KGB weapons using this fully documented, 
extended electrodynamics. Bluntly, unless we take off our scientific blinders and understand Russi 
energetics weapon science, GWS and the Embassy health changes in Moscow were just a picnic 
before what is upon us. After two decades of work on the KGB energetics weapon problem, we have 
fully deciphered the technical mechanisms and what energetics is, as well as citing many of the 
Russian weapon tests and how they were done, Again, you can see that for yourself in the package. 


‘Now that we understand the technical mechanisms, we are proposing rapid redevelopment of the 
Prioré process, in portable suitcase-sized units to be mass produced and filtered down into the entire 
emergency community for mass treatment of lethal infectious diseases resulting from BW strikes. 
‘And we are strongly urging the U.S. scientific community to quickly investigate and come to grips 
with this vast new biological engineering mechanism. Our very survival depends on it. 


‘The inclosed documents provide an overview of the process. There is nothing else on the scientific 
horizon that can save the majority of all those stricken Americans, once the first foreign-sponsored 
terrorist teams strike our population centers with BW agents. 


Sincerely, Incls: Full package with table of contents 


T.E. Bearden 
President & CEO 
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“Others [terrorists] are engaging even in an eco-type of 
terrorism whereby they can alter the climate, set off 
earthquakes, volcanoes remotely through the use of 
electromagnetic waves... So there are plenty of ingenious 
minds out there that are at work finding ways in which 
they can wreak terror upon other nations...It's real, and 
that's the reason why we have to intensify our 
[counterterrorism] efforts." * 


Secretary of Defense William Cohen at an April 1997 counterterrorism 
conference sponsored by former Senator Sam Nunn, Quoted from DoD 
News Briefing, Secretary of Defense William S. Cohen, Q&A at the 
Conference on Terrorism, Weapons of Mass Destruction, and U.S. 
Strategy, University of Georgia, Athens, Apr. 28, 1997. 


Slides 
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Loss of two separate A-10 Warthogs in 1997 


e Typical ABM Defenses (Widely Deployed 
by mid-70s 
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Launch Phase Anti-Missile System 
Launch Phase Anti-Bomber System 


HC-130s Engines Quit, Aircraft Crashes 
Nov. 22, 1996 


1996 Actions by this analyst 


Additional Information Exit 


Analyzed, Not 
Integrated in Briefing 


Kill of Arrow DC-8, Gander AFB, Dec. 12. 


1985 


Satellite Photos of Plumes in Soviet Arctic 


Since 1974 
See "Fer de Lance" for additional 
information 


Aum Shinrikyo ("Supreme Truth" Cult), 
Shoko Asahara, Leader 


Aum Shinrikyo - Anatomy of a Dangerous 


cult 


Ashkhabad Problem and Its Solution 


Iran Earthquake, September 1978 
Situation Now (Assessment) 


Situation Now (Assessment 2) 


Aspects of Strong Local Asymmetry 


Mass Casualty Problem: Aerial Anthrax 
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Present Status of the WMD Threat to the 
United States 


Some Present Problems in the U.S. WMD 
Defense Capabilities 


Internal Terrorist Threat with Weapons of 
Mass Destruction: Now & Future 


Attempt to Ban Energetics Weapons 
Worldwide 


Brezhnev's Schedule 


Large glowing Tesla globe witnessed in Red 


China by hundreds 


Cold Explosion -- 9 April 1984 Near Kurils, 


and formation and growth of spherical shell 


(globe) 
Sequence of Events 


Cold Explosion -- 9 April 1984 Near Kurils, 


and formation and growth of spherical shell 
(globe) 
What They Were 


Cold Explosion -- 9 April 1984 Near Kurils 
(Plus additional weapons effects 


Countering Insane MAD Systems: 
Find Loophole, Exploit It 


Next Generation Counter to Both Sane and 
Insane MAD systems 


Simultaneous Dudding of Nuclear Weapons 
Worldwide 
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Simultaneous Dudding of Nuclear Weapons 


Worldwide 
Operation Divine Wind II 
Advanced EMBW Applications 


EM Biological Warfare (EMBW) 


Microwave Radiation of U.S. Embassy in 


Moscow 
Pentagon EMI Studies, 1989 


EM Missile Practice (6 sli 


Subdivisions of Soviet Energetics Program 


Communism's Goal 


Manuilsky's Goal vs. Status Today (Dec. 
1996) 


Professor Hellman, German Scientist 
Released from Work in Soviet Union 


Hemispheres and Globes of Light (4 slides) 


How Could Such Superweapons Ever Be 
Concealed? 


Soviets Easily Concealed These 
Superweapons for Four Decades 


Microscope-type. laser-like interferometer 


for inducing quick decay in samples of 
otherwise longer-lived isotopes 


Longitudinal Wave Interferometry: 
Endothermic 
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Longitudinal Wave Interferometry: 
Exothermic 


U.S. Air Attack on Libya, April 1986 


Lightning Wall 
circa 1959-1960 


Lisitsyn's Report: Brain Code Broken 


Large Longitudinal Wave Interferometer 
(LWP) Accident 


Large Longitudinal Wave Interferometer 
(LWP) Accident 


Use of Hidden Information Content of the 
Field Can Provide Action-At-A-Distance 


Two Types of Mutual Assured Destruction 
(MAD) System 


Psychoenergetics Weapons Teams Mental: 


Disable All Personnel 


Strikes Against Special Ship and Energetics 


Weapons Sites 


"Mindsnapper" Attack on Special Ships and 


Energetics Weapons Sites 


How Much Off Guard Are We? 
(7 Slides) 


Possible Targets: 1995-9 Escalation Phase 


Propagation of Weapon Effects 


Yugoslav Earthquake, Followed by Cold 


Explosion 
April 15th, 1979 
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Countering an Insane QP Weapon 


Gulf War Disease: KGB QP Weapon 
Induced ST Curvature Engines for a 
Cocktail of Diseases 


Self-Targeting in Inner EM Channel Can 
Produce a Quantum Potential 


Mechanism for Producing a Quantum 


Potential 


Major Principles for Use of Quantum 
Potential Weapons 


Major Principles for Use of Quantum 
Potential Weapons (2) 


Instantaneous Communication by a 
Quantum Potential 


Participants in a quantum potential share a 


common multiply-connected spacetime 
(MCST) 


Quake in Tangshan, China 
28 July, 1976 


Exchanging Earthquakes 


Instant Communication by a Quantum. 


Potential 


Westerners Do Not React to Slow Threats 


e Characterizing a Given Risk or Risk Factor 


Technical Risk Management 


Aum Shinrikyo's Sarin Facility 
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In Scalar Beam Interference Zone 


Initial Soviet Plan for Cold War, After WWII 


Josef Stalin: Absolute Dictator 


Exploding any Resistance by Operational 
Scienti 


Significant Soviet Statements 


Captain Svoboda Dives Headlong to Her 
Death 


T-polarized Beam Projector 
Possible Tests (1 
Possible Tests (2 


Possible Tests (3) 


Possible Tests (4) 
Mushroom Cloud Rising From Sea 
Launches from Cape Canaveral and 


Vandenberg AFB Provided Practice Targets 
of Opportunity 


The sinking U.S.S. Thresher, with her 
controls jammed, implodes when she 
reaches crush depth 


Embodiment of an instrument array 
sufficient to discriminate when time-density 


charging has occurred, and that transduction 
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of time-charge decay has occurred. 


Time-Polarized EM Wave Interferometer 
Creating Space-Time Curvature Engines ina 


Distant Interference Zone 


Transmutation of Radioactive Nuclei at a 
Distance 


Nuclei 


Transmutation of Radioacti 


Typical Tesla Shield, Northern Route of 


A Curious Tide in Human Affai 


Large Scalar EM Interferometer (LASI) 
Accident Near Urals, 1958 


The Superpower Paradox: Asymmetric 
Cheap WMD Strategic Strike and 
Destruction 


The KGB/Yakuza-Aum War Plan 


« Why Western Science is Ignorant of KGB 
Energetics 


Transmutation of Radioactive Nuclei at a 


Distance 


TheYakuza 


Yugoslav Earthquake, Followed by Cold 


Explosion 
April 15, 1979 


* Note that the Secretary did not speak the words in 
square blocks: these were added by the writers later, 
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probably to "soften the tone” of the Secretary's 
information release. So the Secretary confirmed that, 
some nations of the world -- not just some ragged 
terrorists, as the writers tried to imply for spin control -~ 
do possess novel electromagnetic weapons and are 
using them to induce earthquakes, engineer the weather 
and climate, and trigger volcanic eruptions. 
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THE COMING STRATEGIC ATTACK 
ON THE UNITED STATES 
By an AUM/Yakuza/KGB/Communist Coalition Using Energetics SuperWeapons: 
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Outline 


Background: Classical Electromagnetics (and Defects) 
Background: Energetics (Scalar Electromagnetics) 
Background: Soviet Energetics Weapon Development 
KGB/Communist Plans 

Countering of Soviet/KGB/Com munist Plan in Mid-80s 
Soviet Economic Collapse and Adaptation of Plan 


Weapons Bleed-Out: KGB/Russian Mafia 
Yakuza: The Japanese Mafia 
Aum Shinri Kyo (Supreme Truth) Cult 


Coalition: Aum/Yakuza/KGB/Communists/Russian Mafia 
Operation Divine Wind Il: Three Phases 
= Phase |: On-Site Training Phase (Completed) 
~ Phase II: Escalation Phase (In Progress) 
— Phase III: 1997 Strategic Strike on the United States 
— Support Plan A: Feints, Deception, Sabotage & Terrorism 
— Support Plan B: Test Range 
— Support Plan C: Worldwide Weather Engineering 
— Support Plan D: Strategic and Combat Intelligence 
Special Information 
Recommended Actions © we unre enon 
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Loss of two separate A-10 Warthogs in 1997 


 A-10 Mysterious Flyaway and Crash - April 
2, 1997 


e Death of Second A-10 Pilot - May 27, 1997 


Captain Button's Mysterious Flyaway and 
Eventual Crash 


e Death of Second A-10 Pilot - May 27, 1997 
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Armed with: 
- Four 500-lb bombs 
- 30 mm Gatling gun 
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Captain Amy Svobody 
e Night training mission 
@ From Davis-Montham AFB 
@ From same wing as Captain 
Button, who flew his A-10 NM 
off course for over an hour 
and then crashed on April 2. 
‘@Climbout from ordnance Companion A-10's 
delivery on target 
Nosed down s! ly and 
dived into groun 


+ Nosed sharply over 
and flew into ground| 
= Psychoenergetic kill 


© TE BEARDEN 1999 


hoenergetic we: induced instant hypnogogic state and 
Fae ee re Do eed ene 
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A-10 Mysterious Flyaway and Crash 


April 2, 1997 
Amned with: 
cCOLo. 
Talpm (aera - Four 5004b bombs 
ua AL - 30 mm Gatling gun 
za 
rT 
(Ezae} Vail 
Breaks Formation @ 
near Goldwater Range| 
COLO. 
jlenmo d 
Mae Now York 
rs jountain 
Bein Pn ig 
Beye aioe DEPARTS Af 2 
F Dam tmeeFlightp ath q 
CQ Tucwn. $ 
NS Tombstone « 
Aspen 
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Death of 2nd A-10 Pilot May 27, 1997 


* Purpose: Stimulate US. Captain Amy Svoboda * 
Gitameares again Night training mission Rerctecnucee* 
of TREES" | 2 arin, | ae 
"US. showed itis m same wing as 
conipletely unaware Button, who flew his A-10 = Probable sing 
off course for over an hour 
and then crashed on April 2. 
Almost certainly a second 
psychos ics strike 


\ 
Psychoenergetic strike induced an SS 
instant hypnogogic state, shifted pilot's \ 
sense of up and down Svoboda corrected and 
“climbed out” after target attack, and 

flew into ground, dream-perceiving down was up. 
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Typical ABM Defenses 
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EARTH'S SURFACE 
SOME OPERATIONAL MODES: 


@ Ve eM os + MULTIPLE SIMULTANEOUS MODES 
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SOME OPERATIONAL MODES: 
* SIMPLE TRACKING 

* PHASE CONJUGATE TRACKING 

* ENGINE COMBUSTION COOLING 

« EMP INSERTION 

* ELECTROMAGNETIC MISSILE STRIKE GIANT. 

* ELECTRICAL INTERFERENCE ENERGETICS 
* METAL LATTICE SOFTENING 


* HEMISPHERICAL SHELL 
* MULTIPLE SIMULTANEOUS TARGETS 
* MULTIPLE SIMULTANEOUS MODES 
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CTEC PROPRIETARY 


&_1996 Actions by this analyst gf 
* In July 1996, with the kill of TWA-800 it became 
apparent that the KGB/Communists were prepari 
a massive strategic energetics attack upon the U.S. © T= BEARSEN J997 
e Began intensive, nearly round-the-clock effort to uncover 
what was happening, and what had occurred in KGB/Com 
weapons since 199’ 
¢ Began preparing full-up set of briefing slides simultaneously 
—In early 1996, had briefed J6 on scalar EM, per his request 
—Had strongly suggested a follow-on weapons brief 
-Adamant opposition by NRL, NOL, others 
* Similar energetics attack scenario in 1986 was 
countered. Soviets at that time did not possess 
operational QP weapons, and so could not successfully 
overcome dead-man fuzi 
Also could not dud nukes worldwide, because OP required. 
—First lab prototype QP test was in April 1986 
« KGB had solved the dead-man fuzing problem by OP's. 
Deployed circa 1989-1990, Some earlier weapons then leased. 
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Additional Information Exists; 


Not Analyzed, Not Integrated in Briefing 
= Yakuza arranged involvement of 

— Red Chinese 

— North Koreans 


pest 
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Kill of Arrow DC-8, Gander AFB, Dec. 12, 
1985 


Slide 5 
Slide 6 
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KILL of ARROW DC-8 
a Gander AFB, Dec. 12, 1985 


*SOVELENM Missile Weapon strike practice 
TWO WEEKS earienalCapeiCanaveral 
+ Offset from night shuttle launch 
Ay + EM missile photographed by Bob Gladwin 


+ Associated marker beacon photographed 
SF Casicelin Sere Sole orl fnelissefs 

© Half thought icing, halfidisagreed intensely 

© "Due fo icing” approved with halfabsent 

© Separate dissenting finding issued 
mess oiistils piclise) I/Goniey atic 

» Feared'terroristibomb, MidEast sponsor, 

> Pressured Board, Gen’ Off: bulldozed’ site 


e Lack of icing on aircraft later validated Sey 
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YULL of ARROW DG. 
PE Gander AFS, Dee. 12, 1985 


Eyewitness observed beams form in the sky 
Saw streak-down and strike of EM missile 

= Struck right fuselage ahead | of the engines 

= Hole was burned through fuselage there 

= Photojof hole published in AWSS7; 

— No explosive residues onihole: Pa 
Consistent with ignition and outgassing of, 
plastics in forward cabin 

Consistent with pre-crash HCN deaths 


pl 
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x HULL of ARROW DCH 
Gander Ar, Des. 12, 1995 


Combustion cooling reduced thrust during runup 
Emulated reducing specific thrust by icing 
Struck with ElViimissile, at liftoff 
Hole in night tuselage, ahead of engines 
Not normallexplosion; no material ingested 
EMimissile explosively ignited|plastics in forward 
Cabin; outgassed pojsonous HCN 
Aaigesles: rlalf is pusssnyers dis iron oN 
inhalatiofBerarep anew apied| 


Data recorders recorded Vertical Spikeonint 


Materials handlers later mysteriously sickenedPwith 
symptoms of longitudinal EM radation induced illne&s * 
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HE ot Arey nigay 
ander AFS, Dec. 12) 1SB5 


Combustion cooling reduced thrust during runup 
Emulated reducing Specific thrust by icing 
STAC ATEN INES entity 

Hole in right fuselage, ahead of engines 

Not normal explosion; no material ingested 

EMimissile explosively janited plastics in forward cabin; 


outgassed poisonous Hi 

Auitopsjes; Half tie passengers died trom HCN 

Infialation) 

before plane crashed, 

Data recorders recorded vertical spike of hit 
Materials handlers later mysteriously sickened, with 
symptoms of scalar-EM radiation induced illness 
Eye witness observed formatiomand strike of te 
electromagnetic missile 
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Death of the Arrow DC-8 


Dec. 12, 1985 lst 
Gander, Newfoundiand AIRCRAFT GLOWING easier 


(THRUST REDUCED) 
ENGINE THRUST 


= 
<2 > 
EM MSL STRIKE 
semua “an oyanog 
INSTRUMENT INHALATION 
KINDLING SPIKES) 


(SELF-TARGETING) 


. ong 
ELECTROSTATIC |EXPLOSIVE . 
cocume or" |puasnes TALDOWN 
ENGINE | IGNITION. FIRE, ABOUT ONE-HALF \* ® 
COMBUSTION | |OUTGASSING | | THE OCCUPANTS DIE | GraviTON RADIATION DECAY 
| ] (EXPOSURE OF RECOVERY 
PERSONNEL TO LONGITUDINAL 
ceierermcateon 
enintonicranoive any CHanesn pues 


OF ATOMIEWUCLE) || WTO.ATOMIC MCLE: 
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Satellite Photos of Plumes 
in Soviet Arctic Since 1974*, 


= Two aircraft flew through for analysis 
—Solid material, mostly ice, a little clay 
—Much colder than surrounding air 
— Signature of cold exhaust from exothermic 
scalar interferometry operations & 
—No volcanic material fr 
—No radioactive material oe 
= May be 2 to 3 times as many incidents 
— Only examined satellite imagery in winter 
— Only periodic satellite coverage 
—Hypothesized methane venting, cloud seeding 


© wre woe {AS of 1989, when this information was gathered 
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AUM SHINRIKYO 


("SUPREME TRUTH" CULT) 


Shoko Asahara, Leader 
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Ashkhabad Problem 
and Its Solution 


= PROBLEM: 


Stress increasing in two-plate fault zone 


-1,000 shocks yearly WW 
-Kara Kum canal 
-Hydraulic pressure v{S 


-1948: Ashkhabad 80% destroyed by quake 
= SOLUTION: 
-Stress-relieve plate stresses from fault xX 
= IMPLEMENTATION: 
Induce nearby earthquake 
-Deceive by predicting a quake, setting off 
nuclear explosion 
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Strange Characteristics 
of Iran Quake, Sep. 1978 


pest 


= Signatures Gst6 fa ence) 
—7.4 on Richter scale 
—No aftershocks: 6.0 expected (normal) 


— Strange epicenter 
—Anomalous depth re 
= Deception 

-10 MT Soviet nuclear explosion 36 hours 
before the quake 

—Prior disinformation regarding Soviet 
attempted development of focusing shock 
waves from underground nuclear 
explosions, to cause distant earthquakes 
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Se Iran Earthquake g 
Sept. 1978 


= Killed 25,000 Iranians 
= Soviet city of Ashkhabad saved 
=Soviets "predicted" quake 
in advance; then induced it e % 
= Quake had serious anomalies (signatures) 


= Deception measures were used by Soviets 


—Prediction in advance 
"Theory" of quake-induction by nuclear explosions 


—Fired underground nuclear explosion as 
“Red Herring” candidate for cause ry 
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Situation Now (Assessment) a 
= In May 1997: second A-10 pilot (lady), in pulp from © 


night ordnance delivery on target, was struck with 
psychoenergetic weapon takeover. Sense of vertical 
was reversed. She perceived herself diving, sharply 
corrected, and dove headlong into the ground. 


= Additional aircraft kills uncovered, including one 
4-engine aircraft whose engines all failed. This 
closely repeats the earlier 1985-1987 scenario. 
= Korean Airlines Flight 801 crashed on Guam on 
anniversary of loading of the atomic bomb that was 
dropped on Hiroshima in WW Il. The Enola Gay, 
which dropped the bomb, took off from Guam in wee 


morning hours of August 6, 1945. The local opns 
order on Guam was also issued on Aug. 5. ee 
= Presently the Coalition (KGB/Communists/Aum 


Shinrikyo/Yakuza) is waiting for proper time to 
enone final aise ft ist om: Som rman 
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Situation Now (Assessment 2) 


= April 97: Mind control test against Captain Button: 6 


—- Demonstrates ability to control crewman in 
complex operations for more than one hour. 
— KGB requires one hour total QP crew control 
on a site to have crew disable insane QP wpns. 
= Once QP systems disabled, ing thing tn = @ 


et ee plus up to p to 20-30 perstrs Tor 
controling ling thoughts, he ae ptions, etc. -— 
ibe Pd 97, oees building ado deploying “ erections 
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Aspects of Strong Local Asymmetry 


® Iflocal ae ymeny is strong, conservation 
laws may be appreciably violated 
= Energy 
= Charge 
= Spin 
= Momentum 
= Angular momentum 


= Properties of an object may differ 
appreciably for 
— Different observers 
= Different detecting means 
— One time to another 
= One position to another © TE Beardsn 1995 1998 


pln 


‘httpstfw 


e One terrorist, one light aircraft 
with spray tank 


e One kilogram of anthrax 


Flies over greater metropolitan 
Washington, D.C. 


e Calm night 
e 1-3 million casualties result* ae 
e Most of those stricken will die 
e Presently little can be done 
to save the stricken civilians 
e Attacks on severa y Populader a) 


1] 
centers might produce some 
? 10 million or more casualties 


*Per OTA Report to Congress, 1993 
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e Many foreign nations are hostile 
to the U.S. and sponsor terrorists 
e ar weaating tea eve WMD or 
uiring the 
— BW agents and weapons a 
— Chemical agents and weapons 
— Nuclear materials and weapons $a) 
e Thousands of students and émigrés 
e Infiltrated teams, BW, other WMD already 
e Castro guerrillas infiltrated over the years 
e Can do unacceptable damage to U.S. now 
e May reach first strike knockout capabili: 
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*Per OTA Report to Congress, 1993 


upeitw 


/AtkMetro2san,jpg8.11.2003 1:22:48 


hitp://www.cheni 


iages/weapons/AtkMetro3sm.,jpg 


¢ No shelters wane overpressure, 
Bwri Mitertnas reek showers, supplies) 
° No stockpiled macck i 
immunoglobulins, il oad fuel 
generators, heaters, weer ication units 
Totally insufficient medical facilities, 
personnel, and emergency response teams. 
¢ Triage, full martial law will be required 


* State, county, city inadequately staffed BEd 
and insufficiently trained for mass casualties 

¢ Terrorist teams, BW agents, other WMD on site, wa 

© Water supplies, food, crops, farm animals also vulnerable 

e Electric power grid, bridges, trains, railroads vulnerable 


« Present medical science cannot save very many oO. 
casualties, now or in the foreseeable future 


© vm re eoroen 
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. < Shouuiernied AD missiles 
* Terrorism 


+ Energetios EM biological warfare 

« Scalar EM (energetics) weapons 

+ Scalar EM disease indiction 

* Alteration of behavior and emotions 

* Alteration of memory 

* Direct control of thoughts, perception 


Psychoe! 
* Acton-at-a-distance effects @ nwa 1m8 reo OM 
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Attempt to Ban Energetics 
Weapons Worldwide 


= On June 13, 1975, in a major speech Brezhnev urged the 
United States to agree on a ban of research and 
development of new kinds of weapons “more terrible than 
anything the world has known.” 

= On July 2, 1975 Brezhnev repeated his proposed ban on 
development of frightful new weapons, to a group of U.S. 
Senators. 

= In August 1975, Ponomarev called for a ban on frightful 
new weapons of mass destruction. 

= On Sept. 23, 1975 Gromyko presented a draft treaty 
agreement to the 30th Session of the UN General 
Assembly, for banning development of frightful new 
weapons. 

. je e jest notic sians were 
talking about! 
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SE nlite eeeeeanREnn Tae ERIE EEE eee Sed 
“We are achieving with detente what our predecessors have 2 
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been unable to achieve with the mailed fist... 
obey 1885 our power will be so irresistible that we can do what we 
anywhere on the globe.” 
Leonid Brezhnev, 
Ina secret 1973 meeting in Prague 
‘with European Communist leaders. 


“By the early 1980's we and our allies will control the high seas, 


space, and most of the earth's land area.” 
Kosygn, 
to Imelda Marcos, 


July 1978 

in 19856 the Soviets did it to ver till con strained b 
$26-87, te So ose v4 ob meted move, § gpl gons fe by 

by. “ sealer Eat woiseerina done TmOAG ‘and ead mat 


In April 1986, the first Soviet lab prototype of a quantum potential 
weapon specifically designed toward 10-min neutralization of nukes 
worldwide yas olnge dy sare against our U.S. airstrike on Libya. 

It was weakly in the "induced EMI" mode, for deception. 


By 1990 that weapon was loyed anda © TE temRDEN 
attack preparation phase ony pepe o scheduled for 1997. 
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PLOSION -- 9 April 1984 Near Kurils 
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COLD EXPLOSION -- 9 April 1984 Near Kurils 


© Superpotential interfer- 
ometry using 
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COLD EXPLOSION -- 9 April 1984 Near Kunis 
(Plus additional weapons effects) 
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Countering Insane Mad Systems: 
Q Find Loophole, Exploit it 


= If MADs not pO potential systems, SU ae 
by instant QP strike which destroys targeted MAD weapons 
worldwide with certainty. 

= Have to be certain of types of dead-man fuzing. All dead-man 
fuzing weapons must be included in the assured target list 
for the striking quantum potential weapon.  satotieaee 


= Multiple targeted MADS require multiple vacuum engines ( 


the striking quantum potentials. 


= Uncertainty and risk introduced if not certain of all 
MAD systems and all dead-man fuzing systems. 

= Newest generation peychoenergede LW interferometry weapons 
can instantly take over minds 0’ eel pecan rel on targeted sites, 
with targeted crews quickly dis: ing their own MAD weapons 
launch Capability as well as the weapons themselves. 

= Mindsnapper then kills all living things and contaminates sites. 

= Next generation QP Psy-En weapons can disrupt and destroy 
minds of an entire targeted national population. The nature of 
warfare moves irrevocably to the human mind, where of course 
the fundamental problem arises anyhow. 


‘http://www. 


® Localized quantum potential in an area, 
used in psychoenergetics mode 2) 
= Gradually produces mild, continuous hypnotic state 
= Targeted population remains entirely conscious, functional 
® Internal “word thoughts" emerge directly in subconscious 
® Targeted persons all unaware of these “word thoughts" 
= Operates somewhat similar to “post hypnotic suggestion” 
= Gradually changes emotions, psychological outlook 


= Over a period of time, deviates and entrains entire aroee 
population's outlook. belief structure, temperament 


= Moves Psywar to inside the human component 
® Casta cee neninad oat oar epaaere apo 


= Gunter only by incertng same ethology 
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Simultaneous Dudding of 
Nuclear Weapons Worldwide 


¢ Via quantum potential joining U235 and Plutonium in warheads 

¢ Includes weapons airborne, underwater, in storage 

© These are transmutations of the nuclides themselves 

+ Part of the initial barrage launched by Aum/Yakuza/KGB 

© Will occur in the first minutes of the strategic strike, following 
psychoenergetically crew-disabling QP weapons 


Note: Duds both overt and covert nuclear weapons and weapons-grade 
materials ~ gee) “suitcase-delivered" covert weapons on site in © Le. BEARDEN 1995 


Russia which oth ise provide dead man fuzing 
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Simultaneous Dudding of aS 
Nuclear Weapons Worldwide \. 


« Via quantum potential joining U235 and Plutonium warheads 
+ Includes weapons airborne, underwater, in storage 
¢ These are not explosions, but are transmutations and 
etmosed ssloping tates fissioning rates 
« Part of the initi rage Par clive atid bovanelennehed by Aum/Yakuza/KGB 
* Will occur in the first minutes of the strategic strike © +. weswenrom 


Note: Duds both overt and covert nuclear weapons and weapons-grade materials. 
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Operation Divine Wind II 


Slide 1 
Slide 2 


Slide 3 


Slide 4 
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YAKUZA & Us. 
Go"Sivine WIND gS, 


*A secret coalition of Yakuza/Aum Shinrikyo and 
GB/Communist forces plan to launch a massive, 
surprise energetics attack on the United States, 
given a low-risk opportunity. 


* Major weapons utilized will be the scalar EM (energetics) 
superweapons (including quantum potential Weapens) 
were developed, deployed, and operated by the KGB under 
the former Soviet Empire, and continuing after its dissolution. KGB 
x Yakuza/Aum crews have extensively trained and test-fired, 
from on-site in Russia. They have ed operational control 
of the first three generation energetics superweapons (which 
work by superpotential interferometry). 
* The Escalation Phase of interdicting and destroying actual —wniosnapper ano 
U.S. targets (e.g., TWA-800, two A-70s) is al underway. PSYCHOENERGETICs 
* The first blow in the Strike Phase will dud all nuclear weapons " 
and weapons materials worldwide, in minutes; destroy spec . 
OP popudaneh tccarahe tnd kil B08 cf ergeted populations 
in from10 minutes to 3 days. pe pclae quantum 
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YAKUZA & U.S. 
AUM SHINRIKYO 
& DIVINE WIND II wetine 


* A secret coalition of Yakuza/Aum Shinrikyo 
and KGB/Communist forces plans to launch 
a massive, surprise energetics attack on the 
United States and its allies, given the first 
low-risk opportunity. cae 


* Attack was thwarted twice in 1997 bya “is 
small nation countering with QP weapons. 


* KGB psychoenergetics counter for the last 
QP weapon counter was tested in April 1997. 


* Ready time for a new scheduled attack is 
latter quarter 1999 through first half of 2000. 
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YAKUZA & US. 
AUM SHINRIKYO go 
DIVINE WIND Il x 


xA secret coalition of Yakuza/Aum and 
GB/Communist forces will launch a 
massive, surprise, strategic attack on the 
United States in 1997. 
* Major weapons utilized will be the scalar EM (energetics) 
ssuperweapons that were Se ysloped, deployed, ane 


operated by the KGB under the former Soviet Empire, 
and continuing after its dissolution. KGB/COMMUNISTS 


x Yakuza/Aum crews have extensively trained and 
test-fired, from on-site in Russia. ey have Jeased 
operational control of the energetics superweapons. 


* Escalation Phase of interdicting and destroying actual 


U.S. targets (e.g., TWA-800) is already underway. MINDSNAPPER 
* The first blow in the Strike Phase will dud all nuclear ES 
weapons and weapons materials worldwide, in minutes; ta foes re 

destroy special ship and energetics weapon sites ‘F 


instantly, and kill 30% of targeted populations in 3 days. 


QUANTUM 
POTENTIAL 


11.2003 1:23:48 
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OPERATION DIVINE WIND II 
Three Phases and Support 


Operational Phases 


e Phase I: On-Site Training Phase (Completed) 
e Phase Il: Escalation Phase (In Progress) 


Sve) 2 Phase lll. 1997 Strategic Strike on the U.S. 
First strike (QP) in Phase IIl duds all nuclear weapons 

and nuclear powerplants worldwide, in minutes 

Psychoenergetic strike (QP) disables people instantly 

Mindsnapper attack of special assets for 100% success 

QP initiation of fast-acting, lethal diseases kills 80% 

of targeted populations in three days or less 


Support Plans 


Plan A: Feints, Deception, Sabotage, and 
Terrorism 
ommcunn  ® Plan B: Testing and Test Range 
e Plan C: Worldwide Weather Engineering 
e Plan D: Strategic and Combat Intelligence 
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& Advanced EMBW Applications 


e Covert EMBW: Examples 
- Activate materials and their potentials with ST disease engines. 
Potentials superpose and their infolded ST dynamics diffuse 


- Activate water's structuring (H-bonding) potential with disease 
engines 


- Bias electrical power grid ground fields by weak diseases 
—- Employ disease-structured quantum potential in distant area 
e Overt death ray (mind snapper) 
= Powerful scalar EM pulse in target area "jerks" rate of flow of time 
— The "time snap” sharply separates mind from body and each cell 
e EMBW CM: 
- Irradiate bodies with longitudinal EM waves; self-converts to 
t-pumping and produces exact amplified ST antiengine 
- Antiengine arises out of local ST, affects all parts of all cells 
= Cells are t-charged with antiengine structure 
- Continuing action restores regenerative and immune systems and 
reverses cellular damage © TE GEARCEN 1995, 1999 
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a EM Biological Warfare (EMBW) 


= KGB/Communists have developed highly effective 
— Electromagnetic biological warfare (EMBW) 
- Counters to orthodox biological warfare OTE, BEARDEN 1999 
— Mass death ray weapons 
« Small version of “mindsnapper" tested in Afghanistan 
* Killed occupants in two villages, in separate strikes 
« Unusual aspects (so-called “smerch” gas) 
= Russia/KGB is the only group with a complete counter to 
biological warfare, either covert or overt, and to EMBW 
= EMBW (covert and overt) is a preferred option for KGB 
— MAD Doctrine is completely destabilized for a sufficiently covert 
Russian EMBW strike 
= Situation has existed for at least two decades 
— Can alter germs, bacteria, viruses of specific kind, in a specific 
target area, to produce antibiotic-resistant strains 
— Can induce any kind of cellular disease or damage ata distance 
= U.S. national characteristic: no reaction to slowly increasing threat 
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Microwave Radiation 
of U.S. Embassy in Moscow 


Former U.S. Embassy in Moscow. |ACKGROUNI 

* Began in latter 1950s 

* Discovered on VP Nixon's trip 

* Initially thought to be nuclear radiation 
(Discovered wiGeiger counter?) 

« High level target — U.S. Ambassador 

* Guarantees personal attention of: 

= U.S. Ambassador to USSR 

= U.S. President 

NSA, CIA, DIA, NSC, etc. 

Top consulting scientists 
= Leading U.S. scientific institutions 

* Two U.S. Ambassadors died, another sickened 

* Anomalous health changes in personnel, only 

in zero-field (zero pot'l gradient) areas! 

* Four U.S. Presidents requested Soviets cease 
= Cut from 18 watts/sq cm to 2 
™ Then again increased 

* No one could understand what was going on 

« Aluminum screens were placed over windows 

* Moscow was declared a hazardous duty zone 


© wos were weve 
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Pentagon EMI Studies, 1989 


Washington Post, 22Jan 1989, p. A4 
= Analysts of severe EMI effects in strike on Libya, 1986 
performed major 3-year, 66-man study 
—Blamed effects on U.S. forces’ own signals 
Did not know of any other “signals” present 
-Knew nothing of quantum potential weaponry, energetics weaponry 
= 7-month preliminary study 
— Severe EMI Problem exists 
- EMI shielding often waived in our weapon systems 
- Thousands of conflicts possible 
= Also studied UH60 Blackhawk helicopter problems (which were 
due to its lack of good EMI shielding, and not quantum potentials) 
—uncommanded turns 
—Five EMI crashes 1982-1989 
—$175 M program to shield it 
= So found that U.S. transmission combinations can 
—Affect aircraft flight control 
—-Turn off fuel supply 
—Cause uncommanded dive/tum 


=-Bring down U.S. warplanes 


* Actually, Libyan EMI was induced by Soviet quantum potential tests 
which can do all those things and much more © 1996 TE BEARDEN 
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EM Missile Practice 
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EM Missile Pi e 


Latter Sept. - Early Nov. 1996 
Melbourne, Australia 


Deception: Using EM Missile to Reinforce 


Notion of SAM Attack 
Saturday evening, Nov. 16, 1996 


Intelligence Probe: Insuring U.S. Still 
Unaware of Energetics Weaponry 
Thursday, December 12th, 1996 


EM Missile Strike, Offset from Night 
Shuttle Launch, Cape Canaveral, Florida 
The Smoking Gun in November 1985 


Distant Operator Onsite in Russia Slew 
Away Registration Point 

Marker Beacon over Night Shuttle Launch, 
26 November, 1985 


EM Missile Practice and Deception 
November 17, 1996 
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EM Missile Practice 
Latter Sept.-Early Nov. 1996 
(Multiple Nights, Multiple Streaks Each) 


(Many Witnesses) 


= 
~ 500 meters (one case) 


Melbourne, Australia 
Australian Associated Press 
Nov. 2, 1996 
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Deception: Using EM Missile to 
Reinforce Notion of SAM Attack 


Saturday Evening 
Nov. 16, 1996 


eee 


Note: Meteor shower was forecast, which 
provided perfect decoy to FBI investigators, 
to steer them off the true scent. 


Pakistan International Airlines 
Fight 712, just after takeoff 
from John F. Kennedy Airport, 
on path similar to that taken by 
TWA Flight 800, July 17, 1996 


upton 
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Intelligence Probe: Insuring U.S. Still 
Unaware of Energetics Weaponry 


Thursday 

Dec. 12, 1996 
Pilot sighted what he called 
a"green flare”. 


—— No danger, no evasive action. 


Saudi Arabian Airlines 747 

en route from Riyadh, Saudi Arabia 

to John F. Kennedy Airport. 

At 12,000 ft., not far from where 

TWA Flight 800 was killed on July 17, 1996 


FBI: "Probably a meteorite.” 
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from Night Shuttle Launch 


Cape Canaveral, Florida 


MARKER BEACON 


EM MISSILE STRIKE 
26 NOV 1965 


(UGHT DEVELOPMENT) 
OFFSET FROM NIGHT 


GHT SHUTTLE LA\ 


The Saioking Gun in Nov. 1985 


| ag Wstant Operatoy, Onsitein Russia 
ag ot S/ews Away Registration Pont. 


MARKER BEACON 


rt shuttle Lar 
al, Flor 


Photogr 


28 Nov 1985 
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EM MISSILE PRACTICE 
AND DECEPTION ts 


Nov. 17, 1996 at 2220 hrs. 


— 


&. ——— ‘Speed Bird 226 
o— 


Lufthansa 405 


ee en Vicinity of Long Island, New York 
of kill of TWA-800. Not far from where TWA-800 was killed 


“Inside gloating” by Two aircraft sighted object 
Aum/Yakuza/KGB. 
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Subdivisions of 
Soviet Energetics 


Energetics Bioenergetics | Psychoenergetics 


ugpwow.chenier 
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ee Communism's Goal Rg 


= "War to the hilt between communism and capitalism 
is inevitable. Today, of course, we are not strong 
enough to attack... To win we shall need the element 
of surprise. The bourgeoisie will have to be put to 
sleep. So we shall begin by launching the most 
spectacular peace movements on record. There will 
be electrifying overtures and unheard-of 
concessions. The capitalist countries, stupid and 
decadent, will rejoice to cooperate in their own 
destruction. They will leap at another chance to be 
friends. As soon as their guard is down, we shall 
smash them with our clenched fist." 


Z. 
Cerun School & Potkical Werfare, Moscow 
(circa 1934) 


@ 1996 TE eemmcen 
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Manuilsky's Goal 


Manuilsky, 1934 
= War is inevitable. 


vs. Status Toda 


Situation, Dec. 1996 
= Has not changed. 


= Not strong enough «= Strong enough now; preparations 
to attack now. completed. Need right opportunity. 

= Need surprise. = Have achieved total surprise. 

ci] |= We are sound = 

= Need most spectacular = Done. We think the Russian threat 

. pecan overtures, = Done, and still occurring every day. 
unheard-of concessions. It has worked beautifully. 

= Capitalists will cooperate. = We are cooperating in spades! 
They will leap to be friends. = We've leaped, and are leaping. 


= They will let down their guard. 


= No ABM, junked lots of nukes, 
shrunk our forces to the bone. 


= We'll strike them then. 


© 19%, 107 TE BEARDEN 
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«= They would have struck (twice) in 
1997, but for deterence by another 
nation (not U.S.) having QP weapons 

= They are still looking for a risk-free 


opening to strike 


38 
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Professor Hellman, German Scientist 
Released from Work in Soviet Union 
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= Worked in Soviet Union after WWII 

= Eventually escaped to Germany, then 
to Brazil (handsome offer) © wereemncen 

= Took part in highly unusual Soviet energetics 
development and experiments 

= Large areas of the sea could be and were 
suddenly frozen 

= No particular attention was paid to this 
information by highly qualified scientists 

= /n intelligence terms, this is A-1 information of 
the highest caliber 

= Bohm also was invited to Brazil, which 
started an energetics weapon program. 
Brazil developed such weapons including weak 
quantum potential weapons (0.95 confidence) 
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Hemispheres of Light 


March 20th, 1969 
Caribbean and Western North Atlantic 


e Hemisphere and Globes, 1977 
24 March, 1977 


« Virgin Islands Incident 
August 1969 


e Typical Shield Test, Northern Route to Japan 
June, 1982 
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xpanding Hemisphere of Light 


Mar, 20, 1969 
Caribbean and Western 
North Atlantic 


€ 


Semicircle 

Milky white light 

‘Small, intense at first 
Dimmed as enlarged 
Grew to enormous size 
Lasted 10 minutes, then 
faded 
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Hemisphere and Globes 1977 
(0855 GMT, 24 Mar 1977, ~ 2ndluminous 
Sy Stier (0 minutes eo” 
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1969 Virgin Islands Incident 
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8:15 P.M. 
pune Smooth, curved edge 
- 1 Seen by many residents: ; 
ld 
— 
tee = — + ergurnynyl —— 
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Typical’ s NOTiHETN ROUTE to Japan 


18-27 km diameter 


Asahi Evening News, Tokyo 
June 22, 1982 


Multiple tests seen per month, for years. 
Pilots simply.ceased reporting them. 
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How Could Such Superweapons 
Ever Be Concealed? 


Arthur C. Clarke's law states: 


"Any sufficiently advanced technology is 
indistinguishable from magic." 


To U.S. scientists, "magic" means "impossible" 


Longitudinal EM waves and LW interferometers 
have been regarded as fantasy and impossible 
To deceive foe on rather open use of unknown 
technology without discovery: 

"Disguise its Uses as Understandable 

accidents, human error, acts of nature 

other known technology, etc." 


11.2008 1:25:00) 


Soviets Easily Concealed These 


Superweapons for Four Decades 
Intensive Soviet deception plan utilized 
— Embedded in other weapon system tests 
— Made to resemble natural acts, accidents, etc 
— Open science releases coordinated to show 


Russian scientists worked on "normal" science 
West thought Russian scientists inferior 


U.S. scientific community was and is dogmatic, 
and fiercely suppresses real scientific innovation 


Terribly flawed electrodynamics not NESEY, 
shaken and changed in West mm 


West had no basis for understanding energetics 


Precise spacetime curvature engine adds energy to 2Hes «particles inside atomic nuctei, causing tunneling a-decay 


POWER POWER sean 
UNT t % unr 15 T rower 7 
ON 


MAIN 
OnDLAY 


‘UNIT. 
OW OVABLE) 


eterfaence 2008 


OPERATOR 
STATION. 


Elevation 
View 


Figure 26. Microscope-type, laser-like interferometer for inducing quick a-decay 


in samples of otherwise longer-lived isotopes. Once 
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Longitudinal EM Wave Interferometry: 
Endothermic ey 


- INTERFERENCE 
ZONE 


causes explosive cooling 


Ambient vacuum potential 
in distant interference zone 


—— 


of transmitter 
© Te-neAREN 1996 
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Longitudinal EM Wave Interferometry: 
Exothermic 


Energy input to Energy input to 
transmitter/receiver  transmitter/receiver 


& XMTR/RCVR 
. Filesty' 
of transmitt 


meas sg 
2 XMTR/RCVR ce 


Ambient vacuum potential 
in distant interference zone 


Meeting of timed pulses - 
causes explosive heating 
© LE. BEARDEN 1099 
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USS. Air Attack on Libya 
April 1986 


e Slide 1 


Slide 2 


"Washington Post" Article 
January 22, 1989 
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U.S. Airstrike on Libya 
April 1986* 


* 33U.S. AIRCRAFT IN STRIKE 
* MANY HIGH-POWERED TRANSMITTERS 
= COMMUNICATIONS 


pagan test + SEVERE, UNEXPECTED "EMI" ENCOUNTERED 
U.S. aircraft and missiles = ONE Ea OWNED 

— NUMEROUS WEAPONS WENT ASTRAY 
Sb dpasifcslics Wat) - THREE FOREIGN EMBASSIES DAMAGED 
pounean er ace mie ans) ~ SEVEN AIRCRAFT FORCED TO ABORT 


* COMMANDERS: "US OR THEM?" 
“Washington Post, 22 Jan. 1989, p. Ad 
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U.S. Air Attack on Libya in April 1986 


¢ Established QP with the electronics in our aircraft and missile 
¢ Subtly jammedthem with spurious EMI noise and signals 
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Lightning Wall $4447 4. 


e Aircraft on course of 270 degrees 

e Approached "solid wall of lightning” in 
an otherwise cloudless sky 
— From very high altitude to near the water 
— Extended north-south as far as one could see 


e Radar scope clear 

e Rigged aircraft for heavy weather 
e Plunged directly through wall 

e Wall was very thin circa 1959-1960 


Interview with Patrol plane commander 


© 1 weoncenime U.S. Navy PS aircraft 
Over Atlantic, 200 miles east of Norfolk 
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* THEORY DEVELOPED AND FITTED 
* HYSTERESIS MEMORY LOOP 
* CONTROLLED EM INDUCTION 
* IMAGES 
* SENSATIONS 
* PREDETERMINED EMERGENCE 
* 23 EEG BANDS 
* UP TO81X107°HZ 
* 41 INDEPENDENT CHANNELS 


‘SK. Listy, “New Approach fo the Amlyss of Ele remeqphalograss,” 
DOC Report ADTORS, p, 1625. 
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_Large Longitudinal EM Wave 
Interferometer (LWI) Accident 


e 1958 nuclear explosion near Urals 
— Contaminated 1200 square kilometers 
— Signature of large LWI accident 
— Buried atomic wastes suddenly exploded 
— Region contaminated to this day 

e Soviets were well along with advanced ~ 
prototypes and testing 


— In Jan. 1960 Khrushchev announced these 
forthcoming “fantastic weapons 


— 1958 difficulties would have been resolved by 1960 
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Large Longitudinal EM W 
Interferometer (LWI) Acc 


e Expected cause of 1958 accident 
— Huge LW energy beams built up 
= Catastrophic short-out in transmitter 
— LW energy flash over into earth and spread 
— Struck and fissioned red nuclear wastes 
e Developed new safety circuits 
— For transmi yort-out, instantly Ve to hold 
LW beam yy and'prevent fla 
din 198 
group b that tansmitter 
ophic quake in California 
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(Use of Hidden Information Content of the Field) 
(Can Provide Action-at-a-Distance) 


Interference Zone 
(Potential gradients) 
Normal EM Energy: 
May be positive, or 
negative, or fixed 


Hidden 
Bidirectional 


Hidden 
Bidirectional 
EM energy flow 


Whittaker/Ziolkowski 
Transmitter Arrays 


© T.E Bearden 1994, 1999 y (8 to. 20 harmonic wavepairs each) 


Figure 5. Scalar potential interferometry (between the two sets of bidirectional 
longitudinal EM wavepair functions) produces all EM force fields and waves. 
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;Two Types of Mutual Assured 
Destruction (MAD) Systems 


= Sane system: oe 


Turned off or on standby 

Wait until attacked or attack is imminent 
Humans consider situation, make strike decision 
Command order issued to weapons officers 
Human finger initiates launch sequence 


Usually requires code entry, etc. for assured launch control 


= Insane system: 
- plants? periodically (og. every 2 pours) initiates launch 
— During sequence, there , 2 min.) where 
operators eanenter stope riod (si emt) 
- - correct stop not entered, weapons Rutoredca ty launch 
- anotier She Sikcinetically raniGates the ialnetosqlsnce 


© ae. Te esr 
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ychoenergetics Weapons Teams 
<@ P lhentatiy Droubte Al Pelsounel 


(COUNTERS ALL SANE MAD SYSTEMS) 
(NULLIFIES HUMAN COMPONENT OF ALL WEAPON SYSTEMS) 


ELECTRICAL 
THOUGHT. 
ARISE DIRECTLY 


Hee / oor 


simultaneously in all minds in 
the targeted area 


Site personnel Iced 


hypn ani 
controled 
Distant weapon controller 
teams coord crew actions 

* Standdown insane weapons to 
maintenance standby. 
Mindsnapper then strikes, 

kills all personnel, and 
nullifies site for months. 
indicators: Two A-10 incidents 1997, LIDA device since 1950s. 


Ome 
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Strikes Against Special Ship x 


and Energetics Weapon Sites 


« Via powerful scalar EM pulses in each targeted area, so sharp timejerks occur 
= Mind and its operations exist in time but not in 3-space 
= Coupling interaction of mind operations to body occurs through flow of time 
= Flow or change of flow of time must be smooth, for coupling of mind to body 
* Sharp jerk in time flow snaps mind's coupling to body, instantly separates mind 
¢ Instant death for every virus, bacterium, cell, insect, mammal, living creature 
 Contaminates struck sites for months, perhaps a year 


Note: In other words, this is the part of the prep: 


aration barrage” 
that attacks the enemy's response capability (eis “artilery” —— @)r« vamos 
and his “airpower") and suppresses it. The use of the 
“mindsnapper™ weapons provides 100% assurance of success. 


Innphwww che 


Snaps ps8 


ips 


gQ “MINDSNAPPER" ATTACK ON SPECIAL 


‘agp 


SHIPS & ENERGETICS WEAPONS SITES 


“We have a new, fantastic weapon ... so powerful that, if 
unrestrainedly used, it could wipe out all life on earth." 


OY Speaking to Presiaium, & : 
s yy 


Y 


7 


; === * Minds snapped loose from 
‘SCALAR EM. bodies (every living thing) 
-BURSTS “Struck areas completely 


sterilized of all life 
f " * LWs emitted; slow decay 
of time-charge makes 
contamination persistent 
© Tested twice in Afghanistan 


TARGETED 
AREAS 


‘The Tom Bearden Website 


The Tom Bearden 
A Help support the research 
Website 


How Much Off Guard Are We? 


Slide 1 


Slide 2 
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How Much Off Guard Are We? 


. pre ban U.S. forces have no energetics weapons or 
defenses against them 
= No DoD general, military officer, or enlisted person 
reporting to the government of the United States has any: 
= Training in energetics or energetics weapons 
— Experience in energetics or energetics weapons 
development and usage 
— Training in strategy, tactics, deployment, and 
employment of energetics weapons 
- Knowledge of energetics weapons effects and 
capabilities 
- Knowledge of the energetics weapons, tactics, 
deployment, and employment by the KGB/Russians 
= Civilian and military, scientific and intelligence, and news 
media personnel do not recognize energetics weapons 
effects happening right over their own heads 1x0 
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How Much Off re We 


® Kill of U.S.S. Thresher in 1963 not recognized. Left signatures. 

= 23 years of KGB weather engineering, particularly over U.S. and 
North America, ignored and not recognized. 

= Decades of irradiation of U.S. Embassy, fatally injuring three U.S. 
Ambassadors, health changes in personnel shrugged off ineptly. 

= Massive building of underground sites, all through former 
Soviet Union, lamely speculated as perhaps "ABM" system or?. 

= 1985, 1986 Soviet kills of U.S. aircraft, spacecraft, personnel ignored 
as "accidents" by legitimate U.S. communities. 

= Quantum potential strike on soldiers in Gulf war ignored. 

. euangan potential deterioration of U.S. populace's immune systems 
ignored. 

= Exchange of earthquakes and massive retaliatory destruction of 
Soviet missile ammunition storage sites, 1986-1989, ignored. 

= U.S, scientific and military communities adamantly refuse to rework 
electromagnetics, though known to be seriously flawed. 

= Refuse to apply Stoney/Whittaker work to engineer hidden variables, 
even though present quantum mechanics also known to be wrong 
because it does not contain such "hidden order.” Orme rm remomes 

= Refuse to develop, structure, and apply Bohm's quantum potential, 
for instantaneous action at a distance. Russians developed it. 
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How Much 
Off Guard Are We? 


@ Kill of U.S.S. Thresher in 1963 
— Not recognized. 
- Left signatures. 
® 23 years of KGB weather engineering 
— Particularly over U.S. and North America 
= ignored and not recognized. 
@ Decades of microwave irradiation of U.S. Embassy 
- Fatally injured three U.S. Ambassadors 
- Induced health changes in personnel 
= Shrugged off ineptly. a | 
@ Massive building of underground sites 
= All through former Soviet Union 
- Lamely speculated as perhaps "ABM" system or?. 
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How Much 
Off Guard Are We? 


@ 1985, 1986 Soviet kills of U.S. aircraft, spacecraft, 
personnel ignored as “accidents” by legitimate 
U.S. communities. 

® Quantum potential strike on soldiers in Gulf war 
not recognized, ignored. 

® Quantum potential deterioration of U.S. 
populace's immune systems ignored. 

@ Exchange of earthquakes and massive retaliatory 
destruction of Soviet missile ammunition storage 
sites, 1986-1989, ignored. 
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How Much 
Off Guard Are We? 


© U.S. scientific and military communities adamantly 
refuse to rework i gic beatae though known to 
be seriously flawed 

® Refuse to aj toneyiWhittaker work to ineer 
hidden pe ch even though present nen 
mechanics also known to be wrong because it does 
not contain such “hidden order.” 

® Refuse to develop, internally ralrsperoiak and apply 
Bohm's quanturn potential, which 
icladansaus action at a distance and great energy 
amplification 


® Russians deve quantum potential weapons, 
which obsolete all other weapons. Om revnir 


‘up:/lwww.cheniere.orgfimages/weaponsfofTgardésm,jpg8.11.2003 1:26:15 


hitp://www.cheniere.org/images/weapons/oftgard7sm,jpg 


luntsville (AL) es 18 


“Retired Gen, Wayne Downing concluded that U.S. forces 
are so far superior to potential foes that opponents have 
tumed to terrorism as the only way of challenging them.” 
The Times also provided the information that 

Defense Secretary William Perry agreed with 

Gen. Downing's conclusion. 
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WE? 


Blind eo to Even the Ballistic Missile Threat 
« U.S. National Intelligence Estimate (NIE) released in Nov. 


1996 states there is no foreseeable threat to the U.S. from 
‘indigenous missiles" for at least 15 years. 

« Clinton has claimed a program for ABM defense is too 
expensive, would violate ABM Treaty with former USSR. 

« Soviets developed an ABM system in violation of the treaty. 

«In June 96 Russia test-launched an SS-19, their 26th ICBM 
test in 5 years. 

« "Russia still retains and is modernizing a vast nuclear 
arsenal. 


* “For the first time since the dawn of the nuclear age, there is 
not a single Russian missile pointed at America's children.” * 
Comment: Punch a computer button and the missiles are 
pointed! The armed missiles are still there, ready and waiting. 
Bulleted info courtesy Washington inquirer, June 24, 1996. House Nat'l Security Chrmn, Floyd Spence. 
© revonecs **Bill Clinton, State of the Union Message. 
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Possible Targets: 1995-9 
SS Esealation Phase 
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Microwave Nets Dome re rence and Computer Nets 
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Propagation of Weapon Effects 


= All conventional weapons use propagation 
through 3-space of matter or energy or both 
- Matter (bombs, missiles, projectiles, etc.) 
- Energy (EM force fields, sonic force fields, etc.) 
- Basically one-to-one, or one "bus" to many-on-many 
- Finite propagation velocity v: where 0<v <c 
- Time delay: Shielding and pre-strike retaliation possible 
= Structured quantum potential propagates 
vacuum ordering (vacuum engines), instantly 
- Zero time delay (through multiply-connected spacetime) 
= No propagation "through space", no "velocity" as such 
- Easily one-to-many, without limit 
- Dramatic energy amplifier (gates, amplifies flux ordering) 
- Effects arise in local spacetime; no shielding possible 
- No range limit, since striking distance always zero 


= QP weapons obsolete ali other weapons 
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Yugoslav Earthquake, Apr. 15 
Followed by Cold Explosion [1979 


Magnitude 7.2 on Richter scale 
Epicenter 33 km. deep pais. tad 
More than 100 aftershocks 7 
At Kamenari: 
Adriatic sea mushroomed up 
Like atomic bomb explosion 
Signature of a cold explosion 
Similar to Apr. 1984 test off coast of 
Japan, near Kurils (see inset graphics) 
Note that April is a significant test 
month for the Communists (preparing 
official reports for May Day?) 
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COUNTERING AN INSANE QP WEAPON: 
Quantum Potential Psychoenergetics 
<@ Strike Mentally Controls Ail Personnel 


CONTROLLED PERSONNEL DISABLE INSANE QP SYSTEM 
(FOLLOWED BY PERSONNEL KILL OF ENTIRE CADRE BY MINDSNAPPER) 


Berg 


Effects arise in local spacetime, 
simultaneously in all minds in 
the targeted area 


MINDS ARE INSTANTLY PLACED 
INTO WAKING BUT DEEP. 
HYPNOGOGIC TRANCE 


STATE. INSERTED THOUGHTS 
ANALOGOUS TO HYPNOTIST. 
PERSONNEL FUNCTIONIN AN 
ALTERED, COMPLETELY 
CONTROLLED PERCEIVED REALITY. 


Indicators; Captain Button’s lengthy A-10 incident in 1997, LIDA device since 1950s. 
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Gulf War Disease: KGB QP Weapon Induced 
ST Curvature Engines for a Cocktail of Diseases 


2 as A> © 1999 T. E BEARDEN 


Distant Scalar Potential 
Qo nite 


ferometer with 
iterative self-targeting 


tpsstww 


Self-Targeting in Inner EM 
Channel Can Produce a 
— Quantum Potential 


Once OP is established, energy transmission 
is direct and instantaneous. Energy input to one 
single participant will simultaneously appear in all 


other participants, the amount depending on 
fractions of pattiipation with the input station. 


TIME2 is GB 
esssesQ ™, 


POTENTIALS NTO LASER UKE 
TWO PUMPED RLGRRSOP INTERACTING ON” 
SOURCES. NOW ONLY PUMPED SOURCES 


TRE LINKED OBIECTS: ONNECT ven merc ences 
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@ TIME 4 a 


LB 
y gar 
@sssssQ wen FP seme nodes paticpating 
No inthe quantum potential. 

a. Iterative retroreflection between any pair of b. The quantum potential exists as narrow, laser-like 
nodes narrows the interconnecting potentials beams between participating nodes, even when 
to a laser4ike, bidrectiona beam. Iterative the nodes are widely separated The beam space 

jase conjugate reflection provides self- is multiply-connected; transmission is instan- 


jeting. taneous. 


© 1989.15 TE BEARDEN 


if-targ 
‘conj 


ic material form, then 
nodal pair. By iterative phi 
irs in laserdike beams, between each two nodes, 


into interconnecting wave 
‘Thus the interconnecting potentials narrow into laser-like, bidirectional beams. 
‘The Coulomb gauge mayapply, and @ quantum potential may be formed. 


Figure 30. Mechanism for generating a quantum potential, by iterative 
self-targeting induced into a system of multiple scattering nodes. 
Once a QP is established, spatial separation has little or no effect. 
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are Major Principles for Use of 
rs Quantum Potential Weapons 


= Must disable dead-man fuzing prior to massive 
use of scalar interferometry weapons. 

= Must assure immediate, complete nullification 
of unique enemy assets (quantum potential 
assets, special ships, and energetics weapons). 

= Personnel can be eget net instantly with 
mindsnapping; area is sferilized of life, and 
effect persists, gradually dying away. 

= Personnel can be disabled instantly with various 
psychoenergetic weapons; area not sterilized. 

= Personnel can be destroyed in short order by 
using EM BW weapons; area not sterilized. 

= If foe has energetics weapons, then it is a 

uick-draw “gunslinger” contest unless insane 
systems deployed. 

= Complete surprise is of decisive importance. 

= Tailor effect used to specific target, objective. 

= Note: Must use "insane" MAD systems to deter. © ”*'© =#0% 
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22° Quantum Potential Weapons: 
€ as Major Principles (Continued) 


= Three major classes of use exist: © 96 TE Beano 
—Use of bulk energy only (as in bulk heating or cooling) without 
substructuring v( ma ing) 


~-Use of internal structuring of the bulk energy, so that vacuum engines 
appear in target 

-Use of more deeply nested engines allows direct intervention in mind, 
long term memory, perception, thoughts, emotions, personality 


= Use of vacuum engines allows engineering at a distance of: 
- Atomic nuclei including structures, reactions, and transmutations 
- Bulk matter including translations, lattice bonding, chemistry, chemical 
~~Tnteractions, electromagnetic interactions 
~ Deep biological contro! systems such as 
> Beckers cellular Dontol (recovery) system 
> Popp's cellular control system 
- Cells including: 
“> Structuring, differentiation and dedifferentiation 
» Genetic changes, chemical changes 
» Induction of disease states without normal disease vectors 
~ Mind/matter interface, Sebcing long-term memory, perception, 
~~ emotion, thought, mental state 
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Instantaneous Communication by a 
Quantum Potential 


“quantum potential” 
is used in an © iom, soasre MOEN Selected clipart @ by Lotus SmartPics™ 
extended sense. 
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« Separated points are superposed in MCST 
1 


« Connection is instant and bidirec' 

* Propagation through ST does not apply 

« Energy or vacuum engine input to one station 
instantly appears at each and every other station, 
undiminished in magnitude 


etna, 


* Any station may insert energy 


Phase conjugation insertion 


© TE BEARDEN 1998 negates 
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Quake in Tangshan, China 
2B July, 1976 


e 7.8 on Richter scale 
e Hundreds of thousands killed 
e Accompanied by extensive light, 
electrical effects 
= Starting $ to 5 days before 
= Communications interference 
within 250 kin 
= Sky lighting observed ca oe 


e [Personal comments] 
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Counting Rifles: Put up or shut up! 


(Exchanging Earthquakes) 
Opening bet é 
- Quebec 25 Nov 88 
- Pasadena 3 Dec 88 
Raise you 
- Armenia 7 Dec 88 
Call - what do you have? 
- Malibu 18 Jan 89 


Four aces 
- Soviet Central Asia 23 Jan 89 
- Bakersfield et al various: 
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Instant Communication 
by a Quantum Potential 


The space is multiply connected; |.e., a 
power change of 1 watt on any sing 
node has a fraction of that power also 
appear simultaneously at each other 
node. Once the QP is established, 
‘spatial separation has no effect. 


MASTER 


N's are nodes 
participating in the QP 


@ v0, m0 TE BeAROEN 
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Westemers Do Not React to Slow Threats 


BOA CONSTRICTOR: LIGHTNING STRIKE 


Westerners tend not to react to slowly increasing things, 
but react to rapidly increasing things. 


up: 11.2003 1:27:11 
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CHARACTERIZING A GIVEN RISK OR RISK FACTOR 


Probability of 
Materializing 
—————J 1.00 
Very Likely 
075 4 
Ukely 
0.500- 
Unlikely 
} 025 — 
Very 
Unlikely 
ooo - 
0.00 025 0.500 075 1.00 
Negligible | _Marginal__| Critical Crisis: 
Consequence (or Disutility) of Risk 
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TECHNICAL RISK MANAGEMENT 


SUPPORT RESEARCH IS TECHNICAL RISK REDUCTION 
AND MANDATORY FOR ANY EMERGING TECHNOLOGY 


MODERATE 


NEGLIGIBLE 


SUPPORTING a a RIS 
PHENOMENOLOGY §=——————— 
EXPERIMENTS AND MATH MODELING 


tp: ww-cheniereorg/imageshweapons/RiskMgtsm,jpg8.11.2008 1:27:17 


Aum Shinrikyo's 
Sarin Faeilit 


The interior of Satian No. 7, a suspected sarin production plant 
| Chemical plant (the first four stages for productio | 


—_ a! 


— 
EE 


Eees| LU 
== 


Reference: Senate Subcommittee Hearings 
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In Scalar Beam Interference Zone 
Ss ——_ 
* De-phasing of wavelantiwave pairs occurs 
* Zero-summation destroyed 
® Ordinary EM reappears [Whittaker 1904] 


® Ordinary energy appears or disappears 
(i.e., may produce heating or cooling) 


e Energy bottle effect 
© Can add or extract EM energy 
e Can produce specific ST curvature engines 


© TE BEARDEN 1999 
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) Physicist Schappeller A 
Auralaz Munster, Austria: 
— British Intelligence interview, about 1948 
—Used Kaluza-Klein theory 
-Worked with Russians 
= Schappeller claimed he could: 
—Cause "implosions" rather than explosions 
— Use gravitational and electromagnetic 
energy 
—Cause large areas of the ocean to freeze 
— Tap earth-ionospheric field 
—Produce enormous energy 
= This is precisely what Hellman worked 
on in the USSR, after WWI 5 wcrecsoo 
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Initial Soviet Plan for 
Cold War, After WW II 


= Develop and deploy SAM bomber defense 
= Catch up in atomic weapons 
= Master and apply rocketry é 
= Wed atomic warheads to rockets 
= Initiate "Cold" War 
-Bleed the dragon 
- Guerrilla wars 
— Terrorism 
—-Insurgencies , 
= Find, develop, and weaponize 
next "great technical breakthroug: h 
area as highest national priority 


ome Te cence 
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Josef Stalin: Absolute Dictator 


* Secret police and spies everywhere 

* Purged his own officer corps 

* Always deeply suspicious 

* Regularly purged his enemies or those 
perceived to be shaky or untrustworthy 

* Absolute power, justice had nothing to 
do with it 

* Opponents often just disappeared 
in the night, never to be seen again 

* Secret police often tortured, killed them 

* Others sent to slave labor camps to die 
by severe work, starvation, and beatings 
or downright massacre 

* Had experienced unusual abilities of 
Wolf Messing, so knew that some 
persons could do unusual things 

* Forced Soviet weapon physics into this 
psychoenergetics realm also 
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© TE.BEARCEN 1997 


Assembled Academy 


"The destiny of communism has been frustrated by the U.S. development of the 
atomic bo! That is not the last it technical ral cry The next one 
be Soviet! You will provide me with that it new technical through at al 
speed, or | will have your heads. Do! e myself clear, comrades?” 
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ae Significant 
Soviet Statements 


="In the final revolution, it does not matter if three-quarters 
of the earth is destroyed, so long as the other quarter 
emerges communist." [Lenin] 


= "If a means of total neutralization of foreign missiles is to 
be found, it can only come from a group of new principles 
in physics, called energetics.” [Nobelian Petr Kapitsa, to Nikita 
Khrushchev, in answer to Khrushchev's demand for a 100% method of 
defense against long range missile attack.] 


= "We will bury you." (Khrushchev, to Nixon, Kitchen Debate] 


= "We have a new weapon, just within the portfolio of our 
scientists, so to speak, which is so powerful that, if 
unrestrainedly used, it could wipe out all life on earth. 
Itis a fantastic weapon." [Khrushchev, speaking to the _ 
Presidium, Jan. 1960) a ars 
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APTAIN Ally SVOBODA) 


® Night training mission May 27, 1997, 
Fiom)same Wing as Gaptain Button) ) 
© This Was aisecond) psychoenergetics strike 
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T- Polarized Beam Projector 


wine Aer ant StANces 


Abeam projector interferometer 
may be swept in azimuth and 
elevation, under computer control. 
‘The interference zone can be 
quickly swept through the 
Surrounding volume of space. 


Time-Density 
waveset Small 
generator 2 Delay 
generator 
LI f 


Spacetime 
curvature 
engines act 


Interference 


pop= 
eZ 
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Possible Tests (1) 
SS 


@ 1958 nuclear accident in Urals 

@ Disease induction in U.S. Embassy 
personnel in Moscow 

@ Siberian disease/death transmission 
experiments 

@ Destruction of USS Thresher nuclear 
submarine, Apr. 10, 1963 

e@ Nuclear explosion transmitted into 
ocean underwater, 100 miles north 
of Puerto Rico, Apr. 11, 1963 


@ W996 7.€ ENIOEH 
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= Eight F-111's downed in Vietnam 
immediately after deployment 

= Several large earthquakes 

= Mysterious aircraft losses in groupings 

= Numerous underground "nuclear" tests 


= Nuclear tests at Semipalatinsk without 
associated seismic activity 


= High altitude rumbles, snaps, booms 


= Off English coast 
= Off East coast of U.S. 
NGI eels ead EEL @ woe iro 
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Possible Tests (3) 


* (upto hours im duration) 


e Cold Explosion off Kurils 1984 
— First, a cold explosion abe 
— Then test of Tesla shield 300 mi, dia. 
© Tests offset shuttle launch Nov. 85 
« Kill of Arrow DC-8,Gander, NFLD Dec. 1985 
e Titan kill, Vandenberg AFB, CA early 1986 
e Kill U.S. Challenger, off Cape Canaveral 1986 
e Earthquakes induced, 1986-88 
© Dozens of tests of shields around the world 
© Decades of radiating U.S. Embassy in Moscow 
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Pos: sible Tests (4 


© Extensive tests 1990-99 in Western Australia 
e Engineering of weather since 1990 by Yakuza 
Sciiy uInteninriiaey tankers ae ca 


yo 
e C-130 engine flameout kill © merememon 
© TWA-800 kill 1997 

e Gulf War Disease Induced, 1991 


T popalanee: feos systems of U.S. 
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Mushroom cloud rising from sea 


e 0514 hrs, 9 April 1984 
¢ Gray-white cloud appeared 
¢ Rose 60,000 feet in 2 minutes 
¢ South of Kuril Islands 
= 180 miles southeast of Hokaido 
pa Aiea A HL 


Soviet testing scheduled 
4 sooutage mit miles eWay at 2100 hrs, 
3 Apr April 1984 vaireteaes 


Launches from Cape Canaveral 
and Vandenberg AFB 
Provided Practice Targets of Opportunity 


pw 


‘http:(/www.chenicre.org/images/weapons/T-Instrusm. jpg. 


ro2 /{ Res 


Radiation Counters] == 
RC-4 Me | 


res | | RC6 


me DED 


Experimental Region 


Figure 32. Embodiment of an instrumental array sufficient to discriminate when 
time-density charging has occurred, and that transduction of time-charge 


decay is occurring. 
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Transmutation of Radioactive Nuclei at a Distance 


Active Spacetime 

Curvature Engines 
Interferometer (may be multiple Spacetime Zone of action 
beam or single beam) is curvature \ 


r rd throt the radio- 
es of the nuclear 
wastes to be neutralized. 


Specific engines may be used 
for altering specific isotopes. 
| Waveset 1 
generator =~ 
Nuclear wastes 
In storage, In 
cockaner etc. 
Engines c 
Calculation me | 
pay 
Trans- 
|__| Waveset 2 mission 
Generator Control pre 
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Transmutation of Radioactive Nuclei (2) 


Specific spacetime curvature 

engines used are to add excess 
energy to selected radio- 
nuclei, including intermediate 
decayisotopes. In this way, 
decayis dramatically speeded 
up. 


~ Waveset 1 
generator Pa 
T 
Engines 
/——*} Calculation Me 
Vi 
+. Trans- 
|____» Waveset 2 mission 
Generator Control 


Active Spacetime 
Spacetime Curvature Engines 
curvature Zone of action 
engines act > 

within any 
intercepted 
radioactive 
wastes, adding 
excess energy 


Nuclear wastes 


in storage, in 
ditches, in 
containers, etc. 
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Hypical Sieg) fest NOMMHenn ROUTE to Japan 


18-27 km diameter 


Asahi Evening News, Tokyo 
June 22, 1982 


Multiple tests seen per'month, for years. 
Pilots simply.ceased reporting them. 
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To win its freedom in the long run, usually a group must 
defeat its attackers or suppressors af Jeast twice. 
* We fought the British twice for our independence. 


* Weare fighting ourselves twice to free the 
A slaves. American Civil War 
~ Civil rights struggle 


* We beat the Germans twice, in WW | and WW II 
+ We beat the Hispanics in the Spanish-American War. 


eee (They're winning the second by crossing 
r. The U.S. is becoming a Hispanic Nation). 


_But we also have some unfinished business at hand. 

* We checked the Russians in the Cold War. Once. 

* We checked the Japanese in WWII. Once. 

* We checked the KGB in the Cold War. Once. 

* We checked the Communists in the Cold War. Once. 
We checked Saddam Hussein in the Gulf War. Once. 
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gia mph Scalar EM Interferometer 
Ae (LAS) Accident Near Urals, 1958 


= 1958 nuclear explosion near Urals 
= Signature of large scalar interferometer (LAS!) accident 
= Buried atomic wastes suddenly exploded 
— Large region contaminated to this day 
= Soviets were well along with advanced LASI prototypes 
and testing 
= Khrushchev announced forthcoming advent of these "fantastic" 
weapons in Jan. 1960 
— 1958 difficulties could have been resolved by 1960 
= Expected 1958 cause: transmitter short-out and 
failure in a nearby LASI discharged its cumulated 
energetics beam energy into the ground 
= Spreading ground pulse struck nearby atomic wastes, 
fissioning nuclei 
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THE KGB/VAKUZA-AUM WAR PLAN 


© Dud all quantum intial weapons in other nations via psychoe! ics. 

° Remove! US., iste), Brazil, West Europe as military paces ‘ea 

® Destro} nuclear weapons, hostile energetics weapons, hostile ships, 
80% of targeted populaces in first Tourof strikes: STRIKE! 


LEASE TRAIN ESCALATE 


z) 
‘99091 
Aum/Yakuza 
Acquired 
Use of on-site 
Russian Bl 
ScalarEM Began extensive 
(Energetics) | training of AUM- 
Weapons. Yakuza crews 1995-99 
Began in Russia, with — | Began EM kill of selected 
Geosurvey practice firing | lone U.S. targets, law 
of TestRange | into Western strategic deception plan, 
(Western Australia. Jteam |" 1.2 ae? USAIr 7477 h 
Austratia) ee TWAS00 C-130 Enhance BW Infections with QP wpn. 
for training. pet domi ValueJet? A-10s When ready,counter insane QPweapons 
KGB Tested QP by i ‘2 Surged electrical grids. with psychoenergetics, Destroy QP wens. 
Population wpn| Preparing for | Worldwide practice killa, | Dud all nuclear weapons worldwide 
(Gulf War Secupation of | scalar interferometry. Time-enap tes 
Syndrome) stralia. | QP modification of ulations wiQP. 
Oren, wn re Revoen selected pathogens Then cleanup with interferometry strikes 
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Why Western Science is 
Ignorant of KGB Energetics 


e Foundations of electrodynamics and much of 
Western physics are seriously flawed 
Only just rediscovering longitudinal EM waves 
No knowledge of using time-polarized EM waves 


Does not know a powerful GR is hidden in EM 
Ignores inner structure of potentials, waves, fields 
Hotly defends errors, ignores for a century 
Determined to push big nuclear science 


Suppresses research to approved dogma by 
rigorously controlling precisely what fese arch the 
funds can be used for 
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Transmutation of Radioactive Nuclei at a Distance 


Active Spacetime 
Zone of acti ee 
Interferometer (may be multiple Spacetime one ion 
beam or single beam) is ie curvature NS 
4 through the radio- engines act 4 
of the nuclear . 


wastes to be neutralized. 
Specific engines may be used 
for altering specific isotopes. 


Nuclear wastes 
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Generator Control Ba 
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THE YAKUZA 
(JAPANESE MAFIA) 


To do business with Japan is to do business with the 
Yakuza 


The Last Samurai, Defending Bushido 


« 3 Major Yakuza Groups, In 
Coalition. 
« Penetrate Japanese Government. 
« Open Offices, Signs on Street. 
e Public Roma izes Yakuza as 
Last Japanese Samurai 
« In Large High-Tech Corporations. 
« In Control of Japanese Banks. 
« Japanese Real-Estate Rip-off. 
e $500 - 1,000 Billion per Year 
Income. 
« Rapidly Spreading in U.S. 
« Uniting Mafia Groups Worldwide. 
« Coalition with Aum Shinrikyo. 
« Leased Russian Energetics 
Weapons. 
« Crews On-site in Russia, Trained. 
« Practice Firings into Western 
Australia for Three Years. 
(Dozens of Shots per Month) 
« Now in Escalation Phase, Killing 
U.S. Targets. 
e All-out Strike on U.S. ready 1999- 
2000. 
« Now held in check by KGB, dead- 
© 1995, 1996, 2001 T.E. BEARDEN man 
fuzed by small nation friendly to U. 
Ss. 
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Yugoslav Earthquake, 
Followed by Cold Explosion [dé 

= Magnitude 7.2 on Richter scale 

= Epicenter 33 km. deep OFF APA, NEAR KURILS 

= More than 100 aftershocks 4, 

= At Kamenari: 
- Adriatic sea mushroomed up 
— Like atomic bomb explosion 
— Signature of a cold explosion 
= Similar to Apr. 1984 test off coast of Japan, near 

Kurils (See inset graphics) 

= Note that ape is a significant test 
month for the Communists (preparing 
official reports for May Day?) 
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Abstract: 


The paper deals with electromagnetic threats caused due to Directed Energy Weapons 
(DEW). The area of interest is focused on HPM (High Power Microwaves) and UWB 
(Ultra Wide Bandwidth) as an important part of DEW area. Possible impact on 
electronic structures which can be part of military systems is considered in this paper 
Some practical results achieved during experiments related to assessment of electronic 
‘equipment vulnerability is provided with overview of immunity of some equipment to 
HPM and UWB signals at the end of this study. 


Keywords: 
DEW, HPM, UWB, electromagnetic threats, NEC, vulnerability 


1. Introduction 
Directed Energy Weapons (DEW) with various principles seem to be more important 
in the future battlefield. There are several principles which are considered for use in 
the DEW area. Special optical technologies (lasers), sound technologies as well as 
microwave technologies are developed and can be used in special weapon systems to 
disturb military system behaviour or can be used for counter personnel weapons (for 
example Active Denial System working on frequency 94 GHz, see Fig. 1). DEW has 
been mainly considered as technologies suitable for less-lethal or even non-lethal 
technologies which have been subjects of interest within the past years. 

Recent developed military systems consist of equipment which is more and more 
sophisticated and relying on electronics. Very high importance of electronics within 
the military systems is obvious from development of Network Enabled Capabilities 
(NEC) which is a key task of the Czech Armed Forces as well as within the NATO 
(NNEC ~ NATO Network Enabled Capability). The stage related to "Communication 
and information sharing" has been topical in recent years and characterised by 
development of communication networks. Common network infrastructure can be 


* Corresponding author: Division VTUPV Vyskov, VOP-026 Stemberk, sp... Olomoucké 
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considered as a fundament of integrated NEC environment. Communication network 
and especially its reliability will have significant influence on mission success, 
Disturbance of these networks could be obviously critical 

Power electromagnetic fields can be generated by relevant power technologies 
and focused (directed) towards the target with electronics. Shortcuts like HPM (High 
Power Microwave) and UWB (Ultra Wide Bandwidth) are widely used in this area as, 
well as HPEM (High Power Electromagnetics) and IEMI (Intentional Electromagnetic 
Interference). Examples of developed technologies which could be easily used like 
DEW against electronics are shown in Figs 2-6 (these technologies were offered or 
presented mainly during relevant conferences in past few years, radiated pulse power 
‘was hundreds of MW or higher in frequency range of microwaves), 


Fig. 1 Humvee with ADS (Active Denial Fig. 2 HPM system DS-110 (built in 
System) mounted [1] suitcase, pulse power 250 MW [2] 


- 


Fig, 3 HPM system with antenna array Fig. 4 HPM system with antenna array 
PI installed on a tank [2] 
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Fig. 5 Electromagnetic System for Fig. 6 JOLT hyperband system, UWB 
Selective Car Stopping [2] system [3] 
2, Electromagnetic Threats 


As it was mentioned in the introduction an important group of DEW technologies, 
non-lethal technologies, was represented by weapons with use of power 
electromagnetic field destructive effects. 

Next electromagnetic environments are typically considered related to DEW (see 


© HPM: High Power Microwaves, narrowband signals in frequency range from 
hundreds of MHz up to several GHz, electromagnetic strength at the place of 
target typically up to tens of kV/m (strong dependence on range). 

+ UWB: Ultra Wide Bandwidth, pulses with rise time typically in hundreds of 
picoseconds and with duration of several nanoseconds, electromagnetic 
strength at the place of target typically up to tens of kV/m (strong 
dependence on range). 

Because HPM and UWB environment is strongly dependent on range and 
moreover these environments may have a wide variety of wave shapes, their 
standardization is very difficult. Now there are only few standards which describe 
HPM and UWB environment generally (e.g. IEC 61000-2-13 [4]. A possible 
approach is to consider various types of HPM and UWB environments that have been 
produced and to consider their possible use in the future against sensitive targets. It is 
always necessary to make relevant analysis of electromagnetic threat where the 
shortest possible distance from HPM or UWB source is a very important parameter. 


21. Electromagnetic Strength Assessment 
As a typical possible scenario can be considered HPM (UWB) source with real pulse 
power P = | GW and as a worst case special antenna with extremely narrow radiation 
pattern (G=40 dB, respectively D=8 750). Now the expected electromagnetic 
strength at the place of threatened equipment (system) can be calculated according to 
next Eq. (1) 


J30PD 


E 
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where P is radiated power, D is directivity of antenna, r is a distance of threatened 
equipment (system) from radiating antenna 

‘Note: Eq, (1) is valid only for direct propagation where reflections are neglected. This 
simplified equation is usually used for the microwave area and short distances, 


ci ~Lightning® Narrowband® 
Be 2 (ep nPM rine ate) 

pict "\ HEMP Wideband (UWB) 

qvimy |\ \ tig nerve 
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* ud | [| 
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Fig. 7 HPM and UWB comparison with other electromagnetic threats [4] 


radiated 

a antenna threatened 
equipment 

cuwe) (system) 

source 


RF energy propagation 
Fig. 8 RF energy propagation from source (HPM or UWB) to equipment (system) 
Itis obvious from Eq. (1) that for most eases (distance of directed energy weapon from 


equipment (system) is generally tens of meters), it is possible to consider 
electromagnetic strength up to tens of kV/m. 
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2.2. Critical Frequencies Assessment 
Its very useful to consider transfer function (7) of investigated equipment (system) 
for critical frequencies assessment. Transfer function To (outer) is combined with 7; 
(internal) to form a composite transfer function from incident fields to response box 
inputs in Fig. 9 [5]. Note: To typically corresponds to relationship between incident 
electromagnetic field and surface current and charge densities on the outer surface. T; 
corresponds to transfer function from the surface current and charge densities on the 
outer surface 10 some interior port of interest, producing voltage and current 
‘waveforms there. 

From Fig. 9 it is obvious the most important part related to critical frequencies of 
considered system (equipment) is band 2 ~ resonance region. It is possible to use first 
of all analysis where sizes of equipment (system) as well as used cable lengths are 
considered and next it is important to make relevant measurement of transfer functions 
(shielding effectiveness of used boxes, induced currents and voltages etc.) for transfer 
function (7) assessment 


Considered frequency spectrum is divided as follows [5] (see Fig. 9): 


Band I: f $f (aperture and small antenna coupling region), 


Band 2: f< ff, (resonance region, external and internal), 


Band3: fi, Sf (integration region), 


where is characteristic dimension of the object, ¢ 
frequency. 
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Fig. 9 System response as a function of frequency (logarithmic scales) [5] 


3. HPM and UWB Impact on Electronics 
Electronic systems can be affected by high intense electromagnetic fields causing the 
disturbance or even the permanent damage of the system. According to relevant EMC 
(Electromagnetic Compatibility) standards next performance criteria are usually used: 
A- normal performance within the specification limits 
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B - temporary loss or degradation of function (self-recoverable) 
CC - temporary loss of degradation of function, which requires operator intervention or 
resetting 
D - degradation or loss of function which is not recoverable due to damage of 
equipment (components) or software damage 

‘On the one hand performance criteria are a very important parameter on the other 
hand consequence of IEMI (Intentional Electromagnetic Interference) attack has to be 
considered too. For consequence scaling it is possible to use for example such terms 
like "very limited”, “limited” 


ery severe" and “catastrophic” [6] 


4, Vulnerability Assessment 
First of all it is necessary to make analy 
done (see chapter 2). Moreover it is necessary to consider criticality of relevant system 
(consequences ~ see chapter 3). Finally testing plan and testing can be prepared. The 
best way is to start with wansfer function measurements (shielding effectiveness 
measurement, induced currents and voltages measurement) which is possible to carry 
‘out in wide frequency range up to few GHz or higher. After that it is necessary to 
choose possible critical frequencies according to transfer function measurements and 
according to analysis. Chosen frequencies can be used for final high power 
electromagnetic field measurement with HPM and UWB simulator use. Possibilities of 
these simulators are restricted to parameters which cannot be changed or changing 
these parameters takes too much time. Due to this fact it is necessary to choose 
suitable parameters according to analysis and transfer function measurement results 
for this testing. The data gained from analyses and testing has to be considered 
together with possible consequences which can occur. Such data can be used for 
vulnerability assessment. 


5. Practical Results 
A lot of experiments related to electronic equipment vulnerability have been carried 
‘out in previous projects within the last few years 

‘Transfer function measurements were carried out for better understanding of 
electromagnetic field coupling into relevant cables. Tested cables were irradiated with 
electromagnetic field with vertical polarisation and induced voltages were measured in 
frequency range 30 MHz to 1 GHz. It was low power measurement, electromagnetic 
strength of incident electromagnetic field was 1 V/m and measured results were 
recalculated for expected high power electromagnetic field 10 kV/m. Mainly cables 
which are widely installed in computer technologies were used for the purpose of these 
experimental measurements. Few examples are shown in Figs. 10-12. It is possible to 
expect induced voltage levels on regular widely used cables approximately up to 1 kV 
during electromagnetic field incidence with electromagnetic strength 10 kV/m on the 
basis of presented results. The highest induced voltages occur when the length of 
cables is comparable with wavelength of used signal (resonant region, see Figs. 10- 
12). For lower frequencies as well as for higher frequencies induced voltages are 
becoming lower. 
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Fig. 10 Induced voltages on USB cables for electromagnetic strength E = 10 kV/m 


1000 


100 


Frequency [MHz] 


[[=:SATA OR i stiaeing not used _—SATADS m shang used ] 


Fig. 11 Induced voltages on SATA cables for electromagnetic strength E = 10 kV/m 
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Fig. 12 Induced voltages on IDE cables for electromagnetic strength E= 10 kV/m 


Other kinds of experiments in this area are testing with high power 
electromagnetic field irradiation of possible “targets” and evaluation of effects which 

Some examples of tested setups are shown in Figs 13-15. It was verified that 
HPM signals can be used for stopping the car engine (see Fig. 13, HPM generator 
‘working on frequency 3 GHz with pulse power 500 kW was used for this experiment 
in shielded semi-anechoic chamber) as well as for effective disrupting of computer 
technologies and data transfers (see Figs. 14-16). Standard performance criteria (see 
chapter 3) are usually used for the evaluation of effects. From experiments which were 
carried out it was obvious that electromagnetic strength of few kV/m can be enough to 
achieve effective disturbance on electronics. 

Repetition rate as a parameter of HPM and UWB signals can have an influence 
on some kind of temporary failures (see Fig. 16). Overview of immunity of some 
equipment to HPM and UWB signals is shown in Fig. 17. Typical electronic 
equipment was tested against effects of HPM 3 GHz, 6 GHz, and 9 GHz signals with 
pulse widths in hundreds of ns, repetition rates in hundreds of Hz and against effects 
‘of UWB signal with rise time of 0.5 ns, pulse duration of 3 ns in single shot regime. 
‘The most effective signal to disturb electronics from used ones was HPM 3 GHz. Very 
often the sensitivity level was very close to damage level (see Fig. 17). For UWB 
signal it was more typical to achieve temporary failures (sensitivity level) rather than 
some kind of damage. The results from testing showed the most vulnerable parts of 
recent systems are computer technologies including data transfers. 
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Fig. 14 PC setup irradiated with HPM 9 GHz 
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Fig. 15 Data transfer through UTP cable irradiated with UWB signal 
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Fig, 16 UTP 2 m irradiated with UWB 
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Fig. 17 Sensitivity and damage levels comparison for tested equipment against HPM 
‘and UWB effects 


6. Conclusion 
Electromagnetic threats HPM and UWB as a part of DEW technologies were briefly 
defined in this paper. Electromagnetic threats assessment as well as vulnerability 
assessment was introduced. Vulnerability of chosen tested equipment was presented 
on relevant examples. It was demonstrated that electronic equipment was vulnerable 
due to electromagnetic field irradiation. In case sensitive electronic equipment is used 
in crucial applications it is necessary to evaluate vulnerability of the system to such 
threats. 

Gained results in the past have lead to starting a new project for the Ministry of 
Defence of the Czech Republic (OSPROZ-DEW1) focused on the assessment of 
vulnerability of weapon systems and parts of communication and information systems 
integrated in NEC which are installed to ordnance of the Army of the Czech Republic 
now. Assessment will be carried out on the basis of relevant analyses as well as 
relevant experimental measurements. The project started in 2009. 
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will be available to treat and possibly cure diabetes, hemo- 
philia and other life-threatening and chronic illnesses. 

Space manufacturing will develop the new metal alloys 
needed for high-temperature processing using advanced nu- 
clear and fusion energy sources. Larger and more perfect 
crystals for the electronics and other industries will be 
produced. 

By themselves, these new industries created by exploit- 
‘ng the unique environment of space, “pay” for the NASA 
programs. But the indirect impact to the economy has been 

ven greater, and more important. These are the so-called 
‘spi-offs” from space exploration which have been devel- 
‘oped by industry using technological breakthroughs funded 
byNASA. 

‘New materials, such as refractory ceramics and new al- 
Joys which withstand the temperature extremes of space flight, 
are used in everything from nuclear power plants to everyday 
kitchen implements. Developments in electronics, including 
‘miniaturization and sophisticated automation techniques, have 
streamlined the functioning of industry and shortened the 
time (thereby increasing the productivity) of almost every- 
thing we do, 

‘The machines that monitor all ofthe vital bodily functions 
of the astronauts who walked on the Moon, now monitor 
premature infants in incubators, and have provided heart 
‘monitors and miniaturized pacemakers for thousands of 
people. 

‘The same qualitative impact, magnified many times, will 
result from the development of beam weapons combined with 
the recommitment ofthe civilian space program to establish 
4 permanently manned station in space toward the goal of 
colonizing the Moon and other planets. 

However, studies done by Chase Econometrics and con- 
firmed by independent studies using the Fusion Energy Foun- 
dation’ s econometric model show that there isa much greater 
‘impact that the development of a qualitatively new technol- 
‘ogy has on an economy. This impact is, stictly speaking, 
‘not measurable by adding up all the new products and new 
techniques that a new technology introduces; itis the increase 
{in productivity throughout the economy as the result of the 
combination of higher manpower skill levels and new scien- 
tific knowledge entering industrial production. One study of 
this induced productivity effect estimated that U.S. produc- 
tivity increased 0.1 percent for every billion dollars spent on 
the space program. This change in productivity alone repre- 
sented an additional $3 billion to the GNP every year it was 
present. An interesting comparison is possible between the 
expenditure of a $1 billion aliquot ofthe federal budget on a 
high-technology R&D oriented program (like the Apollo pro- 
‘gram or the development of a beam weapon) and its expend- 
iture on transfer payments, bureaucratic services, orthe like. 
‘The Chase Econometrics study showed that the expenditure 
of this money on high-technology R&D actually lowered 
inflation, while the other expenditure had the opposite effect, 
raising inflation by 0.2 percent. 
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Four types of directed- 
energy weapons 


by Mary McCourt 


Inhis EIR multi-client report, Beam Weapons: The Science 
to Prevent Nuclear War, Dr. Steven Bardwell describes the 
types of beam weapons on line for development. Each type, 
laser beams, particle beams, microwave beams, and plasma 
beams, is, Bardwell states, “‘in principle capable of generating 
the required power and energy [to reach and disarm its target) 
in a formefficiently absorbed by the missile,"” A beam weapon 
effectively disarms a nuclear warhead. A hydrogen bomb can 
be detonated only by an initial powerful atomic-bomb 
explosion capable of setting offa chain reaction inthe lithium- 
deuterium fuel. A beam weapon, by pumping energy into the 
very delicately balanced triggering mechanism, prevents the 
initial explosion and essentially tums the warhead into 
“dud.” The missile, like a satellite, might fall to the earth, 
but it can no longer be detonated. 

Scientists agree that laser-defense battle stations, even 
with the lowest level of laser-beam technology, can be de- 
fended from other beam weapons themselves. But a missile 
cannot be effectively defended from the beam without such 
‘massive protection that it would lose both the necessary speed 
and distance. é 


Laser-beam weapons 

Laser beains, particularly the chemical laser, will likely 
be the first deployable beam weapons developed. A laser isa 
beam of very intense, single wavelength electromagnetic 
waves, either of light or high energy X-rays. Such a weapon 
can be focused very precisely because either the light or X- 
ray wavelengths all have the same frequency and phase. The 
five different types of lasers, which can be applied to fusion 
‘energy as well as beam weapons, are all being researched at 
USS. laboratories. ‘ 

‘The chemical laser, which could be developed for mili- 
tary deployment within five years, uses a gaseous medium in 
which a chemical reaction is induced. The product of the 
reaction emits laser light. The Soviet Union used such a laser 
last year in tests that downed a ballistic missile. 

In a gas laser, a burning gas such as a hydrogen and 
fluorine mixture is suddenly compressed, and the energy 
distribution that results from the compression is then stimu- 
lated to emit single-frequency light waves at very high ener- 
gy. Both the United States and Japan are currently using huge 
as lasers for nuclear fusion development. 

‘An electron discharge laser uses replaceable energy 
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from an electron beam to create the source of laser light. Such 
4 laser would be very efficient for use in space because its 
energy source is electricity, not an exhaustible chemical fuel. 
‘Two other types of lasers, X-ray lasers and free-electron 
lasers, yet to be perfected technologically, have greater ad- 
vantages of energy density and flexibility than those listed 
above. The X-ray laser is widely recognized as the most 
promising long-range laser for ballistic missile defense, based 
in space. The X-ray laser, which is just a single pulse, is by 
far the most energy-dense, delivering thousands of times 
more energy per pulse than conventional lasers. In addition, 
the target absorbs the X-rays very efficiently, making this 
‘weapon capable of very efficient destruction of missiles. 


Particle-beam weapons 

Particle beams also deliver energy in a highly controlled 
pulse traveling at near the speed of light. But instead of a 
pulse of intense electro-magnetic radiation, the particle beam 
consists of subatomic particles, (electrons or protons), 
neutral atoms (usually hydrogen), or (usually magnetized) 
macroscopic particles accelerated to high speeds. A particle 
‘beam destroys its target, the triggering mechanism, by cre- 
ating a very intense shock wave within the mechanism, like 
avery small, but extremely heavy and powerful hammer 
striking down on the target. 

Electron beams can be generated in the range of millions 
‘of volts. Scientists researching the electron beam for military 
or civilian energy use have discovered thatthe electron beam 
becomes a complex structure of electrons and a magnetic 
field. Such structured beams are capable of carrying higher 
currents and more energy for much longer distances at much 


great levels of power output. 

Proton beams, which have been researched intensively 
for the past 30 years, use an electron beam as a seed and then 
are accelerated in their own right. As protons are 2,000 times 
heavier than electrons, a proton beam of the same velocity 
hhas 2,000 times the energy of an electron beam. 

Neutral particles eliminate many of the problems of 
charged-particle beams, which can degrade both the efficien- 
cy and controllability of the beam. By spring of 1983, U.S. 
researchers will have produced a beam of protons at an energy 
of 2.5 million electron volts, capable of traveling at 99 per- 
cent of the speed of light. 

‘Control and targeting of a macroscopic particle beam 
‘would be more difficult, but the unparalleled power density 
of the beam—<ue to the large mass of the particles—gives it 
great potential as a beam weapon. 

Microwave and plasma beams have only been discussed 
in the United States in the past two years, although it is 
estimated that the Soviet Union is two or three years ahead 
in the production of microwaves. Intense, directional micro- 
‘waves are generated when electron beams are propagated at 
or near the speed of light through a plasma. Such beams, if 
focused, could destroy delicate electronic equipment in a 
target. A 
‘Aplasma beam consists of the highest energy-dense form _ 
of matter, a gas so hot that the electrons and neutrons have 
separated. The plasma forms itself into a complex structure 
of particles and magnetic fields. The unique feanure of a 
plasma beam is that it actually requires the atmosphere, which 
hinders the guidance and propagation of other beams, to hold 
in the plasma and sustain the structure. 


aserBaestotsn— Eany Waring 


| ‘Space-based Beam Weapon System | 
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‘apable of generating an intense beam of laser light, atomic particles, or plasma, in an orbit around the earth, would protect the entre United Sates from 
incoming ballistic missiles. Ground-based beam weapons (right) can provide both area and point defense. Shown here isa conceptual design of laser bear 
‘weapon system built ona mountaintop, which uses aelay mir o prove aiming and racking forthe weapon. 
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Annotation: 

The article presents information on the current situation in the development and 
application of electromagnetic weapons and indicates possible trends of their future 
employment, Under the term electromagnetic weapons we understand means and sys- 
tems that use technology generating directed power electromagnetic pulses degrading 
the activities or destructing the electronic circuits of the enemy’ equipment. This will also 
enable to neutralize or completely destroy the operation of information, communication, 
control, firing and other electronic devices. Electromagnetic weapons are currently in 
use and greater number of countries realizes the perspectives of their future develop 
ment 


ores 


1. CURRENT SITUATION OF DEVELOPMENT AND USE OF ELECTRO- 
MAGNETIC WEAPONS IN FOREIGN COUNTRIES 


Principle of electromagnetic weapon activities 


‘Typical representative of electromagnetic (EMC) weapons are so called Direc 
ted Energy Weapons (DEW) employing the technology of High Power Microwave 
(HPM). These weapons represent highly sophisticated technology of 21st century. Their 
destructive effect results from the electromagnetic field and they threaten the operation 
of all devices equipped with electronic circuits, especially by the effect of arcing, over- 
load or by discharge of single electronic component parts. These weapons have strong 
physical and psychological impact. 

In general, DEW consists of impulse source of energy, source of microwave radi- 
ation and antenna, The impulse source transforms accumulated energy to high power 
electric pulse with the length of duration in units of nanoseconds. Accumulated energy 
can be in kilo-Joule with the power of gigawatt. In the source of microwave radiation 
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this impulse then acts upon diode and generates a beam of electrons with energy — 
approx, 400 KV, 10—60 kA. This energy is dissipated by the directional antenna. 

Electromagnetic weapons can fundamentally differ in terms of its design and 
application e.g according to the used frequency band. EMC wide band weapons emit 
in wide frequency range but with low density of energy. These equipments are suitable 
here it is not possible to exactly identify the characteristics of the target — especially its 
‘working frequencies. Contrary to the narrow-band EMC weapons emit pulses on indivi- 
dual frequencies with enormously high power. Their action upon the target is very effe- 
tive since impulse resonate with the known frequency of the attacked device. 


Development and application of electromagnetic weapons 
Concerning a development and application of electromagnetic weapons we can 
say that after the EMC weapons emerged from “the unknown” world of classified pro- 
jects, now they are tuned and EMC weapon capability is enhanced. And they are gradu- 
ally mounted on suitable carriers — vehicles, aircraft, ships, bombs, missiles and even 
space ships. The interest is focused not only on single pieces of equipment but also on 
complete systems incl. sensors and equipment to control the combat functions. 
Within the armed forces the employment of EMC weapons have the following 
advantages: 
> very rapid effect against the enemy ta 
> usage irrespective of the weather conditions, 
> coverage of a great amount of various targets with minimum need to be informed 
about their characteristics, 
> threat to less available target — under ground, 
> operational attack (neutralization, destruction or denial of activities of electronic 
assets) at selected levels of warfare, 
> minimum of collateral destruction in politically sensitive environment and use of 
this environment after the end of conflict, 
> reduction of minimum time for tracking and guidance to target. 

USA, Russia, France, China and UK are the countries that achieved the greatest 
progress in the development and application of electromagnetic weapons. The interest 
of other countries (Germany, Belgium, the Netherlands, Denmark, Norway ...) is for a 
long time focused on High Power Microwave (HPM) especially on protection against 
the effects of HPM. As to my opinion this is the beginning of the path for research in the 
Czech Republic. 

Currently, discussions are held on their employment in Iraqi by the U.S, armed 
forces, They could facilitate quickly eliminate the command and control systems of Iraq 
and eliminate communication of their forces without any loss of lives and any collate- 
ral damage. There were some intentions to employ these weapons of electromagnetic 
warfare by the U.S. force in Kosovo and Afghanistan at least in trial operation, It is 
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also interesting the assumption that Russian forces used DEW prior the action against 
terrorists in Moscow theatre in 2002. This weapon was designed to disable the electronic 
detonating primers. The fact is that no Chechen managed to initiate her primer. 


Misuse of electromagnetic weapons 


More frequent are the attacks of terrorists and criminal underworld using the 
electromagnetic means. Among the targets of terrorists can be financial institutions, 
medical facilities, aircraft, automobiles, computer network and other daily used civilian 
and military equipment, The EMC radiation generators can be for example in the brie~ 
fease and that is why it is quite easy to prepare such an attack. First known terrorist 
application of electromagnetic weapons is from 1995 when Chechen rebels used this 
technology against the security system of Russian facility, 

Nobody knows about the use of DEW for criminal activities and terrorist attacks 
with exception of the offenders themselves and their victims. The German experts even 
officially recommended application of these means to the German police units since 
there were recorded several cases of use of DEW by the German underground. With 
DEW it is possible to commit perfect crime, as they leave no evidence. No doubt, in 
future a wide use of these weapons can be expected which can means an increased risk 
of their misuse. 


Future of electromagnetic weapons 


Future of DEW is often discussed in many articles and literature. A part of study 
called Air Force 2025 also deals with the future of DEW employment that was develo- 
ped by the Air University Maxwell Air Force Base, Alabama. This study discusses a 
possibility to employ these means in the spaceships or satellites in order to destroy the 
hostile satellite information and communication channels, 

Development of DEW in terms of their employment is mainly connected with 
mutual co-operation of the army, air force and navy forces. These will be the components 
that are the potential users of DEW. Protection of the aircraft and ships against the effects 
of enemy DEW is being solved. Further, e.g. active use of DEW against the air defense 
and employment of DEW in the aerospace. Within 3—S years it is expected that DEW 
will be installed into the drones (USA). In respect of technologies for DEW, the research 
will be especially focused on increase of input power of DEW, reduction of size and 
weight and improvement of antenna systems. A very interesting is also a research of 
biological impact of DEW on human being and hazard for the personnel. 
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2. CURRENT SITUATION IN THE AREA OF ELECTROMAGNETIC 
WEAPONS IN THE CZECH REPUBLIC 


The following part of this article briefly discusses NATO RTO ~ Research and 
Technology Organization (http://www.rta.nato.int), or the activities of selected panels 
with representation of the Czech Republic and which deal with the mentioned issue. 
The panels dealing with this topic are: 
> SCI-119 Tactical Implications of High Power Microwaves, 
> SCI-132 High Power Microwave Threat to Infrastructure and Military Equip- 
‘ment, 


Since most of activities of these technical panels is classified as NATO SECRET, 
only general character information not subject to classification are provided. 
Panel SCI-119 Tactical Implications of High Power Microwaves started its 
activities in 1998 and terminated it in this year, The objective of the work of its members 
have been mainly solution of issues of use of HPM in the military sector both in terms 
of defense as well as of potential active employment in attack. The most important areas 
solved 
> design of resources generating HPM, 
> vulnerability of information technology of military infrastructure, 
4 > risk of back effect of electromagnetic weapons on friendly troops, 
os > testing of HPM effects on the off-the-shelf equipment equipped with electronic * 
components (personal computers, cellular phones, vehicles, aircraft ...), 
content of HPM national programs from the viewpoint of: 
— earmarking of specialized workplaces, 
refinement of the content of solution in the given country, 
allocation of funds, 
planning of the number of students studying HPM at the universities, 
gathering of results 


y 


The issue of HPM is solved by NATO systematically since the beginning of 80-ies 
of the last century, In the short time, itis assumed that new advanced HPM weapons will 
be developed and within NATO this process must be systematically controlled. In this 
area — development of electromagnetic weapons ~ USA, Russian, France and the UK 
have the greatest success, 

Panel SCI-132 High Power Microwave Threat to Infrastructure and Military 
Equipment commenced its activity by the introductory session in October 2002, held 
in Munster in Germany. Its orientation is linked to the preceding activity of the Panel 
SCI-119. The main activities of the Panel are planned for the period of 2003—2005 and 
single members will deal with the following i 

> identification of potential threat of HPM on the military and civilian infrastructure 
and equipment, 


ues: 
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> research of the penetration and dissemination of HPM in specific devices, 
research of DEW (Directed Energy Weapons), 

possibilities how to protect the military equipment against the effect of weapon 
assets on the basis of HPM. 


V 


@ 


Other areas considered important by the member of the Panel SCI-132 and that 
are to be in the area of interest are: 


tance of military equipment against HPM, 
> implication of HPM in the military field test and system of their evaluation, 
> EMC terrorism. 


> re 


‘The Panel consists of representatives of the following countries: Canada, Czech 
Republic, Denmark, Germany, France, UK, USA, the Netherlands, Norway and Italy. 


CONCLUSION 


Currently, the use of electromagnetic weapons plays the more important role. 
Though, the wider employment of these weapons is expected within S—10 years, there 
already exist and are used the devices/equipment capable to reliably effect on the enemy 
electronic assets (control, information, communication...) and deny the enemy any fur- 
ther operations. The issue of electromagnetic weapons in the Czech Republic is in the 
stage of research and that is why the representation and involvement of the Czech repre- 
sentatives in the special Panels of NATO RTO or any other international organizations 
and boards is desirable, 
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High Power Electromagnetic Weapons: A Brief Tutorial 
George H. Baker 


Background. High power electromagnetic weapons, also referred to as high power 
radiofrequency (HPRF) weapons, are a type of directed energy weapons. The system 
effects of high power electromagnetic environments are well recognized by world 
scientific and military communities. Former CIA Director John Deutch has said that, 
“the electron is the ultimate precision-guided weapon." In the course of the investigation 
ofnuclear EMP effects on electronics during the Cold War period, it became evident that 
garden variety, unprotected electronics would malfunction, in some cases burn out, in the 
presence of electromagnetic fields in the hundreds to thousands of volts per meter. The 
EMP experience has led to the development of non-nuclear high power electromagnetic 
sources to create fields that equal or exceed EMP levels, albeit over relatively small 
ranges. Achievable electronic effects could have serious consequences in terms of 
interruption or termination of critical system operation. The effects are of particular 
interes 

Because most criti 
concer for civilian systems as well. The weapons could be used to di 
electronics controlling electric power grids, telecommunications networks, financi 
institution databases, security systems, and aircraft. 


to the military in the context of information warfare and missile defense. 

infrastructures are controlled by electronics, HPRF weapons are a 
upt computer 

n 


Military forces in many countries are pursuing the development of HPRF weapons. 
‘These programs are normally classified. HPRF weapons represent a revolutionary 
concept because they operate at the speed of light, can be used covertly, and harm 
equipment rather than humans (non-lethal). HPRF weapons may be enclosed in 
briefcases, packing containers, truck beds, or aircraft and maneuvered to expose cri 
military or infrastructure systems. 


Electromagnetic Weapon Characteristies. ‘There are three elements to be considered 
in discussing HPRF weapons systems: the weapon itself, the propagation of the weapon 
output to the target, and the target response (see Figure 1). 


RF Weapo Wave Propagation 
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Figure 1. High Power RF Weapon Operation Elements 
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Weapon Design. An HPRF weapon consists of a power source, or driver and a radiating 
antenna, The source is normally pulsed. Outputs may be sine waves (providing a narrow 
frequency band signal) or pulses (providing a wide frequency band si 
electromagnetic source technology includes electron beam dev: 
Vircators, gyrotrons, backward wave oscillators), solid-state devices (bulk avalanche, 
optical switches, silicon carbide circuits) and explosive generators (magnetic flux 
compression using high explosives). Output power levels in the gigawatts are feasible 
over a wide range of frequencies. Design details will determine output characteristics. 
Power, frequency, bandwidth, repetition rate, and duty cycle are the important HPRF 
‘weapon output parameter 


‘The HPRF weapon source must be connected to an antenna with sufficient gain to 

eam" the RF energy to a useful range. Portability requirements impose major limits on 
antenna area which in turn largely governs the maximum intensity (power per area) that 
can be delivered to a target system at a given range. Compact sources that may be moved 
covertly in briefcases, packing containers, truck beds, or aircraft and maneuvered for 
close-up exposures of critical military or infrastructure systems are of most interest. 
Antenna size limits largely determine the maximum intensity (power/area) that can be 
delivered to a target system at a given range. A table of approximate relative portable 
platform sizes is provided below. 


Table 1. Portable Platform Size Comparisons (Approximate) 


Capacity: | Volume | RF system Basis 
Platform: Weight 

Briefcase O0rm | Skg | Typical hard side 

Footlocker 0.15_| 40kg [1 person portable 

Pickup truck_[ 4m™ | 1000kg_| 1 ton capacity 

Econoline van | 8m" | 2000kg | Bed volume 


Tractor trailer | 80 m* | 20,000 kg | 20 ton capacity 


h Power Electromagnetic Wave Propagation Electromagnetic waves propagate at the 
speed of light through the atmosphere. Under most conditions, the atmosphere will not 
attenuate HPRF waves as they travel from source to target. However, if the 
electromagnetic wave’s peak field level exceeds the air ionization threshold a cascade 
process will occur in which an atmospheric plasma is created that will absorb most or all 
of the energy in the wave. This phenomenon is referred to as air breakdown, 


A typical threshold for breakdown at sea level is approximately 1 megawatt/em?. As an 
example, a 1 Gigawatt source radiating through a I-foot radius circular antenna will 
produce an average intensity over the antenna of 0.35 megawatts/em”, a factor of 3 below 
air breakdown, Once away from the antenna, EM intensity falls off as the beam spreads 
(typically as 1/427? where ris the distance to the target). 
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‘The HPREF signal intensity on target depends on source transmission power (P.), antenna 
gain, and range according to the following equation: 


__ERP _ PG watts 


S,= 
ar 
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4zA, 


The antenna gain may be approximated by G ~ ~“2+ where A. is the effective antenna 
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area and 2 is the wavelength of the radiated HPRF signal. This yields a simple formula 
for the intensity on target: 


So, for example, a 1 Gigawatt source radiating at 1 GigaHz (2 = 0.3m) with a 1-m? 
antenna will produce a beam intensity of 11 kW/m” (or 1.1 watts/em”) on a target 1000 
meters away. If the pulse duration were 1 microsecond, the energy fluence on target 
would be power x time or, 1.1 microjoules/em*. 


Target Response. Once the electromagnetic wave signal reaches the target, its energy 
couples to the system in a very complex manner through various paths associated with 
the topology of the target system. The HPRF signal will induce currents on any external 
conductors (antennas, wires, etc) that penetrate to the system interior. The signal will 
also couple to any external metal shielding and then may reradiate to internal conductors. 
Signal waves will penetrate through any holes in external shielding to interior portions of 
the system. The main concern is the amount of energy that finds its way to critical 
electronic circuits, causing the system to malfunction. 


To simplify coupling calculations, it is possible to determine an effective “coupling cross 
section” for critical internal circuits. In effect, this treats each internal circuit 
receiver. The power received by the circuit may be expressed as a simple function in 
incident wave power and an effective coupling cross section: 


R=SA, 
P; is the power induced in the internal circuit, S, is the incident power at the system’: 
exterior, and Aq is the coupling cross section of the internal circuit. Ais a function of 
frequency and incorporates all the complexity of coupling including multiple paths, 
layers and mechanisms. ‘There are two major coupling modes, front door and back door, 
as shown in figure 2. 
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Figure 2. Front Door and Back Door Coupling Modes 


‘The physics of front and back door coupling are the same. In each case, energy resident 
in the incident wave induces currents in the system that flow to a sensitive system circuit 
Each can be characterized parametrically by equation P; = S; Aq The coupling cross- 
section, Ag, is typically large for front door coupling and small for back door coupling 
The coupling cross sections for front door coupling are of the order of the physical area 
of the antenna or aperture. Effective coupling cross section values for back door 
coupling of unhardened systems range from 10° — 10° cm’, Coupling cross-sections are 
hard to predict analytically and can be determined confidently only by direct 
measurement. This creates a problem for an attacker's confidence since HPRF effects are 
subject to much higher uncertainties than conventional weapon effects. 


HPRF Weapon Effects on Systems. EMP and HPRF affect systems by disrupting the 
operation of electronic components either temporarily (upset or latchup) or permanently 
(component damage). Damage may be “direct” where energy inherent in the EMP/HPRE 
field is sufficient to cause malfunctions or “indirect” where EMP/HPRF energy triggers 
effects involving a system internal power supply. Even though the power delivered to a 
circuit by the HPRF field is small, the much larger energy available in the system’s 
power supply (or fuel and ordnance) can be improperly diverted by an HPRF induced 
overvoltage are or malfunction of system digital control circuit, causing major system 
damage. 


Upset refers to an induced change of state in a digital circuit in which the system 
continues to operate, although possibly with erroneous data bit streams. Latchup refers to 
changes of state in digital circuits where the affected portion of the system ceases to 
operate until the system resets itself or (worse) a manual reset is required. In either case, 
system components are not directly damaged and recovery is often possible (depending 
on time criticality of affected function). 


Exploitation of upset effects should not be discounted. In some cases they are 
tantamount to permanent damage. Upset may result in major system damage, e.g., @ 
missile plunges into ocean due to a guidance system upset, or computer equipment is 
destroyed by an upset sprinkler system, Small, upset-level transient pulses can also act to 
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trigger the release of energy from a system’s own power supply causing components to 
burn out at fluences much lower than would normally cause permanent damage. 


To give an indication of HPRF wave energies required to cause system effects, ITT 
industries (formerly Kaman Sciences) openly exposed circuit cards to 2.9 GHz, 
microwave pulses with duration 1 microsecond. Onset of upset occurred at 1 watt/ em’ 
(equivalent to 1 microjoule/cm? for this pulse duration). All components were upset at 
ies of 1000W/em?*, Onset of damage occurred at 100W/em (for a 1 
second pulse, this is equivalent to 100 microjoules/cm”). All components were 
damaged at wave intensities of 1000 W/cm” (equivalent to 1000 microjoules/em’), 


stem Protection. System hardening involves a combination of operational and 
hardware techniques. Operational techniques may include the provision of spares for soft 
1 subsystems or boxes, disconnecting susceptible circuits upon warning, and/ or 
establishment of a physical keep-out perimeter (with barriers and/or security force) or 
zones around critical equipment to prevent positioning of HPRF weapons at close ranges. 
Operational controls may also be built into software to provide circumvention and reset, 
error-correcting codes, voting logic, and status detection. For some non time-sensitive 
systems, provisions for rapid system repair may be an option. 


Conceptually, hardware approaches involve placing a conducting material between the 
incident HPRF wave and susceptible intemal circuits. Hardening techniques have been 
successfully demonstrated and codified for EMP (ref. article on nuclear EMP). The EMP 
community has placed a heavy reliance on exterior shielding while limiting the number 
of penetrations that have to be individually protected. Such protection applied at the 
system exterior allows interior boxes to go untreated. This approach works well when 
designed in from the start. For retrofit protection, however, it is often prohibitively 
expensive 


Hardware approaches for HPRF protection, while conceptually similar, have some 
differences in emphasis from EMP. Because EMP is extremely broadband, typically only 
a small fraction of the energy comes through the front door in band. HPRF weapons can 
be tuned to the front door center frequency st 
stem. Also since HPRF weapons operate at higher frequencies, attention to smaller 
apertures (including cracks and seams) is required and dimensions of waveguide-beyond- 
cutoff penetration treatments will require changes (longer and more narrow waveguides 
are needed) 


Front door in-band protection is one of the more challenging (but not insurmountable) 
HPRF protection problems. The high gains associated with most front door paths make 
these potentially the most susceptible portion of the system. However these well- 
characterized front door receive paths have received much attention in terms of protection 
engineering. Radar systems are often protected from their own or neighboring 
transmitters by a receiver protector or RP. Similar protection can be applied to 
communication receivers against in band HPRF environments. Table 2 summarizes 
HPRF hardening techniques. 
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Table 2. HPRF Hardening Methods 


[Operational Techniques Hardware Techniques 
Front Door Back Door 
Disconnect on warning Tuned metallic radomes __| Shielding, topology control 
Spares Bandstop reflectors Tnternal cable shields 
Physical Keep-out “Antenna gain pattern Non corrosive mating 
perimeters or zones control surfaces 
Software Techniques: Filters Closely spaced fasteners 
‘cumvention/reset TR devices/ limiters RF gaskets and seals 
Error correcting codes "Terminal protection devices | Aperture screens and 
Voting logic conductive film: 
Status detection/ alarm Selection of hard circuits 


and components 


Pin protection 


Fiber Opti 


Filtering, limiting at 


Future Directions. HPRF generation techniques have matured to the point where 
practical devices have become technically feasible. Miniaturization of pulse-power 
source components, more efficient power supplies, and advances in electronic pulse 
forming, energy conversion, and antennas enable reduced size and increased efficiency of 
HPRF generation hardware. Simple weapons can also be built using inexpensi 
magnetrons from common microwave ovens. 


Military trends to computerized battle management, weapons tracking, and 
landline/wireless network communications are a double-edged sword, introducing serious 
HPRF vulnerabilities. Military use of commercial off-the-shelf equipment and 
dependence on civilian infrastructure exacerbate the problem. Senior military offi 
have dropped hints about pursuing offense technology but there are no officially 
published details concerning weapon availability or capab 


ies. 


Several other countries also have extensive background in the development of RF 
weaponry. The former Soviet Union pioneered the development of HPRF weapon 
technology and this technology is now being offered to other countries. According to a 
recent report from the Office of the US Secretary of Defense on the military power of 
China, “Captain Shen Zhongchang from the Chinese Navy Research Institute...em 
a weaker military defeating a superior one by attacking its space-based communications 
and surveillance systems. ..in future wars, Shen highlights radar, radio stations, 
communications facilities, and command ships as priority targets vulnerable to smart 
weapons, electronic attack, and electromagnetic pulse weapons.” It is expected that in 
future conflicts the United States will encounter adversaries using HPRF weapons as part 
of asymmetr to disrupt information systems. 


jons 
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See also: Nuclear Electromagnetic Pulse (EMP) 
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The Biophotonic Quantum Holographic Matrix 
by William F. Hamilton III 


ABSTRACT: This paper is an attempt to integrate studies of the quantum potential, quantum 
holography, biophotonics. and the enveloping matrix of _ biointegration, 
biocommunication, and bioinformation that composes the web of light and life in living 
organisms and their possible genesis in an electromagnetic infoton. 


Introduction: 


‘Theoretical physicist David Bohm proposed a new hidden variables theory of Quantum Mechanics. 
He assumes the wave function does not represent just a set of probabilities but an actual field. ‘This field 
exists and acts upon particles the same way a classical potential does. Thus it is a quantum potential 
which is associated to this field and is a function of the wave function. It is postulated here that the 
quantum potential is a field — in living cells and organisms and acts upon them. 


‘The equation Bohm used to represent this quantum potential is: 
Us-y (i? /2m,) (ZR/ R, a) 
5 (2m) Gee 8 


Research reveals that Bohmian qua 
to extend Quantum Theory into a real 


um potential is still used, but that it may only represent a means 
theory of particles and fields. 


It resolves the dilemma of the appearance -- in one and the same phenomenon ~- of both particle and 
waye properties in a rather straightforward manner. Bohmian mechanics is a theory of motion 
describing a particle (or particles) guided by a wave. This guiding wave is usually attributed to atomic 
particles. But it might be more insightfully seen as a traveling soliton or vortex. 


Bohmian mechanics is manifestly nonlocal, and the velocity may depend upon the positions of other 
-- even distant -- particles whenever the wave function of the system is entangled. 


The behavior of the particle is determined by the particle’s position and momentum, the wave field, 
and the sub-quantum fluctuations. 


Bohm’s quantum potential binds the entire Universe together into what he liked to call a seamless 

“unbroken wholeness". Every particle in the Universe is connected by the quantum potential to every 

other particle, He likened the cosmos to a hologram in which each point on the film carries information 

about the entire picture, Bohm's GWT — far more sophisticated than de Broglie’s crude version -- is a 

“holistic” vision in which all parts of the Universe are joined to every other part. “Interconnectedness" 
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was one of Bohm’ favorite words. He saw the Universe as resembling the unity of a living organism. 
A kind of pantheism not unlike Spinoza's ~ a pantheism Einstein himself favored.” (2] 


Bohm referred the holomovement as the basic reality. The pattern formed on a photographic plate 
by light waves that interfere and create a hologram. This pattern is the interaction or interference pattern 
of two parts of a laser light (coherent light). One beam reflects off an object, the other off a mirror. In 
addition, any portion of the holographic plate contains information on the whole abject. 


Biohologram: 


Every cell in the human body contains nuclear DNA. Information on the whole body ~ much like a 
hologram - only the cells can go through a process of n and reproduction (mitosis). 


In quantum holography, things are spookier still. While holograms are typically constructed with 
interfering beams of light, in quantum holography the researchers measure the simultaneous arrivals of 
an illuminating photon that is sent into a chamber and a companion photon in the other entangled 
beam.(2] 


Quantum holography -- as depicted in this cartoon -— is a way that physicists could 
produce 3-dimensional images of objects that would be invisible to systems relying 
on classical physics. A source § produces 2 photon beams (hy and hz). The photons 
in hy are quantum mechanically entangled with the photons in hz. When a photon in 
hy enters chamber C, it encodes 3-dimension information about the enclosed object 
(in this case a Grecian bust) in the interference of the 2 paths it could take — a path 
that intercepts the object and subsequently is reflected to the chamber wall, and a path 
that misses the object and strikes the chamber wall directly. The second beam hz 
passes through conventional optics and strikes a detector array D, A coincidence 
counter extracts the holographic information by monitoring the relative time between 
a photon in hy striking the chamber wall and its entangled mate in hz arriving at 
detector D. 


Wave Genetics Inc. and the Moscow Institute of Control Sciences are exploring a new concept of the 
genetic code that assert 


(1) that the evolution of biosystems has created genetic “texts” — similar to natural context 
dependent texts in human languages ~- shaping the text of these speech-like patterns 


2) that the chromosome apparatus acts simultaneously both as a source and receiver of these 
genetic texts, respectively decoding-and-encoding them. 


3) that the chromosome continuum of multicellular organisms is analogous to a static-dynamical 
multiplex time-space holographic grating, which comprises the space-time of an organism 
a convoluted form. 


‘That is to say, the DNA action -- theory predicts and which experiment confirms ~ is ... 


(i) that of a" " laser and its solitonic electro-acoustic fields, such that the gene- 
biocomputer "reads and understands” these texts in a manner similar to human thinking but at 
its own genomic level of "reasoning". It asserts that natural human texts (irrespectively of 
the language used) and genetic "texts" have similar mathematical-linguistic and entropic- 
statistic characteristics, where these concern the fractality of the distribution of the character 

frequency density in the natural and genetic texts and where ~ in case of genetic "texts" -- the 

characters are identified with the nucleotides, and 


(ii) that DNA molecules -- conceived as a gene-sign continuum of any biosystem -- are able to 
form holographic pre-images of biostructures and of the organism as a whole as a registry of 
dynamical "wave copies” (or "matrixes”) succeeding each other. This continuum is the 
measuring, calibrating field for constructing its biosystem. 


“Complex information can be encoded in EM fields, as we all know from coding-and-decoding of 
television and radio signals. Even more complex information can be encoded in holographic images. 
DNA acts as a holographic projector of acoustic and EM information which contains the informational 
quintessence of the biohologram. Only 3% of human DNA encodes the physical body. ‘The remaining 
97% of the 3 billion base pair genome contains over a million genetic structures — called transposons — 
that have the capacity to jump from one chromosomal location to another (Kelleher, 1999). We are 
99.9% alike in our genetic legacy. Our individuality is expressed in 3 million small variations in our 
cells called single nucleotide polymorphisms, 


"Gene-expression is the mechanism by which new patterns are called into being (Rossi, 2000) 
There is also a strong correlation between modulation of the brain’s EM field and consciousness 
(Persinger, 1987; McFadden, 2002). ‘The Gariaev group has discovered a wave-based genome and DNA 
phantom effect which strongly supports the holographic concept of reality (Miller, Webb, Dickson, 
1975). ‘This main information channel of DNA is the same for both photons and radio waves. 
Superposed coherent waves of different types in the cells interact to form diffraction patterns, first in the 
acoustic domain and second in the electromagnetic domain — a quantum hologram — a translation 
process between acoustical and optical holograms.” [4] 


The distribution of the character frequency in genetic texts is fractal, so the nucleotides of DNA 
molecules are able to form holographic pre-images of biostructures. This process of "reading and 
writing” the very matter of our being manifests from the genome's associative holographic memory in 
conjunction its quantum nonlocs Rapid transmission of genetic information and gene- 
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expression unite the organism as holistic entity embedded in the larger Whole. The system works as a 
biocomputer — a wave biocomputer. 


‘The quantum nonlocality of the genetic information is fundamental, Experimental work of the 
Gariaev group shows how quantum nonlocality is directly related to laser radiation from chromosomes 
(coherent light), which jiterbugs its polarization plane to radiate or occlude photons. DNA and the 
‘genome have now been identified as active "laser-like” environments. Roughly speaking, DNA can be 
considered as a liquid crystal gel-like state that acts on the incoming light in the manner of a solitonic 
lattice. [5] 


Biophotonics 
This entire section is extracted from the History of Biophotonics website: 


Around 1923, Alexander Gurwitsch discovers an “ultra-weak" photon emission from living systems 
(onions, yeast, ...), since he suggested connections between photon emission and cell division rate. He 
calls this photonemission "mitogenetic radiation”. His experiments indicate that the wavelength is in 
the range around 260 nm (Bibliography under Gurwisch and also Ruth (197, 1979)). 


Around 1950, Russian scientists rediscover “ultra-weak photon emission” from living organisms. 
‘Most results are published in "Biophysics" (Engl.) and originally in "Biofizika"). ( Bibliography under 
Ruth, 1979). 


Italian nuclear physicists discover by chance "bioluminescence" of seedlings, They do not think that 
this finding is significant, but they publish the results (Colli et al. 1954, 1955, Ruth 1979). 


‘The Russian biophysicist and the American chemist enunciate the first theory of ultra-weak 
photonemission (UWPE) from biological systems -- the so called "imperfection theory". UWPE shall 
4 


be an expression of the deviation from equilibrium —- some kind of distortion of metabolic processes 
(Zhurayley 1972, Seliger 1975, Ruth 1979). 


Independently from each other and by different motiva ‘entific groups in Australia 
(Quickenden), Germany (Fritz-Albert Popp), Japan (Inaba), and Poland (Slawinski) show evidence of 
ultra-weak photon emission from biological systems by use of modem single-photon counting systems. 
Bibliography (Quickenden, Inaba, Popp &Ruth, Slawinski). 


ions, 


While Quickenden, Slawinski, and Inaba prefer the imperfection theory, Popp and his group 
cenunciate just the opposite theory: 


1, The radiation originates from an almost perfect coherent photon field. 
2. Essential sources are the DNA and corresponding resonators in the cells. 


3. The mechanism describes photon storage in cavities and information channels, tuned by 
Casimir forces. 


4. There is a close connection to delayed luminescence which corresponds to excited states of the 
coherent photon field. 


5. The radiation is not the product but essentially the initiator of chemical reactions in the cells. 
‘The radiation submits the information within and between cells. 


6. The radiation is not limited to the optical range but follows an f = const rule (the occupation 
probability of the phase space is equal for all wavelengths) and extends to longer 
wavelengths including the so-called heat radiation of the body. 


7. This radiation is the proper regulator and information carrier of life. 


‘The Marburg group of Fritz-Albert Popp calls this phenomenon "biophotons” in order to stress the 
difference to "bioluminescence". Biophotons are single quanta which are permanently-and-continuously 
emitted by all living systems. They are subjects of quantum physics, and they display a universal 
phenomenon attributed to all living systems, Worldwide, all scientists who agree with these statements 
call the radiation "biophotons" and the scientific field "biophotonics’. 


From 1972 to 1980, the Marburg group of the leader -- the physicist and Dr. Habil Fritz-Albert Popp 
~ evaluated experimentally all the essential physical properties of biophotons, 


1, The intensity ranges from a few up to some hundreds photons/(sec-c1 
2. The spectral distribution follows in the time average an f = const rule. 
3. The modes are strongly coupled. 


4. The delayed luminescence that approaches continuously the biophoton emission follows a 
hyperbolic rather than an exponential relaxation function, 


5. The biophotons origin from an almost fully coherent field 


6. Cells are able to establish cavity resonators which contribute to biophoton regulation. 
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7. The essential source of non-equilibrium biophoton emission is the DNA. 


This group introduces the first time photocount statistics (PCS) into biophotonics. ‘They show 
evidence that biophotons are emitted according to a Poissonian PCS. Furthermore, they show evidence 
that (1) the delayed luminescence follows a hyperbolic relaxation function rather than an exponential 
‘one; (2) the modes are strongly coupled; and (3) there are hyperbolic oscillations around the continuous 
hyperbolic relaxation function, ‘The group finds the first time intercellular communication by means of 
biophotons. Later this was confirmed by Albrecht-Biihler (Bacteria), Popp and Chang (dinoflagellates), 
Galle (daphnia), Shen (blood), and Vogel (bacteria) 


(Bibliography under Popp and coworkers, ie., Bahr, Béhm, Grass, Grolig, Herrmann, Kramer, 
Rattemeyer, Ruth, Schmidt, Wulle, Albrecht-Bihler, Chang, Galle, Shen, Vogel). 


‘The papers of Popp and his group are examined mainly by the group of B. Chwirot (Kopernikus 
University, Torun). They confirm the essential results (Bibliography Chwirot et al.) 


Herbert Klima (Atom Institute Vienna) performs his dissertation in Popp’s group at the University in 
Marburg. He transfers "Biophotonics" to the University in Vienna -- in particular investigations on laser 
excitation of living systems. 


(Bibliography Klima or Atominstitut Wien). 
J.Slawinski cooperates with the groups in Japan, USA and the Popp-group in Germany. He follows 
mainly the links between biophotons and biochemical reactions. There arises a branch biochemical 


biophotonics that becomes an essential part mainly in Japan and USA.” [6] 


Bioinfotons 


This term “bioinfoton” is one that I am adopting to specify any particle (such as the Ganesh 
Particle*), wave, or biomolecule that transfers information from an emitter to a receptor. It is possible 
that if a biophoton is emitted from a coherent source that it will carry holographic information as a form 
of modulation (possibly frequency-modulated) and produce action or results in biological systems. 


It is possible that biophotons may even be carriers of psi information and that a coherent coupling 
can be established between 2 conscious lifeforms resulting in a transference of information from a 
higher potential field to a field at lower potential. Even though this is conjecture at this point, it suggests 
other means by which disparate lifeforms can communicate. We know there is a process by which trees 
communicate and even signal each other in the face of danger. We may be exchanging information with 
pets and other animals through biophotonic communication, This may be how some people who have a 
green thumb" affect plants they care for. 


Even communication with other intelligent life forms in the Cosmos may be effected by the 
amplification and yectoring of biophotons or -- via the quantum potential -- produce information at a 
distance. 


A virtual photon flux in the quantum potential may be integrating the coordinated wholeness of the 
organism while the action of bioinfotons may keep every part of the organism in communication with 
every other part. 


Conclusions 


Life and living organisms are more than the sum of their parts and are composed of material and 
non-material parts. The spiral form of DNA evidently produces an electromagnetic wave field that 
informs the organism’s growth and structure. 


Scientist Richard Alan Miller is a pioneer in this field and has written: 


“In a hologram, wave fields interfere with one another to lay the foundations for the reconstruction 
of the image of an object. But how are the wave fields produced? 


The term "holography" comes from the Greek roots meaning “entire” and "to write", In holography, 
the image is projected by a coherent light source split into both the abject wave and the reference wave 
background, This dichotomous nature is reflected in the particle/wave nature of the DNA molecule, 
which can be "read out" with biophotons from chromosomes to set up a holographically-produced wave 
field. This superposition of wave fields (object wave and reference wave) creates a wave guide for the 
formation of biological structure. ‘The image is constructed according to the reference information 
contained in the genes. The reconstructed object wave is identical with the object wave field. The 
reconstructed wave fields reproduce exactly the recorded ones (the DNA with genetic code)." [7] 


Mr. Miller also proposes this hypothes 
“QUANTUM BIOHOLOGRAPHY 


Hypothesis: The organization of any biological system is established by a complex 
clectrodynamical field that is, in part, determined by its atomic 
physiochemical components. These, in part, determine the behavior and 
orientation of these components. This dynamic is mediated through 
wave-hased genomes wherein DNA functions as the holographic projector 
of the psychophysical system -- a quantum biohologram." 


I propose that the biohologram is embedded as an integral part of the biocosmic hologram we call 
the"Universe”. 


Dr. Dan Burisch has seen evidence that a Ganesh Particle* can transmute itself into a fully 
functional atypical eukaryotic cell in a matter of seconds -- not eons. Such evidence -- when it becomes 
available — will change our entire perspective on the existence of a universal holonomic mind that 
informs its creation. 


4Ganesh Particles are charged clusters that extracted from ancient bedrock and have a 
seemingly unknown origin, but carry information which is transferred to cells via a 
crossbridge. (discovered by Dr. Dan B.C. Burisch) 
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Bunge on the Status of 
Electrodynamics and Physics 


"1. itis not usually acknowledged that electro- 
dynamics, both classical and quantal, are ina 
sad state... 

"... neither classical nor quantum physics are 
cut and dried, both being full of holes and in 
need of a vigorous overhauling..." 
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Bunge on the Status of 
Classical and Quantum Physics 


",. itis not usually acknowledged that electro- 
dynamics, both classical and quantal, are in a 
sad state... the best modern physicist is the 
one who acknowledges that neither classical 
nor quantum physics are cut and dried, both 
being full of holes and in need of a vigorous 
overhauling not only to better cover their own 
domains but also to join smoothly so as to 
produce a coherent picture of the various 


levels of physical reality.” 


"Mario Bunge, Foundations of Physics, Springer-Verlag, 
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Thus Q is energetically driven by the surrounding vacuum potential, which itself is to 
first order just a violent virtual photon flux. 


ups fwww.cheniereorg/images/EMHndnsI/sm'%20Chargel jpg (2 of 2)25.4,2005 1:42:17 


hitp://www.cheniere.org/images/EMindns l/sm%20Chat a.jpg 


The Ubiquitous Assumption: Two 
Asymmetrical Regaugings for Net Symmetry 


ply che 


ges/EMfndns/sim%20Chat a jpg25.4.2005 1:42:56 


Lhitp://www.cheniere.org/images/EMindns I/sm%20Chat 1b,jpg 


eysercriest Patter tots Bhd Symmetry 


He says he will do the 
regauging foryou. Hey, 


at a swell guy! 


© 15. ceArOEN 


peste 


G20Chat bs jpg25.4.2005 1:43:37 


hutp://www.cheniere.orglinages/EMindns l/sm%20Chatle.ipe 


The Ubiquitous A ption: Two 
Asymmetrical Regaugings for Net Symmetry 


Siwaye de Rave 

je always do it that way! 
itibrium oy the second 
of thermodynamics!". 


Hed 
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Note: X is a coupling 
operator 


virtual 
photon 
flux 
exchange 


%q 


"curiously enough, we do not 

know exactly what charge is, 

only what it does. Or, equally 

significantly, what it does not do.” 
MP. Slveman, And'Yetlt Moves: Strange 


‘Sistem and Suttle Questions in Physics, 


Cambridge Universi Press, 1293, p. 127 


@ tweet e vesroeN 


An electric charge q isabroken symmetry in its fierce energy exchange with the active vacuum. 
It coherently integrates some of the virtual energy absorbs and outputs it as Poynting energy flow. 
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Chung's Carbon Filament Negative Resistor | 
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UNIVERSITY AT BUFFALO, NY 
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Typical circuit has about 10-13 
energy collection efficiency 


willZ © 
\ oA 


Zs 
DS @ > Q too. sere amnen 


E 
$e) Sage of Deep space 
s ‘system 
ens Distance traveled by S in one houris 1.08x10exp(12) meters. 


===" Example: 1.3 amps flowing in DC circuit, 1.8 mm diameter copper wire. J =51 Aicm2 


S violently transports provided fromthe source. 
4,=0.1368 meters | Sluggishly transports the energy collected and dissipated in the 
circuit. 


For the case discussed, the electron drift velocityin the circuit is about 
3.8 x 10 * meters/sec. So Jj moves about 0.1368 meters in one hour. 
Thus J? has collected about 0.1368 meters of the ¢-filled Stube. During 
that same hour, the S-flow evoked by the power source will have 
traveled 1.08x1012meters. The ¢ of both currents is the same. Both 
are involved in the same cnergy-ited tube. Thus S has provided and 
transported about 7.89x1012 times as much energyalong the circuit 
in one hour as the j) has been able to collect, transport, and dissipate 
as work in the circu. Thus this eeult provides about 181° cotection 
cy. 
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S Classical View of EM 


= Potentials just mathematical conveniences 
— Not real 
— No internal structure, just magnitude 
= Force fields primary, causative, can exist in space in absence 
of observable mass 
— All EM actions due to force fields, none when zero 
— No action at a distance 
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Curved Spacetime 
_acts as source or sink 


= May emit excess adiation 
and energy (e.g., heat) 

= May absorb radiation and 

energy (e.g., cool) 


= May transduce waves 

TW os LW os TOW 
=Newen 

law ap 
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BE_ CHRONIC DISEASE PUZZLING 


™ SCIENCE REALLY DOES NOT UNDERSTAND: 
THE MECHANISMS OF A SINGLE CHRONIC es 
DISEASE, INCLUDING CANCER 


m MANY TROUBLING FACTORS EXIST Or 
— MIND Vast 


= COMBINATIONS inten 


= GENERATION OF THE PLACEBO EFFECT BY THE 
CELLULAR REGENERATION SYSTEM IS UNRECOGNIZED 


peste 
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‘Cancer Characteristics 


» Not one disease, b buta whole range 
Starts in damaged aerobic cell 
e Cell shakes off body's central control 
= Starts uncontrolled 
- Becomes a lump 
e Can send forth cancer cells 
- Through blood 
— Through lymph 
e Form metastases (secondary tumors di 
e Often become anaerobic 


ply che 


a Cancer Enigma 


e An enigma has been failure of immune 
system to attack some tumor cells 
— Suppressor cells may curb immune system? 
— Tumor may lack antigens normally identified 
by the immune system? 
e Promotion of damaged cell to cancer is 
usually ordered by cellular control system 
- Regenerative and recovery system forces 
cell back toward anaerobe 
- First step breaks free from central growth 
- Control continues to recognize cell as self 
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i | CANCER: CHARACTERISTICS 


© NOT ONE DISEASE BUT A WHOLE RANGE 
© STARTS IN ORDINARY (AEROBIC) CELL 
© CELL SHAKES OFF BODY'S DICTATORIAL CONTROL* 
© STARTS UNCONTROLLED DIVISION 
© BECOMES A LUMP 
© CAN SEND FORTH CANCER CELLS 

= THROUGH BLOOD 

= THROUGH LYMPH 
© THESE FORM METASTASES (SECONDARY TUMORS) 
© OFTEN BECOME ANAEROBIC (NON-OXYGEN USING) 
© ENIGMA IS FAILURE OF IMMUNE SYSTEM 

TO ATTACK SOME TUMOR CELLS 


Qs te mete 


SYSTEM 
*R&R system forces celi back toward anaerobe 


] 
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PORTION 
E, =INCIDENT WAVE DISTORTING MEDIUM 
2 = TIME-REVERSED WAVE 


© 8.125, om TE weAnOEN 


“If a scalar wave E;(r) propagates from left to right through an 
arbitrary but lossless dielectric medium, and if we generate in some 
region of space [say near z= 0] its phase conjugate replica E2(r), 


then E2 will propagate backward from right to left through the 
dielectric medium, remaining everywhere the phase conjugate of E'." 
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The Electronuclear Reaction; 
Nuclear Reactions in TR-Zones (1) 


@ Nucleon interchange 

— Changes neutron into proton and vice versa 

= Athigh rate (flat spacetime assumed) 
® Statistics become skewed| due to curved) ST 
© Can bias statistics toward either neutron 

Or proton end) 
— Biases toward transmutation of elements 
along isomer chains 
— Concept of “isomer” is vastlyexpanded = =... 
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The Electronuclear Reaction: 


Nuclear Reactions in [R-Zones (2, 


© Normal dynamics (impulses) may reverse 
— Like charges attract, unlike charges repel 
— Positive charges cluster (are drawn together) 
— H+ ions (protons) may form quasi-nuclei 
— Nucleus coulomb barrier becomes assistant 

® Many “impossible” reactions now possible: 
— Quark access and quark flipping by EM 
— Jon clustering @ mre evan 
— Positive charges as phase conjugate mirrors 
— Time-density waves and ime-energy charging 


The Electronuclear Reaction: 
Nuclear Reactions in TR-Zones (3) 
ay 
© Not observed) until time-energy charging 
has become substantial 

— Time delay (hours, days) 

— Transduction of LW --> TW involved 

— Specific time-charging history of detectors 

is involved in twhether they detect or not 

— Longitudinal EM waves become significant 
® Curved spacetime can act as source or sink 

— May emit excess radiation 

— May absorb excess radiation 


hutp:f/www.cheni 


In Time-Reversed Zone: 
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In Time-Reversed Zone: 


ipg25.4.2005 1:58:07 


Time-Reversed Zone: 
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A New Conservation of Energy Law 


peste 


Physics conserves total "energy and mass-energy" 
Now also must consider "time-energy" 

Conserve total mass-time-energy (spatiotemporal 
energy) 


Let ET = total energy, Em = mass energy, 
EE = ordinary energy, and Et = time energy. Then 


ET=Ee+Em+Et Oats teva 
(kEt => EE> 0) => Et>(Em+ Ee) 


If some Et is transduced into EE , the experiment will 
violate the old spatial mass-energy conservation law 


“Midas /Elecnuc 
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QUESTIONS ON CARCINOGENS San 
AND EM RADIATION 


m UNRESOLVED QUESTIONS ON EM RADIATION 


— DOSAGES 
ACTIVE MECHANISMS 
= REPLICATION DIFFICULTIES 
— MEASUREMENT DIFFICULTIES & 5 
a Oy 
~~ 
4 


WHERE, WHEN, HOW ILL EFFECTS OCCUR 


@ SIMILAR QUESTIONS EXIST ABOUT EVERY 
CARCINOGEN 


@ SCIENCE REALLY DOESNOT UNDERSTAND THE 4 
MECHANISMS OF A SINGLE CHRONIC DISEASE, © 1994, 1995 TE. Bearden 
INCLUDING CANCER 

— FACTORS SUCH AS MND, STRESS, SPONTANEOUS 
REMISSION, PLACEBO EFFECTS, AND COMBINATIONS OF 
FACTORS ARE PARTICULARLY TROUBLESOME 

= GENERATION OF THE PLACEBO EFFECT BY THE 
REGENERATION & RECOVERY SYSTEMIS UNRECOGNIZED 
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As defined, fields and potentials only 
existin and on charged matter 


E=Fiq goexh “2 Noor 


in vacuum. | 


Source qis a 
broken symmetry 
in vacuum flux 


Assumed perpetual 
motion machine caer Bales b 
in classical EM “pileup" = joules continuous! 
SoE=-V6 Sa pr enrecrien fot 
distortion zone around 
a point coulomb 


Electrodynamics has nothing to say about what 
exists in space in the absence of mass. Ow re wewoen 


apr 
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Serious flaws and errors 
in classicalEM theory. 


Eliminates the Internal EM Inside the Scalar Potential, 

No Definition of Electrical Charge orof Scalar Potential. 

Equations Still Assume Material Ether Per Waxwell (Unchanged), 
Use of Force Fields in Vacuum is False (and Known to be So), 
Treats Charge qas Unitary Instead of Coupled System q = $lqim (q), 
Contuses Massless Potential Gradients as Forces (See #3, #4), 
Does NotUtilize Mass asa Component of Force (See #23), 


Erroneously Assumes EM Force Fields as Primary Causes, 
Topology of EM NodelHas Been Substantially Reduced, 

Does Not Include Quantum Potentialor Action ata Distance, 
Does Not Include Superiuminal Velocity of Inner EM Components, 
Does Not Utilize Extended Near-Field Coulomb Gauge Effects, 
Does Notinclude EM Generatrix Mechanism forTime Flow, 

Does Not Unify Photon and Wave Aspects (Requires 7-D Model), 


Does Not Include Electron Spin and Precession (See #19, #24), 
Treats EM Energy As Existing In"Chunks,’ Instead ofas Flow, 
Confuses Energy and Energy Collection (See #16). 
Discards HalfofEvery EM Wave in Vacuum (See #22), 
Erroneously Uses Transverse Vacuum Wave; It's Longitudinal. 
Arbitrarily Regauges Maxwell's Equations to Ellminate Overunity, 
Omits Phase Conjugate Optics Effects (The Rule in Internal EM ), 
Does Not Include EM Cause of Newtonian Reaction Force. 
Erroneously Assumes Separate Force Acting on Separate Nass, 
Confuses Detected Electron Precession Waves as Proving Trans. 
verse EM Waves in Vacuum (Remnantof Qld "EM Fluid" Concept). 
Due to Error in String Wave, Omits the Ubiquitous Antiwave. 
Assumes Equilibrium NotTrue Unless Include Vacuum Interactions. 

» Higher Topology Required, to ModelElectrom agnetic Reality. 

. Lorentz surface integration discards Poynting energy transport, 

» Has nothing atallto say aboutform of EM entities in massless space. 

. Eliminates the infolded generalrelativity using EM-force as curve agent, 

» Does notinclude longitudinal EM waves as tine domain oscillations, 

. Doesnotinclude EM mechanism that generates time flow and flow rate. 
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Michetson-Morley 
experiments, 1880's 


ne 
4 Now we are not using 
‘a material eth 


napevww.cheniee 2005 2:04:08 
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" REACTION TO Loss OF MATERIAL ETHER 


Material Ether 

Assumed in 

Equations Nota single 
equation was 

Potentials, changed! 


Bre rence 9 


Trust us! The ‘equations @ 
not need changing. 


Fluid 
Disturbed 


CAUSE 


© TE GEAROEN 1998 
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Okay! We will just 
measure material 
entities, and call 
them nonmaterial. 


2005 20545 


‘Einstein's 
spacetime 
hasn't been, 
born yet 


Material 
Electric 
Fluid 
Disturbed 


EFFECT 
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GALLOPING WAVE. 
TRANSVERSE 
WAVE THAT VARIES: 
VELOCITY ALONG 
Z-DIRECTION, IN 
WAVE FASHION. 


TIME-POLARIZED 


(TIME ENERGY) 
(Ex:0.01 c- 100¢) OSCILLATIONS 
3-SPATIAL | SCALAR WAVES. 
ENERGY DENSITY X, ¥,Z FIXED. 
OSCILLATIONS T VARIES. 
HAMEVERGE NONOBSERVABLE. 


VARIES; Z FIXED. 


[— PSEUDO-LONGITUDINAL 
WAVES. X AND Y VARY 
ALITTLE, SURGE OSCILL- 
ATIONS IN Z DIRECTION. 


|__ LONGITUDINAL Waves. 
X AND Y FIXED: SURGE 


| WAVES. AND Y TRANSDUCTION 
ENERGY DENSITY ~<a 


OSCILLATIONS IN Z DIRECTION. 


}— TIME DENSITY OSCILLATIONS 

X. ¥, ZENERGY DENSITY DO NOT VARY.. 
TINE DENSITY VARIES ALONG 

TIME DENSITY NOTOBSERVABLE, BUT 
TRANSDUCTION IS OBSERVABLE. 


| TIME DENSITY OSCILLATIONS 

X, ¥, ZENERGY DENSITY FIXED. 
TIME DENSITY IS NONOBSERVABLE, 
BUT TRANSDUCTION 
IS OBSERVABLE. 


~<——- TRANSDUCTION ——— 
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Air Medium Disturbances Generated When 


Air is Perturbed Loy a Plucked Taut String 


The iis wave and 
the holde 


Wave is 
alternatively 
compressive 
and 
rarefactive 


at? 7S Unees deigve ot es 
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Launching a Spacetime Perturbation 
("EM Wave") from a Wire Antenna 


f time forward 
slap (electron) 
ELECTRON SHELLS ye revered 
_(DAMPED) \ skp Grobe) 

/ 

4 Modulations of 

; Virtual photon flux 
Baa of the QM vacuum 


By omitting the nuclei perturbation wave, Maxwell 
omitted Newton's third law from electrodynamics 


@ TE BEmOEN 1004 100 
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TRANSVERSE EM WAVE PLUS LONGITUDINAL EM SURGE WAVE 


PHASE CONJUGATE REPLICA WAVE 
. 
HM ANT 


—— 
TIME DENSITY WAVE 


Oscillates rate of flow of time 
about some average value 


LONGITUDINAL EM WAVE PLUS : 
PHASE CONJUGATE REPLICAWAVE © ““*=o""™ "= 
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Scalar Electromagnetics 
So (Energetics) View of EM 


e Potentials real; primary causes of EM phenomena 
- Force fields made by differentiations of potentials 
— Force fields are effects, not primary causes 
= Force fields exist only in, on mass particles 
e Actions due to potentials and their interference 
= Action ata distance or locally 
= Quantum potential and hidden variables 
e Locally curved spacetime, engineerable by EM 
— Gravity effects not necessarily negligible 
= Strong EM force or time used as agent of curvature 


up: 


Se Scalar Electromagnetics 
(Energetics) View of EM (Cont'd) 


e Potentials have internal structure 
— Stoney/Whittaker st 
= Longitudinal EM ph jugate wave 


— Each wavepair is a time-polarized EM wave 
e Vacuum EM is a potential and has 

microstructure 

= Stoney-Whittaker biwaves/-polarize 

— Fluctuations exhibit chaos 


e Spacetime = Vacuum = Potential = Flux 


Scalar Electromagnetics 
(Energetics) View of EM (Cont'd) 


e Statistics may have hidden order (already 
chaotic) 

e Uses spacetime curvature engines to 
alter matter (inside-out or outside-in) 

e Engineerable EM mechanism generates 
rate of flow of a mass through time 


* Quantum potential with specific QP can 
be used for instant action at a distance 
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ended General Relativity Principle 


STRUCTURING 
OF ACTIVE 


a 
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© 1s sesnomran 


© Theorem: W=k,- kj =Ak [1] 
© k must be interpreted not as energy per se, 


psf chenies 


but as collected/collecting energy. 


The reaction cross section / for the collecting 
process must be included. 


Extension’ W= 2(ky- k,) =2Ak [2] 


Normally 4 <1, as for elastic collision or Stokes 
emission. 

However, 2 > 1 is now possible, for processes 
which asymmetrically self-regauge. An example 
is Letokhov's negative absorption of the medium. 


Working models are the Patterson Power Cell® 
and Lawandy lasing without population inversion. 
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e "Space acts on matter, 
telling it how to move. 


e In turn, matter reacts 
back on space, telling 
it how to curve.” 
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Use of General Relativity (GR) 


in Particle Physics 
_———————————— 
* GR seldom used in particle physics © mre seven 


¢ Incold fusion, Matsumoto* has applied general relativity 
® Consistent with important cold fusion results 
e Used spacetime (ST) curvature by energy density 
¢ Matsumoto did not utilize: 
= Longitudinal EM waves 
= Time density waves 
= Time density curvatures of ST (gain = 9x10is) 


* T. Matsumoto, “Mechanisms of Electro. Nuclear © calico. 
CF-7, Vancouver, BC, Canada, Arr 1998, p 93 
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THE MISSING INFOLDED 
ELECTRODYNAMICS 


pes reaped iat reybou EM 
entities in space or theirform 
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INTERNESTED SPACETIME CURVATURES 
(ACUUM ENGil 
INFOLDED GENERAL RELATIVITY 
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Infolded Engines: 
Excluded by Present Physics 


Fae crac cretion 
electromagnetics, or quantum m 

> None of these disciplines include such 
Spacetime curvature engines (vacuum engines) 


oe ee tar 
unification mainly occurs 
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ot curvatures Propagar, ©. re nesses 


mass-to-spacetime ‘spacetime-to-mass 
transformation Mrransformation 


contains: two hidden infolded 
n O-space rm and (il) the 
7 r transform. What ist i 
propagates in space Is a spacetime pe 
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Mass curves and structures spacetime; 
Si curvatures Hl and structure mass 


ot curvatures Propagat, 


ss-to-spacetime spacetime-to-m: 
transformation transformation 


he a 


stc spacetime disturbance 
(vacuumengine) 6 trccmcenim Propagates 
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At Infinite Velocity: 


<@©> Each Is Every Other 


hint 
es ‘ibs 
VIRTUAL 
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MIND AND 
MIND LEVELS 


rE RERAM 


© 1997 TE Bearden 


up 


* THEORY DEVELOPED AND FITTED 
* HYSTERESIS MEMORY LOOP 


* CONTROLLED EM INDUCTION 
* IMAGES 


* SENSATIONS 
* PREDETERMINED EMERGENCE 
* 23 EEG BANDS 
* UPTO 8.1X100 HZ 
11 INDEPENDENT CHANNELS 
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S.K. Lisitsyn, “New Approach wo the Amilysis of Electroeneephalegrans,"" 
DDC Report AD73005,p. 16:25. 
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How can they use that old 
physically insignificant wind?!! 


© TE BEARDEN 1958 


Lorentz's physically insignificant energy flow can be collected and utilized. 


pv 
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Sour 


1a. Lorentz surface integration. 1b. Actual S in and S out. 


Note: if the S-vector Is integrated over the closed surface, then 
all energy transport passage Is zeroed, leaving only the 
very small component of the Input S-flow that is powering 
the joule heating of the resistor. In short, only the small 
component of the S-flow that is equal in magnitude to 
the Slepian vector j? remains. This measures only the tiny 
portion of the S-flow that is “collecting” on electrons 

passing through the resistor, and therefrom being 
dissipated out of the resistor as joule heating. It discards 
everything else (all Sygs and Sou). Si becomes Sr. 
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* Creates time-density wave pumping 


= Slowly creates time-density ie # eos 
» 
.) oe ~ es = os oe” 
IN 


4% x) 
ax 


ae 


a” 


© eer caren 


Fundamental units are arbitrary in physics 
Can express all physics in one unit -- e.g., time 


Time is highly compressed energy 
1 sec =8 x 10js joules of transverse EM wave eneray 
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Figure 1-8. Infolded biwave composition of a scalar potertial. 
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yoru A2 
s ime) 
(space in ) longitudinal 


the mass EM pump 
“ea. CELL MASS 
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Aa 
high! hnepinear to any 


a. and all LW frequencies 


fear aac" 
As 


fl 
AN AMPLIFIED VACUUM - 

(SPACETIME) ANTIENGINE IS longitudinal a | © Te we mvEN 1207 
FORMED AND ACTS ON THE ‘M pump  *..,, 

MASS, TIME-REVERSING wave i 

ITAND ALLITS COMPONENTS A v Ai 


NO MATTER HOW SMALL 
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Maxwell's Quaternion Theory Hp 
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e Quaternions: 
— Discovered by Hamilton in 1843 
- Aquaternion has a vector part 
— A quaternion has a scalar part 
— First significant non-arithmetic number system 
— Higher topology than vector or tensor algebra 


e¢ Maxwell's theory was in quaternion equations 
— 20 equations in 20 unknowns 


— Reduced to a small 4-equation subset 
by Heaviside and Gibbs 
— EM topology dramatically reduced 
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Maxwell's four equations reduce to: 


vo sity ° A)=-4 20 


Neen eae g 
co a c 


Ais replaced by A’, where 
A =A+VA 


The new B' field then becomes 


B=Vx(A+VA)=VxA+0=VxA=B 
A new E-field will also be formed. So let 
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Page 2 of 2. 
Per Jackson, (A,®) are habitually chosen so that 


Ven ee 26 [6] 
ce ét 


The net symmetrical regauging separates variables. 
Two inhomogeneous wave equations result: 


2, 
pi ze apo 7] 
1@A_ 4a 
WAS Ge a” 8) 
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Equations [1] and [2] arbitrarily changed to [7] and [8] 
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The Tom Bearden 
Website 


Mind Control and EM Wave Polarization Transductions - Part I, Il & III 


Reprinted from "Explore" magazine, 1999 


Part I Recell Part II 
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Mind Control and EM Wave 
Polarization Transductions, Part 1 


©Copyright 1999 by TE. Bearden, USA 


Special Note 


This article refers to experimental 
research techniques which can be 
detrimental or lethal in the hands of any but 
highly skilled, qualified experimental 
scientists proceeding under proper 
laboratory safety procedures. The purpose of 
this article is strictly for information to 
properly qualified and authorized scientists 
in certified laboratories. We do not propose 
or condone any use of these procedures for 
nonapproved practice of medicine without a 
license. Neither the publisher nor the author 
are responsible for accidents or outcomes in 
the use of these experimental pro-cedures 
and techniques. Any researcher who 
performs these procedures and experiments 
is acting on his or her own volition, and is 
solely responsible for insuring safety, 
qualifications, and legality of the acts and 
their results. We neither suggest nor 
condone unauthorized experimentation on 
human subjects. Such is a criminal violation 
of the constitutional rights of the subject 
under Federal and State laws, and is both 
illegal and immoral. 


Abstract 


For some time we have been repeatedly 
queried about the technical mechanisms and 
unusual electrodynamics of advanced mind 
control research, both in the West and 
abroad. Calling full attention to the special 
note above, in this paper we present a high- 
level over-view of the novel electromagnetic 
nature of mind operations, mind and body 
coupling, and intent*the induction of 
physical 3-space EM energy changes into 
the brain and nervous system, and into every 
cell of the body, from the mind's time-like 
coherent operations. We summarize the time- 
polarized electrodynamics used to engineer 
and affect mind operations and the mind- 
body coupling loop. Transduction 
mechanisms whereby differing EM wave 
polarizations can be transformed one-into- 
the-other are presented. We give two 
specific examples of lethal foreign military 
tests in 1997 of advanced mind control 
weapons against two military pilots over the 
central U.S. Some dangers and potential 
benefits of the emerging mind control 
technology are pointed out 
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(AE)(At) + M => (M+AM)At => M + (AE)(At) 
Flow of macroscopic time (observable photon interactions) 


witha mea SMe 


> ‘ 
<= AE RAR 
Flow of microscopic time (via virtual photon interactions) 


The photon interaction generates an observed quantum change and a discretized jump 
in the rate of time flow. A particle observably changes by only a single 4 t ata time. 
The background flow of time in which the jump in rate occurs, is created by the continual 
absorption and emission of virtual photons. 


wre wrcen 
Figure 1. Mechanism that generates a mass's flow through time. 
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Introduction and Background 


In quantum field theory, there are four polarizations of 


photons. Using 4-space and the z-direction as the direction 
of propagation, we have x- and y- polarizations where the 3 
spatial energy of the photon is oscillating laterally, in the x- 
or y-direction. These are transverse polarized photons, as is 
any combination of the two. The third polarization is along 
the z-direction, which is a longitudinal polarization. In other 
words, the 3-spatial energy of the longitudinal photon cannot, 
‘oscillate in the x- or y- direction, and so itis oscillating to- 
and-fro along the line of motion, 2-. The fourth polarization 
‘occurs when the energy is frozen in all three spatial 
dimensions x-, y-, and 2- and it cannot oscillate in any of 
those directions. In that case, the photon oscillates its energy 
in the t- direction, providing the t-polarized photon. We will 
later discuss how time is actually highly condensed energy. 

In Minkowski 4-space, body operations are space-like, and 
are so treated in conventional materialistic physics, Mind and 
mind-operations are time-like, not space-like, even though 


they are totally electromagnetic in natu 
Asis well-known, all observation in physics is considered 
3-spatial..2, Mass is a 3-spatial concept, and we detect 
changes to mass (as, ¢.2. in the shift of electrons in the 
circuits of electrical instruments). So one may model the 
‘common physical observation mechanism as a time- 
differentiating process which a priori discards time-change 


and retains 3-spatial energy change That is, Minkowski 
reality is modeled in the fundamental units of Lt. Physical 
observation (via the transverse photon interaction) is the 
process given by applying the operator a/at to L¥, yielding 
an L3 output. Hence mind and mind operations are excluded 
by the usual physies instruments and observation, which 
simply exclude the time domain in their outputs and do not 
“measure” it 
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For this reason, physicists have erroneously 
considered mind to be "metaphysical" and nonreal, 
Indeed, most physicists to one extent or the other are 
materialists, and consider the "mind" to be nothing but 
the operations ongoing in a "meat computer.” 
Nonetheless, in the time-domain the time is absolutely 
real, and it is completely electrodynamic in nature. 
‘There is no metaphysics involved, and the temporal 
domain—along with mind and mind operations—is, 
simply an erroneously neglected area of physics. In 
present physics, the notion of mind is comfortably 
disposed of by imposing the use of the "observer" 
concept, with out ever specifying that the observer has a 
consciousness and a mind. Indeed, "observation" is only 
about what that "observer" perceives. Obviously, one 
has a dramatically crippled physics if one eliminates that 
nonobservable called "time." Similarly, one also has a 
dramatically crippled physics when one eliminates the 
mechanisms and physics ongoing in those time-like and 
dynamic "things" such as mind, that occupy time and 
function in it, 

From this viewpoint, Western physics adheres to its, 
spatial measurement foundation only by ignoring the 
transduction of time-polarized EM changes into 
detectable longitudinal and transverse EM wave 
changes. In this aspect, present Western physics is 
severely self-crippled 

‘Time is totally electromagnetic and energetic in 
nature. The flow of time is not a separate external river 
on which a mass floats along like a boat drifting down 
the current of a great flowing river. Instead, the flow of 
time is generated directly on every mass by its total set 
of photon interactions, both virtual and ob servable. We 
have previously presented the exact mechanism for the 
flow of time. [Figure 1] 
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Figure 2. Transduction of EM wave type by successive phase conjugate pairing. 
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Further, a photon is comprised of angular momentum, 
therefore of (energy)x(time). It transports both energy and 
time, not just energy alone. When absorbed by a mass, not 
only does it "energy-excitation” charge the mass, but also it 
“time-excitation” charges it, converting the former "mass" 
to "mass time”, Rigorously it is masstime that emits a 
photon, not mass. So a mass moves through time in litle 
spurts, by the continual macroscopic addition and 
subtraction of little Dt components. Further, in being 
driven through time, mass is continually altered to 
‘masstime (a quite different critter from mass), to mass, to 
masstime, to mass, etc. 

In any masstime state, a myriad of tiny virtual photon 
interactions made of very tiny (DE)(Dt)s interact with that 
same mass during that particular larger Dt of the masstime 
state (m+Dm)(D1). Hence mass in its alternate masstime 
state has that state internally structured by its surrounding 
environments interactions with it. The masstime state is 
internally structured energetically in its (DE) component, 
and also internally structured temporally in its (Dt) 
component. 

A standard charged fundamental particle such as an 
electron, e.g., is not necessarily identical with another, 
when the internal structuring of its masstime state 
considered. Further, by two papers by Whittaker. 
interferometry of masstime states with either energy 
reactions or temporal reactions can yield observable effects 
and changes due to these neglected "hidden variables” in 
the electron’s masstime alternative states. To engineer the 
d and its operations directly, one must perform 


electrodynamic engineering in the time domain, not in the 3- 


space EM energy density domain, The direct engineering 
of time-like mind and mind operations—in all levels and all 
aspects—requires the use of time-polarized photons 


and time-polarized EM waves. This is the rarest form of 
electrodynamics, almost untouched by Western physi 
One can either painfully produce such time-polarized 
photons and EM waves and directly irradiate a target mass 
with specific assemblies of them, or one can force the mass 
itself to iteratively transduce ordinary transverse EM waves 
first into longitudinally-polarized EM waves and then into 
time-polarized EM waves. Both will be discussed briefly. 
In the West, it appears that the present author's discovery 
of mechanisms for producing time-polarized (scalar) EM 
waves [see Figure 2] and for transducing between wave 
polarizations has no precedent. [See Figure 3]. While 


scalar (time-polarized) photons are known in the literature, 
the creation and use of time-polarized EM waves does not 
seem to appear in the Western physics literature 

Wave transduction or polarization transductions ate 
terms used by the author for the process of transforming an 
EM wave's particular polarization into another polarization 
type. Such transduction to other than transverse 
polarization forms is litle known in the West. It appears 
essentially haphazardly in some experiments, usually 
‘without any recognition by the experimenters themselves. 
Significant transduction in experiments will also produce 
“strange” and unexplained anomalies in the instruments 


being used for experimental measurements! 

So most probably Western mind control researchers have 
not recognized the methodology and mechanisms! for 
transducing one type of EM wave polarization directly into 


another They continue to seek the "mind" in 3-space and 
hence in the brain, rather than in the time domain, On the 
other hand, it appears 


LONGITUDINAL EMWaAvES 


INTERFERENCE 
ZONE 


yo 
sane 


OR Magy « 
SSS a. 
mspeuery 


5 
INTERFERING imo 


Figure 3. Interference processes for transducing higher EM wave polarizations 
into lower polarization states 
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that the Russian KGB energetics!2 weapons scientists— 


particularly those in psychoenergetics'+—have known and 
used methods of transducing one wave polarization into 
another, for at least two decades. It follows that those same 
scientists have very probably developed mind engineering and 
‘mind control via novel time-polarized EM wave means and a 
dramatically extended electrodynamics of the time-like mind 
operations. 

In the present paper we briefly develop the wave 
transductions and the basis for mind engineering, including the 
specialized use of ordinary transverse wave (TW) EM spectra 
to force internal EM wave transduetions and time-domain 
operations inside irradiated bodies, cells, and tissues. Through 
the mind-body coupling mechanism, these transductions of 
transverse EM waves can operate upon the mind and its 
deepest operations as well as upon the body, every cell, and 
every part of every cell 


Russian Mind Control Uses 
Higher EM Wave Polarizations 


It is apparent that the KGB psychoenergetics weapons 
scientists know and use the full extended EM wave 
polarization range. As a postulation, one would expect our 
‘own weapons scientists to know and utilize the orthodox 
transverse wave (TW) EM for similar research and 
experimentation, However, in the West scientists are just 
beginning to realize the importance of a very general (and 
weaker) type of longitudinal EM wave (LW) polarization, as 
evidenced by the appearance of dozens of papers on 
"undistorted progressive waves" (UPWs, which are essentially 
imperfect LW s with TW residues remaining). The Los 
Alamos National Laboratory web site has a number of such 


ind Lu—available for 


papers—particularly by Rodrigues! 
free downloading. UPWs 
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have very interesting characteristics. If they were perfect 
Iongitudinal EM waves, they would have infinite energy 
and infinite speed. Since only imperfect UPWs can be 
physically made, their speed can vary from slower than 
the speed of light to faster than the speed of light. Their 
energy can also vary over a great range. 

Another characteristic of UPWs that are reasonably 
good longitudinal EM waves, is that they pass readily 
through a large depth of water and mass, including 
through the ocean and the earth with only small 
interactions and losses. Yet by interfering two such 
beams of "high quality” UPWs at a great distance, then 
in the interference zone ordinary EM energy will rise 
directly out of local spacetime potential, as essentially 


3 
shown by Whittaker nearly a century ago. Russian 
weapon research facilities have weaponized these 


effects for nearly 50 years, under rigid KGB control 
and operation. Nonetheless, even if using only ordinary 
‘TW waves, Western mind control researchers may get 
some fairly good results, brute-force-like, by using gross 
correlates between just the input irradiating TWs and the 
exhibited behavioral responses of the individual. The net 
input-output correlations can be determined, even though, 
not taking into account the actual wave polarization 
transduction mechanisms ongoing inside the irradiated 
dielectric (or brain, or mind, etc.). However, Western 
researchers appear to have no knowledge of the exact 
mechanisms by means of which coherent time-like mind 
operations of a biological organism couple to the 
organism's 3-spatial body to provide the mental control 
loop. They also appear unaware of how the coherent 3- 
spatial behavior responses of the body couple back to the 
time-like mind to provide it with a sensory feedback of 
the body's responses. 


Internested Structured 
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Figure 4. A spacetime curvature engine has myriads of small ST curvature 
components which act upon mass at all levels. 
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General Relativity Aspects 


Both these coupling mechanisms can be taken 
directly from general relativity, if one puts one's 
mind to it, However, unless the wave 
polarization transformations are known, it is 
difficult or impossible to apply the ordinary GR 
directly, since relativists usually concentrate 
upon spacetime curvature by altering 3-space 
energy density rather than by altering time 
polarized "time-energy" density. 

In applied general relativity, spacetime itself 
is an active medium. One speaks of a change in 
spacetime as a "spacetime curvature". Any 
curvature of spacetime in a local region directly 
performs continuous work upon any mass 
embedded in that region. Vice versa, any mass 
(or other concentration of energy) in a local 
spacetime continuously acts upon that spacetime 
to "curve" it. 

So if one wishes to perform actions upon mass 
in a distant region, one may generate local 
curvatures of spacetime in that region, and these 
curvature "engines" will directly act upon the 
mass at all levels. [Figure 4] This is very 
different from energy propagation through space 
from one point to another. Now the "ordinary 
EM energy and actions" arise from every 
spatiotemporal point within the mass, at every 
level, and move upwards (from inside to 
outside). So we speak of specific forms of 
"templates" of nested spacetime curvatures 
formed and utilized to engineer mass "from 
inside out" as spacetime curvature engines or 
vacuum engines. 

Use of vacuum (spacetime curvature) 


engineering! is a far more powerful form of 
engineering than is provided by energy 
propagation through space. As an example, it is 
easy to alter the quarks in a nucleon, using 
spacetime curvature engines and time-charging 
decay. Indeed, we have developed the 
mechanisms for cold fusion and the 
electronuclear interaction (formation of new 
nuclides) at feeble energy. An Invention 


has been filed with the U.S. Patent Office, and 
formal patent applications are in preparation. 
Some information on these mechanisms and 


principles has been released, 


Time as Dense EM Energy 
and a Strong Spacetime Curvature 
Agent 


‘The advantage of using the time-polarized 
“time-energy" for spacetime curvature is that 
time is ordinary energy compressed by a factor 
of at least c2—which, in the MKS system of 
units, is some 9¥10!6, Thus use of time- 
polarized EM photons and waves as ST 
curvature agents gives an amplification of 9 
¥10!6 over the use of transverse-polarized EM 
waves for that purpose. In turn, the use of the 
strong EM force in ordinary TW waves as an 
agent of ST curvature is already a nominal 104° 
times as strong as is the weak G force used as 
the agent of ST curvature. 


‘The bottom line is this: For spacetime 
curvature effects, the use of the t-polarized 
domain provides amplification of some 9¥1056 
greater than the weak G-force ST curvature 


agent usually considered in general relativity"®, 


Western Science Remains Largely 
Materialistic 


Ironically, most Western scientists are 
materialists and consider "mind" as a mystical 
and nonscientific concept. ‘They tend to consider 
mind operations and functions either to be 
simply "meat computer" operations and 
functions, or at best to be very weak ordinary 
transverse-wave EM operations and functions in 
the brain and nervous system.® This serious self 
limitation exists because in the body we measure 
only weak TW EM operations and functions 
correlated to biological behavior and brain 
operations. We simply do not know how to 
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Disclosure!” on this work measure "mind operations" directly. 
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Figure 5. Mind-to body coupling and body-to-mind coupling. 
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With no mind measurements possible and no instruments, 
it is understandable that Western science considers only 
the physical side of the mind-matter interface. 

Presently our scientists do not measure the 
longitudinally-polarized EM wave operations and 
functions in the body and around it in nature. Few of them 
are aware that a maelstrom of such LW functions exist in 
the body and in all of nature in general. Presently only 
highly theoretical quantum field theorists seem to even be 
aware of the existence of scalar (t-polarized) photons, and 
even they are unaware of t-polarized EM waves. Certainly 
our scientists do not measure t-polarized EM waves in and 
around the body and in nature, nor do they make them in 
the laboratory. Apparently they have not studied such 
waves and their interactions with matter—iving and inert 
—at all 

But it's even worse, In ignoring the time component 
transported by photons and EM waves, science has also 
erroneously omitted half of the excitation charging and 
excitation decay processes whenever a mass interacts with 
photons and EM waves. More on that later, 


Brute Forcing Time 
Functions versus Fine Control Methods 


Ironically, Western mind control researchers using 
transverse EM waves for mind control research, are using 
a brute force method of evoking and using vacuum 
engines ( spacetime curvature engines) and a special form 
of general relativity, although they do not appear to realize 
it. 

While KGB scientists also use TW EM "brute force” 
‘TW waves when necessary, they do "imprint" or “activate” 
those waves with the desired internal LW and time- 
polarized EM wave and photon structures required to 
directly perform the mind engineering desired. 


They also do not hesitate to use LWs and t-polarized 
waves overtly. So in blunt terms, Western compared to 
Russian mind control research is probably like comparing 
an automobile body shop with a fine surgical ward. 
Having long ago worked out all those "exact correlates" to 
the internal "information content of the field” is where the 
KGB scientists are at least 20 years ahead of the West. 

The reason one can get mind and behavior results with 
the TW electromagnetics, while bypassing the real 
‘mechanism which uses t-polarized waves and photons, is 
due to (1) the very peculiar nature of the EM emission 
from a dielectric, and (2) what can be done by re-radiating 
that dielectric with its emitted spectrum, deliberately and 
very carefully altered in selected parts. We will return to 
that important feature later, 


Polarization and Observability 


As we stated, there are four photon polarizations and 
therefore there must be correspondingly four EM wave 


polarizations! The first three polarizations are the x-, y- 
and 2- spatial polarizations. The x- and y- polarizations 
are transverse polarizations and the z-polarization is a 
Iongitudinal polarization along the direction of 
propagation (along the z-axis, by standard notation). 
Simply put, we may visualize the transverse polarizations, 
as rather like the wiggling of a fish's tail from side to side 
as the fish moves forward, or a whale’s flukes up and down 
as the whale moves forward, or some combination 

thereof, We may visualize the longitudinal polarization as 
a sort of "repetitive accordion effect” along the line of 
motion of the wave. Usually the z- polarization is 
neglected in EM wave theory, although in recent years 
physicists have "rediscovered” longitudinal EM waves and 
are now intensely researching the use and characteristics 


2 
of such waves. 
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Figure 6. The three divisions of Soviet energetics and their characteristics. 
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Figure 7 


Unfortunately, in quantum field theory there 
has been a tendency to regard the t-polarized or 
"scalar" photon—where the local rate of time is 
oscillated—as unobservable. Oscillation of the 
local rate of time produces powerful oscillations 
of local space-time curvatures, due to the 
extreme energy density of time. Individually. 
the t-polarized photon tends to be unobservable. 
However, a coherent sequential group of such t- 
polarized photons, each individually in the 
virtual state with respect to the external observer, 
may simply integrate in its interaction with mass 
over a short time period into observable change 
because of the coherent integration of virtual 
spacetime curvatures into a larger, observable 
spacetime curvature. 


Rotations and Projections in 4-Space 


Relativistically, any velocity change in 4- 
space is a rotation. Any such rotation in the time- 
domain also creates a tiny projection component 
into 3-space. Any such rotation in the 3-spatial 
domain also creates a tiny projection component 
into the time domain. 

Hence a sufficient series of coherent time- 
domain (mental) changes produces a coherent 
series of virtual changes in 3-space (the body), 
thereby coherently integrating into an observable 
energy change in the body. A sufficient series of 
coherent 3-spatial energy changes produces a 
coherent series of virtual changes in the time 
domain which coherent integrate into an 
observable time-domain change. 


Solution to the Age-Old Philosophical 
Problem of Intent 


This is in fact the solution to the age-old problem 
of intent, or how the nonmaterial (i.e., non-3- 
spatial and non-observable) mind induces a 3- 
spatial, observable energy change upon the 3- 
spatial body. It is also the 


solution to the problem of awareness; i.e., how 


the mind is aware of itself” and of the responses 
of the body. Together the two form a closed 
loop coupling of the mind and body. The time 
delay in the loop together with memory recall for 
comparison, creates the sense of "persistence" of 
self in time. This also creates the sense of being 
a “separate, closed being" (i.c., of separate 
persistence in time—in the living entity). The 
sense of "separation of self from an external 
world" is created by comparing those body-to- 
mind sensory feedbacks which are not correlated 
to the mind's previous feed-forward intent. 


Time As Energy and Why It Is Very 
Dense Energy 


In addition to the three spatial polarizations of 
photons and EM waves, there is a very, very 
useful t-polarization along the time axis. In this 
polarization, the 3-spatial energy is not 
oscillating at all. Instead, the time or time- 
energy is oscillating. Time can be taken to be 
energy compressed by at least c?, so it has at 
least the same energy density as mass. In other 
words, one second is 9x10!6 joules of time- 
energy (energy compressed into time). ‘The t- 
polarized photon or EM wave is called the scalar 
photon or scalar EM wave, respectively. 

To demonstrate why time can be regarded as 
energy, we need only point out that the choice of 
fundamental units in any physics model is totally 
arbitrary. We usually choose these units to ease 
the mathematical manipulation, ease our 
understanding, and simplify the ability to 
visualize or "grasp" the physics. However, if 
one wishes, one can build all of physics from a 
single fundamental unit—e.g., energy. In that 
case, one readily sees that time is a function of 
energy and only energy. Hence it is perfectly 
proper to regard time as energy, and to seek out 
what form the function takes in our normal 
system of units (say, the MKS system). 
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S.K. Lisitsyn, “New Approach to the Amlysis of Electroencep halograms,* 
DDC Report AD7305,p. 16-25. 


Figure 7. In the 1960s, Lisitsyn revealed Russian scientists had deciphered 
the human brain code. 
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In that system, it appears that any change in 

time At can be taken as always a function of 
a corresponding change in energy AE, where 
At < (AE) +c? [1] from which it follows that 
AE > (At) x c? [2] For convenience, we 
take the special case where At = (AE) + 
[3] AE = (At x c? [4]. 


Observation as Used in Physics Is 
Spatial 


We note that all mind operations are time- 
like, i.e., they are comprised as scalar EM 
photon functions and scalar EM wave 
functions. Thus the mind is a very special 
kind of electromagnetic system, existing in 
the time domain, and thus "lost" by the 
stripping away of time in the ordinary 
observation process. Physical observation is 
essentially a time-differentiating mechanism 
applied to a 4-spatial change, or in terms of 
MKS fundamental units L and t, observation 
6 is 6 = A/At(L4t) = L3 [5]. 

Thus, as is well-known in quantum 
mechanics, physical observation is 3-spatial, 
and time is not a physical observable, even 
in theory. Since mind is time-like, it follows 
that mind is not a physical observable either, 
since discarding the time dimension also 
discards the mind. In short, one may also 
take physical operation as the mechanism 
that separates mind and body. To observe is 
to separate. We point out, however, that 
merely "separating and discarding" the time 
domain (as in physical observation of a 
single change) does not eliminate it, nor 
does it eliminate the single time-like mind 
change that may be involved in an 
intentional volition. The time domain 
certainly remains, even though only the 3- 
spatial intersection of the 4-spatial 


mechanism and the resulting "outputs". Soa 
series of coherently integrated "mental 
intent" changes introduced into the human 
body's overall servo-mechanism provides 
the continuing input. From there, ordinary 
physics will generate the resulting actions 
induced in the body by that servomechanism 
and its amplifying mechanisms. 


Two Coupling Mechanisms Make a 
Closed Loop 


This is the "mind-to-body" coupling 
mechanism. [See Figure 5] It is the 
mechanism whereby the mind is coupled to 
the body, and whereby mental intent is able 
to induce a series of physical inputs into the 
body servomechanism. 

So the body's servomechanism then 
generates the responses of the body 
(including everything from chemistry to 
electrical changes to muscular movements, 
etc.). These responses are changes in 3- 
space. 

The conscious mind is a serial processor, 
though extremely rapid. It produces the 
series of coherent intent inputs for volitional 
behavior. 

The unconscious mind is a massively 
20 


parallel processor. It continually 
produces the vast series of coherent 
“unconscious intent inputs" for control of all 
the deeper processes in the body, beyond 
usual conscious awareness. 

However, as the body moves or changes 
in 3-space, each resulting quantum change in 
body 3-space is also a slight rotation out of 
3-space and toward the time axis. Hence it 
induces—in the "virtual state" in the time 
domain—a precisely correlated projection. 
The body's responses are in general 
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Minkowski change is given by physical 
observation. So we may say that the time- 
change remains in the virtual state, with 
respect to attempted physical observation of 
a single Minkowski 4-space change. 


Rotation, Coherent Integration, and 
Intent 


Previously we pointed out that any change 
ina4 ¢ entity may be regarded as a 
rotation away from the "trajectory" of the 
entity. Hence each and every t-polarized 
change creates a very small projection into 3- 
space by its rotation slightly away from the 
time axis. All mind changes in the time- 
domain actually produce virtual 3-spatial 
projections in 3-space (in the physical 
domain). We define "intent" as the 
continued production of successively 
coherent mental changes, producing 
coherent virtual changes in the 3-space body 
system, with coherent integration of those 3- 
space virtual changes into observable 3- 
space energy inputs into the 3-space body 
system. Successively coherent mind- 
changes will produce successively coherent 
3-space virtual changes. In short, coherent 
mind-changes will produce coherent 
integration of those 3-space virtual 
projections into an observable 3-space 
change. This is the creation of an ordinary 3- 
spatial energy change induced upon the 3- 
space body. In short, this is the mechanism 
whereby time-like mental intent is able to 
produce a series of coherent observable 
quantum changes in the physical body (as in 
the brain and nervous system). 


The Body as a Servomechanism 


From the standpoint of control theory, we 
may consider the body system to be a 
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coherent, so a coherent series of virtual state 
changes in the time-domain (in the mind 
realm) are created successively. In short, 
again we have coherent integration, this time 
in the mind or time domain. This produces 
“observable” changes in the time-mind 
domain, which are coherent with the body's 
3-spatial changes actually performed. Thus 
the mind receives feedback directly from the 
physical movements and changes of the 
body. This is the manner in which the body 


is coupled back to the mind24 

By comparing the "intent" behavioral 
move that was "fed forward" into the body, 
with the return "response" move analog that 
was "fed back" from the body to the mind, 
the mind is able to determine errors and 
differences, and originate additional 
correctional commands. 

Thus the entire mind-body loop is a 
closed-circuit system of feedforward and 
feedback, together with corrections. It also 
has multiple levels of such, infolded in the 
larger volitional levels. See again Figure 4. 

This solves the age-old problem of the 
mechanisms for the mind-body coupling, 
intent, volition, conscious and unconscious 
functioning, sense of the external world, 
sense of the internal world, sense of "being 


in" the external world, ete. 


All This Is Included in Russian 
Psychoenergetics 


This is the highly summarized basis for 
psychoenergetics, the KGB's division of 
energetics that deals with the mind and body 
coupling and functions, and direct 
engineering of (1) the mind-body coupling 
and (2) the mind operations directly. [See 
Figure 6] The KGB intent, of course, has 
always been to exploit this science for the 
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complex servomechanism system comprised 
of many subordinate servo systems with 
feedback and feedforward looping. 

Given the input from intent, ordinary 
servo theory will take it from there. Once a 
servo has an input, servomechanism theory 
describes the response of the 


degradation, killing, and control of human 
beings, including all humanity. 

sians know full well that, if you 
produce and utilize scalar EM photons and t- 
polarized EM waves, you can directly affect 
and engineer mind and mind operations at 
any and all levels. Western researchers, who 
know nothing of how to make 
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time-polarized photons and time-polarized 
EM waves, do not yet know that. 
Consequently the Russians have developed a 
highly secret science of directly engineering 
the mind and its operations, including 
thought, images, perceptions, feelings, 
emotions, memory, and mind processing. 
Indeed, Lisitsyn™> wrote quite specifically of 
this capability in the 1960s. [See Figure 7] 

Western clandestine mind control 
researchers are apparently still slowly and 
painfully fitting TW EM irradiation 
correlates to induced or resulting mental and 
physical behavior responses. They seem 
unaware of the actual wave transductions 
occurring inside the body and mind, but are 
unwittingly inducing those transductions in 
hidden fashion anyway and in "brute-force 
input-response fitting" models. 

These "fitted brute-force models" 
certainly can be very powerful, and certainly 
can produce the exact results shown in the 
experimental verifications of the fittings. 
However, they do not of themselves allow 
sophisticated design—for example—of the 
necessary time-polarized wave assemblies 
for engineering the entire human collective 
unconscious simultaneously, or for 
engineering the entire collective 
unconscious of all species on Earth (i.e., 
Gaia's collective unconscious), or even for 
precisely engineering the memory and 
knowledge base of an individual. 

This fine research article will be 
continued in Part II with Russian 
Methodology, Waves and Wave 


spacetime that is highly active. The mind is 
rooted in the time-domain and projects from that 
domain into 3-space. The body is rooted in the 
3-space domain and projects into the time- 
domain, To "change" or "function" in one 
domain is automatically to function in the other. 
EM and gravitational phenomena are still 
modeled separately by human scientists, but not 
by nature. 

3. In quantum mechanics, time is not an 
observable, but merely a parameter. 

4. It is convenient to consider mass as a 3- 
spatial form of condensed energy. 

5. E. T. Whittaker, "On the Partial Differential 
Equations of Mathematical Physics, " 
Mathematische Annalen, Vol. 57, 1903, p. 333- 
355;— "On an Expression of the 
Electromagnetic Field Due to Electrons by 
Means of Two Scalar Potential Functions, 

“Proc. Lond. Math. Soc., Series 2, Vol. I, 1904, 
p. 367-372. 

6. ANERAC document search yielded some 16 
good references on t-polarized photons, but not 
a single reference on t-polarized EM waves. 

7. Eg., such previously inexplicable instrument 
anomalies have accompanied some excellent 
and rigorous electrolyte experiments at U. S. 
Navy research facilities at China Lake. For a 
description, see Melvin H Miles and Benjamin 
F, Bush, "Radiation measurements at China 
Lake: Real or Artifacts?", Proc. ICCF - 7 
(International Conference on Cold Fusion—7, 
Vancouver, BC, Canada, Apr. 1998, p. 101. For 
a brief explanation of the anomalies, see T. 
Bearden, "EM Corrections Enabling a Practical 
Unified Field Theory with Emphasis on Time- 
Charging Interactions of Longitudinal EM 
Waves, " Explore!, 8(6), 1998, p. 7-16;— 
"Toward a Practical Unified Field Theory and a 
Deep Experimental Example," Proc. INE 
Symposium, Univ. Utah, Aug. 14-15, 1998. 

8. Many U.S. researchers and journalists—and 
even many scientists—have wrestled with the 
problems of mind, intent, and mind-body 
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Transduction, The Cellular Control System, 
and other matters of interest. # 
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coupling. Enumeration of those efforts would 
itself require an entire book. For an introduction 
into that domain, the reader is referred to the 
very determined exposé by Cheryl Welsh in her 
very timely book, The 1950's Discovery of the 
Code of the Brain, May 1988, published on the 
Internet. Simply employ any Net search engine 
and search on the name Cheryl Welsh. A 
connection to the site and to Welsh's book will 
immediately be found Welsh's important 
compendium is highly recommended, giving the 
reader a "birds eye view", so to speak, of how 
Western scientists think and proceed regarding 
the subject of mind control by electromagnetic 
means. Unfortunately all journalists so far 
researching the area have not been aware that 
Western electrodynamics itself is seriously 
flawed, and that the great Russian advances in 
mind engineering and mind control are a result 
of their secret but complete revision and 
correction of Western electrodynamics to 
provide the basis for energetics. Until Western 
scientists revise their own decrepit old 
electrodynamics fouling the textbooks, they will 
never catch up to the Russian mind control 
developments springing from intense 
development programs that did that revision in 
the late 1940s and early 1950s. 

9. An Invention Disclosure on these processes 
and enhancement embodiments has been filed 
with the U. S. Patent Office. Formal patent 
applications are also in preparation. 

10. Energetics is a unified science of an 
extended electrodynamics possessing a hidden 
infolded general relativity inside the potentials, 
fields, and waves. It deliberately employs 
higher polarizations (longitudinal and tempic) of 
photons and EM waves to engineer action at a 
distance, use of specific patterns of spacetime 
curvature created at a distance, and direct 
engineering of either inert or living bodies. It 
also encompasses the direct engineering of time- 
like mind and mind functions. It is divided into 
three divisions, depending upon the nature of the 
target. Targeted against inert materials, 
structures, fields, and waves it is called 
“energetics. "Against living bodies, their fields, 
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Polarization Transductions, Part 2 
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Special Note 

‘This article refers to research techniques which can 
be detrimental or lethal inthe ands of any but highly skilled, quai 
fied experimental scientists proceeding under proper laboratory safe 

ty procedures. The purpose of this article is strictly for information to 
propery quale snd auhoized wien in corte laborsecen, 
‘We do not propose or condone any use of these procedures for non- 
approved practice of medicine without a license. Neither the publish- 
enor the author are responsible for accidents or outcomes in the use 
of these experimental procedures and techniques. Any researcher who 
performs these procedures and experiments is acting on his or her 
‘own volition, and is solely responsible for insuring safety, qualifica- 
tions, and legality ofthe acts and their results, We neither suggest nor 
condone unauthorized experimentation on human subjects. Such isa 
criminal violation of the constitutional rights of the subject under 
Federal and State laws, and is both illegal and immoral 


A Strategic Threat Completely Unrecognized by the West 
‘The Russian methodology leads directly to rather mind-bend- 
ing, extended capabilities. KGB psychoenergetics scientists seem 
fixed on an eventual goal of directly engineering Jung's collective 
‘human unconscious, thereby converting the entire human species 
into a sort of “ant” species. In short, they seek to engineer what 
they regard as “perfect communism and perfect order” directly in 
the entire species. Figure 8indicates the direct connection of every 
‘human's conscious and unconscious mind to the collective species 
‘unconscious and to Gaia, the collective unconscious for all species 
on Earth. Since time is internally structured and layered, it fol~ 
Jows that time-like mind levels are also internested and layered. 

This appears to be a significant strategic threat, well along in 
its development, that out scientific and intelligence communities 
have completely failed to recognize. 

‘The direct engineering of the entire human collective species isa 
doable." Iris going to be done, whether we like it or not. In that race 
(which may eventually determine whether or not we retain any per- 
sonal freedom at all), the “democratic” nations are woefully behind. 
In fact, the West has not even realized there is such a new kind of 

“arms race” for dictatorship and control of the “collective species 
mind” and we have already almost lost it.The West has not yet even 
developed the overall theory of psychoenergetics. 

Waves and Wave Transductions 


AA pure longitudinal EM wave (LW) would have infinite energy 
and infinite speed. In practice, one can only approach this perfect 
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LW wave, and one always has transverse residues remaining. Hence 
the“imperfct” longitudinal EM waves we can make in suitable equip 
‘ment and techniques, are known as “undistorted progressive waves” 
(UPW5). The UPWs may have velocity far greater than the speed of 
light, or less than the speed oflight. So the speed vof UPWs can vary as 
(6 

‘The Russians also know that, when a nearly-pure longitudi- 
nal EM wave interacts with matter (it usually doesnt interact very 
much, and has a low reaction cross section), the mass immediately 
adds the phase conjugate replica to the interacting LW portion, 
regardless of frequency, thereby transducing the input LW inter- 
actions into scalar (time-polarized) EM interactions. 

‘One transduces from TW to LW to Scalar EM via iterative phase 
‘conjugation. One transduces from scalar EM to LW to TW via iter~ 
ative interferometry. It took the present author 20 years to discover 
this simple thing; we now have filed an invention disclosure on the 
process and embodiments for performing it, and will be following 
with formal patent applications, Let TW = transverse EM wave, LW 
= longitudinal EM wave, and TDW = time-density EM wave (an- 
other name I use for t-polarized or scalar EM waves, since the density 
of time-cnergy is what is varying). Let (1) = interfering with, PCR = 
phase conjugate replica wave with a coupled set of parentheses en- 
closing the type of wave. The rules for wave type transduction are: 


O<veo 


TW + PCR(TW) => LW 7 
LW + PCR(LW) > TDW [3] 
Going the other way, the rules are: 
TDW) TDW => LW (9] 
LW) LW>TW (10) 


In EM smog (dense EM signals, even though very weak), oe 
is increased nonlinear multiwave interactions, both i 
fie and phase conjugative. So in such EM trog there exis an 
increased, non-negligible component of LW and TDW irradia- 
tion, formed by the above transduction interactions in the irradi- 
ated living cells and bodies. This latter part accounts for many of 
the long term effects which show up in “correlative” studies, but 
which do not show up in the normal limited-frequencies TW 
experiments produced by so-called “physical experiments.” 

“The standard EM bioeffects manner of experimenting uses a 
theoretical model of simple, direct energy deposition by means 
of absorption in cells and tissues. Now we must utilize an “open 
system” throughout the body dielectric in which higher polar- 
ized EM energy (either LW or t-polarized) travels readily 
throughout all areas of the body. 


“Mind Control and EM Wave Polarization Transductions 
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EM Bioeffects and Wave Transductions 
In the EM bioeffects experiments to date, there has been ab- 
solutely zero control of the internal transductions, and there has 
been no consideration of them. Almost all transductions of TWs 
into LWs will immediately result into transduction into TDW 
and time-excitation charging of the cells and all their internal 
components. These time-excitation charges (excited states of 
time-charging) will then slowly decay, emitting longitudinal EM 
‘waves in the process which travel throughout the body. These 
‘emitted LWs interfere with each other and the LW processes in 
the body, producing low level TW “noise jamming” of the cellu- 
lar processes and—most especially—of the deep cellular control 
system of the body. The latter system functions by means of LWs 
and TDWs. Long-term effects of such “noise jamming” of bio- 
chemistry reactions and the control systems of the cells and body, 
ccan lead to degenerative diseases such as arthritis, atherosclerosis, 
Alzheimer’s disease, heart disease cataracts, tumors, leukemia, some- 
‘what accelerated aging, immune system weakening and depressing, 
tc. As the body's natural defense and regeneration ability weak- 
‘ens, opportunistic infections further add to the degeneration. 

It was shown by Whittaker in 1903 that any scalar EM po- 
tential is comprised of a harmonic series of bidirectional longitu- 
dinal EM wavepairs. [See Figure 9] Each longitudinal EM wave 
pairin the harmonic series isa phase conjugate pir. Unknown to 
‘Whittaker, that “LW phase conjugate pair” is actually atime-po- 
larized EM “photon” structure, containing a phase conjugate LW 
photon substructure. So staid old “voltage” (potential) is com 
prised of a harmonic series of time-polarized EM waves! 

‘The corresponding “t-polarized photons” are actually spin-4 
supergravitons comprised of coupled antipairs of LW “photons”. 
Each LW photon is a spin-2 graviton comprised of a coupled 
‘TW photon-antiphoton pair. Each TW photon and antiphoton 
in the coupled pair has spin-1. The couplet, being the longitudi- 
nal “photon” or graviton, thus has spin-2. And so on. 

In 1904, Whittaker showed that any EM field or wave pat- 
tern can be decomposed into two scalar potential functions. By 
applying Whittaker 1903 decomposition to each scalar poten- 
tial function, any EM field or wave has an enormously rich in- 
ternal structure, comprised of scalar potential functions in inter- 
ference. Each scalar potential function is comprised of 
time-polarized EM waves (made of spin-4 supergravitons), Each 
time-polarized EM wave is further comprised of bidirectional 
longitudinal EM wavepairs. Each longitudinal EM wave is fur- 
ther comprised of phase-conjugate pairs of transverse EM waves. 
Each transverse EM wave is further comprised of two scalar 
potential functions, each of which is in turn comprised of an 
infinite harmonic series of time-polarized EM waves, and so on 
aad infinitum and ad nauseum. Obviously all EM potentials, fields, 
and waves have an enormous “internal structure” or internal “in 
formation content of the field”. 


The Cellular Control System Uses 
t-Polarized EM Photons and Waves 

‘The master cellular control system (MCCS) in the body uti- 

lizes these photon-gravitons, their corresponding EM wave po- 

larizations, and transductions between them, By the use of very 

ly condensed gravitons and supergravitons, it is able to 

utilize small but highly significant direct curvatures of space- 
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not merely send a “signal” and hope the cell itself acts upon it. 
Instead, it sends an “engine” which alters the local spacetime in 
which the cell and all its components are embedded. This “local 
ST curvature engine” then physically works directly upon the 
cell and all its parts, to alter the cell according to the specific 
“template” of the engine. 

This is the direct application of the Wheeler's simple state- 
ment of general relativity: Mass (trapped energy) acts upon space 
time to curve it, and curved spacetime acts upon mass to change it. 

Popp's “ordinary photon” study of this cellular control system? 
therefore will detect the coherent ordinary TW photon residues 
which result from the photon polarization transductions occur- 
ring from the actions of the ST curvature engines upon the cell 

Cellular division, biochemical processes, growth and growth 
control, cell differentiation and dedifferentiation, etc. are all con- 
trolled by the MCCS or one of its subsystems, using spacetime 
curvature engines. The ordinary TW electronic activity our bio- 
physicists detect and correlate are simply the intermediate com- 
ponents of the actual ongoing polarization transductions. 


The Cellular Control System Uses EM Time-Energy 

‘One important subsystem of the MCCS controls the immune 
system’s functions, including the deepest and most subtle func~ 
tioning performed by all elements of the immune system. This 
system has been rather intensively studied, but since our bio- 
physicists have not possessed the full electrodynamics utilized, 
only the correlated residue of normal TW EM waves and pho- 
tons have been recognized and studied. Hence Western biophys- 
ics isin its very crude infancy. 

Incorporation of the total wave and photon polarizations, 
together with their transductions, will eventually present a revo- 
lution in both biomedicine and biophysics. Unfortunately, pres~ 
ently our entire medical community is very firmly entrenched in 
only ordinary TW EM polarizations and ordinary biochemistry. 
‘Our scientists thus are studying less than 1% of the functioning 
of the living organism. 

As an example, since Western scientists have no knowledge 
‘or research into the time-polarized mind domain and mind-body 
coupling, the mystery of the placebo effect—in which the mind 
has been verified to produce actual physical effects ~ will indef- 
initely remain a mystery.’ As one result of that “crippling” of our 
medical theory, medical experimenters have to deliberately drive ex- 
periments on drug effects, etc. beyond the “mind's own threshold” of 
physical effect. In short, they have to drive the experimental results 
‘over and above the results being accomplished by the placebo effect. 
They must perform valid placebo control experiments, and subtract 
the placebo component results from their own experimental re- 
sults, to determine the “delta” induced purely by the drugs. 


The Regenerative Subsystem 

Another important subsystem of the MCCS controls the re- 
‘generative system of the body. The regenerative system has vari~ 
ous mechanisms, including growth control, differentiation and 
dedifferentiation of cells, ete. Becker’ portrayal of the regenera~ 
tive system is shown in Figure 10. One of its most important 
functions is healing and restoring damaged or diseased cells. It 
does that by a most remarkable process. 

This system has been very poorly studied, mostly by Becker 
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utilize small but highly significant direct curvatures of space- 
time in precise patterns. In short, it utilizes general relativistic 
spacetime curvature engines, rather than “EM photon signals", 
+0 accomplish its control of the cells and their processes. It does 
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‘Goes tnar by a most remarkable process. 

This system has been very poorly studied, mostly by Becker 
tal, although there is still sporadic, ill-funded, and ill-planned 
research on regenerative effects from time to time.’ Becker and 
his colleagues came closest, and—considering the severe limita- 
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of the orthodox U(1) EM model available to them—Beck- 
cer's work is particularly revolutionary, He demonstrated be 
question that simple DC potentials could gene 
ferentiation and redifferentiation, and produce results at global 
sites in the body and not just at the local injury sites where the 
DC potentials were applied. 

Becker was nominated for a Nobel Prize for his Herculean 
efforts and remarkable results. For his trouble he was hounded, 
his funds were withdrawn, and he was forced to retire at an early 
age in his 50s. His biggest “heresy” was to bravely point out that 
power line radiations had deleterious effects upon biological sys 
tems, and to testify to it in a series of hearings and court cases 
where a very powerful electrical power industry essentially ran 
rough shod over science and the public. 


ce cellul 


Organized Science Is Highly Politicized and Imperfect 

It is not only politicians that are “bought and paid for" by pow- 
erful vested financial interests. In organized science, precisely the 
same arrangement holds true. Scientists are no better or no worse 
than any other segment of humanity. A surprising percentage will 
produce the results desired by their benefactors, if provided with 
cushy jobs, good income, prestige, and secure positions. 

It has been said that money is power. It has also been said 
id absolute power corrupts absolutely. In 
ty, a8 well as in the political community, 


that power corrupt 


the scientific commu 
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this “great corruption” by gre: 
ed to an art form. Simply ex 
scientists. There is not enough for all the scientists, so it is fiercel 
competitive. If the scientist does not get grants (e.g.,a would-be 
professor at a university), he does not bring in extra money to 
the university. He cannot get his graduate students funded, so 
his own innovative (read: heretical) research is thwarted. His 
papers are rejected by the journals, and before long he has no 
funded position in science. If lucky, he will be employed in the 
grocery store or the butcher shop 

Every bit of funding available for the scientists to compete for 
(and apply for grants) already has firmly fixed controls of exactly 
what research can be done with that money. The “science” that will 
be applied is already formulated. That and only that can be done. It 
is a tribute to the dedication and resourcefulness of our working 
scientists themselves, that anything innovative at all gets done. 

One can have a very 
sor, get one’s graduate students funded, 


financial power has been elevat- 


ne scientific career, tenure as a profes- 
t one’s papers pub- 


lished in. prestigious journals, win awards and achieve stature 
and prestige, if one just plays the desired game prescribed by the 
“old boys schools” in control of almost all the scientific funding, 
Yes, one can permissibly move the decimal point in the present 
models a bit, and be rewarded handsomely for doing so. But one 
is damned if one attempts any serious change or overthrow of 
obsolete scientific models and practices favored by the “system”. 


LEVELS OF 
GONSGCIOUSNESS 
AND 
UNCONSCIOUSNESS 


GAIA 


Figure 8. Nested levels of consciousness and unconsciousness. 
The mind levels contain the "life" and "mind" dynamics 
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Figure 9 


That is precisely why all our universities continue to teach a 
terribly flawed electrodynamics that isa caricature with at least 
32 major foundations flaws in i 

And that’s why the organized Western scientific community 
hhas betrayed the taxpayers who largely fund its research. In short 
the scientific community fiercely enforces dogma, suppresses in~ 
novation, and has denied the U.S. the very defense we need to 
survive against our pressing enemies who have not been so sci~ 
entifically dogmatic. 


Microwave Radiation of the U.S. Embassy in Moscow 

Because ofthe strongly enforced adherence to the insane foun- 
dations errors in classical electrodynamics, our scientists still do 
not comprehend the decades of so-called “microwave radiation” 
of personnel in the U.S, Embassy in Moscow. All diseases and 
health changes produced in those personnel were in field-free 
areas (.., where the potentials were persistent and unchanging, 
with no gradients etc.)* No one even thought to look at the “in- 
ner longitudinal EM phase conjugate biwave composition” of 
those potentials, where they would have found the Whittaker 
internal bidirectional longitudinal EM wavepairs and the inter- 
nal time-polarized EM waves, They would also have found the 
infolded, very powerful general relativity: the spacetime curva- 
tures deterministically formed and being utilized to directly al- 
ter the irradiated cells and their constituents, 


GALLOPING 


Instead, government-funded studies did a rather straightfor- 
ward “force field” analysis, and concluded that, since there were 
no fields there, it could not have been the microwave radiati 

Elementary statistics would immediately indicate a different 
conclusion: The diseases and health changes were 100% corre- 
lated to the presence of potentials, and 100% anticorrelated to 
the presence of fields. Hence it was the field-free potentials that 
had to be inducing the diseases and health changes. If it were 
NOT the radiation at all, then some changes would have oc- 
curred in personnel in areas where fields were present, as well as 
in areas where fields were absent. Since this did not occur, such a 
premise is destroyed by self-contradiction. In short, the data ac~ 

tually proved (i) it was indeed the radiation thar was causing the 

diseases and health changes, and (ii) further, it was the field-free 
potentials that were the culprit. 

‘That this elementary statistical onchusion eluded our scientific com- 
munity and our government community, is absolutely inexplicable. 

Three U.S. Ambassadors eventually died of diseases induced 
by their exposure to the Embassy radiation. Ironically, Ka 
znacheyev’ had openly released some of the results of thousands 
of Soviet military experiments showing that any kind of cellular 
disease or disorder could be induced in targeted cells by novel 
EM radiation emitted from diseased or damaged cells. Appar- 
cently no one in the West deciphered the mechanisms involved 
in Kaznacheyev’s epochal work. 


Scalar Potential 
VELOCITY on gain ctte: 
Wavepair #3 
HARMONICS 
Wavepair #2 
Wavepair #1 
OK LETC. 


DISTANCE 


The Structure Is: 


directions. 


‘A harmonic set of longitudinal phase conjugate wavepairs. 
In each wavepair the two waves superpose spatially after detection, but travel in opposite 


The convergent wave sets in the imaginary plane, and hence is not observable. It is EM 


energy incoming to the potential (dipolarity) from the time domain. 


This produces the fields and potentials from the "s 


‘aniv in similar airs. which then mak 
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The charge’s spin is 720 degrees, 960 in the real plane and 960 in the imaginary plane. 
Hence the charge receives the complex convergent EM energy, transduces it into real EM 
energy, and emits enormous energy at the speed of light in 

bidirectional pairs in 3-space (after the reaction, being after “observation” 


I directions -- which includes 


ource charge or dipole.” 


Mandl and Shaw argue that the scalar (time-polarized) photon and longitudinal photon are observable 
the instanta 


us scalar natential. Thus their auantum field 


Fguce 9 
© Mandl and Shaw argue that the scalar (time.potarized) photon and longitudinal photon are observable 
only in similar pairs, which then makes the instantaneous scalar potential. Thus their quantum field 
theory work strongly supports the “negative resistor” interpretation of the scalar potential and our 
solution to thesource charge and source dipole problem. 


Figure 9. Infolded longitudinal biwaves (time-polarized EM waves) 
composition of a scalar potential. 
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‘The Present Situation in Western EM Bioeffects Research 

Our scientific community has not even designed physical ex- 
periments to validate long-term EM bioeffects of the kind caused 
by induced wave transductions and long-term effects inside the 
absorbing human cells and in the body’s regenerative and im- 
‘mune systems. Western science has no knowledge of these tech 
nical internal “wave polarization transduction’ mechanisms. Yet 
the basis for such mechanisms has existed in the hard physics liter- 
ature for decades. Leading EM bioeffects researchers seem totally 
‘unaware of small reaction cross sections inside the body cells and 
tissues for the transduction of transverse EM signals into LW and 
polarized EM signals. Conventional Western researchers have not 
investigated it, and often will not believe it when itis pointed out 
to them along with the supporting basis in the literature. 

‘A major part of the mainline “EM bioeffects” community, of 
course, seems comfortably funded largely by the power industry 
etc." The record is clear that this dominant, well-funded group 
has litle or no intention of “finding” anything that will question 
powerline radiation safety and upset their cushy positions. 

In fact, leading bioeffects researchers have pointed out this 
deliberate biasing of EM bioeffects as a research area. Quoting 
Dr. Andrew A. Marino, one of the great pioneers in the area of 
EM biceffects" and powerline radiation assessment. 

“Neither scientists nor the public can rely on power-industry 
research or analysis to help decide whether powerline electro- 


Trauma 


Tissue Loss 


Local cellular effect 


Alterations in local 
DC field pattern 


magnetic fields affect human health because power-industry re- 
search and analysis are radically misleading.” 

Dr. Marino then gives the specific details to prove it, and he 
shows specifically how they slant and mangle their experiments 
and interpretations of the results, to do it. If the major financial 
interests cannot scientifically destroy determined, honest research- 
ers such as Marino and Becker, they do not hesitate to attempt 
to destroy them in lawsuits. 


‘The “Diffusion Mixmaster” at All Body and Cellular Levels 


Every mass and all its particles are in a violent energy ex- 
change with the active vacuum. A human body and every part of 
itisina continual exchange of EM energy with its environment(s), 
including transverse, longitudinal, and t-polarized (scalar) EM 
energy exchanges. Further, within the dielectric body there is a 
sort of intensive “diffusion of special kind, actually due to itera~ 
tive phase conjugation and iterative interferometry of the dense 
signals environment impinging upon it. This internal “diffusion” 
and transduction (iterative multiwave phase conjugation and it~ 
erative multiwave interferometry) thoroughly “mixes up and 


Continual of sustained TDW exposure (irradiation by t-po- 
larized EM waves) charges the body and its particles with time 
‘excitation charging, something which has been erroneously omit- 
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Figure 10. Becker's model of the Regenerative system of the body. 
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ted in physics, but is true nonetheless. Inexplicably, physicists 
just ignore what happens time-wise when a mass absorbs a pho- 
ton, We have covered that elsewhere, 

So inside the body dielectric, there is a “diffusion mix” corre- 
late of any and every type of the waves, to any or all of the ex- 
changes, plus the additional internal interactions of the body in 
its TW, LW, and scalar EM wave transductions. There is a one~ 
to-one correspondence to any one of the three types of polariza~ 
tion waves (transverse, longitudinal, and scalar) and everything 
going on anywhere in the body, 

Note that the type of LW we are using is actually made of 
phase conjugate pairs of transverse EM waves, so its “photons” 
are made of photon/antiphoton pairs, That is, our longitudinal 
EM wave has an internal TW structure, and the LW wave is 
comprised of spin-2 gravitons. Our longitudinal EM wave has 
an internal structure, and it dramatically differs from the LW 
used by the U.S. scientific community which ignores wave, field, 
and potential infolded substructures. Our LW (which seems to 
be what the Russians use) is also a gravitational wave because it 
is comprised of oscillations in its distributions of spin-2 photon/ 
antiphoton pairs (i.c., gravitons). 

‘The type of t-polarized (scalar) EM wave we are using is a 
phase conjugate coupled pair of the specialized electrogravita- 
tional (EG) LWs. The “t-polarized photons” comprising this t- 
polarized “EM” wave are comprised of spin-4 supergravitons, 


‘These are, I believe, what the KGB energetics weapons scien- 
tists use also, By iteration, we can go into as deep an internal 
multilevel structuring of EM and EG waves, of any type, via 
methods shown by Whittaker.!? 

‘Now let us examine a body as a dielectric, sitting there in its 
exchange, in relative equilibrium. It turns that every tiniest piece 
of a dielectric participates in any emission from it!—even the 
emission of a single photon, graviton, or supergraviton. Well, it 
‘would so participate, due to the special sort of correlated diffu- 
sion and interferometry and phase conjugation that we pointed 
out. Anything that escapes (is re-emitted) from the body, has 
been through this “diffusion wringer”. It has escaped from each 
and every internal part of the body. 


Novel Signatures in Body-Emitted 
EM Radiation of Any Polarization 

A single photon or wave emitted from a dielectric carries in 
its internally structured time component a femplate of the exact 
internal time structuring of every part of the dielectric emitting 
that photon, It carries in its internally structured energy compo- 
nent a cemplate of the internal energy structuring of every part of 
the dielectric emitting it. An emitted EM wave, being a collec 
tion of emitted photons and photon structures, thus carries the 
same internal structuring of both its transported energy and its 
transported time.'* Western scientists do not use the internal 


RETRORADIATION WITH EMITTED TW EM WAVES 
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structuring of photons and EM sine waves, have no instruments 
for that, and so do not know it. The Russians know it,'*'*use it, 
and have developed sophisticated instruments for it for the last 
30 years or more. 

Shortly we will postulate how conventional scientists experi 
‘menting with mind and behavior control electromagnetically 
might utilize an immediate consequence of the fact that the spe- 
cific emission from a body at any time—whatever type of wave 
component we look at—is a total correlate to all that body's in- 
ternal functions, its energy exchanges with its environment, its 
states, its mental states and conditions, etc. 

And we accent that the coherently integrated intent-changes 
in that body from its coupled mind’s operations are also in the 
substructure of photons and EM waves emitted from the living 
body into its environment. 


How Western Mind Control Scientists Might Proceed 

Conventional scientists would ignore scalar photons and 
waves, determine the TW spectrum, and then slowly and pain 
fully correlate that to the various physical, mental, and emotion- 
al things. That's the way they would Aave to do it, since appar- 
ently they use only standard electrodynamics. They can in fact 
do this via brute force, because that emission TW spectrum is of 
waves escaping from the entire “diffusion machinery” mixmas- 
ter in the body dielectric. It does contain all those integrated 
‘mind-intent 3-space correlates as well as the ordinary body 3- 
space energy correlates, 

Anyhow, in envisioning Western procedures, the test body would 
be sitting there, in its normal (let's say fairly normal and quiet) EM 
environment. (See Figure 11] Let's assume this body is not sick, but 
is healthy and normal. Its emissions are a part of its equilibrium 
condition. It follows that the totality ofits TW emissions is corre~ 
lated to the sum total of everything that interacted with the body, 
plus its own internal reactions, including from mind-body cou- 
pling. Indeed, everything that has ever happened to that enti- 
ty—physically, mentally, emotionally, ete—has internal corre- 
lates infolded inside the emitted transverse EM wave spectrum.” 

So first the scientists would simply measure the full envi- 
ronmental TW spectrum down to very tiny levels in all frequency 
bands possible—everything that is coming in to the body from its 
environment. They would probably perform the experiments in a 
triply-shielded Faraday cage, so the external environment outside 
the cage contributes very little transverse EM wave noise (perhaps 
some Schumann resonance). Magnetic wave shielding and ELF 
ding is something else again, and longitudinal EM wave shield~ 
ingjis in general not possible unless longitudinal EM waves are em- 
ployed in the shielding. But a “quiet extemal TW environment” 
enhances the isolation and measurement of the specific TW sig- 
nal transforms the Western experimenters would be seeking. 

‘Then they would measure everything likewise that the body 
is emitting when in that environment. That is the “zero refer 
ence” or “normal reference” level. They would measure every as- 
pect: frequency, amplitude, phase, wave shape, modulation, etc. 


Probable Experimental and Measurement Techniques 
Next they would selectively irradiate the body with specific 
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They would consider the body dielectric as a “ship with port- 
holes". Light (EM transverse wave energy) coming out of the 
portholes has originated and adapted from everywhere inside the 
ship and its operations. When the experimenters reinsert energy 
through one or more portholes, they are interested in determining 
precisely which operations inside the ship are affected. So the 
body physiological functions are also heavily instrumented. 

By feeding back in the exact EM pattern and magnitude es- 
caping the body dielectric through a single porthole, one “nulli- 
fies” that part of the emission by producing a net equilibrium in 
that component. This will in turn produce changes elsewhere in 
the spectrum emission from other portholes, and this can be 
measured. It will also produce “stress changes” in specific por- 
tions of the body dielectric, and in the heavily instrumented body 
these physiological, chemical, electrical, et. changes can also be 
detected. Monitoring of the skin conductance, e.g, indicates the 
level of stress, and EEG monitoring with sophisticated instru- 
mentation can indicate something of the brain wave states. 

Inshory, the necessary measurements from which to construct, 
specific correlates can be performed, recorded, and later analyzed. 

This article will be concluded in Volume 9, #4 with Improv- 
ing the Methodology, Further Phenomenology Experiments, Re- 


juvenation and other matters. 
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Actua pyricaleffects—at leas temporarily —in the cells and throug bout the body's 
chemistry, pliolgy, etc. Experimenta detection ofthese phyical eects are well 
established inthe ortbadox medial erature 

+4 Forexample se partcarlyR.O. Becker, “The drt current fil: A priitvecontal 
and communication system related to growth proce, Proccedings of the. XVLIn- 
ternational. Congress of Zoology, Washington. D.C. Vel 31963, . 199-3 —“The 
direct caren control stem: A link between environment and organi," New York 
State Joumal of Medicine, Vl. 6,6, p.116y-1176-—and D. G. Murray, A method 
for producing cellar deifeentiation by means cf very small electrical caren, “Tans. 
NYY. Acad, Sci, Vl 9.1967, ps 606-615-—and Juph A. Spader, “Elric stimu 
lation of partial regeneration in manmats,"Bulein ofthe New York Academy 
‘of Medicine, Second Series 48(4) May 197, 629-64 

§ Eg a popular dscasion is given by Jobn Trai, "Starting Over Some Animal can 
regenerate limbs or even mast of thir beds Hoa?” Science News 128), Now 1197, 
(p2So-abe. Fora typical echnical pape see Jremy P Brock, Amphibian lin regener 
tion: Rebuilding a complex srt, Science, 27309) Ap 4197p 81-87 

6 Ihave one viewgraph wbic lists those 32 majo fla in electrodynamics. Farther, 
‘eading theorists (Evans, Crowellandotbers) in the Alpha Foundation’ Institute 
Sor Aikcanced Study (AIAS)—of which I am a Fellow Emeritus by AIAS' kind 
tolerance—bave added about another very technical and wry fundamental dezen 
oro errors tomy own lit. A leading foundations scientist with cver 500 papers in 
‘the literature commented dryly tothe AIAS that I broadly agree that te trans 
ers plane wave view of vacuum electrodynamics isthe bigget blunder of rwenti- 
th centary xience, Faraday visualized that EM disturbances rurrounding 
magnets et. sre simply the transoere plucking of tout strings. As be state i 
book, Maxtoell—wiho also firmly believed in tbe material ether—rimply captured 
Faraday’ thinking and assumed that transverse ‘plucked string” wave disturbance 
inthe material eer. tthe time all this was expresed, the electron bad et een 
dlicovered, te atom bad net ben discovered, the molecule was a features bio, 
land no one bad the slightest ation ofa atomic cles fled with protons and 
neutrons. Charge was simply a ‘certain volume of electric fluid” and everyting 
electromagnetic cas expresed in flaid dynamic As an example, that “material 
Pid” and "material ether” theory was destroyed in the lat 18808 by the Michel 
‘Morley experiment. All the Maxwell epuations assume that material ether to this 
dy; nota single equation toas ever changed fo climinate the material etber ai~ 
sumptions daring the last 10 year. 

1% For full explanation ofthe Moscow Signals" se TE. Bearden, Gravtobiology: 
ANew Biophysics, Zsa Book Ca, PO. Bax 2187, Chul Vista, CA gr 199 — 
AIDS: Biological Warfare, Te Beok Co, 1988 Foran excellent Government tad 
ofthe Embassy radiation by exellent but otbodexJobns Hopkins cients, se A M, 
Lilienfeld ct al, Forcign Service Health Status Study: Evaluation of Health 
Status of Foreign Service and Other Employees from Selected Eastern Esro- 
‘pean Posts, Department of Epidemilogy. of Hygiene and Public Heath The Jobns 
Hopkins University Baltimore, Maryland, Final Report July 31 1998.On p. 2. it 
ltroted that a marked exes of symptoms were nted inthe Mescow employee group 
‘as compared to otber East European emplyes in other East European nations. 

& Jobs Hopkins researchers established te exact fed patterns present in the Embas- 
59 from the microwave carrier radiation: se Robert C. Mallaliew, A Mode! of 
‘the Microwave Intensity Distribution within the U.S, Embassy, Mexow 966 
40 s97p, Report FS-So-166, Applied Physics Laboratory, Jobns Hopkins Univerty, 
Aug, 198. Nowhere any ofthe Government ned seis ister any comtider- 
“ation offre alr potentials and thir internal time- polarized EM wave strac- 
‘tures (tbe bidirectional phase conjugate wavepars shoton by Whitaker to comprise the 
scalar potential) Yet the field madiation pater surprisingly sce tht iat such 
Fife, peste potential nes wa wer 10% of the ath changes ecard 


ise, see Comment” by William A, McGarey,p.143:'A Comment by Arthur C. 
Hastings, p. 143-144. See ali Vail Kaznacheyec, Apparent information transfer 
between tro groups of ells, Paychoenergetic Systems 1), Det. 1974. The Sov 
et Union asoanded Kaznacheyew a very igh medal forbs achievements 

10.Fer a oery nice summary of EM bioefcts from the mare conventional view ce 
Robert O, Becker and Andrew A. Marino, Electromagnetism and Life, State 
University of New York Pres, Albany, 1982. The book is alo avuilale at btp// 
ww ortho lume edu/Faalty/Marine/EVEIPub hl. 

1 Andrew Marin, Powerline Electromagnetic Fields and Human Health, tp/ 
‘Aexortb da Filly Marina/Marin bd. Tis bok isbighly recommended. 
Partcarly ee “Chapters Blu-Ridbon Committes and Powerline EME Healt 
Hazards” and Chapter 6 Prrcer-Industry cence and Prwerine EMF Heath Haz~ 
ands" Biepicst Marina is one of the leaders inthe field and bas been perenaly 
incovedin many skirmises with powrdine-dominated studies and finding. 

12.E.T. Whitaker, On the Paria Differential Equations of Matbomatcal Physic,” 
Mathematische Annalen, Vol. 7, 1903 333-386: —"On an Expression of the 
Electromagnetic Field Due to Electrons by Means f Two Scalar Potential Func~ 
tions, Proc. Lond. Math, So Series 2, Vl 11904 367-37 

13, Reali, G.C, "Reflection fom dielectric material,” American Journal of Physics, 
$012, De. 198, p. 113-1136. The reflected id from a dilecric material is not 
‘generated just at its surface but comes from everyere inthe interior oft 

14.Present physics models the EM swave as transporting nergy, but eroncoulyomite 
‘that it als transports time. A photon is made of angular momentum, or “nergy = 
‘time’. Since EM waves ae made of photon if flles that they transport beth the 
‘energy components and th time components making up the photons. An EM 
rwrve isa wave of angular momentum, no just a weve of energy. 

15. KGB energetics oapons scientists cal bs internal structuring the “information on 
tent of th field" Horceer, the Russians usea good deception plan, obich imple that 
‘the information content of the fd” is just the normal transverse EM spectral on 
{ent of EM signal Apprcabe pertinent” work asng that prs i produced by the 
open Rassian sienifi community, ts confising teint. Our icity 
scm to buy it book, Fine, and sinker. The deeption plan abo trcks Western scientists 
into thinking tat psycboenergtc snoring bute Rusia version of Western pars- 
poycbolegy. Again, ou scientists comfertably accep this with mug satisfaction. 

16 Presently the Russians are ina great nes version of tis deaption plan, sith he goal ef 
sdeciving Wetern sents ito thinking tba the ert” Russian eneretiais based on 
‘eorsion field Consegucnty te are leasing substantial material tron ws hey, 
including replicable experimental reads Tax ead version of tson fils hao glar= 
ingomisionthetimecomponentsand sruuring. Ths decption plan seen, cae 
{he toron il theory tat released is indeed eal” and tetable ts ectionary, 
swith rape to proent Wetern kien. It ama pstrey ase diverting the attention 
rch of tbe Western see commuaity ntti igh ited bt of bef Rasian 
torsion thory—efftvely diverting the Wet axay from pycboenegetio andthe drt 
suc oft polarized EM warce and fils, torsion or thers 

17 Wepeint out tbat E.T. Whittaker, inOn the Partial Difremtial Equation of Math- 
ematical Pris,” Mathematische Annalen, Vol. 7 903 317-355 showed that 
coer alr potential scomprived ofan internal struct of bidirectional engi 
inal EM phase conjugate wavepairs in an infinite et of barmonicr Each of those 

conjugate longitudinal EM waepaircomprive a. EM wave. 
Se ee ee oe 
is farther ganized into an internal time-polarized EM wave srutar. The mind 
intent corratesand the total mind and emotional experience correlates fom fetl- 
zation of the egg that led to development ofthat pers, isin the internal ubsractre 
of ecery potential inthe lcing bod. In is “On an Expreion ofthe Electromagnetic 
Field Due to Electrons by Means of Tico Scalar Potential Functions” Proc. Lond. 
Math. Soc. Series 2 Vol 1. 904, p. 367-372, Whitaker ao sbowed that any EM 
fied or wave is comprised of rc cakar potential functions. It fall from Whittaker 
‘and Reali that the EM emission from the ing bedy carry the internal orelaes of 
everyting that bas been experienced by tat person frm concpton in the wom 
Sometimes this deep embedded *bidden information content” can even be accesed in 
deep bypmesi. Lone observed the deep bypmotic regres ofa subject back te ber 
prenatal experince prior to birth, where the subet relived bearing wards of reje~ 
tion by the father, before the subject was born. The eccurrence of the incdent and the 
Sather swords core directly confrmed on the spot by the mother, wo was cleely 
‘bserving the sesion as it ocurred I turned out that his particular rejection of the 
‘aby sill inthe om bad played a major rele in sbseqent dep prycolegcal 


EXPLORE: 
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9 Viail Kaznacheyeo and L. P Mithailove, Ulraweak Radiation in Intercellular __ problems experienced by that perio all ber life. To resbve the problem, use of @ 
Interactions, fin Russian), Nosibirs, 98 [an Englisch exposition of much of the perserful simulated” reliving re-birt experience was conducted withthe subject 


Kaznacheyeo work is given in Vail Keznacheyes “Electromagnetic Bicingorma- again in the pre~birth state and atively participating, but now with the father 
tim in Intercellular Interaction," Psi Research, s(t), Mar. 198, p. 47-76]. See figure directly expressing love, acceptance, and cuddting and bugging is daughter. 
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Mind Control and EM Wave 


Polarization Transductions, Part 3 of 3 


©Copyright 1999 by T.E. Bearden, USA 


This outstanding article is the last, Part 3, 
Part I and 2 of which were published in 
Volume 9, #2 and #3 of Explore! for the 
Professional. Because we feel that Col. 
Bearden’s Special Note below is so very 
important we are repeating its publication in 
all 3 parts of this article. 


Special Note 


This article refers to experimental 
research techniques which can be 
detrimental or lethal in the hands of any but 
highly skilled, qualified experimental 
scientists proceeding under proper 
laboratory safety procedures. The purpose 
of this article is strictly for information to 
properly qualified and authorized scientists 
in certified laboratories. We do not propose 
or condone any use of these procedures for 
nonapproved practice of medicine without a 
license. Neither the publisher nor the author 
are responsible for accidents or outcomes in 
the use of these experimental procedures and 
techniques. Any researcher who performs 
these procedures and experiments is acting 
on his or her own volition, and is solely 
responsible for insuring safety, 
qualifications, and legality of the acts and 
their results. We neither suggest nor 
condone unauthorized experimentation on 
human subjects. Such is a criminal violation 
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achieving many more effects in the targeted 
bio-organism or groups of them. With 
Hunt's method, the system as an open 
dissipative system far from thermodynamic 
equilibrium in its environment is being 
measured as such. This more directly allows 
for determination of the environmental 
inputs on a much broader range of 

systems, both space-like and time-like. 
icularly for mental and emotional 
correlates to environmental stimuli, such 
measurements and correlations are essential. 


More Comprehensive 
Phenomenology Experiments 


To return: Now the scientists would 
perform many phenomenology experiments, 
making one little change at a time and 
profusely recording the data. Each time, 
they would establish the physical change(s) 
that occur in the body and/or the mental and 
emotional changes that occur in the mind for 
each spectral reinsertion back through the 
“ship's portholes". They would simply but 
painstakingly (over some years) build up an 
extensive database of those individual 
correlates. 

In these experiments, the experimenters 
will eventually be able to provoke any body 
or mind change they wish. Strong emotion. 
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of the constitutional rights of the subject 
under Federal and State laws, and is both 
illegal and immoral. 


Two Ways to Improve the 
Methodology and Experimental 
Correlates 


We diverge momentarily: If they wish to 
improve this methodology, they will 
consider the body dielectric as a nonlinear 
isotropic medium. Then they will pretend 
that the spectrum of difference frequencies 
between each two adjacent waves is the 
spectrum of "emissions" from the body. 
They would also use those, as if they were 
actual emitted spectral signals, instead of the 
actual signals emitted. That procedure will 
give superior correlations, but it is more 
complicated. Part of that is known for 


underwater sonar," and so our own scientists, 
may or may not have realized it for use in 
mind and behavior correlate determination 
with respect to the body dielectric. 

Another dramatic improvement in the 
depth to which the correlates can be 
constructed, is provided by detecting each 
porthole output in a two-channel device, 
where one channel has an adjustable time- 


delay as utilized by Dr. Valerie Hunt.2 The 
two channels—one real-time and one 
slightly delayed—are then mixed, as by 
Hunt's method, producing an instrumental 
measurement of the chaotic part of the 
functions. Again, this can be measured, 
recorded, and later analyzed. It adds (i) a 
completely different kind of 
thermodynamics in the system 
measurements, (ii) a dramatically extended 
set of correlates, (iii) more direct 
measurement of the time-polarization 
causative signals, and (iv) an applications 


Intense pain. Intense pleasure. Painful 
thoughts. Images. Memories. Perceptions. 
Dreams. Visions. Memory losses. Memory 
changes. Personality changes. Etc. The 
“delta” in the emission spectrum (the 
changes from zero reference spectrum) 
represent the precise totality of all mental, 
physical, organic, chemical, etc. changes 
and interactions, 

A particularly vulnerable aspect of every 
mammal is the pleasure center in the brain. 
Experiments have shown that, when this 
center is stimulated, it is the most addictive 
experience possible. Rats will forego food, 
endure electrical shocks, starve, and even 
die to obtain stimulation of this center. 
Obviously a device capable of generating 
signals that evoke direct stimulation of the 
pleasure center in humans would be a 


: 3 
powerful weapon.2 
Extending the Data Base 


See Figure 12. After the researchers have 
made an "individual porthole signal 
insertion" correlate database, then they 
would make a "two, three, four," porthole 
signal insertion correlate database by 
inducing selected multiple changes at once. 
Again they would analyze everything; the 
program would need one or more 
supercomputers. It would also require quite 
a highly qualified multidisciplinary team, 
extensive facilities, substantial funding, and 
would be many years in duration, We are 
describing a decades-long program. But it's 
a doable. 

With sufficient development and 
performance of such a program, the 
researchers would have produced (with 
sufficient testing and analysis, and sufficient 
retest validation and verification) a database 
of "specific correlates for a given overall 
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technology eventually having many desired physical, mental, or physical and 
additional degrees of freedom and therefore 
capable of 
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mental delta." 


A second stage in the research would be 
to test the correlates and porthole insertions 
upon a Statistically significant cross section 
of ordinary people, and/or specialized 
populations (such as toughened soldiers). 
The program would evolve a highly 
complex, very effective, ever-improving 
science and technology of mind and 
behavior control and engineering 
mechanisms, complete with finished 
database and developed applications 
equipment. 


The Dielectric Body as a Ship 
With Portholes 


Again let us review what the EM 
transverse wave irradiation from the body 
dielectric represents. Think of the body 
dielectric as a sort of "ship", with lots of 
portholes. When it gets irradiated, certain 
operations happen internally to that 
radiation, i.e., certain "processes" and 
"interactions" occur, which change both the 
mental and physical states. The output 
emissions back from the body dielectric, out 
through the filtering "portholes", will 
directly correlate to what has happened 
inside the ship. 


It is terribly important to realize that one 
can use the same frequencies and spectra 
coming back out of those "portholes" to 
insert EM signals and waves etc. back in 
there, and into the deepest processes going 
on in the body and in the mind (at all levels, 


times. So it will reach directly into and 
affect any and every part of the dielectric, as 
you wish, and in whatever manner you have 
correlates for. 


We filed an invention disclosure on the 
above correlate and "back-porthole” process 
for use in directly inducing full and efficient 
conversion directly to time-density (scalar, 
or time-polarized) EM waves inside the 
body/ cells, therefore immediately and 
directly time-excitation charging the body 
cells and all their internal components. 


Subtracting the Normal 
Correlates to Obtain the Deltas 


A specifically diseased body, e. 
specifically tailored change in it 
emission spectra, because of the disease 
condition alteration of its resident spacetime 
curvature engine. By having a database for 
the normal emission spectra of the healthy 
body, one can subtract it from the actual 
emitted spectra, to obtain the "delta 
spectrum". 


If the correlates have been previously 
determined by the above mentioned research 
program, then one may simply introduce an 
amplified "delta spectrum" into the body, i. 
e., through the portholes. This will 
immediately time-excite the cells and their 
components throughout the body, 
particularly where that disease does exist. It 
turns out that the time-excitation charging 
by that method will "pump" those diseased 
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including the deep unconscious). cells in the time domain. The cells 
themselves (and all their parts) are highly 
Remember, whatever you put back in nonlinear—to time-excitation charging, they 
there, is going back through the "mixmaster” are totally nonlinear. So they will act as 
hopper. It will be iteratively phase rather perfect pumped phase conjugate 
conjugated and interfered with by mirrors, but pumped in the time-energy 
everything, countless domain rather than in the spatial 


RE-RADIATION WITH ALTERATIONS 
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Hi [s : 
v == 


q 


Control Unit 
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~ / 
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t Adjusting broadband signals 
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~—__ > by selecting indicated alterations 
from database 


TIME EXCITATION CHARGE IS STRUCTURED TO CONTAIN THE PRECISE 


Figure 12. Using an amplified replica of the body's own dense, broadband 
signal 
complex, containing added alterations, to irradiate the body and produce 
deeply-penetrating precise time-density charging for cellular time-reversal 
while steering the time-reversal trajectory to also correct a congenital 
condition. 
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energy domain. This is a dramatic extension 
to nonlinear phase conjugate optics theory. 
General relativity tells us that each 
specific detail of the mass and energy 
structure of each cell and all its parts—down 
to the finest details—is accompanied by a 
precise set of spacetime curvatures. By 
reintroducing the same energy as the disease 
delta TW waves, the affected cells add the 
phase conjugates, converting the inserted 
TW signals into longitudinal EM wave 
signals. The longitudinally-pumped cells 
again phase conjugate, converting these 
longitudinal EM waves to time-polarized 
EM waves, and "charging" the cells and all 
their parts in the time domain. 
Suddenly, at that point the resident 
spacetime curvature engine—rather than 
TW or LW EM waves-serves as the "input 
signal” to the cell-and-its-parts as pumped 
phase conjugate mirrors (PCMs), pumped in 
the time domain. An extension to the 
distortion correction theorem of nonlinear 
optics results. An exact, amplified 
antiengine for the diseased cells—i.e., a 
phase conjugate replica of the resident 
spacetime curvature engine—is formed. 
This amplified antiengine overpowers the 
resident disease engine, powerfully time- 
reversing the cells and their components 
back to a previous healthy state. The time- 
reversal actually occurs over a period of 
time after the "time excitation charge-up" 
ceases, say over the next week or two. 
Usually two to three quick irradiations are 
required, one week apart, to give a time- 
reversing period of three to four weeks. 


force upon the cells or any part. E.g., as 


Pepper® states, 

“On a more fundamental level, the ideal 
lossless PCM reverses all the quantum 
numbers of the incident photon (i. e., linear 
momentum, angular momentum, ete. ). It 
can be shown that the PCM therefore 
experiences no linear or angular momentum 
transfer from the incident photons; hence, 
the PCM is free from photon radiation 
pressure and torques." 

Note that, in ordinary EM theory, it is 
precisely translation forces that are 
engendered upon charged mass by EM 
fields. This process is quite different. In 
biological terms, this process 
dedifferentiates (in physics: time-reverses) 
the diseased cells and all their components— 
including the genes—back to an earlier 
healthy state. 

By taking a diseased body and feeding 
back into it an exact amplified replica of its 
emitted TW spectrum, one can force the 
body to "time-excitation charge" all cells 
and their components immediately, with 
high efficiency. The human body and every 
cell and every part of every cell does the 
necessary "calculation" for the exact 
antiengine for each part. Since time is 
extremely condensed spatial EM energy (by 
a factor of almost 10!7), a startling 
contraction occurs in the radiation time 
required to time-charge the cells and their 
components and charged particles. This is a 
method for instant initiation of time- 
charging, hence it is extremely rapid. What 
took Priore several hours of LW irradiation 


to accomplish in the body,” can now be done 
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Even though appreciable forces are in seconds with this "thwarting" and 

operating internally upon the cells and all spectrum transduction method. In fact, it is 

their parts, there is no net translation an intense stress on the body, and—say— 
should only 


iS 
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Figure 13. Portable first-method treatment unit proposed to the Department 
of 
Defense. For treating and curing mass casualties from terrorist BW 
attacks on U.S. population centers. 
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be continued for 30 seconds or so. We 
highly stress that overcharging in this time 
domain can be detrimental or even lethal if 
prolonged. 

At the end of the very short time- 
excitation charging time, the body is "time- 
excitation charged in all its minutest 
particles". So everything is therefore 
pumped in the time domain for the next 
several days after the irradiation is removed, 
since the time-charge decays very gradually 
over a period of time. During that decay 
period, every part of the cell and body acts 
as a pumped phase conjugate mirror 
material, pumped in the time domain rather 
than in the 3-space energy domain. When 
time-pumped, the mass itself reverses to a 
previous physical state. This can be used for 
both nonliving and living masses. Because 
there is no forcible translation manipulation 
of the cells and their parts, it can be utilized 
on living cells in vivo. In the case of 
diseased cells—e.g., AIDS-it appears that 
three precisely determined 30-second "AIDS 
correlate" irradiations a week apart, should 
be sufficient to completely cure AIDS, 
including removal of all HIV-genetics 
changes from every previously infected cell 
of the body. Also, it would accomplish 
considerable rejuvenation of the body 
(making the body younger). 


Rejuvenation: Restore the 
Telomeres and Produce 
Immortal Cells 


Saving Most of the Casualties 
from Mass Terrorist Attacks 


To defend against things like anthrax 
attacks on our civilian population centers, 
we also have recommended to the U.S. 
Government the crash development of small, 
portable treatment machines—using similar 
“antiengine-forming" and cellular reversing 
“porthole technology". [See Figure 13 on 
previous page]. Such portable machines 
could be developed cheaply and quickly, and 
present government facilities could be used 
to massively attack the correlate database 
production problem. The portable treatment 
units could be cranked out by the hundreds 
of thousands and flooded down through 
emergency response agencies such as the 
police forces, the National Guard, 
emergency hospitals, emergency response 
teams, etc. 

Each device could be used in "assembly 
line" fashion upon hundreds of sickened 
patients, in case of a WMD (weapons of 
mass destruction) attack upon one or more 
of our cities. The first generation equipment 
would save probably 70% of the stricken (as 
from anthrax, etc. ). With second generation 
equipment, one would expect 90% of the 
stricken casualties could be saved. 

Just now, there is a very dim prognosis for 
all those casualties, using present available 
treatment capabilities. Time and lack of 
vaccines defeats just about everything that 
can be done. Brutally speaking, most of 
those unfortunate enough to breath in 
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In fact, it is now known that the gradual 
loss of the telomeres—the natural ends of 
chromosomes—in a cell's chromosomes is. 
what causes the cell to age. The gradual loss 
of the telomeres and the resulting shortening 
of the chromosomes represents a cellular 
"disease state” or "disorder" state" 
accompanied by a precise delta in the 
spacetime curvature engine accompanying 
every affected (aging) cell. 

By determining the correlate for that 
precise telomere loss in the aging body's 
emitted radiation spectrum, an effective 
telomere regeneration process immediately 
emerges. One simply amplifies that aging 
"precise telomere reduction" correlate and 
reradiates the body with it, passing an 
amplified correlate back into every cell of 
the body. The cells and all their parts— 
including the chromosomes—add the phase 
conjugate replicas, converting the incoming 
TW EM correlates to longitudinal EM wave 
correlates. The cells again phase conjugate 
the LWs and add the phase conjugate 
replicas, converting the LW correlates to 
time-polarized EM wave pumping 
correlates. This latter process time- 
excitation-charges the aging cells and all 
their parts, including the genes and 
chromosomes. The cellular matter itself 
produces the amplified "aging antiengine” 
for each and every cell and telomere ending. 
The result is to again add telomeres, 
converting the cell back to a younger, more 
vigorous cell, and reversing the process of 
aging. 

We point out without further elaboration 
that these methods also introduce direct 
engineering signals into the body's master 
cellular control system, including the 
regenerative subsystem. Hence the body's 
regenerative subsystem is involved in 
helping produce the necessary engines and 


anthrax spores from an attack, are going to 
die. At least 80% of them will expire, in 
spite of everything the present system can do 
for them. 

Note each device could rapidly treat a 
whole series patients, one right after the 
other, merely laying them between 
“plankets" containing wire antennas, 
irradiating with the proper correlate 
spectrum quickly, moving on to the next 
patient, irradiating quickly (seconds), etc. 
The entire apparatus could be made to fit in 
a large suitcase-sized container, and it would 
be highly portable and controlled by a 
laptop-sized computer. 

Unfortunately, so far the DOD doesn't 
even understand what the heck we're talking 
about! The National Institute of Health 
(NIH) and the National Science Foundation 
(NSF) are not interested at all. After all, it 
isn't drugs, vaccines, antibiotics, etc. — 
which are simply not going to do the job. 
However, those are what the government 
and scientific communities are going to 
finance to the tune of hundreds of millions. 
of dollars. They are then going to lose 
almost all those mass casualties when the 
terrorist attacks on our population centers 
inevitably occur. 

Those are Americans. They are going to 
die. Most of them could be saved. We 
ought to save them. 

For any change in state (physical, 
chemical, emotional, mental, perceptual), 
the body dielectric "portholes” change and 
the output spectrum changes. The delta 
from zero reference now represents that 
exact change. 


Where Western Mind Control 
Research Has Probably Arrived 


Western mind control researchers 
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operate upon the short telomere chains to 
add back telomeres. More specifically, the 
regenerative subsystem is changed into 
perfect consonance with the external 
introduction of the amplified antiengines. 
That exact process can be used to 
rejuvenate the aged population and remedy 
most of the debilities of growing old. That 
is how we eventually intend to do it, if we 
can convince the U.S. government and the 
U.S. scientific community to perform the 
necessary research and validation. 
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probably first established a correlation 
database of porthole emission correlates to 
changes in internal states, both physical and 
mental. They almost certainly recognize the 
peculiar participation of every part of the 
body dielectric in the TW emission spectrum 
from the body. They will almost certainly 
have opted for this "porthole" notion of 
some similar expression of it, and the 
“thwarting” of these "relaxation and release" 
emission processes to engender internal 
physical changes in the body and in the 
brain-meat-computer, as they see it. 
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They probably experimented with 
different TW EM radiation mixes, to see 
what the body emission change to, and what 
states are induced. Undoubtedly they found 
that the induced states began to correlate 
with the former emission delta data base. 
That is, they found out which delta 
emissions spectra, reversed and amplified 
and fed back thorough the portholes, 
produce what internal changes. 

Use for healing is the simplest of all. Use 
for killing or debilitating is more 
complicated. Of course weapons 
researchers wish to look only at the killing 
aspects. That is something they understand. 
They do not understand healing, for they do 
not even have the "regenerative" or 
"healing" mechanism in any of the scientific 


papers or texts. Becker came closest in this 
country, and Priore did it in France. Both of 
those scientists were suppressed and paid a 
bitter price for their revolutionary and 
innovative research. 

But look at what has been done, by "input- 
output” correlation research. The scientists 
will have a database now, that tells what 
state emerges in the body and in the mind, 
for what irradiation spectra (frequency, 
relationships, phases, amplitudes, wave 
shapes, etc.) one uses. And they did not 
work out all the wave-to-wave transductions 
ongoing in the mind and body connection 
and in the body and in the mind, 
individually, between TWOLWOUTDW. 

We suspect that this is the course Western 
mind control researchers will have taken, 
without even realizing the internal wave 
transductions occurring. And they would 
not be concerned with that. They would 
have what they want, for weapons, mind 
control, and behavior control. And they 


of the internal "mix" of the dielectric and all 
its tiniest portions. So Western mind control 
researchers and rogue groups probably do 
get good results. 

We are not just picking on the U.S. 
government here! Internal divisive groups 
exist in all large and powerful groups, and 
joust for power. In highly classified groups, 
these groups are greatly enabled to joust 
more widely, unethically, and immorally 
because it is so deeply hidden. So very deep 
classification evokes the growth and 
intensity of rogue groups. It's the old 
“Power corrupts, and absolute power 
corrupts absolutely" routine. 

The implication is that in the West one or 
more highly classified, sustained, heavily 
funded developments in advanced mind 
control programs, probably exists and 
probably has existed for some time. Due to 
loose formation of rogue groups inside such 
programs, they may have dual or triple 
purposes, may not operate under very much 
legitimate government control at all, and 
may operate specifically for the purposes of 
the rogue group or groups that have gained 
control. 

Ina nutshell, that's what may be going on 
in the clandestine mind control projects in 
several Western governments. The 
involvement of at least some rogue groups, 
some being "cowboys" who operate well 
outside all laws and ethics, could also result 
in such things as assassinations, clandestine 
testing on individuals without their consent, 
etc. In short, it could account for what 
seems to be actually occurring. As also is 
“usual” in such a mess, one or more of the 
rogue groups eventually may become very 
powerful because their secret weapons are 
very powerful. They may become 
confident, thinking they have the "best in the 


LorglexploreS:20articles/mind%20controL¥p0S htm (1 of 3)4/13/2014 4:33:57 AM 


would of course ignore the healing aspects. 
And they would get results of course, 
revolutionary results. So they would 
undoubtedly classify the program very 
highly, thinking that they had the best of the 
best. 


Rogue Groups May Also Have 
Arisen to Divert the Purpose of 
the Projects 


And that is where real problems may 
arise. Every human group has within it 
competing subgroups, jousting for power. 
The more highly classified the group and its 
activities, and the less that is known about it 
outside its confines, the more strongly and 
secretly the subgroups can play. So they can 
emerge as rogue groups pursuing their own 
agendas, not that of their duly elected 
governments. In the extreme, such a deep 
black program can even become a 
"captured" program, which is totally in the 
hands of rogues and no longer reports to or 
is bound by the dictates of the parent 
government. 

It has long been suspected in some 
quarters that even the US's highly classified 
research community may be riddled by such 
rogue groups, and so may be certain highly 
sensitive parts of the Research and 
Development community. 

Remember that, in every large and 
powerful human organization, the basis for 
rogue groups is power and secrecy. They 
are always seeking to increase their power, 
control, influence, prestige, etc. Nothing 
else. Patriotism and mission are—to rogue 
groups—often just idle words. They have 
their own agendas. And being rogue groups, 
they may well bring in unethical, immoral 

i ination, bribery, entrapment, 
formation, plausible deniability, etc. A 
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world.” They may actually believe they are 
ahead of the Russians. 


Where the Russians Probably 
Have Arrived 


On the other hand, the Russians will have 
developed instruments for detecting and 
isolating the LWs and the scalar waves, in 
addition to the ordinary mundane 
instruments for measuring the TWs. So they 
will have not only the TW correlates, but 
also the much finer TWOLWOTDW (scalar 
EM wave) correlates. They will understand 
and employ the use of vacuum engines 
(spacetime curvature engines) which 
Western researchers will often invoke but 
not understand or even be aware that this is 
what is being invoked. In other words, 
Western researchers probably just use the 
old method of "input fi set of functions fi 
output". That is the standard basis for 
almost all Western system analysis. With it, 
one doesn't have to know the exact functions 
and processes going on in the middle. One 
just determines a transfer function from a 
given input to the output that results. Then 
one catalogs that transfer function. One 
does that for lots and lots of transfer 
functions for particularly desirable results, 
and one has the system analysis. One also 
has the immediate basis for a rapidly- 
developed applications technology. 

Western scientists are good system 
analysts. But they have little or no 
comprehension of what is really going on in 
that "inside the ship functions" portion, even 
though they have determined the transform 
function which acts upon the input to give 
the "from the portholes" output. 

The Russians, with their additional 
knowledge of the actual mechanisms in the 
transforms, will be much more advanced 
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certain percentage of a highly secret rogue 


group will wind up using all these things and 
more. It's a human characteristic, the old 


primate dominance game. Only now 
disguised and hidden under deep 


clas: ‘ion. 

Nonetheless, the "simplified" TW EM 
"porthole correlate" approach will yield very 
positive results, due to the correlation 
existing with the LW s and scalar portions 


than the West, because their fundamental 
psychoenergetics science is far more 
advanced, so long as we continue to use the 
old U(1) electrodynamics. Further, the 
Russians have decades of use of longitudinal 
interferometry beams to reach right through 
the earth and ocean and produce stringent 
EM effects at a distance. So they will also 
be able to do the same things here in "mind 
control" with LW interferometers, through 
intervening mass 
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including the earth and ocean. Wester mind-control 
scientists and their rogue groups—assuming they exist as, 
postulated—largely will not be able to do that, and 
probably won't even recognize Russian testing of 
psychoenergetics weapons directly in or over Western 
nations. 


Russian Lethal Psychoenergetics Mind 
Control Tests Over the U.S. 


In fact, the KGB tested just such highly advanced mind 
control weapons over the middle of the United States in 
1997 on two occasions. The tests were conducted against 
Captain Button in his A-10 "Warthog" aircraft on April 2, 
1997 [See Figure 14], and upon Captain Svoboda in her A- 
10 "Warthog" on May 27, 1997. [See Figure 15] 

Over Arizona, Captain Button was thrown into a 
hypnogogic state, and his perceptions instantly altered and 
controlled. In his instant "dream-waking" state, everything 
seemed perfectly normal. His sense of direction was 
altered a bit more than 90 degrees, so he simply corrected 
and turned and "flew toward the range”, actually flying off 
course by more than 90 degrees and ignoring radio 
contacts. He flew right on out of Arizona. At one point he 
circled, probably thinking he was over the range, and he 
probably dropped his ordnance there. Then he "flew on 
back toward home," as he thought in his waking dream 
state, until his fuel ran out and he crashed and died in the 
explosion—dream-thinking until he died that everything 
was normal, lll the while, his sense of the passage of 
time was altered. To him, in his dream-thinking, dream- 
acting 
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state, everything was normal and nothing untoward had 
happened. So the distant KGB transmitters and associated 
psychoenergetics team controlled him for over an hour. 

Indeed, that was the exact purpose of the test: 
demonstrate control (at a great distance) of a skilled 
person performing highly skilled tasks. A secondary 
purpose was to stimulate the U.S. government, watch its 
investigation and findings, and ascertain if the U.S. knew 
of the extent to which Russian KGB mind control 
weaponry had advanced. Obligingly, we proved to me 
KGB that we did not understand what had actually 
happened to Captain Button 

Captain Svoboda was from the same Wing as Captain 
Button and was its most experienced night fighter A-10 
pilot. In fact, she taught other pilots the fine points of 
night flying combat missions in the A-10. About two 
‘months after Captain Button's bizarre flight and death, 
Svoboda was engaged in night target bombing on the 
range. Rising from her ordnance drop on me target, 
Svoboda was suddenly struck and rendered hypnogogic 
and in a waking-dream state. Her sense of the vertical was 
instantly reversed. Superb pilot that she was, she 
immediately dream-perceived she was diving, not 
climbing out of the delivery. She instantly corrected to 
“climb out". So in the real world she dived sharply into 
the ground and her aircraft exploded. 

This test demonstrated the instant alteration of a skilled 
pilot's perception, causing that pilot to inadvertently react 
promptly in an unintentionally suicidal manner. A 
secondary purpose of the test was to stimulate the U.S. 
government system again, to see if the system recognized 
what had 
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A-10 Mysterious Flyaway and Crash 
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Figure 14a. Captain Button's mysterious flyaway and eventual crash. 
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occurred. Sad to say, it did not and it has not. Tt was 
Jamely speculated that Svoboda probably looked over her 
shoulder like a rank greenhorn, and inadvertently dived 
her aircraft into the ground while looking back at the 
target. If there was one pilot in the USAF who would 
have not done that, it was Captain Svoboda, At any rate, 
the KGB determined that the U.S. scientific, intelligence, 
and governmental communities did not have the foggiest 
notion of what had occurred. 


In private proprietary communications we have 
explained further, to proper parties, exactly the reasons for 
these two tests, and what exactly was being tested, and 
what is its planned strategic use. 


The Final Race for Direct Mind Control of 
the Entire Human Species 


‘The KGB psychoenergetics weapons scientists — 
because of their direct measurements and detections (and 
use) of t-polarized waves and LWs for decades—also 
understand that Jung's collective unconscious mind (of the 
entire human species) also has its own time-like operations 
and correlates, which one measures also when using t 
polarization measurements and sorting it all out. The 
collective unconscious mind operations are buried several 
levels deeper inside the recursive Whittaker structuring 
inside the EM fields, waves, and potentials. 

The KGB scientists also know that something very like 
Gaia— a collective unconscious mind for all species on 
earth—also exists, and they are striving to be able to sort 
out and measure that one as well. The Gaia operations are 


buried even deeper in the recursive structuring inside the 
EM fields, waves, and potentials. If one reads some later 


books by Kaznacheyev.” e.g , this human species 
unconscious mind aspect and the biosphere unconscious 
mind aspect emerges loud and clear, if one interpolates 
between the lines, so to speak. Actually, from day one, the 
Russian mind control scientists have had their eventual 
goal set upon this "deeper area of mind and possible mind 
control” of the entire human species. 

Tam convinced that the KGB psychoenergetics 
scientists understand this deeper area. If they can learn to 
directly engineer the collective human species 
unconscious, they can then convert the human species 
easily into a sort of "ant” society, modeled along ideal 
Communism lines, except of course with an excluded 
hierarchy at the top" running everything. The "ant 
society"—communist style—is still a variation of 
feudalism (all systems tend to feudalism or some form 
thereof), 

The KGB psychoenergetics weapon scientists are 
seriously pressing on toward that very goal. In my opinion 
they are not very far from it right now. Itis simply a 
matter of developing sufficiently complex equipment to be 
able to directly engineer the time-domain substructuring at 
sufficiently deep levels. It is a doable, although it is very, 
very complex and very, very difficult. On the other hand, 
they have been at it for decades. Even in the 50s the 


i 
Russians already had the old LIDA device," capable of 
inducing a catatonic trance-like state in a mammal—either 
a human or a cat? for example. Some versions of 
Russian mind control devices were used on Russian 
soldiers in the 


Figure 15 


CAPTAIN AMY SVOBODA: 
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Figure 15. Captain Svoboda dives headlong to her death. 
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Afghan War to condition them for 


: pa 3 
performance of merciless acts.“ 


Potential U.S. Rogue Groups and 
Two Recent Examples 


Meanwhile, rogue groups amongst 
Western clandestine mind control 
researchers will probably arise if they have 
not already done so. They will likely seek to 
increase their personal control and further 
isolate the programs from orthodox. 
government review and from government 
and legislative control. They may even 
divert the research into highly illegal and 
unethical means, because it furthers their 
own rogue agendas. That is how clandestine 
U.S. government research can sometimes go 
sour, unless great care is exercised by the 
oversight committees in the House and the 
Senate. 

Sometimes when rogue groups do gain 
control and total secrecy of a given new 
technological area, then what appears to be 
"U.S. government operations" do start to 
encompass a criminal and unethical 
operations, hidden usually beneath the deep 
veil of high classification. Also, if it's 
"scientific," no one is ever brought to 
justice, even if the "evil science actions" are 
uncovered and publicly revealed. 


We Certainly Have Proof of Such 
Rogue Activity. For Example, 
Here are Two Prominent Cases: 


as a result of those ghoulish 
experiments. So what 
happened when this gruesome 
thing was revealed? Again 
President Clinton publicly 
apologized! The head of the 
Executive Branch did not turn 
the macabre matter over to his 
Attorney General to 
prosecute. How many of 
these scientists were 

indicted? Not one. How 
many are going to be 
indicted? Not one. Suppose 
again this had been done by a 
private doctor in his own 
private clinic. You get the 
point. 


There is Little or No Punishment 
of Rogue Scientific Groups 


Shockingly, the U.S. government at the 
highest level has directly shown (and these 
are not all such cases by any means!) that 
mass crimes against U.S. civilian: 
perpetrated by portions of the U.S. scientific 
community in direct conspiracy and in 
secret, Will likely be condoned. The 
perpetrators will not be indicted, tried, or 
convicted, 

Note the connection of the "rogue groups” 
thesis to the above incidents. Note how 
rogue scientific groups got away with it in 
both these cases. There may be other rogue 


Iup/lwww cheniere.orglexplore%20anticles/mind’%20conteo13/pO08.htm (1 of 34/13/2014 4:33:59 AM 


‘Mind Control and EM Wave Polarization Transductions 


1, For three decades, scientists from the 
U.S. government, universities, and 
civilian contractors secretly 
conspired to treat unsuspecting 
human patients with whole body 
nuclear radiation, including some 
retarded children and cancer 
patients. Some of those patients— 
including some of the retarded 
children—died as a result. These 
illegal experiments were conducted 
in great secrecy, and the results were 
highly classified. Eventually these 
actions were revealed, and a 
Presidential investigation committee 
investigated. These experiments 
would seem to be little different from 
the WWII Nazi and Japanese 
experiments on human prisoners. 
Are those U.S. scientists who were 
responsible for those retarded 
children's’ deaths any different from 
the Nazi scientists and criminals we 
executed at Nuremberg? So what 
happened when this terrible thing 
finally came out into the open? 
President Clinton publicly 
apologized! How many of the 
responsible scientists were indicted 
for murder? Not one. None is ever 
going to be. 

Suppose a doctor here in South 
Alabama, with his own private clinic, 
had secretly irradiated those human 
patients and retarded children with 
whole body nuclear radiation, over a 
period of 30 years, resulting in some 
agonizing deaths. How many state 
and federal agencies would have 
come after him with arrest warrants 
Probably about 50 or so. Would he 
have been indicted, tried, convicted, 
and executed or sent to prison for 


scientific groups getting away with such 
things today. They should not be able to get 
away with it. But they can. 

Perhaps a most startling additional part of 
those two incidents is that there was no great 
public outcry from the scientific community, 
deploring these murders and demanding that 
the criminal scientists be indicted and tried. 

As the old saying goes, "By their silence 
they have convicted themselves." The 
organized scientific community, as a 
community, has shown that it has little or 
no ethics, and—while deploring any 
scientific murdering that "gets revealed,"— 
is not really interested in justice. In short, 
much of the U.S. scientific community may 
now have very little ethics left. 

We are not talking about normal 
individual scientists, but the Big Science 
community. There is a whale of a lot of 
difference between the two. In the Big 
Science community, there can be and there 
are rogue groups. Lots of them. There is 
deep cover, deep classification. And there is 
very probably advanced mind control 
research and testing, be it legal or illegal. 
Hopefully most of it is legal and 
constrained. However, some of it is almost 
certain to be illegal and ill constrained. 

Human beings are still human beings. All 
the good and evil is still there, regardless of 
the group. The stage settings change, but 
the cast of characters and the play never 
change. 

It's sad, but 'twas ever thus. Hidden parts 
of our own governments—and other 
governments throughout the world—are no 
different from the old medieval groups, 
where nobles etc. were always plotting 
against the king, or using the king's power 
for their own nefarious end. The rogue 
groups today are no different from all the 
scheming and conniving groups that 
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life? Absolutely! Would the destroyed the Roman Empire. Great 
President of the United States have empires fall from within, not usually from 
apologized? Not on your life; he without! 

would have turned it over to the U.S. 

Attorney General with a strong Conclusion 

directive to investigate and prosecute 

on criminal charges. This concludes our brief portrayal of the 


fey 


. Again for three decades, scientists 
from (i) the U.S. Government, (ii) 
universities, and (iii) civilian 


probable directions that mind control 
research has taken, in Russia and in the 

u West. It is a novel and powerful area, and it 
contractors conspired to give poor poses both severe dangers and great benefits 
syphilitic blacks in Tuskegee, to all the peoples of the Earth. 

Alabama a placebo while ostensibly Let us hope this great new area, already 
treating them for syphilis. The off to a bad start, can be bridled and steered 
purpose of the program was to in the direction of helping and healing 
deliberately observe and record the people, rather than killing or abusing them. 
ravages of the disease to its fruition The excesses in its bad use are a potent 

in their wracked bodies. So the threat to all nations on earth. Yet it can 


scientists deliberately sat there and revolutionize medical science, education, 
watched their brains rot and their 


bodies rot. They kept meticulous 
notes, of course. It was very 
scientific. And it was macabre. 
They "treated" some 400 blac! 
the "program." Over 100 bl: 


communication, and psychology. 
Eventually it can engineer the mind and 
memory directly, beneficially. We foresee 
’ the day—perhaps 30 years hence—when 
in education will be 
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accomplished by directly loading the 
software into the mind. Then in three weeks 
one will "load" a doctorate, say, in physics. 
In three more weeks one will also load a 
doctorate in chemistry. Another three 
weeks, in electrical engineering. Another 
three weeks, an M. D. And so on. When 
that happens, then truly everyone on earth 
can be educated. Freedom from ignorance 
may well be another great freedom that is 
legally recognized. There will be no 
impoverished large groups lacking the 
education to find decent, productive job: 
We urge all nations to use the principles 
involved: not for human abuse, but for 
healing, educating, uplifting, and life- 
expanding of every person on Earth. If we 
do, we shall all have a far brighter future. 
Then we shall check what has started out to 
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446955, Oct. 23, 1998, 
forwarded to US. Patent Office 
on Nov. 4, 1998. 

5. A very good introduction to 
nonlinear phase conjugate optics 
is given by David M. Pepper, 
"Nonlinear Optical Phase 
Conjugation," Optical 
Engineering, 21(2), March/April 
1982, p. 156-183. Also see 
David M. Pepper, "Applications 
of Optical Phase Conjugation,” 
Scientific American, 254(1), Jan. 
1986, p. 74-83. 

6. Pepper, Optical Engineering, 
ibid., p. 158. 

7. See T.E. Bearden, Energetics 
of Free Energy Systems and 
Vacuum Engine Therapi 
Publishing, Internet node www. 
tarapublishing.com/books July 
1997. See also T.E. Bearden, 
"Energetics Update and 
Summary, " Part I, Explore, 7(6), 
1997, p. 60-67, Part II, Explore!, 
7(1), 1997, p. 53-56; Part IIL 
Explore!, 8(1), 1997, p. 53-56; 
Part IV; Explore!, 8(3), 1997, p. 
56-63. See also T.E. Bearden, 
"Vacuum Engines and Priore’s 
Methodology: The True Science 
of Energy-Medicine: Parts I and 
IL" Explore!, 6(1), 1995, p. 66- 
76; 6(2), 1995, p. 50-62. 

8. E.g., see R.O. Becker: 
Charles H. Bachman, and 
Howard Friedman, The direct 
current system: A link between 
the environment and the 
organism, " New York State 
Journal of Medicine, Vol. 62, 


313/p09 um (1 of 4)4/13/2014 4:34:00 AM 


‘Mind Control and EM Wave Polarization Transductions 


be the Sword of Damocles and turn it into 
the golden Millennium. 

We are reminded of a poignant quote 
from Teilhard de Chardin: 

“Someday, after we have mastered the 
winds, the waves, the tides and gravity, we 
shall harness for God the energies of love. 
Then for the second time in the history of 
the world man will have discovered fire." 

May the nations of the world utilize the 
new mind engineering science to truly free 
all minds into a common love of, and respect 
for, their fellow humans of every color, 
creed, and circumstance. As de Chardin 
envisioned, may we use the new science to 

iscover a new fire, burning clearer and 
brighter than anything that has gone before. 
+ 
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The Tom Bearden 
Website 
Latest cloning research findings by Bedini/Bearden 
The huge dangers of current cloning technology 
Mystery of the death of Australia's cloned sheep explained 
"Spark of Life" 


From "Stranger than Science” 


by Frank Edwards © 1959, 1987 


Did an obscure amateur scientist discover the spark of life? Did Andrew Crosse accidentally 
stumble upon a mixture of chemicals and electricity which produced living things from a 
lifeless compound? If he did not, then just what did he accomplish? The record of his work 
is clear, only the enigma of the results remains to plague science. 


The neighbors of Andrew Crosse regarded him as more devil than man. They did not 
understand the bright flashes that lighted his laboratory windows at night when he was 
tinkering with his crude electrical devices. Not only was he dreaded and shunned as "the 
thunder and lightning man," but he was denounced as an atheist, a blasphemer, and a 
Frankenstein who had best be put in chains for the common safety. 


Andrew Crosse minded his own business, it is true, but his was a very strange business for 
the early 1800's. And one of his experiments remains a very strange business to this day. 


Andrew was an enthusiastic amateur experimenter in the new field of electricity. Out of 
touch with others in the same work, he labored under the double handicap of not knowing 
what had already been done - and of not understanding what he was doing himself. Yet it 
may have been this very lack of knowledge which led him to undertake the experiments 
which were to inscribe his name, however faintly, in the annals of science. 


He decided to induce the development of artificial crystals by subjecting chemicals to 
prolonged exposure to weak electrical currents. Andrew mixed up some silicate of potash 
and hydrochloric acid and into this he dropped a fistsized chunk of oxide of iron. By 
inducing the current from a small battery to trickle through the solution to the oxide of iron, 
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he hoped to bring about the growth of artificial crystals of silica. 


Having arranged this combination of chemicals and current, Andrew set it aside and went 
back to his favorite pastime of studying the spark-gap - the flashes which alarmed his 
neighbors. 


Did he accidentally stumble upon an arrangement which created life from inorganic matter? 


In a paper which he wrote for the London Electrical Society in that same year of 1837, 
Andrew set down this account of his experience. 


He wrote "On the fourteenth day after the commencement of this experiment, I observed 
through a small magnifying lens a few small whitish specks clustered around the middle of 
the electrified stone. Four days later these specks had doubled in size and had struck out six 
or eight fine filaments around each speck . . . the filaments longer than the hemisphere from 
which they projected. 


"On the 26th day of the experiment, the objects assumed the form of perfect insects, 
standing erect on the bristles which they were growing. Although I regarded this as most 
unusual I attached no singular significance to it until two days later, the 28th day of the 
experiment, when the magnifying lens showed that these things were moving their legs. I 
must say now that I was quite astonished. After a few more days they detached themselves 
from the stone and moved about through the caustic acid solution. 


"In the course of a few weeks more than a hundred of them made their appearance on the 
oxide of iron. Under a microscope I examined them and found that the smaller ones had six 
legs, the larger ones had eight. Others who have examined them pronounced them to be of 
the genus acari, but some say they are an entirely new species. 


"Lhave never ventured an opinion on the cause of their birth for the reason that I have never 
been able to form one. I thought they might have been airborne creatures that had drifted 
into the liquid and prospered, but later experiments with closed vessels, in which the 
ingredients had been purified by baking in the oven, produced identical creatures; therefore, 
I suggest that they must originate in the electrified liquid by some process unknown to me." 


Andrew Crosse realized that he was walking a tightrope before the top scientists of his day. 
He was describing an experience foreign to their accepted understanding and therefore he 
was inviting ridicule. He did not have long to wait. Cries of fraud and hoax engulfed him. 
He and his alleged insects were denounced as nothing more than humbugs. 


Amid all the furor that his announcement had created, Crosse stood alone and helpless. Even 
other scientists who had duplicated his tests with similar results kept their silence. 
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All but one. That voice was raised in his defense and it was such a powerful voice that none 
dared challenge it; for it belonged to the great Michael Faraday. At last Crosse had found his 
champion. 


4p Faraday reported to the Royal Institution that he too had experienced 
development of these little creatures in the course of his experiments. 
But he added that he could not decide whether they had been created in 
the sterile solutions or brought back to life by the electricity! Either 
development would have constituted a milestone in scientific advance, as 
Faraday realized, but he left it to his fellow scientists to make the 
decision, if any. 


Crosse never claimed to have discovered anything. He was merely reporting what had 
happened. After the attacks upon him subsided, he retired to his home in the Quontock hills. 
for many more happy years among his test tubes and batteries. 


Although he spent his long life as a humble searcher after scientific truths, the contribution 
for which he is remembered is the controversy over his acari - unwanted then, and 
unexplained to this day. 
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Genus Acari 


Tom Bearden comments (finalized and slightly updated in March 2001). 


It is difficult to make an understandable comment on the business of life, because presently 
scientists have not the foggiest notion what mind, being, life, death, time, etc. are. For that 
matter, they don't really know what matter and energy and charge are either. In the scheme 
of things, our modern "science" is only about three hundred years old, and that’s a snap of 
the finger in even just the existence of this world. Much of modern science still considers the 
mind as a "meat computer", or just the physical electrodynamic activity of the brain, etc. 
Materialism has not died, even though quantum mechanics essentially wiped it out decades 
ago, and the old concept of “mass” as something hard, permanent, and "material" has also 
long since vanished. One is referred to the works of Max Jammer to see what the present 
view of "mass" is. Also, without looking up the references again, recent experiments with 
quarks and gluons wound up with experiments in which it mattered not a whit whether one 
considered the mass as zero or nonzero. Nature, it seems, does not have to play by our usual 
“either-or" rules. In physics, of course, this is the duality problem, which to this day has not 
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been resolved because attempts to resolve it have applied Aristotelian logic -- and there is no 
solution to the problem of "opposites being identical" in that logic, which forbids that very 
thing by authoritarianism. 


The modern biogenesis experiments, e.g., never took place in the absence of life. There was 
no "statistical generation of living or quasi-living forms" in the absence of engines for such 
forms. The great rush of Poynting energy flow around the earth, generally parallel to the 
equator, alone carries the "engines" (internal sets of spacetime curvatures) for every form of 
life that ever existed upon the earth. So the experiments were bathed in "living forms and 
dynamics", if one accounts for the internal Whittaker-structuring of electrodynamics -- noted 
but ignored by our scientists for nearly 100 years, 


Quite some time ago, we worked out the nature of mind, and the mind-matter coupling 
mechanism (which is engineerable). We did that in pursuit of the mechanisms in the KGB/ 
Russian psychoenergetics weapon work. I had the last of a 3-part article published in 
"Explore", dealing briefly with mind control technology both the way it is probably done 
clandestinely in this country and how it is done by the KGB/Russians. I'm still trying to get 
the proper parties to believe it; not much progress. However, some very neat information has 
been released on the Internet that very probably reveals why officially there is no interest. 
It's because three decades ago some of our "spooky folks" found (in deep hypnosis 
experiments) that humans are inordinately sensitive to extremely low-level EM signals and 
fields. Even though no detection or sensation may rise to the conscious level, the 
unconscious (which is totally conscious, just massively parallel rather than serial) does sense 
these signals. Voila! It would appear that "very deep black" parts of the community 
probably developed quite good mind influence and mind and behavior control or 
interference using techniques adapted from that work. The reader must always remember 
that just because the overt government does not know something or have something, does 
not at all mean that the covert government doesn't have it. And even in the covert 
government, there are layers within layers. So there, even when the upper levels do not have 
something, it still does not mean that the deeper levels do not have it. The problem with the 
best knowledge and technology, when unknown to the upper covert levels and the overt 
level, is that it is then quite likely to be subverted into the deepest levels, which may have 
their own agendas and may not report to the duly elected U.S. government at all. Indeed, 
such levels often assume that the President himself does not have a “need to know". 


Present physics has erroneously omitted the time increment carried by the photon. The 
overemphasis on the so-called transverse wave (which does not exist as such in vacuum, 
fairly readily shown) has led to our missing the greatest and most important part of 
electrodynamics: the longitudinally polarized EM wave and the time-polarized EM wave. 
For example, mind and mind operations are totally electromagnetic, but use time-polarized 
EM waves rather than the standard stuff. Overtly we do not even have detectors for LPWs 
and TPWs yet; the Russians do, However, every major weapons lab on earth now is aware 
of longitudinal EM waves and their powerful characteristics. Simply read some of the 
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summary material on Undistorted Progressive Waves (UPWs) on the Los Alamos National 
Laboratory website, e.g. by Rodrigues et al. A UPW is an "imperfect" longitudinal EM wave 
with some remaining transverse wave residue (that is the way it is modeled). 


Let me give you one example of how fouled we are. We still use Aristotelian logic 
primarily. Yet it is an incomplete logic. Let me show you instantly. Take the simple Venn. 
diagram of a rectangle lying on its side, divided in half by a vertical line in the middle. Label 
the right rectangular area A. Label the left rectangular area "not-A". What is the line in the 
middle and the border? Both A and not-A, so that A is identical to not-A. Yet the third law 
(law of the excluded middle) forbids A identical to not-A. Apply the third law to the Venn 
diagram. The border disappears, and the middle dividing line disappears. The logic self- 
destructs, because now there is no separate A and no separate not-A. Yet so far as I can 
determine, no one seems to have seen that very simple thing and questioned it. Aristotelian 
logic cannot be applied to the very Venn diagrams used to establish and "prove by 
demonstration" its propositions. We corrected that nearly 20 years ago, and got called every 
kind of lunatic imaginable -- the usual reaction when something fundamentally wrong is 
pointed out in a comfortable part of the prevailing paradigm. These days I simply point to 
Morris Kline's "Mathematics: The Loss of Certainty" to the Aristotelians, and tell skeptics to 
go and read it and then we will discuss the foundations of logic. With a 5-law logic (or 4-law 
with an additional applications rule), one solves the "dividing line" problem nicely. Then 
suddenly things like spacetime and being and mind and nothing etc. can be solved -- in the 5- 
law logic, but never in the 3-law logic. The problem of life itself -- whether terrestrial or 
extraterrestrial -- has no solution in 3-law logic. 


The entire method of Zen is to try to break up the iron Aristotelian bent of the conscious 
(serial processor) mind, and get into the far broader unconscious (totally conscious, 
massively parallel processor) mind. Few have done that. But one cannot present a 5-law 
solution to a 3-law processor; it just "does not compute”. It's like putting a thousand slides at 
once on the normal “single slide at a time” projector. The "conscious mind" can see only a 
single slide at a time. So it just sees "black" or "nothing at all". That's why we "see" the 
"massively parallel conscious" mind as “unconscious”! It isn't. But it is a quite different form 
of consciousness which we all have. 


Time is never observed, and no observable is a cause, a priori, because an observable is only 
a frozen, nonchanging 3-spatial "instant snapshot" and therefore the output of the 
observation process, while the causal input is what exists in 4-space prior to its interaction 
with the observation process. When one adds time and time dynamics to one's science, one 
moves far in front of much of present Western physics. E.g., physics has nearly hopelessly 
confused the causal side of the observation mechanism/process with the effect side, 
everywhere, throughout phys: imply by assuming that observables persist in time - 
non sequitur since an observation is a frozen 3-space snapshot at one single instant. 


And sadly, the physicists do not seem to have even realized it!. Not a single paper or text in 
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the West, e.g., illustrates an EM wave in spacetime prior to its interaction with a unit point 
charge. E.g., simply check a fine editorial by Romer. Romer is the editor of American 
Journal of Physics, and we are referring to Robert H. Romer, "Heat is not a noun," American 
Journal of Physics, 69(2), Feb. 2001, p. 107-109; and specifically to his end note #24, p. 
109. Romer takes to task "...that dreadful diagram purporting to show the electric and 
magnetic fields of a plane wave, as a function of position (and/or time?) that besmirch the 
pages of almost every introductory book. ...it is a horrible diagram. ‘Misleading’ would be 
too kind a word; ‘wrong’ is more accurate." "...perhaps then, for historical interest, [we 
should] find out how that diagram came to contaminate our literature in the first place." 


But in general physicists continue to charge on, confusing effect as cause. Electrodynamics, 
e.g., is particularly guilty of greatly confusing the two, which is really what is preventing a 
successful and engineerable unified field theory. Further, contemporary classical 
electrodynamicists do not calculate either the field or the potential; instead they calculate the 
reaction cross section of each, interacting with a unit point charge assumed out of nowhere. 
In short, they calculate how much is diverged from the actual field or potential, and then call 
that "little extracted part" the field or potential! Again, they mistake the causal entity 
existing before the interaction with the effect entity existing after the interaction. Well, after 
the interaction has occurred, that result is the effect, not the cause prior to interaction. 
Physics has this so hopelessly snarled that it will require 50 to 100 years before the journals 
and physics societies are likely to even realize it and admit it, and then it will require them. 
another 50 years to straighten it out and purge this huge non sequitur from physics theory 
and modeling. 


Anyway, we did model how mind and mind operations operate, including their precise 
nature, how they fit into all this, etc. We thus were able to resolve many previously unsolved 
riddles such as the nature of intent, how a space-less mind operation can generate a spatial 
input to a spatial body and vice versa, etc. We also worked out how to use "effects" systems 
to generate "causal" systems, completely independent of mass -- because the KGB has 
recently completed a completely different kind of weaponry based on this, and different 
from anything that has ever existed in the history of mankind (at least on this planet!). The 
Russians of course were already there; I got there much more crudely by intensely working 
on how to explain what they were doing. 


To see that the effect can generate the cause, just consider the normal "forward time" 
observation process having to operate in a "time-reversed" process. You see, not only must 
we shift observers from frame to frame, but we must also be able to shift them from forward- 
time (of some conveniently chosen outside reference observer) to reversed time (of that 
same reference observer). 


At any rate, it turns out that the entire universe is already "alive" in a very special sense. 


There is no death; there is mind (I use the term "mind" in the most general sense, not just the 
conscious mind which is merely a "periscope" put up and taken down from the 
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unconscious). And mind is not a part of the brain, and it is indeed separated from body but 
intimately linked to it by the mind-body coupling dynamics. Further, any life that has "ever 
existed" still dynamically exists in a special kind of more fundamental electrodynamics 
infolded inside all normal EM fields, waves, and potentials. The Tibetans knew much of this 
very well, but of course in terms that our materialistic science rejects or completely fails to 
understand (as we stated, most of our scientists believe the human is a robot and the mind is 
simply the electrochemical reactions of a "meat computer"!). 


Since ambient spacetime may be modeled as a special kind ot ‘alar" potential with intense 
energy density, it then decomposes into a series of bidirectional EM longitudinal wavepairs, 
ala Whittaker 1903, except one must use impulse waves so as to include the time dynamics 
part of spacetime, rather than forcefield 3-space type waves. The entire thing -- mind, life, 
matter, fields, waves, spacetime, etc. -- then becomes structurable and directly engineerable 
by novel EM means (such as the 0(3) higher symmetry electrodynamics pioneered by Evans 
and Vigier). Longitudinal EM wave technology is the key to developing such mind-body 
coupling mechanisms and engineering of them, at all. One only gets the time-polarized EM 
wave technology after the LPW technology has "done its thing" -- the time-polarized 
technology is far and away the most powerful and primary. 


Also, low frequency photons have far more energy than high frequency photons, if one 
includes the time component, since time is spatial energy compressed by c-squared and has 
the same energy density as mass. Time-energy (highly compressed spatial energy, 
compressed by c-squared but in the time domain rather than in 3-space) and spatial energy in 
the photon are canonical. As the frequency of the photon decreases, its spatial energy 
decreases also with the decreasing frequency. However, the time-energy component 
increases, and its compacted energy increases as the square of the time-component expressed 
in seconds. Hence at lower frequencies the total energy (sum of spatial energy and time 
energy) in the photon increases. Indeed, if one wishes to engineer gravitational effects, it is 
the low frequency photons (low ELF) that are important, because they have far and away 
more "spacetime curving energy" than high frequency photons such as gamma rays. 


At least eight nations on earth now have longitudinal EM wave technology weapons to one 
extent or another. Several of them -- hostile to one another -- are using We 


a convenient nearly uninhabited target range. 


Anyway, when you come at the mind-body-life problem with that background (which 
unfortunately required more than 20 years of very hard work!) there appears to be no great 
difficulty in explaining the Faraday, Crosse, Fox, Miller, and Urey biogenesis experiments. 
And yes, there appears to be no difficulty in explaining the "appearance" of "life on earth" in 
the prebiotic soup. It did not really appear out of nowhere spontaneously at all, but simply 
‘was a sort of sympathetic resonant coupling of physical forms to mind-forms already there. 
None of the experimenters realized that the great Poynting energy flow (and one must add 
back in the missing Heaviside component which is some 10exp13 times larger than the 
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accounted Poynting flow) around the earth parallel to the equator and from West to East, is 
already internally structured with every possible form of life ever in the universe anywhere. 
If we further multiply that Heaviside component by c-squared, so that we can account for the 
time-energy portion of that great energy flow, we can see immediately that life and its 
environment are both living and intercommuting all the while. The creator in fact created a 
living universe, not an inert one (as best we can speak it in the inadequate 3-law logic). If 
one believes in big bangs, then life structuring emerged right along in all the fields and 
waves and energy, right in and out of the big bang. There is not a single point in the universe 
anywhere that is absent of energy and therefore absent of life, in the view of the model I am 
using. 


Understand, one does not have to agree with this model! That is one's own decision. We are 
just pointing out that, if we correct many of the errors known to be in the presently used 
models, this is the kind of reality that readily emerges. We get a physics that is not just an 
"inert" physics, but a living physics where literally the entire universe is "alive" in very 
special manner. 


In deciphering (after 14 years!) the Priore mechanism, I found that incredibly the cellular 
regenerative system does retain the form and "memory" of all the precessor cellular forms. 
Cancer, in fact, is very often due to a direct "order" by that system to a cell (aerobic) to start 
back down the "chain" to an anaerobic cell, because of severe hypoxia and the sustained 
inability of the regenerative system to maintain the cell in aerobic form, It doesn't just send 

in "order", but sends a "precise set of spacetime curvature engines" that go to work on that 
cell and all its parts. The first major step back is to break it loose from centralized control of 
its growth -- whereupon we recognize it as a tumor cell. There are two requirements: (1) 
cellular damage, and (2) "promotion". Biologists do not really understand "promotion", 
because they do not understand the cellular regenerative system—which used time-polarized 
EM waves, and nonlinear optical pumping of the cell and all its parts in the TIME-energy 
domain rather than the SPATIAL energy domain. That sort of pumping creates an 
“antiengine" to its forward time engine resident in the sick cell, thereby time-reversing the 
cell and all its parts back to a previous state on the trail from the early anaerobic single cells 
to the present aerobic cells. 


By the way, recent experiments in cloning are beginning to bear out the fallacy that exact 
electrochemical processes produce the same end physical results, particularly when the 
persistence of the created forms is examined. E.g., cloned rats may live half their lives in 
apparently normalcy—then suddenly grow greatly obese and die. Many other anomalies are 
being uncovered in this fashion. The reason is quite simple: We have some diagrams 
showing that one may introduce an additional "engine" to the pumping of a diseased or 
damaged cell (or a healthy one for that matter), and in the time-reversal process then 
induced, the "time-reversal" process will be diverted from the original trajectory. In short, 
the original full state will not be recovered. 
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This, we pointed out, is a second generation technology to be developed, where a disease 
or disorder must be treated and where also there was never a normal past state anyway. A 
case in point is birth defects, etc. Eventually, if the technology ever is allowed to be funded 
and developed, even those kinds of medical conditions will be treatable and curable. The 
point is that in cloning, one does not use the normal sperm cell and egg, without abnormal 
disruption. There is indeed an abnormal disruption -- and every such physical action or 
change and dynamics certainly involves an additional set of engines. In short, with present 
methods the cloned entity also has introduced into the equation an additional "engine". In the 
fertilization process, there is quite a jump back to a "time-reversed" situation (fertilization is 
the beginning of a physical embodiment, hence from two parts of an embodiment already in 
being, there is a rather dramatic "jump backwards"). The "normal" backwards jump of that 
kind is a normal fertilization of the egg by the sperm. Any change to that procedure, 
represents the insertion of an abnormal engine to be processed in that same "jump back". For 
the methods being used, it appears that the abnormal engines are sufficiently weak that, in 
the cloned animal, some time must expire in its lifetime before the impact of that little 
constant deviation from normal grows to become suddenly significant. 


Indeed, all "living forms" are materialized from energy, but from both matter-energy and 
time-energy and the dynamics of the two. Natural processes include fertilization, birth, etc., 
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but there is no technical reason whatsoever that the process cannot be direct and even 
directly engineerable. In this "expanded energy" sense, mind energy and dynamics can be 
engineered as well as body matter energy and dynamics. 


To cinch the matter of “engineering living forms", I once participated in a accidental and 
unplanned experiment where Golden materialized living things. Not little bitty things, but 
big things. In my view we actually materialized thought forms, since much later we were 
able to piece together exactly what apparently engendered each part of the phenomena. 
There were multiple (scared) witnesses who prefer never to discuss it. The experiment also. 
altered all the clocks in the area for four days before the "time-energy charge" we had 
inadvertently created dissipated. Let me just say that it really got my attention! We never 
repeated that experiment again. But the changes were substantial and the phenomena were 
substantial, and to this day I prefer not to discuss that experiment. It simply cannot be 
understood without the outline sketch we are speaking of, where one accounts for time- 
energy and dynamics as well as material energy and dynamics, and also for the coupling 
dynamics between the two. 


Not only can one have a "material entity" or thing communicating with another "material 
entity" or thing, but one can also have a "mental thing” (time-domain thing with no spatial 
existence) communicating with a "material entity or thing" with only spatial existence, and 
vice versa. There is indeed a coupling two-way mechanism 


Look at the so-called "physical form" -- which almost always one is speaking of as purely 3- 
space. Most scientists have not yet understood that a priori a piece of 3-dimensional mass as 
observed cannot even persist in time! Masstime exists in time, but "mass" is a frozen 3- 
spatial intersection of the spacetime entity. It is exactly comparable to a frozen frame in a 
movie film. The individual frame never has any existence except at a frozen moment in the 
slide projector. "Motion" and "movement" etc. involve the time domain a priori -- hence 
something without any time-component at all, cannot persist or even exist except at one 
frozen moment in time. Hence any observable existed in that single "observation slice" and 
at that "point in time" only. After all, a "point in time" is where time symmetry is broken or 
ceases. In short, it is a time-discontinuity. All observations are such time-discontinuities. 


The SETI problem will not be solved, in my personal opinion (understand, I do not object at 
all if others do not see it this way) until a far greater and deeper understanding is reached by 
our modern physics. Forget communicating with "transverse" waves; longitudinal EM waves 
can travel at any velocity, limited only by how much "residue" of the normal EM wave junk 
is still hanging in there (how much "transverse EM wave noise” is still present. A pure LW 
moves at infinite velocity. As we suggested, simply download the Rodrigues and Lu papers 
carried on the Los Alamos National Laboratory Web site. It appears that now most major 
weapon labs have "discovered" the fact that there can be longitudinal EM waves, and some 
eight or so nations have developed weapons technology from such. If one has such 
technology, all the rest is obsolete. 
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For the skeptic, here is a statement made in 1997 by Dr. William Cohen, then 
Secretary of Defense: 


"Others [terrorists] are engaging even in an eco-type of terrorism whereby 
they can alter the climate, set off earthquakes, volcanoes remotely through the 
use of electromagnetic waves... So there are plenty of ingenious minds out 
there that are at work finding ways in which they can wreak terror upon other 
nations...It's real, and that's the reason why we have to intensify our 
[counterterrorism] efforts." 


[Secretary of Defense William Cohen at an April 1997 counterterrorism conference 
sponsored by former Senator Sam Nunn. Quoted from DoD News Briefing, 
Secretary of Defense William S. Cohen, Q&A at the Conference on Terrorism, 
Weapons of Mass Destruction, and U.S. Strategy, University of Georgia, Athens, 
Apr. 28, 1997. 


Any technological civilization that has not solved the fundamental "self-killer" problem of 
the technological species, must and will self-destruct. This follows from simple servo- 
mechanism theory, as we have previously pointed out. The KGB is working on a "solution" 
that is far along: engineer the entire human species quantum potential so that the human 
species can be turned into an "antlike" species, which of course would be the "ideal" 
communist state, in the minds of many Communist party theoreticians. Our guys haven't 
even got started on engineering the quantum potential yet. They have not yet even 
discovered the big ball park, let alone the big ball game. 


Anyway, that is just some comments for your personal information. What really is 
happening in the “hidden weapons" area and “hidden weapons science area" is already so 
advanced in some quarters that science fiction pales by comparison. The real question is 
whether we shall survive very much longer, and whether we shall mature rapidly enough to 
begin to use these technologies for the benefit of humanity, rather than for its destruction. 


Sincerely, 
Tom Bearden 


Additional Comments from Tom dated 9 July, 2001 
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Figure 12, The Soviet “woodpecker” signals 
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LASER WEAPON SYSTEMS 


Lockheed Martin has specialized in laser weapon system development for 40 
years, with advancements in areas such as precision pointing and control, line- 
of-sight stabilization and adaptive optics — essential functions in harnessing and 
directing the power of a laser beam — and in compact, robust, spectrally beam- 
combined fiber laser devices that provide unmatched performance. 


Lockheed Martin’s directed energy 
(Dé) laser program draws upon our 
proven expertise across a broad range 
of capabilities, as well as our spirit of 
innovation. Our experience includes: 
+ The beam-control/fire-contral 
system for a megawatt-class laser 
that destroyed a ballistic missile in 
flight 
‘+ High-power spectrally beam- 
combined fiber lasers that provide 
the most efficient conversion of 
platform prime power into lethal 
power on target 
= Unique SWIR component 
capabilities that significantly extend 
the ISR (intelligence, surveillance, 
and reconnaissance) range of the 
DE laser system. 
‘+ Widespread weapons-system and 
platform integration experience 
across all DoD services 


REVOLUTIONARY TECHNOLOGY 


Laser weapons are a revolutionary 
technology because of the advantages 
of speed, flexibility, precision and low 
cost per engagement that are only 
possible with lasers, 

These advantages apply to stand-alone 
DE laser systems as well as to weapon 
systems that combine DE and kinetic 
energy capabilities. In these cases, DE 
operates as a force multiplier, enabling 
the warfighter to counter a growing 
range of emerging threats, 


DE weapons are characterized by: 

* Very deep magazine 

* Extremely low cost per engagement 

* Speed of light delivery 
These strengths mean that they are 
well-suited to countering large numbers 
of inexpensive, highly maneuverable 
threats that might otherwise exhaust 
the magazines of our current defensive 
kinetic energy (KE) weapons. By using DE 
and KE weapons together, the warfighter 
will be able to neutralize emerging 
‘swarming threats while reserving our 
most capable kinetic weapons to defend 
against our adversaries’ largest and 
most hardened threats. DE weapon 
systems support multi-mission scenarios, 
and can be readily augmented by 
communications functions, as well as 
unprecedented intelligence, surveillance 
and reconnaissance range, and precision, 


In addition, Lockheed Martin’s directed 
energy weapons bring some important 
and unique advantages to the warfighter: 
+ A robust and highly-maintainable 
laser architecture that is designed 
to minimize life-cycle cost and to 
maximize up-time 


* Output laser power that can be 
rapidly adjusted between low 
and maximum power to suppart 
disrupt, disable, and destroy 
capabilities 


Highly parallel laser architecture 
that supports graceful 
degradation by eliminating almost 
all single points of failure 


+ Highest system efficiency 
demonstrated in any DE laser 
system; minimizing size weight 
and power requirements for 
DE platforms such as Army and 
Marine Corps ground vehicles, 
Navy DDG and LCS ships, and 
SOCOM AC-130 

* Highest lethality laser to minimize 
engagement time 


LOCKHEED MARTIN IS ADVANCING AND DEMONSTRATING 
A RANGE OF LASER WEAPON SYSTEM TECHNOLOGIES: 


ADAM (Area Defense 
Anti-Munitions) 


ALADIN (Accelerated Laser 
Demonstration initiative) 


SS 


= 


= ' 


ATHENA (Advanced Test 
High Energy Asset) 


+ Autonomous operations for racket 30-kilowatt laser made by combining + Represents highest power level 
threats; accepts external sensor cue when _many fiber lasers into a single, near- documented by a laser weapon system 
required; capable of continuous operation _perfect-quality beam of light ofthis type, while retaining excellent 

+ Successfully engaged constrained and + Uses approximately 50 percent less beam quality and electrical efficiency 
free-flying rockets, an unmanned aircraft _ electricity than alternative solid-state * First field testing of an integrated 
systems (UAS) target in flight, and a small laser technologies 30-kilowatt single-mode fiber laser 
boat Spectral Beam Combining sends beams weapon system prototype 

+ Affordable commercial-off-the-shelf from multiple fiber laser modules, Uses the proven high-energy laser 
(COTS) based system with very low cast- each with a unique wavelength, weapon system architecture from our 
per-kill;deep magazine; scalable precision _intoa combiner that forms a single, ADAM system, and incorporates the 
effects powerful, high-quality beam 30-kilowatt ALADIN laser 

* Capable of close-in defense (1-4 km) 


RELI (Robust Electric Laser Initiative) 
for Army HELMTT (High Energy Laser 
Mobile Test Truck) Demonstrator 


‘ABC Turret (Aero-adaptive 
‘Aero-optic Beam Control) 


* Prototype turret with the ability to fire 
in any direction mounted on tactical 
alreraft 


First turret to demonstrate a 360- 
degree field of regard for laser weapon 
systems on an aircraft flying near the 
speed of sound 

Validated performance with nearly 60 
flight tests conducted in 2014 and 2015, 
using a business jet as a low-cost flying 
test bed 


‘Modular 60-kW laser in development for 
the U.S. Army 

Proven affordable weapon architecture 
that supports size, welght and power 
constraints for air, sea and land platforms 
Scalable design combines multiple 
kilowatt lasers to attain various weapon 
power levels 

‘Modularity results in a reliable and low 
‘maintenance laser system that minimizes 
single points of failure 


WE'RE ENGINEERING A 
BETTER TOMORROW 


Lockheed Martin Corporation 
Rotary and Mission Systems 

300 M Street, SE 

Washington, D.C. 20003 
www-lockheedmartin.com/laserweapons 
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Abstract. This paper deals with a high power microwave 
generator with virtual cathode ~ vircator in axial release 
for electronic warfare applications. The classification of 
directed energy weapons microwave (DEWM) is intro- 
duced together with basic block diagrams of a particular 
class of DEWM. In the paper, methods for designing virca- 
tor pulsed power supply, axial vircator structure, meas- 
urement methods and experimemal results are presented. 
The vircator in electromagnetic ammunition is powered by 
‘magneto-cumulative generator and in weapons for defense 
of objects (WDO), it is powered by Marx generator. The 
possible applications of a vircator in the DEWM area are 
discussed. 


Keywords 


Electronic warfare, directed energy weapons micro- 
wave, high power microwave, magneto-cumulative 
generator, Marx generator, pulse forming line, virca- 
tor. 


1. Introduction 


Electronic warfare (EW) is defined as the art and sci- 
cence of preserving the use of the electromagnetic spectrum 
for friendly use while denying its use to the enemy. Elec 
tromagnetic spectrum is, of course, reaching from DC to 
light (and beyond). Thus, electronic warfare covers the full, 
radio frequency spectrum, the infrared spectrum, the opti- 
cal spectrum, and the ultraviolet spectrum, 


Electronic warfare has classically been divided into: 


‘© Electronic warfare support (ES), which includes the 
receiving part of EW. 


© Electronic attack (EA), which includes jamming, 
chaff, flares used to interfere with the operation of ra- 
dars, military communication, and head-secking wea- 
pons. Over the last years, EA also includes antiradi 
tion weapons (ARW) and directed energy weapons 
(DEW). 


‘Electronic protection (EP), which is directed into de- 
sign or operation of radars or communication sys- 
‘tems to counter the effect EA. 


A detailed classification of EW can be found in [1]. 


Today the directed energy weapons (DEW) are sig- 
nificant in terms of the electronic attack (EA). Consider- 
able financial resources are directed especially to the re- 
search of DEW working in microwave band (directed en- 
ergy weapons microwave ~ DEWM), which derive their 
benefits from incidence of electromagnetic pulses (EMP) 
on electronic devices. The EMP effect was first observed 
during the carly testing of high altitude airburst nuclear 
‘weapons [2]. The effect is characterized by production of 
avery short (hundreds of nanoseconds) but intense elec- 
tromagnetic pulse, which propagates away from its source 
with ever diminishing intensity, govemed by the theory of 
clectromagnetism. The EMP is in effect an electromagnetic 
shock wave. This pulse of energy produces a powerful 
electromagnetic field, particularly within the vicinity of the 
‘weapon burst. The field can be sufficiently strong to pro- 
duce short lived transient voltages of hundreds of volts to 
Kilovolts on exposed electrical conductors, such as wires or 
conductive tracks on printed circuit boards, 


At present, a high intensity EMP can be successfully 
generate without using nuclear weapons. This fact is very 
significant especially for applications in the EW area. It is 
this aspect of the EMP effect which is of military signifi- 
cance, as it can result in irreversible damage to a wide 
range of electrical and electronic equipment, particularly 
computers and radio or radar receivers. Depending on the 
clectromagnetic hardness of the electronics (a measure of 
the equipments resilience to this effect) and the intensity of 
the field produced by the weapon, the equipment can be 
irreversibly damaged or even electrically destroyed. The 
damage inflicted is not unlike the damage experienced by 
exposure to close proximity lightning strikes, and may 
require complete replacement of the equipment, or at least 
substantial portions of it (3) [4] 


2. Directed Energy Weapons Micro- 
wave 


Directed energy weapons microwave (DEWM) gen- 
erate very high-powered electromagnetic impulse (EMP) in 
the microwave band, From the generated signal bandwidth 
point of view, there are two classes of generators for the 
design and construction of DEWM in order to produce 
electromagnetic field with sufficient power: 
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© Narrowband — very similar to the radar transmitters; 
usually generate a modulated harmonic signal. This 
class is called the high power microwave (HPM). 


* Ultra-wideband (UWE) ~ generates high power vide~ 
signal illuminated by a broadband antenna, 


The application of directed energy weapons microwave 
(DEWM) determines their design. There are two groups of 
directed energy weapons microwave: 


© Single shot EWM, 
© Repetitive pulsed power systems. 


‘The electromagnetic weapon modes closely relate to 
the mission of these weapons. Electromagnetic ammunition 
usually uses single shot DEWM while weapons for defense 
of objects (WDO) usually use repetitive pulsed power 
systems. The typical pulse repetition frequency of DEWM 
is nearly one thousand pulses per seconds. Recently, there 
hhas been a trend of increase in the pulse repetition fre- 
quency beyond tens of thousands pulses per seconds. The 
actual DEWM construction depends on the concrete sup- 
posed combat use, on the required measure, range and so 
on. The following text will be dedicated to experimental 
verification of some technology usable in narrowband 
DEWM or HPM. Questions regarding classification, con 
struction and possible use of generators for DEWM are 
answered in more detail in [4], [5] and [6] 


2.1, Basic Block Diagram of DEWM 


HPM design depends on the specific assumed applica- 
tion of DEWM. There are difference approaches to the 
design and realization of electromagnetic ammunition and 
to the design and realization of weapons for defense of 
objects (WDO). These differences mostly affect the choice 
of the power sources and the construction of modulators. In 
electromagnetic ammunition, a highly limiting factor is the 
demand for low weight and small proportions. This fact 
also sharply limits the choice of the power microwave tube 


Electromagnetic ammunition usually uses single shot 
DEWM. The single shot high-energy high-voltage pulsed 
source has to fulfill hard requirements on the high amount 
of the delivered energy with respect to the source volume 
[Miim']. The best solution of this requirement is, 
amagneto-cumulative generator that reaches up to 
8000 Mim’. A block diagram of a HPM generator in elec- 
tromagnetic ammunition is shown in Fig. | 
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Fig. 1. Block diagram of a HPM generator in electromagnetic 


In the block diagram, the primary source feeds the 
stator coil of a magneto-cumulative generator (MCG), 
which creates a powerful magnetic field in the surrounding 


fittings filled with an explosive. At the moment of achiev- 
ing the primary current peak value, the explosive is shoot 
ing. The explosion causes expansion of fitting that per- 
forms compression of the magnetic field inside the stator 
coil of MCG. Compression of magnetic field causes dra- 
matic growth of the current flowing through MCG (hun- 
dreds of kiloamperes). The MCG output is connected to 
apulse forming network that provides transformation of 
heavy current to an impulse high voltage (hundreds of 
Kilovolts), which feeds a high power microwave electron 
tube (HPM ET). The generated microwave is emitted 
through antenna (ANT) to the space. 


A block diagram of a HPM generator in weapons for 
defense of objects (WDO) is shown in Fig. 2 
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Fig.2. ‘The block diagram of HPM generator in Weapons for 
Defense of Objects (WDO). 

In weapons for defense of objects (WDO), the HPM 
generator works similarly as the HPM generator in clec- 
tromagnetic ammunition. Since WDOs usually generate 
power microwave pulses repetitively, a modulator with this 
capability has to be used instead of MCG. Modulators with 
Marx capacitor banks, Tesla transformers or transductors 
with fast opening switches are used most often. In this class 
of DEWM, other types of high power microwave electron 
tubes (HPM ET) are also used. They may generate micro- 
wave pulses with high pulse repetition frequency. 


3. Energy Sources for Directed Energy 
Weapons Microwave 


‘The electromagnetic pulse sources for DEWM are en- 
tirely based on energy acquired from the chemical energy 
of explosion that compresses the magnetic flux made by 
coil (MCG) or by discharging a capacitor bank. These two 
possibilities are the best solutions for generation of pulses 
with sufficient amount of energy in a short time. Other 
methods were used to generate pulses in the beginning of 
DEWM research or in laboratory. 


3.1 Helical Magneto-Cumulative Generator 


MCG are entirely based on the energy acquired from 
chemical energy of explosion that compresses magnetic 
flux made by coil. MCG physical principles, classification 
and applications are described in more detail in [7]. The 
main part of research was focused on the possibility of 
using a magneto-cumulative generator for electromagnetic 
ammunition power supply. For that reason, 4 versions of 
low power MCGs were designed, realized and tested in 
order to verily their characteristics, construction principle, 
explosive initialization method and verifying a measure- 
ment method. 
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‘The tested magneto-cumulative generator in Fig. 3 
consists of an aluminous cylindrical stator, inside is 
a 16 screw helical coil from 2mm copper wire, a copper 
‘armature tube with 38 mm outer diameter and 4 mm wall 
thickness filed by octogen (explosive). The explosive is 
clectrically initiated. The load coil represented by a copper 
strip in shape of a loop connects the stator with the arma- 
ture. In the right side of stator, there is a crowbar switeh 
made of a brass plate to perform disconnecting of the pri- 
mary current source. An insulator circle is responsible for 
separation of the stator and the armature. 


Fig. 3. Low power MCG. 
Low power magneto-cumulative generator characteristics: 
C) = 190 uF 
800 
3.1 aH 
01750 


~ primary capacitor capacity 


— voltage of capacitor 


~ stator coil inductance 


~ stator coil resistance 
Tp =3.13x 10s — primary current period 


~ maximum primary current 


~ explosive init 


tion delay 


Fig. 4 presents the low power magneto-cumulative 
generator output current time history calculated from the 
voltage measured by Rogowski coil. The primary current 
Jn =2750A gives the generator peak output current 
Jog=27KA. The detailed test description and measured 
results can be found in [8], {9], [10] and [11]. The purpose 
‘of the mentioned tests was: 


© Verify the method of generating a high energy pulse 
‘by magnetic flux compression using explosive; 


© Solve the primary current magneto-cumulative gen- 
‘erator power supply; 


‘© Find the peak primary current and an explosive initia- 
tion synchronization method; 


‘© Find a high current measurement method, 
All the requirements were met 


To use a magneto-cumulative generator for single 


couture 


se Ww 


Fig. 4. Low power magneto-cumulative generator output cur- 
rent te histor 


shot high power high voltage pulse generator, it is neces- 
sary to obtain a high-level output current. Because of that 
reason, a middle power MCG was designed and realized. It 
is a two-stage helical magneto-cumulative generator using 
a dynamic transformer to increase the output voltage. In 
Fig. 5, there is a schematic plot of the gencrator’s first 
stage. The magneto-cumulative generator power supply 
primary current, the initiation of the explosive and the 
‘output high current measure was analogical to the low 
power magneto-cumulative generator described above. 


1 — First stage coil, 2 ~ Load coil, 3 ~ Armature 
with explosive, 4 ~ Insulator 


Fig. 5. Schematic drawing of frst stage of middle power 


MCG. 


Fig. 6 shows a photo of the middle power magneto- 
cumulative generator’s first stage prepared to the test. 


‘Magneto-cumulative generator characteristics: 
C) = 125 uF 
Uy = 5000 V 


— primary capacitor capacity 
— voltage of capacitor 

— stator coil inductance 

— primary current period 


~ maximum primary current value 


~load inductance 
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PFLs may be constructed in a variety of shapes (strip, co- 
axial, radial, ete.) they are typically used in only two types 
of circuits— the simple transmission line, and the double 
or Blumlein line. In contrast to the simple transmission 
line, an alternate circuit invented by A. D. Blumlein is 
capable of producing an output pulse into a matched load 
that equals the charge voltage. A cylindrical version of the 
Blumlein circuit fabricated by our team is represented in 
Fig. & It consists of three coaxial cylinders with the inter- 
mediate cylinder being charged by the Marx generator, The 
Marx generator is shown in Fig. 9. The center cylinder is 
connected to the outer grounded cylinder by an inductor. 
Ideally the inductor acts as a short during the charge cycle, 
and then as an open for the short duration of the output 
pulse [13]. Pulsed power supply parameters are shown in 
Tab. 1 


ars penerator False forming Tine] 
Wumberofsuge [a= Tmipedance | 900] 
Capacity of Tage | —T0OaF Teng Tm} 
Tnputvolage | U,=25EV_[Pube duration —|~6Oas_} 
Duiput volage —[ Ue IS0RY [Working medium | water] 


7 Time 


Fig. 7. Middle power magneto-cumulative generator ouput 
‘current time histor. 
In Fig. 7, the generator output current time history 
measured during test is shown. The primary current 
1650 A gave the generator peak output current 
=350 KA. 


‘The next step in the magneto-cumulative generator re- 
search is the implementation and verification of a dynamic 
transformer. The dynamic transformer’s role is an increase 
of the output voltage to about 70 kV. Magneto-cumulative 
generator's second stage supplies a load coil through an 
clectric breaker. The beaker interrupts the current in the 
load circuit in a very short time to enable transfer of the 
energy from the magnetic field to the high voltage pulse. 
‘These activities will be done in the next step of the research. 
and development. The further trends are described in [12] 


3.2. Pulsed Power Supply With Capacitive 
Storage of Energy 


For some pulse applications in weapons for defense of 
objects (WDO), it is desirable to couple the Marx generator 
directly to the vacuum diode; however, the pulse rise time 
is then limited by the Marx inductance and capacitance, 
and the impedance of the generator is greater than typically 
several tens of ohms. In order to produce shor, fast-rising, 
low-impedance beam outputs, it is customary to use the 
Marx to charge a pulse-forming line (PFL). Although the 


‘Tab. 1. Pulsed power supply parameters 


Fig. 8, Cylindrical version ofthe Blumlein circuit, 


Fig. 9, Marx generator 


4, High Power Microwave Generator 


A wide range of HPM devices exists. Relativistic kly- 
strons, magnetrons, slow wave devices, reflex triodes and 
vircators are all examples of the available technology 
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base [5]. From the perspective of an electromagnetic wea- 
pon or warhead designer, the device of choice will be the 
vircator at this time. The vircator is mainly a one shot de- 
vice capable of producing a very powerful single pulse of 
radiation, yet it is mechanically simple, small and robust, 
and can operate over a relatively broad band of microwave 
frequencies. The physics of the vircator tube are substan- 
tially more complex than those of the preceding devices. 
‘The fundamental idea behind the vircator is that of acceler- 
ating a high current electron beam against a foil or a grid 
anode. Many electrons will pass through the anode, form- 
ing a bubble of space charge behind the anode. Under the 
proper conditions, this space charge region will oscillate at 
microwave frequencies. Ifthe space charge region is placed 
in a resonant cavity which is appropriately tuned, very high 
peak powers may be achieved. Conventional microwave 
engineering techniques may then be used to extract the 
microwave power from the resonant cavity. Because the 
frequency of oscillation is dependent upon the electron 
beam parameters, vircators may be tuned or chirped in 
frequency, where the microwave cavity will support appro- 
priate modes. Power levels achieved in vircator experi- 
ments range from 170kW to 40GW over frequencies 
spanning the decimeter and centimeter bands [5] 


4.1. Vircator Operation Fundamentals 


‘The basic idea of the vircator is to accelerate a dense 
flush of an electron beam against a grid or a foil anode 

Plenty of electrons pass through the anode and form 
aregion of a space charge behind the anode called "virtual 
cathode“. This region of a space charge at corresponding 
conditions can oscillate in a region of microwave frequen- 
cies. It is possible to tune the vircator in a broad band of 
frequencies using only a change of a space charge density 

‘There is no necessity to have an external magnetic field for 
a correct vircator function, In Fig. 10, an axial vircator is 
shown, Electron beam passes through the foil or the grid 
anode. Microwave power is brought out axially, too. Fre- 
quency changes appear in vircator with standard geometry 
when the distance between the anode and the cathode gets, 
smaller due to filling the working space by plasma, Effi- 
ciency of a standard geometry vircator is ordinarily about 
‘ones percent. 


Cathode Viral cathode 


Fig. 10, Schematic drawing of axial vector 


Despite its low efficiency, vircator is very attractive 
for army applications because it is very simple to be made, 


it is a compact device and there it is no need to have an 
external magnetic field. For more information about con- 
struction and properties of various types of vircators you 
can see e. g. [5], [13] and [14] 


4.2. Mathematical Description of Vircator 
Operation 


For microwave frequency generation, it is necessary 
to meet a number of conditions relevant to the power sup- 
ply and geometric proportions of a vircator electrode. De- 
termination of these conditions results from [15] and we 
use simplified geometry displayed in Fig. 11 to derive the 
‘mathematical characterization, 


‘The most common case is that a pulse duration r is 
much longer than a beam transit time across cavity 
Poe LIC. 


We assume that an external axial magnetic field ob- 
structs transverse electron motion, The space charge of the 
beam makes a negative potential energy e@ in drift space 
which breaks the electrons. If the space charge potential 
reaches the value of accelerating voltage (electrons are 
stopped in beam), the beam with bigger current cannot 
expand. There is a value of current which causes stopping 
of electrons. This value is called the vacuum critical cur- 
rent, There has to be the above mentioned critical current to 
make the vircator generate microwave oscillations, 


olla leston beam 


cathode 


Vacuum 


eo 


o L am] 
Fig. 11 Simplified geometry of axial vireatr. 


‘We suppose a hollow beam; whose charge is concen- 
trated in a thin layer with radius r. Behind the transition 
space (which is comparable to the radius of chamber — 
backward conductor), there is nearly homogenous poten- 
tial. It is possible to determine the potential quantity with 
consideration that it is a coaxial capacitor and its inner 
cylinder is saturated by beam charge 


Capacity of the coaxial capacitor is given by 


oy 


where cp is the vacuum electric permittivity, R is the cham- 
ber radius, ris the beam radius. 
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‘The potential is given by the equation ot ie 
ok 2 we 
e The evaluation is written in the form 
where Q is the charge linear density, Cis the capacity per (n) 
length unit, We can define the charge linear density as 
| (13) 


o-t 8) 


where v is an electron module velocity and the current is 
defined by the equation 


TeenyS «@ 


where e is the charge of an electron, n is the linear electron 
density, $ is the profile of the electron beam. 


‘When (1) and (3) are substituted into (2), we can ob- 
tain expression for the potential in the form 


rif ® 

9-0. Me) () 
Cc 

The electron velocity v is associated with its initial 


energy and potential by the energy preservation law 
Peebam ye © 


where yp is the initial relativistic factor of the beam, y is the 
relativistic factor inside a system reduced due to potential 


‘The relativistic factor inside a system can be ex- 
pressed by the equation 


O) 


where m, is the electron mass and ¢ is the speed of light. 
‘The relativistic factor can also be expressed by 


u (8) 


V 


‘The electron velocity in drift space v can be specified 
from following equations: 


0) 


(10) 


Substituting (10) 
(e-1)/ (ave), we can get 


into (3) and multiplying by 


enuf 2} 


Fo)= ay 


Taame 
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‘The function F/®) has its peak value under the con- 
ditions describes by 


Trame 


There is no possibility to find the solution of (11) for 
bigger values of function F/@). According to (13), the eri~ 
tical vacuum current is, 


esesgyeme? 
rid) t 
tr 


oy 


When we substitute the known constants (like x= 
3.1415), we obtain the equation 


(sy 


where Lis the critical vacuum current [kA 


For vircator implementation, energy of electrons of 
about 500 keV is considered, which corresponds to the 
relativistic factor of yp = 2. Thus planar diode current lim- 
ited by space charge follows the three-half Child-Langmuir 
law 


(16) 


where U is the voltage between anode and cathode, 5; is the 
surface of cathode, dis the distance between anode and 
cathode. 


An important characteristic of a vacuum planar diode 
is its impedance, which is given by 


z=13610.0 7 oa) 


where 7 is the radius of the cathode. 


The vacuum critical current is the maximal current 
that can distribute itself through vacuum. It means it is 
possible to measure the same current until the distance is 
bigger than the diameter of beam. Itis just the same value 
when the potential of space charge of electron beam is 
equal to the accelerating voltage. That is the limit where 
the virtual cathode is generated and the vircator starts 
working. The generated frequency depends on the plasma 
frequency of the electron beam. The plasma frequency is 
determined by the electron beam current density. The 
plasma frequency is the frequency of electrons in space 
charge field oscillations. The electrons can oscillate due to 
the influence of repulsive force which takes effect between 
particles with the same charge. The plasma frequency de- 
pends on the concentration of electrons in the beam. The 
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current density is given by the number of charges which are 
able to pass through the surface of 1m’ per one second. 
‘Thus we can calculate the current density [Am] 


ise-m-¢, us) 
where ¢ is the electron charge, ny is the electron volume 
density and c is the electron velocity 


Plasma frequency of the electron beam is approxi- 
mately given by 


fy = 910 9) 


4.3 Axial Vircator Design 


Following the theoretical assumptions given above, 
the axial vireator with grid anode was fabricated. The struc- 
ture of the grid anode enables repeated operation in contra- 
distinction to vircator with a foil anode. The cathode di- 
ameter r;=17.5mm and the working chamber radius 
R=40 mm were chosen in order to decrease the value of 
the vacuum current, The critical vacuum current is, 
J,,=4.63 kA in this configuration. The vircator impedance 
matching to the forming line is a very important require 
ment for vircator's correct operation. Because of that, 
cathode with a possibility to change the distance dj, be- 
tween cathode and anode is fabricated. The cathode is 
made as a cylindrical carbon block. The anode grid is made 
from pyrolitic carbon, 


In Fig. 12, there is section picture of the built-up axial 
vircator with the possibility to the change distance between 
anode and cathode. In Fig. 13, there is a view of the fabri- 
cated vircator. The vircator is fed by a pulse generator 
formed by Marx generator and pulse forming line described 
in Section 3.2. The connection between the axial vircator 
‘and the output of pulse forming line is shown in Fig 14, 
Vircator voltage is measured by a cylindrical capacitive 
probe, which is a part of pulse forming line output circuit, 
Vireator current is measured by Rogowski coil placed in 
the outer cylinder of the pulse forming line. Vircator volt- 
age time history is displayed in Fig. 15 and vireator current 
time history is displayed in Fig. 16. 


Compared to other types of microwave tubes, the mi- 
crowaves generated by an axial vircator cover a relatively 
‘wide frequency band. In Fig. 17, the frequency spectrum of 
the signals generated by the realized axial vircator is, 
shown. The dominant frequencies of the generated micro- 
‘wave signals are placed in the band of 0.5 to 1.5 GHz. The 
frequency spectrum was acquired on the basis of informa- 
tion measured by a digital oscilloscope Tektronix TDS 
7704B connected to broadband antenna EMCO 3115. For 
the measurement the microwave output power of the virca- 
tor, a measuring device was designed and made, using 


calorimetric method for the power measurement. A detailed 
power sensor description can be found in [18]. A more 
detailed description the of axial vircator research results is 
given in [6], [14], [16] and [17] 


“cathode contact ing, 2 ceramic insulator, 3 anode contact ing, 
“pipe for vacuum pumping hele 


Fig. 12. Section piture of built-up aval viteator with possibi- 
ity w change distance between anode and cathode 


| ml 


Fig. 13. View of fabricated axial vitcator with adjustable di 
tance between anode and cathode, 


Fig. 1M. View of fabric 
pals forming line 


sd axial virewtor connected to the 
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Fig. 16, Vircatorvotage time history 


Fig. 17, Frequency spectrum of signals generated by relized 
axial vicar 


5. Conclusion 


‘The research of directed energy weapons microwave 
validated substantial technology applicable in electro- 
‘magnetic ammunition and in weapons for defense of ob- 
jects (WDO). The axial vireator is the most important com- 
ponent part applicable in both categories of DEWM. Do- 
inant frequencies of the generated microwave signal are 
placed in band of 0.5 to 1.$ GHz. To fulfill the vircator 


minimal proportion requirements to be able to use the vir- 
cator as a DEWM, it is necessary to shift the vircator do- 
minant frequencies to the 3 GHz band. This requirement 
can be reached by arranging the cathode size efficiently 
and consequentially optimizing the distance between anode 
and cathode. Great attention also has to be paid to increase 
the specific dielectric strength of the output window of the 
axial vircator. 
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Cirtec has a robust and flexible quality system; start-up companies and 
research groups often choose to work under our quality system rather than 
developing their own. We provide design history file management and document 
control services. We can also perform or contribute to requirements 
documentation, risk management activities, and design verification activities. 
Our manufacturing capabilities relevant to active implantable devices include: 


Laser welding Surface treatment 

Resistance welding Ultrasonic cleaning 

Electrical assembly « Epoxy molding and adhesion 
« Laser marking » Silicone molding and adhesion 
Laser ablation Packaging and labelin 


Manufacturing capabilities are supported by in-house test capabilities. 
These include mechanical testing, hermetic leak testing, bench level and 
automated electrical testing, environmental conditioning, and custom test 
setups such as soak or pressure testing. 


Our manufacturing infrastructure includes multiple ISO class 7 cleanrooms 
and ESD safe handling procedures for all devices. Cirtec provides complete 
supply chain management services, leveraging our extensive Approved Supplier 
List and robust inventory management and material traceability procedures. 


VALUE TO PROPOSING TEAMS: There are six primary areas where 
Cirtec capabilities provide value to proposing teams. 


Hermetic 
bari 
development 


Hermetic package and barrier design 


Leak specification development 


Internal moisture management: Vacuum bake, desiccant handling, 
residual gas analysis testing 


Hermetic sealing (welding brazing) and testing 


Soldering, wire bonding, and die bon 


Electrical Coil winding 
assembly ESD-safe workspaces 
Lithium battery safe handling procedures 
Bench and automated testing 
Interconnect | Feedthrough design and sourcing 


development 


Hardwired and disconnectable design 


Fabrication and testing 


Encapsulation 


Epoxy, silicone, and parylene encapsulation 


Layered encapsulation design to manage fluid ingress 


In-house design, tooling, molding, testing 


Sterile 
packaging 


Package design 


Pouch and tray packaging and labeling 


Off-the-shelf double sterile tray system 


Sterilization service provider management 


Quality system 
support 


Design control support and design history file maintenance 


GMP manufacturing 


Supply chain management 


Procedures for and support of requirements definition, risk 
management, design verification, and process validation 


Dragon ID 


Primary Contact 
Eugene Malinskiy / eugene@dragonid.com 


Capabilities 

* Our staff is very experienced working within the complexities of the 
medical system from observing physicians in the operating room to bringing 
devices through regulatory approval. 

* We have engineers with process development and industrial experience, 
including interfacing directly with manufacturers. 

« We have software engineers experienced in both hardware and software 
engineering and experience in microcode and embedded systems, end user 
applications, and high performance computing. 

« In addition to engineering talent, we staff researchers, designers, and SMEs 
to bring a truly interdisciplinary approach to innovation and design for a 
project. 

° We have experience recruiting, establishing, and coordinating relationships 
between global stakeholders for complex projects to maximize accountability 
and efficiency for a product while minimizing bureaucracy required. 

* We work with our world--class partners in industries such as industrial 
design, rapid multi--material prototyping, materials selection, and 
manufacturing in order to round out our capabilities for a product. 
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Freedom Photonics LLC 


Primary Contact 


Leif Johansson / leif@freedomphotonics.com 


About 

Founded in 2005 we are privately held Limited Liability Company based in Santa 
Barbara, California with ISO Qualification in process, certification in Q2 2016. We 
develop, manufacture and market complete photonic integrated circuit based 
products (Indium Phosphide, PLC, Si Photonics). 


Our main markets in components, modules and subsystems are for fiber-optic 
communication, free-Space-optical (FSO) communication and infrared sensors and 
illuminators. 


Capabilities 
We offer electronics design, assembly and testing with expertise in photonic design, 
packaging, control electronics, manufacturing and qualification. 


We offer services across development and have a premier R&D compound 
semiconductor facility with lithography (steppers, DUV stepper, EBL), wet and dry 
etching, deposition and characterization capabilities. 


Our Business Model 

Conceptualization, prototyping and development 

» Fast R&D turn-around and low cost device fabrication in Nanotech cleanroom facility 
(Freedom Photonics employees) 

Internal multi-project wafer runs 


Volume device production with commercial foundries worldwide 

« Fabrication processes designed for manufacturability 

« Access to manufacturability and production capacity, qualified processes 
« Experience in outsourcing volume device manufacturing 

Significant internal capability for assembly, packaging, test 


Capabilities and Facilities I - Photonics Design and Fabrication 

Design 

« Commercial and proprietary tools for passive and active PIC modeling, (Lumerical, 
native FDTD/BPM code, mode solvers, mask layout, SOA/active region models, 
Simwindows, SRIM) 


Mask layout 
» Proprietary scripting tool, with design rule checker and automated mask plate layout 


Fabrication 
+ Full wafer process, die pick-and-place, wedge bonder, ball- bonder, auto-cleaver, 
pull-tester, etc. 


Capabilities and Facilities II - Photonics Production Test 
* Photonic device bar level probe 

« Chip-on-carrier level (probe card) 

* Package; DC, spectral, and data testing 

¢ Burn in - monitored, environmental chambers 


Capabilities & Facilities III - Packaging 

Several in-house systems with laser welding and UV curing capability. 
« Custom tooling, TOSA packages, 14 pin butterflies etc. 
« ZEMAX commercial optical train design tool 
Capabilities and Facilities IV - Electronics 

« Digital and Analog Electronics 

« FPGA design and verification tools in house 

« Commercial tools for board layout 

* Outside foundry for PCB fabrication and stuffing 

« Electronics workstations for assembly and test 

* Oscilloscopes, sources, multi-meters 


We perform contract fabrication and engage with a number of domestic and 
international fabrication providers, both full process or selected fabrication steps 
are available. 


IMEC 


Primary Contact 
Barun Dutta / Barundeb.Dutta@imec.be 


Capabilities 
IMEC is interested in making its comprehensive capabilities available for joint- 
research programs for solutions in Life Sciences Technologies, Healthcare and 
Bio-medical engineering, including: 

e Semiconductor/nanotechnology 

© Process technology 

© Design technology and systems/software technologies 


Additional Contacts 
Maarten Willems / Maarten.Willems@imecbe 


Infinite 
Arthroscopy 


Infinite Arthroscopy 


Primary Contact 
Daniel Dudley / d.dudley@infinitearthro.com 


About 

We are exclusively focused on developing new medical technologies with an 
emphasis on translating innovations from other industries to the operating 
theatre. We have experience in the full life cycle of medical device development 
from initial conception to regulatory submission. We have large number of rapid 
prototyping and fabrication techniques available in-house including but not 
limited to software-based design, stereolithography, fused deposition modelling, 
PCB milling, and machining. Our staff includes designers, engineers, health care 
professionals, and subject matter experts from a diversity of industries allowing 
us to leverage a far wider knowledge base than the standard medical device 
company. We maintain a nationwide network of leading physicians and institutional 
partners to develop, refine, and validate our technologies according to 
contemporary healthcare practice and needs. 


Capabilities 

Infinite Arthroscopy also maintains a portfolio of intellectual property derived 
from our medical device technologies that would be available to the NESD 
Industry Group. Two relevant examples are listed below. 


Infinite Arthroscopy, Inc. Proprietary Technologies: 
Novel Light Source 


« Miniaturized / Ruggedized 

» Low power (sub 1 watt) 

« Low heat (to LEDs of comparable lumen-output) 

¢ High lumen output 

« Long Lifetime (50,000+ hours) 

Emits only target wavelength(s) (Capacity to customize to project needs) 
Command/Control Architecture for Medical Devices 

« HIPAA/FTC Approved for use in Operating Rooms 

¢ Uninterrupted High-bandwidth capacity 

¢ Transmission below standard RF noise floor 

« Encrypted protocol 


Additional Contacts 
Howard Fein / h.fein@infinitearthro.com 


Inscopix 


Primary Contact 
Pushkar Joshi / pushkar@inscopix.com 


Capabilities 

« Neuroscience application development and validation (surgical procedures 
for rodents and non-human primates, application of biological reagents 
within our own life science lab) 

Optical system development (lens design and simulation, LED light source 
development, prototyping) 

« Hardware system (FPGA-based and/or microcontroller based mixed-signal 
systems especially involving imaging, mechanical packaging) development, 
testing, and prototyping 

« Software (application, image processing, computer vision, analytical) 
development and testing 

« Mechanical accessories development (design, prototyping via 3D printing) 

« With these capabilities, we can customize Inscopix's existing and emerging 
systems and applications, or develop new systems and applications for or 
with other proposers in support of this program. 


Additional Contacts 
Shung Chieh / schieh@inscopix.com 


Manomedical 
. Diagnostics 


Nanomedical Diagnostics 


Primary Contact 


Brett Goldsmith / brgoldsmith@nanomedicaldiagnostics.com 


Capabilities 

« Graphene FET sensor array chips appropriate for integration with nearly any 
biochemical or electrochemical interaction 

« Current sensor hardware capable of measuring biochemical and bioelectric 
interactions over time with 10 millisecond time resolution, and spatial 
resolution less than 10 microns 

* Capability to produce sensor hardware with time resolution approaching one 
microsecond with a spatial resolution less than 2 microns 

« Expertise in combining electronic materials, packaging and assembly with 
active biological materials 

« Projected FDA clearance for an in vitro clinical product, and associated 
manufacturing chain, using graphene sensors by mid 2017 

« Graphene appropriate for use in medical sensors integrated into an electronic 
or implantable platform of your choosing 

« Chemical and biochemical expertise in biochemical attachment and blocking 
techniques specialized for boosting specificity of electronic readout of 
biological interactions 

« A complete "turnkey" R&D system for using graphene sensor chips 

« Hardware and software appropriate for reading graphene biosensors 


Additional Contacts 
Francie Barron / fbarron@nanomedicaldiagnostics.com 


Naval Research Laboratory 


Primary Contact 
Dr. Jas. S. Sanghera / sanghera@nrl.navy.mil 
About 


NRL is the corporate research laboratory for the Navy and Marine Corps and 
conducts a broad program of scientific research, technology and advanced 
development. 


The Optical Materials and Devices Branch has five primary areas: high purity 
chemicals, specialty optical materials, silica fiber technology, optical devices and 
advanced concepts. 

Capabilities 

We have expertise in the research, development and fabrication of glasses, glass- 
ceramics, ceramics, crystals, bulk optics, films, waveguides and optical fibers. 


We offer a full suite of capabilities to make transparent ceramics to solve the 
ceramic packaging needs of NESD, some key properties: 

« UV to RF transparency tailoring 

« Tougher, stronger, harder than glass 

» Electrically inert 

» Demonstrated conformal shapes 

« Demonstrated bonding technologies 

« Vertical integration 


Our facilities include class 100 clean rooms, powder processing equipment, 
sintering systems, and characterization capabilities (XRD, SEM, TEM, optics labs, 
mechanical testing). 


Some of our prior applications include: Conformal Optics, IR simulators, photonic 
mast design, flexible PV's, IRCM, and Directed Energy Weapons. 


Additional Contacts 
Shyam Bayya / shyam.bayya@nrl.navy.mil 


Star Lab 


Primary Contact 
Adam Fraser / adam.fraser@starlab.io 


About 

Star Lab is a high-tech small business focused on complex systems security 
research and development, with significant expertise and a pedigree of success 
developing security technologies for safety-critical and mission-critical systems. 
The company specializes in the areas of high-assurance operating systems, 
technology protection, applied cryptography, and anti-tamper, and is also a leader 
in kernel/hypervisor/embedded software development. Star Lab has offices in 
Washington D.C. and Huntsville, AL. 


Additional Contacts 
Irby Thompson / irby@starlab.io 


QUALCOMM\ 


Qualcomm 


Primary Contact 
Karim Arabi / karabi@qti.qualcom.com 


Capabilities 


Experience in building an end-to-end platform as a reference design for 
interface with brain 

Experience in driving an industry wide standard effort to 

standardize a communication medium and protocol for brain interface 
Advanced low power wireless solutions, RF interface, MODEM system 
solutions and related electronics for brain interface 

Advanced wireless charging and powering solutions for brain implants 
Ultra low power electronic design solutions at advanced technology nodes 
suitable for brain implants to enable always on monitoring and processing 
Ultra low power DSP solutions, stream data processing and data 
compression and decompression solutions 


Additional Contacts 
Rudy Beraha / rberaha@qti.qualcomm.com 
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Mind-Reading 

History 

Probably no more “intrusive and persistent” method of obtaining information 
about a person exists than reading their mind,_ Research on mind-reading has 
been vigorously pursued by US government agencies and various academic 
centers since the 1970s, and continues to this day ticles 
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Read New Warld War Online 


Since 1973 DARPA has been studying mind-reading with EEG hooked to UO 


computers, using scientists at the University of Illinois, UCLA, Stanford Biography 
Research Institute, Massachusetts Institute of Technology, and the University Download my books for {re 
of Rochester. 


They developed a system that could determine how a person perceived 
colors or shapes and were working on methods to detect daydreaming, 
fatigue, and other brain states. Although the device had to be calibrated for 
‘each person’s brain by having them think a series of specific thoughts, the 


calibration was quick. 
In 1974 another very basic mind-reading machine was created by researchers 
at Stanford Research Institute. It used an EEG hooked to a computer which 


allowed a dot to be moved across a computer screen using thought alone. 
When interpreting people's brainwaves, it was right about 60% of the time. 
During these tests scientists discovered that brain patterns are like Update: 
fingerprints, each person has their own. So, each computer would have to be 
calibrated for a specific person, Update: January 20, 2018 
A freemasonic death’ threat....more 
‘Another method to address this issue was to store a large amount of generic 
patterns on the computer, so when it encountered a brain pattern it didn’t 
recognized, it used one that most resembled it. Since then, DARPA has All Previous Uodates 
sponsored Brain-Computer Interface (BCI) and mind-reading programs at 
Duke University, MIT, University of Florida, and New York State University, 
Brooklyn 


Important Updates 


Donations 


Your Donations Are Appreciated 
The Human Computer Interaction group at Tufts University has studied mind. 
reading funded by grants from a government research and education agency 
known as the National Science Foundation (NSF). Carnegie Mellon University, 
Stanford University, and the MIT Sloan School of Management have studied 
mind-reading. The Computer Laboratory at the University of Cambridge in 


England has developed mind-reading machines based on facial expressions. pe ere 


Other academic institutions that have participated in mind-reading projects 
include the University of California, Berkeley, University of Maryland, and PDF, Kindle, & ePub editions of my books 
Princeton University in New Jersey. Microsoft has studied mind-reading using can be downloaded for {res, or purchased 
EEG to better accommodate its users. Emotiv Systems built a mind-reading on Amazon & Lulu. 

gaming device which uses EEG to infer the mental states of video game 
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players. Honda Motors and Advanced Telecommunications Research Institute 
International (ATR) have studied mind-reading, 


Neuroimaging Devices 
Sclentiss dscovered thatthe newal code of the human brain is similar to 
the digfal cade of a computer. Ta some extent, they have deciphered thi 
nde, Prior to this, they assumed that Ik was necessary to identify the 
neurons associated with specific acts, which would have rade rind teadng 
much more difficult 


They now understand that it’s not necessary to monitor billions of neurons to 
determine which are connected to a particular thought or act. Only a small 
umber of them need to be monitored to accomplish this. To monitor these 
neurons researchers use neuroimaging devices. They include event-related 
‘optical signal (EROS), functional magnetic resonance imaging (fMRI), 
electroencephalography (EEG), functional near-infrared imaging (fNIR), 
magnetoencephalography (MEG), and positron emission tomography (PET). 
These devices may be combined for a more accurate reading. 


There are basically two types of measurements, direct methods and indirect 
methods. Direct methods measure changes in electromagnetic fields and 
currents around the brain which are emitted from the surface of the scalp, 
or they monitor the neurons themselves. Indirect methods measure 
hemodynamic (blood movement) changes of hemoglobin in specific tissue 
compartments. 


Both of these methods are almost simultaneous with neuronal activity 
Regarding sensors, there are invasive ones which must be implanted, and 
non-invasive ones which can be worn on the scalp, in the form of a 
headband. 


Electroencephalography (EEG) provides a direct method for determining 
brain states and processes by measuring the electrical activity on the scalp 
produced by the firing of neurons in the brain. EEG has been around for over 
100 years. EEG is commonly used in neuroscience, cognitive science, and 
cognitive psychology. It is inexpensive, silent, non-invasive, portable, and 
tolerates movement, 


Wireless EEG which uses non-invasive sensors that have physical contact with 
the scalp can transmit the signals to a remote machine for deciphering. 
Although, in 1976 the Los Angeles Times reported that DARPA was working on 
an EEG to detect brain activity several feet from a person’s head, which was 
to be completed in the 1980s. EEG normally produces only a general 
indicator of brain activity. 


However, in 2008 Discovery News reported that a company called Emotiv 
Systems developed an algorithm that decodes the cortex, providing a more 
accurate measurement. “We can calibrate the algorithm across a wide range 
of technologies with the same resolution you would get from placing an 
invasive chip inside the head,” said Tan Le, president of Emotiv Systems. 


Functional magnetic resonance imaging (FMR) measures the blood flow in the 
brain in response to neural activity. Active neurons use oxygen, which is 
brought to them by blood. The more active a region of the brain is the more 
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blood flows in the area, This movement of blood is referred to as 
hemodynamic activity. FMRI can detect which areas are receiving blood, 
‘which indicates that they're processing information. 


The fMRI provides an indirect measurement of brain processes. It is the mast 
common method of neuroimaging, and can produce 2 and 3-dimensional 
images. It is non-invasive, and can record signals from all brain regions, 
unlike EEG which focuses on the surface only. 


Functional near-infrared imaging (fNIR) provides an indirect measurement of 
brain activity by detecting hemodynamic changes in the cortex. Although it is 
based on different principles, in that it uses light, it functions in the same 
manner as fMRI. FNIR can provide an almost continuous display of these 
changes in the cortex. It is inexpensive, non-invasive, and portable. A 
wireless headband with sensors exists for this device. 


Event-related optical signal (EROS) is a brain-scanning device that focuses 
near-infrared light into the cerebral cortex to detect the density of neurons 
indicated by the transparency of brain tissue. Because it can only detect 
these changes a few centimeters deep, it can only image the cerebral 
cortex. Unlike fNIR, which is an optical method for measuring blood flow, 
EROS detects the intensity of neurons themselves and provides a direct 
measurement of brain activity. It is very accurate, portable, inexpensive, 
and non-invasive. A wireless headband with sensors exists for this device. 


Capabilities 
Wind-reading can be accomplished by first having a computer learn which 
brain paterns are associated with specific thoughts, then store the decoded 
Inforiaion fn a database, This machine learning ts accomplished using a 
type of artificial intelligence (Al) called an algorithm. A very basic algorithm 
tsa spell checker, which uses a database of comman mistakes ssaciated 
‘tha partelnesoquenon of lties to present wuggestene toa use, 


“The new realization fs that every thought is associated with a pattem of 
brain activity,” proclaimed neuroscientist John Dylan Haynes, in Newsweek 
International on February 4, 2008. “And,” says Haynes, “you can train a 
‘computer to recognize the pattern associated with a particular thought.” 


Ina January 2000 issue of US News and World Report, Lockheed Martin 
neuroengineer Dr. John Norseen announced, “Just like you can find one 
person in a million through fingerprints ... you can find one thought in a 
million." This can be accomplished using Al and HCI, or what Dr. Norseen 
calls biofusion. 


The decoded brain signals can be stored in a database. Then when someone 
is scanned, the computer detects the pattern and matches the signals to the 
database of known meanings. But it’s not necessary to scan a brain to decode 
its signals for every single thought, such as a picture, 


Instead, after the machine has learned how to decipher patterns associated 
with specific thoughts such as images, more images can be added to the 
program and the computer can use the process it used for the ather images 
‘as a model to somewhat accurately detect additional thoughts. 
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ord War: Mind-Reading 
Both words and images can be detected using mind-reading devices with Volume Il: The New War 
varying degrees of accuracy. This can occur for words and images being 
viewed by a person on an external display, such as a book, or words and ‘he New War 

images just being thought of with no external stimuli The New Ener; 


“It is possible to read someone's mind by remotely measuring their brain (ntiatives to Remove Civil Liberties 


activity,” announced New Scientist in their Mind-Reading Machine Knows The Investigation 


What You See article of April of 2005, The Computational Neuroscience Surveillance Technaloay and Methods 
Laboratories at the Advanced Telecommunications Research Institute 

Intemational (ATR) in Kyoto Japan, and Princeton University in New Jersey, mew=ading 

proved that by monitoring the visual cortex with fMRI they could determine Yolume i! Commentary 


which basic objects (sets of lines) @ person was looking at. 
i \ a zs Volume Ill: Weapons of The New War 


When the objects were combined, they could even determine which one was 
being focused on. According to the scientists, it may be possible not only to ‘Introduction to Nonlethal Weapons 
View but also to record and replay these images. They announced that the Psychological Operations 
technology could be used to figure out dreams and other secrets in people's 
minds. 


Introduction to Directed-Enerey Weapons 
High-Powered Microwaves 


Vanderbilt University in Nashville has conducted simple mind-reading tests ich Powered Lasers 
using an {MRI/Computer, which learned what basic images a group of test 


subjects was looking at. They were able to predict with 50% accuracy which 
‘objects the test subjects were thinking of when they were asked only to Computer Network Operations 


Sonic Weapons 


remember what they had seen, without being shown the images. Microwave Hearing 


On March 6, 2008 ABC News reported that neuroscientists at the University of ‘Stent Sublyminale 


California at Berkeley accomplished mind-reading by monitoring the visual Use of Citizen Informants 
cortex with an fMRI connected to a self-learning (artificial intelligence) Chemical and Biological 


computer program. Weather Warfare 


First, they used 1750 pictures to build a computational database for the _iiscellaneous Weapons and Tactics 
computer to learn with by flashing the pictures in front of test subjects 
connected to an fMRI. This allowed the algorithm to decipher the brain 
patterns and associate them with the images. Volume IV: The Coverup 


Volume ill Commentary 


In addition to deciphering these brain patterns, the computer recorded the 
process that it used to accomplish this, and built a model based upon it. 
Then, without scanning the test subjects, they added 120 new pictures to the 
program and allowed it to create its interpretation of what the new brain Canal of the Medical industry 
signals would be, based on the previous model. ‘Another Look at Schizophrenia 


Volume IV Intraduction 


Schizophrenia Spectrum Disorders 


Then they had the test subjects look at these pictures which they had never po 


seen while being scanned. The computer predicted what they were looking Punitive Psychiatry in Communist Russia 
at 72% of the time. The scientists announced that the model could be used as 
1 basis to predict the brain activity associated with any image. 


Coverup initiatives 


Volume IV Commentary 
What this means is that it’s not necessary to scan a brain to obtain the = Conclusion 

meaning of each signal. Once the model had been developed, they could 

simply add new pictures to the database/dictionary. The scientists suggested Appendix 


that out of 1 billion pictures, the computer would be accurate about 20% of 
the time. A Brief History of PsyOp 


Small-Scale Wars 

Images which are not consciously seen by a person can even be detected by 

mind-reading machines. Researchers at University College London flashed ‘sovetninental Organizations 
Human-Computer Intelligence Network 
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ord War: Mind-Reading 
pictures in quick succession to test subjects connected to an fMRI. Although 
some of these pictures were invisible to the subjects, they were accurately 
recorded 80% of the time by the computer. 


Electronic Tyranny 


Other Devices Connected to the GIG 


My Experience 


Like a fingerprint, each person has their own brainprint. Therefore, 
calibration for each brain is necessary. This is accomplished by having the Saurcos 

person think a series of specific thoughts. In the case of EEG, this calibration 

can take less than a minute. However, because the signals which represent Other Sites 

thoughts are similar from one person to the next, a universal mind-reading 

database has been suggested. www TheHiddenfvil.com 


www. RichEssence.com 
Using fMRI, scientists at Carmegie Mellon University (CMU) discovered that the 


brain patterns associated with specific thoughts are quite similar among 
multiple people. This, they stated, would provide the opportunity to create a 
universal mind-reading dictionary. 


Scientists at the University of California at Berkeley mentioned that a 

igeneral visual decoder” would have great scientific use. Likewise, the brain 
patterns associated with specific words that occur when people are reading 
are also basically the same. This similarity of brain functions associated with 
words seems to have been an evolutionary development which allowed for an 
advantage in communication. 


‘A mind-reading machine capable of determining the brain pattern associated 
with a specific word was developed by scientists at CMU. Brain scans using 
FMRI were taken of test subjects who were given a variety of words to think 
of in order to train the computer. An important consideration here is that 
they were not viewing these words on an external display, only thinking 
about them. After the computer identified the brain patterns associated with 
those words, the subjects were given two new words to think about, which 
the computer accurately determined. 


Although, in this particular study only @ couple of words were tested, it 
proves that after a model of how to decipher brain signals was created, Al 
could accurately determine new words that subjects were thinking about. 
“These building blocks could be used to predict patterns for any concrete 
noun,” proclaimed Tom Mitchell of the Machine Learning Department. 


In February of 2004 Popular Science announced that a mind-reading 
computer could, in theory, translate a person's working verbal memory onto 
2 computer screen. “You could imagine thinking about talking and having it 
projected into a room 2,000 miles away,” says Professor Craig Henriquez at 
Duke University’s Center for Neuroengineering, who has studied mind-reading 
for DARPA. He added, “It's very, very possible.” 


FWRI can be used to determine if someone is reading or writing 
Neuroscientists can determine when a person is reading by monitoring their 
brainwaves. They can almost determine exactly what they're reading. And 
because these patterns are similar from one person to the next, a universal 
device for determining what people are reading is possible. 


In March of 2008 both Technology Review and ABC News reveated that an 
fMRI could in theory be used to display a person's dreams. Then in December 
of 2008, scientists at ATR in Kyoto Japan announced that they developed a 
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9: Mind Reading 


technology that would eventually allow them to record and replay a person’s 
dreams. 


Emotions from love to hate can be recognized by neuralimaging. The level of 
stress a person is experiencing can also be measured. Brain states such as 
honesty, deception, and even self deception, can be measured 


Patterns associated with decisions can also be read. Scientists from CMU, 
Stanford University, and the MIT Sloan School of Management were able to 
accurately predict the purchasing decisions of test subjects in a virtual 
shopping center. They monitored the subject's level of interest in a product 
‘as well as their decision to purchase it. 


Neuroimaging can also detect decisions about how someone will later do a 
high-level mental activity. Neuroimaging can be used to determine if 
someone is speaking or reading. It can be used to detect areas of the brain 
that are active when someone is hearing a sound, or touching an object. 


Brain patterns associated with specific physical movements, such as a finger, 
can be deciphered with neural imaging. The mere intention to make a 
physical movement can be detected before the actual movement is made. 


Cameras 

A type of mind-reading is possible with cameras connected to computers. 
‘One such device, called the Emotional Social Intelligence Prosthetic (ESP), 
was developed at the MIT Media Laboratory in 2006, It consists of a tiny 
‘camera that can be worn on a hat, an earphone and a small computer that is 
worn on a belt. It infers a person's emotional state by analyzing 
combinations of subtle facial movements and gestures. 


When an emotional state is detected, the wearer is signaled through the 
earphone to adjust their behavior in order to gain the attention of the 
target. The computer can detect 6 emotional states. It can also be adjusted 
for cultural differences and configured specifically for the wearer. 


‘Around this time, the Computer Laboratory at the University of Cambridge, 
UK, developed a similar camera-based mind-reading machine. It uses a 
‘computer to monitor, in real-time, combinations of head movement, shape, 
color, smiles, and eyebrow activity to infer a person's emotional state. 


It detects basic emotional states such as happiness, sadness, anger, fear, 
surprise, and disgust, as well as more complex states. It’s accurate between 
65 and 90 percent of the time. “The mind-reading computer system presents 
information about your mental state as easily as a keyboard and mouse 
present text and commands,” they announced. 


Used for Surveillance 

Mind reading exists. The DOD and various institutions have vigorously 
researched this subject since at least the mid 1970s. “Mapping human brain 
functions is now routine,” declared US News and World Report, in an article 
entitled Reading Your Mind—And Injecting Smart Thoughts, of January of 
2000. 


Both words and images, being viewed or thought, can be mind-read. Various 
emotional states as well as mental processes such decisionmaking, reading, 
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writing, movement and the intention to make a movement, can be detected 
with mind-reading devices. Perceptions such as touch, sound, and light can 

also be detected 


The proposed uses for mind-reading technology are positive. Some include 
determining if people in comas can communicate, helping stroke patients 
and those who suffered brain injuries, aiding those with learning disorders, 
assisting with online shopping, and improving people’s communications skills. 


However, other uses that have been suggested include the monitoring of 
Unconscious mental processes, and interrogation of criminal suspects and 
potential terrorists. Dr. John Alexander mentioned that the recent 
developments in mind-reading technology would take surveillance to new 
levels by allowing investigators to “peer into the inner sanctum of the mind,” 
in order to determine if a suspect has caused, or will likely cause a crime. 


Dr. Norseen has sent RED plans to the pentagon to have tiny mind-reading 
devices installed at airports to profile potential terrorists. He suggested that 
these devices could be functional by 2005. In August of 2008, CNN stated 
that the US military’s knowledge obtained from mind-reading research could 
be used to interrogate the enemy. 


Law Enforcement Technology announced in September of 2005 the existence 
of 2 new forensic technology known as Brain Fingerprinting, which has 
already been used in hundreds of investigations as a lie detector by the CIA 
FBI and law enforcement agencies in the United States. 


Brain Fingerprinting is admissible in court, because unlike a polygraph, which 


relies on emotional responses, it uses EEG to see how the brain reacts to 
words and pictures related to a crime scene. Dr. Larry Farwell, its inventor, 
says it fs completely accurate. According to the report it will be used to help 
speed-up investigations. 


Sources Next 
Endnotes 
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Navy Lasers, Railgun, and Hypervelocity Projectile: Background and Issues for Congress 


Summary 


‘The Navy is currently developing three potential new weapons that could improve the ability of 
its surface ships to defend themselves against enemy missiles—solid state lasers (SSLs), the 
electromagnetic railgun (EMRG), and the hypervelocity projectile (HVP). 


Any one of these new weapon technologies, if successfully developed and deployed, might be 
regarded as a “game changer” for defending Navy surface ships against enemy missiles. If two or 
three of them are successfully developed and deployed, the result might be considered not just a 
game changer, but a revolution. Rarely has the Navy had so many potential new types of surface- 
ship missile-defense weapons simultaneously available for development and potential 
deployment. 


Although the Navy in recent years has made considerable progress in developing SSLs, EMRG, 
and HVP, a number of significant development challenges remain. Overcoming these challenges 
will likely require years of additional development work, and ultimate success in overcoming 
them is not guaranteed. 


The issue for Congress is whether to approve, reject, or modify the Navy’s funding requests and 
proposed acquisition strategies for these three potential new Weapons. Potential oversight 
questions for Congress include the following: 


‘+ Using currently available approaches for countering anti-ship cruise missiles 
(ASCMs) and anti-ship ballistic missiles (ASBMs), how well could Navy s 
ships defend themselves in a combat scenario against an adversary such as China 
that has large numbers of ASCMs (including advanced models) and ASBMs? 
How would this change if Navy surface ships in coming years were equipped 
With SSLs, EMRG, HVP, or some combination of these systems? 

‘+ How significant are the remaining development challenges for SSLs, EMRG, and 
HVP? 

‘+ Are current schedules for developing SSLs, EMRG, and HVP appropriate in 
relation to remaining development challenges and projected improvements in 
enemy ASCMs and ASBMs? To what degree are current schedules for 
developing SSLs, EMRG, or HVP sensitive to annual funding levels? 

‘+ When does the Navy anticipate issuing roadmaps detailing its plans for procuring 
and installing production versions of SSLs, EMRGs, and HVP on specific Navy 
ships by specific dates? 

‘+ Will the kinds of surface ships that the Navy plans to procure in coming years 
have sufficient space, weight, electrical power, and cooling capability to take full 
advantage of SSLs (particularly those with beam powers above 200 kW) and 
EMRG? What changes, if any, would need to be made in Navy plans for 
procuring large surface combatants (i.e., destroyers and cruisers) or other Navy 
ships to take full advantage of SSLs and EMRG? 

‘+ Are the funding sources for SSLs, EMRG, and HVP in Navy and Defense-Wide 
research and development accounts sufficiently visible for supporting 
congressional oversight? 
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Introduction 


Issue for Congress 


This report provides background information and issues for Congress on three potential new 
‘weapons that could improve the ability of Navy surface ships to defend themselves against enemy 
missiles—solid state lasers (SSLs), the electromagnetic railgun (EMRG), and the hypervelocity 
projectile (HVP),' 


Any one of these new weapon technologies, if successfully developed and deployed, might be 
regarded as a “game changer” for defending Navy surface ships against enemy missiles. If two or 
three of them are successfully developed and deployed, the result might be considered not just 
game changer, but a revolution. Rarely has the Navy had so many potential new types of surface- 
ship missile-defense weapons simultaneously available for development and potential 
deployment. Although the Navy in recent years has made considerable progress in developing 
SLs, EMRG, and HVP, a number of significant development challenges remain, 


The issue for Congress is whether to approve, reject, or modify the Navy’s funding requests and 
proposed acquisition strategies for these three potential new Weapons. Congress’ decisions on this, 
issue could affect future Navy capabilities and funding requirements and the defense industrial 
base. 


Scope of Report 


SSLs are being developed by multiple parts of the Department of Defense (DOD), not just the 
Navy. SSLs, EMRG, and HVP, moreover, have potential application to military aircraft and 
ground forces equipment, not just surface ships, And SSLs, EMRG, and HVP can be used for 
missions other than defending against ASCMs and ASBMs.” This report focuses on Navy efforts 
to develop SSLs, EMRG, and HVP for potential use in defending Navy surface ships against 
ASCMs and ASBMs, It supersedes an earlier CRS report that provided an introduction to 
potential Navy shipboard lasers.” 


Note that while fictional depictions of laser weapons in popular media often show them being 
used to attack targets at long ranges, the SSLs currently being developed by the Navy for 
potential shipboard use would be used to counter targets at short ranges of about a mile to perhaps 
afew miles, 


" Railgun i also spelled as rail gun; EMRG is also abbreviated as EM railgun; hypervelocity is also spelled as hyper- 
velocity or hyper veloc 

* As discussed later inthe report the Navy is exploring the potential for using shipboard lasers to counter small boats 
and unmanned aerial vehicles (UAVs), and EMRG can be used to attack land targets. 

* ORS Report R41526, Navy Shipboard Lasers for Surface, Air, and Missile Defense: Background and Issues for 
Congress, by Ronald ORourke. This earlier CRS report has been archived and remains available asa supplementary 
reference source on potential Navy shipboard lasers 
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Background 


Strategic and Budgetary Context 


Concern about Survivability of Navy Surface Ships 


Although Navy surface ships have a number of means for defending themselves against anti-ship 
ceruise missiles (ASCMSs) and anti-ship ballistic missiles (ASBMs),' some observers are 
concerned about the survivability of Navy surface ships in potential combat situations against 
adversaries, such as China, that are armed with advanced ASCMs and with ASBMs.° Concern 
bout this issue has led some observers to conclude that the Navy’s surface fleet in coming years 
might need to avoid operating in waters that are within range of these weapons, or that the Navy 
might need to move toward a different fleet architecture that relies less on larger surface ships and 
‘more on smaller surface ships and submarines.” Such changes in Navy operating areas and fleet 
architecture could substantially affect U.S. military strategy and the composition of the Navy's 
shipbuilding expenditures. 


Navy surface fleet leaders in early 2015 announced a new organizing concept for the Navy's 
surface fleet called distributed lethality. Under distributed lethality, offensive weapons such as 
ASCMs are to be distributed more widely across all types of Navy surface ships, and new 
operational concepts for Navy surface ship formations are to be implemented. The aim of 
distributed lethality is to boost the surface fleet’s capability for attacking enemy ships and make it 
less possible for an enemy to cripple the U.S. fleet by concentrating its attacks on a few very- 
high-value Navy surface ships (particularly the Navy's aircraft carriers),’ Perspectives on whether 


“These include the following® operating ships in ways that make it hard for others to deteet and accurately track Navy 
ships: jamming or destroying enemy targeting sensors; interfering with the transmission of targeting data from sensors 
to weapon launchers: attacking Weapon launchers (which can land-based launchers or launchers on surface ships, 
submarines, or aireraft; and countering ASCMs and ASBMS headed toward Navy ships. Navy measures for countering 
‘ASCMs and ASBMs headed toward Navy ships includ the following: jamming a missile's guidance system; using 
{decoys of various kinds to lure enemy missiles away from Navy ships: and shooting down enemy missiles wit surface- 
to-aie missiles and the Phalanx Close-In Weapon System (CIWS), which is essentially a radar-controlled Gatling gun. 
Employing all these measures reflects a long-standing Navy approach of creating a multi-layered defense against 
enemy missiles, and of attacking the enemy's “Kill chain at multiple points s0 as to increase the chances of break 
the chain. (The kill chain isthe sequence of steps that an enemy must complete to conduct a successful missile attack 
‘on a Navy ship. This sequence includes, at a ase level of description, detecting and tracking the Navy ship, passing 
that information from sensors to the weapon launcher, launching the Weapon, and guiding the weapon all the Way tothe 
[Navy ship. Inerfeing with any one of these actions ean break the Kill chain and thereby prevent or defeat the attack.) 

® See, for example, Andrew F. Krepinevich, Maritime Warfare in a Mature Precision-Strike Regime, Washington, 
Center for Strategic and Budgetary Assessments, 2014, 128 pp. For more on China's ASCMs and ASBMs, see CRS 
Report RL33153, China Naval Modernization: Implications for U.S. Navy Capabilities—Background and Issues for 
Congress, by Ronald O'Rourke 

ASCMs and ASBMs are not the only easons that some observers are concerned about the future survivability of US. 
‘Navy surface ships in combat situations: observers are also concerned about threats to U.S. Navy surface ships posed 
by small boats, mines, and tonpedoes. 

* Sec, for example, Phillip E. Pournelle, “The Deadly Future of Sea Control,” U.S. Naval Instinte Proceedings. July 
2015: 26-31 

” See, for example. Thomas Rowden, Peter Gusmataotao, and Peter Fanta, “Distributed Lethality," U.S. Naval Insite 
Proceedings, January 2015: 18-23; Sam LaGrone, “SNA: Navy Surface Leaders Pitch More Lethal Ships, Surface 
‘Action Groups.” USNI News, January L4,201S; Kris Osborn, “Navy Unveils New Surface Warfare Strateny, 
Military.com, January 14, 2015; Sydney 3. Freedberg J. “If I Floas, I Fights," Navy Seeks ‘Distributed Lethality,” 
Breaking Defense, January 14, 2015; Mike McCarthy and Megan Eckstein, “Navy Eyeing A “Hunter Killer” Surface 
(continued...) 
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it would be cost effective to spend money spreading offensive weapons across a wider array of 
Navy surface ships might be influenced by views on whether those surface ships can adequately 
defend themselves against enemy missiles. 


Depth of Magazine and Cost Exchange Ratio 


‘Two key limitations that Navy surface ships currently have in defending themselves against 
ASCMs and ASBMs are limited depth of magazine and unfavorable cost exchange ratios. Limited 
depth of magazine refers to the fact that Navy surface ships can use surface-to-air missiles 
(SAMS) and their Close-in Weapon System (CIWS) Gatling guns to shoot down only a certain 
number of enemy unmanned aerial vehicles (UAVs) and anti-ship missiles before running out of 
‘SAMS and CIWS ammunition’—a situation (sometimes called “going Winchester”), that can 
require a ship to withdraw from battle, spend time travelling to a safe reloading location (which 
can be hundreds of miles away),’ and then spend more time traveling back to the battle area 


Unfavorable cost exchange ratios refer to the fact that a SAM used to shoot down a UAV or anti- 
ship missile can cost the Navy more (pethaps much more) to procure than it cost the adversary to 
build or acquire the UAV or anti-ship missile. In the FY2016 defense budget, procurement costs 
for Navy SAMs range from about $900,000 per missile to several million dollars per missile, 
depending on the type."” 


In combat scenarios against an adversary with a limited number of UAVs and anti-ship missiles, 
an unfavorable cost exchange ratio can be acceptable because it saves the lives of Navy sailors 
and prevents very expensive damage to Navy ships, But in combat scenarios (or an ongoing 
‘military capabilities competition) against a country such as China that has many UAVs and anti- 
ship missiles and a capacity for building or acquiring many more, an unfavorable cost exchange 
ratio can become a very expensive—and potentially unaffordable—approach to defending Navy 
surface ships against UAVs and anti-ship missiles, particularly in a context of constraints on U.S. 
defense spending and competing demands for finite U.S. defense funds, 


(continued) 
Fleet, Would Require Upgunaing Existing Ship Flets,” Defense Daily. January 15, 2015: 1-3: Richard Scot, 
“Offensive Language: USN Sets Out Surface Fitepower Strategy.” Jane's International Defence Review. May 2015: 
42-47; Megan Eckstein, “Navy Studying Implications of Distributed Lethality in Wargames Series.” USN News, July 
9, 2015; Lara Seligman, “Navy Establishes Task Foree To Study Impact of Distributed lethality.” Inside she Navy, July 
10,2015. 

* Navy erusers have 122 missle cells; Navy destroyers have 90 or 96 missle cells. Some of these cells are used for 
storing and launching Tomahawk land attack cruise misiles or anti-submarine rockets. The remainder are available for 
storing and launching SAMs. A Navy eruiser or destroyer might thus be armed witha few dozen or several dozen 
SAMS for countering ASCMs and ASBMs. Countering ASCMs or ASBMs with SAMs might sometimes require 
shooting two SAMS at each ASCM or ASBM. 

The missile cells on a Navy eruiser or destroyers are clustered together in an installation called a Vertical Launch 
System (VLS). VLS cells cannot be reloaded while the ship is underway; a ship needs to return toa post ora calm 
anchorage to reload its VLS, 

"Unit procurement costs for ship-launched SAMS in the FY2016 are as follows: about $900,000 forthe Rolling 
Airframe Missle (RAM), about 1.1 million to about S15 million for the Evolved Sea Sparrow Missile (ESSM), about 
$53.9 million for the SM-6 Block | missile, about $14 million for the SM-3 Block 1B missile, and more than $20 
nilion for theSM3 Block IIA missiles. RAM and ESSM are short-range missiles for defense against aireraft and 
ASCMSs. The SM-6 Block | is a medium-range missle used for both defense against aircraft and ASCMs, and terminal 
Ge, endo-atmospherie) defense agains theater-range ballistic missiles. The SM-3 Block IB and SM-3 Block IA are 
used for mid-course e., exo-atmospherie) defense aguins theater-range ballistic missiles. 
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SSLs, EMRG, and HVP offer a potential for dramatically improving depth of magazine and the 
cost exchange ratio: 


‘+ Depth of magazine. SSLs are electrically powered, drawing their power from 
the ship’s overall electrical supply, and can be fired over and over, indefinitely, as 
ong as the SSL continues to work and the ship has fuel to generate electricity. 
‘The EMRG’s projectile and the HVP (which are one and the same—see next 
section) can be stored by the hundreds in a Navy surface ship’s weapon 
magazine.!" 

‘© Cost exchange ratio, An SSL can be fired for a marginal cost of less than one 
dollar per shot (which is the cost of the fuel needed to generate the electricity 
used in the shot), while the EMRG’s projectile/HVP has an estimated unit 
procurement cost of about $25,000." 


For additional discussion of the strategic and budgetary context in which the programs discussed 
in this report and other Navy programs may be considered, see CRS Report RL32665, Navy 
Force Structure and Shipbuilding Plans: Background and Issues for Congress, by Ronald 
O'Rourke, 


SSLs, EMRG, and HVP in Brief 
SSLs 


Overview 


‘The Navy in recent years has leveraged both significant advancements in industrial SSLs and 
decades of research and development work on military lasers done by other parts of DOD to 
‘make substantial progress toward deploying high-energy SSLs"” on Navy surface ships. Navy 
surface ships would use high-energy SSLs initially for countering small boats UAVs, and 
potentially in the future for countering ASCMs and ASBMs as well.'* High-energy SSLs on Navy 
ships would be short-range defensive weapons—they would counter targets at ranges of about 
‘one mile to perhaps eventually a few miles.'* 


"In July 2015, the Navy issued a request fr information (RFI to industry forthe fabrication of a prototype EMRG 
‘mount that would store a minimum of 650 rounds. (RFI fr Fabrication of Prototype Mount for Naval Railgun, 
Solicitation Number: NOW024-15-R-4132, FedBizOpps.zov, July 29, 2015. See also Justin Doubleday, “Navy 
Developing Integrated Mount For Electromagnetic Railgun.” Inside vhe Navy, July 31,2015 

® Sources for cost of HVP: David Martin, “Navy's Newest Weapon Kills at Seven Times the Speed of Sound,” CBS 
[News (ebssnews.com), April 7,2014; Kris Osborn, “Navy Will Test its Electromagnetic Rail Gun aboard DDG 1000,” 
DefenseTech, April 15, 2015 

"Im discussions of potential Navy shipboard lasers, a high-energy laser is generally considered to be a laser with a 
‘beam power of at least 10 kilowatts (kW). 

"In general lasers would counter saul boats and missiles by heating and burning holes in their skins, and causing 
thermal damage to theie interiors. Lasers can also be used to “dazzle” Ge. interfere with) electro-optical sensors on a 
boat or missile 

"The Navy has also performed research and development work on a different kind of laser, called the fre electron 
laser (FEL). In recent years, Navy research and development work on potential shipboard lasers has shified mote to 
SSL. For background information on the FEL, see CRS Report R41526, Navy Shipboard Lasers for Surface, Air, and 
Missile Defense: Background and Issues for Congress, by Ronald O'Rourke 
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In addition to a low marginal cost per shot and deep magazine, potential advantages of shipboard 
lasers include fast engagement times, an ability to counter radically maneuvering missiles, an 
ability to conduct precision engagements, and an ability to use lasers for graduated responses 
ranging from detecting and monitoring targets to causing disabling damage. Potential limitations 
of shipboard lasers relate to line of sight; atmospheric absorption, scattering, and turbulence 
(which prevent shipboard lasers from being all-weather Weapons); an effect known as thermal 
blooming that can reduce laser effectiveness; countering saturation attacks; possible adversary 
use of hardened targets and countermeasures; and risk of collateral damage, including damage to 
aircraft and satellites and permanent damage to human eyesight, including blinding, These 
potential advantages and limitations are discussed in greater detail in the Appendix, 


Selected Key Developments 
Key developments in the Navy’s high-energy SSL development effort include the following: 


‘+ Between 2009 and 2012, the Navy successfully tested a prototype SSL called the 
Laser Weapon System (LaWS) against UAVs in a series of engagements that took 
place initially on land and subsequently on a Navy ship at sea 


‘+ Between 2010 and 2011, the Navy tested another prototype SSL called the 
Maritime Laser Demonstration (MLD) in a series of tests that culminated with an 
MLD installed on a Navy ship successfully engaging a small boat. 


‘+ In April 2013, the Navy announced that it planned to install LaWS on the USS 
Ponce (pronounced pon-SAY)}—a converted amphibious ship that is operating in 
the Persian Gulfas an interim Afloat Forward Staging Base (AFSB[I]) '"—to 
conduct evaluation of shipboard lasers in an operational setting against swarming 
boats and swarming UAVs." The system was installed in August 2014 (see 
Figure 1, Figure 2, and Figure 3). 


‘+ In March 2014, it was reported that the Navy anticipated moving to a shipboard 
laser program of record in “the FY2018 time frame” and achieving an initial 
operational capability (IOC) with a shipboard laser in FY2020 or FY2021."* 


© An AFSB operates asa “mother ship” for Navy helicopter and small boat operations. The Ponce is serving as an 
interim AFSB pending the arrival of « new AFSB that is curently being buil 

“Navy Leaders Announce Plans for Deploying Cost-Saving Laser Technology.” Navy News Service, April 8, 2013. 
‘Thom Shanker, “Navy Deploying Laser Weapon Prototype Near Iran,” New York Times, Apri 9, 2013: 4: Mike 
McCarthy, “Navy Deploying Laser For Taking Out Drones,” Defense Daily, April9, 2013; Graham Warwick, “US. 
Navy Planing Gulf Deployment For Laser Weapon.” Aerospace Daily & Defense Report, April 9, 2013: 6; Megan 
Eckstein, “Navy-Built Laser Weapon System Will Begin Detno On Ponce fn Early 2014," Inside the Navy, Apa 15, 
2013. See also Lara Seligman, “Navy-built LaWS To Begin Demo This Summer, JOC Slated For FY-20-21," Inside 
the Navy, March 24, 2014; Office of Naval Research, “All Systems Go: Navy's Laser Weapon Ready for Summer 
Deployment." Navy News Service, April 7, 2014, 

Swarming refers to the use of boats and UAVS in large numbers, or swarms, in an attempt to confuse and overwhelm a 
target ship's defensive systems, 

"Lara Seligman, “Navy-built LaWS To Begin Deno This Summer, IOC Slated For FY-20-21," Inside the Navy 
March 24.2014, A program of record, oF POR, is aterm sometimes used by DOD officials that means, in general, a 
program inthe Future Years Defense Plan (FYDP) that is intended to provide a new, improved. or continuing materiel 
‘weapon, oF information system or service capability in response 10 an approved need. The term is sometimes used to 
refer to a program in a service's budget for procuring and deploying an operational weapon system, as opposed to a 
research and development effort that might or might not eventually lead to procurement and deployment of an 
‘operational weapon system. 
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In December 2014, the Navy declared LaWS on the Ponce to be an “operational” 
system.” 

In January 2016, the Navy stated that it anticipated releasing a directed energy 
weapon roadmap in February 2016.” 


A December, 11, 2014, press report stated 


‘The Navy's fisof-a-kind laser deployed on a vessel sailing inthe Persian Gulf has been declared 
‘operational and ean be used by the erew to defend itselTagainst potential threats, the serviee’s head 
‘of the Office of Naval Research said on Wednesday [December 10, 2014]. 

Rear Adm, Matthew Klunder told reporters on a conference call that Central Command has been 
‘green lighted to use the laser in the event of a threat, approval that has been passed along to the 
ship's commanding officer. The 30-Kilowat laser, known as the Laser Weapon System, or LaWS, 
\was installed on the USS Ponce in August [2014] 

“The ship later departed for the Persian Gulf and the LaWS successfully caried out operational 
testing recently by striking a fast attack boat and drone, Klunder said, adding that this marks the 
“histori” frst ever operational deployment of a directed energy weapon, 

(Mike McCarthy, “Navy Authorized To Use Ship-Based Laser In Battle,” Defense Daily. 
December I1, 2014: 3. See also Sam LaGrone, “U.S, Navy Allowed to Use Persian Gulf Laser for 
Defense,” USNI News, December 10, 2014; Philip Ewing, “Navy Declares Laser Weapon 
“Operational,” Politico Pro (Pro Defense Report), December 10,2014.) 


‘The Navy testified on February 24, 2016, that 


» Justin Doubleday, 


2016. 


the Solid State Laser Quick Reaction Capability (SSL-QRC) was fielded as a science and 
technology demonstration aboard the USS PONCE. It was suecessfully demonstrated as an 
clfective weapon system and was subsequently transitioned to the Meet inthe Central Command 
area of responsibility and is now an operational system, 

(Statement of Rear Admiral Mathias W. Winter, United States Navy. Chief of Naval Research 
Before the Emerging Threats and Capabilities Subcommittee of the House Armed Services 
‘Committee on The Fiscal Year 2017 Budget Request, February 24,2016, p. 1.) 
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Figure |. Laser Weapon System (LaWS) on USS Ponce 


‘Source: Navy photograph dated November 16, 2014, accompanying David Smalley, "Historic Leap: Navy 
Shipboard Laser Operates in Arabian Gull" Navy News Service, December 10, 2014, accessed August 12, 2015, at 
heepsllwmw.navy.milist_allaspid=84805. 


Figure 2. Laser Weapon System (LaWS) on USS Ponce 


‘Source: Navy photograph dated November 17, 2014, accompanying David Smalley, "Historic Leap: Navy 
Shipboard Laser Operates in Arabian Gulf” Navy News Service, December 10, 2014, accessed August 12, 2015, at 
beep lvrww avy milist_allasplid=84805. 
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Figure 3. Laser Weapon System (LaWS) on USS Ponce 


‘Source: Navy photograph dated November 16, 2014, accompanying David Smalley, "Historic Leap: Navy 
Shipboard Laser Operates in Arabian Gulf” Navy News Service, December 10, 2014, accessed August 12, 2015, at 
beeps lvrww.avy.milist_allaspid=84805. 


SSL Technology Maturation (SSL-TM) Program 


LaWS has a reported beam power of 30 kilowatts (kW),”' which is strong enough to counter 
small boats and UAVs. As a follow-on effort to LaWS and MLD, the Navy initiated the SSL 
‘Technology Maturation (SSL-TM) program, in which industry teams led by BAE Systems, 
Northrop Grumman, and Raytheon, among others, competed to develop a shipboard laser with a 
beam power of 100 kW to 150 kW, which would provide increased effectiveness against small 


Seo, for example, Mike MoCarthy, “Navy Authorized To Use Ship-Based Laser In Battle,” Defense Daily, December 
11,2014: 3. 
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boats and UAVs.” Boosting beam power further—to something like 200 kW or 300 kW—could 
permit a laser to counter at least some ASCMSs, Even stronger beam powers—on the order of at 
least several hundred kW, if not one megawatt (MW) of more—could improve a laset’s 
effectiveness against ASCMs and enable it to counter ASBMs.”* 


‘On October 22, 2015, DOD announced that it had selected Northrop Grumman as the winner of 
the SSL-TM competition, DOD’s contract-award announcement stated: 


Northrop Grumman Space and Mission Systems Corp., Redondo Beach, California, is 
being awarded a $53,151,809 cost-plus-fixed-fee contract for the Solid State High Power 
Laser Weapon System Demonstrator (LWSD) program.... The Office of Naval Research 
seeks to continue the advancement of SSL weapon system designs, architectures, and 
‘component technologies. The government believes that improvements in lethality may be 
achieved through maturation and optimization of a variety of system characteristics, 
including laser power, beam quality, beam ditector architecture, and other physical and 
optical aspects of the laser, beam director, and system design. Leveraging our experience 
and internal investments, the Northrop Grumman team is ready to fully support the three 
phases of the LWSD program. This contract contains options, which if exercised, will 
bring the contract value to $91,057,597. Work will be performed in Redondo Beach, 
California, and is expected to be completed Oct. 21, 2016. If options are exercised, work 
will continue through July 7, 2018.... This contract was competitively procured under the 
Office of Naval Research broad agency announcement 15-0005 entitled “Solid State. 
High Power Laser Weapon System Demonstrator (LWSD) Design, Development and 
Demonstration for Surface Navy, USN.” Six proposals were received in response to this 
solicitation.™* 


A December 22, 2016, Northrop Grumman news release about the October 22, 2016, contract 
award stated: 


During Phase 1 of the LWSD contract, Northrop Grumman will develop a detailed design 
for the new system. Phase 2 will include assembly and ground test of the system, while 
Phase 3 will comprise at-sea testing of the system aboard the Navy's Self Defense Test 
Ship (SDTS). The Navy will lead this testing with Northrop Grumman providing 
technical support. The SDTS is the former USS Paul F. Foster (DD-964). 


According to Renard, Northrop Grumman's LWSD is well suited to support the Navy's 
planned initial testing on the SDTS. The company has designed its system to be installed, 
however, with minimal modification or additional costs, for demonstration on the Navy's 
DDG-5I FLT Il class destroyers. 


For more on the SSL-TM program, see Office of Naval Research, “Solid-State Laser Technology Maturation 
Program,” accessed August 11,2015, at htip:/www.ont:navy.milMedia-Center/Fact-Sheets/Solid-State-Lases- 
‘Technology-Maturation-Progeamaspx: Office of Naval Research, “Solid State Laser Technology Maturation 
Progratn,” September 2012, accessed August 11,2015, at hitp”/www.ont-navy.mil/~/media/Files/Fact-Sheets35/Solid- 
State-Laser-Technology-Maturation-Program-2012-a.ashx; Office of Naval Research, “Research and 
Development/Technology Maturation of Sold State High Power Laser Weapon Systems, Subsystems. and/or 
Components for Surface Navy, USN, Broad Agency Announcement (BAA),”" ONR BAA # 12-019, 2012, accessed 
‘August 11, 2015, at hip://www onr-navy.mil/~/media/flesFunding-announcementsbaa/2012/12-019.ashx: Future 

veloping a High-Energy Laser forthe Navy.” January 23, 2015, accessed August 11, 2015, at 
‘np: futureoree.navylive dodlve.mi/2015/0 /high-energy-laser. 
® For additional discussion, see CRS Report RA1526, Navy Shipboard Lasers for Surface, Air, and Missle Defense: 
Background and Issues for Congress, by Ronald Rourke, particulaty the section entitled “Required Laser Power 
Levels for Countering Targets” and Appendix A on “Laser Power Levels Required to Counter Targets.” 
* DOD contract award announcements for October 22, 2015, accessed December 18, 2015, at: 
Ip: iwww defense gov/News/Contraets/Contract-View/Aticle/625630. 
2US Navy Selects Northrop Grumman to Design and Produce Shipboard Laser Weapon System Derwonstrato 
(continued...) 
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Figure 4 shows an artist's rendering of LWSD installed on the Navy’s Self Defense Test Ship (the 
USS Paul F. Foster [DD-964], an old Spruance [DD-963] class destroyer). 


Figure 4. Laser Weapon System Demonstrator (LWSD) on Self Defense Test Ship 
Artist's rendering 


Source: Cropped version of image accessed on March 18, 2016, at 
heep/lmediaglobenewswire com/cachel189/bires/39412 jpg. 


Figure 5 is a detail from the above photo. 


(continued) 
December 22, 2016, accessed March 18, 2016, at: 

Lhup://www globenewswire.com/newsarchive/aocipress/pages/news_releases himl?d=10158731 . See also Richard 
Scott, “Northrop Grumman To Build on MLD for SSL Demonstrator.” IHS Jane's International Defence Review. 
February 2016: 5. 
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Figure 5. Laser Weapon System Demonstrator (LWSD) on Self Defense Test Ship 
Artist's rendering 


‘Source: Cropped version of image accessed on March 18, 2016, at 
heep/lmediaglobenewswire com/cache!189/bires/39412 jpg. 


Figure 6 Is an Office of Naval Research (ONR) graphic illustration of the LWSD's major 
components. 
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Figure 6. ONR Graphic of LWSD Components 
Artist's rendering 
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‘Source: Slide from February 2016 ONR briefing to CRS on SSL-TM program, received from Navy Office of 
Legislative Affairs February 26, 2016. 


Directed Energy Roadmap 
A July 28, 2015, press report stated 


[Secretary of the Navy Ray] Mabus said he would release a DE [directed energy] 
roadmap this fall that “charts our course for research, development, and fielding of high 
power radio frequency weapons, lasers, and directed energy countermeasures. And I will 
follow it up with my guidance to the Program Objective Memorandum for [Fiscal Year 
2018)..” which, importantly, establishes a resource sponsor and a program of record. 


Also meant to help quicken the pace of progress, the Office of Naval Research will take 
lessons learned from the [USS] Ponce to inform the Solid State Laser Technology 
Maturation program that aims to produce a 100-150 kilowatt laser prototype for at-sea 
testing in 2018, or sooner if possible, Rear Adm. Bryant Faller, Naval Sea Systems 
Command (NAVSEA) chief engineer, said... that everything the Navy learned about rules 


© Lasers and another class of weapons called high-power microwave (HPM) weapons are referred to collectively as 


at their targets. 


directed-ener 
“The Program Objective Memorandum (POM) i an internal DOD document th 
fora particular fiscal year 


‘weapons hecause they achieve thei effects by directing electromagnetic en 


guides the preparation of a budget 
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of engagement and how to use LaWS in an operational environment would apply to 
larger laser weapons as well. Leveraging the operational knowledge Ponce gained will 
help the Navy field whatever comes out of the SSL-TM effort much more rapidly 


In the meantime, Mabus said the Laser Weapon System (LaWS) will continue its work in 
the Middle East after early success led officials to extend its deployment.” 


EMRG 


In addition to SSLs, the Navy since 2005 has been developing EMRG, a cannon that uses 
electricity rather than chemical propellants (i.e., gunpowder charges) to fire a projectile.” In 
EMRG, “magnetic fields created by high electrical currents accelerate a sliding metal conductor, 
or armature, between two rails to launch projectiles at [speeds of] 4,500 mph to 5,600 mph,”™’ or 
roughly Mach $.9 to Mach 7.4 at sea level."' Like SSLs, EMRG draws its power from the ship's 
overall electrical supply.” The Navy originally began developing EMG as a naval surface fire 
support (NSFS) weapon for supporting U.S. Marines operating ashore, but subsequently 
determined that the weapon also has potential for defending against ASCMs and ASBMs.”™ In. 
response to Section 243 of the FY2012 National Defense Authorization Act (H.R. 1S40/P.L. 112- 
81 of December 31, 2011), the Navy in September 2012 submitted to the congressional defense 
committees a report on the EMRG development effort. 


Following tests with early Navy-built EMRG prototypes, the Navy funded the development of 
two industry-built EMRG prototype demonstrators, one by BAE Systems and the other by 
General Atomics (see Figure 7 and Figure 8) 


Megan Eckstein, 
‘News July 28, 2015, 

® Because it uses electricity rather than a powder charge to accelerate the projectile, Navy officials sometimes refer to 
EMG as a launcher rather than a gun of cannon, 


jabus: Adversaries Showing Interest in Directed Energy: 


xy Neeus to Move Faster,” USNT 


© Grace Jean, “With a Bang, Navy Begins Tests on EM Railgun Prototype Launcher,” Navy News Service, February 
28, 2012, accessed August 12, 2015, at hup:/www.navy.mil/submiidisplay asp2story_id=65S77, 


‘The speed of sound in air (.e., Mach 1), varies with altitude: at sea level, it is approximately 761 miles an hour. (See 
for example, the table entitled “Speed of Sound at Different Altitudes,” accessed August 12,2015, at 

‘p/w Fighter-planes.convjetmach btm, 

® Unlike SSLs, however, EMRG is nota directed energy weapon, because it achieves its effects by firing a physical 
projectile atthe target, not by dinecting electromagnetic energy atthe target. See also Footnote 26. 


» For a ecent article discussing the use of EMRG in countering ASCMs and ASBMs, see Sam LaGrone, “Navy Wants 
Rail Guns to Fight Ballistic and Supersonic Missiles Says RFI,” USNI News, January 5, 2015. 

U.S. Navy, Electromagnetic Railgun System: Final Report to the Congressional Defense Commitees, August 2012, 
with cover letters dated September 18, 2012. For a press report discussing the Navy's report to Congress, see Dan 
Taylor, “Stackley: Navy Identifies Four Technical Hurdles To Railgun Development,” Inside the Navy, November 19, 
2012. 
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it EMRG Prototype Demonstrator 
BAE prototype 


‘Source: Navy photograph dated July 8, 2014, associated with Office of Naval Research Public Affairs, "From 
Research to Railgun: Revolutionary Weapon at Future Force EXPO,” Navy News Serce, January 13, 2015, 


accessed August 12, 2015, at heepiwww.navy mil/submit/dsplay asp?story_ |d=85166. 
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Figure 8. Industry-Built EMRG Prototype Demonstrator 
General Atomics prototype 


Source: navy photograph dated July 8, 2014, accessed August 12, 2015, at 
beep lvrmw.navy.milview image asplid=180994, 


The two industry-built prototypes are designed to fire projectiles at energy levels of 20 to 32 
megajoules,”* which is enough to propel a projectile 50 to 100 nautical miles.” (Such ranges 
might refer to using the EMRG for NSFS missions, Intercepts of ASCMs and ASBMs might take 
place at much shorter ranges.) The Navy began evaluating the two industry-built prototypes in 
2012. 


In April 2014, the Navy announced that it plans to temporarily install a prototype EMRG aboard a 
Navy Joint High Speed Vessel (JHSV) in FY2016, for use in at-sea tests.” Figure 9 is an artist's 
rendering of that installation, 


In January 2015, it was reported that the Navy is projecting that EMRG could become operational 
ona Navy ship between 2020 and 2025." In April 2015, it was reported that the Navy is 
considering installing an EMRG on a Zumwalt (DDG-1000) class destroyer by the mid-2020s.”” 


The Navy states that “a megajoule is a measurement of energy associated with a mass traveling ta certain velocity. 

In simple tenns, a one-ton vehicle moving at 100 mph equals a magajoule of energy.” (Office of Naval Research Public 

Alints, “Navy Sets New World Record with Electromagnetic Railgun Demonstration,” Navy News Service, December 

10, 2010, accessed August 12, 2015, at hnip/Avww.navy.mil/submivdisplay asp?story”id=57690.) 

™ Grace Jean, “With a Bang, Navy Begins Tests on EM Railgun Prototype Launcher,” Navy News Service, February 
1012, aceessed August 12, 2015, at hnip/www navy. mil/submivdisplay-asp?story_id=65577. 

* Naval Sea Systems Command Office of Corporate Communication, “Navy to Deploy Electromagnetic Railgun 

Aboard JHSY." Navy News Service, April7, 2014, aecessed August 12, 2015, at 

‘np:ww.navy.mil/submiddisplay asp?story id=80055 

Sam LaGeone, “Navy Wants Rail Guns to Fight Ballistic and Supersonic Missiles Says RFI,” USNI News, January 5, 

20185. 

® Sam LaGrone, “Navy Considering Railgun for 

(continued...) 


ind Zumwalt Destroyer,” USNI News, February 5, 2015 (updated 
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Figure 9. EMRG Prototype Demonstrator Installed on a JHSV 
Artist's rendering 


‘Source: Briefing slide entitled "FY 16 At-Sea Test of Rallgun” in Navy briefing entitled "Rallgun Program 
Overview.” undated but posted at InsideDefense.com on April 14, 2015. (InsdeDefense.com states that the 
briefing was presented at public conference on April 14, 2015) 


HVP 


As the Navy was developing EMRG, it realized that the guided projectile being developed for 
EMRG could also be fired from 5-inch and 155mm powder guns.“” Navy cruisers each have two 


(continued) 

February 11,2015}: Mike McCarthy, “Navy Aiming To Put Railgun On Third Zumwalt Destroyer,” Defense Duily, 
February 6, 2015; Kris Osborn, “Navy Will Test its Electromagnetic Rail Gun aboard DDG 1000,” DefenseTech, April 
15, 2015, For more on Zumalt-class destroyers, see CRS Report RL32109, Navy DDG-51 and DDG-1000 Desirover 
Programs: Background and Issues for Congress, by Ronald O'Rourke. 

“The Navy describes the HVP as “a next generation, common, low drag, guided projectile capable of completing 
‘multiple missions for gun systems such asthe Navy S-Ineh, 155-mm, and future rilguns...HVP"s low drag 
aerodynamic design enables high velocity, maneuverability, and decreased time-to-iarget. These attributes eoupled with 
accurate guidance electronies provide low cost mission effectiveness against current threats and the ability to adapt to 
air and surface threats ofthe future.” (Office of Naval Research, Hypervelocty Projectile.” September 2012, aocessed 
‘August 14, 2015, at hup:/www ont-navy.mil//media/FilesFact-Sheets/35/Hypervelocity-Projectile-2012B asx.) The 
‘Navy states that HVP weighs 23 pounds. (Source: David Marin, “Navy's Newest Weapon Kills at Seven Times the 
Speed of Sound,” CBS News (chssnews.com), April 7, 2014.) 

[BAE Systems states that HVP is 24 inches long and weighs 28 pounds, including a 15-pound payload, The total length 
and weight ofan HVP launch package, BAE Systems states, is 26 inches and 40 pounds, BAE states that the maximum 
rate offre for HVP is 20 rounds per minute from a Mk 45 5-inch gun, 10 rounds pee minute from the 1SSmm gun on 
‘DDG-1000 class destroyers (called the Advanced Gun System, or AGS), and 6 ounds per minute from EMRG. HVP"s 
firing range, BAE Systems states is more than 40 nautical miles (when fired from a Mk 45 Mod 25-inch gun), more 
‘than 50 nautical miles (MK 45 Mod 45-inch gun), more than 70 nautical niles (155mm gun on DDG-108 class 
destroyers), and more than 100 nautieal miles (EMRG). (BAE Systems, “Hypervelocity Projectile (HVP)." 2014, 
(continued...) 
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S-inch guns, and most Navy destroyers each have one 5-inch gun. The Navy’s three new Zumwalt 
class (DDG-1000) destroyers, which are under construction, each have two 1S5mm guns. 
‘The projectile is a hypervelocity projectile when fired from either EMRG o a powder gun, but 


the term HVP tends to be used more frequently in connection with the concept of firing it from a 
powder gun, Figure 10 and Figure 11 show the HVP. 


Figure 10. Photograph Showing HVP 


‘Source: Navy photograph dated April 4, 2014, with a caption that reads: “Rear Adm. Matthew Klunder, chief of 
naval research, shows off a Hypervelocity Projectile (HVP) to CBS News reporter David Martin during an 
Interview held at the Naval Research Laboratory's materials resting facility. The HVP is a next-generation, 
common, low drag, guided projectile capable of completing multiple missions for gun systems such as the Navy 
S-inch, 155-mm, and future railguns," accessed August 12, 2015, at 
heep:llwmw.navy.millview_image.asplid=174517. 


(continued) 
accessed August 14, 2015, at htp//www-baesystems com/dovs 
datasheet) 

In July 2015, the Navy issued a request for information (RFD to industry forthe fabrication of a prototype EMRG 
‘mount capable of handling an integrated launch weight package of 22 kg, or about 48.5 pounds. (RFI for Fabrication of 
Prototype Mount for Naval Railgun, Solicitation Number: NOO024-15-R-4132, FedBi2Opps.gov, July 29. 2015. See 
also Justin Doubleday. “Navy Developing Integrated Mount For Electromagnetic Railyun,” Inside the Navy, July 31 
2015.) 


oad/BAES_178505/byper-velocty-projecile-hyp- 
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Figure 11. HVP 
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‘Source: Side 7 from Navy briefing entitled "Electromagnetic Ralgun,” NDIA Joint Armaments Forum, 
Exhibition & Technology Demonstration, May 14, 2014, LCDR Jason Fox, USN, Assistant PM [Program 
Manager], Railgun Ship Integration, Distribution A, Approved for Public Release, accessed August 13, 2015, a 
beep ww cee milindia!20 | darmaments/ WedFox pd 


When fired from 5-inch powder guns, the projectile achieves a speed of roughly Mach 3, which is 
roughly half the speed it achieves when fired from EMRG, but more than twice the speed of a 
conventional S-inch shell fired from a 5-inch gun.” This is apparently fast enough for countering 
at least some ASCMs. The Navy states that “The HVP—combined with the MK 45 [S-inch 

gun} —will support various mission areas including naval surface fire support, and has the 
capacity to expand to a variety of anti-air threats, [and] anti-surface [missions], and could expand 
the Navy's engagement options against current and emerging threats." 


One advantage of the HVP/S-inch gun concept is that the S-inch guns are already installed on 
Navy cruisers and destroyers, creating a potential for rapidly proliferating HVP through the 
cruiser-destroyer force, once development of HVP is complete and the weapon has been 


* Source: Sam LaGirone, “Updated: Navy Researching Firing Mach 3 Guided Round from Standard Deok Guns,” USNT 
‘News, June 1, 2015 (updated June 2, 2015). 

The type of S-inch gun on Navy cruisers and destroyers is called the Mark 4. 

© Naval Surface Warfare Center Dahlgren Division Corporate Communications, “DEPSECDEF Loads HVP on Test 
Range, Observes Repetitive Rate Electromagnetic Railgun's Commissioning Series,” Navy News Service, May 8, 2015, 
accessed August 12, 2015, a hip:/Avww.navy snilsubmit display aspstory_id=86987. 


‘Congressional Rasearch Sania ie 


Navy Lasers, Rallgun, and Hypervelocity Projectile: Background and Issues for Congress 


integrated into cruiser and destroyer combat systems. Figure 12 shows HVP launch packages 


configured for 5-inch guns, 155mm guns, and EMRG. 


Figure 12. HVP Launch Packages 
Launch packages for S-inch gun, 155mm gun, and EMRG 


compu ne 


Source: BAE Systems, "Hypervelocity Projectile (HVP),” 2014, accessed August 14, 2015, at 

heepiwww baesystems.com/download/BAES_178505/hyper-velociey-projectie-datasheet. 
Figure 13 is a slide showing the potential application of HVP to S-inch power guns, 1SSmm 
powder guns, and EMRG. The first line of the slide, for example, discusses HVP"s use with 5- 
inch powder guns, stating that it uses @ high-explosive (HE) warhead for the NSFS mission: that 
a total of 113 S-inch gun barrels are available in the fleet (which could be a reference to 22 
cruisers with two guns each, and 69 destroyers with one gun each); and that as a game-changing 
capability, it is guided and can be used at ranges of up to 26 nautical miles to 41 nautical miles for 
NSFS operations, for countering ASCMs, and for anti-surface warfare (ASuW) operations (i.e., 
attacking surface ships and craft). 


The “KE” in the next line down means that when fired from EMG, the projectile can altematively attack targets 
using its own kinetic energy (.e., by simply impacting the target at hypersonic speed) 
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Figure 13. HVP Application to Various Launchers 
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lide 16 from Navy briefing entitled "Electromagnetic Railgun,” NDIA Joint Armaments Forum, 
Exhibition & Technology Demonstration, May 14, 2014, LCDR Jason Fax, USN, Assistant PM [Program 
Manager], Railgun Ship Integration, Distribution A, Approved for Public Release, accessed August 13, 2015, a 
beep: /wrw dtc milindia/20 | darmaments/WedFox pal. 


Figure 14 is a not-to-scale illustration of how HVPs fired from EMRGs and S-inch guns can be 
used to counter various targets, including ASCMs and ASBMs, 
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Figure 14. Navy Slide Depicting Operations Against Various Target Types 


Base Railgun 


An Affordable Multi Mission Asymmetric Capability 


‘Source: Slide 5 from Navy briefing entitled "Electromagnetic Ralgun,” NDIA Joint Armaments Forum, 
Exhibition & Technology Demonstration, May 14, 2014, LCDR Jason Fox, USN, Assistant PM [Program 
Manager], Railgun Ship Integration, Distribution A, Approved for Public Release, accessed August 13, 2015, at 
beep! dec milindia/20 I Aarmaments/ WedFox pl 


‘An April 11, 2016, press report states: 


‘The Pentagon wants to take a weapon originally designed for offense, flip its punch for 
defense and demonstrate by 2018 the potential for the Army and Navy to conduct missile 
defense of bases, ports and ships using traditional field guns to fire a new hypervelocity 
round guided by a mobile, ground variant of an Air Force fighter aircraft radar. 


‘The Strategic Capabilities Office is working with the Army, Navy and Air Force to craft 
a Hypervelocity Gun Weapon System that aims, in part, to provide China and Russia an 
example of a secret collection of new U.S. military capabilities the Defense Department 
is bringing online in an effort to strengthen conventional deterrence. 


"It is a fantastic program,” Will Roper, Strategic Capabilities Office director, said in a 
March 28 interview with reporters, who said the project aims "to completely lower the 
cost of doing missile defense” by defeating missile raids at a lower cost per round and, as 
‘consequence, imposing higher costs on attackers." 


‘A May 5, 2016, press report states: 


Jason 
11,2016, 


‘The Seript on Missile Defense With Hypervelocity Gu,” Inside the Navy, Apeil 
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‘Come January [2017], the Pentagon will almost assuredly have new leadership, complete 
with a new vision for how the Department of Defense should operate, organize and plan 
for the future. 


It's a reality facing down Defense Secretary Ash Carter and Deputy Secretary Bob Work 
as they try to complete a transformation at the Pentagon, one which both men have said is 
vital to making sure the US is able to maintain its technological edge against great 
powers like Russia and China in the future, 


While Carter has made his reach-out to nontraditional communities the centerpiece of his 
initiative, Work’s focus has been the “Third Offset,” a series of technological bets, 
largely focused on man-unmanned teaming, that he believes will pay off in the future. 


So how do you make sure that a long-term project like the Third Offset keeps going 
under a new administration? 


“We have three really complimentary ways to go about this,” Work said Monday at an 
‘event hosted by the Atlantic Council 


‘The first, he explained, is giving many options to the next administration, 


“First of all, I'm going to be central to the transition, so I am going to be able to 
personally talk with the transition team and explain to them what we have pursued and 
why we have pursued it, and let them make their own decisions,” Work said, 


“One of the things we have done in our program is build in a lot of different options that 
they can pull levers on,” Work explained. 


As an example, he pointed to the idea of an electromagnetic railgun, Initially, Work and 
his team thought that was an area that would be a major focus of development, but as 
they experimented they realized that a powder gun with a hypervelocity round could have 
almost the same impact — but at a faction of the cost, because it did not require the 
development, testing and adaptation of a new gun, 


“We're going to say ‘look, this is the place where [we think] you want to put your 
money,” but we're going to have enough money in both the electromagnetic railgun and 
the powder gun that if the new administration says ‘I really want the electromagnetic 
railgun, this is the way I want to go,’ knock yourself out,” Work said. “We've set you up 
for success. 


Indirectly Improving Ability to Counter ASCMs and ASBMs 


As discussed earlier, SLs currently under development have enough beam power to counter 
small boats and UAVs, but not enough to ASCMs or ASBMs. Even so, such SSLs could 
indirectly improve a ship’s ability to counter ASCMs and ASBMs by permitting the ship to use 
fewer of its SAMs for countering UAVs, and more of them for countering ASCMs and ASBMs, 
Similarly, even though HVPs fired from 5-inch powder guns would not be able to counter 
ASBMSs, they could indirectly improve a ship’s ability to counter ASBMs by permitting the ship 
to use fewer of its SAMs for countering ASCMs and more of its SAMs for countering ASBMs, 


Remaining Development Challenges 


Although the Navy in recent years has made considerable progress in developing SSLs, EMRG, 
and HVP, a number of significant development challenges remain, Overcoming these challenges 


“Aaron Mehta, “Pentagon No. 2: How to Keep Third Offset Going in the Next Administration,” Defense News, May 


5.2016. 
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will likely require years of additional development work, and ultimate success in overcoming 
them is not guaranteed.” 


SSLs 


As shown in Figure 15, remaining development challenges for SSLs include, among other things, 
‘making the system rugged enough for extended shipboard use, making the beam director (the 
telescope-like part of the laser that sends the beam toward the target) suitable for use in a marine 
environment (where moisture and salt in the air can be harsh on equipment), and integrating the 
system into the ship’s electrical power system and combat system. 


A January 23, 2015, blog post co-authored by the Office of Naval Research’s program officer for 
the Navy’s SSL program states: 


In the near term, many challenges remain to develop and operate high-energy laser 
systems in the maritime environment that are unique to the Navy and Marine Corps. 
Among these challenges is dealing with the heat generated as power levels increase. A 
second issue is packing sufficient power on the platform, which will require advanced 
battery, generator, power conditioning, and hybrid energy technologies. Current laser 
technologies are approximately 30 percent electrically efficient. Corrosion and 
contamination of optical windows by shipboard salt spray, dirt, and grime also are 
technical challenges. In addition, atmospheric turbulence resulting from shifting weather 
conditions, moisture, and dust is problematic. Turbulence can cause the air over long 
distances to act like a lens, resulting in the laser beam’s diffusing and distorting, which 
degrades its performance, 


Much progress has been made in demonstrating high-energy laser weapon systems in the 
maritime environment, but there is still much to be done. Additional advances will be 
required to scale power levels to the hundreds of kilowatts that will make high{-lenergy 
lasers systems robust, reliable, and affordable. Higher power levels are important for the 
ability to engage more challenging threats and improve the rate and range at which 
targets can be engaged, 


‘The programs managed by ONR are addressing these remaining issues while positioning 
this important warfighting capability toward an acquisition program and eventual 
deployment with the fleet and force."* 


“Laser skeptics sometimes note that laser proponents over the years have made numerous predictions about when 
lasers might enter service with DOD. and that these predictions repeatedly have not come to pass. Viewing this record 
‘of unfilled predictions, skeptics mipht argue that “lasers are X years inthe future—and always willbe.” Laser 
‘proponents acknowledge the record of past unfulilled predictions, but argue that the situation has now changed 
Ihecause of rapid advancements in SSL technology and a shift from earlier ambitious goals (such as developin, 
‘megawatt-power lasers for countering targets at tens or hundreds of miles) to more realistic goals (such as developing 
Slowatt-power lasers for countering targets at no more than a few miles). Laser proponents might argue that laser 
skeptics are vulnerable to what might be called cold plate syndrome (i.e. eat that sits on aot plate will not sit on a 
hot plate again —but it will not ston aeold plate either). 

* Peter Morsison and Dennis Sorenson, “Developing a High-Energy Laser for the Navy,” Future Force, January 23, 
2015, accessed August 13, 2015, at htp://utureforce.navylive dodiive.mil/2015/0 /high-energy-lase/. The authors are 
identified at the end of the post as follows: “Peter Morrison is the Office of Naval Research's program officer for the 
‘Navy's Solid-State Laser program. Dennis Sorenson isa contractor with the Office of Naval Research 
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Figure 15. Development Challenges for SSLs 
As of February 2013 


— Durability & Survivability 
— Beam Efficiency and Quality 
— Pointing Accuracy 
= Optical Coatings 
+ Dynamic Atmospheric Characterization 
= Shipboard Integration 
~ Electrical Power Management & Thermal Dissipation 


‘Source: Slide from Navy briefing entitled "Navy Solid Seate Laser Program Overview.” ASNE Day 2013, Mr. 
Peter “Rollie” Morrison, ONR 35 S&T Program Office, February 22, 2013, accessed August 13, 2015, at 
heeps:l/www.navalengineers.org/ProceedingsDocs/ASNEDay2013/Morrisan_Pres pdf 


EMRG and HVP 


As shown in Figure 16, remaining development challenges for EMRG involve items relating to 
the gun itself (including increasing barrel life to desired levels), the projectile, the weapon's 
electrical power system, and the weapon's integration with the ship. Fielding HVP on cruisers and 
destroyers ships equipped with S-inch and 155mm powder guns would additionally require HVP 
to be integrated with the combat systems of those ships. 
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Figure 16. Development Challenges for EMRG 
As of May 2014 
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‘Source: Slide 9 from Navy briefing entitled “Electromagnetic Ralgun,” NDIA Joint Armaments Forum, 
Exhibition & Technology Demonstration, May 14, 2014, LCDR Jason Fox, USN, Assistant PM [Program 
Manager], Railgun Ship Integration, Distribution A, Approved for Public Release, accessed August 13, 2015, at 
beep wwe milinda/20 | 4armamente/ WedFox pal. 


‘The Navy states: 


‘The EMRG effort began in FY 2005 with a focus on the barrel, power storage, and rail 
technology. In 2015, the Navy is testing full-scale industry advanced composite launchers 
for structure strength and manufacturability, and has advanced the pulsed-power system 
design from single-shot to actively cooled repeated rate operations. Building on the 
success of the first phase, the second phase started in 2012 with a focus on developing 
‘equipment and techniques to fire ten rounds per minute, Thermal-management techniques 
required for sustained firing rates are in development for both the launcher system and 
the pulsed-power system, The Office of Naval Research will develop a tactical prototype 
EMRG launcher and pulsed-power architecture suitable for advanced testing both afloat 
and ashore, Railgun demonstration has been funded to occur in FY 2016.” 


A June 2015 press report states: 


As the Navy prepares to test its electromagnetic railgun at sea for the first time in 2016, 
service leaders said one of the biggest challenges will be integrating the new technology 
‘onto existing platforms. 


US. Navy, U.S. Navy Program Guide 2015, p. 168. 
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[Vice Adm. William Hilarides, commander of Naval Sea Systems Command] said he is 
positive the Navy will successfully demonstrate the weapon's ability to fire from the 
‘Trenton, but one of the biggest challenges will be configuring the railgun so that it fits 
within the power structure of other existing platforms. 


“Those are not 600-ton margin ships,” he said [meaning ships with 600 tons of growth 
margin available to accommodate EMRG]. “If they have 60 tons, if they have 16 tons, 
then we'll be talking about what do we take off our existing destroyers, cruisers and other 
ships in order to get this incredible capability [on them] 


‘These types of discussions are influencing ship designs as program managers look at 
‘what systems are indispensable and what can be exchanged, Hilarides said. 


Integrating the railgun into the fleet won't be a swift process. 
It will be at least 10 years until the railgun is fielded on new ships and potentially 30 


years past that before the Navy considers removing powder guns from the flect entirely 
and transitioning to energy weapons alone, according to Hilarides."" 


Issues for Congress 


Potential Oversight Questions 


Potential oversight questions for Congress regarding Navy programs for SSLs, EMRG, and HVP 
include the following: 


‘+ Using currently available approaches for countering ASCMs and ASBMs, how 
well could Navy surface ships defend themselves in a combat scenario against an 
adversary such as China that has large numbers of ASCMs (including advanced 
models) and ASBMs? How would this change if Navy surface ships in coming 
years were equipped with SSLs, EMRG, HVP, or some combination of these 
systems? 

‘+ How significant are the remaining development challenges for SSI 
HYP? 

‘+ Are current schedules for developing SSLs, EMRG, and HVP appropriate in 
relation to remaining development challenges and projected improvements in 
enemy ASCMs and ASBMs? To what degree are current schedules for 
developing SSLs, EMRG, or HVP sensitive to annual funding levels? 

‘+ When does the Navy anticipate issuing roadmaps detailing its plans for procuring 
and installing production versions of SSLs, EMRGs, and HVP on specific Navy 
ships by specific dates? 

‘+ Will the kinds of surface ships that the Navy plans to procure in coming years 
have sufficient space, weight, electrical power, and cooling capability to take full 
advantage of SSLs (particularly those with beam powers above 200 kW) and 
EMRG? What changes, if any, would need to be made in Navy plans for 
procuring large surface combatants (i.e., destroyers and cruisers) or other Navy 
ships to take full advantage of SSLs and EMRG? 


EMRG, and 


® Allyson Versprille, “Integration Biggest Challenge for Railgun,” National Defense, June 2015. See also Lance M. 
Bacon, “3-Star: “Lot of Work” Before Railgun Arrives in Flet,” Navy Times, February 5, 2015. 
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‘+ Are the funding sources for SSLs, EMRG, and HVP in Navy and Defense-Wide 
research and development accounts (see “Summary of Congressional Action on 
FY2017 Funding” below) sufficiently visible for supporting congressional 
oversight? 


Legislative Activity for FY2017 


Summary of Congressional Action on FY2017 Funding 


Funding in the defense budget for research and development work on Navy SSLs, EMRG, and 
HVPis spread across several research and development account line items (which are known as 
program elements, or PEs). The PEs shown in Table 1 capture much but not necessarily all of the 
funding for developing Navy SSLs, EMRG, and HVP. The PEs shown in the table, moreover, 
include funding for efforts other than Navy SSLs, EMRG, and HVP, so congressional changes 
from requested amounts might or might not relate to SSLs, EMRG, or HVP. 


Table 1. Summary of Congressional Action on FY17 Fun 
In millions of dollars, rounded to nearest tenth 
‘Authorization ‘Appropriation 
Program Element (PE) number, PE ee 5 
name, FY16 budget linenumber Req. HASC SASC Conf. HAC SAC Conf. 
(06021 14N, Power Projection Applied a4 41a LA aa 
Research, line 4 
(0602750N, Future Naval Capabilities Wes. 165.1 165.1 157.1 
Applied Research, ine 13 
06031 14N, Power Projection Advanced 964 1064 La 766 
Technology. line 16 
(0603673N, Future Naval Capabilities 249.1 249.1 239.1 252.1 
‘Advanced Technology Development, ine 21 
0603925N, Directed Energy and Electric © 327327327 327 
‘Weapon System, line 75, 
(06042S0D8Z, Advanced Innovative 8449 80198449 3449 


Technology, line 95 


‘Source: Table prepared by CRS based on Navy FYI7 budget submission and commiteee and conference 
reports 

Notes: HASC is House Armed Services Committee; SASC is Senate Armed Services Committee: HAC is 
House Appropriations Committee: SAC is Senate Appropriations Committee; Cont. is conference agreement. 
“The PEs shown in the table below capture much but not necessarily al ofthe funding for work on Navy SSLs, 
EMRG, and HVP. The PEs shown in the table, moreover, include funding for efforts other than Navy SSLs, 
EMRG, and HVP. 


FY2017 National Defense Authorization Act (H.R. 4909/S. 2943) 


House 


‘The House Armed Services Committee, in its report (H.Rept. 114-537 of May 4, 2016) on H.R. 
4909, recommended the funding levels shown in the HASC column of Table 1. The 
recommended inerease of $10 million for PE 0603114N, Power Projection Advanced Technology 
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(line 16) is for “Program increase for common mount.” (Page 498) The recommended reduction 
of $40 million for PE 06042S0D8Z, Advanced Innovative Technology (line 95) is for “SCO” (the 
Strategic Capabilities Office). (Page 518) H-Rept. 114-537 states: 


HRept. 


Common mount for electromagnetic railgun 


‘The budget request contained $96.4 million in PE 631 14N for power projection advanced 
technology. Of this amount, $15.4 million was included for the Navy's electromagnetic 
railgun prototype. 


The committee remains supportive of the Navy's program for developing and deploying 
an electromagnetic railgun. The committee recognizes the growing imperative for the 
Navy to field this type of weapon, not only to increase capabilities for naval surface fire 
support and ballistic missile defense, but to also decrease the cost exchange model when 
comparing the railgun to conventional missiles or guns. However, the committee is 
increasingly concerned that the shift in emphasis to the hypervelocity projectile by the 
Strategic Capabilities Office has left the Navy with a funding gap in developing the 
requirements and design for a common mount, which is a necessary prerequisite to 
getting this capability into operational use. Therefore, the committee directs the Secretary 
of the Navy to provide a briefing to the House Committee on Armed Services by 
February 15, 2017, on the plan and milestone schedule for demonstrating and deploying a 
common railgun mount for sea- and land-based applications. 


‘The committee recommends $106.4 million, an increase of $10.0 million, in PE 63114N 
to support the development of a common mount for the sea-based and land-based 
electromagnetic railgun. (Page 61) 


114-537 also states: 
Strategie Capabilities Office 


‘The budget request contained $844.9 million in PE 642S0D8Z for development activities 
of the Strategic Capabilities Office (SCO). 


Created in 2012 by the Deputy Secretary of Defense, SCO has the mission to identify. 
analyze, demonstrate, and transition game-changing applications of existing and near- 
term technology to shape and counter emerging threats, SCO is comprised of a relatively 
small number of personnel and relies on other program office personnel and resources 10 
execute its mission, The committee appreciates the nature of SCO's mission and 
sustained leanness of the organization; however, the committee notes the budget for SCO 
has grown exponentially each fiscal year. For example, the fiscal year 2017 budget 
request is nearly double the request for fiscal year 2016. 


‘The committee is concerned that such rapid budget growth may bring with it some risks, 
including the demands on SCO’s small staff, demands on other Department of Defense 
personnel, and impact of SCO decisions on existing programs. For example, the 
committee is aware of SCO’s inclusion on the electromagnetic railgun development, and 
subsequent reprioritizing of its planned investment in that program for fiscal year 2017, 
resulting in a funding gap that could not be covered by the program office. 


Additionally, the committee remains concerned that the transition of technologies from 
SCO has not been adequately captured and conveyed to the oversight committees. The 
report required by the committee report (H. Rept. 114-102) accompanying the National 
Defense Authorization Act for Fiscal Year 2016 has not been delivered and is now almost 
6 months late. In order to support prudent use of taxpayer resources, and to ensure proper 
‘oversight of these activities, the committee believes this report should be provided and 
concerns addressed before supporting full funding of planned activities. 


‘Therefore, the committee recommends $804.9 million, a decrease of $40.0 million, in PE 
64250D8Z for development activities of the Strategic Capabilities Office. (Page 92) 
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Section 220 of H.R. 4909 as reported states: 


SEC. 220. Designation of Department of Defense senior official with principal 
responsibility for directed energy weapons. 


later than 180 days after the date of the enactment of this Act, the Secretary of 
Defense shall — 


(1) designate a senior official already serving within the Department of Defense as the 
official with principal responsibility for the development and demonstration of directed 
‘energy weapons for the Department; and 


(2) set forth the responsibilities of that senior official with respect to such programs. 
HRept. 114-537 also states: 
Five-inch precision guided projectile development for naval surface fire support 


In the committee report (H. Rept. 114-102) accompanying the National Defense 
Authorization Act for Fiscal Year 2016, the committee noted “that current surface Navy 
‘gunnery requirements are outdated and that new technologies such as railgun and directed 
energy weapons are nearing readiness for technology transition.” The committee 
referenced the Advanced Naval Surface Fires (ANSF) initiative and noted the ANSF was 
assessing options for providing a near-term S-inch guided munition capability. The 
‘committee understands this capability would provide for improved and extended-range 
naval surface fire support. The committee continues to support the need for this precision 
‘guided capability and is also aware of the Hypervelocity Gun Weapon System (HGWS) 
program that is currently under consideration by the Strategic Capabilities Office (SCO). 
The committee notes the HGWS program would “flip the cost equation using 

nal guns to defend forward bases against raids of advanced cruise and ballistic 
and believes there could be applications for use in S-inch gun systems for naval 
surface fires support. The committee is encouraged by the development of both of these 
initiatives and expects the Navy and SCO to coordinate on these capabilities. The 
committee also expects the Navy to proceed forward with an accelerated development 
and acquisition strategy for this needed capability that is consistent with acquisition 
reform principles. (Pages 62-63) 


HRept. 114-537 also states: 


Technology enablers for directed energy weapon systems 


‘The committee is aware that the Department of Defense has made significant advances in 
the development and operational demonstration of directed energy weapons systems. 
Each military department has demonstrated a marquee program in this area, such as the 
Navy's Laser Weapon System deployed on the USS Ponce, the Army High Energy Laser 
Mobile Demonstrator, and the Marine Corps’ Ground Based Air Defense System. Along 
with technology demonstration activities like the Robust Electric Laser Initiative and the 
High Energy Liquid Laser Area Defense System, each of these programs demonstrated 
the increased power output and power on target necessary to develop a militarily useful 
directed energy weapon. 


However, as the Department has made progress in raising the power levels of these 
systems, it has also demonstrated the need for emphasis on development in other 
technology areas necessary to realize the full potential of laser weapons. For example, 
higher power output requires improved beam control to engage targets at greater 
distances, as well as better thermal management systems to dissipate the increased heat 
load, As the Department has been overcoming foundational technical challenges, new 
challenges have emerged that will impact the operational uses for directed energy 
weapons, 
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Therefore, the committee directs the Assistant Secretary of Defense for Research and 
Engineering, in coordination with the research components of the military departments 
and the High Energy Laser Joint Technology Office, to provide a briefing to the House 
Committee on Armed Services by January 20, 2017. This briefing should provide a 
roadmap for enabling technologies, including: 


(1) Beam directors and adaptive optics, including deformable mirrors 
(2) Thermal management needs and capabilities; 

(3) Integration challenges with fre control systems, including potential 
future needs for fire control for laser systems; 

(4) Power architectures and power electronics needs; 


(5) Facilities and test range capabilities: and 


(6) Other areas as deemed by the Secretary. (Page 93) 


Senate 


‘The Senate Armed Services Committee, in its report (S.Rept. 114-255 of May 18, 2016) on S. 
2943, recommended the funding levels shown in the SASC column of Table 1. The 
recommended reduction of $15 million to PE 0603114N, Power Projection Advanced Technology 
(line 16) is for “General decrease.” (Page 481) The recommended reduction of $10 million to PE 
0603673N, Future Naval Capabilities Advanced Technology Development (line 21) is for 
“Capable manpower, and power and energy.” (Page 481)."' S.Rept. 114-255 states: 


Power projection advanced technology 


‘The budget request included $96.4 million in PE 631 14N for power projection advanced 
technology. The committee notes that the Navy, Air Force, Defense Advanced Research 
Projects Agency, Strategic Capabilities Office, and other elements within the Department 
of Defense are all pursuing advanced power projection technologies and systems. The 
‘committee is concerned that these efforts are not well-coordinated and have uncertain 
pathways for transition to programs of record. In addition, the committee notes that the 
budget request represents an almost 200 percent increase over the amount enacted for 
fiscal year 2016. The committee believes that such a large increase in budget is not 
warranted and is concerned about the ability of the programs to absorb the additional 
funding. Consequently, the committee recommends a decrease of $15.0 million in PE 
63114N, but directs that this reduction not be assessed against solid state laser maturation 
efforts. (Page 52) 


Section 216 of S. 2943 as reported states: 


* This recommended reduction of $10 million does not appear to relate (at least not directly) to lasers, the 
lectromagnetic railgun, or the HVP. S.Rept, 114-255 states: 
Capable manpower and power and energy 
‘The budget request included $249. million in PE 63673N for future naval capabilities advanced 
technology developments. The activities listed under this program element include capable 
‘manpower and power and energy, The committee believes thatthe work plans for Fiscal year 2017 
‘on these ativities does not warrant the level of funding included in the budget request. For 
‘example, the committee notes thatthe research included in these two projects include development 
‘of new personnel and management methodologies, and capabilities in energy security. Both of 
these efforts could be better coordinated with other organizations performing similar research. 
Consequently. the commitige recommends a decrease of $10.0 million in PE 63673N to be 
Uistibuted appropriately from capable manpower and power and energy. (Page 53) 
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SEC. 216. Directed energy weapon system programs, 


(@) Inclusion of Directed Energy Weapon System programs in the rapid acquisition 
authority program.— 


(1) IN GENERAL—Section 806(c)(1) of the Bob Stump National Defense 
Authorization Act for Fiscal Year 2003 (Public Law 107-314; 10 U.S.C. 2302 note) is 
amended by adding at the end the following new subparagraph: 


~(D) (i) In the case of any supplies and associated support services that, as determined in 
writing by the Secretary of Defense without delegation, are urgently needed to eliminate 
a deficiency in directed energy weapon systems, the Secretary may use the procedures 
developed under this section in order to accomplish the rapid acquisition and deployment 
of needed offensive or defensive directed energy weapon systems capabilities, supplies, 
and associated support services. 


“(ii) For the purposes of directed energy weapon systems acquisition, the Secretary of 
Defense shall consider use of the following procedures: 


(0) The rapid acquisition authority provided under this section, 


“(ID Use of other transactions authority provided under section 2371 of title 10, United 
States Code. 


“(UI) The acquisition of commercial items using simplified acquisition procedures. 


“(1V) The authority for procurement for experimental purposes provided under section 
'73 of title 10, United States Code. 


“(iti) In this subparagraph, the term ‘directed energy weapon systems’ means military 
action involving the use of directed energy to incapacitate, damage, or destroy enemy 
equipment, facilities, or personnel.”. 


(2) CONFORMING AMENDMENTS.—Section 2373 of title 10, United States Code. is 
amended — 


(A) in subsection (a), by striking “and aeronautical supplies” and inserting “, aeronautical 
supplies, and directed energy weapon systems”; and. 


(B) by adding at the end of the following new subsection: 


“(c) Directed energy weapon systems defined.—In this section, the term ‘directed energy 
weapon systems’ means military action involving the use of directed energy to 
incapacitate, damage, or destroy enemy equipment, facilities, or personnel.”. 


(b) Joint Directed Energy Program Office. — 


(1) REDESIGNATION.—The High Energy Laser Joint Technology Office of the 
Department of Defense is hereby redesignated as the “Joint Directed Energy Program 
Office” (in this subsection referred to as the “Office"). 


(2) STRATEGIC PLAN FOR DEVELOPMENT AND FIELDING OF DIRECTED 
ENERGY WEAPONS CAPABILITIES.—In addition to the functions and duties of the 
Office in effect on the day before the date of the enactment of this Act, the Office shall 
develop a strategic plan for development and fielding of directed energy weapons 
capabilities for the Department, in which the Office may define requirements for directed 
‘energy capabilities that address the highest priority warfighting capability gaps of the 
Department. 


(3) ACCELERATION OF DEVELOPMENT AND FIELDING OF DIRECTED 
ENERGY WEAPONS CAPABILITIES. 


(A) IN GENERAL.—To the degree practicable, the Office shall use the policies of the 
Department that are revised pursuant to this section and new acquisition and management 
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Regarding Section 216, S.Rept. 114 


S.Rept 


practices established pursuant to this section to accelerate the development and fielding 
of directed energy capabilities. 

(B) ENGAGEMENT.—The Secretary shall ensure that use of policies and practices 
described in subparagraph (A) include engagement with defense and private industries, 
research universities, and unaffiliated, nonprofit research institutions, 


5 states: 
Directed energy weapon system programs (sec. 216) 


‘The committee remains concerned about the Department of Defense's inability to field an 
‘operational directed energy system. The committee is aware that the military services and 
industry partners have developed sufficient directed energy weapon capabilities for 
specific scenarios—like the High Energy Laser Mobile Demonstrator (HEL-MD) to 
counter rocket, artillery and mortar for base protection purposes and the Counter 
Electronics High Powered Microwave Advanced Missile Project (CHAMP) for disabling 
an adversary’s electronics while avoiding collateral damage. These programs. as well as 
other high energy laser weapon systems, have been tested and demonstrated, but have 
failed to transition to acquisition programs of record, 


‘The committee notes that directed energy capabilities have the potential to support many 
operational missions in cost effective and efficient manners. In response to these factors, 
the committce recommends a provision that would amend section 806 of the Bob Stump 
National Defense Authorization Act for Fiscal Year 2003 (Public Law 107-314) to grant 
rapid acquisition authorities for directed energy weapon systems to accelerate the 
development and fielding of this technology and to help offset the gains of potential 
adversaries. 


‘The committee notes that since 1960, the Department of Defense has invested more than 
$6.0 billion in directed energy science and technology initiatives. However, the 
committee remains concerned that, despite this significant investment, the Department's 
directed energy initiatives are not resourced at levels necessary to transition them to full- 
scale acquisition programs. The committee notes with concern that years of investment 
have not to date resulted in any operational systems with high energy laser capability. 


‘The committee highlights that the Defense Science Board Task Force on Directed Energy 
Weapon Systems and Technology Applications found that “directed energy offers 
promise as a transformational “game changer’ in military operations, able to augment and 
improve operational capabilities in many areas.” The task force further concluded that the 
range of potential applications is sufficient to warrant significantly increased attention to 
the scope and direction of efforts to assess, develop, and field appropriate laser, 
microwave, and millimeter wave weapons. Consistent with the findings ofthe task force, 
the commitice helieves that directed energy weapons systems offer significant benefits in 
terms of cost effectiveness, sustainability, magazine capabilities, and precision targeting, 
(Pages 46-47) 


114-255 also states: 
High energy laser joint technology office 


‘The budget request included $42.3 million in PE 62890F for high energy laser research. 
‘The committee notes that this program element funds defense high energy laser applied 
research through the High Energy Laser Joint Technology Office. However, the 
‘committee is concerned that the Joint Technology Office has not received sufficient 
funding in recent years to drive the maturation of high energy laser technology. As an 
example, the committee notes with concern that no laser technologies have yet been 
fielded or deployed, despite promising development and field tests. Given the importance 
of directed energy weapons systems in general as noted elsewhere in this Act, and of high 
‘energy laser systems in particular, the committee is concerned that budget request for this 
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program clement will be insufficient for supporting the joint technology office. 
Accordingly, the committee recommends an increase of $5.0 million in PE 62890F for 
the high energy laser joint technology office. (Pages 54-55) 


S.Rept. 114-255 also states: 


Directed energy systems prototyping 


‘The budget request included no money in PE 64342D8Z for defense technology offsets. 
‘The committee notes with disappointment that the administration did not view it as a 
priority to request funds through this program element. Particularly with the high-profile 
emphasis placed on the Department of Defense's Third Offset Strategy, the committee is 
disappointed to sce this program be unfunded. In addition, as noted elsewhere in this 
report, the committee is deeply disappointed with how the technology offset funding 
‘enacted in fiscal year 2016 was allocated. As noted, none of the money was put towards 
directed energy, in contradiction to the clear intent of Congress that half of the money be 
used to bolster directed energy technologies. While the committee does not recommend 
additional unrestricted funds for the technology offsets program, the committee 
underscores that directed energy systems are still critical areas of work in need of greater 
support and attention. The committee believes that the Department needs to focus in 
particular on the transition from lab development to deployment and_ fielding. 
Consequently. the committee recommends a general increase of $25.0 million in PE 
64342D8Z to be used only for the purposes of directed energy systems prototyping. 
(Pages 59-60) 


S.Rept. 114-255 also states: 


Laser weapon system demonstrator 


‘The Committee commends the Navy for initiating and funding the Laser Weapon 
Systems Demonstrator (LWSD) and believes that this is an important step toward 
‘maturing technologies that could ultimately enable the deployment of a shipboard 
‘maritime laser weapons system, While the Committee understands that the Navy 
envisions transitioning laser weapons to a formal Program of Record in the 2020s, it 
appears that the Navy has not programmed funding beyond the LWSD sea-based tests to 
support the installation of LWSD on a DDG or for the design and procurement of a 
formal maritime laser program. 


‘The committee expects that the Secretary of the Navy will keep the congressional defense 
committees updated on its plan to seamlessly transition the LWSD to a shipboard 
‘weapons system following sea-based testing and to a formal maritime laser Program of 
Record, technical progress toward developing the capability, and programmatic steps 
being taken to move to demonstration and deployment of advanced laser systems. (Page 
70) 


FY2017 DOD Appropriations Act (H.R. 5293) 


House 


‘The House Appropriations Committee, in its report (H.Rept. 114-577 of May 19, 2016) on LR. 
5293, recommended the funding levels shown in the HAC column of Table 1. The recommended 


reduction of $8 million to PE 0602750N, Future Naval Capabilities Applied Research (Line 13) is 
‘ORCENET excessive growth” ($5 million), “Power and energy previously funded efforts 


(S2 million), and “Sea shield previously funded efforts” ($1 million). (Page 228) The 
recommended reduction of $19.8 million to PE 0603114N, Power Projection Advanced 
Technology (ine 16) is for “Precision strike technology excess growth.” (Page 228) The 
recommended net reduction of $3 million to PE 0603673N, Future Naval Capabilities Advanced 
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Technology Development (line 21) consists of a reduction of $2 million for “Power and energy 
previously funded efforts,” a reduction of $2 million for “Sea shield previously funded efforts,” 
and an increase of $7 million for “Program increase—ASW [antisubmarine warfare] research. 
(Page 228) 


H.Rept. 114-577 states: 


HIGH ENERGY LASERS. 


‘The Committee is aware of efforts within the High Energy Laser Joint Technology Office 
to develop advanced, directed-energy, high energy laser weapons that have the potential 
to perform a wide variety of military missions. The Committee encourages the Secretary 
of Defense to explore further development and evaluation of this important technology. 
(Page 264) 


Directed Energy Weapon Systems Acquisition Act of 2016 (ELR. 
4964/S. 2778) 


House 
H.R. 4964 was introduced in the House on May 5, 2016. The text of H.R. 4964 as introduced 
states: 
SECTION I. Short ttle 
This Act may be cited as the “Directed Energy Weapon Systems Acquisition Act of 
2016" 
SEC. 2. Findings. 
Congress makes the following findings: 


(1) The Committee on Armed Services of the Senate noted in the report accompanying S. 
1356 (S. Rept. 114-49; 114th Congress) that since 1960, the Department of Defense has 
invested more than $6,000,000,000 in directed energy science and technology initiatives, 
and that the Committee is concemed that, despite this significant investment, the 
Department's directed energy initiatives are not resourced at levels necessary to transition 
them to full-scale acquisition programs. 


(2) The Defense Science Board Task Force on Directed Energy Weapon Systems and 
Technology Applications (the “Task Force”) found that “directed energy offers promise 
as a transformational ‘game changer’ in military operations, able to augment and improve 
operational capabilities in many areas”. 


(G) Despite this potential, years of investment have not resulted in any operational 
systems with high energy laser capability. 

(4) The Task Force believes thatthe range of potential application is sufficient to warrant 
significantly increased attention to the scope and direction of efforts to assess, develop, 
and field appropriate laser, microwave, and millimeter wave weapons. 

SEC. 3. Inclusion of directed energy weapon system programs in the rapid acquisition 
authority program, 

(a) In general —Section 806(¢)(1) ofthe Bob Stump National Defense Authorization Act 
for Fiscal Year 2003 (Public Law 107-314; 10 U.S.C. 2302 note) is amended by adding 
at the end the following new subparagraph: 


~(D) (i) In the case of any supplies and associated support services that, as determined in 
writing by the Secretary of Defense without delegation, are urgently needed to eliminate 
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1 deficiency in directed energy weapon systems, the Secretary may use the procedures 
developed under this section in order to accomplish the rapid acquisition and deployment 
of needed offensive or defensive directed energy weapon systems capabilities, supplies, 
and associated support services. 


“(ii) For the purposes of directed energy weapon systems acquis 
Defense shall consider use of the following procedures: 


jon, the Secretary of 


) The rapid acquisition authority provided under this section, 


“(UD) Use of other transactions authority provided under section 2371 of title 10, United 
States Code. 


“(II1) The acquisition of commercial items using simplified acquisition procedures. 


“(IV) The authority for procurement for experimental purposes provided under section 
2373 of title 10, United States Code. 


ii) In this subparagraph, the term ‘directed energy weapon system’ means military 
action involving the use of directed energy to incapacitate, damage, or destroy enemy 
‘equipment, facilities, or personnel.” 


(b) Conforms 
amended— 


amendments —Section 2373 of title 10, United States Code, is 


(1) in subseetion (a), by striking “and aeronautical supplies” and inserting “, aeronautical 
supplies, and directed energy weapon systems”; and 


(2) by adding at the end of the following new subsection: 


) Directed energy weapon system defined —In this section, the term “directed energy 
weapon system’ means military action involving the use of directed energy to 
incapacitate, damage, or destroy enemy equipment, facilities, or personnel.” 


SEC. 4. Joint Directed Energy Program Office. 


(a) Redesignation—The High Energy Laser Joint Technology Office of the Department 
of Defense is hereby redesignated as the “Joint Directed Energy Program Office” (in this 
section referred to as the “Office”, 


(b) Strategic plan for development and transition of directed energy weapons capabilities 
toward fielding. —In addition to the functions and duties of the Office in effect on the day 
before the date of the enactment of this Act, the Office shall develop a strategic plan for 
development and transition of directed energy weapons capabilities toward fielding for 
the Department, in which the Office may define requirements for directed energy 
capabilities that address the highest priority warfighting capability gaps of the 
Department. 


(©) Acceleration of development and transition of directed energy weapons capabilities 
toward fielding. — 


(1) IN GENERAL.—To the degree practicable, the Office shall use the policies of the 
Department that are revised pursuant to this Act and new acquisition and management 
practices established pursuant to this Act to accelerate the development and transition of 
directed energy capabilities toward fielding. 


(2) ENGAGEMENT.—The Secretary shall ensure that use of policies and practices 
described in paragraph (1) include engagement with defense and private industries, 
research universities, and unaffiliated, nonprofit research institutions. 


Senate 


'S. 2778 was introduced in the Senate on April 12, 2016, The text of S, 2778 as introduced states: 
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SECTION I. Short ttle 


This Act may be cited as the “Directed Energy Weapon Systems Acquisition Act of 
2016" 


SEC. 2. Findings. 
Congress makes the following findings: 


(1) The Committee on Armed Services of the Senate noted in the report accompanying S. 
1356 (S. Rept. 114-49; 114th Congress) that since 1960, the Department of Defense has 
inyested more than $6,000,000,000 in directed energy science and technology initiatives, 
and that the Committee is concemed that, despite this significant investment, the 
Department's directed energy initiatives are not resourced at levels necessary to transition 
them to full-scale acquisition programs. 


(2) The Defense Science Board Task Force on Directed Energy Weapon Systems and 
Technology Applications (the “Task Force”) found that “directed energy offers promise 
as a transformational ‘game changer’ in military operations, able to augment and improve 
operational capabilities in many areas”. 


(3) Despite this potential, years of investment have not resulted in any operational 
systems with high energy laser capability 


(4) The Task Force believes that the range of potential application is sufficient to warrant 
significantly increased attention to the scope and direction of efforts to assess, develop, 
and field appropriate laser, microwave, and millimeter wave weapons. 


SEC. 3. Inclusion of directed energy weapon system programs in the rapid acquisition 
authority program. 


(a) In general —Section 806(¢)(1) of the Bob Stump National Defense Authorization Act 
for Fiscal Year 2003 (Public Law 107-314; 10 U.S.C. 2302 note) is amended by adding 
at the end the following new subparagraph: 


“(D) (i) In the case of any supplies and associated support services that, as determined in 
writing by the Secretary of Defense without delegation, are urgently needed to eliminate 
a deficiency in directed energy weapon systems, the Secretary may use the procedures 
developed under this section in order to accomplish the rapid acquisition and deployment 
of needed offensive or defensive directed energy weapon systems capabilities, suppl 
and associated support services. 


“Gi) For the purposes of directed energy weapon systems acquisition, the Secretary of 
Defense shall consider use of the following procedures: 


(0) The rapid acquisition authority provided under this section. 


“(ID) Use of other transactions authority provided under section 2371 of title 10, United 
States Code. 


“(II) The acquisition of commercial items using simplified acquisition procedures. 


“(1V) The authority for procurement for experimental purposes provided under section 
'73 of ttle 10, United States Code. 


“(iti) In this subparagraph, the term ‘directed energy weapon system’ means military 
action involving the use of directed energy to incapacitate, damage, or destroy enemy 
equipment, facilities, or personnel.”. 


(b) Conformin 
amended— 


amendments—Section 2373 of title 10, United States Code, is 


(1) in subsection (a), by striking “and aeronautical supplies” and inserting “, aeronautical 
supplies, and directed energy weapon systems"; and 
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(2) by adding at the end the following new subsection: 


(©) Directed energy weapon system defined.—In this section, the term ‘directed energy 
weapon system’ means military action involving the use of directed energy to 
incapacitate, damage, or destroy enemy equipment, facilities, or personnel.” 


SEC. 4. Joint Directed Energy Program Office. 


(a) Redesignation.—The High Energy Laser Joint Technology Office of the Department 
of Defense is hereby redesignated as the “Joint Directed Energy Program Office” (in this 
section referred to as the “Office 


(b) Strategic plan for development and transition of directed energy weapons capabilities 
toward fielding. —In addition to the functions and duties of the Office in effect on the day 
before the date of the enactment of this Act, the Office shall develop a strategic plan for 
development and transition of directed energy weapons capabilities toward fielding for 
the Department, in which the Office may define requirements for directed energy 
capabilities that address the highest priority warfighting capability gaps of the 
Department. 


(©) Acceleration of development and transition of directed energy weapons capabilities 
toward fielding. — 


(1) IN GENERAL.—To the degree practicable, the Office shall use the policies of the 
Department that are revised pursuant to this Act and new acquisition and management 
practices established pursuant to this Act to accelerate the development and transition of 
directed energy capabilities toward fielding. 


(2) ENGAGEMENT.—The Secretary shall ensure that use of policies and practices 
described in paragraph (1) include engagement with defense and private industries, 
research universities, and unaffiliated, nonprofit research institutions. 
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Appendix. Potential Advantages and Limitations of 
Shipboard Lasers 


This appendix presents additional information on potential advantages and limitations of 
shipboard lasers, 


Potential Advantages 


In addition to a low marginal cost per shot and deep magazine, potential advantages of shipboard 
lasers include the following: 


Fast engagement times. Light from a laser beam can reach a target almost 
instantly (eliminating the need to calculate an intercept course, as there is with 
interceptor missiles) and, by remaining focused on a particular spot on the target, 
cause disabling damage to the target within seconds. After disabling one target, a 
laser can be redirected in several seconds to another target. 

Ability to counter radically maneuvering missiles. Lasers can follow and 
maintain their beam on radically maneuvering missiles that might stress the 
maneuvering capabilities of Navy SAMs 

Precision engagements. Lasers are precision-engagement weapons—the light 
spot from a laser, which might be several inches in diameter, affects what it hits, 
while generally not affecting (at least not directly) separate nearby objects. 
Graduated responses. Lasers can perform functions other than destroying 
targets, including detecting and monitoring targets and producing nonlethal 
effects, including reversible jamming of electro-optic (EO) sensors. Lasers offer 
the potential for graduated responses that range from warning targets to 
reversibly jamming their systems, to causing limited but not disabling damage (as 
a further warning), and then finally causing disabling damage. 


Potential Limitations 


Potential limitations of shipboard lasers include the following: 


Line of sight. Since laser light tends to fly through the atmosphere on an 
essentially straight path, shipboard lasers would be limited to line-of-sight 
engagements, and consequently could not counter over-the-horizon targets or 
targets that are obscured by intervening objects. This limits in particular potential 
engagement ranges against small boats, which can be obscured by higher waves, 
or low-flying targets. Even so, lasers can rapidly reacquire boats obscured by 
periodic swells, 

Atmospheric absorption, scattering, and turbulence, Substances in the 
atmosphere—particularly water vapor, but also things such as sand, dust, salt 
particles, smoke, and other air pollution—absorb and scatter light from a 
shipboard laser, and atmospheric turbulence can defocus a laser beam. These 
effects can reduce the effective range of a laser. Absorption by water vapor is a 
particular consideration for shipboard lasers because marine environments 
feature substantial amounts of Water vapor in the ait, There are certain 
wavelengths of light (ie., “sweet spots” in the electromagnetic spectrum) where 
atmospheric absorption by water vapor is markedly reduced. Lasers can be 
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designed to emit light at or near those sweet spots, so as to maximize their 
potential effectiveness. Absorption generally grows with distance to target, 
making it in general less of a potential problem for short-range operations than 
for longer-range operations. Adaptive optics, which make rapid, fine adjustments 
to a laser beam on a continuous basis in response to observed turbulence, can 
counteract the effets of atmospheric turbulence. Even so, lasers might not work 
well, or at all, in rain or fog, preventing lasers from being an all-weather solution. 


‘+ Thermal blooming. A laser that continues firing in the same exact direction for a 
certain amount of time can heat up the air it is passing through, which in turn can 
defocus the laser beam, reducing its ability to disable the intended target. This 
effect, called thermal blooming, can make lasers less effective for countering 
targets that are coming straight at the ship, on a constant bearing (i.., “down-the- 
throat” shots). Other ship self-defense systems, such as interceptor missiles or a 
CIWS, might be more suitable for countering such targets. Most tests of laser 
systems have been against crossing targets rather than “down-the-throat” shots, 

In general, thermal blooming becomes more of a concern as the power of the 
laser beam increases, 


‘+ Saturation attacks. Since a laser can attack only one target at a time, requires 
several seconds to disable it, and several more seconds to be redirected to the 
next target, a laser can disable only so many targets within a given period of time. 
This places an upper limit on the ability of an individual laser to deal with 
saturation attacks—attacks by multiple weapons that approach the ship 
simultaneously or within a few seconds of one another. This limitation can be 
mitigated by installing more than one laser on the ship, similar to how the Navy 
installs multiple CIWS systems on certain ships 


+ Hardened targets and countermeasures. Less-powerful lasers—that is, lasers 
with beam powers measured in kilowatts (kW) rather than megawatts (MW)— 
can have less effectiveness against targets that incorporate shielding, ablative 
material, or highly reflective surfaces, or that rotate rapidly (so that the laser spot 
does not remain continuously on a single location on the target’s surface) or 
tumble. Small boats (or other units) could employ smoke or other obscurants to 
reduce their susceptibility to laser attack.** Measures such as these, however, can 
increase the cost and/or weight of a weapon, and obscurants could make it more 
difficult for small boat operators to see what is around them, reducing their 
ability to use their boats effectively. 

‘+ Risk of collateral damage to aircraft, satellites, and human eyesight. Since 
light from an upward-pointing laser that does not hit the target would continue 
flying upward in a straight line, it could pose a risk of causing unwanted 
collateral damage to aireraft and satellites. The light emitted by SSLs being 
developed by the Navy is of a frequeney that can cause permanent damage to 
human eyesight, including blinding. Blinding can occur at ranges much greater 
than ranges for damaging targeted objects. Scattering of laser light off the target 
or off fog or particulates in the air can pose a risk to exposed eyes.” 


* See, for example, 
May 3.2016. 

* The United States in 1995 ratified the 1980 Convention on Pobibitons or Restriction on the Use of Certain 
Conventional Weapons Which May be Deemed to he Excessively Injurious orto Have Indiscriminate Effects, An 
(continued... 


‘Kelsey D. Atherton, “China Plans To Defeat American Lasers With Smoke,” Popular Science, 
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For additional background information on potential Navy shipboard SSLs, see CRS Report 
R41526, Navy Shipboard Lasers for Surface, Air, and Missile Defense: Background and Issues 
for Congress, by Ronald O'Rourke. 


Author Contact Information 


Ronald O'Rourke 
Specialist in Naval Affairs 
rorourke@crs.loc.gov, 7-7610 


(continued) 
international review of the convention began in 1994 and concluded in May 1996 with the adoption of, among other 
things, a new Protocol IV on blinding laser weapons. The protocol prohibits the employment of lasers that are 
specifically designed to cause permanent blindness to the naked eye of tothe eye with corrective eyesight devices. The 
United States ratified Protocol IV on December 23, 2008, and it entered into force for the United States on July 21, 
2009. DOD views the protocol as fully consistent with DOD policy. DOD believes the lasers diseussed inthis report 
‘are consistent with DOD policy of prohibiting the use of lasers specifically designed to cause permanent blindness to 
the naked eye or tothe eye with corrective eyesight devices. For further discussion, see Appendix I (“Protocol on 
Blinding Lasers") in CRS Report R41526, Navy Shiphowrd Lasers for Surface, Air, and Missile Defense: Background 
‘and Issues for Congress, by Ronald O'Rourke, 
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* QRs for Torpedo & DEWs 
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Advancement 
in 
Torpedo Technology 


Advancement in Torpedo Technology Contd... 


¢ Broadband sonar, multi-beam & INS 


¢ Multi target tracking capability 


S/W based & high speed sig processing 
« Re-programmable S/W & search pattern 
¢ ACCM features 


¢ Digital servo and retractable controls 


Advancement in Torpedo Technology Contd... 


¢ Al-AgzO, Li-ion & Cu-Ni batteries 


¢ Brushless motor & pump jet propulsion 


* Semi open/close loop thermal propulsion 
\. = * Super-cavitation propulsion 


y= iE Tandem shaped charge insensitive W/H 


Torpedo 


Origin 
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Flash Black Italy 
F21 HWT France 
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MK 54 USA 
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UGST Russia 


Torpedoes in Indian Navy 


Torpedo Origin/ Country 
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AT1ME _a— Russian 
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CET65E Sa ==) Russian 
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DEW Advantages 


* High Speed of Engagement 
¢ Effective for Defensive/Offensive Role 


¢ Immunity from Gravitation Constraints 


* Space Requirement — Limited 


¢ Effective against Moving Air Targets 


¢ Minimal Collateral Damage 


« Low Marginal Cost per Shot 


DEWs.... 


DEWs from Sea, Air & Land Platforms 
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QRs for Torpedoes 


Require- Remark 
ment 

Speed Upto 55 Knot with variable speed 
Range Upto 40 Kms 

Battery Mg-CueClz, Al-AgzO & Li-ion batteries 


Propulsion Gas turbine, brushless motor & super-cavitation 
Warhead Tandem insensitive munition W/H & prox EBW fuze 
Guidance | CBASS & improved signal processing algorithm 
Launch I/P_ Tactical S/W algorithm with target data & upgrades 
Control Intelligent digital controllers & actuators 
Camouflage ACCM features 


QRs 


“£ | QRs for DEWs 


¢ 10-25 KW for non-lethal engagement 
* 100-500 KW against:- 


— Missile 


— Rocket 
— Aircraft 


— UAVs 
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Way Ahead.... 


Joint Venture 


Requirement Scope for Designers & Industry 
Torpedo & Sub-systems 


Mech Parts, Al-Mg alloy, FRP & nano materials, IM, Mg-Cu, Al-Ag2O & Li-ion 
W/H & Prop batteries, brushless motor, GT, pump jet & supercavitation prop 


Guidance & Sonar imaging & det, CABSS, PCBs, tgt wake seeking, mag anomaly 


Control det & super quantum induction device homing, adv accl & sensors. 
Process Adv sig processing, tact S/W algorithm for tgt data, friendly forces 
Control positions, sound profile & mid-course upgrade, dig ctrl & actuator 


Miscellaneous Fibre optic cable, gene, invertor, shaft, bearing, gear box, bottle, 
gyro, pump, valve, fastener, cable, pipe, dynamic seal, loc & rec aids 


Directed Energy Weapons 


DEW Systems Ship borne 25-500 KW using High Power Microwaves or Lasers for 
non-lethal & lethal engagement 


Way Ahead.... 
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Life Cycle 
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i Conclusion 


Govt promulgated various major policy guidelines 
IN “Indigenisation & MCPP” 
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in India” prg under "FIGHT" category 
DEWs identified as core mil technology requirement 
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5, Psychoenergetics 


Mental entrainment, inducing hypnogogic trance, mind control, broadcasting thoughts and feelings, the Ant World, 
education via EM [LW] mental download, the "Feelies,” revolution in spirituality, “enlightenment machine?" Scalar 
churches? 


Psychoenergetics is simply using the scalar interferometers to manipulate and engineer the human psyche. To me itis 
the most mind-boggling and frightening aspect of longitudinal wave engineering 


‘The mind is electromagnetic in nature, and itself of the time-domain, It is not observable in 3-space. There is nothing 
you can point fo that is the mind. As Bearden says, “The mind is time-tke.” 


‘The longitudinal scalar EM waves are also of the time-domain. By overlaying certain infolded pattems (oscillations in 
time) on the longitudinal waves, a thought or feeling may be made to arise in a person or persons who are in the 
interference zone (where the wave beams cross) 


‘The person will not notice anything, feeling that this thought or idea is his or her own idea. The longitudinal wave 
pattern might be a wave of panic or fear that spontaneously sweeps over you, perhaps inexplicably. It could even be 
in the form of a sudden intense patriotism. It could be explicit words and phrases, which everyone would think they 
had thought of by themselves. Or it could be rage and hatred, angry and violent. On the other hand It could also be a 
continuous sense of docilty and placiity. This is the brave new world of psychoenergetics and the coming "Mind 
Wars." 


Scalar Psychoenergetics in its mast primitive form simply “entrains” all minds in the target area into a deep 
hypnogogic trance. In this state of mind people would be suddenly extremely suggestible, and would likely believe 
anything they are told, and would obey any orders given. Talk about winning the hearts and minds of the American 
People! 


‘Tom Bearden makes me think of Paul Revere, who heroically conveyed important warnings for the sake of the new 
nation. But the words of the famous phrase have now strangely and curiously mutated into the once-inconceivable: 
"One if by land, Two if by mind.’ 


Indeed one strategy in a Mind War would be to simply take over the minds of the “leaders” of the enemy nation. The 
targeted leader would not be aware that anything Was amiss, although he might begin to make unexpected changes 
in policy. 


And are, in fact, any of our "leaders" already having secret thaughts that are nat their own? Who knows? 
Frighteningly, we can no longer be sure. 


‘The new sciences of scalar electromagnatics and psychoenergetics are even now plunging humanity into a sudden 
science-fiction-like world beyond anything in humanity's previous imaginings. 


“The Russians reached the point in the mid 1990s that they could take over control of a person's mind, 
with modified longitudinal EM waves including some time-polarized EM waves, and with a team of 
specialists (estimate 25-30 per transmitter, and one transmitter and team per controlled person).” 
Bearden: hip:iwww.cheniere.orginisctime. him 


Ina slide (below image) Bearden illustrates how a Scalar War would involve a psychoenergetics attack on the 
operators of the enemy scalar installation, entraining their minds into hypnogogic trance and getting them ta shut 
down their systems. 
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GOUNTERING AN INSANE QP WEAPON: 
Quantum Potential Psychoenergetics 
<@®. Strike Mentally Controls All Personnel 
CONTROLLED PERSONNEL DISABLE INSANE QP SYSTEM 
(FOLLOWED BY PERSONNEL KILL OF ENTIRE CADRE BY MINDSNAPPER) 


22) som, 


Effects arise in toes! spacetime, 
‘simultaneously in all minds in 
the targeted area 


Quer ree 


MINDS ARE INSTANTLY PLACED 
INTO WAKING. BUT DEEP .- 
HYPNOGOGIC TRANCE 

STATE INSERTED THOUGHTS 
ANALOGOUS TO HYPNOTIST. 
PERSONNEL FUNCTIONIN AN 
ALTERED, COMPLETELY 
CONTROLLED PERCEIVED REALITY. 


Indicators: Captain Button’s lengthy A-10 incident in 1997, LIDA device since 1950s. 


And ullimately psychoenergetic warfare goes to the very heart of human identity itself 


For if my th 


hts might no longer be “mine,” 


Then who and what am 1? 
Can my very sense of being "me" be hijacked by some nefarious psychoenergetic scheme’ 
Will the "secret government” eventually dictate directly into your mind how you feel ab 
yourself? 

(Or what you think you are? 

(Or what you should do? 


How Does Longitudinal EM Mind Control Work? 


‘The physics of scalar psychoenergetics as expounded by Col. Bearden and ove 


ms even more arcan 


head than that of extracting energy from the vai n't understand it, but | look through it anyway. 
another tiny understanding might occur, or a term might fall into place. | know the mathematics is forever beyond me, 
One paper to begin with is Mind Control and EM Wave Polarization Transductions. This is such serious stuff that 


Bearden includes a strong warning about misuse of this knowledge. 


Psychoenergetics weapons can mi 


ntally maim and physically kil 


Warning! 


hit: bibiotecapleyades.neUscalar_techlesp_scalarwar04 him 
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(From "Mind Control and EM Wave Polarization Transductions") 


“This article refers to experimental research techniques which can be detrimental or lethal in the hands 
of any but highly skilled, qualified experimental scientists proceeding under proper laboratory safety 
procedures. The purpose of this article is strictly for information to properly qualified and authorized 
scientists in certified laboratories. 


We do not propose or condone any use of these procedures for non-approved practice of medicine 
without a license. Neither the publisher nor the author are responsible for accidents or outcomes in the 
Use of these experimental procedures and techniques. Any researcher who performs these procedures 
and experiments is acting on his or her own volition, and is solely responsible for insuring safety, 
qualifications, and legality of the acts and their results, 


We neither suggest nor condone unauthorized experimentation on human subjects. Such is a criminal 
violation of the constitutional rights of the subject under Federal and State laws, and is both illegal and 
immoral 

Bearden: htp:tWwww.cheniere.ora/explore aticles/mind controt/p0%.htm 


‘After the serious waming comes the description of the paper. This is heady stuff for the layman. 


*Calling full attention to the special note above, in this paper we present a high-level overview of the 
novel electromagnetic nature of mind operations, mind and body coupling, and intent - the induction of 
physical 3-space EM energy changes into the brain and nervous system, and into every cell of the body, 
from the mind's time-like coherent operations. 


We summarize the time-polarized electrodynamics used to engineer and affect mind operations and the 
mind-body coupling loop. Transaction mechanisms whereby differing EM wave polarization s can be 
transformed one-into-the-other are presented.” 

Bearden: htp:lwww.cheniere.orglexplre atiles/mind controttipO%.htm 


| will eave it to the technically astute to try to understand the mechanisms of operation which are described in 
scientific language. But there are tidbits for the layman 


Here he speaks of the difficulty Western scientists have in opening up to the “immaterial” (longitudinal wave) nature of 
the human mind, 


Western Science Remains Largely Materialistic 


“Ironically, most Wester scientists are materialists and consider "mind" as a mystical and nonscientific 
concept. They tend to consider mind operations and functions either to be simply "meat computer* 
operations and functions, or at best to be very weak ordinary transverse-wave EM operations and 
functions in the brain and nervous system. This serious self-limitation exists because in the body we 
measure only weak TW [transverse wave] EM operations and functions correlated to biological behavior 
‘and brain operations. We simply do not know how to measure “mind operations" directly. 


“With no mind measurements possible and no instruments, itis understandable that Westem science 
considers only the physical side of the mind-matter interface 


“Presently our scientists do not measure the longitudinally-polarized EM wave operations and functions 
in the body and around it in nature. Few of them are aware that a maelstrom of such LW {longitudinal 
wave] functions exist in the body and in all of nature in general.” 


Bearden: hitp//www.cheniere,org/explore articles/mind control1/p05.him 


‘Western methods of influencing the mind with EM waves have only used transverse waves, not the longitudinal waves 
of the vacuum. 


If only transverse waves are used one pretty well has to hit the target mind with a sledgehammer of waves. 


hutputwwi-bibiotecapleyades.neUscalar_techlesp_scalarwar04 him 
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Western Science knows only transverse EM waves 


Brute Forcing Time Functions versus Fine Control Methods 


“ironically, Western mind control researchers using transverse EM waves for mind control research, are 
Using a brute force methad of evoking and using vacuum engines (spacetime curvature engines) and a 
special form of general relativity, although they do not appear to realize it. 


“While KGB scientists also use TW EM “brute force", TW waves when necessary, they do “imprint” or 
“activate” those waves with the desired internal LW and time-polarized EM wave and photon structures 
required to directly perform the mind engineering desired. 

Bearden 


“These “fitted brute-force models" certainly can be very powerful, and certainly can produce the exact 
results shown in the experimental verifications of the fittings. However, they do not of themselves allow 
sophisticated design for example of the necessary time-polarized wave assemblies for engineering the 
entire human collective unconscious simultaneously, or for engineering the entire collective unconscious 
of all species on Earth (¢., Gaia's collective unconscious), or even for precisely engineering the 
memory and knowledge base of an individual 

Bearden: htp:iwww.cheniere.ora/exploe aticles/mind contro!/p09.htm 


The seemingly magical operations of psychoenergetics, sometimes called "psychotronics,” cannot be achieved with 
ordinary transverse EM wave energy. But they are possible with longitudinal scalar waves because the mind itself is 
scalar in nature. 


“We note that all mind operations are time-like, .¢., they are comprised as scalar EM photon functions 
and scalar EM wave functions. Thus the mind is a very special kind of electromagnetic system, existing 
in the time domain..." 

Bearden: hipslwww.cheniere.oralexplore aticles/mind controttip08.htm 


The engineering of the mind can only be accomplished with the waves of time. 


The course of psychaenergetics development necessitates the building of a vast database of settings and patterns 
which bring about given mental and/or emotional states. 


‘A kind of "gnome" of the psyche. Bearden describes the process of the decoding of this "gnome." 


“Now the scientists would perform many phenomenology experiments, making one litle change at a 
time and profusely recording the data. Each time, they would establish the physical change(s) that occur 
in the body and/or the mental and emotional changes that accur in the mind for each spectral reinsertion 
back through the “ship's portholes*. They would simply but painstakingly (over some years) build up an 
extensive database of those individual correlates, 


“In these experiments, the experimenters will eventually be able to provoke any body or mind change 
they wish. Strong emotion. Intense pain. Intense pleasure. Painful thoughts. Images. Memories. 
Perceptions. Dreams. Visions. Memory losses. Memory changes. Personality changes. Etc. The "delta" 
in the emission spectrum (the changes from zero reference spectrum) represent the precise totality of all 
mental, physical, organic, chemical, etc, changes and interactions.” 

Bearden: hipslwww.cheniere.oralexplore articles/mind controlS/p0%.htm 


“A second stage in the research would be to test the correlates and porthole insertions upon a 
statistically significant cross section of ordinary people, andlor specialized populations (such as 
toughened soldiers). The program would evolve a highly complex, very effective, ever-mproving 
‘science and technology of mind and behavior control and engineering mechanisms, complete with 
finished database and developed applications equipment." 

Bearden: htp:lwww.cheniere.oralexplore aticles/mind controS/p02.htm 


‘Summing up his paper Bearden speculates on what the actual situation the science of psychoenergetics probably is. 


The intense secrecy with which this knowledge has been kept from the public has led to the current farce of the 
“government” pretending it all does not exist, and this secrecy may have now put us at great risk. 
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“The implication is that in the West one or more highly classified, sustained, heavily funded 
developments in advanced mind control programs, probably exists and probably has existed for some 
time. 


Due to loose formation of rague groups inside such programs, they may have dual or triple purposes, 
may not operate under very much legitimate government control at all, and may operate specifically for 
the purposes of the rogue group or groups that have gained control, 


“In a nutshell, that’s what may be going on in the clandestine mind control projects in several Wester 
governments. The involvement of at least some rogue groups, some being "cowboys" who operate well 
‘outside all aws and ethics, could also result in such things as assassinations, clandestine testing on 
individuals without their consent, etc. In short, it could account for what seems to be actually occurring. 


‘As also is "usual" in such @ mess, one or more of the rogue groups eventually may become very 
powerful because their secret weapons are very powerful. They may become confident, thinking they 
have the “best in the world.” They may actually believe they are ahead of the Russians...” 


“Remember that, in every large and powerful human organization, the basis for rogue groups is power 
and secrecy. They are always seeking to increase thelr power, control, influence, prestige, etc. Nothing 
else, Patriotism and mission are to rogue groups often just idle words. They have their own agendas. 


‘And being rogue groups, they may well bring in unethical, immoral tricks: assassination, bribery, 
entrapment, disinformation, plausible deniabilty, etc. A certain percentage of a highly secret rogue 
‘group will wind up using all these things and more. I's a human characteristic, the old primate 
dominance game. Only now disguised and hidden under deep classification 


“The Russians, with their additional knowledge of the actual mechanisms in the transforms, will be much 
more advanced than the West, because their fundamental psychoenergetics science is far more 
advanced, so long as we continue to use the old U (I) electrodynamics. 


Further, the Russians have decades of use of longitudinal interferometry beams to reach right through 
the earth and ocean and produce stringent EM effects ata distance. 


So they will also be able to do the same things here in “mind controf” with LW [longitudinal wave] 
interferometers, through intervening mass.” 
Bearden: hpslwww.cheniere orglexplore ariclesimind contoS/p0S htm 


Bearden cites two examples where he believes the Russian KGB tested the psychoenergetics capabilities of their 
scalar interferometers, 


One was the case of Captain Button in his A-10 "Warthog" aircraft on April 2, 1997. 


“Over Arizona, Captain Button was thrown into a hyonogosic state, and his perceptions instantly altered 
and controlled. In his instant “dream-waking" stale, everything seemed perfectly normal. His sense of 
direction was altered a bit more than 90 degrees, so he simply corrected and tumed and “flew toward 
the range", actually flying aff course by more than 90 degrees and ignoring radio contacts. He flew right 
‘on out of Arizona." 


“At one point he circled, probably thinking he was over the range, and he probably dropped his 
ordnance there. Then he “flew on back toward home," as he thought in his waking dream state, until his 
fuel ran out and he crashed and died in the explosion dream-thinking until he died that everything was 
normal 


All the while, his sense of the passage of time was altered. To him, in his dream-thinking, dream-acting 
state, everything was normal and nothing untoward had happened. So the distant KGB transmitters and 
associated psychoenergetics team controlled him for over an hour. 


“Indeed, that was the exact purpose of the test: demonstrate control (at a great distance) 
ofa skilled person performing highly skilled tasks.” 


Beardon: http Jwww.cheniere.orglexplore articles/mind control3/p06.htm 


The paper Mind Control and EM Wave Polarization Transductions ends with the most chilling and frightening 
possibilty ofall: the psychoenergetic engineering of the human species as a whole. 
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The Ant World 


The Final Race for Direct Mind Control of the Entire Human Species 


“The KGB psychoenergetics weapons scientists because of their direct measurements and detections 
(and use) of t-polarized waves and LWs [longitudinal waves] for decades also understand that Jung's 
collective unconscious mind (of the entire human species) also has its own time-like operations and 
correlates, which one measures also when using t-polarization measurements and sorting it all out. The 
collective unconscious mind operations are buried several levels deeper inside the recursive Whittaker 
structuring inside the EM fields, waves, and potentials 


“The KGB scientists also know that something very like Gaia a collective unconscious mind for all 
species on earth also exists, and they are striving to be able to sort aut and measure that one as well 
‘The Gaia operations are buried even deeper in the recursive structuring inside the EM fields, waves, 
and potentials." 


“Actually, from day one, the Russian mind control scientists have had their eventual goal set upon this 
“deeper area of mind and possible mind control" of the entire human species. 


“1am convinced that the KGB psychoenergetics scientists understand this deeper area. If they can learn 
to directly engineer the collective human species unconscious, they can then convert the human 
species easily into a sort of “ant” society, modeled along ideal Communism lines, except of course with 
an excluded “hierarchy at the top” running everything. The “ant society” communist style is stil a 
variation of feudalism (all systems tend to feudalism or some form thereof), 


“The KGB psychoenergetics weapon scientists are seriously pressing on toward that very goal. In my 
opinion they are nat very far from it right now. 


“Some versions of Russian mind control devices were used on Russian soldiers in the Afghan War to 
condition them for performance of merciless acts.” 13 
Bearden: htp:/hwww.chenlere.orglexplore articles/mind control3/p07.htm 


‘More about "The Ant Word” 


‘Whether itis the Russians planning an “ant world" society or rogue U.S. black-ops groups withholding a great boon 
from human race, the secrecy on all sides around has allowed largely criminal elements to take over this technology 
while leaving the civilized elements in the dark. 


Openness and the spreading of this knowledge among good and decent people is essential, and for that we will have 
to overcome our frightened denial 


“Meanwhile, rogue groups amongst Western clandestine mind control researchers will probably arise if 
they have not already done so. They will ikely seek to increase their personal control and further isolate 
the programs from orthodox government review and from government and legislative control. They may 
even divert the research into highly illegal and unethical means, because it furthers their own rogue 
agendas. That is how clandestine U.S. government research can sometimes go sour, unless great care 
is exercised by the oversight committees in the House and the Senate. 


“Sometimes when rogue groups do gain control and total secrecy of a given new technological area, 
then what appears to be "U.S. government operations" do start to encompass a criminal and unethical 
operations, hidden usually beneath the deep vel of high classification. Also, ifs “scientific,” no one is 
ever brought to justice, even ifthe "evil science actions" are uncovered and publicly revealed. 

Bearden: hipslwww.cheniere.oralexplor articles/mind control3/p08.htm 


ike the huge energy of the Tesla howitzers, the abilty to engineer the mind with longitudinal waveforms is a seeming 
"magical" thing which can be used for good or il. Bearden envisions that further developments will allow something 
like the “downloading” of knowledge via scalar interferometry. Everyone could be highly educated, and quickly and 
easily. 
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In the conclusion of the paper “Mind Control and EM Wave Polarization Transductions” Bearden makes a plea to the 
nations of the world regarding the use of psychoenergetic engineering. 


“Let us hope this great new area, already off to a bad start, can be bridled and steered in the direction 
helping and healing people, rather than killing or abusing them. The excesses in its bad use are a 
potent threat to all nations on earth 


“Yet it can revolutionize medical science, education, communication, and psychology. We foresee the 
day - perhaps 30 years hence - when education will be accomplished by directly loading the software 
into the mind, Then in three weeks one will "load" a doctorate, say, in physics. In three more weeks on 
will also load a doctorate in chemistry. Another three weeks, in electrical engineering 


‘Another three weeks, an MD And so on. When that happens then truly everyone on earth can be 
educated. Freedom from ignorance may well be anather great freedom that is legally recognized, 


There will be no impoverished large groups lacking the education to find decent, productive jobs. 


"We urge all nations to use the principles involved: not for human 

‘obuse, but for healing, educating, uplifting, and life-expanding of every 

‘person on earth. If we do, we shall all have a far brighter future. Then. 

‘we shall check what has started out to be the Sword of Damocles and 
‘tum it into the golden Millennium.” 


Bearden: hitpJwww.cheniere.oralexplore articles/mind control3/p08.htm 


(Pethaps after so many frightening topics a slight break is in order here to consider the lighter side of 
psychoenergetics. For example, what will be the ultimate impact an the entertainment industry?) 


The Feelies at Last! 


Psychoenergetics will be able to bring about at last, for better or for worse, Aldous Huxley's fanciful idea in his novel 
"Brave New World," an entertainment format which he called "The Feelies.” 


‘Those were something you went to, ike going to the movies, but you would experience all the actual feelings 
themselves, as if the depicted events were actually happening to you 


‘Although our “leaders" seem too dim to grasp what is going on in the world of scalar electromagnetics, it should not 
take some young Hollywood genius too long to understand that The Feelies are now possible, and that the immense 
‘megabucks of potential profit more than justify heavy investment in bringing it to market. 


(One can imagine that first "Feelie" theater, "The Huxley" perhaps, a large comfortable area surrounded by nine giant 
screens (not just ane screen!), which become 3D if you put an your headset, And The Huxley is fitted with the finest 
sound, and oh, by the way, a modest sized scalar interferometer with computer. And there are one or more new tracks 
now recorded an the film next to the sound track. 


‘These are the digital patterns of thoughts, feelings, and ideas to be fed into the theater's interferometer. And these 
thoughts and feelings and ideas will be felt by the audience as if they were their own thoughts and ideas. Itis an 
entirely new art form. Psychevision. 


‘As important (and no doubt famous) as the actors would be the “feelers,” those from whose minds the feelings were 
lifted in the original programming of the Feelie tracks. Because, for example, Brad Pitt might be a good and handsome 
actor, but can he really feel it? Like the dubbing of foreign language films, it might be necessary to dub the "emotional 
track" using a deeper and more profound person's feelings, thoughts and ideas. 


It might even be engineered so that if you sat on one side of the theater you would feel lke the hero, and on the other 
side you would feel exactly ike the bad guy! What would that lead to? 
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We have all cried at a movie some time, most people have, though they might not want to admit it. But this would be 
deep sobbing and a flood of tears, if the director so desired it. You would feel it at your core. Or, take a big chase 
scene, you would be terrified. They are breathing down your neck! You would be gripped by panic. 


For that matter, the whole genre of Horror-Feelie would be too much for many people to take, Do | really want to feel 
that an actual vampire is tearing at my throat with his fangs? 


‘A Religious Feelie would make you fee! the exaltation of a saint at his prayers, or give you the definite feeling that you 
are Christ suffering on the cross. All the pain could be there too. The stickiness of the blood. The very feeling itself 
"Why hast thou forsaken me?" Who among us could come up that despair for scanning? 


Had this been developed a bit earlier we might watch a documentary of, say, Mother Theresa, containing her own 
actual deep sense of compassion, which we would feel arising in us as our own. 


Then again, a Psychedelic Feelie could induce an LSD-lke state and simply blow the audience's minds. 


Even in its simplest most primitive mode, the hypnogogic trance induction with its increased suggestbilty, would 
completely alter the experience of even ordinary current movie going, 


Go Back to Scalar War 


Go Back to Psychoenergetics 
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. Scalar Wars 


The Brave New World of Scalar Electromagnetics 
by Bill Morgan 


(See also NEW 2007: Book Review of Bearden's "Oblivion - America at the Brink") 


For the past six months I have been undergoing the greatest paradigm shift | 
have ever had to go through. It has rattled my nerves and shaken my bones. 
This intense adjustment of my "world"has come about by studying the 
information given by Col. Tom Bearden at his website Cheniere. The new 
knowledge there has necessitated a total revision of my ideas about physical 
reality, the world we live in, and the future of humanity. 


This paradigm shifting even actually made me dizzy on certain days as I tried 
to absorb and digest Bearden's vast amount of information. I am not a scientist 
at all, just a layman, and I have little comprehension of the math and high 
physies of this new science called "Scalar Electromagnetics."But there is a 
‘great deal of information at Cheniere which needs to become common 
knowledge as fast as possible, for the sake of the survival of life on earth 


‘To that end I have put together this small primer of Bearden’s ideas, as a kind 
of "beginner's guide” to his website. (I have tried to underline certain words 
and phrases which are part of the new "jargon" of talking about these "new" 
phenomena. Also I have taken the liberty of bolding certain words and phrases 
to help them stick in the mind), 


‘Tom Bearden (2001) 
Lieutenant Colonel, U.S. Army (Rete) 


(Note: Throughout "EM" means "electromagnetic," and "LW" means "longitudinal wave") 
You can download this article in Word format 


This article has six sections: 
1, New Waves 2. Tapping the Waves 3, Weaponization 4. Healing 5. Psychoenergetics 6. As It Stands 


2006 NOTE: 


lick here for a current status history of the MEG from Tom Bearden 


1. New waves discovered 


Longitudinal EM energy fills vacuum of space, the time domain of spacetime, time as compressed 
energy, E=te2, waves of time, phase conjugate wave pairs. 


“Electric power is everywhere present in unlimited quantities 
and can drive the world's machinery without the need of coal, 
oil, gas, or any other of the common fuels.” Nikola Tesla 


‘At any point and at any time, one can freely and 
inexpensively extract enormous EM energy flows directly 
from the active vacuum itself." Tom Bearden 


I guess the first thing to try to comprehend is that a "new" kind 
of electromagnetic (EM) wave has been discovered in the 
empty vacuum of space which, when engineered, can be an 
inexhaustible supply of energy in great magnitude at any place 
in the universe. The word "new' is in quotes because the 
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discovery really goes back to Nikola Tesla and his discovery of 

what he called "radiant energy." It is also not "new" because the 
Russians (KGB) have been working on this technology for over 
30 years and have weaponized these "new" longitudinal scalar 
waves to a great degree. 


‘These are the weapons Nikita Khrushchev spoke of in January, 1960. 


"By 1957-8 the Soviets had progressed to the point of a 
accident in the Urals which exploded nearby atomic wastes, deva 
the area, They had also progressed to development of great new 
superweapons using their new energetics - weapons to which Khrushchev 
referred in 1960 when he informed the Soviet Presidium of a new, 
fantastic weapon in development, a weapon so powerful that it could 
wipe out all life on earth if unrestrainedly employed." tan testes 


After over 30 years of development, and extensive testing around the globe, these new 
scalar electromagnetic weapons are up and running and ready to go. Tom Bearden, at 
his website Cheniere, dicusses the history of these new scalar electromagnetic 
weapons in his paper "Historical Background of Scalar EM Weapons," 


Some Immediate Implications 


‘The implications of successful engineering of the longitudinal waves 
are enormous, and will change the world as we know it, one way or 
another. Among other things, these discoveries mean that: 


1. The solutions to the energy crisis and the "oil problem" are in 
hand. These oil wars are unnecessary. There is endless energy 
available freely from the domain of time. 


2. Unbelievably powerful weapons are not only possible, but are 
already operating in several nations. The many powers of these 


weapons are unprecedented and mind-boggling. 


3. The cure of diseases such as cancer and AIDS, in fact nearly any 
disease, has become possible within a few years of sufficient 
funding. Everyone can be made healthy and stay healthy. 


4. Mind control on a mass scale has now become possible, and the 
machines to do it are already in place in certain nations, It has 
become possible to mentally enslave whole populations with the 
twist of a few dials. 


So the layman will need to understand that there is a new kind of electromagnetic 
energy that is altogether different from what he knows, e.g. radio, TV, cell phones, 
ete. The ordinary EM waves that we have known about are called transverse EM 
waves, to distinguish them from the new longitudinal EM waves. These scalar waves 
do not actually exist in our "material" world, but exist only in the vacuum of empty 
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space, or the time domain, And we must keep in mind that this vacuum of space we 
speak of exists all through everything. Even our bodies are mostly empty space 

between atoms and molecules, So the gateway to this seething ocean of energy can be 
there at every point in the universe. This seething ocean of energy is all around us and 
all through us. 


Emptiness is Full 


This amazing discovery announces that the "emptiness" of empty 
space is in fact not empty, but a great ocean of seething energy! 


Col. Bearden refers to this ocean of energy as being of the "time 
domain." Energy out of time? It seems like something from Star Trek 
but this is the point which the new science of scalar electromagnetics 
has reached. And where it is going may be beyond anything Star Trek 
could have dreamed of. 


We live in a 3-dimensional world, which physics calls "3-space." But 
there is also spacetime, or 4-space, or the "4th dimension." Then 
suddenly comes this amazing new knowledge that time itself is actually 
compressed energy. And it is energy which is compressed by exactly 
the same factor by which matter is considered compressed energy: the 


speed-of-light-squared! 


So we have a new companion to the famous E=me2. It is now paired 
with E=te2 (where t is actually "delta-t," or change in time). Or (amaze 
your family and friends and) say: 


"E equals em-cee-squared" 
and 


"E equals delta-tee-cee-squared" 
Ithas a nice ring to it, like some freedom bell announcing a new era. 
And as the atomic bomb released the compressed energy in matter, s0 


can we now unleash the tremendous energy that is compressed into 
time itself. It gives a completely new meaning to the term "time bomb.” 


Some New Terminology of Scalar Electromagnetics 
Anew science, several new names 


"Those [Russian] weapon scientists resurrected an old term from the 
history of electrodynamics, called "energetics". That is their approach 
to a unified field theory, where everything is based on "energetics", 
This model as its foundations uses a very similar approach to that 
"single fundamental unit" model, where energy is the unit, If one 
makes the energy EM in nature, then one has the Russian energetics 
approach. This unified approach gathers everything in, including all 
energy actions and relations in inert matter (the first branch of 
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energetics, called by the same name), all field and matter interactions 
in living matter (the second branch of energetics, called 
“bioenergetics"), and all mind operations and mind-matter interactions 
(the third branch of energetics, called "psychoenergetics"). [ed: 
sometimes also called “psychotronics” by the Russians] 


"Note that the weaponeers sliced energetics into three branches, with 
each branch depending on the nature of the "targeting" 


"So I took a hint from them, since the stuff’ and the approach worked. 
‘They had already weaponized it highly." 


Bearden ; http://www.cheniere.ory/carrespondence/021502a.him 
See also "Subdivisions of Soviet Energet 


Rick Andersen in an article called "What is Scalar Electromagnetics? 
describes the new science this way: 


"Scalar EM is the brainchild of Lt. Col. (retired) Thomas E. Bearden, a 
systems analyst and wargames specialist who has been advocating a view of 
electromagnetics which is based on the notion of a vast, unseen background of 
scalar energies (as opposed to vector energies) which underlie all physical 
reality. 


“If Bearden is correct in his Scalar EM theory, then we can build devices 
which would enable us to alter gravity, time, inertia, and the apparent mass of 
an object. This of course has ENORMOUS implications for military 
applications, space-vehicle drives, time-travel, teleportation, paranormal 
phenomena, and just about every other area one can think of." 

fp cnet sam 


""Time-energy, time-currents, and time-structuring play the 
dominant role in electromagnetics. Time-as-energy eventually 
becomes engineerable, as easily as is spatial energy now. We 
are always dealing with spacetime and with spacetime 
curvature." 


Bearden:htps/wwn.chenlereorgiechpapersV sion 
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‘The scalar energy discovered in the vacuum of space is sometimes called 
“zero-point” energy. Thomas Valone explains how this term came about. 


What does "Zero Point" mean? 


"Boyer traces the historical “creation of the vacuum” as proceeding 
in stages in parallel with the historical development of ideas about 
the vacuum, To paraphrase, he says that in the 17th century, it was 
thought that a totally empty volume of space could be created by 
simply removing all matter and, in particular, all gases. That was our 
first concept of the vacuum, Just get rid of all the gas. 


Late in the 19th century, it became apparent that the region still 
contained thermal radiation, But it seemed that the radiation might be 
eliminated by cooling. So the second concept of getting a real 
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vacuum is to cool it down to zero temperature. Just go all the way to 
absolute zero. Then we've got a real vacuum, Right? Well, since 
then, both theory and experiment have shown that there is a non- 
thermal radiation in the vacuum and that it persists even if the 
temperature could be lowered to absolute zero, Therefore, it was 
simply called the “zero point” radiation.” 


‘Thomas Valone htip://www-seaspower.comVInsideZeroPoint him 


“For our very survival, it is absolutely imperative that informed 
citizens be aware of this dramatic change, which is just now 
starting. The powerful new science and engineering must be 
controlled and used for humanity's benefit, not its detriment. Else it 
will eventually be let loose unrestrainedly, to destroy all life on 
earth - a possibility indicated by Nikita Khrushchev in 1960. 


Bearden 
pn cheno lesion pti 


2. Tapping the waves 


Endless free energy, Tesla’ radiant energy, the dipole as the gateway to the energy of the void, 
MEG in one year, Bedini, Yakuza, etc. End of Oil, geopolitical chaos, rogue groups 


Move Over G.E. & Big Oil, Energy is Everywhere! 
Third-world nations set to rise 


"Certain powerful interests did not wish the extended 
electromagnetics to be discovered or taught. That, after all, would 
lead to free energy and loss of economic control of the citizens. 
‘That was precisely why Nikola Tesla had already been suppressed ... 
Today itis still being suppressed by the orthodox establishment." 


pu vi onubooks edeatese2S un 


‘The vast seething ocean of energy of the vacuum, the longitudinal scalar EM 
waves of the time domain, can now be tapped and "transduced" into ordinary 
(transverse) EM energy in our 3-Space world. The process can be compared to 
putting a paddlewheel into a river. The energy acquired is free, since the river is 
there flowing whether we tap it or not. And it is a mighty river, and is not 
diminished by our paddlewheel. 


This means that a permanent solution to the "energy crisis" is at hand, if 
only those who hold it so secret would give it up to humankind. 


It means our species’ insane use of oil is no longer necessary. We can make 
automobiles that need no fuel at all. We can build motors that power themselves. 
It means that unlimited electrical power can be available for free anywhere in the 
world. Every house and even shack can have its own power supply. 


Of course there is the cost of the equipment at first, but the energy flow is free 
for the presumably very long life (no moving parts) of the generator. It will 


htp:twww_prahiad.org/pubybeardeniscalar_wars him 5i63 


sy26r2018 


Scalar Wars The Brave New World of Sealar Electromagnetics 


probably take decades to shift over to scalar power. 


But the ability to tap the scalar (longitudinal) EM waves of the vacuum (which 
exists everywhere) also means that unbelievably powerful weapons can be, and 
already have been developed. In fact these weapons are so dangerous that the 
fear engendered becomes a psychological obstacle to the grasping of the facts, 


I struggled with this myself for months, and even though Tom Bearden had 
completely convinced me already, it is hard to accept the fact that for everyone 
on earth the "worst that might happen" has suddenly gotten much worse. It takes 
time to deal with that, to realize it and get over it 


Indeed, the possibilities of these new weapons, which are tapping the huge 
energies of time, are so terrifying it is natural for the mind to simply say: "I 
don't want to hear about that." 


And the government, likewise, pretends these weapons do not exist and tries to 
keep it secret from the people. Because most people would indeed be truly 
alarmed to know the actual situation. Col. Tom Bearden has decided that the 
people need to know the truth anyway. As a People on a Planet we must face this 
now, and ban the use of scalar weapons in war or in mass mind control. The 
current deployment of these weapons is a world emergeney which we must all 
face. 


‘The physics and mathematics of the longitudinal waves and the time domain are 
clearly beyond the layman, but I recommend scanning through them anyway just 
to get a sense of the wonder and the elegance of it all and some of the exotic 
terms which are used. Two of the most important papers by Col. Bearden are: 


Giant Negentropy from the Common Dipole 
The Final Secret of Free Energy. 


Despite the complexity of the science involved, Bearden sums up the essential 
secret of it all ina few words 


"There is no problem at all in extracting all the energy one wishes 
from the active vacuum, anywhere in the universe, at any time, Just 
make a dipol 


‘The problem is in (1) catching some of that freely gushing EM 
energy in a circuit containing a load, and (2) dissipating the caught 
and collected EM energy in that load to power it, without using half 
the caught energy to destroy the source dipole's), 


‘That is the ONLY real energy problem on the planet, and always has 
been." 


biip://www:cheniere.org/correspondence/022502,htm 


A dipole could be a battery, which is polarized into negative and positive. Or the 
terminals of a generator. Or any magnet with its two poles. Or an atom with its 
positive and negative charges, Or the earth's magnetic field, the sun, and all 
heavenly bodies. Even a galaxy must be some kind of mega-dipole. Wherever 
there is a dipole there is already immense scalar EM energy ushering out of and 
back into the vacuum, And there have already been demonstrated a number of 
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diverse methods for tapping that energy as it flows. (John Bedini, Edwin Gray, 
Bruce de Palma, and others). Bearden provides what he calls a "partial list" on 
his website 


“In other words, nature then gladly gives us as much EM energy 
flow as we need, indefinitely — just for paying a tiny little bit 
initially to "make the little dipole." After that, we never have to pay 
anything again, and nature will happily keep on pouring out that 3- 
flow of EM energy for us. This is the giant negentropy mechanism 
I uncovered, performed in the simplest way imaginable: just make 


an ordinary little dipole." tess 
Anns 


0 


Csi doe 


Important note 2006: Since the enthusiastic early report below, the hopeful timetable envision 
has gone quite off track. Bearden had said that the MEG could appear as early as 1-2 years 
after getting funding for the final research and scale-up. They have still NOT gotten the 
funding as of 2006. 


Click here for a current status history of the MEG from Tom Bearden 


‘The original text of article continues here. 


How to Buy a Free Energy Machine 


Answer: Just wait one more year! 2003. Then get off the Grid! 
[note 2008: The above line was unfortunately naive and overly optimistic! - author] 


Perhaps the most eagerly awaited event now is the marketing of Bearden's Motionless 
Electromagnetic Generator (MEG) scheduled to begin in about a year's time. This is 
when the proof will hit the fan, Many people have said to me, when talking about free 
energy, "I'll believe it when I can go to the store and buy one." Hopefully in a year's 
time they will be able to order their own MEG. And then they will believe, because it 
works and is working. 


Says Bearden: "I will admit that the chief scientist of an important experimental group 
in a large company was rather stunned at the type of output we were able to obtain, 
‘The MEG may look like just a transformer, but it is not. It is a completely different 
breed of cat.” 

ese p/n hereon constponnco 1202 hm 


Soon the cat will be fully out of the bag. The first MEG units will supply 2.5 kilowatts 
of free electricity. Forever. Units can be connected together to double or triple the 
wattage, Afler that gets going, 10 kilowatt generators are planned. Energy will flow 
freely from the time domain indefinitely, and there are no moving parts to wear out, 
This manufacturing project is a heroic effort and will change the world as we know it, 
For once people are in possession of such devices there can be no further denial from 
anyone, including the government and/or "secret-government." 
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The Motionless Electromagnetic Generator 
(Successfully replicated here by J. L. Naudin) 


‘The physics of how the MEG works is explained in the paper "The Motionless 
Electromagnetic Generator: Extracting Energy from a Permanent Magnet with Energy 
Replenishment from the Active Vacuum." 


The device was successfully replicated by J.L, Naudin in France, and others, like 
Steve Utne, are also working on their own models. But Magnetic Energy Limited's 
MEG is actually scheduled for production soon and looks to be the first commercially 
available free-energy generator in history! 


1 imagine it will not take long for tinkerers to put them into their electric cars and 
make the first fuelless automobiles since Tesla's unheralded (and unheeded) 
experiments. Or for builders to begin building houses powered by MEG's. Houses 
which will never see electric bills. How can they ever make enough of these to meet 
the demand that will suddenly be there? Bearden is right, it needs to be an all-out 
crash program of the government on the order of the Manhattan Project. 


I must include here that Bearden is quick to point out that he is not himself the 
inventor of the MEG, but is a partner and advisor in bringing it to the public market 
through Magnetic Energy Limited, Inc. I must also admit that | am praying for the 
success of this venture, and the ending of the absurd and criminal withholding of this 
technology from the people by the black-ops military-industrial people. This secrecy 
has cost the planet over 30 years of unnecessary pollution. 


The first units off the assembly line, which is being set up in a "friendly" unnamed 
nation, will usher the public at last into the new era of scalar electromagnetics, 


As of December, 2001, the situation with the MEG was described by Bearden in a 
letter. 


"What we presently have with the MEG is a successful laboratory 
experiment. At least a year’s very hard research will have to be done 
before we will be ready to put a commercial power supply into 
production, 


“onsequently, we have made an agreement with a foreign partner (the 
National Materials Science Lab of the National Academy of Sciences of a 
friendly foreign nation) to do that year's research. At the same time, we 
are trying to make an agreement with one or more large financial partners 
here in the U.S." tous ster olerspondns/121901 Nn 
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Bearden has given another technical explanation of how the MEG works here in a 


letter. 
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"So we are hopeful that we will be able to start introducing units on the 


market about a year from now. Quite simply, we will either succeed or we 


will fail. But we will give it our very best effort.” 
por cheniere ay conespondnes 0122024 


Update : Motionless Electromagnetic Generator patented, 3-26-2002 


"In Magnetic Energy Limited, all business discus 


Click here to read the patent 


care of by Dr. Lee Kenny, Managing Partner. There are five of us who are co- 


inventors of the MEG, and two of the others are really the principal inventors." Bearden 


in chenineorvinegtaus am, 


Lee Kenny can be reached by E-mail at: jlkenny@ingr.com 


Free Energy has been Suppressed 


jons and arrangements are taken 


Secret Government Aware of Free Energy 


"In this world of contemporary times, all the agencies, CIA, FBI, 
KGB, NSA, Electric Power Research Institute, DARPA, 
Brookings Institution, Henry Kissinger, Edward Teller, et al 
aware of [free-energy researcher Bruce] DePalma and hit 
ideas, 


all 


"Because these individuals and institutions are employed by the 
ruling elite to forecast the future and satisfy present needs and 
demands, it is clear that free energy is a threat to the world order 
constructed by business and the mindset of those who want to 
‘own the world, 


"Free energy represents Man's aspirations and dreams of freedom 
and equality, uniform division of resources and the ability to 
choose one's own future, 


"The fact that free energy is suppressed speaks to the greed 
and self-interest of a ruling elite which, even in the face of an 
emergency of global starvation, resource depletion and 
environmental pollution, will not give one inch if it means loss of 
control, This is an attitude of paranoid delusion and fantasy 
which can only arise from the alienation of a class of elitists who, 
through their money, are completely insulated from the reality of 
the day to day fight for existence of the common man." 


upscale pai com /Absuslty/Absut07/ProblemO Ese ney unl 


"Before the turn of the century, Nikola Testa had discovered and was 
utilizing a new type of electric wave. Tesla repeatedly stated his 
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waves were non-Hertzian, and his wireless transmissions did not fall 
off as the square of the distance. His discovery was apparently so 
fundamental (and his intent to provide free energy to all humankind 
‘was so clear) that it was responsible for the withdrawal of his 
financial backing, his deliberate isolation, and the gradual removal of 
his name from the history books." 


Bearden hutp:/iwww.cheniere.org/books/part|/starting"420pages bm 


Bearden describes one clear case of the suppression of free energy when the 
Yakuza killed the Kawai engine in his very presence in Huntsville, Alabama. 


“That night a jet arrived from Los Angeles, with a Yakuza on board. 
The next morning Kawai no longer controlled his company, his, 
invention, or his own fate. The Kawai party was in fear and 
trembling. The Yakuza coldly dissolved the agreement, they packed 
up the two Kawai engines we had, and left, And that was that.” 


So it is not only governments who are keeping this revolutionary technology from 
seeing the light of day. The Yakuza? KGB? The Aum Shinrikyo cult? Our 
"leaders" need to be honest about what is going on, otherwise they look foolish, 
acting out a kind of "Alice In Wonderland” script before the public, a script that 
has become completely unbelievable. 


Concerning the criminal withholding of this scalar technology by the military 
black-budget people, and the cover-up of the actual situation regarding scalar 
weapons throughout the world, Tom has this to say 


"The high government officials of the United States of America 
grossly violated our constitution and their sworn oaths of office. Our 
constitution specifically charges the government of the United States 
to defend the people of the United States. That means our officials 
are specifically charged with defending our people. Yet they 
deliberately agreed not to do so, and they deliberately sacrificed us in 
advance. 


"They committed treason of the highest kind, by deliberately 
surrendering us to total destruction anytime the big balloon goes 
up.” 


Bearden tpn beni onboka/ferdtanc/S him 


Energy Crisis Solved 


One of the "must read” documents at Cheniere is The Unnecessary Energy Crisis: 
How to Solve It Quickly, especially since the "oil wars,” which Bearden has 
foreseen for decades, have now already begun. 


Here are some clips from that Document 
"To avoid the impending collapse of the world economy and/or the 


destruction of civilization and the biosphere, we must quickly replace 
much of the "electrical energy from oil" heart of the crisis at great 
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speed, and simultaneously replace a significant part of the 
“transportation using oil products" factor also. 


"The technical basis for that solution and part of the prototype 
technology required, are now at hand, We discuss that solution in this, 
paper." Bearden 


‘And although the solution to the energy problem and the oil wars may be at hand, 
Bearden suggests there is still an urgent rush that needs to be made to save human 
civilization from collapse. 


"Once the technology hardware solutions are ready for mass 
production, even with a massive worldwide deployment effort some 
five years are required to deploy the new systems sufficiently to 
contain the problem of world economic collapse. This means that, by 
the end of 2003, those hardware technology solutions must have been 
completed, and the production replacement power systems must be 
ready to roll off the assembly lines en masse. 


"The 2003 date appears to be the critical "point of no return" for the 
survival of civilization as we have known it, 


“Reaching that point, say, in 2005 will not solve the crisis in time, 
and the collapse of the world economy as well as the destruction of 
civilization and the biosphere will still almost certainly occur, even 
with the solutions in hand.” 


"The good news is that we now know how to easily initiate 
continuous and powerful "electromagnetic winds" from the vacuum 
at will. Once initiated, each free EM energy wind flows continuously 
so long as the simple initiator is not deliberately destroyed." 


(On page 9 he explains the concept of the dipole, and how there is already huge 
scalar energy flowing in the time domain around any dipole. Hold a magnet or a 
battery in your hand and you hold a stress in time and a beautiful flowing loop of 
longitudinal waves! 


Bearden decries the scientific community in the West for being unable to let go of 
their dogma long enough to see that the greatest discovery in human history lies 
at their feet, but for their stubborn ignorance. 


"The present energy crisis then is due totally to that “conspiracy of 
ignorance" we referred to, that is maintained by the scientific 
community, and that has been maintained by it for more than 100 
years. 


“This is the real situation that the environmentalists must become 
aware of, if they are to see the correct path into which their energies 
and efforts should be directed — to solve both the energy crisis and 
the problem of gigantic pollution of the biosphere." 


As far as anyone in the legislative branch of government ever understanding 
the profundity of the discovery and engineering of scalar waves, Tom Bearden 
says they are at a great disadvantage in doing so. 
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“The nontechnical person — e.g., a Senator or a Congressperson — 
is operating under a distinct disadvantage. If he or she takes the 
stance that much better electrical power systems can readily be 
achieved, he or she is in fact opposing almost the entire set of 
University, Government Technical, Power Company, Battery 
Company, and Organized Science communities. Further, in most 
cases his technical advisors are themselves from one or the other of 
those communities, and likely to go back into that community or 
those communities when the Senator or Congressperson leaves 
office, or even before. So the Congress and the non-technical 
government community at large operate at a great 

disadvantage. 


National Emergency Declaration is Needed 


"The Government Non-Technical community (the Senate and the 
Congress, in particular) are in far better shape than the Government 
Technical community, to appreciate the world implications of the 
pending economic disaster. | am hopeful that both the 
environmentalists and the Government Non-Technical community 
will rapidly unite in a common goal to get this vacuum energy 
program launched, under a National Emergency declaration, If so, 
then they can solve the energy crisis and the pending economic crisi 
in fairly short order, and permanently." 


wanssosaty eneny criss ndcongres disadvan 


In the conclusion of his paper The Unnecessary Energy Crisis: How to Solve It Quickly 
Bearden again states the urgency of replacing our centralized power grids with highly 
dispersed and local taps on the freely flowing energy of the active vacuum, Given the 
abilities of the Tesla howitzers, the power grids of all nations are sitting ducks. 


Personally, the present author regards the increasing energy crisis as the greatest 
strategic threat to the United States in its entire history. | will do anything within my 
power to help prevent what I perceive to be the looming economic collapse of the 
Western world, preceded or accompanied by a sudden, explosive, all-out and continuing 
exchange of the WMD arsenals of most of the world 


An the name of all humanity, let us begin! Else by the time this first decade of the 


new millennium ends, much of humanity may not remain to see the second 
decade." 


3. Weaponization 

Scalar interferometry, Tesla howitzer, Tesla dome, heat/cold, dudding, 10 nations have them, dead-man fusing 
& Insane Systems, scalar strategy, earthquakes and weather wars, solar storms, mind attacks, leased 10 
Yakuza, many examples of testing, quantum potential weapons. 
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“Indeed, Soviet energetics weapons are now capable of 
destroying both our triad shield, our homeland, our armed 
forces in the field, and our population, quickly and efficiently. 
We have a new "gap" of monumental proportions: not a missile 
gap, not a submarine or bomber gap, and not even a particle 
beam or laser gap. We have a scalar electromagnetics or 
electrogravitation gap.” Bearden 

bnups/ww.cheniere.org/hooks ferdlance/into him 


"We have a new weapon, just within the portfolio of our 
scientists, so to speak, which is so powerful that, if 
unrestrainedly used, it could wipe out all life on earth. It is a 


fantastic weapon.” Khnishchey to the Presidium, Jan, 1960 


"We've totally missed the most incredible "secret superweapons" 
development program of all times, and the worldwide testing of the weapons 
themselves 


“Hiroshima and Nagasaki should serve as object lessons in the price of 
ignorance of such technological breakthroughs. 


“History does repeat itself, But thi 
great new superweapon first.” 


time it's not we Americans who got the 


Bearden hitp://www.cheniere.org/books/ferdelance/s75,him 


Warfare has been changed forever by the development of these scalar energy 
longitudinal wave howitzers. To get a basic understanding of scalar waves is to have the 
imagination suddenly run wild as all the implications and possibilities regarding warfare 
fall into place. One realizes with a certain horror that the world has totally changed, and 
that there are some very fearsome possibilities. Remember, the power for these weapons 
comes from the time domain, longitudinal EM waves in the vacuum of empty space, and 
the power is tremendous and mind-boggling. Being able to blast away at any target from 
a distant control booth is something that has never happened before. This is incredible 
power to be in control of and it divides the history of weaponry into "before" and “after.” 
And the destructive power of these weapons is delivered instantaneously to the target 
from the local vacuum at the place of the target. 


From an interview: 


(Questioner: "Are you saying that real energy can be transmitted faster than the 
speed of light?" 


Bearden: "Yes. But hyperspatially. Not through 3-space, but “around” it. Again, 
this means that i's possible to produce energetic changes in a distant system at a 
distant place, without transmitting energy "through space” in the normal sense. You 
transmit “around” space, so to speak, and directly in time or through a higher 
dimension, depending on the model you're using to understand this. Further, the 
speed of the internal EM energy transmission is not limited to the speed of light.” 


atpw co natal interview don 


Here are some initial considerations about 
scalar weapons and scalar wars 


1. Tesla Howitzer 2. Tesla Domes 3. Rogue groups 4, WWIII 5. Russian "UFOs?" 
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1. The Tesla Howitzer 
and its modes of action 


Source: Tom Bearden's weapons slides and Fer-de-Lance Briefing 


For one thing there is no delivery of any thing to any place. Bombs are 
obsolete. So are the planes to get them there. No helicopters necessary. All 
current nuclear devices are rendered nearly useless by electronic "dudding.” All 
distant-destruction can be done from a control room, and to any point on 

earth. The destructive power of "men" has just increased by orders of magnitude. 
The new weapons could even cause storms on the sun! Thus there is great 
urgency to make these new facts public and known, with the hope that all 
nations would come together to ban the use of scalar weapons. 


‘Two scalar antennae together along with the computers to control them, make up 
a scalar interferometer, and according to Col. Bearden the Russians have 
hundreds of such installations already. These interferometers are called "Tesla 
Howitzers.” They can deliver a giant blast of energy to the distant target site, true 


The first howitzer mode is called the “exothermic” mode of operation because 
immense EM energy blasts outward at the target site. The blast of a scalar 
howitzer can be of near nuclear level in destructiveness, and can be repeated 
easily, at that place, or nearby, or anywhere. 


‘The howitzer can use a lesser exothermic power setting and simply destroy all 
electronics in the target area, Thus they can render our nuclear missiles 
inoperable as they sit in their silos by "frying" the electronic circuits that guide 
them. They can bring down any airplane, anywhere in the world, at any time 
Any person anywhere, if their exact position is known, can be assassinated 
without a shot being fired. 


‘The howitzers can also bring down power grids anywhere in the world, at any 
time. Thus they could bring Wall Street to an instant halt by disabling all its 
electronics. Even this one little easy tweak of the howitzer could cripple the U.S. 
economy in a single day. No wonder the "leaders" don't want you to know! This 
is a new era we are in, The discovery and development of scalar interferometry 
has put us in a new world, whether we like it or not. Anyone could be expected 
to go into denial, the befuddled senators and congressmen included. But we have 
to wake up. 


In a second howitzer mode called the "endothermic" mode, the howitzer sucks 
energy out of the target area, essentially creating a blast of cold at the distant 
target. It is even capable of freezing parts of the ocean, Bearden gives a number 
of cases where these "cold explosions" have been witnessed, mostly by airline 
ts. April 9, 1984: 1 2 3) A huge mushroom cloud of mostly water is seen 
rising miles into the sky from out of the ocean, an awesome sight. 


In the endothermic mode the sucked-out energy must go somewhere, so it is 
vented out at some other chosen spot on the earth. These endothermic plumes 
haye been photographed by satellite. 
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"The exhaust in the left picture is about 150 miles long, and is nearly horizontal (about 
1.5 degrees above the horizontal). It is entirely consistent with the continuous exhaust 
from a "dumping transfer" scalar EM howitzer in the continuous exothermic mode. (The 
primary howitzer, of course, was activated in the endothermic mode.)" Bearden More 
Plumes 


By using both of these heat (exothermic) and cold (endothermic) modes together 
the weather can be altered anywhere, Warm the air over here, cool it down over 
there, put a curl in the jet stream, dissipate clouds, create clouds, whip up a 
tomado. Bearden speaks about using the endothermic howitzer mode as a 
weapon of war: 


"Cold explosions can be used to freeze tanks, personnel, and 
equipment. The equipment and tanks thaw out, The personnel thaw 
out too, but they are dead when they do." Bearden, F 


(This endothermic mode of the howitzers makes me think that there might one 
day be a cure for the problem of global warming after all. Could not a big device, 
situated in space or on the moon, be able to vent a great deal of excess heat 
outside the atmosphere into space, thus functioning as a kind of planetary 
thermos 


While the United States has experimented with electomagnetic weapons using 
ordinary transverse EM waves, the longitudinal [LW] weaponized waves are 
truly of another order altogether. 


For one thing they do not have to travel through space, for they come from the 
time domain, which is everywhere. The energy of the blast, the heat or light or 
whatever, comes from the vacuum of space at the location of the target itself, 
This is astonishing. The weapons actually just trigger the release of immense 
energy from the vacuum at the target location, 

"... itis possible to focus the potential for the effects of a weapon 
through spacetime itself, in a manner so that mass and energy do 
not "travel through space" from the transmitter to the target at all 
Instead, ripples and patterns in the fabric of spacetime itself are 
manipulated to meet and interfere in and at the local spacetime of 
some distant target. There interference of these ripple patterns 
creates the desired energetic effect (hence the term energetics) 
directly in and through the target itself, emerging from the very 
spacetime (vacuum) in which the target is imbedded at its di 
location." Bearden Ferle-Lance 


htp:taww_prahiad.org/pubybeardeniscalar_wars him 


18163 


syaso18 Scalar Wars The Brave New World of Scalar Electromagnetics 
‘The big Tesla howitzers are aimed at their targets by using a worldwide 
electromagnetic pattern called the "Woodpecker Grid," begun by the Russians in 
1976. 


You can hear the Woodpecker signal here: 
Ihupy/www cheniere ory/mise/woodpeckersound hum 


‘The woodpecker grid is just that, a grid of EM waves which provide a channel for 
the LW waves to any point on earth. Computers use the woodpecker grid 
information to hone down the aiming of the howitzers to a pinpoint location on 
earth. (For that matter, it could be under the earth, in space, or under the sea) 


A third howitzer mode is what Col. Bearden calls "Mindsnapper" mode, This 
isa truly frightening mode which affects the electromagnetic mind-body 
connection. Being mind-snapped at a low level would cause you to lose 
consciousness. Being mind-snapped at a slightly higher power would "entrain" all 
minds in the target area into a kind of hypnogogic trance, a state in which they 
would all be highly susceptible to suggestions and orders. 


Being mind-snapped at high level would so disrupt the mind-body connection 
that everyone in the target area would fall down, instantly dead. Not only that, 
everything around you and inside you would be killed, so that your sterilized 
body would not rot for quite a long time 


‘The Mindsnapper can be used for a small area, or to kill an entire population 
In fact, using the scalar waves to affect the human mind has become a new field 
in its own right, and has been dubbed "psychoenergetics." (This is discussed 
below in section 5), 


Bearden describes the use of the howitzer in mind-snapping mode against 
people, to cause unconsciousness or death: 


"From a military viewpoint, these scalar EM weapons are really 
quite all-around weapons. 


"For example, they are very lethal against personnel. 


"Set in the "high intensity pulse mode," one blast and a person's, 
nervous system is destroyed instantly. Total, instantaneous death 
results, One can blast away at entire groups of infantrymen, for 
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example. It’s the peak power that's important, not the average power. 
So the weapon doesn't require too much battery power. 


"Set on a lower intensity pulse mode, one zap can simply knock out a 
person, rendering him instantly unconscious. Quite useful if one 
needs prisoners to interrogate, Also very silent, which is useful in 


operations employing stealth and surprise." essen 
Mv heir poo dolce Nm 


"Those hit by the scalar EM weapon, however, have a most peculiar 
death mode, 


"Death comes-instantly and totally. There is no convulsion, no 
response, The entire nervous system is destroyed instantly, Every 
living cell in the body is killed instantly, including all bacteria, 
germs, etc. 


"A body hit with this thing falls like a limp rag and lies where it falls. 
It doesn't decay in even 30-45 days. In a macabre fashion, it's been 
reduced to something like food irradiated with nuclear radiation; 
everything is killed, so the material is preserved for an extended 
period before any decay can set in.” 


Bearden http:/ivww.cheniere.org/books/ferdelance/s8 him 


He goes on to say that the same "bazooka-sized scalar EM pulse weapon" can 
also be used to knock out a tank with one shot (or pulse). So tank warfare is 


obsolete. Helicopters? Bearden points out: ".., if he's attacked by a helicopter or a 
fixed-wing aircraft, he can bring the same weapon to bear on it. He can knock 
down a chopper or a jet. With one shot." 


Obituary for Tank Warfare 
‘Tanks useless against portable LW weapons 


“For example, suppose one attacks a tank. [with an LW weapon] 

With scalar EM pulse, the personnel die instantly. Total personnel kill is 
achieved. 

All electronic systems of the tank are dudded. Total systems kill is achieved, 
The ammunition in the tank explodes. Total kill is achieved. 


The fuel explodes. This is another total kill mechanism. 

That tank has been killed totally, by a variety of mechanisms, all 
simultaneously. 

That's a k-kill in any analyst's book. 

And don't worry about retrieval and repair. That tank is finished 
permanently. 

Even the most modem tank is just as vulnerable as the most obsolete." 


Bearden bn ww cheney roks enlace im 


One begins to get the idea how profoundly the conventional means of warfare 
haye been obsoleted. All the usual weapons of war have been rendered nearly 
useless! And Star Trek's "Phaser," with its "stun" and "kill" modes is here at 
last 
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Although it is the weapons aspect of scalar electromagnetic which has received 
the most developmental effort, Bearden points out that a great many other 
amazing things that may be accomplished in this new field of science. Beam me 
up Scotty! 


"Superluminal communications systems, hyperspace drive, and 
materialization and dematerialization are all hypothetically 
possible, using scalar electromagnetics. As the technology develops, 
wwe should see the development of many of the systems long thought 
impossible except in science- fiction.” 


Bearden http:/ivww.cheniere.org/books/ferdelance/s15,him 


Bearden describes a huge test of the Russian scalar weapons systems which 
occurred in 1985, a test that went completely unnoticed by western scientists: 


"Just before May 1, 1985 the Soviet Union performed a "full-up" operational test of 
their entire strategic scalar EM weapons complex. This test was detected and. 
monitored periodically by Frank Golden. Some 27 of these giant Soviet "power taps 
‘were locked into the molten core of the earth, producing forced (entrained) scalar 
resonance of the entire planet on $4 controlled frequencies under our very feet. The 
remainder of the scalar frequency spectrum was ablaze with literally hundreds of 
Soviet scalar transmitters: probably the entire strategic scalar command and control 
system to underwater submarines, higher command centers, distant commands, ete 
‘was activated in the giant exercise, 


"For several days, the system was exercised on a mind-boggling scale, apparently as 
ppart of the Soviet Union's highly accentuated 40th anniversary celebration of the end 
‘of World War IL 


"Ironically, not a single U.S. intelligence agency, laboratory, or scientist detected this 
monstrous exercise for the new Soviet leader, Gorbachev. Not a one of them had a 
detector for scalar EM radiation, and not a one of them officially believes the 
‘exercise ever happened." 


Bearden http:/iwww.cheniere.org/books/ferdelance/s38,him 


"The Woodpecker grid/howitzer weapon system can be placed over the ocean and 
used against cruise missiles, naval surface-to-air and surface-to-surface missiles, 
submarine-launched ballistic and cruise missiles, etc. Placed over a carrier task force, 
it can also take care of the aircraft launched by the carrier as fast as they are 
launched. It can also handily take care of the missiles launched by guided-missile 
cruisers of the accompanying task force." 


(Bearden htip:/;vww.cheniere.org/books’ferdelance/s65,him ) 


‘The whole series of the Fer-de-Lance briefing slides and comments is a "must 
read" for anyone wanting to be aware of the actual state of things in this world 
right now. It is a new world and it takes some getting used to, Fer-de-Lance 
speaks clearly, for the layman, of the way things stand, 


What is it like to operate these Tesla Howitzers? Col. Bearden gives us an idea in 
his "Fer-de-Lance" briefing, Slides 66-71. 


Who needs armies anymore? A entire war can be fought and won by a handful of 
men sitting in a comfortable control booth! The scalar electromagnetics 
revolution has made all previous forms of warfare nearly obsolete. 
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Why hayen't the Russians used the scalar weapons yet? 
Bearden gives his thoughts on this in "Fer-de-Lance." The power of these 


‘weapons is so great that an accident or war could wipe out all life on earth, and 
even affect the sun 


"As can be appreciated, this entire concept [MAD] is now totally 
obsoleted by the Soviet possession of scalar EM weapons, 


"The "mutual assured destruction" capability — or MAD concept as it 
‘was so aptly named! -- is no longer mutual. And for two reasons 
(1) the Soviet surprise attack could destroy essentially all our Triad 
forces wherever they are, in the first attack. (2) Even if a very small 
number of our strategic forces survive, the puny strike we could 
attempt to launch could be repeatedly decimated from launch to 
terminal phase. 


‘The restraint on the Soviets is not because of our Triad forces. The 
restraint is twofold: 


(1) a second nation has scalar EM weapons, and would 
undoubtedly unleash them upon the Soviet Union with 
great violence if such a massive world-wide destruction 
of U.S. forces occurred or was threatened (is it really 
“accidental” that six major Soviet missile ammunition 
storage sites mysteriously exploded within seven 
months?); 


(2) the closed-loop scalar radiation exchange system 
of Earth-Sun could be inadvertently "tweaked" in the 
feedback loop from Earth to Sun, so that a large solar 
scalar resonance was stimulated. In that case the Sun 
could emit a mighty resonant "burp" that would simply 
wipe out all life on Earth in a fiery shower. 


"The "terror" in the "balance of terror" between nations has just. 
increased by many, many orders of magnitude. 


"The biblical prophecy that the Earth will be wiped out by "fire and 
brimstone from heaven' is very near fulfillment now. 


‘Put another way, the pucker factor — even on the Russians who may 
contemplate unleashing Armageddon -- is higher than any Western 
strategic analyst has ever imagined, even in his wildest nightmares 


"Truly these weapons are "more frightening than the mind of man has 
imagined," as Brezhnev put it in 1975. 


"The frightening scalar EM weapons can be used, but only very, very 
gingerly indeed. If a slight mistake is made, everybody loses 
everything, 


Bearden http:/ivww.cheniere,orw/books/ferdelance/s74,him 
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U.S. Defense Secretary William Cohen 
Warns about eco-terrorism using scalar electromagnetic 
weapons 


"Others [terrorists] are engaging even in an eco-type 
of terrorism whereby they can alter the climate, set 
off earthquakes, volcanoes remotely through the 
use of electromagnetic waves... So there are plenty 
of ingenious minds out there that are at work 
finding ways in which they can wreak terror upon 
other nations...It's real, and that's the reason why 
wwe have to intensifour [counter terrorism] efforts 
Defense Secretary William Cohen, 1997 


Ina letter to a writer named "Russell" Bearden says, 


“In short, Russell, the Secretary of Defense of the United States 
confirmed that there are indeed novel kinds of EM weapons, 
right now and have been for some time, which have been and 
are being used to (1) initiate earthquakes, (2) engineer the 
weather and climate, and (3) initiate the eruption of voleanoes, 
We wrote about those exact uses of the weaponry decades ago. 
Several nations now have such weapons. Three of them (two on 
one side and the other on a hostile side) are even firing practice 
shots into Western Australia, as a convenient test range." 


undo entchnsey com/yfoO2DPgandor 


See Also: 
Examples of scalar weapons testing around the globe 


See Also: Powers of the Longitudinal Interferometers 


Tesla Howitzers in Weather mode 


ins (KGB) are not the worst of it. Bearden claims that some of the 
scalar weapons have been leased to the Yakuza for about a billion a year, and that 
only the KGB is holding the Yakuza in check from making a full-scale all out 
scalar attack on the west. 


How to Make Weather 


"Engineering the weather is duck soup; they tested that over the U.S. 
in 1967, and entered upon continuing operations over North America 
on July 4, 1976 as a grim kind of KGB "Bicentennial Gift” to the 
United States. Here's how it is done with several interferometers. 


“First, the interferometers can deliberately make "high pressure areas" 
(cool the air so it shrinks and its "footprint" pressure on the ground 
increases because its density increases) and "low pressure areas" (heat 
the air so that expands and its "footprint" pressure on the ground 
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decreases because its density decreases). Well, if one makes the highs 
and lows where one wishes them, and judiciously and somewhat 
slowly moves them along a given path, these highs and lows will 
entrain the jet streams and thus "steer" the weather. 


"So if you wish a very cold snap or attack, go up into Canada and start 
these actions to steer down some streams that bring some very frigid 
air, Establish other highs and lows judiciously to "block" or "slow" 
other jet streams and flows as desired. In this way, one can pull the 
Marge cold air n ‘coming down from Canada" deep into the 
southern U.S. at will. They do it regularly. If you wish an ice storm, 
add an additional current of warm moist air you bring up (steer up by 
using artificial highs and lows) from the ocean. Where they meet, you 
will get freezing rain, then sleet, then severe icing accumulating. This 
type of attack does rather large damage to the struck area." 


nineties uf 200ganr me 


Whole websites have now sprung up showing weather radar 
anomalies which may well be indications of scalar weather 
engineering. One list of over 500 images is here, Cheniere has its own 
collection here. 


Here is an animated anomaly with cloud formation. 


In another section at Cheniere are many photos of cloud anomalies 
which reveal the underlying grid along which the clouds are forming 
or un-forming, Bearden relates a startling incident in these ongoing 
“weather wars." 


"During the spring of 1986, abnormally strong Soviet 
weather engineering occurred over the U. S., causing a 
drastic drought in the southeastern U.S, This drought 
was broken by a colleague who used an extremely 
powerful scalar EM device to redirect jetstreams. A 
most unusual and unique signature of the "blocking" 
against the Soviet scalar EM actions resulted: Two huge 
circulations developed in the atmosphere, clearly showed 
as two adjacent giant "holes" in the swirling cloud cover 
over the middle and eastern U.S. 


“Between these two giant holes, the cloud circulations 
formed a stream of clouds, moving to the south, looking 
very: much like a giant vertical "bar" of a huge "Y- 
shaped" cloud flow.* Several national weathermen 
commented on this unusual pattern, which had not been 
observed before. The pattern continued, day after day, as 
the blocking continued.” 


* On the weather maps 


Tesla Howitzers in Earthquake mode 
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How to Make an Earthquake 


“Here's how you initiate a very large earthquake with such weapons 
Take a convenient fault zone of set of them. Focus the interferometry 
on the fault zone, in the "diverging" mode, and deposit EM energy 
there in the rocks on both sides, increasing (slowly) the stress in the 
rocks by the reverse piezoelectric effect (deposit excess energy, get 
crystal mechanical movements) 


"Do it slowly, and the stress will build up to large pressures well- 
above a plate slip minimum energy required. At some point, the 
rocks yield and one or both sides "slip" and move rather sharply, 
giving a very large earthquake in that zone. 


"Do the same thing down in the earth (remember, LWs easily 
penetrate right through the earth and ocean at will, and so the 
“interference zone" focus can be inside the earth or beneath the 
ocean, at will. 


“Anyway, focus this thing down to where the active part of the 
volcano is still slumbering, down where the hole in the plate has been 
made. Keep increasing the deposition of energy in the magma itself, 
and eventually the increasing pressure from deep within that volcano, 
underground, will cause an eruption, Build the energy slow, and the 
eruption will likely be much larger." 


unui ctchanses somuf/02OOgan drum 


Yugoslav Earthquake, Followed by Cold Explosion 
Strange Characteristics of Iran Quake, Sep. 1978 


Tesla Howitzers in Tesla's "Big Eye" mode 


How to make a Big Eye in the Sky 


By using longitudinal wave interferometry in a weakly endothermic 
mode a new kind of "radar" is now possible, one which can look 
right through the earth and oceans. Because the endothermic mode 
extracts energy from the distant target, a pattern of the target area 
can be scanned for in the returned energy. 


"Thus the receiver produces a representation of the energy 
extracted from various locations within the distant endothermic 
zone. By displaying the received signals on an appropriately 
scanned screen, a representation of the distant scene in the 
intersection zone can be created. Indeed this is a special kind of 
"microwave interferometry," and — with modern techniques ~ the 
imagery obtained might be surprisingly good. With development, it 
might even become as good as the image presently obtained by 
side-looking acquisition radars. 


"Interestingly enough, since scalar EM beams will easily penetrate 
the earth or the ocean, one can also look beneath the earth or 
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beneath the ocean with this type of scanning scalar interferometer. 


"The importance of this capability to strategic and tactical 
reconnaissance is obvious. Camouflage, cover, and concealment 
have no effect on such a system. One can easily look inside 
buildings and into underground facilities. With a small system such 
as this, the U.S. Marines at Khe Sahn would have had little 
difficulty locating the tunnels continually dug under the perimeter 
by the Viet Cong. And targets under jungle canopies are directly 
visible.” 


Bearden nipiwww chose, 
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Tesla Howitzers can destroy all life on earth 


How to Make a Storm on the Sun! 
(Just make a big mistake with your Tesla howitzers) 


The deepest dangers of the use of scalar weapons are frighteningly 
pointed out by Bearden here where he considers that the sun, earth 
and moon (actually the whole solar system) is a delicately balanced 
arrangement of scalar (longitudinal) EM radiation, There is a scalar 
connection between the earth and the sun, which are both giant 
dipoles gushing energy in the time domain. Big scalar events on the 
earth could alter this balance causing true catastrophe. 


"Indeed, a solar response could be stimulated so that the Sun 
would violently belch and destroy our biosphere, among other 
effects." 


Unrestrained scalar warfare could cause huge solar storms? To realize 
that human activity could actually affect the sun itself is truly mind 
boggling. 


Bearden goes on to say: 


"Accordingly, use of huge scalar EM weapons is a 
double-edged sword. Unless carefully employed, use of 
the weapons could cause a terrible backlash to the user as 
well as the victim, and even accidentally cause the 
destruction of the earth itself. It is not accidental that in 
1960 Khrushchev stated that his new fantastic weapon 
could -- if unrestrainedly used -- destroy all life on earth 


"This appalling backlash potential is apparently what 
prompted Brezhnev in 1975 to make so strong an effort 

to get agreement to outlaw the development of "new 
weapons of mass destruction" more frightful than the 
mind of man had even dreamed of. Gromyko even 
introduced such a draft agreement into the proceedings of 
the United Nations. The first article of the draft 
agreement indicated that the nature of the weapons 
referred to would be negotiated, Sadly, the entire Western 
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world did not even know what the Russians were talking 


about." 


hutp://www.cheniere.ong/books/ferdelance/s24.him 


2. Tesla domes provide 
near-perfect defense shield. 


INTERFEROMETRY 
like, ‘WemispHeRicat SHELL) 


(Slide from Cheniere.org) 


The Tesla howitzers can be used in a nearly impregnable defensive mode whereby 
they throw up a dome (Testa Dome) or a sphere (Tesla Globe) of highly powerful 
electromagnetic energy, enough to "dud" or destroy missiles which try to penetrate 
them, Once again, this energy is not going through space from the howitzer, but being 
made to emerge from the local vacuum at the location of the shell, KGB tests of 
these domes have been witnessed by airline pilots around the world. Bearden gives 
many examples of the Tesla domes being sighted around the world in his briefing 
paper "Fer-de-Lance." (Russian dome test, another globe incident, yet another globe 
est), These giant electromagnetic domes can be hundreds of miles across, or narrowed 
down more to total impermeability 


"Such a shell may be several hundred miles in diameter at the base. The 
enormous energy required to form such a defense shell is obtained by a 
"scalar power tap" into the molten core of the earth itself, as previously 
explained. In late April/early May of 1985, 27 such "power taps" were 
placed in the earth by the Soviets. If each tap is capable of powering four 
to six large scalar EM weapons, then the Soviet strategic sealar EM 
arsenal contains over 100 monstrous superweapons capable of 
generating exothermic explosions, endothermic explosions, engineering 
the weather, locating and destroying underwater submarines, detecting 
and destroying ballistic missiles shortly after launch, detecting and 
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destroying long range strategic bombers as soon as they are airborne, etc.” 
ah cherie gon rls 


By using nested domes one can protect the domed area even against nuclear 
radiation itself, Tesla globes can be used to hit airborne targets by simply placing a 
globe of any chosen size in the flight path of the incoming missile. It does double duty 
because the missile hits it going in, and then the rubble hits it again going out the other 
side. 


While the U.S. persists in its useless boondoggle "missile defense system" by shooting 
a missile with a missile (missiles which would already have been "dudded" by the 
Tesla howitzers), between the domes and the globes the Russians (KGB) have in hand 
(operational) a nearly perfect missile defense system. Someone should ask the 
Secretary of Defense if the U.S. Tesla domes are in place. And over which cities? How 
powerful are our American Tesla domes? 


Bearden cites a number of examples of these domes being tested around the world: 
March 20, 1969 | March 24, 1977 | August 17, 1980 | June 17, 1966 | June 18, 
1982 June 22. 1976 


briefing it is shown how the "woodpecker grid" itself 
S as a sensor, detecting any missile launch anywhere, and how the howitzers 
can respond instantly by delivering a blast to exactly the right coordinates, right along 
the channels of that same grid which is feeding the location information about the 

sile launch. This certainly beats "trying to hit a bullet with a bullet.” Especially 
ince YOUR bullet would probably be instantly inoperable in a real scalar war 
situation 


3. Rogue Groups in the government 


Bearden fears that these scalar electromagnetic secrets may have fallen into the hands 
of what he called secret "rogue groups" within the labyrinthine depths of the black- 
ops special-access domain of the secret government. "In the extreme, such a deep 
black program can even become a "captured" program," he says, "which is totally in 
the hands of rogues and no longer reports to or is bound by the dictates of the 
parent government." 


They have their own agendas. And being rogue groups, they may well 
bring in unethical, immoral tricks: assassination, bribery, entrapment, 
disinformation, plausible deniability, etc. A certain percentage of a highly 
secret rogue group will wind up using all these things and more. It’s a 
human characteristic, the old primate dominance game. Only now 
disguised and hidden under deep classification. ... 


In highly classified groups, these groups are greatly enabled to joust 
more widely, unethically, and immorally because it is so deeply hidden 
So very deep classification evokes the growth and intensity of rogue 
groups. It's the old 'Power corrupts, and absolute power corrupts 
absolutely’ routine. ... Due to loose formation of rogue groups inside such 
programs, they may have dual or triple purposes, may not operate under 
very much legitimate government control at all, and may operate 
specifically for the purposes of the rogue group or groups that have 
gained control," 
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"The involvement of at least some rogue groups, some being "cowboys" 
who operate well outside all laws and ethics, could also result in such 
things as assassinations, clandestine testing on individuals without their 
consent, etc, In short, it could account for what seems to be actually 
occurring." 


uu henit oro/expt 


Ounces mind 


ol ha 


4. World War Ill has already begun 


Because it is now possible to cripple the power grids and electronics of any nation, 


that nation could be reduced to economic ruin without ever firing an actual "shot." 


Without electricity Wall Street cannot operate. Without electricity you quickly need 
martial law. One no longer needs to wage a conventional war anymore at all. There are 


now lots of new ways to bring any nation to its knees. 


"We are at war, whether we like it or not, And we are going to have 
strategic strikes on an unparalleled scale for us. Pearl Harbor was nothing 
compared to what is coming down, once we consider the "augmentation" 
and such. 


"When that factor is considered, then it’s a totally new ball game on 
replacing the power system. There isn’t going to be much choice; the old 
one is going to be destroyed or so badly crippled that it will collapse the 
U.S. economy in a way we have not seen since 1929. Of course, in such a 
case hitting us, we will be under martial law, the works, everywhere, For 
one thing, it's the only way you can keep the cities from imploding from 
within, by the criminal element, looting, robbing, killing, etc. Simply wait 
and see; it's on the way. 


Although Bearden has for years decried the "s 


statements indicate that things may at last have changed somewhat. 


"In the new war, the first phase of WW III has already been completed. 
Hence President Bush's recognition that this is a total war, and has to be 
taken to the enemy no matter where he may be hiding or in what 
sanctuary or in what foreign nation. This is an entirely different war than 
anything the U.S. has ever fought in its history. And before it is over, itis 
going to kill more Americans than have died in all the previous wars 
in our history. The news media and the public have not yet 
recognized that awful situation and predicament. Most are already 
thinking that, well, we won in Afghanistan so it’s just about over. Instead, 
it has only just begun. 


"Anyway, that’s a brief uptake on some of the weapon situation today. 
Some 10 nations or more now have LWIs, and five have the QPs. I'm still 
working on how many have the appalling negative EMP weapons, but 
would estimate 6 or 7 nations have them in one stage or the other, either 
deployed or in at least advanced development. And in my estimation, the 
Yakuza will have them within three to five years if they have to build 
them themselves, and quicker if they can buy them from the Russians, 
Chinese, or???" Bearden 
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When he was asked the question "Does the government listen to Tom Bearden?" 
Bearden said: 


"Let me speak carefully. I am very satisfied with how I've been listened to 
in the quarters where the rubber meets the road, The West is no longer 
defenseless, not by any means. Cannot amplify it further than that." 


ape wrCapondens 104 um 


Bearden has briefed the government a number of times and the Cheniere website 
contains a great number of his graphic military briefing slides. 


5. Are the Russians making "UFOs?' 


Scalar electromagnetics engineering opens the possibility of antigravity vehicles and 
“hyperspace travel." In other words we can now make our own UFO's! Of such 
scalar-powered antigravity vehicles, which have now become possible, Bearden has 
this to say: 


"We might expect to see such vehicles glowing. Their various surface 
features and mechanisms might appear to be glowing or revolving lights, 
ete, 


"They could exhibit incredible "aerodynamic performance," seemingly in 
the atmosphere. Actually they would not be moving "through" the 
atmosphere at all, but through a higher space outside each particle of 
atmosphere. 

"They could seem to materialize and dematerialize. 


"They could seem to plunge into the ocean or rise out of it, 


"They could even seem to operate under the ocean or inside the earth 
itself. 


"Such anomalous vehicle performances have been seen all over the 
world, particularly since a few years after WWIL 


"It appears that one or more nations of Earth are operating such vehicles 
now in great secrecy. Our own "government" may even be one of these. 


"IE so, it isn't our true "government/government." Instead, it's the "control 
group/government." It's government at the operational level, but at higher 
level it belongs to certain control groups who have penetrated our 
government's vitals and taken over all such projects." 


Bearden htip:/www.cheniere.org/books/ferdelance/slide32.htm 
In an excellent article on her Earthfiles website, Linda Moulton Howe reports on the 


utter bafflement of Norwegian scientists over mysterious lights appearing in the valley 
of Hessdalen, Norway. 
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She writes of the research there: "The results can be broken down into two groups: 
95% are thermal plasmas and 5% are unidentified solid objects. The plasmas emit 
long wave radio frequencies and strangely, their temperatures do not vary with change 
in size or brightness.” She quotes the scientists’ research summary: 


"'1) most of the luminous phenomenon is a thermal plasma; 

2) the light-balls are not single objects but are constituted of many small 
components which are vibrating around a common barycenter; 

3) the light-balls are able to eject smaller light-balls; 

4) the light-balls change shape all the time; 

5) the luminosity increase of the light balls is due to the increase of the 
radiating area, But the cause, and the physical mechanism with which 
radiation is emitted, is currently unknown," 


This would almost certainly seem to be another example of the testing of the scalar 
howitzers. It is baffling because, as Bearden points out repeatedly, Western scientists 
have limited knowledge of the scalar electromagnetic principles by which the 
howitzers operate. The Hessdalen scientists were completely baffled as to where the 
energy of these plasma balls was coming from, 


Ms. Howe interviews Massimo Teodorani, Ph.D., Astrophysicist, who released the 
report on the 2001 Hessdalen sightings. The scientist speaks of the bafiling phenomon 
observed. 


I don't know how it is possible that Nature is spontaneously able to do 
that. Anyway, we deduce that the plasma is trapped inside a sort of 
magnetic cage and the magnetic cage closes around the plasma and keeps 
it fixed in some way, prevents it from expanding. But where does it 
come from? We don't know.” 


By what we have been considering here, we can recognize the signatures of scalar 
electromagnetic engineering. If it is a Tesla howitzer, then the energy for the plasma 
balls is coming from the vacuum of spacetime at the very location of the balls 
themselves, triggered by scalar interferometers aimed through the woodpecker grid. 


‘These kind of balls can be used as marker beacons giving feedback for precision 
aiming of the howitzers. The energy of the marker beacon can be read back into the 
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computers giving precise location information for pinpoint aiming. The target area can 
be very small, or widened out. 


‘There is a little movie of one of the Hessdalen plasma balls here, It would seem to be a 
clear documentation of a scalar howitzer marker-beacon, How many other current 
"UFO" sightings are actually the witnessing of Tesla howitzer tests? 


In fact there are a great many anomalous events of the past few decades which might 
very well be explained by the Russian testing of their longitudinal electromagnetic 
weapons, It would seem that the mysterious appearance of crop circles around the 
world could be accomplished by feeding a precise mathematical graphic pattern into 
the computerized aiming software and change the very molecular structure of the 
crops themselves along the lines of that pattern. The stalks fall over from the localized 
effect of the longitudinal waves. A plasma ball tracing patterns? Are they slyly 
sending a message to see if we are "getting it" yet? 


‘The "Cambridge Angel” - Made by Russian scalar plasma balls? 


Also see: Interview with Tom Bearden 
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Attempt to Ban Energetics 
Weapons Worldwide 


On June 13, 1978, in a major speech Brezhnev urged the 
United States to agree on a ban of research and 
development of new kinds of weapons "more terrible than 
anything the world has known.” 

= On July 2, 1875 Brezhnev repeated his proposed ban on 
development of frightful new weapons, to a group of U.S. 
Senators. 

‘In August 1975, Ponomarey called for a ban on frightful 
new weapons of mass destruction. 


"On Sept. 23, 1975 Gromyko presented a draft treaty ik 


agreement to the 30th Session of the UN General 
Assembly, for banning development of frightful new 
weapons. 


talking about! 


(Slide from Cheniere.org) 


4. Healing powers of longitudinal waves 

Healing vi longitudinal waves time reversal of cells (de-fferentiation), Priore's machine, Bearden’s 
proposed "blanket" version, using the electric power grid for healing waves or for broadcasting disease 
Patiers, Scalar Biowar, 


The good news! 


"Any sort of disease whatsoever - physical or mental - will 
be rapidly curable, simply and cheaply. It will be possible to 
reverse aging and rejuvenate the person. It will be possible to 
regrow limbs and straighten misshapen spines - and directly 
remove the causes of mental diseases and cure them as well 
Lifespan will be staggeringly increased, without ‘old age's 
debilitation.' AIDS, cancer, leukemia, and genetic diseases will 
be completely conquered. The potential for a true golden era is 
upon us, for all humanity." 


Bearden- hitp:/twm,co.nz/beard_interview.him 


Proof of the healing powers of longitudinal waves from the vacuum is seen in the 
work of Antoine Priore who produced longitudinal scalar waves using a gigantic 
glass tube filled with plasma. He himself did not understand why it worked or how 
it cured cancer in animals. 


"The Priore team cured terminal tumors, trypanosomias, and other 
dread diseases in laboratory animals in France, in the 1960s and 1970s, 
under rigorous scientific protocols by eminent scientists. The Priore 
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project was funded by the French Government to the tune of several 
millions of dollars (equivalent). nips expinepu omar tin! 


Prioré's machines concretely demonstrated a nearly 100% cure of 
all kinds of terminal cancers and leukemias, in thousands of rigorous 
laboratory tests with animals, These results were shown to medical 
scientists as early as 1960." tip www stniss oslo 


Bearden has stated that the longitudinal EM waves can have a healing effect 


because they always come in pairs called "phase conjugate pairs" and one of the 
pair is time-reversed. This enables engineering of the waves to "pump" the cells of 
the body (with waves from the time domain) and actually time-reverse the cells 
back to a previous healthy condition, The scalar cure of cancer does not involve 
killing the cancer cells but rather pumping them with time energy into a previous 


condition. I know, this seems miraculous, and is it not? 


if vr This healing power in the longitudinal 


waves of the time domain is a mind- 
boggling thing to face. It took me 


the fact that the cure for cancer and 


AIDS was right there, in this new 


people for so many decades now. 


not unde 


ind why his machine 


longitudinal scalar waves of the time 
domain. In fact, Tom Bearden has 
supplied, at last, the missing 
explanation as to how that big 


cancer in animals. 


Priore and his giant plasma tube 


“The medical implications are enormous. By just reversing the 
damaged cells back to a previous physical state, this gives a physics 
mechanism for controlled cellular dedifjerentiation, in biology terms. 
Physicians will time-reverse diseased, damaged or aged cells back 
to an earlier healthy condition, including all the cellular genetics 
Normal cells are just reversed to a slightly younger condition." 


"We believe this mechanism explains the revolutionary but bafiling 
electromagnetic cures achieved by a team of outstanding French 
scientists in the 1960s and early 70s, working with inventor Antoine 
joré, In lab animals, cures were achieved for terminal tumors, 
infectious diseases such as trypanosomiasis, and atheriosclerosis. In 
addition, deliberately suppressed immune systems were dramatically 
restored. 
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scalar electromagnetics technology, 
and that it has been kept back from the 


Bearden has a great deal to say about the 
work of Antoine Prioré, who himself did 


worked. Priore did not know about the 


two-story glass tube consistently cured 
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“We hypothesize that this is the long-sought mechanism of how the 
living body heals itself. In short, the body's cellular control system 
induces cellular reversal by weak time-domain pumping of the 
damaged cells and the affected area, The cellular regeneration system 
performs all healing of cellular damage in the body; the immune 
system heals nothing, not even its own damaged cells) . 


“For the first time medical science can develop as a science of 
healing rather than a science of intervention. And it will develop as a 
science of unlimited healing, since no pathogen can resist action by 
curved spacetime engines.” Bearden 


ip://www.cheniere.ong/techpapers/Vision’%202000%20paper.doc 


Sco Priore’ 


machine See Slides of how it works. 


Bearden has extended the Priore work, with the previously missing knowledge now 
in place, and designed a revised system (for irradiating the body with longitudinal 
waves) which gets rid of Priore's giant glass plasma tube and uses instead an 
antenna unit which surrounds the body. He has also provided the missing 
explanation of how it works. There is an article from "Explore" magazine, Part | 
and Part I. 


RETRORADIATION WITH EMITTED TW EM WAVES 


Recorders & Broadband Amps Broadband Antenna Unit 


Receiver-transmitters 


_— Adjusting broadband signals 


\ 
=~ _ bandwidth and amplification 


Using 2 ampli reptica ofthe beds own dense, broadband signal 
complex to Facial f, producing deoply-pon: Py 
fonptucinal Em wave Sete hat pump eats and reverse colar 
cigease anddamage 


(Slide from Cheniere.org) 


In fact, Bearden has presented to the U.S. government a plan to use a portable 
version of a Scalar Healing Blanket where wire channels in the blanket act as a 
scalar antenna, which can both send and receive scalar electromagnetic waves. A 
two minute treatment of the waves is sufficient to restore the body to its earlier 
healthy condition. Thus even thousands could be treated easily and quickly in a 
biowar mass attack situation, 


"To defend against things like anthrax attacks on our civilian 
population centers, we also have recommended to the U.S. 
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Government the crash development of small, portable treatment 
machines—using similar "antiengine-forming" and cellular reversing 
"porthole technology". [See Figure 13 on previous page]. Such 
portable machines could be developed cheaply and quickly, and 
present government facilities could be used to massively attack the 
correlate database production problem. 


"The portable treatment units could be cranked out by the hundreds 
of thousands and flooded down through emergency response agencies 
such as the police forces, the National Guard, emergency hospitals, 
emergency response teams, etc." - Bearden 


AR antenna Pad \ 
(Slide from Cheniere.org) 


The Scalar Healing Blanket would fit into large suitease. It has three basic parts, 
the longitudinal wave generator, a laptop computer, and the antenna-blanket. The 
plan was a stroke of Bearden's genius, but unfortunately it fell on befuddled 
government ears. "Unfortunately, so far the DOD [Dept. of Defense] doesn't even 
understand what the heck we're talking about!" 


Article "Healing with Energy": iiy/www explowpubs con/ailes eerytes nt 


"We tried very hard in 1998 to call attention to the extreme national 
need for the most urgent possible development of a portable computer- 
controlled treatment device based on the experimentally proven Prioré 
methodology, but extended to a much simpler and far more rapid 
method of treatment. 


"Quick development of this technology could lead to a suitease size 
device, capable of treating a patient in less than one minute, and 
stopping the symptoms and disease progress cold, then reversing it, 
Three "less than a minute" treatments one week apart would be 
required for complete cure, As an added advantage, partial reversal of 
aging in older patients would also be accomplished as a bonus, in 
addition to time-reversing the damaged and diseased cells... 


"The method proposed to the DoD in 1998 used normal EM in a 
peculiar way to force the body itself to make its own time-polarized 
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EM waves, and pump every part of its cells - including the genetics 
in the time domain. 


“Quite simply, we are going to be struck this way (QP spreading the 
immune systems of the populace plus professional smallpox, anthrax, 
etc. BW attacks on our population centers) and by other means we've 
spoken of in other papers and briefings." 


Bearden hip chong corespondenc 2401 ban 


The Dark Side of the Force: 


Creating and broadcasting disease 


Speaking of the scalar wave induction of disease by longitudinal wave patterns 
Bearden refers to work by French scientist Kervran and Russian scientist 
Kaznacheyev, who proved that any disease could be transmitted 
electromagnetically. 


“It works this way: the Kaznacheyev experiments (and others) 
demonstrated that any cellular disease or disorder can be initiated into 
cells at a distance, by electromagnetic means (albeit unusual EM in 
nature). The decades of microwave radiation of the U.S. Embassy in 
Moscow, was an ongoing set of "stimuli" to ping the U.S. system and, 
by its response, ascertain how far along (or if it was “along") in its 
knowledge of such weapons, The radiation was responsible for many 
health changes in personnel and for the eventual deaths of three U.S. 
Ambassadors." Bearden hup:/wwwcheniore org/correspondence/021702a,him 


Ina letter he writes, 


"Yes, the Kaznacheyev experiments were quite real; 15,000 or so in military 
research institutes in Siberia, As with so many other novel areas investigated and 
developed by the Soviets, most U.S. investigators just assumed normal EM, which 
is not what the Kaznacheyev experiments involved, and not what was carrying 
disease induction patterns from one cell culture to another in rigorous lab tests." 


How to "Broadcast" Diseases 
Longitudinal EM Biowars 


Bearden explains how the new quantum potential weapons can be used to 
induce disease-at-a-distance in a population, or to "spread" the immune 
system so thin that a conventional bio-attack would be greatly 
potentiated. By "broadcasting" virtual disease patterns over a population, 
the immune system is so overloaded by the presence of the "shadow" 
diseases that its effectiveness is thinned out. 


"In short, alter the internal wavestructure, and one creates a 
curved spacetime ‘engine’ that acts on mass in any fashion one 
chooses to design -- including initiate diseases ... Now 
visualize one of these ‘vacuum engines’ or ‘spacetime curvature 
engines’ that acts on mass to generate the exact effects 


produced by anthrax, (Or any other disease one wishes) . 
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Call the virtual state of a disease engine the disease pattern in 
the "shadow" state, just prior to becoming observable. 


"And the master cellular control system responds to "coming 
events that cast their shadows before". In short, it responds to 
the upper level of the "shadow state" of a disease, still in the 
virtual state! (Hey, virtual particles are real, virtual photons are 
real, virtual ST curvatures are real --- just very fleeting, only for 
another to immediately arise). The exchange of virtual particles 
is known to generate all forces in physics anyway! 


"'So the cellular control system responds to "shadow state" 
disease patterns. Enter a QP weapon application, Place a 
quantum potential weapon "area" on the United States, so that 
the entire populace is in it. The slowly introduce and bring up in 
the shadow state, the necrotizing fasciitis disease engine, At 
some point, the cellular control systems will react, and order the 
immune system into action. In other words, immune system 
resources will be committed against this "immediately coming" 
enemy. Bring it on up a little, but still just in the shadow state. 
Voila! Humans form a bell-shaped distribution curve. And even 
if the structure of the QP fluctuates a litte, fluctuating a bit 
stronger and a bit weaker, etc. A few of those targeted bodies 
will now actually develop necrotizing fasciitis. So far, just like 
the U.S. Embassy targeting, except a different "carrier" 


"But now there is an exact signature that this is what is 
and not normal vector carriers of disease and contact or 
exposure infection. The few cases of necrotizing fasciitis that 
break out will be most puzzling. They will be randomly 
scattered across the entire nation, and so few that the vector 
arrier and contact or exposure explanation completely fails.” 


doing it, 


"And that one happened, right here in the U.S., not so long ago. 
Check it out. 


"'So carefully adjust the patterns for, say, 12 major terrible 
diseases, to that "adjusted and desired shadow state level". Now 
add all 12 patterns into the internal structure of the quantum 
potential. Now it has 12 shadow state disease engines in it 


"Place that one on a populace. The cellular control systems 
order the immune systems into action, and they now have to 
commit their finite resources to 12 different areas. This greatly 
thins the response an immune system can make to any one of 
those 12 disease patterns! In short, it "spreads" the capabilities 
of the immune system, which can be galvanized to great effort, 
but only can perform a small bit against each area. 


"Suppose one of those "galvanized" areas in the targeted 
populace's immune systems is anthrax. And suppose the bad 
guys now hit one or more of those cities with a professional 
anthrax attack. A former OTA study showed that a professional 
anthrax aerial spray attack against Washington D.C., dispensing 
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100 kilograms of anthrax spores in the spray, will account for 1 
to 3 million casualties. And that's in an "unthinned" set of 
immune systems. In the "thinned" set, one can at least 
double or triple, and even up to five times, that estimate. So 
conservatively, now there would be from 2 to 6 million 
casualties. And even mild anthrax spray attacks in other 
"thinned" cities would also be amplified. 


"That one is being set up, or already set up, right now. There 
are other such "augmentation" setups also under way. 


"So the weapons alluded to by the SecDef in 1997 are 
already being employed. WW III has already begun, and 
our populace (and our scientific community) is blissfully 
unaware of it." 


http://www. cheniere.org/correspondence/021702a.htm 


Most of us can remember the strange outbreaks of the so-called "flesh eating 
disease." It seemed to break out here and there randomly with no known 
cause. Bearden believes this was a test of the newer quantum potential 
weapons which go even beyond the capabilities of the Tesla howitzers, 


"The Kaznacheyev "disease induction by novel 
electrodynamics" work is also the basis for the spacetime 
curvature engines (not EM signals!) carried by quantum 
potential EM biological weapons for distant induction of 
diseases etc, into the population of an entire nation or area, such 
as the US. 


"This quantum potential disease induction weapon -- capable 
of attacking an entire population of a nation or area ~- has been 
tested several times in the U.S. at very low levels, in the shadow 
state only (we explain shortly) and it has a most peculiar 
signature, E.g., one test used necrotizing fasciitis (flesh- 
rotting disease) engines. 


"The disease ‘engine’ was deliberately kept down in the ‘shadow 
state! (virtual state, just below the observable state) so that only 
a tiny bit of the populace with depressed thresholds would 
"breach the observable threshold’ due to the population forming 
a bell-shaped curve as to the threshold level. The major 
signature of the test was that the cases of the disease broke 
out totally statistically and randomly, spread all over, without 
any ‘disease vector’ in between, 


"In short, it was not spread in any manner required by normal 
deterministic disease vectoring, but was a totally random set 
of occurrences. Several other diseases were also tested this way 
in the American populace, with precisely the same signature." 


Bearden hittp:/wwww.cheniere.org/correspondence/021401,him 


"Apparently one planned use of such an augmented clandestine 
BW weapon will be smallpox, e.g. As you know, the Russians 
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did develop smallpox for biological warfare, and even 
developed a new strain against which previous vaccination is 
ineffective. 


"The vast numbers of expected casualties, coupled with immune 
system spreading, are absolutely irresistible to the Russian 
mind, You can count on it that they have seen that the smallpox 
is already on site here, in the U.S. and in the hands of 
professional terrorist teams. Of course, the Russians/KGB will 
protest they have nothing to do with that! Yet likely the KGB 
will have flatly arranged it or at least assisted it. The capability 
for mass destruction of the nation is so lucrative and easy to 
achieve in advance, that they would never be able to resist 
doing it." 


Beandes b/w chenere op omespondenee 2140 hn 


Bearden believes the Gulf War Syndrome involved the use of scalar 
technology to induce a disease state, as he stated in a 1997 interview: 


"T'll say this flatly, and I won't answer any further questions 
about it; the Gulf War Syndrome was induced... It was 
induced with this stuff. All the rest... was contributing factors 
that everybody's talking about... There are some deeper 
signatures, if you look into it very deeply, that show you exactly 
how it was done and the fact that it was induced. It was a test. It 
was a test of a very special kind of weapon I have not talked 
about yet, Anyway you can use it to create diseases." 


Beandes hip/twm.comsheand weapon tan 


Besides using the woodpecker grid to target a population, the entire electrical grids 
of nations can be used as "channels" for disease patterns to be broadcast to all 
people near that grid. Your own house wiring can become an antenna, broadcasting 
these "shadow" patterns of disease, weakening your immune system, 


And here one faces the frustrating fact that the same power grids could be set to 
channel patterns which would keep the entire population healthy, rejuvenated, 
continuously bathing in the time-reversing old-age-defying energy of the spacetime 
vacuum, We have no idea yet of how long the human life span could be increased 
with this new technology. People might be able to live two centuries given full 
humane development of this technology. 


5. Psychoenergetics 


Mental entrainment, inducing hypnogogic trance, mind control, broadcasting thoughts and feelings, the 
Ant World, education via EM [LW] mental download, the "Feelies," revolution in spirituality, 
"enlightenment machine?" Scalar churches? 


Psychoenergetics is simply using the scalar interferometers to manipulate and 
engineer the human psyche. To me it is the most mind-boggling and frightening 
aspect of longitudinal wave engineering. 
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The mind is electromagnetic in nature, and itself of the time-domain. It is not 
observable in 3-space. There is no thing you can point to that is the mind. As Bearden 
says, "The mind is time-like." 


The longitudinal scalar EM waves are also of the time-domain. By overlaying certain 
infolded patterns (oscillations in time) on the longitudinal waves, a thought or 
feeling may be made to arise in a person or persons who are in the interference 
zone (where the wave beams cross). 


The person will not notice anything, feeling that this thought or idea is his or her 
own idea, The longitudinal wave pattern might be a wave of panic or fear that 
spontaneously sweeps over you, pethaps inexplicably. It could even be in the form of 
a sudden intense patriotism. It could be explicit words and phrases, which everyone 
would think they had thought of by themselves. Or it could be rage and hatred, angry 
and violent, On the other hand It could also be a continuous sense of docility and 
placidity. This is the brave new world of psychoenergetics and the coming "Mind 
Wars. 


Scalar Psychoenergetics in its most primitive form simply "entrains" all minds in the 
target area into a deep hypnogogic trance. In this state of mind people would be 
suddenly extremely suggestible, and would likely believe anything they are told, and 
would obey any orders given. Talk about winning the hearts and minds of the 
American People! 


‘Tom Bearden makes me think of Paul Revere, who heroically conveyed important 
warnings for the sake of the new nation, But the words of the famous phrase have 
now strangely and curiously mutated into the once-inconceivable: "One if by land, 
‘Two if by mind.” 


Indeed one strategy in a Mind War would be to simply take over the minds of the 
"leaders" of the enemy nation, The targeted leader would not be aware that anything 
was amiss, although he might begin to make unexpected changes in policy. 


And are, in fact, any of our "leaders" already having secret thoughts that are not their 
own? Who knows? Frighteningly, we can no longer be sure, The new sciences of 

lar electromagnetics and psychoenergetics are even now plunging humanity into a 
sudden science-fiction-like world beyond anything in humanity's previous 
imaginings. 


"The Russians reached the point in the mid 1990s that they could take 
over control of a person's mind, with modified longitudinal EM waves 
including some time-polarized EM waves, and with a team of specialists 


(estimate 25-30 per transmitter, and one transmitter and team per 
controlled person)." Bearden 


je Bearden illustrates how a Scalar War would involve a psychoenergeties 
attack on the operators of the enemy scalar installation, entraining their minds into 
hypnogogic trance and getting them to shut down their systems 


And ultimately psychoenergetic warfare goes to the very heart of human identity 
itself. For if my thoughts might no longer be "mine," then who and what am 1? Can 
my very sense of being "me" be hijacked by some nefarious psychoenergetic scheme? 
Will the "secret government” eventually dictate directly into your mind how you feel 
about yourself? Or what you think you are? Or what you should do? 
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How Does Longitudinal EM Mind Control Work? 


The physics of scalar psychoenergetics as expounded by Col. Bearden seems even 
more arcane and over-my-head than that of extracting energy from the vacuum. I can't 
understand it, but I look through it anyway. Each time another tiny understanding 
might occur, or a term might fall into place. I know the mathematics is forever 
beyond me. 


One paper to begin with is Mind Control and EM Wave Polarization Transduction 
This is such serious stuff that Bearden includes a strong warning about misuse of 
this knowledge. Psychoenergetics weapons can mentally maim and phy: 


ally kill 


Warning! 


(From "Mind Control and EM Wave Polarization Transductions") 


"This article refers to experimental research techniques which can be 
detrimental or lethal in the hands of any but highly skilled, qualified 
experimental scientists proceeding under proper laboratory safety 
procedures. The purpose of this article is strictly for information to 
properly qualified and authorized scientists in certified laboratories. We 
do not propose or condone any use of these procedures for nonapproved 
practice of medicine without a license, Neither the publisher nor the 
author are responsible for accidents or outcomes in the use of these 
experimental procedures and techniques. Any researcher who performs 
these procedures and experiments is acting on his or her own volition, 
and is solely responsible for insuring safety, qualifications, and legality 
of the acts and their results. We neither suggest nor condone 
unauthorized experimentation on human subjects. Such is a criminal 
violation of the constitutional rights of the subject under Federal and 
State laws, and is both illegal and immoral." Bearden 


After the serious warning comes the description of the paper. This is heady stuff for 
the layman. 


Calling full attention to the special note above, in this paper we present 
a high-level overview of the novel electromagnetic nature of mind 
operations, mind and body coupling, and intent - the induction of 
physical 3-space EM energy changes into the brain and nervous system, 
and into every cell of the body, from the mind's time-like coherent 
operations. We summarize the time-polarized electrodynamics used to 
engineer and affect mind operations and the mind-body coupling loop. 
Transduction mechanisms whereby differing EM wave polarizations can 
be transformed one-into-the-other are presented." Bearden 


will leave it to the technically astute to try to understand the mechanisms of 
operation which are described in scientific language. But there are tidbit 
layman. Here he speaks of the difficulty Western scientists have in opening up to the 
immaterial” (longitudinal wave) nature of the human mind. 


for the 


Western Science Remains Largely Materialistic 


“Ironically, most Wester scientists are materialists and consider 
"mind" as a mystical and nonscientific concept. They tend to 
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consider mind operations and functions either to be simply "meat 
computer" operations and functions, or at best to be very weak 
ordinary transverse-wave EM operations and functions in the brain 
and nervous system. This serious self-limitation exists because in 
the body we measure only weak TW [transverse wave] EM 
operations and functions correlated to biological behavior and brain 
operations. We simply do not know how to measure "mind 
operations" directly. 


"With no mind measurements possible and no instruments, it is 
understandable that Western science considers only the physical 
side of the mind-matter interface. 


“Presently our scientists do not measure the longitudinally- 
polarized EM wave operations and functions in the body and 
around it in nature, Few of them are aware that a maelstrom of 
such LW [longitudinal wave] functions exist in the body and in 
all of nature in general." jssisn 


Western methods of influencing the mind with EM waves have only used transverse 
waves, not the longitudinal waves of the vacuum. If only transverse waves are used 
one pretty well has to hit the target mind with a sledgehammer of waves. 


Western Science knows only transverse EM waves 


Brute Forcing Time Functions versus 
Fine Control Methods 


"Ironically, Western mind control researchers using transverse 
EM waves for mind control research, are using a brute force 
method of evoking and using vacuum engines (spacetime 
curvature engines) and a special form of general relativity, 
although they do not appear to realize it 


"While KGB scientists also use TW EM "brute force" TW 
waves when necessary, they do "imprint" or "activate" those 
waves with the desired internal LW and time-polarized EM 
wave and photon structures required to directly perform the 
mind engineering desired... Bearden 


"These "fitted brute-force models" certainly can be very 
powerful, and certainly can produce the exact results shown in 
the experimental verifications of the fittings. However, they do 
not of themselves allow sophisticated design for example of the 
necessary time-polarized wave assemblies for engineering the 
entire human collective unconscious simultaneously, or for 
engineering the entire collective unconscious of all species on 
Earth (i.e., Gaia's collective unconscious), or even for precisely 
engineering the memory and knowledge base of an 
individual. Bearden 
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The seemingly magical operations of psychoenergetics, sometimes called 
“psychotronies," cannot be achieved with ordinary transverse EM wave energy. But 
they are possible with longitudinal scalar waves because the mind itself is scalar in 
nature 


"We note that all mind operations are time-like, i.e., they are comprised 
as scalar EM photon functions and scalar EM wave functions. Thus the 
mind is a very special kind of electromagnetic system, existing in the 
time domain...” Bearden 


The engineering of the mind can only be accomplished with the waves of time, 


The course of psychoenergetics development necessitates the building of a vast 
database of settings and patterns which bring about given mental and/or emotional 
states. A kind of "genome" of the psyche. Bearden describes the process of the 
decoding of this "genome." 


"Now the scientists would perform many phenomenology experiments, 

making one little change at a time and profusely recording the data. Each 

time, they would establish the physical change(s) that occur in the body 

and/or the mental and emotional changes that occur in the mind for each 
pectral reinsertion back through the "ship's portholes". They would 

nply but painstakingly (over some years) build up an extensive 

database of those individual correlates. 


"In these experiments, the experimenters will eventually be able to 
provoke any body or mind change they wish, Strong emotion, Intense 
pain, Intense pleasure. Painful thoughts. Images. Memories. Perceptions. 
Dreams. Visions. Memory losses, Memory changes. Personality changes. 
Etc. The "delta" in the emission spectrum (the changes from zero 
reference spectrum) represent the precise totality of all mental, physical, 
organic, chemical, etc.changes and interactions." Bearden 


"A second stage in the research would be to test the correlates and 
porthole insertions upon a statistically significant cross section of 
ordinary people, and/or specialized populations (such as toughened 
soldiers). The program would evolve a highly complex, very effective, 
ever-improving science and technology of mind and behavior control and 
engineering mechanisms, complete with finished database and developed 
applications equipment." Bearden 


Summing up his paper Bearden speculates on what the actual situation the science of 
psychoenergetics probably is. The intense secrecy with which this knowledge has 
been kept from the public has led to the current farce of the "government" 
pretending it all does not exist, and this secrecy may have now put us at great risk. 


"The implication is that in the West one or more highly classified, 
sustained, heavily funded developments in advanced mind control 
programs, probably exists and probably has existed for some time, Due 
to loose formation of rogue groups inside such programs, they may have 
dual or triple purposes, may not operate under very much legitimate 
government control at all, and may operate specifically for the purposes 
of the rogue group or groups that have gained control. 
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"In a nutshell, that’s what may be going on in the elandestine mind 
control projects in several Western governments, The involvement of at 
least some rogue groups, some being "cowboys" who operate well 
outside all laws and ethics, could also result in such things as 
assassinations, clandestine testing on individuals without their consent, 
etc, In short, it could account for what seems to be actually occurring. 
As also is “usual” in such a mess, one or more of the rogue groups 
eventually may become very powerful because their secret weapons are 
very powerful. They may become confident, thinking they have the "best 
in the world.” They may actually believe they are ahead of the 
Russians..." 


"Remember that, in every large and powerful human organization, the 
basis for rogue groups is power and seerecy. They are always seeking to 
increase their power, control, influence, prestige, ete. Nothing else. 
Patriotism and mission are—to rogue groups—often just idle words. 
They have their own agendas. And being rogue groups, they may well 
bring in unethical, immoral tricks: assassination, bribery, entrapment, 
disinformation, plausible deniability, etc. A certain percentage of a highly 
secret rogue group will wind up using all these things and more. I's a 
human characteristic, the old primate dominance game. Only now 
disguised and hidden under deep classification," 


"The Russians, with their additional knowledge of the actual 
mechanisms in the transforms, will be much more advanced than the 
West, because their fundamental psychoenergetics science is far more 
advanced, so long as we continue to use the old U(1) electrodynamics 
Further, the Russians have decades of use of longitudinal 
interferometry beams to reach right through the earth and ocean and 
produce stringent EM effects at a distance. So they will also be able to do 
the same things here in "mind control" with LW [longitudinal wave] 
interferometers, through intervening mass." Bearden 


Bearden cites two examples where he believes the Russian KGB tested the 
psychoenergetics capabilities of their scalar interferometers. One was the case of 
Captain Button in his A-10 "Warthog" aircraft on April 2, 1997 


"Over Arizona, Captain Button was thrown into a hypnogogic state, and 
his perceptions instantly altered and controlled. In his instant "dream- 
waking" state, everything seemed perfectly normal. His sense of 
direction was altered a bit more than 90 degrees, so he simply corrected 
and turned and "flew toward the range", actually flying off course by 
more than 90 degrees and ignoring radio contacts. He flew right on out of 
Arizona," 


"At one point he circled, probably thinking he was over the range, and he 
probably dropped his ordnance there. Then he "flew on back toward 
home," as he thought in his waking dream state, until his fuel ran out and 
he crashed and died in the explosion—dream-thinking until he died 
that everything was normal. All the while, his sense of the passage of 
time was altered. To him, in his dream-thinking, dream-acting state, 
everything was normal and nothing untoward had happened. So the 
distant KGB transmitters and associated psychoenergetics team 
controlled him for over an hour. 
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Indeed, that was the exact purpose of the test: demonstrate control (at a 
great distance) of a skilled person performing highly skilled tasks." 


The paper Mind Control and EM Wave Polarization Transductions ends with the most 
chilling and frightening possibility of all: the psychoenergetic engineering of the 
human species as a whole 


The Ant World 
The Final Race for Direct Mind Control of the Entire 
Human Species 


"The KGB psychoenergetics weapons scientists—because of their 
direct measurements and detections (and use) of t-polarized waves 
and LWs [longitudinal waves] for decades—also understand that 
Jung's collective unconscious mind (of the entire human species) 
also has its own time-like operations and correlates, which one 
measures also when using t-polarization measurements and sorti 
it all out. The collective unconscious mind operations are buried 
several levels deeper inside the recursive Whittaker structuring 
inside the EM fields, waves, and potentials. 


"The KGB scientists also know that something very like Gaia —a 
collective unconscious mind for all species on earth — also exists, 
and they are striving to be able to sort out and measure that one as 
well. The Gaia operations are buried even deeper in the recursive 
structuring inside the EM fields, waves, and potentials." 


“Actually, from day one, the Russian mind control scientists have 
had their eventual goal set upon this "deeper area of mind and 
possible mind control" of the entire human species. 


“Lam convinced that the KGB psychoenergetics scientists 
understand this deeper area. If they can learn to directly engineer 
the collective human species unconscious, they can then convert 
the human species easily into a sort of "ant" society, modeled 
along ideal Communism lines, except of course with an excluded 
“hierarchy at the top" running everything. The "ant society" — 
communist style — is still a variation of feudalism (all systems 
tend to feudalism or some form thereof). 


"The KGB psychoenergetics weapon scientists are seriously 
pressing on toward that very goal. In my opinion they are not very 
far from it right now... 


“Some versions of Russian mind control devices were used on 
Russian soldiers in the Afghan War to condition them for 


performance of merciless acts." 
bane ene omer vind sol 07 


More bout “The Ant Wor 


Whether it is the Russians planning an "ant world" society or rogue U.S. black-ops 
groups withholding a great boon from human race, the secrecy on all sides around has 
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allowed largely criminal elements to take over this technology while leaving the 
civilized elements in the dark, Openness and the spreading of this knowledge among 
good and decent people is essential, and for that we will have to overcome our 
frightened denial. 


"Meanwhile, rogue groups amongst Western clandestine mind control 
researchers will probably arise if they have not already done so. They 
will likely seek to increase their personal control and further isolate the 
programs from orthodox government review and from government and 
legislative control. They may even divert the research into highly illegal 
and unethical means, because it furthers their own rogue agendas. That is 
how clandestine U.S. government research can sometimes go sour, 
unless great care is exercised by the oversight committees in the 
House and the Senate, 


"Sometimes when rogue groups do gain control and total secrecy of a 
given new technological area, then what appears to be "U.S. government 
operations" do start to encompass a criminal and unethical operations, 
hidden usually beneath the deep veil of high classification. Also, if i's 
"scientific," no one is ever brought to justice, even if the “evil science 
actions" are uncovered and publicly revealed.” Bearden 


ike the huge energy of the Tesla howitzers, the ability to engineer the mind with 
longitudinal waveforms is a seeming "magical" thing which can be used for good or 
ill, Bearden envisions that further developments will allow something like the 
"downloading" of knowledge via scalar interferometry. Everyone could be highly 
educated, and quickly and easily. 


In the conclusion of the paper "Mind Control and EM Wave Polarization 
‘Transductions" Bearden makes a plea to the nations of the world regarding the use 
of psychoenergetic engineering, 


"Let us hope this great new area, already off to a bad start, can be bridled 
and steered in the direction helping and healing people, rather than 
killing or abusing them. The excesses in its bad use are a potent threat 
to all nations on earth 


"Yet it can revolutionize medical science, education, communication, and 
psychology. We foresee the day -- perhaps 30 years hence ~ when 
education will be accomplished by directly ioading the software into 
the mind. Then in three weeks one will "load" a doctorate, say, in 
physics. In three more weeks on will also load a doctorate in chemistry. 
Another three weeks, in electrical engineering. Another three weeks, an 
M.D. And so on, When that happens then truly everyone on earth can be 
educated. Freedom from ignorance may well be another great freedom 
that is legally recognized, There will be no impoverished large groups 
lacking the education to find decent, productive jobs. 


"We urge all nations to use the principles involved: not for human abuse, 
but for healing, educating, uplifting, and life-expanding of every person 
on earth. If we do, we shall all have a far brighter future. Then we shall 
check what has started out to be the Sword of Damocles and turn it into 
the golden Millennium," sews 
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(Perhaps after so many frightening topics a slight break is in order here to 
consider the lighter side of psychoenergeties. For example, what will be 
the ultimate impact on the entertainment industry?) 


The Feelies at Last! 


Psychoenergeties will be able to bring about at last, for better or for 
worse, Aldous Huxley's fanciful idea in his novel "Brave New 
World,” an entertainment format which he called "The Feelies." 
Those were something you went to, like going to the movies, but you 
would experience all the actual feelings themselves, as if the depicted 
events were actually happening to you. Although our "leaders" seem 
too dim to grasp what is going on in the world of scalar 
electromagnetics, it should not take some young Hollywood genius 
too long to understand that The Feelies are now possible, and that the 
immense megabucks of potential profit more than justify heavy 
investment in bringing it to market. 


One can imagine that first "Feelie" theater, "The Huxley" perhaps, a 
large comfortable area surrounded by nine giant screens (not just one 
screen!), which become 3D if you put on your headset. And The 
Huxley is fitted with the finest sound, and oh, by the way, a modest 
sized scalar interferometer with computer. And there are one or more 
new tracks now recorded on the film next to the sound track, These 
are the digital patterns of thoughts, feelings, and ideas to be fed into 
the theater’s interferometer. And these thoughts and feelings and ideas 
will be felt by the audience as if they were their own thoughts and 
ideas. It is an entirely new art form, Psychevision. 


As important (and no doubt famous) as the actors would be the 
feelers," those from whose minds the feelings were lifted in the 
original programming of the Feelie tracks. Because, for example, Brad 
Pitt might be a good and handsome actor, but ean he really feel it? 
Like the dubbing of foreign language films, it might be necessary to 
dub the "emotional track" using a deeper and more profound person's 
feelings, thoughts and ideas 


It might even be engineered so that if you sat on one side of the 
theater you would feel like the hero, and on the other side you would 
feel exactly like the bad guy! What would that lead to? 


We have all cried at a movie some time, most people have, though 
they might not want to admit it. But this would be deep sobbing and a 
flood of tears, if the director so desired it, You would feel it at your 
core, Or, take a big chase scene, you would be terrified. They are 
breathing down your neck! You would be gripped by panic. 


For that matter, the whole genre of Horror-Feelie would be too much 
for many people to take, Do | really want to feel that an actual 
vampire is tearing at my throat with his fangs? 


A Religious Feelie would make you feel the exaltation of a saint at his, 
prayers, or give you the definite feeling that you are Christ suffering 
on the cross, All the pain could be there too. The stickiness of the 
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blood. The very feeling itself: "Why hast thou forsaken me?" Who 
among us could come up that despair for scanning? Had this been 
developed a bit earlier we might watch a documentary of, say, Mother 
Theresa, containing her own actual deep sense of compassion, which 
we would feel arising in us as our own, 


Then again, a Psychedelic Feelie could induce an LSD-like state and 
simply blow the audience's minds. 


Even in its simplest most primitive mode, the hypnogogic trance 
induction with its increased suggestibility, would completely alter the 
experience of even ordinary current movie going. 


6. As it Stands - 2002 


[Note 2006: Click here for a current status history of the MEG from Tom Bearden] 


"Anyway, it’s presently a "Mexican stand-off" with the various parties 
maneuvering with check and countercheck. That is the real "balance of 
terror" that is held by such a fragile balance." 


"You can see the implications if such weapons fall into the hands of the 
radical terrorists. Ordinary positive energy EMP shooters can be made 
fairly readily and cheaply from nearly just Radio Shack parts or surplus 
parts, It just takes some know-how... When and if the Yakuza [Japanese 
mafia] gets those (and they will, i's just a question of time), you can begin 
to appreciate some of the tums this present terrorism and our war on it will 
take." neuer 


‘The very thought of the building of one of these howitzers by "some lone-nut gunman’ 
from Radio Shack parts makes one realize how serious it is for humanity to face the 
crisis it has come to 


Once again, as at the dawn of the nuclear era, humanity finds itself at the crossroads of 
Heaven and Hell, Asa species, we must stop and consider. And there is at least one real 
difference between this visit to the crossroads and the last: rhis time there is a very real 

possibility of a true "earthly heaven" on the Heaven side. 


The poor nations could come to a good life. Disease could be largely eliminated. Fos 
fuel pollution could end. Global warming could be solved, and the weather could be 
managed in a humane way, bringing water where there is drought, and sunny skies 
where there is flood. Scalar interferometry would be there to avert any possible hits by 
asteroids or comets, Mars could be colonized and terraformed. Everyone would be 
highly educated through psychoenergetic downloading of knowledge. And the wisdom 
of the wise could be realized directly through scalar connection to their minds and 
hearts 


These stunning sudden possi 


ilities give me pause to think: if our species has reached 
this crossroads in such a short span of centuries, then surely other species in this vast 
universe have passed this way before and long ago. And of those who chose the path to 
"planetary heaven," what is their life like now? It might be good if some of them were 
with us now, to guide us through this last struggle over this pesky old good-and-evil 
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problem, It is our last chance to choose the path which benefits the whole species, 
and not just some elite group or faction 


The Disclosure Project 


One person working tirelessly to bring to bring these technologies into the open is Dr. 
Stephen Greer of the Disclosure Project, which is calling for congressional hearings 
into the issues of UFOs and the free energy technology that was, perhaps in part, 
reverse-engineered from them. 


"Once abundant and nearly free energy is available in impoverished areas 
for agriculture, transportation, construction, manufacturing and 
electrification, there is no limit to what humanity can achieve. It is 
ridiculous — obscene even — that mind-boggling poverty and famine 

exists in the world while we sit on classified technologies that could 
completely reverse this situation. 


"'So why not release these technologies? Because the social, economic 
and geo-political order of the world would be greatly altered. Every 
deep insider with whom I have met has emphasized that this would be the 
greatest change in known human history. The matter is so highly classified 
not because it is so silly, but because its implications are so profound and 
far reaching. By nature, those who control such projects do not like change. 
‘And here we are talking about the biggest economic, technological, social 
and geo-political change in known human history. Hence, the status quo is, 
maintained, even as our civilization hurtles towards oblivion. 


"With the types of weapons currently in the covert arsenal — weapons 
more fearsome even than thermonuclear devices — there is no possibility 
ofa survivable conflict. Yet in the darkness of secrecy, actions have been 
taken on behalf of every human that may endanger our future, Only a full, 
honest disclosure will correct this situation, It is not possible for me to 
conyey in words the urgency of this.” 


De. Stephen Greer iiy/wow disclosuepnjst onES-Dislosurelmplications:2 4m 


Greer and his team have assembled hundreds of witnesses, many of whom are military 
or ex-military, who are ready to testify to congressional hearings what they know about 
the covert black projects which have kept free-energy and antigravity propulsion 
technology secret from the people. 


Greer points out the need to regulate these technologies so they are limited to peaceful 
uses, but this is of course difficult when the government simply chooses to pretend they 
do not exist. In the meantime, as the President and the Defense Department continue 
the charade of war-as-usual, those scalar (longitudinal wave) installations which DO 
exist continue to fall into ever more sinister hands. And there is no reporter in the pri 
brave enough to ask, "Mr. Secretary of Defense, what steps are you taking to defend 
our MINDS from attack by the big Russian longitudinal interferometers?” 


Longitudinal Interferometers are Proliferating 


Ina later statement Bearden reveals that in fact the Yakuza [Japanese mafia] has 
already leased some of the interferometers with a nearly $1 billion "down payment:" 
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And in Bearden’s analysis, it all comes back to the 
crisis which is now provoking the current "oil war 
“Hubbard Peak" and will decline. And the electrical power grids must be replaced with 
scalar power 
possessor of longitudinal interferometers. They can all be wiped out in minutes. By 
anyone who possesses or controls a Tesla howitzer. 


Scalar Wars The Brave New Wold of Scalar Eectomagnatice 
"Afier the collapse of the Soviet Union's economy, lots of things got 
available for lease or purchase that would never have been under the old 
system, That happened in the resulting economic chaos. The Russian Mafia 
rose to prominence, as did some wheeling and dealing entrepreneurs who 
played both ends against the middle. 


“In that atmosphere, and in the need for money, the KGB allowed 
leasing of the earlier longitudinal EM wave interferometers to a 
consortium of the Yakuza and Aum Shinrikyo. They did this only after 
they had tested and deployed their great new quantum potential weapons. 
‘That class of weapon is the dominant weapon on earth. Five nations now 
have it: Brazil, Russia (KGB), China, and two nations friendly to the U.S. 
‘The deal to lease many of the earlier LWIs [longitudinal wave 
interferometers] to the Japanese Yakuza and Aum Shinrikyo was 
consummated at the end of 1989, with a down payment of $900 million in 
gold bullion as "up front" money. I don't know what the lease per year was 
and is, but probably something like a billion dollars a year. So the rogue 
Japanese acquired longitudinal EM weapons and that technical know- 
how. In fact, the Yakuza is producing certain kinds of those in its own 
facilities in Japan now." 


nun ww seni ol eeresponenoe 0302025 an 


Personally, I am a little uncomfortable with the knowledge that the Japanese mafia may 
now be able to insert things into my mind, I'd like to sleep at night knowing that my 
dreams are my own, such as they may be, and not some weird fantastic visions cooked 
up by a criminal organization. This is a world emergency. 


ue of energy. It is the energy 
" since oil production has hit the 


fast as possible, for these grids are now totally vulnerable to any 


"Anyway, in my personal view, we should have a national Manhattan 
Project right now, to develop decentralized electrical power systems taking 
their energy from the vacuum . . . The MEG is real and so are several other 
systems invented by private inventors and colleagues. All these efforts 
should be massively funded and massively and quickly developed. The 
survival of this nation is going to depend upon it. ... There are many other 
facets, but the major point is that our scientific apparatus and the public 
are still unaware of what a desperate struggle we have entered, since it 
was thrust upon us. 9-11 was a wake-up call, It was certainly bad 
enough, and one grieves for those lost American lives, But I fear the worst 
is yet to come, and it is coming at us like a runaway train hurtling right 
down the track at us.” 


un seni op lcerespondene 0217025 uy 


"The electromagnetic weapons mentioned by the Secretary of Defense in 
April 1997 are in terrorist hands also, including the Yakuza and Aum 
Shinrikyo. That rogue group leased those earlier weapons on site in 
Russia, from the KGB, at the end of 1989. The SecDef stated that such 
weapons were being used to initiate earthquakes, i 
eruption, and control and engineer the weather. Quite true. And presently 
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there is a truly massive set of weather engineering operations going on 
over North America, from that rogue Japanese group manning the weapons 
in Russia, Some 10 nations of the world now have the type of longitudinal 
EM wave interferometer weapons (which are what the SecDef was most 
probably referring to). There are other eyen more fearsome weapons, 
possessed by five nations, So a great deal of the state of the world is not 
covered in the news at all, and will not be... 


"We have been in an undeclared war of an eerie kind for some decades 
‘That war seems now to have started to heat up also. The destructive 
capability of some of these weapons is awesome, and far greater than 
nuclear, 


htip://www.cheniere.ong/correspondence/021702a.htm 


"In that sense, the first phase of WW III is already completed. Now we are 
only waiting for Phase Il. 


"It is against that backdrop that I think one must "analyze" such things as 
how fast we will be replacing the power grid (it's going to go anyway, and 
catastrophically, the terrorists will see to that). And everything we have 
is critically dependent upon energy, from the economy to jobs to mobility, 
to the millions of trucks that transport our goods every day, etc. 


"As far as Lam concerned, we are already late in declaring a great national 
emergency in energy, because of the coming destruction of the present 
energy infrastructure. The scientific community should lead, follow, or get 
out of the way. The emergency is not in seeking "alternative but 
conventional" systems, It is in developing "energy from the vacuum" on an 
emergency, crash basis. 


usual. Most 
stan is finished 


"Unfortunately, everywhere | look I just see busines. 
Americans (and news media) seem to think, hey, Afghai 
except for a bit of cleanup, and it's just about over). 


It isn't. It has only just begun." 


responce 


an cheno 2170284 


Beyond the Howitzers: Quantum 
Potential Weapons 
Do not use EM propagation through space 


terferometers, Bearden 
called 


As more and more nations acquire the scalar i 
speculates on the next generation of longitudinal weapons 
"quantum potential" [QP] weapons. 


"The quantum potential weapons are presently only held 
by three nations: Russia (in the hands of the KGB, which is 
now know by its new name), Brazil, and the "friendly little 
nation." Red China may be working on them, but is just at 
the beginning... 
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"The QP weapons have been highly reserved by the 
Russians, However, the complete extent of their capabilities 
is still being figured out. 


"The quantum potential weaponry (possessed by only three 
nations) is supreme, because it uses multiply connected 
spacetime, and DOES NOT involve propagation of EM 
energy through space as does the longitudinal EM wave 
interferometers. 


bitp://www.cheniere.org/miselgp.him 


"The operational deployment of full-scale strategic QP 
Weapons on site in Russia occurred at the end of 1989, 
which is when the formal weapons first went operational 
These weapons are not in the inventory of the regular 
Russian armed forces, but all research and development, 
manufacturing, deployment, an_ manning and employment is 
under the ruthless control of the KGB. Shortly thereafter 
(within weeks), the KGB leased many of their earlier 
longitudinal EM wave interferometer (LW1) weapons to a 
rogue Japanese group comprised of the Aum Shinrikyo and 
Yakuza." 


Beanden bp henry ceespondence 140m 


In another paper, "Time Polarization - Significance and Weaponization," Bearden tells 
the story of how a KGB longitudinal wave attack was averted by the longitudinal 
weapons of a "friendly small nation.” 


So as it stands, it is precarious. Not until the people demand an end of what author Jim 
Marrs has dubbed the "Rule by Secrecy," can the people's representatives tackle the big 
problems of a worldwide ban on Scalar Wars and the shifting over to an essentially oil- 
free economy 


Latest Update from Tom Bearden - March 2002 


‘The whole situation is changing so fast that when I asked Tom to look over this article 
he mentioned the seeming contradiction when some of the above statements are taken 

together. At different times the information he has is updated so one has to keep a kind 
of running track, He was kind enough to clear up the confusion here with the situation 
as it stands as of March, 2002. 


"We knew of three nations having the QP weapons for some time. Then we 
found out last year that five nations had it. So that explains my using the 
figure "three" first (which represented what I knew at the time). Later I 
found out about the other two nations. China, e.g., only deployed its QP 
weapon this past year. So that explains the apparent contradiction between 
me using "five" in later papers and "three" in earlier ones. It was the best 
information I had at that time. Might mention that so the reader will 
understand the apparent discrepancy." Tom Bearden 
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Emptiness is Full of Energy 


"The Tao is an empty vessel; 
it is used, but never filled 
Oh, unfathomable source 

of ten thousand things! 


"Oh, hidden deep but ever present! 
1 do not know from whence it comes. 
It is the forefather of the gods. 


Lao Tzu -Tao te Ching 


Afterword 


Because of the extreme seriousness of the topics brought forward in this article, I asked 
Tom Bearden to look it over to make sure I had not gotten anything too terribly wrong or 
mixed up. | did not want to pass on any misunderstanding of my own. I felt a little nervous 
writing to an eminent scientist, and hoped I had not presumed upon his time. 


But Tom was so kind as to answer immediately, and to my relief I had not gotten anything 
too terribly wrong. Here is his letter, in which he clears up a misunderstanding, and reports 
on his current health treatment, and gives a call to the young grad students to turn 
themselves loose in the whole new field of scalar electromagnetics and free energy. 


Subject: RE: Article on Tom Bearden and "Scalar Wars" 
Date: Fri, 22 Mar 2002 22:54:01 -0600 


Bill, 


Well, I must say I'm astounded at your persistence and hard work in 
congealing all that together. My compliments on a hard job quite well done. 


Couple tiny things: In the area mentioning Kervran and Kaznacheyev: Kervran 
was French; Kaznacheyev was and is Russian. Little typo of "spredding" the 
immune system. Should be "spreading" 


We knew of three nations having the QP weapons for some time. Then we 
found out last year that five nations had it. So that explains my using the figure 
"three" first (which represented what I knew at the time). Later I found out 
about the other two nations. China, e.g., only deployed its QP weapon this past 
year, So that explains the apparent contradiction between me using "five" in 
iater papers and "three" in earlier ones. It was the best information I had at that, 
time. Might mention that so the reader will understand the apparent 
discrepancy. 
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Otherwise, it's pretty accurate, 


Just now I'm letting the weapons take care of themselves; have to, as I will be 
recovering now for nearly a year from now after the heart attack last year and 
covering that I had contracted mycoplasia (the BW modified kind) in 
Canada in 1968. Finally got a test which confirmed the chronic mycoplasia 
(which I had for 33 years!). The stuff burrows inside one's red corpuscles, then 
draws nutrients from the hemoglobin, hardening it and reducing its ability to 
take on oxygen (by as much as 50% or more). The resulting symptom is loss of 
endurance (which I had for that 33 years) -- the so-called "chronic fatigue 
syndrome”. 


Many of the Gulf War Veterans who are sick also have it, though they 
apparently have other complicating factors as well. A very high percentage of 
persons with chronic fatigue syndrome also have mycoplasia. The treatment 
for the long-standing mycoplasma infection of that nature is to stay on 
antibiotics for a year. The only time the mycoplasma is vulnerable is when one 
Wears out a red cell in normal usage, and the body makes a new red cell to 
replace it. The mycoplasma comes out of the dying cell to infect the new 
replacement cell, so it is exposed and vulnerable at that specific time and that 
time only. The antibiotics kills it at that time. Hence the necessity to stay on 
antibiotics for such a long time so it is continuously in your bloodstream (I've 
already been on antibiotics for over two months, and have at least 10 more 
months to go). We also take a little medical oxygen every day. 


Another symptom of the mycoplasma infection is the association of runaway 
fibrillation of the heart. To stop that, there are pills one takes, and they stop it. 
But they also further reduce the volume of blood pumped by the heart, so that 
this projects one right back into the hypoxia, dizzy, loss of balance, etc. Catch 
2 situation; the fibrillation will build and cause heart attack, stroke, etc. if not 
stopped, and if stopped it puts you back in the hypoxia which can cause many 
things! With the conventional treatment, you're damned if you do and damned 
if you don't. Hence the need for a little extra medical oxygen, so you can take 
the "heart clamp" pill and stop the fibrillation, but also augment the oxygen 
‘enough to continue to survive without a stroke or some such. Interestingly, it's 
very difficult to even obtain a mycoplasma test, and Medicare fights you tooth 
and nail over paying for the oxygen. Either they will pay for it or I'll pay for it 
myself; it is absolutely necessary. 


‘Afier a heart attack, one is treated in the heart clinic by specialists who are 
very caring and excellent practitioners, but know nothing of mycoplasma 
infection, so not consider it even a part of "heart disease", and who are rather 
puzzled when one has no clogging of the arteries, has the right count of red 
corpuscles (largely nonfunctional, of course, but there), pumps the right 
amount of blood, etc. So they identify and treat only the runaway fibrillation, 
do not prescribe the oxygen ~- and essentially place you on a regime as best 
they know, but one that is guaranteed to kill or maim you or turn you into a 
totally disabled person or human vegetable via stroke, paralysis, ete. 
Fortunately my family doctor will prescribe the oxygen anyway, though I may 
have to pay for it myself. Whatever works! 


However, I'm slowly improving little by little, working as much as I'm able to 
and trying to finish my book: Energy from the Vacuum: Concepts and 
Principles, and get it to the publisher for publication later this year. Hopefully 
the book will turn all the interested young grad students and post-docs loos 
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the free-energy area, They will not have to spend 30 agonizing years to get to 
where I am, and where a few others are, but can simply start here and go 
forward. Since speed to develop energy from the vacuum is of the essence 
because of the world situation, I'm moving on it as fast as I am physically able 
to. 


Meanwhile, working with the AIAS (Alpha Foundation's Institute for 
Advanced Study), the ALAS (15 authors) has now gotten about 20 scientific 
papers published in leading journals (Foundations of Physics, Foundations of 
Physics Letters, Physical Scripta, Optik, etc.) dealing with electromagnetic 
energy from the vacuum, Several more are either approved for publication or 
in the review process also. So slowly we are getting it into the mainstream 
scientific literature. Hopefully it will be in time, but it's cutting it close. 


Very best wishes, 


Tom Bearden 


Late update 


Massive display of longitudinal interferometers? 


Is this sighting a case of the testing of all the Russian (KGB) longitudinal 
interferometers at once? And coordinating their targeting through the woodpecker grid 
to a common place, 
region? Was this a confluence of Ru 


s an exercise in making a massive scalar attack upon a given 
n Tesla howitzer marker-beacons? 
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Certainly for a massive all-out scalar attack you would want coordinated movements of 
the target areas of many howitzers at once, for you could then just cut a bloody swath 
across a wide area, all the howitzer blasts marching across the land in a kind of scalar 
version of the "scorched-earth policy.” All in a line, blasting, and heat, and mind 
waves. Or you might want to put the blasts all in the same place for a truly horrendous 
destruction, And on top of that biowar on citizens whose immune systems have been 
weakened with the quantum potenial weapons, This is the latest version of 
Armageddon, 


And should any madmen gain control of these weapons, any rogue group at all, and 
should they have some aggenda to radically depopulate the world, to simply kill by the 
billion, the means will be in their hands to do so. 


Update: MEG patent granted 


Motionless Electromagnetic Generator 
Patent Granted 


‘This message is from Jean-Louis Naudin, the French scientist who successfully 
replicated the Motionless Electromagnetic Generator (MEG) in France. He 
announces the granting of the patent to the MEG Builder's group at Yahoo. 


Original Message —~ 
From: jnaudinS09@aol.com 

To: jnlabs@yahoogroups.com 

Sent: Tuesday, March 26, 2002 2:20 PM 

Subject: [jlnlabs] (Info) GOOD NEWS : The Tom Bearden's MEG IS PATENTED 


Dear ALL, 
GOOD NEWS !!!! 


The Motionless Electromagnetic Generator 
from Tom Bearden is now PATENTED 
US 6362718 granted on March 26, 2002 


US Patent 6,362,718 : 
Motionless Electromagnetic Generator (MEG ) 


Abstract: An electromagnetic generator without moving parts includes a permanent 
magnet and a magnetic core including first and second magnetic paths. A first 
input coil and a first output coil extend around portions of the first magnetic path, 
while a second input coil and a second output coil extend around portions of the 
second magnetic path. The input coils are alternatively pulsed to provide induced 
current pulses in the output coils. Driving electrical current through each of the 
input coils reduces a level of flux from the permanent magnet within the magnet 
path around which the input coil extends. In an alternative embodiment of an 
electromagnetic generator, the agnetic core includes annular spaced-apart plates, 
with posts and permanent magnets extending in an alternating fashion between the 
plates. An output coil xtends around each of these posts. nput coils extending 
around portions of the plates are pulsed to cause the induction of current within the 
output coils. 
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Inventors: Patrick; Stephen L. (2511 Woodview Dr. SE., Huntsville, AL 35801); 
Bearden; Thomas E. (2211 Cove Rd., Huntsville, AL 35801); Hayes; James C 
(16026 Deaton Dr. SE., Huntsville, AL 35803); Moore; Kenneth D. (1704 
Montdale Rd., Huntsville, FL 35801); Kenny; James L. (925 Tascosa Dr., 
Huntsville, AL 35802) 


Appl. No.: 656313 
Filed: September 6, 2000 


For some technical info see my web site at : http://jnaudin.free.fr/html/meg.htm 


Best Regards 
Jean-Louis Naudin 

Email: Naudin509@aol.com 

Main Web site : http://jInlabs.org 

Site France : http://jInlabs.multimania.com 


Click here to view patent # 6,362,718 


Patent Story on Rense.com: 


Important Note 2006! MEG delayed: Click here for a current status 
history of the MEG from Tom Bearden 


Rense.com 


MEG Scalar Energy 
Device 
Patented - Production 
Starts Next Year 


From Bill Morgan 
3-28-2 


Patent was granted on March 26, 2002 for "The Motionless Magnetic 
Generator," (MEG) US Patent 6,362,718, which is likely to become 
the first commercially available free energy device in history in about 
one year from now. The machine will provide free electricity from the 
vacuum, for the life of the device, which should be a very long life 
since it has no moving parts. You can sce a picture of scientist Jean- 
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Louis Naudin's MEG replication model at: 


hitp://jnaudin.free.fr/html/meg.htm, 


It has strong magnets, coils, and a controller unit with the electronics. 
Naudin made the announcement to the MEG-builder's Yahoo group. 
The announcement has significance since the patent office has always 
been skeptical of devices which seem to "get-something-for-nothing.” 
But according to the new science of scalar electromagnetics, the MEG 
does not break the law of conservation of energy. It's just that the 
energy is conserved in the fourth dimension, time, and not our 3-space 
world. 


The MEG provides electrical energy by tapping the longitudinal 
electromagnetic (EM) waves which exist in almost infinite abundance 
in the vacuum of space. This ocean of energy which permeates 
everything is sometimes called the "zero point” energy, since it 
remains there even at absolute zero temperature. 


Four inventors are listed: Stephen L. Patrick, Thomas E. Bearden, 
James C. Hayes, Kenneth D, Moore. 


Tom Bearden has explained the operation of the MEG on his website 
Cheniere.org, and also speaks about the new fearful weapons that can 
and have been made using the same "longitudinal waves" of the 
vacuum. 


The complicated physics of how the MEG works is explained in the 
paper "The Motionless Electromagnetic Generator: Extracting Energy 
from a Permanent Magnet with Energy Replenishment from the 
Active Vacuum,” which can be found at Tom Bearden's website: 


cheniere.org. http://www.help4all.de/energy/MEGpaper.pdf) 


The first MEG units to be produced for sale will output 2.5 kilowatts 

of free electricity. Forever. They should be in production about a year 
from now, Facilities for manufacturing the device are being set up in 

an unnamed "friendly nation." 


This free electricity will flow indefinitely, without much, or any 
maintenance. The units may be hooked together to provide more 
wattage, so four of them would provide 10 kilowatts. After some 
production experience units will be made which output 10 kilowatts 
each. With a couple of those units a house could get off the electrical 
grid. 


Tom Bearden, one of the inventors has said "I will admit that the chief 
scientist of an important experimental group in a large company was 
rather stunned at the type of output we were able to obtain, The MEG 
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may look like just a transformer, but it is not. It is a completely 
different breed of cat." This cat, it would seem, is out of the bag now. 


The ordinary EM waves we are familiar with are called "transverse" 
waves, to distinguish them from the new "longitudinal" EM waves of 
the vacuum, Bearden has explained in depth on his website 
cheniere.org that wherever there is a dipole (battery, generator, 
magnet) there is an unseen flow of longitudinal EM waves in that 
local vacuum, the only problem is in tapping that energy and 
"transducing" it to electricity. Bearden says that the problem with all 
the electrical circuits we have is that they are two-wire circuits, a loop 
by which half the energy goes back to destroy the dipole. In the MEG 
that closed loop is never made, So the dipole is not being destroyed. 


Patents are not granted on devices which do not work, so in a sense 
this announcement proclaims a new era. The MEG device itself 
proclaims and proves that energy is abundantly available everywhere, 
for free. We only have to build the devices to tap it. MEG type devices 
could be put into a car with an electric engine to make a truly fuel-less 
automobile, Electricity can be available in yery remote places. People 
will be able to get off our very terrorist-vulnerable power grids. In an 
cra of terrorism a highly dispersed power system would be most 
desirable rather than our centralized systems. 


What is somewhat astonishing to me is the discovery by Bearden et. 
al. that time itself is actually compressed energy, and that this free 
energy is actually coming from the time domain, the ocean of 
longitudinal EM waves which fill the empty vacuum of spacetime. In 
fact, time is energy compressed by the same factor that matter is 
compressed energy: the speed-of-light squared. Thus there is a new 
companion to Einstein's E=me2. Can you say "E equals delta-tee-cee- 
squared?" The "tee" is time and delta-tee is change in time. 


‘A company has been set up to manufacture the MEG called Magnetic 
Energy Limited. 


The ramifications of free energy are enormous. The oil wars are not 
necessary. If we threw as much money at this technology as we are 
spending on the oil wars we would be free of the need for oil in less 
than a decade. With fuel-less cars air pollution will be greatly 
lessened. Third world nations can raise their standard of living 
eventually. And the energy is free. And it never runs out. 


Thave put together a kind of "Bearden for Beginners” article which 
explains some of the basic concepts of the current state of scalar 
technology. 


http://www.prahlad.org/pub/bearden/scalar_wars.htm 
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Status History of the MEG 


updated Oct. 26, 2006 


Important notes on the status of the MEG (Motionless 
Electromagnetic Generator) 


Since the time this "Scalar Wars" article was written the 
timetable of the MEG has been thrown off considerably. 
Bearden had originally said the MEG could be marketed within 
1-2 years of receiving funding for final research and scale- 
up costs. | thought certainly it would not take very long, but 
over 5 years later they still have not gotten the $10 million or so 
necessary. There are various reasons for this, some of which 
‘Tom Bearden has written about. 


The place for updates on the MEG status is Tom Bearden's 
correspondence section at his website Cheniere.org: 


http://www. cheniere.org/correspondence/index.html 


Here are a few of his reports which detail the history of the 
MEG status : 


Mar. 6, 2006 
http://www.cheniere.org/correspondence/030206.htm 


May 16, 2005 
http:/www.cheniere.org/correspondence/051605.htm 


Jan. 19, 2005 
http:/Avww.cheniere.org/correspondence/011905.htm 


Dec. 5, 2004 
http:/Avww.cheniere.org/correspondence/120504.htm 


Do the magnets run down after a while? 
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Further developments 


Tom Bearden clears up a question 


When the MEG patent was released many questioned the patent language which 
seemed to imply that permanent magnets of the MEG would "wear out" after awhile. I 
myself wondered about the same thing so I put the question to Tom, and here is his 


Dear Bill, 
‘Thanks for the kind words; much appreciated. 


I'm not up to going on radio or TV, and won't be for quite some time, Still 
suffering from hypoxia, though very slowly improving, and will still be on 
antibiotics for 10 more months at least (maybe longer). 


Obviously an extensive dialog developed between the Patent office and 
our patent attomeys. As best I can understand it, the Patent office accepts 
the fact that a permanent magnet produces and emits energy, or has a 
history of accepting it. They do not appear to be at all cognizant of the 
broken symmetry of opposite charges, and hence of a dipole. So in their 
opinion (which seems to be vague), the magnet has to use itself up very 
gradually, or some such, So some rewrites were essentially required by the 
Patent office. 


All [can say is that a magnet is a very durable thing, so long as you don't 
heat it up too much or shock it to much. Certainly one will make a good 
20 years, and of course there are plenty of magnets that have been around 
awhile longer. 


‘That said, in our earliest experiments we did "measure" some such effect, 
or so we thought, until we found that a particular instrument was bad and 
giving erroneous readings. So with a new instrument, we have not 
observed since then any such readings. 


Out of all that fuzziness came the inclusion of "using up the magnets 
gradually". So far as we are aware (after correcting those early readings on 
a defective instrument), we have seen no such measurements or effects 
since then at all. Nonetheless, just in case there is some very small effect 
in that respect, at least it’s in there. 


Actually, as you are aware, capacitors and solid state components are the 
major concerns for failure, and any system does require maintenance, both 
periodic and whenever malfunction or failure occurs. The MEG is no 
different from any other device in that respect, so of course it will have a 
component failure rate and maintenance required from time to time, just as 
any other electromagnetic device. But without moving parts, it can be 
ruggedized and made very durable indeed, 


Please give Jeff Rense my regrets, and I do admire his work and his show. 
He's laying it in there. 


‘The depth of the scientific mindset against COP>1.0 is inexplicable, 
particularly when physics itself already has COP>1.0 validated 
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experiments (such as Bohren's experiment, which outputs 18 times as 
much as one inputs by Poynting calculations), and it works every time. 
Any competent university optics lab can perform the experiment. Also, 
even the conventional texts admit that a charged capacitor or electret laid 
ona permanent magnet, so that the E of the cap or electret and the H of the 
‘magnet are at right angles, is a "free energy machine”. That silly thing will 
{there and pour out Poynting energy § = EXH indefinitely. Years 
and years and years. If you wait just a single year, that silly thing has 
changed the energy density of a volume of space a light year in radius, 
reaching out well beyond the solar system, Now that's a WHALE of a lot 
of EM energy that beast poured out in that year, and it will still be going 
strong and pouring it out at a steady rate. The charges and dipoles in 
original matter in the universe have been pouring out EM energy in that 
fashion for some 14 billion years, give or take a billion or so. Its also easy 
to see that, prior to Lorentz's ARBITRARY symmetrical regauging of the 
Maxwell-Heaviside equations, those equations prescribe both EM systems 
in equilibrium with their active environment, and EM systems not in 
equilibrium with it, The latter systems are permitted by the 
thermodynamics of open disequilibrium systems to perform five magic 
functions: (1) self-order, (2) self-oscillate or self-rotate, (3) output more 
energy than the operator inputs (the active environment inputs the rest of 
it), (4) power itself and its load (the active environment inputs all the 
energy, like a windmill), and (5) exhibit negentropy. That is a well- 
established thermodynamics, Lorentz arbitrarily discarded all such open 
disequilibrium EM systems in order to get simpler equations having 
analytical solutions and not requiring numerical methods. So he simply 
scrapped all the really interesting and challenging EM systems in 
Maxwell's theory. ARBITRARILY! 


That our scientific establishment continues to teach only that "half" of the 
theory, and not point out the rest to the young students, and not fund 
research into developing such systems that take energy from the vacuum, 
simply inexplicable. It's a matter of total dogma, not science at al 


But hopefully it is changing a little bit, At least now we cite chapter and 
verse when these things were done, and what they are, and the young grad 
students and post docs can go check the papers and make up their own 
minds 


That is the real hope of the future: that we get a generation of young 
fellows, with excellent skills, who now know where all the skeletons got 
hidden in the closet, and understand that the electrical engineering model 
arbitrarily assumes an inert vacuum environment (falsified for more than a 
half century in particle physics) and a local flat spacetime (falsified for 
nearly a century by general relativity). 


Once they know that past history, and go read into what broken symmetry 
of opposite charges means for a dipole and for all dipolar EM circuits, 
they will set to and change that more than a century of error. In that case, 
we shall have numerous solutions to the energy crisis rather quickly, 
popping up all over. 


Good thing. It will certainly displace some great energy barons, but it will 
also free the populace. One can extract all the EM energy from the 
vacuum one wishes, anywhere, anytime, with ridiculous ease. One can 
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produce that "electrical wind of energy" at will, by making a simple dipole 
and then letting it alone. The only energy problem is in how to then 
intercept some of that energy flow and "catch" it in a circuit, discharge it 
ina load to power it, and not use half the "caught" energy to kill that 
dipole that is gushing out the extracted EM energy from the vacuum, 


Very best wishes, 


‘Tom Bearden 


END 


|: May 16, 2007 
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Compact Pulsed Power for Directed 
Energy Weapons 


David Price,* Carl Bloemker, Edward Goldman, David Nett, 
Sidney Putnam, Doug Weidenheimer, Roger White, 
and Tony Wynn 
Tuan Corporation, 2700 Merced Street, San Leandro, California 94577 


The Titan Corporation has been developing directed energy technologies since the early 
1980s, Over this time Titan has provided advanced power supplies for electromagnetic 
fun and laser research while making broader contributions in the field of high-power 
microwaves (HPM). Titan's HPM work expanded from inital efforts fielding and 
operating the fist gigawatt-level oscillators for susceptibility test applications, to 
research and development maximizing the peak and average output powers and overall 
efficiency realized from such systems. As interest in HPM technology has spread globally, 
Titan has leveraged this core competency and provided the HPM equipment for nearly all 
of the major European effects test facilities. Titan’s current interests focus on compact, 
efficient and reliable directed energy weapon systems and the advanced subsystems and 
components that enable the same. Specific subsystems of interest include pulse-forming 
networks and intermediate energy storage and power conditioning elements 
(electronically reconfigurable batteries and power ride-thra subsystems). These 
subsystems are designed for reduced size and weight while still meeting severe service, 
pplarform integration, lifetime, and thermal management constraints. Specific components 
under development at Tran include laser-gated solid-state switches und both high peak 
and high average power, frequency-agile, HPM oscillators. Status and recent results from 
this research are presented. 


KEYWORDS: Electronically reconfigurable ateres, High-power microwaves, Laserguted solidstate 
‘switches, Magnet, Power-rde thru, Pulsed power, Retton 


1. Introduction and Previous Work 


Directed energy weapons (DEWs) are emerging as a key defense technology of the early 
21st century. The firstlaser antimissile and antiartllery systems are within perhaps five years 
of deployment, and newly envisioned information warfere and nonlethal point defense mis- 
sions are hastening the deployment of high-power microwave (HPM) systems. Department 
‘of Defense (DoD) programs in “more electic” and “all-electric” platforms and electrically 
driven weapon and self-defense systems are promoting the development of laser, high- 
power radio frequency (RF) and both electromagnetic (EM) and clectrothermal/chemical 
(ETC) gun technologies. In fact, the Do's current fundamental “transformation” efforts 
‘are based on stressing the development of capabilities to deal with threats emerging in the 


Received Febroary 13, 2003; revision received May 28, 2003, 
“Corresponding thor e-mail: dprice@titan com. 


‘© 2003 Directed Energy Professional Society 


‘COMPACT PULSED POWER FOR DEWS 0 


‘Table 1. Triservice directed energy applications 


USS. Amny [Future Combat System (FCS)—hybrid electric drive vehicles} 
‘© Advanced armaments—electrothermal/chernical guns 
‘* Enhanced area air defense—solid-state heat capacity laser system 
‘» Counter- HARM 
‘¢ Counter-ATGM 
‘* Countermine (electronically fuzed and wide-area threats) 
US. Navy [All-Electric Ship Programs (Integrated Propulsion System and DDX)} 
‘* Advanced stand-off shore bombardment—electromagnetic guns 
‘« Advanced anti-ship missile defense (free-electron laser and HPM) 
‘© Nonlethal area denial 
US. Air Force (more electric aircraft program and advanced UAV programs) 
‘« Enhanced self-defense-—solid-state heat capacity laser system 
‘# Space-based laser program 
‘© Airborne laser 
«Suppression of enemy air defense 
« Airoraft self defense 
«© Close air support 
Defensive and offensive counter air 
4 Strategic attack/strike warfare, attack operationvair interdiction 
‘© Combat search and rescue 
© Arwadenial 
1# Cruise missile defense 


‘Table 2, Countries now developing high-power RF technology 


Programs Countries 

Major United States, China 

Medium-scale United Kingdom, France, Germany, Russia 

Emerging Sweden, Japan, India, Taiwan, Australia, Israel, South Korea 


Information Age instead of emphasizing countermeasures to specific threats. DEWs hold 
the promise of engaging multiple threats and multiple threat types, thereby fitting very well 
into this conceptual paradigm. Some specific examples of defense applications of DEW 
technologies are shown in Table 1, 

“The initiatory HPM programs inthe USSR and United States have evolved and influenced 
foreign allies and threats to take an interest (Table 2). The collapse of the USSR led 10 
the dispersal of Russian and Ukrainian HPM workers and the proliferation of the Soviet 
technology to the Third World. This global emergence is driven by at least two fact 
1) The dependence of both military systems and civilian support infrastructure on sensitive 
clecttonics is increasing, and 2) after a more-than-20-year effort, an understanding of the 
susceptibilities of both military and commercial systems to HPM threats is maturing. 

For these reasons the Titan Corporation has taken a keen interest in the development 
‘of systems, subsystems, and advanced components across several different technologies 10 
support HPM and laser directed energy programs, 
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Jn 1997, Maxwell Technologies purchased Physics International (PI) from Primex Tech- 
nologies and merged two of the three most prominent, commercial, pulsed power entities 
in the United States. PI and Maxwell pulsed power capabilities were combined into a new 
entity, Maxwell Physics International, which became a component of Maxwell’s Systems 
Division, Maxwell subsequently decided to leave the DoD and Department of Energy (DOE) 
pulsed power business altogether and sold the combined Maxwell/P pulsed power divisions 
to the Titan Corporation, the parent company of Pulse Sciences Incorporated (PSI). Now, 
the three most prominent names in commercial pulsed power are combined as the Pulse 
Sciences Division (Titan-PSD) of the Titan Corporation. 

In March 2002, Titan completed the acquisition of Jaycor and its subsidiary California 
‘Tube Laboratory (CTL). This acquisition established Titan as one of the world’s primary 
industrial authorities on electromagnetic effects end suppliers of RF and narrow-band mi- 
‘crowave DEW technologies and associated electrical power systems. High average power, 
high efficiency, magnetrons; high peak power, pulsed, relativistic magnettons and super- 
reltrons; short pulsed, ultra-broad-bandsvidth systems and megawatt-class power supplies 
and power conditioning subsystems are all designed and manufactured by Titan. This paper 
vill chronicle some of the past and report on some of the current contributions that Titan 
has made to the development of pulsed power technology for DEW applications. 


1.1, Previous Titan work in support of HPM programs. 


Titan-PSD has been developing directed energy technologies since the early 1980s. In this 
time, Titan has delivered capacitor banks for electromagnetic gun research with atoal stored 
‘energy exceeding 200 MJ and advanced pulsed power systems for several large laser systems 
ig. 1). Over 40 years, Titan-PSD has delivered more than 200 pulsed power systems for 
‘electromagnetic pulse (EMP), x-ray, and lightning simulation; lash radiography; and other 
applications worldwide, Although somewhat peripheral to DEW research proper, these 
projects have nonetheless formed much of the experience base supporting Titan's directed. 
energy technologies contributions. 

Titan's primary contributions have been in the field of HPM (Fig. 2). Work started in 1984 
‘when Titan set up and began operating a susceptibility effects test facility for the Defense 
‘Threat Reduction Agency (DTRA). A 30 x 20 x 16 ft anechoic chamber to support this, 
‘work was originally designed to operate in X-band and above. AC the outset of the U.S. 
HPM directed energy program the community felt thatthe higher gains possible from fixed 
antenna sizes at higher frequencies would drive technology development into these bands. 
Over the next 10-plus years, the 25 effects test programs conducted on strategic and tactical 
systems in the Titan facility and tests conducted at other sites both confirmed thatthe lowest 
susceptibility thresholds are observed in the S-band and below. HPM source development 
history has mirrored these findings. 


1.1.1. HPM source developments at Titan, In 1983 Titan initiated HPM source re- 
search in its test facility by developing first C-X band overmoded vircators"” and later an 
L-band vircator!? These systems produced gigawatt outputs through the oscillating virtual 
cathode mechanism, Their main shortcoming was their broad bandwidth due to chirping 
induced by diode gap closure. To address this shortcoming Titan developed the first cav- 
ity vircator® that reduced the output bandwidth from several hundred megahertz to a few 
tens of megahertz. Versions of these devices were soon after sold to Nuclenudes in France 
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Fig. 1. Titan-PSD has designed, fabricated, and delivered the pulse power subsystems 
for most of the major electric gun facilities worldwide: (a) the decommissioned 32-MJ 
‘Thunderbolt System built for a Strategic Defence Initiative Office (SDIO) project; (b) the 
existing 32-MJ Kirkcudbright system currently being operated by the United Kingdom, 
(©) the first transportable pulse power subsystem designed for an electric weapon sys- 
tem, (This 8.5-MI stored energy subsystem, consisting of four separate PFN, was de- 
signed by Titan-PSD under the Army/Army Research Development and Engineering Center 
(ARDEC) Balanced Technology Initiative and was capable of delivering up to 5 shots at 3 
rounds per minute.|; (2) the 52-MJ bank delivered to the ARDEC for electromagnetic and 
coil gun research; (e) the pulsed power driver for the 40-MJ OMEGA laser at the Univer- 
sity of Rochester; and (f) a portion of the 100-Hz, 750-KV, 1.25-y1s modulator for NRL's 
EMRLD laser. 


and Culham Laboratory in the United Kingdom to help kick-start HPM effects testing and 
technology development programs at each location, 

‘Titan initiated work on magnetrons by acquiring S- and X-band, A-6 versions from Bekifi 
at the Massachusetts Institute of Technology.” These devices were integrated into the Titan 
test facility, and within two years an L-band version of this same design was developed.'® 
‘An S-band magnetron was sold commercially to Thales in France in 1987 to help kick-start 
HPM effects testing and technology development programs there. 

This HPM source development work soon expanded from the initial efforts to field 
gigawatt-level vircators and magnetrons for the effects testing applications to the develop- 
iment of other high-power sources. These include narrow-band klystrons (both high- and 
low-perveance variants) and reltrons, as well as ultra-wide-band systems. In parallel, the 
peak and average power and spectral characteristics of these HPM sources were being ex- 
plored in research involving phase locking, repetitive pulsing, and frequency agility. Other 
related Titan work included the development of pulsed power systems to drive these HPM 
sources involving several different architectures [pulse-forming networks (PENs) with ea- 
pacitive energy storage and voltage adders with magnetic compression power conditioning). 
‘These advancements are described briefly in the following. 
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Fig, 2. Titan contributed tothe field of HPMs in three distinct eras: 1) susceptibility effects 
testing, 2) HPM source development, and (currently) 3) DEW system development, The 
effects testing work started in 1984, Then, Titan operated the DTRA susceptibility effects 
test facility supporting tests for external DoD users. Soon thereafter Titan began using the 
facility for its own end-to-end DEW research programs. In parallel, Titan HPM source devel- 
‘opment efforts initially focused narrowly on providing the facility with minimum essential 
capability but soon expanded to meet specific weaponization and testing requirements. Dur- 
ing this period, Titan performed some of the seminal narrowband HPM work associated 
with phase-locking. frequency agility, and repetitive operation. Source development work 
continues today, focusing on improving energy output and tunable bandwidth, These ef- 
forts are combined with the development of other advanced pulsed power subsystems and 
components needed to realize compact, efficient, and reliable DEW systems, 


In the late 1980s, Titan S-band magnetrons were used in a three-year effort to understand 
how to achieve output powers exceeding 10 GW from a phase-locked array.” Many mission 
scenarios for DEW systems that could produce burnout or upset in military targets using 
only a single HPM pulse drove output requirements to this 10-GW level. The combination 


level without increasing the RF fields and beam energies within individual diodes (and 
dealing with the RF breakdown and thermal issues that would certainly ensue). In this 
effort both master/slave and peer configurations were investigated to understand the optimal 
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architecture for such an array. In the end, a module of seven “peer-coupled;" 2.8-GHz, 
‘magnetrons was built that produced an output power of 2.9 GW. Extrapolation to even 
higher output levels appeared feasible. 

‘At this time, the HPM community was beginning to recognize that there must exist 
4 middle ground between HPM and electronic warfare (EW) DEW concepts. The HPM 
approaches were characterized by superpower, single-shot, single-frequency, pulse formats, 
while the EW approaches made use of very low powers but incorporated modulations in 
the output pulse formats to effectively exploit suscepsibilities within their intended targets. 
To access this middle ground the HPM sources had to first be shown capable of operation 
in repetitive or burst modes. This burst capability would be surely required of any DEW 
system, if only to engage multiple threats deployed in sorties or clusters. In response to 
these weaponization considerations Titan-PSD developed relativistic magnetrons capable 
of operationin 1-kHz bursts.4A 1.1-GHz, L-band, magnetron wasdriven by amagnetic pulse 
compression modulator (see discussion below) and achieved 250-pps repetitive operation at 
1.2-GW peak power, in a burst of 100 shots. The average power of 12.6 kW during the burst 
remains foday the state ofthe art for gigawatt peak power sources. To demonstrate that the 
‘magnetron’s diode could recover in atime short enough to support higher repetition rates, 
the device was run for ~5 pulses (limited by the modulator) with 1 ms between individual 
pulses 

In the early 1990s both Jaycor and PL were actively extolling the use of frequency- 
agile waveforms to enhance lethality in backdoor attacks. Frequency agility exploits the 
characteristics of typical coupling cross sections that show pronounced dependence on 
microwave frequency. An HPM source that can sweep or hop frequency across a band has 
« higher probability of matching to a coupling resonance than a source fixed at a single 
frequency. Because of this strong dependence of backdoor coupling and susceptibility 
levels on microwave frequency, it was apparent that test facilities needed the capability 
to vary frequency continuously in order to obtain a comprehensive and accurate assessment 
of any given test asser’s susceptibilities. In response 10 these testing and weaponization 
‘considerations Titan-PSD developed frequency-tunable megnetrons, These oscillators can 
be tuned 17% about a central frequency,!” which today still represents the state of the at 
Jn the mid-1990s these magnetrons were integrated into advanced concept demonstrations 
for the Army and were also exported to the United Kingdom as part of an HPM test facility. 

In the late 1980s and early 1990s Titan-PSD developed several ultra-broed-bandwidth 
(UWB) systems for Army and Air Force DEW research programs, The first system was 
based on a spark gap-switched Marx that drove a variety of different broadband antennas, 
It could launch 200-MW total RF power in 3-ns pulses with rise times of ~300 ps at 2 
repetition rate ofa few pulses per second. This compact, self-contained system was used in 
booth indoor susceptibility tests and outdoor technology demonstrations. A second project 
produced a system that could launch impulse waveforms at 200 pps in burst mode." A. 
3.66-m-diameter paraboloidal reflector was driven at its feed by a hydrogen switch that was 
integrally coupled to a novel electromagnetic lens. The radiated waveform had arise time of 
~100 ps and a 10-90 rise-to-fall pulse width of 45 ns. The peak electric field on bore-sight 
‘measured at 305 m was 4.2 kV/. 

Titan invented the super-reltron in 1992, A suite of tubes that operate between 0.7 and 
4.5 GHz has been developed since that time.'? These novel tubes represent a marriage be- 
‘ween pulse power and conventional high-power klystron techniques, An energetic electron 
‘beam is modulated by periodic virtual cathode formation, and the bunched electron beam is 
postaccelerated to energies approaching } MeV. Microwave power is extracted with ~S0% 
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Table 3. Operating parameters of Titan-built modulators for DEW applications 


Pulse 
Voltage, Pulse repetition Pulse Average Switch 
Moxtulator KV Current width frequency energy power type 
18-15 50 10kKA 100s 1.9KHz 50S 95 KW. Spark gap 
NED laserdriver 440 260A  2¢s  10Hz_ KJ. 30KW_Thyratron 
EMRLD PFN 750 38kKA 13s 125Hz 35k] 4.4MW Spark gup 
EMRLD (trigger) 600 260A 400ns-_—«12SHz_ 1001. 12.5 kW Spark gap 
OMEGA laser 15 128kA 2W0us Single 40MJ_ = — —_Ignitrons 
driver shot 
CLIAHPM driver 750 10kA 100ns_-250Hz 7501. 188kW_ Magnetic 
ORION HPM. 500 10KA 50-500ns 100Hz 250) 25kW. Thyratron 
driver 
CompactHPM 450 9KA450ns—LOHzL8KSISKW Spark gap 
driver 


*120 modules, each storing 0.33 MI. 


conversion efficiency downstream in a dual-cavity output section that is tuned to the bunch 
frequency. The relirons can produce microwave pulse widths approaching 1 js and pulse 
energies of a few 100 J, outstripping the relativistic magnetrons that to date are limited to 
pulse widths of about 100 cycles and pulse energies below 100 J. 

In response to the HPM effects testing considerations discussed above, Titan devel- 
oped frequency-tunable relrons, These oscillators can be wuned £10% about 2 central 
frequency."! These devices are still in development today (see Sec. 2) and have been pro- 
vided to both France and Germany as HPM threat simulator. 


. Development of pulse power modulators for DEW appli 
Titan, Titan has developed a large number of modulators for a variety of laser and HPM 
DEW applications, with voltage ratings from tens of kilovolts to several megavolts and 
average power levels from tens of kilowatts to multimegawatts (Table 3). They also range 
from relatively simple units to complex, state-of-the-art devices with various different ar- 
chitectures and subsystems. These include PFN for generating the required pulse sha 
{iyratron switching for precise timing of the pulse switching inte the loud; low inductance 
layouts for fast output pulse rise times and high-turns-ratio pulse transformers for gener- 
ating the high voltage outputs. The switching technologies include thyratrons, spark gaps, 
‘magnetic switches, and solid-state devices, such as metaloxide semiconductor field effect 
transistors (MOSFETS), insulated gate bipolar transistors (IGBTS). and thyristors (Fig. 3). 

Several of these modulators have been designed for long-lifetime, reliable operations. 
Such features are essentialif these systems are to find their way into military applications. As 
an example, the Defense Advanced Research Projects Agency (DARPA) excimer Raman- 
shifted laser device (EMRLD) modulator (a 100-Hz, 750-KV, 1.25-y1s, lumped-element 
PEN to pump an excimer laser) was specifically designed for and demonstrated a lifetime 
of 10" shots. 

‘The ORION pulser (Fig. 3b) design has command resonant charge and intermediate 
‘energy storage sections each switched by thyratrons that drive a step-up transformer and 


Journal of Directed Energy, 1, Fall 2003 


COMPACT PULSED POWER FOR DEWS. 35 


@) (b) 
Fig. 3. Titan-PSD pulsed power systems based on (2) spark gap, (b) thyratron, and 
(c) magnetic switching 


Table 4, Key operating parameters in European HPM test facilities 


Power Maximum Maximum Shots 
HPM density, Range, Frequency, pulse repetition per. Source 
iacility Wem? m MHz widihyns_rate,Hz_—_ burst ‘ype 
UK—Orion >120 100 1,070-3,300 100 100,100 Magnetrons 
France— —>1,000 ~100 700-3,300 300 1 = Relrons and 
Hyperion ‘magnetrons 
Germany >17015_700-1,450 300 10100 Reltrons 


Sweden’ —-~120 15-25 L-Ku _500-5,000 1,000 Continuous. Reltrons 


“This facility wses conventional high power kiystrons in L-, 
power 25~0.25 MW. 


and Ku-bands, with maximum 


PEN. The modulator can fire 1,000 pulses in a burst at repetition rates up to 100 pps and 
produces 500 kV into a S09 load. It has been used to drive relativistic magnetrons® for 
HPM effects measurements. 

‘The Compact Linear Induction Accelerator (CLA) (Fig 3e) was developed for moderate- 
repetition-rate HPM source research and development. CLIA operates at 250 pps with 
750-KV, 10-kA, 100-ns output pulses. The system uses thyratron and magnetic switching 
throughout and produces 188-kW average power into the load, CLIA is not actively cooled 
and so is restricted to burst operation with 5,000 pulses in a burst. CLIA has been used to 
drive both magnetron and klystron loads. This technology is scalable to kilohertz repetitive 
operation. 


1.13. Titan pulse power systems for HFM simulation. In addition to work done 
supporting domestic RF and microwave DEW research and development, Titan has provided 
HPM simblation systems for all of the world’s major HPM test facilities in Sweden, France, 
the United Kingéom,'* and, most recently, Germany. The microwave test parameters and 
operational capabilities achievable in these international facilities are summarized in Table 4, 
‘The types of Titan HPM sources that produce the intense microwave environments are also 
sziven, Work continues today upgrading those systems and providing similar hardware for 
several non-European countries, 
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2. Most Recent Contributions 


Titun-PSD has taken an interest in the full spectrum of developments of advanced sub- 
systems and components that the three US. services will require to realize their DEW and 
electric platform goals. These developments enable many different military missions and 
cet across many different technologies: advanced capacitors, switches, transmission sys- 
tems, RF, and optical systems. Some of the pulse power and power electronic subsystem 
and component developments that Titan is pursuing are summarized in Table 5. 

‘The following subsections describe five electrical subsystems and three components that 
Titan-PSD is currently developing for DEW applications. 


2.1, Titan-PSD development of subsystems for DEW applications 


2.1.1. HPM modulator. itan-PSD has a conceptual design of a high-volage-pulse 
power subsystem fora short-pulse HPM system. The given RF pulse output parameters led 
us to choose a specific tube that is compatible with the constraints of an airbome system, 
namely the magnetron with a 209 impedance and 33% efficiency in a short-pulse mode. 
ur pulse power design concept is driven by the tube input requirements (2082 loud, 40-ns 
pulse width, 10 pps) and comprises a low-impedance, waterilled, stepped-pulse forming 
line (PFL) charged by a fast Marx and discharged through a self-breaking., spark-gup output 
switch, An advantage to using a liquid dielectric PFL is that its impedance can be easily 
varied along its length to accommodate variations in lod impedance. Input power to the 
Marx is from two 400-V series strings of lithium ion batteries with solid-state switched 
intermediate voltage multipliers providing +40 kV. Batteries are rechatged from sireraft 
power through a small voltage converter, 

Figure 4 is a simplified circuit diagram of the pulse power modulator coupled to a 202 
constant impedance load though a transit-time isolator. The transit-time isolation is integral 
to the two parallel cables that couple the outpat of the pulsed power modulator to the 
microwave source. The Marx stores 1,140 J ata voltage of #40 kV. It erects to @ 1,280-KV 
copen circuit voltage after a trigger pulse is applied to several of its switches from the trigger 
generator. Near peak PFL voltage, the self-firing spark gap closes, and energy is transferred 
to the tube at a peak voltage of 640 kV. 

Figure 5 shows the voltage and current in the load computed from a more detailed version 
of the circuit depicted in Fig. 4. Note that the current is multiplied by a factor of 10, Voltage 
rises im about 11 ns (10-90%), and the width at the peak is approximately 40 ns. We 
recognize that the impedance of the magnetron can vary during RF generation, but the 
constant impedance model is sufficient here. An advantage 10 using & liquid dielectric PFL, 
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Fig. 4, Simplified citcuit diagram of the pulse power modulator coupled to # 202 constant 
impedance load though a transit time isolator. This impedance represents a magnetron 
electron tbe load. 
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‘Table . Titan advanced DEW power technology development rationales 


What need does the development 
of pulsed power technology fulfill? 
Tis an enabler for advanced clectric 
‘weapons and self-defense systems. 


‘What need does the development of high 
powerhigh current technology fulfill? 


It is an enabler for advanced electric 
weapons and self-defense systems. 


‘System User 


System User 
Dynamic Army (FCS), Navy Solid-state Army (Anti-Aireraft and 
‘protection (carrier) lasers Anti-Missile), 
Navy (ASMD) 
ETc Army (FCS), Navy (shore. HPM Army (FCS), Navy (non- 
bombardment) lethal area denial) 
HPM/electro- Army (FCS), Navy (non-  EMALS. ‘Navy (carriers) 
magnetic lethal area denial and 
pulse ASMD), Air Force 
(SEAD) 
EM gun Navy (shore Electric ar- Navy 
bombardment) resting gear 
UWB All services (counter C41). Ride-thra Al services 


Ttis an enabler for electrically 
driven platforms: 

‘© FCS platforms for the Army 

‘© Combatants such as DD2I for the Navy 

‘¢ More electric aircraft for the Air Force 


cis an enabler for commercial spin-offs 
‘¢ Environmental remediation systems 
‘* Material surface treatments 
‘# Pulsed thrusters for satellite 
station keeping 


Tis an enabler for commercial spin-offs 
‘Electric vehicles 

‘¢ Commercial power distribution and control 
‘* Advanced semiconductor lithography 


‘What must we accomplish at 
the subsystem level? 

«# Develop compact reliable, 
affordable PENs 

‘Develop compact, reliable, 
affordable modulators 

‘Develop compact, reliable, affordable 
intermediate energy stores 


‘What must we accomplish at 
the subsystem level? 

‘* Develop compact, reliable, affordable prime 
power, power conversion and contzols 

‘* Develop comput, reliable, affordable 

termediate energy stores 

‘* Develop compact, reliable, 

affordable ride-thru systems 


‘What must we accomplish at 
the component level? 

«Develop high-energy-density, 
fast-discharge capacitors 

« Develop long-life, reliable, 
high-current switches 

+ Develop compact inductors 
for pulse control 

‘« Develop affordable ultracapacitors 

‘Develop compact, reliable, efficient, 
hiigh-average-power HPM sources 


‘What must we accomplish at 
the component level? 

‘* Develop high-current-density, high-voltage 
stand-off solid-state switches 

‘* Develop affordable ultracapacitors 


‘* Develop compact, reliable, efficient, 
high-average-power HPM sources 
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100 200 ns 
Fig. 5. Vollage and current (multiplied 10%) in the magnetron load computed using detailed 
version of the simplified circuit diagram in Fig. 4. 


is that its characteristic impedance can easily be varied along its length to accommodate 
variations in load impedance. 

‘Our compact pulse power system conceptual design mouals all of the subsystems and 
‘components in a frame that is 24 in, wide x 24 in. high x 144 in. long. The total weight 
of the system, including the frame, sealed enclosures, and internal mountings, is 1.420 Ib, 
Figure 6 is a dimensioned diagram of the subsystem that is designed to fit into the port 
bay of an unmanned aerial vehicle (UAV) with the source in the starboard bay. Frames and 
supports have been omitted for clarity. 


2.12. Compact PFN. Titan-PSD has designed, fabricated, and delivered the pulse 
‘power subsystems for most of the major electric gun facilities Worldwide, These facilities, 
were dedicated fo electric gun research und for tis reason were designed with a premium 
(on reliability and ease of use of the pulse power subsystem. Compactness was a secondary 
consideration given the large amount of real estate available forthe subsystem. 

The 8.5-Mi stored energy subsystem, consisting of four scparate PFNS (Fig. 1¢) was the 
first design to use the high-energy-density, 2.5-Ice (2.5-Ml/m") polyvinylidene fluoride 
(PYDF) Acrovox capacitors; the overall energy density of the PFNS i less than 0.5 MI/’, 
“This low energy density is partially due to the use of “elly-rll” inductors whose large 
‘extemal fields forced the separation of components and resulted a alow component packing 
fraction. 

Figure 7 is a photograph of a 250-KI PEN that was constructed under 2 DTRA/Navy- 
sponsored ETC gun development project and that was incorporated for a time into the 
Army/Tank- Automotive and Armaments Command (TACOM) Combat Hybrid Power Sys 
tem (CHPS) system integration laboratory.’ Titan-PSD designed this PFN module for com- 
paciness by developing innovative bus work and a elosed-field inductor for use with the 
2.5-tlee PVDF capacitors. These advances in component design allowed us to achieve a 
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Fig. 6. Top and end views of the pulse power subsystem concept design. The upper portion 
will be mounted in a frame and placed in one hay of a UAV. The vacunm bushing and the 
source will he placed in a second bay. 


very high packing factor and an overall energy density of 1.25 MJ/m*. This module designed 
in 1994 stil represents the state of the art in PEN design. Minor variants (o the design are 
under consideration today for EM gun applications. 

Titan-PSD has estimated the increases in the overall energy density of small (250-S00-k)) 
PEN modules that could be reulized by uchieving specific advances in component 
technologies.' This includes the use of an existing, mote compact vacuum output switch 
(developed by Titan-PSD) and existing, more compact diodes for the erowbar switches. We 
would design a higher-energy-lensity, closed-field inductorand eliminate the dumpresistors 
and associated hardware. Rather than having to dump energy into aresistor, advanced pulsed 
power systems would be charged by Four-quadrant converters capable of returning energy 
from the PEN to an intermediate energy store. When 5-Wec film or ceramic, high-eneri. 
reversal tolerant capacitors become available, the utilization of advanced components would 
lead to a PFN design with an energy density of 3.25 MB’. 


2.1.3. Power supplies for laser applications. ‘Litan-PSD’s San Diego operations are 
actively engaged in building innovative high-sverage-power systems. Titan is currently 
Uelivering power conditioning and control elements for the high-power RF Klystrons that 
‘will power the DOE Spallation Neutron Source that is now under construction att Ouk Ride, 
‘Tennessee, and a serics of multimegawatt rectifiers for the U.S. Navy's Electro: Magnetic 


‘Higher eneray densities could he achiaved in dhe eign of larger modules dv to economics of ese, 
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Fig. 7, Photograph of the 250-KJ PFN with the state-of-the-art, 1.25-M/m? overall energy 
density. Titan-PSD has operated this PEN into resistive loads ata rate of 1/3 Hz for extended 
periods. Operational limits were imposed by the heating of the lozd, not by the performance 
of any component of the PFN. 


‘Aircraft Launch System (EMALS). Most recently, Titan has developed conceptual compact 
power supply designs for deployable pulse power systems for the Strategic Mumination 
Laser (SIL). The SIL is a diode-pumped, solid-state laser for use as a designator as a 
part of the U.S. Air Force’s Missile Defense Agency’s Airborne Laser (ABL). These power 
supplies will drive compact arrays of light-emitting diodes (LEDs), which will in turn pamp 
the solid-state lasing medium, 

Titan’s proposed SIL. power supply system will consist of a group of inmovative ballast- 
type isolated power converter modules, each fed by its own active-power-factor-corrected 
rectifier module. By this method the input current harmonic distortion will be minimized, 
resulting in an overall system power factor of 0.995, which will be acceptable for the 
Boeing-747 type aircraft (ABL platform) power system, The whole power system will be 
protected against faults by appropriate fuses and circuit breakers. Initial size and weight 
estimates for the total power system is 65 liters of total volume and 140 kg of mass, The 
driving factor in the weight and volume is the need to meet the power factor requirements. 
Given a dedicated power source, the size and weight could be halved. 

‘Two basic topologies have been examined for power factor correction. They are the 
“Vienna rectifier,” first proposed by researchers in the Vienna Technical University, and the 
hhex-bridge bidirectional inverter. Both topologies do not contain any magnetic components, 
‘operating at line frequency, and both can provide a power factor over 0.99. All merits and 
drawbacks of both topologies have been initially analyzed, and the Vienna approach is 
favored for this application 


Journal of Directed Energy, 1, Fall 2008 


‘COMPACT PULSED POWER FOR DEWS o 


For the ballast inverter Titan-PSD selected the variable-frequeney, zero-power switching 
full bridge quasi-resonant inverter topology. It is new and until recently not well knowa 
‘but is very promising for multikilowatt power supplies. It shows excellent average to peak 
ratio for the semiconductor switches, close (0 the theoretical limit of 50%, and a good 

ower transformer copper utilization factor, typicelly 90%. Icis intrinsically ouput current 
limiting and therefore operates well in 2 current regulated mode and is tolerant co output 
short circuits, Using this converter topology allows the design to reach unprecedented power 
conversion efficiency (real value 95%) with excellent reliability 


2.14, Electronically reconfigurable battery. We consider a DEW power system in 
which a 10-KV capacitive store is required to operate repetitively. Ifthe system operates at 
3 pps. even for a short period of time, the recharge time would be about 300 ms and the 
recharge power would be about 51M) kW, (1 MWpu). An important system issue isthe size 
and weight of the 500-KW power conditioning unit. 

‘Titan-PSD has developed @ means to eliminate the need for intermediate power condi- 
tioning for many DEW systems mounted on hybrid electric vehicles by using the on-board 
batteries to charge the capacitive store directly. Our approach uses electronic switching to 
convert the battery modules in the mobility store from a parallel configuration providing 
vehicle load leveling and/or silent mobility capability, toa series configuration that delivers 
500 KW at 10 KV to recharge the capacitor bank and back again. We refer to this as an 
“electronically reconfigurable battery" (ERB). Note that all of the batteries are recharged 
in parallel. A similar approach is used in capacitive Marx generators to achieve very high 
voltage pulsed output 

Figure 8 isa schematic drawing of the circuit of an ERB in a hybrid electric drive vehicle, 
In this schematic circuit, some battery modules are always in parallel and connected to the 
vehicle bus. Others, along the left-hand side of the drawing, can be switched between a 
parallel configuration, which supports the vehicle bus, and series operation for charging 
the DEW store. Electronic reconfiguration requires three switches per battery module. 
All switches, with the exception of the output switch, aeed only block the voltage of a 
single battery module and open at near zero current (characteristic of capacitor charging) 
innormal operation, Passive snubbing controls the transient conditions during erection and 
de-erection, Reconfiguration can be accomplished in less than 1 ms using off-the-shelf, 
solid-state switches such as IGBTs or MOSFETs. 

Figure 8 shows an erectable battery module charging a Guillemin E-type network, 
Switches 2 and 3 are battery isolation switches, and switch 4 is a series switeh, These 
switches are rated only for the module voltage (1 kV in this case), Mechanical contactors 
parallel the isolation switches for better efficiency during periods when the pulse power 
system is not in use. Switch 5 is the output switch, which is rated for the full outpat ofthe 
ERB (10 KV and 50 A) and is most likely a series stack ofthe same switches used for 2-4. 
For fault protection and charge interrupt at current, a vacuum contactor and fuse are placed 
in series with the output switch. All switches are optically isolated with gate power drawn 
from their adjacent modules. Switch 6 is a high-voltage and current-closing switch, either 
vacuum or solid state 

‘Assuming a 20-ton-class vehicle and extrapolating from CHPS requirements, we have 
developed a conceptual design of an ERB for a hybrid electric vehicle with a system meeting 
the following requirements: 1) Deliver up to 400 kW to the vehicle bus at | KV in parallel 
‘operation; 2) recharge a 150-KI capacitive store to 10 kV in 300 ms; and 3) support 30- 
45-min silent operation at 80 KW. These requirements mandate the use of very high energy 
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Fig. 8. Schematic circuit of the ERB. Shown is a generic circuit topology for charging a 
Guillemin E-type network. For the present application, the 10 modules in the dynamic store 
are all erected in series to produce a 10-KV output. A feature of the ERB is that the dynamic 
portion of the store may be erected in combinations of seties/parallel modules to provide 
any output voltages that are an integer multiple of the DC bus voltage. This voltage agility, 
in theory, would allow a single dynamic store to power several loads with different input 
voltage requirements on the same platform such as ETC guns and HPM systems, 


and power density batteries such as the HP series of lithium ion batteries being developed 
by SAET and the lithium polymer batteries produced by Ultralife Batteries, Inc., for use 
in cell phones. The SAFT batteries have a slight advantage in usable power density and 
packaging for military use, whercas the Ulralife batteries have an advantage in cost due 0 
volume production and a potential for more compact packaging (thin, rectangular) in ERB 
service. A design and trade study will select the most appropricte cell for the application, 
We chose the Ultralite cells for the conceptual design used for purposes of discussion in 
this paper because of our experience with them in our Laboratory tabletop ERB and because 
of the availability of these cells over a range of capacities from 120 mA-h (03.5 A-h, 

‘The ERB system in this ease constitutes only /3rd of the total batery for erected (dy 
namic) operation, The remaining 2/3rds of the store (static) is dedicated to load leveling and 
silent mobility. The total capacity of ~290 MJ (80 kW-h) accommodates silent mobility 
requirements. With only L/3rd (90 MJ, 25 kW-h) of the total capacity configured for on- 
command electronic erection and de-crection, the vehicle energy storage system maintains 
its load leveling and silent operation capability even when the pulse power system is active. 

For our conceptual design, we assemble 53 Ultralite polymer batteries into individual 
200-V stacks. Five of these stacks are placed in series to obtain an output voltage equal 
to that of the vehicle bus. In the static portion of the store, 20 such sevies stacks oF the 
UBC34106102 cells (5,300 total cells) ae needed to provide the 200-MJ norninal capacity. 
Inthe dynamic portion of the store, the UBC383562 cell is used because ofits higher current 
rating. Due to the smaller size of these cells, there can be as many 3s 4 in parallel by 53 
in sores per 200-V unit, and five such units will form an erectable module. The module 
will incorporate all necessary switches and isolation and thermal management hardware 
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‘Ten modules will constitute the entire dynamie store (~90 MJ, 10,600 total cells). The 
total battery volume in the static and dynamic stores is ~0.282 m’, and the accessories 
are expected to add another 0.4-0.6 m? for a total volume of less than I'm’. The weight 
for just the batteries would be ~$72 kg, with accessories of much lower density adding 
another 100-200 kg, fora total weight of less than 700 kg. Charging of the ERB is always 
porformed at bus voltage with the dynamic store in parallel configuration, 

In oad leveling of silent mobility operation, the charge state ofthe ERB is continuously 
‘monitored and controlled by the vehicle's systems. When the pulse power mode is activated, 
the mechanical contactors bypassing the isolation switches are opened. Next, all isolation 
switehes are opened, followed by the closing of all series switches, and the ERB begins 
charging the capacitive store. Initially, the load looks like a short circuit, and the charging 
current is limited by the intemal impedance of the ERB cells. As the charge on the bank 
increases, the charging current diminishes, and the cell vollage begins to rise. Near full 
charge, the current approaches zero and the ERB output voltage rises to its maximam of 
~10 KY, Voltage on the store is monitored and is regulated by chopping the ERB output 
(je., opening and closing the series and output switches as necessary ¢© maintain charge 
against leakage; this has been demonstrated inthe laboratory at rates of up to 1 kHz). When 
the store discharges, the output switch opens immediately and remains open long enough 
forthe closing switch to recover (110 ms), The ERB can remain erected for as long as the 
pulse power system is active. Recharging ofthe store is then initiated by reclosing the ERB 
‘output switch, When the pulse power system is deactivated, the dynamic store is rotumned 
{oiits parallel configuration by opening the series switches (de-erecting). The dynamic store 
can then be recharged from the vehicle power bus. 

‘We have created an ERB laboratory demonstration consisting of five erectable modules 
of 40 V. The Uhralife UBC383562 cells were used and arranged on PC boards that were in 
lum stacked via standoffs. Isolation and series switching was via optically coupled IGBTs. 
Some figures of merit (FOM) from the ERB testing include a demonstrated current rise 
lime to 80 A of 4 148 at 200 V and an erection/de-erection frequency of 1 kHz for use in 
voltage regulation. A FOM from the four series cel tests is a demonstrated current rise time 
to 120 A of I ys, in @ maximum power transfer configuration, 


2.1.8. Intermediate energy storage. In the preceding section Titan-PSD identified a 
need for and established the technical feasibility of an advanced technology power condi 
tioning element to charge capacitive stores in DEW systems. The ERB is the solution with 
the highest efficiency and energy and power density possible. This is critical in order to 
realize a manageably sized DEW system. A second similar, eritical issue in the design and 
use of pulsed electrical weapon systems involves the level of available platform power. If 
this power is insufficient to support the required operational burst length und repetitive fire 
rate ofthe system, then it may be necessary to incorporate intermediate energy storage into 
the system design. Intermediate storage could be practically achieved through the use of 
secondary batteries, flywheels, and ultracapacitors (also referred to as electric double-layer 
‘capacitors or EDLCs). Figure 9 isa schematic diagram of intermediate energy stores in (wo 
DEW systems. 

Figure 10 shows a present application of an EDLC energy storage system in provid- 
ing ride-through of voltage sags and momentary outages for an induction motor. The 
‘output of the store is connected across the direct current (DC) link of the asynchronous 
rive and supports its voltage. Titan-PSD has manufactured a ride-through system that 
has been demonstrated to respond to sags and outages within 10 ms. It can provide 
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Fig. 9, Two DEW block system schematics with intermediate energy storage. 


Fig. 10. Circuit diagram of an EDLC ride-through system supporting the DC link of an 
asynchronous drive (ASD). 


100 KW for up to 5 s, which is sufficient to allow for orderly shutdown in a prolonged 
outage. 

‘itan-PSD has also developed several concept designs of EDLC energy storage systems 
for military applications. For example, one EDLC system design would be capable of 
supporting the DC link in a Navy shipboard system at 480 V for 12.5 at 250 kW. This 
system is estimated to be 50% smaller and lighter than a corresponding flywheel system 
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(ic., the Caterpillar UPS-250 system). With minor modifications, the same system (or 
several systems in parallel) could be used as an intermediate energy store for DEW systems, 


2.2. Titan advanced component developments to enable DEWs 


2.2.1. Solid-state switches for severe service. The key enabling technology for nearly 
all pulse power systems for DEW applications is the switch that initiates and delivers the 
pulsed electrical ourput from the electrical energy store to the load. This switch must hold 
off high voltage (typically 210 kV), close capidly (<I 18), camry high peak current (100 
‘S00KA) with high initial rate ofrise (50-100 kA/s), sustain a high total action (= 10" A?-s), 
and recover rapidly (<10 ms). In ation, the switch most support high current density, 
operate reliably under mechanically stressing conditions, have minimum weight and volume 
claims, and not require ancillaries such as vacuum pumps or gas low subsystems. At present, 
the hydrogen thyratron is most frequently selected to meet these simultaneous requirements, 
but thyratrons are large and heavy devices, with auxiliary equipment that consumes several 
kilowatts and often require immersion in oil. The Army Research Laboratory has been 
actively seeking solid-state devices for DEW utility’ and Titan-PSD is weighing in hy 
developing a high fluence, laser gated and pumped (silicon) thyristor (LGPT) thet will 
satisfy these requirements 

gh fluence optical gating of thyristor switches has been chosen for numerous pulsed 
povier switching applications. Light activation with high Ruence laser sources enables the 
Use of solid-state switching devices in performance parameter spaces previously serviced 
only by vacuum and gas spark gaps. 1 the output from the high fluence source is properly 
distributed within the switching medium, the d /de capability of the switch does not depend. 
‘on the rate of plasina spreading, Rather, di/dt becomes a function of the rate of rise of the 
optical uence. In addition, optical gating eliminates the extensive und intrusive physical 
gate structure that limits the conduction area of the highest di/dr conventional solid-state 
devices. Properly designed laser-gated devices are typically capable of higher di /dt, peak 
current, and charge transfer fora given silicon area than conventional solid-state devices, 

‘The band edge for intrinsic silicon is ~1.12 eV, corresponding to ~ 1.11 nm, However, 
silicon isan indirect band-gap material so that the optical phonon energy (0.063 eV) adds 
to the photon energy to create €-h pairs out fo 1,170 nm. In most previous effort involving 
direct laser-gating of silicon devices, a solid-state laser was used; typically either Nd:YAG 
or N&:YVO at 1.064 nm. However, aver the past 10 years, the development of compact 
ddiode-pumped solid-state Tasers has significantly reduced the size of the requisite optical 
sources and improved their lifetime and reliability. More important, the InGaAs laser diode 
bars that were developed for pumping these solid-state lasers have been pushed to longer 
wavelengths, approaching and exceeding that of the silicon band edge. In principle, the 
center wavelength of InGaAs laser diode bars is selectable by design over a continuum 
from 850 nm through at least 1,150 nim, This allows direct optical gating and pumping of 
silicon by the diodes without any of the intermediary options of the preceding paragraph. 
Figure [1 is an illustration of an on-board laser diode gated and pumped silicon thyristor, 
which is one of the candidate approaches in development now. 

‘Titan-PSD is currently performing on two programs and has finished a third that provide 
technical leverage for further switch development. Our Electra Advanced Pulsed Power 
Program is five-year, Naval Research Laboratory (NRLY/DOE-sponsored effort to develop 
advanced pulsed power components and systems for KrF laser IFE (krypton fluoride laser 
inertial fusion energy). The most critical component is the primary Switch, and we are 
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Fig, 11. Ilustration of a laser gated and pumped thyristor, 


developing an on-board LGPT for this role. The switching requirements are repetitive, 
high peak current and di/dr, as well as high efficiency (the switch dissipates <1.5% of 
stored energy) and long lifetime (10° shots), The LGPT is to be used in a Marx generator, 
and the single device operating parameters are 16.4-kV working voliage, current density 
2.25 kA/om?, peak current 225 kA, max di/dt 900 kA/1, pulse width 800 ns, and repetition 
rate 5 pps continuous, The lifetime requirement limits the thermal excursion per pulse to-a 
few degrees, and therefore the action per square centimeter is low (~2 A?-s). 

‘Another current Titan-PSD program is to develop compact pulsed power components 
for the Air Force Research Laboratory (AFRL) at Kirtland Air Force Base. Components 
under development enable a compact, long-lifetime Marx-PEN driver for a narrowband 
HPM source. The di df requirement is a few hundred KA/jsem?(Si) or 2 MA/Us total, 
with a peak current of 30 kA, To satisfy the switching requirements for this application, we 
are considering the LGPT, a solid-state laser activated switch, and a hybrid combination of 
the two. 

‘Although the action and charge transfer in these Electra and AFRL applications are 
substantially less than that found in some pulse power applications, they serve to illustrate 
‘our confidence in the high power laser diode bars for high di /dr service. In both eases, the 
pulse width of the energy transfer is short enough that thyristor action has barely begun by 
the time the pulse is over. Because of this, a large fraction of the total charge conducted 
luring the pulse must be supplied optically. The diode laser bars and their drive circuitry 
are capable of supplying an illumination fluence of up to 6 kW/em?Si) within 20 ns and 
sustaining that level for at least several microseconds. Fluence of several kilowatts per 
square centimeter is desirable for initial gating in many DEW applications. The required 
fluence drops to 250-500 Wim? for continuous pumping. 

‘Another effort was recently undertaken in a conceptual design study for an optically gated 
and pumped switch for rectification of compulsator (pulsed alternator) output for driving an 
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clectromagnctie gun, This completed study was performed by Titan-PSD and the Optiswiteh 
‘Technology Corporation for the Institute for Advanced Technology (IAT). The on-board 
LGPT design was chosen because of the customer's desire ( reduce the overall device count 
and silicon area compared with conventional devices, Specifically, we designed a 16.7 KV, 
100-115-em? asymmetric (blocks voltage forward direction only) thyristor and series diode. 
Depending on the allowable temperature excursion per shot, our approach replaces ~80 
‘conventional devices with 3-5 series pairs (6-10 devices total; 340-500 cm? active) for the 
same forward losses, This is possible because continuous pumping of thick (2.5-mm), high 
voltage (15-20-KV) devices with photo-carriers mitigates the carricr population deficit in 
the n-base, Electrically gated devices of the same voltage capability typically exhibit huge 
‘commutation and conduction losses and are therefore impractical for this type of service. 
Reverse blocking was handled by a series optically pumped diode. Separating the forward 
and reverse blocking functions allowed more freedom in desigaing for reverse recovery. 
a feature deemed necessary due 10 repeated failures of symmetric (blocks voltage both 
directions) devices in tis service. Laser diode pumping served to reduce the forward losses 
in the series diode element as in the thyristor 

‘The switch was designed to handle a peak current of 1.6 MA (3.3-4.7 kA/em?) for 600 us 
‘when installed in a half-wave, four phase rectifier. Nine total cycles wre rectified per shot 
of the electramagnetic gun. The initial design (500 em? active) limited the temperature 
‘excursion pet shot to ~L00°C, commensurate with a service life of ~10* shots. In the 
‘extreme, the current density could be pushed to 4.7 kA/cm: and optical pump power doubled, 
resulting ina AT approaching 180°C and ~200-shot lifetime. The laser diode bars in the 
initial case provided constant 500 Wem? of silicon for each 600-js conduction phase. 
‘This goes to 1 kW/em? in the extreme case 


2.2.2. Next generation reltron microwave generator development, Reltron HPM 
sources were invented and developed by R. Bruce Miller of Titan Advanced Innovative 
‘Technologies from the mid-1980s through 1998. The PSD of Titan assumed responsibility 
for reltron contracts in 1998. Projects included one complete HPM simulator for & yor 
ernment research laboratory in Germany and eight reltron tubes of various specifications. 
In developing these eight tubes, enough mechanical and electrical modifications have been 
included to justify their designation as “second-generation” designs. 

Relirons are both compact and efficient. The electron beam is highly modulated over 
~10 em and postaccelerated prior to drifting to the output cavities and beam collector. 
‘This beam transport requires only ~75-cm overall length for L-band tubes (Fig, 12). The 
‘output cavities are incorporated into a standard rectangular waveguide. Microwave power is, 
efficiently extracted (~80%) directly in TEjo mode. The overall efficieney (peak electrical 
to microwave power) is 30-40% 

In general these new tubes move the reltron technology base in the directions of longer 
pulsewidths (~1-2 js), increased frequency tunability (~:13%), lower driver voltages 
(500-600 kV), and higher repetition rates (~10 Hz for demountable versions, ~300 Hz 
for sealed tubes). Second-generation improvements include a new high voltage insulator 
design, new movable current contacts for the modulation and output cavity tuners, reduced 
‘outgassing, and monolithic grids. ‘The frequency range for these eight tubes covers 700— 
1,450 MHz Programs are in place now to extend this range. 

Tin addition tothe objective to extend the frequency coverage, efforts are underway to im- 
prove beam optics to reduce current losses and thereby improve efficiency and microwave 
‘output power. A new beam current diagnostic package has been recently implemented to 
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Fig. 12. L-band reliron capuble of generating flat 200-MW, 900-ns pulses with frequency 
stability 6//f <0.3. This generation of relirons is capable of RF pulse widths of ~300 RF 
cycles, repetitive pulse operation from single-shot to 10 Hz, and +10% continuous- 
frequency tunability 


better infer basic performance parameters and to assist in comparing benchmarking simu- 
lations. These calculations simulate performance in the actual geometry und are venerated 
‘with a three dimensional particle-in-cell code (the LSP code from Mission Research Cor 
poration). Measured waveforms generated by urecently delivered L-band tube ure shown in 
Fig. |3. This tube produces ~185 MW in flat, 900-ns pulses with excellent frequency sti- 
bility, The LSP code was essential during this tube’s development. A new era in microwave 
tube design has emerged with the development of accurate three-dimensional models, 


2.2.3, HEM magnetron. Backdoor microwave effects on electronics systems in mod- 
‘ern weapons fall into three broad categories, Two categories are characterized by high peuk 
power density and microwave formats that overwhelm the target system with an electtic 
field that is high enough to cause circuit upset or burnout. In the third category, effects 
are caused by coupling spurious signals into the target system, akin to classical smart jam- 
ming, interference or spoofing’ techniques used by the EW countermeasures community 
‘The DEW microwave pulse formats appropriate to the latter class of effects are gener- 
ally distinguished from upset and damage pulse formats by lower peak power density 
threshtolds but more specific requirements on frequency and amplitude modulations and 


*Lowincident microwave evelscan ase “intorierence with the operation of eat Weapon elextonic systems 
producing high lors of roe insensitive cree fo “mask (rue signals. The incident microwave sig is said 


ic” the rue signal and to thereby produce fake commands 
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Fig. 13. Waveforms from the 185-MW L-band reltron: the top trace is the hetcradyne (1.0. = 
1.3 GHz) showing excellent lrequency stability, and the second truce is the steady. fattop 
‘ouput power measured with a calibrated directional coupler. (The data are conditioned 
with a low-pass filters higher harmonic content is know to be more than 13 4B below the 
primary L-band signal.) The third trace is the radiated power monitored with an ancalibrated, 
free-field B-dot, and the last trace is an uncalibrated profite of the Marx current 


14, Titan's L-band HEM magnetron. This the highest-average-power magnetron that 
is commercially available. 
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Fig. 15. The principal system elements of the ATD system are a power supply, a modulator 
an HEM source, and an antenna, These components are supported by a control system 
and a cooling system. For the DTRA ATD ground-based system the power supply and 
operators’ console(s) are housed in a shelter mounted on one flatbed trailer while the 
remaining components are mounted on another flatbed trailer (oUt of the field of view to 
the right), The system was designed to broadcast 2-MW peek power pulses with an average 
power of 300 KW for 30-s missions. This yields a peak fluence of | mW/em? at a range of 
2,400 m. 


repetition rate, All three categories of effects can be induced by DEW systems based 
con high-power RF, narrow-band, pulsed HPM or long-pulse, high-energy microwaves 
(HEMS). 

Titan has developed an HEM laboratory source and an HEM advanced technology 
demonstration (ATD) source for DEW purposes at its California Tube Laboratory. These 
HEM sources have efficiencies of approximately 85%. This high efficiency minimizes 
prime power and cooling requirements, thus significantly minimizing overall DEW sys- 
fem size and weight. The HEM magnetron, shown in Fig. 14, has produced 900-kW 
peak and 150-KW average powers and can easily be upgraded t0 300-KW average power 
‘The unique modulation characteristics of this magnetron can produce modulation ef- 
fects of 30 MHz or greater in the target systems. More operational details are given in 
Table 6. 

‘The ATD system shown in Fig. 15 combines the outputs of two 150-kW-average-output 
power magnetron. The maximum peak output power obtained 10 date is 1.2 MW. The 
magnetrons with their respective magnet yokes each weigh about 200 I, and each takes 
‘up about 4 ft°, When combined their efficiency is over 76%, therefore together they absorb 
only 95 kW and are actively cooled. Variants of this RF system are suitable for Army. Navy, 
and Air Force missions. 
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‘Table 6. California tube laboratory HEM magnetron operational specifications 


Parameter Value 
Frequency, fixed 915 MHz (890-920 MHz possible as well) 
Power ovtput 

Continuous wave 300-KW minimum 

Pulse (600-kW peak (900 actually achieved) 

300-KW avg (nominal 50% duty) 

Pulse width 10s of microseconds to $ ms 
Peak anode voltage 42k 
Peak anode current 7A 
Beam efficiency 88% typical 
Water-cooled anode 20 gpm typical 
Filament 12. VAC, 200-A typical standby 


3, Conclusions and 


The firstlaser and HPM DEW’s are just now being deployed, and new threats emerging in 
the information age wil sustain the need for continued DEW development and acceptance. 
The deploytnent of even more advanced DEW systems and in fact the DoD's intent field 
‘more (or all) clectric fighting platforms depend critically on the availability of compact, 
lightweight, efficient pulsed power subsystems and long-lived, reliable advanced power 
conditioning and front-end components. 

Titan has been supporting U.S. directed energy programs by providing services and 
analysis and developing advanced technologies since the early 1980s. Today, Titan is the 
only U.S. industrial supplier of commercial HPM generators. We have advanced pulsed 
power and power electronics technology development programs involving intermediate 
and primary electrical energy storage, solid-state switching, power conditioning, electrical- 
to-microwave conversion, and novel microwave antennas underway now. Titan is focused 
on providing pulsed power and C4ISR (command, control, communications, computers, 
intelligence, surveillance, and reconaissance) solutions for national defense and is intent on 
maintaining its industrial leadership in military information technologies. 
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FOREWORD 


The long-searched-for Tesla secrets have been solved by Tom 
Bearden. Part I contains the specific description of the solutions to 
Tesla's secrets and the Soviet Tesla weapons. 

The present electromagnetic theory has several flaws, and it is these 
errors that have hidden the long-sought unified field theory. The 
explanations presented by the author provide clarity and understanding 
to related Tesla writings and patents. 

Before the turn of the century, Nikola Tesla had discovered and 
was utilizing a new type of electric wave. Tesla repeatedly stated that 
his waves were non-Hertzian, and that his wireless transmissions did 
not fall off as the square of the distance. The author has found that the 
wave which Tesla was using is a longitudinal scalar wave, capable of 
many times the speed of light. When coupled with another scalar 
wave (Tesla wave), 
the resulting vector wave can be the source of electromagnetic energy 
for electrical power, a protective force field, or a destructive weapon. 

The booklet is well illustrated with special drawings by Hal 
Crawford. The bibliography includes corroborating information on all 
major points. Part [I presents reprints or the entire subject matter of 
selected articles from the bibliography, plus additional references of 
importance. Articles are arranged in chronological order. Also 
included are nine patents by James Harris Rogers which were the basis 
of successful wireless communication during World War I. These 
principles of underground and sub-sea wireless were based on Tesla's 
discoveries. 

Bearden's solutions are truly a major breakthrough, and an absolute 
necessity to the understanding of existing Tesla writings. It is also 
important that more should be known of this extraordinary individual, 
Thomas E. Bearden. 


BIOSKETCH: 


A nuclear engineer, wargames analyst, and military tactician, 
Lieutenant Colonel (Retired) Tom Bearden has over 26 years 
experience in air defense systems, tactics and operations; technical 
intelligence, anti-radiation missile countermeasures; nuclear weapons 
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employment, computerized wargames; and military systems 
requirements. 

He is currently with the Alabama division of a large aerospace 
company where he is involved in determining the future requirements 
for laser weapons. 

Lieutenant Colonel Bearden obtained a Master of Science degree in 
nuclear engineering from the Georgia Institute of Technology and a 
Bachelor of Science degree in mathematics from Northeast Louisiana 
University. He is also a graduate of the U.S. Army Command and 
General Staff College and several U.S. Army artillery and missile 
schools. 

He has had direct experience with tube artillery and with the Ajax, 
Hercules, Hawk, and Patriot missile systems and the production of 
technical intelligence on Soviet surface-to-air missile systems for 
the U.S. Army/Department of Defense. 

Tom holds a Sandan (third degree black belt) in Yoseikan aikid 
is a singer, guitarist and songwriter; member of Mensa, Society for the 
Investigation of the Unexplained, Vestigia, the American Association 
of Meta-Science: and is on the board of governors of the U.S. 
Psychotronics Association. In addition, he is Alabama Director of a 
small nonprofit foundation, the Association of Distinguished American 
Scientists and is a MUFON adviser on nuclear engineering. 

He also edits Specula, Journal of the American Association of Meta- 
Science. 

Tom is primarily active as a theorist on UFOs, parapsychological 
and paranormal phenomena, and psychotronics. He is the author of a 
book, The Excalibur Briefing, Strawberry Hill Press, 2594 15th 
Avenue, San Francisco, California 94127 and has numerous technical 
papers dealing with new paradigm physics, paranormal phenomena, 
and Soviet psychotronic weapons. 

Finally, Bearden's Solutions to Tesla's Secrets and the Soviet Tesla 
Weapons promises to be recognized in the future as a major 
contribution to our present technology. 


JTR 
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TESLA'S SECRET AND THE SOVIET TESLA WEAPONS 
© TE. Bearden 1981 
With Special Drawings by Hal Crawford 


Before the turn of the century, Nikola Tesla had discovered and was 
utilizing a new type of electric wave. Tesla repeatedly stated his waves were 
non-Hertzian, and his wireless transmissions did not fall off as the square of 
the distance. His discovery was apparently so fundamental (and his intent to 
provide free energy to all humankind was so clear) that it was responsible for 
the withdrawal of financial backing, his deliberate isolation, and the 
gradual removal of his name from the history books. 

By 1914 or so, Tesla had been successfully isolated and was already 
nearly a "nonperson." Thereafter Tesla lived in nearly total seclusion, 
occasionally surfacing (at his annual birthday party for members of the press) 
to announce the discovery of an enormous new source of free energy, the 
perfection of wireless transmission of energy without losses, fireball weapons 
to destroy whole armies and thousands of airplanes at hundreds of miles 
distance, and a weapon (the "Tesla Shield," I've dubbed it ) that could 
provide an impenetrable defense and thus render war obsolete. 

In my pursuit of Tesla's secret, it gradually became apparent to me 
that present orthodox electromagnetic theory is seriously flawed in some 
fundamental respects. One of these is in the definition and use of 9, the 
scalar electrostatic potential. It is this error which has hidden the long-sought 
unified field theory from the theorists. 

In the theory of the scalar electrostatic potential (SEP), the idea is 
introduced of work accomplished on a charge brought in from a distance 
against the scalar field. The SEP is not a vector field, but is a scalar field. 
Indeed, scalar potential cannot of itself perform work on a charged mas: 
could do so, then tremendous force would exist on every mass due to the 
extremely high SEP of the vacuum itself. Only a differential of SEP between 
two spatial points can produce force or accomplish work. (Rigorously, a 
differential of scalar potential between two spatial points constitutes a 
vector. Only a vector can produce force and do work.) 

Also, work can only be done on a mass. Further, it takes time* to 
move an electron or other charged mass between two spatial points, and so 
the work performed by a spatial differential of the 6-field requires time. 
Rigorously, the delta SEP is voltage, not SEP per se, and is directly related to 
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E field. The entire voltage concept depends on the work performed in 
moving a mass, after that mass has moved. The idea of "voltage" always 
implies the existence of a steady differential of @ between two spatial points 
for a finite length of time, and it also involves the assumption of a flow of 
actual mass having occurred. SEP, on the one hand, is always a single-point 
function; on the other hand, difference in potential V) is always a two 
point function, as is any vector. 

Yet many graduate level physics and electromagnetics papers and texts 
erroneously confuse and V in the static case! Such an interpretation is of 
course quite incorrect. 


* Two spatial points involve at least At = AL/c in time. All vectors and 
gradients involve 2 separated spatial points, and thus present timelines in 
space. 64 is a point, not a line, in 4-space. 


Another common assumption in present EM theory -- that the 
electrostatic potential (9) of the normal vacuum is zero -- has no legitimate 
basis. In fact, we know 6 is nonzero because the vacuum is filled with 
enormous amounts of fluctuating virtual state activity, including incredible 
charge fluctuations. And by virtue of its point definition, 9 must be the 
“instantaneous intensity" of these fluctuations -- but both in space and time. 
The scalar electrostatic potential is therefore the "instantaneous stress" on 
spacetime itself, and a measure of the intensity of the virtual state flux 
through a 4-dimensional spacetime point. 

Potential theory was largely developed in the 1800's, before the theory 
of relativity. Time flowrate was then regarded as immutable. Accordingly, 
electrostatic "intensity" was chosen as "spatial intensity," with the 
connotation of "spatial flux density." This assumes a constant, immutable 
rate of flow of time, which need not be true at all if we believe relativity. 
Such a spatial "point" intensity is actually a "line" in 4-space, and not a 4- 
dimensional “point” at all. Thus the spatial potential -- 3 -- is a very special 
case of the real spacetime potential -- $4, or charge and electromagnetic 
theory today is accordingly a special case of the real 4-space 
electromagnetism that actually exists! Note also that charge is a 4- 
dimensional concept. 

Now mass is a spatial, 3-dimensional concept. Rigorously, mass does 
not exist in time -- masstime exists in time. Mass and charge are thus of 
differing dimensionalities! 

Also, according to quantum mechanics, the charge of a particle -- e.g., 
of an electron -- is due to the continual flux of virtual particles given off and 
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absorbed by the observable particle of mass. Thus charge also is 
conceptually a measure of the virtual flux density, and directly related to 0. 
Further, since the charge exists in time, it is the charge of a particle of spatial 
mass that gives it the property of masstime, or existing in time. 

Here a great confusion and fundamental error has been thrown into the 
present EM theory by the equating of "charge" and "charged mass." As we 
have seen, the two things are really very different indeed. 

To speak of a spatial "amount" of charge erroneously limits the basic 
EM theory to a fixed time flowrate condition (which of course it was 
considered to be, prior to Einstein's development of relativity). Thus when 
the limited present theory encounters a "relativistic" case (where the time 
flowrate changes), all sorts of extraordinary corrections must be introduced. 
The real problem, of course, is with the fundamental definitions of 
electrostatic potential and charge. The spatial "amount" of charge (i.e. the 
coulomb) as we presently erroneously use the term, is actually the spatial 
amount of observable "charged mass." To correct the theory, one must 
introduce the true 4-space SEP and separate the definitions of charge and 
charged mass. 

Only when a mass is moved does one have work -- and voltage or 
vector fields. (The reason one has voltage and E field connected to a normal 
electrostatically charged object in the laboratory is because an excess of 
charged-particle masses are assembled on the object, and these masses are in 
violent motion! A true static charge would have no E field at all. ) 


Table 1. Some Present Theoretical Facts 
« @,-FIELD CONCEIVED BEFORE RELATIVITY 


- POINT FUNCTION IN SPACE 
- LINE FUNCTION IN SPACETIME 
- TIME FLOWRATE CONSIDERED 
IMMUTABLE 

- SPECIAL CASE OF @,,....... O, 


« GRADIENT BETWEEN TWO POINTS IN @3 FIELD 


- PRODUCES VOLTAGE 

- PRODUCES E FIELD 

- MOVES ELECTRON 

- IS AN AREA IN 4-SPACE 


« GRADIENT MAY BE BETWEEN SEPARATED POINTS IN TWO 
SUPERPOSED @-FIELDS 


 @-FIELD CAN "MOVE" AT INFINITE VELOCITY* 
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* JACKSON, CLASSICAL ELECTRODYNAMICS, 2ND EDITION, P. 223, 


Table 2. Some Proposed @, Characteristics 


. SPATIOTEMPORAL @, FIELD 


- STRESS ON SPACETIME 
= CAN CHANGE RATE OF FLOW OF TIME 


. GRADIENT BETWEEN 2 POINTS IN @, FIELD 


- PRODUCES COMPLEX Vi, 
= WILL MOVE ELECTRON IF 
Vs #0, AND 
ea el ial 
- WILL NOT MOVE ELECTRON IF 
-- Vz =0, OR 
— MFG 
© GRADIENT MAY BE BETWEEN SEPARATED POINTS IN THO 
SUPERPOSED 8, FIELDS 
© By WAVE MOVES AT 0 <1 <0 


e @, WAVE IS COMPLEX AND LONGITUDINAL 


6-field need not involve observable mass accumulation, but only 
charge (virtual flowrate intensity) accumulation. Accumulated masses are 
like so many gallons of water; accumulated charge is like so much pressure 
on both the water (space) and the time in which the water is existing. 

Now, if one varies the SEP solely as a point function, one would have a 
purely scalar complex longitudinal wave, and not a vector wave at all. This 
is the fundamentally new electrical wave that Tesla discovered in 1899. 

Rigorously, all vector fields are two-point functions and thus 
decomposable into two scalar fields, as Whittaker showed in 1903. It follows 
that any vector wave can be decomposed into two scalar waves. By 
implication, therefore, a normal transverse EM vector wave, e.g., must 
simply be two coupled scalar (Tesla) waves -- and these scalars 
independently would be longitudinal if uncoupled. An ordinary transverse 
EM vector wave is thus two pair-coupled Tesla scalar longitudinal waves, 
and only a single special case of the much more fundamental 
electromagnetics discovered by Nikola Tesla. 
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A Tesla (scalar potential) wave -- i.e., a massless wave in pure Op, the 
stress of the spacetime medium would have very strange characteristics 
indeed. For one thing, since it moves in a complex 4-space, it has many more 
modes of movement than does a simple wave in 3-space. And for another 
thing, it need not be bound at all by the speed of (vector) light. In current 
theory, one ¢3-field does not directly interact or couple with other existing $3- 
fields except by simple superposition. Therefore presently the ¢-field is 
considered to have no drag limitation at all, hence infinite velocity. (E.g., as 
stated in Jackson, Classical Electrodynamics, 2nd edition, page 223.) 

Actually, a $4-wave can and will interact with some of the other 


existing 4-waves in the medium transversed, and this interaction can involve 
pair-coupling into EM vector fields and waves, an interaction not presently in 
the electrodynamics theory. The result of scalar pair-coupling creates a finite 
amount of vector "drag" on the ¢4-wave, so it then has less than infinite 
velocity. However, if this drag is small due to limited pair-coupling, the 
scalar wave's velocity through the slightly dragging medium still may be far 
greater than the speed of vector EM waves (light) in vacuum. On the other 
hand, if the pair-coupling is made severe, the $-wave may move at a speed 
considerably below the speed of vector light waves in vacuum. The velocity 
of the 04-wave is thus both variable and controllable or adjustable (e.g., 
simply by varying its initial amplitude, which through a given medium 
changes the percentage of pair-coupling and hence the degree of drag on the 
scalar wave). The Tesla scalar wave thus can have either subluminal or 
superluminal velocity, in contradiction to present theory. 

Note that the scalar wave also violates one of Einstein's fundamental 
postulates -- for the speed of our "new kind of light" wave is not limited to c, 
and need not be the same to every observer. Thus Tesla scalar waves lead to 
anew "superrelativity" of which the present Einstein relativity is only a 
highly special case! 


Table 3. Tesla Waves Can: 


ESTABLISH STANDING WAVES 

in the earth 

in the ionosphere 

TAP ENERGY FROM THE EARTH'S CORE 
TRAVEL FASTER OR SLOWER THAN LIGHT 
CHANGE RATE OF TIME FLOW 

AFFECT ALL FIELDS, INCLUDING GRAVITY 
COMMUTE BETWEEN VIRTUAL AND 
OBSERVABLE 
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TIME 
FLOW 
RATE 
EFFECTS 


s 


Figure 1. Tesla's Standing Columnar Wave 


But let us now look for some subtle but real examples of scalar waves 
and scalar pair-coupling in nature. As is well known, a tectonic fault zone 
can provide anomalous lights, sounds, etc. from stresses, piezoelectrical 
activity, and telluric currents in the earth and through the fault zone. In 
examining the fault zone phenomena, I finally realized that a fault zone was 
literally a scalar interferometer i.e., if one can have scalar 64-waves, they can 
interfere, either constructively or destructively. Their interference, however, 
produces scalar pair-coupling into vector EM waves. This coupling may be 
at a distance from the interferometer itself, and thus the interferometer can 
produce energy directly at a distance, without vector transmission through the 
intervening space. Coupling of 6 waves with the paired scalars comprising 
ordinary EM vector waves can also occur. If this triplex coupling forms 
additional EM vector waves 180 degrees out of phase, the ordinary EM wave 
is diminished or extinguished. If the scalar triplex coupling occurs so as to 
create vector EM waves in phase with the interacting vector EM wave, the 
amplitude of the ordinary vector wave is increased. 

Scalar potential waves can thus augment or diminish, or create or 
destroy, ordinary EM waves at a distance by pair-coupling interference under 
appropriate conditions, and this is in consonance with the implications of 
Whittaker's fundamental 1903 work. 
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ALL VECTORS AND 
VECTOR FIELDS 
ARE CREATED 

BY SCALAR 
INTERFEROMETRY 
AND PAIR 
COUPLING 


EM COUPLING 
CONDITION 


AL/c = AT 


va 


EACH TINY STRESSED CRACK 
ACTS AS A SCALAR 
INTERFEROMETER 


LOCKED-IN STRESSED CRACKS. 


BECOMES A PRIGOGINE CRYSTAL 


Figure 3. Natural Scalar Interferometers 
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An earthquake fault zone is such a scalar interferometer. Stresses and 
charge pileups exist in the plates on each side adjacent to the fault, with stress 
relief existing in the middle in the fault fracture itself. Since the rock is locally 
nonlinear, the mechanical stresses and electrical currents in it are also locally 
nonlinear. This results in the generation of multiple frequencies of 0,-waves 
from each side of the fault interferometer, yielding two complex Fourier 
expansion patterns of scalar potential waves. On occasion these two Fourier- 
transformed scalar wave patterns couple at a distance to produce stable ordinary 
electromagnetic field in a 3-dimensional spatial pattern -- e.g., a stress light 
such as the Vestigia light covered in Part I of The Excalibur Briefing. Driven 
by the erratic two scalar Fourier expansion patterns of the scalar interferometer 
(whose input stresses normally slowly change), an erratic, darting, hovering 
"spooklight" of the variety studied by Vestigia is produced. 

As the stresses change in each side of the interferometer, the distant 
scalar coupling zone is affected. Thus the stresslight moves and its form 
changes, but it may be relatively stable in form for seconds or minutes. Since 
the stresses in the rock may be intense, the stress light may involve an intense 
pair of $-patterns coupling into the sphere or ball of vector EM energy. The 
atoms and molecules of the air in the region of the coupled stresslight ball thus 
become highly excited, giving off radiant energy as the excited states decay. 

Since much of the piezoelectric material in the stressed rocks is quartz 
grains, the features of quartz are of particular interest. Each little quartz grain 
is itself highly stressed, and has stress cracks. It is therefore a little scalar 
interferometer. Further, quartz is transparent to infrared and ultraviolet; and the 
random orientation of all the quartz scalar interferometers may also form a 
Prigogine system far from thermodynamic equilibrium. If so, this system can 
tap into highly energetic microscopic electromagnetic fluctuations to produce 
large-scale, ordered, relatively stable patterns of electromagnetic energy at a 
distance. 

In short, all of this lends support to the formation of relatively stable but 
somewhat erratic patterns of electromagnetic energy at a distance from the fault 
itself. In the atmosphere, such scalar interferometers could form in clouds or 
even in the air or between clouds and earth. If so, such rare but occasional 
"weather" scalar interferometers could account for the rare phenomenon of ball 
lightning. The intense energy of the ball of lightning, as compared to the lesser 
energy of an earthstress light, could well be due to the enormous electrical 
charges between clouds or between cloud and earth, available to fuel the scalar 
interferometer. Very probably it is this phenomenon which gave Tesla the clue 
to scalar wave interferometry. 

Thus such phenomena as earthstress lights, ball lightning, and the Tesla 
system of wireless transmission of energy at a distance with negligible losses 
and at speeds exceeding the speed of light may be explained. They are 
complex, however, and involve fundamental changes to present 
electromagnetic theory. These changes include utilizing 4-space scalar 
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electrostatic potentials, scalar waves, pair coupling, ordinary 3-dimensional 
Fourier expansion, the Prigogine effect, and the properties of piezoelectric 
materials in rocks. 

Since the scalar potential also stresses time, it can change the rate of flow 
of time itself. Thus it affects anything which exists in time -- including the 
mind, both of the individual and at various levels of unconsciousnes: 

Therefore the same functions that result in earthstress lights also affect mind 
and thought, and are in turn affected by mind and thought. This is the missing 
ingredient in Persinger's theory that UFO's are correlated with, and a result of, 
fault zones and earth stresses. While Persinger seems to feel this is a "normal 
physics" explanation, it indeed involves a paranormal explanation. 

The time-stressing ability of the true scalar wave also explains the 


interaction of such earthstress lights with humans and human intent, as noted by 
other researchers. (E.g., the lights that repeatedly seemed to react to the 
observers, as detailed by Dr. Harley Rutledge in his epoch-making Project 
Identification, Prentice-Hall, 1981.) 

These ideas in condensed form comprise the concepts required to violate 
the speed of light and produce an ordinary electromagnetic field at a distance, 
using scalar interferometry, without losses Tesla had done in his wireless 
transmission system which he had tested prior to 1900 and had perfected by the 
1930's. Scalar interferometry can give stable regions of EM or "light energy” at 
a distance without losses, particularly as detailed in the beautiful Vestigia 
experiments, and it is within our grasp to utilize the new effects. Indeed, any 
stress crack in a material can result in the scalar potential interferometer effect. 
Exophoton and exoelectron emission -- poorly understood but already known in 
fatiguing of materials -- must be at least partly due to the scalar interferometer 
effect. 

However, one additional caution should be advanced. Normal movement 
of electrons allows so much "sideplay" movement of the electrons -- and there 
is so much such sideplay electron motion in the surrounding vicinity -- that pair 
coupling is almost instantaneous for small waves. Thus orbital electrons in 
atoms seem to absorb and emit vector EM photons. Actually they also emit 
some percentage of scalar waves as well. Since a scalar wave is comprised 
exclusively of disturbance in the virtual state, it need not obey the conservation 
of energy law. Further, a scalar wave of itself does not "push electrons" or 
other charges; hence it is nearly indetectable by present detectors. Ionization 
detectors such as a Geiger counter tube, e.g., are exceptions if the scalar wave 
encountered is fairly strong. In that case sufficient triplex coupling with the 
ionized gas occurs to produce additional ionization or charge, breaching the 
tube's cutoff threshold and producing a cascade discharge of electrons and 
voltage which is detected. But weak scalar waves are presently indetectable by 
ordinary instruments. However, these small scalar waves are detectable by 
sensitive interferometry techniques e.g., such as an electron interferometer. 
Since the use of such instruments is quite rare, then indeed we have been living 
immersed in a sea of scalar waves without knowing it. 

Finally, the percentage of scalar waves produced by changes in charged 
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mass pileups can be increased by utilizing charged mass streaming. Essentially 
the charged masses must be moved suddenly, as quickly as possible, at or near 
the complete breakdown of the medium. For this reason, Tesla utilized 
sparkgaps in his early transmission systems, but also found that he could induce 
ionized media to "breakdown" in such fashion by a slow growth process. One 
of his early patented atmospheric wireless transmission systems is based on this 
fact. However, it was necessary to use a very high voltage, insuring extreme 
stress on the medium and hence some spillover stress onto time itself. In other 
words, 63 is always an approximation; at sufficiently high spatial stress, 
sufficient spillover $4 exists to give Tesla scalar waves. For this reason, Tesla 
used very high voltages and extremely sharp discharges to give "streaming" of 
the charged masses and thus high percentages of 4, waves. This suggests that 
the breakdown of dielectrics is a much richer phenomenon than is presently 
allowed for in the conventional theory. 

To summarize, electrostatic potential -- ¢-field is stress on the spacetime 
medium at a four-dimensional point. I. e. , it is a sort of pressure on the 
medium, but pressure on all four dimensions, not just on the three spatial 
dimensions. Thus in the new standard theory, 6, may have complex values. In 


addition, a -wave is to be interpreted as a scalar longitudinal wave in complex. 
spacetime -- directly in 9, the normal average 4-space stress itself. And charge 
and charged mass must be recognized as two separate concepts. This is the gist 
of what I finally recognized about Nikola Tesla's work and fundamental 
discovery. 

This is exciting, for it means that Tesla stress waves can affect either 
space or time individually, or both space and time simultaneously, or even 
oscillate back and forth between primarily affecting time and primarily 
affecting space, Tesla's waves were actually these 9-field scalar waves. As 
such, they were fundamentally different from ordinary electromagnetic waves, 
and had entirely different characteristics, just as Tesla often stated. E. g., a 
Tesla wave can either move spatially, with time flowing linearly; move 
temporally only (sitting at a point and waxing and waning in magnitude -- but 
changing the rate of flow of time itself in doing so, and affecting gravitational 
field, fundamental constants of nature, etc, ), or move in a combination of the 
two modes. In the latter case, the Tesla wave moves in space with a very 
strange motion -- it oscillates between (1) spatially standing still and flexing 
time, and (2) moving smoothly in space while time flows smoothly and evenly. 
Le., It stands at one point (or at one columnar region), flexing for a moment; 
then slowly picks up spatial velocity until it is moving smoothly through space; 
then slows down again to a "standing column," etc. This is Tesla’s fabulous 
"standing columnar wave." 
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Figure 4. Exoelectric Emission 


Inutp:/lwww:cheniere.org/books/partI/starting™%20pages btm (11 of 14)24.11.2003 21:26:09 


‘The Tom Bearden Website 


CONERENT 


TRANSMITTED 
Pet TRANSMITTED 
SIGHALS 


SIGHAL 


=, RINOL ING © 


ARTI 


MOLTEN 
CORE ART 


TESLA EFFECT, TYPE 1 


TRANSMITTED 
/ SIGNAL TESLA EFFECT, TYPE 2 


eta 
— 
=> une | 


‘STAMOING 
WAVE, 
COLLECTOR 


[Qe mem 


TESLA EFFECT: TRIODE OPERATION 


Figure 5. The Tesla Effect 


Another wild characteristic of the Tesla wave is that it can affect 
the rate of flow of time itself; hence it can affect or change every other 
field including the gravitational field -- that exists in time flow. It can 
also affect all universal constants, the mass of an object, the inertia of 
a body, and the mind and thoughts as well! All of these exist in the 
flow of time, and they are affected if the time stream in which they 
exist is affected. This was the awful secret that Tesla partially 
discovered by 1900, and which he came more and more to fully realize 
as he pursued its nature and its ramifications into the 1920's and 
1930's. 

Tesla also found he could set up standing 6-field waves through 
the earth. He in fact intended to do so, for he had also discovered that 
all charges in the highly stressed earth regions in which such a 
standing wave existed produced 6-fields which would feed (kindle) 
energy into the standing 9-field wave by pair coupling. Le., normal 
vector field energy would "assemble" onto the scalar matrix wave by 
means of pair-coupling. Thus by transmitting a scalar standing wave 
into the earth, he could easily tap the fiery scalar fields produced in the 
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molten core of the planet itself, turning them into ordinary 
electromagnetic energy. In such case, a single generator would enable 
anyone to put up a simple antenna and extract all the free energy 
desired. 

When Tesla's alarmed financial backers discovered this was his 
real intent, they considered him a dangerous madman and found it 
necessary to ruthlessly stop him at all costs. And so his financial 
support was withdrawn, he was harassed in his more subtle patent 
efforts (and the patents themselves were adulterated), and his name 
gradually was removed from all the electrical textbooks. By 1914 
Tesla, who had been the greatest inventor and scientist in the world, 
had become essentially a nonperson. 

A few other persons in the early 1900's also were aware that 
potential and voltage are different. And some of them even learned to 
utilize Tesla's o-field, even though they only vaguely understood they 
were utilizing a fundamentally different kind of electromagnetic 
wave. For example, James Harris Rogers patented an undersea and 
underground communications system which Tesla later confirmed 
utilized Tesla waves. The U.S. secretly used the Rogers 
communications system in World War I to communicate with U.S. 
submarines underwater, and to communicate through the earth to the 
American Expeditionary Force Headquarters in Europe. The Rogers 
system was declassified after the War and very shortly after that, it had 
mysteriously been scrubbed off the face of the earth. Again, potential 
stress waves -- Tesla waves -- were eliminated and "buried." 

Probably the most brilliant inventor and researcher into Tesla's 
electromagnetics was T. Henry Moray of Salt Lake City, Utah. Dr. 
Moray actually succeeded in tapping the limitless zero-point energy of 
vacuum (spacetime) itself, By 1939, Dr. Moray's amplifier contained 
29 stages and its output stage produced 50 kilowatts of power from. 
vacuum. Interestingly, another 50 kilowatts could be tapped off any 
other stage in the device -- which consequently could have produced 
almost 1.5 megawatts of electrical power! Dr. Moray's epoch-making 
work was suppressed also. His device -- which represented over 20 
years of heartbreaking accumulation of 29 working tubes from 
thousands made -- was destroyed by a Soviet agent in 1939, but not 
before the agent had obtained the drawings for building the tubes and 
the device itself. Today the Moray amplifier is a standard component 
of many of the Soviet secret superweapons and Tesla weapons. 

In the 20's and 30's, Tesla announced the final perfection of his 
wireless transmission of energy without losses even to interplanetary 
distances. In several articles (e.g., H. Winfield Secor, "Tesla Maps 
Our Electrical Future, " Science and Invention, Vol. XVII, No.12, pp. 
1077, 1124-1126), Tesla even revealed he used longitudinal stress 
waves in his wireless power transmission. Quoting from the article, 
"Tesla upholds the startling theory formulated by him long ago, that 
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the radio transmitters as now used, do not emit Hertz waves, as 
commonly believed, but waves of sound." "He says that a Hertz wave 
would only be possible in a solid ether, but he has demonstrated 
already in 1897 that the ether is a gas, which can only transmit waves 
of sound; that is such as are propagated by alternate compressions and 


ions of the medium in which transverse waves are absolutely 
impossible.” The wily Tesla did not reveal, of course, that such scalar 
waves nearly always immediately pair-coupled into vector wav 
when produced by normal means. Tesla himself was working with 
longitudinal scalar waves. 


Table 4. Rogers’ Undersea and Underground Communication System 


« SECRETLY USED BY U.S. IN WWI 
« COMMUNICATED TO SUBS UNDERWATER 
- ANY DEPTH, UP TO 30 KHZ 
- REDUCED DEPTH, >30 KHZ 
« COMMUNICATED TO EXPEDITIONARY HQ 
OVERSEAS 
- 5,000 TIMES STRONGER THAN AERIAL 
- STATIC-FREE 
« DECLASSIFIED IN 1919 
- TO REVOLUTIONIZE COMMUNICATIONS 
- TO END ALL SURFACE ANTENNAS 
« MYSTERIOUSLY "LOST" 
« REDISCOVERED AND "LOST" THREE TIMES AFTER 
wwii 
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Scalar Potential Interferometer 
Figure 6. Multimode Tesla Weapon 


In the 1930's Tesla announced other bizarre and terrible weapons: a 
death ray, a weapon to destroy hundreds or even thousands of aircraft 
at hundreds of miles range, and his ultimate weapon to end all war -- 
the Tesla shield, which nothing could penetrate. However, by this 
time no one any longer paid any real attention to the forgotten great 
genius. Tesla died in 1943 without ever revealing the secret of these 
great weapons and inventions. 


Unfortunately, today in 1981 the Soviet Union has long since 
discovered and weaponized the Tesla scalar wave effects. Here we 
only have time to detail the most powerful of these frightening Tesla 
weapons -- which Brezhnev undoubtedly was referring to in 1975 
when the Soviet side at the SALT talks suddenly suggested limiting 
the development of new weapons "more frightening than the mind of 
man had imagined." One of these weapons is the Tesla howitzer 
recently completed at the Saryshagan missile range and presently 
considered to be either a high-energy laser or a particle beam weapon, 
(See Aviation Week & Space Technology, July 28, 1980, p. 48 for an 
artist's conception.) 
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Aviation Week & Space Technology July 28, 1980 
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Figure 7. Tesla Weapons at Saryshagan 


The Saryshagan howitzer actually is a huge Tesla scalar interferometer 
with four modes of operation, One continuous mode is the Tesla 
shield, which places a thin, impenetrable hemispherical shell of energy 
over a large defended area. The 3-dimensional shell is created by 
interfering two Fourier-expansion, 3-dimensional scalar hemispherical 
patterns in space so they pair-couple into a dome-like shell of intense, 
ordinary electromagnetic energy. The air molecules and atoms in the 
shell are totally ionized and thus highly excited, giving off intense, 
glowing light. Anything physical which hits the shell receives an 
enormous discharge of electrical energy and is instantly vaporized ~ it 
goes pfft! like a bug hitting one of the electrical bug killers now so 
much in vogue. 


If several of these hemispherical shells are concentrically stacked, 
even the gamma radiation and EMP from a high altitude nuclear 
explosion above the stack cannot penetrate all the shells due to 
repetitive absorption and reradiation, and scattering in the layered 
plasmas. 


In the continuous shield mode, the Tesla interferometer is fed by a 
bank of Moray free energy generators, so that enormous energy is 
available in the shield. A diagram of the Saryshagan-type Tesla 
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howitzer is shown in figure 7. Hal Crawford's fine drawing of the 
interferometer end of the Tesla howitzer is shown in figure 6. Hal's 
exceptional rendition of the Tesla shield produced by the howitzer is 
shown in figure 8 
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Figure 9. Tesla Terminal Area Defense System 


In the pulse mode, a single intense 3-dimensional scalar phi-field pulse 
form is fired, using two truncated Fourier transforms, each involving 
several frequencies, to provide the proper 3-dimensional shape (Figure 
10). This is why two scalar antennas separated by a baseline are 
required. After a time delay calculated for the particular target, a 
second and faster pulse form of the same shape is fired from the 
interferometer antennas. The second pulse overtakes the first, catching 
it over the target zone and pair-coupling with it to instantly form a 
violent EMP of ordinary vector (Hertzian) electromagnetic energy. 
There is thus no vector transmission loss between the howitzer and the 
burst. Further, the coupling time is extremely short, and the energy 
will appear sharply in an "electromagnetic pulse (EMP)" strikingly 
similar to the 2-pulsed EMP of a nuclear weapon. 


This type weapon is what actually caused the mysterious flashes off 
the southwest coast of Africa, picked up in 1979 and 1980 by Vela 
satellites. The second flash, e.g., was in the infrared only, with no 
visible spectrum. Nuclear flashes do not do that, and neither does 
superlightning, meteorite strikes, meteors, ete. In addition, one of the 
scientists at the Arecibo Ionospheric Observatory observed a 
gravitational wave disturbance -- signature of the truncated Fourier 
pattern and the time-squeezing effect of the Tesla potential wave -- 
traveling toward the vicinity of the explosion, 
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Lithuania - 10 Sep 1976 - British European Airways Flight #831 
between Moscow and London 


CIA Report Released under FOIA 
Figure 11. Continuous Tesla Fireball 


‘The pulse mode may be fed from either or--if the 
Moray generators have suffered their anomalous "all fail” malfunction 
-- ordinary explosive generators. Thus the Tesla howitzer can always 
function in the pulse mode, but it will be limited in power if the Moray 
generators fail. 


In the continuous mode, two continuous scalar waves are emitted -- 
one faster than the other -- and they pair-couple into vector energy at 
the region where they approach an in-phase condition. In this mode, 
the energy in the distant “ball” or geometric region would appear 
continuously and be sustained -- and this is Tesla's secret of wireless 
transmission of energy at a distance without any losses. It is also the 
secret of a "continuous fireball" weapon capable of destroying 
hundreds of aircraft or missiles at a distance. An example of a Soviet 
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test of this mode of operation is shown in figure 11 


Witness to a super weapon? 


Nick Downie describes the strange lurid glow that flared 
the Hindu Kush 
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Figure 12. Tesla EMP Globe 
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The volume of the Tesla fireball can be vastly expanded to yield a 
globe which will not vaporize physical vehicles but will deliver an 
EMP to them to dud their electronics. A test of this mode is shown in 
figure 12. (See also Gwynne Roberts, "Witness to a Super Weapon’ 
the London Sunday Times, 17 August 1980 for several other tests of 
this mode at Saryshagan, seen from Afghanistan by British TV 
cameraman and former War Correspondent Nick Downie.) 


If the Moray generators fail anomalously, then a continuous mode 
limited in power and range could conceivably be sustained by 
powering the interferometer from more conventional power-sources 
such as advanced magnetohydrodynamic generators, 
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Figure 13. Tesla ABM Defenses 
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Figure 14. Moray/Tesla Technology: Star Wars Now 

Typical strategic ABM uses of Tesla weapons are shown in figure 13. In 
addition, of course, smaller Tesla howitzer systems for anti-tactical ballistic n 
defense of tactical troops and installations could be constituted of more 
conventional field missile systems using paired or triplet radars, of conventional 
external appearance, in a scalar interferometer mode. 


ile 


With Moray generators as power sources and multiply deployed reentry 
vehicles with scalar antennas and transmitters, ICBM reentry systems now can 
become long range "blasters" of the target areas, from thousands of kilometers 
distance (figure 14), Literally, "Star Wars" is liberated by the Tesla technology. And 
in air attack, jammers and ECM aireraft now become "Tesla blasters." With the 
Tesla technology, emitters become primary fighting components of stunning power. 


The potential peaceful implications of Tesla waves are also enormous. By 
utilizing the "time squeeze" effect, one can get antigravity, materialization and 
dematerialization, transmutation, and mindboggling medical benefits, One can also 
get subluminal and superluminal communication, see through the earth and through 
the ocean, etc. The new view of phi-field also provides a unified field theory, 
higher orders of reality, and a new super-relativity, but detailing these possibilities 
must wait for another book. 


With two cerebral brain halves, the human being also hi 
interferometer between his 


a Tesla scalar 
ars, And since the brain and nervous system proce: 
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avalanche discharges, it can produce (and detect) scalar Tesla waves to at least a 
limited degree. Thus a human can sometimes produce anomalous spatiotemporal 
effects at a distance and through time. This provides an exact mechanism for 
psychokinesis, levitation, psychic healing, telepathy, precognition, postcognition, 
remote viewing, etc. It also provides a reason why an individual can detect a "stick" 
on a radionics or Hieronymus machine (which processes scalar waves), when 
ordinary detectors detect nothing. Unfortunately there is not room to develop the 
implications of this human Tesla interferometry in detail, for that must wait for yet 
another book, presently in its initial stages, that Hal Crawford and I are writing. 
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Figure 15. Implications of Tesla Potential 


At the July 1981 U.S. Psychotronics Association's Annual Conference in 
Dayton, Ohio, I presented the first rough paper on the Tesla secret and scalar 
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interferometry. A videotape of the presentation was made and will shortly be 
available. 1 am also scheduled to make a special presentation at the Alternate 
Energy Conference in Toronto, Canada in latter October, 1981. A professional, 
videotaped two-hour presentation on this subject is also being prepared. Wide 
distribution of the material through the international underground physics and 
technology network has already been made. This time, God willing, Tesla's secret 
will not be suppressed for another 80 years! 

And perhaps it is not yet too late. The material has cost me (now) some 16 
years of agonizing labor and nearly $100,000 of my own personal funds. No 
orthodox university, scientific group, foundation, or governmental agency would 
support such an effort, either financially or otherwise. Indeed, most ordinary 
journals will not even accept material on such matters. Nonetheless, the area is of 
overwhelming importance and I truly believe Tesla’s lost secret will shortly affect 
the lives of every human being on earth. 

Perhaps with the free and open release of Tesla's secret, the scientific and 
governmental bureaucracies will be. shocked awake from their slumber, and we can 
develop defenses before Armageddon occurs, Perhaps there is hope after all ~ for 
even Brezhney, in his strange July, 1975 proposal to the SALT talks, seemed to 
reveal a perception that a turning point in war and weaponry may have been 
reached, and that human imagination is incapable of dealing with the ability to 
totally engineer reality itself. Having tested the weapons, the Soviets must be aware 
that the ill-provoked oscillation of timeflow affects the minds and thoughts -- and 
the very lifestreams and even the collective species unconsciousnesses -- of all 
lifeforms on earth, They must know that these weapons are two-edged swords, and 
that the backlash from their use can be far more terrible to the user than was the 
original effect to his victim, 

If we can avoid the Apocalypse, the fantastic secret of Nikola Tesla can be 
employed to cure and elevate man, not kill him. Tesla's discovery can eventually 
remove every conceivable external human limitation, If we humans ourselves can 
elevate our consciousness to properly utilize the Tesla electromagnetics, then Nikola 
Tesla -- who gave us the electrical twentieth century in the first place -- may yet 
give us a fantastic new future more shining and glorious than all the great scientists 
and sages have imagined. 
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thought photography.) (Note: Here we have a possible clue that the same 
principle may be used both in Tesla's energy device and in Tesla’s approach 
to thought photography.) 


23. "Tesla Harnesses’ Cosmic Energy," Phila. Public Ledger, Nov. 2, 1933. 
(A principle has been discovered to derive cosmic energy which operates the 
universe. Power is “everywhere present in unlimited quantities.” Will 
eliminate the need for coal, oil, gas, or any of the common fuels.) (Note: 
Was Tesla referring to what we today call "zero-point energy of the 
vacuum"? His principle will tap it.) 


24. Blakeslee, Howard W., "Discovery of Force to Surround Nations & 
Smash Attacker Claims of Aged Inventor - Nikola Tesla Makes 
Announcement on 75th Birthday -- Will Turn Plans Over to Geneva," 
Minneapolis Tribune, July 11, 1934. (Note: Here the inventor is referring to 
the "Tesla Shield.") 


25. "Tesla, at 78, Bares New 'Death Beam", N. Y. Times; July 11, 1934, p. 
18, col. 1. (Invention powerful enough to destroy 10,000 airplanes at 250 
miles away. Defense weapon only.) 


26. Alsop, Joseph W., Jr., "Beam to Kill Army at 200 Miles Tesla's Claim on 
78th Birthday,” N. Y. Herald Tribune. July 11, 1934, pp. 1, 15. (Beam of 
force similar to death ray, involves four electrical devices. Can also be used 
in peacetime to transmit power over distances limited only by the curvature 
of the earth.) (Note: In this reference, we note that the Tesla death ray and 
the Tesla wireless transmission devices apparently use the same effect or 
basic principle. There appear to be four devices involved in an operational 
system.) 


27. "A Giant Eye to See 'Round the World'", Albany Telegram, Feb. 25, 
1933. (Based on the mechanism of the human eye. The first two parts of 
Tesla's invention have been completed. Will allow man to see any part of the 
earth.) (Note: Similarity of binocular vision to interferometry.) 
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28. Tesla, Nikola. "Pioneer Radio Engineer Gives Views on Power," N. Y. 
Herald Tribune, Sept. 11, 1932. (Tesla says wireless waves are not 
electromagnetic, but sound in nature. Holds space is not curved.) (Note again 
that sound waves are longitudinal, as are Tesla's waves. Electromagnetic 
waves are transverse.) 


29. "No High-Speed Limit, Says Tesla, " Literary Digest, Nov. 7, 1931, p. 
28. (Speeds greater than light, deemed impossible by the Einstein theory, 
have been accomplished. As early as 1900 Tesla showed that power from his 
transmitter passed over the earth at a speed of 292,830 miles per second.) 
(Note: As is well known, velocity represents the rotation of an object out of 
the normal 3-dimensional space toward a 4th dimensional direction. The 
speed of light, c, represents a full orthogonal turn. A normal electromagnetic 
wave, being transverse oscillatory, is a priori limited to a single orthogonal 
turn, for that is all it posses: It thus moves at the speed c. A longitudinal 
scalar wave, on the other hand, need not be so limited at all.) 


30. O' Neill , J. J. "Sun Emits Super Ray, Nikola Tesla Asserts, " Brooklyn 
Eagle, Feb. 8, 1932, p. 4, col. 1. (Note: Logically, the sun should also emit 
scalar waves as well as transverse vector waves.) 


31. O'Neill, J. J., "Tesla Cosmic Ray Motor May Transmit Power ‘Round 
Earth", Brooklyn Eagle, July 10, 1932, A, 1:4, pp. 1, 17. (Efforts by Tesla to 
harness cosmic rays started 25 years ago, and he now announces success in 
operating a motive device by means of these rays. Hopes to build a motor on 
a large scale. )(Note: possibly implies that all these Tesla devices for the last 
25 years have been dealing with the same basic principle.) 


32. "Tesla, 76, Reports His Talents at Peak," N. Y. Times, July 10, 1932, p. 
19, col. 1. (New invention in tapping tremendous and unused source of 
energy. One invention to permit generation of all kinds of rays of almost 
unlimited intensity.) (Note: By scalar interferometry, electromagnetic waves 
of any frequency -- and hence of any "type" can be assembled by coupling 
the appropriate scalars together. A Hertzian wave is just two coupled Tesla 
scalar waves.) 


33. Tesla, Nikola, "Man's Greatest Achievement," N. Y. American, July 6, 
1930, p. 10. (Editorial Section). ("To create and annihilate material 
substance, cause it to aggregate in forms according to his desire...would place 
him beside his Creator and fulfill his ultimate destiny.") (Note: Here Tesla 
seems to be referring to controlled materialization and dematerialization of 
matter.) 


34, Tesla, Nikola, "World System of Wireless Transmission of Energy," 
Telegraph & Telephone Age -- N. Y., Oct. 16, 1927, pp. 457-460. 
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‘ion of power without wires is not a theory, but "a fact demonstrated 

Mode of propagation of currents from transmitter has mean speed 
57% greater than Hertz waves.) (Note: a faster than light, non-Hertzian type 
of wave is involved. The Tesla wave is not a normal Hertzian wave.) 


35. Secor, H. Winfield, "The Rogers Underground Wireless, Electrical 
Experimenter, Mar., 1919, pp. 787-789, 832-835, 839. (Rogers system does 
away with aerial wires.) 


36. Gernsback, Hugo, "Underground Wireless," Electrical Experimenter, 
Mar. 1919, p. 762. (Development of James H. Rogers. Receives messages 
from Europe during thunderstorm. Tesla agrees that messages are not 
Hertzian waves.) 


37. Tesla, Nikola, "The True Wireless," Electrical Experimenter, May 1919, 
pp. 28-30, 61-63, 87. (Tesla says Hertz wave theory is a delusion. Signals 
must be from earth currents. Note again that Tesla does not like Hertzian 
waves, but himself has something more fundamental.) 


38. Tesla, Nikola. "The Effects of Statics on Electrical Transmi 
Electrical Experimenter, Jan., 1919, pp. 627, 658. (Tells of defects in Hertz 
waves. System devised by Tesla releases energy at infinite velocity.) (Note: 
electrostatic potential is already known to be able to travel at infinite 
velocity. See Jackson, Classical Electrodynamics, 2nd Edition, 1975, p.223. 
This is strong evidence that Tesla used scalar potential waves or @-fields.) 


39. Bot tone, A., Nikola Tesla's New Wireless," Electrical Engineer, 
London, Dec. 24, 1909, p. 893. (Experiments conducted on Long Island have 
resulted in principles of transmission which are direct opposite of Hertzian 
ion.) (Note: In other words, using uncoupled scalar waves -- 
Tesla waves instead of pair-coupled scalar waves -- Hertzian waves?) 


40. Tesla, Nikola. "Electrical Control of the Weather Will Soon Be an 
Accomplished Fact," St. Louis Republic, Nov. 15, 1908, V, p. 3. (Tesla 
concurs in concept of electrical control of weather.) 


41. Swezy, Kenneth M. , "Nikola Tesla, " Sci May 16, 1958 , pp. 1147- 
1158. (Electricity today is generated, transmitted, and converted to 
mechanical power by means of his inventions.) 


42. Ramsay, Jack, "Cableless Power, " Electronics ( Digest) , July 22, 1960, 
pp. 6, 8. (Soviet attempt at development of wireless power transmission, but a 
failure according to Swedish observers, and the idea having been bandied 
about in the U. S. since Tesla.) (Note: Establishes that the Soviets were at 
least trying to work with the Tesla techniques.) 
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43. Anderson, Leland I., "Correspondence: Sub-Surface Communications 
Systems," Proceedings of the I.R.E., Mar., 1961, p. 645. ( Reference to 
subsurface or "earth current" communication systems. Pioneering work by 
Nikola Tesla and James H. Rogers.) 


44. Rebert, Edwina, "Fireballs For Defense?", Christian Science Monitor, 
Feb. 7, 1962, p. 9c. (Feature article on possibility of using ball lightning as 
defense weapon -- may be inspired by early experiments of Tesla at Colorado 
Springs.) 


45. Matsch, Lee and Rice, Warren, "Potential Flow Between Two Parallel 
Circular Disks with Partial Transmission,” Journal of Applied Mechanics, 
Trans. ASME, Mar., 1967, Vol. 34, Series E., No.1, pp. 239-240. (Reference 
article -- bladeless turbines.) 


46. Lagus, George W., "The Use of Ground in High-Frequency Circuits,” 
Radio-TV Experimenter and Science and Electronics, June-July, 1969, PP. 
71, 72. (Tesla gave several demonstrations of feasibility of electrifying large 
areas of land by ground propagation of high frequency currents.) 


47. Jamison, S. L. , "Life Energy, " Probe. The Unknown, June , 1973, pp. 
3,4. (Letter to editor -- report that vitamins and minerals could be impressed 
on the body using a Tesla coil.) 


48. Jueneman, F. B. J. , "The First Law of Thermodynami i 
Research, Feb., 1974, pp. 17-18. (Nikola Tesla, at Colorado Springs in 1899, 
found that the earth was a large electron sink, and electrical storms generated 
standing wave potentials.) 


49. Puharich, Andrija, "The Work of Nikola Tesla Ca. 1900 and its 
Relationship to Physics, Bioenergy and He: " paper read at the 
International Inter-disciplinary Conference on Consciousness and Healing, 
Oct. 13, 1976, University of Toronto.) , 


50. Golka, Robert K. and Bass, Robert W., "Tesla's Ball Lightning Theor 
BKG-Wave, The Ransworth Effect, and the 'Hydrotron' Electrostatic-Inertial 
Self-Confined Plasmoid Concept." (Paper presented at the Annual Controlled 
Fusion Theory Conference, San Diego, California, May 4-6, 1977.) 


51. Popovic, Prof. Vojin, "Research of Nikola Tesla in the Light of His 
Diary From Colorado Springs," 10 pp. (Diary contains details of 
investigations for determining nodal points in the earth conductor of 
waves. Comments on "fire globes.") 
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52. Curtis, George D., PhD, "An Electromagnetic Radiation Pattern Over the 
Ocean," Undersea Technology, Vol. 5, no.8, August 1964. Curtis reports the 
presence of a previously unknown weak electromagnetic radiation pattern 
over the ocean. When all known effects are accounted for, the anomalous 
pattern still remains. 


53. Santilli, R. M., "Partons and Gravitation: Some Puzzling Questions," 
Annals of Physics, Vol. 83, No.1, March 1974, pp. 108-157. Int 
Santilli proved that one of the cornerstone assumptions of physi 
electric field and gravitation are separate things -- is false. One is therefore 
left with only two alternatives: either they are totally the same thing, or they 
are partially the same thing. (Comment: Note that the ~4 Tesla potential 
provides the unifying connection.) 


54, Science News, Vol. 113, No.1, January 7, 1978, p. 3. A photograph by T. 
Kuribayashi of the earthquake lights involved in the Matsushiro earthquake 
swarm (1965-1967). This is the only known photo of earthquake lights. 


55. Wiedemann, C. Louis, "Results of the N.J. ‘Spook Light’ Study," Vestigia 
Newsletter, Vestigia, RD 2, Brookwood Rd., Stanhope, NJ 07874, May 1977, 
pp. 1-3. This article describes an ongoing Vestigia experiment in which a 
nocturnal light or "mystery light" was scientifically photographed in 
conjunction with visual sightings and instrumental recordings of data. 
Various later issues of the Vestigia Newsletter contain other update articles 
on the phenomenon. 


56. Moray, T. Henry, The Sea of Energy, fifth edition, History and 
Biography by John E. Moray, Foreword by Tom Bearden; Cosray Research 
Institute, 2505 South 4th East, Salt Lake City, Utah 84115, 1978. In addition 
to his free-energy device, Moray also built a special radio which he used to 
clearly listen to Admiral Byrd at the South Pole. No static was experienced 
on Moray’s radio, showing he was’ not using ordinary electromagnetics. In 
addition, he built a device which he could tune to listen to persons several 
miles distant, so that their voices sounded as if they were immediately 
nearby. Both these devices were demonstrated to a visiting Russian Colonel/ 
PhD. 


57. I. Procaccia, J. Ross, Science, 198, 716 (18 Nov 1977). Describes 
Prigogine’s Nobel Prize-winning work on thermodynamics of nonlinear 
systems far from thermodynamic equilibrium. Prigogine’s work shows that 
such a system can indeed demonstrate negentropy. Out of unrestrained 
disorder can and does arise order, contrary to the old thermodynamics. 


58. "Persinger's 'Earthquake Lights’ ... Ho-Hum," Frontiers of Science, Vol. 
Ill, No.3, March-April 1981, p. 15-16. Gives cogent and “fatal” objections to 
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Persinger's "earthquake light" scheme for explaining UFO's. Mentions Dr. 
Brian Brady's experiments obtaining fast, short electrical lights or sparks 
from crushing quartz-bearing granite cylinders. (Comment: Brady's 
experiments are certainly repeatable, so it is true that "earthstress lights" can 
be produced at a distance, although the piezoelectric effect alone in no way 
explains the production of the phenomena outside the piezoelectric crystal. 
The fact that UFO's occurring near a fault zone are not necessarily repeatable 
simply means that at least one other major factor must be involved in the 
production of UFOs than is involved in the production of earthstress lights. 
UFOs may sometimes involve scalar interferometry from a fault zone, but 
other causative factors must also be involved. Earthstress lights, on the other 
hand, need have no additional causative factors than what lies in the earth 
itself.) 


59. Jackson, John David, Classical Electrodynamics, Second Edition, John 
Wiley & Sons, New York, 1975, p. 223. 


60. Roberts, Gwynne, "Witness to a Super Weapon 2”, The Sunday Times, 
London, 17 August, 1980. Article deals with a strange semicircular 
phenomenon seen inside the Soviet Union from Afghanistan in September, 
1979 by Nick Downie, a former member of the SAS who has established a 
considerable reputation as a war cameraman. Downie saw the phenomenon 
twice, and later met an Afghan who had seen it several months before. A 
possibly related phenomenon is reported in Brackenridge, M., "Unidentified 
Phenomenon," Marine Observer, 48: 21-22, 1978. Note the fi uclear 
flash" was detected by Vela satellite on September 22, 1979 - close in time to 
Downie's sightings. 


61. Bearden, Tom and Crawford, Hal, "Possible Soviet Test of a Tesla 
Weapon," Specula, Journal of the A.A.M.S., Vol. 3, No.2, April-June 1980, 
p. 29. See also Specula 3, 2, 30-32 by Bearden and Crawford. These reports 
are from CIA reports released under the Freedom of Information Act. 


62. Bearden, Thomas E., The Excalibur Briefing, Strawberry Hill Press, San 
Francisco, 1980. 


63. Muldrew, D. B., "Generation of Long-Delay Echoes," Journal of 
Geophysical Research, 84: 5199-5215, 1979. For anomalous long delays of 
electromagnetic signals in the atmosphere, Muldrew favors a rather complex. 
interaction between signals from separate transmitters that (theoretically at 
least) can create a long-lived electrostatic wave that travels in the ionosphere 
-- a sort of natural memory device. The coded signals could then be read out 
much later when the proper natural conditions developed. Delays of up to 40 
seconds might be possible with this “ionospheric memory.” 
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Isothermic Atmosphere," Moscow ASTRONOMICHESKIY ZHUGZHDA, 
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65. Ranada, Antonio and Vazquez, Luis, "Kinks and the Heisenberg 
Uncertainty Principle," Physical Review D, Vol. 19, No.2, 15 January 1979, 
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of the Heisenberg uncertainty principle. (Comment: A Fourier-transformed 
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66. Don Moser, Photographs by Blair Pittman, "Big Thicket of Texas, 
National Geographic, Vol. 146, No.4, October 1974, pp. 504-529. The 
author photographed a “ghost light" or nocturnal spooklite -- i.e., an earths 
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70. Klass, Philip J., "Anti-Satellite Laser Use Suspected," Aviation Week & 
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Part Ill: Clarifying the Vector Concept 


© 1983 T.E. Bearden 


-- IMPLICATIONS -- 


Some of the fundamental concepts of the new 
Tesla electromagnetics are presented. The new 
concepts have startling implications: 

(1) No force or force field exists as such in 
vacuum. 

(2) Hertzian (transverse) electromagnetic waves 
do not travel through the vacuum, just as Tesla stated. 

(3) Forceless, massless Tesla (scalar) 
longitudinal waves actually transit the vacuum. Tesla 
called them "electrical sound waves." 

(4) At present there are actually four different 
FUNDAMENTAL TYPES of vectorial entities in 
physics, erroneously confused as one and the same. 

(5) Tesla longitudinal scalar waves are also 
"time" waves and can affect anything and everything 
that exists in time. 

(6) The fundamental constants of nature (which 
exist in time) can be altered by Tesla scalar waves, 
which oscillate the values of the constants. 

(7) Every vector and scalar has an internal 
substructure, which can be independently cted and 
changed. This allows the direct engineering of the 
virtual state and the vacuum itself. 

(8) All observable forces (electrical, mechanical, 
gravitational, etc.) arise in, on, and OF the actual 
substructure of the “accelerating mass particle" itself, 
not as an “external” massless force or force field 
applied "to" a mass . 

(9) Physical reality itself -- and the "physical 
laws of nature" 
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can be deliberately changed and engineered. 

(10) All "physical reality" is totally internal to 
the physical changes of the mass particles of the 
detector system of the observer. 

(11) Relativity's speed of light limitation applies 
only to the changes of the basic mass particles of the 
detecting instrument. 

(12) Detection of superluminal effects cannot be 
accomplished by a "single stage" or "single shift 
" (single interaction) detector . 

(13) Detection of superluminal effects is 
permitted by "multiple stage" or "multiple shit 
interactions where the last interaction is a conventional 
interaction of photon vs. detector particle. (The two- 
slit apparatus for detection of electron diffraction is an 
example. First, the superluminal DeBroglie waves 
interact with the slits, which are "tuned" toward the 
electron's DeBroglie wavelength. The interaction with 
TWO slits produces subluminal interference effects, 
which then interact back upon the physical electron. 
The apparatus is thus an electron interferometer 

‘apable of detecting superluminal waves by a two- 
stage interaction). 

(14) Interference is the most common first-stage 
superluminal interaction to accomplish "downshifting" 
superluminal entities to luminal or subluminal 
velocities. Superposition of superluminal "phase" 
waves (such as deBroglie waves, which individually 
always move faster than the speed of light) interferes 
the waves to create a subluminal group velocity, which 
may then interact with an ordinary mass particle in the 
detection system. 

(15) Any otherwise physical vector must exist 
as an unzipped (segmented) or "shadow" vector in 
vacuum. "Radiation" of a vector EM wave from the 
electron gas in an antenna into vacuum results in the 
"choking off" of the mass of the transversely oscillating 
electrons in the antenna. Since the spinning electron 
mass is the "zipper" that makes or comprises the 
physical vector in the first place, this throttling of the 
mass flow unzips the E and B vectors, leaving whirling 
(massless magnetic scalar potential) segments of 
massless charge flux (massless electrostatic scalar 
potential). This unzipped whirling pattern of charge 
flux (scalar massless A/@) is what radiates into vacuum 
and propagates through it. This is a special kind of 
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scalar wave pattern, not a physical or vector wave. 

(16) The spin of a charged particle is the 
mechanism for integrating or "zipping together" the 
individual virtual fragments of a shadow vector into a 
real (observable) vector. For "uncharged particles" 
such as neutrons, it is the spins of its virtual charged 
components. that accomplish the integration or zipping. 

(17) All fundamental charged particles are 
constantly accelerated. There is no such thing as an 
“unaccelerated" particle, except as a gross average over 
time or length. Further, all of them are spinning. 

(18) All changes to and from a physical vector 
or scalar system must arise in and come from its own 
internal substructure, which is zipped to its spinning 
particle of mass. 

(19) All fundamental particles are charged 
internally. That is, they are dynamic assemblages of 
smaller charged particles. If the average sum of the 
total internal charge is essentially zero over some 
finite, small increment of time, the particle is externally 
uncharged. If the sum is not essentially zero, the 
particle is also externally charged. 

(20) There are no static physical things in 
existence. In physical reality, something appears 
"static" only at a particular level. Upon sufficiently 
fine examination, it is composed of accelerating parts, 
and thus comprised of "fluctuations." 

(21) Since (a) the basic physical (mass) vector 
consists of a "smeared particle," where particle and 
smear are inseparable, (b) the conceptual particle also 
is accelerated, and (c) the "smearing" is for a small 
increment of time and a small increment of length; then 
the basic constituency of "physical reality" i 
inseparable "force x time x length," or action. The 
basic "quantum" of physical change is thus comprised 
of action. 

(22) Since to "detect" we must "stop" the action, 
separate or split the quantum into two pieces 
(“canonical" pieces) , and compare (measure) one piece 
by throwing away the other, then each physical 
observable must have a differential operator (the 
"separating agent") corresponding to it. This accounts 
for the fundamental postulate of quantum mechanics 
whereby every observable has a corresponding 
operator. Further, since what remains is totally relative 
to what was split out and thrown away, physical change 
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is totally "relative." This accounts for the fact that 
observed reality is relative, each part to each other. 

(23) Asa special case, we may assume that we 
can evaluate a physical change at a point (without 
length). If so, when we discard length, the remaining 
basic vector is momentum. This approximation holds 
only so long as the system to which it is applied 
essentially does not change over the quantal fragment 
of length discarded -- i.e., it holds for the linear case. 
Conservation of momentum, then, is violated when 
sufficient nonlinearity in length is present. 

(24) Asa second special case, we may assume 
that we can evaluate a physical change in a spatial 
manner (without time). If so, when we discard time, 
the remaining basic vector is energy (has the units of 
energy or work). This approximation holds only so 
long as the system to which it is applied essentially 
does not change over the quantal fragment of time 
discarded -- i.e., it holds for the linear case. 
Conservation of energy, then, is violated when 
sufficient nonlinearity in time is present. Since a 
"virtual change" a priori is defined as a total 
nonlinearity in the observer's quantal time increment 
but not outside it, then virtual interactions can and do 
violate conservation of energy within that time 
increment, but not out of it -- so long as the time 
interval itself is considered linear. If the time interval 
is sufficiently nonlinear, then the virtual change may 
result in violation of the conservation of energy 
externally to the time increment. In that case, an 
“observable change" results . 

(25) Asa third special case, we may assume 
that we can evaluate the "instantaneous value” of a 
physical change at a static point in space. To do so, we 
must discard both time (to be instantaneous) and length 
(to be at a spatial point), and the remaining basic vector 
is force. This approximation holds only so long as the 
system to which it is applied essentially does not 
change over the quantal fragment of time or the quantal 
fragment of length discarded. Conservation of force, 
then, is violated when sufficient nonlinearity in time or 
length is present. 

(26) A new conservation of energy law is 
required, one which unites the present conservation of 
energy law with an altered form of the conservation of 
charge law. Briefly, the total equivalent of mass, 
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observable energy, and massless charge (anenergy) is 
conserved. 

(27) All AL and At fragments are produced and 
destroyed one at a time, in the action fissioning of a 
single quantum of action (detection process). Each VL 
and Vt is discretized but not quantized. Since quanta 
do not superpose, the "external universe" is continually 
created and destroyed in the detector's mass system, 
one quantum at a time, at a very high rate. This 
interpretation gives physical meaning to the creation 
and annihilation operators of quantum mechanics. 

(28) Since the detecting mass system is itself 
continually created and destroyed one quantum at a 
time, ultimately all is mind changes, and only mind 
changes. The observer's life, mind, and being 
transcend all materialistic interpretations of reality 
indeed does the very fact of the "existence" of a 
perceived external universe. 


Next Page 
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TOWARD A NEW ELECTROMAGNETICS 
PART UI: CLARIFYING THE VECTOR CONCEPT 


-- Electrical Physics Presently Has a Mindset -- 


In examining the foundations of geometry, 
mechanics, and electromagnetics, it becomes strikingly 
clear that substantial -- even grave theoretical errors 
were made early on and perpetuated into the existing 
theory. These errors are now so firmly entrenched that 
they form a part of the "mindset" of almost all 
physicists, engineers, and scientist: 

So ingrained are these errors and inconsistencies 
that the orthodox scientist/theoretician finds it almost 
impossible to break out of them. 

The present mindset is analogous to the 
Newtonian mindset which so fiercely resisted the new 
ideas of relativity, shortly after the turn of the century. 
However, after a few scientists formulated the rules 
and theory of the "relativity mathematics game," a new 
generation of students, not yet so firmly engrained in 
the Newtonian mindset, could grasp the new relativity 
when their teachers expounded it. 


In this short series of papers+7 I will roughly 
outline where the founders of mechanics and 
electromagnetics went wrong, and indicate the way to 
correct the fundamental errors. In addition, I will 
briefly point out some of the implications, and speak of 
some direct experimental proof. 


Next Page 
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NOTES AND REFERENCES 


1. Bearden, T. E., "Comments on the New Tesla 
Electromagneti art I: Discrepancies in the Present 
EM Theory;" "Part I: The Secret of Electrical Free 
Energy,” Tesla Book Company, 1580 Magnolia Ave., 
Millbrae, CA 94030, 1982. 


2. Bearden, T. E., "Solutions to Tes! ‘ets and the 
Soviet Tesla Weapons." Tesla Book Co., 1981. Also 
Ratzlaff , John T., "Reference Articles for Solutions to 


Tesla's Secrets," Tesla Book Co., 1982. 


3. Note we are applying the rule, "A thing is that 

which it does, and it does that which it is." Actually 
this is one statement of a fourth fundamental law of 
logic not incorporated by Aristotle. See Bearden, "A 
Conditional Criterion for Identity, Leading to a Fourth 
Law of Logic," DTIS report, available through the 
National Technical Information System, Port Royal 
Road, Springfield, VA 22161. 


4. Specifically, the resulting theory becomes a 
curtailed, special case of the much more fundamental 
electrodynamics and electromagnetics that actually exist 


5. We point out here that measuring a field of force 
existing in the electron gas in a probe of the measuring 
instrument is not at all the same thing as measuring a 
force in the vacuum, nor does it establish that a force 
exists in vacuum. Indeed, it is already well known that 
the FIELD concept itself will not withstand rigorous 
logical examination. For a discussion rather clearly 
showing the present difficulty in defining a field, see 
Robert Bruce Lindsay and Henry Margenau, 
Foundations of Physics, Dover Publications, New 
York, 1963, pp. 283-287. Note particularly on p. 283 
that a "field of force” at any point is actually DEFINED 
only for the case when a unit mass is present at that 
point. It is then illogically ASSUMED that the force 
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continues to exist at the point in the ABSENCE of the 
mass, which of course need not follow at all. On p. 
284, note the similar logical paradox connected with 
the idea of a scalar gravitational potential field. The 
potential (field) is only defined at a point when mass is 
present at that point, .and it is specifically defined as 
the potential energy per unit mass for a particle present 
at that point. IF THERE IS NO MASS PRESENT, 
NEITHER A FORCE VECTOR FIELD NOR A 
SCALAR POTENTIAL FIELD IS DEFINED 
THERE. ASSIGNMENT OF THESE FIELDS TO 
THE POINT IN THE ABSENCE OF THE MASS IS 
AN ASSUMPTION, NOT AT ALL A DEFINITION. 
SINCE A TRUE DEFINITION IS AN IDENTITY, 
THEN THE ENTITY IDENTIFIED (DEFINED) TO. 
INCLUDE THE PRESENCE OF MASS IS NOT 
IDENTICAL TO THE ENTITY RESULTING WHEN 
THAT MASS IS ABSENTED. 

To see just how arbitrary and postulational are 
present. "definitions" of mass and force, see Lindsay 
and Margenau, op. cit., pp. 84-101. Also see Richard 
P. Feynman, Robert B. Leighton, and Matthew Sands, 
The Feynman Lectures on Physics, Addison-Wesley, 
New York, Vol.I,. 1963, Fourth Printing July 1966, p.2- 
4 for a definition of the electric field in the context of 
its POTENTIALITY for producing a force. Again, the 
force only exists when a particle of mass is present. 
From these examples, one can see the implication that 
A PHYSICAL FIELD IS SOMETHING SUCH THAT, 
WHEN A MASS IS INTRODUCED INTO IT, THE 
MASS EXHIBITS AN EFFECT. For a "force field," 
this is tantamount to stating that there exists some 
mechanism connected with a field which, in the 
presence of a mass causes a force to be exhibited. In 
that case the force is an EFFECT, not a cause, and 
there is a more fundamental mechanism that 
GENERATES FORCE ITSELF. See also field 
discussions in Feynman, Richard, The Character of 
Physical Law, M.LT. Press, Cambridge, MA, March 
1967, 2nd printing September 1967, passim. 


6. While in Europe prior to 1881, Albert Abraham 
Michelson performed his first interferometer 
experiments to determine the velocity of the earth 
through the ether, obtaining essentially null results. At 
the Case School of Applied Science in Cleveland, 
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Ohio, he perfected his interferometer experiment from 
1883 to 1887, assisted by a colleague, chemist Edward 
Williams Morley. By 1887 the results were ready and 
announced. Michelson himself thought his experiment 
had proven Stokes’ theory of an ether dragged along by 
the earth in motion, and thus motionless with respect to 
the earth. This was at odds, however, with certain 
other experiments indicating a moving ether. The 
Michelson-Morley experiment was finally reconciled 
with these other experiments by Fitzgerald's suggestion 
in 1892 that the physical dimensions of material bodies 
are altered when they are in motion. In 1907 
Michelson was awarded the Nobel prize, the first 
American to receive it in the sciences. 


7. See Lindsay and Margenau, Foundations of Physics, 
1963, pp. 324-326; D. C. Miller, "The Ether Drift 
Experiment and the Determination of the Absolute 
Motion of the Earth," Reviews of Modern Physics, 
Vol. 5, p. 203, 1933. Actually the experiments did not 
yield a conclusively null result, but rather showed large 
systematic trends. For a typical elimination of the 
systematic trends, see Handschy, M. A., "Re- 
examination of the 1887 Michelson-Morley 
experiment," American Journal of Physics, Vol. 50, 
No. 11, Nov. 1982, pp. 987-990. See Rho Sigma, 
Ether-Technology, CSA Printing & Bindery, Lakemont 
Georgia, 30552, 1977 for several enlightening points 
on the vacuum ether: See A. K. Lapkovskii, 
"Relativistic Kinematic Equations and the Theory of 
Continuous Media," Soviet Physics Journal, Vol. 21., 
No. 6, June 1978 for an abstract describing Soviet 
utilization of the concept of a small particle (called by 
Bearden a quiton, in Quiton/Perceptron Physics, DTIS, 
1973) of the medium. See Belyaev, B. N. ,"On 
Random Fluctuations of the Velocity of Light in 
Vacuum," Azvestiya Vysshikh Uchebnykh Zavedenii. 
Fizika, No. 11, Nov. 1980, pp. 37-42, translation by 
Plenum, for discussion of the proven variation of the 
speed of light in vacuum; the velocity of light in a 
vacuum on earth is measured to be higher than the 
velocity of light in the vacuum of deep space. See 
Graham, G. M. & Lahoz, D. G., "Observation of 
static electromagnetic angular momentum in vacuo," 
Nature, Vol. 285, 15 May 1980, pp. 154-155 for the 
first direct observation of free electromagnetic angular 
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momentum in vacuum. See Davies, Paul, "Something 
for nothing," New Scientist, 27 May 1982, pp. 580- 
582 for a discussion showing that modern theories of 
the vacuum reveal that even empty space is seething 
with activity; an ether of sorts emerges from vacuum 
fluctuations due to quantum mechanics considerations. 
See Hooper, William J., "All-Electric Motional Electric 
Field Generator," U.S. Patent No. 3,610,971, October 
5, 1971 for a generator which produces a gravitational 
or inertial field. Einstein suggested that vacuum, 
complete with electromagnetic and gravitational fields, 
be called the ether. Dirac certainly did not abandon an 
ether, for in 1954 he stated "The aetherless basis of 
physical theory may have reached the end of its 
capabilities and we see in the aether a new hope for the 
future.” James Clerk Maxwell derived his famous 
equations based on an ether theory. Sir Arthur 
Eddington also believed firmly in an ether. Sir Oliver 
Lodge actually pointed out the dilemma which yields 
the approach in this paper: writing of the ether in his 
book, The Ether of Space, Harper & Bros., New York, 
1909, he stated: "We have no means of getting hold of 
the ether mechanically; we cannot grip it or move it in 
the ordinary way: we can only get it electrically. We 
are straining the ether when we charge a body with 
electricity; it tries to recover, it has the power of 

"But when electrical theory was being 
something 
rather fixed, and FILLED WITH a thin material ether. 
They did not realize that space itself does not exist 
except after an observation; before the observation, 
spacetime exists -- indefinite in both length and time. 
They did not know that electrostatic scalar potential in 
fact was spacetime, hence also the vacuum and the 
ether. In assuming that the charge of vacuum is zero 
and that charge and charged mass are identical, they 
hid the answer to the dilemma and placed the 
foundations of electromagnetics on its present unsound 
basis. 


8. The field, of course, is indeed a highly useful 
concept and this author certainly does not recommend 
its abandonment. Instead, he recommends that it be 
placed on a sounder logical basis. 


9. Specifically, they came to feel that the "electric 
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field” which was improperly defined -- was what was 
waving. 


10. In fact Einstein once proposed that the vacuum, 
complete with its electromagnetic and gravitational 
fields, should be called the ether. His proposal was not 
adopted. (See Born, Max, Einstein's Theory of 
Relativity, Revised Edition, Dover Publications, New 
York, 1965, p. 224.) 


11. Particularly from the work of Schrodinger, Born, 
Dirac and others. 


12. For example, see Lindsay and Marge. nau, op. cit., 
pp. 287-288. A physical vector is thought to be defined 
by its magnitude, its direction in space, and its 

transformation characteristics. Actually that is 
geometrical vector, not a physical vector. It does not 
tell us WHAT A VECTOR CONSISTS OF, but only 
tells us some of its important characteristics. 
Remember that a true definition must be an identity. 


13. Here a reading of Lindsay and Margenau, op. cit., 
pp. 79-81 may prove enlightening. Also note that 
velocity, or L/T considered "at an instant" (stopped), 
represents an idea of "motionless motion" and is an 
application of the fourth law of logic. For a discussion 
of the fourth law of logic and its usage, see Bearden, 
Thomas E., "A Conditional Criterion for Identity, 
Leading to a Fourth Law of Logic,” Specula, Journal of 
the A.A.M.LS., P.O. Box 1182, Huntsville, AL 35807, 
combined Vol. 3, No. 4/Vol. 4, No. 3, Oct 1980 - Mar 
1981, pp. 50-57 (also available from Defense Technical 
Information Service). 


14. Note this is an identity of opposites, which 
explicitly violates the three Aristotlean laws of logic. 
See Bearden, "A Conditional Criterion for Identity, 
Leading to a Fourth Law of Logic," loc. cit., 1981. 


15. Again note the fourth law of logic: zero motion 
(the absence of motion) being recognized 
case of the presence of motion. Also, phy: 
consists of internested levels, and any physical object 
has an internal substructure of nested levels of finer 
structure, extending down into the virtual 
(nonobserved) state. For a vector to model (apply to) a 
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physical object, it itself must be modeled in such 
fashion as to reflect this kind of substructure. Thus the 
use of geometrical vectors as models of physical 
objects in motion is presently flawed in a fundamental 
fashion. 


16. The reader is most strongly urged to read Morris 
Kline, Mathematics: The Loss of Certainty, Oxford 
University Press, New York, 1980 as a prelude to 
understanding what mathematics is and is not, and 
what it does and does not. 


17. Refer to Lindsay & Margenau, op. cit., pp. 79-81 
to see how the ideas of motion and vector are 
inextricably entangled with the idea of a particle. 


18. Call it uncertainty or call it constituency; a 
quantum change is composed of two canonical entities 
inextricably welded together into a single entity. 


19. Time is an unavoidable, nonexclusive constituency 
of the welded quantum. 


20. Simply from the definition of force as 
CONSISTING OF a time- and length-smeared mass 
motion change. 


21. The force is an effect, not a cause. It IS the 
smeared charged particle. It is CAUSED by a more 
fundamental mechanism. It is the result of the 
combination of (1) a nonzero del phi, and (2) the 
presence of a spinning charged particle. IN A DEL 
PHI, THE SPINNING CHARGED PARTICLE 
ACCELERATES ITSELF! This is the fundamental 
secret of free energy that was suppressed, to bury the 
fundamental work of Nikola Tesla, shortly after Tesla 
was forced to abort his Wardenclyffe attempt to 
provide the world with free energy. 


22. To quote: "The Hertz wave theory of wireless 
transmission may be kept up for a while, but I do not 
hesitate to say that in a short time it will be recognized 
as one of the most remarkable and inexplicable 
aberrations of the scientific mind which has ever been 
recorded in history. " Nikola Tesla, "The True 
Wireless, " Electrical Experimenter, May 1919, p. 87. 
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23. De Beauregard, O. Costa, "Running backwards 
the Mermin device: Causality in EPR correlations,” 
American Journal of Physics, Vol. 51, No. 6, June 
1983, p. 515. 


24. Note the Soviet scientist Kozyrev's experiments 
with time waves. See Kozyrev, N. A., "Possibility of 
Experimental Study of the Properties of Time," 
September 1967, pp. 1-49, in JPRS 45238, May 1968. 
Kozyrev reports real physical effects from the 
oscillation of time. Also, note that scalar potential 
energy of appreciable size with respect to a particle's 
rest energy can force the situation to be relativistic, 
even though the velocity of the particle with respect to 
the velocity of light is small. That is, electrostatic 
scalar potential alone can cause variation in the rate of 
flow of time and hence vary physical characteristics. 
See Bloch & Crater, "Lorentz-invariant potentials and 
the non-relativistic limit," American Journal of 
Physics, Vol. 49, No.1, 1981, pp. 67-75. By inference, 
oscillating the electrostatic scalar potential can produce 
time waves and lead to direct physical effects. 


25. It is already shown in the literature that the 
electrostatic scalar potential (ESP) can affect spacetime 
(ST) in the same manner as velocity. Cf Bloch & 
Crater, op. cit., 1981. Now note that, to any quantal or 
macroscopic observer, the existence of the 4-space 
volume of ST implicit in (At(Av), where v is volume, 
cannot be separated from the existence of the 
subquantal entities that exist therein. We therefore 
DEFINE the magnitude of the ESP as the summation 
of the absolute values of all the internal virtual vectors 
in the (At)(Av) quantum of ST, divided by the absolute 
value (magnitude) of (At)(Av). We take the view that 
no such thing as “unstressed” ST physically exists, and 
that "spacetime" and "stressed spacetime" are 
identical. Hence ESP and ST are one and the same 
thing. Note that this implies that the virtual density of 
ST is variable, and is nothing but the magnitude of the 
ESP. In EM theory, the assumption that the ESP of 
vacuum (Bg) is equal to zero is in serious error. In 
fact, Dg IS "spacetime of the laboratory observer," in 
the new view. 


26. For example, the definition of the electrostatic 
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potential (ESP) is usually taken as "the work which 
must be done against electric forces to bring a unit 
charge from a reference point to the point in question; 
the reference point is located at an infinite distance, or, 
for practical purposes, at the surface of the earth or 
some other large conductor." (McGi 
Dictionary of. Scientific and Techni: 
Daniel N. Lapedes, second edition, 1978, p. 518.) 
Note that this is NOT a definition at all, for it is not an 
identity. Instead, it is the statement that, if an ESP 
exists at a point and a unit charged mass (assumed to 
be at a point) is brought in from infinity toward the 
ESP location point, the amount of work it is necessary 
to expend upon the mass of the particle is equal to the 
magnitude of the ESP. The ESP exists whether or not 
any work at all is expended, and whether or not a 
charged unit mass is brought in. To adequately define 
ESP, we must define its identity, or what it consists of, 
in the absence of mass, since we have conceived the 
ESP to exist at a vacuum point. Further, the definition 
usually taken is completely a 3-space definition. 
Instead, in our new view the ESP is to be taken ata 
point in n-space, where n is equal to or greater than 4, 


27. See Bearden, Quiton/Perceptron Physics, 1973, 
available through the DTIS. See also Bearden, The 
Excalibur Briefing, Strawberry Hill Press, San 
Francisco, CA, 1980. Ultimately all ph 
phenomena are mindchanges in the minds of all the 
observers. 


28. And then assumes this summation value is zero. 
29. See note 25 above. 


30. Bearden, The Excalibur Briefing, Strawberry Hill 
Press, San 
Francisco, CA, 1980. 


31. Cf Rauscher, E. A., "Electromagnetic and Non- 
Linear Phenomena in Complex Minkowski Spaces," 
Tecnic Research Laboratories, 64 Santa Margarita, San 
Leandro, CA 94579. Presented at the 1983 March 
Meeting of The American Physical Society in Los 
Angeles, CA 21-25 March, 1983. This is a truly 
remarkable paper of great significance. Rauscher, a 
world-class physicist, has presented a new theoretical 
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model for some rather extraordinary possible 
extensions of present electromagnetics. 


32. Cf Muses, Charles, Introduction to Jerome 
Rothstein's Communication, Organization, and 
Science, The Falcon's Wing Press, Indian Hills, 
Colorado, 1958. The entire foreword by Muses is a 
remarkable document, which analyzes the structure of 
time itself, See also his profound summary paper, 
"Hypernumbers II" in the January 1978 issue of 


Applied Mathematics and Computation, published by 
Elsevier. 


Next Page 
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PART II: CLARIFYING THE VECTOR 


CONCEPT 


ADDITIONAL NOTES AND REFERENCES 


Although quotes and direct utilization of 
material from these references were not 
incorporated in this paper, the following 
references were also consulted. In addition,’ 
several notes are added for further clarity. 


33. Rupert Sheldrake, A New Science of Life: The 
Hypothesis of Formative Causation, J. P. Tarcher, Inc., 
Los Angeles, CA, 1981. @, the electrostatic scalar 
potential field, in my opinion is actually the 
morphogenetic field that Sheldrake proposes. 


34. Briefly, by a "particle" we mean an entity so 
constructed that, if any part of it changes all of it 
changes. From the viewpoint of the particle, this 
implies that to change is to detect, and to detect is to 
change. Also, internal and external become 
synonymous, in the "detected" sense. The idea of a 
"fundamental particle" in physics actually invokes the 
fourth law of logic implicitly. 


35. Only if a thing dimensionally contains time, can it 
‘occupy time.” This point is so obvious that one 
wonders how so many of the scientists and 
mathematicians seem to have missed it. By this 
criterion, e.g., mass does not exist in time, a priori. To 
"observe" or detect, in fact, means to stop time, thus 
collapsing the wave function. However, it reduces the 
observable or detectable to a spatial quantity, not a 
spatiotemporal quantity. In other words, the ordinary 
scientific method destroys a part of reality in each 
detection or measurement, yielding only a partial truth. 
not fundamental truth. 


36. Note that electrostatic scalar potential is actually 
infinite-dimensional and hyperspatial. The coverage of 
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this paper is still only a special case. By Tesla 
technology, it is possible to do direct engineering in 
hyperspace -- beyond our present space and time, with 
all that that statement implies. 


37. Bob Sloan, "Nikola Tesla: The Greatest Inventor 
of all Time?". IEEE Antennas and Propagation Societ 


Newsletter, June 1983, pp. 9-11. A very succinct 
summary of the importance Tesla played in ushering in 
the modern age. 


38. Gerald E. Brown and Mannque Rho, "The 
structure of the nucleon," Physics Today, Vol. 36, 

No.2, February 1983, pp. 24-32. Recommended as a 
summary of the new thinking as to the structure of the 
nucleon: a bag containing three quarks, surrounded by 
a cloud of mesons which squeeze the bag. 


39. John J. O'Neill. Prodigal Genius: The Life of 
Nikola Tesla. Angriff Press, P.O. Box 2726, 
Hollywood, CA 90028, new printing 1981. 


40. Margaret Cheney, Tesla: Man Out of Time, 
Prentice-Hall, Englewood Cliffs, NJ, 1981. 


41. John T. Ratzlaff and Leland I. Anderson. Dr._ 
Nikola Tesla 
Bibliography. Palo Alto. CA, 1979. Indispensable. 


42. Dr. Nikola Tesla: Selected Patent Wrappers, 
compiled by John T. Ratzlaff, multiple volumes. 1980. 
Available from The Tesla Book Company, 1580 
Magnolia, Millbrae, CA 94030. Tesla's 
correspondence with the U.S. Patent Office, when 
patiently trying to obtain patents. He spent a great deal 
of time trying to convince the Patent Office that his 
inventions would indeed work. Some of them required 
12 years to obtain, and then were "watered down" in 
the proces 


43. Thomas Commerford Martin, The Inventions, 
Researches and Writings of Nikola Tesla, Originally 
published in 1894 by The Electrical Engineer, New 
York; republished in 1977 by Omni Publications, 
Hawthorne, CA 90250. 


44. Ernest Nagel and James R. Newman, Godel's 
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Proof, New York University Press, 1958. 


45. Yakov P. Terletskii, Paradoxes.in the Theory of 
Relativity, With a Foreword by Banesh Hoffman, 
translated from the Russian, Plenum Press, New York, 
1968. Of particular interest is the discussion on 
particles with imaginary masses, moving faster than the 
speed of light, contained in pp. 104-107. Such particles 
can in principle be experimentally detected. In fact, it 
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57. Edwin F. Taylor and John Archibald Wheeler, 
Spacetime Physics, W. H. Freeman and Co., San 
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York, 1967. 
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history of physics is the confusion which surrounds the 
definition of the key term in dynamics, ma 
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PART II: CLARIFYING THE VECTOR 


CONCEPT 
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-- It Started With Geometry and Grew -- 


At the very beginning of what we call the 
ientific period," mathematics was both king and 
queen, and Euclidean geometry was its handmaiden. 
So we ask, "What precisely is geometry?" Here we are 
not interested in a "textbook" answer, but in an answer 


indicating what geometry really does.- In other words, 
with what does geometry concern itself, and what is the 
fundamental nature of those things with which it 
concerns itself? 

Briefly, geometry -- at its foundation -- is totally 
spatial. It is fitted to, and expressed in terms of, the 
TOTAL ABSENCE OF MASS. Thus the geometer 
deals in abstract, massless entities called "points," 

‘tc. When the geometer speaks of 
"motion," he speaks of a time-smeared, length-smeared 
point. Geometry at heart is massless, and a "geometer's 
vector" is a highly specific type of "system." In fact, it 
represents the "time-smearing" and "length-smearing" 
of a point. A priori, the fundamental concept of the 
geometrical vector has taken a "spatial" entity and 
introduced a hidden involvement with "time." 

Modern mathematics and physics have 
followed an intertwined development for several 
hundred years. And both sprang as offshoots of the 
original work of the geometers. Let us briefly sketch 
the overall path of interest taken by these two 
developing disciplines. 

With the advent of Descartes's fundamental work, 
algebra was combined with geometry to yield analytic 
geometry, a new and powerful mathematical tool. 
With the invention of calculus by Leibniz and Newton, 
both mathematics and physics received a giant 
impetus. Differential geometry and vector 
mathematics arose in full splendor and, in physics, 
mechanics leaped to the forefront with Newton's 
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profound work. 

But the mechanics made a most fundamental 
error when they simply applied the geometer's vector to 
a mass, to produce -- so they thought -- a mass vector. 
That which rigorously applies only to the absence of 
mass cannot be so lightly applied to the presence of 
mass without the risk of serious limitations in the 
resulting theory. The precise difference between a 
geometer's massless vector and a mechanic's mass- 
vector is one of the issues to be developed in this thesis. 

As rapid development continued in mechanics 
and mathematics, certain physicists were involved in 
intense experimental work on charged matter, 
becoming the first electricians. Both the preceding 
mathematical ideas and constructs as well as the 
preceding (partially erroneous) mechanics constructs 
and ideas were applied by the electricians, struggling 
with their pith balls, cat fur, and glass rods to 
understand, quantify, and model electrical forces and 
the phenomena of charged matter. In other words, the 
electricians strove to formulate the physics and 
dynamics of charged matter and its interactions by 
simply "adding to" the work of the geometers and 
mechanics. Here again, a fundamental logical error 
was made. That (geometry) which a priori applies only 
to the absence of mass, and that (mechanics) which a 
priori applies only to the absence of charge, cannot be 
lightly applied to the presence of charged mass (both 
mass and charge) without risking the incorporation of 
grave limitations in the resulting theory. 

After the profound work of Maxwell, the idea of 
FIELDS OF FORCE became more prominent, until the 


field concept ruled the day~. The electricians 
continued, pushing the idea of fields into space and 
vacuum itself, along the way inventing the idea of 
“charge effects" existing even in the massless vacuum, 
with concomitant fields. Meanwhile, they had 
thoroughly confused chargeless point-smeared, 
chargeless mass-smeared, length-smeared and time- 
smeared vectors. 

After a set of fundamental experiments designed 
to detect motion of the material ether yielded 


essentially null results®, Michelson and Morley were 
regarded as having completely disposed of the ether -- 
even though the experiments only disposed of material 
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ethers, and not Lorentz-invariant non-material ethers” 
Maxwell's equations and the field concept were 


elevated to profound importance= Then, after 
Einstein's fundamental relativity work shortly after the 
turn of the century, the ether concept faded away and 
the field concept reigned supreme. Indeed, in their 
enthusiasm the interpreters of relativity went so far as 
to affirm that one can have a wave without any 

medium; that is. that something can be moving 


(waving) without anything there to move!2 And with 
great glee they pronounced the final end to the idea of 
“ether” as a medium, even though Einstein himself 


never did any such thing? With the advent of 
Einstein's General Theory of Relativity, even matter 
came to be regarded as just a special "kink" or 
curvature in spacetime or "vacuum nothing." 

Quantum mechanics arose and even certainty and 
determination fell. Chaos, probability, and randomness 
now assumed the ruling position. Probability waves 


(and probability fields) arose as did quantum fields 


of various kinds. The intermingling of these concepts 
with the concepts of electrodynamics pushed the idea 
of the field even farther into esoteric realms, 

The point is, each of these developing disciplines 
incorporated and built on the foregoing disciplines. 
From the beginning of geometry, there was no rigorous 
definition of a vector, and there is none today." From 
the beginning of mechanics, in their foundations the 
theorists made grave logical errors by incorporating the 
geometer's vector; errors so great that today mechanics 
and electromagnetics are severely flawed, as is 
everything that came after them and built upon their 
illogical foundations. 
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CONCEPT 


-- Points and Motion -- 


It is my purpose in this paper to expose in a very 
simple fashion the most basic errors that were made. 


One basic error involves the idea of motion itself. 
In formulating concepts of motion, the 
geometers used a "point in motion" to determine or 
specify, for example, velocity. Now a "point" is a static 
concept a priori. To determine (or even to think and 
perceive) motion, one must determine that it occupies 
two different points (positions or locations) at two 
different times, yet consider both points at the same 
time. Indeed, that is precisely what the arrow means 
that is used to represent a vector. A "point in motion" 
therefore represents a contradiction of opposites. That 
is, it represents the idea that "that which is motionless 


has motion."“* Even with this, there is a difference in 
a spatial point and a spatiotemporal (spacetime) point. 
To exist at all, a spatial point must be moving in time; 
in other words, it is a spatiotemporal line, even if it is a 
static spatial point. 

Vector analysis was constructed in the abstract -- 
again, a massless point in motion possessed or 
constituted a velocity vector, etc. In massless ( and 
timeless) space, FIELDS were defined: "scalar" fields 
constituted the assignment of a simple motionless 
number (magnitude) to each spatial point, while 
"vector" fields constituted the assignment of a "simple 
vector" (magnitude and velocity) to each spatial point. 
But the MATHEMATICAL vector system consisted of 
massless (point) motional relationships, recognizing 


: i aches 
zero motion as a special case of motion 

Of course mathematics development was also 
always intertwined with practical problems. With the 


-hupr/lw ww cheniere.orgrhooks/part3/pointsandmotion. btm (1 of 2)24,11.2003 21:28:49) 


TOWARD A NEW ELECTROMAGNETIC PART IIL 


sustained application of mathematics to gross physical 
material problems, mechanics slowly arose. 

These developments required decades and even 
centuries to occur completely. All along the way, 
innovations and changes -- and additions to the 
mathematical formulism were being derived and taught 
to students as the "natural" system of reality. A 
permanent mindset was being forged. 

Indeed, mathematics was regarded as THE single 
human expression of fundamental truth. Not until 
Godel's work in the twentieth century did it become 
evident that MATHEMATICS IS SIMPLY A GAME 
PLAYED ACCORDING TO ASSIGNED RULES, 
AND THERE IS NO ULTIMATE TRUTH IN 
MATHEMATICS ALONE. It is a most useful game, 
of course, since it is the game fitted to perception. 
Thus it applies, essentially, to whatever can be 
perceived. But to be applied to physical systems, it 
must be changed, altered, updated, and fitted as the 
perceiving/detecting instruments become ever more 
subtle. 
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-- Four Types of Vectors Actually Emerged -- 


As the physical sciences slowly developed and 
incorporated abstract geometry and mathematics, in 
actuality four major types of vectors and two major 
states of observation evolved, although this fact did not 
become apparent to the scienti 
mathematicians and scientists failed to recognize the 
differences in the four types of vectors, hopelessly 
intermingling them and confusing them as a single 
class of vector. Further, they did not appreciate that a 
fundamental vector conceptually is a UNITARY 
SYSTEM, and the system represented by one of these 
four types of vectors utilizes and is comprised of 
different components, "welded together with no seam 
in the middle." 

Conceptually (and from a systems viewpoint), 
the four types of vectors are (1) the chargeless, 
massless spatial system vector (geometer's vector), (2) 
the uncharged mass system vector (mechanic's vector), 
(3) the charged mass system vector (electri "8 
vector), and (4) the charged space system vector 
(advanced electrician's vector). These four 
fundamentally different vectors are shown in Figures 1, 
2,4, and 9 in a simplified manner. 

The major problem was that, beginning with the 
geometer's vector, these four major types of vectors 
were not treated as systems. Instead, their "vector" 
aspects were hopelessly confused and intermeshed, and 
no distinctions were made between them. And in the 
foundations of the mathematical constructs, time- 
smearing was not recognized at all. 
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-- Quantum Mechanics Compounds the Problem -- 


In addition, the two presently recognized 
observation states -- observable and nonobservable 
(virtual) -- were of course unknown to the early 
geometers and electricians, and these ideas were not 
incorporated directly into the theoretical foundation. 

From particle physics and quantum mechanics, 
we now understand that physical reality is structured of 
an observable state, underlaid with an infinite number 
of ever finer, successive levels of virtual 
(unobservable) states. At least reality is most 
accurately modeled in that fashion, according to 
particle physics today. 

It is also well known, for example, that at the 
most fundamental level, one cannot actually separate 
nonmotion from motion (which implies, for example, 
that one cannot separate mass and velocity). In other 
words, a “mass in motion” idea is actually incorrect, at 
the most basic level. What actually exists is a sort of 
“smeared mass". That is, "mass-motion" is 
fundamentally what exists, not mass IN motion . 

Actually, all that the Heisenberg Uncertainty 
Principle implies is this fact: If one examines the 
concept of "static (non-smeared) thing in non-static 
(smeared) motion", in ever finer detail, one reaches a 
degree of fineness where the "smearing" is paramount 
and one cannot have an un-smeared or "separate static 
thing" to be in motion. Instead, one only has the 
smeared, 4-dimensional spacetime entity, without 3- 
dimensional spatial separations. 

This means, for example, that at the most basic 
level, it is actually incorrect to represent a momentum 
with a little static particle of mass connected to a 
spatial velocity vector. It is incorrect to think of the 
system as comprised of TWO SEPARATE ENTITIES, 
(1) amass, and (2) a massless spatial system velocity 
vector (a geometer's vector). 

We mention in passing that, presently, we 
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understand that every particle is continually 
accelerating. First, the particle has spin, which 
involves rotation, which means that every "part" of the 
periphery of the particle is accelerated toward the 
center axis of spin. Second, every particle is 
continuously "fluctuating," and these fluctuations are 
accelerations. Further, we must consider any change 
such as an acceleration -- as existing in a small time 
increment, and occurring in a small length increment. 
Thus mass particles actually exist as (mass x 
acceleration x time x length). This of course has the 
dimensions of ACTION or angular momentum. The 
real" world of physical matter, then, is composed of 
building blocks of action, called "quanta." Any other 
physical "quantity" must be obtained by fissioning 
(differentiating) the action quantum. For this reason, 
quantum mechanics presently must postulate that to 
every observable there corresponds an operator. 
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-- To Summarize Briefly -- 


Let us now summarize these concepts and further 
examine their impact. 

In physics, there must actually exist four major 
KINDS of vectors, rather than just one as prescribed by 
present interpretation. These vectors are “built” 
starting with four major kinds of particles“ These are: 
(1) the spatial point, (2) an uncharged mass particle, (3) 
a charged mass particle, and (4) a charged spatial 
point. Further, each of the four vectors at its most 
fundamental level (that is, at the quantum level)" is 
actually an inseparable, unitary SYSTEM welded into a 
single undivided entity containing time and existing 
nonexclusively in time When we look at or 
represent the so-called "parts" of the system, we are 
looking at them before they are welded together into 
the physical vector. That is, whenever we speak of 
“parts, " we imply that a "cutting" or "differentiating" 
action has been implied to separate the system into 
such "parts." 

From such considerations, four different kinds of 
system vectors result. 
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(GEOMETER'S VECTOR) 


Figure 1. Uncharged spatial (massless) system vector. 


UNCHARGED SPATIAL (MASSLESS) SYSTEM 
VECTOR 
-- (Figure 1) -- 


This is the geometer's abstract vector, consisting 
of a "point in motion." (Actually, it is a "smeared 
point," for example.) However, so ingrained is the 
concept of a “point in motion" velocity vector that we 
now consider it to be "natural" because of its total 
7 


familiarity. But simply ask, "WHAT is in motion’ 
and you immediately see the difficulty. To have a 
WHAT, one must "stop the action" (detect or measure), 
separating "static" from "non-static.". Acceleration and 
other vectors, etc. have also been derived by the 
geometer and utilized in similar fashion. All are 
massless. 
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(MECHANIC'S VECTOR) 


Figure 2. Chargeless mass system vector. 


CHARGELESS MASS SYSTEM VECTOR 
-- (Figure 2) ~ 


This type of vector actually is the essential vector 
of mechanics, involving mass-motion (momentum), 
force (mass-motion change), etc. The fundamental 
difference between this type of vector and the 
geometer's vector is the presence of smeared mass 
existing in time (i.e., mass-time), welded together with 
a geometer’s vector, but with no seam in the middle, 
into a new kind of "vector" AS A SYSTEM. The 
vector is the SYSTEM EXISTING IN TIME . 


more properly referred to as 
1ass-motion" rather than "mass in motion." That is, 
at the fundamental level, the mass is NOT "separate" 
from its motion. It is NOT separated from the time in 
which the smearing occurs. The idea of momentum, 
however, is really to express the time-density of the 
mass-smeared-through-length. It is, in other words, the 
time rate of length-smearing of mass. Now in our 
minds we have conceived that 
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B = nov oy) 


where, by the symbol © we mean "coupled to"; but we 
actually have 


B = (mv) (2) 


where we are not allowed to separate (even in thought) 
mand ¥. Quantum mechanics agrees with this 
essentially, because P is a canonical variable linked to 
length, in any observable physical change. (The 
REASON p is canonically linked to AL is because P 
is the time-rate of length-smearing of m. If there is no 
length, there is no length-smearing of m to have a time 
rate OF in the first place.) 

Note that, not only is 


B = [nv] @) 
but also 
PB = (mv) (4) 


which is a much stronger and quite different statement. 
That is, B is IDENTICALLY (MV), not just 


calculably EQUAL TO (m)(W). This means that B is 
a SYSTEM that is COMPRISED of mass-motion. 
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-- What Force Is -- 


We now note that force, for example, is -- and 
may be defined as -- the time-rate of change of 
momentum, or 


Fsd/at(p) © 


and this identity states that a force -- any force is 
COMPRISED OF time-changing "mass-motion." As 
such, the force vector is a mass-system vector, not just 
a massless spatial vector. Fundamentally, this mass- 
system vector is a totally different creature from a 
massless spatial vector. Our present manner of 
considering force as a geometer's vector "separately 
applied to" a mass particle is completely erroneous at 
the quantum level. Instead, fundamentally force is 
always a mechanic's vector. Force is an EFFECT, not 
a CAUSE. 

And here mechanics made a most fundamental 
error, in not recognizing the difference between its kind 
of vector and that of the geometer. 
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--Force and Hertzian Waves Cannot Exist in Vacuum -- 


Note that one cannot have an observable "force 
vector" existing’ in vacuum a priori, 
For example, we have the definition of for 


eas 


(6) 


or 


Fe({mat+hv) 
and we see that, rigorously, a force vector CONSISTS. 
OF (not, "is equal to") a time-changing mass-motion 
vector system. IF THERE IS NO OBSERVABLE 
ACCELERATING MASS PRESENT, THEN THERE 
CAN BE NO OBSERVABLE FORCE PRESENT. 
The mass can accelerate in time (increase or decrease 
of mass) or space (increase or decrease of velocity) or 
both. 

Observable force CANNOT exist in vacuum (in. 


a 


the absence of mass), a priori72 

However, assume for a moment that one could 
have a massless force vector, as assumed in present 
electrical theory. Let this force vector appear at a point 
in the vacuum. Since the vacuum has zero observable 
mass, it would have zero inertial resistance to this 
hypothetical observable force -- hence the observable 
force would instantly produce an "infinite" acceleration 
of its point of application, vanishing with it into the 
infinite distance. Therefore our fictitious force would 
disappear the instant it appeared! In any case, it could 
not be retained at a point in the vacuum for any finite 
Iength of time, however small. 

The direct implications are that (1) something 
other than an observable electrical force field exists in 
the vacuum, and (2) there must exist a more 
fundamental mechanism by which this "something 
else” generates or CREATES a force on/of a moving 
electrically charged mass. (Note again that, at the most 
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basic level, any particle of mass is always quivering, in 
motion, and accelerating. from quantal considerations 
alone.) 

Thus immediately we have discovered something 
unique about so-called "force-fields" in vacuum: for 
example, about gravitational field, electrical field, and 
magnetic field (and the strong force and the weak force 
as well). These fields do not exist at all as ordinary 


force vectors -- and real force fields -- in vacuum! E 
and B fields, e.g., are defined in terms of force per unit 
electrical charged mass and magnetically charged 
mass, respectively. In the absence of mass, they cannot 
exist, 


And this in turn means that transverse EH field 
waves (Hertzian waves) cannot exist in a vacuum. 
Indeed, they appear on, and ARE CONSTITUTED of, 
the charged-mass-motion that changes, and they appear 
where such change oc a result of an introduced 

1 


mass.** But in the absence of the spinning charged 
particle of mass, they do not exist as force fields at all, 

Hertzian waves exist in a transmitting whip 
antenna, for example, in the oscillating electron gas 
along its length. Something else entirely different 
exists in vacuum between the transmitting antenna and 
the receiving antenna. Then in the receiving antenna, 
Hertzian waves again exist in the oscillating electron 
gas along its length. (See Figure 3. ) 
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Figure 3. Detection of "transverse" and 
longitudinal waves 


This is interesting, for Nikola Tesla stated 
several times that HERTZIAN WAVES CANNOT BE 
PRODUCED IN A VACUUM, NOR CAN THEY 


TRAVEL IN A VACUUM. 
Tesla was correct, as we are beginning to see. 
We shall later return to show in what form so- 
called "force-fields” actually exist in vacuum. 
For now, I point out that I am stating a 
fundamental change to all of physics, including both 
mechanics and electromagnetics. 
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(ELECTRICIAN'S VECTOR) 


Figure 4. Charged mass system vector. 


-- CHARGED-MASS-SYSTEM VECTOR -- 
-- (Figure 4) -- 


The third type of vector we meet is the vector 
mass system where the mass is charged. First, we point 
out a serious error in present electromagnetic (EM) 
theory. That is, in present theory it is implicitly 
assumed that 


94 =4m (8) 


In other words, "charge" and “charged mass" are 
erroneously assumed to be identically the same thing. 
In the days when electricians were playing with 
pith balls and striving to uncover the secrets of 
electricity, they knew nothing at all about the virtual 


hups/lwww cheniere.orgrhooks/part3Vchargedmass htm (1 of 7)24.11,2003 21:29:35, 


TOWARD A NEW ELECTROMAGNETICS PART IIL 


state, and consequently nothing about a "virtual particle 
flux" on a particle of mass causing (and comprising) 
the "charge" of that mass. 

Today, of course, we know from particle physics 
and quantum mechanics that the "charge" on an 
observable particle of mass IS due to a flux of virtual 
(nonobservable) particles on and off the mass of the 
observable particle (see figure 5). A charged mass is 
thus presently known to be a SYSTEM: a mas 
charge flux, coupled to a bare particle (chargeles 
mass) constitutes a "charged particle." 


Figure 5. The "charge" on an electron mass consists of 
a flux of virtual particles on and off the mass. 


Thus, actually the "charge" is the virtual 
(unobservable, or SPATIO-TEMPORAL) flux to and 
from the observable SPATIAL particle of mass. So, 
rigorously, 


q # dm (9) 
But instead, 


q=[d/dm(qn)] (10) 


and this is a definition and therefore an identity. This 
definition alone affects all present electromagnetics 
theory. 

To illustrate: In founding electrical theory, early 
scientists dealt with forces generated by charged 
masses (for example, charged pith balls). They later 
imass.htm (2 of 7)24.11.2003 21:29:35 
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extrapolated the experimental results they obtained (or 
thought they obtained) with the smallest charged mass, 
acharged particle. In Figure 6, I show the classic 
situation for derivation of the idea of E-field (except 
we have used an electron for our test charge, rather 
than a pith ball). 


FIXED 
"STATIC" 
CHARGE 
Smy 


A negatively charged test mass qm. 

(for example, an electron) brought 

into the vicinity of a fixed charged 
mass Gm, experiences an acceleration 

as shi . At the quantum level, the 
smeared electron cannot be separated 
from the smearing, and it BECOMES the 
charged-mass-motion-changing vector Fema 


Figure 6. A test charge (charged mass) brought near a fixed charge 
(charged mass) experiences an acceleration. 
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Now note that what actually happens is that the 
unrestrained test charge becomes a CHARGED MASS 
SYSTEM VECTOR (a "smeared charged mass-motion 
changing"). The "test charge" BECOMES a charged mass 
force vector; it does not have a separate geometer's vector 
“appear on it.". What actually happens is shown in Figure 


a 
Neo 

cd > Cal 

cm = aa 

3 i 
bet 


Figure 7. A charged-mass-system vector. 


That is, in the simplest (nonrelativistic) case, for an 
electron what happens is 


Fon = (qonp 


and this is a DEFINITION. That is, considered instantly, 
the electron exists as a charged-mass electrical force 
CONSISTING OF/COMPRISED OF a charge flux qe 
canonically coupled to a mass, with that subsystem then. 
canonically coupled to a spatial acceleration vector, ALL 
AS A SINGLE ENTITY, WITHOUT ANY "SEAMS" 


BETWEEN ITS "PARTS." The F'.,, IS THE 
ELECTRON SYSTEM ITSELF; it is NOT a "spatial 
vector." Rigorously, it does not exist in the absence of the 
smeared electron mass, a priori. 

Again, in assuming this force exists in the absence 
of the smeared mass of the moving particle, 
electromagnetics theory is in serious logical error. 

Referring back to Figure 6, we see that, if we repeat 
the experiment many times and with the test charge in 
many locations, we have the situation shown in Figure 8. 


} ab 
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gs 


we 4 


Figure 8. Repeating the "test charge" experiment. 


Itis found that, rigorously, 


|F_.| « is 2) 12) 
- xr 


where F’,,, is a charged mass system vector. Erroneously, 
this has been stated one way or another as 


= 449, 
[FI e|—52| (13) 


ssumed to be a spatial system vector. Further, 
this confusion has been carried over into the definition of 


the Eefield as: 
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(14) 


In this definition, Ei -- which is a charged mass system 
vector -- has been confused as a charged spatial system 


vector, where F’is regarded simply a spatial system 
vector! Actually, the definition of the E-field should be 


E 


cm (15) 


where F,, is a charged mass system vector. Failure to 
properly define the E-field has caused the conception of 
the E-field to be falsely perpetuated as existing in vacuum. 


The E-field is TREATED this way in present EM 
theory. Hence present theory falsely assumes that the 


observable E-field can exist in vacuum. 


What actually exists in space, E-field-wise, is a 
special kind of ordered virtual state pattern in a series of 
spinning "scalar" fields. This virtual state pattern or 
"shadow vector" field will be explained later. 

Note again that one cannot have a "force vector" 
existing in vacuum - a priori. 

However, assume for a moment that one could have 
a massless force vector, as presently assumed. Let this 
force vector appear at a point in the vacuum. Since the 
vacuum has zero observable mass, it would have zero 
inertial resistance to this hypothetical observable force 
hence the observable force would instantly produce an 
"infinite" acceleration of its point of application, vanishing 
with it into the distance. Therefore our fictitious force 
would disappear the instant it appeared! In any case, it 
could not be retained at a point in the vacuum for any 
finite length of time, however small. 

The direct implications are that (1) something other 
than an observable electrical force field exists in the 
vacuum, and (2) there must exist a more fundamental 
mechanism by which this "something else" generates or 
CREATES a change on/of an accelerating electrically 
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charged mass particle. (Note again that at the basic level, 
any particle of mass is ALWAYS quivering and 
accelerating, from quantal fluctuation considerations 
alone.) Causality has no arrow microscopically. 
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(ADVANCED ELECTRICIAN'S VECTOR) 
Figure 9. Charged spatial (massless) vector. 
-- CHARGED SPATIAL (MASSLESS) VECTOR -- 
We recognize now that 
de # dm (16) 

and that q, is simply the virtual-particle flux that 

constitutes charge -- and indeed constitutes vacuum 

itself! 


We DEFINE vacuum, based on Figure 5, as 
shown in Figure 10. 
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There is no “emptiness filled 
with charge.” Rather, there is 

massless charge, from which 
emptiness is constructed, and 

9 from which spacetime is con- 
structed, and from which meas: 

i ed. 

9 ES and motion are construct! 


As 


ae S ¢ 
a tet 


9 9 


Figure 10. Removing the bare particle (mass) from 
a charged particle leaves the charge. 
The vacuum is DEFINED AS the charge. 


That is, vacuum may be defined as pure massless charge 
flux. This flux IS identically "spacetime" as well. Vacuum is 
pure @-field (electrostatic scalar potential). Here again, in 
present theory it is assumed that 


ay 


which, by our new definition of vacuum, is quite false. 
We now note that, if we insist on assigning a spatial 
vector to the vacuum, we have the situation shown in Figure 11. 


Figure 11. Assigning a spatial vector to the 
charged vacuum 
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-- THE SHADOW VECTOR -- 


Note that this spatial vector t, represents — Ups that is, 


&,= 8, (18) 


but t, annot be a force (mass system) vector. It can only exis 
an ordered pattern in the virtual flux between two separated points of 
the vacuum; that is, as an ordered pattern in the virtual state. 
Literally, €, exists only as a tiny bit of order existing in great 


disorder. 
In other words, the present EM theory is incorrect in stating 
that 
EL = -y, 19 
m B. (19) 


in vacuum in the absence of an observable spinning charged particle, 
since 


e, 22, (20) 


The actual existence of t may be visualized in terms of 


successive differentials of B_, broken into differentials en so small 


that, observably, each little differential's mass component m has 
become virtual, so that 


ze Q) 


where subscript m stands for mass, subscript v for virtual, and 
observably 
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Cum = FE (22) 


but, in the absence of a spinning charged particle, 
yEA 
E, * /4E, (23) 


since the ym COMPonents remain individually separated. That is, in 


macro-time a SHADOW force vector exists, made of microscopically 
ordered BUT UNJOINED (unintegrated) "virtual state" vector 
differentials of what would be an observable mass system force 


vector B__ if integrated. 
m 


Thus, the "E-vector" € that exists in vacuum is a "shadow" 
vector as shown in figure 12. 


ay *s alr 
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Figure 12. A "shadow vector" t, 


We say that such a previous mass system vector, broken into 
ordered but unjoined virtual vectors by the absenting of all mass, is a 
SHADOW VECTOR, and we label it with a subscript vm, to 
represent "virtual mass" system. To the macro observer, this is the 
kind of "vector" that exists in vacuuo. 

Note that, observably, the shadow vector merely represents a 
special ordering in VO. It is NOT an OBSERVABLE (mass system) 
vector, but it IS an ordered series of consecutive virtual vectors. 

With each virtual bit vector, a virtual time exists as well, and 
these "virtual time bits" are also ordered consecutively (in 
macrotime). 

I point out that any observable vector must be finite, and so it 
must have a finite magnitude (finite length). In the simplest case, this 
length AL is related to a At by 
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AL =cAt (24) 


What I am saying is that ANY observable spatial vector is actually a 
spatiotemporal vector, and the MAGNITUDE of any vector is related 
to TIME (to the existence of that vector in time) at the most 
fundamental level. Suffice it to say that, if the fundamental quantum, 
level (At) aspect of a vector is interfered with, then the 


MAGNITUDE of the vector is interfered with. That is, if we can 
make a time wave, we can change or affect ANY vector's magnitude, 
including the magnitude of mass system vectors and charged mass 
system vectors. Such a "time wave" can be made easily, and it has 
been. 
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-- A Scalar is a Zero Vector -- 


Now let us look at the idea of a scalar. 

A "scalar" may in a general sense be considered 
as the sum of the "absolute values" of the individual 
vector components of a system of vectors whose 
observable resultant is zero. That is, it represents the 
magnitude of the internal stress of a vector system, 
with the absence of a single observable directionality of 
the system. It also follows that every scalar is actually 
a stressed zero vector, and every zero vector is a scalar. 

Thus we have four major types of scalars related 
to the four types of vectors: 


(a) 8, = I¥,! (25) 
(b) (26) 
© @7) 
(d) (28) 


where S stands for scalar, V for vector, and subscript s 
for spatial, m for mass, and c for charged. 

For example, comparing equations (25) and 
(26), it can easily be seen that twice as many "point- 
motions" is not at all the same thing as twice as many 
"gram-mass-motions." The two resulting vector 
systems are quite different. 


Next Page 


Lorghhooks/part3/scalar20is%202er0 umn24,11.2003 21:29:56, 


Help support the work 


TOWARD A NEW ELECTROMAGNETICS PART IIL 


TOWARD A NEW ELECTROMAGNETICS 
PART II: CLARIFYING THE VECTOR Help support the work 
CONCEPT 


-- Virtual and Observable Aspects -- 


We must also examine some aspects of "virtual" 
and "observable." 

For example, we construct several spatial vector 
summations in Figure 13. The "resultants” of these 
spatial vectors are all equal. However, the actual sums, 
even though equal, are quite different, because their 
internal "stresses" (substructure forms) are quite 
different. 


+4 f- 


SUPERPOSITION DOES NOT ELIMINATE THE VIRTUAL SUBSTRUCTURE. 


When the time aspects of the vector systems of 
Figure 13 are considered, one can easily understand the 
problem. That is, the resultant of each of these 
“systems” is zero, and so one can say that the vectorial 
magnitude" of the system is zero since the magnitude 
of the resultant vector is zero. However, in each case 
the "action" represented by each vector element 
actually occurs in a finite tiny At. So: (1) The zero 
resultant must exist for a finite At, and (2) all the 
actions indicated by the system component vectors 
actually occur in that At. The absolute value of the 
“activity per unit time per unit volume" of such a zero- 
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resultant system thus has physical meaning, and one 


may refer to this notion as the "stress" on spacetime’ 
or the “electrostatic scalar potential" of the system. 
Note that this differs from the present definition of 
electrostatic scalar potential, which becomes just a 
special case of the more fundamental potential defined 


here." 

The derivatives of this spatiotemporal stress also 
have physical meaning. The time derivative i 
indicative of the stress on the flow of macroscopic time 
at a fixed spatial point, and the spatial derivative is 
indicative of the stress on space. Here one is 
confronted with the fact that what we call "space" and 
"time" are continually being created, directly in the 
physical observing/detecting apparatus itself.22 That 
is, rigorously, "detected physical reality" exists totally 
in and of the mass-changes of the observer's mass or 
his detecting instruments. In the fundamental detection 
process itself, there is a flow of the rate of creation of 
spatial lengths and a flow of the rate of creation of time 
lengths. Indeed, to a linear observer the stress on the 
creation of the flow of time controls the flow of the 
creation of space, and the stress on the creation of the 
flow of space controls the flow of the creation of time. 
The change in the stress on 4-space (ordinary 
Minkowskian space-time) controls the "curvature of 
that spacetime" in the fifth dimension. The change in 
the stress on 5-space controls the "curvature of that 5- 
space spacetime" in 6-space, and so on. Development 
of these facets of the new concepts is beyond the scope 
of this paper.) 
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-- SCALARS AND VECTORS HAVE SUBSTRUCTURES -- 


As can now be seen, the sum of each structure in figure 13 
is observably zero. Therefore we might define the sum as a "zero 
spatial vector." We note, however, that it actually exists for a time 
At and is thus a spatiotemporal entity, rigorously. 

If we define the internal stress action A in a region As3At of 


spacetime as 
23 


ks 


29) 
Acs3t) a) 


and the 4-space internal stress intensity or potential as 
3 
A(s"t) 


S = lim 


; (30) 
(a875t)+0 | 45 4t 


J 


where +s is any internal vector in the substructure, As} is the 


spatial volume (about a point) containing vector +, and At is the 
inseparable time during which these component actions occurred, 
then we see that, stress-wise, all the "zero-vectors" in figure 13 are 
quite different in their internal stresses, 4-space potentials, and 
internal substructures. For the five "zero sum" vectors, 
OBSERVABLY we have 


whether or not 
AS Aty, = AstAt, (m¥#n; 1<m<5;1<n<5) (32) 
But considering the substructures, 
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40 


on n (l<m<5;1<n<5; m#n) (33) 


1 now point out that a scalar can be regarded as a stressed 
zero-sum vector, where the magnitude S of the scalar represents 
the internal stress intensity caused by the substructure of the zero- 
vector. 

Thus, generally, 


k —_ 
5 i 


4s ht 


= | (34) 


That is, in general any observable scalar has, consists of, and is 
comprised of a VIRTUAL (unobservable) substructure that is very 
real indeed. One must also consider the scalar as existing for some 
finite time At, (at least for the time of one quantum change), and 
the intensity of the virtual actions occurring in the spatiotemporal 
substructure of the scalar during that time At is proportional to the 
magnitude of the scalar. 

Normally, the concept of a scalar -- as presently used -- 
makes no allowance for the scalar to exist in time, or for a virtual 
vector substructure, or for any patterning inside the substructure. 
This is equivalent to assuming that 


A=0 (35) 


and that all 45's are evenly distributed. ‘That is, from this new 
viewpoint, presently the mathematical theory assumes all scalars to 
have an equal density of virtual activity per spatiotemporal volume 
in its virtual substructure, and an isotropic virtual pattern 
distribution of an infinite number of equal virtual vectors in its 4- 


space substructure 7= 

In the new approach, neither of these two assumptions need 
hold -- though in special cases they can hold. Thus present 
orthodox theory is just a single special case of a more fundamental 
approach indicated here. 

Note that, by directly affecting and changing the virtual 
substructures of scalars and vectors, we can directly perform 
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virtual, state engineering, and this allows us to directly "engineer" 
the so-called "laws of nature" of the normal observable laboratory 
state and thus ENGINEER AND CHANGE PHYSICAL 


REALITY ITSELF 
In the new approach, we can (observably) have 


24244 (36) 


or 


2+2 


4 (37) 


by the following means: In the first case (equation 36), we assume 
that the virtual substructures are patterned, and interact nonlinearly 
in such a way as to produce an extra observable. Thus we have a 
delta added to the normal observable scalar results of the 
interaction, as follows: 


294+ 25= 45 + Ayso (38) 


where subscript "o" means observable and "v" means virtual. Note 
that 


Ayso (39) 


indicates a delta due to virtual substructure interactions yielding an 
extra observable delta. This extra delta may be either scalar or 
vector in nature, depending on the circumstances and the particular 
interactions. 

Note also that any vector or scalar must now be considered 
to HAVE, CONTAIN, and CONSIST OF an infinite substructure. 
And note that, similar to the scalar case, from the new viewpoint 
the present theory assumes each scalar (point) of the vector to have 
a structure similar to that of equation (34), except that now the 
scalars are ordered, with a linearly decreasing internal stress 
density per unit scalar along the line of the vector. 
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In the new approach, vector interaction (superposition, for 
example) can now violate present theory, if the two virtual 
substructures interact nonlinearly to produce a nonzero, observable 
delta, Observably (macroscopically) , this delta, again, may be 
either "scalar" or "vector." 

This approach now becomes consistent with quantum mechanics 
at the foundation level. 
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-- Substructures, Virtual Levels, and Hyperspaces -- 


In the new approach, our definitions and 
assumptions immediately drive us to a picture of an 
infinite set of nested levels of substructures in the 
virtual state. That is, anyone component (scalar or 
vector) in one level of virtual state has an infinite 
number of even finer virtual components, one level 
more subtle. 

AND THAT IS WHAT PARTICLE PHYSICS 
AND QUANTUM MECHANICS ALREADY 
REVEAL ABOUT THE STRUCTURE OF 
PHYSICAL REALITY. 

So these definitions and assumptions now 
provide the basis for a new vector mathematics that is 
in accord with, and fitted to, modern physical 
observations. 

We have a picture such that any observable 
scalar or vector contains a virtual substructure (virtual 
level 1). Any scalar or vector in virtual level 1 also 
contains a finer virtual substructure, in virtual level 2. 
And so on ad infinitum. 

Each succeedingly finer level of virtual state can 
be modeled as a hyperdimension (higher spatial 
dimension) as I pointed out in Appendix 1 to my book, 


is approach immediately ties into 
hyperdimensional or hyperspatial theory 


C. Muses's hypernumber theory 

The new definitions and assumptions are far 
richer than what is allowed by tensors, though there are 
many similarities. Muses's work, however, essentially 
can encompass most of these definitions and concepts, 
except the distinct types of vectors are not so clearly 
delineated in his theory (at least to my comprehension 
of it.) His theory does provide a nested, 


‘org/books/part3/substructures.is (1 of 2)24.11.2008 21:30:10 


TOWARD A NEW ELECTROMAGNETIC PART IIL 


hyperdimensional structure of time, however, and thus 
allows "scalar" waves in the hyperspatial structure of 
time -- in other words, observably "scalar" waves in the 
virtual state structure of spacetime, or pure Tesla 
waves, or simply "time" wave: 

These are the bare notes; from this approach, 
already new (proprietary) mechanisms and exact 
specifications to make scalar waves -- in essentially 
whatever quantity and degree desired -- appear to have 
been successfully accomplished by my close 
colleagues. 

The new approach is real and it leads to a new 
physics. And I believe that the very beginnings of the 
new physics are already working on the laboratory 
bench. 

Nikola Tesla discovered the most essential 
features of the new electromagnetics over eighty years 
ago and was simply suppressed for his efforts. Now, 
although it has been eighty years in the reborning, 
Tesla electromagnetics is once again loose in the 
Western world. 

This time, let us hope that it fares better at the 
hands of orthodox science and large financial control 
groups than it did for Nikola Tesla. 
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--FOREWORD -- 


This paper is an adaptation of the oral/visual presentation given 
by the author at the 1983 Annual Conference of the U. S. 
Psychotronics Association on Saturday, July 23, 1983. 

The presentation was delivered directly from the yugraphs 
alone, and not from a formal, written text. 

The title of the presentation at the conference was "New 
Electromagnetics: Where the 'Old Math’ Took the Wrong Turn." 

As originally conceived, the lecture was to be given in a single 
period of some 45 minutes and cover only the first part of this paper, 
the clarification of the vector concept in physical theory. The 
Symposium director so graciously scheduled two periods instead, 
allowing time to present additional material further clarifying vector 
and scalar waves, and to present a variety of unusual physical 
mechanisms that apply the concepts. 

After the conference, the author prepared this paper directly 
from the same slides, in the same order. However, no attempt was 
made to match the words in this paper to the words actually delivered 
in the formal presentation. The gist of the two, however, are the same 
-- except that, in the conference lecture, the author covered (as an 
aside) some important additional material: (1) the nature of what 
actually occurs in an "electrical ground," and (2) the author's 
explanation of the theory of Tesla's magnifying transmitter. 

An audio tape and a videotape of the author's USPA 
presentation were made by the conference officials. Copies are 
available at nominal cost from Mr. Robert Beutlich, Secretary/ 
Treasurer, U. S. Psychotronics Association, 3459 Montrose Avenue, 
Chicago, Illinois 60618, U.S.A., 
phone (312) 478-7715. 
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This presentation is one part of a three part presentation, 
consisting of the main briefing on physical effects, the historical 
background, and the elements of the emerging new electromagnetics. 

In this present briefing I will not cover the historical 
background. Instead, first I will address the concepts of the new 
theory, and then I will give an abbreviated main briefing, including 
some weapon aspects. I will present one simple free energy motor and 
show how it works, and where it gets its energy. 

Much of this material I have known for some time, but have 
hesitated to release it because it enables one to develop -- in a fairly 
straightforward manner -- weapons and beams (ray) systems that can 
disable electronics, computers, communications, and people. Anyone 
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handy in electronics, who has a few thousand dollars and access to 
bench equipment and an electronics parts supply house, can develop 
these weapons in his or her basement workshop. But because certain 
very radical elements in this country already know some of this 
information and may plan to utilize such devices in criminal activities, 
1 am openly releasing the information as a warning, to be prepared. 

Of course there are many good things that can be developed 
with this technology, including machines to heal a remarkable variety 
of ailments and illnesses. I strongly urge everyone to use this 
information wisely and only to benefit other human beings. There 
exists a cosmic or karmic law for those who misuse it against their 
fellow persons; if one does that, one will assuredly suffer the 
consequences. 

Also, I strongly urge the development of Western defenses 
against the Soviet strategic and tactical weapons; already developed 
utilizing these principles. Unless the West wakes up to the extreme 
urgency of this task, in the near future we may be overwhelmed in 
short order by a much harsher, dictatorial system. If that should 
happen, it will plunge the human race into a new dark ages far more 
terrible than that dark period in history following the fall of Rome. 

These are the final times, and this is the beginning of the final 
technology. The ability to directly engineer physical reality itself has 
been laid in our laps. Pandora's box is already spilled open, and there 
is no longer any stopping the new technology. 

Let us prepare, then, for that which is to come. 

With these introductory remarks, let us now turn to the main 
presentation. 
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CHARACTERISTICS OF SELECTED CONCEPTS 


CONCEPT — CHARACTERISTIC 


FLOW OF OBSERVABLE MASS 


+ ENERGY PARTICLES 

+ ANENERGY FLOW OF VIRTUAL PARTICLES 

* PRESENT VIRTUAL PARTICLE FLUX TIED 
"CHARGE" To 


OBSERVABLE MASS PARTICLES 


* TRUE CHARGE | VIRTUAL PARTICLE FLUX 
|WITHOUT MASS 
MULTI-DIRECTIONAL FLOW 
(THROUGH A POINT 


+ FLUX 
UNI-DIRECTIONAL MOVEMENT 
+ FLOW {OF A FLUX 
[GRADIENT] 
+ CURRENT UNI-DIRECTIONAL GRADIENT 
ora 
[USUALLY CONSTRAINED] FLUX 


On this slide I show some fundamental defining characteristics of 
energy, "charge" or charged mass as presently in the theory, flux, flow, 
and current. These fundamental concepts are often somewhat 
confused in the literature. 

Particularly note that the concept of energy, being tied to "the 
capacity to do work," is specifically tied to the concept of mass. 
Eventually, energy must be expressed in terms of moving masses -- 
specifically, in accelerating or decelerating masses. 

I introduce the term "anenergy" here, specifically in relation to 
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the concept of a virtual particle. Anenergy is roughly equivalent to the 
present idea of "virtual energy,” 
except it more precisely implies the flow or flux of virtual particles. 
We also redefine charge as virtual particle flux, in order to 
remove the present error in EM theory where "charge" always implies 
acharged mass. The electrostatic scalar potential, phi (@) , then 
merely becomes the intensity of the massless charge -- that is, the 
intensity of the virtual particle flux -- at a point. Let me point out, 
however, that in the new view this "point" is always in n-dimensional 
space, where n is equal to or greater than four. The present 3-space 
formulation of @ is thus a highly special case. 
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QUOTE FROM NIKOLA TESLA: 


"THE HERTZ WAVE THEORY OF WIRELESS 
TRANSMISSION MAY BE 

KEPT UP FOR A WHILE, BUT I DO NOT HESITATE 
TO SAY THAT 

IN A SHORT TIME IT WILL BE RECOGNIZED AS 
ONE OF THE MOST 

REMARKABLE AND INEXPLICABLE ABERRATIONS 
OF THE SCIENTIFIC 

MIND WHICH HAS EVER BEEN RECORDED IN 
HISTORY." 


Nikola Tesla 
"The True Wireless," 


The Electrical Experimenter 


One of the things we will find is that Hertz or transverse 
electromagnetic waves are strictly mass waves in a charged mass 
particle medium. 

For example, transverse EM waves do not, and CAN not, exist 
in vacuum. Vacuum EM waves are longitudinal waves of 
compression and rarefaction. What is compressed and rarified is the 
virtual particle flux that comprises vacuum itself. Vacuum EM waves 
in this virtual flux are just like sound waves in air -- in the flux of 
molecules and atoms that comprise the atmospheric gas. 

Nikola Tesla, of course, knew this and he frequently pointed out 
the falsity of the accepted transverse wave theory. Here is one Tesla 
quote, for example, taken from The Electrical Experimenter. (PAUSE) 

Almost every scientist -- even the "Tesla bugs" -- have thought 
Tesla wrong in his adamant opposition to the idea of Hertzian waves in 
the vacuum. 
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As we shall see, Tesla was right and all the present scientists 
and textbooks are wrong . 
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FIXED 
“STATIC” 
CHARGE 


FORCE BETWEEN TWO LIKE CHARGES 


A NEGATIVELY CHARGED 


E. TEST MASS 
N 2 [e.g., AN ELECTRON] 
2. BROUGHT INTO 


A 
4 THE VICINITY OF q; 


EXPERIENCES 


NOTE THE 


SPINNING. 


DONE WITH A 


FOR THERE 
IS NO SUCH THING IN 
NATURE. 


In my presentation last year, I noted some 22 fundamental flaws 
in present electromagnetics theory. One of these flaws was in the 
actual vector theory itself. As we shall discover, one cannot simply 
plug geometrical vectors into physical systems without making 
fundamental errors. The vector concept itself must be adapted, for 
there are now four different kinds of vectors in phys 
the same thing. We will come to that shortly. 

To begin, let us look at the fundamental kind of experiment, 
shown on this slide, from which the idea of electrical force and electric 
field was taken. 

We have a fixed static charged object q(1) in the laboratory, and 
we bring in a test charged mass q(2). The test charged mass may even 
be a single electron, as we illustrate here. We show in our example the 
fixed charge to be negative. When we release the test charge electron, 
it accelerates away from the fixed charged mass, as shown on the 
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diagram. Note that we have no force at all until we bring in the test 
charged mass. Indeed, we shall find that the force is actually 
COMPRISED OF the accelerating test electron. Specifically, it is not 
something mysterious which appears in vacuum and PUSHES on the 
electron. We shall find that FORCE IS AN EFFECT, NOT A 
CAUSE. It CONSISTS OF the "smeared mass" that is accelerating -- 
in this case, it consists of the smeared, accelerating electron. 

We summarize the experiment: in the absence of the charged 
test particle, no force exists in the vacuum. When we bring in the test 
charged mass, it accelerates away, and THE FORCE CONSISTS OF 
THAT ACCELERATING CHARGED MASS PARTICLE. The 
experiment does not at all address or deal with WHAT EXISTS IN 
THE VACUUM AROUND CHARGED MASS Q(1) IN THE 
ABSENCE OF TEST CHARGED MASS Q(2). Any assumption of a 
force existing in the vacuum is sheer speculation and not based on this 
experiment. 
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REPETITIONS LEAD TO THE VECTOR "FIELD" CONCEPT 


REPEATING FIGURE 4 A NUMBER OF 
= \ 4 TIMES LEADS TO SETS OF FORCE 
F. ARROWS, WHICH WE THEN VISUALIZE 
ood 3 IN TOTAL AS A FIELD, &, OF FORCE(S) 
ABOUT qi 


we Ne RIGOROUSLY, THIS "FORCE FIELD" 
- WOULD REQUIRE THAT A SPINNING 
Fy CHARGED PARTICLE OF MASS EXIST 


AT EACH AND EVERY POINT IN SPACE 
ABOUT q; 


On this slide, we show that, as we repeat the experiment by 
bringing in the test charged from differing directions, the same 
thing happens around the fixed charged mass q(). Test charged mass q 
(2) -- our electron -- accelerates radially away from q(1). 

As we repeat the experiment and draw many of the little arrows 
radially outward, gradually the idea of a "vector field" emerges. That 
is, we form the idea that, at every point in space around fixed charge q 
(1), there exists one of our little vector arrows. Thus we assign a vector 
field to the space: to every point of it, there is assigned both a 
magnitude and a direction. 

However, note that this does not describe the situation as it 
exists, at any time, in the "present." That is, rigorously any one arrow 
only exists whenever a little test charged mass is present and 
accelerating radially away. 

We may take the view that the arrow WILL ex 


t WHEN a test 
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charged mass is brought to that point and released. In that case, the 
arrow WILL exist in the FUTURE, not the present. And we may refer 
to that as, it POTENTIALLY exists, when and if.. ..ete. 

So already we see a fundamental logical problem in the idea of 
such a field. It WILL exist in the future, but only POTENTIALLY 
exists in the present. 

Of course I am not the first one to point out such difficulties; the 
fact that the field concept is erroneous is already well-known to 
foundations scientists. But it is such a USEFUL concept that it is 
retained. 

Now the E-field, or electric field, is defined as "the accelerating 
force on a charged mass per unit charged mass accelerated by it." If 
there is no charged mass present to be accelerated, then there can be no 
E-field present. 

So E-field cannot exist in vacuum, for vacuum presupposes the 
absence of all observable mass. 

So we can rigorously say that no E-field of force exists around 
the charged mass q(1) INTHE PRESENT. At best, it can only 
POTENTIALLY exist INTHE FUTURE. 
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A SCALAR HAS A HIDDEN [VIRTUAL] VECTOR 
SUBSTRUCTURE 


VESSEL 


PRESSURE P AT A POINT 
IN A CONTINUOUS FLUID 
IN A CLOSED VESSEL 


THE ACTUAL MICROSCOPIC 
SITUATION AT POINT P 


Our next slide shows that a physical scalar quantity has a 
hidden vector substructure. 

For example, we show on the left a closed vessel containing a 
pressurized gas. The pressure at a point in the gas is a scalar quantity, 
since it has a magnitude but not a direction. However, physically what 
we have in the gas is a flux of individual molecules continually 
through any small volume, which we may let approach a point in the 
limit. Thus we have a flux in all directions through the point at which 
we specify pressure. 

That is, the scalar "pressure" at a point may be said to contain a 
substructure of individual molecule flow vectors. 
All physical process scalars have such hidden substructures. In 


peste 
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the equilibrium case, the summation of all the individual flux vectors 
yields a resultant vector zero. 

Thus we take the view that ANY PHYSICAL PROCESS 
SCALAR IS ALSO A ZERO VECTOR, AND ANY ZERO VECTOR 
IS A SCALAR AND CONTAINS A SUM-ZERO HIDDEN VECTOR 
SUBSTRUCTURE. 
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SCALAR AND VECTOR SUBSTRUCTURES 
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Now let us see if we can do some unusual thinking about the 
hidden vector substructure of a scalar or zero-vector. 

On the leftmost figure in this slide, we show a plate with 
balanced opposing forces. The vector summation of all the forces’ is 
zero, so the system has no resultant vector. The plate therefore does 
not move. However, the plate -- that is, the medium in which the 
forces act -- is stressed, much like the previous example of pressure in 
a gas. The difference is that now the stress is patterned in its 
substructure, and not random. Now suppose we rhythmically vary the 
forces, each the same, in a regular manner in time. Yet we maintain a 
continuous balance, so there is never a system resultant greater than 


zero. In this case, we maintain our vector zero, but we are producing 
regular stress waves in the plate medium... 

T think you now can see that I can vary the individual opposing 
vector pairs so that rhythmic waves flow from top to bottom, or from 
bottom to top. That, of course, will describe a vector gradient 
traveling through the medium, and that will be an ordinary "vector 
wave." Is there any way I can make waves through the medium, and 
not have such vector waves ever appear? 

Indeed there is, if I look further into the substructure. Take one 
point on one of the vectors shown acting on the plate in the left 
diagram. That point is a scalar, and it also has a substructure of even 
finer vectors, as shown in the lower middle figure. And any point in 
one of these second-order hidden vectors is a scalar and composed of a 
still finer hidden vector substructure, as shown in the lower right 
figure. This process repeats ad infinitum, and all is structures within 
structures. At least it can be modeled that way, for it already is treated 
that way in particle physics. 

Now go back to the second order vector substructure. Here I 
can establish whatever patterns I wish, and not affect the first order 
pattern shown in the figure on the left. I can even rhythmically vary 
things in the second order substructure, and leave a blissfully 
unchanged first order substructure, to the first order observer. 

So I can make as many waves; as I wish through the medium, as 
long as I stay second order or higher, and the external observer will 
never see any change at all unless he has a special detector of some 
sort to detect the lower substructure changes. 

As I showed in the Appendix to my book, The Excalibur 
Briefing, these substructures are in reality the same thing as 
hyperspaces. And movements in them can proceed much faster than 
the speed of light. 

So I can have higher order signals and waves through the 
stressed medium without changing the overall first order stress in the 
medium. 

This is a sort of super-relativity; the present relativity is just a 
special case. 
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Superluminal communication systems are perfectly possible, but 
not with the present first order transmitters and receiver/detectors. 

Note also that higher order stresses -- stresses in the higher order 
represent special stresses in time, and time has an 
attern substructure. The higher order stress waves are 
phase waves or phase fluctuations in that respect. 

Also note that Charles Musés has already created the 
hypernumber mathematics of the structure of time, and it is largely in 
his mathematics that these concepts will have to be mathematically 
modeled. 
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SUPERPOSITION DOES NOT ELIMINATE 
THE VIRTUAL SUBSTRUCTURE 


+4 $4 


A. E. 


TWO OR MORE MACROSCOPICALLY "EQUAL" 
VECTORS OR SCALARS CAN DIFFER 
DRASTICALLY IN THEIR VIRTUAL 
SUBSTRUCTURE DISTRIBUTIONS. EVEN TWO 
"ZEROS" MAY BE DYNAMICALLY DIFFERENT 
DUE TO THEIR DIFFERING SUBSTRUCTURES. 


Next we show some simple substructures of a zero vector. All of 
these vector systems sum to zero vectorially. Note that if we 
superpose two of these structures, all substructure vectors are still 
present., and the vector summation is still zero. 

Also notice that, from the standpoint of substructuring, zeros can 
be and are drastically different. 

We can even make rhythmic waves in the substructure by 
superposing patterned zero vectors in a regular fashion. 


Next Slide 


e-orghbooks/part 7509 htm24, 11.2003 21:31:46 


‘The Tom Bearden Website 


The Tom Bearden 
Website 


SLIDE 10. 


PHYSICAL VECTORS 


VECTOR: A "SMEARED 
PARTICLE" 


FOUR MAJOR PARTICLES IN 
PHYSICS: 

- POINT [MASSLESS, 
CHARGELESS] 

- MASS [CHARGELESS] 

- CHARGED MASS 

- CHARGED POINT [MASSLESS} 


LEADS TO FOUR MAJOR 
VECTORS: 

- GEOMETER'S 

- MECHANIC'S 

- ELECTRICIAN'S 

- ADVANCED ELECTRICIAN'S 


In quantum mecha s we approach the quantum level, we find 
that the notions of a particle (static concept) and a wave become 
inseparable. That is, any particle becomes a "smear" in length and 
time, and it becomes inseparable from its smear. At the quantum 
level, there is no separate energy, length, . Momentum, energy, or 
time -- all are welded together inextricably into a quantity called 
“action,” having the units of angular momentum. 

So at the fundamental quantum level, a moving point becomes a 
smear, and a vector represents a phy: undifferentiated entity. 

To go quickly, we now define a vector as consisting of a 
smeared particle. That is, the particle is smeared in both time and 
length, and it is not differentiated from time or length. 
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There are four kinds of particles in physics which can be 
smeared to form vectors. First, there is a point in space or spacetime. 
This point may be approximated as massless and chargeless. At least 
that is the way the geometers of old conceived it in the abstract, and so 
the idea of a "point" in space assumes it to be chargeless and 
massless. Second, there is a tiny particle of mass, often abstracted to 
be a "point-mass," but visualized as having no charge. This is the 
mechanic's particle. Third, there is a tiny charged mass, such as an 
electron, and this is the electrician's particle. Again, it is often 
abstracted as a charged point-mass. Fourth, there is a charged point, 
having no mass, and this is the advanced electrician's particle, which 
he uses to form the idea of potentials and fields. 

Smearing these four particles at the fundamental quantum level 
produces four different kinds of physical vectors: the geometer's, the 
mechanic's, the electrician's and the advanced electrician's vectors. 
They are all different. 
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THE FOUR VECTORS OF PHYSICS 


MASSLESS SPATIAL MASS SYSTEM 
SYSTEM VECTOR VECTOR 
eae! —! 

(GEOMETER'S VECTOR) (MECHANIC'S VECTOR) 
CHARGED MASS CHARGED SPATIAL 
SYSTEM VECTOR SYSTEM VECTOR 


[ee se] “sat i | 


SE EGY 


(ADVANCED ELECTRICIAN'S 
(ELECTRICIAN'’S VECTOR) VECTOR) 


On this slide we show a graphic illustration of each of these 
vectors. 

Note that they may be visualized as smeared particles, but the 
particle is not separate from the smear in time and length. 

Each vector must be considered as a unitary entity -- it is a 
special kind of quantum, if you will. 

Each is a special quantum of motion. 

‘And Dewey Larson has it right when he says, "All is motion." 
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FORCE DEFINITION 


« A TRUE DEFINITION IS AN IDENTITY. 


F =dldt (mv) 


« FORCE CONSISTS OF 
THE TIME RATE OF CHANGE OF 
MOMENTUM 


« MOMENTUM IS A MASS SMEARED 
THROUGH 
A LENGTH IN A CERTAIN TIME 


« FORCE CONSISTS OF MASS- 
MOTION-CHANGE 


« FORCE IS AN EFF 


JT, NOT A CAUSE ! 
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We now look a little closer at the concept of a force. 

I point out that a true definition is an identity. If a supposed 
definition of an entity is not an identity for that entity, then it is not a 
definition at all, but only a statement ABOUT the entity. 

It may come as somewhat of a shock to the normal engineer and 
scientist that the foundations concepts of physics -- such as force, 
mass, energy, etc. -- are ALL in serious difficulty and contain many 
unresolved logical conflicts. 

Force is in that kind of difficulty, and it has that kind of logical 
conflict. 

In fact, in its force equations, physics has not even applied its 
own present definition of fore 

‘As we show here, force is generally defined as the time rate of 
change of momentum. 

If that is true, then as an identity the definition states that a force 
CONSISTS OF the time rate of change of momentum. 

And of course, momentum is mass times velocity. Hence 
momentum is a mass smeared through a length and through a certain 
time. 

Force then consists of the time rate of change of that smearing. 
That is, we smear the mass through time and length, faster or slower. 

But if force CONSISTS OF that smearing change, it does not 
CAUSE it. 

Force is thus an effect or result, not a cause. 

This implies that there is a more fundamental mechanism that 
causes or generates force itself -- ANY force. If we can find that 
hidden mechanism, we may well find the long-sought unified field 
theory, since it will unify all forces on a common mechanism. 
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On this slide, we show briefly how one might express this idea 
in mathematical symbology. 

Macroscopically, momentum consists of mass times velocity. 
Microscopically, the mass and the velocity are inextricable, and it is 
not proper to speak of a "mass in motion," but only of "mass-motion." 
We show this in equation 2. 

We take the macro definition of momentum, as shown in 
equation 3, and express it for the microscopic, unseparated case, as 
shown in equation 4. 

In the nonrelativistic case, we may consider m-dot to be zero, 
since the time rate of change of mass is almost zero. In that case, force 
may be defined for the microscopic case as a smeared accelerating 
mass, as shown in equation 5. 

Force thus consists of the welded mass and acceleration, with no 
seam in the middle. 

It IS mass-acceleration; it does not CAUSE it. Therefore force 
is an effect, not a cause. 
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But if force CONSISTS OF mass welded to acceleration, it 
cannot exist in the absence of mass. 

Hence force does not exist in 
vacuum. 

Further, the E-field (Electric field) of a charged particle is 
defined as the force on a charged mass, divided by the mass. 
That is, the E-field is thought to represent the force per unit 
charged mass. And then it is assumed to exist in vacuum. 

But vacuum is without mass or charged mass, observably. 
Without mass, neither force nor charged mass exists. 

Therefore the E-field does not exist in the vacuum, 

Magnetic field (B) and gravitational field (G) are similarly 
defined, and they have the same logical difficulties. 

Therefore neither magnetic field nor gravitational field 
exist in vacuum, 

A priori, NO force field exists in vacuum. 

The greatest error in physics has been the assignment of a 
force as a cause, and thus assigning it to the vacuum. The force is 
an effect, and it never exists in vacuum, a priori. 
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Without belaboring the issue, I now point out and 
summarize some of these conclusions. 

First, a more primary mechanism causes or generates force 
-- ANY force. 

Second, force implies the presence of mass a priori. Force 
does not exist in vacuum, since vacuum is the absence of 
mass. . 

Third, no force fields of any kind exist in vacuum, 
including E-field, B-field, and gravitational 
field. 


Fourth, since Hertzian waves are defined in terms of E and 
H force fields, and these fields do not exist in vacuum, then 
Hertzian waves do not exist in vacuum, 

Tesla pointed out long ago that vacuum EM waves are 
longitudinal waves, not Hertz waves. Vacuum EM waves are 
similar to sound waves in a gas. 

The Hertz wave exists as a matter wave in the electron gas 
in a transmitting antenna, and in the electron gas in a receiving 
antenna, but does not exist in the vacuum in between the two 
antennas. Between them, EM waves are longitudinal waves. 
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Energy is usually taken as "the capacity to do work" at 
some future time. In other words, when we refer to the energy of 
something, we refer to HOW MUCH WORK IT CAN DO IN 
THE FUTURE, IF AND WHEN WE ARRANGE FOR IT TO 
DOIT. Rigorously, a body has no "work" at a particular instant 
in time, so we use "energy" to refer to potential work that can, or 
will, be done in the future. Thus energy is always congruent to 
work in the future. 

And for that reason, the units of energy are the units of 
work; the only difference is in the time the work is done, relative 
to the "now" or "present" we are speaking of. 

Energy is the potential for work to be done in the future. 

But what is work? 

Well, work is defined in terms of the movement of a force 
through a distance. And it is understood that only the projection 
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of the force along the line of movement is "working." Thus work 
is defined differentially as shown on the slide. The differential of 
work is equal to the dot product of the moving force times the 
differential of displacement. 

But as we have seen, force is an effect, not a cause. 
when we calculate the work done, it's always in the 
past, never in the present or future. It's always been DONE, and 
has been expended. 

Being in the past, it's gone forever, so it certainly isn't the 
CAUSE of anything which happens in the future. 

Thus work is an effect, not a cause. 

That's interesting, because then it certainly does not 
directly generate "energy," since energy is something in the 
present which speaks of future work to be done. 

Rigorously, the fundamental quantum -- which is what 
exists in the present, in unseparated and unquantized form -- 
consists of action. NOT energy, NOT time, NOT length, NOT 
momentum exclusively, but all of these INclusively. 

‘And a change in energy occurs when a quantum is 
separated at a certain rate in time. Thus delta energy equals the 
time rate of change of action, or delta action divided by the delta 
time used in separating the quantum and fissioning it into parts 
(collapsing the wave function). 

Thus energy itself is an effect or result of a more 
fundamental mechanism, and it is not a cause. 

In quantum mechanics all this has been neatly "buried" 
in the mysterious "collapse of the wave function," which is 
supposedly what "causes" everything to happen. And then we 
swear that what results after the collapse is a totally statistical 
selection from the possible states of the system we 
are examining. We thus say that the microworld is 
totally statistical at base. Of course we also build a wave 
equation or wave function which propagates forward in time with 
rigorous causality, and that wave or function absolutely controls 
the basket of "possible states" allowed . 

All that says is that the "wave function times time" is what 
exists in the present, when observation has not been made by 
“stopping time." And then we "stop time" in a rather blunt 
manner, somewhat like firing a billiard ball blindly into a group 
of billiard balls on a table, and we live with what gets hit and 
Pops out. 

If we examine this "time" that is flowing, look into its 
substructure, and arrange that substructure as we will, we can 
control which "billiard ball" is hit and which pocket it goes into. 
By working on the vector substructures of time, we can thus 
deliberately control the microworld and make it causal, not 
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statistical. Quantum mechanics is in error in stopping where it 
has; it is presently only a first order approximation of the real 
quantum mechanics that awaits. 

Einstein was correct after all; God does NOT play dice 
with the universe when one considers all levels. 

One finds oneself in a statistical situation at one level only 
when the constituent sublevels of it are uncontrolled. 
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On this slide, we simply point out that translation of a 
body through space and its passage through time are related, 
according to relativity 
is spatial. 

It does not exist in time. 

Only things which contain the unit of time can "exist in 
time." 

Otherwise, the thing only exists as such when the passage 
of time has been momentarily stopped -- usually by photon 
emission and the consequent carrying off of the time unit by the 
photon. 

Since every mass that has temperature -- and every mass 
does -- is continually absorbing and emitting photons, then the 
mass is continually grabbing a time tail (absorption) and losing it 
(emission) shortly thereafter. 

Masstime is what exists in time, not mass. 

And every mass particle is continually turning from mass 
to masstime to mass, etc. 

Indeed, it is the summation of the absorption and emission 
of virtual subquanta by a mass particle -- i.e., its "charge" -- that 
determines its rate of flow through "time." 

And the spherical spin of a mass particle couples the 
particle of mass to the spacetime vacuum; that is, to the virtual 
particle flux. 

Passage through ordinary time is controlled by creation 
and annihilation of quanta, and these processes are controlled by 
substructure (subquantal) actions and interactions. 
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Without belaboring the issue, I now simply point out some 
implications of the new approach. 

First, we modify two laws -- the conservation of charge and 
the conservation of energy -- by combining them into one law, a 
new conservation law in which anenergy is conserved. 

Neither charge per se nor energy per se need be conserved; 
but the overall anenergy (massless charge) equivalency is what is 
conserved. This allows us to derive mechanisms for free energy 
from the vacuum, for example. These mechanisms readily 
violate the present conservation of energy law, but do not violate 
the overall conservation of anenergy law. 

Itis the total anenergy equivalency of mass, energy, and 
massless charge that is now to be conserved in general. The old 
laws are now just special cases. 

Also, Newton's third law -- for every action there is an 
equal and opposite reaction -- is modified. It still applies, but in 
changed form. 

The reaction still occurs, but it need not be local, and it 
need not be antiparallel to the original action. 

Thus it is now possible to design and build a "locally 
reactionless" inertial space drive for a vehicle. 

The final implication is that the common mechanism 
producing force -- any force -- provides a unified field theory. 
Specifically, it provides one which easily lends itself to direct 
engineering. It is not esoteric nor mysterious. It is practical and 
physical, and it can be done with some modifications to our 
present electrical circuits and devices. 
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We briefly show a simplified derivation of the new 
conservation of anenergy law. 

We express the conservation of charge law by correcting 
the term "charge" to show its true meaning: charged mass. We 
use the absolute value symbol to mean the “anenergy 
equivalency. 

As shown on the slide, we account separately :for the mass 
(m-sub-c) of the conserved charges and the virtual particle charge 
flux (the anenergy -- AE-sub-c) of the charges conserved. That 
law now says that the absolute values of the masses and the 
massless charge fluxes have a total constant summation. 

For a dynamic mass, we do a similar thing, in this 
simplified case ignoring potential energy of position, and taking 
the energy equivalence of the dynamic energy (M-sub-E) and the 
rest mass energy of the particles, M-sub-E. The conservation of 
energy now states that these two terms have a constant absolute 
value summation. 

We add equations 1 and 2, getting equation 3. We 
consolidate like terms to get equation 4. 

Expressing all terms in their anenergy equivalencies 
(absolute values), we get equation 5, which is the overall 
conservation of anenergy equivalency. 

Note that we now can change mass into energy or 
anenergy (massless charge), energy into mass or anenergy, and 
anenergy into mass or energy. 

Thus we can turn everything into pure vacuum ether (pure 
massless charge, pure anenergy, pure electrostatic jar 
potential, pure stress on spacetime) or we can turn part of the 
vacuum into energy or particles of mass. 

Vacuum now becomes a very real thing indeed. 

It is pure anenergy. 

Pure massless charge, pure electrostatic scalar potential, 
pure "broken bits" (subquantal bits) of (quantized) energy. 

The vacuum is identically the virtual state. 

It is not an emptiness filled with virtual things; rather, it IS 
the sum total of those virtual things, for they are totally 
unseparated until some sort of "conceptual observation” 
is invoked. 

Physics should have adopted Einstein's suggestion that the 
vacuum, complete with its EM and gravitational fields, be called 
the ether. 
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Now we can put the search for free energy devices on a 
rigorous scientific basis. 

As shown here, mass and energy are translatable one into 
the other. So are massless charge and energy. 

And the universe is filled with fantastic amounts of 
anenergy; ultimately, that is what the universal vacuum IS. 

Any one-way gating process from anenergy to energy 
yields "free energy" since the anenergy is automatically 
replenished by the universe. 

A sort of Maxwell's demon, after all, is what we need. 
Only we need one which works with the virtual state, not 
observable molecules. 

Fortunately nature has provided several Maxwell's demons 
of this sort, if we but recognize them and learn to use them. 
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First, let us now digress to point out that one 
does not have to have relativistic velocity to obtain 
relativistic effects. 

One can use the common electrostatic scalar 
potential to drive the situation relativistic. On this slide 
we show just one of several references in the standard 
literature that address this fact. 

Let's understand what we are saying. 

Anything you get from a relativistic situation, 
you can get directly by cleverly applying electrostatic 
scalar potential. 

You can get a change in the passage through 
time, you can get energy changes, mass changes, 
inertial resistance changes, etc. 

You can bend, warp, and twist spacetime like a 
pretzel. 

If you "wave" the scalar potential by simply 
varying it , you can create pure time waves. You can 
also produce pure inertial field waves, pure 
gravitational waves, etc. 

The ability to engineer the curving of spacetime 
allows the direct ability to engineer physical reality 
itself, 
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On this slide we now show a simple way to 
make a scalar, zero-vector wave -- the kind of wave 
originally discovered by Nikola Tesla. 

It's simple. We just believe that a sum-zero 
vector substructure makes a scalar quantity, and we 
MAKE some scalars that way. 

We also understand that a zero-gradient of a 
scalar is a zero vector, so that the scalar itself may be 
taken to be a zero vector. 

The simplest explanation of this wave is as 
follows: 

First, in physics we have two competing, 
mutually exclusive theories as to the nature of 
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electromagnetic energy: the wave theory and the 
particle theory. Physicists argued for decades over 
these theories, for some experiments support one and 
some support the other. They never solved the 
problem; they just agreed to quit arguing. They 
formulated the "duality" principle to allow the saving 
of face to both sides. 

Briefly, the duality principle implies that, 
whatever the nature of electromagnetic energy is before 
an interaction, in the interaction you can get it to act as 
a wave or as a particle. In other words, AS IT 
EXISTS, BEFORE THE INTERACTION, it is 
implicitly both particle and wave, joined together in 
some fashion, without being explicitly either one. 

With the fourth law of logic, this becomes 
perfectly clear. With three-law Aristotlean logic, the 
problem is unresolvable. 

Let us use this idea of "explicit duality without 
implicit duality" to analyze the wave shown on the 
slide. 

First, from a wave aspect, the E-fields and the B- 
fields of the two waves do superpose and vectorially 
add. Since the waves are 180 degrees out of phase, the 
exterior resultant wave has a zero electric field and a 
zero magnetic field. Therefore it is a "Zero-vector" 
wave, or "scalar" wave. It's a wave of pure stress in 
spacetime. 

However, this scalar wave has a precisely 
determined substructure, consisting_of two ordinary 
sine waves, each of which comprises an ordinary E-H 
vector EM wave. 

Now we apply the photon consideration 
(remember, before we interact with the wave, it must 
implicitly possess BOTH wave and particle natures 
combined, and we have so far only examined the 
implication of the wave nature. 

The theory of photons' states that they are 
monocular critters. Photons pass right through other 
photons without interaction, in a linear situation. 
Therefore they can coexist without interaction, which is 
what we show here. 

One photon, by the way, is one wavelength . 

The photon theory requires that both substructure 
waves continue to exist as independent photons. 
Therefore we are assured that our substructure is intact. 

However, notice that the totality of the two 
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waves stresses spacetime. In other words, we have 
twice the stress on spacetime now as we would have 
from either wave separately. 

This wave is therefore just a pure stress wave in 
spacetime itself. 

This thing oscillates time, oscillates the relativity 
of the situation, and can affect energy, time flow rate, 
inertia, gravity, etc. aspects of an absorbing system. 

Note that we have a rhythmic oscillation in phi 
(@), and we have a longitudinal stress wave, very 
similar to a sound wave. The MEDIUM for this wave 
is the virtual particle flux that identically comprises 
vacuum spacetime itself. 
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On this slide we show how to regard the 
magnitude of the stress, by using one wave envelope as 
"virtual ground." In the top diagram, the original E- 
field stress of each wave has a magnitude of 5, and the 
composite stress wave now has a magnitude of 10, in 
whatever units we choose to express them. 

We show in the bottom diagram that during one 
half cycle we have compressive stress in the virtual 
particle vacuum flux, and during the second half cycle 
we have tensile stress. 

This shows the wave is like a sound wave in the 
gaseous molecules of the air. 

However, this wave has one difference. It also 
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oscillates time, and thus has at least one additional 
degree of freedom, compared to ordinary EM waves. 
In fact, this wave can be made n-dimensional 
and hyperspatial. 
As a first order approximation, we can treat 
such a wave in 
a spatial fashion, if the wave is not too great in 
magnitude and the relativistic oscillation of time and 
inertia is not too large. 
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We now digress slightly to pick up some more 
concepts. 

On this slide, we show a simplified physical 
model of a charged particle. According to present 
particle physics, we 
model it as an observable, spinning bare mass in the 
middle, connected to a spray of virtual particles on and 
off the mass in all directions. 

It is the spin of the mass that "attaches" the 
spray of virtual particles to and from itself. 

Note that, because of the spin, the gradient lines 
of flux will actually be spiral or vortex in nature. 

Also note that, when EM theory was founded, no 
one knew that an electron was spinning. Electron spin 
was therefore omitted from the foundations of present 
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electromagnetic theory, and compensated for later by 
strictly ad hoc measures. 
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Here we show a very important concept, and a 
very important fact of nature. 

A charged particle may be idealized as a special 
kind of spray nozzle. 

The 3-dimensional particle of mass is spraying 
out virtual particle fluid, and sucking in virtual particle 
fluid, in four or more dimensions. 

We never have to furnish or replenish the spray. 
Nature provides that. And it's inexhaustible. It comes 
from the entire virtual particle flux vacuum of the 
universe. It's already connected firmly to matter, by its 
connection to the spinning charged particle of mass. 

I repeat and strongly str This tremendous, 
continuous spray of virtual particles is absolutely free, 
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and absolutely furnished by the universe. 

We don't have to create the basic pumps for the 
fluid. We just move the spray nozzles around, by 
moving the spinning charged masses around. 

We never furnish any ultimate energy to or in 
our present EM circuits. We just pump around the 
spray nozzles, gating the spray furnished by the 
universe. 


Next Slide 
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SLIDE 26. 


AN OBSERVABLE CHARGED PARTICLE IS DIRECTLY 
CONNECTED TO VIRTUAL PARTICLE FLUX VACUUM 


On this slide we accent that our 3-dimensional 
particle of mass is directly connected by its spin to the 
vacuum ether itself. To the virtual particle flux that 
identically IS the vacuum spacetime. 

Interestingly, relativity states that the mas: 
itself is nothing but a "kink" or curvature in spacetime . 

The fact that the surface of the particle is 
spinning at right angles to the virtual particle vacuum 
flux "drags" part of the flux along with it, spiraling it, 
and certainly "kinking" or "bending" the vacuum flux . 

That's the MECHANISM for the bending of 
spacetime. And that's what MAKES the particle of 
mass in the first place, and reduces its dimensionality 
to three. 
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Also note that the vacuum IS phi-sub-zero, and 
that is never 
azero value. This is contrary to present EM theory, 
which erroneously assumes phi-sub-zero -- the charge 
of vacuum -- to be zero or non-existent. 


Next Slide 
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SLIDE 27. 


SPIN COUPLES VACUUM TO PARTICLE 


« SPHERICAL ROTATION IS THE KEY 


A PARTICLE CAN BE MODELED AS 
A SPHERICALLY ROTATING VORTEX 
OF SPACETIME 


ITS MASS IS DUE TO ITS SPIN 


THE SPINNING OBJECT IS 
CONTINUALLY CONNECTED 
TO ITS ENVIRONMENT 


VERY HIGH VALUES OF 
ELECTROSTATIC POTENTIAL 
CAN INDUCE RELATIVISTIC 
CONDITIONS 


» CHANGE RATE OF FLOW 
OF TIME 


» EVEN THOUGH VELOCITY 
IS NONRELATIVISTIC 


E.P.BATTEY-PRATT AND T.J.RACEY 
"GEOMETRIC MODEL FOR FUNDAMENTAL. 
PARTICLES,” 

INTL. J. OF PHYS. 19, NO. 6, 437-475, 1980 
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In fact, the bits and pieces of many of the new 
concepts are strewed all through the scientific 
literature. Here we show one example, establishing a 
good model that spin of a particle couples the particle 
to the vacuum . 

This paper is by E.P. Battey-Pratt and T.J. 
Racey, and was . published in the International Journal 
of Physics in 1980. 

Note again that very high values of electrostatic 
potential 
can induce relativistic conditions, even though 
relativistic velocity is not present. 
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SLIDE 28. 


ELECTRON PRECESSION (SIMPLIFIED) 


4 SPIN AXIS Movine 
PRECESSION AXIS 


VELOCITY 


ELECTRON PATH 


PRECESSION AXIS PAERIELECTRON 


On this slide I show the effects of precession of 
an electron when it encounters a longitudinal scalar 
wave that contains "spin vortex holes" for the electrons 
to fall into and mesh its spin with. 

The basic idea here -- that electron precession 
accounts for the Hertzian waves in the electron gas in a 
transmitting antenna and in a receiving antenna, came 
from my close colleague and friend, Frank Golden, and 
I am most happy to give him full credit for this 
important insight. 

As we have previously stated, transverse (force) 
waves cannot exist in vacuum in the absence of mass. 
Hertz waves therefore cannot exist in vacuum, just as 
Tesla stated, 

Yet we know that Hertz waves exist in the 
electron gas in 
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our transmitting antennas and in the electron gas in our 
receiving antennas. How then do we get Hertz waves 
here, if only longitudinal waves can exist in the 
vacuum in between? 

Electron precession is the key. 

We never measure what's happening in vacuum 
with our instruments. Instead, almost always we 
measure what is happening to and in the electron gas in 
our antenna or probe and feeding current to the 
instrument. 

Here we show a "normal" EM vacuum wave -- 
which is a longitudinal wave containing spin vortexes 
from the electrons that generated it -- approaching and 
striking a spinning charged electron. As the peak and 
trough of the wave passes, it is as if we had a force 
pressing against the spinning electron, first along the 
line of wave travel, and then antiparallel to the wave 
travel. (that is, "explaining" it in present concepts.) 

The electron acts as a little gyroscope, and 
precesses laterally, first in one direction and then the 
other. 

Therefore the wave recovered in the electron gas 
in our receiving antenna or instrument probe is a 
transverse Hertzian matter wave. 

Hertz waves are always matter vector waves. 

Vacuum EM waves are always nonmaterial 
longitudinal scalar waves. 

Longitudinal scalar waves in vacuum normally 
contain many spinning vortex "holes" of flux, created 
from the spinning electrons which launched the wave 
and stayed behind in the transmitting antenna. This 
kind of longitudinal wave is directly detectable by a 
normal free electron charged gas in a receiving antenna 
or probe. It also directly interacts with free electrons in 
aconducting metal shield, and so is shielded by 
Faraday cages. 

On the other hand, our zero-vector longitudinal 
wave, made 
by opposing waves, contains opposing spin holes 
which annihilate or cancel each other. 

In the absence of spin holes, the longitudinal 
wave will not mesh with spinning electrons in a 
conductor, and so it is not detectable in the normal 
fashion. It also does not interact with free electrons in 
a conducting metal shield, so it readily penetrates 
Faraday cag 
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An easy way to see that electrons do not interact 
with that substructured longitudinal zero-vector wave is 
to visualize both substructure component waves 
interacting on the electron simultaneously, pushing in 
opposite directions equally. In that case the electron 
tries to precess in both directions, equally, and so it 
does not precess in either direction. Therefore it does 
not "detect" the passing wave. 

The wave without "golf ball holes", however, is 
detectable 
by any circuit having high nonlinearity actions 
occurring in it. Such highly nonlinear dynamic areas 
act to provide a phase shifting between the composite 
substructure waves. This phase shift results in 
violation of the sum-zero condition, producing a 
"normal" EM wave which deposits energy in the out-of- 
phase area. 

From the spin vortex "golf ball hole" concept, 
the out-of-phase condition means that now we have an 
alternating preponderance of spin holes, spinning first 
in one direction and then in the other. Thus the 
electrons in the nonlinear, phase shift area are hooked 
and oscillated (precessed) to and fro, producing energy. 

Solid state, highly doped transistors are 
particularly vulnerable to this effect, as are gas 
discharge tubes, spark and cascade ion discharges, 
plasmas, etc. 


Next Slide 
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SLIDE 29. 


VACUUM/SPACETIME IS 
PURE VIRTUAL PARTICLE FLUX (@o) 


hie VACUUM IS IDENTICAL TO: 


pL « VIRTUAL PARTICLE FLUX 
« SPACETIME 
« ANENERGY 


2, 
« MASSLESS CHARGE 


« MADE OF UNQUANTIZED ACTION 

« WITHOUT DEFINITE LENGTH INTERVALS 
« WITHOUT DEFINITE TIME INTERVALS 

« N-DIMENSIONAL (UNFIXED) 


VACUUM IS: 


We pause here to again summarize some 
important things we now know about vacuum. 

Vacuum IS IDENTICAL TO virtual particle 
flux, spacetime, anenergy, Phi-subzero, massless 
charge, unquantized action, and infolded energy, 
momentum, length, time, power, velocity, acceleration, 
etc. 

Vacuum is made of unquantized action, 
dimensionally. 

It is without definite length or time, as Einstein 
stated. 

It is n-dimensional, where n is always four or 
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greater. 

It is not an emptiness filled with things. Rather, 
it is identically a plenum filled with things which are 
totally unseparated, unfixed, and undetermined. 

From vacuum: mass, energy, time, frames, and 
all the rest of physical reality are dynamically made. 

Vacuum is the ether. The ether has never been 
eliminated from physics. Ether just has become much 
more subtle, and physicists have used other names for 
it 
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VACUUM IS: 


+ SPACETIME (L"T, WHERE n > 3) 

« CHARGE (MASSLESS) 

« ELECTROSTATIC SCALAR POTENTIAL 
9,#0 
ERROR IN PRESENT THEORY 

« BROKEN BITS OF ENERGY 
(SUBQUANTAL) 

« PURE VIRTUAL PARTICLE FLUX 

« O-WAVE FLUX 

« MULTILEVEL, STRUCTURED, 

PATTERNED 

A VIRTUAL PLENUM 

« AN OBSERVABLE EMPTINESS 


Again, we list some of the things that vacuum 
identically 
is. 

It is spacetime, massless charge, electrostatic 
scalar potential, broken bits (subquantal) of energy, 
pure virtual particle flux, zero-vector wave flux, 
multilevel, structured, patterned, a virtual plenum, and 
an observable emptiness. 

It is all things and contains all things in potential 
state. 

It is not, in that it is not observable. But from it 
comes 
all observables. 

It is both ordered and disordered, 
simultaneously. 
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It involves four-law logic, not just three-law 
Aristotlean logic. 


Next Slide 
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SLIDE 31. 


GRADIENT OF ELECTROSTATIC POTENTL 


IN VACUUM 


VO 


ON AND OF A MOVING CHARGED PARTICLE 


VO=k 


Again I accent that, in vacuum in the absence of 
acharged spinning particle of observable mass, del-phi 
does not yield an E-field, and the conventional 
equations of EM are wrong in that respect. 

In the presence of a spinning charged particle, in 
a del-phi which contains electron-vortex-holes to mesh 
with, the charged particle attaches itself to the moving 
del-phi flux gradient, moving itself with the river. This 
produces an E field. The E-field CONSISTS OF the 
smeared electron, it does not CAUSE THE 
MOVEMENT of the electron. It is an effect, not a 
cause. The conventional equation for del-phi equals E 
is correct for matter waves in electron gases; it is not 
correct in vacuum itself. 
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SLIDE 32. 


IN A VO, A CHARGED PARTICLE MOVES ITSELF 


V@>0 IMPLIES A MOVING RIVER, AND THE 
CHARGED PARTICLE IS "HOOKED TO" THE RIVER 


aA FEOF ts 


Vi RIVER 


By —> > fh, 


We show clearly on this slide that a spinning 
charged particle, when it hooks to a spin-hole in a del- 
phi river, MOVES ITSELF. 

Note that a del-phi implies a "pressure 
difference" in phi-flux between two points. Therefore 
there is a moving river -- a gradient -- of phi-dot, 
moving from the higher pressure to the lower. 

If a charged particle is attached to this moving 
river, it flows along with the river. It is just like putting 
a boat into a moving stream of water. If the boat 
"latches" to the moving water, it moves with the river. 

Electron spin and spin vortexes in the del-phi 
mesh, to accomplish the "hooking" or "latching." 
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Once hooked into a moving river, the electron 
moves itself. One does not have to furnish work to 
move it. 

If the river is accelerating, the electron will 
accelerate itself. 

By cleverly gating such rivers into and onto 
sources of free electrons, one can directly produce free 
energy. 

The extra energy comes from converting 
anenergy (massless charge, vacuum flux) to energy of a 
moving mass. 
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SLIDE 33. 


ELECTROMAGNETIC WAVES 
IN ELECTRON GAS IN A CONDUCTOR 


VECTOR WAVES 


CONTAIN E, B FIELDS 


GENERATED BY SPIN COUPLING 
OF ELECTRONS 

WITH SCALAR WAVE "'SPIN- 
HOLES" 


WAVES OF FORCE 


HERTZIAN WAVES 


TRANSVERSE WAVES 


« WAVES OF ELECTRON 
PRECESSION 
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Here we pause to summarize the 
characteristics of electromagnetic waves in the electron. 
gas of a conductor. 

First, these are vector EM waves in the 
accepted sense. 

They contain E and B fields. 

They are generated by spin coupling of 
electrons with spin-holes in a scalar wave delta-phi 
river. The electrons move themselves under that 
condition, producing work and forces. 

They are waves of force or force field 
variations. 

They are Hertzian waves. 

They are transverse oscillatory, not 
longitudinal. 

They are matter waves. 

They are waves of electron precession. 
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SLIDE 34. 


ELECTROMAGNETIC WAVES IN VACUUM 


SCALAR LONGITUDINAL 
WAVES 


VECTOR ZERO [0] WAVES 


WITHOUT E, B FIELDS 


INTERNALLY STRUCTURED 


PATTERNED 


MAY CONTAIN ELECTRON 
"SPIN-HOLES" 


Here we summarize the characteristics of 
electromagnetic waves in vacuum. 

They are scalar longitudinal waves of alternate 
compression and rarefaction of the vacuum virtual 
particle flux. 

That is, they are waves of electrostatic 
potential. 

They are zero-vector waves. 

They are internally structured and patterned. 

They usually contain electron "spin holes’ 
unless made in a fashion so as to make opposing spin 
holes that cancel each other. 

Since they are pure phi-waves, they need not be 
limited in velocity to the speed of light. 

They are hyperspatial waves. 


They are waves in virtual state itself. 
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SLIDE 35. 
DETECTION OF 
TRANSVERSE AND LONGITUDINAL WAVES 
ANT 
transverse oscillations 
NORMAL “transverse” induced In electron gas 


EM EM wave 


(Actually a special 
type of scalar wave. ) 


ANT. no detection 


(eraeaas 1a 


NORMAL’ longitudinal NORMAL 
= |XLTR/XMTR 7/*OETECTOR | 


no transverse 


§2eCT, 
oscillations induced ae 


SPECIAL 
DETECTOR 
jetects 


In the top drawing on this slide, we show a 
normal transmitter putting out a normal EM wave, 
which received in a normal antenna/receiver. What we 
call a "transverse" wave rigorously exists only in the 
electron gas in the transmitting antenna and in the 
electron gas in the receiving antenna. Specifically, a 
longitudinal wave exists in the vacuum in between the 
two antennas, However, due to the method of 
production, the longitudinal wave contains spin-holes 
for electrons, so the electrons in the receiving antenna 
readily couple with the wave by falling into and 
meshing their spins with the spins of the spin-vortex 
holes. Electron precession produces electron gas 
waves that are transverse oscillatory, hence Hertzian 
waves in nature, 

In the bottom drawing, we show a tran 


ator/ 
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transmitter. In other words, we oppose ordinary EM 
waves in a sum-zero substructure, deliberately 
producing longitudinal EM waves in vacuum with the 
spin-hole vortexes canceling each other. This type of 
wave does not "hook" spinning electrons in the normal 
receiving antenna, and thus it is not detected. The 
normal antenna/receiver system never sees it at all 

However, by means of a special antenna which 
generates nonlinear phase shifts in the composite 
substructure waves, "hooking" holes are restored in an 
oscillatory nature. Electrons then hook with this output 
and detect the wave. 

Note that it requires a two-stage detector, 
operated in an interferometer fashion, to detect this 
pure sealar wave. 
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SLIDE 36. 
CREATING A "RIVER" OF ANENERGY 


PROVIDE TWO “LOCKED-IN” SEPARATED p-SOURCES 
whl, OF DIFFERENT MAGNITUDES 


“RIVER” OR FLOW VECTOR 
OF VIRTUAL PARTICLES 


be nag 


~ Ge) V9 IS A REGION OF CURVED 
SPACETIME, AND ENERGY 
IS NOT CONSERVED 


IN VACUUM, THIS IS NOT YET A 
VOLTAGE DROP (NO MASS. 
FLOW), 

NOR IS THERE AN £-FIELD 


Now if we wish to get free energy, we are going 
to have to provide a continuous anenergy river, and a 
means of tapping it to produce mass movement. 

This slide shows one easy way to make an 
anenergy river. 

We simply pump some electrons (spray nozzles) 
onto an elevated charged ball, and we LEAVE them 
there. A second ball is connected to ground. A higher 
phi -- that is, a denser spray -- is now in the vicinity of 
the elevated ball on the left. A lower phi -- that is, a 
less dense spray -- is in the vicinity of the lower ball on 
the right. Between the two balls, now, there is a 
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gradient in phi, and a virtual flux flowing from the 
“higher virtual pressure" to the "lower virtual pressure." 

This del-phi river does NOT constitute an E- 
field, as we 
have previously pointed out. 

The del-phi region, however, is definitely a 
region of 
curved spacetime. As is well known from general 
relativity, in such a region energy need not be 
conserved. 

Therefore it is entirely possible -- consistent with 
ordinary physics -- to violate conservation of energy in 
this del-phi river, if one believes general relativity. If 
one argues adamantly that conservation of energy 
cannot be violated under any circumstances, then one 
must throw out general relativity. Also, one must 
throw out most of particle physics, whose explanations 
presently involve virtual interactions, each of which 
violates the conservation of energy. 
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SLIDE 37 


A 2-WIRE SYSTEM IS CONSERVATIVE 


@ HAS LOSSES 
@ DOES NOT BREAK EVEN 


@ DOES NOT PRODUCE FREE ENERGY 


e. - 
of ~<— ELECTRON “SPRAY NOZZLES 
DISSIPATED 


REPLENISH SPRAY NOZZLES BY PUMPING MORE 
ELECTRONS. (MOVING ELECTRON MASSES AGAINST 
A"SPRAY PILEUP" REQUIRES WORK. 


Here we show that, as engineers, we've all been 
tricked into releasing our virtual rivers so that we 
would not discover free energy. 

While I cannot prove this as yet, I tentatively 
suspect that J. P. Morgan and Thomas Edison are 
directly responsible for this occurring. Tesla utilized a 
single-wire system; we have all been taught to utilize 
only two-wire syst 

What we in t do is connect a wire or cir 
to our charged ball, allowing our hose nozzles to drain 
away. 

In other words, we first do some work to pump 
hose nozzles (electrons) into and onto our elevated 


it 
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reservoir, so we will obtain a denser flux, and a flux 
river to utilize. Then we release the nozzles 
themselves, and let THEM move on the flux river, 
deplenishing our river. Of course we can get back as 
much energy as we pumped up there in the first place. 
But this two-wire system is at best theoretically even. 
Since real circuits have losses, we can never even quite 
break even. Thus we have to continue to pump hose 
nozzles, and let them bleed off to provide energy, in a 
less-than-100% fashion. 

By foolishly releasing our hose nozzles, we 
guarantee that we will never achieve free energy. And 
that's nice, because the people who control things, and 
for their own wealth and power depend on selling us 
energy at high prices, are guaranteed to stay in power 
and control. 

One is never truly free unless one is energy 
independent, in a self-contained fashion. 

Tesla nearly succeeded in giving us free or very 
cheap, inexhaustible energy -- and for that reason was 
quickly and dramatically suppressed. 

Only three graduate schools of electrical 
engineering existed in the U.S. The only one of any 
real importance was at Columbia University. 

Only one or two professors were necessary to 
"reach" to modify and subtly direct the entire 
foundations of the emerging electrical theory. 

Professors were in general poor, and had no 
research funds unless some rich industrialist or 
philanthropist gave them a few dollars. 

The setup then was certainly very ripe for 
Morgan and Edison to stop free energy, and suppress 
Tesla at the same time. They could have done so by 
influencing only one -- or at most two -- theoreticians 
at Columbia. 

At any rate, the theory was developed in such 
fashion as to rule out the single wire circuit and the 
longitudinal wave. Free energy was suppressed, and 
the financial empires of Morgan and Edison stayed 
secure. 
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SLIDE 38. 
A HOLLOW CHARGED SPHERE 
A FREE 
ANENERGY\ V¢ INSIDE = 0 
PUMP r 
@ INSIDE > So 
TRAPPED 
CHARGES ae. 
“) W640 
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Here we show another easy source of a higher 
vacuum charge, hence an easy source for a free river. 

Simply charge up a sphere. As is well known, 
inside that sphere one has no del-phi. So one can 
introduce an electron therein and not produce an E- 
field . 

However, since we've piled up additional spray 
nozzles, the density of the spray inside the sphere (as 
well as outside it) is certainly higher. 

In other words, the inside of the sphere is also a 
source 
for an increased del-phi river. In the bottom drawing, 
we drill 
a tiny hole in the sphere, insulate a thin wire running 
into the inside of the sphere, and run the wire out to a 
terminal opposing another grounded terminal. 
Between the two terminals now there must exist a del- 
phi river. 

And between those terminals there now exists a 
curvature of spacetime, hence the theoretical possibility 
to obtain free energy without violation of principles. 
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SLIDE 39. 
ONE-WAY GATE VALVE 
(ANENERGY TO ENERGY) 
wr +4) PHOTON 
IF PROPERLY OSCILLATE = (x7 ~~ fae Vy 
A-APPLICATION, GET ay at 
STEADY EMISSION als \(\ MA TRAPPED J-FIELD, 
(MORAY EFFECT! E/ l \ ELECTRON CAM LIFT ITSELF 
)  TOAN EXciTED STATE. 
wl \ ) REMOVING THES ALLOWS 
cS 7 DECAY WITH EMISSION OF 
KX SSO A NORMAL PHOTON 
“XN 
ee 


+ SIMILAR THING IN HUCLEUS 


+ TRANSMUTE ELEMENTS IKERVRAN EFFECT! 


* SPEED UP RADIOACTIVITY IREICH EFFECT) 


a 
—— _ ANENERGY If-FIELD) IS CONVERTED 
TO ENERGY, YIELDING “FREE ENERGY” 
FROM THE VACUUM 


Here we show one way to provide a one-way 
gate valve from a del-phi river to energy released into 
the outside world. 
By providing a properly tuned, oscillating phi 
wave, one can cause an orbital electron in an atom to 
raise itself to an excited state. Remember, in a del-phi, 
an electron that hooks to it raises itself. 

We then switch out the phi application, and the 
excited electron decays in normal fashion, emitting a 
normal photon of energy. 
By phase locking the processes, one produces 
a steady stream of photons. 

By absorbing or directing the photons, one can 
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produce heat, light, energy beams, ete. 

By this means, one produces free energy by 
gating anenergy into energy. 

And if one does not release spray nozzles in 
the phi-oscillations which feed the mechanism, one has 
an inexhaustible energy production. 

A very similar thing can be done with the 
excited states of the nucleus. For example, by using a 
radioactive material with a predisposition to emit some 
particle -- say an electron -- the nucleus can be made to 
continually emit the particles WITHOUT ITSELF 
DECAYING INTO BYPRODUCTS. In other words, 
an electron is lifted from the Dirac sea of vacuum to 
instantly replace the electron emitted from the nucleus. 

This provides a one-way gate valve from the 
Dirac sea to the external universe. 

‘Theoretically, these mechanisms are no more 
mysterious than a hydraulic ram, which raises water 
higher than the stream that feeds the ram, 

In the 20's and 30's, T. Henry Moray 
successfully built such gating devices for converting 
vacuum anenergy to external energy. 

In the Kervran effect, living systems are able 
to directly transmute elements, even though they only 
possess feeble energies, by influencing the virtual 
particle interactions in the nucleus that furnish its 
binding energy. 

Reich used an adaptation of a cloudbuster -- 
which emits scalar waves -- to drastically speed up 
radioactive decay of radioelements. 

Both plants and animals transmute elements 
by similar processes. 
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On this slide, we show a theoretical scheme 
which several researchers have discovered and used to 
build simple free energy motors. 

In this scheme, we drive an ordinary d.c. series 
motor by a two wire system from an ordinary battery. 
The motor produces shaft horsepower, at -- say -- some 
30 or 40 percent efficiency, compared to the power 
drained from the battery. This much of the circuit is 
perfectly ordinary. 

The trick here is to get the battery to recharge 
itself, without furnishing normal power to it, or 
expending work from the external circuit in the proces: 

To do this, recall that a charged particle in a 
"hooking" del-phi river moves itself. This is true for an 
ion, as well as for an electron. We need only make the 
del-phi in correct fashion and synchronize it; 
specifically, we must not release the hose nozzles we 
utilize to produce our del-phi river or waves. 

The inventors who have discovered this have 
used various variations, but here we show a common. 
one. 


First, we add an "energizer" (often referred to 
by various other names) to the circuit. This device 
makes the del-phi waves we will utilize, but does NOT 
make currents of electron masses. In other words, it 
makes pure @-dot. It takes a little work to do this, for 
the energizer circuit must pump a few charges now and 
then. So the energizer draws a little bit of power from 
the motor, but not very much. 

Now we add a switching device, called a 
controller, which breaks up power to the motor in 
pulses. During one pulse, the battery is connected and 
furnishes power to the motor; during the succeeding 
pulse, the battery is disconnected completely from the 
motor and the output from the energizer is applied 
across the terminals of the battery. 

If frequency content, spin-hole content, etc. 
are properly constructed by the energizer, then the ion 
movements in the battery reverse themselves, 
recharging the battery. Again, remember that these 
ions MOVE THEMSELVES during this recharge 
phase. Specifically, we are NOT furnishing ordinary 
current to the battery, and we are not doing work on it 
from the energizer. 

If things are built properly, the battery can be 
made to more than recover its charge during this pulse 


Iutp:/vww cheniere.orgfbooks/part4/s40.ntm (2 of 4)24.11.2003 21:33:17 


Part 4 


cycle. 

To prevent excess charge of the battery and 
overheating and destroying it, a sensor is added which 
senses the state of charge of the battery, and furnishes a 
feedback signal to the controller to regulate the length 
of recharge time per "power off” pulse. In other words, 
the system is now self-regulating. 

The relation between power pulses and 
recharge pulses is shown on the graphs at the bottom. 
Note that regulation may decrease the time of recharge 
application of the del-phi river. 

This system, if properly built and tuned, will 
furnish "free shaft energy" continually, without 
violating conservation of anenergy. Remember that the 
del-phi condition across the battery terminals means 
that spacetime is suddenly curved there, and 
conservation of energy need no longer apply. 

Again, this system is consistent with general 
relativity and with the fact that @-field alone can drive 
a situation relativistic. We have deliberately used these 
facts to do direct engineering. Our "extra energy" 
comes from shifting phi-flux -- the energy of the 
universal vacuum spacetime -- directly into ordinary 
energy for our use. Thus we draw on an inexhaustible 
source, and our device is no more esoteric than a 
paddlewheel in a river. The only difference is that, in 
this case, we have to be clever enough to make and 
divert the river in the right timing sequency. 

This is a free energy device which an 
ordinary person, who knows a little electronics, can 
experiment with in the basement. To develop it, one is 
talking several thousands of dollars and a lot of 
persistence and tinkering; one is not talking millions. 


WARNING: THE PRECEDING EXPERIMENTS 
ARE HAZARDOUS. DO NOT ATTEMPT THESE 
EXPERIMENTS UNDER ANY 
CIRCUMSTANCES UNLESS YOU ARE AN 
EXPERIENCED ELECTRICAL RESEARCHER, 
EXPERIENCED IN PERFORMING 
EXPERIMENTS WITH LEAD-ACID BATTERIES 


AND PULSE CHARGE AND DISCHARGE OF 
SAME, AND UNLESS YOU ALSO USE ALL 
SAFETY PRECAUTIONS SUCH AS GOGGLES 
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AND PROTECTIVE GLOVES, SLEEVES, AND 
APRON. YOU MUST NOT HAVE OTHER 
INFLAMMABLE LIQUIDS OR OTHER 
SUBSTANCES PRESENT WHICH COULD BE 
IGNITED AND BURN OR EXPLODE. SURGED 
LEAD-ACID BATTERIES PRODUCE 
HYDROGEN GAS, WHICH CAN EASILY 
EXPLODE SINCE SPARKING ALSO CAN 
OCCUR. THE ACID FROM SUCH AN 
EXPLOSION CAN EASILY BLIND YOU IF IT 
GETS IN YOUR EYES, AND IT CAN BURN 
YOUR SKIN. IN ADDITION, LEAD AND LEAD 
COMPOUNDS ARE POISONS, AND ARE TO BE 
HANDLED ONLY BY EXPERIENCED 
RESEARCHERS. THESE EXPERIMENTS ARE 
NOT FOR AMATEURS UNDER ANY 
CIRCUMSTANCE, BUT ONLY FOR 
EXPERIENCED PROFESSIONALS WITH 
PROPER KNOWLEDGE AND TRAINING, AND 
USING PROPER PRECAUTIONS. NEITHER 
THE AUTHOR NOR THE PUBLISHER IS 
REPONSIBLE OR LIABLE FOR ANY 
ACCIDENTS OR DAMAGE YOU MAY 
ENCOUNTER, AND ALL EXPERIMENTATION 
WITH THESE DEVICES AND PROCEDURES IS 
AT YOUR OWN ASSUMED PERSONAL RISK. 
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We now turn to a fundamental concept we need 
in order to understand some of the effects used by the 
Soviets in their Tesla weapons. 

Note that one other country -- one not hostile to 
the U.S. -- also has such weaponry. 

This slide shows the concept of a 
TRANSLATOR. Briefly, if 
we input a transverse matter wave, the translator 
outputs a scalar longitudinal wave without spin vortex. 
hooks. If we input a scalar longitudinal wave -- even 
one without hooks -- the translator puts out a normal 
vector transverse matter wave. 

We define a translator as anything which will 
accomplish one or both of those functions (usually 
both). 

Basically, any device which is TOTALLY 
nonlinear to transverse waves will produce scalar 
waves from a transverse wave input. Any device 
which is totally nonlinear to longitudinal waves will 
produce transverse waves from a longitudinal wave 
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input. 

It is comparable to certain plasmas, which, as is 
well 
known, produce such a translator effect. If you input 
longitudinal waves, you get transverse waves. If you 
input transverse waves, you get longitudinal waves. 
And the plasma is rather totally nonlinear. 

Again, if our translator outputs non-hooking 
waves, it means that the component substructure waves 
oppose each other in sum zero fashion, and "kill" or 
nullify the vortex spin-holes. 
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On this slide we show "normal " transverse wave 
interference, as we presently teach it in our textbooks. 

We visualize two identical transmitters, each 
producing a beam in a pattern of about 55 degrees of 
so. 

Where these beams overlap -- in the ideal, 
perfect case, we have constructive and destructive 
interference, with absolute zero-vector linear regions 
being formed. We put in the energy, and out-of-phase 
interference creates the zero zones, which contain no 
energy as such. 

We point out, however, that these zero-lines are 
scalars, 
and contain high stresses on spacetime. 
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On this slide we show the interference pattern 
that emerges from the interference of two identical 
scalar wave beams from translator/transmitters. 

Now note we are interfering two zero- 
waves, each cont ing a substructure. In thi 
assume similar substructures. 

What happens now is that we get a similar 
interference pattern, but with some startling 
differences. 

First, we put in the zero-lines. These represent 
in-phase conditions for the substructures. 

Second, the substructures themselves interfere, 
and form energy in the grid zones between intersecting 
zero-lines. 

In the perfect case, however, this energy cannot 
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radiate away. It is physically created and trapped as if 
in an "energy bottle." We are CREATING this energy 
at a distance, and storing it in a bottle. If the bottle 
were perfect, we would continue to accumulate energy 
in the grid zones -- notice we are continuing to pour 
energy into both transmitters, and there is zero ordinary 
energy anywhere else except in the grid zone "bottles." 

If we turn off the transmitters smoothly, we 
extinguish the energy in the bottle completely. It is 
sucked right out of there, and the vacuum returns to its 
normal condition. 

If we erratically and nonlinearly turn off the 
transmitters, we destroy the bottle and "dump" the 
energy suddenly. This is exactly like a sudden EMP 
from a nuclear weapon. A sudden pulse of energy is 
freed to radiate and interact in the region where the 
bottle was. 

The high altitude booms off the East coast of the 
U.S. a few years ago were made in precisely this 
fashion, from such a weapon being adjusted and 
calibrated in the Soviet Union. 
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CREATING ENERGY AT A DISTANCE 
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Figure 5. Scalar potential interferometry (between the two sets of bidirectional 
longitudinal EM wavepair functions) produces all EM force fields and waves. 


But let us look at one way to do this sort of thing 
more efficiently. 

Here we show two scalar transmitters (that is, two 
translator /transmitters) which form narrow beams, and 
which cross those beams at a distance. 

In the crossing zone, scalar interference is 
established, making an energy bottle and producing 
trapped or locked in energy 

If have a physical target in that crossed zone, I 


can 
literally "fry" the target, for I get all the power inputted 
to the transmitters contained in the bottle zone, I don't 
have any square law losses. 

Tan heat a metal object white hot at a distance 
for example, Because all real bottles are slightly 
imperfect, the real bottle is leaky and some photons 
escape. I can observe the white hot steel in the bottle, 


ockslpaet (1 


and I can record and measure the temperature from the 
escaping photons, by simple radiometric methods. 

Now if I smoothly turn off both transmitters 
linearly. all the energy in the bottle disappears 
immediately. I can immediately reach in and pick up a 
black, cool piece of steel. And that cannot be done with 
ordinary inductive or radiowave heating 

‘That has been done in a laboratory on the North 
American continent. 
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Here we show the results of electrical 
nonlinearities in an object which encounters a true 
translated (non-hooking) scalar wave. All objects have 
some electrical nonlinearities in them, and so all act 
partially as translators. 

This means that any real object creates a small 
scalar aura around itself from its continual temperature 
interactions -- from absorbing and radiating ordinary 
EM waves. In addition, the object normally is subject 
to undetected scalar wave radiations, and so it also 
produces a small aura of transverse vector waves 
around itself by translation. 

All real objects accomplish at least a little bit of 
translation. 
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We examine now an object with temperature, 
that is, a normal object continually absorbing ordinary 
EM radiation and continually emitting EM radiation. 


The object has a small fraction of its incident 
energy expressed as a scalar aura around it, because of 
translation. Note that normal detectors will not detect 
this aura, but special two-stage interferometric 
detectors will detect it. Also note that the object 
replenishes- the ordinary radiation flow by its 
translation of some of its incident scalar radiation into 
the normal or "transverse" (so-called) radiation. 
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The entire internal pattern -- all interactions and 
functions of the body -- are precisely present in its 
scalar aura, down to the finest detail. This makes an x- 
ray pale by comparison. 


True psychics actually use the nonlinearity of 
their nervous systems (note the avalanche ion 
discharges across dendrite gaps) and the interferometric 
aspects (note two cerebral hemispheres, connected by a 
corpus callosum) to detect the scalar aura. This is a 
physical fact and not esoteric delusion. To control this, 
however, is normally as difficult as learning to walk a 
high wire and do acrobatics on it. There are not many 
high wire walkers in the world, but it certainly is a skill 
within human control capability and purview. 


T. Galen Hieronymus was absolutely correct 
when he stated that the entire internal working pattern 
of an object is radiated by that object in terms of an 
extraordinary energy, which he called “eloptic” energy. 
It is actually translated scalar wave energy, and entirely 
consistent with present EM theory when the glaring 
errors in its foundations are corrected. 


Shortly I hope we will see instrumentation 
which can directly examine the scalar aura in the finest 
detail, seeing every illness, and simply setting dials to 
radiate the body with gentle, harmless scalar waxes to 
directly correct illnesses. 
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VIRTUAL FLUX AND MAGNETIC FIELD 
[LINEAR CASE] 


NONZERO SUMMATION GIVES MAGNETIC FIELD 


Q ° a ° MICRO 
° o © | MAGNETS 
z (DOMAINS) 
oP ae 
° 


VIRTUAL STATE Nerjs, a. \ THRESHOLD 


un ° 
ossenvant STATE. {oe 
VIRTUAL FLUX 


BAG So . AROUND 
A VIRTUAL MAGNET 


|utp/www.cheniere-org/books/part4/s47 hum (1 of 3)24.11.2008 21:33:37 


‘The Tom Bearden Website 


Briefly, let's look at some nice things we can do 
with magnetism. Specifically, let's find out how to 
make magnetic monopoles and use them to do things in 
the laboratory. This again has been done in a 
laboratory on the North American continent. 

First, about all the present science can tell us 
about a magnet is that "a big magnet is made of littler 
magnets.” And if we examine one of the smaller 
magnets, it's made of even smaller magnets. This is 
like saying big dirt piles are made of smaller dirt piles, 
and that explains what dirt is. 

However, let's use that with our knowledge of 
the virtual flux vacuum. 

In this slide, we show diagrammatically the 
situation for a common magnet. Note that domains in 
the magnetic material are themselves little magnets, 
and their alignment and vector summation determine 
whether or not there's said to be a magnetic field 
present. Nonzero summation states that there's a 
resultant magnetic vector, and hence an external 
magnetic field. Zero summation states there's no 
external nonzero resultant, hence no external magnetic 
field. 


Actually, there's an external scalar magnetic 
potential field, even when the external vector magnetic 
field is zero. The substructure is still there. 

If we pursue this "big magnets are composed of 
smaller magnets," eventually we reach the quantum, 
threshold, and we have a substructure of virtual, 
subquantal magnets in vacuum, in the virtual particle 
flux. At least we conceive each little virtual particle as 
if it were spinning, and hence a little magnet. 

We put a conceptual bag around each little 
virtual magnet. 

Ina linear situation, the north pole is as strong as the 
south pole, and so just outside the bag, the poles cancel 
or appear zero. Since the virtual bag appears to be zero 
length to an external macro observer, the poles seem to 
be directly superposed on top of each other, yielding no 
pole at all to the observer. 

However, you and I now know that both poles 
are still in there, in the virtual substructure, and we 
certainly have remaining with us a translated scalar 
magnetic field. 

There's a virtual flux to and from each 
observable particle of charged mass in the observable 
state as shown, but this flux is now scalar in virtual 
magnets, except for nonlinearities in the structures 
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above the quantum level. Thus accelerated portions -- 
atoms with electrons in whirling orbit, spinning 
electrons, protons, etc. -- possess nonzero ordinary 
vector magnetic fields by translation. Again, notice the 
successive interlocking levels of reality, all the way 
from deep in the virtual state into interlocking levels in 
observable state. 
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Now let us look at a non-linear case of the same 
sort of thing. Now the bags are still around the little 
virtual magnets, but they are nonlinear. This means 
that, to an observer outside the bag, one pole seems 
bigger or more powerful than the other. In other words, 
to the quantum observer, this bag appears to be a 
magnetic monopole at a point. 

In the flux still on and off each observable 
spinning charged mass, we now have a steady 
component of "monopoles". If we have a standing 
scalar wave present in a physical material in which the 
nonlinearity exists -- and the scalar waves can even be 
PRODUCING that nonlinearity -- we will have nodes 
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available at which the monopoles will congregate and 
emerge and interact. 

North monopoles will congregate at one node, 
while south monopoles will congregate at the next, and 
so on in alternating fashion 

That means that, at anyone node, monopoles of 
the same kind are steadily being "deposited" in the 
material. These monopoles strongly repel each other, 
and so the material at that node is increasingly stressed 
in a tensile fashion. 

Eventually the material will be torn apart at the 
node, 
stress relieving the situation. Movement of the 
material will release the nonlinear condition, stopping 
monopole production and deposit. However, at a break 
node, the same kind of magnetic pole will appear on 
each side of the break. 

That is, the breaks will be N-N, S-S, N-N, S-S, 
etc. 

An ordinary magnetic does not do that when it 
breaks. Instead, it breaks N-S, N-S, etc 
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Again, metal has been broken in a North 
American laboratory utilizing the production and 
deposit of magnetic monopoles in this fashion. 

On this slide we show what was done. 

An ordinary bar of steel was exposed to standing 
scalar 
waves in a nonlinear situation, depositing magnetic 
monopoles at the wave nodal points in the metal bar. 
The breaks occurred as shown on this slide. 

Much of what I am presenting is based on 
certain experiments accomplished in experimental 
laboratories here and abroad. Most of the mechanisms 
have actually been produced in the lab. However, 
these are proprietary labs and I cannot violate trust and 
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reveal the precise construction details utilized. In some 
cases I have not seen the precise constructions, but only 
the direct results. 

But ironically, the production of magnetic 
monopoles -- which has fiercely resisted the normal 
scientific approach -- yields readily to the new 
approach. 
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We now show schematically how to produce an 
inertial field, or antigravity. Also an inertial space 
drive can be produced in this manner. 

This again has been done in a North American 
laboratory. In fact, inertial fields have been produced in 
more than one lab here in North Americ: 

In the setup shown here, three translator/ 
transmitter projectors are used and oriented so as to 
give three-dimensional interference, or interference 
along all three spatial axes. 

By controlling the substructures of the three 
projectors all together, one can control the precise 
phasing in all substructures, with respect to a common 
time reference. 

By this means, a unilateral force can be created 
of each and every charged mass particle (that is, on 
+h proton) in the nucleus. 


ea 
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Since we know that the neutrons and protons in 
a nucleus of an atom are continually interchanging, one 
into the other, back and forth, all of the nucleons can be 
treated as "diffuse protons" for mass purposes, and 
scalar wave interaction purposes. 

Thus if we have the correct pattern to affect 
protons, we can control the phases of the substructure 
waves of the projectors so as to produce unilateral, 
parallel forces on and of each spinning proton in the 
nucleus. 

This means we can produce unilateral thrust in 
an object exposed to the triad interference of the 
projectors. 

In short, this produces antigravity. If sufficient 
force is produced, the test object in the interference 
zone simply lifts itself off against earth gravity. This 
has been done in North America. 

If we phase the projectors so that 
counterbalancing forces are produced on each proton, 
we can either make the proton "lighter" inertially or 
“heavier.” 

In fact, we could "freeze" a common pistol so 
that it could not be moved and its trigger could not be 
pulled, simply by sufficiently increasing its inertia. 
This was done in experimental demonstrations in 
Toronto, Canada in 1969, and witnessed by the Chief 
of the Homicide Squad of the Toronto police. It was 


his pistol that was frozen for the demonstration. 
If the projectors themselves are on board a space 
apsule, for example, they can produce such a 
unilateral thrust in and of a central mass or disc 
attached to the of the craft. By this means, an inertial 
spacedrive can be built. 
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Now let us look at some of the effects on 
humans, when radiated with a true scalar wave beam 
from a translator/transmitter. 

First, the human nervous system is highly 
nonlinear, Essentially, across billions of synapses, 
sudden ion ges -- analogous to spark discharges 
-- are continually or periodically occurring. Brain 
waves, for example, are not waves along wires; instead, 
they are waves of avalanche discharges across 
tremendous numbers of nerve cell gaps. 

The central nervous system is thus highly 
nonlinear, and the gap firings of the nerve endings act 
as translators. 

These translators pi lly translate incident 
scalar waves, so that additional transverse matter waves 
-- or ordinary energy inputs -- occur in the ion 
discharges. 

Thus additional energy is being added to the 
nervous system by incident scalar waves. 

Many long-term effects of the environment on 
the body are gradually kindled in this fashion, even 
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cover a period of years. 

For a stronger dosage of scalar waves, the 
nervous system experiences "jamming" of its signals. 
This leads to four basic "noise jamming" effects. 

Ifa small dose is absorbed, the interference is 
slight. One feels as if one had taken a whiff 
anaesthesia -- an unreal, dreamy feeling. 

Ifa slightly larger dose is absorbed, the 
interference is moderate. Now the single channel 
system -- the motor system -- goes, and the individual 
is paralyzed. Mentally he is barely conscious, in a sort 
of hypnogogic, waking dream state. Any tendency 
toward epileptic seizure or other nervous disorder may 
surface here, as may heart palpitations or even heart 
failure. 

For a heavier dosage yet, the interference is now 
strong. Now the multiple systems start failing. 
Consciousness is lost and the individual is in a deep 
coma. In addition, seizures and convulsions, and loss 
of control of some body functions, may occur. The 
autonomic nervous system is keeping the heart beating 
with difficulty and keeping the body gasping for breath. 

For a very strong dosage, the entire nervous 
system fails and death results almost immediately. 
This is quite similar to the effects of nerve gas. 

These are the four major symptoms of scalar 
wave radiation of the body and translating absorption 
by the nervous system in an uncoordinated fashion. 


of 
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If we now add precisely patterned modulations 
to the substructure waves of the scalar zero vector 
beam, we can induce deliberate patterns in the dosage 
absorbed by a biological system. 

As Kaznacheyev's experiments showed, any 
death or disease pattern can be induced upon an 
electromagnetic carrier -- specifically, upon the near- 
ultraviolet as an example. Some of his experiments 
were duplicated at the University of Marburg in West 
Germany, utilizing infrared carriers. These patterns 
can be dumped into cell cultures, eventually kindling 
the pattern of death or disease in the target cells. 
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The same can be done to a human from an 
external source. The major entry point is the 
acupuncture system, which reacts to scalar waves and 
transfers them to the nervous system for translation. 

Pavlita, Czechoslovakian engineer, has built 
“psychotronic generators" for over 30 years that affect 
the human body. Adamenko, Soviet physicist, found 
that the acupuncture points formed groupings or 
plexuses that were frequency sensitive. In other words, 
certain frequency bands affect one plexus more than 
others. Further, these acupuncture points are known to 
be connected to effects produced at remote locations in 
the body. 

Pavlita stated he had found 64 different sensitive 
"points" on the body, and had succeeded in building a 
generator for each. If by his points he meant 
Adamenko's plexuses, then frequency patterns can be 
created that affect certain acupuncture groupings -- and 
thereby certain specific body locations and effects 
more than others. 

It thus appears reasonable that, by placing the 
proper frequency pattern in the modulations of the 
substructure waves feeding into the translator/ 
transmitter, the scalar ray or beam can be made highly 
selective as to body part affected and the effect 
generated or kindled in the body. 

By this means, specifically tailored attacks on 
the body can be created. 

Strong emotions such as sheer terror, 
overpowering rage, blind panic, etc. can be induced. 
Or physical effects such as epileptic seizure, loss of 
control of internal functions, loss of muscular control, 
severe weakness, specific failure of an individual organ 
such as the heart or liver, or blackouts and comas can 
be induced. In addition, patterns for specific toxins and 
diseases can be induced. With a strong absorption, 
these changes can be effected quickly. Imagine 
bubonic plague developing in 30 seconds, for example, 
or the effects of a cobra bite developing in 10 seconds. 

If the individual is placed in crossed interference 
beams (that is, in the interference zone of a scalar 
interferometer), strong effects can be produced 
essentially instantly, including instantaneous death. 

Of course BENEFICIAL effects can also be 
accomplished. As instrumentation is developed, one 
should be able to scan the aura, do a computerized 
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readout to show the different medical problems either 
developed or developing in the body, have the 
computer compose a "cancellation or offsetting 
pattern," and radiate the body with a totally beneficial 
pattern, customized for that particular condition at that 
particular time. One should be able to quickly cure 
cancers and leukemias, for example, even of the brain 
and of the bone marrow. One may even be able to 
quickly reverse the effects of aging; at least there is no 
foreseeable reason why it should not be possible. 

The new technology is a very powerful tool, and 
it can be used for either good or bad, depending upon 
the intent of the developer and the user. 
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Here we show another use of the scalar beam 
technology already developed by foreign powers. 

A modified track radar -- either continuous 
wave or pulsed -- transmits a scalar wave beam. It 
radiates an incoming hostile aircraft, keeping the beam 
on it, and kindling energy in the nonlinear electronic 
circuits of the aircraft by translation, Communications, 
navigation systems, avionics systems, electronic fuze 
systems, ignition and control systems, airborne radar, 
missile armament electronics, etc. are all vulnerable to 
this translation kindling of internally jamming energy 
from the incident scalar beam. 

The electronics can be knocked out and the 
aircraft knocked down. 

The pilot himself is also vulnerable because of 
his highly nonlinear central nervous system. 

Some or all of the eight F-111's mysteriously 
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lost in 
Vietnam may have been bagged by modified SA-2 
FANSONG radars, using this effect. 
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TACTICAL AIR-TO-GROUND USAGE 
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‘As shown on this slide, the technology is also 
usable from aircraft against ground targets, particularly 
ground-based radars and communications systems. 

As shown, the aircraft has a modified jammer, 
able to emit a beam of scalar energy from one or more 
translator/transmitters. 

By simply training a beam on the radar, eventually the 
radar can be knocked out. That is the simplest use. 

‘A more sophisticated usage is provided by more 
than one translator/transmitter, acting as a scalar 
interferometer. 

In this mode, each translator/transmitter emits 
multiple scalar carrier frequencies. Two Fourier 
expansions are established, so that a three dimensional 
“ball” or sphere of interference-zone energy is 
established. By pulsing or phasing, this ball is moved 
to strike the location of the radar, delivering a large 
burst of energy to it and knocking it out. Alternatively, 
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the energy bottle is "dumped" when it reaches the 
targeted radar or its near vicinity. 

A still better way is to fire one Fourier scalar 
pattern directly at the target radar, then fire a second 
pulse faster so that it overtakes the first directly upon 
the target. (The ensemble of such a pattern acts as a 
soliton, and its velocity is controllable by controlling 
the amplitude of the pattern generated). 

When the second scalar overtakes the first, a 
sharp interference is formed, with a fast energy bottle, 
which is then nonlinearly dumped in microseconds or 
milliseconds. In this ion, all the energy put out by 
delivered directly upon and into the 
target in one sharp EMP pulse, much like that from a 
small nuclear explosion. The target is destroyed. 
Note that such a weapon can be utilized against 
vehicles, explosives, missiles, ammunition, 
bridges (the airblast), bunkers (the blast can occur 
INSIDE the enclosure), ships, planes, personnel, and 
targets of varied types. 

The Soviets have had such secret weapons for 
years. 

One additional country has them also. 


Next Slide 


sorgfoooks/part§/s54 hm (2 of 2)24.11,2003 21:33:52 


‘The Tom Bearden Website 


The Tom Bearden 
Website 


SLIDE 55. 


INTEGRATED WEAPONS DISPLAY 
(MODIFIED JAMMER) 
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Here we show diagrammatically what a modified 
Soviet integrated weapons display for a modified 
jammer might be, to employ jar interferometer 
weaponry. 

As the "main bang" is emerging from the antenna 
of the 
target radar on the ground, the phi-field from it reaches 
to infinity, including through the aircraft with a finite 
magnitude. In the alrcraft, two channels act in 
interferometer fashion as a scalar detector for phi-dot. 
The main bang creation (phi-dot) is detected, and 
displayed as the leftmost pulse. 

At that time, a computer time-base starts 
clocking off microseconds. 

At some time later, the third channel, acting as a 
normal receiver, receives the ordinary "Hertz" pulse 
from the radar, which has traveled to the aircraft at the 
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speed of light. 

The computer converts elapsed time between the 
scalar pulse and the Hertz pulse to range. 

Azimuth and elevation angle to the radar are 
obtained by normal angle tracking. 

At this time, the computer has the exact 
coordinates of the radar, allowing for motion of the 
aircraft during the lapse time. 

The computer switches the interferometer into 
transmit mode, and arranges amplitude patterns to 
target the radar. 

It fires the first scalar pulse, then fires the second 
so as to create the full EMP directly upon the target. 

The EMP flash occurs, destroying the radar. 

At that time, another target can be processed. 

In a more advanced weapon, scanning may be 
used to detect, locate, target, and engage multiple 
targets, including incoming air-to-air and surface-to-air 
missiles, one after another. 

The same weapon is usable against a variety of 
aerial and ground based targets. 

The major weapon is the electronic emitter, not a 
missile or ordinary ordnance. 

Hordes of such special "jammer aircraft" now 
become a potent force on the battlefield, destroying all 
before them with annihilating ray weapons. 

Star war is a reality now. 

The High Frontier is already seriously obsolete. 

Our entire defense establishment is completely 
vulnerable to these weapons at present, for we have not 
developed countermeasures or defenses. 


Next Slide 


hupr/lwww cheniere.orgMhooks/part4/s55.htm (2 of 2)24.11.2003 21:33:55 


Part 4 


The Tom Bearden 
Website 


TOWARDS A NEW ELECTROMAGNETICS 
PART 4: VECTORS AND MECHANISMS CLARIFIED 


SLIDE 56 


RADAR INVISIBILITY 


energy captured 
(no reflection) 


ACQ RADAR 
ENERGY BOTTLE 


(interference pattern 
between fourier 
expansion patterns) 


On this slide we show another effect which can 
be obtained. We can make an airplane invisible to 
ordinary radar. 

Imagine now the same "jammer" type aircraft 
with three channels, one for use in scalar 
interferometry and one as an ordinary channel. 

This time, a Fourier interference pattern is 
established around the aircraft, so this establishes an 
"energy bottle" around the plane. We specifically 
arrange this bottle in the frequency band of the hostile 
radar we wish to avoid. For multiple bands, we 
establish multiple bottles -- this just requires more 
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frequencies or more translator/transmitters. 

The beam from the ground radar now strikes the 
energy bottle, and its energy enters and is trapped in 
the bottle grids. Since the bottle is leaky, the incident 
energy gradually disperses and "leaks" out all around, 
with very little emerging energy. 

The ground radar receives no return pulse or 
reflection. 

Therefore it sees no target. 

The same interferometer system is usable both 
in this defensive screen fashion and in the attack 
fashion previously discussed. 

Use of this system has been demonstrated 
internationally. 

An energy bottle has been created in a North 
American laboratory as well. 
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SLIDE 57. 


NETWORK OF VIRTUAL TRANSMITTERS 


As is well-known, for years the Soviets have 
blanketed the world with large, powerful transmitter 
signals in the communications band, referred to as the 
"Woodpecker" signals because of the staccato noise the 
chirped signals make to the ear. The carriers have been 
modulated with known harmful bioactive ELF 
frequencies. At least some effects have been noted on 
humans from these signals, and other human effects are 
suspected but not proven. 

In addition, evidence exists that such 
transmitters, utilized in the scalar transmission mode, 
may have been used to cause earthquakes and to 
control the weather, High altitude bursts off the coast 
of the Eastern United States and Canada, over 
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Timmons, Ontario, Canada, and off the coast from St. 
Petersburg, Florida have occurred also. 

Mysterious "blackouts" of U. $ satellites -- and 
British satellites -- have occurred. These would be 
difficult to explain as the result of illumination from a 
ground laser, but easily explained as the result of 
illumination from a ground-based scalar beam or scalar 
interferometer. 

Strange patterns of micro sky quakes and micro 
earthquakes occurred at various locations throughout 
the U.S. just before and shortly after the death of 
Leonid Brezhnev. These strongly appear to be 
connected with the adjustment of a scalar interference 
pattern -- a gigantic "energy bottle" across North 
America, as shown on this slide. 

Shortly after this suspected adjustment and 
alignment, the underground net in the U.S. detected the 
emergence of numerous ELF-modulated signal carriers 
throughout the U.S., generally utilizing carriers in the 
vicinity of 40 MHz. Locations of the apparent 
transmitters were such places as Atlanta, North 
Georgia, St. Petersburg, Florida; Mississippi; Alabama; 
in the vicinity of Washington, D.C.; near Boston; 
around the Great Lakes; Michigan; in the Pacific 
Northwest (Washington and Oregon); and in both 
northern and southern California. 

Researchers knowledgeable of the Soviet 
woodpecker si ind ELF modulations detected and 
reported these signals. 

Physical effects were reported and correlated to 
the signals, including wakefulness at night, 
restlessness, fatigue, headaches, nausea, ringing in the 
ears, anxiety, disturbed dreams, etc. 

Whaat appears to have occurred is the adjustment 


and 
alignment of a vast scalar interference pattern across 
the U.S. Recall that energy emerges in each grid, by 
phase interference between the composite substructure 
waves of the scalar beams, 

Thus the Woodpecker "over-the-horizon radars," 
as accepted 
by Western intelligence analysts, may have acquired a 
diabolical new strategic capability. 

Itis as if the Soviets had been permitted to build 
a vast network of transmitters directly on U.S. soil, for 
hostile employment against U.S. citizens. 

Shortly after the net was aligned, a curious 
pattern of weather assaults on the U.S. began. 
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Storms assaulted California unceasingly. Then 
they roared across the Rockies, dipping sharply down 
to hit the Texas Panhandle, and bending northeast 
again to assault the South and the East. 

The mighty jetstreams themselves were diverted 
and "kinked" into this looped, distorted pattern. 

‘And the storms and floods assaulted the U.S. one 
after the other in this highly unusual fashion. 

I maintain that the virtual transmitter net, just 
established by the Soviets and adjusted in on the U.S., 
was tested in the weather control mode. If so, it proved 
highly effective. Imagine what would have happened 
to the U.S. if it had been unleashed full force, and not 
just "gently tested.” 

‘And imagine what happens when disease, death, 
and nervous system disturbances are modulated upon 
these blanketing signals. The "transmitters" for the 
patterns are in each grid, all across the U.S.! And there 
are no physical transmitters there to destroy. 

A counter is needed quickly. A simple one 
would consist of recording the signals in each grid 
zone, analyzing the substructure, reversing the signals 
and their structured patterns 180 degrees, and feeding 
the "cancellation signals” out in each area. 

A great strategic Russian weapon of devastating 
power and potential is now operating directly on U.S. 
soil. The need for a crash countermeasures program is 
urgent. 

In 1975 Brezhnev had introduced to the SALT 
talks the 
strange proposal that we should also consider 
outlawing the development of new weapons more 
frightful than the mind of man 
had ever imagined. We didn't know what the Russians 
were talking about. When we asked them later what 
weapons they meant, they referred vaguely to weapons 
of an electromagnetic nature. 

The presentation I have just given you is part of 
what Brezhnev meant. 
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CONCLUSION 


In conclusion, today I have released a number of 
powerful mechanisms that result from the new 
technological concepts. Many of these were originally 


discovered -- at least in rudimentary form -- by Nikola 
Tesla. In the West, the suppression of Tesla led to the 
suppression of these effects. And our knowledge of 
them went to the grave with Tesla. 

After World War II, the Soviet Union mounted a 
massive campaign to obtain all the scientific literature 
of the West and 
thoroughly digest it. Great centers were set up, and 
thousands 
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of PhD's devoted to this purpose. Gradually they 
synthesized 

this technology from the errors in EM foundations they 
uncovered, and from obscure, ignored papers published 
in the orthodox 

Western scientific literature. 

They rediscovered the technology of Tesla, 
Moray, and 
Rogers. And they have highly weaponized the effects, 
and adjusted and aligned the weapons upon us. 

Now the radical movements are onto part of this 
technology. As late as about six months ago, one such 
group discovered how to build a translator and a scalar 
beam projector. Excitedly, they planned to build them 
the size of a large pistol, powered by a portable battery 
pack, and sell them to street criminals to kill or stop the 
police. They planned to get rich by this illicit means. 
At that time, a personal friend of mine, who moves in 
underground circles, was attempting to purchase one of 
the prototypes for my analysis. Fortunately, the 
inventor stepped into the beam of one of his devices 
and was almost killed. This frightened the group, and 
at least for now they have desisted. But be 
forewarned: this technology is coming down the pipe, 
and the police establishments in the West are in for the 
shock of their lives if the scientific community does not 
wake up and prepare defenses. 

Again I urge my fellow colleagues to experiment 
vigorously with these new concepts, but build 
equipment for the benefit of man. Insect control, 
disease elimination and control -- both are noble 
purposes. Defense against the hostile use of such 
devices is also a fitting purps 

We are in the final days, and the final technology 
is upon us. It is a stupendous tool for either good or 
bad, and assuredly it will be utilized for both means. I 
call attention once again to the fact that my ultimate 
purpose is to use this technology benevolently to 
achieve mind linkage, and elevate man from his present 
brutish state to the lofty state that is his destiny and his 
true God-nature. 

For better or worse, Tesla technology is once 
again loose in the world, this time for good, and ona 
massive scale. 

Let us prepare ourselves for a wild canoe ride, 
for the real white water lies just ahead. 
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Thank you for your attention, and good evening. 
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NAVSEA 


Introduction 


LEADING EDGE DIRECTED-ENERGY RDT&E 


Dahlgren first launched research and development efforts 
voted to harnessing the power of electromagnetic energy over 
D years ago. From early work with voltage multipliers and pulse- 
powered technology, to today’s high-energy lasers and high-pow- 
tr microwave technologies, the Naval Surface Warfare Center, 
Dahlgren Division (NSWCDD) has led, and continues to lead, 
cutting-edge directed-energy research, development, testing, and 
aluation. Our commitment in this area only grows stronges 
evidenced by our chartering of the Directed Energy Warfare Of- 
fice (DEWO)—in order to provide increased focus on warfighting 
applications of these technologies, 
4 ‘Today's military forces face a wide array of challenges in di- 
(C verse operating environments around the world. Directed ener- 
CR W gy offers unique and flexible options to address today’s challenges, 
s as traditional kinetic weapons are often of limited value in pea 
usN keeping missions and in urban environments, where restricted 
rules of engagement typify the norm. Kinetic weapons can also be 
more costly or ineffective to employ against asymmetric threats, 

‘The of Naval Operations (CNO) recently placed add- 
ed emphasis on directed energy and on expanding the range of di- 
rected-energy capabilities. In response, scientists and engineers at 
NSWCDD are actively developing prototype systems in a num- 
ber of areas that you will read about in this issue—areas that have 
been successfully demonstrated and tested in our Navy laborato- 
ries and ranges 

In this issue of The Leading Edge magazine, you will trace the 
rich history of directed-energy work at Dahlgren, gain insight into 
directed-energy weapons already fielded or being readied for the 
. field, and learn about prototypes that show real promise for pro- 
viding incredibly effective offensive and defensive directed-ener- 
gy solutions, For example, scientists and engineers at NSWCDD. 
‘are leading the way toward realizing small, lightweight radio fre- 
‘quency (RE) transmitters using high-power, solid-state switching 
‘amplifiers for the development of counter-improvised explosive 
device detection and neutralization systems, You will also learn 
about diverse applications of directed-energy technology—such 
as research and testing of laser glare devices and laser eye prot 
tion—and have the opportunity to gain a better understanding of 
the Department of Defense (DoD) acquisition framework and the 
challenge of maintaining cost and schedule estimates while deliv- 
‘ering weapons systems that are critical to the warfighter: 

From lasers to high-power electrical vehicle-stopping systems, 
Lam sure you will be fascinated and, along with me, be impressed 
with the advancements our scientists, engineers, and technical 
staff are achieving in the directed-energy arena to support of our 
men and women in uniform. 


EDGE 


DIRECTED-ENERGY TOPICS IN THIS 


ISSUE 


Welcome to our Directed Energy issue of the Leadi 
magazine. This issue represents the third in a trilogy o! 
covering the truly fascinating and incredibly challenging area 
of naval warfare in the operational electromagnetic environ- 
ment, In our first issue, we covered the full range of operational 
and readiness implications when operating in the electromag- 
netic environment. ‘Then, in our second issue, we highlighted 
the complexities and dynamics of providing relevant and effec 
tive sensors and radars to our warfighters. Now, we focus on 
directed energy and relate how the Naval 
mand (NAVSEA) Warfare Centers, and the Naval 
fare Center, Dahlgren Division's (NSWCDD%), in particular, 
are working on state-of-the-art directed-energy weapons capa- 
bilities for the warfighter. 

In this issue, we first look back to the early years, deca 


coveries and achievements made by NAVSEA Warfare Center 
scientists and engineers, and others in the scientific communi- 
ty. We then relate information about several of our current di- 
rected-energy initiatives, and about how we're working hard to 
solve some of the most complex technical challenges associat 
ed with directed-energy weapons. We highlight how others in 
such as the Naval Medical Research Unit in San An- 
a, are also conducting research into directed ener- 
gy and how our forces can better protect themselves from the 
effects of directed energy. We show how directed energy can 
be employed in a variety of offensive and defensive, lethal and 
nonlethal situations. We explain how directed-energy weapons 
work and how they can be employed in various environments 
against a wide range of situations. Lastly, we look forward as we 
provide technical and strategic leadership for the efficient and 
effective development, acquisition, and fielding of directed-en- 
ergy systems for the warfighter. 
So, if you want to learn about what the NAVSEA Warfare 
Centers and others in the Navy are doing in the area of directed- 
energy weapons, look no further than this issue of the Leading 
Edge magazine. 'm confident that you will be impressed by the 
progress made in this most important technology field. 
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NAVAL DIRECTED-ENERGY WEAPONS — 
No LONGER A FUTURE WEAPON CONCEPT 


By David C, Stoudt 


=A 


Directed-energy weapon (DEW) technologies typically take the form of high- 
energy lasers (HELs), high-power microwaves (HPMs), and charged-particle beams. 
‘This article focuses on the first two technology areas, as they have reached the point of 
being ready for operational testing and evaluation, and in some cases, operational use 
‘on the battlefield. DEWs have been popularized in science-fiction writings for over a 
hundred years. The Department of Defense (DoD) has been investing in their develop- 
ment since the 1970s. This article will not go into technical depth regarding the various 
directed-energy (DE)-related efforts currently underway in the Navy, but rather, it will 
‘overview DE areas under development and relate recent Navy leadership activity. Oth- 
cer articles in this issue of The Leading Edge magazine will provide the reader with much 
greater technical and programmatic details on various DE efforts. 
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HIGH-ENERGY LASER WEAPONS 

HEL weapon systems have been envisioned for a great many years, to include be- 
ing referred to as Martian “Heat Ray” weapons in H.G. Wells’ epic novel The War of the 
Worlds, originally published in 1898. In reality, a high-average-power laser weapon sys- 
tem is very similar to a “heat ray’, or even a blow torch, During the early years of DoD 
investments in DE technology, the Navy led the development of HEL with the creation 
‘of the world’s first megawatt-class, continuous-wave, Mid-Infrared Advanced Chemi- 
calLaser (MIRACL), located at White Sands Missile Range (WSMR). Roughly 80 years 


after the work of H.G. Wells, the US. Navy tested the MIRACL laser and ultimately 

used that laser system to engage static and aerial targets in the desert of WSMR in the 

following years. While that laser proved to be the wrong choice for the Surface Navy's _ 

self-defense mission, it did spawn work by the Air Force on the Airborne Laser (ABL), ( 

and the Army on the Tactical High-Energy Laser (THEL). In 2000 and 2001, the THEL | 
cessfully shot down 28 supersonic Katyusha artillery rockets and 5 artillery shells. 


In 2010, the ABL successfully engaged and de- 
stroyed tactical ballistic missiles during the boost 
phase of their flight. All three of these laser sys- 
tems—the MIRACL, the ABL, and the THEL— 
are chemical lasers that utilize toxic chemicals 
and operate in less than optimal wavelengths that 
make them a poor choice for most naval applica- 
tions. The MIRACL is shown in Figure 1 

Recent advances in solid-state lasers, to in- 
clude fiber lasers, have moved these electric la- 
sers to the forefront of the Department's research 
and development (R&D) for near-term HEL ap- 
plications in the services. The Navy has particular 
interest in electric lasers, to include the free-elec- 
tron laser (FEL), for shipboard self-defense and 
force protection applications. ‘The speed-of-light 
delivery of HEL energy can defeat the high-g ma- 
neuvers of newly developed foreign antiship 
cruise missiles (ASCMs). Thus, the Office of Naval 


Research (ONR) started an FEL Innovative Naval 
Prototype (INP) program in FY10, with a goal of 
reaching the output power of 100 kW. The even- 
tual goal of the FEL program is to reach the multi- 
megawatt power level with wavelength selectivity. 
‘The Naval Sea Systems Command (NAVSEA) Di 

rected Energy and Electric Weapons Program 
Office (PMS 405) has been actively developing a 
fiber laser-based Laser Weapon System (LaWS) 
that could be a retrofit to augment the current ca- 
pabilities of the Close-In Weapon System (CIWS) 
currently deployed on many surface combatants, 
‘The Naval Surface Warfare Center, Dahlgren Di- 
vision (NSWCDD), is the Technical Direction 
Agent and lead system integrator for PMS 405 on. 
the LaWS program. The Naval Air Systems Com- 
mand (NAVAIR) has interest in compact, solid- 
state HEL systems for aircraft self-protect and 
air-to-ground engagements, and will be starting a 


Figure 4. Mid-Ifrared Advanead Chemical Laser (MIRACL) 
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fiber laser-based ONR Future Naval Capability ef- 
fort in FY12. LaWS is shown in Figure 2. 

Like lasers, microwave weapons have been fan- 
tasized about ever since the invention of microwave 
power generators. In fact, in 1932 it was generally 
recognized by the British government that bomb- 
ets, ostensibly German bombers, would be able to 
penetrate British air space and bomb its civilian 
population and infrastructures. In 1934, the Air 
Ministry initially asked Robert Watson-Watt, of 
the National Physical Laboratory, if he could build 
a “death ray” that could kill enemy pilots or deto- 
nate bombs while they are still on the planes of en- 
emy aircraft, Such a “death ray” had been proposed 
to the Air Ministry by Harry Gindell-Mathews 
10 years earlier in 1924, Watson-Watt, a former 


meteorologist who had become an expert on ra- 
dio signals, suggested that energy reflected from an 
aircraft could be used to locate it. His experiments 
were successful and RADAR (radio detection and 
ranging), a name coined by the US. Navy in 1940, 
was born. While RADAR is not a DEW in the way 
they are thought of today, its roots can clearly be 
traced to the military's desire for such capabilities 
‘The Navy's HPM, or high-power radio-frequen- 
cy (RF) systems, have been progressively increasing 
in power density to the point where itis now feasi- 
ble to integrate the technology into weapon systems 
for deployment. While initial HPM applications 
suffered from their inability to obtain militarily 
useful outcomes, either due to technology limita- 
tions, difficult concept of operations (CONOPS), 
or inherent robustness of potential target systems, 
many feasible military applications for using HPM 


Figure 2. Laser Weapon Systom (LaWS) 


devices have surfaced over recent years to include 
nonlethal, antipersonnel weapons and nonkinetic, 
antimateriel weapons. While these concepts of- 
fer unique capabilities to the warfighter due to the 
nonkinetic effects they generate, other warfighting 
concepts—such as stopping vehicles, or countering 
hidden roadside bombs or improvised explosive de- 
vices (IEDs)—are difficult to achieve by any other 
means, The multifrequency Radio-Frequency Ve- 
hicle Stopper (REVS) system is shown in Figure 3, 
In addition, the difficulty in overcoming the 
propagation losses associated with HPM has driv- 
en some concepts into platforms such as un- 
manned aerial vehicles (UAVs) or cruise missiles 
that deliver the HPM device to the target for a 
close-in engagement. Over the past 10 years, field- 
testable prototypes have been developed to dem- 
onstrate the operational utility of these concepts, 
and in some cases, those prototypes have or will 
be deployed operationally to support our troops in. 


theater. It is only through the hard work and perse- 
verance of the Naval Research Enterprise (NRE), as 
well as other DoD laboratories, that concepts that 
were once only laboratory curiosities are now mak- 
ing their way onto the battlefield and contributing 
to the fight. 


FOREIGN DIRECTED WEAPON 
(DEW) DEVELOP 

While the United States has been very active in 
this warfighting area, significant foreign DEW de- 
velopment also has elevated the need for the Navy 
to afford these threats a higher priority. This can be 
done either by incorporating the necessary DEW 
countermeasures into weapon systems, platforms, 
and critical infrastructures, or by adapting the 
CONOPS and tactics, techniques, and procedures 
(TTPs) employed by our armed forces to proper- 
ly account for those foreign DEW systems, Mate- 
riel developers need to understand how this threat 


Figure 3. Multirequency RF Vehicle-Stopper (RFVS) System 
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is evolving and properly address it during the de- 
sign of their systems. They also need to address DE 
in the development of their system threat assess- 
ments. There has been movement on the HPM side 
to modify existing military standards, such as MIL 
STD 464' and others, to now include information 
on potential HPM threats, For example, in the HEL. 
arena, work has been accomplished in the develop- 
ment of protective measures for eyes; however, this 
threat needs to be considered during the system 
development process. It is well known that build- 
ing in countermeasures is much cheaper during 
the initial development of a system, vice trying to 
retrofit systems with countermeasures once a new 
threat is on the battlefield. As analysts evaluate the 
foreign development of DE technologies, and the 
trends become clearer, itis the responsibility of the 
acquisition community to take this threat into con- 
sideration and ensure that weapon systems, plat- 
forms, and infrastructures will be available and 
at full capability when needed, By accounting for 
foreign threat developments, assessing blue force 
susceptibilities and vulnerabilities, and adopting 
appropriate measures to negate or counter these 
threats, naval forces will avoid technological sur- 
prise on the battlefield in the future. 


REQUIREMEN 

‘The DE programs briefly mentioned in this 
article, and covered more deeply in this and oth- 
er publications, offer warfighters unique capa- 
bilities not currently found in their arsenal. ‘The 
continuing problem, however, is matching those 
unique capabilities to vetted operational require- 
ments, The DE technical community has made 
great strides in helping the operational communi- 
ty understand the capabilities of DE weapons and 
their potential military effects on targets. The lack 
of formal requirements, however, has yielded more 
of a technology push—rather than an operational 
pull—of various DE capabilities. Progress has been 
made, but more effort is required if DE capabilities 
are to be developed and transitioned between sci- 
ence and technology (S&T), and formal programs 
of record. Notwithstanding, the current outlook 
and trends are positive, 


ENCE OF NAVY INTEREST 


‘The Navy's interest in DEW for future mari- 
time operations has increased in recent years due 
to a number of weapons development successes. 
Recognizing the importance and value of DEWs, 
NAVSEA reestablished the Navy Directed Ener- 
gy Weapons Program Office (PMS 405) in 2004. 
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Accordingly, PMS 405 was designated as the point 
of contact for matters related to DE and electric 
weapon systems (EWS) development and acqui- 
sition initiation for NAVSEA, and for matters 
being coordinated with other federal agencies and 
military services. PMS 405s mission is to transi- 
tion technology from the laboratory to prototype/ 
advanced development/testing for operational de- 
velopment and use.® 

‘The Navy also established its first formal ex- 
ecutive position for DE (ST-level), the Navy's Dis- 
tinguished Engineer/Scientist for Directed Energy, 
at NSWCDD jin August 2004. Following the es- 
tablishment of this position, NAVSEA then for- 
mally established a Technical Authority Warrant 
for Directed Energy and Electric Weapon Systems 
(DE&EWS)—Surface Ships in July 2008. The scope 
of the warrant includes the transition of S&T de- 
velopment to weapon system development of le- 
thal and nonlethal capabilities associated with the 
DE&EWS for Surface Ships.* This included, but 
was not limited to, the following: 

+ Laser Weapon Systems 

‘+ High-Energy Lasers, 
+ Solid-State Lasers 
+ Free-Electron Lasers 
‘+ Femtosecond Ultrashort Pulse Lasers 
‘+ Laser-Induced Plasma Channel 
‘+ Lethality/Vulnerability 
+ Electromagnetic Rail Gun Weapon System 
+ High-Power Microwave 
++ Active Denial System 
‘+ Laser-Guided Energy 
+ Maritime Directed Energy Test Center 
+ Electromagnetic Launch of Weapons (ex- 
cluding the Electromagnetic Aircraft Launch 
System (EMALS)) 

‘Then, within the NAVSEA Warfare Center En- 
terprise, Warfare Center leadership established two 
technical capabilities (TCs): an NSWCDD TC for 
DE systems research, development, test, and evalu- 
ation (RDT&E); and a Naval Surface Warfare Cen- 
ter, Port Hueneme Division (NSWCPHD) TC for 
in-service engineering, test and evaluation (T&E), 
and integrated logistics support to DE. systems, 
NSWCDD leads all S&T and RDT&E for the devel- 
‘opment and weaponization of DE systems for sur- 
face, air, and ground environments. It also leads the 
development of offensive and defensive DE technol- 
ogies needed to characterize and exploit vulnerabil- 
ities, provide weapons, and protect against attack. 
NSWCDD provides the technologies, devices, and 
systems designed to create or control electromag- 
netic energy used to cause persistent disruption or 
permanent damage by attacking target materials, 


electronics, optics, antennas, sensors, arrays, and 
personnel, including nonlethal applications. NSW- 
CPHD provides in-service engineering, T&E, and 
integrated logistics support to DE systems through- 
out the system life cycle. 

‘The Navy further demonstrated increased 
interest in DE when Assistant Secretary of the 
Navy (Research, Development & Acquisition 
(ASN(RDA)) designated NAVAIR offensive and 
defensive leads for naval aviation DE activities: 

+ Program Executive Officer for Unmanned 
Aviation and Strike Weapons (PEO(U&W)), 
assigned as the offensive DE lead for naval 
aviation 

+ PEO for Tactical Aircraft Programs (T), as- 
signed as the defensive lead for naval avia- 
tion 

Concerning future initiatives, the Chief of Na- 
val Operations (CNO) tasked the Strategic Studies 
Group (SSG) to examine a topic entitled “Mari- 
time Operations in the Age of Hypersonic and Di- 
rected-Energy Weapons” The intent of the study 
was to provide Navy leadership with an under- 
standing of where DE technologies and weapons 
are today and how they might influence future 
maritime operations. The theme of the study was 
completed during FY10, the results of which dis- 
cuss many DE concepts, as well as tactics for the 
employment of DE capabilities. The study's find- 
ings are currently under review and consideration 
by senior Navy leadership. 


. SION 
While H.G. Wells’ The War of the Worlds nov- 
el and television programs like Star Trek popular- 
id the notion of using DE for weapons in years 
past, today— through persistent DEW RDT&E— 
Navy leadership is realizing the great potential that 
DEWs offer naval warfighters and homeland de- 
fenders. The scientific and technical advances the 
Navy has made in HEL and HPM in recent years 
have been nothing short of extraordinary. More- 
over, future technological and engineering advanc- 
es undoubtedly will result in profound differences 
in our nation’s future warfighting capabilities. Na- 
val DEWs, therefore, are no longer just a future 
weapon concept...they are here today. 
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HISTORICAL OVERVIEW OF 
DIRECTED-ENERGY WORK AT DAHLGREN 


By Stuart Moran 


In 1962, the United States set off'a megaton nuclear weapon 250 miles above the 
Pacific. The blast caused a large imbalance of electrons in the upper atmosphere that 
interacted with the Earth's magnetic field to create oscillating electric fields over a large 
‘area of the Pacific, These fields were strong enough to damage electronics in Hawaii, a 
thousand miles away, and clearly demonstrated the effects of an electromagnetic pulse 
(EMP), It didn't take long for the military to begin considering ways to create such 
pulses without using nuclear weapons. 

In the late 1960s, the Special Applications Branch at the Naval Weapons Laboratory. 
at Dahlgren began studying ways to generate high-power oscillating electric fields that 
could be used as a weapon to damage enemy electronics. These devices were basically 
high-power versions of the old spark-gap transmitters used in the early days of radio. 
To construct a device that could produce nuclear EMP-like fields, stored electrical en- 
‘ergy was converted to radio-frequency (RF) energy that could be radiated from an an- 
tenna through the atmosphere to a target. These devices typically would store energy in 
a high-voltage capacitor and release the energy quickly using a spark-gap switch, This 
would then drive oscillating currents on an antenna, causing it to radiate. To achieve 
field strengths of thousands of volts per meter, typical of a nuclear EMP, devices operat 
ing at hundreds of thousands of volts or more were needed. 

‘A number of radiating devices were studied in the early 1970s. Most belonged to a 
class of devices called Hertzian oscillators. A capacitor is charged to high voltage, the 
switch is closed, and current flows in the circuit, causing the stored energy to oscil- 
late between the electric field of the capacitor and the magnetic field of the inductor, 
‘To charge the capacitor to extremely high voltages, a step-up transformer of some type 
must be used. One of the fastest voltage multipliers, the Marx generator, was frequent- 
ly used. The losses from internal resistance and external radiation damp the oscillat- 
ing waveform, typically after a few cycles. The radiated pulses are, therefore, short in 
time and broad in frequency content.' A simple diagram of the inductance-capacitance 
oscillator (L-C oscillator) is shown in Figure 1, 


SINGLE-PULSE BURNOUT DEVICES 
“Many typesof Hertzian devices were designed, constructed, and tested at Dahlgren dur- 
ingthe1970s, Thetransmission-line oscillator, orcavity oscillator, used aquarter-wavelength 
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Figure 1. inductance-Capacitance Oscliator (L-C Oseilator) Diagram 


coaxial pipe, which was switched at oneend, tocreate 
the oscillating waveform, A frozen wave generator, 
a different type, had quarter-wave sections of cable 
that were charged plus and minus to create a two- 
cycle waveform “frozen” in the cable. All sections 
were simultaneously switched, causing the wave to 
travel to an antenna. A special folded design was de- 
veloped so one switch could be used, eliminating 
the multiswitch synchronization problem. A Ross 
circuit used a square wave pulse, which traveled 
down cable “tees,” creating reflections, which were 
timed to create several RF cycles. In the Travetron, 
the turn-on time of a series of spark-gap switch- 
es was incorporated as a designed delay, creating 
reflections through a series of gaps to produce the 
waveform. This design allowed higher frequencies. 
All of these devices were designed, built, and test- 
ed to determine power and frequency capabilities, 
as well as efficiency. 

Scientists and engineers at Dahlgren built and 
tested versions of Hertzian oscillators operating up 
to half a million volts. These devices powered rel- 
atively simple monopole or dipole antennas that 
could produce very high electric fields at hun- 
dreds of meters. In the early 1970s, a special out- 
door field-measurement range was constructed, 
It housed high-voltage systems in underground 
trailers that fed antennas above ground on a spe 
cially-built, 100-m-long ground plane that was 
constructed for testing and field measurements. A 
picture of the ground place in a fielded measure- 
ment range is shown in Figure 2. Field probes were 
even carried aboard helicopters to make measure- 
ments above ground effects, as shown in Figure 3, 


Other types of devices to produce pulses were 
constructed, too. Vector inversion generators used 
spiral-wound capacitive plates to generate high 
voltages without transformers" The Landecker 
ring used a paddle-wheel arrangement of capac- 
itors and inductors charged in parallel and dis- 
charged in series. The circular arrangement was 
designed so the entire system would radiate as a 
magnetic dipole, thus forming its own antenna.‘ 
Switch timing was critical, and Dahlgren engineers 
attempted to verify reports that Landecker devel- 
oped a specific type that brought all capacitor leads 
into a single-center spark gap. 

Scientists and engineers also looked at devices 
that used explosives to generate the electrical energy 
needed. These included explosive flux compressors 
of several types, which generated fields and then ex- 
plosively squeezed the fields between conductors to 
amplify the peak power. In the early 1970s, a large 
(70-ft clear zone) anechoic chamber was construct- 
ed at Dahlgren with an explosive chamber in one 
end. Explosives would be set off in the chamber to 
drive various types of flux compressor schemes that 
would generate electrical pulses fed into an oscillator 
and antenna in the anechoic chamber. Pulse param- 
eters and field strengths could be measured, Imped- 
ance-matching networks, matching transformers, 
and methods of improving efficiency were studied. 
‘Tests were performed at Dahlgren and at Los Ala- 
‘mos using large antennas suspended from balloons.” 
In other schemes, piezoelectric devices were devel- 
‘oped, which could be compressed hydraulically and 
then quickly released to produce high voltages. The 
concept was to use explosives to generate the high 
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Figure 3. Airborne Electric Field Measurements 


pressures. Ferroelectric and ferromagnetic trans- 
ducers driven by explosives were also tested 


SPECIAL EFFECTS WARHEAD 
(SEW) PROGRAM 

In 1973, Dahlgren began the SEW Program to 
look at the feasibility of “burning out” enemy radar 
and missile systems using single-shot, very high- 
peak-power EMPs, The program looked at the 
feasibility of constructing an electromagnetic war- 
head that could disable electronics beyond a nor- 
mal hard-kill explosive range as far as a mile away. 
‘The program was funded at several million dollars 
a year through most of the 1970s. 

‘A major thrust of the SEW Program was to 
better understand the effects of high fields on mil- 
itary electronics. Little information was available 
on the vulnerability of foreign or US. electronics, 
particularly entire systems, A trailer-based RF im- 
pulse system, employing a Marx-driven L-C oscil- 
lator charged at two million volts, was constructed 
at Dahlgren. This Transportable Oscillating Pulser 
System (TOPS) was connected to a large bounded- 
wave structure that produced uniform fields over a 
region large enough to place an entire radar or mis- 
sile system, The electric field emitted from the throat 
Of this system was so high that a special bag of high- 
voltage gas was needed until the radiating structure 
became large enough to transition to the normal at- 
mosphere. A picture of TOPS is shown in Figure 4. 


Since many important target systems were not 
available for testing, much of the vulnerability in- 
formation was obtained from USS. electronics, and 
estimates were then made for foreign systems. In 
addition to the tests done at Dahlgren, pulsers were 
also constructed in mobile trailers that could be 
transported to other sites for testing against simu- 
lated or actual targets. The Mobile Oscillating Puls- 
cer System (MOPS) was an example that was carried 
to test sites, such as China Lake, to perform tests 
against radars and simulated foreign systems. 

‘A key requirement for the SEW Program was 
to demonstrate enforceable target vulnerability, 
which means that a high percentage of the time a 
large percentage of the targets are affected. One im- 
portant finding was the broad difference between 
an electromagnetic safety concern—where a 1 per- 
cent vulnerability was far too great—and a weap- 
‘on concern—where a 10 percent vulnerability was 
not good enough. ‘The field strengths between the 
safety requirements and weapon requirements of- 
ten were many orders of magnitude apart. 

‘The SEW Program looked at many types of 
electronic component vulnerability, subsystem 
vulnerability, and complete system vulnerability. 
Asa result, energy tables for burnout effects were 
developed. Subsequently, Dahlgren performed nu- 
merous field tests against radar and communica- 
tions systems between 1973 and 1978, and funded 
‘component and subsystem testing on missiles. 


Figure 4, Transportable Oscilating Pulser System (TOPS) 
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REPETITIVE MS F¢ 
ELECTRONIC WARFARE 

‘The electric fields required to damage military 
electronics in the 1970s often were very high, and 
ranges typically were limited. As a spinoff of pro- 
grams trying to damage targets with a single pulse, 
some of these devices were reduced in size and 
power, and operated in a repetitive mode to gen- 
erate noise pulses for the purpose of electronical- 
ly jamming target systems. In 1976, the Naval Air 
Systems Command (NAVAIR) began the Electro- 
magnetic Countermeasures Program to study the 
application of high-repetition-rate Hertzian devic- 
es for use as noise jammers. The initial targets were 
low-frequency radars. 

In late 1976, Dahlgren performed effectiveness 
tests against various radars using helicopter-mount- 
ed Hertzian jammers. These devices were able to 
screen incoming target aircraft at useful ranges, The 
concept of a forward-launched rocket to deliver a 
parachute-suspended Hertzian jammer also was in- 
vestigated. Dahlgren teamed with engineers at Chi- 
na Lake to study packaging concepts of utilizing an 
extended 5-inch Zuni rocket as a forward-fired de- 
livery vehicle. A prototype is shown in Figure 5. 

Similar Hertzian devices were considered for 
uuse as communications and data-link jammers, 
Several antenna deployment schemes were devel- 
oped, and by fall 1978, successful ground launches 
had been performed in which the deployment se- 
{quence and jammer operation were demonstrated. 
‘The name Zuni Expendable Pulsed-Power Oscil- 
lator (ZEPPO) was given to the project. Dahlgren 
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Figure 5, ZEPPO Payload 
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teamed with the Naval Avionics Center (NAC) to 
build the systems. By 1980, China Lake fired the 
first air-launched prototypes at both low and high 
altitudes. Devices, batteries, spark gaps, and anten- 
nas continued to be developed, and new targets— 
such as spread-spectrum systems—were tested. 
Other delivery systems besides rockets were also 
considered, 


THE PUL! 
TECHNOL( 

Large directed-energy weapons (DEWs) of- 
ten required megawatts or gigawatts of peak power, 
so methods of supplying and modifying this pow- 
er were needed. As Dahlgren became involved in a 
broad range of DEW systems, one attribute became 
more and more obvious: the size, weight, and cost of 
a directed-energy (DE) system were dominated by 
the pulsed-power technologies needed to drive the 
system, not by the source device itself. Consequent- 
ly, more effort began to be devoted to the power-de- 
livery technologies needed for many of the weapon 
concepts. Pulsed-power components enabled ener- 
gy to be stored over long periods of time (seconds) 
and released very quickly (nanoseconds) to obtain 
a billion times increase in peak power. 

Dahlgren hosted a pulsed-power systems 
symposium and workshop in 1976 and helped 
initiate the International Pulsed Power Conler- 
ences, which began in 1977 and continues today 
under the Institute of Electrical and Electron- 
ics Engineers (IEEE). As Dahlgren's involvement 
with systems design increased, it became apparent 
that new technologies were needed in the prime- 
power and pulsed-power area to support a vari- 
ety of new concepts. Dahlgren urged the Navy to 
initiate a Pulsed Power ‘Technology Program to 
develop power sources, energy storage systems, 
high-power switches, and power conditioning sys- 
tems needed for a variety of future weapons. This 
program was initiated in 1978 and was originally 
funded by NAVAIR and then by the Directed En- 
ergy Program Office (PMS 405) in the early 1980s, 
In addition to the Pulsed Power Technology Pro- 
gram, PMS 405 also began funding free-electron 
lasers (FELs), chemical lasers, high-power mi- 
crowaves (HPMs), and charged-particle beams 
(CPBs). The Pulsed Power Technology Program at 
Dahlgren, in turn, funded many areas of research, 
both internal and external, over the next 10 years. 
Dahlgren served as the focal point for the Navy's 
science and technology (S&T) in pulsed power 
and funded many universities, government lab- 
oratories, and commercial companies under the 
Pulsed Power Technology Program. 


‘To provide large amounts of electrical prime 
power, new types of rotating machines were stud- 
ied, including flywheels, conventional alternators, 
homopolar generators, rotary flux compressors, 
and compensated pulsed alternators. These ma- 
chines attempted to produce fast, high-power puls- 
es using special materials to reduce losses, eddy 
currents, and mechanical stresses. MHD genera- 
tors were developed using rocket-motor propellant 
that could be started and stopped. In the mid- 
1980s, a full-scale hybrid (solid fuel/liquid oxidi 
er) combustor was fabricated and tested at 10 M 
achieving world records for power-to-weight ra- 
tio and conductivity. By 1980, new types of energy 
storage systems were studied, including inductive 
storage and advanced capacitors using new types 
of insulating materials and geometries. During the 
late 1980s, programs such as the Mile-Run Capac- 
itor Program reduced the capacitor size by a fac- 
tor of 10 through better synthesis of polymer films. 

Beginning with internal independent research 
funds, Dahlgren developed liquid dielectric mate- 
rials based on water/glycol mixtures at low tem- 
peratures. These water-capacitor devices could 
hold energy for orders-of-magnitude longer time 
periods than ever before, allowing pulseforming 
lines to be constructed that could be charged di- 
rectly from rotating machines. Dahlgren scien- 
tists developed a world-record high-voltage water 
capacitor that could hold pulses for milliseconds 
and became internationally recognized experts in 
water breakdown.’* 

High-power fast switching was another impor- 
tant area of research. Dahlgren funded companies 
to develop new types of multistage thyratrons that 
could operate at very high voltages. By the early 
1980s, multistage thyratrons capable of operating 
at over 200 kV, 40 kA with 20 nsec risetimes were 
demonstrated. Vacuum switches, ignitrons, plas- 
ma pinch switches, pseudospark switches, bac 
lighted thyratrons, and e-beam switches all were 
studied, as well as a variety of spark-gap switches. 
Higher power solid-state switches were developed, 
too, using new geometries and substrate materi- 
al. Superconducting coils were considered, both 
for energy storage and as opening switches, Dahl- 
gren engineers developed exploding-wire opening 
switches, and several types of plasma pinch switch- 
es were funded, They also worked on stacked cable 
pulsers. Additionally, concepts for electromag- 
netic armor were developed. These systems used 
high-density capacitors to blunt penetrators. In- 
ductive energy storage—which could be far denser 
than capacitors—was studied, including methods 
of generating the seed current and the problematic 


high-voltage opening switch. Opening switches— 
which were needed for inductive energy store sys- 
tems—were studied, as well as magnetic switches, 
which used saturating magnetic material to sharp- 
cen pulses. Magnetic switches operating at 10 kHz 
were demonstrated by 1983.” 

In 1985, Dahlgren used internal funds to up- 
grade a facility to provide controls, diagnostics, and 
200 KW of average power at 50 kV to accommodate 
testing of new switches and water-based capacitors. 
‘This facility could control the power with a vacu- 
um-tube pulser and could generate over a million 
volts with a rep-rated Marx generator, The facility 
was used to: 

+ Develop water-dielectric energy storage, rep- 

rated spark gaps, and pseudospark switches. 

+ Test a variety of switches developed by con- 

tractors, such as back-lighted thyratrons."" 
A picture of one system being tested—a water pulse- 
forming line and spark-gap switch—is shown in 
Figure 6, 

Dahlgren concentrated in-house switching ef- 
forts in spark gaps. New types of gases were stud- 
ied, as well as electrode materials, gas-flows, switch 
geometries, and triggering techniques to produce 
high-repetition-rate switches for electronic war- 
fare, as well as particle-beam weapons." Dahlgren 
scientists and engineers demonstrated 100-ps re- 
covery of spark-gap switches after handling kilo- 
joules of energy at hundreds of kilovolts, a world 
record."* The Fligh Energy 2-Pulse System for fast 
recovery experiment is shown in Figure 7. 

In 1986, Dahlgren ran a workshop on high- 
power switching for Navy tactical and Depart- 
ment of Defense (DoD) strategic applications and 
became involved with numerous DoD working 
groups on electromagnetic propulsion, high-pow- 
cer diagnostics, advanced energy conversion, pow- 
er modulators, and pulsed power. Spark gaps were 
investigated to create underwater noise for subma- 
rines. Dahlgren also led four North Atlantic Treaty 
Organization (NATO) Advanced Study Institutes 
in Europe and the UK on various pulsed-pow- 
cr topics, International assessments of key pulsed- 
power technologies were also performed. 


PARTICLE-BEAM WEAFOT 

Particle-beam weapons were a major focus of 
DE work during the 1970s and 1980s. A CPB weap- 
‘on takes subatomic particles, generally electrons, 
and accelerates them to near the speed of light be- 
fore sending them toward a target. These fast elec- 
trons penetrate deeply into most materials, so they 
are difficult to counter. The high-current electron 
beam was to be accelerated by an induction-type 
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Figure 7. High Energy 2-Pulse System 


repetitively pulsed. High 
‘beam currents (kiloamps) and a hole-boring series 
of pulses were anticipated to create a stable, long- 
range beam. Since the beam was capable of pene- 
trating quickly and deeply into any target material, 
it had the potential to damage electronics and set 
off explosives before salvage fuzing could occur. 
‘The beam was predicted to be all-weather and es- 
sentially countermeasure-proof. Even a near miss 
could cause substantial damage from high fields 
and X-rays produced by the deceleration of elec- 
trons as they hit air molecules near the target. The 
CPB concept is shown in Figure 8. 

Scientists and engineers from Dahlgren worked 
on the pulsed-power technologies needed to drive 
these machines beginning in 1980, and it became 
a major focus of the Pulsed Power ‘Technology 
Program." The White Oak Laboratory developed 
beam-steering concepts and looked at material in- 
teractions. By 1989, the program investigated: 

+ Propagation 

+ Compact Recirculating Accelerators 

+ Pointing and Tracking 

+ Prime Power 

+ Material Interaction 

+ Fratricide 

For a compact shipboard system, recirculating 
accelerators were needed to make multiple passes 
of the electron beam past the accelerating cavities. 
‘This required a high-power, fast recovery switch, 
which Dahlgren began working on in 1988. Using 
patented hydrogen switches and special triggering 
techniques—efforts that had begun with internal 
research funds—Dahlgren demonstrated spark- 
gap switches, the only technology that could meet 


the current, voltage, and recovery requirements at 
that time," The High-Voltage 5-Pulse System ex- 
periment is shown in Figure 9. 

During these technology efforts, significant 
advances were achieved in all aspects of the pro- 
gram. These included: 

+ Generating high-current, high-energy beams 

{although still below weapons parameters) 

+ Demonstrating a 360° turn in a high-current 

beam 

+ Propagating a single pulse through the air 

+ Demonstrating beam steering on a small scale 

+ Performing target interaction measurements 

‘Multipulse, long-range propagation was never 
demonstrated. A comprehensive tri-service sum- 
mary called the Net Technical Assessment for CPB 
was sponsored by the Defense Advanced Research 
Projects Agency (DARPA) in 1987 to describe the 
accomplishments of the program. The report said 
‘compact accelerators were the most pressing tech- 
nology need. As a result, most funding was di- 
rected toward this topic. Funding was stopped in 
the early 1990s, however, due to the high expense, 
stretched timelines, and changes in the threat 


TROMAGNETIC LAUNCH 

During the 1980s, the Army and Air Force 
looked at short-range electromagnetic weapons 
to penetrate stronger armor with higher veloci- 
ties, The Navy worked on concepts for a weapon 
that could be mounted on ships to intercept missile 
systems at line-of-sight distances. The Navy—then 
the biggest user of space systems—was also inter- 
ested in studies showing that small satellites could 


ENERGY 


ELECTRONICS 
WARHEAD HIGH 
EXPLOSIVES 


Figure 8. Charged-Particle Beam (CPB) Concept 
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Figure 9. High-Voltage S-Pulse System Experiment 


be electromagnetically launched into low Earth or- 
bit for the fraction of the cost for a normal launch, 

‘Through the 1980s, electric guns were funded 
by independent research and independent explor- 
atory development programs at Dahlgren, study- 
ing electric gun concepts for both rail guns and 
electrothermal (ET) guns. Kinetic energy weapons 
were also investigated as part of the Pulsed Power 
‘Technology Program. Under these programs, pure 
electric launchers were developed and tested at 
Dahlgren, including ones that self-formed projec- 
tiles." Also studied were ET guns that used the 
discharge of electrical energy at the gun breech to 
generate a plasma jet. This plasma jet heated a low- 
molecular-weight working fluid, such as water, to 
produce a heated gas that accelerated the projectile 
to higher velocities than conventional explosives. 
‘The Electrothermal-Chemical (ETC) Gun con- 
cept augmented the electrical energy generating 
the plasma jet with a chemical reaction. A 127mm 
ETC gun was investigated, and a 60mm ETC gun 
was tested at Dahlgren, with the ability to fire short 
bursts at a rate of 100 rounds per minute.” 
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Early Dahlgren work on electromagnetic 
launchers—along with capacitor development and 
switch advances from the Pulsed Power Technol- 
ogy Program—allowed Dahlgren to provide the 
Navy with detailed conceptual designs in the late 
1990s for near-term, long-range rail guns based on 
capacitor energy store. These efforts helped sup- 
port the decision to begin a long-range rail-gun 
program at Dahlgren that continues today, result- 
ing in world-record achievements. Capital invest- 
ment funds were used to construct a high-energy 
facility in 2005 to test pulsed-power components 
and module designs for use in electromagnet- 
ic launcher programs. An early electromagnetic 
launcher is shown in Figure 10, 


HIGH-ENERGY LASERS (HELS) 

In general, megawatts of continuous laser 
power are required to kill hard targets at long rang- 
es. Laser technologies that can produce this much 
power are very limited. The Navy was a leader in 
developing powerful chemical lasers in the 1970s 
and 80s, These lasers burned chemical reactants to 


Figure 10. Early Electomagnetic Launcher at Dahlgren 


generate the excited states for lasing, thus reduc- 
ing the need for large amounts of electrical pow- 
er. The Navy built an entire HEL system, including 
the Mid-Infrared Advanced Chemical Laser 
(MIRACL) and the Sea-Lite beam director. By 
1990, this building-sized system demonstrated 
shooting boosters, missiles in light, and superson- 
ic vehicles. However, the system had drawbacks 
because it: 

+ Used hazardous, expensive chemicals 

+ Had propagation problems at the mid- 

infrared wavelength 

+ Was large in size and high in cost 

FELs require electron accelerators similar to 
CPB weapons, so they also are large and complex. 
However, they can be designed to operate at opti- 
mum wavelengths and scale nicely to higher pow- 
cers, The Strategic Defense Initiative began working 
on FELs in the late 1980s, funding the advanced 
test accelerator at LLNL, originally developed for 
CPBs. FELs were also studied under the Strategic 
Defense Initiative Organization (SDIO) to be used 
as an antisatellite weapon. These lasers went from 
milliwatts to watts under SDIO, and then to kilo- 
watts more recently with work at the Thomas Jef- 
ferson National Accelerator Facility in Virginia. 


Space-based lasers and relay mirror systems were 
studied under SDIO funding, too, including the 
development of the Advanced Beam Control Sys- 
tem for beam steering, beam control, rapid optical 
retargeting, and self-alignment. 

Dahlgren engineers concentrated its internal 
laser efforts on medium-power soft-kill weapons, 
‘They performed tests against sensors and cam- 
eras, and investigated damage thresholds. In the 
late 1980s, Dahlgren engineers worked with opti- 
cal augmentation to locate enemy optics for target- 
ing and on green laser dazzlers for defense against 
small-boat attack. There were efforts to harden 
electro-optical equipment, including sights and 
night-vision systems for the Marines, and laser 
eye-protection filters for goggles and binoculars. 
Laser systems were also investigated for remotely 
cutting holes and wires to disable electronics. Le- 
thality work continued under funding from the 
Joint Technology Office for High-Energy Lasers to 
Took at alternative wavelengths and pulse shapes in 
addition to modern target materials. 

Dahlgren scientists continued to investi- 
gate laser-damage thresholds for materials, com- 
ponents, and subsystems for a variety of laser 
technologies, Near the start of the 21st century, 
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commercial lasers based on pumping optical fi- 
bers with semiconductor lasers became common 
and more powerful. Dahlgren purchased the Na- 
vy's largest collection of fiber lasers in 2004 and 
began investigating ways to combine multiple 
beams into a laser weapon. These lasers have very 
high efficiencies, above 20 percent, and the fiber- 
optic output reduces the requirement for complex 
optical paths, In 2008, Dahlgren engineers dem- 
onstrated a laser capability to ignite spinning mor- 
tar rounds, and in 2009, engineers demonstrated 
the capability of fiber lasers in a shoot down of soft 
targets at China Lake, California. 
RESURGENCE OF DIRECTED ENERGY 
With the fall of the Soviet Union and a greatly 
altered threat, DoD funding (particularly technol- 
ogy funding) experienced an overall decline in the 
late 1980s and early 1990s. This caused Navy man- 
agers to emphasize near-term, lower risk, evolu- 
tionary concepts. The Pulsed Power Technology 
Program and the Navy's Charged Particle Beam 
Program both came to an end. Investigations into 
HPM weapons declined as the difficulty of burn- 
out of military electronics—particularly analog 
components—became apparent. Problems with 
propagation and cost caused the Navy to greatly 
reduce efforts on chemical lasers. With the cancel- 
lation of major programs, Dahlgren used internal 
funding in 1990 to keep a core technical capabili- 
ty together, which was necessary for the Center to 
remain in the mainstream of tactical DE and its 
associated technologies. Efforts continued in wa- 
ter breakdown, testing of contractor-developed 
pulsed-power components, and electric guns. 
New talent and technologies from universities 
were brought in to jump-start new projects. Tun- 
able waveform generators using unique semicon- 
ductor materials were developed. These used bulk 
semiconductor material, fabricated in-house, that 
could be used as a fast switch controlled by laser 
light for both on and off operation. This allowed 
faster repetition rates and better triggering than 
could be done with small spark gaps, as well as 
the ability to create specific waveforms, 
technologies were also investigated using non- 
thermal plasmas and spark-gap shock waves for 
cleaning and pollution reduction.” New types of 
particle detectors and magnetic field sensors were 
developed, and new methods of infrastructure 
protection were investigated.”’ Soft-kill weapons, 
both optical and HPM, continued to be studied, 
Short-pulse jamming of spread-spectrum systems 
was investigated, as well as beat-wave coupling 
and special waveforms. 
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A number of trends led to a resurgence of 
DEWs by the end of the 20th century. The DoD 
trend in using digital electronics and off-the-shelf 
commercial technologies increased dramatically. 
‘The pace of change in electronics and computers 
changed rapidly, too. Most of these new electronic 
systems had never been tested for vulnerability, and 
there was a question of how much they would in- 
crease military vulnerability to RE or HPM attack, 
‘The reduced emphasis on nuclear EMP shielding 
meant more military electronics were not as well 
protected from RE attack. Consequently, interest 
in protecting U.S. military and civilian infrastruc- 
ture increased, including systems in foreign coun- 
tries. Moreover, with the increasing reliance on 
civilian infrastructure, such as power, communica- 
tions, and emergency and industrial systems—all 
of which were controlled by digital electronies— 
the potential that an adversary could attack in- 
frastructure systems to affect or divert military 
operations became an increasing concern. Follow- 
ing several major terrorist attacks during this time 
period, there was also concern about the impact of 
an RF attack on airport towers, financial systems, 
alarm systems, and industrial plants. Human fac- 
tors—such as a state of confusion experienced by 
humans—also played an important part in deter- 
mining the overall effects of an RF atta 

‘The asymmetric threat—where large numbers 
of cheap weapons in a swarm attack could overrun 
a few sophisticated weapons—caused more con- 
cern, As the asymmetric threat to the surface Navy 
pushed the limits of conventional defensive sys- 
tems, DE—with it speed-of-light propagation, soft- 
ill potential, and cheap rounds—offered tactical 
advantages, either as an adjunct to convention- 
al systems or as stand-alone systems. Additionally, 
there was an increased emphasis on nonlethal, pre- 
cise accuracy and graduated effects that could be 
used. Moreover, the idea that future battles would 
be fought together with civilians and friendly fore- 
es on the battlefield increased the importance of 
low collateral damage and antimateriel attacks, 

‘The Joint Program Office for Special Technol- 
ogy Countermeasures (JPO/STC), located at Dahl- 
gren, began efforts concerning the vulnerability of 
new digital systems to RF attack. The program also 
established a DoD-wide database of vulnerability 
data, source designs, and RF-effects information— 
bringing together much of the information col- 
lected by the services over the years. ‘The program 
looked at the protection of modern digital infra- 
structure systems and funded a facility constructed 
in 1992 to test large-scale electromagnetic vulnera- 
bilities to various methods of attack. 


In the late 1990s and early 2000s, Dahlgren 
initiated programs regarding the potential for RF 
attack using nonkinetic disruption, with mini- 
mal collateral damage. Capital investment funds 
were used to construct a test facility for this ef- 
fort in 1998. Dahlgren developed RF payloads 
for remotely piloted vehicles and demonstrat- 
ced their effectiveness in field tests in 1999, and in 
similar tests in 2007. The successful completion 
of Project Guillotine was DoD’s first demonstra- 
tion of this type of HPM technology. As the need 
for statistical vulnerability to commercial digital 
systems became apparent, Dahlgren construct- 
ed instrumented test facilities in 1999 and 2002. 
‘Two multistory buildings could be reconfigured 
to reflect different types of building construction 
and electromagnetic shielding. Large complex- 
¢s of electronics, computer networks, server sys- 
tems, telephone systems, security systems, and 
various types of digital industrial controls could 
be assembled, instrumented and exposed to at- 
tack from an external device or technique. This 
program-funded complex—ealled the Maginot 
‘Open Air Test Site (MOATS) facility—continues 
to be used to test target systems, as well as a variety 
of RF weapon technologies developed internal- 
ly and by external and international organiza- 
tions. A picture of the MOATS facility is shown in 
Figure 11. 

As the need for additional DE laboratory space 
and testing capabilities became apparent, Dahl- 
gren applied for military construction funds, and 


in 2008, constructed the Naval Directed Energy 
Center (NDEC), with access to Dahlgren’s over- 
water test range. Other construction funds were 
used to construct a remote facility at the Pumpkin 
Neck Explosive Test Range to serve as a laser back- 
stop and measurement facility, as well as an explo- 
sive-test staging area. These facilities already have 
been used to develop and test fiber lasers against 
modern threat targets. Construction is currently 
underway to build an expansion of the NDEC and 
4 120-m laser test laboratory building using an ex- 
isting tunnel structure. This collection of facilities 
represents very important capabilities to develop 
and test future DE systems. 


CONCLUSION 

For over 40 years, the Naval Surface Warfare 
Center, Dahlgren Division (NSWCDD) has been 
a leader in developing DE devices, pulsed-pow- 
cer systems, and electric weapons. Its people have 
contributed many publications and patents, and 
set world records, DEWs tend to be complex and 
technically challenging to build. Regardless, these 
‘weapons offer important, powerful advantages, 
such as: 

+ Deep Magazines 

+ Cheap Rounds 

+ Fast Targeting 

+ Variable Lethality 

+ Pinpoint Targeting 

Asa result of NSWCDDS leadership, persistent 
scientific initiatives, and leading-edge engineering 


Figure 11. MOATS Facilty Undergoing Testing with an RF Weapon (on right) 
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over the years, naval warfighters will increasing- 
ly find themselves turning to DEWs when dealing 
tions spanning the spectrum of conflict. 
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‘The idea of using light as a weapon can be traced back to Hippocrates, command- 
er of the Greek forces in 212 B.C. His forces supposedly set fire to the sails of the Roman 
fleet by focusing sunlight with mirrors. Weapons systems based on lasers and “ray guns,” 
ong a staple of science fiction, have captured the imagination of people everywhere. But 
with steady progress toward the development of lasers in the last 40 years, viable, state- 
of-the-art laser weapon systems have now become a reality. 

‘The production of lasers in the modern scientific world is fairly new. The first laser 
was developed in the 1960s and represented the beginning of a drastic change in how 
the military viewed warfare, ‘The late 1970s and 1980s, too, marked a busy time peri- 
‘od for developing lasers into possible weapon systems, All branches of the military and 
industry were striving to master high power levels, beam control, and adaptive optics, 
In 1999, the Department of Defense (DoD) formally recognized lasers as future weap- 
‘ons and began research and development (R&D). In 2000, the Joint Technology Office 
for High Energy Lasers was formed to bring all laser technologies together to develop a 
‘complete laser weapon system that could be used by the warfighter. 


ELECTROMAGNETIC SPECTRUM 

‘The electromagnetic spectrum contains all the types of electromagnetic energy, in- 
cluding radio waves, microwaves, infrared, visible light, ultraviolet, and gamma rays. 
Laser is an actonym for “light amplification by stimulated emission of radiation.” Light, 
therefore, is a type of electromagnetic radiation, Light is made up of tiny packets of en- 
ergy called photons. The amount of energy is what determines the wavelength. Lasers 
are usually infrared (1 mm to 750 nm) and visible light (750- to 400-nm wavelength) 
‘Microwaves are mostly high-frequency radio waves (millimeters to centimeters), with 
wavelengths 10,000 times longer than lasers, Diffraction of any electromagnetic radia- 
tion beam is based on the wavelength and aperture size. For the same aperture size, la- 
sers difftact 10,000 times less than microwaves. This allows the beam to reach farther 
ranges while maintaining a small spot size of concentrated energy on the target, Lasers 
are preferred in specific scenarios because of minimal diffraction. The electromagnetic 
spectrum is shown in Figure 1. 


LASER FUNDAMENTALS, 
‘The quantum mechanical idea of stimulated emission of light was discovered by 
Albert Einstein in 1917 and is one of the fundamental ideas behind the laser. Einstein 
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Figure 1. Electromagnatic Spectrum 


theorized that when a photon interacts with an 
atom or molecule in an excited state, two photons 
are produced when the atom or molecule leaves the 
excited state. Population inversion occurs when the 
atomis or molecules are in the excited state. In order 
for molecules to come out of the normal “ground” 
state, a source of power must be introduced to the 
system energizing the atoms to the excited state. 
When many photons are passed through many ex 
cited atoms, more and more photons are produced. 
‘The photons are contained and reflected back and 
forth in a cavity, with mirrors usually on each end, 
‘The mirror on the output end is only partially re- 
flective, allowing some photons to leak through, 
creating the laser beam, 

The difference between an everyday light bulb 
and the light of a laser is temporal and spatial co- 
herence. In a light bulb, the light emits photons 
equally in all directions, The light is random, out of 
phase, and multiwavelength. A laser emits coher- 
ent light, so photons travel in identical direction 
and phase. A laser is also monochromatic, ie. light 
of one wavelength, Another significant difference 
is that laser light is highly collimated, which means 
the laser beam can travel long distances with min- 
imum spreading. 

‘The laser gain medium through which the pho- 
tons travel to become amplified or magnified can 
vary. The source of power used to excite the medi- 
um, achieving population inversion, can be the re- 
sult of a chemical reaction, an electric discharge, 


a flash lamp, another laser, or some other excita- 
tion mechanism, The type of the lasing medium 
determines the type of laser. The three categories 
in which lasers are usually classified are chemical, 
gas, and solid state. A laser can also be continuous 
wave (CW) or pulsed. Each type of laser produces a 
specific wavelength of radiation. It is important to 
note that different wavelengths of radiation inter- 
act with the atmosphere differently. A laser beam is 
either scattered or absorbed by air molecules, water 
vapor, or dust. Longer wavelengths scatter less and 
are absorbed more than shorter wavelengths; our 
sky is blue because the shorter blue wavelengths 
of light are scattered more than the longer wave- 
lengths.' Gamma rays are so highly absorbed that 
they cannot propagate more than a few feet in the 
air. Thus, some laser wavelengths are scattered or 
absorbed more than others. This makes laser wave- 
lengths with minimum absorption better for use 
as directed-energy weapons since they propagate 
through the atmosphere better than others. For e 
ample, the carbon-dioxide (CO,) laser is strongly 
absorbed by water vapor, so any 
will be negatively affected, Near-infrared and infra- 
red lasers have shorter wavelengths with negligible 
absorbance. The optimal laser choice, therefore, 
would be a wavelength-tunable laser that could 
vary depending on the atmospheric conditions, 
such as the free-electron laser (FEL). 

Lasers have affected almost every type of mod- 
ern technology. Most laser technologies use low 
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powers and were mastered very quickly. They are 
used in many everyday appliances, such as scan- 
ning/inventory devices, surgery/medicine, hair r 
moval, presentation pointers, law enforcement, 
ranging and sighting devices, welding applications, 
and much more. Using a laser as a weapon has 
many advantages. For example, a laser: 

+ Is unaffected by gravity 

+ Causes minimal collateral damage 
+ Travels at the speed of light 


Can precisely reach far distances 
Is capable of causing a specific, 
predetermined amount of damage to targets 

‘The theory behind these capabilities makes the 
laser weapon a prime choice in multiple engage- 
ment scenarios. However, developing lasers with 
higher powers to use as a weapon has proven more 
difficult than first considered, 


MILITARY LASER HISTORY 
R TYP 

Generally, a laser weapon is any laser used 
against the enemy with more than 50 kW to mega- 
watts of power. This is much greater power than 
commercial lasers. Accordingly, they have greater 
support needs, including: 

+ Environmental and personnel safety 

+ Mirror coatings 

+ Chilling requirements 
+ Power requirements 


ANI 


Laser fuel storage 
Alignment and tracking requirements 


In 1960, the very first laser (a ruby laser) was 
built, producing minimal power. This event was 
followed by many other laser technology develop- 
ments. The first chemical laser, hydrogen fluoride 
(HE), was built in 1965, producing 1 kW. It was 
then that DoD became interested in researching 
and developing a more powerful laser for weap- 
on applications. Subsequently, in 1968, the Defense 
Advanced Research Projects Agency (DARPA) 
Baseline Demonstration Laser produced 100 kW, 
and the Navy-ARPA Chemical Laser (NACL) pro- 
duced 250 kW in 1975. The very first laser is de- 
picted in Figure 2. 


An SSL uses a solid lasing medium, such as a 
rod made up of glass or crystal, or a gem, like the 
ruby laser. Along with the rod or host material is 
an active material, such as chromium, neodymi 
um, erbium, holmium, or titanium, Chromium is 
the active material used in ruby lasers. Neodymi- 
uum is the active material in the most widespread 
applications. A flash lamp, arc lamp, or anoth- 
er laser carries out the optical cavity pumping to 
achieve population inversion and stimulate the la- 
ser beam. The Neodymium. Yttrium-aluminum 
garnet (Nd:YAG) laser is a popular SSL. It oper- 
ates at a 1064.5-nm wavelength and can be pulsed 
wave or CW. A great advantage of these lasers is 
that the wavelength and pulse duration can be var- 
ied considerably.' The power level can reach up to 
megawatts when using Q-switching to achieve 
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Figure 2. First Ruby Laser Daveloped in 1960 by Research Physicist Theodore H. Maiman 
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short pulse lengths, The various interactions with 
the laser and different crystalline materials can 
double the electromagnetic frequency, which will 
halve the wavelength, bringing the laser beam into 
the visible range, 532 nm (green). The wavelength 
can be further divided down three or four times, 
making this laser range from the near-infrared to 
the ultraviolet wavelength. These lasers are com- 
monly used for rangefinders and target designa- 
tors. Other advantages of these lasers are that they 
can be made very small, rugged, cheap, and bat- 
tery-powered. Characteristics of SSLs are shown 
in Table 1 


Chemical Lasers 

‘A chemical laser uses chemical reaction to cre- 
ate population inversion in the lasing medium. One 
example is the Mid-Infrared Advanced Chemical 
Laser (MIRACL) developed in the mid-1980s. The 
MIRACL is a continuous-wave, mid-infrared (3.8- 
) laser. ts operation is similar to a rocket engine in 
which a fuel (ethylene, C2H4) is burned with an ox- 
idizer (nitrogen trifluoride, NE3)2 Free, excited flu- 
orine atoms are among the combustion products. 
Just downstream from the combustor, deuterium 
and helium are injected into the exhaust. Deuteri- 
um (U) combines with the excited fluorine to ere- 
ate excited deuterium fluoride (DF) molecules, 
while the helium stabilizes the reaction and con- 
trols the temperature.’ The laser's resonator mir- 
rors are wrapped around the excited exhaust gas, 
and optical energy is extracted, The cavity is active- 
ly cooled and can be run until the fuel supply is ex- 
hhausted. The laser's megawatt-class output power 
can be varied over a wide range by altering the fuel 
flow rates and mixture. The laser beam in the reso- 
nator is approximately 21-cm high and 3-cm wide. 
Beam-shaping optics are used to produce a 14- x 
L-cm (5,5- x 5.5-inch) square, which is then prop- 
agated through the rest of the beam train. Diagnos- 
tics for evaluating the beam shape, absolute power, 


and intensity profile are used on each firing of the 
laser. The beam can be directed to a number of dif- 
ferent test areas or to the SEA LITE beam director 
‘The DF Chemical Laser (MIRACL) and the Sea Lite 
Beam are shown in Figure 3. 

‘The laser and beam director were integrated 
in the mid-1980s at the Army's High Energy La- 
ser Systems Test Facility (HELSTF) at White Sands 
Missile Range, New Mexico, Following integration, 
extensive tests were conducted in the areas of 

+ High-power optical components and beam- 

path conditioning 

+ Beam-control techniques 

+ High-power propagation 

+ Target damage and vulnerability 

+ Target lethality® 
‘Tests supported by the MIRACL included: 

+ The high-power dynamic with flying drone 

(BQM-34) 

+ Conventional defense initiative with flying 

drone 

+ High-velocity target test with Vandal 

Missile 

+ High-altitude target tests with flying drone 

+ Missile and plume tests using the 1.5-m 

aperture 

+ Radiometrically calibrated images and 

spectral radiometry 

‘These successful tests are what made many be- 
lieve that MIRACL was the first and only success- 
ful laser weapon system developed by the Navy 
prior to the Navy Laser Weapon System (LaWS).° 


Gus Lasers 

Gas lasers are a type of chemical laser that usesa 
pure gas or gas mixture to produce a beam. The typ- 
ical gas laser contains a tube with mirrors on each 
end. One end transmits the beam out of the cavi- 
ty. Most gas lasers use electron-<collision pumping, 
with electric current passing through the gas. Some 
uuse optical pumping with flash lamps. The helium 


‘able 1. Characteristics of Solid-State Lasers 


Wavelength (nm) 


‘Alexandrite 


Typical Power Typical Operation 


Pulsed/CW tunable | 


Neodymium megawatis 

| Neodymium: 1060 “megawatts | 

Neodymium: YAS | 1064.5 megawatis Pulsea/CW 

| Ruby 694.3 70-15 waits | Pulsed 
Titanium-sapphire | 660-1060 75 wats Pulsed/CW tunable 
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Figure 3. DF Chemical Laser (MIRACL) and Sea Lite Beam 


neon (HeNe) laser is a very well-known gas laser. It 
produces a bright red, continuous beam of low pow- 
er. Ibis used for many applications such as scanning, 
alignment, measurement, and stabilization devices, 
University students use them in optical training lab- 
oratories. Many larger lasers contain a HeNe inside 
the beam path, as well to verify beam alignment, 
HeNe lasers are fairly cheap and very rugged. They 
can work continuously for thousands of hours, 

CO, lasers are in the gas family. ‘These lasers 
were the earliest, truly high-power lasers and have 
been among the most crucial lasers used in R&D 
for high-energy laser (HEL) weapons. In industry, 
the more powerful CO, lasers are used for weld- 
ing, drilling, and cutting. There are many different 
types of CO, lasers that vary in pumping design, 
CO, lasers work by burning a hydrocarbon fuel 
(like kerosene or methane) in oxygen or nitrous 
oxide. The hot gas flows through a comb of noz- 
ales, expands quickly, and achieves population 
inversion. The gas then flows through an optical 
resonator at supersonic speeds, resulting in stimu- 
lated emission and a laser beam. 

CO, lasers have been researched for use as 
nonlethal weapons. The wavelength produced by a 
CO, laser is also absorbed by glass. For example, 
the beam does not penetrate a windshield. Thus, 
shooting a CO, laser at a vehicle's windshield could 
deter a threat by damaging the windshield or by 
causing a dazzling effect to reduce the visibility of 
the driver, while not reaching the driver at all. 

‘The gas dynamic laser (GDL) is a C 
ser based on differences in relaxation velocit 
of molecular vibrational states. The laser medi- 
ums gas has properties such that an energetically 
lower vibrational state relaxes faster than a high- 
er vibrational state; thus, a population inversion is 
achieved in a particular time. A GDL is shown in 
Figure 4. Characteristics of chemical and gas lasers 
are identified in Table 2. 
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Fiber Lasers 

‘Modern fiber lasers are considered SSLs. They 
are powered by electricity, making them highly 
mobile and supportable on the battlefield, Fiber la- 
sers use optical fibers as the gain media, In most 
cases, the gain medium is a fiber doped with rare 
earth elements—such as erbium (Er3+), neodym- 
ium (Nd3+), ytterbium (Yb3+), thulium (Tm3+), 
‘or praseodymium (Pr3+)—and one or several laser 
diodes are used for pumping. Optical fibers have 
been used in industry, specifically for telecommu- 
nications to transport information via light. With 
developing technology, optical fibers have become 
high-energy, powerful laser energy sources. Fiber 
lasers have proven to have much benefit over tra- 
ditional SSLs. They are rugged and do not require 
a dean room to operate or maintain, as most oth- 
et laser systems do. They also are extremely effi- 
cient; however, they cannot operate well in all 
weather conditions. One example is the IG CW 
fiber lasers, which produce moderate beam qual- 
ity, causing damage to materials and components 
through thermal heating and burn-through. The 
Naval Surface Warfare Center, Dahlgren Division 
(NSWCDD) purchased eight commercially avail- 
able 5.5-kW IPG lasers, where two multimode 
(seven fibers) lasers are housed per cabinet. This 
type of laser is easy to mount due to the flexible fi- 
bers. The IPG CW Fiber Laser is shown in Figure 5. 


Miscellaneous Lasers 
‘There are other types of lasers that do not nec- 
essarily fit into the chemical or solid-state catego- 


ries, These include semiconductor lasers, used in: 
+ Television + Radios 
+ CD Players» Telecommunications 
+ DyeLasers + Medicine 
+ Spectroscopy + Astronomy 


‘There also are the FELs mentioned previous- 
ly. The FEL is a completely different breed of laser. 


Figure 4. A laser engineer inspects a gas dynamic laser after installation 
‘aboard an NKC-135 alrbome laser laboratory 
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Table 2. Characteristics of Chemical/Gas Lasers 
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Figure 5. IPG CW Fiber Laser System 
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It uses electrons to create photons instead of some 
type of matter. ‘The electrons are produced, col- 
lected, and directed to flow at very high speeds. To 
excite the electrons, they are passed through a “wig- 
glen” ie, a series of magnets positioned in such a 
way that electromagnetic radiation (light) is pro- 
duced when the electrons release photons. The sig- 
nificant feature of the FEL is that the wavelength 
can be controlled, depending on the magnet po- 
sitions and the speed of electrons. ‘This versatili- 
ty makes the FEL particularly appealing. However, 
the footprint of the FEL system is too large to trans- 
form into any ideal defense weapon. ‘The Jefferson 
Laboratory in Newport News, Virginia, has an FEL 
and continues to maintain and test its capabilities 
and effects. This laser was new to the military in the 
late 1990s and received funding to optimize its ca- 
pabilities and integrate as a defense weapon. Al- 
though great progress has been made, the required 
footprint could be much larger than desired. Con- 
sequently, some interest in the FEL has shifted to 
other HEL sources. 

‘Many scientists foresee the probability of us- 
ing the laser as a global weapon. This possibility is 
proven through basic laws of physics. Actually im- 
plementing such a system, however, can be more 
difficult. ‘The global weapon concept uses a base 
laser with optics and is strategically positioned in 
space to be able to direct its beam multiple plac- 
es on Earth at the speed of light with maximum 
power levels. This idea faces significant problems, 
including appropriate power levels, optics to han- 
dle such levels, propagation issues, and the ethical 
measures behind any global weapon, Still, the idea 
presents interesting possibilities 


LASER WEAPON DEVELOPMENT 

‘The following paragraphs highlight some of 
the laser weapons that have been successfully de- 
veloped over the last 40 years. 


line Demonstrator Laser (BDL) Hydroge 
le (HE 

In 1973, TRW Inc, produced the world’s first 
high-energy chemical laser, the Baseline Demon- 
stration Laser, for DoD. After that, TRW Ine. pro- 
duced and demonstrated six more HELs, including 
the MIRACL (1985) and Alpha (2000), the nation's 
only megawatt-class chemical lasers. 


Navy-ARPA Chemical Lase 

‘The NACL was mated with the Navy Pointer 
‘Tracker at TRW Inc’s San Juan Capistrano, Cali- 
fornia, facilities in the 1975-1978 time frame. This 
was the Navy's initial, integrated HEL system test 
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bed and was used to provide the first demonstrated 
kill of an operational missile in 1978. 


pha HE for Strategic Defense Initiati 
SDI) Spuce-Based Laser (SBL 
Alpha, an HF laser, was the baseline technology 
for the SBL readiness demonstration (SBLRD). In 
1991, the Alpha laser demonstrated megawatt-class 
power levels similar to MIRACL, but in a low-pres- 
sure, space operation environment. Alpha dem- 
onstrated that multimegawatt, space-compatible 
lasers can be built and operated. 


Tactical High-Energy Laser (THEL 

‘The THEL is a DF chemical laser developed 
by the Army. In 2000 and 2001, THEL shot down 
28 Katyusha artillery rockets and 5 artillery shells. 
On 4 November 2002, THEL shot down an incom- 
ing artillery shell and a mobile version successfully 
completed testing. Subsequently, during a test con- 
ducted on 24 August 2004, the system successfully 
shot down multiple mortar rounds, These tests rep- 
resented actual mortar threat scenarios in which 
both single mortar rounds and salvo were tested 
and intercepted. A photograph of THEL is shown 
in Figure 6. 


Advanced Tactical Laser (ATL 
‘The ATL uses a closed-cycle, chemical oxy- 
gen-iodine laser (COIL) with beam control, which 
Tases at a 1.315-p wavelength, The ATL was devel- 
‘oped to engage tactical targets from a moving plat- 
form at ranges of approximately 10 km, It can spot 
a 10-cm-wide beam on a distant target for up to 
100 shots. This beam has enough power to slice 
through metal at a distance of 9 miles, ‘The aircraft 
equipped with the ATL weapon system is shown in 
Figure 7. 
an specially modified 46th Test Wing NC-130H 
aircraft equipped with the ATL weapon system 
fired its laser while flying over White Sands Mis- 
sile Range, New Mexico, successfully hitting a tar- 
get board located on the ground. Equipped with a 
chemical laser, a beam control system, sensors, and 
weapon-system consoles, the ATL is designed to 
damage, disable, or destroy targets with little or no 
collateral damage. 


Laser (ABL) (CO,) Chemical Oxygen 

‘The ABL C-130H aircraft contains three laser 
beam systems: the powerful killing primary laser 
beam (ATL), a set of illuminating laser beams for 
infrared surveillance and high-speed target acqui- 
sition, and a beacon laser for a high-precision laser 
target tracking beam control system. The primary 


Figure 6, Tactical High-Energy Laser (THEL) 


Figure 7. 46th Test Wing NC-130H Aircraft Equippad withthe 
‘ATL Weapon System 


laser beam is generated by a megawatt COIL locat- 
ced at the rear of the fuselage. The high-power la- 
ser beam travels towards the front of the aircraft 
through a pipe. The pipe passes through a Station 
1000 bulkhead/airlock, which separates the rear 
fuselage from the forward cabins. The high-pow- 
er beam passes through the fine beam control sy 
tem mounted on a vibration-isolated optical bench, 
Beam pointing is achieved with very fast, light- 
weight steering mirrors, which are tilted to follow 
the target missile. The ABL finally destroyed a tar- 
get while in flight at White Sands Missile Range in 
‘August 2009. The 12,000-Ib ABL locked onto an un- 
specified ground target and fired the laser, making 
the target disappear. Although it was successful at 


this demonstration, using the ABL in the fleet has 
fallen out of favor due to affordability and technol- 
ogy problems. The ABL is shown on an aircraft in 
Figure 8. 


Joint High-Power Solid-State Laser (JHPSSL) 

In hopes of accelerating SSL technology for 
military uses, work is being performed by the 
US. Army Space and Missile Defense Command 
(SMDC) and the Army Test and Engineering Cen- 
ter at White Sands Missile Range. The technology 
uses an electric laser diode to shoot light into 32 
garnet crystal modules that combine to create “laser 
amplifier chains” producing 15 kW. By using sev- 
en chains and by combining multiple beams, they 
have reached 105 kW in the laboratory operating 
in a clean room. The program’ ultimate goal is for 
a laser system to reach high powers outside a labo- 
ratory environment. Fielding such a delicate opti- 
cal structure can present significant barriers for this, 
laser system, Nonetheless, it will be a great accom- 
plishment for a variety of force protection missions, 
such as shipboard defense against cruise missiles, 
‘The JHPSSL system is shown in Figure 9. 


Navy Laser Weapon System (LaWS) 

‘The Navy LaWS is the most recent, success- 
ful laser weapon. It uses an electric-fiber laser de- 
sign, avoiding the problems that chemical lasers 
present. In the summer of 2009, the Naval Sea 
Systems Command (NAVSEA)—with support 
from NSWCDD—successfully tracked, engaged, 
and destroyed unmanned aerial vehicles (UAV) 
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Figure 8. Airborne Laser (ABL) 


Figure 8. Joint High-Power Solid-State Laser (JHPSSL) System 
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in flight at the Naval Air Warfare Center, China 
Lake, California. A total of five targets were en- 
gaged and destroyed during the testing, which 
represented a first for the U.S. Navy. The laser was 
fired through a beam director on a Kineto Track- 
ing Mount similar to the Sea Lite beam director. 
‘The system used fiber lasers in the configuration 
and has proven to be a rugged and dependable 
choice for the warfighter’s needs. A photograph of 
LaWS is shown in Figure 10. 

Laser weapon systems development in recent 
years has taken giant steps forward. Dedicated 
R&D has advanced the state of the art consid- 
erably. What was unimaginable only a few short 
years ago, today has become reality. According- 
ly, given continued R&D, warfighters in the near 
term will have additional weapon options to 


choose from for dealing with a spectrum of threats, 

and contingencies. 
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‘The Naval Sea Systems Command (NAVSEA) 
established the Navy Directed Energy Weapons 
Program Office in January 2002 and subsequently 
chartered the Directed Energy and Electric Weap- 
‘on Systems Program Office (PMS 405) in July 
2004." Its mission is to change the way the Navy 
fights in the 21st century by transitioning directed- 
energy and electric weapon technology, providing 
the warfighter with additional tools to fight today’s 
and tomorrow's wars. In support of this mission, 
the Laser Weapon System (LaWS) was developed, 
which potentially adds a suite of tools for offensive 
and defensive operations. 

‘The LaWS program is managed by PMS 405 in 
cooperation with the Program Executive Office In- 
tegrated Warfare Systems (PEO IWS), the Navy's 
Close-In Weapon System (CIWS) manager. A mul- 
tilaboratory/multicontractor organization led by 
the Naval Surface Warfare Center, Dahlgren Divi- 
sion (NSWCDD), has been executing the program. 
since March 2007. The potential advantages of a le- 
thal, precise, speed-of-light weapon are numerous 
and have been recognized for many years. Howev- 
cr, even in light of these advantages, there are real- 
ities that need to be considered for any program to 
succeed to the point that an actual system is placed 
in the hands of the warfighters. 

‘The LaWS system offers viable solutions for an 
important subset of threats while fitting into ac- 
ceptable size and weight constraints. In addition, 
since LaWS is a fully electric laser, the operation 
of the system does not require the handling and 
storage of hazardous chemicals, such as hydrogen 
fluoride. As will be discussed later, due to the in- 
corporation of high levels of commercial off-the- 
shelf (COTS) technology, the LaWS system also 
hhas advantages for topside design, logistic sup- 
portability, and cost. Thus, LaWS could enable the 
Navy to address adverse cost-exchange situations, 
which can occur when engaging proliferated in- 
expensive threats such as unmanned aerial vehi- 
cles (UAVS). 


BACKGROUND 

Based on mission analysis work conducted pri- 
or to the LaWS program and additional work done 
as part of the program, it became clear that a num- 
ber of factors require careful consideration. First, a 
high-power laser is not likely to replace anything 
ona ship in the next 5 years. For a new system to 
be added toa ship, a high-power laser must supple- 
ment current capabilities or provide new capabili- 
ties that clearly justify its addition. Second, because 
a laser provides such a diverse set of capabilities, 
conventional air-to-air warfare (AAW) models— 


such as the Fleet AAW Model for Comparison of 
‘Tactical Systems (FACTS), Antiair Warfare Simu- 
lation (AAWSIM), and Extended Air Defense Sim- 
ulation (EADSIM), as well as other existing AAW 
analysis approaches—are not well suited for show- 
casing current or near-term laser-weapon capa- 
bilities. While they can (and have) been used for 
laser-weapon analysis, their application to a mega- 
watt-class laser that could “instantly” destroy boats 
or cruise missiles (akin to missile engagements) is 
4 more straightforward application of the existing 
models and techniques, 

In November 1995, the Chief of Naval Opera- 
tions requested that the National Research Coun- 
cil initiate, through its Naval Studies Board, a 
thorough examination of the impact of advancing 
technology on the form and capability of the naval 
forces to the year 2035. A major observation of the 
report is quoted below: 


Numerous laboratory and field-test ver- 
sions of laser weapons have been developed 
and demonstrated. They have worked as 
expected and demonstrated suitable lethality 
against their intended targets. The primary 
factors that have inhibited the transition of 
the technology into deployed systems are size 
and weight. Generally, the conceptual designs 
of laser weapons that are scaled for combat 
effectiveness are too large to be appealing to 
users; conversely, weapons that are sized for 
platform convenience generally lack convine- 
ing lethality.” 


Subsequently, an August 2006 US. Air Force 
(USAF) Scientific Advisory Board Study examined 
the increasing threat posed by UAVs in some de- 
tail. Key conclusions included: 


No single system can completely address 
the UAV threat. A single sensor solution 
is inadequate because of the size and speed 
challenges presented by small UAVs. A sin- 
gle-weapon-layer solution fails to provide for 
adaptability to multiple scenarios or adequate 
probability of kill. 


Key recommendations of the USAF Advisory 
Scientific Board Study included: 


Develop and field longer-term upgrades 
to counter increased UAV threats. They 
include:...a small, multimission air/air and 
air/ground weapon; and directed-energy air 
defense weaponry. 
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In addition to the USAF Scientific Adviso- 
ry Board study, a 2007 OPNAV Deep Blue Study 
noted the potential advantage of nonkinetic defeat 
options and recommended that the Navy acceler- 
ate development of nonkinetic systems to include 
high-energy lasers (F 

‘The laser power levels likely to be available in 
the near term, within reasonable size and cost, are 
in the neighborhood of 100 KW of radiated pow- 
er, While this power level is not adequate to en- 
gage certain threats, such as cruise missiles or 
tactical ballistic missiles at tactically useful ranges, 
there is still a wide spectrum of threats that could 
bbe engaged at ranges that are comparable to many 
current ship-defense weapons, including minor- 
caliber guns and small missiles. The spectrum of 
threats includes: 

+ UAVs 

+ Missile Seekers 

+ Intelligence, Surveillance, and 

Reconnaissance Systems 
+ Rockets 
+ Man-Portable Air-Defense Systems 
(MANPADS) 

+ Mortar Rounds 

+ Floating Mines 

+ Artillery Rounds 


LAWS on CIWS 

‘The Mk 15 Phalanx CIWS can often de- 
tect, track, and (sometimes) identify poten- 
tial threats at ranges well outside the effective 
range of the 20mm gun. These functions are 
accomplished using the search/track radar sys- 
tem and the Phalanx Thermal Imager (PT1), 
When added to the Phalanx mount and point- 
ed in the same direction as the gun (see Fig- 
ure 1), a laser weapon could potentially add 
a number of useful functions and capabilities 
to the mount, but technical challenges must 
be overcome. Preliminary analyses of the me- 
chanical characteristics of the mount suggest 
that the additional weight that could be add- 
ed to the mount must be kept under approxi- 
mately 1200-1500 Ib. Additionally, it is highly 
desirable that the addition of the laser weap- 
on not substantially affect the train/elevation 
operation of the mount in angle, peak veloci- 
ty, or acceleration, Consequently, use of rapid- 
ly evolving fiber laser technology appears to be 
the only currently foreseeable path to adding 
significant laser energy directly to the mount 
within these constraints, 

One major driver in the genesis of the 
LaWS system was the availability of relatively 
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low-cost COTS fiber-optic lasers. Because these fi- 
bers are flexible, they obviate the need for an ex- 
pensive coudé path system (an optical mirror/lens 
assembly that turns radiation 90° and may also sup- 
port rotation of the beam director), thus allowing 
the use of low-cost mount technology, as well as the 
retrofitting of the system on existing mounts, The 
last factor is extremely important because of the 
scarcity of topside real estate on today’s ships, These 
fiber-optic lasers do have limitations in terms of 
power, although power levels are growing with ad- 
vancing technology. The reality today is that, in or- 
der to get adequate lethality from a system based on 
this technology, the use of a beam-combining ap- 
paratus utilizing several individual fibe 
sary. (Figure 2 depicts combining multiple fibers in 
the same beam director.) Furthermore, a smaller 
beam size is desirable since this drives power densi- 
ty up—increasing the performance required for the 
tracking and pointing elements of the system, Thus, 
a high-resolution fine track sensor is needed, as well 
as an appropriately robust line-of-sight control. 


A POTENTIAL SUITE OF LAWS 
RELATED CAPABILITIE 

Potential added capabilities that an adjunct 
LaWS could contribute to the total ship combat 
system are briefly outlined in the following sub- 
sections. 


Figure 1. LaWS Mounted on CWS 


Figure 2. Cutaway View of the LaWS Beam Director 


The optics that would be added for the laser 
to detect and track targets in support of a laser en- 
gagement would immediately contribute addition- 
al capabilities to the entire ship combat system even 
without operating the laser. A laser-gated illumi- 
nator, part of the tracking system, significantly in- 
creases the signal to the background level of tracked 
targets and provides good range resolution as well, 
‘The additional sensitivity and angle resolution pro- 
vided by the LaWS optics would allow the identi- 
fication, precision tracking, and “monitoring” (at 
high resolution) of potential threats or vehicles of 
interest at substantially greater ranges than could 
be achieved by the PTI alone. The Phalanx radar, 
or another source, would have to provide an initial, 
accurate cue to facilitate initial acquisition, Once ac- 
quired, the target could be examined and monitored 
with high resolution at range. This capability could 


make a substantial contribution to identification ef- 
forts—efforts to determine intent and potentially 
even to documenting target behavior to resolve is- 
sues with rules-of-engagement doctrine. It is wide- 
ly recognized that rules-of-engagement issues, such 
as threat identification and intent determination, 
are among the most difficult problems faced by ship 
commanding officers, 


Ifa fraction of the laser energy is routed through 
a frequency-doubling crystal, an intense, visible 
beam can be projected to significant ranges to pro- 
Vide a clear, unambiguous warning that a potential 
target is about to be engaged unless an immediate 
change in behavior is observed. This feature also 
would have utility for dazzling aircraft, surface ve- 
hicle, or submarine sensors, and would provide ex- 
ceptional long-range, unambiguous warning to 
boats or aircraft at night, 
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‘ensor Destruction at Range 

‘Many electro-optical (EO) sensors are quite 
susceptible to damage by laser energy in the fiber- 
laser band as is the case with infrared (IR) missile 
seekers with germanium optics. The frequency- 
doubling feature described in the previous para- 
graphalso would beusefultoensurethata band-pass 
filter at a single frequency could not be applied as 
an effective countermeasure, The intent here would 
be to destroy the seeker or imager at ranges well be- 
yond those achievable by the Phalanx 20mm gun, 
Other examples include intelligence, surveillance, 
reconnaissance, and targeting sensors on UAVs or 
unmanned surface vehicles (USVs). 

Many targets of interest—including UAVs, 
USVs, and small boats—are somewhat “marginal” 
from a target-signature standpoint, particularly at 
the maximum range of existing IR guided missiles 
such as the FIM-92 Stinger, the FGM-148 Javelin, 
the RIM-116 RAM, and the AIM-9X Sidewinder. 
‘The CIWS laser adjunct could potentially “correct” 
this situation by laser heating target vehicles to en- 
hance their signature to existing IR guided missiles. 
Note that this is NOT “conventional” semiactive-la- 
ser (SAL) guidance—the LaWS is not a coded il- 
luminator, nor do the seekers in question rely on 
this coding. The IR missiles would be unmodified 
weapons taken from inventory. The LaWS adjunct 
would simply contribute laser energy that heats 
the target and enhances its signature for the mis- 
sile, While, at the ranges envisioned, this laser heat- 
ing alone would not be sufficient to “kill” the target, 
it could definitely heat the target. It should also be 
noted that the laser “illumination” could potential- 
ly be used to preferentially select a specific target 
from among a group of targets for engagement by a 
missile. It is expected that these engagements could 
occur at ranges of two to four times the effective 
Phalanx gun engagement ranges. Use of LaWS in 
this manner would be exactly analogous to the use 
of a SAL designator for a SAL guided missile, such 
as the AGM-114 Hellfire. It is expected that similar 
rules of engagement would apply. 


Direct Target Destruction by Laser Heat 

Some threats are known to be vulnerable to di- 
rect destruction by the application of laser ener- 
gy for an appropriate period of time. The currently 
envisioned system would be able to destroy a sub- 
set of naval threats at ranges comparable to, and 
in some cases greater than, the ranges achieved 
with modern, stabilized guns using EO fire con- 
trol systems and modern ammunition. In the case 
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of a LaWS adjunct, the addition of the laser would 
open new options for a firing/engagement doctrine 
and would be expected to conserve CIWS rounds 
for use on threats that are not appropriate for this 
laser power level. While the laser is olten quoted as 
having an “unlimited magazine,” the true number 
of threats that can be engaged by the laser in any 
period of time is limited by the required illumina- 
tion time and by the time required to evaluate a 
ill and transition to the next target. Thus, for par- 
ticular target velocities and numbers, the “effective 
laser magazine” might be added to the CIWS mag- 
azine to increase the total number of targets en- 
gaged by the combined system, 


LAWS ACCOMPLISHMENTS 

A government/industry team, led by govern- 
ment technical personnel, have achieved signifi- 
cant accomplishments since the start of the LaWS 
program in 2007; specifically, the team: 

* Conducted mission analyses 

+ Developed threat lethality estimates, 

+ Performed industry surveys for critical com- 

ponents and subsystems 

+ Performed extensive trade-off analyses 

+ Designed a prototype system 

+ Constructed the system—the prototype di- 

rector and mount (see Figure 3) 

+ Performed numerous laboratory-based tests 

of subsystems and the complete prototype 

+ Validated system operation with a full-up 

field test at high power using BQM-147A 
UAV target drones 

Additionally, the team was able to minimize the 
cost of the prototype by leveraging hardware that 
had already been developed or procured for oth- 
er applications, including an L3-Brashear tracking 
mount, a 50-cm telescope, and high-performance 
IR sensors. Some components were commercially 
procured, such as the 5.4-kW fiber lasers. Figure 4 
shows three laser cabinets, containing two lasers 
apiece, resulting in a total power output of 32.4 kW. 
Other components, such as the beam combiner 
and much of the system software required for op- 
eration and target tracking, had to be specifically 
designed, fabricated, and tested. 

‘The LaWS program achieved a highly success- 
ful field test/demonstration in June 2009 when the 
prototype successfully engaged and destroyed five 
drone targets at tactically significant ranges at the 
China Lake, California, test range (see Figure 5). 


ADDITIONAL WORK TO BE DONE 
Since the LaWS prototype sits on a dedicated 
gimbal, much additional work needs to be done 


Figure 4. 1PG Laser Cabinots 


nd Futur 


Figure §. BON-147A During LaWS Engagement 


to place the weapon on the CIWS mount. The 
latter would require new control systems and 
optomechanical hardware for line-of-sight stabi- 
lization. Other aspects of the shipboard environ 
ment are also more stressful, and future mission 
areas may require an increasingly robust capa- 
bility to deal with optical turbulence and the 
high-clutter environment of the ocean surface 
Additional laser power might also be required. 
‘These modifications, depending on the level 
of capability desired, will require engineering 
modifications to the system, Engineering analy- 
sis and design to address these issues is current- 
ly underway at NSWCDD. 

While the aforementioned engineering issues 
are important to address, there are additional tech- 
nical issues that have yet to be analyzed. These is- 
sues are concerned with the potential utility of 
the system. Indeed, most of the detailed techni- 
cal analyses and experiments performed thus far 
have focused on target destruction, with some ef- 
fort expended on the issue of seeker damage/de- 
struction. Developing credible lethality estimates 
for various potential threat targets is clearly very 
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important, but one consequence of the lethality fo- 
cusis that necessary, detailed, defendable technical 
analysis, analytic model development, and experi- 
ments have not been performed to explore the oth- 
er functions/features that a CIWS Adjunct LaWS 
might provide to the overall ship combat system. 
Some of these contributions might become “rou- 
tine’ if the LaWS were available. 

For example, a hard-kill engagement of a tar- 
get by a Navy shipboard weapon is a relatively rare 
event, even during wartime conditions. On the oth- 
er hand, ships in combat zones—and elsewhere— 
constantly have the problem of detecting potential 
threats, tracking them, identifying them, det 
mining their intent, and providing warning. Thus, 
use of the LaWS system, at less than its full lethal 
potential, could become a daily, standard practice, 
Its still not clear how these potential benefits and 
capabilities could be measured or quantified to the 
satisfaction of key decision makers. 

Likewise, other potential advantages of laser 
weapons—such as the potential for precision en- 
gagement, covert engagement, fire starting, grad- 
uated lethality, low cost per shot, and “unlimited” 


magazine—have not been subjected to rigorous 
technical analysis for feasibility, utility, and prac- 
ticality. These investigations need to be performed 
and are gradually being addressed within the 
LaWS program. 

Although the Phalanx CIWS system is cur- 
rently installed on a number of Navy surface 
warships—either a single mount or a double 
mount—there are still significant numbers of 
ships that do not have a Phalanx system, Itis high- 
ly desirable to make LaWS potentially available to 
virtually any ship that could benefit from the en- 
hanced capabilities. 

While the technical issues associated with the 
addition of LaWS to the Phalanx CIWS will be 
somewhat different from those associated with 
adding a LaWS system to other weapon systems— 
or the provision of a “stand-alone” LaWS—they do 
not appear to be insurmountable. For example, a 
LaWS beam director might be added to the stabi- 
lized Mk 38 Mod 2 25mm gun or the Mk 46 Mod 2 
30mm gun, A LaWS beam director might be add- 
ed to (or even substituted for) the Mk 46 EO Sight 
on DDGs or added to the trainable RAM launcher. 
Other options may exist as well. 

‘The issue of defending combat logistics force 
ships, joint sealift ships, and certain support vessels, 
from attacks from small boats or UAVs is also rele- 
vant. These ships often have little or no installed de- 
fensive capabilities for potential terrorist or pirate 
threats, and expeditionary security detachments do 
not have decisive warning or engagement capabil- 
ity. In addition, there are severe limitations placed 
on concept of operations (CONOPS) and rules of 


engagement due to the limited objectives/limited 
means of the various missions. 

‘A system such as LaWS could provide gradu- 
ated lethality from warning to destruction. It also 
could provide additional applications to minimize 
risk to sea base platforms and enhance sea shield 
capabilities against nonstate threats. If acceptable 
rules of engagement can be established, the advan- 
tages of graduated lethality might be extended to 
ships in port or entering/exiting harbors, 

While considerable additional work needs to 
be done to produce a tactical system, the LaWS 
programs recent demonstration of capability pro- 
vides strong evidence that a useful, tactical system 
could be produced within reasonable cost, volume, 
weight, and power constraints to provide the war- 
fighter with a suite of additional tools to fight to- 
day's and tomorrow's wars 
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RDT&E, Acquisition, and 
Warfare Management 


THE ACQUISITION CHALLENGE A! SOCIATED 
WITH DIRECTED-ENERGY RDT&E 


By Mike Ke 


An already tense situation quickly escalated. Everyone within the combat informa- 
tion center of the Navy's newest all-electric ship suddenly realized that two surface- 
skimming, antiship missiles were bearing down on their destroyer. With less than 30 sec~ 
‘onds to impact, the tactical warfare officer gave the order to fire. Seconds later, the first 
surface-skimming missile vanished from all tracking consoles, Another order to fire 
closely followed, and the second missile threat was also destroyed. Consequently, with- 


- in a matter of 10 seconds from threat recognition to threat elimination, the Navy's new. 

" el st all-electric ship was able to destroy two incoming threats by using one of the Navy's 
= fewest weapon systems—the free-electron laser. 

Does this scenario of a Navy all-electric ship, employing a high-energy laser to 
“shoot down enemy surface-skimming antiship missles, sound like inevitable reality or 
unattainable science fiction? For scientists and engineers working on directed-energy 

systems for the Navy, the answer does not lie solely in the advanced technical challeng- 
6 associated with developing directed-energy weapons. Rather, the answer also les in 
‘how wel scientists and engineers understand and adhere to the Department of Defense's 
(DoD’s) Defense Acquisition Management System (DAMS) framework governing the 

development of new weapon systems. 


EVOLUTION OF DEFENSE ACQUISITION 

‘The way in which DoD identifies needs and subsequently develops, tests, procures, 
and sustains weapon systems has evolved over time. Today's acquisition foundation can 
be traced back to the Packard Commission report in 1986, where many of this report’s 
recommendations became part of the Goldwater-Nichols DoD Reorganization Act of 
1986, This evolution continued along three tracks: 

1, Requirements moving from threat-based to capability-based 

2, The resource allocation system adding execution reviews with concurrent pro- 

gram and budget reviews 


3, The acquisition process attempting to incor- 
porate a more flexible and tailored process 

‘These three tracks form the Defense Support 
‘System organizational structure: the Joint Capabil- 
ities Integration and Development System (JCIDS) 
process; the Planning, Programming, Budgeting, 
and Execution (PPBE) process; and the DAMS 
process, respectively. These three processes oper- 
ate as “systems of systems” and are referred to as 
the “Big A” acquisition process shown in Figure 1.' 

While all three of these phases hold their own 
level of importance, the major focus for scientists, 
and engineers at research and development (R&D) 
facilities is the “Little a" acquisition process. It is 
this “Little a” acquisition process, where the rules 
and processes are found, that governs how DoD. 
goes about developing a new materiel solution to 
a validated warfighter requirement. These rules 
and processes are codified within DoD Instruction 
5000.02, Operation of the Defense Acquisition Sys- 
tem, which was issued in December 2008. 

‘The acquisition framework associated with 
DoD Instruction 5000.02 is the DAMS structure. 
‘This framework, shown in Figure 2, consists of nu- 
‘merous strategically placed milestones and major 
program reviews to ensure proper programmat- 
ic oversight? Each of the milestones has specific 


Figure 1. Defense Support System Organizational Structure 


45 


irected Energy 


/ ition, and 


gement 


Solution 
Analysis 


econ 


Development 


* The materi! development decision precedes 
‘entry into any phase of the acquisition 
‘management system 


* Entrance criteria met before entering phase 
* Evolutionary acquisition or single step to 
full capability 
loc Foc 
Production & Deployment 


Operations & 
‘Support 


Eo 
urnores _() Be 


reSystems Acquisition 


Systems Acquisition 


‘Sustainment 


} =eeison Pont 


LA = Miesio Review = Oteen pont PORIs not conducted before Miestone B 


Figure 2. DoD Acquistion Framework 


criteria that must be satisfied before a program is 
allowed to further proceed along the DAMS. The 
program's Milestone Decision Authority (MDA) 
rests with the individual responsible for decid- 
ing if the milestone criteria have been met and, 
if so, for allowing the program to proceed to the 
next phase of the acquisition process. Designation 
of a program's MDA depends on a program's lev- 
el of research, development, test, and evaluation 
(RDT&E) and procurement funding. For example, 
an Acquisition Category (ACAT) I program is de- 
fined as an eventual total expenditure for RDT&E 
of more than $365 million in fiscal year (FY) 2000 
constant dollars or, for procurement, of more than 
$2.19 billion in FY 2000 constant dollars. In this 
case, for an ACAT ID (“D” refers to the Defense 
Acquisition Board (DAB)) the Under Secretary of 
Defense for Acquisition, Technology and Logistics 
(USD(AT&L)) is the MDA; for an ACAT IC (°C 
refers to Component or Service), the MDA is the 
Head of the DoD Component or, if delegated, the 
Component Acquisition Executive.’ 

In addition, civilian and military workforce 
members within the DoD whose job responsibili- 
ties are deemed acquisition-related find themselves 
with a training requirement necessary to carry out 
their acquisition-related job responsibilities. Spe- 
cifically, these workforce members are required to 
gain acquisition training and education with the 
passage of the Defense Acquisition Workforce Im- 
provement Act (DAWIA) signed into law in 1990. 
‘The current certification process comprises three 
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levels covering 16 different career fields. Each of 
these 16 career fields has a set of specific train- 
ing, education, and experience requirements that 
must be met in order for an individual to achieve 
Level 1, Level 2, or Level 3 certification. The De- 
fense Acquisition University (DAU) provides the 
necessary training classes required for the certifi- 
cation, DAU identifies “core-plus” training class- 
es and continuous learning modules for each level 
of certification, The core-plus classes and modules 
are not required for certification but are identified 
as additional sources of information to assist indi- 
viduals in becoming more knowledgeable about 
their career field beyond the minimum standards 
required for certification. The most up-to-date cer- 
tification frameworks for all 16 career fields can be 
found at the following DAU website: http:/icata- 
log.dau.mil/onlinecatalog/CareerLvLaspx 
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EN \ REFORM 

‘The DoD acquisition environment is under- 
going continuous change. The issuance of DoD In- 
struction 5000.02 marked the opening salvo of what 
has become seemingly constant updates, modifica- 
tions, and guidance impacting how DoD procures 
weapon systems to meet warlighter requirements, 
In addition to DoD’ issuance of DoD Instruction 
5000.02, the Government Accountability Office 
published a stream of reports and findings that in- 
dicate significant cost growth and schedule delays 
in major defense acquisition programs. In 2009, 
Secretary of Defense Robert M. Gates proclaimed 


a new way of doing business within DoD when it 
‘comes to weapon systems acquisition, Pressures are 
building for every program to maintain cost and 
schedule estimates while delivering the technical 
requirements originally developed to support the 
warfighter. 

‘Moreover, there have been two major policy 
issuances, As previously mentioned, the first was 
DoD Instruction 5000.02 in December 2008, This 
update of the rules and processes governing DoD 
weapon systems acquisition primarily impacted 
the early part of the DAMS framework. The prob- 
lem was that weapon system programs were failing 
their initial operational test and evaluation phases 
at alarming rates—many times traced to program 
offices attempting to design weapon systems with 
immature technology. Such failures were prevent- 
ing those programs from proceeding to a full-rate 
production decision review and, more importantly, 
causing a repeat of some of the DAMS framework, 
which translated to increased costs and delayed 
initial operational capability timelines. 

DoD Instruction 5000.02 attempted to solve 
this problem with three main emphases. First, a 
mandatory requirement was inserted for compet- 
itive prototyping prior to program initiation at 
‘Milestone B. The intent was to ensure a competition 
‘among contractors competing for a contract award. 
‘The theory was that such a competition would re- 
duce technical risk, validate designs, improve cost 
estimates, evaluate manufacturing processes, and 
refine requirements, Reducing technical risks was 


especially important because weapon system pro- 
grams were expected to demonstrate a technolo- 
gy readiness level (TRL) of six—where the system/ 
subsystem model or prototype is demonstrat- 
ed in a relevant environment—by the time a pro- 
gram reached Milestone B. 'TRLs are categorized 
‘ona scale of 1 to 9. A TRL of 1 is the lowest level of 
technology readiness, where scientific research be- 
gins to be translated into applied R&D. A TRL of 9 
is the highest level of technology readiness, where 
the actual system is proven through successful mis- 
sion operations. A'TRL of 6 represents a major step 
up ina technology's demonstrated readiness. Using 
‘TRLs enables consistent comparisons of technical 
maturity across different types of technologies, giv- 
ing program decision makers a common bench- 
mark to consider when assessing program risk. 
Note that TRLs are meant to capture a level of tech- 
nical maturity, not the probability of occurrence 
(ie., the likelihood of attaining a required maturity 
level) or the impact of not achieving a level of tech- 
nical maturity:* 

‘The second emphasis was on a stricter adher- 
ence to systems engineering processes and tech- 
nical reviews. Too often weapon system programs 
were not closely following systems engineering 
processes or avoiding due diligence when it came 
to the definition of successful exit criteria for a 
technical review. Consequently, all technical ef- 
forts must be outlined in a program’ systems en- 
gineering plan. The program manager will use the 
eight technical management processes—decision 
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analysis, technical planning, technical assessment, 
requirements management, risk management, con- 
figuration management, technical data manage- 
ment, and interface management—to manage the 
technical development of the system increments, 
including the supporting or enabling systems. 
‘The program manager will use the eight techni- 
cal processes—stakeholders requirements defini- 
tion, requirements analysis, architectural design, 
implementation, integration, verification, valida- 
tion, and transition—to design the system, subsys- 
tems, and components, including the supporting 
or enabling systems required to produce, support, 
operate, or dispose of a system.* Figure 3 provides 
an overlay of the new DoD Instruction 5000.02 
and Secretary of the Navy (SECNAV Instruction) 
5000.2D (Implementation and Operation of the 
Defense Acquisition System and the JCIDS), and 
shows the timing of specific systems engineering 
technical reviews as a program matures through 
the DAMS. 

‘The third emphasis was a more prominent role 
ofthe MDA, starting with a mandatory requirement 
that all weapon system programs seeking a full or 
partial materiel solution must hold a Materiel De- 
velopment Decision chaired by the MDA. Thus, the 
old Design Readiness Review was replaced with the 
Post-Critical Design Review Assessment chaired by 


the MDA. In short, the MDA was to become a more 
prominent figure in the oversight of a weapon sys- 
tem program’ progress. 

‘The second relatively recent major policy is- 
suance was the Weapon Systems Acquisition Re- 
form Act (WSARA) of 2009, implemented by 
Directive-Type Memorandum (DTM) 09-027 in 
December 2009. This DTM amended DoD In- 
struction 5000.02, the Defense Federal Acquisition 
Regulation Supplement (DFARS), and associated 
business practices within the Defense Acquisition 
Guidebook (DAG). The WSARA implementation 
brought about changes to policies and procedures 
across 13 categories. Some of the WSARA chang- 
es most relevant to the Navy directed-energy com- 
munity include: 

‘Analysis of alternatives study guidance 
Acquisition strategies to ensure competition 
Competitive prototyping 

Developmental test and evaluation 

Systems engineering 

Preliminary design reviews 

Critical cost growth 


THE ACQUISITION IMPACT 

So why should the directed-energy communi- 
ty care about these acquisition policy changes? Be 
cause these policy changes impact the community's 
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ability to develop, produce, and/or sustain direct- 
ed-energy weapon systems, ‘The ultimate goal of 
the directed-energy community is to deploy direc 
ed-energy weapons to the fleet. Accordingly, 
gardless of which phase or phases an organization 
in the community supports, its actions are impact- 
ced by the language in DoD Instruction 5000.02 and 
the WSARA of 2009. The more scientists and en- 
gineers in the organization are aware of governing 
policy documents like DoD Instruction 5000.0: 
the better their chances are of meeting DoD lead- 
cership’s expectations in terms of cost, schedule, and 
technical effectiveness. 

‘Actions have shown that DoD senior leader- 
ship has come to expect all weapon system pro- 
grams to adhere to the current acquisition-related 
policy and guidance changes. As mentioned earlier, 
‘major weapon system programs have recently been 
canceled or restructured for not meeting DoD se- 
nior leadership expectations—something that 
rarely occurred previously. In today’s environment, 
technology alone will not carry the argument for a 
program's survivability. Directed-energy weapons 
definitely carry the allure of a “Star Wars-like” ca- 
pability, but these same weapon systems will need 
to show sustainable cost and schedule compliance 
if they are to come to fruition. Resources are too 
limited, and the warfighter has too many needs to 
allow unsustainable weapon system programs to 
continue. Therefore, everyone involved with the 
development, procurement, and/or sustainment of 
a directed-energy weapon system needs to have an 
adequate understanding of the acquisition under- 
pinnings now governing DoD. 


SUMMARY 

‘The proverbial ‘winds of change” are blow- 
ing across the DoD acquisition landscape. The 
management of major weapon systems dependent 
upon cutting-edge technologies—such as those of 
directed energy—cannot afford to conduct busi- 
ness in a manner reminiscent of bygone days. 
Everyone involved with the development, produ 
tion, or sustainment of a directed-energy weapon 
system needs to understand the “rules of engage- 
ment” laid down by the most recent DoD acqi 
tion policy guidance, Highly skilled scientists and 
engineers typically already understand the need 
for a structured systems engineering approach to 
problem solving. Today, though, more than ever, 
cost and schedule must be factored in as potential 
tradespace to deliver the ultimate goal: a cost-effec- 
tive, directed-energy weapon system delivered in a 
timely manner while meeting the warfighter's re- 
quirements, Scientists and engineers who adhere 


to these recent acquisition changes will help their 
organizations achieve this goal, thereby ensuring 
that warfighters will be armed with the most tech- 
nologically superior weapons possible. 
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THE BASICS OF ELECTRIC WEAPONS AND 
PULSED-POWER TECHNOLOGIES 
Soran 


WHAT ARE ELECTRIC WEAPONS? 

‘Most conventional weapons rely on chemical energy (explosives) as their destruc- 
tion mechanism, either to explode on target, like bombs, or to create kinetic energy, like 
a bullet, Electric weapons are different, Electric weapons use stored electrical energy, 
rather than explosives, to attack or destroy the target. Electric weapons generally fall into 
two categories: directed-energy weapons (DEWs) and electromagnetic (EM) launchers. 
DEWS send energy, instead of matter, toward a target, and can be separated into three 
types: laser weapons, particle-beam weapons, and high-power microwave (HPM) or ra 
dio-frequency (RF) weapons. EM launchers use electrical energy to throw a mass at a 
target, thus making them distinct from directed energy. There are also three types of EM 
Jaunchers: rail guns, coil guns, and induction drivers. All involve the use of strong mag- 
netic fields to push against projectiles. While electric guns are an electric weapon, they 
are not a DEW, 

High electrical powers and large energies are needed for all these weapons. Tech- 
nologies for storing and controlling electric power are needed and are commonly called 
pulsed-power technologies. Electric guns are often associated with DEWs due to their 
‘common reliance on pulsed-power technology. The types of electric weapons are shown, 
in Figure 1. 


Figure 1. Types of Electric Weapons 
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‘There are a number of powerful advantages of 
electric weapons over conventional explosives: 

+ DEWs have a near-zero time of flight com- 
pared to conventional ordnance, allowing 
longer decision times and quicker reaction 
times. 

+ Electric weapons have a large “magazine” ca- 
pacity, often limited only by the ability of the 
power source to recharge the system. The fir- 
ing rate depends on how fast the system can 
be recharged, which in turn, depends on the 
available power source, 

+ The cost of engagement is greatly reduced. 
With increasingly sophisticated convention- 
al weapons, the cost of practice rounds, such 
as a missile, can be millions, For an electric 
weapon, the cost per engagement is greatl 
reduced, making the attack of small target 
(the asymmetric threat) less costly and train- 
ing much more affordable. 

+ There is the potential for variable lethality, 
where the weapon effects can be controlled 
or attenuated to provide a warning or non- 
lethal effect. Otherwise, a full-power setting 
can be used to destroy the target. 

+ Electric weapons have the benefit of in- 
creased safety since less ordnance needs to 
be stored. Logistics costs less, and underway 
replenishment is easier since explosives are 
reduced or eliminated. 

+ Electric weapons can be used in conjunc- 
tion with conventional weapons to height- 
en overall combat system effectiveness, such 
as knocking out electronics before engaging 
with a kinetic weapon. 

Historically, the key Navy scenario for us- 
ing directed-energy technologies has been close- 
in protection of naval vessels from antiship cruise 
missiles, particularly in a littoral environment. The 
ability of a DEW's speed-of-light engagement is 
particularly attractive under conditions of short 
warning times from supersonic stealthy missiles. 
However, increasingly difficult and problematic 
threats from nonmilitary aircraft and surface ships, 
countersurveillance platforms, fast patrol boats, 
unmanned aerial vehicles (UAVs), and terrorist in- 
flatable boats or jet skis present different challeng- 
es, The threat has shifted from small numbers of 
‘expensive targets in open water to large numbers 
of small and cheap targets among neutral forc- 
es. The unique characteristics offered by DEWs, 
when compared to traditional weapon systems, al- 
low them to be applied across a spectrum of threat 
roles, particularly in friendly or neutral-rich re- 
gions where precision pointing or less-than-lethal 


capability is paramount. The potential for HPM to 
counter electronics at levels below human effects 
makes them ideal nonlethal weapons. Electromag- 
netically launched projectiles allow longer range, 
shorter flight times, reduced reliance on air strikes 
and missiles, and safer storage and replenishment. 
With military budgets being squeezed, the low cost 
of directed-energy engagements, which often re- 
quire just a few gallons of fuel, cannot be overem- 
phasized. Instead of million-dollar missile shots, 
electric weapons allow new tactics, warning shots, 
and continual fire against large and small targets, 
‘They also allow inexpensive practice and training 
for improved readiness. 


PULSED POWER FOR E! 
WEAPONS 

‘A useful rule of thumb is that a stick of TNT 
contains about a megajoule (MJ) of chemical en- 
ergy, and this amount is often needed to destroy 
a military target. To destroy a target with an elec- 
trie weapon, the electrical energy must also be de- 
posited quickly. Surprisingly, a candy bar also has a 
megajoule of chemical energy, but itis released very 
slowly when we eat it, Many electric weapons re- 
quire peak powers of more than a gigawatt (GW) or 
‘energies more than a megajoule. The time scales for 
delivery range from milliseconds to nanoseconds. 
‘As an example, delivering 1 MJ of energy in 10 us 
requires 100 GW of power, which is more than a 
‘commercial power plant can produce. Itis not prac- 
tical to build continuous power supplies to directly 
drive most electric weapons. Consequently, pulsed- 
power technologies are needed to store energy at 
low power rates and release it quickly for weapon 
use. A pulsed-power system takes electrical pow- 
cer from a prime source (like a motor), stores it, and 
transforms the power to meet specific user require- 
ments. The importance ofa pulsed-power system is 
often underappreciated. For most electric weapon 
systems, the system size, weight, volume, and reli- 
ability are dominated by the pulsed-power chain. 
Pulsed-power components must be improved 
along with the weapon technology to make elec- 
trie weapons systems practical. A block diagram of 
a pulsed-power system is shown in Figure 2. 

Electrical energy can be stored in many ways, 
such as a battery (actually a chemical storage). A 
car battery has about a megajoule of energy, but 
it takes many seconds to drain it. A much faster 
method of storing electrical energy is ina capacitor, 
which can be discharged in milliseconds or faster. 
Inductive methods store the energy in the magne 
ic fields of a coil. This has the potential of achiev- 
ing higher energy density than capacitors, but 
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Figure 2. Block Diagram of a Pulsed-Powar System 


when the supporting systems are considered, the 
technology becomes less attractive. Energy storage 
for electric weapons can also be done with chem- 
ical explosive energy, where an explosive force is 
converted into electrical energy using techniques 
such as flux compression, Energy can be stored in 
the inertia of rotating machines and flywheels, but 
the energy can be released only as fast as the fly- 
wheel or motor can be stopped, usually in seconds, 
In many cases, several stages of energy store are 
used where each stage is faster than the last. Once 
the energy is stored, it must be released quickly us- 
ing a high-power switch, There are many types of 
switches. Pethaps the most common type for elec- 
tric-weapon applications has been the spark gap. 
Many types of controlled spark gaps exist, includ- 
ing pin-triggered, laser-triggered, field distortion, 
and simple overvolted. To achieve high repetition 
rates, flowing oil or gas can be used to flush the hot 
spark products, or sealed gaps using special fast-re- 
covery gases, such as hydrogen, can be employed. 
Other switches, such as vacuum tubes and solid- 
state switches, can be used if they can handle the 
voltages and currents needed. Solid-state technol- 
ogies, such as thyristers, have become very capa- 
ble in recent years. Once the energy is switched 
out, there is usually some additional power condi- 
tioning, where transformers or pulse-forming net- 
works are used to provide the desired pulse shape, 
voltage, and current required for the weapon, For 
rapid firing rates or continuous use, high average 
input powers are needed. 
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ALL-ELECTRIC SHIP 

‘One of the major impediments to the develop- 
ment of electric weapons systems for Navy ships 
has been a lack of electrical prime power. Current 
surface combatant designs employ up to 90 percent 
of engine power mechanically dedicated solely to 
propulsion. These designs are unable to provide 
the tens to hundreds of megawatts (MW) of elec- 
trical power capacity required for many electric 
weapons. The solution is an electric-drive ship that 
uses all the engine power to generate electricity, en- 
abling it to allocate power to weapons or propul- 
sion as needed. In recent years, the Navy has been 
investigating cost-effective power-system options 
to meet future platform requirements. 


HIGH-POw 
AND RF WEAPON 

Microwave weapons are generally considered 
to use frequencies above a gigahertz, whereas low- 
er frequencies are generally called RF weapons. 
‘These weapons are more powerful than electron- 
ic warfare systems and are designed to create ex- 
tended disruption or permanent damage. An HPM 
weapon is considered to have a peak power of more 
than 100 MW, or energies above 1 J. The energy can 
enter a target through intended RF paths, suc 
target antennas (front door), or unintended paths, 
such as housing joints, cavities, and circuit wires 
(back door). Pulses ranging from a few nanose 
onds to microseconds in duration can be sulicient 
to reset computers, cause loss of stored data, or 
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cause microprocessors to switch operating modes. 
Nonlinear circuits and components can rectify sig- 
nals and absorb energy outside of their normal op- 
erating parameters. Figure 3 illustrates some of the 
vulnerability areas on a missile body. 

RE or HPM devices can be divided into nar- 
rowband or wideband systems, dependent upon 
the employed pulse length. Narrowband systems 
are similar to high-power radar pulses and produce 
RE radiation with a very narrow bandwidth (fre- 
‘quency coverage). The damage concept is to create 
‘enough energy in a target to overheat or overload 
electronic components. Wideband systems gener- 
ally produce very short pulses (nanoseconds) and 
typically operate in lower frequency ranges. Wide- 
band systems produce much lower average powers 
and rely on high-peak electric fields to produce re- 
set or arcing of digital components. Creating short 
pulses—often only a few RF cycles long—generates 
a very broad frequency output to take advantage 
of a target's weak point. But, it also means that the 
energy is spread over many frequencies, so there 
may be very little energy at a specific vulnerable 
frequency. Vulnerability data is critical to estimate 
the effectiveness of HPM weapons. Ultimately, air 
breakdown will limit the amount of energy out of 
an antenna to around 1 MW/em* 

HPM devices can produce effects that range 
from denying the use of electronic-based equip- 
ment to disrupting, damaging, or destroying such 
‘equipment. HPM weapon advantages include all- 
weather capability, low precision pointing require- 
ments, and effects persistence after the radiated 
EM energy “beam” has been turned off. One major 
advantage of HPM is that electronics are general- 
ly more vulnerable to high fields and high energies 
than humans. This provides the ability to attack 
electronics without harming people, which makes 
HPM an ideal choice for nonlethal applications. 

‘Two major challenges of implementing HPM 
technologies into an operational weapon systems 
platform are: 

1. Fratricide, or self-destruction, can be a prob- 

lem because of the large areas affected by the 
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sidelobes and near field of any meaning- 
ful HPM weapon system. Therefore, when 
attacking a target of interest with an HPM 
‘weapon, there is a greater risk of disruption 
to systems that were not intended to be tar- 
geted but fell within the sphere of influenc: 
Host platforms, therefore, may need to un- 
ergo interference hardening. 

2. With regard to battle damage assessment, 
kinetic weapons have the advantage of typi- 
cally leaving visual evidence. HPM weapon 
systems do not leave large holes in a target 
but create more subtle influences as a result 
of attacking critical electronic components. 
Consequently, it can be more difficult to as- 
certain whether a target's capabilities have 
been sufficiently degraded or destroyed— 
and for how long—in determining wheth- 
er a mission was successful 

For HPM system development, a fundamental 

challenge is the understanding of what it takes to 
affect the target. Coupling mechanisms, where EM 
‘energy enters and affects the target system, are ex- 
tremely complex. The vulnerability of components 
is often vastly different ifit is outside or inside a cit- 
cuit board or enclosure. Effects depend upon the in- 
teractions with other components, connectors, and 
nearby conductors. The effects on a component can 
vary many orders of magnitude depending on fre- 
quency, orientation, cracks and seams, protective 
circuits, pulse energy, and duration, Research re- 
garding effects on missiles has shown large varia- 
tions not only between designs, but also between 
different serial numbers due to assembly meth- 
‘ods, cable routing, and component variations. With 
the increasing use of commercial equipment by 
the military, such as computers and radios, effects 
are difficult to predict due to constant design and 
component changes. In general, electronics are get- 
ting smaller and operating at lower voltages, mak- 
ing them more sensitive to high fields. But smaller 
components often have lower pickup areas, and the 
proliferation of interfering signals has increased the 
amount of shielding on modern electronics, When 
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Figure 3. HPM Coupling Paths on Missile Body 
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target systems are located inside structures or build- 
ings, it becomes even more difficult to predict. Ef 
forts to predict reflections and interference inside 
complex structures become extremely complicated. 
Accordingly, generic electronics kill using universal 
waveforms is not likely. There continues to be a lot 
of hype about what RF weapons can do, but the idea 
that a backpack device can wipe out all electronics 
in a city is no more realistic than a hand-held laser 
cutting through a bank vault door. 


HIGH-ENER S (HEL: 

‘A laser generally produces a beam of coher- 
ent light at a specific wavelength dependent on 
the atomic structure of the lasing substance. Only 
certain substances have the atomic properties ap- 
propriate for producing laser light, and these are 
often limited in power. Lasers are characterized 
by the substance being lased (gas, liquid, or solid) 
and the “pumping” process (light energy, el 
ity, or chemical reaction). A resonant optical cav- 
ity provides the means for aligning the energy in 
the beam and extracting that energy. A military la- 
ser system also includes beam processing or beam- 
path conditioning, beam pointing and control 
and—for long-range applications—adaptive optics 
to compensate for the atmosphere. 

Until recently, HELs have been driven by chem- 
ical energy, so very little electrical power or pulsed 
power was needed. Chemical lasers use the reac- 
tions of gases or liquids to create the excited energy 
states necessary for laser emission. Large chemical 
lasers and beam directors have been developed by 
the Navy in recent decades and have successfully 
ruptured fuel tanks and downed supersonic mis- 
siles, However, these lasers required high-velocity, 
chemical-reaction chambers and emitted hazard- 
ous gaseous by-products. They often operated at 
wavelengths where the atmosphere absorbed much 
of the energy. Absorption creates thermal bloom- 
ing, whereby absorbed energy in the air creates 
a negative lens that defocuses the beam. Increas- 
ing the power of the laser increases the energy ab- 
sorbed and worsens the problem. The Army and 
Air Force are developing chemical lasers for air- 
borne applications, where atmospheric absorption 
is less of a problem. Recent Navy interest in HELs 
has concentrated on lasers that are electrically pow- 
ered, rather than chemically powered, and that op- 
erate at shorter wavelengths to allow smaller optics 
and more efficient propagation near the water. 

‘Small semiconductor (or diode) lasers use cur- 
rent flow through an electrical junction to excite 
electrons and create laser light. These lasers are 
very limited in power, so research has focused on 
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using large numbers of lasers assembled into a co- 
herent array. Semiconductor lasers also create effi- 
cient light to excite or “pump” other types of lasers. 
Solid-state lasers (SSLs) use crystalline materials 
mixed (doped) with elements needed for proper 
lasing. SSLs show strong promise for compact, me- 
dium-power HEL weapon systems, Scaling these 
systems up to megawatt levels creates extreme heat 
in the crystal material, making it very difficult to 
prevent internal damage. Forced cooling and the 
heat capacity of large masses are under study. 

Fiber lasers—which use semiconductor diode 
lasers to pump a flexible, doped crystalline fiber 
(similar to a fiber-optic line)—have demonstrated 
high efficiency and relatively high power. The tech- 
nology is being used in the welding and cutting in- 
dustries. Methods of pumping large numbers of 
fiber-optic lasers and combining them are being in- 
vestigated. An example is shown in Figure 4. 

‘The free-electron laser (FEL) operates dif- 
ferently from a conventional laser. An FEL uses a 
high-voltage electron accelerator to push electrons 
through a magnetic “wiggler” to create light radia- 
tion across a tunable band of frequencies. The FEL 
is extremely complex and large, but scaling to very 
high powers may be possible. Perhaps the biggest 
promise of the FEL is the ability to design the laser 
at an ideal atmospheric propagation wavelength. 
Significant technical hurdles remain in reaching 
the status of a deployable FEL, in scaling the beam 
to megawatt powers and in providing the necessary 
engineering to turn a laboratory device into a weap- 
‘on system of reasonable size. For Navy application, 
FELs will require improvements in areas of radia- 
tion shielding, high vacuum, high-current photo- 
injectors, and probably cryogenic cooling—all of 
which must be integrated into a ship's basic design. 

Fiber lasers and SSLs are the leading-candi- 
date Navy lasers for medium power, as FELs are 
for high power. All are electrically driven and can 
meet the requirement for shorter wavelength, ca- 
pable of transmitting at the “maritime window" of 
approximately 1 

HEL weapons’ advantages include a highly di- 
rectional and narrowly focused beam, providing: 

+ Minimal collateral damage 

+ Speed-of-light delivery 

+ Rapid retargeting 

+ Low cost of engagement 
Disadvantages center on: 

+ Limited range due to atmosphericattenuation 

+ Weather limitations 

+ Low efficiency (often less than 10 percent) 

+ Need for eye protection 

+ Relatively large size and weight requirements 


Figure 4. Drawing of Laser Weapan System (LaWS) 


Long dwell times (seconds) will be needed for 
most targets. As with RF systems, there is a potential 
nonlethal or variable lethality capability since the 
energy can be easily defocused. A critical challenge 
is the understanding of a laser beam’s propagation 
through a maritime boundary layer environment, 
where the sea and air interface creates turbulence 
and moisture gradients, Measuring the atmosphere 
and compensating for variations in real time may re- 
quire adaptive optics or “rubber mirrors” that can be 
constantly adjusted to compensate for changes. Fo- 
cusing a small spot at long range will require high 
beam quality and large optics, probably meter-size 
mirrors that are very highly reflective and very clean. 

HELs in the future are expected to be able to fo- 
cus energy to a spot size of much less than a meter 
at ranges of kilometers. This will necessitate very 
accurate target tracking systems, and precise stabi- 
lization and beam-pointing systems, both of which 
are difficult but should be feasible in the near term, 
Real-time atmospheric measuring systems will be 
needed for compensation techniques. Methods to 
protect the sensitive optical system from salt spray 
and corrosion will also be needed 

From a lethality perspective, three consider- 
ations need to be better understood before a HEL 
can be deemed a true weapon system: 

1. Achievable spot size of beam on target at 

2. Amount of coupling into the target material 

3. Subsequent effects of the damage inflicted 


For the more severe threats, 
such as high-speed, antiship cruise 
missiles, HELs face the difficult 
task of engaging maneuverable, 
stealthy, inbound missiles. As 
such, a better quantitative un- 
derstanding of the interactions 
among a laser beam’s energy de- 
position, target material, and 
flight dynamics is needed. 


‘A particle-beam weapon is 
a directed flow of atomic or sub- 
atomic particles. These parti- 
cles can be neutral or electrically 
charged. Neutral beams need to 
be used outside the atmosphere 
(in space), where charged par- 
ticles would repel and fly apart 
Charged-particle beams (CPBs) 
are easier to make and are used 
within the atmosphere, where 
air molecules can constrain the 
beam, A CPB weapon transmits matter—not just 
EM waves—like lasers and microwave weapons. 
‘The particles are near the speed of light and deposit 
their kinetic energy deeply into any target materi- 
al. They have the potential to be highly destructive 
weapons and are very difficult to shield against. 

Charged particles are produced by applying a 
strong electric field near a material that emits elec- 
trons, These electrons then pass through ace: 
erating stages with high voltage gradients (often 
megavolts), which increase the electron’s veloc- 
ity. As the electrons pass each stage, the veloci- 
ty increases until they approach the speed of light 
(become relativistic), at which point they have sub- 
stantial energy to penetrate a target. The accelerat- 
ing systems can be lin 
is more compact and can reuse stages. The 
tems are basically high-current versions of scienti 
ic particle accelerators, 

Once the electron beam is produced, it must 
propagate to the target. High-velocity electrons 
will not go far before they collide with air mol 
cules and lose energy. The fact that air molecules 
struck by the beam are heated and moved out of 
the way for a short period of time creates a rarified 
“hole” in the atmosphere through which a second 
pulse can travel farther. In this manner, a fast series 
of pulses can “hole-bore” to the target, each pulse 
going farther than the last. The final pulse must 
have enough energy to damage the target. The de- 
celeration of electrons in the atmosphere causes 
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Bremsstrahlung radiation in the forward direction 
toward the target, creating gamma rays that, in 
turn, create X-rays and RF radiation.* These effects 
can cause electronic upset and “soft-kill” mecha- 
nisms even if the beam slightly misses the target. 
The beam of electrons is typically a few centi- 
meters in diameter. When a beam strikes a target, 
the energy is deposited deep in the material (the 
collision cross section is small because of the rela- 
tivistic speeds) in microseconds (much faster than a 
laser), creating thermal shock that is very difficult to 
shield against. For an explosive target, there is also 
the possibility of causing a deflagration or low-order 
burn, disrupting the normal warhead mechanism. 
Scientists studying CPB weapons made sig- 
nificant technical advancements in the 1980s, but 
the weapons are still far from being practical. A 
CPB weapon is technically very challenging and 
expensive to build, Studies project that the vol 
ume requirements necessary for a CPB system 
could be on the order of a 5-inch gun system, Ad- 
vantages of a CPB weapon include rapid penetra- 
tion, a deep magazine, all-weather capability, and 
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soft-kill mechanisms for a near miss. Problems in- 
clude complexity, size, limited range, and the need 
to demonstrate compact accelerators and propa- 
gation mechanisms. 


A number of technology concepts to launch 
projectiles exist using electrical energy. These sys- 
tems rely on large currents in conductors, creating 
strong magnetic fields that drive a projectile. The 
velocity of a normal powder gun projectile is limit- 
ed by the expansion speed of the explosive powder, 
and present military guns are reaching that limit 
With an electric gun, the fields can push projectiles 
much faster, providing longer ranges and increased 
Kinetic energies. The simplest version is an EM rail 
gun, shown in Figure 5 

In any conducting loop, the generated magnet- 
ic field tries to expand the loop. Ifeverything is held 
in position, the only movable item is the conducting 
projectile, which moves down the rails in an attempt 
to expand the loop. Since megajouoles of projectile 
energy are needed for EM rail guns, energy storage 
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Figure 5. Electromagnatic (EM) Rail Gun Concept 
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mechanisms that can store about 100 MJ are need- 
ced, along with the ability to discharge the energy in 
milliseconds. To generate useful forces, millions of 
amps of current are needed—a major challenge and 
significant loss mechanism. Large capacitor banks 
with very high-current switches are required. Spark 
gap switches have historically been the only option, 
but new high-current solid-state switches are now 
becoming available. Capacitor energy densities, too, 
have improved an order of magnitude in the last few 
decades, Rotating machines have also been consid- 
ered because they are smaller than equivalent ca- 
pacitor banks, but extracting the energy quickly, 
without tearing the machine apart, has been prob- 
ematic. The launch energy of various projectiles is 
shown in Figure 6. 


+ 20 mm —0.1 Megajoules 

+ 78mm --1 Megajoule 

+ 5/54 --10 Megajoules 

+ 8'/55 —-40 Megajoules 

+ 16” gun -300 Megajoules 

+ Aircraft -50 Megajoules 
(30,000 kg @ 50 m/sec) 


‘KnoticEnorgy of Conventonal Launch Packages 


Figure 6. Launch Energy of Various Projectiles 


A rail gun is probably the most compact form 
of electric launcher. However, it requires direct 
electrical contact between the projectile and barrel 
rails, creating the potential for arcing, melting, and 
erosion. Coil guns use a series of sequentially fired 
coils around a “barrel” to push the projectile in 
stages. This does not require direct electrical con- 
tact, so it avoids rail erosion but requires a series of 
fast timed switches and more space. Linear induc- 
tion motors are basically unrolled electric motors 
and have been used on electric trains and roller 
coasters, typically with magnetic levitating systems 
to avoid contact erosion. This concept is being de- 
veloped by the Navy for launching aircraft. "The 
energy to launch an aircraft is similar to a large- 
caliber projectile—more weight but less speed. The 


slower speeds are more suitable for rotating ma- 
chines since the launch times are seconds rather 
than microseconds." Electrothermal guns and elec- 
trothermal-chemical (ETC) guns use a combina- 
tion of electricity and chemicals. Electrical energy 
is used to initiate chemical reactions that can pro- 
duce lightweight driving gases, like steam, or allow 
more energetic propellants that are difficult to ig- 
nite in a conventional fashion. 
Some advantages of electrically driven projec- 
tiles include: 
+ Higher projectile velocity (over convention 
al explosives) 
+ Very long range (>100 miles) with lower cost 
than missiles 
+ Time-critical delivery (because of shorter 
time of flight) 
+ Safer projectile stowage (minimal explosives) 
+ Potentially adjustable velocity levels, for bet- 
ter accuracy and controllable damage 
‘The potential of having nonexplosive rounds 
and magazines is very attractive for the Navy. For 
long-range, large-caliber EM projectiles, the kinet- 
ic energy from the projectile velocity is greater than 
the chemical explosive energy in a conventional 
round traveling much slower. Therefore, damage 
can be equivalent even without explosives. System 
size and lifetime are still behind conventional sys- 
tems, but getting close, 


OUTLOOK 

Challenges remain for many electric weapon 
concepts. These weapon systems appear promis- 
ing to meet the increasingly important asymmet- 
ric threats with low-cost precision rounds. They 
also can be employed across the energy spectrum 
for nonlethal targeting. Electric weapon systems 
will, in many cases, continue to supplement exist- 
ing kinetic weapon systems in the near term. De- 
spite technology challenges, directed-energy and 
electric weapons hold great promise in offering the 
future warfighter unique combat capabilities not 
currently available. 


ENDNOTE 
4. Bremastrahlung—a typeof radiation emitted when high-energy 
fects are decelerated, (German for braking radiation) 
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SOLID MODELING OF DIRECTED-ENERGY SYSTEMS 


Not long ago, around the mid-1980s, development of most new mechanical sys- 
teitis—stich as automobiles, consumer products, and military devices—was performed 
‘manually on a drafting table or drawing board, much like the present-day version shown 
in Figure 1. These tables and boards performed a necessary function, but they offered 
little assistance other than for drawing lines, Engineers used them to prepare layouts, or 
two-dimensional sketches of what they were designing, They then would take these lay- 
‘outs to a draftsman, who would create drawings of each part in the device, The drawings 
‘would subsequently be sent to a manufacturing facility. 

‘This layout and drawing preparation process typically would need to be repeated 
‘multiple times because mistakes would be made, or design issues would be discovered 
Tate in the process. Similarly, the manufacturing process would sometimes require mul- 
tiple iterations as well because of the inherent limitations in designing three-dimen- 
sional (3-D) devices on two-dimensional boards. This less-than-ideal process made it 
difficult to design and manufacture even mundane products and frequently resulted in 
things that just didn't work. With the emergence of early computerization, numerical 
analyses of more complex systems began to be performed, These analyses were conduct- 
ed to ensure that the systems worked in the real world, For example, engineers might 
conduct a structural analysis of the forces in a loaded dump-truck bed to make sure that 
the frame wouldn't bend and fail. Because of the difficulty in performing these analy- 
ses, they would often require a specially trained group of structural engineers, expensive 
software, and large mainframe computers, limiting their tse to only the largest, most 
well-funded companies or organizations. 


EMERGENCE OF COMPUTER-AIDED DESIGN (CAD) 
AND SOLID MODELING 

With the availability of smaller scale computers and more economical software in 
the mid-to-late 1980s, CAD was born, initiating a period of rapid improvement in the 
design process. This was driven, in part, by the introduction of software packages such 
as AutoCAD. Initially, these software packages only attempted to automate drawing 
lines by making wireframe (stick-figure) versions on the computer of what previous- 
ly had been made by hand on the drafting board. This reduced the difficulty in making 
changes in the development process, but it stll limited the engineer's pallet to a two-di- 
mensional space. What was really needed was a 3-D method of design, Solid modeling 


Solid Modeling in the Development Process addressed this need beginning in the late 1980s to 
‘Noo! -> Desgn/ naps > Docemenaton-> Marfocaring > Sobton early 1990s, 

Solid modeling is analogous to taking blocks of 
clay and cutting and forming them into the shape 
of a solid part on a computer. These 3-D parts are 
then put together in an assembly, more accurately 
representing real-world devices. Though original- 
ly used only in a limited way for specialized appli 
cations in the aircraft and automobile industries, 
it wasn't until the 1990s that solid modeling expe- 
rienced widespread availability and mainstream 
acceptance due to software packages such as Pro/ 
ENGINEER. Figure 2 summarizes how Pro/ENGI- 
NEER and other similar packages fit into the de- 
velopment of new products. The general flow of the 
process moves from left to right. 

Initially, nearly all 3-D solid modeling pack- 
ages required significant computing and graphics 
display power, necessitating the use of large graph- 


ics workstations running the UNIX operating sys- 


Figure 1. Drawing Board tem, Rapid advances in computing and graphics 
power have since enabled nearly all packages to 
run efficiently on personal computers (PCs) and 
laptops, bringing solid modeling and analysis ca- 
pability into the mainstream, 
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Figure 2. Solid Modeling inthe Development Process 
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SOLID Mope 
DIRECTED-ENERGY SYSTEMS 

Engineers working in the Directed Ener- 
gy Division at the Naval Surface Warfare Center, 
Dahlgren Division (NSWCDD), use solid model- 
ing to develop hardware for nearly all of its pro- 
grams. Both Pro/ENGINEER and SolidWorks are 
used extensively to develop new products in virtual 
3-D space, Additionally, the structural simulation 
package within Pro/ENGINEER is used to deter- 
mine stresses and natural frequencies of parts and 
assemblies. Consequently, these packages have en- 
abled a single mechanical engineer in the Directed 
Energy Division and a draftsman in the Engage- 
ment Systems Department at Dahlgren to perform 
the design and analysis work that would have re- 
quired an entire group of engineers and draftsmen 
just a few years ago. Today, collaboration among 
many organizations using similar packages has be- 
come commonplace. Insofar as solid modeling has 
become an indispensable tool for development and 
collaboration, its successful implementation re- 
{quires proper training and experience before engi- 
neers can use it effectively, just as medical surgeons 
require training in the use of advanced robotic sur- 
gical devices before they can be used effectively. 
‘Thus, while these high-tech modeling systems not 
only have reduced the number of personnel need- 
ed for design and development, they have enabled 
the Navy to get significantly more bang for its buck 
while supporting warfighting needs. An example of 
how solid modeling is currently being used is dis- 
cussed below. 


NAVY LASER Wt 
(LAWS) BEAM DIRECTOR 

‘The Directed Energy Warfare Office (DEWO) 
and Directed Energy Division at Dahlgren are cur- 
rently developing the Navy LaWS for the Naval Sea 
Systems Command’ Directed Energy and Electric 
‘Weapon Systems (DE&EWS) Program Office (PMS 
405). The program's goal is to take advantage of cur- 
rently available industrial laser technology and in- 
Corporate it into a future naval weapon system. As 
part of the development process, major subsystems 
have been integrated with a Kineto Tracking Mount 
(KTM) into a LaWS beam director, The KTM/beam 
director was modeled and analyzed using Pro/EN- 
GINEER. Ultimately, the resulting LaWS will be 
installed on Navy ships on the Close-In Weapon 
System (CIWS) gun mount. During field testing in 
June 2009 at the Naval Air Warfare Center, China 
Lake, California, the prototype KTM/beam dir 
tor successfully destroyed five unmanned aerial ve 
hicles (UAVs), The actual beam director used in the 
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China Lake testing is shown in Figure 3; the Pro/ 
ENGINEER assembly model used for development 
is shown in Figure 4 

‘The LaWS effort took advantage of many as- 
pects of solid modeling including collaboration, 
structural and modal analysis, and manufactur- 
ing drawing creation. The project required devel- 
‘opment of new, unique hardware, as well as the 
integration of electronic models from commercial 
vendors. The KTM model was provided by L-3 
Brashear and was originally designed using Pro/ 
ENGINEER. The beam-directing telescope mod- 
el was provided by RC Optical Systems, Incor- 
porated, and was originally made in SolidWorks. 
‘These models were combined with many new op- 
tical and structural components developed by the 
Directed Energy Division into a single, compre- 
hensive assembly model. This model was instru- 
mental in understanding the interaction of the 
many components, and its use increased accura- 
cy and precision that would have been impossible 
with old-fashioned two-dimensional develop- 
ment processes. Figure 5 shows a cross section 
through the main portion of the beam director, 
revealing the complexity of the many parts and 
subassemblies required for such a device. In addi- 
tion to modeling the mechanical components, the 
actual laser beams were also included to better un- 
derstand their path through the various mirrors 
and optical devices in the beam director, and to 
better highlight any interference they might have 
with structural components within the KTM or 
telescope. 

Numerous analyses were performed to make 
sure that everything worked the way it was intend- 
ed. One major analysis addressed the telescope 
mount. To ensure that the beams were stable at 
range, the mount had to be extremely stiff. The best 
Way to ensure this was to perform a structural anal- 
ysis using the structural simulation package within 
Pro/ENGINEER. Figure 6 shows the results of that 
analysis: a displacement plot in which different col- 
ors represent how much the telescope will move 
when the KTM rotates at its maximum speed. The 
large cylindrical object simulates the mass of the 
telescope. The minimum amount of displacement 
is indicated by blue, and the maximum is shown 
in red, This analysis verified that the movement of 
the telescope, relative to the optical components 
within the optics breadboard, was acceptable and 
should perform well at the range specified by the 
program office, 

‘After modeling and analysis were completed, 
manufacturing drawings of custom parts were cre- 
ated by the Engagement Systems Department to be 


Figure 3. LaWS Beam Director 


Figure 4, LaWS Beam Director Assembly Model 
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Figure 5. LaWS Beam Director Cutaway 
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sent to manufacturing facilities, such as machine 
shops. One example is shown in Figure 7, which 
shows the first sheet of the multisheet drawing 
needed to manufacture the large plates that sup- 
port the telescope from the center platform of the 
KTM. One of these plates is also shown in the dis- 
placement plot in Figure 6. 

Even though it would be possible for one person 
to doall of the modeling, analyses, and drawings for 
a particular program, a more efficient process takes 
advantage of using the best skills available by col- 
laborating with other experts. Collaboration en- 
ables assembly, part, and drawing files to be sent 
electronically, eliminating the need for collocating 
personnel. Drawings for the LaWS program, for in- 
stance, were made using noncollocated personnel 


across base at NSWCDD. They could just as easi- 
ly have been made using personnel from across the 
country, 

‘The LaWS program exemplifies how the Di- 
rected Energy Division uses solid modeling to 
enhance the quality and effectiveness of Navy di- 
rected-energy capabilities. As a result, warfighters 
will be better armed with more effective weapons 
and capabilities for future naval conflicts. 
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A FUNDAMENTAL KEY TO NEXT-GENERATION 
DIRECTED-ENERGY SYSTEMS 


By Directed Energy Division, Electromagnetic and Sensor Systems Department 


Imagine an explosive ordnance disposal (EOD) unit on a routine scouting patrol 
deep in the notorious “Triangle of Death” south of Baghdad, where Marines, Sailors, 
and Soldiers frequently find themselves exposed to improvised explosive devices (IEDs). 
Fortunately, this newly outfitted unit is equipped with the latest unmanned, mobile, re- 
mote-controlled, radio frequency (RF) transmitter used as a directed-energy weapon 
(DEW). The integrated system provides comprehensive IED prediction, detection, pre- 
vention, and neutralization capabilities. Lightweight, pocket-sized transmitters carried 
by each warfighter constantly communicate sensor intelligence, key vital signs, critical 
conditions, and location telemetry to a geostationary satellite (GEOSAT). It intercepts, 
collects, and retransmits intelligence and situational awareness data simultaneously to 
any command post in the world and to each member of the unit on patrol. Highly effi- 
cient, miniature, switch-mode, RF amplifiers with high-power density (small size and 
weight with high-power output) enable these visions of future capabilities as their sys- 
tems’ transmitter backbone. 

To civilians, the miniaturization of modern wireless (electromagnetic) devices is 
considered a mere convenience or luxury, i., Blackberries, mobile phones, and high- 
speed wireless network connections. To the next-generation warfighter, miniaturized, 
wireless, directed-energy (DE) systems open the door to the realization of a whole new 
set of effective and efficient wireless modalities. And while the capabilities mentioned 
in the above scenario are not yet available to warfighters, researchers believe they have 
uncovered the key to next-generation DE systems leading to the miniaturization of 
DE devices. 


NEXT-GENERATION DE SYSTEM REQUIREMENTS, 

‘At the Naval Surface Warfare Center, Dahlgren Division (NSWCDD), key system 
requirements for effective next-generation DE systems are being researched and devel- 
oped for applications to counter IEDs, to detect explosively formed penetrators (EFPs), 
to neutralize explosives, and to predict threat locations. Next-generation DE systems 
must yield a high probability of mission success and be inherently safe to operate. By 
design, they must minimize or eliminate the risk of hostile attack or collateral damage 
especially during screening missions, Considering the DEW example above, practical 


(080102-N-1132M-006 SHEIK SAID, Iraq (2 January 2008) U.S. Army Soldiers attached to 3rd Squadron, 2nd 
Cavalry Regiment patrol and search for weapons or Improvised Explosive Devices (IEDs) during a clearing 
mission. (U.S. Navy photo by Mass Communication Specialist 1st Class Sean Muligan/Released) 


next-generation DE systems must be physically 
characterized by: 

+ Low mass (weight) 

+ Small size (volume) 

+ High-power output with respect to size or 

high-power density 

+ High efficiency for extended mission use 

+ Minimized prime power and cooling support 

+ Portability 

+ Mobility 

+ Configurability 

‘They must also ensure a high probability of mis- 
sion effectiveness. The DEW must be easily trans- 
portable and agile, adapting to the immediate, local 
military mission requirements in various warfight- 
ing environments, Additionally, DE systems must 
be mechanically robust and able to withstand the 
shock and vibration of combat missions in rough 
and rugged environments, The key requirement— 
efficiency—fundamentally facilitates all required 
characteristics, including mass and size. 


MOVING BEYOND REQUIREMENTS 
Scientists at NSWCDD, sponsored by the Of- 
fice of Naval Research (ONR), are researching and 
developing key system requirements for effective 
next-generation DE systems to counter IEDs, to 


detect EFPs, to neutralize explosives, and to pre- 
dict threat locations. 

Researchers at NSWCDD are leading the way 
toward realizing small, lightweight, RF transmit- 
ters using high-power, solid-state, switch-mode 
amplifiers, theoretically 100 percent efficient. These 
practical switch-mode amplifier realizations are 
at least 1/100 the volume and weight of any com- 
mercially available linear solid-state amplifier of 
‘comparable power output. The challenges includ- 
ced assessing what type of active amplifier device 
and operation would provide the greatest power 
density (power output per unit volume and mass) 
with its necessary auxiliary systems, such as prime 
power generation and cooling of waste heat. Such 
a device also needed to provide sufficient output 
power based on required standoff range and IED 
system-coupling efficiency while also maintaining 
a manageably-sized, easily transportable system. 
Researchers initially considered tube-based sys- 
tems, but large, heavy, direct-current (DC) power 
supplies are required, and typically 40 percent of 
the input power is dissipated in heat, which negates 
any possibility of miniaturization, 

‘Upon a practical review of amplifier-class oper- 
ations and suitable active amplifier devices, howev- 
er, research pointed to contemporary switch-mode 
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amplifier schemes (e.g., Class-E and Class-F) us- 
ing solid-state technology—such as the high-elec- 
tron mobility transistor (HEMT)—as satisfying 
the high-power density and abusive mechanical 
requirements for expected worst-case transporta- 
tion and operation in a rugged environment. To 
significantly impact reduction of size and weight, 
practical, high-efficiency thresholds were defined 
for next-generation DE systems at 90 percent and 
greater. The key technology enabler to realize am- 
plifier high efficiency in high-power amplifiers 
up to 60 KW was found in exploiting contempo- 
rary switch-mode amplifier architecture with effi- 
cient power combining. Particularly, switch-mode 
schemes in Class-E and Class-F operation as sol- 
id-state, active-hybrid planar topology designs 
were found to be necessary and sufficient for DE 
applications. These analyses led to a novel, Class-E 
RF switch-mode amplifier design. A Class-E RF 
switch-mode amplifier can theoretically oper- 
ate at 100-percent efficiency. For every input watt 
supplied, an RF output watt is produced. The con- 
ductors and dielectric substrate of the hybrid pla- 
nar load network and the commercial off-the-shelf 
(COTS) transistor all exhibit some small degree of 
power loss, suggesting an estimated practically re- 
alized efficiency of 90 percent. 

‘Moreover, the amplifier under research con- 
sisted of a novel microwave load network operat- 
ing with high-power output at ultrahigh frequency 
(UHE). This research led to the state of the art in 
Class-E designs leading by hundreds of watts, sever- 
al hundred megahertz in frequency, and roughly 10 
percentage points in efficiency. A common, solid- 
state, high-power amplifier design technique sums 
the phase and amplitude of smaller amplifier units 
to the large values required for DE systems. A prac- 
tical hardware limitation exists that limits the theo- 
retically infinite number of fixed RF output power 
units to a finite number. Approximately 60-kW 
RF output power sets the boundary as the largest 
hardware realization. By applying spatial power 
combining in the propagating medium, phased- 
array antennas can be employed with constructive 
wave interference in air that would allow sufficient 
RE power densities on target, based on the number 
of elements in the array. This technique eliminates 
the traditional hardware necessary to power com- 
bine the smaller power-amplifier elements, realiz- 
ing a much simplified DE system with enhanced 
power density in the transmitter, and reduced mass 
and volume. 

‘The key to ultrahigh efficiency in a switch- 
mode amplifier, such as Class-E or Class-B, is found 
in zero-voltage switching (ZVS). Here, the load 
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network is not only designed to be resonant at and 
around a particular desired switching frequency, it 
must simultaneously act to force the voltage across 
the switch to be zero when current flows and when 
it switches off; hence, theory suggests that no pow- 
er is dissipated because the product of current 
through, and voltage across, the switch is zero, 
It is this aspect of the design that makes the job 
of switch-mode amplifier realization difficult. Of 
course, in practice, a small voltage exists for a very 
short time during the switching action, resulting 
in a small amount of input power being dissipated 
in heat. This theoretical description also assumes 
that all components are ideal (ie., no impedance 
to current flow exists in the switch when turned 
on). All realistic switches exhibit finite impedance 
when turned on, which does dissipate some wast- 
ed energy, but again, this is very small in modern 
HEMT devices using the ZVS technique. 

Class-E switch-mode amplifier theory de- 
velopment began in the United States during the 
1960s, with details published in 1975, although 
some earlier reports were published in Russia. 
Lumped element electrical components (RE choke 
inductors and metal film capacitors) were initial- 
ly used in lower frequency (3 to 30 MHz) proto- 
types. As engineers attempted higher frequency 
designs in the very high frequency (VHE) range, 
solid-state transistor switch parasitic intrinsic and 
packaging elements found inside the transistor be 
gan to be used as some of the key components ne 
essary for ZVS. These parasitic elements included 
stray capacitance caused by differences of poten- 
tial between parts inside the transistor and induc- 
tance caused by bond wire length that is used to 
connect the transistor to accessible terminals in its 
packaging. At microwave frequencies, these par- 
asitic elements become sensitive, invoking un- 
intended significant changes to load networks 
designed to operate with the transistors. Intrinsic 
elements include drain-to-source breakdown volt- 
age capability and peak current capability. As the 
need for higher frequency operation and higher 
power increased, constraints of key transistor pa- 
rameters became difficult to produce in tradition- 
al silicon technolog 

+ High instantaneous transient (peak) current 

capability through the transistor 

+ Moderate breakdown potential across the 

transistor 

+ Low output capacitance 

Only within the past few years have transis- 
tor manufacturers produced COTS transistors that 
meet the required capabilities necessary to oper- 
ate in switch mode for microwave frequencies and 


(081107-N-11201-072 RAMADI, Iraq (7 November 2008) Joint EOD Rapid Response Vehicles (JERRVs) assigned to Naval Mo- 
bile Construction Battalion (NMCB) 7's convoy security element are secured following an escort mission from a forward operating 
base, The Cougar-type JERRVS are employed by coalition forces for escort and logistes missions, and to protect personnel from 
IEDs. NMCB 7 is deployed to U.S. Forces Central Command to provide contingency construction support to coalition forces in sup- 
port of Operations Enduring Freedom and Iraqi Freedom. (U.S. Navy pholo by Mass Communication Specialist 2nd Class Michael B. 


LavenderiReleased) 


high-power output. Selection is still somewhat lim- 
ited for designers, 

New transistor technology known as galli- 
um nitride (GaN) HEMTs—using state-of-the- 
art manufacturing processes with GaN on silicon 
carbide materials—now facilitates Class-E high- 
power amplifier (100-W) designs at ultrahigh fre- 
quencies. The design process for switch-mode 
amplifiers is radically different than linear amplifi- 
ers, so engineers have tended to continue using lin- 
ear amplifier design techniques due to familiarity, 
rather than advance to the switch-mode designs. 
‘Today, the Class-E and Class-F unit power output 
(greater than 100 W) capability and upper frequen- 
cy limitation is based on a lack of available HEMTS 
with the necessary parameter capabiliti 

Most recently, transistor manufacturers have 
limited their investment in the Class-E amplifier 
id-state switch market due to no commercial mar- 
ket mandate. An assortment of presently available 
HEMTs provides a low-power capability in terms of 
1- to 10-W output power for Class-E amplifiers in 
the cell phone market. The need remains to continue 


advancing in commercially manufactured HEMTS 
with key capabilities necessary to realize larger unit 
power output, hundreds of watts to a thousand 
alts, for practical implementation in DE systems. 


Po! Mu APPLICAT 


Expanding on the vision of the next-genera- 
tion DEW system mentioned at the beginning of 
this article, further imagine that EOD scouts de 
tect a laser fluorescence signature of C4 high & 
plosive and chlorine outgasses in the vicinity of an 
abandoned vehicle 2-km north of their current po- 
sition, An electronic support measure (ESM) team 
on board an approaching clearing vehicle initiates 
RE jamming and electromagnetic surveillance pro- 
cedures. Electronic specialists also scan the area 
with ground-surface differential thermography— 
particularly to detect possible buried IEDs and 
EFPs or their tiny command wires, crush wires, or 
pressure plates—while clearing a pathway to the 
abandoned roadside vehicle. 
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Upon arrival ata 500-m safe distance, the EOD 
specialists command the RF transmitter’s robotic 
platform, also equipped with sensitive gamma-ray 
planar and computed tomography (CT) imaging 
to navigate toward and around the vehicle, inter- 
rogating every possible hiding place. It disclos- 
es an [ED in the fuel tank. The specialist lifts the 
transmitter arming safety and commands the re- 
mote transmitter to radiate a prescribed dose of 
RF energy directed at a carefully chosen com- 
ponent of the vehicle-borne IED (VBIED) sys- 
tem, Without entering the vehicle, the advanced 
screening system detects and defuses the deadly 
IED buried within the rusty, metal vehicle chas- 
sis, Within minutes, the suspected VBIED threat 
is entirely neutralized, with absolutely no wound- 
ed warlighters or casualties. 


Pictured here i the National Aeronautics and Space Administra 
tion/ National Oceanic and Atmospheric Administration (NASAI 
NOAA) Geostationary Operational Environmental Satelite-P 
(GOES-) launching trom Cape Canaveral Air Force Station, 
Florida, aboard a Delta IV rocket procured by Boeing Launch 
Services on 4 March 2010. Built by Boeing Space and Intell- 
gence Systems, GOES-P will provide NOAA and NASA scien- 
Usts with data to support weather, solar. and space operations, 
and will enable fuure sclence improvements in weather predic. 
tion and ramate sensing. Aditionaly, GOES-P wil provide data 
on global climate changes and capability for search and rescue, 
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Beyond IED detection and neutralization, 
imagine an expeditionary unit on patrol, with each 
member equipped with an RF transceiver about 
the size and weight of a cigarette pack with an ul- 
trahigh-efficient switch-mode amplifier. The min- 
iature transceiver constantly communicates sensor 
intelligence, key vital signs, critical conditions, 
and location telemetry to a GEOSAT. This small 
switch-mode amplifier has the needed output 
power to reach an altitude of 35786 km, where the 
GEOSAT intercepts, collects, and retransmits this 
intelligence and situational awareness data to any 
command post in the world and to each member 
of the unit on patrol simultaneously. The expedi- 
tionary unit, spread out over a wide area with large 
interspacing, shares the situational awareness and 
intelligence data of each other at the speed of light. 
‘Thus, near real-time, worldwide communications 
with ubiquitous secure access from the battlefield 
is possible in a multiple-input, multiple-output 
(MIMO) architecture. The same system could pro- 
vide a soldier-to-soldier MANET. 

Next-generation switch-mode RF amplifier 
designs could also optimize payload weight and 
volume on board new communication satellites 
while supplying higher power density and mak- 
ing efficient use of the solar power supply budget. 
Improved switch-mode amplifier power output, 
when combined with enhanced antenna design, 
would minimize Earth-station antenna size re- 
quirements. The recently launched satellite shown, 
at left demonstrates an example of the latest anten- 
na technology. 


LOOKING FORWARD 

Miniaturizing next-generation DE systems 
opens up a whole new world of applications to sup- 
port warfighters in ways unimaginable just a few 
years ago, Reduction of transmitter mass and vol- 
lume, accompanied with high efficiency, creates a 
welcome trickle-down effect. Low profile, small, 
lightweight DE systems means: 

+ Less vulnerability to attack 

+ Greater mobility and maneuverability 

+ Simplified logistics with less fuel-supply de- 

mands 

+ Less impact on the environment 

Clandestine operations, too, could be execut- 
ed with greater ease and simplified logistics sup- 
port, In the case of MIMO MANETS, miniaturized 
high-power density transmitters could further ex- 
pand capabilities for the warfighter, enabling them 
to carry high-power transmitters to communicate 
with satellites or other supporting platforms. The 


satellite industry itself could benefit from minia- | 
turized switch-mode amplifiers with much high- 
er power density microwave transmitters, resulting | 
in reduced payload mass and volume; this also re- 
duces Earth-station antenna gain and size require- 
ments. 


CONCLUSION 

NSWCDD is meeting the demanding require- 
‘ments of next-generation DE systems with Class-E. 
RE transmitter switch-mode amplifiers designed to 
operate at ultrahigh efficiency, greater than 90 per- 
cent, Having discovered the key to next-generation 
DE systems, researchers at NSWCDD are focusing 
on the urgent need to counter IED systems with 
small, lightweight, highly efficient transmitters that 
use switch-mode amplifiers. Considering the mul- 
tiplicity of additional applications, all advance- 
‘ments made in amplifier counter-IED applications 
can be transferred to other applications in the fu- 
ture. Accordingly, while the capabilities suggested 
in this article might seem somewhat far-fetched, in 
reality, they are realizable in the near term, Its pro- 
jected that NSWCDD will soon have its first 250-W_ 
UHE amplifier unit prototype ready. These units 
will fit in the palm of an average-sized adult's hand 
and can be power combined to the level necessary 
for platform and mission requirements. A fully re- 
alized, fieldable DEW system prototype is possible 
in just a few years. 
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ACTIVE DENIAL ARRAY 


By Randy Woods and Matthew Ketner 


Active Denial Technology (ADT)—which encompasses the use of millimeter waves 
asa directed-energy, nonlethal, counterpersonnel weapon—has the potential to provide 
an important new escalation-of-force capability to U.S. operating forces. ADT projects 
a focused beam of 95-GHz millimeter waves to induce an intolerable heating sensation 
‘on an adversary’ skin, repelling the individual with minimal risk of injury. More than a 
decade of research has established the biological and behavioral effects of ADT for large 
spot size systems, such as Active Denial System 1 (Figure 1). While the effects of this 
large spot size system have been successfully established, the technology that produces 
those effects has the potential to progress in a number of ways, particularly with the de- 
velopment of smaller, lighter, and lower-cost systems. 

One research effort focuses on the development of smaller, lighter, and lower cost 
ADT demonstrators that produce commensurate “ADS-effects,” with effective spot size 
and power densities on target. In support of this effort, the Joint Non-Lethal Weap- 
‘ons Program (JNLWP) sponsored the Naval Surface Warfare Center, Dahlgren Division 
(NSWCDD) to develop a “smart target system,” which measures the millimeter-wave 
beam using fast-response, 95-GHz diode detectors. NSWCDD subsequently developed 
and tested the W-Band Beam Diagnostic Array to characterize the system's beam with a 
temporal resolution of 30 Hz and a high spatial resolution of 1 inch. 

‘The current method of measuring the 95-GHz beam is to use carbon-loaded Teflon 
(CLT) to produce an average power beam image. This method works as the CLT is ex- 
posed to the system's beam, The material heats, over a period of seconds, proportional to 
the magnitude of the radio frequency (RF) field, resulting in an image as shown in Fig- 
ure 2, After the exposute, the specific heat capacity of the CLT can be used with the tem- 
perature increase in the CLT to provide an indication of the total energy deposited in the 
material, This method produces a good representation of the average RF field; however, 
any peak variations in the beam are averaged out. 

‘To allow for high temporal-resolution measurements of the 95-GHz beam, a high- 
density, 95-GHz diode-detector array was commissioned by the Joint Non-Lethal Weap- 
‘ons Directorate (JNLWD), and was designed and built by NSWCDD, with support from 
Millitech, Inc. The array consists of a center 11 x 11 matrix (shown in Figure 3) with four 
removable arms that can be attached (shown in Figure 4), resulting in a measurement 
area of approximately 1 x 1 m. 


Each element's profile consists of the individ- 
ual horn antenna from the array, an attenuator, 
a detector, and a SubMiniature version A (SMA) 


connection to the digitizer circuit- 
ry. This configuration allows for the 
power received from the antenna 
to be attenuated and converted toa 
direct current (DC) output capable 
of being measured by an analog-to- 
digital converter. The machined an- 
tenna elements provide a uniform 
effective area for each element, al- 
lowing field strength (W/em:) to be 
converted into power received (W 
or dBm), The aperture antennas 
also provide an impedance match 
between free space and the wave- 
guide system. A. cross-sectional 
View of the array element is shown 
in Figure 5, followed by a signal 
flow diagram shown in Figure 6. 
‘The basic principle of operation 
behind the array is that the deriv- 
ative of the diode detectors pow- 
er Vs, output voltage curve is very 


Figure 4. Active Denial System 4 


Figure 2. CLT Representation of Small, 6-GHz Spot 


repeatable between detector elements, ‘Therefore, 
when the detector elements arrived at NSWCDD, 
each detector element was paired with a variable 
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Figure 3. Main Array Face 


attenuator and calibrated as a single unit. The cal- 
ibration was accomplished by inserting a known 
input power of +5 dBm into the input of the atten- 
uator and setting the DC output voltage at a prede- 
termined millivolt (mV) output. This allowed the 
detector’ individual offset voltages to be removed 
and caused the detectors to behave in a repeatable 
manner. The attenuator is able to be adjusted by 
varying the depth that the aluminum nickel card is 
inserted into the section of waveguide. 

the final section of the electrical system con- 
verts the DC voltage output from the detectors to 
a digital signal to send back to the operator sta- 
tion. For this, it was determined that a 16-bit dig- 
itizer would be required to enable measuring the 
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98.0em 


Figure 4. Full W-Band Array 


microvolts output by the detectors on the low end 
of their range, while still allowing the digitizer to 
measure the full output voltage of 1.8 V for high- 
input powers. Also, due to the proximity of the 
operator to the array and overall system flexibil- 
ity, it was determined that Ethernet communica- 
tions would provide a sufficient means of reading 
the system data, 

To display the data to the operator, a two-di- 
mensional array is populated and displayed for the 
user (shown in Figure 7). This allows values to be 
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Figure 5. Cross-Sectional View of Aray Element 
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Figure 7, Array's Operator Interface Showing a Small Spot Source 


read directly from the display corresponding to the 
watts per centimeter squared (W/cm’) present at 
the array face. Data also is recorded so that it can be 
viewed later in a player application, such as a vid- 
e0 file, or it can be viewed in a spreadsheet appli- 
cation, frame by frame, The data shown in Figure 7 
is representative of small-source testing performed 
recently and very clearly shows the beam profile. 


ICLUSION 

NSWCDD engineers successfully met_ the 
W-band array’s design goals of providing a high 
temporal-resolution image of 95-GHz beams. The 


system has been tested against two active den 
al systems, providing good agreement with the 
currently accepted methods, as well as valuable 
information regarding the system's beam cha 
teristics. These accomplishments will allow future 
system development to take advantage of this be 
ter understanding to possibly reduce system size 
and increase the effective range. A better under- 
standing of the 95-GHz beam helps to facilitate 
future ADT development for this much-needed, 
nonlethal escalation-of-force capability for US. 
warfighters, homeland defenders, and law en- 
forcement personnel. 
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DIRECTED ENERGY IN THE MILITARY ENVIRONMENT 


By LT Leedjia Svec, Jeremy Beer, and Dave Freeman 
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‘The military operates in the land, air, and mari- 
time environments. In each of these environments, 
lasers and laser devices are increasingly being seen 
and used in a variety of ways. Accordingly, the 
military must protect itself and civilians from the 
potentially dangerous effects of lasers and other di- 
rected-energy devices. 

Lasers are being used on the ground to de- 
termine the intentions of people who approach 
checkpoints and to dissuade aircraft from entering 
restricted airspace. Laser weapons are also being 
developed for use in the maritime environment, 
With the use of lasers comes the requirement for 
eye protection. The eye is particularly sensitive to 
lasers and its anatomy includes optical components 
that amplify the power of incoming light. Conse- 
‘quently, the potential for injury or blinding is great. 

‘Naval Medical Research Unit-San Anto- 
nio (NAMRU-SA) is poised to lead the way in re- 
searching and testing laser glare devices and laser 
eye protection, The mission of the NAMRU-SA 
is to conduct medical, dental, and directed-ener- 
gy biomedical research, which focuses on ways to 
enhance the health, safety, performance, and oper- 
ational readiness of Navy and Marine Corps per- 
sonnel, and addresses their emergent medical and 
dental problems in routine and combat opera- 
tions, NAMRU-SA was officially commissioned on 


6 May 2009 and is a subordinate command under 
the Naval Medical Research Center (NMRC) in Sil- 
ver Spring, Maryland, reporting to Navy Medicine 
Support Command (NMSC) in Jacksonville, Flor- 
ida. NAMRU-SA consolidates the Naval Health 
Research Center Detachment Directed Energy 
Bioeffects Laboratory, the Naval Institute for Den 
tal and Biomedical Research in Great Lakes, and 
the NMRC Combat Casualty Care research fune- 
tion. As part of the Base Realignment and Clo- 
sure (BRAC) 2005, NAMRU-SA has moved to Fort, 
Sam Houston. Two new buildings that have been 
constructed are the Battlefield Health and Trau- 
ma Research Institute and the Tri Service Research 
Laboratory. A conceptual drawing of the NAMRU- 
SA Tri-Service Research Laboratory (to house di- 
rected-energy research) is shown in Figure 1. 
‘Many factors must be considered when lasers 
operate in military environments. On the ground, 
lasers offer a greater likelihood of close contact ex- 
posure. In aviation and maritime environments, 
the mobility of lasers is limited to permanent fix- 
tures on aircraft or ships, so target acquisition can 
be much more complicated. Often ignored, but just, 
as important and common to all environments, are 
the psychological factors that need to be explored. 
‘These factors include clarifying intentions, commu- 
nications, and effectiveness. In certain situations, 
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Figure 1. Naval Medical Research Unit -San Antonio Te-Serviee Research Laboratory at 
Fort Sam Houston, San Antonio, Texas (artist's concep!) 
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sometimes lasers are coupled with other modali- 
ties, such as auditory instructions, 

On the ground, laser exposure has been shown 
to interfere with driving vehicles, making color 
judgments, and target shooting. In aviation, lasers 
can interfere with pilot vision, causing afterimages, 
glare, or temporary ocular injury, with attendant 
effects on navigation and control. In the maritime 
environment, lights frequently are used to signal a 
variety of messages, from direction (left, right, etc.) 
to more complicated messages such as “man over- 
board.” More prolific use of lasers underscores the 
for laser eye protection, a dynamic area of 
irch, which must respond to changing threat 
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wavelengths and changing environments. Figure 2 
shows NAMRU-SA personnel executing an opera- 
tional field test at Kennedy Space Center, July 2009, 

Recent studies undertaken by NAMRU-SA 
have investigated the use of laser dazzlers on sail- 
ors in small boats.* In these studies, participants 
were exposed to the laser glare at different angles 
and distances, in both day and night conditions. 
Study protocols were approved in accordance with 
the Institutional Review Board in compliance with 
all applicable federal regulations governing the pro- 
tection of human subjects. Participants were given a 
survey assessing their subjective response to the la- 
ser, as well as a more objective visual eye chart. The 


Figure 2. NAMRU-SA personnel execute operational fleld test at Kennady Space Centar, July 2009, in 
which a nonlethal laser prototype is evaluated for power delivery (stability and beam propagation) al range 
‘and human visual effectiveness aboard a maritime target. 
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results suggested that participants were 
most affected by the laser at night when 
they were looking straight at it (as opposed 
to many degrees away) and at the closest 
exposure distances. The most surprising 
finding, however, was that some partic~ 
pants reported being drawn to the laser 
rather than away from it, especially at far- 
ther distances, Participants remarked that 
they couldn't tell what the signal was, so 
they would want to go closer to find out, 
“This illustrates that the assumption (by 
some)—that distant laser lights will deter 
and repel innocent mariners—might not 
always be true. Further research is needed 
to verify this finding, however, before em- 
ploying laser glare devices in the maritime 
vironment. Figure 3 shows NAMRU- 
SA personnel executing operational field 
tests, which were conducted at Cheatham 
Annex, Virginia, and Panama City, Flori- 
da, in 2008-2009. 

‘These studies also brought the factor 
of communication to light. Participants 
remarked that “green is not a threaten- 
ing color,” and some thought “it could be 
a signal for help” Many felt curious about 
the “blinking light” used in the study and 
would go closer or try to contact the ves- 
sel to determine the intent of the mes- 
sage. Green lasers are used because they 
are more visually salient; however, they 
may not be as psychologically salient, 
Participants remarked that if the signal 
were paired with another signal, such as 
an auditory one, then the message of “warning” or 
“do not come closer” might be clearer. 

Lastly, these studies brought to light the mat- 
ter of effectiveness. Laser glare devices are used to 
stop or alter the behavior of the recipient, but one 
study yielded mixed results. At close distances, par- 
ticipants noticed the signal, felt affected by it, and 
reported that their behavior changed in the man- 
ner desired by the person pointing the laser. But 
at greater distances, behavior might not change. 
‘Thus, these findings need to be replicated in differ 
ent maritime scenarios in order to be truly useful in 
developing laser glare devices, This particular study 


Figure 3. A compact hand-held laser is evaluated for effectiveness in 
rmartime defense against small-boat attacks. 


was encouraging regarding the effectiveness and vi- 
sual usefulness of glare devices, but it brought up 
new questions about their psychological impact on 
behavior. Resolving these questions must be an in- 
tegral goal of technical research and development 
studies to determine the operational effectiveness of 
directed-energy devices, not just for the maritime 
environment, but for all military environments, 


ENDNOTE 

4. Results and technical reports are avalable upon request fom, 
the corresponding author or fom the NAMRU-SA Public AF 
fairs Officer, 
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DIRECTED ENERGY USING HIGH-POWER 


MICROWAVE TECHNOLOGY 


By Jacob Walker and Matthew MeQuage 


‘The Directed Energy Warfare Office (DEWO) and Directed Energy Division at the 
Naval Surface Warfare Center, Dahlgten Division (NSWCDD) merge past research 
and data with continuous innovation in the field of high-power microwave(s) (HPM) 
to address the critical need for nonlethal, nonkinetic weapons. HPM weapons can be 
described as nonkinetic devices that radiate electromagnetic energy in the radio fre- 
quency (RF) or microwave spectrum. They are designed to disrupt, deny, degrade, 
damage, or destroy targets. In essence, this is achieved when high-power electromag- 
netic waves propagate through air and interdict targets by traveling through the exte- 
rior layers of structures and coupling energy to critical electronic components. Since 
effectiveness against a wide range of targets is the goal, HPM has become a collective 
term for various technologies: wave shapes, source frequencies, and the distribution of 
varying signal bandwidths. It is the objective of HPM research and assessment, there- 
fore, to address targets for which no engagement option currently exists. NSWCDD is. 
working to identify optimal HPM mission platforms and move relevant technologies 
into the field. 


HPM INITIATIVES 

NSWCDD has actively pursued HPM research since the advent of the field in the 
1970s. Since then, scientists and engineers have conducted HPM research and devel- 
‘opment in many areas, including hydrogen spark-gap switching, spiral generators, and 
related technologies. More currently, the Directed Energy Division developed a vari- 
ety of high-power wideband RF systems based on pulsed power and Marx generators 
(Figure 1). In addition to the extensive work accomplished in HPM and RF source de- 
velopment, NSWCDD contributed substantially to the area of counter-HPM vulnera- 
bility assessments. Researchers developed site assessment guides and threat brochures, 
as well as a number of wideband RF sources, to determine the susceptibility of elec~ 
tronic equipment to high-power RF interference. This latter effort involved assessing 
and exploiting the weaknesses of specified electronic targets to various HPM and RF 
threats. Data gleaned from these efforts was then used to support optimized prototypes 
and system designs employing effects-based design methodology. NSWCDD utilized 
these wideband RF sources to determine the susceptibility of a multitude of military 
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and electronic infrastructure equipment to high- 
power RF interference. 


HPM 


INTERATTAC 
TIONAL OVERVIEW 

Research in support of HPM-driven electron- 
ic attack increased significantly as the demand 
for nontraditional warfare emerged. ‘Tradition- 
al kinetic weapons often are of limited value in 
peace-keeping missions, for example, as today's 
enemies frequently are embedded within civil- 
ian populations and structures. This creates the 
need for novel HPM technologies that minimize 
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the risk of collateral damage while effectively 
neutralizing threats. Dahlgren researchers con- 
duct HPM system research and development—as 
well as lethality and weapon effectiveness assess- 
ments—to address this need while developing 
technologies against a wide variety of electron- 
ic targets. These projects leverage NSWCDD's as- 
sets, including the Maginot’ Open Air Test Site 
(MOATS), state-of-the-art RF diagnostics, and 
modeling and simulation tools to identify appli- 
cations and platforms in which HPM technolo- 
gies can be employed. Figure 2 shows a computer 
model of the MOATS facility and a modeling and 


@) 


) 


Figure 2. Modeling and Simulation Depicting (a) NSWCDD Tast Facilty and (b) Simulation of Radiated RF 
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simulation graphic depicting the RF emitted by 
an HPM dipole antenna, 

Potential platforms for HPM integration in- 
clude: man-portable, aerial, vehicle, and vessel- 
mounted systems. These platforms all provide 
unique methods for delivery of HPM sources. For 
‘example, aerial delivery—which, in many ways, is 
the most challenging due to size and weight con- 
straints—can increase the effective range of these 
systems and can engage multiple targets at close 
range without endangering personnel, Likewise, 
vehicles and vessel-mounted HPM systems pro- 
vide a way for law enforcement and the military to 
stop vehicles in chase scenarios almost as soon as 
they begin. ‘The goal of all of these projects is to 
provide military forces with the ability to employ 
nonkinetic, electronic strike technologies against 
an adversary's electronics. 

‘The DEWO and Directed Energy Division are 
uniquely positioned to provide numerous capa- 
bilities for in-house development while engaging 
with the private sector to test and provide feed- 
back on HPM systems developed externally. In 
the past decade, NSWCDD has evaluated several 


HPM systems at Dahlgren to determine their ef- 
fectiveness against various electronic targets while 
maintaining the Office of the Secretary of Defense's 
‘Tri-Service RF Directed Energy Weapon (DEW) 
Database, This database contains all effects data 
collected from directed-energy tests performed 
within the US. Air Force, Army, and Navy. 
CONCLUSION 

NSWCDD continues to pioneer HPM source 
development and lethality and integration stud- 
ies, leading to the demonstration and delivery of 
prototype capabilities. It also is committed to re- 
searching and developing critical subsystems for 
HPM delivery. By leveraging numerous target as- 
sets and sophisticated diagnostic equipment—in 
conjunction with MOATS—NSWCDD has po- 
sitioned itself at the forefront of HPM electronic 
attack, leading the way in the development and de- 
livery of these capabilities to the warfighter. 


ACKNOWLEDGMENT 
Nancy Muncie, Bowhead, contributed to this 
article, 


AND MORTAR (C-RAM) EFFORTS 


By Michael Libeaw 


Mortars and rockets are common weapons confronting US. troops abroad. Insur- 
gents fire the inexpensive projectiles into populated areas, intending to kill or injure 
service members and to inflict physical damage. While kinetic solutions like guns and 
missile interceptors are used to counter rockets and mortars, laser counter rocket, artil- 
lery, and mortar (C-RAM) systems present a promising solution to counter these chal- 
Ienging threats in the near future, 

Scientists and engineers at the Naval Surface Warfare Center, Dahlgren Division 
(NSWCDD) have been researching, developing, testing, and evaluating laser C-RAM 
systems through collaboration, modeling and simulation, and experimentation. The 
Joint Technology Office (JTO) and the Directed Energy and Electric Weapons Program 
Office (PMS 405) sponsored the first year of these initiatives in 2007. Consecutive and 
curtent work has been sponsored by the Office of Naval Research (ONR) Expeditionary 
Maneuver Warfare and Combating Terrorism S&T Department. 


Bac D 

In preparation for the development of a laser C-RAM system, an understanding 
of the vulnerability of rockets and mortars to laser energy was crucial, Engineers from 
NSWCDD and the US. Army Space and Missile Defense Command (SMDC) collab- 
orated on laser C-RAM efforts, Engineers analyzed the RAM threat and examined a 
variety of targets, accessing RAM vulnerabilities to laser energy by utilizing theoreti- 
cal, numerical, and experimental work. They then developed theoretical models that 
captured the physics of the laser-induced failures of targets containing high explosives 
(HE). Additionally, NSWCDD engineers enhanced lethality simulations using a tool 
called the Effectiveness Toolbox to model engagements of RAM targets with laser ener- 
gy. Figure 1 shows a screen capture from the Effectiveness Toolbox. 

The resulting simulations included results from a laser atmospheric propagation 
model and a thermal model to determine the effect of the laser energy on the target. The 
simulations also incorporated target trajectories necessary for modeling the changing 
laser conditions on the target resulting from the engagement of a ballistic target. Sub- 
sequent to modeling these effects, live testing was performed. Figure 2 shows the lasing 
and destruction of a RAM target during live testing, 


Figure 1, Screen Capture fom the Effectivaness Toolbox Showing the Laser Engagement of a Mortar Target 


Figure 2. Explosive Target is Destroyed with NSWCDD's Fiber Lasers 
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NSWCDD engineers conducted two large ex- 
perimental tests to determine the vulnerability of 
HE targets to laser energy using NSWCDD’s High 
Energy Fiber lasers. The first test was conducted 
jointly with SMDC. During these two tests, over 
40 RAM targets were destroyed under different la- 
ser conditions, producing significant information 
on laser lethality, Researchers measured the failure 
times of multiple targets for different laser powers, 
spot sizes, incidence angles, and aimpoints. ‘The ex- 
perimental data yielded by the tests increased engi- 
neers’ understanding of the vulnerability of targets 
containing energetic materials. This data was then 
used to benchmark predictive models. 

Future tests are planned with additional HE 
targets to further the knowledge of RAM vulner- 
ability. These tests are controlled and conducted 
carefully to ensure that good data is obtained. Ac- 
curate measurements of laser power on the target 
and the resulting target failure times must be made 
during the tests. ‘To that end, NSWCDD engineers 
leverage Division-wide expertise in lasers and op- 
tics with its long history of explosives testing to 
achieve meaningful test results, NSWCDD per- 
sonnel have been instrumental in improving tech- 

ues to measure the spatial profile of laser power 

‘target. The spatial distribution of laser power 

target is critical to understanding the target's 

Figure 3 shows a laser beams spatial power 
measured during a test 


Figure 3. Laser Power Spatial Variation from a C-RAM Test 
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ONGOING LASER 


examining the application 
shelf (COTS) lasers and 
application into advanced 
Navy's Laser Weapon System (L 
example, is examining a laser 
efficient fiber lasers. This is significant because 
high-energy fiber laser system offers two critical 
advantages over gun and missile interceptor C- 
RAM systems, First, the laser has a great depth of 
‘magazine since it requires only electricity for op- 
eration. Consequently, unlike a gun system, which 
has a limited supply of ammunition, a laser sys- 
tem is limited only by its supply of electrical en- 
ergy. Second, a laser system offers a cost per kill 
that is significantly lower than alternative systems 
because only electricity is being expended instead 
of gun ammunition or a costly missile interceptor. 
‘This low cost per kill also better matches the low 
cost of the RAM target being engaged. 
High-Energy Fiber Laser C-RAM systems will 
provide significant advantages in defeating the 
RAM threat while augmenting existing C-RAM 
solutions. More importantly, laser C-RAM sys- 
tems will help protect members of the armed fore: 
es from the inexpensive, yet often deadly threats 
posed by rockets and mortars. 
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MULTIFREQUENCY RADIO-FREQUENCY (RF) 
VEHICLE STOPPER 


A, Merryman 


‘The widespread use of vehicle-borne improvised explosive devices (VBIEDs) in Iraq 
and Afghanistan has resulted in large numbers of military and civilian personnel being 
Killed or injured. Consequently, the Joint Non-Lethal Weapons Directorate’s (JNLWD) 
top priority is to identify, investigate, and develop technologies and capabilities to non- 
lethally stop both vehicles and vessels outside of minimum "keep-out ranges” (ie., rang- 
es where the rules of engagement would dictate the use of lethal force) and to mitigate 
the blast effects from a VBIED. 

One of these technologies is the multifrequency Radio-Frequency (RF) Vehicle 
Stopper (REVS), a high-power microwave (HPM) weapon under development at the 
‘Naval Surface Warfare Center, Dahlgren Division (NSWCDD). A prototype REVS sys- 
tem, designed to meet the mission criteria for fixed-checkpoint protection and com- 
pound protection, is slated for completion in FY13. Science and technology (S&T) work 
continues in parallel to the prototype systems construction to broaden its applicability 
to include convoy protection and the establishment of a quick safe zone. This article de- 
scribes the 4-year research effort that resulted in the specification of the REVS system 
design. Figure 1 shows an illustration of a candidate RFVS platform with the system set 
up for fixed-checkpoint protection, 

‘The REVS system uses high-power magnetron tubes to generate intense RF pulses 
that interfere with a vehicle's electronics, rendering it temporarily inoperable. The en- 
gine cannot be restarted while the RF is on but is readily restarted once the RF is turned 
off. Thus, the REVS system allows for the maintenance of a safe keep-out zone in situa- 
tions that might otherwise require the use of lethal force. The defined measure of success 
for this system isa demonstrated, effective capability against more than 80% of the can- 
didate target-vehicle-class list, which includes passenger cars and large vehicles. 

‘Asa nonlethal capability, the effects to the target vehicle are short term and almost 
always reversible, so that the vehicle is not stranded, which would burden the warfight- 
cer with the task of its removal. Moreover, as with all directed-energy weapons, the REVS 
system delivers energy at the speed of light. In contrast with other nonlethal vehicle 
stopping concepts and systems, however, REVS does not need to be pre-emplaced and 
hhas a limitless magazine. 


Figure 4. llustation of Candidate RFVS System Setup for Chackpoint Protection 
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GROUND 

Using HPM or RF energy to stop an automo- 
bile engine is not a new concept; it has been under 
investigation for some time in private, academic, 
and military sectors. To that end, the REVS pro- 
gram leveraged as much historic work as possi- 
ble while collaborating with academic and military 
laboratories and while aggressively pursuing con- 
tacts in the automobile industry to gain knowledge 
of vehicle electronic design and function. 

In 2005, the JNLWD funded the then-Directed 
Energy Technology Office (DETO) at NSWCDD 
to perform an extensive reverberation chamber 
test series to characterize the vulnerability of a rep- 
resentative cross section of automobiles to a wide 
range of HPM source frequencies.* The purpos- 
es of the tests were twofold. First, the applicabil- 
ity of the Army's Ground Vehicle Stopper (GVS) 
data set needed to be established for newer vehi- 
cles, and second, a thorough, source-technology 
independent assessment of vehicle vulnerabilities 


needed to be performed, The rationale behind the 
latter was to establish vehicle vulnerabilities with- 
out inadvertently biasing the process. Only after 
the full assessment was performed would factors 
such as concept of operations (CONOPS) and sys- 
tem requirements come into play. Figure 2 is a pho- 
tograph of reverberation chamber testing. 

(Over the past decade, a significant number of 
private, academic, and military laboratories have 
investigated the susceptibility of automobiles to 
HPM energy. The range in approaches spans the 
gamut from isolated component testing, through 
direct injection and radiated testing of electronic 
control units (ECUs), and continuing through full 
vehicle radiated testing. Each of the different test 
methods has its strengths and weaknesses. Testing 
of isolated ECUs in controlled laboratory condi- 
tions is arguably the best way to determine exactly 
how a specific unit is responding to the RF. How- 
ever, whether or not the identified susceptibilities 
continue to hold true when the unit is in place in a 
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Figure 2. Vehicle on a Dynamometer in the NSWCDD Reverberation Chambar 


vehicle, or whether the results apply to other vehi- 
cles’ ECUs, remains a significant question that lim- 
its the applicability of the results, 

Full vehicle testing and failure analysis of the 
ECU can be a daunting task. That said, full vehi- 
cle testing affords the advantage of ensuring that 
the response is commensurate with expectations 
of genuine engagements, ‘The test approach one 
chooses to take depends upon resources, test facili- 
ty availability, and most importantly, the objectives 
of the program. For the RFVS program, the objec 
tives were to identify an HPM waveform that is 
effective against a broad class of the candidate tar- 
get vehicles and to ensure that the identified wave- 
form could be generated with a source that can be 
packaged in a footprint and cost amenable to mil- 
itary users. To meet the program's objectives, the 
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REVS program chose to invest the majority of its 
resources in full vehicle testing. While the focus of 
the effects testing portion of the RFVS program has 
remained on full vehicle testing, both time and re- 
sources have been devoted to fostering and main- 
taining connections with academia and the auto 
industry. There is concerted effort to keep abreast 
of the latest trends in automotive technology, to 
ensure that the current REVS system design will 
continue to be effective against future vehicle de- 
signs, and to leverage all research that might aid in 
future RFVS designs. 


SYSTEM OPERATION 

The majority of current HPM system concepts 
employ a narrowband, single-frequency HPM 
source. In contrast, RFVS utilizes multiple HPM 


frequencies. The rationale for using multiple fre- 
‘quencies is associated with increased system effec- 
tiveness, Electromagnetic (EM) energy can be used 
to disrupt or damage an electronic target. In order 
for the energy to affect the electronics, however, it 
must be able to reach a critical component(s) in- 
side the target. his involves a process referred to 
as coupling. Different EM waveforms are more or 
less effective against specific targets depending, in 
part, on their frequency, as different frequencies 
couple better or worse depending on varying target, 
geometries. To be specific, each piece of electron- 
ics has specific resonance frequencies that most ef- 
fectively facilitate coupling energy to the target. 
Unfortunately, these resonant frequencies can be 
unique to each piece of equipment. Consequently, 
1 single-frequency waveform might be very effec- 
tive against one target, but less effective against an- 
other target. Therefore, a system that utilizes either 
a sweep of frequencies or multiple frequencies will 
be more effective against a larger target set. This is 
not a novel idea, but rather one that has been read- 
ily acknowledged within the HPM community for 
some time and fervently embraced by the REVS 
program. Current technology limitations prohib- 
it high-power-swept frequency sources as viable 
options, leading to the idea of a multifrequen- 
cy source. The more frequencies that are used, the 
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more effective the system; however, a trade-off is 
made with system size and cost as the number of 
source frequencies is increased. 


BRASSBOARD SYSTEM 

After completion of the exhaustive vehicle ef- 
fects characterization testing in 2006, the REVS 
program identified the optimal number of fre- 
quencies needed to meet mission requirements, It 
then used this information in the design and con- 
struction of the Brassboard System. The purpose in. 
constructing the Brassboard System was to demon- 
strate the benefit of the multifrequency approach 
and the ability to meet mission objectives with 
specified power on target requirements. Construc- 
tion of the RFVS Brassboard System began in 2007 
and was completed in 2008. ‘The Brassboard Sys- 
tem was not constructed with specific system foot- 
prints in mind. Thus, the antenna and conex used 
are significantly larger than those in the prototype 
design. The REVS team collaborated with a Ma- 
rine Corps service representative identified by the 
JNLWD to flesh out the specifics of the mock 
checkpoint to be used in the RFVS Brassboard Sys- 
tem Demonstration. Figure 3 provides a diagram 
of the checkpoint setup used in the REVS Brass- 
board Demonstration. Figure 4 provides photo- 
graphs of the RFVS Brassboard System. 
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Figure 3, Schematic of Checkpoint Setup 
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Demonstration Test Setup 


Figure 4. Photograph of the RFVS Brassboard System and Demonstration Setup 


‘The Brassboard System Demonstration was 
conducted in Spring 2008. ‘The Demonstration 
‘was a success, and funding for the RFVS prototype 
‘was consequently approved. To date, 42 passen- 
ger vehicles (cars, pickup trucks, vans, and sport 
utility vehicles (SUVs)) and 3 large trucks (dump 
truck and tractors) have been tested as part of the 
REVS program. 


WAY AHEAD 

‘The JNLWD continues to work with the Di- 
rected Energy Warfare Office (DEWO) toward the 
development of a fieldable multifrequency REVS 
system, Once the capability is fully developed, 


tested, and certified ready for operational use, 
warfighters and civilians alike will benefit greatly. 
Lives will no doubt be saved using the ability to 
stop vehicles nonlethally and mitigate the blast ef- 
fects from VBIEDs. 
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ENDNOTE 
4. The Directed Energy Technology Office (DETO) was renamed the 
Diected Energy Warfare Office (DEWO) in August 2009, For re 
erence, se the charter forthe DEWO, NSWCDD, 17 August 2009. 
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HIGH-POWER ELECTRICAL VEHICLE-STOPPING SYSTEMS 


Jordan Chaparro and Melanie Everton 


‘The military needs devices that can safely and reliably stop or arrest vehicles. The 
primary concern is security at entry control points and vehicle check points similar to 
the one shown in Figure 1. In such scenarios, itis desirable to be able to stop unauthor- 
ized vehicles at predefined standoff ranges to protect personnel, equipment, and criti- 
cal infrastructure. 

Both the military and civilian law enforcement agencies face similar issues with 
chase scenarios, where concerns over bringing an offending vehicle to a stop without 
Killing or injuring innocent civilians, or causing collateral damage, often prolongs high- 
speed pursuits. That said, currently employed nonlethal options for arresting vehicles 
have significant logistical limitations and carry a high cost per use. 

‘The Naval Surface Warfare Center, Dahlgren Division's Directed Energy Warfare 
Office (DEWO), under the sponsorship of the Joint Non-Lethal Weapons Directorate 
(JNEWD), investigated compact systems designed to couple high-power electrical im- 
pulses to a target vehicle to stop its engine. Such systems are highly portable, can oper- 
ate remotely, can be deployed quickly by a two-man team, and can engage hundreds of 
targets before requiring any significant maintenance. 


SYSTEM OVERVIEW 
Conceptually, electrical vehicle-stopping systems are fairly simple devices. The sys- 
tems use several stages of energy compression to take a low-peak power source—like a 
battery pack—and create very intense, short-duration, oscillating electrical impulses, The 
block diagram, shown in Figure 2, illustrates the principal components of such a system. 

A high-energy density, 300-V lithium battery pack, similar to what might be found 
in a hybrid vehicle, serves as the prime power source for the device. These batteries are 
capable of driving the system for hundreds of engagements before requiring recharge. 

‘The direct current bus from the batteries is stepped up to several kilovolts in order 
to charge a capacitive voltage multiplier, such as a Marx Generator, Spiral Line Genera- 
tor, or Tesla Transformer. Once triggered, these generators charge a resonant circuit to 
hundreds of kilovolts which, when switched, generate the desired oscillating waveform, 
Coupling this electrical pulse to a target may be accomplished by direct electrode con- 
tact, by radiating the waveform from a broadband antenna structure, or by a combina- 
tion of both methods. 
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Figure 4. An Azerbaijani Soldiar Guarding Entry Contal Point + atthe Haditha Dam in Support af Operation Iraqi Feeedam 
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Figure 2. System Block Diagram for Generic Electrical Vehicle-Stopping Systems 
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‘The system is monitored and controlled by 
an integrated system computer. A laptop com- 
puter, remotely connected to the system control- 
ler through either fiber optic or a wireless network, 
can be used to arm the system. At this point, mo- 
tion detection sensors trigger the pulse train upon 
the targeted vehicle. The laptop can also be used to 
monitor the system’ status, change system param- 
eters, and receive data collected during the last en- 
gagement event 

‘A conceptual rendering of how such a sys- 
tem might look when in use is shown in Figure 3, 
‘Traffic would be funneled with barriers to-a sin- 
gle lane. When not engaged, the system electrodes 
would sit flush with the roadway unit, with an ex- 
posed height of less than 3 inches. When required, 
the electrodes could be released to make contact 
with a vehicles undercarriage and deliver the el 
trical impulses, 


DN WITH EXISTING SYSTEMS 
‘Tire spike systems are frequently employed but 
do not limit the momentum, drive, or control of a 


vehicle to an extent that could be useful in any type 
of control or checkpoint scenario. Consequently, 
while tire spike systems are primarily used in high- 
speed pursuit applications, they are limited, in that 
they cripple the target just enough to allow law en- 
forcement to force the vehicle to a stop. 
Restraining nets are most comparable to elec- 
trical vehicle stoppers with respect to their intend- 
ed application and desired effect. Restraining net 
systems and electrical vehicle stoppers both com- 
pletely arrest vehicles, although by different means, 
Restraining nets bind the front axle of the vehicle, 
causing it to forcibly lose momentum and skid to 
a stop. Thus, the vehicle operator loses the abili- 
ty to steer the vehicle, further resulting in a lower 
potential for collateral damage. Electrical systems 
stop the engine of the vehicle, leaving the operator 
with control for the duration of the vehicles mo- 
mentum. Physical barrier structures can then be 
employed to force an affected vehicle to stop in a 
fairly short distance. Modern vehicles lose power 
steering when the engine is cut off, such that the 
maneuverability of the vehicle is limited enough to 
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Figure 3. Conceptual Rendering of an Employed Electric Vehicle Stopping System 
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allow normally nonrestrictive serpentines to be ef- 
fective at limiting roll-off distances. 

‘One key logistical advantage of electrical vehi- 
cle stoppers, compared to restraining nets, is the 
average cost per engagement. Restraining net sys- 
tems are one-time use devices that cost several 
thousand dollars each, Electrical systems initially 
cost tens of thousands of dollars but can perform 
thousands of stops within the expected lifetime of 
the device. Also, there is no requirement to phys- 
ically reset or reload an electrical system, as with 
restraining nets, The maintenance required for 
electrical systems involves the occasional replace- 
‘ment of electrode arms and the inspection of the 
system connections and pressure levels. 

Operationally, both systems have limitations on 
the types of targets that can be effectively stopped. 
Restraining nets are limited by vehicle momen- 
tum, which can be a product of high speeds or large 
vehicles. Electrical systems are not limited by ve- 
hicle size or speed, but they require additional sup- 
port from structures—such as serpentines or speed. 
bumps—to force the target to brake and dissipate 
its momentum once the engine has been stopped. 

Both devices typically cause damage to target- 
ed, stopped vehicles. Restraining nets almost al- 
ways cause tire damage, Less commonly, brake 
lines, front axles, wheels, and transmissions also 
might be damaged. Electrical systems typically 
damage engine controllers, security modules, and 


engine sensors. In addition, noncritical parts— 
such as gauges, radios, and cabin fans—also might 
be damaged. Moreover, moving affected targets is 
much less of an issue with electrical stoppers than 
vehicles stopped by net systems, which must first 
have the net cut away and freed before the target is 
moved to the side of the roadway. 


SYSTEM REFINEMENT AND. 
Look FORWARD 

Previous attempts to field electrical vehicle- 
stopping systems have been hampered by limit- 
ced success rates on a large population of vehicles. 
‘Many models of vehicles are easily affected by any 
type of large injected current, while others are fair- 
ly resistant. Through carefully designed and con- 
trolled experiments, and_ logistical regression 
modeling techniques, the DEWO team has been 
able to determine key waveform attributes that 
scale with stopping effectiveness rates on a repre- 
sentative population of vehicles. Successful stop 
rates exceeding 90 percent have been achieved on 
a diverse vehicle test set by engineering system. 
resonators to enhance system performance 
DEWO team, through continued research, testing, 


and evaluation, is continuing its work to increase 
the reliability and effectiveness of these systems to 
make them more compact and to improve their 
functionality for future military and law enforce- 
‘ment applications. 
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‘The employment of small vessels to attack mer- 
chant ships and other seafaring units has emerged 
as a significant threat to international navigation 
and safe operations on the high seas. Along with 
swarm tactics, small vessels have been known to 
carry improvised explosive devices, help smug- 
gle terrorists and weapons, and serve as attack 
platforms on the water for larger weapons. While 
Kinetic solutions serve as the decisive option, alter- 
native solutions that employ nonlethal means are 
being explored. A depiction of a swarm of small 
vessels ready to attack is shown in Figure 1 

‘The Naval Surface Warfare Center, Dahlgren 
Division’s (NSWCDDS) Directed Energy Warfare 
Office (DEWO) is evaluating directed-energy (DE) 
concepts based on high-power microwave (HPM) 
technology for nonlethal vessel-stopping applica- 
tions. Nonlethal weapons are defined by the De- 
partment of Defense (DoD) as weapons that are 


explicitly designed and primarily employed so as to 
incapacitate personnel or materiel while minimizing 
fatalities, permanent injury to personnel, and unde- 
sired damage to property and the environment.! 
Several methodologies exist for using nonle- 
thal means to stop small vessels. They include: 
+ Running-gear or prop entanglement systems 
+ Exhaust stack blockers 
+ A sea-anchor vessel-stopping system, which 
casts a net across the bow of a vessel to im- 
part resistance 
+ Small-craft disablers, which insert a spear 
into the hull and deploy a fin that drags in 
the water, making steering impossible 
Prop entanglement systems, exhaust stack 
blockers, and sea-anchor systems are useful and ef- 
fective, but all are operationally difficult to deliv- 
er when deployment methods rely on positioning 
them in front of, or directly over, a vessel moving 


_— 


Figure 1. Depletion of a Small-Vessel Swarm Ready to Attack 
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at high speeds, Small-craft disablers also are a for- 


midable vessel-stopping solution and may be easi- 
er to deploy, but they cause permanent damage to 
the vessel in question. 

Under the direction of the Joint Non-Lethal 
Weapons Directorate (JNLWD), the DEWO is in 
the initial stages of a multiyear effort to evaluate 
DE concepts for nonlethal vessel-stopping applica- 
tions. It is currently focusing on HPM technology. 
‘This technology uses HPM sources to radiate radio 
frequency (RF) pulses downrange to interfere with 
motor-control electronics and significantly impede 
or stop small-vessel motors with minimal collater- 
al damage. These RF pulses can be generated using 
different technologies ranging from wideband LC 
oscillators and microwave tubes (eg, magnetrons, 
Klystrons, and backward wave oscillators) to emerg- 
ing solid-state technologies (eg., nonlinear trans- 
mission line and photo-conductive switching). An 
‘outboard motor on a test stand is shown in Figure 2, 

In comparison to kinetic weapons or other non- 
lethal systems, HPM avoids gross physical destruc- 
tion to the vessel while, more importantly, providing 
zet0-to-low risk of human injury. HPM accomplish- 
es this at safe distances using speed of light delivery, 


Directed Energy 


apabilities 


therefore making evasion difficult, if not impossible, 
with the added benefit of scalable effects ranging 
from disruption to damage. Despite its numerous 
advantages, the use of HPM technology as a non- 
lethal weapon presents challenges as well, including 
a trade-off between system size and standoff range. 
“This is particularly important when considering the 
use of HPM systems in different environments, 

Upfront HPM source development costs rep- 
resent one of the biggest challenges. However, 
long-term savings associated with HPM technolo- 
gy can offset this challenge. For example, prop en- 
tanglement systems might be deployed only once 
before they are rendered useless. HPM soure- 
es integrated onto a ship or other military vehicle 
can be employed in potentially thousands of mis- 
sions, therefore resulting in a lower cost per single 
use, bringing overall associated costs of the sys- 
tem down significantly. Priorities for HPM nonle- 
thal weapons include developing a system effective 
against different types of small vessels. 

NSWCDD’ Directed Energy Division began 
HPM susceptibility testing to determine the ef- 
fectiveness of HPM weapons against relevant out- 
board engines. This involves testing small vessels in 


Figure 2. Outboard Motor Test Stand 
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a variety of environments, including reverberation 
and anechoic chambers, and open-air testing. All 
help identify different, effective waveform param- 
eters such as frequency, pulse width, rise time, and 
required power or energy on target. They further 
facilitate the identification of design specifications 
necessary for an eventual HPM source. This source, 
once developed, will then be integrated into one 
of several potential platforms. Candidate concepts 
of deployment include US. Coast Guard and na- 
val vessels in addition to unmanned surface or aer- 
ial vessels. Another potential application might be 
to supplement existing Coast Guard or Navy plat- 
forms used for fast-boat interdiction with an HPM 
vessel-stopping capability. A small-vessel test using 
an HPM source is shown in Figure 3. 

Developing solutions for the growing threat 
that small vessels pose to navigation and safe op- 
erations in the world’s oceans is one of JNLWD's 
top priorities. Using nonlethal HPM weapons to 
stop vessels will provide the warfighter with a via- 
ble option for swarm threat and fast-boat interdic- 
tion. DEWO is working diligently to accelerate this 
technology and provide a DE alternative to kinetic 
weapons and fulfill this long overdue capability gap. 


Rel 

L. Department of Defense Dictionary of Miltary and Asocated 
Terms, Joint Publication 1-02, 12 April 2001 (as amended through 
19 August 2009), 


Figure 3. SmalLVessel Testing Using a High-Power Microwave Source 
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ABBREVIATIONS AND ACRONYMS. 


a ‘Acceleration or atto (10°"" multiplier) 

A ‘Ampere, Area, Altitude, Angstrom 
(A), Antenna Aperture, or Aerial 

A799 No evidence of failure report 

AVA.A-A, AA Airsto-Airor Anti-Airoraft 

AAG) Air-to-Air missile number () 

‘AAA “Anti-Aircraft Atllery 

AAAA Army Aviation Association of 
‘America 

AAED Advanced Airborne Expendable 
Decoy 

AAM Airto-Air Missile 

‘AARGM Advanced Anti-Radiation Guided 
Missile 

AAW ‘Anti-Air Warfare 

A‘BIT Automatic Built-in-Test 

‘ABM ‘Air Breathing Missile or Antiballstc 
Missile 

Ac Aircraft (aso acft.) 

AC ‘Alternating Current 

ACA “Associate Contractor Agreement or 
‘Airspace Coordination Arca 

ACAT Acquisition Category 

‘Acc ‘Air Combat Command 

ACCB Aircraft Configuration Control Board 

‘Actt Aircraft (also A/C) 

‘ACLS ‘Arorat Carrier Landing System 

‘ACM ‘Advanced Cruise Missile or Air 
Combat Maneuvering 

Aco ‘Acquistion 

‘ACS ‘Antenna Coupler Set 

‘ACTD Advanced Concept Technology 
Demonstration 

AD ‘Analog to Digital 

‘ADM ‘Advanced Development Model 

‘ADP ‘Automatic Data Processing or 


‘Advanced Development Program 
‘Airbome Electronic Attack 

‘Aviation Electronic Combat (Army) 
‘Automatic Electronic Guided Intercept 


System 

AEL “Accessible Emission Limit 

AESA, ‘Active Electronically Scanned Array 

AEW ‘Airborne Early Warming 

AF ‘Antenna Factor, Air Force, or Audio 
Frequency 

AFB ‘Air Force Base or Airframe Bulletin 

AFC ‘Automatic Frequency Control or 
‘Airframe Change 

AFIPS ‘Automated Financial Information 


Processing System 


AFOTEC 
AG 
AGB 
AGC 
AGI 


AGL 
AGM 
AGS 
AHWS 


AL 
AIAA 


AIC 
AIM 
AIRLANT 


AIRPAC 


Al 
AKit 


ALC 
AM 
AMD 
AMES 


AMLY 
‘Amp 
AMRAAM. 


ANSI 
ANT 
Ao 


AO 
AOA 


AOC 


AOT 
APC. 


APN 
‘APO 


‘Air Force Operational T&E Center 
‘Air-to-Ground 

‘Autonomous Guided Bomb 
‘Automatic Gain Control 

‘Auxiliary General Intelligence 
(Intelligence-gathering Ship) 

Above Ground Level 

‘Air-to-Ground Missile 

‘Angle Gate Stealer 

‘Advanced Helicopter Weapons 
System 

Artificial Intelligence, Air Intercept, or 
Airbome Interceptor 

‘American Institute of Aeronautics and 
Astronautics 

‘Air Intercept Control 

‘Air Intercept Missile 

‘Commander, U.S. Naval Air Forces, 
Atlantic Fleet 

‘Commander, U.S. Naval Air Forces, 
Pacific Fleet 

‘Anti-jamming or Anti-Jam 

‘Aircraft wiring kit for a system 
(includes cabling, racks, ete. excluding 
WRAs) 

Air Logistics Center 

‘Amplitude Modulation 

‘Aircraft Maintenance Department 
‘Advanced Multiple Environment 
Simulator 

‘Advanced Memory Loader/Verifier 
‘Amplifier 

Advanced, Medium-Range, Air-to-Air 
Missile 

American National Standards Institute 
‘Antenna 

Operational Availability 
Acousto-Optical 

Angle of Arrival, Angle of Attack, or 
‘Analysis of Alternatives (similar to 
COEA) 

Association of Old Crows 
(Professional EW Society) or Award 
of Contract 

‘Angle Only Track, Angle Off Tail, or 
‘Acquisition-on-Target, 

Amphenol Precision Connector or 
‘Armored Personnel Carrier 

Aireraft Procurement, Navy 

‘Armed Forces (or Army or Air) Post 
Office, Acquisition Program Office 


APU 
AR 

ARM 

‘ARO 

AIS, A-S, AS 
ASC 

ASCM 

ASE 


ASIC 
ASK 
ASM 
ASO 
‘A-Spee 
ASP] 
‘ASPO 


ASR 
ASRAAM 
ASTE 


ASW 
ATA 
ATARS. 


ATC 
ATD 
ATE 
ATEDS 


ATE 
ATIMS 


ATIRCM 


ATP. 
ATR 


ATRI 
AUTODIN 
AUX 

avdp, 

AVE 
AWACS 
AZ 


Auxiliary Power Unit 
‘Anti-reflection or Aspect Ratio 
‘Anti-radiation Missile 

‘After Receipt of Order 
‘Air-to-Surface 

‘Air Systems Command, 

‘Anti-ship Cruise Missile 

‘Aircraft Survivability (or Survival) 
Equipment, Allowable Steering Error, 
‘or Automatic Support Equipment 
Application Specific Integrated Circuit 
‘Amplitude Shift Keying 
‘Air-to-Surface Missile 

‘Aviation Supply Office 

System Specification 

Airbome Self:Protection Jammer 
Avionics Support (also Systems) 
Project Office (also Officer) 
‘Advanced Special Receiver or 
‘Airport/Airborne Surveillance Radar 
‘Advanced Short Range Air-to-Air 
Missile 

‘Advanced Strategic and Tactical 
Expendables 

‘Anti-submarine Warfare 

‘Advanced Tactical Aircraft 
‘Advanced Tactical Air 
Reconnaissance System 

‘Air Traffie Control 

‘Advanced Technology Demonstration 
‘Automatic Test Equipment 

‘Advanced Technology Expendables 
and Dispenser Systems 

‘Advanced Tactical Fighter (F-22) 
‘Airborne Turret Infrared Measurement 
System or Airborne Tactical 
Information Management System 
‘Advanced Threat Infrared 
Countermeasures 

“Acceptance Test Procedure 
Autonomous Target Recognition, 
Airbome Transportable Rack, 
‘Atlantic Test Range 

‘Advanced Threat Radar Jammer 
‘Automatic Digital Network 

‘Auxiliary 

“Avoirdupois (system of measures) 
‘Average 

‘Airborne Warming and Control System 
‘Azimuth (also Az) 


crc 


cAD 
CAE 
CAG 
CAGE 
cAIV 
CAL 


Bandwidth (also BW) or Magnetic 
inductance 

Best and Final Offer 

Bus Adapter Unit 

Bus Controller 

Battle Damage Assessment 

Battle Damage Indication 

Beat Frequency Oscillator 
Background Investigation 
Battlefield Identification, Friend, or 
Foe 

Built-in-Test, Binary Digit or 
Battlefield Information Technology 
Built-in-Test Equipment 

Bus Interface Unit 

‘Avionics “Black Box” WRAs 
Bombardier/Navigator 

Bayonet Navy Connector 

Basic Ordering Agreement 

‘Swedish chaff dispenser in a launcher 
Band Pass Filter 

Bits Per Second 

Bureau of Medicine (Navy) 

Bureau Number (aircraft) 

Bottom Up Review 

Beyond Visual Range 

Beamwidth (referring to an antenna) 
or sometimes Bandwidth 

Backward Wave Amplifier 
Backward Wave Oscillator 


‘Speed of Light = 3x10" meters/see = 
1.8x10! furlongs per fortnight or 1.8 
terafurlongs per fortnight, or centi 
(10°) multiplier 

Electron Charge, Coulomb, 
Capacitance, Celsius, Centigrade, 
Confidential, Roman numeral for 100, 
or a programming language (also C+ 
and C++) 

‘Command and Control 

Command, Control, Communications 
(and Computers) 

Command, Control, Communications, 
(Computers) and Intelligence 
Computer-Aided Design 
‘Computer-Aided Engineering 

Carrier Air Group 

Commercial and Government Entry 
Cost as an Independent Variable 
Calibration 


CAM 


cao 


CAP 
CAS 


CASS 


CAT 


cB 
cBD 
cBIT 
CBO 
CCA 
ccB 
cD 
CM 
CCN 


ccu 
ed 


cD 
cpc 
CDR 
DRL 
CE 
CECOM 


CEESIM 


CEP 
CFA 
CFAR 
CFE 
CG 


cl 
CIA 
cic 


cD 
cILOP 
CINC 


cre 
cis 


ciws 


‘Computer-Aided Manufacturing or 
Constant Addressable Memory 
‘Competency Aligned Organization or 
Contract Administrative Officer 
Combat Air Patrol 

Close Air Support or Calibrated 
Airspeed 

Consolidated Automated Support 
System 

Catapult or Cockpit Automation 
Technology 

Citizens Band (also see Seabee) 
‘Commerce Business Daily 
Continuous Builtin-Test 
Congressional Budget Office 
Circuit Card Assembly 
Configuration Control Board 
Charge Coupled Device 
Counter-Countermeasures 
Contract Change Number or 
Configuration Change Notice 
Cockpit Control Unit 

Candela (SI unit of luminous 
intensity) 

‘Compact Disk or Control and Display 
‘Combat Direction Center 

Critical Design Review 

Contract Data Requirements List 
Conducted Emission 
‘Communications and Electronics 
‘Command (Army) 

‘Combat Electromagnetic Environment 
Simulator 

Circular Error Probability 
Cognizant Field Activity 

Constant False Alarm Rate 
Contractor Furnished Equipment 
Center of Gravity, Commanding 
General, Command Guidance, or 
Cruiser 

Configuration Item 

Central Intelligence Agency 
‘Combat Information Center (now 
called CDC) 

‘Combat Identification or Charge 
Injection Device 

Conversion in Lieu of Procurement 
‘Commander in Chief 

Capital Improvement Program 
‘Commonwealth of Independent States 
(11 of 15 former Soviet Union 
tervitories except Estonia, Georgia, 
Latvia, and Lithuania) 

Close-In Weapon System 


cr 
cL 
cM 


eMc 


cps 
Mos 


MP 
cMws 
CNAF 
CNAL 


CNAP 


NI 


co 


cos 
cOcoM 
COEA 


coG 
comMM 
COMSEC 
CONSCAN 
CONUS 
CO-OP 
coR 
CORPORAL 


Cos 
COsRO 
cors 
cp 
cps 
cpu 
crc 
CREM 
RISD 


CRLCMP 


Coherent Jamming 
‘Command Launch Computer 
Centimeter 

Countermeasures or Configuration 
‘Management 

‘Command Mission Computer or 
‘Commandant Marine Corps 
Countermeasure Dispensing System 
Complementary Metal-Oxide 
‘Semiconductor 

Configuration Management Plan 
Common Missile Waring System 
‘Commander, Naval Air Forces 
‘Commander, Naval Air Forces 
Atlantic (also COMNAVAIRLANT) 
‘Commander, Naval Air Forces Pacific 
(also COMNAVAIRPAC) 
‘Communications, Navigation, and 
Identification 

Commanding Officer, Contracting 
Officer, Change Order, or Carbon 
Monoxide 

Close of Business 

Combatant Command 

Cost and Operational Effectiveness 
Analysis 

Center of Gravity or Cognizant 
Communications, 

‘Communications Security 

Conical Scanning Radar 
Continental United States 
Cooperative (countermeasures) 
Contracting Officers Representative 
Collaborative On-Line 
Reconnaissance 
Provider/Operationally Responsive 
‘Attack Link 

Cosine 

Conical-Scan on Receive Only 
‘Commercial Off-The-Shelf 
(hardware/sofiware) 

Circularly Polarized (antenna), Central 
Processor, or Command Post 
‘Computer or Control Power Supply 
(depends on application) 

Central Processing Unit 

Originally Chemical Rubber 
‘Company, now published reference 
books by CRC Press. 

Coherent RF Memory 

Computer Resources Integrated 
‘Support Document 

Computer Resources Life Cycle 
Management Plan 


Bm 


DBOF 
dBsm 


«BW 


pe 


DCE 
Dcs 


‘Countermeasures Response 
Optimization 

Cathode Ray Tube or Combat Rated 
‘Thrust (afterburner) 

‘Combat Search and Rescue 
Cryptographic 

Conducted Susceptibility 
‘Commodity Software Change 
‘Computer Software Configuration 
Item 

Product Specification 

Contractor Support Services 
Chesapeake Test Range 

‘Aircraft Carrier 

‘Nuclear Powered Aircraft Carrier 
Crystal Video Receiver 

Continuous Wave or Chemical 
Warfare 

Contract Work Breakdown Structure 
Continuous Wave Illuminator 
Calendar Year 


Distance, Diameter, or deci (10" 
multiplier) 

Distance, Diameter, Electron 
displacement, Detectivity, Doppler, 
Density, or Roman numeral for 500 
deca (10? multiplier) 
Digital-to-Analog 

Defense Acquisition Board 

Digital to Analog Converter or Dept 
of Army Civilian 

Defense Acquisition Regulation 
Defense Advanced Research Projects 
‘Agency 

Database 

Decibel 

4B referenced to the Carrier Signal 
Decibel antenna gain referenced to an 
isotropic antenna 

Decibel referenced to the power of 
‘one milliwatt 

Defense Business Operations Fund 
Decibel value of radar cross section 
referenced to a square meter 
Decibel referenced to the power of 
‘one watt 

Direct Current, Discrete Circuit, or 
District of Columbia 

Data Communication Equipment 
Direct Commercial Sales or 
Distributed Control System 


DDI 
Dps 
DECM 


deg 
DEMVAL 


DET 
DF 
DFT 
DI 
DIA 


DID 
DIRCM 
DI 
D-Level 
DM 
DMA. 


DME 
DNA. 


DOA 
DOD or DoD 
DoDISS 


DOM 
DON 
Dos 
DOT&E 


DPRO 
DRB 
DRFM 
DSARC 


DSN 
Dso 
DsP 
D-Spee 
DT (&E) 


prc 
DTE 
DTO 


DTRMC 


Digital Display Indicator 
Direct Digital Synthesizers 
Deceptive Electronic Countermeasures 
(also Defensive ECM) 

Degree 

Demonstration Validation (also 
DEM/VAL) 

Detachment 

Direction Finding 

Discrete Fourier Transform 

Data Item 

Defense Intelligence Agency or 
Diameter 

Data Item Description 

Directed Infrared Countermeasures 
Deceptive Jamming 

Depot Level Maintenance 

Data Management (also manager) 
Direct Memory Address or Defense 
Mapping Agency 

Distance Measuring Equipment 
Defense Nuclear Agency, Does Not 
Apply, or Deoxyribonucleic Acid 
Direction of Arrival 

Department of Defense 

DoD Index of Specifications and 
Standards 

Depth of Modulation 

Department of the Navy 

Disk Operating System 

Director, Operational Test & 
Evaluation 

Defense Plant Representative Office 
Defense Review Board 

Digital RF Memory 

Defense Systems Acquisition (and) 
Review Council 

Defense Switching Network 
Diclectrically Stabilized Oscillator 
Digital Signal Processor 

Process Specification 

Development or Developmental Test 
(and Evaluation) 

Design to Cost 

Data Terminal Equipment 

Digitally Tuned Oscillator or Defense 
Technology Objectives 

Defense (or DoD) Test Recourse 
Management Center 


ECR 


ECS 
ECSEL, 


ECU 
EDM 
EED 
EEPROM 


EHF 


EIA 
EID 
EIRP 
EL 
ELF 


ELINT 
ELNOT 
EM 
E-Mail 
EMC 
EMCAB 
EMCON 
EMD 


EME 
EMI 

EMP 
EMR 


Electron charge or base of natural 
logarithms (2.71828...) 

Electric Field Intensity or Strength, 
Energy, East, or Exa (10"* multiplier) 
Electromagnetic Environmental 
Effects 

Electronic Attack (similar to older 
term of ECM) 

Electronic Combat 

Electromagnetic Compatibility 
Analysis Center (DOD), now Joint 
Spectrum Center 

Electronic Counter-Countermeasures 
(similar to newer term of EP) 
Emitter Coupled Logie 

Electronic Countermeasures (similar 
to newer term of EA) 

Engineering Change Notice 
Engineering Change Order 
Engineering Change Proposal or 
Egress Control Point 

Electronic Combat Range (China 
Lake) or Electronic Combat & 
Reconnaissance 

Environmental Control System 
Electronic Combat Simulation and 
Evaluation Laboratory 

Electronic Control Unit 

Engineering Development Model 
Electro-Explosive Device 
Electrically Erasable/Programmable 
Read-only Memory 

Extremely High Frequency [30 to 300 
GHz] 

Electronic Industries Associates 
Emitter Identification Data 

Effective Isotropic Radiated power 
Elevation (also El) 

Extremely Low Frequency [3 Hz to 3 
kHz] 

Electronics Intelligence 

Emitter Library Notation 
Electromagnetic 

Electronic Mail 

Electromagnetic Compatibility 
EMC Advisory Board 

Emission Control 

Engineering and Manufacturing 
Development 

Electromagnetic Environment 
Electromagnetic Interference 
Electromagnetic Pulse 
Electromagnetic Radiation 


EMS 


EMV 
EO 


EOB 


EOCM 
EOF 


EP 


EPA 
EPROM 


ERAM 


ERP 
ES 


ESD 
ESM 


ESSM 
ET 
ETI 
ETIRMS 


ETR 
EVM 
EW 


EWBM 
EWDS 
EWIA, 
EWIR 


EWMP: 
EWO 
EWRL 
EWSI 


EWSSA 
EXP 


Electromagnetic Susceptibility, 
Electromagnetic Spectrum 
Electromagnetic Vulnerability 
Electro-Optie, Electro-Optical, or 
Engineering Order 

Electronic Order of Battle or Expense 
Operating Budget 

Electro-Optic Countermeasures 
Electro-Optical Frequency (300 to 3 x 
10” GHz) 

Electronic Protection (similar to older 
terms of ECCM and DECM) 
Environmental Protection Agency 
Electrically Programmable Read-only 
Memory 

Electronic Counter-Countermeasures 
{also Protection) Requirements and 
‘Assessment Manual 

Effective Radiated Power 

Electronic Surveillance (similar to 
older term of ESM) 

Electrostatic Discharge 

Electronic Support Measures (similar 
to newer term of ES) 

Evolved Sea Sparrow Missile 
Electronics Technician 

Elapsed Time Indicator 

EW Tactical Information and Report 
Management System 

Estimated Time to Repair 

Earned Value Management 
Electronic Warfare , Early Warning, 
or Expeditionary Warfare 

EW Battle Management 

EW Data Systems 

EW Intelligence Analysis 

Electronic Warfare Integration & 
Reprogramming (USAF database) 
Electronic Warfare Master Plan 
Electronic Warfare Officer 
Electronic Warfare Reprogrammable 
Library (USN) 

EW Systems Integration 

EW Software Support Activity 
Expendable Countermeasure 


femto (10 multiplier), Frequency 
(also F), or lens fnumber 

Frequency (also /), Force, Farad, 
Faraday Constant, Female, Fahrenheit, 
re, Noise Factor or 

on RWR display 


F2T2EA 


FIA 
FAA 
FAC 
FAR 


£ 
FCA 
FCR 
FDR 
FEBA 
FET 


FLIR 
FLPS 
FLT 
FM 


FME 
FMEA 

FMS. 

FOC 

FOD 
FORCECAP 
FOT&E 
FOTD 
FOUO 

FOV 

FPA 

fps 
FRACAS 


FRB 
FRD 
FSD 
FSED 
FSK 
FSU 
ft 
FIC 
FID 
FWD 
FY 


Find, Fix, Track, Target, Engage 
Assess (targeting of hostile forces) 
Fighter/Attack 

Federal Aviation Administration 
Forward Air Controller 

Federal Acquisition Regulations or 
False Alarm Rate 

Footcandle (unt of illuminance) 
Functional Configuration Audit 
Fire Control Radar 

Frequency Domain Reflectometry 
Forward Edge of the Battle Area 
Field-Effect Transistor 

Fleet EW Center 

Fast Fourier Transform 

First In First Out 

Federal Information Processing 
Resources 

uid 

‘AAA Shrapnel, from the German 
“Flieger Abwher Kanone” (AAA gun 
‘that fires fast and furiously) 
Forward Looking Infrared 
Flightline Payload Simulator 
Flight 

Frequency Modulation or Failure 
Mode 

Foreign Material Exploitation 
Failure Mode and Effects Analysis 
Foreign Military Sale(s) 

Full Operational Capability 
Foreign Object Damage 

Force Combat Air Patrol 
Follow-On Test and Evaluation 
Fiber Optic Towed Device 

For Official Use Only 

Field of View 

Focal Plane Array 

feet per second 

Failure, Reporting, Analysis, and 
Corrective Actions System 

Failure Review Board 

Functional Requirements Document 
Full Seale Development 

Fall Scale Engineering Development 
Frequency Shift Keying 

Former Soviet Union 

Feet or Foot 

Fast Time Constant 

Foreign Technology Division (USAF) 
Forward 

Fiscal Year 


an 


HERP 


hex 
HF 
HIL or HITL 


Gravity (also G) 
Universal Gravitational Constant (also 
K), Giga (10° multiplier), 
Conductance, or Gain 

General and Administrative (expense) 
Gallium Arsenide 

Guidance and Control Information 
Analysis Center (DoD) 

Gallon 

General Accounting Office 

Guided Bomb Unit 

Ground Controlled Approach 

Ground Control Intercept 

General Service 

Generic Expendable 

Government Furnished Equipment 
GigaHertz 

Government Issue 

Government Industry Data Exchange 
Program 

Global Information Grid 

Garbage In / Garbage Out 
Government Owned Contract 
Operated 

General Officer / Flag Officer 
General Purpose 

Ground Plane Interference 

General Purpose Interface Bus 
Global Positioning System 

Ground Support Equipment 


hours, hecto (10 multiplier), Plank’s 
constant, oF height (also H) 

Height (also h), Henry (Inductance), 
or Irradiance 

High-speed Anti-Radiation Missile 
Homing All the Way Killer 
Handbook 

High Duty Factor 

High Explosive 

High Energy Frequency (3x10" to 
3x10" GHz) 

High Energy Laser 

Helicopter 

Hazards of Electromagnetic Radiation 
to Fuel 

Hazards of Electromagnetic Radiation 
to Ordnance 

Hazards of Electromagnetic Radiation 
to Personnel 

hexadecimal 

High Frequency [3 - 30 MHz] 
Hardware-in-the-Loop 


HOI 
HOL 
HPF 
HP-IB 
HAIL, 
HEM 
HPRF 


HSDB 
HUD 


HWCI 
HWIL 


Home-On-Jam 
Higher Order Language 
High-Pass Filter 
Hewlett-Packard Interface Bus 
Hewlett-Packard Interface Loop 
High Powered Microwave 

High Pulse Repetition Frequency 
hour 

High Speed Data Bus 

Heads-Up Display 

High Voltage 

Hardware 

Hardware Configuration Item 
Hardware-in-the-loop 

Hertz (Cycles per second) 


current (also 1) 

Current (also i), Intensity, Irradiance, 
Intermediate, or Roman Numeral for 
One 

Information Assurance 

Integrated Air Defense System 
In-Phase and Quadrature 

Indicated Airspeed 

In Accordance With 

Initiated Built-in-Test 

Interference Blanker Unit 

Integrated Circuit 

Interface Control Document 

Initial Capabilities Document 
Improved Countermeasure Dispenser 
Integrated Communication, 
‘Navigation, Identification Avionics 
Inverse Conical Scan or 
Intercommunications System (aircraft) 
In Compliance With 

Identification 

Institute For Defense Analysis, 
Integrated Defensive Electronic 
Countermeasures 

Institute of Electrical and Electronic 
Engineers 

Intermediate Frequency 
Identification Friend-or-Foe 
Instantaneous Frequency 
Measurement 

Instrument Flight Rules 

Inspector General 

Imaging Infrared 


LLevel 


ILs 


ILSMT 


IM 
IMA 
INEWS 
INS 
INT 

10 

i) 
10c 


IOT&E 
1PO 


IPR 
IPT 


IR 
IR&D 


IRCM 
IRDS 
IREXP 
IRIG-B 
IRLS 
IRS 


IRST 
ISAR 
Iso 


IsP 


ISR 
ITU 


Ivav 


Ww 


Intermediate Level of Repair (also 
“T" Level) 

Integrated Logistic Support, 
Instrument Landing System, or Inertial 
Locator System 

Integrated Logistic Support 
Management Team 

Intermodulation or Item Manager 
Intermediate Maintenance Activity 
Inch 

Integrated Electronic Warfare System 
Inertial Navigation System 

Intensity 

Information Operations 

Input/Output 

Initial Operational (also Operating) 
Capability 

Initial Operational Test and Evaluation 
International Projects (Program) 
Office 

In-Progress/Process Review 
Integrated Product (also Program) 
Team 

Infrared 

Independent Research and 
Development 

Infrared Countermeasures 

Infrared Detecting System 

IR Expendables 

Inter-range Instrumentation Group B 
Infrared Line Scanner 

Interface Requirements Specification, 
IR Suppression or Internal Revenue 
Service 

Infrared Search and Track 

Inverse Synthetic Aperture Radar 
Derived from the Greek “isos” 
‘meaning “equal,” the official ttle is 
International Organization for 
Standardization 

Integrated Support Plan 

Intelligence Support Plan 
Interference to Signal Ratio (also /S) 
International Telecommunications 
Union 

Independent Validation and 
Verification 

Information Warfare 


JEM 
JETS 
JEWC 
JEWEL 
wOWwC 
JMEM 
IMR 
JOVIAL 
JPATS 
us 

JSF 
AsGcc 


JSIR 


sow 


ISTARS 


JTA 
STAT 


Jamming, Radiance, Current Density, 
or Joules 

Joint Architecture for Aircraft 
Survivability 

Jammer (illuminating) Chat? 

Judge Advocate General 

Jamming Analysis Measurement 
System 

Jamming Aircraft & Radar Simulation 
Joint Air-to-Surface Standoff Missile 
Joint Advanced Strike Technology 
Jet Assisted Takeoff or JAmmer 
‘Technique Optimization 

Joint Command and Control Warfare 
Center (now JIOWC) 

Joint Concept Technology 
Demonstration 

Joint Chiefs of Staff or Joint Spectrum 
Center (formerly ECAC) 

Joint Direct Attack Munition 

Joint Electronic Attack and 
‘Compatibility Office 

Journal of Electronic Defense 
(Published by the Association of Old 
Crows) 

Jet Engine Modulation 

Joint Emitter Targeting System 

Joint EW Conference or Joint EW 
Center (then JC2WC & now JOWC) 
Joint Electronic Warfare Effects 
Laboratory 

Joint Information Operations Warfare 
‘Command 

Joint Munitions Effectiveness Manual 
Jammer 

Julius’ Own Version of International 
‘Algorithmic Language (Air Force 
‘computer programming language) 
Joint Primary Aircraft Training 
System 

Jamming to Signal Ratio 

Joint Strike Fighter 

Joint Services Guidance and Control 
‘Committee 

Joint Spectrum Interference 
Resolution (signal interference portion 
of MID) 

Joint Stand-Off Weapon (AGM- 
154A) 

Joint Surveillance Target Attack Radar 
System 

Jammer Threat Analysis 

JATO Techniques Analysis and 
Tactics 


ITCG/AS 


ITCG/ME 


ITIDS 


Worl 


LADAR 


LAN 
LANTIRN 


LASER 


LAT 
Ibs 

Lec 
LeD 


LCP or LHCP 
LDF 

LDs 

LED 

LEX 

LGB 

LF 

Lic 


Joint Technical Coordinating Group 
for Aircraft Survivability 

Joint Technical Coordinating Group 
for Munitions Effectiveness 

Joint Tactical Information Distribution 
System 

Joint Venture 


kilo (10° multiplier) or Boltzmann 
Constant 

Kelvin, Cathode, Universal 
«gravitational constant (also G), or 
Luminous efficacy 

Knots Calibrated Airspeed 
kilogram 

KiloHertz 

Killed in Action 

Knots Indicated Air Speed 
Kilometer 

‘Thousand Source Lines of Code 
(oftware) 

Knot (nautical miles per hour) 
Kilowatt 


length (also L) or liter 
Length (also I), Loss, inductance, 
Luminance, or Roman Numeral for 
fifty 

Laser Detection and Ranging (ic. 
laser radar) 

Local Area Network 

Low Altitude Navigation & Targeting 
Infrared for Night 

Light Amplification by Stimulated 
Emission of Radiation 

Latitude (0-90° N or S from equator) 
pounds 

Life Cyele Cost(s) 

Liquid Crystal Display or Lowest 
‘Common Denominator 

Left-hand Circular Polarization 

Low Duty Factor 

Laser Detecting Set 

Light-Emitting Diode 

Leading Edge Extension 

Laser Guided Bomb 

Low Frequency [30 - 300 kHz] 

Low Intensity Combat or Laser 
Intercept Capability 


LPF 
LPI or LPOL 
LPRF 

LR 

LRA 

LRF 

LRIP 

LRU 

LSA 

LSAR 

LSB 

LSI 


M 


MA 
MAD 


MADD. 
MAF 

MAG 
MAGTF 
MANPADS 


List Processing (A programming 
language used in artificial intelligence) 
Low Light Level (as in LLL TV) 
lumen (SI unit of luminous flux) 
‘Natural Logarithm 

Local Oscillator or Low Observable 
Letter of Agreement (or Acceptance) 
Line of Bearing (see also AOA) 
Logarithm to the base 10 (also log) or 
Logistician 

Longitude (0-180° E or W from 
Greenwich, UK.) 

Level of Repair 

Level of Repair Analysis 

Long Range Navigation 

Lobe on Receive Only 

Line-of-Sight 

Large Phased-Array Radar 

Low Probability of Detection 

Low Pass Filter 

Low Probability of Intercept 

Low Pulse Repetition Frequency 
Lethal Range 

Line Replaceable Assembly 

Laser Rangefinder 

Low Rate Initial Production 

Line Replaceable Unit, 

Logistic Support Analysis, 

Logistic Support Analysis Record 
Least Significant Bit 

Large Scale Integration 

Landing Signal Officer 

Laser System Safety Officer 

Look Through Blanking Bus 

Long Wave Infrared 

Laser Waring Receiver 

Lux (SI unit of illuminance) 
Landing Zone 


milli (10° multiplier), meter, or 
electron mass 

Mega (10° multiplier), Male, Mach 
‘number, or Roman numeral for 1,000 
Missile Alert or Missile Active 
Magnetic Anomaly Detection (also 
Detector) 

Microwave Acoustic Delay Device 
Maintenance Action Form 

Marine Aircraft Group or Magnetic 
Marine Air-Ground Task Force 
Man-portable Air Defense System 


M&S: 
MASER 


MATE 
MAW 


MAX 


MBEN 
Mc 
MCIOc 


McP 
MDF 
MDI 


MDG 
MDS. 


MDU 
MF 


MFD 
MG 
MHz 
MIA 
MIC 


MICRON 
MiG 


MIGCAP 
MUI 


mil 
MIL 


MILCON 
MILSPEC 
MILSTRIP 


MIMIC 


MIN 
‘Mincon 
MIPPLE 


MIPS 


ML 
MLC 
MLV 
MLVS 


Modeling and Simulation 
Microwave Amplification by 
imulated Emission of Radiation 
Modular Automatic Test Equipment 
Missile Approach Warning system 
(also MAWS) or Marine Aircraft 
Wing 

Maximum or Maximum aircraft power 
(afterburner) 

Multiple Beam Forming Network 
Mission Computer 

Marine Corps Information Operations 
Center 

Micro-Channel Plate 

Mission Data File 

Multiple Display Indicator or Miss 
Distance Indicator 

Mission Data Generator 

Minimum Discernible Signal or 
Minimum Detectable Signal 
Multipurpose Display Unit 

Medium Frequency (300 kHz to 3 
MHz) 

Multifunction (video) Display 
Missile Guidance 

MegaHlertz (10° Hz) 

Missing in Action 

Microwave Integrated Circuit or 
Management Information Center 
10% meter 

Mikoyan-Gurevich (Soviet aircraft 
manufacturer) 

MiG Combat Air Patrol 

Meaconing, Intrusion, Jamming, & 
Interference (also sce JSIR) 
(One-thousandth of an inch 

Military power (100%, no afterburner) 
or Military 

Military Construction 

Military Specification 

Military Standard Requisitioning and 
Issue Procedure(s) 

Microwave Monolithic Integrated 
Circuit (also MMIC) 

Minimum 

Minimal Construction 

RWR display switching between 
ambiguous emitters, 

Millions of (Mega) Instructions Per 
Second 

Missile Launch 

Main Lobe Clutter 

Memory Loader Verifier 

Memory Loader Verifier Set 


MM 
MMIC 


MMW. 


MOA 
MOE 
MOM 


Mop 


Mops. 
Mos. 


Mosaic 


MOU 
MPD 


MPE 
‘mph 
MPLC 
MPM 
MPPs 
MPRF 

mr or mrad 
MRC 


MRE’s 
MSB 
MSI 


MsIC 
MSL 
MTBF 
MTL 


MTTR 
MUXBUS 
MVS. 

mW 
MWIR 
Mws 

MY 


Millimeter 
Man Month 

Microwave Monolithic Integrated 
Circuit (also MIMIC) 

Millimeter Wave (40 GHz or higher 
per IEEE, but commonly used down to 
30 GHz) 

Memorandum of Agreement 

Measure of Effectiveness 

Methods of Moments (also MoM) or 
Metal-Oxide-Metal 

Modulation on Pulse or Measure of 
Performance 

Million Operations Per Second 
Minimum Operational Sensitivity 
Military Occupational Specialty, 
Metal-Oxide Semiconductor, or 
Measure of Suitability 

Modeling System for Advanced 
Investigation of Countermeasures 
Memorandum of Understanding 
Multi-Purpose Display or Microwave 
Power Device 
Maximum Permi 
Miles per Hour 
Multi-Platform Launch Controller 
Microwave Power Module 

Million Pulses Per Second 

Medium Pulse Repetition Frequency 
Milliradian 

Maintenance Requirement Card or 
Medium Range CAP 

Meals Ready to Eat 

Milliseconds 

Most Significant Bit 

Multi-Sensor (also Source) 
Integration, Management Support 
Issues, or Medium Scale Integration 
Missile and Space Intelligence Center 
Mean Sea Level (altitude) or Missile 
Mean Time Between Failures 
Moving Target Indicator (or 
Indication) 

Mean Time To Repair 

Multiplex Bus 

Minimum Visible Signal 

Microwave 

Milliwatt 

Mid Wave Infrared 

Missile Warming Set 

Man Year 


ible Exposure 


1-110 


N 


na 
NA 
NADEP 
NASA 


NATO 
NATOPS 


NAV 
NAVAIR 


‘NavMPS 
NAVSEA. 


NAWCAD 


NAWCWD 


NBC 
NCTR 
NDI 


NEI 
EMP 
NEOF 
NEP 
NF 
NFO 
NGI 
NIOC 


NIPO 
NIR 


NM or NMI 
NMCI 
NNWC 
NOHD 
NORAD 


nano (10° multiplier) or number of 
elements 

Noise, Newton (force), Radiance, 
North, or No 

Not Applicable (also N/A) 
‘Numerical Aperture 

‘Naval Aviation Depot 

National Aeronautics and Space 
‘Administration 

North Atlantic Treaty Organization 
‘Naval Air Training and Operating 
Procedures Standardization 
Navigation 

‘Naval Air Systems Command (also 
NAVAIRSYSCOM) 

‘Naval Mission Planning System 
‘Naval Sea Systems Command (also 
NAVSEASYSCOM) 

Naval Air Warfare Center Aircraft 
Division 

‘Naval Air Warfare Center Weapons 
Division 

Nuclear, Biological, Chemical 
‘Non-Cooperative Target Recognition. 
Non-Developmental Item or Non 
Destructive Inspection 

Noise Equivalent Power 

‘Nuclear Electromagnetic Pulse 

No Evidence of Failure 

Noise Equivalent Power 

Noise Figure or Noise Factor (also F) 
Naval Flight Officer 

Next Generation Jammer 

Navy Information Operations 
Command 

‘Navy International Program Office 
‘Near Infrared 

nanometer or Nautical Mile (also NM 
or NMI 

‘Nautical Mile (also nm) 

‘Navy Marine Corps Intranet 

‘Naval Network Warfare Command 
‘Nominal Ocular Hazard Distance 
North American Air Defense 
Command 


NPG or NPGS Naval Post Graduate School 


NRE 
NRL 
NRZ 
NSA 
NSN 
NSWC 
nt 


‘Non-Recurring Engineering 
‘Naval Research Laboratory 
Non Return to Zero 

National Security Agency 
Nanosecond 

National Stock Number 

Naval Surface Weapons Center 
Nit (SI unit of luminance) 


ONR 
00K 
OPEVAL 
OPM 
‘OPSEC 
OPTEVFOR 
oR 


‘RD 
osD 
OSHA 
OsIP 


OSM 


OsRB 
OT (&E) 
oTD 
OTH 
OTH-B 
OTHR 
OTH-T 
OTRR 
ousD 


‘Naval Undersea Warfare Center 
Night Vision Goggles 

‘Naval Warfare Information 
Publication 

‘Naval Warfare Publication 


Optical 
Originating Agency's Determination 
Required 

Operational Advisory Group 
Operations and Maintenance, Navy 
{also O&M.N) 

‘Overtaken (Overcome) By Events 
Offensive Counter Air 
Organizational Electronic Warfare 
‘Test Program Set 

Operational Flight Program 
On-the-Job Training 

Organizational Level of Repair (also 
“0” Level) 

(Organizational Maintenance Activity 
Office of Management and Budget 
Optimized Method for Estimating 
Guidance Accuracy (VLF Navigation 
System) 

Office of Naval Research 

On-Off Keying 

Operational Evaluation 

Office of Personnel Management 
Operational Security 

Operational Test and Evaluation Force 
Operational Requirement or 
Operationally Ready 

Operational Requirements Document 
Office of the Secretary of Defense 
Occupational Safety and Health Act 
Operational Safety Improvement 
Program 

(Operating System Memory or SMA 
connector made by Omni-Spectra 
Operational Software Review Board 
Operational Test (and Evaluation) 
Operational Test Director 

Over the Horizon 

Over-the-Horizon Backscatter 
Over-the-Horizon Radar 
(Over-the-Horizon Targeting 
Operational Test Readiness Review 
Office of the Under Secretary of 
Defense 


Ll 


pico (10"" multiplier) or page 
Power, Pressure, or Peta (10° 
‘ultiplier) 

Pre-Planned Product Improvement 
Pascal (pressure) 

Public Address or Program Analyst 
Periodic Built-in-Test 

Pulse Compression, Personal 
Computer, or Photoconductive 
Physical Configuration Audit 
Pulse Code Modulation 
Probability of Detection 

Pulse Doppler 

PD Illuminator or Post Detection 
Integration 

Plasma Display Pane! 

Pretty Dam [sic] Quick 
Preliminary Design Review 

Pulse Descriptor Word 

Personnel Exposure Limits 
Photoclectromagnetic 

Program Executive Officer 

Power Factor or Pico Farads 
Probability of False Alarm 
Precision Guided Munition 

Phot (unit of illuminance) 
Probability of Hit 

Greek letter 

Probability of Intercept (also POD) 
Positive Identification 

Personal Identification Number 
Product Improvement Plan or 
Predicted Intercept Point 

Picture Element 

Probability of Kill or Peak 
Precision Location Strike System 
Phase Modulation or Program 
Manager 

Program (also Project) Manager, Air 
Passive Missile Approach Warning 
System 

Program Manager, Ship 
Photomultiplier Tube 

Program Manager, Warfare 
Positive to Negative Junction (also 
pn) 

Part Number 

Point of Contact 

Primed Oscillator Expendable 
Transponder 

Probability of Intercept (also Pl) 
Polarization 

Program Objective Memorandum 


POP Pulse-on-Pulse or Product, RCVR 


Optimization Program RDT&E 
Post Passive Optical Secker Technology 
(Stinger missile) RDY 
PPL Plan Position Indicator RE 
PPs Pulses Per Second REC 
PRE Pulse Repetition Frequency RET 
PRI Priority or Pulse Repetition Interval RF 
PROM Programmable Read-only Memory RFEXP 
PRR Production Readiness Review or RFT 
Pulse Repetition Rate 
PRT Pulse Repetition Time REP 
P, Probability of Survival RFQ 
P's &Q's Pints and Quarts (small details) RFSS 
PSK Phase-shift Keying 
PUPS Portable Universal Programming 
System 
Pv Photovoltaic 
pworPW Pulse Width 
PwB Printed Wiring Board 
RHAWS 
RINT 
RIO 
4 electron charge RM 
Q Quantity Factor (igure of merit) rms or RMS 
Quadrature, aerodynamic pressure, or RNG 
Charge (coulomb) ROC 
Qa Quality Assurance ROE 
ac Quality Controt ROI 
QED Quod Erat Demonstradum (end of ROM 
proof) Satirically “quite easily done") 
ML Qualified Manufacturer Listing ROR 
QPL ‘Qualified Parts List 
arc Quick-Reaction Capability ROT 
QRD Quick Reaction Demonstration ROWG 
QRT Quick-Reaction test 
RPG 
RPM 
RPT 
rorR Radius or Range RPV 
R Resistance, Reliability, or Roentgen RRT 
rad Radian 
R&D Research and Development RS 
RADAR Radio Detection and Ranging 
RADHAZ Radiation Hazard Rsps 
RAM Random Access Memory, Radar RSO 
Absorbing Material, Rolling Airframe 
Missile, oF Reliability, Availability RST 
and Maintainabilty RT 
R&M Reliability and Maintainability 
RAT Ram Air Turbine 
RBOC Rapid Blooming Offboard Chaff RUG 
RCP or RHCP Right-hand Circular Polarization RWR 
RCS Radar Cross Section Rx 
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Receiver 
Research, Development, Test, & 
Evaluation 

Ready 

Radiated Emissions 

Receive 

Return 

Radio Frequency 

RF Expendables 

Radio Frequency Interference, Ready- 
For-Issue, or Request for Information 
Request for Proposal 

Request for Quotation 

Radio Frequency Simulation System 
(Amy) 

Range Gate Pull Off 

Range Gate Stealer 

Range Gate Walk Off (see RGPO) 
Radar Homing and Warming Receiver 
or Radar Homing All the Way 

Radar Homing and Waring System 
Radiation Intelligence 

Radar Intercept Officer 

Radar Mile 

Root Mean Square 

Range 

Required Operational Capability 
Rules of Engagement 

Retum on Investment 

Read-only Memory or Rough Order of 
Magnitude 

Range Only Radar or Rate of Return 
(financial) 

Rate of Tum 

Response Optimization Working 
Group 

Receiver Processor Group 
Revolutions per Minute 

Repeat 

Remotely Piloted Vehicle 

Rapid Reprogramming Terminal (a 
type of MLVS) 

Radiated Susceptibility or Remote 
Station 

Radar Signal Detecting Set 

Range Safety Officer or Receiver, Set- 
Receiver Shadow Time 

Remote Terminal, Termination 
Resistance, or Receiver/Transmitter 
{also R/T) 

Radar Upgrade 

Radar Waming Receiver 

Receive 


s,S,orsee 


SA 


SA() 
SAE 
SAM 
SA-N- 
SAR 


SATS 
SAW 
SBIR 
scl 
SCIF 


SCN 
SCR 
sc 
SCRB 
scuD 


SE 
SDLM 
SDI 

SEAD 


SEAL 
SECDEF 
SEL 
SEMA 
SERD 


SHAPE 


SHF 
SI 


SIF 
SIGINT 

su 

SIM 
SINCGARS, 


SIRCM 


seconds 
Signal Power, Surface Area, Secret, 
Electrical conductance (siemens), 
South, Scattering (as in S-parameters), 
‘or Seconds 

Situational Awareness, Semi-Active, 
Spectrum Analyzer, or Surface-to-Air 
{also S/A or SA) 

Surface-to-Air missile number () 
Society of Automotive Engineers 
Surface-to-Air Missile 

‘Naval Surface-to-Air missile number 
Synthetic Aperture Radar, Special 
Access Required, Semi-Active Radar, 
Search and Rescue, or Specific 
“Absorption Rate 

Semi-Active Test System 

Surface Acoustic Wave 

‘Small Business Innovative Research 
Sensitive Compartmented Information 
Sensitive Compartmented Information 


Specification Change Notice 
Software Change Request 

Software Change Proposal 

Software Configuration Review Board 
Soviet short-range surface-to-surface 
missile 

Support Equipment 

Standard Depot Level Maintenance 
Strategic Defense Initiative 
Suppression of Enemy Air Defense 
(pronounced “seed” or “C add”) 
Sea-Air-Land (Navy special forces) 
seconds (also $ or s) 

Secretary of Defense 

Specific Emitter Identification 
Special Electronic Mission Aircraft 
Support Equipment Recommendation 
Data 

Supreme Headquarters Allied Powers 
Europe (NATO military command) 
Super High Frequency (3 to 30 GHz) 
Special Intelligence or System 
International (Units) 

Selective Identification Feature 
Signals Intelligence 

Stand-In Jamming (also S/S) 
Simulation 

Sine 

Single Channel Ground and Airborne 
Radio System 

Suite of IR Countermeasures 


SIRFC 


sl 
si 


SL 
SLAM 
SLAR 
SLC 

SLOC 


SM 


SMA 


SMC 
SME 
SML 
SMS 


SIN or SNR 
SNORT 


SNTK 
SOF 
sol 
SONAR 
soo 


SOP 
SORO 
sos 
sow 
SPAWAR 


SPEC 
SPIRITS 


SPO 
SPY 
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Suite of Integrated RF 

Countermeasures 

Support Jamming 

Stand-In Jamming or Signal to 

Jamming Ratio 

Side lobe or Sea Level (also S.L.) 

Standoff Land Attack Missile 

ide-Looking Airborne Radar 

ide Lobe Clutter 

Source Lines of Code or Sea Lines of 

Communication 

Statute Mile (also sm) or Standard 

Missile 

Scheduled Maintenance Action or 

‘Sub-Miniature A connector 

‘Sub-Miniature C connector 

Subject Matter Expert 

Support Material List 

Stores Management Set or Status 

Monitoring System 

Signal-to-Noise Ratio 

Supersonic Naval Ordnance Research 

Track 

Special Need to Know 

Safety of Flight 

Standoff Jammer 

Sound Navigation and Ranging 

Statement of Objectives 

(replacing SOW) 

Standard Operating Procedures 
scan-on-Receive Only 

“Save Our Ship” (distress call with 

easy Morse code, ic » 

Statement of Work (being replaced by 

$00) 

Space and Naval Warfare Systems 

Command 

Specification 

Spectral Infrared Imaging of Targets 

and Scenes 

System Program Office 

Radar on an AEGIS ship 

Square 

Steradian 

Shop Replaceable Assembly 

Static Random Access Memory 

Software Review Board 

Super Rapid Blooming Offboard 

Chat 

Systems Requirements Document 

Software Requirements Specification 

Shop Replaceable Unit 


SSA 


SSB 
SSI 

SSI 

SSM 
SSRO 
ssw 
S&T 
STANAG 
STAR 
stat 
STBY 
sTc 


sTD 


STE 
STOVL 
STP 


STR 


sIT 
STU 
SUBSAM 
SUT 

siw 
SWAP 
swe 
SWM 
SYSCOM 


t 
T 


TA 
TAAF 
TAC 


TACAIR 
TACAMO. 


TACAN 
TACDS. 


TACTS 


Software (also Special or System) 
Support Activity, Source Selection 
Activity, or Solid State Amplifier 
Single Side Band 

Small Scale Integration 

Self Screening Jamming 
Surface-to-Surface Missile 

Sector Scan Receive Only 

Swept Square Wave 

Science and Technology 
Standardization Agreement (NATO) 
System Threat Assessment Report 
Statute 

Standby 

Sensitivity Time Control, Short Time 
‘Constant or SHAPE Technical Center 
Software Test Description, Standard, 
or Sexually Transmitted Disease 
Standard Test Equipment 

Short Takeoff and Vertical Landing 
Software Test Plan, or Standard 
‘Temperature and Pressure (0°C at | 
atmosphere) 

Software (also System) Trouble 
Report 

Single Target Track 

Secure Telephone Unit 
Subsurface-to-Air Missile 

System Under Test 

Software (also SW) 

Size, Weight, And Power 

Scan With Compensation 

Swept Wave Modulation 

Systems Command 


Time (also T) 
Time (also 0), tera (10! multiplies), 
‘Temperature, or Telsa 

‘Target Acquisition oF Terrain 
Avoidance 

Test, Analyze, and Fix 

Tactical Air Command (now ACC) 
Tactical Aircraft 

‘Take Charge and Move Out (airbome 
strategic VLF communications relay 
system) 

Tactical Air Navigation 

‘Threat Adaptive Countermeasures 
Dispensing System 

Tactical Aircrew Combat Training 
System 


TAD 


TRE 
TALD 
TAMPS. 


TAR 


TAS 
TBA 

TBD 

TBMD 

1D 

TDD 

TDM 

TE 

TEA 
TEAMS 
TECHEVAL 
TEL 

TEM 

TEMP 
TEMPEST 


TENA 
‘TERPES 


ToT 
TIM 
™ 


TMD 
TNC 
TOA 
TO! 
TOO 


TOR 


Tos 
TOT 
Tow 


TI 
TPS 
TPWG 
TQM 
TR 
TRB 
TRD 
‘TREE 
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‘Threat Adaptive Dispensing, 
‘Temporary Additional (also Active) 
Duty, of Tactical Air Direction 

Test & Evaluation 

Tactical Air Launched Decoy 
Tactical Automated Mission Planning 
System 

Target Acquisition Radar or Training 
Administrative Reserve 

True Airspeed 

To Be Announced 

To Be Determined 

‘Theater Ballistic Missile Defense 
Technical Directive (also Director) 
Target Detection Device 

‘Time Division Multiplexing 
Transverse Electric 

Technology Exchange Agreement 
Tactical EA-6B Mission Support 
Technical Evaluation 

Transporter Erector Launcher 
Transverse Electromagnetic 

Test and Evaluation Master Plan 
Not an acronym. Certification of 
reduced electromagnetic radiation for 
security considerations 

Training Enabling Architecture 
Tactical Electronic Reconnaissance 
Processing and Evaluation System 
Target 

Technical Interchange Meeting 
Telemetry, Transverse Magnetic, or 
Technical Manual 

Theater Missile Defense 

‘Threaded Navy Connector 

Time of Arrival 

Track on Jam 

‘Target of Opportunity (HARM 
operating mode) 

Tentative (also Tactical) Operational 
Requirement or Time of Receipt 
Time on Station 

‘Time on Target 

Tube-Launched, Optically-Tracked, 
Wire-guided 

‘Test Program Instruction 

Test Program Set or Test Pilot School 
Test Plan Working Group 

Total Quality Management 
Transmit / Receive 

Technical Review Board 

Test Requirements Document 
‘Transient Radiation Effects on 
Electronics 


ULF 
hm 

UN 
UNK 
upc 
ups 

us oF us 


‘Tuned Radio Frequency 
Test Readiness Review 

Top Secret 

Tangential Sensitivity 

Tri-Service Standoff Attack Weapon 
Target Track 

‘Time To Impact/Intercept 
Time-to-Go 

‘Transistor-Transistor Logie 

Target Tracking Radar 

Television 

‘Thrust Vector Control 

‘Track While Scan or Tail Warning 
System 

‘Track While Scan on Receive Only 
Traveling Wave Tube 

‘Traveling Wave Tube Amplifier 
Transmit 

‘Type Commander 


micron / micro (10 multiplier) 
Unclassified, Unit, or Unknown (on 
RWR display) 

Unmanned Aerial System 
Unmanned (also uninhabited) Air (or 
Aerial) Vehicle 

Uninhabited Combat Air Vehicle (new 
USAF term for UAV) 

User Data File 

User Data File Generator 

User Data Module 

Ultra High Frequency (300 MHz to 3 
GHz) 

Ultra Low Frequency (3 to 30 Hz) 
Micrometer 

United Nations 

Unknown (also U) 

Unique Planning Component 
Uninterruptable Power Supply 
Microseconds 

United States 

United States of America or United 
States Army 

United States Air Force 

United States Marine Corps 

United States Navy 

Uninhabited Tactical Aircraft 

Unit Under Test 

Ultraviolet 
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Volts (also V), Velocity (also V or v) 
Volts (also v), Velocity (also v or v), 
‘Volume, or Roman Numeral for five 
Veterans Administration, Volt- 
Amperes 

Prefix for Navy tactical EW squadron 
Validation and Verification 

Voltage Controlled Oscillator 

Volts Direct Current 

Video Display Terminal 

Value Engineering Change Proposal 
Prefix for Navy fighter squadron 
Variable Frequency Oscillator 
Visual Flight Rules 

Velocity Gate Pull Off 

Velocity Gate Stealer 

Velocity Gate Walk Off 

Very High Frequency (30 - 300 MHz) 
Very High Speed Integrated Circuit 
Visual Identification 

Very Low Frequency (3 to 30 kHz) 
Very Large Scale Integration 

Very Large Scale Integrated Circuit 
Prefix for Marine Tactical EW 
‘Squadron 

Prefix for Navy patrol squadron 
Prefix for Navy special mission 
(usually reconnaissance) squadron 
Video Random Access Memory 
Velocity Search or Versus (also vs.) 
Vertical/Short Take-off and Landing 
(also VSTOL) 

Velocity (also V or v) 

Vertical Takeoff and Landing 
Voltage Standing Wave Ratio 
Voltage Variable Attenuator 


‘Watts, Weight, or West 
Warning & Targeting 

‘Wartime Reserve Mode 

Weber (magnetic flux) 

Work Breakdown Structure 
Waveguide, circular 

Windowed Fourier Transform 
‘Working Group on Infrared 
Background 

Write Once Read Many [times] 
(Refers to optical disks) 

‘Weight on/off Wheels (also WonW or 
WoftW) 

‘Weapons Procurement, Navy or 
‘Weapon 


IxLR, 2xLR 


Wor Level 


3D 
3M 


Waveguide, rectangular 
Weapon Replaceable Assembly 
Waveguide, rectangular double ridged 
Weapons System Support Activity 
Within Visual Range 


Multiplication symbol 
Reactance, Experimental, 
Extraordinary, Roman Numeral for 
ten, or X axis 

Cross Eye 

Cross Polarization 

‘Transmit 

‘Transmitter 


Yes or Y-Axis 
Yetrium-Aluminum Garnet 
Yard 

Yetrium-Iron Garnet 


Impedance, Zenith, or Z-Axis 


One (or two or three ete.) Times 
Lethal Range 
One versus One (Aerial engagement) 


Two Dimension 


‘Three Dimension 
‘Navy Maintenance and Material 
Management System 
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FUNDAMENTALS 


Constants, Conversions, and Characters 
Mathematical Notation. 

Frequency Spectrum 

Decibel (AB). 

Duty Cycle 

Doppler Shift. 

Electronic Formulas 

Missile and Electronic Equipment Designations 
Radar Horizon / Line of Sight. 

Propagation Time / Resolution 

Modulation 

‘Transforms / Wavelets 
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CONSTANTS, CONVERSIONS, and CHARACTERS 


DECIMAL MULTIPLIER PREFIXES 


EQUIVALENCY SYMBOLS 


Symbol Meaning 
Prefix Symbol Mulipier Proportional 
exa E 10° oa Roughly equivalent 
peta P 108 Approximately 
tera ‘ 108 Nearly equal 
‘ain G 10? Equal 
mega M 10° Identical to, defined as 
kilo k 10° Not equal 
hedo S io 3> Much greater than 
acts * i > Greatrhan 
fon a 1 > Greater than or equal to 
“i 3 < Much less than 
milli m 10 ss Mace 
micro # 105 < Less than or equal to 
‘nano 1 10 
- : 1 Therefore 
femio f 108 Deets 
a i ig ‘Seconds or inches 
UNITS OF LENGTH UNITS OF SPEED 
Linch (in) = 2.54 centimeters (em) | footsee (fps) 0.59 knot (kty* 
Loot ft) = 30.48 em = 0.3048 m 3. dese acl 
L yard (yd) 0.914 meter Sa mecicne 
I meter(m) = 39.37 inches 
1000 fps = 600 knots 
1 kilometer (km) 20.54 nautical mile 
ae te Ikilometerhhr = 0.54 knot 
1093.6 yards (vbr) = 0.62 stat. mph 
= 22808 feet 0.91 see 
I sttute mile 0,87 nautical mile | milefhr (stat) 0.87 knot 
(smorstat. mile) = 1.61 kilometers (mph) 1.61 kilometerstor 
1760 yards = 147 Wsee 
5280 feet 
Vienot® 1.15 stat mph 
{nautical mile = 1.15 state miles ee miss 
(omornaut mile) 1.852 kilometers 1.85 kilometer 
2025 yards 0515 m/sec 
6076 feet *A knot is 1 nautical mile per hour. 


1 furlong 


18 mi (220 yds) 


2411 


UNITS OF VOLUME 


1 gallon 3.78 liters 


231 cubic inches 


= 0.1335 eubie ft 
= 4 quarts 
= Spins 


a 


I flounce % 29.57 cubic centimeter (cc) 
cor milliliters (ml) 


Lin’ = 16387 cc 


UNITS OF AREA, 
Isqmeter = 10.76sqft 


UNITS OF WEIGHT 


1 kilogram (kg) = 2.2 pounds (Ibs) 


I pound = 0.45Kg 


16 ounce (02) 
loz = 43755 grains 
Learat = 200mg 


Istone (UK) = 636kg 
NOTE: These a the 


S. customary (avoindupois) equivalent, 


the troy oF apothecary system of equivalents, which differ 
markedly, was Used long ago by pharmacist 


UNITS OF POWER / ENERG 


LHP. 33,000 fbs/min 
550 f-lbsisec 
746 Watts 

2.545 BTU/hr 
(BTU = British Thermal Unit) 


Isqin = 645 sq millimeters (mm) 
1,000,000 sq mil IBTU = 1055 Joules 
Imil = 0.001 inch = 778 ftlbs 
Lacre = 43,560.59 ft 5°0.208 Walt 
SCALES ‘TEMPERATURE UNITS OF TIME 
CONVERSIONS I year = 365.2 days 
oes I fortnight = 14 nights 
a C432 2 weeks 
SN" Octaves = Freq to Freq x 2° Pepe teaee Ledesya donee, 
C= (599)( °F - 32) I century = 100 years 
i.c., One octave would be 2 to 4 GHz eeCarilé 1 millennium = 1,000 years 
‘Two Octaves would be 2 to 8 GHz Bie wD 2 
‘Three octaves would be 2to 16 GHz eae Noninens 
DECADES °K = (5/9)( °F - 32) +273 oe. = om 
“N" Decades = Freq to Freq x 10° jilion = 1x10? 
ie,,One decade would be | to 10 MHz PS aes 
Two decades would be 1 to 100 MHz SarLe Ia (OO, 
Three decades would be (quiet ane) 
1 to 1.000 MHz 


RULE OF THUMB FOR ESTIMATING DISTANCE TO LIGHTNING / EXPLOSION: 


km: Divide 3 into the number of seconds which have elapsed between seeing the flash and hearing the noise. 
miles: Multiply 0.2 times the number of seconds which have elapsed between seeing the flash and hearing the noise. 
Note: Sound vibrations cause a change of density and pressure within a media, while electromagnetic waves do not 
‘An audio tone won't travel through a vacuum but can travel at 1,100 fu/sec through air. When picked up by a 
microphone and used to modulate an EM signal, the modulation will travel at the speed of light. 


Physical Constant Quoted Value s* | Slunit ‘Symbol 
“Avogadro constant 6.021367 x 10" 36 | mol” Na 
Bohr magneton 9.2740154 x 10 at | ser! He 
Boltzmann constant 1.380658 x 10° 2 | WK KERN) 
Electron charge 1.602177 33 x 10 ~ [Cc 7. 
Electron specific charge -1.758819 62x 10" 53 | Cekg! elm, 
Electron rest mass 9.1093897 x 10"! s4 | ke m 
Faraday constant 96485309 x 10" 29 | Ceol" F 
Gravity (Standard Acceleration) 9.80665 or 0 | msec? g 
32.174 fuse 
Josephson frequency to voltage ratio 4,8359767 x 10" 0 | Hv! 2ethg 
Magnetic flux quantum 2.06783461 x 10> 61 | Wb O 
Molar gas constant 8.314510 70 | Jemol'sK" R 
‘Natural logarithm base = 271928 dimensionless | ¢ 
Newtonian gravitational constant 66725910" 85 | miekg'es? | G or K 
Permeability of vacuum 4nx 10” d Him Ho 
Permitivity of vacuum = 8.854i878 x 10 a | Bim % 
Pi = 3.141592654 dimensionless | 1 
Planck constant 6.62659 x 10 40 Jes 
Planck constant/2 1.05457266 x 10“ 63 Jes 
Quantum of circulation 3.63694807 x 10* 33 | Jesekg! 2m, 
Radius of earth (Equatorial) 6.378 x 10° or 
3963 miles 
Rydberg constant 1,0973731534 x 107 3 | R, 
‘Speed of light 2.9979246 x 10° 1 mes € 
Speed of sound 3314 mes : 
(dry air @ std press & temp) 
Standard volume of ideal gas 2.41410 x 10° 19 | gemot! Ve 
‘Stefan-Boltzmann constant 5.67051 x 10° 19 Kiem? [6 


Sis the one-standard-deviation uncer 


aty in the last units ofthe value, dis a defined value, 
(A standard deviation is the square root of the mean of the sum of the squares of the possible deviations) 
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ESE a ‘SPEED OF LIGH’ 
ACTUAL UNITS RULE OF UNITS IN VARIOUS MEDIUMS 
‘THUMB 
= = - a ‘The spend of EM radiation though 
= 2.9979246 x 10! x10) substance sch a8 cables defined bythe 
= 299.79 Tse 00 maasee Sto me 
=a27857x10 | _yalbee 328% 10" yao Were 
lave peritvy 
zsazsxi0 | NMiir 58x 10" NMiir ‘The rel component of ~ dilectic 
- = Sa — constant of med, 
= 161875x 10° | NMA = 1.62 10) ue EM propagation speed in a ypicl cable 
ayaslossigt | Ree x10" Tikes aight be 85.90% of he speed of Habe ina 
= 98357105 x 10° filusec x10° fifpsec 
APPROXIMATE SPEED OF SOUND (MACH 1) SPEED OF SOUND 
Sea Level (CAS/TAS) 36,000 ft" (TAS) _ (CAS) IN VARIOUS MEDIUMS), 
1230 km/hr Decreases 1062 knv/ht 630 km/hr fff Substance Speed see) 
765 mph Linearly 660 mph 391 mph Pig i Tor 
«te etm at #2008 fn tases it 18am op ff Ker 700 
656 ks) at 154.000 I. Also se Section 8-2 fr discussion of Calibrated Ait Speed (CAS) and Tuc | Salt Water 4,900 
‘Ninpead TAS) and plato the spec of sound vs tase Glass 14,800 
Steel 20,000 
DECIMAL / BINARY / 
HEX CONVERSION TABLE 
Decimal | Binary | Hex | Decimal | Binary | Hex | Decimal | Binary | Hex 
7 ‘00001 oy 1 o1olt | _0Bh 2 TOIOL 13h 
z 00010 | 02h 2 ‘or100_[ _0Ch 2B TOLO Toh 
3 ‘0001 Oh 1B ono | _0Db 3B TOIT Th 
4 00100 | _Oth 1 ord | _ OER Ey T1000 18h 
3 ‘Oo10r Sh 15 ont OF Ey T1001 Th 
6 CO 16 T0000 TOR 26 T7010 | _1Ab 
7 oon Oh 17 To00r Th Ey TIO TBh 
5 ‘7000 | 08k 18 TOTO Th 2 T1009 | _1ch 
g ‘O100T Oh 1 TOOT Th a THOT 1D 
10 oro1 [Oar 20 TOTOO Tah 30 THT [TER 


‘When using hex numbers it is always a good idea to use “h” as a suffix to avoid confusion with decimal 
numbers. 


DECIMAL TO HEX CONVERSION 


Both the following methods must use long division. Method one computes the digits from right 
to left while method two works from left to right. 


Method one: To convert a decimal number above 16 to hex, divide the number by 16, then 
record the integer resultant and the remainder. Convert the remainder to hex and write this down - this 


will become the far right digit of the final hex number. Divide the integer you obtained by 16, and again 
record the new integer result and new remainder. Convert the remainder to hex and write it just to the left 
of the first decoded number. Keep repeating this process until dividing results in only a remainder. This 
will become the left-most character in the hex number ( i.e., to convert 60 (decimal) to hex we have 60/16 
= 3 with 12 remainder). 12 is C (hex) - this becomes the right most character. Then 3/16=0 with 3 
remainder. 3 is 3 (hex). This becomes the next (and final) character to the left in the hex number, so the 
answer is 3C. 


Method two: Use table of powers to work the digits from left to right 


/our Decimal Number - 9379 


For example: Here is 


Step 1 - Set up your chart: 


65536 | 4096 | 256 [16 [ 1 
to" | ie | 16" | 16" | 16 


Step 2 - Look in the table for the highest divisible number in the chart. 
9379 / 4096 = 2 (the left-most Hex digit) 
‘Must use long division to calculate the remainder (1187) 


Step 3 - Divide the remainder with its highest divisible number in the chart: 
1187 / 256 = 4 (the next digit to the right) 
‘Must use long division to calculate the remainder (163) 


Step 4 - Divide the remainder with its highest divisible number in the chart: 
163 / 16 = 10 (or “A” from table L-1) (the next digit to the right) 


‘Must use long division to calculate the remainder (3) 
Step 5 - The remainder will not divide: remainder Hex digit) 
(65536 [ 4096 
16° [16 
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HEX TO DECIMAL CONVERSION 


To convert a hex number to decimal, multiply each hex digit converted to decimal by the decimal 
equivalent of the hex power represented and add the results. 


For example: Here is your Hex Number - 2443 


Step I - Set up your chart: 


4096 | 256 | 16 [1 
ie [16 | 16" | 16" 


Step 2 - Place the numbers in a table: 


256 | I 


6 [1 


i a 


6" | ie" 


2[4[al3 


Step 3 - Multiply the Hex number times the power value: 


2x 4096 8192 
4x 256 1024 
AUO)x 160 = 160 
3x1 = 3 
Step 4 - Add up your values: 
Decimal value is 9379 
GREEK ALPHABET. 
Go rank English : oes, Se English 
Upper | Lower Rae Equivalent Upper] Lower Nase Equivalent 
A @ alpha a N ¥ mu 7 
B B beta b x x 
r Y zamma z 0 ° ‘omicron ° 
a 3 delta a 1 7 Pi P 
E = epsilon e P P Tho r 
Z t ela z zi @ Sigma 5 
a n ata e T 7 tau t 
e 0, theta a Y v upsilon u 
T r iota i o e Phi ph 
K ¥ Kappa K x i chi ch 
x i Tambda 7 Gg v pa PB 
M o mu ™ a ° ‘omega ° 


LETTERS FROM THE GREEK ALPHABET COMMONLY USED AS SYMBOLS 


‘Symbol Name 


Use 
space loss, angular acceleration, or absorptance 


8 3 dB bandwidth or angular field of view [radians] 
Tr Gamma ion coefficient 

y gamma vity, surface tension, missile velocity vector angle, or gamma ray 

A Delta small change or difference 

5 delta delay, contol forces and moments applied to missile or phase angle 

& epsilon emissivity (dielectric constant] or permitivity [farads/meter] 

1) ela—_ efficiency or antenna aperture efficiency 

© Theta _angle of lead or lag between current and voltage 

Gor‘ theta azimuth angle, bank angle, or angular displacement 

‘A Lambda acoustic wavelength or rate of energy loss from a thermocouple 

3 lambda wavelength or Poisson Load Factor 

H mu micro 10 * [micron], permeability [henrys/meter], or extinction coefficient [optical region] 
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vom frequency 
x opi 3.141592654+ 
P tho —_—_charge/mass density, resistivity ohm-meter], VSWR, or reflectance 
E Sigma algebraic sum 
o jgma__radar cross section [RCS], Conductivity [/ohm-meter], or Stefan-Boltzmann constant 
T Tau —_-VSWR reflection coefficient 
1 tau_—_ pulse-width, atmospheric transmission, or torque 
© Phi magnetic/electrical flux, radiant power [optical], or Wavelet’s smooth function [low pass filter] 
© phi —_ phase angle, angle of bank, or beam divergence [optical region] 
WY ——-Psi_—_time-dependent wave function or Wavelet's detail function [high pass filter] 
y psi. time-independent wave function, phase chan; [weber] 
2 Omega Ohms [resistance] or solid angle [optical region}, Note: inverted symbol is conductance [mhos] 
© omega carrier frequency in radians per second 
MORSE CODE and PHONETIC ALPHABET 
Aalpha T- juliet S sierra wee 7 
B bravo K-kilo T= tango E 2 
C charlie L=limal U= uniform 3 
D= dela M= mike Vo victor q 
E- echo = | Nonovember We whiskey 3 
F = Toxtrot O= oscar Tao eaeray 6 
Cg0lF Tae [P= papa Yo yankee 7 
Hotel T quebec Zila 5 
T= india ee | R-romeo 0 = D 


Note: The International Maritime Organization agreed to officially stop Morse code use by February 1999, however 
use may continue by ground based amateur radio operators. (The U.S. Coast Guard discontinued its use in 1995.) 


BASIC MATH / GEOMETRY REVIEW 


EXPONENTS LOGARITHMS TRIGONOMETRIC 


Lae log (xy) = log x + log y 


FUNCTIONS 


08 (x-90°) 
log (xly) = 


x-logy 


cos x = -sin (x-90°) 
log (x) = N log x 
tan x =sin x/cos x= 1/ cot x 
Ifz=logx then x= 10" ‘ F 

sin? x +cos?x=1 
Examples: log 1=0 
log 1.26=0.1; log 10=1 


if 10 log N = dB#, 
then 10°" =N 


A radian is the at 


gular measurement of an arc which has an arc length equal to the radius of the 


given circle, therefore there are 2m radians in a circle. One radian = 360°/2n = 57.296....° 
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ELLIPSE RECTANGLULAR 


SOLID 


Area = nab 


Approx circumference 


=n fea 
jepe 


SPHERE 
Surace area = anc 
volume = 4 217 


Gross Saetion rei) 
Atea = at 


Volume — nr2n 


Lateral surtace 
atea — 21 


angles: A+ B+O= 
Area = Bho = 12 ab sinc 


ANGLES: 


yA ney 


Sha=yr  Gos@ =x 
Tan @= vie 


CYLINDER 


ee 


DERIVATIVES 
Assume: a= fixed real # u,v & w are functions of x 

dtayidx = 0; asin uyldx = du(cos uydx 
Alsyldx = 1; d(cos vax = -dv(sin vids 


dtuyw)/dx = uvdwidx + vwduldx + uwdvids +.ete 


TRIANGLES 
180° 
2 4b? -2ab cvs 0 ZN 
INTEGRALS 
Note: All integrals should have an arbitrary 
constant of integration added, which is left off for 


larity 


Assume: a = fixed real #; u, & v are functions of x 


fadx =ax and fa fix)dx = alfix)dx 
J(u ty)dx = judx + Ivdx ; fete 
[isin ax)dx = -(cos ax)/a ; (cos ax)dx = (sin axy/a 


Differentiating Circuit 


Square ~ ro® 
Wave a Vout RO ar 
Input - 

Signal 


i Integrating Circuit 


J ' 
A@® c he + hat 


in) 


Period of input 


Period of input ane ten Be 


‘smaller than RC 


Increasing rep rate reduces amplitude 
of triangular wave.(DC offset unchanged) 
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MATHEMATICAL NOTATION 


The radar and EW communities generally accept some commonly used notation for the various 
parameters used in radar and EW calculations. For instance, “P” is almost always power and “G” is 
almost always gain, Textbooks and reference handbooks will usually use this notation in formulae and 
equations. 


A significant exception is the use of “a” for space loss. Most textbooks do not develop the radar 
equation to its most usable form as does this reference handbook, therefore the concept of “a” just isn’t 
covered. 


Subscripts are a different matter. Subscripts are often whatever seems to make sense in the 
context of the particular formula or equation. For instance, power may be “P”, “P;”, “P,”, or maybe 
In the following list, generally accepted notation is given in the left hand column with no subscripts 
Subscripted notation in the indented columns is the notation used in this handbook and the notation often 
used in the EW community. 


Space loss 
‘One way space loss, transmitter to receiver 

‘Two way space loss, xmtr to target (including radar cross 
radar transmitter to target, bistatic 
4, = One way space loss, target to radar receiver, bistatic 


section) and back to the revr 


Other notation such as dig may be used to clarify specific losses, in this case the space loss 
between a target and missile seeker, which could also be identified as a. 


= Antenna aperture (capture area) 
Effective antenna aperture 
Angstrom 


Bandwidth (to 34B points) 
3 dB IF bandwidth of the receiver (pre-dete 
Bandwidth of the jamming spectrum 

3 dB bandwidth in MHz 

Equivalent noise bandwidth, a.k.a. B 

3 dB video bandwidth of the receiver (post-detection) (Subscript V stands for video) 
Bandwidth reduction factor (jamming spectrum wider than the receiver bandwidth) 
Beamwidth (to 3 dB points) 


© = Speed of Light 


Frequency (radio frequency) 
Footcandle (SI unit of illuminance) 
Doppler frequency 

Received frequency 

fy = Transmitted frequency 
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Gain 
Gain of the transmitter antenna 

Gain of the receiver antenna 

Gain of the transmitter/receiver antenna (monostatic radar) 
Gain of the jammer 

Gain of the jammer antenna 

Gain of the jammer transmitter antenna 

Gain of the jammer receiver antenna 

Gain of reflected radar signal due to radar cross section 


Height or Planks constant 
Height of radar 
Height of target 


J. = Jamming signal (receiver input) 
J, = Jamming signal (constant gain jammer) 
Jz = Jamming signal (constant power jammer) 


YS = Jamming to signal ratio (receiver input) 


k = Boltzmann constant 
Kizsu = Proportionality constants, see Sections 4-3, 4-4, 4-5, and 4-1 respectively. 


Lambda, Wavelength ot Poisson factor 
L_ = Loss (due to transmission lines or circuit elements) 


Receiver equivalent noise input (KT.B) 
Noise figure 


Power 
Probability of detection 
Power density 

Power of a jammer transmitter 
Probability of false alarm 
Power received 

Power of a transmitter 


Range (straight line distance) 
Bistatic radar transmitter to target range 

Bistatic radar target to receiver range 

Range of jammer to receiver (when separate from the target) 
Range in nautical miles 


6 = Sigma, radar cross section (RCS) 


S_ = Signal (receiver input) 
Sk = Radar signal received by the jammer 
Smin = Minimum receiver sensitivity 


2.2.2 


fine 


Time 
= Integration time 
Pulse Rise Time 
Pulse Width 


Velocity 
= Radial velocity 


2.23 
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FREQUENCY SPECTRUM 


igure 1, which follows, depicts the electromagnetic radiation spectrum and some of the 
commonly used or known areas. Figure 2 depicts the more common uses of the microwave spectrum, 
Figure 3 shows areas of the spectrum which are frequently referred to by band designations rather than by 
frequency 


Section 7-1 provides an additional breakdown of the EO/IR spectrum. 


To convert from frequency (f) to wavelength (2) and vice versa, recall that f = c/h, or 4 = e/f; 
where c = speed of light. 


3x10" 3x10" _ 300 03 op x10" _3xl0* fa, = 
Sur fate Fate — Fete ie ae Oe Iya 
Some quick rules of thumb follow: 
Metric: 
Wavelength in cm = 30 / frequency in GHz 
For example: at 10 GHz, the wavelength = 30/10 = 3 cm 
English: 
Wavelength in ft = 1 / frequency in GHz 
For example: at 10 GHz, the wavelength = 1/10 = 0.1 ft 
z a . 
B € 8 8 Fg 
Fa & 5 Ff 4 & é 
a a aq a a A E | 
~833833348382335653335439523 
pee eee Deg Se BY ES 
TTT TTA TTT TT TT TT Ayr 8s 
‘ is RK: 5 2 
z.| Beis [3 F 
S 2\3 6 oF z x 
7 Bay = a Beli 
B gh 4 3 — 
fel 2 ale|E]g |g] eron™ | onenarm £ 
ed 
3 8, 5,3,5,5,45 3,565,865 3 3, ‘32 
z ROBE 5 z a ° 
2 # og 3 5 3 
q Ba z 4 
8 > gs HI g d 
3 33 3 3 


Figure 1. Electromagnetic Radiation Spectrum. 
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Figure 2. The Microwave Spectrum. 
FREQUENCY (MH2) FREQUENCY (GHz) 
2 2 1m 2m soo so | is2 3458 8 9.15 209040  e0atIo0 200 oman 
70 
var L [x ]ela)al v | w Juv 
U.S. INDUSTRY STANDARD BANDS (IEEE Radar Deslgnation) 
8 (VHF) Lhends 2 
INTERNATIONAL STANDARD BANDS 
8 o felelelul| o i 
MILITARY STANDARD 
77a tare Tor urabrobed or under Kae or ebeorpon region or above K 
Figure 3. Frequency Band Designations. 
Sce Section 7, Figure | for a more detailed depiction of the UV and IR spectrum. 


DECIBEL (dB) 


‘The Decibel is a subunit of a larger unit called the bel. As originally used, the bel represented the 
power ratio of 10 to 1 between the strength or intensity i.e., power, of two sounds, and was named after 
Alexander Graham Bell. Thus a power ratio of 10:1 = 1 bel, 100:1 = 2 bels, and 1000:1 = 3 bels. It is 
readily seen that the concept of bels represents a logarithmic relationship since the logarithm of 100 to the 
base 10 is 2 (corresponding to 2 bels), the logarithm of 1000 to the base 10 is 3 (corresponding to 3 bels), 
etc, The exact relationship is given by the formula 


Be log(P2/P;) a 
where P,/P; represents the power ratio. 


Since the bel is a rather large unit, its use may prove inconvenient. Usually a smaller unit, the 
Decibel or dB, is used. 10 decibels make one bel. A 10:1 power ratio, 1 bel, is 10 dB; a 100:1 ratio, 
2 bels, is 20 dB. Thus the formula becomes 


Decibels (4B) = 10 log(P_/P1) a 


‘The power ratio need not be greater than unity as shown in the previous examples. In equations [1] 
and [2], P; is usually the reference power. If P: is less than P,, the ratio is less then 1.0 and the resultant 
bels or decibels are negative. For example, if P> is one-tenth P,, we have 


1.0 bels 
10 dB. 


bels = logi0.1/1) 
and dB = 10 log(0.1/1) 


It should be clearly understood that the term decibel does not in itself indicate power, but rather is a 
ratio or comparison between two power values. It is often desirable to express power levels in decibels 
by using a fixed power as a reference. ‘The most common references in the world of electronics are the 
milliwatt (mW) and the watt. ‘The abbreviation dBm indicates dB referenced to 1.0 milliwatt. One 
milliwatt is then zero dBm. Thus P; in equations [1] or [2] becomes 1.0 mW. Similarly, the abbreviation 
BW indicates dB referenced to 1.0 watt, with P2 being 1.0 watt, thus one watt in dBW is zero dBW or 
30 dBm or 60 dBuW. For antenna gain, the reference is the linearly polarized isotropic radiator, BLL. 
Usually the “L” and/or “I” is understood and left out. 


Be is the power of one signal referenced to a carrier signal, ie., if a second harmonic signal at 
10 GHz is 3 dB lower than a fundamental signal at 5 GHz, then the signal at 10 GHz is -3 dBc. 


THE DECIBEL, ITS USE IN ELECTRONICS 
‘The logarithmic characteristic of the dB makes it very convenient for expressing electrical power 


and power ratios. Consider an amplifier with an output of 100 watts when the input is 0.1 watts 
(100 milliwatts); it has an amplification factor of 


P2/P, = 100/0. 


= 1000 


ora gain of: 
10 log(Py/P; 


= 10 log(100/0.1) = 30 dB. 


(notice the 3 in 30 dB corresponds to the number of zeros in the power ratio) 
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The ability of an antenna to intercept or transmit a signal is expressed in dB referenced to an 
isotropic antenna rather than as a ratio. Instead of saying an antenna has an effective gain ratio of 7.5, it 
has a gain of 8.8 dB (10 log 7.5). 


A ratio of less than 1.0 is a loss, a negative gain, or attenuation. For instance, if 10 watts of power 
is fed into a cable but only 8.5 watts are measured at the output, the signal has been decreased by a 
factor of 


85/10 = 85 


or 10 log(.85) = -0.7 dB, 


This piece of cable at the frequency of the measurement has a gain of -0.7 dB. This is generally 
referred to as a loss or attenuation of 0.7 dB, where the terms “loss” and “attenuation” imply the negative 
sign. An attenuator which reduces its input power by factor of 0.001 has an attenuation of 30 dB. The 
utility of the dB is very evident when speaking of signal loss due to radiation through the atmosphere. It 
is much easier to work with a loss of 137 dB rather than the equivalent factor of 2 x 10" 


Instead of multiplying gain or loss factors as ratios we can add them as positive or negative dB. 
Suppose we have a microwave system with a 10 watt transmitter, and a cable with 0.7 dB loss connected 
to a 13 dB gain transmit antenna. The signal loss through the atmosphere is 137 dB to a receive antenna 
with an 11 dB gain connected by a cable with 1.4 dB loss to a receiver. How much power is at the 
receiver? First, we must convert the 10 watts to milliwatts and then to dBm: 


10 watts = 10,000 milliwatts 
and 
10 log (10,000/1) = 40 dBm 
Then 
40 dBm - 0.7 dB + 13 dB - 137 dB + 11 dB - 1.4 dB =-75.1 dBm. 
-75.1 dBm may be converted back to milliwatts by solving the formula: 
mW = 1080) 
giving 10°75" = 0,00000003 mW: 


Voltage and current ratios can also be expressed in terms of decibels, provided the resistance 
remains constant. First we substitute for P in terms of either voltage, V, or current, I. Since P=VI and 
V=IR we have’ 


P=PI 


Thus for a voltage ratio we have: dB 10 log{(V/RY(V7/R)] = 10 log(V2"/V 7) 
= 10 log(VVi° = 20 log(V2/V,) 


Like power, voltage can be expressed relative to fixed units, so one volt is equal to 0 ABV or 120 dBuV. 


Similarly for current ratio: dB = 20 log(Iz/ly) 


Like power, amperage can be expressed relative to fixed units, so one amp is equal to 0 dBA or 
120 dBuA. 
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Decibel Formulas (where Z is the general form of R, including inductance and capacitance) 


When impedances are equal: dB= /0log2.= 2010g £2 = 2010g/2 

PI El u 
‘When impedances are unequal: dB= 10log£2.= 201g £2422 = 2010 £2922 
PI EIVZ2 UNZI 


SOLUTIONS WITHOUT A CALCULATOR 


Solution of radar and EW problems requires the determination of logarithms (base 10) to calculate 
some of the formulae. Common “four function” calculators do not usually have a log capability (or 
exponential or fourth root functions either). Without a scientific calculator (or math tables or a Log-Log 
slide rule) itis difficult to calculate any of the radar equations, simplified or “textbook.” The following 
gives some tips to calculate a close approximation without a calculator 


DECIBEL TABLE 


2 Voltage or Voltage or 
DB Power Ratio | Giri Ratio DB Power Ratio |G) rn Ratio 
0 1.00 1.00 10 10.0 3.16 
0s 112 1.06 15 31.6 5.62 
10 1.26 1.12 20 100 10 
15 141 1.19 25 316 17.78 
20 158 1.26 30 1,000 316 
3.0 2.00 141 40 10,000 
40 251 1.58 50 10° 
5.0 3.16 1.78 60 10° 
60 3.98 2.00 70 10° 
10 5.01 2.24 80 10° 
80 631 251 90 10° 
9.0 7.94 2.82 100 10” 


For dB numbers which are a multiple of 19 _ lf power in question isnot a multiple of ten, then some 


FAB numbers which area multiple of 0 on maed, The flving tit Ins 
TEBE ea GEEEEEE| some approximations. Some would be useful to 
lela dualipe ait toto wamtioator | 
Saar career en 
Insects este it oft vac Da RULES OF THM: 
foaset0%0:1  orpoeen ie ae 
; Caron ota Pow By 
Mtns moves th dial pon hat many laces || Cum’ Volage By Fower By: 
lowetcter nr a 
Seas OM: 1 (orpoxen ta sly 0s eal 
Forvolagsorcuret rats tbomntipeotiois | | 12° 2% 2 1388 
omnienivieteralinety2anlapiyieatore| | 14 0707 3 2 OS 
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You can see that the list has a repeating pattern, so by remembering just three basic values such 
as one, three, and 10 dB, the others can easily be obtained without a calculator by addition and subtraction 
of dB values and multiplication of corresponding ratios. 


Example 1: 
A7 dB increase in power (3+3+1) dB is an increase of (2 x 2x 1.26) = 5 times whereas 
A7 dB decrease in power (-3-3-1) dB is a decrease of (0.5 x 0.5 x 0.8) = 0.2. 


Example 2: Assume you know that the ratio for 10 dB is 10, and that the ratio for 20 dB is 100 
(doubling the dB increases the power ratio by a factor of ten), and that we want to find some intermediate 
value. 


RATIO RATIO 
working down from 20 48) | &© | «working up rom 10 dB} 


from Table (@100) —» . 20 


J® +3 dB #2140 = 00 
-3 dB = 0.5100 = 50» 17 
Lf +3.dB = 2x20 = 40 
-3.dB = 0.5x50 = 25 14 


10“ from table (@10) 


We can get more intermediate dB values by adding or subtracting one to the above, for example, 
to find the ratio at 12 dB we can: 


work up from the bottom; 12 = 1411 so we have 1.26 (from table) x 12.5 = 15.75 
alternately, working down the top 12 = 13-1 so we have 20 x 0.8 (from table) = 16 


The resultant numbers are not an exact match (as they should be) because the numbers in the 
table are rounded off. We can use the same practice to find any ratio at any other given value of dB (or 
the reverse) 


dB AS ABSOLUTE UNITS 78 AS ABSOLUTE UNITS 
Power in absolute units can be expressed by using : 
1 Watt (or 1 milliwatt) as the reference power in the [SEY $8™ awe end 
denominator of the equation for dB. We then call it BW or | 99 60 1kW 30 
dBm. We can then build a table such as the adjoining one 80 50 1o0W 20 
7 40 1oW 10 
From the above, any intermediate value can be found | 60 30 1 W(1000mw) 0 
using the same dB rules and memorizing several dB values for | 50 20 100mW 10 
determining the absolute power, given 48 dBm power output, | 40 10 10 mw -20 
we determine that 48 dBm = 50 dBm - 2 dB so we take the | $33 (anne: ase 
value at 50 dB which is 100W and divide by the value 1.58] 35 7 en 
(ratio of 2 dB) to get: 300 ob Tae ce 


100 watts/1.58 = 63 W or 63,291 mW, 
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Because dBW is referenced to one watt, the Log of the power in watts times 10 is dBW. The 
Logarithm of 10 raised by any exponent is simply that exponent. That is: Log(10)' = 4. Therefore, a 
power that can be expressed as any exponent of 10 can also be expressed in dBW as that exponent times 
10. For example, 100 kW can be written 100,000 watts or 10° watts. 100 kW is then +50 dBW. Another 
way to remember this conversion is that dBW is the number of zeros in the power written in watts times 
10. If the transmitter power in question is conveniently a multiple of ten (it often is) the conversion to 
BW is easy and accurate. 
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DUTY CYCLE 


Duty cycle (or duty factor) is a measure of the fraction of the time a radar is transmitting. It is 
important because it relates to peak and average power in the determination of total energy output. This, 
in turn, ultimately affects the strength of the reflected signal as well as the required power supply capacity 
and cooling requirements of the transmitter. 


Although there are exceptions, most radio frequency (RF) measurements are either continuous 
wave (CW) or pulsed RF. CW RF is uninterrupted RF such as from an oscillator. Amplitude modulated 
(AM), frequency modulated (FM), and phase modulated (PM) RF are considered CW since the RF is 
continuously present. The power may vary with time due to modulation, but RF is always present. 
Pulsed RF, on the other hand, is bursts (pulses) of RF with no RF present between bursts. The most 
general case of pulsed RF consists of pulses of a fixed pulse width (PW) which come at a fixed time 
interval, or period, (7). For clarity and ease of this discussion, it is assumed that all RF pulses in a pulse 
train have the same amplitude. Pulses at a fixed interval of time arrive at a rate or frequency referred to as 
the pulse repetition frequency (PRF) of so many pulse per second. Pulse repetition interval (PRI) and 
PRP are reciprocals of each other. 


PRF = 1/T = I/PRI i 


Power measuremen ied as either peak pulse power, P,, or average power, Piye. The 
actual power in pulsed RF occurs during the pulses, but most power measurement methods measure the 
heating effects of the RF energy to obtain an average value of the power. It is correct to use either value 
for reference so long as one or the other is consistently used. Frequently it is necessary to convert from Py 
to Py, of Vice Versa; therefore the relationship between the two must be understood. Figure 1 shows the 
comparison between P, and Py. 


t* 
ee. 
Lu 
= 
{e) 
a te 
>) fe Pw or ¢ 
perc Wet or nt a 
PRI 
TIME ===> 


Figure 1. RF Pulse Train. 


The average value is defined as that level where the pulse area above the average is equal to area 
below average between pulses. If the pulses are evened off in such a way as to fill in the area between 
pulses, the level obtained is the average value, as shown in Figure I where the shaded area of the pulse is 
used to fill in the area between pulses. The area of the pulse is the pulse width multiplied by the peak 
pulse power. The average area is equal to the average value of power multiplied by the pulse period. 


25.1 


Since the two values are equal: 


Pye XT =P, x PW 2 
or 

Py/P, = PWT BI 
Using [1] 

Pywd/Pp = PW/T = PW x PRF = PW/PRI = duty cycle [4] 


(note that the symbol t represents pulse width (PW) in most reference books) 


The ratio of the average power to the peak pulse power is the duty cycle and represents the 
percentage of time the power is present. In the case of a square wave the duty cycle is 0.5 (50%) since the 
are present 1/2 the time, the definition of a square wave. 


For Figure 1, the pulse width is 1 unit of time and the period is 10 units. In this case the duty 
cycle i 
PWIT = 1/10 = 0.1 (10%). 


‘A more typical case would be a PRF of 1,000 and a pulse width of 1.0 microseconds. Using [4], 
the duty cycle is 0.000001 x 1,000 = 0.001. The RF power is present one-thousandth of the time and the 
average power is 0.001 times the peak power. Conversely, if the power were measured with a power 
meter which responds to average power, the peak power would be 1,000 time the average reading, 


Besides expressing duty cycle as a ratio as obtained in equation [4], it is commonly expressed as 
either a percentage or in decibels (4B). To express the duty cycle of equation [4] as a percentage, 
multiply the value obtained by 100 and add the percent symbol. Thus a duty cycle of 0.001 is also 0.1%. 


The duty cycle can be expressed logarithmically (dB) so it can be added to ot subtracted from 
power measured in dBmv/dBW rather than converting to, and using absolute units. 


Duty cycle (dB) = 10 log(duty eycle ratio) [5] 


For the example of the 0.001 duty cycle, this would be 10 log(0.001) = -30 dB. Thus the average 
power would be 30 dB less than the peak power. Conversely, the peak power is 30 dB higher than the 
average power. 


For pulse radars operating in the PRF range of 0.25-10 kHz and PD radars operating in the PRF 
range of 10-500 KHz, typical duty cycles would be: 


Pulse ~ — 0.1-3% = 0.001 - 03 -30 to -15 dB 
Pulse Doppler ~ = 55-50% = = 005-5 -13 to -3 dB 
Continuous Wave ~ 100% = 1 = 04B 
Intermediate Frequency Bandwidths of typical signals are: 
Pulse 1 to 10 MHz 
Chirp or Phase coded pulse 0.1 to 10 MHz. 
CW or PD 0.1 to 5 kHz 


PRF is usually subdivided into the following categories: Low 0.25-4 kHz; Medium 8-40 kHz; 
High 50-300 kHz. 


2.5.2 


DOPPLER SHIFT 


Doppler is the apparent change in wavelength (or frequency) of an electromagnetic or acoustic 
wave when there is relative movement between the transmitter (or frequency source) and the receiver. 


Summary RF Equation for the Two-Way (radar) case Summary RF Equation for the One-Way (ESM) case 


Fac =Sie Sy? Fg # oe a ee Fd 


nal travel 
nal measurements) 


Rules of Thumb for two-way 
(divide in half for one-way ESM si 
At 10 GHz, fo 

35 Hz per Knot 

19 Hz per km/Hr 

67 Hz per m/sec 

61 Hz per yd/sec 

20 Hz per fu/sec 


‘To estimate fp at other frequencies, multiply these by 


F sms (GHz) 
10 


The Doppler effect is shown in Figure 1. In everyday life this effect is commonly noticeable when 
‘4 whistling train or police siren passes you, Audio Doppler is depicted, however Doppler can also affect the 
frequency of a radar cartier wave, the PRF of a pulse radar signal, or even light waves causing a shift of 
color to the observer. 


Waves Waves 
Compressed Stretched 


a4 


Frequency. ZOOM !! Frequency 


Tnerease Decrease 


Figure 1. Doppler Frequency Creation From Aircraft Engine Noise. 
How do we know the universe is expanding? 


Answer: The color of light from distant stars is shifted to red (see Section 7-1: higher 2 or lower 
frequency means Doppler shift is stretched, ie, expanding), 


A memory aid might be that the lights from a car (going away) at night are red (tail lights)! 


Doppler frequency shift 


is directly proportional to 
velocity and a radar system can 
therefore be calibrated to 


measure velocity instead of (or 
along with) range. This is done 
by measuring the shift in 
frequency of a wave caused by 
an object in motion (Figure 2). 


x 


TRANSINTTER MOVING 
Gres; Spar Cre) 


RECEIVER MOVING 
(Grew Bole Clg) 


— 


x 


— 


* Transmitter in motion 
* Reflector in motion 

* Receiver in motion 

* All three 


For a closing relative velocity: 
Wave is compressed 
* Frequency is increased 


REFLECTOR MOVING 
(Geovay Bopper erg) 


ALL THREE MOVING 
(Teo Cope Cage) 


— 


For an opening relative velocity 
* Wave is stretched 
* Frequency is decreased 


Figure 2. Methods of Doppler Creation. 


To compute Doppler frequency we note that velocity is range rate; V = dr/dt 


For the reflector in motion case, 


you can see the wave compression effect 
in Figure 3 when the transmitted wave 
peaks are one wavelength apart. When 
the first peak reaches the target, they are 
still one wavelength apart (point a). 


When the 2nd peak reaches the 
target, the target has advanced according 
to its velocity (vt) (point b), and the first 
reflected peak has traveled toward the 
radar by an amount that is less than the 
original wavelength by the same amount 
(v0) (point ¢) 


As the 2nd peak is reflected, the 
wavelength of the reflected wave is 2(vt) 
less than the original wavelength (point d), 


coer ie teats 


Figure 3. Doppler Compr 
Phase Shift 


on Equivalent to Variable 


The distance the wave travels is twice the target range. The reflected phase lags transmitted 
phase by 2x the round trip time. For a fixed target the received phase will differ from the transmitted 


phase by a constant phase shift 
shift. 
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For a moving target the received phase will differ by a changing phase 


For the closing target shown in Figure 3, the received phase is advancing with respect to the 
transmitted phase and appears as a higher frequency. 


Doppler is dependent 
upon closing velocity, not 
actual radar or target velocity 
as shown in Figure 4, 


|. _noaveioane 


L5H z 
CLOSING VELOCITY ~ om 
For the following | pananverdciny costs) e TARGET VELOOITY COs (a) Set 
equations (except. radar 

mapping), we assume the NOTE trade fs detent, then adaiona 
radar and target are moving | 27dlt components wil naveto be considered 
directly toward one another to 
simplify calculations (if 
is not the case, use the 
velocity component of one in 
the direction of the other in Figure 4. Doppler Depends Upon Closing Velocity. 
the formulas). 


For the case of a moving reflector, doppler frequency is proportional to 2x the transmitted frequency: 


Higher rf = higher doppler shift 
fy = (2X VragedK fle) 

: ‘Speed of Light 
Likewise, it can be shown that for other cases, the following Conversions 


relationships hold: eee 


¢ = 2.9979 x 10° m/sec 
For_an_airplane radar with an airplane target (The “all three |) = 5.8275 x 10° nm/hr (knots) 
moving” case, aircraft radar transmitter, target, and aircraft radar © = 9.8357 x 10° ft/sec 
receiver) 
fy = 2(Vradae + Wrarged(fle) 


For the case of a semi-active missile receiving signals (Also “all three moving”) 
fy = (Vas + 2V tanger +V tse) (Hle) 


For the airplane radar with a ground target (radar mapping) or vice versa. 
fp = 2(Vausse Cos0 Coso)(fie), Where 0 and g are the radar scan azimuth and depression angles. 


For a ground based radar with airborne target - same as previous using target track crossing angle and 
‘ground radar elevation angle. 


For_the ES/ESM/RWR case where only the _target_or_receiver_is_moving (One-way Doppler 
measurements) 
fp = Varcrver or tags (fle) 


Note: See Figure 4 if radar and target are not moving directly towards or away from one another. 
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Figure 5. depi 
the results of a plot of the 
above equation for a 
moving reflector such as 
might be measured with a 
ground — radar station 
illuminating a moving 
airoraft 


H 
I 
+ 


It can be used for 
aircraft-to-aircraft 
if the total net 
ing rate of the two 
aircraft is used for the 
speed entry in the figure 


4. 
H 


DOPPLER FREQUENCY - Kite 


4h 


It can also be used 
for the ES/ESM case 
(one-way doppler 
measurements) if the Figure 5. Two-Way Doppler Frequency Shift. 
speed of the aircraft is 


o1 0208 Sr 
CLOSING SPEED {KNOTS 1000), 


SAMPLE PROBLEMS: 


(1) Ifa ground radar operating at 10 GHz is tracking an airplane flying at a speed of 500 km/hr tangential 
to it (crossing pattern) at a distance of 10 km, what is the Doppler shift of the returning signal? 


Answer: Since the closing velocity i 


s zero, the Doppler is also zero, 


(2) If the same aircraft turns directly toward the ground radar, what is the Doppler shift of the returning 
signal? 


Answer: 500 kni/hr = 270 kts from Section 2-1. From Figure 4 we see that the Doppler frequency is 
about 9.2 KHz. 


(3) Given that a ground radar operating at 7 GHz is Doppler tracking an aircraft 20 km away (slant range) 
which is flying directly toward it at an altitude of 20,000 ft and a speed of 800 ft/sec, what amount of 
VGPO switch would be required of the aircraft jammer to deceive (pull) the radar to a zero Doppler 
return? 


Answer: We use the second equation from the bottom of page 2-6.3 which is essentially the same for this 
application except a ground radar is tracking an airplane target (vs. an airplane during ground mapping), 
so for our application we use a positive elevation angle instead of a negative (depression) angle. 


fy = 2(V, Cos 0 Cos @)(f/e), where @ is the aircraft track crossing angle and @ is the radar elevation angle. 


Since the aircraft is flying directly at the radar, 0 = 0°; the aircraft altitude = 20,000 ft = 6,096 meters. 
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Using the angle equation in Section 2-1, sin @ = x/r= altitude / slant range, so: 
= sin’ (altitude/slant range) = sin” (6,096 m / 20,000 m) = 17.7° 


Fp = 2(800 f/see Cos 0° Cos 17.7°)(7x10° Hz / 9.8357 x 10° fuss 


1S Hz 
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ELECTRONIC FORMULAS 


‘Ohm’s Law Formulas for D-C Circuits. E=ir== 
T 


‘Ohm’s Law Formulas for A-C Circuits and Power Factor. 
P PZ 


E=IZ eee, 
Tees Veos® 


In the above formulas @ is the angle of lead or lag between current and voltage and cos @ = P/EI = power 
factor or pf. 


pf 


Active power (in watts) paver gy pak 
‘Apparent power (in volt amps) Z 


Note: Active power is the “resistive” power and equals the equivalent heating effect on water 
‘Voltage/Current Phase Rule of Thumb Remember “ELI the ICE man” 


ELI: Voltage (E) comes before (leads) current (1) in an inductor (L) 
ICE: — Current (1) comes before (leads) Voltage (E) in a capacitor (C) 


Resistors in Series Ryyai= Rit R2= Rot 


‘Two Resistors in Parallel, = RR: 
RAR: 


1, General Formula 


Resistors in Pars 


Resonant Frequency Formulas *Where in the second formula f is in kHz and Land C are in 
microunits. 
a or po t392" Doe pa 253308 1 Cn 25330" 
2aVLC VLC ae fC re afl fe 


Conductance G z (for D-C circuit) (for A-Ccireuit) 


u u X,=20fL L 


Reactance Formulas x, xe 
2afC 2nf Xe anf 


Impedance Formulas Z=,/R?+(X,-XeJ (for series circuit) 


Z=——=— (for Rand X in parallel) 


Qor Figure of Merit, g=X+ 4, Xe 
R R 
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Frequency Response 


Inductor * Panseher? Resister “Cartoon” memory aid 
ae sare 
SFL tian 
pe | Pass | Block | attenuate 
> —> 
856 
Attenuate “| Attenuate * | Attenuate 
AINA High Free 
Block | pass | Attenuate 
High Fs 
Blocked 


Sinusoidal Voltages and Currents 


Effective value = 0.707 x peak value 
[Also known as Root-Mean Square (RMS) value] 


Half Cycle Average valu 


0.637 x peak 


AMPLITUDE 


Peak value = 1.414 x effective value 


Effective value = 1.11 x average value 


or Star Delta 

‘Three-phase AC Configurations pia i: 
(120° phase difference between each voltage) 

If the connection to a three phase AC configuration is 

miswired, switching any two of the phases will put it back in 

the proper sequence c 8 


Electric power for ships commonly uses the delta 
configuration, while commercial electronic and aircraft applicatioy 
configuration. 


commonly use the wye 


Color Code for House Wiring: PURPO! Color Code for Chassis Wiring: 
Black or red HOT Red 
White NEUTRAL (Return) White 
Green or bare GROUND Black 
Color Code for Resistors: First and second band: ‘Third band Fourth band 
(and third band # of zeros if not gold/silver) Multiplier Tolerance 
0 Black = 5 Green 1 Gold 5% Gold 
1 Brown 6 — Blue O1 Silver 10% Silver 
2 Red 7 Violet 20% No color 
3 Orange 8 ~— Gray 
4 Yellow 9 — White 


The third color band indicates number of zeros to be added after figures given by first two color 
bands. But if third color band is gold, multiply by 0.1 and if silver multiply by 0.01. Do not confuse with 
fourth color-band that indicates tolerance. Thus, a resistor marked blue-red-gold-gold has a resistance of 
6.2 ohms and a 5% tolerance. 
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MISSILE AND ELECTRONIC EQUIPMENT DESIGNATIONS 


Missiles are designated with three letters from the columns below plus a number (i.c., AIM-7M) 
Suffixes (M in this case) indicate a modification. 


First Letter ‘Second Letter Third Letter 
Launch Environment Mission Symbols Vehicle Type 

A Air D Decoy M Guided Missile 

B Multiple E Special electronic N Probe (non-orbital instruments) 
C Coffin G Surface attack R Rocket (without installed or 

H Silo stored I. Intercept, aerial remote control guidance) 

L Silo launched Q Drone 

M Mobile T Training 

P Soft Pad U Underwater attack 

R Ship W Weather 

U Underwater 


USS. military electronic equipment is assigned an identifying alphanumeric de 
used to uniquely identify it. This system is commonly called the “AN” designation system, 
formal name is the Joint Electronics Type Designation System (JETDS). The letters AN preceding the 
equipment indicators formerly meant “Army/Navy,” but now are a letter set that can only be used to 
indicate formally designated DOD equipment. The first three letters following the “AN/” indicate 
Platform Installation, Equipment Type, and Equipment Function, respectively. The appropriate meaning 
selected from the lists below. The letters following the AN designation numbers provide added 
information about equipment. Suffixes (A, B, C, etc.) indicate a modification. ‘The letter (V) indicates 
that variable configurations are available. The letter (X) indicates a development status. A parenthesis () 
without a number within it indicates a generic system that has not yet received a formal designation, e.g., 
AN/ALQ(). Quite often the () is pronounced “bow legs” since they look like the shape of cowboy legs. 


First Letter Second Letter Third Letter 
Platform Installation Equipment Type Function or Purpose 
 Piloted aircraft A Invisible light, heat radiation B Bombing 
B Underwater mobile, | C Carrier Communications 
submarine D Radiac D Direction finder, reconnaissance 
D Pilotless carrier F Photographic and/or surveillance 
F Fixed ground G Telegraph or teletype E Ejection and/or release 
G General ground use} 1 Interphone and public address G Fire control or searchlight directing 
K Amphibious J. Electromechanical or inertial wire H Recording and/or reproducing 
M Mobile (ground) covered K Computing 
P. Portable K Telemetering M Maintenance and/or test assemblies 
S. Water L Countermeasures N Navigation aids 
T Ground, transportable |} M Meteorological Q Special or combination of purposes 
U General utility N Sound in air R Receiving, passive detecting 
V Vehicular (ground) | P Radar Detecting and/or range and 
W Watersurface and | Q Sonar and underwater sound bearing, search 
underwater R Radio T Transmitting 
combination S. Special or combinations of types W Automatic flight or remote control 
Z Piloted-pilotless T Telephone (wire) X Identification and recognition 
airborne vehicle V Visual and visible light Y Surveillance and control 
‘combination W Armament 
X Facsimile or television 
Y Data Processing 
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RADAR HORIZON / LINE OF SIGHT 


There are limits to the reach of 
radar signals. At the frequencies 
normally used for radar, radio waves 
usually travel ina straight line. The 
waves may be obstructed by weather or 
shadowing, and interference may come 
from other aircraft or from reflections 
from ground objects (Figure 1), 


‘As also shown in Figure 1, an 
aircraft may not be detected because it is 
below the radar line which is tangent to 
the earth’s surface. 


Some rules of thumb are: 


RADAR HORIZON 


™ 


RADAR CLUTTER AND SHADOWING 


pram < oe 
Aine | 


Range (to horizon): 


Ry = 1-234 Rrodar with hin fe 


Range (beyond horizon / over earth curvature): 
Row =1.23( Vlas Vln) with hin ft 


Figure 1, Radar Horizon and Shadowing, 


In obtaining the radar 
horizon equations, it is common 
practice to assume a value for the 
Earth’s radius that is 4/3 times the 
actual radius. This is done to 
account for the effect of the 
atmosphere on radar propagation. 
For a true line of sight, such as 
used for optical search and rescue, 
the constant in the equations 
changes from 1.23 to 1.06. 


A nomograph for 
determining maximum target range 
is depicted in Figure 2. Although 
an aircraft is shown to the left, it 
could just as well be a ship, with 
radars on a mast of height “h.” 
Any target of height (or altitude) 
“H” is depicted on the right side. 


EARTH CURVATURE NOMOGRAPH 


See also Section 5-1 on 
ducting and refraction, which may 
increase range beyond these 
distances. 


n a H 
der nario ues eer 
Figure 2. Earth Curvature Nomograph. 


2.9.1 


This data was expanded in 
Figure 3 to consider the maximum 
range one aircraft can detect another 
aircraft using: 


23 ( Jitsu Jara ) 
(with h in feet) 


Rew = 


It can be used for surface 
targets if Huge = 0. It should be 
noted that most aircraft radars are 

mited in power output, and would 
not detect small or surface objects at 
the listed ranges. 


Figure 4 depicts the 
maximum range that a ship height 


‘ pontarcrerturnns |-——f | 
2 [=F = 
eee we | 
8 
Fd ai |] |---| 
gos 
i 13k 


‘TARGET ALTITUDE (& Feet 


Figure 3. Aircraft Radar vs. Aircraft Target Maximum Range. 


antenna can detect a zero height object (i... rowboat). 


RADAR HORIZON (NE) 


6 08 & % 0 w& 1% 
ANTENNA HEIGHT (feet) 


Figure 4. Ships Radar Horizon With Target on the Surface. 


In this case“ 


‘Where h, is the height of the radar in feet. 


0, and the general equation becomes: Rau (NM)=1.23 fh, 
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Figure 5 depicts the same for aircraft radars. It should be noted that most aircraft radars are 
limited in power output, and would not detect small or surface objects at the listed ran 


ges, 


AIRCRAFT RADAR HORIZON WITH TARGET ON THE SURFACE 


RADAR HORIZON (UM) 


0 i © 8 & «© © 4% © 
ANTENNA HEIGHT (cfeet) 


Figure 5. Aircraft Radar Horizon With Target on the Surface, 


Other general rules of thumb for surface “targets/radars” are as follows 


For Vi 


For ESM: 


Rena(NM)= 1.05, [Aci Alt in fi Res (NM)= 1.5\{Acft Alt in ft 
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PROPAGATION TIME / RESOLUTION 


1. ROUND TRIP RANGE: R. $ with t = time to reach target 
Rules of Thumb 

In one pisec round trip time, a ‘The time it takes to travel to 
wave travels to and from an and from an object at a 
object at a distance of: distance of: 

50m. 1m =0.0067 psec 

64 yd 1 yd =0.006 psec 

00 fe 1 ft = 0.002 psec 

08 NM 12.35 psec 
=0.15 km 1 km = 6.7 psec 


ONE WAY RANGE: R = et with t= time to reach target, 


Time Distance Traveled Time it Takes 
1 milli sec (ms) 165 NM 6.18 psec 

1 micro sec (1s) 1000 ft 3.3 psec 

1 nano sec (ns) ft T nsec 


3. UNAMBIGUOUS RANGE 
PRL 


(DISTANCE BETWEEN PULSES): 


2 


Normally a radar measures “distance” to Transmitted Pulse 
the target by measuring time from the last 
transmitted pulse. If the inter-pulse period (T) 

long enough that isn’t a problem as shown in A 
"A” to the right. When the period is shortened, 

the time to the last previous pulse is shorter 

than the actual time it took, giving a false bt Pa=verr—of TE 


(ambiguous) shorter range (figure “B”). 


Target Return 


« Range 


‘Amblauous 
—| 

Rules of Thumb B fo" Banas 
RNM= 81Pms Peal Range. 


RKm = 150Pms Ts pals (Par ads 
‘Where Pms is PRI in milliseconds a sy 


4. RANGE RESOLUTION 
Rules of Thumb 
500 ft per microsecond of pulse width 
500 MHZ IF bandwidth provides 1 ft of resolution, 


5. BEST CASE PERFORMANCE: 


‘The atmosphere limits the accuracy to 0.1 ft 
The natural limit for resolution is one RF cycle. 
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MODULATION 


Modulation is the process whereby some characteristic of one wave is varied in accordance with 
some characteristic of another wave. The basic types of modulation are angular modulation (including 


the special c 


of phase and frequency modulation) and amplitude modulation 


In mi 


common practice to amplitude modulate the transmitted RF carrier wave of tracking and guidance 
transmitters by using a pulsed wave for modulating, and to frequency modulate the transmitted RF carrier 


wave of illuminator trat 


mitters by using a sine wave. 


As 


Frequency Modulation (FM) - 

shown in Figure 1, an unmodulated RF signal in ONE Ou FRRQUGNCY DOMAIN: 
the time domain has only a single spectral line | g SARA Nea aarey Fy 

at the carrier frequency (f,) in the frequency | § A FI 

domain. If the signal is frequency modulated, | @ WW Time = Caviar Froquancy 
as shown in Figure 2 (simplified using only two 0 

changes), the spectral line will correspondingly 5 Ba 

shift in the frequency domain. The bandwidth Pogare: de; Uamodulaeed RE Signal 

can be approximated using Carson's rule: 

BW = 2(Af+ fm), where Afis the peak deviation 

of the instantaneous frequency from the carrier TWMEDOVAN LOT FREQUENCY OMAN 
and fin is the highest frequency present in the |g g., oat’ aes “ 

modulating signal. There are usually many EP Anin A AAD 2 

more “spikes” in the frequency domain than | & (ete 0S Pog 
depicted. The number of spikes and shape of Pa a 
the frequency domain envelope (amplitude) are SB ae eh 


based on the modulation index f. The 
modulation index is related to the same two 
factors used in Carson 
spread across a wider bandwidth. 


Amplitude Modulation (AM) - 


Figure 2. RF Signal With Frequency Modulation, 


tule. A high Af means a higher modulation index with many more “spikes” 


If the signal in Figure 1 is amplitude “TIME DOMAN PLOT FREQUENCY DOMAIN 
modulated by a sinewave as shown in A promteies eg cH 2 
Figure 3, sidebands are produced in the | 2 
frequency domain at F, = Fay. AM | Ee 
other than by a pure sine wave will |2 4 A NY" Aaee as 
cause additional sidebands normally at |* fees 
Fl nF ay, where n equals 1, 2, 3, 4, ssonanmerntic  rooono0o cok 
etc. aed Sh a 0g 10H 

Figure 3. Sinewave Modulated RF Signal. 

Pulse modulation is a special 

case of AM’ wherein. the. cariet TIME DOMAIN PLOT. FREQUENCY Domai 
frequency is gated at a pulsed rate 4 Square Wave AM Envelope a oer, 
‘When the reciprocal of the duty cycle | g il il i il {\ it i il = oN 
of the AM is a whole number, | 2 iy) TW Vine = —> 
harmonics corresponding to multipl an \ V WV acon yr ime coher Frequency 
of that whole number will be missing, at 10 GHe 
e.g., in a 33.33% duty cycle, AM wave Core Aa Woh by 
will miss the 3rd, 6th, 9th, etc, Detected Signal cra 


harmonics, while a square wave or 
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Figure 4. Square Wave Modulated RF Signal (50% Duty Cycle) 


50% duty cycle triangular wave will miss the 2nd, 4th, 6th, etc. harmonic, as shown in Figure 4. It has 
sidebands in the frequency domain at F. + nFay, where n= 1, 3, 5, etc. The amplitude of the power level 
follows a sine x / x type distribution. 

Figure 5 shows the pulse width (PW) in the time domain which defines the lobe width in the 
frequency domain (Figure 6). ‘The width of the main lobe is 2/PW, whereas the width of a side lobe is 
1/PW. Figure 5 also shows the pulse repetition interval (PRI) or its reciprocal, pulse repetition frequency 
(PRP), in the time domain. In the frequency domain, the spectral lines inside the lobes are separated by 
the PRF or 1/PRI, as shown in Figures 7 and 8. Note that Figures 7 and 8 show actual magnitude of the 
side lobes, whereas in Figure 4 and 6, the absolute value is shown, 


The magnitude of each spectral component for a rectangular pulse can be determined from the 
following formula: 
in(n E/T) pgp, F= ulse width (PW) 


nae/T T= period (PRI) 


A RF Pulse 


anatase 
| —___1 4 Time ee 


Pulse Wlath_ T= PAI = PRE 


and A= Amplitude of rectangular pulse (1) 


Spactum Erlost 


Poner 


4 


Figure 6. Sidelobes Generated by Pulse 
Figure 5. Pulse Width and PRI/PRF Waveforms. Modulation (Absolute Value). 


Figure 7 shows the spectral lines for a square wave 50% duty cycle), while Figure 8 shows the 
spectral lines for a 33.33% duty cycle rectangular wave signal 


rs 
a 
tna ts ened peat awe 
Nor A, Van 
Sin res horas 
oy vw abu aw show aiew ew sew aw sb 


Figure 7. Spectral Times for a Square Wave Figure 8. Spectral Lines for a 33.3% Duty Cycle. 
Modulated Signal 


Figure 9 shows that for square wave Fintaneental rofigautent 
AM, a significant portion of the component mimi 
modulation is contained in the first few 
harmonies which comprise the wave. ‘There are 
twice as many sidebands or spectral lines as there 


are harmonics (one on the plus and one on the | 31 Hrmonie Si ES ace 
minus side of the carrier). Each sideband 

represents a sine wave at a frequency equal to the Figure 9. Square Wave Consisting of Sinewave 
difference between the spectral line and f.. Harmonics, 
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A figure similar to Figure 9 can be created for any rectangular wave. The relative amplitude of 
the time domain sine wave components are computed using equation [1]. Each is constructed such that at 
the midpoint of the pulse the sine wave passes through a maximum (or minimum if the coefficient is 
negative) at the same time. It should be noted that the “first” harmonic created using this formula is NOT 
the carrier frequency, f., of the modulated signal, but at Fe Faw 


While equation [1] is for rectangular waves only, similar equations can be constructed using 
Fourier coefficients for other waveforms, such as triangular, sawtooth, half sine, trapezoidal, and other 
repetitive geometric shapes. 


PRI Effects - If the PW remains constant but PRI increases, the number of sidelobes remains the 
same, but the number of spectral lines gets denser (move closer together) and vice versa (compare 
Figures 7 and 8). The spacing between the spectral lines remains constant with constant PRI 


Pulse Width (PW) Effects - If the PRI remains constant, but the PW increases, 
width decreases and vice versa. If the PW approaches PRI, the spectrum will approach “ 
single spectral line. The spacing of the lobes remains constant with constant PW. 


RE Measurements - If the receiver bandwidth is smaller than the PRF, the receiver will respond to 
‘one spectral line at a time. If the receiver bandwidth is wider than the PRF but narrower than the 
reciprocal of the PW, the receiver will respond to one spectral envelope at a time. 


Jet Engine Modulation (JEM) 


Section 2-6 addresses the Doppler shift in a 
transmitted radar signal caused by a moving target. PR GUcNEyHOMaN 
‘The amount of Doppler shift is a function of radar eee SE A 
carrier frequency and the speed of the radar and fader ‘rom @ = 
target. Moving or rotating surfaces on the target | sstoravtona 
will have the same Doppler shift as the target, but ‘len, 10 Gh Feuerey 
will also impose AM on the Doppler shifted return Retaston fram a 
(see Figure 10). Reflections off rotating jet engine Spree g A 
compressor blades, aircraft propellers, ram air Gowen? 2 | qiaite 
turbine (RAT) propellers used to power aircraft aaree e 
pods, helicopter rotor blades, and protruding woaH Feu 
surfaces of automobile hubcaps will all provide a fetestinton a 
chopped reflection of the impinging signal. The homgatoons 
reflections are characterized by both positive and | ™eHastienery 
negative Doppler sidebands corresponding to the 4 
blades moving toward and away from the radar 


respectively. Figure 10. Doppler Return and JEM. 
Therefore, forward/aft JEM does not vary 

with radar carrier frequency. but the harmonics contained in the sidebands are a function of the PRF of 
the blade chopping action and its amplitude is target aspect dependent, i.., blade angle, intake/exhaust 
internal reflection, and jet engine cowling all effect lateral return from the side. If the aspect angle is too 
far from head-on or tai-on and the engine cowling provides shielding for the jet engine, there may not be 
any JEM to detect. On the other hand, JEM increases when you are orthogonal (at a right angle) to the 
axis of blade rotation. Consequently for a fully exposed blade as in a propeller driven aircraft or 
helicopter, JEM increases with angle off the boresight axis of the prop/rotor. 
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TRANSFORMS / WAVELETS 


Signal proce 
accelerate problem solution. For example, instead of dividing two large numbers, we might convert them 


sing using a transform analysis for calculations is a technique used to 


mplify or 


to logarithms, subtract them, then look-up the anti-log to obtain the result. While this may seem a three- 
step process as opposed to a one-step division, consider that long-hand division of a four digit number by 
a three digit number, carried out to four places requires three divisions, 3-4 multiplication’s, and three 
subtractions. Computers process additions or subtractions much faster than multiplications or divisions, 
so transforms are sought which provide the desired signal processing using these steps. 


Fourier Transform 


Other types of transforms include the Fourier FUNDAMENTAL 
transform, which is used to decompose or separate a waveform 
into a sum of sinusoids of different frequencies. It transforms 
our view of a signal from time based to frequency based. 
Figure I depicts how a square wave is formed by summing 
certain particular sine waves. The waveform must be 
continuous, periodic, and almost everywhere differentiable. FIFTH WaAMONE 
‘The Fourier transform of a sequence of rectangular pulses is a 


THIRD HARMONIC 


series of sinusoids. The envelope of the amplitude of the rq 

coefficients of this series is a waveform with a Sin X/X shape. SUM. Approximation of 
For the special case of a single pulse, the Fourier series has an ‘Saver were} 
infinite series of sinusoids that are present for the duration of 

the pulse 


Figure 1. Harmonics, 
Digital Sampling of Waveforms 


To process a signal digitally 
we need to sample the signal 
frequently enough to create a 
complete “picture” of the signal. 
‘The discrete Fourier transform (DFT) 
may be used in this regard. Samples 


YoU 


are taken at uniform time intervals as 


shown in Figure 2 and processed. Figure 2s 'Wayeform Sampling. 

If the digital information is Samples Sum Result 
multiplied by the Fourier coefficients, a woogie | Digital 008 0) 
digital filter is created as shown Figure 3. r+ Fiter > x20 20 
If the sum of the resultant components is | y he Muttiptication 
zero, the filter has ignored (notched out) F y cost 
that frequency sample. If the sum is a Fiter Cosffcienis, 
relatively large number, the filter has e084) 
passed the signal. With the single sinusoid oe 
shown, there should be only one resultant 
(Note that being “zero” and relatively large cosiya) 


Figure 3. Digital Filtering, 
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may just mean below or above 
the filter’s cutoff threshold.) l 


why 

Figure 4 depicts the lan We 

process _ pictorially: The ¢ = =O 

vectors in the figure just | ompumr E aS 
happen to be pointing in a we ne ove 


cardinal direction because the 
strobe frequencies are all 
multiples of the vector (phasor) 
rotation rate, but that is not 
normally the case. Usually the 


4 
s + + 


vectors will point in a number ates tee 
of different directions, with a ryt 
resultant in some direction | "tr enttsseotrana ran 
other than straight up. i Ap 
it Co ee ooo hig 
In_addition, sampling AT oa! 


normally has to taken at or 
above twice the rate of interest Figure 4, Phasor Representation. 

(also known as the Nyquist rate), otherwise ambiguous results may be obtained. Figure 4 is under- 
sampled (for clarity) and consequently does not depict typical filtering. 


Fast Fourier Transforms 


One problem with this type of processing is the large number of additions, subtractions, and 
multiplications which are required to reconstruct the output waveform. ‘The Fast Fourier transform (FFT) 
was developed to reduce this problem. It recognizes that because the filter coefficients are sine and 
cosine Waves, they are symmetrical about 90, 180, 270, and 360 degrees, They also have a number of 
coefficients equal either to one or zero, and duplicate coefficients from filter to filter in a multibank 
arrangement. By waiting for all of the inputs for the bank to be received, adding together those inputs for 
which coefficients are the same before performing 
multiplications, and separately summing those combinations 
of inputs and products which are common to more than one 
filter, the required amount of computing may be cut Nf AN 
drastic: 


‘¢ The number of computations for a DFT is on the || El 
order of N squared. 


‘© The number of computations for a FFT when N is 
«a power of two is on the order of N log: N. 


Frequency 


For example, in an eight filter bank, a DFT would 
require 512 computations, while an FFT would only require 
56, significantly speeding up processing time. 


Time 


Figure S. Windowed Fourier 
Transform, 


Windowed Fourier Transform 


‘The Fourier transform is continuous, so a windowed Fourier transform (WET) is used to analyze 
non-periodie signals as shown in Figure 5. With the WFT, the signal is divided into sections (one such 
section is shown in Figure 5) and each section is analyzed for frequency content. If the signal has sharp 
transitions, the input data is windowed so that the sections converge to zero at the endpoints. Because a 
single window is used for all frequencies in the WFT, the resolution of the analysis is the same (equally 
spaced) at all locations in the time-frequency domain. 


‘The FFT works well for signals with smooth or uniform frequencies, but it has been found that 
other transforms work better with signals having pulse type characteristics, time-varying (non-stationary) 
frequencies, or odd shapes. 


The FFT also does not distinguish sequence or timing information, For example, if a signal has 
two frequencies (a high followed by a low or vice versa), the Fourier transform only reveals the 
frequencies and relative amplitude, not the order in which they occurred. So Fourier analysis works well 
with stationary, continuous, periodic, differentiable signals, but other methods are needed to deal with 
non-periodic or non-stationary signals. 


Wavelet Transform 


Low 
The Wavelet transform has been — | frequencies’ \_~ Np fie queried 


evolving for some time. — Mathematicians are better [7 are better 

theorized its use in the early 1900's. While the fesolved in resolved in 
a : frequency a time 

Fourier transform deals with transforming the 

time domain components to frequency domain A 


and frequency analysis, the wavelet transform | 
deals with scale analysis, that is, by creating 

mathematical structures that provide varying 
time/frequency/amplitude slices for analysis. 
‘This transform is a portion (one or a few cycles) 
of a complete waveform, hence the term 
wavelet 


Frequency 


The wavelet transform has the ability to 
identify frequency (or scale) components, 
simultaneously with their location(s) in time. Time 
Additionally, computations are directly 
proportional to the length of the input si 
‘They require only N multiplications 
small constant) to convert the waveform. For 

the previous eight filter bank example, this would be about twenty calculations, 


Figure 6, Wavelet Transform. 


ice 56 for the FFT. 


In wavelet analysis, the scale that one uses in looking at data plays a special role, Wavelet 
algorithms process data at different scales or resolutions. If we look at a signal with a large “window,” 
we would notice gross features. Similarly, if we look at a signal with a small “window.” we would notice 
small discontinuities as shown in Figure 6. ‘The result in wavelet analysis is to “see the forest and the 
trees.” A way to achieve this is to have short high-frequency fine scale functions and long low-frequency 
ones, This approach is known as multi-res 


For many decades, scientists have wanted more appropriate functions than the sines and cosines 
(base functions) which comprise Fourier analysis, to approximate choppy signals. (Although Walsh 
transforms work if the waveform is periodic and stationary). By their definition, sine and cosine 
functions are non-local (and stretch out to infinity), and therefore do a very poor job in approximating 
sharp spikes. But with wavelet analysis, we can use approximating functions that are contained neatly in 
finite (time/frequency) domains. Wavelets are well-suited for approximating data with sharp 
discontinuities. 


‘The wavelet analysis procedure is to adopt a wavelet prototype function, called an “analyzing 
wavelet” or “mother wavelet.” Temporal analysis is performed with a contracted, high-frequency version 
of the prototype wavelet, while frequency analysis is performed with a dilated, low-frequency version of 
the prototype wavelet. Because the original signal or function can be represented in terms of a wavelet 
expansion (using coefficients in a linear combination of the wavelet functions), data operations can be 
performed using just the corresponding wavelet coefficients as shown in Figure 7. 


If one further chooses the 
best wavelets adapted to the data, or Samples 

twuncates the coefficients below some fan ve" | spall Sum Results 
sven threshold, the data is sparsely | “UP 0) Te be ve 
represented. This “sparse coding Multiplication ospantina on 
makes wavelets an excellent tool in | —eL+ be— : Bet 

the field of data compression. For ee, x 

instance, the FBI uses wavelet coding Speer 


Wavelet Coefficients 


to store fingerprints. Hence, the iWiee aeoe) 


concept of wavelets is to look at a 
signal at various scales and analyze it Figure 7. Wavelet Filtering. 
with various resolutions. 


nalyzing Wavelet Functi 


Daubechies Wavelet Coifman Wavelet (Coiflet) 


Fourier transforms deal with 

just two basis functions (sine and | |x 

cosine), while there are an infinite | |= 
Ea 


a 
number of wavelet basis functions. E 
The freedom of the analyzing 
wavelet is a major difference Tim Time 
between the two types of analyses 
and is important in determining the Harr Wavelet Symmiet Wavelet 
results of the analysis. The “wrong” 
wavelet may be no better (or even 
far worse than) than the Fourier 
analysis. A successful application 
presupposes some expertise on the 
part of the user. Some prior 
knowledge about the signal must Time Time 
generally be known in to select the 
most suitable distribution and adapt Figure 8. Sample Wavelet Functions. 
the parameters to the signal. Some 


Frigid 


of the more common ones are shown in Figure 8. There are several wavelets in each family, and they 
may look different than those shown. Somewhat longer in duration than these functions, but significantly 
shorter than infinite sinusoids is the cosine packet shown in Figure 9. 


While a typical Fourier transform provides frequency content information for samples within a 
given time interval, a perfect wavelet transform records the start of one frequency (or event), then the start 
of a second event, with 


amplitude added = to or [”anatyzine waveLeT FUNCTION 
subtracted from, the base event, (Cosine Peete INCUT Weaver, 


Example | 


Wavelets are especially 
useful in analyzing transients 
or time-varying signals. The 
input signal shown in Figure 9 Trine (See) a 
consists of a sinusoid whose Tino (See) 

frequency changes in stepped POWER SPEOTAUM Tie -FAEUENCY PLOT 
increments over time. The 
power of the spectrum is also 
shown, Classical Fourier 
analysis will resolve — the 
frequencies but cannot provide 
any information about the 


Anpite 


Frequency tha) 
Frequeney (42) 


a ae 


times at which each occurs. ‘amps (6) Tics 
Wavelets provide an efficient 
means of analyzing the input Figure 9, Sample Wavelet Analysis. 


signal so that frequencies and 

the times at which they occur can be resolved. Wavelets have finite duration and must also satisfy 
additional properties beyond those normally associated with standard windows used with Fourier 
analysis. The result after the wavelet transform is applied is the plot shown in the lower right. The 
wavelet analysis correctly resolves each of the frequencies and the time when it occurs. A series of 
wavelets is used in example 2. 


Example 2. wen ac 


Figure 10. shows the ors a noe Foot 


input of a clean signal, and one Ja qo + Ear 


with noise. It also shows the 
output of a number of “filters” Lenton Fae 


with each signal. A 6 dB S/N aeoeel eer 2 
improvement can be seen from | "\' | | SAS FP] ote oe 
the d4 output. (Recall from [zeae WL Tiss 
Section 4.3 that 6 dB Hi uu Sabon 
corresponds to doubling of geet thet ate sath Gad ameated 
detection range.) In the filter rat ue we] Seo 
cascade, the HPFs and LPFs vn vr 
Sesion 
are the same at each level. The | cama eorase  feronck 2 H ree 
Meee ecto Ato, 


wavelet shape is related to the 


Figure 10. Example 2 Analysis Wavelet. 


and LPFs. Different wavelets have different HPFs and LPPS. As a result of decimating by 2, the number 
of output samples equals the number of input samples. 


Some fields that are making use of wavelets are: astronomy, acoustics, nuclear engineering, 
signal and image processing (including fingerprinting), neurophysiology, music, magnetic resonance 
imaging, speech discrimination, optics, fractals, turbulence, earthquake-prediction, radar, human vision, 
and pure mathematics applications, 


IEEE Spectrum, 


See Andrew Bruce, David Donoho, and Hong-Ye Gao, “Wavelet Analy 
Vol. 33 No. 10, October 1996. 
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3.0.2 


ANTENNA INTRODUCTION / BASICS 
Rules of Thumb: 


1. The power gain of an antenna with losses, excluding input impedance Where Hy ay 4 are the elev az 
mismatch, is given by: another is beamwidth in degrees 


= Efficiency 


For approximating an antenna pattern swith 


G=224 Where A=Physicalaperturearea Xn (YA rectangle: X= 41283. typ" O7 
2=wavelength BWeBWo (2) Am ellipsoid: X= $2825, OSS 
2. Directive gain of rectangular X-Band Aperture 
G=14LW Where: Length (L) and Width (W) are in em 


3. Power gain of Circular X-Band Aperture 
G=d'y Where: d= antenna diameter in em 
11 = aperture efficiency 


4, Directive gain of an imaginary isotropic antenna radiating in a peas 


uniform spherical pattern is one (0 4B). 


Antenna 
5. Antenna with a 20 degree beamwidth has approximately a 20 dB ‘ow&nal eaclatlon 


directive gain. 


6. 3 dB beamwidth is approximately equal to the angle from the peak 
of the power to the first null (see figure at right) 


7. Parabolic Antenna Beamwidth: Bw=o* 


Where: BW =antenna beamwidth; = wavelength; d= antenna diameter. 

The antenna equations which follow relate to Figure | as 
atypical antenna. In Figure 1, BW, is the azimuth beamwidth and 
BW, is the elevation beamwidth. Beamwidth is normally 
‘measured at the half-power or -3 dB point of the main lobe unless 
otherwise specified. See Glossary. 


on} 


The gain or directivity of an antenna is the ratio of the 
radiation intensity in a given direction to the radiation intensity 
averaged over all directions. 


Figure 1, Antenna Aperture. 


Quite often directivity and gain are used interchangeably and it sometimes leads to overly 
optimistic antenna performance estimations. The difference is that directivity is based solely on antenna 
pattern shape estimation where antenna losses such as dielectric, ohmic resistance, and polarization 
‘mismatch are neglected. If these losses are included in the antenna gain calculations, the antenna gain is 
then referred to as the power gain. Moreover, if additional impedance mismatch or VSWR losses are 
included in the antenna system gain estimation, the antenna gain calculations are then referred to as the 
realized gain. However, using directive gain (or directivity) calculations is very convenient in practice for a 
first order idealized antenna performance estimation. 


3d 


Normalizing a radiation pattern by the integrated total power yields the directivity of the antenna, 
This concept in shown in equation form by: 


4a? (0.9) 
D(0.9)= 10 Lo§ 
(en «| ete 


Where D(0.9) is the directivity in 
dB, and the radiation pattem power in a 
specific direction is P4(0,9), which is 
normalized by the total integrated 
radiated power. Another important 
concept is that when the angle in which 
the radiation is constrained is reduced, the 
directive gain goes up. For example, 
using an isotropic radiating source, the 
gain would be 0 dB by definition (Figure 
2(a)) and the power density (P) at any 
given point would be the power in (P,.) 
divided by the surface area of the 
imaginary sphere at a distance R from the 
source. If the spacial angle was 
decreased to one hemisphere (Figure 
2(b)), the power radiated, Pi, would be 
the same but the area would be half as 
much, so the gain would double to 3 dB. 
Likewise if the angle is a quarter sphere, ( 
beam. The gain is independent of actual 
taken, 


Real antennas are different, 
however, and do not have an ideal 
radiation distribution. Energy varies 
with angular displacement and losses 
occur due to sidelobes. However, if 
we can measure the pattem, and 
determine the beamwidth we can use 
two (or more) ideal antenna models to 
approximate a real antenna pattern as 
shown in Figure 3. 


Assuming the antenna pattern 
is uniform, the gain is equal to the area 
of the isotropic sphere (4nt’) divided 
by the sector (cross section) area 


It can be shown that: 
4a 


© BW 5a BW on 


0<6<360° 


1 
0< 05 180° a 


(a) SPHERE (Isotopic source) 


(O)HEMISPHERE 


Tan] 
aa 


peer 


Figure 2. Notional Representation of Directive Antenna Gain. 


Figure 2(c)), the gain would be 6 dB. Figure 2(d) shows a pencil 
power output and radius (distance) at which measurements are 
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Figure 3, Antenna Beamwidth, 


Area of Sphere 


a 1p) 
‘Area of Antenna pattern 
4. BW g.:~ szmith beamwidth in radians 
— here: °"* BI 
90 (radians) BW orct~ esevation beamwidth in radians 


From this point, two different models are presented: 


(J) Approximating an antenna pattern using an elliptical area, and 
(2) Approximating an antenna pattern using a rectangular area. 


Approximating the antenna pattern as an elliptical area: 


Area of ellipse = x a b = a[ (r sin 0)/2 J[ (r sin 9)/2 J= (cr sin 0 sin g)/4 


Ga=__Aret eof Sphere ig 4 ae 
Area of Antenna pattern 6) sindsing 


Where 8=8W,, and. $= BW, 
For small angles, sin @ = 9 in radians, so: 
a ee) sors") $2525 5 7 
singsin@ $O(radians) $0 


Dale ) GO (degrees) ” BW, BW o(degrees) 

The second term in the equation above is very close to equation [3]. 

For a very directional radar dish with a beamwidth of 1° and an average efficiency of 55%: 
Ideally: G = 52525, or in dB form: 10 log G =10 log 52525 = 47.2 dB 

With efficiency taken into account, G = 0.55(52525) = 28888, of in log form: 10 log G = 44.6 dB 


Approximating the antenna pattern as a rectangular area 


a=rsin®, b=rsing, area=ab=r'sinOsing 


Area of Sphere _ 4ar 4x 
v Area of Antenna pattern sinOsing sinOsing 


W,, and = EW, For small angles, sin g = 9 in radians, so: 
‘The second term in the equation above is identical to equation [3]. 


4x dz 4 (360° 360")_ 41253, 41253 a 
singsinO O(radians) $O\ 2x2a ) GO(degrees) BW, BW, (degrees) 
41253 
Converting t0 dB, Gry (4B) = 10 Log) "=| with BW,and BWsin degrees 16] 
BW BW 


Fora very directional radar dish with a beamwidth of 1° and an average efficiency of 70% 
Ideally (in dB form): 10 log G =10 log 41253 = 46.2 4B. 
With efficiency taken into account, G = 0.7(41253) = 28877, or in log form: 10 log G = 44.6 dB 


Comparison_between elliptical ry 
and rectangular areas for 
antenna pattem models 

By using the rectangular model x 
there is a direct correlation 
between the development of 
gain in equation [5] and the ideal 
gain of equation [3]. The 
elliptical model has about one 
4B difference from the ideal is 
calculation, but will yield the 
same real antenna gain when 


20 


hiptea! pattern for 18) antenne th 
‘onform iigminelion snd ne loses 


plat Rah Anan 
(60 % efficient reclonguler 
re emetest eptiead 


efficiencies 


appropriate are rr a a rT) 
areiinedd SECTOR SIZE — Degrees — (= @) 
5 Wo «30 960 1600 2800 600 4500 e100 e100 1000 
1 tmea 6 Valve (uae 1 not 9996) 


The upper plot of Figure 4 


shows the gain for an ideal 
antenna pattern using _ the 
elliptical model. The middle 


Figure 4, Antenna Sector Size vs. Gain, 


plot shows the gain for an ideal antenna using the rectangular model. The lower plot of Figure 4 shows the 
gain of a typical real antenna (rectangular model using an efficiency of 70% or elliptical model using an 


efficiency of 47%). 


Gain as a function of 2: 
When 0 =0, each wave source in Figure S is in phase 
with one another and a maximum is produced in that 
direction. 


Conversely, nulls to either side of the main lobe will 
‘occur when the waves radiating from the antenna 
cancel each other. The first null occurs when there is 
a phase difference of 1/2 in the wave fronts 
‘emanating from the aperture. To aid in visualizing 
what happens, consider each point in the antenna 
aperture, from A to C in Figure 5, as a point source 
of a spherical wave front. If viewed from infinity, 
the electromagnetic waves from each point interfere 
with each other, and when, for a particular direction, 
0 in Figure 5, each wave source has a corresponding 
point that is one-half wavelength out of phase, a null 
is produced in that direction due to destructive 
interference. 


ANTENNA BORESIGHT 


A 
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Figure 5. Directional Gain vs. Wavelength 


In Figure 5, the wave emanating from point A is out of phase with the wave from point B by one-half of a 
wavelength. Hence, they cancel. Similarly, a point just to the right of point A cancels with a point just to 


the right of point B, and so on across the entire aperture 
given by: 


Sin @=2/L and, in radians, 0 = 2L (for small angles) 


‘Therefore, the first null in the radiation pattern is 


(71 


As the angle off boresight is increased beyond the first null, the intensity of the radiation pattern rises then 
falls, until the second null is reached. This corresponds to a phase difference of two wavelengths between 
the left and right edges of the aperture. In this case, the argument proceeds as before, except now the 
aperture is divided into four segments (point A canceling with a point halfway between A and B, and so on), 


‘The angle 0 is the angle from the center (maximum) of the radiation pattern to the first null. ‘The null-to-null 
beam width is 20. Generally, we are interested in the half-power (3 dB) beamwidth, It tums out that this 
beamwidth is approximately one-half of the null-to-null beamwidth, so that: 


BWs as ~ (920) = ML is] 


Therefore, beamwidth is a function of the antenna dimension “L” and the wavelength of the signal. It can 
be expressed as follows: Note: for circular antennas, L in the following equations = diameter 


Bwo(az) = WL acer and BWoe) = WLe1 ot 191 


Substituting the two variations of equation [9] into equation [3] and since Lazu times Leto = Ac (effective 
capture area of the antenna), we have: 


Ga in — 48 bas bat 47 Ae 
BW, BW (radians) z 


[10] 


Note: Equation is approximate since aperture efficiency isn’t included as is done later in equation [12]. 


The efficiency (discussed later) will reduce the gain by a factor of 30-50%, ie. real gain = .5 to .7 times 
theoretical gain. 


Unity Gain Antenna. 
Ifa square antenna is visualized and G=1, A.= 2? / 4x. When a dimension is greater than 0.28 2 (~/42.) it is 
known as an electrically large antenna, and the antenna will have a gain greater than one (positive gain 
when expressed in dB). Conversely, when the dimension is less than 0.28 2, (~/42 )(an electrically small 
antenna), the gain will be less than one (negative gain when expressed in dB). Therefore, a unity gain 
antenna can be approximated by an aperture that is aA by Yd. 


Beamwidth as a Function of Aperture Length 
Itcan be seen from Figure 5, that the wider the antenna aperture (L), the narrower the beamwidth will be for 
the same A. Therefore, if you have a rectangular shaped horn antenna, the radiation pattern from the wider 
side will be narrower than the radiation pattern from the narrow side. 


APERTURE EFFICIENCY, 1, 


‘The Antenna Efficiency, 1, is a factor which includes all reductions from the maximum gain. n can be 
expressed as a percentage, or in dB. Several types of “loss” must be accounted for in the efficiency, n; 


(1) Ilumination efficiency which is the ratio of the directivity of the antenna to the directivity 
ofa uniformly illuminated antenna of the same aperture size, 

(2) Phase error loss or loss due to the fact that the aperture is not a uniform phase surface, 

(3) Spillover loss (Reflector Antennas) which reflects the energy spilling beyond the edge of 
the reflector into the back lobes of the antenna, 


(4) Mismatch (VSWR) loss, derived from the reflection at the feed port due to impedance 
mismatch (especially important for low frequency antennas), and 
(3) RE between the antenna and the antenna feed port or measurement point. 


‘The aperture efficiency, n,, is also known as the illumination factor, and includes items (1) and (2) above; it 
does not result in any loss of power radiated but affects the gain and pattern. It is nominally 0.6-0.8 for a 
planer array and 0.13 to 0.8 with a nominal value of 0.5 for a parabolic antenna, however n, can vary 
significantly. Other antennas include the spiral (.002-.5), the horn (.002-.8), the double ridge horn 
(005-93), and the conical log spiral (.0017-1.0). 


Items (3), (4), and (5) above represent RF or power losses which can be measured. The efficiency varies 


and generally gets lower with wider bandwidths. Also note that the gain equation is optimized for small 
angles - see derivation of wavelength portion of equation [7]. This explains why efficiency also gets lower 
for wider beamwidth antennas. 


EFFECTIVE CAPTURE AREA. 


Effective capture area (A.) is the product of the physical aperture area (A) and the aperture efficiency (n) or: 


A Wy 
GAIN AS A FUNCTION OF APERTURE EFFICIENCY 
‘The Gain of an antenna with losses is given by: 
n= Aperture Efficiency 
at 12) 


G = WhereA= Physical aperture area 


A= wavelength 
Note that the gain is proportional to the aperture area and inversely proportional to the square of the 
wavelength. For example, if the frequency is doubled, (half the wavelength), the aperture could be 
decreased four times to maintain the same gain. 

BEAM FACTOR 

Antenna size and beamwidth are also related by the beam factor defined by: 

Beam Factor = (D/k)(Beamwidth) _ where D = antenna dimension in wavelengths. 


‘The beam factor is approximately invariant with antenna size, but does vary with type of antenna aperture 
illumination or taper. The beam factor typically varies from 50-70°. 


APERTURE ILLUMINATION (TAPER) 


‘The aperture illumination or illumination taper is the variation in amplitude across the aperture. This 
variation can have several effects on the antenna performance: 


(1) reduction in gain, 
(2) reduced (lower) sidelobes in most cases, and 
(3) increased antenna beamwidth and beam factor. 


Tapered illumination occurs naturally in reflector antennas due to the feed radiation pattern and the 
variation in distance from the feed to different portions of the reflector. Phase can also vary across the 
aperture which also affects the gain, efficiency, and beamwidth. 


CIRCULAR ANTENNA Gal 
Solving equation [12] in dB, for a circular antenna with area xD*/4, we have: 
10 Log G = 20 Log (D/A) + 10 Log (1) + 9.94 dB; where D = diameter [13] 


‘This data is depicted in the nomograph of Figure 6. For example, a six foot diameter antenna operating at 
9 GHz would have approximately 44.7 dB of gain as shown by the dashed line drawn on Figure 6. This 
gain is for an antenna 100% efficient, and would be 41.7 dB for a typical parabolic antenna (50% efficient) 
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Figure 6. Antenna Gain Nomograph. 


An example of a typical antenna (with losses) showing the variation of gain with frequency is depicted in 
Figure 7, and the variation of gain with antenna diameter in Figure 8. The circle on the curves in Figure 7 
and 8 correspond to the Figure 6 example and yields 42 dB of gain for the 6 ft dish at 9 GHz, 


Example Problem: If the two antennas in the drawing are “welded” together, how much power will be 
measured at point A? (Line loss L; =L2=0.5, and 10log L; or L: = 3 dB) 


Multiple choice: 
A. 16 dBm b. 28 dBm ©.4dBm d.10dBm — e,.<4dBm 


6 dBi gein each 


Answer: 

+10. dBm Signal 
‘The antennas do not act as they normally would since the antennas are operating in the near field. They act 
as inefficient coupling devices resulting in some loss of signal. In addition, since there are no active 
components, you cannot end up with more power than you started with. The correct answer is 
“e,<4 dBm. 


10 dBm - 3 dB - small loss -3 dB = 4 dBm - small loss 


If the antennas were separated by $ ft and were in the far field, the antenna gain could be used with space 
loss formulas to calculate (at 5 GHz): 10 dBm - 3 dB + 6 dB - 50 dB (space loss) + 6 dB -3 dB = -34 dBm (a 
‘much smaller signal). 
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Figure 8. Gain of a Typical Dish at 9 GHz (With Losses). 
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3-110 


POLARIZATION 


Table 1 shows the theoretical ratio of power transmitted between antennas of different 
polarization. These ratios are seldom fully achieved due to effects such as reflection, refraction, and other 


wave interactions, so some practical ratios are also included, 

‘Table 1, Polarization Loss for Various Antenna Combinations. 
‘Transmit Ratio of Power Received to Maximum Power 
ii Receive Antenna “Theoretical [Practical Homn [Practical Spiral 

Antenna 

Seer Polarization Ration | as Ratioin | as | Ration | as 
Polarization: 4B _| Ratio | ap | Ratio | dB | Ratio 
Vertical Vertical 0aB * * [NA |_NA 
| Slant (45° or 135°) | 3a] % | * [| * | NWA | NA 
| Horizontal | -2ap | 0 | 2008 | 1100} NA | NIA 
| Circular (right-hand or left-hand) | -3 4B | fe peyr ge 
Horizontal | Horizontal | ow | [os [+ [wa [wa 
Horizontal | Stant (45° o 135°) | 30 | Joe foe fowa | owa 
Horizontal | Circular(right-hand orleft-hind) | 342 | % | * | * fo fo 
Circular (right-hand) | Cireula (eighthand) Jom] orf o* fe [oe foe 
Circular (right-hand) | Circular (et-hand) | -2aB | 0 | 2008 | 1100 | 1048 | w10 
Circular (right or left) | Slant (48° of 135°) 3aB | 5 * : * + 


¥ Approximately the same as theoretical. 
Note: Switehing transmit and receive antenna polarization will give the same results, 


The polarization of “Rntenna with Too 
an electromagnetic wave is Sees one 
defined as the orientation of 
the electric field vector. 
Recall that the electric field 
vector is perpendicular to 
both the direction of travel 
and the magnetic field vector. 
The polarization is described 
by the geometric figure traced 
by the electric field vector 
upona stationary plane perpendicular to the direction of propagation, as the wave travels through that plane. 
An electromagnetic wave is frequently composed of (or can be broken down into) two orthogonal 
‘components as shown in Figure 1. This may be due to the arrangement of power input leads to various 
points on a flat antenna, or due to an interaction of active elements in an array, or many other reasons, 


rection, 


‘The sum of the E eld vectors determines the sense of potarzation 


Figure 1. Polarization Coordinates, 


‘The geometric figure traced by the sum of the electric field vectors over time is, in general, an 
ellipse as shown in Figure 2. Under certain conditions the ellipse may collapse into a straight line, in which 
case the polarization is called linear. 


In the other extreme, when the two components are of equal magnitude and 90° out of phase, the 
ellipse will become circular as shown in Figure 3. Thus linear and circular polarization are the two special 
cases of elliptical polarization, Linear polarization may be further classified as being vertical, horizontal, ot 
slant. 


Figure 2 depicts plots of the E field vector while varying the relative amplitude and phase angle of its 
‘component parts. 


Ratio of 


¥ 
| 


RHcP 


Wave is travelling toward viewer - Out of the paper 


Vertical polarization 


Counter Clockwise 


INQ O@ZAONA 
SC OO 


SS. SS OO C2 oe COS 


Horizontal polarization 


Clockwise 


LHeP 


180° -135° -90° 


45° 
Phase angle between E Field Vectors 


oe +45 490° +136° 4180° 


Figure 2. Polarization as a Function of E, / E, Ratio and Phase Angle. 
‘Adopted from J.D. Kraus, “Antennas.” 2" ed, Figure 2-37 


For a linearly polarized antenna, the 
radiation pattern is taken both for a co-polarized 
and cross polarized response. The polarization 
quality is expressed by the ratio of these two 
responses. The ratio between the responses must 
typically be great (30 dB or greater) for an 
application such as cross-polarized jamming. 
For general applications, the ratio’ indicates 
system power loss due to polarization mismatch. 
For circularly polarized antennas, radiation 
patterns are usually taken with a rotating linearly 
polarized reference antenna. The reference 
antenna rotates many times while taking 
‘measurements around the azimuth of the antenna 
that is being tested. The resulting antenna 
pattern is the linear polarized gain with a cyclic 
tipple. The peak-to-peak value is the axial ratio, 
and represents the polarization quality for a 
circular polarized antenna. The typical RWR 
antenna has a maximum 3 dB axial ratio within 
45° of boresight. 


Figure 3. Circular Polarization ~ E Field. 


For any antenna with an aperture area, as the aperture is rotated, the viewed dimension along the 
axis remains constant, while the other viewed dimension decreases to zero at 90° rotation. The axial ratio of 
an antenna will get worse as the antenna is rotated off boresight because the field contribution from the axial 
component will remain fairly constant and the other orthogonal component will decrease with rotation. 


3.22 


The sense of antenna polarization is defined from a viewer positioned behind an antenna looking 
the direction of propagation. The polarization is specified as a transmitting, not receiving antenna 
regardless of intended use. 


We frequently use “hand rules” to describe the 
sense of polarization. The sense is defined by which 
hand would be used in order to point that thumb in the 


Fingers in 
direction of propagation and point the fingers of the | Tymbn The The Direction 
same hand in the direction of rotation of the E field | of Propagation of Rotaton of 
vector. For example, referring to Figure 4, ityourthumb | Of Wave E Field Vector 


is pointed in the direction of propagation and the rotation 
is counterclockwise looking in the direction of travel, 
then you have left hand circular polarization. 


Optics people view an aperture from the front 
and therefore use the opposite reference. 


The polarization of a linearly polarized hom Figure 4. Left Hand Polarization. 


antenna can be directly determined by the orientation of 
the feed probe, which is in the direction of the E-field. 


In general, a flat surface or sphere will reflect a linearly polarized wave with the same polarization 
as received. A horizontally polarized wave may get extended range because of water and land surface 
reflections, but signal cancellation will probably result in “holes” in coverage. Reflections will reverse the 
sense of circular polarization. 


If the desired antenna is used for receiving a direct transmission as shown in Figure 5, the same 
polarization sense (specified if transmitting) is required for maximum signal reception in this situation. Buy 


two right-hand or two left-hand circularly polarized antennas for this case. When you procure antennas, 
remember that the polarization is specified as if transmitting, regardless of intended use. 


Wave propagation between two identical antennas is analogous to being able to thread a nut from 
‘one bolt to an identical opposite facing bolt. 
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NOTE: This figure depicts an example only, all polarizations can be reversed. 
In either case, the antennas should be identical. 


Figure §, Same Circular Polarization, 


Ifthe desired antenna is used for a receiving a wave with a single or odd number of reflections, such as a 
bistatic radar where separate antennas are used for transmit and receive as shown in Figure 6, then 


opposite circularly polarized antennas would be used for maximum signal reception. In this case buy 
antennas of opposite polarization sense (one left hand and one right hand). 
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NOTE: This figure depicts an example only, all polarizations can be reversed. 
In either case, the antennas should have opposite polarization. 


Figure 6. Opposite Circular Polarization 


Tn.a comer reflector, waves reflect twice before returning to the receiver as shown in Figure 7, consequently 


they return with the same sense as they were transmitted. In this case (or any even number of reflections) 
buy antennas of the same polarization sense. 
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NOTE: This figure depicts an example only, all polarizations can be reversed. 


In either case, the antennas should be identical. 


Figure 7. Circular Polarization With Comer Reflector 


An aircraft acts as both a comer reflector and a “normal” reflector so the return has mixed 
polarization. Most airborne radars use the same antenna for transmitting and receiving in order to receive 
the comer reflections and help exclude receipt of refle: from rain (single polarization reversal), 
however in doing so there is about a 5-9 dB loss from the ideal receiver case. It should be noted that the 
return from raindrops is attenuated by approximately 20 dB. 


RADIATION PATTERNS. 


The radiation pattern is a graphical depiction of the relative field strength transmitted from or 
received by the antenna. Antenna radiation patterns are taken at one frequency, one polarization, and one 
plane cut. ‘The pattems are usually presented in polar or rectilinear form with a dB strength scale. Pattems 
are normalized to the maximum graph value, 0 dB, and a directivity is given for the antenna. This means 
that if the side lobe level from the radiation pattern were down -13 dB, and the directivity of the antenna was 
4 4B, then the sidelobe gain would be -9 dB. 


Figures 1 to 14 on the pages following depict various antenna types and their associated 
characteristics. The patterns depicted are those which most closely match the purpose for which the given 
shape was intended. In other words, the radiation pattern can change dramatically depending upon 
frequency, and the wavelength to antenna characteristic length ratio, See Section 3-4. Antennas are 
designed for a particular frequency. Usually the characteristic length is a multiple of 2/2 minus 2-15% 
depending on specific antenna characteristics 


The gain is assumed to mean directional gain of the antenna compared to an isotropic radiator 
transmitting to or receiving from all directions. 


The half-power (-3 dB) beamwidth is a measure of the directivity of the antenna. 


Polarization, which is the direction of the electric (not magnetic) field of an antenna is another 
important antenna characteristic. This may be a consideration for optimizing reception or jamming. 


‘The bandwidth is a measure of how much the frequency can be Bandwidth 
varied while still obtaining an acceptable VSWR (2:1 or less) and minimizing C7 iz 
% tio 
losses in unwanted directions. See Glossary, Section 10. 
3 105:1 
A 2:1 VSWR corresponds to a 9.5 dB (or 10%) return loss - see Section 6-2. a 4 i 
‘Two methods for computing antenna bandwidth are used: 30 135:1 
40 150:1 
a 50 167:1 
Narrowband by %, B= (fe) 00), where Fc = Center frequency 60 185:1 
Re Gi 21 
Broadband by ratio, B= = 100 3:1 
Fi 120 4 
133 sil 
An antenna is considered broadband if Fy / Fi > 2. The table at the 150 Tl 
right shows the equivalency of the two, however the shaded values are not 160 ort 
normally used because of the aforementioned difference in 163 10:1 


broadband/narrowband. 

Should there be ever a need to express bandwidth of an antenna in one or the other alternative 
formats, a conversion between the two narrowband and broadband bandwidth quantities can be easily 
calculated using the following relationships: 


Calculate broadband ratio By given narrowband B%, 


Bus = (200 + BY%)(200 ~ B%) i} 


33.1 


Calculate narrowband B% given broadband ratio Bis, 
B% = 200 * (Bbb — 1)/( Bbb + 1) RI 


For an object that experiences a plane wave, the resonant mode is achieved when the dimension of 
the object is ni/2, where n is an integer. Therefore, one can treat the apertures shown in the following figure 
as half wave length dipole antennas for receiving and reflecting signals. More details are contained in 
Section 8-4. 


, VERTICAL (Elevation) 


The following lists antenna types by page number. The referenced page shows frequency limits, 
polarizations, ete, 


Type ‘Type Page 
4 arm conical spiral Tog periodic 338 
alford loop loop, circular 334 
aperture synthesis, loop, alford 334 
array loop, square 334 
axial mode helix luneberg lens 339 
biconical wipolarizer microstrip patch 339 
biconical monopole 333 
cavity backed circuit fed slot normal mode helix 335 
cavity backed spiral parabolic 337 
circular loop patch 339 
conical spiral reflector 33.10 
comer reflector thombic 333 
dipole array, linear sinuous, dual polarized 336 
dipole slot, guide fed 339 
discone slot, cavity backed 3.3.9 
dual polarized sinuous spiral, 4 arm conical 336 
guide fed slot spiral, conical 335 
helix, normal mode spiral, cavity backed 335 
helix, axial mode square loop 334 
horn vee 333 
linear dipole array yagi 33.8 
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‘Antenna Type 
MONOPOLE 
A 


>y 


Radiation Pattern 


ovation 


ait 


Ground Plane 


x< 


‘Characteristics 


Potrization: Linear 
Vertical ae shaun 


‘Typical Halt Power Beamwith 
ABdeg 300 deg 


‘Typical Gain: 2.548 at best 
Bandwidth: 10% oF 1.11 
Frequency Limit 

ower: Nene 

Upper: None 


Remarks: Polarization changes to 
ortonal rotated to horaonta 


“ia DIPOLE 


Elevation; 


NN yy 


Asim 


Polarization Unesr 
Varteal as shown 


Typical Halt Power Beamwidth 
abldog «300 dog 


Typical Gain: 248 
Bandwidth: 10% or 1.11 
Frequency Limit 

Lower: Nene 

Upper: 8 GHe (practical imi) 
Remarks: Pater end ating changes 


Signfeanty winl Usedaba gon 
Feforence <2 GHe 


Figure 1. Monopole and Dipole Antenna Characteristics. 


‘Antenna Type 


Radiation Pattern 


‘Characieristics 


VEE 


z 
4h 


Elevation & 
mute 


——— as 


Polarzaton Unear 
Verial as how 


Typical Halt Power Beamwidth 
blceg x60 deg 


Typleal Gain: 2107 
Bandwidth: “Broadband 
Frequency Limit 

ower: 3 HE 

Upper: 500 Mrz (practical its) 
Remarks: 24kHs versions are known tl 


‘at. Teminations may be used to, 
reduce backobes, 


RHOMBIC 


> 


eS yy 


lovato & 
aim 


ae ey 


Polarization: Linear 
Vertical as shown 


cal Hal Power Beamwith 
8feeg x0 deg 


Typleal Gain: 38, 
Bandwidth: "Broadband 
Frequency Limit 
Lower: 3 Me 

Upper: 500 Miz 


Remarks: Termination resistance 
sad to reduce backiobos 


Figure 2. Vee and Rhombic Antenna Characteristics. 
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‘Antenna Type Radiation Pattern Characteristics 
CIRCULARLOOP ae Wasim er 
(Smal), 7 ontertaeshowm 

A L—>v | typical tai-rower Samat 
abfieg 50 cog 
pears Typical Gain: 2102 68 
ct 4 pv | Benawit t0 ot 
Frequency Lit 
z Comoro 
Upper: 1 ch 
* ¥. 
SQUARE LOOP 4 Fesonta shown 
(Small) 2 y 
A aad ‘Typical Hal-Power Beamwicth 
TBdeg 200 een 
a Typical Gain: #348 
be Y es Bandwidth: 10% or 1.1:1 
——* 
Frequency Limit 
tower 3 
Upper: THe 
Y 


Figure 3. Circular Loop and Square Loop Antenna Characteristi 


‘Antenna Type Radiation Pattern Characteristics 
DISCONE Beaton 2 Polarization: Linear 
= Verivalas srown 


Typleal Halt Power Beamwiath: 
=v 2Olan deg 300 3g 


Typleal Gal: 448 


y nut Bandwidth: 100% or 3-1 
zen a 
Frequency Limit 
Cowen oe 
Y Upper: 3 GHz 
ALFORD LOOP. Elevation 2 


erzontl 2: shown 


> 


Typical Halt-Power Beamwidth: 
Lip atiseg «300 dog 


Typleal Gain: = dB 
aim Bandwidth: 67% oF 21 


Frequency Limit: 
ower: 100 ME 
Upper: 12 cz 


Figure 4, Discone and Alford Loop Antenna Characteristics, 
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‘Antenna Type Radiation Pattern Characteristics 


Toacanion Gran 
{AXIAL MODE WELK Pome Se 
A ‘Typical Half-Power Beamwidth: 
dit vevcra | Baton Bega 
ao | Rai : 
yl Gan 1048 


4 \ Bandwidth: 52% oF 17:1 
y | So ey 

7 7 Frequency Limit 

ower: 100 Me 

- Uppers cHz 


Remarks: Number of cops 3 


z Polarization: 
NORMAL MODE HELIX Blvaton: Creu with an idea pt to 


7 ‘ameter ato. 


‘Typical Halt-Power Beamiet: 
dideg x 350 cog 


oe Typleal Gain: 068 
y nel Bandwidth 5% oF 1.05:1 
Frequency Limit 


ower 100 Mi 
Y Upper: 3cHz 


Figure 5. Axial Mode Helix and Normal Mode Helix Antenna Characteristics 


‘Antenna Type Radiation Pattern Characteristics 


CAVITY BACKED 


SPIRAL (Flat Helix) Palaization: Cece 


Beatin & ‘ppl Hat power Beam 
Typical Gain: 2-448 
Y S >) wendwidth: 160% or91 
Frequency Limit 
‘ tower S00 Me 


Upper: 18 GH 


CONICAL SPIRAL 


Polarization: Circular 
Lefthand ae shown 


vation ‘Typical Hal-Power Beamwidth 
amt Gbdog #60 deg 
Typleal Gain: 5-848 
y | > | manawiatn: 120% or 4 
a 


Frequency Limit: 
Lower: 50 Miz 
Upper: 18GHe 


Figure 6. Cavity Backed Spiral and Conical Spiral Antenna Characteristics. 
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‘Antenna Type 


4 ARM CONICAL SPIRAL 


Radiation Patter 


atu 


Command az show 


‘Typical Hal-Power Boamaiath: 
Bolcegy 260 deg 


‘Typical Gain: 0.48 
Bandwidth: 120% or 4:1 


Frequency Lint: 
Covers 30 ne 


DUAL POLARIZED SNUOUS 


\ 
P- 


Figure 7. Dual Polarized Sinuous 


‘Antenna Type 


Elevation & 
zmuth 


Radiation Pattern 


Polarization: Dual vertical or 
Foreontal or dual Cacao vght hand 
brlet hand wih nyord 


‘Typical Hall-Power Beart: 
‘Bldege TS deg 


‘Typleal Gat 


Frequoney Lint: 
ower: 800 uke 
Upper: 16 Gite 


sntenna Characteristics and 4 Arm Conical Spiral. 


(Characteristics 


BICONICAL 


& 


lation: 


Polarization: Linear, 
Vera as shown 


Typical Half Power Beamwidth: 
206100 deg x 360 deg 


Typleal Gain: 0448 
Bandwidth: 120% oF 41 
Frequency Limit 


Lower 500 i 
Upper: 40 re 


BICONICAL WIPOLARIZER 


Polarization: Cscuar, 
Dirton depend on polarization 


Typical Halt Power Beamwiath: 
20100 dog x 260 deg 


Typical Gain: 30 168 
Bandwidth: 100% or31 
Frequency Limit: 


Cowen CHE 
Upper 18 GH 


Figure 8. Biconical and Biconical With Polarizer Antenna Characteristics. 


‘Antenna Type 


Radiation Pattern 


Characteristics 


Seton Ln... 


3.48 beara =56 


38 beamwidth =70-e 


Polarization: Linear 


‘Typical Half Power Beamwidth: 
ABideg x 40 deg 


‘Typical Gain: 5102068 


Bandwidth 
Widget: 120% or 1 
Inti: 67% oF 24 


Frequency Limit: 
Cowen 50 Mire 
Upper: 40 Gre 


— 7 


Polarization: Ciculr, 
Depends on polarzar 


cal Half Power Beam 
Biseg ni dos 


‘Typical Gai: 5to 1068 
Bandwidth: 60% 0r2:1 
Frequency Limit: 


Cowen SGA 
Upper 18 GHz 


Figure 9, Hom 


‘Antenna Type 


and Horn w/Polarizer Antenna Characteristics. 


Radiation Pattern 


Characteristics, 


PARABOLIC (Prime) 


Elevation & 
‘emth 


eee 


Polarization: 
Takes pasreation of feed 


Typleal Halt-Power Beamwiath: 
Yeo deg 


Typleal Gain: 29 to 3008 


Bandwidth: 29% or 1.41 
Tinta may by Teed 


Frequency Limit 
ower 90 ite 
Upper‘ he 


PARABOLIC 


Gregorian 


Cassograin 


Elevation & 
‘mut 


Qa py 


Polarization: 
‘ates poarzation of food 


al Halt-Power Beamwidt 
Pes 


Typleal Galn: 20 30 
Bandwidth: 25% oF 1.41 
Frequency Limit 


Cowen 400 Mi 
Upper: 1+ Gre 


Figure 10. Parabolic (Prime) and Parabolic Antenna Characteristics. 
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‘Antenna Type Radiation Pattern Characteristics 
Polarization: Linear 
vast 4 Ferizontst a: shown 
[__\,y 
A “Typical Hat Power Beamwidth 
Bevaten: B0ldeg X 50 den, 
‘Typical Gain: 510 1548 
zm an Bandwidth: 5% or 1.05:1 
——>* 
Frequency Limit 
x* Y 
Polarization: Linear 
LOS EERO: , “Typical Hat Power Beamwiath: 
a A adidog 8 deg 
4 [gy | rypieatcain: 6108 08 
= Bandwidth: 165% or 10:1 
Frequency Limit 
Afr | rau ower Satis 
—— > | Upper 18 ce 
ra Y Remarks: Thisaray may be formed 
x Jwih many shaposinclusing pales or 
‘noted araye 
Figure 11. Yagi and Log Periodic Antenna Characteristi 
‘Antenna Type Radiation Pattern Characteristics 
TINEAR DIPOLE ARRAY 
(Comorate Fees) able Plaition: Eman doen 


Typical Hatt Power Beant 
A ; y | betes 


‘Typical Gain: Dependent on 
umber of ements 
iat 


[yy ‘ Bandwidth: Narrow 
Frequency Limit: 

‘ Lower: 10 Wee 
Upper: 10 GHe 


APERTURE SYNTHESIS 


‘All characteristics dependent on 
omens 


Elevation & 
aimmath 


A 
A 
A marks: Econ sid aking 
Ly 


>Y > y | geund mapping whore he scr is 2 
‘moving near eters 


Figure 12, Linear Dipole Array and Aperture Synthesis Antenna Characteristics 
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‘Antenna Type 


CAVITY BACKED. 
CIRCUIT FED SLOT 
(Cand Microstrip Patch ) 


Radiation Pattern 


Elevation & 
Ramth 


Characteristics 


Polarization: Liner, vercalas shown 


“Typical Half Powor Beamwiath: 
0cog 80 dog 
Type Gain: 6 cB 


Bandwidth: Nara 


Frequency Limit: Lower, S0MHe 
famency Limit: oper! 18 Gre 


Remarks: The feed ine is sometimes 
Separated fom the radator by a 
alte & uses capacitive courting 
{rye conformal phased arays carbo 


oom ; 


pam 


Polarization: Linear, 
‘Typical Halt Power Boamwidth 
Elevation: 45:0 

‘emt = 

‘Typieal Gain: 068, 
Bandwidth: Nerow 
Frequency Limit: 

Lower: 2 Che 

Upper: 40 Gi 


Remarks: Open RF Waveguide 


Figure 13. Cavity Backed Circuit Fed Slot and Guide Fed Slot Antenna Characteristics. 


‘Antenna Type Radiation Pattern ‘Characteristics 
Polarization 
CORNER REFLECTOR Feod depondont 
z ‘Typical Halt Power Bearmwidth 
" 40'dog x variable 


Elevation: 2) 
‘Azimuth: (CY) 


Dependent upon feed emiter 


‘Typical Gain: 10 48 above feed 
Bandwidth: Narow 
Froquency Limit 

Lowers 1 GHe 

Upper: 40. GHz 


Remarks: Typically fed wih a dipcle 
cor canoer array. 


LUNEBURG LENS 


A 


Elevation & 
Aaimuth 


yy 
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Polarization: 
Feed dependant 


‘Typical Halt Power Bearnwidth: 
system dependent 


‘Typical Gain: System dependent 
Bandwidth: Narrow 

Frequency Limit 

Lower: 1 GH2 

Upper: 40 GHz 


Remarks: Variable index celectric 
sphere, 


jure 14. Corner Reflector and Luneburg Lens Antenna Characteristics. 
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3.3.10 


FREQUENCY / PHASE EFFECTS OF ANTENNAS 


The radiation patterns of the antennas presented in the previous section are for antenna geometries 
most commonly used. The antenna should be viewed as a matching network that takes the power from a 
transmission line (50 ohm, for example), and matches it to the free space “impedance” of 377 ohms. The 
most critical parameter is the change of VSWR with frequency. The pattern usually does not vary much 
from acceptable to the start of unacceptable VSWRs (> 2:1). For a given physical antenna geometric size, 
the actual radiation pattern varies with frequency. 


‘The antenna pattem depicted in Figure 1 is for the dipole pictured in Section 3-3. The maximum 
gain is normalized to the outside of the polar plot and the major divisions correspond to 10 dB change. In 
this example, the dipole length (in wavelengths) is varied, but the same result can be obtained by changing 
frequency with a fixed dipole length. From the figure, it can be seen that side lobes start to form at 1.25% 
and the side lobe actually has more gain than the main beam at 1.5A. Since the radiation pattern changes 
with frequency, the gain also changes. 


Figure 1. Frequency Effects. 
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Figure 2 depicts phase/array effects, which are yet another method for obtaining varied radiation 
patterns. In the figure, parallel dipoles are viewed from the end. It can be seen that varying the phase of the 
two transmissions can cause the direction of the radiation pattern to change. This is the concept behind 
phased array antennas. Instead of having a system mechanically sweeping the direction of the antenna 
through space, the phase of radiating components is varied electronically, producing a moving pattern with 
‘no moving parts. It can also be seen that increasing the number of elements further increases the directivity 
of the array. In an array, the pattern does vary considerably with frequency due to element spacing 
(measured in wavelengths) and the frequency sensitivity of the phase shifting networks. 


TWO 2/2 DIPOLES 
Spacing = NZ 


180° 


FOUR a/2 DIPOLES Utilizing thi tech 
END FIRE ARRAY ig these techniques, 
Spacing = 22 a phased array antenna 
can be constructed by 
b 0" simply electronically 
Progressive 
Shit 


varying the phase ina 
progressive repettive 
manner in order to create a 
specific scan pattern 


eeGe 


Figure 2. Phase / Array Effects® 


* Note: Assuming Figure 2 depicts x-y plane antenna pattern cross section, to achieve the indicated array 
patterns using dipole antennas, the dipole antenna elements must be aligned with the z-axis, 


Two antennas that warrant special consideration are the phased array and the Rotman bootlace type 


lens. Both of these antennas find wide application in EW, RADAR, and Communications. The phased 
array will be described first. 


LE 


|AR PHASED ARRAY 


The linear phased array with equal spaced elements is easiest to analyze and forms the basis for most 
array designs. Figure 3 schematically illustrates a corporate feed linear array with element spacing d. 


34.2 


It is the simplest and is aaDADSIGE 
still widely used. By controlling 
the phase and amplitude of SCANNED BEAM 
excitation to each element, as 

depicted, we can control the 
direction and shape of the beam 
radiated by the array. The phase 
excitation, p(n), controls the 
beam pointing angle, 0, in a 


RADIATORS 


phased array. To produce a | %230° 
broadside beam, 0,=0, requires | shirreas 
phase excitation, g(n)=0. Other Powen 


sean angles "require an | DSTRBVTION 
excitation, g(n)=nkd sin@,), | “™°%* 
for the nth element where k is 
the wave number 2n/2). In this Figure 3. Corporate Fed Phased Array 

‘manner a linear phased array can 

radiate a beam in any sean direction, 0,, provided the element pattem has sufficient beamwidth. ‘The 
amplitude excitation, A,, can be used to control beam shape and sidelobe levels. Often the amplitude 
excitation is tapered in a manner similar to that used for aperture antennas to reduce the sidelobe levels 
One of the problems that can arise with a phased array is insufficient bandwidth, since the phase shift 
usually is not obtained through the introduction of additional path length. However, it should be noted that 
Je the corporate feed does have equal path length and would have good bandwidth for this scan 


ANTENNS INPUT 


The linear array described above would yield a narrow fan 
beam in the plane normal to the plane containing the array and scan 
direction, with the narrow beamwidth in the plane of the array. To 
obtain a pencil beam it would be necessary to array several of these 
linear arrays in such a manner resulting in a planar array of radiating 
elements. A problem associated with all electronic scanning is 
beam distortion with scan angle. Figure 4 illustrates. this 
phenomenon. It results in spread of the beam shape with a 
concomitant reduction in gain. This effect is known as “scan loss.” 
For an ideal array element, scan loss is equal to the reduction in 
aperture size in the sean direction which varies as cos 0, where 0 is 
the scan angle measured from the planar array normal. 


ure 4, Beam Distortion, 


When elements are spaced greater than 1/2 apart, grating lobes are possible when scanning. As the 
beam is scanned further from broadside, a point is reached at which a second symmetrical main lobe is 
developed at the negative scan angle from broadside. ‘This condition is not wanted because antenna gain is 
immediately reduced by 3 dB due to the second lobe. Grating lobes are a significant problem in EW 
applications because the broad frequency bandwidth requirements mean that at the high end of the 
frequency band, the elements may be spaced greater than 2/2. Therefore in order to avoid grating lobes over 
a large frequency bandwidth, element spacing must be no greater than 2/2 at the highest frequency of 
operation. 


There are many other factors to consider with a phased array such as coning, where the beam curves 
at large scan angles, and mutual coupling between elements that affect match and excitation. Excessive 


343 


‘mutual coupling will invariably result in blind scan angles where radiation is greatly attenuated. These 
issues will not be covered in detail here. 


Of interest is the gain of the array which is given by: 


Array Gain ‘eivtisae Where each element is as described in Section 3-4. 


G,(0) is the element gain which in this case has been taken the same for all elements. Note that if 
we set A(n)=l, and @(n)=0, then at broadside where sin(0) = 0, the gain would be (N G,). This represents 
the maximum gain of the array, which typically will not exceed na, and is a familiar figure. It should be 
noted that in practical array design, the element pattern characteristics are greatly influenced by mutual 
coupling and that the characteristic of elements at the edge of the array can deviate significantly from those 
near the center. 


ROTMAN BOOTLACE LENS 


Another method of 
feeding an array of elements is 
to use a lens such as the 
Rotman (rhymes with rotten) 
Bootlace type shown in | pean 4 
Figure 5. The lens consists ofa_| \yavetront 
parallel plate region (nowadays 
microstrip or —_ stripline 
construction) and cables of 
specified length connecting the 
array of elements to the parallel 
plate region. The geometry of 
the lens and the cable lengths 
are designed so that all ray 
paths traced from a beam port 
on the right side to its 
associated wavefront on the Figure 5. Rotman Bootlace Lens. 

left array port side, are equal 

This tailoring of the design is accomplished at three focus points (beam ports 1, 4, and 7 in Figure 5), 
Departure from perfect focus at intermediate beam ports is negligible in most designs 


Beam 7 
Wavefront 


The Rotman lens provides both true time delay phase shift and amplitude taper in one lens 
component. The true time delay is one of the distinct advantages of the lens over the phase shifted array 
since that makes it independent of frequency. To understand how the taper is obtained requires knowledge 
of the parallel plate region. For a stripline design the unit would consist of a large flat plate-like center 
conductor sandwiched between two ground planes, and having a shape much like that of the plan view 
outline shown in Figure 5 with individual tapered launchers (connectors) attached to each beam port and 
array port. If the antenna is in the receive mode, the energy intercepted on the array port side can be 
controlled by the angle subtended by the tapered sections of the connector (launcher) much like a larger 
antenna would intercept a larger portion of energy from free space. 
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beams, 
beams, 


Unlike the phased array with its fine beam steering 


the Rotman lens provides only a distinct set of 


Fine steering is obtained by combining beams either equally or unequally to form intermediate 


As can be seen in Figure 6, this 


primary beams 


ssults in a broader beam with less gain but lower side lobes than the 


High transmit power can be obtained using a Rotman lens by placing a low power amplifier 
between each lens output port and its antenna. In this case a separate Rotman lens would have to be used for 
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Figure 6. Primary and Intermediate Beam Formation in Lens Arrays. 
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34.6 


ANTENNA NEAR FIELD. 


As noted in the sections on RF propagation and the radar equation, electromagnetic radiation 
expands spherically (Figure 1) and the power density at a long range (R) from the transmitting antenna is: 


PG, 


Po fl 


When the range is large, the spherical surface of uniform power density appears flat to a receiving 
antenna which is very small compared to the surface of the sphere. This is why the far field wave front is 
considered planar and the rays approximately parallel. Also, it is apparent that at some shorter range, the 
spherical surface no longer appears flat, even to a very small receiving antenna. 


The planer, parallel ray approximation is valid for distances greater than the distance where the 
phase error is 1/16 of a wavelength or 22.5 degrees. This distance is given by 


Ry oe where 2 is the wavelength and D is the largest dimension of the transmit antenna. [2] 


Antenna measurements made at distances greater than Ry generally result in negligible pattern error. 
Distances less than Ry is termed the near-field. 


If the same size antenna is used for multiple frequencies, Ry will increase with increasing 
frequency. However, if various size antennas are used for different frequencies and each antenna is 
designed with D as a function of (2 to 1002), then Re-will vary from c/2fto 20000c/f. In this case Ry will 
decrease with increasing frequency. For example: a 102 antenna at 3 GHZ has a D of 100 cm and 
corresponding Rw of 20 m, while a 102 antenna at 30 GHz has a D of 10 cm and corresponding Ry of 2 m. 


While the above analogy provides an 
image of the difference between the near and 
far fields, the relationship must be defined as a 
characteristic of the transmitting antenna. 


Actual antennas, of course, are not 
ideal point source radiators but have physical 
dimensions. If the transmitting antenna placed 
at the origin of Figure 1 occupies distance D 
along the Z-axis and is boresighted along the 
Y-axis (9 = 90), then the geometry of point P 
on the sphere is represented in two dimensions 
by Figure 2. For convenience, the antenna is, 
represented by a series of point sources in an 
array. x 


Y 


Figure 1. Spherical Radiation to Point “P” from an Ideal 


Point Source. 
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When point P is close to the antenna, 
as in Figure 2, then the difference in distance 
of the two rays rand R taken respectively from 
the center of the antenna and the outer edge of 
the antenna varies as point P changes. 


Derivation of equation [2] is given as 
follows 


From Figure 2, the following applies: 


Z+y Bl 


cos 0 14 


Figure 2. Near Field Geometry of Point “P” for a 


is] Non-Ideal Radiator With Dimension D. 


+e 6] 


Substituting [3] and [4] into [6] R= J? +[-2(rcos +P] m 
which puts point P into spherical coordinates, 
Equation [7] can be expanded by the binomial theorem which for the first three terms, reduces to: 


Ey sin’, 181 
2r 


R=r-2'cos0+ 


In the parallel ray approximation for far field calculations (Figure 3) the third term of [8] is 
neglected. 


The distance where the far field begins (Rx) (or where the near field ends) is the value of r when the 
error in R due to neglecting the third term of equation [8], equals 1/16 of a wavelength. 


Rrris usually calculated on boresight, so 0 = 90° and the second term of equation [8] equals zero 
(Cos 90° = 0), therefore from Figure 3, where D is the antenna dimension, Riris found by equating the third 
term of [8] to 1/16 wavelength 


Sin 0=Sin 90= and z’ 


_16(D2F _2d° 19] 
Or ram 2 


Equation [9] is the standard calculation of far field given in all references. 
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Besides [9] some general rules of thumb for far field conditions are: 
ro=D or r>h 


If the sphere and point P are a very great distance from the antenna, then the rays are very nearly 
parallel and this difference is small as in Figure 3. 


2’cas 8 


Figure 3. Far Field Parallel Ray Approximation for Calculations 


For reference purposes, a simplified alternative method to derive minimum far field distance 
approximation for an antenna or an antenna array with aperture size “d’” is presented in Figure 4 without the 
need to resort to the spherical coordinate system and the Binomial Theorem. This approach illustrates a 
simple application of the Pythagorean Theorem. The Prr symbol represents an arbitrary point in the far 
field at antenna boresight. Refer to relevant quantities shown in Figure 4. 
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Aperture 


Figure 4, Altemative Geometry for Far Field Estimation. 


From Figure 4, the distance “Y 


is the maximum propagation path difference across a given antenna 


aperture endpoint locations. Expressing this propagation path difference in terms of a wavelength provides 
‘means to derive an equation for generalized far field range relationship. Note a slight change of notation 


between Figures 3 and 4. A derivation of results already shown in Equations [2] & [9] 


From Figure 4, the following applies: 


(Ren = (i277 +R? 


Collecting terms and cancelling, 


Simplifying with a noted valid assumption, 


Rr = d'/4, since r<<R 


Solving for “r” (see Figure 4) 
= @/(8R) 


For far field condition assume r < 2/16. Substituting “r” in terms of lambda, 


WIG> r= ABR) > Pry 22 


As shown, Equation [14] represents the same result as Equation [9] derived earlier 
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] is given as follows, 


[10] 


fy 


[12] 


[13] 


[4] 


The power density within the near field varies as a function of the type of aperture illumination and 
is less than would be calculated by equation [1]. Thus, in the antenna near field there is stored energy. (The 
complex radiation field equations have imaginary terms indicating reactive power.) Figure 5 shows 
normalized power density for three different illuminations 


Curve A is for reference only and shows how power density would vary if it were calculated using 
equation [1] 


Curve B shows power density variations on axis for an antenna aperture with a cosine amplitude 
distribution. This is typical of a horn antenna in the H-plane. 


Curve C shows power density variations on axis for a uniformly illuminated antenna aperture or 
for a line source. This is typical of a horn antenna in the E-plane. 


Curve D shows power density variations on axis for an antenna aperture with a tapered 
illumination. Generally the edge illumination is approximately -10 dB from the center illumination and 
typical of a parabolic dish antenna. 


Point E For radiation safety purposes, a general rule of thumb for tapered illumination is that the 
maximum safe level of 10 mW/em? (~200 V/m) is reached in the near field if the level at Ry reaches 
0.242 mW/em’ as can be verified by computing the power density at point E in Figure 5. (10 mW/em* at 
point E extrapolates to 0.242 mW/em [16 dB lower] at R=Rye, or Y axis value=I). Figure | in Section 3-6 
depicts more precise values for radiation hazard exposure. 


Point F Far Field Point. At distances closer to the source than this point (near field), the power 
density from any given antenna is less than that predicted using Curve A. At farther distances, (far field) 
power densities from all types of antennas are the same. 


X = Power Density in dB Normalized to Y = 1, ie. Y= R/R.»for Near Field Measurements 
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Figure 5. Antenna Near-Field On-Axis Power Density (Normalized) 
for Various Aperture Illuminations. 
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FOR FAR FIELD MEASUREMENTS: 
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When free space measurements are performed at a known distance from a source, it is often 
necessary to know if the measurements are being performed in the far field. As can be seen from Curve A 
on Figure 5, if the distance is halved (going from 1.0 to 0.5 on the Y axis), the power density will increase 
by 6 dB (going from 0 to 6 dB on the X axis). Each reduction in range by ¥4 results in further 6 dB increases, 
As previously mentioned, Curve A is drawn for reference only in the near field region, since at distances 
less than Ry the power density increases less than 6 dB when the range is halved. In the far field, all curves 
converge and Equation [1] applies. 


When a measurement is made in free space, a good check to ensure that is was performed in the far 
field is to repeat the measurement at twice the distance. The power should decrease by exactly 6 dB. 
A common error is to use 3 dB (the half power point) for comparison, Conversely, the power measurement 
can be repeated at half the distance, in which case you would look for a 6 dB increase, however the assumed 
extrapolation conclusion is not as certain, because the first measurement could have been made in the far 
field, and the second could have been made in the near field, 


Care must be exercised in using the 24°/), far field measurement criterion. For antennas with moderate 
sidelobe levels (>-25 dB) pattern errors are negligible and the error in directivity is less than 0.1 dB and this 
measurement distance suffices in most cases. However low sidelobe antennas require longer measurement 
distances. For example, maintaining a 1 dB or less sidelobe error for a linear array with a -40 dB sidelobe 
level requires a measurement distance of 6d°/. “"'. This corresponds to criterion for “r” in Equation [14] to 
be changed from r< 1/16 to r= 1/48 or 7.5 deg. 


[1] R. C. Hansen. “Measurement Distance Effects on Low Sidelobe Patterns,” JEEE Transactions on 
Antennas and Propagation, Vol. AP-32, No. 6, June 1984. 
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RADIATION HAZARDS 


Radiation Hazard (RADHAZ) describes the hazards of electromagnetic radiation to fuels, 
electronic hardware, ordnance, and personnel. In the military these hazards are segregated as follows 


1) Hazards of Electromagnetic Radiation to Personnel (HERP) 
2) Hazards of Electromagnetic Radiation to Ordnance (HERO) 
3) Hazards of Electromagnetic Radiation to Fuel (HERF) 


‘The current industrial specifications for RADHAZ are contained in ANSUIEEE C95.1-1992 which 
‘was used as a reference to create the combined Navy regulation NAVSEA OP3565 / NAVAIR 16-1-529, 
Volume I contains HERP and HERF limits - its current version is REV 5. Volume II (REV 6) covers 
HERO. These limits are shown in Figure 1 although all values have been converted to average power 
density, 


OP 3565 _ specifies Frequency n MHz 

HERO RADHAZ levels at 10-' 109 10's ett 
frequencies below | GHz in peak 
value of electric field strength 
(Vim), while levels above 
200MHz are specified in 


108 


gi He 


average power — density | % 
(mW/em’) - note the overlapping | & at in 8 
frequencies. Since Figure 1] = if i : 
depicts power density as the} © = = 
limits, you must convert the] —% Seti 19-28 
average values to peak field] 8 3 
strength for use at lower] 5 PTH? 19-3 
frequencies. Also many] § Legend Fd 
applications of EMC work such = ANSI Limit — 3] 10-4 
as MIL-STD-461 use limits Ss itis 7 Resicicted Limi, 

based on the electric (E) field HERS tin Ls ag 10? 
strength in _volts/meter. ene Os Aayce 
Remember that P=E'/R, and 10 TOF 102103 to 105 

from Section 4-2, we note that Frequency in MHz 

R=3770 for free space. It can 

also be shown that the magnetic Figure 1. Radiation Hazards to Personnel and Ordnance. 


field strength (H field in 

‘Ampsimeter) = I/m where I=E/R. Don’t forget that RMS = 0.707 Peak. With the units of Pp in mWiem’, E 
in Vim, and H in A/m, then Pp (mW/em?) = E?/ 3770 = 37.7 H’. It should thus be noted that a 100 times 
increase in power (mW/cm’) is only a 10 times increase in V/m. 


‘The potential dangers to ordnance and fuels are obvious because there could be an explosive “chain 
reaction” by exploding; consequently, these limits are generally lower than personnel limits. There are 
three HERO categories. The HERO limit 2 is for HERO “unsafe” or “unreliable” explosive devices with 
exposed wires arranged in optimum (most susceptible) receiving orientation. This usually occurs during 
the assembly/disassembly of ordnance, but also applies to new/untested ordnance until proven “safe” or 

susceptible.” The HERO limit | is for HERO susceptible ordnance fully assembled undergoing normal 
handling and loading operations. HERO safe ordnance requires no RF radiation precautions. A list of 
which specific ordnance (by NALC) falls into each category can be found in OP 3565 along with specific 
frequency restrictions for each piece of ordnance. For example, all missiles of one variety are susceptible 
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(HERO 1 limits), while another missile has both susceptible and safe variants (with no RADHAZ limits). 
Other ordnance may be HERO unsafe (HERO 2 limits) 


The danger of HERP occurs 


because the body absorbs radiation and 
significant internal heating may occur 
without the individual’s knowledge 
because the body does not have internal 
sensation of heat, and tissue damage may 
occur before the excess heat can be 
dissipated. As shown in Figure 1, the 
current “restricted” limit is for individuals 
more than 55” tall Because they have more 
body mass. In other words, all people 
may be exposed to the lower limit, but 
only persons taller than 55” may be 
‘exposed to the higher limit of 10 mW/em’, 


NAVSEA OP 3565 will be 
updated in the future to be compatible 
with DoD INST 6055.11 dated Feb 21 
1995 which supersedes it. The personnel 
radiation levels in Figures 2 and 3 were 
taken from the new release of DoD INST 
6055.11 


Unlike the existing “restricted limit” of NAVS 
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Figure 2. Lower Frequency HERP from DoD INST 6055.11 


EA OP 3565 discussed above, in the revised DoD 


instruction for personnel radiation hazards, a different approach to exposure was taken. 
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Figure 3. Radiation Hazards to Personnel from DoD INST 6055.11 
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‘Two maximum hazard limits are defined; 


1) Controlled Environments - where personnel are aware of the potential danger of RF exposure 
concurrently with employment, or exposure which may occur due to incidental transient passage 
through an area, and; 

2) Uncontrolled Environments - A lower maximum level where there is no expectation that higher 
levels should be encountered, such as living quarters. 


These Personnel Exposure Limits (PELs) are based on a safety factor of ten times the Specific 
Absorption Rate (SAR) which might cause bodily harm. The term PEL is equivalent to the terms 
“Maximum Permissible Exposure (MPE)” and “Radio Frequency Protection Guides (RFPG)” in other 
publications. 


There are several exceptions to the max limits in Figs 2 and 3 (in some cases higher levels are 
permitted) 


‘+ High Power Microwave (HPM) system exposure in a controlled environment, which has a 
single pulse or multiple pulses lasting less than 10 seconds, has a higher peak E-Field limit of 
200 kV/m. 

+ EMP Simulation Systems in a controlled environment for personnel who are exposed to 
broad-band (0.1 MHz to 300 GHz) RF are limited to a higher peak E-Field of 100 kV/m. 

‘+ The given limits are also increased for pulsed RF fields. In this case the peak power density per 
pulse for pulse durations < 100 msec and no more than 5 pulses in the period is increased to: 
PELPulse = PEL x TAVG / 5 x Pulse Width, and the peak E-field is increased to 100 kV/m. If 
there are more than 5 pulses or they are greater than 100 msec, a time averaged PD should not 
exceed that shown in Figure 3. 

‘+ A rotating or scanning beam likewise reduces the hazard, so although an on-axis hazard might 
exist, there may be none with a moving beam. The power density may be approximated with: 

PDscan = PDfixed (2 x Beam Width / scan angle) 

‘+ Many other special limitations also apply, such as higher limits for partial body exposure, so if 
in doubt, read the DoD Inst 6055.11 in detail. Field measurements may be measured in 
accordance with IEEE C9S.3-1991 


The PELs listed in Figures 2 and 3 were selected for an average RF exposure time at various 
frequencies. In a controlled environment, this averaging time was selected as 6 minutes for 0.003 to 
15,000 MHz. If the exposure time is less than 6 minutes, then the level may be increased accordingly. 
Similar time weighted averages apply to uncontrolled environments, but it varies enough with frequency 
such that DoD INST 6055.11 should be consulted. 


NAVSEA OP 3565 contains a list of Navy avionics which transmit RF as well as radars along with 
their respective hazard patterns. Special training is required for individuals who work in areas which emit 
RF levels which exceed the uncontrolled levels. Warning signs are also required in areas which exceed 
cither the controlled or uncontrolled limits. 


Although E-Field, H-Field, and power density can be mathematically converted in a far-field plane 
wave environment, the relations provided earlier do not apply in the near field, consequently the E- or 
Hefield strength must be measured independently below 100 MHz. It should be noted that the 
specifications in NAVSEA OP 3565 for lower frequency HERO limits are listed as peak E-field values, 
whereas lower RF limits in DoD INST 6055.11 on HERP are in average (RMS) E-field values. Upper 
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frequency restrictions are based on average (RMS) values of power density in both regulations except for 
certain circumstances, 


HERE precautions are of more general concern to fuel truck operators. However, some general 
guidelines include: 


‘+ Do not energize a transmitter (radar/comm) on an aircraft or motor vehicle being fueled or on 
an adjacent aircraft or vehicle. 

‘* Do not make or break any electrical, ground wire, o tie down connector while fueling. 

‘+ Radars able to illuminate fueling areas with a peak power density of 5 W/em2 should be shut 
off. 

‘* For shore stations, antennas radiating 250 watts or less should be installed at least 50 ft from 
fueling areas (at sea 500 watts is the relaxed requirement). 

‘* For antennas which radiate more than 250 watts, the power density at 50 ft from the fueling 
operation should not be greater than the equivalent power density of a 250 watt transmitter at 
50 ft 
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ACTIVE ELECTRONICALLY SCANNED ARRAYS (AESA) 


Scanning phased arrays employing electronically controlled phase shifters (e.g., PiN diode, ferrite) 
have been used in high power radar applications since the early 1960s, These are planar arrays and 
generally use a corporate type feed structure to array rows of elements in one dimension of the array and use 
‘an analogous feed to array the rows in the orthogonal dimension of the array, resulting in a single feed point. 
A high power RF transmitter, usually employing some sort of liquid cooling, is used to excite the array. 
This architecture is cumbersome and difficult to package and the high power transmitter is a single point of 
failure for the system, 


‘The maturation of solid state transmit/receive modules (T/R) using Gallium Arsenide (GaAs) 
technology or more recently Gallium Nitride (GaN) technology has made AESAs a practical reality. The 
‘T/R modules consist of a low noise amplifier (LNA) for the receive function and a solid state high power 
amplifier (SSPA) for realization of the transmit function. ‘The T/R module may also contain the necessary 
phase control elements for beam scanning. A generic 8-element AESA for one dimension is shown in 
Figure 1. 


Figure 1. Eight Element AESA. 


Electronically scanned phased array designs with decade bandwidths have been reported in the 
open literature for many years. However those reported are only lab versions and none have been 
implemented in a fielded system. In addition, the high average power requirement, particularly for EW 
systems, calls for the use of GaN SSPA technology and this, in conjunction with the dense array packaging 
requirement, poses severe heat dissipation/cooling issues, 
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AESAs for EW applications impose design considerations vastly different from an AESA for radar. 
In contradistinction with high peak power radar applications (e.g., AN/APG79), the high average power 
large duty factors (sometimes CW) requirements for EW impose severe design requirements and 
constraints for the wide bandwidth AESA. Incorporation of an AESA in airborne environment, with its 
concomitant restrictive volume, further exacerbates design constraints. 


The heat dissipation problem is of major concem in modern high power AESAs. Due to the 
behavior of microwave transistor amplifiers, the power added efficiency (PAE) of a TR module transmitter 
is typically a relatively small fraction of the total prime power consumption. As a result, an AESA will 
dissipate a lot of heat, which must be extracted. The reliability of GaAs and GaN MMIC chips improves if 
the RF amplifier system operates at reduced temperatures. Traditional air cooling used in most established 
avionic hardware is ill suited to the high packaging density of an AESA. Asa result modern AESAS are 
predominantly liquid cooled. A typical liquid cooling system will use pumps to drive the coolant through 
channels in the cooling plenum of the array, and then route it to a heat exchanger. In comparison, with a 
conventional air cooled fighter radar, the AESA will be more reliable but will require more electrical power 
and more cooling infrastructure, and typically can produce much higher average transmit power. 


ADVANTAGES OF AESA RADIATORS, 


AESAs add many capabilities of their own to those of the Passive Electronically Steered Array 
(PESAs). Among these are: the ability to form multiple beams, to scan without mechanical steering, to use 
each transmitreceive module for different roles concurrently, like radar detection, and, more importantly, 
their multiple wave and scanning frequencies create multiple difficulties for traditional, correlation-type 
radar detectors. 


LOW PROBABILITY OF INTERCEPT 


Radar systems work by sending out a signal and then listening for its echo off distant objects. Each 
of these paths, to and from the target, is subject to the inverse square law of propagation. That means that a 
radar’s received energy drops with the fourth power of distance, which is why radar systems require high 
powers, often in the megawatt range, to be effective at long range. 


‘The radar signal being sent out is a simple radio signal, and can be received with a simple radio 
receiver. It is common to use such a receiver in the targets, normally aircraft, to detect radar broadcasts, 
Unlike the radar unit, which must send the pulse out and then receive its reflection, the target’s receiver 
does not need the reflection and thus the signal drops off only as the square of distance. This means that the 
receiver is always at an advantage over the radar in terms of range. It will always be able to detect the signal 
long before the radar can see the target's echo. Since the position of the radar is extremely useful 
information in an attack on that platform, this means that radars generally must be tured off for lengthy 
periods if they are subject to attack; this is common on ships, for instance. 


Turning that received signal into a useful display is the purpose of the RWR. Unlike the radar, 
which knows which direction it is sending its signal, the receiver simply gets a pulse of energy and has to 
interpret it. Since the radio spectrum is filled with noise, the receiver's signal is integrated over a short 
period of time, making periodic sources like a radar add up and stand out over the random background, 
‘Typically RWRs store the detected pulses for a short period of time, and compare their broadcast frequency 
and pulse repetition frequency against a database of known radars. The rough direction can be calculated 
using a rotating antenna, or similar passive array, and combined with symbology indicating the likely 
purpose of the radar - airborne early warning, surface to air missile, etc. 
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This technique is much less useful against AESA radars. Since the AESA can change its frequency 
with every pulse, and generally does so using a pseudo-random sequence, integrating over time does not 
help pull the signal out of the background noise. Nor does the AESA have any sort of fixed pulse repetition 
frequency, which can also be varied and thus hide any periodic brightening across the entire spectrum. 
Traditional RWRs suffered significantly decreased effectiveness against AESA radars, 


HIGH JAMMING RESISTANCE 


Jamming is likewise much more difficult against an AESA. Traditionally, jammers have operated 
by determining the operating frequency of the radar and then broadcasting a signal on it to confuse the 
receiver as to which is the “real” pulse and which is the jammer’s. This technique works as long as the radar 
system cannot easily change its operating frequency. When the transmitters were based on klystron tubes 
this was generally true, and radars, especially airborne ones, had only a few frequencies to choose among. 
A jammer could listen to those possible frequencies and select the one to be used to jam. 


Since an AESA could change its operating frequency with every pulse, and spread the frequencies 
across a wide band even in a single pulse, jammers are much less effective. Although it is possible to send 
out broadband white noise against all the possible frequencies, this means the amount of energy being sent 
at any one frequency is much lower, reducing its effectiveness. In fact, AESAs can then be switched to a 
receive-only mode, and use these powerful jamming signals instead to track its source, something that 
required a separate receiver in older platforms. 


AESA radars can be much more difficult to detect, and so much more useful in receiving signals 
from the targets, that they can broadcast continually and still have a very low chance of being detected 
This allows such radar systems to generate far more data than traditional radar systems, which can only 
receive data periodically, greatly improving overall system effectiveness. 


OTHER ADVANTAGES 


Since each element in an AESA is a powerful radio receiver, active arrays have many roles besides 
traditional radar. One use is to dedicate several of the elements to reception of common radar signals, 
eliminating the need for a separate radar warning receiver. The same basic concept can be used to provide 
traditional radio support, and with some elements also broadcasting, form a very high bandwidth data link, 


AESAs are also much more reliable than either a PESA or older designs. Since each module 
operates independently of the others, single failures have little effect on the operation of the system as a 
whole. Additionally, the modules individually operate at lower powers and voltages so the need for a large 
high-voltage power supply is eliminated 


Replacing a mechanically scanned array with a fixed AESA mount can help reduce an aircraft's 


overall RCS, but some designs (such as the Eurofighter Typhoon) forgo this advantage in order to combine 
mechanical scanning with electronic scanning and provide a wider angle of total coverage. 
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FRACTAL ANTENNAS 


The term fractal, which means broken or irregular fragments, was originally coined by 
B.B. Mandelbrot [1] to describe a family of complex shapes that possess self-similarity in their geometrical 
structure. In-depth studies of the patterns of nature provided inspiration for the development of fractal 
‘geometry where it has been used to model numerous natural objects. Recent advances in the antenna art 
have led to the application of fractal geometry instead of convention Euclidean geometric concepts to the 
design of wide bandwidth, low profile, compact antennas. 


A fractal antenna is an antenna that uses a fractal, self-similar design to maximize the length, or 
increase the perimeter (on inside sections or the outer structure), of material that can receive or transmit 
electromagnetic radiation within a given total surface area or volume. The earliest published reference to 
use of the term fractal radiators and fractal antennas to refer to fractal shaped antenna elements appeared 
May 1994 [2] 


Such fractal antennas are also referred to as multilevel and space filling curves, but the key aspect 
lies in their repetition of a motif over two or more scale sizes, or “iterations.” For this reason, fractal 
antennas are very compact, multiband or wideband, and have useful applications in many commercial and 
military systems. 


‘A good example of a fractal antenna as a space-filling curve is in the form of a Minkowski Island 
(Figure 1). Here, each line of copper is just a small fraction of a wavelength [3] 


AA fractal antenna’s response differs markedly from traditional antenna designs, in that itis capable 
of operating with good-to-excellent performance at many different frequencies simultaneously. Normally 
standard antennas have to be “cut” for the frequency for which they are to be used — and thus the standard 
antennas only work well at that frequency. This makes the fractal antenna an excellent design for wideband 
and multiband applications. 


Figure 1, An Example of a Fractal Antenna: a Space-Filling 
Curve Called a Minkowski Island, 


Antenna elements (as opposed to antenna arrays) made from self-similar shapes were first created 
by Nathan Cohen, then a professor at Boston University, starting in 1995 [4]. Cohen’s efforts with a variety 
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of fractal antenna designs were first published in 1995 (thus the first scientific publication on fractal 
antennas), and a number of patents have been issued from the 1995 filing priority of invention. Most 
allusions to fractal antennas make reference to these “fractal element antennas.” 


Many fractal element antennas use the fractal structure as a virtual combination of capacitors and 
inductors. This makes the antenna have so that it has many different resonances that can be selected and 
adjusted by choosing the proper fractal design. Electrical resonances may not be directly related to a 
particular scale size of the fractal antenna structure. The physical size of the antenna is unrelated to its 
resonant or broadband performance. The general rule of antenna length being near target frequency 
wavelength does not apply itself in the same way with fractal antennas, 


This complexity arises because the current on the structure has a complex arrangement caused by 
the inductance and self capacitance. In general, although their effective electrical length is longer, the 
fractal element antennas are physically smaller. 


Fractal element antennas are shrunken compared to conventional designs and do not need 
additional components. In general, the fractal dimension of a fractal antenna is a poor predictor of its 
performance and application. Not all fractal antennas work well for a given application or set of 
applications. Computer search methods, optimization algorithms, and antenna simulations are commonly 
used to identify which fractal antenna designs best meet the need of the application. 


Although the first validation of the technology was published as early as 1995 [4] recent 
independent studies show advantages of the fractal element technology in real-life applications, such as 
radio frequency identification and cell phones. 


A different and also useful attribute of some fractal element antennas is their self-sealing aspect. In 
1999, it was discovered that self-similarity was one of the underlying requirements to make antennas 
“invariant” (same radiation properties) at a number or range of frequencies. Previously, under Rumsey’s 
Frequency Independent Antenna Principle, it was believed that antennas had to be defined by angles for this 
to be true; the 1999 analysis [5], based on Maxwell’s equations, showed this to be a subset of the more 
general set of self-similar conditions. Hence fractal antennas offer a closed-form and unique insight into a 
key aspect of electromagnetic phenomena to wit the invariance property of Maxwell’s equations. 


Antenna tuning units are typically not required on fractal antennas due to their wide bandwidth and 
complex resonance. However, if a transmitting antenna has deep nulls in its response or has 
electromagnetic structural issues that require equalization then an antenna tuning unit should be used. 


In addition to their use as antennas, fractals have also found application in other antenna system 
components including loads, counterpoises, and ground planes. Confusion by those who claim “grain of 
rice”-sized fractal antennas arises, because such fractal structures serve the purpose of loads and 
counterpoises, rather than bona fide antennas. 


Fractal inductors and fractal tuned circuits (fractal resonators) were also discovered and invented 
simultaneously with fractal element antennas. An emerging example of such is in metamaterials. A recent 
report demonstrates using close-packed fractal resonators to make the first wideband metamaterial 
“invisibility cloak” at microwave frequencies [6]. Fractal filters (a type of tuned circuit) are another 
example of fractal geometry in microwave componentry. 


As fractals can be used as counterpoises, loads, ground planes, and filters, all parts that can be 


integrated with antennas, they are considered parts of some antenna systems and thus are discussed in the 
context of fractal antennas. 


38.2 


REFERENCES 


[1] B.B. Mandelbrot. The Fractal Geometry of Nature. New York, W. H. Freeman, 1983. 


[2] D.H. Wemer, “Fractal Radiators,” Proceedings of the 4th Annual 1994 IEEE Mohawk 
Valley-Section Dual-Use Technologies and Applications Conference, Volume 1, SUNY Institute of 
Technology at UticalRome, New York, 23-26 May 1994, pp. 478-482. 


[3] J. P. Gianvittorio and Y. Rahmat-Samii, “Fractal Antennas: A Novel Antenna Miniaturization 
Technique, and Applications,” Antennas and Propagation Magazine, IEEE, Vol. 44, No. 1, 
February 2002, pp. 20-36, 


[4] N.Cohen. “Fractal Antennas,” Communications Quarterly, Vol. 9, Summer 1995, 


[5] _R. Hohifeld and N. Cohen, “Self-Similarity and the Geometric Requirements for Frequency 
Independence in Antenna,” Fractals, Vol. 7, No. 1, 1999, pp. 79-84. 
doi:10.1142/S0218348X99000098, 


[6] D. Schurig, J. J. Mock, B. J. Justice, S. A. Cummer, J. B. Pendry, A. F. Starr, and D. R. Smith. 


“Metamaterial Electromagnetic Cloak at Microwave Frequencies,” Science, Vol. 314, No. 5801, 
10 November 2006, pp. 977-980. Published online 19 October 2006 [DOI:10.1 126/science. 1133628}. 


383 


This page intentionally left blank. 


384 


RADAR EQUATIONS 


Field Intensity and Power Density 
Power Density 

‘One-Way Radar Equation / RF Propagation. 

‘Two-Way Radar Equation (Monostatic) 

Alternate Two-Way Radar Equation. 

‘Two-Way Radar Equation (Bistatic). 

Jamming to Signal (J/S) Ratio - Constant Power [Saturated] Jamming, 
Burn-Through / Crossover Range 

Support Jamming 

Jamming to Signal (J/S) Ratio - Constant Gain [Linear] Jamming. 
Radar Cross Section (RCS). 

Emission Control (EMCON) 

EW Jamming Techniques 


4.0.1 
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4.0.2 


FIELD INTENSITY and POWER DENSITY 


‘Sometimes itis necessary to know the actual field intensity or power density at a given distance from 
a transmitter instead of the signal strength received by an antenna. Field intensity or power density 
calculations are necessary when estimating electromagnetic interference (EMI) effects, when determining 
potential radiation hazards (personnel safety), or in determining or verifying specifications. 


Field intensity (field strength) is a general term that usually means the magnitude of the electric field 
vector, commonly expressed in volts per meter. At frequencies above 100 MHZ, and particularly above one 
GHz, power density (Pp) terminology is more often used than field strength. 

Power density and field intensity are related by equation [1]: 


Epi ae ety 
Zo 1202 377 


Po fi) 


where Pp is in Wim", E is the RMS value of the field in volts/meter and 377 ohms is the characteristic 
impedance of free space. When the units of Pp are in mW/em*, then Pp (mW/em’) = E"/3,770. 


Conversions between field strength and power density when the impedance is 377 ohms, can be 
obtained from Table 1. It should be noted that to convert dBm/m* to dBuV/m add 115.76 dB. Sample 
calculations for both field intensity and power density in the far field of a transmitting antenna are in 
Section 4-2 and Section 4-8. Refer to chapter 3 on antennas for the definitions of near field and far field. 


Note that the “/” term before m, m2, and cm? in Table 1 mean “per,” ie., dBm per m*, not to be 
confused with the division sign which is valid for the Table 1 equation P=E"/Z,.. Remember that in order to 
obtain dBm from dBm/m* given a certain area, you must add the logarithm of the area, not multiply. The 
values in the table are rounded to the nearest dBW, dBm, etc. per m? so the results are less precise than a 
typical handheld calculator and may be up to '4 dB off. 


VOLTAGE MEASUREMENTS 

Coaxial cabling typically has input impedances of 50, 75, and 930, (£2) with 50 being the most 
common, Other types of cabling include the following: TV cable is 750 (coaxial) or 3002 (twin-lead), audio 
public address (PA) is 6000, audio speakers are 3.2 (4), 8, ot 162. 


In the 50 case, power and voltage are related by: 


S=507 (2) 
50 
Conversions between measured power, voltage, and current where the typical impedance is 50 ohms 


can be obtained from Table 2. The dBuA current values are given because frequently a current probe is used 
during laboratory tests to determine the powerline input current to the system. 


MATCHING CABLING IMPEDANCE 


In performing measurements, we must take into account an impedance mismatch between 
‘measurement devices (typically 50 ohms) and free space (377 ohms), 
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Table 1. Conversion Table - Field Intensity and Power Density. 


Pp = E°/Zs (Related by free space impedance = 377 ohms) 


E | 2los10() ] Po TLE PS | Wausau? alse eee 

vom) | (aBuvimy | watts’) | capwim'h |W ie i sn is 
7,000 197 130,000 ‘SL B 1 13,000 a ‘a1 
5,000 14 66,300 48 66 8 6,630 138 v8 
3,000 190 23,900 4 24 4 23300, 34 74 
$000 186 10,600 +40 1 ° 1960 30 70 
12000 180 2.650 134 27 6 265 24 64 
700 17 1,300 1 1B 2 130 21 61 
500 74 663 066 12 66 8 +58 
300 170 239 024 16 4 4 154 
200 166 106 on 20 il +10 +50 
100 160 27 0027 26 27 4 a4 
70 157 1B Tax10 29 13 ‘a1 
50 S4 66 66x10% 32 66 138 
30 150 24 24x10% 36 24 B4 
20 146 LI Lixtos | “40 I 130 
10 140 ey 27x10% 46 027 4 
7 7 3 Taxis [49 os ry] 
5 4 66 66x10 52 66x10" 8 
3 0 004 2axl0 56 2axloe 
2 126 oll Lixto “60 ixto* 
i 120 on 27x10 56 274104 

07 17 13x10 Taxl0 “9 13x10 

os M4 66x10" 66x10* 2 6x10" 

03 110 2ax10* 2ax10% 76 2axloe 

02 106 Lixio* Lixtos 80 iixto* 

ol 100 27x10 27x10" 86 274108 

Foxi0r 7 1.38108 13x10" $9 134108 

Soxto 94 66x10 sexo” | 92 6x10" 

30x10 90 2ax0® 24x10" 96 2axlo® 

2oxio 86 Lixio* 100 iixto* 

ioxto 80 275107 =106__| 2.7510" 

7x10 7 13x10 “109 13x10 

5x10 m 66x10" 112 | 6oxto"® 

3x10 i) 2ax10% -116 | 24x10" 

2x10 66 Lixio’ “120, iixt0" 

x10 60 27x10” 2126 | 27x10" 

7x10 37 13x10" =129 [13x10 

Sxl0* Sa 66x10" 1132 

3xl0¢ 50 2x10" =136, 

2x10" 46 Lixto” 140 

ix10* 40 27x10" 2146 

7x10 37 13x10 “149 

Sx108 M 66x10" 152 

3x0 30 24x10" “136 

2x10% 26 Lixlo® “160, 

ix10% 20 27x10" 166 

7x10" 7 13x10 “169 

Sx10% 4 66x10" 4172 

3x10 10 24x10" “176 

2x10 6 Lixto's “180, 

ix10% 0 27x10" “186 


NOTE: Numbers in table rounded off. 
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FIELD STRENGTH APPROACH 


To account for the impedance difference, the antenna factor (AF) is defined as: AF=E/V, where E is 
field intensity which can be expressed in terms taking 377 ohms into account and V is measured voltage 
which can be expressed in terms taking 50 ohms into account. Details are provided in Section 4-12. 


POWER DENSITY APPROACH 
To account for the impedance difference, the antenna’s effective capture area term, A, relates free 


space power density Pp with received power, P., i.e. P)=Pp Ac. Ac is a function of frequency and antenna 
gain and is related to AF as shown in Section 4-12, 


SAMPLE CALCULATIONS 


Section 4-2 provides sample calculations using power density and power terms from Tables 1 and 2, 
whereas Section 4-12 uses these terms plus field intensity and voltage terms from Table 1 and Table 2. Refer 
the examples in Section 4-12 for usage of the conversions while converting free space values of power density 
to actual measurements with a spectrum analyzer attached by coaxial cable to a receiving antenna. 


Conversion Between Field Intensity (Table 1) and Power Received (Table 2). 


Power received (watts or milliwatts) can be expressed in terms of field intensity (volts/meter or 
wvimeter) using equation [3]: 


E 


Power received ( P, )= 3 
(Pp) 0a BI 
or in log form: 10 log P, = 20 log E + 10 log G - 20 log f+ 10 log (c7/480x") 14] 
‘Then 10 log Pr = 20 log E; + 10 log G - 20 log f, + Ky 15] 
Where K,~ 10toe{ —£-o{ €omer%0"8 (Watts to mW) 
BO? | as required (volts to pay (He to MHz or GH 
The derivation of equation [3] follows Values of Ks (dB) 
Pp= E1202 Eq [1], Section 4-1, terms (v9) [--F, FE Fit) | Aina) | fi Gia) 
2) | Was [Wotwimeter | 328 [ Ba | 472 
Eq [8], Section 3-1, terms (m’) 
(BW) aimerer PaaS} tor} ToT 
Eq [2], Section 4-3, = 
ee (Wim) mW | volimeter | 1ox8 | 428 | 172 
(@8m) [ywimeter [428 772 | s77 


P, = (E2/120m)(02G/4n) terms (v/m?Q)(n") 


A=clf Section 2-3, terms (m/sec)(sec) 


-.P, = (E'/480x")(c* Gif?) which is equation [3] 


ec\(sec*) or v7/0= watts 


Table 2. Conversion Table - Volts to Watts and dBwA. 
(P,= VIZ - Related by line impedance of 50.) 


Var wav Tv Was Taw aim 
700 56.0 176.0 ‘9800 39.9 699) 
500 539 In39 5000 370 670 
300 495 169.5 1800 325 625 
200 460 166.0 800 20 590 
100 40.0 160.0 200 20 530 
0 369 1569 98 199 49.9 
50 340 154.0 50 ia) 470 
30 295 149.5 Is Ls 425 
20 260 146.0 8 9.0 39.0 
10 20.0 140.0 2 3.0 33.0 
7 169 1369 08 0 299 
5 140 140 os “30 270 
3 95 19s os Ta 225 
2 60 1260 0.08 -1L0 190 

1 o 1200 0.02 “170 130. 
07 3 1169 98x 10 99 
05 “60 1140 50x 10 10 
03 “105 109.5 18x 10 26 
02 “140 106.0 80x 10" 310 “10 
ol 200 100.0 20 10" 2370 210 
07 “23.1 96.9 98x 10" “40.1 “10.1 
0s 260 940 50x 10° “43.0 1130 
03 5305 895 18x 10% 74 “77 
ic “4.0 860 80x 108 Lo 
a “40.0 80.0 2.0 10° 270 

7x10 “3.1 769 98x 10 60-1 30-1 

5x10 46.0 mo 50x 10 "63.0 2330 

3x10 “50.5 695 18x 10 “674 2374 

2x10 “54.0 66.0 80x 10% “710 “410 

1x10 60.0 60.0 2.0 10" “770 “470 

Tx 10" “64.1 36.9) 98x 10° “80.1 “50.1 

sxi0* 66.0 S40 50x 10° "83.0 153.0 

3xl0¢ “705 495 18x 10° 874 ss74 

2x10" “740 460 80x10" 91.0 “61.0 

1x 10% 80.0 40.0 20x10" 2970 2670 

7x10 “84.1 369 98x10" “100.1 “70.1 

5x 10° "86.0 Mo 50x10" "103.0 "73.0 

3x 10° 2905 dos 18x10"! “07d 74 

2x 10° 94.0 260 80x10" “Ho “81.0 

1x 10% 100.0 200 20x10" 21170 “870 

Tx 108 “104 169) 98x10" “120.1 “90.1 

5x 108 106.0 Mo 50x10" 2123.0 793.0 

3x 108 “1105 9s 18x 108 nad 2974 

2x 108 “1140 6.0 80x10" “131.0 101.0 

1x 10° 2120.0 o 20x10" 21370 21070 

7x10? “124.1 oh 98x10" “140.1 “110.1 

5x10 -1260 “60 50x10" 2143.0 2113.0 

3x10? 21305 “105 18x 10% ca74 “74 

2x10 “1340 “140 80x 10"° “151.0 “1210 

1x10” 2140.0 "20.0 20x 10" “1570 -1270 


POWER DENSITY 


Radio Frequency (RF) propagation is defined as the travel of electromagnetic waves through or along 
amedium, For RF propagation between approximately 100 MHz and 10 GHz, radio waves travel very much 
as they do in free space and travel in a direct line of sight. There is a very slight difference in the dielectric 
constants of space and air. The dielectric constant of space is one. The dielectric constant of air at sea level is 
1.000536. In all but the highest precision calculations, the slight difference is neglected 


From chapter 3, Antennas, an isotropic radiator isa theoretical, lossless, omnidirectional (spherical) 
antenna. That is, it radiates uniformly in all directions. The power of a transmitter that is radiated from an 
isotropic antenna will have a uniform power density (power per unit area) in all directions. The power density 
at any distance from an isotropic antenna is simply the transmitter power divided by the surface area of a 
sphere (4xR?) at that distance. The surface area of the sphere increases by the square of the radius, therefore 
the power density, Pp, (watts/square meter) decreases by the square of the radius. 


Power density from P. where : P,= Transmitter Power 


= fl 


anisotropic antenna 4aR R= Range From Antenna (i.¢.,radius of sphere) 
P. is either peak or average power depending on how Pp is to be specified 
Radars use directional antennas to channel most of the radiated power in a particular direction. The 
Gain (G) of an antenna is the ratio of power radiated in the desired direction as compared to the power 


radiated from an isotropic antenna, or: 


Maximum radiation intensity of actual antenna 
Radiation intensity of isotropic antenna with same power input 


‘The power density at a distant point from a radar with an antenna gain of Gis the power density from 
an isotropic antenna multiplied by the radar antenna gain, 


PGi 
dn 
Ps either peak or average power depending on how Pp is to be specified 


Power density from radar, Po 


2) 


Another commonly used term is effective isotropic radiated power (EIRP), where EIRP = P, G. 
ERP is also used but EIRP is preferred because it specifically defines the type of reference antenna as 
isotropic. 


A receiving antenna captures a portion of this power determined by its effective capture Area (A.) 
The received power available at the antenna terminals is the power density times the effective capture area 
(A) of the receiving antenna. 


fe-g., Ifthe power density at a specified range is one microwatt per square meter and the antenna’s 
leffective capture area is one square meter then the power captured by the antenna is one microwatt. 


For a given receiver antenna size the capture area is constant no matter how far it is from the 
transmitter, as illustrated in Figure 1. Also notice from Figure I that the received signal power decreases by 
1/4 (6 dB) as the distance doubles. This is due to the R term in the denominator of equation [2] 
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ONE WAY SIGNAL STRENGTH (9) 


S sesroneos by 6 4B, 
when the dtance doubles 


Range? mm Renge2 
ReceUeGSv3! RNIN ReceweGSEN3! AM, | 


Figure 1. Power Density vs. Range. 


Sample Power Density Calculation - Far Field 
(Refer to Section 3-S for the definition of near field and far field) 


Calculate the power density at 100 feet for 100 watts transmitted through an antenna with a gain of 
10. 


Given: P,=100 watts G,= 10 (dimensionless ratio) R= 100 
‘This equation produces power density in watts per square range unit. 


(100 watts) (10) 


= 0.0080 watts/ fr 
4 (100 fi 


For safety (radiation hazard) and EMI calculations, power density is usually expressed in milliwatts 
per square cm. That's nothing more than converting the power and range to the proper units, 


100 watts = 1 x 10° watts = 1x 10° mW 


100 feet = 30.4785 meters = 3047.85 em. 


— PG _ (10 mW) 9 (10) 
42 R° 4x(3047.85em 


Po 0.0086 mW/ cm? 


However, antenna gain is almost always given in dB, not as a ratio, It’s then often easier to express 
EIRP in dBm. 


P.watts 100|_. 
(dBm) = 10 Log| P28 | 19 Log = 50 dB 
asi es| im¥ | os| | es 


G,(dB)= 10 Log [2] = 10 Log (10)=10 dB 


EIRP (dBm) = P, (dBm) + G, (dB) = 50 + 10 = 60 dBm 


To reduce calculations, the graph in Figure 2 can be used. It gives EIRP in dBm, 


range in feet and 


power density in mW/em". Follow the scale A line for an EIRP of 60 dBm to the point where it intersects the 


100 foot rang; 
our earlier calculations), 


ale. Read the power density directly from the A-scale x-axis as 0.0086 mW/em™ (confirming 
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Figure 2. Power Density vs. Range and EIRP. 

Example 2 


‘When antenna gain and power (or EIRP) are given in dB and dBm, itis necessary to convert back to 
ratios in order to perform the calculation given in equation [2]. Use the same values as in example | except 


for antenna gain. 
‘Suppose the antenna gain is given as 15 dB: G, (4B) = 10 Log (G). 


Therefore: G,=[10] “1 )=[s0] (77) = 31.6228 


PG, _ (10° mW) (31.6228) _ 


29) 0.0271 mW/ em? 
GR 4a (3047.85) bee 


Po= 


Follow the 65 dBm (extrapolated) EIRP line and verify this result on the A-seale X-axis, 


Example 3 - Sample Real Life Problem 


Assume we are trying to 
determine if a jammer will damage 
the circuitry of a missile carried 
onboard an aircraft and we cannot 
perform an actual measurement. 


Refer to the diagram at the right. aT 
wa, 


Given the following: 


Jammer power: 500 W (P, = 500) 


Jammer line loss and antenna gain: 
3.4B(G.=2) 


Missile antenna diameter: 10 in 


Missile antenna gain: Unknown 
Missile limiter protection (maximum antenna power input): 20 dBm (100mW) average and peak. 
‘The power density at the missile antenna caused by the jammer is computed as follows: 


SOOW (2) 
4x [(10fi)(3048m/fp) FP 


8.56W/ mn? 


‘The maximum input power actually received by the missile is either: 


P.=PpAc (if effective antenna area is known) or 
P, = Pp Go/4z (if missile antenna gain is known) 


To cover the case where the missile antenna gain is not known, first assume an aperture efficiency of 0.7 for 
the missile antenna (typical). Then 


P= Pp An = 8.56 Wim’ (a)[ (10/2 in)(.0254 min) ] * (0.7) = 0.3 watts 


Depending upon missile antenna efficiency, we can see that the power received will be about 3 times 
the maximum allowable and that either better limiter circuitry may be required in the missile ora new location 
is needed for the missile or jammer. Of course if the antenna efficiency is 0.23 or less, then the power will 
not damage the missile’s receiver. 


Ifthe missile gain were known to be 25 dB, then a more accurate calculation could be performed. 
Using the given gain of the missile (25 dB= numeric gain of 316), and assuming operation at 10 GHz 
(= .03m) 


P.= Pp Gah? / 4x = 8.56 Wim" (316)(.03)'/ 4a = .19 watts (still double the allowable tolerance) 


ONE-WAY RADAR EQUATION / RF PROPAGATION 


The one-way (transmitter to receiver) radar equation is derived in this section, This equation is most 
commonly used in RWR, communications, or ESM type of applications. The following is a summary of the 
important equations explored in this section: 


Peak Power at 


Receiver Input, P:(0"'S)= Pod. 


or: Equivalent Area, a= 24 
dn 
So the one-way radar equation is; iene t ov A gee 
S(or p,)= PEGG: units Ki= 
aR Y Gag Ry NM 97.8 
* keep A, c, and R in the same units km 92.45 
m 32.45 
‘On reducing to log form this becomes: yd 31.67 
10log P, = 10log P, + 10log G, + 10log G, - 20log fR + 20log (c/n) ft 22.13 


or in simplified terms: 
LOlog P, = 10log P, + 10log G+ 10log G.- a, (in dB) adie ataaads 
= 20108 (i) + Ki (in dB) and: | een ee eee 
5-1) are not included in any of 
Note: To avoid having to include additional terms for these these equations 

calculations, always combine any transmission Line loss with antenna 
gain 


Where: ot; = one-way free space los 
K, = 20log [(471/c)(Conversion factors if units if not in m/sec, m, and Hz)] 


Recall from Section 4-2 that the power 
density at a distant point from a radar with an antenna 
gain of G, is the power density from an isotropic 
antenna multiplied by the radar antenna gain 


Some Antenna 
Capture Ares 


Power density from radar, Pp 
4aR 


If you could cover the entire spherical 


segment with your receiving antenna you would Renget am Renge2 
theoretically capture all of the transmitted energy. | | fo™éSpst FENN Feoxuecsins! mm | 
You can’t do this because no antenna is large enough. 

(A two degree segment would be about a mile and Figure 1. Power Density vs. Range. 


three-quarters across at fifty miles from the 
transmitter.) 
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A receiving antenna captures a portion of this power determined by its effective capture Area (A.), 
‘The received power available at the antenna terminals is the power density times the effective capture area 
(Ad of the receiving antenna. 


For a given receiver antenna size the capture area is constant no matter how far it is from the 
transmitter, as illustrated in Figure 1. This concept is shown in the following equation: 
Peak Power at Receiver input, 


PGi Ae 


Px (or S) = PpAc= which is known as the one-way (beacon) equation [2] 


aR 


In order to maximize energy transfer between an antenna and transmitter or receiver, the antenna size 
should correlate with frequency. For reasonable antenna efficiency, the size of an antenna will be greater than 
2/4, Control of beamwidth shape may become a problem when the size of the active element exceeds several 
wavelengths. 


The relation between an antenna’s 
effective capture area (A) or effective aperture 
and its Gain (G) is: 


4m Ac 
Antenna Gain, G=2=# 34 


er ruency abe eer 
[4] ies Soar vee 


or: Equivalent Area, 


Higher Feqwevoy gy 
comme Oren ae 


Since the effective aperture is in units 


of length squared, from equation [3], itis seen ar Sa PA wai 
that gain is proportional to the effective 
aperture normalized by the wavelength. This Figure 2. Capture Area vs, Frequency, 


physically means that to maintain the same 
gain when doubling the frequency, the area is reduced by 1/4. This concept is illustrated in Figure 2, 


If equation [4] is substituted i 


(0 equation [2], the following relationship results 


Peak Power at Receiver Input =S (or Py)= Ft GrGeA _ PiGiGea” 1s] 
GaP GAR) 
This is the signal calculated one-way froma transmitter 
to a receiver. For instance, a radar application might be to ¢. ONKWAY SIONAL STRENGTEG) 
determine the signal received by a RWR, ESM, or an ELINT 4 S decreases by6 dB + 
receiver, It is a general purpose equation and could be applied GAB when the isrnce doutles Lf 


to almost any line-of-sight transmitter to receiver situation ifthe | |. 


RF is higher than 100 MHZ. Suncroases by 6 dB bed 
subon the &stence veh all 4 
os 
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Values of K, (dB) 

The free space travel of radio waves can, of course, be blocked] Range f, inMH2. fy in GHz. 
reflected, or distorted by objects in their path such as buildings, flocks off (units) © Ky = Ki= 
birds, chaff, and the earth itself. NM 37.8 078 
km 32.45. 92.45 
As illustrated in Figure 1, as the distance is doubled the received] m= 27.55 32.45 
signal power decreases by 1/4 (6 dB). This is due to the R* term in} yq 28.33 3167 
‘equation [5]. ft 37.87 22,13 


To illustrate this, blow up a round balloon and draw a square on the 
side of it. If you release air so that the diameter or radius is decreased by 
1/2, the square shrinks to 1/4 the size. If you 
further blow up the balloon, so the diameter or 


radius is doubled, the square has quadrupled in eee ee eee ee 


area aunt 
‘The one-way free space loss factor (a), g 

(sometimes called the path loss factor) is given by 

the term (4aR*)(4n/22) or (4nR /A)", As shown in [~ ERUNALENT GIRCUTT-Oneaay Space Loss 

Figure 3, the loss is due to the ratio of two factors] tress ester 


(1) the effective radiated area of the transmit io 
antenna, which is the surface area of a sphere a 


(4nR*) at that distance (R), and (2) the effective eS zane 
capture area(A,) of the receive antenna which has | EQUNALEITT CIRCUIT -One-Vay Space Locewih Asta! Antennas 
a gain of one. If a receiving antenna could | ‘sures rcenen 


capture the whole surface area of the sphere, there OM 
would be no spreading loss, but a practical 

antenna will capture only a small part of the in eae 
spherical radiation. Space loss is calculated using = = 
isotropic antennas for both transmit and receive, 
so dt is independent of the actual antenna. Using 
Gr=1 in equation [11] in Section 3-1, A, =2°/4n. 
Since this term is in the denominator of a,, the higher the frequency (lower A) the more the space loss. Since 
G,and G, are part of the one-way radar equation, S (or P,) is adjusted according to actual antennas as shown in 
the last portion of Figure 3. The value of the received signal (S) is 


Figure 3. Concept of One-Way Space Li 


P.GG, ] 
Sor py)= PEGA — p,G,G,|_4 | [61 
GaP R Lae | 
To convert this equation to dB form, it is rewritten as: 
10 Log (Sor P))=10 Log (PiGiGi) +20 Log] — 1 
nara BOD ASSN TEAR 
=c//, equation [7] can be rewritten as: 
10 Log (S or P,) = 10 Log(P, G,G,) - a {8} 
dafR 
Where the one-way free space loss, a, is defined as: «= 20 Lo, 19) 
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‘The signal received equation in dB form is: 10log (P, or S) = 10log P, + 10log G,+ 10logG,- a, [10] 


‘The one-way free space loss, 011, can be given in terms of a variable and constant term as follows’ 


20 Log| 2 | 


Log f,R+K, (indB) 1) 


a 


‘The value of f; can be either in MHz or GHz as shown with commonly used units of R in the 
adjoining table. 


0 Log| 2 »(Comersion tsi notin m/see.m.and He) 


where K. 


Note: To avoid having to include additional terms for these calculations, always combine any 
transmission line loss with antenna gain, 


‘A value for the one-way free space loss (t:) can be obtained from: 


(a) The One-way Free Space Loss graph (Figure 4). Added accuracy can be obtained using the 
Frequency Extrapolation graph (Figure 5) 


(b) The space loss nomograph (Figure 6 or 7) 


(©) The formula for ot, equation [11] 


FOR EXAMPLE: 


Find the value of the one-way free space loss, a, for an RF of 7.5 GHz at 100 NM. 

(a) From Figure 4, find 100 NM on the X-axis and estimate where 7.5 GHz is located between 
the 1 and 10 GHz lines (note dot). Read a as 155 dB. An alternate way would be to read the 
i at | GHz (138 dB) and add the frequency extrapolation value (17.5 dB for 7.5:1, dot on 
Figure 5) to obtain the same 155 dB value. 

(b) From the nomogram (Figure 6), the value of cr, can be read as 155 dB (Note the dashed line). 

(©) From the equation 11, the precise value of cx is 155.3 dB. 

Remember, cr isa free space value. If there is atmospheric attenuation because of absorption of RF 


due to certain molecules in the atmosphere or weather conditions ete., the atmospheric attenuation is in 
addition to the space loss (refer to Section 5-1). 
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Figure 4. One-Way Free Space Loss, 


DELTA SPACE LOSS 
[add te value trom = 10" chart | 


FOR USE (TH ONE-WAY FREE SPACE LOSS GRAFH 


DELTA FREQUENCY (f} [ where: 


(1) x10 


Figure 5. Frequency Extrapolation. 
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Figure 8 is the visualization of the losses occurring in one-way radar equation. Note: To avoid 
having to include additional terms, always combine any transmission line loss with antenna gain, Losses due 
to antenna polarization and atmospheric absorption also need to be included. 


NOTE: Drawing not to scale 
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Figure 8. Visualization of One-Way Radar Equation. 


RWR/ESM RANGE EQUATION (One-Way) 


‘The one-way radar (signal strength) equation [5] is rearranged to calculate the maximum range Rus 
of RWR/ESM receivers, It occurs when the received radar signal just equals Spx as Follows: 


Raa 2 | 


[12] 
In log form: 
2Olog Rac = 1Olog P,+ 10log G, - 10log Swain - 201g /+ 20log(c/4z) 113) 
and since K, = 20log{4n/e times conversion units if not in m/sec, m, and Hz} 
(Refer to Section 4-3 for values of Ki). 
1log Raa = '4{ 10log P,+ 10log G, - 10log Sain - 200g f-Ki] (Keep P, and Sia in same units) [14] 
Ifyou want to convert back from dB, then Rix oa where M dB is the resulting number in the 
brackets of equation 14 : 
From Section 5-2, Receiver Sensitivity / Noise, Smus is related to the noise factor S: 
Sain = (S/N)nio (NF)KT.B 115] 
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‘The one-way RWR/ESM range equation becomes: 


GGik ae PGiGee 2 PG, Ae [16 
Jou NFDKT,B Gat FSI )g(NFIKT.B. 4 (SIN )yus(NE)KT 0B. 


RWRI/ESM RANGE INCREASE AS A RESULT OF A SENSITIVITY INCREASE 


As shown in equation [12] Swi" 2% Rea. Therefore, -10 log Smis 2% 20 1OgRiux and the following 
table results: 


% Range Inrease: Range + (% Range Increase) x Range = New Range 
ice, for a 6 dB sensitivity increase, 500 miles +100% x 500 miles = 1,000 miles 
Range Multiplier: Range x Range Multiplier = New Range 
ice., for a 6 dB sensitivity increase 500 miles x 2 = 1,000 miles 


‘dB Sensitivity _% Range Range | dBSensitivity _% Range Range 
Increase Increase Multiplier Increase Increase Multiplier 
+05 6 1.06 10 216 3.16 
10 12 12 i 255 3.55 
1s 19 119 12 298 3.98 
2 26 1.26 13 347 447 
3 4 141 14 401 5.01 
4 58 158 15 462 5.62 
5 B 178 16 531 631 
6 100 20 7 608 7.08 
7 124 2.24 18 694 7.94 
8 IS 251 19 791 8.91 
9 182 2.82 20 900 10.0 


RWR/ESM RANGE DECREASE AS A RESULT OF A SENSITIVITY DECREASE 


As shown in equation [12] Syn" 2% Rea. Therefore, -10 log Smis 2% 20 lOgRmux and the following 
table results: 


% Range Decrease: Range - (% Range decrease) x Range = New Range 
i.e, for a 6 dB sensitivity decrease, 500 miles - 50% x 500 miles = 250 miles 
Range Multiplier: Range x Range Multiplier = New Range 
ice,, for a 6 dB sensitivity decrease 500 miles x .5 = 250 miles 
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‘dB Sensitivity % Range Range | dBSensitivity % Range Range 
Decrease Decrease Multiplier Decrease Decrease Multiplier 

-0.5 6 0.94 -10 68 0.32 
-1.0 i 0.89 “ul n 0.28 
15 16 0.84 -12 78 0.25 
-2 21 0.79 -13 78 0.22 
23 29 7 “14 80 0.20 
-4 37 0.63 -15 82 0.18 
“5 44 0.56 -16 84 0.16 
-6 50 0.50 -17 86 0.14 
-7 56 0.44 -18 87 0.13 
-8 60 04 -19 89 ou 
-9 65 0.35 20 90. 0.10 


Example of One-Way Signal Strength: A 5 (or 7) GHz radar has a 70 dBm signal fed through a 5 dB loss 
‘transmission line to an antenna that has 45 dB gain. An aircraft that is flying 31 km from the radar has an aft 
EW antenna with -1 dB gain and a 5 dB line loss to the EW receiver (assume all antenna polarizations are the 
same). 


Note: The respective transmission line losses will be combined with antenna gains, ie. 
-5 +45 = 40 dB, -5- 1 =-6 dB, -10 +5 =-5 4B. 
(1) What is the power level at the input of the EW receiver? 


Answer (1): P, at the input to the EW receiver = Transmitter power - xmt cable loss + xmt 
‘antenna gain - space loss + revr antenna gain - revr cable loss. 


Space loss (from Section 4-3) @ 5 GHz = 20 log fR + Ky = 20 log (5x31) + 92.44 = 136.25 dB. 
Therefore: 


P,= 70+ 40 - 136.25 - 6 = -32.25 dBm @ 5 GHz (P, = -35.17 dBm @ 7 GHz since a, = 139.17 dB) 


(2) Ifthe received signal is fed to a jammer with a gain of 60 dB, feeding a 10 dB loss 
transmission line which is connected to an antenna with 5 dB gain, what is the power level from the 
jammer at the input to the receiver of the 5 (or 7) GHz radar? 


Answer (2): P, at the input to the radar receiver = Power at the input to the EW receiver+ 
Jammer gain - jammer cable loss + jammer antenna gain - space loss + radar revr antenna gain - radar revr 
cable loss. Therefore: 


P, = -32.25 + 60-5 - 136.25 + 40 =-73.5 dBm @ 5 GHz. (P, 
since a= 139.17 4B and P,=-35.17 dBm). 


79.34 dBm @ 7 GHz 


This problem continues in Sections 4-4, 4-7, and 4-10. 
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TWO-WAY RADAR EQUATION (MONOSTATIC) 


In this section the radar equation is derived from the one-way equation (transmitter to receiver) which 
is then extended to the two-way radar equation. The following is a summary of the important equations to be 
derived here 


‘TWO-WAY RADAR EQUATION (MONOSTATIC) 


Peak power at the 
radar receiver input is 


oc | Note: A= eff and o= RCS 
P.GG, 


a7 FR | *keepAorc.o,and R inthe sameunits 


(On reducing the above equation to log form we have 
log P, = 10log P, + 10log G, + 10log G, + 10log 


= 20log /- AOlog R - 30log 4 + 201og © 


or in simplified terms: 0log P, = l0log P, + 10log G, + 10log G,+ G.-2a, (in dB) 


Note: Losses due to antenna polarization and atmospheric absorption (Sections 3-2 and S-1) are not included in these 
equations 


‘Target gain factor, Ge 10log 0+ 20log f, + Ks_(in dB) One-way free space loss, ay = 20log (FR) * Ky (in dB) 
K, Values K, Values fin MHz fin Gltz 
(@B)—-RCS(o) fin MHz fy in GHz (a) K K 
units) 2 378 978 
ne 3854 21.46 3245 92.45 
48.86 4 27.55 45 
283, 3167 
3787 22.13 


Figure 1 illustrates the 
physical concept and equivalent 
circuit for a target being illuminated 
by a monostatic radar (transmitter 
and receiver co-located), Note the 
similarity of Figure | to Figure 3 in 
Section 4-3. Transmitted power, 
transmitting and receiving antenna 
gains, and the one-way free space 
loss are the same as those described 
in Section 4-3. The physical 
arrangement of the elements is 
different, of course, but otherwise 
the only difference is the addition of 


PHYSKAL CONCEPT 
TRANSMITTER 


‘TRANSHITTER TO TARGET 
the equivalent gain of the target | re\wSurrer (ty, CNEWAY SPEGE LOSS GaN OF ROS 


RCS factor. 


CI 4 0, ONESWAYSPAGE LOSS 


Figure 1. The Two-Way Monostatic Radar Equation Visualized. 
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From Section 4-3, One-Way Radar Equation / RF Propagation, the power in the receiver is: 


Received Signal _ p,G,G, 22 
at Target (4aR 


fl 


From equation [3] in Section 4-3: Antenna Gain ,G= RI 


a 


Similar to a receiving antenna, a radar target also intercepts a portion of the power, but reflects 
(reradiates) it in the direction of the radar. The amount of power reflected toward the radar is determined by 
the Radar Cross Section (RCS) of the target. RCS is a characteristic of the target that represents its size as 
seen by the radar and has the dimensions of area («) as shown in Section 4-11. RCS area is not the same as 
physical area. But, for a radar target, the power reflected in the radar’ direction is equivalent to re-radiation 
of the power captured by an antenna of area o (the RCS). Therefore, the effective capture area (A.) of the 
receiving antenna is replaced by the RCS (0). 


G22 18) sowe now have: pee AL 
z fromtarget. (4a 


Reflected Signal _ p,G, 42 dao 


(4) 


‘The equation for the power reflected in the radar’s direction is the same as equation [1] except that P, 
G,, which was the original transmitted power, is replaced with the reflected signal power from the target, from 
equation [4]. This gives: 


Reflected Signal Received Back _ p,G, 42420 GA? 


15] 


at Input to Radar Receiver (4aRY 22 (Aa 
If like terms are cancelled, the two-way radar 
‘TWO WAY SIGNAL STRENGIH (8) equation results. The peak power at the radar 
8 docceases by 12 dB receiver input is: 
12 dB when the distance doubles tT 
cet . 
=m P.GiGeE oe 
BM iecrues ty 12 aB R p= PEGA? - 2.6.4, a 
T wtenthedmccisnat (427 R nF 7 R 


* Note: A=cifand o= RCS. Keep i or ¢, 6, and R in 
the same units. 


On reducing equation [6] to log form we have: 


10log P, = 10log P, + 10log G, + 10log G, + 10log o - 20log f- 40log R - 30log 4x + 20log ¢ ful 
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(6) 


‘Target Gain Factor 


If Equation [5] terms are rearranged instead of cancelled, a recognizable form results: 


S(or P,J=(PiGiG.)* = [8] 


aR 


In log form 


4a 
J0log{S (or P,)] = 10 log P, + 10 log G, + 10 log G, + 20 los +1003 2010; 9) 
tr) 71096 1g 20 2] 2] an] 


‘The fourth and sixth terms can each be recognized as -a, where ais the one-way free space loss factor 
defined in Section 4-3. The fifth term containing RCS (0) is the only new factor, and itis the “Target Gain 
Factor.” 


In simplified terms the equation becomes: 
1Olog [S (or P,)] = 10log P, + 10log G+ 10logG,+Ge- 2a, (in dB) [10] 


Where or and G, are as follows: 


From Section 4-3, equation [11], the space loss in dB is given by: 


[aor] a 
* Keep c and R in the same units. The 
table of values for K, is again presented here for |} One-way free space loss, a, = 20log (f,R) + K, (in 
completeness. The constant, K;, in the table | apy 
includes a range and frequency unit conversion 
factor. K, Values Range, in MHz, in GHz 
(a8) (units) Ke 
While it’s understood that RCS is the ai ee one 
antenna aperture area equivalent to an 
isotropically radiated target retum signal, the on ed ata 
target gain factor represents a gain, as shown in m “2755 32.45 
the equivalent circuit of Figure I. The Target y -2833 3167 
Gain Factor expressed in dB is G, as shown in i Spe Su 
equation [12] 
dao 
G.=10log| 2 |= 1010g =10logo + 20log f,+K: (indB) (12) 
a 


where : K;=10log 


conversions as required (meters to feet 


-( Frequency and RCS (Hz to MHz or GHz ] 
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‘The “Target Gain Factor” (G,) is a composite of RCS, frequency, and dimension conversion factor 
and is called by various names: “Gain of RCS”, “Equivalent Gain of RCS 
and in dB form “Gain-sub-Sigma” 


If frequency is given in MHz and RCS (o) is in m’, the formula for Gy is 


G.=10log.o+ 20log f,+ 10log| 47¢| —S—} om (13) 
3x10" 
or G,= Ilog c+ 20log f,- 38.54 (in dB) 14] 
Target gain factor, G, = 10log 0 + 20109 f, + K, (in 
2) 
i Values 
(8) RCS (0) hin Mz fin GHz 
wits) Ke= Kat 
m= 38.54 21.46 
fe ~48.86 114 


For this example, the constant K, is -38.54 dB. Kz values for various area and frequency and 
frequency units are summarized in the adjoining table. 


In the two-way radar equation, the one-way free space loss factor (ct) is used twice, once for the 
radar transmitter to target path and once for the target to radar receiver path. The radar illustrated in Figure | 
is monostatic so the two path losses are the same and the values of the two a1:s are the same. 


If the transmission loss in Figure 1 from P, to G, equals the loss from G, to P,, and G, = G,, then 
equation [10] can be written as: 


10log [S or P,] = 10log P, + 20log Gy - 204 + 


2 (in dB) 15] 


‘The space loss factor (ct:) and the target gain factor (Gq) include all the necessary unit conversions so 
that they can be used directly with the most common units. Because the factors are given in dB form, they are 
more convenient to use and allow calculation without a calculator when the factors are read from a chart or 
nomograph 


Most radars are monostatic. That is, the radar transmitting and receiving antennas are literally the 
same antenna. There are some radars that are considered “monostatic” but have separate transmitting and 
receiving antennas that are co-located. In that case, equation [10] could require two different antenna gain 
factors as originally derived: 


10log [S or P,] = 10log P, + 10log G, + 10log G,- 20, +G, (in dB) [16] 
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culations, always combine any transmission 


Note: To avoid having to include additional terms for thes 
line loss with antenna gain, 


Figure 2 is the visualization of the path losses occurring with the two-way radar equation, Note: to 
avoid having to include additional terms, always combine any transmission line loss with antenna gain, 
Losses due to antenna polarization and atmospheric absorption also need to be included. 


‘if power is actually measured in region A or B, itis stated 
inelther power density (mW/crra) ar field intensity (W/m) Wotey Nottescale 
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Figure 2. Visualization of Two-Way Radar Equation. 


RADAR RANGE EQUATION (Two-Way Equation) 


‘The Radar Equation is often called the “Radar Range Equation.” ‘The Radar Range Equation is 
simply the Radar Equation rewritten to solve for maximum Range. The maximum radar range (Rous) is the 
distance beyond which the target can no longer be detected and correctly processed. It occurs when the 
received echo signal just equals Spin 


The Radar Range Equation is then: 


7] 


Pea [22 G.#oF 4, [seeel] a 
42) Soin | ORFF Soia 


| Oxf Ac] 
‘The first equation, of the three above, is given in Log form by: 


400g Rass 


Olog P, + 10log G, + 10log G, + 10log a - 10log Sax - 20logf-30log 4x +20loge [18] 


As shown previously, Since K, = 20log [(4z/c) times conversion units if not in m/sec, m, and Hz], we have: 
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4 [10log P, + 1Olog G, + 10log G, + 10log a - 10log Spin ~ 20l0g fi Ky - 10.99 dB] [19 


If you want to convert back from dB, then ‘One-way free space loss, a, = 20log (FR) + K, (in 
8) 
Row = 10-0 K, Values Range f,in MHz, in GHz 
co (units) Ky = 
Where M dB is the resulting number within the aa 
brackets of equation 19. La are 
km 32.45 
m 27.55 
From Section 5-2, Receiver Sensitivity / Noise, sae 
Sais is related to the noise factors by: 
ft “37.87 


Sra =(SIN )yg NEAT 9B (20) 


‘The Radar Range Equation for a tracking radar (target continuously in the antenna beam) becomes: 


mae) GG iP PGGEe ion PGAe py 
x F (SIN )yy(NFRTOB (42) FOSIN ay NET OB. (4x F (SIN), areal 


P, in equations [17], [19], and [21] is the peak power ofa CW or pulse signal. For pulse signals these 
‘equations assume the radar pulse is square. Ifnot, there is less power since P, is actually the average power 
within the pulse width of the radar signal. Equations [17] and [19] relate the maximum detection range to 
Snig, the minimum signal which can be detected and processed (the receiver sensitivity). The bandwidth (B) 
in equations [20] and [21] is directly related to Sjuq. B is approximately equal to 1/PW. Thus a wider pulse 
width means a narrower receiver bandwidth which lowers Spi, assuming no integration 


One cannot arbitrarily change the receiver bandwidth, since it has to match the transmitted signal. 
‘The “widest pulse width” occurs when the signal approaches a CW signal (see Section 2-11). A CW signal 
requires a very narrow bandwidth (approximately 100 Hz). Therefore, receiver noise is very low and good 
sensitivity results (see Section 5-2). If the radar pulse is narrow, the receiver filter bandwidth must be 
increased fora match (see Section 5-2), i.e.a | ps pulse requires a bandwidth of approximately 1 MHz. This 
increases receiver noise and decreases sensitivity. 


If the radar transmitter can increase its PRF (decreasing PRI) and its receiver performs integration 
over time, an increase in PRF can permit the receiver to “pull” coherent signals out of the noise thus reducing 
S/Naia thereby increasing the detection range. Note that a PRF increase may limit the maximum range due to 
the creation of overlapping return echoes (see Section 2-10) 


‘There are also other factors that limit the maximum practical detection range. With a scanning radar, 
there is loss if the receiver integration time exceeds the radar’s time on target. Many radars would be range 
limited by line-of-sight/radar horizon (see Section 2-9) well before a typical target faded below Snia. Range 
can also be reduced by losses due to antenna polarization and atmospheric absorption (see Sections 3-2 
and 5-1). 
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‘Two-Way Radar Equation (Example) 


1me that a S GHz radar has a 70 dBm (10 kilowatt) signal fed through a 5 dB loss transmission 
line to a transmit/receive antenna that has 45 4B gain. An aircraft that is flying 31 km from the radar has an 
RCS of 9 m?, What is the signal level at the input to the radar receiver? (There is an additional loss due to 
any antenna polarization mismatch but that loss will not be addressed in this problem). This problem 
continues in Sections 4-3, 4-7, and 4-10. 


Answer: 
Starting with: 10log S= 10log P, + 10log G, + 10log G, + G, - 24 (in dB) 


We know that: ot = 20log fR + K, = 20log (5x31) + 92.44 = 136.25 dB 
and that: G, = 10log o + 20log fi + Kz = 10log 9 + 20log $+ 21.46 = 44.98 dB (see Table 1) 


(Note: The aircraft transmission line losses (-5 dB) will be combined with the antenna gain 
(45 dB) for both receive and transmit paths of the radar) 


So, substituting in we have: 10log S 


70 +40 +40 + 44.98 - 2(136.25) = -77.52 dBm @ 5 GHz 


‘The answer changes to -80.44 dBm if the tracking radar operates at 7 GHz provided the antenna gains 
and the aircraft RCS are the same at both frequencies, 


0: = 20log (7x31) + 92.44 = 139.17 dB, G,=10log 9+ 20log 7+ 21.46 = 47.9 dB (see Table 1) 
10log S = 70 + 40 + 40 + 47.9 - 2(139.17) = -80.44 dBm @ 7 GHz 


Table 1. Values of the Target Gain Factor (G,) in dB for Various Values of Frequency and RCS. 


Frequency RCS - Square meters 
(GHz) 0.05 3 9 10 100 7,000 10,000 
0.5 GHz 244 | 2242 [24.98 25.44 35.44 45.44 35.44 
1 GHz 8.46 | 28.46 31.0 31.46 41.46 31.46 61.46 
SGHz 22.44 [42.44 [i498 45.44 35.44 65.44 73.44 
TGHz 25.36 | 4536 | 479 48.36 58.36 68.36 78.36 
10 GHz, 28.46 [48.46 31.0 31.46 61.46 71.46 81.46 
20 GHz. 34.48 [34.48 [57.02 S748 GEG TAS, 87.48, 
40 GHz, 4050 | 6048 | 63.04 85 BS 83.5 935 


Note: Shaded values were used in the examples. 


TWO-WAY RADAR RANGE INCREASE AS A RESULT OF A SENSITIVITY INCREASE 


As shown in equation [17] Swin' 9% Rio’. Therefore, -10 log Smin 0 40 logRmux and the table 
below results 


% Range Increase: Range + (% Range Increase) x Range = New Range 

ie., fora 12 dB sensitivity increase, 500 miles +100% x 500 miles = 1,000 miles 
Range Multiplier: Range x Range Multiplier = New Range 

i.e., fora 12 dB sensitivity increase 500 miles x 2 = 1,000 miles 
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Table 2. Effects of Sensitivity Increase. 


‘dB Sensitivity _% Range Range dB Sensitivity % Range Range 
Increase Increase Multiplier Increase Increase Multiplier 

+05 3 1.03 10 78 178 
10 6 1.06 nm 88 1.88 
1s 9 1.09 12 100 2.00 

2 12 112 13 Mt 241 

3 19 119 14 124 2.24 

4 26 1.26 15 137 2.37 

5 33 1.33 16 151 251 

6 4a 141 17 166 2.66 

7 50 1.50 18 182 2.82 

8 58 158 19 198 2.98 

9 68 1.68 20 216 3.16 


TWO-WAY RADAR RANGE DECREASE AS A RESULT OF A SENSITIVITY DECREASE 


‘As shown in equation [17] Suie’ 9% Raa! Therefore, -10 log Snin % 40 logRyux and the table 
below results 


% Range Decrease: Range - (% Range Decrease) x Range 
ice, for a 12 dB sensitivity decrease, 500 miles - 50 


New Range 
x 500 miles = 250 miles 


Range Multiplier: Range x Range Multiplier = New Range 
ice, for a 12 dB sensitivity decrease 500 miles x 0.5 = 250 miles 


Table 3. Effects of Sensitivity Decrease. 


‘dB Sensitivity % Range Range dB Sensitivity % Range Range 
Decrease Decrease Multiplier Decrease Decrease Multiplier 

-05 3 097 “10 4 
-10 6 0.94 <u 47 0.53 
“15 8 0.92 -12 50 0.50 
-2 i 0.89 -13 3 0.47 
“3 16 0.84 -14 58 0.45 
-4 21 0.79 -15 58 0.42 
“5 25 0.75 -16 60 0.40 
-6 29 0.71 -17 2 0.38 
-7 33 0.67 -18 65 0.35 
-8 37 0.63 -19 6 0.33 
9 40 0.60 -20 68 0.32 
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ALTERNATE TWO-WAY RADAR EQUATION 


In this section the same radar equation factors are grouped differently to create different constants 
as is used by some authors. 


‘TWO-WAY RADAR EQUATION (MONOSTATIC) 
Peak power at the 


radar receiver p~PGGA SG PG Gumee” ¢ Noxe>2= and ois RCS ) 
input is: GFR ARF PPR f 


* Keep 2 or c, 6, and R in the same units. On reducing the above equation to log form we have: 
or: 10log P, = 10log P, + 10log G, + 10log G,- a (in dB) 


Where: a; = 20log f:R® - 10log 6 + Ks, and K; = -10log ¢*(4x)° 


Note: 
Losses due to antenna polarization and atmospheric absorption (Sections 3-2 and 5-1) are not included in these equations 
TK Values: 
(a) Range fin Miz fin GH fin Miz fin Gz 
Units in gin int inf 
NM 114.15 VAIS 14a 18447 
km 10344 163.48 113.76 173.76 
m “16.56 4344 “6.24 53.76 
yd “18.1 419 “178 5222 
nt 2372 28 2688 33.12 


In the last section, we had the basic radar equation given as equation [6] and it is repeated as 
equation [1] in the table above, 


In Section 4-4, in order to maintain the concept and use of the one-way space loss coefficient, o11, We 
didn’t cancel like terms which was done to form equation [6] there. Rather, we regrouped the factors of 


equation [5]. This resulted in two minus c, terms and we defined the remaining term as G,, which accounted 
for RCS (see equation [8] & [9)). 


Some authors take a different approach, and instead develop an entirely new single factor a2, which is 
used instead of the combination of a, and Ga, 


If equation [1] is reduced to log form, (and noting that f= c/4) it becomes 


10log P, = 10log P, + 10log G, + 10log G, 


20log (/R’) + 1Olog o + 10log (c*(4n)"') re] 


‘We now call the last three terms on the right minus 12 and use it as a single term instead of the two 
terms 1: and G,. The concept of dealing with one variable factor may be easier although we still need to 
know the range, frequency, and radar cross section to evaluate cz. Additionally, we can no longer use a 
nomograph like we did in computing cand visualize a two-way space loss consisting of two times the one- 
way space loss, since there are now 3 variables vs. two. 


Equation [2] reduces to: 


10log P, = 10log P, + 10log G, + 10log G, - a (in dB) BI 
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Where o.; = 20log (f,R”) - 10log ¢ + K; and where /; is the MHz or GHz value of frequency and 
K, =-10log (c7/(4x)') + 20log (conversion for Hz to MHz or GHz)+ 40log (range unit conversions if not in 
meters) - 20log (RCS conversions for meters to feet) 


The values of K; are given in the table above. 


Comparing equation [3] to equation [10] in Section 4-4, it can be seen that or: = 201; - Ge, 
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TWO-WAY RADAR EQUATION (BISTATIC) 


The following table contains a summary of the equations developed in t 


RADAR EQUATION (BISTATIC) 


Note: 2=cff and o= RCS 


Peak power atthe 
* keep Aor c,o,and Rin the same units 


radar receiver input is 


(On reducing the above equation to log form we have 


Ilog P, = L0log P, + 10log G. + LOlog G, + 10log ¢ - 20g f+ 201og ¢- 30log 4 - 20Iog Ry - 200g Rex 


or in simplified terms: Olog P, = l0log P, + 10log G, + 10log G,+ Gy- ay. ax (in dB) 
Where ar, corresponds to transmitter to target loss and ag, Corresponds to target to receiver loss 


Note: Losses due to antenna polarization and atmosphere absorption (Sections 3-2 and S-1) are not included in these 
equations 


‘Target gain factor, G,= IOlog 0+ 20log//i +Ks_(in dB) | One-way free space loss, dscns 20log (/sRx aia) + Ki (in dB) 


K, Values K, Values Range fin MHz fin GHz 
(By RCS(o) fin MHz fin GHz (ap) (units) kK K 
units) K. : ‘NM 378 978 
ne 3854 21.46 Km 32.45 92.45 
48.86 4 m 27.58 3245, 
yd 2833 3167 
nt 3787 2213 


PHYSICAL CONCEPT 


BISTATIC RADAR 


‘There are also true bistatic radars 
- radars where the transmitter and 
receiver are in different locations as is, 
depicted in Figure 1. The most 
commonly encountered bistatic radar 
application is the semi-active missile. 
The transmitter is located on, or near, the 
launch platform (surface or airborne), and 
the receiver is in the missile which is 
somewhere between the launch platform 
and the target. 


2 azo 
|, TaReET To neceven | 
ha nal 


‘TRANSMITTER 70 TARET 
TeRTeUITTEH Gh ONEWAY SPACE LOSS an oF ACs 


‘The transmitting and receiving 
antennas are not the same and are not in 
the same location. Because the target-to- 
radar range is different from the target-to- 
missile range, the target-to-radar_ and 
target-to-missile space losses are Figure 1. Bistatic Radar Visualized. 


different. 


RECEWER ‘TARGET TO RECEIVER 
yg ONEWRY SPACE LOSS 
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‘The peak power at the radar receiver input is: 


and = RCS) [I 


is Rite 


PiGiG AO G, Lf 
(4x) RR Lan Pf 
Keep A orc, o, and R in the same units. 


| (Note :2 


On reducing the above equation to log form we have 
1Olog P, = 10log P, +10log G, +10log G, +10log « - 20log f +20log ¢ - 30log 4x - 20log Rr, ~ 2010g Rag [2] 
or in simplified terms: 
lOlog P, = 10log P, + 10log G+ 10log G, +G,-dr- dee (in dB) BI 
Where ots, corresponds to transmitter to target loss and ols, corresponds to target to receiver loss, or: 
ore =20log(/iT.) + Ki (in dB) and oy, = 20log(fiTa,) + Ks (in dB) 
with K, values provided on page 4-6.1 and with f; being the MHz or GHz value of frequency 


‘Therefore, the difference between monostatic and bistatic calculations is that two a’s are calculated 
for two different ranges and different gains may be required for transmit and receive antennas, 


To avoid having to include additional terms for these calculations, always combine any transn 
line loss with antenna gain 


ion 


‘As shown in Figure 2, it should also be noted that the bistatic RCS received by the missile is not 
always the same as the monostatic RCS, In general, the target's RCS varies with angle. Therefore, the 
bistatic RCS and monostatic RCS will be equal for receive and transmit antennas at the same angle to the 
target (but only if all three are in a line, as RCS also varies with elevation angle), 


SEMI-ACTIVE 


Figure 2. Bistatic RCS Varies, 
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JAMMING TO SIGNAL (J/S) RATIO - CONSTANT POWER [SATURATED] JAMMING 


The following table contains a summary of the equations developed in this section. 


JAMMING TO SIGNAL (J/S) RATIO (MONOSTATIC) Keep R and o in same units 
Sdn R2) / (P,G,) (rato form)* oF: Target ga 
IIS = (P, Gude R?)/(P, G8) (ratio form) aoe Ins 0k 
log 1/S = lOlogP, + 1010gG,, - 10logP, - L0logG, - 10loga* + 10.99 dB + 20IogR* ei Valica (a 
Note (I): Neither /nor 2 terms ate part ofthese equations RCS (o) fy inMllz fin GHz 
7 units) ~-Ky=K 
If simplified radar equations developed in previous sections are used Gee ee. Matic 
M2 488601114 


IOlog 1S = 1OlogP, + 1OlogG, - 1OlogP,- 10logG,-G, +a, (in dB) 
Note (2): the 20log f term in -G, cancels the 20log /; term in 


‘One-way free space loss (AB) 
JAMMING TO SIGNAL (J/S) RATIO (BISTATIC) 


Ry is the range from the radar transmitter tothe target. See note (1), “dior Gye 


2 2Olog (fs R)+ Ky 
JIS = (Pj Gude Rr) / (P:Grs) (ratio form) * of: 


K, Values (aB): 


IOlog 1S = lOlogP, + 1OlogGi, - 1OlogP,- 1OlogG, - 10loga® + 10.99 dB + 2010gRn.* Range fin Miz f, in GHz 
units) Ky K, 

If simplified radar equations developed in previous sections are used: see note (2). Ee 
km 3245.92.85 

log 1/S = 1OlogP, + 1OlogG,- 1OlogP, - 10logG,-G, +a, (in dB) m 27853245 
f 3787223 


This section derives the J/S ratio from the one-way range equation for J and the two-way range 
equation for S, and deals exclusively with active (transmitting) Electronic Attack (EA) devices or systems, 
Furthermore, the only purpose of EA is to prevent, delay, or confuse the radar processing of target 
information, 


By official definition, EA can be either Jamming or Deception. This may be somewhat confusing 
because almost any type of active EA is commonly called “jamming,” and the calculations of EA signal in the 
radar compared to the target signal in the radar commonly refer to the “jamming-to-signal” ratio (“J-to-S” 
ratio). Therefore this section uses the common jargon and the term “jammer” refers to any EA transmitter, 
and the term “jamming” refers to any EA transmission, whether Deception or Concealment. 


Jamming: “Official” jamming should more aptly be called Concealment or Masking. Essentially, 
Concealment uses electronic transmissions to swamp the radar receiver and hide the targets. Concealment 
(Jamming) usually uses some form of noise as the transmitted signal. In this section, Concealment will be 
called “noise” or “noise jamming,” 


Deception: Deception might be better called Forgery. Deception uses electronic transmissions to 
forge false target signals that the radar receiver accepts and processes as real targets 


designates the EA signal strength whether it originates from a noise jammer or from a deception 
system, 
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Basically, there are two different 
methods of employing active EA against 
hostile radars: 


SELF SCREENING JAMMING 


Self Protection EA 
‘Support EA arr 


For most practical purposes, Self 
Protection EEA ally Deception and 
Support EA is usually noise jamming. As the 
‘name implies, Self Protection EA is EA that is 
used to protect the platform that it is on, Self 
Protection EA is often called “self screening 
jamming,” “Defensive EA” or historically 
“Deception ECM.” The top half of Figure 1 
shows self-screening jamming, 


ESCORT JAMMING TARGET 


Figure 1. Self Protection and Escort Jamming, 
‘The bottom half of Figure 1 illustrates, 

escort jamming which is a special case of support jamming. If the escort platform is sufficiently close to the 

target, the J-to-S calculations are the same as for self protection EA. 


Support EA is electronic 
wnSTMGEE | transmissions radiated from one platform 

and is used to protect other platforms or 
fulfill other mission requirements, like 
distraction or conditioning. Figure 2 
illustrates two cases of support jamming 
NOOR JAMIANG protecting a striker - stand-off jamming 
(SOJ) and stand-in jamming (SLI). For SO} 
the support jamming platform is maintaining 
an orbit at a long range from the radar - 
usually beyond weapons range. For SUI, a 
remotely piloted vehicle is orbiting very 
close to the vietim radar. Obviously, the 
jamming power required for the SOJ to 
seteen a target is much greater than the 
jamming power required for the SU) to 
Figure 2. Support Jamming, sereen the same target, 


When factoring EA into the radar equation, the quantities of greatest interest are “J-to-S” and Burn- 


‘Through Range. 


“J-to-S” is the ratio of the signal strength of the jammer signal (J) to the signal strength of the target 
return signal (S). Itis expressed as “J/S” and, in this section, is always in dB, J usually (but not always) must 
exceed S by some amount to be effective, therefore the desired result of a 1/S calculation in dB is a positive 
number. Burn-through Range is the radar to target range where the target return signal can first be detected 
through the jamming and is usually slightly farther than crossover range where J=S. It is usually the range 
where the J/S just equals the minimum effective J/S (See Section 4-8), 
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‘The significance of “J-to-S” is sometimes misunderstood. The effectiveness of EA is not a direct 
mathematical function ofJ-to-S.” The magnitude of the “J-to-S” required for effectiveness is a function of 
the particular EA technique and of the radar itis being used against. Different EA techniques may very well 
require different “J-to-S” ratios against the same radar. When there is sufficient “J-to-S” for effectiveness, 
increasing it will rarely increase the effectiveness at a given range. Because modem radars can have 
sophisticated signal processing and/or EP capabilities, in certain radars too much “J-to-S” could cause the 
signal processor to ignore the jamming, or activate special anti-jamming modes. Increasing “J-to-S” (or the 
jammer power) does, however, allow the target aircraft to get much closer to the threat radar before burn- 
through occurs, which essentially means more power ig better if it can be controlled when desired. 


IMPORTANT NOTE: If the signal S is CW or PD and the Jamming J is amplitude modulated, then the J 
{used in the formula has to be reduced from the peak value (due to sin x/x frequency distribution), The amount 
lof reduction is dependent upon how much of the bandwidth is covered by the jamming signal. To get an] 
lexact value, integrals would have to be taken over the bandwidth, As a rule of thumb however: 

* Ifthe frequency of modulation is less than the BW of the tracking radar reduce I/S by 10 Log (duty eycle). 

* Ifthe frequency of modulation is greater than the BW of the tracking radar reduce I/S by 20 Log(duty cycle). 


For example; if your jamming signal is square wave chopped (50% duty cycle) at a 100 Hz rate while| 
[jamming a 1 kHz bandwidth receiver, then the J/S is reduced by 3 dB from the maximum, If the duty cycle} 
was 33%, then the reduction would be 4.8 dB. Ifthe 50% and 33% duty eyele jamming signals were chopped 
at a 10 kHz (vice the 100 Hz) rate, the rule of thumb for jamming seen by the receiver would be down 6 dB} 
land 9.6 dB, respectively, from the maximum since the 10 kHz chopping rate is greater than the 1 kHz receiver| 
BW. 


4/S for SELF PROTECTION EA vs. MONOSTATIC RADAR 


Figure 3 is radar jamming visualized. The Physical concept of Figure 3 shows a monostatie radar that 
is the same as Figure 1, Section 4-4, and a jammer (transmitter) to radar (receiver) that is the same as Figure 
3, Section 4-3. In other words, Figure 3 is simply the combination of the previous two visual concepts where 
there is only one receiver (the radar’s). 


PHYSICAL CONCEPT 
RADAR 
POWER aii 
oFReS 
Pp, RADAR 
ANTENNA, ie 
bee (&, ,FREE SPACE LOSS 
% JAMMER 
a P, | POWER 
RADAR Jame 
RECEIVER SIGNAL=POWER+GAINS-Losses ANTENNA 


GAIN 


Figure 3. Radar Jamming Visualized, 
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‘The equivalent circuit shown in Figure 4 applies to jamming monostatic radars with either self protect 
EA or support EA, For self protect (or escort) vs. a monostatic radar, the jammer is on the target and the radar 
receive and transmit antennas are collocated so the three ranges and three space loss factors (a’s) are the 
same. 


MONOSTATIC For Monasta tis 
EQUIVALENT CIRCUIT Brg= Fax = Ao 


Teo x 8 de 


oy: ONE SPACE LOSS 3 
0 i comocatED 
N i 
TRATSMITER RAD AR of 4, .ONEWRY SPACE LOSS GaN oF Res 
couoc ated ANTENNA Bae TARGET 
Sg naa A He 
' ge jONEWAY SPACE. LOSS 
Bas 
TOTAL SOWA = JS EIN ge 
ANTENNA iam 
SIONAL = POWER +GAINS-Losses(ndB) CAIN (Om) SUMNER, 


Figure 4, Monostatic Radar EA Equivalent Circuit 


JS Ratio (Monostatic) - The ratio of the power received (P,; or J) from the jamming signal transmitted 
from the target to the power received (P.x or S) from the radar skin return from the target equals J/S. 


From the one way range equation in Section 4-3: P, Jor J = PiGu Gea fy) 
(ak 
From the two way range equation in Section 4.4: p,2or S=tGeGrd pI 
nF R 
PG. 4n) RP) Gu42 Re” 
so PICO RGR R = PiG pte R. (ratio form) BI 
SS PGG-A'o (4aRY PGe 
* Keep R and o in the same units, 
On reducing the above equation to log form we have: 
10log 1/S = 10log P, + 10log Gi, - 10log P,- 10log G,- 10log « + 10log 4x + 20log R 14] 
or 10log 1/S = 10log P, + 1Olog G..~ 10log P, - 10log G,- 10log a + 10.99 dB + 20log R 15] 


Note: Neither /nor 4 terms are part of the final form of equation [3] and equation [5] 
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US Calculations (Monostatic) Using a One Way Free Space Loss - The simplified radar equations 
developed in previous sections can be used to express J/S, 


From the one way range equation Section 4-3 
10log (P.: or J) = 10log P, + 10log G+ 10log G,- a; (in dB) [6 
From the two way range equation in Section 4.4: 

10log (P.z0r S) = 10log P, + 10log G, + 10log G, + Ga ~ 2cr (in dB) im 
10log (J/S) = LOlog P, + 10log Gi - 10log P, - 10log G,- Gy + a (in dB) [8] 


Note: To avoid having to include additional terms for these calculations, always combine any 
transmission line loss with antenna gain. The 20log f; term in -G,, cancels the 20log f term in cy 


Target gain factor, G, = 10log 6+ 20log/;+Kz J One-way free space loss, a, = 20log (iR) + Ki 
(in dB) (in dB) 
K, Values Range f\in MHz fin GHz 

K, Values (4B) units} ~ K,= | Ky= 
(dB) RCS(o) frinMHz f; in GHz NM 378 97.8 
(units) K3=  Ka= km 3245 92.45 
m 3854 21.46 m 2758 32.45 
4886114 yd 2833 31.67 
fi 3787 22.13 


J/S for SELF PROTECTION EA vs. BISTATIC RADAR 


The semi-active missile illustrated in 
Figure 5 is the typical bistatic radar which would SEMI-ACTIVE 
require the target to have self protection EA to 
survive. In this ease, the jammer is on the target 
and the target to missile receiver range is the 
same as the jammer to receiver range, but the 
radar to target range is different. Therefore, only 
two ofthe ranges and two ofthe a's (Figure 6.) Pigovek, Bicenie Rect 
are the same. 


In the following equations: 


Gr, = The one-way space loss from the radar transmitter to the target for range Rs 
Gg. = The one-way space loss from the target to the missile receiver for range Ras 


Like the monostatic radar, the bistatic jamming and reflected target signals travel the same path from 
the target and enter the receiver (missile in this case) via the same antenna, In both monostatic and bistatie 
J/S equations this common range cancels, so both J/S equations are left with an Ry? of 20 log Ry, term. 
Since in the monostatic case Rr = Ras and dr, = das , only R or cy is used in the equations. Therefore, the 
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bistatic J/S equations [11], [13], or [14] will work for monostatic 1/S calculations, but the opposite is only true 
if bistatic Rr, and ar, terms are used for R or i; terms in monostatic equations [3], [5], and [8]. 


The equivalent circuit shown in Figure 6 applies to jamming bistatic radar. For self protect (or escort) 
vs. a bistatic radar, the jammer is on the target and the radar receive and transmit antennas are at separate 
locations so only two of the three ranges and two of the three space loss factors (as) are the same. 


BiaTATiC. For Bistate 
EQUIVALENT CIRCUIT Fae = Pay #R re 
a LONE-WAY SPACE LOSS Se = daa ty tay, anda 
tort 7 cOwocareD 
a a 
DAR 
sealarren ONTENNA i tice ed an oF wes 
GaN rt arenes 
oy pecans 
separate | even am 
LocaTIONS : 
CY 
oraLsiona ane 
ANTENNA 
SIGNAL = POWER +GAINS-LOSSES ¢nas) — GAN'(84) AHI, | 


Figure 6, Bistatic Radar EA Equivalent Circuit. 


J-to-S Ratio (Bistatic) When the radar’s transmit antenna is located remotely from the receiving antenna 
(Figure 6), the ratio of the power received (Por J) from the jamming signal transmitted from the target to the 
power received (P,2 or S) from the radar skin return from the target equals J/S. For jammer effectiveness J 
normally has to be greater than S. 


From the one way range equation in Section 4.3: p,forJ=l!Ge#G-A QR.) [9] 
CA RaS 
Fromm the two way range equation in Section 4.4: p,2or $=LtGiGrA & {10} 
(nF Ri Rie 
J LPG Ge PAA) Ric Ris P/GeATR A pai form) a 
SPGGA OAT Re) P.Go 
* Keep R and o in the same units. 

On reducing the above equation to log form we have: 

10log J/S = 10log P; + 10log Gj. - 10log P, - 10log G, - 10log 6 + 10log 4x + 20log Rix [12] 
or 10log S/S = 10log P, + 10log Gis - 10log P, - 10log G,- 10log 6 + 10.99 dB + 20log Rix 113) 


Note: To avoid having to include additional terms for these calculations, always combine any 
transmission line loss with antenna gain, Neither fnor 4 terms are part of the final form of equation [11] 
and equation [13] 
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Bistatic J/S Calculations (Bistatic) Using a One Way Free Space Loss - The simplified radar equations 
developed in previous sections can be used to express J/S. 


From the one way range equation in Section 4-3: 


10log (P,, or J) = 10log P; + 10log Gj, + 100g G, - da (all factors dB) [14] 
From the two way range equation in Section 4-4: 

10log (P,2 or S) = 10log P, + 10log G, + 10log G, + Ga - rx - ex (all factors dB) 115) 
10log (J/S) = 10log P, + 10log Gy. - 10log P,- 10log G,- G+ a1 (all factors dB) [16] 


Note: To avoid having to include additional terms for these calculations, always combine any 
transmission line loss with antenna gain, The 20log,f, term in -G, cancels the 20log f; term in ay, 


Target gain factor, G, = 10log 6 + 20log fi, + Kz One-way free space loss 
(in dB) Grrorkx = log fiRrsorre+ Ki (in dB) 

K Values Ki Values Range fin MHz f; in GHz 
(4B) RCS(o) fiinMHz fin GHz (aB) units)“ Ki= 9 Ki= 
(units) K2= 0 Ka= NM 378 97.8 
m= -3RS4 21.46 km 3245 92.45 
WP 4886 ILLI4 m 2758 3245 
yd 2833 31.67 
ft 3787 22.13 


Saturated J/S (Monostatic) Example (Constant Power Jamming) 


Assume that a 5 GHz radar has a 70 dBm signal fed through a S dB loss transmission line to an 
antenna that has 45 dB gain. An aircraft is flying 31 km from the radar. The aft EW antenna has -1 dB gain 
and a 5 dB line loss to the EW receiver (there is an additional loss due to any antenna polarization mismatch 
but that loss will not be addressed in this problem). The aircraft has a jammer that provides 30 dBm saturated 
output if the received signal is above -35 dBm. The jammer feeds a 10 dB loss transmission line which is 
connected to an antenna with a 5 dB gain, Ifthe RCS of the aircraft is 9 m°, what is the J/S level received by 
the tracking radar? 


Answer: The received signal at the jammer is the same as the example in Section 4-3, ie. answer (1) = 
-32.3 dBm @ 5 GHz. Since the received signal is above -35 dBm, the jammer will operate in the saturated 
‘mode, and equation [5] can be used. (See Section 4-10 for an example of a jammer in the linear region.) 


1log J/S = 10log P; + 10log G,, - 10log P, - 10log G, - 10log 6 + 10.99 dB + 20log R 


Note: the respective transmission line losses will be combined with antenna gains, 
ie. -5+45=40 dB & -10+5 = -5 dB. 


10log I/S = 30 - 5 - 70-40 -9.54+ 10.99 + 89.8 = 6.25 dB @ 5 GHz* 
* The answer is still 6.25 dB if the tracking radar operates at 7 GHz provided the antenna gains and the 


aircraft RCS are the same at both frequencies. 
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In this example, there is inadequate jamming power at each frequency if the J/S needs to be 10 dB or 
greater to be effective. One solution would be to replace the jammer with one that has a greater power output. 
If the antenna of the aircraft and the radar are not the proper polatization, additional power will also be 
required (see Section 3-2). 
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BURN-THROUGH / CROSSOVER RANGE 


The burn-through equations are derived in this section. These equations are most commonly used in 


jammer type of applications. The following is a summary of the important equations explored in this 


ection: 


‘JS CROSSOVER RANGE (MONOSTATIO) ( 


s) 
Ry-s=[(P, Gio) / (Pj Gis 4) J’? (dB Ratio) 


or 20 log Rs.s = 10log P+ 10log G, + 10log 6 - 10log P, - 10log Gj, - 10.99 dB. 


= Keep P, & Pin same units 
Koop Radin same units 


If simplified radar equations already converted to dB are used: 
20 log Ry-s = 1Olog P, + 10log G, + G, - 10log P, - 1Olog Gi, - Ky - 20log /, (dB) 


K, Values (dB): 

Range fiinMHz in GHz 
units) ~Ki= Ky 
m 2755 3245 
A 37872213, 


BURN-THROUGH RANGE (MONOSTATIC) 
The radar to target range where the target return signal (S) can first be detected 
through the EA (J), 


Rar =[ (Py Go Jaina) / (Py Gia 470 S) ]!* (dB Ratio) 


of 20logRgr = 10logP, + 10logG, + 10logs - 10logP, - 10logGi, + 10log(Jninea'S) - 10.99 


If simplified radar equations already converted to dB are used 
201g Rar 1OlogP, + 10logG, + G,  10logP, - OlogGy~ Ky + 10log(Jnin/S) ~20log fin 4B)* 
fis MHz or GHz value of frequency 


Target gain factor 
(dB) 
Ge 1Olog 6 + 20108 fitKs 


K, Values (dB): 

RCS (6), in MHz in GHz 

units) K. K 
St 2146 
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BURN-THROUGH RANGE (BISTATIC) 


the target to the receiver. Use Monostatic equations and substitute Rx, for R 


Rx is the range from the radar transmitter to the target and is different from Ra, which is the range from 
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CROSSOVER RANGE and BURN-THROUGH RANGE 


To present the values of J and 
S, (or VS) over a minimum to 
‘maximum radar to target range of 
interest, equation [1], Section 4-7. 
which has a slope of 20 log for J vs. 
range and equation [2], Section 4~ 
which has a slope of 40 log for S vs. 
range are plotted. When plotted on 
semi-log graph paper, J and S (or J/S) 
vs, range are straight lines as 
illustrated in Figure 1 


Figure 1 is a sample graph - it 
cannot be used for data. 


The crossing of the J and S 
lines (known as crossover) gives the 
range where J = S (about 1.29 NM), 
and shows that shorter ranges will 
produce target signals greater than the 
jamming signal. 


The point where the radar 
power overcomes the jamming signal 


4/8 CROSSOVER and BURN-THROUGH RANGES 
J-8+608 (for this example) 
EURL-THARCURH, ere Je inaly cote 


(MONOSTATIC) 


20 


20 


4 


& 


“0 


POWER AT RADAR RECEIVER (dBm) 


y atae eq Ba de cae ae 
EXAMBLEONLY _ RANGE FROM RADAR TO TARGET (NM) 


Figure 1. Sample J and S Graph. 


is known as burn-through. The crossover point where J = § could be the burn-through range, but it usually 


sn’ tbecaus 


normally J/S>0 dB to be effective due to the task of differentiating the signal from the jamming 


noise floor (see receiver sensitivity section). For this example, the J/S required for the EA to be effective is 
given as 6 dB, as shown by the dotted line. This required J/S line crosses the jamming line at about 2.8 NM 
which, in this example, is the burn-through range 


In this particular example, we have: 


P,=80 dBm 
P,= 50. dBm 
o= 18m 


G,.=42 4B 
Gi.= 6 dB 
£=5.9 GHz (not necessary for all calculations) 


A radar can be designed with higher than necessary power for earlier burn-through on jamming 
targets, Naturally that would also have the added advantage of earlier detection of non-jamming targets as 


well 


‘Note: To avoid having to include additional terms for the following 
calculations, always combine any transmission line loss with antenna gain, 
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CROSSOVER AND BURN-THROUGH RANGE EQUATIONS (MONOSTATIC) 


To calculate the crossover range or burn-through range the J/S equation must be solved for range. 
From equation [3], Section 4-7 


F aR 
LaPiGa4®R ratio form) Solving for: R= 


a ean 1 
S PG VPGu4tS a 


BURN-THROUGH RANGE (MONOSTATIC) - Burn-through Range (Monostatic) is the radar to target 
range where the target return signal (S) can first be detected through the jamming (J). It is usually the range 
when the J/S just equals the minimum effective WS. 


Gi Iwinest 


| 


| P}Gu4aS 


Rer= (burn-through range) RI 


or in dB form, (using 10log 4x = 10.99 4B): 
20log Rar = 10log P, + 10log G, + 10log 6 - 1Olog P, - 10log G,, + 10log (Ininew/S) - 10.99dB B} 
RANGE WHEN _J/S CROSSOVER OCCURS (MONOSTATIC) - The crossover of the jammer’s 


20 dB/decade power line and the skin return signals 40 dB/decade power line of Figure 1 occurs for the case 
where J = S in dB or J/S=1 in ratio. Substituting into equation [1] yields 


i 
Ro-s= pee (Crossover range) 14] 
\P,G.47 
or in dB form: 
2Olog Ry-s = 1Olog P, + 1Olog G,+ 10log o - 10log P, - 10log Gia - 10.99 dB 15] 


Note: keep R and in same units in all equations. 

CROSSOVER AND BURN-THROUGH EQUATIONS (MONOSTATIC) 

USING @.- ONE WAY FREE SPACE LOSS 
The other crossover burn-through range formulas can be confusing because a frequency term is 

subtracted (equations [6], [7] and [8]), but both ranges are independent of frequency. This subtraction is 
necessary because when J/S is calculated directly as previously shown, 2” or (cif) terms canceled, whereas in 
the simplified radar equations, a frequency term is part of the G, term and has to be cancelled if one solves for 
R. From equation [8], Section 4-7: 

10log JIS = 10log P, + 10log Gis 10log P,- 10log G,- Gy +04 (Factors in dB) 


orrearranging: = 10log P, + 10log G, + Gy - 10log P, - 10log G,, + 10log (J/S) 
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from Section 4-4: = 20log Ri + Ky or 20log Ri = ch - Ki - 20log. fi 
then substituting for ot 


20log Ri = 10log P, + 10log G, + G, - 1log P,- 10log G.,- Ki + 1Olog (J/S)-20log fr (indB) [6] 


EQUATION FOR BURN-THROUGH RANGE (MONOSTATIC) - Burn-through occurs at the range when 
the J/S just equals the minimum effective J/S. G, and K, are as defined on page 4-8.1 


20log Rar = 10log P, + 10log G, + G, - 1Olog P, - 10log Gj, - Ki + 10log (Inine’S) ~ 20log fi (in dB) [7] 


EQUATION FOR THE RANGE WHEN J/S CROSSOVER OCCURS (MONOSTATIC) 
The J/S crossover range occurs for the case where J = S, substituting into equation [6] yields: 


20log Ri-s = 10log P, + 10log G, + G, - 10log P;- 10log Ga~Ki-20logfi (factors in dB) [8] 


BURN-THROUGH RANGE (BISTATIC) 


Bistatic J/S crossover range is the radar-to-target range when the power received (S) from the radar 
skin return from the target equals the power received (J) from the jamming signal transmitted from the target. 
‘As shown in Figure 6, Section 4-7, the receive antenna that is receiving the same level of J and S is remotely 
located from the radar’s transmit antenna. Bistatic equations [11], [13], and [14] in Section 4-7 show that J/S 
is only a function of radar to target range, therefore J/S is not a function of wherever the missile is in its flight 
path provided the missile is in the antenna beam of the target's jammer. The missile is closing on the target at 
avery much higher rate than the target is closing on the radar, so the radar to target range will change less 
during the missile flight. 


It should be noted that for a very long range air-to-air missile shot, the radar to target range could 


typically decrease to 35% of the initial firing range during the missile time-of-flight, i.e. A missile shot at a 
target 36 NM away, may be only 12 NM away from the firing aircraft at missile impact. 
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Figure 2 shows both the J/S CROSSOVER and BURN-THROUGH RANGES 


jamming radiated from the target and (BISTATIO) 
the power reflected from the target as * 
a function of radar-to-target range. 
In this particular example, the RCS is 
med to be smaller, 15 m* vice 18 
m’ in the monostatic case, since the 
missile will be approaching the target 
from a different angle. This will not, 
however, always be the case. 


In this plot, the power 
reflected is: 


POWER FROM TARGET (dBm) 


Substituting the values given 7 Boa Se be meh Goan ao 00 
previously in the example on | exupuzouy RANGE FROM RADAR TO TARGET (Ni) 


page 4-8.1, we find that the crossover 
point is at 1.18 NM (due to the Figure 2. Bistatic Crossover and Burnthrough, 


assumed reduction in RCS). 


CROSSOVER AND BUR! 


HROUGH RANGE EQUATIONS (BISTATIC) 


‘To calculate the radar transmitter-to-target range where J/S crossover or burn-through occurs, the /S 
‘equation must be solved for range. From equation [11] in Section 4-7: 


LA PiGwVARn ratio form) 
s PG 


Solving for Rrx: p1 


Note: 

Bistatic equation [10] is identical to monostatic equation [1] except Rx, must be substituted for R and a 
bistatic RCS () will have to be used since RCS varies with aspect angle. The common explanations will not 
be repeated in this section. 


BURN-THROUGH RANGE (BISTATIC) - Burn-through Range (Bistatic) occurs when J/S just equals the 
minimum effective J/S. From equation [9] 


[P.GeO Foner 


Roan | Fates 


(ratio form) [10] 
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or in dB form: 


20log Rruwsr)= 1Olog P, + 10log G, + 10log o - 10log P, - 1Olog Gi), + 10log (Inia en/S) - 10.99 dB 
If using the simplified radar equations (factors in dB) 


20log Riwan) = 1Olog P, + 1Olog G, + G, - 10log P,- 1Olog Ga - K; + 101og (Juin ea/S) - 20log fi 
Where G, and K; are defined on page 4-8.1 


RANGE WHEN J/S CROSSOVER OCCURS (BISTATIC) 


The crossover occurs when J = $ in dB or J/S = 1 in ratio. 


Rnu-o= (PEs (ratio) 
PiGig4H 


or in log form: 
20log Rrws-s) = 10log P+ 10log G, + 10log 6 - 10log P, - 10log Gj. - 10.99 dB 
If simplified equations are used (with G, and K, as defined on page 4-8.1) we have: 
20log Rrwu-s) = 10log P, + 10log G, + Ge - 10log P, - 10log Giy-K,-20logf, (factors in dB) 


Note: keep R and g in same units in all equations. 


DETAILS OF SEMI-ACTIVE MISSILE J/S 


fy 


[12] 


(13) 


[4] 


(15) 


Unless you are running a large scale computer simulation that includes maneuvering, antenna 
patterns, RCS, ete., you will seldom calculate the variation in J/S that occurs during a semi-active missile’s 
flight. Missiles don’t fly straight lines at constant velocity. Targets don’t either - they maneuver. If the 
launch platform is an aircraft, it maneuvers too. A missile will accelerate to some maximum velocity above 


the velocity of the launch platform and then decelerate. 


48.6 


The calculation of the precise variation of 
JS during a missile flight for it to be effective 
requires determination of all the appropriate velocity 
vectors and ranges at the time of launch, and the 
accelerations and changes in relative positions 
during the fly out. In other words, it’s too much 
work for too little retum. The following are 
simplified examples for four types of intercepts. 


In these examples, all velocities are constant, and are 
all along the same straight line. The missile velocity 
is $00 knots greater than the launch platform 
velocity which is assumed to be 400 kts. The missile 
launch occurs at SO NM. 


For the AM tail chase, the range from the radar to the target remains constant and so does the J/S. 
In these examples the maximum variation from launch J/S is +6 dB. That represents the difference in the 
radar to target range closing at very high speed (AM head on) and the radar to target range opening at 
moderate speed (SAM outbound target). The values shown above are examples, not rules of thumb, every 


intercept will be different. 


Even for the simplified linear examples shown, graphs of the J and $ will be curves - not straight 
lines. Graphs could be plotted showing J and S vs. radar to target range, or J and S vs. missile to target range, 
or even JS vs. time of flight. If the J/S at launch is just barely the minimum required for effectiveness, and 


J/S__ | AU/S (dB) 
(dB) 
At Launch: | 29 n/a 
Intercept Type | At 2 sec. to Intercept: 
‘AAM Head-on: [23 6 
‘SAM Incoming Target: | 25 -4 
‘AAM Tail Chase: | 29 ° 
SAM Outbound Target: | 35 +6 


increasing it is difficult, then a detailed graph may be warranted, but in most cases this isn’t necessary. 
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SUPPORT JAMMING 


The following table contains a summary of equations developed in this section: 


MAIN LOBE JAMMING TO SIGNAL (/S) RATIO (For SOUS) Joss factor 
JS =(P) Gude Ree) /(P,G.o [BWyBWe] Ri?) (ratio form)* viene 
RCS (0) finMHz fin GHz 
{Oleg BW/BW + 10log Gy 11 P= 10log G.- 11og 0+ | unis) K 

10.99 dB + AOlog Re, - 200g Ry, * oe om 38.54 21.46 
fe 4886014 


1llog 1S = Lolog 


or if simplified radar equations are used: 


Lolog 1S = 1Olog P.-BF + 10log Ga, ~10log P-10log G G+ 20, (in dye 


SIDE LOBE JAMMING TO SIGNAL (J/S) RATIO (For SOISI) 


One-way ie pace ls, 
4 ; 1 oF. 20Lg4/,8) + (in 8) 
IS = (P, Ge Gust 4 Rr!) /(P, Gi, Gann 6 [BWyBWe] Ry) (ratio form)* — | K. Values (dB) 


Range fin MHz fin GHz 


1Dlog JS 10l0g P,- BF + 100 


+ 1Olog Gast)~ 10g P,-10log G.~ 1log Gigay +> | 


10,9 8 100g + 4og Ry, 201 B® ee, || a 
or if simplified radar equations are used (in dB)*: Km 92.45 
. 2 i m 32.45 
og 1S= op, BF + og + gas, gh os ogtnyGa+2a, | Jy ser 
Ry Range fom he support jammer tranamer to he radar receiver ft 22.13 
Ry Range between the radar andthe arget 
BF 101g ofthe ratio of BW, ofthe noise jammer to BW ofthe radar receiver | * Keep R and in same units 
Gys) ‘Side lobe antenna gain 
Gu) Main lobe antenna 
tax” One way fe space loss between SOM iransmiter and radar receiver 
dy __One way space lon between th radar and the target 


Support jamming adds a few 
geometric complexities. A SOJ platform 
usually uses high gain, directional 
antennas. Therefore, the jamming 


antenna must not only be poinied at the ea 

victim radar, but there must be alignment é 4 
of radar, targets, and SOI platform for the 

jamming to be most effective. Two cases TARGET ity 
will be described, main lobe-jamming 

and side-lobe jamming, Figure 1, Radar Antenna Pattern. 


‘Support jamming is usually applied against search and acquisition radars which continuously scan 
horizontally through a volume of space. The scan could cover a sector or a full 360°. The horizontal antenna 
pattern of the radar will exhibit a main lobe and side lobes as illustrated in Figure 1. The target is detected 
When the main lobe sweeps across it, For main lobe jamming, the SOJ platform and the target(s) must be 
aligned with the radar’s main lobe as it sweeps the target(s), 


For side lobe jamming, the SOJ platform may be aligned with one or more of the radar’s side lobes 
when the main lobe sweeps the target. The gain of a radar’s side lobes are many tens of dB less (usually more 
than 30 dB less) than the gain of the main lobe, so calculations of side lobe jamming must use the gain of the 
side lobe for the radar receive antenna gain, not the gain of the main lobe. Also, because many modern radars 
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employ some form of side lobe blanking or side lobe cancellation, some knowledge of the victim radar is 
required to predict the effectiveness of side lobe jamming. 


All radar receivers are frequency 105% OF JANMING IN RECEIVER 
selective, That is, they are filters that allow | [spoT saneano: 


only a narrow range of frequencies into the || eausng jarning 
intteiesney oh 


receiver circuitry. Deceptive EA, by |/"zierann yf SHER 588 BANONOTH 
definition, creates forgeries of the real signal swe JS by 5 _ OER POUR 
and, ideally, are as well matched to the radar a POARSICHAL 

receiver as the real signal. On the other |] “°° FRESIERCT 

hand, noise jamming probably will not 

match the radar receiver bandwidth 1% OF JAMMING IN RECEIVER 
characteristics. Noise jamming is either spot _ | (gagnage Jawmane 

jamming orbarrage jamming. Asillustrated || ysavcrgjenring arn —o_ EE 
in Figure 2, spot jamming is simply |] Msieeariom ies 

narrowing the bandwidth of the noise |] wseiSts yy ssoaean 
jammer so that as much of the jammer oe i MTS: 
power as possible is in the radar receiver || © #86 08 ‘Kana N = 


bandwidth. Barrage jamming is using a 
wide noise bandwidth to cover several radars 
with one jammer or to compensate for any 
uncertainty in the radar frequency. In both cases some of the noise power is “wasted” because itis not in the 
radar receiver filter. 


Figure 2, Noise Jamming. 


Inthe past, noise jammers were often described as having so many “watts per MHz.” This is nothing 
‘more than the power of the noise jammer divided by the noise bandwidth. That is, a 500 watt noise jammer 
transmitting a noise bandwidth of 200 MHz has 2.5 watts/MHz. Older noise jammers often had noise 
bandwidths that were difficult, or impossible, to adjust accurately. These noise jammers usually used manual 
tuning to set the center frequency of the noise to the radar frequency. Modern noise jammers can set on the 
radar frequency quite accurately and the noise bandwidth is selectable, so the noise bandwidth is more a 
‘matter of choice than it used to be, and it is possible that all of the noise is placed in the victim radar’s 
receiver. 


If, in the example above, the 500 watt noise jammer were used against a radar that had a 3 MHz 
receiver bandwidth, the noise jammer power applicable to that radar would be: 


3 MHz x 2.5 watts/MH: 


=7.5 watts _ 38.75 dBm i 


The calculation must be done as shown in equation [1] - multiply the watts/MHz by the radar 
bandwidth first and then convert to dBm. You can’t convert to dBm/MHz.and then multiply. (See derivation 
of dB in Section 2-4) 


An alternate method for dB calculations is to use the bandwidth reduction factor (BF). 


i BF y= 10 Log| te) pl 
BWe. 


The BI 


where: BW, is the bandwidth of the noise jammer, and BWa is the bandwidth of the radar receiver. 
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‘The power of the jammer in the jamming equation (P;) can be obtained by either method, If 
equation [1] is used then P, is simply 38.75 dBm, If equation [2] is used then the jamming equation is written 
using (P; - BF). All the following discussion uses the second method. Whichever method is u 
required that BW; > BWe. If BW; < BWy, then all the available power is in the radar receiver and equation 
[1] does not apply and the BF = 0. 


Note: To avoid having to include additional terms for the following 
calculations, always combine any transmission line loss with antenna 
gain, 


MAIN LOBE STAND-OFF / STAND-IN JAMMING 


‘The equivalent circuit shown in Figure 3 applies to main lobe jamming by a stand-off support aircraft 
ora stand-in RPV. Since the jammer is not on the target aircraft, only two of the three ranges and two of the 
three space loss factors (a’s) are the same. Figure 3 differs from the J/S monostatic equivalent circuit shown 
in Figure 4 in Section 4-7 in that the space loss from the jammer to the radar receiver is different. 


MAINLOBE STAND-OFF / STAND-IN a For sousld 
EQUIVALENT CIRCUIT 


Wao, and wy 


‘ — 
| " 
SOLLOGATED. Gal 

RECENER al 


“i 


Rann 
(TOTAL SNAL =I +5) 


TANMER 
SIGNAL = POWER + GAINS - LOSSES (ind) GAN TS.) 


re 
POWER (F, 


sowsty 


Figure 3. Main Lobe Stand-Off'/ Stand-In EA Equivalent Circuit. 


‘The equations are the same for both SOJ and SIJ. From the one way range equation in 
Section 4-3, and with inclusion of BF losses 


PiGinGed” BWe 


P,lor 
(4a RF BWs Bl 
From the two way range equation in Section 4.4: p, or §=P:GiGiA my 
Ary Rx 
jG, 2 (4A) Ri BWe _ Pi Gu 4 Ri BWe 
bd J PiGn GEOR) Ri BWs _ PiGnt Re BW (ratio form) 15] 


S PGG2OATRS BW, P.GORBW: 


4.93 


Note: Keep R and a in the same units. Converting to dB and using 10 log 4x = 10.99 dB: 


10log 


S = 10log P, -10log [BWyBWa] +10log G, -10log P, -10log G,- 10log + 10.99 dB *40log Rr, -20log Rx [6] 


If the simplified radar equation is used, the free space loss from the SOJ/SHJ to the radar receiver is 
‘, then equation [7] is the same as monostatic equation [6] in Section 4-7 except a, replaces a, and the 
bandwidth reduction factor [BF] losses are included: 


10log J = 10log Pj - BF + 10log G+ 10log G, - ay (factors in dB) [7] 


Since the free space loss from the radar to the target and return is the same both Ways, drs = tx = (i, 
equation [8] is the same as monostatic equation [7] in Section 4-7. 


IOlog S = 10log P, + 10log G. + 10log G, + Ga - 2a (factors 
in dB) [8] 


and 10log J/S = 10log P, - BF + 10log Gu - ay. - 1Olog P, - 10log G.-G,+2a, (factors in dB) [9] 


Notice that unlike equation [8] in Section 4-7, there are two different a’s in [9] because the signal paths 
are different. 


SIDE LOBE STAND-OFF / STAND-IN JAMMING 


‘The equivalent circuit shown in Figure 4. It differs from Figure 3, (main lobe SOJ/SLJ) in that the 
radar receiver antenna gain is different for the radar signal return and the jamming. 


SIDE LOBE STAND-OFF j STAND-IN Feo 
EQUIVALENT CIRCUIT 


6, ys ONEWAY BPACE. L008 Seiasate 
5 ve eee 
(AS j & BINA 
(wasn “oon 

alan 


or TARGET 


‘couuccarea ‘can 


receven J 
NY fz ONE-WAY SPACE LOSS 
i Moxa | a 
le le a oe 
Torta =I eI 


SIGNAL = POWER GAINS-LC5S25 jn cB) GAIN TS) JER 
SOuSN powEH (P) 


Figure 4. Side Lobe Stand-Off/ Stand-In EA Equivalent Circuit. 


To calculate side lobe jamming, the gain of the radar antenna’s side lobes must be known or 
estimated. The gain of each side lobe will be different than the gain of the other side lobes. If the antenna is 
symmetrical, the first side lobe is the one on either side of the main lobe, the second side lobe is the next one 
on either side of the first side lobe, and so on. The side lobe gain is Gs1, where the ‘n’ subscript denotes side 
lobe number: 1,2, .. 
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‘The signal is the same as main lobe equations [4] and [8], except G, = Guat) 


PG Geos 2? O 


P,2or $= (ratio form) i) 
On F Rix f 

If simplified radar equations are used: 

10log $ = 10log P, + 10log G, + 10log Gann) + Ge - 20 (factors in dB) 


‘The jamming equation is the same as main lobe equations [3] and [7] except G, = Gysi): 


Py Gi Gris 2 BW fy 
GAR J BW; 
10log J = 10log P, - BF + 10log Gy. + 10log Gast) ~ ay. (Factors in dB) 12) 


Gn Gus 42 Ri BW 
PGi Grau F Ric BWs 


J 
so Ss (ratio form) [13] 
5 (ratio form) 


Note: keep R and o in same units. Converting to dB and using 10log 4x = 10.99 dB: 


Lolog J/S = 1ologP, - BE + 10iogG + to 


ist) ~ WlogP, - 10logG, - LOlogGyaa ~ 10log6 + 10.99 AB + 4OlogRr, -2010¢Ry. 
(factors in dB) [14] 


If simplified radar equations are used: 


10log J/S = 10log P, - BF + 10log Gi, + 10log Gast) ~ se ~ 10log P,- 10log G- 10log Groat) - Go + 2a [15] 
(in dB) 
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4.9.6 


JAMMING TO SIGNAL (J/S) RATIO - CONSTANT GAIN [LINEAR] JAM 


JAMMING TO SIGNAL (J/S) RATIO (MONOSTATIC) 
F _ Gans Gi Gjacty A _ G jap Gj G jects 
s dao dao f* 


Gyre) = The Gain of the jammer n 
G; = The gain of the jammer 
Gjary = The Gain of the jammer transmit antenna 


(ratio form) 


ive antenna 


or: 
10log J/S = 10log Gna) + 1Olog G, + 1Olog Gyr ~ 1Olog (40/22) 


or if simplified radar equations developed in previous sections are 
used: 
1Olog J/S = 10log Gina) + 10log G, + 10log Gyrrs)~Ge (AB) 


* Keep and o in same units, Note: = olf 


Target gain factor, 
G,= 10log 6 + 20l0g fi + Ks (dB) 


Values (4B); 


RCS (a) fin MHz fin GHz 


units) K3= Ki= 
m 8.54 21.46 
vr ~48.86 14 


JAMMING TO SIGNAL (J/S) RATIO (BISTATIC) 


Same as the monostatic case except G, will be different since RCS (a) varies with aspect angle, 


target is amplifying the received ° 


Since the jammer on the SELF SCREENING/ESCORT JAMMING 


radar signal before transmitting it 
back to the radar, both J and S. 
experience the two way range 
loss, Figure 1 shows that the 
range for both the signal and 
constant gain jamming have a 
slope that is 40 dB per decade. 
Once the jammer output reaches 
maximum power, that power is 
constant and the jamming slope 
changes to 20 dB per decade 
since it is only a function of one 
way space loss and the J/S 
equations for constant power 
(saturated) jamming must be 
used. ‘ To 


POWER AT RADAR RECEIVER (dBm) 


7 
EXAMPLE ONLY Lizeal 


iy 
GE 


270 2 
to TARGET (NK) 


zo ae apea 80-100 


Normally the constant 


gain (linear) region of a repeater Figure 1. Sample Constant Gain / Constant Power Graph, 
jammer occurs only at large distances from the radar and the constant power (saturated) region is reached 
rapidly as the target approaches the radar. When a constant gain jammer is involved it may be necessary to 
plot jamming twice - once using J from the constant power (saturated) equation [1] in Section 4-7 and once 
using the constant gain (linear) equation [4], as in the example shown in Figure 1 


4-10.1 


CONSTANT GAIN SELF PROTECTION EA 


Most jammers have a constant power output - that is, they always transmit the maximum available 
power of the transmitter (excepting desired EA modulation). Some jammers also havea constant gain (linear) 
region, Usually these are coherent repeaters that can amplify a low level radar signal to a power that is below 


the level that results in maximum available ( 


turated) power output. Atsome radar to target range, the input 


signal is sufficiently high that the full jammer gain would exceed the maximum available power and the 


jammer ceases to be constant gain and becomes constant power. 


To calculate the power output of a constant gain jammer where: 


Sq = The Radar signal at the jammer input (receive antenna terminals) 
Giazx) = The Gain of the jammer receive antenna 

G, = The gain of the jammer 

Gr, = The one-way free space loss from the radar to the target 

Pico = The jammer constant gain power output 

P, = The maximum jammer power output 

Ly = The jammer receiving line loss; combine with antenna gain Gin.) 


From equation [10], Section 4-3, calculate the radar power received by the jammer. 


LOlog Sp, = 10log P, + 10log G.- dr. + 10log Giusy (Factors in dB) 


The jammer constant gain power output is: 10log Pica = 10log Sy, + 10log Gis 


and, by definition. 


MONOSTATIC 


fl 
(2) 


BI 


‘The equivalent circuit shown in Figure 2 is different from the constant power equivalent circuit in 


Figure 4 in Section 4-7. With constant gain, the jamming signal experiences the gain of the jammer and its 


antennas plus the same space loss as the radar signal. 
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= | AMPLIFIER 
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ANTERNA GATE (Gina) 


Figure 2, Jammer Constant Gain EA Equivalent Circuit (Monostatic). 
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To calculate J, the one way range equation from Section 4-3 is used twice: 


P.GiGiney A” Gj Gitte GA 


: sl 
(AAR J (an 
From the two way range equation in Section 44, $= G: Gra & 15] 
Aa) Re 
Terms cancel when combined: 2=GintvGiGur 4 — Keen A and cin sameunits (6) 
5 dna 


Or in dB form: 10log I/S = 10log Giza) + 1Olog G, + 10log Gira) ~ 1Olog (40/22) ful 


Since the last term can be recognized as minus G, from equation [10] in Section 4-4, where the target 
gain factor, G, = 10log (410/22) = 10log (4ne f"/c*), it follows that: 


1Olog 1/S = 10log Gia + 10log G; + 10log Giyrs)~ Gq (factors in dB) 18] 


Target gain factor, Gy = 10log o + 20log fi + Ky _(in dB) 


K; Values 
(dB) = RCS(s) fiinMHz fj in GHz 
(units) K2= 
m 38.54 21.46 
ir 48.86 114 


BISTATIC 


‘The bistatic equivalent circuit shown in Figure 3 is different from the monostatic equivalent circuit 
shown in Figure 2 in that the receiver is separately located from the transmitter, Rr. # Ra of Ry, and G, will 
be different since the RCS (9) varies with aspect angle. 
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Figure 3. Jammer Constant Gain EA Equivalent Circuit (Bistatic). 
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To calculate J, the one way range equation from Section 4-3 is used twice: 


GG wie RG Gyr Ge B Rn=Re) 1) 
GAR) ARRaS 


PG.G, 
2S Rix Ree 


From the two way range equation in Section 4-4: 


(o' is bistatic RCS) [10] 


FG Gj Garr 2 
Ss 4x0! 


Terms cancel when combined: Keep 2 and o in same units (11) 


Or in dB form: 10log J/S = 10log Guns) + 10log G, + 10log Gury - 10log (40°72) [12] 


Since the last term can be recognized as minus G, from equation [10] in Section 4-4, where the target gain 
factor, Gq = 10log (4n0'/2") = 10log (420° f*/c" ), it follows that: 


10log = 10log Gain + 10log G; + 10log Gare) - Go" (factors in dB) (13) 


Target gain factor, Gy= 10log «+ 20log fi + Kz (in dB) 


K; Values 
(dB) RCS(0) fiinMHz _f,inGHz 
units) K.= 
m 38.54 21.46 


fe 48860 1114 
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near J/S (Monostatic) Example (Linear Power Jamming) 


Assume that a 5 GHz radar has a 70 dBm signal fed through a S dB loss transmission line to an 
antenna that has 45 dB gain. An aircraft that is flying 31 km from the radar has an aft EW antenna with -1 dB 
gain and a 5 dB line loss to the EW receiver (there is an additional loss due to any antenna polarization 
mismatch but that loss will not be addressed in this problem). ‘The received signal is fed to a jammer with a 
gain of 60 dB, feeding a 10 dB loss transmission line which is connected to an antenna with 5 dB gain. 


If the RCS of the aircraft is 9 m?, what is the /S level received at the input to the receiver of the 
tracking radar? 


Answer: 
1Olog WS = 10log Gia + 10log G; + 10log Girrs) - Ga 


10log 9 + 20log 5 + 21.46 = 44.98 dB 


Olog o + 20log fi + Kz 


Note: The respective transmission line losses will be combined with antenna gains, 
ie. -1-5=-6 dB and -10+5=-5 dB 


10log J 


6+ 60-5 - 44,98 = 4.02 dB @ 5 GHz 


‘The answer changes to 1.1 dB if the tracking radar operates at 7 GHz provided the antenna gains and 
aircraft RCS are the same at both 5 and 7 GHz 


Olog 9 + 20log 7 + 21.46 = 47.9dB 


10log J 


6+60-5-47.9= 1.1 dB @7 GHz 
Separate J (-73.5 dBm @ 5 GHz and -79.34 dBm @ 7 GHz) and S (-77.52 dBm @ 5 GHz and 


-80.44 dBm @ 7 GHz) calculations for this problem are provided in Sections 4-3 and 4-4, respectively, 
‘A saturated gain version of this problem is provided in Section 4-7. 
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RADAR CROSS SECTION (RCS) 


Radar cross section is the measure of a target’s ability to reflect radar signals in the direction of the 
radar receiver, ic. it is a measure of the ratio of backscatter power per steradian (unit solid angle) in the 
direction of the radar (from the target) to the power density that is intercepted by the target. 


The RCS of a target can be viewed as a 
comparison of the strength of the reflected signal 
from a target to the reflected signal from a perfectly 
smooth sphere of cross sectional area of 1 m” as 
shown in Figure 1 


The conceptual definition of RCS includes 
the fact that not all of the radiated energy falls on the 
target. A target’s RCS (a) is most easily visualized as 
the product of three factors: 


6 = Projected cross section x Reflectivity x 
Directivity 


RCS(o) is used in Section 4-4 for anequation _Figure 1. Concept of Radar Cross Section. 


representing power reradiated from the target. 
Reflectivity: The percent of intercepted power reradiated (scattered) by the target. 


Directivity: The ratio of the power scattered back in the radar’s direction to the power that would 
have been backscattered had the scattering been uniform in all directions (ie. isotropically). 


Figures 2 and 3 show that RCS does 


not equal geometric area. Fora sphere, the | | "ane, Fiat Plie, 
RCS, 6 = ar’, where ris the radius of the | 008m [7] _fRtpleeRee | nA 
sphere. Fo tw at eae 

Sehere =a? 


‘The RCS of a sphere is independent of 
frequency if operating at sufficiently high | bia = 
frequencies where 3<<Range, and 2<< 
radius (F). Experimentally, radar return 
reflected from a target is compared to the ery 
radar return reflected from a sphere which |} = pine! itrcue 
has a frontal or projected area of one square or M40 m? at 1 GH 
meter (ic. diameter of about 44 in). Using 
the spherical shape aids in field or 
laboratory measurements since orientation 
or positioning of the sphere will not affect, 
radar reflection intensity measurements as a Figure 2. RCS vs. Physical Geometry. 
flat plate would. Ifealibrated, other sources 

(cylinder, fat plate, or corner reflector, etc.) could be used for comparative measurements 


{Sphere Res=" mj 
Ingepondont, | 
of Frequency’! 


See orzopng wave dacussion or eecepn won Ace Ree ance 


To reduce drag during tests, towed spheres of 6”, 14”, or 22” diameter may be used instead of the 
larger 44” sphere, and the reference size is 0.018, 0.099, or 0.245 m’ respectively instead of | m’, When 


alld 


smaller sized spheres are used for tests you may be operat 
scaled to a | reference, there may be some perturbations due to creeping waves. See the discussion at the 
end of this section for further details. 
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Figure 3. Backscatter From Shapes. 


In Figure 4, RCS patterns 
are shown as objects are rotated 
about their vertical axes (the arrows 
indicate the direction of the radar 
reflections), 


RELATIVE MAGNITUDE (d3sm) 
360 Patan 4100 Paton 60" Pattern 


‘The sphere is essentially the 
same in all directions. 


The flat plate has almost no yin ice ane 
RCS except when aligned direct 


toward the radar ’ ; 


The corner reflector has an 
RCS almost as high as the flat plate 
but over a wider angle, ie., over 
(0°. The return from a corner 
reflector is analogous to that of a flat plate always being perpendicular to your collocated transmitter and 
receiver. 


Figure 4. RCS Patterns. 


Targets such as ships and aircraft often have many effective corners. Comers are sometimes used as 
calibration targets or as decoys, i.e. comer reflectors, 
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An aircraft target is very complex. It has a 
‘great many reflecting elements and shapes. The RCS of. 
real aircraft must be measured. It varies significantly 
depending upon the direction of the illuminating radar. 


Figure 5 shows a typical RCS plot of a jet 
aircraft. The plot is an azimuth cut made at zero 
degrees elevation (on the aircraft horizon). Within the 
normal radar range of 3-18 GHz, the radar return of an 
aircraft in a given direction will vary by a few dB as 
frequency and polarization vary (the RCS may change 
by a factor of 2-5). It does not vary as much as the flat 
plate. 


As shown in Figure 5, the RCS is highest at the 


aircraft beam due to the large physical area observed by 180° 
the radar and perpendicular aspect (increasing 
reflectivity). The next highest RCS area is the nose/tail Figure 5. Typical Aircraft RCS. 


area, largely because of reflections off the engines or 

propellers. Most self-protection jammers cover a field of view of +/- 60 degrees about the aircraft nose and 
tail, thus the high RCS on the beam does nothave coverage. Beam coverage is frequently not provided due to 
inadequate power available to cover all aircraft quadrants, and the side of an aircraft is theoretically exposed 
toa threat 30% of the time over the average of all scenarios. 


‘Typical radar cross sections are as follows: Missile 0.5 sqm; Tactical Jet 5 to 100 sq m; Bomber 10 
to 1000 sq m; and ships 3,000 to 1,000,000 sq m. RCS can also be expressed in decibels referenced to a 
square meter (dBsm) which equals 10 log (RCS in 


Again, Figure 5 shows that these values can vary dramatically. The strongest return depicted in the 
example is 100 m’ in the beam, and the weakest is slightly more than 1 m* in the 135°/225° positions. These 
RCS values can be very misleading because other factors may affect the results. For example, phase 
differences, polarization, surface imperfections, and material type all greatly affect the results. In the above 
typical bomber example, the measured RCS may be much greater than 1000 square meters in certain 
circumstances (90°, 270°). 


SIGNIFICANCE OF THE REDUCTION OF RCS 


Ifeach of the range or power equations that have an RCS (9) term is evaluated for the significance of 
decreasing RCS, Figure 6 results. Therefore, an RCS reduction can increase aircraft survivability. The 
‘equations used in Figure 6 are as follows: 


Range (radar detection): —PGGAT 


= Therefore, RY x Moc R 
From the 2-way range equation in Section 44: PY (gz jp ETE Se TOF 8 


Range (radar bum-through): Rir= LG Therefore, ux? x 6 oF a"? « Ror 
‘The crossover equation in Section 4-8 has: PG) 4t - 
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Power (jammer): Equating the received signal return (P,) in the two way range equation to the 
received jammer signal (P,) in the one way range equation, the following relationship results: 


P.GG. 
a) 

t 

s J 


Therefore, Pj co or 6% Py 


Note: jammer transmission line loss is combined with the jammer antenna gain to obtain G, 
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Figure 6. Reduction of RCS Affects Radar Detection, Burn-through, and Jammer Power. 


Example of Effects of RCS Reduction - As shown in Figure 6, if the RCS of an aircraft is reduced to 0.75 
(75%) of its original value, then (1) the jammer power required to achieve the same effectiveness would be 
0.75 (75%) of the original value (or -1.25 dB). Likewise, (2) If Jammer power is held constant, then burn- 
through range is 0.87 (87%) of its original value (-1.25 dB), and (3) the detection range of the radar for the 
smaller RCS target (jamming not considered) is 0.93 (93%) of its original value (-1.25 dB). 


OPTICAL / MIE / RAYLEIGH REGIONS 


Figure 7 shows the different regions applicable for computing the RCS of a sphere. The optical 
region (“far field” counterpart) rules apply when 2nt/A > 10. In this region, the RCS of a sphere is 
independent of frequency. Here, the RCS of a sphere, o =2r*. The RCS equation breaks down primarily due 


ata 


to creeping waves in the area where X~2ar. This area is known as the Mie or resonance region. If we were 
using a 6” diameter sphere, this frequency would be 0.6 GHz. (Any frequency ten times higher, or above 
6 GHz, would give expected results). The largest positive perturbation (point A) occurs at exactly 0.6 GHz 
where the RCS would be 4 times higher than the RCS computed using the optical region formula. Just 
slightly above 0.6 GHz a minimum occurs (point B) and the actual RCS would be 0.26 times the value 
calculated by using the optical region formula. If we used a one meter diameter sphere, the perturbations 
‘would occur at 95 MHz, so any frequency above 950 MHz (~1 GHz) would give predicted results. 


(CREEPING WAVES 


The initial RCS assumptions presume that we are operating in the optical region (k<<Range and 
A<<radius). There is a region where specular reflected (mirrored) waves combine with back scattered 
creeping waves both constructively and destructively as shown in Figure 8. Creeping waves are tangential to 
a smooth surface and follow the “shadow” region of the body. They occur when the circumference of the 
sphere ~ 2 and typically add about 1 m* to the RCS at certain frequencies. 


RAYLEIGH MIE OPTICAL* 

RAYLEIGH REGION 10, 
o= [ar |7.1kr) 
where: k= 2a/h 10 Af 
MIE (resonance! ofr? 0,1 
‘o=4nr at Maximum (point A) 
6 =0.26nr* at Minimum (pt B) 

0.01 
OPTICAL REGION 
o=nr 
(Region RCS of a sphere is co 40 an 
independent of frequene; of 

Qmr/h 
ORF fr felt equhcent 
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igure 7. Radar Cross Section of a Sphere. 
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ADDITION OF SPECULAR AND CREEPING WAVES 
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Figure 8. Addition of Specular and Creeping Waves 


411.6 


EMISSION CONTROL (EMCON) 


When EMCON is imposed, RF emissions must not exceed -1 10 dBm/meter" at one nautical mile, It 
is best if systems meet EMCON when in either the Standby or Receive mode versus just the Standby mode 
(or OFF). Ifone assumes antenna gain equals line loss, then emissions measured at the port of a system must 
not exceed -34 dBm (i.e. the stated requirement at one nautical mile is converted to a measurement at the 
antenna of a point source - see Figure 1). If antenna gain is greater than line loss (i.e. gain 6 dB, line loss 
3 dB), then the -34 dBm value would be lowered by the difference and would be -37 dBm for the example, 
‘The opposite would be true if antenna gain is less. 


MIL-STD-461B/C RE-02 or 
Seam or MIL-STD-451D RE-102 Maximum 
Connector 70. dByVin tor externally mounted! systems EMCON 
Leakage L Emissions 
—=1 Meter 
Cie —» 1 Nautical mile 
PG T 2 
-34 dBm (at RF port) tt = 110 dBmim 
(For Line Loss = Antenna Gain) 4aR? 


Figure 1. EMCON Field Intensity / Power Density Measurements. 


‘To compute the strength of emissions at the antenna port in Figure 1, we use the power density 
‘equation (see Section 4-2) 


PG. 


= L nl or rearranging P,G,= Pp (4nR*) QI 
42k 


» 


Given that Pp = -110 dBm/m* = (10)"! mW/m*, and R = 1 NM = 1852 meters, 


P,G.= Pp (aR?) = (10°"'mW/m?)(4)(1852m)? = 4,31(10)* mW = -33.65 -34 dBm 
at the RF system antenna as given. 


or, the equation can be rewritten in Log form and each term multiplied by 10: 
10log P, + 10log G, = 10log Pp + 10log (4aR") BI 


Since the m* terms on the right side of equation [3] cancel, then: 
1Olog P, + 10log G, =-110 dBm + 76,35 dB = -33.65 dBm = -34 dBm as given in Figure | 


IfMIL-STD-461B/C RE02 (or MIL-STD-461D RE-102) measurements (see Figure 2) are made on 
seam/connector leakage of a system, emissions below 70 dBuV/meter which are measured at one meter will 
meet the EMCON requirement. Note that the airframe provides attenuation so portions of systems mounted 
inside an aireraft that measure 90 dBuV/meter will still meet EMCON if the airframe provides 20 dB of 
shielding (note that the requirement at one nm is converted to what would be measured at one meter from a 
point source). 


‘The narrowband emission limit shown in Figure 2 for REO2/RE102 primarily reflect special concern 
for local oscillator leakage during EMCON as opposed to switching transients which would apply more to the 
broadband limit. 
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Figure 3. MIL-STD-461 Narrowband Radiated Emission: 


its, 


Note that in MIL-STD-461D, the narrowband radiated emissions limits were retitled RE-102 from the 
previous RE-02 and the upper frequency limit was raised from 10 GHz to 18 GHz. The majority of this 
section will continue to reference REO2 since most systems in use today were built to MIL-STD-461B/C. 


PGs 
an 
and use the previous fact that: 10log (PG) = -33.6 dBm = 4.37x10" mW (see Section 2-4) 


For the other calculation involving leakage (to obtain 70 dBuV/m) we again 


start with: P= 


‘The measurement is at one meter so R?= 1 m? 


ss hav BE aw m?=.348x 10" mW/ m?=~44.6 dBm/ m?= Py @\ meter 
Zs 


Using the field intensity and power density relations (see Section 4-1) 
E= Pp Z = 3.48x 19° © 377 = 36.2x 10 Vim 
‘Changing to microvolts (1V = 10° 1V) and converting to logs we have: 


20 log (E) = 20 log (10° x 36,2x10") = 20 log (.362x10") = 71.18 dBuV/m = 70 dBuV/m as given in 
Figure 1. 
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Some Words of Caution 


A common error is to only use the one-way free space loss coefficient a directly from Figure 6, 
Section 4-3 to calculate what the output power would be to achieve the EMCON limits at 1 NM. This is 
incorrect since the last term on the right of equation [3] (10 Log(4zR*)) is simply the Log of the surface area 
ofa sphere - it is NOT the one-way free space loss factor ct;. You cannot interchange power (watts or dBW) 
with power density (watts/m’ or dBW/m’). 


The equation uses power density (Pp), NOT received power (P,). It is independent of RF and 
therefore varies only with range. Ifthe source isa transmitter and/or antenna, then the power-gain product (or 
EIRP) is easily measured and it’s readily apparent if 10log (P, G,) is less than -34 dBm. If the output of the 
measurement system is connected to a power meter in place of the system transmission line and antenna, the 
-34 dBm value must be adjusted. The measurement on the power meter (dBm) minus line loss (dB) plus 
antenna gain (dB) must not be higher than -34 dBm. 


However, many sources of radiation are through leakage, or are otherwise inaccessible to direct 
measurement and Pp must be measured with an antenna and a receiver. The measurements must be made at 
some RF(s), and received signal strength is a function of the antenna used therefore measurements must be 
scaled with an appropriate correction factor to obtain correct power density. 


RE-02 Measurements 

When RE-02 measurements are made, several different antennas are chosen dependent upon the 
frequency range under consideration. The voltage measured at the output terminals of an antenna is not the 
actual field intensity due to actual antenna gain, aperture characteristics, and loading effects. To account for 


this difference, the antenna factor is defined as: 


AF=EV i 


where E = Unknown electric field to be determined in V/m (or pV/m) 


V = Voltage measured at the output terminals of the measuring antenna 
For an antenna loaded by a 50 @ line (receiver), the theoretical antenna factor is developed as follows: 


Ac= P= VIR = V¢/50 ot V, = V50 Pos 


From Section 4-3 we see that A, 


G/4z, and from Section 4-1, 


an2® B77 Po 9.73 


377 Pp therefore we have: 


Tv °F rt eal 5] 
Vo Y30P.(2G,/42) ANG. ‘51 
Reducing this to decibel form we have: 
on 
20|og AF = 20108 F-20087 = 20 og] —273_] with Ain meters and Gain mumericrationot dB) 161 


This equation is plotted in Figure 3. 
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Since all of the equations in this section were developed using far field antenna theory, use only the 
indicated region. 
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Figure 3. Antenna Factor vs. Frequency for Indicated Antenna Gain. 

In practice the electric field is measured by attaching a field intensity meter or spectrum analyzer with 
a narrow bandpass preselector filter to the measuring antenna, recording the actual reading in volts and 
applying the antenna factor. 

20log E = 20log V + 20log AF ful 

Each of the antennas used for EMI measurements normally has a calibration sheet for both gain and 
antenna factor over the frequency range that the antenna is expected to be used. Typical values are presented 
in Table 1 


Table 1. Typical Antenna Factor Values 


Frequency Range ‘Antenna(s) Used ‘Antenna Factor | Gain(dB) 
T4kHz-30MHz | 41” rod 22-58 dB 0-2 
20 MHz 200 MHz _ | Dipole or Biconical 0-18 dB om 
200 MHz - 1 GHz | Conical Cog Spiral 17-26 dB 0-15 

1GHz-10 GHz | Conical Log Spiral or Ridged Hom 21-48 dB 0-28 

1 GHz- 18 GHz Double Ridged Hom: 21-47 dB 0-32 

18 GHz-40 GHz __| Parabolic Dish 20-25 4B 27-35 
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‘The antenna factor can also be developed in terms of the receiving antenna’ effective area. This can 
be shown as follows 


2 
p= - B77 Po _ 2.75 7 
Vi Y30Po Ae Vdc 
Or in log form: 
7. 2.75 
20 log AF = 20 log E- 20\ogV = 201og| > pl 
Vdc 


While this relation holds for any antenna, many antennas (spiral, dipole, conical etc.) which do not 
have a true “frontal capture area” do not have a linear or logarithmic relation between area and gain and in 
that respect the parabolic dish is unique in that the antenna factor does not vary with frequency, only with 
effective capture area. Consequently a larger effective area results in a smaller antenna factor. 


A calibrated antenna would be the first choice for making measurements, followed by use of a 
parabolic dish or “standard gain” horn. A standard gain horn is one which was designed such that it closely 
follows the rules of thumb regarding area/gain and has a constant antenna factor. If a calibrated antenna, 
parabolic dish, or “standard horn” is not available, a good procedure is to utilize a flat spiral antenna (such as 
the AN/ALR-67 high band antennas). These antennas typically have an average gain of 0 dB (typically -4 to 
+4 dB), consequently the antenna factor would not vary a lot and any error would be small. 


EXAMPLE: 


Suppose that we want to make a very general estimation regarding the ability of a system to meet 
EMCON requirements. We choose to use a spiral antenna for measurements and take one of our samples at 
4 GHz. Since we know the gain of the spiral is relatively flat at 4 GHz and has a gain value of approximately 
‘one (0 dB) in that frequency range. The antenna is connected to a spectrum analyzer by 25 feet of RG9 cable. 
‘We want to take our measurements at 2 meters from the system so our setup is shown as follows: 


Spiral 
a Antenna 
System(s) ee all 25 ft Spectrum 
a 
Under Test a RG4Q Cable Analyzer 


ee a el 


Our RGO cable has an input impedance of 50, and a loss of 5 dB (from Figure 5, Section 6-1). 
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First, let’s assume that we measure -85 dBm at the spectrum analyzer and we want to translate this 
into the equivalent strength at | NM. Our power received by the antenna is: P, = -85 dBm_+ 5 dB line loss = 
-80 dBm 


also Pp =Py/Ae_and Ac = G22/4n = (Glan)e(cif)* = (1/4m)o(3x105/4x 10°)? = 4.47x104 me 


inlog form: 10 Log Pp = 10 Log P, - 10 Log A, = -80 dBm + 33.5 = -46.5 dBm/m” 
at our 2 meter measuring point 


To convert this to a value at 1 NM, we use 
P,G.=Poatan 4#R:" = Poazm 4¢R2" and we solve for PD@! am 


in log form after cancelling the 4x terms: 


10 Log Pps am = 10 Log Ppa2 m+ 10 Log (Roa/Rinn)” = -46.5 dBm/m* - 59.3 dB = -105.8 dBm/m? 
which is more power than the maximum value of -110 dBm/m* specified. 


If we are making repetitive measurement as we might do when screening an aircraft on the flight line 
with numerous systems installed, or when we Want to improve (reduce) the leakage on a single system by 
changing antennas, lines, connectors, or EMI gaskets or shielding, this mathematical approach would be 
unnecessarily time consuming since it would have to be repeated after each measurement. A better approach 
would be to convert the -110 dBm/m* value at 1 NM to the maximum you can have at the measuring 
instrument (in this case a spectrum analyzer), then you could make multiple measurements and know 
immediately how your system(s) are doing. It should be noted that -90 to -100 dBm is about the minimum 
signal level that can be detected by a spectrum analyzer, so you couldn’t take measurements much further 
away unless you used an antenna with a much higher gain. 


In order not to exceed EMCON, the power density must not exceed -110 dBm/m* at 1 NM, which is 
10 mW/m? 


PG. = Poa am 4¢R,” = Pog2m 422 


we solve for Ppa m = 10'(1852m)"/(2m) 


‘We'll be using a spectrum analyzer, so we want to compute what the maximum power or voltage may 
be 


‘Method 1 - Using the Power Density Approach 


Using logs/dB and the values of Pya2m and A. determined previously: 
10 Log P, = 10 Log Pp + 10 Log A. = -50.7 - 33.5 =-84.2 dBm 


taking line loss into account we have: -84.2 - $ dB = - 89.2 dBm as the maximum measurement reading. 
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If we wanted to calculate it in volts, and take into account our line impedance we would have the following: 
P,=PpA.=VIR=V/S0Q also A,=Gi'/4 so solving for V we have: 


4a a tcaee 


I soxs94) (320°) Iso 
= fosrer0"| L{ SAE) | soa 13810 vote Pforetinetss 
ff 4x\ 4x10" 


since our line loss is 5 dB, we have -5 dB = 20 Log V2/V;. Solving for V2 we get 7.79x10* volts or -89 dBm 
as a maximum at our measurement device input, We can see immediately that our value of -85 dBm that we 
measured on the previous page would not meet specifications, and neither would any signal with more power 
than -89 dBm. 


Method 2 - Using the Antenna Factor Approach 


Starting with the same value of power density that we obtained above (8.57x10” W/m’), we find the 
field intensity from Table 1, Section 4-1 to be approximately 65 dBuv/m. Also from Figure 3 in this section, 
AF = 43 dB @ 4 GHz (by calculating with equation [6], the exact value is 42.3 dB). 


From equation [6]: 
20log V = 20log E - 20log AF 
20log V = 65 - 43 = 22 dBuwim, 


Since dBuvim = 20 log (V)(10°) = 20 log V + 20 log 10° = 20 log V + 120, we see that to get an 
answer in dBv we must subtract 120 from the dBuv/m value so: Vay = 22 - 120 =-98dBv. We then subtract, 
our line loss (-S dB) and we have: 


v 


98-5 =-103 dBy = 17 dBuv 


1x10* volts 


using the fact that P = V7/R and for the input line R = 500, P = 1x10"? W = -120 dBW 


90 dBm, 

Although this method is just as accurate as that obtained using method 1, the values obtained in 
Table 1, Section 4-1, and Figure 3 must be interpolated, and may not result in values which are as precise as 
the appropriate formulas would produce. 


Sample Problem: What is the approximate transmit power from a receiver? 


A. Lnanowatt (nW) F. 100 pW K  10W 
B. 10nW G. LT milliwatt (mW) L. 100 W 

c. 100 nW H. | 10mW M. I kilowatt (kW) 
D. I microwatt (4W) i 100 mW. N.  10kW 

E. 10 pW J 1 watt (W) 0. — 100kW 


‘The question may seem inappropriate since a receiver is supposedly a passive device which only 
receives a signal. If the receiver was a crystal video receiver as shown in Section 5-3, it wouldn’t transmit 
power unless a built-in-test (BIT) signal was injected after the antenna to periodically check the integrity of 
the microwave path and components. The potential exists for the BIT signal to leak across switches and 
couple back through the input path and be transmitted by the receiver's antennas, 
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If the receiver uses a local oscillator (LO) and a mixer to translate the signal to an intermediate 
frequency (IF) for processing (such as a superhet shown in Section 5-3), there is the potential for the CW LO 
signal to couple back through the signal input path and be transmitted by the receiver's antenna. Normally a 
mixer has 20 dB of rejection for the reverse direction. In addition, the LO may be further attenuated by 
receiver front end filters, 


In both cases, the use of isolators described in Section 6-7 could be used to further attenuate any 
signals going in the reverse direction, i.e. back to the antenna. A good receiver design should ensure that any 
RF leakage radiated by the receiver will not exceed the EMCON level. 


In answer to the initial question, “transmit” leakage power should be less than -34 dBm (0.4 tW) to 
meet EMCON. Therefore, the real answer may be “A,” “B,” or “C” if EMCON is met and could be “D” 
through possibly “G” if EMCON is not met. 
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EW JAMMING TECHNIQUES 


INTRODUCTION 


Electronic jamming is a form of Electronic Attack where jammers radiate interfering signals toward 
an enemy’s radar, blocking the receiver with highly concentrated energy signals. The two main technique 
styles are noise techniques and repeater techniques. The three types of noise jamming are spot, sweep, and 
barrage. Repeater techniques can be further subdivided into categories as shown in Figure 1 


ECM 


ECM Type Generation 
Method 


es ee ee 


Jamming | |Deception Active Passive 
(Concealment) (Forgery) (Transmitting) (Reflection) 


Figure 1, EA Repeater Technique Divisions, 


ASYNCHRONOUS SWEPT WAVE MODULATION (ASWM) 


ASWM is synonymous with A-SWM. Asynchronous indicates that the waveform is free running - 
also see SSWM. A swept wave modulation is essentially a swept amplitude modulation (SAM). It is a 
waveform that is swept between two frequencies that are usually chosen to bracket a radar’s passive angle 
scanning rate. The modulation amplitude can be either down modulated or On-Off Keyed (OOK). The down 
modulated shape can be square wave, rectangular wave, linear (e.g. a sine wave), ora combination. The OOK 
modulated shape can be square wave of rectangular wave. 


BARRAGE JAMMING 
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BARRAGE JAMMING 
The jamming of james eater 
. Reducing jamming as aanoworK ENSTY SPECTRUM 
multiple frequenciesat once by | jrineresaier ron 
a single jammer. The | 100%t0 4% | anes 
mate le | reduces JS by aon 38 
advantage is that multipl pen a une e 


Fy 


ah 


frequencies can be jammed 
simultaneously; however, the | Js qpae a8 
jamming effect can be limited 
because this requires the 
jammer to spread its full power Figure 2, Barrage Jamming, 
between these frequencies. So 

the more frequencies being jammed, the less effectively each is jammed. 


>| | fe 
ull 
=) 


CROSS POLARIZATION (X-POL) 


(1) A self-screening or support EA technique that causes angle errors in tracking radars and sensing 
errors in jamming suppression EP systems of surveillance radars by radiating a signal that is orthogonally 
polarized to the principal polarization of the victim radar. (2) A technique used against monopulse and other 
passive lobe tracking radars. Requires a strong jam-to-signal ratio or the skin echo will show up in the pattern 
nulls. 


HOME ON JAM (HOJ) 

A means whereby a missile guidance receiver utilizes the self-screening target jamming signal to 
develop angular steering information so that the missile can home on that target. 
IMAGE JAMMING 

Jamming at the image frequency of the radar receiver. Barrage jamming is made most effective by 
generating energy at both the normal operating and image frequency of the radar. Image jamming inverts the 
phase of the response and is thereby useful as an angle deception technique. Not effective if the radar uses 
image rejection. 
INVERSE CON SCAN (ICS) 


One method of 
confusing a radar operator or 


fire control radar system is to “ r 
provide erroneous target a ‘——" — 
bearings. This is 


accomplished by first sensing 
the radar antenna or antenna 
dipole scan rate and then 
modulating repeater amplifier 
gain so that the weapons 
system will fire at some 
bearing other than the true 
target bearing. 


JS REQUIREMENT 

The jamming to | 
signal ratio for effective 
coverage of the true target. 
Usually on the order of zero 
4B (J/S=1). 


Figure 3. Inverse Con Sean 
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LINEAR MODULATION 


A modulation technique in which the output varies in a straight line (linear) manner with the input 
(modulating) waveform, This is different from a discontinuous (On-Off) modulation. Typically the 
modulating waveform is a ramp or triangular wave but could also be a sine wave modulating input. 


LOBE ON RECEIVE ONLY (LORO) 


Predicting the future location of a target (to track) requires that the radar look at areas where the target 
is not located. When this scanning is accomplished with the radiated beam, large angle targets such as chaff 
clouds can create complete radar “white-out.” RWR indications can be obtained before actual target lock-on. 

These problems can be overcome by scanning only the receiving antennas and using a separate transmitting 
antenna pointed only at the target. 


Ina LORO system, a transmitting antenna emits a few “exploratory” pulses along a direction obtained 
from an acquisition radar. These exploratory pulses are the acquisition mode of the TTR. That is, in its 
acquisition mode the small beamed TTR must scan the large location segment provided by the acquisition 
radar. In radars equipped with Fast Time Constant, the return pulse is applied to a differentiator of extremely 
short time constant. When the pulse is received, itis “cut-off” on the leading edge and only that portion is fed 
to the computer. This allows the radar to effectively track on the leading edge of the target. FTC does not 
improve the range resolution but it can prevent any countermeasures aft of the target which are in the same 
resolution cell as the target (such as chaff) from interfering with the radar receiver. 


‘The receiving antennas scan their sector for the target return due to these exploratory pulses; as the 
power centroid is located, the center of the receiving pattem is brought onto the target. The transmitting 
antenna, which is slaved to the receiving antenna, is then pointing directly at the desired target and only that 
target is radiated during tracking. This approach allows a very small radiated beam, but the resolution cell of 
the system is still that of the receiving antenna. 


NOISE JAMMING + 


The transmission of noise-like CONVENTIONAL NOISE: 
signals in the target system’s radar receiver 
bandpass. At low power levels, noise | 
jamming has the characteristics of receiver 
noise and can be mistaken by the radar 
operator as a problem with the radar. The TaRcer 
object of noise jamming is to introduce a sonaTioh 
disturbing signal into the hostile electronic RANGE GATED NOISE 
equipment so that the actual signal is NOISE TIMEGATE 
obscured by the interference. The victim of 
this disturbance might be a radar receiver, a 
‘communications network, or a data link. 


RAPLTODE 


RANGETINE 


RAPLTODE 


RANGETINE 


See also Barrage Jamming and 


Spot Jamming. LOCATION 


Figure 4. Noise Jamming. 
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ON-OFF MODULATION 


On-Off Modulation is any modulation which switches rapidly between two states. This definition 
includes pulse radar operation. 


On-Off Keying (OOK) is the envelope modulation of a jamming signal with a rectangular wave. The 
modulation rate and duty cycle are adjusted commensurate with the victim radar’s processing time constants, 
‘These can be related to AGC time constants, logic time-outs, data sampling cycles, or any other data 
processing response times. 


An important distinction must be made between the terms On-Off Keying and Blinking. While both 
terms involve envelope modulations that tum a jamming signal on and off, the term OOK is used as the 
envelope modulation of a single jamming signal, and the term blinking is used as the tactical application of 
OOK involving two or more cooperative jamming platforms, 


PSEUDO RANDOM NOISE (PRN) 


A controlled, noise-like, pulse pattern repeated in synchronism with the victim radar pulse repetition 
frequency. Synonymous with quasi-noise jamming 


Target ‘Current RF 


| ead Band mf | | 


— f= 
Bandwidth 


Figure S. Random Dual Line. 


RANDOM DUAL LINE (RDL) 


RDL isa coherent repeater technique that is essentially the same as velocity noise (VN), narrow band 
noise (NBN), and pseudo random noise (PRN) except that no false Doppler frequencies are stepped directly 
over the target return. The objective is to prevent the momentary additions of the EA signal and target signal 
that might highlight the presence of a coherent return 
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RANDOM RANGE PROGRAM (RANRAP) 


A dynamic False Target Jamming technique program to create multiple realistic targets of varying 


size and distance from the jamming plane. 
RANGE GATE PULL OFF (RGPO) 


Once a tracking radar 


has detected a target, it will RGPO Pulse Motion 
place range gates t either side | > ~ 6B 
of it, Range gates essentially 


originate from ranges outside a 


Radar PRI» 

blank out all signals which 1 RGPO Pulse 
+ mene 

narrow window, substantially 


increasing the signal-to-noise | | 
ratio and protecting the radar | Target Range Target Range Target Range 
against unsynchronized jamming 

pulses. The radar “concentrates® ' 

‘on a short range interval which mM, 

encloses the target's location, Radar Range Gate 744, 


and it no longer looks out for 
other targets. This state is 


known as ‘lock-on’, But range 
gates can be ‘stolen’, and it is Figure 6. Range Gate Pull Off. 
the objective of the Range Gate 

Pull-Off (RGPO) technique to break lock and escape from out of the window. 


RGPO works as follows: 


Upon detection (or assumption) that a tracking radar has locked on, the on-board jammer is switched 


‘on and starts to work in a couple of phases: 


1. First, a sample of the illuminating pulse signal is taken and the radar’s pulse repetition frequency 


(PRF) is determined. This sample is amplified and retransmitted simultaneously when further pulses 
are received. The aircraft actually highlights itself on the radar screen. ‘The jamming power is 
steadily increased, and this continues until the replica is much stronger than the echo from the aircraft 
skin return. At this time, the sensitivity of the tracking radar’s receiver is usually reduced in order to 
avoid overload. This causes the skin echo vanishes below the noise floor. 


Another replica is transmitted after each of the ‘dummy’ skin echoes. ‘The power of the second 
replica is increased while the dummy is made weaker. 


Next, the tracker has locked on to the delayed replica, whereas the skin return has decreased into the 
noise. With respect to each of the radar’s pulses, the replica is now being delayed by small, but 
increasing amounts of time. The range gates, of course, follow the dummy target which appears to be 
receding. This continues until the range gates have been moved away from the target’s real position, 
‘The result is that the radar is tracking a phantom target and the skin return is being blanked out by 
the range gates. 


Finally, the jammer is switched off and leaves the radar with just nothing but noise inside the window 
between its range gates. Break-lock was successfully achieved and the “tracking” radar needs to 
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switch back into a search or acquisition mode and los 
target is still within range and is reacquired. 


ime, The whole cycle will start again if the 


As described above, RGPO creates only false targets which appear at greater ranges than the real 
target because the deceptive signal is transmitted after the skin echo. However, if the victim radar’s PRF is 
constant then the time of incidence of the next radar pulse can be calculated and jamming pulses ean be 
placed such that false targets at closer ranges are also produced. 


SCINTILLATION (SCINT) 
Scintillation is not an EA technique by itself, itis an implementation of an EA technique. 


Scintillation is simply superimposing a small, pseudo random amplitude modulation on the EA signal to 
make it appear more realistic to a manual operator. 


SPOT JAMMING 


Occurs when a jammer 
focuses all of its power on a 
single frequency. While this | Reducing jamming 
would severely degrade the | nthe receiv trom 


"25% OF JAMMING IN RECEIVER 


‘SPOT JAMMING 


ability to wack on the jammed | Qos 8 homenrorer 
frequency, a frequency agile 078 g Pel tail 
radar would hardly be affected z ADAR SIGNAL 
because the jammer can only | S497 68 ats 

jam one frequency. While < 

multiple jammers could Figure 7. Spot Jamming 


possibly jam a range of 
frequencies, this would consume a great deal of resources to have any effect on a frequency-agile radar, and 
would probably still be ineffective 


SWEPT JAMMING 

This happens when a jammer’s full power is shifted from one frequency to another. While this has 
the advantage of being able to jam multiple frequencies in quick succession, it does not affect them all at the 
same time, and thus limits the effectiveness of this type of jamming. Although, depending on the error 
checking in the receiver(s) this can render a wide range of receivers effectively useless. 


SWEPT AMPLITUDE MODULATION (SAM) 


‘The OOK frequency is linearly varied in a sawtooth fashion between preset frequency limits while the 
duty factor is held constant. 
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SWEPT WAVE MODULATION (SWM) 


‘A swept wave modulation.2 (SWM.2) is essentially a swept amplitude modulation (SAM). It is a 
waveform that is swept between two frequencies that are usually chosen to bracket a radar’s passive angle 
scanning rate. SWM can be either Synchronous Swept Wave Modulation.2-; (S-SWM) or Asynchronous 
Swept Wave Modulation.2-; (A-SWM.2-;). The modulation amplitude can be either down modulated or 
‘On-Off Keyed (OOK). The down modulating shape can be square wave, rectangular wave, linear (e.g. a sine 
wave), or a combination, The OOK modulating shape can be square wave or rectangular wave. 
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Figure 9, Rectangular SWM. 


SYNCHRONOUS SWEPT WAVE MODULATION (SSWM) 


SSWM is synonymous with S-SWM. S-SWM and A-SWM are essentially the same except that 
asynchronous means that the waveform is free running and synchronous means that when a radar scan or 
TWS beam can be detected, the modulation waveform is synchronized to the detected beam. For 
programming purposes A-SWM sets sweep limits and rate by frequency (Hz), while S-SWM sets them by 
period (mSec). 


Active Con-Scan radars will not have a detectable modulation if the target is being tightly tracked in 
the center of the beam. Therefore, a SWM can “jog” the tracking sufficiently to detect the modulation and 
allowing subsequent synchronization of the SWM waveform. 
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TRACK WHILE SCAN JAMMING 


The technique of shifting or 
“walking” EA pulses off target. Many angle 
jamming techniques are effective. 


VELOCITY FALSE TARGETS (VFT) 


VET is a pseudo-random false 
Doppler target concealment technique. It is 
designed for use against radars that acquire 
Doppler targets with a bank of contiguous 
narrow band filters. A false Doppler target is 
programmed to remain in a Doppler filter 
Jong enough for the radar processing to 
declare it a valid target return, but not long 
‘enough for the radar processing to establish 
tracking 


The false Doppler target is then 
switched to the next pseudo-randomly 
selected frequency and repeated. It is 
intended to overload the radar processing 
and/or the operator's ability to identify an 
actual target. In the illustration, the VETS 
jump around in the indicated numerical order 
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Figure 11. Velocity False Targets. 
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VELOCITY GATE PULL OFF 


This is a method of 


capturing the velocity gate of a 
Doppler radar and moving it away 
from the skin echo. Similar to the 
RGPO, but used against CW or 
Doppler velocity tracking radar 
systems, The CW or pulse doppler 
frequency, which is amplified and 
retransmitted, is shifted in 
frequency (velocity) to provide an 
apparent rate change or Doppler 
shift. 


VELOCITY NOISE (VN) 


VN is a coherent repeater 
technique. The objective is to 
create noise centered on a coherent 
radat’s RF, with a noise bandwidth 
that is close to, or less than, the 
radat’s bandwidth and conceal the 
target, or destroy target signal 
coherency. VN is generated by 
pseudo randomly stepping a 
frequency over the victim radar’ 
bandwidth. The dashed RF lines 
represent possible frequencies and 
the solid line represents the 
frequency currently active. 
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Figure 12. Velocity Gate Pull Off. 
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Figure 13. Velocity Noise. 
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RADAR AND RECEIVER CHARACTERISTICS & TEST 


RF Atmospheric Absorption / Ducting 
Receiver Sensitivity / Noise 

Receiver Types and Characteristics 
Radar Modes 

General Radar Display Types 

IFF - Identification - Friend or Foe. 
Receiver Tests. 

Signal Sorting and Direction Finding 


5.0.1 
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RF ATMOSPHERIC ABSORPTION / DUCTING 


Signal losses are associated with each stage of signal processing in both the transmitting and 
receiving portions of the system. The transmitting losses include power transmission efficiency, waveguide 
and antenna losses, and duplexer losses. In the receiver, losses include antenna, waveguide, RF amplifier, 
mixer, and IF amplifier. 


In addition to these losses, energy traveling through the atmosphere suffers from atmospheric 
attenuation caused primarily by absorption by the gasses. For lower frequencies (below 10 GHz), the 
attenuation is reasonably predictable. For high frequencies in the millimeter wave range, the attenuation not 
only increases, but becomes more dependent upon peculiar absorbing characteristics of HO, O2, and the like. 


Figure 1 shows the areas of peak absorption in the millimeter wave spectrum, Figure 2 shows how 
the intensity of precipitation can affect atmospheric attenuation. 
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Figure 1, Atmospheric Absorption of Millimeter Waves. 
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Figure 2. Atmospheric Attenuation. 


Ducting is an increase in range that an electromagnetic wave will travel due to a temperature 
inversion of the lower atmosphere (troposphere) as shown in Figure 3. The temperature inversion forms a 
channel or waveguide (duct) for the waves to travel in, and they can be trapped, not attenuating as would be 
expected from the radar equation. Ducting may also extend range beyond what might be expected from 
limitations of the radar horizon (see Section 2-9). 


‘The ducting phenomena is frequen 
frequency 


yy sensitive. The thicker the duct, the lower the minimum trapped 


UPPER ATMOSPHERE 


A similar occurrence takes place with ionospheric refraction, however the greatest increase in range 
occurs in the lower frequencies. This is familiar to amateur radio operators who are able to contact 
counterparts “around the world 
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RECEIVER SENSITIVITY / NOISE 


RECEIVER SENSITIVITY 


Sensitivity in a receiver is normally taken as the minimum input signal (Sais) required to produce a 
specified output signal having a specified signal-to-noise (S/N) ratio and is defined as the minimum signal-to- 
noise ratio times the mean noise power, see equation [1]. For a signal impinging on the antenna (system 
level) sensitivity is known as minimum operational sensitivity (MOS), see equation [2]. Since MOS includes 
antenna gain, it may be expressed in 4BLi (4B referenced to a linear isotropic antenna). When specifying the 
sensitivity of receivers intended to intercept and process pulse signals, the minimum pulse width at which the 
specified sensitivity applies must also be stated. See the discussion of post-detection bandwidth (By) in 
Section 5-2 for significance of minimum pulsewidth in the receiver design. 


Suia =(S/N)niakT,B(NF) receiver sensitivity (“black box” performance parameter) i] 
or MOS=(S/N)wiskT,B(NFY/G system sensitivity ie. the receiver is connected to an antenna [2] 
(transmission line loss included with antenna gain) 
where: S/N Minimum signal-to-noise ratio needed to process (vice just detect) a signal 
NF Noise figure/factor 
k Boltzmann's Constant = 1.38 x 107° Joule/*K 
Tr. Absolute temperature of the receiver input (°Kelvin) = 290°K 
B Receiver Bandwidth (Hz) 
G Antenna/system gain 


We have a lower MOS if temperature, bandwidth, NF, of S/Nyia decreases, or if antenna gain 
increases. For radar, missile, and EW receivers, sensitivity is usually stated in dBm. For communications and 
commercial broadcasting receivers, sensitivity is usually stated in micro-volts or dBnv. See Section 4-1. 


There is no standard definition of sensitivity level. The term minimum operational sensitivity (MOS) 
can be used in place of Syia at the system level where aircraft installation characteristics are included. The 
“black box” term minimum detectable signal (MDS) is often used for Syua but can cause confusion because a 
receiver may be able to detect a signal, but not properly process it. MDS can also be confused with minimum 
discernable signal, which is frequently used when a human operator is used to interpret the reception results, 
A human interpretation is also required with minimum visible signal (MVS) and tangential sensitivity 
(discussed later). To avoid confusion, the terms Spin for “black box” minimum sensitivity and MOS for 
system minimum sensitivity are used in this section. All receivers are designed for a certain sensitivity level 
based on requirements. One would not design a receiver with more sensitivity than required because it limits 
the receiver bandwidth and will require the receiver to process signals itis not interested in. In general, while 
processing signals, the higher the power level at which the sensitivity is set, the fewer the number of false 
alarms which will be processed. Simultaneously, the probability of detection of a “good” (low-noise) signal 
will be decreased. 


Sensitivity can be defined in two opposite ways, so discussions can frequently be confusing. Itcan be 
the ratio of response to input or input to response. In using the first method (most common in receiver 
discussions and used herein), it will be a negative number (in dBm), with the more negative being “better” 
sensitivity, ¢.g., 60 dBm is “better” than -50 dBm sensitivity. If the second method is used, the result will be 
a positive number, with higher being “better.” Therefore the terms low sensitivity or high sensitivity can be 
very confusing. The terms Snug and MOS avoid confusion. 
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SIGNAL-TO-NOISE (S/N) RATIO. 


‘The Signal-to-Noise Ratio (S/N) (a.k.a. SNR) in a receiver is the signal power in the receiver divided 
by the mean noise power of the receiver. All receivers require the signal to exceed the noise by some amount. 
Usually if the signal power is less than or just equals the noise power itis not detectable. For a signal to be 
detected, the signal energy plus the noise energy must exceed some threshold value. Therefore, just because 
Nis in the denominator doesn’t mean it can be increased to lower the MOS. S/N is a required minimum ratio, 
ifN is increased, then S must also be increased to maintain that threshold. The threshold value is chosen high 
‘enough above the mean noise level so that the probability of random noise peaks exceeding the threshold, and 
causing false alarms, is acceptably low. 


Figure | depicts the concept of required S/N. It can be seen that the signal at time A exceeds the S/N 
ratio and indicates a false alarm or target. The signal at time B is just at the threshold, and the signal at time C 
is clearly below it. In the sample, if the temperature is taken as room temperature (T, = 290°K), the noise 
power input is -114 dBm for a one MHz bandwidth. Normally S/Nais may be set higher than S/N shown in 
Figure | to meet false alarm specifications. 
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Figure 1, Receiver Noise Power at Room Temperature. 


‘The acceptable minimum Signal-to-Noise ratio (or think of it as Signal above Noise) for a receiver 
depends on the intended use of the receiver. For instance, a receiver that had to detect a single radar pulse 
would probably need a higher minimum S/N than a receiver that could integrate a large number of radar 
pulses (increasing the total signal energy) for detection with the same probability of false alarms. Receivers 
with human operators using a video display may function satisfactorily with low minimum S/N because a 
skilled operator can be very proficient at picking signals out of a noise background. As shown in Table 1, the 
setting of an acceptable minimum S/N is highly dependent on the required characteristics of the receiver and 
of the signal. 


Table 1, Typical Minimum S/N Required, 


Skilled ‘Auto- ‘Auto-detection with Amplitude, ‘AOA Phase | AOA Amplitude 
Operator | Detection | TOA, and Frequency Measurements | Interferometer | Comparison 
3t08dB | 10t 14aB 14 to 18 dB 14 to 18 dB 16 t0 24 dB 


‘A complete discussion of the subject would require a lengthy dissertation of the probability and 
statistics of signal detection, which is beyond the scope of this handbook, however a simplified introduction 
follows. Let’s assume that we have a receiver that we want a certain probability of detecting a single pulse 
with a specified false alarm probability. We can use Figure 2 to determine the required signal-to-noise ratio. 


S/N EXAMPLE 


If we are given that the desired probability of detecting a single pulse (P,) is 98%, and we want the 
false alarm rate (P,) to be no more than 10°, then we can see that S/N must be 12 dB (see Figure 2), 


%) 


Probably of Detection - P, 


SigrahtoNobe (S/N) Rat - (48) 


Figure 2. Nomograph of Signal-to-Noise (S/N) Ratio as a Function of Probability of Detection (P,) and 
Probability of False Alarm Rate (P,). 


MAXIMUM DETECTION RANGE (ONE-WAY) 
From Section 4-3, the one way signal strength from a transmitter to a receiver is: 
GiGeh 
Aa FR 


S(or Px) 


For calculations involving receiver sensitivity the “S” can be replaced by Saiz. Since Spin = (S/N) nin 
kT.B(NF), given by equation [1], the one-way radar equation can be solved for any of the other variables in 
terms of receiver parameters. In communication, radar, and electronic warfare applications, you might need 
to solve for the maximum range (Ras) Where a given radar warning receiver could detect a radiated signal 
with known parameters. We would then combine and rearrange the two equations mentioned to solve for the 
following one-way equation: 


Rest | PiGi Grd oe PG: Gre’ pom | Pi Gy Ae BI 
VORTUSIN pug kT. BNF) \ Gat FISIN yay T, BNF) \4x (SIN), Ts BNF) 


We could use standard room temperature of 290° K as T,, but NF would have to be determined as 
shown later. 


In this calculation for receiver Ri determination, P,, G,, and dare radar dependent, while G,, S/Nyans 
NF, and B are receiver dependent factors, 


Equation [3] relates the maximum detection range to bandwidth (B). The effects of the measurement 
bandwidth can significantly reduce the energy that can be measured from the peak power applied to the 
receiver input. Additional bandwidth details are provided in Sections 4-4, 4-7, and in other parts of this 
section. 


NOISE POWER, kT,B 


‘Thermal noise is spread more or less uniformly over the entire frequency spectrum. Therefore the 
‘amount of noise appearing in the output of an ideal receiver is proportional to the absolute temperature of the 
receiver input system (antenna ete) times the bandwidth of the receiver. The factor of proportionality is 
Boltzmann's Constant. 


‘Mean noise power of ideal receiver = kT.B = Px (Watts) 
‘Mean noise power of a real receiver = (NF)KT.B (Watts) 


‘The convention for the temperature of T, is set by IEEE standard to be 290°K, which is close to 
ordinary room temperature. So, assuming T, = 290°K, and for a bandwidth B = 1 Hz, kT,B = 4x10"! W = 
-204 dBW = -174 dBm. 

For any receiver bandwidth, multiply 4x107' W by the bandwidth in Hz, or if using dB; 


10 log kT,B = -174 dBm + 10 Log (actual BW in Hz) or -114 dBm + 10 Log (actual BW in MHz) 


and so on, as shown by the values in Table 2. Table 2. Sample Noise Power Values (kT.B). 
Bandwidth /B2ndwidth) Warts | aBw | aBm 

Typical values for maximum sensitivity of 
receivers would be: THz a0 | 20a [174 
T kHz 4x10 [174 | 144 
RWR -65 dBm T MHz x10 [tad | 114 
Pulse Radar -94 dBm 1 GHz axio™ [<4 [84 


CW Missile Seeker -138 dBm 


Ifantenna contributions are ignored (see note in Table 4) for a CW receiver with a4 GHz bandwidth, 
the ideal mean noise power would be -174 dBm + 10 Log(4x10°) =-174 dBm + 96 dB = -78 dBm. A skilled 
operator might only be able to distinguish a signal 3 dB above the noise floor (S/N=3 dB), or -75 dBm. A 
typical radar receiver would require a S/N of 3 to 10 dB to distinguish the signal from noise, and would 
require 10 to 20 dB to track. Auto tracking might require a S/N of approximately 25 dB, thus, a receiver may 
only have sufficient sensitivity to be able to identify targets down to -53 dBm. Actual pulse receiver 
detection will be further reduced due to sin x/x frequency distribution and the effect of the measurement 
bandwidth as discussed in Sections 4-4 and 4-7. Integration will increase the S/N since the signal is coherent. 
and the noise is not. 


5.2.4 


Noise Bandwidth 


Equivalent Noise Bandwidth (By) - Set by minimum pulse width or maximum modulation bandwidth 
needed for the system requirements. A choice which is available to the designer is the relationship of pre-and 
post-detection bandwidth. Pre-detection bandwidth is denoted by Bir, while post-detection is denoted By, 
where V stands for video. The most affordable approach is to set the post-detection filter equal to the 
reciprocal of the minimum pulse width, then choose the pre-detection passband to be as wide as the 
background interference environment will allow. Recent studies suggest that pre-detection bandwidths in 
excess of 100 MHZ will allow significant loss of signals due to “pulse-on-pulse” conditions. Equations [4] 
and [5] provide By relationships that don’t follow the Table 3 rules of thumb. 


Table 3. Rules of Thumb for By a.k.a, B (Doesn't apply for SIN between 0 and 10 to 30 dB). 
SIN out Linear Detector Square Law Detector 
High SIN (215 to 20 4B) By=By (> 2010 304B) By=4By (> 1010 15 dB) 


Low SIN(=0¢B) = 2 Bw Br By )/4(SIN uy | By= (2 Bu By ~ By?)/ (SIN ), 


For a square law detector: 


{_(2B,/B)-1 
By=By| 2+ [4+ 2 Bel Bet 14 
\ (SIN op 
At high (S/N)qu, the 1/(S/Now) term goes to zero and we have: By= By [ 2+ V4 ] =4 By 
At low (S/N)ous the 1/(S/N,u:) term dominates, and we have: 
=p, (Bel BIT [2 Bur By- By 
Baste Vy ON), \y ON), 
Fora linear detector: 
15] 


His a hypergeometric (statistical) function of (S/N). 


H=2 for (S/N)in << 1 
H=1 for (S/N)a >> 1 


At high (S/N)ou, the 1/(S/N.u) term goes to zero and we have: By = 
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At low (S/N)ous the 1/(S/Nou) term dominates, and we have 


lmao 
H? (2 Bie- By 


(SIN), 


2 Bur By By 
4(SIN) 


By= 


‘Note (1): From Klipper, “Sensitivity of Crystal Video Receivers With RF Pre- 


mplification,” The Microwave Journal, August 1965. 


TRADITIONAL “RULE OF THUMB” FOR NARROW BANDWIDTHS (Radar Receiver Applications) 
Required IF Bandwidth for Matched Filter Applications: 


= Pre- detection RF or IF bandwidth 
1 Where: 


PW ain PW ain = Specified minimum pulse width 


r 


Matched filter performance gives maximum probability of detection for a given signal level, but 
(1) Requires perfect centering of signal spectrum with filter bandwidth, (2) Time response of matched pulse 
does not stabilize at a final value, and (3) Out-of-band splatter impulse duration equals minimum pulse width. 
‘As a result, EW performance with pulses of unknown frequency and pulse width is poor. 


Required Video Bandwidth Post - Detection 0.35 


Traditional " Rule of Thumb" PW on 


Where : By = Post - detection bandwidth 


Some authors define By in terms of the minimum rise time of the detected pulse, i.e., By = (0.35 to 
0.5)/t, min, where t, = rise time, 


REVISED “RULE OF THUMB” FOR WIDE BANDWIDTHS (Wideband Portion of RWRs) 


2203 ang 2 


PW oxic PW ee 


The pre-detection bandwidth is chosen based upon interference and spurious generation concerns, 
The post-detection bandwidth is chosen to “match” the minimum pulse width. This allows (1) Half 
bandwidth mistuning between signal and filter, (2) Half of the minimum pulse width for final value 
stabilization, and (3) The noise bandwidth to be “matched” to the minimum pulse width. Asa result, there is 
(1) Improved EW performance with pulses of unknown frequency and pulse width, (2) Measurement of in- 
band, but mistuned pulses, and (3) Rejection of out-of-band pulse splatter. 


NOISE FIGURE / FACTOR (NF) 


Electrical noise is defined as electrical energy of random amplitude, phase, and frequency. It is 
present in the output of every radio receiver. At the frequencies used by most radars, the noise is generated 
primarily within the input stages of the receiver system itself (Johnson Noise). These stages are not 
inherently noisier than others, but noise generated at the input and amplified by the receiver’s full gain greatly 
exceeds the noise generated further along the receiver chain. The noise performance ofa receiver is described 


5.2.6 


by a figure of merit called the noise figure (NF). The term noise factor is synonymous, with some authors 
using the term “factor” for numeric and “figure” when using dB notation. (The notation “F,” is also 
sometimes used instead of “NF.”) The noise figure is defined as 


Noise ouput of actual receiver _N, 


“fe Nex grind: 10 Log | DOs ouput of actual recover | yg oy Nae 
Noise ouiput of eal receiver GN, Noise oulput of ideal receiver Ge 
‘A range of NF values is shown in Table 4, 
Table 4. Typical Noise Figure / Factor Value. Decimal aB 
Passive lossy network (RF transmission line, attenuator, etc.) | Same as reciprocal of | Same as dB 
Example: 20 dB attenuator (gain = 0.01) gain value ex: 100 _| value ex: 20 
Solid State Amplifier (see manufacturers specifications) 4 6 
Traveling Wave Tube (see manufacturers specifications) Tt 100 T0t0 20 
‘Antennas (Below = 100 MHz, values to 12 dB higher if pointed TOI2 tw 14 0.0510 1S 
at the sun) 
Noe: Unless the antenna sponte atthe sun, its negligible NF ean be ignored, 
Atcnna gain not valid for NF esleulations because the noise received inthe near 
field 


An ideal receiver generates no noise internally. The only noise in its output is received from external 
sources. That noise has the same characteristics as the noise resulting from thermal agitation in a conductor. 
‘Thermal agitation noise is caused by the continuous random motion of free electrons which are present in 
every conductor. The amount of motion is proportional to the conductor’s temperature above absolute zero, 
For passive lossy networks, the noise factor equals the loss value for the passive element 


Where L = Ratio Value of Attenuation 
0.5 and L=2 
=2 and I0log NF =3dB 


KIB 


np= New } 
Gnu larg 
ra 


Lie. For a3 dB attenuator 
N 


A typical series of cascaded amplifiers is shown in Figure 3, 


RTBI(NFI a) RTRAQNF2.a) — KTRANF81)—TRANF4 9) 


Figure 3. Noise Factors for C 


‘aded Amplifiers (NF ea). 


Loss (negative gain) can be used for the gain value of attenuators o transmission line loss, ete to 
calculate the noise out of the installation as shown in the following equation 


BANF =I) , BNF sD) , Bal NPs) 161 


T B,(GiG:Gs.-.)| NF; ae (ratio form) 
BG, BGG; B,G,Gs0, 


Ifthe bandwidths of the amplifiers are the same, equation [6] becomes: 


Na NuO MPAA G,0:65-) ton) et form m 


Pre-amplifier Location Affects Receiver Input Noise 


As shown in Figure 4, if a 2 to 12 GHz receiver CASE 1 81,Nr 
installation doesn’t have enough sensitivity, itis best to L=20 46, Ax 
install an additional amplifier closer to the antenna 
(case 1) instead of closer to the receiver (case 2). In both 
cases, the line loss (L) and the amplifier gain (G) are the 
same, so the signal level at the receiver is the same. For CASED 
case 1, 1 =P +G-L. Incase 2, S=Pa- L + G, 80 S) 2, Ne 
=S;. The noise generated by the passive transmission | L=20 46 = 
line when measured at the receiver is the same in both 
cases. However, the noise generated inside the amplifier, 
when measured at the receiver input, is different. 


G- 254 


Figure 4, Pre-Amp SIN. 
For this example, case 2 has a noise level at the input to the receiver which is 19.7 dB higher than 
case 1 (calculations follow later). 


Table [_Case 1 Gain Case TNF Table Case 2 Gain Case 2NF 
Sa__[ Amp | L [| Amp [| CL Sb a Amp [__L | Amp’ 
B 25 [ -20 | 6* | 20 B -20 25 20 | _6* 

ratio | 3162 [001 [ 4* | 100 Tatio oor | 3162 [| 100 | 4* 


* Amplifier NF value from Table 4. 


Using equation [3] and the data in Tables Sa and Sb, the noise generated by the RF installation is 
shown in Tables 6a and 6b (the negligible noise contribution from the antenna is the same in both cases and is 
not included) (also see notes contained in Table 4) 


Table ba, Css Table 6b, Case 2 
y 
100-1) 13.64 G(NF)= 0.01316. 2{ 10441 )= 1264.8 
3167 ) oar) 
LENNIE T0Tog GNF) =31 dB 


Noise at receiver: 
= 274 dBm + 11.34 dB = -62.7 dBm 


74 dBm +31 dB=-43 dBm 


Now 


Noa2+Noui = 19.7 dB. The input noise of -74 dBm was calculated using 10 log (kTB), where B = 10 GHz. 


Note that other tradeoffs must be considered: (1) greater line loss between the antenna and amplifier 
improves (decreases) VSWR as shown in Section 6-2, and (2) the more input line loss, the higher the input 
signal can be before causing the pre-amplifier to become saturated (mixing of signals due to a saturated 
amplifier is addressed in Section 5-7), 


Combining Receive Paths Can Reduce Sensitivity 


Ifa single aircraft receiver processes both forward and aft signals as shown in Figure 5, itis desirable 
to be able to use the receiver's full dynamic range for both directions. Therefore, one needs to balance the 
gain, so that a signal applied to the aft antenna will reach the receiver at the same level as if it was applied to 
the forward antenna. 


z ‘ 20 
pees ol ae 
Ae 
348 Hybrid 
AFT 
spneneG on i negation serene | Receiver 
(anentae 


Figure 5. Example of Pre-Amplifier Affecting Overall Gain / Sensitivity 


Common adjustable preamplifiers can be installed to account for the excessive transmission line loss, 
In this example, in the forward installation, the level of the signal at the receiver is the same as the level 
applied to the antenna, Since the aft transmission line has 5 dB less attenuation, that amount is added to the 
preamplifier attenuator to balance the gain. ‘This works fine for strong signals, but not for weaker signals, 
Because there is less loss between the aft preamplifier and the receiver, the aft noise dominates and will limit 
forward sensitivity. Ifthe bandwidth is 2-12 GHz, and if port A of the hybrid is terminated by a perfect 50Q 
load, the forward noise level would be -65.3 dBm. If port B is terminated, the aft noise level would be 
-60.4 dBm. With both ports connected, the composite noise level would be -59.2 dBm (convert to mw, add, 
then convert back to dBm). For this example, if the aft preamplifier attenuation value is changed to 12 dB, 
the gain is no longer balanced (7 dB extra loss aft), but the noise is balanced, i., forward = -65.6 dBm, aft= 
-65.3 dBm, and composite -62.4 dBm. If there were a requirement to see the forward signals at the most 
sensitive level, extra attenuation could be inserted in the aft preamplifier. This would allow the forward noise 
level to predominate and result in greater forward sensitivity where it is needed. Calculations are provided in 
Tables 7 and 8. 


‘Table 7. Summary of Gain and NF Values for Figure 5 Components. 
Aft Fwd 
BFTine 
RF RF Line 
Amp | aun | Amp | & | rrtice | Amp | am | Amp 
Line ee hybrid 
Gn Ss sos 2 is _ [0 10 Bz 
fam [ratio [02 [316 | 032 | 10 [00s | 063 | 316 | 0 10__[ 0.005 
wil7 [6 is | «6 1B 2 6 0 6 23 
NF [ratios [| 4 [316] 4 | 20 [| 135 [4 0 4 200 


AM NF =22.79 therefore 10 log NF = 13.58 dB. Input noise level 
Fwd NF =7.495 therefore 10 log NF = 8.75 dB. Input noise level 
‘The composite noise level at the receiver = -59.187 dBm = -59.2 dBm, 


‘Table 8. Effect of Varying the Attenuation (shaded area) in the AR Preamplifier Listed in Table T. 


Afatn | ARAn | AR Fwd | Composite || MinSignal | AR Fwd 
NF | Gain | Noise Noise | Noise || Received *** | _ Input Input 
Va | 0dB | $5.8 dBm | 5.3 dBm | S54dbm | 34dim | ae dom | 4 dn 
5 5 60 653 592 412" [412 
0 =I0 or “653 “618 a8 9.8 
2 “2 [soe | esa | a4 S04 
15 =I5 “OT “653 “631 a1 SL 
* Gain Balanced ** Noise Balanced we SIN was set at 12 dB 
‘TANGENTIAL SENSITIVITY 
Tangential sensitivity (TSS) is the point | No#se Pulse 
where the top of the noise level with no signal 
applied is level with the bottom of the noise evel i 
ona pulke as shown in Figure 6. Tt can be | (ANNU No Sian al 
determined in the laboratory by varying the | HUTA AM Level 
amplitude of the input pulse until the stated 


criterion is reached, or by various approximation 


formulas. Figure 6. Tangential Sensitivity. 


The signal power is nominally 81 dB above the noise level at the TSS point. TSS depends on the 
RF bandwidth, the video bandwidth, the noise figure, and the detector characteristic. 


TSS is generally a characteristic associated with receivers (or RWRs), however the TSS does not 
necessarily provide a criterion for properly setting the detection threshold. Ifthe threshold is set to TSS, then 
the false alarm rate is rather high. Radars do not operate at TSS. Most require a more positive S/N for track 
© 10 dB) to reduce false detection on noise spikes. 


SENSITIVITY CONCLUSION 


When all factors effecting system sensitivity are considered, the designer has little flexibility in the 
choice of receiver parameters. Rather, the performance requirements dictate the limit of sensitivity which can 
be implemented by the EW receiver. 


1, Minimum Signal-to-Noise Ratio (S/N) - Set by the accuracy which you want to measure signal 
parameters and by the false alarm requirements. 


2. Total Receiver Noise Figure (NF) - Set by available technology and system constraints for RF front 


end performance. 


3. Equivalent Noise Bandwidth (By) - Set by minimum pulse width or maximum modulation 
bandwidth needed to accomplish the system requirements. A choice which is available to the designer is the 
relationship of pre- (Byx) and post-detection (By) bandwidth. The most affordable approach is to set the post- 
detection filter equal to the reciprocal of the minimum pulse width, then choose the pre-detection passband to 
beas wide as the background interference environment will allow. Recent studies suggest that pre-detection 
bandwidths in excess of 100 MHz will allow significant loss of signals due to “pulse-on-pulse” conditions, 


4, Antenna Gain (G) - Set by the needed instantaneous FOV needed to support the system time to 
intercept requirements. 
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RECEIVER TYPES AND CHARACTERISTICS 


Besides the considerations of noise and noise figure, the capabilities of receivers are highly dependent 
on the type of receiver design. Most receiver designs are trade-offs of several conflicting requirements. This 


is especially true of the Electronic Support Measures (ESM) receivers used in Electronic Warfare. 


This section consists of a figure and tables that provide a brief comparison of various common ESM 


receiver types. Figures | and 2 show block diagrams of common ESM receiver 
‘major features of receivers. Table 2 shows the receiver types b 


Table | is a comparison of 
ited for various types of signals and 


Tables 3 and 4 compare several direction of arrival (DOA) and emitter location techniques. Table 5 shows 


qualitative and quantitative comparisons of receiver characteristics. 


‘CRYSTAL DEO RECEVER ‘VIG TUNED NARROWBAND SUPERHET 
8 ‘aie Yi iE Lye vies 
aH ee ae 
: svn) —L 

pee oxiScoe 
WIDEBAND SUPERHET INSTANTANEOUS FREQUENCY MEASUREMENT 
ne SHER See a i 
oe eo 
ais E 
eae aidee Tae ca 
Figure 1, Common ESM Receiver Block Diagrams. 
CHANNEL ZED RECEIVER 
PRET eee MICROSCAN (COMPRESSIVE) RECEIVER: 
Vv 
{ eae =H rma Le om 
ee {=|} eS 


Figure 2. Common ESM Receiver Block Diagrams (Continued). 
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Table 1. Comparison of Major Features of Receivers. 


Receiver ‘Advantages Disadvantages Principal Applications 
INo frequency resolution 
lWideband Simple, inexpensive, instantaneous, : 
lerystal video | High POI in frequency range Poor sizaitivaly sod oer WR: 
simultaneous signal performance 
[Tuned RF __]Simple, Frequency measurement [Slow response time [Option in RWR, Frequency 
[Crystal Video |Higher sensitivity than wideband [Poor POL measurement in hybrid 
Shipboard ESM, 
Relate simple aint snag iia” tte: power 
iM Frequency resolution ame Senet sig 
Esesiicae haa POL clatively poor sensitivity Penagenen 510 
INarrow-band High sensitivity Slow response fime SIGINT equipment 
lscanning —_| Good frequency resolution Poor POL /Air and ship ESM 
ISuperhet__[Simultaneous signals don’t interfere_|Poor against frequency agility __| Analysis part of hybrid 
IWide-band = Spurious signals generated Shipboard ESM 
ISuperher__[Bettet tesponse time and PO! Poorer sensitivity Tactical air warning 
IChannetizea | Wide bandwidth, Near instantaneous,| High complexity, cost; Lower [SIGINT equipment 
hannelized "| Moderate frequency resolution reliability; imited sensitivity | Jammer power management 
: : High complexity . 
Near instantaneous, Het Bene SIGINT equipment 
IMicroscan [Good resolution and dynamic range, [xucd bandieidih | Applications for fine freq 
{Good simultaneous signal capability [No Pulse modulation information. iy over wide range 
Critical alignment y i 
[Near instantaneous, Good resolution, 
|Acousto-optic |Good simultaneous signal capability | High complexity; new technology 
|Good POL 


Note: The Microscan receiver is also known as a compressive receiver 


Table 2. Receiver Types vs. Signal Types 


Signal cand RF Coaa Tere Bad | ad 
ESET licen ice! Hao. nee Superhet Superhet [Channelized) Microscan | optic 
Special] Yen but 
cw |Soialdeien] enter | inertreswin | ves | ves | ves | ves | ves 
sai CW _| pulsed reception 
Fake’ Ves Yer Ye Ts Yer Yes [Yes [Yes 
Ya but wan 
Multiile No No No recognize as | No Yes Yes Yes 
erequency same source 
Tavs 
Yes, does 
Fraquency i ; Yes iia], seg Sepending 
‘Agile | jmewsure | No ve No Fpastanay | Y | Y | ateadout 
frequency at 
Noes 
Noes Noes, 
PE ve | ves ves Jepentngon | ves [ves | imprecson | seine 
z Sean te in Toa | oad 
Ya wi Tove Yer_]_Woves,_ [Yes 
Cirped | acceptance | No ves | cepensingon | ves | reduced. |aspending on} educed 
Bw Bw sensitivity | ean ete | sensitivity) 
Ys, wi ae a re 
simad | acceptance | No Yes No | depending | reduced YES] educed 
Spectrum | “BW ‘on BW | sensitivity) | SPM!) | sensitivity) 


Table 3. Direction of Arrival Measurement Techniques. 


“Amplitude Comparison 


Phase Interferometer 


Sensor Con! 


Typically 4 10 6 Equal Spaced Antenna 
Elements for 360° Coverage 


2 or more RHC or LHC Spirals in Fixed 
Array 


DF Accuracy 


iw Caw 
248 


(Gaussian Antenna Shape) 


DF wce* 


a 
DF ace® 


AO 
2nd cosd 


DF Accuracy 
Improvement 


Decrease Antenna BW; Decrease Amplitude 
Mistrack; Increase Squint Angle 


Increase Spacing of Outer Antennas; 
Decrease Phase Mistrack 


Typical DF Accuracy 


Foto 10 ms 


OP to 3° ms 


Sensitivity 1 
Multipath/Reflections 


High Sensitivity; Mistrack of Several dB 
Can Cause Large DF Errors 


Relatively Insensitive; Interferometer Can 
be Made to Tolerate Large Phase Errors 


Platform Constraints 


Locate in Reflection Free Area 


Reflection Free Area; Real Estate for 
Array; Prefers Flat Radome 


Applicable Receivers 


Crystal Video; Channelizer, Acousto-Optic; 
Compressive; Superheterodyne 


Superheterodyne 


‘ACa= Amplitude Monopulse Ratio in dB S= Squint Angle in degrees Bi 


Antenna Beamwidih in degrees 


‘Table 4. Emitter Location Techniques. 


Measurement 
Technique 


Advantages 


Disadvantages 


Triangulation 


Single Aircraft 


Non-instantaneous location 


Inadequate accuracy for remote 
targeting 


Not forward looking 


Azimuth/elevation 


Single Aircraft 


Instantaneous location pos 


Accuracy degrades rapidly at low 
altitude 


Function of range 


Time Difference of 
Arrival 
(Pulsed signals) 


Very high precision 
Can support weapon delivery position 
requirements 


Very rapid, can handle short on-time 
threat 


Very complex, diverse systems 
required, at least 3 aircraft 


High quality receivers, DME (3 sites) 
very wideband data link 


Very high performance control 
processor; requires very high 
reliability subsystems 
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Table 5. Qualitative Comparison of Receivers. (From NRL Report 8737) 


Receiver Type 


analysis BW 


analysis BW. 


Feature | WileBand | TRF Casa Ravrow-Band] Wide-and 
Icrystal Video| Video oe Superhet | Superhet ee a eee 
‘Analysis | YY | Nanow | Y8¥ | Narow | Modente | wide | wide | Moderate 
Bandwidth iced nad 
Frquensy | Ven Ven : ; 
oe Ae Fair | Good | VEX [poor | rar | Good | Good 
Poor Poor 
Sensivity [evo preamp] FH) Jvopreamm| VEX frais fa FV | Goo 
aie preamp) Fie preamp) ® 
Byram Trae coos | V | rae | Good | Fai Poot 
Speedo] Ven Ver : es : 
Acquisition | __Fast Fast low ied Fast Fast sie 
Shoe pus ; 
Width | Good | Good | Good } coor | YE% | Good | Fair Fale 
Capability a 
Signal ; Fair Pai 
cial | aie voor | Good f E84 | Good | poor | Fal 
Tpleaby 
oo Fie Phe Fr 
to Exotic oor | Good | Poor Good 
ae | be 00d good | good 
Foor igh Taiiaoad 
High signat | Poor i Fair | uirood 
Density} Mlsealarm | Fair Good Poor | (depending “Pending 0m) Gogg Poot 
pede | sate fom | good tenes | architecture 
backround & processing 
Rnatancons ; Ta 
Sizml | Poor | Fal | poor | Good | depenting | oot | Good | Good 
Capability Bo ‘on BW) 
Processing | Modeate ] Moderae Low-igh ee 
Greeesnt Jaapendngon|depenting on] Moderate | Moderate | Moderate [depending on] Complex | Pee 
processing 
Taman Poor ; Poo 5 5 
immunity | poo Fai reat [oor | RE [Good | Good | Good 
Power Tow Voreate 
legs] "| aaedcue | Movemte [ Moderate [ wodsrte [igh | Modemte | Mode 
nernge | ME | oasis ‘cncinot 
F Range | cave 518 | soscoao | <oorw40 | osii8 | 0560 | <asws | shimnelize 
ine) | | separate snd 
ra 
Max Mull As high as Multi- without 
Instantane- octave | desited with | coiave ‘o o degradation, 
ous Anatysis | coi7s | Saunt | cave | SOMA | SoM. TTT Gin uae: 
Bandwidds | rte) | FOR) Der unin) with | imitation 
ined ael yradation 
Resumen emareneny 
Accuracy | betterthan | better than | *10MH2 | 0.5% 10 1% ‘MHz 1 MEE JOKE? VME 


53.4 


Receiver Type 


Featwe | WieBind [TRE Oya Rasrow-Band] Wie-Band ae 
lcrystal Video| Video es Superhet | Superhet Me Pe Ree 
eS Wied] G 
rusewitn | ewes | crn [zm few e000 S99 |¥20e| wea as0 | cwre 
na soar | Som | cahitn)|"ceolaion | ME, lonecotn| "| OSH 
ONT soo HTS fi 
Frequency | “oo poner | 2swmitz | imine | <orme | 108 | Geccwin | inne | oS! 
cesolution | han BW) 12 | freq verniet) i 
AD 50-| Bates | aa : 
sensiviy | aopreamp)| shana | preamp) | 90,1amte | *8,5° | 70,1050 | 90.510 | 545-40 
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RADAR MODES, 
Typical Radar modes are listed below in the general functional category for which they were 
designed. Not all of these modes are applicable to all radars and certain radars have additional modes. 
* NAVIGATION 
‘Terrain avoidance - A mode in which the radar is set at a fixed depression angle and short range to 


continuously sweep the ground area directly in front of the aircraft in order to avoid mountains. This is 
particularly useful during flight into unfamiliar territory when clouds, haze, or darkness obscure visibility. 


Ground mapping - A mode in which the radar uses a variety of techniques to enhance ground 
features, such as rivers, mountains, and roads. The mode is unlike air-to-air modes where ground return is 
rejected from the display. 


Precision velocity update / Doppler navigation - A mode in which the radar again tracks ground 
features, using Doppler techniques, in order to precisely predict aircraft ground speed and direction of motion, 
Wind influences are taken into account, such that the radar can also be used to update the aircraft inertial 
navigation system. 


« FIGHTER MISSIONS 


Pulse search - Traditional pulse techniques are used to accurately determine range, angle, and speed 
of the target. Limitations are easy deception by enemy jamming, and less range when compared to other 
modes. 


Velocity search - A high PRF Pulse Doppler waveform is used for long range detection primarily 
against nose aspect targets, giving velocity and azimuth information. Although velocity search can work 
against tail-on targets, the Doppler return is weaker, consequently the maximum detection range is also much 
less. When the target is in the beam (flying perpendicular to the fighter), the closure (Doppler) is the same as 
ground return and target retum is almost zero. 


‘Track While Scan (TWS) - A system that maintains an actual track on several aircraft while still 
searching for others. Since the radar is sharing its computing time between targets, the accuracy is less 
precise than for a single target track (STT) mode of operation. 


Raid assessment - A mode in which the radar has an STT on asingle target, but is routinely driven off 
by a small amount in order to determine if multiple aircraft exists in the immediate vicinity of the target 
aircraft. 


Single-Target-Track (STT) (including ait combat maneuvering modes) - Highly precise STT modes 
are used to provide the most accurate information to the fire control computer so that accurate missile or gun 
firing can be accomplished. The fire control radar continuously directs energy at the target so that the fired 
missile locates and tracks on the reflected energy from the target. Air combat maneuvering modes are 
automatic modes in which the radar has several sweep patterns fixed about the aircraft axis, such that little or 
no work is required of the pilot in order to lock up a target. 
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« AIR-TO-GROUND MISSIONS 


Weapons delivery - A mode in which ground features are tracked, and particular emphasis is placed 
‘on determining range to the ground target, angle of dive, weapons ballistic tables, and aircraft speed. 


Surveillance/tracking of ground forces/targets - Similar to the above with emphasis on multiple 
ground features and less on weapons delivery data. 


Reconnaissance - A specific navigational mode to aid in identifying specific targets. 


© AIR-TO-SURFACE MISSIONS 


ASW - Navigational techniques specializing in specific search patterns to aid in detection of enemy 
submarines 


* TECHNIQUES USED FOR MULTIPLE APPLICATIONS 


‘Synthetic Aperture Radar (SAR) - A form of radar that uses the relative motion between an antenna 
and its target region, to provide coherent-signal variations, in order to obtain finer spatial resolution than is 
possible with conventional beam-scanning means. SAR is usually implemented by mounting a single beam- 
forming antenna on a moving platform such as an aircraft from which a target scene is repeatedly illuminated 
with pulses of radio waves at wavelengths anywhere from a meter down to millimeters. The many echo 
waveforms received successively at the different antenna positions are coherently detected and stored and 
then post-processed together to resolve elements in an image of the target region. 


Over-The-Horizon Radar (OTHR) - uses the refraction of high frequency radiation through the 
ionosphere in order to detect targets beyond the line-of-sight. The complexities of the ionosphere can 
produce multipath propagation, which may result in multiple resolved detections for a single target. When 
there are multipath detections, an OTHR tracker will produce several spatially separated tracks for each 
target. Information conveying the state of the ionosphere is required in order to determine the true location of 
the target and is available in the form of a set of possible propagation paths, and a transformation from 
measured coordinates into ground coordinates for each path. Since may be no other information as to how 
many targets are in the surveillance region, or which propagation path gave rise to which track, there isa joint 
target and propagation path association ambiguity which must be resolved using the available track and 
ionospheric information. 
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GENERAL RADAR DISPLAY TYPES 


‘There are two types of radar displays in common use today. 


RAW VIDEO 


Raw video displays are simply oscilloscopes that display the detected and amplified target return 
signal (and the receiver noise). Raw video displays require a human operator to interpret the various target 
noise and clutter signals. 


On the left hand display of Figure 1, an operator could readily identify three targets and a ghost (a 
ghost is a phony target that usually fades in and out and could be caused by birds, weather, or odd temporary 
reflections - also referred to as an angel). Target 3 is a weak return and hidden in the noise - an operator can 
identify it as a target by the “mouse under the rug” effect of raising the noise base line. 


SYNTHETIC VIDEO 


mthetic video displays use a computer to clean up the display by eliminating noise and clutter and 
creating its own precise symbol for each target. 


On the right hand display target 1 comes and goes because it is barely above the receiver noise level - 
notice that it is quite clear on the raw video. Target 3 wasn’t recognized by the computer because it’s too far 
down in the noise. The computer validated the ghost as a target. The ghost might be a real target with glint or 
ECM characteristics that were recognized by the computer but not the operator. 
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GT 2 
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Figure 1, Radar Display Types. 
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SEARCH AND ACQUISITION RADARS 


‘They generally use either a PPI or a sector PPI display as shown in Figure 2. PPI displays can be 


ideo, 


either raw video or synthetic 


PPI scope (plan position indicator), 
Polar plot of direction and distance, 
Displays all targets for 360 degrees. 


Sector PPI scope. 
Polar plot of direction and distance. 
Displays all targets within a specific sector. 
Origin may be offset so that “your” radar position may be off the scope. 


TRACKING RADARS 
Usually use some combination of A, B, C, or E scope displays. There are many other types of 


displays that have been used at one time or another - including meters - but those listed here are the most 
common in use today. 
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Figure 2. Common Radar Displays. 
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A-SCOPE 
‘Target signal amplitude vs. range or velocity. 
Displays all targets along pencil beam for selected range limits 


Displays tracking gate. Usually raw video. Some moder radars have raw video a-scopes as, 
an adjunct to synthetic video displays. 


Must be used with a separate azimuth and elevation display of some sort. 


Also called a range scope (R-Scope) 


B-SCOPE 
Range vs. azimuth or elevation. Displays targets within selected limits, 
Displays tracking gate. May be raw or synthetic video. 
Surface radars usually have two. One azimuth/one elevation which can result in confusion 
with multiple targets 

C-SCOPE 
Azimuth vs. elevation, Displays targets within selected limits of az and el. 
Displays tracking gate. May display bull’s-eye ot aim dot. 


May have range indicator inserted typically as a marker along one side. Usually synthetic 
video. 


Pilots eye view and very common in modern fighter aircraft heads up displays for target 
being tracked. 


Could be used in any application where radar operator needs an “aiming” or “cross hair 
view like a rifle scope. 


E-SCOPE 


Elevation vs. Range similar to a B-scope, with elevation replacing azimuth. 
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IFF - IDENTIFICATION - FRIEND OR FOE 


Originated in WWII for just that purpose - a way for our secondary radars to identify U.S. aircraft 
from enemy aircraft by assigning a unique identifier code to U.S. aircraft transponders. 


The system is considered a secondary radar system since it operates completely differently and 
independently of the primary radar system that tracks aircraft skin returns only, although the same CRT 
display is frequently used for both. 


‘The system was initially intended to distinguish between enemy and friend but has evolved such that 
the term “IFF” commonly refers to all modes of operation, including civil and foreign aircraft use. 


There are five major modes of operation currently in use by military aircraft plus two sub-modes, 


‘* Mode 1 is a non-secure low cost method used by ships to track aircraft and other ships. 

‘+ Mode 2 is used by aircraft to make carrier controlled approaches to ships during inclement 
weather, 

‘+ Mode 3 is the standard system also used by commercial aireraft to relay their position to ground 
controllers throughout the world for air traffic control (ATC). 

‘+ Mode 4 is secure encrypted IFF (the only true method of determining friend or foe) Military 
only 

‘+ Mode 5 — provides a cryptographically secured version of Mode S and ADS-B GPS position, 
(military only). Mode 5 is divided into two levels. Both are crypto-secure with Enhanced 
eneryption, Spread Spectrum Modulation, and Time of Day Authentication, Level | is similar to 
Mode 4 information but enhanced with an Aircraft Unique PIN. Level 2 is the same as Mode 5 
level one but includes additional information such as aircraft position and other attributes 

+ Mode “C” is the altitude encoder (military and civilian), 

‘+ Mode S — provides multiple information formats to a selective interrogation. Typically aircraft 
are assigned a unique 24-bit Mode S address. The Mode S address is partitioned and a group of 
address ranges are allocated to each country. Some countries change the assigned address for 
security reasons, and thus it might not be a unique address. (military and civilian) 


‘The non-secure codes are manually set by the pilot but assigned by the air traffic controller. 


A cross-band beacon is used, which simply means that the interrogation pulses are at one frequency 
and the reply pulses are at a different frequency. 1030 MHz and 1090 MHz is a popular frequency pair used 
in the US. 


‘The secondary radar transmits a series of selectable coded pulses. The aircraft transponder receives 
and decodes the interrogation pulses. If the interrogation code is correct, the aircraft transponder transmits a 
different series of coded pulses as a reply. 


‘The advantage of the transponder is that the coded pulses “squawked” by the aircraft transponders 
after being interrogated might typically be transmitted at a 10 watt ERP, which is much stronger than the 
microwatt skin return to the primary radar. Input power levels may be on the order of several hundred watts, 


The transponder antenna is low gain so that it can receive and reply to a radar from any direction. 
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An adjunct to the IFF beacon is the altitude encoding transponder known as mode C - all commercial 
and military aircraft have them, but a fair percentage of general aviation light aircraft do not because of cost, 
‘The number of transponder installations rises around many large metropolitan areas where they are required 
for safety (easier identification of aircraft radar tracks). 


Air traffic control primary radars are similar to the two-dimensional search radar (working in azimuth 
and range only) and cannot measure altitude. 


‘The expanded display in figure 1 is typical of an air traffic control IFF response. The aircraft was 
told to squawk a four digit number such as “4732.” The altitude encoded transponder provides the aircraft 
altitude readout to the ground controllers display along with the coded response identifying that particular 
airoraft. 
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Figure 1. IFF Transponder. 


In addition to systems with active electronic data interchange between airborne and ground 
equipment, some military surveillance systems can provide targeting in tactical applications. The 
development of automated techniques for use against ground targets is typically referred to as Automatic 
Target Recognition (ATR). When used against air targets, it is typically referred to as Non-Cooperative 
‘Target Recognition (NCTR). The requirements for radar target recognition are complex since typical targets 
have background clutter and often multiple targets types exist. 
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RECEIVER TESTS 


Two tone and spurious response (single signal) receiver tests should be performed on EW and radar 
receivers to evaluate their spurious free dynamic range. A receiver should have three ranges of performance: 
(J) protection from damage, (2) degraded performance permitted in the presence of a strong interfering 
signal(s) and no degradation when only a strong desired signal is present, and (3) full system performance, 


The original MIL-STD-461 A design requirement and its companion MIL-STD-462 test requirement 
specified four receiver tests. ‘These standards allowed the interfering signal(s) to be both inband and out of 
band, which is meaningful for design and test of EW receivers, however inband testing generally is not 
meaningfal for narrowband communications receivers. These standards were difficult to follow and had to be 
tailored to properly evaluate the EW and radar system. MIL-STD-461B/C still allowed the interfering 
signal(s) to be both inband and out of band but deleted the single signal interference test (CS08 Conducted 
Susceptibility test). MIL-STD-461D/-462D leave the pass/fail criteria entirely up to what is listed in the 
individual procurement specification. It also places all interfering signals out of band, redesignates each test 
number with a number “100” higher than previously used, and combines “CSO8” as part of CS104. 

‘Therefore, to provide meaningful tests for EW and radar systems, the procurement specification must specify 
the three ranges of performance mentioned in the beginning of this section and that the tests are to be 
performed with the interfering signal(s) both inband and out of band. The four tests are as follows (listed in 
order of likelihood to cause problems): 


Test Name. MIL-STD-461A_[ MIL-STD-461D_ 
Undesired, Single signal interference test CS08, Part of CS104 
Desired with undesired, two signal interference tests ‘CS04 CSi04 
‘Two signal intermodulation test ‘CS03 ‘S103, 
Two signal cross modulation test CS05 CS105 


The rest of this section explains the application of these tests and uses the names of the original 
MIL-STD-461A tests to separate the tests by function. 


TEST SETUP 


A. directional coupler used 
backwards (as shown here in Figure 1) 
is an easy way to perform two signal | |... Sit saute Gaver 
tests. The CW signal should be applied | stsz eo) 

to the coupling arm (port B) since the oO) 
maximum CW signal level is -10 dBm. ia os i 
The pulse signal should be applied to | Wk oeiiel 

the straight-through path (port C) since 


GF, FrenuneySeuce 


fats) PE 


Te Seen rahe 
the maximum pulse level is +10 dBm 

peak. These power levels are 
achievable with standard laboratory 
signal generators, therefore one doesn’t have to resort to using amplifiers which may distort the signals, 
Always monitor the output signal to verify spectrally pure signals are being applied to the test unit. This can 
be accomplished by another directional coupler used in the standard configuration. Dissimilar joints or 
damaged ot corroded microwave components can cause mixing. This can also result if the two signal 
‘generators are not isolated from one another. Therefore, even if a directional coupler is used to monitor the 


Figure 1. Receiver Test Setup When Antenna Can Be Removed. 
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signal line, it is still advisable to directly measure the input to the receiver whenever there is a suspected 
receiver failure. This test does not need to be performed in an EMI shielded room and is more suitable for a 
radat or EW lab where the desired signals are readily available. 


Ifthe receiver's antenna is active or Bieestetsina/ sues 
cannot be removed, a modified test as | to spestum anayear : 

shown in Figure 2 should be performed. || __- haces! o 

‘The monitoring antenna which is connected FoF =i 

to the spectrum analyzer should be the SE Be ay 
same polarization as the antenna for the ] | Tegesever Q 2 
receiver being tested. Amplifiers may be sronn Dein 

required for the F, and F; signals. It is 

desirable to perform this test in an anechoic Figure 2. Receiver Test Setup When Antenna Is Active. 


chamber or in free space. 


In the following discussion of CSO8, CS04, CS03, and CS0S tests, itis assumed that when the receive 
light illuminates, the receiver identifies a signal that matches parameters in the User Data File (UDF) or pre~ 
programmed list of emitter identification parameters. If a receiver is different, the following procedures will 
have to be appropriately tailored. If the UDF does not have entries for very low level signals in the 10% and 
90% regions of each band, complete testing is not possible. Most problems due to higher order mixing 
products and adjacent band leakage are only evident in these regions. In the following tests, the lowest level 
where the receive light is constantly on is used to identify the minimum receive level. If a receiver has a 
receive level hysteresis or other idiosyncrasy, then using a 50% receive light blinking indicator may be more 
appropriate. Whatever technique is appropriate, it should be consistently used during the remainder of the 
test. The maximum frequency for testing is normally 20 GHz. Ifa millimeter wave receiver is being tested, 
the maximum frequency should be 110 GHz. 


CS08 - UNDESIRED, SINGLE SIGNAL INTERFERENCE TEST 


MIL-STD-461B/C (EMI design requirements) deleted this test. MIL-STD-461D allows a single 
signal test as part of CS104 (CS04) but specifies it as an out of band test. The original CSO8 inband and out 
of band test is still needed and is the most meaningful test for wide band EW receivers which have a 
bandwidth close to an octave. This test will find false identification problems due to 1) lack of RF 
discrimination, 2) higher order mixing problems, 3) switch or adjacent channel/band leakage, and 4) cases 
where the absence ofa desired signal causes the receiver to search and be more susceptible. In this latter case, 
a CSO4 two signal test could pass because the receiver is captured by the desired signal, whereas a CSO8 test 
could fail. Examples of the first three failures are as follows. 


5-72 


EXAMPLE 1 


‘A 2 to 4 GHz receiver which uses 
video detection (e.g., crystal video) and 
doesn’t measure RF is used for this example. 
This receiver assumes that if the correct Pulse 
Repetition Interval (PRI) is measured, it is, 
from a signal in the frequency band of 
interest. Three cases can cause false 
identification. Refer to Figure 3. 


Attenuation 


Frequency (GHz) Caz 


(1) Region A&C. The 2 to 4 GHz 
band pass filter will pass strong signals in 
regions A&C. If they have the correct PRI. 
they will also be identified. 


Figure 3. Frequency Areas in a Sample 2-4 GHz 
Receiver. 


(2) Region B. Any other signal besides the desired signal in the 2 to 4 GHz region that has the 
correct PRI will also be identified as the signal of interest. 


(3) Region D. Band pass filters with poor characteristics tend to pass signals with only limited 
attenuation at frequencies that are three times the center frequency of the band pass filter. If these signals 
have the correct PRI, they will be incorrectly identified 


High duty cycle signals (CW or pulse doppler) in regions A, B, C, and D may overload the processing 
of signals, saturate the receiver, or desensitize the receiver. This case is really a two signal CS04 test failure 
and will be addressed in the CS04 section. 


EXAMPLE 2 
Mixer 
A receiver measuring the cartier frequency of each pulse 
(e., instantaneous frequency measurement (IFM)) and the PRI is used RE 1 
for this example. False signal identification can occur due to higher | &to 10 GHz 2lo4 GHz 
order mixing products showing up in the receiver pass bands. These 
unwanted signals result from harmonies of the input RF mixing with Roe 


harmonics of the Local Oscillator (LO). Refer to Figures 4 and 5 
Figure 4. Low Side Mixing. 
Mixers are nonlinear devices and yield the sum, difference, and 
the original signals. Any subsequent amplifier that is saturated will 
provide additional mixing products. 
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If a 8.5 GHz signal with a 1 kHz PRI is 

programmed to be identified in the UDF, measurements are 

‘made at the 2.5 GHz Intermediate Frequency (IF), ie. RF~ 
O = IF = 8.5-6 = 2.5 GHz. 


The same 2.5 GHz signal can result from an RF 
signal of 9.5 GHz due to mixing with the second harmonic 
of the LO ie, 2X 6 -9.5=2.5 GHz. This signal will be 
substantially attenuated (approximately 35 dB) when 
compared to the normal IF of 9.5 - 6 = 3.5 GHz. If the 
receiver has filters at the IF to reduce the signal density and 
a filter has minimum insertion loss at 2.5 GHz and 
‘maximum insertion loss at 3.5 GHz, then only the low level 
2.5 GHz signal will be measured and assumed to be due to a 
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8.5 GHz input signal whereas the input is really at 9.5 GHz. 


Spurious intermodulation products can also result from 
high side mixing, but generally the suppression of undesired 
signals is greater. In this case, the LO is at a frequency higher 
than the RF input. This is shown in Figures 6 and 7. 


Figure 5. Low Side Mixing Results. 
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Figure 6. High Side Mixing. 
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Table 1. Intermodulation } previously 
Product Suppression. mentioned, the amplitude of 
intermodulation products is 
HamanieeT greatly reduced from that of 
LO | RE | Suppression | the original signals. Table 1 
TT 0 shows rule of thumb 
1 | 2 | arti | approximate suppression 
1 | 3 | 2ap.28 (reduction), where AP = 
2]1 235 Pae(dBm) - Pyo(dBm). As can 
2 | 2 | aP30 |) be seen, the strength of the LO 
2) 3 2AP-44 | is a factor. The higher the LO 
: H ren power, the more negative the 
315 | AGS, | suppression becomes. 
a]a “35 
a]2 439 If one assumes the 
s | “i maximum RF power for full 
s | 3 | 2apta |) system performance is +10 
6] 4 “35 Bm and the LO power level is 
6 | 2 | P39 | 420 dBm, then AP = -10 dB 
ra “17 minimum, Therefore in this 
7 | 3 | 2apu 


Figure 7. High Side Mixing Byproduets. 


example, the 3RF-2LO mixing product would be 2AP - 44 = - 20-44 = 
-64 dB when compared to the desired mixing product. 


The use of double mixing, as shown in Figure 8, can significantly reduce unwanted signals but it is 
‘more expensive. For a 8 GHz signal in, one still generates a 2 GHz IF but by mixing up, then down, 


unwanted signals are not generated or significantly suppressed, 
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Figure 8. Double Mixing. 
‘Some of these problems can be corrected by: 


(1) always having LOs on the high side versus low side of the input RF (but this is more 
expensive), 


(2) using double mixing 


(3) software programming the receiver to measure for the potential stronger signal when a weak 
signal is measured in a certain IF region, and. 


(4) improved filtering of the LO input to the mixer and the output from the mixer. 


EXAMPLE 3 


Ifthe same receiver discussed in example 2 had additional bands (Figure 9) and used a switch at the 
IF to select individual bands, a strong signal in an adjacent band could be inadvertently measured because: 


(J) the switch, which may have 80 dB of isolation when measured outside the circuit, may only have 
35 dB isolation when installed in a circuit because of the close proximity of input and output lines, 


(2) the strong signal in one band may have the same IF value that is being sought in an adjacent band, 
and 


(3) the additional parameters such as PRI may be the same. 
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As shown in Figure 9, assume 
that in band 2 we are looking for a ie Directional Coupler 

4.5 GHz signal that has a PRI of 1 kHz 2n4——_} 20 

Measurements are made at an IF of | °#! c Meee Sane 
3.5 GHz since LO-RF = IF = 8-45 = 

3.5 GHz. Ifa 6.5 GHz signal is applied ere te 
to band 3, its IF also equals 3.5 since ee 

LO-RF = 10-6.5 = 3.5 GHz. If this is a J 
strong signal, has a PRI of 1 kHz, and pmet “} 2tod Teeth 
there is switch leakage, a weak signal e10 

will be measured and processed when the 
switch is pointed to band 2. The receiver saan : Bho 
measures an IF of 3.5 GHz and since the os" 

switch is pointed to band 2, it scales the 
measured IF using the LO of band 2 i., 
LOAF SRE=. (23,5545 GHz Figure 9. Multi Band Receiver With Common IF. 
Therefore, a 4.5 GHz signal is assumed 

to be measured when a 6.5 GHz signal is applied. Similarly this 6.5 GHz signal would appear as a weak 
3.5 GHz signal from band | or a 9.5 GH signal from band 4. 


* Use of low side LO was dane to emphasize a CS08 problem 


In performing this test it is important to map the entries of the UDF for each band i.e., show each 
resulting IF, its PRI, and the sensitivity level that the receive light is supposed to illuminate, i.e., if test in 
one band used a PRI corresponding to a PRI in another band where the receive threshold is programmed to 
not be sensitive this will negate the effectiveness of a cross coupling test. Mapping the UDF will facilitate 
applying a strong signal to one band using the PRI of a desired signal in an adjacent band, 


CS08 TEST PROCEDURE 


Assume that the receiver band is 2 
to 4 GHz as shown in Figure 10. Pick the dB 
UDF entry that has the greatest sensitivity 
UDF #1 entry is fora 3405 GHz signal with 
a PRI of | kHz. If the test signal is set for 
the UDF #1 PRI, a receive light will also 
occur at the frequencies of UDF #2 if it also 
has the same PRI (this is not a test failure). UOF# UDF #2 
If adjacent bands don’t also have entries 2GHz 4BHe 
with the same PRI, then the test should be = 
repeated for the band being tested with at Frequency 

least one of the adjacent band PRI values. Figure 10. Receiver Band With Multiple UDF Entries. 


aE 


Attenuation 
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(1) Set the receiver or jammer to the receive mode, verify it is working for UDF #1 and record 
P,, the minimum signal level where the receive light is constantly on. 


(2) Raise this signal to its maximum specified level for full system performance. Ifa maximum level 
is not specified, use +10 dBm peak for a pulse signal or -10 dBm for a CW signal. 


(3) Tune this strong RF signal outside the UDF #1 range and record any RF frequency where the 
receive light comes on. If another inband UDF has the same PRI, this is not a failure. 


5-16 


(4) This test is performed both inband and out of band. Out of band tests should be performed on the 
high end to five times the maximum inband frequency or 20 GHz, whichever is less, and on the low end to 
IF/S or 0.05 FO, whichever is less, unless otherwise specified. The out of band power level is +10 dBm peak 
for a pulse signal or -10 dBm for a CW signal, unless otherwise specified. 


(5) Ifa receive light comes on when it is not supposed to, record the RF and reduce the power level 
to where the receive light just stays on constantly. Record this level P1. The interference rejection level is 
PL-PO= PIR 


(6) Repeat this test for each type of signal the receiver is supposed to process, i.e., pulse, PD, 
CW, ete. 


C804 - DESIRED WITH UNDESIRED, TWO SIGNAL INTERFERENCE TEST 


‘The intent is for a weak desired signal to be received in the presence of an adjacent CW signal. The 
desired signal is kept tuned at minimal power level and a strong unmodulated signal is tuned outside the UDF 
region. Radar and EW receivers without preselectors are likely to experience interference when this test is 
performed inband, Receivers with nonlinear devices before their passive band pass filter, or filters that 
degrade out of band, are likely to experience susceptibility problems when this testis performed out of band, 


Tests performed inband - An unmodulated CW signal is used. If the receiver is supposed to handle 
both pulsed and CW signals, this test is performed inband. Ifthe pulse receiver is supposed to desensitize in 
order to only process pulse signals above the CW level, then only this limited function is tested inband i.e., 
normally the levels correspond, if a CW signal of -20 dBm is present, then the receiver should process pulse 
signals greater than -20 dBm, 


C804 TEST PROCEDURE 


(1) As shown in Figure 11, initially 
the pulse signal is tuned to Fy and the 
minimum receive level Po is recorded, ie., 
‘minimum level where the receive light is strom ov) 
constantly on. 


(2) The pulse signal is raised to the 
maximum specified level for full system 
performance and tuned on either side of Fy to 


4GHZ 


find the frequencies on both sides (Fiyg, and Frequency EEE > 
Fog) Where the receive light goes out. Ifa 
maximum pulse power level is not specified, Figure 11, CS04 Test Signals, 


then +10 dBm peak is used. In some receivers 
F, and Fy, are the band skirts. 


(3) The pulse signal is returned to the level found in step 1. A CW signal at the maximum specified 
CW power level for full system performance is tuned above Fy and below F,. Ifa maximum CW power level 
is not specified, then -10 dBm is used. Anytime the receive light is lost, the tuned CW RF value is recorded. 

‘The CW signal should be turned off to verify that the pulse signal can still be received in the absence of 
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interference. If the pulse signal is still being received, then the interfering CW signal should be reapplied and 
decreased to the lowest power level where the receive light stays on constantly. Record this level P,. The 
interference rejection level is Py - Po = Pie 


(4) Out of band tests should be performed to five times the maximum inband frequeney or 20 GHz, 
whichever is less, and on the low end to IF/S of 0.05 Fo, whichever is less, unless otherwise specified. The 
out of band CW power level is -10 dBm unless otherwise specified. 


Failures - Out of band test 


(1) Ifa non-linear device such as a limiter is placed before a band pass filter, a strong out of band 
signal can activate the limiter and cause interference with the inband signal. The solution is to place 
all non-linear or active devices after a passive band pass filter. 


(2) Band pass filters with poor characteristics tend to pass signals with only limited attenuation at 
frequencies that are three times the center frequency of the band pass filter. Passage of a CW or high 
duty cycle signal that is out of band may desensitize or interfere with the processing of a weak inband 
signal. 


CS03 INTERMODULATION TEST 


This two signal interference test places a pulse signal far enough away (Af) from the desired UDF 
frequency (Fy) that it won't be identified. A CW signal is initially placed 2Af away. If an amplifier is 
operating in the saturated region, these two signals will mix and produce sum and difference signals, 
Subsequent mixing will result in a signal at the desired UDF frequency Fo since F) - (F:-Fi) = Fy. These two 
signals are raised equally to strong power levels. If'no problem occuts, the CW signal is tuned to the upper 
inband limit and then tuned out of band. A similar test is performed below Fo. 


CS03 TEST PROCEDURES rr 


Frocw fa Frain 


(1) Set the receiver or jammer to 0dB 
the receive mode. Verify it is working at a 
desired signal frequency, (F,), and record 

the minimum signal level i.e., lowest level 


where the receive light is constantly on 


Attenuation 
) 


(record this level Po). 


(2) The modulated signal is raised 
to the maximum specified level for full 
system performance and tuned on either 
side of F to find the frequency F, on both 
sides where the receive light goes out. If a 
‘maximum power level is not specified, 
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Figure 12. Initial CS03 Test Signal 


+10 dBm peak is used. The difference between F; and Fy is Af as shown in Figure 12. 
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(3) As shown in Figure 13, a pulse 
signal is tuned to F; and a CW signal is 
tuned to F; where F=F) + Af on the high 
side. The power level of the two signals is 
initially set to Pp and raised together until 
the maximum specified levels for fll system 
performance are reached. If maximum, 
power levels are not specified, then 
+10 dBm peak is used for the pulse signal 
and -10 dBm is used for the CW signal. 
Whenever the receive light comes on, the 
two signals should be tumed off individually 

to verify that the failure is due to a Frequency SSE 
combination of the two signals versus (1) a 
ingle signal (CS08) type failure or 
(2)another inband UDF value has been 
matched. If the failure is due to the two signal operation, then the power level (P, and P,) of F; and F; should 
be recorded. If P;=P2, the intermodulation rejection level is P\-Py=Pyx. If Py#Ps, itis desirable to readjust 
them to be equal when the receive light just comes on. 


Attenuation 


Figure 13. CS03 Testing Signal 


(4) Once the F; + F2 signals are raised to the maximum power test levels described in step 3 without a 
failure, then F> is tuned to the upper limit of the band, F, should also be tuned out of band to five times the 
maximum inband frequency or 20 GHz whichever is less unless otherwise specified. The out of band power 
level is -10 dBm unless otherwise specified. Whenever the receive light comes on, F; should be turned off to 
verify that the failure is due to a two signal test. Ifit is, tum F back on and equally drop the power levels of 
F; and F; to the lowest level where the receive light just comes on, Record the power levels (P, and P2). 


(5) Step 3 is repeated where F is Af below Fy and F.=Fy-Af. Step 4 is repeated except F: is tuned to 
the lower limit of the band. F; should also be tuned out of band down to 0.1 Fo, unless otherwise specified, 


(6) Normally if a failure is going to occur it will occur with the initial setting of F, and F;. Care must 
be taken when performing this test to ensure that the initial placements of F, and F; do not result in either of 
the signals being identified directly. 


As shown in Figure 14, if F) was placed at 
3.2 GHz it would be identified directly and if F2 was a) ay af ie 
placed at 3.4 GHz it would be identified directly. it it it it 
Whereas, if F, was at 3.1 GHz and F; was at 3.2 GHz 


GHz a2CHz 94GHz aschz 
neither interfering signal would be identified directly but ik ik Ow cw 
their intermodulation may result in an_ improper 

identification at Fy. Later when F2 is tuned higher, the Figure 14, Sample UDF Entries. 


receive light will come on around 3.4 GHz and 3.6 GHz, 
This is not a test failure just a case of another inband UDF value being matched, 
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S05 - CROSS MODULATION 


This two signal interference test places a 
weak CW signal where the receiver is programmed 
for a pulse signal and tunes a strong pulse signal 
elsewhere. As shown in Figure 15, when an 
amplifier is saturated, lower level signals are 
suppressed. When an amplifier is operated in the 
linear region all signals receive the rated linear gain, 
In this test the pulse signal will cause the amplifier to 
kick in and out of saturation and modulate the weak 
CW signal. The receiver may measure the 
‘modulation on the CW signal and incorrectly identity 
itas a pulse signal. 


nf] 
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C805 TEST PROCEDURE 


Figure 15. Cross Modulation Example. 


(1) Initially the pulse signal is 
tuned to Fy and the minimum power level Pp 
where the receive light is constantly on is, 
recorded, 


0B 


(2). As shown in Figure 16, the 
signal is raised to the maximum specified 
level for full system performance for a pulse 
signal and tuned on either side of Fy to find 
the frequencies on both sides, (Fis and 
Fis) Where the receive light goes out, Ifa 
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maximum pulse power level is not 
specified, then +10 dBm peak is used. 


is 


Figure 16. Initial C05 Test Signals. 


(3) The pulse signal from step 2 is turned off and a second signal is placed at Fp. It is a CW 


signal that is 10 dB stronger than the peak power level (P5) measured is step 1 


not come on, 


The receive light should 


(4) Asshown in Figure 17, the strong pulse signal of'step 2 is turned back on and tuned above Fy, and 
then tuned below Fi. Out of band tests should be performed to the maximum RF of the system + maximum 
IF or 20 GHz whichever is less and on the low end to the minimum RF of the system minus the maximum IF, 


unless otherwise specified. 
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(5) Ifa receive light occurs, tum 
off the weak CW signal since the “failure” 
may be due to the tuned pulsed signal, ie.,a 
CSO8 failure or another inband UDF value 
has been matched. 


If the light extinguishes when the 
weak CW signal is tuned off, then turn the 
signal back on, reduce the value of the high 
level pulse signal until the minimum level is 
reached where the light stays on constantly. 
Record this level as P) 


‘The cross modulation rejection level 
is P,-Po-10 dB = Pox 


Attenuation 


0B 


mt 


UDF #1 dhe 


Week CH Signal 
(1028 grater a 


2BHz 


Frequency => 


5-7.11 


Figure 17. Final CS05 Test Signals. 
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SIGNAL SORTING METHODS and DIRECTION FINDIN 


As shown in Figure 1, signal processing is basically a problem of signal detection, emitter parameter 
measurement and correlation, emitter sorting, identification, and operator notification 
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Figure 1. Signal Processing Steps. 


The ultimate goal of this processing is to classify radar signals by their unique characteristics and to 
use this data to identify enemy radars operating in the environment, determine their location or direction, 
assess their threat to friendly forces, and display this information to the operator. 


While not all electronic support measures (ESM) or radar warning receiver (RWR) systems perform 
every step in this process, each completes some of them. For example, ESM systems seldom initiate direct 
CM action, while RWRs sometimes do. Also ESM systems frequently record electronic data for future use, 
but few RWRs do. ESM systems place more emphasis on accurate emitter location and hence direction 
finding capabilities, while RWRs usually give a rough estimate of position/distance. 


The typical emitter characteristics that an ESM system can measure for a pulse radar include the 
following data: 


Radio Frequency (RF) 

Amplitude (power) 

Direction of Arrival (DOA) - also called Angle of Arrival (AOA) 
‘Time of Arrival (TOA) 

Pulse Repetition Interval (PRI) 

PRI type 

Pulse Width (PW) 

Scan type and rate 

Lobe duration (beam width) 


ee Aaa LRE 
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However, this list is not comprehensive. Other emitter parameters are available which may be 
necessary to characterize the threat system. 


More sophisticated ESM systems can measure additional parameters, such as PRI modulation 
characteristics, inter- and intra-pulse Frequency Modulation (FM), missile guidance characteristics 
(eg., pattern of pulse spacing within a pulse group), and Continuous Wave (CW) signals. 


Still other parameters which can describe an electromagnetic wave but are currently not commonly 
used for identification include polarization and phase. However, as threat emitters begin to use this data more 
frequently to avoid jamming the more important they may become in identifying signals, 


Some of the emitter characte 


ics which describe an electromagnetic wave are shown in Figure 2. 


Polarization 
Frequency 


Waveshape 
(Pulse width & interval) 
and Amplitude 
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Figure 2. Information Content of an Electromagnetic Wave. 


Table | illustrates the relative importance of several measured parameters during various stages of 
signal processing. 
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Table 1. Importance of Emitter Parameters During Signal Processing, 


ae Pulse Train Emitter Tntercept 

De-interleavement Identification Correlation 
Frequency 2 2 2 
Amplitude 1 0 1 
Angle of Arrival 2 0 2 
TOA 0 0 1 
PRI 2 2 2 
PRI type 2 2 2 
Pw 2 1 1 
Scan rate and type 0 2 1 
Lobe Duration’ 0 1 1 

0 Not Useful T Some Use 2 Very Useful 


Some emitter parameters can be measured using a single pulse; these parameters are referred to as 
monopulse parameters. The monopulse parameters include RF, PW, DOA, amplitude and TOA. RF can be 
determined on a pulse-by-pulse basis by receivers that can measure frequency. Frequency is very useful for 
emitter identification since most radars operate at a single frequency. Most real-time systems measure pulse 
width instead of pulse shape because the latter is much more difficult to characterize mathematically, 
Unfortunately, the apparent pulse width can be severely distorted by reflections, and consequently, its 
usefulness for emitter identification is limited. DOA cannot be used for emitter identification, but is excellent 
for sorting signals. A number of ESM systems use both frequency and DOA information to distinguish the 
new signals from the old (that is, known) ones. Amplitude also cannot be used for emitter identification 
However, it can be used for sorting and for gross distance estimation using precompiled emitter’s effective 
radiated power. Moreover, amplitude in conjunction with TOA can be used to determine the emitter’s scan 
characteristics. 


Other emitter parameters such as PRI, guidance and scan characteristics can be determined only by 
analyzing a group of pulses. All these parameters are useful for emitter identification; unfortunately, they 
requite time for data collection and analysis, and call for sophisticated signal processing algorithms. 


‘The problem of signal recognition in real-time is complicated by two factors: modulation of the 
signals and the very high pulse densities expected in the environment. Complex modulations (for example, 
inter-pulse RF modulation, intra-pulse RF modulation and agile Pulse Repetition Frequencies (PRFs)) present 
a significant pattern recognition problem for a number of ESM systems. It is expected that during some 
missions, hundreds of emitters will be transmitting simultaneously in the same vicinity. Wide-open 
antenna/receiver combination systems may have to cope with up to a million PPS. Even narrow-band 
receivers can expect data rates up to 100,000 PPS. At these rates, a single modem computer cannot be 
expected to process all the pulses, derive the characteristics for all emitters and identify the emitters in 
real-time. Other factors which encumber signal recognition include missing pulses, atmospheric noise and 
multiple reflections of pulses. 


Present RWRs are designed primarily to cope with stable emitters. A stable emitter is one whose 
frequency and pulse repetition interval (PRI) remain relatively constant from pulse to pulse. The future threat 
will move steadily away from the stable emitter towards agile emitters which vary their frequency and PRI 
characteristics. The first change in this direction is towards the patterned agile emitter which varies its pulse 
and frequency parameters in accordance with a specific pattern, Examples of patterned agile emitters are MT 
radats which use staggered PRFs, pulse Doppler radars which change frequency and PRF on a block-to-block 
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sis, and certain frequency-agile radars whose transmitter frequency is mechanically modulated in a 
systematic pattem (e.g., spin-tuned magnetron). The next step in this evolution is towards truly agile emitters 
which change their frequency and PRF in a random manner on a pulse-to-pulse basis. One tempering factor 
in this evolution is that radars which process Doppler must maintain a constant frequency for at least two 
consecutive pulses. 


In addition to agile frequency and PRI parameters, the future threat will be composed of a number of 
high-PRF pulsed Doppler, burst-frequency, CW, pulse-compression, agile-beam, and LPI radars, which use 
pseudo-noise waveforms. This conglomeration of radar types will cause a high signal density which must be 
segmented into a manageable data stream by the use of both frequency and spatial filtering in the RWR. 
While frequency and PRI are good parameters for sorting present-day non-agile emitters, they are poor or 
useless parameters for sorting agile emitters. 


‘Angle of arrival is generally regarded as the best initial sorting parameter because it cannot be varied 
by the emitter from pulse to pulse. 


PASSIVE DIRECTION FINDING AND EMITTER LOCATION 


Direction finding (DF) 


already discussed the importance of measuring the emitter’s bearing, or angle of arrival (AOA), as an 
invariant sorting parameter in the deinterleaving of radar signals and in separating closely spaced 
communication emitters. In addition, the conservation of jamming power in power-managed ECM systems 
depends on the ability of the associated ESM system to measure the direction to the victim emitter. A 


‘stems provide several important functions in modern EW systems. We have 


function which is becoming increasingly important in defense suppression and weapon delivery systems 
involves locating the emitter’s position passively. This can be accomplished from a single moving platform 
through successive measurements of the emitter’s angular direction, or from multiple platforms which make 
simultaneous angular measurements. 


‘The emitter identification function requires identifying and associating consecutive pulses produced 
by the same emitter in angle of arrival (AOA) and frequency. The AOA isa parameter which a hostile emitter 
cannot change on a pulse-to-pulse basis. However, to measure the AOA of pulses which overlap in the time 
domain first requires them to be separated in the frequency domain. The advanced ESM receivers which 
accomplish this function must operate over several octaves of bandwidth while providing RMS bearing 
accuracies on the order of at least 2 degrees with high POI and fast reaction time in dense signal 
environments, 
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There are basically three methods, depicted in [7RIANGULATION 
Figure 3, which allow the passive location of stationary 
ground-based emitters from airborne platforms. 


‘These are: 


1, The azimuth triangulation method where the 
intersection of successive spatially displaced 
bearing measurements provides the emitter 
location. 


‘The azimuth/elevation location technique, which 
provides a single-pulse instantaneous emitter 
location from the intersection of the measured 
azimuth/elevation line with the earth’s surface. 


[TIME DIFFERENCE OW ARRIVAL 


3. The time difference of arrival (TDOA), or ‘ a 
precision emitter location system (PELS) method, Lx > 
Which measures the difference in time of arrival 
of a single pulse at three spatially remote 7 : 


locations. 


Additional methods include: > 


1. Phase rate of change, which is similar to jure 3. Passive Emitter Location Techniques 


triangulation, except it makes calculations using 
the phase derivative. 


2. Angle distance techniques, where the distance from the emitter is derived from the signal strength (with 
known “threat” characteristics) 


3. RF Doppler processing, which measures Doppler changes as the aircraft varies direction with 
respect to the “target” radar. 


The relative advantages and disadvantages of each are given in Table 2, 


585 


‘Table 2. Emitter Location Techniques. 


‘Measurement 


Technique Advantages Disadvantages 
Non-Instantaneous Location; 
Triangulation Single Aircraft Inadequate Accuracy for Remote Targeting; 


Not Forward Looking, 


Single Aireraft Accuracy Degrades Rapidly at Low Altitude; 


Azimuth/Elevation | Instantaneous Location 
Function of Range 


Possible 
Very Complex, At Least 3 Aireraft, High Quality 
Very High Precision Receivers; DME (3 Sites); 
Time Difference of | C27. Suppor Weapon Ms Aearuncwen 
Arrival (Pulsed elivery Rosition: Very High Performance Control Processor; 
pitts Requirements 
Signals) Requires Very High Reliability Subsystems. 


Very Rapid, Can Handle) Requires common time reference and correlation 
Short On-Time Threat | operation for non-pulse signals. 


‘The triangulation method has the advantage of using a single aircraft, and its accuracy is greatest fora 
long baseline and the broadside geometry. The accuracy degenerates as the aircraft heading line approaches 
the boresight to the emitter. 


‘The azimuth/elevation technique also has the advantage of using a single aircraft, but suffers from the 
difficultness of making an accurate elevation measurement with limited vertical aperture and in the presence 
of multipath effects, 


‘The TDOA technique requires multiple aircraft and is complex, but has high potential accuracy. The 
determination of the location of the site involves the solution of at least two simultaneous second order 
‘equations for the intersection of two hyperbolas which represent T, - T; = Constant #1 and T; - T= Constant 
#2. This method can be used to obtain a fix for an emitter which radiates only a single pulse. 


ANGLE-OF-ARRIVAL (AOA) MEASUREMENTS, 


Several of the above DF measurements require AOA determination. Threat AOA measurements are 
also required to inform the aircrew in order to position the aircraft for optimal defense. 


‘As shown in Figure 4, angle-of-arrival measuring sys 


fems fall into three main system categories of: 
1. Scanning beam 


2. Amplitude comparison or Simultaneous-multiple-beam, 
3. Phased Interferometer techniques 
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* Scanning Beam 
- Slow Response 
- Low Probability of Intercept 


+ Amplitude Comparison 
- Very Common, Low Cost 
- Small Size 
- Relatively Low Resolution 
- One RF Path per Band/Sector 


* Phased Interferometer or Array 
- Very High Resolution 
~ High Cost 


- Larger Size 


- 3-6 AntennasRF Paths per 
Band/Sector 
- Conformal Arrays Possible 


Figure 4. Angle-of-Arrival Measurement Techniques. 


Scanning Beam 


‘The mechanically scanning beam, or “spinner,” requires only a single receiver and also exhibits high 
sensitivity due to the use of a directive antenna, The disadvantage is that the “spinner” usually exhibits slow 
response because it must rotate through the coverage angle (e.g., 360 degrees) to ensure that it intercepts an 
emitter, Also, if the emitter uses a scanning directional antenna, both beams must point at each other for 
maximum sensitivity, which is a low probability occurrence, Both of these effects cause the mechanically 
scanning beam technique to have a low probability of intercept (POD). 


Amplitude Comparison 


‘The two primary techniques used for direction finding are the amplitude-comparison method and the 
interferometer or phase-comparison method. The phase-comparison method generally has the advantage of 
greater accuracy, but the amplitude-comparison method is used extensively due to its lower complexity and 
cost. Regardless of which technique is used, it should be emphasized that the ultimate rms angular accuracy 
is given by 


where Oy is the antenna’s angular beamwidth, or interferometer lobe width, 
and SNR is the signal-to-noise ratio, 
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Thus, phase interferometers that typically use very widebeam antennas require high signal-to-noise 
ratios to achieve accurate angle-of-arrival measurements. Alternately, a multi-element array antenna can be 
used to provide relatively narrow interferometer lobes, which require modest signal-to-noise ratios. 


Virtually all currently deployed radar warning receiving (RWR) systems use amplitude-comparison 
direction finding (DF). A basic amplitude-comparison receiver derives a ratio, and ultimately angle-of-arrival 
or bearing, from a pair of independent receiving channels, which utilize squinted antenna elements that are 
usually equidistantly spaced to provide an instantaneous 360° coverage. Typically, four or six antenna 
elements and receiver channels are used in such systems, and wideband logarithmic video detectors provide 
the signals for bearing-angle determination. The monopulse ratio is obtained by subtraction of the detected 
logarithmic signals, and the bearing is computed from the value of the ratio. 


Amplitude comparison RWRs typically use broadband cavity-backed spiral antenna elements whose 
patterns can be approximated by Gaussian-shaped beams. Gaussian-shaped beams have the property that the 
logarithmic output ratio slope in dB is linear as a function of angle of arrival. Thus, a digital look-up table 
can be used to determine the angle directly. However, both the antenna beamwidth and squint angle vary 
with frequency over the multi-octave bands used in RWRs. Pattern shape variations cause a larger pattern 
crossover loss for high frequencies and a reduced slope sensitivity at low frequencies. Partial compensation 
of these effects, including antenna squint, can be implemented using a look-up table if frequency information 
is available in the RWR. Otherwise, gross compensation can be made, depending upon the RF octave band 
utilized. 


Typical accuracies can be expected to range from 3 to 10 degrees rms for multi-octave frequency 
band amplitude-comparison systems which cover 360 degrees with four to six antennas, 


The four-quadrant amplitude-comparison DF systems employed in RWRs have the advantage of 
simplicity, reliability, and low cost. Usually, only one antenna per quadrant is employed which covers the 2 
to 18 GHz band. The disadvantages are poor accuracy and sensitivity, which result from the broad-beam 
antennas employed. Both accuracy and sensitivity can be improved by expanding the number of antennas 
employed. For example, expanding to eight antennas would double the accuracy and provide 3 dB more gain, 

‘As the number of antennas increases, it becomes appropriate to consider multiple-beam-forming antennas 
rather than just increasing the number of individual antennas. The geometry of multiple-beam-forming 
antennas is Such that a conformal installation aboard an aircraft is difficult. Therefore, this type of installation 
is typically found on naval vessels or ground vehicles where the space is available to accommodate this type 
of antenna, 


‘Simultaneous-multiple-beam (amplitude comparison) 


The simultaneous-multiple-beam system uses an antenna, or several antennas, forming a number of 
simultaneous beams (¢.g., Butler matrix or Rotman lens), thereby retaining the high sensitivity of the scanning 
antenna approach while providing fast response. However, it requires many parallel receiving channels, each 
with full frequency coverage. This approach is compatible with amplitude-monopulse angular measuring 
techniques which are capable of providing high angular accuracy. 


A typical example of a multiple-beam antenna is a 16-element circular array developed as part of a 
digital ESM receiver. This system covers the range from 2 to 18 GHz with two antenna arrays (2 to 7.5 GHz 
and 7.5 to 18 GHz), has a sensitivity of -55 to -60 dBm and provides an rms bearing accuracy of better than 
1.7 degrees on pulsewidths down to 100 ns. 
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Phased Interferometer Techniques 


The term interferometer generally refers to an array type antenna in which large element spacing, 
occurs and grating lobes appear. 


Phase interferometer DF systems are utilized when accurate angle-of-arrival information is required, 
They have the advantage of fast response, but require relatively complex microwave circuitry, which must 
‘maintain a precise phase match over a wide frequency band under extreme environmental conditions. When 
high accuracy is required (on the order of 0.1 to 1°), wide baseline interferometers are utilized with ambiguity 
resolving circuitry. The basic geometry is depicted in Figure 5, whereby a plane wave arriving at an angle is 
received by one antenna earlier than the other due to the difference in path length. 


The time difference can be expressed as a 


phase difference: ANTENNA, 


BORESIGHT —_LINS OF SIGHT 
‘ TO RMITTER 


9 = At = 2na( fie) = 2nd sin OYA, 


Where 0 is the angle of arrival, 
dis the antenna separation, and 
1.is the wavelength in compatible units 


The unambiguous field of view (FOV) is given 


by @=2 sin (2/2d), which for 2/2 spacing results in ¥ 
180° coverage. This spacing must be established forthe | Cyscgnvan REGSNER 
highest frequency to be received. NO. 1 NO. 2 


Interferometer elements typically use broad 
antenna beams with beamwidths on the order of 90°. 
This lack of directivity produces several adverse effects. 
First, it limits system sensitivity due to the reduced @ DBTBCTOR 
antenna gain, Secondly, it opens the system to 
interference signals from within the antenna’s broad Figure §. Phase Interferometer Principle. 
angular coverage. The interference signals often include 

‘multipath from strong signals which can limit the accuracy of the interferometer. 


In an interferometer, the locus of points that produce the same time or phase delay forms a cone. 
The indicated angle is the true azimuth angle multiplied by the cosine of the elevation angle, The error in 
assuming the incident angle to be the azimuth angle is negligible for signals near the antenna’s boresight. At 
45° azimuth and 10° elevation, the error is less than 1°, increasing to 15° for both at 45°. Two orthogonal 
arrays, one measuring the azimuth angle and the other the elevation angle can eliminate this error. For targets 
near the horizon, the depression angle is small, thereby requiring only horizontal arrays. 


The rms angular accuracy of an interferometer in radians is given by: 


cro= Aer / (70 SNR), "Et A= (d-cos0) is the separation between adjacent nulls. 


For a two-clement interferometer, the spacing (d) must be 1/2 or less to provide unambiguous, or 
single lobe + 90°, coverage. This, in effect, sets a wide interferometer (or grating) lobe which must be split 
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by a large factor to achieve high accuracy. This, in tun, imposes a requirement for high SNR to achieve the 
large beam-splitting factor. For example, if 0.1° accuracy is required from an unambiguous two-element 
interferometer, then a SNR of about 50 dB is required to achieve this accuracy. This may be difficult to 
achieve considering the inherently low sensitivity of an interferometer system. 


When high accuracy is required from an interferometer system, it is usual to employ separations 
greater than 2/2. The increased separation sets up a multi-grating-lobe structure through the coverage angle 
which requires less SNR to achieve a specified accuracy. For example, a two-element interferometer with 
16 spacing would set up a 33-grating-lobe structure (including the central lobe) throughout the + 90° 
coverage angle. Within each of the 33 grating lobes, it would only require a SNR on the order of 20 dB to 
achieve 0.1° accuracy. However, there would be 33 ambiguous regions within the + 90° angular coverage 
and also 32 nulls (where the phase detector output is zero), about which the system would be insensitive to an 
input signal. The ambiguities could be resolved by employing a third antenna element with 2/2 spacing, 
which would provide an accuracy on the order of 3° with 20 dB SNR. This accuracy is sufficient to identify 
which of the 33 lobes contains the signal. Providing coverage in the null regions requires additional antenna 
elements. 


Interferometers employing multiple antenna elements are called multiple-baseline interferometers. In 
atypical design, the receiver consists of a reference antenna anda series of companion antennas. The spacing 
between the reference element and the first companion antenna is 2/2; other secondary elements are placed to 
form pairs separated by 1, 2, 4, and 8 wavelengths. The initial AOA is measured unambiguously by the 
shortest-spaced antenna pair. The next greatest spaced pair has a phase rate of change which is twice that of 
the first, but the information is ambiguous due to there being twice as many lobes as in the preceding pair. 
A greater phase rate of change permits higher angular accuracy while the ambiguity is resolved by the 
previous pair. Thus, the described multiple-baseline interferometer provides a binary AOA measurement 
where each bit of the measurement supplies a more accurate estimate of the emitter’s AOA. 


Harmonic multiple-baseline interferometers use elements which are spaced at 2°-2/2, with n=0, 1,2, 
3. Innonharmonic interferometers, no pair of antennas provides a completely unambiguous reading over the 
complete field of view. For example, the initial spacing in the nonharmonic interferometer might be A, while 
the next companion element spacing is 31/2. Ambiguities are resolved by truth tables, and hence the accuracy 
is set by the spacing of the widest baseline antenna pair. Nonharmonic interferometers have been 
implemented over 9:1 bandwidths (2 to 18 GHz) with rms accuracies from 0.1 to 1° and with no ambiguities 
over + 90°. The principal advantage of the nonharmonie over the harmonic interferometer is the increased 
bandwidth for unambiguous coverage. 


Interferometer DF accuracy is determined by the widest baseline pair. Typical cavity-backed spirals, 
track to 6 electrical degrees, and associated receivers track to 9°, resulting in an rms total of 11°. Ata typical 
16 dB SNR, the rms phase noise is approximately 9 electrical degrees. For these errors and an emitter angle 
of 45°, a spacing of 25; is required for 0.1° rms accuracy while a spacing of 2.5). is needed for 1° accuracy. 
For high accuracy, interferometer spacings of many feet are required. In airborne applications, this usually 
involves mounting interferometer antennas in the aireraft’s wingtips. 


The characteristics of typical airborne amplitude comparison and phase interferometer DF systems are 
summarized in Table 3. The phase interferometer system generally uses superheterodyne receivers which 
provide the necessary selectivity and sensitivity for precise phase measurements. 
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Table 3. Direction of Arrival Measurement Techniques. 


‘Amplitude Comparison 


Phase Interferometer 


Sensor Configuration 


Typically 4 to 6 Equispaced Antenna 
Elements for 360° Coverage 


2 or more RHC or LHC Spirals in 
Fixed Array 


DF Accuracy 


DF acc = 2i# ACH# (Gaussian 
24S 


Shape) 


a 


DF ace = => 
2nd cosO 


Ab 


DF Accuracy 
Improvement 


Decrease Antenna BW 
Decrease Amplitude Mistrack 


Increase Squint Angle 


Increase Spacing of Outer 
Antennas; 


Decrease Phase Mistrack 


Typical DF Accuracy, 


3° to 10° ms. 


0.1 to 3° rms 


Sensitivity to 
Multipath’ 
Reflections 


High Sensitivity 


Mistrack of Several dB Can Cause 
Large DF Errors 


Relatively Insensitive, 


Interferometer Can Be Made to 
Tolerate Large Phase Errors 


Platform Constraints 


Locate in Reflection Free Area 


Reflection Free Area; 
Real Estate For Array; 
Prefers Flat Radome 


Applicable Receivers 


Crystal Video; Channelizer, Acousto- 
Optic; Compressive; Supetheterodyne 


Supetheterodyne 


‘ACus = Amplitude Monopulse Ratio in dB 
S = Squint Angle in degrees 
Onw = Antenna Beamwidth in degrees 
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MICROWAVE / RF COMPO! 


Microwave Waveguides and Coaxial Cable 

Voltage Standing Wave Ratio (VSWR) / Reflection Coefficient 
Return Loss / Mismatch Loss. 

Microwave Coaxial Connectors. 

Power Dividers and Directional Couplers 

Attenuators / Filters / DC Blocks. 

‘Terminations / Dummy Loads 

Circulators and Diplexers 

Mixers and Frequency Discriminators 

Detectors 

RF / Microwave Amplifiers 

Signal Generation. 

Digital Processing Components 

Microwave Measurements, 
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MICROWAVE WAVEGUIDES and COAXIAL CABLE 


In general, a waveguide consists of a 
hollow metallic tube of arbitrary cross section 
uniform in extent in the direction of propagation. 

Common waveguide shapes are rectangular, 
circular, and ridged. The rectangular waveguide 
has a width a and height b as shown in Figure 1 

‘Commonly used rectangular waveguides have an 
aspect ratio b/a of approximately 0.5. Such an 
aspect ratio is used to preclude generation of 
field variations with height and their attendant 
unwanted modes. Waveguides are used 


principally at frequencies in the microwave 


range; inconveniently large guides would be Figure 1. The Rectangular Waveguide. 


required to transmit radio-frequency power at 
longer wavelengths. In the X-Band frequency 


range of 8.2 to 12.4 GHz, for example, the U.S. standard rectangular waveguide, WR-90, has an inner width 


of 2.286 cm (0.9 in.) and an inner height of 1.016 em (0.4 in.), 


In waveguides the electric and magnetic fields are confined to the space within the guides. Thus no 
power is lost to radiation. Since the guides are normally filled with air, dielectric losses are negligible, 
However, there is some FR power lost to heat in the walls of the guides, but this loss is usually very small. 


It is possible to propagate several modes of 
electromagnetic waves within a waveguide. The physical 
dimensions of a waveguide determine the cutoff frequency for 
each mode. If the frequency of the impressed signal is above 
the cutoff frequency for a given mode, the electromagnetic 
energy can be transmitted through the guide for that particular 
mode with minimal attenuation. Otherwise the 
electromagnetic energy with a frequency below cutoff for that 
particular mode will be attenuated to a negligible value in a 
relatively short distance. This grammatical use of cutoff 
frequency is opposite that used for coaxial cable, where cutoff 
frequency is for the highest useable frequency. The dominant 
mode in a particular waveguide is the mode having the lowest 
cutoff frequency. For rectangular waveguide this is the TEio 
mode. The TE (transverse electric) signifies that all electric 
fields are transverse to the direction of propagation and that 
no longitudinal electric field is present. There is a 
longitudinal component of magnetic field and for this reason 
the TEm, waves are also called Hy, waves. The TE 


Fiat 
Relative Magid 


Figure 2. TE Modes, 


designation is usually preferred. Figure 2 shows a graphical depiction of the E field variation in a waveguide 
for the TEio, TEx, and TEs modes. As can be seen, the first index indicates the number of half wave loops 
across the width of the guide and the second index, the number of loops across the height of the guide - which 
in this case is zero. It is advisable to choose the dimensions of a guide in such a way that, for a given input 
signal, only the energy of the dominant mode can be transmitted through the guide. For example, if for a 
particular frequency, the width of a rectangular guide is too large, then the TE» mode can propagate causing a 
myriad of problems. For rectangular guides of low aspect ratio the TE» mode is the next higher order mode 


6-411 


and is harmonically related to the cutoff frequency of the TE; mode. It is this relationship together with 
attenuation and propagation considerations that determine the normal operating range of rectangular 
waveguide. 


‘The discussion on circular waveguides will not be included because they are rarely used in the EW 
area, Information regarding circular waveguides can be found in numerous textbooks on microwaves 


CHARACTERISTICS OF STANDARD RECTANGULAR WAVEGUIDES 


Rectangular waveguides are commonly used for power transmission at microwave frequencies. Their 
physical dimensions are regulated by the frequency of the signal being transmitted. Table 1 tabulates the 
characteristics of the standard rectangular waveguides. It may be noted that the number following the EIA 
prefix “WR” is in inside dimension of the widest part of the waveguide (i.e., WR90 has an inner dimension 
of 0.90") 


DOUBLE RIDGE RECTANGULAR WAVEGUIDE 


Another type of waveguide commonly used in 
EW systems is the double ridge rectangular waveguide. a “| 


The ridges in this waveguide increase the bandwidth of 1 


the guide at the expense of higher attenuation and lower Ls 


power-handling capability. The bandwidth can easily en F aD 
exceed that of two contiguous standard waveguides. rey i | 


Introduction of the ridges mainly lowers the cutoff IY 
frequency of the TE» mode from that of the unloaded 
guide, which is predicated on width alone. The reason 
for this can easily be explained when the field 
configuration in the guide at cutoff is investigated, At 
cutoff there is no longitudinal propagation down the 
guide. The waves simply travel back and forth between the side walls of the guide. In fact the guide can be 
viewed as a composite parallel plate waveguide of infinite width where the width corresponds to the direction 
of propagation of the normal guide. The TE. mode cutoff occurs where this composite guide has its lowest- 
‘order resonant frequency. This occurs when there is only one E field maximum across the guide which occurs 
atthe center fora symmetrical ridge, Because of the reduced height of the guide under the ridge, the effective 
‘TE, mode resonator is heavily loaded as though a shunt capacitor were placed across it. The cutoff 
frequency is thus lowered considerably. For the TE:y mode the fields in the center of the guide will be at a 
minimum, Therefore the loading will have a negligible effect. For guides of proper aspect ratio, ridge height, 
and ridge width, an exact analysis shows that the TE mode cutoff can be lowered substantially at the same 
time the TE) and TEy mode cutoffs are raised slightly. Figure 3 shows a typical double ridged waveguide 
shape and Table 2 shows double ridged waveguide specifications. In the case of ridged waveguides, in the 
EIA designation, (WRD350 D36) the first “D” stands for double ridged (“S” for single ridged), the 350 is the 
starting frequency (3.5 GHz), and the “D36” indicates a bandwidth of 3.6:1. The physical dimensions and 
characteristies of a WRD3S0 D24 and WRD350 D36 are radically different. A waveguide with a MIL-W- 
23351 dash number beginning in 2 (ic, 2-025) is a double ridge 3.6:1 bandwidth waveguide. Likewise a 1- 
a single ridge 3.6:1, a 3- isa single ridge 2.41, and a 4- is a double ridge 2.4:1 waveguide. 


co 


Figure 3. Double Ridge Waveguide 


Figure 4 shows a comparison of the frequency attenuation characteristics of various waveguides, 
‘The attenuation is based on real waveguides which is higher than the theoretical values listed in Tables 1 
and 2. Figure 5 shows photographs of waveguides with some common connectors. Figure 6 shows 
attenuation characteristics of various RF coaxial cables. 
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Figure 4, Attenuation vs. Frequency for a Variety of Waveguides and Cables. 


Table 1. Rectangular Waveguide Specifications. 
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Figure 5. Waveguides With Some Common Connections. 


Table 2. Double Ridge Rectangular Waveguide Specifications. 
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Figure 6. Attenuation vs. Frequency for a Variety of Coaxial Cables 
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VOLTAGE STANDING WAVE RATIO (VSWR) / REFLECTION COEFFICIENT 
RETURN LOSS / MISMATCH LOSS 


When a transmission line is terminated with an impedance, Z, that is not equal to the characteristic 
impedance of the transmission line, Zo, not all of the incident power is absorbed by the termination, Part of 
the power is reflected back so that phase addition and subtraction of the incident and reflected waves creates a 


voltage standing wave pattern on the transmission line. The 


ratio of the maximum to minimum voltage is 


known as the Voltage Standing Wave Ratio (VSWR) and successive maxima and minima are spaced by 180° 


(2), 
yswr= Ea = Bit E where Ens = 
cnn Es Ena 
Ei = 
Er = 


‘maximum voltage on the standing wave 
minimum voltage on the standing wave 
incident voltage wave amplitude 
reflected voltage wave amplitude 


The reflection coefficient, p, is defined as E,/E, and in general, the termination is complex in value, so 


that p will be a complex number. 


Additionally we define: F=-2!~22 The refection coefficient, p, is the absolute value of the 
Z.+Zo 
magnitude of T. If the equation for VSWR is solved for the reflection coefficient, itis found that: 
Reflection VSWR-1 ae ss 
fi ne" = py =|P |=" Consequently, VSWR=—2 
Coefficient VSWR+1 =p 
The return loss is related through the following equations: 
VSWR-1 
=-20 tog FE -20logp 
VSWR+1 
Return loss is a measure in dB of the ratio of Ratan | Power? 
power in the incident wave to that in the reflected || YS] Loss | Voltage | Sefection | Mismatch 
cient | Loss (dB) 
wave, and as defined above always has a positive (48) _|__ Loss 
value. For example if a load has a Return Loss of | 1 [= 070 0 0.000 
10 dB, then 1/10 of the incident power is reflected. | 118 | 23.1 | 0.49/70 | 0.07 a 
125) toi | t2sitt] ont | 054 
The higher the return loss, the less power isactually | ‘y's | 19 | 40/200 | 0200 | s77 
lost 175| 113 | 74/273] 0273 | 336 
ig9 | too | 96/36 | ose | 458 
20 | 95 |111/333] 0333 | ‘sta 
Maman att cnsicerable intrest is the | 35 | 93 |iaziaza| ase | eno 
ismatch Loss. This isa measure ofhow much the | 35] 24 [584/88] O00 | ios 
transmitted power is attenuated due to reflection. It] 35 | 51 |09/885| 0885 | 16 
is given by the following equation: 40 | 44 [363/600] o600 | 1.94 
45 | 39 |407/636] 0636 | 225 
50 | 35 |4s7/666| oss | 255 
Mismatch Loss = -10 log (1 -p*) fa. | “ee \hererere | cose || Saat 
20 | oar |ag/e0s| 0905 | 74 
For example, an antenna with a VSWR of | 100 | 0.17 | 96.2/98.0} 0.980 144 
2:1 would have a reflection coefficient of 0.333, a L_%_|_000_| 100/100 | 1.00 2 


mismatch loss of 0.51 dB, and a return loss of 
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attenuation improves the 
VSWR of a load or antenna. 
For example, a transmitting 
antenna with a VSWR of 10:1 (poor) and a line loss of 6 dB would measure 1.5:1 (okay) if measured at the 
transmitter. Figure | shows this effect. 


Figure 1. Reduction of VSWR by Attenuation, 


‘Therefore, if you are interested in determining the performance of antennas, the VSWR should always 
be measured at the antenna connector itself rather than at the output of the transmitter. Transmit cabling will 
load the line and ereate an illusion of having a better antenna VSWR. Transmission lines should have their 
insertion loss (attenuation) measured in lieu of VSWR, but VSWR measurements of transmission lines are 
still important because connection problems usually show up as VSWR spikes. 


Historically VSWR was measured by probing the transmission line, From the ratio of the maximum 
to minimum voltage, the reflection coefficient and terminating impedance could be calculated. This was a 
time consuming process since the measurement was ata single frequency and mechanical adjustments had to 
be made to minimize coupling into circuits. Problems with detector characteristics also made the process less 
accurate. The modem network analyzer system sweeps very large frequency bandwidths and measures the 
incident power, Pi, and the reflected power, P,. Because of the considerable computing power in the network 
analyzer, the return loss is calculated from the equation given previously, and displayed in real time. 
Optionally, the VSWR can also be calculated from the return loss and displayed real time. 


Ifa filter is needed on the output of a jammer, it is desirable to place it approximately half way 
between the jammer and antenna. This may allow the use of a less expensive filter, ora reflective filter vs. an 
absorptive filter. 


Special cases exist when comparing open and shorted circuits, These two conditions result in the 
same 2 VSWR and zero dB return loss even though there is a 180° phase difference between the reflection 
coefficients, These two conditions are used to calibrate a network analyzer, 


MICROWAVE COAXIAL CONNECTORS 


For high-frequency operation, the average circumference of a coaxial cable must be limited to about 
‘one wavelength in order to reduce multimodal propagation and eliminate erratic reflection coefficients, power 
losses, and signal distortion, 


Except for the sexless APC-7 connector, all other connectors are identified as either male (plugs) 
which have a center conductor that is a probe or female (jacks) which have a center conductor that is a 
receptacle. Sometimes it is hard to distinguish them as some female jacks may have a hollow center “pin” 
which appears to be male, yet accepts a smaller male contact. 


An adapter is an approximately zero loss interface between two connectors and is called a barrel when 
both connectors are identical. A number of common of coaxial connectors are described below, however 
other special purpose connectors exist, including blind mate connectors where spring fingers are used in place 
of threads to obtain shielding (desired connector shielding should be at least 90 dB), 


‘APC-2.4 24mm) - The 50 Q APC-2.4 (Amphenol Precision Connector 
2.4 mm) is also known as an OS-50 connector. It was designed to operate at 
extremely high microwave frequencies (up to 50 GHz). 

"APC-3.5 3.5mm) - The APC-3.5 connector provides repeatable connections 
and has a very low VSWR. Either the male or female end of this 50. 
connector can mate with the opposite type of SMA connector. The APC-3.5 
connector can work at frequencies up to 34 GHz. 


APC-7 (7mm) - The APC-7 was developed by HP, but has been improved B< 4 

and is now manufactured by Amphenol. The connector provides a coupling 

mechanism without male or female distinction and is the most repeatable \ 

connecting device used for very accurate 50 © measurement applications. 

Its VSWR is extremely low up to 18 GHz. Other companies have 7mm 

series available. Yy 


7mm - 3.5mm plug 


BNC (OSB) - The BNC (Bayonet Neill-Concelman or Bayonet Navy 
Connector) was originally designed for military system applications during 
World War I 


‘The connector operates best at frequencies up to about 
4 GHz; beyond that it tends to radiate electromagnetic energy. The BNC | BNC male plug (above) 
can accept flexible cables with diameters of up to 6.35 mm (0.25 in.) and 


characteristic impedance of 50 to 75 Q. It is now the most commonly used é 
connector for frequencies under | GHz, Other names the BNC has picked 

up over the years include: “Baby Neill-Concelman”, “Baby N connector”, 5s 
“British Naval Connector”, and “Bayonet Nut Connector” 


BNC female jack 
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C - The C (Concelman) coaxial connector is a medium size, older type 
constant 50 impedance. It has a bayonet (twist and lock) connection. Itis 
larger than the BNC, but about the same as Type N. It has a frequency 
range of 0-11 GHz, 


SC (OSSC) - The SC type connector is a screw version of the 
connector. 


C Plug (top) 


C jack (bottom) 


SMA (OSM/3mm) - The SMA (Sub-Miniature A) connector was originally 
designed by Bendix Scintilla Corporation, but it has been manufactured by 
the Omni-Spectra division of M/ACOM (as the OSM connector) and many 
other electronic companies. It is a 50 Q threaded connector. The main 
application of SMA connectors is on components for microwave systems. 
The connector normally has a frequency range to 18 GHz, but high 
performance varieties can be used to 26.5 GHz. 


SSMA (OSSM) - The SSMA is a microminiature version of the SMA. Itis 
also 50 Q and operates to 26.5 GHz with flexible cable or 40 GHz with 


semi-rigid cable. 


SSMA jack - BNC jack 
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SMC (OSMC) - The SMC (Sub-Miniature C) is a 50.9 or 75 © connector 
that is smaller than the SMA. The connector can accept flexible cables with 
diameters of up to 3.17 mm (0.125 in.) for a frequency range of up to 
7-10 GHz. 


CY 
SMC Plug - SMA Jack 
(Some call this a SMC 
Jack, even though it has a 
female connector) 


SMB (OSMB) - The SMB is like the SMC except it uses quick disconnect 
instead of threaded fittings. It is a 50 / 75 Q connector which operates to 
4 GHz with a low reflection coefficient and is useable to 10 GHz. 


SMB Jack 


TNC (OST) - The TNC (Threaded Neill-Concelman or threaded Navy 
Connector) is merely a threaded BNC. The function of the thread is to stop 
radiation at higher frequencies, so that the connector can work at frequencies 
up to 12 GHz (to 18 GHz when using semi-rigid cable). It can be 50 or 
750. 


For size comparison here is a SMA plug - TNC plug 


TNC Plug (above) 


E 


TNC Jack 
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“Type N (OSN) - The 50 or 75 © Type N (Navy) connector was originally 
designed for military systems during World War Il and is the most popular 
measurement connector for the frequency range of | to 11 GHz. The 
precision 50 Q APC-N and other manufacturers high frequency versions 
‘operate to 18 GHz. 


For size comparison here is a picture of Type N plug - TNC jack 


N Plug (above) 


Note: Always rotate the movable coupling nut of the plug, not the cable or fixed connector, when 


mating connectors. Since the center pin is stationary with respect to the jack, rotating the jack puts torque on 
the center pin. With TNC and smaller connectors, the center pin will eventually break off. 


An approximate size comparison of these connectors is depicted below (not to scale). 


Large = Medium ‘Small 
SG 7mm N TNC/BNC 3.5mm SMA 2.4mm SSMA SMC 


Figure | shows the frequency range of several connectors. 
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Figure 1. Frequency Range of Microwave Connectors, 
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POWER DIVIDERS AND DIRECTIONAL COUPLERS 


A directional coupler is a passive device 
which couples part of the transmission power by aa fe 
a known amount out through another port, often | 9 , "a Pot 
by using two transmission lines set close enough 
together such that energy passing through one is | p, coupiad For 
coupled to the other. As shown in Figure 1, the 

device has four ports: input, transmitted, coupled, 
and isolated. The term “main line” refers to the 
section between ports 1 and 2. On some Figure 1. Directional Coupler. 

directional couplers, the main line is designed for 

high power operation (large connectors), while the coupled port may use a small SMA connector. Often the 
isolated port is terminated with an internal or external matched load (typically 50 ohms). It should be pointed 
out that since the directional coupler is a linear device, the notations on Figure | are arbitrary. Any port can 
be the input, (as in Figure 3) which will result in the directly connected port being the transmitted port, 
adjacent port being the coupled port, and the diagonal port being the isolated port. 


Traremited Pom 


Physical considerations such as internal load on the isolated port will limit port operation. The 
coupled output from the directional coupler can be used to obtain the information (i.., frequency and power 
level) on the signal without interrupting the main power flow in the system (except for a power reduction - see 
Figure 2). When the power coupled out to port three is half the input power (i. 3 dB below the input power 
level), the power on the main transmission line is also 3 dB below the input power and equals the coupled 
power. Such a coupler is referred to as a 90 degree hybrid, hybrid, or 3 dB coupler. The frequency range for 
coaxial couplers specified by manufacturers is that of the coupling arm. The main arm response is much 
wider (ie, if the spec is 2-4 GHz, the main arm could operate at | or 5 GHz - see Figure 3). However it 
should be recognized that the coupled response is periodic with frequency. For example, a 2/4 coupled line 
coupler will have responses at ni/4 where n is an odd integer. 


Common properties desired for all directional couplers are wide operational bandwidth, high 
directivity, and a good impedance match at all ports when the other ports are terminated in matched loads, 
‘These performance characteristics of hybrid or non-hybrid directional couplers are self-explanatory. Some 
other general characteristics will be discussed below. 


COUPLING FACTOR 


The coupling factor is defined as: Coupling factor (dB) =-10 log 2 
P, 


where P1 is the input power at port 1 and P3 is the output power from the coupled port (see Figure 1) 


‘The coupling factor represents the primary property of a directional coupler. Coupling is not 
constant, but varies with frequency. While different designs may reduce the variance, a perfectly flat coupler 
theoretically cannot be built. Directional couplers are specified in terms of the coupling accuracy at the 
frequency band center. For example, a 10 dB coupling + 0.5 dB means that the directional coupler can have 
9.5 dB to 10.5 dB coupling at the frequency band center. The accuracy is due to dimensional tolerances that 
can be held for the spacing of the two coupled lines. Another coupling specification is frequency sensitivity, 

A larger frequency sensitivity will allow a larger frequency band of operation. Multiple quarter-wavelength 
coupling sections are used to obtain wide frequency bandwidth directional couplers. Typically this type of 
directional coupler is designed to a frequency bandwidth ratio and a maximum coupling ripple within the 
frequency band. For example a typical 2:1 frequency bandwidth coupler design that produces a 10 dB 
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coupling with a 40.1 dB ripple would, using the previous accuracy specification, be said to have 9.6 + 0.1 dB 
to 10.44 0.1 dB of coupling across the frequency range. 


50 
Loss 
In an ideal directional coupler, the | gi!" | NE ge ao i 
main line loss port 1 to port 2 (P; - P:) due 
a 300 ops 
to power coupled to the coupled output port] § tf 
is: io | 0488 ag 
Z 2 Joos g 
Insertion loss (dB) = 10 vel I. es ] ao” | |, opodee | 
oor or To 
The actual directional coupler loss Min Aum (nserton) Lass - 2 
will be a combination of coupling loss, m 
dielectric loss, conductor loss, and VSWR igere 2." Coupling Ingertign Lines 


loss. Depending on the frequency range, 

coupling loss becomes less significant above 15 dB coupling where the other losses constitute the majority of 
the total loss. A graph of the theoretical insertion loss (dB) vs. coupling (dB) for a dissipationless coupler is 
shown in Figure 2 


ISOLATION 


Isolation of a directional coupler can be defined as the difference in signal levels in dB between the 
input port and the isolated port when the two output ports are terminated by matched loads, or: 


Isolation (dB)=- 10 log 2 


Isolation can also be defined between the two output ports. In this case, one of the output ports is 
used as the input; the other is considered the output port while the other two ports (input and isolated) are 
terminated by matched loads. 


Consequently: Jsolation (AB) 


The isolation between the input and the isolated ports may be different from the isolation between the 
‘two output ports. For example, the isolation between ports | and 4 can be 30 dB while the isolation between 
ports 2 and 3 can be a different value such as 25 dB. If both isolation measurements are not available, they 
can assumed to be equal. If neither are available, an estimate of the isolation is the coupling plus return loss 
(see VSWR section). The isolation should be as high as possible. In actual couplers the isolated port is never 
completely isolated. Some RF power will always be present. Waveguide directional couplers will have the 
best isolation 
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If isolation is high, directional couplers, 
are excellent for combining signals to feed a Fi 
single line to a receiver for two-tone receiver 
tests. In Figure 3, one signal enters port Ps and 


‘one enters port P:, while both exit port Py. The eee 

signal from port P, to port P; will experience | Fy + Fy a \ 

10 dB of loss, and the signal from port P; to port |__| pp O<O 
P, will have 0.5 dB loss. The internal load on the Py ee Fa 
isolated port will dissipate the signal losses from 3 

port P, and port P>, Ifthe isolators in Figure 3 are 


10 


port P,) determines the amount of power from the Figure 3. Two-Tone Receiver Tests, 


neglected, the isolation measurement (port 


signal generator F; that will be injected into the 

signal generator F;. As the injection level increases, it may cause modulation of signal generator F,, or even 
injection phase locking. Because of the symmetry of the directional coupler, the reverse injection will happen 
with the same possible modulation problems of signal generator F; by F;. Therefore the isolators are used in 
Figure 3 to effectively increase the isolation (or directivity) of the directional coupler. Consequently the 
injection loss will be the isolation of the directional coupler plus the reverse isolation of the isolator. 


DIRECTIVITY 
Directivity is directly related to Isolation. It is defined as: 
Directivity (dB)=-10log£+=- 10 log “+ 10 log? 
Ps Pi 
where: P; is the output power from the coupled port and P, is the power output from the isolated port. 
The directivity should be as high as possible. Waveguide directional couplers will have the best 
directivity. Directivity is not directly measurable, and is calculated from the isolation and coupling 
measurements as 


Directivity (dB) = Isolation (4B) - Coupling (dB) 


HYBRIDS 


‘The hybrid coupler, or 3 dB directional coupler, in which the two outputs are of equal amplitude takes 
many forms. Not too long ago the quadrature (90 degree) 3 dB coupler with outputs 90 degrees out of phase 
‘was what came to mind when a hybrid coupler was mentioned. Now any matched 4-port with isolated arms 
and equal power division is called a hybrid or hybrid coupler. Today the characterizing feature is the phase 
difference of the outputs. If 90 degrees, it is a 90 degree hybrid. If 180 degrees, it is a 180 degree hybrid, 
Even the Wilkinson power divider which has 0 degrees phase difference is actually a hybrid although the 
fourth arm is normally imbedded. 


Applications of the hybrid include monopulse comparators, mixers, power combiners, dividers, 
modulators, and phased array radar antenna systems. 
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AMPLITUDE BALANCE 


This terminology defines the power difference in dB between the two output ports of a 3 dB hybrid, 
In an ideal hybrid circuit, the difference should be 0 dB. However, in a practical device the amplitude balance 
is frequency dependent and departs from the ideal 0 dB difference. 


PHASE BALANCE 


‘The phase difference between the two output ports ofa hybrid coupler should be 0, 90, or 180 degrees 
depending on the type used. However, like amplitude balance, the phase difference is sensitive to the input 
frequency and typically will vary a few degrees. 


‘The phase properties of a 90 degree hybrid coupler can be used to great advantage in microwave 
circuits, For example in a balanced microwave amplifier the two input stages are fed through a hybrid 
coupler. The FET device normally has a very poor match and reflects much of the incident energy. However, 
since the devices are essentially identical the reflection coefficients from each device are equal. The reflected 
voltage from the FETs are in phase at the isolated port and are 180° different at the input port. Therefore, all 
of the reflected power from the FETS goes to the load at the isolated port and no power goes to the input port. 
This results in a good input match (low VSWR). 


If phase matched lines are used for an 
antenna input to a 180° hybrid coupler as shown 
in Figure 4, a null will occur directly between the 
antennas. If you want to receive a signal in that 
position, you would have to either change the 
hybrid type or line length. If you want to reject a 
signal from a given direction, or create the 
difference pattern for a monopulse radar, this is a 
‘good approach. 


gr 180° 


; 


Sum Difference 


Figure 4, Balanced Antenna Input. 
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OTHER POWER DIVIDERS 


Both in-phase (Wilkinson) and quadrature (90°) 


hybrid couplers may be used for coherent power divider OUT 
applications. The Wilkinson's power divider has low tor 
VSWR atall ports and high isolation between output ports. py nee 
‘The input and output impedances at each port is designed to Nway Gy 
be equal to the characteristic impedance of the microwave —e | Power 

system. A typical power divider is shown in Figure 5 Divider ' 
Ideally, input power would be divided equally between the i 
output ports. Dividers are made up of multiple couplers, ne 

and like couplers, may be reversed and used as multiplexers. oe 


‘The drawback is that for a four channel multiplexer, the 
output consists of only 1/4 the power from each, and is 
relatively inefficient. Lossless multiplexing can only be 
done with filter networks. 


igure 5. Power Divider. 


Coherent power division was first accomplished by means of simple Tee junctions. At microwave 
frequencies, waveguide tees have two possible forms - the H-Plane or the E-Plane. These two junctions split 
power equally, but because of the different field configurations at the junction, the electric fields at the output 
arms are in-phase for the H-Plane tee and are anti-phase for the E-Plane tee. The combination of these two 
tees to form a hybrid tee allowed the realization ofa four-port component which could perform the vector sum 
(2) and difference (A) of two coherent microwave signals. This device is known as the magic tee. 


POWER COMBINERS 


Since hybrid circuits are bi-directional, they can be used to split up a signal to feed multiple low 
power amplifiers, then recombine to feed a single antenna with high power as shown in Figure 6. This 
approach allows the use of numerous less expensive and lower power amplifiers in the circuitry instead of a 
single high power TWT. Yet another approach is to have each solid state amplifier (SSA) feed an antenna 
and let the power be combined in space or be used to feed a lens which is attached to an antenna. (See 
Section 3-4.) 
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Figure 6. Combiner Network, 


Sample Problem 


Iftwo 1 watt peak unmodulated RF carrier signals at 10 GHz are received, how much peak power 
could one measure? 


A. O watts Theiss eo cade hs Uo idly nao conUhe avarncielannal fon wo ort ohare 
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of these as shown 
in Figure 7, 
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Figure 7. Sine Waves Combined Using Various Phase Relationships. 
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ATTENUATORS / FILTERS / DC BLOCKS 
ATTENUATORS, 


An attenuator is a passive microwave component which, when inserted in the signal path of a system, 
reduces the signal by a specified amount. They normally possess a low VSWR which makes them ideal for 
reducing load VSWR in order to reduce measurement uncertainties. They are sometimes used simply to 
absorb power, either to reduce it to a measurable level, or in the case of receivers to establish an exact level to 
prevent overload of following stages. 


Attenuators are classified as either fixed or variable and either reflective or non-reflective. The fixed 
and variable attenuators are available in both waveguide and coaxial systems. Most of the receivers under 
20 GHz use coaxial type attenuators, 


FIXED 
The performance characteristics of a fixed attenuator are: 
1, input and output impedances, 
2. flatness with frequency 
3. average and peak power handling capability 
4, temperature dependence 
VARIABLE 


The variable attenuator can be subdivided into two kinds: step attenuator and continuously variable 
attenuator. In a step attenuator, the attenuation is changed in steps such as 10 dB, 1 dB or 0.5 dB. Ina 
continuously variable attenuator, the attenuation is changed continuously and a dial is usually available to 
read the attenuation either directly or indirectly from a calibration chart. 


For a variable attenuator, additional characteristics should be considered, such as: 


1, amount or range of attenuations 
2. insertion loss in the minimum attenuation position 
3. incremental attenuation for step attenuator 
4, accuracy of attenuation versus attenuator setting 
5. attenuator switching speed and switching noise 
REFLECTIVE 


A reflective attenuator reflects some portion of the input power back to the driving source. The 
amount reflected is a function of the attenuation level. When PIN diodes are zero or reverse biased, they 
appear as open circuits when shunting a transmission line. This permits most of the RF input power to travel 
to the RF output. When they are forward biased, they absorb some input, but simultaneously reflect some 
back to the input port. At high bias current, most RF will be reflected back to the input resulting in a high 
input VSWR and high attenuation. 
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ABSORPTIVE 


The VSWR of a non-reflective (absorptive) PIN diode attenuator remains good at any attenuation 
level (bias state). This is accomplished by configuring the diodes in the form of a Pi network that remains 
matched for any bias s of a 90° hybrid coupler to cancel the waves reflected to the input 
connector. 


MICROWAVE FILTERS 


INTRODUCTION 


Microwave filters are one of the most important components in receivers. The main functions of the 
filters are: (1) to reject undesirable signals outside the filter pass band and (2) to separate or combine signals 
according to their frequency. A good example for the latter application is the channelized receiver in which 
banks of filters are used to separate input signals. Sometimes filters are also used for impedance matching, 
Filters are almost always used before and after a mixer to reduce spurious signals due to image frequencies, 
local oscillator feedthrough, and out-of-frequency band noise and signals. There are many books which are 
devoted to filter designs. ‘There are many kinds of filters used in microwave receivers, so it is impossible to 
cover all of them, 


Ifa filter is needed on the output of a jammer, it is desirable to place it approximately half way 
between the jammer and antenna vs. adjacent to either. The transmission line attenuation improves the 
VSWR of the filter at the transmitter. This may allow use of a less expensive filter, or use of a reflective filter 
vs. an absorptive filter, 


A filter is a two-port network which will pass and reject signals according to their frequencies. There 
are four kinds of filters according to their frequency selectivities. In the examples that follow, f, = low 
frequency, fix = medium frequency, and fy = high frequency. Their names reflect their characteristics, and 
they are: 


1. A low-pass filter which passes the low frequency signals below a predetermined value as shown, 


in Figure | 
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Figure 1. Low-Pass Filter. 
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als above a predetermined value as in 


2. A high-pass filter which passes the high frequency 


Figure 2. 
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Figure 2. High-Pass Filter 


3. A band-pass filter which passes signals between two predetermined frequencies as shown in 


Figure 3. 
Input Output 
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Figure 3. Band-Pass Filter 


A band-pass filter with different skirt slopes on the two sides of the pass band is sometimes referred 
to as an asymmetrical filter. In this filter the sharpness of the rejection band attenuation is significantly 
different above and below the center frequency. One additional note regarding band-pass filters or filters in 
general, their performance should always be checked in the out-of-band regions to determine whether o not 
is responses. In particular they should be checked at harmonics of the operating 


4, A band reject filter (sometimes referred to as a bandstop or notch filter) which rejects signals 
between two predetermined frequencies such as high power signals from the aircraft’s own radar 
as shown in Figure 4, 
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Figure 4, Band-Reject Filter. 


In general, filters at microwave frequencies are composed of resonate transmission lines or waveguide 
cavities that, when combined, reflect the signal power outside the filter frequency pass band and provide a 
good VSWR and low loss within the frequency pass band. As such, specifications for filters are maximum 
frequency, pass band loss, VSWR, and rejection level ata frequency outside of the pass band. The trade-offs 
for filters are a higher rejection for a fixed frequency pass band or a larger frequency pass band for a fixed 
rejection, which requires a filter with more resonators, which produce higher loss, more complexity, and 
larger size. 


DC BLOCKS 


DC Blocks are special connectors which have a capacitor 
(high pass filter) built into the device. There are three basic types 7 


1. INSIDE - The high pass filter is in series with the 
center conductor as shown in Figure 5. DC is blocked 
on the center conductor. 


Figure 5. Inside DC Block. 


OUTSIDE - The high pass filter is in series with the 
cable shield as shown in Figure 6. 


3. INSIDE/OUTSIDE - A high pass arrangement is connected to both the inner and outer 
conductors. 


DC Blocks are ideal for filtering DC, 60 Hz, and 400 Hz from the RF line. 


In general, capacitors with a large value of capacitance do 
not have the least loss at microwave frequencies. Also, since 
capacitance is proportional to size, a large size produces more 
capacitance with more inductance. Because of these reasons, D.C. 
blocks are typically available with a high pass frequeney band = 


starting in the region of 0.1 to 1 GHz. 
Figure 6. Outside DC Block 
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TERMINATIONS / DUMMY LOADS 


A termination is a one-port device with an impedance that matches the characteristic impedance of a 
given transmission line. Itis attached to a certain terminal or port of a device to absorb the power transmitted 
to that terminal or to establish a reference impedance at that terminal. Important parameters of a termination 
are its VSWR and power handling capacity. In a receiver, terminations are usually placed at various 
unconnected ports of components such as hybrid and power dividers to keep the VSWR of the signal path 
low. It is extremely important that the isolated port in a directional coupler and the unused port of a power 
divider (ie., only three ports ofa four-way power divider are used) be properly terminated. All of the design 
considerations of directional couplers and power dividers are based on the fact that all ports are terminated 
with matched loads. If an unused port is not properly terminated, then the isolation between the output ports 
will be reduced which may severely degrade the performance of the receiver. 


‘A termination is the terminology used to refer to a low power, single terminal device intended to 
terminate a transmission line. Similar devices designed to accommodate high power are generally termed 
dummy loads. 


TERMINATIONS 


‘Terminations are employed to terminate unconnected ports on devices when measurements are being 
performed. They are useful as dummy antennas and as terminal loads for impedance measurements of 
transmission devices such as filters and attenuators. 


The resistive elements in most terminations are especially fabricated for use at microwave 
frequencies. Two types are commonly employed: (1) resistive film elements, and (2) molded resistive tapers. 
The resistive film is very thin compared to the skin depth and normally very short relative to wavelength at 
the highest operating frequency. The molded taper consists of a dissipative material evenly dispersed in a 
properly cured dielectric medium. Both forms of resistive elements provide compact, rugged terminations 
suitable for the most severe environmental conditions with laboratory stability and accuracy. 


‘Terminations should be properly matched to the characteristic impedance of a transmission line. The 
termination characteristics of primary concer are: 


a. operating frequency range d. VSWR 
b. average power handling capability e. size 
©. operating temperature range £. weight 


Many microwave systems employ directional couplers which require terminations on at least one 
port, and most have various modes of operation or test where terminations are needed on certain terminals, 


A matched termination of a generalized transmission line is ideally represented by an infinite length 
of that line having small, but non-zero loss per unit length so that all incident energy is absorbed and none is 
reflected 


Standard mismatches are useful as standards of reflection in calibrating reflectometer setups and other 


impedance measuring equipment. They are also used during testing to simulate specific mismatches which 
‘would be encountered on the terminals of components once the component is installed in the actual system. 
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The following table shows common mismatches with the impedance that can provide the mismatch, 


Common Mismatches (Zo = 50 Q) 
Ratio Zi (higher) Zi (lower) 
10:1 50.0 (matched) 50.0 (matched) 
12521 62.50 400 
15021 52. B30 
2.00: 1 1002 252 


DUMMY LOADS 


A dummy load is a high power one port device intended to terminate a transmission line. They are 
primarily employed to test high power microwave systems at full power capacity. Low power coaxial loads 
are generally termed terminations and typically handle one watt or less. 


Most radars or communications systems have a dummy load integrated into them to provide a non- 
radiating or EMCON mode of operation, or for testing (maintenance). 


Three types of dissipative material are frequently employed in dummy loads: (1) lossy plastic, 
(2) refractory, and (3) water. 


The lossy plastic consists of particles of lossy material suspended in plastic medium. This material 
may be designed to provide various attenuations per unit length but is limited as to operating temperature. It 
is employed primarily for low power applications 


‘The refractory material is a rugged substance that may be operated at temperatures up to 1600°F. Itis 
virtually incapable of being machined by ordinary means but is often fabricated through diamond wheel 
grinding processes. Otherwise material must be fired in finished form. Such material is employed in most 
high power applications. 


The dissipative properties of water are also employed for dummy load applications. Energy from the 
guide is coupled through a leaky wall to the water which flows alongside the main guide. Water loads are 
‘employed for extremely high power and calorimetric applications 


While dummy loads can operate over full waveguide bands, generally a more economical unit can be 
manufactured for use over narrower frequency ranges. 


‘The power rating of a dummy load is a complex function dependent upon many parameters, including 
average and peak power, guide pressure, external temperature, guide size, air flow, and availability of 
auxiliary coolant. The average and peak powers are interrelated in that the peak power capacity is a function 
of the operating temperature which in turn is a function of the average power. 


6-62 


CIRCULATORS AND DIPLEXERS 


A microwave circulator is a nonreciprocal ferrite device 
which contains three or more ports. The input from port n will come 
ut at port n + 1 but not out at any other port. A three-port ferrite 
junction circulator, usually called the Y-junction circulator, is most 
commonly used, They are available in either rectangular waveguide 
or strip- line forms. The signal flow in the three-port circulator is 
assumed as 1-2, 2-93, and 3-+1 as shown in Figure 1 


If port | is the input, then the signal will come out of port 2; 
in an ideal situation, no signal should come out of port 3 which is 
called the isolated port. The insertion loss of the circulator is the 
loss from I to 2, while the loss from I to 3 is referred to as isolation, 
A typical circulator will have a few tenths of a dB insertion loss 
from port 1 to 2 and 20 dB of isolation from port | to 3 for coaxial 
circulators (30 dB ot more for waveguide circulators), When the 
input is port 2, the signal will come out of port 3 and port 1 is the 
isolated port. Similar discussions can be applied to port 3. 


2 


Figure 1, Symbolic Expression for a 
Y-Junetion Circulator. 


Since circulators contain magnets, they should not be mounted near ferrous metals| 
since the close proximity of metals like iron can change the frequency response. 


As shown in Figure 2, if one port of a circulator is 
loaded, it becomes an isolator, ie., power will pass from ports 
‘one to two, but power reflected back from port two will go to 
the load at port three versus going back to port one. 


As shown in Figure 3 this circulator is made into a 
diplexer by adding a high pass filter to port two, Frequencies 
from port one that are below 10 GHz will be reflected by port 
two. Frequencies above 10 GHz will pass through porttwo. At 
the 10 GHz crossover frequency of the diplexer, a 10 GHz signal 
will be passed to both ports two and three but will be half 


2 


Figure 2. Isolator From A Cireulator. 


power at each port, Diplexers or triplexers (one input and three 
‘output bands), must be specifically designed for the application. 
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Figure 3. Diplexer From A Circulator. 


Another useful 
device is the 4-port Faraday 
Rotator Circulator shown 
symbolically in Figure 4. 
These waveguide devices 
handle very high power and 
provide excellent isolation 
properties. Itis usefull when 
‘measurements must be made 
durin high power 
application as shown. A 
water load is used to absorb 
the high power reflections 
so that a reasonable power 


level is reflected to the 
receiver or measurement 
port. 


Device - The ideal input to a 


measurement device is in the 0 to 10 dBm (1 to 10 mW) range. Check manufacturer's specification for 


specific maximum value. 
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Figure 4, Faraday Rotator Circulator. 


lines and their 


components (antenna, hybrid, etc.) can support the 
wider frequency range, circulators could be used to 
increase the number of interconnecting RF ports from 
two as shown in Figure 5, to four as shown in Figure 6. 
Figure 7 shows an alternate configuration u 
diplexers which could actually be made from circulators 


as shown previously in Figure 3, 
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Figure 5. Low Band Configuration. 
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Figure 6. Low/High Band Configuration. 
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Figure 7. Alternate Low/High Band 
Configuration. 


MIXERS AND FREQUEN 


“Y DISCRIMINATORS 


Mixers are used to convert a signal from one frequency to another. This is done by combining the 
original RF signal with a local oscillator (LO) signal in a non-linear device such as a Schottky-barrier diode, 


‘The output spectrum includes: 


‘© The original inputs, LO and RF 
* All higher order harmonics of LO and RF 

# The two primary sidebands, LO + RF (m,n = 1) 

# All higher order products of mLO + nRF (where man are integers) 
+ ADC output level 


The desired output frequency, commonly called the intermediate frequency (IF), can be either the 
lower (LO-RF) or upper (LO+RF) sideband. When a mixer is used as a down converter, the lower sideband is 
the sideband of interest. 


‘A microwave balanced mixer makes use of the 3 dB hybrid to divide and recombine the RF and LO 
inputs to two mixing diodes. The 3 dB hybrid can be either the 90° or 180° type. Each has certain 
advantages which will be covered later. The critical requirement is that the LO and RF signals be distributed 
uniformly (balanced) to each mixer diode. 


Figure 1 is a typical balanced mixer block diagram. The mixer diodes are reversed relative to each 
other; the desired frequency (IF) components of each diode are then in-phase while the DC outputs are 
positive and negative respectively. 


The two diode outputs are summed in a tee where the DC terms cancel and only the desired IF 
component exists at the IF port. 
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Figure 1. Mixer Block Diagram, 
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Other types of mixers exist, including the double-balanced mixer, and the Ortho-Quad® (quadrature 
fed dual) mixer. The relative advantages and disadvantages of each of the four types are summarized in 
Table 1 


Table 1. Mixer Comparison. 


i TORF | Harmonic | Dynamic F 
SOLS: |S Isolation? | Suppression* | Range | Bandwidth 
90° Hybrid | good poor poor-fair high | wide 
180° Hybrid | poor ‘good ‘good high | wide 
Double- poor Very good | very good [high | extremely 
Balanced -excellent wide 
Ortho Quad | good _| low very good _| fair Tigh | wide 
NOTES: 


(1) Poor = 2.5:1 typical; Good = 1.3:1 typical 
(2) Conversion loss: lowest: 5-7 dB typical; Low 7-9 dB typical 
(3) Poor: 10 dB typical; Good: 20 dB typical; Very Good: 25-30 dB typical; Excellent: 35-40 dB typical 
(4) Poor: partial rejection of LO/RF even harmonics 

Pair: slightly better 

Good: can reject all LO even harmonics 

Very Good: can reject all LO and RF even harmonies 


Used in various circuits, mixers can act as modulators, phase detectors, and frequency discriminators, 


‘The phase discriminators can serve as a signal processing network for systems designed to monitor 
bearing, polarization, and frequency of AM or FM radiated signals. 


A frequency discriminator Delay Line 
uses a phase discriminator and adds a af time 7 Diteisaiel 
power divider and delay line at the Amplifiers 

oi 
RF input as shown in Figure 2. The mL wine 
unknown RF signal “A” is divided | Stonal"a’ | Bower Phace 
between a reference and delay path. | F*#¥°""¥ DECIminater Peose 
The differential delay (T) creates a 


phase difference (0) between the two 
signals which is a linear function of 
frequency (f) and is given by 0 = 
2afT. 


Figure 2. Frequency Discriminator. 


When the two output signals are fed to the horizontal and vertical input of an oscilloscope, the 
resultant display angle will be a direct function of frequency. 
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DETEC 


TORS 


A detector is used in receiver circuits 
to recognize the presence of signals. Typically 
a diode or similar device is used as a detector. 
Since this type of detector is unable to 
distinguish frequency, they may be preceded 
by a narrow band-pass filter. 


A typical simplistic circuit is shown in 
Figure 1 


Original Signal 


Coarse Detector Output 


Figure 2. Demodulated Envelope Output. 


When the diode is reverse biased, very little 
current passes through unless the reverse breakdown 
voltage is exceeded. When forward biased and after 
exceeding the cut-in voltage, the diode begins to 
conduct as shown in Figure 3. At low voltages, it first 
operates in a square law region. Detectors operating in 
this region are known as small signal type. If the 
voltage is higher, the detector operates in a linear 
region, and is known as the large signal type. 
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Figure 1. Typical Diode Detector Circuit, 


To integrate a pulse radar signal, we can add 


capacitance to the circuit in parallel with the output 


load R; to store energy and decrease the bleed rate. 
Figure 2 shows a typical input/output waveform 
which detects the envelope of the pulse radar signal. 
From this information pulse width and PRF 
characteristics can be determined for the RWR UDF 
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Figure 3. Diode Electrical Characteristies. 


The power/voltage characteristics fora typical 


diode detector is shown in Figure 4. 


Square Law Detector 


In the square law region, the output voltage V., 
is proportional to the square of the input voltage V,, 
thus V, is proportional to the input power. 


Ouiput Voltage: 


Vo = aV2 = nPi or Pio Vy 


a” a0 


a 
Input Power (AB) 


Log/Log Plot 


ar) 


Where n is the constant of proportionality 


Linear Detector 


In the linear detection region, the output voltage is g 


V. = mV, and since P=VIR, PL V.? 
‘Where m is the constant of proportionality 


Log Detector Amplifier 


iven by: 


Figure 4, Diode Power/Voltage Characteristic. 


Another type of detector arrangement is the 
Log detector amplifier circuit shown in Figure 5. It is 
formed by using a series of amplifiers and diode 
detectors. Due to the nature of the amplifier/diode 
characteristics, the output voltage is related to the 
power by: 


NP RAMP pane 


Lea 
}> viceo] 
Out 


PB oc 10ers 
Where p and q are constants of proportionality 


Figure 5. Log Detector. 


The Log detector has good range, but is hampered by large size when compared to a single diode 


detector. 


Pulse Width Measurements 


If the pulse width of a signal was specified at the one-half power point, the measurements of the 
detected signal on an oscilloscope would vary according to the region of diode operation. If the region of 
operation is unknown, a 3 dB attenuator should be inserted in the measurement line. This will cause the 
power to decrease by one-half, The (temporary) peak amplitude on the oscilloscope becomes the amplitude 
reference point for measuring the pulse width when the external 3 dB attenuator is removed. 


‘These voltage levels for half power using the three types of detectors are shown in Table 1 
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Table 1. Detector Characteristics. 


Square Law Linear Log 


‘Output Voltage When 
Input Power is 
reduced by Half (3 


A very small value. 
0.5 Vin 0.707 Via ~ 0.15 Vig for typical 
5 stage log amplifier 


4B) 
Sensitivity & Good sensitivity Less sensitivity = veo sensitivity 
Dynamic Range Small dynamic range | Greater dynamic range Sreatest dynamic range 


(to 80 dB) 


Also see the Microwave Measurements section subsection entitled “Half Power or 3 dB Measurement Point.” 
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RF / MICROWAVE AMPLIFIERS 


‘An amplifier is one of the most essential and ubiquitous elements in modern RF and microwave 
systems. Fundamentally, an amplifier is a type of electronic circuit used to convert low-power signals into 
ones of significant power. The specific requirements for amplification are as varied as the systems where they 
are used, Amplifiers are realized using a wide range of different technologies, and are available in many form 
factors. While the performance of an amplifier can be measured by wide range of attributes, several important 
ones include: gain, power added efficiency (PAE), input and output return loss, 1-dB compression point 
(Pius), stability, linearity, intermodulation distortion, and noise figure. 


‘Traveling Wave Tubes (TWTs) 

A traveling-wave tube (TWT) is a specialized vacuum tube used in electronics to amplify radio 
frequency (RF) signals to very high power. A TWT is a component of an electronic assembly known as a 
traveling-wave tube amplifier (TWTA), often pronounced “Tweet-uh.” While trades between these 
parameters exist, modern TWTAS are capable of providing very high gains (>50 dB), multiple octaves of 
bandwidth, high efficiency, and output powers that range from tens to thousands of watts, Pulsed TWTAs 
can reach even higher output powers. Figure 1 presents a simplified diagram of a helix-type TWT. 


1 2 3 4 567 8 


Figure 1. Cutaway view of a helix TWT. 

(J) Electron gun; (2) RF input; (3) Magnets; (4) Attenuator; 

(5) Helix coil; (6) RF output; (7) Vacuum tube; (8) Collector. 
Reproduced fiom Wikipedia, 


The device is an elongated vacuum tube with an electron gun (a heated cathode that emits electrons) 
atone end, A solenoid coil wrapped around the tube creates a magnetic field which focuses the electrons into 
a beam, which then passes down the middle of a wire helix that stretches the length of the tube, finally 
striking a collector at the other end, An input signal is coupled into the helix near the emitter, is amplified by 
the electron beam as it travels down the length of the tube, and the amplified signal is coupled to an external 
port near the collector. 
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The helix, which acts as a RF transmission line, delays the signal to near the same propagation speed 
as the electron beam. The speed at which the electromagnetic wave travels down the tube can be varied by 
changing the number or diameter of the turns in the helix. While propagating along the tube, the EM wave 
interacts with the electron beam, Since the electromagnetic wave effectively propagates slower than the 
electron beam, the electrons “bunch up” and modulate the input signal, giving up energy in the process - an 
effect known as velocity modulation. Thus, the traveling wave progressively grows in amplitude as it 
propagates down the tube towards the collector. 


Figure 2 features a photo of a high voltage power supply and TWT. 


Figure 2. TWTA Including High Voltage Power Supply (top) and TWT (bottom). 


Historically, TWTAs have been used in satellite transponders, radars, and in electronic warfare and 
self-protection systems. Recently, with the advent of wideband, high power solid-state amplifier solutions, 
however, TWTAs are slowly being replaced due to the higher reliability of their solid state counterparts. 


Microwave Power Modules (MPM: 


‘A Microwave Power Module (MPM) is a hybrid solution between solid-state and vacuum tube 
electronics, which aims to take advantage of the best features of both technologies. They feature a solid-state 
pre-amplitier, miniaturized TWTA, and a high-density power supply, all integrated into a unit much more 
‘compact and lightweight than the traditional TWTA. While MPMs generally don’t provide as much power as 
their larger TWTA counterparts, their lighter weight, compact form factor, and relaxed power supply 
requirements (often 28 VDC or 270 VDC) enable use in applications where a TWTA would not be possible 


Similar to TWTAs, MPMS are capable of providing very high gains (>50 dB), multiple octaves of 


bandwidth, high efficiency. Typical power levels range from tens to hundreds of watts, with ~1 kW 
capability for pulsed MPMs. 
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Control —28-Vde WRD-180 
2.9-mm Input Output 
Input 


Figure 3. 40W Ka-band MPM With Components Identified. 
Image from IEEE Magazine, December 2009, page 42. 


They have found applications in phased array antennas, lower-power radar transmitters, satellite 
communications, EW systems, and UAVs 


Solid State 


Solid-state electronics, including amplifiers, are built entirely from solid materials and in which the 
electrons, or other charge carriers, are confined entirely within the solid material. The building material is 
most often a crystalline semiconductor, Solid-state power amplifiers, or SSPAs, are fabricated on many 
different semiconductor technologies, some of which include GaAs, GaN, InP, SiGe, CMOS. A photo of a 
GaN SSPA is presented in Figure 4 


Figure 4. Typical SPA. Note the GaN die and external impedance matching networks. 
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In general, SSPAs are heralded as having a higher reliability than TWTAs. While high power SSPAs 
are available on the market, achieving high efficiency has been a challenge as many amplifier stages often 


need to be combined to meet to achieve power levels in the tens to hundreds of watts. Multi-s 


wge designs 


increase size, weight, and power (SWAP) and dectease PAE (due to ohimic losses in the combining networks), 
which is one reason why TWTs and MPMs still provide excellent alternatives for medium to high power 


applications. 


Below is a table that attempts to compare and contrast different solid-state technologies in the context 


of microwave networks and amplifiers. It is by no means complete, but provides a general over 


ew. 


‘Table 1, Comparison Between Different Semiconductor Process Technologies, 


‘Not a good overall microwave 


Nitride (GaN) 


Results in high efficiency, high 
frequency, wide bandwidth PAs 
Can operate hotter than GaAs, Si, or 
SiGe 


Silicon | * Cheapest substrate due to CPU substrate 
variants industry © Results in lossy, high noise figure, low 
(CMOS, | Can be fabricated with nanometer power components 
SiGe) accuracy Crystal is fragile 
Junction temperatures limited to ~110C 
* High performance at low voltage + Less mature, “niche” fabrication 
Indium | * Good thermal stability houses 
Phosphide | Results in high efficiency PAs, * Brittle, fragile material 
Variants particularly at lower operating voltage | Higher cost than GaAs 
(InP/InGaP) | + Extremely low noise figure © Low breakdown voltage ~ not good for 
* _Usefil through W-band and beyond high power 
© Most mature, widespread technology 
© Many transistor variants (MESFET, 
PHEMT, MHEMT, HBT, etc) 
Gallium — |, High retiabitity High noise figure, Noise figure and 
Arsenide ad iow power performance 
© Fairly low cost (but more than silicon) 
variants «Difficult to summarize - depends on 
®) | * Great microwave substrate 
(GaAs) transistor type used. 
* Low loss, high ¢, 
* 16-20V breakdown possible 
+ Junction temperatures up to 150C 
© Upto 10x the power density of GaAs 
* High breakdown voltage (100V. © Currently more expensive than GaAs, 
bata possible) but costs are decreasing 


Difficult to fabricate 
High power density leads to thermal 
challenges 
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SIGNAL GENERATIO! 


Signal generators, also known variously as function generators, RF and microwave signal generators, 
pitch generators, arbitrary waveform generators, digital pattem generators or frequency generators are 
electronic devices that generate repeating or non-repeating electronic signals (in either the analog or digital 
domains). They are generally used in designing, testing, troubleshooting, and repairing electronic or electro- 
acoustic devices; though they often have artistic uses as well. 


‘There are many different types of signal generators, with different purposes and applications (and. 
at varying levels of expense); in general, no device is suitable for all possible applications. 


Analog Signal Generators 


RF signal generators are 
capable of producing CW (continuous 
wave) tones. The output frequency can 
usually be tuned anywhere in their 
frequency range. Many models offer 
various types of analog modulation, 
either as standard equipment or as an 
optional capability to the base unit 
This could include AM, FM, ®M 
(phase modulation) and pulse 
modulation. Another common feature 
is a built-in attenuator which makes it possible to vary the signal's output power. Depending on the 
manufacturer and model, output powers can range from -135 to +30 dBm. A wide range of output power is 
desirable, since different applications require different amounts of signal power. For example, ifa signal has 
to travel through a very long cable out to an antenna, a high output signal may be needed to overcome the 
losses through the cable and still have sufficient power at the antenna. But when testing receiver sensitivity, a 
low signal level is required to see how the receiver behaves under low signal-to-noise conditions, 


RF signal generators are required for servicing and setting up analog radio receivers, and are used for 
professional RF applications. 


Arbitrary Waveform Generator 


An arbitrary waveform generator (AWG) is a piece of electronic test equipment used to generate 
electrical waveforms, These waveforms can be either repetitive or single-shot (once only) in which case some 
kind of triggering source is required (internal or external). The resulting waveforms can be injected into a 
device under test and analyzed as they progress through the device, confirming the proper operation of the 
device or pinpointing a fault in the device. 


Unlike function generators, AWGs can generate any arbitrarily defined wave shape as their output, 
‘The waveform is usually defined as a series of “waypoints” (specific voltage targets occurring at specific 
times along the waveform) and the AWG can either jump to those levels or use any of several methods to 
interpolate between those levels. 
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Because AWGs synthesize the waveforms using (baseband) digital signal processing techniques, their 
maximum frequency is usually limited to no more than a few gigahertz (~10 GHz being the latest state-of-the- 
art in 2012). 


A major difficulty in generating non-repetitive waveforms at higher frequencies with AWGs is the 
large amount of data required to describe high-frequency baseband signals. For example, a 20 gigasample/sec 
arbitrary waveform with 8 bits of resolution requires 20 GB of data to represent every 1 second of signal, 
regardless of that signal’s nature. Generating such large digital data streams and delivering them to the DAC 
in the AWG is an increasingly difficult problem as DAC upper frequencies continue to grow. 


AWGs, like most signal generators, may also contain an attenuator, various means of modulating the 
‘output waveform, and often contain the ability to automatically and repetitively “sweep” the frequency ofthe 
‘output waveform (by means of a voltage-controlled oscillator) between two operator-determined limits. This 
capability makes it very easy to evaluate the frequency response of a given electronic circuit. 


AWGs can operate as conventional function generators. These would include standard waveforms 
such as sine, square, ramp, triangle, noise, and pulse. Some units include additional built-in waveforms such 
as exponential rise and fall times, sinx/x, cardiac, Some AWGs allow users to retrieve waveforms from a 
number of digital and mixed-signal oscilloscopes. Some AWGs may display a graph of the waveform on 
their screen - a graph mode, Some AWGs have the ability to generate a pattern of words from multiple bit 
‘output connector to simulate data transmission, combining the properties of both AWGs and digital pattern 
generators, 


One feature of direct digital synthesizer (DDS) based arbitrary waveform generators is that their 
digital nature allows multiple channels to be operated with precisely controlled phase offsets or ratio-related 
frequencies. This allows the generation of polyphase sine waves, I-Q constellations, or simulation of signals 
from geared mechanical systems such as jet engines. Complex channel-channel modulations are also 
possible. 


Vector Signal Generators 


Moder vector signal generators 
can be seen as a hybrid of the arbitrary 
waveform generator and the analog 
signal generator, combining a lower- 
bandwidth AWG with analog 
upconversion, allowing a moderate- 
bandwidth (~100 MHz, circa 2012) 
digital signal to be upeonverted to any 
frequency (~S0 GHz typically upper 
frequency typically). 


With the advent of digital 
communications systems, itis no longer 

possible to adequately test these systems with traditional analog signal generators. This has led to the 
development of vector signal generators, also known as digital signal generators. These signal generators are 
capable of generating digitally-modulated radio signals that may use any of a large number of digital 
modulation formats such as QAM, QPSK, FSK, BPSK, and OFDM. In addition, since modern commercial 
digital communication systems are almost all based on well-defined industry standards, many vector signal 
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generators can generate signals based on these standards. Examples include GSM, W-CDMA (UMTS), 
CDMA2000, LTE, Wi-Fi (IEEE 802.11), and WiMAX (IEEE 802.16). In contrast, military communication 
systems such as JTRS, which place a great deal of importance on robustness and information security, 
typically use very proprietary methods. To test these types of communication systems, users will often create 
their own custom waveforms and download them into the vector signal generator to create the desired test 
signal. 
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DIGITAL SIGNAL PROCESSING COMPONENTS 


‘The goal of DSP is usually to measure, filter and/or compress continuous real-world analog signals, 
‘The first step is usually to convert the signal from an analog to a digital form, by sampling and then digitizing 
it using an analog-to-digital converter (ADC), which tums the analog signal into a stream of numbers 
However, often, the required output signal is another analog output signal, which requires a digital-to-analog 
converter (DAC). Even if this process is more complex than analog processing and has a discrete value range, 
the application of computational power to digital signal processing allows for many advantages over analog 
processing in many applications, such as error detection and correction in transmission as well as data 
compression. With the increasing bandwidth and dynamic range of ADC and digital components, common 
analog RF signal processing operations such as filtering, threshold detection, and pulse compression are being 
carried out in the digital domain, Additionally new capabilities such as synthetic aperture radar (SAR), digital 
RF memory (DRFM), and space-time adaptive processing (STAP) are wholly enabled by the increasing 
power of digital processing components. 


nalog-to-Digital Converter 


An analog-to-digital converter (abbreviated ADC, A/D or A to D) is a device that converts a 
continuous quantity to a discrete time digital representation. An ADC may also provide an isolated 
measurement. The reverse operation is performed by a digital-to-analog converter (DAC). 


Typically, an ADC is an electronic device that converts an input analog voltage or current to a digital 
number proportional to the magnitude of the voltage or current. However, some non-electronic or only 
partially electronic devices, such as rotary encoders, can also be considered ADCs. 


Resolution 


The resolution of the converter indicates the number of discrete values it can produce over the range 
of analog values. The values are usually stored electronically in binary form, so the resolution is usually 
expressed in bits. In consequence, the number of discrete values available, or “levels,” isa power of two. For 
example, an ADC with a resolution of 8 bits can encode an analog input to one in 256 different levels, since 
2 = 256, The values can represent the ranges from 0 to 255 (i.e. unsigned integer) or from —128 to 127 
(ie,, signed integer), depending on the application 


Resolution can also be defined electrically, and expressed in volts, The minimum change in voltage 
required to guarantee a change in the output code level is called the least significant bit (LSB) voltage. The 
resolution Q of the ADC is equal to the LSB voltage. The voltage resolution of an ADC is equal to its overall 
voltage measurement range divided by the number of discrete values: 


0 


where M is the ADC's resolution in bits and Eysn is the full 


ale voltage range (also called ‘span’). 
Erse is given by 


Ersn ™ Preps — Prestow: 
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where Frei: and Veen. are the upper and lower extremes, respectively, of the voltages that can be coded. 


Normally, the number of voltage intervals is given by 
Naot 
where M is the ADC's resolution in bits. 
That is, one voltage interval is assigned in between two consecutive code levels. 


A typical 3 bit (2" 


8-level) coding scheme is depicted in Figure 1 


Te = 
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Figure 1. An 8-level (3 bit) ADC Coding Scheme. 


Example: 


Assume input signal x(t) = A cos(t), A = 5V 
Full scale measurement range = -5 to 5 volts 

ADC resolution is 8 bits: 2*~ 1 = 256 - 1 = 255 quantization levels (codes) 

ADC voltage resolution, Q = (5 V ~[-5] V)/ 255 = 10 V / 255 = 0.039 V = 39 mV. 


In practice, the useful resolution of a converter is limited by the best signal-to-noise ratio (SNR) that 
can be achieved for a digitized signal. An ADC can resolve a signal to only a certain number of bits of 
resolution, called the effective number of bits (ENOB). One effective bit of resolution changes the signal-to- 
noise ratio of the digitized signal by 6 dB, if the resolution is limited by the ADC. If preamplifier has been 
used prior to A/D conversion, the noise introduced by the amplifier can be an important contributing factor 
towards the overall SNR. 


Accuracy 


‘An ADC has several sources of errors. Quantization error and (assuming the ADC is intended to be 
linear) non-linearity are intrinsic to any analog-to-digital conversion. There is also a so-called aperture error 
which is due to a clock jitter and is revealed when digitizing a time-variant signal (not a constant value), 


These errors are measured in a unit called the least significant bit (LSB). In the above example of an 
eight-bit ADC, an error of one LSB is 1/256 of the full signal range, or about 0.4%. 


‘Sampling Rate 


‘The analog signal is continuous in time and it is necessary to convert this to a flow of digital values, 
Itis therefore required to define the rate at which new digital values are sampled from the analog signal. The 
rate of new values is called the sampling rate or sampling frequency of the converter. 


A continuously varying band limited signal can be sampled (that is, the signal values at intervals of 
time T, the sampling time, are measured and stored) and then the original signal can be exactly reproduced 
from the discrete-time values by an interpolation formula, The accuracy is limited by quantization error. 
However, this faithful reproduction is only possible if the sampling rate is higher than twice the highest 
frequency of the signal. This is essentially what is embodied in the Shannon-Nyquist sampling theorem. 


Oversampling 


Usually, for economy, signals are sampled at the minimum rate required, with the result that the 
quantization noise introduced is white noise spread over the whole pass band of the converter. Ifa signal is 
sampled at a rate much higher than the Nyquist frequency and then digitally filtered to limit it to the signal 
bandwidth there are the following advantages: 


‘* Digital filters can have better properties (sharper roll-off, phase) than analog filters, so a sharper anti- 
aliasing filter can be realized and then the signal can be down-sampled giving a better result 

‘+A 20-bit ADC can be made to act as a 24-bit ADC with 256% oversampling 

‘* The signal-to-noise ratio due to quantization noise will be higher than if the whole available band had 
been used. With this technique, it is possible to obtain an effective resolution larger than that 
provided by the converter alone. 

‘+ The improvement in SNR is 3 dB (equivalent to 0.5 bits) per octave of oversampling which is not 
sufficient for many applications. Therefore, oversampling is usually coupled with noise shaping. 
With noise shaping, the improvement is 6L+3 dB per octave where L is the order of loop filter used 
for noise shaping. e.g. - a 2nd order loop filter will provide an improvement of 15 dB/octave. 


Digital to Analog Converter (DAC) 


Digital-to-analog converters (DACs) perform the inverse function of the ADC. As such, the 
aforementioned principles of accuracy, resolution, sampling and oversampling, etc. apply equivalently. 
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jeld-Programmable Gate Array (FPGA) 


A field-programmable gate array (FPGA) is an integrated circuit designed to be configured by the 
customer or designer after manufacturing—hence “field-programmable.” The FPGA configuration is 
generally specified using a hardware description language (HDL), similar to that used for an application- 
specific integrated circuit (ASIC). Circuit diagrams were previously used to specify the configuration, as they 
were for ASICS, but this is increasingly rare. FPGAs can be used to implement any logical function that an 
ASIC could perform. The ability to update the functionality after shipping, partial re-configuration of a 
portion of the design and the low non-recurring engineering costs relative to an ASIC design (notwithstanding 
the generally higher unit cost), offer advantages for many applications 


FPGAs contain programmable logic components called “logie blocks,” and a hierarchy of 
reconfigurable interconnects that allow the blocks to be “wired together” —somewhat like many (changeable) 
logic gates that can be inter-wired in (many) different configurations. Logic blocks can be configured to 
perform complex combinational functions, or merely simple logic gates like AND and XOR. In most FPGAs, 
the logic blocks also include memory elements, which may be simple flip-flops or more complete blocks of 
‘memory. 


FPGAS are becoming increasingly more popular for implementing RF signal processing functions 
such as signal compression (matched filtering), channel selection, modulation / demodulation, etc. 
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MICROWAVE MEASUREMENTS, 


Measurement Procedures 


Calculate your estimated power losses before attempting to perform a measurement. The ideal input 
toa measurement device is in the 0 to 10 dBm (1 to 10 mW) range. 


Linearity Check 


To verify that a spectrum measurement is accurate and signals are not due to mixing inside the 
receiver, a linearity check should be performed, ic., externally insert a 10 dB attenuator - if measurements are 
in the linear region of the receiver, all measurements will decrease by 10 dB. If the measurements decrease 
by less than 10 dB, the receiver is saturated. If the measurements disappear, you are at the noise floor. 


Half-Power or 3 dB Measurement Point 


To verify the half power point of a pulse width measurement on an oscilloscope, externally insert a 
34B attenuator in the measurement line, and the level that the peak power decreases to is the 3 dB 
measurement point (Note: you cannot just divide the peak voltage by one-half on the vertical scale of the 
oscilloscope). 


VSWR Effect on Measurement 
Try to measure VSWR (or reflection coefficient) at the antenna terminals. Measuring VSWR of an 


antenna through its transmission line can result in errors. Transmission lines should be measured for insertion 
loss not VSWR. 


When making power measurements on a high power pulsed transmitter using a typical 40 dB 
directional coupler, an additional attenuator may be required in the power meter takeoff line, or the power 
sensor may be burnt out. 

For example, assume we have a | megawatt transmitter, with PRF = 430 pps, and PW = 13 ys 
Further assume we use a 40 dB directional coupler to tap off for the power measurements. The power at the 
tap would be: 

10 log(P,) - 10 log(DC) - Coupler reduetion = 

10 log(10°mW) - 10 log(13x10*)(430) - 40 dB = 

90 dBm - 22.5 dB - 40 dB = 27.5 dBm (too high for a power meter) 


Adding a 20 dB static attenuator to the power meter input would give us a value of 7.5 dBm or 
5.6 mW, a good level for the power meter. 
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High Power Measurements With Small Devie: 


When testing in the presence of a high power radar, it is normally necessary to measure the actual 
field intensity. The technique shown in Figure 4, in Section 6-7, may not be practical if the measurement 
device must be small. An alternate approach is the use of a rectangular waveguide below its cutoff frequency, 
In this manner, the “antenna” waveguide provides sufficient attenuation to the frequency being measured so 
it can be coupled directly to the measurement device or further attenuated by a low power attenuator. The 
attenuation of the waveguide must be accurately measured since attenuation varies significantly with 
frequency. 
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ELECTRO-OPTICS AND IR 


ELECTRO-OPTICS AND IR. 


Introduction. 

Optical Spectrum. 

Radiometric Quantities and Terminology 
Photometric Quantities. 

Basic Principles 

Basic Radiant Power Relationships 
Infrared Source Characteristics. 
Atmospheric Transmission 

EO Components and Sensors. 

IR Threats to Aircraft and Their Countermeasures, 
IRCM 

Lasers 

Fiber Optics 


Laser Safety 
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ELECTRO-OPTICAL SYSTEMS AND EW COUNTERMEASURES 


INTRODUCTION 


The development of infrared countermeasures and the evaluation of their performance against 
threat missiles is a broad, complex technical field. Much of the detailed information about the threats to 
be countered and the characteristics of the countermeasures themselves is understandably sensitive, 
beyond the limitations of this document. More detailed information can be requested, provided the 
requesting organization has the necessary clearance and need to know. Such requests will be considered 
‘on a case-by-case basis. Information will be provided only upon written concurrence of the controlling 
Government organization 


There are many electro-optical (EO) electronic warfare (EW) systems, which are analogous to 
radio frequency (RF) EW systems, These EO EW systems operate in the optical portion of the 
electromagnetic spectrum. Electro-optics (EO), as the name implies, is a combination of electronics and 
optics. By one definition EO is the science and technology of the generation, modulation, detection and 
‘measurement, or display of optical radiation by electrical means. Most infrared (IR) sensors, for example, 
are EO systems. In the popularly used term “EO/IR,” the EO is typically used to mean visible or laser 
systems. The use of EO in this context is a misnomer. Actually, almost all “EO/IR” systems are EO 
systems as defined above. Another often-used misnomer is referring to an EO spectrum, EO systems 
operate in the optical spectrum, which is from 0.01 to 1000 micrometers. EO systems include, but are not 
limited to, lasers, photometry, infrared, and other types of visible, and UV imaging systems. 


Within the broad field of Electronic Warfare, electro-optical systems are prevalent for 
communication systems and offensive and defensive applications. Lasers have been used extensively for 
‘weapons guidance purposes, warhead fuzing applications, targeting systems and other offensive weapons 
related purposes. Understanding electro-optical and radiometric principles and sensors is critical to the 
development of vehicle survivability systems. These principles range from signature reduction and 
camouflage to active countermeasure systems such as lamp-based and laser jammers to passive threat 
‘warning systems and expendable flare decoys. 


Although military systems operate in many portions of the electro-optical spectrum, the infrared 
is of paramount importance for remote detection systems and weapons applications. Missile seekers, 
Forward Looking Infrared (FLIR) systems, and Infrared Search and Track Systems all operate in the 
infrared portion of the spectrum. 


OPTICAL SPECTRUM 


The optical spectrum is that portion of the electromagnetic spectrum from the extreme ultraviolet 
(UY) through the visible to the extreme IR. Figure 1 shows the optical spectrum in detail. The end points 
of the optical spectrum are somewhat arbitrary. 


IR spectrum terminology has also varied through the years, with near (near visible), or short- 
wavelength infrared (SWIR) being on the high frequency end. Then as frequency decreases the spectrum 
is followed by intermediate or mid-wavelength infrared (MWIR), then far or long-wavelength IR 
(LWIR), and finally extreme IR, 


Fld 


10'S 1915 ott 1019 rol? 


Frequency Tec 
19? wot 1 10 ca oe 
Wavelength ror) 

CORNER INFRARED. uw 
" TER- ey 
exmeme — [earl i] # |uean) glSiRi FAR cxmene | f 
UY A= 31540400 nin ' Near [Ma | Far Extreme 
Uv 82 20000 419 nm ' fe 
VE Tonte 280 rok 
ost VisiaLe SPECTRUM poy 
7 
z 
voter i 
a 
te 


sam 4am Osun ‘OB um 7 am OBam 


Figure 1. Optical Spectrum. 


RADIOMETRIC QUANTITIES AND TERMINOLOGY 


‘The common terms used to describe optical radiation are the source parameters of power, radiant 
emittance (older term) or radiant exitance (newer term), radiance, and radiant intensity. They refer to 
how much radiation is given off by a body. The parameter measured by the detector (or collecting 
object/surface) is the irradiance. Any of these quantities can be expressed per unit wavelength in which 
case the subscript is changed from e (meaning energy derived units) to 4 and the term is then called 
pectral ..X...”, ie. I, is radiant intensity, while 1, is spectral radiant intensity. These quantities in terms 
of currently preferred “Systéme International d’Unités” (SI units) are defined in Table 1 


Table 1. Radiometric SI Units, 


Symbol Name Description Units 
Q Radiant Energy T (joules) 
©,__| Radiant Power (or flux) | Rate of transfer of radiant energy W (watts) 
M. Radiant Exitance | Radiant power per unit area wm 
emitted from a surface 
Radiance Radiant power per unit solid angle Wins” 
per unit projected area 
le Radiant Intensity Radiant power per unit solid angle Wst 
from a point source 
Trradiance Radiant power per unit area Wm 
incident upon a surface 
% Spectral ...X. (Quantity) per unit wavelength interval (Units) nm” or pm™ 
Where X;, is generalized for each unit on a per wavelength basis; for example, L,, would be called 
“spectral radiance” instead of radiance. 
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In common usage, irradiance is expressed in units of Watts per square centimeter and 
wavelengths are in pm instead of nanometers (nm). Other radiometric definitions are shown in Table 2 


Table 2. Other Radiometric Definitions. 


Symbol_| Name Description Units 
a ‘Absorptance™ ‘a= (*) absorbed /(*) incident numeric 
> Reflectance D=() reflected /(*) incident numeric 
1 ‘Transmittance t= (*) transmitted / (*) incident numeric 
€ Emissivity © =(*) of specimen / numeric 
(*) of blackbody @ same temperature 


Where (*) represents the appropriate quantity Q, ®, M, E, or L 
Note (1) Radiant absorptance should not be confused with absorption coefficient. 


PHOTOMETRIC QUANTITIES 


Whereas the radiometric quantities ©, Mc, La Le, and E, have meaning throughout the entire 
electromagnetic spectrum, theit photometric counterparts ,, My, I, Ly, and E, are meaningful only in the 
visible spectrum (0.38 um thru 0.78 jum), 


The “standard candle” was redefined as the new candle or candela (cd). One candela is the 
luminous intensity of 1/60th of 1 em? of the projected area of a blackbody radiator operating at the 
temperature of the solidification of platinum (2045 °K). By definition, the candela emits one lumen (Im) 
per steradian. 


Table 3 displays the photometric quantities and units. These are used in dealing with optical 
systems such as aircraft television camera systems, optical trackers, or video recording, 


Table 3. Photometric SI Units, 


‘Symbol Name Description Units 
Q | Luminous energy Tumen see (lms) 
For, | Luminous flux Rate of transfer of Tumen (Im) 
or Luminous Power luminant energy 
M, _ | Luminous Exitance Luminant power per unit area Imm 
or flux density emitted from a surface 
(formerly luminous emittance) 
T, | Luminance’ Luminous flux per unit solid nit (nt) oF 
(formerly brightness) angle per unit projected area candela / ny 
or Imist-m 
1, | Luminous Intensity Luminous power per unit solid candela (ed) 
(formerly candlepower) angle from a point source or_lmist 
E, | Mluminance Luminous power per unit area Tux or Ix 
(formerly illumination) incident upon a surface or Inv 
K Luminous efficacy K=0,/®, Im/w 


Table 4 displays conversion factors for commonly used illuminance quantities. 


‘Table 4. Illuminance Conversion Units. 


Lux (x) Footcandle (fe) Phot (ph) 
Tux (im m=) = 1 0.0929 1x10" 
1 footcandle (Im f°) 10.764 i 0.001076 
1 phot (Im em”) Tx 10" 929 1 


THE BASIC PRINCIPLES 


The processes. of absorption, Reece ee ie 


reflection (including scattering), and 
transmission account for all incident radiation 
in any particular situation, and the total must 
add up to one in order that energy be 
conserved: 


Transmittance, + 


Trecemt Racatian a 


Absoipiance, 0 


atp+t=l, assh Figure 2. 
Pp ay oe Sipe rae Figure 2. Radiation Incident on a Body. 
If a material is opaque (no 
transmission), then: absorption + reflection = 1 


In addition to the above processes, optical (including IR) radiation interacts with matter the same 
as radiation in any other part of the spectrum, including 


Diffraction — around edges 

Emission — from matter by conversion from another form of energy 

Interference — constructive and destructive 

Refraction — bends when passing between two media with different 

propagation speeds (Snell's Law) 

Scattering — when interacts with particles whose size approaches length of the wave 
Polarized - electric field is partially polarized by reflection from dielectric 
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STERADIAN ~ SOLID ANGLE 


Of significance to many terms and units in radiometric calculations is the solid angle. Figure 3 is 
a pictorial depicting the relationship of area, distance, and solid angle. By definition, the ratio of area on 
the surface of a sphere to the square of distance (the radius) is the unit less parameter solid angle, ot 
steradian in the SI system of units. Solid angle is usually abbreviated as “st” or given the Greek letter, Q. 
The steradian is a dimensionless quantity in radiometric calculations 


Solid angle (Q) = Area / Distance*2 


Area 


Figure 3. Solid Angle, 


source | Receiver 


A sphere contains a solid angle of 4 steradians; a hemisphere contains 2n steradians, and so on, 
‘The area is a curved surface, but in most applications, the solid angles are sufficiently small that the area 
can be approximated as a plane. Also, for small angles, the solid angle in steradians is approximately 
‘equal to the product of two plane angles in radians. 


CONVERSIONS 


IR wavelengths are typically expressed in jum, visible wavelengths in am or nm, and UV 
wavelengths in nm or angstroms. Table 5 lists conversion factors for converting from one unit of 
wavelength to another. The conversion is from column to row. For example, to convert from jim to nm, 
multiply the value expressed in um by 10°, IR wavelengths are also sometimes expressed in a frequency- 
like unit called wavenumbers or inverse centimeters. A wavenumber value can be found by dividing 
10,000 by the wavelength expressed in jum. For example, 2.5 jum converts to a wavenumber of 4000 ot 
4000 inverse centimeters (em), 


Table §. Wavelength Conversion Units. 


From > ‘Angstroms - A ‘Nanometers nm Micrometers - wm 
Multiply by 
To get ml 
Angstroms - A H 10 10" 
‘Nanometers = nm 107 1 10 
Micrometers - um 10" 10" 1 


BASIC RADIANT POWER RELATIONSHIPS 


Radiant intensity is the most commonly used term to describe the radiant power of a source per 
unit solid angle. Radiant Intensity offers the advantage of being a source term, like radiance, that is not 
related to the size of the radiating source. In practice, radiant intensity is a derived term and is not 
directly measurable. If the Instantaneous Field of View (IFOV), which represents the smallest optical 
resolution element of a remote sensor, subtends an angle smaller than the size of the radiating source, the 


sensor responds directly to radiance. If the IFOV of the sensor subtends an angle larger than the radiating 
source, the sensor responds to irradiance. The relationship among radiant intensity, radiance, and 
irradiance is shown in the following equation: 


I=ED? ef LA= LOD? 


Where: 
I= Intensity. Radiant intensity is the target source power per unit solid angle, in Watts/steradian, 


E = Irradiance. Irradiance is the received power density in Watts/em2 incident on a distant 
sensor. Irradiance is the quantity measured or detected by a distant sensor where the target 
is not spatially resolved (i.e., where the target subtends an angle smaller than the resolution 
or field of view of the instrument.) 


L= Radiance. Radiance is the intensity per unit area of source, in W/em*/steradians. Radiance is 
the quantity measured by a camera or imaging system, where the target is optically resolved 
(ie., where the target subtends an angle much greater than the resolution or instantaneous 
field of view of the imager.) 


A= Area, Area is the eros 


sectional or projected area of the target in em’. 
D=Distance. Distance between the target and sensor in cm. 


= Solid angle subtended by the target in steradians. Solid angle appears directly or indirectly in 
many infrared quantities. The solid angle subtended by a source is the ratio of the source 
area to the square of distance. 


All remote sensors receive energy from a source through an atmospheric path. The atmosphere 
attenuates the propagation of energy due to scattering, absorption, and molecular rotation and vibration, 
depending on the wavelengths involved. The atmosphere itself also radiates. All incident energy on a 
remote sensor, except as received under vacuum conditions, is detected through the atmosphere. The 
term apparent is applied to a radiometric quantity to acknowledge the presence of atmospheric effects. A 
remote sensor, responding the radiance of a source over an atmospheric path, responds to apparent 
radiance. 


Real sensors do not respond uniformly to energy. Sensors have non-uniform spectral and spatial 
response due to many factors, including detector and optical characteristics. All energy received by the 
detector is spectrally weighted by the spectral response of the instrument. The term effective is applied to 
acknowledge the non-uniform response of the instrument. 


Outside of a vacuum, all radiation incident on a remote sensor is attenuated by atmospheric 
effects such as scattering and absorption. Where the atmosphere absorbs, it also emits. Path radiance is 
the term applied to the contribution of the atmospheric path to the received radiation, The term apparent 
is applied to radiometric quantities to acknowledge the influence of the atmosphere on the received 
radiation. 


DOMAINS, DISTRIBUTIONS, AND SENSOR RESPONSE, 


Radiant power that is emitted or reflected from a source is distributed across multiple dimensions 
or domains, The three domains that are most important to radiometric applications are spectral (Figure 4), 
spatial (Figure 5), and temporal (Figure 6). Knowing how the radiant power from a source is distributed 
across each domain is important to understanding performance of an EW system, whether it be a sensor, a 
‘weapon, of a countermeasure. 


[_Spectrat Domain | 
- L(A) 


In the spectral domain, radiation is distributed as a function of wavele 
wavenumber). Radiation from solid materials is distributed as a continuum in 
accordance with Planck's formula. The graph above shows the spectral distribution 
of radiation from a 600 degree Celsius blackbody after passage through the 
atmosphere. Radiation from gases appears at specific wavelength “lines’ 
corresponding to molecular resonances, 


Figure 4, Sample Spectral Distribution of a Solid Material, 


In the spatial domain, radiation is distributed as a function of angle, position, size, 
shape, or orientation. The graph above shows the radiance of a circular target as 
viewed by an imaging system. 


Figure 5. Sample Spatial Distribution of a Circular Target Image. 


‘Temporal Domain 
a L(t) 
i 
5 
8 
a 
é >t 


Time (seconds) 


In the temporal domain, radiation is distributed as a function of time (or frequency). 
Most IR target sources, such as aircraft and ground vehicles, change slowly with time 
and can be considered steady state for measurement purposes. However, IR 
countermeasures systems and devices, such as jammers and decoy flares, have high 
frequency content that must be considered in their design and effectiveness 
assessment. 


Figure 6. Sample Temporal Distribution of a Modulated Source, 


All electro-optical sensors have some sensitivity to how radiation is distributed across the different 
domains. This sensitivity or response takes the following forms: 


1. Spectral response: 
a. May be broad in the case of a radiometer or imager, or narrow in the case of a 
spectrometer where response takes the form of resolution. 
b. Spectral response is chosen to exploit particular spectral features of interest in a target. 


c. Non-uniformity of spectral response can have a significant effect on the performance of 
sensor. 


2. Spatial response 

a. May be broad in the case of a radiometer or spectrometer, where spatial response takes 
the form of sensitivity across the sensor's FOV. In the case of an imager, the spatial 
response may be narrow because spatial response takes the form of the resolution or 
IFOV. 

b. Required spatial resolution is defined by the size and radiant power of the source, the 
distance between the source and the target, and by the sensitivity of the sensor. 

c. Non-uniformity of spatial response can have a significant effect on the performance of 
sensor. 

d. Response to radiation from the background within the FOV is primarily a spatial 
response issue and can be significant to sensor performance. 


3. Temporal response: 
a. Takes the form of bandwidth or, in the case of a digital system, of sampling frequency. 
b. Unlike spectral and spatial response, temporal response includes the response time of the 
detector and all of the electronics, data transfer time, and processing time for a sensor. 
c. Non-uniformity across a region is usually not a concem, Temporal response is usually 
uniform for target frequencies that fall well below the low-pass or Nyquist breakpoints, 


Sensors respond to received radiant power by integrating the power distribution in each domain 
under the corresponding response curve. Sensors respond in multiple domains, so output is proportional 
to a multi-dimensional, weighted integral. Figure 7 illustrates response-weighting, or convolution, of 
radiation with instrument response in the spectral domain. The concept applies equally in the spatial 
domain. 
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Non-uniform sensor response across a domain distorts the distribution of received radiant 
power by weighting the radiation at some wavelengths differently than others. Instrument 
output is proportional to the integral of this weighted product, which makes instrument 
response shape an embedded part of both the measurement and the calibration. Some 
consequences of non-uniform response are: 

© Two different sources with identical power, but different distributions will 
produce different measurement values. 

If two different sources (such as the calibration and the target) have similar 
relative power distributions, the relative weighting by the instrument will be the 
same for both sources, so the shape and degree of non-uniformity has little or no 
effect. This will be discussed in more detail later as a key strategy in calibration 
to reduce measurement uncertainty. 


ure 7. Response-Weighting in the Spectral Domain, 


‘The consequence of instrument output being proportional to multiple weighted integrals is that 


the characteristics of the instrument affect the measured value in ways that cannot be easily extracted or 
corrected. Understanding non-uniformity in sensor response is critical to understanding performance and 
evaluating the effectiveness of the system. 
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INFRARED SOURCE CHARACTERISTICS, 


Reflectance 


Reflectance is generally categorized as either specular (mirror-like) or diffuse (scattered by 
reflection from a rough surface). Most surfaces exhibit both types of reflection, but one typically 
dominates. Reflections from smooth surfaces are specular. Reflectance is a unitless quantity between 
zero and one that is the ratio of reflected power to the incident power. Reflectance varies with angle from 
the normal and with wavelength. 


Diffuse reflectors scatter incident radiation broadly. Johann Heinrich Lambert described an ideal 
diffuse reflector in which the intensity of reflected rays is distributed as a cosine of the angle from the 
normal, regardless of the angles of the arriving incident rays. Such a surface is described as Lambertian 
The same relationship applies to a diffuse source. If the source is perfectly diffuse, the radiance is 
independent of the viewing angle because the projected area of the source also varies as a cosine function 
of the angle from normal, 


While no surface is perfectly diffuse, standard paint on most aircraft, for example, is near enough 
for at least a first approximation. Significant effort has gone into measuring and describing surface 
properties of military vehicles to support modeling and simulation activities. Bidirectional Reflectance 
Distribution Function (BRDF) is defined as the ratio of the reflected radiance to the incident irradiance at 
wavelength, 2, 


The BRDF provides a complete description of the reflectance properties of a surface. 
Measurements of BRDF are made in specially equipped optical laboratories. For aircraft, a typical use of 
BRDF data is in computer models that predict the reflections of the earth and sun from the aircraft 
fuselage and wings. 


Emissivity 


Emissivity is a unitless quantity that is a measure of the efficiency of a surface as an absorber or 
emitter. Emissivity is expressed as a number between 0.0 and 1.0. According to Kirchoff’s Law, for an 
‘opaque object in thermal equilibrium, i.e., no net heat transfer, the emissivity equals the absorptance. In 
other words, a perfect emitter is also a perfect absorber. This ideal emitter is known as a blackbody. A 
surface with an emissivity of 1.0 emits the maximum radiation that Planck’s Law allows. A body for 
which the emissivity is constant with wavelength but less than 1.0 is commonly known as a graybody 
Planck’s equation is typically expressed for an ideal blackbody emitter, but multiplying the blackbody 
expression by the emissivity term expresses the spectral distribution of power for a graybody. 


Electromagnetic (EM) radiation, including infrared radiation, can be characterized by amplitude, 
frequency (or wavelength), coherency, and polarization properties. Amplitude refers to the magnitude of 
the electromagnetic wave. Coherency refers to the degree in which the electromagnetic waves maintain a 
constant phase difference, both spatially and temporally. Polarization is a description of the orientation of 
the wave’s propagation perpendicular to the direction of travel. Like all electromagnetic radiation, 
infrared radiation travels as an EM field with the propagation velocity of the speed of light in a vacuum, 
and slower through air and other dielectrics. , Infrared radiation also exhibits both wave and particle 
properties. Which property is used depends on the application: Waves are used for applications 
involving propagation and geometrical optics, while particles (photons) are used for most detector 
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applications. ‘The energy of a photon is inversely proportional to its wavelength (/ic/h) where his the 
Planck’s constant, and c is the speed of light. 


Infrared radiation also interacts with matter in a variety of ways’ 


+ Reflects — wave is reflected from a surface. 

+ Refracts — direction of wave bends when passing between two transparent media with 
different propagation speeds. 

+ Scatters — when interacts with particles whose size approaches the wavelength of the 
radiation. 

+ Diffracts — around edges of an obstruction. 

+ Interferes — constructively and destructively. 

+ Absorbs — when absorbed by matter, radiation is (usually) converted into heat energy. 

+ Emits —radiation is emitted from matter by conversion from another form of energy. 

+ Transmitted — propagates through a transparent medium (or vacuum). 


Plank’s L: 


Infrared is directly related to the heat radiated from matter. Anything with a temperature above 
absolute zero (-273.15 degrees Celsius) radiates in the infrared. Planck’s Law, discovered by German 
Physicist Max Planck, mathematically describes the distribution of radiant power across the spectrum for 
a given temperature. The form presented below calculates source radiance in Watts/st/em*/ 


Where: C, = 2nc"h = 3.7415 x 10E+04 W cm? u* 
Crs ch/k = 1.4389E+04 pK 

peed of light; h = Plank’s constant; k = Boltzmann’s constant 
With 2 in u and T in Kelvin (= °C + 273.15) 


The behavior of Planck’s curve with temperature is fundamental to every infrared detection 
scenario. Figure 8 shows Planck’s equation for a single temperature. The shape of this curve resembles a 
wave of water, with a steep rise in power on the short wavelength side of the peak and a tail off on the 
Jong wavelength side. 
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(1) 


‘As temperature increases, 
Planck's curve translates: 
7 (1) upward (greater power) and 


(2) toward shorter wavelengths. 


=o 


—— Radiant Power —p 


Wavelength 
Figure 8. Temperature Effects and Power Distribution. 


‘When temperature increases, two significant changes in power distribution occur and are 
governed by the following two relationships: 


The total power under the curve increases proportionally to the fourth power of the temperature, 
According to the Stefan-Boltzmann law, the total radiant emittance (power) of a blackbody is: 


Meat Where: = aK = 5.67 x10 Watts cm?°K* 


and 


The peak emission translates toward shorter wavelengths, 


Wein's displacement law takes the derivative of the Plank’s law equation to find the wavelength 
for maximum spectral exitance (emittance) at any given temperature: 


Denax = 2897.8 /T where T = temperature is in Kelvin 


The surface of the sun radiates with a spectral distribution like that of a 5900 Kelvin source. In 
accordance with Wein’s Law, the wavelength at which the radiation for a $900 Kelvin source peaks is 
approximately 490 nanometers, The maximum sensitivity of the day-adapted human eye (photopic) 
occurs at about 555 nanometers, which happens to be in a highly transparent region of the atmosphere. In 
other words, the temperature of our sun and the transmission of our atmosphere are conveniently matched 
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to the response of the human eye. Figure 9 shows the relationship between the response of the human eye 
and the spectral distribution of solar irradiance. 
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Figure 9. Power Distribution of the Sun Related to the Human Eye. 


Unlike other electromagnetic radiation, the peak radiation from objects at the temperature of the 
earth, and of humans, vehicles, aircraft, etc., lies at infrared wavelengths, This makes the infrared portion 
of the spectrum militarily important 


For detection of an object, whether it is with the human eye or with an electro-optical sensor, it is 
not where the maximum emissions occur in the spectrum that is important. It is where the maximum 
difference between the target and background lies that is most significant. 


The absolute signature of a source or target is the power radiated and reflected by the target 
without influence from background radiation. Absolute signature can be measured with an instrument 
such as an imaging camera at close range, producing highly resolved IR imagery. The difference between 
radiation from a target and its background is its contrast. Contrast is the target signature relative to a 
specific background. Contrast irradiance is the quantity detected by any remote sensor ot missile 
Contrast varies greatly with background conditions, 


Figure 10 shows several different types of source distributions encountered by infrared sensors, 
Most targets of military interest are a complex combination of spectral contributions from a variety of 
sources. For example, the signature of an aircraft can typically be described by the contributions from 
airframe, hot engine parts, and plume. 
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Figure 10. Spectral Distribution of Various Targets. 
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ATMOSPHERIC TRANSMISSION 


‘The radiation emitted or reflected from the targets and backgrounds must pass through the 
intervening atmosphere before reaching the detection system. The radiation is absorbed and re-emitted by 
molecular constituents of the atmosphere and scattered into and out of the path by various aerosol 
components, 


Figure 11 reveals the presence of atmospheric windows, i.e. regions of reduced atmospheric 
attenuation. IR detection systems are designed to operate in these windows. Combinations of detectors 
and spectral bandpass filters are selected to define the operating region to conform to a window to 
maximize performance and minimize background contributions 
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Figure 11. Atmospheric Transmission Over 1 NM Sea Level Path. 


‘The molecules that account for most of the absorption in the IR region are water, carbon dioxide, 
xxide, ozone, carbon monoxide, and methane, Figure 12 shows an expanded view of the infrared 
ectrum. 
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Figure 12, Transmittance of Atmosphere Over | NM Sea Level Path (Infrared Region), 


The transmission in a window is greatly dependent on the length and characteristics of the path, 
As path length increases, absorption gets deeper and broader. Water vapor also has a significant effect 
overall on transmission through the atmosphere. High relative humidity attenuates transmission at all 
optical wavelengths, 


water vapor 400 
generally decreases with 
altitude, transmission generally 
increases and path length | <> 80-— 
becomes the determining | © 
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used tools is. MODTRAN™ _ 
(MODerate Resolution Figure 13, Transmittance at Various Altitudes, 


Atmospheric TRANsmission), 
MODTRAN™ models atmospheric propagation of EM radiation from 0.2 to 100 um. MODTRAN was 
developed by Spectral Sciences Inc. and the United States Air Force Research Laboratory. 
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ELECTRO-OPTICAL COMPONENTS AND SENSORS 


Almost all IR instruments, missiles, search systems, ete. have similar functional components, 
Basic components typically include: 


‘* Optics - Reflective or refractive lenses to: 
(© Collect radiation. Inradiance (power density) is increased by collecting radiation over a 
large area and focusing down to a small area 
© Form or focus an image that will be used to extract information about the target. 


+ Filter(s) - Spectral and spatial filters to distinguish target from background and to extract 
© Target information, 
(© Spectral filters restrict sensitive wavelength range. 
© A spatial filter separates image information by features such as size or position. 


‘* Detector - A transducer to convert received radiation to an electrical signal for processing 


‘* Electronics - Used to amplify and condition the detector signal and perform some action, such 
as controlling a servo for tracking and guidance or recording the received information. In 
addition to the above, the optical head may also contain a window to protect the electronics and 
an output unit consisting of indicators or displays. 


Windows / Domes / Lens Materials 


For most applications of EO systems in EW the detection system is protected from the 
environment by a window or dome of optically transmissive material. The window operates both as a 
‘weather seal and, in some cases, helps to define the spectral response region of the system. In some cases 
the window functions as a lens. 


IR energy interacts with matter in ways we associate with light (reflection, refraction, and 
transmission). Lower energy of IR photons results in different optical properties than light. For example: 


‘* Glass and water are not transparent to wavelengths longer than about 3 microns. 
‘Silicon and germanium are highly transparent to infrared radiation, but are opaque to visible 
light. 


Transmission bands of representative window or lens materials are shown in Figure 14, The end 
points depicted are for the 10% transmission wavelengths. Not shown in Figure 14 are the various UV 
transmissive glasses such as Pyrex, Corex, and Vycor or Amorphous Material Transmitting IR radiation 
(AMTIR) which are various combinations of Ge-As-Se (AMTIR-1), As-Se (AMTIR-2, 4, & 5), Ge-Sb-Se 
(AMTIR-3), As-S (AMTIR-6), 
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Figure 14. Transmission of Selected Window / Lens Materials. 


Objective Lens 


The objective lens is the first optical element in a lens in a typical sensor or missile seeker, The 
objective lens serves two main functions: 


* Collect radiation (i.c., multiply irradiance (power density) by collecting over a large area and 


focusing onto a small area) 


‘+ Form an image of the target scene onto a filter and detector array. 


Lens Typ 


Lenses for the IR can be either refractive or reflective. Refractive optics are “straight through” 
lenses, with the light never making large bends as shown in Figure 15, 
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Figure 15. Refractive Lens. 


A common reflective design used in many missiles is the Cas 
shown in Figure 16 is compact in size for its focal length. 


segrain. The Cassegrain design 


Primary mirror 
objective lens 


Secondary 
mirror 


Cassegrainian 
telescope 


Figure 16. Cassegrain Lens. 
Optical Filters 

Filters may be divided into two major categories: (1) spectral and (2) spatial. 

Most optical radiation detectors have a wider sensitivity band than desired for the particular 
application. Spectral filters restrict sensitive wavelength range. Reasons for filtering include: 


enhancement of target-to-background contrast, avoidance of unwanted plume emissions and/or 
atmospheric absorption regions, and extraction and measurement of target spectral features. 
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To further define the system sensitivity, band interference filters or absorption filters are used, 
An absorption filter is a bulk material with a sharp cut-on of cut-off in its transmission characteristic, A 
cut-on and a cut-off filter can be combined to make a bandpass filter. By selecting absorption 
characteristics of absorption filters combined with the response of a detector, the desired system response 
can be obtained. An interference filter is composed of dielectric coatings on an appropriate substrate 
combined in such a way to produce cut-on, cut-off, or bandpass filters. Interference filters allow more 
control of the final response characteristics and smaller elements. See Figure 17. 
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Figure 17, Spectral Bandpass Filter. 


Most spectral filters are of the thin-film interference type. Layers of dielectric material are 
vacuum deposited on a substrate window material. Typical substrate materials in IR are sapphire, silicon, 
and germanium. Thickness of deposited layers designed to have constructive interference to pass desired 
radiation at desired wavelengths and destructive interference to block undesired wavelengths Besides 
spectral filters, EO system optics often have antireflection (or AR) coatings to eliminate or greatly reduce 
unwanted reflections between optical elements, 


A spatial filter separates information in a scene image by features such as size or position. Spatial 
filters take a variety of forms. Some common types and their functions include: 


‘* Field stop: limits an instrument's field of view. Blocks unwanted sources (such as sun) outside 
nominal field of view. 

‘* Mechanical modulator or “chopper.” 

‘Reticle: A mechanical modulator used in many missile designs. Usually discriminates against 
extended sources (such as background) in favor of “point” target sources and provides target 
directional information from modulation phase. 


Detector Coolers 


Many IR detectors have to be cooled for proper operation. Most systems use closed-cycle coolers 
or thermoelectric coolers. Thermoelectric coolers use the Peltier effect, which produces a reduced 
temperature by passing a d-c current through a thermoelectric junction. Multi-stage coolers can cool a 
detector down to below 200°K. Closed-cycle coolers typically are of the Stirling cycle design and utilize 
the expansion of a gas (helium) to cool a cold finger attached to the detector. These generally operate at 
liquid nitrogen temperature (77°K). 


Detectors 


A detector is a transducer that transforms electromagnetic radiation into a form, which can be 
more easily detected. In the detectors of interest to EW the electromagnetic radiation is converted into an 
electrical signal. In some systems the signal is processed entirely within the system to perform its 
function. In others the signal is converted to a form to allow the human eye to be used for the final 
detection and signal analysis. 


Detectors are transducers than convert optical radiation into electrons. ‘The physical effects by 
which electromagnetic radiation is converted to electrical energy are divided into two categories: photon 
effects and thermal effects. EW systems primarily use detectors dependent on photon effects. These 
effects can be divided into intemal photo effects and external photo effects, 


The external photo effect is known as photoemission, In the photoemissive effect, photons 
impinging on a photocathode drive electrons from its surface. These electrons may then be collected by 
an external electrode and the photocurrent thus obtained is a measure of the intensity of the received 
radiation, 


Internal photoeffects of interest are the photoconductive effect and the photovoltaic effect. In the 
photoconductive effect, absorbed photons cause an increase in the conductivity of a semiconductor. The 
change is detected as a decrease in the resistance in an electrical circuit. In the photovoltaic effect, 
absorbed photons excite electrons to produce a small potential difference across a p-n junction in the 
semiconductor. The photovoltage thus produced may be amplified by suitable electronics and measured 
directly. 


Thermal detectors respond directly to heat. Examples of these devices include bolometers, 
thermopiles, and pyroelectric detectors. The pyroelectric effect is an example of the thermal effect, The 
pyroelectric effect is a change in polarization in a crystal due to changes in temperature. Radiation falling 
‘on such a crystal is detected by observing the change in polarization as a build up of surface charge due to 
local heating. When coated with a good black absorber, the crystal will be sensitive to a wide band of 
wavelengths. 


Figure 18 shows the spectral sensitivity range of typical detectors using these effects. 
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Figure 18. Spectral Range of Various Detectors. 
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Detector Types 


Photoconductive detectors operate as resistors in a circuit. The resistance of the detector changes 
as the radiation incident on its surface changes. For EW applications, the most photoconductive detector 
types include: Indium Antimonide (InSb), which can also be operated in photovoltaic mode; Gallium 
Arsenide (GaAs); Lead Sulfide (PbS); and Lead Selenide (PbSe). 


Photovoltaic detectors, the most common detectors used in modem EW and military sensor 
applications, produce a voltage that is proportional to the incident radiation. Common examples of 
photovoltaic detectors are Indium Antimonide (InSb) and Mercury Cadmium Telluride (HgCdTe). Both 
of these detector types offer high sensitivity when cryogenically cooled. 


Diode phototubes and photomultipliers are commonly used detectors for UV systems including 
many operational missile-warning systems. These types of tubes offer the advantage of operating 
uncooled which can significantly reduce the complexity of a sensor system and offer increased reliability 
Most of the modern IR sensors require cooled detectors. InSb, for example, requires cooling to 77 Kelvin 
to achieve the necessary sensitivity. Depending on the application, HgCdTe can be operated at somewhat 
higher temperature conditions. 


A Photoelectromagnetic (PEM) detector has a junction that generates a current when exposed to 
light in a magnetic field. 


Some detectors (such as InSb) have multiple modes of operation, including: Photoconductive 
(PC), Photovoltaic (PV), or Photoelectromagnetic (PEM) modes of operation. 


Detector Parameters and Figures of Merit 


The important parameters in evaluating a detector are the spectral response, time constant, the 
sensitivity, and the noise figure. 


The spectral response determines the portion of the spectrum to which the detector is sensitive. 


The time constant is a measure of the speed of response of the detector. It is also indicative of 
the ability of the detector to respond to modulated radiation. When the modulation frequency is equal to 
one over the time constant, the response has fallen to 70.7 % of the maximum value. The time constant is 
related to the lifetime of free carriers in photoconductive and photovoltaic detectors and to the thermal 
coefficient of thermal detectors. The time constant in photoemissive devices is proportional to the transit 
time of photoelectrons between the photocathode and anode. 


The sensitivity of a detector is related to its responsivity. The responsivity is the ratio of the 
detected signal output to the radiant power input. For photoconductive and photovoltaic detectors the 
responsivity is usually measured in volts per watt -- more correctly, RMS volts per RMS watt. However, 
the sensitivity of a detector is limited by detector noise. Responsivity, by itself, is not a measure of 
sensitivity. Detector sensitivity is indicated by various figures of merit, which are analogous to the 
minimum detectable signal in radar. Such a quantity is the noise equivalent power (NEP). The NEP is a 
measure of the minimum power that can be detected. It is the incident power in unit bandwidth, which 
will produce a signal voltage equal to the noise voltage. That is, it is the power required to produce a 
signal-to-noise ratio of one when detector noise is referred to unit bandwidth. The units of NEP are 
usually given as watts, but more correctly, are watts/Hz" or watts-sec 
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Another figure of merit is the noise equivalent irradiance (NEI). The NEI is defined as the 
radiant power per unit area of the detector required to produce a signal-to-noise ratio of one. The units of 
NEI are watts per square centimeter. 


Noise equivalent power (NEP) is the radiant power required to produce a signal to noise ratio of 
one for a detector. Detectivity (D) of a detector is defined as the reciprocal of the NEP. The units of D 
are watts sec’. A higher value of detectivity indicates an improvement in detection capability. Since 
D depends on detector area, an alternate figure of merit, known as D-star (D*). D* is the detectivity 
measured with a bandwidth of one hertz and reduced to a responsive area of one square centimeter. The 
units of D* are cm-watts “sec”. D* is the detectivity usually given in detector specification sheets. 
Typical spectral detectivity characteristics for various detectors are shown in Figure 19 
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Figure 19. Spectral Detectivity of Various Detectors 


Besides the NEI mentioned above, the quantum efficiency of the photocathode is also a figure of 
merit for photoemissive devices. Quantum efficiency is expressed as a percent -- the ratio of the number 
of photoelectrons emitted per quantum of received energy expressed as a percent. A quantum efficiency 
of 100 percent means that one photoelectron is emitted for each incident photon, 


There are other figures of merit for television cameras. The picture resolution is usually 
described as the ability to distinguish parallel black and white lines and is expressed as the number of line 
pairs per millimeter or TV lines per picture height. The number of pixels in the scene also defines the 
quality of an image. A pixel, ot picture element, is a spatial resolution element and is the smallest 
distinguishable and resolvable area in an image. CCD cameras with 512 x 512 elements are common, 
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Another resolution quantity is the gray scale, which is the number of brightness levels between black and 
white a pixel can have 


Noise in Detectors 


The performance of a detector is limited by noise. The noise is the random currents and voltages 
that compete with or obscure the signal or information content of the radiation. Five types of noise are 
most prominent in detectors: (1) thermal, (2) temperature, (3) shot, (4) generation-recombination, and 
(5) Uf noise. 


Thermal noise, also known as Johnson noise or Nyquist noise, is electrical noise due to random 
motions of charge carriers in a resistive material. 


‘Temperature noise arises from radiative or conductive exchange between the detector and its 
surroundings, the noise being produced by fluctuations in the temperature of the surroundings 
‘Temperature noise is prominent in thermal detectors, 


Shot noise occurs due to the discreetness of the electronic charge. In a photoemissive detector 
shot noise is due to thermionic emission from the photocathode. Shot noise also occurs in photodiodes 
and is due to fluctuations in the current through the junction. 


Generation-recombination noise is due to the random generation and recombination of charge 
carriers (holes and electrons) in semiconductors. When the fluctuations are caused by the random arrival 
of photons impinging upon the detector, it is called photon noise. When it is due to interactions with 
phonons (quantized lattice vibrations), it is called generation-recombination noise. Johnson noise is 
predominant at high frequencies, shot noise predominates at low frequencies, and generation- 
recombination and photon noise are predominant at intermediate frequencies. 


As the name implies, 1/f noise has a power spectrum that is inversely proportional to frequency, 
Itis dominant at very low frequencies. In photoemissive detectors it is called flicker noise and has been 
attributed to variation in the emission from patches of the photocathode surface due to variation in the 
work function of the surface. In semiconductors 1/f noise is also called modulation noise. Here it is 
apparently due to surface imperfections and ohmic contacts (which are a form of surface imperfection), 


Infrared Spectral Region and Features of Interest 


Different portions of the infrared spectrum are common for particular applications. The reasons 
for the selection of a specific window are often sensitive and beyond the scope of this document, but 
selections are typically based on several key considerations: 


Target characteristics such as size and spectral distribution of signature. 
Background radiance and clutter. 

Atmospheric effects (transmission, path radiance, scintillation, etc.) 
Distinguishing characteristics between natural and man-made sources. 


Table 6 describes some of the types of characteristics that are prevalent in the short-wavelength 
(SWIR) infrared (0.7 to 3.0 microns), mid-wavelength (MWIR) infrared (3.0 to 6.0 microns) and long- 
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wavelength (LWIR) infrared (7.0 to 14.0 microns) al 
regions, 


long with some types of systems that operate in these 


Table 6. Infrared Features, Regions, and Types of Systems, 


‘Atmospheric: 


‘Transmission: 


High 


Path radiance: 


‘Scattered sunlight 


Dominant aircraft IR component: 


Sunlit airframe 


‘Vehicle-launched SAM 


Transmission: 
‘Mid-wave IR 


High transmission “windows” between HzO and 
CO: absorption 


Path radiance: 


Scattered sunlight below 3 microns 
‘Thermal at longer than 3 microns 


Dominant aircraft IR component: 


Engine hot parts and plume 


‘Anti-aircraft threat: 


‘All AAMs and SAMs. 


‘Atmospheric’ 


‘Transmission: 


High 


Path radiance: 


Low: small thermal emission from ozone 


Dominant aircraft IR component: 


‘Airframe direct emission and terrestrial 
illumination 


‘Anti-aircraft threat 


‘Airborne IRST. No anti-aircraft missiles 


Sensors and Detection 


Figure 20 shows a generalized 
detection problem. On the left of the 
diagram are the radiation sources - the sun, 
background, and the target of interest. In 
the middle is the intervening atmosphere, 
which attenuates the radiation as it travels 
to the detection system shown on the right 
of the diagram, 


Figure 21 shows the basic 
relationships that are critical to detection 
of a target in the infrared. The figure is 
based on a generalized aircraft, but the 
principles apply whether the target is in 


berecrion 
SYSTEM 


fact an aircraft against a sky background 
or a ground vehicle being viewed from 
above against a terrain background. At detection, 


Figure 20, Generalized Detection Problem, 


most targets are unresolved. The sensor's ability to 


detect the target against background in this case is driven primarily by noise equivalent irradiance. 
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Figure 21, Detection of a Target with a Remote Sensor. 


Each of the equations shown in Figure 21 in reality has atmospheric effects and attenuation due to 
transmission losses and contributes to path radiance. Just as the power distribution of the target and 
background vary with wavelength, atmospheric effects are also spectrally selective. 


Figure 22 shows the roll off of irradiance as a function of range for two different aircraft 
Detection occurs at the point of intersection with the sensors noise equivalent irradiance. In the case of 
threat missiles, there is often a signal-to-noise threshold required for launch of the missile to ensure target 
quality prior to launch. The product of noise equivalent irradiance and the threshold for these systems is 
known typically as the minimum trackable irradiance (MTI). This is the figure used to calculate detection 
range for such systems, 


In an effort to simplify calculations, band average atmospheric transmission values are often 
applied during analysis of detection scenarios. The target itself is non-uniformly distributed as a function 
of wavelength, and the atmospheric effect is non-uniform, so this approach is mathematically incorrect 
since it pulls a non-constant term out of an integral. ‘The degree of error introduced by the band average 
approach depends on the spectral distribution of the source and the overall transmission of the band in 
question, but caution should be applied when applying band averages. All calculations involving 
atmospheric propagation should be done spectrally and then integrated to provide the in-band value. 
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Figure 22, Detection Range Calculation, 


sor Characterization 


As described in a previous section, the output of every sensor is proportional to an integral of the 
received radiation weighted by the instrument's response function in that domain. Every sensor responds 
to radiation in accordance with the characteristics of the sensor and its components. 


Characterization quantifies the sensor's response shape. Knowledge of response shape is 
essential to the design of a sensor and understanding its performance in with changing ambient conditions 
and against various types of targets in real environments. 


Normalization 


Calibration of a sensor, which describes its response to known input sources, and characterization 
of the sensor would ideally be the same process. Ideally, the absolute instrument response would be 
mapped over a domain with a traceable standard laboratory source that was tunable across the range of 
interest, In the spectral domain, for example, this would require a tunable monochromater whose output 
beam provided a level of spectral irradiance traceable to a radiation standard and that also had a 
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ceryogenically-cooled background source. The result would be an absolute spectral response function in 
units of output reading per unit radiance (or irradiance) as a function of wavelength. 


In practice, it is sufficient and more practical to separate the characterization and calibration 
processes, so characterization determines only the relative response shape rather than absolute, 
Calibration then incorporates the results of the shape characterization to determine the absolute 
instrument response. Both, however, are important to understanding performance of a sensor. 


Characterization uses a variety of different methods and sources to map relative response shapes, 
‘The response curve is then normalized and this normalized curve is used in the later derivation of the 
calibration coefficients. Different normalizations, such as normalization to an average value, are possible, 
but the convention throughout most of the measurement community today is to normalize response curves 
to unity at the peak. 


When the contributions of all the components are combined into one curve, the result is then peak 
normalized and this, now unitless, curve is used in the calibration calculations. 


Calibration 


Sensor calibration, which is the process of relating the known input power to the output of a 
sensor, requires the use of standard sources, typically National Institute of Standards and Technology 
(NIST) traceable blackbodies and various other laboratory equipment such as collimators which make all 
of the rays coming from the source parallel to each other, thus representing a source at infinity. Figure 23 
is a pictorial illustration of the calibration of a sensor. 
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Calibration quantifies the relationship between input radiant power and 
output reading. 


Figure 23. Sensor Calibration Relates Input Power to Output. 


Calibration of a sensor usually involves two major steps. Responsivity is the change in output of 
the sensor to changing input. For a sensor that responds linearly, for example, responsivity represents the 
slope of the curve when source radiance or incident irradiance is plotted against output voltage or counts 
for a digitized system. Figure 24 represents a calibration curve for a sensor that has a linear change in 
‘output over its dynamic range with changing input power. The slope of the curve is the “m” in the linear 
equation. Not all sensors respond linearly with power. Higher order response coefficients are common, 
especially for bolometers and infrared focal plane array sensors operated at short integration times. For 
these the process of determining the response of the instrument is the same, the curve just yields higher 
order terms. 
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jure 24. Calibration of a Sensor to Determine Responsivity and Offset. 


For most electro-optical sensors, the responsivity does not change with ambient temperature. In 
other words, the non-constant terms in the calibration equation, whether itis linear or higher order, do not 
change with changes in temperature. Over time, however, as detectors decay, responsivity decreases, 
This would show itself on the Figure 24 as an increase in the slope value, i-e., higher input power is 
required for the same output as the detector becomes less responsive. 


Offset 


Offset is another important parameter for instrument calibration. For any real (non-ideal) 
instrument, the response curve does not pass through zero. There are several reasons for this; one being 
that except in a complete vacuum, zero radiance does not exist. Additionally, contributions from detector 
noise and radiation from the optical elements in the lens, which cause the offset to drift with changes in 
ambient temperature, contribute to the offset term. Some amount of offset is designed into the system as 
well. All electronic circuits have some amount of DC drift. To prevent clipping of the signal if this drift 
should go below the lower limit of the analog-to-digital converter, the “bottom end” level is adjusted up 
to some offset level. The consequence of this offset voltage is the addition of a y-intercept term (b), 
which also must be quantified by the calibration if the sensor is a laboratory instrument. For a sensor that 
is used for contrast detection, the intercept value is unimportant since it subtracts out in the contrast 
calculation. 


Sensitivity 


Sensitivity for a sensor is determined to a large extent by the noise level in the detector output, 
For focal plane array detector, pixel-to-pixel non-uniformity also limits the sensitivity of the system since 
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detection is determined by contrast with surrounding pixels. In practice, at least for cooled infrared 
sensors, detection is typically limited by background and not noise limits. 


Instrument Response Uniformity and Non-Uniformity Correction 


In reality, all sensors exhibit non-uniform response in all of the domains referenced previously, 
For example, in the spatial domain, the raw output of an infrared focal plane array detector exhibits pixel- 
to-pixel offset differences and response differences across the field-of-view. The response change is the 
result of two primary factors. Since each pixel is essentially a unique detector, it exhibits unique response 
because of manufacturing tolerances, slight differences in crystal structure, etc. Additionally, most 
electro-optical sensors implement an aperture or “field stop” in the case of infrared sensors, that limits the 
radiation that can reach the detector outside of the sensor’s desired field-of-view. Radiation entering at 
angles off of normal to the detector shows a cosine roll-off in incident power. The result is a reduction in 
responsivity for pixels that are radially separated from the center of the detector. For the majority of 
systems, an optical gain correction can be applied to compensate for the change in response. The typical 
‘method involves using an extended blackbody source that fills the FOV of the sensor. Reference images 
are collected with the source at two temperatures that are well separated across the sensor's dynamic 
range. This process is typically called a“2-point” correction, Actual temperature is unimportant. Slope 
corrections can be determined for each pixel. The result is a gain map that can be stored in the sensor 
electronics that can be applied to each image to correct for the non-uniform spatial response across the 
detector array. Pixel-to-pixel offset maps can be determined using one of the same reference images, 
Pixel slope and offset corrections are typically derived as normalized quantities relative to a center pixel, 
average of center pixels, or maximum value. The application of the correction maps to the images is 
commonly referred to as “non-uniformity correction.” Figure 25 shows the transition from a raw image 
to a non-uniformity corrected image. 


Figure 25. Non-Uniformity Correction of a Mid-IR Image. 
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Bad Pixel Replacement 


Focal plane arrays have pixels that are either unresponsive or responsive outside of useful limits, 
Figure 25 shows some of the bad pixels that appear as small black spots in an image from an InSb IRFPA 
imager. Bad pixels can be identified during laboratory calibration or with a sensor mounted reference 
source. There are many approaches to replacement of bad pixels and the best approach often depends on 
the sensor characteristics and its application. One common approach is simply to replace the pixel with 
the average of its nearest neighbors, 


INFRARED THREATS TO AIRCRAFT AND THEIR COUNTERMEASURES 


IR guided missiles are the largest single cause for aircraft losses since the start of the 1991 Gulf 
war. All missiles designed within the last 20 years have counter-countermeasures circuitry. Every 
missile can be defeated with IR countermeasures given time to develop and test devices and techniques, 
but many missiles have not been exploited and the variety and complexity of the different designs present 
formidable challenges to the US countermeasure community. 


The IR “signature” of any aircraft has three main components: 


‘+ Engine exhaust plumes 
‘+ Engine hot parts (tailpipe, ete) 
‘* Airframe (aerodynamic heating & reflection from sun, earth, ete) 


Infrared guided missiles modulate the signal produced by the aircraft in contrast with its 
background. Previous generations of missiles used reticles to produce signal waveforms that would 
provide spatial and temporal information from which signal processing could produce trackable 
information, 


IR Missile Operation 


Aircraft (or any other object) can be intercepted using several different types of guidance. The 
simplest type is pure pursuit, where the missile is always pointed directly at the target location. This is 
not aerodynamically efficient since the missile would follow a longer (curving) flight path when 
following a crossing target. 


Most missile guidance systems are designed to lead the target so that intercept occurs at the point 
where the target will be at the time the missile arrives. This requires that the missile fly a course so the 
relative bearing to the target stays constant (constant “line of sight” angle). The LOS angle is determined 
by missile speed relative to the target (higher closing speed = smaller angle). The size of the angle isn’t 
important; only that it be constant (zero line of sight rate) as shown in Figure 26. 
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A= constant 


Figure 26. Missile Proportional Navigation. 


This intercept course (“proportional navigation”) requires that the missile have two separate servo 
loops: (1) a target tracker and (2) a wing control servo to control direction of flight 


For a missile to guide to its intended target, it needs a tracker, which contains the 
following elements 


Optics to collect and focus IR from target. 
Gimbals to allow movement to point the optic 
Gyro stabilization to isolate optics from missile body. 

Detector to convert the received IR to electrical signal. 

Stabilization (gyro) to isolate from missile body. 

‘A method to determine target direction to enable closed-loop tracking, 
A method to distinguish the target from natural background, 


The target tracker is the “window” into the missile’s guidance through which it can be 
deceived by countermeasures. 


‘The problem of determining target direction with a single detector was solved by forming an 
image of the target scene onto the center of a reticle disk that spun with the optics. Unlike, for example, 
the reticle in a rifle telescope that superimposes cross hairs, the reticle in a missile acts as a kind of shutter 
that blocks the passage of IR through part of the reticle and allows IR to pass through the other part. A 
target image falling on the opaque portion is blocked and produces no detector signal. A target image 
falling on the transparent portion is passed on to the detector. When the reticle is spun, IR from a target 
off center is altemately passed and blocked, resulting in amplitude modulation (AM). The phase of this 
modulation relative to a spin reference is used to tell target direction from center. A closed servo loop 
‘moves the optics to keep the target centered on the reticle. This is depicted in Figure 27. 


71.33 


Target 
Image 


y 


Opague Sector — Tine 


asks Target Return 
b A 
feb > 
| >| 


P 
o 
_ 

Time 
Z A 


w 


Figure 27. Basic Reticle Design. 


Output 


Target trackers have another problem: The aircraft target must be distinguished from natural 


background sources, such as sunlit clouds and terrain, To solve this, they look for features in the spectral, 
spatial, and temporal domains where the target is different from background. 


Temporal: There is no difference. Neither clouds nor aircraft signature are time varying 

Spectral: Some difference. Choice of wavelength band yields helpful differences between target 
and background, but this is not sufficient by itself, 

Spatial: The most viable option, Aircraft are smaller than clouds and terrain, Background 
radiation can be greatly reduced by spatial filtering 


If half of the reticle is made with opaque “spokes,” then some irradiance from targets with small 


images (such as aircraft) will be modulated more completely and generate a stronger signal at a faster 
‘modulating rate than large images (clouds) as shown in Figure 28. 
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“Target Return 


The past figure and the following two figures (29 and 30) depict a spin-scan reticle used on the 
early Sidewinder designs. After the detector preamp, signal goes through a narrow bandpass filter to 
improve S/N. The AM waveform is then rectified and filtered. Target direction is determined from AM 
envelope phase 
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Figure 29. Spin Scan Seeker. 
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Figure 30. Spin Sean Waveforms for Off-Center Target. 
Spin-scan has the following characteristics that are important to countermeasures: 


‘© The tracker loop drives to null the signal to zero. ‘This occurs when the target is on the 
optical axis and the target image is at the center of the reticle. 

+ If the target is off-center, an AM carrier “error signal” is generated, where the phase of 
the modulation envelope indicates the target direction. 


With spin scan, the missile is always looking at the target. This vulnerability to jammers led to 
the next evolution in target trackers: conical scan 


Conical scan borrows concept from early fire-control radars, which used a nutating feed horn. A 
con scan tracker is shown in Figure 31, With con scan: 


* The secondary mirror of the Cassegrain is canted so the field of view seen by the detector 
sweeps out a pattem of overlapping circles, 

A target image at boresight falls near the edge of the reticle instead of center. 

+ Reticle pattern is same all the way around. (Usually tapered spokes.) 
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© Modulation of target near boresight is FM rather than AM. This allows tighter tracking, 
+ For larger angles off boresight, the target image falls outside the FOV of the detector for 
part of the scan, The modulation then becomes AM. 
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Figure 31. Conical Sean Tracker. 


In the con scan tracker, as the missile instantaneous field of view nutates about a target on 
boresite, (moving through positions at t; through ts shown in Figure 32), the apparent position of a target 
image on the reticle sweeps out the circular pattem shown. 
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Figure 32, Image on a Con Sean Reticle: Target at Boresite. 


If the target is off boresight as shown in Figure 33, the detector receives 
varying pulse width: 
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Figure 33. Image on a Con Scan Reticle: Target off Boresite. 


The waveform produced by a target on boresite is a constant amplitude carrier at the reticle 
chopping frequency as shown in Figure 34. A target slightly off boresite produces a constant amplitude 
carrier that is frequency modulated at spin frequency 
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Figure 34. Conical Scan Seeker Output. 


A target further off boresite leaves the missile field of view during part of the scan, producing an 
amplitude-modulated waveform similar to that of a spin scan tracker, The important difference is that 
with a spin scan tracker, the target never leaves the missile field of view. With con sean, the target may 
fall outside the missile FOV at certain times during the scan, Because con-scan trackers do not 
view the target continuously, they can have high resistance to jammers, 


Other types of seeker scan patterns now exist. The Rosette scan pattern shown in Figure 35 is 
‘one such example. It has an even higher resistance to countermeasures, 
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Target 


Figure 35, Rosette Scan Pattern, 


Imaging arrays of detectors without reticles are newer yet. They may be classified as either 
staring (every pixel sees the entire scene), or scanning arrays, where the optics plays a role in determining 
which “pixels” are exposed to optical / IR radiation. 


INFRARED COUNTERMEASURE (IRCM) 
Flares 


Figure 36 shows a Navy F/A-I8E Super Hornet aircraft dispensing IRCM flares from its internal 
flare dispensers, IRCM have been the staple of countermeasures protection for military aircraft more than 
four decades. Flares are designed to transfer the track of an attacking infrared missile by exhibiting 
characteristics that confuse the tracking and guidance algorithms built into the missile. Modern missiles 
incorporate Counter-Countermeasures (CCM) capabilities including hardware configurations, circuitry, 
and logic to help identify countermeasures and reject them from processing. CCM capabilities can be 
based on spectral, spatial, and temporal features of the target scene. As missiles continue to improve in 
their sensitivity, range, maneuverability, and CCM capabilities, flares continue to evolve in order to keep 
pace with the evolving threat, 


Figure 36. Navy F/A-18E Aircraft Dispensing IRCM Flares. 
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Over the years the Navy has fielded many flare types including the MJU-2/B, MJU-8, MJU-32, 
MJU-38, MJU-27, MJU-49, and many other improved versions of these flares and other types as well, 
IRCM flares continue to be the prevailing countermeasure for military aircraft protection by offering cost 
effective and robust protection. 


penser Systems 


Most Navy fixed wing and rotary wing aircraft are equipped with countermeasures dispenser 
systems. These systems are critical to the survivability of the aircraft in a hostile threat environment, 
Modern dispensers such as the AN/ALE-47 offer high reliability and substantial programming capability 
that allows flare dispenses to be tailored for maximum protection of the host aircraft type. AN/ALE-47 is 
highly integrated into the aircraft over the 1553 data buses. The dispenser can incorporate information 
from several aircraft systems including missile-warning systems to improve its responses to threats and 
provide vital situational awareness to the aircrew. 


Impulse Cartridges 


IRCM flares are dispensed from the aircraft flare dispensers with electrically initiated impulse 
cartridges. Impulse cartridges incorporate energetic materials within a small confined canister. Upon 
application of a voltage to the electrical leads, a bridge wire in contact with the energetic materials burns 
through, igniting the propellant materials. The expanding gases push the flare from its ease, held captive 
in the aircraft dispenser. Impulse cartridges for Navy use have been designed to withstand the extreme 
electro-magnetic environments encountered around aircraft carriers and other combat ships. Examples of 
impulse cartridges include the CCU-63 and CCU-136. 


Infrared Jammers 


Several lamp-based and mechanically modulated jammers have been developed over the years for 
protection of aircraft. Examples include the AN/ALQ-144 and AN/ALQ-157, predominantly used on 
helicopters and cargo aircraft. These jammers offer some level of protection over a broad field-of-regard 
and offer the advantage of continuous operation. 


In principle, these jammers produce a modulated signal in the track band of the threat that 
corrupts the target tracking pulses in the missile seeker. 


Passive Missile Warning Systems 


Infrared-guided weapons provide passive attack capabilities against military vehicles. Unlike a 
radat-guided weapon that actively emits radiation and tracks the reflected pulses from the target, infrared 
‘weapons track radiation already being emitted from the target. Attacking missiles fly at very high speeds, 
and they are exceptionally maneuverable. Missile warning systems must be capable of detecting the 
threat, alerting the aircrew, and cueing a countermeasures response within sufficient time to counter the 
attacking missile. The time from launch to impact can be very short, making timely detection critical, 
Active warning systems have been developed in the past that use Doppler Radar capabilities to detect 
missiles, but passive missile warning systems have been preferred because of the desire to minimize 
emissions from the aircraft under attack. 
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Several passive missile-warning systems have been developed over the years for military aircraft, 
‘These systems operate in a variety of different parts of the electro-optical spectrum, but the most common 
are ultraviolet and infrared sensor systems, Examples of passive missile warning systems include 
AN/AAR-47, AN/AAR-S4, AN/AAR-S7, AN/AAQ-24 (both passive and active components), and the 
Joint and Allied Threat Awareness System (JATAS), currently under development by the Navy. Passive 
missile warning sensors continue to improve with advances in detector technologies, particularly with 
imaging detectors. These sensors provide excellent angle-of-arrival information, necessary to support 
cueing of laser based countermeasures, and advanced processing to detect and declare threat missiles in 
cluttered environments. 


Laser Countermeasures 


Laser-based infrared countermeasures have been in development for many years. Several 
systems have been fielded over the past fifteen years including the AN/AAQ-24 system on Air Force 
cargo aircraft and helicopters and a derivative system for Marine Corps helicopters. 


Although configurations vary, most of these systems incorporate a single multi-band laser or 
several single-band lasers that produce modulated waveforms designed to corrupt a missile’s guidance 
target tracking. The laser optics are located in a tracking gimbal that provides agile and rapid pointing 
over a broad field-of-regard. Laser based countermeasures require a relatively high angle of arrival 
accuracy from the host aircraft’s missile warning sensor. Upon declaration of the threat, the missile 
warning system hands-off track to the tracking gimbal and cues the lasers to lase. A tracking camera in 
the tracking gimbal with high optical resolution helps to maintain track on the threat missile through the 
engagement period 


LASERS 


‘The word laser comes from Light Amplification by Stimulated Emission of Radiation. A laser 
system emits light that is generated through a process of stimulated emission. The radiation produced by 
a laser exhibits high temporal and spatial coherence. In order to begin the process of stimulated emission, 
the lasing medium absorbs the energy from a pump source. The atoms in the lasing medium are excited 
to a higher energy state. These atoms will eventually return to their ground state. A large number of 
atoms that are excited to higher states create a population inversion, Population inversion describes the 
number of atoms in excited state versus the number of atoms in the ground state. In order for the atoms to 
return to their ground state, they must release energy. This energy is released in the form of photons, 
Energy of a photon is expressed as 


Where 

E= Energy, generally electron volts (eV) 
Planck's constant = 4.136 x 10" (eV's) 
= speed of light = 2.998 x 10° (m/s) 
wavelength of light in meters 


‘The energy that must be released by the atom to return to the ground state will direct the 
wavelength of the photon emitted since / and ¢ are constants. If all the excited atoms released the same 
amount of energy to return to their ground state, the released photons would all have the same wavelength 
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and would be considered fully monochromatic. 
of slightly differing wavelengths (2). 


Most lasers do not emit a single wavelength but a range 


The lasing medium may be a solid, a gas, liquid, or plasma. Some laser types include gas, 
chemical, dye, fiber-based, solid-state and semiconductor lasers, The laser radiation can be output in a 
continuous wave (CW) or in a pulsed wave. A continuous wave laser emits light that maintains a steady 
amplitude and frequency. A pulse wave will vary in amplitude and is also characterized by the systems 
pulse repetition frequency (PRF). The PRF is defined as the number of pulses emitted during a unit of 
time. Figure 37 shows the spectral output of several laser types. 


The first laser was constructed by Theodore Maiman at Hughes Research Laboratories in Malibu, 
California, This laser was a pulsed, solid-state ruby laser. ‘The ruby laser uses a synthetic ruby crystal as 
the lasing medium. A xenon flash lamp is used to excite the atoms in a ruby rod to higher energy level 
‘The highly polished and mirrored ends of the rod form a resonant cavity. One end of the rod has a 
slightly lower reflectivity. The lamp excitation produces an inverted population of excited atoms, which 
are stimulated to relax to lower energy levels releasing their extra energy as photons. Repeated 
reflections off the mirrored ends of the rod causes the photons to bounce back and forth through the rod 
stimulating further emissions at the same wavelength and phase producing a highly coherent beam, which 
finally passes through the lower reflectivity end. 
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Figure 37. Spectral Lines / Ranges of Available Lasers. 


state laser with a neodymium-YAG crystal lasing at 


Gas lasers can be pulsed or CW. The gas dynamic laser obtains its inverted population through a 


rapid temperature rise produced by accelerating the gas through a supersonic nozzle. 
the inversion is produced by a chemical reaction. 
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In chemical lasers 
In the electric discharge laser the lasing medium is 


electrically pumped. The gas can also be optically pumped. In an optically pumped gas laser the lasing 
‘medium is contained in a transparent cylinder. ‘The cylinder is in a resonant cavity formed by two highly 
reflective mirrors, 


Many gas lasers use carbon dioxide as the lasing medium (actually a mixture of CO. and other 
gases). These are the basis for most high energy or high power lasers. ‘The first gas laser was an optically 
pumped CW helium-neon laser. The common laser pointer is a helium-neon laser operating at 
0.6328 um, The lasing medium is a mixture of helium and neon gas in a gas discharge or plasma tube 


The dye laser is an example of a laser using a liquid for the lasing medium. The lasing medium is 
an organic dye dissolved in a solvent such as ethyl alcohol. Dye lasers operate from the near UV to the 
near IR, are optically pumped, and are tunable over a fairly wide wavelength range. 


Another type of laser is the semiconductor or injection laser, also known as a laser diode, The 
junctions of most semiconductor diodes will emit some radiation if the devices are forward biased. This 
radiation is the result of energy released when electrons and holes recombine in the junction, There are 
two kinds of semiconductor diode emitters: (1) the light emitting diode (LED), which produces incoherent 
spontaneous emission when forward biased and which has a broad (800 angstrom) spectral output, and 
(2) the laser diode, which maintains a coherent emission when pulsed beyond a threshold current and 
which has a narrow spectral width (< 10 angstrom), In the laser diode the end faces of the junetion region 
are polished to form mirror surfaces. ‘They can operate CW at room temperatures, but pulsed operation is 
‘more common. Figure 38 shows a typical diode laser structure. 
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Figure 38. Diode Laser Construction, 


Fiber lasers use fibers that are doped with rare-earth elements as the pumping medium, These 
rare-earth elements include elements such as Erbium (most common), Yiterbium, and Neodymium, 
‘There are other elements such as Thulium that are used for doping purposes. Erbium doped fiber lasers 
can emit in the 1.5 to 1.6 micron wavelength, which is important due to eye safety concems in this part of 
the spectrum, Other wavelength emissions for Erbium include 2.7 and 0.55 microns. 


Fiber based laser systems are beneficial in many ways. The fiber gain medium is compact 
compared to many other types of gain medium and is highly efficient. The fiber gain medium can also be 
physically manipulated to save space. Fiber based lasers are able to achieve high output powers. The 
gain medium of a fiber laser can extend for several kilometers to achieve these higher power outputs. The 
fact that the light is already propagating in a flexible fiber can also allow for system designs that 
implement a gain cavity in one location and then deliver the output in another location. 
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Q-switching is a common means of obtaining short intense pulses from lasers. ‘The Q-switch 
inhibits lasing until a very large inverted population builds up. The switch can be active or passive. A 
passive Q-switch switches at a predetermined level. An active Q-switch is controlled by external timing 
circuits or mechanical motion. The switch is placed between the rod (or lasing medium) and the 
100 percent mirror, Figure 39 shows an arrangement using a Pockels cell as an active Q-switch. 
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Figure 39, Q-Switch Arrangement 


Other methods of obtaining pulsed operation include using pump sources that are pulsed and 
‘mode-locking. 


FIBER OPTICS 


Fiber optic cables are the optical analog of RF waveguides. Fiber optic cables are made from 
transparent dielectrics. The fiber optic cable acts as an optical waveguide allowing light to propagate 
along the length of the fiber by using the principle of total internal reflection. ‘This phenomenon can only 
‘occur under certain conditions relating to the material indices of refraction and the light ray's angle of 
incidence. Some benefits of fiber optic fiber include low losses, bandwidth, electromagnetic interference 
immunity, size, and weight 


Consider the physical construction of a bare optical fiber, depicted in Figure 40. A bare optical 
fiber is simply the inner glass core and the surrounding glass sleeve. The core must have a higher index 
of refraction than the cladding, n> ns. When 1; > n2, light impinging the boundary between the core and 
the cladding will totally internally reflect if the incident angle at each reflection is greater than the critical 
angle, 0.. sin 0.= (ns! m1) 


Cladding, n, 


Figure 40. Bare Fiber Optic Cable. 
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Incident rays on the face of the fiber must intersect at angles less than Qa for the internal ray, 0,, 
to intersect at 0.. When rays intersect the front face of the fiber at angles greater than 0., they are only 
partially reflected in the core and will leak out. 


There are many varieties of optical fibers. Optical fibers can either be single mode or multimode. 
Single mode fibers are fibers which propagate a single mode down the length of the fiber while 
multimode fibers can propagate many modes. Single mode fibers typically have a much smaller core 
diameter, typically around 8 to 10 um. Their cladding is usually 125 jim. Multimode fibers typically 
have core diameters around 62.5 um with 125 um claddings. These diameters can vary depending on the 
application, Loss in multimode fibers over a 1 kilometer distance is typically around 1 dB at 1310 nm. 
This value will vary some with changes in wavelength. Single mode fibers can maintain the quality of a 
light pulse over longer distances than multimode fibers due to modal dispersion effects that occur in 
multimode fibers. Typical losses for a single mode fiber over | kilometer is approximately .3 dB at 
1310 nm. Again, this value will vary some with changes in wavelength. However, multimode fiber is 
much less expensive than single-mode and can have a lower connection loss due to the larger core 
diameter. Multimode fiber is commonly used in communications, 


In addition to single mode or multimode, a fiber can have a step index profile or a graded index 
profile. Figure 41 depicts the two profiles. The step index profile maintains a uniform index of refraction 
within the core. A graded index profile has a peak index of refraction at the center of the core. The index 
of refraction value rolls off from the center to lower values closer to the cladding interface. This profile 
assists with the modal dispersion issue found in multimode fiber. 
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Figure 41. Fiber Profiles for a Single Mode Step Index and a Multimode Graded-Index Fiber. 


Most fiber is not used in a bare form and has some additional layers of protection around the 
cladding. These layers can include a 250 jum buffer with a 900 um PVC tight buffer. Some fiber will 
also contain aramid yarn followed by a 3 mm PVC furcation tube. Buffer tubes are often used to assist 
with identification and provide damage protection. The outer layers can provide additional isolation from 
environmental factors and lower optical crosstalk. 


There are also more specialized types of fiber that include polarization maintaining and photonic 
crystal fibers. Polarization maintaining fibers are not constructed with a cylindrical core but instead use 
elliptical, bow-tie styled cores or stress rods located in the cladding (PANDA style). These are shown in 
Figure 42. 
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Figure 42, Polarization Maintaining Optical Fiber Types. 


Polarization maintaining fibers maintain the state of the linearly polarized light propagating 
through the fiber, This type of fiber is used when the polarization state of the light cannot vary within a 
yystem. Photonic crystals propagate light by an arrangement of very small and closely spaced air holes 
that are maintained throughout the length of the fiber. Applications of photonic erystal fibers are varying 
and can be used in fiber lasers, amplifiers, sensors, and telecom, 


It is well known that fiber optics has many communication applications; however, improvements 
in fiber optic technology have lent themselves to many EO applications. Many EO components are now 
fiber based and can interface with the tremendous advancements in fiber-based laser systems as well as 
other EO systems. An example of the use of fiber optics in an EW system is the AN/ALE-50 and 55 
Fiber-Optic Towed Decoy (FOTD). The FOTD uses fiber optic cabling to communicate with the jammer. 
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LASER SAFETY 


Lasers are divided into the following classes: 


Class 1 
Class 2/2a 


Class 3a/3b 
Class 3a 


Class 36 


Class 4 


Low power / non-hazardous 

Low power / minor controls necessary 

Emit less than 1 mW visible CW radiation. Not considered hazardous for 
‘momentary (<0.25 sec) unintentional exposure. Class 2a lasers are those class 2 
lasers not intended to be viewed, i.e. supermarket scanners, 

Medium power / direct viewing hazard / little diffuse reflection hazard. 

Visible lasers with 1-5 mW power output, invisible lasers, and those having 
1.5 times the Accessible Emission Limit (AEL) of class I lasers. 


All other class 3 lasers at all wavelengths which have a power output less than 
500 mW. 


High power / eye & skin hazard / potential diffuse reflection hazard or fire hazard 


There are several pertinent instructions and guidelines regarding laser use. They are: 


+ OPNAVINST 5100.27B Navy Laser Hazards Control Program 


(which replaced OPNAVINST 5100.27A and SPAWARINST 5100.12B) 


+ MIL-HDBK-828B, Range Laser Safety 
‘+ ANSI Z136.1-2007, American National Standard for the Safe Use of Lasers (Parent) 


Every Navy command which uses lasers must have a Laser System Safety Officer (LSSO). All 
LSSOs must attend a Navy LSSO course. 


‘There are four categories of LSSOs. 


‘© Administrative Laser Safety Officer (ALSO) 
Technical Laser Safety Officer (TLSO) 

‘+ Laser Safety Specialist (LSS) 

* Range Laser Safety Specialist (RLSS) 


See OPNAVINST 5100.27B for details of their qualifications and responsibilities. 


The hazard ranges of interest are the NOHD for direct viewing of a beam and the tix) OF tpt 
for viewing a beam reflected off an object such asa wall. These are depicted in Figure 1. The Maximum 
Permissible Exposure (MPE) values present laser safety levels as a function of exposure time, laser PRF, 
pulse duration, and wavelength. Different tables are used for eye safety while directly viewing a beam, 
for viewing a diffusely reflected beam, and for skin exposure. 
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For repeated pulses the following equation is used to calculate the maximum permiss 
exposure (MPE). 


MPE (repeated pulse) = @P&¢single pulse) 
CPR xt.) 
Where PRF is the pulse repetition frequency of the laser and te is the exposure duration, 


For visible lasers t, is usually taken as 1/4 second and for non-visible lasers a value of 10 seconds 
is used. 


Figure 1 depicts some laser hazard distances. 


Nominal Ocular Hazard Distance (NOHD) 


EYE 


Reflecting 


Diffuse Reflection Hazard Sarkis 


Figure 1. Laser Hazard Distances, 


Range laser safety specialists shall be designated for external operations. Range test plans shall 
specify: 


Permissible aircraft flight paths, and ship or vehicle headings. 
Hazard areas to be cleared. 

Operational personnel locations. 

Types of surveillance to be used to ensure a clear range 
Radio / communications procedures. 


During laser operations no portion of the laser beam may extend beyond the controlled target area 
unless adequate surveillance can prevent radiation of unprotected areas. Class 3 and class 4 lasers shall 
not be directed above the horizon unless coordinated with those responsible for the given airspace (FAA, 
Navy, Air Force, etc). 


In an industrial environment, warning and hazard signs and lights will be posted, a hazard zone 
shall be designated when lasers are in operation, and training shall be provided to operators in the proper 
eye and body (skin) protection required. Interlocks to laser operation shall be provided when there is the 
possibility of unauthorized personnel entering the hazard area. 


Fiber optic cables usually have laser power sources so appropriate warnings or labels need to be 
applied to connections or possible breakage points, 
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AIRCRAFT DYNAMICS CONSIDERATIONS, 


Free Fall / Aircraft Drag. 

Mach Number and Airspeed vs. Altitude. 
Maneuverability 

EMP / Aircraft Dimensions 
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FREE FALL / AIRCRAFT DRAG 
‘The purpose of this section is to get an awareness of the distance traveled by a flare or other object 
such asa bomb, which is jettisoned or dropped by an aircraft. This will give the reader an appreciation for the 
significance of aircraft tactical altitude. 


From Newton’s second law of motion: 


F=m,a where: F = Force 
m, = Mass of object 
a = Acceleration 
‘and the law of gravitation: F=G Mole 
r 
S1Units 
where: Force of attraction Ibe Newton 
G = universal gravitational constant 3.44x10° f'/Ib-sec* —_ 6.67x10"'' m’/kg-sec” 
‘ms, m= Masses (not weight) of object & earth slug kg 
r= distance between center of gravity of objects feet, meter 


Combining the two equations and solving for “a”: 


Gm, 


= g the familiar constant acceleration due to gravity. 


Since G and m, are fixed and the variation in r (the distance from the earth’s center) is small except 
for satellites, “g” is considered fixed at 32.2 fl/sec* 


For objects with a constant acceleration (g), it can be shown that: 


d= distance traveled 
nitial velocity 
ime 
g=acceleration 


la 
d=yttog where 
vi 38 


Fora falling object, Figure | on the following page may be used to estimate time/distance values. 


‘+ The upper curve is for an object shot upward with an initial velocity of 50 ft/sec. 


‘* The middle curve is for an object shot horizontally with an initial velocity of 50 ft/sec or one that is 
a free-falling object dropped with no initial vertical velocity, 


‘* The lower curve is for an object with a downward initial velocity of 50 ft/sec. 
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Notes: 
1) 50 ft/sec is the typical cartridge ejection velocity of a flare/chaff expendable. 
2) The top curve actually goes up 39 feet before starting back down, but this is difficult to see due to the 
graph scale. 
3) This simplification ignores the effects of air drag or tumbling effects on a falling object which will 


result in a maximum terminal velocity, with resultant curve straightening. 
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Figure 1. Object Fall Rate. 


SAMPLE CALCULATIONS 


Let us assume that we want to know how far a bomb or other object has fallen after 13 seconds if it 
had been dropped from an aircraft traveling at 450 kts which was in a 40° dive. 


Our initial vertical velocity is: 450 kts (Sin 40°) (1.69 fU/see per knot) = 489 flsec downward 


6355 - 2721 =-9,076 fi 


= -489(13) + 14(-32.2)(13) 


Remember to keep the signs (+/-) of your calculations in agreement with whatever convention you are 
using. Gravity pulls downward, so we used a minus sign for acceleration, Also the initial velocity was 
downward. 


In reality, any object may well have reached terminal velocity before the time indicated using the 
above formula or Figure 1. In this example, the actual distance determined from ballistics tables would have 
been 8,000 ff, which is about 13% less than the above calculation would indicate. The drag characteristics of 
the object determine how much shorter the distance will be. In any case, it will not have dropped farther. 


AIRCRAFT DRAG INDEX POINTS. 


Tactical aircraft carry stores in various combinations depending upon the mission. Each store has a 
different drag load which affects range. The pilot needs to know the total drag load in order to determine his 
aircraft range on a particular mission, Adding up the total drag in pounds of force for wind resistance would 
be cumbersome. Therefore, the drag of the stores is compared to a known reference drag (usually the 
aircraft), and expressed as a percentage of aircraft drag multiplied by some constant. This ratio is variously 
called drag count, drag index, or drag points. For instance, if a missile has 100 pounds of drag and the 
reference aircraft drag is 50,000 pounds, the ratio is 100/50,000 = 0.002. Multiply this by a constant of 100 
(for example) and the drag index point is 0.2. The pilot only needs to look on a chart to see what the drag 
index points are for his stores, add up the drag points, and look on a chart to see what his aireraft range and 
best range (or endurance) speed will be. 
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MACH NUMBER and AIRSPEED vs. ALTITUDE 


[ACH NUMBER is defined as a speed ratio, referenced to the speed of sound, ic. 


‘MACH NUMBER = Velocity of Interest (a4 tne given atmospheric conditions) i 


Velocity of Sound 


Since the temperature and density of air decreases with altitude, so does the speed of sound, hence a 
given true velocity results in a higher MACH number at higher altitudes. 


AIRSPEED is a term that can be easily confused. The unqualified term airspeed can mean any of the 
following’ 


a. Indicated airspeed (IAS) - the airspeed shown by an airspeed indicator in an aircraft. Indicated 
airspeed is expressed in knots and is abbreviated KIAS, 


b. Calibrated airspeed (CAS) - indicated airspeed corrected for static source error due to location of 
pickup sensor on aircraft. Calibrated airspeed is expressed in knots and is abbreviated KCAS. 
Normally it doesn’t differ much from IAS. 


c. True airspeed (TAS) - IAS corrected for instrument installation error, compressibility error, and errors 
due to variations from standard air density. TAS is expressed in knots and is abbreviated KTAS. TAS 
is approximately equal to CAS at sea level but increases relative to CAS as altitude increases. At 
35,000 ft, 250 KIAS (or KCAS) is approximately 430 KTAS. 


IAS (or CAS) is important in that aircraft dynamics (such as stall speed) responds largely to this 
quantity. TAS is important for use in navigation (True airspeed + wind speed = ground speed). 


Figures 1 and 2 depict relations between CAS and TAS for various altitudes and non-standard 
temperature conditions. The first graph depicts lower speed conditions, the second depicts higher speeds. 


Asan example of use, consider the chart on the next page. Assume we are in the cockpit, have read our 
IAS from the airspeed indicator, and have applied the aircraft specific airspeed correction to obtain 
370 KCAS. We start at point “A” and go horizontally to our flight altitude at point “B” (25,000 ft in this 
case). To find our Mach, we go down vertically to point “C” to obtain 0.86 Mach. To get our TAS at our 
actual environmental conditions, we go from point “B” vertically until we hit the Sea Level (S.L.) reference 
line at point “D”, then travel horizontally until we reach our actual outside air temperature (-20°C at altitude) 
at point “E”, then go up vertically to read our actual TAS from the scale at point “F” (535 KTAS). If we 
wanted our TAS at “standard” temperature and pressure conditions, we would follow the dashed lines slanting 
upward from point “B” to point “G” and read S15 KTAS from the scale. Naturally, we could go into the 
graph at any point and go “backwards” to find CAS from true Mach or TAS. 


Figure 3 shows a much wider range of Mach numbers. It contains only TAS and Mach, since aircraft 
generally do not fly above Mach 2, but missiles (which don’t have airspeed indicators) do. The data on this 
graph can be obtained directly from the following formula for use at altitudes of 36,000 ft and below: 


Speed of Sound (KTAS)= 29.06 J'318.7-3.37A Where A=altitude(K fi) PI 
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‘The speed of sound calculated from this formula can be used with the equation on the first page to 
obtain Mach number. This equation uses the standard sea level temperature of 59° F and a lapse rate of 
-3.57°/1000 ftaltitude, Temperature stabilizes at -69.7° F at 36,000 ft so the speed of sound stabilizes there at 
573 knots, See the last page of this section for a derivation of equation [2] 
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Figure 1, TAS and CAS Relationship With Varying Altitude and Temperature. 
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Figure 2, TAS and CAS Relationship With Varying Altitude and Temperature (Continued). 
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Figure 3. Mach Number vs. TAS Variation With Altitude. 


The following is a derivation of equation [2] for the speed of sound: 


Given: p = pressure (lb/ft 


) ‘T = absolute temperature (°Rankine) = °F + 459.7 


v= specific volume (ft'/1b) w= specific weight (Ib/ft") = 1/v 


R=acot 


tant (for air: R = 53.3) p= density = w 


lg = v= ep 


From Boyle’s law of gasses: pv = RT, therefore we have: p/p = gRT = (32.2)(53.3)T = 1718 T 


It can also be shown that: 


pip" = constant; for air y = 1.4 


From the continuity equation applied to a sound wave: pAV.=(p+dp)A(V, + dV.) 


Expandis 


and dropping insignificant terms gives: dV, = 


dpip 


Using Newton’s second law (p + pVJ/2 =a constant) and taking derivatives: dp = -pV.dV. 


Substituting into [6] gives: 


Then taking derivatives of [4] and 


Then using [3] gives: 


Va = dpidp 


i 
substituting in [7] gives: V,= ]— 


Ve 


RT = {TA(1718)T = 49NT 


8.23 


(71 


[8] 


191 


Using a “Standard” atmosphere of 59° F @ Sea Level (S.L.) and a lapse rate of -3.579/1000 ft altitude: 


V.=49 V459.7 + 59-3.57 A ee ay |» 06 518.7-3.57A which isequation [2] 


sec| hr 6076 fi 
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MANEUVERABILITY 


A.usefill function is to determine how many “G's 


"anaircraft Table 1. G vs. Angle of Bank. 


might require to make a given tum without altitude loss. From (No altitude loss) 


Newton's laws, F cos = W, where: F = force applied to an aircraft 


W = weight, and = bank angle. By definition “G's” is the ratio of the G 7 
force on an object to its weight, ie., G = F/W = Leos @. io 7 
14 43 
‘Simple calculations will show the results presented in Table 1 BG a 
to the right. bs 48 
Given that the average structural limit of an aircraft is about 1 is 83 

the maximum bank angle that can be achieved in level (non- 


descending) flight is 81.8°. 


Figure 1 can be used to determine the turn radius and rate-of-turn for any aircraft, given speed and 
angle of bank (assuming the aircraft maintains level flight). It may also be used in the reverse context. It 
should be noted that not all aircraft can fly at the speeds depicted - they may stall beforehand or may be 
incapable of attaining such speeds due to power/structural limitations. 


In the example shown on Figure 1, we assume an aircraft is traveling at 300 kts, and decides to make 
30° angle of bank turn. We wonder what his turn radius is so we can approximate his flight path over the 
ground, and what his rate of tum will be. We enter the chart at the side at 300 kts and follow the line 
horizontally until we intercept the 30° “bank angle for rate of turn” line. We then go down vertically to 
determine the 2.10°/sec rate of turn, To get radius, we continue horizontally to the 30° “bank angle for turn 
radius” line. We can then go down vertically to determine the radius of 13,800 ft. 
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Figure 1. Aircraft Turn Rate / Radius vs. Speed. 
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‘The exact formulas to use are: 


Where. ~ Velocity (Knots) 


Radius of Turn =—— ___ 
71.26 tan( 4) and $= Angle of Bank 


Rate of Turn = fehomes 


Another interesting th:e8e: 
piece of information might 


be to determine the distance From Tabite 1: 

a typical aircraft might manne 

‘ravel during a maneuver to From Figure 4: 

avoid a missile. Birds-0ye view RalusctTune nan 
een tn 4 sec tuning, the plane vat have turnad 90%, 


Figure 2 shows a 
birds-eye view of such a 
typical aircraft in a level 
(constant altitude) turn. 

| | 


To counter many 
| OF ! 


air-to-air missiles the pilot 6 sec “0 ste 
might make a level tum, 33331 BEEB tt 
however in countering a 


aay Intusee wii hava turree 120" 
In $ coe aithouttuming tho plane vil hava 
luoveled 3033.1, 10 sect il have taveled 
eeoer. 


SAM, altitude is usually lost 
for two reasons: (1) the 
direction of maneuvering against the missile may be downward, and (2) many aircraft are unable to maintain 
altitude without also losing speed. These aircraft may have insufficient thrust for their given weight or may 
be at too high an altitude. The lighter an aircraft is (after dropping bombs/burning fuel), the better the 
performance. Likewise, the higher the altitude, the poorer the thrust-to-weight ratio. Maximum afterburner is 
frequently required to maintain altitude at maximum “G” level 


Figure 2. Maneuvering Aircraft 


REFERENCE AXES (Roll, Pitch, Yaw) 


The rotational or oscillating movement of an 
aircraft, missile, or other object about a longitudinal axis is 
called roll, about a lateral axis is called pitch, and about a 
vertical axis is called yaw as shown in Figure 3 


IZ - Yaw Axis> 
x -RallAKis RLY 


Figure 3. Reference Axes. 
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SAMPLE CALCULATIONS 


If we want to determine the rate of turn or turn radius more precisely than can be interpolated from 
the chart in Figure 1, we use the formulas. For our initial sample problem with an aircraft traveling 300 kts, 
in a 30° angle of bank turn, we have: 


1091 tan(g) _ 1091 tan(30) _ 
V 300 

300" 

11.26 tan(p) 11.26 tan(30) 


Rate of Turn= 2.1°/sec 


Radius of Turn = = 13,844 fi 


These are the same results as we determined using Figure 1 
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EMP / AIRCRAFT DIMENSIONS 


Anaireraft flying in the vicinity of an electromagnetic pulse (EMP) acts like a receiving antenna and 
picks up EMP radiation in relation to size like a dipole (or half-wavelength dipole). ‘The electromagnetic 
pulse spectrum decreases above 1 MHz as shown in Figure 1, so an F-14 aircraft that is an optimum ¥ 
wavelength antenna at =8 MHz will pick up less EMP voltage than a B-52 or an aircraft with a trailing wire 
antenna. A rule of thumb for the voltage picked up is: 


‘ep = 8.1 volts/ft times the maximum dimension of the aircraft in feet 


This rule of thumb was generated because a single linear relationship between voltage and aperture 
seemed to exist and compared favorably with more complex calculations for voltage picked up by various 
aircraft when subjected to EMP. 


Table 1 shows various aircraft and the frequencies they would be most susceptible to, using f= c/2, 
where 2 matches the selected aircraft dimension for maximum “antenna reception effect.” This should be a 
design consideration when trying to screen onboard avionics from the effects of EMP. 


The following is a partial listing of aircraft types vs. identifying prefix letters (several are used in 
Table 1): 


A Attack K Tanker T Trainer 

B Bomber © Observation U Utility 

C Cargo P Patrol V_ Vertical or Short Takeoff 
E Electronic Surveillance |Q Special mission and Landing (V/STOL) 
F Fighter R Reconnaissance X Experimental 

H_ Helicopter S Anti Sub/Ship Y Prototype 


EMP 


-20 dB /decade 


Field Intensity 


-40 dB /decade 


1 MHZ 100 MHz 
Frequency —~ 


Figure 1. EMP as a Function of Frequency. 
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Table 1. Aircraft Dimensions and Equivalent Antenna Aperture. 
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DATA TRANSFER BUSSES 


Data Busses. 

RS-232 Interface 

RS-422 Balanced Voltage Interface 

RS-485 Interface 

IEEE-488 Interface Bus (HP-IB/GP-IB) 
MIL-STD-1553 & 1773 Data Bus 

Ethernet, 

Transmission Control Protocol / Internet Protocol 
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DATA BUSSES, 


INTRODUCTION 


The avionies systems on 
aircraft frequently contain general 
purpose computer components 
which perform certain processing 
functions, then relay this 
information to other systems, 
Some common examples are the 
mission computers, the radar 
processors, RWRs, and jammers. 
Each system is frequently laid out 
as shown in Figure 1 


The Input/Output (1/0) 
‘modules will vary in function, but 
all serve the same purpose - to 
translate the electrical signals from 


ROM/UDF WRA 


High Speed Data Bus 


Storage Devices 
fee Te Disk, Tape eto 
IEEE-488 
MIL-STD-1ss3 
MIL-STO-1773 
GPIB, HPB,HPIL etc. 


one protocol to one of another in 
order to exchange information. VO 
modules are used similarly in 


Figure 1. Avionics Block Diagram. 


general purpose computers in laboratories to test equipment and/or tie computers together via a local area 


network (LAN) to exchange information, Soi 
(see terminology at the end of this section), 


me of the methodologies include a star, ring, or bus type network 


A number of network “models” exist for describing the functions, interfaces and protocols involved in 


network data interchange. Regardless of the 


descriptive model used, all strive toward the same end and none 


actually changes the detailed implementation. Table 1 shows the layer names and the number of layers of 
networking models presented in Internet Engineering Task Forces (IETF) Request For Comments (RFCs) and 


in common use by textbooks 


Table 1, Some Common Network Architecture Models, 
[TETF-RFC 1122[ _Kurose,Forouzan | Comer, Kozierok| Stallings | Cisco Academy 
Four layer | Five-layer Internet model or| TCP/IP S-layer | Five layer | Four layer 
Internet model |__ TCP/IP protocol suite _| reference model_|TCP/P modell Internet model 
Application Application Application | Application | Application 

5 3 Host-to-host si 
Transport Transport Transport | reranoport | __Tensport 
Tntemet Network Internet Internet| Internetwork 
nie Dek Ine Data link (Network} Network Network 
interface) access interface 
Physical (Hardware) Physical 


‘These textbooks are secondary sources that may be contrary to the intent of RFC 1122 and other 


primary soure 


's such as the Open Systems 


Interconnection (OSI) Reference Model developed by the 


International Organization for Standardization (ISO). 
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‘The OSI Reference Model is a more general description for layered communications and computer 
network protocol design. The IETF makes no effort to follow the OSI model although RFCs sometimes refer 
to it. The description of the OSI layers is shown in Table 2 


Table 2. OSI Reference Model. 


‘Name Use ‘Misc Example IP Suitte 
DHCP, DNS, FTP, 
7| APPLICATION Meaning of data HLT, Modbus Gopher, HTTP, NTP, 


SMTP, SNMP, Telnet 


Building blocks of data 
and eneryption 


Opening and closing of 


6 |PRESENTATION| ASCII, EBCDIC, MIDI MIME, XDR, SSL 


NetBIOS, SAP, Half 


5] sEssi0N | sciccommnictin | fier Simp, sbe | Ne#BIOS.RT SAP 
4] TRANSPORT Error checking NBE PPTP, SCTP, TCP, UDP, 
3] NETWORK | Determination of data NBF, Q.931, IS-IS IP, ICMP 


paths within the network 


Data transmission, source, | 802.3 (Ethernet), PPP 
destination, and checksum |802.1 a/b/g/n MAC, FDDI 


Voltage levels, signal RS-232, 10Base-T, 
connections, wire, or fiber | 802.1 a/b/g/n Physical 


2] DATA LINK ARP, PPP, PPTP, SLIP 


PHYSICAL 


A layer is a collection of conceptually similar functions that provide services to the layer above it and 
receives service from the layer below it. On each layer an instance provides services to the instances at the 
layer above and requests service from the layer below. For example, a layer that provides error-free 
‘communications across a network provides the path needed by applications above it, while it calls the next 
lower layer to send and receive packets that make up the contents of the path. Conceptually two instances at 
one layer are connected by a horizontal protocol connection on that layer. 


Most networks do not use all layers. For example, RS-232 is only a physical layer. Ethemet is only 
layers | and 2. TCP/IP is a protocol, not a network, and uses layers 3 and 4 regardless of whether layers 1 
and 2 are a telephone line, wireless connection, or 10Base-T Ethernet cable. 


Most of the sections in this division discuss the lowest (physical) layer of communication. There are, 
however, several more areas of general interest which are included in later sections such as Ethernet and 
TCP/IP. These are used in general purpose computers like the desktop PC or lab networks, and are not 
commonly used in aircraft. 


‘The typical high-speed data busses on avionics/computers do not operate as fast as the CPU clock 
speed, but they are much faster than the interface busses they connect to. There are a number of interface 
busses (physical layer in network model) which are widely used by aircraft, avionics systems and test 
equipment. The most common include the RS-232, the RS-422, the RS-485, the IEEE-488 (GP-IB/HP-IB) 
and the MIL-STD-1553A/B. The MIL-STD-1773 bus is a fiber optic implementation of the 1553 bus and 
may be used in the future when technology requires it to reduce susceptibility to emissions or other reasons. 


A summary of these more common types follows in Table 3, which includes a brief descriptive 
comparison, while a section covering each in more detail is provided later. 


‘Table 3. Summary of Physical Bus Characteristics. 


Max 5 
Hof Rise | Data 
Bus Max Length | Number of | Type | juego] Data Rate | rime Format 
‘Terminals' 
RS-232C 100 feet max T Serial | 3-20 | 150- 19,200 3-10 8- bit 
50 ft at 20k bps baud per sec serial 
RSD 12 km 10 | Serial [3 [see figure in [=0.1 T, | unspecified 
RS-232 
section 
RS-485 unspecified 32 Serial [3 10 MHz | <0.3 Ts unspecified 
TEEE-488 20 meters 14 [Parallel 16 [500 kH2™ B-bit parallel 
(GP-IB/HP-IB) 
HP-IL TOO meters 30 Serial [2 [20K BPS Serial 
MIL-STD-1553B| 300 feet 327 | Serial [3 TMHz | 100- | 20-bit serial 
MIL-STD-1773, N/A 300 ns 


NOTES FROM TABLE: 


(1) Max Number of Terminals does not include the bus controller, 


(2) Including ground/shield 


(3) T= time duration of the unit interval at the applicable data signaling rate (pulse width) 


(4) Length is function of data signaling rate influenced by the tolerable signal distortion, amount of, 
longitudinally coupled noise and ground potential difference introduced between the controller and 
terminal circuit grounds as well as by cable balance. See RS-422 section for graph. 


(5) Phy’ 


location of termination resistors, data rate, grounding, ete. 


(6) Rate can go up to 1 MHz if special conventions are followed. 


(7) Max Number of Terminals includes terminal reserved for broadcast commands. 


ical arrangement of multiple receivers involves consideration of stub line lengths, fail-safe networks, 


BUS TERMINOLOGY 
10BASE-T: Standard “Plain Vanilla” Ethernet based on Unshielded Twisted Pair wire 
10BASE-F: 10Mbps fiber optic Ethernet 
100BASE-T: Standard “Fast Ethernet” based on twisted pair copper wire 


ADDRESS: A unique designation for the location of data or the identity of an intelligent device; allows each 
device on a single communications line to respond to its own message. 


ASCII (American Standard Code for Information Interchange): Pronounced asky. A seven-bit-plus- 
parity code established by ANSI to achieve compatibility between data services. 


ASYNCHRONOUS OPERATION: Asynchronous operation is the use of an independent clock source in 
each terminal for message transmission. Decoding is achieved in receiving terminals using clock information 
derived from the message. 


BAUD: Unit of signaling speed. The speed in baud is the number of discrete events per second. If each 
event represents one bit condition, baud rate equals bits per second (BPS). When each event represents more 
than one bit, baud rate does not equal BPS. 


BIT: Contraction of binary digit: may be either zero or one. A binary digit is equal to one binary decision 
or the designation of one or two possible values of states of anything used to store or convey information. 


BIT RATE: The number of bits transmitted per second, 


BRIDGE: A network bridge connects multiple network segments at the data link layer (layer 2) of the OSI 
model, and the term layer 2 switch is very often used interchangeably with bridge. Bridges are similar to 
repeaters or network hubs, devices that connect network segments at the physical layer; however, with 
bridging, traffic from one network is managed rather than simply rebroadcast to adjacent network segments, 


BROADCAST: Operation of a data bus system such that information transmitted by the bus controller or a 
remote terminal is addressed to more than one of the remote terminals connected to the data bus. 


BUS CONTROLLER: The terminal assigned the task of initiating information transfers on the data bus. 


BUS MONITOR: The terminal assigned the task of receiving bus traffic and extracting selected information 
to be used at a later time, 


BYTE: A binary element string functioning as a unit, usually shorter than a computer “word.” Eight-bits per 
byte are most common. Also called a “character.” 


COMMAND/RESPONSE: Operation of a data bus system such that remote terminals receive and transmit 
data only when commanded to do so by the bus controller. 


CRC: Cyclic Redundancy Check; a basic error-checking mechanism for link-level data transmissions; a 
characteristic link-level feature of (typically) bit-oriented data communications protocols. The data integrity 
of a received frame or packet is checked by an algorithm based on the content of the frame and then matched 


with the result that is performed by a sender and included in a (most often, 16-bit) field appended to the 
frame. 


CROSSOVER CABLE: Cable with transmit/teceive pairs reversed so one computer or hub or switch can 
link directly to another. 


DATA BUS: Whenever a data bus ot bus is referred to in MIL-STD-1553B, it shall imply all the hardware 
including twisted shielded pair cables, isolation resistors, transformers, etc., required to provide a single data 
path between the bus controller and all the associated remote terminals, 


DCE (Data Communications Equipment): Devices that provide the functions required to establish, 
‘maintain, and terminate a data-transmission connection; e.g., a modem. 


DHCP: Dynamic Host Configuration Protocol - permits auto-assignment of temporary IP addresses for new 
devices logging in 


DNS: Domain Name Server - associates names with IP addresses, 
DTE (Data Terminal Equipment): Devices acting as data source, data sink, or both. 
DUPLEX: Communication traveling between two nodes in both directions 


DYNAMIC BUS CONTROL: The operation of a data bus system in which designated terminals are offered 
control of the data bus. 


EIA (Electronic Industries Association): A standards organization in the U.S.A. specializing in the 
electrical and functional characteristics of interface equipment. 


FDM (Frequency-Division Multiplexer: A device that divides the available transmission frequency range 
into narrower banks, each of which is used for a separate channel. 


FDX (Full Duplex): Simultaneous, two-way, independent transmission in both directions (4-wire). 
FTP: File Transfer Protocol - the most popular mechanism for bulk movement of files on TCP/IP. 


GATEWAY: Device which links Ethernet to dissimilar networks and transfers data at the application layer 
level. Interface cards link the PC to Ethernet via the PCI, ISA, PCMCIA, PC/104, or other buses. 


GPIB: General Purpose Interface Bus (see section 9-5), 


HALF DUPLEX: Operation of a data transfer system in either direction over a single line, but not in both 
directions on that line simultaneously. 


HANDSHAKING: Exchange of predetermined signals between two devices establishing a connection. 
Usually part of a communications protocol 


HPIB / HPIL: Hewlett-Packard Interface Bus / Hewlett-Packard Interface Loop 


HUB: The simplest method of redistributing data, are “dumb,” not interpreting or sorting messages that pass 
through them. A hub can be as simple as an electrical buffer with simple noise filtering. It isolates the 


impedances of multiple spokes in a star topology. Some hubs also have limited store-and-forward capability. 
They indiscriminately transmit data to all other devices, which are still on the same collision domain, 
connected to the hubs. They are not assigned MAC addresses or IP addresses, 


IEEE (Institute of Electrical and Electronic Engineers): An international professional society that issues 
its own standards and is a member of ANSI and ISO. 


IP: Intemet Protocol portion of TCP/IP. It is a protocol used for communicating data across a packet- 
switched network 


IP ADDRESS: Address of a TCP/IP enabled device on an Intranet or Internet — in the form 
XXX.ANKXXX.AAN, Where 10x is an integer between 0 and 255, 


LAN: Local Area Network 
MAC: Media Access Control - the physical components which disassemble Ethernet message fames 


MANCHESTER ENCODING: Digital encoding technique (specified for the IEEE 802.3 Ethernet baseband 
network standard) in which each bit period is divided into two complementary halves; a negative-to-positive 
(voltage) transition in the middle of the bit period designates a binary “1,” while a positive-to-negative 
transition represents a “0.” The encoding technique also allows the receiving device to recover the 
transmitted clock from the incoming data stream (self-clocking). 


MESSAGE: A single message is the transmission of a command word, status word, and data words if they 
are specified. For the case of a remote terminal to remote terminal (RT to RT) transmission, the message shall 
include the two command words, the two status words, and data words. 


MODE CODE: A means by which the bus controller can communicate with the multiplex bus related 
hardware, in order to assist in the management of information flow. 


MODEM (Modulator-Demodulator): A device used to convert serial digital data from a transmitting 
terminal to a signal suitable for transmission over a telephone channel, or to reconvert the transmitted signal 
to serial digital data for acceptance by a receiving terminal, 


MULTIPLEXOR (also Multiplexer): A device used for division of a transmission into two or more 
subchannels, either by splitting the frequency band into narrower bands (frequency division) or by allotting a 
common channel to several different transmitting devices one at a time (time division). 


NETWORK: An interconnected group of nodes; a series of points, nodes, or stations connected by 
communications channels; the assembly of equipment through which connections are made between data 
stations. 
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Bus Ring Star 


NODE: A point of interconnection to a network. Normally, a point at which a number of terminals or tail 
circuits attach to the network, 


PARALLEL TRANSMISSION: Transmission mode that sends a number of bits simultaneously over 
separate lines (e.g., eight bits over eight lines) to a printer. Usually unidirectional 


PHASE MODULATION: One of three ways of modifying a sine wave signal to make it “carry” 
information. The sine wave or “carrier” has its phase changed in accordance with the information to be 
transmitted. 

PING: Packet Inter Net Groper - very useful utility which probes for the existence of a TCP/IP host 


POLLING: A means of controlling devices on a multipoint line. 


PORT: A number in TCP/IP to which services are assigned; ¢.g. FTP is port 21; SMTP is port 25; HTTP is 
port 80, 


PROTOCOL: A formal set of conventions governing the formatting and relative timing of message 
exchange between two communicating systems, 


PULSE CODE MODULATION (PCM): The form of modulation in which the modulation signal is 
sampled, quantized, and coded so that each element of information consists of different types or numbers of 
pulses and spaces. 

REMOTE TERMINAL (RT): All terminals not operating as the bus controller or as a bus monitor. 
REPEATER: Buffer which cleans up, strengthens and re-transmits a signal. 


ROUTER: Repeater which selectively re-distributes messages based on IP address 


SERIAL TRANSMISSION: The most common transmission mode; in serial, information bits are sent 
sequentially on a single data channel, 


SNMP: Simple Network Management Protocol; allows monitoring and management of a network. 


SOCKET: Specific instance of an IP address and Port number that represents a single connection between 
‘two applications. 


STAR TOPOLOGY: Topology which allows only one device at each end of a wire and requires repeaters 
for more than two devices. 


STUBBING: Stubbing is the method wherein a separate line is connected between the primary data bus line 
anda terminal. The direct connection of stub line causes a mismatch which appears on the waveforms. This 
‘mismatch can be reduced by filtering at the receiver and by using bi-phase modulation. Stubs are often 
employed not only as a convenience in bus layout but as a means of coupling a unit to the line in such a 
‘manner that a fault on the stub or terminal will not greatly affect the transmission line operation. In this case, 
a network is employed in the stub line to provide isolation from the fault. These networks are also used for 
stubs that are of such length that the mismatch and reflection degrades bus operation. The preferred method 
of stubbing is to use transformer coupled stubs. The method provides the benefits of DC isolation, increased 
common mode protection, a doubling of effective stub impedance, and fault isolation for the entire stub and 
terminal. Direct coupled stubs should be avoided if at all possible. Direct coupled stubs provide no DC 
isolation or common mode rejection for the terminal external to its subsystem. Further, any shorting fault 
between the subsystems’ internal isolation resistors (usually on the circuit board) and the main bus junction 
will cause failure of that entire bus. It can be expected that when the direct stub length exceeds 1.6 feet, that it 
will begin to distort the main bus waveforms. Note that this length includes the cable runs internal to a given 
subsystem, 


SUBSYSTEM: The device or functional unit receiving data transfer service from the data bus. 
SWITCH: Repeater which selectively re-distributes messages based on hardware MAC address 


SYNCHRONOUS TRANSMISSION: Transmission in which data bits are sent at a fixed rate, with the 
transmitter and receiver synchronized. Synchronized transmission eliminates the need for start and stop bits, 


TCP: Transmission Control Protocol - mechanism in TCP/IP that ensures that data arrives intact and in 
correct order 


TELNET: Standard interface through which a client may access a host as though it were local 


TERMINAL: The electronic module necessary to interface the data bus with the subsystem and the 
subsystem with the data bus. Terminals may exist as separate units or be contained within the elements of the 
subsystem, 


‘TIME DIVISION MULTIPLEXING (TDM): The transmission of information from several signal sources 
through one communication system with different signal samples staggered in time to form a composite pulse 
train, 


UDP: User Datagram Protocol - lower overhead alternative to TCP protocol which does not guarantee 
message delivery 


WORD: A set of bits or bytes comprising the smallest unit of addressable memory. In MIL-STD-1553B, a 
word is a sequence of 16 bits plus syne and parity. 


RS-232 INTERFACE 
INTRODUCTION 


‘The RS-232 interface is the Electronic Industries Association (ELA) standard for the interchange of 
ial binary data between two devices. It was initially developed by the EIA to standardize the connection of 
computers with telephone line modems. The standard allows as many as 20 signals to be defined, but gives 
complete freedom to the user. Three wires are sufficient: send data, receive data, and signal ground. The 
remaining lines can be hardwired on or off permanently. The signal transmission is bipolar, requiring two 
voltages, from 5 to 25 volts, of opposite polarity. 


COMMUNICATION STANDARDS 


‘The industry custom is to use an asynchronous word consisting of: a start bit, seven or eight data bits, 
an optional parity bit and one or two stop bits, The baud rate at which the word sent is device-dependent. 
‘The baud rate is usually 150 times an integer power of 2, ranging from 0 to 7 (150, 300, 600, .., 19,200), 
Below 150 baud, many system-unique rates are used. The standard RS-232-C connector has 25 pins, 21 pins 
which are used in the complete standard. Many of the modem signals are not needed when a computer 
terminal is connected directly to.a computer, and Figure | illustrates how some of the “spare” pins should be 
linked if not needed. Figure | also illustrates the pin numbering used in the original DB-25 connector and 
that now commonly used with a DB-9 connector normally used in modern computers 


Specifying compliance to RS-232 only establishes that the signal levels in two devices will be 
compatible and that if both devices use the suggested connector, they may be able to be connected, 
Compliance to RS-232 does not imply that the devices will be able to communicate or even acknowledge 
each other's presence. 
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Figure 1. Direct-to-Computer RS-232 Interface. 
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Table 1 shows the signal names, and functions of the RS-232 serial port pinout. Table 2 shows a 
complete pin description. 


Table 1. RS-232 Serial Port Pinout. 


Name Pin Signal Name 


Funetion 


AA 1 PG This line is connected to the chassis ground of the GPIB-232CV. Since the 
Protective GPIB-232CV chassis ground is not connected to earth ground, pin 1 
Ground should be connected on both serial devices 
BA 2 TxD This line carries serial data from the GPIB-232CV to the serial host. 
Transmit Data 
BB 3 RxD This line carries serial data from the serial host to the GPIB-232CV. 
Receive Data 
CA 4 RTS This signal line is driven by the GPIB-232CV and when asserted indicates 
Request to Send that the GPIB-232CV is ready to accept serial data. The GPIB-232CV un- 
asserts RTS when it is no longer ready to accept serial data because of a 
buffer full condition. 
cB OS CTS This signal line is asserted by the serial host and sensed by the GPIB- 
Clear to Send 232CV. When asserted, it indicates that the serial host is ready to accept 
serial data. When unasserted, it indicates that data transmission should be 
disabled 
AB 7 SG This line establishes a reference point for all interface voltages. 
Signal Ground 
CD20 DIR This signal line is asserted by the GPIB-232CV to signal that it has been 
Data Terminal powered on, and is ready to operate. 
Ready 


Table 2. RS-232C Interface Signals. 


Pin Description Pin Description Pin Description 
1 Protective Ground | 10_ (Reserved for Data Set Testing) 19 Secondary Request to Send 
2 Transmitted Data TI Unassigned 20 Data Terminal Ready 
3 Received Data 12_Sec. Rec'd. Line Sig Detector 21 Signal Quality Detector 
4 Request to Send 13 Sec. Clear to Send 22 Ring Indicator 
3 Clear to Send 14 Secondary Transmitted Data 23 Data Signal Rate Selector 
(DTE/DCE Source) 
6 Data Set Ready 15 Transmission Signal Element 24 Transmit Signal Element 
Timing (DCE Source) ‘Timing (DTE Source) 
7 Signal Ground 16 Secondary Received Data 25 Unassigned 
(Common Return) 
8 Received Line Signal [17 Receiver Signal Element Timing 
Detector (DCE Source) 
9 (Reserved for Data Set | 18 Unassigned 
Testing) 


Electrical Characteristics: The RS-232- 
signal is used on all interchange circuits. The RS-232 standard specifies that logic 


specifies the signaling rate between the DTE and DCE, anda digital 
” is to be sent as a 


voltage in the range -15 to -5 V and that logic “0” is to sent as a voltage in the range +5 to +15 V. The 
standard specifies that voltages of at least 3 V in amplitude will always be recognized correctly at the receiver 
according to their polarity, so that appreciable attenuation along the line can be tolerated. The transfer rate is 
rated > 20 kbps and a distance of < 15 m, Greater distance and data rates are possible with good design, but it 
is reasonable to assume that these limits apply in practice as well as in theory. The load impedance of the 
terminator side of the interface must be between 3000 and 7000 ohms, and not more than 2500 pF. 


Table 3, summarizes the functional specifications of the most important circuits. 


Table 3. RS-232-C Circuit Definitions, 


nae, aa Function 
Data Signals 
[Transmitted Data (BA) DCE _|Data generated by DTE 
lecceived Data (BB) DTE_ [Data Received by DTE 
Timing signals 
ransmiter Signal Bement Tining (DA) | DCE [Clocking signal, wanstion to ON and OFF occur at center of each signal element 
Larue Signal Element Tiare (D8) | TE [Clocking signal, a above: both eas relate signals on BA, 
Recta Siena Llane Tinie (By. | _DTE_ [Clocking signa, as above, fr eteut BB 
Control Signals 
Request to Send (CA) Dee |DTE wishes to wansmit 
(Clear to Send (CB) DTE_ [DCE is ready to transmit, response to request 103 
Data Set Ready (CC) DTE_ [DCE is ready to operate 
IData Terminal Ready (CD) DCE _ |DTE is ready to operat 
log ndicater(CE) DTE_ indicates that DCE is receiving a ringing signal onthe communication channel 
(Carier Detect (CF) DTE_ indicates that DCE is receiving a carte i 
[signal Quality Detector (CG) DTE_|Asserted when there is reason to believe there isan error inthe received data 
Data Signal Rate Selector (CH) DCE. |Asserted to select the higher of two possible data rates 
Data Signal Rate Selector (CD, DTE_ [Asserted to select the higher of wo possible data rates 
Ground 
protective Ground (AA) NA | Auached to machine lame and possibly external grounds 
Signal Ground (AB) NA [Establishes common ground reference for all circuits 


Range: The RS-232-C standard specifies that the maximum length of cable between the transmitter and 
receiver should not exceed 100 feet. Al 
between transmitter and receiver exceeds this rather low figure. The limited range of the RS-232C standard is 
one of its major shortcomings compared with other standards which offer greater ranges within their 
specifications. One reason why the range of the RS-232C standard is limited is the need to charge and 
discharge the capacitance of the cable connecting the transmitter and receiver. 


Mechanical Character 


Ithough in practice many systems are used in which the distance 


ies: The connector for the RS-232-C is a 25 pin connector with a specific 


arrangement of wires. In theory, a 25 wire cable could be used to connect the Data Terminal Equipment 
(DTE) to the Data Communication Equipment (DCE). The DTE is a device that is acting as a data source, 
data sink, or both, ¢.g. a terminal, peripheral, or computer. The DCE is a device that provides the functions 
required to establish, maintain, and terminate a data-transmission connecting, as well as the signal conversion, 
and coding required for communication between data terminal equipment and data circuit; eg. a modem. 
Table 4, shows the complete summary of the RS-232-C, e.g., descriptor, sponsor, data format, etc. 
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Table 4. Summary of the RS-232-C. 


Data Format 


5-to 8 bit serial 


Transfer Type 


Asynchronous 


Error Optional Parity Bit 
Handling 

Connector 25-pin female connector on DCE; 25-pin male connector on DTE 

Length 20 meters 

Speed 20 kbis 

Remarks 'S-232 is used in the microcomputer world for communications between two DTEs. 


‘The null-modem is included into one or both connecting devices, and/or cable and is 
seldom documented. As a result, establishing an RS-232 connection between two 
DTEs is frequently a difficult task. 


RS-422 BALANCED VOLTAGE INTERFACE 


Specifying compliance to RS-422 only establishes that the signal between the specified devices will 
be compatible. It does not indicate that the signal functions or operations between the two devices are 
compatible. The RS-422 standard only defines the characteristic requirements for the balanced line drivers 
and receivers. It does not specify one specific connector, signal names, or operations. RS-422 interfaces are 
typically used when the data rate or distance criteria cannot be met with RS-232. The RS-422 standard allows 
for operation of up to 10 receivers from a single transmitter. The standard does not define operations of 
multiple tri-stated transmitters on a Link, 


‘The RS-422-A interfaces between the Data Terminal Equipment (DTE) and Data Communication 
Equipment (DCE) or in any point-to-point interconnection of signals between digital equipment. Itemploys 
the electrical characteristics of balanced-voltage digital interface circuits. 


The balanced voltage digital interface circuit will normally be utilized on data, timing, or control 
circuits where the data signaling rate is up to 10 Mbit/s. While the balanced interface is intended for use at 
the higher data signaling rate, it may ( in preference to the unbalanced interface circuit ) generally be required 
if any of the following conditions prevail: 


‘+ The interconnecting cable is too long for effective unbalanced operation 


‘+ The interconnecting cable is exposed to an extraneous noise source that may cause an unwanted 
voltage in excess of + 1 volt measured differentially between the signal conductor and circuit 
common at the load end of the cable with a 50 ohm resistor substituted for the generator. 


‘+ Itis necessary to minimize interference with other signals. 


‘+ Inversion of signals may be required, ic. plus to minus MARK may be obtained by inverting the 
cable pair. 


Applications of the balanced voltage digital interface circuit are shown in Figure 1 
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Figure 1. Application of a RS-422 Circuit. 
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While a restriction on maximum cable length is not specified, guidelines are given later with respect 
to conservative operating distances as function of data signaling rate. 


For a binary system in which the RS-422-A is designed, the data signaling rate in bit/s and the 
‘modulation in bauds are numerically equal when the unit interval used in each determination is the minimum 
interval 


Electrical Characteristies: 


‘The balanced voltage digital interface circuit consists of three parts: the generator (G), the balanced 
interconnecting cable, and the load. The load is comprised of one or more receivers (R) and an optional cable 
termination resistance (RT). The balanced voltage interface circuit is shown in Figure 2. 


Environmental Constraints: 


Balanced voltage digital interface conforming to this standard will perform satisfactorily at data 
signaling rates up to 10 Mbit/s providing that the following operational constraints are satisfied: 


‘+ The interconnecting cable length is within that recommended for the applicable data signaling 
rate (see Figure 3) and the cable is appropriately terminated, 

‘+The common mode voltage at the receiver is less than 7 volts (peak). The common mode voltage 
is defined to be any uncompensated combination of generator-receiver ground potential 
difference, the generator offset voltage (Vos), and longitudinally coupled peak noise voltage 
measured between the received circuit ground and cable within the generator ends of the cable 
short-circuited to ground. 
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Figure 2, Balanced Digital Interface Circuit. 
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Interconnecting Cable Guidelines: 


‘The maximum permissible length of cable separating the generator and the load is a function of data 
signaling rate and is influenced by the tolerable signal distortion, the amount of coupled noise and ground 
potential difference introduced between the generator and load circuit as well as by cable balance. The curve 
of cable length versus signaling rate is given in Figure 3. This curve is based upon using 24 AWG copper, 
twisted-pair cable with a capacitance of 52.5 pF/meter terminated ina 100 ohm load. As data signaling rate is 
reduced below 90 kbit/s, the cable length has been limited at 1200 meters by the assumed maximum allowable 
6 dBV signal loss. 


Industry customs are not nearly as well established for RS-422 interfaces as they are for RS-232. The 
standard specifies use of the 37-pin “D”; the 9-pin “D” is specified for use with the secondary channel. Most 
data communications equipment uses the 37-pin “D”; many computer applications use a 9-pin “D” only, 
Some equipment applications use the 25-pin “D” defined for RS-232 


Compatibility With Other Interfaces: 


Since the basic differential receivers of RS-423-A and RS-422-A are electrically identical, it is 
possible to interconnect an equipment using RS-423-A receivers and generators on one side of the interface 
with an equipment using RS-422-A generators and receivers on the other side of the interface, if the leads of 
the receivers and generators are properly configured to accommodate such an arrangement and the cable is not 
terminated 


This circuit is not intended for interoperation with other interface electrical circuits such as RS-232-C, 
MIL-STD-188C, or CCITT (Comite Consultatif Internationale Telegraphique et Telephonique), 
recommendations V.28 and V.35. Under certain conditions, the above interfaces may be possible but may 
require modification of the interface or equipment; therefore satisfactory operation is not assured and 
additional provisions not specified herein may be required. 
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Figure 3. Data Signaling Rate vs. Cable Length. 
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RS-485 INTERFACE 


STANDARD FOR ELECTRICAL CHARACTERISTICS OF GENERATORS AND RECEIVERS FOR 
USE IN BALANCED DIGITAL MULTIPOINT SYSTEMS 


Introduction: The RS-485 is the recommend standard by the Electronic Industries Association (EIA) that 
specifies the electrical characteristics of generators and receivers that may be employed for the interchange of 
binary signals in multipoint interconnection of digital equipments. When implemented within the guidelines, 
multiple generators and receivers may be attached to a common interconnecting cable. An interchange 
system includes one or more generators connected by a balanced interconnecting cable to one or more 
receivers and terminating res 


Electrical Characteristics: 

The electrical 
characteristics that are 
specified are measured at 
an interconnect point 
supplied by the devices 
‘manufacturer. Figure 1 
shows an interconnection 


Balees 
Inecerrcth 
Cable 4 


application of generators Linatcee, ob 
and receivers having the LEGEND: Per tbedin | 


electrical parameters 
specified. The elements in 


the application are: 
Length of stubs the guidetne assures length of ub tbe fect ano 


‘generalors,, —___Teoeivers; Terminatgn resistance; lation and value ae not space inthis 
transmission cables, and ‘andar, but a generor ean dive 92 unit lads pas ao termination 


termination resistances geceas Fest hale re 
(Rt). The loads on the 
system caused by each 
receiver and passive generator shall be defined in terms of unit loads, Each generator can drive up to 32 unit 
loads consisting of both receivers and generators in the passive state. The loading caused by receivers and 
passive generators on the interconnect must be considered in defining the device electrical characteristics, 
‘Two areas are of concern: the DC load and the AC load characteristics. The DC load is defined as a number 
or fractions of “unit loads.” The AC loading is not standardized but must be considered in the design of a 
system using the devices meeting this standard. 


Pevever 
\Cameinsion Generate lacehar 


Figure 1. Multipoint Interconnect Application. 


General System Configuration: The generators and receivers conforming to the RS-485 standard can operate 
with a common mode voltage between -7 volts and +7 volts (instantaneous). The common mode voltage is 
defined to be any uncompensated combination of generator-receiver ground potential difference and 
longitudinally coupled peak noise voltage measured between the receiver circuit ground and cable with the 
generator ends of the cable short circuited to ground, plus the generator offset voltage (Vos). 


Grounding Arrangements: Proper operation of the generator and receiver circuits requires the presence of a 
Signal retum path between the circuit grounds of the equipment at each end of the interconnection. The 
grounding arrangements are shown in Figure 2. Where the circuit reference is provided by a third conductor, 
the connection between circuit common and the third conductor must contain some resistance (e.g., 
100 ohms) to limit circulating currents when other ground connections are provided for safety. Some 
applications may require the use of shielded interconnecting cable for EMI or other purposes. The shield 
shall be connected to frame ground at either or both ends, depending on the application. 
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Figure 2, Grounding Arrangements. 


Similarity with RS-422-A: 


Incertain instances, it may be possible to produce generators and receivers that meet the requirements 
of both RS-422-A and of RS-485, Table 1 depicts the differences in parameter specifications which exist 
between the two documents. 


‘Table 1. Comparison of RS-422-A and RS-485 Characteristics. 


Characteristic 


RS-422-4 


RS-485 


Min. output voltage 


2V into 100 ohm. 
> 1/2 open circuit V 


15 V into 54 ohms 


Tiss to ground 


150 mA maximum 


Taos t0 -7, #12 volts 


250 mA peak 


The time 


<0.1 4 , 100 ohm load 


<03%, 54 ohm, 50 pF load 


Where t, = time duration of the unit interval at the applicable data signaling rate (pulse width) 
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IEEE-488 INTERFACE BUS (HP-IB/GP-IB) 


Inthe early 1970"s, Hewlett-Packard came out with a standard bus (HP-IB) to help support their own 
laboratory measurement equipment product lines, which later was adopted by the IEEE in 1975. This is 
known as the IEEE Std. 488-1975. The IEEE-488 Interface Bus (HP-IB) or general purpose interface bus 
(GP-IB) was developed to provide a means for various instruments and devices to communicate with each 
other under the direction of one or more master controllers. The HP-IB was originally intended to support a 
wide range of instruments and devices, from the very fast to the very slow. 


DESCRIPTION 


The HP-IB specification permits up to 15 devices to be connected together in any given setup, 
including the controller if it is part of the system. A device may be capable of any other three types of 
functions: controller, listener, or talker. A device on the bus may have only one of the three functions active 
ata given time. A controller directs which devices will be talkers and listeners. The bus will allow multiple 
controllers, but only one may be active at a given time. Each device on the bus should have a unique address 
in the range of 0-30. The maximum length of the bus network is limited to 20 meters total transmission path 
length. Itis recommended that the bus be loaded with at least one instrument or device every 2 meter length 
of cable (4 meters is maximum). The use of GP-IB extenders may be used to exceed the maximum permitted 
length of 20 meters. 


ELECTRICAL INTERFACE, 


The GP-IB is a bus to which many similar modules can be directly connected, as is shown in 
Figure 1, A total of 16 wires are shown in the figure - eight data lines and eight control lines. The bus cables 
actually have 24 wires, providing eight additional for shielding and grounds. 


8 - wire data bus: 


Ready for data 


Figure 1. IEEE-488 (HP-IB / GP-IB) Bus Configuration, 


9-51 


‘The GP-IB defines operation of a three-wire handshake that is used for all data transfers on the bus, 
‘The bus operation is asynchronous in nature. The data-transfer rate of the GP-IB is $00 kHz for standard 
applications and can go up | MHz if special conventions are followed. Each transaction carries 8 bits, the 
‘maximum data bandwidth is on the order of 4 to 8 megabits (1M byte) per second. The bus is a two way 
communications channel and data flows in both directions. Figure 2 illustrates the structure of the GP-IB bus 
and identifies the 16 connections of the interconnecting cable. 
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Figure 2, GP-IB Instrumentation Bus Structure. 


‘The cabling limitations make ita less-than-ideal choice for large separation between devices. These 
limitations can be overcome with bus extenders. Those attempting to use bus extenders should be aware that 
few extenders are as transparent as claimed. This is especially true in handling of continuous data and 
interrupts. In nonextended environments, it provides an excellent means for high-speed computer control of 
multiple devices. 


‘The following table shows the various interface functions, the mnemonics and the descriptions. 
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Table 1. GP-IB Interface Functions. 


Tnterface Function | Mnemonic Description 
[Talker (extended talker) [| T (TE) _|Device must be able to transmit 
Listener (Extended T(LE) _ | Device must receive commands and data 
listener) 
[Source Handshake SH Thust properly transfer a multiline message 
[Acceptor Handshake ‘AH [Device must properly receive remote multiline messages 
Remote/Local RL__ [Device must be able to operate from front panel and remote information from Bus 
[Service Request 'SR___ [Device can asynchronously request service from the controller 
Parallel Poll PP___| Upon controller request, device must uniquely identify itself fit requires service 
Device Clear DC_|Device can be initialized to a predetermined state 
Device Trigger DT ___[A device fimetion can be initiated by the talker on the bus 
[Controller © __ | Device can send addresses, universal commands, address commands, and conduct 
polls 
[Drivers E___| This code describes the type of electrical drivers in a device 


The cabling specifications of the GP-IB interface system permit interconnecting all devices together 
in a star or linear configuration. The GP-IB connector is a 24-pin ribbon-type connector. 


In summary, Table 2 on this page and the next shows the complete description of the GP-IB data bus 


Table 2. GP-IB Data Bus Description, 


IEEE-488, GP-IB, HP-IB, or IEC-625, 


Descriptor | 8-bit parallel, Arbitration [Token passing: the] Connector | 24-pin Amphenol 
‘monodirectional, multi- controller addresses Female connector on 
‘master (Loken passing) the next controller equipment chassis 
One controller, one SRQ Service request DIOL 1m m13 DIOS 
talker, several listeners \when the controller DIO2 2m #14 DIO6 
assigns modes Dios 1s DIO7 
Sponsor | Hewlett-Packard Error Parity bit DIO when DIO# 4 7 U6: DIGS 
handling | 7-bit ACSI characters EOL oe BEN 
s DAV 6m MIS Gnd 
Standard | TEE 488, IEC 625 Bus length [15m NRED7M@ M19 Gnd 
Address | 31 devices Driver Special 24 mA driver NDAC§S “M20 Gad 
ie IFC 9m M21 Gnd 


Data format | 8-bit parallel 


SRQ 10m 22 Gnd 
Speed TMBytels ATN Im 23 Gnd 
Shld 2m M24 Gnd 


data 


Transfer | Write only, talker toward 
ype listener(s) or commander Remarks} The 488 is most commonly 
seein atk used for data acquisition of 
ILP peripherals. 
Timing | Handshaken 3-wite References | IEEE Computer 


broadcast transfer: 
DAV data valid 
NDAC Not data accepted simplify the development of 
NRFD Not ready for 


Society Programmable interfaces 
and drivers exist and 


microprocessor interfaces. 
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HP-IL VARIATION 


Since introduction of the IEEE-488, technology produced a generation of medium-speed, low-power, 

instrumentation which had a need to operate in an automatic test system such as the GP-IB. The HP-IL 
(Hewlett-Packard Interface Loop), was introduced to meet this need. The HP-IL is a low-cost, low-power 
alternative to the GP-IB system. The HP-IL and GP-IB provide the same basic functions in interfacing 
controllers, instruments, and peripherals, but they differ in many other respects. HP-IL is suitable for use in 
low-power, portable applications (typically used for interface of battery-power systems). The GP-IB is not 
practical to operate from battery power. The HP-IL maximum data rate is 20K bytes per second. This is a 
high rate compared to the RS-232C, but much slower than GP-IB. The HP-IL can operate over distances of 
up to 100 meters between any two devices. Since itis a loop environment, there is no maximum system cable 
restriction, ‘The basic device-addressing scheme allows for up to 30 devices on a loop. 
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MIL-STD-1553 & 1773 DATA BUS 
PURPOSE 


In recent years, the use of digital techniques in aircraft equipment has greatly increased, as have the 
number of avionies subsystems and the volume of data processed by them. 


Because analog point-to-point wire bundles are inefficient and cumbersome means of interconnecting 
the sensors, computers, actuators, indicators, and other equipment onboard the modem military vehicle, a 
serial digital multiplex data bus was developed. MIL-STD-1553 defines all aspects of the bus, therefore, 
‘many groups working with the military tri-services have chosen to adopt it. 


The 1553 multiplex data bus provides integrated, centralized system control and a standard interface 
forall equipment connected to the bus. The bus concept provides a means by which all bus traffic is available 
to be accessed with a single connection for testing and interfacing with the system. The standard defines 
operation of a serial data bus that interconnects multiple devices via a twisted, shielded pair of wires. The 
system implements a command-response format. 


MIL-STD-1553, “Aircraft Internal Time-Division Command/Response Multiplex Data Bus,” has 
been in use since 1973 and is widely applied. MIL-STD-1553 is referred to as “1553” with the appropriate 
revision letter (A or B) as a suffix. The basic difference between the 1553A and the 1553B is that in the 
1553B, the options are defined rather than being left for the user to define as required. It was found that when 
the standard did not define an item, there was no coordination in its use. Hardware and software had to be 
redesigned for each new application. The primary goal of the 1553B was to provide flexibility without 
creating new designs for each new user. This was accomplished by specifying the electrical interfaces 
explicitly so that compatibility between designs by different manufacturers could be electrically 
interchangeable. 


The Department of Defense chose multiplexing because of the following advantages: 


Weight reduction 
Simplicity 
Standardization 
Flexibility 


Some 1553 applications utilize more than one data bus on a vehicle. This is often done, for example, 
to isolate a Stores bus from a Communications bus or to construct a bus system capable of interconnecting 
‘more terminals than a single bus could accommodate. When multiple buses are used, some terminals may 
connect to both buses, allowing for communication between them. 


MULTIPLEXING 


Multiplexing facilitates the transmission of information along the data flow. It permits the 
transmission of several signal sources through one communications system. 
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BUS 


‘The bus is made up of twisted-shielded pairs of wires to maintain message integrity, MIL-STD-1553 
specifies that all devices in the system will connect to a redundant pair of buses. This provides a second path 
for bus traffic should one of the buses be damaged. Signals are only allowed to appear on one of the two 
buses ata time. Ifa message cannot be completed on one bus, the bus controller may switch to the other bus, 
In some applications more than one 1553 bus may be implemented on a given vehicle, Some terminals on 
is may actually connect to both buses. 


BUS COMPO) 


‘There are only three functional modes of terminals allowed on the data bus: the bus controller, the 
bus monitor, and the remote terminal. Devices may be capable of more than one function, Figure | illustrates 
a typical bus configuration. 


Bus Remote Monit Remote 
Controller Terminal tal Terminal 
BC RT RT 


Shielded Two-wire CableBus 


Remote 
Terminal 
RT 


Figure 1, 1553 Bus Structure, 


‘+ Bus Controller - The bus controller (BC) is the terminal that initiates information transfers on the 
data bus. It sends commands to the remote terminals which reply with a response. The bus will 
support multiple controllers, but only one may be active at atime. Other requirements, according 
to 1553, are: (1) it is “the key part of the data bus system,” and (2) “the sole control of 
information transmission on the bus shalll reside with the bus controller.” 


‘+ Bus Monitor - 1553 defines the bus monitor as “the terminal assigned the task of receiving bus 
traffic and extracting selected information to be used at a later time.” Bus monitors are frequently 
used for instrumentation. 


‘+ Remote Terminal - Any terminal not operating in either the bus controller or bus monitor mode is 
operating in the remote terminal (RT) mode. Remote terminals are the largest group of bus 
components, 


MODULATION 


‘The signal is transferred over the data bus using serial digital pulse code modulation. 
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DATA ENCODING 
The type of data encoding used by 1553 is Manchester II biphase. 
‘+ A logic one (1) is transmitted as a bipolar coded signal 1/0 (in other words, a positive pulse 


followed by a negative pulse), 
‘+ A logic zero (0) is a bipolar coded signal 0/1 (ie., a negative pulse followed by a positive pul 


1 MHz (4) i 1 One Bit Time 


NRZ (+) 
Data ao] Tr 41 iz 
i 1 0 a a 


Manche ster II (+) 1 i a 
Bi-Phase Level (01): { 
ee Er ERE 


Figure 2. Data Encoding 


A transition through zero occurs at the midpoint of each bit, whether the rate is a logic one or a logic 
zero. Figure 2 compares a commonly used Non Return to Zero (NRZ) code with the Manchester II biphase 
level code, in conjunction with a 1 MHz clock 


BIT TRANSMISSION RATE 


‘The bit transmi 
term stability of +/- 0.1 


jon rate on the bus is 1.0 megabit per second with a combined accuracy and long- 
‘The short-term stability is less than 0.01%. 


‘There are 20 1.0-microsecond bit times allocated for each word. All words include a 3 bit-time syne 
pattern, a 16-bit data field that is specified differently for each word type, and I parity check bit, 


WORD FORMATS 


Bus traffic or communications travels along the bus in words. A word in MIL-STD-1553 is a 
sequence of 20 bit times consisting of a 3 bit-time syne wave form, 16 bits of data, and 1 parity check bit 
This is the word as it is transmitted on the bus; 1553 terminals add the syne and parity before transmission 
and remove them during reception. Therefore, the nominal word size is 16 bits, with the most significant bit 
(MSB) firs. 


‘There are three types of words: command, status, and data. A packet is defined to have no inter- 
message gaps. The time between the last word of a controller message and the return of the terminal status 
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byte is 4-12 microseconds. The time between status byte and the next controller message is undefined, 


Figure 3 illustrates these three formats, 
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Figure 3. 1553 Word Formats. 


COMMAND WORD 


Command words are transmitted only by the bus controller and always consist of: 


‘© 3 bit-time syne pattern 
* Sbit RT address field 

‘© 1 Transmit/Receive (T/R) field 
‘#5 bit subaddress/mode field 

‘#5 bit word count/mode code field 
‘© I parity check bit 


DATA WORD 


Data words are transmitted either by the BC or by the RT in response to a BC request. The standard 
allows a maximum of 32 data words to be sent in a packet with a command word before a status response 
must be returned. Data words always consist of: 


‘+ 3 bit-time syne pattem (opposite in polarity from command and status words) 
‘© 16 bit data field 
‘I parity check bit 
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STATUS WORD 


Status words are transmitted by the RT in response to command messages from the BC and consist 
of 


3 bit-time syne pattem (same as for a command word) 
5 bit address of the responding RT 

11 bit status field 

I parity check bit. 


‘The 11 bits in the status field are used to notify the BC of the operating condition of the RT and subsystem, 


INFORMATION TRANSFERS 
Three basic types of information transfers are defined by 1553: 


‘© Bus Controller to Remote Terminal transfers 
‘© Remote Terminal to Bus Controller transfers 
‘¢ Remote Terminal to Remote Terminal transfers 


‘These transfers are related to the data flow and are referred to as messages. The basic formats of 


these messages are shown in Figure 4. 
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Figure 4, 1553 Data Message Formats 


‘The normal command/response operation involves the transmission of a command from the BC toa 
selected RT address. The RT either accepts or transmits data depending on the type (receive/transmit) of 
command issued by the BC. A status word is transmitted by the RT in response to the BC command if the 
transmission is received without error and is not illegal 
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Figure 5 illustrates the 1553B Bus Architecture in a typical aircraft. 
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Figure 5. Typical Bus Architecture. 


MIL-STD-1773 


MIL-STD-1773 contains the requirements for utilizing a fiber optic “cabling” system as a 
transmission medium for the MIL-STD-1553B bus protocol. As such, the standard repeats MIL-STD-1553 
nearly word-for-word. The standard does not specify power levels, noise levels, spectral characteristics, 
optical wavelength, electrical/optical isolation or means of distributing optical power. These must be 
contained in separate specifications for each intended use. 


Data encoding and word format are identical to MIL-STD-1553, with the exception that pulses are 
defined as transitions between 0 (off) and 1 (on) rather than between + and - voltage transitions since light 
cannot have a negative value. 


Since the standard applies to cabling only, the bus operates at the same speed as it would utilizing 
wire. Additionally, data error rate requirements are unchanged. 


Different environmental considerations must be given to fiber optic systems. Altitude, humidity 
temperature, and age affects fiber optics differently than wire conductors. Power is divided evenly at 
junctions which branch and connectors have losses just as wire connectors do. 
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ETHERNET 
HISTORY 


Ethernet was originally developed by Digital, Intel, and Xerox (DIX) in the eatly 1970°s at the Xerox 
Palo Alto Research Center (PARC). The two primary inventors were Robert Metcalf and David Boggs. 


IEEE Project 802 was set up in February 1980 to provide standards for Local Area Network (LAN) 
and Metropolitan Area Network (MAN) Architecture. The following committees were established: 


‘* IEEE 802.1: Standards related to network management. 


‘+ IEEE 802.2: General standard for the data link layer in the OSI Reference Model. The IEEE divides 
this layer into two sub-layers ~- the logical link control (LLC) layer and the media access control 
(MAC) layer. The MAC layer varies for different network types and is defined by standards IEEE 
802.3 through IEEE 802.5 


* IEEE 802.3: Defines the MAC layer for bus networks that use CSMA/CD. This is the basis of 
what is most commonly referred to as the Ethernet standard. 


‘+ IEEE 802.4: Defines the MAC layer for token-bus networks, 
+ IEEE 802.5: Defines the MAC layer for token-ring networks. 
‘* IEEE 802.6: Standard for Metropolitan Area Networks (MANS). 
‘+ IEEE 802.7-9 Inactive Standards: 
© IBEE 802.7: Broadband local area networks. ‘The working group is currently inactive. 


© IBEE 802.8: The Fibre Optic Technical Advisory Group was to create a LAN standard 
for fiber optic media used in token passing computer networks like FDDI 


© IEEE 802.9: Integrated Services (IS) LAN Interface at the MAC and Physical Layers. 
‘+ IEEE 802.10: A standard for security functions that can be used in both LAN and MAN. 
* IEEE 802.11: Wireless LAN MAC and physical layer 


«IEEE 802.12: Demand Priority Access Method, Physical Layer and Repeater used in star 
topology, 100VG-AnyLAN, ete 


* IEEE 802.16: Fixed broadband wireless LAN 


Ethernet versions 1.0 and 2.0 followed after the original development until the IEEE 802.3 committee 
altered the structure of the Ethernet II packet to form the Ethernet 802.3 packet. You will currently see either 
Ethernet II (DIX) format or Ethernet 802.3 format being used. 


IEEE 802.3 Ethemet uses Manchester Phase Encoding (MPE) for coding the data bits on the outgoing 
signal. 
INTRODUCTION 

Ethemet is a family of frame-based computer networking technologies for local area networks 
(LANs). The ‘Ether’ part of Ethernet denotes that the system is not meant to be restricted for use on only one 


medium type. Copper cables, fiber cables and even radio waves can be used. 


Ethemet is standardized as IEEE 802.3. The combination of the twisted pair versions of Ethernet for 
connecting end systems to the network, along with the fiber optic versions for site backbones, is the most 
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widespread wired LAN technology. It has largely replaced competing LAN standards such as token ring, 
FDDI, and ARCNET. 


Ethemet defines a number of wiring and signaling standards for the Physical Layer of the OSI 
networking model, through means of network access at the Media Access Control (MAC) / Data Link Layer, 
and a common addressing format. Therefore, Ethernet defines the lower two layers of the OSI Reference 
Model (see Data Busses Section intro). Ethernet sometimes implies an attached protocol—such as TCP/IP, 
however TCP/IP really defines the transport and network layers, respectively, of the OSI model 


Ethemet was designed as a ‘broadcast’ system, i.e. stations on the network can send messages 
whenever and wherever they want. All stations may receive the messages, however only the specific station 
to which the message is directed responds. To handle simultaneous demands, the system uses Carrier Sense 
Multiple Access with Collision Detection (CSMA/CD). 


CARRIER SENSE MULTIPLE ACCESS WITH COLLISION DETECTION (CSMA/CD) 


When an Ethemet station is ready to transmit, it checks for the presence of signal on the cable. Ifno 
signal is present then the station begins transmission. However, if a signal is present then the station delays 
transmission until the cable is not in use. If two stations detect an idle cable and at the same time transmit 
data, then a collision occurs. Ona star-wired, unshielded twisted pair (UTP) network, if the transceiver of a 
sending station detects activity on both its receive and transmit pairs before it has completed transmitting, 
then it decides that a collision has occurred. On a coaxial system, a collision is detected when the DC signal 
level on the cable is the same or greater than the combined signal level of the two transmitters. Line voltage 
drops dramatically if two stations transmit at the same time and the first station to notice this sends a high 
voltage jamming signal around the network as a signal. The two stations involved with the collision quit 
transmitting again for a random time interval. 


A Collision Domain is that part of the network where each station can ‘see’ other stations’ traffic both 
unicast and broadcasts. The Collision Domain is made up of one segment of Ethernet coax (with or without 
repeaters) ora number of UTP shared hubs. A network is segmented with bridges that create two segments, 
or two Collision Domains where a station on one segment cannot see traffic between stations on the other 
segment unless the packets are destined for itself. If it can still see all broadcasts on the segmented 
network(s), no matter the number of segments, it is a Broadcast Domain, 


ETHERNET FRAME 


Figure 1 depicts the structure of the older DIX (Ethernet II) and the now standard 802.3 Ethernet 
frames. The numbers above each field represent the number of bytes. 
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bytes 6 6 2 4-150 4 


Prearble | Destinaion | Source | Te Data Unt oR 


DIX Ethernet Packet 


byes 7 1 6. 6 2 46-1500 4 


Preawrble || Destination | Source | Length [LLC | Data Unt | Pad | FOS: 


FEE 802.3 Frame 


Figure 1. Ethemet Frame. 


‘* Preamble field: Establishes bit synchronization and transceiver conditions so that the circuitry 
synchs with the received frame timing. The DIX frame has 8 bytes for the preamble rather than 7, as 
it does not have a Start Frame Delimiter (or Start of Frame). 

‘© Start Frame Delimiter: Sequence 10101011 in a separate field, only in the 802.3 frame. 

‘© Destination address: Hardware address (MAC address) of the destination station (usually 48 bits i. 
6 bytes). 

© Source address: Hardware address of the source station (must be of the same length as the 
destination address, the 802.3 standard allows for 2 or 6 byte addresses, although 2 byte addresses are 
never used, N.B. Ethernet II only uses 6 byte addresses). 

«Type: Specifies the protocol sending the packet such as IP or IPX (only applies to DIX frame), 

‘© Length: Specifies the length of the data segment, actually the number of LLC data bytes, (only 
applies to 802.3 frame and replaces the Type field), 

* LLC: Logical Length Control is a data communication protocol layer which provides 
multiplexing and flow control mechanisms that make it possible for several network 
protocols (IP, IPX) to coexist within a multipoint network and to be transported over the 
same network media. 


‘+ Data: Actual data which is allowed anywhere between 46 to 1500 bytes within one frame. 
'* Pad: Zeros added to the data field to ‘Pad’ a short data field to 46 bytes (applies to 802.3 frame). 
* CRC: Cyclic Redundancy Check to detect errors during transmission (DIX version of FCS). 


‘* FCS: Frame Check Sequence to detect errors that occur during transmission (802.3 version of CRC). 
This 32-bit code has an algorithm applied to it, which will give the same result as the other end of 
the link, provided that the frame was transmitted suecessfilly. 


From the above we can see that the maximum 802.3 frame size is 1518 bytes and the minimum size is 
64 bytes. Packets that have correct CRCs (or FCSs) but are smaller than 64 bytes are known as ‘Runts’ 


The hardware address, or MAC address is transmitted and stored in Ethernet network devices in 
Canonical format i.e. Least Significant Bit (LSB) first. The expression Little-Endian is used to describe the 
LSB format in which Ethemet is transmitted. On the other hand, Token Ring networks and the subset, Fiber 
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Distributed Data Interface (FDDI) networks, transmit the MAC address with the Most Significant Bit 
(MSB) first, or Big-Endian, This is known as Non-Canonieal format. Note that this applies on a byte-by- 
byte basis ie. the bytes are transmitted in the same order, itis just the bits in each of those bytes that are 
reversed. The storage of the MAC addresses in Token Ring and FDDI devices however, may sometimes still 
be in Canonical format so this can sometimes cause confusion. The reference to, the distribution of MAC 
addresses and the Organizationally Unique Identifier (OUI) destinations are always in Canonical format 


The Logical Link Control (LLC) protocol data unit (PDU) is defined in IEEE 802.2 and operates with 
802.3 Ethernet as seen in Figure 2. 


DSAP SSAP 
address address 


fate | ote SoH [em | 


DSAP address = _ Destination service access point address field 

SSAP address = ~—_Source service access point address field 

Control = Control field [16 bits for formats that include 
sequence numbering, and 8 bits for formats that 
do not (see 5.2)] 

Information = Information field 

* = Multiplication 

M = Aninteger value equal to or greater than 0. 


(Upper bound of M is a function of the medium 
access control methodology used.) 


Figure 2. LLC Format. 


LLC is based on the High-Level Data Link Control (HDLC) data protocol format. Whereas Ethemet 
11 (2.0) combines the MAC and the Data link layers restricting itself to connectionless service in the process, 
IEEE 802.3 separates out the MAC and Data Link layers. IEEE 802.2 is also required by Token Ring and 
FDDI but cannot be used with the Novell “Raw” format. There are three types of LLC; Type 1, which is 
connectionless, Type 2 which is connection-oriented, and Type 3 for Acknowledged Connections 


‘The Service Access Point (SAP) is used to distinguish between different data exchanges on the same 
end station and basically replaces the Type field for the older Ethernet Il frame. The Source Service Access 
Point (SSAP) indicates the service from which the LLC data unit is sent, and the Destination Service Access 
Point (DSAP) indicates the service to which the LLC data unit is being sent. As examples, NetBIOS uses the 
SAP address of FO whilst IP uses the SAP address of 06. The following lists some common SAPs: 


00 - Null LSAP. 
02 - Individual LLC Sublayer Management Function 
03 - Group LLC Sublayer Management Function 

05 - IBM SNA Path Control (group) 
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06 - Internet Protocol (IP) 
18 - Texas Instruments 

42 - IEEE 802.1 Bridge Spanning Tree Protocol 
80 - Xerox Network Systems (XNS) 

86 - Nestar 

AA - SubNetwork Access Protocol (SNAP) 

EO - Novell NetWare 

FO - IBM NetBIOS 

FS - IBM LAN Management (group) 

FE - ISO Network Layer Protocol 


‘The Control Field identifies the type of LLC, of which there are three: 


‘* Type 1 - Data (PDUs) shall be exchanged between LLCs without the need for the establishment 
ofa data link connection. ‘These PDUs shall not be acknowledged, nor shall there be any flow 
control or error recovery. This is called Unsequenced Information (UD). 

‘+ Type 2—Needs data link connection. Uses Information (I) frames and maintains the sequence 
numbers during an acknowledged connection-oriented transmission. 

+ Type3—No data link connection required. Uses Acknowledged Connection (AC) frames in an 
acknowledged connectionless service. 


MAC ADDRESS. 


With an Ethemet MAC address, the first octet uses only the lowest significant bit as the 
Individual/Group (V/G) bit address identifier. If tis zero it indicates the address is individual. If't is one, it 
indicates a group address. The Universally ot Locally administered (U/L) address bit is the bit of octet 0 
adjacent to the /G address bit. This bit indicates whether the address has been assigned by a local or 
universal administrator. Universally administered addresses have this bit set to 0. If this bit is set to 1, the 
entire address (.e., 48 bits) has been locally administered, 


The first 3 octets of the MAC address form the Organizational Unique Identifier (OUD) assigned by 
IEEE to organizations that requires their own group of MAC addresses. 
SUBNETWORK ACCESS PROTOCOL (SNAP) 

‘The SNAP protocol was introduced to allow an easy transition to the new LLC frame format for 


vendors. SNAP allows older frames and protocols to be encapsulated in a Type 1 LLC header making any 
protocol ‘pseudo-IEEE compliant’. SNAP is described in RFC 1042. Figure 3 shows how it looks: 
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Destination ] Source [Ethemet 
MAC address | MAC adstess | Type 


7s 


Ethernet dats | Fos 


ro] , Destination | Source] SNAP] SNAP] UI] AFG 1082 [Etemet 


ACITFC] mac adress | MAC addireas | aa" | *aa” | vos | OUI 00-00-00] Type 


Ethemet date | Fos 


Protocol Mlentfication 


osap| ssap| om een 


Protocol Data Field 


SNAP PDU 


Figure 3. Ethemet Frame SNAP-encapsulated in IEEE 802.5 Frame, 


Itcan be seen that itis an LLC data unit (sometimes called a Logical Protocol Data Unit (LPDU)) of 
‘Type | (indicated by 03). The DSAP and SSAP are set to AA to indicate that this is a SNAP header coming 
up. The SNAP header then indicates the vender via the Organizational Unique Identifier (OUI) and the 
protocol type via the Ethertype field. In the example above the OUI is 00-00-00 which means that there is an 
Ethernet frame. An ethernet type (Ethertype) of 08-00 would indicate Internet IP is the protocol. The official 
list of types can be found at IEEE. Although vendors tend to be are moving to LLC! on the LAN, SNAP still 
remains 


TRANSMISSION MEDIA. 


108: 


- largely obsolete, but may still be in use. 


Traditionally, Ethernet is used over ‘thick’ coaxial cable called 10Base-S (the 10° denotes 10Mbps, 
base means that the signal is baseband i.e. takes the whole bandwidth of the cable (so that only one device can 
transmit at one time on the same cable), and the ‘5 denotes 500 m maximum length). The minimum length 
between stations is 2.5 m. 


The cable is run in one long length forming a ‘Bus Topology’. Stations attach to it by way of inline 
N-type connections or a transceiver, which is literally screwed into the cable (by way of a ‘Vampire Tap’) 
providing a 15-pin Attachment Unit Interface (AUN) connection (also known as a DIX connector or a DB-15 
connector) fora drop lead connection (maximum of 50 m length) to the station. The segments are terminated 
with 50 ohm resistors and the shield grounded at one end only. 


‘The segment could be appended with up to a maximum of 4 repeaters; therefore 5 segments (total 
length of 2,460 m) can be connected together. Of the 5 segments only 3 can have devices attached (100 per 
segment). This is known as the 5-4-3 rule. A total of 300 devices can be attached on a Thicknet broadcast 
domain. 
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10Base-2 ~ dominant for many years 


It was common to see the Thick coax used in Risers to connect Repeaters, which in turn provide 
“Thin Ethernet’ coaxial connections for runs up to 30 workstations. Thin Ethernet (Thinnet) uses RG-S8 
cable and is called 10Base-2 (The *2” now denoting 200 m maximum length - strictly speaking this is 185 m). 
‘The minimum length between stations is 0.5 m. 


Each station connects to the thinnet by way of a Network Interface Card (NIC), which provides a 
BNC (British Naval Connector). At each station the thinnet terminates at a T-piece and at each end of the 
thinnet run (or ‘Segment’) a 50-ohm terminator is required to absorb stray signals, thereby preventing signal 
bounce. The shield is grounded at one end only. 


‘A segment can be appended with other segments using up to 4 repeaters, ie. 5 segments in total. Two 
of these segments however, cannot be tapped; they can only be used for extending the length of the broadcast 
domain (to 925 m). What this means is that 3 segments with a maximum of 30 stations on each can give you 
90 devices on a Thinnet broadcast domain. 
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-T — Most widespread today 


‘The most common media used in of Ethernet today involves use of Unshielded Twisted Pair (UTP) or 
Shielded Twisted Pair (STP). For instance, Category 5 UTP can be installed in a ‘Star-wired” format, with 
runs recommended at no greater than 100 m (including patch leads, cable run and flyleads) and Ethernet Hubs 
with UTP ports (R45) centrally located. It has been found though that runs of up to 150 mare feasible, the 
limitations being signal strength. Also, there should be no more than a 11.5 dB signal loss and the minimum 
distance between devices is 2.5 m. The maximum delay for the signal in a 10Mbps network is 
51.2 microseconds. This comes from the fact that the bit time (time to transmit one bit) is 0.1 microseconds 
and that the slot time for a frame is 512 bit times. 


In order to connect to Ethernet in this ‘Star Topology’, each station has a NIC, which contains an 
RJ45 socket which is used by a 4-pair droplead to connect to another nearby RJ4S socket. 


Each port on the hub sends a ‘Link Beat Signal” which checks the integrity of the cable and devices 
attached, a flickering LED on the front of the port of the hub tells you that the link is running fine. The 
maximum number of hubs (or, more strictly speaking, repeater counts) that you can have in one segment is 
four and the maximum number of stations on one broadcast domain is 1024. 


9-97 


‘The advantages of the UTP/STP technology are gained from the flexibility of the system, with respect 
to moves, changes, fault finding, reliability, and security. The following table shows the RJ45 pin-outs for 
10Base-T: 


RJ45 Pin Function Color 
1 Transmit | White/Orange stripe 
2 Transmit Orange 


3 [Receive | White/Green stripe 
4 Blue 
5 White/Blue stripe 
6 | Receive Green 
7 White/Brown stripe 
a | Brown 


Ifyou wish to connect hub to hub, or a NIC directly to another NIC, then the following 10Base-T 
crossover cable should be used: 


RudS RAS 
1 1 
2 2 
a 3 
4 4 
5 5 
6 6 
7 7 
8 8 


Figure 4. 10Base-T Crossover. 


‘The 4-repeater limit manifests itself in 10/100Base-T environments where the active hub/switch port 
is in facta repeater, hence the name multi-port repeater. Generally, the hub would only have one station per 
port but you can cascade hubs from one another up to the 4-repeater limit. The danger here is that you will 
have all the traffic from a particular hub being fed into one port so care would need to be taken on noting the 
applications being used by the stations involved, and the likely bandwidth that the applications will use. 


There is a pre-standard called Lattisnet (developed by Synoptics), which runs 10 MHz Ethemet over 


twisted pair but instead of bit synchronization occurring at the sending (as in 10Base-T) the synchronization 
occurs at the receiving end. 
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10Base-F 


‘The 10Base-F standard defines the use of fiber for Ethemet. 10Base-FL describes the standards for 
the fiber optic links between stations and repeaters, allowing up to 2 km per segment on multi-mode fiber. It 
replaces the 1987 FOIRL (Fiber Optic Inter-Repeater Link), which provides the specification for a fiber optic 
Media Attachment Unit (MAU) and other interconnecting components. Two related standards are essentially 
“dead”: 10Base-FB allows up to 2 km per segment (on multi-mode fiber) and is designed for backbone 
applications such as cascading repeaters. In addition, there is the 10Base-FP (Passive components) standard 


The 10Base-F standard allows for 1024 devices per network. 


Fast Ethernet - 100Base-T 


Fast Ethemet is the most popular of the newer standards and is an extension to 10Base-T. The ‘100° 
denotes 100 Mbps data speed and it uses the same two pairs as 10Base-T and must only be used on 
Category 5 UTP cable installations with provision for it to be used on Type 1 STP. The actual data 
throughput increases by between 3 to 4 times that of 10Base-T. 


Fast Ethernet is specified in 802.3u and uses the same frame formats and CSMA/CD technology as 
normal 10Mbps Ethernet. The difference is that the maximum delay for the signal across the segment is 
5.12 microseconds instead of 51.2 microseconds. This stems from the fact that the bit time (time to transmit 
one bit) is 0.01 microseconds and that the slot time for a frame is 512 bit times. The Inter-Packet Gap (IPG) 
for 802.3u is 0.96 microseconds as opposed to 9.6 microseconds for 10Mbps Ethernet. 


Whereas 10Base-T uses Normal Link Pulses (NLP) for testing the integrity of the connection, 
100Base-T uses Fast Link Pulses (FLP) which are backwardly compatible with NLPs but contain more 
information. FLPs are used to detect the speed of the network (e.g. in 10/100 switchable cards and ports), 
The distance must not exceed 100 m. 


‘The IEEE uses the term 100Base-X to refer to both 100Base-Tx and 100Base-Fx and the Media- 
Independent Interface (MII) allows a generic connector for transceivers to connect to 100Base-Tx, 100Base- 
Fx and 100Base-T4 LANs. 


‘There is no such thing as the 5-4-3 rule in Fast Ethemet. All 10Base-T repeaters are considered to be 
functionally identical. Fast Ethernet repeaters are divided into two classes of repeater: Class I and Class II. A 
Class I repeater has a repeater propagation delay value of 140 bit times, whilst a Class II repeater is 92 bit 
times. The Class I repeater (or Translational Repeater) can support different signaling types such as 100Base- 
‘Tx and 100Base-T4. A Class I repeater transmits or repeats the incoming line signals on one port to the other 
ports by first translating them to digital signals and then retranslating them to line signals. The translations 
are necessary when connecting different physical media (media conforming to more than one physical layer 
specification) to the same collision domain. Any repeater with an MII port would be a Class I device. Only 
one Class I repeater can exist within a single collision domain, so this type of repeater cannot be cascaded, 


A Class II repeater immediately transmits or repeats the incoming line signals on one port to the other 
ports: it does not perform any translations. This repeater type connects identical media to the same collision 
domain (for example, TX to TX). At most, two Class II repeaters can exist within a single collision domain, 
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‘The cable used to cascade the two devices is called and unpopulated segment or IRL (Intet-Repeater Link), 
‘The Class II repeater (or Transparent Repeater) can only support one type of physical signaling, 


100Base-T4 


100Base-T4 was an early implementation of Fast Ethernet. It requires four twisted copper pairs, but 
those pairs were only required to be category 3 rather than the category 5 required by TX. One pair is 
reserved for transmit, one for receive, and the remaining two will switch direction as negotiated. A very 
unusual 8B6T code is used to convert 8 data bits into 6 base-3 digits (the signal shaping is possible as there 
are three times as many 6-digit base-3 numbers as there are 8-digit base-2 numbers). The two resulting 
3-digit base-3 symbols are sent in parallel over 3 pairs using 3-Ievel pulse-amplitude modulation (PAM-3), 


100Base-T2 


This little known version of Fast Ethernet is for use over two pairs of Category 3 cable and uses 
PAM-S for encoding. There is simultaneous transmission and reception of data in both pairs and the 
electronics uses DSP technology to handle alien signals in adjacent pairs. 100Base-T2 can run up to 100 m 
on Category 3 UTP. 


100Base-Fx 


100Base-Fx is a version of Fast Ethernet over optical fiber. It uses a 1300 nm near-infrared (NIR) 
light wavelength transmitted via two strands of optical fiber, one for receive (RX) and the other for transmit 
(TX). Maximum length is 400 meters (1,310 ft) for half-duplex connections (to ensure collisions are 
detected) or 2 kilometers (6,600 ft) for full-duplex over multimode optical fiber. Longer distances are 
possible when using single-mode optical fiber. 100Base-Fx uses the same 4BSB encoding and NRZI line 
code that 100Base-TX does. 100Base-Fx should use the following connectors: SC, straight tip (ST), or media 
independent connectors (MIC), with SC being the preferred option. 100Base-Fx is not compatible with 
10Base-Fl, the 10 MBit/s version over optical fiber. 


100Base-Sx 


100Base-Sx is a version of Fast Ethernet over optical fiber. It uses two strands of multi-mode optical 
fiber for receive and transmit. It is a lower cost altemative to using 100Base-Fx, because it uses short 
wavelength optics (850 nm) which are significantly less expensive than the long wavelength optics used in 
100Base-Fx. 100Base-Sx can operate at distances up to 300 meters (980 ft) 


100Base-Sx uses the same wavelength as 10Base-Fl, the 10 MBit/s version over optical fiber. Unlike 
100Base-Fx, this allows 100Base-Sx to be backwards-compatible with 10Base-Fl. Because of the shorter 
wavelength used and the shorter distance it can support, 100Base-Sx uses less expensive optical components 
(LEDs instead of lasers) which makes it an attractive option for those upgrading from 10Base-Fl and those 
‘who do not require long distances. 
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100Base-Bx 


100Base-Bx is a version of Fast Ethernet over a single strand of optical fiber (unlike 100Base-Fx, 
which uses a pair of fibers). Single-mode fiber is used, along with a special multiplexer which splits the 
signal into transmit and receive wavelengths. The two wavelengths used for transmit and receive are either 
1310/1550 nm or 1310/1490 nm. Distances can be 10, 20, or 40 km. 


100VG-AnyLAN 


Based on 802.12 (Hewlett Packard), 100VG-AnyLAN uses an access method called Demand Priority. 

The “VG" stands for ‘Voice Grade’ as it is designed to be used with Category 3 cable. This is where the 
repeaters (hubs) carry out continuous searches around all of the nodes for those that wish to send data. Iftwo 
devices cause a ‘contention’ by wanting to send at the same time, the highest priority request is dealt with 
first, unless the priorities are the same, in which case both requests are dealt with at the same time (by 
alternating frames). The hub only knows about connected devices and other repeaters so communication is 
only directed at them rather than broadcast to every device in the broadcast domain (which could mean 100°s 
of devices!). This is a more efficient use of the bandwidth. This is the reason why the new standard was 
developed asit is not strictly Ethernet. Standard 802.12 is designed to better support both Ethernet and Token 
Ring. 


‘The encoding techniques used are SB/6B and NRZ. All four pairs of UTP are used. On Cat3 the 
longest cable run is 100 m but this increases to 200 m on CatS. The clock rate on each wire is 30 MHz; 
therefore 30 Mbits per second are transmitted on each pair giving a total bit rate of 120 Mbps. Since each 
6-bits of data on the line represents 5 bits of real data due to the SB/6B encoding, the rate of real data being 
transmitted is 25 Mbps on each pair, giving a total real data rate of 100 Mbps. For 2-pair STP and fiber, the 
bit rate is 120 Mbps on the transmitting pair, for a real data transmission rate of 100 Mbps. 


Gigabit Ethernet 


Although the functional principles of Gigabit Ethernet are the same as Ethernet and Fast Ethernet i. 
CSMAJCD and the Framing format, the physical setup is very different. One difference is the slot time. The 
standard Ethernet slot time required in CSMA/CD half-duplex mode is not long enough for running over 
100 m of copper, so Carrier Extension is used to guarantee a 512-bit slot time. 


1000Base-X (802.32) 

‘The 802.3z committee is responsible for formalizing the standard for Gigabit Ethernet. The 1000 
refers to 1 Gbps data speed. The existing Fiber Channel interface standard (ANSI X3T1 1) is used and allows 
up to 4.268 Gbps speeds. The Fiber Channel encoding scheme is 8B/10B. 

Gigabit Ethernet can operate in half or full duplex modes and there is also a standard 802.3x which 
manages XON/XOFF flow control in full duplex mode. With 802.3x, a receiving station can send a packet to 


a sending station to stop it sending data until a specified time interval has passed. 


‘There are three media types for 1000Base-X. 1000Base-Sx, 1000Base-Lx, and 1000Base-Cx. 


9-71 


1000Base-Sx (‘S” is for Short Haul) uses short-wavelength laser (850 nm) over multi-mode fiber. 
1000Base-Sx can run up to 300 mon 62.5/125 jum multimode fiber and up to $50 m on 50/125 jum multimode 
fiber. 


1000Base-Lx (*L’ is for Long Haul) uses long wavelength laser (1300 nm) and can run up to 550m. 
on 62.5/125 jm multi-mode fiber or 50/125 yum multi-mode fiber. In addition, 1000Base-Lx can run up to 
5 km (originally 3 km) on single-mode fiber using 1310 nm wavelength laser. 


1000Base-Cx is a standard for STP copper cable and allows operation up to 25 m over STP cable. 


1000Base-T (802.3ab) 


Many cable manufacturers are enhancing their cable systems to “enhanced Category 5° (Cat Se) 
standards in order to allow Gigabit Ethernet to run at up to 100 mon copper. The Category 6 standard has yet 
to be ratified, and is not being pursued very strongly. 


In order to obtain the 1000 Mbps data bit rate across the UTP cable without breaking the FCC rules 
for emission, all 4 pairs of the cable are used. Hybrid circuits at each end of each pair are used to allow 
simultaneous transmission and reception of data (full-duplex) by separating the transmission signal from the 
receiving signal. Because some transmission signal still manages to couple itself to the receiving side there is 
an additional echo canceller built in, this is called a Near End Crosstalk (NEXT) canceller. 


Encoding is carried out with PAM-S. 
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TRANSMISSION CONTROL PROTOCOL / INTERNET PROTOCOL 


Transmission Control Protocol / Internet Protocol (TCP/IP) is the communication protocol for the 
Internet. 


Whereas IP handles lower-level transmissions from computer to computer as a message makes its 
‘way across the Intemet, TCP operates at a higher level, concemed only with the two end systems, for example 
a Web browser and a Web server. In particular, TCP provides ordered delivery of a stream of bytes from a 
program on one computer to another program on another computer. Besides the Web, other common 
applications of TCP include e-mail and Internet file transfer like FTP. Among its other management tasks, 
TCP controls message size, the rate at which messages are exchanged, and network traffic congestion. Your 
computer Internet address is a part of the standard TCP/IP protocol and so is your domain name. 


Inside the TCP/IP standard there are several protocols for handling data communication: 


TCP (Transmission Control Protocol) communication between applications 
UDP (User Datagram Protocol) simple communication between applications 
IP (Internet Protocol) communication between computers 

ICMP (Internet Control Message Protocol) for errors and statistics 

DHCP (Dynamic Host Configuration Protocol) for dynamic addressing 


TCP: If one application wants to communicate with another via TCP, it sends a communication 
request. This request must be sent to an exact address. TCP is responsible for breaking data down into IP 
packets before they are sent, and for assembling the packets when they arrive. After a “handshake” between 
the two applications, TCP will set up a “full-duplex” communication between the two applications. The “full- 
duplex” communication will occupy the communication line between the two computers until itis closed by 
one of the two applications. UDP is very similar to TCP, but simpler and less reliable. 


IP: IP is responsible for sending the packets to the correct destination. IP does not occupy the 
communication line between two computers and hence reduces the need for network lines. Each line can be 
used for communication between many different computers at the same time. With IP, messages (or other 
data) are broken up into small independent “packets” and sent between computers via the Internet. IP is 
responsible for “routing” each packet to the correct destination. 


When an IP packet is sent from a computer, it arrives at an IP router. The IP router is responsible for 
“routing” the packet to the correct destination, directly or via another router. The path the packet will follow 
might be different from other packets in the same communication chain. The router is responsible for the 
right addressing, depending on traffic volume, errors in the network, or other parameters. 


Each computer must have a unique IP address before it can connect to the Internet. Each IP packet 
must also have an address before it can be sent to another computer. TCP/IP uses 32 bits (4 bytes), of four 
numbers between 0 and 255, separated by a period, to address a computer. A typical IP address is of the 
format: 192.255.30.50 


Domain Names: A name is much easier to remember than a 12 digit number. The names used for 
TCP/IP addresses are called domain names. “navy.mil” is a domain name. Subdomains are identified by 
prefixes to the main domain name (separated by a period). When you address a web site, like 
http://www.navair.navy.mil the name is translated to a number by a Domain Name System (DNS) Server. 
DNS servers are connected to the Internet all over the world. When a new domain name is registered together 
with a TCP/IP address, all DNS servers are updated with this information. 
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BROWSER AND OTHER APPLICATION LAYER PROTOCOLS. 


DHCP - Dynamic Host Configuration Protocol. DHCP is used for allocation of dynamic IP addresses to 
computers in a network. 


FTP - File Transfer Protocol. FTP takes care of transmission of data files between computers. 


HTTP - Hyper Text Transfer Protocol - takes care of the communication between a web server and a web 
browser. It is used for sending requests from a web client (a browser) to a web server, returning web content 
(web pages) from the server back to the client. 


HTTPS - Secure HTTP. HTTPS typically handles credit card transactions and other sensitive data. 


IMAP - Internet Message Access Protocol. The IMAP protocol is used by email programs (like Microsoft 
Outlook) just like the POP protocol (discussed below). The main difference between the IMAP protocol and 
the POP protocol is that the IMAP protocol will not automatically download all your emails each time your 
email program connects to your email server. The IMAP protocol allows you to look through your email 
‘messages at the email server before you download them. With IMAP you can choose to download your 
‘messages or just delete them. This way IMAP is useful if you need to connect to your email server from 
different locations, but only want to download your messages when you are back in your office. 


NTP - Network Time Protocol. NTP is used to synchronize the time (the clock) between computers. 
POP - Post Office Protocol. The POP protocol is used by email programs (like Microsoft Outlook) to retrieve 
emails from an email server. If your email program (also called email client), uses POP, all your emails are 
downloaded to your computer each time it connects to your email server. 

SMTP - Simple Mail Transfer Protocol. The SMTP protocol is used for the transmission of e-mails to another 
computer. Normally your email is sent to an email server (SMTP server), and then to another server or 
servers, and finally to its destination, SMTP can only transmit pure text. It cannot transmit binary data like 
pictures, sounds, or movies directly. SMTP uses the MIME protocol to send binary data across TCP/IP 
networks. 


SNMP - Simple Network Management Protocol. SNMP is used for administration of computer networks. 


PRESENTATION LAYER PROTOCOLS 


MIME - Multi-purpose Intemet Mail Extensions protocol. Converts binary data to pure text. The MIME 
protocol lets SMTP transmit multimedia files including voice, audio, and binary data. 


SSL - Secure Sockets Layer. The SSL protocol is used for encryption of data for secure data transmission. 


LOWER LAYER PROTOCOLS 


ARP - Address Resolution Protocol. ARP is used by IP to find the hardware address ofa computer network 
card based on the IP address. 


BOOTP - Boot Protocol. BOOTP is used for booting (starting) computers from the network 
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ICMP - Internet Control Message Protocol. ICMP takes care of error-handling in the network. 


LDAP - Lightweight Directory Access Protocol. LDAP is used for collecting information about users and 
e-mail addresses from the intemet. 


PPTP - Point to Point Tunneling Protocol. PPTP is used for setting up a connection (tunnel) between private 
networks. 


RARP - Reverse Address Resolution Protocol. RARP is used by IP to find the IP address based on the 
hardware address of a computer network card. 
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GLOSSARY 


ACCEPTABLE DEGRADATION - The allowable reduction in system performance. For a fire 
control radar, the acceptable degradation is usually expressed as a reduction in range; for example, the 
maximum lock-on range might be degraded by 25 percent without loss of essential defense capability. 


ACQUISITION - A procedure by which a fire control tracking radar attains initial lock-on. Usually, 
the approximate target coordinates are supplied to the tracking radar and it searches a predetermined volume 
of space to locate the target. 


AEROSOLS - Solid particles dispersed in the atmosphere having resonant size particles with a high 
index of refraction. The particles both scatter and absorb visual and laser directed energy so as to cut down 
‘on weapon systems directed by these techniques. 


AFC (AUTOMATIC FREQUENCY CONTROL) - An arrangement whereby the frequency of an 
oscillator or the tuning of a circuit is automatically maintained within specified limits with respect to a 
reference frequency. A magnetron drifts in frequency over a period of time. The AFC of a radar makes the 
local oscillator shift by an equal amount so the IF frequency will remain constant. 


AGC (AUTOMATIC GAIN CONTROL) - A method for automatically obtaining an essentially 
constant receiver output amplitude. The amplitude of the received signal in the range gate determines the 
AGC bias (a DC voltage) which controls the receiver gain so as to maintain a nearly constant output even 
though the amplitude of the input signal changes. 


AMPLIFIER - An electronic device used to increase signal magnitude or power. See also GaAs FET 
Amplifier, Klystron Amplifier, Traveling-Wave Tube Amplifier. 


AMPLITUDE MODULATION (AM) - A method of impressing a message upon a carrier signal by 
causing the cartier amplitude to vary proportionally to the message waveform, 


AMPLITUDE SHIFT KEYING (ASK) - A method of impressing a digital signal upon a carrier signal 
by causing the carrier amplitude to take different values corresponding to the different values of the digital 
signal. 


ANGLE JAMMING - ECM technique, when azimuth and elevation information from a scanning fire 
control radar is jammed by transmitting a jamming pulse similar to the radar pulse, but with modulation 
information out of phase with the returning target angle modulation information. 


ANGULAR SEPARATION - This term is frequently used to indicate a protective (from EMI) zone 
for a missile. The interfering antenna axis must be separated, throughout the critical portion of the missile 
flight, from the missile by the specified angle. The vertex of the angle is at the interference source antenna. 


ANTENNA BEAMWIDTH - The angle, 3a oe 


in degrees, between the half-power points | pe ea 
(3 4B) of an antenna beam. This angle is also | R7&%e ee oe 
nearly that between the center of the mainlobe SSS aed 


and the first null. The angle is given for both 
horizontal and vertical planes unless the beam is, 
circular. When so indicated, the term may refer to the angular width of the mainlobe between first nulls 
[beamwidth between first nulls (BWEN)]. See also Antenna Pattern. The figure illustrates vertical profile for 
antenna displaying a 10-degree beamwidth characteristic. The values can vary dramatically with frequency, 
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ANTENNA CROSS TALK - A measure of undesired power transfer through space from one antenna 
to another. Ratio of power received by one antenna to power transmitted by the other, usually expressed in 
decibels 


ANTENNA ISOLATION - The ratio of the power input to one antenna to the power received by the 
other. It can also be viewed as the insertion loss from transmit antenna input to receive antenna output to 
circuitry. 


ANTENNA LOBING - Two lobes are created 
that overlap and intercept at -1 to -3 dB. The 
difference between the two lobes produces much 
‘greater spatial selectivity than provided by either lobe 
alone. (See also Lobe, Antenna.) 


ANTENNA NUTATING - An antenna, as 
used in automatic-tracking radar systems, consisting of 
aparabolic reflector combined with a radiating element 
which is caused to move in a small circular orbit about 
the focus of the antenna with or without change of polarization. The radiation pattern is in the form of a beam 
that traces out a cone centered on the reflector axis. The process is also known as nutating conical scanning. 


ANTENNA PATTERN - A cross section of the 
radiating pattern (representing antenna gain or loss) in any 
plane that includes the origin (source reference point) of | rets,zme 
the pattem, Both horizontal and vertical polar plots are | mss rm 
normally used to describe the pattern. Also, termed “polar 
diagram” and “radiation pattern.” 


ANTENNA, PENCIL-BEAM - A_ highly 
directional antenna designed that cross sections of the 
major lobe are approximately circular, with a narrow beamwidth 


ANTI-CLUTTER CIRCUITS (IN RADAR) - Circuits which attenuate undesired reflections to permit 
detection of targets otherwise obscured by such reflections, 


APERTURE - In an antenna, that portion of the plane surface area near the antenna perpendicular to 
the direction of maximum radiation through which the major portion of the radiation passes. The effective 
and/or scattering aperture area can be computed for wire antennas which have no obvious physical area. 


A-SCOPE - A cathode-ray oscilloscope used in radar systems to display vertically the signal 
amplitude as a function of time (range) or range rate. Sometimes referred to as Range (R)-Scope. 


ASYNCHRONOUS PULSED JAMMING - An effective form of pulsed jamming. The jammer 
nearly matches the pulse repetition frequency (PRF) of the radar; then it transmits multiples of the PRF. It is 
more effective if the jammer pulsewidth is greater than that of the radar. Asynchronous pulsed jamming is 
similar to synchronous jamming except that the target lines tend to curve inward or outward slightly and 
appear fuzzy in the jammed sector of a radar scope. 


ATTENUATION - Decrease in magnitude of current, voltage, or power of a signal in transmission 
between two points. May be expressed in decibels, 
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AUTOMATIC FREQUENCY CONTROL - See AFC 


AUTOMATIC GAIN CONTROL - See AGC. 


BACKWARD WAVE OSCILLATOR (BWO) - A cross-field device in which an electron stream 
interacts with a backward wave on a nonreentrant circuit. This oscillator may be electronically tuned over a 
wide range of frequencies, is relatively unaffected by load variations and is stable. BWO is commonly 
pronounced * 


BALANCED MIXERS - The two most frequently encountered mixer types are single-balanced and 
double-balanced. In a double-balanced mixer, four Schottky diodes and two wideband transformers are 
‘employed to provide isolation of all three ports 


BALLISTIC MISSILE - Any missile which does not rely upon aerodynamic surfaces to produce lift 
and consequently follows a ballistic trajectory when thrust is terminated. 


BANDPASS FILTER - A type 
of frequency discrimination network | _|"Put Gutput 
designed to pass a band or range of | Strength Strength 
frequencies and produce attenuation to 
all other frequencies outside of the pass 
region. The figure illustrates a typical 
bandpass filter, incorporating a 
bandpass region of (F,)-(F)), offering no 
rejection (0 dB) to desired signal (Fy) 
and much higher rejection to the 
adjacent undesired signals Fy, and F, 
‘The upper and lower frequencies are usually specified to be the half power (-3 dB) or half voltage points, 
(6 4B). 


Attenuation 
S- 


§ f 11 


fta Frequency ma toate 


BANDWIDTH - An expression used to define the actual operational frequency range of a receiver 
when itis tuned to a certain frequency. For a radar receiver, it is the difference between the two frequencies 
at which the receiver response is reduced to some fraction of its maximum response (such as 3 dB, 6 dB, or 
some other specified level). The frequencies between which “satisfactory” performance is achieved. Two 
‘equations are used: 


Narrowband by % ( 


Fe Fi yoy) ; Broadband by ratio £* 


a Fi 


Where F,=Upper ; F\= lower ; F.=center=( F,+ F;)+2 


See also Receiver Bandwidth and Spectrum Width 


BARRAGE NOISE JAMMING - Noise jamming spread in frequency to deny the use of multiple 
radar frequencies to effectively deny range information. Although this is attractive because it enables one 
jammer to simultaneously jam several radars of different frequencies, it does have the inherent problem that, 
the wider the jamming spread, the less jamming power available per radar, i.e. the watts per MHz bandwidth 
is low. 


BATTERY, MISSILE - A missile battery consists ofa missile launcher and its associated missile fire 
control systems (such as a MK 11 MOD 0 Missile Launcher and two MK 74 MOD 0 Missile Fire Control 
Systems). 
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BEACON - A system wherein a transponder in a missile receives coded signals from a shipboard 
radar guidance transmitter and transmits reply signals to a shipboard radar beacon receiver to enable a 
‘computer to determine missile position. The missile beacon transmitter and shipboard radar beacon receiver 
are tuned to a frequency different from that of the guidance transmitter. 


BEAM - See Lobe, antenna. The beam is to the side of an aircraft or ship. 


BEAM, CAPTURE - See Capture Beam, 


BEAM-TO-BEAM CORRELATION (BBC) - BBC is used by frequency scan radars to reject pulse 
jamming and jamming at a swept frequency. Correlation is made from two adjacent beams (pulses). The 
receiver rejects those targets (signals) that do not occur at the same place in two adjacent beams 


BEAMWIDTH - See Antenna Beamwidth 
BEAT FREQUENCY OSCILLATOR (BFO) - Any oscillator whose output is intended to be mixed 
with another signal to produce a sum or difference beat frequency. Used particularly in reception of CW 


transmissions, 


BINGO - The fuel state at which an aircraft must leave the area in order to return and land safely, 
Also used when chaffiflares reach a preset low quantity and automatic dispensing is inhibited. 


BIPOLAR VIDEO - Unrectified (pre-detection) IF (both positive and negative portions of the RF 
envelope) signals that arise from the type of detection and console display employed in pulse Doppler and 
MTI receivers. 


BISTATIC RADAR - A radar using antennas at different locations for transmission and reception, 

BLANKING - The process of making a channel, or device non-effective for a certain interval. Used 
for retrace sweeps on CRTs of to mask unwanted signals such as blanking ones own radar from the onboard 
RWR. 

BOGEY - Unknown air target. 

BURN-THROUGH RANGE - The ability ofa radar to see through jamming. Usually, described as 
the point when the radar’ target return is a specified amount stronger than the jamming signal (typical values 


are 6 dB manual and 20 dB automatic). See Section 4-8. 


BUTT LINE - Line used for reference in measurement of lefl/right location. One of several aircraft 
references. See also fuselage station and water line. 


CAPTURE BEAM - A wide beam 
incorporated in capture transmitters of beam cupgmce 


rider (command guided) missile systems to Messe ae 
facilitate gaining initial control of a missile Beat 
immediately after launch. Upon capture, the 

system then centers the missile in the narrow Gating 


guidance beam. The figure illustrates a 
launched missile at point of capture. 
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CAPTURE TRANSMITTER - A transmitter employing a wide beam antenna to gain initial control of 
in-flight missile for the purpose of centering the missile in the guidance transmitter antenna beam. See also 
Capture Beam. 


fe (Carrler Froquani 
CARRIER FREQUENCY - The basic ‘ mae 
radio frequency of the wave upon which ‘SpoetlLIne pacing PRI 
modulations are impressed. Also called 

“Carrier” or f. See figure at right. fail cha a 


CATCH-22 - A lose-lose situation, 
from the book of the same name. bw 


Frequency 
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CAVITY - A space enclosed by a conducting surface used as a resonant circuit at microwave 
frequencies. Cavity space geometry determines the resonant frequency. A storage area for oscillating 
electromagnetic energy. 


CENTER FREQUENCY - The tuned or operating frequency. Also referred to as center operating 
frequency. In frequency diversity systems, the midband frequency of the operating range. See also Carrier 
Frequency. 


CHAFF - Ribbon-like pieces of metallic materials or metalized plastic which are dispensed by aircraft 
or ships to mask or sereen other “targets.” The radar reflections off the chaff may cause a tracking radar to 
break lock on the target. The foil materials are generally cut into small pieces for which the size is dependent 
upon the radar interrogation frequency (approximately 1/2 wave length of the victim radar frequency). Being 
this length, chaff acts as a resonant dipole and reflects much of the energy back to the radar. Also see 
rainbow, rope, stream chaff, and window. 


CHANNEL - A frequency or band of frequencies. In guided missile systems, an assigned center 
frequency and a fixed bandwidth around it. Designates operating frequency of track radars and 
frequency/code assignments of X-band CW illuminators. 


CHIRP - A pulse compression technique which uses frequency modulation (usually linear) on pulse 
transmission. 


CHIRP RADAR - See PC. 


CIRCULARLY POLARIZED JAMMING - The techniques of radiating jamming energy in both 
planes of polarization simultaneously. With this method, there is a loss of 3 dB of effective power in either 
linear plane, and substantial loss if the opposite sense of circular polarization is used (i.e. left vs. right). See 
Section 3-2. 


CLUTTER, RADAR - Undesired radar ‘exoume os 
returns or echoes resulting from man-made or pre ) 
natural objects including chaff, sea, ground, and |p Som 7 


rain, which interfere with normal radar system 
observations. The figure illustrates a target being masked by ground clutter 


CO-CHANNEL - This term is used to indicate that two (or more) equipments are operating on the 
same frequency. 


COHERENT - Two signals that have a set (usually fixed) phase relationship. 
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COINCIDENCE DETECTOR - This radar video process requires more than one hit in a range cell 
before a target is displayed. This prevents video interference from pulses coming from another radar, because 
such interference is unlikely to occur twice in the same range cell 


COLLIMATION - The procedure of aligning fire control radar system antenna axes with optical line 
of sight, thereby ensuring that the radars will provide for correct target illumination and guidance beam 
positioning. 


COMMAND CODE - Modulations superimposed upon transmitter carrier signals to provide 
electronic instructions to an airborne guided missile or pilotless aircraft. The receiver of the remotely guided 
vehicle is preset to accept only a selected transmitter code to eliminate the possibility of the vehicle 
responding to commands of extraneous signals. Missile command codes include instructions such as arm, 
warhead detonate, and self destruct. 


COMMAND GUIDANCE - A guidance system wherein intelligence transmitted to the missile from 
‘an outside source causes the missile to traverse a directed flight path. 


CONICAL SCAN - See Antenna, Nutating. 


CONTINUOUS WAVE and CONTINUOUS WAVE ILLUMINATOR - See CW and CWL 


COOPERATIVE COUNTERMEASURES - (CO-OP) Generic term for jamming the same threat 
radar from two or more separate platforms that are in the same radar resolution cell. 


COUPLING FACTOR - A multiplying factor, expressed in dB, used to express the change in EM 
energy intensity from a radar transmitter to a receiver. The factor includes the antenna gains and the loss 
(basic transmission loss) caused by the distance between the antennas. The factor will usually be a negative 
4B figure (a reduction in intensity) because basic transmission loss is always a large negative value. The 
antenna gains may be positive (pointed toward each other) or negative (no main beam interactions). 


CROSS MODULATION - Intermodulation caused by modulation of the carrier by an undesired 
signal wave. 


CROSS POLARIZATION - or “Cross Pole,” is a monopulse jamming technique where a cross- 
polarized signal is transmitted to give erroneous angle data to the radar. The component of the jamming 
signal with the same polarization as the radar must be very small. 


CW (CONTINUOUS WAVE) - In radar and EW systems this term means that the transmitter is on 
constantly; ie., not pulsed (100% duty cycle). These systems may frequency or phase modulate the 
transmitter output. A CW radar has the ability to distinguish moving targets against a stationary background 
while conserving spectrum bandwidth compared to pulsed radar requirements. A CW radar extracts accurate 
target range-rate data but cannot determine target range. 


CWI (CONTINUOUS WAVE ILLUMINATOR) - A surface or aircraft-based CW transmitter 
‘employed in semiactive homing missile systems where the transmitter illuminates the target and the missile 
senses the reflected energy. ‘The transmitter also provides a reference signal to the missile rear receiver to 
allow determination of range-rate data and target identification, CW transmitter emissions are sometimes 
coded corresponding to the associated missile receiver codes to reduce the possibility of the “missile 
accepting commands of extraneous signals. 
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DECIBEL (dB) - A dimensionless unit for expressing the ratio of two values of power, current, or 
voltage. The number of decibels being equal to: 4B = 10 log P/P; = 20 log V/V; = 20 log Ii/h, 
Normally, used for expressing transmission gains, losses, levels, and similar quantities. See Section 2-4. 


DECEPTION - The deliberate radiation, reradiation, alteration, absorption or reflection of 
electromagnetic energy in a manner intended to mislead the enemy interpretation or use of information 
received by his electronic systems. 

dB - See Decibel, or Decibel Section 2-4, 


Be - Decibels referenced to the carrier signal. 


dBi - Decibels referenced to an isotropic radiator. (4BLi indicating linear isotropic radiator is 
sometimes used). 


dBm - Decibels relative to 1 mW. dBm is calculated by using the ratio of some power (expressed in 
mW) to | mW. For example, 1 mW is 0 dBm and 10 mW is +10 dBm. 


dBsm - Decibel referenced to one square meter. 
dBv / dBuv - Decibels referenced to one volt or microvolt, ic. 0 dBv is | volt or 120 dBay. 


dBW / dBuW - Decibels referenced to | watt or one microwatt, i.e. 0 dBW is | watt or 30 dBm or 
60 dBuW. 


DEMODULATOR - A device employed to separate the modulation signal from its associated cartier, 
also called Second Detector. See also Detection. 


AMPLITUDE 
DESIGNATION - The assignment of a | QMPHTUDE, 
fire control radar to a specific target by supplying | ENVELOPE 
target coordinate data to the radar system. 
RF CARRIER 
DETECTION - Usually refers to the 
technique of recovering the amplitude | peyecqep 
modulation signal (envelope) superimposed ona | SIGNAL 
carrier. See figure at right. 


DICKE FIX - This type of radar processing occurs in the IF amplifier. A limiter follows a wideband 
amplifier, and then the signal goes to a matched filter amplifier. This discriminates against pulses that are too 
ong (clutter) or too short (interference). ‘The “DICKE FIX” is a technique that is specifically designed to 
protect the receiver from ringing caused by noise, fast-sweep, or narrow pulse jamming. The basic 
configuration consists of a broadband limiting IF amplifier, followed by an IF amplifier of optimum 
bandwidth. The limit level is preset at approximately the peak amplitude of receiver noise, the bandwidth 
may vary from 10 to 20 MHz, depending on the jamming environment. This device provides excellent 
discrimination against fast sweep jamming (10-500 MHz), usually something on the order of 20 to 40 dB, 
without appreciable loss in sensitivity. However, strong CW jamming will seriously degrade the performance 
of the DICKE FIX because the CW signal captures the radar signal in the limiter. 


DIFLECTRICALLY STABILIZED OSCILLATOR - The DSO uses a dielectric resonator as the 
frequency determining element. When the dielectric material is properly selected and used, the variations in 
dielectric constant vs. temperature and the dimensions of the resonant structure vs, temperature tend to cancel 
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out, providing relatively good frequency vs. temperature stability. The DSO offers frequeney accuracy and 
stability, low power consumption and high reliability. Some of the commonly used materials are barium, 
zirconium, or tin tinates. The composition of these materials may be controlled to achieve any frequency 
variation with temperature with close tolerances. 


DIODE - An electronic device which restricts current flow chiefly to one direction, See also Gunn 
diode, IMPATT diode, PIN diode, point contact diode, Schottky barrier diode, step recovery diode, tunnel 
diode, varactor diode. 


DIODE SWITCH - PIN-diode switches provide state-of-the-art switching in most present-day 
microwave receivers. These switches are either reflective or nonreflective in that the former reflect incident 
power back to the source when in the isolated state. While both types of switches can provide high isolation 
and short transition times, the reflective switch offers multi octave bandwidth in the all shunt diode 
configuration, while the non-reflective switch offers an octave bandwidth 


DIPLEX - The simultaneous transmission or reception of two signals using a common feature such as 
asingle antenna or cartier. Typically, two transmitters operate alternately at approximately the same RF and 
using a common antenna. See Section 6-7 for a discussion of diplexers 


DIRECTIONAL COUPLER - A 4-port transmission coupling device used to sample the power 
traveling in one direction through the main line of the device. There is considerable isolation (typically 
20 dB) to signals traveling in the reverse direction. Because they are reciprocal, the directional coupler can 
also be used to directively combine signals with good reverse isolation. The directional coupler is 
implemented in waveguide and coaxial configurations. See Section 6-4 


DIRECTIVITY - For antennas, directivity is the maximum value of gain in a particular direction, 
(Isotropic point source has directivity = 1). For directional couplers, directivity is a measure (in dB) of how 
good the directional coupling is and is equal to the isolation minus the coupling. See Section 6-4. 


DISH - A microwave reflector used as part of a radar antenna system. The surface is concave and is 
usually parabolic shaped. Also called a parabolic reflector. 


DOPPLER EFFECT - The apparent 
change in frequency ofan electromagnetic wave smaalcreen eeva: 
caused by a change in distance between the 
transmitter and the receiver during 
transmission/reception. The figure illustrates the 
Doppler increase that would be realized by 
comparing the signal received from a target | RECEIVED arenas 
approaching the radar site to the transmitted 
reference signal. An apparent frequency decrease would be noted for targets departing the radar location 
Differences can be calibrated to provide target range-rate data. 


DRY RUN - A test run with aircraft/ship armament and/or EW switches off. 


DUCTING - The increase in range that an electromagnetic wave will travel due to a temperature 
inversion of the atmosphere. The temperature inversion forms a channel or waveguide (duct) for the waves to 
travel in, and they can be trapped, not attenuating as would be expected from the radar equation, 


DUMMY LOAD (Radio Transmission) - A dissipative but essentially nonradiating substitute device 
having impedance characteristics simulating those of the antenna. This allows power to be applied to the 
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radar transmitter without radiating into free space. Dummy loads are commonly used during EMCON 
conditions or when troubleshooting a transmitter at a workbench away from its normal environment 


DUPLEXER - A switching device used in radar to permit alternate use of the same antenna for both 
‘transmitting and receiving, 


DUTY CYCLE- The ratio of average power to peak au 

power, or ratio of pulse length to interpulse period for pulsed 4] [ees [| 

transmitter systems. Interpulse period is equal to the | | jvensce rower 
reciprocal of the pulse repetition rate 1 aaara ee ence 

See Section 2-5 


‘The duty cycle of a radar having a pulse length of 0.3 sec and a PRF of 2000 pulses/sec is computed 
as follows: 
Interpulse Period, T = PRI = I/PRF = $00 psec 


Pulselength __ 03 USC _ 9 ga9¢ (oy 9,9694) oF Duty Cycle (4B) = 10log(Duty cycle) =-32.2 dB 
Tnterpulse Period 500 musee 


Duty Cyele= 
An output tube providing an average power of only 90 watts for such a system would, therefore, provide a 
peak power of: 


Average Power 90 


Peak Power = eae 
Duty Cycle 0.0006 


150,000 W or 52 dBW or 82 dBm 


EFFECTIVE RADIATED POWER (ERP) - Input power to the antenna in watts times the gain ratio 
of the antenna. When expressed in dB, ERP is the transmitter power (P1), in dBm (or dBW) plus the antenna 
gain (Gr) in dB. The term EIRP is used sometimes and reiterates that the gain is relative to an isotropic 
radiator. 


EGRESS - Exit the target area. 


;CTROMAGNETIC COUPLING - The transfer of electromagnetic energy from one circuit or 
system to another circuit or system. An undesired transfer is termed EMI (electromagnetic interference). 


EMC (ELECTROMAGNETIC COMPATIBILITY) - That condition in which electrical/eleetronie 
systems can perform their intended function without experiencing degradation from, or causing degradation to 
other electrical/electronic systems. More simply stated, EMC is that condition which exists in the absence of 
EML. See also Intersystem and Intrasystem EMC tests. 


EME (ELECTROMAGNETIC ENVIRONMENT) - The total electromagnetic energy in the RF 
spectrum that exists at any given location. 


EMI (ELECTROMAGNETIC INTERFERENCE) - Any induced, radiated, or conducted electrical 
emission, disturbance, or transient that causes undesirable responses, degradation in performance, or 
malfunctions of any electrical or electronic equipment, device, or system. Also synonymously referred to as 
RFI (Radio Frequency Interference). 


EMI MODEL - Usually a set of equations or logical concepts designed to illustrate the interactions, 


the detailed parameters considerations, and mathematical procedures necessary for proper analysis ofa given 
EMI situation. 
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EMITTER - Any device or apparatus which emits electromagnetic energy. 


EMP (ELECTROMAGNETIC PULSE) - The generation and radiation of a very narrow and very 
high-amplitude pulse of electromagnetic noise. It is associated with the high level pulse as a result of a 
nuclear detonation and with intentionally generated narrow, high-amplitude pulse for ECM applications. In 
the case of nuclear detonations, EMP consists of a continuous spectrum with most of its energy distributed 
through the low frequency band of 3 KHz to 1 MHz. 


ERROR SIGNAL - In servomechanisms, the signal applied to the control circuit that indicates the 
degree of misalignment between the controlling and the controlled members. In tracking radar systems, a 
voltage dependent upon the signal received from a target whose polarity and magnitude depend on the angle 
between the target and the center axis of the scanning beam, 


EAST TIME CONSTANT - See FTC. 


T DRY / Aircraft has crossed from water to shore / aircraft has crossed from shore to 


water. 


FERRET - Anaircraft, ship, or vehicle especially equipped for the detection, location, recording, and 
analyzing of electromagnetic radiations. 


FIELD STRENGTH - The magnitude of a magnetic or electric field at any point, usually expressed in 
terms of ampere turns per meter or volts pet meter. Sometimes called field intensity and is expressed in 
volts/meter or dBuwimeter. Above 100 MHz, power density terminology is used more often. See 
Section 4-1 


FIRST HARMONIC - The fundamental (original) frequency. 


FREQUENCY AGILITY - A radar’s ability to change frequency within its operating band, usually on 
apulse-to-pulse basis. This is an ECCM technique employed to avoid spot jamming and to force the jammer 
to go into a less effective barrage mode. 


FREQUENCY AGILITY RADAR - A radar that automatically or semiautomatically tunes through a 
discrete set of operating frequencies in its normal mode of operation. 


FREQUENCY DIVERSITY RADAR - A radar system technique, employed primarily as an 
antijamming feature, where the transmitter output frequency varies randomly from pulse to pulse over a wide 
frequency range. 


FREQUENCY RANGE -(1) A specifically designated portion of the frequency spectrum; (2) of a 
device, the band of frequencies over which the device may be considered useful with various circuit and 
operating conditions; (3) of a transmission system, the frequency band in which the system is able to transmit 
power without attenuating or distorting it more than a specified amount. 


QUENCY SHIFT KEYING (FSK) - A form of FM where the carrier is shifted between two 
frequencies in accordance with a predetermined code. In multiple FSK, the carrier is shifted to more than two 
frequencies. FSK is used principally with teletype communications. 


RUIT” - In a radar beacon system, there is a type of interference called “FRUIT,” caused by 
beacon replies to interrogation asynchronous with the observer's interrogator. The largest amount of this 
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interference is received through the sidelobes of the interrogating antenna, but it can become dense enough to 
cause false target indications. 


FTC (FAST TIME CONSTANT) - An antijam feature employed in radar systems where receiver 
circuits may be selected to provide a short time constant to emphasize signals of short duration to produce 
discrimination against the low frequency components of clutter. 


FUNDAMENTAL FREQUENCY - Used synonymously for tuned frequency, carrier frequency, 
center frequency, output frequency, or operating frequency. 


FUSELAGE STATION or just STATION - A reference point (usually the nose of an aircraft) used to 
measure or identify fore and aft locations. One of several aircraft location designations - also see butt line and 
water line, 


GaAs FET AMPLIFIER - Because of their low noise, field-effect transistors are often used as the 
input stage of wideband amplifiers. Their high input resistance makes this device particularly useful in a 
variety of applications. Since the FET does not employ minority current carriers, carrier storage effects are 
eliminated giving the device faster operating characteristics and improved radiation resistant qualities. 


GAIN - For antennas, the value of power gain in a given direction relative to an isotropic point source 
radiating equally in all directions. Frequently expressed in dB (gain of an isotropic source = 0 dB). ‘The 
formula for calculating gain is: 


42 P (0,9) P(0,6)= Radiation intensity in given direction 


G : where 


1. = Power into lossless antenna radiating uniformly in all directions 


Note: (1) If radiation efficiency is unity, then gain = directivity ie. if directivity =2, then gain = 3 dB, ete. 
(2) Interference losses within an array also affect gain 
(3) See Section 3-1 for further details 


For amplifiers, gain is the ratio of the output power to input power (usually in dB), 


GATE (RANGE) - A signal used to select radar echoes corresponding to a very short range 
increment. Range is computed by moving the range gate or marker to the target echo; an arrangement which 
permits radar signals to be received in a small selected fraction of the time period between radar transmitter 
pulses. 


ATING - (1) The process of selecting those portions of a wave which exist during one or more 
selected time intervals; (2) the application of a square waveform of desired duration and timing to perform 
electronic switching; (3) the application of receiver operating voltages to one or more stages only during that 
portion of a cycle of operation when reception is desired. See also Gate (Range), 


GCI (GROUND-CONTROLLED INTERCEPT) - Vectoring an interceptor aircraft to an airborne 
target by means of information relayed from a ground-based radar site which observes both the interceptor 


and the target. 


|A - A prefix meaning 10° (times a billion). For example, gigahertz (GHz). 


GLINT (In Radar) - 1, The random component of target location error caused by variations in the 
phase front of the target signal (as contrasted with Scintillation Error). Glint may affect angle, range of 
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Doppler measurements, and may have peak values corresponding to locations beyond the true target extent in 
the measured coordinate. 2. Electronic countermeasures that uses the scintillating, or flashing effect of 
shuttered or rotating reflectors to degrade tracking or seeking functions of an enemy weapons system. 


GUARDBAND - A frequency band to which no other emitters are assigned as a precaution against 
interference to equipments susceptible to EMI in that band. 


GUIDANCE, BEAM RIDER - A missile guidance technique which is dependent on the missile’s 
ability to determine its positions with reference to the center of scan of the guidance radar beam and thus 
correct its trajectory on the basis of detected errors. 


GUIDANCE CODE - A technique of modulating guidance transmitter carriers with coded pulses 
compatible with the receiver code of the missile assigned that system, thus reducing the possibility of the 
missile accepting erroneous commands of other transmissions. 


GUIDANCE, COMMAND - A guidance system wherein intelligence transmitted to the missile from 
an outside source causes the missile to traverse a directed path in space. 


GUIDANCE, HOMING, ACTIVE - A system of homing guidance wherein both the transmitter and 
receiver are carried within the missile. 


GUIDANCE, HOMING, PASSIVE - A form of homing guidance, which is dependent on a missile’s 
ability to detect energy emitted by the target. Frequently termed Home-On-Jam (HO). 


GUIDANCE, HOMING, SEMIACTIVE - A system of homing guidance wherein the missile uses 
reflected signals from the target which has been illuminated by a source other than within the missile. See 
also CWL 


GUIDANCE, INERTIAL - A self-contained system independent of information obtained from 
outside the missile, usually using Newton’s second law of motion. 


JUNN DIODE - The Gunn diode is a transferred electron device which because of its negative 
resistance can be used in microwave oscillators or amplifiers. When the applied voltage exceeds a certain 
critical value, periodic fluctuations in current occur. The frequency of oscillation depends primarily upon the 
drift velocity of electrons through the effective length of the device. This frequency may be varied over a 
small range by means of mechanical tuning. 


HARMONIC - A sinusoidal component of a periodic wave or quantity having a frequeney that is an 
integral multiple of the fundamental frequency. For example, a component which is twice the fundamental 
frequency is called the second harmonic. (The fundamental is the first harmonic, which is frequently 
misunderstood.) 


HERTZ - The unit of frequency equal to one cycle per second, 
HOME-ON-JAM (HOJ) - See Guidance, Homing, Passive 
HORN ANTENNA - A flared, open-ended section of waveguide used to radiate the energy from a 


‘waveguide into space. Also termed “horn” or “horn radiator.” Usually linearly polarized, it will be vertically 
polarized when the feed probe is vertical, or horizontally polarized if the feed is horizontal. Circular 
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polarization can be obtained by feeding a square hor at a 45° angle and phase shifting the vertical or 
horizontal excitation by 90°. 


HYPERABRUPT VARACTOR OSCILLATOR - Due to a non-uniform concentration of N-type 
material (excess electrons) in the depletion region, this varactor produces a greater capacitance change in 
tuning voltage and a far more linear voltage-vs.-frequency tuning curve. As a result, this device has an 
improved tuning linearity and low tuning voltage. 


IF (INTERMEDIATE FREQUENCY) - The difference frequency resulting from mixing (beating) the 
received signal in a superheterodyne receiver with the signal from the local oscillator. The difference 


frequency product provides the advantages inherent to the processing (amplification, detection, filtering, and 
such) of low frequency signals. The receiver local oscillator may operate either below or above the receiver 
tuned frequency. A single receiver may incorporate multiple IF detection, 


IF = Fyo - Fo (for a local oscillator operating above the fundamental) 


where: 
Fo = Received fundamental frequency Antenna, 
Fro = Local oscillator frequency ee eoMH2 IF 


Desiradracalved 


‘The simplified block diagram illustrates a typical mixing | 51972! (150'MHe2) F 
procedure employed in radar systems to obtain desired Loa Osea 
IF frequencies. The local oscillator is tuned above the (rion) 


fundamental frequency in this example. It should be 
noted that an undesired signal received at the receiver image frequency of 1170 MHz will also produce the 
desired 60 MHz IF frequency; this relationship provides the receiver image. See also Image Frequency. 


IFF (IDENTIFICATION FRIEND OR FOE) - A system using radar transmission to which equipment 
carried by friendly forces automatically responds by emitting a unique characteristic series of pulses thereby 
distinguishing themselves from enemy forces. It is the “Mode IV” for the aircraft transponder. See also 
transponder. 


IMAGE FREQUENCY ~ | Desired received 
‘That frequency to which a given | Signal 1080 ME) 
supetheterodyne receiver is Fo FoF 
inherently susceptible, thereby 
rendering such a receiver extremely 
vulnerable to EMI at that | (pian 
frequency. The image frequency is 


Lower Sideband 
located at the same frequency IR Fo= at : 
difference (Af) to one side of the me |e, 


local oscillator as the tuned Py 
(desired) frequency is to the other beatae ata] 
side. An undesired signal received 
at the image frequency by a superheterodyne receiver not having preselection would, therefore, mix (beat) 
with the oscillator, produce the proper receiver IF, and be processed in the same manner as a signal at the 
desired frequency. See also receiver selectivity, 


IMAGE JAMMING - Jamming at the image frequency of the radar receiver. Barrage jamming is 
made most effective by generating energy at both the normal operating and image frequency of the radar. 
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Image jamming inverts the phase of the response and is thereby useful as an angle deception technique. Not 
effective if the radar uses image rejection. 


IMPATT DIODE - The IMPATT (IMPact Avalanche and Transit Time) diode acts like a negative 
resistance at microwave frequencies. Because of this property, Impatt diodes are used in oscillators and 
amplifiers. Usually the frequency range is in the millimeter wave region where other solid state devices 
cannot compete. 


INGRESS - Go into the target area. 


INSERTION LOSS - The loss incurred by inserting an element, device, or apparatus in an 
electrical/electronic circuit. Normally expressed in decibels determined as 10 log of the ratio of power 
‘measured at the point of insertion prior to inserting the device (P;) to the power measured after inserting the 
device (P2). Insertion loss (4B) = 10 log Py/P: 


INTEGRATION ~ Pulse radars usually obtain several echoes froma target. If these echoes 
are added to each other, they enhance the S/N ratio, making a weak target easier to detect. The noise and 
interference do not directly add from pulse to pulse, so the ratio of target strength to undesired signal strength 
improves making the target more detectable. Random noise increases by the square root of the number of 
integrations, whereas the signal totally correlates and increases directly by the number of integrations, 
therefore the S/N enhancement is equal to the square root of the number of integrations. 


INTERFERENCE - See EMI. 


INTERFERENCE PARAMETERS - Equipment and propagation characteristics necessary for the 
proper evaluation of a given EMI situation. 


INTERFERENCE/SIGNAL RATIO - See I/S Ratio. 


INTERFERENCE THRESHOLD - The level of interference normally expressed in terms of the US 
(interference/signal) ratio at which performance degradation in a system first occurs as a result of EML 


INTERFEROMETER - When two widely spaced antennas are arrayed together, they form an 
interferometer. The radiation pattern consists of many lobes, each having a narrow beamwidth. This antenna 
can provide good spatial selectivity if the lobe-to-lobe ambiguity can be solved such as using amplitude 
comparison between the two elements. 


INTERMODULATION - The production, in a nonlinear element (such as a receiver mixer), of 
frequencies corresponding to the sums and differences of the fundamentals and harmonics of two or more 
frequencies which are transmitted through the element; or, the modulation of the components of a complex 
wave by each other, producing frequencies equal to the sums and differences of integral multiples of the 
‘component frequencies of the complex wave. 


INTERSYSTEM EMC - EMC between the external electromagnetic environment (EME) and an 
aircraft with its installed systems. Generally, only system BIT must operate properly on the carrier deck 
while all system functions must operate properly in the operational EME. 


INTRASYSTEM EMC - EMC between systems installed on an aircraft, exclusive of an external 
environment. 
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INVERSE CON SCAN - One method of confusing a radar operator or fire control radar system is to 
provide erroneous target bearings. This is accomplished by first sensing the radar antenna scan rate and then 
modulating repeater amplifier gain so the weak portion of the radar signal is amplified by the jammer, while 
the strong portion is not, so the weapons systems will fire at some bearing other than the true target bearing. 
‘The angle deception technique is used to break lock on CONSCAN radars. 


INVERSE GAIN - Amplification, inverse modulation, and re-radiation of a radar’s pulse train at the 
rotation rate of the radar scan. Deceives a conical scanning radar in angle. 


ISOTROPIC ANTENNA - A hypothetical antenna which radiates or receives energy equally in all 
directions. 


US RATIO (INTERFERENCE-TO-SIGNAL RATIO) (ISR) - The ratio of electromagnetic 
interference level to desired signal level that exists at a specified point in a receiving system. The ratio, 
normally expressed in dB, is employed as a tool in prediction of electronic receiving system performance 
degradation for a wide range of interference receiver input levels. Performance evaluations compare actual 
VS ratios to minimum acceptable criteria, 


JAFF - Expression for the combination of electronic and chaff jamming. 


JAMMING - The deliberate radiation, reradiation, or reflection of electromagnetic energy with the 
object of impairing the use of electronic devices, equipment, or systems by an enemy. 


JATO - JAmmer Technique Optimization group -- Organization coordinates EA technique 
development and evaluation efforts in support of naval airborne EA (ALQ-99, USQ-113, ALQ-227, 
ALQ-231, ALE-43). The group is run out of PMA-234 and comprised of elements at NAWCWD-Point 
Mugu, Johns Hopkins University/ Applied Physics Lab, Naval Research Lab, and NSWC-Crane. Efforts 
include M&S, Lab test, ground test, flight test, direct fleet support, and requirements and test support to 
development programs. 


JINK - An aircraft maneuver which sharply changes the instantaneous flight path but maintains the 
overall route of flight. More violent than a weave. 


JITTERED PRF - An antijam feature of certain radar systems which varies the PRF consecutively, 
and randomly, from pulse to pulse to prevent enemy ECM equipment from locking on, and synchronizing 
with, the transmitted PRF. PRF is synonymous with pulse repetition rate (PRR). 


JTAT - JATO Techniques Analysis and Tactics -~- Analysis documents produced by JATO to advise 
EA systems operators on the best ways to employ their systems by region, mission and equipment 
configuration. Currently covering ALQ-99 and USQ-I113 on EA-6B; ALQ-99 and ALQ-227 on EA-18G, and 
ALQ-231 on AV-8B. 


KILO - A prefix meaning 10° (times one thousand). For example, kilohertz, 


KLYSTRON AMPLIFIER - An electron beam device which achieves amplification by the 
conversion of periodic velocity variations into conduction-current modulation in a field-free drift region, 
Velocity variations are launched by the interaction of an RF signal in an input resonant cavity and are coupled 
out through an RF output cavity. Several variations including reflex and multi cavity klystrons are used. 


KLYSTRON, MULTICAVITY - An electron tube which employs velocity modulation to generate or 
amplify electromagnetic energy in the microwave region. Since velocity modulation employs transittime of 


10-1.15 


the electron to aid in the bunching of electrons, transient time is not a deterrent to high frequency operations 
as is the case in conventional electron tubes. See also Velocity Modulation, 


KLYSTRON, REFLEX - A klystron which employs a reflector (repeller) electrode in place of a 
second resonant cavity to redirect the velocity-modulated electrons through the resonant cavity. The repeller 
‘causes one resonant circuit to serve as both input and output, which simplifies the tuning operation. This type 
of klystron is well adapted for use as an oscillator because the frequency is easily controlled by varying the 
position of the repeller. See also Velocity Modulation. 


LEAKAGE - Undesired radiation ot conduction of RF energy through the shielding of an enclosed 
area or of an electronic device. 


LENS, RADAR (MICROWAVE) - The purpose of any such lens is to refract (focus) the diverging 
beam from an RF feed into a parallel beam (transmitting) or vice versa (receiving). The polarization is feed 
dependent. 


LIGHT AMPLIFICATION BY STIMULATED EMISSION OF RADIATION (LASER) - A process 
of generating coherent light. ‘The process utilizes a natural molecular (and atomic) phenomenon whereby 
molecules absorb incident electromagnetic energy at specific frequencies, store this energy for short but 
usable periods, and then release the stored energy in the form of light at particular frequencies in an extremely 
narrow frequency-band 


LIMITING - A term to describe that an amplifier has reached its point of saturation or maximum 
output voltage swing. Deliberate limiting of the signal is used in FM demodulation so that AM will not also 
be demodulated. 


LITTORAL - Near a shore. 


LOBE, ANTENNA - Various parts of the 
antenna’s radiation pattem are referred to as lobes, | 2nasice Lobe sst5iee Lobe 
which may be subclassified into major and minor lobes. 

‘The major lobe is the lobe of greatest gain and is also 
referred to as the main lobe or main beam. The minor 
lobes are further subclassified into side and back lobes, 
as indicated in the figure to the right. The numbering of 
the side lobes are from the main lobe to the back lobe. 


Bwklobe 
Main Lobe 


LOCAL OSCILLATOR FREQUENCY - An internally generated frequency in a supetheterodyne 
receiver. This frequency differs from the receiver operating frequency by an amount equal to the IF of the 
receiver. The local oscillator frequency may be designed to be either above or below the incoming signal 
frequency. 


LOG VIDEO - This receiver process, generally implemented in the IF, compresses the dynamic range 
of the signal so both weak and strong signals are displayed without changing the gain setting. Output voltage 
can be calibrated in volts/dB of input power. 


LONG PULSE MODE - Many pulsed radars are capable of transmitting either long or short pulses of 
RF energy. When the long pulses of RF energy are selected manually (or sometimes automatically), the radar 
is said to be operating in the long pulse mode. In general, “long pulse mode” is used to obtain high average 
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power for long-range search or tracking, and “short pulse mode” gives low average power for short-range, 
high-definition, tracking or search. 


LOOSE DEUCE - General term for two aircraft working in mutual support of each other. 


LORO (LOBE-ON-RECEIVE-ONLY) - A mode of operation generally consisting of transmitting on 
one non-scanning antenna system and receiving the reflected energy on another scanning system (The 
receiver could be TWS, Conical, or monopulse). 


MACH NUMBER - The ratio of the velocity of a body to the speed of sound in the medium that is 
being considered. In the atmosphere, the speed of sound varies with temperature and atmospheric pressure, 
hence, so does mach number. 


MAGNETIC ANOMALY DETECTOR - A means of detecting changes in the earth’s magnetic field 
caused by the presence of metal in ships and submarines 


MAGNETRON - A magnetron is a thermionic vacuum tube which is constructed with a permanent 
magnet forming a part of the tube and which generates microwave power. These devices are commonly used 
as the power output stage of radar transmitters operating in the frequency range above 1000 MHz and are 
used less commonly down to about 400 MHz. A magnetron has two concentric cylindrical electrodes. Ona 
conventional magnetron, the inner one is the cathode and the outer one is the anode. The opposite is true fora 
coaxial magnetron. 


MAGNETRON OSCILLATOR - A high-vacuum tube in which the interaction of an electronie space 
charge and a resonant system converts direct current power into ac power, usually at microwave frequencies, 
‘The magnetron has good efficiency, is capable of high power outputs, and is stable. 


MATCHED FILTER - This describes the bandwidth of an IF amplifier that maximizes the 


signal-to-noise ratio in the receiver output. This bandwidth is a function of the pulsewidth of the signal. 


MDS (MINIMUM DETECTABLE/DISCERNIBLE SIGNAL) - The receiver input power level that 
is just sufficient to produce a detectable/discernible signal in the receiver output. The detectable term is 
interchangeable with Sais and the discernable term is interchangeable with MVS. See Section 5-2. 


MEACONING -- A system receiving radio signals and rebroadcasting them (or just transmitting) on 
the same frequency to confuse navigation. The meaconing station attempts to cause aircraft to receive 
inaccurate range or bearing information, 


MEATBALL - Visual light “ball” seen in Fresnel lens optical landing system (FLOLS) by pilot 
during carrier or Navy field landing. Used as a reference to determine if flight path is high or low. 


MEGA - A prefix meaning 10° (times one million). For example megahertz (MHz) 
MICROVOLT PER METER - A commonly used unit of field strength at a given point. The field 
strength is measured by locating a standard receiving antenna at that point, and the “microvolts per meter” 


value is then the ratio of the antenna voltage in microvolts to the effective antenna length in meters. Usually 
used below 100 MHz. Above 100 MHz, power density terminology is normally used, 


10-1.17 


MICROWAVE AMPLIFICATION BY STIMULATED EMISSION OF RADIATION (MASER) - A 
low-noise radio-frequency amplifier. The emission of energy stored in a molecular or atomic system by a 
microwave power supply is stimulated by the input signal 


MISS DISTANCE - Used variously in different contexts. ‘The distance from the missile to the 
geometric center of the aircraft, or the closest point of approach (CPA) of the missile to any portion of the 
aircraft such as the aircraft nose or telemetry pod, etc. 


MISSILE SYSTEMS FUNCTIONS - Examples of missile system functions are: “acquisition” (ability 
to lock-on a desired target); “tracking” of a target; “guidance” ofa missile toward a target; “illumination” of a 
target so that a homing missile can home on the reflected RF illumination; and “command” signal 
transmission to a missile to cause it to arm, to detonate, to commence homing, of to destroy itself. 


MIXERS 


See Balanced and Schottky Diode Mixers. 


MODULATION - The process whereby some [”_p) AMPLITUDE MODULATED 
characteristic of one wave is varied in accordance with WWM areata 


some characteristic of another wave. The basic types of | [—]__[—]|__avputTUoe moouLaTine 
modulation are angle modulation (including the special PULSE WAVE 

cases of phase and frequency modulation) and amplitude 
modulation, In missile radars, it is common practice to 
amplitude modulate the transmitted RF carrier wave of 


tracking and guidance transmitters by using a pulsed wave al { andieak winweates 
M 


MODULATING SINE 
WAVE 


for modulating, and to frequency module the transmitted RF CARRIER 
RF carrier wave of illuminator transmitters by using a sine 
wave. 


MODULATION, AMPLITUDE - This type of modulation changes the amplitude ofa carrier wave in 
responses to the amplitude of a modulating wave. This modulation is used in radar and EW only as a switch 
to turn on or turn off the carrier wave; i.., pulse is a special form of amplitude modulation, 


MODULATION, FREQUENCY - The frequency of the modulated carrier wave is varied in 
proportion to the amplitude of the modulating wave and therefore, the phase of the carrier varies with the 
integral of the modulating wave. See also Modulation. 


MODULATION, PHASE - The phase of the modulated carrier is varied in proportion to the 
amplitude of the modulating wave. See also Modulation. 


MONOPULSE - (See figure to right) A TdTPABOUETRADAN. 
type of tracking radar that permits the extracting BEAM CENTER LINE 
of tracking error information from each received 
pulse and offers a reduction in tracking errors as 
compared to a conical-scan system of similar 
power and size. Multiple (commonly four) BTA 
receiving antennas or feeds are placed coke 

symmetrically about the center axis and operate | ARRANGEMENT 


simultaneously to receive each RF pulse TOT RIGHT OF RADAR 
reflected from the target. A comparison of the i 

‘output signal amplitude or phase among the four 38 

antennas indicates the location of the target with 35 

respect to the radar beam center line. The output, Saeco 
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of the comparison circuit controls a servo system that reduces the tracking error to zero and thereby causes the 
antenna to track the target. 


MOS (MINIMUM OPERATIONAL SENSITIVITY) - The minimum signal which can be detected 
and automatically digitally processed by a radar without human discrimination. 


MTI (MOVING TARGET INDICATOR) - This radar signal process shows only targets that are in 
motion. ‘Signals from stationary targets are subtracted out of the return signal by a memory circuit. 


MULTIPATH - The process by which a transmitted signal arrives at the receiver by at least two 
different paths. These paths are usually the main direct path, and at least one reflected path. ‘The signals 
combine either constructively or destructively depending upon phase, and the resultant signal may be either 
stronger or weaker than the value computed for free space. 


MULTIPLEX - Simultaneous transmission of two or more signals on a common carrier wave. The 
three types of multiplex are called time division, frequency division, and phase division. 


MULTIBAND RADAR - A type of radar which uses simultaneous operation on more than one 
frequency band through a common antenna. This technique allows for many sophisticated forms of video 
processing and requires any jammer to jam all channels at the same time in order to be effective. 


MVS (MINIMUM VISIBLE SIGNAL) - The minimum input pulse signal power level which permits 
visibility of the output pulse, such as on a radar A-scope display. This level is determined by initially setting 
the input level above the visible detection threshold, and then slowly decreasing the amplitude. 


NOISE FIGURE, RECEIVER - A figure of merit (NF or F) of a system given by the ratio of the 
signal-to-noise ratio at the input, S,/N,, divided by the signal-to-noise ratio at the output, S./N,. It essentially 
expresses the ratio of output noise power of a given receiver to that of a theoretically perfect receiver which 
adds no noise. 


‘SYSTEM OUTPUT Noise Power Added f 
Noise Figure= ByRecower | 
Tnpat P 
msbbower ean | St | timesPower ain | | 
Where S, = GS, and G is the gain of the system. Perfect System Reason 


Noise figure is usually expressed in dB and given for an impedance matched condition. Impedance mismatch 
will increase the noise figure by the amount of mismatch loss. NF is usually given at room temperature; 17°C 
or 290°K. See Section 5-2. 


NOISE JAMMING - A continuous random signal radiated with the objective of concealing the 
aircraft echo from the enemy radar. In order for it to be effective, it must have an average amplitude at least 
as great as the average amplitude of the radar echo. There are three major categories of noise jamming which 
are grouped by how jamming power is concentrated: Spot, barrage, and swept jamming, (See individual 
definitions) 


NONCOHERENT - Two signals that have no set phase relationship. 


NOTCH - The portion of the radar velocity display where a target disappears due to being notched 
‘out by the zero Doppler filter. If not filtered (notched), ground clutter would also appear on the display. A 
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notch filter is a narrow band-reject filter. A “notch maneuver” is used to place a tracking radar on the beam of 
the aircraft so it will be excluded. 


NULL, ANTENNA PATTERN - The directions of minimum transmission (or reception) of a 
directional antenna. See also Lobe, Antenna. 


NULL FILL - The nulls in an antenna 


pattern may be reduced (filled) by using a z= O Saas) 
second ancillary (spoiler) antenna whose pattern 


is such that it fills in the nulls of the main PATTERN OF PATTERN OF (COMPOSITE PATTERN OF 
antenna pattem womens: Sia meaner 
NUTATION - As applied to current missile system radars, this term refers to the mechanical motion 


of an antenna feed to produce a conical scan (fixed polarization) by the main beam of a tracking antenna, thus 
providing a means of developing tracking error signals. See also Antenna, Nutating. By analogy, “Nutation” 
also is used to denote the electrical switching of the quadrants of a seeker antenna. See also Interferometer. 
‘The effect is similar to that of a conical scan. 


NUTATOR - A motor-driven rotating antenna feed used to produce a conical sean for a tracking 
radar. See also Antenna, Nutating. Also, the electrical circuits necessary to effect nonmechanical conical 
scans. See also Nutation. 


OPERATIONAL CONSTRAINTS - Limitations on operating procedures in order to prevent 
interference between missile systems on a ship ot between missile systems in a formation of ships under 
operational conditions. These limitations consist of such things as limited frequency bands or channels in 
which the radars may be tuned, limited sectors of space into which radar beams may be pointed, limits on 
minimum spacing between ships, limits on what codes may be used by radars and missiles on each ship, and 
limits on minimum interval between firing of certain missiles. 


OSCILLATORS - Devices which generate a frequency. See also Backward Wave, Dielectrically 
Stabilized Oscillator, Hyperabrupt Varactor Oscillator, Magnetron Oscillator, Varactor Tuned Oscillator, and 
YIG tuned oscillator. 


OSCILLATOR, LOCAL - See Local Oscillator Frequency. 


PALMER SCAN - Conical scan superimposed on another type of scan pattern - usually a spiral 
pattern. 


PARAMETER - A quantity which may have various values, each fixed within the limits of a stated 
case or discussion. In the present case, some examples of parameters; would be: radar frequency, limited by 
the tuning range of the radar; missile range, limited by the maximum operating range of the missile; or a 
missile code, limited by the number of codes available and by the codes that the ship radars are set up to 
operate on. 


PASSIVE ANGLE TRACKING - Tracking of a target using radiation from the target (such as 
jamming), with no radiation from the radar itself. Only angular tracking is possible under these conditions 
since no measurement of time of travel of radiation to the target is possible, as is required to obtain target 
range. 


PC (PULSE COMPRESSION) - The process used in search and tracking pulse radars whereby the 
transmitted pulse is long, so as to obtain high average transmitter output power, and the reflected pulse is 
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processed in the radar receiver to compress it toa fraction of the duration of the transmitted pulse to obtain 
high definition and signal strength enhancement. Pulse compression may be accomplished by sweeping the 
transmitted frequency (carrier) during the pulse. The returned signal is then passed through a 
frequency-dependent delay line. The leading edge of the pulse is therefore delayed so that the trailing edge 
catches up to the leading edge to produce effectively a shorter received pulse than that transmitted. Pulse 
compression radars are also referred to as CHIRP radars. Other more sophisticated pulse compression 
techniques are also possible and are becoming more popular. 


PENCIL BEAM - A narrow circular radar beam from a highly directional antenna (such as a 
parabolic reflector). 


PHASED ARRAY RADAR - Radar using many antenna elements which are combined in a 
controlled phase relationship. The direction of the beam can be changed as rapidly as the phase relationships 
(usually less than 20 microseconds). Thus, the antenna typically remains stationary while the beam is 
electronically scanned. The use of many antenna elements allows for very rapid and high directivity of the 
beam(s) with a large peak and/or average power. There is also a potential for greater reliability over a 
conventional radar since the array will fail gracefully, one element at a time. 


PIN DIODE - A diode with a large intrinsic (1) region sandwiched between the P- and N- doped 
semiconducting regions. The most important property of the PIN diode is the fact that it appears as an almost 
pure resistance at RF. The value of this resistance can be varied over a range of approximately one- 
10,000 ohms by direct or low frequency current control. When the control current is varied continuously, the 
PIN diode is useful for attenuating, leveling and amplitude modulation of an RF signal. When the control 
current is switched on and off or in discrete steps, the device is useful in switching, pulse modulating, and 
phase shifting an RF signal. 


POINT CONTACT DIODE - This was one of the earliest semiconductor device to be used at 
microwave frequencies. Consisting of a spring-loaded metal contact on a semiconducting surface, this diode 
can be considered an early version of the Schottky barrier diode. Generally used as a detector or mixer, the 
device is somewhat fragile and limited to low powers. 


POLARIZATION - The direction of the electric field (E-field) vector of an electromagnetic (EM) 
wave. See Section 3-2. The most general case is elliptical polarization with all others being special cases, 
‘The E-field of an EM wave radiating from a vertically mounted dipole antenna will be vertical and the wave 
is said to be vertically polarized. In like manner, a horizontally mounted dipole will produce a horizontal 
electric field and is horizontally polarized. Equal vertical and horizontal E-field components produce circular 
polarization. 


PORT - The left side ofa ship or aircraft when facing the bow (forward) 


POWER (AVERAGE) FOR PULSED i 
RADARS - Average power for a pulse radar is the 
average power transmitted between the start of one 


pulse and the start of the next pulse (because the time 
between pulses is many times greater than the pulse fet] Modulating Pulse 


duration time, the average power will be a small : 


fraction of peak power). 


For this example: Peak Power = I MW, Pulse Time (1) 
1000 microseconds (1000 pps). 


0.5 microsecond, and Interval Between Pulses (T) = 
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Peak Power = Pwr during pulse time (t) = 1 MW = 10° Watts = 90 dBm. 


Avg Power = Average Power During Time (T) = 10° x UT. 
= 10° x 0.5/1000 = 0.5 x 10° = 0.5 kilowatt = $7 dBm or 27 dBW 


POWER OUTPUT - Power output ofa transmitter or transmitting antenna is commonly expressed in 
ABW or dBm. One megawatt would be expressed as 60 dBW or 90 dBm 


10 log (1 megawatt / 1 watt) = 10 log (10°/10°) 10 log (1 megawatt / 1 milliwatt) _ = 10 log(10°/10°) 
= 10x 6 = 60 dBW =10x9=90dBm 


POWER (PEAK) FOR PULSED RADARS - Peak power for a pulsed radar is the power radiated 
during the actual pulse transmission (with zero power transmitted between pulses). 


POWER FOR CW RADARS - Since the power output of CW transmitters (such as illuminator 
transmitters) usually have a duty cycle of one (100%), the peak and average power are the same. 


POWER DENSITY - The density of power in space expressed in Watts/meter”, dBW/m’, ete. 
Generally used in measurements above 100 MHz. At lower frequencies, field intensity measurements are 
taken. See Section 4-1 


PPI-SCOPE - A radar display yielding range and azimuth (bearing) information via an intensity 

modulated display and a circular sweep ofa radial line. The radar is located atthe center of the display. 
PRESELECTOR - om Toes 

‘A device placed ahead of 7 g Brae 

the mixer in a receiver, | eee >[ meer Mf anpine | j 

which has bandpass Two, 

Serie vaurna ne ay 

desired (tuned) RF signal, 

the target return, is allowed 


to pass, and other undesired 
signals (including the image frequency) are attenuated. 


PROPAGATION - In electrical practice, the travel of waves through or along a medium. The path 
traveled by the wave in getting from one point to another is known as the propagation path (such as the path 
through the atmosphere in getting from a transmitting antenna to a receiving antenna, or the path through the 
‘waveguides and other microwave devices in getting from an antenna to a receiver) 


PULSE COMPRESSION - See PC. 


PULSED DOPPLER (PD) - A type of radar that combines the features of pulsed radars and CW 
Doppler radars. It transmits pulses (instead of CW) which permits accurate range measurement. This is an 
inherent advantage of pulsed radars. Also, it detects the Doppler frequency shift produced by target range rate 
which enables it to discriminate between targets of only slightly different range rate and also enables it to 
greatly reduce clutter from stationary targets. See also Doppler Effect. 


PULSE LENGTH - Same meaning as Pulsewidth, 
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PULSE MODULATION - A special case of amplitude modulation wherein the carrier wave is varied 
at a pulsed rate. Pulse Modulation - The modulation of a cartier by a series of pulses generally for the 
purpose of transmitting data. The result is a short, powerful burst of electromagnetic radiation which can be 
used for measuring the distance from a radar set to a target. 


PULSE REPETITION FREQUENCY (PRF) - The rate of occurrence of a series of pulses, such as 
100 pulses per second. It is equal to the reciprocal of the pulse spacing (T) or PRT. (PRF = 1/T = 1/PRI). 
Sometimes the term pulse repetition rate (PRR) is used. 


PULSE REPETITION FREQUENCY (PRF) STAGGER - The technique of switching PRF (or PRI) 
to different values on a pulse-to-pulse basis such that the various intervals follow a regular pattern. This is 
useful in compensating for blind speeds in pulsed MTI radars. Interpulse intervals which differ but follow a 
regular pattern 


PULSE REPETITION INTERVAL (PRI) or TIME (PRT) - Time between the beginning of one pulse 
and the beginning of the next. 


PULSE SPACING - The interval of time between the leading edge of one pulse and the leading edge 
of the next pulse in a train of regularly recurring pulses. See also Pulse Repetition Frequency. Also called 
the interpulse period.” 


PULSEWIDTH - The interval a at 
of time between the leading edge of a iin AF cans 
pulse and the trailing edge of a pulse 

{measured in microseconds for the we 


short pulses used in radar). Usually 
measured at the 3 dB midpoint (50-percent power or 70% voltage level) of the pulse, but may be specified to 
be measured at any level. See Section 6-10 for measurement techniques. 


QUANTIZE - The process of restricting a variable to a number of discrete values. For example, to 
limit varying antenna gains to three levels. 


RADAR - Radio detection and ranging 


RADAR CROSS SECTION - A measure of the radar reflection characteristics ofa target. Itis equal 
to the power reflected back to the radar divided by power density of the wave striking the target. For most 
targets, the radar cross section is the area of the cross section of the sphere that would reflect the same energy 
back to the radar if the sphere were substituted. RCS of sphere is independent of frequency if operating in the 
far field region. See Section 4-11 


RADAR RANGE EQUATION - The radar range equation is a basic relationship which permits the 
calculation of received echo signal strength, if certain parameters of the radar transmitter, antenna, 
propagation path, and target are known. 


Given: Pe= aaron (freespace) as the basic two-way radar equation (see Sections 4-4 thru 4-6) 
i mR 
where: 

P, = Peak power at receiver input 

i= Wavelength of signal (length) = e/f 


10-1.23 


P, = Transmitted signal level (power) 


R= Range of target to radar (distance) 
G, = Gain of transmitting antenna (dimensionless ratio) 
6 = Radar cross section of target 

G, = Gain of receiving antenna (dimensionless ratio) 


In practical use, the radar range equation is often written in logarithmic form, all terms expressed in decibels, 
so that the results can be found by simple processes of addition and subtraction, Using the above equation 
and = olf. 


10 log P,= 10 log P, + 10 log G, + 10 log G, + 10 log 6 - 40 log R - 20 log f + 20 log c - 30 log 4x 
where: f= Signal frequency (cycles {dimensionless}/time) —_¢ = Speed of light (lengthvtime) 


10 log P, = 10 log P, + 10 log G, + 10 log G. + G, - 2a, 


where a, and G, are factors containing the constants and conversion factors to keep the equations in consistent 
units. 


Refer to Sections 4-4 through 4-6, 
RADAR TRIGGER KILL - see Trigger Kill, Radar. 
RADIATION EFFICIENCY - E = Pratst/Pin (ideal=1) 
RADIATION PATTERN - See Antenna Pattern, 
RADIO FREQUENCY - See RF. 

RADIO FREQUENCY INTERFERENCE - See RF 


RAIL KEEPING - Ability of countermeasures to keep the missile on the launch rail, i, prevent 
launch, 


RAINBOW - A technique which applies pulse-to-pulse frequency changing to identifying and 
discriminating against decoys and chaff. 


RANGE CELL - In a radar, a range cell is the smallest range increment the radar is capable of 
detecting. Ifa radar has a range resolution of 50 yards and a total range of 30 nautical miles (60,000 yds), 
there are: 60000/50 = 1,200 range cells 


RANGE GATE - A gate voltage used to select radar echoes from a very short range interval. 


RANGE GATE PULL OFF (RGPO) - Deception technique used against pulse tracking radars using 
range gates. Jammer initially repeats the skin echo with minimum time delay at a high power to capture the 
AGC circuitry. The delay is progressively increased, forcing the tracking gates to be pulled away (“walked 
off”) from the target echo. Frequency memory loops (FML’s), of transponders provide the variable delay, 


RANGE RATE - The rate at which a radar target is changing its range with respect to the radar (in 


feet per Second for example). Note that this rate is not the same as target velocity unless the target is moving 
straight toward or straight away from the radar. 
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RANGE SCOPE - See A-Scope or PPI. 


RECEIVER BANDWIDTH - The difference LE arene 
between the limiting frequencies within which | ¢ 12 J 
receiver performance in respect to some characteristic |g "| 
falls within specified limits. (In most receivers this | & 
will be the difference between the two frequencies | 3 
where the intermediate frequency (IF) amplifier gain 
falls off 3 dB from the gain at the center IF 

Centerot 

frequency.) See also Receiver Selectivity. Freaueney 

RECEIVER SELECTIVITY - The SELECTIVITY 
degree to which a receiver is capable of Wile mosiverbancuiith TY Nantow mosiver bandeidth 
differentiating between the desired signal and_fintesked stanal ill paste Increases slgnal retin 


signals or interference at other frequencies. 
(The narrower the receiver bandwidth, the 
greater the selectivity.) 


Died Stn “Unaesiea signal 


REFLECTION - The turning back (or 
to the side) of a radio wave as a result of impinging on any conducting surface which is at least comparable in 
dimension to the wavelength of the radio wave. 


RESOLUTION - In radar, the minimum separation in angle or in range between two targets which the 
radar is capable of distinguishing. 


RE (RADIO FREQUENCY) - A term indicating high frequency electromagnetic energy 


REI (RADIO FREQUENCY INTERFERENCE) - Any induced, radiated, or conducted electrical 
disturbance or transient that causes undesirable responses or malfunctioning in any electrical or electronic 
equipment, device, or system. Same as EMI. Not to be confused with the logistic term ready for issue (also 
RFI), 


RING AROUND - A condition in which a repeater jammer’s total gain, from receiver antenna to 
transmitter antenna, exceeds the antenna isolation resulting in the repeater amplifying its own internal noise, 
Akin to positive feedback in an amplifier that causes unwanted oscillations. 


RING AROUND (RADAR-TO-MISSILE) - The condition where radio frequency interference 
signals from a transmitter of one missile radar enter the receiving circuits of a missile under the control of 
another missile radar. 


RING AROUND (RADAR-TO-RADAR) - The condition where radio frequency interference signals 
from a transmitter of one radar enter the receiving circuits of another radar. 


ROPE - An element of chaff consisting of a long roll of metallic foil or wire which is designed for 
broad, low-frequency response. See Chaff. 


R-SCOPE - (RANGE SCOPE) See A-scope or PPI. 


SAFETY OF FLIGHT (SOF) TEST - A flight test to verify that a new or modified subsystem will not 
cause a major problem with the aircraft, ie., interference can occur, but will not be such that required 
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navigational systems will fail or which might potentially cause the loss of an aircraft under all normally 
expected weather conditions. 


SCAN - To transverse or sweep a sector or volume of airspace with a recurring pattem, by means of a 
controlled directional beam from a radar antenna. See also “Antenna, nutating,” 


SCHOTTKY BARRIER DIODE - The Schottky barrier diode is a simple metal-semiconductor 
boundary with no P-N junction. A depletion region between the metal contact and the doped semiconductor 
region offers little capacitance at microwave frequencies. This diode finds use as detectors, mixers, and 
switches. 


SCHOTTKY DIODE MIXER - The mixer is a critical component in modern RF systems. Any 
nonlinear element can perform the mixing function, but parameters determining optimal mixing are noise 
figure, input admittance, and IF noise and impedance. The Schottky diode is particularly effective because of 
its low noise figure and nearly square law characteristics 


SCHOTTKY DIODE SWITCH - Standard P-N diodes are limited in switching ability at high 
frequencies because of capacitance provided by the minority carriers. The Schottky diode overcomes this 
problem by use of the metal-semiconductor junction with inherently low carrier lifetimes, typically less than 
100 picoseconds. 


SEARCH RADAR - A radar whose prime function is to scan (search) a specified volume of space 
and indicate the presence of any targets on some type of visual display, and, in some cases, to provide 
coordinates of the targets to a fire control system to assist in target acquisition and tracking 


SEEKER - The seeker consists of circuitry in a homing missile which detects, electronically 
examines, and tracks the target; provides data for controlling the flight path of the missile; and provides 
signals for destroying the missile or for detonating it at intercept. (The seeker function is similar to that of an 
interferometer.) 


‘SELF-SCREENING JAMMING (SSJ) - Each aircraft carries its own jamming equipment for its own 
protection, 


SENSITIVITY - The sensitivity of a receiver is taken as the minimum signal level required to 
produce an output signal having a specified signal-to-noise ratio. See also Minimum Visible Signal and 
Minimum Discernible Signal (MDS) 

SENSITIVITY TIME CONTROL - See STC. 


SENSOR - The receiver portion of a transmitter/receiver pair used to detect and process 
electromagnetic energy. 


SHIELDING - The physical arrangement of shields fora particular component, equipment, or system, 
(A shield is a housing, screen, or other material, usually conducting, that substantially reduces the effect of 
electric or magnetic fields on one side of the shield upon devices or circuits on the other side.) Examples are 
tube shields, a shielded enclosure or cabinet for a radar receiver, and the screen around a screen room. 


SHORT PULSE MODE - See Long Pulse Mode. 
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SIDEBAND - A signal either above or Carros Froquency.. 


below the carrier frequency, produced by the | Lower Lower 
modulation of the carrier wave by some other | sideband as sidgbang lace 
wave. See figure at right > ‘4 

an La lan Loh, 


SIDELOBE - See Lobe, Antenna. Froquoncy Frequency 
Cartier modulated by asine wave Carior amplitude modulated by a pulse 


SIGNAL STRENGTH - The magnitude 
ofa signal at a particular location. Units are volts per meter or BV/m. 


SIGNATURE - The set of parameters which describe the characteristics of a radar target or an RF 
emitter and distinguish one emitter from another. Signature parameters include the radio frequency of the 
carrier, the modulation characteristics (typically the pulse modulation code), and the scan pattern, 


SILICON CONTROLLED SWITCH - A P-N-P-N device able to operate at sub-microsecond 
switching speeds by the application of gate signals. Because it is a four layer device, this switch is also 
known as a tetrode thyristor. 


SLANT POLARIZATION - Technique of rotating a linear antenna 45° so it can receive or jam both 
horizontal and vertical polarization although there is a 3 dB loss. See Section 3.2. 


SOLID STATE STAMO - A stable master oscillator constructed using transistors and other solid 
state devices as opposed to vacuum tubes. See also STAMO. 


SPECTRUM - The distribution of power versus frequency in an electromagnetic wave. See also 
Spectrum Signature Analysis and illustrations under Sideband, 


SPECTRUM ANALYZER - An electronic device for automatically displaying the spectrum of the 
electromagnetic radiation from one or more devices. A cathode ray tube display is commonly used to display 
this power-versus frequency spectrum. For examples of two types of displays, see illustrations under 
Sideband. 


SPECTRUM SIGNATURE ANALYSIS - The analysis of the electromagnetic radiation from an 
electronic device to determine the relative power in each sideband, harmonic, and spurious emission 
‘compared to the carrier frequency. This particular distribution (or spectrum) is peculiar to the device and can 
identify this type of device, thereby acting as an identifying “signature.” 


SPECTRUM WIDTH (TRANSMITTER) - The difference between the frequency limits of the band 
which contains all the spectrum frequency components of significant magnitude. 


SPOILER ANTENNA - An antenna used to change (spoil) the antenna pattern of a second antenna so 
as to reduce the nulls in the pattern of the second antenna. See also Null Fill. 


SPOKING (RADAR) - Periodic flashes of the rotating radial display. Sometimes caused by mutual 
interference. 


“SPOOFING” - A type of deception by using an electronic device to transmit a “target” echo. The 


spoofing transmitter must operate at the same frequency and PRF as the radar to be deceived. The radar main 
pulse triggers the spoofing transmitter which, after a delay, transmits a false echo. 
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SPOT JAMMING - Narrow frequency band jamming concentrated against a specific radar at a 
particular frequency. The jamming bandwidth is comparable to the radar bandpass. Can deny range and 
angle information, 


SPURIOUS EMISSION - Electromagnetic radiation transmitted on a frequency outside the 
bandwidth required for satisfactory transmission of the required waveform, Spurious emissions include 
harmonies, parasitic emissions, and intermodulation products, but exclude necessary modulation sidebands of 
the fundamental carrier frequency. 


SQUINT AN 
The angular difference 
between the axis of the | Antenna 
antenna mainlobe and the 


geometric axis of the Reflector Geometric Axis—™ 5 
antenna reflector, such as * 


Main Lobe Axi 


.m 


Squint Angle 


the constant angle 
maintained during conical scan as the mainlobe rotates around the geometric axis of the reflector. 


STAGGERED PRE - Staggered PRF allows an increase in MTI blind speeds such that no zeros exist 
in the velocity response at lower velocities. In a two-period mode, the usual “blind speed” or occurrence ofa 
zero in the velocity response is multiplied by a factor which is a function of the ratio of the two repetition 
periods. 


STAMO (STABLE MASTER OSCILLATOR) - A very stable (drift free) oscillatory used to provide 
a precise frequency for transmission and for comparison with the reflected radar signal returned to the 
receiver, such as in a Doppler radar where a precise difference between transmitted and received signals must 
bbe measured to determine accurately the Doppler frequency. 

STAND-FORWARD JAMMING - A method which places the jamming vehicle between the enemy 
sensors and attack aircraft. 


STAND-IN JAMMING (SLJ) - Similar to stand-forward jamming but usually using an UAV with a 
lower powered jammer instead of a jammer aircraft. 


STAND-OFF JAMMING (SOJ) - An ECM support aircraft orbits in the vicinity of the intended 
target. As the fighter-bomber pilot starts his strike penetration, the ECM aircraft directs jamming against all 
significant radars in the area. This technique provides broad frequency band ECM without affecting 
performance of the strike aircraft. 


STARBOARD - The right side of a ship or airplane when facing the bow (forward). 


STC (SENSITIVITY TIME CONTROL) - Gain control that reduces the radar receiver gain for 
nearby targets as compared to more distant targets. STC prevents receiver saturation from close-in targets 


STEP RECOVERY DIODE - A charge-controlled switch which ceases current conduction so rapidly 
that it can be used to produce an impulse. Cyclic operation of the diode can produce a train of impuls 
which when used with a resonant circuit can produce a single frequency output at any harmonic of the pulse 
frequency. 


STERADIAN - Unit of solid angle. An entire sphere has 4m steradians. 
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STREAM CHAFF - Operational technique of dropping large quantities of chaff for a continuous 
period of time. This results in a “ribbon” or “stream” of returns many miles in lengths on radarscopes. The 
penetrating strike force can then use the resulting chaff corridor to mask their penetration. 


SUBHARMONIC - A frequency which is an integral submultiple of another frequency. For example, 
a sine wave whose frequency is one-third of the frequency of another sine wave is called the third 
subharmonic. (3 MHz is the third subharmonic of 9 MHz) 


SUPERHETERODYNE RECEIVER - A receiver that mixes the incoming signal with a locally 
‘generated signal (local oscillator) to produce a fixed, low intermediate frequency (IF) signal for amplification 
in the IF amplifiers 


SUPPRESSION - Flimination or reduction of any component of an emission, such as suppression of 
a harmonic of a transmitter frequency by band rejection filter. 


SUPPRESSION OF ENEMY AIR DEFENSES (SEAD) - Activity which neutralizes, destroys, o 
temporarily degrades enemy air defense systems by using physical attack or electronic means (SEAD 
pronounced “seed” or “C add”). 


SUSCEPTIBILITY - The degree to which an equipment or a system is sensitive to externally 
generated interference. 


SWEPT JAMMING - Narrowband jamming which is swept through the desired frequency band in 
order to maximize power output. This technique is similar to sweeping spot noise to create barrage jamming, 
but at a higher power. 


SWITCHES - See also Diode Switch, Silicon Controlled Switch, Schottky Diode Switch 


SYNCHRODYNE - A Klystron mixer amplifier stage in a transmitter, where two signal frequencies 
are applied as inputs and a single amplified signal is taken out. 


TARGET SIZE - A measure of the ability of a radar target to reflect energy to the radar receiving 
antenna. The parameter used to describe this ability is the “radar cross section” of the target. The size (or 
radar cross section) ofa target, such as an aircraft, will vary considerably as the target maneuvers and presents 
different views to the radar. A side view will normally result in a much larger radar cross section than a 
head-on view. See also Radar Cross Section. 


TERMINAL IMPEDANCE - The equivalent impedance as seen by the transmitter/receiver. 


TERRAIN BOUNCE - Term for jamming that is directed at the earth’s surface where it is reflected 
toward the threat radar. Reflected jamming creates a virtual image of the jamming source on the earth as a 
target for HOJ missiles. 


‘THERMISTOR - A resistor whose resistance varies with temperature in a defined manner. The word 
is formed from the two words “thermal” and “resistor,” 


THRESHOLD ISR - The interference to signal ratio (ISR) at which the performance of a receiver 
starts undergoing degradation. It must be determined by tests 
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TRACKING RADAR - A radar whose prime function is to track a radar target and determine the 
target coordinates (in range and angular position) so that a missile may be guided to the target, or a gun aimed 
at the target. 


‘TRACKING RADAR RECEIVER - These are of two primary types: conical scan and monopulse. 
(1) The conical scan system directs the radar signal in a circle around the target. The radar paints this circle 
15 to 40 times per second. As the target moves out of the center of this circle, the radar develops aim error 
voltages and re-aims the antenna. (2) The monopulse system directs four beams at the target simultaneously. 
The target is in the middle of the four beams. Ifthe target is not in the center, the radar return develops an 
aim error voltage to re-aim the antenna. 


TRACK WHILE SCAN (TWS) RADAR - Although it is not really a tracking radar in the true sense 
of the word, it does provide complete and accurate position information for missile guidance. In one 
implementation it would utilize two separate beams produced by two separate antennas on two different 
frequencies. ‘The system utilizes electronic computer techniques whereby raw datum is used to track an 
assigned target, compute target velocity, and predict its future position, while maintaining normal sector scan, 
Most aircraft use only a single antenna, 


‘TRADE-OFF TABLES - A set of tables showing the various combinations of two or more variables 
that are related in that making one variable better will make the other variable worse. The trade-off helps find 
the best solution considering all combinations. (For example, how a no-interference condition can be 
maintained if two emitter platforms are brought close together, if at the same time the frequency separation 
between their radar transmitters is increased.) 


TRANSIENT - A phenomenon (such as a surge of voltage or current) caused in a system by a sudden 
change in conditions, and which may persist for a relatively short time after the change (sometimes called 
ringing). 


TRANSPONDER - A transmitter-receiver capable of accepting the electronic challenge of an 
interrogator and automatically transmitting an appropriate reply. There are four modes of operation currently 
in use for military aircraft. Mode 1 is a nonsecure low cost method used by ships to track aircraft and other 
ships. Mode 2 is used by aircraft to make carrier controlled approaches to ships during inclement weather. 
Mode 3 is the standard system used by commercial aircraft to relay their position to ground controllers 
throughout the world. Mode 4 is IFF. See also IF 


‘TRAVELING-WAVE TUBE AMPLIFIER - The TWT is a microwave amplifier capable of operation 
over very wide bandwidths. In operation, an electron beam interacts with a microwave signal which is 
traveling on a slow wave helical structure. The near synchronism of the beam and RF wave velocities results 
in amplification. Bandwidths of 3:1 are possible. Operation at high powers or at millimeter wavelengths is 
possible at reduced bandwidths 


TRIGGER KILL (RADAR) - A method employed to momentarily disable certain radar system 
circuits fo reduce or eliminate RF emissions which may cause an EMI/EMC or RADHAZ situation such as on 
the deck of a ship. 


‘TUNNEL DIODE - The tunnel diode is a heavily doped P-N junction diode that displays a negative 
resistance over a portion of its voltage-current characteristic curve. In the tunneling process, electrons from 
the p-side valence bands are able to cross the energy barrier into empty states in the N-side conduction band 
when a small reverse bias is applied. This diode is used as a microwave amplifier or oscillator. 
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UPLINK. - The missile guidance signal which passes midcourse correction command guidance 
intelligence from the guidance radar site to the missile. 


ARACTOR DIODE - A P-N junction employing an external bias to create a depletion layer 
containing very few charge carriers. The diode effectively acts as a variable capacitor. 


VARACTOR TUNED OSCILLATOR - A varactor diode serves as a voltage-controlled capacitor in a 
tuned circuit to control the frequency of a negative resistance oscillator. The major feature of this oscillator is 
its extremely fast tuning speed. A limiting factor is the ability of the external voltage driver circuit to change 
the voltage across the varactor diode, which is primarily controlled by the driver impedance and the bypass 
capacitors in the tuning circuit, 


VELOCITY GATE PULL-OFF (VGPO) - Method of capturing the velocity gate of a Doppler radar 
and moving it away from the skin echo. Similar to the RGPO, but used against CW or Doppler velocity 
tracking radar systems. The CW ot pulse doppler frequency, which is amplified and retransmitted, is shifted 
in frequency (velocity) to provide an apparent rate change or Doppler shift. 


VELOCITY MODULATION - Velocity modulation is modification of the velocity of an electron 
beam by alternately accelerating and decelerating the electrons at a frequency equal to the input frequency. 
Thus, the electrons are segregated in bunches, each bunch causing a cycle of current as it passes an output 
electrode. The velocity of the electrons is thus a function of the modulation voltage. See also Klystron, 
Multicavity and Klystron, Reflex. 


VICTIM - A receiver (radar or missile) that suffers degradation due to ECM or EMI effects. 


VIDEO - Receiver RF signals that have been converted (post detection) into a pulse envelope that can 
beseen when applied to some type of radar visual display; also used to describe the actual display itself (such 
as the video on an A-scope) 


WARM - Acronym for Wartime Reserve Mode, Any mode of operation of a radar or ECM that is 
held in reserve, and never used, except in actual combat. 


WATER LINE - A reference line used for vertical measurements. When used with an aircraft it is 
usually the ground with the landing gear extended normally. One of several aircraft location designations, 
also see butt line and fuselage station. 


WAVEGUIDE - A transmission line consisting of a hollow conducting tube of arbitrary geometry 
(usually ‘rectangular, but may be circular) within which electromagnetic waves may propagate 


WAVELENGTH (2) - The distance traveled by a wave in one period (the period is the time required 
to complete one cycle). 2.= c/f. In the atmosphere, electromagnetic waves travel at c, the speed of light 
(300 million meters per second or 30 cmv/nsec). At S GHz, one wavelength = 6 cm. At 10 GHz, one 
wavelength = 3 em. 


WAVEMETER - An instrument for measuring the frequency of a radio wave. The wavemeter is a 
mechanically tunable resonant circuit. It must be part of a reflection of transmission measurement system to 
measure the maximum response of a signal. Below 20 GHz, the wavemeter has been replaced by the 
frequency counter with much greater accuracy and ease of use. 


WEAVE - Anaircraft maneuver that smoothly changes the instantaneous flight path but maintains the 
overall route of flight. Not as violent as a jink. 


10-1.31 


WET RUN - A test run with ship / aircraft armament and/or EW switches on, 


WILD WEASEL - USAF aircraft (F-4Gs during Desert Storm) used for suppression of enemy air 
defense (SEAD) mission. 


WINDOW - WWII name for chaff 


YIG TUNED OSCILLATOR - A YIG (yttrium iron gamet) sphere, when installed in the proper 
magnetic environment with suitable coupling will behave like a tunable microwave cavity with Q on the order 
of 1,000 to 8,000. Since spectral purity is related to Q, the device has excellent AM and FM noise 
characteristics. 


ZENER DIODE - A diode that exhibits in the avalanche-breakdown region a large change in reverse 


current over a very narrow range in reverse voltage. This characteristic permits a highly stable reference 
voltage to be maintained across the diode despite a wide range of current. 
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‘The truth is liberating at the same time paralysing. Laurence Mountford 


Introduction 

Just read it. Every word in this document is true, and it is the most important document to 
ever reach the internet, This document is written to empower good people of the world 
against the tyranny which exists all around us in our world today. Effectively, the document 
presented here discloses concealed information about the extent to which medicine, 
losing thi 
because I have been extensively abused, and I am victim of current advances in medicine, 


cience, 


and technology has advanced in our current era. Moreover, I am dis information 
science, and technology, which I describe in detail below. There are many, many, other 
victims of abuse, including myself, and therefore it is our plea that you read this document 
with an open mind and you investigate ALL statements which may initially irk you and 
appear ‘suspect’ to begin with (the circumstantial evidence is available all around you); 
because as a victim of abuse, I can honestly say, there is nothing worse than experiencing 
abuse, and those who have the power to protect you fom your abusers, ignore you. 


I will now discuss what qualifies as whistle blowing disclosure. After detailing the criteria 
which qualifies for whistle blowing disclosure, I will detail aspects of the Serious Crime Act, 
and preface a foundation which defines, explains, and references key information for the 
reader to understand as well as explore the extent to which medicine, science, and technology 
has advanced today; all for the express purpose of compelling the reader that medicine, 
science, and technology, has advanced at an incredible rate; that current advances in 
medicine, science and technology are withheld from public knowledge; and finally these 
advancements in medicine, science, and technology, have been and are currently used to 
commit serious unspeakable crimes against humanity and our environment here on earth. 
Moreover, it is my aim to present this information as coherently 
reader to save me, and save many, many others who experience abuse daily resulting from 
concealed advances in technology. 


Whistle Blowing: Qualifying Disclosure 


In the United Kingdom under the Public Interest Disclosure Act (1998) (PIDA) section 43B, 
a “qualifying disclosure” (whistle blowing disclosure) implies “any disclosure of information 
which in the reasonable belief of the worker, tends to show one of the following: 


a) That a criminal offence has been committed, is being committed or is likely to be 
committed, 

b) That a person has failed, is failing or is likely to fail to comply with any legal 
obligation to which he is subject 

©) That a miscarriage of justice has occurred, is occurring or is likely to occur, 

) That the health or safety of any individual has been, is being or is likely to be 
endangered, 

) That the environment has been, is being, or is likely to be damaged, or 

f) That information tending to show any matter falling within any one of the preceding 
paragraphs has been, or is likely to be deliberately concealed” 
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Furthermore, under the Enterprise and Regulatory Reform Act (ERRA) 2013 section 17 (The 
new ‘public interest’ test) is added for whistle blowing disclosures, amending section 43B of 
the Employment Rights Act (ERA) 1996 and therefore now reads as such (new words 
underlined): 


“(1) In this part a ‘qualifying disclosure’ means any disclosure of information which, in the 
reasonable belief of the worker making the disclosure, is made in the public interest and 
tends to show one or more of the following-- {criminal offence, breach of legal obligation, 
etc}. (Halliday 2013, p. 2) 


‘The following information is presented with the express intent that it is made in the public 
interest, and meets the all criteria set out in section 43B (a-f) of PIDA as well as the ‘public 
interest test’, ERRA section 17. Furthermore, in order for the reader to perceive the credence 
of my statements, so that (s)he has impetus to research the validity of my statements and not 
dismiss it as folly supplied by an internet troll who has nothing better to do than waste 
peoples’ time, I will cite the Serious Crime Act 2015 here for the express purpose of 
convincing the reader that all statements made in this document and my original document 
are indeed FACTUAL! THIS IS NO HOAX. THIS IS NO JOKE. This is simply what is 
happening in the world today. 


The Serious Crime Act 2015 


‘The Serious Crime Act 2015 (UK) section 41, 3ZA, amends section 3A of the Computer 
Misuse Act 1990 which previously read [under Computer Misuse Offences]: 


[3A Making, supplying or obtaining articles for use in offence under section 1 or 3 


1) [That] A person is guilty of an offence if he makes, adapts, supplies or offers to supply any article intending 
itto be used to commit, or to assist in the commission of, an offence under section 1 or 3. 


‘To: [The Serious Crime Act 2015, section 41, 3ZA] 


3ZA Unauthorised aets causing, or creating risk of, serious damage 


(2) A person is guilty of an offence if 


(a) the person does any unauthorised act in relation to a computer; 


(2) Damage is ofa “materia! kind” forthe purposes of this section if itis 
(@) damage to human welfare in any pce; 
(b) damage o the environment of any place 
(6) damage tothe economy of any county; or 


(4) damage to the national security of any country. 


3) For the purposes of subsection (2\a) an act causes damage to human welfare only i 
(a) loss to human life; 


(b) human illness or injury: 


(4) It is immaterial for the purposes of subsection (2) whether or not an act causing damage 
(a) does so directly: 


(b) is the only or main cause of the damage. 


(5) Inthis section— 
(©) areference to a country includes a reference to a territory, and to any place in, or part or region of, a 
country or territory. 


(6) A person guilty of an offence under this section is (unless subsection (7) applies) liable, on conviction on 


indictment, to imprisonment for a term not exceeding 14 years, or to a fine, orto both. 


(7) Where an offence under this section is committed as a result of an act causing or ereating a significant risk 


of 
(a) serious damage to human welfare of the kind mentioned in subsection (3a) or (3)(b), or 
(b) serious damage to national security, 


44 person guilty of the offence is liable, on conviction on indictment, to imprisonment for life, or to a fine, or 
to both.” 


In laymen’s terms it is a serious crime (Serious Crime Act 2015), punishable by 
imprisonment, a fine, or both, to cite hatred or spread hoaxes by use of a computer which 
woul cause mass hysteria or public dissension, I have been condemning public figures, high 
profile individuals, celebrities, singers, movie stars, directors, politicians, worl! leaders, 
royalty, anti-secret society ‘truthers’ (who are really misinformation agents, and agents of 
deception) etc. -the list is long - since 2011 and NOT a single one of these high profile 
peopl has issued a public statement saying “I do not like how you have tarnished my name” 
or filed a kiw suit against me. Why you may ask? Because every word I have stated and will 
state again (in this document) is true. 


Fundamentals 


Before I describe the heinous crimes committed against me and many others (including 
unsuspecting civilians of the world) it is important that I explain, define, and reference: 


* Key figures such as Phil Schneider, George Green and Aaron Russo, so that the 
reader has reference points to verify the extent to which technology has advanced in 
our present era (and continues to advance); 

* Define and briefly explain the transhumanist / post human agenda (for those who may 
be unfamiliar with their aims). 

‘© Define and explain rapid eye movement (R.EM) sleep, the phas 
happens to the (original’s) body during skep. 
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Reference advances in technology, with particular attention to: Memory suppression 
technologies; Mind-voice technology; H.A.A.R.P technology, RFID microchip 
technology, and MK Ultra technology (CIA’s mind control program); 

Define and explain cloning; the different types of clones; cloning centres and cloning 
technology; 

Define drip feed disclosure / evaluative conditioning and explain why it occurs; 
Explain what ‘consciousness transfer’ is to the best of my knowledge, and cite drip 
feed disclosure articles with the express intent to allow the reader to grasp the abuse I 
have suffered daily at the hands of my tormentors. 


Key Figures 
Phil Schneider 


Phil Schneider (pictured) had 17 years experience working in government black projects 
carrying a level three security clearance. He was a geologist and engineer who worked in the 
black projects underground bases at Area 51, S-4, and Los Alamos. 


He is most notable for disclosing (Schneider 1995; 1996; Open Minds 2011): 


The ‘black budget’ expenditure of the United States, which Schneider claims to be 
between 1,023 trillion U.S. dollars every 2 years ( over $500 billion per year); 

Deep Underground Military Bases (also known as D,U.M.Bs -“dumbs”), and at the 
time of his lecture (Schneider, 1995), —that there are 131 active Deep Underground 
Military Bases present in the United States, and 1477 Deep Underground Military 
Bases worldwide; 

Each D.U.M.B costs on average 17-19 billion U.S. dollars; paid for by the taxpayer; 
and it takes approximately a year-and-a-half to 2 years to build D.U.M.Bs with 
sophisticated methods. 

‘That military technology outstrips the general publie’s technology at a rate of 44 to 45 
years of technology for every calendar year which passes. In other words for every 12 
months which passes military technology will have advanced by 44 years than what 
we as the general public is currently accustomed to, Therefore as a rough example if 
we were to take the year Facebook was founded (2004) as a base year, then the 
military technology since the creation of Facebook will have outstripped what the 
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general public is accustomed to by as much as 484 years(!) (2015 - 2004 = 11. 11 x 
44 = 484), Similarly, if we are to use the year which YouTube was founded as a base 
year (2005), once again, military technology would be 440 years more advanced than 
what the public is currently accustomed to today. 


For the purpose of disclosing current advances in medicine, science and technology, and 
how such advances are used against me and the people of the world to commit monstrous 
crimes I will use 1945 as a base year. Everything will become apparent including why I 
use 1945 as a base year for my disclosure, but for the express purpose of compelling the 
reader (0 investigate my disclosure I must present everything, logically, sequentially, 
methodologically, and provide references for the reader in a coherent way to enable him 
or her to pay serious attention to my eye witness accounts. Therefore, at this present 
stage keep in mind the year 1945, and the fact that military technology outstrips the 
general public’s technology at a rate of 44 years for every 12 months which pa 
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George Green 


George Green (pictured) was affiliated with U.S. Presidential candidates, and was once asked 
to be the Finance Chairman for the next President of the United States. Green would later 
declined the offer of Finance Chairman when a comment mide by Ted Kennedy regarding 
skeping with Green’s 14 year old daughter caused George Green to re-evaluate his 
associations with this in- group. 


During his 2008 interview with Project Camelot (2008a; 2008b), Green disclosed the 
following noteworthy information: 


© US. presidents are “selected” and not elected. This is clearly expressed in a story 
Green recounts, when Green asks 
“Who is going to be the next President of the United States [for him to overlook 
their finances}?" 
And the reply was: “Jimmy Carter” 
Green responds: "Jimmy who?" 
‘The reply Green received was: "Well, he's the Democratic Governor of Georgia." 
George Green: "But I've been voting Republican.” 
Green was then confronted by a tall man, Paul Volcker (American Economist, and 
Chairman of Federal Reserve under Jimmy Carter and Ronald Regan), who 
walked over and said, “Son, don't worry about it [Republican or Democrat], we 
control ‘em both." 

‘© U.S. scientists learned how to make people (clones) since 1938 -walking talking 
ones —and the scientists call these people “synthetics” or “the others”. 


‘© Cloning technology is relatively advanced. Alll that has to be done is take two cells 
from the original, give the cells a small electrical charge (retain a fertilised egg), 
then all one needs is a receiver (a womb / artificial womb for the fertilised egg to 
grow). 

© Scientist were excited by the synthetic technology because it meant that spare 
organ parts could be grown for an “original” human without rejection, because 
theoretically speaking, the DNA of the synthetic is the same as the original, 

© Green gives an example of a cloned Politician: George Walker Bush. Green 
advices the viewer to seek old video recordings of George W. Bush, and compare 
the old George W. Bush, with the George W. Bush during Bush’s second term, 


yp 


-in terms of mannerism, speech pattern, body language etc. (old videos of George 
Walker Bush (Boringest 2006; Fox 4 News - Dallas-Fort Worth 2014) are 
presented in the References section). 

‘© Scientist have also learned how to make these synthetic peopke within a few 
months, to the point where the synthetic can be a walking, talking duplicate of the 
original, intact with all the memories and experiences of the original. The only 

s that the memory, experiences, and functioning capabilities of these 

‘sare like: “A DVD recorder. Sometimes you have glitches, and you have 
to take the synthetics to Camp David occasionally [every 6 months to a year] to 
get them tuned up.” 

© Remember these synthetics are people too, they can think and act just like you 
can, but they do not have a soul, 

‘© Most of the world leaders have been bought and paid for [by men in the 
background] and are created to think a certain way —to meet the agendas of these 
men who remain in the background. 

‘© The global elite plans on depopulating the current human population of over 7 
billion to 500 million peopk. This is corroborated by the “Georgia Guidestones”” 
(World Truth 2014). 

© Vladimir Putin is executing plans to bring the United States down and into a 
massive depression. Furthermore, China agrees with Vladimir Putin’s plans; 

ating that the Chinese government has not been a Superpower for over 5000 
years and “It is their turn to run the world.” 

© China has the capacity to set back / shut down all of U.S. computing and electrical 
systems within two days. 


At this present stage, the most salient points to keep in mind from Green’s accounts are that: 
US. presidents are selected and not elected; and most importantly, that scientists have been 
capable of creating synthetics (cloning people) since 1938. If you have kept in mind 
ry 


Schneider's statement (1995; 1996), (that for every 12 months which passes m 
technology increases by the equivalent of 44 years compared to what the general public 
accustomed to) —then learning that scientists have been capable of cloning humans since 1938 
should not come as much surprise. Again, everything regarding my disclosure will become 
apparent, and I thank these men for disclosing their information, because it helps the reader to 
corroborate my disclosure. 
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Aaron Russo 


Aaron Russo (pictured) was an American businessman, director, and political activist. He is 
best known for directing blockbuster films such as Trading Places, The Rose and Wise Guys. 
Russo believed that a human being “Should stand for something, and do the right thing when 
the time calls to act”. Consequently, during the latter part of his career he did his best to warn 
the American public by producing documentaries such as Mad as Hell (1996), Freedom to 
Fascism (Russo 2006), and Reflections and Warnings (Jones 2008). 


Russo disclosed the following key information in Freedom to Fascism (Russo 2006): 
Income Tax 


© There is no nw requiring Americans to pay income tax. Although this is a truth, I 
DO NOT advocate Americans NOT to pay income tax (and neither did Russo). 
This is simply because the Federal Reserve can imprison you and seize your 
possessions for not paying income tax (although there is no law requiring Americans 
to do so). So for the sake of avoiding hassle for the mean time —pay your income 
taxes. 

© To further illustrate the above point, Bob Shultz speaking at “We the People 
Foundation” said the following: “Most people believe that the income tax system is 
legal and that the revenue from the tax is used in the public interest. However, there is 
a substantial conclusive body of evidence that proves that our income tax system 


represents the most pernicious form of tyranny. It is the greatest hoax ever perpetrated 
by government against the working men and women of America.” 

© Charlie Beall: “The federal government itself refuses to provide, the American 
people, who are coercively being subjected to this extraction of their private property, 
without any underlying legal justi 
requires the average Ameri 
apportioned tax on their labour and compensation for services. There is no law.” 


ication, There is no law. There is no law that 


n worker in the private sector to pay a direct un- 


* State Representative ~ Phil Hart -(R-Idaho): “You can look through the statutes, and 
ook for the law that requires you to pay, and when you do that, you cannot identify a 
law that requires the average person in America who earns a wage and works in 
private business to pay an income tax.” 

* Peter Gibbons (Tax Attorney) —It’s actually very simple. Congress tried to enact an 
income tax in 1894 —The Supreme Court said that is unconstitutional. When The 
Supreme Court says something is unconstitutional, it’s unconstitutional They 
(Congress) tried again in 1913 ~and The Supreme Court said —the 16" amendment- 
“No new power of taxation” -so if they (Congress) didn’t have it then (1913) and they 
didn’t get it; they DON’T have it. There is no constitutional base for a tax on the 
wages for Americans living and working in the 50 States of the union. Period. End of 
argument. 


Radio Frequency Identification (RFID) Microchips 


‘© The latest technology for identifying people at the point of self, when they make 
purchases tually the implantable (RFID) microchip. There are microchips 
that can actually be imbedded directly into human flesh... It’s a tiny glass capsule 
about the size of a grain of rice... it contains an RFID computer microchip with a 
coiled antenna and it can transmit information also at a distance. 

© Katherine Albrecht ~Author of “Spychips” (2005) makes the following comment: 
“RFID is a technology that uses tiny computer technology the size of a grain of 
sand or smaller; hooked up to miniature antennas to transmit information about 
items at a distance. Back in 1999, Procter and Gambk, Gillette, and MIT got 
together to find a way to commercialise this technology and make it small enough, 
make it efficient enough and make it low cost enough to essentially ---their dream 
is to put these tiny computer chips on every physical item manufactured on planet 
earth.” 

© Radio waves can travel through walls, they can travel through wood, and they can 
travel through things we normally rely on to protect our privacy, for example your 
purse, your bag-pack, your pocket, anything you are wearing or carrying. 

‘© One of the most worrisome applications of RFID microchips, are proposals to put 

h, meaning that it would be able to track every bank note where it 

had been, who it had been issued to, and create in essence an audit trail. That 


—is 


them into 


would 


ntially take away the anonymity of cash we now enjoy today. 

© Once everything you do is tied down to a single number and there is no longer the 
ability to pay with cash, then all it takes to render you a non citizen is to simply 
turn that microchip off. You will no longer be able to participate in any 
function in society including buying food. Once money becomes digitised 
through RFID technology, the elite can deduct whatever amount of money 
they want out of your microchip, whenever they want. They can trace you 
whenever they want. You will be at their mercy. 
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Habeas Corpus 


Habeas Corpus is “[A] writ [formal document] requiring a person under arrest to be 
brought before a judge or into court, especially to secure the person's release unless 
lawful grounds are shown for their detention” (Legal dictionary 2015), 

During the Bush Presidency (2001-2009 (History 2015)], President Bush signed 
executive orders giving him sole authority to impose martial law, and suspend Habeas 
doctorial power over the people without any ‘checks and 


In other words, “The government can jail you for life without charges, without a trial, 
without a lawyer” (Russo 2006). 

Furthermore: “The National Defense Authorization Act [4] signed by President 
Obama on the 31st December 2011 authorises the indefinite detention, without trial or 
indictment, of any US citizens designated as enemies by the executive.” See Paye 
(2013) for further discussion regarding the suspension of Habeas Corpus. 


Fraudulent Manipulation of Election Results 


In 2004 at the “Forum of Presidential Election” Clinton Eugene Curtis, a former 
Computer Programmer for NASA and ExxonMobil testified under oath that election 
results can be rigged using electronic programs. 

In 2004 he gave the following abridged testimony (Russo 2006): 

Judge: Mr Curtis, are there programs which can be used to secretly fix elections? 
Curtis: Yes. 
Judge: How do you know that to be the case? 
Curtis: Because in October of 2000 I wrote a prototype for present congressman 
‘Tom Feeney, and the company I worked for in Oviedo Florida —it did just that. 
Judge: And when you said, “it did just that” ~it would rig an election? 

Curtis: It would flip the vote 51:49 -whoever you wanted it to go to, and whichever 
race you wanted to win, 

Judge: And would that program that you designed be something that election offi 
that might be on county boards would actually, could detect? 

Curtis: They'd never see it. 

Judge: So how would such a program, a secret program that, fixes the election -how 
could it be detected? 

Curtis: You would have to view it either with source code, or you would have to 
have a receipt and then count the hard paper against the actual vote total ~other than 
that you won't see it 

Judge: Given the availability of such vote rigging software and the testimony that has 
been given under oath of substantial statistical anomalies and gross differences — 
between exit polling data and the actual tabulated results, do you have an opinion 
whether or not Ohio elections, the Ohio Presidential elections was hacked? 
Curtis: Yes. I would say it was. 
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Person in the audience: —-So in other words there is absolutely no assurance 
whatsoever in anything in regard to these machines? 

Curtis: Absolutely none 

See Truthstream (2006) for further details regarding the full account of Curtis’ 
testimony on how ekections can be manipulated. 

Moreover, voting machine manufactures refuse to allow anyone {0 see the source 
code. Without paper ballots, the honesty of any election cannot be verified. 


The War on Terrorism is the War on Your Freedom 


Itis time to wake up America. These ID cards are not about defeating terrorism, but 
they are ALL about controlling the American people 

The (mainstream) media controls the information that a person gets in va 
They can make sure that the average American watching T.V. or reading the 
newspaper is going to come out with a certain mindset. She is going to say this is 
good, that’s bad —and that is all they (medialelites) have to do. 


us ways. 


Whoever Makes the Money Makes the Rules 


As Mayer Rothschild said “Give me control of a nation’s money supply, and I care 
not who makes its laws”. Mayer Rothschild, private banker, —knew that he and the 
other bankers would now control the ws of the nation, Government gave these 
bankers one of its most important powers, and now had to borrow money fom the 
bankers and pay interest to finance the government. 

America has gone from people owning their own property, owning their own 
businesses —to a nation in debt because all the money is created by borrowing (from 
private banks) and this country has become one where people just live by borrowing. 


Russo’s Message to Mankind 


If youare in the military or law enforcement, remember you swore an oath [to uphold 
the law of the land}. You did not swear an oath to promote workd government, or 
corporations. 

Now that you do understand what happened [to America, and the monetary system 
based on debt shvery] and how it is leading to a tyrannical one world government — 
the future of mankind depends on you will you choose freedom or slavery? 


Stop being passive liberals. Stop being passive conservatives. Stop being passive 
centralists. Stop being passive human beings! When the media starts telling you that 
the country will fall apart if this is done... Do not be fooled!! 
Remember these are sick, malevolent and twisted people we are dealing with, trying 
to save themselves. Squash their agendas and stay on course. 


“I believe the time for mankind is time to give all or perish. Grow up or die. Grow up 
and become adults. Act like adults. Take some responsibility. The world which you 
have perceived is childlike; ~and now the curtain has been pulled back for all to see.” 
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‘© Unkss people get active [get fully informed, and learn how governments of the world 
are conspiring against their people] and say —I am going to help shut down the Federal 
Reserve System; I am going to shut down the powers that be ~the whole human race 


is doomed otherwise. 

* Weare coming near the end game and things are starting to accelerate... ~and people 
are looking at the world leaders to declare martial law [which in turn will rid Habeas 
corpus] 


's Consolidate our Problems 


© If we can all get focused on how to win the game instead of all these different 
objectives ~such as people are fighting for a better environment; peopke are fighting to 
keep their guns/gun control; there are all these different issues which are going on 
around the world -and which are all important on their own—but if we can consolidate 
on that and focus ~and take all those people ~and say ~hey let’s shut down the Federal 
Reserve, then we'll deal with those issues. Let’s go to the agenda, the objective, the 
root cause of man’s problems, first, then we'll go back to the other stuff. 

‘© That is the priority right now. You have to cut off the head of the beast. And the head 
of the beast is the Federal Reserve System and the people behind it. You see, and that 

s what will save the world, and if people understand that ~and they stop being 

passive liberals, and stop being passive republicans, but rather become active human 

beings that is what will save the world! 


Aaron Russo: Reflections and Warnings 
In this documentary Russo recalls his relationship with Nick Rockefeller. Rus 
critical information Rockefeller discussed with him 


The Falsehood of September 11th 2001 


* Russo met Nick Rockefeller through a female attorney who telephoned Russo and 

id “One of the Rockefellers would like to meet you.” Russo made a documentary 
called Mad as Hell (1996), and Rockefeller had watched the video and knew Russ 
was running for Governor of Nevada and wanted to meet him. Russo said “Sure I'd 
like to meet him”, and the two met and talked. Rockefeller proved to be a very smart 
man and shared ideas with Russo and was the person to tell Russo 11 months before 
9/11 happened “There was going to be an event...” 

‘© Rockefeller never told Russo what the event was going to be; but, there was going to 
be an event —and out of that event, we [America] were going to invade Afghanistan, 
to run pipelines from the Caspian Sea; we were going to invade Iraq, to take over the 
oil fields and establish a base in the Middle East, and make it all part of the New 
World Order; and we would go after (Hugo) Chavez and Venezuela ~and sure 
enough, later when 9/11 happened —and I remember he was telling me how you are 
going to see soldiers looking in caves for people in Afghanistan and Pakistan and all 
these places and there is going to be this war on terror which has no real enemy and 
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the whole thing is a giant HOAX, but it is a way for the government to take over the 
American people (and the world). 

There is no question about it (that 9/11 is a hoax}. Nick Rockefeller said to Russ 
“There is going to be a “War on Terror” and he was laughing. Who are we fighting 
against...” Why do you think 9/11 happened and then nothing has happened since 
then? Do you think that our security is so great here that these people who pulled off 
9/11, who were able to lock down another plne...? Come on it is ridiculous... 9/11 
was done by people in our own government and our own banking system to 
perpetuate the fear of the American people into subordinating themselves to anything 
the government wants them to do, That is what it is about and to create this endle 
war on terror. 


Nick Rockefeller was laughing when he said, “We are going to be sending men into 
caves in Afghanistan and Pakistan” and it was just cynical, he kept laughing and 
saying “Look how stupid everyone is! We can do whatever we want!” 

9/11 was the first lie; and the next lie was to go into Iraq, to get Saddam Hussein out 
with his weapons of mass destruction (when the real issue was control of the oil 
fields) ~that was the next lie. 9/11 created an endless war on terror that would go on 
and on and you can never define a real winner. There is no one to defeat and so it goes 
on and on forever. And they cando whatever they want; because they scared the hell 
out of the American public. 

This whole war on terror is [perpetuated on] a fraud. It isa farce. It is very difficult to 
say it out loud because people are intimidated in saying it. Because if you say it they 
want {0 make you info a nutcase —but the truth has to be... and the truth has to come 
out, The fact of the matter happens to be the whole war on terror isa fraud, it is a 
farce. Yes. There is a war going on in Iraq, because we invaded Iraq, and people over 
there are fighting... but the ‘war on terror’ —it is a JOKE —you know, and until we 
discover what really happened in 9/11 and who was responsible for 9/11 because 
that is where the war on terror emanates from. That is where it comes from. It was 
9/11 which allowed this war on terror to begin and until we get to the bottom root of 
9/11 —the truth of 9/11 we'll never know about the war on terror, 

s in Tahiti when 9/11 happened and he got a call from hi 
said —“The twin towers, they were just attacked and they are falling down or 
something...” Russo was in Tahiti and had just woken up from sleep. Russo didn’t 
immediately (11 months after Rockefeller had told him about 9/11 
and it had happened because Rockefeller said there was going to be an event —he 
wasn’t specific) —but after Russo saw that America was going to go to Iraq and 
Afghanistan, that is when he realised, and equated it to what Rockefeller had said. 
9/11 was only a manifestation to create a fear in the American public. So that we 
would obey and do what they want us to do, Take for example, Richard Reed ‘The 
shoe bomber’ —now here is a guy who is 6 feet 6, ugly as can be; I heard he smelled... 
He sits on a plane, lights a match in a non-smoking area, to put his shoe on fire. 
surrounded by people... That is idiotic! If you were going to blow up a plane... you 
would go into the bathroom... you close the door... and you put your shoe on fire... 


Russo ws on — and his son 


realise what it wa 
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you are not going to sit there.... surrounded by people, lighting matches in a no 
smoking flight... they (elite) want you to believe this nonsense. That is ridiculous! 
The war on terrorism is to keep peopke in fear. It is an endle 
enemy (‘terrorists’) so that people would submit and do whatever the government 
wants them to. Submit to searches, give you ID cards, put Radio Frequency 
Identification (RFID) chips in you etc. You become servants to the elite ~that is what 
this is all about 


s war without a real 


Freedom of liberty is what people really want, and it is time to stop the duplicity of 
the government from lying to us. You see many people know the truth of what is 
happening in this country; like 9/11 but they are afraid to stand up. People have to 
stand up and find their courage and say “I’m not going to take this anymore, I know 
the truth” ~and they create a situation where if you tell the truth, you are considered a 
lunatic. 


In other words if someone goes on a T.V. show and says that 9/11 was an inside job — 
immediately the person is belled an idiot or crazy. They call you names. You 
cannot be afraid of that. 

If youdo not fight the corruption and you do not stand up for what is right in life, you 
end up being a serf and a slave and you are leaving your children a world in which 
you would not want to live in yourself, so how can you in decency behave that way? 
‘You have to stand up for what is right in life, and unless you do that you are nothing. 


The New World Order Agenda 


The whole agenda is to create a one world government where everyone has an RFID 
chip implanted in them. All the money is to be in those chips [a cashless world]. This 
information came straight from Nick Rockefeller himself. That is what the ultimate 
plans of the global elite, banking industry and Rockefeller wants to accomplish 

The agenda is to implant everyone with RFID microchips. All money is transferred to 
those microchips. There is no more cash. Money would be in microchips. Instead of 
having cash, you would have money in your microchips, but whenever they want, 
they (elite) could take whatever amount out of your microchip whenever they want to. 
Total control, If you are a protestor they just turn off your chip; you cannot buy food; 
you cannot do anything; it is total control of the people. 

So they want a one world government controlled by them. Everyone being chipped, 
all the money in those chips, and they control the chips and they control people, and 
you become a slave. You become a serf to these people —that is their goal. That is 
their goal; that 
Russo did not believe in enslaving people and Rockefeller would question him in the 
following manner: “Why do you care about them? Why do you care about those 
people? What difference does it make to you [Aaron]? Take care of your own life. 

Do the best you can for you and your family. What do the rest of the people mean to 
you? They don’t mean anything to you. They are just serf8. They are just people. 


is their intentio1 
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‘© Rockefeller asked ~“Why are you fighting for the people for, what is it all about? The 
people have to be ruled. The constitution, what you are standing for is only for a few 
people, it’s only for a few individuals who can live that way and we believe that it is 
best for society to be ruled by an elite people who control everything.” Russo told 
Rockefeller he does not believe that. Russo believes: “God put me on this earth to be 
best person I could be and put everyone on this earth to be the best they can be, and 
NOT to be a slave and a sheep to YOU and these people (elite) ~and I do not 
understand why you want to control everything. What is the need for that?” 

‘© It was just a lack of caring [from Rockefeller’s part}, and that is just not who Russo 

It was just sort of like cold you know, and Russo used to say to Rockefeller, 

“What is the point, of all this? You have all the money in the world you need; you 

have all the power you need, what is the point? What is the end goal? Rockefeller 

said “The end goal is to get everyone chipped. To control the whole society. To have 
the elite people [the bankers and government] controlling the world.” 


wa 


Women’s Liberation from the Perspective of the Elite 


* Women’s’ Liberation was founded by the Rocke elle 
Rockefeller asked Russo: “What do you think women’s liberation was about?” At the 
time Russo had a pretty conventional thinking about it and he said “It’s about women 
having the right to work; get equal pay with men; just like they won the right to vote.” 
At this point Rockefeller started to laugh and he said to Russo “You're an idiot” 
Rockefeller said —““Let me tell you what that was about. We the Rockefellers funded 
women’s’ liberation. We are the ones who got it all over the newspapers and 
television. The Rockefeller foundation —and you want to know why? There were two 
primary reasons:” 

1) “We couldn't tax half the population before Women’s Liberation and the second 


reason was 


* 2) “Now we get the kids at an early age [because both parents are away from home 
working] —we can indoctrinate the kids how to think, so it breaks up their family —the 
kids start looking at the state as the family, as the school as the officials as their 
family, not as their parents teaching them, and so those are the two primary reasons 
for women’s liberation.” 


Russo thought, up to that point, Women’s Liberation was a noble thing; however 
when he saw the Rockefellers’ intentions behind it, where they were coming from 
when they created Women’s Liberation; the thought proc 
behind what he thought was a noble venture. 


America is a Republic 


+ America is a constitution republic / it is supposed to be a constitution republic ~and 
NOT a democracy. The majority should not rule, and nor should the majority take 
over the inalienable rights of the minority. 
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* Americans pledge allegiance to the “Flag and the Republic which it stands” ~and 
NOT democracy. 

Democracy is the worst form of government you can have because it is majority rule. 
Therefore the government can tell you what to do because ‘the majority’ wants it. It is 
irrelevant what the majority wants. Decisions should not take away the inalienable 
rights of an individual, 

Russo also said “It doesn’t matter who you vote for, republican or democrat; they are 
the same —neither one of them is stopping the Federal Reserve or paying income 
taxes. 


The elite (Federal Reserve) have taken over the American government; there is no 
difference between republicans and democrats. There is no difference between the 
two parties. The duality is manufactured. They (Federal Reserve; central banks) 
control both parties. It doesn’t matter to the elite which one wins, because whoever is 
running for President will be someone they anoi 
do whatever the elite want them to do. The fact of the matter happens to be that you 
cannot win an election unkess you have enough money to win; they (Federal Reserve; 
central banks) make sure who gets the money. 


. Whoever runs for President, will 


Depopulation 


© Russo and Rockefeller discussed many things —and one of the things Rockefeller 
brought up in conversation was reducing the world population, Rockefeller felt that 
there are too many people in the world. Ina way Russo agreed that there are too many 
people in the work), but he does not think he has the authority to say who dies and 
who lives; but the elite felt that they want to reduce world population and Rockefeller 
felt it should be reduced by half. 

* Rockefeller even mentioned to Russo in conversation, that they were having a real 
problem trying to solve the Israel/Palestine problem ~and they were playing with the 
idea of bringing Israel to Arizona —and taking everybody from Israel and giving 
everybody a million dollars, and setting up Israel in the state of Arizona because that 
is a problem that they are not in charge of. 


Borrowing Money from Private Banks causes Inflation and Debt 


* These people (elite) control the money so they make all the rules, and therefore they 
put the rules in which they want into effect, and the truth is America has really 
become a ic country. Everyone says it is a capitalistic country, 
but how can it be a capitalistic country when you have a central bank? That is the first 
question people should ask. It can’t be. It is a planned economy, it is a phony! 

‘© Ifthey want to create prosperity, they just print dollars, or put digits into the economy. 
Now you have prosperity. You do not have real prosperity, you do not have real 
manufacturing, you just have money being injected in whic! 
makes the government go into more debt. 


\cialist communi 


infusion of credit. This 
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Whoever makes the money makes the rules. Rothschild said that. Why are we 
allowing these private bankers to make the money for our country? It is nonsense. 
Why are we paying interest to these banks to make money for us when the 
government can do it itself without paying interest, without all that debt? There is no 
answer fo that question and it is a question no politician will raise. Everybody talks 
about America’s debt... We are in debt because we borrow money... but we don’t 
HAVE to borrow money. They designed it so that we can go into debt. We can create 
the money, and back it by gold so that they cannot create too many of it, so that you 
do not have the inflation, and do what the Founding Fathers told us. 

Why in the world does the American government borrow money from the banks when 
they have the ability to create it themselves without borrowing it, and paying interest 
on it? Why? Nobody can answer that question —not one politician ever raises that. 
Why does the American government ever borrow money, when they can create it 
without paying interest? 

—And peopl say that —well if the American government creates it, it will cause 
inflation. And that is their answer. And Russo says well let’s look at it: the American 
government has the Federal Reserve do it, which creates the same inflation as if they 
did it, but ako with the inflation -now you are getting massive debt ~so with the 
Federal Reserve you have inflation and debt. Now if the American government made 
the money, backed by gold which would limit the amount they could make —you 
wouldn’t have debt and you wouldn’t have inflation, 


It wasn’t until 1913 when the Federal Reserve came in, that America had inflation, 
Before then there was no inflation for 100 years. There were points and spikes, mostly 
during the Civil War —but basically there was no inflation other than during that short 
period of time, I mean a baf of bread would cost the same thing. People could plan 
their lives. 


Today, they have planned inflation, and now you have two parents working, they 
cannot afford to take and pay for their family anymore; the kids are going to state run 
schools now, the kids are being indoctrinated how to think; they are being given 
Ritalin, they are being given all these drugs, the whole country is being dumb down, it 
s all because of the Federal Reserve S 
these bankers are responsible for the demise of America. And if we ever want to win 
this battle you must shut down the Federal Reserve System, and we must shut down 
these bankers and restore sound money to this country. 

If you analyse the situation and if you realise that since the Federal Reserve has come 
into being since 1913, illegally, without a constitutional amendment, by bribing a few 
senators during Christmas vacation, they turned over the most important power that 
the American government has, the creation and issuance of money to a private bank. 
Through that private bank issuing money they have destroyed this country. They have 
destroyed the purchasing power of money in this country; they have created social 
programs that are destroying this country. 

The Federal Reserve has created massive inflation in America which means the 


American worker has to keep on making more money to keep up with the cost of 
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living. The more money they make to keep up with the cost of living, the less 
competitive they become in the world economy. So now what happens is that we have 
to pay our workers so much to keep up with the cost of living; and then they (elite; 
government; corporations etc.) say screw the American worker; ket’s go overseas now 
to get the cheap labour. 

‘© The inflation the Federal Reserve has created has now allowed other countries to 
outcompete us. Other countries do not have to pay as much money as we have to pay 
to our workers to survive. So now we are not competitive anymore and we have lost 
our manufacturing base. We have lost our competitive edge. 

* “Freedom to Fascism” is a documentary that everybody should see. Russo and his 
team show the fraud of the income tax; they show how Judges put people into jail for 
no reason; they show the corruption of the justice system. They show how the Federal 
Reserve came into being and how it is controlling society and how all the central 
banks are working together through the bank of International Settlements, in 
Switzerland which is the central bank for all central banks and how all are working 
together to create this one world government; this one world order; which is what they 
are trying to do, 


The Deception of the Council of Foreign Relations (CFR) 


‘© Russo was interested in joining the Council of Foreign Relations, but he found out 
from Rockefeller himself, that part of the end goal of the CFR is to get everyone 
RFID chipped. To control the whole society and have the elite people (bankers, 
government etc.) controlling the world. Russo asked Rockefeller “Do all the people in 
the CFR believe the way that you do?” Rockefeller said “No, no, no. Most of them 
believe they are doing the right thing. A lot of them believe it is better off being 
80% We have to convince peopk that socialism is really capitalism.” Because 

s becoming a socialistic country; it is a communist country today. 

‘*  Russo’s fiendship with Rockefeller became one where they would share thoughts, 
ideas and philosophies and Rockefeller wanted Russo to become a part of what they 
were doing [enslavement agenda], and for Russo to become a member of the CFR; 
Rockefeller offered various business opportunities for Russo to get involved in the 
CFR and to not take up the fight or the battle that Russo had been taking up in the 
past. Rockefeller wanted Russo to drop the idea of helping the people; because “What 

the point in Russo fighting for the people?” Rockefeller would question, 

‘© Russo asked Rockefeller do all the people of the Council of Foreign Relations feel the 
same way you feel? Rockefeller said “A lot of them think they are doing the right 
thing, they think that socialism is the best way to go (but this form of socialism 
involves redistributing the wealth for the elites and not to everyone), they think that 
they are doing the right thing.” But the people at the (very) top they all know the truth 
of what is happening. (Therefore, the good people in the CFR are also under an 
illusion, and do not know that effectively they are working for evil men who have the 
overall goal to control the populace of the world), 
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So it is compartmentalised within the elite structure as well. All the people in the CFR 
-2000 to 3000 people like Dan Raddler ~they don’t know what is going on--- they join 
the CFR because it is prestigious. They think it is good for business, it is good for 
this; they don’t know what is really happening —the evil that comes out of it —that is 
emanating out of it, 

In terms of the CFR, in terms of compartmentalisation, there are many good people 
which Russo believes are part of these organisations who do not even understand 
what these organisations are really about, For example, when Russo was in Germany, 
doing cancer treatment, there was a gentleman there who was visiting a friend of his 
with cancer. The gentleman visiting his friend was a member of the CFR, and him and 
Russo were talking and Russo showed him the movie (Freedom to Fascism (2006); - 
~and he said, “Oh my god! I’m going to resign,””“I had no idea this is what the CFR is 
about”. He had no idea; he is just a nice guy, who thought he was joining a prestigious 
organisation, 

A lot of people join the CFR because they think it is a prestigious organisation; it will 
help them in business; make good business contacts etc. They do not have an 
understanding that the CFR is really about work! domination, How they, and the 
Trilateral Commission, The Bilderberger [Group], the banks, all work together to 
control the people ~a lot of them do not understand that, They do not see the big 
picture. They think: Oh the CER is a prestigious organisation. I'll make this, I'll make 
that, and I can do business deals. It is just business to them. The CFR wants to get the 
people in there that have influence and power, and so they are part of that 
(enslavement agenda), and so they are not opposed to them. So the whole country is 
becoming the haves and the have not. You are getting the very, very wealthy and the 
middle class being destroyed and you are getting the poor people. 

In Russo’s words: “You can call the CFR what you like, but it is a criminal 
organisation, Run by criminals. But people do not think of it as 
organisation, because it has yyle’; ‘prestige’; ~and it is ‘respected’ ; so people 
do not look at it as being a criminal organisation. That is what a great job they have 


a criminal 


ck 


done, 


Combining America, Mexico and Canada into one Country 


Imagine this... here you are in America, and they (elite) are combining American, 
Canada and Mexico into one country. The North American union, And the American 
people do not know anything about it, It is not even in the press. They would rather 
tak about Rosy O’Donnell and Donald Trump calling each other names than 
discussing the fact that we are merging into one country. This isn’t even reported. 

The fact of the matter happens to be, that tells you how controlled the media is. The 
elite control the media, and they control governments and they are all in bed together. 
Here you are combining American, Canada and Mexico into one country, and you do 
in the press. You do not see it in the press. Why? This should be one of the 
top stories everywhere ~and the elite are not worried about it. That tells you-there is 
the evidence that [media] it is controlled. They do not want the American people to 
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know what is going on, that is why they do not protect our borders. That is why we 
are losing our constitution, the very document that secures our freedoms. 


Russo’s Vision on How to Bring These People Down 


© There is no question we are in tyranny, there is no question that the American citizen 
is no longer a free individual human being, to do the things that they wish to do, 
We're slaves and it is getting worse 

© We are dealing with complete evil; and until the American people wake up and 
we do not want this evil in our country anymore and we want to come back to a 
country of decency and goodness, integrity and honour, we are going down that road 
and that is what it is going to take? It is going to take people to stand up and say we 
do not want to live in this kind of world anymore. I believe we should pull all of our 
troops out of Iraq, I believe we should leave other countries alone. Let other countries 
live their lives the way they choose to. Stop trying to spread ‘democracy’ around the 
world, which is the worst form of government there is anyway (because 51 percent 
rule over 49%), restore our republic to what it is supposed to be and go back to what 
the founding fathers gave us. Restore the repub! 

‘* In Russo’s opinion: The populace must shut down the Federal Reserve System —and 
there has to be an uprising. There has to be an uprising. People have to stand up. One 
person cannot do it alone. You cannot do it alone. Peopke do not seem to have the 
courage to do what they have to do. 

‘* A lot of people in Hollywood know the truth, they do not want to stand up and speak 
about it; [know many of them have seen my movie (Freedom to Fascism (2006) and 
they know I am right, and they want to talk about it because everybody is afraid. 
Everybody is afraid because they think that the money they get from the Federal 
Reserve is really money and they have a comfortable lifestyle and they are afraid of 
change. They are afraid to stand up for what is right, and until people are willing to 
stand up and have the courage to do what they need to do, it is not going to change; 
and hopefully we can affect change when people stand up and say “Hey, I’ve had 
enough”. 

* We (the populace) have one advantage. They (elite) need us to cooperate. See, if we 
do not cooperate with them, they cannot win. They always need our cooperation with 
them to go along with their programs. They try to *s Democracy; this majority 
says this; believe in this; do this, do that; the war on terror; we have to be scared 
They are always trying to do things to “sell to us” to go along with them, and once we 
learn not to cooperate with them; then we win the game. 

‘© That is the point, do not cooperate with them, and do not go along with the program 
anymore. Stop it. Join forces, and bring freedom back to this country. It is going to 
take people who believe in freedom; The Constitution and the Founding Fathers, 
Thomas Jefferson, to make this country whole again, because right now it is in the 
grip of the evil ones, and the only way to stop that is for good mento s 


I us 


‘* We have to stop being scared. We have to do what is necessary to take back what is 
ours. We have to stop these bankers, these elite, full of liars, congressmen full of liars. 
They are destroying our borders. 

‘© So through these bankers, attempting to take over America, knowing that America 

the freest nation on this earth, it w 


wa 


necessary for them to takeover America, 
take away gun rights, freedom to bear arms, and create a country where we become 
slaves, because once they take over America, the rest of the world becomes a lot 
easier for them, And so by creating 9/11, an event to terrify the American people that 
wwe are being ‘attacked by terrorist’, you create a world where there is an enemy that 
can never be pinpointed. You can never win the battle. It is 100 year war ~ a never 
ending war on terrorism, So you are always fighting this war, and through the war on 
terrorism, through 9/11 which is the first lie, then you create the war on terrorism 
which is the next lie, then you create the war in Iraq through weapons of ma 
destruction, which is the next lie so you get one lie, to the neat lie, to the next 
now it is going to be Iran the next lie ~and sending more troops and i 
Iraq. 

* Restore America’s Republic back to what it is supposed to be. Get the bankers out of 
our government, Get government to stop borrowing money from the banks. 
Government should make its own money; restore the Republic. Restore individual 
freedoms. That is what this country is about -and until we do that we are going to be 
slaves. 


surgents into 


* You have to take away the creation of money away from the private bankers and you 
will solve 95% of your problems. 

‘* Americans, mobilise, stand tall, stand together, tell the government you are “Mad as 
hell!” Do not cooperate with the government do not accept a National ID card. Do 
everything in your power to restore freedom and your individuality back to America. 
Stop being a country run by the institutions for the institutions. Let’s go back to “We 
the people, by the people for the people”, as opposed to, we the institutions, by the 
institution, for the institution, Stand up for your individual rights. Stand up for the 
God leaders that are in each and every one of us! 


The Trans-humanist / Post Human Agenda 


‘Transhumanism is a cultural and intellectual movement that believes we can, and should, 
improve the human condition through the use of advanced technologies. One of the core 
concepts in transhumanist thinking is life extension: through genetic engineering, nanotech, 
cloning, and other emerging technologies, eternal life may soon be possible. Likewise, 
transhumanists are interested in the ever-increasing number of technologies that can boost our 
physical, intellectual, and psychological capabilities beyond what humans are naturally 
capable of (thus the termtranshuman) (Anthony 2013). Transcranial direct current 
stimulation ((DCS), for example, which speeds up reaction times and learning speed 
by running a very weak electric current through your brain, (Anthony 2012) has already been 
used by the US military to train snipers. On the more extreme side, transhumanism deals with 
the concepts of mind uploading (to a computer), and what happens when we finally craft a 
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computer with greater-than-human intelligence (the technological singularity) (See: “How to 
create a mind, or die trying”, Hewitt 2012) (Anthony 2013). 


Moreover, put simply, “posthumanism” can be defined as that condition in which humans 
and intelligent technology are becoming increasingly intertwined (TheNanoAge 2015). For 
readers interested in learning more about the posthuman / transhuman agenda see BT Soul 
Catcher 2025 (BEAMS 2007); Avatar Project 2045 (2045 Initiative 2015; Borghino 2012) 
and Mind Clone Robot (Bloomberg Business 2015; RT 2015) which haye all been disclosed 
as methods of transferring the human consciousness to a computer. 


The Phases of Sleep and Rapid Eye Movement (R.E.M) Sleep 


Sleepers pass through five stages of sleep: 1, 2, 3, 4, and REM (rapid eye movement) sleep. 


These stages progress cyclically from stage 1 through REM then begin again with stage 1. A 
complete sleep cycle takes an average 90 to 110 minutes (Sleepdex 2015). In other words, 
after falling asleep, it takes approximately 90-110 minutes to enter REM sleep. 


Stages 
Waking REM Sleep. NREM Sleep 
Light Sleep Deep Sleep 
Stage 0 StageR 
stage |stage2 | |Istage2|stagea 
Transition 
between 
Byes open, Brain waves waking | Main body of 
responsive to _|similartowaking. ||andsleep. |lightsleep. |Slow —_ [slow 
external stimuli, {Most vivid dreams || if Memory waves on |waves on 
can hold happenin this awakened, | Consolidation. |EEG EEG 
intelligible stage, Body does |}person | synaptic readings. |readings. 
conversation not move will claim | pruning 
was never 
asleep. 
16 to 18 hours per |90to 120 
ee et 4107 hours per night 


Image 1: Stages of sleep. Source: Sleepdex: (2015) 
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Any sufficiently advanced technology is indistinguishable from magic. 
Arthur C, Clarke 


REM Sleep 
Most dreaming occurs during Stage Five, known as REM. REM sleep is characterized by eye 


yy. REM sleep is also referred 


stems become more active, 


movement, increased respiration rate, and increased brain act 


to as paradoxical sleep because, while the brain and other body 


your muscles become more relaxed, or paralyzed. Dreaming occurs because of increased 


s are those that you 


brain activity, but voluntary muscles become paralyzed. Voluntary muscl 
need to move by choice, for example, your arms and legs. Involuntary muscles are those that 
include your heart and gut. They move on their own (Sleepdex 2015; Walutt 2013). 


Rapid eye movement, or REM skep, is when you typically dream. You may have images 


float by in earlier s 


ages, particularly when you are going through Alpha or Theta (brain 


waves), but the actual dream state occurs in REM (Walcutt 2013). 


This period of paralyzation is a built-in protective measure to keep you from harming 
yourself, When you are paralyzed, you can’t leap out of bed and run, Do you ever feel like 
you can’t escape during a dream? Well, the truth is, you can’t, You can breathe, and your 
heart is working, but you really can’t move (Waleutt 2013). 


The reader is ako advised to see the Horizon documentary “Why Do We Dream?” (BBC 
Horizon 2009). This video is available, on YouTube, and details sleep, the phases of skep, 
REM skep, the period of paralysation and more. 


Current Advances in Technology 


This is a sectio 


some readers may have difficulty with, because reading about these current 
technologies alone, one cannot help but feel that such technologies described below sound 
like the stuff of science fiction and fantasy -although they have been corroborated through 
public drip- feed disclosure (explained below). Nevertheless, I urge the reader to keep in mind 
‘Arthur C. Clarke’s quote (above), as well as Phil Schneider's testimony regarding the 
advancements of military technology in comparison to the general public’s technology (for 
every 12 months, military technology outstrips the technology the public tomed to by 
a rate of 44 years). Moreover, for the reader who finds difficulty understanding the 
technologies described below, seek the supporting articles / videos. 
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Memory Suppression Technologies 

Memory suppression technologies are any scientifically advanced technologies which are 
used to suppress memory. Examples of how memories can be suppressed can be found by 
reading Winter’s (2014) article which details how memories can be suppressed using light; 
and Greenberg’s (2013) article which discusses memory suppression through gene / chemie: 
modification. 


Min ice Technology 
Mind-voice technology is an advanced technology which is capable of reading, I 
hearing or broadcasting your inner voice / thoughts. Examples of articles which discus 
voice technology are: Prigg (2014) details software which can read the 
Scientist (2014) which also discusses a brain decoder which can eaves 


voice, 


HAA. Technology 

The High Frequency Active Auroral Research Program (HAARP) is a radio transmitting 
system that can bounce signals off the ionosphere (a region of the Earth’s upper atmosphere 
60km (37 miles) to 1000km (620 miles) altitude) and back to earth to probe deep into the 
s proponents say. The system could locate minerals or communicate with 
h & Manning 1997; Sheen, Begich & Robbins 2005). 


HAARP can also: 


¢ Disrupt human mental processes. 
© Knock out all global communications sys 


* Manipulate global weather. 
* Change weather patterns over large areas. 

* Interfere with wildlife migration patterns. 

© Hurt ecosystem. 

‘© Negatively affect your health, moods, and mental states. 
‘© Unnaturally impact the Earth’s upper atmosphere 


This illustration (below) shows the ionosphere's relationship to the Earth. The illustration 
appeared in the HAARP Environmental Impact Statement on page 10-125 of Volume II 


IONOSPHERE 


Image 2: The ionos phere's relationship to earth. Source: (Begich & Manning 1997) 


The ionosphere protects the earth, HAARP (High frequency Active Auroral Research 
Program) is made to beam more than 1.7 gigawatts (billion watts) of radiated power into the 
ionosphere -the electrically charged layer above Earth's atmosphere. Put simply, the 
apparatus is a reversal of a radio telescope - just transmitting instead of receiving. It will boil 
the upper atmosphere. After disturbing the ionosphere, the radiations will bounce back onto 
the earth in the form of long waves which penetrate our bodies, the ground, and the oceans. 


HAARP represents a technology which could lead to a new class of weapons that could 
change our world profoundly - an alkpurpose military tool. If misused, the tool could mess 
up the weather. It could be used against humanity in a way that would change what people 
think, believe and feel. It could be used for good or evil, just as a harp can produce the music 
of Mozart or the melody of a death march. 


HLA.A.R.P. and Weather Control 
* “The theoretical implication [of Dr. Robert Helliwell and John Katsuftakis of 
Stanford University in 1974] suggested by their work is that global weather control 
can be attained by the injection of relatively small ‘signals’ into the Van Allen belts 
(radiation belts around Earth) - something like a super-transistor effect” said Frederic 
Jueneman. 
* Yes. The weather can be controlled using HAARP technology. 
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‘© A series of weather 1's began in 1960, according to a CIA report mentioned in 
the editorial, but at the time climatologists couldn't look ahead and see that droughts, 
floods and abnormal temperatures would continue beyond that decade. As if natural 

isasters weren't bad enough, the CIA reported that national governments were 


already able to manipulate weather for military purposes [using HAARP technology]. 


As far back as 1958, the chief White House advisor on weather modification, Captain 
Howard T. Orville, said the U.S. Department of Defence (DoD) was studying ways to 
manipulate the charges of the earth and sky and so affect the weather by using an electronic 
beam to ionize or deionize the atmosphere over a given area. In 1966, Professor Gordon J. F. 
MacDonald, associate director of the Institute of Geophysics and Planetary Physics at the 
University of California, Los Angeles, was a member of the President's Science Advisory 
Committee, and later a member of the President's Council on Environmental Quality. 


Gordon J. F. MacDonald published papers on the use of environmental control technologies 
for military purposes 
warfare is the identification of environmental instal 


MacDonald made a revealing comment: —The key to geophysi 
sto which the addition of a small 
amount of energy would release vastly greater amounts of energy. MacDonald had a number 
of ideas for using the environment asa weapon system and he contributed to what was, at the 
time, the dream ofa futurist. When he wrote his chapter, —“How to Wreck the Environment” 
for the book “Unless Peace Comes” he was not kidding around. 


In the text MacDonald des jon, polar 
ice cap melting or destabilization, ozone depletion techniques, earthquake engineering, ocean 
wave control and brain wave manipulation utilizing the planet's energy fields. He also said 
that these types of weapons would be developed and, when used, would be virtually 
undetectable by their victims. He was not some wire haired fanatic when he made these 
observations in 1966 -he had the credentials of a world recognized scientist. What his 
futuristic concepts became, are the things which projects like HAARP are made of, 


's the use of weather manipulation, climate modifi 


HLA.A.R.P. and Mind Control 
‘© Radio frequency radiation, acting as a carrier for extremely low frequencies (ELF), 

can be used to wirelessly entrain (adjust) brain waves. 

© We are talking about very, very low power requirements, The trick for influencing 
brain activity is in the combination of frequency, power level and wave form. 

* As Dr. Patrick Flanagan, one of America’s most gifted inventors noted in an 
interview, the HAARP project could be not only the biggest ionospheric heater in the 
work, but ako the biggest brain-entrainment (brain adjustment) device ever 

d. 

‘* According to HAARP records, when the device is built to full power it can send very 
low frequency (VLF) and extremely low frequency (ELF) waves using many wave 
forms at energy levels sufficient to affect the mental states of entire regional 
populations. 


cones 
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The HAARP transmitting system coukl be used unintentionally or intentionally to 
alter mental functions, 

If HAARP is tuned to the right frequency, using just the right wave forms, mental 
disruption throughout a region could occur intentionally or as a side effect of the radio 
frequency transmissions [in other words: “mind control”). 


RFID Technology 
Radio Frequency Identification (RFID) microchips are microchips that can be directly 


's the dangers of RFID chips. See Rense 


(2001) for full review. 


RFID technology links the brains of people via implanted microchips to satellites 
controlled by ground-based super-computers. 

Today they are small enough to be inserted into the neck or back, and also 
intravenously (through a vein) in different parts of the body during surgical 
operations, with or without the consent of the subject. It is now almost impossible to 
detect or remove them. 

Implanted human beings can be followed anywhere. 

Today's microchips operate by means of low-frequency radio waves that target them. 
With the help of satellites, the implanted person can be tracked anywhere on the 
globe. 


RFID Technology and the Medical Profession 


One reason the dangers of implantable microchip technology has remained a state 
secret is the widespread prestige of the psychiatric DIAGNOSTIC STATISTICAL 
MANUAL IV produced by the U.S. American Psychiatric Association (APA), and 
printed in 18 languages. Psychiatrists working for U.S. intelligence agencies no doubt 
participated in writing and revising this manual. This psychiatric "bible" covers up the 
secret development of Mind Control technologies by labelling some of their effects as 
symptoms of paranoid schizophrenia, 

The Psychiatric Diagnostic Statistical Manual (DSM) for mental disorders has been a 
brilliant cover up operation in 18 languages to hide the atrocities of military and 
intelligence agencies’ actions towards their targets. THE MANUAL LISTS ALL 
MIND CONTROL ACTIONS AS SIGNS OF PARANOID SCHIZOPHRENIA. 

Ifa target is under surveillance with modern technology via TV, radio, telephone, 
loudspeakers, lasers, microwaves, poisoned with mind altering drugs via air-ducts, 
giving familiar smells which cause headache, nausea and so forth, if s/he claims 
her/his clothes are poisoned, her/his food or tap water as well --- all medical schools 
teach their students that the person is paranoid, ESPECIALLY if s/he believes 
intelligence agencies are behind it all 

Never is the medical profession told that these are routine actions all over the world 
by intelligence agencies against their targets. Thus, victims of mind control are falsely 
considered mentally ill and get no help since they are not believed and their suffering 
is doubled by misinformed health professionals. 
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Further Implications of RFID Technology 

‘* How many people realize what the implications of implantable chips actually mean? 
It means total loss of privacy and total outside control of the person's physical body 
functions, mental, emotional and thought processes, including the implanted person's 
subconscious and dreams! For the rest of his / her life! 

ry and intelligence agenc 
control technology, which has been experimented with for over half a century (since 
1950s). Totally without the knowledge of the general public and even the general 
academic population, 

‘© Supercomputers in Maryland, Israel and eewhere with a speed of over 20 BILLION 
bits/sec can monitor millions of people simultaneously. In fact, the whole world 
population can be totally controlled by these secret brain-computer interactions, 
however unbelievable it s 


‘s) mind 


© It sounds like science fiction but it is secret mi 


unds for the uninformed. 


+ Neuro-electromagnetic involuntary human experimentation has been going on with 
the so-called "vulnerable population” for over 50 years, in the name of "science" or 
“national security” contrary to all human rights. It happens today in the USA, Japan, 
and Europe. With few exceptions, the mass media suppresses all information about 
the entire topic. 

* Only increased public awareness of the microchip implants, their frightful 
consequences to privacy by influencing of individuals’ thoughts and actions, causing 
people to become biological robots with physical and emotional pain whenever the 
supercomputer technician so wishes, is enough reason to refuse to take the microchip 
into your body for whatever reason, 

© It is the biggest threat to humanity and the most s 
race forever. 


ster plain to enslave the human 


If you have a choice and want to remain a normal human being with privacy, DO NOT have 
your children implanted NOR yourself implanted with RFID microchip(s) (or any other type 
of implantable microchip). Otherwise your vision, hearing, sensing, thoughts, dreams and 
subconscious will be influenced by an outsider, who does not have your best interests in 
mind, For the rest of your life! 


Mind Control: MK Ultra Technology 

MK Ultra today has evolved from the 1950s variation of mind control (MK Ultra 
Compendium 1980), whereby drugs such as LSD, and interrogation were used as methods to 
weaken the mind of the individual to force confessions through mind control. Today, mind 
control is achieved through the implantable microchip (mentioned above; Rense 2001). 


© The brain functions of an implanted person can then be remotely monitored by 
supercomputers and even altered through the changing of frequencies 

* Once implanted, the U.S. National Security Agency's (NSA) 20 billion bits / second 
supercomputers could now "see and hear" what you are experiencing with a remote 


monitoring system (RMS). 
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‘© Every thought, reaction, hearing and visual observation causes a certain neuro logical 
potential, spikes, and patterns in the brain and its electromagnetic fields, which can 
now be decoded into thoughts, pictures and voices. MK Ultra technology is therefore 
capable of Mental Video and Audio Projection, as well as Artificial Telepathy. 

‘© The mass media have not reported that an implanted person's privacy vanishes for the 
rest of his or her life. S/he can be manipulated in many ways. Using different 
frequencies, the secret controller of MK Ultra technology can even change a person! 
emotional life. S/he can be made aggressive or kthargic. Sexuality ‘ally 
influenced. Thought signals and subconscious thinking can be read, dreams affected 
and even induced, all without the knowledge or consent of the implanted person by 
using MK ultra technology. 

‘© Memory suppression technologies are used in conjunction with MK Ulira technology, 
which enables the programmer to control certain memories the victim remembers. 
The use of memory suppression technologies and MK Ultra technology allows the 
programmer to reinforce behaviour and elicit specific conditioned responses. 

‘* Mind control techniques, such as MK Ultra, can be used for political purposes. The 
goal of mind controllers today is to induce the targeted persons or groups to act 
against his/her own convictions and best interests. Zombified individuals can even be 
programmed using MK Ultra technology, to murder and remember nothing of their 


‘an be arti 


crime afterward. 

‘© The goal of mind control, using MK Ultra technology is to program an individual to 
cary out any task against their will and self-preservation instinct and to control the 
absolute behaviour and thought patterns of the individual The purpose of mind 
control, using MK Ultra technology is to disrupt memory, discredit people through 
unusual behaviour, to make them insane or to commit suicide or murder. 


See Mind-Computer (2012) which discusses how artificial telepathy is achieved. Artificial 
telepathy, also known as ‘brain to brain communication’, is also possible using MK Ultra 
technology. Furthermore, review: Jim Cristea (2009); Berkeley News (2011); UC Berkeley 
‘Campus Life (2011) CTForecaster (2013); nature video (2013) and Stromberg (2013). The 
above mentioned articles and videos describe, demonstrate, and corroborate how audio and 
video projection of the brain is achieved; how dreams can be recorded and projected digitally; 
how the brain can be scanned to reveal hidden information personal to an individual; and 
what a person’s underlying intentions are, by using brain scans. Moreover, the articles and 
videos mentioned above confirm the functionalities of MK Ultra technology. 


Furthermore, when our brain functions are connected to supercomputers by means of RFID 
technology, MK Ulira technology and other implantable microchips, it will be too late for 
protest. This threat can be defeated only by educating the public, using available literature on 
biotelemetry (electronic equipment that receives signals from radio transmitters) and 
information exchanged at international congres 
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Human Cloning 

There are currently five different types of clones, concealed from public knowledge. ‘There 
are Mark 1 clones; Mark 2 Clones; Mark 3 Clones; and Mark 4 clones and reanimated clones. 
Moreover, there are two types of cloning techniques: duplication cloning and replication 
cloning. 


Mark 1 clones are REM sleep driven clones. However, the technology used for Mark 1 clones 
causes many side effects and therefore Mark 1 REM sleep driven clones are no longer a 
preferred choice. 


Mark 2 clones are also REM skep driven clones. Mark 2 clones have fewer side effects than 
Mark 1 clones, and therefore Mark 2 clones are currently the preferred method for REM sleep 
driven clones. 


Mark 3 clones are independent clones which operate on microchip containing the entire 
consciousness of an individual 


Mark 4 clones are alo independent clones, operating on a microchip which contains the 
entire consciousness of an individual and is an advanced version ofa Mark 3 clone. 


‘These independent clones (Mark 3 and Mark 4) have a lifespan of 6 months to 12 months and 
require adjustments after this period to run efficiently once more. Without these adjustments, 
their functionality weakens. 


To “reanimate” means “to restore to life; resuscitate; revive”. Consequently, reanimated 
clones are clones which are genetically identical to that of a person who once lived. 


Replication cloning is what the public is most familiar with, Replication cloning involves 
giving birth to a genetic identical of an original where the newborn starts life off as a baby 
and matures. The newborn is referred to as a clone. 


However, duplication cloning is a current conceakd advanced from of cloning, and it 
involves taking as little as two cells from an individual, adding a constant electrical charge to 
til a compkte human being is formed. 


Duplication cloning 
Stephen Badylak’s video “How to grow a New Fingertip” (CBS 2008; Science Channel 
2014) where Badylak states: “A whole human can be grown within 9 months.” On average it 
takes 5 months to grow a duplicate clone of an original by means of advanced scientific and 
technological regenerative procedures. 


s similar to the process of regenerative medicine as demonstrated by Dr. 
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Cloning Centre and Cloning Technology 


A cloning centre is a ple where clones are produced. Cloning technology are the 
advancements in medicine, science and technology used to produce duplicate and replicate 
copies of originals. 


Drip Feed Disclosure and Evaluative Conditioning 


Drip Feed Disclosure 

Drip feed disclosure is the process of supplying information but in s 
Drip feed disclosure is also the process of revealing information slowly overtime, poss! 
telling lies to conceal certain aspects of the truth until the source administering the drip feed 
disclosure has adequate time to ket out the truth in a slow and controlled way, thereby 
delaying the betrayed partner (in this disclosure, the public) from having the “complete truth” 
for some time. 


Drip feed disclosure is also a method to gauge public reaction used by government 
media, multinational corporations and organisations as well as high ranking officials to “ 
whether the general public is acceptant of the concealed information or not. When the public 
reacts favourably to the drip feed disclosure, more information is revealed and made publi 
and it appears to the unsuspecting observer that the people involved in making the disclosure 
are taking positive steps towards a favourable goal for all. However, when the public reacts 
adversely; information contradicting the drip feed disclosure is presented, and an expert is 
presented to the public who voices the concerns of the general public, and therefore it appears 
that the opinions of the public have been noted and research and development will not 
continue in the initial stated direction, Nevertheless, the truth remains concealed and research 
and development continues despite the aversions of the public. 


Examples of drip feed disclosure involve articles such as mind uploading / downloading 
(BEAMS 2007), Mind Clone Robots (Bloomberg Business 2015; RT 2015), The 2045 Avatar 
Project (2045 Initiative 2015; Borghino 2012). 1 am here to tell you that I have been a spy for 
over 30 years and such technological accomplishments which are posted under trans- 
humanism / post-humanism genre have been realised many years ago and are available 
today. They are just concealed from the public. 


Furthermore, Dolly the sheep was announced as the first publicly cloned mammal (Animal 
Research 1996), but how many readers can say they know that, four years later, a monkey 
(BBC News 2000), our closest primate, was cloned? This is publicly disclosed knowledge, 
but I suspect not many peopk know of a cloned monkey four years after Dolly. This is 
because there was such a worldwide adverse reaction to genetic cloning when Dolly was 
made public, that the disclosure of the cloned Rhesus monkey (BBC News 2000) was not 
made public knowledge ona grand scale. 
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Evaluative Conditioning 


aluative conditioning is defined as a change in liking, which occurs due to an association 


with a positive or negative stimulus (see De Houwer et al., 2001). Simply put, this means that 
our preferences for brands, products, people and other things can be influenced and even 
modified by the presence of something we like or dislike strongly (Hale 2012). 


In many settings, a neutral stimulus, called a “conditioned stimulus”, often coincides with 
some desirable or undesirable object, called the unconditioned stimulus. An unknown brand, 
for example, might appear in a commercial that also depicts a happy child. Over time, stimuli 
that often coincide with desirable objects are perceived more favourably, whereas stimuli that 
often coincide with undesirable objects are perceived kes 
conditioning (De Houwer, Thomas, & Bauyens, 2001; Walter, Nagengas . 2005; 
Moss 2009). An “unconditioned response” is a response to a neutral stimulus we have no / 


litte control over. It is a natural automatic response. 


In other words, our preferences for liking or disliking brands, products 


ete, (the neutral 
stimulus) can be influenced by embedding (implicitly placing) the brand etc. (neutral 
stimulus) with positive or negative associations. Overtime our conditioned response becomes 
‘one of conditioned favourable or negative response towards the brand, product etc. (neutral 


stimulus) when we are faced with the brand, product etc. at a future date. Our preferences 


have been guided overtime, Evaluative conditioning can change our preferences when carried 


out subliminally or implicitly; it does not have to be explicit. 


In media; music; movies; and other forms of popular culture and entertainment, images and 
symbols (of stimuli which cause undesirable consequences) are embedded subliminally and 


implicitly and are paired with positive 


‘ociations as a form of evaluative conditioning. This 


use 


individuals who have no preconceived judgements of the stimulus to be guided to 


have positive associations with a stimulus which causes undesirable consequences. 


In popular culture; media; advertisements; movies; music and other forms of entertainment, 
evaluative conditioning is used as a method of hinting (that something is wrong); showing off 
of power (ie. nothing can be done to stop the negative stimulus) and as a form of gloating 
(ie. we've pulled off the negative stimulus / we are pulling it off). In over the 30 years I have 
been a spy, I have witnessed methods of evaluative conditioning used to hint, show off 
power, and gloat more often than not, and evaluative conditioning is not used just to guide 


social order. 
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The fortunate aspect is that once a person learns that his / her preferences are being guided by 
methods of evaluative conditioning, in order to influence the person to have positive 
associations with negative stimuli (or feel powerless towards the negative stimuli); and that 
the stimulus (brand / product) does in fact cause undesirable consequences —then the ‘spell’ is 
broken. The person can now choose how he or she responds to the brand ete. Usually, once 


all is known: a negative stimulus is 


sociated with negative associations; despite it being 


portrayed as positive through evaluative conditioning. 


Consciousness Transfer 


Consciousness is defined as “the 


ate of being aware of and responsive to one’s 


surroundings; a person’s awareness or perception of something” (Dictionary Reference 


2015). Consciousness can also be described as: individual awareness of a person's unique 


thoughts, memori 


, feelings, sensations and environment (Cherry 2015). 


John Locke (1632-1704) was an English philosopher, Oxford academic and medical 


researcher who argues tha 


meness of consciousness rather than sameness of substance 


that constitutes personal identity. Consequently, if the psychological life is transferred from 
the body of a prince to the body of a cobbler (shoe mender), Locke argues, the resulting 
person will be the prince and not the cobbler. He would be responsible for the prince’s 
actions and not the cobbler’s; those who were close to the prince could continue their 
relationships with him but those who had relationships with the cobbler could not, and so on 
(Schechtman 2012, p.334). Moreover, basic Lockean intuition has proved to be that 
“consciousness transfer” can be thought of as the feat in which the person moves from one 
body into another (Schechtman 2012, p.334). 


Consciousness transfer can also be thought of as the process of transferring or copying the 
mental content (including long-term memory and “self”) ftom a particular brain and copying 
it to a computational device; artificial body or avatar body such as that of a robot or clone 
version of the original. ‘The computation device, robot or the clone, will then respond 


essentially the same way as the original brain (a 


uggested by Lockean theory on 
consciousness transfer) and therefore the computational device, robot or clone experiences 
having a conscious mind and essentially the behaviour of the computational device, robot or 


clone, can be attributed as belonging to that of the original 
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It is OF MONUMENTAL IMPORTANCE that the reader understands the above statement 


regarding consciousness transfer is a method of CURRENT concealed advances 


in 


technology and not a concept relegated only to the genre of science fiction. At the very least 


the reader should be open to the possibility of consciousness transfer and the implications of 
consciousness transfer, in order to truly begin to understand the extent to which current 


concealed advances in technology are used to commit monstrous crimes. 


1 unde: 


advance: 


tand the above sounds unsettling, but there are ako many wonderful concealed 


in technology (detailed in the disclosure section). The marvels in technological 
feats and human accomplishment will be released for the benefit of mankind once the world 
learns about the monstrous crimes which are committed against the them, and the earth, 
through the use of highly concealed technological advances and the good people of the world 
band together to put an end to the tyranny around us. 


Now is also a good time to remind the reader that if military technology advances by a rate of 
44 years for every 12 months which p: then since 1945 military technology has 
advanced by a rate of more than 3000 years compared to the technology the public is 
currently accustomed to (44 times 70 = 3080). Now ask yourself honestly, in 3000 years 
from now (the year is 5015) don’t you think humans will have been capabk of developing a 
them to transfer their consciousness from one body to the next and 


Tam here to tell you that I have been a spy for over 30 years and that from the intelligence I 
have gathered over the years it has been illustrated to me countless times that consciousness 
transfer is indeed fact and currently exists. Consciousness transfer has been achieved since 
1945, although this accomplishment in human advancement (and more) is concealed from 
public knowledge. Moreover, consciousness transfer is a highly advanced form of concealed 
technology used by high ranking members of society to commit unspeakable crimes against 
the public. 


Furthermore, for the reader who wishes to understand how consciousness transfer is possible, 
see Petkova and Ehrsson (2008) and Ehrsson (2013). In the video Professor Henrik Ehrsson 
(2013) demonstrates: 


1) Consciousness transfer from one body to the next (owning another body other than 

inal) 

2) Physiological evidence for owning the new body. In other words when consciousness 
has been transferred and the person perceives the new body as that of his or her ow: 
when the new body is threatened as the mannequin (new body) was in the experiment, 
individuals still perceived the mannequin body as that of their own and became 
frightened (displayed biological and physiological response 

3) Visual perception and stimulation causes us to perceive ownership ofa new body. 

4) The new body we inhabit must be similar to that of our own (it does not matter 
whether the new body is smaller or larger than our original so long as the 
‘measurements are proportional) for consciousness transfer to occur. 


ones 01 
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5) That it is possible for consciousness to be transferred to another person’s body and 
have (or perceive) ownership of other person’s body while being localised in your 
own body. In other words, dual consciousness is possible. 


Petkova and Ehrsson’s (2008) and Ehrsson’s (2013) research gives one of the clearest 
publicly disclosed explanations of consciousness transfer and I urge the reader to watch the 
video in order to better understand my disclosure. One of the main findings from his research 
is that perception is not rigid; and perception does shape reality. Sight and synchronous 
(going on at the same time) stimulation can, and does alter the brains perception of reality. 
Sight and synchronous stimulation activates certain parts of the brain (the sensory parts of the 
brain and the motor (movement) parts of the brain). The match between the two (sight and 
stimulation) “convinces” the brain that they, I’m no longer in this body; I’m in that one or 
that I have a third arm (although it is a false limp) ete. Accordingly, ‘perception is reality”. 


Disclosure: Save the Victims through your Diligence 

Pye done my best to preface this information as logically, sequentially and methodologically 
for the reader as possible. I have stated what the law is on ‘whistle blowing’; I have given 
references and definitions where appropriate and I have provided many sources in order for 
the reader to research, corroborate, and better understand my disclosure, so that he or she 
becomes compelled to help me and victims like me, defeat tyranny and save the future of 
mankind; therefore if there are any areas of my disclosure which still appears suspect —and I 
understand, after all my efforts -things may still not appear clear to some readers because we 
are dealing with highly advanced concealed technologies which are not available in the world 
the general public lives in; and therefore it is difficult to fathom and furthermore conceive 
that men can be so evil to their fellow humans through the use of advances in science and 
technology. Nevertheless, I promise you, I have no reason to lie, I am victimised daily 
because of these technologies, and therefore my only option is to tell the truth, and nothing 
but the truth so that the people of the world can put an end to this grave injustice. 


For the reader who still finds it difficult to accept my disclosure after first read, I want you to 
do two things: 


1) Give me the benefit of the doubt. I am asking you to do this because as I stated earlier, 
one of the hardest things to do as a victim of abuse is to come forward about the abuse you 
have suffered. It is even more heartbreaking when nobody believes you. Consider all the 
victims of paedophiles you have heard about on the news. I cannot speak for their individual 
cases but I can attest to the fact it affects my mental psyche beyond comprehension; there is 
nothing worse than being ignored and that nobody believes you. So on that premise, please 
give me the benefit of the doubt, because I’m sure the majority of good human beings out 
there will feel worse when it is proven that ama victim of severe abuse and you ignored me, 
when you could have done everything in your power to save me, 


2) Set out ona genuine quest to debunk my disclosure. If my disclosure appears 
you to begin with, then set out on a genuine and investigative quest to debunk my dit 
because, if my disclosure initially appears circumspect to believe, then I should be proven 
false within minutes of your research of my disclosure, because even professionals make 
mistakes. There will be something about the disclosure which will just not ‘add up’ 
However, when a person is telling the truth, then it is very difficult to debunk that person. 

I promise you, it will be worth your time to know the real truth about the world, simply 
because the truth is liberating. 
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I would also like to remind you that the truth about the world has been hidden from the public 
for many decades, therefore when you do hear the truth of course it is going to sound absurd 
to begin with; but keep an open mind and pursue till you know what truth is; because “to 
“know” is to understand with certainty”. 


Words of Inspiration: Personalized from a Theoretical Physicist Thomas 
Campbell 


The following gives an introduction to many aspects which occur in this world behind closed 
doors or in plain sight depending on how familiar the reader is with the topics. Evidently, a 
Jot of what is written predominantly affects the people of the world and it is time the people 
of the world stood up and reclaimed their world. I cannot stress this importance enough! The 
disclosure is also a basis which explains many of the anomalies which exist in the world 
today. I apologise in advance if the disclosure is too shocking to be believable (initia ly) and 
it shakes the foundations of your belief systems... but as I’ve said, rather than lash out at the 
information, you must question your own belief system... and probe into the mechanisms 
which have influenced you to adopt your current belief system... only then does the shock 
subside... and you can move forward with an open mind through investigation, which should 
lead you to either corroborate or debunk the disclosure. Keep in your heart: scepticism, 
optimism and open mindedness (Campbell 2008). Scepticism keeps you from believing 
fallacies. It keeps you from falling into that which you have not yet proven for yourself. 
Scepticism is a requirement for breakthroughs. Optimism gives you the ability to give merit 
to that which you have not yet proven for yourself and Open Mindedness gives you the 
ability to “see” that which has not yet been proven. 


The Science of Hidden Consciousness 
Furthermore, “Consciousness Science Kept Hidden” (YesEthan 2013) illustrates: 


© “The heart is an electrical organ. It produces by far the strongest form of bio 
ekctricity in our body; up to 40-60 times stronger than the second most powerful 
source -which is the brain, This electrical energy travels through every single cell in 
our body and in a sense, binds the cells together. The bio-electricity field is strong 
enough that it can even be detected outside of the body; out into space; beyond the 
skin, It is very measurable electromagnetic energy, much like radio waves. What we 
found is that the heart produces an electromagnetic field that surrounds our entire 
body 360 degrees; and it can be detected about 3-4 feet with megatron meters outside 
of the body. Researchers at the medical facility in Kansas say they have detected it 
10-12 feet. So regardless of how far it goes, what is interesting is that we produce this, 
ekctromagnetic field which can be detected; it can be measured, with sensitive 
mainstream medical equipment.” -Howard Martin (co Author) “The Heart Math 
Solution” 

‘© Scientific studies have shown: that the heart is not only the most powerful centre in 
the body, it is the most intelligent and has the ability to receive precognition 
(knowledge of a future event or situation, especially outside one’s normal sense of 
perception). If we can create coherence with our heart and mind centre we can access 
our intuition more frequently. 
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When you read my disclosure, remember that it is the heart and NOT the brain which is the 
most powerful centre in the body; the heart is the most intelligent; it has the ability to receive 
precognition and intuition about a future event, before it actually occurs; therefore if you 
find that your heart is in resonance with the themes I disclose; do not fight it with the ego of 
the mind; when our egos get in the way it overrides our heart’s intuition; your heart is capable 
of discerning the truth of an event before your brain becomes conscious of it; by all means 
listen to your heart, and allow your brain to naturally develop its intuition, It will be the 
coherence between your heart first, and then your mind centre which will allow you to access 
your intuition. 


Make an effort and reach your own conclusions to the point where you feel comfort in the 
fact that you KNOW the information contained in this disclosure is indeed factual. This will 
be the point you will have become empowered with golden truth and compelled to fulfil your 
duty as a human being and also spread the truth far and wide. Yes, we are all living in very 
interesting times. 


Disclosure: Donald Marshall’s Message to the World 

My name is Donald Marshall. I have been cloned by a large secretive cult know as “The 
Freemasons” and “The Vril Society” and “Scientologist” together called the Illuminati, For 
unfamiliar with The Illuminati see “The New World Order” (1990) by A. Ralph 
son and Appendix C in this document; an introductory guide to the Illuminati and their 
agenda for the world is presented 


Furthermore, I have to tell you that human cloning has been done since 1945. Now is also a 
very good time to recall Phil Schneider's comment (Schneider was a Geologist and Engineer 
who worked on black projects and Deep Underground Military Bases (DUMBs)): “That for 
every 12 months which passes, military technology advances by a rate of 44 years compared 
to the technology the public is currently accustomed to” (Schneider 1995; 1996; Open Minds 
2011). George Green (a former Financier affiliated with U.S. Presidential candidates) also 
attests to the fact that humans have been cloned since 1938 (Green 2008a; 2008b). Therefore 
if we take 1945 as a base year, then military technology or hidden technology has advanced 
by the rate equivalent to 3080 years than the technology the general public is currently 
accustomed to (2015 — 1945 = 70 years; 70 multiplied by 4 = 3080). So yes, humans have 
been cloned since 1945 and continue to be cloned today and that current hidden technology in 
the year 2015 is as much as 3000 years ahead of the technology the public is currently 
accustomed to. I'll repeat myself because it is very important the reader understands the 
above statement, even if, the rest of the disclosure is hard to fathom after first read. The two 
most important things to keep in mind are 

1) Humans have been cloned for over 70 years (since 1945); 

2) Present hidden technology is more advanced -as much as 3080 years more advanced- than 
what the public is currently accustomed to and technology continues to advance at an 
incredible rate. 


The Two Types of Cloning Techniques 


Now there are two different types of cloning techniques, there is replication cloning and 
duplication cloning. Replication cloning is the type of cloning the public has generally heard 
of. Replication cloning involves taking the nuckus (the DNA) out of a donor egg, and 
replacing it with new DNA from the person to be cloned. After a few days the resulting 
embryo can be implanted for pregnancy. The newborn starts life off as a genetic copy of an 
original 


42|Page 


Duplication cloning, on the other hand, is the second hidden method and type of cloning 
where the DNA from the person is grown ina big thick tank full of (salty) water. It involves a 
method of regenerative technology where the cells are agitated and agitated and over the 
course of 5 months, a fully formed duplicate clone body of an original is developed. The 
Illuminati used to have to use a tissue sample from the original or the cells from women’s pap 
smears because this contained rich cells to make duplicate clones; they also used children’s 
foreskins which were discarded at the hospital that got removed. That is what happened to 
me. I had my foreskin removed at age 4 ~and by age 5 the Illuminati grew duplicate clones of 
me. Now the Illuminati say they have upgraded the technology since 2000 and now all they 
need is blood from the original. They then agitate the blood cells over and over again through 
regenerative technology, until a fully formed duplicate clone body of an original is produced. 
For readers who are unfamiliar with regenerative procedures, see Dr Stephen Badylak’s video 
‘on “How to grow a new fingertip” (Science Channel 2014) and Carmichael (2013) which 
discuses how scientists cloned a mouse from a blood sample (this is another example of drip- 
feed disclosure). Regenerative science and medicine (CBS 2008) does work; I’ve seen it 
many tim 


The Different Grades of Clones: “Mark 1” to “Mark 4” Clones 

There are a few different grades of clones that I know of. There are: “Mark 1” to “Mark 4” 
clones. Mark 1 clones were available at the end of World War II (1945). Mark 1 clones were 
rapid eye movement (REM) driven clones but they were primitive grades of cloning with lots 
of side effects caused to the original. Mark 1, REM driven clones were called “Organic 
Robotoids”, even though there are no robotic parts to the clone at all. See Dr Peter Beter’s 
discussion on “Organic Robotoids” (Beter 2011). 


Donald Marshall’s Dilemma with “Mark 2” Sleep Driven REM Clones 

The problem I am having is with Mark 2 REM driven clones. “Mark 2” is a rapid eye 
movement (REM) driven clone. In other words, Mark 2 clones are sleep driven clones. REM 
sleep is the fifth stage of sleep (Skepdex 2015), The first REM cycle usually happens 90 
sto 110 minutes after we fall asleep (Sleepdex 2015). What that means is: currently, 
this is the Iluminati’s main form of communication. They do not call people on the phone; 
they do not meet at the Bohemian Grove anymore (they only meet there once a year for 
traditional purposes). Since they discovered the science of sleep driven cloning, they meet at 
the cloning centre WHEN THEY GO TO SLEEP (The cloning centre is a physical location, 
located 5 / 6 hours radius from the Robert Pickton Farm (Port Coquitlam, British Columbia, 
Canada) at a nature reserve). 


Consciousness Transfer Happens When the Original Reaches REM Sleep 

The Illuminati can transfer the consciousness of an original once the person reaches REM 
sleep if there is a duplicate clone of the original at the cloning centre, once the person goes to 
skep (90 minutes to 110 minutes after falling askep). So what happens is that the 
consciousness of the original is transferred to the duplicated clone body (the duplicated clone 
body is grown within 5 months by regenerative technology) once the original reaches REM 
skep. The original’s consciousness is transfered from the original's body, although the 
original’s body is still in their bed, askeep at home; to a duplicated REM driven clone body at 
the cloning centre and the original ‘wakes up’ as a cloned version of himself / herself at the 
cloning centre. It is a great marvel of science and one man’s greatest achievements, but it is 
kept hidden and used for sinister purposes which I discuss below. I must address the readers 
at this point who are lost at the thought of duplication cloning, and consciousness transfer. 


For readers who may have difficulty understanding the process of duplication cloning, see the 
video which features Dr Stephen Badylak (CBS 2008; Science Channel 2014). Badylak 
describes and illustrates how a new fingertip can be grown within 4 weeks, by the process of 
regenerative technology. Duplication cloning works a similar way; involving regenerative 
technology whereby the cells are agitated and agitated, and over the couse of 5 months a 
fully formed duplicate clone body of an original is grown, Moreover, readers should also 
view the Horizon documentary “Why Do We Dream?” (2009); the documentary clearly 
explains the phases of sleep; particularly REM skep. The documentary also clearly explains 
that during REM phase sleep the whole body shuts down, and it is only the brain which is 
active. The fact that the brain is still active, although the body is inactive, is a perfect 
opportunity for consciousness transfer; and this is usually the moment the Illuminati transfer 
the consciousness of a person who is asleep, to a cloned version of himself / herself. The 
reader should also explore Ehrsson’s (2013) lecture on consciousness transfer. In the video, 
Ehrsson (2013) clearly explains how through the first person visual perspective (seeing 
through the eyes), and through synchronous (occurring at the same time) stimulation of a 
body part, individuals can perceive and see the world from another body different from their 
original. In other words, so long as people can see through the eyes, and the body is 
stimulated, the match between the visual perspective and feeling body sensations allows the 
individual to see and perceive the world through another body different from their original 
ss has been transferred to another body. 


Ehrsson (2013) also demonstrates that consciousness is linked. Once consciousness 
transferred (from the original’s body to the new body), even though the new body is not the 
persons original body; when the new body is attacked, because the person perceives the 
world through the new body, everything feels “very real”. When the new body (for which the 
's consciousness has been transferred to) is attacked, the original still perceives the 
threat as “real”, and therefore the person displays a biological and physiological fear response 
in their original body; the heart rate increases, as does respiration (breathing) rate, as well as 
anxiety. 


is 


Donald Marshall is an Original as he sits at Home Typing this Disclosure 

This is how advanced technology is today. This is also exactly what happens to me. Tam an 
original as I sit at home here typing this disclosure, but when I enter REM sleep, my entire 
original body shuts down, and only my brain is active. The Illuminati have linked my 
consciousness to a REM driven duplicate clone body of me. Therefore, as soon as I enter 
REM sleep, they are alerted to the fact that I have entered stage five of the sleep cycle, and in 
REM skep, because they have a green and red light above duplicate clones at the cloning 
centre. The red light indicates that the original is awake, and the green light lets them know 
that original has entered REM phase sleep and it is time to transfer their consciousness to a 
duplicate clone version, They cannot transfer the consciousness of an original before REM 
phase or when the original is awake. When they try and transfer consciousness before an 
original is in REM phase it makes the original have intense headaches. Setting an alarm every 
90 minutes to wake up and then go back to skep also does not work in terms of avoiding 
REM sleep and having your consciousness transferred, because the body requires REM sleep, 
and therefore you become very tired, quickly, if you do not get REM sleep. If you stay awake 
for four days without REM sleep you begin to hallucinate; after seven days without REM 
slep you will die 


When Donald Marshall’s REM Driven Cloned Experiences Began 


This whole sordid episode began when I was 5 years old, after going to the doctors to get my 
foreskin removed, at age 4. The tissues from my discarded foreskin were used to grow 
multiple duplicate clones of me. Within months, I was having my consciousness transferred 
toa REM driven, 5 year old clone version of me every time I entered REM sleep. The reason 
the Illuminati did this was because they wanted to use me as what they term “a diddle kid” — 
in other words they wanted to have sex with an REM driven, 5 year old, duplicate clone 
version of me. This is what they do. They clone people. They make duplicate clone bodies of 
peopk to victimise in terrible ways, and they clone children for men with undeveloped 
penises to have sex with. 


However, I could never remember any of these REM driven clone experiences when I woke 
up for 25 years; because another aspect of REM driven cloning is that the Illuminati have the 
advantage of being able to suppress the experiences of people who have their consciousne: 
transferred to their REM driven duplicate clone versions through advanced memory 
suppression technologies. For the reader who wishes to understand how memory suppression 
works see Winter (2014). Memories are stored and retrieved from different parts of the brain. 
Interactions between the cerebral cortex (the outer layer of the brain) and hippocampus need 
to work together in order to bring the memories out of mental storage to be re-experienced by 
the mind (Winter 2014), Therefore all that has to be done is for them to turn off the nerve 
cells which communicate with the cerebral cortex and hippocampus for the evening which 
you went to sleep and had your consciousness transferred to a REM driven duplicate clone 
n of you, and you will not remember anything. The technology is so advanced; they 
an, and do suppress memories at a push of a button, Therefore, the victim wakes up the next 
morning and will not remember a single REM driven duplicate clone experience. All that 
they will be aware of is that they did not have a dream the previous night. 


This is what happened to me for over 25 years. I wasn’t allowed to remember these REM 
driven duplicate clone experiences until I turned 30. My memories were suppressed for 25 
years. I would wake up many days, afer a night’s sleep, thinking ‘I didn’t have a dream last 
night’; or I would wake up the next morning and I would be sick, although I went to sleep the 
previous night feeling completely healthy. Throughout the years, I thought I had terminal 
illness; because whenever I went to see a doctor, the diagnosis would always come back that 
“there was nothing wrong with me” 


However, over the course of 25 years when I was memory suppressed, and not allowed to 
remember my REM skep driven clone experiences, the Illuminati were using me to produce 
songs, lots and lots of songs, and whenever I could not produce a song, or did not want to, 
they would stab my REM driven clone body; sodomize my REM driven clone body; chain 
me to a crucifix and burn my REM driven clone and torture me for all kinds different 
reasons; and even when I was compliant and did what they told me to, I was attacked, simply 
because some members of the Illuminati wanted to know what it feels like to stab someone. 
Now because consciousness is linked (Ehrsson 2013), all these REM clone torture 
experiences affected me in my original body, and I have a weak heart today because of it, at 
the age of 39. The memories of my REM clone driven experiences also had to be released to 
me slowly (see Alford (2014) and FW: Thinking (2014) —for an example of how memories 
can be wiped and restored) over the course of many months because I had been through so 
much horror and torture that if the memories was released all at once, I would have had a 
heart attack in my real body and died. 


45 [Pag 


This is one of the main reasons the Illuminati curently use REM sleep driven cloning 
(besides sex and torture): to plagiarise talented people under duress. There are many people 
including me who have been, and are plagiarised on a daily basis. Their consciousness is 
transferred to their REM driven clone alternates, and night afier night and under duress they 
are forced to reveal their money making ideas or face torture or clone death; clone death after 
clone death, That is what the movie Inception (2010) is about: REM sleep driven cloning, and 
stealing ideas from the minds of unsuspecting individuals. The Illuminati actually made the 
film Inception (2010) as well as The Island (2005), Avatar (2009) and The 6" Day (2000); the 
films mentioned above contain references of cloning and REM driven cloning to show off 
the Illuminati’s ‘power’ and throw in the world’s face and laugh. 


The Science of REM Driven Cloning Began in 1945 

Tam one of the few people fortunate, or unfortunate depending on how you look at it, who 
remembers all of my REM driven cloning experiences because these memories were released 
to me at the age of 30. I remember many people who have attended and still attend the 
cloning centre which they bring me to over the course of 34 years. lam currently 39 years old 
and was brought there since the age of 5. The science of REM sleep driven cloning was first 
discovered in 1945, and at first it was just a political thing which leaders of the world did. 
Through the science of REM skep driven cloning, political figures, heads of state and royalty 
met each other as REM driven clones versions of their selves when they went to skeep and 
discussed worldly affairs in complete secret with each other. They also did whatever they 
wanted with each other as REM driven clones, which they could not do in their original 
bodies such as sex, fighting each other to the death, jumping off cliffs as their REM driven 
clones, and just about anything you can think of when one has the ability of pseudo- 
immortality as a skep driven clone version of themselves hidden from the guise of the world 
and general public. 


Well they soon got bored of each other very quickly, and started to make REM driven 
duplicate clones of movie stars, musicians, cekbrities and public figures from all walks of 
life to hang with as REM driven clones and now they all get together for a disgusting time as 
REM driven clones when they go to sleep. Most of the G20 political leaders meet at the 
cloning centre as REM driven clones when they go to sleep to discuss worldly matters and 
watch gruesome things done to innocent and unsuspecting civilians, who are also REM sleep 
driven clones at the cloning centre, but civilians have their memories suppressed. This is what 
the films Hostel (2006); Hostel: Part I (2007); and Hostel: Part I 2011) (Illuminati made 
films) -are about: -rich people paying to torture and kill innocent people at a secluded 
location for sport; just that at the cloning centre, the Illuminati members torture and kill REM 
driven clones of innocent people. 


Therefore, depending on what was done to your REM driven clone, you could wake up the 
next day with a very intense headache in your original body, if your REM clone was 
repeatedly punched in the head; an upset stomach in your original body if your internal 
organs were tortured; achy limbs; and worst of all, feel sick all over; although the previous 
evening you went to sleep feeling healthy. Remember consciousness is linked (Ehrsson 
2013), therefore whatever happens to your REM driven clone will affect you in your original 
body. Even when they suppress your memory; the previous night’s experiences still affects 
you in your original body. You wake up with the knowledge that you did not dream the 
previous evening when you went to sleep, and with certain illnesses depending on what was 
done to your REM driven clone. 
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Help Donald Marshall STOP REM Driven Cloning NOW! 


Everything I discuss in this disclosure is firsthand witness accounts. I have seen and 
experienced horror spectackes done to innocent civilians and to me. For the sake of humanity 
and the innocent chikiren brought to the cloning centres all over the world; I must tell the 
whok world about this and the good peopk of this world MUST HELP ME TO BRING 
THIS TO A STOP. My sense of duty, moral correctness, and conscience cannot allow me to 
stay silent about this evil. REM sleep driven cloning, and the torture of innocent civilians as 
REM driven clones; having REM driven clone sex with beautiful, innocent unsuspecting 
civilians of the world; the paedophilia of children through the process of REM driven 
cloning; REM driven sex slavery; the plagiarism of talented individuals through the process 
of REM driven cloning; and REM driven idea slavery, whereby talented individuals must 
produce new ideas and concepts daily (or whenever they sleep) or be stabbed or tortured in 
their sleep as REM clones ~is the most vicious and pernicious form of tyranny ever to occur 
against humanity and IT MUST BE STOPPED NOW! 


Do Not Panic, Riot, or Cause Chaos. This is Very Important. 

Now I must preface this carefully, because members of the Illuminati have told me that I 
have to put this in an eloquent fashion, ina way which does not make people panic because 
people finding out about REM driven cloning, and the extent of the evil it has been used for, 
and continues to be used for; it coukd cause loss of social order, riots and anarchy in the 
streets. Moreover, I too DO NOT want riots and anarchy in the streets, despite the fact that I 
am vehemently angry considering the extent to which they plagiarised my talents over the 
years. If you are a good person reading this, and you want to help and you want social order 
restored for the benefit of mankind, promise yourself; me; all the innocent children they have 
affected through REM driven cloning, and the children of the future that you will NOT riot, 
and destroy a world for children who are going to inherit the world. This is very important. 
Remember the Illuminati have highly advanced technologies (kept hidden and secret), 
including weaponry, and they are just waiting for any excuse to use it on the populace. In all 
revolutions, the populace always win, and I want this disclosure and the end of REM driven 
skep cloning to go smoothly. I want the good people of the world to keep spreading this 
information, keep spreading this disclosure all over social media, tell your close friends, your 
family, and as many people on social media platforms as you can, The internet, and radio 
shows with small audiences are the only forms of communication the Illuminati do not 
control. They own all forms of television networks, even including the Aboriginal People’s 
Television Network (APTN), and therefore a message as important as this will never reach 
the average man or woman through tele vision because it does not serve their agenda. 


Spread this Disclosure Document until it reaches the Armed Forces 

I want this message to reach the armed forces, because currently people in the armed forces 
are following orders, yet they do not know how corrupt their governments and people in high 
profile places are. They are unknowingly defending these corrupt people. People in the armed 
forces will NOT defend these corrupt people nor will they harm civilians when they realise 
that these corrupt people have been growing duplicate clone bodies of civilians, transferring 
civilians consciousness to their duplicate clone versions when the victim reaches REM sleep, 
and torturing civilians in their sleep; having sex with under-aged REM driven cloned 
children; having sex with innocent and unsuspecting adults as REM driven sleep clones, 


against their will; torturing REM driven clones for sport; and for money-making ideas to 
benefit their own pockets while they make innocent civilians sick and have side effects in 
their original bodies from REM sleep driven cloning technology. No. The armed forces will 


that it reaches personnel in the armed forces ASAP! I want the armed forces to overthrow 
these corrupt people. The Illuminati think they are very sly and untouchable because together 
they hold most of the wealth in the world, We must show them that they are not untouchable. 
Please do all you can, to share and spread this message. It is the most important me: 
ever reach the internet because it affects all our liberties. 


I must also address the readers who may feel afraid in spreading my message because they 
may want to do the right thing, but they are terrified the Illuminati may degrade or end their 
lives. As unbelievable as the next thing I am going to share sounds, it is a belief system which 
shapes the reality of the Illuminati and therefore they themselves are affraid to do anything 
which may degrade their lives or ‘eternal soul’ 


They believe that they are the ‘fornicators’ mentioned in The Bible, and if they were to 
degrade or harm the lives of anyone aiding me, they would suffer the wrath of God when they 
die, Notice I said when they die, but so long as they are still alive they can do all the evil 
they like, with little consequence, as they do in their REM driven clone versions at the 
cloning centre; worshipping Lucifer and doing all sorts of ungodly things. They even say God 
does not exist, only science and technology; yet they are afraid of dying. Very afraid of 
dying; because they believe they'll meet God’s judgement. I’m just relaying what they have 
told me. They are weird like that. They also follow Hopi Indian Prophecy, Mayan Prophecy 
and Nostradamus Prophecy. They mix and match those three prophecies and come up with 
their own religion of what may or may not happen in the future, 


Donald Marshall is NOT “The New Age Saviour”. Nobody wants to be a 
‘saviour’ 


Furthermore, THEY believe I am a new age saviour for the end times; that I was going to 
save the world from something, according to the Nostradamus prophecy (quatrains); the 
Iluminati consider Nostradamus the greatest prophet ever to walk the earth. They are in awe 
of him 


1 DO NOT endorse their claims. I just want REM driven cloning to stop and these people 
face punishments for their crimes against humanity. I really do not endorse such claims, but if 
saves my life and yours, so be it. In reality and practicality, nobody wants to be ‘the 
saviour’; not with such tyranny and pernicious evil such as this. We'd rather all just be living 
normal lives without the knowledge and practice of REM driven skep cloning which is used 
for torture, clone death spectacles and sex with children. My friends on Facebook do not 
‘saviours’ either; nobody really does, but we do it out of a sense of duty, 
moral correctne nce ould never rest knowing the true extent of evil in this 
work, and doing nothing to end it. So all that saviour and Nostradamus prophecy talk, it is 
just the Illuminati; they like to quote prophecies, and make them come true to make 
themselves feel special. 


Like I said, they are weird. I’m just relaying what they say, and I do not endorse the new age 
saviour claims. I’m just a normal guy, who was unfortunate to be cloned when he had his 
foreskin removed at age 4. This could have happened to anyone. Thankfully I had a very 
active imagination at the age of 5 and with the use of the technologies such as Mind-voice 
technology (that is what the Illuminati call it) it allowed me to make songs to keep the 
perverts off me. Mind-voice technology is just a technology which can tune into the inner 
voice in your head (See articles by Prigg (2014) and New Scientist (2014) —which discuss 
how scientist can listen to your inner voice; —it is similar to how Mind-voice technology 
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works). Therefore, when you hear the sound of a guitar; the sound of drums; or any 
instrument for that matter; after hearing the sound, when you imagine the sound you heard, 
your REM driven clone can replicate this sound with Mind-voice technology exactly; and I 
used Mind- voice technology to make many, many songs over the years. As I’ve said, and Ill 
say it again: technology today is very advanced. 


How the Nostradamus Prophecies shapes the lives of the Illuminati 
Also another reason they have not killed me is because the Illuminati said “If they do, 
everyone is going to know I am telling the truth”, -which I am with my right hand to God and 
I cannot lie about this stuff; the things I have seen are too sinister and diabolical. It would 
make me as bad as them if I did. Furthermore, because they follow the Nostradamus 
prophecies religiously, they have told me that they believe anyone helping me is considered 
part of “The Army of Light” and again, to hurt or degrade anyone helping me, considered 
part of The Army of Light would incur the wrath of God; and that to hurt anyone considered 
part of The Army of Light will degrade their lives; they will suffer misfortune and entire ruin 
as will their eternal soul These are just some of the interpretations of the Nostradamus 
quatrains they have relayed to me, These people are beyond crazy, zealot and religious 
fanatics. Nevertheless, the main point to remember by all this is that you are safe, and they 
cannot hurt you, they are scared to hurt you, as well as kill me because prophecies have 
shaped their lives and the lives of their ancestors for hundreds of years. 


Furthermore, and practically, I have told too many people that this is the extent, to which 
technology has developed in our current day, and it is kept secret and hidden from the public 
for nefarious purposes and this is what the Illuminati do: REM slep driven cloning. I have 
been spreading this information since 2011 and not one of these high profile people, 
government officials or celebrity figures has issued a (public) statement against me or taken 
me to court over libel charges because I’m telling the truth; and their statements would not 
hold in court. 


T have also told over a million Arabs; I have appeared on radio interviews with Vinny 
Eastwood (Vincent Eastwood 2013); Jeanice Barcelo (Jeanice Barcelo 2013); and Lisa 
Phillips on the Cry Freedom Radio show (Astral Tight 2013a — 2013h). I have reached 
audiences as many as 280,000 views on the Vinny Eastwood Show (Vincent Eastwood 2013) 
alone. However, I must stress that YouTube reduces the view count of my interviews every 
so ofien in order to suppress the truth so that my interviews do not get featured on their 
platform. Nevertheless, there is safety in numbers and rest assured there are new people 
waking up to the disclosure of REM driven sleep cloning every day; and therefore you can 
share and spread this information without any worry about facing rej from the 
Iluminati, even if you do not believe that it is in fact their beliefs in Nostradamus prophecies 
which is saving you and I from the Illuminati 


HIV/AIDS has been cured; so have many forms of cancer 


Now is also a good time to share with the reader that this situation is not all ‘doom and 
gloom.’ In their quest to perfect technologies, science and medicine, the Illuminati discovered 
the cure for HIV/AIDS; cancer (except pancreatic cancer); Alzheimer’s; Dementia and many 
more debilitating diseases which humanity suffers with. They relayed the fact that they found 
the cure for HIV/AIDS by stimulating the cells in an oxygenated rich environment because 
diseases/viruses cannot thrive in an oxygenated rich environment (in layman’s terms), Magic 
Johnson was cured from AIDS this way and they use him as a spokesperson to sell the 
retrovirus pills which they know is not as effective. However, the greed these people have, 
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knows no bounds, and because they receive too many donations for HIV/AIDS as well as 
cancer donations they do not announce they have cured HIV/AIDS or cancer publicly. As 
ve told you, and will continue to tell you: technology is far, far, FAR advanced than what 
you currently see around you, With the help of the good peopk of earth I promise to release 
these technologies for the benefit of mankind, and all reading this disclosure can hold me to 
this. You must hold me to this. It is time we ended corrupt governments and corrupt 
individuals in high positions of power in this world, Holl me to this. 


Thope you are now beginning to understand why this is a world emergeney and why these 
corrupt people must be ousted and overthrown. I also hope you understand why you must not 
riot or cause chaos because as I said at the beginning of this disclosure “I write this to 
empower good people of the world against the tyranny which exists all around us in our 
world today”; I did NOT write this to cause chaos, public dissension or anarchy. Good 
peopk of the work will inherit the earth once these corrupt people are overthrown, 
Therefore, under no circumstance must you destroy the work! when you are going to inherit 
it, No matter how angry this disclosure makes you; no matter how angry the diabolical people 
who commit these crimes against humanity make you feel. Let’s make sure this goes 
smoothly. Keep spreading and sharing this information, until this disclosure reaches the 
armed forces; until the armed forces bring these corrupt people to their knees. We are about 
to inherit the earth; by all means let’s ensure everything goes smoothly. Now that you 
understand how important this disclosure is and that the overthrow of these corrupt 
individuals must progress smoothly, I’ll continue 


The Behaviour of High Profile People at the Cloning Centre 


The high profile individuals who attend these REM driven clone gatherings in their sleep 
have nothing better to do than to show off in disgusting ways. They have no shame and it 
seems nothing embarrasses them. Some REM sleep driven, cloning centre attendees, sit in the 
stands of an unused arena, smaller than a hockey rink, but it still has the capacity to seat 
between approximately 300 to 400 people. There is dirt in the centre of the rink where ice 
would be. They have frightened REM driven clones of children walk into the middle of the 
dirt rink to be victimised for a bizarre and disgusting spectacle. Sometimes, they have 
animals like dogs have sex with the REM driven clone children, while a man holds the dogs 
on kash so that it wouldn’t bite the child on the back of the neck; which I have seen happen 
before. They all try to outdo each other in their levels of depravity; to be evil is to be “cool” 
to them. 


The Ring Leaders of the Cloning Centre 


I will now discuss the ring leaders, but before I name names, please understand that am not 
someone who has collated stories and evidence together over the internet. I REALLY do not 
need to do this. Every time I enter REM skp, the ring leaders at the cloning centre transfer 
my consciousness to a duplicate clone version of me. I have seen and talked with these 
monsters over the course of 34 years as REM driven clones at the cloning centre. However, I 
do understand that for the average reader, without understanding how far me 
and technology has advanced; without seeing or hearing people, other than me, discuss 
crimes the ring leaders of the cloning centres commit, itis very difficult to imagine that this is 
what these high profile people are involved with, and do. Nevertheless, I guarantee it; this is 
the true extent and prevalence of evil in our world. 
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Their public personas, and public images is well managed by their PR teams, and therefore 
for the average person it is difficult to imagine these people in any other way but ‘positi 
but these people behind closed doors are the most evil, sick and twisted people I have ever 
had the misfortune of encountering. It is also difficult to take in what I am saying because I 
am not a public figure, nor do I have the “influence” or public image these people have; the 
general populace have never met, or heard of me, or known who Iam; if this was the case my 
eye witness testimony alone will be enough; however, I do understand that we are dealing 
with highly advanced technologies, thousands of years advanced compared to what the 
general public is accustomed to, and because of this I provide references for the reader; I 
provide references for the reader to have something to corroborate what I am disclosing; and 
I provide references for the reader to see past the illusions these people have created. 


Moreover, as “Consciousness Science Kept Hidden” demonstrates (YesEthan 2013) 
remember that it is the heart and not the brain which is the most powerful centre in the body, 
the heart is the most intelligent; it has the ability to receive precognition and intuition about a 
future event, before it actually occurs, therefore if you find that your heart is in resonance 
with the names mentioned; do not fight it with the ego of the mind; when our egos get in the 
way it overrides our heart’s intuition; your heart is capable of discerning the truth of an event 
before your brain becomes conscious of it; by all means listen to your heart, and allow your 
brain to naturally develop its intuition. It will be the coherence between your heart first, and 
then your mind centre which will allow youto access your intuition. 


The references I provide for the reader to corroborate what Iam about to say includes: 
“Appeal fom Survivors of Canadian Genocide” (inifiniLor 2013); Tila Tequila —“Missing 
Children and Cloning Centres” (Astral Tight 2013i); “Royal Babylon by Heathcote Williams” 
(MrCowshedder 2012); and “THIS MOVIE WILL BLOW YOUR F%SNG MIND” 
(KafkaWinstonWorld 2014). 


Watch all the above videos and you will easily see all that I disclose, In Appeal from 
Survivors of Canadian Genocide interview (inifiniLor 2013): Listen to the indigenous peopl 
Stee-mais and Wahtsek speak about the pain and torment they have suffered under the Crown, 
the Vatican, the government, and churches of Canada. 50,000 to 150,000 indigenous children 
have gone missing because of the involvement of the Crown, the Vatican, the government, 
and the churches of Canada; and all these factions involved know this! 


Tila Tequila is a television personality who has attended the cloning centres as a REM driven 
clone since childhood. In Tila Tequila’s radio phone in (Astral Tight 2013), the audio is not 
very clear for the majority of her disclosure; she was also frightened and therefore she sounds 
most animated; however her words are clear at the following points of the audio (I als 
provide a transcript in the appendices section: “Appendix A”): 


4.00 min: Cloning Centres and they take your children... 

4.25 min: —There are these CLONING CENTRES —I’m not even talking about child 
molestation here 

5.40 min ~They take your children they not only molest them; men f*** them; and make 
them shoot each other... 

7.59 min- There is a point where you cannot just turn the other way, you know this stuff is 
going on and you go ‘oh well, you know... that’s their problem; let’s just turn the other cheek, 
How long are you going to turn the other cheek until it happens to your own freaking 
children? 
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10.34 min - Do you know why they love children? Because they are innocent souls; they are 
innocent... they are the most innocent, pure beings in this planet. They are not harmed by 
anything. They are new to the world; bright-eyed, pure innocent children. That is why these 
disgusting paedophile... and these clone rings, cloning centres, satanic rituals, Brownsville 
Texas... there are many of the of the cloning centres where they take your children that go 
ing, 


Royal Babylon by Heathcote Williams (MrCowshedder 2012) addresses the fact that for 
Brits, despite their inordinate pride about their tradition, it is often revealed they know little 
about it than anyone. The documentary then goes on to address the fact that Prince Phillip the 
Duke of Edinburgh, has a lust for blood-sports which includes shooting endangered wildlife 
and mammals which he considers ‘culling’, The documentary is ako notable for 
demonstrating to the viewer that Queen Elizabeth I redistributed as much as 2.1 million for 
her private income from 276 people from Merseyside and Lancashire. These people had no 
will, so their property was grabbed. The same is true for the Duchy of Cornwall. If you die 
without making a will, everything you possess will go to Prince Charles. Furthermore, 
Queen Elizabeth II is the largest land owner on earth. Queen Elizabeth II: head of state of the 
United Kingdom, and 31 other states and territories is the legal owner of about 6600 million 
acres of land; one six of the earth’s non ocean surface. She is the only person on earth who 
‘owns whole countries, and who owns countries that are not her own domestic territory. Thi 
land ownership is separate from her role as head of state; is different from other monarchies 
where no such claim is made ~Norway, Belgium, Denmark etc. The value of her land holding 
is £17,600,000,000,000 (17.6 trillion Pounds) (approximately)). 


In “THIS MOVIE WILL BLOW YOUR F%SNG MIND” (KaikaWinstonWorld 2014), 
readers with a deeper knowledge of the Illuminati and the agenda of the Illuminati will easily 
spot the minor inaccuracies in the documentary. However, the documentary provides a good 
reference and foundation for anyone new to the topic of the Illuminati and their agendas for 
the world. The documentary demonstrates how the world is currently a deception within a 
deception coated in reverse psychology. It gives widespread insight into the Royal family of 
England, and their lineage. 


Furthermore, the documentary provides information that the world’s most popular religions 
have been infiltrated with Illuminati dogma, in secret. The documentary details how (some) 
modern Christians, Jews, and Muslims do not (yet) recognise their common enemy because 
that enemy is invisible (until now). The enemy hides within their own religions. The enemy 
ako hides within the activist community (anti-[lluminati movements), it finances big budget 
documentaries and movements. The end game is to sell a divisive (creating strong 
disagreement), anti-capitalistic, atheistic message and deliver trusting followers right into the 
lap of a communist (one government) New Worki Order. The enemy is the Illuminati 


The documentary also details that: “Today, the bloodlines of this unholy alliance are on the 
final stages of establishing one world religion, one world government, and one world ruler [-- 
that is IF, the good people of this world do nothing to stop them]. The Windsor Royals are at 
the control of this web of deceit. It is a known fact that Adam Weishaupt (the founder of the 
Iluminati) took refuge and got assistance from the German Saxe-Coburg Gotha Royal 
family. The Saxe-Coburg Gotha’s changed their German name to Windsor (in 1917), The 
Windsor’s public image is a fagade, to hide the cesspool from which they operate behind the 
scenes; their power and control cascades out of Buckingham Palace to the elite bloodlines 
who run world affairs.” 
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For anyone who thinks they know they Royal family of England, did you know that still to 
this day: they have a person appointed called “Groom of the Stool”? What is a “Groom of the 
stool”, you may ask? A Groom of the stool is responsible for stools. The kind you sit on and 
the kind you expel. In other words a Groom of the stool wipes Royal bottoms. The above has 
been confirmed to me by Prince Charles of Wales himself as REM driven clones at the 
cloning centre, and I quote: “It gives youthe feeling of being completely taken care of” when 
1 asked Prince Charles (as a REM driven clone) why they still have that. But don’t just take 
my word for this; research “Groom of the stool” 


The Royal Family of England 


As most of readers have already guessed; and as unbelievable as it may currently sound to 
some readers, the ring leaders of these cloning centres includes the royal family of England. 
‘As I’ve said REM driven cloning started as far back as 1945, and it was just a political thing, 
but Queen Elizabeth II has been involved with REM driven cloning since its inception! Yes! 
Queen Elizabeth Il; Phillip, Duke of Edinburgh and Prince Charles of Wales are the worst of 
them, They are unbelievable depraved perverts all showing off to the celebrities who attend 
these REM driven clone gatherings. Elizabeth has the REM skep driven cloned children at 
the cloning centre call her “Lilli-bet” and Elizabeth as a REM driven clone herself does 
ungodly things to these REM driven cloned children, Some she fakes being nice to; some she 
is terrible to; and as a REM sleep driven clone Elizabeth cuts these REM driven clone 
children with swords while they scream. The decent people at these cloning centres who have 
had their consciousness transferred into their duplicate REM driven clones, and are there 
against their will, like I am; they are terrified to say anything against Elizabeth and her 
cronies. Most of these decent people also have their children’s consciousness transferred into 
their REM driven duplicate clones, and Elizabeth and her cronies hold these decent peoples’ 
children as hostage; to be torn apart; clone death afier clone death if they have the slightest 
inkling of informing anyone, but as Elizabeth and her cohort have been torturing me as REM 
driven sleep clones anyway, I will disclose all that they do 


Vladimir Putin is also there, as an REM driven clone, and he loves to put the fear of torture 
and death into people, but he is essentially a perverted coward himself. Most of the famous 
peopk who attended the cloning centre as REM driven clones are ashamed to speak or be 
seen by me there very much; because they are ashamed of the perverse and disgusting 
gatherings. I am a decent person, even when my consciousness is transferred to my REM 
duplicate clone alternative, and I will not participate in these depraved acts; so they use me 
an example and torture me for being a good person. They have drugged my REM driven 
clone, and as I’ve mentioned because consciousness transfer is real (Ehrsson 2013) and 
because consciousness is linked, therefore everything feels “real as real”; when I’m drugged 
asa REM driven clone, I behave exactly as any person would on hard drugs (although I have 
never taken any drugs in my original body); my vision is blurry and my balance affected; 
they have used this as method of having me do disgusting things in a blurred state, 
videotaping these dirty acts and editing a highlight reel which also depicts me doing 
disgusting things to show to the work when the world learns of their depraved natures and 
their public personas are shattered so that I can be despised as much as they will be when the 
entire world learns about this. Furthermore, because of the microchip inserted in my REM 
driven clone; they mind controlled me like a “Manchurian Candidate” (The Manchurian 
Candidate 2004) using MK Ultra technology, which is far more advanced than the 
declassified MK Ultra techniques (MK Ultra Compendium 1980) mentioned online today 
which references MK Ultra techniques in the 1970s. See Rense (2001) for a detailed 
explanation of how implanted microchips work, and how these chips allow the programmer 
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control victims. C.S.L.S Canadian intelligence are all involved; they have REM driven clo} 
too; including a lot of Commissiomaires and Canadian Prime Minister Steven Harper himself; 
They do what Elizabeth says, and seem to follow her every whim without question. It 
doesn’t matter who you are; if you have a cute child, or a talented child with imagination, 
creativity and moneymaking potential (such as business smarts; song making ability; literary / 
oratory ability etc. -you name it so long as your child has moneymaking value to them) they 
will send for the blood record of your child; agitate the blood cells over and over until a 
duplicate clone of your child is grown; they will then transfer your child’s duplicate clone 
body from the tank they were grown onto a steel rack; the steel racks contain 5 rows and each 
row holds a duplicate cloned body; once your child goes to sleep in his or her original body 
and once they enter REM sleep (90 minutes to 110 minutes after they first fall askeep) the 
Iluminati are alerted to this fact by a green light above your child’s duplicate clone at the 
cloning centre and they then transfer your child’s consciousness to the REM driven duplicate 
clone; this is the point where the prime evils molest your children; and so your children are 
being molested in their sleep as REM driven clones and then they suppress the child’s 
memory or implant false memories (see Kim (2013) and Alford (2015) -on how false 
n be implanted) so your children wake up not remembering dreams from the 
previous night, or if they do remember anything, the memory is false. These depraved acts 
very much stunt children’s development; it causes them to have learning disabilities; 
unexplained depression; loneliness; suicidal thoughts, and all kinds of side effects. 


memories 


‘The cloning centre is a paedophiles paradise and it must be stopped! Elizabeth secretly owes 
a few music companies too (Universal and others) with bands under contract; she forces me 
under a knife to compose music for them; if I can’t she will stab my REM driven clone; burn 
my REM driven clone and have her pervert thugs smash my REM driven clone body there. 
As Ehrsson (2013) demonstrated, because consciousness is linked; and consciousness transfer 
leads the person who has had their consciousness transferred to still perceive reality as “real 
as real” in the new body; I have the same biological and physiological responses as I would 
have if these attacks were occurring to my original body. This has caused me to have heart 
damage and severe debilitating headaches. Because my memories were released to me; I can 
now also remember all my past REM driven clone memories since age 5; as well as the 
previous night’s REM driven cloned memories (when I have my consciousness transferred to 
the cloning centre) which causes severe stress to my mental psyche and mental well being. 


‘As unbelievable as the above statement sounds regarding Elizabeth’s ownership of music 
companies, just go and listen to the song “Abadon” performed by Boondox (RainmanJhof 
2011) on YouTube. There are two “Abadon” versions; the version you seek can be found in 
the Reference section uploaded by RainmanJhof (2011); skip to 2:46 min (or listen to the 
whole song: pay particular attention at 2:46 min) and you will hear loud and carly, 
Elizabeth say “Drop the mother f**** ing base”. That is Elizabeth’s voice; you can compare it 
to any of her Christmas speeches. That is her. Elizabeth said the above as a REM driven 
clone at the cloning centre. I know. I was there. They got so confident, that nobody would 
ever find out about their REM driven cloning shenanigans, that they even had me sing on a 
song I produced: “Where’d You Go” —Fort Minor (Murdok Dubstep Remix) 
(MurdokDubstep 2010), available on YouTube. Tila Tequila and I sing on this remixed track 
as REM driven clones (MurdokDubstep 2010); I start to sing from 1:44 min onwards. You 
can compare the voice you hear in the song with the Vinny Eastwood interview (Vincent 
Eastwood 2013). That is me, in both cases, and that song was recorded at the cloning centre. 
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One good person at the cloning centre; Bernie Mac (also as an REM clone version of 
himself); who was an actor and comedian, tried to stand up for me and speak up for me 
saying ‘Cloning and torturing people here, it’s not right to do to a human being...” and “This 
place is the devil”... Bernie Mac also tried to have others join him in speaking out against the 
REM driven clone torture zone while he was having his consciousness transferred to his 
REM clone driven version. Elizabeth and Philip tortured him for 4 to 5 hours continuously at 
the cloning centre as an example of their ‘power’, Bernie Mac had an aneurysm (brain bleed) 
the next day and died. This is one of the aspects about REM driven clone torture: if you 
torture a REM driven clone continuously for hours on end, you will cause the person to die in 
their original body from a heart attack or aneurysm (while they sleep); even if they do 
manage to wake up the next day; because of the constant pain their consciousness has 
recorded; and because consciousness is linked they will wake up only to have a heart attack 
or aneurysm in their original bodies the following day. If you apply a constantly electrical 
current to a REM driven clone, that person will either have a heart attack or die from 
aneurysm in their original bodies while they sleep. 


This form of murder is similar to the CIA’s heart attack gun (Non Mirage Truth Vision 
2015); which w: ified in the 1970s and was a weapon used for causing heart attacks 
in victims, undetecta tack under autopsy. The difference with REM 
driven clone death as a form of weaponry is that hardly anyone has heard of death by REM 
driven clone torture. Moreover, the perpetrator can be thousands of miles away from the 
victim; the culprit just needs a duplicate REM driven clone of the victim to torture or apply a 
constant electrical current to; this is exactly what is going on in our world every day. When 
Elizabeth and Philip don’t like someone and they want to get rid of that person, they clone 
that person; torture his or her REM driven clone till that person has a heart attack or 
aneurysm in their original body and dies. 


This is what Elizabeth and Duke Phillip did to the indigenous people in Canada. The video 
reference (inifiniLor 2013) provided above, regarding the genocide of the nous people 
ses this very topic (inifiniLor 2013). As Elizabeth and Duke Phillip visited 
clones, when they Killed the native children; they both had solid alibis of being in 
England at the time. They then cloned all the witnesses of the Canadian missing children’s 
case and had them remotely killed by applying constant electric currents to their REM driven 
clones; one by one and each witness either died of a heart attack or aneurysm. They just 
dispatched the last witness by also applying a constant electric current to the persons REM 
driven clone because the missing children’s case was building momentum. 


‘Afier Bernie Mac’s death everyone is affraid to speak up; they all became aftaid of suffering 
the same fate. All it will take is a few lie detector tests from an independent source; and I will 
volunteer for them; they cover up for themselves so carefully that lie detector tests from an 
independent source unconnected to them in anyway will be the only viable method. I know 
many know non-famous people who have also attended these clone centre gatherings as their 
REM driven clone duplicate versions and also remember the clone gathering experiences in 
their original bodies (because they were not memory suppressed) that could be given lie 
detector tests to prove this. When it comes to the sexual exploitation of a child, lie detectors 
are admissible in Canadian courts. I need decent people with integrity to speak about this 
filthy business; to testify about who is involved. There is much to tell about the Illuminati and 
Tama wealth of information about this topic. 
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Elizabeth also had Princess Dianna Spencer killed by having someone shine the brightest 
light known to mankind through the window side on her car, they served away to avoid the 
light and hit the divider; it was no paparazzi. I first wrote about this in my original disclosure 
in 2011; this was comoborated by an article 2 years AFTER I had made my original 
disclosure. See Radar Online (2013) for the corroborating article. Furthermore, “Candle in 
the wind” performed by Elton John (SadSongs4You 2010) was not Dianna’s ‘death song’; it 
was “Bigger than us” performed by “White Lies” (WhiteLiesVevo 2010). The Illuminati 
released this song, deliberately, 13 years after Dianna’s death, again as a show of their 
‘power’. I did not want to compose this song but Elizabeth and her thugs threatened to stab 
and burn my REM driven clone repeatedly if I did not. Listen to the lyrics. I'll provide some 
of the lyrics here for those of you who are feeling too shocked by these revelations: 


White Lies Lyrics “Bigger than us” 


You took the tunnel route home. 
You've never taken that way with me before. 
Did you feel a need for change? 

Apologies on your fingernails, 

Love flickered in the city of lights 

Like internet and radio waves. 


Idon’t need your tears 
I don’t want your love 
Pve just got to get home 


And I feel like I'm breaking up 
But I wanted to stay. 
Headlights on the hillside 
Don't take me this way. 

Tdon't want you to hold me 

I want you to pray, 

‘cause it's bigger than us. 


Are you beginning to see why these people must be stopped and stopped immediately? Are 
you beginning to see why it is no longer okay to ‘turn a blind eye’ or ‘bury your head in the 
sand’, and hope it all goes away? Can you see why I need the good peopie of this world to 
keep sharing this disclosure (online); to tell your friends and family until this information 
reaches the armed forces so that the armed forces can bring these people to their knees. I also 
do not want innocent civilians to get hurt despite the monstrosities these people cause to 
humanity ona daily basis, I want the overthrow to progress smoothly so that the good people 
of the earth can inherit the world, with all technologies and medical advancements which 
benefit mankind, made available to all. This is why I maintain my composure and resolve, in 
spite of the evil I see on a daily basis, and you the reader must also maintain your composure 
and resolve in spite of the evil which I am disclosing, so that we do not inherit a torn down, 
world after we have completely overthrown these malevolent, sinister and corrupt hypocrites! 
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Furthermore, Diana survived the car crash; and while, either on her way to hospital or in 
hospital, Dianna was injected with a high concentration of salt, which is near undetectable in 
an autopsy and she died. Elizabeth did this because Diana was going to marry an Arab named 
Dodi Fayed. The Illuminati hate Arabs because for the most part, Arabs have not broken their 
relationship with God. Dianna hated her association with these people; Dianna knew about 
REM driven, sleep cloning and wanted nothing to do with it; but she was afraid of being 
killed and so said nothing. I know a lot about this and many more deplorable things the 
Illuminati have done over the course of 34 years and I will be more than happy to reveal all 
the evil they have done; as well as all the wonderful discoveries and progresses they have 
made in medicine, science and technology, which they have withheld from the general publi 
Tam very happy to disclose all, because I known once the world learns of all they have done, 
we truly will begin to see the end of such evil on this planet. Just make sure you keep 
spreading this disclosure and it reaches the armed forces soon, Soon, soon, soon! 


Help Donald Marshall by Sharing this Disclosure with Your Close Friends 


and Family 

If you are reading this, then you have to help me. I know some of you may be reading this 
thinking, but I am just an ordinary man or woman Donald, I know you are telling the truth; I 
can feel it in my heart and my head that what you say is true and that you are telling the truth 
(which I promise you, with my right hand to God I am) but I’m just an ordinary man / woman 
Donald; I don’t have any power; I don’t have any influence; or because of the position I am 
currently in I can’t speak out against these people; and I am just an ordinary man / woman I 
cannot be expected to take on the world’s problems. You are right if you are thinking and 
feeling this, and I do not expect or want you to take on the world’s problems. All I want you 
to do is share this information with close friends and family initially, because when you do 
that, at least that is one more person who will know about the true extent of evil in this world. 
When your close friend or family member also shares my disclosure with another clo: 
friend, the disclosure will eventually spread exponentially. It will also be one more person 
who has your well being in their thoughts because I understand how scary it is to know this. 
‘Therefore remember there is safety in numbers; and the more peopke you tell in your social 
circle, the more you can all look out for each other. So feel free to share my disclosure with 
close friends and family. Do not talk about my disclosure in public (for now) if it makes you 
feel uncomfortable. Moreover, if you want to reach more people (other than your initial social 
circle) the best way, is to do it online: through social media, such as Facebook, Twitter, and 
YouTube etc. As I’ve already mentioned, the Illuminati controls all forms of media except 
the internet. 


The Illuminati, being so ‘confident’ at the time with the evil they wield onto the work, put 
my face on a Megadeth album cover titled The World Needs a Hero (2001) (to mock me) 
when I was 23. I posed for this album cover at the cloning centre when I was 23, and the 
album was released with a picture of my face, as a REM driven clone, 3 years later when I 
was 26. They did this because they were extremely confident that nothing would ever be 
proven, Googk image it, although 1 am 39 now, you can still tell that it is me. The image 
shows what I end up looking like after an REM driven clone gathering with a skeleton 
popping out from my chest. I understand most of you are going to continue reading because 
although it is “liberating”, it is also “paralysing” at the same time (Laurence Mountford) to 
realise what the truth of the world is, so I will display two images below, but promise 
yourself, that you will Google search this image in your spare time. 
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Image 3: Megadeth Album Cover: The World Needs a Hero (2001) 


n Glegudeth's “The World 
re" Album Gover 


at the cloning centre. 
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You can clearly see from the images that, it is in fact me. In Image 4, you can also compare 
what my real body (top left and bottom right) looks like compared to my duplicate clone 
body. Duplicate clones do not come out of the tank looking 100% like the original; it’s 99% - 
there are always some slight variations as some have commented that the eyebrows and nose 
in the picture, bottom right, is not the te clone on the album cover) 
However, to people who make such comments, I say: my eyebrows and nose is the same 
when you compare it to the pictures of my original body (top eft and bottom right). Also, 
remember that the image on the album cover is a duplicate REM driven clone of me. REM 
duplicate clones do not come out of the tank looking 100% like the original. There are always 
slight variations; but the wrinkles on my 37 year old forehead (when I took the picture in my 
original body; top eft and bottom right) is similar to my 23 year old wrinkles, the lips are the 
same; and the face which you see, is definitely, the same! Yes. REM duplicate cloning is real; 
going to sleep and waking up as a cloned version of version of you is real and we must put a 
stop to it now! 


The Deplorable Nature of the Hluminati 

My own family has been turned against me one by one. The Illuminati have told my family 
members when they were REM driven clones at the cloning centre, things such as I secretly 
hit or molested their children; poisoned their pets when the pets died of sickness and other 
such things to make my own family hate me and not want to help me. Even when my family 
side with me there at the cloning centre, as REM driven clones of themselves; and my family 
members say “They do not believe that Donny did all those horrid things’ -which they have 
been told; Elizabeth then says “Are you cooling me a liyah?!” in her disgusting croaking 
voice made as low as low and evil sounding as she can make it, complete with psychotic and 
malevolent glare; and as terrified REM driven clones my family say “No, no, of course [what 
you are saying] it’s true”, stuttering and affaid as REM clones. My mother Catherine 
McMahon sold me into this REM driven sex and torture cloning slavery when she remarried 
a man named Gordon Cohoon; Gordon’s whole family is in this scummy secret society, his 
brothers Tom and Tony Cohoon; his sisters Darlene and Bernadette Cohoon; they fear the 
new and improved lie detector and all it would take, is for an independent source, fa 
far removed from any association with the Illuminati to administer these lie detector te: 
me AND the above named people to prove this unequivocally 


Half way through the making of my original di 2011), when I went to 
sleep that evening, the Illuminati transferred my conse! o my REM driven clone and 
introduced me to a man (who was also a REM driven clone) named TROY LANDRY. He is, 
an alligator trapper from Louisiana on the TV program named “Swamp People”. Troy Landry 
said “If I send my [original] disclosure out to the public then he would take a power drill to 
my shin bone at the cloning centre and suck the marrow ftom my [REM driven clone’s] 
bones.” It is similar to spinal tap, and one of the WORST things you can do to a REM driven 
clone besides burning a REM driven clone. I told Troy that I will be sending out my 
disclosure to the public, because I have to escape the cloning centre, and so, Troy Landry did 
just that, It was excruciatingly painful; all the REM driven clones that were sat in the stands 
Of the arena just watched; slack-jawed. Troy Landry is an insatiable child molester and an 
extra retarded REM driven clone. A side effect of REM driven cloning is that as a REM 
driven clone version of yourself, your emotions are heightened and you are 
are when you are experiencing the world in your original body. Nevertheless, Troy Landry is 
extra retarded as a REM driven clone. 
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In Louisiana, when Troy sees a young boy that he likes, Troy asks of the boy’s name and tells 
the boy “He is an alligator hunter”; Troy then proceeds to shake the boy’s hand; Troy then 
has his paedophile friends at the local cloning centre find the boy's blood records to grow 
duplicate clones of the boy. Five months later, there are multiple REM driven duplicate clone 
bodies of the boy grown for Troy Landry to victimise before the crowd of onlookers. All 
members of the Illuminati do this; it’s just a way of life to them; they consider themselves 
“the privileged people’ in the world power organisation. Almost all the cast on the “Swamp 
People” television program attended the cloning centre as REM driven duplicate clones of 
themselves, when they go to sleep. Afier putting a power drill to my shin bone, Troy Landry 
asked me again, “Will I send my [original] disclosure out?” I said “Yes” to which he replied 
“T’ll do the same to your pelvic bone everyday!” The pain on my pelvic bone was far worse 
than when Troy put the power drill to my REM driven clone shin bone. I told Troy “I have no 
choice but to inform the public” — and so Troy put a power drill to my REM driven pelvic 
bone, everyday... and it is the worst pain ever... you forget your own name; where you are; all 
you know is pain; and you beg God or anything to save you from it... 


Another deplorable thing which the Illuminati did in real life is: The Canadian government 
were trying to lower the amount of prostitutes on the streets (Elizabeth hates prostitutes) so 
they had a man named Robert Pickton start killing the women and feeding the women to pigs 
on his farm, The Illuminati had a camera set up in the upper corner of a room in Pickton’s 
house and recorded Pickton hit e women over the head with a hammer (a ball-peen 
hammer). They took the recordings, all 49 of these murders, and they all watch them at the 
cloning centre. To be seen as ‘tough’ at the cloning centre is to watch all 49 of the Pickton 
murders without having it affect your psyche. Elizabeth loves watching the Pickton murders 
and she says she has a macabre fascination with death, Canadian Prime minster Steven 
Harper knows all about the conduct of the Pickton murders; he has seen all the recordings and 
cheers on as the rest of them do. If Mr. Pickton says anything about his involvement with the 
Illuminati, or the recordings, they will apply a constant electrical current to his REM driven 
clone until Pickton has a heart attack or aneurysm in his original body. 


What Happened to Britney Spears? 

The Pickton murders are also the reason Britney Spears ‘lost it’ and shaved her head bald. 
She had watched too many Pickton murders as a REM driven clone at the cloning centre and 
it drove her ‘over the edge’. I'll also reference the following songs performed by Britney 
Spears so that the reader has more corroborating evidence to add to the ever increasing pile. 
Search for the video “Break the Ice” (BritneySpearsVevo 2009) on YouTube. In the 
Japanimation video; at the beginning of the video; that is a cloned cartoon version of Britney 
Spears being grown in a big thick thank full of water (1 second to 7 seconds); and at 132 min 
to 1:43 min Britney walks into the cloning centre. This is EXACTLY how the cloning tubes 
are in real life. They are stacked one on top of the other, each filled with salty water. Britney 
Spears made this video because she said a fantasy of hers is to “Blow up a cloning centre”. 
The Illuminati allowed her to release this video because at the time they figured nobody 
would ever figure it out. I have provided the images on the next page. 
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Image 5: Britney Spears is being grown as a duplicate clone in a cloning tube. The depiction is 
EXACTLY how the duplicate clones are grown in the Cloning Centre. ‘wires extending from the 
body; in a hig thick tank full of salty water. 


Image 6: Britney Spears walks into the cloning centre. The cloning tubes are stacked one on top of 


another. This is EXACTLY how these cloning tubes are in real life at the Cloning Centre. 


Image 7: The Cloning Centre depicted from an aerial view. 
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In “Hold it Against Me” (BritneySpearsVevo 2011) performed by Britney Spears; Britney is 
depicted fighting against her clone at 2:46 min till the end of the video. In “Mona Lisa” 
(SimpleGirHewer 2007) later remade by Britney Spears she changed the words in the song 
from “gone” to “cloned”. I'll provide the lyrics to chorus here because they have not changed 
iton A-Z lyrics etc., but listen to the song and you will clearly hear the following: 


She’s the original (yeah, yeah) 
She’s unforgettable (yeah yeah) 
She wants you to know (yeah) 
She’s been cloned... 

It’s kind of incredible (yeah yeah) 


She’s so unpredictable (yeah yeah) 
She wants you to know (yeah) 

She’s been cloned, 

She’s been cloned, 

She’s been cloned... 


Yes. Britney Spears and many other celebrities want you to know they have been cloned. The 
celebrities are depending on you, the ordinary man / woman; the populace, as I am depending 
‘on you to spread this message fast and far. In fact Elizabeth has said that “If any public 
person speaks out, they will die!” Therefore, public figures cannot openly discuss this topic to 
warn the populace ~so they hint. It is NOW up to the ordinary man and woman to end thi 
Furthermore, Elizabeth has a nuclear bomb hooked up at the cloning centre which she can 
press at any time to wreck havoc on the world unsuspectingly. Thankfully, I managed to 
convince Elizabeth not to do such a silly thing. I hope you can now understand why everyone 
is terrified of Elizabeth at the cloning centre, and why this is a world emergency and we are 
depending on you to share and spread my disclosure! 


NEVER EVER SELL YOUR SOUL 


In This Physical World Selling Your Soul Is Selling Your REM Driven Clone 


Furthermore I must discuss an entrapment many up and coming ‘stars’ fall into. You have 
most likely heard many public figures say “I sold my soul to the devil” or some variation of 
“I soll my soul”. am now going to address the aspect of “selling souls” or “selling your 
soul” which Iam sure you have heard many of these celebrities talk about. I'll address this as 
coherently as I can because the on the surface selling your soul talk is difficult to contemplate 
ical, ethereal or mystical part separate 


especially if you consider the soul to be a metaphy 
from your earth body. Moreover, we live ina physical world, so selling a metaphysical aspect 
of you sounds incomprehensible (at first). For the most part we have little understanding of 
what the soul is. However, we are told that the soul is a part of us w 
eternal, It is all that we are, ever were, and ever will be. Now our faiths and beliefs come into 
question, because if you are an atheist: there is no God, selling your soul is a bunch of crazy 


‘h never dies and it is 


nonsense. 
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From a practical perspective it alo seems difficult to fathom, because if you go on what you 
have been told, you are selling an intangible part of yourself to be used by someone eke for 
whatever they wish; and so if you get into the headspace of viewing your soul as something 
separate from you or that you are in control of your mind and your body, then again, ‘selling 
an intangible aspect of you’ again sounds like nonsense because right now nobody controls 
you; you are controlling you; so what are you really selling? Thin air? 


Many up and coming ‘stars’ think this way when they are confronted with “sellling their soul” 
spect. The up and coming ‘stars’ are blinded by the prospect of being super famous and 
super rich; and in the moment they are confronted with “selling their soul” they believe these 
Iluminati peopk, are a group of over religious zealots and that they, -the up and coming 
‘stars’ are taking advantage of the Illuminati because the ‘soon to be ‘stars’” do not believe 
(in that moment) it is possible to sell your soul, and only consider being super rich and super 
famous; so the ‘stars’ sign their “soul” over. 


At this point, it is usually too late for the up and coming ‘star’; because what they have 
actually sold, in this physical world, is the use of their REM driven clone to the Illuminati. 
‘They have sold their REM driven clone to be used for REM driven sex by perverse old men 
and women whenever they enter REM sleep. 


These celebrities are not memory suppressed either; so whenever they enter REM skep, their 
consciousness is transferred to their REM driven clone, to be used for whatever the Illuminati 
wish: usually sex as REM driven clones with dirty and perverse old men in return for a 
promotion in the entertainment industry; such as movie role, advertisements, concert gigs 
etc. It is a very, very, sick business, and once these up and coming ‘stars’ get into the 
business they are trapped. Now you can begin to understand why so many cekbrities, 
although on the surface it appears they have it all, are depressed; and do random and crazy 
things. It is a cry for help. Their illogical behaviours, (not all) for the most part, can be 
attributed to REM driven cloning. Furthermore, the Illuminati consider ‘selling your soul’ 
(the use of your REM clone) a very serious business. They do not joke about this; and there 
are NO RETURNS. Once you have sold the use of your REM driven clone for promotions 
ctc., that’s it. If you ever make a fuss and want your ‘soul’ back, in other words: you no 
longer wish to have your REM driven clone to be used by dirty oki men for sex; the 
Illuminati will kill you by applying a constant electric current to your REM driven clone until 
you have a heart attack or aneurysm in your original body and die. It is as simple as that. 


For example, Whitney Houston wanted nothing to do with the cloning centres, she said she 
would keep quiet; she never wants to be in the spotlight; she never wants to do radio or 
television. Let bygones be bygones, I’ll go my way and you can go your way. The Illuminati 
were extremely angry! They had bank-rolled her, and now she didn’t want to be their ‘friend” 
te with them again, She was sacrificed; she was killed with a constant electric 
current to her REM clone. She had sold her soul, in the beginning of her career; in other 
words, the “use of her REM clone”, Earlier in Whitney Houston’ career, she had signed that 
they can use her REM driven clone however they wish. 


or ever asso 
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I have also seen people say “No” —when confronted with ‘selling their souk’. These people 
are then memory suppressed, and will not remember the proposal of their REM driven 
experience. The people who also refuse to sell the use of their REM driven clone (‘sell their 
souls’) are blacklisted secretly, and they will never receive a high paying movie role, concert 
gig, advertisements etc. If you have ever wondered why so many talented people have not 
‘made it’ —they refused to sell their souls, in other words, the use of their REM driven clones 
in exchange for promotions. This is how the entertainment industry really works. Another 
aspect of selling your soul, in other words, selling your REM driven clone is that you are 
also agreeing to sell your children, and your children’s children etc.; your whole lineage to 


the Illuminati 
sports and other grotesque and ungodly things when they skep. It is a nasty busines 
NEVER EVER sell your soul 


for the Illuminati to use your unborn children for paedophilia, torture, sex 


‘The lesson is very important, NEVER EVER, ‘sell your soul’; NEVER, EVER! You will 
experience the worst nightmare situation ever, and in this physical work, that is the use of 
your REM driven clone to be used for sex sports. You'll never have a decent night’s sleep 
ever again, and you will always retain the full memory of your REM driven clone 


experiences; as well as, you will be selling your unborn children into this dirty busines 


1 
aspect you are conffonted with when asked to ‘sell your soul’ is: “YOU”, and everything 
which makes you, “you; your ideas, your creativity, your privacy, your biology; everything 
which makes you, you. Never sell your soul, which in this life is currently the use of your 
REM driven clone! Never, ever! I hope that is well received. 


Even when confronted with this as a joke: never sell your soul. Never Ever! The phys 


Fake Alien Abductions conducted through REM Driven Cloning Technology 


I must add they grow duplicate REM driven clones of people from all walks of life and then 
they transfer the persons consciousness to their REM driven clone version at the cloning 
centre while the person’s REM driven duplicate clone is chained down to stainless ste 
corpse tables; or they pre-inject the REM driven duplicate clones with drugs before 
transferring the consciousness so that once the consciousness has been transferred, the REM 
driven clone cannot move. This is the point when they usually send people into the room 
dressed as aliens. It is a fake alien abduction. It’s just these Illuminati people dressed in 
Hollywood quality accessories and they make the REM driven duplicate clones which have 
either been chained to the steel corpse tables or pre-injected with drugs, believe they are 
having an ‘alien abduction’. Members of the Illuminati even dye chicken skin grey, and 
stretch it over a mask for realism and perform “experiments” on the immobile REM driven 
clones; the perverts anally probe them; they rape their limb bodies and do not suppress the 

‘ims memories; so these victims wake up thinking they have been abducted by aliens but 
in reality, they had their consciousness transferred to their duplicate clone versions when they 
entered REM sleep and they were violated. The victims do not know where to turn and 
naturally, they are embarrassed. Some victims even try and do install cameras all around their 
bedrooms in order to videotape themselves while they sleep; to prove they have been ‘taken’; 
but to no avail they have not been taken; they have been cloned and had their consciousne: 
transferred to their REM driven duplicate copies once they enter REM sleep by the most 
disgusting perverts in the world. The scum even videotape these ‘abductions’ to watch later 
as sick demented porn, These fake abductions are conducted by the Illuminati more often 
than you can imagine. They just keep doing it to random people over and over and over... 
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Lam THE Spy for Humanity against the Corruption of the Illuminati 

Over the years the Illuminati have offered me: a priceless katana (samurai sword); a rigged 
jackpot winning lottery ticket; REM driven clone slaves to keep me quiet, any of the prettiest 
‘women I’ve ever seen; any girl from high school; Vladimir Putin’s daughter; even children; I 
do the right thing and spit in their REM driven clone faces; jam my fingers into their eyes but 
they have the technology to tur off the pain sensors of a REM driven clone, and therefore 
they have their pain receptors turned off as REM clones, while my pain receptors are fully on 
(sometimes even beyond the threshold of what is normal pain for a human), See the online 
articles: Science Daily (2014) and RT (2014) which discuss how pain receptors can be turned 
on and off in humans. Not much will hurt their REM driven clones other than getting dirt or 
vomit in a wound or bkeding too much, However, they have perfected the science and 
technology of REM driven cloning and therefore it only takes time and approximately $30 to 
‘grow new duplicate clone bodies. I started to smear excrement in their faces as a REM driven 
clone at the cloning centre in an attempt to deter them; I have never handled faeces in my 
original body, but I do this as a REM driven clone at the cloning centre, and even that does 
not deter them from their depraved ways. I composed a song which was later performed by 
“One Republic” referring to it called “All the Right Moves” (“All the right fiends in all the 
right places... All the right moves in all the right faces"). I’ve made so many songs with MK 
Ultra technology (Rense 2001; Jim Cristea 2009; Berekley News 2011; Mind-Computer 2012 
nature video 2013) and Mind-voice technology (New Scientist 2014; Prigg 2014) it is 
ridiculous. You see it is very easy to make music using Mind-voice technology; Flo-Rida 
used Mind-voice technology to produce the song “Whistle” when I first made my original 
disclosure (in 2011). The song is a taunt at me about my “whistle blowing disclosure” ic. 
‘Can Donald blow the whistle? Etc. ete.’ The thing is, anyone with a talent for music can 
make music much easier with the technologies which they have (MK ultra technology; Mind- 
voice technology); however, the Illuminati made more money from the music I composed, 
and so over the years, they just kept using me, over and over and over again, for rock, pop, 
rap, country etc. There are so many people involved in this REM driven cloning business, it 
is staggering; the organisation is vast. The only things the Illuminati fear are nuclear war; the 
new and improved lie detector tests and the general populace spreading my DISCLOSURE 
DOCUMENTS. 


For those of you thinking Queen Elizabeth II looks like a kindly little old lady and you still 

annot believe that all this is true, although I have provided plenty of evidence to the contrary 
as well as evidence of her saying “Drop the mother ing base” as a REM driven clone on 
a song track (Rainmanshof 2011); you could not be more wrong. She is the worst human 
being I have ever seen or heard of, It is so sad to see these REM driven women and children 
having their consciousness transferred to their REM driven clone duplicates and brought to 
the centre of the dirt rink, sitting there naked, afraid and crying and raped and beaten for 
sport, for the rich and famous. REM driven cloned women and children display the most 
range of emotions, and it is the saddest thing to see there. Therefore, of course I cannot bring 
myself to be a part of this despite any riches which the Illumii 


Over the 31 years when I was having my consciousness transferred to my REM driven clone 
at the cloning centre; Elizabeth, Vladimir and many, many Illuminati members and cloning 
centre attendees discussed many topics with me. These Illuminati people, such as Elizabeth 
and Vladimir, as well as many others confided in me because I had composed songs since I 
was 5 years old 
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For readers struggling with the idea that a 5 year old can compose such wonderful songs at 
such a young age [ will remind you that, it is easier to compose songs with technologies such 
as MK Ultra and Mind-voice technology. One is only limited by their imagination and 
creativity. Moreover, research talented children. 1 won't provide references of talented 
children here because I want to protect children from the Illuminati, and not have children 
exploited like I was; and for the readers who are parents; I am sure you know how talented, 
creative, and imaginative your children are 


Accordingly, since the age of 5, Elizabeth, Vladimir and many, others confided me in me 
because they thought I was special, and wanted me to hang with them; some of these 
Illuminati people, I had composed their favourite songs; I was also memory suppressed for 
many years so they thought it was harmless to tell me everything that exisis or is possible. 
‘They were trying to impress me and amaze me, and therefore they showed me plenty of their 
technologies and what they had. They wanted me to me a willing, full Illuminati member; so 
over the years I feigned interest and pretended to like these Illuminati people, so that I could 
learn what they do and how they do it. I was looking for a way to block the consciousness 
transfer to a clone during REM sleep, or hoping they would reveal this part to me; but they 
did not, and I did not find a method to block the consciousness transfer. However, I bided my 
time, until I knew just about everything they do; so that I could reveal to the world everything 
they do; to give humanity a fighting chance against everything they do and as a consequence, 
Tbecame a spy for humanity against the corruption of the Illuminati 


The Threat to Humanity when the H.A.A.R.P Grid is Complete 

One of the most important topics which they discussed with me that I must add to this, 
disclosure is HAARP technology and their plans for HAARP technology. I have discussed 
the basics of HAARP above. HAARP radio transmitters have to be placed at certain points 
across earth to complete a ‘HAARP grid’. Once all the installations are completed over the 
earth HAARP will have more functions as a grid than the basics described. The Illuminati 
have told me, there is a possibility the HARP grid will be capable of time travel, although 
there is a 50/50 chance using HAARP for time travel could destroy the earth, They also told 
me that once the HAARP installations are completed, the HAARP grid will be able to bend 
space and make the distance between, for example, Earth and Pluto approximately 1000 
miles for a few seconds, and then the distance will go back to normal, 


The Illuminati also said, once the HARP grid is completed, they would be able to mind 
control people like never before without the use of RFID microchips or MK Ultra. Life on 
earth will be much worse once all the HAARP installations are up and working together in 
unison. The grid has to be complete though. HAARP c: eve time travel manipulation 
and mind control if it is just located in one or a few locations around the earth, There must be 
a certain number of HAARP installations around the world, in certain locations around the 
world; and the HAARP radio transmitters must be working in unison in order to achieve time 
travel manipulation and mind control of the populace of earth, 


This is what they told me as REM driven clones at the cloning centre. This disclosure could 
be false, or a half truth. I do not know. However, it is very important that I add this to the 
disclosure because the Illuminati are working twice as fast to complete the HAARP grid to 
achieve their aim of mind control over the entire population since I the time I sent out my 
first disclosure (in 2011). Whether or not they will achieve their aim of total mind control 
once all the HAARP installations are completed is NOT something we can afford to debate. 
They also told me that once the HAARP installations are completed; they will have the 
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capability to mind control anyone remotely like never before, at the push of a button, 
HAARP will also be capable of setting back time; which the Hluminati will use if they are 
ever in danger of being exposed. However, the Illuminati will remember the previous time, 
and the general populace will NOT remember the previous time, so that the Illuminati can 
correct the mistake(s) which led to their downfall. Once the HAARP grid is completed, 
humanity will be slaves forever. This is why we cannot afford to debate. Furthermore, from 
the book “Angels don’t play this HAARP” (Begich & Manning 1997, p. 8), it is estimated 
that the HAARP grid will be completed by approximately 2017; others estimate by the year 
2020. The important thing to note is that humanity does not have long, until the HAARP grid 
is completed. 


I must also add the positive side of HAARP, because as I have said, there is nothing 
inherently evil about technology. Technology is just a tool; it depends on the person using it. 
HAARP used correctly, and in the hands of honest men and women, will tame the weather 
with no adverse effects. ‘Therefore humanity is on a timeline and a deadline to bring the 
Iluminati to an end, HAARP is one of the main reasons, this disclosure must spread, and 
spread fast. 


See below for possible HAARP locations around the earth (Rense 2011). The HAARP sites 
are located globally where the richest mineral belts are located. Sub-surface mineral 
exploration has been done from satellites by radio tomography that is 100% accurate. 
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Image 8: Possible HLA.A.RP. Locations. Source: Rense (2011) 
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REM Driven Cloning is the Most Terrible Nightmare Situation Ever 


Furthermore, in terms of REM driven cloning; Fefe Dobson (singer) and Kurt Ru 
told me during my original disclosure (2011) specifically, to include in my 
they do not like the cloning centre and they didn’t torture me. Then they said not to mention 
them, but I will mention them again, Mila Kunis (actress) from “That 70s Show” stabbed in 
my REM driven clone body multiple times when I made my original disclosure and I was 
rendered immobile for saying that “She is a slimy scumbag for hanging with these people” 
and for also saying “She has enormous eyeballs and looks like a lemur”. Mila Kunis (as 
REM driven clone at the cloning centre) then begged me not to mention her (in my original 
disclosure, but I’ll mention her again too) and then Mila Kunis said “She doesn’t want to go 
to the clone zone anyway” and the Illuminati then deactivated her consciousness from her 
REM driven clone body, and she left. Her REM driven clone body went limp at the point 
where her consciousness was deactivated from it; her REM driven clone body looked ‘dead’, 
and she was gone. Some of the privileged people at the cloning centre are allowed NOT to 
have their consciousness transferred to their REM driven, clone duplicate versions (or they 
attend the cloning centre willingly when they want), but not me. Iam an imprisoned slave in 
the worst nightmare situation, I told Nicole Leone (Madonna) also a REM driven clone at the 
cloning centre, that I was going to tell everyone that she coerced me to compose songs for her 
throughout my life (as REM driven clones). Nicole Leone (Madonna) told me VERY 
specifically to say in my disclosure here “She is not affaid!” and “No one will believe me and 
nothing will come of this”. I beg you to help me prove her wrong. 


Moreover, having your consciousness transferred to a REM driven clone alternative inhibits 
the person’s ability to dream for that evening. Although your original body is immobile and 
askeep in your bed, when they transfer your consciousness you have actually ‘woken up” 
REM driven clone version of you at a physical location here on earth; therefore you walk and 
talk as a clone version of you. You are not dreaming; you are just a REM driven clone for the 
evening. Furthermore, when the Illuminati restore your memories (as they have with me) or 
do not suppress the memory of your REM driven cloning experience for the evening (such as 
with the fake alien abductions), you will remember the experience as ‘clear as daylight on a 
summer's day’; the experience is ‘clear as a bell’ as life is in your original body. 


It is unlike dreaming, where dreams are fuzzy, incoherent and with random conjecture. The 
Illuminati know this as a fact, and therefore pre-inject the REM driven clones of random 
unsuspecting civilians for the evening with drugs before they transfer the person’s 
consciousness. They tell the person who has had their consciousness transferred to their REM 
driven clone all sorts of nonsense: such as they are in the 5"° Dimension; the astral plane; a 
igularity; the spiritual realm; Valhalla; quantum hopping etc. and all sorts of fallacies s 
that the person will not have a coherent picture of what has happened or what is happening. 
‘The truth is that person has had their consciousness transferred to their REM driven duplicate 
clone when they went to sleep and entered REM skep; their original body still remains asleep 
in their bed; their consciousness however is now transferred to a clone duplicate alternative, 
and the person is ‘awake’, walking and talking as a cloned version of themselves in a 
physical location. The Illuminati allow some people to retain some of these REM driven 
clone experiences to affect their mental psyche. 
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The physical location where the populace will be able to verify these REM driven clones is, 
somewhere within 5/6 hours drive, in a radius of the Robert Pickton farm, Port Coquitlam, 
British Columbia, in Canada, somewhere at a remote nature reserve. This is the cloning 
centre all the rich and famous attend because it is above ground and the rich and famous 
don’t like the ‘hospital smell of underground cloning centres. The above ground cloning 
centre located in Canada is the cloning centre I have my consciousness transferred to when 
sleep. It is guarded by military personnel. There are many cloning centres all over the world; 
as Phil Schneider (1995; 1996) disclosed as far back as the mid 1990s when he spoke: there 
were 1477 Deep Underground Military Bases (DUMB) worldwide and 131 active DUMBs 
in the United States alone. Each DUMB costs on average 17 -19 billion U.S. dollars; paid for 
by the taxpayer; and it takes approximately a year-and-a-half to 2 years to build DUMBs with 
sophisticated methods. DUMBs contain cloning floors, and have an entire floor dedicated to 
human cloning, where duplicate clones are grown of unsuspecting civilians (remember they 
just need your blood / DNA); and unsuspecting civilians have their consciousness transferred 
to their REM driven clones at a physical location, which is usually these Deep Underground 
Military Bases when they sleep; unsuspecting civilians are memory suppressed, also to be 
used for gruesome torture and sex sports; as well as the plagiarism of talented individuals. 
Schneider gave the above statistics in the mid 1990s; chances are there are more DUMBS and 
cloning centres worldwide today. 


Are you beginning to understand why this is the worst nightmare situation ever? Can you 
understand how: you, your friends, your family, your brothers, your sisters, aunties, uncles, 
children, work colleagues and anyone else you have contact with in your network, may be 

volved in this REM driven cloning business and will not even be fully aware of the 
situation or remember any experiences which they may have had once they wake up from 
slep and they are back in their original bodies? I remember all of the REM driven clone 
experiences as clear as daylight because my memories are fully restored. Can you understand 
why the Illuminati must be stopped and stopped immediately? This REM driven clone 
business is vast, and it affects everyone, not just me. 


‘This is why I mention that I am fortunate or unfortunate to remember alll these experiences 
clearly depending on how you view it. I am unfortunate in the sense that I can recall all the 
depraved things these people do as REM driven cloned duplicates as clear as daylight and it 
affects my mental psyche. However, the fortunate part is: because I can recall all these 
experiences clearly, I can inform the world about the evil committed against humanity in a 
clear and logical way for the average reader to understand and verify, so that the populace 
can bring these people to justice for the crimes they have perpetrated against humanity and 
continue to inflict on humanity. For anyone who has had their intellectual property stolen by 
the Illuminati as a consequence of the technologies they have used on you unsuspectingly, 
you will be able to sue and regain monetary reward for the theft of intellectual property as 
well as invasion of your privacy. 


Ido not want fo get too far ahead, because at this present moment, it is very important (I 
cannot say it enough) that this disclosure spreads (this is the stage we are currently at); it 
reaches the armed forces; to enable the armed forces to realise the crimes committed against 
humanity because of these people (the armed forces are kept ‘out of the loop’; they just 
“follow orders’); the armed forces will have to perform a military coup and bring this people 
to their knees. This is the point where the ordinary man / woman can have his REM driven 
cloning experiences restored, (that is if you want to) and sue / rightfully reclaim damages and 
legal reward for any crimes committed against him or her. 


e|Pag 


The Meek Shall Inherit the Earth 


As you can see if everything goes smoothly; the meek shall inherit the earth. This is why you 
must maintain your composure and resolve, as I do every single day. You must not riot or 
use chaos, damage property or undertake any act which will cause public dissension. The 
good people of this earth are about to inherit the earth; under no circumstance must you 
destroy anything. At the end of this currently dire and complicated situation; humanity will 
inherit the cure for HIV/AIDS, cancer, Alzheimer’s, dementia, you name it -many 
debilitating diseases known to man; and other such wonderful technologies like hypersonic 
trains which run on magnets and are capable of doing Mach 5 (Mach 5 is the equivalent of 
3806 miles per hour or 6125 kilometres per hour; Schneider (1995; 1996) also mentions the 
availability of Mach 5 trains in his disclosure, back in the 1990s). These trains can be used to 
deliver foods which are discarded in More Economically Developed Countries (MEDCs) to 
Less Economically Developed Countries (LEDCs) because these trains can travel thousands 
of miles within minutes. Yes. The Illuminati have all these wonderful technologies and more, 
but withhold it, and in turn withhold the progress of humanity. Yes. Plenty of man’s problems 
can be solved when we address the root causes of our problems, and one of the root causes of 
humanity’s problems is: REM driven human cloning which is currently in the hands of evil 
men. Even REM driven cloning can be used for the benefit of mankind when this tool is in 
the hands of righteous men. It can be used learn new skills in your skep: such as gain extra 
qualifications; learn how to speak a new language; play instruments etc. -so long as 
memories are not suppressed, you will be able to perform the skills you learned as a REM 
clone in your original body when you wake up. As you see there is nothing wrong with most 
technologies; it all depends on the person / people using it. Nevertheless, although they may 
be beneficial uses to REM driven cloning not yet realised, we must be shut down REM 
cloning before we can even consider how REM driven cloning may benefit mankind, because 
at this present moment all that REM driven human cloning is used for is to commit evil, 
particularly against unsuspecting civilians 


It is OK to feel angry about all these crimes committed against humanity daily. But do not let 
these evil crimes rule you, in fact, let it motivate you; ket it motivate you to the point where 
you will stand up and speak out to ensure that these crimes end. I think about the children 
and the future of the world every day; that is what motivates me and I view my situation as a 
God-given mission to bring these people to justice. I view things this way to maintain my 
sanity and composure. This is what keeps me going despite the extreme evil I experience, and 
it helps me to maintain my resolve and composure. The fact that I do not want a single child 
to grow up ina world, where they are being messed with in their sleep is what keeps me 
going despite this extreme evil. Some children are even kidnapped and brought to the cloning 

ir original bodies, again to be messed with. This is the root cause of why so many 
children go missing across the world. I’m sure any rational thinking human being feels the 
same way Ido, and does not want their children, or any child to inherit a sick world governed 
by sick individuals. 


1am a baptised Roman Catholic and a God fearing man. I believe there is a Creator of the 
universe but the Illuminati tell me there is no God, only science and technology. The 
Illuminati are also responsible for the death of the young beauty pageant girl Jean-Benet 
Ramsay; her parents are in this REM driven cloning business. Casey Anthony's daughter; as 
well as, Casey Anthony (before she died) AND Casey Anthony's parents also attend the 
cloning centre as REM driven clones. Many others; a man had his wife killed and this was 
mentioned on the news; it w n woman whose rich husband had killed her, the 
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husband said the wife was responsible for their son’s death. Elizabeth's response was that 
“Rich people in this organisation (The Illuminati) do not go to jail, they are covered for.” 


Stephen Spielberg and George Lucas are Illuminati members and they willing attend the 
cloning centre as REM driven clones when they sleep. George Lucas made other Illuminati 
members light my REM driven clone body on fire for the end of his movie Star Wars 
Episode IM: Revenge of the Sith (2005).George Lucas said (as a REM driven clone) be 
wanted Hayden Christensen “To scream realistically”. Hayden Christensen (also a REM 
driven clone at the cloning centre) watched me, and listened to my screams and groans of 
pain and copied the sounds coming from my burning REM driven clone exactly, Hayden 
Christensen knows he is a REM driven clone when he goes to sleep and Hayden Christensen 
knows his consciousness is transferred when he reaches REM sleep. Hayden Christensen 
knows all about REM driven human cloning, and he is a “privileged” Illuminati member. 
Natalie Portman also knows all there is to know about REM driven human cloning; as does 
approximately a quarter of the “Star Wars” cast. Many directors have attended the cloning 
centre as REM driven clones too, and have used me in a similar role playing situation; they 
have caused me to have excruciating pain as a REM driven clone, to see what kind of squeak 
or screech I will make, as if I were less than a dog; and when I am a bloody mess on the floor 
as a REM driven clone; that is when they usually crawl on my broken REM driven clone 
body and sodomize me saying something like “They love me and they cannot control 
themselves because I made all their favourite songs and I’m so “special”. 


My ribs in my REM driven clone body will be broken, I will have suffered internal bleeding 
and will be crying or screaming, if I am able, but they just continue to sodomize me, and 
videotape such a depraved act of wickedness so that they can view it again like “evil 
pornography”. 


‘The REM driven cloned children, who have their consciousness transferred while they sleep 
at home in bed, in their original bodies, need a familiar face to talk to as REM clones or all 
they do is screamand cry at the cloning centre; that is where Joy Geizer comes in, Joy Geizer 
is married to my half brother from my father’s first marriage; Joy Geizer is a REM driven 
clone girl guide leader, and when the Illuminati clone young girls, Joy Geizer speaks to these 
REM driven cloned girls; Joy Geizer keeps the REM driven cloned girls calm and “pimp: 
them out for free, knowing that these young girls will have their memories suppressed, 
therefore they will not remember the experience and will not talk about it when they 
All the Geizers are in this REM driven, human cloning business; there are many people who 
remember these REM driven cloning experiences in their ‘awake state’ and in their original 
bodies who could be polygraph tested by independent polygraph testers. The police, and 
polygraph testers in my City of Halifax, Nova Scotia are compromised (they attend cloning 
REM driven clones too); they cover up for child molesters and therefore cannot be 
trusted to fairly administer a polygraph test; as I said, commissionaires and C.S.LS are 
heavily involved. All it would take is a few polygraph tests to prove these things 
unequivocally, because for those of you who have ‘eyes’, you can already see that REM 
driven cloning is real, and that this is actually the way of the work. I will take these 
polygraph tests publicly too, and demand that my mother and step father submit to them. 
‘They have told me, they wouldn't even attempt to lie ona polygraph. 
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Human cloning, particularly REM driven human cloning, is one of the absolute truths of this, 
world; hidden from the world for over 70 years. My life and the freedoms of many, many 
peopk, including the reader (you) depend on this disclosure. The Illuminati say that the world 
finding out about REM driven human cloning will set the stage for the end of the world; 
people panicking and destroying property because of the evil these people have committed, 
but as I’ve said: prove them wrong, because we are going to inherit the earth, so there is no 
need to riot or cause public dissension. There will be no end of this world; just the end of the 
crazy Illuminati people. They always like to think and behave so negatively, don’t they? 
*Sigh*. Furthermore, the whok talk about 2012; December 21° 2012 and the end of the 
work! Mayan Prophecy; that was really about the world finding out REM driven human 
cloning, and the sick and sadistic nature it has been used for by these sick and sadistic people. 
Under no circumstance must you riot; you must prove you are better than these savage 
barbarians. I’ll say it again, because it is important: we are going to inherit the earth, and 
therefore the smart and right thing to do, is not to destroy anything, especially the earth which 
you shall inherit. 


Furthermore, I hope you are beginning to understand that the good people of this world must 
bring these people to justice and stop their wicked ways. I sincerely wrote this disclosure so 
that the good people of earth would be empowered to put a stop to their wicked ways. I wrote 
this disclosure to empower the good peop of earth against tyranny and not so that the workd 
would end. Therefore you must understand that the downfall of these Luciferians (Illuminati) 
must progress smoothly, because unless you have been to the cloning centre as a REM driven 
clone and retained the full memories of your experience, it is difficult to understand the kvel 
of depravity and sub human cruelty; it is beyond anything that has ever been heard of, and 
there is much more to tell. 


Ignore this disclosure and you will condemn me to a horrible eventual death and you will 
encourage them that “they are all ‘powerful’’, This is not an exaggeration. There is no need to 
exaggerate even President Barrack Obama is involved in the REM driven cloning business 
and attends the cloning centre as a REM driven clone version of himself, when he goes to 
sep. He and his wife Michelle Obama attend these REM driven clone gatherings. Barrack 
Obama has even toi me as a REM driven clone, at the cloning centre “Donny, we're all 
powerful. You are a slave and the people here [as REM driven clones at the cloning centre] 
won't speak up for you for fear of torture or death, Now make usa new song or we'll gut you 
like fish and leave you to writhe in agony!” 


Be Wary of: Shills; Trolls; Disinformation Agents and Double Agents 
‘There are many, many disinformation agents whose aim it is, is to denounce or debunk me. 
Be very wary of them. They DO NOT, and cannot debunk me, because after all, everything I 
have disclosed is truth. Although the truth concerns highly advanced concealed technologies, 
so it is a bit difficult to fathom at first, but keep reading, and you will realise that all which I 
have disclosed is true. Be very wary of the disinformation agents. 


‘The most common thing these people say is that “Donald is a paranoid schizophrenic” —yet, 
ask them to detail the ins and outs of what a paranoid schizophrenic is and what specifically 
qualifies Donald to be a ‘paranoid schizophrenic’; there is a high probability they will not be 
able to explain this to you, logically, sequentially and methodologically. Their main goal is 
just to make it as difficult for newcomers to understand what the real truth of this world is 
and as I have disclosed; and one of the root causes of man’s problems is REM driven cloning. 
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Some disinformation agents are paid by the Illuminati, to behave this way, and are all too 
happy to echo empty statements (without any substantial evidence for their claims) because it 
provides them with a pay check. I will provide the following reference for the reader which 
discusses the signs and symptoms of a paranoid schizophrenic; all for the express intent for 
the reader to further understand paranoid schizophrenia. You can read more about paranoid 
schizophrenia on Medical News Today (2015). The link is provided in the reference section. 
Youare welcome to read my Facebook wall and within days, you will realise I converse with 
others quite naturally. You can also ask individuals who have spoken to me through Skype or 
met me; but if this is not a viable option for you; all you have to do is read my Facebook wall 
and within days, you'll see that whoever makes such harsh and untrue remarks on my 
character is in fact a disinformation agent, 


Furthermore, remember we live ina 3D physical world; and there is always a physical aspect 
to how something manifests. Therefore, when you hear others discussing concepts such 
“Tila Tequila demonstrated an ‘energy ball’ right on camera; Why didn’t Donald discuss 
that?!” Please understand that these people are trying to deceive you with misinformation, 
‘There are also professional disinformation agents to be wary of. I do not perceive anything 
extra-ordinary in the world when | am awake in my original body beyond the five senses. 1 
don’t see orbs, auras or anything of the like. All I will ever discuss are practical things which 
ave been unequivocally proven to me as fact; because in the situation the earth is currently 
, Lcannot afford to speculate, 


Contact Information 


My Facebook is: hutps://www. facebook,com/donald, marshall, 148. 
You can also press Ctrl+Click (hold “Ctrl” on your keyboard and left 
“Click” with your mouse, on the image to your right), 


T have a public wall on Facebook which starts from March 2012, In other words, all posts are 
made public since March 2012 and you do not have to join my friends list or subscribe me to 
see what I post (although you will have to have a Facebook account). I suggest that 
newcomers start reading from March 2012, and be patient, and read everything. You can 
read everything and learn the real truth of the world fie of charge. I don't wish to write a 
book, [am not looking to turn a profit from this; I want to crush these guys and shut down the 
cloning centres! 


It ako worthwhile to add that: Iam not asking for donations. I do not want ANY donations. 
Ever! These disclosures are far more important than any donations. This is NOT my job. I 
have a job. 1am an independent contractor; carpentry is my trade and I earn a living this way. 
If you sincerely want to help; the best way to help is to spread and share my disclosures. Tha 
is all I ever ask for, so that eventually, the world knows about REM driven human cloning, 
and the armed forces can bring these people to their knees. That is all I want; spread, 
spread, and spread this disclosure. I will never ever ask for donations, Ever! Please keep 
this in mind, and anyone who asks for donations in my name or on my behalf should not be 
trusted, I, Donald Marshall, will NEVER EVER ask for any donations. I hope that is well 
received. 


BP 


You can also view Proboards which has all my Facebook posts and have been archived by 
Celine O'Carroll and Astral 7ight by visiting: 


utp v/donald marshall proboards.com/ 
You can also press Ctrl+Click (hold “Ctrl” on your keyboard and left 
“Click” with your mouse, on the image to your right). 


‘There is a search function on Proboards, and you can use this to search for and read all the 
disclosures I have mide regarding REM driven clones, the people involved and more. 
understand that it is human nature to want to know, which people have been to the cloning 
centre as REM driven clones; therefore, use the search function to read about any public 
figure which I have already covered that you have an inkling about. You can also post 
anonymously on Proboards and Celine and other Administrators will transfer your question 
onto Facebook which I'll answer. 


Donald Marshall Revolution is a website which details a brief overview of the Illuminati. 
hutp :/donaldmarshallrevolution.com/ 

You can ako press Ctrl+Click (hold “Ctrl” on your keyboard and left 
“Click” with your mouse, on the image to your right). 


Interviews 
You can listen to the radio interviews I have done. Listen for consistency; particularly 
anything which you do not hear me, pronounce clearly for the first time; the best thing to do 
is to pause the recording at that particular point and replay it, You should also research the 
statement you do not understand. Sometimes reading helps comprehension a lot faster. 


One of the main reasons you should pause and replay the recordings is because: the truth has 
been kept hidden for so long that a lot of what I discuss in my interviews are beyond most 
peopk’s current world view; so at some points I may speak too fast for you; my audio/ 
microphone may not be so clear so you may miss what I say ete 


A friend has told me that when he first watched the Vinny Eastwood interview; be did not 
hear me say the word (When Vinny asked: ‘How do I know I'm the real me?') 
although he replayed that particular point in the video 8 times. Everything was just beyond 
his current comprehension, at the time. No matter how many times he replayed that part he 
really could not hear me say the word “scars” —so be ket that part go, and played the rest of 
the interview, pausing, and replaying points which he did not understand, especially to 
comprehend whether I was talking about my original body or my REM driven clone duplicate 
body. He also listened to all my interviews for consistency, to note any ‘slip ups’, or any parts 
of my testimonies which do not ‘add up’. He would listen to all my interviews, pausing and 
replaying parts he did not understand and be would reserve his judgements until he felt 
everything I was saying was for example as ordinary as: ‘I woke up today, brushed my teeth, 
and took the dog for a walk’, He was also patient to realise the truth, After listening to my 
interviews he woul just let it ‘sink in’. A week later he would come back and listen to the 
same interviews, to test whether his comprehension on the topics I 


iscuss has improved, and 
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whether he can understand what [am saying without having to pause and repeat at certain 
points in my interview; and soon enough he could now hear me say “scars” at that particular 
point of the Vinny Eastwood interview. He had reached the point where all topics I discuss 
sounded to him like I’m saying everyday common pce stuff that people have heard, such as: 
‘I woke up today, brushed my teeth, and took the dog for a walk’, For anyone who may 
struggle to understand the topics I discuss: I strongly recommend you take the above 
approach as my friend did; soon enough, you too will realise the real truth of the world like 
he has: REM driven cloning, kept secret and used for sinister purposes. 


I cannot say the following is true for everybody, however, an unproductive venture a 
complete newcomer can do is to listen to my interviews first time, all the way through, 
without pausing or replaying parts which they do not fully understand; If you do this and if 
there ingle part of my interviews which does not make sense to you; this will 
interfere with your understanding of the entire interview. Remember, all I am discussing is 
technology, thousands of years advanced compared to what you currently use; available 
today, hidden and secret. If things start to get too complex for you, reduce it to its bare 
minimums: (advanced) science and technology. I hope that helps. 


ust a 


Another thing which Ido in my interviews, that friends have picked up on, is: -because REM 
driven cloning has been my reality for many years; I don’t differentiate between my original 
body and my REM driven clone body. I just say: I did this, I did that, and Elizabeth did this 
and that, therefore it can become very confusing for newcomers. Please bare with me; 
although I’m more emotional as a REM driven clone, and not as smart as | am in my original 
body (this is a side effect of cloning: REM driven clones are more emotional than normal, 
and dumber than they are in their original bodies) I’m still “me” when my consciousnes 
transferred; I have all the experiences and knowledge which makes me, “me” and therefore I 
naturally do not differentiate between my REM driven clone version, and my original body 
an outsider discussing these concepts would. I understand it helps comprehension so I have 
painstakingly done this throughout this disclosure. 


is 


T hope this helps; and I hope this helps to better understand my disclosure as well as the 
interviews which I have done. On the next page you can find the links to my interviews. You 
can copy and paste the links to your web browser or press Ctrl+Cllick ~ (hold “Ctrl” on your 
keyboard and left “Click” with your mouse, on the images below) to direct you to the 
interviews. 
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Links to Donald Marshall Interviews 


Vincent Eastwood 

Copy and paste the link below to your web browser. 

https //www.youtube.com/watch?v=M_1UiFeV5Jg&ab_channel=VincentEastwood 
OR Press Ctrl+Click (on the image below) to follow the link. 


Jeanice Barcelo 
Copy and pa 


te the link below to your web browser. 
ups vvww. youtube.com/watch?v=3uzeudekT3c&ab_channel=JeaniceBarcelo 
OR Press Ctrl+Click (on the image below) to follow the link. 


aste the link below to your web browser. 
buips /Avww. voutube.com/watch?v=UonnFuHLIKe&ab_channel=Astral7ight 


OR Press Ctrl+Click (on the image below) to follow the link. 
Listen to parts | through 8. 


Radio Presenters ~Contact Donald Marshall 


Anyone who sincerely wants to contact me for radio interviews on their show is welcome to 
do this. Please contact me through Proboards by leaving a message for me to contact you. 


Professionals who_understand “Consciousness Transfer” —Contact Donald 
Marshall 


Any neuroscientists, engineers or professionals who understand how consciousness transfer 


works, and can provide me with a detailed methodology of how to block the consciousness 
transfer to my REM driven clone; please message me on Proboards, and this will be greatly 
appreciated. 


Email 

I currently do not have a contactable email address. In my original disclosure, the email 
address has been compromised (hacked), and so has any other email accounts I created: 
Yahoo, hotmail, Gmail, AOL ete. It doesn’t matter; they eventually get hacked; for whatever 
reason, the Illuminati do not want me to have an email account. 


How to Learn More about Donald Marshall’s Whistle Blowing Disclosures 


The best ways to learn about the truth of the world is through my Facebook page and 
Proboards. There is a mountain of evidence which has been collated over the years, and 
corroborates all that I have disclosed here. I also understand that for some people it is 
impractical to read three years worth of Facebook posts, especially when some post are 
repetitive; contain unnecessary comments from trolls, shills and other disinformation agents. 
Therefore, | am currently compiling 5 documents which should make it easier for others to 
read and understand everything quickly; as well as, for others to share and spread those 5 
documents including this main disclosure document -so 6 documents about the real truth of 
the world. All for free!! 


‘These documents include: 

© “Frequently Asked Donald Marshall Questions” ~This will contain all the general 
FAQs which I have been asked over the years; all in one place. 

‘© “Experiences from the cloning centre” This document will contain the full disclosure 
of my REM driven cloning experiences from the cloning centre when I go to sleep; all 
in chronological order, 

‘© “List of people to avoid” This will contain a whole list of trolls, shills, and 
disinformation agents and double agents in alphabetical order, to avoid at all costs, in 
real life and online; -all complied in one place; and the reasons why they should be 
avoided 

‘© “Public Figures and their relationship with Donald Marshall as REM driven clone 
this will be a complete list of every public figure I have ever come into contact with 
as a REM driven clone; and you will be able to read about all the public figures I have 
met as REM clones, as well as the experiences, all in one p! 

‘© “The subterranean underground colonists: The Vril” -this will be everything about the 
biological parasites the Illuminati harbour. Yes. The Illuminati harbour biological 
parasites, which they use against unsuspecting humans. I told you the Illuminati were 
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the biggest depraved perverts ever to grace God’s earth. REM driven human cloning, 
kept secret from the world for over 70 years is difficult to fathom as it is, as are these 
biological parasites. These parasites are also one of the main root causes of 
humanity’s problems here on earth, and must be rendered extinct. In this document 
you will be able to learn everything about their, strengths, weaknesses, psychology, 
biology, ecology, sexuality and arm yourself with knowkdge which ensures that 
humanity exterminates these parasites from our earth, forever. The secret of Vril; a 
secret no more! 


T hope after reading my eye witness statements presented in this document that you have now 
began to understand that t iply what is happening in our world today. 


Heed my disclosure, very diligently. At the start of my disclosure I asked the reader to do two 
things: 


1) Give me the benefit of the doubt —because there is nothing worse than being a 
of abuse, reporting it and the people who have the power to stop it, ignore you; 

2) Set out on a genuine quest to debunk my disclosure. I understand that for some 
peopl, plenty of what I have disclosed will still sound ‘too out there’ beyond their 
current scope of reality to be believable. For such people, the honest thing to do is to 
start with the first topic which you do not fully understand and explore it, either by 
finding that corresponding topic on Proboards (Donald Marshall Proboards 2015), and 
continuing your research from there; or just Googk any topic you currently do not 
understand and review the topic on websites such as New Scientist (2015), Gizmag 
(2015), Motherboard (2015), BBC News (2015a; 2015b), BBC Future (2015), The 
Guardian (2015a; 2015b) The Independent (2015a; 2015b), Daily Mail Online (2015) 
and start reading more articles in the Science and Technology columns because these 
people have been telling you what they have been doing for decades. Consequently, 
keep in mind that articles which discuss “future” technologies and ‘improvements’ in 
medicine or science, are articles, which are really discussing present technologies, 
and achievements in science and medicine already realised; because most of these 
achievements have been realised decades ago. It just hasn't been fully disclosed 
publicly. 


Thave also saved and backed-up every reference (except the homepages of the websites 
referenced) in this document; therefore iff link or video is ever deleted let me know. 


How Much Do You Know About Post-humanism / Trans-humanism? 


Furthermore, you have to be honest here: because if you do not know much or anything about 
post-humanism / trans-humanism then I am afraid to say, -and this is no fault of yours — that 
you are behind in this the world; simply because these Illuminati peopke are Post- humanists; 
and that is the direction the want the rest of the world to go. They want the world to reach a 
destination where human cloning is common place; a world where downloading your mind / 
entire life experience onto a computer microchip and living on as a cloned version of you 
with the microchip running the consciousness to be common place; and these Illuminati Post- 
humanists want the world to head in a direction where it is commonplace to molest children 
through science and technology. No. This really is not Science-Fiction, this is the world we 
live in today; this is why such marvels in science, medicine and technology has been withheld 
from the general public and kept hidden by an ‘elite’ group of people because if these people 
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honestly came forward, and said “We have invented this technology and we want to use it for 
this “negative” purpose” ~the populace would not accept it, and these people will be lynched 
in the streets before lunchtime. Therefore, through concealed advancements in medicine, 
science and technology, the Illuminati can live out their inner depraved cravings and commit 
crimes against humanity and the world, for which most people will be too blind to see or even 
fathom, because the hidden science and technology is beyond the average person’s current 
comprehension. 


Therefore, please attain an education in post-humanism / trans-humanism because these 
Illuminati people believe they can rival creation, nature and the marvels of the universe 
through science, medicine and technology. The Illuminati go against creation; they go 
against nature; and they go against humans. They don’t consider themselves humans. They 
consider themselves post-humans and believe they can become “gods” through advancements 
in medicine, science and technology. See LawOfldentity (2014) and Mark Dice (2014) for 
Richard Seed’s comments on ‘becoming gods’ through transhumanism. Richard Seed is a 
Physicist with a Ph.D. from Harvard University; he is well known in the controversial cloning 
debate and declares his aspirations to "become god" saying 'We are going to become Gods, 
period. If you don't like it, get off. You dont have to contribute, you don't have to participate, 
but if you are going to interfere with me becoming a God, you're going to have trouble, 
‘There'll be warfare.’ If you value humanity, do your best to attain an education in the trend of 
post-humanism / trans-humanism; otherwise the future of mankind will be bleak. We must do 
everything we can to stop these people. 


This is of uttermost importance. REM driven cloning of is the most terrible thing in the 
world, especially when it involves unsuspecting civilians, and worst of all, innocent children. 
If you choose NOT to do anything you allow the Illuminati to continue to clone your 
children, sisters, wives, and sons. You allow the Illuminati to continue to hijack the minds of 
your children, sisters, wives, and sons while they skep, through concealed advancements in 
science and technology. You allow the Illuminati to transfer the consciousness of your 
children, sisters, wives and sons to their REM driven duplicate clone versions while they 
skep, whereby the Illuminati molest your chiklren, sisters, wives and sons, which will cause 
themto have learning disabilities, unexplained depression and suicidal thoughts, as well as all 
kinds of side effects. 


This IS your ONLY chance to end these monsters. There is a deadline! 


This is your ONLY chance to do something to end these monsters. We are on a timeline and 
there is a deadline. As I have already mentioned, as well as, the top scientists in the field of 
physics and geophysics have mentioned: HAARP is not only capable of controlling the 
weather; once the HAARP grid is completed and working at full power, it will be capable of 
mind control over entire populations. We will all be slaves to the Illuminati FOREVER. Our 
freewill will be gone forever. Furthermore, if they achieve their aim of time travel with 
HAARP technology, future generations of humanity will never be able to stop them, because 
as they have told me: ‘They will always be abke to go back to a previous time, and correct the 
mistake(s) which led to their downfall’. This is the Illuminati’s end game and what they wish 
to achieve. This is why this disclosure is so heavy, and so important, It goes beyond REM 
driven cloning; although it is important the world understands REM driven cloning. The 
future of humanity is at stake; and because of the 2-5 year deadline until the HAARP grid is 
completed, it is time humanity stood up and brought an end to the Illuminati. This REALLY 
is your ONLY chance to end these monsters! 
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The only way for evil to triumph is for good people to do nothing. 
Edmund Burke 


Remember for every 12 months which passes military / concealed technology outstrips the 
technology the general public is accustomed to by 44 years (Schneider 1995; 1996). Close 
your eyes and think 44 years into the future. The year is 2059, What kind of technologies do 
you expect mankind to have? Do it for real; don’t just read the words. Close your eyes 
imagine. The year is 2059. What kind of technologies does mankind have? You see. It is ‘out 
of this world” technology, right. This is exactly what is going on today in the year 2015. It’s 
just that it is hidden, That's all, Not so difficult to fathom now. 


Do NOT Be Afraid to Help. We Outnumber the Illuminati by 1,000,000:1 


Don’t be aftaid to help. These people are easily defeated when good people stand together as 
one. These Illuminati people total no more than 10,000 people. 10,000 people against 
7,000,000,000 (7 billion) people —that’s less than 0.000001 % of the world’s population. Now 
can you begin to understand how prevalent evil can be when a small organised group of 
individuals, as little as 10,000 of the world’s most evil and tyrannical people all work 
together in unison to exert their influence over the world? The world does not have to be this 
way. We outnumber the Illuminati people by a 1,000,000 to 1. For every Illuminati person 
there is, there are one million people who are not Illuminati, therefore do not to be afraid to 
help; all you will be doing is helping humanity rid itself of its sickness. So please feel free to 
share and spread my disclosure far and wide. 


For those of you whom this applies to: remember the Illuminati (and I know it sounds 
ridiculous despite the evil they do) are deeply religious. They believe anyone aiding me is 
part of the “Army of Light” prophesised by Nostradamus; and to harm or degrade the life of 
anyone assisting me will bring them to their ultimate end and they will incur the wrath of 
God; they will suffer utter ruin and demise in their lives if they are to hurt you; they are very 
scared of people who can see through the lies and deceptions they have inflicted on the 
world, So please, stay calm, do not stress your heart, and know that you are safe, and they 
cannot hurt you, You can feel safe in the knowledge that you can do the right thing by 
helping me. They told me this as REM driven clones on the night of 21* of February 2014 
when I went to sieep. The above is exactly what they said. 


For anyone interested in understanding the interpretations of the Nostradamus Prophecies, 
Crystal Links (2015) provides a good source for all 942 of the quatrains. Delores Cannon is 
ako an author who has written three volumes called “Conversations with Nostradamus” and 
for anyone interested you can read these online (Galactic 2012a; Galactic 2012b) as well as, 
watch her YouTube videos (CreativeForveVideo 2014; Disclose TruthTV 2015). 


Yes. This is the state of the world today: a deception within a deception coated in reverse 
; and fact is indeed stranger than fiction. Now after everything I have said, if you 
tical and ‘in-between’ on this issue then the best thing for you to do is to pay 
attention to your dreams; or lack of dreams —they are your own experiences and you cannot 
deny your experiences. 
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In other words, you may be having REM driven cloned experiences too; for some people they 
havea ‘dream’, where they are in the same environment, over and over and over again; o the 
theme being discussed in their ‘dreams’ is the same over and over and over again; or the 
environment their ‘dreams’ take place always appear to happen in the 
environments over and over again —no matter what the theme is. In each s 
likely probability that these are not just dreams, and in fact these people have had their 
consciousness transferred to the REM driven clone duplicates and the Illuminati is trying to 
extract something from them, once that is done they implant a false memory (See Kim (2013) 
and Alford (2015) for discussions on how false memories are implanted) so you wake up 
with the feeling of remembering something, but in actuality it is false; or you wake up with 
no memory of dreams from the previous evening, which means there is a high probability that 
you had your memories suppressed when your consciousness was transferred to your REM 
driven clone. This is why I say you can be sceptical about everything I have said (for now), 
but pay attention to your dreams, or lack of dreams, they are your own experiences, and you 

annot deny your own experiences. 


Noteworthy Frequently Asked Question 


A Frequently Asked Question I receive, which is worth a mentioning here, is as follows: 
Q: Donald, if everything you have said is true...; in other words human clones walk among us 
now in a multilayered conspiracy which reaches the highest levels of government; armed 
with this knowledge what does one do exactly? What happens now, Donald? You obviously 
want {o spread the word and make people aware but to what end? 


DM: In short: I want to bring a complete end to the Illuminati and usher in a 
of mankind. This question is best answered by detailing my ‘Mission and Vi 
the Illuminati completely. 


Donald Marshall’s Mission and Vision on How to Bring Down The Illuminati 


“Golden Age” 
jon’ for ending 


‘© This disclosure must spread, and spread FAST and FAR! 
* If you now understand everything I have disclosed in this document as truth, then do 
not waste any more time. Share this disclosure with your wives, husbands, brothers, 
sisters’ aunties, uncles, friends, co-workers, and children, We all have a part to play in 
wing the world from a premature doom. 

* Call friends who have not heard from you in a while and tell them you have important 
news to share. Share this document. Share it on social media such as Facebook; 
Twitter; Instagram; Dropbox; Slideshare ete. 

* Keep sharing this document until it comes to the attention of the Armed Forces. The 
Armed Forces will have to intervene. Once the Armed Forces intervene we will have 


reached the middle stage of this vision and will be witnessing a complete end to the 

Illuminati, Until then, we're in the beginning stages, so please: spread this document 

rand further. The quicker it is spread; the quicker the Illuminati are ended. 

* Once the Armed Forces have intervened a Military coup can be orchestrated against 
these vile people. 

© Cloning centres can then be shut down once these people are overthrown. 
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The freeing of any missing people (children; teens; adults) trapped in the cloning 
centres can commence (once the Armed Forces intervene). 

HAARP (as well as other highly advanced technologies) can now be contained and 
not used for adverse effects against the world (once the world learns of this 
disclosure). 

These Illuminati people will then HAVE to appear in court for their cri 
humanizy. 


'$ against 


Suing the Illuminati members in court (once court proceedings commence... we will 
be past the midpoint of my vision, and closer towards witnessing a complete end to 
the Illuminati), 

The populice (and it will be your choice) can then have their REM driven clone 
experiences restored and also sue and claim any legal reward / compensation. 


After the populace has sued the Illuminati for their crimes against humanity; the 
punishments can commence. 

Punishments will include: imprisonment and executions of these sick and malevolent 
people. The imprisonment and executions of evil Illuminati members will bring an 
end to the Illuminati. 

After the punishments and executions; Governments worldwide can now be replaced 
with incorrupt individuals, worldwide. 

The structure of Governance will also have to change. The reason for this because 
future generations will always be able to check their leaders and governance more 
appropriately; so that the depraved and subhuman acts I described can NEVER be 
committed against humanity again; nor will world leaders be capable of committing 
such monstrous crimes in such secrecy ever again. 

Ensuring that the laws of the lind always progresses in line with advancements in 
medicine, science and technology; as well as, ensuring law progresses in the 
directions of Research and Development (R&D) regarding future technologies, 
science and medicine 


Release of technologies, science and medicine which benefit mankind. 
Commence a “Golden Age” of mankind. 
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If you do not fight the corruption and you do not stand up for what is right in life, 
you end up being a serf and a slave and you are leaving your children a world in 
which you would not want to live in yourself, so how can you in decency behave that 
way? You have to stand up for what is right in life, and unless you do that you are 
nothing. 

Aaron Russo 


Empowerment by Virtue of Golden Truth 


As you can see, despite all the horror of the world I currently present: if everything goes 
smoothly, the good people of this work, truly will inherit it. This is why despite any anger, 
sadness, or fears you may have; you must not riot, damage property or cause chaos or bring 
about any other form of public dissension. You cannot stay silent, or ignore the issue in the 
hope that the threat removes itself. You are called to act; you must take action to help bring 
the Illuminati to an end; you must act while at the same time, you must maintain your 
composure and resolve to ensure that the whol procedure goes smoothly, and we all inherit a 
world we want to live in. 


Your life, at this very moment, is more important than you may have probably ever 
imagined. You have purpose. Through you, and other good people around the world, together 
we can bring an end to such unspeakable forms of tyranny in this world, It is my humble 
stance that you have now become truly empowered with golden truth and you are now 
compelled to bring this tyranny to an end. 


Do not waste the knowledge you have obtained from this disclosure. It is my only hope to 
escape this man made living hell. It is my only hope, as well as, the hope of many REM 
clones imprisoned there, as well as, real people who go missing daily, and are trapped in the 
cloning centres. 


We sincerely beg you, 


Donald Marshall 
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Appendices 
Appendix A: Thien Thanh Thi Nguyen (Tila Tequila) Transcript 


Link: hitps://w ww. youtube.com/watch?v=7mRZ7IF9|s&ab_channel= Astral7ight 


00.00 — 1.10 min: You know what... since you f*" with my program darling Queen 
Elizabeth [II] and the paedophilia ring and the cloning centres, and the cloning centres. That’s 
right darling the cloning centres. Parents listen to me right now, they are blocking me but that 
is quite alright. They are blocking me but that is quite alright. Because I have many, many 
other forces; I shall not say their names right now, but I have many big plans to expose all of 
you disgusting, sadistic f***s! Okay? That is all. I shall save that for another time. But, 
however, I shall REPEAT: that was just an introduction to the reptilian family, leading all the 
way back. They call themselves the “The Black Nobility”. Now that is just one part of it; 
alright? 


1.11 -2.47 min: The Black Nobility; the reptilian family; all the way back from ancient 
0 which they think... they fee! like they are the divine chosen ones... from whom may 
I ask? Definitely. Definitely not God. Our creator of the world. Reptilians: they feed on 
blood; children; the paedophilia ring; recently busted. Oh! It has been going on for centuries. 
Parents listen to me carefully. I don’t care if I’m cutting out. I will continue this and I am not 
alone on this battle, Believe THAT! Believe THAT! I am not alone on this battle. I started 
‘out alone but am marching on with MILLIONS; okay? So sit your old a** down okay. 
Because you are gonna roll over, but it doesn’t matter anyway because you are all ancestral 
f**s! Who interbreed... ancestral f*****g... and then... and then... Oh! Only going to talk 
about cloning those children and... oh! And all those many children’s parents listen to me 
are filly. 


time: 


2.48 -4.24 min: Hundreds of missing children come up every year. You wonder... why? 
How? How could this be? And then there is so called CPS [Child Protection Services} or 
whatever they are called; they come and take your children, just, just for nothing; right? Not 
to discredit everybody, because not everybody is bad. I’m talking about the bad people. And 
they take your kids... they take them as this... they treat them like... I can’t even say the word. 
It’s disgusting, it’s sadistic. They... they... they take your kids... they toss them out like little 
[inaudible] cause they are so P*****g... Pardon my French, but then again when I’m dealing 
with these evil cum-buckets I have no holy words coming out of my mouth, because these are 
the only words they resonate to. So therefore that’s how I refer to them, Because they can 
only [inaudible] ...their masters whiplash on them with these [inaudible] words of cursing, 
vileness and slaving and that is not what the true God is; okay? The God of Hell...: 
Anyways. 


S.. 
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4,25 — 5.30 min: There are these CLONING CENTRES where they take your children and 
do sadistic things to them. I’m not even talking about child molestation here; not to mention; 
uh there is one of them that got caught, flying out to Florida; to meet up with a four year old 
little girl, to have sex with a four year old girl. ‘That's right. Google it because it is so highly 
sinful. We have commercials about... you know starving kids; you know save the starving 
and it is heartbreaking. We can have commercials about it.. why? Because it is a 
horrible thing and people can have commercials about it. WHY do we not have commercials 
about... ‘Daddy please don’t, don’t, Mommy please don’t kt daddy let daddy touch me?* — 
because it is disgusting! It is so disgusting; beyond sin that no one, NO ONE, can even make 
commercial about that because that’s how sinful it is, 


5.31 — 7.19 min: Do you understand that? Do you understand how sinful that is? These 
peopk, I’m not even going to call them people; alright? They take your children; they not 
only molest them; men f*** them and make them shoot each other. They give them guns. It’s 
either you shoot him or I’'m gonna shoot you. They are... mind you, they are children, 
Children. Yes. I’m speaking out, because I... uh! Who else is doing this? You're all just 
[inaudible]... shame on you... And actually the most recent paedophilia.... got taken down... 
WOW! How long did that take? Really?! Do you know how long this has been going on? 
*Sigh* Alright I’m gonna calm down... but as a parent and I love parents out there. My heart 
‘goes out fo all the parents out there who have missing children, You know, we all pray for 
them; every day. And I put ona bold face in public every day; because there needs to be 
someone strong, believe that. But my strength comes from somewhere... that I have a very 


vulnerable emotional side where I feel very strongly for these children and innocent peop le. 
So therefore I want to speak out. 


7.20 — 9.10 min: I have and I have my pa 
am so pa 


on too; and in the end you shall all know why I 
mM 
prevail and you all will know why. So, as for you parents... ah... there are no words to 
describe. But let me just expose because you can't just... there is a point where you CANNOT 
just turn the other way. You know this stuff is going on; and you go ‘Oh well... that’s their 
problem, Let’s just turn the other cheek.” How long are you going to turn the other cheek, 


ionate about exposing every single one of these scumbags; okay? The truth s| 


until it happens to your own freaking chiklren? When, when, when your own child; three 
years old, get’s run out [kidnapped] and gets blasted right in the head with a gun... yeah, 
there’s more to that people; okay? And I’m not just saying that coming from some... | mean, 
actually, mothers, fithers out there... If you found out... I’m sure you would do way worse 
than what I am just saying. I’m just using voe. I’m just annihilating them vocally. I’m sure 
the parents out there who find out what their children have gone through, their missing 
children, I am pretty positive more than just a vocal annihilation of these scumbags that do 
to your children; okay? 
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9.11 — 10.32 min: So keep on turning the other cheek folks. Hey, go and turn the other cheek; 
you are with the others. Iam not. I AM NOT. Like I said you... There is only two ways to go 
about this: you're either with us: the good guys, or you're with the others. There is no in- 
between, Cause if you are in-between, hiding like cowards, turning the other cheek; doing 
whatever; well then you are a freaking coward and you are just a sheep. And sheep end up 
dying because you know what you are owned by “The Others”. So pick one: you’re either 
‘one of us: the good guys or you're part of the others. That is simple as that! Two choices: 
‘good guys; bad guys. In-between you're dead because the bad guys are going to suck your 
soul out [transfer your consciousness to your REM driven clone] and do some sadistic stuff to 
you and watch, and make you watch while they pretty sadistic stuff to your children as well. 


10.33 — 11.33 min: Do you know why they love children? Because they are innocent souls; 
they're innocent... they're, they’re the most innocent pure beings in this planet. They’re not 
harmed by anything. They're new to the world; bright-eyed pure innocent children. That is 
why these disgusting paedophile and these clone rings; cloning centres; satanic rituals; 
Brownsville Texas... There are many other cloning centres where they take your children that 
go missing. And you wonder why? What happens to them? I’m sorry to break this to you but 
that is what happens. Now either do you want to know what happens to them or do you want 
to turn the other freaking cheek? 


11.34— 13.09 min: Tune into my next show. I’m gonna upload stuff; I have an arsenal ready 
to blow up! Okay. And I have reason behind this. You all should know my personal reason 
soon; but this has nothing to do with me right now. But know that I’m back, I’m back with a 
vengeance and I’m back with an army full of people around the world who are sick and tired 
of treated like animals; or quote, unquote “COWS”. We all know what that means. For the 
‘outside workd (the masses) we all know the term “sheep”, sheeple. But for the insiders we 
know what the cows are don’t we? You know what “The Others” like to do with the cows, 
right? They start to herd you in... and to... yeah...’ gonna end it at that. And to all the 
parents, families and children out there, I love you so much. I... have fo maintain composure, 
because that is what I do. That is all. Over and out. 
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Appendix B: MK Ultra 


Ultra -noun: [Manufacturing Killers. Utilizing Lethal Tradecraft. Req 
inations} The goal of mind control, using MK Ultra technology 
individual to carry out any task against their will and self-preservation instin 
the absolute behaviour and thought patterns of the individual, 


ing 
s lo program an 
and to control 


Modern-day MK Ultra involves an implantable microchip which is inserted into a Mark 2 
clone of the victim. Every thought, reaction, hearing and visual observation causes a certain 
neurological potential, spikes, and patterns in the brain and its electromagnetic fields, which 
can now be decoded by the implantable microchip into thoughts, pictures and voices. The 
thoughts, pictures and voices of the implanted Mark 2 clone (victim) can now be displayed 
visually and heard on any system capable of converting visual images, such as a television or 
a computer. These images are usually displayed on a giant screen at the cloning centre. 


The purpose of MK Ultra is to elicit a specific conditioned response in a victim (desired by 
the programmer) to an otherwise neutral stimulus. In other words, through the process of 
conditioning” (which involves karning a new behaviour via the process of 
association, In simple terms two stimuli are linked together to produce a new learned 
response in a person) the implanted Mark 2 REM duplicate clone (victim) is placed thorough 
many similar recurring scenarios which are experienced (or perceived) by the victim as 
“real”, because the programmer manipulates the victim’s audio and visual field, and 
continuously pairs the victim with the neutral stimulus, so that either a positive or negative 
conditioned response is elicited in the victim towards the neutral stimul 


In other words an implanted victim can be placed in many recurring situations deemed as 
frightful, where a mystery stranger saves the victim from the frightful situation over and over 
again. The victim will now have positive associations towards the mystery stranger and 
therefore the conditioned response is now one of ‘positive associations” (towards the mystery 
stranger who did not elicit such a reaction before). 


MK Ultra techniques are administered through Mark 2 (sleep driven) clones. In other words 
classical conditioning happens when the person sleeps. Memory suppression technologies are 
alo used in conjunction with MK Ultra technology, which enables the programmer to control 
certain memories the victim remembers. The use of memory suppression technologies and 
MK Ultra technology allows the programmer to reinforce behaviour and elicit specific 
conditioned responses (in an original). 


‘Therefore, in our example above, when the original meets the mystery stranger in real life, 
the original (victim) will be predisposed to the mystery stranger and automatically ‘fee 
around this person and may even believe that he / she should ‘date this myster 
depending on what was programmed; because the vi s conditioned to e 
emotional response towards the mystery stranger in 

clone through MK Ultra functionality. 
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MK Ultra can also be used to create zombified individuals who are programmed to murder 
and remember nothing of their crime afterward. MK Ultra (technology) can also be used to 
disrupt the memory of the original, discredit people through unusual behaviour, make the 
person insane or commit suicide and murder. 


MK Ultra has much functionality. Furthermore, because of its video and audio projection 
functionality, MK Ultra can also be used to compose music. MK Ultra is capable of relaying 
the Mark 2 REM driven clone’s as visual images and 
audio, projected onto a screen, Therefore thoughts, pictures and voices 
experienced consciously and subconsciously in one’s life can be displayed visually and 
audibly on a television or computer screen, The Mark 2 clone now has the option of 
harmonising these thoughts, pictures s into a coherent order which produces music 
through the thought process of his or her imagination, See Jim Cristea (2009); Berkeley News 
2011); UC Berkeley Campus Life (2011) CTForecaster (2013); nature video (2013) and 
Stromberg (2013) for examples and discussions and the capability of MK Ultra technology. 


subconscious and conscious mind 


which have been 


and voic 
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Appendix C: The Illuminati 


Muminati —noun: A modern-day criminal organisation operated by reprobate (depraved, 
unprincipled and wicked person) criminals. Their main agenda: is to enslave the whole world 
through ad vanced concealed technologies. 


Today's Illuminati trace their roots back to Professor Adam Weishaupt who found the 
Illuminati on 1 May 1776. Since the inception of the Illuminati the intent has always been, 
and remains: “to bring about a NEW World Order that writes God out of the picture and 
deifies (glorifies) Lucifer.” This intent is still prevalent today. The following excerpt is 
derived from A. Ralph Epperson (1990) The New World Order: 


Weishaupt was a teacher of Cannon Law (law governing the affairs of a Christian Church, especially 
the law created or recognised by the Papal authority in the Roman Catholic Church) at the University 
of Ingolstadt in Bavaria, now part of Germany. 


He even told the world, in his writings, where he would conceal the Order: "None is fitter than the 
three lower degrees of Free Masonry: the public is accustomed to it, expects little from it, and therefore 
takes little notice of it." He felt that this secrecy would lead him to success because he felt no one 
‘would be able to break into it. He wrote: "Our secret Association works in a way that nothing can 
withstand ..." 


Weishaupt accepted the fact that all secret associations and secret orders had two docttines, one 
concealed and reserved for the Masters... the other public..." and the Illuminati was {and are to this 
day] a secret society with two doctrines. 


Professor Weishaupt, its founder, boasted of his organization's secrecy. He realized that this secrecy 
would enable them to decide the fate of nations and because their deliberations were secret, no outsider 
could interfere. He wrote: "The great strength of our Order lies in its concealment; let it never appear in 
its own name, but always covered by another name, and another occupation.” Weishaupt later wrote 
about that secrecy in a letter to a fellow member of the Illuminati: "Nothing can bring this about [the 
new world order] but hidden societies. Hidden schools of wisdom are the means which will one day 
free men from their bonds [the “bonds” of religion] Princes and nations shall vanish fromthe earth.” So 
the secret societies were created to bring the world to the new society known as the New World Order. 
‘The members of these organizations obviously feel that their goals are so noble that they may perform 
whatever tasks are requited of them to bring that goal to fuition. This means that murder, plunder, and 
lying all become acceptable as long as these methods assist its members in obtaining their goal. 


Adam Weishaupt, the founder of the Iluminati, wrote over and over and over again, that “the ends 
justified the means.” Weishaupt also told initiates to use whatever means, which included murder, to 
achieve the goals of the association that he was joining. And that the major goal of the Illuminati, was 
the destruction of all religion, including Christianity. That meant that if Christians physically stood in 
the way, they could be removed by simply murdering them Weishaupt even went so far as to say that 
anyone not willing to take the life of another was unfit to join the Iluminati, He wrote the following in 
a letter to a fellow member in 1778: "No man is fit for our Order who is not ... ready to go to every 
length 


Another reason, that Weishaupt felt that the Illuminati would succeed, was the fact that he was offering 
his members worldwide power. He felt that this inducement would enable him to draw into his 
organization only those who would do anything to satisfy that desire for power. He wrote: "The true 
purpose of the Order was to rule the world. To achieve this it was necessary for the Order to destroy all 
religions, overthrow all govemments and abolish private property.” 
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But his religion had a different base than the traditional religion: his was based upon a worship of 
reason: "... then will Reason rule with unperceived sway." "... Reason will be the only code of Man, 
This is one of our greatest secrets.” "When at last Reason becomes the religion of man, then will the 
problem be solved." Weishaupts dedication of his organization to "reason" makes some sense when the 
reader recalls that "reason" has been defined as the "unbridled use of man's mind to solve man's 
problems without the involvement of God." The Bible calls this "the fruit of the tree of the knowledge 
of good and evil” It was this knowledge that God wanted man not to have, and it was the promise 
made to man by Lucifer that man could have it by eating of "the fruit." In addition, Weishaupt’s 
religion offered its believers a reward not offered by any other religion: worldwide power! 


Weishaupt wrote: "The pupils [members of the lluminati] are convinced that the Onder will rule the 
world. Every member therefore becomes a ruler." Weishaupt’ religion not only offered power to his 
believers. but he offered them something ee not guaranteed by any other religion: worldly success. He 
said that once a candidate had achieved the exiked degree of lluminatus Minor, the fourth of the 
thirteen inside his Order. his superiors would: "assist him [the member] in bringing his talents into 
action, and [would] place him in situations most favourable for their exertion, so that he may be 
assured of success.” Finally, the goal of the Iuminati was "man made perfect as a god - without God.” 


The ideology of “man made perfect as a god —without God” still remains to this day, and it is 
practiced by today’s Illuminati members. The above phrase is what ties in Luciferian worship 
and trans-humanism, Lucifer is idolised by Illuminati members as the deity who gave man 
‘knowledge’ and therefore is worthy of worship; God, -according to Luciferians, -did not 
want man to have knowledge and therefore is despised by Luciferians. Ingrained in the trans 
humanism doctrine is the believe that: ‘man can become ‘god’ through science and 
technology and in turn overthrow the Creator of the universe: God’. See LawO fldentity 
(2014) and Mark Dice (2014). 


These are the basics of Luciferianism. Therefore everything which is natural or pertains to 
nature must be contended or destroyed by Luciferians. This is why Illuminati members 
endorse having sex with children, killing first born sons, and drink blood. All the above go 
against nature and according to the ‘edicts of Lucifer’: paedophilia makes the person 
committing the act younger (it doesn’, it is just an excuse to act perverse on children because 
they know children are vulnerable); killing your first born son gives you good luck and 
fortune in this life (so yes, some Luciferians have sacrificed their first bon sons); and 
Illuminati members believe drinking blood / cannibalism is a ‘purifying agent’ (although in 
reality it causes spongiform encephalitis (holes in the brain)). 


Modern-day Illuminati members still retain the goal of its founder “to bring about a NEW 
World Order that writes God out of the picture and deifies (glorifies) Lucifer.” Infiltration 
through secrecy, still remains their mode of operation, for the current Illuminati and therefore 
they have secretly infiltrated all the major religions on earth; government and education — 
where each successive generation is being dumb down; they have continually diminished the 
ability for individuals to own private property, or claim inheritance; divided people against 
each other to continually diminish patriotism; and have continually diminished family values. 


They ako compartmentalise their knowledge between members. Until I fully exposed the 
Illuminati, many people who have been REM clones at the cloning centre did not know they 
were in fct REM driven clones, and thought they were in the 5'" Dimension; the astral plane; 
ingularity; the spiritual realm; Valhalla; quantum hoppin; 
eke the Illuminati told them. 


a time stutter etc. or whatever 
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Today's Illuminati members also meet in secret (just like the founding members) as REM 
driven clones, when they go to sleep. Furthermore, because Illuminati meetings are in secret 
and not many people know the exact location (because knowledge is compartmentalised) of 
the cloning centre; or the fact that their consciousness has been transferred to Mark 2 REM 
driven clone bodies at the cloning centre (and they are not in their original bodies); as well as, 
the fact that unsuspecting civilians have their memories suppressed; the points mentioned 
above are the reasons the Illuminati believe ‘they are all powerful and untouchable’; and 
consequence, today’s Illuminati members do all the disgusting things they want, because they 
believe no outsider can interfere. 


‘The ring leaders of the Illuminati today also believe “the ends justify the means”. This is why 
they clone, torture, molest, murder, and rape unsuspecting c' 
their sleep. The Illuminati of today offer their members incitements to go along with their 
agenda and not oppose them (or face death). Another popular method is to entice their target 
with many, many wonderful prospects, and have the target believe they are joining a noble 
and prosperous venture, so that the target fulfils the objectives of the Illuminati unknowingly; 
promoting the Illuminati in a positive way, because the target has been deceived to perceive 
‘positive’; by the time the target finds out the true intent of the 
Illuminati, and the evil which emanates from it, it is too late. Those who rise up in the ranks 
of the Illuminati are the men and women who have an insatiable lust for power, and most 
importantly: the men and women who want to rule the world. 


ians as REM driven clones in 


the nature of the Illuminati a 


Modern-day Illuminati members also wish to become gods (through technology); overthrow 
the Creator, and achieve their overall aim of enslaving mankind. This is why they clone 
peopk, and clone people in high rank society from all walks of life (movie stars, musicians, 
politicians etc.; whether the person willing wants to be part of the Illuminati or not) so long as, 
that person is in a position of power and influence, the Illuminati clone that person, and 
threaten that person, for example -“Hey, you're going to hang with us -or else” ~through 
such coercion, the people in high rank society who have power and influence will not oppose 
the Illuminati’s plans to become gods; enslave mankind forever; and rule the world. Another 
reason for cloning high rank society is to include these people into the Illuminati (willingly or 
unwillingly) to ensure the world’s populace rem: all the world 
leaders and high rank society are cloned and under the coercion of the Illuminati nobody in a 
position of influence or power can warn the popukce against the Illuminati) until the 
Illuminati’s plan is completed and they have enslaved the world forever. 


in ignorance (because one: 
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‘The Illuminati’s overall aim of ‘becoming gods’ and ruling the world, as well as, mind 
controlling all the inhabitants of earth is also the reason the Illuminati: 


Administer drip feed disclosure through media, by telling some truths mixed with lies 
in order to conceal their true intentions and overall aim, and prevent the betrayed 
partner (the public) from ever discovering “the complete truth”; 

Administer evaluative conditioning, by plicing their symbols and ideology in popular 
media with positive associations, so that the unknowing and unsuspecting public will 
eventually become predisposed to the Illuminati and unsuspectingly have a positive or 
neutral response towards the Illuminati; 

Because they want to become ‘gods’ is also the reason the Illuminati is promoting 
RFID microchips and only discussing RFID microchips positively, while at the same 
time placing suppression (gagging) orders on anyone who speaks negatively about 
S an unsuspecting public will willingly accept the 
{of transaction, the person will have (unknowingly) given 
up their privacy to a third party (the Illuminati) for the rest of his / her life: 

Their aim to become ‘gods’ is also the reason the Illuminati are hurriedly trying to 
complete the HARP grid across earth because a complete HAARP grid will allow 
them to achieve their goal of mind control over the entire world; which fulfils their 
objective of becoming gods; because a complete HAARP grid will be capable of time 
travel, and therefore the Illuminati will be capable of going back to a previous time to 
correct the mistake(s) which led to their downfall; the Iluminati members will retain 
the knowledge of the previous time, and the rest of humanity will have no recollection 
of such a memory. 


The Illuminati is mot a joke. It is not fiction, They are very real, and part of humanity's 
reality; and through advanced concealed technologies the Illuminati aim to enslave humanity 
forever. The ring kaders of the present Illuminati includes Queen Elizabeth Il, Prince Philip 
Duke of Edinburgh, Prince Charles of Wales and Vladimir Putin. I have also detailed the 
actions of the ringleaders in the main text in this disclosure, as well as, detailed other modern- 
day evil Illuminati members on my Facebook and Proboards. It is time the good people of 
earth, stopped being afraid, do the right thing, put a stop to this evil, and save themselves, as 


well as their children’s 


children from bein; 


‘ves forever. Spread and share this disclosure. 


Glossa: 


Aneurysm -noun: An excessive swelling of the wall of an artery at a fixed point in the body. 
A brain aneurysm is therefore a: bulge or ballooning in a blood vessel in the brain. It often 
Jooks like a berry hanging on a stem. A brain aneurysm can kak or rapture, causing bleeding 
into the brain. 


Clone noun: a cell, group of cells, an organism produced asexually from a single ancestor 
and is genetically identical to a single ancestor. 


Concealed Technology -noun: hidden machinery and devices undisclosed and currently 
unavailable for public consumption. Concealed (or military) technology develops at a rate of 
4 years for every 12 months which passes in comparison to the technology the public is 
currently accustomed to. Origin: Phil Schneider. 


Cloning Centre noun: a physical location (on earth) where duplicate and replicate clo} 
are produced. These physical locations are usually Deep Underground Military B: 
(DUMBs). DUMBs have an entire floor dedicated to cloning. It is also a place where 
Illuminati members meet with each other as REM driven clones. The above-ground cloning 
centre where many high profile people attend can be found within a radius of 5/6 hours drive 
from the Robert Pickton Farm Port Coquitlam, British Columbia, in Canada, somewhere at a 
remote nature reserve. 


Cloning Technology -nown: the technological advancements in medicine, science and 
technology used to produce duplicate and replicate copies of originals 


Conditioned Response -noun: an automatic response established by training to an ordinarily 


neutral stimulus, 


Conditioned Stimulus —noun: A previously neutral stimulus that, after repeated 
with an unconditioned stimulus, elicits the response produced by the unconditioned stimulus 
itself. 


Consciousness noun: the state of being aware of and responsive to one’s surroundings; a 
person's awareness or perception of something. 


Consciousness Transfer -noun or verb: the process of transferring or copying the mental 
content (including long-term memory and “self*) ffom a particular brain and copying it to a 
computational device; artificial body or avatar body such as that of a robot or clone version of 
the original. It is also the feat in which the person's mental content (long term memory and 
“self”) moves from one body into another. 


Depopulation verb: to remove or reduce the population of, as by destruction or force. 
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Drip Feed Disclosure noun or verb: is the process of supplying information but in small 
amounts overtime. Drip feed disclosure is also the process of revealing information slowly 
overtime, possibly telling lies to conceal certain aspects of the truth until the source 
administering the drip feed disclosure has adequate time to let out the truth ina slow and 
controlled way, thereby delaying the betrayed partner (in this disclosure, the public) from 
having the “complete truth” for some time. 


DUMB -noun: (Deep Underground Military Base] a facility directly owned and operated by 
or for the military or one of its branches that shelters military equipment and personnel, and 
facilitates training and operations beneath the surface of the earth. 


Duplicate Clone -noun: a fully formed human body which is a genetic copy of original 
developed through the process of regenerative technology. Duplicate clones are grown in a 
big thick tank full of (salty) water. 


Duplication Cloning -verb: involves agitating the cells of on an original repetitively until a 
fully formed human body of the original is developed. Duplicate clones take an average of 5 
months to form into a fully developed human body of the original through the process of 
regenerative medicine and technology. 


Evaluative Conditioning -noun: is a change in liking, which occurs due to an association 
with a positive or negative stimulus. 


HLA.A.R.P. Technology noun: [High frequency Active Auroral Research Program] a radio 
transmitting system that can bounce signals off the Earth’s upper atmosphere, (60km (37 
miles) to 1000km (620 miles) high) back to probe deep into the earth or sea. HAARP is also 
capable of: disrupting human mental processes; knocking out all global communication 
changing weather patterns over large areas; interfering with wildlife and migration 

stems; negatively affect human beings health, moods and mental 
states; and unnaturally ‘boil’ the earth’s upper atmosphere. HAARP used correctly will 
control the weather without any adverse effects. 


HLA.A.R.P. Grid noun: a network of radio transmitters which can bounce signals off the 
earth's upper surfice. Each transmitter is located at a specific point across earth and 
communicates in unison with other radio transmitters across the earth, At this present time of 
writing, a HAARP grid has not been completed, although the Illuminati are working twice as 
fast to complete a HAARP grid. The threat to humanity once a HAARP grid is completed 
includes: mind control over the entire world’s inhabitants. A completed HAARP grid will 
ako be capable of time travel, and therefore the Illuminati will always be able to go back to a 
pervious point in time to correct the mistake(s) which led to their downfall. Humanity will be 
slaves forever. 


Habeas Corpus -noun: is [A] writ [formal document] requiring a person under arrest to be 
brought before a judge or into court, especially to secure the person's release unless lawful 
grounds are shown for their detention. 


Heart Attack -noun: A sudden occurrence of a blockage of the flow of blood to the heart. 


Human Clone -noun: The creation of a genetically identical copy of a human, 
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Ionosphere ~noun: the layer of the earth's atmosphere which contains a high concentration of 
ions and free electrons and is able to reflect radio waves. It lies above the mesosphere and 
extends from about 60km (37 miles) to 1,000 km (620 miles) above the earth's surface. 


Muminati noun: A modern-day criminal organisation operated by reprobate (depraved, 
unprincipled and wicked person) criminals. Their main agenda: is to enslave the whole world 
through advanced concealed technologies. See Appendix C for further discussion. 


Mark 2 Clone -noun: Is a sleep driven clone; specifically, a REM sleep driven clone. A 
Mark 2 Clone is activated by transferring the consciousness of an original into a Mark 2 
Clone only when the original reaches REM sleep (usually 90- 110 minutes after the original 
falls asleep). Once the consciousness of the original is transferred from the original's body to 
the Mark 2 Clone, the Mark 2 clone is now capable of motion: such as walking, talking etc. 
‘The Mark 2 clone ‘drops limp’ and becomes motionless once the original wakes up from 
sleep. The original’s consciousness no longer resides in the Mark 2 clone (once the original is, 
awake) and therefore the Mark 2 clone is now incapable of motion. Mark 2 Clones are also 
known as “REM Driven Clones” and “REM Duplicate Clones” 


Memory Suppression noun or verb: is the selective removal of memories or associations 
with the mind using memory suppression technology. 


Memory Suppression Technology —noun: any scientifically advanced technology used 
sekctively to remove memories from the conscious mind. 


Mind-Voice Technology -noun: an advanced technology capable of reading, listening, 
hearing and broadcasting a person’s inner voice or thoughts. It is capable of replicating 
sounds exactly. Therefore an individual can hear the sound of drums, a guitar or any 
instrument and replicate that sound exactly just by thinking about it. Consequently, Mind- 
voice technology has the functionality of producing mu 


Military Technology noun: machinery and devices developed from scientific knowledge 
used by the Armed Forces which advance at a rate of 44 years for every 12 months which 
compared to the technology the public is accustomed to. Origin: Phil Schneider 


Ultra noun: [Manufacturing Killers. Utilizing Lethal Tradecraft_ Requiring 
inations] The goal of mind control, using MK Ultra technology is to program an 
individual to carry out any task against their will and self-preservation instinct and to control 


the absolute behaviour and thought patterns of the individual. See Appendix B for further 
details 
Neutral Stimulus noun: is a stimulus which initially produces no specific response other 


than focusing attention. In classical conditioning, when used together with an unconditioned 
stimulus, the neutral stimulus becomes a conditioned stimulus. 


Negative Association -noun: is an undes 


able experience or perception. 


‘Negative Stimulus -noun: a stimulus with undesirable consequences. 
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New World Order -noun: [NWO] Agenda. The whole NWO agenda is to turn humanity into 
mindless slaves forever; whereby the post-humans / trans-humans mind control the entire 
world’s populace either through RFID microchips or a completed HAARP grid. Another 
aspect of the NWO agenda is to depopulate the world’s current population of 7.3 billion 
people to 500 million people (and never exceed a world population of 500 million people 
afterwards); ruled by a one world government; a one world ruler; with a one world religion. 
See Appendix C for more detai 


Original -noun: A person who is not a clone. 


Pain Receptor -noun: Any one of the many nerve endings throughout the body that warn of 
harmful changes in the environment such as excessive pressure or temperature. 


Positive Association -noun: is a desirable experience or perception. 
Positive stimulus -noun: a stimulus with desirable consequences. 


Posthumanism —noun: seeks to rewrite the very definition of being human. It is the 
condition in which humans and intelligent technology become intertwined. In the Posthuman 
there are no essential differences or absolute demarcations between bodily existence and 
computer stimulation, cybernetic mechanism and biological organism, robot technology and 
human goals. 


Posthuman -noun: see Posthumanism, 


Project MK Ultra -noun: see MK Ultra. 


Regenerative Medicine -noun: (of a living organism) the proce: 
after loss or damage. 


of re-growing new tissues 


Regenerative Technology -noun: any machinery or device developed from scientific 
knowledge which has the capability to re- grow new tissues afier loss or damage. 


REM Sleep -noun: [Rapid Eye Movement] is the fifth stage of sleep in the sleep cycle. It 
takes 90 - 110 minutes to reach REM sleep after we fall asleep. REM sleep is also known as 
the “period of paralysation”. The involuntary muscles such as the brain become more active 
whereas voluntary muscles (those that you move by choice) such as your arms and legs 
become more relaxed or paralysed. REM skep is a kind of sleep that occurs at intervals 
during sleep, and it is characterised by rapid eye movements. 


REM Driven Clone -noun: (Rapid Eye Movement Driven Clone] a clone that can only 
become activated, once the original is in REM sleep. See Mark 2 Clone. 


REM Duplicate Clone -noun: [Rapid Eye Movement Driven Clone] A clone developed by 
regenerative medicine and technology and is therefore an identical copy of an original. REM 
duplicate clones can only become activated when the original is in REM sleep. See Mark 2 
Clone, 
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REM Driven Clone Death —noun: the process where an original dies because of constant 
torture to their REM driven clone or where a constant electrical current is applied to the REM 
driven clone resulting in death of an original usually in the form of an aneurysm or heart 
attack (because consciousness is linked) in the original’s body. 


REM Driven Clone Torture —noun or verb: the action or practice of inflicting serve pain 
on a REM driven clone. REM driven clone torture causes biological and physiological 
responses in the original’s body because consciousness is linked. Intermittent REM driven 
clone torture (depending on what is done) causes the original to experience severe headaches, 
an upset stomach, achy limbs, sickness; a weakened heart. Continuous REM driven clone 
torture will lead to the death of the original; usually in the form of aneurysm or heart attack in 
the original’s body. 


Replication Cloning -verb: involves giving birth to a genetic identical of an original where 
the newborn starts life offas a baby and matures. The newborn is referred to as a clone. 


RFID Technology (Radio Frequency Identification] -noun: are electronic microchips the size 
of a grain of sand that can be directly embedded into the human flesh. RFID microchips 
communicate wirelessly through the use of electromagnetic fields to transfer data, RFID 
microchips link the brains of people via the implanted microchip to satellites controlled by 
‘ground base super-computers. ‘The dangers of RFID microchips to the implanted person are: 
total loss of privacy and total control of the person’s physical body functions, mental and 
emotional thought processes, including the implanted person’s subconscious or dreams —for 
the rest of that person’s life! RFID microchips are also tracking devices, and the implanted 
person can be tracked anywhere on the globe. 


Selling One’s Soul -verb: to sell the use one’s “Mark 2" REM driven clone to the Illuminati, 
for the Illuminati to use the individual’s Mark 2 REM driven clone in whatever manner the 
Iluminati wishes. There are no returns once the individual has signed over his / her (soul) 
Mark 2 REM driven clone. When an individual sells their (soul) Mark 2 REM driven clone, 
the person has also entered into a contract to sell the Mark 2 REM driven clone(s) of their 
current children (if they have any) as well as any unborn children the person may have later 
in life. The person sells all their descendants (souls) Mark 2 REM driven clones to the 
Iluminati, once the individual sells 1 ul) Mark 2 REM driven clone to the Illuminati 
Selling one’s (soul) Mark 2 REM driven clone is considered a serious business transaction 
to the Illuminati, There are no returns, If the person ever makes a fuss and wants their (soul) 
Mark 2 REM driven clone back, the Illuminati will either torture the person’s Mark 2 Clone, 
or apply a constant electric current to the person's Mark 2 Clone until the person either has a 
heart attack or aneurysm in their original body. This is what public figures are hinting at 
when they say “They have sold their soul”. They have sold the use of their Mark 2 REM 
driven clone to the Illuminati. Selling one’s soul is not a joke. Never sell your soul 


Stimulus —noun: is something that causes a reaction, 
energy. It is also an energy change registered by the sens: 
shinny object for a baby. 


pecially interest, excitement or 
For exampk a stimulus can be a 


Technology noun: machinery and devices developed from scientific knowledge 
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Technological Advancement —noun: is incorporating, by means of experimental 
development, a characteristic or capability not previously existing or available in standard 
practice, into a new or existing process or product that enhances a product's 
performance. Novelty, uniqueness, or innovation alone does not indicate a technological 
advancement. 


Transhumanism -noun: the beliefor theory that the human race can evolve beyond its 
current physical and mental limitations, especially by means of science and technology. 


Unconditioned Response —noun: is a response to a neutral stimulus we have no / little 
control over. It is a natural automatic response. For example, food is an unconditioned 
stimulus for a hungry animal, and salivation is the unconditioned response. 


Unconditioned Stimulus —noun: A stimulus that e| 


its an unconditioned response. 
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Tetryonic Theory 


‘The unified quantum field geometry of charged EM mass-ENERGY-Matter in motion 
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‘ciously be ruled by the 


Given the range and applied scope of Quantum Physics in today's modern technologic World there 
remains a driving desire to rationalise our numerous disparate scientific theories into one coherent 
theory with a intuitive model that can be applied equally to the Quantum and Cosmological scales of 
our Universe. 


Such a theory would need to preserve the currently observed outcomes and present established 
theories in a new light, offering additional testable predictions of its own, and ideally do so ina 
manner that is simpler than that of the established theories and hypothesises. 


‘Many foundational properties of Quantum Mechanics remain unaddressed by scientific theory and 
in the following pages an overview of the key quantum properties challenging our current scientific 
advancement will be highlighted, including a number of assumptions that currently impede the 
development of a fully realised, coherent solution to all of our current scientific questions. 


While Mathematics is the language of Science it remains a language that lacks a well-defined 
physical model on which to test it and further its many and varied solutions to Quantum & 
Cosmological scale physics. Its this lack of any rigid, enforceable GEOMETRY that has allowed the 
development of numerous disjointed statistical and probabilistic solutions to physical problems, in 
turn impeding our scientific understanding and advancement of quantum processes. 


The Standard Model has many observed and testable components to it but more recently new 
theories have emerged to contest it without being rigorously testable themselves. They rely on the 
established foundation provided by the Standard Model but try to explain its various deficiencies ad- 
hoc with various suppositions without any solid footing of their own. 


Often the only way to progress further in our scientific endeavours is to retrace our footsteps in 
science and to develop new physical models on which we can discern our known results and 
observations thus excluding any false or misleading assumptions (mathematical of otherwise). 


In doing so there exists the promise that a simple underlying foundation can be found to the physics 
of our Universe, revealing new and exciting advances in Science that will allow us to usher in a new 
age of scientific and technological advancement for the betterment of humanity as a whole, 


“Tetryonics ~ The charged geometry of EM mass-ENERGY-Matter’ whose founding principle is that 
EQUILATERAL Planck energies are the foundation geometry for all quantum mechanical processes is, 
presented here as just such a solution to the current quandaries of Quantum Mechanics. 


ENERGY 


EM mats-Energy momenta 


Energy, in Physics, is an indirectly or port ose 
observed quantity ofa system that [ne] 
Jmbues it with the ability to exert a s 5 
Force or do Work over a distance. E kg m 

~ s 
thas been measured and quantified nun aeny Cinema 
through numerous methodologies over ms 
the centuries, most notably through its sm = 
associated characteristics such as mass, [2] [3] 
velocity and ElectroMagnetic fields. Gisagaaat7a x0" . 


The most recent attempt to quantify its 
characteristics (with respect to heat and light) led to the discovery of Planck’s constant and the 
development of Quantum Mechanics 


The application of a simple proposition (that Energy has an equilateral geometry) opens the door on 
a greater understanding of the mechanics of the quantum world, a realm that will be forever beyond 
the reach of our physical eyes. 


The myriad of perplexing properties of quantum properties (such as Charge, mass & Matter) and the 
astonishing outcomes of quantum experiments (Interference and Wave-Particle duality) can now all 
be readily modelled and explained rationally on a solid geometric footing. 


Paving the way for new discoveries and a greater understanding of our Universe and its mechanics 


Quantised Angular Momenta 


sina wie ata 
equilateral energy quantisation it can be 
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measurement per unit of Time results in a 


Planck Quanta 


geometric unit of measurement that has 
historically be taken to represent 
rotational motion (specifically Angular 
momentum) 


This unit of motion is found throughout 
Quantum Mechanics and is directly 
related to the square energy levels in 
nuclear processes. 


The equilateral EM fields of energy quanta are constrained by its geometry and this geometry lies at 
the heart of understanding the quantum world in all its beauty. 


It determines properties such as Electric permittivity and Magnetic permeability, the vector direction 
of linear momentum and relates the scalar property of electromagnetic mass directly to velocity. 


CHARGE 


Co ry {A fundemental property of all mass-ENERGY- 
‘wrmitterremitamatc Matter that gives rise to the Forces of electrical 
rw! A mv Interaction has eluded physical explanation by 
‘i Physicists since its discovery and led to many 
“band ai’ additions to the Standard model in 
_. ri SEA. attempts to explain its observed properties. 
= The most recent attempt at an explanation was 
A f(2h4] Special relativity theory which in turn led to 
& a ABS ourcurcent models of charge from 
esate cree ners contractions of Matter due to motion, 


SR explains Charge as an invariant property of of electrostatic bodies and that the motion of charges 
creates an additional magnetic moment through the relativistic distortion of spherical bodies of 
Matter. 


Equilateral Planck energy momenta geometries and Matter topologies offer a completely different 
explanation for the source of electrostatic charges and their associated magnetic moments. 


Positive and Negative charges are revealed to be opposite side of the same quantum energy ‘quoin’, 
and can be modelled electrically as ideal quantum inductive loops. It is equilateral geometry that 
gives rise to the physical properties of quantised angular momenta, inertial mass, elemental charges 
and even the geometric topology of Matter itself. 


Ina planar 20 form they form a neutral EM energy momenta geometry but itis when they form the 
topology of 30 Matter they are expressed as either Positive or Negative electric charge fascia 


ODD number energy quanta [W Bosons] combine via thei magnetic bases in fixed quantum steps to 
create the ‘squared’ nuclear energy levels so familiar to quantum mechanics and form the basis for 
ElectroMagnetic Induction. 


It is their rigid equilateral 
geometry that provides the basis 
for relativistic charge invariance 
and the quantum mechanism for 
photo-electron transitions in 
atoms while the net energy 
momenta quanta in charged 
geometries provides the 
electromotive force known as 
Voltage. 


Elementary and quantum Changes 


Equilateral geometry reveals an 
Intrinsic connection between EM 
Energy, mass and Charge. 


‘MI. Chage me ui 


AAs separated charges seek equilibrium they provide motive energies & the quantum scaffolding for 
large scale Matter topologies and their force interactions throughout our Universe. 


mass-ENERGY-Matter 
All Energy has an EM mass equivalence and equally any object with EM mass has energy equivalence 


But there has never been a formal scientit 
property of EM mass from that of 
Matter. 


definition and associated equation to distinguish the 


EM macs-Energy-Matter 


Using Tetryonle geometry tcan be 
clearly demonstrated that 
ElectroMagnetic mass is NOT Matter 
it is the Energy content of a system 
per unit of time [E / c’] in total 
agreement with Einstein (and all 
before him) however, lacking a 
formal definition of ether the two 
termshavebecomemied witheach IM it cy 
other so much that they are often ‘ 
used foreach ather Inappropriate even in scientific peer-reviewed Iterature, 


LN 


ElectroMagnetic mass is the two dimensional (planar) measurement of Energy per unit of Time 
whereas Matter is a measure of the tetrahedral energies found in a spherical volume of 3D space. 


is folded into a 


‘Mass-energy can be viewed as the paper from which 3D Matter is created wher 
tetrahedral shape (the quantum canvas covering the topology of Matter) 


The often used tem of ‘massless’ is now shown to be a misnomer that should be removed from the 
scientific vocabulary except where it specifically refers to empty space (devoid of any energies). 


Matter is now formally defined geometrically as 4nz tetrahedral standing wave of EM energy and it 
Js the tetrahedral topology of Tetryons 

Tetryons : that forms the foundation forall large 
scale Matter in the Universe (not spherical 


ZPF point particles), 


m 


Charge allows EM masses to forma 
Tetryonic topology giving volume to 
Matter and its energy momenta provides 
the interactive forces between them 
Imbuing motion into our Universe. 


Matter at rest is comprised of EM mass- 
energies that are always in motion and 
propagating in a tetrahedral EM standing 


wave. 


To cause at will the birth and death of matter would be man’s grandest deed, 
the mastery of physical creation, make him fulfil his ultimate destiny.” 


vhich would give him 


[Nikola Tesla] 


Sub-Atomic Particles 


Using equilateral energy all the mass-energy geometries & mass-Matter topologies of EM fields and 
particles can be physically modelled revealing the known Standard Model particle sand a few more, 


Bosons are shown to be transverse EM fields that facilitate EM induction and Photons are revealed 
as longitudinal dual-charge pairs possessing a neutral EM charge and inherent magnetic moment. 


The net unidirectional momentum of Bosons then distinguishes them from Photons that possess a 
bi-directional momentum 


Closer examination of the geometries highlights a long-standing error in the mathematical 
formulation of QM energy formulas, namely the mistaken interchanging of Planck’s quanta [v] for 
Einstein’s frequency (fin relation to Energy. 


Lay.) Tetryonic Charge families 2D EM masses [bosons- 
a photons] do not have 
ae, ee TS the physical property of 


aD topology possessed 
by Matter [Fermions] 


Fermions can now be 
defined as the standing 
wave energy topologies 
that create all the 
known sub-atomic 
46 particles ~ the building 
*, ISPD” | blocks of large scale 
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Historically these particles have been classified according to their charges and masses, Tetryonic 
geometry now provides a 3D physical model of all the particles highlighting the physical source of 
the 1/3 charges of Quarks and revealing charge to be the foundational geometry of all Matter. 


Tetryons are 4x charge topologies that are the foundational quanta of Matter and surprisingly have 
a mass-charge ratio identical to that of Leptons explaining how these particles have remained 
hidden from accelerator experiments. 


Quarks are 12x charge geometries where the attractive strong charge interactions between their 
fascia form 8x particle topologies with entirely different properties to that of Leptons 


Leptons also have 127 charge geometries but with repulsive fascia that result in them forming the 
quantum equivalent of a 6 loop rotor 


Protons and Neutrons are 36x charge geometries [that result in 20x Baryon topologies] and have 
identical masses (against the current model of baryonic masses which derived from an entirely 
different process where Neutrons are formed by Protons absorbing electrons). 


‘The Particle Zoo 


energy levels and this is of oe ‘The Particle Zoo 
particular note when modern oe 
accelerators are used to probe =r 
atomic structures. 
foster aeacae 
The higher energies they Ees]e@1 - | BOBORE - 
employ when colliding particles Peeper mel 
together results in higher 2D a t _ ‘ °@ 


kinetic energies (and increased 
energy quanta) which 

recombine after collisions into a 
plethora of similar pa 
called the Particle Zoo. 


A sound understanding of EM mass-energy geometries & the charged topologies of all sub-atomic 
Matter particles reveals the true genesis of all of the Baryons to be found in the particle zoo. 


Tetryonic geometries facilitate the precise 3D modelling of all the periodic elements, allotropes and 
compounds enabling the development of new classes of materials and medicines providing us with 
ights into Quantum Chemistry and large scale Matter in general. 


many ne 


juantum Electro-Dynamics [QED] 


Adding to the mysteries of quantum mechanics is a number of well-known QED effects that have 
also eluded physical explanation - to date 


piare torrie Mechanics = In 1865, James Maxwell Clerk 


unified the then disparate 
theories of Electric and Magnetic 
fields into a theory of 
Electromagnetism and related 
then to the velocity of light, 


The exact quantum geometry for 
EM wave geometries (and the 
photons comprising them) that 
explains their Wavefunctions and 
observed inference patterns 
represents one of the greatest 


challenges to developing a concise fully realised quantum theory of EM radiation. 


Wave-Particle duality dating back to the 17" century is perhaps the best known example of quantum 
behaviour that has defied precise modelling despite intense effort by scientists around the World for 
over two centuries 


The application of equilateral energy momenta to the charged geometries of Photons and EM waves 
not anly explains these long standing mysteries but also removes the quantum fuzziness introduced 
by Heisenberg’s Uncertainty principle, in turn clearing the way for Science to develop an advanced 
understanding of Electricity, its role in Quantum ElectroDynamics and provide new clean forms of 
energy from quantum processes. 


Photo-electrons and spectral 


The physical relationship 
between Spectral ines, 
Rydberg’s Constant and the 
Kinetic energies of Photo- 
electrons as they interact 
with photons and atomic 
nuclei is quickly revealed 
when equilateral energy 
geometries are employed 


It is the rigid geometry of 
equilateral Planck energy 
momenta that gives rise to 
the invisible forces of 
Faraday’s Electric and 


Gauss’ Magnetic fields as well as Newton's Action-at-a-Distance. 


Quantised Angular Momentum, a direct measure of the long hidden equilateral geometry of Enerey, 
is revealed as the source of Charge, the physical constants and even the geometry of EM mass- 
energy & Matter itself 


The geometry of Nuclear Forces and Constants 


Charge interactions resulting from equilateral EM energy geometries have been mistakenly 
developed into three disparate nuclear forces: 


The EM Force is the result of 2nz charge geometries acting along transverse or longitudinal 
directions (or in superposition) in the forms of Bosons and Photons 


The Weak Force is the inductive coupling of the magnetic permeability of adjacent energy 
geometries 


The Strong Force is the attractive force between apposite charged fascia of Tetryonic Matter. It can 
also form a repulsive force between similar charged fasciae resulting in charged Leptons [electrons]. 


Gravitation (mathematically identical to Coulomb's Farce save for strength and source) can also be 
modelled as the geometric mean of super-positioned EM waves. 


All of which are determined by the Fine Structure Constant ~ the mysterious hand of GOD ~ setting 
the strength of EM interactions and determining Charge on the quantum level. 


Applying equilateral geometry to energy momenta quanta, the Tetryonic model of EM mass- 
ENERGY-Matter quickly evolves to explain many additional electrical properties such as Voltage, 
Current and Power 


Quantum Chemistry 


Applying tetrahedral Matter topologies to quantum chemistry leads to a number of significant 
advances in the understanding of chemical processes most notably: 


‘+ Accurate models for all periodic elements and their associated allotropes 
+ Advanced molecular orbitals plots 

‘+ Exact rest masses for all elements and 

‘+ Anew Periodic table based on the charged topologies of Matter 


Improving upon and extending the Aufbau principle with charged geometries leads to many 
refinements in chemical engineering and facilitates the building of accurate 3D models of all 
elements, isotopes and compounds. 


Every element can be analysed from the quantum level upwards revealin; 
quark configuration, rest mass-Matter-energies and chemical properties. 


exact 3D topology, 


‘And number of misconceptions can be quickly clarified and corrected in turn advancing our 
understanding to the physical mechanics underlying chemical processes like chemical bonding, 
element family properties and the structures of complex chemical compounds. 


Hydrocarbons and Carbohydrates have already been modelled using equilateral charge topology 
with the results matching the 
established chemical models of 
Nobel gases, Core electrons, Lewis 
diagrams and the most recent 
electron photographs of these 
chemical properties of atoms. 


Even DNA can be modelled in 3 
dimensions leading to a greater 
understanding of the role of 
quantum mechanics in biological 
processes and the interaction of 
EM radiation on organic 
compounds. 


bueeuara 


A highly developed quantum model of chemical elements and compounds will allow us to model 
chemical and biological structures in hitherto unimagined detail and facilitate the building of 
complex (and increasingly accurate) models of all chemical compounds and biological processes. 


A Unified field equation 


In physics a Unified Field Theory is a type of theory that allows all that is usually thought of as a 
fundamental force or 


elementary particle to be m Unified Field Equation M 
formulated in terms of a single for Teen maw Tee Mate 
equation that explains alltheir ——_z{m-v4] pty Seen Taff vi] 


disparate properties. 


Itis considered the holy grail of 
Science, offering the promise of 


advances in Technology, Energy 


and Medicine unparalleled in aig “cer 
Human history 
= alin 
TT 
Equilateral energy provides the Lolim4] some Y Te] oa en ll a 
foundation forthe creation ofa x(n) aioe 


single equation that expresses 
EM mass-ENERGY and Matter as the result of geometric & topological charge interactions. 


Applying equilateral geometry to Planck energy momenta quanta has been shown to firmly resolve 
many of the current mysteries plaguing the Standard model and provides a firm foundation for the 
development of a single unified quantum theory uniting all quantum and macroscopic forces. 


It effortlessly merges all the tested features of Classical mechanics with the statistical probabilities of 
quantum mechanics and scales up to the cosmological scale of General Relativity. 


Equilateral charged energy geometries provide a quantifiable foundation for advances in: 


© Quantum Mechanics 
© Quantum Electrodynamics 
= Quantum Chemistry 
= Quantum Cosmology 


Explaining the quantum mysteries of mass & 
Matter, Wave-Particle duality and 
gravitational Singularities by challenging the 
very foundational assumptions of Relativity 
and the role of charge in our Universe. 


Mathematical principles such as re-normalisation, probabilities and square roots of negative 
numbers can all be geometrically modelled through Tetryonics leading to further advances in fields 
such as biology, medicine, quantum computing and telecommunications 


Through the charged geometry of Tetryonics many of the erroneous theories that have been 
developed during the last 100 years can be falsified at last providing a solid foundation for further 
advances in science and mathematics. 


Gravitation 


Felt ction ‘The force of Gravity has been long-held to be the 
mysterious force that holds our Universe together, 
shaping the Stars and holding us to the Earth as we 
orbit our own SUN. 


G ~ EM Tetryonic geometry reveals its quantum mechanics to 
be the result of electromagnetic fields and the effect 
produced by the geometry of Matter in these fields. 


= == Newton saw Gravity as a force that acts 
instantaneously on distant bodies of Matter while Einstein dismissed the force between the bodies, 
and explained it as the result of the ‘curvature of Spacetime’. 


In fact the Gravitational field is comprised of 3 separate components, each of which produces 
differing forces of interaction, but all eee 

combine to produce the nett Gravitational 

strictly convergent Gravity. 

Gravity fields are created by the topology G 


of Matter itself as it displaces and distorts 
the Vacuum energies surrounding it. 


Electric fields diverge radially from all 
Matter as itis heated, or placed in motion 
by other forces creating an interactive “ 
field with both divergent and convergent equatorial regions of force and acceleration. 


Dipole Magnetic fields located around the Polar Regions of all Matter also create a perturbative 
force on bodies close to them 


Although Newton's and Einstein's theories were both correct in their respective analysis of the 
forces at work they both failed to define and distinguish between EM masses and Matter leading to 
the continued debate over the true nature and 
Sellar mechanic physical formulation of quantum gravity. 


These three quantum forces [G+£+M] combine to 
produce a field of gravitational acceleration that was 
so eloquently modelled by Newton back in the 16" 
century through his inverse square law. 


‘And these 3 distinct forces also combine to produce 
the stellar mechanics that power the Stars — a 
Gravito-Electro-Magnetic pinch. 


The force of Gravity, created by the geometry of Matter draws Matter toward the core of Stars. 


‘And the GEM pinch singularity at the core of the Star destroys Matter (collapsing its 3D geometry), 
turning it into radiant 2D ElectroMagnetic radiation (Light) 


Energy from the Stars 


Virtual particles, Dark Energy and Dark Matter (were all developed to explain the observed 
mechanics of our Universe) and can now be revealed to be differing manifestations of the 
electromagnetic force interacting at various angles to, and with, the standing-wave topologies that, 
create I 


Quantum fields of Planck energies combine to 
create charged 2D geometries of radiative 
ElectroMagnetic fields that in turn spread out 
Interacting with each other to give us the 
fundamental laws of Attraction and 
Repulsion, 


The 3D standing-wave topologies of Matter 
provide a rigid structure that displaces the 
surrounding Vacuum energies and creates a 
pressure gradient which we call Gravity. 


‘And the destruction of these Matter topologies in turn creates radiant energies that propagate out 
into the surrounding space to weaken and form the Vacuum energies that permeate all of Space, 


The eternal cycle of Matter creation and destruction within Stars and Galaxies is what drives the 
Universe we see today causing it to contract as it forms gravitational Matter and to expand as it 
restructures the standing-wave Matter into radiant forms of Energy (Light and heat). 


The same process offers us clean, limitless energy for all our needs as well as unlimited resources 
from the restructuring of this energy into its varied elemental and compound forms. 


Our toxic stockpiles of radioactive wastes can be completely eliminated from the environment and 
electrical power can be safely stored as mass within large-scale models of the deuterium nuclei and 
distributed worldwide to any location without the need for transmission lines. 


Even hydro-electric storage schemes can be eliminated, returning water courses to their natural 
states of flow in turn reducing conflicts stemming from the flow of this precious resource worldwide. 


Through the geometries of equilateral Planck 
energies and the application of the Tetryonic 
unified field equation of mass-ENERGY-Matter 
in motion to our needs, for the first time in 
Humanity’s history, we have the chance to 
advance our civilization to new pinnacles of 

technology and understanding in turn leaving our World a better place than we found it to be. 


The age old dilemma of technological advancement versus environmental pollution is at an end 
We stand on the threshold of realising one of the greatest advances in scientific understanding ever 
witnessed but we must also endeavour to redress our current social challenges with an equally 


rigorous determination to ensure all of Humanity benefits from this discovery 


ABRAHAM [2012] 


Tetryonics .... Challenging and correcting the foundations of quantum theory 


Electric field permittivity has a 2pi (rhombic) field geometry while magnetic field permeability is always 
the result of two separate equilateral magnetic fields that form a magnetic dipole moment 


‘Where two or more rhombic electric fields interact a Coulombic charge force of interaction results 
Where two or more equilateral magnetic fields interact a Gaussian-Ampere forces of interaction 
results [opposite fields attract - same fields repel) 


The classical model of the unidirectional electrostatic force fields of point charged particles is 
corrected to show a bidirectional arrangement of equilateral Planck energy momenta geometries 
within the electrostatic field that creates the bi-directional forces of charge interactions 


Where two similar coupled equilateral energy momenta fields combine an electrostatic field is created 
Where two opposite coupled equilateral energy momenta fields combine a magnetic dipole is created 


‘The arrangement and asymmetry of Planck quantum charges with in any EM field determines the 
motion and acceleration of charged particles within the field of electrostatic force 


The classical forces of attraction should be renamed forces of interaction 
(as they result from bidirectional quantum vector forces) 


All electromagnetic fields are comprised of a squared number of equilateral Planck energy momenta 
quanta (whose asymmetrical distribution of equilateral Planck quanta results in a net divergent Force) 
with a convergent vector force component 


‘When modelled with equilateral Planck geometries electromagnetic fields follow the Biot-Savart Law: 
+ Rhombic electric fields follow the inverse squared law of propagation 
+ Equilateral magnetic fields follow the inverse squared law of propagation 
‘+ Magnetic dipole fields follow an inverse cubed law of propagation 


The equilateral geometry of quantised angular momentum creates chirality at the quantum level in 
physics (rotation does not affect the charge of plank quanta, but mirroring and/or spatial coordinate 
translations do) 


All positive charged fields can be modelled as having a clockwise inductive flux geometry 
‘All negative charged fields can be modelled as having an anticlockwise inductive flux geometry 
(with OMEGA representing equilateral geometries per second and PI reflecting their scalar areas] 


‘All W bosons are comprised of an odd number of equilateral Planck quanta in a trapezoidal geometry 
All Z bosons are comprised of an even number of equilateral Planck quanta in a dual-trapezoidal 
geometry (neutral Z bosons are equivalent in terms of Planck mass energy momenta to photons save 
their net geometry) 


lll charged fascia [Higgs bosons] are comprised of squared numbers of equilateral Planck quanta in 
an equilateral geometry. 


‘The odd quanta W bosons within electromagnetic fields form quantum levels of charged mass-energy 
momenta 


‘The Planck equation [E=n.hv] of quantised energy is a generalised equation of Planck geometries 
{and applies to all energy momenta arrangements equally) 


Bosons and Quantum levels are a transverse measure of mass energy momenta in EM fields 
Photons are a longitudinal measure of mass energy momenta within the same electromagnetic fields 


Equilateral Planck energy momenta per second [E/c"2] equates to mass geometries 
Equilateral Planck energies momenta per second squared [E/c4] equates to Matter topologies 


Interactive mass energy geometries can combine via the weak force to form standing wave Matter 
topologies 


Standing wave Matter topologies can combine via the strong force to form elementary subatomic 
particles 


‘The fundamental Matter quantum of all physics is the tetryon (a tetrahedral mass-energy Matter 
topology) which is formed from photons of electrostatic energy and can be found as positive, neutral 
or negative charges topologies 


‘These three forms of charged tetryons form the foundation of all the physical Matter of our universe 
as they seek a state of equilibrium, Tetryons are not spherical point charges - they are tetrahedral, 
likewise the subatomic particles they form are not spherical point charges - they are [T]~Tetryonic 

charge topologies 


‘The Tetryonic topologies created by tetryons as they combine to form elementary particles creates 
new forms of closed volume topologies that follow Euler's characteristic [V+F-E = 2] for Platonic solids 


Quarks and leptons are comprised of 12 charged mass energy geometries 
= quarks form [84] octahedral Matter topologies 
leptons form [12] dodecahedral Matter topalo: 


and 


Baryons are comprised of 36 charged mass energy geometries, 
- forming [20] icosahedral Matter topologies 


Anti-UP quark’s are comprised of 2 positive and 8 negative charges 
creating a net charge of -8 [-2/3 elementary charge] 

DOWN quark’s are comprised of 4 positive and 8 negative charges 
creating a net charge of -4 [-1/3 elementary charge] 

Anti-DOWN quark’s are comprised of 8 positive and 4 negative charges 
creating a net charge of 4 [1/3 elementary charge] 

UP quark’s are comprised of 10 positive and 2 negative charges 
creating a net charge of 8 [2/3 elementary charge] 


Positrons are comprised of 12 positive charges 
creating a net charge of +12 [positive integer elementary charge] 
neutrinos are comprised of 6 positive and 6 negative charges 
creating a net charge of 0 [no elementary charge] 
Electrons are comprised of 12 negative charges 
creating a net charge of -12 [negative integer elementary charge] 


Protons are comprised of 24 positive charges and 12 negative charges 
creating a net charge of +12 [positive integer elementary charge] 
‘Neutrons are comprised of 18 positive and 18 negative charges 
creating a net charge of 0 [no elementary charge] 
i-Neutrons are comprised of 18 positive and 18 negative charges 
creating a net charge of 0 [no elementary charge] 
anti -Protons are comprised of 12 positive charges and 24 negative charges 
creating a net charge of -12 [negative integer elementary charge] 


ant 


Rest lepton topologies have a completely neutralised magnetic dipole structure and all leptons 
(charged or neutral) have identical physical Matter topologies 

‘Their rest masses are the result of the number of plank quanta comprising each Matter topology with 
applied forces creating additional asymmetrical KEM fields resulting in kinetic energies, magnetic 
‘moments and vector velocities of motion 


‘As the energies of motion are added to equilateral KEM fields the Planck quanta themselves are 
physically WAVE-length Lorentz contracted 


(Lorentz contractions apply to mass energy geometries only - NOT to Matter topologies) 


Matter topologies are Lorentz invariant to velocity changes (or acceleration) 
‘The relativistic distortion of spherical point charges in physics is no longer applicable, in turn 
undermining a basic tenet of special relativity as postulated by Albert Einstein 


Itis the equilateral secondary KEM fields of motion created by applied forces to material 
‘Matter topologies (and the asymmetrical distribution of plank charges therein) that creates the 
‘magnetic moments associated with charged particles in motion, not the relativistic distortion 
of spherical bodies of Matter as postulated by Einstein in special relativity 


‘These secondary KEM fields of motion also contain the kinetic EM energies and vector [square root] 
linear momentum of material particles in motion - the mass energy momenta density and physical 
geometries of Matter topologies is unaffected by applied forces or changes to velocity-momenta 


‘The changing Lorentz contracted mass energies of kinetic EM fields contributes to the total relativistic 
mass energy of Matter topologies but in no way changes the mass energy distribution of the Matter 
‘component of particles in motion itself - leading in turn to varying generations of subatomic particles 
with in the particle families themselves 


‘The net asymmetric KEM field geometry of each particles in motion is reflective of the charged 
distribution of the Matter topology of the particle itself. 


Mesons are created when quark and anti-quark particles combine via the strong force interaction 
between their charged fascias to create unique 14 pi Matter topologies (neutral or charged pions) 


‘These strong interactions between opposite charge fascia of material particles and the resulting 
Matter topologies are evidence of the fact that Matter-antimatter combinations do not necessarily 
result in the explosive annihilation of the particles concemed (in fact the combining of opposite 
charge quarks is a necessary step in the formation of the baryons) 


All Baryons are Matter topologies created from the combination of tr-quark topologies 
‘The quark’s combine via their apposite charged [Higgs] fascia to create neutral and charged 
elementary topologies 

Due to this opposite charge interaction the charged distribution of baryonic topologies does not follow 
the textbook given arrangements of [UD] & [DDU] instead they are arranged as follows 


Protons up + DOWN + UP 
DOWN + uP + DOWN 
anti-DOWN + anti-UP + antiDOWN 
anti-UP + antiDOWN + — anti-UP 


The specific arrangement of charged fascia within these respective Matter topologies goes on to 
facilitate nuclear bonding via the residual strong force between atomic nuclei, following the charge 
arrangement given in modern textbooks does not allow the formation of baryons or their subsequent 
bonding to form larger scale atoms and molecules 


Protons and neutrons are revealed to have quark arrangements that are mirror symmetries of each 
other, revealing the neutral charge neutron to have a complementary negative charge arrangement to 
that of protons. 


‘The increased Planck mass energy contents of various families of quarks facilitates the creation of a 
huge number of possible Baryon topologies resulting in the particle 200 of subatomic elements 
created in particle collisions within accelerator experiments - all of these elements can be easily 
modelled and accounted for using Tetryonic mass-energy Matter topologies 


‘Additionally, the particles often referred to as gluons within the standard model can be easily 
accounted for and explained as being neutral tetryons within Tetryonic theory - where these neutral 
charge Matter topologies form a neutral Matter dielectric between charged tetryons to facilitate the 
strong force interaction and the formation of larger particles. 


Neutral tetryons (gluons) can also form particles in their own right (neutrinos and glue-balls), as can 
charged tetryons (charge-ball particles), most of which are short lived 


Tetryonics reveals the previously hidden geometry and topology of electromagnetic fields and 
subatomic particles and the geometric relationship and interplay between electric permittivity and 
magnetic permeability within all EM field that results on the speed of light in any medium. 


‘As well as the revealing a geometric source of all physical constants within physics itself, Tetryonic 
charge geometries show the weak force to be a magnetic dipole [edge] interaction between mass 
energy geometries and Matter topologies and the strong force to be a charge [fascia] interaction 
between Matter topologies themselves 


‘The equilateral [quantised angular momentum] of inductive Planck mass energy geometries within 
squared [HIGGS] fascia of Matter topologies is what creates inertial properties of Matter at the 
quantum level 


The strong force between charged parallel! Higgs fascia of Matter topologies results in ‘hidden’ 
partitions of mass energy with in the Matter topologies of quark’s and baryons leading to the inability 
of mathematics online to accurately model and understand the physics of creating these particles at 
the quantum level 


Tetryonic charged mass energy geometries allows for the accurate 2D and 3D modelling of all Matter 
topologies and fields of Force interactions within physics 


It reveals that the deuterium atom [not the hydrogen atom] is the quantum building block of all 
elementary Matter - the unique charge topology of deuterium (consisting of a proton, neutron and. 
electron) can be related to the electromechanical topology and function of quantum synchronous 
converters. 


‘These quantum synchronous converters absorb and emit mass energies via the rotating electrons 
{quantum rotors] bound to the nuclei by way of radiant bosons and photons (heat and light] 


The net charge of Deuteron nuclei facilitates their binding together to form helium and larger atoms, 
while stored mass energy quanta within their Matter topology results in raised quantum grounds 
states that can all be modelled mathematically using Schrodinger’s wavenumbers 


The simpler geometric charge topology reveals visually how the mass energy content of baryons 
directly affects the angular momentum and energy levels of photo electrons bound to atomic nuclei, in 
tum revealing that larger elements be created in two ways - namely by the addition of a neutron to a 
Hydrogen atom (as classically modelled in modern chemical physics) or through the raising of Planck 
mass-energy quanta within the deuterium Matter topology itself 


Deuterium nuclei without any bound photo-electrons form quantum batteries with EM mass energies 
can be stored indefinitely without being released, 

‘These nuclei can be arranged atomically in either a series, parallel or empty parallel configuration, 
each of which affects the ground energy states of the respective nuclei created, 

Where photo-electrons (quantum rotors) are attracted and bind to these nuclei (quantum batteries) 
the stored mass energies can then be released in a controlled manner via spectral line emissions, or 
energy can be added via spectral line absorption. 


‘As photo-electrons are bound to the deuteron nuclei the energy levels are affected directly by the 
mass energy levels of the nuclei that they bind to, in turn affecting their KEM field energies 

The square root linear momentum of KEM field energies normally creates a vector motion but in the 
case of bound electrons this vector motion is turned into an angular motion resulting in electron spin 
within the nucleus. 


‘The direction of the spin is always reference with respect to the nuclear magnetic moment resulting in 
up and down electron spins and their associated magnetic dipole moments 


‘The kinematics of KEM fields provides an easy visual explanation of Newton's 2nd law of motion - 
namely that deceleration can be seen as the removal of odd number quanta from the squared kinetic 
energy fields and acceleration can be viewed as the addition of odd numbered quanta to squared 
kinetic energy fields. 


‘The addition or subtraction of odd numbered Planck quanta from squared energy fields results in 
changing square root linear momentum for the particles that these fields are associated with - this 
changing linear momentum over time can be equated to acceleration leading to Newton's formulation 
of Force = mass x acceleration (F = ma = dp/t = dmvit] 


Using the equilateral geometry of Planck's constant we can now unify classical mechanics with 
‘quantum mechanics and reveal the underlying dynamics of relativistic mass energies of motion (as 
well is providing an electromechanical explanation of inertia in the physics of Matter in motion) 


Newton's vector linear momentum [p=mv] forces are revealed to be the geometric square root of 
Leibnitz's scalar energies [E/mv*2] with their associated inertial mass being a measure of the scalar 
energies per second [m=€/v%2] 


Linear momentum [my] is differentiated from vector velocities (v] through the equilateral geometry of 
energy per second [ml in tetryonics, with the total linear momentum of any EM field or system of 
particles being the vector some of the square root Planck linear momentum of the quanta in the fields 
‘comprising the system 


Once the equilateral field geometry of KEM fields is revealed itis easy to show that the total energy of 
the field [E=mv*2] is the result of the kinetic energies (ueMv"2] plus the magnetic moment [1oMv"2] of 
any material topology in motion 


This in turn allows for a rigid geometric differentiation of quantised angular momentum [2 in Planck 
quanta, the linear momentum [p] of any system and the classical angular momentum [vector rotation 
about a point] in physics 


‘These geometric definitions of mass energy momenta in physical systems as portrayed in Tetryonic 
theory reveal a differing geometric relationship to that commonly portrayed in modern physics Ji. 
neutralising right angled Pythagorean triangles} 


‘Additionally Lorentz corrections factors are restricted to planar 2-D mass energies of KEM fields 
associated to particles in motion where changes of velocity force result in the addition or subtraction 
of equilateral Planck quanta from the KEM field geometry resulting in the physical expansion or 
contraction of Planck geometries within the field 


Tetryonic theory's geometric definition and application of quantised angular momentum with respect 
to mass energy momenta in physics allows for the physical modelling of mass energy and Matter at 
all scales of physics and their unification of classical, quantum and relativistic mechanics 


The ‘squared’ energies of quantum mechanics and statistical distributions of the math associated with 
quantum mechanics is now revealed in an entirely new light facilitating the macro scale modelling of 
all hitherto unseen quantum particles and processes. 


‘The geometric relationships between charge, mass geometries and Matter topologies is easily 
visualised and applied to all physics revealing quantised angular momenta [QAM] to be the hidden 
variable of Planck's constant [i] 


‘The modelling of quantised angular momentum as an equilateral geometry allows for the elimination 
of Heisenberg's uncertainty principle and Bell's inequality from the foundational tenants of quantum 
mechanics 


Both the position and momentum of particles and fields can be now modelled at any stage of a 
‘system's spatio-temporal development and evolution using these simple equilateral charged 
‘geometries of mass energy momenta 


Precise rest mass energies of any Matter topology can be calculated from Ast principles allowing for 
‘accurate modelling of all quantum systems and even periodic elements - expanding our knowledge of 
chemical systems and processes 


‘The Planck-Compton frequency, de Broglie wavelength, absolute rest mass and charge Matter 
topology of all periodic elements, compounds and molecules can now be calculated with absolute 
certainty and precision and can be related back to Avogadro's number for all elements in chemistry 


‘The exponential energy levels of atomic nuclei and atomic processes of energy release can also now 
be shown to be the result of an underlying geometric Planck scale geometry inherent to all mass 
energy Matter within physics 


Einstein's mass energy equivalence formula is shown to be a geometric relationship between 
measurements of energy per second and inertial mass....... combined with Tetryonics new definition 
of Matter as energy per second squared we can now show that Einstein's famous formulation is an 
incomplete formulation of the mass-ENERGY-Matter relationship that applying only to specific 
processes within our physical universe 


‘The Lorentz corrections on which special relativity is based are shown to be WAVE-length and QAM 
corrections for the changing physical geometries of scalar mass energies per unit of time in spatial co- 
ordinate systems (c%2) and that additional time-based dimensional analysis must be taken into 
account in order to define and differentiate between electromagnetic mass and Matter in physics 


‘The application of squared (equilateral) geometries to physics in the role of quantised angular 
momentum has been overlooked since the inception of physics itself, but with the inclusion of this, 
‘geometry a rigid geometric grammar can now be imposed upon the mathematics of physics leading to 
the correction of many erroneous mathematical assumptions 


An exact value from first principles for Planck's constant can be calculated and Avogadro's 
number can be confirmed and related to the absolute rest mass of hydrogen atoms. 


‘A geometric representation of Coulomb's charged field interactions and the impedance of free space 
can also be provided for all physical processes allowing for a fast and accurate visualisation of energy 
mechanics at all scales of physics 


Tetryonics theory's equilateral charged mass energy and polyhedral Matter topologies allow for the 
‘modelling and differentiation of energy in all ts forms within any spatial coordinate system providing a 
vast improvement over relativity's use of stress energy tensors and non-Euclidean geometries in 
‘modelling physical systems 


All fields and particles can be defined and differentiated in terms of their charged mass energy 
‘geometries and Matter topologies respectively and the differentiation of elemental families into their 
‘generations can be easily accounted for through the addition of mass energies of motion to secondary 
KEM fields associated with each particle grouping 


Inertial resistance to force can be modelled and explained through the equilateral geometry of 
‘quantised angular momentum when viewed as an electromechanical equivalent to an inductive loop 
of energy 


Electromagnetic inertial mass can now be clearly defined as a measure of the inductive EM energy 
density of any charged 2D planar Planck geometry in any spatial co-ordinate system of measurement 


3D Matter can now be viewed and modelled as the closed topology created by 2D mass energies 
through charge interactions in any spatial co-ordinate system of measurement per second squared 


Additionally physical terms such as ‘mass-less' particles are shown to be a misnomer as any 
field or particle must by definition contain energy per unit of time - and should be more 
appropriately re-termed Matter-less or weightless particles 


Tetryonics theory defines, differentiates and unifies energy in all its forms (mass, Matter & Force) 
through the equilateral geometry of quantised angular momentum at the quantum level, allowing for 
the development of a unified field equation that models physics on all scales and reveals a common 
‘geometric thread to all the disparate fields of physics that to date have defied unification 


Equilateral (SQUARED) energy fields of Planck quanta comprised of statistical distributions of (ODD) 
transverse bosons and (EVEN) longitudinal photons account for all the quantum mechanical 
processes of physics including EM field geometries and material particle topologies and electron spin 


Principle quantum levels [1st Schrodinger wave-numbers] are shown to be the result of the series 
addition of deuterium nuclei in atomic elements with their resulting energy levels determining the 
squared energy levels of bound photoelectron KEM fields — in tum forming the foundation of discrete 
‘quantum jumps of electrons bound to atomic nuclei 


‘The bound photo-electron can only transition between allowed squared energy levels permitted by the 
energy levels of deuterium nuclei to which they are bound and once free from the atomic nuclei the 
electron can emit or absorbed a continuous spectra of light photons - but while bound to the 
deuterium nuclei in atoms it can only have specific [squared] KEM energy levels 


The complex, asymmetric tr-quark (9 tetryon) Matter topology of baryons directly affects the magnetic 
moment of protons and neutrons in motion making them considerably weaker than the symmetric 
axial Bohr magnetron of electrons in motion 


‘As the Bohr magneton of photo-electrons is determined by the squared energies of its secondary 
KEM field confusion has arisen with respect to the allocation of spins to subatomic particles, Tetryonic 
geometries now correct for this and suggest that the electron historically viewed as a spin 1/2 particle 
is in fact a spin 3 particle under the formal definitions of spin rotations i.e. rotating at 120° can bring it 
back to an identical quantum state as the initial state measured] 


‘Again Tetryonic theory and its energy geometries in addition to explaining and correcting electron 
spins also shows that the term electron spin can now be taken literally when modelled with Tetryonic 
geometries to provide an accurate description of the origin of magnetic moments for electrons, in turn 
undermining the foundational postulate of special relativity that these magnetic moments are the 
result of the distortion of spherical point charges and that relativistic Lorentz contractions apply to 
Matter topologies 


Dirack’s constant, or Planck's reduced constant [h/2r], is revealed to be a measure of the electric 
permittivity of a relativistic electron’s KEM field, and the measurement of the associated magnetic 
dipole of the same KEM field results in the mistaken concept of 1/2 spins in the measurement of Bohr 
magnetons 


‘The magnetic vector created by the Bohr magneton [or KEM field dipole] when measured with respect 
to the nuclear magneton [Proton magnetic moment] produces either a higher energy [parallel] or lower 
energy [anti-parallel] state for all atomic nuclei 


Itis the arrangement of these parallel or anti-parallel magnetic dipoles within atomic nuclei that 
determines the exact frequency-wavelength (energy level) of emitted spectral lines with the interaction, 
of a particle's magnetic dipole moment with external electromagnetic fields creating Lorentz forces 


‘As electrons and protons have identical quantum Matter topologies [elementary charges] but differing 
mass energy contents the electron is able to create a much larger secondary KEM field (with 
associated magnetic dipole moment) for the same velocity [oMv"2] 


The energy level differences created by the parallel or anti-parallel spin coupling of electrons with 
protons or deuterium nuclei within atomic elements creates the hyperfine splitting and Zeemen effects 
‘observed and spectral lines 


AAs the electron is now shown to be a complex non-spherical particle topology when it binds with 
protons to form hydrogen the unique Matter topology of both the proton and the electron [Hydrogen] 
create a small but detectable precession in the motion of the spinning electron as compared to that of 
the motion of the same electron in a deuterium nuclei 


‘Additionally, as all periodic elements, compounds and molecules are comprised of deuterium nuclei 
(not hydrogen as currently supposed) the orientation and spin direction of electrons bound within 
these nuclei results in the diamagnetic and paramagnetic properties of various macro-scale materials 


Tetryonics theory reveals that the mass charge ratio is of particles are measure of the constituent 
mass energy geometries that go into making the particle's final Matter topology that we observe a 
measure 


But unlike the current mathematical approach the geometric approach of Tetryonics reveals the 
hidden mass energy partitions within the Matter topology of all subatomic particles and that particles 
such as tetryons (the quantum building blocks of all Matter) are in fact hidden within the debris of 
current collider results, 


4 quantum charge tetryons have the same1/3 partial elementary charge as some quarks, and 


can be measured as having the same mass charge ratio's as charged leptons such as 
positrons and electrons in collider experiments. 


To be continued [QED, Chemistry, Cosmology, Mathematics, Biology and economic theory] 
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The charged topology of periodic & compound Matter 


Periodic element Families 
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Periodic summation formula 


re-terming the masses of the periodic summation formula into Planck energy quanta 
we can derive a quadratic formulation jor the mass-energies of any periodic element 
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quatiratic Px formulation 
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this quadratic form can be again reorganised to better reflect the specific rest mass-energy contributions of 
Baryons, electrons € their KEM fields to the molar mass-energy-Matier of any specific element 
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elemental family geometry 1 electron configuration 
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Baryonic energy levels determme photo-electron KEM field energies 
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elemental family geometry 3 electron configuration 
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Chemica! element bonding 


All Deuterium nudei packin hexagonal pattems 
to form largeratoms & molecules 


Tetryonic chemistry 
“utilises hexagonal tiling for 


Hexagonal tiling modelling chemical bonds 
isadegular tling of 


the Euclidean plane 


Individual chemical element topologies 
are mappad.using Cormier grid 


Ore 


unfilled atomié orbital 
positions are indicated. 
by Vacant hexagoral 
tiles : 
Tetryonicmass-Matter topologies (3) 
‘can be represented as hexagonal 
cells in'a Cormier grid 


When seeking the most stable energy configurations 
nuclei & atoms bond to create filled s&p [stable octet] 
electron orbital patternsas welll as filed d &f orbitals. 


Lithium 
Li 


8.1615 


135,036 


jonmeosrrease 304g 


Oxygen 
‘The Periodic Table, although useful in identifying Elements 672 fe) 
Via their atomic and quantum numbers, does not reflect all the 7: ~ 
charged topologes that Deuterium nuclei can form as they combine. tanoe) 


15.995 


Allotropes 


Various atomic configurations with the same Tetryonic charge, but differing in their final 
‘mass-Matter topologies and properties can be formed - they are the Allotropes 


‘Some of the more plentiful chemical elements form this way 


Carbon 


360,096 


promoter 


504 Cu 504 


51354 11.9568 


270072 


Neutrons (16-18 
elections [0-12] electrons (0-12 


6 [ae SS] on 6 [a ES a 6 [ie SE ]av2 


lectrons. (0-12 


Allotropes are elements created from the same 
number of Deuterium nuclei as periodic elements 
but possess a differing mass-Matter topology 


336 


a —g~ 8 


Q 


samecomponent charge 


180,048 
187,392 
Allotropic geometries Allotropes vs. isotopes 
elementary atoms 


with the same number of nuclei, 


[charge vs Matter] Isotopes.a 


but with differing energy levels, 


R 8 resulting in different mass-energies 
Q 7 
P 6 Bey 
tran Mtr geometee 
336 ~ 
® 5 ie 9 
M N 4 
mm 3 
L 2 
‘The varying material geometries allows 
what is the same chemical element K L 
to possess vastly different bonding points ee ke ee Tt 
and chemical attributes 210,384 


Some element allotropes have ctferent Natt! topologies 
that pert incifrent phases 


Carbon Allotropes 


{carbons capable of forming to ts vileney, 
Diamond 
Graphite 
Geophers 
‘Amorphous carbon 
Buckminsterfullerene 
‘Garbon nanotube 
Glassy carbon 
mic carbon 
504 cS 


11.996 


Ground 
‘energy level 


In 1961 the Intemational unions of physicists and chemists, 
‘agreed to use the mass of the sotope carbon-12 
‘asthe basts for atomic weight. 


Le Italso allows forthe, 
calculation of the molar 
rest mass-energy eomety 
‘my Mater topology 
Ground 
enenaylevel 
504 Q , 
Sovasa Son ° ° 
has aunique 
orbital erangerent 
ofits elections eCi2e 
M > KE 
[in] p6 
270,072 Ground: ——- 
LEE energy eve RS Ci 
IQ =shzsenn amp = 
P6 a> = 
aie © 5 eam 
radioactive isotope of carbon with ahattitfe of 5730years, N4 emp 
is used to find the age of formerly living things through 
pantech darren m3 == 
L2 ep = 
K1 am ™ 


DAAAAADAD 
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Graphite electrons can act as atomic bearings 
between the planar sheets of graphene 


Graphene aio analowope of carbon, 


Is sructure i oneatom-thek planar sheets of 
sF2-bonded carton atoms that are dency 
ached in ahoneycomierstal tice 


rept mtg ofc 
hi Heschel 
Graphite ela 


‘The mineral graphitets a allowope of earbon, 


nike periodic tte carten amend, 
‘graphite ian eectica conduct, 


‘Ard Graphite she most stable form of carbon 
Under tandarl ondition 


Unlike periodic carbon where electrons are 
tightly bound, graphite is highly conductive, 
with electrical energy being propagated via 

the electrons & their KEM fields 


Graphene electrons are loosley bound to 
the top of the Deuterium nuclei 


Carbon Nanotubes 


catben 0 


Carbon nanotubes are the strongest 
and stiffest materials yet discovered 


Nanotubes remembers ef tefuletenesucural emily, 

‘which aie inlades the serial bucybal ard the end 

‘ot ananebemy be enpediths hemp othe 
‘ical arco 


Oxygen Allotropes 


Al charge fascia interact 


‘and bind where possible to form 
‘eutral chemical bonds 


Phosphor Allotropes 


Elemental phosphorus can exist in several allotropes: 
the most common of which are white and red soli, 260 


Solid violet and black allotiopes are also known. 


Gaseous phosphorus exists as diphosphorus 
‘and atomic phosphorus. 


‘ack phosphors heme sable fr of phosphors 
Sticom emptied pressure Robtined by hea ve 

The dphoichonsaltope 2) canbe abayed noma only sr sompaaeie ne pe kNtped by bang 

Under eee condos forexampe roms 100 in : 


ements were obinedin generating Inappearance, propertes and suctuee ks very lke graph 
"Nevertelei some advance bined in genet being black and fal» conductor af electri, nd having 
‘the dutome molecteInhomogenoussoluton, onde nonal a peep 
conditions with the ue by see Wanstion metal comosees 

Raed on fer example tungsten are ribiar) 


charged fascia interactions 
between differing elements 
result in the familar 
chemical bonds 


Sulfur [like Carbon] 
can form Chains 


or Ring compounds 


“Thereare large number of alotropes of sufur 
Inthistespect sult i second ont tocarben.. 


‘Deuterium nce! with bound photo-elnctone fem quantum-cale synchronous convertors 


Isotopes 


‘Atoms can also absorb energy directly and create vA 
numerous elemental isotopes as a result of their 
differing nuclear energy levels 
© Hydrogen aagz ate 26 nose 33,832 wae 3632 


Element 
2 Deuterium a my 


Tluorine 
Neon 
Socium 
jgnesium 
Aluminium 
Silicon 
Phosphorus 
sutur 
Chlorine 
‘Argon 
Potassium 
calcium 


Its the increased nucleonic energy levels that creates isotopes 
(not extra Neutrons within an atomic nucleus) 


Most isotopes are considered 


jcactiveasa result of 


king to release excess 
energy in the form of photons of energy 


or particles with high kinetic energies 


‘Theeneray level of Baryons determines the KEM energies of photo-electrons boundta them 


Carbon sabia Carbon 12-14 


oe of earbon 504 Ci2 
Beast 17986 
Cc. 
je 6Deuterium 
nuclei 


ALL elements & isotopes have equal numbers 
of Protons, electrons & Neutrons 


504 C3 504 Cu 
Beat, OPC 12.5860 eres ©, sabia: 
La | 


* Bg crc Quantum levels of atomic nuclei 
contribute to the molar mass 
[Isotopes are higher energy nuclei] 
nl n2 73 i n5 no v7 ng, This applies equally 


KEM diff 


to all atomic nuclei 


0 22,248 © 45,504 69,768 95,040 121,320 148,608 176,904 
neutron # 98 2.0 31 42 54 66 78 


Q RE Atoms store mass-energles 
a in their stonding wave Matter topologies 
i Cc ° and release it via radioactive decay paths 

« * It is increased kinetic energy level 


(not extra Neutrons within a nucleus) 


M ~e KE _ geometries that create nuclear isotopes 
Injpt ead @ ony 


Cis Cis 
est 180369 Boa 826 Baas 
i ~ | 
} hs) : 
Or hen 
maces 365,02 9... 391392 
Buece Nevo i ised pares aa 


R 8-- 22,500 
Qr-- {1 Neutron} 
Cs 504 Cig = 
) 9 Beast =" ae n 
| n8 in 3 ss0o7 Mev] 


Kinetic raee-anenay gsometias 
‘tered in 3D Matter topologies 
Ibteteased aschemicalenegies 


~ Ge ‘ 
148,608 446,976 176,904 ne 
ea Neond) oan 17asz¢Netrond iw 
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Deuterlum nucel nih Lound photo-ectrons fom quantum scale synchroroun converters 


Nitrogen Allotropes 


& Isotopes 
Ed Me 


Ground energy 


2N 


29.623 


Nitrogen gas 


666,888 


36,720 


588 Nis 


"Cap *” 
ma” \ 


Isotopes are created by increasing 
the number of Planck mass-energies 
stored in the standing-wave geometries 
of chemical elements 


25,959 


The charged mass-energy geometries of 
differing allotropic topologies 
create various chemical 
bond points 
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672 
326036) 16.995 a7313 6 
. 
360,096 389,760) 36,664 453,120 


aap Oxygen Allotropes 
& Isotopes 


{tis nensed Nuclecnlc energy loves tet creates topes 


Tavs cryge tropes ne rangement very ase “These exsts nallotrope of Oxygen 
and mere eon eo led cron oa formed when 8 rurle\ combine la ‘pot era Newtons within a Nucleus) 
sincle lev! SP oval rangement 


Ons 


24.797 


On 672 


672 
286-336 20.825 ja36-336) 23181 
ae = Se mee ee 


Bose-Einstein condensates exist 
at the low energy extremes 2 oS — 
Gaseous Liquid 
1 The Natural states of Matter ‘ebiktes indarticly 


provides great example ofall states 
(room temperature) ‘of Matter at room temperature 


ements appear in thet natural hase at reom emperature aa gas Haul slidor shell 


As energy is added ot removed from any element's 
charged Matter topology or their baryonic KEM field geometry 
their phase states & Brownian motion changes 


Solid Radioactive 


At the high energy extremes 
exist the Plasma states of Matter 


Particle charge & Inter-fascla electric Interaction provides the foundation of chemical bonds 


Chemical bonds 


‘Achemical bord is an attraction between atoms tha: allows 
the foimation of chemical substances that contain two.or more atoms. 


double bond 


Lewis diagrams arenot 
an accurate representation 
of chemical bonding 
In elements or compounds 


filled electron shells 
[weak KEM ‘ical bonds) 
[spuoq je>,Way J96u095) 

s1}24s uoa>eI@ payyun 


triple bond 


\Valance electrons also play an important role in determining the strength of chemical bonds 


Altetiniges Van der Waals Forces 
seek equilibrium 


Yan der Waals forces include attractions between atoms, molecules, and surfaces. 
Thay differ from covalent andl ionic bonding in that they are caused by correlation: 
in the fluctusting polarizations of nesrky particles 


H20 


—— 
116.3 pm 


Yan der Walls and London forces 
He are the geemeite Fels of mteraction 
between charged Matter 
‘OnHH—O. topologies 
fe eo © 


The Forces of interaction 


cin beuticder Residual interactive Resulting in the 
te bonding force between Pieter ales abrce ar 
the charged fascia molecules 


of atoms 


This econsidere tobe the only atractve intermolecular force present between neuteal atoms 
{9 a noble gas configurationsand charge nevtra atomic topologies 


Without London forces, HCl \ 
there would be no attactve force & eo 

‘between noble gas atoms, I—CF---- H—Cl 
andthey vculdn't existin liquid form. 


Lewis Structures 


Laws structures als 


«ave dlagrams that shoyr the bonding be 
Feectcans ha ray nist Uh 


Une crawinge can bo used to dept meocslar geometry 
i aaa 
eee AN Pad av HE: clement fsciathemsevet 
jun Berane Methane «= Ammonia.» Water‘ Hyetuoric / N 
— ew le eS std 
‘free adical'atom . tirear lage nagctensbeten 
Peiay be ‘fering ements 
@s 22 eS 
retin pees AS a 
between elements " fororoy tose eect 
WH igs H sswolas the aca fat 
methanat ‘carton oxide attyne ethane suartum topology of 
omalgenyso) t ompound ements 
ome oe Sees pacers spel 
‘igena planar 
in thatthe valence elactions in lone pairsare representedas dots, 
sent shared palrsina chemical bond single dauble, tpl, etc) 
single double triple 
fascia bond fascia bonds fascia bond 
- 
aa x 
+[- 4 a 
~ 
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it isthe electric field fascia of baryons that facilitates chemical bonds 


S24) Atomic bonds 


a Fee yerkiykntlieleateh co 
(cy=k-)  “sancteonedenenourucmed, 


Core electron configuration 


Atomic bonds 


Core electron configuration 


; Ta sa10 aa aps 


configurations 127 
‘152 2s2 2p6) 


152 22 2p6 352 3p6 3410 

152 252 2p6 352 3p6 3010 452 4p6 4010 

152 2s2-2p6 362 3p6 3410 452 4p6 4010 4F14 552 5p65d10 

152 252 2p6 3:2 396 3410 452 4p6 4d 10 4f14 552 5p6 S10 Sf14 652 66 6d10 


prozer 


The term “core elections" or “noble gas core” refers to the electrans within the atom which have the 
same electron configurationas the nearest noble gas of lower atomic numberand contain filed sSp orbitals 


“Nobel Gas configuration 

full yp orbitals 
prvlnanad electrons not in 
‘are present in filled or complete 
poten atomic orbitals are 
Lae ie valence electrons 

*ocTer* 

‘No valance 


Using core electron notation greatly reduces complexity of 
the electron configuration notations of larger elements in the periodic taole 


[Wb] 152 252 2p6 362 3p 2410 452 4p6 552 4d10 Spb Af 4 S10 652 6p6 S414 6d10 75276 Bs2 
a fs " 2 2 2 2 


They are the electrons in the inner part of the atom that are not valence electrons 
and therefore do not participate in bonding 


[uo] 852 
ir) 


0k] 46110 582 5p6 


[Rn] 5f14 6d10 7s27p6 
6 


! 


° 


unique noble as 
inthattanly has 
filed sorbate 


fil ltr configuration 


suggesting tatit 

bbe mare appropriate 
tp designate itasan 
‘laine torthges 


ado 


Neon 


on w= 


The Nobel Gases 


are nucle whote electron otal aracampltaly filed 
{and consequerty have na valence electrors fr bonding) 


36 182 252 2p6 382 3p6 3d10| 452 45] 
4 152.252 2p6352 3p6 3d10 452 4p6 4d10] 552 5p 
86 152.252 296 3:2 396 3410 452 4p6.4d 10414 552 5p6 Sd10] 652 606 
118 1522522p63523p63410 452 4p5 4d10-4714 552 Sp6 S10 5f14 652 6p6 6d10 (752 76) 


‘Al nobet gases have filled electron orbitals creating inert, chemically ur-reactive elements 


The noble gases are a group of chemical elements 

with very similar properties: under standard conditions, 

they are all odorless, colorless, monatomic gases, with 
avery low chemical reactivity. 


Whilst some of the nobel gases are often termed core electron configurations 
the large elements also have filled d & f orbitals in them 


The six noble gases that occur naturally are 
Helium (He), Neon (Ne), Argon (An) Krypton (Kn, 


Xenon (Xe), and the radioactive noble gases are 
Radon (Rn) and Ununioctium (Uuo). 


Nat gateralt have 
inert cove spelecion 
‘configurations 


E 
2 
3 
3° 
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Molecular Bonds 


Tetryonic 
‘mass-energy geometries 
& 3D Matter topologies 
provide for the modelling 
of eventthe most complex 
chemical bonding 

arrangements 


Covalent bonds are chemical links between two atoms in which electrons are shared between them. 


Double and tiple bonds between atoms are usually made up of 
‘single sigma bond and one or two pl bonds 


T™—O—-T 


the bonding of ether seibitals 
(or twosdacent orbitals) 


Lewis electron dot diagrams fail toillustate reality 
‘in that molecules exist as 3D objects and not asa 
twodimersional ystems as shown by them. 


Tetryonic geometry & topologies provide a polar view 
of 3D atomic nuclei that can be viewed as an exact, 
representation of what amolecule &its bonds 
‘would look like when viewed from above, 


Sigma & Pi aciiidiey wn cens ed 


‘ombine1oforman elecvon paiereating 
"he sigma bond, 


covalent bonds 


Alkali Metals 


(2(Na)3}) ¢¢ att 


Valence electrons 


3 


are the highest energy electrons in an atom 

forming the outermost electrons of an atom, 
and are important in determining how 

‘the atom reacts chemically with other atoms 


Historically, the number of 
valence electrons was reflected by 


zp 7 8 4 @ 3 ‘ Sab we aT ws 
the element's group number 
R 8 in the Mendeleev table R 8 
@ and formed the basis of Q 
: ta elemental families 7 
P ‘Tglened election ie P 7 valence electrons z 
fo} [Ne] 381 5 Tetryonic topologies now replace the older, © [Ne] 352 3p5 5 
incorrect models of valence electron configurations 
N 4 with the full 5D modelling of all atoms, N 4 
Mi 3 elements & compounds wa 3 
L 2 {22 are core electron configurations L 4 
K 1 providing a superior visual means of K i 
accurately determining the energies and position 
AT, Se nae of any electron in chemical compounds ‘@ eps 9 @ ¢ 
_omsithamor electrons hana closed shel ae also hich) recive, dre deterring the valence imbiers ‘omsone or wovalence electron short ofa closed sel are hgh eave, 


astheetva valence elecuonsareeasly removed fiom ht orbital ‘due tothe wendency to seek 9 gan the mising valence decoons 
(Reforma positive fon) (hereby forminga negativeion) 


Hydro-Chloric acid HNO3 Carbonic acid 
Nitric acid H2co3 


Hal 


ro) Common Acids Oo) 
Sn as es SP cy PB i eT 
i ls Se ee ls a erste marae apace eat 
Fiz ce SxS aaa eS 


HC2H302 H2C204 


Oxalic acid 


Chemical reactions 
Valence Bonds & Molecular orbitals 


‘A chemicalreacton isa procss that leads tothe transformation 
‘fone set of chemical astinces to anamer 


Valence bond theory focuses on h 


Incontrast, molec 
hasorbitals thi ar 


the whole mofecule but Is mathematically 
more complexin application 


Tetryonic theory replaces both 
VB& MO theories by modelling the 
physical quantum charge topologies 
and rest mass-energy geometry of all 
elements and compounds 


Valence configurations sank to create 
stable filled obital configurations 


Buildingon existing electron configuration nomencature 
tetryenic theory provides a new tonding schema or 
elements and complex compourds alike that i fully 
feflectve ofthe physical quantum charge interactions 


lonic Bonding ay 
208, Alkaline Metal ee mi ‘soa 
a nett POSITIVE charge ion 


948 
Sodium atom gives up an electron in order to passe 


createa stable [Ne] nobel gas configuration 


2s Resultant salt [NaCl] molecule 
ra has a NEUTRAL charge with 
OPPOSITES ATTRACT Whe lolection plore 
to fill the 3p6 orbital 
Chlorine atom seeks an electron to order to 
create a stable [Ar] nobel gas configuration 
Halogen Chlorineatom develeps into 
‘anett NEGATIVE charge ion 
All atoms and molecules seek equilibrium ng 


via stable electron configurations 


In short. itis bond formed by the attraction between two appesitely charged ions. 


‘An tonic bond (or electrovalent bend) Is a type of chemical bond thatcan often form between metal and non-metal ions 

(or palyatomic ians such as ammenitim) through electrostatic attraction on 
lecron 

ferming a positivly charged ion or cation witha stable electran configuration. ‘eonnguration 


10n metal, causing itt forma negatively charged ion or anion which also hasa stable electron configuration, 
traction between the oppositely charged ions causes them fo come together and forma bond, 


Gold 
[xe] 4f14, 549, 652 


7 valence -11 


Valence electron rules =x, 


Fluorine 
[He] 2s2, 2p 
Valence -7 


(Ar) 348, 452 
Valence - 10 


‘sp8 -core electron orbital grouping 
Tetryonic quantum charge topologies 
provide the complete picture Scandium 


Neon 
(Hel 252, 2p6 


Mercury 
[Xe] 4114, S10, 652 


Filled electron orbitals ida 


ACID © psstacicanix ataecntantyacsetonaten dre nig eating tac 


“The Hs) cation ef the acécombines with 
the OF) anion ofthe base to form water 


H20, 


combining the free Protons & electrons 


all charges seek equilibrium 


+ (When anacidanda bese are placed together, they reactto neutralize the add and bese properties producing a salt. 
Hoag) + NeOHaq) —-—-> Nala) + H200) 


Na+ | 


‘The compound ford by the cation ofthebase 
‘nd the aon ef the acids ealleda salt 


BASE. ssisininiorite toon ascaustc sts cry asthe mole nmsahsOHandis Noh auc metalic base and aka 


Hydrogen 


@ 


‘Abydrogen tend chemical 
'hyarogenatem of oe mae 


However ale has some features covalent bonding 


shorter than that of van de Whala 


All molecules seek 
KEMical charge and 
energy equilibrium 


Commer nrogen unetonsl groups nude 


Nitrogen 


interatemieditoncet 


Geometric Molecular Topology a 


Moleculesare mos offen held together with covalent bords involving single double and/o trp bonds, 
‘ere a bord” is a pai af electrons shared between elemerts as they seek equim > 
(onothermethed of bending iar banding andinvoles 9 positive eaten and ancgatve anion) 


Thecaxidation sate of nygen 6-2 


(Guides of nygen& oxygen molecules 
‘ee Func ivoughout he ange of 


Geometric Molecular Topology is the overall arrangement ofthe atoms in a molecule, . 
witere the bonded atoms in a molecule are responsible for determining by bonding together 
the final molecular topology of a chemical system of bonded elements, and forming larger 

complex molecules 


As the munbers of atoms in molecules increases, the quantum molecular topology 
of a sysiem grows increasingly complex and can only be modelled accurately 


using Tetryonic charged geometries She Ae: 
‘of Organic oreanie compounds 


Molecular Octets 


Thecorcep of the Expanded Octetoceus inary sjter that hs an atom with mor than four lecton pas atached it 


Most commonly a 
n expand beyend hove number 


amounts ofnecatvectargeconcentraved 
prevent thon lvgerenpaned octets 


10 by making use of empty dort 


When anatom expands its octet. 
the aan doing tbe expands 


ofthe souctare 
ental atom, Carbon 


Theatom that expands itsoctt ina stoctar wll sully be foated inthe 
‘al he system wil nok Use any multiple bonds i attaching sors tothe 


Hydrogen 


a 


06 ff “@- 168 


(38-48 ue Y 84 84-84] 
1 Foton ee 
see arn 


2aectons 


234 
H2 has a smaller s-orbital 
Hydrogen is a Tlower energy level] Deuteriumis the 
‘free radical’ atom compared to Helium building block of elements 
H+ H He 
a Hydrogen atoms 
« - & => diatomic 
Savi i form Covalent bonds Hydrogen 
Hydrogen, Hydrogen 
tom atom 


Hydrogen, bourd mostly to carben and nivoaen. spar of almost every moleculein your body: DNA proteins, sugars, fats, 
Hydiogen bends: which form betweenatoms that ‘share’ a kydregen atom, isoneaf the most important interactionsthat makes bological molecules behave as heydo. 


ipo sph td 


504 Carbon can bond in four places, and itean bond to itself s0it's easy to make fts of ditiere 


{252-252| 


1,176 


(588-588) 


[He] 252 2p2 


Carbon Monoxide 
Molecule -— 


‘Many carbon compoundsare essential for life as we know it, 


Acetylene 5 C2H2 
Molecule 


Carbon Compounds 


Carbon dioxide 
itd Molecule 


Cc {552-552] 


Th chemistry, krona 


on 
0 
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[294-294 | 


1,848 


(924-024) 
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N 


‘o) 


2,016 


{1,008-,008) 


(738-738) 


] ¢c 
& Chemistry ie 
uated ieee ‘Compounds containing bonds between carbon and a metal are called organometallic compounds, feat 


Schrodinger’s quantum numbers 
Inorganic compounds are produced by non-living 


‘naturel processes or inthe laberatry. 


@ @ 


Organic compounds are produced by living things 


@® @ 


Organic compounds can't form sats 


Inorganie cempounds can form sali. 


energy levels 


Organic compounds contain carbon ty drogen bonds, 


=-nw Luann @ 


Bohr's atomic orbita 


‘Tetryonic theory unifies and expands upon the currently disjointed physical and chemical theories 
through the application of 2D equilateral charged mass-energy geometries in 
3D standing-wave mass-Matier topologies 


Te tdnewakidndatnnvidhecnetnsbmnacetinaiinsatmnioontns — Organic 


Inorga 


‘Achemical compound isa colection of elements bonded together in @ way that the resultant Jans, atoms or molecules form a 30 material geomet 
Tetryanic chemicalgeameties, along with is frm definition and distinction between EM mass & Matter provide a clear visual path forthe 
differentiation between beth branckesof modern chemistry as well asthe source of arimation in living Matter 


structure, 


carbonyl group Functional Groups carboxyl group 


‘functional group Iza reactive portion of molecule. 


\ OH | 
€ ta c 


R R R ox 


hydroxyl group 


Organic molecules containing a hydroxy group are known asalcchols 
‘The combinations of functional groups with hydrocarbons produce a vast number of compounds. 


Carbon monoxide Carbonic acid 


satin cup dept ten 
ieinvactetn Nitric acid 


Derivatives of Hydrocarbons 


Esters ‘Avalos uinted number of catbon compounds canbe forme by the addon ofa funcubnal roup toa hyeeacatbon 


H 


~ haloalkanes 


ge medica anesthe 


Tay rena se 
swiss ae and hydrftuorocabons HFCs). 


B 
12 
Ketones 


Acetoneis the simples ofthe ketones. 


CH4 


Methane 


CH2-(CH)2-CH2 
cre 


CH3-(CH2)-CH3 
CH2-CH2 


CH3-CH3 2 


(CH3-(CH2)4-CH3 


cons 


7 (CH3-(CH2)5-CH3 


cme 


CH3-(CH2)6-CH3 


conte 


8 


(C3H6)2 Just like periodic elements, 
syclopropene compounds can form 
allotropic compound structures 


C6-HI2 


Gyloherane 


CH3-(CH)n-CH3 


Heese palyener cain backbone 


Long chains of [CH] compounds form Poylmer chains 
hydrocarbons, aeromatic oils, fuels, plastics etc. 


Voesia 


(7 September 1829-13 July 1890) 


Organic Chemistry 


ln 1865, August Kekulé presented a paper atthe Academie des 
Sciences in Paris suggesting a cyclic structure for benzene, the 
inspiration for which he ascribed to a dream. However, was 
Kekulé the fist to suggest that benzene was cyclic. Some 
‘credit an Austiian schoolteacher, Josef Loschmidt 
with the fist depictionof cyclic benzene structures 


ln 1861, 4 years before Kekulé’s 
stream, Loschmidt published a book in 
‘which he represented benzene asa set 
of rings. tis not certain whether 
Loschmidt or Kekule—or even a Scot 
hhamed Archibald Couper—got itright 
first 


108 Carbon-Nitrogen ring Carbon-Oxygen ring 3,192 


Benzene molecules 


Benzene, orbenzol isan organic chemical compound Cyclic hydrocarbon compounds 
anda known eacnonen with the molecular formua CSH6. are often referred toas 
‘Aromatic compounds 


Itissometimesabbreviated Ph-H, due to thar sweet smell 


enzene isa colorless and highly Nammable liquid wth a sweet 
Ssmelland a reletively high melting point. 


Because itis a known carcinogen, its useas an adeitive in 
‘gasoline is now limiteel but itis an important industrial solvent 
‘and precursor in the production of drugs, plastics, synthetic 
rubber, and dyes, Benzene isa natural constituent of crude ol 
and may be synthesized from ather compounds present in 
petvoleur, 


Benzene an aromatic hydrocarbon and the second [n]-annulene 


3,312 


(6-annulene), acyclichydrocarton with acontinuous fi bond. ; [1656-656] 


A aromatic hydrocarbon 
when CH compounds forma 
cyclic molecule 


Mary important additional chemical compounds are derived frem beneene 
by roplacing one or more of is hydrogen atoms with another functional group, 


Examples of simple benzene derivatives are phenol, toluene, and aniline, 
abbreviated PhOH, PhiMe, and PhNH2, respectively 


COH6 


Polrmer chain backbone 


Linear (CH)n chains are rarely found in nature 
Functional goups quicky interact as the Positive and Negative tail ends of 
with vacant bonding postions in Hydrocarbon chain interact and bond 


Ce aos lca to form cyclic compounds. 


Carbon-Nitrogen Chains 


3,108 


(1554-1554) 


37 Protons 
37 electrons 
37 Neutrons 


Carbon-Oxygen Chains 


i 


Heterocyclic Rings 


‘evahydropyran the organic compound conssting ofa saturate sicmerbered ing containing five carton atoms and one oxygen atom. 


~ 38 Protons 
)\ ) 38 electrons 


(1596-1596) 38 Neutrons 


li 
3,192 (tf 


C6H2(NO2)3CH3 Nox 
Trinitrotoluene 


246 rnivoteluen is biterknanin byt intial TNT 
Ikisan important exolosve.sinceitcan vervauickly 
change om a sotd inte hot expanding case 


TINTis explesive fortwo reasons; 


4 First it contains the alemente carbon oxygen and nitrogen, 
sf Which mears that when the material burs it produces 
igh sable substances (CO, CO2 and N2) with strong bonds, 
<a eleasinga great deal of energy, 


Seconaly,TNT is chemically untable 
the niro groups areso dosely packed thatthey experiencea 
‘teat dea of stra and hinerance to movement from their 
eghbowing groups 


Thus it doesnt t2ke much of aninitating force to break some 
ofthestrsined bonds, and the molecule then fiesapert, 


Because TNT melts at 8? € (176°) 
ean bemetedin stant 


explode below 240°C (468) 
i pores imo can 


ode withouta detonator. NO2 


ters isdn unions af demotion 


9,564 


([4.782-4,782) 


Ie isietaively insensitive to shock and cannot be exp n6 


‘Tinitrotoluene, or more specifically, 2,46-tinitrotoluen, 
Isa chemical compound with the formula C5H2(NO2I3CH3 


12,576 


6,288-6,288) 


A 

nist 

Pyrene highlights the failings 
of Lewis diagram structures 


Which can be rectified using charged 
Tetryonic geometric Matter topologies 
for all elements and compound 
interactions & modelling 


Ammonium Nitrate 


3,384 


nese ‘The bonds ina polyatomic atomic ion are covalent 
because they take place between gaces. 


‘vnmeniam nitretets composed of two palyatatie ns 
1) Ammer on (34 
21Mirae on (NOS) 


Thismeans that the hydrogens of the ammonium ion 
are bonded ta the nitrogen covalently and that the oxygens 
of the nitrate are bonded to the nitrogen covelently 
Thethond batwasn these fon isan ionic hon meaning 
the ammonium fon traneare an elcton to thentrata on 


2,604 me 780 


Ammonium nitrate decomposes into the gases nitrous oxide and water vapor when heated (non-explosive reaction); 
however, ammonium nitrate can be induced to decompose explosively by detonation. 


120 N20 


768 


Carbohydrates 


‘A carbohydrate is an o1ganic compound that ¢ 
carbon, hydrogen, and oxygen (with a hydeagen 
ow in other wards, with the empirical form 


Ribose 


Monosaccharides Gluclose 


Lactose 


Fructose 


Sucrose 


Deoxyribose 


Carbohydrates perform numerous roles in living organisms. 
Polysaccharides serve for the storage of energy (e.g, starch and glycogen), 
and as structural components (e.g, cellulose in plants and chitin in arthropods) 


Monosaccharides ar the siplestcarbolyérates Monosaccharides The Cothon nude in Monosaccharides 


Join together to form chains of blologeally 


In that they cannot be hydrolyzed 10 
Important carbohydrates 


smallercarbohydrates. 


1,272 


{636-636 | 


C(H20) 


unmodified monosaccharide Is (C-H20) n, 
literally a "carbon hydrate! 


sz CH-OH = x 


H fer H 
1 ‘OH HO- 
HO- H 1 ‘OH 
HH HO- 
H-@-OH HO-@-H 
a HH ‘CH,OH 
HO} fe) c(H20)6 
D-Glucose L-Glucose L-glucose 


C6-H12.06 


C(H20)6 
fructose 
coti206 


Major Monosaccharides 
H 


eho Heo Hee 


ae ae =) HOCH 
H-C—OH 
HOCH HO—C—H 
H—-C—OH 
H-C_oH H—-C—OH 
H—C—on i} | 
H—C—OH H—C—OH 
H—C—oH I | 
H—C—OH Le 
b & 
ribose fructose mannose 


mannose 
ce-t12.06 


Amonesaccharide often: 


receipt ag cyclic monosaccharides 


ef tha byeowyi of he carne molec 


For many monosaccharides (including glucoss), the cyclic forms predominate, 
‘end therefore the same name commonly is used for forms of isomers 


HY 


GHeOH 
coos HOH VAX 


glucose HO—P—H OS glucopyranose 
Cowt2.06 6-08 ol PH HW/y 
H-E-OR HOH 
buon” cyclic Oxygen-Carbon ring 


C6-H12-06 


7,632 


[3,816-3.816) 


70 


“The extioncresesaringof carbon atoms 
‘closed by one iridging oxygen atom, 
Tinear saccharide chain sinhinrmean ee cen 
‘The Carbon nicl 7 


 Monessechaides chains 
can pn ageerioforn qc Ett nen tage 
‘or polyearbohysrates through 


acyclic monosaccharides 


Condensed Disaccharides 


(Condensed Disaccharides are formed when two monosaccharides arejoined together anda molecule of wateris removed 


mglucoseand galactose 
ote andfructase 


2,544 


[1,272-1,272 | 


rs snes is [CH2O}12 - [H20] 


H20 


Ses 768 


water molecule 


‘The reverse of ths reaction, the formation of twommorosacchardestromone disachande, called ahyclyss reaction and requires one water molecule to spy the H and OM to the sugar formed. 


14,496 


[7,248-7,248 | 


Fructose 


glucose 


ono 


sucrose 
C12-H22-011 


Disaccharides 


Disaccharides are one of the four basic categories of carbohydrates, 
(the others are monosaccharides, oligosaccharides, and polysaccharides) 


Monosaccharides, such as glucose, are the monomers out of which disaccharides are constructed 


galactose 


cqHa0)6 
glucose 


lactose 
€12-422-011 
‘The general chemical formula for carbohycrates, C(H20), 
dives the relative proportions of carbon, hydrogen, and oxygen ina monosaccharide 
(the proportion of these atoms are 1:2:1)-(H20) 


c12-(H20)n 


C12+H22-011 


20)6 
glucose 


creo crac cao) prose 
ghoccee Genes fructose ory 


e* (C24-H42-021) 
0 saccharose 
+ 


Oligosaccharides “H 
sSobtage feewrargeas ; 
monosaccharides) The nuclei that form Monosaccharides chains. 


«an also join to form cyclic Carbohydrates 
(Polysaccharides) 
pope 


eae. a a enter 


C12-H22-On 
sucrose “4 12-H22-On 


sucrose 


‘An oligosaccharide s asaccharide polymer containing 2 small number (typically two to ten) component sugars (monosaccharides). 
‘Oligosaccharides can have many functions; for example, they are commonly found on the plasmamembrane 
‘of animal cells where they can play a role in cel-cell recognition. 


Starch or amylum isa carbohyehate consisting of large number of glucose unts joined by glycosidic bonds. This polyaccharde produced by mostgreen plants akan energy store, 


cota0}6 


glucose 


C6-H10-05, 


6,864 n Polysaccharides C,[H20], 


(3,432-3,432] Folyacchardes have a gener fermsaof GdHZO} where xs usualy a large number between 240 a 2502 
‘The repeating units in a Polysaccharide polymer backbone are often six carbon monosaccharides, Polysaccharides sre 
‘thee general fermula canbe represented a (C6-H10-05)n saenerally comprised of 


chains of cyclic 
monesaccharides 


Cetulose san crganic compound withthe ferme (C6HI005),« polysccharide consisting of near chain of sevra hundred to ove ten thousand Inked Dghcove sugars, 


Amines NH2-[HC-R]-COOH + NH2-[HC-R]-COOH 


Asbth the amine ard carboxyl act groups ofamino acids can act to fm amide bonds, 
‘one amino cid molecule can enc wih another and becemejoined tnraughan amie Inkage 
Thispalymeraain of amino acde le what rater protene 

OH +NH2 --~-> NH +H20 


‘This yids peptide nl anc a molecule of wate 
in acondensnton waction| 


Carboxylic Acids 


Aminasareorginiccarpeinds that entan Mtragen 
“The general frmula of a carboxyte acid is COOH 


ee Amino Acids coe 


NH2ANC-A-COOH ) 


Amino adds are biologically Important organic compounds 


made from amine and carboxylic acid functional groups, 
along with a side-chain specificto each amino acid 


The a-carbon. 


‘Thea-amino acids in peptides and proteins consist of a carbaxylic acid (COOH) and 
‘an amine (NH2) functonal group atached te the sametetahedralarbon atom 


af 
HG 


‘The peptide group attached to the alpha carbon distinguishes one amine acid from ancther 
(Tetryonic theory defines these compound side-chains of atoms as peptides [p) 


AAA 
AAG 
AAC 
AAU 
AGA 
AGG 
AGC 
AGU 
ACA 
ACG 
ACC 
ACU 
AUA 
AUG 
AUC 
Auu 


GAA 
GAG 
GAC 
GAU 
GGA 
GGG 
GGc 
GGU 
GCA 
GCG 
Gcc 
GcU 
GUA 
GUG 
Guc 
Guu 


C5-HS-N5 
Adenine 


G 


C5-H5-N5-O 


Guanine 


‘Amino acids ae the structural units (onomers) that join together 


Peptide side chains 


to form shot polymer chains called peptides; 
Cr longer chains called either polypeptides or proteins 


amino 


current chemical theory 
hypothesizes that all 
peptides and proteins 
are the rest of codon 
triplet side chains 
om amino acids 


Teeryonic theory reveals 
serious flaws in this line 
of thought 


acid 


8,640 
Trp 


‘cumzmaoz 


Uracil 


CAA 
CAG 
CAC 
cAU 
CGA 
cGG 
ccc 
cGU 
CCA 
ccG 
ccc 
ecu 
CUA 
cuG 
cuc 
cuu 


UAA 
UAG 
UAC 
UAU 
UGA 
UGG 
uGc 
uGu 
UCA 
ucG 
ucc 
ucu 
UUA 
uUUG 
uuc 
uuu 


HOZCCHINHRICHION)CHE ine 
WORCCHIMMICHCHSICH2CH 


€H2(HO)HD & 


fal 
z 
fal 
= 
a 
fal 
= 
cS 
= 
w 


2(EHD)HIZHD 


CH2CO(NH2) 


THNODZ(ZHD) 


EHISZ(ZHD) 


N@(ZHD)HNZHD 


woaccHinnnichsi2coo 


HO(99)ZH> 


HN2(ZHN)DE(ZHD) ¢ 


9XHNZD)ZHD 


‘The four-atom functional group Palypetidechainsof amino acids 
‘CONH- i called 2 peptide ink arre held together by peptide bonds 


Peptide Bonds 
carboxyl + amine 


NH2-[HC-R]-COOH + NH2-[HC-R]-COOH 


‘A peptide bond (amide bond) is a covalent chemical bond formed 
between two molecules when the amine group of one molecule 
reacts with the carboxyl group of the other molecule, 
‘causing the release of a molecule of water (H20), 


gs” H20 H20 
OH+NH2 —> NH+H20 OH+NH2 —> NH+H20 


amino terminus 
The beginning of a polypeptide protein 
molecule has a free amino group. 


carboxy terminus 
iat ei te The end of a polypeotide protein 
<CoNtiscaled pepidelink molecule has a free carboxyl group. 


Proteins ipoly-peptides) are formed by Joining the ~CO2H [carboxy] end of oneamino acd withthe -NH2 [amine] end of another toform an amide, 
“The -CON#- bond between amino acids knawnas a peptide bond because relatively short polymers of amino acs are knowns peptides. 


polypetide chains 


Proteins are formed when amino acids are covalently linked together. 


[DNA ard RNA have decnyribece and bose suger backbone, respectively, whorene PNAS backbone it compartd of repeating (2-sminoethyl-alycine uni lnk hy pestide horde. 


“Tereare 20 ferent nucleatidesde hair presentinbiologcat molecules 


hydrophyllic 


hydrophobic 


Lipids are a group of natur 
fats, waxes, 


urring molecules that include 
amins (suchas vitamins A, D, E, and K 
erides, tri-glycerides, phospho-lipids, and others 


a Acetylcholine 


isan organic molecule that actsas a neurotransmitter in many organisms, 
including humans.{t is an ester of acetic acid and choline 


Ach 
C7H16NO2 
CH3COO(CH2)2N+(CH3)3 


| H, 6,228 


Ribose 6,360 C5-Hi0-05 
, 
3,180-3,180 
Chrbaligdrens compounids [ 180 | Carbohydrate compounds 
ered aaa aisles oe ees 
Riboseisan organic compound 
with the formula C5H1005; specifically, 

C(H20)5 a monosaccharide (simple sugar) with C(H20)5 

ph eee linear form H-(C=0)-(CHOH)4"-H ribose 

C5-H10-05 GA OS 


H-b(HOHD)-(05)-H 


Ribose forms part of the backbone of RNA. 
It is related to deoxyribose, which is found in DNA. 


Fibose Is present within every ving cel of the body and i used to manufacture ATP (the eneray currency of the cell rom scratch. 
‘Whilstthe body can manufacture ts own ribose from glucose, this requires energy and is.a very slow process. 


“aaa Deoxyribose 5,688 
[2,844-2,844 | 
‘Asa component of DNA, 2 deoxyribose derivatives have an important rlein biology 


‘The DNA (deoxyribonucleic acd) molecule, wich isthe main repository of geneticinformationin ite, 
‘consists ofa long chain of deoxyribose-containing untscalled nucleotides, inked via phosphate groups 


(C5-HI0-04 
deoxyribose 


Deoxyribose, more, 
precisely 2-deoxyribose, 


isa monosaccharide 
CHO 
H H 
H ‘OH 
H-@-OH 
CH,OH 


Pre ie H-(CO)-(CH2)-(CHOH)3-H 


Hermann Emi Fischer wonthe tobel Prize in Chemistry (19 forhis workin dternning the structure of the Oaldonexcses. 


het proposed representa very miror percentage of 
spot Walter Haworth, whe conchiavely deter 
352 Rat heragon with groups above a below 


Phosporus 


HPO4 
phosphate 


group 


Cs-Hi0-04 
deoxyribose 


‘The other repeating part of the DNA backbone is a phosphate group. 
‘A phosphate groups attached to the sugar molecule in place ofthe-OH 
‘group on the 5 carbon, 


AGCT 
nucleotide 


The spectral line emissions of photons from bound electrons 
in addition to Alpha, Beta and Gamma Particle emissions 
from nuclei can release KEM energies over long time spans 


E 


Radi tive D. scalar equilateral 
a neh mass-ENERGY-Matter 
‘The Atom releases excess energies in geometries topologies 
various forms as it seeks a lower energy, 
state of equilibria with its surrounding mc? 
EM energy environment 


Energy in all its forms 
seeks equilibirium 


Photons Heat, Vibration & Kinetics 
canall raise the energy levels of atomic nuclei 


Radio-Carbon isotope dating 


2) 'sa radiant dating method that uses the maturall 
eng materiale up t2 sboM 3000 to 62,000 ye 


Standing-wave KE not‘excess’ Neutrons 


Itis the stored Kinetic Energies [KE] that increase 
‘the mass of Carbon12 to create its isotopes, 
historically these mass-energies have 
been mistakenly thought to be 
extra Neutrons in the nuclei 


cccuirng rcp 


[6 Deuterium nuclel on CO) ea 


ALL elemental Carbon atoms = ‘ 
have an atomic configuration of 


‘with a exess exergy coment 


2 


996 Newtons) 


areal eros of atomic qrometriesand nuclear 


12C 
11.996 


“Ground 


tne energy level, 


Carben-r5 156 is 0 wooly 
todioetveovape of carbon 
vith a nucleus containing 


6 protons, 6 neutrons and 6 electrons \ am, C3 a S prions etre and ek 
3 1248 


504 
saa ° 
C14 half-life wo CY 


5730 +40 


315,576 9 
laren 


Carbor-14, 4€,0rrediacarbon, 
{sa radioactive hope of carbon 
with a muclnscontaining 
6 proton, 6 neutrns and Gelecrons 
with an exces energy content 
of 8G 


kornie masechaeoe 
wotint determin 
‘clement’ properties 


Q RE 


SiredkE 
Isotopic mass 


herCharges 
cate) Narr 
ropologes 


The stored KE [chemical] mass-energles 
of the Carbon 12+ Isotopes comes from 
various radiological [and biological] 
processes and its steady, predictable 
release through the quantum mechanics 
ofthe synchronous convertors that make up 
‘Garbon nucle! make it useful in dating 
‘objects based on their decay rates 


atomic shells 


Radioactive Isotopes The mass ~ energy content of Matter 
Where the elementary nuclei’s Deuteron energy SS 4 


level 1 h ke Einstein's relativistic stress eneray tensor models mass-energy-Matter 
ae: from ground aS a nebulous eneray-momenta density-pressure gradient 
radioactive isotopes are created 
140 
Peto taryen numbers 
190+ basetomexceseNetion 
modelo petode elements 
8 120 
7 Hof sa is is pacer 
‘Seige sor ae 
100}- 
6 5 
» ri 90 
5% : 80 
4: a 
3" | 
50) 
2 40 
1 30 
Plot of Baryon nucle! numbers 
e oi 
aps pdf? io 
as gl We eo eda, 
5 oO 
orbirals 0 10 20 30 40 50 60 70 80 90 100 
Each periodic element is comprised of an roton Number [Z] 
EQUAL number of Protons, Neutrons & electrons that Tettyonic theory redefines the relativistic stress energy tensor [Ti] into 
form each element’s unique 2D mass-energy geometries & @ geometric measure of the charged 20 electromagnetic mass-energies 


5D Matter topology and contribute to its observed properties &3D Matter topologies within any spatial co-ordinate system 


Nu cl ear Decay processes Charge & mass-energy momenta are conservative physical properties 


eth soto procestor by whichan unstalo atSmienelous emits ubstomic particle 


Charged Matter equivalence 


une Dt 
ai WAV | WAN [42-30] 

WAI | a 
alpha-particles Dt 


alpha-particles 
beta-particles 


alpha particle production 
E Energy can be released from atomic 
nuclei through various processes 
positrons 
& Coote 


=NW BUAN © 


Ay spectral lines 
beta-particles heat & motion 


e+ + ve+ @& 
[0] (6-6) fora) 
Neutron decay processes 


ve + ve+ ve 
[6-6] [6-6] [6-6] 


3D Matter topologies are not conservative 


Alpha radiation 


(Deuteron emissions) 


¢-¢-* 


loro unstable large stable 
energeticnuclet nuclet 
‘Alpha particles are releaced during alpha decay processes in ultre heavy nucel lke 
‘uranium, thorum, actinium, and radium 


Beta radiation - Negative chaige sets (Nucl) 
Gamma radiation - Neutral Charge sets (Photons) 


~ BAKA 


D* pF 


42-30) 42.90) 


+ —> He 
84-84, 


012) [0-2 


ee 
alpha particles 


ae Bi 


‘Theradioactve isotope Amriclam 241 emits alpha particles 
‘which areusedin smoke detectors. 


Oo. 


ue totheiraraye miss compared to heta and gamma particles, 
alpha panicles canbe enily stopped by apiece of paper humanskin 


Beta particle decay Gatonte —Namge-4¢_eta-minus decay 


» +O°+0 
* + ye + @ ‘entzneutrine — leeton 
12-0) [6-6] [ora] eee Jour 
Neutron decay paths awa er Beta decay 
N° —» ve + ve + ve p neutrino positron 
(1818) [66] [66] [66] = +e BA 7 
Sprcons poten beta-plus 
(the emission of leptons from atomic nuclei) 4necerons Sestrors e aay 


Charge is a conserved physical 
property ofall material objects 


(1818) 
Neutron decay is not a spontaneous process 


All beta decay processes are the result of 
neutrino interaction with Neutrons 


B Beta-particles Zo 


2 - 
i 
Alpha radiation - Positive charge particles (Nuclei) e co - 


Gamma radiation - Neutral charge quanta (Photons) 


Gamma Radiation acateameerie mae 
ne Beart cern 


"aturalsouces of ganmarysontathncludegama day fom ata curingradstopes 
secondary redatlon om amosprerleineracions wh cesmlctay pares. 


All ejected gamma ray photons are 7 
af neutral energy quanta sets h 
[photons / EM waves] 
anima rap typclyhave requis above 10 cake or 104191, 


‘and therefore eneally have energies above 100 ke and 
\wavelengts es than 10 plcometers (ess than the dlameter of n atom) 


[n-n} 


EM Wave 


2m ts 


xllerlfrcrv] 


Ganmaraysare form af ising raaton, and thy have vary good penstratng power 
‘They sult from therelease of atom energies and wil cause ological damage to ving sue, 


ahv = E =hf 


‘are musty be ken olitagush beeen cirgedPan 


gamma ray bursts 
N oO 


int Wied photons 


—>» ~«=Oi/F2 z of 


930 MeV 930 MeV 


_are the rest ofthe toed KEN mass-energies of Matter topologies 
being released as mass-energy momenta geometries 


Alpha radiation - Positive charge particles (nuclei) 
Beta radiation - Negative charge particles (leptons) 
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neutrino-Neutron Interactions 


(24-24) 
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The observed decay preducis are the result of 
solar neutrinos interacting with Neutyons 


{beth within nucleland [24-24] |+> et+e +ve+ve 
ea [20] [ow] [66] (6-6) 
N°, 


A Neutronium atom 
has an identical mass-charge 
quotient to that of Hydrogen 


Neutronium decay processes 


Newton 


leractloncandecay ino 4aifering panicle sets 


emi scale el ipaate eh ae 
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(24-24) 


Excluding thee net Charge, 
Newtons nave neutfat parle geome 16-18) 
idemicalo tat of reton 24-12) 


interaction of Muonic: 
(see Tetryanic Charge numbers) 


A Neutron is NOT a Proton that has absorbed an electron 


neutrino-Proton Interactions 


neutrino capture 


0 hypothesied by modern nuclear physicists 
3) Proton gee! by 
The observed decay productsaethe result of 
neutrino 2 ol eutinsinteracing wi eutone 


(both within nuclei and fee 


VAN 
[30-18) 
parece repeat Te paerssles ers 
{Stroten tater negative charge aa would have an identical charge 
quotient to that of a Proton 


[24-12] 
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Neutron desay is net the spontaneous process 


Proton decay paths 


‘AProton/Neutrino interaction can decay into- differing particle sets 
oO + 
e 
fis.18) fea) 


ef +et+e+ve 
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function in. ‘couplings 
and could be detected by the anomalous spin measurements that would result 


‘A Proton has a Positive charge geometry (24-12) 
equivalent to that of a Neutral Neutron (18-18) 


PX Aw 


A Proton is topologically identical to a Neutron 
(differing only in the net charge created) 


Quantum Batteries (Atomic Nuclei) 


‘Atomic nuclel can be easily scaled to non-quantum sizes to offer clean, 
safe and portable long term Eneray storage devices that can store eneray 
Indefintely and release it on demand anywhere in the World 


Quantum. 
Cathode 


= 


fs N ‘Synchronous quantum converter topologies can be connected in parallel 


or series to meet varying power requirements anywhere in the World 
and provides for the safe storage of nuclear energy as mass 


The quantum battery is unique in that 
in addition to storing energy indefinitely, 
when an electron binds to the Deuteron nuclei 
it has the ability to release specific energies 
[photons] by way of its quantum. scale 
synchronous converter topologies 


Negative charge 


N topol 


Quantum 
Rotor 


12 loop quantum inductive rotor 


Quantum synchronous Converters 


[Energy ca be stored in macro scaled quantim cenver 


ectron has a charged Tetryonic 
jopology thai ly 
a6 loop inductive rotor 


Energy iarged topoloy 


Q 


y of Deuterium nuclei, 


uantum converters can be manufa 


al mass-energy storage & distributi 
Energy 

841 Q 

“et momenta 


These devices can be transported any where demand requires them 


cf worldwide with their energies stored in the form of mass 


a 


momenta 


Negating the need for centralised power stations and distribution 
lines extending vast distances to provide power to remote communities 


A quantum synchronous converter 
can store and release 3 forms of energy 


Radiant Energy 


EM mass-Matter 


Fission is a currently known source of nuclear energy 


Nuclear Fission pe hasta pelea sah es aie ae ta 


Its energy output can be easily exceeded with cold fission & EM pinch 
technologies without any of the harmful nuclear by-products 


2- Outer layer of alpha particles 
ate ejected from inner 
Barium core electron 
configuration 


3 - Remaining Bayonic cloud 
releases excess energy and 
recombines to form Nuclei 


@ 1 - A Slow Neutron with 
>0.4eV of [KJEM energy interacts 
witha unstable Uranium nuclei 


raising its quantum levels 
4- Barium cores and 


recombined Krypton cores 
form Decay products 


Energy Released 


289,440 


Im fission the outermost layer of protons/neutrons 
are ‘ejected leaving a core (electron) element. 


Ejected boryons then recombine under residual 
Strong Forces to form the lighter secondary 


Kinetic [KEM] energies 
stored in charged geometries 
are CHEMYcal energies 


The linear momentum of 
slow neutrons fiactures the weatly held 
cuter orbital baryons fron the core electron 
configurations in radicactive elements 


radiated away as ight/ 
additional kinetic energies to 
cof the remaining high energy nucel 


inuing chain reaction 


I is the sudden release of stored standing wave & 
kinetic energies that creates the explosive power 
of nuclear explosions 


decay products 


3- Remaining Bayonic cloud 
releases excess energy and 
recombines to form Nuclel 


The controlled release of KEM energies 


from the atomic nucleus is nuclear fission 
[heat, light & radioactive isotopes] 


Energy Released 


289,440 


Sonoluminescence 


Sonoluminescence isthe first hint at the eneraies that can be released from Tetryonic collapse and 
involves the emission of short bursts oflight from imploding bubbles ina liquid when excited by sound, 


It tsa key step on the road to realising technologies that can provide Humanity 
‘with dean, safe, efficent Energy production through 
the conversion of Matter into various forms of EM radiation 


Finding an efficient means 
fefinducing and managinga 
controlled reaction where 30 
Matter topologies are converted 
Inco 2D radiant energy is akey step 
(on the path to creating a 
future energy source 
of all Humanity 


All Matter and molecules are 
3D Tetryonic charge topologies 
which can be collapsed into 
2D radiant EM geometries 


The energies released 
[waveforms] 


are seen as brief flashes of light ar 


the centre of the surrounding medium 


Nuclear fusion ofthe type postalated 
would be inconsistent with current understanding 
‘and, if verfied, would require theor 


be extended in an wnexpected way” 


Palladivan’s rest molar mass is 108.78 


with a stored Kinetic energy content of 


15.699 Gev [10 neutron equivalence] 


Expelling the non-core atomic nucle! 
resultsin a release of stored KEM energies 
as the deuterium nuclei seek to reach 
a ground energy level state 


apa 
PPO | 


122,688 
5.076 GeV 


Cold Fission 


as 
= 
Atomic ck can easily release 
le epcried energies wahowt Newton 
panicle emissions wher ar acurare 
model ofthe tome ruc i uzed 


Fusion is 2 fictious nuclear process 
‘cad fusion’ is In fact aform of nuclear fission 


Krypton’s rest molar mass is 85.5412 
with a stored Kinetic energy content of 


10.582 Gey [11 neutron equivalence] 


ELEMENTS 


ELECTRON CONFIGURATIONS 
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The ch. 


Atomic / \/ Molar 
masses nee f. Matter 


Compounds 


Cliemical 
energies 


TETRYONICS 


The charged interactions of universal Gravitation 


Radiant Standing-wave 
masses Matter 
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\ Vacuum 


Energies f 


| OW@et F ] Cosmoloay 


“Abraham 


Laws of Force dy 


changing 
ic lines of Fo! 
ante Magnetic lines of Force 
» Sir Issac Newton Michael Faraday 
Y 125 December 1642~20March 1727) e" N —25 August 186 
w= mg create changing 
Gravity Electric fields of Force 
dt 

Newton's Principia formutated the laws of motion 


«nd of universal gravitation 


Faraday discorre the principles of etre 
dlanogietion, and the le 


ricindocten, 
lctongneti, 


a4 zo d 
Eda=e fi-ai=o 
Gauss . , Gauss 
coe Light is an > Ge The separate works of Gauss 5 
Sv aecromagrene " amemrrocaren ited Ne 4 
are wave wave feld theory 
Faraday Ampere 
, §B-de=— te 
dt 
v 
2 Special Relativity 
eteets Conprnetion RE KE nonpoint covet ped of ike % 
foie pil Bornes ble. ‘sing relative mevion & Larentz contractions 
orate dct of maton 
(Lorems—Fitzgerald contraction) Albert Einstein: 
Hendrik Lorentz & ~~ 
18 duly 1853 4 Febyuary 1928) {ater attompsd texpan ravily asa 
hy Vt carat oct sl by Mer 
Lorentz Transformations Q M 


General Relativity 


Geek philosoaher Aristotle 


Aristotle defined space to be 
the boundary geometry ofa body 


boy,z] 


geometry, oplony 


Aristatle defined time to be 
a measure of movement 


the past A the future 


Nature abhors a vacuum’ 


Early physics of Motion 


in the ath centuly BE, the Greek phitasoph 


| no effect ar mation withaut « estze 


In Book Vil ofhis De Architectura, the Roman engineer and architect Viruvius 
contends that gravity is not dependent on asubstance's weight’ but rather on its "nature! 


‘The cause ofthe dewnward motion of heavy bodies, such as the element earth, 
was related to theirnature, which caused them to move 


In the 7th Century the indian mathematician Brohmagupta stated 
‘Bodies fal towards the earth as it's inthe nature of the eaith to attract bodies, 
just as it icin tho nature cof waterto flow" 


Predicted 
motion 
according to 
Aristotle 


Actual motion 
of projectile 


Heavier things fall faster, with speed being proportional to weight, 


The speed with which a body falls is inversely proportional 
to the density of the medium itis falling through. 


Indian Mathematican Bratmagupta 


(597-868 AD) 


upta dedicated a substantial 
portion of his work to geometry 


Brahmagupta is considered the first 

to formulate the concept of zero 
negative positive 
wuunters OQ: iuisbe 


Brahmaguipta introduced new algebric 
methods for solving quadratic equations 


Galilean Gravity nent 


Galileo claimed to have a Universal Law of Gravitation 
covering both terrestrial gravity and the motion of planets 
which he was afraid to discuss. 


DISCOURSES 
Two New Sciences 
But this looks more an inspired aspiration than a reality, Mestanicks ant Lacat Motion, 

as he seems not to have considered gravitational force as eA 


decreasing with distance from its source. 


= 


He did however, definitively show that objects experience a uniform 
acceleration ina gravitational field (irrespective of their masses) 
which was central to Newton's later Universal Law of Gravitation 


useless fiction’ the idea, held by 


istotle’s earlier id 
All objects experience a uniform acceleration in a Gravitational fi 
(inespective of their different mass-Matter contents) 


ield 


oninny 
In De motu Galileo proposed that in free fall bodies dropped with a characteristic penny Ht 


uniform speed determined not by their weight but by thelr specific gravity. 


He put this theory to the test by dropping bodies from heights and 
found that his experiments did not confirm his theory. 


It is quoted in’Galileo’s Daughter’ that the lighter body (Le. that of the lower specific gravity) 
will move ahead of the heavier body at the start of the fall, and 
that the heavier body then overtakes it and arrives at 
the bottom slightly earlier. 


Aristotelan physics 


Newtanan pysies 


Inthelato17thcentry abort Hook suggested nthematia 


ie sR Se race ed 
Newtonian Gravitation s 


TURALIS. 
sie 


| MATHEMATICA 


ton sh 
governed byt 


natal ows, by 
iplanetory motion and his 
last deubts about hellocentrismandadvancing th 


enti Revelution. 


Te Principia generally considered to be one ofthe most important sclentiic books ever written 


LF=0s5 0 Third Law of Motion 
Jniecechipaay eae er SiFea- SoM 


Foreveryaction heeis 


Newton's Law of universal Gravitation 


"I deduced that the forces which keep the planets in their orbs must [be] reciprocally asthe squares of ther distances 
fromm the centers about which they revolve and thereby compared the force requisite to heep the zon in her Orb 
With the force ofgravity at the surface ofthe Earth,and found! them answer pretty nelly" 


F=-G Mm: 
T 


po been able ra dcoye the caue of hase mopertesof gravy fam the phenamera 
‘ad tram ne bypotes 


According to Boskovie's simple dynamisticaterniim, Matters not only endowed with forces (dynarm system), 
bout iis composed af forces (¢ynamstic system), Forces low our of the atam and permeate empty space 
This idea led to the concept of the field, much later formutated by M. Faraday (1844), 
who together with JC, Maxwell introduced the idea of fields of force into scence 


‘ompuitng theo 


Rude Boskov 
loshovic propoted that tractive Gaittona elds 
«ould be enplained a diminanedintracive OM Bes 
‘hat vesultina nett convent fore af oreat stances 


Diminished EM waves 


DE 
VIRIBUS VIVIS 
DISSERTATIO 0 1745 Botkovi€ published De Viribus Vivis in which 
wera the tried to finda middle way between isaac Newton's 
ia ‘ravttational theory and Gottfited Letbniy's metaphysical 
osento Hox OVS ¢ 


Mons Pop ps Rae 


The force is repulsive when this curvelies above the line AC 
‘and attractive when itlies below it, 


‘At very lage distances (at and beyond V), 
{tis attractive and approaches Newion’ inverse-square 
lawof force produced by gravity 


ett tte force 
stlargedistances 


Gaussian Gravity 


Gauss's law for gravity bears the same mathematical relation to Newton's law 
that Gauss's law for electricity bears to Coulomb's law. 


G 


unison ay rethonnaly sein fore 
1uss's law for electrostatics, 


k 


the stiking mathematical smitaty nthe formulation of 
elecrostatiesand gravitation has puzzled scence for centuries 


carl Friedrich Gaus 


seal eq f prthcirahe 
[ow 


Although Gauss's aw ior gravity is physically equivalent to Newton's la, 
threaghwny loses uth there are many situations where Gauss law fer gravity offers amore The navtetional fur through any dosed surlace 
eae convenient and sir i peportonalt the enclosed Mater 


a) == 4nkq 
£y 


ton than wewnon slaw. 


V-E=L =4nkp 


V-g=-4nGp 
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eee Poisson's Gravity fields 


and sinks of EM fields Poisson recognised that charges 
positive charges emanate electric field lin 


ww the sou 


ve simeon Foissan 


he sources and sinks of electrostatic lds: 
and the field ines terminate at negative charges 


Simarly, in Newton's gravitation massesate the sources of the gravity held 
50 that fei lines terminate at objects thathave mas, 


Pokson formalised Gauss aw fr electrics (asing the ore general vergence theorem) 


Matter isthe source easier Oe stale tt 
of Gravitational fields ff- dS gry B z 


sii nus cies eal toi 
faa = -inGn + -G = -11GPm 
i sa th nal ala gi ia kai i a ain da RT 


The inverse square forces of gravity con be madelled using the same eld geometry thus ilustating the reason for the geometric & mathematical smarty between Newton's & Coulomb’ constants 


‘Negative Charges are 
soures of po Sources of negate feds ane 
Sinks fr necative Eels Sinks forpostive fields 


“Gavtaional Materia sourcestheactve EM falds and sink for coneigent Grvitaional elds 


Tetryonic QM & QED clearly shows that both the sink and source fields are the result of bidirectional energy momenta 


ison fl equations shows that weak KEM Relé geometies can be use to model the convergent forcesof Gravitational fils 


Inverse squared law 


nett divergent 
ctl ores 


Wr? 


Maxwell's equations 


Ke 


strictly convergent vector force 


od 


Gravito-Electro-Magnetism 


° 


fé-ai=t fB-aa= 


‘Maxwell's 1864 achievements concerning electromagnetism 
have been called the "second great unification in physics, 
following on from the first one realised by Isaac Newton. 


sare Cleth Mawel 


Any opinion as tothe form in which the energy of gravitation 

exists in space is of great importance, and whoever can make 

his epinton probable wil have, made an enermous stride in 
physical speculation. 


The apparent universality of gravitation, and the equality of 
ltseffects on matter of allkinds are most remarkable facts 
‘itherto without exception; but they ore purely experimental 
foct, fable to be corrected by a single observed exception 


ceive of Matter with negative inertia or mass 
10 Way of accounting fo the proportionality of 
gravitation to mas by any legitimate method af demonstration 


eel aceon k ot Stat Sao es BLS 
that created a Gravito-Electro-Magnetic field reflective of 
the similares between Newtons & Coulomb’ Lawes 


Vx By= ot G v-B,=0 


ving ise to speculation about the existence of ‘gravitons! 
‘a theoraed Gravitational charge’ carer 


Inverse cubed ave 


Magnetic Torces 


yr3 


vrs 


‘oravtomagnetic dipole 


‘The General Theory of Relativity soe 
In 1915, Einstein extended SR and proposed anew theory of gravitation to account for accelerating bodies General Relativity 


Einstein sad that when he 'wes siting na chav inthe patent office ct Bern whenallefa sudden athoughtoccutred tom 
‘fa peson falls freely he will not feelhis own weight: wasstarted. This simple thought . gelled me toward a theory of gravitation.” 


G,, = 8G Ti 


Albert Einsten 


Fir curvature tenso = 9a thessresseneny te 


Ga=K Thw 


cared mass en 
space pay 
General Relativity describes gravity as a warping of space itself, not as a force. where 
Einstein pictured space asa three-dimensional version of a thin rubber sheet 
Einsteins General theory ofRelativity, which was published in 19t6had as ts foundation that Kk =—82G 
tholaus of nature in an aceslaratng fame areequvalant othe laws ofa gratationl Ral DUN 


‘This isknown as the Equivalence Principle. 


GEM fields & Gravity 


Gravity is one of the four fundamental interactions of nature, 
along with electromagnetism and the nuclear strong and weak forces 
{Mor centuries scientific enquiry has been aimed squarely at dicering apyseal mechanism fr gravitavon} 


Mather Planck quanta 
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‘Tetryonics reveals Gravity to be the result of the 
displacement of vacuum energies by mass-Matter topologies 
which is accurately modelled using GEM field geometry 


energies 


Gi= 826 Fi. 


F=-G Mm. 


T? 


Gravity s respansibie for keeping the Earth and the other planets in thelr orbits around the Sun; 
for keeping the Noon in itsorbit around the Earth: for the formation of tds; f I convection, 
by Which fluid flow occurs under the influence of a density gradient and gravity 
for heating the interiors of forming stars and plonatsto very high tomperaturos 
and for various other phenomena observed on Earth, 


Sepahating Space & Time 


Relativistic 


tanc spacetime ‘curvature’ 


he moon pull proportional! 
OR 


Does the Earth curve spacetime in its vicinity 
with the moon following the geodesic path created 


Tetryonic theory through its clear definitions of charged mass-ENERGY-Matter provides the long-sought answer to Gravitation 


Empty Space 
is defined in Tetryonic & relativistic theory 
by the speed of light 


3 
aa) 


fualIe 


(0.0) 60 


Energy 


A Spatial region is defined 
by aco-ordinate system so as to 
measure the physics and motion 
of mass-ENERGY-Matter 
within its confines 


Mass 


‘anergy coment peru 


EM mass-energies can 
be found in (and move through) 
empty Space in various forms: 
radiant energies, Matter ete 


Matter 


‘ster coment per uot of tine squared 


Space can be any regular geometry 
[Cubic, Spherical or polyhedral] 
limited by the spatial co-ordinates 


used to define the region or volume 


Empty Space is defined as a geometric volume devoid of any form of Energy 


Spacetime co-ordinates 


‘The linear force vectors of divergent Energy 


can form various co-ordinate systems 
based on their vector directions Euclidean 
ry per unit of time planar 
Charge rats unttely space-time 
a herecomnan Cc Cc 
* 299,792;458 8.987551787 cl6 
linear metres radial-square metres 
er sec aca of how ong takes for ightto 
J travel 299,792,458 metres 
from ts source in a vacuum 
metre a! 290787.58 
299,792,458 sec second 
A metre in Physics is 
the distance light travels in 
1/ 299,792,458 of a second 
from its source 
ct 
2.694400242 e25 8.077608713 e33 
cubic metres spherical metres 
per see per séc 
Cartesian and Curvilinear 

Energy entropy spatial ¢o-ordinate systems mass-energy-Matter 
ofa system pughreneensi ess content of a system 


vector 


lines 


1 Dimehsional 


veldcity 


metres 


EM energy has an equilateral geometry 
and forms Tetrahedral topologies 


within regions of empty space 


Spatial co-ordinate geometries 


Planar based on the vector speed of light 
Circles form distinct spatial co-ordinate systems 
for the measurement of physics 
Cubic 
2 Dimensions volumes 
2 x 


velocity|squared 


3 Dimensions 
velocity ¢ubed 


~3 >>y 


seconds 


x (SO e 
mass-energies Cartesian co-ordinates 


and all forces 


Spherical 
volumes 


3 Dimensions 


<—_¢ct_ > 


quarternion velocity 


seconds* 


Cartesian Space-Time 
3 spatial vectors. 


Recti-Linear 
energy momenta 
mapping 


hidden dimension of ine 


tumeploying therole of afourt di 


Spatial co- “ordinate systems 


sacetime's vs 


Tetryonic theory redefines as time to be a measure ofthe changing 
‘quantised angular momenta of Planck scale Charges 
{In any spatial plane or volume 


Tetryonics maps radial spacetime co-ordinates 


through the vector momentum of Energy 


The quamiised angular momenta of mass Energy 
and Matter are triangular geometries 


The current methodologies for mapping 
energy densities onto Euclidean, Cartesian and 


Reimannian co-ordinates are inaccurate reflections of 


the charged mass-ENERGY Matter geometties, 
introducing a mathematical complexity 
toa otherwise simple foundational 
equilateral geometry 


Spherical 


c= Dineypional > 


(quaternifn vectors) 


seconds* 


Tetryonic Space-Time 


3 spatial vactore 


Tetryonic 
mass-ENERGY- Matter 
geometries 


changing OAM 
istima 


By mapping equilateral mass-energies & Matter inte radial spatial co-ordinates Tetryanic theory is able to reveal the hidden 4th dimension of time 


Tit standing-waves 


Space & time separated ¢* spatial regions contain mass-Matter 


All equilateral mass-energies & tetrahedral Matter 


can be mapped with planar spatial geometries 
within spherical space-time co-ordinates 


spatial field 


Space is the region of measurentent defined by the vector propagation of light 
time is a measure of the changing QAM within any spatial region 


¢? spatial regions contain mass-energies 
compounds 


nt radiant geometries 


Y 
aoe teens 3D Matter 


Molecules 


2D mass-energy 
geometries 


photons. 


Vv charges 
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2D Euclidean spatial geometry 


All20 masseneray momenta maponio FLAT Euctdian co-rdinat 
yl AQ. 
(2D space & time) 


negative curvative 


Cartesian spatial co-ordinates angles add upto > 180 ° 


fal to accurately map, 
equiateral energy momenta 


flat Euclidean 
angles 180 


Minkowski spacetime 


isa close approximation of 
Tetryonic energy momenta 


3 4 on NF 


cies f ss 


ic positive curvature 
Tetryonic space-time sacri eg dg 850 


Light cones space & time 


Liseae momenta 
Jethesquare ret of 
ecuiaerl energy 


“The Teiahedral facia 
oF Mattr reflect the 
3 mensions of space 


@ oo ieee haed 


Par tion 
quiver goeery Tallow an 
dueto its quantised Insae square Le 


anglorimoments 


— 
arabe 
future. 
* 
past 


Photons ae 2a! 
‘alan -geomettios 


AQ) : 


time is the measurement of the changing quantised angular momenta in any spatial region 


A light cone isthe path that a flash of light, emanating fram a single event 
(localized to a single point in space anda single momentin time) ard traveling in all direct ons, 
‘would take through spaced time 


Charge, energy momenta & time 


‘measurements of the changing quantised angular momenta of scalar energy is the basis of measuring time 


seconds 
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Scalar Lorentz factor 


= [x] 

= Ne 

Linear Lorentz factor sonalkstandingowave 
Nt 


ga GFedient 


metres per second 


ay 5 
‘sm 
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Spatial co-ordinate systems 
are defined by the vectors 
of their linear energy 


momentum 
Space 
[xyz] AB 

EM masses are 2D mass-energy quanta 
2D planar have linear & angular 


momenta 


standing-wave Matter can release 
radiant mass-energies 


ait [fmsiv4] 


Tetryonic geometry restores symmetry to 
Einstein’s mass-energy equivalence and 
reveals a mass-ENERGY-Matter equivalance 


radiant mass-energies ean form 
standing-wave Matter 


where space and time are separated 


Spacetime Fields 


are spatial geometries that contain changing 


Quantised Angular energy-Momenta 


Time isa measure of [Planck quantal 


the changing quantised 
angular momenta in any ; 
defined region of space ® 
Time 3 
© we 


[seconds] 


Charge is the nett distribution of Planck quanta 
mass.[Quantised Angular Momenta] 
within any spatial co-ordintate system 


(0) 
ei fs ( \ [23] 


Matter has a 
3D volumetric 
energy waveform 
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The 4th dimension of Time 


ge, the angula 


Accelerate Deccelerate 


p 


decressing sense manent 
F=mAp=mAvit=ma 


creates deceleration 


p 


increas systems new momentum 
F = mAp = mAvit = ma 


seconds 


Clockwise charge is Counter-clockwise charge 
positive mass-seconds is negative mass-seconds 


Positive charge Negative charge 
the two ‘arrows of ime in physics area 
mathematical ils -Titarpretation oh hangs 


Positive Time Negative Time 


CHARGE 


all ideal inductive loops all quantised Planck 
resist changes to their 
Energy levels 


INERTIAL mass 


All quantised angular momentum 
is an equilateral geometry 
@ 2 

‘vector velocity results from = 
linear momentum - the square root 
of al scalar energies 


v 


Pl mnta 
me 
™Mass mass.seconds 


{ro} 


Clockwise inductive 
energy flux 


Charge is the equilateral geometry of Energy 
that gives form to all mass & Matter 


snacsseconds in physics is 
expressed as Coulombs [charge] 


1.33518 e-20 s 
Changes to nett quantised angular momenta 
[charged mass-energles] withinany 
‘spatlalco-ordinatesystem 
{forms the bats oftime 


Negative charged 


Tass-energy 


1 
{04 


Counter clockwise 
energy flux 


The Quantum Arrow of Time 


Thermodynamic arrow of time 


Radiative arrow of time 


Tetryonic theory maps QAM as equilateral Planck geometries & reveals AQAM to be time 
Time and the spatial dimensions it creates are mapped with radial & spherical co-ordinates 


Ama 
Tenealarats The Arrow of Time Ama 
pee y <<< Acceleration 


Time dilation 


The changing quantised angular momenta of 
all mass-energy-Matter densities in any spatial region 
all impact on our measurement of time [AQ] 
increasing the mass of Matter accelerating material objects 


increases the stress energy tensor increases the Planck quanta 
[mass-energy gradient] Imass.QAM] in their KEM fields 


Stronger G fields Stronger KEM fields 


GR SR 


Vacuum energy-Matter 
pressure gradients 


Weaker G fields 


Kinetic EM energies, 
of motion 


Weaker KEM fields 


gravity is proportional to deccelerating material objects 
the material displacement volume of mass-Matter decreases the Planck quanta 
in agiven spatial region of vacuum energy Imass.QAM] in their KEM fields 


‘Any attempt to accurately model the full effections of Gravitation must include 
‘a complete definition and differentiation of all mass-energy & Matter 
along with the vacuum ene:gy pressure gradient created by them 


Entropy in physical systems 


Energy in all its forms seeks equi 


S=k(log(W)] 


Joyeipes A6.iaua-sseuw 


The Aether 


props the existence ofa medium, the aether 


Spacetime is the 
are simply geometric concentrations maton tc QAM geometry of any 
of EM energy in regions of Space measured spatial [LT] region 
Matter geometries form 
‘Woes redkient energy Gshds thee Greietsnteivaon, perfect quantum Faraday cages 
idee Groughout sll of Space. ‘= acteeg eomyies 
‘save ineide Matter topologies rarceangctepects 
‘The vacuum energy field 
‘The low level EM fields acts upon the internal ‘null space’ 
permeating the space between ‘volumes of all Matter creating a 
‘Matter forms a background . gravitational pressure gradient 
ee eo 
vacuum energy density Svan | dealhabandace 
‘Vacuum Energy is 
Historically refered to as the Aether Saat ci 
(or the Ether) this vacuum energy field = ue heen 2 
ls any spatial region 


has been the source of much contention 


Photons do not require the aether to propagate however 
the aether is permeated with ‘weak’ superpositioned EM fields 


re) The Luminiferous Aether 


Photons are radiant 2D 
‘mass-energy geometries 


Newton's Optics 
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In Tetryonics all EM radiation & Matter 
are revealed to be concentrations of geometric 
Energies secking equilibrium in regions of Spacetime 


s 


Vacuum energies are 
very long wavelength 
photons 


Hendrik Lorene created an eectran/oetersecy, 
ia wnien ne mvoasees asin separation 


‘The aether does NOT facilitate the transmission of Energies 
throughout the Universe, itis the result of radiated [KJEM energies 


Vacuum energies can be likened to the mean atmospheric pressure, 
with 2D mass-energies being HIGHER pressure gusts’ 
and 


the nullspaces within 3D Matter creating a LOW pressure gradient 
[providing a driving mechanism akin to to that of Storms, Cyclones or Tornados] 


nm 
All Matter are 3D mass-energy 
topologies containing nullspaces 


Matter KG 
rn 
Planets, Stars and Galaxies 
contain high densities 
of mass-energies 


tichoslson ed Morey soushtto 
theReltve maton betwen near 
taymeanving the speed 


Vacuum Energy 


jn i ici Vacuum energy ian underlying backround mass-energy that exists 
The Universe is Electric in nature In free space even when the spaces devoid of mater 


and all Matter in it interacts via 
Gravito-Electro-magnetic [GEM] fields ‘Tetryonics shows that all Matter is quantised and 
these charged mass-energy quanta produce EM Fields 
of varying strengths in turn radiating out from 


the source Matter into Space to 
form GEM fields 


VE is not a quantum foam’ as 
popularly depicted, itis a 
triangular Euclidean geometry 
of neutral mass-enengies 


Vacuum’ Energies ere are no ‘virtual particles’ in free space 


varying mass-Energy density geometries 
[Bosons, Photons & Matter] 


Gravitational Energy 


Coulombic fields are DIVERGENT 
IKJEM fields with interactive forces 


strongest closer to 
bodies of Matter 


Itis filled with 
Space is not Black superpositioned 
gs Gravitational fields are CONVERGENT 
[it is INDIGO] EM fields - 


Gravity is always attractive 


The Higgs Field 


fs another name for the Aether 
J) that fills 


jal propertics 
‘observed in mass-Matter 


The ‘Higgs Boson’ is 


& just a W boson by 


another name 


All Higgs vacuum fields 
are equilateral mass- 
Energy-momenta 


fields 


Free Space 


‘Virtual particles’ 


do NOT exist 


TETRYONS 
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bed 


All Matter has 4n 
‘enclosed tetrahedral 


Inductive resistance to changes of 
the energy content of charged fascia 
through vacuum energy fields 
creates inertial mass 


mass Planck quanta £ snmaal Matter Franck quanta 
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aD material Matterie 3 


‘The HIGGS boson is an alternative name for the 2D charged mass-energy fascia of all Matter Gitta tone mecha 
whose mass eamesire os 
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f—=—\\ inertial mass is a measure of a body's f—-— 
weaned FEA oobi tenga cacalenne. «ZEN By cal 
isa 2D geometric AN icin f—— isthe 3D topology 
rr rs created by mass-energies 


(Charged Planck quanta form the geametry of ofall mass. ENERGY Miter 
[each charge fascia contains equilateral mass energy momenta] 


The energy momenta density of standing wave Matter 


determines its inertial mass 
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Spatial topology 4n[[mov4] EM mass-energies 
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Compton Frequencies 


m 


‘The mass-energy content of Matter is contained entirely within its charged fascia topology 


3D EM fields with volume 3D Nullspaces iesnaieneiihdls 
are measurements of 
Planck mass-energy quanta clothe ae measurements of 
‘Energy Time squared 
barre only the topologies of Matter i 
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Nullspace is proportional to the ‘The mass-energy densities [fascia] of 
internal volumes of Tetryons Matter do NOT influence nullspaces 
Matter 
& 
Inside the Tetrahedral topologies 
of all Matter exists the only true vacuum 
‘The interior volume of Tetryons has the 


Any radiant energy trying to enter 
the interior volume of a Tetryon 
will be absorbed into the fascia, 

increasing its Tetryonic mass 

(or increasing its KEM field energy) 


lowest energy density/pressure possible 
and is accumulative as Matter forms 
increasingly complex states, creating 
regions of low energy density within 
the nuclei of all Matter 


A volume devoid of any possibie neray quanta 
TieThe Tuevacur) 


‘Outer space is considered a high-quality vacuum, 
with the equivalent of just a few hydrogen atoms 
per cubic meter on average. However even itis 
permeated with superpositioned EM fields 
of vacuum mass-energies 


Atrue vacuum isa spatial volume 


9) that is completely devoid of EM mass-energies, 
0 such that its energy density’ pressure is much lower 


F | : than of the surrounding energy density/pressure 


[a nullspace] 
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Positive charges in 2D space Time is the measurement of Negative charges in 2D space 

are classically modelled as ‘Quantised Anguar momenta, are classically modelled as 
clockwise energy fluxs i ay region anti-clockwise energy fluxs 


(Charged Planck mass-energies provide the scaffolding of 3D Matter 
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Matter 


2 Dimensional mass-energies 2D charged fascia 
y 
3D 
Matter topology 
is not a property of 
2D mass-energy 


3 Dimensions of Space 3D Space + Time 


4 The impedance of any spatial region 
[4-0] a is determined by its scalar energy content 
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Neutral Matter 


11.265 ohms 


The impedance of any medium determines 
the velocity of propagation for mass-energy momenta through it 
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1 mole of Carbon atoms 
[11996 grams] 
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if Carbon 12's mass-energy. content 
was raised to ng alomic leve's 
ewoutd be close to the sane weigh a Tea 
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EM mass vs. Matter 


Often a source of confusion, 
Tetryonics provides a rigorous 
definition of both EM mass & Matter 


6.022141579 e23 
[Avagadros number) 
ton of Carbon & 1 ton of Lead 
have the same mass-enengies 


But they have differing Matter topologies 
that create a differing energy densities 
for any spational region of measurement 


In terms of charged Matter topology 
Carbon12 displaces 1/14» the volume of Lead 


In terms of mass-ENERGY- Matter densities 
Lead is 17 times denser than Carbon 
as a result ofthe mass quanta per charge fascia 
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EM mass-energy geometries 


are 2D Euclidean EM fields posessing energy momenta 


iepmavy] = [fiw] 
am] ov] 


vec 


Equilateral mass-energy geometries & Matter Topologies are 
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= Se measured in radial spatiat-time co-ordinate systems 
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Matter Topologies 


are 3D standing-wave [4n7] mass-energy geometries 
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mass-energy-Matter quanta 


ate all defined by charged geometries & topologies 
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Differentiating mass & Matter = 
on 
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Photons 


Charged Planck quanta 
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EM waves 
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All moderi physical theories including relaivity 
{fail to define and diferentiate between mass & Matter 


M 
Matter 
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Lepron 
885148636) ©31 kg 


All Matter has EM mass-energies 
wnot all EM mass-energies form Matter 
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115596536693 6-27 kg 


Inceasing a partes speed ease is Knee EM masses 
(rest Mowter's EM masnespy conte! is elo iariont) 


6.629432351 e-34 J 
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kg iD Energy [rr velocity 
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ENERGY ‘energy momenta 


the proagation velocity of energy is determined 
by the impedance of any spatial region 


by 
the scalar impedance of space 
Baek 
Electric permittivity & Magnetic permeability 
1.11265 e-17 & sory 
& | _permitvity & permeat 
3 bh M265 e-17 Fe 
dt 
s the Forces created by energy momenta in any spatial region 
care related through the scalar.constant of mass 
EM mass 
= E m Planck yi 
m mass ni [fend ms 
C2 kg TS cog ox 
EM mass 


7.376238376 e-51 kg © 


Pp = mv 


Linear correction factor 


B=[z] 


The Energy comprising all 
KEM fields is proportional to 
the particle's velocity 


B=[E] 


Scalar correction factor 


p’=E= mv’? 


The energy-momenta 


of Matter 
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As the velocity of 

a particle increases 
so does its KEM field's 
mass-energy momentum 


mv = p=hyv 
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The linear momentum of mass-energies in 


standing-wave rest Matter topologies 


propagates at ¢ 


p = 4m7|mv] 


The rest mass of a particle with NO motion 
is the total EM mass-eneray of the particle 


Its linear four-momentum is the 
‘square root of its scalar energies 


PR 
rest mass-Matter 


In standing-wave Matter, 
where there is NO external forces 
acting on the particle, all internal momenta 
act in opposition and add to ZERO 


allfascia 


p=P 


Gravitational mass-Matter quanta 


hadiantmasrensay ‘ravtypallson things proportional ether mass-Materconent ones 
geometries Topologies 
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lice vacuum energies seas anes 165016 
cteatnge stn enersy grater 

Matter panicles can have 
the same Tetryonic topologies 


but possess a difering charged 
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mass-energy equivaence 
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radiant nass-enery geometries 


All 3D Tetryonle topologies create Gravitational Attraction can be 


al energy moment to spatial regions 


displacement Matter volumes — Tncesingthe tess enery adent modelled as a dipole atraction of epposite 

that in tem generate KEM fields EE sce ad charged mass foscio of Matter topologies 

asa result of the motion of their mee Uren its differing energy field 
narge fascla Gravitation attraction is a strictly {nigruetlons 


UNI-DIRECTIONAL CONVERGENT FORCE 
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KEM field energy momenta produce a Gravitation attraction is KEM field energy momenta produce a 
BIDIRECTIONAL INTERACTION FIELD 20 orders of magnitude weaker BI-DIRECTIONAL INTERACTION FIELD 


Stress energy gradients 


Enos hes dest frm 3D Mater comprised of planar 2D EM mass energs] 
ENERGY in all its forms 
seeks equilibrium 


photons 
° « 
‘Where Newton's Einstein's 
Law of Gravitation is General Relativity is 
modelled on geometric means modelled on energy pressure 
PV =nRT 


F=kQQ 
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Mater tells Spacetime how to bend 


Inverse Square Law Spacetime tells Mater how to move 


F=-GiM Like any pressure gradient, ENERGY always flows from 4 
Ss 1 M2 areas of highest density to regions of low density Ry 2Rew = 
T 2 


seeking to reduce ‘pressure’ differentials and 
reach a state of equilibrium. 


mass-Matter topologies create stress energy differentials 
in the vacuum energies of space 


Gravitational Matter & weight 


is a measure of the amount of mass-energy in Matter 


The gravitational mass Matter sane ques The gravitational acceleration 
of a body determined by its 4nt! (mov? ofa body in any gravity field is uniform 
response to the force of gravity eek ber ee and proportional to its mass-Matter 


mass-Matter w =F= M.g 
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Zero Point Fields Gravity & EM fields 


All energy fields are velocity dependent 
and combine to form vectorial K-EM fields 


AVE oi 


xyes are (he opposite sides of the same quantum coi All charged Matter posseses 
bi-directional interactive 
radiant EM fields 


[ev] ——_ZPF quanta have unidirectional co) 
‘energy momenta orientations 


KEM fields 
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n n 
TA. [on] Asthe ylocity of Matter increases [ten] 
N {ts elarivistic mass Energy quanta increase 
asa result ofthe associated momentum. 


kineic energy and mogretic moment 
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charged Matter topologies create 4 
uni-directional convergent 
energy gradiants 


radiant mass-energies All mass-Matter is velocity invariant 
and creates convergent G fields 


Matterless EM mass-energies 


Photansare often termed as’mass-ess particles in physics which isa complete mis-nomer 
Leading to many erroneous supersitions on the true natureand physics of lightand gravity, 


m M= 


smassgeometry massis a measure of planar Energy Mater opo.ogy Cc =. 
per second 
mass-less infers AParticle has a 
no energy momenta charged Matter topology 


Photons are weightless Mater is a closed tetrahedral 
radiant EM energies yy standing-wave energy 
not massless particles possessing volume 


photons possess photons & EM waves 
2D planar radiant EM have no 3D Matter topology, 
mass-energy momenta they are Matter-less geometries 
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‘he definition and distinction between mass & Mater : 
mass velocity 


{sa majer failing of modern physics, corrected for by Tetryonictheory 


EM fields, vacuum energies and gravity F=kQQ 


all result from radiant equilateral mass-energy momenta 


and standing-wave Matter in radial space 


mass-energy momenta 


EM 


Kinetic & EM fields create 
bi-directional fields 
of INTERACTION 


have equilateral the proportional auraction of 


quantum geometries material bodies towards each other 
‘cau be easily modeled with Terryonic filds 


F=-GMm 
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‘geometric meant 


Matter displaces vacuum eneries 
in its environment to create a 
CONVERGENT force 
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Gravity 
Inverse square law 


Charged particles are 
comprised of won-neucralised 
Planck quanta 


12 177 
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Opposites Attract 
Similars Repel 


Interactive Gravitational 
mass-energies mass-Matter 
both produce inverse squared forces 


Neutral Matter is 
comprised of neutralised 
Planck quanta 
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Gravitational Matter 
is always Autractive 


OB GraviteElectrotagnetim, (abbreviated GEM), refers to a set of formal analogies between Maxwell's field equations and V-B=0 


vx E=-y ‘an approximation, valid under certain conditions, of the Einstein field equations for General Relativity. 
1.92 F=kQQ, k=8.99 10°22 
paa( 9) 08 QQ. = 
meg T? T2 


‘nett Change is a DIVENIGENTT fed 


Gravity is» CONVERGENT field 
a eet = -11.Nm? 
P=m/( oXs) mg. F=-GMM, G=6.67x10" 2 
Tt 
OB, 
ThE og GEM fields “sscmssecitmswatnasete VSB 


‘etryonics 65,02 - G & EM forces 


(28-36) 


(36-28) 


(56-72) 


Electrostatic fields 


Charges attract or repel dependent on polarity 
Neutral Matter is largely unaffected (equally repel & attract) 


[72-56] 
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Gravitational fields 
can be modelled as 
weak convergent EM fields 


Charged Matter INTERACTS electrically 


Nett KEM 


Gravitational attraction is 


Gravitational & Electric constants 


are scaling constant relating Gravitational gradients to superpositioned EM fields 


—_ - GEM - 


Gravito _ElectroMagnetism 


Newton's convergent Gravity & Couolombis Charge 


both follow inverse squared laws 


(geometric means) 


Interactive EM fields are 
20 orders of magnitude 
stronger than Gravity 


Photon 
superpositioned EM fields can be used to model the strength and Electc charge caer 


direction of the weaker Graviational force vectors at any point in the fields 


as they are both inverse squared 


Producing the ongoing speculation of the existence of 
a gravitational charge carrier 


(an erroneous assumption that stems from using mathematics alone, 
without a solid understanding of geometric mass-energies & Matter topologies) 


Convergent force vectors Divergent fore vectors 


Newton’ attractive Gravity & Coulomb's Charge interaction 
both follow inverse square laws 


Instantaneous. Gravitational action 
action-at-a-distance limited toc 
‘The Force of Gravity mass-ENERGY-Matter 
Absolute Curved relativistic 
Space & Time Spacetime 


Ce aya 


a a lee 2 uc? 
Modelling Gravity with EM field geometries 
wWhilesuperpeioned EM elds can be used 0 model the strength apd vector drection 


of weaker Gravitational fields at any point in time within the field geometry 
they DO NOT reflect the actual physicality of the fields involved 


Roo= 4np 


The speed of Gravity is not limited toc 
4s changes to the energy density-pressure 
gradient are immediately translated through 
the aether from one object to the other 


Gravity isa the pressure gradient created 

by the displacement of vacuum energies 

though the presence of 30 mass-Matter 
topologies in any region of space 


Fields of Interaction 


All topological Matter in motion creates a interactive Kinetic EM field 
In adition to its inherent convergent Gravitational field 


Divergent EM fields 
produce a bi-directional 
‘interactive force between 

charged objects 


E fields 


EM 


Gravito-Electro-Magnetic 
Fields 


GEM gradients 


The arta ct Mat jess 
the resultofzero energy m 

scconpegllfty at inti tach n ton cota 
a displacement energy pressure differential 

gradientwith the surrounding Vacuum Energies 


Gravitational attraction can be modelled as 0 
CONVERGENT EM FIELD created by the 
nullspace differential of Matter 


All Matter in motion creates an eternally 
dynamic system of Gravitational fields 
and radiative ElectroMagnetic Energies 


EM radiafigh is a bidirectional 
INVERGENT FIELD 
quanta imbalances 


convergent Gravitational fields 


radiant interactive EM fields 


Gravity and ElectroMagnetic fields 


Gravity & Electro-Magnetic field strengths 
Newtonian Gravity all converge to zero at the centre of the sphere General Relativity 


‘The total relativisitc 

energy of any object 

is the sum of its mass~ 
Matter & Kinetic energies 


All Matter / A\l Matter in motion 
seeks thermal 4 produces radiant 
equilibrium ‘ [KIEM fields 
Gravimetric fields can be modelled as weak EM fields Gravity is always attractive 


Charges are Interactive [space-time curvatures] created by Matter 


interactive electrostatic fields 


is the result of the nett 
EM geometry of {KIEM fields 
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Electric vs Gravitational Fields 


I fields 


3 
: i : 
= ra 3 
3 
& SR Using Special relativity as GR 6 s 
Z the basis for the development 3 im 
g of a General theory of Relativity 4 = 
to model Gravity is problematic z id 
as SR models EM interactions} g 
3 
Units Equation s 
Gravity | ¢=ae=(¢) = 


Electricity! £=sse2(£) 


The similarities between Electro-Magnetic 
and Gravitational fields can be shown by 
modelling their effects through 
EM field geometries 


Electric fields and Gravitation 


Elecirsloticforces ore much greater than Gravhational forces (by abou! TOM2O «ims 
The force of gravity atwactive oro Mater, whereas elecascatic forces ae repulsive or IRe charged Matter 
are no negative repulsive] gravitational charge, while there are both positive er charges 
Electrostatic forces are interactive 
while Gravitational forces are always attractive 


nego 


rest ase Maver 


Gravitational atwaction 
has the opposite force vector of 
Elecirastaticinteraction 


Al ElectroMagnetic eld quanta are subject to Gravitational Matter topologies are NOT affected by 
Lorentz wavelength-fiequency corrections due to velocity Lorentz corrections due to their velacty of mation 


[2-0] There are similarities between the Flectrc field and the Gravity feld of Matter, 
(so sometimes Matter is refered tos "gravitational charge”) 


+A+ Both act in a vacuum and are cential and conservative 
Bath obey en inverse-squuare law (both are inversely proportional to square of 

Roth field types pr speed af , the speed af light. 
12n Electric charge 
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Charge vs Gravitation 


sa asraduict gach piggies a Itcan now be clearly demonstrated that 


(energy geometry imbalances) Newtonian Gravity can be modelled as 
aweak convergent Electro-Magnetic Force 


8.987551787e9 N 
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G 6.67384 e-1 N 


‘We have two fundamental lane stating 
that the forces between two particles 
ae directly proportional othe preduct oftheir 
charges/masses and inversely proportional 
tothe square ofthe distance between them 


= 1.346 e20 
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Gravitational attraction can be 
‘modelled as a CONVERGENT EM FIELD 


Einstein’s general relativity 
offers a different model of 
Gravitational attraction 
however 


Gravitational attraction is proportional to Matter 
(total rest EM mass-energy content) 


Gravito-Electro-Magnetic interaction 


TheElecrraMagnetc Coulombic fd strength 
ropartionaltoun objects elativistle charge 
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Gravitational attraction can be 


modelled as a superpositional 
CONVERGENT FORCE 
Fo Mim: See teeta eoent 


(ondcan se modelled with weak coulombic eles) 


T2 


‘The attractive strength of Gravity 
is 20 orders of magnitude weaker than 
the strength of Electrostatic interaction 


Charged Matter Gravitational interactions 


energy momenta force fields 
Following the field symmetries F=kQ.Q. Electromagnetic interactions 
provided by Tetryonic geometry tr as well as the convergent 


we can now model all fields Gravitational atraction 


8.98755.e9 


Proton electron 
Matter-charge Matter-charge 
9.6577107 €7 Clkg 1810820762 ell C/kg 
mom NA 7.489625 et 
Nm/KG* 
11659053093 ¢-27 KG 
Reflecting all of the 110025594 e-67 Newtons Allowing an accurate value 
geometric force interactions in terms of of the graviationl constant 
EM mass-ENERGY & Matter F=-GMm to be derived 
TP 
Gravity [like electrostatic] fields 
can be modelled as superpositioned 


Energy momenta force fields 


The Gravitational Constant 


fendish 


1 constant to tease to high acer 
any pat attr Ni 


‘The gravitational constants denoted by letter, 
isan empl physi constant mived inte cletion 
ofthe aravtational force between two material bodes 


'e usaly appears in Sir sac Newon's law af uriveral gravity, 
‘andin AbertEinsteins theory of general lata 


The accuracy of 
the mexsued value of 6 
Extreme care must be taken when attempting has increased only modestly since The attractive strength of Gravity 
tomeesure the strength of Gravitational atvaction the orginal Cavendish {820 orders of magnitude weaker than 
Sa ereme Won ie erates bee esere experiment the strength of Electrostatic interaction 


Influences the experimental results 


8.98755 e9 N [tis alo known asthe universal gravitational constant, 6.67384 e-l1 N 


Newion'sconstant, and colloquially as Big G 


CFF Bette ba conte ith le 

=k( ) ( ) hich isthe local gravitational field F=-GM 

F= k Nok 2 (equivalent tothe tee fall acceleration, \ J = 1M2 
oe =) 


especially that atthe Earth's surface, 
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magnetic dipole interaction 


Fundamental field strengths 


are the resultof equilateral energy momenta geometries 


# Strong 


S)eteleae iene ls 
Photons 


ee Approximate Relative 


Strength Reni 


‘Strong Nuclear 10% 10° 
ElectroMagnetic 1036 Infinite 
Weak 10? 10-78 
Gravitational infinite 


Allthe field strenaths of the fundamental interactions 
area direct result of the interactions of their Tetryonic 
mass-energy goemetries and Tetryonic Matter topologies 


(whilst Gravity can be modelled asa 


convergent 


jombic attraction 


itsactual physics are the result af vacuum energy displacement by Matter topalog 
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The Strength of the Gravitational Constant 


Coulomb's Constant baa) ‘ iy 2 
re 
Proton nett charge (0?) Electron nett charge < 
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160217646 e-19 C “460217646 e419 C SSS” 


8.987551787e9 N 


1.659653693 ¢ -27 KG 8.851486361 ¢ -31 KG 
Proton rest mass-Matter 187. 5 electron rest mass-Matter 
(1.5023-7.5¢22) [1.2220] 


Although it provides a coherent and accurate model of all the 
motive forces & interactions present the modelling of Gravity with EM fieids 
dees not account for the source, strength & wnilateral direction of Gravitational fields 


Newton's Constant 


Tetryonic Matter interaction and Gravitation 
Electrostatic convergence can serve as a model for Gravitational attraction 


= Q. 
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Alttatteri 
but in reality 


Gravitational attraction results from the displacement of vacuum energies by Matter topologies 
[the effects of stronger [KIEM fella can be excluded from the lng distance attractive [gravitational] motion of material bodies to each other] 


| Modelling the force of Gravity | 


Nisin mony woysvery similar to Coulomb law of interaction, 
between charaed particles developed by Coulomb 
(after Newton's Gravitation) 


\ Gravity can be modelled as weak convergent EM field \ 
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model the observed, long range attraction between two bodies of Matter 
[exclusive of the clase range electromagnetic interactions cf each body 


A gravity fll sproduced by the charged topology of mas Mauer 
’ energies and creates inrisic nullspace energy differentials 


However, unless it is at absolute zero all Matter topologies produce interactive EM fields that contribute to gravitational forces 
as evidenced with ihe perihelion of Mercury where later observations revealed inaccuracies in Newton's formulation 


{for the motion of material bodies subject to convergent G forces & interactive EM fields 


Gravitational energies as a geometric mean 
‘the geometric mean of two numbersis the square root of their product 
EM standing waves EM mass-energies 


[Matter] can be Sirlosae Newton was the firs to realise thet gravity could be modelled as an inverse square Force can be neither 
created and destroyed created or destroyed 
F=-G Mm. 
T? 


Graittionel energy of Matter in motion 


G, = 8NG7,, 


{ining KEM fd eros] 


ny 


R= 4mG 


igroring BM invasions 


Fe=V Mi. m2 


Fo=M.-m, 


Gravity is the result of spatial energy density differentials created by the internal null-space volumes of Matter. 
Energy (in all its forms) will seek to fill areas of lower pressurein search of universal equilbrium 


Newton modelled the GR models the 
attractive forces between Matter topologies are non-conservative and as they are destroyed ‘energy density created 
objects of Matter it low presnurevallepace gradient Fore] they by mass Matter 


is replaced with conservative forms of radiative EM energy [interactive vacuum energies-photons] 


Gravitational Tidal Forces 


econdary effect of the force of gravity resulting 
fom the geometry af massive bodies attracting each other, 


Is geometric etectsallow acceleration Nelds to be 
distingushed from pure graviation fields 


Tetryonic Gravitation 


is the result of the combined interactions 
of radiant EM geometries & Matter topologies 
inany spatial region of measurement 


IKIEM fields & Vacuum energy gradients 


Radiant EM mass-energy densities 
create [JEM and Vacuum Energy fields 


EM mass-Matter close to material bodies 
over large distances 


EM masses & Gravitational Matter 


p The care problem preventing the unification of Classical gravitation with QM & Relativity theory Pp 
™m 


2 is the imprecise formulation, defnition and differentiation between mass & Matter m 


F=ma 


massis a conserved quantity 
Matter is not a conserved quantity 


inertial mass 
active gravitational mass 
passive gravitational mass 


B= ime? Gea ih 


Even GRaffesnoclear distinction 


radiant mass-energy Gay ERGO EE he: standing-wave Matter 
Ganeral relativity has been heralded as. highly success! model of 
geometry {rasitation ond cosiology which has so far passed every unambiguous topology 
cbservtional and experimental test 
Ly eae ven so, there are strong nications the sheory incomplete ae ey 
onc oom Without a clear, concise understanding and accurate models of the relationship 
DE[[MoV]] —oemweennuseiveteroratneriteectonsouniearecteaysmesve — TIC] [m1 
rs whit € 


safes 2 is = Wt eb topeecat tio ot rete 
2D masses totsin both easesthe aunt of Energy crib ident 3D Matter 


nisi chnging spalco-odoae pers ued tormemureEneay nal fons 
bosons photons ‘that allows fr the cifeentation betweeen mass-eneray geometries & Matter energy topolosies Fermions, Baryons 


mass-ENERGY-Matter equivalence 


Einsteins moss energy equivalence can be further eine cn difeentiated through charge geometries 
[in curt creatinga symetic mass ENERGY. Mauter equivalence formulation} 


standing-wave 


‘The mass-energies of EM waveforms is contained 
within its charged geometry 


E=mc? 


Kg nace 


lov 


EM mass-energy is a property of Matter 


radiant EM mass 


radiant 


[ey] 


Matter is NOT a property of EM mass-energy 


E=Mc* 


f ‘The mass-energies of Matter is contained 


: entirely within its charged fascia 
geometries 


topology 


Tetryonic unified GEM fields 


Equilateral Tetryonic geometry/topology provides a unified quantum field equation 
to model all Gravito-Electro-Magnetic mass-ENERGY-Matter interactions 


ENEROY aes 


sete [fn 


‘mass & Matter are 
distinct EM properties 


Matter 4 mass 1 a, 3 thesquare of velocity 


3D Matter geometry is 
determined by charge 


Matter topologies create & mass-energy geometries 
convergent gravity create interactive forces 


Quantum Gravity 


At present, one ofthe deepest problems of modern theoretical physics the unification of 
General Relativity, hich describes gravitation, and applies to large-scale structures (stars, planets gelaxies), 


With Quantuen Mechanics, which descibes the other three furcamental forces acting onthe atomic scale 
sa 
Newtonian Gravitation Einstein’s GR 
models observed motions models interactions of 


of large-scale MATTER all mass-energy-Matter 


K 


‘There are major points of tension between Quantum mechanics and General relativity. 


Faby, lascal general relay beaks down at singuaives, andl Quanaum mechanics 


The large scale Cosmos becomes inconsistent with geneva relaivty inthe neighborhood of singularities The Quantum world 
is ruled by Sony it lar hot determine the rotational fil of pr sce ude the isruled by 
GRAVITY Heisenberg uncertainty principle of Quantum mechanics ts location and velocity at any instant ~~ ELECTROMAGNETISM 


of Time carmot be known with certainty 


‘Thirdly. there isthe Problem of Time in Quan gravity Time has a different meanings in Quantum 
rechonics and General relativity and hence there are subile issues to resolve when trying 10 
Jormulatea theory which combines the two, 


Gravitatior iction is Gravitatioy Its from. 
a convelfent Force i ddeis)/ pressure 
Matter lients 
Atternpts to generalize ordinary quartuiy field theories. used in elementary particle physiesto 
ddescibe the fundamental interaction of gravy haveto date led to serous problems 


Gravitons 


Gravitons are not required in Tetryonic theory 
as gravitational attraction is a convergent force created ‘Radiant EM fields are produced 
by the EM energy differential produced by byall Matern motion 
3D Matter topologies in a vacuum energy field 


EM 


DIVERGENT 
ElectroMagnetism 


Photons are the carriers 
of the interactive 
FlectroMagnetic FORCE 


Gravitons are the hypothetical 
carriers of the attractive 
Gravitational FORCE 


Gravitons were proposed as the gravitational equivalent 
of the Photon in ElectroMagnetic theory but have never been detected 
‘They were postulated because ofthe great success of quantum field theory (n particulag the Standard Mode 
clectromacnetism by the photon, the strang interaction by the gluons, and the weakinteraction by the W and Z bosons 


The hypothesis was that the gravitational interaction is thkewise mediated by a — yet undiscovered — elementary particle, dubbed the graviton. 
Inthe classical limit the theo'y would allow Newton's aw of gravitationin the weak-feld lint to conform with Enstein’s field equations of General relativity 


Laplacian field interactions 


‘he lanar wo-dmensionalaplacan is ven by 
— oe 
Oy? 


“This funcamental ditforontial oparatox of Appliod ne wae introduced byLaplace 
Inhis 1782 study ofthe force of gravitational attraction exerted by spheroids 
‘and was named after him by Maxwell in is 1873 treatise on electromagnetism, 


The net divergence of 
Positive charge fields due 10 
the anti-symmetry of their A A A 


component Planck quanta lrg fel 


imeracive fl vege field 


convergent feld comergn fied 


Vries ratectteomeant drogen W7 
ape otic ere pte 


“The Lapladan of any salar fei Iiteorted 2s being the tof te 
Tat Sewer Per unitenived ares of is Rad tough a dosed Sur 
surounding the pinto evaluation 


1 Es 
hms ys A = area(D) 


ale ofthe Liplacan 


A= 


The net divergence of 
Negative charge fields is due 10 
the anti-symnetry of their 
component Planck quanta 


Newtonian Gravitation models 
the observed convergent force of 
GEM interactions that results iy 
the motion of large-scale Matter 


[0-12] 


Coulombic 
ie [kJEM fields 


{24-12] [150] 


Coulomb's Law P+ 2 i 


Gravitational ps _ el 


Matter 


Za une The energy density pressure ¢ 


[0 STRESS energies 


M See 


AllMatteris Gravity fields 
gravitationally produce a convergent 
ATTRACTIVE inverse square force 
ae ser ples Al Mate as 
foo Sinem ad INTERACTIVE (HEM 
pmo bas siedy ence 
F=-G Mm weak superpositioned E-field geometries G= 8nG7,, 
T? ce ce 


Inverse squared 


M interactive E-fields 
Although present, the Gravitational Attraction 
between quantum scale Matter particles is 
L____J ‘vastly overwhelmed by the Coulombic 
7 Interaction feld resulting from the T= 
nett Charge Imbalances of 
wherever mass-energies atte ands feds 5 wherever there exists 
create standing-wave ._ mass-energy imbalances 
topologies they also energy will seek equilibirum 


‘via radiant EM fields 


lectrons have 
eae Gels than Protons 
‘but stronge: KIM fields 


Matter, mass-energy, KEM Matter iigss-energy 


M BG 6 QS? — sversinesrem pels crwepreesoranvans epson 127% 1? [kJEM 
pata tagrer dite Groly ens slycnergnfaceofanmcion —_topelgy geometry 
mass Matter topologies displace G ‘ Equilateral [kJEM mass-energies 
‘vacuum energies to form ct ? contribute to the total 


convergent aravity = stress enerales of any region 


Eo 1 Eo = sesate78i7660" F/m 


= ro ito The Electric fields produced by Matter Vacuwn Permittivity 
° produce interactive nett divergent forces 
Opposites ATTRACT 
Similars REPEL PoE 
Peapod pen ctu 


All Electric fields Electric fields 

are nett divergent > S>>< —followthe 

charge geometries Inverse square law 
jcmrecrauabesrears ‘AlMater rae: 
<< imal a 


Equal opposing E-field energy-momenta 
create electrostatic fields around Matter 
[that produce Lorentz forces] 


4m an [ [mi 


ec 


Perturbative M-forces 


ElectroMagnetisin isa velocity depenclent vector interaction that dominates the Grovitational attraction of Matter 


{KJEM fields have 
clectric and magnetic 
field components 


‘The Tetryonic GEM model reveals the interplay of 
Inertial Convergent [Gravity], interactive [E-fields] & perturbative [M-field] forces 


viewpoint Gravitational Matter Is ALWAYS attractive 
vectorial ElectroMagnetic fields are interactive 


Gravity can be modelled 


with pseudo-cleetrie and Inertial 
pseudo-magnetic field viewpoi 
components 


Tie sigh ofthe effect ts diferent (axrction n one case, repulsion in anther) 
‘but this suse Because in electromogneeim the sign of the electre part of the 


“The Gravitational forces on craliglsapgihetei gig wee ogee oh The HectrMagneic orees 

the central partie are repel each other. while in gravity two massive objects autract resulting from inertial motion ina 
a Apart from this sign. there is such a close analogy to magnetism thi Sf 

Movers ramets gan cai Wi Wari fa a ign gnc persicae 


this velociy- dependent gravitational effect is ofien termed Gravto magnetism 


” The Magnetic fields of Matter ; 


e 


[, = 1:2566370614e" N/A? 


Vacuum Permeability 
produce perturbative interactions 
Pai 
v 
RE te 
permcabity contributes 
{oSTRESS ener 
Magnetic fields 
follow the 
inversesquarelaw 
All Mate rates 
KE As 
fraseener) momenta 
_ Matter posesses a secondary magnetic moment 
‘ that is subject to Lorentz forces ase prmi aspc regen 
Pc 
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Gravitational & EM fields 


‘Any Unified Field equation that attempts to accurately model celestial 
onal attraction must also take Ino account REM field interactions 
odes esuiting from their respective motione 


RE 


along with displaced 
Vacuum energy gradients 


Interactive E-fields 
"and perturbative M-ields 


_also contribute to the nett 
_ convergent gravitational field 


KEM 


mass-Matter topologies & KEM mass-energles 


Poo ae seen og ome 
Earth [ anata + [2nnte] K ant P]} + 4nn[P] moon 
aaniser ey c Ges asus 


isplacomere topology 


teplacemert topology 
T? 
Gravitational gratentscan te modeled 
ios weak KEN ils 


Independently and almost simultanecuslyin!$64 three groups of plysicists proposed 
Francois Englert and Reber Brout; by Peter Higgs (inspired by 


sed the Higos mechanism thorugh whieh the inertial mass prepertias of Matter are creates 
Philp Anderson); and by Gerald Guralnik C. R. Hagen, and Tom Kibble, 


The Higas mecha 


m 


BOSONS / PHOTONS 
2D planar matterless fields 
[nx EM mass-energy geometries} 
slice through the vacuum energy aether 


TETRYONS / FERMIONS / BARYONS 
3D tetrahedral standing-waves 
[anx EM mass-Matter topologies) 
interact with the vacuum energy aether 


Matter EM masses 


‘Tetryonics isa full relarivistic unified theory of electromagnetic mass-ENERGY & Matter and motion 
in which the classical properties of inerital mass and quantum mechanical quantised energy momenta are explained 


as being direct result of the geometric properties of inductive equilateral energies moving through external electromagnetic fields 


Applying the Unified Field Equation 


for ElectroMagnetic masses & Matter interactions 
All Matter has @ All KEM waves have 
gm standing-wave 4x superpositioned 
jose anerey teno keg) @ = 8 G 7 maideencrey setiniciriés 
Matter topologies ab py mass-ENERGY geometries 
‘The net gravitational force is the geometric mean of 


all EM mass-ENERGY-Matter interactions 


Tr T?2 
Gravity can be modelled as a ‘Colourb’s Constant isa large 
reduced negative Coloumb Constant interactive Electric constant 
acting over a large distance acting over a short distance 
Tetiyons 4 , Charges 1 
Leptons~12 
Quarks 127 Ignoring interactive [kJEM field interactions reduces GR [k] to Newtonian [G] Photons -2x 
— ears 


Ga = 4G De 


Tetryonic two body interactions 
Gy= 8NGT,, 


Factoring all GEM interactions 
Tetryones resolves o General relativity 


fled 
‘Tatryonics resolves w» Nevionian graviy 


Ga = 41G S68 


ce RELATIVISTIC 
/ mass- ENERGY Matter 


aE [[mv4] 


a [[mev4] 


mass-MATTER 


KINETIC EM 
topologies (os mass-energy geometries 


Our EM SUN 


The SUN (like the Planets) is 
@ CHARGED body moving 
through an EM environment 


Positive ions stream outward 
from the Sun's surface 


and accelerate away 


The charged E field [heliosphrere] 
of owr SUN interacts with other 
charged planetary bodtes 


Magnetic dipole fields follow 
the inverse CUBED law 


The nett Charge of a body is the result of 
‘an excess of one type of energy quanta and 
isreflective oftheir charged topologies 
[ie ionised Matter} 


Solar wind 


Positive ions stream outward 
from the Sun's surface 


and aceslerate away, 


the SUN EM caronain deta 


Prominences 


Flares, Prominences and CMEs are the 
result of Beco Magnett: geomet 


Where Solar EM bops 
‘breakdown or interact fares rut 


Solar Flares 


The SUN (like the Planets) ie 
@ CHARGED body moving 


through an EM environment sf 


Solar Dynamics 


‘Tetryondc charge geometries 
explain Solar EM fled dynamics 


jon stream outward 
From the Sun's surface 


sand accelerate away 


‘The breaking ofarge tnductve EM loop creates 
‘CMS [Coronal Matter Ejections] 


Se 
3 cape 
Sinan 


The Charged EM field [heliosphere] 
of our SUN interacts with the 
charged planetary bodies 


Positive ions stream outward 
from the Sun's surface 


and accelerate away 


The SUN (like the Planets) is: 
a CHARGED body moving 
through an EM environment 


Current solar Magnetohydradynamics 
‘uses nanoflares and wave heating in an 
attempt totry to explain thy 
temnperatureclfferential 


Tetryonics explains thistemperaturediferential 
95 3 product ofthe Eléctnc permittivity, 
of the SUNY EM field gecmetry 


Solar Coronal Heating 


‘saquestion that has perpleted sole ptyscats for over haa century. 


Producing cyclic variations 
in the energy outputs of 
all stars 


Solar cycles 


Onan 11 year cycle, the shape of the corona oseillates from a wide crown about the Sun’s 
equator to a completely closed envelope surrounding the Sun 


/ Solar mnaximuny decreased Matter Energy 
whole sphaies ‘conversion resus in 


é Siler field geamteries 


‘stig isconsumed 
inthe GEM plach eve 
Salatieninimum 6 


Ehliitorial regions 
ars lant 
EMoutp vrs 


increased Matter Energy 


Solar maximum th En a ay 


whole sphere 


The solarcycle is the periodic recurrence of sunspots, or darker, 
relatively coo! regions at the Sun’s surface over a period of about 11 years 


Solar wind 
EMirradiance 


Sunspot cycles 


d solar physicists for over halfa century 


rea 


Sunspot activity occurs 


in the region of the SUN 
dominated by E-field 


geometries 


Spats from multiple cycles can co-exist for some time and the sun reverses magnetic polarity one solar half cyl to the nex 
sospots ntceles can be toldapart over ime 


Solar irradiance 


he Sunemits longitudinal EM radiation across 


most ofthe electromagnetic spectium, 


: 
‘Square units per units of time. 


hina Fob 
establisha better in 


Stellar refraction of EM" waves 


Raby ng te EW aves) ion mene SR intercon IG M 
Photons are NOT. ‘bent’ by Gravicational flelds IG IW. 


they are refracted by propagation velocity changes 
resulting from their EM interactions The motion of EM masses is 
with the solar corona affected by EM interactions 


and creates refraction 


RF transmissions 


2D radiant EM 
‘gy momenta 
jeometries 


The additional ‘bending’ of light rays as they pass by a Gravitational body as predicited 
in Einstein's general relativity is caused by refractive EM interactions 
not by the force of gravity 


c? 
Gravitation in General relativity is Newton's Gravity with SR corrections 


Outer Jovian 
gaseous Planets 


Saturn 


Dwarf Planets 


Planetary Orbits are 
NOT to scale 


The Solar Heliosphere 


‘The eight planets (plus Pluto and all those other dwarf planets) 
orbit within a very small volume of the heliosphere 
(the volume of space dominated by the E field influence of the Sun) 


Inner Terrestrial rocky Planets — 
Earth 


(09.8% of total Matte) 


The SUN is the Solar system's dominant 
charged electromagnetic mass-Matter body 


Planetary sclar Orbit 
technically ellipses, are ne: 


though 
jrcular 


charged 
geometries 


mass-Matter 
topologies 


Radiant 


Stellar mechanics See eee 


produce interactive EM waves 


A Relativisitic 

"} energies 

The current mathematical 

"modelling of allG & EM field A 
energy momenta leads to 


‘ 3 
eae ee 
__ Tetryonic charge geometry. 
provides a foundational “4 
solution 


KE Kinetic EM 
Cc energies 


Electric fields obey the 
inverse SQUARED law 


< anti-Matter stars have 
the opposite charge topology. 
to Matter stars, 
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Neutron: Stars 


Colours ised are illustrative’of Matter types Shy 


— 


Mattér:Stars 


the’ opposite:charge topology 


toanti-Matter stars 


Star classifications 


..~@ 


The greater the EM mass-energies 
radiated ina given volume of space 
the higher the Temperatures 


White dwarves 


‘Average Matter in Small volumes 


The greater the voume for a given 
amount of radiated EM mass-energy 
the ‘cooler’ the Frequency of light 
produced from stellar processes 


Blue giants 


Main sequence 


Averag mass- Matter 
in medium volumes 


Nucleosynthesis 


HT FP The goal of nucleosynthesis is to understand the vastly differing abundances of the O b. 


All Stars have a 

dominant spectral colour 

cared emit a muhiude of “ The P-P Chain 
poctal lines The CNO cycle a . describing the FUSION 


_ describing element creation of elements to release energy 
{inside Stars is erroneous is erroneous 


All spectral lines can be produced 
by the excitation of stellar nuclei by = All 
photons released by GEM pinch 2 Matter-Energy conversion 
our specira “Matter Bnergy conversion inside Stars is the result of 
: ElectroMagnetic Pinches 


The CNO cycle and P-P reactions are 
incorrect theorical models, developed to 
explain the SUN's GEM pinch dynamics 

and broad spectral line emissions 


Solar Arc lamp spectra — spectral lines are producedby accelerating electrons 


Energy-momenuum 3 Spectral lines 


relationship 
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Tetryonic QED explains 
Planck's heat law along with 
all the observed spectral lines 

‘from first principles 


Tetryonic Electrodynamics 


Stellar spectral lines 
E=Mc* 


Energy mot 
equivalence 


_ | Quantum Eqergy >< ~~ Elemental.| 
levelsayers}| “Spectra | 
As energy is ‘Yeleased'by the collapse of 
‘mass-Matter topologies in the stellar core 
they radiate outward raising the muclear 
energies of the surrounding Matter which 
in turn radiate spectral series photons 


et lance 


The spectral lines of all elements can be mimicked by 
Deuterium miclei with rasied energy levels nasser rrr 
undergoing energy transitions beciesie pare 


ni ~ 
Joseph von Fraunhofer standingsove ‘Annie Jump Cannon 


Stellar spectroscopy 


Astronomical spectroscopy isthe technique of spectroscopy used in astronomy. 
The object of study isthe spectrum of electromagnetic radiation, including visble light, 
whieh radiates from stars and other celestial objects, 


In 1901 Annie Cannon improved 

Spectral absorption lines s v upon the 1897 work of Harvard 
are often referred to associate Antonia Maury to produce 
as Fraunhofer lines the Harvard spectral class 


Spectroscopy can be used to derive many properties of distant stars and galaxies, 
such as their chemical composition, and motion through Doppler shift measurements. 


ergy from the SUN pee ote 


EM energies released by the collapse of standing-wave 


Radiant electromagnetic waves propagate 


oyawoqgowey |] 


atthe speed of light in a vacuum [c] ‘Matter topologies in the SUN radiate through space kE, M= 
taking 83 minutesto reach Earth as mass-energy momenta ard interact with Matter 


All atoms are comprised of Deuterium nuclei 


Aa energy momenta isrecievedthe energy levels 
= } 4 ‘ ofthe Baryons increases in tun affecting and 


raising the KEM field energies of bound electrons 


‘oys visible light heat 


acton-at odistonce 


The Earth receives a broad spectrum of energies from the SUN 


{with Visible light falling into the Balmer spectral series] 
Square reot linear momenta present in K lap feling is i 


alllongitudinal EM waveforms from rigid rods cR 


and once established propagate impulses of momenta Y 

Fair ee a CEE By inductively coupling to the raised quantum 
arriving 83 minutes before visble light KEM fields of the bound electrons their 
cenergles can be extracted and uilised 


‘The CNO eycle 


The energy released hypothesised by ‘Fusion’ e ‘ All mass-ENERGY.Matter topologies 


is 1/200th that of the Tetryonic collapse of ional ahearp aati : : are modelled in Tetryonic theory and 
‘Matter into radiant EM mass-energies Baryon decay is instigated by neutrinos 


‘Neutrons are NOT Protons with The P-P fusion chain of 
an absorbed electron inside 5 Hydrogen-> Helium 
their charge topology \ is completely erroneous 


High pressure tunneling ‘ ‘The neutrino production of 
through the Coulomb barrier ‘ Proton-Proton chain reactions 
does NOT occur 65 1/5 of what is detected 


The SUN's energy comes from Tetryonic Matter collapse 
NOT the fusion of atomic nuclei 


‘COLD fusion’ 


can be realised through the 
fragmenting of large atomic nuclei 
thus releasing stored nuclear 
[KIEM waveform energies 


The much-maligned 
‘COLD fusion’ of Palladium 
is in fact a form of atomic fission 
that releases the stored chemical 
[kEM] energies of atomic nuclei 
and is 12-13% efficient 


Stellar Nuclear Fusion 


{sthe process of fusing oflgn atomic nucle in order to feitate energy re 


Long sought after, but never realised, 
Fusion energies remain an ellusive 
source of clean limitless energy. 


Tetryonics reveals the true mechanics 
behind the cold ‘fusion’ observed by Drs. Pons 
& Fleischmann and corrects the model of 
stellar processes to reveal new energy 
sources for the future 


Where Fusion went Wrong 
Te rv cant ace Vere renew ator saci 
None water un eetenneetany orecan oem 
Feehan 


In any useful fusion device, 


the energy output must exceed the energy required 


to confine and heat the plasma 


a nulte ; Radiant 
is the collapse of mass Matter topoplogies into radiant mass-energy geometties 


mass-energies 
form REM wave 
geometries 


}| 


Stellar GEM Pinches 


Electric fields obey the 
Inverse SQUARE law 


2D 
radiant 


Gemmaray: 


rodlced by EM Pihches. geometries 


ateabsorbed by nucelin the Sun, 
andthen remitted aver the course of 


E= Mc! : 207,000 years B= me 


Energy-mass Matter oer GEM @ pinch ze imass-Energy 


equivalence c ecuivatance 


‘Theythen make their way through the Inese ene 
radiative zones of the Sun ‘| create KEM fields 


‘nd autinte space 


The conversion of Matter to Eneray 
in stellar GEM pinches is 
100% efficient 
‘The Fusion of elements Stars enit broad spectra 
is NOT the enegy LONGITUDINAL 
source of Stars electromagnetic waves 


M GEM Pinch efficiency 


GEM Matter-Eneray conversion is the 100% efficient 
dimensional transformation of 3D Matter into 2D mass-eneray 


3D is Eee St oS 2D 
ea ISN 
mass- Matter 


topologies M qe" KE 


mass-energy 
geometries 


The collapse and conversion of 
3D mass-Matter topologies 
into radiant mass-energies 
releases as much energy as 


Matter anti-Matter 


annihilation 


EM Pinch reactors Theaeyat te oven ee 


The technology required to create clean, limitless enercy erie oh eee Sane are 
and meet all of humanity's future energy requirements ailols TERBORE Ket gccinene 
has existed since the 1900's captureand e-<iculateallEM 


energies produced 


EM pinches are fuelled and release mass-energy 


The electromagnetic pinching of Matter 
(as utilised in Nature in all stellar cores) 
produces only EM radiation [light & heat] 
as a by-product - there are no harmful wastes 
- as the Matter is converted with 


by any form of Matter 100% efficiency as radiative KEM fields 


EM Pinch reactor containment vessel 


EM pinchitechnologies 
can provide clean limitless energy 
the all:needs of al 


With clean, ee ¥ are . We can create 


limitless energy SS em VA eee unlimited resources 


‘The Earth has finite resources and av ever increasing human population 
puts pressure on its ability to supply resources to meet our needs 


Unlimited material Resources 


Tetryonics offers a solution to human problems that 
have plagued civilizaticn from its beginnings 
leading to wars, disease and famines 


mass-energy geometries 
cannot be created or destroyed 


With this new understanding o 
excess energies generated from the destruction of M 
can be reformed into any desired element or compoun 
Ih 


all harmful waste can be removed from our environment 


r General Relativity 
The Solar System corrects for fine purturbations 


caused by EM interactions 


thestrength of divergent EM solar adiation 
acison convergent, gravitating Matter to accelerateit 
forming stable orbits relative to the individual 
densities ofthe planetary bodies 


Denser, rocky Lighter, gaseous 
Janets are planets are less 
P 


strongly attracted The PULL of gravity trongly attracted 


to the SUN to the SUN 


Special Relativity 
€ 


Convergent gravity Divergent EM fields 


attracts all Matter is counterbalanced by accelerates Matter to 
towards stars create stable orbits 


Denser, rocky 
planets orbit 
closer to the SUN 


where radiant E] the PUSH of EM fields 


ies are stronger 


Light measurement AU KM travelled ® 


Nercuy —192lightseconds 
Longitudinal EM energy momenta 361 ight seconds 


Tightminute 01202. 7.98 milion produced in the cores of stars provides the mechanics for OC 
ighthour pai eLaattien Instantaneous interaction -at-a-distance J62 ightsecones 
Tight 17314 2sebilion between stars anc their planets, 2598light-seconds 
Tlight-week 12120 181.3bilion ‘752lightseconds 


Tiight-month ——«S1943.——7776-illan 2 n 76lightseconds 
Vightyes 346'rlion S.89tilion Cc Nepture 14 976lighteconds 


Kepler’s Laws 


T’=ka3 


Thesquare ofthe orbital period ofa planets 
directly proportional the cube ofthe 
semi-major axis ofits cebit. 


be 


ih an equilateral angle, draw lines from the 
triangle hs a rads ofthe circ fo 
Any wo right rangle sharing one of the radial lines rs therefore be 


hes 


This nurn shows tha the sx right triangle 


ofthe cicetocach vertex 


An Elipse circumsribed, 
onto the Apex points of 
an Equilateral triangle 
has the form 
of a Circle 


SUN 


all congruent ands te large triangle 


The divergent energy momenta 
of kEM fields create an acceleration 
FORCE on material bodies 


The orbit of every planet is an ellipse 
with the Sun at one of the two foci. 


eeremen Q 


Aline joining planet and the Sun sweeps 
out equal areas during equal intervals of time, 


A Star's kEM field accelerates 
Matter away from it creating 
stable ellipical orbits 


c 


each midpein, crating sx right tangles. as shown with sx differen colored triangles 
eg. and half of aside ofthe origina 
ent, avd tha ilies hat the lypow 


rangle for another 
uses ofthe eiangles ae all eval 
ey combire to forms equilateral 


The Major celestial bodies ee ee rato hts tee 


(gravitation Matter and interactive KEM felds 


Planet Object Axioltlt() Axil radians) 


Mercury 000 
venus 310 
anh oat 
Moon 003 
Jupiter 3 006 
Saturn a7 
Uranus 7 wn 
Neptune 039 
Plo 209 


Venusand Uranusare unique in thet their orbital motions 
aboutthe SUNareretre-grade motions 


in comparing the massesof 


Inclination to Sun's equator (°) 


Solar orbit Inclinations 


Rocky Planets 
Mercury 3.38 
Venus 3.86 
Earth 7.15 
Mars 5.65 


Gas giants 
Jupiter 6.09 

Saturn 5.51 sap 
ghue oa Mognetosphere 
Neptune 6.43 


Solar Heliosphere— a Solar Heliosphere 


Inclination to Sun's equator 


Solar 
Magnetbspliere 


Orbital inclination isone of the six orbital parameters describing the shape and orientation ofa celestial orbit, 


Tis the angular distance of the orbital plane from the plane of reference (usually the primary s equator or the ecliptic), normally stated in degrees. 


The Lagrange Points 


oy 
+EM Dela eeteloniucy onsite stoi 


eral Relativity mi 


Newtonian Gravity with Gravtaonl forces fom eo bose a 
interaction: bape toa meee ec ‘can be modelled with super-posiioned 


party cancl hag ol 


= RB 
vas 


iy 
B < : as ‘ 


"rs pointes on ine din iy to Sarno eo as, 


(5) 


afi he Ton aero und the ALS pont fe pre sat ss, 


grange points mark positions where grange found his points of stabilty 


the combined gravitatonal pull 0 by subtracting the gravitational potential 
large masses provides precisely ‘energy from the object’ kinetic eneray. 
centripetal force required to rotate w 


Earth-Moon Gravito-Electro-Magnetic fields 


‘Gravitational testsin the region ofany 
material body using Photons mustalso 
take into account EM interactions 


Vs 


R--GM. 


sqrt[GM/r] 
rT? 


lem feta ® 


oravlhy 


1,738m 
* radius 


3683004 i 


The onginof 
the Earth's magnetic field 
has so far defied al attempts 
ata satisfactory solution 


—Graiatonal ek ace VAD ow 1 


arn gravitational field on the Moon's surace 
1 1/3600 that of the Fler the a 
160" 


The Gravitatiohal field of the Earth 
Is theresilt of ts mass-Matterand can 
bbe modelled as a weak EM field 


Gravity isnot what gives the Moon its velocity 


Tc hs been theorised that whatever velocity the 
‘Moon has was probably acquired when it was created 


Gravity prevents the Moon from breaking out of Earth 
orbit and flying away, confining ito its known orbit 


Texryonies illustrates that along with the gravitational force 
the Earth’s[kJEM fleld provides a interactive force to 
accelerate any Bodies in is gravitational embrace. 


Tis this balance between Gravitational atraction 
interactive Efeld forces & Magnetic purtwrbations 
that creates stable orbits over long periods of time 


2D kEM field: 


te charged bodies 


reating stable orbits 


The Earth’s ElectroMagnetic field 


Extra magnet fel (alo hrownas the geomognetc fel isthe mogneti eld 
that extends from the Earth's nnercore to whereit meets the sla ind 


Itisthe magnetic dipole field 
tilted at an angle of 11 degrees 
With respect to the rotational axis ebelena 


! 
ARATE) i The Earth's magnetic field is really 
generated by the motion of the Barth 
rf ' through solar & vacuum energies 
Sot partes y Ke SN and it is enhanced by the molten 
alloys in the Earth's core 


Solar panicle ons 
repels 


Solaroartcle ions 


Solar partie ions The magnetic poles 


tracted acess and even fp over ti 
Ut protects the Earth from cosmic rays a pprecess and even fp overtime 


thatwould strip away the upper atmosphere 
leaving us exposed to UVB. cosmic rays 


‘Atrandom intervals (several hundred thousand years) the Earths field reverses 
(thenorth and south geomagnetic poles change places with each other) 


The Earth's molten core 


The Earth has an outer scat slid crt a highly viscousmanle, aliquid oer core thats much less vicous than the mantle, and a soli inner cre. 
Scien understanding of Earths internalstuctuets based on observations oftopography and bathymetiy, 


KE 


The energy that creates the 
Earth's magnetic field 
is supplied by the SUN 
via tongitudinal waves 
of energy momenta 


Terrestrial Aurora 


result from the interaction of the Earth's magnetic field and the energetic solar wind, 
Which provides energised lane and photane to the polar regione of Planets 


Solarpartile ons 
sttraced 


Solar parte ions 


Solar particle ions 
reelles| 


Sola parte ons 


Absolute Rest Frames 


Absolu is intrinsically linked to the concepts of absolute time and space originally iritroduced by Sir Isaac Newton 
i Philosophize Naturalis Principia Matheriatica, d Newtonian mecharics, 


According to Newton, abjs6lute.timne and ‘spa jective reality. 


Rest In physics refers to an object being statlonary réldtive 
to aparticular frame of reference or another dbject 


The concepts of space afd time wate sepayaté'in physidal theory price te:the advent-of spedal relativity theory, 


which connected the two and showed bath:t6 be dépetident tion the observer's inertial state of motion relative to other inertial irames. 


In Einstein's theoties, the ideas lite ltie-aitd space were stiberseded Sy. the notion of spacetime ih spétial relativity 
‘and by-dyssimically cutved spacetime in-qjaheral tetativity 


By, 


In some of his later paper nition of the dether by identifying it with 
yas is state canfiot be influériced by Matter. 


e argued tha dhsidered.as an ‘absolute aether’, Also the four-dimensional spacetime of s 
which replac r).would be some sort of “absolute ether", as its states cannot be influenced 


Red-shifted Photonic Energies 


Energy is ALWAYS conserved... longer wavelength [red-shifted] photon energies are a reflection of 


the time specific measurement of photonic energies at-a particular distance from the source of the light 


Photons.are-neutral, coupled charge 


momenta ged) 


eed of light in av ae walt | mo ] 


their EM energies 
diminsh as per the 


inverse square law 


6) 


The red shift of Photons 


According to special relat somethingapproaches the passa 
‘Atwin movingat the speed of light would not ager change relative to the stationa 


General relativity additionally states that the cosmological red shiftis the resultof a pheton traveling through an expanding space time field 
which causes the photon to loose energy and its wavelength correspondingly increases. 


‘The divergent spreading of EM energy over time from a source creates the spacetime aether 
2 sec 


Energy moments 


2c? 


‘Tetryonic geometry relates photon mass-energy momenta to 
the constant velocity of light in a vacuum and its intrinsic quantised angular momenta 


QAM has the dimensions 
of Area/time [m 


Planck's constant is 
equilateral mass-energy 
momenta per second 


As EM energy radiates away from any point source 
s 


QAMisa hidden geometry 
within Planck’s constant 


f 


its wave-length’ increases anid it’s lorent2 contracted 


in.its dire 


As the elapsed time-period is increased 
the equilateral tass-energy momenta geometry 


is spread over a greater area creating longer wavelengths 


2 charged Planck quanta 
form a EM photon of 


mass-energy momenta 


negative Planck quantz 


The Doppler shifting of EM waves 


General relativity incorrectly holds that the cosmological reds -ultofa photon traveling through an 
expanding space time field which the photon toloose energy a avelenaith correspondingly increases 


Itis the Photon’s trinsic geometry that increases the further it travels from the source due to the inverse square law 
resulting in less energy (per unit of time) being recieved at increasing distances from the source 
as the Photon's specific QAM [m2/s] has increased over time 


Blue-shifted 


Any relative motion benween the source observer 
that reduces the dstance 
duces a Blue-shiftin 
ta-frequenc 


Blue shifted 


Poor definintions of Energy per unit of Tine 
along withthe interchange of quanta and frequency 
have led to the mistoken concept of photons lasing energy 


™m 


Photons DO NOT lose energy as they travel 
the group energy [per unit of time] of the EM wave 
they form spreads out overtime as a direct result 
of the inverse square law 


eal [Imav'|] 


Relativistic Corrections q 


fall are applied to only [kinetic]EM mass-energy geometries 
CM = h at 


Wave-length contraction Time Dilation 


linear 


Lorentz corrections 


transerse bosons 


SR- clocks in differing inertial frames 


experience time dilation 


ngths measured in curved spacetime 2 
clocks in differing Gravitational fields 
are different to straight lines in flat spacetime SSeS = See 


dt 


salar enorgy momenta 


ot 


Cina monterton 


GPS relativistic corrections 


Claims that the Global Positioning System (GPS) provides a valid test of General relativity are evroneous 
IGR provides Lorentzian [SR) correcttions under the guise of Gravitational effects] 


Photons are mass-energy momenta quanta 
[they are Matter-less NOT mass-less] 
and are subect to Lorentz Forces and corrections 


vow G+SR=GR sn 


M 


¢ 


Newtonian Gravity : a : J General Relativity 


is universal Sa 3 is limted to c 


The ‘gravitational’ frequency shifting [Red-Blue shifting of EM waves] is in fact an electromagnetic effect 


The Bending of Light 


The Gravitational bendin: ht asit passes close to Matter 
is ascientific misnomer 


EM waves of light are refracted by the 
EM plasma enviroment 
of any star 


vewor ANG +40SR =8nGR ewan 


forentz 
correction 


The Perihelion of Mercury 


is the result of EM interactions in addition to gravitational attraction 


he bit preceseas at a measurable rate, but even aft 9 for gravitational perturbations caused all athe: planets in the solar eystem, 
Newton's theory 2 precise inverse-square relationship for distance) predicts arate of precession that differs from th rate by approximately 43 arcseconds per century 


Both Newton and Einstein saw Gravity as a singular force of attraction between objects 
and developéd their math accordingly-from the observed motions 
without any physical distinction between mass & Matter 


Universal gravitation is the result of the 
convergent gravity AND interactive EM fields 
in any spatial region 


Einstein 


+ 


Newton Lorentz, 


Newton 


Universal Gravitation 


: Close to gravitational Matter sources 
Pérturbative M filds have Gravity tonian gravity has to be 
inverse squared geometries modified with SR corrections to 


‘ ‘account for [KJEM field 
interactions 


Gravity +" # At larger distances 8 GR reduces 
Mficld pertitbations” to 4n Newlonian gravity 


Gravity + | held interactions 


The SUNS longituelinal wave emissions cates Interaction-atadistance 


All the major solar bodies orbit within the interactive Stellar Eield 


Gravity + I--field interactions 


Cone 


M—field.pertubations Convergent Gravitational fields 
and interactive Electric fields 
are inverse squared fields 
of differing strengths 


Perturbative M -dipole fields Gravity 


have invetse cubed geometries 
The SUN’s GEM field 


SUN-Earth-Moon GEM fields 


Using equilateral [Tetryonic] GEM field geometries, 
2 visual representation of the SUN-Earth-moon 
GEM interactions can be created 


The inveraciive Magnetic dipole force Isa inverse cubed force 
whereas the interactive Electric force is an inverse squared force 
[asis Gravity) 


F=kQQ: F=kQQ: 


The Gravitational force of Matter 
is co-incidental to [and weaker than] 
the divergent interactive forces 
of E fields 


All GEM fields hie comprised of: 


Convergent G fields G EM fi el d 


Interactive E fields / ] . 
Perturbative M fields _yaccelerations 


Interactive KE fields are geometrically? 
————— ce-incidental with the ' 


“convergent Gravity fields of Matter | 


/ 
Convergent G fields & Interactive E fields 
are inverse squared field geometries 


Perturbative dipolar M fields have 
inverse cubed field geometries 


Spacecraft entéri 


g th 


The positon ofthe Moon 

inisorbwiletier a 

_ neeaseerceceosette (NV) 
EM eld occelertions ofthe 
SUN-Earth-moon system 


Polar view 


All GEM fields are comprised of: 
Convergent fields 
Interactive E fields 
Perturbative M fields 
Interactive KE field vectors are 
geometrically co-incidental with the 
strictly convergent vector of Gravity 


The combinedinteractons of GEM lds 
create the nett convergent motionaorce we have 
histrclly observed andmodelled esaravity 
Convergent G fields & interactive E fields 
are inverse squared geometries 


Perturbative dipolar M fields have 
inverse cubed geometries 


GEM field 


accelerations 


All Material bodies 


Gravitational flyby accelerations nate 


mass-energies thelr Gravitational fields 


3rd quarter 


‘As Gravity pulls 
the Moon towards to Earth 


The position ofthe Mon 
in itsorbit wr spacecraft flyby 
wil create minute increases or 


weal) WA: az 


decreases i its osberved velocity 
in addition o that calculated 
from purely G-feld calculations 


The Earih's EM field 
proxides a constant outword jorce 
tocrearga siable orbit 


atisfes all of the known effecis of the Ear 


a 


Measurements of any Gravitat 


3 coecon mest Gravity &EM field forces at work 


ALL Matter creates GravitoElectoMagnetic fields 


Any measurement of GEM fields 
must take into account: 


Evfield accelerations 
M-field perturbances 


and the position of ALL Matter 
wrt other bodies in the system that 
contribute to GEM field interactions 


Spacecraft at great distances 
from material bodies are affected by 
convergent Gravitational fields 
[Newtonian gravity] 


Flyby anomalies 


Spacecraft flybys in this 
1egion OPGEM fields 
experience E-fieldinteractions 


F=kQ.Q: svitational shi 
7 


hanging wavelength- velocity Freq 
¢ result of interactive E-field acceler 


NOT Gravity fields 


Spacecraft travelling closer to 
material bodies are affected by 
interactive E-fields as well as G-fields 
[General Relativity] 


Pioneer anomaly 


Viewed dow Despite many proposed solutions, 
there is notyet an accepted explanation 
for the cause of the Pioneer velocity anomaly 


Many proposals 

have been put forward to 

12 explain this unexpected 
acceleration towards the Sun 


The modeling of solar Tetryonic GEM interactions sho 
cern pecan ea sy that the measured acceleratior 
. & 
at vt 


Srsiaters Goer elt he result ofa weakening, inverse 
problematic as nether model quared stellar EM interactioy 
accurately refect thetre,dynaic Pioneer 11 throughout the Solar helior 
GravitoElctroMagnecinteracitons 4 


four Solar system and its environment 


co-linear momentum forms an inflexible path for the propagation of linger forces between separated objects of mass-Matter 


The SUN radiates longitudinal mass-energy momenta from the collapse of Matter in its GEM pinch core 


instantaneous interaction-at-any-distance 


electrostatic field co-linear momentum 


as Matter radietes longitudinal waves of en 
that can facilitate the transfer of instante 
‘objects of mass-Matterrrespec 


EM waves propagate at the speed of light- co-linear momentum impulses can propagate instantly for as long as the field exists between the objects 


Instantaneous interaction-at-a-distance 


One of the major points of disagreement between Newtonian Graviation and General Relativity 
concerns Einstein's limiting of information and energy momenta propagation to the speed of light 
whereas the Newtonian physics for Gravitation acts instantly between Matter irrespective of distance and time 


Coulomb 


Newton 


Where electrostatic and/or electromagnetic fields overlap they form fields of interaction between bodies of Matter 


the ‘quantum rods’ of co-linear momentum in their EM fields facilitate ‘FTL spooky interaction-at-a-distance 
facilitating near instantaneous [real time] impulses of linear momentum to convey physical forces 
over vast distances without loss for as long as the fields exist between the objects 


The efficient wireless transmission of electrical energy 
. requires the creation of a large electrostatic 
field of longitudinal energy momenta_ 


‘The key to wireless energy isthe use 3 ‘Nikola Tesia was the fst to promote 
of LONGITUDINAL EM voltages such Me Pseh the use of Longitudinal EM waves 
4 those produced by spark gaps f as.a source of wireless energy 


‘Once generated by EM pinch [or other spark gap technologies) where upon its reciept at distant locations near instanteous impulses 
real electrical power can be transmitted wirelessly through the air of linear momentum can be utilised fo produce electrical work 
without loss using LONGITUDINAL waves of energy momenta _for any muriber of devices utilising an earth return 


‘Since the discovery of the photo-electric effect 
at che runt of the roth century electrical engineering 
‘and physics theory has focused on transverse Hertzian 


For the efficient generation, production and storage 
‘waveforms 10 the exclusion of longitudinal waves 


of electrical energy to met ALL of Humanities growing 
energy needs, electrical engineering practices must move from 
transverse wave technologies to longitudinal waves 


their linear energy momentum is not co-inear 


‘The lossless transmission of power 
with ther direction of proagation 


over any distance, including to and from 
orbital platforms & remote locations on Harth, 
can at las be made into a physical reality 


Super-luminal communications 


Creating a near instantaneous real-time communications network 


i 
«a ¢ SS3S3S36 36 3S3S> jE» 


Mars 
Alpha Centari 
Andromeda Galaxy 


% a ——— 
Interstellar communicati 
Sendiig spaceatllfto each star in over to 
establish longitudigal wave communications 


ni simply. impractical, however a solution 
j to this problem Is apparent 


Instead of beaming’ 
transverse radiowaves 
into space or searching 


for the same arriving 
from other plartets 


=~ Anyadvanced 
technological civilisation 
becoming aware of longitudinal 
+ waves should look to their local star 
for signs of life in'the Universe 
and use it to communicate 
With other lifeforms 


Mercurial anomalies 


Mercury 


Mercury has heat of its own, not just reflected heat of the Sun; 


Mercury has still an atmosphere of Hydrogen, possibly thelast 
vestiges of a more extensve halo and tral (caduceus) 


Mercury rotates because itisin its present orbit it s stronaly affected by the EM field ofthe SUN, 
Because the ElectroMagnetic forces near the Sun need to be accounted for in the motion of any satelite about a more massive body 


[ie Sstellto-Flanet or lanet- Sun), the stronger & perturbative M forces are responsible for the observed precession ofthe periholion 
of Mercury, and Leverriers discovery of this precession can be modelled with Einsteins’ General relativity through Tetryonic geometries 


Venusian anomalies 


The Moon's Origin 


Earth-Moon anomalies Most scientists think the moon was born from a gargantuan calision, 
‘when ayoung,30-millon-yarold earth was sideswiped byan 
embryont planet te siz of Mars some 45 lion years ago wth 
GDH Wo om Pare ted Soe oacion vray 
onlescing fom the eectato fermour Moon. 


The Lunara lunar day's @ month long 
the sameas the Moon's orbitalperiod 


‘The Moon only shows one faceto the Earth 


;onis 400 times smaller than thes 
The SUN is 400 times more distant 


Is blessedin ths fashion Isaac Asimov 


A strking coincidence that has had astronomers thinking since ancient timer 
Is why the Sun and the Moen appear tobe the same size during an edipse. 
HS knownthat the suis diameters 400 times that ofthe Moon bu, 
then again. the Moon is 400 tines further away fom the Sun. 


This create the optical usin thet the two.re actly the same sce, 
allowing us to observe the Solar corona ane its EM fied lines 


Martian anomalies 


There is no completely satisfactory theory as to how Uni paver Heer eee! 


isone ofthe smallest known meons 


Deimos and Phobos came to be in orbit around Mars in the solarsystem 


4 
‘Although Mars s much smaller than Earth, [approx 1/4 the size) yy 


Its surface area is about the same as the land surface area of Earth 


Deimos and Phobos areprobably asteroids perturbed 
by Jupiter into oxits that allowed themto be captured by Mars 


In contrast, the northern hemisphere 
consists of plains which are much younger, 
lower in elevation and have a much 
more complex history, 


The southern hemisphere of Mars 
is redominantly ancient 
cratered highlands somewhat 
similar to the Moon. 


Sau fromthe SUN 


‘An abrupt elevation change of several kilometers seems to occur at the boundary 


Jupiters’ anomalies 


Jupiter has twelve satellites 


The iveinner moons revolve around thelr planet in orbits 
‘only slightly incined tothe planet's equator at distances 
from about 110,000 miles for the innermost to about 
£640,000 miles for the outermost. 


N 


[= 


Tetryonic EM geometry 
offers answers to many of the dynamic 
mysteries of Jupiter and its moons 


Then there isa group of three meone whose orbits are inclined 
tothe planets equatorby almost 30° at distances of about 
7 million miles from Jupiter. 


‘Thece three moons also revolve around the planetin the predicted 
direction. 


The four outer moans, however, move sround the planet in 
retrograde motion, or opposite to that of the other eight satellites, 
at distances from about 12 to 13 milion miles from the pl 


Saturnian anomalies 


In addition to theplanet’sgiant rings, Satum has nine majer means 
‘and more than 60known satelites. 


The motion ofthe outermost Phoebe s retrograde, 
‘moringin adirection opposite tothe other eight moons 
‘and oppesiteto that predicted from an evolutionary origin. 


Tetryonlc theory suggests that thi retrograde motion isthe recult 
ofit beinga gravitationally captured body whose motion over time 
will be slowed, eventually forcing it into the same motion asthe others, 


a The Saturniani rings, like many uthers, are formed by the electric field of the planet, 
The loge of Sturn eccasionaly exit and subject to seasonal fluctuations of the SUN's heliosheric E-field TetnyonicGEM interactions shows 
‘ghostly radial pokes that seemingly that thes features are te result of 
“dey the laws of gravity lect frcesadciional to gravity 


Strange features abound within the gs f Saturn. These incude hundreds of eof grooves or nattow Nuctution inthe Bring, the most masive ing, 


Thece len inclite“platanic"n the C ng, the imermast main ing—broad, dark chap-edged features thicker than eliewhere the rng 


Neptunes’ anomalies 


Neptune has two satelines, 


Nereld, a small moon, moyes around Neptune 
In the predicted direction, but Triton, one ofthe 
larger satellites in the solar system with amass 
‘almosttwice thatof the earths moon. 


‘Of Neptune's 13 moons Triton is by far the biggest 
‘andthe only one massive enough to be spheroidal 


Weirdl. Triton has a ‘retrograde! orbit revolving in 
the opposite direction ofthe planet and other moons. 


Plus the orbit is at an angle rather than in the plane. 
‘around the equator lketypical satellites 


Neptune was the first planet found by mathematical prediction 
rather than by empirical observation 


Uranus’ anomalies 


Uranus is remarkable, even though it rotates around the sun in the same direction as the other planets 
in an orbit inclined less than a degree (46) from the ecliptic (the plane of the earth's orbit 
around the sun), the axis of rotation of Uranus is nearly in the plane of its orbit. 


‘Accordingly, the inclination of the equator of Uranus to the plane of its orbit 
is 98°, and its axial rotation is retrograde. 


The five moons or satellites of Uranus move exactly in the equatorial plane 
of the planet and they revolve in the same direction asthe planet rotates. 


Their motion, with respect to the remainder of the solar system, is, 
therefore, also retrograde. 


Tetryonic theory dictates that Uranus’ 
peculiar planetary mechanics may be the result of 
the EM interactions of Uranus itself with its satellites 
The direction of the axial rotation of Uranus. 


and the motion of its satellites is opposite to that rather than the current evolutionary explanation 
predicted on the basis of an evolutionary origin. 


Pluto’s anomalies 


Pluto is much male than any ofthe ofc planets 
and eve to Its siz and orbital inclination 
Ts now clazafied ara "dior plone’ 


Pluto rotates in the opposite direction 
to that of most of theother planets 


Pluto is lacked in a 3:2 resonance with Neptune; 
le, Pluto's orbital periods exactly 1.5 times longer than Neptune's, 
Itsorbital inclination isalso much higher than the other planets. 


Pluto's orbit is highly eccentric 
[Attimes itis closer to the Sun than Neptune 


SATURN 


Charon is unusual in thatit is 
the largest moon with respect to its 
primary planet in the Solar System 

(a distinction once held by Earth's moon), 


‘The Pluto-Charon system is noteworthy 
for being one of the Solar System's 
few binary system 


Cometary anomalies 


While the solid nucleus of comets is generally less than SOkm across, 
the coma may be larger than the Sun, andon tals have been observed 
‘toextend 3-4 astronomical units (5-600 milion km) 


SS ce ae 


The Electric Universe’ mode! cf charged solar tadles predicted the occurence cf anelecrica flash 


Inadvenceto the Inpoct oa projectteint themudevsof Comet Tempe! (Deep kept) The tals of comets always point away from the Sun, so after a comethas passedthe Sunt actualy travels tl fist 


The Plasma universe 


Plasma in space consists of lonised plasmais the fourth & most common 
energetic ions and electrons state of ordinary Matter, most of which 
[accelerated charged particles} is found in the rarefied intergalactic 
medium and in stars 


Only when mass-energies form standing-wave 
topologies doesiit create the states of Matter 


we are familiar with here on Earth: Where there ere Magneticfields there are Electric fields, 


solids liquids andi gases modern radio-astronomers often map the magnetic lines 
of force to the exclusion of electric currents in the mistaken 
belief that electric fields do not exist in space 


Cosmic GEM pinches 


Black Holes do not exist 


~ 
* Magnetic fields 


Electric field 


Magnetic fields 


Galaxies are held together 


and structured by EM fields 
Dark Matter & Dark Eneray 


are manifestation of EM forces 7. 


f Matter to Energy 
n all-scales 


PLASMA FIELDS 


The Cosmos is 
electromagnetic 


in nature 


Magnetised Plasma fields harged Plasma field: 
neutral electric charge EM fields jarged electrostatic EM fields 
(with a magnetic magneton) (with no magnetic magneton) 


Neutron stars 


Matter y antiMatter 


Accretion discs 5] 0» Gamma rays 


Magnetars Pulsars 


AllGravitational fields 
are comprised of quantum 
GEM fields 


Incurrent astrophysical theories in order to create a 
Neutron star 
the central region of the star collapses under gravity 


Itcollepses so much that protons and electrons 
combine to form neutrons. and neutrogenic Matter 


Hence the name"neutron star’ 


As shown throughout Tetryonic theory 


Neutron stars can be formed 
comprised completely of ‘Neutral Matter’ 


Neutral Matter is comprised of 
Neutron - entiNeutron 


atomicnuclei 


Neutral matter atoms function identically to 
normal matter-antimatter particle topologies 
and releases energy in the form of photons 


The gravitational collopse ofany 
stellar material must overcome 
the radiant EM energies that it 

releases 


Pulsars arenon-neutral stellar 

objects that have weak M-fields 

but emitextremely strong E-field 
radiation as they collapse 


Neution degeneracy 


Asa starcollapses, the Fem! ene 

to the point wher itis encrgetieallyfavorablefor them to 

combine with protonsto preduceneutrons (ia inverse beta decay, 
also termed neutralization’ ard electron capture) 


ofthe electrons Increases 


This, as shown through Tetryonic geametry,is incorrect 


Gravitational fields 
are comprised of 
convergent gravity and 
interactive EM fields 


Neutronium formation 


“The gravitational feldat the star's surface 
‘about 2x10411 times stronger than on Earth. 


Such a strong gravitational field acts as ¢ gravitational lens 
‘and bends the radiation emitted by the star such that parts 
ofthe normally invisible rear surface become visible” 


Photons and EM waves are REFACTED by EM fields 
NOT bent by gravity as currently hypothesized 


fav" 


The neutral nuclei 
of neutron stars emit 
exactly the same light 

as normal stars do 


‘Aneutron star isa type oftellarremaant that cen result from the gravitational collapse of a massive star during a Typel, Type Ib or Type le supernova event. 


Such stars are composed almost entirely of neutrons, which are substomic particles without electrical chaige and wit the same mass-Matter as protons. 
‘Neutron stas ae very hot ard are supported against futher collapse by quantum degeneracy pressure due tothe Faull exclusion principle, 


This principle states that notwo neutrons (or any other fermionic particles) cn occupy the same place and quantum state simultaneously 


Neutron star types 


Neutron stars comprise one of the possible evolutionary end-points for stars, 
they are compact stellar objects measuring between 10and 20 km across 
‘with intense magnetic felde around 1012 times that of the Earth, 


electrons 


2 


Neutrons Negatrons 


Neutron stars are neutral charge pulsars 


Neutron Stars Negative charge pulsars 
a 


Strong dipolar M-felds Strong E-fields 


Pulsars 


‘A puaris arotating neutron star thatemits a beam of electromagnetic radiation. 


“This adlation can only be observed when the beam of emission's polnting towardsthe Earth, 
much the way a lighthouse can only be seen when the light is pointed in the direction of an observer, 
and isresponsible forthe pulsed appearance of emission. 


Pulsars are electrially charged 
versions of neutron stars that have 
Ree Oy , weak M-fields in comparision 


ube of erp Serb 
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to Neutron stars themselves erated by rotating Fcc eld prompts 


Pulsarsare very dense, and have short, regular rotational periods. 
This produces a very precise interval between pulses that range from 
rlliseconds to several seconds for individual pulsars 


E-field waves Radio wave astomony detects 
accelerate charged particles E-field waves of energy momenta 
M-fields do no work ( Plaigy in not magnetic waves 


Pulsars Aroetind pur (99) a pus ha retinal pad 
‘Are compact Matter bodies with strong GEM fields inthe range of about 1-10 milliseconds. 


ilisecond pulsars have been detected inthe radio, Xray, and 
gamma ray portions of the electromagnetic spectrum. 


VS 3 . The origin of millisecond pulsarsis still unknown, 


The leading theory is that they begin lifeas longer period pulsars 
but are spun up or “recycled” through accretion, For this reason, 
millisecond pulsarsare often called recycled pulsars 


$e 


Mogheie 
xis 


Like all Stellar bodies their GEM fields e 
resolve to a point at their core , 


This model much better explains. 
care iilieee SAS EM enitasiona, Number of Pulses 
per Second 


fadiatve E beam 671 |B} [ole aa Tp——— 15> Radiative Ebeam 
against the current rotating magnetic dipole models, 
where the high angular momentum involved 
would result in the star tearing’ 
‘ itself apart 
Page 
Ais Applying Tetryonic geometries to the question of milli- 
second pulsars reveals that they are the formative 
non-cl ‘on Ss form of all Pulsars and that over time they slow 


down to become the observed longer period pulsars 
with } [obeying the conservation of Angular momentum law] 


ars or accretion-pawered pulsars are a class of astronomical objects 


that are X-ray sources displaying strict periodic variations in X-ray intensity 


_ Accretion X-ray Pulsars 


‘An X-ray pulsar consists of a magnetized neutron star 
{in orbit with ¢ normal stellar companion and 
‘are atype of binary star system. 


Like all Stellar bodies their GEM fields 
resolveto a point at their core 


Stellar Novae 


Novae are cataclysmic nuclear explosions ina white dwarfstar. 
white dar star 
Itis caused by the accretion of hydrogen on to the surface ofthe star, 
which ignites and starts a runaway nuclear fusion’ process — 


these of planet 
Novae ae catactsnic sell phenorrena that ake oace In nary systems cellar ‘fusion’ processes are in fact GEM pinches twit mae of 
consttng ofacompacttelir object and lowes Sa that convert sanding wave Matter into radiant mass-2 WEISEL 


The stars must be close enough for the intense gravitational field of the white dwarf to tear material away from the outer layers of its companion. 


photons of energy mom runaway 
orm ids that eneray conversion 
Tons and elections within the supernova 


Humphries 


spectral lines of Helum, Carbory Nimedd ‘oducing spectal line emissions 


‘An enigma that has puzzled experts for over 50 years Is the origin of the lmregular, Inhomogeneous distribution of novaejecta 


sn cartoon (C) and calcium (Cajon the period c jected during 


(Be 


Ifthe EM pinch at the core ofa Star 
rapidly increases its efficiency or 
losesits ability to confine the 
‘resultant KEM energies the 
‘tar willbe blasted opart 


Supernovae explosions 


Supemovae are extremely luminous and cause a burst ofradiation that often briefly outshines an entire galaxy, 


‘The GEM pinching [collapse of Matter waveforms] 
always results in divergent neutral charge 
KEM mass-energies 


Black holes, hypothesied in physics 

{5 @ solution to the math of Einstein's 

Generalrelatvity since twas was frst 
formulated in 1915, doNOTexst 


‘All thetr physics are provided for 
by GEM pinch field mechanics 


tellarcore blasting away the remaining stellar Matter 


Current theoties based on mathematical modeling of General relativity without accurate quantum mechanical models 


Singularities Picci cask ante fomspboely cate oees aad emnaonal ees 


collapsing the 3D materialbody of large star to create a singularity and the eventual formation ofa black hole. 


Equilateral Planck charge geometries are the key 


A gravitational singularity or spacetime singularity isa location sD underitedieh stele aoceses 


where the quantities that are used to measure the gravitational 
electromagnetic fields become infinite in a way that does 
not depend on the spatial co-ordinate system Singulartesexist ‘lack Holes do NOT 


Just as the radiative KEM fields of ‘che OE ote Foner 
Matter in motion and charged EM fields 
gives rise to the modern physics misconceptions 
of spherical point particles and String theories 


Tatyoni eon pecues pir partles and bat hales 
rot pee eet ea eae een : : : 
rar as eae ees rary emer ears Tracing the GravitoElectroMagnetic fields of 


The colpseof 3 Matter releases ts standing wave energes Matter back to their origin point can give rise to the 
2s radiant 20 mac-eerales fms the bcisfor 


Ae misconception of a EM field singularity leading to a black hole 


Quasi-= 


‘ASstanding-wave Matter if convertéd to 
railiant EM riasces and pure energy the 
puts of CEM pinches ca increasé 


deamat 


‘A quast-stellarredio source (quaser) is very energetic 
and distant active galactic nucleus 


(Quasais and Biazars are 
‘extremely luminous andWere first identified as being 
high redshift sources of electromagnetic energy, 
Including radio waves and visible light, 
that were pointtike, to stary rather than 
extended sources similarto galaries. 


The central ‘core’ point singularity 
| - ‘of any GEM pitch is completely invisible 
and is revealed only by its effects on Matter 
: throughsits interactive EM fields = 


steHar objects: 


tically over short periods 


Long hypothesised as having 
Supermassive Blackholes at their cores 
Tetryonies reveals Matter~Energy GEM pinches 
tobe the source of the observed, distant 
large-scale'stellar dynamics 


= 


All. Matter (comprised of charged Planck quanta) 
will accelerate aceOtding to their charge distributions 
as they interact with the divergent energies of EM pinches 


=mc? 


moss-energ) equivalence 


rer tgpologs are energy pe 


‘An xctive galicticnucieus (AGN is acompactregion atthe centre of galaxy 
‘that has a much higher than normal luminosity over at eat some portion, 
‘and pozsblysll ofthe electromagnetic spectrum, 


Active Galaxies 


GR uses stress tensors to 
model the gravitational effects of ALL 
energy in asystem in its various forms 
without distinction or differentiation 
between mass-energy geometries 
and Matter topologies 


EM PINCHES ARE 100% 
EFFICIENT CONVERTERS OF 
ANATTER INTO ENERGY 


Tetryonic geometry the Unive 
as being completely dominated 
larger scales to help s} 


of Galaxies tha’ 


EM PINCHES REDUCE TO 
SINGULARITIES AT THE FOCUS 
OF THEIR DIVERGENT FIELDS 


Tetryonic geometry reveals 
divergent interactive EM masses 
& 
convegent gravitational Matter 
all contribute to the nett force of 
Gravitational fields 


The current astrophysical models ofactive galaxies 
propose supermassive Blackholes as the only mechanism 
possible to produce the observed large-scale dynamics 


Tetryonics reveals the Galactic EM Pinches are also 
capable of fitting the observed date and explaining 
many of the current mysteries surrounding 
how active galaxies generate their power 


KGabugeiN-Gartoge OU Black holes 


In General relativity, a black hole/sa region of space in which 
the gravitational eid i so powerful that nothing, including fght, 
‘can escape Its gravitational pull. 


Theblackhole has a one-wey surface, called an event horizon, 
intowhichabjects can fall, but aut of which nothing cancome. 
ltiscalied 'black" because Itabsorts al the light that hits it reflecting 
rothing just like aperfec blackbody in thermodynamics, 


‘Standard Model’ quancum analysis of black holes shows them ro 
Computer-based moveling of GR possess a temperatureand emit Havking rediction. 
‘mathematics without chergegeometres TheUniverse has 
leads to paradaxia|& erroneous outcomes Heeersti 
dimensions 


Tetryonics allows for Supermassive 
Matter to form but does NOT allow for 


i Dark Mater 
the classically defined Black holes aes 
EMvecorfores 


ry ete Black holes, Worm holes & 
AP Hater topoi0nycaltnse other passable singularties 
\ P do NOT exist 


In Standard Model Quantum Mechanics 
’ pioblem arises in that Charge and Gravity equations 
breakdown and produce infinities and 
‘other impossible results 


ratlant mass energies Very large nor-raciating Dark Matter’ 


Would be the closest thing possible to > 
» the curently theorized black holes, 


However the 3D volume of such an object 
would be limited tothe space taken up by its 
The centres of Galaxies & Quasars constituent Tetryonic charge Matter topologies 


nes Sane iy Lakaivel teen ra ped The collapse of standing-wave Matter topologies 
supermassive blackholes are in fact 


This similar tothe curent modesof results in the release of divergent radiative 
the foci of ElectroMagnetic pinches Neutron Stars, WIMPS and MACHOs mass-energy geometries 


Vacuum Field Bot 


radiated weak neutral EM energies tl 


y 


All mass-energy geometries 
& Matter topologies are 
created from Planck quanta 


Newtonian 


Gravity fields 


‘Matter topologies 
displace vacuum energies 
to create gravity 


Relativistic stress energy 
tensors model mass & Matter 
as a density-presswre gradient 
EM mass-energy 
geometries radiate, 
permeating all of 
Free Space 


ElectroMagnetic masses 
are interactive 


KEM geometries radiate 
to create vacuum energies 
of all wavelengths 


The Big Bang theory 


TheBig Bana isa considered to be a well-tested scientific theory which is widely accepted within the scientific 
because it is the most accurate and comprehensive explanation forthe full range of phenomena astronomers observe 


The framework for the Big Bang model relies on 
Albert Einstein's general relativity and on simplifying 
assumptions such as homogeneity and isotropy of space. 


The Big Crunch 
Weeten iain tien Hoe pete lt goa ered ee 


‘and dense sate which expanded aid Inwould become denser ond hotter again ending witha sttsnilar to 


The Big Chill 


‘intimeusirg general relativity yieldsan infinke densi \ 


‘and tompereture ata finite time in the past, which It proposed 
‘underwen'a explosive birth and a period ofrapid expansion 
in orderto produce the homognetity currently observed. 


The heat death ofthe universe is csuggested uhimate foe ofthe universe, 
In which the universe has dminished to «state of na therrodynarals 
free eneray ard therefore can no longer sustah motion life 


z 
" 
Exrapoktion ofthe expansion ofthe Universebackwords y 


Energy death 


TheBig Bang theory isthe prevolling cosmological mode! thet 
aitempts to explain the early development ofthe Universe 


Positive and negative charges are opposing sides of the same Planck energy quoin 


Gz 
Fi. 


Empty space . 


Negative discharge point 


Big electrical Discharge 


Tineiseyroerive Ue rng SERGE Maneér 
‘of chanBind Saree Haste of Sut Universe 
UTTREHOS 0) (Seonstant 


eneaene titer 


smass-opergy 
speomietrls tf 
Natu pologles 


Polis pprare 
reli rou [EM 
VieldinercctIo 


Upon their relea gies created all the mass-energy-Matter and forces of interaction 


within our Un ight, and continues to seek a state of eternal, dynamic equilibrium 


The Dynamic Universe Radiant 


Like a living breathing Organism, the Universe can now be seen as 


an eternally dynamic system that is constantly evolving through 3 
Matter creation, EM interactions & Matter destruction expansion 


Singularities “ict ental ann rigs Inilation 
5 KS Sa 
Thar ecole 
‘Blanes 
ne 


abe fm the yer noiling 
tfeonvagut 2 els offre 
withonranundestanding of 
thee cig nos 
pas 
The collapse of standing-wave 


Matter releases interactive 


EM mass-energies 


[Divergent EM Radiation 


Dark Energy 


Dark Matter 


results from modern modeling 
‘without an understanding of 
theEM energy momenca 


of convergent EM interactions 
wioutan understanding of 
‘grometies 


‘the EM energy momenta 
‘goometres 
“The energet spacetime bei’ of ur Universe not curved ts created from flat Eudidean Planckquasta 


ina finely tune! state ofdymamicequtibrium between gravitational Matter & rian’ EM mass-enagies 


Galactic GEM interactions 


GEM field interactions 
determine the overall shapes 
of Galaxies 


The Tetryonic solution to problematic ‘Dark Matter & Energy’ 
is to differentiate between all Matter & EM mass-energy 
geometries within the same spatial co-ordinate system 


All KJEM radiation has 


interactive fleld that increases 
when Mactr is im mation 


DARK MATTER <= 


or when its sanding wave Matter 
topology is destroyed 


The Dark Forces 


Gravitational attraction i the result ofthe nullspace of Matter. 
Its many orders of magnitude weaker than ElectroMagnetic forces 
(Gravity does not hold the whole galany together) 


: Convergent EM field/interactions > 


Divergent EMA field 


Tetryonics dictates that in order to correct for measured Gravitational accelerations 


ve must distingush between EM mass and Matter and take into account 
all the EM forces as well as that of Gravity produced by Matter 


Al [K]EM radiation has 
interactive field that increases 
when Matter isin motion 


DARK ENERGY 


or when its sanding-wave Mare 
topology is destroyed 


ElectroMagnetic 
mass-energies 
are interactive 


Vacuum Energies 


‘Vacuum energy is an underlying background eneray that exstsin space even whenit isdevoid of Matter (free space) 
and results from the introduction of the Cosmological constant [A] by Albert Einstein as a modification 
cof his original theory of General relativity in order toachievea staticuniverse. 


ELE 74% 


KEM inter i Vacuum Energies 


Heater abandoned this concept after observations of the Hubble redshift ¢ 
indicated that the universe might not be stationary 


avitational Matter ElectroMagnetic mas: 


always attractive are always interactive 


ab + 


Unlike Einstein's Special and General theories of Relativity that utilizes 2 scalar energy density tensor, 
Tetryonics utilizes analytical geometry & topology to differentiate between EM mass & Matter 
topolog! and model all energy nteractionsin any spatial region 


Granlto-lectro- magnetic 


EM interaction 
\3 M result from 


ofa EM xs ENERGE Matern Sy uperpositioned 


E, = 2mv? Vacuum Energy Wavelengths 


‘Vacuum energies account forall energy in the Universe that s not standing-wave Matter or its associated [KIEM wave 


These radiated EM waves Interact and superposition 
‘over time to create a uniform vacuum energy density field 
that Is displaced by Matter topologi ing Gravity 


Dark Matter is nett 

attractive forge that results when 

the Blectisitingnetiajfiteractions 
‘of Matter"in motion are not 


included in calcu 


woes 
DARK MATTER 


Toler ena roe 


Matter produces Gravity 
EM waves are interactive 


Dark Matter is matter that neither emits nor scatters ight 
or other electromagnetic radiation, andsso cannot be 
rectly detected via optical or radio astronomy. 


Gravity is t 


he result of the 
displacement of vacuum energies 


by 3D Matter topologies 


All [KJEM radiation has 
a convergent component in its 
interaciive field that increases 
when Matter is in motion or 
created in the form of EM 
standing wave topologies 


RK MA 


Dark Matter 


Dark matter is estimated to consttute 
228% of the Matterin the universeand 
239% the total mass-energies 


‘Much ofthe evide@S1Sr dak SHE 
fecm the study themotons of gale 


Diskmaterpiysacentralrate ir the modeling 
Uatlate stricture formation an evolution 


In 1986, Nobel laureate Hannes Alfven Galaxy Rotations The dynamic modelling 


postulated at an electrical model of large scale Matter must take 
for the solar system The totaton curve ofa galany (alto called a velocty curve) into account all forces present 
¥ can be represented bya graph that plots the orbital speed (in km/s) of the stars or gas bi 
in the galaxy onthey-ans against the distance fiom the center ofthe gelaxy on the x-ax's 


ased on Newtonian mechanics and assuming. as was originally thought, that most of the Matter of the galaxy had to be inthe galactic bulge near the center, 
Matter (such as stars and as) in the disk portion ofa spiral should orbit the center of the galaxy similar to the way in which planetsin the solar system orbit the sun, 
Le. where the averageorbital speed of an object any distance away from the majority ofthe Matter would decrease inversely with the square roat ofthe radius of the orbit 


is comprised of charge 
harged quanta 


Gravitational 
Matter 
Is attractive 


Tetryonics dictates that we must take inio account EM forces as well as Gravity 
in order to account for any perturbations that convergent Gravitation alone cannot account for 
Gravity alone does not hold the whole golaxy together acl eletny varia te 
It is many orders of magnitude weaker than ElectroMagnetic forces dre 


Gravitational attraction i the nett convergent force resulting from three distinct quantum forces 


Dark Energy eae as knoe 


EM mass-energlesare conservative Dark energy is ahypothetical form of energy thet permeates all of space 
and tends to increase the ate of expansion of the universe 


Dark Energy/ie 3 nett 20/1KEN fields 
repulsive foirce'that resuks when 7 A% 
Gravitatioral Matter:topologice 22% 
ave destioyed by stellar GEM: VacuumEnergies —-——_—«KIEMenees Yerween ts 
pinch processes 


Matters nat conservative Independent from ts actual racur, dark energy would need w have astrong negaxtve piessue 


(repulsive forceor divergent eneray opposite tha ofaravtationalatraction) 
In adr ta explain the observed accelerasion in the expansion cate oftheuniverse. 


All [JEM radiation ha 
4a divergent component in its 
interactive field that increases 


n Matter is in motion 


DARK ENERGY DARK ENERGY Aaron aoe res 


‘more thar 10dordesof magnitude toolage 


Divergdat EM field interdctions Sia Vicae etic hetas es Taicoes et 
or its standing-wave topology \ ‘bya equally large termof th opposite sign 


is destroyed 
atter is destroyed and energy is rele 
attractive force of Gravity decreases 
due 
Infactanegative pressure does notinluence the gravtatienal interaction between Mate which remains attractive] 


bucratheraters the overal evlution of the universe a thecosmological scale, typically resulting in thelcalsed accelerating 
‘expansion ofthe universe despte the ataction between Matter present throughout the Universe 


Energy-momenta geometry 


The super positioned EM fields A major outstanding problem is thatmost quantum field theories predict Due to the equioteral asymmetry 
of fice space is comprised of 2 huge cosmological constant from the energy of the quantum vacuum, __of all dhe energy momenta quanta in 
Planck energy momenta more than 100 ordeis of magnitude too large charged electromagnetic fields 


Summing over all possible Energy qua all points in space 
gives a large but NOT infinite quantity 


The total Vacuum Energy in any spatial region Divergent energy momenta 
contains fields of Planck energy-momenta always dominates over 
seeking an equalised, homgenous stare Convergent energy momenta 


Charged electrostatic fields 


Electric Charge vergence s aways 
‘perl te Charge converoeace 


Electrostatic lifters 


eto 


Tetryonic geometries and Coulombic forces 
offers an alternative means of propulsion 
Jor space lauches and frictionless transports 


forces should not be confused with 


Charged voltage fields contain nett divergent energy momenta 
lanck quanta] that can do work over distances 


The Light speed barrier 


Ez nme, ma ] 


Inflation 


While the detailed partice physics mechanisms responsible forinfation arenotknown, 
the basic picture makes a number of predictions thet have been confirmed by observetion 


janis thusnow considered partof the standard hot ig Bang cosmology 


ma 


GIVEN SUFFIIENT ENERGIES ANY REGION OF SPACE-TIME 
All mass-energy propagates WILL UNDERGO SUPERLUNAINAL EXPANSION INFLATION] The energy in any spatial region 
ata velocity directly related to poscostes a related mass-volocity 
the impedance of the medium. linear momentum] component 


— 


‘And God said, 
Let there be light 
and there was light 


The planar EM Energies released 
at that point would have resulted 
in faster-than-light divergence from 
that point as dictated by the 
geometric energy-momenta 
velocity relationship 


| 
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UNTIL REACHES A CRTICAL ENERGY DENSITY THAT RESULTS IN 
THE OSSERVED SPEED OF USHT THAT WVE NOW MEASURE 


It prescribes a dynamical EM Universe evolving over time 
into a state of equilibrium between gravitational mass-Matter topologies 
and radiant, interactive mass-energy momenta geometries 


Superluminal velocities KEM fields contain 
energy-momenta 


= KEM =n 


-energy field moving 
luminal velocities is still 


subject to Lorentz contractions 
Any Matter held within, and moving along 


with, a superluminal EM field remains 


Lorentz invariant 


ENERGY REQUIRED 


Bele) 


Charged spaceship 


Warp Speed Scotty 


Faster than Light Travel 


It has been well blished by Tetryor 
that the speed of light ’ is not a insurmountable 


barrier as long expounded by Relativity theory 


The natural speed of Light is easily surpassed given 
the right technologies (and sources of energy) 
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The finely tuned Universe 


Conservation symmetry Noether’s Symmetry 


A conservation law states that some quantity X 
(describing any physical system) 
remains constant throughout its motion 


Rotation symmetry gives 
contenation af angular momentum 


Equilateral geometries provide the foundational 
symmetry for all the physical conservation laws 


(QAM /second 


Virtual Particles 


tainty principle 


In Tetryonics the Uncertainty principle 
has been negated with deterministic, re-normalisable 
charged mass-ENERGY geometries & Matter topologies 


¢ 


Charged Matter topologies = 1Pe2 


in vacuum energy fields \ r 


create Gravity virtual Particles are not a required part of tetryonic theory 


A long-standing symmetry question of Physics is “why do we live in a Matter dominated Universe ?” 


Anti-Matter 


inverted Matter 
charge topologies 


Anti-Matter 


In addition to the established Matter-antiMatter forms of mass 
there exists a third form of Matter 
pesitron 
anti-Proton 


fys-as) Qa 
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The Universe is filled with Matter - Neutronium - antiMatter star Galaxies 
and their emitted photons of light are identical 
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Matter - Antimatter 
symmetry 
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Baryon asymmetry 


The Big Bang should have produced equal amounts of Matter and antiMatter, 
as such, there should have been total cancellation of both, 


Itismotyetunderstood why the Universe has more matter than antimatter. 
Itis generally assumed that when the Universe was young and very hot, 
‘twasin equilibrium and contained equal numbers of baryons and antibaryons. 
Protons should havecancelled with antiprotons, electrons with antielectrons (positrons), 
neutrons with antineutrons, and so on for all elementary particles. 

This would have resulted in asea of photons in the universe with no matter. 

However, observations suggest that the Universe, including its most distant parts, 
ismade almost entirely ofnormal matter. 


anti-Neutron 


anti-Proton 


Neutral Matter 


Tetryonics dictates that the Universe is filled with 


Matter - Neutronium - Antimatter star Galaxies 


and their emitted light photons are identical 


, inparticus the predominance of Matter over artiMter Interactions ard 
namic elds ofeach Galaxy GEM pach core 


Neutron 


electron 


Matter dominated Galaxy 


Counter-clockwise rotation 


Neutron 


El 


Galactic Matter distributions 


Tetryonics dictates that the Universe is filled with 3 forms of 
Matter - Neutronium - Antimatter stars and Galaxies 
light is identical and cannot be used to distingush them 


Neutronium 


Neutron Neutrino anti-Neutron 


Newtroniumm is found! predominanty in Neut 


anti-Neutron 


anti-Proton 


scalar Energy 


kgm 


Leibniz-Newton 


linear momentum 


E = mv’? 


mass-energy momenta 
relationship 


linear momentum 


kgm 


Planck's constant 


_Lorentz-Einstein 


scalar energies 


E = mv? 


2 
mass-energy Cc 
equivalence 
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scalar mass 


ke 


Tetryonic Theo ry 


The charged geom: i mass-ENERGY 
& 


Quantum Mechanics 


Quantum levels yy 


Cosmology 


Unifying QM, QED, Chemistry and Cosmology 
through charged equilateral Planck mass-energy momenta 


Kinetic Energies 
of motion 


J 
The quantum geometry of universal Gravitation 


Radiant > Standing-wave 
masses Matter 


Vacuum 
Friergies / 


TETRYONICS 


The equilateral geometry underpinning the mathematics of Physics 


Geometry and the Theory of Everything 
DIFFERENT TYPE OF GEOMETRIES 


3D 3D 


SPucne SADDLE 


veld 


(aus by mar Khayyam Grolamo Sache Bernhard Remann = . 
ea2e-248.80) (330-2758, . 3008), 


The Socratic tradition was not particularly congenial to mathematics, as may be gathered from Socrates’ inability to convince himself that 1 plus 1 equals 2, 
‘but it seems that his stucent Plato gained an appreciation for mathematics after a series of conversations with his friend Archytas in 388 BC. 


(One ofthe things that most caught Plata’ imagination was the existence and uniqueness of what are now called the five ‘Platonic solids" 


Itsuncertain who first described all five ofthese shapes- it may have been the early Pythagorean but some sources (including Euclid) 
indicate that Theaetetus (another friend of Plato's) wrote the first complete account ofthe five regular solids 


Presumably this formed the basis of the constructions ofthe Platonic slids that constitute the concluding Book Xl of Euclc's Elements, 
In any case, Plato was mightily impressed by these five definite shapes that constitute the only perfectly symmetrical arrangements of 3 
set of (non-planar) points in space, and late in life he expounded a complete "theory of everything’ 


in the treatise called Timaeus, based explicitly on these five solids, 


Interestingly, almost 2000 years later, Johannes Kepler was similarly fascinated by these flv shapes, and developed his own cosmology from them 


Tetractys 


The Greek Tetractys sa ha iaincky Neca pile thf alr ‘The tetrad was the name given to 
triangular figure consisting of ten paints pectic Mipeainnned the number four 
arranged in four rows stvditierelatlonchip Rorween Farris in Pythagorean philosophy 
aril the poset costed yy GOD there were four seasons 
‘one, two, three, and four points in each row, and four element 
\Which isthe geometrical representation of the and the number was also associated 
fourth triangular number. v with planetary motions and music 


Asa mystical symbol, it was very Important to 
the secret worship of the Pythagorean, 


Sacred numbers 


‘Asa mystical symbol, it was very important to 
the secret worship of the Pythagoreans, 


The Tetractys can be re-organised to represent the 
space-time geometries of 
all EM mass-ENERGY. Matter 


C2 


The single triangle in the frst row represents 2ero-dimensions (a point) 
A vector direction in one dimension can be represented asa line between amy two points 
The second row represents a Boson (two-dimensions ina plane defined by « rhombus of three triangles) 
The whole figure folded represents three-dimensions (a tetrahedron defined by four apex points) 
Photons of ElectroMagnetic mass-Fnergy quanta are represented by two opposing triangles 


The Greek Zodiac 


The Greek Elements 
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Equilateral Triangles 


‘An equilateral triangle isa triangle in which al three sides are equal 


¥ 


‘Equlatral tangles are 


synmetrialin ‘Anysit equilateral triangles 
__ many ferent vaye Jed can make aheragen, 
The 
tesselation of 
odd numbered 


It is unique in that itis the only polygon 
that can be tiled (or divided] and produce 
only identical geometries and squares numbers 


equilateral triangles 
creates square numbers 


Thats, 


The equilateral triangle isc canes 

is eminently suited for NOP scabsie gsomevies 143454749411 

the construction of fractals 143454749411413 = 49 

14345474749411413415 = 64 
etc 


hy. 


‘An equilateral triangle is simply a specific case of a regular polygon with 3 sides 


ation. 


Pythagoras of Samos 


The Pythagorean Di ceusal 


hough attributed to Pythagoras it is not certain that he was the fst person to p In any right triangle, 
the area of the square whose side is the hypotenuse 
The fist now (the side opposite the right angle) is equal to 


the sum of the areas of the squares 


whose sides are the two legs 
| 2 2 (the two sides that meet ata right angle) 


‘Te square of the hypotenuse ofa triangle sequal tothe sum of the squares ofits sides. 


PythagoreanTetractys 


Since Greek times 
squared numbers 
have incorrectly 
been identified with 
square geometries 


‘The Pythagorean equation is at the core of much of geometry, 
Its links geometry with algebra, 
and isthe foundation of trigonometry. 


Without it, accurate surveying, mapmaking, and navigation 
would be impossible, 


Equilateral triangles are also 


butts application to the eneray- momenta geometries 
squared number geometries 


of ElectroMagnetic fields and Matterin motion in Physics 
is erroneous and must be corrected for science to advance 


Energy geometries 


Atomic nuclei geometries 


Hexagons canbe ted or tesstated ina regular pattem 
‘on fat two-dimensional plane 


Hexagons 


A regular hexagon can be subdivided 
into six equilateral triangles 


Heragors are the only regular polygon that 
canbe subsvded into another regular polygon 


‘An interesting relationship between circular and heragonal 
‘geometry is that hexagonal pattems aften appeat spontaneously 
wen natural forcesare tying to approximate ces 


Heragonsare the unique regular polygon such that 
the distance between the center andeach vrtae 
Is equal tothe length of eachside 


‘Six is a highly composite number, 
the second-smallest composite number, 
and the first perfect number. 


30 oragona tation toplogcl denial 
That ls, 1"2°3=1424+3=6 to the clase packing of circles ona plane 


Platonic Solids 


FIRE “The Pythagercans new that there were ony fe regular convex lich, 


AIR 


the tetahedon, cube, octahedron icosohedren and dedeahedron 
and each one could be accurtelycrcumscibed bya sphere. 


EARTH 


4A tangles meetto form 
‘retranedion 8 vangles meet to form 


30ctahedron 


tetryons 4 ee So one 


regular dltahedions regilardetchedions 


leptons 12 F-E+V=2 20 Baryons 
faces edges —_vertexs 
‘2 pemtagons rie fo nia owes oet fom 


ae 
THE HEAVENS rae asta eicemenat WATER 


the essential elements ofthe universe 


+tetryon Tetryonic Solids 


Despite their unique topologies Tetryonic solids 
are not unlike Platonic solids save that their toplogies are 
comprised entirely from complex hitherto undescribed 
Anz equilateral Planck mass-energy momenta geometries 2 
that also match the Euler numbers of Platonic solids 


z 


12 leptons 127 


2 4m temyons Ar z a 3 
§ 

z ie & A 8x quarks 127 2 
& deltahedrons 3 apa regular 3 
g 8 2 deltahedrons 3 
E z 5 a 


20n Baryons 367 


K 
| 
Their equilateral topologies are best described 
as reqular topologic-deltahedrons: Lr 


12 faces neutrino 2 
Po inva electron tetra-delta-hedrals ‘tetryons 4m external charge fascia 


octa-delta-hedrals quarks. ==‘ &rexternal charge fascia 
dodeca-delta-hedrals leptons 12 external charge fascia 
icoso-delta-hedrals Baryons 20 external charge fascia 


note: 
Charged mass-energy fascia geometries and edges become 
"hidden" upon the meshing of delta-hedra to forrm Matter topologies 


Euclidean geometry 


ABSs27S BEALE RCh ‘Arguably the most influential Mathematics book ever writen is Euclid’ The Elements! 


In alt it contains 465 theorems and proofs, 
described in a clear, logical and elegant style, and 
using only a compass and a straight edge. 


The Elements -Book 1 - Definition 20, 


Ofthe trilateral figures, an equilateral triangle is that 
‘hich hasits three EQUAL sides 


Euclid’ Elements- Book 1- Proposition 1 
Method of constructing an Equateral tangle 


Euclid’s five general axioms were: 


‘Things which are equal to the same thing 
are equal to each other. 


IFequals are added to equals, 
the wholes (sums) are equal, 


IFequals are subtracted from equals, 
the remainders (ferences) are equal. 


Things that coincide with one another 
are equal to one another, 


The whole is greater than the part 
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“The number nisa mathematical constant that's 
Archimedes ‘the ratio of acitce's circumference to Rs diameter, 
Fn As its definition relates tothe circle, a 
111s found in many formulae in trigonometry and geometry, a 
‘especially those concerning circles, ellipses, or spheres. 


Itis also found in formulae from other branches of science, 
suchas cosmology, number theory, statistics, fractals, Pi 
thermodynamics, mechanics, and electromagnetism 


Incorrect identification of Pi [c/d] as opposed to Pi radians a | 


in Physics has led to the inappropriate association Peer poco 
of spherical particles to the physical sciences 
Whereas equilateral triangles & tetrahedra 

e(2a78c-2.212 8) formits true geometry 


J Thera id eortan 
reandlen ofthe ce’ size 


3.141592654....104 
Proof of the fact that C=2nr and how Archimedes proved it 


Drawany etc, 


ate pont anyuhete on he cheunerenceo thelr cic 


Use that geln a theca of seconlHue ee wis theses she grenade 


“The edoo of thobue el shoul ouch the art fh ence 


raw the ie segment conneting the enters of hee ees 


"North I canning ne cata of eect whew cose te gremcle 
‘noth Ses andcorleethe args 


‘You shuld vet equate angle whae des ae equalt the fe gen cle 


Nove extra the rade so they become arate ines, 
{ithe nay sere the orca and tii dong al othe angles coach 


Youve gots equlitera ingle now hat make an rane hessoon. 
‘othe porter of yur hogan the same vst es thera your ce 


'Sutyour currence. itl bigger thenthe perme of yournexzgen 
becaiothoshoras datune between Wo pots alas raght ine, 


Thisshows yu thatthe cicurferencof the blue crelehas tobe mote than 
soiree then hactabeaite bigger than 3 whe tis 


“The more sides we drawon our polygon. the closer we will gett the real value of pi(3.14159.tc). 
Using polygon with 96 sides, Archimedes was able to eaculte that n was tle bigger than 3.1408 


&Pi 


Tetryonies 81.10 - Archimec 


The Golden Ratio velocity vectors a: ae 


‘ene own ole ata eae ‘The hight fhe rangle [ALM] prac by 

mf the quanto the lage quant eal bisecting ie 12 

tothe at ofthe lrg” qlany tothe sale one. = pee pie cia cial a+b 

‘The figure to the right illustrates the geometric relationship A th 
at+bis to cas ais tob 


Anintiguna showing of ginan equilateral trangle 
vats dbverved by George soma resident the 
Hudson River Psychiatrie Centar ithe erly 1980s 


[1.61803] 


Interior line length [LM] 


Li of the bisector fine 
fe cqul 02 the ide 
CEE 
(A or cA) Interior Tne [UM] 
Let Land beth mide oteies 
‘and ACstomeguloers ange ADC 
bynequrementand 
Golden ratio phi theinanctng Cheer 
Kinese MX-MY = AM-MC. 
“The area ofthe Efe permitvty amon [ALDM) 
rode bythe polenta lector V2 
4oe the area ofthe rghl equilateral, 
x ak energy tlre [ABC] 
x ray trol [ABC] 
“eteyoni geometry reves 
themainim eneldampitode 
the redved Planck constant 


Parad Planck's constant [h] Gegeotony 


@ 


The Golden Rhombus vector velocities 
Applying the golden ratio (9) to quantum scale vs 
tected ynarle geometry wcan gle y deter it 
the Ineat Romentu and feegnete moment vecors of photons magnetic vector 


‘&EM waves can also be expressed asa golden ratio 


Golden ratio phi 


[1.61803] 


ul 


magnetic Force toe ee photons 
vs of 


electric Force —$—_$__ p ——_—__+>>-< EM energy 


<A equilateral [square] triangle 
divided inte 12 equal semitones 


The 5 planes of 


Cartesian co-ordinates 


Planetary 
Orbits 


Conservation 
Laws 


Matter 
topologies 


B___Prthagoras's created with the dcovery that the intervals between harmoniousmuscal notes alwayshave wholenumberaties. (> 
An equilateral [square] triangle 
divided into 6 equal semitones 
and 6 equal quarter tones 
‘ah an Equateral ange aw ines ete cantar of the cele ach vertex and each midpont creating sgh angles shown wth sy dferant colored tangles 
ch ight age aa i halofaside ofthe orginal lane fr 


‘ry two right tangles sharing one of thea tun and that Implies hat he Fypatenuses ofthe tangles re all equa 
Thisin turn shows thatthe sixright tangles reall congruent, and so the lage Wangle'they combine to form i equlateal 


Equilateral Fifths 


CDEFGABC 


do re mi fa sola tido 


Musical Notes 


2D radiated - , Mass-energies 


ODD numbers : SQUARED numbers 


Equilateral _: 5 —. Octaves 


Viv 
provide (hom 


slineat) coordinates for ternary diagram: 


forre quantities A,8,C whose sum is aconstant 


ich can be normalized to unit). 


Ternary diagrams 
should NOT be used 
to model EM field 
strengths 


A ternary diagram is simply a triangular coordinate system in which the 3 edges correspond to the axes. 


Ttinear charts are commenty sed for dng the result of mking three components (such 2 gases chemical compounds, al ol et) that addte TOO ofa quanti. 


vn ayoe tebe: 28D] theater cntar enlmpertancaeanetincideln efor Eutri gons 
by Wayne Roberts 
) count geomety 


the area enclosed or swept out by the three points of the triangle in question are animparant ne clas angle mathemati det 
srteandloque ofthe ighifange in orhogonal 


ab =  y + b? on Cc? Kepler's Second Law of planetary motion 


thee fay evtigonsemi foe combine sect equa ges oe an - 5,9 
mins the sexotheeaatanl Wang fe hyptense'c! 


The Pythagorean theorem 


a’+ b= 


The orbit of every planet is an ellipse 
with the Sun at one of the two foci. 


A line joining a planet and the Sun sweeps 
out equal areas during equal intervals of time. 


The algebraic form of the Eutrigon Theorem, (lie the algebraic form of Pythagoras’ Theorem), 
is proven to be special case of the Cosine Rule... 


Since Greek times 


square numbers have 
been incorrectly 
acme Tetryonic theory reveals the equilateral [square] energy geometry 
that reveals the ‘harmonics at play’ in physical laws 
Equilatera triangles also form such as the second law of Kepler, and in many other phenomena in 
‘square number geometries physics, chemistry, cosmology, biochemistry and number theory 


thus providing the foundation for the mathematics of quantum mechanics 


Number theory va 


Real Algebraic 


mee A 


Integer 


TY 


It has only been in recent centuries that 
mathematics has begun to explore the 
higher order irrational numbers 


“The Pythagoreans also established the foundations ef number theory, 
with their investigations of wiangulay, square and aso perfect numbers 
numbers thatare the sum of their divisors 
Tetryonics takes this investigation to new levels 
with the identification of equilateral geometries 
{as the foundation of transcendental numbers and 

the physics of fields and particles in mation 


They discovered several new properties of square numbers, 
Such as thatthe square of number ns equal to the 
sum of the frstn odd numbers (ea. 1+3+5+7= 16) 


What mathematics has failed to appreciate is 
the significance application of equilateral geometries 
to the‘square’ numbers of physics and science in general 


Q 


LA 


TETRYONICS 


® 


© 


COUNTING POLYGONS 


© 


[\ 
LN\/\ 


CAN 


= 
S 


YA 


tom 


SQUARED energies in quantum mechanics are EQUILATERAL geometries 


\ 


tom 
<4 


Square 


Equilateral 


area = s*= [100] area = (3*b)*h 


Circles 


Triangles 


\ 


15.0 
can be created by a number of planar geometries 


For a long time it has been assumed by scientists (and mathematicians) 
that circular [and squared) geometries are the geometric foundation of all physics, 
leading to a serioulsy flawed model of particles and forces in quantum mechanics 


b 
Tetryonic theory now reveals that quantised equilateral 


of all the mass-Energy-Matter & forces of physics — 


€ 
t 
O, 


. 


Ba 


. 


5 b 
= pi “[5.642] angular momenta creates the foundational geometry [.5x15.197] xe1gi60 


0.987654321 SQUARE ROOTS 80/81 


SQUARES 


Ww 1 34 252 3 72 4 92 592 4 we 3 se 2 32 1 2 


—=—— EVEN DISTRIBUTIONS ——>- 


Integers 


‘The integers (from the Latin integer), literally "untouched hence "whole" 
in Tetryonics itis the basis for the Planck charge quantum, 


2n-1 


{[n] + [n-1]| 


n 
Yen 
1 


Triangular numbered Equilateral geometries 
geometries are NOT form SQUARE number 
equialteral geometries geometries 


(0,1,3,6,10, 15,21, 28,36 45,58, 1,4, 9,16,25,49, 64,81, 100,121,144, 


> 
‘s 
> 


[ase Gos rd 0S I0 


Tas es C7 RSs T ECE Asai 
Equilateral energy quanta form a normal longitudinal distribution 


Viewed as a subset of the real numbers, they are numbers that can be written without a fractional or decimal component 


Bosons are a transverse measure of scalar energy momenta 


ODD numbers 


An odd number is an integer which is not 2 multiple of two. 


Bosons have 
ODD number 
quanta 


Quantum Levels 


hv 


An odd number, when divided by two, will result in a fraction 


3 


a] 


3.141592654 


x2 
oy 


ans 


ind 


an 
eases fais 


WIA nee 


Tr 
i 
£ 
a 


Tau radians 


Around the whole outside ofa cil, 
‘there aabout 6.203 radlane-ofTauradans 


1/4 


3/4 


Tisa more‘natural'radian system for geometric physics than TT 
Tau = 2 = 360 degree rotation about a point 


historically defined asthe 
rato of a circles circumference to its DIAMETER 
should be redefined in physies to 


the ratio oft cicumference tots RADIUS 


Indoing so many of the x/2 terms common to physics 
will re automatically rationalised and will better reflect 
the Tetryonic geometry of mass-ENERGY-Matter in motion 


6.283185307 


2 
va 


ag 


= 
4 


nl 


Photons are a longitudinal measure of scalar energy momenta 


EVEN numbers 


‘Aninteger thats not an odd rumberisan even number 


EM waves are 


Photons are ‘ 
EVEN number comprised of EVEN 
quantums numbered quanta 


Ifan even number is divided by two, the result is another whole number 
wimnm2nmzmhemhamZunQ2unin 
fan odd number is divided by two, the result is a fractional number 


Triangular numbers 


Historically, triangular number counts quanta that can pack together to forman equilateral triangle 
1,3, 6, 10, 15, 21, 28, 36, 45, 55,.... 


this form af geometric counting of same charges over-complicated the simpler physical reality 


a 
DYevn 
1 


[ii+tvean] 
Equilateral chords or Equilateral geometries 
quantum levels are form SQUARE numbered 
ODD numbers geometries 


1,3,5:715, 1.99, 95,97, 19,210 149,16 25,49, 68,81, 100,121,144, — 


winm2n3m4n4n3un2M1 2 


Triangular energy quanta form normal distributions 


Squared numbers 


A square number, sometimes also called a perfect square, ODD 
is the result of an integer multiplied by itself 


Quantum Energies 


Square numbers real fom 
thesumming of consecutive 
‘ODD numbers 


ODDS 
2n-1 


[Ini+ tn] 


n 
> [2n-1] 
1 


Energy levels have 
SQUARE number 
quanta 


Yopvp 


v2 


Vv? Compton Frequency 


In Tetryonics Square numbers produce equilateral geometries 


Square roots 


‘A square root of a number is a number that, when itis multiplied by itself (squared) , 
gives the first number again, 


{v0} 


-iand +i 


Root of positive one Root of negative one 


Square roots of negative numbers 
have a basis in physical reality 


They reflect the real non-negative 
linear momentum of a system 


Awhole number with a square root that is also a whole number is called a perfect square 
in Tetryonic theory they are actually equilateral geometries 


numbers include all the rational numbers, 


Real Numbers 
bidishinsiane seeetyaatus antniaiea tens 


I number isa value that repress 


Wave probabilities 


ONES 25-1 O@ 


ODD numbers SQUARE numbers 
[2n-1] : 
the sum of consecutive 
LS, Ae ODD numbers 


TH B454 749+ eee 


hv 


v2 


SPDs OS Be Br Ge Qs ar 
mi 


NORMAL DISTRIBUTION 


Basic Properties of nested scribed Equilateral Triangles 


Given an equilateral triangle of side s 


altitude 
V 3/28 2 
38 - V3/4 S 
V3/6 S S S Vita S* 
S 


V 3/38 Vit/3 S* 


Tetryonic [equilateral] geometry 


v 


All triangles are i 
flat euclidean 
mradian 
geometries 
[1807] 


An equilateral triangle is the most symmetrical triangle, 
having 3 lines of reflection and rotational symmetry of order 3 about its center 


Energy CHARGE 


Scribed equilateral geometries 


reflect space-time’s geometric relationship with charged mass-energy 


QAM 


Energy per 


Inscribed QAM per 
spatial unit Triangles 


spatial unit 
mass “™ * seconds 


n 
N 
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Circumscribed Triangles 
reflect Energy's relationship with Time 


BY 


Positive Planck Charge Negative Planck Charge 


‘The perimiter of an equilateral triangle is The radius of the circumscribed circle is 


p= 3a 


‘The equilateral triangle has the smallest area of all those circumscribed around a given circle 


Tetryanies 83.04 - Cin 


nbed Triangles 


Circumscribed circles 


By Euler's inequality, the equilateral triangle has the smallest ratio Rt 
Of the circumradius to the inadius of any triangle: spectically, R/r= 2 


v 


The ratio of the area of the incircle 
to the area of an equilateral triangle 


The ratio of the area to the square of 
the perimeter of an equilateral triangle 


Equilateral triangles and Tetrahedrons 
will scale at exactly the same proportion 
as Circles and Spheres scribing them 


CCharge isthe result of quantised 


[the inscribed circular fu of energy inequlateral geomet] 


inscribed 


It is the equilateral geometry 
of energy nota classical vector 
rotation that creates QAM 


Charged mass-ENERGIES 


angular momenta 


Times a measure of changing quantised angular momenta 


tthe ctcumscribed spatial co-ordinate ofequlateral energy geometties) 


‘Charged mass-energies can be describedas ; 


a vector measure of scalar Energy momenta-per unit of time 
[inscribed circular fuxed of equilateral eneray per circumstfibed temporal geometry] 


circumscribed 


time 


Scalar EM mass is a measure of 
equilateral Planck energy per 
spatial co-ordinate system 
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Trigometric functions 


Standard trigometric functions must be carefully applied to 
‘measurements of equilateral Planck mass-energy geometries 
in scribed circular space-time co-ordinate systems 


. osit 
sin 0 = types 4 
cos 0 = at. H 
= pte 
tan@ = mm adjacent 


“Temalar tigonemetieunctins are the sine cosns, nd tangent. | : a b 


Inthe contort ofthe standard nice with aust ; \ mee 
‘where a triangle i formed by aray originating a the origin and ‘In most cases it is in fact easier to 


‘aking Some angle with the xa, ignore the trigonomteric functions and math 
\_ the SIN of thangl sth nth the y-companat ie oth ag and simpy draw their related equilateral georietries 
‘he COUNE gives the eng of he mcm fun ard : : 
he 


iA A A 
IDV AA AVX 


Magnetcvector 


nction 


Copyri 


The roots of scribed equilateral triangles 


Scalar equilateral energies map directly onto circular space-time co-ordinates 
‘through their square root linear momentum 


0.866 r 


The ratio of the 
side of an equilateral triangle 
to the radius of 
its incribed circle 


J 


The ratio of the is sqr (31/2 
circumscribed circle of 
an equilateral triangle a 


toitsinscribed circle 
is2:1 


d 


The ratio of the 
side of an equilateral triangle 
to the radius of 
its circumscribed circle 
is sqr [3] 


1.732 d 


Equilateral triangles and scribed circles 


All the relativistic relationships historically attributed to circularised energies 
and modelled through the use of the math of right angled triangles 1-4) 
are in fact the result of equilateral, scalar geometries 
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Fite sequences and seeshave dined stand st tes, Tetryoni c Infinite Series 
Va =wtatra herent fading al thon terme ogetber 


[or their geometric inverse) 


sn (hedeer 8) 


‘Whereas infinite sequences and series continue Indefitely 


‘The Basel problem isa famous problem in mathematical analysis 
with relevance to number theory ist posed by Pietro Mengli 
{In 1644 and solved by Leonhard Euler in 1735. 


je erage rte [rae ead 
12? oh get ge ge eG 
‘Tetryonics now provides a geometric solution 
re ee re 
a ‘The entire sum of the series is equal to 
g@a14d +4 gb = 16S; twice the size of the radius of the largest inscribed circle 


which is equal to the largest circle circumscribing the triangular series. 


Inverting the Circle 


Electric Magnetic 
Permittivity Permeability 
C (e) Oo 


1 
C2 


ElectroMagnetic 
fields 


Cc? 


2D spatial 
co-ordinates 


Irrational numbers 


an irrational number cannot be represented as a simple fraction. 
Irrational numbers are those real numbers that cannot be represented as terminating or repeating decimals 


sin(x)=-square root of (3)/2 0,866025403...... 


linear momentum 


1 1 


Pythaggras’ theoreom 
and irratignal numbers expressed in terms of right-angled triangles in Physics 
offer a ‘half truth’ regarding the equilateral geometry of Energy 


vector forces 


Leibniz er Newton 


Newton focused his work on 
linear momentum which he developed 
into his famous laws of motion 


I 
3 
2 Newton and Leibniz disagreed about 
what the world is made of and how its 
ag physics shaped our sclentlic concepts of 
Hi Hy force, energy, and momentum 
4 
fe 
83 
FE 
ee Tetryonics reveals the physical relationships 
é | both described mathematically as 
8 rel geometric properties of equilateral 
z Planck energy momenta 


Scalar Energy 
E=mv2 c p=mv 
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Geometric Square Roots 


Ingeometrical terms the square root function maps the area ofa square tots sielenath 


"mathematics os nany scenic eserch wefind wo tendencies present Op the one hand, the tendency toward absaction seeks octal the logical elaions inherent in the maze of mate thats blog such, 
‘and 0 canelate the material ina 5stemat and orderymanrer.On th her hand, the tendency tomar ntulve understanding fosters more immediate grep ofthe obec one sues 
‘alive rpeert wth them, of peak which testes the concrete meaning athe reltians” 


‘Square root ot 
‘Square root of 2 
Square oot of 3 


“Aste geomet, npartcuar, the abstract endency has heeled tthe magnicantsystomatc theories of lgebale Geometry. of Remannian Geometry, ard of Topology: 
these teaves make exlensie ws of abstract easoningand symbole caltulaion inthe venseo cid, 


Notwithstanding this ts stil as true today sever wes that intutve understanding playsa major oein geometry. 
Ani suc concrete intultion if grat vlue not nly fer the reerch worker bu alae anyone wo hes 0 ty art precat he els a eeerch ingromety” 


‘ye ert asa ne magtien 


Tetryonics 84.03 - Square root geometry 


Square Roots in Physics 


In mathematics, a square root of a numbera isa number [nl such that [n]2 =x, 
oF, in other words, a number [n] whose square (the result of multiplying the number by itself, or in x nl} is x. 


v 


Modern calculators use the 
Square Root Algorithm. 
to calculate the value 


Tetryonics uses the 
geometric Square Root 
to calculate the value 


It is an approximate numerical value It is an exact geometric value 


v y 
v P v2 
— 
= 2 : 2 E 
E= mv : Pp = 
0 5 2 a 
In classical geometry, In physics, 
the square root function maps the Cemmenry ea easly ay erica osha the square root furction maps 


area of a square to its side length ENERGY [E] to momentum [mv] 


The Square roots of n 


Historical bet med the power of has een mele tsng poh 
Sets Hoye ck tiny aomoerto caer poner opal 


1 
note: scalar is distinct 

linear momentum /N 7 from vector 

[ [vJelocity 


mv] 4 


Euler’s Formula 


e* = co 


214243 


s (x) + isin(x) 


area a 


X (in decimal radians) 


The Square root of Negative 1 


Positive fields are Magnetic fields are 
out of phase with out of phase with 
Negative fields Electric fields 


Leonhard Euler 


(05 April 1707 1@September 1703) 


Geometric means 


- ‘The geometric mean of two numbers, isthe square root oftheir product 2 
geometric square root geometric square root 


F=kQQ 


of positive one of negative one 


> 
z 


+ 


hy, 


|n physics, the geometric mean of two superpositioned fields produces a vector square root Force 


Itis generally stated that 
the geometric mean applies 
only to positive numbers. 


In Tetryonic geometry 
the geometric mean applies 
to positive & negative fields. 


Superpositioning 


When two or more waves traverse the same space, AT ATAYAN A 
the net amplitude at each point is the constructive interference 

sum of the amplitudes of the individual waves. PAA 

PPAAY 


Out of phase 


3 When two or more waves traverse the same space, 
destructive interference PPAAA if the summed variation has a smaller amplitude 
PPRAAY 


than the constiuent component variations. 


The lines of Force 


Tetryonic Multiplication table 


‘A multiplication table Is mathematical grid used to define a multiplication operation and its results 


scene 


aieletislslalebl= 


Historically Multiplication tables 
have 


In Tetryonics multiplication tables can 
also be based on EQUILATERAL geometries 


been based on Square geometries 


90 108 126 14 
99) 7 
1007 .120/ 140 160 0 
70\/90 VF 10\ / 130. 150. 170\, 190 
2345 67 8 9100 12 13 14 15 1617 18 19 
The integer multiplicitors are colour coded 


i 2 as 
246 8 
36 9 1215 
4 8 1 16 2 
5 10 t 2 25 
6 12 1 24 30 
7 4 2 2 35 
8 16 a2 40 
9 1M 36 45 
10 20 5) 40 50 


at 
ba 73 
72/8190 
$a 96. 108 1 


85 102 119 136 


Photonic Root Tables 


Tetryonic mulpcaton table can tae numberof geomet forms 
Square root median Integer median 


123 @ 5 oF Bo 
2 4 © 8 10 12 14 16 18 20 
3 6 9 12 15 18 21 24 2 30 
4 @ (2 16 20 24 28 32 36 40 
5 10 iS 20 25 30 35 40 45 50 
6 12 1) 24 30 36 42 48 54 60 
7 14 2) 28 35 42 49 56 63 70 
8 16 2 32 40 48 56 64 72 80 
9 18 27 36 45 54 63 72 81 90 


Table read from centre 
to outside edge then down 


Table read diagonally 


5 
8 


As Ay AX Ay A Ad 
® BA A A AM Ad 


IESG 
IIE 


Kd kddde 
Kddédade 
KG EG EE < 
KG ERK KEKE 
AGERE KEK 
AGE RR KEE 
Akh dde< 
KG ERRKEE 


Irrational Numbers 


{An irrational number is defined to be any number that is the part of the real number system that cannot be written as a complete ratio of two integers 


One well known irrational Irratianal numbers can be 


easily represented geometrically 


1 Exponentials & Logarithms 


10 €and the Natural Log are inverse functions of each other: 


100 e* isthe amount of continuous GROWTH after a certain amount of time. 
Natural Log (In) is the amount of TIME of continuous growth to reach a certain level 
1,000 


Wn oOo 


10,000 = 10* log (10,000) = 4 


In 


How much growth ater units of time Ing ets ws plugin continuous growth 


‘and 10 contac grow ‘get thet woul ake, 
e = lim (1+2/n)", In(x) = im. n(cl/" — 1) 


GROWTH A PERIOD 


seconds 
time 


Exponential growth 
GEOMETRIC growth = @ = lim(1+ 7)’ GROWTH 


€ represents the idea that all continually growing systems 


3.141592654 are scaled versions of a common rate 2.718281828 


R.A 


Plis the ratio betwe 
circumference and diameter 
shared by all circles, 


eis the base rate of growth 
shared by all continually arowing processes. 


@ lets you take a simple grawth rate 
here all the change happens alll at once 
at the end of a period of time -ie quantised growth) 


Itisa fundamental ratio Inherent in all circles 
and therefore impacts any calculation of 
circumference, area, volume, and surface areas 


shows up whenever systems grow 
exponentially and continuously. 
radioactive decay, interest calculations 
and populations 


Piradians are equally important and show 
all quantised equilateral eneray geometries 
are related to their scribed circles 


changing quantum energy per second 


sec 


EM fields 


tetryons quarks 


é can be applied to the equilateral energy geometries of physical systems 
leptons only where the rate of increase is a integer factor of a squared number Baryons 


Nu cl lear En ergy ] evel s Exponential energy levels bisietes 
follow exponential curves 
determined by the Tetryonic 
topology of the sub-atomic, 


particle families 


Quantum Levels 


400000 


Baryons, 


350000 


300000 


250000 4 


200000 + 


150000 + Baryons 


Proton 
ee Neutron 
50000 4 
Leptons 
ee antiNeutron 
antiProton 


Particle families 


The emission and absorption of bosons and Photons 367 [| [e, y1},{m nv] 
within sub-atomic nuclei ‘Baryons: 


eeNgei e 
Increase and decrease in integer amounts 
according to the charged Tetryonic topologies 
of the particles involved 


Electron 
Positron 


ia [[ealfmav] 


Strange 
Charmed 
Top 
Bottom 


Pek quanta 


4 [[e]fmav4] 


Positive 
Negative 
Neutral 


